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2 2 
Polymer-Solven tt  Phase 

Separatio nn Thermodynamic s 

Abstrac t t 
Inn this chapter an introduction in liquid-liquid phase separation thermodynamics is given. 

Ann overview is presented of the different phase phenomena in mixtures with special attention 

paidd to polymer -solvent systems. The effects of temperature, pressure, and anti-solvents will 

bee shown, in relation to supercritical effects, followed by a short overview of the most common 

theoriess describing these phenomena. 
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2.11 Supercritica l Fluid s 

Inducingg a polymer-solvent phase split offers an alternative to steam strip-

pingg as a separation technique. The phase splitting technique is based on 

thee experimental observations made by Freeman and Rowlinson [5] that a 

misciblee polymer solution wil l split into two liquid phases (one polymer-

richrich and the other solvent-rich) if the system temperature approaches the 

criticall  temperature of the solvent. The phase separation is a consequence 

off  the chemical nature of the components, their molecular sizes, especially 

thee molecular weight of the polymer, and the critical temperature (Tc) and 

pressuree (Pc) of the solvent. 

Ass the critical point of a substance is approached, its isothermal compress-

ibilit yy tends to infinity, thus its molar volume or density changes dramati-

cally.. In the critical region a substance that is a gas at normal conditions 

exhibitss liquid-like density and a much increased solvent capacity that is 

pressure-dependent.. The variable solvent capacity of a supercritical fluid 

iss the basis on which separations processes can be devised. 

Inn Fig. 2.1 a schematic pressure-temperature diagram shows the region 

wheree the largest changes in solvent properties occur. Supercritical fluids 

beginn to exhibit significant solvent strength when compressed to liquid-

likee densities, which makes sense as gases are normally not considered 

too be solvents. For a reduced temperature (TR = T/Tc) in the range 0.9 up 

too 1.2, the reduced solvent density (pR = p/pc) can increase from gas-like 

valuess of 0.1 to liquid-like values of 2.5 as the reduced pressure (PR = P/Pc) 

iss increased to values greater than, say, 1.0. But as TR is increased to 

1.55,, the supercritical fluid becomes more expanded and reduced pressures 

greaterr than 10 are needed to obtain liquid-like densities. By operating in 

thee critical region, the pressure and temperature can be used to regulate 

density,, which in turn regulates the solvent power of a supercritical fluid. 
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Figur ee 2.1: Schematic pressure-temperature phase diagramfor a pure 

component. component. 

2.22 Binar y Phase Diagram s 

Thee phase behaviour of binary solutions can be described by the classifi-

cationn first proposed by Scott and Van Konynenburg [17]. Although nu-

merouss possible binary phase diagrams exist, Scott and Van Konynenburg 

showedd that virtually all of the experimentally observed phase behaviour 

cann be represented with five schematic P-T diagrams (Figs. 2.2a-f). Even 

thoughh a polymer-solvent mixture is in reality a multicomponent mixture 

duee to the polydispersity of the polymer, the phase behaviour can be de-

scribedd by using the Scott-Van Konynenburg classification. 

Depictedd in Fig. 2.2a is the P-T phase diagram for a binary mixture where 

thee two pure-component vapour-liquid equilibrium lines terminate at the 

pure-componentt critical points, Ci and C2. The dashed line represents the 

binaryy critical mixture curve, which runs continuously from Ci to C2. This 

curvee usually occurs when the mixture components are of similar molecu-
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Figur ee 2.2: Schematic pressure-temperature phase diagrams for a bi-

narynary mixture according to the Scott-Van Konijnenburg classification. 

larr diameter or size, and similar interaction strength or have critical prop-

ertiess of comparable magnitude. This type of phase behaviour is classified 

ass Type I. 

Figuree 2.2b shows the P-T phase diagram for a binary mixture which shows 

Typee II behaviour. Again the pure component critical points are connected 

byy the binary critical mixture curve. However, the liquids are not miscible 

att all temperatures. A liquid-liquid-vapour (LLV) line ending at an upper 

criticall  end point (UCEP) is now present at temperatures lower than the 

criticall  temperature of either component. The UCEP is that point at which 

onee of the liquid phases becomes critically identical with the vapour phase 

inn the presence of the other liquid phase. The upper critical solution tem-

peraturee (UCST) line, which begins at the UCEP and exhibits a slightly 

negativee slope, represents the transition from two liquid phases to a sin-
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glee liquid phase with increasing temperature. The occurrence of the UCST 

curvee is usually ascribed to enthalpic interactions, like hydrogen bonding, 

andd polar interactions, between the mixture components, which are rel-

ativelyy insensitive to pressure for these constant densities. Many binary 

polymer-solventt mixtures exhibit Type II phase behaviour (see, e.g., Allen 

andd Baker [18], Baker et cd. [19], Zeman et cd. [20], Zeman and Patter-

sonn [20], Siow [21], and Saeki [22]). 

Typee III phase behaviour is a bit more complicated than Type II behaviour. 

Inn Fig. 2.2c it can be seen that the branch of the critical mixture curve 

whichh starts at the critical point of the component with the higher critical 

temperaturee intersects a region of liquid immiscibility at the lower critical 

solutionn temperature (LCST) [le., at the LCST the two liquid phases of the 

LLVV line become critically identical in the presence of the vapour phase). 

Thee branch of the critical mixture curve, which starts at the critical point 

off  the other component, intersects the LLV line at the UCER At tempera-

turess below the LCST a region of immiscibility again appears similar to that 

shownn in Fig. 2.2b. 

Thee occurrence of the LCST curve is usually ascribed to the large differ-

encess in the thermal expansion of the polymer and solvent. As the polymer 

solutionn is heated, the solvent expands at a much faster rate than the poly-

merr so that the dissolution of the polymer in the solvent is associated with 

aa large decrease in the change of entropy of mixing. The entropy decrease 

occurss as solvent molecules are forced to condense around the polymer to 

dissolvee it. Eventually the loss in entropy in forming a single phase is so 

greatt that the free energy of mixing becomes positive and the solution splits 

intoo two phases. 

Bothh the UCST and LCST branches of the critical mixture curve are of-

tenn referred to as cloud point curves. For polymer-solvent systems, the 

pressuree or temperature interval for a clear to totally opaque fluid liquid-
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temperaturee

Figur ee 2.3: Representative schematic pressure-temperature phase di-

agramagram for polymer-solvent mixtures. 

liquidd transition along the UCST or LCST curves can be one hundred times 

greaterr than the interval for small molecule systems. Obviously, the phase 

transitionn is not very distinct, it just gets cloudier and cloudier; hence the 

namee cloud point. 

Whenn the components are very dissimilar in molecular size, shape, and/or 

polarityy Type IV behaviour occurs. In this behaviour (Fig. 2.2d) the three-

phasee LLV line is intersected only once by the critical mixture curve at 

thee UCEP. The other branch of the critical mixture curve, which starts the 

criticall  point of the heavier component never, meets either the LLV line or 

thee critical point of the lighter component. 

Typee V phase behaviour is very similar to Type III behaviour only this time 

theree is no region of liquid immiscibility at temperatures below the LCST 

(Fig.. 2.2e). 
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Inn Fig. 2.3 the section of the P-T diagram for polymer-solvent mixtures 

whichh occurs in the vicinity of the critical point of the solvent is shown. This 

diagramm is very similar to the section of the P-T diagram near Ci depicted 

inn Fig. 2.2c. However, the LLV curve, which is distinguishable from the 

solventt vapour pressure curve in Fig. 2.2c, is now projected onto the vapour 

pressuree curve. This behaviour is often observed in the case of polymer-

solventt mixtures. 

Inn this study the main concern lies with the LCST branch of the critical 

mixturee curve which intersects the solvent vapour pressure curve. Confus-

ingly,, this part of the critical mixture curve is referred to as the LCST and 

thee intersection of the LCST curve with the vapour pressure curve the lower 

criticall  end point (LCEP). This naming convention wil l be used throughout 

thee rest of this thesis. It must be noted that an USCT curve can also exist 

inn polymer-solvent mixtures similar to those shown in Figs. 2.2b and 2.2c. 

2.33 Effec t of Anti-Solvent s 

Althoughh inducing a polymer-solvent phase split can possibly offer certain 

advantagess to the conventional methods, one major disadvantage is that 

thee polymer can thermally degrade at the high temperatures needed to in-

ducee the phase split. Irani and Cozewith [23], McHugh and Guckes [3] and 

Chenn and Radosz [24] (amongst others) address this problem by shifting 

thee LCST to lower temperatures by introducing a light supercritical fluid 

(SCF)) to the polymer solution. All authors found that the presence of the 

SCFF shifts the phase boundary curves to lower temperatures without af-

fectingg the shape of the curves. Seckner et oL [4] and McHugh and Guckes 

foundd that at the same time the UCST is shifted to higher temperatures. 

Inn other words, when increasing the difference in size between the poly-

merr and the solvent, the two curves approach each other and eventually 
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temperature e 

Figur ee 2.4: Schematic pressure-temperature phase diagrams for 

poylmer-solventpoylmer-solvent mixtures with increasing AMW. 

mergee into one single U-LCST curve with a minimum (Fig. 2.4), introducing 

aa liquid immiscibility region over the entire temperature range. 

Thiss method of anti-solvent addition offers great potential as now the tem-

peraturee and pressure region of the phase split can be fitted precisely to the 

desiredd operating regions and polymer-related maximum thermodynamic 

conditions. . 

Manyy studies to this behaviour have been performed, for many different 

polymer-solventt mixtures and anti-solvents. However, few authors readily 

observedd UCST or U-LCST behaviour. Clearly substantial amounts of addi-

tivee are required to obtain this effect. Furthermore, U-LCST behaviour may 

nott be desirablê"~as the possibility to carefully control demixing behaviour 

byy changing the thermodynamic conditions is reduced to the sole variable 

pressure.. Therefore, in this study the focus is on LCST behaviour. The 
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possibilityy of using the UCST is discarded as it can be concluded from ex-

perimentall  study that this demixing curve lies in the very low temperature 

{orr even cryogenic) region, which is economically not favourable. 

2.44 Theoretica l Descriptio n of Phase Equilibri a 

2.4.11 Introductio n 

Thermodynamicc models applicable to polymer solutions have been re-

viewedd extensively by Wohlfarth [25]. Only a brief overview of the most 

popularr models is given here. 

Thee starting point for calculations of phase equilibria of solutions is usu-

allyy a model for the excess Gibbs free energy GE, from which the activity 

coefficientt of each component 1 in the mixture can be estimated, and/or an 

equationn of state (EOS), from which the fugacity coefficient of each compo-

nentt can be calculated. With the chemical potential m of each component i 

beingg equal in all phases at equilibrium, the phase composition can be esti-

matedd by solving the following set of equations (for two coexisting phases): 

nii  = tf (2-1) 

Thus, , 

x ^ P ^ y J V PP (2.2) 

wheree xt and yt are the unknown mole fractions of component i in each 

phase. . 

2.4.22 Flory-Huggin s Theory 

Thee most well known GE model for polymer solutions is a lattice model first 

derivedd by Flory and Huggins [26], which is widely used due to its simplicity 
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andd its ability to predict and classify several experimentally determined 

trends.. In this paragraph, a short description of this model wil l be given 

ass a prelude to the verification of the mesoscopic modelling technique as 

appliedd further on in this thesis. 

Inn the Flory-Huggins (FH) theory it is assumed that each (small) molecule of 

aa mixture occupies one site on a lattice. By assuming that a polymer con-

sistss of a series of connected small molecules, the model can be expanded 

too polymer containing mixtures. 

Thee ideal entropy of mixing AS of a binary system consisting of small 

moleculess of equal size can be expressed as 

—— = XT l n x i + x 2 l n x 2 (2.3) 

wheree R is the universal gas constant, N the total number of moles and x i 

andd X2 are the mole fractions of components 1 and 2. However, for polymer 

systems,, the mole fraction is a rather useless quantity as the number of 

chainn molecules is decades smaller than monomelic mixtures at a compa-

rablee number of base units. 

Inn 1941, a theory on the effect of connectivity in polymer systems was 

publishedd by Staverman and Van Santen [27], Huggins [28] and Flory [29]. 

Forr a binary solution the entropy of mixing is 

ASS <Di tp? 
WW = — lnCl )i + — ln<P2 (2.4) 
NRR mi rri2 

wheree nu is the number of segments (with molar volume VL) of molecule i. 

Thee concentration variables are transformed to Oi = X i / ^ x i with 

^_^_ii 0>i = 1 and can be considered as volume fractions. For non-interacting 

systemss the free enthalpy of mixing AG is defined as 
AGG AS 
NRTT NR 

wheree T represents the absolute temperature. 

(2.5) ) 
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AGG -0-< 

mll = 1 ;m2 = I 

-- - - - ml = 1 ; m2 = 10 

mll = 10;m2 = 50 

Figur ee 2.5: AG as function of<£>zfor three binary systems. 

Figuree 2.5 shows AG as a function of O2 for three binary systems: a ideal 

loww molecular weight mixture (mi = 1 and m2 = 1), a polymer solution 

(mii  = 1 and m.2 > 1) and a polymer mixture (mi > 1 and m.2 > 1). The 

AGG (O2) curves are all concave upwards and have no inflection points which 

meanss that ideal mixtures (and athermic macromolecular mixtures) can 

nott demix, as the coexistence of two separate phases wil l always corre-

spondd to a higher free energy compared to a single homogeneous phase. 

Inn order to describe separat ions into two or more liquid phases Eq. 2.4 

needss to be extended, so that the equat ion describes AG (O2) curves which 

aree part ly negative and exhibit two or more inflection points. This can be 

donee most easily be introducing an interaction term according to Van Laar 

(g®ii  $2) with the interaction parameter g: 

AG G 
NRT T 

<t>11 ®2 

—— InOi H l n 0 2 + g (T, P, <D2) <Pi<I>2 
mii  m.2 

(2.6) ) 

Inn Fig. 2.6, a typical free energy composit ion curve is shown as calculated 

wit hh Eq. 2.6 . Partial immiscibility is found at volume fractions 02 and 0'2'. 



188 Polymer-Solvent Phase Separation Thermodynamics 

----V_^/ / 

_. . 

~~~~~----.l\\ / 

AA  \ ; \ 
// 1 1 : \ 

/ i l l // III 'i \ 
11 \ 

II  i 

// 1 
11 ' 
// i 

*r *r 

concentration n 

Figuree 2.6: Upper diagram: free energy composition curve. Lower 

diagram:diagram: extrapolation of free energy minima and inflection points to 

produceproduce binodal and spinodal curves. Area II is the meta-stable region 

andand area III  is the unstable region. Tc is a UCST. Area I is the one-phase 

region. region. 

Iff  the locus of the points of the two phases that share a double tangent, 

iss extrapolated to the temperature-composition diagram, the binodal curve 

cann be constructed. This cloud point curve defines the limits of miscibility 

inn the system. A homogeneous phase is stable if the volume fraction of com-

ponentt 2 is smaller than <£>' 2 or larger than <I>2- A t intermediate composi-

tionss any single phase is thermodynamically unstable. The inflexion points 

definee the spinodal or shadow curve under the binodal curve. Inbetween 

thee binodal and spinodal curve a meta-stable region is found. Finally, at 

thee point where the inflection points merge, a critical temperature Tc can 

bee defined above which the homogenous phase is stable. 

Thee above-mentioned relationships allow for calculation of the 
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temperature-compositionn phase diagram based on the interaction pa-

rameterr g only. If the concentration-dependency of g is not taken in 

consideration,, the spinodal condition can be calculated from 

11 + — ! r - - 2 g = 0 (2.7) 
m i < Pii  TTL2O2 

andd the critical volume fraction and critical interaction parameter are ob-

tainedd from 

®2®2CC = 7 / x (2.8) 
(JJ + y/[m2/m})J 

9cc = l ( 1 + v / ( m i / m 2 ] ) 2 (2'9) 

AA common definition of g is as follows [30]: 

g(T)) = g0 + ^ (2.10) 

Thee sign of parameter gi determines whether Eq. 2.10 describes UCST(+) 

orr LCST(-) behaviour. The pressure dependence of g can be incorporated in 

thee go and gi terms using some sort of power law form [31]: 

gii  = gv,i + gi,2P + gt.sP2 (2.11) 

However,, other relationships have been proposed by several authors. 

2.4.33 Equation s of State 

Thee development of EOSs for polymer solutions is based on three different 

approaches:: the corresponding states free-volume theory, the lattice-fluid 

modell  theory, and the thermodynamic perturbation theory. 

Thee first group as developed by Prigogine takes into account the dissimilar-

ityy in free volume between the polymer and the solvent. The main deficiency 

off  this theory is that it is essentially limited to liquid-like densities. 
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Thee lattice-fluid models, such as the Sanchez-Lacombe model, account for 

thee compressibility and excess volume of mixing by assuming unoccupied 

sitess (holes) in a rigid lattice. In addition, these models are limited to liquid-

lik ee densities. 

Thee third group of models was developed from the generalised Van der 

Waalss partition function. The Perturbed-Hard-Chain-Theory (PHCT) [32], 

thee Chain-Of-Rotators (COR) [25], and the Statistical Associating Fluid The-

oryy (SAFT) [33] are well known examples. These EOSs are useful because 

theyy are generally applicable over a wide range of densities (from dilute 

gasess to dense liquids) and over a wide range of molecular sizes (from small 

too large, even polymeric, molecules). 

SAFTT is the most used model for the description of polymer-solvent phase 

equilibriaa at the moment. In short, SAFT is an EOS incorporating terms 

forr molecular size and shape, association energy, and mean-field (disper-

sion)) energy. A SAFT fluid is a collection of spherical segments that not 

onlyy are exposed to repulsive and attractive forces (like the PHCT flu-

ids),, but can also aggregate through covalent bonds to form chains and 

throughh hydrogen-like bonds to form short-lived clusters. In order to ex-

tendd SAFT to real fluid mixtures, three pure component parameters for 

non-associatingg fluids are required along with two association parameters, 

andd a binary interaction parameter. 

Thee PHCT generalizes Prigogine's approximation for the external degrees of 

freedomm of chain-like molecules. The Sako-Wu-Prausnitz (SWP) EOS [34], 

whichh wil l be used in Chapter 3, is a cubic version of the PHCT. It is 

lesss complicated than SAFT and reduces to the Soave-Redlich-Kwong (SRK) 

EOSS if chain-like molecules are not present. In the next paragraph, only 

aa general description of the SWP EOS will be given. In Chapter 3 the de-

tailss of the equation parameters, specific to the system modelled, wil l be 

presented. . 
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2.4.44 The Sa ko-Wu-Prausnit z Equatio n of State 

Thee SWP EOS is derived from the generalised Van der Waals partition func-

tion.. It is assumed that the rotational and vibrational degrees of freedom, 

contributingg to the partition function, can be considered as equivalent 

translationall  degrees of freedom. Together with a few other assumptions, 

thee derivation of the partition function leads to a cubic EOS: 

p = * T ( v - bb + b c ) _ a 
v(vv — b) v(v + b) 

Inn Eq. 2.12, P denotes the pressure, v the molar volume, T the tempera-

turee and R the ideal gas constant. Similar to the Van der Waals equation, 

parameterr a describes the molecular attraction and b is due to the inter-

molecularr repulsion. The third parameter c extends the applicability of 

Eq.. 2.12 to systems containing large molecules, where 3 x c is the total 

numberr of external degrees of freedom per molecule. When c = 1, Eq. 2.12 

reducess to the SRK EOS. 

Iff  each molecule is considered to be composed of r equally sized segments, 

thee pure-component parameters can be represented by 

(2.13) ) 

wheree a prime denotes the segment specific parameter. Parameter a is 

determinedd from London's dispersion formula 

/ A , 2 I ' \ \ 
aa = r20.1659 I —— exp (-2.37311) (2.14) 

Heree A' denotes the molar polarisation per segment, V'w the Van der Waals 

volumee of a segment and I' the first ionisation potential per segment. The 

reducedd temperature T follows from 
.2.2 \ 

(2.15) ) 

a a 

b b 

c c 

- r 2 a ' ' 

== rb' 

== re' 
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Molecularr size parameter b Is calculated using the Van der Waals volume: 

b=(3Vw rr (2.16) 

wheree fj = 1.3768 according to Sako et aL [34]. 

Thee relations between the segmental physical properties and the corre-

spondingg values on a molecular basis are given by 

V ww = rV w 

AA  =rA'  (2.17) 

II  = 1' 

Forr small molecules, parameters A, Vw and I can be obtained from litera-

ture.. The remaining parameters c and r are determined from density data 

(polymers,, supercritical inert gases) or vapour-pressure data (solvents). 

Forr polymers the situation is more complex. Sako et ah assumed that the 

characteristicc potential energy per segment is almost equal to that of the 

saturatedd monomer. The segment number r is calculated from the number 

averagee molecular weight of the polymer M n, the molecular weight of the 

repeatingg unit MRU, and a structural constant NcSeg> which represents the 

numberr of carbon atoms per segment. By fitting data of n-alkanes, Sako et 

at.at. found the number of carbon atoms per segment of a polymer of infinite 

chainn length to be 3.33. Tork etoL [35] refitted these series including some 

higherr n-alkanes and found the numberr of carbon atoms to be 3.18, which 

wil ll  be used in the calculation of the segment number r. The segment 

numberr is calculated according to Eq. 2.18. 

rr = jVtn_NcRU ( 2 1 g ) 

MRUU Ncseg 

Inn Eq. 2.18, NCRU represents the number of carbon atoms of the repeating 

unitt forming the polymer backbone. (For example, NCRU is equal to two for 

polyethenee and polypropene, but also for polystyrene.) The Van der Waals 
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volumee per segment of the polymer is calculated us ing r and the Van der 

Waalss volume of the repeat ing uni t: 

?? 18 
(Vivlpc^nerr = (VW)RU ^ (2-19) 

Thee only remaining parameter for polymers, c, is determined by fitting den-

sityy da ta over a wide temperature and pressure range. It is shown by Tork 

etet oL that parameter c is strictly correlated with the segment number r, 

wit hh a constant ratio for molecular weights over 1000. Therefore it can be 

concludedd that if the morphological difference within a series of polymers 

i ss made up only by the number of segments (i.e.t the influence of the end 

groupss can be neglected for sufficiently high molecular weights), the ex-

per imentall  density da ta of one of the polymers can be used to predict the 

phasee behaviour of the other polymers. Fur thermore, it is s tated by Tork 

etet al. that in order to describe the density da ta with sufficient accuracy 

forr phase equil ibrium calculat ions, it is necessary to refit the repulsion pa-

rameterr b. Therefore, both parameters c and (3 are est imated from density 

data. . 

Mixin gg rules for parameters a, b, c, and r are required in order to calculate 

fugacityy coefficients from Eq. 2.12. Sako et al. a ssume one-fluid mixing 

rules: : 

1mm = L i L j XiXjTiTjQÏ j = L i L j XiXjTiT j 0 ~ k'ij ) ^/a' i i Qj j 

b mm = Li *i W = L i xiTibï ( 2 2 0 ) 

Cmm = L i * i c i = L i X I r I C I 

rmm = L i  X iTi 

wheree am, bm , cm , and rm represent the mixture-parameters on a molecu-

larr basis; b\, C{, and n are the pure-component parameters on a molecular 

basis;; a[t , b[, and c[ a re the pure-component parameters on a segment ba-

sis,, and k(j is the binary interact ion parameter between polymer segment 

ii  and solvent segment j . The fugacity coefficient for component i in the 
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mixturee is then given by 

6pp \ _ RT 
S n i / T , V , n ii

 V 
dV- lnz z 

l n ^^ iffl—ST R - j l n ( l  + - ] ( 2 . 2 1) 
v v 

am b ii  b iCm 

HH : In bmRT(vv + bm) v - b m V v 

Att a given pressure and temperature, the equilibrium compositions in both 

phasess can be calculated from Eqs. 2.20 and 2.21 in addition to Eq. 2.12. 

Thee parameters a, b, c, and r are fitted, for both volatile and polymeric 

fluids,, requiring PVT-data for the solvents and density data for the poly-

mer.. The binary interaction parameter is determined by comparing a set of 

experimentall  VLE/LL E data with VLE/LL E data calculated with the EOS. 

Thee interaction parameter k^ is varied until the average absolute deviation 

betweenn the experimental and calculated data becomes a minimum. The 

binaryy interaction parameter can be fitted separately for each isothermal 

sett of data points. Finally, when all pure component and mixture parame-

terss are determined, the phase equilibrium calculation can be performed. 

2.55 Concludin g Remarks 

Inn this chapter, an overview has been given of binary mixture phase sepa-

rationn thermodynamics. Starting with simple binary fluids, it was shown 

thatt polymer solution show a peculiar phase behaviour. The discovery of 

thesee anomalies, compared to simple liquids, have lead to the development 

off  numerous thermodynamic models, of which the Flory-Huggins theory 

andd the Sako-Wu-Prausnitz equation of state have been explained in more 

detail,, including their shortcomings. 
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Inn the next chapter, it wil l be explored if the application of liquid-liquid 

demixingg in a continuous solution polymerisation process is feasible. Using 

experimentall  results and classical thermodynamics, as presented in this 

chapter,, a steady-state process design wil l be constructed. 




