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General Introduction 
 

The motivation for this research grew during years of experience as a ceramic conservator in the 

Netherlands and an increasing curiosity about the reasons for certain physical features and the causes 

of glaze-damage patterns on 17th and 18th century Dutch tin-glazed tiles. Specific damage patterns, 

often initiated by soluble salt crystallisation, were believed to be linked to changes in tile composition 

and/or production technique during the period in which they were produced.  

 

After investigation of the available publications, it became clear that although significant information 

existed on early Dutch tin-glazed tile production,1 the focus had primarily been from the perspectives 

of art- or factory history. Little attention had been given to the sources or the chemical composition 

of the raw materials used, or how the materials used had changed or influenced characteristics of the 

tiles produced during the 17th and 18th centuries.  

 

A number of important historical written and archival sources had also not been fully analysed and 

utilised within the context of historical Dutch tin-glazed tile production. These include 18th century 

texts that, despite being written for a wider public, discuss tin glaze production in surprising detail, 

although primarily with relation to production in Delft.2 In addition, early scientific publications exist 

that provide a systematic account of the soil and minerals found in the 18th-century province of 

‘Holland’ (now the western provinces of North- and South Holland).3  

 

Of particular significance are a number of surviving contemporary potters’ books that not only provide 

a list of clearly structured and dated clay and glaze recipes, but also comment on the quality of the 

glazes produced and the processes used, as well as the problems encountered in their production.4 

While Dutch historical glaze recipes were known and have been discussed in a number of 

publications,5 they had never been fully analysed with regard to the chemical composition of the 

documented components, any developments over time, or whether specific glazes were used for tiles 

as opposed to other tin-glazed objects. 

 

Furthermore, no significant analysis of the physicochemical characteristics of historical Dutch tiles had 

been undertaken. The research that had been undertaken on the chemical composition of the ceramic 

of 17th and 18th Dutch tiles was limited and had focussed on provenance studies.6 More recent 

projects involving the analysis of Dutch tin glaze has concentrated on objects from the city of Delft 

and imported tin-glazed wares rather than tiles.7 The lack of research in the field of tin-glazed tile 

composition and production was surprising given that they were one of the most significant proto-

 
1 See the many publications and written contributions of Tichelaar P.J: 2005; 2004a; 2004b; 2004c 2001; 1984; 
Korf 1979; Tichelaar J.P. 1965. 
2 Paape 1794; Wagenaar 1742.  
3 Johannes le Francq van Berkhey 1771. 
4 Sijbeda 1712-1720; Feijtema-Tjallingii 1960; 1890, 1794. 
5 Lambooy 2013; Gierveld et al. 2005; Tichelaar et al. 2001; Ottema 1920.  
6 Hughes 2008, 2010; Hughes and Gaimster 1999; Bentz et al. 1998, 2002; Lins 1984.  
7 van Hoesel et al. 2018; Megens and Verhaar 2013.  
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industrial products of the Northern Netherlands, with an estimated billion8 tiles being produced 

between 1600 and 1750. From the mid-17th century, Dutch tiles were considered to represent the 

height of technical excellence by the European urban elite and aristocracy, and were exported in great 

quantities throughout Europe and beyond. The lack of knowledge about the materials used, and the 

relationship between production and the physical and chemical characteristics of Dutch tin-glazed 

tiles, has limited the development of research in this field, including the common conservation issues 

that tin-glazed tiles present.  

 

Certain aspects of tin-glazed tile composition and production are of particular interest as they are 

considered to particularly influence the physical characteristics of the tiles produced. In the case of 

the ceramic, the calcium content of the clay is known to be of significance as it can influence the 

colour, porosity and mechanical strength of a ceramic, as well as the fit of the glaze.9 Its importance 

in tin glaze production is regularly referred to in historical written sources.10 Changes in the colour and 

thickness of Dutch tiles during the 17th and 18th century have been observed and believed to be 

related to a change in the percentage of calcium in the clay. However, the significance of these 

changes on the physical characteristics, quality and stability of Dutch tiles, or the relationship with 

historical variations in clay use and production techniques, has never been seriously investigated. Of 

particular interest is the use of calcium-rich clay or ‘marl’, which was imported and mixed with local 

clays. Little was known about the nature of the imported marl or the Dutch clays that were used. 

Similarly, very little research had been undertaken into the sources and composition of the raw 

materials used in the production of Dutch tin glaze, most of which were imported. A fuller 

understanding of the composition of the raw materials and the recipes used can not only aid the 

interpretation of the results of chemical analysis of historical Dutch tin glazes, but also provide 

information regarding variations and changes over time that could influence both the physical 

characteristics and susceptibility of Dutch tiles to damage. 

 

1.1 The central aim of the research  

The central aim of this research was to gain a clearer understanding of the raw materials, recipes and 

technology used to produce tin-glazed tiles in the Northern Netherlands between 1600 and 1750, their 

influence on the chemical and physical characteristics of Dutch tiles, and whether any significant 

changes took place during the period. To achieve this, it was necessary to have a comprehensive overview 

and understanding of the raw materials, techniques and recipes used, as well as knowledge of the 

chemical composition and physical characteristics of historical Dutch tiles from different production 

centres produced in the period under study.  

 

 

 
8 Pieter-Jan Tichelaar personal communication, 15 March 2014. On the basis of his research into the Makkum 
archive he calculated that approximately one hundred thousand tiles were made in Makkum between 1700 
and 1870. See Pluis 2000, 27. This led Tichelaar to conclude that the total number of tiles produced in the 
Northern Netherlands in the 17th and 18th centuries was in excess of a billion. 
9 Tite 1998, 226; Lins 1984; Korf 1979, 37; de Jonge 1978, 14; Caiger-Smith 1973, 130.  
10 Piccolpasso 1980 vol 2, 4; Allan 1973, 5; Sijbeda 1712-20, 64. 
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1.2 Research question 

The main research question was: 

 

How did the materials and techniques used to make Dutch tiles in the 17th and 18th centuries 

influence the physical and chemical characteristics of the tiles produced, and what significant 

developments in production took place in this period? 

 

In order to answer this question, the following sub-questions were investigated: 

 

1. What is known about the source and composition of the raw materials that were used to make 

Dutch tin-glazed tiles during the 17th and 18th centuries? 

 

2. How were the raw materials prepared and the tiles produced, and what significant changes in 

production took place between 1600 and 1750? 

 

3. What changes can be observed in the chemical composition and physical characteristics of 

Dutch tiles produced between 1600 and 1750 and to what extent can that be seen to be 

related to the materials or production techniques used? 

 

4. To what extent can reconstructions of historical clay and glaze recipes improve our 

understanding of how significant aspects of Dutch tin glaze production influenced the physical 

characteristics of Dutch tiles? With specific attention to: 

 i) the use of the imported calcium-rich marl  

 ii) the (raw) materials and techniques used for making the tin glaze. 

 

1.3 Research methodology 

The three pillars of the study of historical art technology have been defined as the research of 

historical sources, scientific analysis and reconstruction.11 Historical sources can help us understand 

‘what’, ‘how’ and ‘why’ materials and techniques were used within a specific context and period of 

production of (art) objects. Extensive research of both secondary and historical documents provided 

a comprehensive overview of both the historical context of tin glaze production as well as the materials, 

recipes and methods used to produce both the ceramic and glaze of tin-glazed tiles in the period under 

study. The information gathered was then critically assessed and interpreted using relevant scientific 

research into the characteristics and chemical composition of the materials described. Analytical 

research was undertaken on a set of 44 historical tin-glazed tiles from three major tile production 

centres (Rotterdam, Harlingen and Utrecht) in order to investigate similarities and variations in the 

chemical composition and physical characteristics of Dutch tiles produced during the 17th and 18th 

century. The analytical methods employed included light microscopy, scanning electron microscopy 

(SEM-EDX), X-ray diffraction (XRD) and spectrophotometry. The information obtained on the chemical 

composition of the samples was compared with calculations that had been made of the composition 

of historical recipes of clay mixes and glazes, as well as the results of the chemical analysis of the 

 
11 Mark Clarke 2005.  
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reconstructions of historical clay and glaze recipes. This made it possible to critically assess the original 

interpretation of the historical recipes and assess the influence of specific aspects of the materials and 

techniques used to produce Dutch tin-glazed tiles, such as the influence of the calcium percentage of 

the clay on the ceramic, and specific fluxes on the glaze.  

 

1.4 Structure of the dissertation  

This dissertation consists of two parts, followed by a general conclusion. Part I provides an overview 

of the texts sourced and an analysis of the information gathered on the sources and composition of 

the raw materials used to create the clay pastes and tin glazes together with the production 

methods. Part II analyses the information presented in Part I with relation to the findings of the 

physicochemical analysis of a set of historical Dutch tin-glazed tiles, together with the reconstruction 

of clay and glaze recipes. 

 

In Part I, the second chapter sets the context for the research, beginning with an overview of the 

primary and secondary written sources used and the context in which they were written. This is 

followed by a concise history of tin-glazed tile production in the Northern Netherlands between 1600 

and 1750, and a discussion of terminology used historically for tin-glazed wares and potters. The third 

chapter presents the information obtained from the written sources concerning the clay recipes used 

to produce Dutch tin-glazed wares, together with the sources and characteristics of the local and 

imported clays that the recipes mentioned. The significance of the variations in the recipes is 

considered, including the differences between the recipes recommended for tiles and household 

wares.  

 

The fourth chapter presents and investigates the information gathered on tin glaze recipes and the 

raw materials used to produce historical Dutch tin glaze. A definition of glaze is given, followed by a 

short history of tin glaze production. A comparative overview of the documented historical tin glaze 

recipes is presented, along with a description and interpretation of the different materials mentioned. 

The probable chemical composition of the materials is determined and evaluated, based on the results 

of current research. The fifth chapter provides a comprehensive description of the technology of tin-

glazed tile production based on the information gathered from the different source documents. It 

covers the different stages in the preparation of the clay and the tin glaze, as well as the forming of 

the tiles and the application of the glaze. Details are given of the different kiln constructions and the 

firing process, together with a discussion of the common problems encountered.  

 

The second part of the thesis considers to what extent the information relating to the composition 

and production of 17th and 18th century Dutch tin-glazed tiles is reflected in the physical and chemical 

characteristics of historical tiles from the period and confirmed by recipe reconstructions. Chapter six 

presents and discusses the physicochemical analysis of historical Dutch tiles. A critical overview is 

given of previous analyses of the ceramic and glaze of historical Dutch tiles. This is followed by a 

description of the visual, microscopic, and chemical analysis of a set of historical tiles from three major 

tin-glazed tile production centres: Rotterdam, Harlingen and Utrecht. The results were considered 

with relation to previous research as well as the information relating to the composition and 

characteristics of tin-glazed tiles found in source documents and presented in part 1. 
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Chapters seven and eight describe the methodology and findings of reconstructions of both clay and 

glaze recipes that were formulated and produced, based on the information presented in chapters 

two to four. Chapter seven focusses on the influence of calcium in the fired ceramic and chapter eight 

on the influences of fluxes in the glaze.  

 

Part II is followed by the general conclusions, which discusses the main findings and identifies areas 

that require further research. 
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Chapter 2: The Background: Written Sources and Historical 
Context 
 

2.1 Written sources 

Significant information regarding the provenance and nature of the raw materials and the production 

techniques used to produce Dutch tin-glazed wares in general as well specifically tiles, can be found 

in a number of primary and secondary sources. Source documents referred to in the secondary 

literature have been independently researched as far as possible in order to extract additional 

information, which has been further interpreted and critically evaluated within the broader context 

of ceramic and glaze theory.  

 

2.1.1 Primary sources 

Published treatises and historical manuals 

A number of historical treatises form the basis of much of the current knowledge about Dutch tin glaze 

production. When critically assessing the value and relevance of treatises and manuals that discuss 

historical techniques and recipes, both the ‘authorship’ (the input of the author)12 and the intended 

audience13 must be taken into account. One has to determine to what extent the authors were in fact 

writing from direct experience, as this can influence both the authenticity and the quality of the 

technical content. The value of a text also depends on whether it was written with the aim of being a 

working handbook or a descriptive or popular text aimed at the broader public.  

 

Abū’l-Qāsim. 1301. Treatise on Ceramics. 

 

The earliest known source relating to the production of tiles and ceramic using tin glaze is the treatise 

written by Abū’l-Qāsim in 1301. The text was transcribed and published in 1935 in the original Persian 

with a German translation and added notes by Ritter.14 In 1973 it was translated into English by J.W. 

Allan.15 Coming from a family of Persian tile-makers, it is believed that Abū’l-Qāsim’s intent was to 

pass on traditional pottery techniques. The short text provides information about the preparation of 

clays, glaze and lustre. The comments provided by Allan were supported by practical advice from the 

potter Caiger-Smith, who was able to assess the text as a technical potter with knowledge of ceramic 

bodies, frits and pigments. Although the information in the text has a certain relevance within the 

historical context of tin glaze production, the glazes discussed are low-lead alkali-frit glazes and 

therefore quite different to those used in the Northern Netherlands in the 17th and 18th centuries. 

 

Vannoccio Biringuccio. 1540. De la pirotechnia. 

 

Vannoccio Biringuccio (ca. 1480 to ca. 1539) was an Italian metallurgist best known for his manual 

on metalworking, De la pirotechnia, which was published posthumously in Venice in 1540. Further 

 
12 Long 2001. 
13 Clark 2008.  
14 Ritter et al. 1935. Orientalische steinbücher und persische fayencetechnik. Istanbul: Universum druckerei. 
15 Allan 1973,111-120. 

https://en.wikipedia.org/wiki/De_la_pirotechnia
https://en.wikipedia.org/wiki/Italy
https://en.wikipedia.org/wiki/Metallurgy
https://en.wikipedia.org/wiki/Metalworking
https://en.wikipedia.org/wiki/De_la_pirotechnia
https://www.worldcat.org/title/orientalische-steinbucher-und-persische-fayencetechnik/oclc/182637885
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editions were published in 1550, 1558, 1559 and 1678. It was translated into French by Jacques 

Vincent and published in 1556, 1572 and 1627. The text was first translated into English by Cyril 

Stanley Smith and Martha Teach Gnudi in 1942, with the most recent edition being published in 2013. 

A short chapter (14) is entitled 'A discourse on the Art of the Potter and Some of Its Secrets'.16 Here 

Biringuccio gives detailed information on the making and firing of pottery, although it is not clear 

where he obtained the information. The glaze recipes in Biringuccio are repeated almost verbatim in 

Piccolpasso’s treatise, written approximately 17 years later. Piccolpasso himself acknowledges his 

debt to Biringuccio in his introduction.17 

 

Cipriano Piccolpasso. ca. 1558. Li tre Libri dell’ Arte del Vasaio.18 

 

Possibly the most important text with relation to European tin glaze technique is the three-part 

manuscript Li tre Libri dell’Arte del Vasaio or ‘The Three Books of the Potter’s Art’, written by the 

Italian Cipriano Piccolpasso (1524-1579) around 1557.19 In this well-illustrated manuscript, Piccolpasso 

describes in detail the materials and techniques used to produce Italian maiolica in Castel Durante, 

including clay sourcing and preparation, recipes for glazes and colourants, and production techniques. 

Piccolpasso came from a Bolognese noble family and was an engineer, poet and amateur potter who 

was connected with the maiolica factory in Castel Durante through his brother, although it is unclear 

if he had any hands-on experience. The treatise was commissioned by Cardinal Francois de Tournon 

(1489-1562),20 who was the ambassador to the French king Henry II in Italy. The treatise was clearly 

written for an educated audience. Caiger-Smith believes that the style of describing materials and 

techniques shows that the text was meant to be followed practically, supporting the idea that 

Piccolpasso meant it to be published.21 The see of Cardinal de Tournon, who commissioned the book, 

was in Lyon in France and maiolica potters are known to have established a factory in the city soon 

after the manuscript was delivered to de Tournon.22  

 

The manuscript was referred to in various 18th century Italian publications and had at least two Italian 

owners23 before coming into the possession of the Italian writer Giuseppe Raffaelli in 1846. It was first 

copied and published in Rome by Antonio Caiani in 1857. In 1860, the text was translated into French 

by Claudius Popelin and published in Paris under the title Les troys libvres de l’Art du potier.24 In 1861, 

Raffaelli sold the manuscript for £45.10s.8d to J.C. Robinson, Keeper at the South Kensington Museum 

in London (now the Victoria and Albert Museum), where it is still stored. In 1934, the manuscript was 

 
16 Smith and Gnudi 1942, 392-395.  
17 Piccolpasso vol. 2 1980, 6. 
18 'The Three Books of the Potter’s Art’.  
19 Caiger-Smith believes the book was written in 1557 (in one year) as that was the year following his contact 
with Cardinal de Tournon (Piccolpasso 1980 vol. 1, xxiv. 
20 Tournon was a Renaissance humanist and a patron of the arts. 
21 Piccolpasso vol. 2 1980, xi, xii. 
22 See Caiger-Smith, footnote 7 in Piccolpasso 1980 vol. 2, xii.  
23 It was cited by Giambattista Passeri (1694-1780) in Istoria delle pitture in majolica fatte in Pesaro e ne’luoghi 
circonvicini, Venice, 1758, as being in the collection of Cardinal Giovanni Stoppani, Legate of Urbino in 1754-
1756 and later described by Filippo Timoteo de’ Salvetti, a late 18th-century chronicler of Castel Durante, as in 
the collection of G.B. Papi, of Castel Durante. Details sourced from online records on the Victoria and Albert 
Museum website, accessed 28 November 2019. 
24 Popelin M.C., Les Troys Libvres de l'art du Potier, Librarie Internationale, Paris 1860. 

https://en.wikipedia.org/wiki/Cyril_Stanley_Smith
https://en.wikipedia.org/wiki/Cyril_Stanley_Smith
https://en.wikipedia.org/wiki/Martha_Teach_Gnudi
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translated into English by Albert van de Put, Keeper of the Museum Library and published in facsimile 

with annotations by Bernard Rackham, Keeper of the Department of Ceramics. This translation was 

considered to contain anomalies and was re-translated by Ronald Lightbrown and published with 

annotations by the potter and tin glaze specialist Alan Caiger-Smith in 1980.25  

 

The information Piccolpasso provides is generally considered to be technically sound, even if some of 

the illustrations are romanticised.26 Reconstructions of his colour and lustre recipes have shown them 

to be technically accurate.27 Although the treatise describes Italian maiolica production in the mid-

16th century, it is particularly relevant for an understanding of Dutch tin glaze production due to the 

fact that the first tin-glaze potters in the Netherlands were Italians who had settled in Antwerp in the 

early 16th century. Piccolpasso even specifically discusses the clay sources used by potters in 

Antwerp.28 He mentions knowing a certain Guido di Savino, who had settled in Antwerp and whose 

business was continued after his death by his sons.29 

 

Christopher Merret. 1662. The art of glass wherein are shown the wayes to make and colour glass, 

pastes, enamels, lakes, and other curiosities. 

 

Christopher Merret (1614/15-1695) was an English physician and botanist, and librarian of the Royal 

College of Physicians. His interests ranged from the flora and fauna of England and winemaking, to the 

industrial process of metallurgy and glassmaking. In 1662 he translated Antonio Neri’s L’Arte 

Vetraria,30 written in 1612, adding 147 pages that contained his own and others’ observations. His 

own contribution includes references to the sourcing and production of materials used for 

glassmaking in England at the time, some of which have relevance for tin glaze production. 

 
Johann Kunckel. 1679. Ars Vitraria Experimentalis, Oder Vollkommene Glasmacher-Kunst.31 
 

Johann Kunckel (1637?-1703) was a scientist and alchemist who came from a family of glassmakers 

and, for a period, was in charge of the glassworks of the Elector of Brandenberg (1640-1688) in 

Potsdam. In 1679, he published a manual on glassmaking Ars Vitraria Experimentalis, Oder 

Vollkommene Glasmacher-Kunst. The publication had two main parts, the first being a translation of 

L’Arte Vetraria (1612), a Renaissance treatise on glass written by the Italian Antonio Neri (1576-

1714).32 The second volume of the publication covers the painting and gilding of glass as well as Dutch 

 
25 Ronald Lightbrown was Keeper of the Victoria and Albert Museum library from 1975 to 1984 and a leading 
scholar in the field of Renaissance art and the Italian language. 
26 Piccolpasso 1980 Vol 2, xxi. 
27 Wharton 2010. 
28 Piccolpasso vol 2 1980, 14. 
29 Most authors on early tin glaze production hold the opinion that Guido di Savino and Guido Andries (owner 
of the Den Salm factory in Antwerp from 1512 to 1541) are one and the same person, a claim that was first 
presented by Marcel Laurent in 1922 (Burlington Magazine Xli, 1922, p 288-297). Caiger-Smith questions this 
assumption, believing that Piccolpasso was unlikely to have attributed the name incorrectly. In addition, there 
is no evidence of a change of the family name in the Antwerp archives. Caiger-Smith suggests that further 
research in the Deruta archives could clarify this point. Piccolpasso vol. 2 1980, 13 
30 Antoni Neri (1576-1614) was a Florentine priest. 
31 My translation. ‘Experiments in Glass Technique, or the Complete Glass-makers Art’.  
32 L’Arte Vetraria was translated into English by Christopher Merret in 1662 and published in Latin in 
Amsterdam by Andreas Frisius in 1668. For an overview of the editions of Neri’s L’Arte Vitraria see: A.Neri, 
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glass and faience production in a section entitled Von der Höllandischen, kunstreichen weissen und 

bunten Töpffer- Glasur- un Mahlwerck (von etlichen Höllandische Porcellan-Arbeit-genennt).33 He 

provides 60 glaze recipes, of which 12 are for tin glaze. Kunckel claims to have obtained the recipes 

“from the most skilful potters and glass painters in the course of my travels as a glass artist in Holland 

and elsewhere, in exchange for providing other information.”34 However, there is no evidence that he 

ever visited the Netherlands35 and details about glaze preparation or the production of tin-glazed 

wares are missing in the text. He also describes ingredients that were typically used in Southern 

Europe and do not appear in any Dutch written sources or inventories, notably potassium from 

deposits in wine casks, ground quartz stone and Venetian glass.36 Kunckel admits at the end of the 

summary of glazes that he invented some of the recipes himself. The second volume relating to tin 

glaze was translated into French in the mid-1750s by M. le baron d’Holbach,37 and provided the text 

for the section ‘Fayence’ in Diderot and d’Alembert’s Encyclopédie ou Dictionnaire raisonné des 

sciences, des arts et des métiers (1756 -1765). Eighteen years later, a Dutch translation was published 

by ‘AF’ (see details below). 

 

Jan Wagenaar. 1742. Hedendaagsche Historie of Tegenwoordige Staat van Alle Volkeren.38 

 

Jan Wagenaar (ca. 1609-1773) was a Dutch historian who wrote about the economic and religious 

history of the Netherlands in the time of the Enlightenment. He provides the earliest known published 

Dutch reference to Dutch tin glaze production in a short section in the chapter on Delft in his book 

Hedendaagsche Historie of Tegenwoordige Staat van Alle Volkeren published in 1742, the relevant 

sections being entitled ‘Delftsch Porselein’ and ‘Aardenwerk’.39 This book was one in a series of 21 

historical reference works edited and published by Isaak Tirion between 1739 and 1759. The series 

consisted of topographic works aimed at providing general information for a wider public. While 

having no apparent experience in the ceramic industry, Wagenaar provides a surprising amount of 

detail about clay sources and glaze preparation as well as a description of the guild system. It is not 

known how he obtained the information and, although the details regarding glazes appear to be 

logical, his remarks on clay use are questionable.40  

 

Denis Diderot, Jean le Rond d’Alembert. 1756-1765. Encyclopédie ou Dictionnaire raisonné des 

sciences, des arts et des métiers.41 

 

 

L’Arte Vitraria/The Art of Glass, volume 1, translated and annotated by P Engle, Florence 1612. Facsimile: 
Hubbardston (USA), Appendix B, 79-81. 
33 ‘On the Dutch, artistic white and coloured pottery, glass and tableware (by some of the Dutch called 
Barcellan work)’ (my translation). 
34 Kunckel 1679 vol. 2, 50. 
35 Lambooy 2013, 133.  
36 For details of these materials see chapters 3 and 4. 
37 Diderot et D'Alembert 1756, 459.  
38 ‘Contemporary History or Present State of All Nations’. (my translation). 
39 Delftsch Porselein or Porceleyne was the term commonly used in the 17th and 18th centuries to describe the 
tin-glazed wares produced in Delft.  
40 He claimed that Doornik marl was not an essential element of the clay recipe used in Delft, which 
contradicts all other sources. See chapter 2. 
41 ‘Encyclopaedia or Reasoned Dictionary of Sciences, Arts and Crafts’ (my translation). 
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The well-known Encyclopédie was a general encyclopaedia consisting of 28 volumes and published 

in France between 1751 and 1772. The text was made up of contributions from many writers, known 

as the Encyclopédistes. It was edited by Denis Diderot and, until 1759, co-edited by Jean le Rond 

d'Alembert. The encyclopaedia was a product of the Enlightenment that aimed to change the way 

people thought and broaden their general knowledge. Diderot's aim was to incorporate all the 

knowledge in the world in the Encyclopédie.42 The entry Fayence, published in 1756, is primarily a 

translation of the tin-glaze recipes in Kunckel’s treatise.43 Diderot specifically mentions that the glaze 

compositions follow those in Kunckel's treatise, commenting that Kunckel had “gone to a lot of trouble 

and expense” to obtain the information from the [Dutch] workers.44 The Encyclopédie includes other 

tin glaze recipes including one from Nevers in France and one from England.45 The 11 prints of the 

Fayencerie,46 published somewhat later in 1765, provide detailed information on the contemporary 

French faience workshops, tools and materials. 

 

Johannes le Francq van Berkhey. 1769-1771. Natuurlyke historie van Holland, Volume 2, Deel 2.47 

 

One of the first authors to provide detailed information on Dutch clay sources and their use in the 

18th century is Johannes le Francq van Berkhey (1729-1812). Le Francq van Berkhey was a medical 

doctor, pamphleteer and poet who in 1773 was installed as reader in Natural History at Leiden 

University. The first part of his six-part work Natuurlyke historie van Holland was published in 1769. In 

1771, he published a second volume, the second section of which was entitled Delfstoffen.48 The text 

covered mineral and clay distribution in the western provinces of the Northern Netherlands as well as 

its use. Le Francq van Berkhey’s description of the clay types used in ‘Holland’ include the different 

types of potters’ clay as well as imported Doornik marl. He gives very detailed descriptions of the 

technique of clay washing and ceramic production (specifically mentioning tile production) and the 

raw materials used for glazes, as well as firing processes. In addition, the various stages of pipe, brick 

and roof-tile making are described in detail. 

 

This book is considered to be the first scientific publication on Dutch soil and mineral distribution, 

using what is now common geological terminology, including the classifications of sand, clay and loam. 

Later Dutch publications relating to Dutch mineral distribution, such as Natuurlyke Historie, de 

Delfstoffen by Martinus Houttuyn published in 1781, all refer to the information provided by le Francq 

van Berkhey. 

 

'AF'. 1774. Proefkundige verhandeling van wit en gecouleurd platiel verglas en schilderwerk; benevens 

eene duidelyke onderrichting van het glas-schilderen. 49  

 

 
42 Kramnick 1995, 17. 
43 The translation was by M. le Baron d’Holbach. Diderot et D'Alembert 1756, 459 
44 My translation. Diderot et D'Alembert 1756, 459. 
45 Ibid., 457-458. 
46 Diderot et d’Alembert 1765, I-XII. 
47 ‘The Natural History of Holland’ (my translation). 
48 ‘Minerals’. 
49 ‘Experimental treatise on white and coloured glazed pottery and painting’ (my translation). 

https://en.wikipedia.org/wiki/Encyclopedia
https://en.wikipedia.org/wiki/France
https://en.wikipedia.org/wiki/Encyclop%C3%A9distes
https://en.wikipedia.org/wiki/Denis_Diderot
https://en.wikipedia.org/wiki/Jean_le_Rond_d%27Alembert
https://en.wikipedia.org/wiki/Jean_le_Rond_d%27Alembert
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This publication was a Dutch translation of Johann Kunckel’s 1679 treatise Von der Höllandischen, 

kunstreichen weissen und bunten Töpffer- Glasur- un Mahlwerck. It also included a translation of a 

French book on glass painting (Manier om het Glas te schilderen; Getrokken uit het kunst kabinet, der 

Bouw-schilder- Beelthouw- en Graveerkunde, door Forentijn de Comte), and a manual on glass painting 

that ‘A.F.’ had written himself (...benevens eene duidelyke onderrichting van het glas-schilderen). The 

author, given as ‘A.F.’, is believed to be the Hague painter and playwright Albertus Frese (1714-

1788).50 This publication is particularly interesting as it provides insight into the Dutch 18th century 

terminology used at the time.  

 

Gerrit Paape. 1794. De Plateelbakker of Delftsch Aardewerkmaaker. 51 

 

This manual, written by Gerrit Paape (1752-1803) and published in 1794, is the most commonly 

quoted text relating to Dutch tin glaze production. It was the 12th volume of a 24-volume series of 

books that primarily described artisanal trades under the title Volledige beschrijving van alle konsten, 

ambachten, handwerken, fabrieken, trafieken, derzelver werkhuizen, gereedschappen, enz.,52 

published between 1788 and 1820. Paape describes the materials and techniques used in the Delft 

faience industry at the time, although there is no mention of tile production. 

 

Paape was born in Delft and at the age of 13 was placed by his father in a Delft faience factory as an 

apprentice painter. It is not known which factory he worked in, although the fact that he dedicated 

the publication to Lambertus Sanderus, the owner of the Delft Faience factory De Klauw from 1763-

1806, has led to speculation that he had been apprenticed there. After 10 years he achieved the status 

of schildersknecht (painter’s servant), but was dismissed in 1779 after a labour dispute. For a short 

period, he ran a business painting fans and silhouettes and was active in a circle of Delft poets, after 

which he was primarily active as a journalist, novelist and poet. From 1782, he became one of the 

Patriots in the Batavian revolution and had a turbulent career in politics until 1797.53  

 

It is not clear at which audience the publication was aimed. The book was written at a time when the 

Delft tin glaze industry was in decline, almost 30 years after he had been an apprentice. In the last 

section of the book Paape discusses the decline of the Delft factories and the loss of the skills they 

supported. Despite concerns about the accuracy of the glaze recipes he describes, his descriptions of 

the techniques and tools used have been backed up by other sources, and it remains one of the few 

contemporary sources specifically describing Dutch tin glaze technique.  

 

F. Bastenaire-Daudenart. 1828. L’art de fabriquer la faïence, recouverte d’un émail opaque blanc et 

coloré; suivi de quelques notions sur la peinture au grand feu et a réverbére, et d’un Vocabulaire des 

Mots techniques.54 

 

 
50 Lambooy 2013, 135. 
51 ‘The Faience maker or Delft Potter’ (my translation). 
52 ‘A complete description of all the arts, crafts, handcrafts, factories, trades, workhouses, tools etc.’ (my 
translation). 
53 Altena 2012. 
54 ‘The art of making faience, covered with an opaque white and coloured glaze; followed by some notions on 
high-fired decorations and a technical vocabulary of terms’ (my translation). 
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This is probably the most authoritative technical manual on traditional tin glaze technique. Although 

it is a 19th century publication, the findings are based on methodical experiments that draw on 

traditional techniques of preparing clays and glazes, and provide an insight into the traditional 

preparation and use of historical materials. Bastinaire-Daudenart had been the director of a ceramic 

factory at Saint-Amand-les-Eaux in Northern France that was established in 1709. 

 

Contemporary potter’s pottery and kiln books 

 

Petrus Sijbeda. 1712-1720. Potters’ book from the factory Buiten de Kerkpoort, Harlingen. 

  

Arguably one of the most significant historical sources relating to Dutch tin glaze production is a 160-

page parchment-bound, handwritten notebook written between 1712 and 1720 by the potter Petrus 

Sijbeda (ca. 1670 to ca. 1721).55 Sijbeda came from a family of Harlingen56 potters and was the son of 

Theunis Claessens (?-1679?)57 who owned the tin glaze factory ‘Buiten de Kerkpoort’. After Theunis 

died, the business was continued by his wife Sijtske Abes until 1708. Despite being the eldest son of a 

potters’ family, Sijbeda did not directly enter the business but studied medicine at the University of 

Utrecht, receiving the title of ‘medical doctor’ in 1693. He appears to have practiced as a physician in 

Oosterbierum near Harlingen after completing his studies before moving back to Harlingen in 1700 to 

help his mother run the family business.58 She died eight years later leaving Petrus to continue the 

business which he ran, possibly together with his two sisters, until 1739, after which his son took it 

over. In 1750 the factory was rented by Johannes Spannenburg who later sold it. 

 

On the second page of the notebook, Sijbeda writes that he would be documenting glaze recipes used 

by his father Theunis Claessens before his death in 1672, those used by his mother and by other tile-

makers, and other recipes that he had tested and made himself.59 Sijbeda documents a total of 288 

recipes60 for tin glaze, lead glaze (kwaart), on-glaze colours, and kiln glaze (binnenverf). He also 

documents clay mixes suitable for tiles (stenen), tableware (schuttels) and kiln bricks (boogstenen). In 

addition, he provides information on materials, the upkeep of the main and refractory (calcination) 

kiln, preparation of colours, the assaying of tin, and wages and production costs. Some glaze recipes 

are attributed to other production centres including Delft, Harlingen, Makkum, Utrecht, Rotterdam 

and even England. Sijbeda provides comments with the recipes on the quality of the different glazes 

and clay mixtures, together with the cost of the raw materials. Many of Sijbeda’s tin glaze recipes are 

dated, with the dates given ranging from 1659 to 1720.61 The fact that many of the glaze recipes had 

been passed down from his father and mother would explain why some of the dates given to the 

 
55 The book is in the collection of Hannemahuis Museum in Harlingen, inv. no. 872.  
56 Harlingen is a small town situated in Friesland, a northern province of the Netherlands. 
57 The exact date of his death is unknown, but what is known is that in 1689 his wife Sijtske Abes had been a 
widow for more than 10 years, so he must have died in 1679 or earlier. Gierveld 2005, 39. 
58 Tichelaar 2005, 71. 
59 My translation. ‘Hier volgen eerstselijke eenige witten bij mijn vader Theunis Clasen saliger anno 1672 
geprepareerdt als meede van tegelbakkers, en ook in vervolg als van mijn moeder saliger, als mede soo ik self 
deselve van tijd tot tijd geprapereerdt of soo geseidt, geacoordeerdt heb.’ Sijbeda 1712-1720, 1. 
60 Many glaze recipes are repeated and in total about 50 recipes are documented. 
61 On pages 50- 52 there are two recipes dated 1812 and 1814 and a few pages of book-keeping written in 
different handwriting that must have been added on empty pages at a later date, presumably by Johannes 
Spannenburg. 
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recipes precede the year when Sijbeda began writing the book. The recipes dated up to 1718 are in 

the same handwriting, assumed to be Sijbeda’s. From page 49 the handwriting changes for a few pages 

which is presumed to be that of Johannes Spannenburg, who hired in the factory from 1750 to 1794. 

Two glaze recipes are recorded in this section dated 1754.62  

 

At the time the book was written, it would have been very unusual to find someone so highly educated 

running a pottery factory. This is of significance when one considers the value of the information in 

the book. As a doctor, Sijbeda had been academically trained in observation and documentation. The 

recipes are systematically formulated and the text often shows an almost diagnostic approach to the 

problems of production. Although the accuracy of the dates he gives for the recipes cannot be verified, 

when potters’ names are documented, they have been found to match the dates given. 63   

 

Sijbeda introduces the notebook on the front page (figure 2.1) as follows: 

 

A book wherein is written all sorts of colours needed by a faience factory, and how they 
should be prepared. Here is also a lesson in clay preparation, drying tiles well, making kiln 

bricks and other things that one needs to know for this craft. 
Anno 1712, 1 March [signed] P Sijbeda. Med. doctor and tile maker64 

 

 
62 Tichelaar 2005, 72.  
63 van Oort from Utrecht and Adriaan de Meijer from Rotterdam. Sijbeda 1712-1720: 16, 25, 125, 130 
64 My translation. Original text:  ‘Een Boekien, waar in geschreven sijn, alle soorten van Verwen, welke tot een 
Gleijbakkerij nodig sijn, te gebruijken, & de maniere hoe men deselve moet praepareren. Hier nevens gaat een 
onderwijs van de aarde te waschen, de steentjes behoorlijk te drogen, Boogsteen te maken & meer andere 
dingen, tot dit Handtwerk nodig, om te weeten. Anno 1712, 1 Maart [signed] P. Sijbeda med. doctor 
Tegelbakker.’ 

Figure 2.1: Frontispiece of Petrus Sijbeda's notebook written between 1712 and 

1720. Harlingen Museum, inv. no. 872. Photo Hannemahuis Museum 
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While the style and layout of Sijbeda’s notebook suggests that it was not written for publication, 

Sijbeda introduces the book as ‘a lesson in clay preparation… and other things that one needs to know 

for this craft’ and later writes that he wishes to describe the work of the tin-glazed pottery maker in a 

way that is clear for ‘the reader’.65 The book came into the ownership of van Hulst pottery factory in 

Harlingen in 1849 when they bought the Buiten de Kerkpoort factory, including the archive. It was later 

given to the Koninklijk Fries Genootschap.66 In 2000, the text was partially transcribed by Arend Jan 

Gierveld, and details relating to the glaze recipes have been researched and referred to in publications 

by Ottema (1920), Tichelaar et al. (2001), Gierveld et al. (2005) and Lambooy et al. (2013).  

 

Sijbrand Pieter II Feijtema, Frans Tjallingii 1725-1800 Potters’ books from the Zoutsloot factory, 

Harlingen  

1. Aenmerkingen rakende de Gleibakkerij (1725-1832) 

2. Eenige Aantekeningen van de Gelijbakkerij (1794) 

3. Oven boek voor de Gleijbakkerij (ca. 1800) 

 

Three important potters’ handbooks are 18th and 19th century handwritten books where notes and 

records of Harlingen potters were kept by generations of potters over a period of 100 to 120 years. 

The books had been in the ownership of Nanne Ottema67 before being given to the Harlingen Museum. 

 

On the first page of the first book is written ‘Aenmerkingen rakende de Gleibakkerij’ or ’Notes 

regarding the pottery’.68 Dates in the book show that it was written between 1725 and 1832. Based 

on the dates given, the first section of the book is attributed to Sijbrand Pieters Feijtema, while the 

major part of the book is attributed to his brother-in-law Frans Tjallingii. Sijbrand P II Feijtema was the 

owner of the factory ‘Zoutsloot’ from 1731 to 1774. After his death, his wife Martje Jeltes Nauta took 

over the factory until 1781, followed by Frans Tjallingii, who ran the business from 1781 to 1810. For 

an overview of the factory owners (see Appendix I). 

 

Although the book contains a number of glaze recipes and costings, it is primarily a diary of all the 

problems encountered with the clay, glazes, kilns and firing process, together with the solutions that 

were attempted. Sadly, this book is now only available as a transcript as the book itself has been lost. 

The transcript was made by Mieke Tichelaar in 1963 and a digital copy is kept at Museum Het 

Hannemahuis in Harlingen. The transcript is clearly only of part of the book. According to Pieter-Jan 

Tichelaar the book contained 130 recipes in total and ended with 22 recipes from Maaijcke van der 

Laan, the owner of the Harlingen pottery at Schritsen/Raamstraat between 1621 and 1643.69  

 

The second book, Eenige Aantegeningen van de Gelijbakkerij or ‘Some notes on the pottery’, dated 

1794, was written by Frans and Sijbrand Tjallingii and is primarily a ledger of costings, although it does 

 
65 ‘In order to provide more clarity and illumination for the reader I have organized what has been written in 
this handbook before to [provide]a good knowledge of tin-glazed pottery making in its entirety’;  
‘Tot meerdere opheldering & verlichting voor de Leeser van hetgeene voor aan in dit handboekje geschreeven 
staat heb ik alhier in order gebracht, om een goede kennisse te [komen] van het gleijbakken in sijn geheel.’ 
Sijbeda 1712-1720, 61. 
66 The Royal Friesian Society. A foundation that supports the history and culture of the province of Friesland. 
67 They are mentioned in his publication on Friesian pottery. Ottema 1920. 
68 My translation. 
69 Tichelaar suggests that the recipes had been copied by Frans Tjallingii. Tichelaar 2005, 72. 
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include some recipes for glazes, colours and kiln bricks. The third book, with a title page Oven boek 

voor de Gleijbakkerij or ‘Kiln book for the pottery’ was written somewhat later and is dated 1806. This 

book contains lists of the objects that were placed in the kiln at each firing, with the costings, details 

of the kiln losses, and information about clients. The last two books are stored in the archive of 

Museum Het Hannemahuis in Harlingen. 

 

Tichelaar mentions a further book entitled Diverse aantekeningen, written between 1810 and 1884, 

which began with a summary of the notes of Sijbrand Feijtema and Frans Tjallingii from the former 

book and contained 24 recipes. This book has not as yet been found.  

 

Frederik Jacobus Kleijn (?). 1849-50. Kiln books from the Van Traa factory, Rotterdam. 

 

In 1848, the Rotterdam sculptor Willem van Traa bought the tile factory of Aalmis, Verwijk and sons, 

which he ran for nine years. It proved to be the last tin-glazed tile factory in Rotterdam. He built a new 

kiln in 1848 and for the following two years a detailed kiln book was kept,70 probably by the factory 

manager Frederik Jacobus Kleijn.71 This important document, which has been thoroughly researched 

by Johan Kamermans,72 not only provides an extensive list of the tiles that were placed in the kiln on 

each firing, but also describes the type and quantity of mis-fired tiles that were removed from the kiln. 

The kiln books further contain important details about the firing process and the problems that 

occurred during production. Although this document was written 100 years after the end of the period 

covered by this research, it shows that the problems encountered by potters in the mid-19th century 

had not significantly changed since the 17th century.  

 

2.2.2 Secondary sources 

A seminal publication with relation to Dutch tin-glazed tile production is Hoynck van Papendrecht’s 

De Rotterdamsche Plateel- en Tegelbakkers en hun product 1590-1851, published in 1920. A former 

director of the Rotterdam Historical Museum, Hoynck van Papendrecht undertook thorough research 

of the Rotterdam archives at the beginning of the 20th century, transcribing more than 120 documents 

relating to Rotterdam tile factories including pottery inventories, legal cases relating to potteries and 

materials, and acts of sale. The factory inventories provide extensive information on the use and 

monetary value of the raw materials and equipment used by tile makers in the 17th century. During 

research for the publication Tegels Uit Rotterdam,73 de Jager returned to the archival sources Hoynck 

van Papendrecht documented and found the transcriptions to be extremely accurate. By re-

structuring and adding new archival information, de Jager provides a clear and accessible overview of 

Hoynck van Papendrecht’s research.  

 

Roodenburg74 and van der Meulen and Smeele75 sourced archival documents relating to clay sources 

during their respective research on the history of the Delft and Gouda pottery industries. Numerous 

 
70 Rotterdam Municipal Archive (Gemeentearchief) GAR ASTT, inv.nr. 254. 
71 Kamermans 2009, 219. 
72 Kamermans 2009.  
73 de Jager 2009. 
74 Roodenburg 1993. 
75 van der Meulen and Smeele 2012. 
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relevant documents relating to tin glaze production in Delft are discussed by van Dam76 and later by 

van Aken-Fehmers in the three-part series entitled Delft Aardewerk: geschiedenis van een nationaal 

product.77 Belonging to the tenth generation of Friesian ceramic producers, Tichelaar’s many written 

contributions on tin glaze production in the Netherlands are invaluable.78 Britton79 and Betts80 of the 

London Museum sourced and documented English port records and letters to suppliers that provide 

important information concerning the export of clay to the Netherlands as well as the materials and 

production techniques used by tin-glazed tile makers in England, many of whom came from the same 

Italian origins as the first Dutch tin glaze potters.  

 

2.2 A concise history of Dutch tin-glazed tiles  

2.2.1 The introduction of tin glaze to the Netherlands 

The technology of tin glaze was developed in the 7th century in the Middle East,81 the technique being 

brought to the Mediterranean region with the Islamic expansion and eventually to Spain. From there, 

the knowledge spread to Italy, where polychrome and lustre tin-glazed wares of exceptional quality 

were produced in the 15th century. In about 1508, the Italian potter Guido di Savino 82 set up a pottery 

in Antwerp, the most important trading centre in the Hapsburg Netherlands. The ceramic trade 

flourished, and many potteries were established both in Antwerp and in other trading cities in the 

region. By the second half of the 16th century, tin glaze potteries, or plateelbakkerijen83, began to be 

established in the northern region of the Hapsburg Netherlands (in what is now The Netherlands), first 

in Middelburg (1564) and Haarlem (1572), then followed by Amsterdam and Delft. These 

developments coincided with the Dutch Revolt, an uprising against the Habsburg rulers that led to the 

siege of Antwerp in 1584 and its surrender to Spanish forces in 1585. This resulted in a wave of 

migration from the Southern Netherlands to the Dutch Republic in the north, which included a number 

of tin glaze potters. 

 

As in Antwerp, tin glaze potters made a wide variety of objects from bowls and plates, to apothecary 

pots and floor tiles. Ceramic floor tiles had been produced in the Netherlands since the Middle Ages, 

being generally made from red fired clay, often with white clay slip decoration and glazed with a clear 

lead glaze which was occasionally tinted with metal oxides. The new, white tin glaze enabled the use 

of a wider colour palette and elaborate decoration. However, while the new tin-glazed tiles were 

attractive and colourful, it quickly became evident that tin glaze was far more fragile and susceptible 

to damage than the traditional lead glaze when used as floor tiles. This problem, together with their 

expense, meant that they were only used in wealthy monasteries and the houses and castles of 

aristocrats. 

 

 
76 van Dam 2004; 1982. 
77 van Aken-Fehmers 2001. 
78 Tichelaar 2005; 2004a; 2004c; 2001. 
79 Britton 1987. 
80 Betts et al. 2010; 2008. 
81 For details on the history of tin glaze see Chapter 3. 
82 Dumortier 2002. 
83 See section below on terminology. 
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Changes in building styles resulted in the placing of tin-glazed tiles on walls. For centuries, the fireplace 

had been the focus point in buildings, being the source of both heat and light. By the late 16th century, 

city dwellings were being built from stone rather than wood due to the fire hazard. Fireplaces moved 

from the centre of the main living room to a side wall, resulting in the development of bricked 

fireplaces and chimneys which encouraged the addition of decorative elements. In the beginning, this 

was achieved by placing decorative bricks known as haardstenen or ‘hearth tiles’ which often had 

detailed, stamped decorations, behind the fireplace. At the beginning of the 17th century, house 

owners realised that glazed tiles provided greater decorative possibilities. Not only did the white glaze 

reflect the light and was more decorative, but tin-glazed tiles also had the advantage that dirt from 

the fire, such as soot, could be easily cleaned off. Soon an iron plate, or haardplaat, was placed behind 

the fire and house owners began to decorate their fireplaces by placing columns of tiles on either side 

of the fireplace opening (see figures 2.2 and 2.3). Tiles were soon also placed as floor skirting to 

prevent the lime wash on the walls being soiled when the floor was cleaned. In addition, tin-glazed 

tiles offered a solution for covering the rising damp that often affected the lower walls of brick houses. 

At the time, Dutch cities had a high ground-water level and damp was a pervasive problem. 

 

2.2.1 The Golden Age 

The 17th century was a period of economic expansion and prosperity for the citizens of the Dutch 

Republic. The tin-glazed pottery industry grew quickly between 1608 and 1621 in the province of 

Holland (now the provinces of North- and South Holland in the Netherlands). Potteries were 

established in Enkhuizen (1608), Rotterdam (1609), Dordrecht (1613), Leiden (1614), Hoorn (1615) 

and Gouda (1621). Outside the western province of Holland, the growth continued, notably in 

Harlingen in Friesland (1615), Utrecht (1616) and Deventer (1623). By 1620, Delft had expanded to 

eight factories and by the mid-17th century, there were seven tin glaze factories or plateelbakkerijen 

in Harlingen and 13 in Rotterdam (see Appendix I).  

 

Potters applied for concessions from the local authorities (octrooi) in an attempt to gain a monopoly 

on the production of tin-glazed wares for a period of five to ten years. During the first quarter of the 

17th century, tin glaze potters improved their status and financial security by joining the Guild of Saint 

Luke (St Lucasgilde) that had been established in Antwerp in the 14th century and continued to have 

a strong hold over the creative professions until the 18th century. The guild was established in most 

cities, including Amsterdam, Haarlem, Utrecht, Delft, Leiden, Den Haag and Rotterdam. Being a master 

of a guild enabled the potter to take on apprentices and own a shop. To become a guild master, a 

potter had to have a certain social status and show evidence of specific skills, although on the death 

of a potter his wife was allowed to take over the business without applying to become a master. By 

the mid-17th century, tin glaze potters and tile makers began to hold prominent positions within the 

guild organisation, especially in Delft and Rotterdam.84 

 

Many of the early tin glaze potters came from, or married into, the same families, and the same names 

are seen to reoccur often in archival texts (see Appendix I). Such family ties not only enabled the 

transmission of technical knowledge, but also resulted in competition for both clients and applications 

for the exclusive rights or charters to produce tiles. This often led to legal battles and court cases 

 
84 Schadee 2009, 26; Van Aken-Fehmers 1999, 39.  
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(which have proved to be an invaluable archival source). To provide an example, in 1613, Claes Janszn 

Wijtmans set up a tin glaze business in Korte Wijnstraat in Rotterdam. In 1629, he arranged a six-year 

charter for his son Jan Claeszn to produce tiles and other wares in Utrecht.85 Later, in 1638, his brother 

and brother-in-law established the Oude Prince factory in Amsterdam.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
85 Jan Claeszn returned to Rotterdam after one year. Sprangers 2013, 13. 

Figure 2.3: ‘The Fireplace’, etching by Jan Luyken, 1711, Rijksmuseum 

Amsterdam RP-P-OB-45.641. The tiles around the fireplace are seen to depict 

figures with corner motifs, suggesting a date between 1625 and 1650.  

 

 

Figure 1.3: ‘The Fireplace’, etching by Jan Luiken, 1711, Rijksmuseum 

Amsterdam RP-P-OB-45.641. The tiles around the fireplace are seen to depict 

figures with corner motifs, suggesting a date between 1625 and 1650  

 

Figure 2.2: ‘Needlewoman by the fireplace’, Esaias Boursse, circa 

1660 (Frits Lugt Collection). Around the fire are polychrome star tiles 

depicting tulips, grapes and pomegranates, dating from ca. 1625. 
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Similarly, members of the Van den Heuvel family, owners of the Den Burgh Sion pottery in Rotterdam 

from 1611, went on to set up a tin-glazed pottery in Dordrecht in 1613 and were also involved in the 

establishment of a new business in Harlingen in Friesland.86 There were similar family contacts 

between tile producers in Utrecht and Amsterdam.87  

 

After 1650, almost all the pottery inventories found and recorded by Hoynck van Papendrecht in the 

Rotterdam archives relate to tile factories.88 The 17th century not only saw a dramatic increase in 

output of tin-glazed wares, but also significant technical developments. The tin-glazed ceramic 

industry in Delft expanded significantly to became a major centre of high-quality tin-glazed wares, 

producing the ‘Delftware’ of international renown. By the end of the 17th century, most tin glaze 

potteries had specialised in either household wares and decorative objects, or tiles. 

 

Delft came to dominate the market for decorative and household wares, although few tiles were 

produced there. By the last quarter of the 17th century, the tin glaze production centres outside Delft 

almost all specialised in tile production. Specialisation went hand-in-hand with economies of scale and 

consolidation into larger tile factories, resulting in the existence of three in Rotterdam, two in 

Amsterdam and two in Utrecht. The potteries in Friesland, including Harlingen, continued to produce 

both tiles and household wares. Seventeenth century Rotterdam factory inventories provide an idea 

of the scale of production. In 1627, an inventory attributed to the Den Burgh Sion factory in Rotterdam 

by Hoynck van Papendrecht89 shows that the factory had a stock of 56,000 tiles, valued at 1,600 

guilders, as well as a large stock of tin-glazed household wares.90  At his death in 1645, the tilemaker 

Carel Claezn Wijtmans of the Delftsevaart factory was shown to have a stock of 38,375 glazed tiles, 

23,900 biscuit-fired tiles and 25,190 unfired tiles: a total of almost 100,000 tiles.91 On average, the 

Rotterdam tile-factory inventories from the mid-1650s record there being at least 35,000 to 65,000 

tiles in storage at any one time.92 

 

2.2.3 Changes in the market 

From the mid-17th century, the markets and the demand for tiles shifted. In the cities, interior styles 

and the role of the fireplace changed. Separate kitchens were built and the fireplaces in the open living 

areas became smaller, taking away the need for a tiled back wall. This was not the case in the 

countryside, where the demand for decorative tiles remained and even grew. In the last quarter of 

the 17th century, the international market for high quality Delftware and Dutch tiles also expanded, 

and thousands of Dutch tiles and architectural tile pictures were ordered and exported throughout 

Europe. These market trends continued through to the first half of the 18th century, when Dutch tiles 

were in great demand for country houses and palaces in England, France, Denmark, Germany, Portugal 

and Spain. They were even exported to the Dutch colonies.93 A significant quantity of tiles were 

 
86 Kamermans 2009, 46. 
87 Sprangers 2013, 21 and 35. 
88 Hoynck van Papendrecht 1920. 
89 Van der Meulen believed the inventory to be in fact from the Van den Heuvel factory in Dordrecht. Vormen 
uit Vuur 2018, 40-61. 
90 Hoynck van Papendrecht 1920, 343. 
75 Ibid., 365. 
92 More information about annual tile production is given in chapter 4. 
93 Between 1771 and 1779, 5,500 tiles were exported annually to Jakarta. Hans Bonke in Tegel 27 1999, 32-38.  
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exported to Portugal in the late 17th and early 18th centuries. Although Portugal had its own tile 

industry, Dutch tiles were of a higher quality and very highly regarded.94 

 

From the middle of the 18th century, the demand for tin-glazed tiles in Dutch cities had declined and 

the main market moved to the countryside. Fashions changed and there was more competition from 

the development of home tile markets, notably in England, Germany and France. In addition, 

international trade suffered as a result of Napoleon’s conquest of the Netherlands. A few of the larger 

tile factories survived, largely due to the implementation of efficient economies of scale. By 1770, only 

two tile factories remained in Rotterdam.95 These two factories, together with those in Utrecht, 

Makkum and Harlingen, continued to produce tiles into the 19th century.  

 

2.3 Decoration on tiles 

Although decoration techniques are not covered in this research, a short overview of developments 

in decoration style provides a stylistic context when looking at historical Dutch tiles. The decoration 

on early tin-glazed tiles was inevitably influenced by the Southern European roots of the potters. 

These early tiles were colourfully decorated in geometric patterns and stylised forms, as well as 

mythological figures. The stylised patterns often contained elements that were part of a larger design 

that needed at least four tiles to be placed together to make the design visible.96 From the first quarter 

of the 16th century, the ornamental style of the maiolica tiles was gradually superseded by figurative 

decoration confined to the tile itself.   

 

The arrival of the first Chinese blue-and-white porcelain in 1602 had a great influence on both the 

quality and colour pallet of tin-glazed wares in the Netherlands.97 The Dutch were in awe of this pure 

white, semi-transparent and delicate material, the secret of making porcelain having not yet been 

discovered in Europe. Chinese porcelain was predominately decorated in blue because cobalt oxide 

was the only colouring metal oxide that could survive the high firing temperature that enabled 

porcelain objects to be fired just once together with the decoration. As a result of the new 

competition, potters sought to reproduce porcelain in tin-glazed pottery to make ‘Dutch porcelain’ 

(Hollants porcelyne). Some factories, notably Delft, focussed on improving the quality of their product 

to meet this demand. Tile production was less influenced by Chinese styles98 and the Chinese 

themselves did not make tiles, primarily due to the fact that porcelain is unsuitable for tiles because 

flat forms warp easily. The main influence from Chinese porcelain was the singular use of cobalt blue 

for the decoration and this came to dominate tile decoration after 1650. Around 1650, brown-purple 

manganese decoration also became more common. Over time the decoration on tiles became more 

sparce due to cost-cutting. Both the history of Dutch tiles and decoration styles are extensively 

covered in a number of seminal publications.99 

 
94 This even led to a ban on the import of Dutch tiles in 1687. Van Dam 1988, 97. 
95 Wapen van Dantzich and Schiedamsedijk. See Appendix I. 
96 See tile 9274 in data set, Appendix VII. 
97 Kamermans 2009, 47. 
98 Certain stylistic elements are found on Dutch tiles, such as the wanli border decoration. For a short period in 
the early 17th century, Chinese decoration was reproduced (see tile 966.1 in Appendix VII). 
99 Kamermans 2011; de Jager 2009; van Lemmen 2003; Pluis 2013, van Dam 1988; Korf 1979; Berendsen 1965. 
Extensive information on specific aspects of decoration and historical development is found in the magazine 
'Tegel', an annual publication of the Friends of the Dutch Tile Museum in Otterlo. 
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2.4 Tin glaze terminology 

2.4.1. Wares 

There is some confusion in the terms used to describe historical tin-glazed ceramic, which varies 

depending on the time in history and the language used. Early European tin-glazed wares from the 

14th to the 16th century are generally referred to as maiolica both in English and Dutch. The term 

maiolica originates from the name of the Spanish island of Mallorca, which was a trading centre for 

tin-glazed wares in the 15th century. Maiolica characteristically has polychrome decoration that 

reflects the southern European style of its origins. In Dutch, the term specifically refers to early tin-

glazed objects, generally flatware, that only have tin glaze on the decorated topside, the back being 

glazed with cheaper lead glaze. In English, the term maiolica tends to be reserved for describing Italian 

tin-glazed wares from the Renaissance period. The term majolica100 with a ‘j’ is also used in both Dutch 

and English. In Dutch it is often used interchangeably with the term maiolica. In English it refers to the 

19th and 20th century highly decorated pottery made in the Staffordshire factories, such as Minton. 

 

Faience is a general term for objects that are completely covered with tin glaze.101 Although it is 

primarily a technical term, it is used in both English and Dutch when referring to European tin-glazed 

wares. Again, the term faience has southern European origins, stemming from the tin glaze production 

centre of Faenza in Italy. During the 17th century, the city of Delft became the most well-known 

production centre for decorative tin-glazed objects in the Netherlands, partly due to the quantity of 

the wares produced, but primarily due to their quality. The term Delftware became synonymous with 

Dutch tin glaze production, both in the Netherlands and abroad. In English the term delftware (no 

capital letter) is used to describe early English tin-glazed wares. Dutch art historians only use the term 

Delftware to describe products from Delft, the production from other centres being referred to as 

fayence, for example Arnhemse fayence and Franse fayence. To avoid confusion, the term tin-glazed 

wares has been used as far as possible in this dissertation. 

 

2.4.2 Potters  

The first tin glaze potters in the Southern and Northern Netherlands were referred to as 

geleymakers102, geleijwerkers, galeijers or gelijers: terms that stemmed from the Flemish word gleise, 

which meant ‘shine’ or ‘glitter’, referring to the bright tin glaze. Another term also commonly used 

was plateelbakker or plateelbaeker, which literally means 'platemaker'.103 The word Plateel is derived 

from the old French word platel meaning dish. From the 17th century, the term was used in the 

Netherlands to refer to tin glaze potters who made both flatware as well as tiles.104 Competition with 

 
100 The letter ‘j’ was added to the English language in the 17th century. 
101 Due to the expense of tin, early tin-glazed wares were fired on one side. In the Netherlands, the 
development to fully cover objects with tin glaze was a reaction to the competition of the newly imported 
Chinese porcelain in the early 17th century. For obvious reasons, wall tiles are always only glazed on one side. 
102 The first reference to geleyespotten in Antwerp was in 1513. Dumortier 2003, 21. 
103 A reference dated 1612 to a plateelbakker named Frans Adriaenszn Verburgh is in the Rotterdam archives. 
Hoynck van Papendrecht 1920, 35. 
104 Since the 19th century the term plateel has been used to refer to mass-produced glazed pottery. The term 
is primarily used today to refer to pottery made in Gouda. 
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Chinese porcelain led to the common use of terms such as Hollants porcelyn, although such terms 

were not used with reference to tiles.105  

 

2.4.3 Tiles and tilemakers 

The current Dutch word for tile is tegel. The word tegel originates from the Latin word tegula, which 

referred to roof tiles.106 In the Middle Ages, roof tiles or daktegels were thin flat tiles.107 Up to the 17th 

century, the term tegels generally referred to roof tiles, although the term Tichelen was also 

commonly used, a Tichelaar being a roof tile or brick maker. The term for floor tiles was stenen or 

‘stones’, due to their hardness, although the term also came to be used for bricks or bakstenen.  

 

The first fireplaces placed against walls were decorated with decorative bricks or haardstenen that 

were placed behind the open fire. Soon the term steentjes (‘small tiles’) came to be used for glazed 

wall tiles. The change to the use of the term dakpannen for roof tiles (literally 'roof pots') is believed 

to be due to developments in the shape of roof tiles in the 18th century, when it was discovered that 

alternating convex and concave roof tiles were more efficient.108 The term tegel for wall tiles became 

more common after the end of the 17th century.  

 

 

 
  

 
105 Kamermans 2011, 47. 
106 A town called Tegelen in the south of the Netherlands was a centre of Roman roof tile production, largely 
due to the abundance of suitable clay in the area. 
107 Schellingerhout 2009, 23.  
108 Ibid., 32.  
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Chapter 3: The Clay Used for Dutch Tin-Glazed Tile 
Production – The Evidence in Historical Documents 
 

Clay must be white in colour because if it were sky blue…it would not take the tin white. 
         Piccolpasso ca. 1558109 
 

3.1 Introduction 

Knowledge regarding the source, composition and preparation of the clay used to make tin-glazed 

tiles is essential in order to understand and analyse the production of tin glaze in the Northern 

Netherlands in the 17th and 18th centuries. Historical and/or regional differences could suggest 

variations in the ceramic and/or glaze characteristics and possibly the susceptibility to degradation or 

damage of tin-glazed tiles. The success of a glaze is dependent on the ceramic ‘carrier’ and it is 

surprising that so little is known about the composition of the clay that was used in Dutch tile and 

faience production.  

 

As with most traditional ceramic production, it is generally assumed that the clay used to make tin-

glazed products was locally sourced. However, not only was Dutch clay transported between the 

different production centres in the Northern Netherlands, but the local clays were mixed with 

imported clays, notably calcium-rich marl110 that was imported from England and the Southern 

Netherlands. The Italian potters that emigrated to Antwerp early in the 16th century were clearly 

aware of the need for calcium-rich clay to produce tin-glazed wares. They soon began to mix local 

clays with marl sourced from Doornik (also known as Tournai) in what is now Belgium. It is assumed 

that potters brought this knowledge of this marl source to the Northern Netherlands when they 

settled there in the late 16th century.  

 

Understanding why and how the imported clay was added, and its influence on the final product, is 

central to our understanding of tin-glazed tile production. Although certain production centres, 

including Rotterdam and Utrecht, quickly specialised in making tiles, factories in Friesland, including 

Harlingen, continued to produce both tiles and household wares. It had not been clear to what extent 

the composition and preparation of the clay mixes used to make Dutch tiles had differed from those 

used to produce other Dutch tin-glazed products. 

 

From the mid-17th century, Delft was internationally recognised as the most important Dutch 

production centre for tin-glazed household and decorative wares. For this reason, most of the 18th 

century texts discuss the Delft potteries. Although the production of tiles in Delft was marginal during 

the 17th and 18th centuries,111 the information these texts provide on the clays and clay recipes used 

is still relevant. The sources of imported materials would have been largely the same for all the 

 
109 Translation R. Lightbrown. Piccolpasso 1980 vol. 2, 4. 
110 The term ‘marl’ refers to a non-clastic sedimentary deposit that is a mixture of clay and calcium carbonate 
that has formed under marine or freshwater conditions. It is an earthy substance containing 35% to 65% clay 
mixed with 65% to 35% calcium carbonate, although some definitions give higher percentages of calcium 
carbonate. Searle 1960, 279; Rice 2005, 97. 
111 After 1650, only three of the 34 potteries in Delft also produced tiles. 
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production centres, and both workers and recipes are known to have moved between factories. Any 

differences in clay use suggested by archival documents provide insight into possible variations in 

regional production and the physical and chemical characteristics of the products made. 

 

Clay can be defined in a number of different ways, depending on the context or purpose of study. 

Definitions may relate to chemical composition, particle size and/or geological or geographical 

source.112 Clay is a fine-grained sedimentary deposit that forms as a result of the weathering 

and erosion of silicate-based igneous rocks, primarily granite, basalt and feldspar.113 Chemically, most 

clays are hydrous aluminium silicates (Al2O22 (SiO2) 2(H2O)). Clay is also defined as a sedimentary 

deposit with a grain size of less than 2 micrometres or microns (μm). A deposit with a grain size 

between 2µm and 60µm is defined as silt, while granulate material with a grain size above 60 µm is 

either sand or, if very coarse, gravel.114  

 

Primary clays are those deposited close to the parent rock source, whereas secondary clays are formed 

when the weathered rock is has travelled over a long distance. Secondary clays are further defined by 

the method of transport and deposition, fluvial clays being those transported and deposited by rivers. 

Marine clays form when fluvial clays have reached the coast and are further influenced by marine 

conditions.115 Secondary clays are complex mixes of particulate and organic materials. The percentage 

of clay particulate materials and their mineral composition influences a clay’s suitability for use by 

potters and the final characteristics of the ceramic produced.116 

 

3.2 Clays and clay recipes mentioned in the source documents 

An important source of evidence concerning the clays used for 17th and 18th century tin glaze 

production can be found in legal documents. In certain legal documents, such as potters’ inventories, 

both the types of clay and their financial value are often documented. Recipes for suitable clay pastes 

are found in written treatises and potters’ books. Although the published texts almost all refer to tin 

glaze production in Delft, the Harlingen potters’ records provide references to the clays and clay pastes 

used and even include specific recipes for making tiles. An overview of all the clays mentioned in 

historical documents is given in Appendix II and the documented clay recipes are listed in Appendix 

III. In table 3.1, a short overview of the clay recipes is given. Figure 3.1 shows the geographical 

locations of the clays mentioned. 

 

The Dutch clays in the clay recipes are primarily described as being either from specific rivers such as 

the ‘Holland Rhine’ (Oude Rijn), or localities, such as Friesland, the province of Brabant, or Delft.  Other 

 
112 Rice 2005, 33. 
113 Ibid., 35. 
114 Rice 2005. 
115 In petrographic analysis of 17th century Dutch earthenware, van Wageningen focused on the morphology 
of quartz inclusions to determine if the clay was from marine or inland sources, marine quartz inclusions 
having a smoother profile due to the extra abrasion that takes place. In addition, marine clay is finer in 
structure due to the slower deposition. Van Wageningen concluded that the clays used for the Amsterdam and 
Haarlem earthenware were marine clays containing 10-25% quartz inclusions, whereas those produced in 
Utrecht were made from fluvial clay with more facetted quartz inclusions of ca. 250 microns. Van Wageningen 
1988, 79. 
116 For more information on the composition and characteristics of clay see Rice 2005, 31-70. 
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references include the use of ‘Black’ clay, while references to the use of German clay are found in a 

number of 18th century publications on Delft tin glaze production.117 Imported calcium-rich marl clays 

from England (Suffolk) and Flanders (Doornik) are found in almost all of the clay recipes. The probable 

origin and characteristics of the clays mentioned have been researched in order to gain a better 

understanding of the final composition of the clay pastes used and any possible historical or 

geographical variations. 

 

 

 

 

 

 

 

 

 

 
117 German clay from ‘Koln’ is also mentioned in recipes for the production of kiln bricks. See chapter 5 on tile 
production. 

Table 3.1: An overview of the main clay recipes found in the historical texts (see Appendix III). 

 

Table 3.1: An overview of the main clay recipes found in the historical texts (see appendix 3). 

 

Date Author 
(page) 

Production 
centre 

Recipe in text 
(original spelling) 

Clays mentioned 
(translation) 

1670 Sijbeda 
12 

Harlingen ½ Doorniks aarde, ½ Delfts aarde Doornik marl 
Delft clay 

1674 Sijbeda 
14 

Harlingen ⅕ Engels klei, ⅘ Tichelklei 
 

English marl 
Local (roof-tile?) clay 

1674 Sijbeda 
126 

Harlingen ¼ Doorniks: ½ Swijftens: ¼ 
Zwaart 

Doornik marl 
Fresian clay 
Black clay 

1709 Sijbeda 
124 

Rotterdam ½ Doornik: ½ Kleij Doornik marl 
Clay 

1717 Sijbeda 
149 

Harlingen ⅓ Doorniks: ⅔ Swiftens kleij Doornik marl 
Fresian clay 

1742 Wagenaar 
475 
 

Delft Doorniksche of Brabantsche 
Aarde 
Duitsche Aarde welke van 
Mulheim, een Steedje aan de 
Roer 
Zwarte Aarde 
Delft Aarde 
Tenminste kan men de zwarte en 
Delftsche Aarde niet missen 

Doornik or Brabants marl 
German clay from Mulheim 
on the 
                                                     
Rhur 
Black clay 
Delft clay 
 

1771 Le Francq van 
Berkhey 
292 
 

Delft 1.Doorniksche klai 
2.Rhur/Westphaallgs/Mulheim 
klai 
3.Hollandsche Rhynklei (Delftse 
aerde) 

Doornik marl 
Rhur/Westfalia/ Mulheim 
Dutch Rijn clay 
 

1794 Paape 
5 

Delft Zes gewoone kruiwagens 
Doorniksche Aarde 
Drie wagons Rhijnlandsche of 
Zwarte 
Drie wagens Delftche Aarde 

6 wagons Doornik marl 
3 wagons ‘Rijnlands’ or black 
clay 
3 wagons Delft clay 
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 Figure 3.1: The provinces of the Dutch republic in the 17th century and the Dutch 

Flemish and German cities referred to in the text.  

 

Figure 3.1: The provinces of the Dutch republic in the 17th century) and the Dutch 

Flemish and German cities referred to in the text.  

Figure 3.2: Overview of clay deposits and major ceramic production centres in the regions of the 

Netherlands 13th to 16th centuries. In van Wageningen 1988, 5. 
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3.2.1 Dutch clay  

Figure 3.2 shows a schematic overview of the (accessible) clay in the Netherlands in the 17th century. 

Although this is similar to the present-day geology of the Netherlands (see figure 3.3), the river 

systems, and consequently the sedimentary deposits, have changed significantly since the Middle 

Ages as a result of the building of summer-, winter- and spur-dikes, as well as canals. In addition, 

smaller rivers were frequently dammed for river management and rivers have also been influenced 

by land reclamation.118  

 

Most of the superficial clay sources in the Netherlands are Holocene: primarily fluvial clays and shallow 

marine deposits. Older Pleistocene deposits are found in Limburg and Gelderland. In Groningen and 

Drenthe, in the north-east of the Netherlands, a heavy, black compact clay known as potklei (literally 

‘pot clay’) is found. This is an organic-rich clay that was historically used to make bricks and roof tiles.119  

 
118 For details on the geology of the Netherlands see: Mol 2012, van der Meulen et al. 2007, G. van der Veer 
2006, www.geologievannederland.nl (last accessed 04.12.2019), www.delfstoffenonline.nl (last accessed 
20.12.2020). 
119 van der Meulen et al. 2007, 63. 

Figure 3.3: Simplified geological map of the Netherlands (KNB members belong to the 

Royal association of Dutch Brick makers). van der Meulen 2007, 118. 

 

 

Figure 3.3: Simplified geological map of the Netherlands (KNB members belong to the 
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Figure 3.4: 1749 map of the de Rhyn, Maas, Waal, Merwe, and Lek, rivers through 

the door de provinces of Gelderland, Holland and Utrecht. Map: C. Velsen, Nationaal 

Archief / inv. num. 123, Kaartcollectie Zuid-Holland Ernsting, licentie CC-BY. 
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Older sea-clays have a high plasticity120 and lie 4 metres or more below sea level,121 although in some 

areas they are found nearer the surface. In general, the younger sea clays lie approximately 1 metre 

below sea level and are found along the west coast and the current polder regions.122 These clays are 

usually coarse and tend to contain shell particles.123  

 

Pottery is generally produced where suitable clay is found in combination with water sources and 

water transport-links, which enable the import of fuel and raw materials and the export of finished 

goods. A large area of the Netherlands constitutes part of the river delta of the Rhine and Maas 

(Meuse) rivers. The Rhine flows 1,320 km from the Alps in Switzerland through Germany and finally 

the Netherlands to the North Sea. On reaching the Netherlands, it divides into the large Waal, the 

smaller Gelderse IJssel and the Nederrijn-Lek river-system (see figure 3.4). Brick and roof tile 

production was established by the Romans and spread through the region of the Northern 

Netherlands from the 13th century.  The industry further developed in the Middle Ages near 

population centres wherever suitable clay was available.124 

 

By the 17th century, the province of Holland125 had become the centre of economic development and 

international trade resulting in the growth of the cities of Amsterdam, Haarlem, Leiden, Delft and 

Rotterdam. The province had excellent clay resources and an extensive river canal network, as well as 

a history of ceramic production. Brick and roof tile production was established along the many rivers 

in the south of the province of Holland,126 including the Hollandse Ijssel (between Oudewater and 

Oudekerk), the Oude Rijn (from Woerden to Leiden and between Woerden and Utrecht) and the 

Leidse Rijn, Vecht, Lek and Waal127 (see figure 3.4). Clay for these industries was mostly sourced from 

renewable sources on the floodplains or, in the case of smaller, slow-flowing rivers, dredged from the 

river (in Dutch: opbaggeren). 

 

The first published document that discussed the clay deposits of the Netherlands with any geological 

accuracy was Natuurlyke historie van Holland (part 2), written between 1769 and 1771 by Johannes le 

Francq van Berkhey. He describes the many sediments, including the clays, found in the province of 

Holland. Le Francq van Berkhey discusses the pottebakkers klai (potters’ clay) found in the province of 

Holland region in some detail: ‘This clay, which is the finest and most plastic, takes first place. Its colour 

goes from light to blue and it dries blue. It is plastic which makes it solid and well held together, and 

it dries very hard. It is about a seventh sand, containing almost no stones or coarse sand. It is found in 

 
120 ‘Plasticity’ refers to the ability of a clay to be formed without cracking or deforming and is related to the 
moisture retention of the clay. Hamer and Hamer 2012, 269. 
121 In the Netherlands, the water level is determined with relation to NAP (Normaal Amsterdams Peil or 
‘Normal Amsterdam level’). https://www.normaalamsterdamspeil.nl/ Last accessed 4th December 2019. 
122 www.geologievannederland.nl. Accessed 4th December 2019. 
123 van der Meulen 2007, 126. 
124 For an extensive overview of the early of brick production in the Netherlands see Hostelle 1976 
125 Now roughly the provinces of North and South Holland. See figure 3.1. 
126 Stenvert 2012, 20-21. 
127 At the end of the 18th century, the brick industry developed on the floodplains of the large rivers the Waal, 
Rijn and Nieuwe IJssel with the laying of new dikes. 

https://www.normaalamsterdamspeil.nl/
http://www.geologievannederland.nl/
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Holland in between all the other clay layers, mostly about 1½ to 2 feet deep. The best clay is obtained 

from the Rijn,128 the Vecht and the Gouwe as well as much of the Maaslanden’.129 

 

Le Francq van Berkhey later provides a description of the three kinds of clay used by plateelbakkers: 

Grey Rijn River clay, known as ‘pinch clay’, Vecht river clay that is heavy and coarse and known as 

‘stone clay’, and ‘white stone clay’, which has little plasticity but is mixed and used by potters.130 The 

third clay appears to refer to the imported marl, which he discusses later in the text. He states that 

the clay used for roof tiles is ‘blue’ and differs from potters’ clay as it is coarser and more plastic,131 

while the clay used by brickmakers is similar to agricultural clay. He states that brickmakers’ clay must 

contain less than one-third sand (in volume) and is found on the Rhynkant (‘banks of the Rhine’).132  

 

The extraction of clay from land sites involved removing layers of earth before the clay can be reached. 

This is known as ticheldobben, the land then described as being afgeticheld.133 In the case of river 

clays, the clay was either sourced from the floodplain or, in the case of some small slow-flowing rivers 

in the west, the river was regularly dredged (opgebaggerd). 

 

Rijn, Rijnlands and Delft clay 

The earliest reference to date mentioning the clay used by tin glaze potters in Delft is dated 1619 and 

can be found in the Delft municipal archive. It states that the Delft potter Michiel Jansz. Touw sourced 

clay from Bodegraven on the Oude Rijn134 (see figure 3.4). Paape’s Delft clay recipe dated 1794 

includes Rijnlands and Delft clay.135 While Delft clay is presumed to mean clay found near Delft, it is 

not clear whether the term Rijnlands clay refers to the Oude Rijn or the German Rhine. The fact that 

Paape writes that it is possible to use either Rijnlands or zwart (black) clay does not make this any 

clearer. Wagenaar’s Delft clay recipe from 50 years earlier includes both zwart (black) and Delft clay, 

suggesting the two clays have different characteristics. Writing after Wagenaar and before Paape, le 

Francq van Berkhey claims that the local clay used by plateelbakkers was clay from the Hollandse 

 
128 This would be the Oude Rijn. 
129 My translation. The original text: ‘Deeze Klai, als de fynste en vetste zynde, bekleed de eerfte plaats; 
deselve is ligt van verwe , helt na het blaauwe over, en droogt hoog blaauw op, Ze bezit eene leemigheid, die 
haar taai en verbonden houd; droogt zeer hard op; en bezit ruim een zevende deel zands, en bijna nooit 
fteentjes of grof zands. Men vind ze in Holland overal tussen de andere klailaagen, meeate al ter diepte van 
anderehalf of twee voeten; dog de beste Klai van dien aart leveren de landen aan den Rhyn, de Vecht, en de 
Gouwe, mitsgaders veele Maaslanden.’ le Francq van Berkhey 1771, 278. 
130 Graauwe Rhynklai – bekend onder den naam van Knipaarde; 2. Vechtklai, die zeer zwaar en grof is, en 
Steenaarde genoemd wordt; en 3. Witte Steenklai, die ongemeen fchraal is: alle welke foorteeringen, naar de 
kieschheid der Pottebakkers, gemengd en gebruikt worden’. le Francq van Berkhey 1771, 279. 
131 ‘Blauw pannebakkers Klai is grover en vetter dan potterbakkers klai’. Johannes le Francq van Berkhey 1771, 
283-4. 
132 ‘Eene gemeenschap met Teelklai, dat men haar tot beiderleie gebruik bezigt; dog de steenbakkers 
verkiezen evenwel de fynfte en de vetfte, Zy bedienen zig van dezelve van van onderfcheiden grofte; maar 
meerder dan een deerde deel van zands mag deze Klai tot dat gebruik niet hebben’. Johannes le Francq van 
Berkhey 1771, 301. 
133 For the history of the term tichel see chapter 2. 
134 Roodenburg 1993, 8. 
135 The terms for the clay and marl vary, aarde or aerde (now meaning ‘earth’), and kley, klai or klai being used 
interchangeably. 
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Rijn.136 The term Hollandse Rijn refers to the Dutch river system that flows through the province of 

Holland, originating from the Rhine. Le Francq van Berkhey describes this clay as follows: 

 

Because Hollands Rijn clay is used in Delft to make tin-glazed wares, it has the name ‘Delft 

clay’ and it is this clay that we mean. It is the same as the roof- tile makers’ clay and appears 

to differ little from the brick-makers’ clay. It is used to make the round 

saggers137...otherwise this clay is not used except when mixed with other clays where it is 

of great importance and cannot be missed.138 

 

Here he suggests that Delft clay is roof-tile clay from the Hollandse Rijn. The 1663 inventory of the 

Rotterdam tile maker Symon Boudewijnzn mentions Woerdse clay,139 Woerden being a town on the 

Oude Rijn. The far earlier 1627 inventory of the potter Jacob van den Heuvel includes a reference to 

Woirnse aarde140, although it is not clear if this was a variation in spelling or a different clay. As 

previously mentioned, brick and roof-tile factories had been established along the Oude Rijn since the 

beginning of the 15th century. There is evidence that the industry was so extensive that clay deposits 

on the eastern floodplain were exhausted by the end of the 16th century and further exploitation 

there was prohibited.141 In 1596 Gouda red-ware potters applied for permission to extract clay from 

Woerden on the other side of the river, proving that it was an important clay source. 

 

The process and problems of sourcing clay can be seen in a contract dated 1629 between Gouda red-

ware potters and a shipper who was hired to find a suitable clay source and bring them samples for 

testing.142 The sample the shipper brought back was described as Rijnland clay or rood aerde (‘red 

earth’). According to van der Meulen and Smeele, Rijnlands clay was also used in Rotterdam, Utrecht, 

Amersfoort and Friesland.143 In 1689, 22 potters of the Gouda Potters’ Guild, together with 25 potters 

from nine other towns and cities, succeeded in introducing a ban on the transport of Rijnlands clay 

(also referred to as potklei) to Friesland, initially for three years. 144 This was described as an attempt 

 
136 le Francq van Berkhey 1771, 292. 
137 Lidded ceramic boxes in which the wares were glaze fired. See chapter 5 on production. 
138 My translation. Original text: ‘Hollandsche Rhynklai; om dat ze te Delft tot Plateelwerk gebruikt word, in 
deeze Stad alleen den naam van Delfsche Aarde verkrygt; en het is deeze foort, welke wy hier bepaaldlyk 
bedoelen, Ze is van denzelfden aart als de Pannebakkers Klai; ook verschilt zy weinig van de Steenbakkers Klai 
aanmerken, Men bedient ‘er zig van tot het maken van ronde kokers, die konstiglyk met gaatjes en steenen 
pennetjes worden samengezet, om het reeds gebakken aardewerk ongeschonden te verglaazen, Buiten dit 
word ze in de Plateelbakkeryen op zig zelve niet gebruikt; maar ze moet hier, met de andere Klaien vereenzigd 
zijnde, van zeer groot nuttigheid weezen; dewyl de Plateelbakkers getuigen, dat zy niet te ontbeeren is, Wij 
zouden met het tot dus gezegd ten opzicht van deeze soort konnen vilstaan; dog het algemeen gebruik, dat 
men hier te Lande van de Delfsche Aardwerk maakt, vordert eenigzins dat wy ons nog wat byzonderlyker over 
deze recht Vaderlandsche kont uitlaaten, en den Leezer en nader verflaag geven van ’t voornaamste, dat 
ontrent de Plateelbakkery, naar den aart van ons bestek, in aanmerking komt van deeze soort konnen 
vilstaan’. Le Francq van Berkhey 1771, 294-293. 
139 Hoynck van Papendrecht 1920, 392. 
140 Hoynck van Papendrecht 1920, 4. 
141 In 1575, there was a ban on clay extraction due to fears of the dike breaking through, although it is 
unknown if the ban was upheld. van der Meulen en Smeele 2012, 38. 
142 The shippers had their own guild and many references to clay shippers can be found in the Gouda Guild 
letters: Snels J., Gildebrieven van alle de gildens binnen de stad Gouda, Gouda 1713. 
143 van der Meulen en Smeele 2012, 39. 
144 SAMH,SAG, inv nr 337, f217. In van der Meulen en Smeele 2012, 70. 
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to reduce the over-use of limited resources, but it was more likely to have been aimed at 

disadvantaging their competitors. Although the ban was regularly extended until 1790, it appears to 

have had little effect on trade.145 Despite the abundance of river clay in Friesland, the advantageous 

characteristics of this clay and/or the ease and/or low cost of transport must have made its import to 

Friesland worthwhile. 

 

The use of Delft clay is mentioned in all the 18th century recipes referring to Delft pottery production 

(see Appendix II). References to ‘Delft clay’ are also found in Rotterdam pottery inventories, the first 

reference being from Pieter Hermanszn, dating from 1632.146 The term ‘Delft clay’ appears twice 

more: first in 1649, in the workshop inventory of his son, Jan Pieterszn Valckenhoff147 and later in 

1663, in the workshop of the tile maker Symon Boudewijnzn van der Voort,148 where a stock of both 

prepared (gewassen) and unprepared (ongewassen) Delft clay was recorded.149 No references to Delft 

clay are found in the Rotterdam inventories after 1689, possibly suggesting that the ban on the export 

of Rijnlands clay had had some effect, at least during the first decades of its imposition. Delft clay is 

mentioned in two Harlingen clay recipes dating from 1670, but not after that date.150 Later references 

to Delft clay dating from 1694 and 1747 have been found in the inventories of the Twee Romeinen tile 

factory in Amsterdam. Rijswijk, situated between Delft and the Hague, is also mentioned as a source 

for clay extraction. However, although there is evidence that the Delfland water authority gave a 

permit to Rijswijk traders or potters to extract clay that was suitable for ‘bricks, pots and pans’, 151 no 

further permits were given to extract clay in in the rest of Delfland after 1670 because it was ‘not 

considered suitable’.152 It is unclear if the clay was not suitable for potters, or extracting the clay was 

considered detrimental for land and water management. 

 

It is evident that clay sourced from the Delft region could have been rich in calcium. In 1627, Cornelis 

Jansz van de Graeff, a plateelbakker from Delft, claimed that he had found a new sort of pottery clay 

that would remove the potters’ dependence on the import of (the calcium-rich) English marl, which 

was difficult to obtain at the time.153 In 1627, he applied for a patent on the clay that he referred to 

as Delft klei.154 Two days after his petition was announced, it was contested by a potter from Delft, 

Cornelis Harmensz Valckenhoven, owner of Lampetkan factory, who also spoke for galeybackers from 

 
145 van der Meulen en Smeele 2012, 71 
146 Hoynck van Papendrecht 1920, 349. 
147 The son was referred to as a Bietelbakker (dialect for plateelbakker). Hoynck van Papendrecht 1920, 374. 
148 Hoynck van Papendrecht 1920, 392 
149 ‘aarde hier als tot Delft’ and ’gewassen Delfde aerde’. Oldenziel 1992, 56. 
150 Sijbeda 1712-20, 11. 
151 le Francq van Berkhey mentioned that bricks were produced on the Vliet canal that ran between Rijswijk 
and Delft. Le Francq van Berkhey 1771, 112.  
152 In 1670, the Delft potter Jan Arijen Claesz. obtained permission to extract clay in Rijswijk ‘that could be used 
to make bricks….voor steen, potten, pannen of diergelijke…alleen in den ambagte van Rijswijck...(want) 
overige landerijen in Delflandt geleegen (waren) tot het bakken an steenen en potten, niet grootelijcks 
bequaem off dienstig’. Roodenburg 1993, 83. 
153 Between 1626 and 1627 the import of Doornik marl (and also English clay) was affected by the resumption 
of the 80 years’ war in 1621 and the action of the Dunkirk privateers from 1667. Gierveld 2002, 10. 
154 Petition, ca.25th August 1627, Archief Hoogheemraadschap van Delfland. See van Dam 1982: 17. Hoekstra-
Klein 2006: 93. For details of the patent including a scanned copy see Jongstra 2021, 515. Sadly, the 
attachment to the original document stating where the clay was situated has been lost. 
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Rotterdam, Leiden, Haarlem and Amsterdam.155 Two months later, another counter-petition followed 

from the Rotterdam tile makers Hendrick van de Heuvel and Cornelis Willemsz (Sonneveld) 156 in which 

they claimed that they had not used English clay (Engelse aerde) for 16 years, but had used inland clay 

as well as Hollandse- and Friese aarde.157 Similar counter-petitions followed from potters in Gouda 

(Jansz. Oliver) and Leiden (Cornelis Rochutz).  

 

Despite all the protests, Van de Graeff’s application was successful and he was awarded a 10-year 

monopoly,158 although he was only allowed to charge 10 guilders per load in place of the 45 guilders 

paid for English clay.159 This suggests that the clay he was selling must have had similar characteristics 

to the imported marl: presumably a relatively high percentage of calcium. Although the high number 

of counter-petitions suggests that potters from many production centres were concerned about a 

specific source of clay, Jongstra suggests that the protests were actually due to the fact that Van de 

Graeff was attempting to patent a technique of clay preparation160 (see section on aardewassen in 

chapter 5). Petitions for patents to extract clay in the Delft and Rijswijk area were not uncommon in 

the 17th century.161  

 

IJssel clay 

The Hollandse IJssel river162 by Gouda had a thriving brick industry from the 1300s163 and is famous for 

the yellow bricks or IJsselsteentjes164 that were produced from the factories along its banks. The 

characteristic yellow colour of the bricks is due to the high calcium content of the clay. The Hollandse 

IJssel river was originally a branch of the Lek between Nieuwegein and the New Maas, but in 1285 was 

dammed at the point where it joined the Lek for reasons of flood control (see figure 3.4). However, 

although water no longer flowed down the river, the twice-daily tidal stream brought silt-carrying sea 

water far up the river, depositing calcium- and salt-rich silt on the river bottom.165 Due to the fact 

there was no through stream, the silt was not washed away. This provided the brickmakers with an 

inexhaustible clay source which they extracted from the river by dredging (opbaggeren).166 The young, 

silt-rich clay had to be stored for two years to mature or ‘rot’ before it could be used to make bricks. 

Because of the high plasticity of the clay, which led it to shrink and deform on drying and firing, only 

small bricks could be produced. 

 
155 Jongstra 2021, 515. 
156 Ibid. 
157 Clay from the provinces of Holland in the West and Friesland in the North. 
158 Gierveld 2002: 10; Doorman 1940, 172 (archief 21-12-1627 fol.255).  
159 Hoekstra-Klein 2013, 602. 
160 Jongstra suggests that the request in the patent includes a monopoly on the wet-mixing of different clays or 
aardewassen. Jongstra 2021, 518. 
161 Hoekstra-Klein 2006, 91-92. 
162 Also known as the ‘Goudse Ijssel.’ 
163 In 1561, Gouda had around 28 brick factories with around 60 ovens. In 1790, the number of brick factories 
is estimated to have been 30 with a total production of 100 million bricks. Hollestelle 1961: 8. 
164 Literally ‘Ijssel stones.’ These bricks were also known as ‘klinkers’, ‘clin(c)ert’, or ‘klinkaert’ due to their 
hardness and low porosity. 
165 Boef et al. 2017, 8. 
166 For details of the production see Boef et al. 2017; Smith 2001; Hollestelle 1961. 
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In 1771, le Francq van Berkhey wrote that the IJssel clay was similar to the imported Doorniks clay, 

being white and firing yellow, although the Doorniks clay was ‘drier’167 (presumably meaning that it 

was less ‘plastic’, consisting of clay rather than silt). This had been noticed by early tile makers. On 

25th October 1627, a notarial act was drawn up by the tile maker Willem Jansz Oliviers of the De 

Swaen factory on the Oosthaven in Gouda in protest against the Delft clay patent applied for by 

Cornelis van de Graeff (see the earlier section on Delft clay). Jansz. Oliviers attested that the year 

before, when English clay was difficult to obtain, he had carried out successful tests ‘without using 

anyone else’s secrets’,168 to produce tiles using IJssel clay.169 This claim appears to be supported by 

clay and glaze tests that were excavated from the De Swaen pottery factory site in the 1970s. Although 

the exact date of the tests is not known, one of the glaze test tiles was marked on the back with the 

words ‘engels aert,’ suggesting that it was a test with English clay (see figure 3.5).170 The text appears 

to be: ‘engels aert /1 fijn + 1 slecht / met quart’. This can be translated as: ‘English clay / one good 

quality and one ordinary [glaze] / with quart [a second lead glaze]. There are no further references to 

the use of clay from the IJssel river for tin-glazed wares.  It is very likely that the Ijssel clay was difficult 

 
167 ‘Doorniksche Klai die ongemeen fyn en vet is, en in den omtrek van de rivier de Scheldt gegraven word; 
haare verw is zeer witagig, na het geele helende; zy zou zeer naby aan de Ysfelklai komen, zo niet een 
droogagtiger aart en merkelijk onderfcheid veroorzaakte’. Le Francq van Berkhey 1771, 292. 
168 By this he means that he did not know about the ‘Delft clay’ that van de Graeff had claimed to have 
discovered. Jongestra believes he was referring to the ‘secret’ of clay mixing or aerdewassen that van de 
Graeff claimed to have discovered. Jongstra 2021, 515. 
169 ‘dat hij ‘t ambacht en de neringe van galeijerswercken als meester binnen deser stede gedaen ende 
geoeffent heft omtrent den tijdt van zes jaeren herwaerts, ende dat hij ontrent een jaer geleden bij gebrek van 
Enghesche aerde, een proueff gedaan heft geahdt van IJselsche aerde zonder dezelfde eenichsins geboirt in 
het geheim van anderen ofte uijtgesocht te hebben ofte int minste geinstrueert ofte onderricht geweest te zijn 
van den voors. Cornelis van de Graef als hem noyt gekent hebbende, ende ten ware dat hij Comparant noch 
bekomen hadde Engelse aerde ofte aerde van Cornelis Leendertsz van der IJsel wonende tot Delft voors., dat 
hij in sulckenn gevallen ende al tweemael geresolveert was met zijn knechts hem te willenbahoudenb bij de 
voors. IJselse aerde (…) Aldus gedaen binnen de Goude voors. The huyse van den Comparant in presentie van 
Gillis Pouwelse ende Gerrit Jaspersz Inwooners deser stede’. SAHM, Gouda NA 128/316vo-318: notaris G.Q. 
Hola, volmacht d.d. 25-10-1627. 
170 SEM-EDX analysis of the ceramic found it to contain 16-18 wt.% CaO, which is average for tiles of the 
period. See chapter 6. 

Figure 3.5: A glaze test (back and front) excavated from the terrain of the Gouda De 

Swaen factory site in 1975. The tile has an inscription on the back which appears to 

be: ‘Engels aert 1 fijn + 1 slecht met quart’. Collection van Leeuwen. Photo author. 
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to obtain or was very expensive due to the monopoly of the IJssel brickmakers. In addition, it may 

have had had characteristics that resulted in problems in the production of tin-glazed wares. Recent 

analysis of klinker bricks made from Ijssel clay found the remains of crushed shells,171 which would be 

problematic for tin glaze potters.172 

 

There was clearly a variation in the available river clays in the province of Holland, the most obvious 

difference being between the younger clay deposits of the Hollandse Ijssel and Lek rivers and the older 

clays of the Oude Rijn and the inland Vecht river. The river clays near the coast would have contained 

varying percentages of calcium as a result of variations in water flow and tidal influences.173 Tin glaze 

potters from all the main production centres clearly made use of clay from different sources and there 

was an active trade in sourcing, extracting and transporting clays within the western province of 

Holland. 

 

Swart/Zwart or ‘Black’ clay 

When clay is described as being ‘black’ it generally refers to the colour of the unfired clay, which is the 

result of a high percentage of organic material.174 The colour of a clay says little about its colour after 

firing. A black clay can produce a white ceramic on firing when organic material burns out. The term 

black clay often refers to organic-rich ‘unripe’ clay that lies under the water table. In 1771, le Francq 

van Berkhey writes about ‘black peat cat-clay’, a brackish clay that is found under a peat layer.175 ‘Cat 

clay’ is acidic, sulphate-rich clay that is unfertile and heavy and becomes hard when dry.176 

 

The first reference to the use of black clay with relation to the production of Dutch tin-glazed wares is 

in 1621 in an inventory of the De Romeyn factory in Delft.177 It is later mentioned in the inventories of 

the potters Evert Jansz and Hendrick Marcelisz Van Goch in Delft in 1647178 and Jan Pieterszn 

Valckenhoff in Rotterdam in 1649.179 Sijbeda refers to the use of black clay in five clay recipes dated 

around 1670, four being matched to Harlingen glaze recipes and one being matched to a glaze recipe 

from the tile maker van Oort in Utrecht.180 In two recipes dated 1674, he suggests replacing a small 

amount of the Friesian clay with black clay, noting that this will result in greater shrinkage of the clay. 

In the following recipe, he specifically states that the black clay will result in too much shrinkage for 

tiles, but that the clay mix is suitable for vessels.181 This suggests that the black clay is a particularly 

plastic clay. Interestingly, all the references found for black clay in the Rotterdam potters’ inventories 

are for vessel makers or platielbackers, while none are found in the inventories of factories that 

 
171 Smith 2001, 35. 
172 See section on ‘lime popping’ in chapter 7. 
173 Personal communication Dr K M Cohen, assistant professor of Geoscience, Utrecht University. September 
2018 
174 A black colour in clay is usually a carbonaceous stain from lignite (compressed peat). Furnival 1904, 274. 
175 ‘Zwarte veen-katteklai’ or ‘Brakke katteklai’. Le Francq van Berkhey 1771, 340.. 
176 ‘Katteklei’is a historical term that describes unfertile, heavy clay which is very hard to work. Dutch and 
Friesian Historical dictionary. http://gtb.inl.nl. Accessed September 2019. 
177 van Dam 1982, 84 
178 Ibid., 84-86. 
179 Hoynck van Papendrecht 1920, 374. 
180 Sijbeda 1712-1720, 126. 
181 …’doch krimpt desteen wat veel, maar tot schuttels is se dan goed.’ Sijbeda 1712-20, 125. 

http://gtb.inl.nl/
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specifically made tiles. However, early in his recipe book, Sijbeda mentions how ‘black clay’ could be 

used to produce red tiles, as it ‘fires red’, possibly referring to floor tiles.182 

 

Sijbeda gives three recipes that use black clay for the production of kiln bricks, mixed with clay from 

Cologne and Wittmund in Germany.183 The Delft clay recipes documented by Wagenaar, le Francq van 

Berkhey and Paape in the 18th century all include black clay. In contradiction to the other two sources, 

Paape claims that black clay is similar to Thames clay and that it can be used to make cassettes and 

shelves for the kiln, apparently suggesting that it is a refractive clay.184 

 

Friesian clay 

Clay from the northern province of Friesland has played a major role in the ceramic history of the 

Netherlands. Friesland has abundant reserves of clays suitable for the production of bricks, tiles and 

vessels. The specific geology of West185 and North Friesland means that there are extractable calcium-

rich clay deposits that are particularly suitable for the production of tin-glazed wares. These deposits, 

which contain approximately 18% calcium carbonate,186 derive from North Sea silt that was deposited 

in sea floods between 5000 and 50 BC. The deposits have been traditionally termed ‘Dunkirk’ (Dutch: 

Duinkerken) and ‘Calais’ deposits because they continue (underground) to Northern France.187 Friesian 

‘yellow’ clay is still used by local tile factories. 

 

These calcium-rich clays exist as seams embedded in other clays. In the early 18th century, the potter 

Tjallingii described the Harlingen clay deposits as follows: 

• The brown upper layer (humus) is good for growing grass. 

• The second and third layers, known as covering clay, are suitable for roof tile makers but very 

unsuitable for us tin glaze potters as they have a tendency to crack and fire red. 

• The fourth, fifth and sixth clay layers are very suitable for tin glaze potters and roof tile makers. 

• The seventh layer of blue clay, or slim, is discarded by ‘faience’ makers due to problems of 

shrinkage and the fact it fires red, although again it is suitable for making roof tiles.188 

 
182 Wilt gij steen maken met een roode grond, soo neemt swarte aarde alleen, soveel gij wilt, & behandelt 
deselve soodanig als op de omstaande zijde getoond is, want die bakt rood: & in een pot tot .. [?] gebruijk 
bewaart’. Sijbeda1712-20, 75.  
183 Ibid., 35-36. 
184 ‘De aarde, die tot de kokers of tegels gebezigd word, en welke meest uit zwarte of Oosterhoudfe, of Teemse 
Aarde bestaat, word op dezelfde wijs beärbeid’. Paape 1792, 9 
185 This is a geographical description and not to be confused with the contemporary region of West Friesland in 
the province of North Holland.  
186 For information on the influence of calcium carbonate rich clay in ceramic see chapter 7.  
187 Zagwijn en Staalduinen 1975, 110. The terms ‘Deposits of Dunkirk’ and ‘Deposits of Calais’ have become 
established since the 1960s. These concepts became linked not only to ‘deposits’, but also to the age of the 
deposits. Research over past decades has shown that this link was incorrect. Moreover, the sedimentation 
model turned out to be different than assumed, resulting in a complete revision of the layout and naming of 
these deposits. Weerts et al. 2006. 
188 My translation. The original text is: ‘Het bovenste gedeelte wordt genaamd het bruin is zeer voordelig voor 
het land om het groeijen van het gras. De tweede en deerde soort wordt genaamd de dekeerde, is goed voor 
de pannebakkers maar zeer nadelig voor ons. Als het niet diep genoeg wordt afgegraven dan is het te wreed 
om het breken en scheuren van het gleibakkersgoed en ook kleurt het rood. Maar de vierde, vijfde en zesde is 
de klei zeer dienstig voor de Gleibakkers en Tichelaars. Maar de zevende is het blaauwe klei. Er wordt bij ons 
weggesmeten om het krimpen van het gleibakkersgoed maar dit is het beste voor de tichelaars. Maar het Slim 
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He states that the clay suitable for tin glaze potters or gleibakkers is also suitable for roof tile makers 

or tichelaars, suggesting that it is a finer clay than that used by brick makers (which preferably has a 

high sand content). In earlier recipes, Sijbeda uses the term Tichelaar aarde189 when referring to local 

clays, while later all the local pottery clay is referred to as just kley or klei (clay). In one recipe it says it 

is possible to use either tichelaar aarde or kley, suggesting that there was little difference between 

them.190 

 

Clays from the German region of East Friesland are also mentioned in the archival documents. Fine-

structured and light-coloured refractive clays from Wittmund and Jever (in Germany) were imported 

as early as 1581 by potters in Gouda to be used for slip decoration on red ware. In 1607 and 1636, 

Witmonder or Jeverse clay was delivered to Adriaan Cornelisz in Delft, possibly for slip decoration, but 

possibly also to make kiln bricks.191 Witmondse aarde is mentioned twice by Sijbeda for making kiln 

bricks.192 It was also mixed with sand to make a mortar for the kiln.  

 

3.2.2 Imported clays 

The need to import clay 

The clay resources available in the Netherlands in the 17th century primarily consisted of marine and 

fluvial iron-rich clays. Although suitable for the production of bricks, roof tiles and household pottery, 

this clay was not optimal for the production of tin-glazed pottery for three main reasons: 

 

1. The plasticity of the clays: the high plasticity of the clays resulted in warping and cracking of 

flat tiles during drying, and also when firing at the higher temperatures needed for tin glaze 

production.193 

2. The colour on firing: most of the river clays had a significant iron oxide content and either a 

high iron oxide to calcium oxide ratio, or no calcium content, with the result that they fired 

red. Potters needed a high level of glaze opacity in order to cover the red ceramic and obtain 

a white colour and therefore a relatively high percentage of tin oxide in the glaze. 

3. The thermal coefficient of expansion of the clay: iron-rich secondary clays have a much lower 

coefficient of expansion on firing than tin glaze, which often results in crazing of the glaze.194 

 

These problems can be avoided if a potter uses calcium-rich clay, a fact that was known by the earliest 

tin glaze potters. In his 1301 treatise on the production of tin-glazed fritware, Abu’l-Qasim speaks of 

 

is zeer ondienstig voor ons en ook voor de tichelaars om het roode kleuren maar het is goed voor de 
pannebakkers. Behalve de Slim zouden het telkens de 2 a 3 bovenste steken en ook de onderste steek klei uit 
een vergraven stuk kleiland zeer na deelig zijn voor de Gelijbakkerijen want door het gebruik van den Slim 
zouden de Steentjes en Schotelgoed mis kleurig worden. De 2e en 3e bovenste steken klei zou ons goed doen 
scheuren en de onderste steek of blauwe klei zou schoon goed voor de tigchelwerken onze goederen doen 
krimpen,’ Tjallingii 1725, 7. 
189 Clay used by roof tile and brick makers or tichelaars. 
190 Sijbeda1712-20, 15. 
191 Marie-Cornelie Roodenburg 1993, 83. 
192 In Dutch, boogstenen. 
193 The problem of the ‘cracking’ during the production of tiles in the early 17th century is mentioned in various 
texts: Korf 1979, 9; Van Dam 1982, 14; Tichelaar 2005, 74. 
194 The influence of calcium carbonate on the ceramic of tin-glazed wares is further discussed in chapter 7. 
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the use of ‘white, sticky, strong clay’. He adds that the clay benefits both the whiteness of the ceramic 

body and its structure.195 When Piccolpasso described the clays suitable for majolica, he stated ‘you 

must know where the soil is white, or contains genga, a local term for chalky clay.196 He goes on to say 

that clay ‘must be white in colour because if it were sky blue…it would not take the tin white’.197 The 

Italian majolica potters who emigrated to Antwerp in the early 16th century would have brought this 

knowledge with them and quickly managed to find sources of calcium-rich clay or marl198 in Flanders. 

When those sources were not available for the emigrants to the Northern Netherlands, a similar 

calcium-rich marl was sourced from in England. 

 

3.2.3 English marl 

Evidence of the export of English clay to the Northern Netherlands 

The earliest known evidence of the export of clay from England to the Northern Netherlands is a port 

record in Great Yarmouth dated 1567, where it is written: 

 

“In de Goulden Draecke of Rotterdam 60 tons Petro Yello. Of the same master alien ten lasts 
potters earth value 33s.”199 

 

The exact nature of the potters’ earth is not made clear, but this area is well known for the calcium-

rich marl clay that had been extracted in the region since the Roman times, primarily to use as a 

fertilizer.200 Trade between Norfolk and the Netherlands was well established and many traders and 

craftsmen from the Southern and Northern Netherlands settled in the Norwich area. One such settler 

was the Flemish potter Jasper Andries201, who, having worked for a short time in Zeeland in the 

Northern Netherlands, established a pottery in in 1567 in Cringleford, a village near the river Yare, 

south of Norwich. In an 18th century topographical publication, Cringleford was named as being a 

source of ‘clay’ for tin-glazed wares.202  There is evidence that in 1716 clay was being sourced by 

potters further north in Norfolk at Winterton when Suffolk marl clay was difficult to obtain.203 

 
195 Allan 1973, 5.  
196 Piccolpasso vol. 2 1980, 4. 
197 Ibid. 
198 Marl or marly clays occur in lacustrine deposits (sedimentary rock formations which form in the bottom of 
ancient lakes) and contain between 20 and 80% CaCO3. The calcareous material is formed from either springs 
rich in lime compounds or the remains of freshwater shellfish. Deposits are often found where there are chalk 
or limestone deposits. Searle: 1960, 44. 
199 Britton 1987, 26. Clay formed part of a mixed cargo, certainly also serving as ballast. The ‘Petro Yello was a 
type of yellow ‘stone’, which could be limestone. 
200 Prince 1962; Marshall 1787.  
201His brother Joris had settled in Middelburg in the Northern Netherlands a few years earlier in 1564. Joris and 
Jasper were the sons of one of most important Italian majolica makers to settle in Antwerp, Guido di Savino, 
owner of the Den Salm factory. Savino is mentioned in Piccolpasso’s treatise in relation to his knowledge of 
clay sourcing for the majolica industry in Antwerp. See: www.tegels-uit-antwerpen.be/tegel23/Tegel23.pdf. 
Last accessed 15th August 2015. 
202 Marshall 1787, 24; Blomfield 1805 vol V, 39.  
203 J.F. Blacker quotes from personal correspondence with Lady Catherine Turnour, daughter of the 1st Earl of 
Winterton, in which she claimed: ‘clay was exported from the Neighbourhood of Norwich by way of Yarmouth 
to Holland, but stopped before 1717. Boyton clay was sent to London by Mrs. Warner in 1714’. She goes on to 
say, ‘In that year Edward Turnour was in treaty with Mr Turner of Lambeth….to supply clay from Winterton 
similar to the Boyton clay. In 1716, samples of the Winterton clay were sent by Edward Turnour to Amsterdam 
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The best documented source of marl was further south in Suffolk at the village of Boyton. In a survey 

of Port records relating to the export of clay from Norfolk and Suffolk, Frank Britton found records of 

clay being exported to the Northern Netherlands from Boyton from the estate of Edward Warner 

between 1639 and the early 18th century, apparently via London. Archival evidence from the mid-

18th century shows that Warner’s tenants were paid to load the clay onto the ships.204 About 500 tons 

of marl were transported per annum, although it is not known what percentage of it remained in 

London and what was transported further on to Holland.205 The ships were only able to transport the 

clay during two months of the year due to the sea conditions: in May and between the 20th of 

September and the 20th of October. The Warner trustee account books show that around 1775 the 

marl clay seam was becoming exhausted, the entries for sale ending in 1785. 

 

Significant details regarding the trade in marl from Boyton can be found in the report206 of a High Court 

case in 1693, when a cargo of ‘clay’ sold by Warner on a ship travelling to Rotterdam was seized. 

England was at war with France and customs officials believed that the clay was Fuller’s Earth207 that 

was being transported to France. During the case, statements were taken from a number of 

witnesses208 including Warner’s agent in Rotterdam, Benjamin Furley,209 and Bartolomous van 

Aarde210 (who described himself as ‘the only clay measurer in Rotterdam’) as well as a number of 

pottery and tile makers from Rotterdam, Delft and Delfthaven, who confirmed that they had ordered 

the clay.211 The witnesses reported that in times of peace, clay was obtained from French Flanders212 

or Sweedland,213 but in times of war it came from England and that it was used to make ‘white or 

painted pottery’. Van Aarde stated that the clay pit was situated near Aldeburg214 and that the clay 

was not sent to any other port other than Rotterdam and Delft. The price paid for Warner’s ‘white 

 

as Major Terrier had given up sending clay from Norwich’. The presumption is that this information came from 
the family archive. Blacker 1922, 207. 
204 Fenwick 2009, 124.  
205 Britton 1987, 27. 
206 National Archives Kew (UK)., reference E134/5W&M/East27. 
207 Fuller’s earth is a fine-grained, hygroscopic natural clay that has been used to clean or ‘full’ wool and linen 
since ancient times. The confusion may have been caused by the fact that it was sometimes referred to as 
‘white earth’ due to its bleaching properties. England was a major supplier to the continent. 
208 The statements were taken at the house of Nicolas de Bot on the Guilders Kay (quay) in Rotterdam on 15th 
April 1693. 
209 Benjamin Furley (1634-1714) was an English Quaker who was born in Colchester in Suffolk and settled in 
Rotterdam in 1677. He was a merchant and translator, and his house was a centre for religious cultural and 
political meetings and activities. http://www.historischnieuwsblad.nl/goudeneeuw/artikelen/rotterdam-in-de-
gouden-eeuw/index.html. Last accessed 25th April 2016. 
210 Aarde is the Dutch term for earth, which was often used to refer to marl. It is possible that van Aarde took 
his name from his profession. 
211 From Rotterdam: Dorothea van der P(?)alle, widow aged 58, maker of tiles and platters; Adriaen de Meyer, 
51, tilemaker; Hendrik Schut, 40, tilemaker; Peter Sonman, 25. From Delft: J. van der Straten, 60, potter and 
tilemaker; Hubert Bronwer, 48, potter and tilemaker; Cornelius van de Plank, 59, platter maker; Simon Mouse 
(?) mes, 40, potter, tile and platter maker; Simon Joik (?) mes, 33, platter maker. From Delfthaven: Aart van 
Nev (or Neb), 48, tilemaker. 
212 One witness names Doornik specifically as an alternative source of ‘clay’. 
213 The meaning of Sweedland is not certain, but it is an old English name originating from the area of 
Sweetland in the east of Devon. http://www.ancestry.com/name-origin?surname=sweetland (site visited on 
20th June 2016).  
214 Aldeburgh is 10 miles from Boyton. 

http://www.historischnieuwsblad.nl/goudeneeuw/artikelen/rotterdam-in-de-gouden-eeuw/index.html
http://www.historischnieuwsblad.nl/goudeneeuw/artikelen/rotterdam-in-de-gouden-eeuw/index.html
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earth’ was between 25 and 30 guilders a ‘last’ whereas Fuller’s clay would only have been worth 6-7 

guilders a last. 

 

It is evident that the marl was being supplied in quantity. The document describes how several potters 

had ordered several hundred lasts’215 of potters’ clay. One potter had 900 lasts on his books ‘because 

so many ships had arrived together.’216 According to Furley, 100 lasts were left unsold. Van Aarde 

claimed that the market had been ‘beaten down’ due to the great quantity of clay being delivered. 

Despite van Aarde’s claim that the price was low, the clay would have still been an enormous 

investment. The potters claimed that they had paid 25-30 guldens per last for the Boyton marl (see 

table 3.11). Fifty years earlier, between 1627 and 1629, ‘English’ clay was being traded in Rotterdam 

for 12-18 guldens per last.217 To put the value of the clay into perspective, in around 1720 the cost of 

clay and wages to make 1000 (unglazed) tiles was approximately 8 guldens and it cost 20 guldens to 

make 1000 undecorated tin-glazed tiles.218 

 

Evidence of the Import of English clay to the Northern Netherlands 

The earliest known record of ‘English clay’ being supplied to a Dutch tin glaze potter was in 1616 in 

the pottery of Thomas Jansz van Boonen in Enkhuizen, who obtained it from a supplier in Delft.219 

Soon afterwards there are references of its use in the Delft tin-glazed ware factories (see Appendix II). 

In 1621 and 1623, Engelse aerde was listed in inventories of the Delft potteries De Romeyn and 

Rouaan,220 the clay having been imported via Rotterdam. In the Rotterdam archives, a number of 

documents dating from 1627 confirm the import of English clay to Rotterdam potteries, primarily 

through the trader Michiel Pieterszn. Dullaert. In 1629, Dullaert supplied Claes Jansz. Wijtmans with two 

lasts and 3 tons of ‘good English pottery earth’ (Engelse plateelbakkersaarde) for 18 carolus gulders per 

last. Dullaert (1580?-1643) was a salesman or koopman and his name often appears in the references to 

imported clay. He appears to have traded in marl, pipe clay and Fuller’s earth from England as well as pipe 

clay from Flanders (see Appendix II). References to the profession of ‘clay seller’ can be found in Delft 

archives from the early 17th century, which are presumed to refer to the sale of Dutch clays because they 

refer to a potaertman or potaertverkoper. In 1634, the Delft potter Jannetgen Claes obtained clay from the 

potaertman Dirk Cornelisz. in Voorburg.221  

 

From the mid-1620s, there were problems with the transport of clay from England due to disruption 

to sea routes after the revival of the 80-year war with the Southern Netherlands. In addition, in the 

same period national trade rivalry resulted in greater economic protectionism.222 Between 1624 and 

1629, the English blocked the export of English clay as it was believed that the clay was Fuller’s earth 

that was exported for use in the French textile industry, as had been the situation in the Warner 

case.223 It is clear that imports of marl would have been affected by the ban. There often seems to 

 
215 A ‘last’ was the equivalent of 1250-2000 kg. Depending on its composition, wet clay weighs about 2000kg 
per m3 and dry clay about 1000kg per m3. See Appendix XV. 
216 This could suggest that marl was arriving from different sources. 
217 Hoynck van Papendrecht, 8, 217, 227. 
218 Feijtema-Tjallingi 1960, 421  
219 Note 13 in Schram 2008, 6.  
220 van Dam 1982, 17. 
221 Roodenburg 1993, 83.  
222 Israel 1989, 58. 
223 van Dam 1982, 17. 
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have been suspicion about whether the imported marl was in fact Fuller’s earth (volaerd aerde). The 

situation was made more complex by the fact that clay traders, such as Dullaert, traded in both.224 In 

1693, a few years before the Warner case described above, the potter Leendert Boersse attested at a 

court case that the Engelse aarde he had bought was only used for making ‘porcelain’ and tiles and 

not for clothmaking.225 

 

There were clearly variations in the quality of the imported marl. There are numerous court cases from 

1630226 where potters are asked to provide a declaration on the quality of the imported English marl, the 

request most commonly coming from the clay trader Michiel Pietersz Dullaert.227 In 1630, on the 

request of, Dullaert, the Rotterdam Plattielbacker, Andries Morton attested that the Engelse aerde 

that he had bought from Dullaert was of good quality.228 A year later a similar attestation was made 

on the request of Dullaert by the Rotterdam potters, Heynrick van de Heuvel and Cornelis Willemsz 

Sonnevelt.229 However, in the same year, two Rotterdam tilemakers, Thomas Jansz and Pieter Jorisz, 

complained that the English clay supplied by Dullaert was unusable for tilemakers, even when mixed 

with good clay.230 

 

The disruption to the clay trade caused by the series of Anglo-Dutch wars from the 1650s231 appears 

to be reflected in the Rotterdam archival records. From 1649, only Doornik clay is recorded in the tile 

factory inventories (see Appendix II). Looking at both the Delft and Rotterdam archival records, it 

appears that English marl was used until the mid-1640s, after which Doornik marl is predominant, 

although the Warner case shows that the export of marl from England continued until the end of the 

17th century. Sijbeda provides two clay recipes that use ‘English clay’, both related to a glaze recipe 

dated 1674.232 An alternative recipe is given where ‘Doornik clay’ is used that shows more Doornik 

marl was needed than in the first recipe, suggesting that the English marl had a higher calcium 

percentage (see Appendix III). This may explain the higher cost, as seen in table 3.2. Quantities are 

generally given in weights (last) and occasionally in length or surface mass (roede). A last is 

approximately 1770kg while a roede (length) is approximately 3 m.233  

 

From the early 17th century, there was also an active trade in pipe clay from England (also known as 

‘ball clay’),234 which was sourced from Dorset and the Isle of White.235 Although there was some trade 

from the south coast, the Devon ball clay was mainly transported from North Devon to London by 

 
224 Hoekstra-klein 2006, 56. 
225 Ibid. 
226 GAR Akte 451, 742. 
227 Court cases concerning Michiel Pieterszn. Dullaert in 1624, 1627, 1630. See Appendix II. 
228 Honck van Papendracht, 347. 
229 Ibid. 
230 GAR Akte 62, 92-9.3 
231 1652-1654, 1665-1667, 1672-1674, 1780-1784. 
232 Sijbeda 1712-1720, 14, 126. 
233 For an explanation of measurements and payment terms see Appendix XV. 
234 Ball clay is a plastic (workable) clay containing 20-80 % kaolinite, 6-8 % quartz and 10-25 % mica. Large 
deposits are found in Dorset on the English south coast).  
235 In an inventory dated 1st December 1664 is written ‘oprecht Eyleweitse aarde ofte cleij, sinde de geode 
aerde ofte cleij omme tabacqxpijpen aff te maecken als uijt Engel`nt comt ofte om geldt te coop is’.  
Notaris A Wagensvelt, Rgg 15 Akte 222. Hoynk van Paperdrecht 1920, 9. 
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barge before being transferred onto larger ships.236 Pipe clay was primarily used for making tobacco 

pipes or for slip decoration; however, being a refractory clay, it could also be used for making kiln 

furniture. This could explain Gerrit Paape’s reference to the Thames or Teemse clay used in Delft to 

make cassettes and kiln shelves.237 Pipe clay was also imported from Germany.238 

 

There appears to be a clear distinction in the description of the two types of English clay in both the 

Rotterdam archival sources and Sijbeda’s book. Pipe clay is referred to as English ‘clay’ (cleij or klei) 

whereas marl is generally referred to as ‘earth’ (aerde or aarde). The same terminology is seen in the 

English export records from 1639 to ca. 1720.239 In 1662, an act of parliament placed a total ban on 

the export of English pipe clay which was only officially repealed in 1853.240 In 1640, the clay trader 

Michiel Pieterszn Dullaert is recorded as selling English pipe clay as well as Luiksche clay. Another 

reference to Lukse clay is seen in 1663 in a Rotterdam potter’s inventory. Flemish pipe clay, also known 

as ‘Dearle,’ is known to have been obtained from near Luik.241 

 

3.2.4 Doornik (Tournai) marl 

The first record of the use of marl from the Flanders town of Doornik242 is found in a 1647 inventory 

of the pottery workshop of Evert Jansz. in Delft.243 Two years later it is mentioned in Rotterdam in an 

act of sale when the tile maker Pieter Corneliszn. Sonnevelt obtained 20 lasts of Doornicxse aerde 

from a trader in Haarlem, the clay having been transported by a boatman from Gent.244 In 1660, an 

Utrecht tilemaker Jan Pieterszoon requested Adrian van Oort to buy Doorniks aerde from the shipper 

Phillips Penneman, also from Gent.245 It is known that Gent shippers transported marl from Doornik 

to Delft and returned taking rubbish from the city, together with Delft pottery.246 The earliest dated 

reference by Sijbeda to the use of Doornik clay relates to a glaze recipe dated 1670.247 Almost all his 

clay recipes up until 1717 use Doornik marl (see Appendix III). Doornik marl continued it be used in 

the Koninklijke Tichelaar factory in Makkum until 1716.248 

 

In about 1558, Piccolpasso received a visit from an Italian majolica maker established in Antwerp who 

informed him that the white clay used by Antwerp majolica makers was not obtained from rivers but 

 
236 Furnival 1904, 270. 
237 ‘De aarde die tot de kokers of tegels gebezigd word, en welke meeste uit zwarte of Oosterhoudse of 
Teemse Aarde.’ Paape 1794, 1.  
238 England was not the only source of pipe clay and there are records for the import of clays from Flanders 
(Ardennes) and Germany (Köln) in the 17th century. 
239 Britton 1987, 27. 
240 The export of pipe clay from Köln was banned 22 years later in 1684. 
241 van Symon Boudewijnzn. Van der Voort. Hoynck van Papendrecht 1920, 392. 
242 The city of Doornik is situated on the river Scheldt and known in French as ‘Tournai’. 
243 van Dam 1982 bijlage 5, 84. 
244 Notaris Willem Sonnevelt. Deel 3, fol. 5. 9 juni. In Hoynck van Papendrecht 1920 bijlage 71, 373-4. 
245 Sprangers 2013, 27.  
246 Hesselink 1999, 54. 
247 Sijbeda 1712-1720, 12. 
248 Tichelaar 1965, 243. 
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from ‘pits’.249 About 150 years later in 1698, M. de Bagnols wrote in his memoire on French Flanders250 

the that Dutch faience potters collected ‘Tournay’ marl from Bruyelles, which is situated just outside 

Doornik on the river Scheldt,251 Tournai being the French name for Doornik. Seventy years later, in 

1771, le Francq van Berkhey wrote that Doornik marl was extracted from pits252 close to the river 

Scheldt.253 Doornik is situated in a region rich in limestone deposits and limestone has been traded 

from the city since the Roman period.254 The river Scheldt provided a good transport route to the 

Netherlands via Gent and Antwerp, where marl could have been moved onto larger ships to be taken 

to Rotterdam. Faience was produced in Doornik in the 18th century, which suggests that the local clay 

was suitable for making tin-glazed wares. 

 

As with the English marl, the supply of Doornik marl was affected by political instability.255 Between 

1568 and 1648, the Northern Netherlands was at war with the Spanish-ruled Southern Netherlands, 

resulting in a shipping embargo. Maritime trading along the coast of Flanders was further disrupted 

between 1626 and 1635 by Dunkirk privateers.256 The Rotterdam and Delft archival evidence suggests 

that the import of marl from Doornik took place after the peace of Munster in 1648. References to 

the import of earth (aerde or potaerde) in the records of the Lille toll office in the archive of the 

Zeeland Auditors appear from 1648 and increase rapidly from the 1650s, although it is unclear what 

kind of ‘earth’ they were referring to.257 In an inventory of the Rotterdam tile maker Bodewijn de 

Meijer in 1661, 40 lasts of unwashed Doornicks aerde was valued at 320 gulden, making it 

approximately 8 gulden per last. The English marl was generally more expensive that the Doornik marl 

(see table 3.2). In about 1715, Sijbeda mentions that Doornik clay was quite reasonably priced.258 Of 

the 13 guldens needed to make 1000 tiles, only 3 guldens went to pay for the clay, the highest cost 

being the painters.259 

 

According to le Francq van Berkhey, the imported Doornik marl had a fine structure and good 

plasticity. He wrote that it was white to yellow in colour and similar to the clay from the Hollandse 

 
249 Piccolpasso 1980 vol 2, 14.  
250 The memoir was commissioned by the French court for the use of Fénelon (1651-1715), tutor to the Duke 
of Burgundy (grandson of Louis XIV). It is also mentioned in 1897 by the historian Jacquemart. Jacquemart 
1897, 534. 
251 ‘la … terre que celles que font les Hollandais, et que l’on tire du village de Bruyelles à une lieu de Tournay. 
La commodité que les fayanciers de Tournay ont d’avoir de cette terre est trop grande et devoir les exciter a 
perfectionner leurs ouvrages; Cependant les Hollandois viennent chercher cette terre pour en fabriquer leurs 
faiences qu'ils envoient ensuite vendre dans tous les païs conquis’. M de Bagnols 2008, 47. 
252 There are also early references to the extraction of marl from pits. As in the case in Suffolk and Norfolk, 
there is no physical evidence of marl extraction, despite the fact that very large quantities were exported. The 
extraction of marl would have been opportunist and not focussed in one place, the pits being soon refilled, 
either naturally or by farmers and land owners. Personal communication with Dr. Michel Hennebert University 
of Mons (UMONS), Department of Geology. September 2015. 
253 Johannes le Francq van Berkhey 1771, 292. 
254 Limestone quarries 50 kilometres away at Bettrechies were the source of marl for Dutch tin glaze factories 
as recently as the 1980s. 
255 Wilcoxen 1987, 26. 
256 http://www.historischnieuwsblad.nl/nl/artikel/25034/kaperbestrijding-in-de-gouden-eeuw.html. Site 
accessed 8th August 2015. 
257 Rekenkamer van Zeeland nv. number 505. 
258 ‘Doorniks aarde is redelijk in prijs’. Sijbeda 2012-20, 111.  
259 Sijbeda 1712-20. 

http://www.historischnieuwsblad.nl/nl/artikel/25034/kaperbestrijding-in-de-gouden-eeuw.html
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IJssel, although it was ‘drier’. He described how the clay dried hard ‘like all the Brabant clays’ and was 

transported via the Scheldt River.260 

 

 

 

 

 

Le Francq van Berkhey interchanges the terms Doornische and Brabantsche clay, as did Tjallingii in 

1843 when discussing the problem he was having with the clay mix.261 In 1741, Jan Wagenaar stated 

that the Delft potters used Doorniksche or Brabantsche clay in their clay recipe. The only reference to 

‘Brabant’ clay in the factory inventories was in the Delft pottery of Adriaen Cornelisz. Cater in 1647.262 

Brabant is known for its pipe clay and there is evidence that pipe clay or Dearle from the province of 

Brabant in the Southern Netherlands was being exported to the Northern Netherlands in the 18th 

century, specifically to Gouda and Delft.263  

 
260 Original text: ‘Doorniksche Klai die ongemeen fyn en vet is, en in den omtrek van de rivier de Scheldt 
gegraven word; haare verw is zeer witagig, na het geele helende; zy zou zeer naby aan de Ysfelklai komen, zo 
niet een droogagtiger aart en merkelijk onderfcheid veroorzaakte, Deeze klai heeft eene hardagtigheid in ’t 
opdroogen, welke aan alle Brabantfche Klaien eigen is waarom zy in die Landen met de Asfche leemig word 
gehouden; ten welken einde deeze stoffe overal opgekogt, en naar den kant der Landen aan de Scheldt 
vervoerde word’. Johannes le Francq van Berkhey 1771, 292. 
261 Feijtema-Tjallingii 1960, 18. 
262 Roodenburg 1993, 84. 
263 Delcroix 1942, 207. 

Table 3.2: References to the price of imported marl and local clay in archival 

documents. 

 

Table 3.2: References to the price of imported marl and local clay in archival 

documents. 

 

English marl  Doornik marl 

 city Guldens per last  City Guldens per last 

1619 Delft 13  

 

1647 Delft 12  

1627 Rotterdam 12  
10 for 1000 tiles 

1649 Rotterdam 12  

1629 Rotterdam 18  

 

1661 Rotterdam 20  

1647 Delft 15  1663 Rotterdam 10 ½ (washed) 
7-16  (unwashed) 

1693 Rotterdam 
Delft 
Delfthaven 

from Boyton 
 25-30  

1794 Harlingen  11  

 
 

1803 Harlingen 11 ½  

1805 Harlingen 12 

Local clays 
 city Clay source Cost in guldens  

1627 Rotterdam ‘Woirnse’  
 

1 ½   per last 
 

1663 Rotterdam ‘Woertse’  
Delft 
Delft 
 

1        per last 
10      per roede 
5        per roede 
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As le Francq van Berkhey noted, Doornik marl would have been transported by water via the Scheldt 

River. It is documented as having been traded via Gent264 or ‘Aalt’.265 In 1647, Doornik marl was bought 

in Delft from a Gent shipper called Symon van de Broeck, and in 1690 by a shipper named Francois de 

Waal (see Appendix II). In 1660, Jan Pieterszoon Weijland was sent by the Utrecht tile maker Adriaen 

van Oort to buy Doornik marl in Gent from the trader Jan Pieterszoon.266 It appears that the clay trade 

involved intermediate brokers in both Flanders and the Netherlands, who were often themselves 

potters. 

 

It is interesting to note that le Francq van Berkhey wrote in detail about the presence of marl stone 

(mergel) in the province of Holland, where it was found in small deposits, notably around the Vecht 

river and Montfoort.267 Although its presence was known, the sources would have been limited and/or 

difficult to extract. Marl stone or Maaskalksteen has been extracted from the province of Limburg 

since the Roman period, although there are no significant marl clay deposits. This stone is referred to 

in Dutch as marl (mergel) which is confusing because in geology the term refers to calcium-rich clay.268 

Marl clay from a limestone quarry near Winterswijk in the Netherlands was used in Friesian tile 

factories from the mid-20th century, although the quality was not considered optimal due to the 

presence of pyrite in the marl.269 

 

3.2.5 German clay 

The use of German clay in the clay mixes is primarily referred to in 18th century Delft recipes.270 In 

1741, Wagenaar mentions the use of German clay from Mulheim. This is repeated in the recipe given 

by Johannes le Francq van Berkhey in 1771. As has been discussed, Paape’s reference to Rhijnlandsche 

clay is unclear. As he also lists Delft clay in the recipe, he appears to follow the earlier 18th century 

authors suggesting that it is German clay from the upper Rhine. These references suggest a white-

firing ball clay or stoneware clay that was imported to improve the plasticity of the clay mix and 

possibly the colour and strength of the final ceramic. Increased plasticity in the clay mix would have 

been advantageous for wheel-thrown objects, such as the majority of the ware made in Delft; 

however, with tiles it would have increased the chance of deformation and cracking.271 Sources of 

German ball or pipe clay would have been known and readily available because it had been imported 

for the pipe industry since the 16th century. The use of ball clay in Delft is supported by evidence of 

the import of Ardennes Derle clay to Delft in the late 18th century.272  

 
264 In 1647, the Rotterdam tile maker Pieter Corneliszn. Sonnevelt was a witness to the payment of 240 Carolus 
gulden for 20 lasts of Doornik marl by a trader in Haarlem, Cornelis Louriszn Lockesteijn, to Symon van de 
Broeck, a shipper from Gent. Notaris Willem Sonnevelt. Deel 3, fol. 5. 9 juni. Hoynck van Papendrecht 1920 
bijlage 71, 373. 
265 Feijtema-Tjallingii 1960, 13. This presumably refers to Aalst, which lies between Gent and Brussels. 
266 Sprangers 2013, 27. 
267 Le Francq van Berkhey 1741, 344-347. 
268 Quist and Tolboom 2017, 1.04. 
269 Personal communication, Pieter-Jan Tichelaar, 20th September 20, 2016. 
270 There is one reference in Sijbeda’s recipe book for clay from Keulen that was used mixed with sand and lead 
glaze to make mortar for the calcination furnace. Sijbeda 1712, 68. 
271 A clay mix with Devon ball clay was used in London tin glaze factories in the 1670s. Wetherill and Edwards 
1971, 162. 
272 G. Delcroix, Histoire économique du ban d’Andenne, mémoire de licence manuscrit, Université de Liège, 
1942, 191-207. 
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3.3 What clay recipes tell us about the clay used 

The documented clay recipes relating to 17th and 18th century Dutch tin glaze production can be 

divided into two groups. The oldest recipes are found in Sijbeda’s recipe book, which contains 22 clay-

mix recipes dated from 1670 to 1717. Most of these clay recipes are matched with glaze recipes used 

in Harlingen, although a few are given that are suitable for Utrecht and Rotterdam glaze recipes. The 

second group of recipes are those found in publications dating from 1742 to 1794, which refer 

specifically to Delft tin glaze production. The earliest Delft clay recipe described by Wagenaar in 1742 

is almost the same as that published by Paape in 1794, although Paape also provides quantities for 

the clays. A significant difference between the Sijbeda and later Delft recipes is the apparent use of 

German and Flemish pipe or stoneware clay in Delft. An overview of the clay recipes can be found in 

Appendix III. 

 

Almost all the clay recipes include imported marl from Doornik or England. In the Sijbeda Harlingen 

recipes (1674-1709), 25% imported Doornik marl or 20% English marl is mixed with local clays. The 

use of English marl is only found in recipes dated to 1674. In the recipes with dates later than 1677 

the percentage or Doornik marl used increases to 33.3%. Doornik marl is found in all the 18th century 

Delft recipes described by Wagenaar and later by Paape, although the proportion in the recipe is 

higher at 50%, presumably because the recipes do not contain the calcium-rich Friesian sea-clay used 

in the Sijbeda recipes. Research into the chemical composition of 17th and 18th century European tin-

glazed objects and tiles have shown the CaO in the ceramic to be between 14 and 20 wt.%, where 

17th century Dutch tiles are at the higher end of the spectrum.273 This was confirmed by the chemical 

analysis of a set of Dutch tiles (see chapter 6). Before firing, the clay paste would have contained 

slightly less than twice the dry weight percentage in CaCO3. When fired above 800˚C CaCO3 

decomposes into CaO (56 wt.%) and CO2 (44 wt.%), the latter being lost in the air.274 Assuming that all 

the CaCO3 was converted into CaO, the clay used to make the ceramic bodies would therefore have 

contained between 25 and 35% CaCO3.275 Once the calcium carbonate percentage of at least one of 

the clays used in the clay recipes is known, together with the CaCO3 percentage of the clay mixture, it 

is possible to say something about the calcium carbonate composition of the other clays. It is known 

that that Friesian ‘yellow’ clay has an average of 18-19% CaCO3 and that the Royal Tichelaar factory in 

Makkum traditionally used a clay mix containing 29% CaCO3.276 If 75% Friesian ‘yellow’ clay containing 

ca. 19% CaCO3 was mixed with 25% marl, the marl would have had to contain ca. 55% CaCO3 to 

produce a mix with 29% CaCO3.277 

 

The probable CaCO3 percentages of the different clays have been calculated based on the known 

CaCO3 percentage of the local Friesian ‘yellow’ clay, a marl composing of 55-60% CaCO3, and a CaCO3 

content in the final clay mix of 28-30% (see appendix III). These simple calculations suggest that black 

clay would have had a similar CaCO3 percentage as the (local) Friesian clay, supporting the idea that it 

was simply local clay with a higher organic content. It also seems that the ‘Delft’ clay mentioned would 

have had a CaCO3 percentage of approximately 10%. In table 3.2 we see that the Delft clay was more 

 
273 Coroado 2011; Betts 2010; Molera 2001; Tite 1998; Lins 1984. 
274 Using stoichiometric calculation.  
275 Fraser 2005; Tichelaar 1965, 4, 76. 
276 Makkum factory records of firing tests made in 1984. P.J. Tichelaar personal communication, October 2016. 
277 Ibid. 
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expensive than the Woerden clay, which may suggest that it had an advantageous composition. A few 

of the recipes do not match this calculation. One clay recipe, dated 1670 and attributed to ‘Johannes 

Luffne’ in Rotterdam used 50% Doornik marl and appears to have been mixed with a different clay 

containing almost no CaCO3. This may refer to a river clay from a different source, possibly in the area 

of Rotterdam. The Delft recipes all contain 50% marl and 25% Delft clay. Based on the same assumed 

CaCO3 percentages in the Doornik marl (ca. 55% CaCO3) and Delft clay (ca. 10% CaCO3), this would also 

result in a final clay mix containing ca. 30% CaCO3. 

 

3.4 Tiles and household wares or vessels 

According to le Francq van Berkhey, the tiles made at the Delft factories were made with the same 

clay as household wares (such as plates and vases), although he was writing at a time when tile 

production in Delft was minimal.278 In contrast, the Harlingen clay recipes for making tiles or stenen 

are clearly different from the recipes for household wares or schuttels.279  

 

Sijbeda describes two clay recipes dated 1670 for the same glaze, one of which is suitable for the 

production of vessels while the other is suitable to make tiles. The recipe for tiles is a combination of 

imported marl (Doornik) and Delft clay, whereas the recipe for vessels has equal quantities of Doornik, 

Delft and ‘black’ clay. This supports the idea that a more plastic clay mix was used for wheel-thrown 

objects. From the mid-1600s, there was increased specialisation in production, notably tiles in 

Rotterdam, Utrecht and Amsterdam, and vessels in Delft. Although ‘black clay’ is documented in the 

inventories of Rotterdam factories making household wares, it is not found in the inventories of tile 

makers. Assuming that the term ‘black clay’ refers to organic-rich clay sourced local clay, the chemical 

composition of objects made with the black clay would not have been significantly different. 

 

3.5 Conclusion 

It has been calculated that most of the historical clay recipes would have produced a clay paste that 

contained between 25 and 30 wt.% CaCO3 which was evidently an optimum composition for tin glaze. 

Dutch tin glaze potters clearly had a good understanding of the clay and clay mixes they used and 

went to great lengths to obtain suitable clay.  

 

A major problem in the production of tin-glazed wares was the availability and quality of clay, 

especially the imported marls. Problems with the supply of marl seems to have been greatest in the 

period between 1620-1630 and the end of the 18th century. The evidence given in the Warner court 

case suggests that in 1690 an excess of imported marl was available in Rotterdam. In 1715, Sijbeda 

commented on the reasonable price of the Doornik marl, while 30 years later Sijbrand Feijtema was 

having problems with his glaze due to a shortage. From the 1640s, Doornik marl is seen to replace the 

English marl in the Rotterdam inventories, although there is evidence that the English marl was still 

being imported in the late 17th century. 

 

 
278 Johannes Le Francq van Berkhey 1771, 300. 
279 The word schuttel is believed to be linked to the modern Dutch word for plate (schotel). 
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It appears that most of the local clay used at the Delft and Rotterdam tin glaze factories was sourced 

from the established clay sources of the Oude Rijn and surrounding rivers. Clay would have primarily 

been taken from the extensive renewable sources supplied by the floodplains and riverbeds. Analysis 

of the clay recipes suggests that at least some of the Delft or Rijnland clays contained a significant 

calcium percentage, which could be the reason why it was so sought after and attempts were made 

to prevent its export to other production centres. Although a few potters appeared to have access to 

local clay, probably through land ownership, most appear to have bought their clay from clay traders. 

In many cases the search for clay seems to have been a matter of trial and error and when good 

sources were found they were protected, sometimes to the extent of applying for a monopoly on their 

extraction. Despite this, clays were extensively traded and transported between major production 

centres. Although the calcium-rich west Friesian clay is especially well suited for tin glaze production, 

it does not appear to have been exported to the province of Holland, possibly due to the limited supply 

and/or protectionism by Friesian potters. 

 

Variations in the Harlingen recipes show that clay mixes were adapted to the production of either tiles 

or vessels, notably through the addition or omission of ‘black’ organic-rich clay that is believed to have 

also come from local sources. While it is not thought that this would have resulted in any major 

differences in the chemical composition of the final fired ceramic of tiles or vessels, it may have 

influenced the final ceramic morphology, possibly making it more porous due to the loss of organic 

material during firing. The 18th century references to the use of German or Flemish clay in Delft clay 

recipes suggest that the Delft potters may have developed a particular clay mix, adding expensive ball 

clay that could have whitened and strengthened the ceramic body, as well as improving plasticity to 

aid the production of finer thrown or moulded wares.  
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Chapter 4: Interpretating Dutch Historical Tin Glaze Recipes 
 

The point of the [glaze] recipe was…not to define the material, but to enable people to prepare it. 

        Caiger-Smith280 

 

4.1 Introduction 

Tin-glazed ceramics are made up of two components, the ceramic and the glaze. It is the interaction 

of these two components that determines the success and characteristics of the final glazed product. 

In order to determine the significance of the clay used, it is essential to understand the chemical 

composition, production and application of the glaze.  

 

Dutch tin glaze recipes are found in both hand-written and published historical written sources. The 

available historical glaze recipes not only document 17th and 18th century tin glaze working methods, 

but also provide exceptional insight into the raw materials used and the development of Dutch tin 

glaze production over time. The historical sources that document Dutch tin glaze production have 

been discussed in chapter 3.  

 

Most historical tin glaze recipes do not specify whether they are to be used to produce household 

wares or tiles. Although most production centres including Rotterdam and Utrecht had specialised in 

tile production by the last quarter of the 17th century, some Dutch tin glaze potteries, notably in 

Friesland, continued to produce both tiles and household wares. Where this was the case, the 

assumption has been that the same glaze recipes were used for all the objects produced. However, 

evidence has been found that some glazes were specifically recommended for tile production.281 A 

clear understanding of the glaze recipe formulations, the raw materials they describe and any changes 

in composition over time is essential if the morphology and chemical composition of historical tin 

glazes are to be correctly interpreted. When interpreting historical glaze recipes, the evidence should 

be considered from the perspective of different research disciplines in order to understand the recipes 

within a historical context. Relevant disciplines include translation, philology, history of science, 

material analysis and glaze chemistry. 

 

4.2 Definition of ‘glaze’ 

In order to interpret historical glaze recipes, it is important to understand what ‘glaze’ is. A simple 

definition of a ceramic glaze is ‘a thin, generally homogenous, silicate mixture fused on the surface of 

clay ware’.282 Glaze has been applied to ceramics for over 6,000 years for two main reasons, either to 

make porous earthenware objects waterproof or provide an aesthetically attractive coating (or both). 

Glaze is a form of silica glass and, like glass, is formed from three main components, a network former, 

a network modifier and a stabiliser (also known as intermediate).283  

 
280 Caiger-Smith 1973, 199. 
281 Petrus Sijbeda describes a number of 17th and 18th century glaze recipes specifically for production of tiles 
(steen) as opposed to household wares or plates (schuttels). See Appendix IV. 
282 Parmelee 1951, 1. 
283 Rhodes 1998, 88-94. 
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The network or ‘glass’ formers are crystalline substances that, when melted, form a hard, transparent 

material that does not recrystalize on cooling as long as the cooling is rapid.284 This creates a largely 

unordered structure by combining oxygen atoms with certain cations.285 The most common glass 

former286 is silicon dioxide (SiO2), commonly termed silica. Silica is found in nature in various forms 

and levels of purity including quartz stone and sand. 

 

Silica melts at approximately 1700˚C, a temperature that is far higher than the temperature that could 

be achieved in traditional glassmakers’ furnaces or potters’ kilns. In approximately 4000 BC, the 

ancient Egyptians discovered that a paste of crushed quartz stones mixed with natron (a natural salt 

deposit rich in sodium) together with limestone (calcium carbonate) could be heated to form glassy, 

ceramic-like objects.287 The addition of the sodium-rich salt enables a reduction of the melting point 

of silica to between 870 and 920˚C288 and functions as a network modifier, also known as a ‘flux’; other 

significant fluxes are potassium oxide (K2O) and lead oxide (PbO or Pb3O4) (see the section on fluxes 

in chapter 8).  

 

The third component of glass and glaze are the stabilisers, the most important being CaO. Glass 

composed of only silica and flux will react with water and disintegrate. Approximately 5 weight 

percent of CaO will function as a stabiliser due to the lower mobility of the Ca ions.289 However, glaze 

differs from glass. Glass has the tendency to run off a ceramic surface during firing and needs the 

addition of an additional material, notably aluminium oxide, to reduce the fluidity of the molten glass. 

 

Both silica and aluminium form the basic building-blocks of clay (Al2O3 2SiO2 2H2O). Although the 

source of the silica and/or aluminium that create a glaze can come from material that is applied to the 

surface of a ceramic object, the source can also be the ceramic itself. The soda or potassium fluxes can 

come from a number of sources. A glaze can form as the result of potassium-rich wood ash that falls 

on a ceramic surface during firing in a wood-burning kiln (ash glaze). Similarly, when common salt 

(sodium chloride) is thrown into a heated kiln containing silica-rich stoneware clay objects, it will react 

with the surface of the clay to create a glazed surface (salt glaze). Lead was historically one of the most 

commonly available and efficient glaze fluxes. First used in China as early as 200 BC, lead glaze was 

the dominant pottery glaze in Europe between the 12th and 15th centuries, powdered lead oxide290 

often being applied directly to a ceramic surface before firing. The addition of tin oxide transformed 

the use of lead-based glaze in Europe as a white glaze was created due to opacification (described in 

more detail in chapter 8). 

 

 
284 Rhodes 1998, 78. 
285 Rice 2005, 99.  
286 Other glass formers include boron oxide (B2O2), antimony oxide (Sb2O3) and arsenous oxide (A2O3).  
Green 1963, 18. 
287 Vandiver 1990, 110. This material is today confusingly referred to as ‘Egyptian faience’. 
288 Riccardelli 2000.  
289 At high percentages CaO works as a flux in glazes. 
290 Commonly lead sulfide or 'galena' (PbS), or lead oxide or litharge (PbO).  
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4.3 Tin glaze: historical background  

The origins of the tin glaze technique can be traced back to the 8th century in Mesopotamia (Abbasid 

Iraq),291 although there is evidence that the technique may have developed early in the same century 

in Egypt, or what is now Syria, and transferred to Mesopotamia.292 It has been suggested that the 

import of Chinese white wares and high-fired porcelains into Iraq in the 9th century led the local Arab 

potters to experiment in reproducing the whiteness of the Chinese originals in their own low-fired 

pottery. 293 Mason and Tite have concluded that the technique developed progressively from the 8th 

to the 10th centuries, initially building on the traditional glass-making technology in Iraq, with the 

percentage of tin and lead oxide increasing over time in relation to alkali fluxes.294 The earliest 

document describing the production of glazes containing tin oxide is Abu’l Qasim's treatise written  in 

1301, which discussed the glazing of vessels made from alkali stonepaste or ‘fritware’.295 Arabian 

westward expansion in the early 8th century led to the introduction of the tin glaze technique via 

North Africa to Spain296 by the 11th century, after which it arrived in Italy297 and France in the 13th 

century. By the 16th century, the technique was well established in Germany and the Southern and 

Northern Netherlands,298 soon to be followed by Portugal and England. The use of tin glaze came to 

dominate decorative pottery production in Europe between the 16th and 18th centuries.  

 

4.4 Historical tin glaze recipes 

4.4.1 The earliest records of European tin glaze recipes 

An initial step in the assessment and interpretation of historical Dutch tin glaze recipes is to compare 

them with other documented early European tin glaze recipes. An overview of the earliest European 

recipes can be found in table 4.1, which gives the components and proportions used at the various 

stages of preparing the glaze.  

 

Dutch historical tin glazes were produced in three stages. In the first stage, the basic glass frit or 

masticot was produced by melting silica, usually in the form of sand, with soda and/or potash and 

grinding it to a powder. Sodium and potassium carbonates (Na2CO3 and (K2CO3) were primarily 

sourced from plant ash, although another source of potassium was the tartrate deposits found in wine 

barrels known as ‘wine lees’ in English, wijnsteen in Dutch and weinstein in German. In the second 

stage, lead and tin metal were calcined in a separate furnace, the resulting powder being termed tinas. 

In the third and final stage these powders were mixed, often with the addition of other components, 

notably common salt (NaCl) and occasionally added potash, before being again melted and ground to 

 
291 Caiger-Smith 1973; Soustiel 1985. 
292 Matin et al. 2018; Tite et al. 2015; Watson 2014. 
293 Allan 1991. 
294 Tite et al. 2008; Mason 2004; Mason & Tite 1997. 
295 Allan 1973; 205. The glazes he describes were made from three main ingredients, a glass frit of quartz and 
potash, calcined lead and tin, and calcined limestone. The technique was similar to that used to make frits in 
glass-making. The exact proportions of the ingredients are difficult to interpret, although it can be seen that 
the (tin) glazes contained a low proportion of lead. 
296 The term ‘maiolica’ originates from the production of tin-glazed wares on the island of Majorca. 
297 The term ‘faience’ originates from the tin glaze production in Faenza. 
298 The significance of the tin-glazed wares produced in the Dutch city of Delft is reflected in the common use 
of the term ‘delftware’ for Northern European tin-glazed wares. 
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produce the tin glaze. Due to the fact that tin glazes tend to be matte, an extra layer of lead glaze 

known as kwaart was often applied over the decorated but unfired tin glaze before the final glaze 

firing. The glazing process is explained in detail in chapter 8. 

 

Central to any discussion of historical tin glaze technique is Cipriano Piccolpasso’s manuscript Li tre 

Libri dell’ Arte del Vasaio or ‘The Three Books of the Potter’s Art’, written between 1524 and 1579.299 

In this treatise he gives a detailed description of maiolica production at the Italian maiolica pottery in 

Durante, as well as providing a number of tin glaze recipes from other cities in Italy. The fact that the 

work describes Italian majolica production in the mid-16th century makes it particularly relevant in to 

Dutch tin glaze production, as the first tin-glazed majolica potters in the Southern Netherlands were 

of Italian origin.300   

 

Table 4.1: Early European tin glaze recipes. 

 

*Known to have a high CaCO3 percentage 

 

Vannoccio Biringuccio provides one of the earliest recipes for tin glaze in his book Pyrotechnia 

published in 1554.301 As can be seen in table 4.1, Biringuccio’s recipe is very similar to the ‘common 

white’ recipe described by Piccolpasso, and Pilccolpasso states himself that he had drawn on 

Biringuccio’s work.302 Piccolpasso’s recipes are documented rather unsystematically and, although the 

 
299 See section on Piccolpasso in chapter 2. 
300 Caiger-Smith 1973, 199. 
301 Biringuccio 1990. 
302 See section on Piccolpasso in chapter 2. 

 

Recipe preparation Stage 1  Stage 2  Stage 3 

 
AUTHOR 
and recipe 

 
DATE 

 
MASTICOT (M) 

recipe given 
in weight 

 
Proportion 

 

  
TINAS (T) 

recipe 
 

 
Proportion  
 

  
GLAZE MIX 

M:T 
 

 
Biringuccio  
 

 
1540 

 
  3 lb  sand 
  1 lb  wine lees 
 

 
10 
3.3 

 
 100 lead 
 20   tin 

 
5 
1 

 
3:1 

 

 
Piccolpasso 
‘common 
white’ 

 
1558 
(ca.) 

 
  30 lb  sand 
  12 lb  wine lees 
 

 
10 
2.8 

 
 4   lead 
 1   tin 
 

 
4 
1 
 

 
5:3 

+ 8 salt 
 

 
Piccolpasso 
‘Urbino white’ 

 
1558 
(ca.) 

 
  30 lb sand 
  12lb  wine lees 
 

 
10 
3.3 

 
 1   lead 
 1   tin 

 
1 
1 

 
2:1 

+12 sand 

 
Diderot & 
d’Alembert 
'fayence de 
Nevers' 
 
‘fayence’ 
 

 
1756 

 
 
[1] 150 lb Nevers* 
sand  
       50 lb soda 
      
[2] 80 lb ordinary 
sand 
        50 lb soda 
 

 
 

10 
3.3 

 
10 
6+ 

 
 
 100 lead 
 20   tin 
 
 50   lead 
 50   tin 

 
 

5 
1 
 
 

1.1 

 
 

5:3+ 
+ 1 salt 
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basic composition is repeated, the proportions vary depending on the region in Italy, presumably due 

to variations in the composition of the raw materials from the different geological areas. The 18th 

century French tin glaze recipes in Diderot & d’Alembert are also seen to be similar. 

 

4.4.2 Tin glaze recipes specifically relating to Dutch tin glaze production 

A number of Dutch (Northern Netherland) recipes are also found in early publications and presented 

in table 4.2. The earliest published Dutch recipes are found in the German treatise Ars Vitraria 

Experimentalis published in 1679 by the alchemist and glass-maker Johann Kunckel. Kunckel provides 

60 recipes for tin glaze, of which 12 are for tin glaze that he allegedly collected in the province of 

Holland,303 although there is no evidence that he ever travelled there. Kunckel also admits that he 

made up some of the recipes himself.304 The information in Kunckel’s treatise was the main source for 

Diderot and d’Alembert’s section Fayence in the Encyclopédie, published in 1756, which includes one 

recipe from Delft.305 This recipe of ‘blanc de Hollande’ is questionable as the proportion of lead to tin 

in the recipe is 1:1.  

 

 

Table 4.2: Early Dutch tin glaze recipes in written sources. Quantities given are in weight, usually pounds (see 

Appendix XV). 

 

 

 
303 AF 1774, 5-12. 
304 Ibid., 6. 
305 Diderot and D’Alembert, 1756, 454-460. 

 

Recipe preparation Stage 1  Stage 2  Stage 3 

 
AUTHOR 
and recipe 

 
DATE 

 
MASTICOT (M) 

recipe 
 

 
Proportion 

wt % 

  
TINAS (T) 

recipe 
 

 
Proportion  

wt % 

  
GLAZE MIX 

M:T 

 
Kunckel 
 
‘feinen Weiß’ 
 of Holland 

 
1679 
 
 
 
 

 
  100 lb  sand 
    40 lb  soda 
    30 lb  potash 
     
 

 
10 
4 
3 
 

 
 100 lb lead 
   33 lb tin 

 
3 
1 

 
10:8 

+ 1 salt 

 
Sijbeda 
 
‘Harlingen’ 

 
1721 
 

 
  300 lb  sand 
    60 lb  soda 
    36 lb  potash 
 

 
10 
2 
1 
 

 
 10 lb lead 
   3 lb tin 
 

 
3 
1 
 

 
10:6,6 

+ 2,2 salt 

 
Diderot & 
d’Alembert 
‘Blanc de 
Hollande’ 

 
1756 
 
 
 
 

 
  50 lb   sand 
  20 lb   soda 
  15 lb   potash 
    

 
10 
4 
3 

 
 20 lb lead 
 20 lb tin 

 
1 
1 

 
10:4 

+0,1 ounce 
manganese 

 
Paape 
 
‘Delft’  

 
1794 

 
  500 lb sand 
    30 lb soda 
    60 lb salt 
 

 
10 
0.6 
1.2 

 
 10 lb  lead 
  3 lb   tin 

 
3 
1 

 
6,5:5 

+ 0.05 lb smalt 
+ copper filing 
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The first Dutch publication that is known to describe a Dutch tin glaze is Johannes le Francq van 

Berkhey’s Natuurlyke historie van Holland published in 1771.306 He discusses the raw materials used 

to make the tin glazes used in Delft, but does not say how, or in what proportions, they were used.307 

Probably the most quoted Dutch text relating to Dutch tin glaze production is Gerrit Paape’s treatise 

De Plateelbakker of Delftsch Aardewerkmaaker published approximately 25 years later in 1794.308 

Paape gives one tin glaze recipe from Delft (see table 4.2). It is not surprising that the earliest published 

Dutch recipes relate to tin glaze production in Delft as it was the most prominent centre of high-quality 

production of tin-glazed wares in the Netherlands from the mid-17th century to the mid-18th century.  

 

Arguably the most important primary source of 17th and 18th century Dutch tin glaze recipes is Petrus 

Sijbeda’s hand-written pottery book written between 1712 and 1720,309 shown in figure 4.1. Sijbeda 

documented over 50 tin glaze recipes, which are primarily those used in the family pottery Buiten de 

Kerkpoort in Harlingen, although some are attributed to other production centres, including Utrecht, 

Rotterdam, Delft, Makkum and even England (see Appendix IV). Many of the recipes are dated, the 

dates given ranging from 1659 to 1754, and some are specifically linked to known makers. Sijbeda not 

only provides recipes but also describes the quality of the different glazes, ranging from average 

quality (sleght or ‘common’) to high quality (wit wit or ‘white, white’). He also provides details of the 

source and cost of the raw materials. Other 18th century hand-written oven books from the Feijtema-

Tjallingii Zoutsloot factory in Harlingen also contain a number of glaze recipes similar to those in 

Sijbeda’s book, as well as interesting details on the sources of the raw materials.  

 
306 Le Francq van Berkhey 1771, 298. 
307 He writes that the tin glaze potters used tin or lead, and a kind of salt called zouda that is extracted from a 
sea plant, and sand.  
308 Paape 1794. For details on the life and work of Paape see chapter 2. 
309 For information about Petrus Sijbeda see chapter 2. 

Figure 4.1: Pages 125 and 126 of Petrus Sijbeda’s recipe book showing two Harlingen tin glaze recipes 

dated 1672 and 1674. The page begins at the top with the masticot recipe, followed by the ‘tinas’ recipe 

and finally the glaze recipe or ‘wit’. Below, the relevant clay recipes are given. 
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4.5 Dutch tin glaze recipes in historical context 

The early European recipes in table 4.1 and the Dutch recipes in 4.2, show a clear similarity in both 

the terminology used and the glaze compositions, despite the fact that the recipes derive from 

different countries and across a period of 250 years. The basic glass frit termed masticot in Dutch and 

mastichot in German stem from the Italian term marzacotta310, while the calcined lead and tin ash is 

termed ‘tinas’ in Dutch, zinnkalch in German and simply ‘tin’ or latta in the Italian recipes. The 

similarity in both the recipes and terminology is primarily due to the influence of the Italian tin glaze 

potters who brought the tin glaze technique to Northern Europe. The proportional weight of lead and 

tin used to produce the tinas in the Dutch recipes is generally consistent with that used in the earlier 

Italian recipes. The one exception is seen in Diderot and d’Alembert’s recipe, which has equal 

proportions of lead and tin, similar to those found in Piccolpasso. This may suggest a lower purity of 

the tin metal used or simply be incorrect.  

 

The masticot mixes fall into two main groups. Sijbeda’s recipes are similar to the early Italian recipes 

with a proportion of sand to potash and/or soda (flux) in the masticot of around 10:3. Kunckel’s 

recipes, on the other hand, have about 1.5 times more flux than Sijbeda’s. This is reflected in Diderot 

and d’Alembert’s ‘Dutch’ recipe due to the fact that they used Kunckel as their source for the Dutch 

recipes in their Encyclopédie. Kunckel’s claim to have collected his Dutch recipes in Holland is 

questionable as he regularly mentions the used of ground quartz stones (‘keißling jedes’) which, while 

being commonly used as a source of silica to make glass in Italy, could not have been sourced in the 

Netherlands. He also mentions the use of wine lees (weinstein) as a flux. This source of potash in the 

form of tartrate was obtained from wine barrels and was commonly used for glass and glaze-making 

in the wine-producing regions of southern Europe. Not only was it not easily available in the 

Netherlands, but it is not mentioned in Dutch archival sources. In addition, some of his recipes include 

ground Venetian glass, a clear glass cullet sometimes found in southern glass recipes but not seen in 

ceramic glaze recipes. Paape’s masticot recipe is quite different again, containing far less flux than the 

other recipes, making it questionable whether it could produce a working glaze.  

 

In the third and final stage of glaze production the powdered masticot and tinas were combined, often 

with additional salt and/or potash. In most of the recipes the masticot and tinas powders were mixed 

in a ratio of approximately 10:6 by weight. Again, Paape’s recipe deviates from the other recipes, 

having a very high proportion of tinas to masticot and thereby calling into question the accuracy of 

the recipe. 

 

4.6 Interpretation of the materials mentioned in the recipes 

In order to understand and interpret the significance of variations in tin glaze recipes, it is important 

to know the chemical composition of the materials they describe and something about both the 

sources and availability of the raw materials at the time together with the methods of refining and/or 

preparing of the raw materials. An understanding of the possible variations in purity and/or quality of 

the raw materials is also important, as well as knowledge regarding variations in the availability and 

cost of the raw materials that could also have had an influence on their use.  

 
310 The Italian terms 'marzacotta' or 'mezzacotta' mean literally 'half-fired'. 
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Table 4.3: Cost of the glaze materials per lb (pond) in documented inventories and glaze 

recipes, in stuivers (1 gulden = 28 stuivers. See Appendix XV for details of terms). 
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As with the clay, the value of the raw materials for the glaze were often documented in potters’ 

inventories as well the potters’ books. A list of the prices documented is given in Appendix VI with an 

overview in table 4.3.  

 

In the following section the probable source and composition of the raw materials mentioned in the 

recipes is discussed, together with the variations in the glaze recipes and the relative cost of the 

different components. 

 

4.6.1 Sand (zand) 

Sand is mentioned in every Dutch tin glaze recipe, apart from some documented by Kunckel.311 The 

technical definition of sand relates to it being a sediment made up of stone particles of a specific grain 

size. For a sediment to be defined as sand rather than silt or gravel it must have a grain size between 

0.06 and 2 mm (63 to 2000 microns), although the grain sizes provided in technical definitions can 

vary.312  

 

The main constituent of sand is quartz (silica), due to the fact that quartz is both one of the most 

common and one of the most durable minerals in the natural world. Other common constituents found 

in (quartz) sand are iron oxide (Fe2O3), calcium carbonate (CaCO3) and feldspar (aluminosilicates rich 

in K, Na or Ca). When sand is used to make glazes, such impurities can not only affect the colour of the 

final glaze, but can also function as fluxes at higher temperatures (notably feldspar and calcium 

carbonate).313 Even a low percentage of iron oxide in sand can give a tin glaze a yellow tint.314 

 

Sand that is carried and deposited along river systems is termed ‘fluvial’ sand. Once at the sea, the 

river sand is further modified by marine physical and chemical processes and is termed ‘marine’ sand. 

River sand is often termed ‘sharp’ sand due to the sharper facets of the grains in contrast to marine 

sand which generally has a smoother profile due to the action of the sea. Sand can also be carried and 

deposited by the wind, both at the coast (dune sand) and inland (known as deksand in the Netherlands, 

which translates as ‘cover sand’). Most sand found in present-day Netherlands has a very high quartz 

percentage.315 The purest form of quartz sand, or ‘silver sand’, which consists of 99.6% quartz, is found 

in the southern provinces of Brabant and Limburg. Sea sand generally contains a higher percentage of 

CaCO3 and NaCl due to the presence of ground shells and sea salt.  

 

In the historical sources we see evidence of the importance of the purity of the sand used to make tin 

glaze. Biringuccio says that to make tin glaze one should use ‘the white sand used for making glass’.316 

Piccolpasso writes that the best sand came from San Giovanni ‘because it is white, glittering like silver, 

 
311 Sand was used as a source of quartz. Another common source of quartz found in the Middle East and 
Mediterranean is (pure) quartz stone, which can be collected as pebbles and then ground. Not only are pure 
quartz stones not readily available in the Netherlands, there is an abundance of suitable sand.  
312 Drouin 2017, 251. 
313 Caiger-Smith 1973, 205. 
314 Ibid. 
315 http://www.geologievannederland.nl/ondergrond/afzettingen-en-delfstoffen/zand#head2. Last accessed 
4th March 2019. 
316 Biringuccio 1540, 394. 

http://www.geologievannederland.nl/ondergrond/afzettingen-en-delfstoffen/zand#head2
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heavy, clear and clean’.317 According to Caiger-Smith, this description suggests that he is referring to 

silver sand.318 Caiger-Smith believes the unsystematic variations in Piccolpasso’s recipes to be the 

result of the different sand sources.319 In 1746, Feijtema commented that while he first thought that a 

glaze had discoloured due to smoke in the kiln, after undertaking various tests he concluded that the 

problem was due to the poor quality of the sand.320  

 

Regarding the sources used by Dutch tin glaze potters, Le Francq van Berkhey wrote in 1771 that the 

sand used by the Delft potters was probably the white inland sand north of The Hague.321 A few years 

earlier, Sijbrand II Feijtema had claimed that the sand from Terschelling (an island near Harlingen), 

gave a poorer glaze than sand from The Hague.322 In 1805, van Hulst also referred to using quartz sand 

from The Hague.323 In the 19th century, dune sand was still being mined at Katwijk near The Hague. 

Feijtema also mentions using Delft sand but may have been referring to the supplier.324 In his Delft 

glaze recipe, Paape refers to ‘ordinary’ sand being used.325 In table 4.3 we see that sand was the 

cheapest of all the raw materials used to produce tin glaze, costing on average 0.5 stuiver per pound. 

In Piccolpasso’s recipes, extra sand was sometimes added to the final glaze mix, apparently to increase 

the opacity of the glaze. This is discussed further in chapters 6 and 8. 

 

4.6.2 Soda (souda) 

The term ‘soda’ is generally assumed to refer to a sodium carbonate-rich material. Sodium carbonate 

(NaCO3) is a common flux used in glaze and glass production326 and has been produced and traded for 

centuries to make soap, bleach textiles and make glass and glazes.327 Natural sodium carbonate-rich 

lake deposits known as natron were being exploited as early as 3500 BC by the Egyptians to make glass-

like material (Egyptian paste) and were later used by the Romans as well as the first Venetian 

glassmakers. These deposits consisted of sodium carbonate, sodium bicarbonate and sodium chloride 

in varying proportions.328 Another common source of sodium carbonate was plant ash. 

 

Barilla  

For centuries, glassmakers have sourced alkali from salt-tolerant (halophyte) desert and marshland or 

coastal plants found in the Middle East (Syria, Iraq and Iran) of the genus salicornia, such as salsola 

 
317 Piccolpasso 1980 vol 2, 52. 
318 Ibid., 5. 
319 Ibid., 205. 
320 ‘Was ‘t schotelgoed & Steentjes bedwelmd (mijns inziens bevlamd met rook of anders niet glansrijk genoeg) 
na verscheidene middels zonder hulp beproefd te hebben heeft men zulks ('t welk mij egter onwaarschijnlijk 
voorkomt) aan 't zand toegeschreeven’. Feijtema-Tjallingii 1960, 10. 
321 Le Francq de Berkley vol 2 1771, 297. 
322 Feijtema-Tjallingii 1960, 22. 
323 Van Hulst 1805, 2.  
324 Feijtema-Tjallingii 1960, 23. 
325 Paape 1794, 56. 
326 The term ‘lye’ is often used. 
327 Carmichael 1807. 
328 Shortland 2011. 

https://en.wikipedia.org/wiki/Halophyte
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kali329 known as ‘glasswort’, or salsola soda, known as ‘saltwort’ or ‘barilla’ (see figure 4.2).330 Salsola 

kali has a higher potassium content while salsola soda, known as barilla, is richer in sodium.331 Barilla 

grew and was farmed on the salty morasses around the Mediterranean Sea and was used to produce 

soda, historically the best quality coming from the Spanish coast, specifically the region around 

Alicante.332 In his treatise ‘The Art of Glass’ written in 1611, Neri discusses the use of salicornia (which 

he names ‘rochetta’) from the Lavant, and barilla from Spain.333 

 

 

 

 

Numerous authors mention that barilla from Alicante in Spain is of the best quality and most suitable 

for glass and glaze making. Piccolpasso suggested that barilla was particularly effective as a flux in glaze 

and claimed that in Venice the second coperta glaze layer could be omitted from tin-glazed wares 

when barilla ash was used in the first glaze.334 In the first edition of the Encyclopédie published in 1751, 

Joucourt wrote that the best quality soda comes from ‘the coastal regions of hot countries’, the soda 

from barilla being considered the best quality.335 He goes on to say that almost all the barilla is sourced 

from Alicante, Venice and Marseille.  

 

The cultivation of barilla in Spain is believed to have begun with the arrival of the Arabs in the 8th 

century. Kingzett described the importance of the barilla trade to Spain in the 18th century as follows: 

‘So highly was the product valued, and the importance of the trade regarded, that by the laws of Spain 

the exportation of the seed was an offence punishable by death’.336 By the end of the 18th century the 

annual production of barilla soda in Valencia was about 333,000 arrobas (around 3.827 tons), being 

 
329 Also known as ‘alume carino’. 
330 For an extensive discussion of the alkali sources used for glassmaking see Brill 1970; 1972; 1999; Henderson 
2013. 
331 The term ‘soda’ derives from the plant name Salsola soda. 
332 Neri mentioned the use of Spanish barilla for glassmaking in 1612.  
333 Neri 2001, 40. Neri went on to claim that the ‘Rochetta’ is more suitable than barilla for making glass.  
334 Caiger-Smith 1980, 85. 
335 Diderot and D’Alembert 1751, 388. 
336 Kingzett 1877, 71.  

Figures 4.2: Salsola savita L, the plants from which barilla 

was made. Engraving published in 1813 by Adolphus Ypey. 

4.2b, http,//www.seashoretoforestfloor.com/common-

glasswort-salicornia-maritima/), site accessed March 2019). 
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primarily produced in Alicante, Dolores and Crevillente.337 Significantly, Sijbeda mentions alicantse 

zouda in four of the earliest dated glaze recipes, confirming that it was in common use in the 

Netherlands in the 17th century.338 Its continued use into the 18th century is seen when Feijtema 

mentions the use of alicantische zouda in a recipe dating from around 1775.339 

 

Perez writes in detail about the cultivation of Barilla in Spain and the traditional techniques used for 

the extraction of soda.340 He sourced his information from 19th century Spanish publications, including 

that of Mariano La Gasca published in 1818.341 The production process described is very similar to that 

described by Neri in 1611.342 The workers who extracted the soda from barilla were known as maestros 

barrilleros (barilla masters). It was a skilled job that demanded experience. The barilla plants were 

harvested in July and August and kept for up to 2 years before burning. Burning pits were dug in the 

sand in the same area where the barilla plants were cultivated. The pits were pot-shaped in form and 

1-2 metres in diameter. If the ground was unstable, the pits were lined with clay. The size of the hole 

determined the quantity of the hard extract or 'stone' produced. Four quintals of dried barilla were 

needed to produce 1 quintal of stone (1 quintal being approximately 46 kg).  

 

The cut plants had to be well dried and the burning preferably took place on a windy day to ensure 

that the plants would burn completely, which took between 28 and 40 hours. The air circulation during 

burning was improved by placing the dried plants on metal grills and pushing holes in the pile of dried 

barilla. By moving the burning plants around using a metal pole, the maestros barrilleros aimed to keep 

the fire at the surface so that the melted extract would fall to the bottom of the pit. The poles used 

(hurgones) had a pointed end covered with an iron plate. The final stage of the burning was called 

choca when the melted extract that had collected at the bottom of the pit was stirred with long poles 

or chueca.343 The melted mass was mixed three times during the melting process to ensure 

consistency.  

 

Once the burning was complete, water was poured over the extract to speed the cooling process, after 

which the pits were covered with sand and left for approximately 2 days before the hard extract was 

removed. The extract or ‘stone’ in the pit could weigh between 20 and 50 quintals (900-2300 kg) When 

the stone was extracted from the pits, it was broken into pieces of 20-40 kg with a large hammer. If 

the pieces were less than 2.5 kg they could not be sold because any prolonged contact with air would 

cause them to disintegrate into dust.344 Any small remnants were simply added to the next burning.  

 

La Gasca described the barilla ‘stone’ as being hard, the fragments sounding like metal. It was light 

bluish grey in colour, turning to white. The surface was full of small holes and the interior was fine 

grained. When dry to the touch it had no unpleasant smell and a salty alkaline taste. When wet it smelt 

 
337 Perez 1998, 1141. 
338 Sijbeda 1712-1720, 3,7,9,122. The recipes from his father are estimated as being from 1660-1670. 
339 Feijtema-Tjallingii 1960, 2, 9. 
340 Perez 1998.  
341 La Gasca 1818. 
342 Neri 2006, 254. 
343 The poles were more than 2 metres in length. 
344 Pure sodium carbonate is very hygroscopic and caustic. 
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like urine.345 Fifty years earlier Joucourt had similarly described the best barilla soda as being grey-blue 

in colour, full of small holes and with a ‘swamp’ smell. He added that one should reject any stones that 

have a greenish crust, are blackish, have a bad smell or contain stones.346 While researching early 

ancient Mesopotamian cuneiform texts on glass production, Robert Brill collected and analysed 

materials in Syria he believed to be the same as those described in the text. One material he sourced 

was al-qili347 or (desert) saltwort ash stone (see figure 4.3), which very closely matches the description 

of barilla extract given by La Gasca and Joucourt. According to Perez, besides sodium carbonate, the 

barilla extraction obtained from the Spanish saltwort usually contained sand, some potassium and 

ashes from other plants. While the presence of these products was unavoidable, he claims that they 

were sometimes added on purpose by fraudulent barilla producers. 

 

A 19th century Scottish soap manufacturer, John Carmichael, wrote that four plants were used in Spain 

to produce alkali ash, barilla, gazul (or al-gazul), soza and salicornia (or salicor).348 Carmichael stated 

that although the plants looked very similar, barilla produced the purest soda that was the most 

suitable for glassmaking, while ashes from the other plants were suitable for making soap or bleaching 

linen.349  

 

 

 

Most research into the composition of the halophyte plants from which alkali is sourced has been 

linked to the history of glass composition. Robert Brill of the Corning Museum of Glass sourced and 

analysed the chemical composition of about 20 plants from the salicornia and salsola species found in 

desert and marsh regions of Iraq, Iran and Syria.350 The results of his analysis showed that, although 

the alkali wt.% was generally high, there were significant variations in composition. Brill comments 

that the chemical composition of the plant ash produced would vary depending upon which plants 

were chosen, the environments in which they grew and the ways in which they were burned.351 This 

was supported by Barkouda and Henderson’s analysis of Syrian salsola desert plants in 2006.352 

 
345 La Gasca 1818, 247. 
346 Joucourt 1751, 387. 
347 The chemical term ‘alkali’ stems from ‘al-kili’ or ‘al-kali’, the Arabic terms for saltwort ash. 
348 Carmichael 1807. 
349 Ibid., 24. 
350 Henderson 2013, 41. 
351 Brill 1970, 110. 
352 Barkoudah and Henderson 2006, 301. 

Figure 4.3: Hard lumps of al-qili 

prepared by from local saltwort plants 

collected in the Syrian interior in 1969. 

(CMG1380). Brill 1972, 335. 
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Although they found that the alkali percentage each species of plant was relatively consistent, the 

percentage of calcium and magnesium varied widely depending on the local geology. Neither of the 

authors analysed the barilla farmed in Spain (salsola soda).  

In the 1980s, Astor and Cevidalli 353 and Verità354 analysed salsola soda from the Lavant and salicornis 

from Venice. They found that the salsola soda (barilla) ash had an average of 40wt.% Na2O with very 

little K2O, together with 3-5 wt.% CaO and similar percentages of MgO (see Appendix IV). This is 

supported by earlier references relating to Spanish barilla. In a medical publication dated 1836 it is 

stated that ‘Alicant barilla’ contains 25-40 wt.% sodium carbonate.355 While one must assume that 

there were variations in the composition of the barilla extract produced in the 17th century, it is 

probable that the size and organisation of the barilla industry in the Alicante area resulted in a supply 

of a relatively consistent and high-quality product, which gave it its good reputation. In 1794, Sijbeda 

mentions a shortage of soda.356 This suggests that he is referring to barilla because imports from Spain 

were shut off as a result of the Napoleonic wars. 

 

Kelp  

In the early period of Dutch tin glaze production from the 16th to mid-17th century the main source 

of soda to make glass and glaze would have been imported barilla. However, from the mid-17th 

century, a new source of ‘soda’ became available in Northern Europe, notably England and Scotland, 

from cold-water seaweed from the laminariaceae family, known as ‘tangles’ or ‘kelp’, and the Fucus 

family, known as ‘wrack’.357 Sijbeda specifies the use of English soda (engelse soda) in 28 of his glaze 

recipes. These recipes date from around 1670, which is the period when the kelp industry in Britain, 

and in particular Scotland, was growing rapidly.358 In ca. 1750, Feijtema documents a glaze recipe with 

Schotsch soda, and comments that he only used half of the Alicante soda as it was not as ‘fat’ as the 

Schotsch soda, suggesting a difference in composition.359 In the same period a recipe for English ‘white’ 

(tin glaze) using soda made from Normandy seaweed in Diderot and d’Alembert’s Encyclopédie.360 The 

Oxford English Dictionary suggests that the term ‘kelp’ is of ancient origin. The first record of the 

term ‘kelp ash’ in the dictionary was in 1664.361  

 

Christopher Merrett’s 1662 English translation of Neri’s The Art of Glass published in 1611 contains the 

following comment on the method of glassmaking in England at the time: 

 
The common sea-wrack…is thrown and scattered upon the rocks, in great abundance, and 
also on the shoar, which country people in the summer rake together, dry it as they do hay, 

 
353 Ashtor and Cevidalli 1983. 
354 Verità 1985. 
355 London Medical Gazette Volume 18 1836, 87. 
356 Sijbeda 1712-1720, 157. 
357 Kingzett 1877, 170. 
358 Dungworth, 2009a,123; Adams 2016, 16. 
359 Feijtema-Tjallingii 1960, 9. 
360 Diderot and d’Alembert 1760, 456. 
361 Shorter Oxford English Dictionary. The word was sometimes used in a more general sense to mean any 
alkaline ash of plant origin.  
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by exposing it to the sun and wind, and so turning it as occasion serves till ‘tis fit to burn, and 
make these ashes call’d kelp, used as well to make alume362 as glass.363 

 

Kelp was harvested and calcined primarily on the Scottish coast (the Western Isles), and to a lesser 

extent in England, before being sold to the industrial centres in Edinburgh, Bristol, Newcastle or 

Liverpool.364 In 1725, Feijtema mentioned that the soda is the same as that used by soap makers and 

comes from New Castel.365 Wrack grows on rocky outcrops in intertidal zones while kelp grows 

underwater off the coast. In 1772 John Pennent, who was travelling through Scotland), documented 

that Kelp was harvested in April and burnt and exported in August.366 However, according to research 

by the botanist Rymer the seaweed was harvested between May/June and August/September using 

large hooks to drag the plants to the shore.367 After being harvested it was dried on stone walls 

(‘machair’). In the winter the seaweed could be collected as ‘drift weed’ when the seaweed was torn 

from the rocks or washed in from the sea during heavy storms. The blades of the fronds were removed 

as they could not be kept for any length of time and the stipes (stems) were then stored to dry to be 

burnt in the summer months. It was important that the kelp did not get rained on during drying, 

otherwise soluble material could be leached out, reducing the quality of the final ash.368  

 

In the early period of production, the dried weed was burnt in simple heaps or piles; however, this 

would have made it difficult to control the temperature and the kelp would have been quickly 

contaminated with sand and gravel.369 At some point a simple kiln (ath cheilp) came into use, which 

was a large, stone-lined pit or trench (see figure 4.4). Dried straw or heather was used to start the fire 

and the plants would then be burned for 4 to 8 hours, the dried plants being continually added on top 

to exclude the air and keep the flame low. A layer of ash ca. 30 to 40 cm thick would be formed at the 

 
362 ‘Alume catino’ was the Arabic term for salsola kali, the sodium-rich plant ashes from Syria and Egypt. 
363 Neri 2001, 263. 
364 Hothersall 2012, 32. 
365 ‘De soda wordt ook alkali genaamd wordt ook door lapzieders gebruikt en is afkomstig uit New Castel’, in 

Feijtema-Tjallingii 1960, 23. The comment is dated 1725. 
366 Pennent 1772, 273. 
367 Rymer 1974. 
368 Ibid., 148. 
369 Ibid. 

Figure 4.4: Women burning kelp on St Martin's Isles of Scilly, ca. 1900. The 

stone walls of the sunken pit are visible. Image, Mac Waters Collection. 



 
 

 

67 
 
 

 

bottom of the pit, which was covered with stones and turf to protect it against moisture before being 

left to cool overnight.  

 

The structure of the kelp ash extract depended on the burning conditions. If the kelp was burnt at a 

high enough temperature the extract could be raked during burning into a molten slag (as with barilla), 

otherwise it would be primarily ash.370The following morning the ash was removed to be transported 

by ship to Leith, Dumbarton, Glasgow, Newcastle, Liverpool or Bristol to be processed.371  A ‘kelp 

officer’ would weigh the kelp ash as it arrived on the ship, taking into account ‘the stones, sand and 

gravel, which sometimes find their way into the kelp, and not always unknown to the kelper.’372 The 

production of sodium carbonate from plant ash declined with the introduction of the Leblanc 

process373 in the late 18th century and the Solvey process374 in the second half of the 19th century. 

 

Robert Brill analysed the ash of British seaweed (wrack) from six North Sea coast sources375 (see 

Appendix V). The samples were dried and burned in a kiln at 750˚C for 18 hours before being refired 

at 900˚C for 1 hour.376 This resulted in most of the samples being either partially or well sintered. The 

yield of ash from the original seaweed varied between 7 and 18%. Chemical analysis377 showed that 

the major components were Na2O, K2O, CaO and MgO, with some Al2O3, Fe2O3 and Cl, and variable 

amounts of P2O3 and SO3 (see Appendix V for details of the analysis). The ratio of the main alkalis 

differed from barilla as the average wt.% of Na2O and K2O was roughly equal at 17 and 15 % 

respectively, making up 23-40 % of the total ash.378 All the samples contained similar amounts of CaO 

and MgO of 10 to 22%,379 while the wt.% of Cl and SO3 averaged 12% and 19% respectively. Tite et al. 

claim that the high levels of Cl and SO3 in Brill’s ash shows that the proportion of carbonates were low 

in relation to sulphates.380 According to Dungworth, a possible chemical marker to show that kelp has 

been used as a flux is a high percentage of strontium in the glass or glaze. He claims that the relatively 

high ratio of strontium to calcium in much of the mixed alkali glass produced in Britain from the late 

17th century to the early 19th century indicates that the glass was made using kelp ash,381 although 

the strontium levels in Brill’s samples are seen to be low.  

 
370 Rymer 1974. 
371 It is possible that the kelp ash was lixiviated for purification (separation into soluble and insoluble 
constituents by the percolation of liquid). 
372 Quote from A Ross in Old Highland Industries, 1885-6. In Rymer 1974,148. 
373 In 1791 the French physician Nicolas Leblanc developed a method to manufacture sodium carbonate using 
salt, limestone, sulfuric acid and coal. The Leblanc process came to dominate alkali production in the early 19th 
century despite being both expensive and polluting.  
374 In the 1860s the Belgium chemist Ernest Solvay developed an industrial process for the production 
of sodium carbonate using sea water and limestone known as the Solvay process or ammonia-soda process. 
375 Brill 1999 vol 1, 486. Analysis was carried out on acid digested seaweed using ICP-MS for trace metal 
detection using a Thermo Scientific XSeries (II) and ICP-OES for the measurement of Ca, Na, K and Mg 
376 The North Sea kelp samples were collected in 1987 in Jarrow. They were dried for one week and heated 
780°C for 18 hours before being sent to Corning. At Corning the ashes were refired at 900˚C for 1 hour. The loss 
of water was 6.2% after 20 hours at 67°C. The yield of ash (relative to the wet kelp) was between 7 and 18%. 
There was generally some sintering of the extracted material. Brill 1999 vol 1, 216.  
377The samples were analysed using Inductively coupled plasma - optical emission spectrometry (ICP-OES). 
378 The samples were ash and not refined in any way. 
379 Brill 1999 vol 2, 291.  
380 Tite et al. 2006, 1290. 
381 Dungworth 2009b, 121. 

https://en.wikipedia.org/wiki/Nicolas_Leblanc
https://en.wikipedia.org/wiki/Limestone
https://en.wikipedia.org/wiki/Sulfuric_acid
https://en.wikipedia.org/wiki/Coal
https://en.wikipedia.org/wiki/Leblanc_process
https://en.wikipedia.org/wiki/Sodium_carbonate
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Research undertaken by Schiener et al. into the seasonal variations in kelp composition broadly 

support Brill’s findings.382 They also found that while the levels of Ca and Mg in the kelp ash remained 

constant, the percentage of sodium more than doubled and potassium more than trebled when the 

kelp was harvested between February and May rather than in the summer months. There could 

therefore have been a variation in the K and Na ratio depending on when the harvest took place. Tite 

points out that a single measurement of a single sample from a single population of a species is of 

limited value and it is important to analyse a number of plant populations from different seasons of 

the year in order to build up a picture of how Na+ and K+ levels vary throughout the growing season 

of a particular species.383 

 

The difference between the composition of the barilla and kelp is also reflected in the historical glaze 

recipes. In the Sijbeda recipes using Alicante soda, not only is the amount of the soda in the recipe less, 

but all the recipes include added potassium (pot-as and/or wied-as), resulting in a similar mixed-alkali 

glaze frit.384 In 1823, Fetema commented that one only has to use half the Alicante soda as it is ‘not as 

fat as the Scottish’.385 The one reference that has been found giving the price of Alicante soda suggests 

that it was far more expensive than kelp at 12 stuivers per pound , compared with prices ranging from 

0.6 to 1.5 stuivers (see Table 4.3). Sijbeda’s recipes show that there was a variation in the quality of 

the imported kelp soda, which may explain the variation in price. In one recipe dated 1718, different 

percentages of English soda are recommended depending on whether the soda is ‘strong’ or ‘weak’. 
386 Again, a year later a higher quantity of soda in a recipe is explained by the fact that the soda was 

‘weak’, which suggests that the soda had a low sodium concentration or low total alkali content.387 

When the soda was of poor quality the glaze was said to be ‘dry’.388 A ‘dry’ glaze is a matt glaze that is 

usually the result of too little flux.  

 

There is no information regarding how the quality of the raw materials was assessed. According to 

Jackson and Smedley, glassmakers checked the quality by taste, sodium salts having a different taste 

to potassium salts, although both are caustic.389 In the 1977 film made by the Corning Museum of Glass 

showing traditional glassmakers in Afghanistan, one can see the glassmakers testing the quality of 

ishgar plant ash stones in the market using their tongues.390 Piccolpasso wrote that ‘you know when 

wine lees is perfectly burned as it burns when touched with the tongue’.391 When discussing the fact 

that Spanish barilla makers often mixed plants of lower quality with the barilla plants, Carmichael 

noted, ‘Some of the roguish farmers mix [other plants] with the first [barilla]; and it requires a complete 

knowledge of the colour, taste, and smell of the ashes, to be able to detect their knavery’.392 

 
382 Schiener et al. 2015, 363-373.  
383 Tite et al. 2006, 1290. 
384 Sijbeda 1712: 3,7,9,122. 
385 My translation. Original tekst: ‘van Alicantsche Souda word doorgaansch de helft gebruikt dog is in allen 
deele niet zo egaal vettig als de Schotsche.’ Feijtema-Tjallingii 1960: 9. The is comment dated 1823. 
386 ‘engelse zouda na dat de zouda krachtig of slap is’. Sijbeda 1712-20, 153.  
387 ‘De zouda was zwak’. Sijbeda 1712-20, 155. 
388  My translation. Original tekst: “‘t wit steeds droog op de goederen bleef [toegeschreven aan] de souda 
welke men van Delftshaven had invangen.” Feijtema-Tjallingii 1960, 2. The comment is dated 1726. 
389 Jackson and Smedley 2008, 244. 
390 cmog.org/video/glassmakers-herat (accessed January 2021). 
391 Piccolpasso vol 2 1980, 52. 
392 Carmichael 1807, 4. 
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There is evidence that potters tested the quality of batches of soda using kiln tests. Figure 4.5 shows a 

17th century tile from Gouda with a text on the back, ‘Oude Souda WIT alleen’ or’ Old soda, only white’ 

(tin glaze). The comment ‘only white’ suggests a second ‘kwaart’ lead glaze had not been used.   

 

4.6.3 Potash (potas) 

Potash is the common name for an alkaline material consisting of various potassium-containing 

compounds including potassium carbonate (K2CO3), potassium oxide (K2O) and potassium hydroxide 

(KOH). The Dutch terms potas and potasschen were in use from the Middle Ages. Potash meant literally 

ash from pots, and describes the potassium-rich crystalline material (also known as lye) that was 

obtained by leaching vegetable ashes and evaporating the solution in iron pots.393 The term ‘pearl ash’ 

is also a commonly used term for high-quality potassium extracts and is often found in glass recipes. 

The most common source of potash in the 17th century would have been from wood ash. It would 

have primarily consisted of potassium carbonate (K₂CO₃) before being calcined to K2O during refining. 

Potassium oxide is basic and reacts violently with water to produce the caustic potassium hydroxide. 

It is deliquescent and will absorb water from the atmosphere, initiating the reaction. One can assume 

that at least a percentage of the potash would have been in hydroxide form, notably the areas exposed 

to the air.  

 

Until the 18th century the chemical difference between soda, sodium and potassium (carbonates or 

hydroxides) was unknown, although glassmakers and potters clearly understood their working 

characteristics.394 Like soda, potash was used for the production of soap and bleaching textiles. 

Bohemia was a centre of potash production in the 17th and 18th centuries, and at the height of the 

potash trade in the Baltic from 1530 to 1680, millions of tons of potash were exported annually to 

 
393 https,//www.collinsdictionary.com/dictionary/english/potash. Last accessed 4th March 2019. 
394 The German chemist Klaproth was the first to make a chemical differentiation between the two materials 
naming the mineral potassium ‘natron’ and the pure plant pot ash ‘kali’ in 1797. In England the terms soda 
and potash were used. When the British chemist Sir Humphry Davy (1778-1829) first isolated the two elements 
in 1807, he named them respectively sodium and potassium. https://etymologiebank.nl/trefwoord/potas. 
Accessed March 2019. 

Figure 4.5: Fired-on text on the back of a gouda tile date ca 1640 ‘Old soda, only 

tin glaze’ (‘Oude Souda WIT alleen’). Collection Gouda museums. Inv. No. 02452.  

https://www.collinsdictionary.com/dictionary/english/potash
https://etymologiebank.nl/trefwoord/potas
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Flanders, France and England.395 Historical records show that the potash used to make Dutch tin glaze 

was three times as expensive as the imported kelp soda (see table 4.3). The percentage of potassium 

oxide (and hydroxide) in the extract would have depended on a number of factors including the type 

of tree, the time of year it was harvested and how it was processed.  

 

Wood and ferns  

The potas, pot-as and wied-as mentioned in the recipes would all have been sourced from wood- or 

fern ash and presumably imported. It is probable that potas (or pot-as) was the refined product, being 

‘from the pot’, therefore containing more pure alkaline earth salts, whereas wiedas would hav been 

unrefined wood ash (also containing phosphorous compounds). The wood used to produce potassium-

rich ash was traditionally beach or birch. During their research into the source materials for 18th 

century European potash glass, Stern and Gerber analysed the chemical composition of the extract of 

the ash of beech, birch and pine from different geological locations in Bohemia. They found that the 

wood ash contained ca. 30 wt.% K2O, but when leached between 70 and 90 wt.%. Levels of Na2O in the 

ash were consistently low (0.2-2 wt.%). Beech ash produced the highest percentage of potassium.396 

However, the elemental composition was found to vary considerably, notably the K2O/CaO ratio, which 

is primarily related to the plant habitat.397 Stern’s findings were supported by Cílová et al. during their 

research into the raw materials used for making Bohemian glass in the 14th to 17th centuries.398 Stern 

and Gerber also found that freshly produced ash extract changed mineralogically over time as the fresh 

potash extract is both highly hygroscopic and caustic. This raises the question of whether potash 

extract of high purity could have been transported.  

  

Ferns were also a common source of potash. In his 1612 treatise, Neri mentions the use of ferns to 

make flux for glassmaking, saying that they should be cut from the end of May to the middle of June 

‘when the moon is near its opposition with the sun as the ferns are then of a better strength and 

whiteness and will make more ‘salt’.399 Ferns grow fast and contain a higher percentage of potassium 

than tree ash, but they are not abundant. Bracken,400 a type of fern, has also been mentioned as a 

source of potassium for glassmaking.401 Extraction experiments with bracken402 undertaken by Cílová 

et al. produced high yields of potassium carbonate of 46 wt.% in the ash and 82 wt.% after leaching.403 

They also found that the potash obtained from bracken contained significant amounts of P2O5 and 

chlorine in comparison with potash form wood.404 Bracken is a seasonal plant and its composition 

changes throughout the year. This would be reflected in the potassium concentration in the ash.405  

 
395 Cílová and Woitsch 2012. 
396 The analysis was undertaken using EDX and XRD.  
397 Stern 2004, 153. 
398 Cílová et al. 2012, 373. 
399 Neri 2006, 13. 
400 Bracken is a large fern that favours dry, acid soils and spreads by underground rhizomes. While ferns are bi-
pinnate (the leaflets divide twice to produce the easily recognised fronds), bracken is tri-pinnate meaning that 
the leaflets divide three times, giving each frond its own small frondlets. Unlike most ferns, bracken dies back 
in winter, leaving brown, withered fronds. 
401 Jackson and Smedley, 2008, 243; Dungworth 2012, 122. 
402 The bracken was sourced in Poland. 
403 Cílová and Woitsch 2012, 378. 
404 Ibid, 376. 
405 Jackson and Smedley 2008, 242. 
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Tartar/wine lees 

Potassium carbonate (K2CO3) was also commonly obtained from wine sediment. Wine lees, or ‘cream 

of tartar’ is a by-product of winemaking, where a deposit is extracted from the bottom of wine barrels 

at harvest time and then burnt. It is historically the most common source of potassium compounds in 

wine-making regions and for obvious reasons was the main source in the Mediterranean area. Wine 

lees primarily consists of potassium bitartrate (KC4H5O6).406 Piccolpasso discusses three types of 

potassium deposits that accumulate in wine barrels, tartar, argol (a crystalline form) and lees. The ash 

of wine lees can contain as much as 90% potassium carbonate.407 Piccolpasso commented that ‘Levant 

ash’ (barilla) was a much stronger flux than wine lees.408 Wine lees was available in the Northern 

Netherlands in the 17th century and used in the textile industry in the process of colouring. No 

references for its use to make tin glaze have been found in factory inventories, while one reference to 

the use of 'wijnsteen' in a glaze recipe is found in Sijbeda’s notebook.409 In this recipe both ‘witte 

wijnsteen’ and ‘aluin’410 (alum) were in the final glaze mix, something not found in any other glaze 

recipes. Interestingly, almost exactly the same recipe was mentioned by Feijtema.411 Although wine 

lees and alum would have been available, they would have been very costly.  

 

4.6.4 Lead (lood) 

Lead oxide (PbO) has been used as a glaze for thousands of years. First applied in the Near East, its use 

spread with the expansion of the Roman empire.412 Lead glaze is easy to apply to clay or ceramic 

objects and reacts with quartz in the clay or as a mix to form a glass on the surface at relatively low 

firing temperatures (ca. 800˚C). In the early 17th century, raw lead ore was imported into the Northern 

Netherlands from Great Britain via Rotterdam as well as from Koln in Germany. Although the German 

lead was cheaper, it was of poorer quality.413 In his 1774 translation of Kunckel’s text of 1679, AF writes 

that the best tin and lead are obtained from England.414 

 

In the 17th and 18th centuries, lead was imported from England as ingots or ‘pigs’. The ingots had 

stamped markings that were applied at the smelting mill, which are believed to be related to the place 

of production rather than their quality or weight.415 Paape writes that best lead comes from Stockton 

in England and is marked ‘AD’.416 Stockton was a well-known transport hub trading lead from Scotland 

and the North of England, notably Derbyshire.417 The marking ‘AD’ was found on the majority of the 

 
406 Caiger-Smith 1973, 51 
407 Ibid. 
408 Ibid., 52 
409 Sijbeda 1712-1720, 118 
410 Potassium alum or ‘aliun’ is Hydrated potassium aluminium sulphate KAl(SO4)2.12H2O which was imported 
form the Mediteranean or England and used for tanning leather or as a dye fixative in the textile industry. 
While it is not commonly used in glaze, it has been added to increase the viscosity of a glaze. The meaning of 
‘lead aluin’ as described in the recipe is not clear. 
411 Pieter-Jan Tichelaar quotes the recipe from Feijtema which was under the name of ‘N.N’. The original book 
in which it appears has sadly been lost. Tichelaar 2005, 82. 
412 Walton and Tite 2010, 11. 
413 van der Meulen and Smeele 2012, 41.  
414 AF 1774, 13. 
415 van Duivenvoorde 2013, 162. 
416 Paape 1794, 53. 
417 van Duivenvoorde 2013, 151. 

https://nl.wikipedia.org/wiki/Aluminiumkaliumsulfaatdodecahydraat
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103 lead ingots found on the VOC ship Kampen that sunk off the Isle of White in 1627.418 Interestingly, 

Hoynck van Papendrecht found a reference for ‘A’ Lead in the 1649 factory inventory of Jan Pieterszn, 

a tile maker from Rotterdam.419 No evidence has yet been found of what these letters refer to. 

 

In the Sijbeda recipes the lead is described as coming from varied sources and being of different 

qualities (see Appendix III). As well as lood (lead), there are recipes with theelood (lead from the lining 

of tea chests) and oude plat lood (old lead sheet). Paape mentioned the use of theelood which he 

claims was not found to be satisfactory.420 The terms potlood and putloodt are also found in the 

inventories of 17th century tile makers,421 referring to calcinated lead used to glaze pots. In AF’s 

translation of Kunckel, we see a distinction between the lood used to make the tinas, and potlood that 

was used to make a yellow pigment, suggesting that it is litharge (PbO), which was also used for lead 

glaze.422 The quality of the imported lead would have varied. In 1617, an English lead supplier was 

taken to court by four red-ware potters who complained about the poor quality of the Scottish lead 

they had received.423 In Table 4.3 we can see that the imported lead was much the same price as the 

soda used to make the glaze, being half the price of potash and approximately one-sixth of the price 

of the tin.   

 

To make the tinas, lead and tin metal blocks were calcinated together in a special furnace. When pure 

lead is heated to approximately 600˚C, litharge (PbO) in the form of a yellow, amorphous powder form 

on the surface). Other common terms for litharge were loodglit, goudgelit, loodas and lootäsch. 

Goudgelit or goudglette424 are often specified in kwaart glaze recipes.425 It is probable that potters 

bought in the calcined lead for the kwaart. Paape commented that the lootäsch used for the kwaart 

glaze was easily obtained from lead-casters (loodgieters).426  

 

4.6.5 Tin (tin) 

Tin glaze is lead glaze with added tin oxide that functions as an opacifier, making the lead glaze appear 

white. Tin oxide has a low solubility in glass and remains in the glass as suspended, un-melted crystals, 

which make the glass opaque (1-3%) or white (5-12%).427 The physical and chemical characteristics of 

tin in lead glaze are discussed further in chapter 8. The sources of tin were limited in the 17th and 18th 

centuries. The high quality of the tin428 that had been sourced since the Roman period from Cornwall 

 
418 Steadman 2009, 20. 
419 ‘Lood A’ in Hoynck van Papendrecht 1921, 16. 
420 Paape 1794, 53. 
421 Hoynck van Papendrecht 1920, 16.  
422 AF 1774, 59-60. 
423 van der Meulen and Smeele 2012, 41. 
424 Paape 1794, 58. 
425 Kwaart (Nl) or coperta (It) is a pure lead glaze that was sometimes applied on top of the tin glaze layer to 
improve the shine of the final glaze. 
426 Paape 1797, 56. 
427 Rhodes 1973, 201.  
428 The purity of the tin would depend on the production methods. Tin ore contains arsenic, bismuth, copper, 
iron and zinc, some of which may be sulfides. Hamer and Hamer 1975, 366. 
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in England is mentioned by both Piccolpasso429 and Sijbeda.430 In his study of the inventories of 17th 

century Rotterdam tile makers, Hoynck van Papendrecht noted that the potters specifically referred 

to imported tin as being English.431 It is interesting that a number of tile factories were run by tin 

makers (meester tinnegieters), suggesting that the sourcing of tin was of central importance.432 It can 

be seen in table 4.3 that tin was by far the most expensive raw material in the production of tin glaze. 

It cost between 12 and 16 stuivers per pond, the most expensive being good quality English tin. In most 

of the recipes it constituted about 50 percent of the cost of the glaze.  

 

As with lead, the quality of tin varied. Sijbeda describes variations in the quality of tin using the terms 

fijne tin (good quality tin) and keur tin (standard quality tin). Sijbeda writes that, after English tin, the 

next best quality tin comes from the province of Holland433 and the poorest quality from local suppliers 

in Friesland (the province in which Harlingen is situated).434 Kan tin (tin used for cans) and schotelfijn 

tin (tin used for plates) are mentioned in tile-makers’ inventories dated 1627 and 1663,435 although 

kan tin is seen to be not much cheaper than the best quality tin (see table 4.3).  

 

 

By calculating the approximate tin oxide wt.% that would have been produced in the dated Sijbeda 

recipes, there appears to be a trend towards an increase in the amount of tin oxide in the glazes (see 

 
429 Piccolpasso 1980 vol 2, 154. Piccolpasso also mentions the quality of ‘Flanders’ tin, probably a point of 
supply.  
430 Sijbeda 1712-20, 103. 
431 Hoynck van Papendrecht 1920, 15. 
432 Ibid., 386. 
433 Holland’ is made up of the two largest provinces in the west of what is now the Netherlands. 
434 Petrus Sijbeda 1712-20, 101. 
435 Hoynck van Papendrecht 1920, 343, 393.  

Figure 4.6: The wt.% of tin oxide (lb) calculated from the (dated) recipes in Sijbeda’s 

recipe book 1670-1812. (In the recipe ‘A’ the glaze was only suitable for wares made with 

local Friesian clay). 
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figure 4.6). The actual wt.% of tin oxide in the final glaze would have been lower due to the impurities 

in the metal and general loss of material during the calcination process.  

The proportion of tin used in the recipes was clearly central to both the quality and the cost of the final 

glazed product.  Paape stated that 30% tin in the ‘tinas’ gives the best result.436 In 1554 Biringuccio 

commented: ‘Remember the white is more beautiful the more tin it contains’.437 The different quality 

of glazes recorded by Sijbeda, ranging from sleght (‘common’) to high quality wit wit (‘white white’) is 

largely related to the proportion of tin in the recipe. Sijbeda noted that the best quality tin glaze has 

such a high proportion of tin that it is too expensive to be economic, although he later comments that 

it is worth using a good quality glaze as the wares can then be sold for a higher price.438  

 

4.6.6 Salt (zout) 

Salt (sodium chloride) is found in almost all historical tin glaze recipes including those in Piccolpasso, 

Kunckel and Paape (see table 4.2). We can assume that the zout referred to is sodium chloride due to 

the fact that is it regularly described as sea salt. Kunckel refers to the use of ‘ordinary’ salt as well as 

sea and rock salt, depending on the recipe.439  

 

In the glaze preparations described by Piccolpasso, Kunckel and Sijbeda, common salt was generally 

added to the mix of masticot and tinas in the final phase of production before the glaze batch was 

melted in the kiln (see tables 4.1 and 4.2). Of the 76 glaze recipes in Sijbeda, only three recipes do not 

include salt.440 These, including the oldest dated recipe dated 1659, are all referred to as producing 

poor quality glazes. However, in the Delft recipe documented by Paape, salt was added in the initial 

phase of production when making the masticot. This is also observed in a few late 18th century recipes 

described by Feijtema441 and two Harlingen recipes dated 1812 and 1815 in Sijbeda’s notebook.442 

Interestingly, in the Delft glaze recipes described by Sijbeda (considered to be dated ca. 1680-1690) 

the salt is added to the final glaze mix, contradicting the recipe documented by Paape.443 In the ‘recipe 

from Holland’ in Diderot and d’Alembert’s Encyclopédie, salt is not mentioned,444 despite the fact the 

text is purported to be a translation of Kunckel’s text in which the recipes do contain salt.  

 

Sodium chloride can be obtained from a number of sources including rock salt deposits, underground 

brine water, and through extraction from sea water. Salt has been sourced from salt mines from the 

Bronze Age to the present day, Salzburg being a major centre of production. Salt from mines has to be 

processed, which results in relatively pure sodium chloride.445 From the 8th century to the early 16th 

century, salt was produced in the Netherlands by burning peatbog (darink) soaked in seawater, a 

process known as darinkdelven.446 The salt remaining in the ashes was then extracted by mixing with 

 
436 Paape 1794, 58. 
437 Smith and Gnumdi 2013, 394.  
438 Sijbeda 1712-1720, 15. 
439 AF 1774, 7. 
440 Sijbeda 1712-20, 3, 6, 117. 
441 Tichelaar 2005, 83. 
442 See Appendix III. 
443 Sijbeda 1712-1720: 40-42, 133, 135, 136, 141. 
444 Diderot and D’Alembert 1756.  
445 Forbes 1955, 169. 
446 de la Bruhèze 1998, 91.  
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sea water, letting the ash sink to the bottom and evaporating off the water. After the St. Elizabeth 

Flood of 1421 the method was restricted and from 1515 the practice was prohibited in order to protect 

the foreshore. While some localised salt production is thought to have continued during the 16th and 

17th centuries, the Netherlands became dependent on imported salt, predominantly from France, 

Portugal and Spain, taking advantage of the established maritime trade routes. The demand for 

supplies of salt increased significant from the 15th century due to its use in the thriving herring trade.447 

By the 19th century salt was sourced in the Netherlands by extracting brine from underground 

sources.448 

 

The coastal climate of the Mediterranean made it perfect for salt-pan production. Salt production by 

solar evaporation of sea water at the coast was introduced to Portugal by the Phoenicians in the 

9th century BC and became a flourishing industry in the Roman period. By the 12th century Portuguese 

salt was regarded as a high-quality product.449 A major production centre was Setúbal outside Lisbon. 

The quality of sea salt is primarily determined by the concentration of contaminants, notably calcium, 

magnesium, sulphate and other, insoluble matter. Studies comparing different sea salt sources have 

found that Portuguese sea salt is relatively pure, containing low levels of potassium (ca. 0.2 wt.%), 

magnesium (ca. 1 wt.%) and calcium (ca. 0.2 wt.%).450 Depending on their concentration, these 

minerals could have a significant influence on a glaze as they function as fluxes.  

 

Excavated glaze tests dating from around 1627451 from the Gouda de Swaan factory suggest that the 

factory was testing glazes with different quantaties of salt. In figure 4.7 we see test tiles marked on the 

back with 1, 2 and 3 ons (ounces) of sout (salt).  

 

 
447 Schram 2008, 5. 
448 de la Bruhèze 1998, 93. 
449 Rodrigues 2011, 3. 
450 Kovač 2013, 710. 
451 See details in chapter 2 of the notarial act drawn up by Willem Jansz Oliviers in 1627 regarding clay tests 
found at the same excavation. 

Figure 4.7: Glaze test (front and back) excavated from the Gouda tile factory De Swaen, dated ca. 1627. 

Collection van Leeuwen.  
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A number of later recipes in the Feijtema-Tjallingii potter’s books mention St Ubes zout,452 a reference 

to Setubal. Sijbeda's only mention of a source of salt is in a recipe dated 1677 that used Spanish salt 

(Spaanse zout).453 The quality of the imported Portuguese salt is evident when in 1770 Tjallingii 

complained that a glaze had discoloured ‘full of blue’ (vol blauw) due to the use of common salt 

(allemattes zout) rather than sea salt from St Ubes in Portugal.454 In a later glaze recipe from Tjallingii 

dated 1823 he mentions French salt (fransch zout).455 Sijbeda’s glaze recipes show that potash was 

often added to the final glaze mix from the late 17th century. Calculations of the proportion of salt and 

potash in the dated recipes show that while the percentage of salt added to the final glaze mix was 

variable, from the third quarter of the 17th century potas either missing from the recipe or added in 

very low proportions (see figure 4.8). It is not clear why salt was added to the final glaze mix. This was 

further investigated in the recipe reconstructions documented in chapter 8. 

 

4.6.7 Colourants in the tin glaze 

Metal oxide colourants were sometimes added to the tin glaze mix in order to tint the white tin glaze, 

although in the Netherlands this has only been found in recipes for Delft tin glazes (see table 4.2). This 

was done either to whiten a glaze that had a yellow discolouration456 or in an attempt to achieve a pale 

green/blue tint closer to that of Chinese porcelain glazes. In his 1764 publication The Handmaid to the 

Arts, Robert Dossie transcribed a number of tin glaze recipes from Kunckel and comments that zaffer457 

 
452 Feijtema-Tjallingii 1960, 2,7. 
453 Sijbeda 1712-1720, 22. 
454 Feijtema-Tjallingii 1960, 2. 
455 Ibid., 9. 
456 Tin glaze can have a yellow tint if too little flux is used. This is further discussed in chapter 8. 
457 Cobalt oxide. Used as a blue colorant in glaze and glass. 

Figure 4.8: wt.% of salt and potash added to the final glaze in Sijbeda’s dated recipes 

between 1670 and 1720. 
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was added to tin glaze ‘to break the yellow hue and give a truer hue of white’. He went on to comment 

that as blue and yellow make green, the use of equal parts of magnesia and zaffer would result in a 

greater improvement, as has been shown in the use of manganese in white transparent glass for the 

same purpose.’458 Paape’s Delft glaze recipe includes half a pond (ca. 0.5 metric pounds) of blue 

‘smalt’459 and 5 loot (ca. 55g) of calcined copper filings in 115 pond of final glaze mix.460 Sijbeda only 

documents two Delft glazes, one described as ‘East Indies glaze’ that includes needles (naalden) or pin 

dust (speldevijsel), suggesting the addition of copper.461 Diderot and d’Alembert’s recipe for ‘Blanc de 

Hollande’ includes a small amount of manganese in the final glaze mix (ca. 7 wt.%). The recipes and 

materials used for decorating tin-glazed tiles are not within the remit of this research. 

 

4.8 Specific glaze recipes for tiles 

While none of the non-Dutch historical sources mention specific tin glazes for tile-making, a few are 

documented in the in the Harlingen potters’ notebooks. Considering that most production centres 

made both tiles and household wares during in the earlier period of Dutch tin-glazed tile production, 

it is generally assumed that the same tin glaze recipes were used for all the objects produced. When 

Sijbeda describes clay recipes suitable for making tiles, he generally mentions this in the context of 

glazes that are suitable for both tiles and plates (steenen and schuttels). The one Harlingen recipe he 

describes that is specifically for tiles is for the production of ‘good quality tiles’462 (fijn steentjes) for 

which good quality tin (fijn tin) should be used. Another cheaper recipe he describes is suitable for 

plates and ‘ordinary tiles’ (slecht steen). In this recipe the tinas in the glaze is proportionally far lower 

than in the ‘better quality’ glaze (see Appendix IV). Sijbeda also describes two glazes attributed to 

Adriaan de Meijer from Rotterdam and dated 1681.463 De Meijer owned the factory ‘Het wapen van 

Dantzich’, which exclusively produced tiles at that time (see Appendix I). One of these recipes is of a 

high quality (wit wit) and contains a high percentage of tinas, while the second, which is described as 

a ‘common’ glaze (slecht wit) to be used on ordinary tiles (slecht steenen), is seen to contain 30 percent 

less tinas in the glaze mix than the first. This shows that tile makers produced varied qualities of tiles 

using different glaze mixes, presumably depending on the market they were aiming for. However, this 

was clearly the case for most of the tin-glazed wares produced in the 18th century, and certainly 

outside Delft. The generally assumption that the quality of the glazes used on tiles was lower due to 

their ‘practical’ function is therefore not borne out in the evidence from the available recipes. 

 

4.9 Conclusion  

What is probably most striking when one looks at the recipes sourced from historical literature and 

archival documents is how consistent tin glaze recipes were within Europe, both over time and by 

geographical location. This is primarily due to the transfer of knowledge by the Italian potters who 

emigrated first to the Southern Netherlands and then on to the Northern Netherlands. This transfer of 

 
458 Dossie 1764, 379. 
459 Ground cobalt-blue glass which was used as a pigment for paint, to tint textiles, and to colour and decorate 
glazes. 
460 Paape 1794, 57. 
461 Sijbeda 1712-20, 40, 133. 
462 Ibid., 9, 45. 
463 Ibid., 26, 132. 
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knowledge is seen in the consistency of the terminology used in the tin glaze making process, notably 

Italian terms such as masticot, something that will be discussed in more detail in the following chapter. 

However, the consistency in the recipes was clearly not determined only by Italian diaspora. The 

significance of relatively small changes in the basic recipe in determining the quality of the final glaze 

is evident in the description of the different qualities of the glazes produced, ranging from ‘common’ 

to ‘fine’ or ‘very white’. Most of the recipes are remarkably precise in the description of the quality 

and quantity of the components.  

 

The quality of many of the raw materials was variable, including the lead and tin used to make the 

tinas. Tin was by far the most expensive component in the glaze, taking up to three-quarters of the 

total material costs. It is not surprising that potters chose to produce different qualities of glazes based 

on the tin content. Despite this, it appears that the percentage of tin oxide used increased at the end 

of the 17th and into the 18th century. This may have been influenced by a decrease in the cost of tin, 

or an attempt to produce a more profitable product.  

 

Potters had to continually evaluate the advantages of quality against cost and availability. All of the 

raw materials used, apart from sand, were imported from overseas. As with the marl import, this often 

resulted in problems of availability. The combination of uncertain availability and cost was presumably 

why the potters used the soda from British kelp sources rather than the more expensive Spanish barilla, 

even though the quality was lower and less consistent. Potters would have had to be inventive and 

continually test their raw materials in order to be certain of keeping their businesses profitable. 

Despite the lack of chemical understanding in the 17th century, the potters clearly understood their 

materials. They understood that ‘soda’ in the form of kelp extract (mixed alkali) could be used as it 

was, while potas has to be added to recipes made with barilla (which is primarily sodium carbonate). 

Most of the knowledge and practice behind glaze recipes would have come from glassmakers who 

used many of the same raw materials.  

 

A clearer understanding of the materials documented in the recipes and their geographical source has 

made it possible to obtain important information on the probable chemical composition of the 

materials in the recipes and, importantly, possible variations in the raw materials sourced. This not 

only aids the interpretation of the results of chemical analysis of historical tiles, but aids the process 

of recipe reconstruction. We now know that the ‘soda’ in the recipes contained no more than 40-50 

wt.% alkali salts, and less in the case of soda acquired from kelp extract. While barilla extract contained 

a consistently high percentages of sodium carbonate, the alkali composition of the more commonly 

used kelp extract would not only contain less sodium, but was not only mixed alkali (consisting of both 

sodium and potassium carbonate) and would have had a variable composition depending on when the 

kelp was harvested. The extract of the various plant ashes are known to have been the source of other 

important elements found in glaze including calcium, magnesium, alumina and iron. Sodium chloride 

was clearly a very important component in the glaze and it is interesting that it was added to the final 

mix in relatively large quantities. This was further investigated during the reconstructions of the glaze 

recipes (see chapter 
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Chapter 5: The Technology of Tin-Glazed Tile Production  
 

...this [art] is so uncertain that often out of on hundred pieces of ware hardly six are good. 

      Piccolpasso 1558464 

5.1 Introduction 

In the 17th and 18th centuries, the route from obtaining raw materials to producing a finished tin-

glazed tile was long, complex and fraught with possible setbacks. The factors that would have 

influenced the success or failure of the final glazed product were numerous, from the quality and 

preparation of the raw materials needed to produce both the ceramic and glaze, to the building, 

loading, heating and control of the kiln. The percentage loss of tin-glazed tiles during the firing process 

was high, with a large proportion emerging from the kiln either defective or unsellable. A clear 

understanding of the production process makes it possible to evaluate what problems could have been 

encountered during the processing and production of the clay, glaze and final glazed tiles. Such 

knowledge can also help us understand and interpret the causes of firing faults and characteristics that 

make Dutch tin-glazed tiles susceptible to damage. 

 

The published and unpublished written sources studied for this research have provided invaluable 

insight into the raw materials and production techniques used for both the clay and the glaze. Although 

important historical writers on tin glaze production, such as Cipriano Piccolpasso and Gerrit Paape, do 

not refer specifically to tile production, they provide information on the production of tin glaze, the 

kilns and the firing process that remains relevant. More detailed information on Dutch 17th and 18th 

century tin glaze production is provided by the books kept by generations of Harlingen potters, 

including Petrus Sijbeda, Sijbrand Feijtema and Frans Tjallingii.465 Not only do these potters’ books 

provide detailed clay and glaze recipes, they also describe the problems encountered with tin glaze 

production, in particular the kilns and firing process and the attempts made to find solutions.  

 

A visual depiction of the production process is provided by the Bolsward tile picture. Consisting of 154 

tiles and made sometime between 1745 and 1765, the picture made of tiles depicts the production of 

tin-glazed wares in the Bolsward factory in Friesland in the early 18th century including the ‘tile attic’ 

where the tiles were produced. Last but not least, the experience of generations of tin-glazed tile 

production in Koninklijke Tichelaar Makkum makes the many publications of Pieter-Jan Tichelaar an 

invaluable source of information with regard to historical Dutch tile production.466 

 

5.2 Clay preparation 

5.2.1 Aardewassen: clay levigation and mixing    

In chapter two, the clays and clay mixes used by Dutch tin glaze potters was discussed in detail. 

Research into the source of the clays used to produce Dutch tin-glazed tiles and vessels has shown that 

after the first quarter of the 17th century, both tiles and vessels were predominantly made with clay 

 
464 Translation by Lightbrown. In Piccolpasso 1980, 172. 
465 For details regarding these texts see chapter 2. 
466 Tichelaar,2005; 2004a; 2001.   
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that was a mixture of local Dutch fluvial clay and imported calcium-rich marl clay.467 Two main 

processes are necessary to prepare raw clay for use by the potter: firstly, the removal of coarse 

inclusions and organic material from the clay, and secondly the homogenisation of the clay by physical 

manipulation known as ‘kneading’.  

 

Levigation is the most efficient method of purifying clay and works by a process of sedimentation. The 

raw clay is mixed with water to make a liquid slip, which is left to stand in pits. The course, heavier 

inclusions, such as sand and stones, settle at the bottom of the pit, while organic material and excess 

water can be strained off from the top. When the clay is sufficiently dry to be cut and handled, it is 

lifted in blocks from the pit and any remaining coarse material is removed from the bottom of the clay 

before it is transported and stored. The use of the levigation technique for clay preparation is known 

to have been used in ancient Egypt.468 Piccolpasso discusses how clay was collected in basins469 (see 

figure 5.1). These basins were in fact levigation pits that had been dug where the clay was present and 

then left to fill with rainwater. Piccolpasso discusses straining the ‘white’ (calcium-rich) clay through 

the sieves used for straining horse oats or made of perforated leather.470  

 

A figure can be seen gathering the clay in circular blocks to be transported. It is particularly important 

to sieve calcium-rich clays because they commonly contain calcium carbonate inclusions, often small 

pieces of shell, that will result in later damage due to ‘lime-popping’.471 The sources of the clays and 

 
467 Clay with a calcium carbonate percentage between 35 and 75%. See chapters 3 and 7 for more information 
on marl. 
468 Rice 2005: 133. 
469 Piccolpasso: 1980 vol 2, 16. 
470 Ibid., 16 
471 When heated above about 700˚C, particles of CaCO3 will lose the chemically bound water and convert to 
CaO and CO2. After firing the CaO particles will re-hydrate with moisture in the air to form Ca(OH)2 . This leads to 
a slight expansion of the grains, often resulting in cracking of the ceramic. 

Figure 5.1: The collection and preparation of ‘white’ clay in 16th century Umbria Italy. Piccolpasso 

(ca. 1558) in Piccolpasso 1980, 15. 
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the mixing of local clays with imported calcium-rich marl is discussed in detail in chapter 3. Up until ca. 

1620, the local clays and marl were mixed when still in a plastic state. This resulted in inhomogeneity 

in both the clay paste and final ceramic product as seen in figures 5.2. and 5.3. This uneven mixing of 

different clays resulted in uneven sintering (fusing) of the clay during firing, resulting in a basic 

weakness in the ceramic body472 (see figure 5.3). 

 

Not only could this technique of clay preparation result in problems with the ceramic, it would also 

have been time-consuming and therefore costly. With the rapid increase in tin glaze production in the 

Northern Netherlands from the second quarter of the 17th century, a technique of wet-mixing known 

as aardewassen (clay washing) was introduced that combined levigation with clay mixing.473 This not 

only resulted in a more homogenous ceramic body, but also made it possible to prepare large 

quantities of the clay paste efficiently. 

 

 

Jongstra has found evidence that suggests that the preparation (levigation) of local clays was being 

applied as early as 1627. In that year, Cornelis Jansz van de Graeff obtained a patent for ‘Delft clay’474 

that led to a great deal of protest by tin glaze potters from several cities from Rotterdam to Utrecht. 

Jongstra suggests that the surprising level of protest was due to the fact the patent was not simply a 

monopoly over the extraction of clay, but was also for a preparation technique. One of the 

complainants, the Delft potter Cornelis Harmensz Valckenhoven, stated that van de Graeff had claimed 

to have ‘invented a certain instrument to prepare the named clay by cleaning and washing so that it 

produced fired wares that had the sound and shine of ware made with English clay.’475 Valckenhoven 

used the term reynigen, which refers to cleaning or purifying. In 1797, Paape made a distinction 

between the process of purifying (zuivering) and mixing (wassching) during the process of 

 
472 van Dam 1999, 147. 
473 Paape refers to the fact the clay washing process was for purification (‘zuivering’) and mixing (‘wassching’). 
Paape 1794, 5. 
474 See details in the section on Delft clay in chapter 3. 
475 My translation. Text in Dutch, ‘geventeert souden hebben sekere instrument omme de voorgeschreve aerde 
te kleynsen ende te reynigen van alle vuylnisse, omme 't werck daervan gebacken soo goeden clanck en luystre 
te geven als 't werck, dat men van Engelse aerde placht te maeken’. Jongstra 2021, 516. 

Figure 5.2: Cross-section of a Dutch tile 

dated 1625-1650 showing the 

inhomogeneous ceramic body which 

was the result of mixing two clays in 

the plastic state.  

 

Figure 5.3: Inhomogeneous ceramic body of 

a Rotterdam tile ca. 1620. The damage has 

been caused by salt damage combined with 

the variations in porosity of the layers. 
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aerdewassen. It is possible that van de Graeff had found sources of sea clay (or possibly tidal silt) in 

the Delft area with a high calcium content that could be made usable476 for tin glaze potters by 

levigation. The potters may have protested because they were already using the technique for the 

preparation of local clays.477 

 

According to Gierveld the earliest evidence of an aardewasserij (clay-mixing facility) was in 1632 at the 

De Swaen factory in Gouda,478 five years after Willem Jansz. Oliviers from the same factory had claimed 

to have been experimenting with the ‘preparation’ of clay from the Hollandse Ijssel river. In 1632, the 

factory owner, Willem Verswaen, bought a barn and some land by the singel just outside the dyke-

gate of the city.479 In a Bleau map of the city dated 1649 it appears that two washing basins are depicted 

at the same spot (see figure 5.4).  

 

 
476 Notably removing shell particles that can lead to problems for potters due to ‘lime popping’. See Chapter 7 
for details. 
477 Willem Jansz. Oliviers of the De Swaen factory claimed in 1627 that he had been testing local clays the year 
before (see the section on Delft clay in chapter 3). 
478 Gierveld 2002, 15. 
479 Ibid. Gierveld suggests that the barn was to store the imported ‘English clay’ although it could also be used 
to store local clay. 

Figure 5.4: Map of Gouda (Blaeu 1649) showing the Hollandse Ijssel river below and 

what appears to be washing basins on the side of the city singel. 

Universiteitsbibliotheek Utrecht, kaart: *VIII*.B.k.42 (Dk39-2). 



 
 

 

83 
 
 

 

Gierveld comments that Gouda tile fragments dating from the 1630s have a homogenous ceramic 

body, suggesting wet mixing.480 The first mention of ‘washed’ clay that has been found is dated 1648 

in the inventory of a Rotterdam potter Jan Pieterszn Velckenhoff.481 Le Francq van Berkhey mentions 

that two Harlingen tin glaze potteries were using an aardewasserij not much later in 1649 and 1656.482 

A painting entitled ‘Port of Delft’ by Daniël Vosmaer (1622-1669), painted between 1658 and 1660, is 

believed to depict an aardewasserij by the canal below the city wall at Oosteinde in Delft (figure 5.5). 

The white heap seen on the left could be imported marl, although other sources have suggested that 

the picture depicts wool washers.483  

The use of the clay-washing technique in Delft was described in detail by Berkhey in 1771484 and again 

24 years later by Gerrit Paape.485 Paape wrote that, after assessing the quality of the clays, the clay 

washer measured out the (dry) clay and marl ‘by the wheelbarrow’ (kruiwagen), after which the clays 

were tipped into a large box (item 2 in figure 5.6). The box was then filled with water using a bucket 

on the end of a pole (B in figure 5.6). The clay and marl were left until they had broken down into liquid 

clay slip. A spade (C in figure 5.6) was used to mix the clays and break up any hard lumps. Using the 

same bucket, the liquid clay was then transferred into the copper sieve. Under the sieve was a second 

wooden box that was connected to one of three large, sunken basins behind (3 in figure 5.6). These 

large basins were lined with planks of wood and had a layer of sand at the bottom to enable the 

removal of the clay when it dried. Any coarse material collected in the sieve was discarded. After the 

 
480 Gierveld 2002. See footnote 44, 83. 
481 Hoynck van Papendrecht 1920, 374. 
482 Gierveld 2005, note 10, 84. 
483 Kersten 1996, 101. 
484 le Francq van Berkhey 1771, 294-5. 
485 Paape 1794, 5. 

Figure 5.5: Port of Delft (de haven van Delft), painted by Daniël Vosmaer (1622-1669) between 1658 and 

1660 possibly depicting an ‘aardewasserij' next to the Rouaan factory (Museo de Arte de Ponce, Puerto 

Rico inv.nr. 590088). 
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clay had settled, excess water was drawn off and, once the clay had stiffened, it was cut into blocks 

with a knife (D in figure 5.6). Such clay blocks can be seen in the back-left basin in figure 5.6. The blocks 

were placed on their side to enable drying and the removal of the layer of sand and stones from the 

base, before being transported to the factory to be stored. The technique of clay washing was still used 

by the Tichelaar Factory in Makkum until the late 20th century (see figure 5.7). The 1765 engraving in 

Diderot and d'Alembert’s Encyclopédie shows a very similar system of clay washing in France, albeit at 

a larger scale (figures 5.8 and 5.9). 

 

 

 

1

3

2

Figure 5.6: Engraving in Paape 

showing an aardewasserij in 

Delft and the equipment used. 

Plaat 1. Paape 1794, 63. 

 

Figure 5.7: Cut clay being transported after 

‘washing’. Makkum 1960, Photo: P.J. 

Tichelaar 2001, 28. 
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Figure 5.9: The technique of clay mixing for the faience industry in 18th century France. 

Diderot and d'Alembert 1765, 26. Plate I. 

Figure 5.8: The basin and tools used for 

clay mixing and levigation in France. 

Diderot and d'Alembert 1765. Plate 126. 

The following tools are shown: 

78/79: spade for the clay  
80: oar for striing the clay 
81: ‘barillon’ small barrel on a handle for 
transporting watery clay to the sieve 
82: sieve with handles 
83: finer sieve 
84: bucket for transporting watery clay 
85: tub for mixing the clay 
86: tub for mixing the clay 
87/88: palette for lifting clay from the 
basin 
89: biscuit-fired plate filled with drying 
clay  
90: stick for spreading out the clay 
91/92: rakes for spreading out the clay in 

the basins 

93: clay mixing basin 
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Figure 5.11: 1712 map 

showing the presence of 

‘tuynen’ (gardens) and 

‘aerdewasseryen’ on the 

Delft Schie canal as marked 

in a map of ‘Delfland’ by 

Nicolaas Cruquius 1712 (ED, 

coll. Arcive, bobl.nr.68 E 19).  

Figure 5.10: 1778 document 

depicting the land belonging to 

Frans D’Hooge between the 

Rotterdamse weg and the Schie 

which shows the ‘aardewasserij’ 

belonging to Hendrik van Hoorn 

on the Schie (ED, Archive 

Porceleyne Fles, nr. 147. 

Figure 5.12: Detail from an engraving showing 

clay preparation by treading, or ‘fouler aux piés-

nue’. Diderot and d'Alembert 1765: 27.  
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The clay-washing establishments or aardewasseryen were situated on the banks of canals or rivers, 

which would have provided a ready source of water as well as a means of transport for the raw and 

processed clays. By the 18th century many clay-washers were situated on the Schie canals486, which 

would have given good access to factories in Rotterdam, Delft and Delfthaven.487 This was also 

mentioned by Paape488 and is supported by archival documents, including legal documents and maps 

dating from 1712 (see figures 5.10 and 5.11). Information in the inventories of Rotterdam tile factories 

show that many potters owned their own clay-washing establishments that were situated on the 

Stadssingel489, including Boudewijn de Meijer (1661) and Jan Aelmis (1787). In 1659, Tieman Aldertszn 

van Amerongen was recorded as having two such establishments on the Rotterdamse 

Scheepsmakershaven.490 The first mention of Rotterdam potters owning clay-washing facilities on the 

Schie was in the inventory of the Rotterdam potter Jochem Franszn Oudaen. dated 1675.491 This 

probably referred to the Rotterdamse Schie. Although larger factories had their own clay-washing 

facilities, smaller factories rented them or used independent traders who processed clay for different 

factories. Petrus Sijbeda appears to have owned his own facility in Harlingen492 while Frans Tjallingii 

used the services of independent traders. He mentions ‘disastrous firings’ being due to the ‘scandalous 

treatment’ he suffered from clay washers who, ‘out of laziness, or other reasons’, used too little 

Doornik marl in the clay mix.493  

 

The purity of the water used for washing the clay would have been of importance. Tjallingii mentions 

how during one summer a shortage of water led the clay washers to use brackish ditch-water in place 

of clean canal water, which resulted in the cracking of tiles494 (presumably as a result of the high salt 

content). Some years later the same problem occurred after a sea flood resulted in saltwater getting 

into the canals and ditches in Harlingen.495 Tjallingii commented how the clay that had mixed with the 

flood water was only usable after having been left outside all winter as it was then cleaned by the 

rain.496  

 

5.2.2 Preparing the clay for use 

The prepared clay was stored inside brick chambers or buildings to make sure it did not dry out. 

According to Paape, the clay was stored in bricked pits and was occasionally sprinkled with water. 

Before being used, the clay had to be worked (kneaded) to remove any trapped air and lumps. This 

was most commonly done by a clay treader or aardetrapper who worked the clay by treading on it. 

 
486 Wagenaar wrote in in 1741 that there were 17 clay washers on the Rotterdamse Vaart or Schie. Wagenaar 
1742, 475. 
487 There are three Schie waterways, The Delftse-, Delftshaven-, Rotterdamse- and Schiedamse-Schie which all 
link to each other. 
488 Paape 1794, 6. 
489 Hoynck van Papendrecht 1920, 389. 
490 Ibid., 243 
491 Ibid., 15: 218. 
492 Sijbeda 1712-1720: 26.  
493 Feijtema-Tjallingii. 1960: 3, 5, 13, 18. 
494 Ibid., 5, 12. 
495 Ibid., 11. 
496 Ibid., 17. 
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After first sprinkling sand497 on a wooden floor498, the clay treader placed a pile of clay on the sand 

before working it by walking on the clay with his bare feet, moving in concentric circles from the centre. 

This is depicted in Diderot and d’Alembert‘s Encyclopédie as shown in figure 5.12. Sijbeda mentions 

using a clay treader in 1712.499 

 

Although references to the use of clay treaders in Dutch factories are still found in the 18th century, 

there is evidence that livestock were used to work the clay from the early 17th century. The 1627 

inventory of the Rotterdam potter van den Heuvel from the factory Den Bergh Sion mentions the sale 

of ‘an ox that treads the clay’.500 In 1643, a certain Krijn Jacobszn van der Meulen worked in the tile 

factory owned by Oudaen ‘milling paint and treading clay’.501 His name appears again in 1648 when his 

widow says that he ‘had always worked in the aforementioned tile factory milling colours and treading 

clay with the horse and ox’.502 In 1635, the patent for a clay mill or rosmolen was obtained by the 

Friesian potter Sikke Tjeerds.503 The use of livestock to work the clay in a mill can be seen in the 

Bolsward tile picture which depicts the tin glaze factory in Bolsward, Friesland (see figure 5.13a). The 

picture is dated 1737 but is believed to have been made between 1745 and 1765.504  

 

5.3 Making the clay tiles 

An important source that clearly depicts the process of historical tile making is the ‘tile-makers attic’ 

in the Bolsward tile picture (see figure 5.13). On the far right of the attic the prepared clay can be seen 

piled on the floor. The tile maker or steenmaker is seen throwing sand505 on the table onto which he 

will place the oblong506 frame made of wood or iron507 seen in his right hand (figure 5.13b). Clay slabs, 

cut roughly to the shape of the frame, would then be placed into the frame and rolled flat using a 

rolling pin (seen on the right in a tub of water), after which the tile was removed from the frame. The 

tiles were then left to dry flat on shelves until they were dry enough to not stick to each other, at which 

point they were checked for shrinkage cracks and placed in stacks of 30, known as opkappen, until 

leather hard.508 (figure 5.13c).  

 

 
497 To make sure that the clay did not stick and could be lifted from the ground. 
498 A 1648 potters inventory mentions ‘a new floor on which the clay is treaded’ (‘nieuwe treedvloer van desen 
om de aerde op te treden’). Hoynck van Papendrecht 1920, 11. 
499 Sijbeda 1712-1720, 63. 
500 ‘En os die de aerde treed’. Hoynck van Papendrecht, 343. 
501 My translation. Original tekst: ‘knecht in het tegelbakkerij werkzaam bij het verfmalen en aerdetreden’, 
Hoynck van Papendrecht 1920, 220. 
502 My translation. Original text: ‘altijd in de voorsz. tegelbakkerij heeft gewerkt in het verfmalen en 
aerdetreden derhalve met het paert en os (door welcx sulx de verf gemalen en de aerde getreen weerd)’. 
Hoynck van Papendrecht 1920, 220. 
503 Ottema 1920, 45. 
504 These dates are suggested by P.J. Tichelaar. 2001,14. The history of the Bolsward tableau is extensively 
discribed by P.J. Tichelaar 2001, 13. 
505 This was done to prevent the clay sticking to the tabletop. 
506 During the drying process, the clay would have shrunk in the direction it has been stretched by rolling, hence 
the oblong frame shape which took this shrinkage into account. 
507 Tichelaar 2001, 35. 
508 Ibid., 35. 
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Figure 5.13: Tile picture consisting of 154 tiles made somewhere between1745 and 1765. It depicts tin-glaze 

production in Bolsward, Friesland. On the top floor is the ‘Tilemaker Attic’. Rijksmuseum BK-NM-5853. 
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Figure 5.13b (right): In the attic the prepared 

clay can be seen piled up on the ground. The 

tile maker throws sand on the table onto 

which he will place the oblong frame made 

of wood or iron seen in his right hand. Clay 

slabs, cut roughly to the shape of the frame, 

will be placed into the frame and rolled flat 

using the rolling pin seen on the right in a 

tub of water, after which the tile would be 

removed from the frame. 

 

Figure 5.13c (left): The freshly-made 

tiles are placed on open shelves to dry 

until they are half dry, also known as 

‘leather-hard’. They are checked for 

shrinkage cracks or damage and 

placed in stacks of 30, known as 

‘opkappen’. 

Figure 5.13d (right): It appears that 

the figure at the back is cutting the 

half-dry tiles to the correct size before 

stacking them. The figure in front may 

be checking the size of the tiles in a 

metal frame. 

Figure 5.13a (left): On the ground floor 

the materials are prepared. The figure 

on the right is working the clay to 

make it more homogeneous using a 

horse-drawn mill. 
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Jan Pieter Tichelaar describes how in Makkum tiles were flattened with metal rollers from the 

beginning of the 18th century.509 The drying process continued until the tiles were ‘leather-hard’ and 

could be cut to the exact format. This was done by holding a wooden cutting block measuring ca. 13 x 

13 cm onto the tile slab and cutting each side by pressing down a flat metal cutter at a slight angle the 

whole length of one side510 (figure 5.14a). Nails protruded from the corners under the wooden block 

to hold the block in place during cutting. Depending on how many nails were on the block, the nails 

left pinholes in two, three or four corners of the tiles. These corner pinholes are a common feature of 

historic Dutch tiles (see figure 5.14b). A 1650 list of tile-makers’ tools that had been ordered from 

Pieter Dullaert’s shop in Rotterdam mentions six ‘iron forms’ and two ‘cutting racks,’511 which may 

refer to such iron frames and wooden cutting-blocks. The figure on the left in the tile attic in the 

Bolsward picture (figure 5.13c) appears to be cutting tiles, although the painted image is unclear.. 

 

In the early period of tile production, the pinholes were positioned away from the corner towards the 

centre of the tile and were very visible. Over time the pins were positions further towards the corner 

of the blocks and by the 19th century the pinholes in the tiles were very small and positioned right on 

the very point of the corner, so that they were less visible. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After cutting, the tiles were checked for cracks or faults before being left to fully dry in piles next to 

the kiln, as seen in the Bolsward tile picture. The total drying time would have been approximately four 

to six weeks, depending on the time of year, as drying would take longer in the winter months.512 

Sijbeda mentions that that if tiles were left to dry next to the kiln for at least two firings, far less cracking 

would occur in the kiln.513 

 
509 Tichelaar 2001, 35. 
510 The sides of tiles were generally undercut at an angle to ensure that there would be a gap between the tiles 
at the back that would be filled with mortar when they were mounted on a wall. This would improve the bond 
to the wall.  
511 My translation. Original text: ‘zes ijzeren vormen’ and ‘twee snijborrekens’. Hoynck van Papendrecht 1920, 
381. 
512 Tichelaar 2001, 35. 
513 My translation. Original tekst: ‘Hiervan soo veel rouwe steen ... in voorraad te laten maken, dat se 
twee warmtens om de oven kan hebben als der gebakken worden alsoo dat seer profijtelijk is weinig 
gescheurde steen.’ Sijbeda 1712-1720, 63. 

Figures 5.14a (left) and 5.14b (right). a: cutting block with nail for holding it in position before 

cutting with the metal cutter (image J. Pluis). b: The nails in the wooden block left a ‘pinhole’ in 

the corner of the tile, a common feature of Dutch tiles (photo author). 
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5.5 The tin glaze 

The raw materials used to make historic Dutch tin glazes are described in detail in chapter 4. 

 

Historical Dutch tin glaze (‘wit’) was prepared in three stages from two main compounds – tinas and 

masticot:  

• Tinas: calcined tin and lead.  

• Masticot: a glass frit that was the basis of the glaze; made by fusing sand with glass-formers 

(fluxes) to produce a glass that was then ground. 

• ‘Wit’: the final tin glaze frit; made by mixing and fusing the tinas and the masticot in the kiln 

before grinding to produce the final tin glaze powder, which was mixed with water and later 

applied on the biscuit-fired tiles and objects. 

 

5.5.1 Tinas: calcined lead and tin 

The lead and tin components of the glaze were calcined together in a separate ‘tinas’ kiln, which was 

a type of reverberatory furnace. The use of this technique for the production of glaze was first 

described in Persia in 1301 by Abu’l Qasim Kashani in his treatise514 on the production of tin-glazed 

fritware.515 Piccolpasso, Diderot and d’Alembert, and Paape all provide descriptions of the structure of 

these furnaces and describe how they were used.516 The furnaces had an open front and a firebox on 

the side as shown in figures 5.15 to 5.17. Those depicted in Diderot and d’Alembert and Paape have a 

chimney, but the Piccolpasso furnace does not. Caiger-Smith calculated the combustion chamber 

under Piccolpasso’s furnace would have been approximately 1 metre wide, 1.5 metres long and 0.5 

metres high.517 Piccolpasso stated that the calcination chamber above the combustion chamber was 

built from calcareous rock (tufa stone) or brick.518 The main chamber was calculated to be 1.5 x 1.8 

metres with a height of 1.8 metres. To provide some protection from the heat and fly-ash519 from the 

fire, the walls and arches of the firebox were coated with coarse sandy earth called sciabione.520 Paape 

does not provide any details on the materials used to build the furnace. Both Piccolpasso and Paape 

describe the presence of a trough in the centre of the chamber that sloped upwards towards the back. 

This can be seen in the interior of Piccolpasso’s furnace (figure 5.15). 

 

The calcination furnaces were wood fired and, according to Piccolpasso, the main chamber was first 

brought up to temperature so that when the lead and tin metal blocks were placed inside, the tin 

 

 
514 Allan 1973, 113.  
515 Fritware, also known as stone-paste, is a type of pottery in which ground glass or ground quartz was added 
to clay to produce a lighter coloured ceramic. 
516 Piccolpasso 1980, 70; Diderot and d’Alembert 1760, 5 (the calcination furnace is referred to as a fournette); 
Paape 1794, 53-55. 
517 Caiger-Smith in Piccolpasso 1980, 57. 
518 Ibid., 70. 
519 Fly-ash is the ash that is left by the combustion of wood that primarily contains calcium (oxide and/or 
carbonate) and potash. 
520 According to Piccolpasso, this clay was also used for casting bells. Caiger-Smith believed this to be a kind of 
coarse refractory clay. Piccolpasso 1980, 58. 
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would immediately begin to melt.521 Paape describes how the tin and lead components in the form of 

blocks called broden were measured out by weight and placed together in the recess in the middle of 

the main chamber using a pair of long tongs.522 Once the metal had melted, the calcination process 

would begin and the white or yellow powder or tinäsche would form on the surface of the molten 

metal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
521 Pure tin melts at 232˚C and lead around 327˚C. Hamer and Hamer 1975, 366, 209. 
522 Paape 1794, 4. 

Figure 5.17: ‘Tinas oven’ with accompanying tools 

including the ‘mondijzer’ (open spade; S), the ‘loet’ 

(rake; T) and the ‘trektang’ (pulling tongs; U). 

Paape 1794. Plate V, engraver: C. Bendorp. 

 

 

 

 

 

Figure 5.16: Refractory furnace or 

‘fournette’, cross-section, floor plan and 

tools, in Diderot and L’Alembert 1765,  

Plate X. 

 

 

 

 

 

Figure 5.15a (left) and 5.15b (right): The tin oven (a) and the calcination process (b) showing 

the raking of the ash in Castel Durante, Italy ca.1558. Image: Piccolpasso 1980, 61. 
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Piccolpasso describes the calcination process as follows 

Let us come on now to calcination. Kindle a fire of dry wood and let it get so hot that the tin, 
when put into it, melts directly. Once melted, leave it in this state until such time as a skin is 
seen to form upon it, and then the skin to lift itself up somewhat and to crust over, and when 
the melted tin is quite covered over with those crusts, then and there it is pushed with that 
curved iron plate against the wall at the rear side. But ere I proceed further I would mix you 
the lead and the tin, for the tin never goes alone into the furnace. Do as follows, therefore, 
take: (A) Tin/ Lead = 1 lb/4 lb; (B) Tin/Lead = 1 lb/6 lb; (C) Tin/Lead = 1 lb/7 lb. […] Having 
made one of these combinations, put it in the furnace and follow the manner that has been 
explained to calcine it, keeping the fire always at an even heat, for if you were to increase it 
the whole would return again to a melted state. […] This mixture of lead and tin is kept long 
enough in the fire for it to crust and for the crust to be constantly pressed with the iron on 
the wall, so that it all turns to ashes, and then when the ash becomes white or somewhat 
yellowish, it is collected into a copper cauldron which is quite clean and dry. To make the tin 
crust sooner, many are accustomed to throw some bits of sulphur into the furnace, which 
does not displease me!523  

 

The tin and lead oxide powder that forms on calcination is also known as ‘calx’. The colour of calx varies 

depending on the percentage of lead and the firing temperature, ranging from white when the lead 

content is negligible to a deep yellow524 when it is high.525 Piccolpasso comments that a red substance 

is also formed at higher temperatures which he refers to as ‘burnt lead’.526 For a more detailed 

description of the composition of the calx produced see chapter 7.  

 

5.5.2 Masticot and Wit: Glass and glaze frits  

Masticot was a glass frit made from a mixture of sand (quartz) and the extract of burnt plant material 

that contained alkali glass-formers or ‘fluxes’,527 primarily consisting of sodium and/or potassium 

carbonate,528 that reduced the temperature at which the sand (silica) melted. The sand and plant 

extracts were mixed together and melted in the kiln to form a glass that formed the basis of the glaze. 

This glass was ground and mixed with the tinas before being again melted in the kiln to produce the 

glaze frit or wit. Paape explains how, in order to make the masticot, the sand and plant ash extracts 

were mixed with water to a dough-like consistency529 before being placed on a bed of ‘ordinary’ sand530 

that is placed at the back ‘under the kiln’531 which would place it in the combustion chamber. This is 

confirmed when he later says that the fire master had to be careful not to throw wood onto the melting 

mixtures and spoil them.532 If the glaze mixtures were placed in the combustion chamber, positioning 

 
523 Translation by Lightbrown in Piccolpasso 1980, 59,60. 
524 The colour does not affect the formation of a white opaque glaze if there is sufficient flux in the glaze. This is 
discussed further in chapter 8. 
525 Matin et al. 2018, 3. See chapter 8 on glaze reconstructions for details of the process. 
526 This was probably red lead (Pb3O4). Piccolpasso 1980, 60. 
527 Fluxes react with silica so that the melting temperature is reduced. See chapter 8. 
528 For details of the composition see chapter 8. 
529 Paape 1794, 56. 
530 Ibid., 58. The sand would prevent glaze or masticot melting onto the bottom of the kiln, making it easy to 
remove. Sand without the addition of alkali fluxes has a melting temperature far higher than that reached by 
the kiln, so would not fuse to the glaze. 
531 My translation. Original text: ‘onder den oven'. Paape 1794, 56. 
532 Paape 1794, 7. 
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the glaze at the back of the kiln would have reduced the chance of wood falling onto the valuable glaze 

because the wood was added at the front.  

 

According to Sijbeda, the masticot was placed at the ‘back of the kiln’ at the third or middle arch or 

boog533on a bed of sand and with a wall of sand between the glaze and masticot batches.534 The dams 

prevented the glaze flowing into the kiln on melting.535 Paape provides a slightly different description 

of how the glaze was melted, writing that the masticot mixture was formed into two ‘walls’ about 30 

cm high (one voet) which were placed against back of the chamber in the form of a ‘wide door frame’. 

These walls formed dams within which the ground glaze frit was piled.  

 

Sijbeda gives similar instructions in his recipes about placing the masticot and wit ingredients ‘under 

the kiln, although it is not clear if he is referring to the combustion chamber or the floor of the main 

firing chamber (see the glaze recipes in Appendix III). Sijbeda warns that if too much glaze or masticot 

is placed in the kiln for melting it can affect the distribution of heat and the extraction of smoke, 

resulting in discoloration of the glaze on the tiles.536 This suggests that the mixtures were being melted 

above the fire. Tin glaze is vulnerable to a reducing atmosphere in the kiln (prolonged lack of oxygen) 

which can be the result of a fast rise in temperature or over-firing. Both Feijtema and Tjallingii 

complained537 that glaze that had been melted ‘under the kiln’ came out black.538 Melting the glaze in 

or under the kiln could have affected the composition of the final glaze as some of the glaze 

components would vaporise and would either react with the kiln bricks or be lost up the chimney.539 

The 1849 van Traa kiln books suggest that the glaze mix was sometimes melted in the combustion 

chamber and sometimes on the floor of the main chamber.540  

 

The melting of the masticot and wit on a bed of sand on the bottom of the kiln has been supported by 

archaeological finds. The remains of what appears to be masticot melted onto sand were found at the 

bottom of an early 17th century maiolica kiln excavated in Deventer in 1976.541 Similarly, during the 

excavation of the Raadhuis terrain in Rotterdam in 1914, lumps of tin glaze melted onto sand were 

found together with a large quantity of maiolica kiln waste.542 In 16th century Italy the glass frit 

(marzacotto) was melted in crucibles. Clay pots were filled with sand and wine lees543 and placed at 

the back of the kiln. The use of crucibles would have made the extraction and milling of the marzacotto 

and glaze time-consuming as the pots would have to be broken off before the glassy material could be 

 
533 See section on kilns. Sijbeda 1712-1720, 78.  
534 Ibid., 71. 
535 Kamermans 2009, 213; Feijtema-Tjallingii. 1960, 11;  
536 Sijbeda 1712-1720: 78 
537 ‘dus natuurlijk niet genoegzaam tegens ’t vuur bestand was te meer daar 't bij 't sterke stooken binnen 24 
Uur 't onder de oven gebakken Wit Pik zwart was’ p 11; ‘het wit onder de oven bleef steeds zwart’. Feijtema-
Tjallingii. 1960, 27. 
538 In a reduced kiln atmosphere oxygen is drawn out of the glaze and the lead converts to the metal form 
(PbO = Pb + O2). Tite et al. 1998, 254. 
539 Tichelaar 2005, 79. 
540 Kamermans 2009, 213. Van Traa refers to the masticot ‘walls’ that contained the glaze as houses or ‘huisjes’. 
541 Bruyn 1985, 435. 
542 Hoynck van Papendrecht 1929, 5. 
543 Potassium tartrate. 
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ground.544 After the firing, the molten masticot and wit were removed from the kiln,545 separated from 

each other and ground.546 According to Tichelaar, in Makkum a factory worker had to climb into the 

kiln to break up the glaze and/or masticot in order to pass it out of the kiln door.547 

 

The mixing, melting and grinding of raw materials to make glass and glaze is known as ‘fritting’. The 

fritting of the masticot before mixing with the tinas was necessary as the soda and potash-rich plant 

extracts they contained would be soluble in water. Fritting also resulted in a more homogeneous 

material. Also, applying a ‘raw’ glaze would result in an unreliable glaze suspension and lead to an 

inhomogeneous glaze.548 The second fritting of the tinas and masticot mixture to make the final glaze 

ensured that the SnO2 crystals were homogenously distributed in the glass matrix.549 When 

reconstructing Isnik tin glazes, Paynter found that when there was a high alkali content, the tin oxide 

particles had a tendency to settle out along the interface between the glaze and the ceramic, 

effectively forming a tin oxide slip under a transparent glaze, something that could be avoided by pre-

fritting the tin oxide with the other glaze components.550 

 

5.5.3 Kwaart, quaert, quaart 

Tin glaze has a tendency to be matte due to the presence of crystalline inclusions and its high viscosity. 

This was sometimes traditionally solved by applying an extra layer of lead glaze over the decorated tin-

glazed wares to improve the final gloss. This extra glaze was known as kwaart or quaert.551 Piccolpasso, 

Sijbeda and Paape all describe recipes for this covering glaze.552 Kwaart was made from masticot, 

calcined lead, potash and salt, which were mixed, melted and ground in the same way as the glaze.553 

Apart from the complication of application (it was applied on top of the dry and powdery tin glaze), 

the application of an extra glaze layer inevitably increased the cost of production. Although it was often 

applied to quality wares where it would be worth the extra cost, its use as a secondary glaze on tiles 

diminished after the mid-17th century554 after which it was primarily used on slip-decorated tiles, such 

as the ‘flamed’ or ‘tortoiseshell’ tiles that were produced in large numbers in the late 18th and early 

19th centuries.555 Sijbeda mentions adding small amounts of kwaart or quaart to the glaze slurry in 

order to improve the gloss of the glaze.556 In figure 5.18 the potter has written on the back of the tile 

that it is decorated with glaze without the extra glaze layer (‘wit sonder qaert’). The glaze test in figure 

 
544 Piccolpasso 1980, 68.  
545 Diderot and d’Alembert mention dusting the sand from the bottom of the glaze block before milling. Diderot 
and d’Alembert 1760, 5. 
546 Testing by the author with smaller amounts of masticot and glaze has proved this to be possible. The 
masticot is less fluid than the glaze on melting and keeps its form as a ‘wall’. After firing, the melted glaze has a 
much more compact consistency than the masticot and they are easily separated from each other. 
547 Tichelaar 2001, 60. 
548 Tite et al. 1998, 253. 
549 Molera 1999, 2874. 
550 Paynter et al., 433. 
551 ‘Coperta’ in Italian, 
552 See Appendix III.  
553 Tichelaar 2001, 60. 
554 A number of the tiles in the analysed tile set were found to have a kwaart. See HH3 and HH5 in Appendix IX. 
555 In Dutch known as schildpad and geflamd decoration. References to the used of kwaart on these tiles are 
given in: Sijbeda 1712-1720: 78, Kamermans 2005, 215. 
556 He states that while extra potash can be added, adding kwaart is better. Sijbeda 1712-1720, 76, 79. 
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5.19 has the extra glaze layer which has made de decoration run. A lower quality lead glaze was 

‘binnenverf’557 (literally ‘inside paint’) that was made from sand and calcined lead and only fritted once. 

This was used to glaze the outside of maiolica wares that only had tin glaze applied to the front in order 

to save costs. It was also used to coat the inside of the saggars in which tin-glazed vessels were fired.558 

Sijbeda mentions that this cheaper lead glaze was occasionally applied to tiles before applying the tin 

glaze in order to improve the final gloss.559 Both types of lead glaze were melted and ground in the 

same way as the tin glaze. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.5.4 Milling  

The grinding of the glass and glaze frits was mechanized from an early date. Drawings by Piccolpasso 

show how the marzacotto was broken up and ground in different mills that used man-, mule- or 

waterpower (see figures 5.20 and 5.21). In 1627, an inventory of the Rotterdam potter Van den Heuvel 

of the factory Den Bergh Sion in Rotterdam mentions the sale of ‘a mill and horse’.560 Such a mill is 

shown in the Bolsward tile picture on the ground floor of the factory (figure 5.22). At the back, a worker 

is seen breaking up the glassy blocks of glass or glaze frit in a pounding machine or breker where heavy 

iron poles break the blocks into pieces that would have fallen through a grid below to be taken to the 

horse-drawn tub-mill (kuipmolen), shown on the left, where it would be further ground between two 

stones.561 The different tubs in the mill were used separately for the glaze and colours to avoid 

 
557 Binnenverf was used to glaze the backs of maiolica wares as well as the interior of the kiln and the saggars. 
558 This is believed to have been done to prevent components that vapourised from the glaze on the objects in 
the saggers being lost due to a reaction with the inside of the unglazed sagger.  
559 Sijbeda 1712-1720, 64. 
560 ‘de molen met het paert’. Hoynck van Papendrecht 1920, 344. 
561 In practice it is unlikely that all the machines would have been used at the same time as shown on the 
Bolsward picture. Tichelaar 2001, 62. 

Figure 5.18: Harlingen tile dated 1635-1640. 

On the back is written ‘(tin) glaze without 

(extra) lead glaze’ (translation author). Photo: 

Jan Pluis. In Pluis 2013, 120. 

Figure 5.19: Gouda test tile dated ca. 1627. An 

extra lead glaze or ‘kwaart’ layer was applied to 

the right side which has caused the decoration 

to run. Collection van Leeuwen. 
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contamination. Windmills were also commonly used to grind glaze. The windmill at the Delft Paauw 

factory was known as the ‘white’ mill (witmolen).562 

 

After milling, the glaze was mixed with water and, according to some sources, then passed though 

gauze.563 There is little information on how finely the glaze would have been milled. In Diderot and 

d'Alembert’s Encyclopédie it states that you should drop some of the ground glaze on your left 

thumbnail and rub it with your right thumb. If you feel no roughness, then it is sufficiently ground.564 

Insufficiently milling would have led to incomplete fusing of the glaze. On the other hand, if a glaze is 

too finely milled it can result in the contraction on the ceramic surface or ‘crawling’ of the glaze on the 

surface.565 No historical references have been found on the proportions of water that would have been 

used to make the glaze suspension. According to Pieter-Jan Tichelaar the glaze powder would have 

been mixed with water in volume proportions of approximately 1:1.566 Any alkali or salts in the added 

water used would influence the characteristics of the final glaze.567  

 

 
562 https://www.aronson.com/windmills/ last accessed 15 May 2019. 
563 Tichelaar 2001, 62. 
564 Diderot and d'Alembert 1765, 1. 
565 See Appendix X 
566 Tichelaar 2001, 39. 
567 Modern ceramists suggest that tin glaze should be sieved thorough 100-120 mesh (149-125 microns). Green 
1978, 15; Rhodes 1973, 223. 

Figure 5.20: Drawing depicting the breaking-up and 

sieving of the ‘marzacotto’ (ca. 1558). Piccolpasso 

1980, 77. 

Figure 5.21: Drawing depicting a glaze mill 

driven with a mule (ca, 1558). Piccolpasso 

1980, 74. 

Figure 5.22: Detail of the Bolsward tile picture 

showing the breaking up of the solid glaze or 

‘masticot’ with a ‘breker’ (back right) and the 

milling of the glaze in a ‘kuipmolen’ driven by 

horsepower. 

https://www.aronson.com/windmills/
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5.5.5 Preparation and application of the glaze 

Tin glaze is always applied to pre-fired or ‘biscuit’ fired tiles. There are a number of reasons for this. 

Unfired clay will partially disintegrate when a glaze emulsion is applied and can expand or contract as 

a result of wetting and drying leading to deformation. A further advantage of using a fired ceramic 

body is that any volatile material in the clay will already have been emitted during the first firing. This 

is particularly important when calcareous clay is used because high volumes of carbon dioxide are 

released, which risks either disturbing the glaze or being trapped as bubbles in the glaze matrix.568 Both 

Piccolpasso and Paape mention the importance of dusting the objects before applying the glaze.569 

Dust on a biscuit surface can prevent the glaze from sticking to the ceramic and result in ‘crawling’ of 

the glaze.570  

 

Glaze is generally applied by dipping objects into a pot of glaze suspension or pouring the glaze over 

the object. Tiles are traditionally glazed by swiftly dipping one side of the tile into a bowl of the glaze 

suspension or, more commonly, by pouring or tossing the glaze over one surface. In the 20th century 

in Makkum, biscuit-fired tiles were dipped in water shortly before the application of the glaze in order 

to temporarily reduce the porosity of the ceramic and enable more control of the glaze thickness:571 

however, it is not known if this technique was used in earlier periods. As a glaze mix is a suspension, it 

has to be continually mixed to prevent the separation of the water from the glaze. In addition, the 

water absorbed during glazing has to be replenished to prevent the slurry thickening. The porosity of 

the biscuit and the speed of application both influence the thickness of the glaze. Piccolpasso states 

that the glaze should be as thick as ‘the skins used for making gloves.’572 After application, any excess 

glaze on the back or sides of tiles is scraped off before placing the glazed tile face-up to dry. 

 

5.6 The kiln 

Information about the kilns used for the firing of tin-glazed wares can been found in both archival and 

archaeological sources. Drawings and descriptions of kilns dating from the 16th to the 18th centuries 

are provided by Piccolpasso (ca. 1558), Diderot and D’Alembert (1756) and Paape (1794).573 The 

Bolsward tile picture provides an image of a working kiln. In addition, the remains of Dutch maiolica 

kilns and related kiln waste have been found at a number of archaeological excavations, although 

generally only the foundations of the kilns remain. An overview of relevant archaeological kiln finds is 

given in table 5.1.  

 

 
568 Tite et al. 1998, 254. Note number 7. 
569 Piccolpasso 1980, 97; Paape 1794, 18. 
570 See chapter 8. 
571 Tichelaar 2001, 41. 
572 Piccolpasso 1980, 98. 
573 Similar kilns are described by Dossie 1758 vol 2, 363; Bastenaire-Daudenart 1828, 81. 
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5.6.1 Kiln structure 

The kilns used for the firing of tin-glazed wares from the mid-16th to the 18th centuries were square 

or oblong-shaped updraft574 kilns composed of two main chambers: a combustion chamber or  

fireplace, which was partially below ground level to provide extra support, and the main chamber. 

Brick arches supported the ceiling of the combustion chamber, which was also the floor of the main 

firing chamber above. The heat entered the main chamber through holes in the floor. At the entrance 

to the combustion chamber there was a firebox where the fuel was inserted. The similarity between 

the basic construction of the kilns described by Piccolpasso, Paape and Diderot and d’Alembert and 

shown in the Bolsward tile picture is striking (see figures 5.13 and 5.23-5.25). 

 

Table 5.1: Dutch archaeological remains of tin glaze kilns dated 1550-1770. (Measurements given in metric 

metres (m) or centimetres (cm). 

 

There are clear differences in the kiln structures depicted in the different sources. While Piccolpasso’s 

kiln has nine ventilation shafts in the roof, the kiln depicted in Paape, Diderot and d’Alembert and the 

Bolsward panel all have a third section above the main chamber that houses a chimney. The base of 

this third floor, known as a kruin in Dutch, supports a funnel-shaped roof or klok through which the 

 
574 The term ‘updraft’ relates to the fact that the heat source in situated directly under the firing chamber so 
that heat and gasses are drawn up to the top of the kiln before passing out through a vent or chimney at the 
top. The use of updraft kilns dates back to the ancient Greeks and their basic structure remained largely 
unchanged until the introduction of the more efficient down-draft kiln in Europe the 19th century. Rhodes 
1981, 39-47. 

Date of 
kiln 

Excavation 
date 

Place/site Details of finds Publication 

ca. 1550 2005 Bergen op Zoom Foundations of three kilns  
Interior size of two kilns given:  
ca. 3.5 x 3 m 
ca. 2.5 x 1 m 

Vermunt 2007 

1624-
1637  

1976 Deventer  
Factory of Cornelis 
Jansz Dorpman (trained 
in Delft) 

Foundations of a kiln with 
bricks  
Interior size: ca. 2.8 x 1.75 m 
Estimated height: 2-2.5 m 

Bruijn 1985 

1614-
1700 

1987 Harlingen 
Factories of Gunter and 
Aerts on de Schritsen / 
Raamstraat 

The foundations of three kilns 
No measurements given 
 

Avest 1988 

1615-
1624 

2014 Hoorn 
Factory De vogel  
Koepoortsweg  
Spoorsingel 

Remains of kiln wall bricks and 
kiln waste were found but no 
kiln foundations. 

Schrickx 2016 

1678-
1770 

2005 Delft 
Plateelbakkerij Het Hart 
Gasthuislaan en 
de Kruisstraat  

Foundation of a kiln 
Kiln size not given 
Firing box 90 x 120 cm 

Wees 2011 
(Archaeological 
report to be 
published) 

http://www.wikidelft.nl/index.php?title=Gasthuislaan
http://www.wikidelft.nl/index.php?title=Kruisstraat
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chimney passes.575 Although a chimney was not strictly necessary for tin glaze firing, air would be 

drawn more efficiently through the kiln, enabling higher temperatures and a more efficient firing 

process.576 A chimney can also offer an extra form of temperature control.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
575 Paape 1794, 41. 
576 Tichelaar 2001, 48. 

Figure 5.25: Delft kiln - exterior, cross-section and 

floor plan. Paape 1794, Plate IV. 

Paape 1794, Plate IV. Engraver: C. Bendorp 

a b

Figure 5.23: The Durante kiln (ca. 1558).  a) the building of the combustion chamber; b) the 

completed kiln. Piccolpasso 1980 vol 2, 66-67. 

Figure 5.24: Faience kiln, cross-section and 

floor plan. Diderot and d’Alembert 1765, 

Plate XI. 
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A kiln chimney is not visible above the klok in the Bolsward tile picture. Having a chimney on a kiln 

became a municipal requirement from the early 17th century. Most factories were in urban areas and 

a chimney was necessary to expel the smoke and fumes above roof level.577  

 

The early kilns were not large. The interior of the kiln depicted in Piccolpasso has been calculated to 

be ca. 1.5 m wide, 1.8 m long and 2.6 m high (see figure 5.23). This is including the arched combustion 

chamber, which was about 1.2 m high, of which 0.5 m was below ground.578 The kiln described by 

Paape (figure 5.25) is calculated to be larger, having an interior floor size of ca. 2.5 m long, 1.5 m wide 

and 2.5 m high, similar to the foundation of the excavated Deventer kiln, which was 2.8 x 1.75 m579 

(see figure 5.26). Most kilns were built on foundations that extended 1-2 feet below ground level to 

provide stability.580 According to Tichelaar, the 19th century kilns in the Friesian factories of Makkum 

and Harlingen were similar in size. The average height of the firing chamber was 1.7 m and the floor 

5 x 3 m, making the total area of the firing chamber 23-28 m3.581  

 

The Dutch kilns depicted by Paape and in the Bolsward picture are shown to have outside buttresses 

that would have provided extra support to the kiln. Paape describes how the floor of the main chamber 

of the kiln was divided into three sections called bogen. These were the areas where objects could be 

stacked, lying between the openings in the floor through which the heat from the combustion chamber 

entered the kiln. Boog means arch or vault and, as can be seen in the image of the kiln in Paape (figure 

5.25), these sections relate to the areas above the specific arches that supported them. The front 

section was called the voorboog (front arch), the middle section the middenboog (middle arch) and 

the back section the achterboog (back arch).582 The kiln shown in Piccolpasso (figure 5.23) appears to 

have four stacking areas. The floor openings in the kiln depicted in Diderot et d’Alembert are spread 

evenly across the bottom of the kiln, with objects in protective saggers583 which are (rather illogically) 

placed over the air holes (figure 5.24). 

 

According to Sijbeda, the combustion chamber under the back section should be at least 2 ‘feet’ in 

height to ensure a good airflow.584 This would prevent smoke damage to the wares and enable the 

glaze on the bottom to melt correctly.585 The height of the combustion chamber was lower at the back 

in order to provide a more even heat distribution. Tjallingi regularly describes how he had to change 

the height of different bogen in an attempt to improve the draw of the fire.586 Although it is possible 

to build workable kilns using ordinary house bricks, this kind of ceramic would not support high 

temperatures for very many firings and the kilns would have needed regular maintenance.587 The bricks 

 
577 Tichelaar 2001, 48. 
578 Piccolpasso 1980, 65. 
579 Bruyn 1985, 41. 
580 Caiger-Smith 1973: 33. The foundations of the kiln excavated in Deventer went down 1.20m below the original 

floor level, Bruyn 1985: 32. 
581 Tichelaar 2005, 75. 
582 Paape 1794, 41. 
583 Saggers are lidded ceramic boxes in which glazed wares are fired in order to protect the glaze from smoke 
and provide a suitable microclimate. 
584 Sijbeda 1712-1720, 71. 
585 Ibid., 73; Caiger-Smith 1973: 217. 
586 Feijtema-Tjallingii 1960, 14, 27. 
587 Caiger-Smith 1973, 212. 
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for the combustion chamber and arches were made with refractory clays that could support higher 

temperatures and prolong the life of the kilns. Sijbeda gives a number of recipes for making bricks or 

boogstenen suitable for the arches in the combustion chamber. One recipe is a mixture of sand with 

clay from Witmond in East Friesland.588 Tichelaar writes that the same clay was used to make the kiln 

bricks in Makkum.589 Another recipe given by Sijbeda from Rotterdam uses clay from Cologne (Köln) in 

Germany.590 The clays from these areas are refractory ball clays that can support being (re)-heated to 

high temperatures. 

 

 

 

 

 

 

 

 

 

 

 

 

The bricks of the kiln excavated in Deventer were red in colour whereas those that had been used in 

Harlingen kilns were red and yellow. The yellow colour suggests that the clay was calcium-rich.591 The 

Deventer bricks were common house bricks known as ‘monastery’ bricks or kloostermoppen, which 

are particularly long (ca. 30 cm).592 There are no measurements given for the bricks in the Friesland or 

Delft excavations. The common house bricks used to build the main walls of the kiln would have been 

fired at between 900 and 1000˚C.593 The yellow, calcium-rich bricks or klinkers could have been fired 

 
588 This refers to Wittmund in east Fresia, Lower Saxony, (Germany) which may simply have been a trading port 
for German clay.  
589 Tichelaar 2004a, 85. 
590 Sijbeda 1712-1720, 30. 
591 Friesland has a local supply of calcium-rich clay, although ‘yellow’ bricks were commonly smaller sized bricks 
made from the calcium-rich clay from the Hollandse Ijssel river near Gouda and known as ‘klinkers’ or 
‘ijsselsteenen’. The Dutch word ‘klink’ means ‘ring’ which refers to the sound the partially vitrified bricks made 
when tapped together. ‘Klinkers’ were more durable than ordinary bricks and generally used for paving 
outside. For more information on brick production see: Orsel 2006, Smith 2001, Janssen 1993, Hostelle 1961 
592 From the Medieval period to the 16th century brick production was in the hands of monasteries. 
593 Stenvert 2012, 34. 

Figure 5.26 (left): Reconstruction of the 

Deventer kiln ca. 1637. Front, cross-sections in 

length and width and area of the interior. 

Outlined is the area excavated. Bruyn 1985, 32. 

Figure 5.27: (below): Remains from an inner kiln 

wall Hoorn 1615-1624 in Schrickx 2016, 74. 
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at rather higher temperatures between 1050˚C and 1100˚C, making them more durable and relatively 

more fireproof.594 

It appears that attempts were made to protect the kiln bricks against the heat of the fire and/or the 

fly ash from the burnt wood, notably in the combustion chamber. As mentioned, the interior of 

Piccolpasso’s calcination refractory furnace was coated with a type of mortar or hot-face lining595 

known as sciabione.596 It does not appear that this was also used for the ceramic kiln. Interestingly, the 

combustion chamber of the kiln excavated in Deventer was found to have an outer and inner wall.597 

While the outer wall was built with ordinary bricks, the inner wall was made from what appears to be 

roof tiles measuring ca. 24 x 14 x 1.5 cm that were cemented together with loam, a silty clay. Roof tiles 

were made with a finer earthenware clay and fired at a higher temperature than bricks, making them 

more refractory. The interior of the interior side was found to be covered with a grey-green glassy 

material that archaeologists concluded was fused loam mortar. Similar ‘glazed’ tiles were found in the 

remains of 17th century kiln walls excavated in Hoorn (figure 5.27). In this case the archaeologists 

believed it to be lead glaze that had been deposited during firing.598 In both cases the ‘glazing’ of the 

kiln bricks could simply be the result of a reaction between the brick and the fly ash rather than an 

applied coating.599 

 

Archival evidence suggests that protective kiln coatings were produced and applied by Dutch potters. 

Sijbeda described a recipe for a coating which he calls smering that could be applied on the arches in 

the calcination oven. The coating was made from one-third ground klinker bricks600 (klinkert steen), 

one-third kiln bricks (boogsteen) and one-third binnenverf (a simple lead glaze).601 Sijbeda went on to 

say that the protection that this coating provided against the fire was so good that it should also be 

used on the bricks in the main kiln to protect the kiln from the heat (and presumably prolong its 

working life).602 Sijbeda writes that new brickwork should be brushed with two to three layers of the 

coating and then fired once for 24 hours. He suggests later that if new bricks were not coated, the 

glaze on the objects would be ‘dry’. Binnenverf was also applied to the inside of the lidded pottery 

saggars that contained and protected the decorated objects during firing.603 The emission of volatile 

material on heating is believed to result in an atmosphere rich in flux, which results in an improved 

gloss on the glaze.604 A jug containing a melted glassy mass was found at the site of the Deventer kiln 

that is believed to be binnenverf although its composition has not as yet been analysed.605 

 
594 Personal communication. Hans van Wijck. Stichting Technisch Centrum voor de Keramische Industrie 

(TCKI). September 15th 2019. 
595 Such mortars were also used by bellfounders to make moulds for casting bells. Piccolpasso 1980, 57. 
596 According to Caiger-Smith this refers to a refractory clay. Piccolpasso 1980, 58. 
597 The existence of a double wall is not evident from the drawings of descriptions of kilns.  
598 Schrickx 2016, 74. 
599 No analysis of the coating had been undertaken. 
600 Small high-fired bricks, usually with a high calcium oxide percentage. 
601 The recipe given for ‘binnerverf’ was 100 lb sand and 200 lb calcined lead (‘loodas’). Sijbeda 1712-1720: 98.  
It was made from the low quality, calcined lead, also known as ‘rodsing’, that remained after sieving out the 
calcined lead. Tichelaar 2001: 72. Another binnenverf recipe from Sibeda mentions the use of ‘rodsen van 
kwaart’ suggesting that it was a poor quality kwaart. Sijbeda 1712-1720, 98.  
602 Sijbeda 1712-1720, 69. 
603 Paape 1794, 36. 
604 Tichelaar 2001, 54. This would have been primarily sodium. 
605 Bruyn 1985, 49. 
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The larger kiln floor tiles and other kiln furniture such as the protective saggars606 were made of 

refractory clay. Paape mentions the use of clay ‘from the Thames’ in London607 as well as ‘black’ clay 

to make saggars or kiln tiles.608 As there is no evidence of trade in London river-clay, it probably refers 

to Dorset ball clay that was imported via London. The composition of the ‘black clay’ is unknown and 

is thought to refer to a clay with a high organic content (see chapter 3). It is presumed that the early 

updraft kilns built with ordinary house bricks would have had a limited working life and would probably 

have had to be rebuilt every few years, depending on their size and how many firings took place. 

According to Tichelaar, the last updraft kiln in Makkum was used for 228 years. With an average of 33 

firings per year, it would have been fired 7,500 times in total. However, he does say that there was 

regular maintenance on the interior and ‘occasionally’ on the outer wall.609 In his research into the 

oven books of the Traa factory in Rotterdam, Kamermans found evidence that the ‘refurbishment’ of 

the kiln amounted in practice to it being rebuilt.610 

 

Kilns were generally positioned in the centre of a factory, as shown in the Bolsward picture. Paape 

suggests that this was also the case with the kiln in Delft as he describes how a gap of 3 to 4 inches (3 

to 4 duimen) was left between the floor beams and the kiln walls to take account of the slight expansion 

of the kiln during firing.611 There is evidence that this was in fact an official building regulation in 

Delft.612 According to Tichelaar this was also the case in Makkum.613 The positioning of the kiln in the 

centre of the building had the advantage that the heat produced during firing could be used to heat 

the factory and dry both the clay tiles and objects before firing (as shown in the Bolsward picture 

(figure 5.13). Although the Bolsward picture only shows one kiln, many of the larger potteries had at 

least two. In the 1627 inventory of the Den Burgh Sion factory in Rotterdam, five kilns were valued: 

two large and one small, plus two calcination furnaces (a quaert oven and a tinoven).614 A fire 

inspection in Delft in 1668 documented that half of the 26 potteries had two kilns.615  

 

5.6.2 Stacking the kiln 

The stacking of the kiln had to be undertaken with great care by an experienced and specialist kiln- 

setter. How objects were placed in the kiln not only influenced their final quality, but also the firing 

process itself. It was important that the openings616 on the floor of the firing chamber were not blocked 

and the objects were correctly placed to ensure that the heat was well distributed and could reach all 

areas of the kiln. In Durante the biscuit and glazed wares were fired separately whereas the Dutch 

factories fired the unfired clay wares and the glazed objects together for economic reasons. Paape 

 
606 Saggars are lidded ceramic pots that glazed objects were placed in for protection against smoke, ash during 
the firing. 
607 ‘Teemse aerde’ Paape, 9. 
608 Zwaart or ‘black’ clay were also referred by Sijbeda to as’ Rijnlandklei’ suggesting that it was a German 
refractory clay. See Appendix III. 
609 Tichelaar 2004a, 85. 
610 Kamermans 2009, 211. 
611 Paape 1794, 41. 
612 Schledorn 1999, 45. 
613 Tichelaar 2004a, 48. 
614 Hoynck van Papendrecht 1920, 344. 
615 Schledorn 1999: 48. 
616 The holes in the floor of the kiln and above the combustion chamber. 
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describes how the unfired ware was placed at the bottom of the kiln as it could support higher 

temperatures.617 Glazed wares are easily damaged by flames, smoke or ash that may come through 

the fire holes so they were placed higher in the kiln. As already mentioned, glazed objects such as 

plates and vases were placed in saggars for protection which were stacked above the other wares in 

the top half of the kiln. These can be seen above the tiles in figures 5.27 and 5.28. 

 

The glazed tiles were placed above the clay tiles. Pairs of glazed tiles were placed upright and back-to-

back on rolled-out clay strips (kleirolletjes) to hold the tiles in position. The glazed fronts of the tiles 

were about 5 mm distance from each other. Unfired tiles called capstones or dekstenen were placed 

across the top of the tiles to hold them in place, again using rolled-out clay strips (see figure 5.29). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
617 Paape 1794, 43. 

Figure 5.28: Removing the fired tiles in 

Makkum. 1960. In Tichelaar 2001, 51. 

 

 

Figure 5.27: The stacking of a peat kiln in Makkum ca. 1919. 

From a drawing by Jan Tichelaar (1893-1981). Tichelaar 2001, 

49. 

 

Figure 5.29 a and b: On the left (a) are discarded rolled-out clay strips or ‘kleirolletjes’ 

used to hold tiles in position during firing. On the right (b), clay strips that have adhered 

to a covering or supporting tile or ‘roden’. Kiln waste from Hoorn dated 1615-1624. 

Schrickx 2016, 73. 
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The clay strips were discarded after firing and are often found at kiln excavations (see figure 5.29). 

Occasionally, evidence of the use of clay strips can be seen in the form of indentions on the glaze edge. 

In rare cases the remains of a fired-on clay strip are found on kiln-waste tiles (figure 5.30). The rows of 

back-to-back glazed tiles, known as rodens were placed across the whole width of the firing chamber 

(see figures 5.27 and 5.28). The drawing in figure 5.27 depicts two rows of tiles that are five levels high 

on each of the six stacking areas. Sijbeda describes how the most effective system was to place the 

rows of glazed tiles seven tiles high on each stacking area.618 Each stack would have therefore been 

made up of between 3,400 and 4,200 tiles. There would have been three to five rows per stacking area, 

depending on the kiln.619 The tiles had to be stacked in such a way that made it possible to take the 

weight of the saggars that were placed on top. 

 

The system of placing tiles with the glazed sides closely facing each other, and closed off at the top and 

bottom with cover tiles, had other advantages in addition to saving space. In this way the glaze was 

largely protected from ash that may be flying around the kiln. Also, the gloss on the glaze would be 

improved by the presence of the flux-rich microclimate that forms between the tiles in much the same 

way as the inside of the saggars.620 It would have taken approximately two to three days to fill the 

kiln621 and a kiln-setter needed experience to ensure that such a large quantity of objects piled on top 

of each other remained stable. Tjallingi wrote how in 1763 a disaster took place when, at the moment 

the kiln was almost full the stacks collapsed, throwing the kiln-setter out of the kiln.622 

 

Sijbeda writes that between 10,000 and 14,000 tiles were fired in one firing,623 although tiles were not 

the only wares in the kiln. This was also the case in Makkum in the 18th century where between 16,000 

and 30,000 decorated tiles were fired at one time.624 Tichelaar calculated that it would have been 

possible to have fired the kiln in Harlingen 35 times in a year, resulting in an annual production of 

 
618 Sijbeda 1712-1720, 110. 
619 Tichelaar 2005, 76. 
620 A microclimate of volatised lead and flux is formed resulting in a flux-rich atmosphere. Tichelaar 2001: 54 
621 Tichelaar 2001, 51. 
622 Feijtema-Tjallingii, 1960, 2. 
623 Sibeda 1712-1720, 109. 
624 Tichelaar 2001, 51. 

Figure 5.30: Tile with a firing fault removed from a basement in Hoorn 

and dated 1615 to 1625. On the bottom right the remains of a fired-on 

clay strip can be seen. Schrickx 2016, 80. 
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approximately 350,000 tiles and 48,000 plates.625 The 1627 inventory of the Rotterdam Den Bergh Sion 

factory documented the contents of the (unfired) kiln. The kiln contained 2,800 tiles together with 

vessels and flatware. On the basis that one kiln of mixed wares could have been fired weekly, Jager 

calculated that up to 145,000 tiles per year per kiln could have been produced.626 The 1849-50 kiln 

books of the tile factory van Traa in Rotterdam show that each firing contained an average of 26,000 

unfired (ruw) tiles (some with a slip layer) and 25,500 glazed (gladde) tiles, making approximately 

50,000 tiles in total. In 1849, the kiln was fired 11 times and in 1845, seven times.627 This would have 

resulted in an annual production of between 350,000 and 500,000 tiles. 

 

5.7 Firing  

5.7.1 The firing process 

According to Piccolpasso the firing in Durante took 12 hours.628 Once the kiln was filled, the kiln door 

was bricked up and sealed with mortar and the vents in the roof closed with pieces of tile. After lighting 

brushwood in the firing hole, the kiln was slowly heated for four hours. After six hours the embers 

were spread over the floor of the chamber and dry wood added and the temperature slowly increased 

until the fire glowed white. After 11 hours the openings at the sides of the kiln were opened to enable 

test pieces to be checked. Piccolpasso explains that one can tell that the kiln firing is complete by 

observing if the mortar on the kiln arches starts to melt to form ‘long drips like icicles’ and white ash 

is formed in the kiln openings.629 An hour after the firing was considered to be complete, the remaining 

fire embers were raked out of the combustion chamber and the chamber doused with water.  

 

A similar firing process is described by Paape, who wrote that the fire was set with small pieces of hard 

wood and kept at a low temperature for five hours, after which the temperature was increased more 

quickly. The fire keeper placed the dried wood sticks on an iron spade-shaped tool or mondijzer (see 

figure 5.17) and placed them in the combustion chamber where they were adjusted using a rake (loet). 

This took from 5 o’clock in the morning until 9 o’clock at night (ca. 16 hours). During the firing, test 

pieces were removed from the kiln and assessed. The firing then continued and the testing was 

repeated until the results were thought to be good, at which point no more wood was put on the fire, 

the kiln openings were closed and the kiln was left to cool for about two days. 630 The total firing took 

28 to 30 hours, but longer in the winter.631 This is supported by the information in the 18th century 

Harlingen potters’ kiln books which state that the firing of the Schritsen/Raamstraat kiln took 34 

hours632 and the Buiten de Kerkpoort kiln took 40 hours.633 In the 1849 kiln book of van Traa in 

Rotterdam, the firing process of their larger kilns is recorded as taking 35 to 40 hours.634  

 

 
625 Personal communication Pieter-Jan Tichelaar November 16th 2017. 
626 Jager 2009, 47. 
627 Kamermans 2009, 214.  
628 Piccolpasso 1980, 64. 
629 Ibid.,110. 
630 Paape 1794, 46. 
631 Ibid.,50. 
632 Tichelaar 2001, 56. 
633 Sijbeda 1712-1720, 40. 
634 Kamermans 2009, 212. 
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Tichelaar describes the firing process in Makkum as follows: the firing would begin at about 7 o’clock 

in the evening. For the first 9 to 10 hours the fire was built up, and temperature slowly increased, after 

which a strong fire was kept going for about 8 hours to be certain that the heat had reached the whole 

kiln. After this, the test pieces were taken out and checked and the fire adjusted if needed. This 

occurred up to four times. The openings in the door and kruin or ‘crown’ of the kiln were then closed, 

and the fire left to burn down. The kiln was left to cool for three days, after which it would then take 

about four days to empty it of the fired contents.635 A complete kiln cycle was about 10 days.  

 

Paape suggested that a kiln was fired weekly when he commented that in the winter a firing cost more 

in wood and the kiln ‘was not fired every week’. 636 A weekly firing was unlikely taking into account the 

time it took to stack and empty a kiln. Tichelaar writes that a firing every 10 days was common for this 

type of kiln.637 The various factory kiln books show that although Tjallingii in Harlingen fired the kiln 12 

times in 1795, by 1801 there were 30 firings a year.638 By the mid-17th century the larger kilns in 

Rotterdam were being fired approximately 25 times a year producing on average 35,000 tiles at each 

firing. Tichelaar calculated that in Rotterdam in the period 1620 to 1660 about 2 million tiles would 

have been produced.639 The kiln books from Tichelaar Makkum show that although there were 27 

firings in 1720,640 by 1803 there were on average 44 firings a year.641 Between 1719 and 1729, 570,000 

white and 1,110,000 painted tiles were produced in Makkum.642 

 

The wood commonly used for firing the kilns was beech and oak.643 Beech burns quickly and evenly, so 

was used for the first stage of the firing process to raise the temperature. Oak burns more slowly, so 

was added when a more constant temperature was needed and once a sufficient temperature had 

been reached, although the van Traa kiln books show that the wood type varied.644 Firewood was one 

of the main costs of the production process, and obtaining sufficient wood for the kilns could be 

problematic. In 1675, the Rotterdam tile makers requested that the authorities reduce the firewood 

tax that had just been doubled because the extra cost would ruin the factories.645  

 

Firing the kiln demanded skill and experience. The kiln master (opperstoker) was the most important 

worker in the factory next to the painters. In Piccolpasso’s drawing of the firing (figure 5.31) we can 

see the kiln master giving instructions while keeping track of the time using an hourglass. In the 

Bolsward tile picture two boys are seen taking wood to the kiln master, who observes the firebox 

opening carefully before placing the dried wood into the combustion chamber through the firebox 

(figure 5.32). The kiln master had to ensure that the kiln was brought up to temperature slowly. If the 

temperature rose too quickly, the unfired ceramic could warp.646 In addition, the fire had to have a  

 
635 Tichelaar 2004a, 78. 
636 Paape 1794, 49. 
637 Tichelaar 2005b, 28. 
638 Harlingen kiln book ‘Eenige aantekening van de kleibakkerij 1794, 10. 
639 Tichelaar in de Jager 2009, 475. 
640 Tichelaar 2004a, 70.   
641 Ibid., 87.   
642 Ibid., 12. 
643 Paape 1794, 49; Kamermans 2009, 215.  
644 Kamermans 2009, 212. 
645 Van de Meulen 2012, 42. 
646 At about 570˚C quartz inversion takes place, which results in a change in volume. 
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consistent level of oxygen to ensure that as little smoke as possible was produced and a reduction 

atmosphere did not develop. This occurs when the fire has insufficient access to oxygen from the fire-

box opening making it draw oxygen out of the main chamber. At the same time, carbon monoxide is 

emitted rather than carbon dioxide. If this reaches the glazed wares higher in the kiln it will result in 

discolouration of the tin glaze.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.32: The kiln master can be seen 

watching the fire and adding the wood that 

has been drying outside the kiln. On the right 

of the kiln are the tools including an iron fork 

used to place the wood and rake the ashes.  

 

Figure 5.33: A factory worker is checking 

the firing conditions and/or samples 

through the opening at the top of the kiln 

(The Kruin). 

 

Figure 5.31: The firing of the Durante kiln 

ca. 1558. Piccolpasso 1980 vol 2, 69. 
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On the top floor of the Bolsward factory a factory worker can be seen checking the firing process 

through an opening in the top of the kiln647 (figure 5.33). The firing would have been assessed by 

looking at the colour of the hot wares inside and checking test pieces (see figure 5.34) that had been 

placed near accessible openings in the kiln. Paape explains how, when the kiln was at its hottest, test 

pieces were removed with tongs, left to cool and then assessed.648 The test pieces were placed in the 

front, back and top of the firing chamber. In the van Traa kiln books we can see that the test pieces 

were removed for checking after 18 and 30 hours.649  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.7.2 Temperature and atmosphere in the kiln 

Because of the construction of these updraft kilns, it is generally believed that the temperature in the 

main chamber would rarely have attained temperatures above 1000˚C and that the temperature 

would have been variable.650 According to Tichelaar, the kiln in Makkum would have had an average 

temperature of 940˚C.651 The temperature at which tin-glazed wares were fired has been calculated 

by studying the chemical composition and body and glaze morphology as well as the clay and glass 

phases in historical tin-glazed objects. By studying the extent of vitrification of early Italian maiolica 

objects in SEM back-scattered images, Tite concluded that the ceramic had been fired in the range 

850˚C to 1050˚C.652 Ricci et al. used Raman scattering to investigate the structural changes in the silica 

network that occurred with majolica glazes when heated and concluded that the glazes had been fired 

at temperatures between 920˚C and 990˚C.653 

 
647 This opening would not be open all the time and there would be a door, usually iron, that could be placed 
over it to keep the heat in. 
648 These test pieces were referred to as proefstukken or trekstukken.  
649 Kamermans 2009, 212. 
650 Rice 2005, 160; Rhodes 1981, 36; Caiger-Smith 1971, 217. 
651 Tichelaar 2001, 57. Tichelaar adds that the final effect of the temperature was closely related to the length 
of firing. A biscuit firing in a modern kiln would have the same result at 1040˚C.  
652 Tite 2009, 2078 
653 Ricci et al. 2007. It should be noted that he did not test any samples by firing at temperatures above 990˚C. 

Figure 5.34: Two kiln test pieces supported 

by clay stands together with glaze tests 

dated 1700-1800 excavated in Delft. Photo 

A.L. and R.F. Schapes, Afdeling Erfgoed, 

Gemeente Delft. 

Foto A.L. and R.F Schapers 
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There would have been variations of temperature in the kiln. The floor of the main chamber just above 

the fire would have been the hottest area and the top of the main chamber would have been the 

coolest. Glazed wares are fired at a lower temperature than unfired clay (biscuit ware) which was why 

the glazed wares were placed higher in the kiln.654 Heat retention in the main chamber would have 

been poor, and the sides of the kiln would have had a lower temperature than the centre. In these 

kilns, hot spots of heat or internal ‘chimneys’ can be created depending on how objects are stacked, 

resulting in the overfiring of some objects while others are underfired.655 The variation in temperature 

within such kilns could easily have been 100˚C.656 Tite claims that the microstructure of the calcareous 

clays used to make tiles would remain largely unchanged over the 850-1050°C firing range, making 

them less susceptible to uneven firing temperatures.657 However, temperature variation is problematic 

for tin glaze. At temperatures below 950˚C a tin glaze will not fuse properly, whereas if temperatures 

rise above 1100˚C the glaze can blister or run.658  

 

It is notoriously difficult to regulate the temperature within updraft kilns. Feijtema complains 

extensively about problems controlling the fire and the heat distribution.659 He attempts to correct the 

problems by changing the height of the combustion chamber at the different boogen to improve the 

air passage. Other methods of controlling temperature were thorough variation of the quantity and 

placing of the wood, raking the ashes to the back of the combustion chamber, and opening or closing 

ventilation openings. Control of the firing atmosphere was as important as the temperature. 

Insufficient air flow in the main chamber of the kiln could lead the development of a reducing 

atmosphere660 which can cause discoloration in tin glazes. Also, temperature has to be considered with 

relation to time. The effect of a specific temperature or kiln atmosphere on fired wares, and the glaze 

in particular, will depend on the speed at which the temperature is reached, the length of time a 

temperature is held (soaking time) and the speed at which temperature then returns to room 

temperature. The difficulty in controlling the temperature is seen to continue until the mid-19th 

century. The kiln book of the last tile-making factory owned by Willem van Traa in Rotterdam contains 

a detailed description of the variation in quality of the tiles due to the difficulty of achieving a 

consistent temperature and atmosphere throughout the kiln.661 

 

5.7.3 The problem of kiln loss 

Considering the many variables in the production and firing process it is not surprising that potters 

commonly ended up with a significant number of defective tiles. Compositional variations and/or 

 
654 Tichelaar 2001, 57. 
655 Rice 2005, 160. 
656 Tichelaar 2001, 57. 
657 Tite et al. 1998, 253. 
658 Green 1978. See Appendix XIII on glaze faults. 
659 Feijtema and Tjallingii both refer to the heat distribution during the firing process as ‘the course of the fire’ 
(in Dutch: ‘het loop van ’t vuur’). Feijtema-Tjallingii 1960, 1, 7, 21. 
660 When carbon fuel burns during an oxidizing firing it produces water and CO2. With reduction firing the 
amount of oxygen is limited due to the fact that the burning fuel reacts with the available oxygen which leads 
to the production of carbon monoxide (CO), which draws oxygen away from the clay body and/or glaze 
influencing the reactions of elements at certain temperatures and creating different compounds that affect the 
morphology and colour. Lawrence 1972, 35. 
661 Kamermans 2009: 212. 
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sudden changes in temperature could lead to cracking or warping of the ceramic, making them un-

sellable. These were referred to as wrakke, wrack or wraeke, literally meaning ‘wrecked’. Such 

damaged tiles may also have had serious glaze faults such as retracted glaze.662 Tiles that were too 

close in the kiln could stick together or to the clay rolls they were standing on. Glaze faults are common 

in tin glaze because of its high viscosity and high coefficient of expansion. If the temperature is too 

low, or the firing time too short, the glaze will not develop a glossy surface. A too high temperature or 

too long or short firing time can result in craters or pinholes, or the glaze contracting (‘crawling’) or 

flowing off the tile. A reducing kiln atmosphere can result in blackening of the glaze due to reduction 

of the lead component. Other glaze faults caused by under-firing, such as pin-holes in the glaze, could 

be corrected by re-firing.663  

 

Sijbeda writes how the loss of income from the wrack tiles has to be taken in account when pricing the 

good tiles.664 Tiles with minor glaze faults were sold at a cheaper price as seconds or thirds to be used 

in basements or other utilitarian spaces.665 In the 1627 inventory of the Rotterdam Den Bergh Sion 

factory, glazed tiles were valued at 4.5 gildens per 100 whereas wraak (damaged) tiles were half the 

value,666 clearly showing that damaged tiles were traded. 

 

While we can only guess at the kiln loss suffered by the earliest tile makers, detailed records are found 

in later kiln books. From the records of van Hulst in Harlingen we can see that in the year 1805 there 

was an average of 10% tile loss from the 12 firings. In 1849 and 1850, van Traa in Rotterdam lost a 

similar percentage. Van Traa provides a list of how may tiles had specific types of damage from ‘good’ 

to ‘broken’. Table 5.2 lists the undecorated tin-glazed tiles and lead-glazed marbled tiles produced in 

1849 and 1850 separated by their quality.667 At the top are the best quality with five levels of slight 

damage. Then come the tiles that can be re-fired, followed by the last five categories that constituted 

total loss. As with van Hulst, about 10% of both the tin-glazed tiles and lead-glazed marble tiles were 

irrevocably damaged during firing. Three categories of glaze damage only apply to the tin-glazed tiles, 

including pinholes and discoloration.668  

 

Pinholes are a common form of damage, referring to tiny holes in the glaze surface that are formed 

after gases have escaped. If the firing is too short, the glaze does not re-melt over the holes due to 

high viscosity of tin glaze. If the kiln is not kept up to temperature long enough to enable this process 

to take place, the holes remain. Tin glaze is also particularly susceptible to discoloration, especially if a 

reducing atmosphere develops in the kiln. This can occur if there is a great deal of smoke which 

increases the CO in the atmosphere. The Harlingen potters Feijtema and Tjallingii repeatedly complain 

about the glaze being ‘blue’ due to excess smoke.669 As mentioned earlier, lack of oxygen due to poor 

 
662 Also known as ‘peeling’.  
663 For more details on firing faults see Appendix XIII. 
664 ‘de fijne steen & schoone schuttels worden hier onder gerekendt, om het getal van de wrakke weder goed 
temaken, die minder in prijs sijn’. Sijbeda 1712-1720, 110. 
665 See figure 5.30. 
666 Hoynck van Papendrecht 1920, 340. 
667 The details of two firings for each year is missing in the document. 
668 Pluis 2013, 123. 
669 Feijtema 1725, 1. 
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fire control can cause the glaze to turn black.670 Van Traa describes a firing disaster in 1849 that was 

caused by the breaking of the loet or ash rake, which prevented the control of the fire for an hour while 

it was mended. This resulted in many of the tiles coming out of the kiln discoloured, being ‘blue’, ‘red’ 

and ‘black’.671  

 

Van Traa lists form of damage called blinders, although it is unclear what he means. Tjallingii mentions 

blinkens with relation to red discoloration, which may possibly be a different spelling of the same 

term.672 According to Pluis, red or pink stains were a common problem in tin glazes, apparently caused 

by chrome contamination from metal tools (see Appendix XIII).  

 

 

 

 

Glazed tiles Translation to 

English 

Undecorated tin-glazed 

tiles 

Lead-glazed marbled 

tiles 

  Number % Number % 

1 Goed Top quality 33.197 11.61 42.671 79.42 

2 Second 175.293 61.32   

3 Third 8.614 3.01   

4 Fourth 33.765 11.81   

5 Fifth 6.273 2.19   

 

tweebak For second firing 13.047 4.56 8.517 15.85 

vlekken Discolouring 5.535 1.94   

pitten Pinholes  

(in the glaze) 

2.348 0.82   

blinders Red staining? 1.117 0.39   

hoekloos Damaged 

corners? 

1.205 0.42 447 0.83 

vastbakken Fused to 

something 

93 0.03 11 0.02 

slechte Poor quality  2.35? 1.186 2.21 

stukken Broken 5.371 1.88 893 1.66 

TOTAL  285.858  53.725  

 

 

 
670 The oxygen is extracted from the glaze reducing the metal oxide to metal (PbO  =  Pb + O2). 
671 Kamermans 2009, 215. 
672 ‘doch de steen bleef steeds iets rooder door blinkens’. My translation: ‘But the tile(s) kept getting redder 
because of blinkens’. Tjallingii 1794, 1. 

Table 5.2: List of the quality and damage of the undecorated tin-glazed tiles and lead-glazed marbled 

tiles fired at the factory of Van Traa in Rotterdam in 1849 and 1850 (18 firings). Kamermans 2009, 215. 
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5.8 Conclusion 

While a certain amount of mystery has surrounded the production of historical tin glazes and tiles, 

there is a great deal of information available from written, archival and archaeological sources that 

provide details about the clay preparation, production techniques and kilns, as well as the problems 

encountered. Although the production process is shown to be complex and often unpredictable, there 

is a surprising continuity in both the materials and methods used from 16th century Italy up to the 

early 20th century in the Netherlands. The early Italian potters who emigrated to Antwerp and then 

the Northern Netherlands were able to find sources of calcium-rich marl that could be mixed with local 

clays to create a suitable clay paste. The clays were initially mixed manually and from around 1625-

1630 as part of the process of levigation. This process of aardewassen or ‘clay washing’ transformed 

the homogeneity and quality of the ceramic and enabled the manufacture of industrial quantities of 

quality tiles. The importance of correct measuring and mixing of the clays and use of clean water is 

clear from the disasters that are documented when this did not occur.  

 

The construction of the updraft kilns and calcination furnaces is seen to change little over time or 

between the different production centres, although chimneys were added in Northern Europe and 

kilns became larger in the late 17th century as production increased. It is clear that potters struggled 

with the problems of controlling the temperature and atmosphere of updraft kilns far into the 19th 

century and had to live with a significant percentage of kiln loss.  

 

Although the descriptions given by Piccolpasso and Paape do not include any specific information on 

the production of tiles, details are available from the other sources, notably the Harlingen potters’ 

books, the Bolsward tile picture and the oven books of the Rotterdam tile maker van Traa. While the 

techniques of clay preparation and firing used to produce tin-glazed wares and tiles were 

fundamentally the same, the final products had to fulfil different demands and had different 

characteristics. Tiles had a different form (flat) and a different application (in the built environment) 

which resulted in different requirements for both the clays (less plastic), the fired biscuit (an unglazed 

back with a suitable porosity to take a mortar) and use (primarily functional). This demanded a 

difference in the composition of the clay used. Unlike the more valuable vessels, tiles were not fired in 

saggars, making them more susceptible to temperature variations in the kiln and the effects of flames 

and smoke. Tiles were fired on the bottom of the kiln where the temperature was highest. There were 

numerous moments in the production process at which problems could occur. The potters had limited 

control over the quality of the raw materials and the firing process, commonly resulting in 10 to 20 

percent mis-fired wares, a fact that makes the quantity and quality of tin-glazed tile production in the 

16th and 17th centuries all the more impressive. 
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PART II: ANALYSIS AND RECONSTRUCTIONS 
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Chapter 6: Physicochemical Characterisation of Dutch Tin-
Glazed Tiles  
 

6.1 Introduction 

In order to determine if the information obtained from the source documents regarding clay and glaze 

recipes and composition is reflected in the ceramic and glaze of historical Dutch tiles, it was necessary 

to obtain data on the morphology and elemental composition of the ceramic and glaze of 17th and 

18th century tiles. Although research has been undertaken into the chemical composition of early tin-

glazed products in a number of European production centres, specific analysis of early Dutch tin-glazed 

tiles has been limited to provenance determination. Due to the problem of taking samples from 

historical objects, the quantity of samples and the data sets have generally been very small. In addition, 

when the research is published, the complete data set is rarely available.  

 

Certain aspects of the morphology and elemental composition of the ceramic and glaze of historical 

Dutch tiles are of particular relevance when researching the production process and possible changes 

in the ceramic and glaze over time. Of particular interest is the calcium content of the ceramic and the 

type and relative proportion of the fluxing agents in the glaze, notably sodium, potassium and lead.  

In order to determine the most suitable instrumental analytical applications for this research, the most 

commonly applied techniques were considered and critically assessed. A set of 44 Dutch tiles were 

sourced for physicochemical analysis (figure 6.1). The tiles were dated from 1600 to 1750 and were 

from three important Dutch tile production centres: Rotterdam, Utrecht and Harlingen. The sample 

set was made up of groups of three tiles from five 25-year time periods from each production centre. 

Visual observation, optical microscopy and scanning electron microscopy (SEM) were used to 

investigate the morphology of the ceramic and the glaze. Energy-dispersive X-ray spectroscopy (EDX) 

coupled to SEM provided semi-quantitative data on the elemental composition.  

 

 

6.2 An overview of analytical techniques used in tin-glazed tile 
research 

As already mentioned, the majority of research relating to the chemical characterisation of historical 

tin-glazed wares has been in the field of archaeometry with a focus on provenance. Sensitive analytical 

techniques, such as neutron activation analysis (NAA), inductively coupled plasma-mass spectrometry 

(ICP-MS) and inductively coupled plasma atomic emission spectroscopy (ICP-AES), have been (and are 

still) applied with the aim of obtaining quantitative values for trace and rare earth elements in the 

ceramic body in an attempt to match objects to specific production centres, the assumption being that 

raw materials were locally sourced. As most of the raw materials used to produce Dutch tin-glazed tiles 

were imported, this approach to determining provenance is problematic. 
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Figure 6.1: Overview of historical tile set by time period and production centre (for details of the tiles see 

appendix VII). 
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Although the choice of analytical technique is dependent on its ability to answer a specific research 

question, practical considerations also have to be taken into account, such as the possibility to take 

samples and, when that is possible, the sample size and preparation.673 In addition, factors such as 

analytical replication and the availability of relevant standards must be taken into account as well as 

the specific problems related to the analysis of inhomogeneous material, as is the case with the 

ceramic of historical tiles.674 In order to determine the most suitable instrumental analytical 

applications for this research, the most commonly applied  techniques were considered and critically 

assessed. 

 

Neutron activation analysis (NAA) 

First applied in 1930s, NAA was the most commonly used technique for quantitative and qualitative 

multi-element analysis of archaeological pottery from the 1970s until the early 2000s. NAA has been 

applied in numerous European tin glaze provenance studies.675 The technique is very sensitive and 

provides a high level of accuracy, being able to detect up to 74 elements including trace and rare earth 

elements. Sample preparation is required, although only small samples are taken (50-100 mg), which 

need to be powdered. However, the use of such small samples can lead to problems with 

representability when analysing inhomogeneous materials, as mentioned above. In addition, NAA 

requires a source of thermal neutrons; these can only be found in nuclear facilities, which inevitably 

restricts where analysis can be carried out and the quantity of samples that can be analysed. Combined 

with the high costs, this has led to its replacement with ICP-MS and ICP-AES analysis. Within the 

broader field of archaeological research, the data produced by NAA laboratories has provided an 

important data bank of results that, due to the development of new software, can be compared with 

results from techniques such as ICP-AES and X-ray fluorescence (XRF) where prepared samples are 

analysed.676  

 

Inductively coupled plasma mass spectrometry (ICP-MS), optical emission spectrometry (ICP-

OES) and atomic emission spectrometry (ICP-AES) 

ICP-MS uses inductively coupled plasma to ionise a sample after which the ions can be detected. The 

technique is fast, precise and sensitive, and provides added isotopic information.677 It accurately 

detects all the major elements in ceramic, apart from silicon, and measures very low concentrations 

of trace elements. However, not only is sampling necessary, but the sample is destroyed during 

analysis.  

 

Related applications that use different detection methods include ICP-OES and ICP-AES. ICP-AES is 

often used for ceramic materials as it has better accuracy in the analysis of light elements.  

 

Tsolakidou et al. compared the analytical performance of ICP-MS and ICP-OES with that of XRF and 

NAA for the chemical characterisation of archaeological pottery. By applying multivariate statistics, 

they concluded that the results from ICP-OES and ICP-MS analysis compared well with those from XRF 

 
673 Rice 2005, 73. 
674 Bishop 1990. 
675 Hughes and Gaimster 1999; Olin 2002; Betts 2010. 
676 Garcia 1997; Tsolakidou 2002. 
677 Tsolakidou 2002; Tite 2008. 
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and NAA, the correlation coefficients between the three techniques being found to be above 0.90.678 

However, the loss on ignition (LOI during XRF analysis was not taken into account).  This can be 

significant, especially when analysing calcium-rich ceramics.679 ICP techniques require the use of 

dissolved samples in the liquid state, which can be difficult for silicates and, more specifically, ceramic 

samples.680  

 

X-ray fluorescence spectroscopy (XRF)  

XRF is widely available, can be used non-destructively and is relatively low in cost.681 It produces 

spectra with multiple peaks for each element present, the amount present being reflected in the height 

of the peaks and the ratio between them. While the statistical precision of this technique has been 

proved to be high, it is limited in the analysis of ceramic and glazes due to its poor detection of light 

elements, particularly sodium.  

 

Non-invasive measurements taken directly from an object can be affected when the material is 

inhomogeneous or built up in layers, such as glaze surfaces. X-rays will have limited penetration 

through an extra lead glaze or kwaart layer on top of a tin glaze. Although it is one of the most 

commonly used non-destructive analytical techniques, the highest accuracy is only achieved on 

homogeneous samples obtained by grinding and fusing with a flux to make glass beads. 682  With non-

destructive XRF analysis, the value of the results for light elements are further limited because the 

results are more affected by measurement conditions such as geometry of the surface or homogeneity 

of the sample. This is especially the case with the measurement of magnesium, aluminium, silicon and, 

to a lesser but still significant extent, potassium and calcium.  

 

The use of portable or ‘hand-held’ X-ray fluorescence instruments (pXRF) has increased in popularity 

in the archaeology and art technology fields. The advantage of the technique is that it is non-

destructive and the apparatus can be transported and easily applied in the field. The instrument has 

gained a reputation in the archaeology world for ease of use but also questionable accuracy, often 

producing inaccurate elemental concentrations that pattern in ways that appear logical.683 Elements 

with low atomic numbers such as aluminium, silicon, potassium and calcium can pose a significant 

problem for pXRF measurement. However, the possibilities are improving with increased attention to 

the use of correct operating parameters including instrument configuration and the use of standard 

reference material.684 Problems in accuracy may be due to sample heterogeneity, or related to 

 
678 Tsolakidou and Kilikoglou 2002, 566-572.  
679 Reig et al. 2002, 895. CaO that has formed from CaCO3 but not reacted to form calcium silicate during firing, 
will have reverted to calcium hydroxide or calcium carbonate over time. The energy absorbed during XRF 
analysis will result in decomposition to CaO. CO2 will then be emitted influencing the total weight so the 
relative weight of the main elements.  
680 Samples are dissolved in hydrofluoric or perchloric acid. While this is effective for most geological silicate 
materials, dissolution of pottery can be more problematic as it may contain mineral phases resistant to acid 
attack (notably Zr and Cr). 
681 Rice 2005, 924. 
682 Lithium tetraborate (LiBO4) is commonly used. 
683 Johnson 2014, 564. 
684 Ibid.; Bezur 2012. 
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incorrect sample use or preparation, incorrect instrument calibration or the lack of use of relevant 

standards.685  

 

Scanning electron microscopy with energy-dispersive X-ray detection (SEM-EDX) 

SEM-EDX has proved a valuable tool for the examination of ceramics, in particular the composition and 

morphology of materials and production features.686 SEM produces high-magnification images of a 

sample by scanning the surface with a focused beam of electrons within a vacuum chamber. Emissions, 

including X-rays, can be measured by a detector to produce secondary images (SE) and backscattered 

electron (BSE) images, which are useful for observing and documenting the microstructural 

characterisation or morphology of a material. For greater accuracy of images taken of non-conductive 

materials such as ceramics and glass, the surface may have to be coated with a thin layer of a 

conductive material, usually gold or carbon, although the use of low vacuum conditions (30 pa) is often 

sufficient to obtain undistorted images.  

 

Coupled with an energy-dispersive X-ray detection system (EDX or EDS), SEM can be used for semi-

quantitative elemental analysis. Depending on the instrument setup, the relative errors are considered 

to be on average ±10% for major and minor elements and up to ±15% for elements present at 1% or 

less.687 The SEM BSE image of the sample area enables inclusions and morphological variations to be 

accurately observed and measured when taking measurements and interpreting the elemental data. 

SEM-EDX has been extensively used for research into tin-glazed ceramic to document the morphology 

and elemental composition of both the ceramic and tin glaze,688 as well as to assess the influence of 

firing conditions.689 Depending on the size of the SEM chamber, it can be possible to place whole tiles 

or samples into the apparatus, providing they are not affected by low vacuum conditions. However, 

more informative results with regard to the internal morphology and elemental distribution are gained 

by analysing embedded and polished cross-sections.  

 

6.3 Issues that influence the data from elemental analysis of 
historical Dutch tiles 

Historical tiles have a number of features related to their morphological characteristics and function 

that can influence the accuracy of the results gained from instrumental analysis. As has been 

mentioned, a common characteristic of historical Dutch tiles is the inhomogeneity of the ceramic body, 

particularly in the late 16th and early 17th century690 when the two or more clays used to make the 

clay paste were mixed manually before wet mixing (kleiwassen) was introduced around 1640.691 Often 

a ‘marbled’ effect is seen with the naked eye, highlighting how very small samples could easily be 

unrepresentative of the average composition692 (see figure 6.2).  

 
685 Rice 2005, 402. 
686 Stuart 2007, 98. 
687 Rice 2005, 118. 
688 Freestone 1987; Tite et al. 1982. 
689 Maniatis and Tite 1981. 
690 Mimoso 2011, 12; Hughes 2008: 126; Lins 1984: 179. 
691 See chapter 5 section on kleiwassen. 
692 Hughes 2010, 125. 

https://en.wikipedia.org/wiki/Electron
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The ceramic body of tiles generally contains up to 10% free silica693 as well as other mineral inclusions. 

In some Southern European production centres, there is evidence that sand was added to clays as a 

temper,694 but in the Netherlands it would have been naturally present in the river clays used (the 

levigation techniques used for preparing the clay mix would only have removed the coarser particulate 

matter.695 Sand grains were probably also accidently added to the clay after levigation during the 

process of kneading and tile cutting (see chapter 5). If only micro samples are taken, the presence of 

large quartz grains may influence the elemental data.696 When samples are ground to a powder or 

dissolved, this can go unobserved, resulting in a significant increase the total SiO2 wt.% with relation 

to the other major elements.  

 

 

 

A further aspect inherent in historical tiles is their function as a building element. The majority of 

historical tiles in collections have been fixed to a wall at some point in their history, generally with a 

lime mortar. Often the remains of mortar are still visible on the back of tiles (as can be observed on 

the underside of the tile cross-section in figure 6.2). As a result, the unglazed back of a tile can be 

contaminated with calcium (hydroxide or carbonate) that may have penetrated into the ceramic 

body.697 If surface measurements are made or samples taken from the back or the side of tiles, this can 

result in higher calcium values that, as a consequence, automatically influence the percentage data for 

other elements. It has also been observed that lead in the glaze can migrate far into the ceramic body 

during firing and is increasingly present in the ceramic (albeit in low quantities) the greater the 

proximity to the interface with the glaze.698  

 

 
693 Lins 1984, 181. 
694 Hughes 2010, 25. Temper is a material that is added to clay to help bind the clay, prevent it cracking on 
drying, and/or make it more resistant to thermal shock. Common materials used as temper by potters were 
quartz (sand), ground ceramic (chamotte) or straw. 
695 Rye 1981, 12; Rice 2005, 118.  
696 Rice 2005, 390. 
697 The depth of penetration will depend on a number of factors including the porosity of the tile, the 
composition of the mortar and the presence and dispersion of water in the wall where a tile is mounted. 
698 Mimoso 2019, 82. 

Figure 6.2: Cross-section of a Rotterdam tile dated 1625-1650 showing the coarse mixing of 

iron-rich local clay (red) with a calcium-rich clay or marl (cream). (Tile sample NTnn).  
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Similar problems with the representability of analytical results can occur with tiles that have been 

excavated from archaeological sites and may have suffered post-depositional change. Possible 

contamination and/or degradation must be taken into account when sampling and/or interpreting the 

analytical results of excavated material. While in the ground, the porous ceramic of the tile may have 

absorbed material such as phosphates699 or calcium carbonate.700 Aggressive, notably highly acidic, 

alkaline or waterlogged conditions in the soil can lead to the deterioration of the glaze matrix through 

leaching, similar to glass701 (see figure 6.3). This will affect the analytical results glaze due to the 

reduction of alkali components (sodium and potassium) or a chemical change in the metal 

components.702 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

While tin glazes are sometimes fairly homogeneous, the presence of inclusions or an uneven 

distribution of cassiterite crystals can influence the accuracy of micro-measurements.703 Similarly, the 

presence of an extra lead glaze or kwaart layer on the surface (see chapter 5) should be taken into 

account, especially if (non-destructive) measurements are taken at the surface of the glaze.704 

 

6.4 Previous research  

6.4.1 Analysis of the ceramic of historical Dutch tiles 

Table 6.1 provides an overview of published research on the composition of Dutch tin-glazed tile 

ceramic with relation to the wt.%. The first notable research into the characteristics and composition 

of Dutch tiles was undertaken by Andrew Lins at the Philadelphia museum, when he supervised a 

survey of more than 600 17th and 18th century Dutch tiles in the collection, recording detailed 

observations of the tiles’ size, colour and physical features as well as the condition of both the ceramic 

body and glaze.705 As part of this project, the elemental composition of twelve 17th century Dutch tiles 

 
699 Similar phenomena were encountered by Hughes 2010: 126 and Molera et al. 2001, 335. 
700 Mimoso 2011.  
701 Davison 2003, 174, 182. 
702 Tennent 1996 
703 Mimoso 2019, 32. 
704 Megens et al. 2013, 161. 
705 Lins 1984. 

Figure 6.3: Archaeological find (Harlingen tile dating from 1600 to 1625: STR T 8). The glaze has 

been affected by burial conditions. Deterioration appears to have initiated at the glaze surface 

and around the air bubbles in the glaze.  
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was analysed using NAA and ICP-AES.706 The analytical results of only three tiles were published. The 

ceramic of the three tiles was found to contain ca. 20 wt.% CaO.707 Lins provides no specific information 

on the date or production centres of the tiles analysed and comments that the survey is too incomplete 

to allow valid generalisations about the elemental composition of Dutch tiles. It has not been possible 

to access the full data for further investigation. However, even though the published analytical data is 

limited, the general survey provides valuable data on the characteristics of Dutch tiles. 

 

In 2018, Chugunova et al. analysed 39 Dutch tiles during research comparing the technologies of early 

18th century Dutch and Russian tiles in two Russian Palaces.708 All 39 tiles were analysed with XRF, 

presumably taking non-destructive surface measurements as sample preparation is not mentioned. 

Eleven of the tiles were further analysed using SEM-EDX. Chugunova et al. found that the average CaO 

wt.% of the Amsterdam tiles was 20.7 (only data from the Amsterdam tiles was published). 

They were unable to distinguish between the different Dutch production centres on the basis of the 

major elements of either the ceramic or the glaze. The full data set and standard deviation (STD) of the 

results were not published so it was not possible to analyse their results.   

 

Table 6.1: Research providing an indication of the CaO wt.% in the ceramic of 16th and 17th century tin-glazed 

tiles and ceramic vessels from the Northern Netherlands (np: not published). 

*Only the Amsterdam tiles from the set were analysed. 

 
706 The NAA analysis was undertaken at the University of Michigan. 
707 Lins 1984, 181. Lins documents the wt.% of Ca as being 20. It is assumed he means the single element 
because if the ceramic has a CaO wt.% of 35 wt.%, the CaCO3 wt.% in the clay would have been extremely high 
(ca. 65%). The average CaO wt.% of Dutch tile ceramic has been found to be ca. 18-20 wt.%. 
708 Chugunova et al. 2018. 

Author Research Analytical 
technique 
applied 

Tile 
data 
set 

Average 
wt.% 
CaO 

STD  
of 
sample 
set 

Chugunova 
2018 

Dutch tiles in two Russian Palaces 
Early 18th century 
Amsterdam (22) 
Rotterdam (12)  
Utrecht (3) 
Harlingen (2) 

XRF  
SEM-EDX 

39  
 
20.7* 
 

np 

Hughes and 
Gaimster 
1999/2002 

Dutch Flat wares, and vessels (not 
tiles) ca. 1570-1620 
Amsterdam (17) 
Utrecht (17) 
Haarlem (17) 

NAA 51  
 
 
16 
17.5 
12 

 
 
 
2.8 
2.3 
1.1 

Bentz 
1998 

Rotterdam tiles from three French 
castles 
ca.1688-1700 

ICP-MS 18 22 1.9 

Lins  
1984 

Dutch tiles 
ca. 1625-1700 
12 tiles analysed; 3 results published 

ICP-AES  12 20  np 
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In 1998, Bentz et al. undertook a provenance study of 20 late 17th century Rotterdam tiles from three 

French castles (Marly, Rochechouart and Labbeville)709 using ICP-MS analysis and found the CaO wt.% 

of the ceramic to be between 18 and 25.710  

 

The most extensive research into Northern European tin-glazed wares was that undertaken by Hughes 

and Gaimster.711 Importantly, they published all their data. Between 1999 and 2002, they analysed the 

chemical composition of a set of Dutch tin-glazed ceramics dating from the late 16th to early 17th 

century,712 although their data set did not include tiles. The aim of their research was to determine the 

provenance of early Northern European tin-glazed pottery from major production centres. In this 

research, NAA and, later, ICP-MS were applied in an attempt to distinguish the elemental composition 

of maiolica wares from production centres in Italy, London and the Low Countries (Antwerp, 

Amsterdam, Utrecht and Haarlem). They found that it was possible to distinguish products from 

Haarlem, Utrecht and Antwerp through variations in minor and trace elements.713  

 

From the conclusions of these four studies, it appears that the CaO wt.% of Dutch tiles (20-22 wt.%) 

was higher than that of vessels (12-17.5 wt.%). This suggests that the composition of tiles was different 

to that of flat wares or that the CaO wt.% increased over time, or both. However, although we can see 

a general pattern in the percentage calcium in the clay, the data sets are limited and no definitive 

conclusions can be made.  

 

6.4.2 Composition of the ceramic of European tin-glazed tiles 

While research into the composition of Dutch 17th and 18th century tiles has been limited, more 

extensive research into tiles from other production centres in Europe can be found (see table 6.2). Tiles 

have a particularly significant place in the cultural history of Portugal, so it is not surprising that there 

is a substantial amount of research into Portuguese tin-glazed tiles (azulejos) dating from the 16th to 

19th centuries, although only a small percentage of the research has been published in English and the 

focus of the research has generally been on the glaze.714  

 

The composition of early tin-glazed products from Italy and Antwerp is of particular relevance to our 

understanding of 17th century Dutch tile production due to the historical links between Italian, 

Flemish, English and Dutch tin glaze potters (see chapter 2). However, research involving the 

compositional analysis of tin-glazed wares from these areas has focussed on limited tile case studies715 

or vessels and flatware.716 

 
709 Bentz et al. 1998. 
710 A higher CaO wt.% was balanced by a lower SiO2 wt.% suggesting small variations in the clay mix. 
711 Hughes 2010, 2008; Hughes and Gaimster 1999; 200. 
712 Hughes and Gaimster 2002; 1999. 
713 Thorium, caesium and scandium. Hughes and Gaimster 1999: 67. While they concluded that this may 
suggest different clay sources or variations in clay mixtures, they did not specify which elements formed the 
basis of the differentiation and commented that the data set, especially the Utrecht tiles, was too limited to 
draw any definitive conclusions. 
714 Mimoso 2019; Oliviera 2013; Mimoso 2011; Guilherme et al. 2011; Mimoso 2009; Guilherme 2009; Coroado 
and Gomes 2005. 
715 Mimoso 2019 
716 Hughes and Gaimster 1999 and 2002; Olin 2002; Tite 2009 
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 Table 6.2: Research providing indications of CaO wt.% in biscuit of other European tin-glazed tiles and flat 

wares. 

 
* For reasons of comparison, the oxides were calculated from the original results which were reported as 
elements.  

 

Despite the fact that one must be cautious when comparing the compositional analysis of varied (and 

limited) sample sets from different research projects, certain patterns can be observed. The CaO wt.% 

of the tile ceramic is seen to be generally high, 17th century tiles being found to have a higher CaO 

wt.% than those from the 15th and early 16th centuries. The CaO wt.% of early Italian and Portuguese 

tiles appears to be very variable, while the average wt.% from Antwerp and London are seen to fall in 

a smaller range around 20 wt.% observed in previous research into Dutch tiles, although the large 

spread in the standard deviation of the Antwerp tiles should be taken into account. 

 Author Research Analytical 
technique 
applied 

Tile 
data 
set 

Average  
wt.% CaO 

Average 
STD (of 
sample 
set) 

Italy Tite 2009 Flatware 
13th-15th 

century 

SEM-EDX 20 6-10  np 

Flatware 
Late 16th 

century 

SEM-EDX 9 14-25 4.6 

Spain Mimoso 
2019 

Hispano-
Moresque 
tiles: 
1st half 16th 
century 

SEM-EDX 6 23 3* 

Agua et al. 
2020 

16th-17th 
century tiles 

XRF/ SEM-
EDX 

19 22-25 2.3 

Portugal Mimoso 
2019 

Late 16th 
century tiles  

SEM-EDX 6 12* 1,4 

  17th century 
tiles  

SEM-EDX 6 35* 3 

 Coentro et 
al. 2017 

Early 16th 
century tiles 

SEM-EDX  49 15-25 np 

 Mimoso  
2011 

Late 17th to 
early 18th 
century 

XRF 7 35-41 0.5-2.5 

Antwerp Gaimster 
and 
Hughes 
1999 

Flatware  
1550-1630 

NAA 26 19 7 

England 
 
 
 
 

Hughes 
2008 

17th century 
London tiles 
from five 
pothouses 

ICP-MS 34 18 2.7 

Hughes 
2010 

17th century 
London tiles 

NAA 
ICP-MS 

10 20 3 
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Research into historical tin glaze  

Much research has been carried out into the development and chemical composition of early European 

tin glaze,717 although little attention has been paid to Dutch tin glaze and almost none to the glaze on 

Dutch tiles. The results of research into early European tin glaze can be seen in table 6.3.  

 

Table 6.3: An overview of previous research into the composition of European tin glazes, specifically the range 

of the wt.% of SiO2, PbO and SnO2 in the glazes. 

 * For reasons of comparison the oxides are calculated from the original results which were reported as elements.  

 

The major elements in historical tin glazes are silica, lead, tin, sodium and potassium with lesser 

quantities of calcium, magnesium and iron.718 As can be seen in table 6.3, the wt.% of silica, lead and 

tin measured during previous research was very variable, although the ratio of lead to silica is seen to 

be higher in early tin glaze production in Italy, Portugal and Spain and lower from the 17th century, 

presumably due to the increased use of alkali fluxes. The wide range seen in the wt.% of the major 

elements in Portuguese tin glazes could suggest variations in glaze recipes or in the quality of the raw 

materials, or both. The lower ratio of lead to silica in the small sample of late 16th century Antwerp 

tiles reflects that in Italian maiolica tiles from the same period. This is unsurprising given that the 

 
717 Tite 2009; 1998; Hughes and Gaimster 1999; Mason 1997. 
718 Also occasionally trace elements of copper and arsenic.  

 Author Country; period 
(century) 

Technique No. 
sampl
es 

SiO2 

wt.% 
PbO 
wt.% 

SnO2 

wt.% 
Average 
ratio 
SiO2:PbO 

 Italy Tite  
2009  

Italian majolica: 
13th-15th 

SEM-EDX 40 
 

30-40 
 

42-47 
 

4-25(?) 
 

0.8:1 

 16th  9 50-56 21-25 7-8 2.3:1 

 Spain Molera 2001 Spanish Islamic 
maiolica 
10th-14th 

SEM-EDX 52 30-45 37-56 4-15 0.8:1 

 Mimoso 2019 
 

Spanish 
Hispano-
Moresque: 
1st half 16th 

SEM-EDX 
 

6 38-43* 
 

39-49* - 0.9:1 

 Portugal Guilherme 
2011 

Portuguese 
(Coimbra and 
Lisbon) 
16th-18th 

SEM-EDX 9 29-32 40-45 9-10 0.7:1 

 Mimoso 
2011   

Portuguese: 
(Lisbon) 
16th-18th 

XRF 
  

7 52-70 
 
 

15-31 
 
 

4-11 
 
 

2.8:1 

 Mimoso 2019 
 

Portuguese: 
16th (late) 
17th 

SEM-EDX  
6 
6 

 
30-43* 
51-64* 

 
42-57* 
16-24* 

 
- 
- 

 
0.7:1 
2.8:1 

 Antwerp Mimoso 2012 Antwerp: 
16th (1580) 

SEM-EDX 3 52* 13-15* 5* 2.8:1 
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Antwerp tin glaze potters were Italian immigrants. The percentage of tin oxide is seen to be very 

variable again suggesting the use of different recipes and/or variations in the quality of the tin used. 

 

As with the ceramic, previous analysis of Dutch tin glaze has tended to focus on determining the 

provenance of the objects through their chemical composition. This can be problematic with a limited 

data set or samples from a limited region as the raw materials used are not pure and are mixed, melted, 

ground and re-melted at various stages in the production process, making it virtually impossible to 

discriminate the individual raw materials. In 2013, Megens published the findings of research into the 

provenance of tin-glazed earthenware from excavations and museum collections in the Netherlands 

using (non-destructive) XRF. In this research, a large data set (ca. 200 objects) of tin-glazed wares from 

European majolica production centres (Dutch, French, Italian and Portuguese) together with Delft 

factories were analysed and compared.719 The analysis focussed on the major elements lead, tin and 

calcium, and the minor elements iron and copper. Although clear distinctions were observed between 

the different European production centres, it was not possible to differentiate between the glaze 

compositions of objects produced in the different Delft factories.  

 

In 2017, the Rijksmuseum in Amsterdam began research into the glaze composition of its Delft 

collection using pXRF, focussing on Delft objects with factory marks from the 17th and 18th centuries. 

Again, the aim of the research was to assess if it was possible to attribute the Delft objects to specific 

periods and places of production. The elemental composition of 75 marked Delft objects was 

determined and a few selected samples were analysed using laser ablation inductively coupled plasma 

mass spectrometry (LA-ICP-MS) to validate the elemental concentrations (the results are yet to be 

published). 

 

6.7 Analysis of historical tiles 

The aim of undertaking physicochemical analysis of historical Dutch tiles within this research was to 

determine to what extent their elemental composition reflects the changes in clay use and the glaze 

composition that have been suggested by the written sources and evaluate any significant changes in 

the ceramic and glaze composition between 1600 and 1750. The relationship between the CaO wt.% 

of the ceramic of the tiles and their thickness and colour was also investigated. Tiles were sourced from 

three major centres of production that dated between 1600 and 1750. The provenance of the tiles had 

to be as definite as possible and it had to be possible to take micro-samples for analysis. SEM-EDX was 

considered to be the most applicable instrumental analytical technique to fulfil the main requirements 

of this research.  

 

The combination of SEM backscattered imagery and EDX elemental analysis made it possible to 

observe the morphology of the ceramic body, glaze and interface, and use this information when 

analysing the elemental composition, thus enabling the inhomogeneity of the material to be taken into 

account. As the research was comparative, the use of a semi-quantitative technique was considered 

sufficient to provide suitable and relevant data. pXRF was initially applied in order to assess its 

possibilities as a non-destructive analytical tool, however, due to the limitations discussed earlier, it 

 
719 Megens et al. 2013, 149.  
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provided insufficient information regarding the light elements in the glaze and also proved too difficult 

to obtain reliable results of the CaO wt.% due to calcium contamination of the surface of the ceramic. 

 

Historical tile set  

A set of tiles was selected for analysis based on the date of manufacture and production centre (see 

table 6.1). Tiles from three major production centres – Rotterdam, Harlingen and Utrecht – were 

sourced, the choice being based on the fact that these were major Dutch tile production centres in the 

17th and 18th centuries that were well covered in the written archival sources available. In addition, 

the distance between the production centres would suggest the use of different clay sources, raw 

materials and/or recipes. Utrecht was the only significant inland production centre in the 17th century 

and one could assume that the available clays would be different than those sourced by the centres of 

production nearer the coast.720  

 

Determining the provenance of Dutch tiles is notoriously problematic due to the extensive trade in 

tiles, the itinerant working life of ceramic painters and the trade in the pounces or sponsen721 that 

formed the basis for the decoration. Determination of the provenance was based on the decorative 

style (supported by relevant literature references), any available documentation on ownership, the 

history of the building where the tiles had been removed and, in some cases, excavation data (see 

Appendix VII). The tiles were obtained on loan from museums722 as well as private collectors.723 Kiln 

waste was sourced from Harlingen724, Rotterdam725 and Utrecht.726 Where possible archaeologically 

verifiable material, and specifically kiln waste, was sourced. However, the only tile factory sites that 

have been systematically excavated are in Deventer, Harlingen and Hoorn.727 Most of the kiln waste 

from Rotterdam came to light during the clearance after the extensive bombing in 1940 and the exact 

place where it was found was not often known. Also, the exact location of the building from which the 

tiles were removed is rarely recorded. 

 

It can also be very difficult to date early Dutch tiles precisely. As with the provenance, dating is 

generally based on the decorative style, which often continued to be used for long periods as well as 

in different production centres (as explained above). For this reason, the tiles in the tile set were 

grouped in 25-year periods. Due to the difficulty of dating later tiles, the last time block covered 50 

years from 1700 to 1750. As tile production was established somewhat later in Utrecht, early tiles are 

rare and only two tiles could be sourced from the earliest period (1600-1625) from which samples 

were taken.  

 
720 As mentioned earlier, Hughes found a clear difference in the elemental composition of Utrecht tiles 
compared with other tiles from the Low Countries in the London Museum collection. Betts et al. 2010. 
721 Paper stencils used to guide the decoration. 
722 Rotterdam Museum; Hannemahuis Museum, Harlingen; The Netherlands Tile Museum, Otterlo. 
723 P. Sprangers, Utrecht; L. de Haan, Harlingen; R. Oswald, Harlingen Pottery and Tile factory, Harlingen.  
724 Private collection; K. en D. Regts, Franeker. 
725 Rotterdam City Archaeology Department. 
726 Utrecht Municipal Archaeology Department. 
727 For details on relevant excavations see chapter 5. 
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6.7.2 Visual and microscopic analysis 

The format and thickness of the tiles were measured in millimetres, as was the distance of the 

production pinholes728 from the outside corners. Special features of the glaze or ceramic and/or 

damage were also documented. 

 

6.7.3 SEM-EDX  

Physicochemical analysis was undertaken at the University of Amsterdam Conservation Department 

Laboratory using a scanning electron microscope (JEOL 9510LV) coupled with an energy-dispersive X-

ray detection system (Thermo Noran system 6) to obtain a microstructural and semi-quantitative 

elemental characterisation of the tile samples. Analysis was performed at low vacuum (30 Pa), high 

voltage (20 kV) and a working distance of 10 mm. Measurements were taken of three areas of both 

the ceramic and glaze of the embedded samples and the average calculated. The selection of areas for 

EDX analysis avoided large inclusions in the glaze or biscuit. The areas measured were approximately 

3 x 300 μm2 for glazes and 3 x 500 μm2 for the ceramic. The results were normalised to the sum of the 

elemental concentrations excluding carbon in order to take into account the epoxy embedding resin. 

 

The sampling of the tiles for the SEM analysis followed the protocol as outlined by Rice.729 Samples 

were taken from the front of the tiles, as far away from the sides as possible, using a drill with a small 

diamond disk. Samples of 3-4 mm3 were taken that included both the whole glaze layer and the 

ceramic body. The samples were embedded in epoxy resin730 under vacuum using the double-

embedding technique applied at the Fraunhofer Institute in Bronnbach, Germany.731 The samples were 

then wet-polished using silicon carbide paper from 500 to 4000 mesh. Final polishing was carried out 

using Micromesh 4000 and 8000 mesh.  

 

6.7.4 Colour measurements 

Colour measurements of the ceramic of the Rotterdam tile set were recorded using a 

spectrophotometer732 and the colorimetric data is given as CIE L*a*b* values. For details of the CIE 

system see Appendix VIII.  

 

The measurements of the ceramic colour were taken from the back of the tiles; where necessary the 

surface was cleaned mechanically to remove any surface deposits, such as the remains of mortar. 

Three areas were measured and the average calculated. In order to assess the influence of calcium in 

 
728 Pinholes in the tile corners were made during the tile cutting process. See chapter 5. 
729 Rice 2005, 373. 
730 Epofix embedding resin, Struers.  
731 This technique is used for layered materials such as glazed ceramic where the layers have different porosity 
values (i.e. the glaze and the ceramic). By embedding the sample in two stages under vacuum, the stress on the 
interface between the materials is reduced and a better penetration of the porous ceramic can be obtained. 
The sample is first embedded in a small silicon mold (approximately 2 x 3 mm) with a small amount of epoxy 
and placed under low vacuum. Once set, the embedded sample is then cast into a larger epoxy block of a size 
suitable for wet polishing. With thanks to Gabriele Meuse Diegeler at the Fraunhofer Institute. 
732 Minolta model CR-200b, measurement area Medium Area Volume (MAV) (8 mm), specular component 
SCI+SCE: D65. For more details see Appendix VIII. 
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the clay on the ceramic colour, the levels of the red tone, recorded as a* values,733 were plotted against 

the CaO and Fe2O3 measurements. 

 

6.8 Results and discussion 

6.8.1 Tile format and thickness 

The most common format for 17th century Dutch tiles was 13 x 13 cm, or 5 duimen (‘thumbs’), a duim 

being between 2.4 and 2.7 cm in today’s measurements, depending on the region.734 Smaller tiles were 

made in the early 17th century and by the mid-19th century, tiles of 15 x 15cm were common. 

Occasionally, other formats were made for wall niches and corner shelves or floors around 

fireplaces.735 

 

 

The thickness of 17th century tin-glazed tiles is considered to be an important dating tool and is often 

referred to in the literature.736 Late 16th century and early 17th century tiles are documented as being 

approximately 19 mm thick; by 1630 this had reduced to 12 mm, and between 1640 and 1680 the 

thickness had reduced further to 7-8 mm. By the 18th century, a thickness of 6 mm was common.  

 

The thickness of all the tiles in the tile set was measured and the average of the tiles from each of the 

time periods per production centre was calculated. As can be seen in figure 6.4, although there is 

variation in the thickness of the tiles, there is a clear trend showing a reduction over time. This reflects 

the measurements documented in the literature. 

 

 
733 The a* values indicate the red/green values. See Appendix VIII. 
734 Pluis 2013, 81. 
735 Ibid., 87; de Jonge 1971; Korf 1960, 29.  
736 van Dam 1999; Lins 1998; Pluis 1997; Schaap 1984.  
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Figure 6.4: Change in tile thickness from 1600 to 1750. 
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6.8.2 Morphology of the ceramic and glaze 

The backscattered (BSE) images obtained with the SEM provided information on the morphology of 

both the ceramic body and glaze. The typical morphological features of a tin-glazed tile can be seen in 

the BSE image in figure 6.5. The quartz grains in the ceramic are visible as darker areas (also visible in 

the scan in figure 6.7). The Sn cassiterite crystals in the glaze show up as white spots and clusters. 

 

 

 

 

 

 

 

The inhomogeneity of the ceramic body of early tiles (1600-1625) due to poor clay mixing can be seen 

in the BSE images and the EDX data in figure 6.6.  These images in figure 6.6 together with the EDX 

mapping (figure 6.7), show how poorly mixed marl and local clays can result in extreme variations in 

the CaO wt.% and SiO2 data. underlines the importance of referring to BS images when defining areas 

of the ceramic for analysis and, wherever possible, analysing more than one area of the tile. 

GLAZE

CERAMIC 
BODY

INTERFACE

QUARTZ 
GRAIN

GAS  
BUBBLE

CRAZING 
CRACK

WHITE 
CASSITERITE 

CRYSTALS

Figure 6.5: SEM BSE image of the glaze and ceramic of a tin-glazed tile (Utrecht ca. 1625-50) 

showing the typical morphological features of the ceramic and tin glaze of Dutch tiles. 

Figure 6.6: SEM BSE images of a Rotterdam tile dated 1600-1625 (tile A45001B) showing the 

inhomogeneity of the ceramic body due to poor clay mixing in two samples (the calcium-rich marl 

is lighter in tone); the EDX data of the main elements from the two samples is given on the right). 

Sample 1 Na2O MgO Al2O3 SiO2 K2O CaO Fe2O3 SnO2 PbO

pt1 1.2 1.5 9.8 50.6 1.2 30.5 3.7 0.2 1

pt2 2 1.8 12.4 57.6 1.4 18.6 4.8 0.5 0.9

Average 1.6 1.6 11.1 54.1 1.3 24.6 4.2 0.4 1

pt3(marl) 0.6 1 3.1 16 0.5 75 1.7 0.4 1.7

Average (+ marl) 1.3 1.4 8.4 41.5 1.0 41.4 3.4 0.4 1.2

Sample 2 Na2O MgO Al2O3 SiO2 K2O CaO Fe2O3 SnO2 PbO

pt1 1.4 1.5 13 52.1 2.6 23.3 3.9 0.5 0.7

pt2 1.3 1.7 11.2 53.6 1.8 23.4 4.3 0.7 1

pt3 1.3 1.5 9.3 58.8 1.2 21.3 3.7 0.6 1.3

Average 1.3 1.6 10.2 56.2 1.5 22.3 4 0.6 1.1

STD 0.1 0.1 1.9 3.5 0.7 1.2 0.3 0.1 0.3
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The ceramic of Dutch tiles generally contains a large number of inclusions, which are predominantly 

quartz particles. The pattern of the grain size distribution in the majority of the Dutch tile samples 

was found to be bi-modal, with a high percentage of smaller inclusions of 20-50 µm in diameter 

together with a small proportion of large grains of 150-200 µm. Figure 6.8 shows four BSE images of 

tiles dated from 1625 to 1750 where this can be seen: two glazed tiles from Rotterdam (1700-1750) 

and Utrecht (1625-1650) and two unglazed tiles from Harlingen (1650-1675).  

 

The images appear to show a clear distinction between smaller and large silica inclusions. The 

presence of such bi-modal grain size distribution often suggests the addition of sand as temper.737 

While there is historical evidence that sand was added to the clay used for tin-glazed ware production 

in Italy738 and France,739 there is no evidence of this being done in the production of Dutch tiles. 

However, historical documents provide some clues as to the possible source of the commonly found 

inclusions, linking them to the clay preparation and tile-forming. 

 
737 Rice 2005, 62; Quinn 2013, 103. 
738 Piccolpasso mentions the addition of sand in the Urbino glaze. See chapter 4. 
739 In Diderot and D’Alembert’s Encyclopédie the need to add fine sand to the clay is mentioned. Diderot and 
D’Alembert 1760, 1. 

IMG1 Si-K Al-K

Ca-K K-K

Fe-KSn-L Pb-M

Na-K

Figure 6.7: EDX mapping of a full cross section of the sample of a Rotterdam tile dated 

1600-1625 shown in figure 6.6. The poor mixing of the marl is clearly visible in the Ca 

distribution. 
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Paape describes how sand was thrown on the bottom of the levigation basins to prevent the clay 

sticking to the bottom740 as well as being spread on the floor when the clay was kneaded by treading 

(aardetrappen).741 In the tile picture depicting tile-making at Bolsward in Friesland, one can see the 

potter sprinkling sand onto the work-surface before rolling out the clay (see figure 6.9). This could 

possibly also account for the fact the larger quartz grains are often found on the ceramic surface, 

sometimes just under the glaze as seen in figure 6.8.  

 
740 Paape 1794, 7. 
741 Ibid., 9. See also chapter 5.  

Si-K

Si-K

Figure 6.8: SEM BSE images of tile samples showing the bi-modal grain size distribution in tiles 

Utrecht, Harlingen and Rotterdam dated between 1640-1675. Magnification x100. (Clockwise from 

top left: U2, R8, STR1, STR2). On the right is EDX mapping of the two right-hand samples clarifying 

the Si distribution. 

Figure 6.9: Detail of the Bolsward tile picture (ca. 1737) showing how sand was sprinkled on the work 

surface before rolling out the clay to make tiles. 

 



 
 

 

137 
 
 

 

 

Some glazes are seen to contain unreacted mineral grains that primarily consist of quartz, and 

occasionally feldspar.742 Such inclusions were found to varying degrees in the glazes of approximately 

half the tile samples. This phenomenon was more common in the Harlingen glazes and least common 

in glazes from Utrecht, and was more often found in glazes from either the beginning or the end of the 

17th century (see figure 6.10). This may suggest a lack of technical skill at the beginning of the century, 

differences in the glaze production methods and/or firing schedules at the end of the century. Another 

reason, suggested in research into early tin glazes, is the deliberate addition of sand to the glaze as an 

extra opacifier.743 Piccolpasso also mentions this in an Urbino tin-glaze recipe.  

 

However, there is no historical evidence that this was common practice in the production of Dutch 

historical tin glazes and there is no suggestion in the recipes of it being applied. The presence of un-

reacted quartz in the glaze layer can be linked to aspects of the firing schedule such as a too-low firing 

temperature or a shorter firing time at one of the three different firing moments in the glaze 

production: the melting of the masticot mix; the melting of the glaze mix; or the firing of the glazed 

tile. The chemical composition of the glaze is also significant, notably a low percentage of fluxes 

(sodium, potassium and lead) that reduces the melting point of the glaze frit,744 although this does not 

appear to be reflected in the EDX results of the glazes (see Appendix XI). This issue is discussed further 

in chapter 8 on glaze reconstructions. 

 
742 A naturally occurring tectosilicate mineral that is generally classified as either potash (potassium) or soda 
(sodium) feldspar based upon the predominant alkali metal element (the flux) that is present. 
743 Molera 2001, 337; Tite 2009, 2071. 
744 Tite et al. 2008, 76. 

Figure 6.10: On the left and in the middle are four SEM BSE images of Rotterdam and 

Harlingen glazes containing coarse quartz inclusions. On the right are two Utrecht tiles that 

have no inclusions. 

Rotterdam 1600 –1625 (9661)

Rotterdam 1700 – 1750 (4800)

Harlingen 1625 –1650 (HR1)

Harlingen 1700 – 1750 (4800)

Utrecht 1600–1625 (U3)

Utrecht 1675 –1700 (U8)
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6.8.3 Glaze thickness 

The thickness of the glaze in the samples analysed ranged between 200 and 500 µm (0.2-0.5 mm) and 

was very variable, although a general trend towards thicker glazes was seen in the late 17th and early 

18th centuries (see figure 6.11). This trend is very clear in the tiles from Harlingen. The thickness of the 

Utrecht glazes was relatively consistent apart from the second quarter of the 17th century when there 

appeared to be a sudden increase. The thickness of Rotterdam glazes, however, appears to be very 

variable and shows no particular trend. This could be linked to the fact there were many more factories 

in Rotterdam compared with Harlingen and Utrecht, resulting in more variations in production.  

 

 

6.8.4 The composition of the ceramic  

The data from the EDX analysis of the ceramic body can be found in Appendix X. The standard method 

of reporting elemental data in the fields of mineralogical and ceramic analysis is in oxide percentages. 

This is due to the assumption that the elements are present in stoichiometric oxides. It enables the 

quantification methods to take into account the matrix effect of the oxygen in the sample for more 

accurate calculation of the concentrations. Although the data collected with EDX is only semi-

quantitative, it was suitable for the general comparisons applied in this research.  

 

The EDX results of the tile ceramic of the data set showed the same range of major elements reported 

in previous research, namely SiO2 (50-60 wt.%), Al2O3, (ca. 10 wt.%), CaO (10-20 wt.%), Na2O (ca. 

2 wt.%), MgO (ca. 1.5 wt.%), K2O (ca. 1.5 wt.%), and Fe2O3 (ca. 4.5 wt.%), together with low levels of 

PbO (ca. 1 wt.%). The presence of lead oxide in the ceramic biscuit can be explained by the leaching of 

vapour from the glaze onto the ceramic during firing.  

Figure 6.11: Average glaze thickness of tiles from production centre between 1600 and 1750. 
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The average CaO wt.% of the tiles (three from each time period and each production centre) ranges 

from 11 to 24 (see figure 6.12). The Rotterdam tiles have the highest average CaO wt.% at 19%, with a 

range of ca. 6 %. This was followed by the Utrecht tiles at 18%, which has a larger range of around 12%. 

These averages reflect the findings of the previous analysis on the ceramic of tin-glazed tiles. The 

Harlingen tiles had a lower average at 17 wt.% with a similarly large range of ca. 10 %. The lowest CaO 

values (average ca. 15 wt.%) were found in the earliest tiles (1600-1625). The average CaO wt.% of the 

tiles dating between 1625 and 1675 being seen to increase to 18 wt.%, those dating between 1675 and 

1700 rising slightly higher at 19 wt.%, while the tiles dating between 1700 and 1750 contained an 

average of ca. 21 wt.% CaO. The average values reflect those found in previous research. This suggests 

that between 1625 and 1700, the CaCO3 percentage in the clay pastes would have been ca. 31 wt.%, 

which closely matches the CaCO3 calculated in the clay recipes (see Appendix III).  

 

One of the main arguments given for adding imported calcium-rich marl clay to Dutch clays is that it 

would reduce the plasticity of the clay and slow down the drying process, preventing warping and 

cracking of the tiles on drying and firing.745 This in turn would facilitate the production of thinner tiles, 

which would have economic advantages including the ability to produce more tiles in one firing and to 

transport more tiles in one shipment.746 If this was the case, then one would expect to see a 

relationship between the thickness of historical tiles and the CaO wt.% in the ceramic.  

 

 
745 For details on the influence of calcium in clay see chapter 7. 
746 Berendsen 1967; Lins 1984: 179; 243: Caiger-Smith 1973: 130; Tichelaar 2005: 73  

Figure 6.12: The wt.% CaO in the ceramic of the tiles from each period and each 

production centre. 
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The average tile thickness of the historical tiles for each 25-year period was plotted against the CaO 

wt.% as seen in figure 6.13.   

 

 

The boxes in the chart displays the interquartile interval, where 50% of the data is found. The 

extending lines or whiskers indicate the variability outside the upper and lower quartiles. The line in 

the block indicates the median and the cross the mean. Outliers are indicated with dots as seen with 

the one thinner tile in the group 1600-1625. The results suggests that the decrease in thickness is 

related to an increase in CaO wt.% from ca. 1650. 

 

The CaO wt.% of the tile ceramic747 was also plotted against the Fe2O3 wt.% in order to assess if the 

change in the CaO wt.% was related to the clay recipe (see figure 6.14). The Fe2O3 would have 

originated from local clays whereas the calcium (in the form of CaCO3) would have primarily originated 

from the imported marl, although, as discussed in chapter 3, some of the local clay sources around 

Delft are presumed to have also had a significant calcium carbonate percentage (ca. 10 wt.%) and the 

Friesland clay used is known to be calcium rich (ca. 19 wt.%). It was found that although the wt.% of 

CaO was very variable, the Fe2O3 remained relatively constant, suggesting that the amount of local clay 

used (and therefore the clay recipes) was fairly consistent (see figure 6.14).  The variation in CaCO3 

could have been due to the use of different calcium-rich local clays or variations in the CaCO3 wt.% of 

the marl, or a combination of both. The historical evidence supports both possibilities (see chapter 3).  

 

There are a few samples where the CaO wt.% is close to 30. If the calcium had originated from the clay 

or marl this would mean that the average wt.% of CaCO3 in the original clay mix would been more than 

50 %. Such a high percentage of calcium could not fully react to form calcium silicates during firing.748 

These high values may be exceptions in the clay mix or the result of contamination either from lime 

 
747 The average of the three tiles in each time period and per production centre. 
748 Rice 2005, 107. 

Figure 6.13: The tile thickness (in mm) and CaO wt.% of the ceramic of the historical tile 

set. 
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mortar or calcium in the soil (in the case of excavated material).749 Such contamination in samples of 

can be largely avoided by avoiding taking samples from the back or sides of tiles. 

 

 

 

Aluminium oxide is a major component in any clay matrix. Its percentage will vary depending on the 

clay origin, making it a useful tool to determine differences in clay sources.750 When Al2O3 was plotted 

against SiO2 for the three production centres, the values for Harlingen end Rotterdam broadly 

overlapped, implying that similar clays were used and/or similar clay mixes. The generally lower weight 

percentages of the Al2O3 values of the Utrecht tiles suggest that the local clay sources used were 

different (see figure 6.15). 

 

 
749 Mimoso et al. 2011, 18. 
750 Hughes 2008, 125. 

Figure 6.14: The CaO and Fe2O3 wt.% of the ceramic of the historical tile set. 

Figure 6.15: The relationship between the SiO2 and Al2O3 wt.% of the ceramic of the 

tiles from the three production centres. 
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By plotting CaO against Fe2O3 per production centre it was possible to gain information about the local 

clays (that contain Fe2O3) in relation to the calcium-rich clays or marls used (see figure 6.16). Although 

the values of the three production centres are again seen to cover the same range, the Utrecht tiles 

are observed to have relatively higher CaO and lower Fe2O3 values compared to the other production 

centres, which suggests that a different clay composition or mix was used.  

 

6.8.5 The colour of the ceramic  

When iron-rich clay (between 2 and 6 wt.%) is fired in an oxidising environment, it develops a pink or 

red colour depending on the type and amount of iron oxide compounds in the clay751 together with 

other elements that may influence the final colour, notably calcium.752 The red colour of the ceramic, 

represented by in the a* values753 obtained from colorimetric measurements, was compared with the 

wt.% of iron and calcium obtained with EDX analysis in order to investigate variations in the clay mixes 

of iron-rich local clays and imported calcium-rich marl. One would expect the a* value to roughly 

reflect the Fe2O3 percentage in the ceramic if similar clays had been used and there were no other 

influences on the colour. However, despite the fairly similar Fe2O3 wt.% of all the tiles up to 1675, the 

earlier tiles dating from 1600 to 1625 were found to have distinctly higher a* values (therefore a redder 

tone) than the later tiles (see figure 6.17). This suggests a change in composition or differences in 

production process after that date.  

 

This could be linked to differences in clay recipes, with some having a greater proportion of marl to 

local clay, or a greater use of the high-calcium imported marl rather than the calcium-rich clays of the 

Delft region. The few Rotterdam and Harlingen tiles that fall within the same range as the Utrecht tiles 

mostly date from the third quarter of the 17th century, which may suggest a more general increase in 

 
751 Rice 2005, 333. 
752 This is further explained in chapter 7. 
753 Higher a* values represent an increase in red hue. See Appendix VIII. 

Figure 6.16: The relationship between the CaO and Fe2O3 wt% of the ceramic of the tiles 

from the three production centres. 
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the calcium in clay mixes in that period, although the data set is too small to draw any definitive 

conclusions. 

 

Although the earliest tiles have on average a lower average CaO wt.% and higher a* value, no clear 

relationship can be seen between the average CaO wt.% in the ceramic and the colour (a* value) of 

the ceramic after 1625 (see figure 6.18). After that date, the a* values are seen to remain within a 

similar range, despite a variable Fe2O3 content of 3 to 6 wt.%. This implies that the production process 

may play a more significant role than the CaCO3 percentage in the clay. This is discussed further in 

chapter 7.  
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Figure 6.17: The relationship between the Fe2O3 wt.% and the red hue 

(a* value) of the ceramic of the Rotterdam tiles. 

 

Figure: 6.18: The relationship between the CaO wt% and the red hue (a* 

value) of the ceramic of the Rotterdam tiles. 
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6.9 The chemical composition of the glaze 

The EDX data for the glaze of all the sample tiles can be found in Appendix XI. The primary components 

of the glazes were found to be SiO2, PbO, SnO2, CaO, Na2O, K2O, Fe2O3, Al2O3 and MgO, reflecting the 

findings of previous research. Figure 6.19 gives an overview of the wt.% of the major components of 

the glazes of the tile set, comparing the average of each group of three tiles per factory per period. 
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Figure 6.19: Overview of the average wt.% of major elements in the glaze (reported as oxides) in the 

reference group of tin-glazed tiles.  
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Although the composition of the glazes is seen to vary both between the different production centres 

and over time, the wt.% of most of the major elements are seen to fall within defined parameters. The 

wt.% of silica ranges from 50 to 58, the wt.% of K2O and Na2O from 2 to 4. CaO was fairly consistent at 

ca. 4 wt.%.  

 

The wt.% of SnO2 was very variable, ranging from 6 to 13%. It showed a general increase during the 

17th century, with a slight dip in the middle of the century in the case of the Rotterdam and Utrecht 

tiles. The suggestion that the SnO2 wt.% of the glazes increased during the 17th and early 18th century 

appears to be supported when the SnO2 wt.% is plotted against PbO of all the historical tiles (figure 

6.20), suggesting that the proportion of tin in the tinas increased over time, although a clear difference 

can only be observed between the earliest and the latest periods.  

 

The wt.% of tin and lead are more variable after 1625, probably due to the sudden increase in 

production centres and the tiles produced. This variation is reflected in the ratios of tin to lead, 

although a clear progressive increase can be observed in the case of the Utrecht tiles (see table 6.5). 

 

Although the wt.% of CaO is fairly constant, the wt.% of Na2O and K2O and the ratio between the two 

fluxes are seen to be very variable (see figure 6.20 and table 6.4). The Rotterdam glazes have 

consistently lower percentages of sodium and only half of that recorded for the Harlingen glazes from 

the middle of the 17th century. The ratio of potassium to sodium was particularly variable in the 

Rotterdam and Utrecht glazes. This variation supports the belief that the majority of the soda used 

was obtained from kelp or ’English soda’ which was a mixed alkali with a variable composition. 
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Figure 6.20: The wt.% of PbO and SnO2 of the glazes of the tiles divided by period.  
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6.10 Conclusion 

Certain physical features of the ceramic of Dutch tin glaze tiles show a clear change during the 17th 

and early 18th centuries, notably the thickness and colour. Although the format of the tiles is 

consistently ca. 130 x 130 mm, the thickness decreases from ca. 15 mm in 1600 to 6 mm in the mid-

1700s. The ceramic of the tiles produced before 1625 is seen to be particularly inhomogeneous due to 

the poor mixing of the iron-rich local clays and imported calcium-rich marl before wet mixing was 

introduced. Through the whole period, the ceramic was found to contain a significant percentage of 

quartz inclusions, which would have been naturally present in the clay. In some samples the inclusions 

appear to have a bi-modal distribution with a small percentage of larger sand inclusions, which may 

be linked to the techniques used for clay kneading and cutting of the tiles when sand was used to 

prevent the clay sticking to the floor or table. Both these factors should be taken into account if micro 

samples are being taken. 

 

Na2O:K2O 

  Rotterdam Harlingen Utrecht 

1600-1625 0.7:1 0,6:1 0.4:1 

1625-1650 1:1 0.5:1 1:1 

1650-1675 0.5:1 0.9:1 1:1 

1675-1700 0.1:1 0.9:1 0.7:1 

1700-1750 0.5:1 0.9:1 0.5:1 

SnO2:PbO 

  Rotterdam Harlingen Utrecht 

1600-1625 0.2:1 0,3:1 0.3:1 

1625-1650 0,5:1 0.6:1 0.3:1 

1650-1675 0.3:1 0.7:1 0.4:1 

1675-1700 0.4:1 0.4:1 0.4:1 

1700-1750 0.3:1 0.5:1 0.6:1 

Rotterdam Harlingen Utrecht

1600 - 1625 0,7:1 0,6:1 0,4:1

1625 - 1650 1,1:1 0,5:1 1,2;1

1650 - 1675 0,5:1 0,9:1 1,0:1

1675 - 1700 0,1:1 0,9:1 0,7:1

1700 - 1750 0,5:1 0,9:1 0,5:1
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Figure 6.21: The wt.% of Na2O and K2O of the glazes divided by period.  

Table 6.4: The ratios of SnO2 to PbO and Na2O to K2O in each period and per production centre. 
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The elemental composition of the major elements in the ceramic was found to be fairly consistent, 

apart from calcium. Although a progressive increase in the average CaO wt.% of the ceramic is seen 

from ca. 1650, there was a wide spread in the data. The spread may be related to variations in the 

calcium carbonate content of the marl or differences in the clay recipes, although in some extreme 

cases the possibility of contamination from mortar where should also be taken into account. The 

greater variation within the Rotterdam tile set may also be explained by the fact that it was a large 

production centre with significantly more factories than Utrecht and Harlingen. 

 

The hypothesis that there is an inverse correlation between the thickness of the tiles and the CaO wt.% 

of the ceramic is supported with the data from the tiles dating from 1650, however before that date 

there is too wide a spread in the data. The variations in the CaO wt.% of the ceramic can be seen to 

support the historical evidence that the percentage of CaCO3 in the imported marl was inconsistent or 

that potters were using a variety of calcium-rich local clays (or both).  

  

The colour of the ceramic also changed in the period. Up to 1625 the ceramic of the tiles had a 

predominantly red or pink colour after which the colour changed to the lighter buff colour more 

common with Dutch tiles. While a correlation could be observed between the colour of the tile and 

the wt.% of CaO and Fe2O3 of the earlier tiles, this was not the case with the tiles dating from after 

1625 where there was considerable overlapping of the results. This suggests that after 1625 other 

factors were also influencing the colour of the ceramic, the most likely option being the production 

process.  

 

The average wt.% of the major elements in the glaze (Na2O, MgO, Al2O3, SiO2, K2O, CaO, SnO2 and PbO) 

broadly reflect the composition recorded in earlier research. While the silica and calcium percentages 

were found to be fairly consistent, the percentage of the alkali fluxes, namely Na2O and K2O were 

variable. While this may be linked to the small variations in the proportions of soda and potas in the 

glaze recipes, this may also support the historical evidence that the composition of the raw materials 

was inconsistent, in particular the soda obtained from kelp which is known to have contained variable 

proportions of Na2O to K2O depending on when it was harvested and how it was prepared (as discussed 

in chapter 4).  

 

The percentage of tin oxide is seen to have the greatest variation, ranging between 5 and 13 wt.%. 

While the use of different qualities of tin may have had some influence, this is evidently related to 

variations in the recipes as seen in the recipe books. The general increase in the percentage of tin in 

the period, reflects the increase calculated from by the dated recipes in Sijbeda’s book. Considering 

the cost of tin, one can argue that the potters were trying to improve the quality of the tiles in a period 

of stiff competition. 

 

The presence of quartz inclusions in the glaze was found to be common at the beginning of the 17th 

century and again later in the 18th century. While sand was added to the final glaze in other European 

production centres, there is no evidence that this was the case in the Netherlands. The presence of 

un-melted quartz in glaze or glass can be related to a number of factors including the percentage and 

proportion of the fluxes in the glaze together and the firing process. The sand is melted to make 

masticot due to the the action of the alkali fluxes potassium and sodium together with the firing 
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process. The proportion of these fluxes in the glazes have been seen to be variable. The firing process 

will disturb the melting process if the firing temperature is too low or the firing time too short.  

 

Although it has been possible to determine features of both the morphology and composition of 17th 

and 18th century Dutch tin-glazed tiles, one has to keep in mind that the analytical techniques used 

are semi-quantitative and the data set is limited. Further analysis of a larger group of tiles, possibly 

including those from other production centres, is needed to confirm and evaluate the findings.  
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Chapter 7: Reconstructing clay recipes: the influence of 
calcium carbonate 
 

7.1 Introduction  

Seventeenth century Dutch tin glaze potters were very aware of the importance of using calcium-rich 

clay for the production of tin-glazed ceramics and even prepared to import marl to mix with the local 

clays. Analysis of historical clay-paste recipes, together with information on the source and 

composition of the clays and imported marls used, has led to the conclusion that the CaCO3 content of 

the clay pastes would have ranged between 25 and 35 wt.%. This is supported by the results of the 

chemical analysis of the ceramic of historical tiles (see chapter 6). The fact that potters used relatively 

precise clay-paste recipes shows that a specific proportion of calcium carbonate in the clay mix was 

believed to be crucial for the success of the final product. Although it is known that calcium in clay has 

a significant influence on the ceramic produced, the reason for using the percentages suggested by the 

recipes is unclear. Of particular interest is how this relates to changes in the physical and chemical 

characteristics of historical Dutch tin-glazed tiles. 

 

To investigate the influence and significance of the calcium-rich clay within the context of Dutch tin-

glazed tiles, reconstructions of historical clay-paste mixes were created using clays that represented 

those mentioned in historical source documents as far as possible. Suitable clays and marl were 

sourced, analysed and prepared so that test samples could be made with variations in the percentage 

of calcium carbonate that reflected the historical recipes and the chemical composition of historical 

tiles. Sample sets were made and fired at temperatures that reflected the temperatures in historical 

updraft kilns. Physical characteristics of the different samples were then measured and compared. 

 

7.2 The influence of calcareous clay in tin-glazed tile production 

7.2.2 Thermal expansion coefficient 

Ceramic made with calcium-rich clay has a number of specific characteristics that make it suitable for 

use with a tin glaze. The addition of tin oxide to a lead glaze not only results in the desired opaque white colour, 

but also increases the thermal expansion coefficient754 (TEC) of the glaze. If a ceramic is made from 

red-firing earthenware clay with a low TEC, the applied tin glaze will contract more than the ceramic 

during the glaze (glost) firing, resulting in cracking or ‘crazing’ of the glaze.755 The TEC of tin glaze lies 

between 7 and 9 x 10-6 m(m˚C). Non-calcareous earthenware clays have a far lower TEC of between 2 

and 3.5 x 10-6 m(m˚C).756 A ceramic made with calcium-rich clay will have a TEC between 4.5 and 7.0 x 

10-6 m(m˚C) (depending on the calcium percentage), which is closer to that of tin glaze.  

 

 
754 The TEC of ceramic relates to the expansion and contraction of the ceramic during heating and cooling. The 
coefficient ratio of thermal expansion indicates how much a material expands per 1°C rise in temperature. 
755 De Jonge 1978, 14; Caiger-Smith 1973, 130; Tite 1998 et al., 226. 
756 Tite 2009, 2077. 
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It is regularly stated that the prevention of crazing in the glaze was a major reason why calcium-rich 

clay was sourced and used by potters making tin-glazed wares.757 However, too much calcium 

carbonate in the clay will also lead to problems. The TEC of the ceramic can then become greater than 

that of the tin glaze, leading to such a high level of glaze compression that the glaze is forced from the 

ceramic, either falling off the surface (‘peeling’) or breaking off just under the glaze-ceramic interface: 

a glaze fault known as ‘shivering’.758 According to Caiger-Smith, in order for the glaze to fuse well onto 

the ceramic, tin glazes have to be fired at a higher temperature than the earlier lead glazes – closer to 

1000˚C.759 Early 17th century tin-glazed tiles made with the commonly available iron-rich secondary 

river clays suffered from ‘cracking’, a reference to the warping and splitting of tiles that would have 

occurred at the higher temperatures needed to mature a tin glaze.760  

 

Calcareous clays also distort less on firing than plastic clays due to high water retention and the slower 

drying time.761 According to Tite, the microstructure of the calcareous clays remains essentially 

unchanged over the 850–1050°C firing temperature range due to the formation of calcium silicate 

crystalline phases (gehlenite and wollastonite). As a result, the control of the firing temperature 

needed to produce pottery of a consistent quality is less critical for the avoidance of possible distortion 

of the pottery from over-firing.762 At temperatures of ca. 1100˚C, calcium oxide functions as a flux763 

which, depending on the clay composition, would lead to further sintering of the clay and a reduction 

in porosity. 

 

7.2.2 Colour  

Calcium in clay can have a significant influence on the colour of ceramic. Clays fire to a red colour in 

oxidising conditions due to the presence of iron oxide in the clay composition. The transformation of 

iron oxide to hematite (Fe2O3) is what gives ceramic its red colour. 764 Hematite begins to develop at 

500˚C but the reaction speeds considerably from 900˚C.765 When a clay contains sufficient iron oxide 

to produce a red-coloured ceramic in oxidising firing conditions,766 it can fire to a yellow or buff colour 

if the clay also contains a significant percentage of calcium. This process is sometimes referred to as 

‘bleaching’.767 Previous research has determined the influence of mineral transformations that occur 

during firing on the colour of ceramics including the formation of calcium (iron) silicates.768 Most 

 
757 Tite 2009, 2077; Hamer and Hamer 2004, 229; Caiger Smith 1973, 14. 
758 See Appendix XIII for a description of typical tin glaze faults. 
759 Caiger Smith 1973, 15. 
760 Korf 1979, 9; van Dam 1982, 14. 
761 Hamer and Hamer 2012, 47. 
762 Tite 2009, 2077. 
763 Hamer and Hamer state that calcium oxide functions as an active flux at 1100˚C. 
764 Hamer and Hamer 1975, 121.  
765 Ibid.,187; Rice 2005, 343. 
766 A ceramic will obtain a red colour in an oxidising firing environment when the iron oxide wt.% is above 3. 
Rice 1987, 335. Chemical analysis of 17th century Dutch tiles has shown the ceramic contains 4-6 wt.% iron 
oxide. See chapter 6 
767 Searle and Grimshaw 1960, 282. According to Hamer and Hamer, up to 3% of the iron oxide in a clay can be 
‘bleached’.  
768 Pereira et al. 2015; Cultrone et al. 2001; Molera, Pradell, and Vendrell-Saz 1998; Dondi et al. 1998. 
Kreimeyer 1987. 
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authors put the colour change down to the formation of pyroxenes769 such as fassaite 

(Ca(Mg,Fe,Al)(Si,Al)2O6), which integrates iron oxide into its crystalline structure.770  

The colour changes occur when fassaite develops because Fe3+ is entrapped in the mineral structure.771 

A number of authors have suggested other processes involving the incorporation of Fe3+ in crystalline 

mineral structures at temperatures above 1000˚C. Kreimeyer,772 Maniatis and Perdikatsi,773 and 

Rathossi and Pontikes 774 all suggest that the same process can occur when gehlenite forms.  

 

The weight percentage of calcium in the clay is very important for the colour. Kreimeyer concluded 

that when the CaO content is less than 10%, plagioclase will form at lower temperatures in the form 

of anorthite (CaAl2Si2O8), rather than fassaitic pyroxene, which does not incorporate Fe3+ into its 

structure.775 Alternatively, when there is a surplus of calcium, the iron oxide can provide an 

‘alternative’ to silica, so that instead of the formation of calcium silicates, a spinel-type compound 

calcium ferrite (CaO • Fe2O3) is formed.776  

 

7.2.3 Strength 

The weight and mechanical strength of a ceramic can also be influenced by the calcium percentage in 

a clay. Depending on the firing temperature, a ceramic body with a high calcium content will have a 

higher porosity and therefore be lighter in weight relative to other earthenware.777 According to Tite, 

the ceramic also will have a greater rigidity and compressive strength than one produced from non- 

calcareous earthenware clay,778 the strength depending on whether the firing temperature is at or 

above the critical temperature of 1100°C when calcium begins to work as a flux.  

 

Calcium carbonate decomposes between 650˚C and 900˚C 779 when calcium oxide (CaO) is formed and 

carbon dioxide (CO2) is emitted. The calcium oxide then reacts with silica to form calcium silicates:  

 

Decomposition of calcite: CaCO3 650-900˚C   CaO + CO2  

 

However, if large calcium carbonate particles, such as pieces of shell, are present in the clay, these 

particles will not fully react to form silicates but will remain as calcium oxide in the ceramic body after 

 
769 Pyroxenes are a large class of rock-forming silicate minerals, generally containing calcium, magnesium and 
iron, and typically occurring as prismatic crystals. The chemical composition of minerals of the pyroxene group 
can be expressed by the general formula XYZ2O6, in which X = Na+, Ca2+, Mn2+, Fe2+, Mg2+, Li+; Mn2+, Fe2+, Mg2+, 
Fe3+, Al3+, Cr3+, Ti4+; and Z = Si4+, Al3+.  
770 Hamer and Hamer 2012; Cultrone et al. 2001; Molera et al. 1998. 
771 Rathossi and Pontikes 2010, 1847. 
772 Kreimeyer 1987, 179. 
773 Maniatis and Perdikatsis 1983, 773. 
774 Rathossi and Pontikes 2010. 
775 Kreimeyer 1987, 183. 
776 Hamer and Hamer 1975, 48. 
777Tite and Maniatis 1975, 22; Searle and Grimshaw 1960, 282. 
778 Tite and Maniatis 1975, 22; Tite 1970: 2078. 
779 Although calcite is considered to decompose at around 870˚C, the exact temperature at which this occurs 
will depend on the firing time and atmosphere and be between 650˚C and 900˚C. Rice 2005, 98. 
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firing. Calcium oxide is highly hygroscopic and will rehydrate to form calcium hydroxide (also known as 

quicklime or slaked lime, which with time will revert to calcium carbonate: 

 

Formation of calcium hydroxide: CaO + H2O → Ca(OH)2 

(Re-) carbonisation to form calcite: Ca(OH)2 + CO2 → CaCO3 + H2O 

 

This transformation involves a volume expansion, which can result in damage at the ceramic surface, 

known as ‘lime popping’.780 This is less likely to occur if the calcium carbonate particles are very fine781 

or if the ceramic has been fired above 1000°C as new calcium compounds can then be formed, notably 

wollastonite (CaSiO3) or gehlenite (Ca2Al2SiO7). 

 

7.3 Sourcing and preparing clay and marl for reconstructions 

The clay recipes described in Sijbeda’s recipe book involve a mixture of one of two Dutch clays: 

Tichelaars’ or ‘tile’ clay, or local Friesian (sea) clay, together with marl imported from Doornik or 

England. To make reconstructions, two Dutch clays and one marl782 were sourced that were considered 

to represent the clays mentioned in the recipes as far as possible.  

 

7.3.1 Maas River clay 

Clay from the Maas River, which is still used today for the brick industry, was chosen to represent a 

standard red-firing Dutch river clay. The clay chosen had an iron oxide percentage of ca. 4 wt.% that 

reflected the average iron content of historic tile ceramic, taking the proportion of local clay in the 

clay-mix into account. The clay was excavated from the Maas floodplain at the Koningsdijk in Grave, 

Province of Gelderland, from a depth of 1 metre783 (see figure 7.1). 

 

 
780 Rice 2005, 98; Rye 1981, 107. 
781 The grain size distribution of marl clay is 63 µm (0.063 mm). Above this the sediment is termed as a 
mudstone. https://geologyscience.com/rocks/sedimantery-rocks/marl/ Accessed 05.06.2020 
782 A source of English ‘Boyton’ marl was found but extraction proved too problematic. See van Lookeren 
Campagne ‘The Use of Boyton 'White Earth' to Produce Dutch Delft in the 17th Century’. Orford and District 
Local History Bulletin, (28), 2017 11-15. 
783 With thanks to the Wetering company, Heesch, the Netherlands. 

Figure 7.1: Extraction of clay from the Maas River flood plain. In the image is Jan van Kastevens of the 

Wetering company (Heesch) which donated the clay for the research. 

https://geologyscience.com/rocks/sedimantery-rocks/marl/
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7.3.2 Doornik Marl 

Details of the history of sourcing marl from around the city of Doornik (also known as Tournai) are 

given in chapter 3. With the aid of Erik Goemaere, geologist at the Geological Survey of Belgium, and 

Michel Hennebert (UMons), it was possible to source a marl deposit in a disused Cornet limestone 

quarry at Chercq784 (figure 7.2). The quarry is situated south of Doornik, 200 metres from the Scheldt 

River and 4 kilometres from Bruyelle, which is mentioned in archival references to ‘Doornik’ marl.785  

 

The geological formation where the marl was found included the Bruyelle and Merlin members in the  

Upper Cretaceous system (see figure 7.3). Nine clearly defined clay and marl seams were found at the 

exposed side of the quarry from which samples were taken. The Bruyelle-Merlin member was primary 

marl (samples 4 to 8). Six to 10 kilos of clay from seams 4, 6, 7 and 8 were excavated to be used for the 

reconstructions. Simple HCl tests were made in situ to be certain that the marl seams contained a 

sufficiently high CaCO3 content.  

 

Eric Goemaere later analysed powdered samples from the nine seams at the Geological Survey of 

Belgium (X-ray defraction and thermal gravimetric analysis) to determine the mineralogical 

composition. From the results it could be ascertained that three marls from seams 4, 7, and 8 had, 

respectively, 50, 80 and 88 wt.% CaCO3. The high calcium carbonate percentage was confirmed by 

firing tests of the untreated samples (see figure 7.4) where samples of the pure clays (30 x 30 x 2 mm) 

were dried and fired in an electric kiln at 900˚C. Cracks appeared in the marls directly after firing. After 

one week, the fired marl had crumbled to a powder. The deterioration was the result of the 

rehydration of free calcium oxide in the fired marl.  

 

 

  

 
784 With thanks to Frédéric Daubie of the Belgium water board (SWDE) who gave us access to the site. 
785 In 1698, M. de Bagnols mentioned the clay ‘used by the potter in Delft’ being sourced ‘a stone’s throw from 
Bruyelle’. See chapter 3. 

Figure 7.2: The Cornet quarry. The collapse of 

one side exposed a clear cross section of clay 

and marl seams. On the right a clay seam (9) 

and marl seam (8) are clearly defined. Photo 

author. 
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7.3.3 Friesian sea clay 

A number of the Sijbeda recipes mention the use of local Swithers(?)786 (sea) clay sourced from outside 

Harlingen. A representative Friesian sea-clay was obtained from the Koninklijke Tichelaar tile factory 

in Makkum. The clay had been locally excavated in the 1970s and has been used by the factory for 

making tin-glazed tiles.787 It is known as ‘Friesian yellow' due to fact that it fires a yellow-buff colour as 

a result of the high calcium carbonate content (ca. 19%). 

 

7.3.4 Preparation and analysis of the clays and marl 

Before the clays and marls could be used to make clay mixes, they needed to be prepared and analysed. 

Coarse material in the clay was removed using methods that reflected the original clay preparation 

techniques as far as possible. Inclusions such as stones, shells and loose organic matter could cause 

 
786 According to Rikus Oswald of the Harlingen tile factory, this appears to refer to an area south of Harlingen 
where clay historically could have been excavated. Personal communication October 2018. 
787 In 2018 The Koninklijke Tichelaar factory in Makkum was still using a mix of local Friesian sea-clay with marl 
imported from France for the production of traditional tin-glazed wares (today only for special projects). 
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Figure 7.3: Stratigraphic synthesis of the meso-

cenozoic Hertain Tournai. The depth where the 

samples were extracted are given on the right. 

(Geological legend from Hennebert, M. & 

Dorémus, P., 1997. Carte géologique Hertain-

Tournai. Carte géologique de Wallonie. Scale: 

1/25 000).  

 

Figure 7.4: Seven of the nine excavated seams 

showing the process of hydration of the CaO 

inclusions in fired samples. From left to right: 

unfired, directly after firing, after one day and 

after one week. 
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problems during firing, so are traditionally removed by means of levigation788 or ‘washing’ (see chapter 

5). To reproduce this, the separate clays and marl were hydrated in water to make a liquid clay or ‘slip’ 

before being passed through a sieve. SEM analysis of historical Dutch tile ceramic show that the quartz 

grains in the ceramic body are rarely larger than 150 µm. For this reason, the (separate) clay and marl 

slips were passed through a series of BS-410 geological sieves from 16 mesh (1 mm) up to 100 mesh 

(0.15 mm or 150 µm). The slips were then left to stand for a week before being air dried and ground 

in a ball-milling machine to a powder that passed through a 100-mesh sieve. These powders were used 

to make the clay mixes. The marl789 was found to contain shell fragments and grains of the mineral 

glauconite.790 A high percentage of coarse sand was extracted from the Maas clay while the Friesian 

sea-clay was found to contain little sand or organic debris. Once the clay powders were prepared, 

physicochemical analysis of the powders was undertaken. 

 

7.3.5 XRF, sedimentary and TGA analysis  

The elemental composition and grain size distribution of the marl and clays powders were analysed 

using XRF (glass bead) and sedimentation analysis.791 Thermal gravimetric analysis (TGA) was applied 

to quantitatively measure the calcium carbonate percentage in the marls.792 One hundred grams of the 

prepared powder was analysed in a DuPont 951 Thermogravimetric Analyzer where it was heated to 

1000°C at a speed of 10°C/min and with an air flow of 50 ml/min. Taking water loss into account, any 

weight loss of the sample up to 400°C will occur due to the decomposition of organic material, while a 

loss between 700 and 800°C occurs when CaCO3 decomposes, thus determining the CaCO3 wt.% of the 

marl. All decarbonation registered was assumed to be due to the decomposition of calcite because the 

preliminary XRD analysis had shown that there was no evidence of any significant percentage of other 

carbonates. 

 

The results of the analysis can be found in table 7.1 and figure 7.5. The Maas clay had a high silica 

percentage of 76, 4% Fe2O3 and less than 1 wt.% CaO.793 The high silica percentage is largely related to 

the high percentage of fine quartz sand inclusions (20%), even after the clay preparation. This is 

common for the Dutch river clays that are used in the (coarse) ceramic industry. The Friesian sea-clay 

consisted of approximately 22 wt.% CaCO3, which is a little higher than the average 18% CaCO3 for the 

Friesian clay normally used by Koninklijke Tichelaar Makkum.794 The wt.% of the other elements, 

notably Fe2O3, MgO, Na2O and K2O, fairly closely match the percentages found to be present in the 

ceramic of historical Dutch tiles.795 The marl (from seam 7) that was chosen for the reconstructions 

 
788 Mixing clay with water and allowing the coarser inclusions to settle out of the suspension before removing. 
Rice 2005, 118. 
789 This decision was partially due to the fact that it was possible to excavate more of this seam and the seam 
was more easily accessible should extra material be needed. 
790 Glauconite is a green, ferric, iron-rich, micaceous mineral that forms predominantly in marine environments. 
It is present in greensand deposits and as the pigment ‘green earth’. Its chemical formula is: 
(K,Na)(Fe,Al,Mg) 2(Si,Al)4 O10 (OH)2 http://webmineral.com/data/Glauconite. Accessed 02.06.2020.  
791 The analysis was undertaken by the Technical Centre for the Ceramic Industry (TCKI), Velp, The Netherlands. 
792 The analysis was undertaken at the Faculty of Civil Engineering and Geosciences at TU Delft with thanks to 
Dr. Oğuzhan Çopuroğlu. 
793 The results were reported as oxides and represent ca. 1.7 wt.% CaCO3. 
794 They believed this to be due to inhomogeneity of the clay seam.  
795 See Appendix X. 

http://webmineral.com/data/Glauconite
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contained ca. 76 wt.% CaCO3 (42.3 wt.% CaO). This is lower than in the initial XRD analysis results due 

to the removal of the coarse calcite inclusions on levigation and sieving. 

 

 

Figure 7.5: Simplified TGA curve of sample 7 of the Cornet marl 

seam 7. (Faculty of Civil Engineering and Geosciences at TU Delft). 

Table 7.1: Elemental composition (XRF) and grain size distribution 

of the prepared clays and marl used for the clay mixes. (The 

analysis was undertaken by Stichting Technisch Centrum voor de 

Keramische Industrie (TCKI), Velp). 

 
wt.% 

Maas 
river clay 

Fresian 
sea clay 

Doorniks 
Marl  

(seam 7) 

SiO2 74.6 52.01 16 

Al2O3 9.4 8.5 4 

CaO 0.7 12.5 42.3 

MgO 0.66 1.42 0.8 

Fe2O3 5.7 3.52 1.88 

Na2O 0.78 0.5 0.1 

K2O 1.95 1.77 0.95 

Other minor 
elements 

2.82 3.98 0.9 

Loss on ignition 3.4 15.8 34.2 

Grain size distribution (wt.%) 

Coarse sand 
>250µm 

2 < 1 < 1 

Fine sand 
63-250 µm 

20 9 4 

Silt 
2-63 µm 

38 62 80.6 



 
 

 

157 
 
 

 

7.4 Making test samples 

7.4.1 Test sample preparation  

Preliminary test samples were made of mixtures of the prepared Maas clay and Doornik marl powders. 

The samples were made from mixes based on proportional weight similar to some of the historical 

recipes described in Sijbeda’s recipe book. The proportions were 3:1, 2:1 and 1:1, which gave clay 

pastes with a CaCO3 wt.% of approximately 19, 25 and 38 respectively.796 A second set was made 

replacing the Doornik marl with a ‘synthetic’ marl in order to assess the characteristics of natural marl 

(see figure 7.6). The synthetic marl was created by mixing pure kaolin clay and ground chalk797 to the 

same CaCO3 percentage as the natural marl (ca.76 wt.%). For an overview of the calculated clay recipes 

see Appendix XII. 

 

For the main sample set, three clay and marl mixes were made to produce test tiles with CaCO3 weight 

percentages of 20, 30 and 40. This range extended over and above the range of 18-35 CaCO3 wt. % 

found in the historical tiles and previous tin glaze research.798  

 

 
796 The samples did not exactly reflect the recipes as the marl sourced had a wt.% of CaCO3 of ca. 76 as opposed 
to the 55-60 wt.% it is believed was more commonly used.  
797 The kaolin and calcium carbonate were supplied by Keramikos, The Netherlands. 
798 Tite et al. 2011; Tite 2009; Trindade et al. 2009; Tichelaar 2008; Molera, Pradell, and Vendrell-Saz 1998; 
Mason 1997.  

38 % 
CaCO3

25 % 
CaCO3

19 % 
CaCO3

1:1

3:1

2:1

Figure 7.7: Preparation of the clay mixes: weighing, mixing drying 

and rolling and cutting. 

Figure 7.6: Preliminary clay-mix samples, unfired, CaCO3. 
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The clay mix recipes were prepared from the clay and marl powders after they had been dried for 

2 hours at 110˚C. The clay powders were weighed out and mixed with water in proportions of 25:75 

by weight and stirred mechanically to make a slip that was left to stand for 24 hours. The clay slip was 

dried on a plaster block on porous polyester cloth until it achieved a plastic state. After kneading, the 

clay was rolled out to a thickness of 1.2 cm799 and cut in the leather-hard state to a size suitable for 

flexural testing, namely 7.5 x 3.5 (see figure 7.7).800 The test samples were left to dry under ambient 

conditions for a week. The samples were weighed and measured (thickness and width) at each stage 

of testing (wet, dry and fired). A total of 80 test samples were made: 16 samples of each of the five 

mixes mix to enable four to be fired at each of the four temperatures (see figure 7.8).  

 

7.4.2 Firing schedule 

Samples were fired in an electric kiln801 at four temperatures: 950°C, 1000°C, 1050°C and 1100°C. The 

temperatures chosen reflected the temperature range that could be achieved in a traditional updraft 

kiln (see chapter 5). Process temperature control rings (Ferro PTCR-ETH) were placed at different 

positions in the kiln together with the samples to verify the thermal uniformity and reproducibility of 

the firing cycle. The kiln was heated at 100°C per hour and held at the top temperature (soaking time) 

for either one or three hours depending on the test being undertaken, after which the oven was left 

to cool naturally, which took between 10 and 12 hours (see figure 7.11). The total firing time was 22 

to 30 hours. 

 

 
799 This thickness was chosen because the shrinkage on drying should reduce the sample thickness to 1 cm, 
reflecting the thickness of early tiles.  
800 The initial test samples were smaller, being 0.5 x 3 x 3 cm. 
801 Rohde KE 55L with a TC304 control device. 

Friesian clay/
Doornik marl
40% CaCO3

Maas clay/
Doornik marl
40% CaCO3

Maas clay/
Doornik marl
30% CaCO3

Maas clay/
Doornik marl
20% CaCO3

Maas clay/
Synthetic  marl

30% CaCO3

Figure 7.8: One set of the main test tiles (unfired). A set consists of four samples 

from each of five mixes. 
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7.5 Testing of the fired samples 

A number of measurements and physical tests were carried out in order to provide a preliminary 

assessment of the influence of the calcium carbonate percentage and firing temperature on the 

physical characteristics of the tile samples. 

 

7.5.1 Shrinkage and weight loss  

All the samples were weighed and measured (L/B/H) immediately before and after firing to determine 

shrinkage and weight loss during firing. Most of the total shrinkage took place during the drying of the 

clay samples. The shrinkage of clay on drying is due to a loss of mechanically combined water.802 It was 

not possible to take measurements of the shrinkage during the drying process due to the complexity 

of calculating the exact water content of the samples at a specific point as there were a number of 

stages. The shrinkage during firing proved to be minimal (0-1%) and did not show any definitive trend 

apart from a noticeably higher shrinkage for samples containing 40 wt.% CaCO3. More informative 

results were obtained with the measurement of weight loss on firing. As figure 7.9 shows, the weight 

loss increased with the increase in CaCO3
 wt.%. 803 The firing temperature was found to have little 

influence.  

  

 

 

7.5.2 Porosity  

The open porosity, apparent density and maximal water uptake of the samples was measured by 

hydrostatic weighing according to the EN-1936 European Standard.804 One half of the samples broken 

 
802 Rice 2005, 71. 
803 The weight loss of the Maas/marl 30 and 40 mix and Friesland 40 mix was a bit lower that would be 
expected (18% and 24%). This may suggest that not all the calcium carbonate has reacted during firing to form 
calcium silicates. 
804 The values for open porosity (P), maximal water uptake (MWU), real density (RD) and apparent densities 
(AD) are obtained according to the equations: RD = (M1 - M2) kg/m3; AD = (M1 / (Mm - M2)) kg/m3; 

Figure 7.9: The percentage of total weight loss of the different mixes with relation to 

the CaCO3 wt.% and firing temperature. 
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in the flexural testing (see section below) were dried at 1100˚C for 24 hours and weighed. The samples 

were then covered with demineralised water and the air in the samples extracted under vacuum. After 

re-establishing the atmospheric pressure, the samples were weighed while immersed in water and 

then after removal while still saturated. 

 

The open porosity was shown to increase with the CaCO3 wt.%. while the firing temperature was seen 

to have little influence (see figure 7.10). The porosity of the 40% Friesian mix was slightly lower with 

relation to the 40% Maas/marl mix, suggesting that the free silica/inclusions in the Maas clay increased 

the porosity.  

 

7.6 Colour Change 

The results of the initial firing tests can be seen in figure 7.11. While the percentage of calcium 

carbonate in the clay mix had a clear influence on the colour, the most dramatic change is seen with 

the samples that were fired at 1100˚C. The samples made with a (clay)CaCO3 wt.% of 25 and 38 had a 

colour very close to that of historical tiles, as can be seen in the example in the figure. This matches 

the calcium carbonate percentage of the historical recipe calculations,805 previous research into 

European tin-glazed ceramic bodies, and the chemical analysis of the historical Dutch tile set 

analysed.806  

 

The main sample set underwent the same firing schedule as the initial tile tests (see figure 7.12). The 

colour changes of the main test set were documented using a spectrophotometer and the results 

compared. Three measurements were taken from each sample and the average calculated. 

 

P = (M3 - M1) / (M3 - M2) %; MWU = (M3 - M1) / M1 %. M1 = dry weight; M2 = weight when immersed; 
M3 = saturated weight.  
805 See Appendix III. 
806 See chapter 6. 

Figure 7.10: Open porosity in relation to the clay mix and firing temperature. 
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Colour measurements of the unfired and fired samples were taken using a spectrophotometer,807 the 

colorimetric data is recorded as CIE L*a*b* values. The L* value measures the level of luminosity or 

lightness. With relation to colour, the a* value measures the colour on the red-green scale, which can 

determine to what extent the red colour of the ceramic has changed. Measurements on the b* scale 

 
807 Minolta model CR-200b, measurement area MAV (8 mm), specular component SCI + SCE: D65. 

Figure 7.11: Fired samples of recipe reconstructions using Maas clay and Doornik marl 

(left) and ‘synthetic marl’ created using kaolin and chalk (right).  

 

Figure 7.12: The main sample set after firing. 
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can determine the increase in yellow shade (or ‘buff’ colour). For details of the colour measurement 

system used see Appendix VIII.808 

The most significant lightning of the tone and change from a red to yellow colour occurred with 

samples with calcium carbonate percentage above 20 that were fired above 1000˚C. The most 

dramatic colour change being observed with all the samples fired at 1100˚C (see figures 7.13 and 7.14) 

The samples made with Friesian sea-clay were consistently lighter (lower a* and higher L* values) as 

compared with the Maas/marl mixes with the same CaCO3 wt.%.  As there was little difference in the 

iron wt.%, it is believed that the colour change may be related to the form or particle size of the calcium 

carbonate in the clay. Alternatively, an aspect of the production may be influencing the speed of the 

colour change. The fact that the colour change was minimal after 1050˚C compared with the river-clay 

mixes also suggests that the reaction may have been accelerated.  

 

 
808 An attempt was made to measure the colour of the fired reconstruction samples using the Munsell chart 
system in order to compare the results with previous research such as that by Lins (1984). However, it proved 
impossible to document the subtler variations in tone, especially with the samples with lower calcium 
percentages that had been fired below 1000˚C.  

Figure 7.13: Red-Green values (a*) values for all the 

clay mixes. A higher value shows a redder hue. 
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Figure 7.16: Red values (a*) for the Maas/marl 

mixes. 
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The samples made with synthetic marl were also consistently lighter and showed a faster colour 

change. Again, this is possibly related to the grain-size of the added calcium carbonate. While the 

comparatively different colour changes observed with the Friesian clay and synthetic marl posed a 

number of questions, they were outside the scope of this research. 

7.6.1 Colour and calcium carbonate 

When the calcium percentages of the Maas/marl clay mixes were plotted against the L* and a* values 

of the fired tiles and compared, the influence of both the calcium percentage in the clay and the firing 

temperature is evident (see figures 7.15 and 7.16). While the ceramic became lighter with an increase 

in calcium percentage, the change between 1050˚C and 1100˚C was more than double that which 

occurred between 950˚C and 1050˚C. Also, at the higher temperature there was a significantly smaller 

relative difference between 20 and 30 wt.% compared with the changes at the lower temperatures.  

The change between 30 and 40 CaCO3 wt.% was significant with all the tests. At 1100˚C calcium 

functions as a flux. It appears that mineralogical changes that are related to the calcium content and 

influence the colour may have been accelerated at that temperature. 

 

7.6.2 Colour and kiln atmosphere 

While it proved possible to produce a ceramic body with a yellow-buff colour similar to that of historical 

tiles, the fact that a similar colour was achieved at 1100˚C poses a number of questions. The updraft 

kilns used at the time are believed to have been fired with average firing temperature of ca. 1000˚C, 

taking into account the temperature variations that would have existed. Although temperatures as 

high as 1100˚C could be achieved, they could not have been held for long as this would have damaged 

the kiln structure as well as negatively affecting the tin glaze on the glazed wares (see chapter 5).  

 

One therefore has to consider what other factors in the firing process could have influenced the colour 

development. Another aspect that should be taken into account is the influence of the firing 

atmosphere. Firing in in a low-oxygen or reduction809 atmosphere is known to strongly influence the 

colour of both ceramic bodies and glazes810 and previous research has shown that reduction firing can 

lighten the colour of clays containing iron oxide and calcium carbonate through the formation of 

calcium silicates that incorporate iron oxide.811 In addition, previous research has shown that reducing 

conditions can result in certain mineral transformations being achieved at temperatures that are 50 to 

100˚C lower than in oxidising conditions.812 

 

It is believed that the structure of the early kilns and the positioning of the unfired tiles may have 

resulted in local variations in the firing atmosphere. The fire boxes of the traditional updraft kilns were 

positioned directly under the floor of the kiln upon which the clay tiles were stacked for biscuit firing 

(see figure 7.17). The burning of wood just under the floor of the kiln would have resulted in reduced 

 
809 When carbon fuel burns during an oxidising firing it produces water and CO2. With a controlled reduction 
firing the amount of oxygen is limited at a certain point in the firing process by closing flues or adding green 
fuel leading to the production of CO or carbon monoxide. The carbon monoxide pulls or draws oxygen 
components away from specific oxides found in the clay body and glazes influencing the reactions of elements 
at certain temperatures and affecting the final colour. Lawrence 1972, 35. 
810 Rice 2005, 345; Hamer and Hamer 1975,299. 
811 Rathossi and Pontikes 2010; Molera 1998; Maniatis and Perdikatsis 1983. 
812 Rathossi and Pontikes 2010; Tite et al. 1982 
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oxygen levels at the bottom of the kiln where the tiles were stacked.813 Glazed wares were always 

placed higher in the kiln to be protected from the smoke, but also because they would be negatively 

affected by reducing firing conditions.814 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In order to test this theory a number of small clay mix samples (2 x 2 x 0,3cm) were fired under both 

reducing and oxidising firing conditions in a Blaauw semi-automatic gas-firing kiln.815 Both strong ca. 

10%) and weak (ca. 2%) reducing conditions were applied.816. The kiln was heated at 100˚C per hour 

up to the temperature required at which point a reducing atmosphere was introduced. The top 

temperature was held for 1 hour in reduction before the kiln was left to cool naturally.817  

 

As can be seen in figure 7.18, firing under reduction resulted in a significant colour change. On the left 

are the samples with three different CaCO3 weight percentages that were fired in an oxidising kiln at 

900 and 1100˚C. Although the CaCO3 wt.% has a definite influence on the colour, the firing temperature 

is seen to be more significant. When one compares the colour of the oxidised samples with those on 

the right fired under reduction, the significant effect of the reduced atmosphere on the colour is 

evident. 

 
813 Molera comments that wood firing provides a low oxidising atmosphere, which favours the low 
development of the iron oxides and the reaction of iron with the aluminium silicates and calcium oxide to form 
pyroxenes. Molera 1998, 199. 
814 The reduction of the lead in the tin glaze would result in a thin iridescent layer on the glaze surface or a grey 
or black glaze colour. Rhodes 1981, 68. 
815 A gas kiln was used as firing under reduction would damage the elements of an electric kiln 
816 The reduction percentage is the percentage of CO with relation to CO2 in the kiln which is digitally 
controlled. The level of reduction can be measured by an oxygen probe, although when a kiln has low 
reduction, it tends to move between a neutral and reducing atmosphere. Hamer and Hamer 2012, 300. 
817 The gas and oxygen are pumped separately into the kiln. With 2% reduction the percentage pf oxygen is 
reduced by 2%. Measuring reduction requires apparatus that can detect and quantify CO2, CO, and O2. 
Traditionally potters judge the level of reduction in a (gas) kiln by the colour and force of the flame and the use 
of a tired and tested firing protocols. Reinders 2005, 255. 

Figure 7.17: Updraft kiln showing the 

position of the firebox with relation to the 

raw tiles. 
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A light colour was achieved with all the samples independent of the calcium percentage or the level of 

reduction. When the reduction conditions were high, even samples with the lower calcium percentage 

fired at 900˚C were light in colour. The influence of the temperature on colour change could be clearly 

visualised when the change in the a* and L* values were plotted per firing test (see figure 7.19). Here 

is it clear how both low and high reduction conditions produced tiles with a consistently light colour 

independent of the CaCO3 wt.%. Interestingly, the a* of the tiles fired under reduced conditions closely 

matched that of the historical tiles dated after ca. 1620 (values between 2 and 6).818 

 

Specific colour variations observed on a number of early historical tiles can be linked to the influence 

of reducing conditions. It is known that unglazed tiles were sometimes stacked in layers with gaps 

 
818 See chapter 6. 

Figure 7.18: Samples of Maas-marl mixes fired in oxidation (six 

tests on the left) and reduction (nine tests on the on the right) 

atmospheres. 

 

Figure 7.19: a* (red-green) and L* (Luminosity) values of Maas-marl mixes fired in oxidation and reduction 

atmospheres. The samples fired under reduction were clearly far lighter in colour.  
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between the tiles in order to ensure sufficient heat flow819 (see figure 7.20). This stacking resulted in 

the edges of the tiles being covered, which would result in localised reducing conditions and result in 

a light strip along the edges of the tiles as seen in figures 7.21 and 7.22.  

 

 

 

 

 

 

7.6.3 X-ray diffraction analysis 

Non-destructive XRD analysis was applied to the samples that had undergone oxidation and reduction 

firing in order to assess if mineralogical transformations could be linked to the colour changes.820 

 
819 Tichelaar 2008, 51. 
820 The measurements were made using a Bruker D8 Discover XRD equipped with a 2D GADDS detector. Copper 
Kα radiation was used and the diffraction angles between 16° and 86° 2θ were analysed. The analyses were 
carried out by Annelies van Hoesel at the RCE laboratory in Amsterdam. 

Figure 7.20: The arrangement of clay tiles on the bottom of the 

kiln for biscuit firing. 

Figure 7.21: Dutch tile dated 1630-50. A buff-coloured band is visible on 

the lower edge (collection D. Meyer). 

 

Figure 7.22: Excavated kiln waste of tiles dating from the last quarter of the 17th 

century where clear light bands are visible on the sides. Collection de Haan, 

Harlingen (left) and Rotterdam Museum inv. number 14018 (right). 
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As has been discussed, the calcium carbonate in calcium-rich clays reacts with silica at higher 

temperatures to form calcium silicates. The more common silicates include gehlenite (Ca2Al2SiO7) and 

wollastonite (CaSiO3), which begin to develop from ca. 850˚C and are abundant from 1100˚C (see figure 

7.23). Together with mullite (3Al2O3.2SiO2), which forms at higher temperatures (1100-1200 ˚C), these 

silicates are often used as benchmarks to determine the firing temperature in the study of 

archaeological ceramics.821.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
821 Rice 2005, 431; Rye 1981, 87. 

Figure 7.23: Diagram representing the mineralogical transformations in calcite-rich clay induced 

by heating in the 300-1100˚C temperature range. Dark-light bands indicate approximately the 

abundance of minerals (black = high%). Trindade 2009: 348 

 

 

CaCO3 
wt.% 

Firing temp.  Gehlenite 
Ca2Al2SiO7 
(> 900˚C) 

Wollastonite 
CaSiO3 

(> 900˚C) 

Mullite 
3Al2O3.2SiO2 

(> 1100˚C) 

Pyroxene 
(> 900˚C) 

 Oxidation firing 

38 900 ++ +/- - - 

 1000 ++ + - + 

 1050 (1 hour soak) +++ +++ - +/- 

 1050 (3 hour soak) +++ +++ + + 

 1100 +++ +++ + +/- 

25 1100 + ++ +/- +/- 

19 900 + +/- - - 

 1100 + + - - 

 Reduction firing 

38 900 +++ +/- - - 

 1050 ++++ ++++ +/- +/- 

Table 7.24: Results of XRD analysis of a sample of Maas/Marl mixes fired at different temperatures 

and in different firing atmospheres. 
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The results of the XRD analysis are given in table 7.24. Some evidence of the presence of pyroxenes 

was observed at temperatures above 1050˚C but the results were otherwise inconclusive. While it 

proved possible to determine the presence of the more easily identifiable calcium silicates such as 

gehlenite, wollastonite and mullite, which have high concentrations of diagnostic peaks, pyroxenes 

proved difficult to identify with certainty as they were present in low concentrations and the relevant 

diagnostic peaks overlap with those of other ceramic minerals such as larnite Ca2SiO4 and certain 

feldspars (CaAl2Si2O8).  

 

The presence of gehlenite and wollastonite was found to increase dramatically when the clay used had 

contained above 25 wt.% CaCO3 and the firing temperature was 1050˚C or above. Significantly more 

gehlenite was present in the samples that had undergone firing under reduction, even at low 

temperatures, which supports the idea that that the incorporation of Fe3+ in crystalline mineral 

structures occurs during the formation of gehlenite.822 The consistent light colour observed for the 

samples fired in reduction firing conditions even when the firing temperature was low (900˚C) and the 

clay contained lower percentages of CaCO3 (19%) supports the theory that reduction firing facilitates 

mineral transformations at lower temperatures.823 

 

7.7 Flexural strength 

Measurement of strength or hardness provides an important source of information for assessing 

pottery technology.824 The strength properties of a ceramic are a product of a number of aspects of 

ceramic manufacture, including clay and temper selection, forming, drying and firing. Strength is 

usually analysed in terms of resistance to the various mechanical stresses that may act upon materials, 

‘stress’ being applied as force per unit area. It can therefore be defined in terms of a material’s ability 

to withstand various stresses without fracturing, deforming or abrading.825 The different kinds of stress 

are measured in different ways,826 the most common test for brittle materials, such as ceramic, being 

the measurement of transverse or flexural stress.  

Several studies have looked at the influence of calcium in clay on flexural strength with relation to 

firing temperature.827 Previous studies relating to the flexural strength of ceramics produced with 

calcium carbonate-rich clay have generally found an increase in flexural strength in proportion to both 

the percentage of CaCO3 in the clay and the rise in firing temperature.828 Jordán found that the increase 

was more pronounced at 1000˚C and concluded that it was the crystalline phases (primarily calcium 

silicates) that develop in calcium-rich clays from 1000˚C that leads to greater mechanical strength.829  

 

To test this finding, the flexural strength of the test set samples was evaluated using a three-point 

flexural or flexure test using a universal testing machine. In this case, a rectangular sample is placed 

 
822 Rathossi and Pontikes 2010; Maniatis 2006; Molera 1998; Kreimeyer 1987. 
823 Rathossi and Pontikes 2010; Tite et al. 1982. 
824 Neupert 1994; Rice 1987. 
825 Grimshaw 1960, 837; Rice 1987, 359. 
826 Rice 2005, 358. 
827 Pereira et al. 2016; Costa et al. 2015; Jordàn 2008; Alcântara 2007. 
828 Jordán et al. 2008, 269; Pereira er al. 2015. 
829 Jordán et al. 1999, 94. 
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on two supporting pins a set distance apart and a third loading pin is lowered from above at a constant 

rate until sample failure occurs (see figures 7.25 and 7.26). 

The stress applied at the moment of fracture using this test is known as the flexural strength, modulus 

of rupture, fracture strength or bend strength. This is an important mechanical parameter for brittle 

ceramics.830  

 

Flexural strength or bending resistance is quantified using the highest stress at breakage, which is 

assessed from the force (F) applied at the time of rupture. For a 3-point bend test of a rectangular bar, 

the stress at fracture is given as: 

 

 

 

 

fs = flexural strength. 

F = fracture load or total force applied to the specimen by the loading pin measured in MPa. 

(megapascal), 106 = 1 million pascals. 

L = length between outer supports in mm. 

w = specimen width in mm. 

h = specimen height in mm. 

 

 

 

The tests were conducted at the Laboratório Nacional de Engenharia Civil (LNEC) in Lisbon, under the 

supervision of Dr Silvia Pereira.831  

 

 

 
830 Callister and Rethwisch 2007, 448. 
831 The 3-point bending machine used was a Gabbrielli CRAB424. 

Figure 7.25: Setup for three-point test (Askeland, 

Fulay and Wright 2016, 219). 

 

Figure 7.26: Gabbrielli Instron universal testing machine used for the flexural testing, LNEC, Lisbon.  
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Testing procedure:  

1. The ceramic samples were air dried for three days, then placed in a drying oven at 1100˚C for 

24 hours prior to testing and then stored in a desiccator containing silica gel. 

2. After placing on the support bars, load at 3 MPa/s was applied. 

3. The maximum load at failure (in pounds) was recorded digitally by a peak load indicator. 

4. The thickness and breadth of the samples were measured at the point of failure, with the mean 

of these measurements representing the sample thickness.  

 

All the Maas/marl mixtures increased in strength when fired at 1100˚C, the temperature at which 

calcium functions as a flux, although a similar result was measured for the sample containing 30% 

CaCO3 that was fired at 1000˚C. The flexural strength of the samples with a low calcium percentage 

appeared to increase slightly with relation to the firing temperature. The samples made with synthetic 

marl all had a lower flexural strength that the equivalent samples made with 30% Doornik marl. This 

may be due to the added chalk being coarser than the calcium carbonate in the natural marl resulting 

in a slower development of calcium silicates 

 

The most obvious variation regarding the flexural strength results is seen with the Friesian-marl clay 

mix (40 wt.% CaCO3). Samples fired up to 1050˚C are seen to have almost twice the flexural strength 

of the Maas-marl clay mix with the same CaCO3 percentage (see figures 7.27 and 7.28). The high 

flexural strength of the Friesian/marl mix may be related to its slightly lower proportional porosity. It 

is generally assumed that the tensile strength of a ceramic body reduces with increased porosity, 

largely due to the propagation of micro cracks.832 However, it has also been argued that in some cases 

the presence of pores can make a ceramic less brittle because as a phase of the material they lower 

the elastic modulus as a whole.833 This is dependent on the size and form of the pores.834  

 

 

 
832 Jordán et al. 2008, 275; Rice 2005, 362; Rye 1981, 2. 
833 Kingery 1969, 598. 
834 Rice 2005, 363. 

Figure 7.27: Flexural strength (MPa) in relation to clay mix and temperature. 
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The reason for the extreme difference between the Friesian/marl clay and Maas/marl clay mixes could 

be due to numerous chemical and morphological features of the clays. Two contributing factors could 

be the grain-size distribution and the influence of inclusions in the clay paste. It is possible that the 

that the Friesian sea-clay may contain a higher proportion of fine-grained constituents, which results 

in faster sintering of the clay matrix and mineralogical change.835 In contrast, the Maas river-clay mixes 

contain a high proportion of quartz inclusions, which can affect the flexural strength measurements 

due to the probability of micro fissures developing during firing at the point of quartz inversion.836 

Fissures around quartz grains are have been observed in SEM images of some fired samples and 

historical tiles.837 Such fissures may cause samples to break randomly.  

 

There are a number of problems related to strength measurements of historical ceramic materials.838 

Ceramic made from natural clays is inhomogeneous and differences in strength can exist within a 

ceramic body due to variations and flaws in the microstructure, such as minute surface or internal 

cracks and the internal pore structure.839 Such faults are referred to by Callister as ‘stress-raisers’.840 

For this reason it is recommended to use samples sets with a minimum of 10 samples.841  

 

 
835 Rice 2005, 362.  
836 Bronitsky and Hamer 2008, 98; Rice 2005, 363; Neupert 1994, 18. 
837 See the SEM-BSE images of tiles 4800 and HR5 in Appendix IX. 
838 Rice 2005, 361. 
839 Quinn 2013, 1; Callister 2007, 398; Rice 2005, 361. 
840 Callister and Rethwisch, 398.  
841 Duckworth 1951. 

Figure 7.28: Flexural strength with relation to clay mix and firing temperature. 
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Initial tests had been undertaken using four samples for each test. It was therefore decided to repeat 

two of the tests using 10 samples to see if more consistent results could be obtained. A second set of 

70 samples were made in order to repeat the testing of two groups:  

 

1. Four sets of 10 samples of Maas/marl mix containing 30 wt.% CaCO3 were fired at all four 

temperatures (950, 1000, 1050 and 1100˚C) 

2. Three sets of 10 samples of the three Maas/marl mixes were fired at one temperature: 1050˚C.  

 

The tests were performed using the same schedule and the average of the 10 samples calculated. 

The results were compared with the results of the initial tests (figures 7.29 and 7.30). The repeat of 

the test with 30% CaCO3 Maas/marl mix fired at four temperatures showed a clearer increase in flexural 

strength with relation to temperature. However, the second repeat test where the different mixes 

were fired at 1050˚C produced a pattern that was both the opposite of the first test and more irregular. 

Testing the flexural strength of ceramics remains problematic and, as Rice points out, one must be very 

careful when drawing conclusions from the results of small samples of heterogeneous ceramic 

materials.842  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.8 Testing for the presence of un-reacted calcium carbonate  

During the porosity testing it was noticed that a small amount of scum appeared to be floating on the 

top of the water (as seen on the right image in figure 7.31). When a sample was dried and analysed 

using XRD it was found to be calcium carbonate. This suggested that not all the calcium carbonate in 

the test samples had been incorporated as calcium silicate during firing. It was decided to investigate 

 
842 Rice 2005, 361. 

Figure 7.29: Results of first and second flexural 

strength tests. Samples of a Maas/marl mix 

with 30 wt.% CaCO3 fired at all four 

temperatures. 

Figure 7.30: Results of first and second 

flexural strength tests. Samples of three 

Maas/marl mix with 20, 30 and 40 wt.% 

CaCO3 fired at 1050˚C. 
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this further by undertaking an extraction test with a set of samples that had not been used for the 

porosity testing.  

One set of 10 samples were tested which consisted of all five mixes: the Maas/marl mixes (20, 30 and 

40 wt%, CaCO3 ), Friesian clay/marl (40 wt.%) and Maas/synthetic marl (30 wt.%). The samples tested 

had been fired at two temperatures: 950˚C and 1100˚C. The samples were dried for 24 hours at 110˚C 

before being weighed and placed in separate pre-weighed glass pots to which 200 ml demineralised 

water was added. The samples were placed in a desiccator under vacuum to ensure saturation. After 

15 minutes, the tiles were removed from the water, taking care to leave any scum in the pots. The tiles 

were left to dry naturally for three days before being again heated for 24 hours at 110˚C and weighed. 

The water was left to evaporate in the pots before being weighed with the dried extract. The extract 

was then tested using XRD. 

 

 

 

 

The extract from all the samples was confirmed to be CaCO3. When the weight of the samples before 

and after extraction were compared, the relative weight loss was found to be between 0.05 and 0.1 % 

(Figure 7.32). The weight loss was greatest in the samples that had been fired at the lower temperature 

Figure 7.31: Extraction of soluble material from samples. The white extract is seen floating on 

the water on the right image. 

Figure 7.32: The weight loss of tile samples after the extraction of 

calcium carbonate (the three Maas/marl mixes, Friesian clay/maas (F) 

and Maas/synthetic marl (S). 
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and had the highest calcium percentage There was no significant weight loss for the samples fired at a 

higher temperature for the Mass/marl clay mix, apart from the sample with the highest percentage of 

calcium (40 wt.% CaCO3 in the clay). 

The results suggest that small amounts of unreacted calcium oxide may remain in clay pastes with a 

high percentage of calcium and/or samples fired below 1000˚C. The presence of unreacted calcium has 

been documented in earlier research into historical calcium-rich ceramics.843 However, no conclusions 

can be drawn from these results without further testing because only one sample of each mix was 

tested. In addition, factors such as changes in the firing schedule could influence a more complete 

reaction. 

 

7.9 Conclusion 

The experience and results of making historical clay-mix reconstructions provided some interesting 

information and brought to light both the advantages and disadvantages of using natural clays. The 

mixes made with natural marl produced a ceramic colour far closer to that of historical tiles compared 

with the synthetically made marl. Natural clays and marls are complex mixtures of clay and other 

minerals including quartz, carbonaceous materials, and other elements which influence the colour and 

morphology of final ceramic. Taking this into account, it was found that the raw clays used for the 

reconstructions produced a ceramic that had similar physical and chemical characteristics to historical 

Dutch tiles. The disadvantage of using natural materials was seen when attempting to undertake 

mechanical testing of the samples. The inhomogeneity of the natural clays and marls created inherent 

and random weak points in the ceramic that lead to random results. 

 

Certain conclusions could be made with relation to the influence of the calcium carbonate percentage 

in the clay on the final ceramic. With the mixes made with river clay and natural marl, the total porosity 

was found to increase slightly with the calcium carbonate percentage, although, surprisingly, the firing 

temperature was found to have little influence. In contrast, the firing temperature was found to 

significantly influence the colour of the final ceramic. The classic buff-yellow colour that is seen in 

Dutch historical tiles from ca. 1625 was replicated at a temperature 1100˚C with clay pastes containing 

25 wt.% CaCO3 and above in oxidising firing conditions.  

 

At this temperature, calcium functions as a flux which dramatically speeds-up a number of mineral 

transformations, including the formation of calcium silicates. At temperatures above 1000˚C, calcium 

silicates that incorporate Fe3+ begin to form, resulting in a buff colour. Although there is evidence that 

pyroxenes can form this function, little evidence of the formation of pyroxenes was found in the light-

coloured fired samples. While this may be partially due to the problems of determining their presence 

with XRD, the colours change was reflected in an increase of the minerals gehlenite and wollastonite 

supporting the claim that Fe3+ is also incorporated during the formation of gehlenite. 

 

The temperature at which the colour change occurred (1100˚C) poses a problem as, while it is possible 

that such a high temperature could be obtained, it is unlikely and/or could not have been held for long 

in the updraft wood-burning kilns that were used at the time. Further investigation showed how the 

 

Molera, Pradell, and Vendrell-Saz 1998, 198. 
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atmosphere in the kiln could have had a significant influence on the colour of the ceramic. Even low 

levels of reduction (oxygen starvation) during firing were found to produce the same buff colour at 

temperatures as low as 900˚C where the clay used for the ceramic had more than ca. 20 wt.% CaCO3. 

Firing under reduction speeds-up mineral transformations so that the development of gehlenite or 

pyroxenes can take place at a lower temperature. The fact that the clay tiles were stacked directly 

above the combustion chamber would have made these conditions possible. Not only was this the 

hottest place in the kiln, but a reduced firing atmosphere would have been created due to fact that 

the oxygen-hungry wood fire was positioned directly below. 

 

Although the results of the flexural strength testing of the Maas/marl fired samples were highly 

variable and generally inconclusive, the mix of Friesian clay and Doornik marl was found to have a high 

and consistent flexural strength at all temperatures. It is believed that this is be due to the 

homogeneity of the clay mix and lack of free silica although this needs further investigation. The 

optimal ceramic colour was achieved when the CaCO3 wt.% of the clay was around or above 25. 

However, there are suggestions that not all the calcium carbonate in the ceramic can be incorporated 

as silicates once the CaCO3 wt.% is 40 or above. This may explain why the average CaO in the ceramic 

of the tiles after 1625 was ca. 18 wt.%, equivalent to ca. 32 wt.% CaCO3 in the clay.  
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Chapter 8: Glaze Recipe Reconstructions 
 

8.1 Introduction 

The 18th century hand-written potters’ books of Petrus Sijbeda,844 Sijbrand Feijtama and Frans 

Tjallingii845 are exceptional sources as they not only provide a list of clearly structured, and often dated, 

tin glaze recipes used for tiles, but also provide comments on the quality of the glazes produced, the 

processes used and the problems encountered in their production. Such detailed historical recipes 

invite the reader to try them out.  

 

The experimental reconstruction of historical recipes is a growing discipline that is applied in both 

archaeology and technical art history with the aim of gaining insight into technological processes and 

the significance of the components used in the recipes.846 Reconstruction research is considered to 

have a double function. On the one hand it provides both an opportunity to assess whether, and how, 

a recipe ‘works’, and on the other hand it enables the researcher to critically assess their understanding 

and interpretation of the raw materials and processes described in the recipes. In addition, it is possible 

to investigate the influence of specific aspects of the composition and production techniques by 

comparing different recipes and/or methods of production. 

 

Before making reconstructions of glaze recipes, the composition of the raw materials as described in 

the recipes was analysed through the study of archival documents, secondary literature and previous 

material research (see chapter 4). With this information, an attempt could be made to calculate the 

chemical composition of the components and the final glaze that would be produced from a specific 

recipe. The calculation could then be compared with the chemical composition of historical tile glazes 

obtained with EDX analysis (see chapter 6). The comparison enabled a critical assessment of the 

interpretation of the composition of the raw materials described and the formulation of a 

reconstruction recipe.  

 

When attempting to reconstruct historical glazes, it is essential to remain aware of the many factors 

that can influence the final glaze. These include the composition and purity of the raw materials, the 

glaze preparation methodology (mixing, melting, grinding and application), the firing conditions (kiln 

temperature and atmosphere), the kiln firing schedule (heating, cooling and soaking847 times) and, last 

but not least, the composition and characteristics of the ceramic to which the glaze is applied. 

Preliminary reconstructions were made of two recipes that provided insight into a number of 

important aspects of the production of 17th century tin-glazed tiles and the nature of tin glaze. 

 

8.2 The role of fluxes in glaze 

In order to interpret and reconstruct glaze recipes, it is important to understand the function of the 

different components that make up (tin) glaze. Glaze is a form of silica glass and, like glass, is formed 

 
844 Sijbeda 1712-1720. 
845 Feijtema-Tjallingii 1960; 1800; 1794. 
846 Stols-Wilcox 2017; Ad Stijnman 2005. 
847 The ‘soaking time’ is the length of time the kiln temperature is held at the highest temperature. 
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from three main components: a network former which is usually silica; network modifiers such as 

potassium and sodium (also known as fluxes); and stabilisers such as calcium or magnesium. For an 

extensive definition of what a glaze is see chapter 4.  

 

Fluxes are metal oxides in a glass or glaze that promote fusion through interaction with other oxides.848 

On heating, they react with silica to partially break the Si-O-Si bonds, reducing the temperature at 

which the crystal structure becomes amorphous and therefore fluid.849 The oxides of lead (PbO), 

sodium (Na2O) and potassium (K2O) are the most effective fluxes in silica-based glazes.850 Other oxides 

that have variable fluxing effects include magnesium oxide (MnO), calcium oxide (CaO), zinc oxide 

(ZnO), cobalt oxide (CoO) and copper oxide (CuO or Cu2O). Certain fluxes, notably Na2O and PbO, 

function at low temperatures (from 600˚C) and volatise at high temperatures (above ca. 1100˚C). Other 

oxides, including CaO and MgO, only function as fluxes in glazes at high temperatures (from ca. 

1100˚C).851 As a rule, fluxing oxides in a glaze are monoxides with chemical formulae in the R2O and RO 

groups that have been introduced to a glaze mixture as monoxides, dioxides, or carbonates. Silicates 

that are formed with R2O fluxes, such as Na2O and K2O, generally melt slowly while silicates that are 

formed with RO fluxes, such as PbO, melt more quickly.852  

 

The working of fluxes is complex as they react differently at different temperatures and, when mixed, 

in different combinations. Most glazes are made up of a mixture of fluxes that react together at 

different stages in the melting process. A combination of oxides in a glass matrix generally results in a 

lower melting point than the sum of the melting temperatures of the individual oxides. For example, 

an equal mixture of lead oxide (melting point 880˚C) and silica (melting point ca. 1700˚C) reacts and 

melts at ca. 800˚C, which is a far lower temperature than the average melting point of the two 

constituents. The lowest melting point of a lead-silica mixture is in fact achieved by combining 90 wt.% 

PbO and 10 wt.% SiO2, which results in a melting point of 510˚C.853 This is known as the eutectic point. 

Potters try to create recipes that take advantage of this phenomenon in order to produce glasses or 

glazes at the lowest temperatures possible in order to save both fuel and time during firing. Although 

it is now possible to calculate the eutectic point of glaze recipes, historically this would have been 

assessed by trial and error. 

 

Most historical glazes contain a mixture of oxides, and the final melting temperature will depend on 

how each oxide reacts with the others at different temperatures and different stages of the heating 

process. Sodium and potassium oxide are strong fluxes that work at similar low temperatures as lead 

oxide and then continue to work at higher temperatures. The eutectic point of complex mixtures 

cannot be simply calculated. As a glaze mix is heated, the eutectic combinations that melt at the lowest 

temperature will melt first.854 Once these combinations are fluid,855 they soak into the surrounding 

material and other, more complex eutectic combinations will take place. This process will continue 

 
848 Hamer and Hamer 1975, 150. 
849 For details on the chemistry of fluxes in glass see Verhaar 2018, 26. 
850 Due to the combined working of these fluxes, they are often referred to as KNaO. 
851 Hamer and Hamer 1975, 150; Green 1978, 51  
852 Ibid., 150 
853 Ibid., 128 
854 Increased intermolecular vibration results in fluidity i.e., melting. 
855 The point at which this occurs will depend on time and temperature. 
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until the whole mass has melted to create a (clear) glass, unless no further reaction can occur or the 

process is stopped early, in which case un-melted crystalline material may remain, resulting in an 

opaque glass.856 

 

8.3 Opacity  

Opacity in glass or glaze is caused by the presence of un-dissolved or un-fused material and/or the 

development of an internal glaze morphology that leads to the reflection and refraction of the light 

that passes through the glass or glaze. As long as no colouring oxides are present, this will give a white 

colour. A glaze will appear opaque if it contains up to 15% fine particles or crystals.857 Opacity related 

to glaze morphology can result from a number of factors: incomplete fusion of components such a 

quartz due to under-firing (too short or at too low a temperature) or lack of flux; the presence of 

trapped bubbles; or devitrification (crystal-forming on cooling where there is an excess of silica). These 

forms of opacity are generally believed to disappear with a longer firing time or higher firing 

temperature.  

 

Possibly the earliest white ceramic glaze was an alkali glaze produced in 7th century Mesopotamia. 

Potters found a process that purposely opacified the glaze with un-melted quartz and other mineral 

particles together with air bubbles.858 In the 16th century Italian glaze recipes from Urbino and Ferrara 

described by Piccolpasso, extra sand was added to the final glaze mix of marzacotto and calcined tin 

and lead.859 According to Tite, the addition of further sand to the glazing mixture would result in 

angular quartz and feldspar particles in the opaque glaze layers, although he adds that this would not 

make a significant contribution to the opacity of the glaze because the refractive indices of quartz and 

feldspars would be comparable with that of the surrounding glaze (although this argument presumes 

that the sand is pure quartz). This is not the case with the cassiterite formed in tin glaze, which has a 

higher refractive index of about 2.0 compared with 1.6 for a lead glaze and 1.5 for quartz.860  

 

Tin (di)oxide (SnO2) provides a far more reliable and controllable method of obtaining glaze opacity. 

The solubility of tin oxide in a glaze melt is very low.861 Tin oxide opacifies a lead glaze due to the 

presence or formation of cassiterite (crystalline SnO2) in the glassy matrix. As the high refractive index 

of the crystals is quite different to that of the glass matrix, light is scattered, resulting in opacity of the 

glaze. The level of opacity is influenced by the size and quantity of the cassiterite crystals. Tite found 

that while the weight percent of tin oxide in historical glazes was 3 to 4 in 8th century Iraq, in 13th 

century Italy it rose to between 20 and 25 percent, although the most common range was 4 to 9 

percent.862
  Glazes containing less than 5 percent tin oxide tends to have poor opacity. Once tin oxide 

 
856 Hamer and Hamer 1975, 129. 
857 Rhodes 1998, 201. 
858 Matin, Tite and Watson 2018, 23. 
859 Piccolpasso 1980 vol 2, 78. 
860 Tite provides an alternative explanation for the addition of extra sand saying that the unreacted quartz will 
make the unfired glaze more robust and less powdery and therefore better suited to taking the painted 
decoration, and also further reduce the risk that the unfired, opaque glaze layer will separate from the body 
when a coperta (extra lead glaze) layer is applied (by dipping). Tite 2009. 
861 Tin oxide is often referred to as being ‘insoluble’ in a (lead) glaze. 
862 Tite 2009, 2019. 

https://en.wikipedia.org/wiki/Opacity_(optics)
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levels rise above about 8 percent, tin oxide can have an anti-fluxing effect on the glaze resulting in 

crawling and a matte surface, depending on the percentage of other fluxes in the glaze.863  

 

The efficacy of an opacifying agent such as tin oxide is dependent on the composition, preparation and 

thickness of the glaze together with the firing temperature and firing process.864 As well as keeping 

within a specific firing temperature range, it is important that there is sufficient time during cooling to 

enable the growth of cassiterite crystals. The low glaze viscosity that results from too much flux or too-

high firing temperatures can inhibit crystal formation.865 The level of opacity is further dependent on 

the number of suspended crystals, the particle size,866 the refractive index of other particles in the 

glaze and the quality of the reflective surface.867 Other opacifying agents that give a white colour 

include zinc oxide and arsenic (at low temperatures).868 Nineteenth century recipes using rat poison 

which is arsenic-based have been found in the Porceleyne Fles factory archive in Delft.869 

 

8.4 Characteristics of tin glaze 

Although a basic lead glaze has a low coefficient of thermal expansion (CTE) 870 which matches that of 

most ceramic bodies,871 the addition of tin oxide increases the CTE significantly.872 As a result, molten 

tin glaze has both a high surface tension873 and high viscosity.874 Fluxes such as Na2O and K2O reduce 

the surface tension and viscosity, effectively improving the fluidity and therefore the surface wetting875 

of the glaze. The presence of CaO and MgO in a tin glaze mix will reduce the viscosity while increasing 

the surface tension, while Al2O3 can increase both the surface tension and the viscosity.876 A glaze with 

a high viscosity will take longer to mature and flow out to form a glassy surface. If full maturity is not 

achieved, the glaze will remain matte. High surface tension in a melted glaze will also result in poor 

‘wetting’ of the surface of the ceramic, which in turn can result in a poor glaze-ceramic bond. For 

further details on common (tin) glaze faults see Appendix XIII. 

 

8.5 Previous tin glaze recipe reconstruction experiments  

To date no evidence has been found of reconstructions of historical Dutch tin glaze recipes, although 

glaze reconstructions have been undertaken by a number of researchers who created formulations of 

 
863 Hamer and Hamer 1975, 366. See also Appendix XIII on glaze faults. 
864 Parmalee 1951, 7. 
865 Rhodes 1998, 203. 
866 Not so small that they fail to diffract. 
867 Parmalee 1951, 7; Vendrell, Molera and Tite 2000, 339. 
868 Parmalee 1951, 8. 
869 Personal communication Bert-Jan Baas, April 2016. 
870 The thermal coefficient of expansion of a material is the distance any material expands per unit of length 
upon heating (or shrinks upon cooling) with one degree of temperature. 
871 Rhodes 1998, 90. 
872  The thermal coefficient of expansion is 7-9 x10-6/˚C. Tite 2009, 2077. 
873 Surface tension is caused by unbalanced forces on surface molecules that pull toward the main part of a 
liquid. 
874 Viscosity is related to a liquid’s resistance to being deformed or moved, which is caused by the friction 
between molecules. Hamer and Hamer 1975, 375. 
875 ‘Wetting’ is how well a glaze spreads over and adheres to the ceramic surface. Parmelee 1951, 109. 
876 Hamer and Hamer 1975, 353. 
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Middle Eastern, Spanish and Anatolian tin glazes based on the results of the chemical analyses of 

historical glazes. The reconstructions were made in order to study the chemical and physical processes 

involved in their production with the aim of supporting provenance studies.  

 

Using high-temperature XRD, Molera et al877 studied the dissolution and crystallisation of tin oxide in 

glaze mixtures based on the chemical composition of high lead medieval Spanish tin glazes. Two 

batches of high lead glaze were made with lower (ca. 5 wt.%) and higher (ca. 10 wt.%) amounts of 

SnO2. One batch consisted of 66.7 wt.% PbO, 28.8 wt.% SiO2 and 4.8 wt.% SnO2, and the other of 63.6 

wt.% PbO, 27.3 wt.% SiO2 and 9.1 SnO2.878 The glazes were created in one stage using chemically pure 

oxides879 and applied to a kaolinitic ceramic substrate before being fired. Isothermal measurements 

were made at 50°C intervals from room temperature up to 1200°C. At 550°C, the SiO2 was found to 

react with PbO, forming lead silicate (PbSiO3), which at about 600°C then partially reacted with the tin 

oxide to form lead (II) stannate (PbSnO3). At 650-700°C, the PbSiO3, PbO and PbSnO3 in the melt went 

into solution, after which SnO2 began to crystallize. When the glaze mixture contained more SnO2 (10 

wt.%), the processes occurred when the temperature was 50˚C lower. The recrystallization of SnO2 

continued until the tin supply was exhausted. When the glazes were subjected to a second heating and 

cooling process to 1000˚C, they found that the cassiterite crystals (SnO2) did not show any further 

reaction and did not dissolve.  They concluded that the recrystallisation of cassiterite is dependent on 

time and temperature. If a glaze is cooled too rapidly to room temperature, the formation of cassiterite 

crystals will stop and some tin may remain dissolved in the melted glaze.  

 

In 2007, Ricci et al.880 used Raman scattering to investigate the structural changes in the silica network 

that occurred with Italian maiolica glaze mixtures when heated to temperatures between 330˚C and 

990˚C. The glaze compositions were based on Piccolpasso’s 16th century recipes together with the 

chemical analysis of 16th century Italian (Deruta) tin glaze shards.881 The authors give minimal detail 

of the materials or methodology used to create the glazes882 or the ‘previously fired’ ceramic bodies 

to which they were applied.883 No images of the glazes produced are shown and the physical results 

are not discussed. Based on comparisons with the silica structure of historical glazes, researchers 

concluded that 16th century Deruta majolica was fired at between 920˚C and 990˚C.  

 

In 2008, Tite et al.884 carried out similar experiments using mixtures close to historical Italian tin glaze 

with a high proportion of lead. SiO2 powder was mixed with PbO885 and SnO2, the PbO/SnO2 weight 

 
877 Molera et al. 1999. 
878 SnO2 as crystalline powder. 
879 Without first making calx or tinas from the lead and tin. 
880 Ricci et al. 2007. 
881 The elemental composition of the glaze in wt.% obtained at SEM–EDS for the sample fired at 920˚C was PbO 
23%, SiO2 60%, Al2O3 4.5%, SnO2 6%, alkali (Na2O + K2O) 6.5%. This composition matches that of the Dutch tin 
glaze recipes quite closely. Ricci et al. 2007, 1055. 
882 A marzacotto was made using siliceous sand mixed in equal part with tartar. Ricci et al. 1055 
883 The firing schedule involved heating the samples at a rate of 2 hours up to 600˚C and 2 hours from 600˚C to 
990˚C. At each final temperature, after a dwell time of 2 hours, the oven was turned off and models were kept 
in the kiln until room temperature was reached. Ricci et al.2007, 1055. 
884 Tite et al. 2008. 
885 PbO in the form of the two polymorphic phases, massicot and litharge. 
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ratios in the mixtures being 3:1 and 7:1, to which 6-30% silica was added.886 The final PbO/SiO2 ratios 

were 85:15 (similar to 15th century Italian recipes) and 65:35 (similar to 18th and 19th century 

Venetian recipes). During the initial tests with the lower SiO2 mix, they found that on heating, lead 

stannate type I (Pb2SnO4) formed from about 300°C onwards. Quartz then reacted with lead oxide to 

form lead silicate (Pb2SiO4). At about 500°C, Pb2SnO4 transformed into cubic lead stannate (PbSnO3), 

the transformation being complete by about 850°C. PbSnO3 was then the only crystalline phase 

present above 1000°C, although by 1040°C it had dissolved in the melt from which cassiterite 

recrystallised. The formation of cassiterite then persisted during the subsequent cooling.  

 

When the lead and tin metals were first fired together (to make calx) and the resulting orthorhombic 

Pb2SnO4 was mixed with quartz, the same transformation to cubic PbSnO3 occurred, but starting at the 

higher temperature of 700°C, being completed by 900°C. When the weight ratio of silica was higher 

(65 PbO:35 SiO2), the phase transformations were found to be similar but occur at lower temperatures. 

The transformation from cubic PbSnO3 to cassiterite was considered to depend on a number of factors, 

including the grain size of the PbSnO3 and the viscosity of the melt. The exact temperatures at which 

the cassiterite was formed varied according to the heating rate. The glaze compositions used in these 

experiments differed significantly from Dutch tin glaze recipes, partly due to the high lead to silica 

ratio, but more importantly due to the fact they did not include sodium or potassium fluxes. 

 

In a 2004 study of Isnik stonepaste pottery (1480-1610 AD), Paynter et al.887 created reconstructions 

of glazes based on the chemical analysis of historical alkali-lead glazes. A series of glaze batches were 

produced by combining two frits, one that was predominantly alkali-fluxed (3-16 wt.% Na2O) and one 

predominantly lead-fluxed (21-60 wt.% PbO). Three glaze batches were made, one without tin oxide 

and two with 6 wt.% and 12 wt.% tin oxide. They also created lead-free alkali and alkali-free lead glazes 

containing 0%, 4%, 8% and 12% tin oxide that were prepared in the same way and fired to 1000°C. The 

low-lead replicate glaze (21 wt.% PbO) was homogeneously opaque without any added tin oxide. SEM 

examination showed that this was due to the refractory effect of bubbles and undissolved quartz grains 

in the glaze. Paynter et al. found that firing the glaze to higher temperatures did not reduce the opacity. 

When 6 wt.% tin oxide was added, the opacity of the glaze containing a lower percentage of lead 

actually decreased and the glaze developed a smooth, glossy surface. This suggested that the tin oxide 

had acted as a flux and dissolved the other crystalline material as well as reducing the glaze viscosity 

which enabled the air bubbles to escape. The addition of tin oxide to the high-lead glazes resulted in 

the expected increase in opacity. Interestingly, Paynter found that the opacity increased as the wt.% 

of lead oxide increased. He suggests that that the solubility of tin oxide decreases with the increase in 

lead oxide content in the glaze, although he does not give any explanation why this would have 

occurred. 

 

More recently in 2018, Matin et al.888 created reconstructions of 8th century Egyptian and Levantine 

lead-alkali tin glazes as part of research into the production of the earliest yellow and white tin-based 

glazes. The chemical compositional data from historical glazes was integrated with primary textual 

accounts of the glaze production processes as described by Abu'l Qasim Kashani in 1301 and Ali 

 
886 This is only 50% of the silica content of Dutch tin glazes. 
887 Paynter et al. 2004. 
888 Matin, Tite and Watson 2018.  



 
 

 

182 
 
 

 

Mohammad Isfahani in the late 19th century. In these experiments, the lead-tin calcination (calx) 

process was replicated using different lead-tin ratios to which pure silica was added. The raw glazes 

that were created were then applied on calcium-rich pre-fired test tiles. During the calcination process, 

the lead and tin were seen to melt at ca. 400˚C, when an ash was formed mixed with crystalline 

material. Above 600°C the phases that formed were found to be dependent on the proportion of lead 

to tin. Three reactions were found to occur: 

 

1. Pb + O2 → 2PbO (lead oxide) 

2. Sn + O2 → SnO2 (cassiterite) 

3. SnO2 + 2PbO → Pb2SnO4 (yellow-coloured lead-tin stannate) 

 

Matin et al. found that when the Pb-Sn ratio was less than the stoichiometric requirement889 of 3:5 for 

the formation of Pb2SnO4 in the reaction (see reaction 3 above), only the calcining reactions (reactions 

1 and 2) occurred, the resulting calx containing PbO and SnO2 in addition to some unreacted SnO, Pb 

and Sn. He claimed that this type of lead-tin calx would have been used as a white colourant and 

opacifier in archaeological glass and glazes.890 The calx reacted with silica at about 800˚C. When 

alkaline salts891 were added to the glaze mixture, the temperature892 at which SnO2 crystals were 

formed decreased and the glaze colour changed more quickly from yellow to white. Matin et al. also 

observed that an interaction between the glaze and the ceramic changed the chemical compositions 

of all the glazes calculated from their recipes. This involved relative changes leading to 6 wt.% decrease 

in the PbO and 3 wt.% increase in the SiO2. Furthermore, the Al2O3 and CaO contents of the glazes 

slightly increased as a result of diffusion from the ceramic matrix into the glaze. 

 

8.6 The recipes chosen for the reconstructions 

Two Harlingen glaze recipes from Petrus Sijbeda’s recipe book were chosen to make reconstructions. 

The first was a recipe that Sijbeda states was used by his father to make good quality tiles. The second 

recipe is described as a slecht tile glaze used by his father.893 In modern Dutch, the word slecht means 

‘bad’ or ‘of poor quality’; however, in the 17th century the term referred to something ‘ordinary’ or 

‘common’.894 The second ‘common’ recipe did not contain any sodium chloride in the final mix, 

something that is only seen in a few of the earlier recipes (see Appendix IV). The ratio of lead to tin in 

the tinas in the ordinary glaze (3:1) was higher than that of the better-quality glaze (2:1). In addition, 

a lower proportion of tinas to masticot was used to make the final glaze (1:2 as opposed to 2:3).  

 

 
889 A stoichiometric equation relates the relative number of molecules or moles of reactants and products (not 
mass) that participate in a chemical reaction. The equation should be balanced. 
890 The fact that the Pb:Sn ratios of historical Dutch tile tin glaze recipes were between 2.5:1 and 3:1 supports 
this conclusion.  
891 8 wt.% alkalis and alkaline earths made up of 16% Na2O+, 0.8% K2O, 7,6% CaO and 0.4% MgO together with 
71.3% silica, 2.7% Al2O3 and 0.6% FeO. Matin, Tite and Watson 2018, 47. 
892 The temperature was not stated. 
893 As his father Theunis Claessens died in 1680, we can presume that the recipe is from before that date. 
894 The adjective stems from the old Dutch word ‘sleht’. Wortel 2004. 

https://en.wiktionary.org/w/index.php?title=Reconstruction:Old_Dutch/sleht&action=edit&redlink=1
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8.6.1 Glaze recipe 1: Glaze ‘for good quality tiles’ 

In this recipe, as with almost all those he describes, Sijbeda gives separate recipes for the masticot, the 

tinas and the wit or final glaze, which was a combination of the masticot and tinas (see figure 8.1). The 

weights of all the raw materials are given in pounds (lb).895 Interestingly, Sijbeda also provides a costing 

for the glaze that shows that the lead and tin that made up the tinas were four times more expensive 

than the raw materials that made up the masticot, together with the salt in the final glaze frit.896 At 

the end of the recipe, Sijbeda describes how the glaze batch would lose 11% of its weight during the 

melting process in the kiln. This could be partly explained by the loss of chlorine gas during 

disassociation of the sodium chloride salt that is added to the last glaze mix together with the loss of 

chemical water. Why this should result in a reduction of 5 guldens in the final “cost” of the glaze as 

Sijbeda claims is not clear. Maybe it could be sold as a glaze for less. 

 

The chemical composition of the raw materials given in the recipe was assessed from the information 

gathered in previous research into their composition. The masticot in the recipe was made from sand 

 
895 See Appendix XV for a glossary of weights and measures. 
896 Similar costing of glazes can be found in Appendix VI. 

Figure 8.1: Dutch transcription and English translation of reconstruction glaze recipe 1 from Petrus Sijbeda’s 

recipe book, pages 8 and 9. 

240 lb sand

120 lb zouda
So samen gebakken is 
masticot

Masticot

Tinas

Wit

Tot dit wit de tin-as neemt
100 lb lood
50 lb fijn tin

9) Neemd van deze 

omstaands masticot als 
volgt zoo veel:

270 lb masticot kost: f  9,-
180 lb fijn tinas           f 36,-

58 ½ lb sout f  2,-
_______ _____
508 ½ lb f  47

Dit wit verminderd na dat 

het onder de oven gebakken 
is 60lb soo dat er overblijft 
448½ lb kost f 42,-

Dit bovenstaande is bij 
mijn vader tot de fijne 

steen gebruikt

240  lb sand

120 lb soda
Fired together makes 
masticot

For this glaze use the tinas:
100 lb lead
50 lb fine quality tin

9) Use the adjoining

masticot as follows:

270 lb masticot cost: f  9,-

180 lb quality tinas      f 36,-
58½ lb salt f  2,-

_______ _____
508½ lb f  47

This glaze decreases by 60lb 
after it is fired under the kiln

so that remains 448½ lb at 
as cost of f 42,-
The above glaze was used

by my father for good
quality tiles
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and ‘soda’. The sand is understood to be quartz silver sand, which has high level of purity (ca. 96% 

SiO2). As the soda is not specifically referred to as being from ‘Alicante’ and it is a late 17th century 

recipe, it is assumed that this refers to a mixed alkali English or Scottish ‘soda’ produced from kelp (see 

the sources of soda in chapter 4).  

 

The tin used to make the tinas is described as being of ‘good quality’, so it is presumed that it had a 

relatively high tin weight percentage. The expected chemical composition of the final glaze was then 

calculated and compared with the average chemical composition of the historical glazes. When making 

these calculations, not only the purity of the raw materials has to be taken into account, but also the 

physicochemical changes that occur during firing. 

 

Kelp ash has been found to contain between 35 and 45% mixed alkali (Na and K), primarily in the form 

of carbonates.897 During firing, carbonates transform into oxides and emit CO2, which reduces the final 

wt.% of the alkali.898 On the other hand, the lead and tin metal used to make the tinas would have 

increased in mass weight during calcination in the tinas kiln due to the addition of oxygen when lead 

and tin oxides are formed.899 In addition, there is evidence that the metals, especially the tin, was 

variable in quality.  

 

Table 8.1 shows how the chemical composition of the final glaze was calculated from the recipe and 

compared with the composition of historical tile glazes. The column to the right of the recipe gives the 

interpretation of the chemical composition of the raw materials and the calculated change from 

carbonates to oxides. In order to be able to compare the final calculation in oxides with the average of 

EDX results of the historical glazes, the proportions of all the oxides in the recipe are normalised to the 

equivalent weight percentage of the quartz in the EDX results (55 wt.%), the sand used bring 

considered to be almost pure SiO2. Not all the elements found in the historical glazes have a clear 

source in the recipes. The addition of calcium carbonate is not mentioned, although an average of 

4 wt.% CaO was consistently found in the historical glazes. The kelp extract (and possibly the sand) 

would have contained calcium as well as aluminium, magnesium900 and iron.901 In addition, CaO and 

Al2O3 are known to diffuse from the calcium-rich ceramic body into the glaze.902 The historical glaze 

compositions were further found to consist of ca. 1 wt.% of other minor elements including iron, 

 
897 See chapter 3. 
898 The calculation comes from the change in molar weight:  
1.  Na2CO3 =  (2x23)+12  + (3x16) = 106.  

Na2O: (2x23) + 16 = 62. 
106 ÷ 62 = 1.7.  

2.  K2CO3: = (2x39) +12 + (3x16 ) = 138.  
K2O = (2x39) + 16 = 94.  
138 ÷ 94 = 1.4 

899Increase in molar weight during tin and lead calcination tin and lead calcination: 
Sn = (118.7), SnO2 = (118.7) + (2 x 16 )= 150.7.  
150.7 ÷ 118.7 = 1.269 
Pb = (207.2), PbO = (207.2( + 16 = 223.2.  
223.2 ÷ 207.2 = 1.07 

900 Magnesium carbonate is also present to a lesser extent in sea salt. See chapter 3. 
901 See results of kelp analysis in Appendix V. 
902 Matin, Tite and Watson 2018, 54. 
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chloride, copper, zinc, arsenic and/or phosphorous, which would have been present in the plant ashes 

or the tin and lead metals.  

 

 

 

The comparison of the calculated glaze composition with the average results of the EDX analysis of 

historical glazes can confirm whether the recipes are functional as well as providing insight into the 

accuracy of the interpretation of the composition of the raw materials. On the right of the table one 

can see that the calculated composition of the final glaze of the recipe matches the average 

composition of the historical glazes fairly closely. However, the wt.% of the lead and tin oxides in the 

tinas were calculated to be higher than the historical tile glazes, in particular the tin (see table 8.1). 

Table 8.1: Calculation of the possible composition of the Recipe 1 glaze (on the left) and 

comparison with the average composition of historical glazes obtained from EDX analysis (right). 

 

 

 

 

 

 

 

 

 

 

Recipe (No.1) 
 

 Conversion for comparison 
with Historical tiles 

 Average 
Historical tiles 

Composition / elements in recipe (in lb)  In oxides Divided by 4.4 
(Equiv. wt.% SiO2 

EDX Hist. tiles) 

 wt.% (EDX) 
 

MASTICOT      

240 lb zand 
 

240 SiO2 
 

 240  SiO2 55  SiO2    55 SiO2 

120 lb soda 
 
Kelp ash: 
40% (mixed) alkali 

 
 
24 Na2CO3                  
24  K2CO3     

 

  
 
14 Na2O 
17 K2O 

  
  
 3   Na2O 
 3.8 K2O 
 

  
 
 3   Na2O 
 3.5 K2O 
 
 
  
 4   CaO 
 1   MgO 
 0.5 Fe2O3 

 3   Al2O3 
 
 

 

Not specifically mentioned in recipe:     
Present in kelp extract: 

CaCO3   (9%) 
MgO    (8%)              
Fe2O3    (0.5%) 
Al2O3    (1%) 
 

? 
18 CaCO3               
16 MgCO3               
0.5 Fe2O3  
2.4 Al2O3    

  
10 CaO 
 8  MgO 
 0.5 Fe2O3 

 2.4 Al2O3 

 

 
 2   CaO 
 1   MgO 
 0.1  Fe2O3 

 1.2  Al2O3 

 

 

Present in sand and/ or 
ceramic 

 

? 
18 CaCO3   
2.4 Al2O3    

  
10 CaO 
 

(Add to above) 
 2 CaO 
1.8 Al2O3 

 

TINAS      

 Oxide after 
calcination 

 60% of final glaze 

(3:2l, see below) 

Percentage of 

glaze recipe (40%) 
 wt.% (EDX) 

100 lb lood 102 PbO  62 24.7  22 

50 lb tin  63 Sn2O  38 15.3   5 – 12 

Total 150   Total 100    

WIT 

270 MASTICOT 3:2 

180 TINAS 

+ 58.5 ZOUT (NaCl)  (11% of total) 
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This is believed to be due to a number of factors. The calculations were based on 100% oxide being 

produced from pure metal, whereas it has been found that the tin and lead used in the historical 

recipes would have contained variable percentages of impurities.903 In addition, a percentage of 

volatile material would have been lost during calcination.904 Matin found that that not all the lead and 

tin metal reacted during calcination if the lead-tin ratio was under 3.5:1.905  

 

Another question that arises from the calculation is what happens to the sodium in the salt that was 

added in the final glaze mix. Theoretically, after the loss of the chlorine, this could have added up to 

8 wt.% Na2O to the final glaze composition, however this is not reflected in the EDX analysis of the 

historical glazes. Although a percentage of the sodium would have been lost on firing due to 

volatilization, some is believed to have reacted with the sand the glaze powder was placed on or the 

bricks of the kiln. This issue is discussed later in this chapter.  

 

8.6.2 Glaze recipe 2: ‘Common’ glaze 

The second recipe chosen for reconstruction (figure 8.2) is a recipe used by Petrus Sijbeda’s father, 

which means it must have dated from before 1680.906 It is described as a ‘common’ glaze and therefore 

of average quality, and is quite different in composition from recipe 1. The masticot is made from sand 

and a mixture of different alkali-rich plant extracts that appears to result in a higher total percentage 

of potassium. Both Alicante and English soda are used in the recipe in equal proportions, together with 

potassium-rich wood and fern907 plant-ash or extract. The ratio of the masticot to the (more expensive) 

tinas is significantly higher than in the first recipe, being 2:1 compared with 3:2. In addition, the 

proportion of tin to lead in the tinas is lower.  

 

 
903 See chapter 3.  
904 The section on the calcination of tin in the medieval alchemy text ‘Pseudo-Geber’ describes how volatile 
sulphur and mercury are lost during calcination. Newman 2002, 55. 
905 According to Matin et al., such a low lead-tin ratio would produce a calx primarily consisting of PbO and 
SnO2, with unreacted SnO, Pb and Sn. Matin, Tite and Watson 2018, 75. 
906 The date when his father died. 
907 See chapter 4 for a further explanation of the composition of plant ashes used to produce ‘potash’. 

Figure 8.2: Recipe 2: Dutch transcription and English translation. Petrus Sijbeda 1712 page 3.  

 

 

 

 

3) Een slecht wit van mijn vader:

200 lb sand
16 lb Alicante zouda
22lb engelse zouda
24 lb potas
18 lb wiedas
Wordt masticot ordinarij wijse

_________

16 lb van dit masticot
8 lb Tin-as
Gebakken en gemalen wordt wit

_________

Neem 200 lb lood
60 lb fijn tin

Wordt tin-as gebrande zijnde

3) A comon glaze of my father’s:

200 lb sand
16 lb Alicante soda (barilla)
22lb English soda (kelp)
24 lb Pot ash (wood ash?)
18 lb plant ash (fern ash?)
Makes ordinary masticot

_________

16 lb of this masticot
8 lb Tinas
Fired and milled makes glaze

_________

Take 200 lb lood
60 lb fijn tin

Makes tinas when fired
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When the chemical composition of the raw materials in recipe 2 was calculated (table 8.2), the K2O 

wt.% was found to be almost 75% higher than the average measured in Dutch historical tiles. This could 

suggest a number of things. It is possible that this recipe simply produced glazes with a potassium 

Table 8.2: Calculation of the possible composition of the Recipe 2 glaze (on the left) in comparison 

with the average composition of historical glazes obtained from EDX analysis (right). 

 
 
 
 
 

TINAS   Conversion for comparison 
with Historical tiles 

 Average 
Hist. tiles 

Composition / elements in recipe (   33% in glaze 
recipe 

 wt.% (EDX) 

  oxides        

200 lb Lood 200 Pb 205,5 PbO  73 24  22 

60 lb Tin 60 Sn  76  SnO  27 9  5-12 

Total 260  281  100    

 

WIT 

2:1 

16 MASTICOT 200 

8 TINAS 100 

 

Recipe 2 
MASTICOT 

 Conversion for comparison 
with Historical tiles 

 Average 
Hist. tiles 

Composition / elements in recipe (in lb)  In oxides Divided 3,6 
(Equiv. Hist. 
tiles EDX 
(wt.% SiO2) 

 wt.% (EDX) 
 

200 lb Zand (sand) 
 

200 SiO2  200 SiO2 55 SiO2   55 SiO2 

16 alicante soda 
(80 wt.% Na2CO3 ?) 

 

22 engelse soda 
(40 wt.% mixed alkali) 

 

24 potas 
(70 wt.% K₂CO₃?)             

 

18 wiedas 
(30 wt.% K₂CO₃?)             

 
13 Na2CO3 
 
4.5 Na2CO3 

 
4.5 K₂CO₃   
 
17 K₂CO₃   
 
 
7.2 K₂CO₃  

  
 7.6  Na2O 
 
 2.6  Na2O 
 
 3.2  K2O 
 
 12  K2O 
 
 
  5,. K2O 
 

   
 
  
2.8 Na2O 
  
 
    
 
 
 
 5.6 K2O 
 

   
 
 
 3  Na2O 
  
  
 
 
 
 
 3,5 K2O 
 
 
  
 4    CaO 
 1    MgO 
 0.5 Fe2O3 

 3    Al2O3 
 
 

 

Not in recipe    
Present in plant ashes? 

CaCO3    
MgO     
Fe2O3     
Al2O3     

? 
12.5 CaCO3  
 7.2  MgCO3 
 1.8  Fe2O3  
 4.3  Al2O3 

 ? 
 7    CaO  
 3.6 MgO  
 1.8 Fe2O3  
 4.3 Al2O3 

? 
  2   CaO   
  1   MgO 
 0.5 Fe2O3  
 1.2 Al2O3  

 

In sand or from ceramic? 

CaCO3    
Al2O3 

 
 

  
 
 

? 
 2    CaO   
1.8  Al2O3   
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percentage within the higher range. The historical Harlingen tiles analysed were found to have a 

consistently high potassium wt.%, although the average still remained closer to the average wt.908 It is 

also possible that the average percentage of potassium in the plant extracts available was lower than 

has been determined by earlier research, namely 70 wt.% for the fern ash and 20 wt.% for the kelp 

ash.909 Alternatively, the plant extracts used at that time may not have been well refined. As with the 

first recipe, the calculated wt.% of tin and lead was also relatively high. 

 

8.7 Reconstruction materials and methodology 

8.7.1 The raw materials in the recipes 

Research into the composition of the raw materials and production techniques through the study of 

primary and secondary sources provided the basis for the reconstruction schedule (see chapters 4 and 

5). When making reconstructions of historical recipes, the aim is to use ‘historically accurate’ materials 

as far as possible.910 However, as historical accuracy is realistically impossible to achieve, the term 

‘historically appropriate’ is more commonly applied to the materials and methods used.911 One has to 

accept that compromises regarding materials and production techniques are inevitable due to the 

refining of the raw materials that are now available and health and safety factors that make certain 

processes unfeasible. When dealing with ceramic materials there is the added issue of the numerous 

factors that influence the ceramic firing process including the kiln structure, the level and evenness of 

the temperature during firing, the heating and cooling times, the firing atmosphere and the fuel used. 

 

Based on the interpretations of the composition of the raw materials as discussed in chapter 4, the 

recipe reconstructions were created using pure chemical compounds (apart from the sand). The 

quantity of the compounds needed (which in some cases were in the form of carbonates) was 

calculated from the recipes with reference to the average chemical composition of historical tiles (as 

determined by EDX analysis). Based on the date of the recipe, the soda in recipe 1 is presumed to be 

kelp ash imported from England, which, as previously discussed, is estimated to have consisted of 35 

to 45% mixed alkali as a combination of Na2CO3 and K₂CO₃, together with CaCO3, MgCO3, Fe2O3 and 

other minor compounds.912 The soda from Alicante in recipe 2 is known to be of a purer quality, 

consisting of up to 80% Na2CO3 (depending on how it was manufactured).913 Wiedas is believed to refer 

to the ash of fern or bracken.914 Previous research has shown that fern produces ash with low levels of 

 
908 See chapter 6 for an overview of the K2O wt.% of the historical tiles analysed and Appendix XI for all the 
results. 
909 See chapter 4. 
910 Carlyle et al. 2008 
911 Stols-Witlox 2008: 27 
912 Robert Brill found that kelp ash also contained carbonous material, sulfite (SO3) and chlorine (Cl), which are 
presumed to have been burnt off in the masticot firing. See Appendix V. 
913 See chapter 4 and Appendix V. The other constituents in wood ash consisted primarily of P2O5 and chlorine 
as with kelp. See chapter 3.  
914 The modern Dutch name for bracken is ‘adelaarsvaren’ whereas the word ‘wied’ means ‘weed’, which could 
refer to a number of plants. Bracken was historically commonly used as a source of flux for glass making. See 
chapter 3. 
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potassium of ca. 30%.915 Unprocessed Dutch silver sand916 was used for the zand in the recipes as well 

as for the sand bed on the bottom of the kiln on which the masticot and glaze mixes were melted. XRF 

analysis determined that the sand sourced was composed of 97 wt.% SiO2 (quartz), 2 wt.% Al2O3, 

0.5 wt.% Fe2O3 and 0.5 wt.% of other minor elements. The grain size of the sand was 60% 250-150 µm, 

35% 150-63 µm and 5% < 63 µm.917 

  

As has been shown, the source of certain elements that are present in historical glazes are not 

specifically stated in the historical glaze recipes, notably calcium and magnesium. These elements 

would have been present in the other raw materials. Brill found that kelp ash contained approximately 

8 wt.% of both calcium and magnesium, although he only analysed limited samples. As both calcium 

and magnesium oxides have an important function as glass stabilisers at low temperatures and fluxes 

at temperatures above 1000˚C,918 they were added to the reconstructed recipes as carbonates, based 

on the proportional wt.% in the historical glazes.919 Aluminium and iron were present in the sand used.  

 

As it was not considered feasible to calcine the lead and tin metal in an open furnace to make the tinas 

(calx) due to health and safety issues,920 litharge (PbO or lead (II) oxide921 and pure tin oxide (SnO2
)922 

were used to recreate the tinas.923 The powders were weighed out and mixed before being passed 

through a 150 µm sieve. Purified sea salt (NaCl) was used for the salt or zout in recipe 1.924 The final 

working recipes can be found in Appendix XIV. 

 

8.7.2 The firing schedule 

The firing temperature and firing schedule for the reconstructions were formulated from what is 

known of the original firing process as discussed in chapter 5, taking into account the small size of the 

samples and the small chamber area of the kiln (0.4 m3). The firing of the 17th and 18th century updraft 

kilns used for tin-glazed wares was a long process and kiln chambers of up to 28 m3 could contain up 

to 30,000 tiles by the 18th century. On average, about 10 hours were needed to build up the fire to 

produce a temperature of around 1000˚C, although the temperature would have varied considerably 

in the kiln. When the top temperature was believed to have been reached, it was kept constant for 4 

to 8 hours to ensure that the heat would reach all areas of the kiln. The firing schedule of such large 

 
915 See chapter 4. 
916 The sand was sourced from De Bakelse plassen at Malheeze in Brabant and supplied by Kiwa Nederland BV. 
Reference number I IC-DOP-NL-EN13139-01C-DOP-NL.  
917 This was determined using geological sieve analysis. 
918 Although magnesium is a flux, it is not believed to have a significant influence on the final glaze due to the 
low percentage (ca. 1%) and the fact that it only functions as a flux at temperatures above 1100˚C. Higher 
percentages can induce crystallisation leading to increased glaze opacity, which could be of significance in the 
production of opaque glazes. Parmalee 1951, 147. 
919 See working recipes in Appendix XIV. 
920 Calx has been produced in a furnace as part of previous research. It has been shown that, depending on the 
ratio of tin to lead, the calcination of lead and tin together can result in at least partial formation of lead 
stannate (PbSnO3). For details see chapter 3. 
921 The litharge was supplied by Labshop, Belgium PbO.C.I. Pigment Yellow 46. 
922 The tin oxide was supplied by Keramikos BV type CH141D. 
923 Such a low lead-tin ratio would produce a calx primarily consisting of PbO and SnO2, with some unreacted 
SnO, Pb and Sn. Matin, Tite and Watson. 2018, 75. 
924 The composition of sea salt is discussed further in glaze test 5. 
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updraft kilns are difficult to translate for such small tests in a modern electric kiln,925 although as with 

previous reconstruction experiments, the heating at 100˚C per hour was believed to reflect the firing 

schedule of the traditional kilns. Similarly, the soaking time applied was 1 hour as used in other 

reconstruction experiments.926 To prepare the masticots and glazes, a well-ventilated propane gas-

fired kiln was used due to the presence of salt in some recipes which would damage the elements in 

an electric kiln. The tests were fired at 980˚C and 1050˚C to reflect the higher and lower ends of the 

historical temperature range, after which the kilns were left to cool naturally. This took approximately 

3 hours in the case of the smaller gas kiln and 8 hours in the case of the electric kiln. 

 

8.7.3 Evaluation of the test results 

The glaze results were assessed visually, and the chemical composition and morphology analysed with 

SEM-EDX.927 Embedded and polished928 cross-sections were prepared from samples of approximately 

2 mm3 of the melted masticot and the melted glaze blocks as well as the fired glazed samples. EDX 

mapping was carried out on selected samples in order determine the distribution of the major 

elements. When interpreting EDX results it is important to take into account the fact that the technique 

is semi-quantitative, the results having a possible relative error up to 10%. In addition, a percentage of 

the sodium is often lost during the process of atom excitation due to its volatility.929 The morphology 

of tin glaze is often inhomogeneous, the glaze sometimes containing undissolved quartz grains and/or 

air bubbles as well as irregularly distributed crystalline cassiterite.  

 

EDX measurements were taken from three areas of the sample and the average and STD calculated. 

The opacity of the different glazes created were compared by measuring the relative luminescence of 

the surface within the L*a*b* scale using a spectrophotometer.930 The luminescence (L*) values were 

used for comparison, L* being the value range that lies between white (100) and black (0). For details 

of the colour measurement system used see Appendix VIII. 

 

8.8 Preparation of the glazes 

8.8.1 Masticot  

To make the masticot mix, the sodium and potassium carbonate powders were weighed and combined 

before being passed through a 150 µm sieve and mixed with the silver sand. The glaze mix was piled 

on a bed of (the same) silver sand, as described by Sijbeda and Paape,931 which was spread over a kiln 

shelf in the well-ventilated, propane gas-fired kiln (see figure 8.3). The kiln was heated at 100˚C per 

 
925 A Rhode KE series electric kiln was used with a programmable digital pyrometer.  
926 Molera et al. 1999; Ricci et al. 2007; Tite et al. 2008; Matin, Tite and Watson 2018. 
927 JEOL95 10LV E coupled with an X-ray energy-dispersive spectrometer (SDD energy-dispersive X-ray detector 
(EDX) of Thermo Noran, with Thermo NSS software). Observations were made in back-scattered electron mode 
(BSE) under low vacuum with a chamber pressure of 30 Pa and at an accelerating voltage of 20 kV. The 
acquisition of X-ray spectra was undertaken with the detector set at ca. 10 mm working distance.  
928 Samples were embedded in EpoFix Epoxy resin and wet polished using silicon carbide paper 500-2000 µm. 
929 Kuisma-Kursula 2000: 111 
930 Minolta model CR-200b. The instrument was used at condition 1 (10°, D65) with the small aperture and was 
always calibrated prior to use with a white standard. Three measurements were taken from each sample and 
the average calculated. 
931 See chapter 5. 
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hour to a temperature of 1000˚C, at which point the temperature was kept constant for 1 hour before 

letting the kiln cool naturally. After firing, the melted masticot block could be lifted from the sand bed 

and the sand brushed off from underneath. The masticot block was found to contain a great deal of 

air bubbles that had formed as a result of the emission of CO2 from the carbonates during firing (see 

figure 8.3). This made the masticot block fairly easy to break up and mill. SEM BSE images of the melted 

masticot show an open structure and the reaction between the quartz sand and sodium oxide (see 

figure 8.4). The masticot was broken up and milled in a potter’s milling machine for approximately 1 

hour before being passed through a 100 mesh (150 µm) sieve.  

 

 

  

8.8.2 Wit (Glaze) 

The ground masticot and tinas powders were mixed together with the salt before being passed twice 

through a 100 mesh (150 µm) sieve to aid the mixing process. The glaze mix was piled on a 3 cm bed 

of sand and melted using the same firing schedule as with the masticot (see figure 8.5). The SEM BSE 

image of the fired frit (figure 8.6) shows how the glaze components reacted during firing to form an 

inhomogeneous glass. The formation of needle-like lead silicate crystals (marked with an X) can be 

Figure 8.3: The masticot powder mix on a sand bed before (left) and after melting (recipe 1). 

Figure 8.4: SEM back-scattered image (left) and photo of the melted masticot showing the 

open structure. In the back-scattered image the dark areas are voids, the grey areas are 

unreacted quartz and the pale areas are where the quartz has fused with sodium oxide. 
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seen where the quartz (black areas) is reacting with the lead oxide within the sodium lead silicate glass 

melt (grey). The crystalline tin oxide (cassiterite) is seen to be present in clusters (white areas). 

 

The melted glaze block was broken up and ground to a powder in a milling machine before being 

passed through a 100 mesh (150 µm) sieve. The glaze powder was then mixed with demineralized 

water in volume proportions 1:1,932 passed through an 80 mesh sieve (to aid the mixing process) and 

left to stand for an hour before application. 

 

8.8.3 Glaze application and firing 

The glaze slurry was applied to the ceramic test tiles that had been previously made following historical 

clay-paste recipes (see chapter 7). Six tiles were glazed for each test. The six tiles had been made with 

clay containing three different weight percentages of CaCO3 (20%, 30% and 40%) before being biscuit-

fired at two temperatures: 950˚C and 1050˚C. The glaze was applied by pouring, after which the glaze 

thickness was adjusted where necessary to 0.8 mm using a glass profile to ensure consistency in the 

 
932 As suggested by Pieter-Jan Tichelaar. See chapter 5 on the production of tin glaze. 

Figure 8.5: The glaze mix before (left) and after melting (firing) (recipe 1). 

Figure 8.6: BSE-SEM image of the glaze mix after melting. The crystalline tin oxide (cassiterite) shows as 

white areas. The dark areas are un-melted quartz grains where the formation of lead silicate crystals can 

be seen (x). The grey area is sodium lead silicate. The image on the right shows the structure of the 

melted glass frit which is dense with large air bubbles. 
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tests (see figure 8.7). The samples were left to dry for 24 hours before being placed at an angle in the 

kiln to assess the viscosity of the glaze during firing. 

 

 

The glaze tests were fired to 980˚C and 1050˚C in an electric kiln using the same heating schedule as 

used for the masticot and glaze frit. The top temperature was held for 1 hour (‘soaked’), after which 

the kiln was switched off and left to cool naturally (taking approximately 8 hours to go down to 150˚C). 

An overview of the tests undertaken can be seen in table 8.3. Two batches were made of glaze recipe 

1. The second batch was fired using a longer firing schedule and at a higher temperature (in an attempt 

to reduce the amount of un-melted silica). Recipe 2 was only fired at 980˚C because only one test was 

undertaken. Finally, an investigative glaze test was undertaken to assess why NaCl was used in the final 

glaze mix rather than NaCO3, which was readily available as a sodium flux. 

 

 

 

Glaze 

test 

Historical 

recipe 

CaCO3 wt.% in clay biscuit  Test firing 

temperature 

Firing schedule 

1 Recipe 1 

(Batch 1) 

20/30/40 

Fired at 950˚C and 1050˚C 

980˚C 100˚C per hour  

1 hour soak at 980˚C 

2 Recipe 1 

(Batch 2) 

20/30/40 

Fired at 950˚C and 1050˚C 

980˚C 80˚C per hour  

1 hour soak at 980˚C 

3 Recipe 1 

(Batch 2) 

20/30/40 

Fired at 950˚C and 1050˚C 

1050˚C 80˚C per hour  

1 hour soak at 1050˚C 

4 Recipe 2 20/30/40 

Fired at 950˚C and 1050˚C 

980˚C 100˚C per hour 

1 hour soak at 980˚C 

5 Test NaCl in 

glaze 

20/30/40 

Fired at 1050˚C 

980˚C 100˚C per hour 

1 hour soak at 980˚C 

 

 

 

 

 

 

 

Table 8.3: Overview of the glaze tests 

Figure 8.7: Application of the glaze, correcting the glaze thickness using a glass profile and the 

placing in the kiln. 



 
 

 

194 
 
 

 

8.9 Glaze tests 

8.9.1 Test 1: Glaze recipe 1 ‘for good quality tiles’, fired at 980˚C 

The first test samples were glazed with the reconstruction of glaze recipe 1, which was applied as 

described before being fired at 980˚C. 

 

Results  

A successful opaque glaze was created which had a few specific features (see figure 8.8). The glaze on 

the ceramic samples with the highest calcium percentage (40 wt.% CaCO3 in the clay mix) were less 

opaque and had a far higher gloss (tests ‘e’ and ‘f’). It is believed that this was the result of a lower 

viscosity due to the fluxing effect of Ca2+ that had diffused from the ceramic body into the glaze. This 

probably related to the presence of unreacted calcium in the ceramic body, possibly in the form of 

calcium hydroxide Ca(OH)2 or CaCO3 that had (re)formed in the ceramic after firing.933  

 

 

 

 

 

 

 

 
933 See the extraction test in chapter 7. 

Figure 8.8: Test samples made with clay mixes containing 20, 30 and 40 wt.% CaCO3 that 

had been biscuit fired at 950˚C and 1050˚C. Below details of the tests on tiles fired at 

1050˚C. 
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A second feature is the wrinkles in the glaze (see figure 8.9). This is a specific feature of historical tin-

glazed tiles that is rarely observed on other glaze types. This feature occurs due to a combination of 

the high coefficient of expansion and high viscosity that are a feature of tin glaze. On cooling, the glaze 

contracts. Where the glaze is thicker, the contraction is greater. At the same time, the outside and 

inside of the glaze contract at different rates, the outside cooling and contracting more quickly. This 

phenomenon is not seen on the samples of ceramic made with 40 wt.% CaCO3: it is assumed because 

the excess calcium in the ceramic influenced the viscosity of the glaze in some way. When comparing 

SEM BSE images of the glaze 1 tests with a late 17th century historical glaze that has the same feature, 

the ceramic and glaze morphology are seen to be similar (figure 8.9).  

 

No obvious variations in morphology are observed in the SEM BSE images of the test 1 samples (figure 

8.10) and the glazes are similarly inhomogeneous. The glaze contains some particles of unreacted 

quartz and the cassiterite (the lighter areas) is seen to have formed in clusters and be unevenly 

distributed.934 Although the differences in the biscuit-firing temperature of the ceramic base does not 

seem to have had any significant influence, the glaze-ceramic interface appears to be more developed 

in the samples where the ceramic body has a higher calcium percentage.935 The crack in the glaze 

ceramic sample made with 20 wt.% CaCO3 (test ‘a’ in figure 8.11) supports the idea that the use of a 

clay paste with less than 30% CaCO3 results in a poor match in the coefficient of expansion between 

the fired ceramic and (tin) glaze, leading to crazing.936 

 

 
934 Pradell et al. state that that cassiterite particles are more likely to be of a small size and homogeneously 
distributed if the tin and lead are calcined together. Pradell et al. 2010, 413. 
935 Pradell et al. found vaterite and aragonite (CaCO3 polymorphs) at the ceramic-glaze interface which 
probably precipitated from calcite grains of the ceramic body that had not reacted with the ceramic matrix. 
Pradell et al. 2010, 415. 
936 See Appendix XIII. 

Figure 8.9: Details showing wrinkling of tin glaze. On the left is a detail of test 1 sample b 

and on the right a tile ca. 1660 (possibly Harlingen). The SEM BSE images show similarity 

in the morphology of the glaze and ceramic. 
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In the EDX mapping of two test samples that only vary in the wt.% of calcium in the ceramic base it can 

be seen that where the calcium wt.% of the ceramic is very high (figure 8.12), a more developed 

ceramic-glaze interface rich in flux (notably potassium and sodium) can be observed. This phenomenon 

has been documented in previous studies and has been found to be related to the formation of 

crystalline potassium felspar at the interface.937 Although the results of the EDX analysis of all the tests 

in glaze test 1 (table 8.4) show that the chemical composition of the glaze appears to be consistent 

within the sample set, the higher CaO wt.% of the glaze suggests that calcium has diffused from the 

ceramic body to the glaze.938 This is confirmed in the EDX mapping (figure 8.12). 

 

 

 
937 Costa et al.2014,112; Pradell et al. 2010. Pereira et al. 2018. 
938 Matin, Tite and Watson 2018, 54; Pradell et al. 2010; Molera 2001, 334.  
 

Figure 8.10: SEM BSE images showing the morphology of the glaze and ceramic of the samples of 

glaze 1. The firing temperature and calcium percentage of the clay of the ceramic tiles are given. 

CaCO3 
in clay 

20% 30% 40% 

 Test a           Test c              Test e           

 
 
Biscuit 
fired 
at 
1050˚C 
     

   
 Test b                 Test d                 Test f                 
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fired 
at 
950˚C 
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IMG1

Tst 1 950 20%

Si-K Al-K

K-K Na-K

Sn-L Pb-M Ca-K

Mg-K

IMG1 Si-K Al-K

K-K Na-K Mg-K

Sn-L Pb-M Ca-K

Test 1 950 4

Figure 8.11: EDX mapping of test f: glaze recipe 1 on a ceramic tile made with 20 wt.% 

CaCO3, fired at 950˚C. 

Figure 8.12: EDX mapping of test f: glaze recipe 1 on a ceramic tile made with 40 wt.% 

CaCO3, fired at 950˚C. 
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Table 8.4: EDX analysis of the glaze composition of the first glaze test of recipe 1 (test 1), giving the standard 

deviation of the measurements on one sample. 

 
 

The STD of the results for the major elements of the glaze is seen to be highest for the tin and silica 

oxides, both of which are spatially unevenly distributed in the glaze. The wt.% of tin oxide ranges from 

8 to 9 in samples where the ceramic had been fired at 950˚C and 11 to 12 where the ceramic had been 

fired at 1050˚C. This could be related to the porosity of the ceramic as ceramic porosity decreases with 

firing temperature. It is also possible that the variation of tin oxide wt.% is related to the uneven 

distribution of the cassiterite crystals across the glaze and therefore dependent on the sampling 

area.939 During their analysis of Early Islamic glazes, Pradell et al. commented that the irregular spatial 

distribution of cassiterite observed in some glazes seemed to be related to the original morphology of 

the raw tin oxide grains used to make the glaze, suggesting that the lead and tin were not pre-fritted 

together to create a calx,940 as was the case with these reconstructions. 

 

8.9.2 Test 2: Glaze recipe 1 using a slower firing schedule with a new glaze batch 

As the wrinkling of the glaze is thought to be partly related to the firing being too fast, a second test 

was undertaken using a longer heating schedule of 80˚C per hour instead of 100˚C per hour, up to the 

same temperature and soaking time as the first test (980˚C and 1 hour). Applying a longer heating was 

believed to result in a more complete fusing of the glaze components resulting in a more homogenous 

glaze. To undertake a second test, a second batch of the glaze had to be made. 

 

 
939 This can be further investigated by analysing more glaze samples. Another option to combat the problem of 
the inhomogeneity of the cassiterite would be to take powder samples of the glaze with a diamond tool and 
then determine the composition by X-ray fluorescence spectrometry on a glass pearl prepared by fusing 
100 mg of the powdered glaze with Li tetraborate. 
940 Pradell et al. 2010, 413. 

 

wt.% 
Test 1    

Na2O MgO Al2O3 SiO2 Cl K2O CaO Fe2O3 SnO2 PbO 

950˚C 20% 5.1 0.2 1.6 57.1 0.8 1.9 2.2 0.7 9.1 21.4 

StDev 0.1 0.2 04 1.3 0.1 0.2 0.2 0.1 0.4 1.0 

1050˚C 20% 5.2 0.2 1.4 52.9 0.9 1.9 2.3 0.8 12.7 21.8 

StDev 0.2 0.1 0.1 2 0.2 0.2 0.8 0.0 1.1 1.1 

950˚C 30% 4.8 0.3 1.4 54.7 0.7 2.3 3.3 0.8 8.8 22.9 

StDev 0.4 0.1 0 2.1 0.1 0.2 0.1 1 1.2 2.3 

1050˚C 30% 5.6 0.3 1.3 54.3 0.8 1.7 3.1 0.5 12.4 20.1 

StDev 0.5 0.1 0.1 0.9 0.1 1.0 0.3 0.3 0.9 1.8 

950˚C 40% 5.7 0.1 2.2 56.4 0.7 1.8 3.4 0.3 9.0 20.4 

StDev 0.2 0.1 0.2 1.9 0.1 1.6 0.9 0.6 1.5 2.0 

1050˚C 40% 5.4 0.2 1.7 54.6 0.6 2.5 3.8 0.8 11.4 18.8 

StDev 0.1 0.1 0.0 0.7 0.1 0.3 0.4 0.4 0.8 1.6 
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The same schedule and raw materials were used to make the new glaze batch,941 the glaze frit that 

formed was more compact and formed ridges rather than the flat ‘pancake’ form of the first batch 

(compare figures 8.5 and 8.13), suggesting that it had a higher viscosity (less fluidity) than the first 

glaze batch. It was also observed that that a layer of sand from the sand-bed had partially fused to the 

underside of the melted glaze block. EDX analysis of the partly-fused sand showed that interstitial glass 

had formed between the sand grains which was composed of silica combined with sodium, chlorine, 

potassium and some lead. The SEM BSE image of the glaze block (figure 8.13 shows that the glaze is 

poorly fused and contains a large quantity of undissolved quartz compared with the first glaze batch.  

 

The glaze was ground and applied to ceramic tests in the same way as for the first test. 

 

The resulting glaze appeared to be significantly opaquer than in the first glaze test (see figure 8.14). In 

addition, the surface was matter, which is a common characteristic of tin glaze related to its high 

viscosity together with the presence of crystalline material in the fired glaze (see section on opacity 

above). The surface morphology of the glaze tests was very varied, the glazes on the samples with a 

ceramic with a high calcium percentage being smoother and more regular, suggesting that the calcium 

was acting as a flux. The glaze that was most matte and irregular was on the ceramic with a low calcium 

percentage that had been fired at the lower temperature (test b). Here the glaze was uneven and had 

pinholes. Pinholes occur when of holes form when gases are emitted through the glaze during firing 

but, due to the high viscosity of the glaze, do not have time to re-close before cooling. It is possible 

that the ceramic that had been fired at a lower firing temperature contained more unreacted material 

leading to a greater loss of volatile material, although there is no significant variation in the wt.% of 

the fluxes between the samples (see table 8.5). 

 
941 The glaze frit was placed slightly higher in the kiln, which may have resulted in a slightly lower average firing 
temperature although such precise difference in the kiln temperature could not be measured in the kiln used. 

Figure 8.13: The glaze frit formed in the second batch of recipe 1. On the right, a back-

scattered image of the melted glaze mix showing the inhomogeneity of the glaze 

before milling. 
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The SEM BSE images of the test 2 samples (figure 8.15) show that the higher level of opacity is primarily 

due to the presence of a high proportion of un-melted quartz (sand) showing that the glaze had not 

fully melted during firing. This is believed to be due to the reduced level of flux in the glaze frit as a 

result of the loss of flux where it reacted with the sand-bed. As discussed in chapter 8, un-reacted 

quartz is common in the glaze of historical tiles. This phenomenon was found to be particularly 

common in tiles produced between 1600 and 1675, and was more prevalent in tiles from Rotterdam 

and Harlingen than Utrecht, as seen in figure 8.16.  

 

 

 

 

b d ff

Figure 8.14: The results of the second glaze test using the second batch of recipe 

1, with detail below. 
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EDX analyses of the glaze of the second test using the second batch was found to contain 

approximately 25 wt.% less Na2O compared with first glaze test, while the wt.% of K2O remained similar 

(see table 8.5). Although a concentration of flux at the ceramic-glaze interface may have played a role, 

the composition of the second glaze batch appears to be related to the migration and reaction of flux 

with the sand bed. Sijbeda mentions that when the glaze is melted on the bottom of the kiln, material 

sometimes ‘flowed out’ of the glaze, resulting in a glaze that was ‘meagre’.942 Elsewhere he comments 

 
942 “Het gebeurt wel dat de tinas die onder de oven leidt weder begint te smelten en te verlopen uijt het wit en 
maakt soo een mager wit, dan moet men onder/anders (?] stellen dat de grond, daar 't wit op leidt, te laagh is; 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Test a     1050 20% Test c      1050 30% Test e     1050 40% 

   

   

Test b      950 20% Test d       950 30% Test f      950 40% 

   

   

Figure 8.15: Above: SEM BSE images of the glaze test 2 showing the large proportion 

of undissolved quartz. Below: SEM BSE images of three Dutch tiles dated 1625-1650. 

The first two tiles from Rotterdam and Harlingen (NTM 04553 and HH2) have un-

melted silica in the glaze frit. This phenomenon was less prevalent in tiles from 

Utrecht, as shown in the example on the right (U2). 
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that, when melting the glaze on the bottom of the kiln, the zout and potas can be ‘destroyed’ by the 

fire.943 It is interesting to observe that a large proportion of the glazes in the historical tile set contained 

similar high proportions of unreacted silica together with relatively low percentages of Na2O and/or 

K2O (see Appendix XI). The tin oxide has the same variation between samples and high STD as the first 

test despite the longer firing time. The variation in tin oxide is believed to be related to clustering of 

the cassiterite in the glaze and variations between sampling areas. 

 

Table 8.5: EDX analysis of the glaze composition of the samples in glaze test 2. The Standard deviation of the 

average of three areas measured is given below. 

 

 

 

 

8.9.3 Test 3: Glaze recipe 1 using the second batch, fired at a higher temperature 

(1050˚C) 

To assess if an increase in the firing temperature would improve the homogeneity of the glaze, and 

specifically reduce the percentage of un-melted silica, the second batch of glaze 1 was applied to a 

new set of test tiles and fired to the higher temperature of 1050˚C using the original firing schedule of 

100˚C per hour and 1 hour soak time.  

 

deselve daarna wat hooger gemaakt sijnde, sal 't wit beter uijt stoken en 't gebrek geholpen sijn”. Sijbeda 1712-
20,137. 
943 “Dit wit … vermindert door het bakken onder de oven 60lb gelijk als de witten doen, na dat er veel sout of 
pot-as in is, want dat sout en de potas worden vernietigd door het vier.” Sijbeda 1712-20, 4. 

Test 2 Na2O MgO Al2O3 SiO2 Cl K2O CaO Fe2O3 SnO2 PbO 

950˚C 20% 3.5 0.4 1.2 57.9 0.6 1.9 3.4 0.3 11.2 19.5 

StDev 0.2 0.2 0.0 1.5 0.0 0.4 0.9 0.3 0.4 2.5 

1050˚C 20% 3.8 0.2 1.2 61.0 0.7 1.3 2.1 0.5 9.0 20.6 

StDev 0.3 0.1 0.1 2.8 0.1 0.0 0.1 0.2 1.5 1.7 

950˚C 30% 3.3 0.3 1.1 59.2 0.7 1.9 2.4 0.3 11.9 19.1 

StDev 0.1 0.1 0.2 1.4 0.0 0.0 0.4 0.2 1.0 1.9 

1050˚C 30% 3.6 0.2 1.1 59.2 0.6 1.5 2.2 0.2 11.4 18.9 

StDev 0.2 0.1 0.0 3.0 0.1 0.1 0.1 0.2 1.5 1.7 

950˚C 40% 3.3 0.3 1.1 57.2 0.5 2.1 3.4 0.5 10.6 20.9 

StDev 0.2 0.1 0.1 2.6 0.1 0.2 0.6 0.3 2.2 1.7 

1050˚C 40% 3.5 0.4 1.2 58.3 0.5 2.3 2.8 0.1 12.1 18.9 

StDev 0.1 0.1 0.0 1.6 0.1 0.4 0.1 0.2 0.0 1.9 
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Although the gloss of the glaze was seen to improve in comparison with the test with the same glaze 

at a lower temperature (test 2), some of the glazes had developed contraction cracks (figure 8.16) and  

on one sample (b) the glaze had contracted further leaving bare patches, a phenomenon known as 

‘crawling’, ‘creeping’ or ‘ruckling’. Such glaze faults are commonly found on tin glaze due to its low 

viscosity and high surface tension. This can be seen on kiln waste found in Hoorn (figure 8.16). The 

phenomenon occurs where the force of the surface tension in the glaze overcomes the adhesion or 

wetting tension of the glaze at the ceramic surface.944 Poor ‘wetting’ of the glaze (poor flow onto the 

ceramic surface) is known to be influenced by factors that relate to the composition of the glaze and 

ceramic, as well as problems during production.945  

 

These factors are: 

1. High porosity of the biscuit. On application the ceramic absorbs the water very quickly,  

preventing the glaze becoming compact and forming an optimal contact with the ceramic 

surface. 

2. The glaze layer being too thick resulting in an increase in internal tension.  

3. A low flux percentage in the glaze or a high percentage of anti-fluxing metal oxides that 

increases viscosity, such as SnO2 (above ca. 8 wt.%) and/or a higher wt.% of SiO2. 

4. The glaze frit being too finely ground. This leads to an excess of colloidal material and results 

in fusing of the glaze into a glassy matrix before it has a chance to fuse with the ceramic 

surface. 

5. Dust or grease on the ceramic surface that prevents the glaze from adhering. 

 
944 Fraser 2005, 80; Green 1978, 183. 
945 Green 1978, 183; Hamer and Hamer 1975, 93. 

Biscuit
1050˚C

Biscuit 
950˚C

Clay W % CaCO3 in mix
20%                        30%                     40%

a

b

c

d

e

f

Figure 8.16: The Results of test 3 showing the crawling of the glaze on the samples where the biscuit had 

been fired at lower temperature. In the image lower right are kiln waste tiles dated ca. 1640 excavated 

from Hoorn (Schrickx 2016: 63) showing the same kind of crawling found on test b. 
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Although the surface morphology is different from the tests of recipe 1 fired at a lower temperature, 

there is little change in the high proportion of un-reacted silica, albeit that the silica appears to be 

more evenly distributed (see figure 8.17). As expected, the chemical composition of the glaze tests is 

generally similar to that of same glaze fired at a lower temperature and there is no clear reason why 

an increase in temperature will have resulted in crawling.  

The crawling is seen to occur on the tests where the ceramic biscuit had been fired at a lower 

temperature, which may be due to a higher porosity that negatively affects the contact of the glaze 

with the ceramic surface. As with the earlier glaze tests, the problems with the glaze occurred where 

the ceramic had a lower calcium percentage, again suggesting that calcium is important in the 

formation of the interface. The EDX mapping shows that where the calcium wt.% in the ceramic is 

higher, the interface between the ceramic and glaze is more developed with a concentration of 

potassium and sodium (see figures 8.18, 8.19 and 8.20). The wt.% of tin oxide is seen to be on the high 

end of the range (ca. 13 wt.%), which would result in a greater anti-fluxing influence. 

 

 b 1050 20% d 1050 30% f 1050 40% 

   

   

Figure 8.17: BSE-SEM images of glaze test 3 using showing the large quantity of 

undissolved silica in the glaze. 

 

Table 8.6: EDX analysis of the glaze composition of the samples in glaze test 3 (glaze 1, batch 2 

fired at 1050˚C) on ceramic made with 3 wt.% of CaCO3 and, for comparison, the sample with 

30% CaCO3 in the clay fired at 950˚C. 
 
 

 
 

 
 

 

 

 

 

 

 

Test 3 Na2O MgO Al2O3 SiO2 Cl K2O CaO Fe2O3 SnO2 PbO 

1050˚C 20% 2.8 0.3 0.7 52.6 0.7 1.5 2.1 0.0 14.1 25.2 
StDev 0.1 0.0 0.1 0.6 0.0 0.0 0.1 0.0 0.6 0.4 

1050˚C 30% 3.3 0.4 4.0 50.8 0.3 2.5 4.8 2.0 12.3 19.5 
StDev 0.9 0.2 1.4 4.4 0.3 0.8 1.2 0.6 1.9 1.6 

1050˚C 40% 3.0 0.3 0.5 52.1 0.7 2.1 2.0 0.0 13.4 25.9 
StDev 0.0 0.0 0.3 0.0 0.0 0.1 0.1 0.0 0.2 0.1 

Test 3 Na2O MgO Al2O3 SiO2 Cl K2O CaO Fe2O3 SnO2 PbO 

950˚C 30% 2.6 0.3 0.8 53.4 0.6 2.2 2.2 ND 12.9 24.9 

StDev 0.1 0.0 0.1 0.6 0.1 0.1 0.3 ND 0.2 0.6 
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3   3   1050

IMG1 Si-K Al-K

Na-K Mg-KK-K

Sn-L Pb-M Ca-K

3   3 950

IMG1 Si-K Al-K

Na-K Mg-KK-K

Sn-L Pb-M Ca-K

Figure 8.18: EDX mapping of test 3: glaze 1 on tile 30% CaCO3 in clay mix, fired at 950˚C. 

Figure 8.19: EDX mapping of test 3: glaze 1 on tile 30% CaCO3 in clay mix, fired at 1050˚C. 
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8.9.4 Test 4: Glaze recipe 2: ‘Common’ glaze, fired at 1050˚C 

As the calculation of the final composition of the second ‘common’ glaze recipe glaze suggested that 

the flux percentage would be very high, it was decided to make an initial reconstruction of two samples 

on ceramic made with clay pastes containing 20 and 30% CaCO3 and both fired at 1050˚C. The glaze 

was prepared and applied in the same way as for the other tests. 

 

Although SEM BSE images showed the glaze to be homogeneous, it had a poor opacity and very low 

viscosity, which had caused it to run during firing (see figure 8.21). The glaze surface contained many 

of pinholes from the emission of gas during firing. While the wt.% of Na2O was similar to the other 

samples, the wt.% of K2O is approximately 3.5 times higher.  

 

The high percentage of flux had resulted in a complete dissolution of the quartz particles while at the 

same time making the glaze too fluid. This is believed to have prevented the (re)crystallisation of 

cassiterite in the glaze so the SnO2 remained in solution in the glass phase. EDX analysis of the samples 

confirmed the high percentage of potassium in the glaze. It seems probable that the percentage of 

potassium in the potas and wiedas in the recipe must have been significantly lower than that 

calculated, the potas containing between 45 and 50 wt.% potassium (carbonate) as opposed to the 70 

wt.% suggested in the results of earlier research. This recipe was unusual in that it is one of the few glaze 

3   2   1050

IMG1 Si-K Al-K

Na-K Mg-KK-K

Sn-L Pb-M Ca-K

Figure 8.20: EDX mapping of test 3: glaze 1 on tile 20% CaCO3 in clay mix, fired at 1050˚C. 
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recipes where sodium chloride was not added to the final batch. This was possibly considered not to 

be necessary due to the high proportion of other fluxes. 

 

8.10 Colour measurements of glaze recipe reconstructions 

The differences in the opacity of the different glaze recipe reconstructions were measured using a 

spectrophotometer,946 the luminescence (L* value) being considered to reflect the level of opacity. The 

L* value range lies between white (100) and black (0). As can be seen in figure 8.22, the glazes made 

from the second batch of glaze recipe 1 (tests 2 and 3) had the highest opacity as a result of the high 

 
946 Minolta model CR-200b. Three measurements were taken from each sample and the average calculated. 
The instrument was used at condition 1 (10°, D65) with the small aperture and was always calibrated prior to 
use with a white standard. 

Figure 8.21: Test 4 of the ‘common’ glaze. On the samples shown above, the poor opacity and 

low viscosity is evident. The many pinholes and gas bubbles in the glaze can be seen in the detail 

on the top right. Below are SEM BSE images of the melted glaze frit before milling (left), and a 

cross-section of the glaze on ceramic tiles made with 30% CaCO3. 

 
Table 8.7: EDX analysis of the glaze composition of one of the samples of recipe 2 

 

Test 4 Recipe 2 Na2O MgO Al2O3 SiO2 Cl K2O CaO Fe2O3 SnO2 PbO 

1050˚C 20% 2.4 0.4 1.5 58.1 0 8.2 2.2 0.0 6.9 20.3 

StDev 0.0 0.1 0.1 2.8 0.1 0.3 0.1 0.2 1.5 1.7 

1050˚C 30% 2.9 0.0 1.0 55.8 0.1 7.6 2.4 0.0 7.7 21.5 

StDev 0.1 0.1 0.0 3.0 0.1 0.2 0.1 0.2 1.5 1.7 
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percentage of crystalline material in the glaze, which was primarily in the form of unreacted quartz. 

The samples from the reconstruction of glaze recipe 2 (test 4) are seen to have a far lower opacity than 

glaze recipe 1. 

 

The percentage of calcium in the test tiles was found to have little influence on the opacity where the 

opacity was very high as in the second batch of recipe 1.  However, where the opacity was lower, as in 

the first batch of glaze recipe 1 and in glaze recipe 2, the opacity increased with the calcium content 

of the ceramic (at or above 30 wt.% in the clay). It appeared that the darker colour of the ceramic test 

tile with less calcium showed through the semi-opaque glaze, reducing its ‘whiteness’. This supports 

the theory that the lighter ceramic colour that comes from a higher percentage of calcium in the 

ceramic results in a ‘whiter’ glaze.  

 

However, in the same test, the glaze on the ceramic with the highest calcium percentage (40 wt.% in 

the clay) was found to have a lower L* value. Here it is believed that unreacted CaCO3 in the ceramic 

acted as a flux. This not only increased the gloss (see figure 8.9) but possibly kept the SnO2 in solution, 

preventing the formation of cassiterite and therefore preventing greater opacity. The firing 

temperature of the ceramic (950 and 1050˚C) appeared to have no significant influence on the final 

glaze colour/opacity.  

 

The ‘whiteness’ of a glaze is also influenced by its thickness. In the case of the glaze from recipe 2, the 

glaze is visibly thicker. Colour measurements of historical glazes proved to be difficult to evaluate and 

compare, not only due to variations in thickness, but also the influence of the painted decoration. 

Figure 8.22: Measurements of the opacity of the glaze tests. The L* values 

are plotted against the CaCO3 wt.% of the clay used for the ceramic test 

tiles. The legend shows the test number and the temperature at which the 

ceramic tile had been fired before. 
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8.11 Influence of NaCl in tin glaze  

Recipe 2 was one of the few historical recipes where salt was not added to the final mix. It is not fully 

clear why sodium chloride (zout) was used in the final glaze mixes of the majority of historical glaze 

recipes.947 Logically it would have been added as a source of the flux sodium oxide, however this was 

already available from kelp or barilla and used to make the masticot. One consideration is that salt was 

cheaper than imported soda, but the list of the cost of the raw materials in recipe 1 shows that both 

soda and salt were inexpensive relative to the other ingredients, although this depended on where the 

materials were sourced, barilla being expensive.  

 

Considering how often and in what quantity of salt was added, it was clearly considered to be 

important in the glaze mix. There are numerous historical references to its importance for improving 

the whiteness of tin glaze. In Freese’s translation of Kunkel’s late 17th century treatise, it states that 

the addition of salt to tin glaze will make it ‘better and cleaner’ and the use of rock- or sea salt is 

suggested.948 Not long afterwards,, in the early 18th century Petrus Sijbeda wrote that the proportion 

of salt is responsible for the whiteness of the glaze.949 This was supported by 19th century ceramic 

chemists such as Bastinaire-Daudenart who in 1828 claimed that (‘common’) salt was more important 

than soda or potash for the production and quality of tin glaze. Franchet also mentioned this in 1911.950 

One reason why it is believed to improve the 'whiteness' of tin glaze is that a reaction occurs between 

the small quantities of iron in the glaze and the chlorine in the salt.  

 

Bastinaire-Daudenart claimed that although soda is more efficient as a flux, salt has the advantageous 

property of ‘bleaching’ the glaze to induce a ‘perfect whiteness’. He suggested that the reaction on 

heating and consequent emission of hydrochloric acid aids the fusion of the tin, lead and silica, as well 

as the elimination of unwanted substances in the glaze, ‘thereby retaining the beauty of the product.’ 

He appears to suggest that a reaction with HCl occurs that ‘dissolves’ unwanted discolouring material 

in the glaze.951 The 20th century ceramic technologist Parmerlee wrote that the addition of sodium 

chloride to a frit bleaches the glaze colour by causing the vaporisation of traces of iron which are almost 

always present. Rather than ferrous iron II chloride being formed, ferric chloride forms (iron III 

chloride) which is quickly driven out in gas.952 This is also mentioned by the archaeological ceramic 

specialist Prudence Rice, who states that sodium chloride in a glaze mix leads to the vaporisation of 

traces of iron oxide with chlorine emissions during firing.953 

 

Another reason given for using salt with relation to glass production is its influence on opacity through 

phase segregation.954 Sodium chloride has historically been used in glass production as a fining agent 

 
947 See chapter 4. 
948 Freese 1771, 13. 
949 Sijbeda 1712-1720, 105. 
950 Franchet, La Fabricaiton Industrielle des Emaux er Couleurs céramique, Paris 1911, 84. 
951 Bastinaire-Daudenart 1828, 309.  
952 Parmalee 1951, 112. 
953 Rice 2005, 10.  
954 During his experiments making historical Egyptian glass from natron deposits, Shortland found that when 
making soda–silica glasses, the use of chloride-rich raw materials results in undesirable phase segregation, 
making the glass cloudy (2007: 917). This is something that could be an advantage when making an opaque 
glaze, although it involves the development of a secondary glass melt, which has not been observed. 
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to remove bubbles in a glass melt. This occurs due to the sudden and strong volatilisation process and 

the emission of chlorine gas, which disrupts the molten glass matrix in such a way that the gas bubbles 

are forced out.955 Sodium chloride is also known to decrease viscosity, and acts as a melting accelerant 

through the creation of eutectics, thus functioning as a flux.956 Although NaCl and Na2CO3 are both 

sources of sodium flux, their different chemical formulations result in different reactions in the kiln. 

Sodium chloride (NaCl) dissociates at 801˚C when chlorine gas is emitted, a reaction that occurs fairly 

quickly. Sodium carbonate (Na2CO3) decomposes at 851˚C forming NaO and CO2, a slower chemical 

reaction that is considered to produce a more effective glass melt. Bastenaire-Daudenart stated that 

while one could replace the Alicante soda with sea salt, the sand would not fuse as well with salt as 

with soda.957 

 

To investigate the different effects of sodium chloride and sodium carbonate in the production of tin 

glaze, a glaze batch was made from recipe 1 where the NaCl in the final glaze mix was replaced with 

an equivalent Na molar weight of Na2CO3. The glazes made with both NaCl and Na2CO3 were applied 

at the same time with the same thickness to ceramic samples from the three clay mixes (20, 30 and 40 

wt.% CaCO3) all of which had been fired at 1050˚C. A double layer of glaze was applied on the outside 

edge of the ceramic test tile assess the effect of a thicker layer of glaze. The glazed samples were fired 

to 980˚C using the same schedule as test 1. 

 

The glaze produced using Na2CO3 is clearly less opaque than that made with NaCl (figure 8.23). SEM 

BSE images of the glaze frits (figure 8.24) show that the glaze frit made with NaCl is more 

inhomogeneous, supporting the idea that a strong volatilisation process has taken place. While clusters 

of crystalline cassiterite crystals are clearly visible in the glaze made with NaCl, few can be seen in the 

glaze made with Na2CO3, suggesting that the SnO2 is in solution. The faster reaction with NaCl could 

have prevented the (re)dissolution of cassiterite crystals during the melting of the glaze mix.  

 

The wt.% of Fe2O3 is almost the same in the two glazes, contesting the idea that iron vaporises during 

firing. The only clear difference in the elemental composition is the presence of chlorine in the glaze 

made with NaCl (see table 8.8). The wt.% of chlorine is relatively high compared to that found in 

historic glazes which is ca. 0.1 wt.%. 

 
955 Shelby 2005, 37. 
956 Ibid., 38. 
957 Bastinaire-Daudenart 1828, 309. 
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NaCl

Na2CO3

Figure 8.23: Test 5 where the NaCl in the final glaze mix of glaze 1 (above) and glaze 2 

(below) was replaced with an equivalent molar weight of Na as Na2CO3. 

Figure 8.24: SEM BSE images of glaze recipe 1 made with NaCl and a second where NaCl 

was replaced with Na2CO3. On the top row is the glaze frit produced with the two glaze 

mixes. Below are the fired glazes. On the right is a detail in the NaCl glaze batch showing 

the partial formation of lead silicate crystals in a cavity. 

 

Table 8.8: The results of EDX analysis of the glaze composition of the sample in glaze test 5 (ceramic 

30% CaCO3 fired at 1050˚C). 

 

Test 5  Na2O MgO Al2O3 SiO2 Cl K2O CaO Fe2O3 SnO2 PbO 

Na2CO3 1050˚C 30% 4.6 0 1.4 57.9 0 1.6 2.6 0.4 10.7 20.8 

StDev 0.1 0 0.2 1.4 0 0.5 0.3 0.6 0.4 0.9 

NaCl   1050˚C 30% 5.6 0.3 1.3 54.3 0.8 1.7 3.1 0.5 12.4 20.1 

StDev 0.5 0.1 0.1 0.9 0.1 1 0.3 0.3 0.9 1.8 
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8.12 Conclusion 

As the reconstruction experiments described were preliminary and the data set relatively small, it is 

not possible to draw definitive conclusions from the results with relation to historical tin-glazed tile 

production. Innumerable factors relating to the composition of the historical raw materials and the 

production process can influence the chemical and physical characteristics of the final glaze. However, 

taking this into account, certain characteristics of the glazes produced gave important insight into the 

composition and influence of certain raw materials in the recipes.  

 

The wt.% of tin oxide in the glaze produced from the first recipe was high at ca. 12% which may suggest 

that the tin metal used at the time to make the tinas would have contained a percentage of impurities. 

The high wt.% of potassium in the second recipe was reflected in the glaze reconstruction. The 

resulting glaze had typical features of a glaze made with too much flux, notably a glaze that was too 

fluid and in which cassiterite formation was limited resulting in low opacity. This suggests that the 

percentage of potassium in the plant ash extract used at the time was far lower than that recorded in 

recent research into the composition of plant ash, possibly due to the fact that the plant extracts were 

poorly refined. To confirm this, the composition of other recipes containing wiedas or potas should be 

calculated, reconstructed and analysed.  

 

A number of aspects of tin glaze production processes came to light. A significant issue was the loss of 

flux during production, either as a result of the vaporisation (notably Na) and/or a chemical reaction 

with the sand-bed on which the masticot and glaze was melted. This would result in there being less 

flux in the masticot or glaze frits. The morphology of the cassiterite in the reconstructed glazes was 

also informative and showed the importance of the traditional process of calcinating tin and lead 

together to produce calx. Due to both practical and health and safety issues of calcining pure lead 

metal in an open furnace, pre-calcined lead and tin oxide powders were mixed to create the tinas for 

the reconstructions. The formation of the cassiterite in the glaze in clusters and the irregular spatial 

distribution supports Pradell’s conclusions that the use of un-fritted tin and lead oxides results in the 

formation of cassiterite clusters due to the coarser tin oxide grain size and the irregular reaction of the 

tin and lead with the fluxes. As Matin and Moujan showed, lead stannate (Pb2SnO4) can be formed 

during the calcination process (depending on the ratio of lead and tin), which would result in a different 

eutectic reaction with the other elements during production. 

 

The opacity that gives the white colour to tin glaze is known to be due to crystalline cassiterite in the 

glass matrix. However, it has been seen that the presence of other crystalline material is just as 

effective for opacification. The tests made with the second batch of the first recipe showed how the 

presence of un-dissolved quartz has a significant influence on the (white) colour of a glaze. The un-

reacted quartz was unaffected by firing at a higher temperature and was clearly related to a low wt.% 

of flux, notably potassium. The glazes of the Dutch historical tiles analysed for this research were found 

to regularly contain unreacted silica in varying proportions, although there is no evidence in written 

sources that this was intentional. 

 

The variations in the characteristics of the glazes produced underlined the relationship between 

opacity, gloss and fluxing components, notably sodium and potassium. The results of the 
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reconstructions of both glaze recipes showed that although an increase in the wt.% of potassium and 

sodium resulted in a glaze with a better gloss, this could reduce the opacity. Poor opacity due to an 

excessive percentage of flux, as seen in the reconstruction of recipe 2, is assumed to be because the 

tin oxide is retained in solution rather than forming cassiterite. The glaze reconstructions produced 

common glaze faults that result from the high viscosity and coefficient of expansion that are a feature 

of tin glaze. These included crazing, wrinkling of the glaze surface, the formation of pinholes and 

contraction or ‘crawling’ of the glaze. The high wt.% of tin oxide may also have played a role in the 

formation of glaze faults because it is known that when a glaze contains more than 8 wt.% it will 

function as an anti-flux, increasing viscosity. The glaze faults appeared to occur when there were 

relatively small differences in the glaze composition, but were more pronounced when the firing 

temperature of the ceramic was below 1000˚C and the calcium wt.% was low (below 30% CaCO3 in the 

clay).  

 

Although a higher firing temperature of the ceramic (1050˚C, as opposed to 950˚C) appeared to 

produce better quality glazes, the calcium percentage of the ceramic was seen to be of greater 

significance. The glaze faults were found to be more pronounced where the calcium percentage in the 

ceramic was lowest (20 wt.% CaCO3 in the clay used). Where the calcium percentage was highest, the 

calcium oxide in the ceramic was found to emigrate into the glaze when the ceramic-glaze interface 

was formed, supporting the findings of Tite, and Matin and Moujan. This was particularly pronounced 

with the glazes on ceramic with a high Ca wt.% (made with clay with 40 wt.% CaCO3). While fluid glazes 

with a high gloss were formed, the presence of unreacted calcium (as found in the extraction tests in 

chapter 7) could make the ceramic vulnerable to deterioration through carbonation. The best results 

regarding both opacity and glaze homogeneity were achieved with glazes that had been applied to 

ceramic tiles that had been made with clay containing 30 wt.% CaCO3, supporting the results of the 

analysis of historical tiles that this was an optimal clay composition for tin glaze. 

 

The test to investigate why sodium chloride was added to the final glaze mix suggests that the reaction 

produced by the sodium chloride leads a higher opacity in tin glaze due to a slow reaction process 

which prevents the (re-)dissolution of cassiterite, as opposed to the faster reaction that occurs when 

sodium carbonate is used. However, more extensive research is needed to determine the chemical 

processes that occur. 

 

As is always the case with preliminary research, many questions remain unanswered and others have 

been raised. More tests need to be undertaken to determine the consistency of the results. The glaze 

tests should be repeated using tin-lead calx that has been produced using the traditional method, 

which would make it possible to assess its influence on the morphology and special distribution of the 

cassiterite that forms in the glaze. The testing of a broader range of recipes would provide a larger 

sample set to better assess the influence of specific aspects of composition, notably the alkali fluxes. 

Further research is also needed to study the influence of important aspects of the firing schedule on 

the final glaze morphology, such as longer heating and cooling times. Research currently being 

undertaken in Lisbon into the reactions at the glaze-ceramic interface will provide important 

information on the migration and interaction of the major elements in the glaze and ceramic. 
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Chapter 9: General Conclusions and Future Perspectives 
 

The central aim of this research was to create a body of knowledge concerning the raw materials and 

technology used to produce tin-glazed tiles in the Northern Netherlands between 1600 and 1750, and 

consider what influence variations and developments in materials and production methods had on the 

physical characteristics of the tiles produced. This information not only aids the interpretation of data 

acquired from physicochemical analysis, but also provides the building blocks to enable conservators 

to understand the relationship between physical and chemical characteristics and the susceptibility of 

certain 17th and 18th century Dutch tiles to damage both during and after production. 

 

9.1 Answering the research question 

 

The main research question: 

How did the materials and techniques used to produce Dutch tiles in the 17th and 18th centuries 

influence the physical and chemical characteristics of the tiles produced and what significant 

developments in production took place in this period? 

 

In order to answer this question, the following sub-questions were investigated: 

 

1. What is known about the source and composition of the raw materials that were used to make 

Dutch tin-glazed tiles in the 17th and 18th centuries? 

 

2. How were the raw materials prepared and the tiles produced, and what significant changes in 

production took place between 1600 and 1750? 

 

3. What changes can be observed in the chemical composition and physical characteristics of 

Dutch tiles produced between 1600 and 1750 and to what extent can that be seen to be 

related to the materials or production techniques used? 

 

4. To what extent can reconstructions of historical clay and glaze recipes improve our 

understanding of how Dutch tin glaze production influenced the physical characteristics of 

Dutch tiles, with specific attention to: 

  i)  the use of the imported calcium-rich marl?  

  ii) the (raw) materials and techniques used to make the tin glaze? 

 

 

What is known about the source and composition of the raw materials used to make Dutch tin-

glazed tiles during the 17th and 18th centuries? 

 

A tin-glazed tile consists of two elements: the ceramic tile and the tin glaze. The significance of the 

ceramic is often not taken into account. While it has long been known that the clay used to make Dutch 

tin-glazed wares was a mixture of imported calcium-rich marl and local clays, little was known about 
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their source or composition, especially the Dutch clays. Ceramic made from calcium-carbonate-rich 

clay is considered to be especially suitable for tin glaze due to its influence on the contraction rate and 

colour. By comparing the information on clay sources found in tile factory inventories, historical clay 

recipes and 18th century publications on the geology of the historical province of Holland, it can be 

concluded that the clay used in the tin-glaze factories in Holland (which included Rotterdam and Delft) 

was primarily obtained from established sources from the Oude Rijn and the surrounding rivers. While 

it is believed that the Utrecht tile factories would have obtained clay from the same sources near to 

the province of Holland, the chemical analysis of the Utrecht tiles suggest that a different clay source 

was also used.   Analysis of the clay recipes suggests that a significant percentage of the Dutch coastal 

clays used would have contained approximately 10% calcium carbonate, which would explain why 

certain clay sources such as the ‘Delft’ clay that is often mentioned, were so sought after and attempts 

were made to prevent its transportation to other production centres.  

 

The calcium-rich clay or 'marl' that was imported from Doornik in Flanders and Norfolk in England was 

clearly invaluable for Dutch tin-glaze production in the 17th and 18th centuries and has been calculated 

to have contain between 40 and 50% calcium carbonate. The clay recipes are seen to contain between 

30 and 50% imported marl, the percentage depending on which Dutch clay was being used, some local 

clays (sea clays) evidently containing more calcium carbonate than other certain river clays.  Evidence 

from numerous court cases makes it clear that there were problems with both the supply and quality 

(presumably the CaCO3 percentage) of the imported marl. Problems of supply were presumably partly 

due to the fact the Republic was at war with either Spain or England in the course of the 17th century, 

which affected trading routes. Although calcium-rich sea clay containing ca. 19 wt.% calcium carbonate 

was available and used in the factories in Friesland, imported marl was clearly considered an essential 

raw material in all the tile production centres. From the information gathered about the clays and 

recipes used, it has been possible to determine that the clay pastes used from ca. 1630 contained 

between 25 and 35 wt.% CaCO3.  

 

While the available clay recipes are seen to be generally consistent, there is evidence that different 

clay pastes were used for tiles and wheel-thrown objects, the thrown objects requiring the addition of 

’black’ clay to the clay mix.  ‘Black’ clay is assumed to be clay rich in organic material which makes a 

clay paste more malleable (‘plastic’) and therefore easier to work on the wheel. While it is thought that 

this would have resulted in a minimal difference in the chemical composition of the final ceramic, it 

can influence the ceramic morphology. The 18th century clay recipes documented as being from Delft 

are also different as they include pipe- or ball-clay from Germany or the province of Brabant. This type 

of clay could influence the plasticity of the clay paste as well as the hardness or colour of the final 

ceramic. 

 

Apart from sand, all the raw materials used to make tin glaze were imported. The tin metal imported 

from England was not only the most expensive ingredient in the glaze but was supplied in varied 

qualities and therefore variations in the tin percentage. The source and quality of the alkali fluxes is 

also seen to have been variable and change over time. At the beginning of the 17th century the main 

source of sodium flux was the extract of the barilla plant imported from Spain. By the mid-17th century, 

soda was being sourced from England or Scotland in the form of seaweed (kelp) ash, which was far 

cheaper than barilla and probably more readily available. Kelp ash contains a number of different 
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compounds, including approximately 40% flux in roughly equal proportions of potassium to sodium, 

the exact percentage and proportions being dependent on when and how the kelp was harvested and 

prepared. The source and purity of the potassium-rich compounds obtained from wood or plant ash 

also varied, potash or potas being the refined product compared with other plant ash used, such as 

wiedas (bracken), which would have contained a lower percentage of potassium.   

A number of 18th century written sources mention the addition of up to 5% metal oxides such as cobalt 

and magnesium to colour the glaze in the form of smalt (a cobalt-based colourant), copper filings or 

manganese oxide. If these elements appear in the results of chemical analysis of glazes they can be 

mistaken for impurities in the raw materials. 

 

How were the raw materials prepared and the tiles produced, and what significant changes in 

production took place between 1600 and 1750? 

 

A number of developments in tin-glazed tile production in the period had a significant influence on the 

physical and chemical characteristics of historical Dutch tiles. The inhomogeneity of the ceramic up to 

ca. 1625 is a known phenomenon resulting from the mixing of the different clays in a plastic state 

rather than wet mixing or ‘clay washing’, which it is believed was being applied from ca. 1627.  

 

Although the design of the wood-burning updraft kilns used for tin glaze production from the 16th to 

the 19th centuries was surprisingly consistent, their capacity increased in the late 17th and 18th 

centuries, adding to the possibilities as well as the challenges for the tin glaze potters. Tin glaze potters 

continually struggled with the problems of controlling the kiln temperature and atmosphere of the 

kilns right up into the 19th century and had to deal with a significant percentage of mis-fired tiles which 

were either re-fired, sold at a lower price or disposed of. There were many moments in the production 

process of both the tiles and the glaze in which discrepancies or faults could occur. 

 

While there were changes in the sources and composition of the raw materials used for the tin glaze, 

the techniques used to make and apply the glaze does not seem to have changed significantly in the 

period. The general assumption that the quality of the glazes made for tiles would be lower than those 

used on objects due to their practical function, is not borne out in the documented recipes which are 

seen to be surprisingly consistent. However, the recipes show that qualities of glaze were produced 

that varied from ‘ordinary’ to ‘very white’, the quality being primarily linked to the percentage of tin 

oxide, which was seen to increase slightly during the 17th and into the 18th century.   

 

What changes can be observed in the chemical composition and physical characteristics of Dutch 

tiles between 1600 and 1750 and to what extent can that be seen to be related to the materials or 

production techniques used? 

 

The study of the set of historical tiles confirmed what has long been known regarding the reduction in 

the thickness of Dutch tiles during the 17th and early 18th centuries. By producing thinner tiles, it was 

possible to use less clay, fire more tiles in one firing and transport more tiles at a time. It has been 

assumed that it was necessary to change the clay mix in order to produce thinner tiles, namely by 

increasing the calcium percentage of the clay mix, which reduces warping on drying and can increase 

the mechanical strength of the final ceramic. Chemical analysis of the historical tiles found the 
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percentage of calcium in the ceramic to be variable, although there does appears to be some corelation 

between an increase in the CaO wt.% of the tile ceramic and a reduction in tile thickness after 1650.   

 

The occasional evidence of very high percentages of calcium in the ceramic of the historical tiles can 

probably be attributed to contamination from the lime mortar used for mounting tiles in walls. The 

general variation is believed to be linked to variations in the calcium percentage in the marl used for 

the clay mix. The fact that the percentage of iron oxide in the ceramic was found to be consistent while 

the calcium oxide percentage varied suggests that the proportion of Dutch clays used (and therefore 

the clay recipes) were fairly consistent as marl contains little or no iron. There are numerous references 

in the archival documents that record the tin glaze potters’ concerns about the ‘quality’ of the 

imported marl.  

 

The wt.% of CaO of the ceramic of the historical tiles was found to be very variable, especially in the 

first quarter of the 17th century. the average of ca. 20 wt.% in the first and third quarter of the 17th 

century reflects that recorded in previous research into the ceramic composition of Dutch tin-glazed 

wares.  Between 1650 and 1750 the CaO wt.% in the tile ceramic was seen to increase. From 1625 

most of the tiles had the classic ‘buff’ colour that is achieved with calcium-rich clays despite the 

presence of iron oxide in the clay. While the buff colour of the tiles produced after ca. 1625 was fairly 

consistent, the CaO wt.% of the ceramic was variable. This is believed to suggest that the minimum 

amount of CaO to counteract the reddening by iron oxides was present and that the variations above 

that value did not have an influence on the colour. Alternatively, other factors could have been 

significant in the development of the colour such as the firing process. (The reconstructions later shed 

more light on this). 

 

The chemical composition of the tile ceramic from the different production centres was found to be 

surprisingly consistent, although the higher percentage of calcium and lower percentage of iron 

observed in the tiles produced in Utrecht suggests that either a higher proportion of marl was used in 

the clay mix or the composition of the Dutch clay used contained a high proportion of CaCO3. The 

morphology and chemical composition of the glaze on the Utrecht tiles was also found to be clearly 

different from that on the Rotterdam and Harlingen tiles, notably in the lack of unreacted quartz. While 

crystalline quartz in a glaze will increase its opacity, there is no evidence that the potters in Rotterdam 

and Harlingen actively sought to achieve this by adding sand to the glaze.  

 

Apart from calcium, the elemental composition of the ceramic was found to remain fairly consistent 

during the period. In contrast, the composition of the glazes was found to vary both between the 

different production centres and over time. The tin oxide wt.% in the glaze varied from 5 to 12 wt.%, 

with a general increase during the 17th century. The variation supports the evidence that potters used 

different qualities of glaze recipes, as seen in Sijbeda’s recipes. The percentage of the alkali fluxes was 

also found to be quite variable (ranging between ca. 2 and 4 wt.% for both sodium and potassium). 

This is presumed to be primarily due to variations in the composition of the raw materials, notably the 

soda sourced from kelp. 
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To what extent can reconstructions of historical clay and glaze recipes improve our understanding 

of how important aspects of Dutch tin glaze production influenced the physical characteristics of 

Dutch tiles? 

 

The use of the imported calcium-rich marl  

The reconstructions of historical clay recipes under different firing conditions revealed that the light, 

buff-colour common in tin-glazed tiles is not only achieved when calcium-rich clay is fired at the high 

temperature at which calcium oxide functions as a flux (ca. 1100˚C), but also develops at temperatures 

as low as 900˚C when the clay is fired in an oxygen-starved atmosphere (under reduction). The clay 

tiles were fired at the bottom of the kiln, just above the combustion chamber. Not only would this be 

the hottest area in a wood-fired updraft kiln, but the proximity to the fire is known to result in an 

atmosphere starved of oxygen. Under these conditions, the buff colour could be achieved when the 

CaCO3 percentage in the clay was only 19% and the firing temperature as low as 900˚C.   

 

In oxidising conditions, the optimal ceramic colour was achieved when the wt.% of CaCO3 in the clay 

was 25 or above. However, when the calcium carbonate of the clay was 40 wt.% or more it was found 

unreacted calcium remained in the ceramic, which could be extracted when the samples were soaked 

in water. This may explain why the average CaO of the ceramic of the historical tiles (from 1625) was 

on average 20 wt.% (equivalent to ca. 35 wt.% CaCO3 in the clay). 

 

No conclusions could be drawn regarding the influence of the calcium percentage in the clay on the 

strength of the tile ceramic, as the results of the flexural strength testing proved inconclusive due to 

the inhomogeneity of the ceramic samples which, as with historical tiles, contained a high percentage 

of quartz inclusions. The porosity of the ceramic was found to increase with the percentage of calcium 

although, surprisingly, the firing temperature was found to have little influence. This could be seen to 

support the claim that the microstructures of calcium-rich clays remain essentially unchanged over the 

850-1050°C firing temperature range.  

 

The raw materials and techniques used for making the tin glaze 

The experience of reconstructing the glaze recipes made it clear how complex the process of tin glaze 

production and application would have been and how many factors could have influenced the final 

product. Relatively small changes in the firing schedule during production of the masticot and glaze 

proved to have a significant influence on the final glaze frit. The results of the reconstructions suggest 

that certain elements of the production process may be of particular importance, such as the use of a 

calx produced by the calcination of lead and tin oxide together, rather than the mixture of lead and tin 

oxides that was used for the reconstructions. Chemical reactions in the calx calcination process are 

believed to result in a finer distribution of tin oxide in the final glaze. This may explain the poor 

distribution of cassiterite in the reconstructed glazes that were made using a mixture of tin and lead 

oxide powders. The opacity of the glazes was shown to be significantly increased by the presence of 

unreacted quartz, a phenomenon found in historical Dutch tiles produced at the beginning and end of 

the period. Firing at a higher temperature and/or longer firing appeared to have little influence in 

reducing this phenomenon, which is believed to be related to the presence of insufficient flux in the 

glaze mix.   
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The reconstruction experiments in chapter 8 and in combination with the thorough evaluation of the 

historical sources (chapter 4) have shown the central role that fluxes play in the characteristics of the 

tin glaze on tiles. It is clear that tin glaze potters had to find an optimal balance of fluxes and crystalline 

material to produce a glaze that had sufficient gloss and opacity, as well as a good bond with the 

ceramic. A high percentage of crystalline material in a glaze, whether unreacted quartz or cassiterite, 

was shown to not only result in a white colour but also a matte glaze surface. This common feature of 

tin glaze explains why potters often applied an extra lead glaze layer (kwaart) on order to obtain a 

glossy surface. The glaze created when reconstructing recipe 2 showed how an excessive amount of 

potassium resulted in a glaze with poor opacity despite the high wt.% of tin oxide. Due to the action of  

the flux, the tin oxide remained in solution in the glass matrix rather than crystalising into cassiterite. 

The addition of sodium chloride rather than sodium carbonate to the final glaze mix was shown to 

result in a higher level of opacity, although it has not been determined what precise chemical process 

is taking place. 

 

Both the gloss and homogeneity of the glaze were found to improve when the glaze was applied to a 

ceramic with a higher CaO wt.%. This was seen to be due to the migration of calcium into the glaze 

where it functions as added flux (at temperatures of 1000˚C and higher).  

 

 

9.2 Critical assessment of the methodological approach and possible 
improvements 

The methodology behind this thesis involved three approaches: the interpretation of historical texts 

(recipes, raw materials and production techniques), the physicochemical analysis of historical tiles and 

the reconstruction of historical recipes. During the research, the information obtained was evaluated 

within the broader context of previous research into historical tin glaze in general and tiles in 

particular, as well as glaze technology. 

 

Within the context of historical tile research, the size of the historical tile set analysed (44) was 

considered to be acceptable, consisting of three samples for each production centre and period. 

Sourcing large tile data sets for the morphological and chemical analysis of glazed ceramics is limited 

by the fact that the most informative results are obtained with embedded cross-sections of the glaze, 

interface and ceramic. This requires macro-sampling of historical objects, in this case tiles, which is not 

always possible. Although archaeological finds are available in abundance, not only is the provenance 

of the tiles often difficult to determine (unless they are kiln waste), but there is a strong chance that 

the tiles will have been affected by post-depositional change. Expanding the data set would strengthen 

the validity of the results and conclusions. 

 

Regarding the instrumental analysis applied, SEM-EDX proved to be a very effective tool in gaining 

information about both the morphology and elemental composition of glaze and ceramic material 

when applied on embedded samples. Non-destructive XRD analysis proved to be inconclusive in 

determining the presence and type of pyroxenes in the ceramic which are believed to be central in the 

formation of the cream colour. The use of powdered samples may be more effective for their 
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identification, although the high concentrations of diagnostic peaks of other calcium-based minerals 

remains a problem. 

The use of reconstructions of both clay and glaze recipes not only provided invaluable information 

about the influence of certain components and aspects of production on the final ceramic and glaze, 

but also gave insight into the complexity of the production process, including the different stages 

involved in traditional tin glaze production and the many points at which problems could have 

occurred. However, reconstructions can, of course, never be reproductions. It is impossible to obtain 

the same inhomogeneous and contaminated raw materials or reproduce the firing conditions of a 17th 

century up-draft wood-burning kiln. Wood-burning kilns do still exist and it would be interesting to 

undertake comparative reconstruction experiments if possible. Other issues, such as the importance 

of using tin and lead oxides in the form of calx, has already been mentioned.  

 

The application of flexural testing on the ceramic reconstructions to assess the influence of the CaO 

percentage on the strength of tiles resulted in inconclusive results. This was not helped by increasing 

the sample set from 4 to 10. The point of failure was very variable due to flaws in the microstructure 

of the ceramic body (primarily the result of the high percentage of quartz inclusions). One solution 

would be to repeat the experiment using the same clay mixes but with the sand particles removed by 

sieving. Although this would result in a less accurate reconstruction of the clay recipe, it could enable 

comparative analysis of the flexural strength of the different proportions of marl in the clay mixes. 

 

9.3 Critical assessment of the primary written sources  

When considering the information provided by historical texts and documents it is essential to keep in 

mind at whom it is aimed. A text can be a pure documentation of facts, for example inventories or 

court cases, or written for a wider public such as encyclopaedias and certain treatises. A number of 

important historical sources used by tin glaze researchers have never been critically assessed within 

the context of ceramic and glaze theory, or fully exploited to extract the wealth of information they 

contain. The comparison of recipes and research results from different sources has made it possible to 

find similarities and patterns with relation to the recipes and the composition of the ceramic or glaze 

of early tin-glazed wares. What is striking is the consistency of European tin glaze recipes in historical 

literature and archival documents. It is evident that there was a significant transfer of knowledge 

between potters and 18th century authors of texts on Dutch tin glaze. 

 

Cipriano Piccolpasso’s Li tre Libri dell’ Arte del Vasaio written in ca. 1558 remains a seminal work that 

contains an abundance of detailed information on the production of tin glaze and which some consider 

was written as a working manual for potters. Piccolpasso admits that he borrowed information from 

Vannoccio Biringuccio’s De la pirotechnia written in 1540, which is supported by the fact that the tin 

glaze recipes described by the two authors are almost exactly the same, although this could arguably 

be due to a consistency in the recipes used in Italy in the mid-16th century. The value of Piccolpasso’s 

text is greatly increased by Alan Caiger-Smith’s annotations in the 1980 translation. Caiger-Smith’s 

insight and critical interpretation of the text as an experienced potter is invaluable. 

 

Johann Kunckel is one of the most important writers on 17th century glass production; however, his 

description of the tin glaze recipes used in Delft in Ars Vitraria Experimentalis, Oder Vollkommene 

https://en.wikipedia.org/wiki/De_la_pirotechnia
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Glasmacher-Kunst (1679) has been shown to be very questionable. Kunckel describes the use of raw 

materials that were either unavailable or extremely difficult to obtain in the Northern Netherlands, 

being more commonly used for glass production in the Mediterranean and Middle East. In addition, 

there is no evidence that he ever actually visited Delft. The tin glaze recipes described in Diderot and 

d’Alembert’s Fayence in their Encyclopédie (1756) were a direct translation of Kunckel, making their 

accuracy similarly questionable.  

 

Gerrit Paape’s De Plateelbakker of Delftsch Aardewerkmaaker, published in 1794, is often considered 

to be the definitive text on 18th century tin glaze production in Delft. Paape, a prolific writer, wrote it 

some 30 years after he had worked in Delft as an apprentice painter, the book being aimed at a broader 

public. Although the authenticity of the glaze recipe he describes has been put into question, his 

descriptions of the kiln and the production techniques appear to be correct. Interestingly, Paape's 

recipe for the clay mix used in Delft is exactly the same as that documented by Jan Wagenaar in 1742 

in a section on Delft faience in Hedendaagsche Historie of Tegenwoordige Staat van Alle Volkeren. This 

could either suggest that Paape took the recipe from Wagenenaar's text or confirm the accuracy of the 

recipe.  

 

A particularly informative and little-known text is Delfstoffen in the second volume of Johannes le 

Francq van Berkhey’s Natuurlyke historie van Holland published in 1771, which is believed to be the 

first scientific publication on Dutch soil and mineral distribution. Johannes le Francq van Berkhey 

provides detailed information on Dutch clay sources and their use in the 18th century as well as clear 

descriptions on ‘clay washing’ and the production of tin glaze as well as tiles. This is unusual since not 

only do most of the historical sources on tin glaze production focus on the production in Delft, but tile-

making is rarely mentioned. Hoynck van Papendrecht, on the other hand, provides extensive and 

detailed transcriptions of 17th century archival sources relating to tin-glazed tile makers in Rotterdam 

which have been shown to be an exceptional source of information, especially the pottery inventories 

and court cases relating to potteries and raw materials.   

 

The contemporary potters’ books, such as those written by Petrus Sijbeda between 1712 and 1720 and 

Feijtema and Tjallingii between 1725-1806, are possibly the most valuable written sources as they 

document the first-hand experience of Dutch tin glaze potters and tile makers in the 18th century. 

However, these sources have their limitations. While Sijbeda provides a number of glaze recipes from 

other production centres, most of the glaze and nearly all the clay recipes relate to tin glaze production 

in Harlingen from approximately 1660 to 1750, although, as has been shown, the consistency in the 

recipes from the different sources suggests their historical relevance is broader. Sijbeda also provides 

almost no details on glaze preparation or the firing process. 

 

9.4 Recommendations for further research 

This research has clarified a number of aspects of the production of Dutch tin-glazed tiles in the 17th 

and 18th century and brought some important new information to light. This has provided the building 

blocks to enable further research into a field that has received little attention. As with most research, 

we have been left with as many questions as answers, which is evidence that the subject offers a rich 

source for future research.  
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The relevance of the results of the physicochemical analysis of Dutch tiles would be improved by 

expanding the sample set of historical tiles and repeating the microscopic and instrumental analysis 

undertaken on the first set. Initially this would involve tiles from the same production centres, although 

the knowledge of Dutch tile production would be broadened by analysing tiles from other production 

centres such as Amsterdam and Haarlem, if tiles with a known provenance could be sourced.  

 

There are many more possibilities to increase our knowledge of Dutch tin-glazed tile production 

through reconstructions of clay and glaze recipes. The initial tests need to be repeated to determine 

the significance of the results and better understand the influence of the firing schedule on the final 

glaze produced. This issue of the loss of flux due to a reaction with the sand on which glaze is one 

example where further research is needed.   A number of aspects regarding production need further 

investigation. The influence of aspects of the firing schedule on the final glaze could be explored, 

notably the influence of longer or shorter heating, soaking and cooling times. Another important 

process that needs to be considered is the significance of the traditional calcination process used to 

make the tinas, namely calcining the lead and tin together rather than combining the two separate 

oxides, as done for the reconstructions. The combined calcination is now believed to influence the 

melting chemistry of the glaze (the eutectic) and have a significant effect on the development of 

cassiterite in the final glaze and therefore its opacity. 

 

While there are many possibilities to further develop our understanding of the technology and 

characteristics of tin-glazed tiles, there are multiple opportunities in other fields.  A central aim of this 

research was to provide a body of knowledge that could support future research relating to tile 

conservation and there are a number of areas of research that could and should be developed. The 

knowledge gained about the composition of both the ceramic and glaze and how it changed during the 

17th and 18th centuries provides an excellent basis for the development of research into a number of 

areas, one being the susceptibility of Dutch tiles suffering from severe glaze loss due to damage from 

the crystallisation of soluble salts. Susceptibly for glaze loss is partially related to the attachment of the 

glaze at the interface of the glaze and ceramic, but also to the tension or compression in the glaze 

which is directly related to the composition of the glaze and ceramic. Future research could be 

undertaken to investigate the relationship between the type and level of glaze damage found on 

historical tiles with their chemical composition, notably the CaO wt.% of the ceramic and the type and 

proportion of fluxes in the glaze. This research would initially involve an investigation of damaged 

historical tiles but could be expanded into the production of reconstructions. It can be argued that it 

is the complexity of the subject that provides many opportunities for further research. One thing that 

the study of historical tin-glazed tiles is certain to achieve is a profound respect for the ingenuity and 

perseverance of the artisans who produced them. To quote one of the founding fathers in this field:  

 

Tilemaking has always been an uncertain craft. Despite scientific and technological know-

how, there are still failures in tilemaking. Great admiration should be accorded to early 

tilemakers, who under difficult circumstances succeeded in making products still 

cherished today.  

     Pieter-Jan Tichelaar 1984958  

 
958 Pieter-Jan Tichelaar 1984, 41.  
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Understanding Dutch Tin-Glazed Tiles (1600-1750)    Through the 
Interpretation of Texts, Analysis and Recipe Reconstruction 

 
Kate van Lookeren Campagne – Nuttall 

 

English summary 
 

The production of tin-glazed tiles represents a significant chapter in Dutch ceramic history. More than 

one billion tin-glazed tiles were produced between 1600 and 1750, many of which were exported 

around the world. During the 17th and 18th centuries Dutch tiles were seen to represent the pinnacle 

of technical excellence by the European aristocracy and urban elite. Currently in the Netherlands 

historical Dutch tiles are considered to be common, everyday objects. This might explain why so little 

research has been undertaken into their production technology or physical and chemical properties. 

 

It was also felt that a number of important historical handwritten archival sources that describe the 

production of Dutch tin glaze wares had not been fully exploited with relation to the production of 

Dutch tiles. Of particular significance are a number of surviving 18th century pottery books which not 

only list clay and glaze recipes, but also comment on the quality of the glazes produced and the 

processes used, as well as the problems encountered during production. Although historical Dutch tin-

glaze recipes were known and have been discussed in a number of publications, they had never been 

fully analysed with regard to the chemical composition of the materials described or changes in 

production over time. Furthermore, it had never been known whether different glaze recipes had been 

used for tiles as opposed to other tin-glazed objects. 

 

No extensive analysis of the physicochemical characteristics of historical Dutch tin-glazed tiles had 

been undertaken and the research into the chemical composition of 17th and 18th century Dutch tiles 

was limited and had focused on provenance. The lack of knowledge about the relationship between 

the production and the physical and chemical properties of Dutch tin-glazed tiles has also limited the 

development of research in other areas, including the common conservation problems associated with 

tin-glazed tiles. 

 

A number of aspects of the composition and production of tin glazed tiles are of particular significance. 

It is known that the calcium content of the clay can influence the ceramic colour, porosity and 

mechanical strength of the ceramic, as well as the adhesion of the glaze. Its importance in the 

production of tin glazed tiles is regularly mentioned in written historical sources. However, the precise 

significance of variations in the calcium percentage for the physical characteristics and quality of Dutch 

tiles and how that is related to historical variations in clay use or production techniques has never been 

seriously investigated. Of particular note was the use of calcium-rich clay or 'marl' which was imported 

from both England and what is now Belgium and mixed with local clay. Little was known about the 

nature of the imported marl or the Dutch clay that was used. Similarly, there was very little information 

about the sources and composition of the raw materials used in the production of Dutch tin glaze. A 
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better understanding of the composition of the raw materials and the recipes used can not only aid in 

the interpretation of the results of chemical analyses, but also provide information about possible 

variations and changes over time that influence both the physical characteristics and the susceptibility 

of Dutch tiles to later damage. 

 

The central aim of this research was to gain more insight into the techniques, raw materials and recipes 

that were used in the Northern Netherlands between 1600 and 1750 for the production of tin-glazed 

tiles. This included studying their influence on the chemical and physical properties of Dutch tiles and 

determining when significant developments took place during the period. 

 

The research described in this thesis combines the three pillars of technical art-historical research: the 

research of historical sources, chemical and material analysis, and the use of reconstructions. Historical 

sources can help one understand 'which', 'how' and 'why' materials and techniques were used within 

a specific context and period in the production of (art) objects. A thorough examination of secondary 

and historical documents provided a comprehensive and extensive overview of the historical context 

of tin glaze production and the materials, recipes and methods used to produce both the ceramic and 

glaze of tin-glazed tiles. The information regarding raw materials was analysed and critically assessed 

by studying relevant published research into the properties and chemical composition of the materials 

described. This made it possible to interpret and reconstruct historical recipes with greater accuracy. 

This research was complimented by the chemical and material analysis of a set of 44 historical tiles 

from three major tile production centres (Rotterdam, Harlingen and Utrecht), which focussed on the 

similarities and variations in the chemical composition and the physical characteristics of Dutch tiles 

produced in the 17th and 18th centuries together with the influence of the composition on these 

characteristics. The analytical methods applied include light microscopy, colour spectrometry, 

scanning electron microscopy with energy dispersive X-ray analysis (SEM-EDX), and X-ray diffraction 

(XRD). The information obtained on the chemical composition of the samples was compared with 

calculations of the composition of historical recipes of both clay mixtures and glazes, as well as the 

results of the chemical analysis of the reconstructions of historical clay and glaze recipes. This made it 

possible to critically assess the original interpretation of the historical recipes and to determine the 

influence of specific aspects of both the materials and techniques used to make Dutch tin glaze tiles. 

This included the influence of the calcium percentage of the clay on the ceramics and of specific fluxes 

on the glaze. 

 

This dissertation consists of two parts, preceded by a short introduction containing the research 

question and followed by a general conclusion. Part I gives an overview of the written historical sources 

and an analysis of the collected information about the possible sources and composition of the raw 

materials used to make the clay mixtures and tin glazes. The production methods used were also 

investigated. Part II analyses the information presented in Part I with relation to the findings of the 

physicochemical analysis of a set of historical Dutch tin glazed tiles. This information was then used to 

make reconstructions which were further studied and analysed. 

 

Chapter 2 provides the context for the study, starting with an overview of the primary and secondary 

written sources used for the study and the context in which they were written. This is followed by a 
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brief history of the production of tin-glazed tiles in the Northern Netherlands between 1600 and 1750 

and a discussion of the terminology historically used for tin-glazed wares and potters. 

 

Chapter 3 presents the information gathered from the written sources on the clay recipes used to 

produce Dutch tin-glazed objects, together with a discussion of the sources and characteristics of the 

local and imported clays mentioned in the recipes. The meaning of the variations in the recipes are 

analysed, including the difference between the recipes recommended for tiles and household wares 

such as plates and bowls. 

 

Chapter 4 presents and examines tin glaze recipes and considers the raw materials used to make 

historical Dutch tin glazes. A definition of glaze is given, followed by a brief history of tin glaze 

production. A comparative overview of documented historical tin glaze recipes is presented, along with 

a description and interpretation of the various materials mentioned. Based on the results of previous 

research the probable chemical composition of the materials is determined and evaluated. 

 

Chapter 5 provides a comprehensive description of the technology of tin glaze tile production drawn 

from the information gathered from the source documents and relevant secondary sources. The 

different stages of preparing the clay and tin glaze are covered, as well as the forming of the tiles and 

application of the glaze. Details are given of the different oven constructions and the firing process 

along with a discussion of the common problems encountered during the production process. 

 

Part II of the thesis examines to what extent the information regarding the composition and production 

of 17th and 18th century Dutch tin glazed tiles is reflected in the physical and chemical characteristics 

of historical tiles of that period and can be confirmed by recipe reconstructions based on the 

information presented in part I. 

 

Chapter 6 presents and discusses the physicochemical analysis of historical Dutch tiles. A critical 

overview is given of previous analysis of the ceramic and glaze of Dutch tiles. This is followed by a 

description of the visual, microscopic, and chemical analysis of a set of historical tiles from three major 

production centres: Rotterdam, Harlingen, and Utrecht. The results are considered with relation to 

previous research and the information on the chemical composition and characteristics of tin-glazed 

tiles drawn from source documents and presented in Part I. 

 

Chapters 7 and 8 describe the methodology and findings of reconstructions of both clay and glaze 

recipes that were formulated and produced based on the information presented in Chapters two to 

four. Chapter seven focuses on the influence of calcium in the fired ceramics and chapter eight on the 

influence of the fluxes in the glaze. 

 

Chapter 9 presents the general conclusions, discussing they key findings and identifying areas requiring 

further investigation. 

 

This research has brought to light important information relating to the raw materials and technology 

used to produce tin-glazed tiles in the Northern Netherlands between 1600 and 1750. It has further 

clarified the influence that variations and developments in materials and production methods may 
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have had on the physical and chemical characteristics of the tiles produced. The acquired knowledge 

not only aids in the interpretation of data obtained from physicochemical analysis, but also provides 

the building blocks to enable restorers to better understand the relationship between the physical and 

chemical features of tiles and their susceptibility for damage both during and after production. 

Information about the clay resources acquired from tile factory inventories, historical clay recipes and 

18th-century publications about the geology of the province of Holland has made it possible to 

determine the likely sources and possible composition of the clay used in the tin glaze factories at that 

time. 

 

The calcareous clay or 'marl' imported from Doornik (also known as Tournai) in Flanders, and Norfolk 

in England, was clearly indispensable for Dutch tin glaze production in the 17th and 18th centuries.  A 

high percentage of calcium carbonate in the clay paste is essential to produce a ceramic with suitable 

physical, thermal, and mechanical properties to produce a successful tin-glazed product. Tin-glaze 

potters were clearly aware of this and, as there are no extensive available deposits of calcareous clay 

in the Netherlands, they found the means to import it.  

 

Analysis of the information obtained regarding the clays and recipes used led to the conclusion that 

from around 1630 the clay pastes contained between 25 and 35 percent calcium carbonate (wt.%). 

This is consistent with the average calcium percentage of historical tile ceramic observed in the results 

of the chemical analysis, although the spread was quite wide. This variation is believed to be partly due 

disparity in the composition of the imported marl, although contamination from the mortar on 

historical tiles could also play a role. Apart from calcium, the elemental composition of the ceramic 

was found to remain fairly constant over the period. 

 

Certain aspects of the production of tin-glazed tiles during the period appear to have had a significant 

influence on the physical and chemical properties of historic Dutch tiles. The inhomogeneity of the tile 

ceramic until approximately 1625 is a well-known phenomenon. This inhomogeneity was the result of 

mixing the different clays in a plastic state rather than wet mixing or 'clay washing', which is believed 

to have been applied from around 1627. Apart from sand, all the raw materials used to produce tin 

glaze were imported, and evidence has been found that these materials showed a significant variation 

in quality and composition. This was notably the case with the tin and the alkaline fluxes used. 

 

Although the composition of the raw materials varied, the techniques used to produce and apply the 

glaze do not appear to have changed significantly over the period. The basic formulation of the glaze 

recipes was surprisingly consistent, although it is clear that different qualities of glaze were produced 

containing different percentages of tin oxide. This was confirmed in the results of the chemical analysis 

of the historical tile set. This is in contrast to the ceramics where no distinction was made in quality. 

 

The production and analysis of clay and glaze recipes reconstructions provided important information 

about the influence of the alkaline fluxes in the glaze and the calcium carbonate in the clay on the final 

ceramic and glaze. In addition, the reconstructions provided insight into the complexity of the 

production process and the different stages involved in traditional tin glaze production and clarified 

the points where problems could have arisen. The reconstructions of historical clay recipes under 

different firing conditions showed how the light-yellow colour common in tin-glazed tiles after 1625 



 
 

 

227 
 
 

 

was not only related to the percentage of calcium in the clay, but also to the firing atmosphere of the 

kiln. The results of the reconstructions suggested that certain aspects of the manufacturing process 

may be of particular importance, such as the use of calx which was produced by calcining lead and tin 

metal together, rather than the mixture of lead and tin oxide that had been used for the 

reconstructions. Dutch tin glaze potters must have struggled to find an optimal balance between the 

fluxes and crystalline material used to produce a glaze that had sufficient gloss and opacity, as well as 

good adhesion to the ceramic. 

 

The knowledge gained about the composition of both the ceramics and glaze of the tiles and that 

changed in the 17th and 18th centuries has provided an excellent basis for further research in a 

number of areas including the susceptibility of Dutch tiles to glaze loss as a result of the crystallization 

of soluble salts. Another possible area of research is the relationship between the type of glaze damage 

and the chemical composition of tiles, notably the percentage of calcium oxide in the ceramic and the 

type and proportion of fluxes in the glaze. 

 

One enduring result of this research into the production of Dutch tin-glazed tiles has been the growth 

of a deep respect for the ingenuity and perseverance of the craftsmen who produced them. 
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Nederlandse tegels met tinglazuur (1600-1750): nieuwe kennis uit de 

interpretatie van teksten, analyse en de reconstructie van recepten 

Kate van Lookeren Campagne-Nuttall 

 

Nederlandse Samenvatting 
 

De productie van tegels met tinglazuur vormt een belangrijk hoofdstuk in de Nederlandse 

keramiekgeschiedenis. Tussen 1600 en 1750 werden er meer dan een miljard tegels geproduceerd 

waarvan veel over de hele wereld werd geëxporteerd. Tijdens de 17de en 18de eeuw werden 

Nederlandse tegels door de Europese stedelijke elite en aristocratie als het toppunt van technische 

uitmuntendheid beschouwd. In Nederland zelf worden tegels met tinglazuur tegenwoordig in het 

algemeen als alledaags gezien. Dit zou misschien verklaren waarom er in Nederland zo weinig 

onderzoek is gedaan naar de technologie van hun productie en hoe variaties en veranderingen in de 

loop van de tijd verband hielden met hun fysische en chemische eigenschappen. 

 

Er bestaan een aantal belangrijke historische handgeschreven- en archiefbronnen die tot nu toe niet 

volledig zijn benut in de context van de historische Nederlandse tinglazuurproductie. Van bijzonder 

belang zijn een aantal bewaard gebleven 18de-eeuwse pottenbakkersboeken die niet alleen duidelijk 

gestructureerde en gedateerde klei- en glazuurrecepten beschrijven, maar ook commentaar geven op 

de kwaliteit van de geproduceerde glazuren en de gebruikte processen, evenals de problemen die zich 

voordoen bij hun productie. Hoewel Nederlandse historische glazuurrecepten bekend waren en in 

enkele publicaties zijn besproken, waren ze nooit volledig geanalyseerd met betrekking tot de 

chemische samenstelling van de gedocumenteerde componenten of ontwikkelingen in de tijd. Verder 

is niet bekend of er meer specifieke glazuren werden gebruikt voor tegels dan voor andere voorwerpen 

met tin glazuur. 

 

In het verleden is geen significante analyse van de fysisch-chemische kenmerken van historische 

Nederlandse tegels uitgevoerd. Het bestaande onderzoek naar de chemische samenstelling van 17de- 

en 18de-eeuwse Nederlandse tegels was beperkt en op herkomst gericht. Het gebrek aan kennis over 

de relatie tussen de productie en de fysische en chemische eigenschappen van Nederlandse tegels met 

tinglazuur heeft de ontwikkeling van onderzoek op andere gebieden ook beperkt, o.a. de 

veelvoorkomende conserveringsproblemen die met tinglazuur met zich meebrengen. 

 

Een aantal aspecten van de samenstelling en productie van tegels met tinglazuur zijn van bijzonder 

belang. In het geval van keramiek is bekend dat het calciumgehalte van de klei de kleur, porositeit en 

mechanische sterkte van keramiek kan beïnvloeden, evenals de hechting van het glazuur. Het belang 

ervan bij de productie van tegels met tinglazuur wordt regelmatig genoemd in geschreven historische 

bronnen. De precieze betekenis van variaties in het calciumpercentage voor de fysieke kenmerken en 

kwaliteit van Nederlandse tegels en hoe dat zich verhoudt tot historische variaties in kleigebruik of 

productietechnieken is echter nooit goed onderzocht. Van bijzonder belang was het gebruik van 

calciumrijke klei of 'mergel' die werd geïmporteerd uit zowel Engeland als wat nu België is en vermengd 

met lokale klei. Over de aard van de geïmporteerde mergel en de gebruikte Hollandse klei was weinig 
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bekend. Evenzo was er zeer weinig informatie over de bronnen en samenstelling van de grondstoffen 

die bij de productie van Nederlands objecten met tinglazuur werden gebruikt. Een beter begrip van de 

samenstelling van de grondstoffen en de gebruikte recepten kan niet alleen helpen bij de interpretatie 

van de resultaten van chemische analyses, maar ook informatie verschaffen over eventuele variaties 

en veranderingen in de tijd die zowel de fysieke kenmerken als de schadegevoeligheid van Nederlandse 

tegels kunnen beïnvloeden. 

 

Het centrale doel van dit onderzoek was om meer inzicht te krijgen in de technieken, grondstoffen en 

recepturen die in de Noordelijke Nederlanden tussen 1600 en 1750 zijn gebruikt voor de productie van 

tegels met tinglazuur. Hun invloed op de chemische en fysische eigenschappen van Nederlandse tegels 

en eventuele significante veranderingen vonden plaats in die periode.  

 

Het onderzoek beschreven in deze thesis combineert de drie pijlers bij studies naar historische 

kunsttechnologie: onderzoek van historische bronnen, chemische en materiaal-technische analyses, 

en het gebruik van reconstructies. Historische bronnen kunnen ons helpen begrijpen 'welke', 'hoe' en 

'waarom' materialen en technieken werden gebruikt binnen een specifieke context en periode van 

productie van (kunst)objecten. Grondig onderzoek van secundaire en historische documenten leverde 

een uitgebreid en compleet overzicht op van de historische context van de productie van tinglazuur 

en de materialen, recepten en methoden die werden gebruikt om zowel de keramiek als het glazuur 

van tegels met tinglazuur tegels te produceren. De informatie over grondstoffen is geanalyseerd en 

kritisch beoordeeld door het bestuderen van relevant gepubliceerd onderzoek over de eigenschappen 

en chemische samenstelling van de beschreven materialen. Hierdoor konden historische recepten 

nauwkeuriger worden geïnterpreteerd en gereconstrueerd. 

 

Daarnaast is analytisch chemisch onderzoek gedaan aan een set van 44 historische tegels van drie 

grote tegelproductiecentra (Rotterdam, Harlingen en Utrecht) naar de overeenkomsten en variaties in 

de chemische samenstelling en fysieke kenmerken van Nederlandse tegels die in de 17de en 18de 

eeuw werden geproduceerd en de invloed van de samenstelling op de fysieke kenmerken. De 

gebruikte analytische methoden omvatten lichtmicroscopie, scanning elektronenmicroscopie met 

energiedispersieve röntgenanalyse (SEM-EDX), kleurenspectrometrie en röntgendiffractie (XRD). De 

verkregen informatie over de chemische samenstelling van de monsters is vergeleken met 

berekeningen die zijn gemaakt van de samenstelling van historische recepten van kleimengsels en 

glazuren, evenals de resultaten van de chemische analyse van de reconstructies van historische klei en 

glazuurrecepten. Dit maakte het mogelijk om de oorspronkelijke interpretatie van de historische 

recepten kritisch te beoordelen en de invloed te beoordelen van specifieke aspecten van de materialen 

en technieken die zijn gebruikt om Nederlandse tegels met tinglazuur te maken, zoals de invloed van 

het calciumpercentage van de klei op de keramiek en van specifieke vloeimiddelen (fluxen) op het 

glazuur.  

 

Dit proefschrift bestaat naast een korte introductie met daarin de vraagstelling uit twee delen, gevolgd 

door een algemene conclusie.  

 

Deel I geeft een overzicht van de geschreven historische bronnen en een analyse van de verzamelde 

informatie over de mogelijk bronnen en samenstelling van de grondstoffen die zijn gebruikt om de 
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kleimengsels en tinglazuur te maken. Daarbij is ook onderzocht welke productiemethoden werden 

gebruikt. Deel II analyseert de informatie gepresenteerd in deel I met betrekking tot de bevindingen 

van de fysisch-chemische analyse van een reeks historische Nederlandse tegels met tinglazuur. Deze 

informatie is vervolgens gebruikt om reconstructies te maken, welke ook chemisch zijn onderzocht. 

 

Hoofdstuk 2 geeft de context voor het onderzoek, te beginnen met een overzicht van de primaire en 

secundaire geschreven bronnen die voor het onderzoek zijn gebruikt en de context waarin ze zijn 

geschreven. Daarna volgt een beknopte geschiedenis van de productie van tegels met tinglazuur in de 

Noordelijke Nederlanden tussen 1600 en 1750 en een bespreking van de terminologie die historisch 

werd gebruikt voor objecten en tegels met tinglazuur en de pottenbakkers die ze produceerden, 

 

Hoofdstuk 3 presenteert de informatie die is verzameld uit de schriftelijke bronnen over de 

kleirecepten die zijn gebruikt om Nederlandse objecten met tinglazuur te produceren, samen met de 

bronnen en kenmerken van de lokale en geïmporteerde klei die in de recepten wordt genoemd. Er 

wordt gekeken naar de betekenis van de variaties in de recepten, inclusief de verschillen tussen de 

aanbevolen recepten voor tegels tegenover huishoudelijke keramiek zoals borden en kommen. 

 

Hoofdstuk 4 presenteert en onderzoekt de verzamelde informatie over recepten voor tinglazuur en 

de grondstoffen die zijn gebruikt om historisch Nederlands tinglazuur te maken. Er wordt een definitie 

van glazuur gegeven, gevolgd door een korte geschiedenis van de productie van tinglazuur. Een 

vergelijkend overzicht van de gedocumenteerde historische tinglazuurrecepten wordt gepresenteerd, 

samen met een beschrijving en interpretatie van de verschillende genoemde materialen. Op basis van 

de resultaten van lopend onderzoek wordt de vermoedelijke chemische samenstelling van de 

materialen bepaald en geëvalueerd.  

 

Hoofdstuk 5 geeft een uitgebreide beschrijving van de technologie van de productie van tegels met 

tinglazuur op basis van de informatie die is verzameld uit de verschillende historische bronnen. Het 

behandelt de verschillende stadia van de voorbereiding van de klei en het tinglazuur, evenals het 

vormen van de tegels en het aanbrengen van het glazuur. Details worden gegeven van de verschillende 

ovenconstructies en het bakproces, samen met een bespreking van de veelvoorkomende problemen 

tijdens het productieproces. 

 

Deel II van het proefschrift gaat na in hoeverre de informatie met betrekking tot de samenstelling en 

productie van 17de en 18de Nederlandse tegels met tinglazuur wordt weerspiegeld in de fysische en 

chemische kenmerken van historische tegels uit die periode en wordt bevestigd door reconstructies 

gebaseerd op de historische bronnen die in deel I beschreven zijn.  

 

Hoofdstuk 6 presenteert en bespreekt de fysisch-chemische analyse van een kleine selectie historische 

Nederlandse tegels. Er wordt een kritisch overzicht gegeven van eerdere analyses van keramiek en 

glazuur van historische Nederlandse tegels. Daarna volgt een beschrijving van de visuele, 

microscopische en chemische analyse van een reeks historische tegels van drie grote productiecentra 

voor tegels met tinglazuur: Rotterdam, Harlingen en Utrecht. De resultaten worden beschouwd in 

relatie tot eerder onderzoek, evenals de informatie met betrekking tot de samenstelling en kenmerken 

van tegels met tinglazuur gevonden in brondocumenten en gepresenteerd in deel I.  
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Hoofdstuk 7 en 8 beschrijven de methodologie en bevindingen van reconstructies van zowel klei als 

glazuurrecepten die zijn geformuleerd en geproduceerd op basis van de informatie in de hoofdstukken 

twee tot vier. Hoofdstuk zeven richt zich op de invloed van calcium in de gebakken keramiek en 

hoofdstuk acht op de invloeden van fluxen in het glazuur. 

 

Hoofdstuk 9 geeft de algemene conclusies, waarin de belangrijkste bevindingen worden besproken en 

gebieden worden geïdentificeerd die verder onderzoek behoeven.  

 

Dit onderzoek heeft belangrijke informatie aan het licht gebracht over de grondstoffen en technologie 

die gebruikt zijn om tegels met tinglazuur in de Noordelijke Nederlanden tussen 1600 en 1750 te 

produceren, en over de invloed die variaties en ontwikkelingen in materialen en productiemethoden 

kunnen hebben gehad op de fysieke kenmerken van de geproduceerde tegels. De verkregen kennis 

helpt niet alleen bij de interpretatie van gegevens uit fysisch-chemische analyse, maar biedt ook de 

bouwstenen om restauratoren in staat te stellen de relatie te begrijpen tussen fysische en chemische 

kenmerken en de gevoeligheid van 17de- en 18de-eeuwse Nederlandse tegels voor het oplopen van 

schade tijdens hun productie en daarna. 

Informatie over kleibronnen, gevonden in tegelfabriek inventarissen, historische kleirecepten en 18e-

eeuwse publicaties over de geologie van Holland werden met elkaar vergeleken. Hierdoor konden de 

waarschijnlijke bronnen en algemene samenstelling van de klei gebruikt in fabrieken van tegels met 

tinglazuur worden gedetermineerd.  

 

De kalkhoudende klei of 'mergel' geïmporteerd uit Doornik (ook wel Tournai genoemd) in Vlaanderen 

en Norfolk in Engeland, was duidelijk onmisbaar voor de productie van objecten met tinglazuur in 

Nederland in de 17de en 18de-eeuw. Een hoog percentage calciumcarbonaat in de kleipasta is 

essentieel om keramiek te produceren met geschikte fysieke, thermische en mechanische 

eigenschappen om een succesvol object met tinglazuur te produceren. De pottenbakkers waren zich 

daar duidelijk van bewust en omdat er in Nederland geen omvangrijke kalkhoudende klei voorhanden 

is, vonden zij de middelen om het te importeren. 

 

Uit de verzamelde informatie over de gebruikte kleisoorten en recepten is op te maken dat de 

kleipasta's vanaf ca. 1630 tussen 25 en 35 wt. % calciumcarbonaat bevatten. Dit komt overeen met de 

gemiddelde resultaten van de chemische analyse van historische tegels, hoewel het 

calciumpercentage in de geanalyseerde tegels vrij variabel was. Dit is waarschijnlijk vanwege de 

variatie in de samenstelling van de geïmporteerde mergel, terwijl contaminatie door de mortel op 

historische tegels ook een rol zou kunnen spelen. Afgezien van calcium bleek de elementaire 

samenstelling van de keramiek gedurende de periode redelijk constant te blijven. 

 

Een aantal aspecten van de productie van tegels met tinglazuur in de periode blijkt een significante 

invloed te hebben op de fysische en chemische eigenschappen van historische Nederlandse tegels. De 

inhomogeniteit van de keramiek van tegels tot ca. 1620 is een bekend fenomeen. Deze inhomogeniteit 

is het resultaat van het mengen van de verschillende kleisoorten in een plastische toestand in plaats 

van nat mengen of 'kleiwassen', waarvan wordt aangenomen dat het vanaf ca. 1627 werd toegepast. 

Behalve zand werden alle grondstoffen om tinglazuur te maken geïmporteerd en er zijn bewijzen 
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gevonden dat zij sterk varieerden in kwaliteit en samenstelling. Dit was met name het geval bij de 

gebruikte tin- en alkalische vloeimiddelen. 

 

Hoewel de samenstelling van de grondstoffen varieerde, lijken de technieken die werden gebruikt om 

het glazuur te maken en aan te brengen in de periode niet significant veranderd. De historische 

beschrijvingen van de glazuurrecepten bleken verassend consistent, hoewel het duidelijk is dat er 

verschillende kwaliteiten glazuur werden geproduceerd die verschillende percentages tinoxide 

bevatten, iets wat werd bevestigd door de resultaten van chemische analyse van de historische tegels. 

Dit in tegenstelling tot de samenstelling van de keramiek, waarbij geen onderscheid werd gemaakt 

naar kwaliteit. 

 

Het maken en analyseren van reconstructies van zowel klei- als glazuurrecepten leverde belangrijke 

informatie op over de invloed van de alkalische vloeimiddelen in het glazuur en het calciumcarbonaat 

in de klei op de geglazuurde tegel die werd geproduceerd. Bovendien gaven zij inzicht in de 

complexiteit van het productieproces, inclusief de verschillende stadia die betrokken zijn bij de 

traditionele tinglazuurproductie en de vele punten waarop zich problemen hadden kunnen voordoen. 

Uit de reconstructies van historische kleirecepten onder verschillende bakomstandigheden bleek dat 

de lichte, gele kleur die na 1625 gebruikelijk was bij tegels met tinglazuur, niet alleen verband hield 

met de concentratie calcium in de klei, maar ook met de bak-atmosfeer in de oven. De resultaten van 

de reconstructies suggereren dat bepaalde elementen van het productieproces van bijzonder belang 

kunnen zijn, zoals het gebruik van een calx geproduceerd door het samen calcineren van lood en tin 

metaal, in plaats van het mengsel van lood en tinoxide dat werd gebruikt voor de reconstructies. Het 

is duidelijk dat pottenbakkers een optimale balans tussen vloeimiddelen en kristallijn materiaal 

moesten vinden om een glazuur te produceren dat voldoende glans en opaciteit had, evenals een 

goede hechting met de keramiek. 

 

De kennis die is opgedaan over de samenstelling van zowel keramiek als glazuur en hoe deze in de 

17de en 18de eeuw veranderde, vormt een uitstekende basis voor vervolgonderzoek op een aantal 

gebieden, waaronder de gevoeligheid van Nederlandse tegels die lijden aan glazuurverlies als gevolg 

van schade door de kristallisatie van oplosbare zouten. Een ander mogelijk onderzoeksgebied is de 

relatie tussen het type glazuurschade gevonden op historische tegels en hun chemische samenstelling, 

met name het percentage calciumoxide in de keramiek en de type en percentage vloeimiddelen 

(fluxen) in het glazuur.  

 

Een blijvend resultaat van dit onderzoek naar de productie van Nederlandse tegels met tinglazuur is 

de ontwikkeling van een diep respect voor de vindingrijkheid en het doorzettingsvermogen van de 

ambachtslieden die ze maakten. 
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Appendix I: Overview of tin-glaze factories in Rotterdam, Harlingen and Utrecht 1600-1800  
Including owners’ names mentioned in the text. 

 

 

 

 

 

 

ROTTERDAM  

                      

Name factory Place/street 1610 1620 1630 1640 1650 1660 1670 1680 1690 1700 1710 1720 1730 1740 1750 1760 1770 1780 1790 1800 1810 1800+ 

Marktveld Marktveld 1609   1633 
                  

  

Den Bergh Sion Hoogstraat 1611 van der Heuvel 1611 - ca. 1669 
               

  

Oppert   1613           ca. 1680 
             

  

Korte Wijnstraat   1613 Claes Jantz Wijtmans 1613 - 1642 
 

1682 
             

  

Goudsewagenstraat   

 
ca. 1626             ca. 1716 

          
  

Hang Schrijnwerkerssteeg 

  
1632               1714 

          
  

Glashaven   

  
1638                   1732 

        
  

Leuvehaven   

  
1639   1651 

                
  

Delftsevaart   

  
ca. 1640 Carel Claeszn Wijtmans 1640-45      De Meijer familie 1655-1709     1773 

    
  

Hoogstraat Waalse Kerk 

   
1641   1669 

               
  

Wapen v.Dantzich Hoogstraat 

   
1643       Isaac de Meijer 1685 - 1711?                             1841 

Rijstuin   

   
1642     1674 

              
  

Leuvehaven  by  Nieuwehoofd 

   
1647 1654? 

                
  

Schiedamsedijk /Leuvehaven 

      
 ca 1677 Pieter Jansz Aalmis 1692-1707                  Jan Aalmis 1707-72               van Traa 1843-52 

Hoogstraat  opp. Gasthuis 

      
1672 Adriaan de Meijer 1672-99   1723 

        
  

Hoogstraat  opp Oosterkerk 

         
1708       1748 

       
  

    

                     
  

Delfshaven Oudehaven westzijde 

   
1641 Michiel P. Dullaart 1641-43     1716 

          
  

Delfshaven Oudehaven westzijde 

       
1683               1764 

     
  

Delfshaven Schoonderloostraat 
                                                  1851-66  



 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HARLINGEN                        

Name factory Street 1600 1610 1620 1630 1640 1650 1660 1670 1680 1690 1700 1710 1720 1730 1740 1750 1760 1770 1780 1790 1800 1800+ 

Schritsen/Raamstraat Raamstraat  ca. 1610  
                 1803  

Kerkbuurt North of Kruistraat    1634     
                

Buiten de Kerkpoort onder Almenum        1668                             Petrus Sijbeda ca 1712 tot 1720   Johannes Spannenburg 1749 - 1794  1933 

Zuiderhaven N/Z  W/Z Raamstraat       1648   1679              

Zuiderhaven NZ Ossenmarkt ZZ     1648 Maeyke v.d. Laan  
  1712           

Feijtema/Tjallingii Noordijs/Zoutsloot        Sijbrand P.Feijtema                      
1668-91 

Pieter S. Feiijtema  
1692 - 1722 

Sijbrand P.II Feijtema  
1731-74 

Frans Tjallingii 1781-1810             

Zoutsloot Franekerpoor           1700   1728           

Trekvaart naar Franeker Road to Franeker                                     1783     1803 

 

UTRECHT                      

Name factory 1600 1610 1620 1630 1640 1650 1660 1670 1680 1690 1700 1710 1720 1730 1740 1750 1760 1770 1780 1790 1800+ 

Maria Bolwerk   1616       1664                 

Bemuurde Weerd        1666        1719          

Agter't Weystraat     1642 Adriaen van Oort 1642-74                        1844 

Geertebrug                               1753     1779     



 

 

 
Appendix II:  Clays mentioned in legal documents and published sources 
 

HvP: A. Honck van Paperdrecht (1920) 

JDvD: J.D. van Dam (1982) 

Roodenburg (1993) 

G. Paape (1794) 

Oldenziel (1992) 

ONA: Notarial Archive. Den Haag 

GAR: Rotterdam Archive 

 

Source 
(with page 
number) 

Document Date City Person 
named in 
document  

Subject of document Clay Details in tekst Cost/ 
comments 

Rooden- 
Burg, 82 

GAD Not. Arch. Prot nr 
1623 20 sept 1619 

1619 Delft potter Michael Jantz Touw 
Source of clay 

Clay from Oude 
Rijn 

Betrok aerde uit 
Bodegraven  

  

JDvD 
1982, 84  

Inventory  Cornelis 
Harmansz Valckenhoven  

1621 Delft master 
potter 

Egbert Jansz Van 
Swennen.  De Romeyn 
clay in inventory 

English clay  
black clay 

18 last Engelse aerde 13gl. 
noch vyer last Engelse 
aerde 13gl. 
4 last Swarte aerde 

  

JDvD 1982, 
7 

Potter's inventory 1623 Delft tin-glaze 
potter 

Lijntgen Pouwelsdr 
Rouaan, 
Clay in inventory 

English clay  
black clay 

4 last Engelse aerdez 
18 last Engelse aerde 
4 last swaet aerde 

  

  Statement 
GAR Akte 28  

1624 Rotterdam supplier Michiel Pieterszn 
Dullaert requested 
declaration from 
captain Jacob Jacobz 
concerning delivery of 
English clay 

English clay Jacob Jacobsz. 33 jr 
schipper verklaard dat hij 
8 last Engelse aerde heeft 
vervoerde naar 
vershillende plaatsen tot 
tevredenheid van de 
kopers 

  

JDvD 
1982,17 

Pottery Inventory 1626 Delft   Gerrit Harmansz.  
clay in inventory 

English clay Engelse aerde   



 

 

 
ONA Akte  78: 186-188 1627 Rotterdam supplier Robert Hollant from 

Hull in England  
Sold Fuller's Earth to 
the trader Michiel 
Pieters Dullaert 

Fuller's Earth  
(used for wool 
production) 

Robbert Hollant, wonende 
te Hul in Engelandt, 
verkoopt aan Michiel 
Pieters Dullaert, coopman. 
300 tonnen engelse 
voldersaarde. De aarde 
moet dezelfde kwaliteit 
hebben als de aarde die 
Robbert Hollant heeft aan 
Henrick Gerritss in de Wan 
geleverd.  

  

HvP, 9.34 inventory  
Notaris Willem Jacobszn.. 
8 maart 1627. Reg. 12: 4. 

1627 Rotterdam potter Jacob van den Heuvel 
clay in inventory 

English clay 
Woimse clay 

25 last Engelsche Aarde 
Woirnse aarde 
213 pond clay ready 
prepared to make tiles, 

12 guldens per 
last 

  Declaration 
GAR Akte 289: 477 

1627 Rotterdam tilemakers Hendrick van den 
Heuvel  and Cornelis 
Willemsz - Declared 
that, after a request 
from Michiel Dircksz 
Bouman from Delft, 
they made tin- glazed 
ware using only clay 
from Friesland and 
North Holland without 
using English clay. 

Fresian clay 
North Holland 
clay (Ijssel clay) 

Hendrick van den Heuvel 
oud 40 jaar en Cornelis 
Willemsz tegelbacker oud 
30 jaar verklaren op 
verzoek  van Michiel 
Dircksz Bouman uit Delft 
dat zij om hun plateel te 
maken onder meer Friese 
en Noordhollandse aarde 
hebben gebruikt zonder 
Engelse aarde.  

  

HvP, 271 Sale 
Notaris J van Aller Azn. 30 
nov. 1631. Reg. 17. Akte 
61. Idem 22 dec 1632   

August 
1629 

Rotterdam supplier Michiel Pieterszn 
Dullaert 

English clay Jan Claeszn Wijtmans 
tegelbakker attesteerd ten 
verzoek van Michiel 
Pietszn Dullaert over de 
hodanigheid van 
Engelsche 
Plateelbakkersaerde, door 
Dullaert geleverd en 
dooerJan Claesz Wjitmans 
verwerkt. 

  



 

 

HvP, 347 Declaration on supply of 
clay. 

1630 Rotterdam meester 
knecht 

Andries Morton 
Attests English clay 
delivered by Michiel 
Pieterszn. Dullaert. 
 
The clay was tested for 
quality and found to be 
good. 

English clay 6 last 3 ton Engelse aarde 
 
Had doen backen 
eennighe oovens met 
werck en dat hij die 
..bevonden had goed 
werck te wesen. 

Morton had 
fired a few 
'ovens' with 
the clay and 
found it good 

HvP, 347 Declaration 
GAR Akte 451  

1630 Rotterdam Tin glaze 
potter 

Afer a few kilns had 
been fired it appeared 
that the clay was of 
good quality 

English clay Andries Morton. 50 jr. 
Plattielbacker verklaarde 
op verzoek van Michiel 
Pietersz Dullaert. 
coopman dat deze op last 
van Jan Gerritsz aan diens 
zwager Claes Matheusz 
Verhouve. capitein met 
zijn compagnie gelegerd te 
Bergen op Zoom zes lasten 
Engelse aarde leverde. Jan 
Gerritsz en zijn vrouw 
Engeltghen Matheusdr 
waren daarbij. Nadat 
enkele ovens met 
aardewerk waren gestookt 
bleek dat de aarde van 
goede kwaliteit was.  

  



 

 

HvP, 347 GAR Akte 62: 92-93 1631 Rotterdam   Daniel Jacobsz 
delclared that the 
English clay delicered 
by Dullaert was 
unusable for tile 
makers also the good 
clay was mixed with 
the bad. 

English clay Thomas Jansz en Pieter 
Jorisz beiden tegelbackers. 
verklaren op verzoek van 
Nicolaes Matheusz van der 
Houve dat zij in de winkel 
van...Michiel Pietersz 
Dullaert...een partij aarde 
leverde. Deze aarde bleek 
zo slecht van conditie te 
zijn dat deze door geen 
enkele tegelbacker 
gebruikt kon worden. Ook 
de goede aarde, die door 
de slechte was gegooid, 
heeft hierdoor aanzienlijke 
schade opgelopen. Daniel 
Jacobsz, die toen ook bij 
requirant werkte, 
bevestigt dat de aarde 
ontvangen van Michiel 
Pietersz onwerkbaar is.  

  

HvP, 347 Attestation 
GAR 
Akte 61 

1631 Rotterdam   Andries Morton 
attested that the clay 
delivered by Michiel 
Pieterszn. Dullaert was 
of good quality 

English clay Engelsche aarde [sold to] 
Claes Cornelis Willemszn 
Sonnevelt - 14 last  
Heyndrick van den Heuvel  
- 14 last 5 ton 
Cornelis Willemszn 
Sonnevelt 
- 36 last 
Claes Janszn. Wijttmans  
- 2 last en 3 ton 

18 carolus-
gulden per 
last.   

HvP 
Bijlage 42 
december 
22, 349  

Weeskamer, 
Inventarissen H H H fol. 
310  

1632 Rotterdam   Pottery inventory 
Pieter Hermanszn. 

English marl 
Delft clay 

Wat minder dan 6 last 
Engelsche aerde. 
Een partie Delfse aerde. 

  

  Akte 61 1631- 
1632 

 Rotterda
m 

  Carel Claeszn.Wijtmans English marl Engelse aarde   



 

 

 ONA Akte 165 1633   Potter Thomas Jansz en Pieter 
Jorisz attested to the 
quality of English marl. 

English marl Verklaart dat hij destijds 
wel voor Verhoeven 
werkte en dat de bedoelde 
partij [klei verkocht door 
Dullaert] goede engelse 
aarde was. 

 

 ONA Akte 392 1634   English 
clay trader 

Henry Baker English 
salesman from London. 
sold pipe clay to 
Michiel Pieterszn 
Dullaert 

Pipe clay Henrick of Henrij Baker. 
engels coopman wonende 
te Londen in Engelant, 
verkoopt aan Michiel 
Pieterss Dullaert, 
Coopman, een partij cley 
of tabakpijpaerde voor de 
prijs van 10 car. gulden 
over de gehele partij en 
voor elke ton 2 gulden.  

2 guldens per 
ton 

 
ONA Akte 222 1640 Rotterdam supplier Michiel Pieterszn. 

Dullaert supplied pipe 
clay 

English pipeclay 
from Isle of 
White 
 
Luiksche clay 

Dullaert geleverd 
'oprechte Eyleweiyse 
aerde ofte claij, sijnde de 
goede aerde ofte cleij 
omme tabacqxpijpen aff te 
maecken, als uijt Engelant 
comt ofte om geit te coop 
is, 

 

HvP,356 Inventaris Jan Piertszn 
van Vollenhoeven. 
September 28 1641 

1641 Rotterdam  Potter  Adriaentgen Pouwels  
outside Delft for clay  

Clay bought 
outside Delft 

4 1/2 roede aerde 
Adriaentgen  Pouwels 
27g 10s  

  

JDvD 1982, 
86 

  1647 Delft Plattiel-
bakkerij 

Elizabeth Cornelisdr. . 
Hendrick Marcelisz. 
Van Goch 

Doornik 
Black 
Brabant 

Ongewassen Doornixe 
aerde 8 gl 5 st.  
Swarte aerde  1 gl 10 st.  
Brabantse aerde  6 gl. Last 

  

JDvD 1982, 
84 

  1647 Delft Platielback
ers 

Evert Jansz. Aelbrecht 
Keysser 

English marl 
Doornik 
Black 

In de eersten 10 lasten 
gewassen aerde,  
soo swarte, Engelse als 
Doornixse, 
5 lasten ongewassen 
aerde, zoo swarte als 
Engelse tot 15 gl  ’t last 

  



 

 

5 lasten ongewassen…10 
gl.4 ‘t last 

HvP: 
bijlage 71, 
373 

juni 9 
Notaris Willem 
Sonnevelt. Deel 3. fol. 5 

1649 Rotterdam meester 
tegelback-
er 

Pieter Corneliszn. 
Sonnevelt. 
overgedragen aan 
Corneils Louriszn. 
Koopman te Haerlem 

Doornik marl van Symon van der Broeck 
schipper op Gent. 

20 last 240 
carolus gulden 

HvP bijlage 
72, 374 

Inventory 
okt 1 
Weeskamer. 
Inventarissen. A A A A. 
fol. 39 i 

1649 Rotterdam betielback-
-er 
[plate 
maker] 

Jan Pieterszn. 
Valckenhoff  

Doorniks 
Delfts 
Black 

12 last Doornixse aerde 
ongewassen.  
4 last gewasse aerde 
een schuijt Delfse aerde; 
een halve schuijt swart 
aerde 

  

HvP, 389 Inventory (divorce) 1661 Rotterdam Tegelbakk-
er 

Boudewijn de Meijer 
tilemaker 

Doornik marl 40 last Doornicks aerde 
soo gewassen als 
ongewassen 

8 gulden per 
last 

HvP 
Bijlage 86, 
392 

Notaris Vitus Mustelius 1663 Rotterdam Tegelbakk-
er 

van Symon 
Boudewijnzn. Van der 
Voort 

Woertse 
Lukse 
Doorniks 
Delfts 

1 last Woertse aerde 
1/2 vat Lukse aerde 
marcel wit 
1 1/2 last gewasse 
Doornikse aarde 
6 last gewasse buijten de 
bak 
1/2 roe Delffde aerde 
10 last ongewassen 
Delffse aerde 

  

Oldenziel, 
56 

Inventory tile factory van 
de Kloet in Amsterdam 

1686 Amsterd-
am 

Steentjes-
bakkerij  
(tilemaker) 

van de Kloet Delft? 
Doorniks clay 

10 bakken aerde 'hier als 
tot Delft' 
30 lasten Doornikse aerde 

  

  GAR Akte 73: 639 1690 Delfthaven clay 
washers 

Declaration 
Claes Corneliss 
Spanjersbergh en Jan 
Pouwelsen 
Spanjersbergh. 
claywashers  from 
outside the Rotterdam 
poort by the Schie 
canal 

Flanders clay Claes Corneliss 
Spanjersbergh en Jan 
Pouwelsen Spanjersbergh. 
beiden aardewassers, 
won. buiten de 
Rotterdamse poort der 
stad Delft langs de Schie, 
leggen een verklaring af 
op verzoek van Gerret 

  



 

 

Gent boatman Francois 
de Waal delivered  
Flanders clay to the 
clay washers and also 
to Delft potters 

Cam. mr. plateelbacker 
over Francois de Waal, 
schipper van Gendt. 
aangaande aarde uit 
Vlaanderen, die 
gedeeltelijk is gelost bij de 
wasserij van Adriaan Cocx. 
plateelbacker te Delft, en 
gedeeltelijk verkocht aan 
Cornelis van Plancken en 
Rochus Hoppestein, 
beiden plateelbackers te 
Delft.  

  English National Archives 
reference 
E134/5W&M/East27 

1693 Delft. 
Delfthaven
Rotterdam 

tile and 
houseware 
potters 

Declaration by 8 
potters that  clay 
transported from 
Warner in England was 
for making pottery and 
was not Fuller's earth 

English marl  
(from Boyton, 
Suffolk) 

    

Wagenaar, 
475 

 
1742 Delft   Recipe for the clay mix 

used at Delft 
1.Doorniks or 
Brabants 
2.German earth 
3.Black 
4.Delft 

Duitsche aerde Mulheim 
aan der Roer 

  

Oldenziel, 
56 

Inventory tile factory van 
de Kloet in Amsterdam 

1747 Amsterd-
am 

tile maker van de Kloet 
clay in inventory 

Delft clay 3 bakken aerde gewassen 
aerde tot Delft 

  

Le Francq 
van 
Berkhey, 92 

 
1771 Delft   Recipe for the clay mix 

used at Delft 
1.Doorniksche 
2.Rhur/ 
Westphaallgf 
/Mulheim 
3.Hollandfche 
Rhyn (?) 

 
  

Nederiijn or 
Hollandsche 
Ijssel? 

Paape, 5 
 

1794 Delft   Recipe for the clay mix 
used at Delft 

1.Doorniks  
2. Rijnlands or 
black  
3.Delft 

Doorniksche Aarde 
Rhijnlandsche’ of swarte 
aarde   
Delftsche Aarde 

  

Paape, 5 
 

1794 Delft   Thames clay for tiles in 
the kiln 

Thames clay     



 

 

Appendix III: Historical Dutch clay recipes with calculation of CaCO3 wt.% 
 

 

   Marl or calcareous clays High plasticity ?     

Date Page  Doornik 
marl  

English 
marl  

Friesian 
clay 

(swifters,  
kley) 

Clay 
(Kleij 

Friesian 
'Tichelaar' 

Rhine-
land 

Black  Delft  Calculation 
of Total % 

CaCO3  
(+/- ) 

Remarks 
on clay 
recipe 

Written clay 
recipe 
with translation 

Comment 
on Glaze 

  CaCO3 w%  
(+/-) 

55% 70% 19%?  19% 0% 19%? 10%?     

Sijbeda 1712 - 1720 

1670 11 Rotterdam  
door 
Johannes 
Luffneu 
gebrijkt 

1/2: 27%   1/2: 
1% 

    28%  1 part kleij 
1 part D. aarde  
1 part clay 
1 part Doorniks 
earth 

Fijn wit 
Good glaze 

1670 12 Harlingen 1/2: 27%       1/2: 5% 32% For tiles  1/2 delfts aarde, 1/2 doornikse 
aarde, tot steentjes 
1/2 Delfts earth, 1/2 Doornik 
earth, for tiles 

   1/3: 18%      1/3: 6% 1/3: 3% 27% For 
household 
goods 

 …of tot fchuttels , 1/3 
doornikse waseijen(?), swarte 
swart(?), 1/3 delfse aarde 
…or for plates , 1/3 cleaned 
Doorniks, black clay), 1/3 Delft 
earth 

1672 13 Harlingen 1/3: 18%    1/3: 6%  1/3: 6%  29%    

1674 14 Harlingen 1/4: 14%    3/4: 15%    29% Two 
recipes for 
same glaze 

Bovenstaande wit sonder 
potas is niet heel goed 
bevonden op dese gewaschen 
aarde maar… 
The above glaze without 
potash was not found to be 
good on this clay but.. 

    1/5: 
14% 

  4/5: 16%    30%    

 15 Harlingen 1/4: 14%    3/4: 15%    29%   Goedkoop 
wit 



 

 

Cheap 
glaze 

  alternative   1/5: 
14% 

4/5: 16%      30%  …maar krimt het 
wat meer 
…but is shrinks 
more 

goedkoop 
wit 
Cheap 
glaze 

1674 126 Harlingen 1/4: 14%  3/4: 14%      28%   goed wit 
Good glaze 

  alternative 1  1/5: 
14% 

4/5: 16%      30%    

  alternative 2 1/4: 14%  1/2: 10%    1/4: 5%  29%  ..doch krimpt de steen wat 
veel, maar tot schuttels is se 
dan goed… 
(…tiles shrink a lot, but it is 
good for plates…) 

1677 22 Harlingen 1/3: 18%  2/3: 13%      31%    

1677 128 Harlingen 1/3 18%  2/3: 13%      31%   fijn wit 
Good glaze 

1705 147 Harlingen   1: 19%      19%  gebruijkt op steen en schuttels 
van vriesche klei alleen 
(used on tiles and plates form 
only Friesian clay) 

1709 46 Harlingen 1/4: 14%  3/4: 15%      29%   seer fijn wit 
(very good 
glaze) 

 124 Rotterdam 1/2: 27% 
 

 1/2: 1%?       28%  Tot dit en alle voorgaande 
witten wordt de aaerde 
gewassen 1 part Doornikse 
aarde  1 part kleij  
(For all the previous glazes is 
the clay prepared with 1 part 
Doornik and 1 part clay) 



 

 

 125 Utrecht - van 
Oort 

1/3: 18%       2/3: 7? 25% ?  aaede tot dese witten te 
wassen  1/3 doornikse aarde, 
2/3 wi?sche? kleij (  
Washed clay for these glazes 
1/3 Doornik earth, 2/3 wi?sche 
clay  (Woerdense?) 

   1/3: 18%  1/3: 7%    1/3: 6%  31%  …of tot schuttels 1/3 doorniks 
aarde 1/3 klei ruijm 1/3 
swaerts aard schaars. 
…or for plates 1/3 Doornik 
earth 1/3 klei around 1/3 black 
clay 

1713 38 Harlingen 1/3: 18%  2/3: 13%       Details of clay preparation  

1717 129 Harlingen 1/3: 18%  2/3: 13%      31%    

1717 149 Harlingen  1/3: 18%  2/3: 13%      31%   seer goed 
wit 
Very good 
glaze 

1717 151 Makkum -
Ijjeme  
Sneeks (?) 

1/3: 18%  2/3: 13%      31%   fijn wit 
Good 
glaze) 

Wagenaar 1742 

1742 474 Delft Doorniks of 
Brabantsch 

   From 
Mulheim 
aan der 
Roer 

In recipe In recipe ?    

Le Francq van Berkhey 1769 - 1771           

1771 292 Delft Doornikse     Rhur/ 
Westphaallgf/ 
Mulheim klai 

Hollandfch  
Rhynklei  

?    

Paape 1794             

1794 5 Delft 1/2: 27%     1/4: 0?  1/4:3% 30% Rhijnland's 
or black 

  

 

 



 

 

Appendix IV: Dutch tin glaze recipes in written sources (with calculation of tin oxide in recipe) 

 

 

 

Petrus Sijbeda:    GLAZE 
(lb) 

    CALCULATION TIN 
OXIDE wt.% 

 

Recipe Page Date Place Dutch description Mastico
t 

Tinas  zout potas Other total Tinas w% Tin Oxide 

1 1 1672 Harlingen Een fijn wit soo als het al 'eer 
geaccordeert wierd bij Vaders tijd 

360 240 78   678 35.40 8.17 

 120  Harlingen Een ander fijn wit 300 200 65   565 35.40 8.17 

2 2  Utrecht Zon fijn wit van  een baas tot Utrecht 
(Gerardus van Oort? (1676 - 1717)  
Jan van Oort Amsterdam 1674 
(vader in Utrecht Adriaan v O 1676 - 99) 

100 86 25   211 40.76 11.65 

 121  Utrecht Een ander fijn wit van utrecht 300 258 75   633 40.76 11.65 

3 3-a  Harlingen Een slegt wit van mijn Vader 16 8    24 33.33 7.69 

 117 1659 Harlingen Een oud wit int jaar 1659 gemaakt  300 150    450 33.33 7.69 

4 6   Een seker slegt wit 192 96    288 33.33 0.00 

5 7-a   Een fijn wit als volgt 300 285 9.5   594.5 47.94 15.98 

 119   een ander fijn wit 300 285 9.5   594.5 47.94 15.98 

6 8  Harlingen Een fijn wit dat heel goed is. en bij 
Vader gebruikt 

160 100 10 12  282 35.46 11.82 

 45a  Harlingen? Een ander fijn wit 300 187.5 19 22.5  529 35.44 11.81 

 143  Harlingen? Een ander fijn wit 300 187.5 19 22.5  529 35.44 11.81 



 

 

7 9a  Harlingen dit bovenstaande is bij mijn Vader tot 
de fijn steentjes gebruikt 

270 180 58.5   508.5 35.40 11.80 

 45b  Harlingen [..]Dit wit is bij vader tot de fijne 
steentjes gebruikt. en vermindert door 
het bakken onder de overn 60lb gelijk 
als de witten doen. na dat er veel sout 
of pot-as in is. want dat sout en de 
potas worden vernietigd door het vier 

270 180 58.5   508.5 35.40 11.80 

8 9b  Engels Noch een fijn Engels wit 30 26 4.5 1  61.5 42.28 11.84 

 122  Engels Een Engels fijn wit 300 260 45 10  615 42.28 11.86 

9 10b   Een ander fijn wit 20 14 6   40 35.00 7.00 

10 11  Rotterdam Een fijn wit van Rotterdam door 
Johannes Lusseur (? name not clear] 
gebruikt 

300 160 35 24  519 30.83 7.30 

 124b  Rotterdam Een ander wit van rotterdam 300 160 35 24  519 30.83  

11 11 1670 Harlingen Hier volgt nu de manier van de wit te 
prepareren soo als mijn Vader het in de 
jare 1670 en 1671 had gedaan 

300 180 66 36  582 30.93 7.14 

 124a  Harlingen Een ander wit 300 180 66 36  582 30.93 7.32 

12 13a   Dit omstaands wit.. 300 180 66 36  582 30.93 7.14 

13 13b 1672 Harlingen 1672 aldus door Vader geaccordeert 200 120 50 24  394 30.46  

 125a 1672 Harlingen Een wit door vader gemaakt 1672 300 180 75 36  591 30.46 8.70 

14 14 1674 Harlingen 1674 door Vader dit vlgende Fijn wit 
geaccordeert sonder pot-as 

250 140 100   490 28.57 6.35 

15 15 1674 Harlingen als volgt dit was goed fijn wit 
Dit is goedkoop wit 

250 150 64 30  494 30.36 8.68 

 126 1674 Harlingen Een ander goed wit bij vader 1674 
gebruijkt 

300 180 76 36  592 30.41 8.69 



 

 

16 16  Utrecht Een fijne wit tot utrecht bij van Oordt 
gemaakt 

150 80 20   250 32.00 9.14 

 125b  Utrecht Een wit van van Oort 300 160 40   500 32.00 9.14 

17 19 1681 Harlingen Hier volgt nu een fijn wit bij mijn 
moeder gebruijkt in den jaar 1681 en 
verscheiden volgende jaren. en het was 
heel goed. maar omdat het wat te 
hoogh in prijs liep (gelijk bij de 
uijtrekening geblijkt) heeft zij het 
verandert. omdat de goederen minder 
in prijs loopen. doch mij denkt dit wir 
soo hoog in prijs niet te sijn. als moeder 
wel meende. 
 
Dit is best wit 

300 253 57   610 41.48 11.85 

 44 1681 Harlingen Een ander goed wit van moeder 1681 
geaccordeert. doch verworpen. omdat 
het na haar meeninge te hoog in prijs 
was 
[…] Dit wit soo veel van genomen. als 
tot een oven vol goed. genoeg is gelijk 
als dit onderstaande. maar is wat te 
weinig. als men wat veel wit goed 
maakt 
[...] Dat niet heel kostelijk in prijs is 

300 253 57   610 41.48 11.85 

 127 1681 Harlingen een fijn wit bij moeder gebruijkt Ao 
1681 

300 253 57   610 41.48 11.85 

 139 1681 Harlingen een fijn wit van moeder 1681 300 253 57   610 41.48 11.85 

18 21 1687 Harlingen een ander fijn Wit gebruijkt in 't jaar 
1687 en uigerekendt 

385 290 70   745 38.93 11.12 

 129 1687 Harlingen Een wit bij moeder gebruijkt 1687 300 225 54   579 38.86 11.10 



 

 

19 22 1677 Harlingen Een ander Wit door vader gebruijkt 
anno 1677 

300 240 30 18  588 40.82 11.66 

 128 1677 Harlingen Een fijn Wit bij vader gebruijkt Ao 1677 300 240 30 18  588 40.82 11.66 

20 24 1681 Rotterdam Hier volgen eenige soorte van Witten 
van adriaan de mejer tot Rotterdam. 
aan Moeder opgegeven anno 1681 10 
juni 

100 85 18   203 41.87 13.39 

 130 1681 Rotterdam Een wit van Adriaan de meyer 
een wit wit 1681 

300 255 54   609 41.87 13.39 

21 25 1681 Rotterdam Een ander Wit van de mejer soo als hij 
eenvoudig doed 
de wit is goed. maar Cost war meer. als 
dat wit. dat op pag: 20 staat. 

300 249 60   609 40.89 12.69 

 131  Rotterdam een ander wit van de mejer 300 249 60   609 40.89 12.69 

22 26 1681 Rotterdam De meijer goed koop wit op slechte 
steen en schuttels 
[…] 
Dit was geel van coleur 
het wit op pag: 15 is beeter. en ook soo 
goedkoop 

300 180 54   534 33.71 8.36 

 132  Rotterdam Een slecht wit van de mejer op schuttels 
en slechte steen te geven 

300 180 54   534 33.71 8.36 

23 40a  Delft Hier volgen weeder eenige Witten. voor 
eerst een delfs wit 

300 200 40   540 37.04 10.58 

 133  Delft Een delfs wit uijt de wilderman 
(Wildermanspoort) 

300 200 40   540 37.04 10.58 

24 40b   Een oostindisch wit 300 225 40 12 4 Naald of 
speldvijsel 

577 38.99 11.14 



 

 

 133   Een oostindisch wit 300 225 40 12  577 38.99 11.14 

25 41 1681  Een ander fijn wit 300 183 42   525 34.86 8.04 

 135b   Een ander wit van deselve [Reinier 
1681] 

300 183 42   525 34.86 8.04 

26 41 1681  Een ander wit 300 150 42   492 30.49 7.04 

 136   Een ander wit van Reiner 300 150 42   492 30.49 7.04 

27 42 1691 Delft 1691 heeft moeder dit wit ontfangen 
van eene Victor tot delft met een 
nieuwe quaart om goed te bakken met 
een dubbelde glans. 

300 270 30  18 
crystalijn 
(soda) 

600 45.00 14.18 

 141 1691  Een fijn Wt van victor tot Delft 
(According to Ottema p 43 thei refers to 
Louwijs Fictoorsz 1689 - 1713 Factory de 
Wildeman) 

300 270 30  18 
crystalijn 
(soda) 

600 45.00 14.18 

28 43 1681 Harlingen Nu volgt een wit dat moeder 1681 
geaccordeert heeft.en meer jaren. ook 
heel wit. en goed bevonden en 
gemakkelijk uit te stoken 

300 234 30   564 41.49 11.42 

29 46 1709-
1710 

Harlingen […] 
Dit wit wil wel wat blau bakken.maar is 
glans genoeg in 

300 255 48 9  612 41.67 11.03 

30 49 1812 Harlingen noch een fijn wit 1812 300 240 10 30  580 41.38 8.71 

31 49 1814 Harlingen 1814 300 240 20 12  572 41.96 8.83 

32 52 1808 Harlingen 1808 heb ik geaccordeerd 275 236  27  538 43.87 18.28 



 

 

33 118   Een ander fijn wit 300 200 65  20 lood 
aluijn 
20 lood 
gijps 
20 lood 
witte 
wijnsteen 

565 35.40 11.80 

34 123  Harlingen  300 200 66   566 35.34 11.78 

35 135 1681  een wit van Reiner 1681 300 183 42   525 34.86 8.04 

36 136   een ander wit: dat beter is 300 183 48   531 34.46 9.85 

37 137   een fijn Wit van moeder  
Moeder heeft genoteerd dat 't heel 
goed was en wel uit te stoken. 
 
Nota. Het gebeurt wel dat de tinas die 
onder de oven leidt weder begint te 
smelten en te verlopen uijt het wit en 
maakt soo een mager wit. dan moet 
men onder/anders (???] stellen dat de 
grond. daar 't wit op leidt. te laagh is; 
deselve daarna wat hooger gemaakt 
sijnde. sal 't wit beter uijt stoken en 't 
gebrek geholpen sijn. 

300 234 30   564 41.49 11.42 

38 138   Een best wit 300 240 30 12  582 41.24 10.31 

39 145 1699 Harlingen een fijn wit bij moeder 1699 gebruijkt 
en wel bevonden 

338 300 60   698 42.98 12.28 

40 147 1705 Harlingen Een wit bij moeder 1705 gebruijkt om 
op steen en schuttels van vriesche kleij 
alleen gemaakt te leggen 

300 260 50 18  628 41.40 8.74 

41 148 1717 Harlingen Nu volgt mijn wit dat ik nich op dato de  
1717 gebrujk. het is ee seer goed wit 

300 252 52 6  610 41.31 11.80 



 

 

42 151 1717 Makkum Een fijn wit van Ijeme Sreerks (sneerks?) 
tot Makkum Ao 1717 

300 240 45   585 41.03 12.13 

43 152 1718 Harlingen De onderstaande fijn wit heb ik 1718 
den 11 januari geaccordeert als volgt en 
is genieg tot een oven vol 

300 240 45 3  588 40.82 12.47 

44 153 1718 Harlingen Een uijtnemend fijn wit door mij 
uitgevinden en op den 24 7ber 1718 
geaccordeert asl volgt. 
Maar dit wit wit valt wat kostelijk. doch 
voor best goed. kan men ook meerder 
geld voor koopen en dan is 't noch 
profijtekijker. als slecht wit. 

300 240 45 6  591 40.61 12.41 

45 155 1719 Harlingen 1719 den 20 acccordeert en seer 
uijtnemend fijn wit wit. 
[..] nota al kost sit wat meer…[vlek] 2 a 
3 voorgaande. het word door de ..ndere 
tinas in ijder ackordeersel …kelijk 
vergasdt en het is witter wit. waarom 
men niet spaarsaam omtrent fijn tin 
mort sijn. want men neemt er parpartis 
wat minder tinas 

300 228 45 6  579 39.38 13.13 

46 156 1720 Harlingen 1720 den 13 februari een zeer 
uitnemend fijn wit wit accordeert 
[…is wat inverbeterlijk mooi in 't 
gebruijk bevonden. maar is wat 
kostelijk. dich de prijs voor mooi goed 
moet het ander goed maken. De 
veelhheit van zout. of het zout. maakt 
een wit heel wit. als het wel genoeg 
. 

300 240 45 3  588 40.82 13.61 



 

 

    tinas is: maar anders ook blauw en 
wreed. 
Bij diyt bovenstaande blijf ik nogch te 
accoorderen. alsoo het alderbest id. 
maar dit overstaande [155] is ook goed. 
voor de schuttels en slachte steentkes. 
en is wat goedkooper. alsoo een 12lb 
tinas in ijder ackordeersel minder komt 

        

47 157 1754  [157-b] om wit te maken die[??] sonder 
souda soo neemt tot de mastigkout 
[157-c] tot het eit sonder souda 

275 228 48 12  563 40.50 10.12 

48 157 
158 

1754  [157-d] om wit te ackordieren met 
souda soo neemt tot de 
mastigkout[158-a] tod hed wit met 
souda  
[158 onder]en dus ackordierden wij ons 
wit in jaar 1754 bij gebrek van souda 
doe moesten sonder souda en 
naderhandt met souda op de wiese en 
was beijde heel goedt doch het selve 
sonder souda was (?) soo veel pur niet 
file als heet ander [???] 

368 276 48 12  704 39.20  

49 158  Harlingen? In het jaar 1758 ackorderden wij [..] is 
een heel goed wit 

300 236 40 10  586 40.27 0.00 

Feijtema-Tjallingii 1960, 5          

Tjallingii  1785? Harlingen   275 236 36 18     

Kamermans 2009, 213 
 

         

van Traa 1850 Rotterdam  300 225 60      

 

 

 

  



 

 

 

Appendix V: Alkali Plant Ash compositions 
Terms for structure burnt material:  

* Consolidated = collapsed into a single lump; Sintered = hardened into irregular forms but not collapsed; Granulated = no general sintering - more like fluffy material or 

maintaining botanical shapes (Brill 1999 vol 1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Saltwort and desert plants 
 

 

Brill 1999 Vol 2: 482-486 
Ashtor & Cevidalli 1983 
Verita 1985 

 

Author Sample wt.% Na2O K2O CaO MgO AlO3 Fe2O3  P2O5 SO3 Cl 
Ratio 
Na2O/ 

K2O 

Structure of burnt 
material 

Brill 1380 Syrian desert shrub (chinan) 31.3 5.2 9.5 6.0 0.7 6.0   8.1 15.0 6.0 Light coloured ash 

Brill 1326 Iraq shrub (chinan) 42.5 7 4.7 12.2 0.5 0.3   2.2 6.1 6.1 Fine white powder 

Brill 1331 Afganistan (Ishgar) Herat glass factory 35.5 4.6 7.3 8.8 0.6 0.3  - 1.1 4.7 7.7 Sintered 

Brill 4447 
Ash lump (Uzbekistan) Used by tile 
glazers 

42.1 7 1.0 0.9 0.2 0.6  0.6 19.4 15.7 6.0 Hard dark-grey lumps  

               

Ashtor  Salsola soda (Levant) 43.0 6.8 3.6 1.8 - -  - 0.9 3.0 6.4 - 

Verita  Salicornia (Venice) 35.0 4.0 5.0 5.4 1.7 0.8  0.6 3.2 37 8.8 - 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Kelp (Wrack)  

 
* Yield = Weight ash in relation to wet seaweed 
 

Brill 1999 Vol 2: 482-486 
Verita 1985 
 

 

Author Sample  Na2O  K2O CaO MgO AlO3 Fe2O3   P2O5 SO3 Cl SiO2 
Total  
wt.% 

Yield* Structure of burnt 
material 

Brill 4520 
Ash of knotted wrack. 
Witburn 

19.4 16.4 11.6 11.2 0.7 0.4   0.3 31 5.1 minor 96.0 8% 
Greyish mass. some 
consolidation and 
granulation 

 

Brill 4521 Ash of saw wrack. Witburn 19.2 19.3 10.5 10.0 0.6 0.3   3. 17.8 14.0 minor 95.5 11% 
Dark grey. some 
sintering 

Brill 4522 Saw wrack. South Shields 20.8 19.9 9.0 9.0 0.63 0.36  7.3 16 19.5 minor 102.4 7% 
Dark grey mass. 
some consolidation 
and sintering 

 

Brill 4523 
Ash of bladder wrack. 
Jarrow 

13.7 15.5 8.1 7.5 4.6 2.0   5.3 21.5 6.8 minor 85.0 18% 
Brown granular 
material. very little 
sintering 

Brill 5454 
Ash of bladder wrack 
Witburn 

18.7 12.4 9.0 8.0 0.6 0.4   3.1 23.7 11.0 minor 86.9 13% 
Grey mass well 
sintered 

Brill 4525 
Ash of bladder wrack.  
S. Shields 

11.1 9.04 5.4 5.3 0.2 0.1   3.4 7.5 17.0 minor 59.3 7% 
Consolidated and 
well sintered 

 

Verita  Ashes of Vereque. France 19.8 17.5 9.2 6.8 0.6 0.41  1.0 20.8 15.5 minor 90.3   

                 

  Average 17.1 15.4 8.9 8.5 1.2 0.6  3.8 19.5 12.2 - 15.4   



 

 

 

 

 

 

 

 

 

 

 

 

Wood. Fern and Bracken  
 

 

R.Brill 1999 vol 2: 485 
Verita 1985  

Smedley et al 2001 
Stern and Gerber 2004: 140 
Cilová et al 2012 

 
 

Author Plant type and source Na2O K2O CaO MgO AlO3 Fe2O3  P2O5 SO3 Cl SiO2 CO2  Structure of burnt material 

Stern & Gerber 

9937 
Beech (fresh) 
(Jura) 

0.5 11.1 33.2 8.7 7.4 3.8  4.7 0.6 0.0 29.1 16.0   

Stern & Gerber 

9937 
Beech (extract) 
(Jura) 

0.8 86.8 0.2 0.0 0.8 0.2  0.3 7.0 0.3 2.75 20.8  Fine powder 

Cilová  
sample 1 

Beech ash 0.1 29.0 39.4 9.0 0.9 0.7  3.3 2.1 0.0 4.4 -   

Cilová  
sample 1 

Beech potash  
(extract) 

0.2 88.8 3.3 0.8 0.4 0.2  0.2 3.3 0.1 1.7 -   

 

Stern & Gerber 

9917 
Birch (fresh) 
(Black forest) 

12.0 10.8 48.1 4.5 1.0 2.0  6.10 2.5 0.0 12.0 21.6  fine powder 

Stern & Gerber 

9917 
Birch (extract) 
(Black forest) 

2.7 71.3 0.3 0.1 0.4 0.1  0.0 18.0 0.1 6.2 13.28   

 

Brill 4406 Fern ash (NH) 0.3 38.7 7.2 10.2 1.3 0.5  7.32 3.9 3.8 minor ns  Grey feathery ash 

Verita Fern (Venice) 0.4  25.5 18.0 8.0 1.5 0.8  4.0 4.5 3.5 4.5 25  - 

 

Brill 1325 Bracken Surrey (UK) 2.4 26.0 6.8 6.5 1.0 0.4  ns 12.1 8.4 minor 1.7  Ash 

Smedley Bracken ash  (UK) 0.5 35.1 8.9 2.3 0.5 0.3  3.1 - - 25.0 -  - 



 

 

Appendix VI: Cost of glaze raw materials in archival sources 
 

Hoynck van Papendrecht 1920 

(Information sourced from the Rotterdam City Archive) 

 

1 gulden (f) = 28 stuivers     

1 stuiver =    16 penningen     

 

Page Date/details Material Price – in guldens (f). 

stuivers and penningen  

(see appendix 13 for 

values) 

Approximate 

price per lb  

in stuivers/ 

penningen 

343 1627 

Inventory 

Den Berg 

Sion 

Rotterdam 

80 wagons zand  

(carts sand) 

 

6000 pond fransche soda 

(French soda) 

 

144 ponden tinas 

(pounds of tinas) 

 

175 ponden fijn engelse tin 

( Good English tin) 

 

156 1/2 ponden 

'schotelfijne' tinne 

(plate tin) 

 

1702 ponden loodt 

(lead) 

 

 

 

4000 pond putlood 

(calcined lead) 

 

 

3000 pond loodasch 

(calcined lead) 

1 stuiver per wagon = 4 

guldens 

 

6 gulden per 100 lb 

 

 

4 stuivers per lb = 30 

guldens. 60 penningen p  

 

56 guldens 'a hundred': 175 

pond = 98 guldens 

 

9 stuivers per lb = 56 

guldens  and 18 stuivers 

 

 

6 guldens en 10 stuivers 

'per 100' 

1702 pond = 110 guldens. 

18 stuivers. 12 penningen 

 

6 guldens en 5 stuivers 'per 

100' 

4000 pond = 250 guldens. 

 

24 stuivers 'per 100' = 36 

guldens 

 

1 - 4 

 

 

1 - 7  

 

 

4 - 0 

 

 

15 - 6 

 

 

9 - 0 

 

 

 

1 - 8 

 

 

 

 

0 - 8 

 

 

 

0 - 3 

 

389 1661 

Inventory 

Boudewijn 

de Meijer 

800 ponden tinache 

(calsined tin and lead) 

 

200 ponden tin 

ƒ  170  –  0 –  0 

 

 

ƒ  123 – 12 – 12 

6 - 0 

 

 

17 - 0 



 

 

  (divorce 

settlement) 

 

1500 ponden fijn wit 

(gemalen en ongemalen) 

(white glaze milled and 

unmilled) 

 

800 pond gebakken 

masticot  

(melted masticot) 

 

200 ponden potasche 

(potash) 

500 ponden quaert 

(lead glaze) 

 

ƒ   225 –  0 –  0 

 

 

 

 

 

ƒ   64 –  0 –  0 

 

ƒ   58 –  0 –  0 

 

ƒ   75 –  0 –  0 

 

4 - 2 

 

 

 

 

 

2 - 2 

 

8 - 0 

 

4 - 2 

392 

 

 

 

 

 

 

 

 

 

 

 

393 

1663 

Simon 

Boudewijnse 

van de Voort 

'Tegelbaker' 

 

(pre-nuptial 

agreement) 

300 pont tinas 

(calcined tin and lead) 

 

38 potten ongemalen wit 

(30 pond/1140 pond) 

(Unmilled glaze) 

 

Gemalen wit 

38 potten ieder 30 pond 

(milled glaze) 

 

300 pont gebakken slegt 

wit  

6 gulden voor 100 pond 

 

250 pont mastekot  

 

Debts to suppliers: 

3500 pont souda 

1/2 ton zout 

700 pont goudglit 

211 pond fijn tin 

32 pond kan-tin 

 

ƒ   75 –  0 –  0 

 

 

ƒ   114 –  0 –  0 

 

 

 

ƒ   128 –  0 –  0 

 

 

 

ƒ   18 –  0 –  0 

 

 

 

ƒ   3 –  15 –  0 

 

 

ƒ   73 –  10 –  0 

ƒ      1  –  0 –  0 

ƒ    98  –  0 –  0 

ƒ  118 –  8 –  0 

ƒ   15 –  10 –  0 

 

7 - 0 

 

 

2 - 8 

 

 

 

3 - 0 

 

 

 

1 - 7 

 

 

 

0 - 4 

 

 

0 - 6 

 

4 - 0 

1 - 0 

13 - 4 



 

 

Appendix VII: Historical tile set for analysis 
 

 

RM: Rotterdam Museum, Rotterdam. 

HH: Hannemahuis Museum, Harlingen. 

NTM: Netherlands Tile Museum, Otterlo. 

LdH: Collection Luut de Haan. Harlingen. 

HTF: Collection Rikus Oswald, Harlingen Tile Factory. 

HKTH: Foundation Historische Kring Tolsteeg-Hoograven, Utrecht. 

RAT: Collectie Regts Antieke Tegels, Franeker. 

WJ: Collectie Wilhelm Joliet. 

NT: Collectie Norman Tennent.  

(nn= no number) 

 

 



 

 

 
  

Collection/ 

inventory 

number

 Subject Date Thickness

(mm)

Details Provenance Literature 

references

RM

14020.01

Sea creature. 1600 - 

1625

14.4 Excavated Mariniersweg by library 

July 1983.

de Jager 2009, 78.

Pluis 2012, 145.

RM

A45001B

Sea scape tile

- Fish head.

1600 - 

1625

15.3 Details of place found unknown. de Jager 2009, 78.

Pluis 2012, 145,

RM

966.1

Chinese garden with 

grasshopper on 

rock.

1600 - 

1625

14 Taken out of a Rotterdam building. 

Exact details not known.

Gierveld 2004, 41.

Pluis 2012, 436.

RM

9274

Quatrefoil  with 

oranges and 

marigolds. Corner 

motief of double 

palmette in reserve.

1625 - 

1650

12.4 From a building in the area of 

Zandstraat Rotterdam.

(a very popular decoration in  a 

number of production  centres).

de Jager 2009, 16, 7.

NTM

04552

Representation of a 

pillar

From a tile picture.

1625 - 

1650

12 Details of place sourced not known. htt:s://www.collectiegelderland

.nl

Pluis 2013, 624

NT

nn

 Soldier. 1625 - 

1650

10.6 Taken out of a Rotterdam building. 

Exact details not known.

de Jager, 117.

RM

4816

Bat. 1650 - 

1675

13 Excavated 's Gravenweg 368 

Rotterdam, from a farm. 

RM

4815

Owl. 1650 - 

1675

11.6 Excavated. 's Gravenweg 368 

Rotterdam, from a farm. 

RM

6865

Kiln waste: biscuit 

tile stuck on plate.

1650 - 

1675

10 Excavated in city centre. Raadhuis 

1914-17.

RM

9158

Children's game

blowing-tube. 

1675 - 

1700

9 Removed from a Rotterdam building  

1942.

Pluis 2012, 105.

RM

9167

Children's game. 1675 - 

1700

8.7 Removed from a Rotterdam building  

1942.

Pluis 1979, 260.

RM

14018

Kiln waste, biscuit 

tile stuck on plate.

1675 - 

1700

7 Excavated 1914 Raadhuisterrein.

WJ

R8

Tile from a tile 

picture depicting 

the Crucifixion. 

1700 - 

1750

8 Painted by Jan Aalmis, part of 

tilepicture set in de regio Huelva 

Spain. Collection Joliet. 

htt:://www.tegels-uit-

rotterdam.com/aalmis_kreuzw

egstationen.html

RM

4800

Sailing ship. 1700 - 

1750

7.8 Excavated Schiedamdijk east side 

1939.

RM

6863

Kiln waste, pile of 

glazed tiles.

1700 - 

1750

10 Kiln Waste. Found in war damage, 

Rotterdam in 1942. Exact location 

unknown.

de Jager 2009, 23.

Rotterdam



 

 

 

Collection/ 

inventory 

number

 Subject Date Thickness

(mm)

Details Provenance Literature 

references

HH

nn

HH1

Flower vase

Corner motif in 

reserve.

1600 - 

1625

14.3 From a  Harlingen building. Gierveld 2005, 155

Gierveld 2004, 52

similar found Kruisstraat  en 

Raastraat. 

Pluis 2012, 422JdH

STR T8

Dromedary in 

diamond

corner motief 

palmette in reserve.

1600 - 

1625

14.5 Excavated  corner Raamstraat and 

Schritsen in Harlingen site of 16th 

century factory.

Korf 1979, 74

- Similar decoration with hare.

Dated 1609. 

Pluis 2012, 341.

LdH

STR T9

Floral design. 1600 - 

1625

14.5 Excavated corner Raamstraat and 

Schritsen in Harlingen - site of 16th 

century factory.

HH

nn

HH2

Pomegranate 

design.

1625 - 

1650

14.8 From a  Harlingen building Kamermans  Stil verzameld: 48

Pluis 2012, 227.

RAT

HR 1

Crane in circle with 

fretwork.

1625 - 

1650

9 Styistically Harlingen. Exact source 

unknown.

Pluis 2012, 142. Harlingen 

similar style.

Engraving Adriaen Collaert.

van Dam 1988, 67.

HTF 

T2

Soldier

oxhead corner 

decoration.

1625 - 

1650

10 Taken form building Jacobs d'Adam 

aan de Ossenmarkt.

Such tiles were made  in  the 

last phase of the Dutch Revolt 

ca. 1648.

HH

HH3

Ship. 1650 - 

1675

10.3 From a  Harlingen building. Gierveld, 97.  

Pluis 2012, 80. 

RAT

HR 2

Windmill. 1650 - 

1675

9 Styistically Harlingen. Exact source 

unknown.

RAT

HR 5

Castle. 1650 - 

1675

9.5 Styistically Harlingen. Exact source 

unknown.

HH

4064

HH5

Rabbit. 1675 - 

1700

12 Styistically Harlingen. Exact source 

unknown.

Gierveld, 97.  

HH

3766

HH4

Flowers in diamond

'Fries kussentje'.

1675 - 

1700

9.4 Found in buidling in Ossenmarkt. Gierveld 2005, 109. 

Gierveld 2004, 58. 

Pluis, 418.

RAT

HR 3

Soldier on 

horseback.

1675 - 

1700

6 Styistically Harlingen. Exact source 

unknown.

RAT

HR 4

Farm houses. 1700 - 

1750

6 Styistically Harlingen. Exact source 

unknown,

LdH

STR  T13

Buildings and boats. 1700 - 

1750

6 Excavated S.R. Straat, Harlingen.

HTF

T1

Flowers. 1700 - 

1750
(Possibly 

later )

6 Removed from 17th century 

Harlingen building.

Harlingen



 

 

 

 
  

Collection/ 

inventory 

number

 Subject Date Thickness

(mm)

Details Provenance

HKTH

nn

U9

Flowers in vase. 1600 - 

1625

14 Excavated in 1984 from Oudekam 16, 

Utrecht.

HKTH

nn

U3

Flower pot with 

tulips in diamond 

Fleur-de-lys corner 

motief.

1600 - 

1625

10.1 Found at Kerkpad Noordzijde 37, 

Soest,

1928 catalogue Utrecht 

Museum van Oudheden - 

samples collected form area do 

Bolwerk factory in 1918. 

NTM

01828

Children's game

- Child on stilts

spider corner 

motief.

1625 - 

1650

10 Taken out of  Keizerstraat 35 in 

Utrecht built in 1645. Tiles were 

ordered for the house in 1647 from 

Agter 't Weystraat.  

HKTH

nn

U2

Shepherd under a 

tree, spider corner 

motief.

1625 - 

1650

10 Found at Trans 9, Utrecht. Sprangers 2003, 42. 

HKTH

A.02.04.08

U10

Figure with sticks

spider corner 

motief.

1625 - 

1650

12 Found at Lange Nieuwstraat 53.

HKTH

A.02.04.08

U13

Flowerpot

Ox-head corner 

motief.

1650 - 

1675

12 Found at Lange Nieuwstraat 53.  Sprangers 2003, 18.

HKTH

nn

U1

She:ard with flute

spider corner 

motief.

1650 - 

1675

9.2 In situ Neude 39, Utrecht.  Sprangers 2003, 31. 

U4 Dog

spider corner 

motief.

1650 - 

1675

7.9 Excavated Westzijde 6. Utrecht. sit 

of Bemuurde Weerd factory.

HKTH

A.04.02.

U12

Flying bird

Ox-head corner 

motief.

1675 - 

1700

11.5 Removed from a building in Utrecht.

U6 Child's game

- Child with hands 

held high.

1675 - 

1700

7 Excavated 1984 Bemuurde Weerd 

Westzijde 6, Utrecht.

U8 Landscape

Spider corner 

motief.

1675 - 

1700

9 Bemuurde Weerd Westzijde 6, 

Utrecht.

A similar tile in  Sprangers 2003, 

28.

U5 Child's game

- Child with hoop

Ox-head corner 

motief.

1700 - 

1750

6.7 Zuilenstraat 14, Utrecht.

A.03.06.09

U14

Child's game

- Children with sticks

Ox-head corner 

motief.

1700 - 

1750

10 Firing fault. Removed from a building 

in Utrecht.

U7 Bible scene in circle

Ox-head corner 

motief.

1700 - 

1750

8.8 Archeo Lichte Gaard, Utrecht. Sprangers 2003, 44. 48  Agter 't 

Weystraat.

Utrecht



 

 

Appendix VIII: Measuring colour 
 

The Munsell system 

The most common method used by archaeologists and geologists to record colour in ceramic or clay 

is the Munsell colour system.959 First introduced in the early 20th century, it provides a way of precisely 

specifying colours and show the relationship between samples. In this system three qualities or 

attributes of colour are measured: hue, value and chroma. Hue is the attribute of a colour by which 

we distinguish, for example, red from green and blue from yellow. Apart from the main hues of red, 

yellow, green, blue and purple, five intermediate hues are given: yellow-red, green-yellow, blue-green, 

purple-blue and red-purple which are given as symbols: R, YR, Y, GY, G, BG, B, PB, P and RP. ‘Value’ 

indicates the lightness of a colour. The scale of value ranges from 0 for pure black to 10 for pure white 

and ‘chroma’ determines how far a colour varies from the neutral colour of the same value, sometimes 

referred to as colour saturation.960 Munsell produced numerical scales with visually uniform steps for 

each of these elements, making the colours available as paper charts which facilitate on-site 

measurements (see figure 2).  While being a very valuable tool for geologists and archaeologists, the 

use of the Munsell system for research purposes can be problematic due to the variations of individual 

colour perception, the inconsistency of lighting sources and the difficulties of separating subtler 

variations in tone.961   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
959 Rice 2005, 339. 
960 See www.munsell.com. 
961 Gerharz et al 1988; Rice 2005,343. 

Figure 2 : Measuring s test 
samples using the  Munsell 
system. 

Figure 1: The Munsell colour tree  
(https://www.pantone.com/pages/pr
oducts). Accessed 10/05/2017) 
 

 



 

 

The CIE L*a*b*Colour system  

(Commission Internationale d'Eclairage) 

 

The CIE colour model is a mapping system that uses tristimulus (a combination of 3 colour values) that 

are close to red/green/blue) values which are plotted on a 3D space (see figure 3). When these values 

are combined, they can reproduce all colours perceived by the human eye. 

 

The L* coordinate indicates ‘luminosity’ or lightness (‘value’ in the Munsell system), the a* coordinate 

indicated the red/green value, and the b* coordinate the yellow/blue value. While the a* and b* axes 

define the colour, the L* axis, which runs perpendicularly to the other axes, defines the luminosity or 

‘whiteness’ with 100 equalling white and 0 equalling black.  

 

 

 

 

Spectrophotometer 

 

A spectrophotometer measures the spectral reflectance or transmittance of the surface of an object 

across the full spectrum of visible wavelengths from 400mm to 700mm., and has the advantage of 

providing a replicable and non-subjective method for measuring and identifying colour (see figure 4). 

Colour is measured by recording the reflectance of the sample at a given wavelength compared to the 

reflectance of a diffuse white standard that is measured under exactly the same lighting conditions. 

The measurements are made from two light sources: SCI - Specular Component (which includes gloss) 

and SCE - Specular Component Excluded. D65 is the commonly used standard illuminant which 

represents average daylight. Measurements can be taken with two apertures: 8 mm (MAV) or 3 mm 

(SAV). The colourimetric data is given as CIE L*a*b* values. 

 

 

 

 

 

 Figure 4: Minolta Spectrophotometer 
model CR-200b (www.Minolta_ model 
CR-200b) 

 

Figure 3: 3D representations of the 
CIEL*a*b* colour system  
(Images source from www.allied-glass.com 
and www.colourcodehex.com. Accessed 
18/07/2017) 



 

 

Appendix IX:  SEM BSE images tile set 
The instrument used was a JEOL95 10LV E. Observations were made in back-scattered electron mode 

(BSE) under low vacuum with a chamber pressure of 30 Pa and at an accelerating voltage of 20 kV. 

The acquisition of X-ray spectra was undertaken with the detector set at ca. 10 mm working distance. 
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Appendix X: EDX data ceramic of historical tile set 
The instrument used was a JEOL95 10LV E coupled with an X-ray energy-dispersive spectrometer (SDD 
energy-dispersive X-ray detector (EDX) of Thermo Noran, with Thermo NSS software). Observations 
were made in back-scattered electron mode (BSE) under low vacuum with a chamber pressure of 30 
Pa and at an accelerating voltage of 20 kV. The acquisition of X-ray spectra was undertaken with the 
detector set at ca. 10 mm working distance. 
 

ROTTERDAM 

CERAMIC BODY Na2O MgO Al2O3 SiO2 K2O CaO Fe2O3 SnO2 PbO Other Total 

1600 - 

1625 

  

  

  

  

14020.01 1.4 1.3 11.6 64.3 2.0 11.9 4.2 0.5 1.0 1.8 100 

A45001B 1.3 1.6 10.2 56.2 1.5 22.3 4.0 0.6 1.2 1.1 100 

966.1 1.6 1.3 11.4 58.0 1.7 21.5 4.3 0.0 0.1 0.1 100 

Average 1.4 1.4 11.1 59.5 1.7 18.6 4.2 0.4 0.8 1.0 100 

STD 0.2 0.2 0.7 4.3 0.2 5.8 0.2 0.3 0.6 0.7   

  
       

  

1625 - 

1650 

  

  

  

  

9274 2.7 1.3 11.5 50.7 1.6 23.9 5.0 0.0 2.5 0.8 100 

NTM 

04553 

1.0 1.7 8.7 59.4 1.4 21.9 4.2 0.7 1.0 0 100 

NT1 1.9 1.5 11.1 63.7 1.3 15.7 4.8 0.0 0.0 0 100 

Average 1.9 1.5 10.4 57.9 1.4 20.5 4.7 0.2 1.2 0.3 100 

STD 0.9 0.2 1.5 6.6 0.2 4.3 0.4 0.4 1.3 0   

                  

1650 - 

1675 

  

  

  

  

4816 2.3 1.9 9.8 61.7 1.5 13.8 4.5 0.3 1.6 2.5 100 

4815 1.9 1.8 12.3 61.5 1.7 15.0 4.1 0.0 0.0 1.7 100 

6865 2.1 2.2 13.4 59.1 1.5 18.0 6.0 0.4 0.6 2.9 100 

Average 2.1 2.0 11.8 60.8 1.6 15.6 4.3 0.2 0.8 2.4 100 

STD 0.2 0.2 1.8 1.4 0.1 2.2 0.3 0.2 0.8 0.6   

    

1675 - 

1700 

  

  

  

  

9158 1.2 1.3 7.3 57.6 2.1 24.0 4.6 0.3 1.2 0.4 100 

9167 1.3 2.1 15.0 52.9 0.6 21.6 6.4 0.0 0.0 0.1 100 

14018 2.8 2.4 10.8 55.8 1.8 18.1 5.6 0.0 2.2 0.5 100 

Average 1.8 1.9 11.0 55.4 1.5 21.2 5.5 0.1 1.1 0.3 100 

STD 0.9 0.6 3.9 2.4 0.8 3.0 0.9 0.2 1.1 0.2   

                          

1700 - 

1750 

  

  

  

  

Aalmis 1.2 5.2 9.8 59.6 1.0 17.9 3.4 0.8 1.0 0.1 100 

4800 1.6 1.6 7.5 58.2 1.8 23.4 3.1 0.4 1.9 0.5 100 

6863 1.5 2.5 9.0 58.0 1.7 22.0 3.0 0.5 1.5 0.3 100 

Average 1.4 3.1 8.8 58.6 1.5 21.1 3.2 0.6 1.5 0.3 100 

STD 0.2 1.9 1.2 0.9 0.4 2.9 0.2 0.2 0.5 0.2   



 

 

 
 

 

 

HARLINGEN 
 

CERAMIC BODY Na2O MgO Al2O3 SiO2 K2O CaO Fe2O3 SnO2 PbO Other Total  

1600 - 
1625 

STRT8 1.6 1.9 10.7 66.7 2.8 8.7 5.5 0.2 1.7 0.2 100  

STR T9 0.4 1.8 10.3 70.9 3.6 6.0 6.2 0.3 0.2 0.3 100  

HH1 1.9 1.5 11.8 60.5 1.8 16.1 4.3 0.3 1.6 0.2 100  

Average 1.3 1.7 10.9 66.0 2.7 10.3 5.3 0.3 1.2 0.2 100  

STD 0.8 0.2 0.8 5.2 0.9 5.2 1.0 0.1 0.8 0.1   

            

1625 - 
1650 

HH2 1.5 2.7 13.6 60.0 1.5 15.1 4.9 0.8 0.0 0 100  

HR1 1.0 2.3 8.9 63.6 1.3 19.1 3.5 0.1 0.2 0 100  

HTF T2 1.2 2.5 11.2 61.8 1.4 17.1 4.2 0.4 0.1 0.1 100  

Average 1.2 2.5 11.2 61.8 1.4 17.1 4.2 0.4 0.1 0.0 100  

STD 0.3 0.2 2.4 1.8 0.1 2.0 0.7 0.4 0.1 0.1   

            

1650 - 
1675 

HH3 1.6 2.3 8.7 60.2 2.0 16.9 4.6 0.3 3.4 0 100  

HR5 1.9 1.7 9.2 55.6 1.1 25.7 3.6 0.5 0.6 0.1 100  

HR2 1.8 1.7 10.5 57.6 1.7 21.2 4.6 0.8 0.0 0.1 100  

Average 1.8 1.9 9.5 57.8 1.6 21.3 4.3 0.5 1.3 0.1 100  

STD 0.2 0.3 0.9 2.3 0.5 4.4 0.6 0.3 1.8 0.1   
 

          

1675 - 
1700 

HH4 1.5 1.4 10.7 54.5 1.4 22.3 5.3 1.2 1.6 0.1 100  

HR3 2.4 2.8 11.4 58.9 1.6 13.5 5.9 0.2 1.3 2 100  

HH5 2.4 1.5 10.5 56.6 2.9 19.7 3.3 1.0 2.1 0 100  

Average 2.1 1.9 10.9 56.7 2.0 18.5 4.8 0.8 1.7 0.7 100  

STD 0.5 0.8 0.5 2.2 0.8 4.5 1.4 0.5 0.4 1.1   

            

1700 - 
1750 

HR4 1.3 1.9 9.4 58.2 1.6 21.9 3.8 0.5 1.3 0.1 100  

STR T13 1.6 1.8 8.9 62 1.5 18.8 4.3 0 1.1 0 100  

HTF T1 1.2 1.7 8.2 59.1 1.2 23.8 3.9 0 0 0.9 100  

Average 1.4 1.8 8.8 59.8 1.4 21.5 4.0 0.2 0.8 0.3 100  

STD 0.2 0.1 0.6 2.0 0.2 2.5 0.3 0.3 0.7 0.5   

 



 

 

 
 

 

 

UTRECHT 

CERAMIC BODY Na2O MgO Al2O3 SiO2 K2O CaO Fe2O3 SnO2 PbO Other Total 

1600 - 
1625 

U9 1.7 1.8 13.7 62.1 0.0 16.4 4.0 0.0 0.0 0.3 100 

U3 0.9 0.9 6.0 71.3 1.2 14.6 2.5 0.1 0.6 1.9 100 

Average 1.3 1.4 9.9 66.7 0.6 15.5 3.3 0.1 0.3 1.1 100 

STD 0.6 0.6 5.4 6.5 0.8 1.3 1.1 0.1 0.4 1.1   

                          

1625 - 
1650 

U2 1.4 1.2 6.6 55.3 1.6 28.6 2.9 0.7 0.8 0.9 100 

U10 0.9 2.2 7.2 60.3 2.2 18.0 3.3 0.0 5.9 0 100 

NTM 
1828 

1.5 2.5 8.7 65.9 0.8 15.9 3.9 0.3 0.4 0.1 100 

Average 1.3 2.0 7.5 60.5 1.5 20.8 3.4 0.3 2.4 0.3 100 

STD 0.3 0.7 1.1 5.3 0.7 6.8 0.5 0.4 3.1 0.5   

            

1650 - 
1675 

U13 1.4 1.5 7.7 70.8 2 11.3 3.2 0.5 1.4 0.2 100 

U1 1.9 1.1 7.9 66.2 2.7 15.1 2.9 0.6 1.6 0 100 

U4 1.5 1.1 9.2 60.3 2.5 19.4 2.9 0.7 1.5 0.9 100 

Average 1.6 1.2 8.3 65.8 2.4 15.3 3.0 0.6 1.5 0.4 100 

STD 0.3 0.2 0.8 5.3 0.4 4.1 0.2 0.1   0.1   

               

1675 - 
1700 

U12 1.3 1.8 9.3 58.5 2.4 21.6 3.7 0.6 0.8 0 100 

U6 1.3 1.2 8.6 59.4 1.3 23.1 3.4 0.6 0.7 0.4 100 

U8 1 2.8 8.5 48 1.5 31.8 3.2 1.4 1.7 0.1 100 

Average 1.2 1.9 8.8 55.3 1.7 25.5 3.4 0.9 1.1 0.2 100 

STD 0.2 0.8 0.4 6.3 0.6 5.5 0.3 0.5 0.6 0.6   

           

1700 - 
1750 

U5 1.2 1.6 8.6 51.1 1.5 28.6 4.9 0.5 1.9 0.1 100 

U15 1.5 1.2 10 68.2 1.8 12.4 3.4 0.2 0.4 0.9 100 

U7 1.5 1.5 10.3 52.9 1.4 25.5 3.8 1 2 0.1 100 

Average 1.4 1.4 9.6 57.4 1.6 22.2 4.0 0.6 1.4 0.4 100 

STD 0.2 0.2 0.9 9.4 0.2 8.6 0.8 0.4 0.9 0.5   

 



 

 

Appendix XI: EDX data glaze of historical tiles 
The instrument used was a JEOL95 10LV E coupled with an X-ray energy-dispersive spectrometer (SDD 
energy-dispersive X-ray detector (EDX) of Thermo Noran, with Thermo NSS software). Observations 
were made in back-scattered electron mode (BSE) under low vacuum with a chamber pressure of 30 
Pa and at an accelerating voltage of 20 kV. The acquisition of X-ray spectra was undertaken with the 
detector set at ca. 10 mm working distance. 
 

ROTTERDAM 

GLAZE Na2O MgO Al2O3 SiO2 K2O CaO Fe2O3 SnO2 PbO Other Total 

1600 - 

1625 

14020.01 2.3 0.5 2.1 58.4 3.4 3.2 0.4 5.3 24.4 0 100 

A45001B 2.4 0.5 3.7 54.8 4.2 3.9 0.7 6.1 23.6 0.1 100 

966.1 2.5 0.4 3.4 54.7 2.9 5.2 0 5.6 24.9 0.4 100 

Average 2.4 0.5 3.1 56.0 3.5 4.1 0.4 5.7 24.3 0.2 100 

STD 0.1 0.1 0.9 2.1 0.7 1.0 0.4 0.4 0.7 0.2   

    

1625 - 

1650 

9274 2.5 1.4 2.2 53 3.2 5.9 0 6 25.7 0.1 100 

NTM 

04553 
1.4 0.9 3 61.9 3.2 3.6 0.3 8.5 17.2 0 100 

NT1 3.2 1.3 2.7 56.5 0 5.7 0 8 22.4 0.2 100 

Average 2.4 1.2 2.6 57.1 2.1 5.1 0.1 7.5 21.8 0.1 100 

STD 0.9 0.3 0.4 4.5 1.8 1.3 0.2 1.3 4.3 0.1   

  

1650 - 

1675 

4816 2.3 0.9 3.1 59.5 3 4.1 1 5.4 20.3 0.4 100 

4815 2.1 0.6 2.6 50 4.6 3.9 1.1 5.9 28.9 0.3 100 

6865 0 0 0 0 0 0 0 0 0 0 0 

Average 2.2 0.8 2.9 54.8 3.8 4 1.05 5.65 24.6 0.4 100 

STD 0.1 0.2 0.4 6.7 1.1 0.1 0.1 0.4 6.1 0.1   

  

1675 - 

1700 

14018 0 0 0 0 0 0 0 0 0 0 0 

9167 2.7 0.9 2.6 53.7 0.9 3.8 0.7 8.4 26.1 0.2 100 

9158 2.7 1 2.2 56.9 4.5 4.7 0 12.5 15.5 0 100 

Average 2.7 1.0 2.4 55.3 2.7 4.3 0.4 10.5 20.8 0.1 100 

STD 0.0 0.1 0.3 2.3 2.5 0.6 0.5 2.9 7.5 0.1   

  

1700 - 

1750 

Aalmis 2.4 1.0 2.7 52.1 3.2 2.3 0.0 12.3 24.0 0 100 

4800 2.0 0.0 3.1 53.6 6.8 2.7 0.0 14.7 17.0 0.1 100 

6863 2.0 1.0 3.0 55.0 3.0 2.0 1.0 12.0 21.0 0 100 

Average 2.1 0.7 2.9 53.6 4.3 2.3 0.3 13.0 20.7 0.0 100 

STD 0.2 0.6 0.2 1.5 2.1 0.4 0.6 1.5 3.5 0.1   



 

 

 

 

 

 

 

HARLINGEN 

GLAZE Na2O MgO Al2O3 SiO2 K2O CaO Fe2O3 SnO2 PbO Other Total 

1600 - 

1625 

HH1 2.4 0.8 3.5 57.4 2.8 3.8 1.2 5.3 22.8 0 100 

STRT8 2 0.5 2.4 53.2 2 4 6.5 8.7 20.6 0.1 100 

STR T9 1.3 0.5 2.3 48.2 4.5 3.2 0 6.4 33.3 0.3 100 

Average 1.9 0.6 2.7 52.9 3.1 3.7 2.6 6.8 25.6 0.1 100 

STD 0.6 0.2 0.7 4.6 1.3 0.4 3.5 1.7 6.8 0.2   

  

1625 - 

1650 

HH2 1.8 1.1 3 58.5 4.2 3.8 1.3 6.3 20 0 100 

HR1 2.2 0.9 2.9 57.4 4.1 4.4 0 5.8 22 0.3 100 

HTF T2 2.1 0.7 3.9 58.4 4 4.5 0.3 8.4 17.6 0.1 100 

Average 2.0 0.9 3.3 58.1 4.1 4.2 0.5 6.8 19.9 0.1 100 

STD 0.2 0.2 0.6 0.6 0.1 0.4 0.7 1.4 2.2 0.2   

  

1650 - 

1675 

HH3 2.6 1.0 4.1 56.8 4.6 4.5 0.0 8.6 17.7 0.1 100 

HR2 4.2 0.9 2.9 60.9 2.4 5.5 0.0 11.2 12.0 0.0 100 

HR5 2.5 1.0 3.0 58.7 3.0 5.0 0.0 9.8 17.0 0.0 100 

Average 3.1 1.0 3.3 58.8 3.3 5.0 0.0 9.9 15.6 0.0 100 

STD 1.0 0.1 0.7 2.1 1.1 0.5 0.0 1.3 3.1 0.1   

  

1675 - 

1700 

HH5 1.7 0.9 3.2 63.6 5.7 4.9 1.1 7.3 11.5 0.1 100 

HR3 5.0 1.2 3.2 60.4 2.7 3.6 0.0 10.0 13.9 0 100 

HH4 3.7 0.9 1.9 52.2 3.5 3.6 0.8 14.8 18.6 0 100 

Average 3.5 1.0 2.8 58.7 4.0 4.0 0.6 10.7 14.7 0.0 100 

STD 1.7 0.2 0.8 5.9 1.6 0.8 0.6 3.8 3.6 0.1   

  

1700 - 

1750 

HR4 3.7 0.9 1.9 52.2 3.5 3.6 0.8 14.8 18.6 0 100 

STR T13 3.7 1.6 3.1 57.8 2.2 4.7 0 5.3 21.5 0.1 100 

HTF T1 2.4 1.4 2.5 54.4 5.4 4 0 12.9 17 0 100 

Average 3.3 1.3 2.5 54.8 3.7 4.1 0.3 11.0 19.0 0.0 100 

STD 0.8 0.4 0.6 2.8 1.6 0.6 0.5 5.0 2.3 0.1   



 

 

 

 

  

UTRECHT 

GLAZE Na2O MgO Al2O3 SiO2 K2O CaO Fe2O3 SnO2 PbO Other Total 

1600 - 

1625 

U9 1.5 0.2 2.9 58.3 5 3.6 0 4.8 23.7 0 100 

U3 2.1 0.8 2.4 49.2 4.2 4.2 0 13.5 23.4 0.2 100 

Average 1.8 0.5 2.7 53.8 4.6 3.9 0.0 9.2 23.6 0.1 100 

STD 0.4 0.4 0.4 6.4 0.6 0.4 0.0 6.2 0.2 0.1   

  

1625 - 

1650 

NTM 

01828 
3.0 1.4 2.1 58.2 1.1 5.5 0.0 6.2 22.4 0.1 100 

U2 3.7 1.1 2.8 50.7 4.0 5.2 0.0 10.6 21.9 0 100 

U10 3.1 1.7 2.3 51.4 3.1 6.2 0 10.7 21.2 0.3 100 

Average 3.3 1.4 2.4 53.4 2.7 5.6 0.0 9.2 21.8 0.1 100 

STD 0.4 0.3 0.4 4.1 1.5 0.5 0.0 2.6 0.6 0.2   

  

1650 - 

1675 

U13 3.2 1.5 2.1 57.4 0 5.3 0.9 3.5 26.1 0 100 

U1 3.4 1.3 2.9 56.2 0.0 5.7 0.0 7.8 22.4 0.3 100 

U4 4.1 1.7 2.1 55.8 3.2 3.3 0 8.9 20.8 0.1 100 

Average 3.6 1.5 2.4 56.5 1.1 4.8 0.3 6.7 23.1 0.1 100 

STD 0.5 0.2 0.5 0.8 1.8 1.3 0.5 2.9 2.7 0.2   

  

1675 - 

1700 

U12 3.5 1.7 2.2 54.2 3.6 4.3 0 9.2 21 0.3 100 

U6 2.3 0.9 2.4 51.2 2.9 4.0 0.9 11.2 24.2 0 100 

U8 2.1 0.8 2.1 49.4 4.2 4.2 0 13.4 23.4 0.4 100 

Average 2.6 1.1 2.2 51.6 3.6 4.2 0.3 11.3 22.9 0.2 100 

STD 0.8 0.5 0.2 2.4 0.7 0.2 0.5 2.1 1.7 0.2   

  

1700 - 

1750 

U5 1.4 1.1 0 54.7 4.5 4.8 0 12.2 21.4 0 100 

U15 3.0 1.7 3.0 50.3 3.3 5.4 0.3 12.1 20.9 0 100 

U7 1.6 1.0 2.0 45.1 4.4 4.0 0.8 15.1 24.0 2 100 

Average 2.0 1.3 1.7 50.0 4.1 4.7 0.4 13.1 22.1 0.7 100 

STD 0.9 0.4 1.5 4.8 0.7 0.7 0.4 1.7 1.7 1.2   



 

 

Appendix: XII: Calculation of clay mixes for reconstructions 
and testing 
 

The preliminary mixtures of the prepared Maas clay and Doorniks marl were prepared using 

proportional weight mixes similar to the historical recipes (3:1. 2:1 and 1:1). The calculations were 

based on the CaCO3 wt.% of the sourced Maas clay (1.7) and Doornik marl (76). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The clay mixtures used for the main testing were prepared to consist of  20, 30 and 40 wt.% CaCO3. 

The calculations were based on the CaCO3 wt.% of the sourced Maas clay (1.7), Doornik marl (76), and 

Fresian clay (22). 

 

Mixture measurement  
by weight 

 
 
 

Maas clay 
 
 

Doornik Marl 
 

 
 

CaCO3 wt.% 1.7 76 

Maas/marl 
3:1 

19 300g 100g 

Maas/Marl 
2:1 

25 200g 100g 

Maas/Marl 
1:1 

38 200g 200g 

Mixture  
 
 

Maas clay 
 
 

Doornik Marl 
 

‘Synthetic’ 
marl 

 
76:24  

chalk:kaolin 

Friesian 
Clay 

 

 

 
CaCO3 wt.% 1.7 76 76 22 

Maas/marl 

20 
20 750g 250g   

Maas/Marl 

30 
30 620g 380g   

Maas/Marl 

40 
40 500g 500g   

Maas/synthetic 

marl  30 

 

30 620g  380g  

Friesian/Marl 40 40  360g  640g 



 

 

Appendix XIII:   Common glaze faults found in tin glazes 
  

Crazing and Shivering  

 

The success or failure of a glaze is largely dependent on matching the coefficient of thermal expansion 

(CTE) of the ceramic and glaze. This determines what stresses develop between the glaze and ceramic 

during the firing process. The compatibility of the glaze and ceramic is known as the ‘glaze fit’. The 

optimum conditions for a well-matched glaze exist when the CTE of the glaze is just under that that of 

the ceramic body (5-15%).962  

 

If the contraction of the ‘free’ glaze (i.e. the glaze not bonded to the ceramic body) during cooling is 

greater than that of the ceramic body, then the glaze will be under tension and the tensile stresses 

that develop can cause cracking or ‘crazing’ of the glaze surface (see figures 1 to 4). The crazing crack 

in figure 4 is seen to travel vertically down into the ceramic body and appears to have been initiated 

by the quartz inclusion in the ceramic.  

 

On the other hand, if the ceramic contracts more than the glaze, the glaze will be put under 

compression.  While the slight compression of a glaze under the optimum conditions mentioned above 

is advantageous. The stresses formed by excessive compression will result in the detachment of the 

glaze. This is known as ‘shivering’ or ‘peeling’.963 When the bond between the ceramic and glaze is 

well formed. the damage will not occur immediately after firing as the fused area at the glaze-body 

interface will absorb the compressive stress. However. when the stress in the glaze is finally released, 

the glaze can ‘tear’ away the upper layer of the ceramic (see figures 5 and 6).  

 

 

  

 
962 Glazes can withstand compression (being squeezed) much better than contraction (being stretched) and for 
this reason it is preferable to have a higher contraction of the body so that the glaze is put under slight 
compression. Rice 2005, 191; Reinders 2005, 22. 
963Reinders 2005,23;  Rhodes 1998; Parmelee 1951.   

Fig. 1: The development of the tensile stress 
which leads to crazing (Hamer and Hamer 
1975, 291). 

 

Fig.2: Stresses that are induced in glazes during cooling 
after firing. B being the optimal situation where the 
glaze comes under slight compression. Where there is 
tension (c) crazing will occur. High compression leads 
to‘shivering’. (Rice 2005, 102). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Specific aspects of production influence the occurrence of crazing, notably the thickness of the glaze 

and the process of cooling after firing.  If a glaze is very thin it is less likely to craze even if under high 

tension as the tensile forces will be proportionally less than in a thick glaze. Crazing can also occur if 

glazed objects are cooled too quickly after firing. Fired clay contracts more slowly than glaze on cooling 

and, if cooling is too fast, the ceramic body will not have time to contract to its optimal volume 

resulting in a glaze that is under too much tension. The coefficient of expansion of a glaze is also 

influenced by the type and percentage of fluxes in the glaze composition.  Sodium and potassium are 

strong fluxes which have a high coefficient of expansion.  

 

A glaze can also craze if a porous ceramic body becomes saturated with liquid (hydric expansion).964 

This will result in a slight expansion of the ceramic leading to tension in the glaze. Dutch tiles have 

 
964 Fraser 2005, 107; Rhodes 1998, 243; Searle: 1960, 721. 

Fig.4:  SEM BSE image of the crazing in the 
tile on the left.  

 
 
 

Fig.3: Crazing in a glaze.  Rotterdam tile ca. 
1640 (tile NT nn). 

 
 

Fig 5: ‘Shivering’ on a Rotterdam tile 
ca. 1640 (RM 9274). 

 
 

Fig.6:  SEM BSE image of the tile on the left 
showing ‘shivering’ of the glaze on the area 
below where the glaze has been lost. 

 
 



 

 

historically been affected by hydric expansion due to the fact they were traditionally specifically used 

to cover damp walls.965 

 

Matte glaze 

 

The high viscosity and crystalline nature of tin-opacified glazes generally result in an irregular and 

matte surface.966 Historically this problem was sometimes solved by the application of an additional 

coating of clear lead glaze before firing. known as kwaart or quart as discussed in chapter 5. 

 

Pinholes 

 

If a glaze is very viscous, as with tin glaze, gasses and volatile material that are produced in the glaze 

or ceramic on firing will have more difficulty escaping through the glaze.  If this release and the 

subsequent re-melting of the holes is impeded, for example due to too fast heating and cooling, or 

under-firing,  pin holes will be left in the surface of the glaze (see figures 7 and 8).  The problem is 

more common if glazes are thick, or if they have a low flux or high tin content.967 Tjallingii discussed 

how the use of a certain soda made the glaze more fluid so that the small holes on the tile glaze would 

be filled.968  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Wrinkling 

 

‘Wrinkling’ of the glaze at the sides of tiles is a common phenomenon on tin-glazed tiles (see figure 

9). This feature occurs due to a combination of the high coefficient of expansion and high viscosity 

 
965 van Dam 1984, 19. 
966 Parmarlee 1951, 306. 
967 Hamer and Hamer 1975, 35. 
968 Feijtema-Tjallingii 1960, 9. 

Fig.7:  Tile ca 1650? Pin holes in the glaze on 
the left side. The Dutch Tile Museum. Photo 
author.  
 
 
( 

Fig.8:  Detail of tile on the left 
showing the pin-holes in the glaze.  
 
 
( 



 

 

that are a feature of tin glaze. On cooling, the glaze contracts. Where the glaze is thicker, the 

contraction is greater. At the same time the outside and inside of the glaze will contract at different 

rates, the outside cooling and contracting more quickly. 

 

 

 

 

 

 

 

 

 

 

 

 

Crawling  

High surface tension and increased viscosity encourages ‘crawling’ of a glaze during firing. Here the 

glaze withdraws into 'islands' leaving bare clay patches (see figures 10 and 11).  Various terms are used 

to describe this phenomenon including ‘crawling’. ‘rucking’. and ‘curdling’. The term ‘beading’ is used 

if separate globules form.969  

This feature occurs when there is a combination of internal tension in the glaze and poor ‘wetting’ of 

the ceramic surface (flow into the surface). The internal tension will be greater with thick glazes. 

The problem is exacerbated by poor glaze-ceramic attachment due to the presence of dust or grease 

on the ceramic surface before the glaze is applied or high porosity (as discussed in chapter 8).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
969 Parmalee 1951, 302; Hamer and Hamer 1975, 93. 

Fig.9: ‘Wrinkling’ of a tin glaze on a Tile ca. 1660 (Harlingen?). Collection author.  

 

 

Figure 11: kiln waste Wanli decoration 
ca. 1640 excavated from Hoorn. Schrickx 
2016. 63. 
 

Fig.10:  Tile ca 1660 where the glaze has 
‘crawled’ due to dust or grease on the ceramic 
surface. The Dutch Tile Museum. Photo author. 



 

 

Running-off or flowing 

 

A glaze will run off the surface of the ceramic if it becomes too fluid. This generally occurs if it contains 

excessive flux or is over-fired970 (see figures 10 and 11). If a second glaze has been added that has a 

lower melting temperature, such as kwaart (lead glaze), there is a risk that the second glaze will melt 

sooner that the tin glaze. This appears to be the case in figure 11. In figure 10 the localised flowing of 

the glaze is either due to the excess thickness where it has crawled back, or possibly also the fluxing 

effect of the metal oxides used for the decoration (copper and cobalt). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Blistering  

Blisters and craters can be formed in a glaze due to excessive heating and/or a strong reduced firing 

environment (see figure 12 and 13).  Tjallingii mentions ‘blistery’ (blaaragtig) glaze on tiles.971 He later 

says that by ‘strong’ firing of the kiln. the glaze being prepared on the bottom of the kiln had turned 

black (pik zwart) in 24 hours972 which suggests that reduction has taken place. 

 
970 Parmarlee 1951,313. 
971 Feijtema-Tjallingii 1960, 10. 
972 Feijtema-Tjallingii 1960, 11. 

Figure 10 : Tile depicting birds. The glaze 
has ‘crawled’ away from the surface and 
has also ‘run ’ Photo Schrickx, 2016.  
 

Fig.11:  Tile with horseman ca. (1660)? 
‘Slumping’. The Dutch tile museum. 
Photo author. 
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Discoloration 

The blackening of a glaze may be due to carbon-trapping in the case of a soda-containing frit mix. 

Another cause of black colouration is the reduction of PbO to metallic Pb which can occur during firing 

in oxygen-starved firing conditions (reduction), or in an anaerobic burial environment (see figure 

16).973  The pink colour on the glaze in figure 17 is believed to be the result of contamination from 

metal tools.974 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
973 Tennent 1996. 
974 Pluis 2013, 204. Chrome is a common source of pink colouring, although it is unclear what the source of 
chrome would be in the 18th century. 

Fig.12:  Tile ca 1750? Bubbling and 
darkening of the glaze due to over-
firing. Photo author Dutch tile 
museum.  
 

 

( 

Figure 17: Discoloration, possibly from 
metal tools. Photo Jan Pluis.   
 

Fig.13:  Tile ca 1750? Bubbling can be 
seen where the glaze is thicker. 
Discolouraiton of the glaze is also 
visible. Photo J. Pluis. 
 

 

( 

Figure 16: Blackening of the glaze due to the 
formation of Lead sulphide during burial. 
Dutch Tile Museum. Photo author. 



 

 

Appendix XIV: Working recipes for glaze reconstructions  
 

 

Recipe 1  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MASTICOT       

 

Quartz 

(silver sand) 

Na2CO3 K2CO3 

 

Ca2CO3 

 

MgCO3 

 

TOTAL 

IN TEXT 

(in lb) 

240 Zand  120 Zouda (kelp)    18? 4?  

Working ratio  

(In weight g) 

(x 1.25) 

300  

 

 

150 

 

(40% alkali =+/- 60 ) 

22.5? 5?  

Calculation  300  

 

30 30    

Reconstruction recipe   

(in g) 

(x 4) 

1200 

 

120 

 

120 88 20 1548 

TINAS Pb Sn  

Recipe in text (metal) 100 50  

Working ratio  200 100 300 

 PbO (Litharge) SnO2 Total 

Oxide (calcined wt)  216 127 343 

Reconstruction recipe  

(in g) 

216 127 343 

GLAZE MIX 1 Masticot Tinas Zout 

(NaCl) 

 

Recipe in Text 270 180 58.5  

Reconstruction recipe (in g) 540 360 117 1017 



 

 

Recipe 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MASTICOT Quartz 

(silver 

sand) 

Na2CO3 K2CO3 Ca2CO3 MgCO3 

 

TOTAL 

(g) 

In Text 200 

Sand 

16   

Alicante 

Zouda 

22 

Engels 

Zouda  

(Kelp) 

 24 

Potas 

(70%) 

 

18 

Wied-

as 

(30%) 

12.5 7 280 

Calculation 200 (80%) 13 5                    

5 

                   

17 5.4 12.5 7  

268 

 200 18 27     

Reconstruction 
recipe  (in g)   
x1.5 

300 27 41 18 10.5 397 

TINAS Pb Sn total 

In Text 200 60 260 

 PbO (Litharge) SnO2  

Calcined 216 76 292 

Reconstruction  
recipe   (in g) ÷ 1.5 

144 50.5 194.5 

GLAZE MIX 1 Masticot Tinas 

Recipe in Text 16 8 

Reconstruction recipe (in g)          x 15 240 120 



 

 

Appendix XV: Weights and measures used Northern Netherlands in 
the 17th and 18th centuries 

 

 

Region/ City Name of 

measurement 

Equivalent 

 

 Approximate 

Equivalent in 

modern 

measurements 

WEIGHT 

Friesland Friesche last = 36 loop (zak) 
 

1770 kg        

Utrecht Utrechtsche last 33 1/3 zak 100 schepel 

12 ton 

 

 
Zak 3 schepel 

  

Delft Lood 
  

15 g 
 

pond (also pont) 30 lood 
 

470 g  
 

288 Scrupel 1 pond 
  

     

Amsterdam Last 4000 pond 2 ton 1976 kg 

 pond (also pont)   494 g 

CONTENT 

Delft, 

Rotterdam 

Schepel  (wooden 

spade) 

10 liters 

 Mud 4 schepels   

 Last   3000 liter 

LENGTH 

 voet (lengte)    

 English foot 12 duim  30,8 cm  

 English inch ca. 1 duim  2,54 cm 

Rijnland 
    

 
Rijnlandse voet 12 Rijnlandse 

duimen 

 
31,4 cm 

 
Rijnlandse duim  

  
2.6 cm 

 
Rijnlandse roede  Length: 

12 voet 

 
3.7 m 

  Surface area:  14,19m2 

(10-30 m2) 

Amsterdam Amsterdamse roede 13-16 voet  4,53. 

Walking 

distance 

1 hour 'gaans' 1500 

Rijnlandse 

roeden 

 
5 km 



 

 

Rotterdam De Rotterdamse 

voet 

11 duimen 
 

28,23 cm 

     

Amsterdam Amsterdamse voet 11 duimen 
 

28,31 cm 
 

Amsterdamse roede 13 voet 
 

3.68 m 
 

Amsterdamse duim 12 duimen 
 

2.573 cm 

Troy (Troje) system 

(16th century) 

 
 

weight 

 
1 Pond = 16 Troy  

ons = 32 loot  

Primarily used 

for precious 

metal 

 
497.7 g (pond) 

 
Loot = 4 dragmas = 

240 grein 

 
 

15.52 g (Loot) 

 

 

MONEY     

1543 - 1680 
gulden  

(zilveren Carolus) 
20 stuivers 

1643 - 1816 1 Florijn 28 stuivers 

  1 stuiver   16 penningen   

  1 stuiver) 4 oord 

  1 stuiver 8 duit 

Friesland/Overijssel 1 gulden 28 stuivers 

 

 

 

SOURCES:      

Jacobi H. W. ‘Het geld van de Republiek.’ Leidschrift. Dertiende jaargang, nummer 2 april 1998.  

Mertens instutuut KNAW: https://mgw.meertens.knaw.nl/maten/1 (last accessed February 2021). 

 

Other online sources:     

https://www.nazatendevries.nl/Artikelen%20en%20Colums/Maten/Oude%20maten.html 

https://home.kpn.nl/vanadovv/Staring.html   

https://home.planet.nl/~dumon002/woordenboek/u.html   

(All last accessed February 2021) 
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https://home.kpn.nl/vanadovv/Staring.html
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