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Thermodynamics of Phase Equilibria of Polymer Solutions

Kenji Kamide and Shigenobu Matsuda

Recent advance of study of phase equilibria of polymer solutions is reviewed. Thermo-
dynamical conditions of phase equilibria at constant temperature and pressure, originally
given by Gibbs, are very rigorously applied to the solutions of polymer, consisting of super-
multicomponents having the same chemical structure and the different molecular weight.
The theories, in which the concentration and the molecular weight-dependences of the
polymer-solvent interaction parameter ¥ were reasonably taking into account, were estab-
lished. The systematic computer experiments were carried out to investigate the effects of
the starting polymer molecular characteristics and the phase separation conditions on the

characteristics of the phase equilibria, the critical solution points, cloud point curves, the
binodal and spinodal curves of the multicomponent polymer-single solvent system (quasi-
binary solution) and of the multicomponent polymer-binary solvents mixture system (quasi-
ternary solution). The reliability of the experiments was confirmed by comparing with
actual experiments. It was shown that the entropy parameter ¢ can be evaluated, by con-
sidering the concentration dependence of X parameter, from the critical point data and
¢ values thus obtained were in good agreement with those from the temperature dependence
of the second virial coefficient A, in vicinity of the Flory temperature. Occurrence of
co-solvency was theoretically predicted by the theory of quasi-ternary solutions,
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Fig. 3 g,(X)and ge)(X) phase separated from
quasi-binary solution consisting of poly-
styrene (M =2.39-105, M, /M, =2.7,
Schulz-Zimm distr.) in  methylcyclo-
hexane. vy =0.94%, #5=0.52. p;=0.7
(Theoretical curve).
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parameter p on the resolving power R,—X,
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weight mixture); the fraction size, Op= O
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Fig. 6 Molecular weight distribution g (M) of the
first fractions obtained by the precipita-
tional fractionation method from solutions
of polystyrene in methylcyclohexane; full
ine: experiment; double chain line: com-
puter simulation with parameter p=0,6;
dotted line: comp. sim. with p=0,7; broken
line: comp. sim. with p=0,8; chain line:
comp. sim. with p=1,0; a) »7=0,94%, O,=
0,04; b) v5=1,89%, 0,=0,07
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Table 1. Values of p evaluated by phase separation
phenomena and by successive fractiona-
tion for the systems polystyrene (PS)/
methylcyclohexane (MCH) and PS/cyclo-
hexane (CH)

From* p

PS/MCH PS/CH
MWD 0.6—0.7 ca. 0,6
Up(2) 0.66+0,10 0,5640.05
R 0.69+0,10 0,58+0,05
SPF 0.74+0,10 —
SSF 0,72+0,10 —

) SPF, SSF: successive precipitational and successive
solutional fractionations, resp. Upezy : volume
fraction of polymer in polymer-rich phase. R:
volume ratio of polymer-lean phase to polymer-

rich phase.
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Fig. 7 Differential MWD curve g (M) of the first
fractions, precipitated from 0,47% (a) and
b)) and 0,94% (c) and d)) solutions for
different fraction size @, ;a) and c): experi-
ment for polystyrene in methyleyclo-
hexane; b) and d): computer simulation
with parameter p=0,7; #pis indicated on
curves
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Dependence of the ratio M, /M, of poly-
mer in the polymer-rich phase on the
relative amount of the polymer (ie., the
fraction size) ©,: open circle, experimental
data points for PS/MCH system; full line,
theoretical curve calculated under the same
conditions as those in actual experiments
(in this case, temperature dependence of k
is taken into account); broken line, theo-
retical curve calculated by assuming k=0
under the same conditions as those in
actual experiments, except for k.

SPF

polymer-rich phase 3 t

polymer-lean phase

Schematic representation of successive
precipitational  fractionation (SPF) and
successive solutional fractionation (SSF):
Number denotes fraction number.
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10.5 . /r/w

Fig. 11 Plot of M, /M, vs. M,, of the fractions
obtained by a) successive precipitational
fractionation (SPF) and b) successive
solutional fractionation (SSF) on the
system polystyrene/methylcyclohexane;
O; exptl. data; full line: theoretical curve,
numbers on curves denote p ; initial poly-
mer volume fraction o, =0,94%; total
number of the fractions in a given run
ny =18 in SPF and n, =23 in SSF

Fig. 12 Ratio of the standard deviations o'/a
(where o} is ¢’ of the original polymer)
in the polymerrich phase (O) and the
polymer-lean phase (@) in a) successive
precipitational fractionation (SPF) and b)
successive solutional fractionation (SSF),
obtained by computer simulation with
p=0,7 and v,=0,94%; (], M: exptl. data
for polystyrene/methylcyclohexane

—179—




HBER

HEEH TR B, RAMBREICET b, NIERPOES
Fb, FRE DR 2 HEOES O, ¢ 2RHT
HATHD, SPETR 0, 3ABIMNESGICONT, &
BICEALT B, BRIOMBOS BB T, 04, 1200,
EhH KX, SSFTIE, BHARD 6,2, ARIDHEST
TEIONT, BHTHRAICETL, Bheiak, B
M35, SSFTR, 6,3, RHAK®D 0, T 0FEHIC
W&, 72, SSFEDESPEDEH vy RIFHEDK
X O ERARHICONTER b, 0 2]
TEE( OHNX, /X, 0B L0 AEICHTIEE
F£BI43), SPFIISSF LB MICEH b, SPFTR
HLBEI BT, RSO MWD ORI LIED,
B I, ERBOMWD & DR MWD AKX 4
BRI S,

MEEEREMET L&, 0, (FE o) OFAOL
B X0, 2HAROLBIELRATE 3, #3T 5K,
15 Bl —FEBOXSAESNT B & 08, FiIT, B
BOBANRETH B, KAEAEBICE->FE, (1) oy
mAxS, () pydikE <, (D EEMOSFRIKE
<, (V) 7 DR EIEAIROER, ARCIRERCE 2%,
SSFLO & SPFOAY, &0 EBEORERBE L
EF D, T, BEHEIFERDS, 2O0OKSUEEICS
s, BEOSBEAJETHD, COR%RLE
LT, 2O0MOEE, Wonibde, iFoas T
BEDZE 0,0,V BHFBTH Y, vy0~ vy IKE
WEL, AEELB 755, SPFL VD& SSEFOF 0 EE
LB 77, XomsRE<, p, REVEE, SELE
VY AFTHNT & SSF R, BEFICEL 3T =N
— FRETHY, ELASNTVASSF ERELD,
1953 EF T, BEASER SN T BRIED
AT, SPFHENEL BN TO AR, &2 4K
OFERAEEBNEL TS, SSF & SPF A& RHEMICHE
$HE, MEOLHBELOETENTEY,

SPFC (i + 1) XSO FHD T8N, { KKSDZ
NI AKEXNBEMKT B, CHLSFESBITH S, T
OSSR S B>, 2L AP TH 72, — W,
BIPE LG SER LISV E LT, FX ol
H 55D 2ok, FIC, FEHNCHESHIZ T EBIR
L, 2HDEIFHICERETH - Th, Fisrilssec
DBAT EERUEY, BEEREOMWDD, COBRIC

WIS 5, Schulz- ZimmAHAFFOESTTH,
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TS IE, KBS BIEE (SR 20 1) EIFRL,
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Bl v 0 — X OIS EHES FOMEATE - 1 B—
BRBAFATAMO, KM SEROMER, HE
WEBOZhE, FRC—KT 5 C EpmRIng,
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A A (CSP) A 52 A M E, #Ac, Flory”
X - THEiph, Stockmayer ™ 032 1A BB
L7008, TEEE, ¥ OBERGHAE, BEL TN,
S, B, BEPY R, ¥ OBENUS FRIKEES
L7 CSP Mz AE i L, —ikic, 23RO
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AGy; AGL  AGim
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1 1 , 1 X,
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j=1
1 X 1 Xy
SETREN ng:—zwh+kO+Xh %)
x{ 3 by §+2) 0l ) =0 (20)
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B 5 vp RO 2(T 105 0 MU 25,) 08
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T, U}O( 13, BREBRICET 5 X - mer DARESHE
(vp= ZUX ), OPIICPIBT B0 THb, vy> 050D
B&id, R—=0THO, KA DKk
112 2,

Z)X T &u\ Z)X (2)(i

”X exp (—0FX;) (23)
V%= v;"(,. (24)
FRAFALT, CPCAFETE 2, XIpKa<:
&, CPCHRHEBMA~>7 b5 (Fig 13), (RIEESE
TR, Xo/X, DB KEL, CPCHOE—2 (£
RHEA TCPYd, X2/X) OBy, (EEERA~
5, 7, CPCd, p, MU p,DHBEHIZH 2,
Py OB, BORBERE T3, Aa%ic 18271
Bo bl ST, HBHICRW I, 0, & TOM
FBRUCPC &, HEBERARHTZE, o, 0 KU
D1, by B EMICHRFETE 28%% <L, PS/CHRIC
HLT, a'=—002424, b'=15879, p,=0648, p,=
0200 S HRERAM I, Table2iT, PS/CHZ%ROD &,
b, br. by, DBREBIERT O AR, 8
HE RS, ¥ OBRBKENS, BEEORKREIIZE

vX(l)

kgamow SEES, XeOHMICHE
V, vl BBEFEED L, BREET. (S0 /
(—a') ;s o RO TR ¥ amm
THEWOD BN, X0/ X BBALLT
bos RO T, RIBEAEELLIED, F12,
P RU p, BEINT B L, v MU T, &b
Y 2,

25 BYLHBRIBYRT
HEE AR LT, # 20 %E

28Fa) x&/xg=1

b) x3/x3=11 c) XalXR=2 Fd) x3xd=4

B CPC %, HIEFETE 2™, +ub
50055 oS BIF (00< 05) OBA, B0 K
(CP) T@, R>ookis b, FHEMNUE
JERD X; ~mer DIKUGTFuE ), KUY o,
2, FRFNRORICT B2,

Z})C(IZ(I):U)O(,- (zh)
z;;(pi(z,):v)o(i exp (6% X;) (22)

Fig. 13 Effect of weight-average molar volume ratio X,

of the polymer in a single solvent on cloud point
curve (py =0.5, p, =0, and ko=0): X0 /X2 =1 (a),
1.1 (b), 2 (c), and 4 (d); O, critical point; @,
precipitation threshold point; number on curve

denotes X.2.

Table 2. Parametersa’, ', p; and p, for a polystyrene-cyclohexane system

(=299 K)

Author(s) a’ ) P2 References
Krigbaum, Geymer (1959) 0.2496 76.67 0.630, 0.480, 68
Scholte (1970) 0.2631 74.31 0.534, 0.430, 70
Koningsveld et al. (1970) 0.2035 90.50 0.610, 0.920, 69
Koningsveld et a/l. (1971) 0.2211 85.313 0.622, 0.289, 71
Kuwahara et al. (1973) 0.2798 67.50 0.607, 0.512, 72
Kamide er al. (1984) —0.0242, 158.79 0.643 0.200 35
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Fig. 14 The concentration dependence of the x
parameter for a polystyrene/cyclohexane
system: O, osmotic pressure by Krig-
baum—Geymer; @, isothermal distillation
by Krigbaum—Geymer; @, vapor pressure
by Krighaum—Geymer; 0, ultracentrifuge
by Scholte; lines a—f are calculated using
p, and p,, obtained by experiments;
a, Krigbaum—Geymer; b, Scholte; ¢,
Koningsveld ez al. {1970); d, Koningsveld
et al. {1971); e, Kuwahara er al; f,
Kamide et al.

Fig. 15 Cloud pomt curve of polystyrene (X\,?:
2117, Xy /X0—2 8) in cydohexane O,
experimental data: Full line, theoretical
curve calculated using the valuesofa’, b’
p, and p, summarized in Table 1. Lines
a—f have the same meaning as those in
Fig. 14;: broken line, theoretical curve
calculated using p, =0.643, p,=0.200,
§ =307 and ko, =108.
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—¥3 5% (Fig. 14)e LU, DTHEx ORERFM:
O3 DS CPC 2 AMBIcE L s € 5 (Fig. 15)™ . Fig
15o@EfLd, PS/CHRZEOCPCTH Y, BEEH 1B
ekt (B,=108, #%MV”%%FLT%%L&CPC
Th b, 1 EENTSFRBIREEEZEET 5L, FE
EHERRR T B,

CP RSB 2 BIFH (0°> 08 T3 ) 4T

LRET CENTE, chARDKTEF™, CPC
DEEAFHILT, B0 TOMEABN T A EMNT
D, v)<vl DFAI up#)zz CTEONS vty F vl
EL, vg> v OBBIC y,— 0l TR OGNS vEFE vl
EFAHE, CSPIREBINT, Mmﬁby%y\&,ib

HTOBBERAE Ve v 793, 272, BoEFH
DT O MWD IE, vy OB, EEGENS

MELBY, vi=ol T g, (X)) & —HF 5, bili, B
O kS TCRE S U, R E BB TR
A1 kA-&, RO, EELEEATED.
2.6 Flory BERU T haE—+« T X—
T DRE
R 19) MTF(20) THA 505, BRREHREMNT,
CSPOERT — 4 (vg MU T, vy (exp) KU Tolexp))

7’J§b FOTy(leg}XU—T—/[“Dt_'/\7){— d)%(k
m?%C&mT%%moﬁ% O KRTP, ()OI
Ay, =0 TS DI, DT A DU BEARFFE,
0A
o= ( D0 (57, (25)

(DLW F- O Mok b2, (i) T (exp) K
Shultz-Flory #: (SFH) AL T, 6§ KTF¢ AR
7, HOSETREEATELYY, R 2 o0k
TRdT, O RTOERKTEE, 0321 0R—&K
T4h8, SFIETRHIGIE, A oRptcd L0 b b
B0 AKX 5™, Stockmayer™ 13, SFHETIZES
FDEH VA FZEL TN SICEANS B L LI
B, R, I R, EREIRGE, © oREKE
WA LT S ICH 5, Koningsveld 5%V,
xuﬁﬁ&#%%%@bﬁwm%Mmf 0 MU P A5k

Lo (KKS#®) 2B L0, (DHSOFETE
vy 0)1”nm{|x‘i(v (ca))b’»/kméc'_tb“(%fab\ (i
l/\"?)‘wﬁmmugﬂzﬁﬁ FARELTLES, (D

X OPEBEARIAVEDS, Trll C& FANTLEHOT, o

Wﬁwb&HMM,me2%%Tﬁﬁénk Pis
Do DB Z IS, ROREANS Do £ T, Ll BE™

X OEBERIENE, T (exp) (MUFXS & XD %1325
L, ORI M T & B EABE LS (KM,
KM #:TE, of(cal) 75, 0, ¢ RE&MmTIC, 3HE

T&5, Lird, vylexp) & oplcal) i—HT HRRIC,
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Fa-f- TR O R D BT

SRHETBE, b RU p ARETHTELT X 5,
I, T, 0, ¢ &Zéz@ﬁmﬁaf@z;)y,mo

Y= <_*9))+ (26)

X 0)?;%&{&??!#%1}1’0@ e, R19) MTFC20) » 5
XS 0KED, T.(exp) #R(26ICKATEE, 6, ¢
BRE Do p;=0, X,=X. ETHE, R(26013, B

1
1027»
2 2 2 2
Px:?, b= bs=7c s Pn:—n—;g
(31)
2B Z, choiR, HRENICTREINS, L &Up; (4

=1, n)'f%%%)

41541 % Shultz- Flory o 175 2, PS/CHATRES N/ REMNTS py, py (Table2 &
177_1ﬁ< 1,1 )+L (27 O EROTHEL TS, vplcal) &, vy(exp) D—&
T, 69 X7 2x, ¢ DAFS DT, vycal) & vy (exp) D3—HF BERIC,
RBI(E'=0 &EF B)THABND A%, ¢ TEEE  p K p ZREL, p 3 TEET UL, vy (exp)
ABE, R(28) B, ED--FEFHHTH Bo BABHETRDI, § KU
% Table 3CRY, KMETRDIzQ I, A DOHRD
—RT¢V, { L +—(——z)c i
trp ERC—FT D, SFETR P =p=0THh1DH,
L3 L)) (28 pS(cal) B/ NI S 1, ZDRER, @ bk E{135™,
; itz L S13, ME L OPS KU PERKOBARAT — £ (X
28 X (D AEIKRT B E, A, A Al BRI E O, b, Doy 0, ¢ 2 ZNFNDRITDNTR
A=) (29) ELYe KMETRES N, PSHRD, p O
PV OMAE, 0638+0035° L7355, CofEi}, R(31)
MU TPHIL R E 2/3 10, R,
vt 1
Aig=— (s —2oti)  (G=1,2,,n 3. BIWSRAR
Vo 1+1
(300 3.1 {kERTUy L
L1755, RICT=0T, A=A=A==0Tdh5& R —-2, A - RURE 2 -0
REST 5L, BAEA I ERRT Xog, X R X913, BRWMIIC,
vy DNEERE LT, 0T EHNTEL™,
Table 3. Flory 6 temperature and entropy parameter ¢» of the upper solution critical
point for the polystyrene-cyclohexane system
Concentration
Method dependence of z 61K "
Dy P2
Shultz-Flory (eq 207) 0 0 306.2 (306.2,* 307.0,>  0.75(0.78,2 0.79,°
307.2,° 306.4%) 1.056%)
Critical Stockmayer {eq 20) 0 0 306.5 0.80
point Koningsveld et al. (eq 3, 4) 0.623° 0.308° 305.2 0.29
0.623¢  0.290° 305.6 0.30
Kamide-Matsuda: Phase separation  0.6" 0" 306.4 0.35
{eq 14—16) Cloud point 0.6437  0.200° 306.6 0.27
Critical point 0.623°  0.290° 305.6 0.27
Critical point 0.642° 0.190° 305.1 0.27
Membrane osmometry — — 307.6% 0.368
Second — — 307.6" 0.23°
virial Light scattering — — 308.4¢ 0.19+0.05
coefficient — — 307.0¢ 0.36*
— — 307.4! 0.18™

aref 68; Pref 77; Cref 1: Gref 68; € ref 71: f ref 35; Bref 76; N ref 68; 1 ref 78; 3 ref 79; ¥ calculated using

0(8A,/8T), data in ref 79;!
Pref 75
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ref 80; M calculated using §(84,/97T), data in ref 80; ™ ref 49; © ref 69;
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vy B EICROHES TR TH 5, 09— —TT, 0,=
L0 (BEMH C@“«'cmmﬁ}%éﬁ}%ﬁ@‘é) o aYd
WOBBFRR D3I 1 Y,

1
In (1 —Z/p@t)Jr Up(2> (1 —F)

0 s
+/1'23(”;,(2) + ;Ipzsyr <2> > =0 (38)
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D) BEETH 5, Fig 1610, HTEEE 3N
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12, O, BKEDIE, X DIAERELSTHLEDH D
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SRIT, D OT, BUMIKE L, 1y, DM
RO s, Xy QWG BE20EMAE SR L,
TPHERE, 0, K& OB~ BB S € 5 (Fig 18)°7

05 1.0 15 20 25
%93

Fig. 16 Allowable combination of three ¥ param-
eters, Xy, X5, and Xss for given condi-
tions: the original polymer, X2 =300,
Xo/X2=2.0, v3=0.01; #,=1/15 in a)
©5=1/15 in b); shadowed area denotes
allowed area.

a)
1.2

Q.5¢F

o

j=d
W
=

Fig. 17 Correlationship between ¥,3; and Xy
yielding constant Xu/Wae or the
standard deviation oy, in the polymer-
rich phase at a given X5, (0.7 in a) and b),
1.4 in ¢) and d)). The original polymer,
Schulz—Zimm distr., X, =300, XJ/X%=
2.0, 0)=212.2; £,=1/15, v =0.01.
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bro, s DEALSFRBIT, B2 ZBINS D5, 0,3
@&AE—ET%%(E%K@,pmf«w2fﬁkmm
BI(Fig 1900 pig ., SEHMUNC, pry , KT pyg 58
EmULThd, EHEOMER, 3&A LML,
0,=1/100 & 6,=9/10 @ tie-line H3iFT &, o,=1/
100 DK D v,y &, 02FEEE 188, F1r 14, R Xy,
WINEL, Xy PAEZVE(BOHBAZE, B E20
RIEHPRC, B L OFERAINEE <, B2 0B
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vg T

Fig. 18 Effects of x,,, 2y, and 2, parameters
on the phase diagram of a quasi-ternary
system of the polymer (Schulz—Zimm
distr., X.0=300, X2/X2=2.0) dissolved
in binary mixture: 05=0.01; a) X35 =0.2,
Ko =1.0;b) Ziy =0.48, Xpp=1.0;¢) Zy=
0.48, 2%13=0.2; a, Pp,=1/15; b, #,=3/10;
¢, P5=1/2;d, 2,=7/10; e, Pp=4/5;f, 0=
14/15.
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Fig. 19 Effects of the concentration dependent
parameters Py, 4, Pi3 g and p,; , on the
coexisting curves and their tie lines for
quasi-ternary system consisting of multi-
component polymer (Schulz—Zimm (SZ)
distribution, X0=300, X2/x2=2.0) in
solvents 1 and 2: The starting concentra-
tion 25=0.01;2) Py 1 =Pp3, =0, b) Pyp, =
P23.1=0,¢) Piy,1 =Py3,1 =05 O, @5=1/100;
B 0,=1/15 A, 0,=2/10; &, Py=4/10;
vV, ©,=6/10; @, 2,=8/10; (1, #»=9/10:
2%=0.5, %=0.2, Z3=1.0.
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Fig. 20 Relationships between i, X, and X,
yielding the same phase separation charac-
teristics as those by a quasi—binary solution
with the concentration dependence of the
¥ -parameter p (numbers on the curve).
The original polymer, Schulz—Zimm distr.,
X0=300, X2/X & =2.0; the initial polymer
volume fraction U;] = 0.005; relative
amount of the polymer-rich phase 2,=
1/15.

Netsu Sokutei 13(4) 1986



SRR ORFE OB

ot 1985440, b, MR, B2 XS FROR Y
/= H G & R (R (14) RO (15) BH) %,
B3N HABER LT, CSP oMmREEN LI, =
K/ — &SROSR, 2hahR (40)
KU(4) T 0™,

1 1 1 1
GG *7,'2*2112)(%73+E—2113)
_<DI‘ —H(%—)(m—}(m)z:() (40)
1 1 i 1,1
T T T o +; .
[Upr()(U? vﬁ) 0 (02 212s)

1,1 < 1 1

—E(—UI—ZML(—%X&* 7, 221)

— G+ 2 T 1) (Cr (= 22)
Ul 23 13 12 Z)? U2 23

1 X! 2%y 2Xa

1
e s O{v v v v
viv, Xy v X, U1P2 2 1

+2 (Xyy Xia+ Xy Xog+ 2 X1p) — X5 F X5+ X)) )
=0 (41)
(72720, 320 x OBEERMEVETERL THELY)
T,
vito,to, =1 (42)
HEZONF XD XD, X, X, RUIg LT, &K
(40) — (42) i FRRRABL &, CPSWKHBY 5 v,
v, R v, (Z0ZTN 0], v R o)) DkF b, F12,
(40, RE/ LR (SO sk E %, MR,
SFMENBHIC, CPCESCICSPIREBNTIESAS
#(Fig 2™y 0} —~FEOBKE, Mg 0,—> 0
(vg> vy Tido,—>0) @ tie-line (limitting tie-line)
EOLEACPELT, D CPCENRDIL, 2y, D
LU, X MU 2y D3EIIT 5 &, SCKRIFCSPF, 3
RS DK IABET 5, 451, X5 08 SC ~A 1
BBAEMTT, Eh, K, RO X L, X 36
LF B, v HE A, Fig 221 XomCSPICiK
BTEEAERT (X0 /X0=1,2, %, B Scott
RpLEHF LI CSPTH B, Xo/Xi=1&, Scott ®
CSPAHET A&, Scott O pS DA H 20~40% (100
< X5 <300 OEIHT) A X S 15, X0 HIREL
1RBICHONT, vy BEINL, o) MU vy SEDT 5,
3.4 Flory®iE#sk & Cosolvency
Fig. 22 BB S/ ghEc, Xo—oo &35 &, HR
KEESFOMWDIIK ST, v, M v, B—EDHICE
ST EBbh B, SOMASE, Flory RS (oF
RO oINGESC™, o Mol iz X0 ook Lo,
Vs KU 0505 —=0) TH Do Xg—>co Ok, £ (40) 11,

Netsu Sokutei 13(4) 1986

Cloud
Point
Curve

Critical
Solution
Point

v
10 . 0
0 02 04 06 08 1.0

Fig. 21 Cloud point curve (full line), spinodal
curve (broken line) and critical solution
point (unfilled circle) of quasi-ternary
system. Original polymer, Schulz—Zimm
type distribution (X9 =300, X.J/X2=2);
X2 =0.5, X, =0.2 and Xy =1.0.
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Fig. 22 Plots of the composition of critical solu-
tion points vy, v; and v, versus X2 of
quasi-ternary solutions. Original polymer,
Schulz—Zimm type distribution (X9 /X2 =
1,2and 4); X;=0.5, 215=0.2, X3=1.0:
broken line, »f, w5 and o5 (o) versus
X‘,Ov (X) of ternary solutions (Scott).
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Fig. 23 Relationship among Flory solvent
composition o, X5 and Xy .

Fig. 24 Phase diagram of Cosolvency. Full line,
cloud point curve; broken line, spinodal
curve; unfilled circle, critical solution
point. Original polymer, Schulz—Zimm
distr. (Xw =300, X2/X2=2); X, =10
Zis =0.6, %y =0.8.
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