
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Polymer-Solvent Liquid-Liquid Phase Separation (thermodynamics, simulations
& applications)

van Vliet, R.E.

Publication date
2002

Link to publication

Citation for published version (APA):
van Vliet, R. E. (2002). Polymer-Solvent Liquid-Liquid Phase Separation (thermodynamics,
simulations & applications). [Thesis, fully internal, Universiteit van Amsterdam]. Universiteit
van Amsterdam, Instituut voor Technische Scheikunde.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/polymersolvent-liquidliquid-phase-separation-thermodynamics-simulations--applications(0479027e-c9e0-4098-8d06-65a8b86a487e).html


1 1 
Introductio n n 

Ann important problem in the polymer-processing industry is the separa-

tionn of solvents and impurities, like unreacted monomer, from the polymer. 

Devolatilisingg the solvent from the solution by steam stripping is one of the 

techniquess for separating polymer from solvent. This type of separation can 

bee very energy-intensive as the solvent can amount to 95 wt% of the solu-

tion.. In certain solution polymerisation processes, such as the production 

off  ethene-propene co-polymers, the cost of this separation can amount to 

aboutt 10% of the final product cost [1]. It is obvious that improvements in 

thiss part of the production process could lead to substantial savings in the 

totall  product costs. Therefore, it is desirable to investigate other separation 

techniques. . 

Forcingg the single-phase polymer solution to split into two liquid equilib-

riumm phases may offer an alternative to steam stripping (see, e.g., [2], [3], 

[4]).. This technique is based on the observation first made by Freeman and 

Rowlinsonn [5] that a miscible polymer solution wil l separate into a polymer-
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richh phase and a solvent-rich phase if the system approaches the critical 

temperaturee or pressure of the solvent. 

Itt is interesting to note that, although many researchers have investigated 

thiss type of phase behaviour, in the polymer processing industry the phe-

nomenonn of liquid-liquid demixing has never been applied in practice. A 

feww patents ([61, [7], [8], [9], [10], [11], [12]) describe solvent removal by 

liquid-liquidd (and even liquid-liquid-vapour) demixing. However, to our 

knowledge,, all current solution polymerisation plants still operate with a 

steam-strippingg section. This is quite remarkable since liquid-liquid ex-

tractionn is used routinely in other fields of the chemical industry. 

1.11 Liquid-liqui d Extraction : A Practica l Exampl e 

Thee method of liquid-liquid extraction is a widely used separation step in 

thee petroleum refining industries. As the viscosity and flow characteristis 

off  crude oil approach those of many synthetic polymers, it seems wise to 

takee notice of the extraction techniques applied in oil refining. 

Inn the oil industry the extraction of crude oil residue is a common process, 

appliedd to two areas in particular: 

 In the upgrading of the bottom-of-the-barrel oil by removing the as-

phaltenee fraction together with a large proportion of the contained 

metals,, sulphur, and other undesirable constituents. In this way the 

oill  can be prepared as a feedstock for cracking units, and 

 in the deasphalting of waxy-type reduced crudes that cannot be vac-

uumm reduced satisfactorily. 

Twoo processes using this type of residue upgrading are the ROSE 

(Residuumm Oil Supercritical Extraction) process [13], [14], and the Demex 

processs [15]. 
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1.1.11 Theoretica l Backgroun d 

Whenn light alkanes [e.g., propane, butane) are mixed with the residue of 

crudee oil distillation, two layers are formed. One layer contains nearly all 

thee solvent and some of the lighter oil components of the residue; the other 

consistss of the heavy, asphaltic-type material in the residue. This pro-

cesss is called solvent deasphalting. The most suitable solvent is selected, 

accordingg to the purity specifications for the deasphalted oil. Propane is 

chosenn for lubricating oil manufacture, while butane and pentane (with 

theirr much higher solvent power) are more attractive for the production of 

crackingg feed. Although never explicitly stated in the literature, it seems 

plausiblee that also other hydrocarbons (alkanes and alkenes) are tested or 

usedd as solvents. 

1.1.22 Proces s Flow Schem e 

AA simplified process flow scheme for a deasphalting unit is shown in 

Fig.. 1.1. The feedstock (residue from a preceding vacuum distillation unit) 

iss fed to the extractor (A) at the appropriate temperature. Because the vis-

cosityy of these residues is usually very high, some solvent is mixed with the 

feedd to lower the viscosity and to promote drop formation. Solvent is fed 

too the bottom of the extractor and the two phases are brought in contact 

countercurrently.. Due to the high viscosity of the asphalt phase produced, 

ann extractor with a rather open structure is required. This can be either 

aa tray column with wide slotted trays or a Rotating Disc Contactor [16]. 

Thee asphalt phase from the extractor contains only a small amount of sol-

vent.. This is recovered by flashing and steam stripping at low pressure 

(D).. The solvent-oil phase, which contains most of the solvent, is fed to a 

high-temperaturee flash unit (B), where the solvent vapour is condensed. 

Thee oil phase is then fed to a low-pressure flasher-stripper (C) where the 

remainingg part of the solvent is recovered. 
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Figuree 1.1: Schematic process flow scheme for the crude oil deasphalt-
inging process. 

Thee behaviour of the solvents around the critical point is used to control the 

qualityy of the deasphalted oil. When the critical temperature is approached 

[e.g.,[e.g., 92 °C for propane), the solubility of the oil components decreases 

drasticallyy and demixing occurs. This phenomenon is used at the top of 

thee extractor above the feed point, where the temperature is raised using 

steamm coils inside the extractor. The heavier components removed from the 

solutionn flow down the column to act as a reflux. In this way the quality 

off  the deasphalted oil can be controlled tightly. The demixing effect can 

alsoo be used to prepare a very heavy, deasphalted oil. By taking the oil-

solventt mixture from the feed point, heating it outside the column and then 

feedingg it to a settler tank, a phase separation is established. However, 

thiss approach requires a more complex recovery system, which increases 

capitall  costs. 
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1.22 Outlin e 

Basedd on the previous example it can be concluded that an extraction-

basedd polymer-solvent separation is technically possible on a large, indus-

triall  scale. Thus, the aim of this thesis is to investigate the possibilities of 

incorporatingg this technique in a typical solution polymerisation process. 

Specifically,, the following questions need to be answered: 

 Are classical thermodynamic models capable of an accurate descrip-

tionn of the liquid-liquid phase separation of real polymer-solvent sys-

tems? ? 

 Is it possible to design a polymer purification process and draw con-

clusionss on the feasibility of such a separation step? 

 Can any predicitions be made on the effects of changing chemical 

structuree of the polymer on the operation of a liquid-liquid extraction 

process? ? 

 As the solution polymerisation process is continuous, can anything 

bee concluded on the dynamics of the separation? 

Withh the above key questions as a guideline, the outline of this thesis is as 

follows: : 

 In Chapter 2 an introduction is given in the thermodynamic theo-

riesries of polymer-solvent liquid-liquid separation. Two thermodynamic 

models,, which will be applied later on, are described in detail. 

 In Chapter 3 a flowsheet model is constructed to describe a novel 

separationn process for the purification of a real ter-polymer system. 

Dataa provided by phase separation experiments is used to feed the 

thermodynamicc models applied in the design stage. 
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 The steady-state classical thermodynamic theories take a step back to 

makee way for a dynamic mesoscopic simulation technique in Chapter 

4.. Dissipative Particle Dynamics (DPD) is introduced to provide us 

withh the possibility to study polymer-solvent liquid-liquid separation 

dynamicallyy and on a smaller, semi-molecular scale. It will be shown 

thatt the standard DPD model fails to predict the lower critical solution 

temperaturee {LCST) behaviour common to many of these polymer -

solventt systems. A method is presented to overcome this shortcoming. 

 In Chapter 5 the effects of molecular structure on the demixing pro-

cesss are studied, both in steady-state and time-dependent simula-

tions.. It will be shown that DPD correctly predicts the cloud point 

pressuree lowering experimentally observed and that the degree of 

branchingg has a pronounced effect on the radius of gyration and the 

centree of mass diffusion of the polymer. 

 Finally, in Chapter 6 the main conclusions of this research are pre-

sented.. Some notes on possible future work wil l be discussed. 


