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Summary y 

Thee subject of this thesis is polymer-solvent liquid-liquid phase separation. 

Thiss phenomenon is interesting both from an academic and practical point 

off  view. In the oil industry the separation of a mixture into in a heavy oil-

richh and a solvent-rich phase is a well-known and often applied purification 

technique.. However, in the current (and comparable) polymer production 

processess this is not the case. 

AA feasibility study was carried out, based on experimental data and a clas-

sicall  thermodynamic equation of state, especially designed for systems con-

tainingg large molecules. It is shown that the theory behind this thermody-

namicc model is not complete for all polymer systems, which requires the 

applicationn of a lot of assumptions and simplifications. 

Inn order to model a polymer purification process based on a liquid-liquid 

phasee separation, an empirical model was devised, which incorporates the 

parameterss temperature, pressure, and polymer and solvent concentration. 

Fromm this model a steady-state flowsheet description has been constructed 

off  a novel polymer purification process containing a liquid-liquid coun-

tercurrentt extraction column. It was found that, with respect to variable 

costs,, liquid-liquid separation is a cost-effective option in the purification 

off  polymer solutions. 

Forr the design of a separator one needs to know whether or not a polymer-

solventt system will phase separate, but this is not sufficient. The rate of 

demixingg in viscous systems may be slow and even become the limiting 

factorr next to the usual mass transport limitations. This wil l have a strong 
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impactt on the design of an extraction column or settling tanks. Hence, 

knowledgee of the dynamical behaviour of polymer-solvent demixing is re-

quired.. Therefore, a time-based simulation method is introduced in the 

remainderr of this study. 

Dissipativee Particle Dynamics (DPD) is a mesoscopic simulation technique 

inn which the particles or 'beads' represent 'fluid packages' or groups of 

moleculess that move according to Newton's equations of motion and inter-

actt dissipatively through simplified force laws. In DPD, polymers are easily 

constructedd by attaching particles through a spring force. In this way, 

beadss can be interconnected to highly complex topologies, like branched 

andd hyperbranched structures. 

DPDD can predict liquid-liquid demixing in the upper critical solution tem-

peraturee (UCST) region. The difference in mobility between free solvent 

beadss and interconnected polymer beads results in a demixed system in 

DPD,, which directly reflects the theoretical explanation in terms of inter-

molecularr effects for UCST demixing. However, it was found that the model 

failss to predict the lower critical solution temperature (LCST) behaviour 

commonn to many polymer-solvent systems. Here, the increasing difference 

inn density as the temperature or pressure is altered, leads to a reduced sol-

ventt power and, eventually, the system wil l demix. As this type of demixing 

iss of practical interest, the standard DPD model had to be modified. To this 

effect,, a method analogous to the extended Flory-Huggins theory is pre-

sented.. With the introduction of a temperature- and pressure-dependent 

repulsionn parameter the overall solvent power can be regulated, thus en-

ablingg the DPD model to simulate true LCST behaviour. 

Experimentall  work has revealed that changing the branchedness of the 

polymerr influences the demixing behaviour. The great advantage of DPD, 

overr classical theories, is its ability to incorporate structural properties 

withoutt additional parameters. It was found that the model correctly 

predictedd the cloud point pressure lowering experimentally observed for 

branchedd polymers as compared to linear polymers. It also proved that 
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thee degree of branching has a pronounced effect on the radius of gyration 

andd the centre of mass diffusion of the polymer. The effect on the demix-

ingg behaviour has been mostly attributed to the increase in mobility of the 

polymerr due to the decrease in radius of gyration. In contrast, it was found 

thatt the effect of branching on the difference in chemical potential is the 

reall  cause for the observed phase separation behaviour. 




