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ABSTRACT
An unusual phenomenon occurred in new display cases at the Rijksmuseum four months after
their installation in April 2013. White deposits were visible on glass windows, silicone door
gaskets, black structural adhesive seals, and on works of art. The works of art most a�ected by
these deposits were bronze sculptures, wooden and waxed objects, tempera, and oil
paintings. In this study the deposits were chemically characterised using (pyrolysis-)gas
chromatography-mass spectrometry ((Py-)GC-MS), µ-Raman spectroscopy (µ-Raman), ion
chromatography (IC), and scanning electron microscopy combined with energy dispersive X-
ray spectroscopy (SEM-EDX). Five chemically di�erent crystalline deposits were found. They
were identi�ed as organic salts of the base 2,2,6,6-tetramethyl-4-piperidinol (TMP-ol), a
secondary amine, and �ve di�erent carboxylic acids. It was found that TMP-ol, which is part of
the UV-light stabiliser Tinuvin-770, emitted from the structural adhesive Terostat-9220.
Terostat-9220 was used in large quantities in the display cases to adhere glass windows to
metal parts. The carboxylic acids derived from both construction materials used to build the
cases and from conservation materials present on the exhibited works of art. The carboxylic
acids involved were 2,4-dichlorobenzoic acid, formic acid, methacrylic acid, palmitic acid, and
an unknown carboxylic acid, respectively emitted from peroxide-cured silicone gaskets, panels
of medium-density �breboard (MDF), UV-adhesive, beeswax containing products, and from an
unknown acidic conservation product or binding medium. The identi�cation of the crystalline
deposits was supported by their syntheses in the laboratory. Since 2013, similar deposits have
been observed in a number of museum collections worldwide. A treatment for preventing
further growth of the deposits was developed and applied in the Rijksmuseum showcases.
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Introduction

Several hundred display cases were designed, built,
and installed by di�erent companies for the newly
renovated Rijksmuseum in April 2013. Four months
after the installation, white needle-shaped deposits
(hereafter also referred to as ‘crystals’) were observed
in all 180 display cases built by Goppion S.p.A., on
the glass windows, along the silicone door gaskets,
and on the black structural adhesive seals (Figure 1).
Moreover, 473 objects of the 1438 works of art exhib-
ited in the a�ected cases were covered with a thin
whitish layer of these deposits. Objects a�ected were
bronze sculptures, wooden frames and furniture,
veneered panels, polychromes, lacquered chests,
seals, objects containing turtle skin, waxed metal
objects and leather, a terracotta sculpture, gilded
objects, panel paintings with tempera, and two oil
paintings on copper (Figures 2–4). Glazed ceramics
and objects made of gold and silver remained
una�ected. Concerns were raised whether the crystal-
line deposits were harmful to the works of art and to

what extent their appearance would impact display.
It appeared that the soft and fragile deposits adhered
only loosely to the objects and that most of the
whitish haze could be easily removed by using a dry
brush, cotton swab, or vacuum cleaner, or a wet
brush with a mixture of ethanol and water. No optical
evidence was found for surface damage to any type
of object by using (digital) microscopy at high magni�-
cation. The deposits were neither acidic nor alkaline,
and were found not to a�ect Cu, Ag, and Pb coupons
after incubating the deposits with the coupons for 28
days at 60°C. The Rijksmuseum started research in Sep-
tember 2013 in collaboration with the Cultural Heritage
Agency of the Netherlands, to �nd the cause of the
deposit formation and a way to eliminate it.

The occurrence of deposits formed on works of art is
an unintended but known phenomenon in micro
environments (Grzywacz 2006; Schieweck and Salt-
hammer 2009; Schieweck, Salthammer, and Watts
2009; Engemann-Wendt and Waurick 2010; Dzullki�li
et al. 2018). On di�erent kinds of objects various
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deposits have been reported. For example, on paint-
ings the deposition of fatty acids is described, on
bronzes the deposition of sodium copper acetate car-
bonate, on fossils the e�orescence of calclacite, and
on ceramics the e�orescence of calcium formate,
calcium acetate, and calcium sulphate salts. Gaseous

pollution due to outgassing of exhibition materials is
often involved in the formation of deposits. Therefore,
several methods have been developed to analyse
common harmful gasses emitting from exhibition
materials (Schieweck, Markewitz, and Salthammer
2007; Ashley-Smith, Burmester, and Eibl 2013; Grøntoft,

Figure 1. (a) Deposit of crystals on the window glass of a freestanding display case with hinged door and transparent silicone door
gasket. (b) Close-up of crystals on silicone door gasket. (c) Long white crystals in the bottom corner of a wall-mounted display case
with medium-density �breboard (MDF-WJ) back panel, deposited on the black seals of structural adhesive Terostat-9220. (d) Close-
up of crystals on the black adhesive seal. Crystals in a and b were identi�ed as type K1, in c and d as type K2.

Figure 2. (a) Bronze Walking man, BK-16083, Anonymous, c.1580–1600, with a whitish deposit of crystals. (b) Close-up of arm
covered with crystals. (c) Microscopic image of sparkling crystals on right leg. Crystals in a, b, and c were identi�ed as type K4.
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Lankester, and Thickett 2015; Grøntoft et al. 2016;
Hackney 2016; Leyva Pernia 2019). Even though the
Rijksmuseum display materials had been tested for out-
gassing prior to application, deposits had formed soon
after installation of the cases.

The deposits formed in the Rijksmuseum showcases in
2013 were believed to be unique, but soon after, similar
deposits were observed in several other museum collec-
tions (Hatch�eld et al. 2015; Newman et al. 2015; Diehl
et al. 2016). This paper aims to provide information on
the cause of the deposits in the Rijksmuseum showcases.
It describes the characterisation of �ve di�erent deposits,
the construction and conservation materials involved in
their formation, the reaction mechanism, and their
impact. The deposits were investigated with light
microscopy (LM), scanning electron microscopy with
energy dispersive X-ray spectroscopy (SEM-EDX), (pyrol-
ysis-)gas chromatography-mass spectrometry ((Py-)GC-
MS), and µ-Raman spectroscopy (µ-Raman). Deposits
were synthesised in the laboratory to support the identi�-
cation. A brief description is given of the e�ort made to
�nd a solution to stop the crystal growth and how it
was applied in the showcases of the Rijksmuseum.

Materials

Design of a�ected display cases

The 180 display cases a�ected by deposits are
designed to be slim, elegant, and airtight (Figure 5).

The glass windows are bright and transparent. The
cases have no power supply, no internal lighting, and
no active or passive ventilation. Di�erent types vary
in airtightness, size, and shape, from square and rec-
tangular to oval and circular, freestanding, wall
mounted, with sliding or hinged doors, with glass
domes, and some with back panels, tables, or ped-
estals. The museum climate is stable: the temperature
is generally 20 ± 2°C and the relative humidity (RH)
53 ± 5%. Air exchange rates vary in cases with hinged
and sliding doors. Hinged door showcases are more air-
tight: leakage is approximately 0.1% of the volume of
the showcase per day. In showcases with sliding
doors leakage is 0.8%. In the galleries all light sources
are LED without UV and air quality conforms to the
EU9 standard (Gustavsson 1996).

Materials used in a�ected display cases

The main case components are glass and metal. The
metal base, top, and pro�les are made of powder-
coated steel with a DURPOL SM wrinkled black TS
HMF (EuroPolveri S.p.A.) coating. The laminated Art-
glass Protect 66.2 windows are treated with a two-
sided antire�ection coating, using titanium oxide
applied with magnetron sputtering techniques (SIA
GroGlass). Materials other than glass and metal,
except for MDF, were tested for outgassing of
common harmful compounds by the external

Figure 3. (a) Tempera on panel (pendant) of Two evangelists, SK-A-3980, Gherardo Starnina, c.1407 before exposure in the show-
case. (b) Detail of the same object in raking light after exposure in the showcase, showing the crystalline deposit on the gold leaf in
the upper right corner. Crystals in b were identi�ed as type K5.

CRYSTALLINE DEPOSITS IN NEW DISPLAY CASES AT THE RIJKSMUSEUM 255



laboratory Labo Consult Srl. Oximes, isocyanates, VOC
total, volatile sulphides, formaldehyde, formic acid,
and acetic acid were determined using gas chromato-
graphy for headspace analysis (EPA 5021A-2003 + EPA
8015D-2003). Products used for the showcases were
selected based on outgassing levels within the stan-
dards and, if not available, based on test results
demonstrating lowest emission. The metal parts and
glass windows are joined with the strong black struc-
tural adhesive Terostat-9220 (Henkel), also known as
Teroson-9220, a silane-modi�ed polymer. Vertical
edges of the glass windows are adhered with the
transparent UV-adhesive Delo®-Photobond®-4468
(DELO). Transparent V-shaped and grey tubular sili-
cone door gaskets are used in cases which needed
to be most airtight, and black brush hair door seals
are used in other cases. The silicone gaskets are
moulded silicone rubber SR-70 (Posa S.p.A. and Tech-
nical Rubber Srl). The brush hair Pile Seals are made of

polypropylene �bres on a solvent-free adhesive
(Schlegel®). Other products used include magnetic
gaskets made of SBR rubber, Dow Corning® 895 struc-
tural glazing sealant, X-treme sealer (Promante),
powder coated Dolu�ex aluminium sandwich side
panels, and VHB™ acrylic foam tape 4910F by
3M™. Medium-density �breboard (MDF-WF) is used
for back panels and pedestals (Novolegno S.p.A.).
The technical datasheet of the material showed that
it met the quality of ‘zero’ formaldehyde (<2 mg for-
maldehyde per 100 g dry weight).

Materials used in analyses and experiments

Specimens of original showcase materials and chemical
reference compounds used in this study were supplied
by the showcase building company and chemical
vendors and were all used within the expiration date
(Table 1).

Figure 4. (a) Oil painting on copper Still life with �ower in a glass, SK-A-2102, Jan Brueghel (II), c.1625–1630 before exposure in the
showcase. (b) The same object after exposure in the showcase, showing tiny sparkling crystals, easily visible on dark paint using
raking light. (c) Micrograph showing rosette-shaped crystals. Crystals in b and c were identi�ed as type K5.
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