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Abstract — Phase separations of Poly(4-vinylphenol)(PVPh)/acetone and PVPh/methyl ethyl ketone solutions were
measured using the thermal optical analysis (TOA) method. The phase separations of these system showed the behav-
iors of LCST-type (lower critical solution temperature). The measured cloud temperatures were lowered with increasing
molecular weight of PVPh, and cloud temperatures of PVPh/MEK solutions shifted to higher temperature regions, com-
pared to the PVPh/acetone solutions. Phase equilibria of PVPh/ketone solutions were described with taking account of
self-associations of PVPh and cross-associations between PVPh and solvent, by using the PC-SAFT equation of state.
PC-SAFT EoS parameters of PVPh and cross-association parameters were determined by simultaneously fitting liquid
density data of PVPh and VLE data of the PVPh/acetone system. The estimated parameters of PVPh and cross-associ-
ation parameters were utilized to calculations of the binodal and spinodal curves, and the calculated binodal curves were
in good agreements with the experimental cloud temperatures.
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2 1976'd Sanchez} Lacombe[2,3101 2l3tod #3- Ak 5
o] AAfel] gJsto] wizbe] AAf 9l Azlol| Qx| gk HAF=C]
B A (nonrandom) EXE 723 o8] FEJS] nonrandom-
lattice fluid AT 21Z0] AT ¥ O [4, 5] o= g2
& Ak 2001 dZF aEAA] R ofue} v o do] & A4 &
T2 Y At 385 gk B3, Song Flo] AL
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3t A58 van der Waals®] FA7F QIE &R0 7 33 om o]
PHSC 7o 21 sF i) Gt ope} 3534 &<
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17421 Huang?} Radosz[9, 10]2] ZJE7g2lo] AlRbe 5 e
A7kl efste] ofe] FEje] Afeig A ow MEPEglom Ht
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polyether®] REETHE] o] EA3}= AFAagA) -0-9F S-rf-#}2]
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(ethylene oxide)(PEO)/water, Poly(propylene oxide)(PPO)/water -84
9] of_oW ArR-gof] J kS n| AHEE] 71%E0] LCST(lower critical
solution temperature)3 Ell H=i= 2 (closed loop)FEE Kol H S
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2 A X= PVPh/Ketone §-<82] ool A7g] A3-& 43
st el 7t o 8-S (cloud temperature) S
TOA (thermal optical analysisyH % Z73}Itt. TOAR | 2%t
oMo At AEe] tistol= Bae[25], Saraiva[26] 5] =it
of| X AdAIE] e v glom 2 A7) APeME ol A
S AT £ ATl AR Alset AEAA 9w

We) At vkt 2r,

LA =
2 Ao ARGE TRk EARe] 7] o 3ER] Al
& poly(4-vinylphenol (PVPh)(Polysciences, Inc.)33 0., g1 2
+ acetone’} methyl ethyl ketone(MEK)S E13191 1. -5 99.9%
o2l Alekg-(Aldrich Chem. Co.yS AREEISATE Aol Alg-¢
PVPhe] A8 Z74317] §13191 GPC(Waters, 510 29 yi-2]
5 31 01 Gl Tetrahydrofuran(THF S ARSI HE7 |+
=787 (Waters, 410 differential refractometer)E- AR5t} 1 4
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I5= Table 19} 2o z} yEALe] S FA M, & 9F
6912, 14378, 242670] 1T}

3-2. AR H U

= AoA aApg-en o] ool AHRE] RE SA8b] )
o] ARG TOAH ] A3AR= Fig. 13} 2o, =] G492
A (&EL38H, DTM-400P), hot-stage(Mettler, FP-82),
A4 (photodiode), HlO1E] S Z A (Mettler, FP-80) 2! PCE o]
oj7] S}, AFvPHe A} Golo] Pl A|SFHE hot-stage
o 2Bl hot-stage®] 255 YT SEE FSAITIHA] Al
EFEE FHshE Bl A7E FAAE o] g3l SAsglen,
olul] LA B AT = AD HETE FEto] Pl A
A7 sl o Fo R Rl WL (20 wattys ARSI
2 ES}ef| w2 Fo] A7) o 2% H7A] AT S
2)slt) FA3] Tashes AES By ow, 3o Al7)7F 343 7+
A% we] 2EE ATt AlFtEE 25 S 5725 (cloud
temperature)= 3FSICE, ]2} A2 HH O R gol o] Ar]ef 2
gt SHREE s TOAYAM = ks oz A5 &%
E A Sl it SAEe SRk glo] delinh
Aol A= PVPh/acetone -2 43} PVPh/MEK -£-2o]] tjjaled o
B4 3-E Falsto] Al59] 528 (heating rate)©] °F 0.5 K/min
(CminplaRR] Rglelrs SHEE S5 BAPF £03 K
olgp7t El= Ae ER1E 4 ST webA] 2 AelxE B
gollo]| theto] A 825 (3 hot-stage®] £5)°] 5282 0.5 K/min
2 JAsA fAIsE 2delA] ASSIeh AlEFEE 9 3mm,
Zo] oF 6-7 cm?] pyrex F21#S ARSI oM, 3K Eo] B3
71 el A R ARg-ols 9l AAAALE o]g3to] A
7 F U @55 TAVRS B ® WiEsiglry ek, aitAt

0

[

Table 1. GPC analysis results of PVPh

Polymer M., M, M,/M,  density[g/cm?]
PVPh #1 6912 3645 1.89 1.2
PVPh #2 14378 5335 2.69 1.2
PVPh #3 24267 6839 3.54 1.2
Photodiode
Microscope
— e
Hot stage Microprocessor
N N

Fig. 1. Schematic diagram of experimental equipment.
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gole] 5= PVPhacetone 9% PVPhe] 7] #-8-5 F 005026
W), PVPh/MEK &8 ok 0,02-0.25 H$15 al3ict. o)Ak} 7+
2o R g Aty % F THEE 43 TOA
HollM= AHEE7F Dol §oo] oS el o)A
o] s} TV Erkar EoH2s].

3-3. OEXF H OEK N0 S|l 2IE

2 AelM AFe] thoz &gt 18 PVPhe] A7) 3]E
A (self-associationyS #2517] 3lo] PVPh A4 E]9] FT-IR
2 ER](Bio-Rad, FT-3000 B2 )S- =204 Fig. 29} o] 43
t}. o] AFER oA B v 3,330 em™! A Fye F
Jo|AE #l & 5 glom o)l o] 3330 em™ LA F
W FE Jehls @A miA i) 5o slo|EE

rk

3t Zlog A7 AT}, Tk, B ool AMRY
PVPh/ketone §-Hol|A]2] 3|3al/-g Eabr] flsto] Zd=olA
S5 d]dk PVPWYMEK £919] FT-IR A EHS- Fig, 33} 2
o] dglom, o] AAEHA B 54 3,380 cm™ Ao F
Y & TJo]aE Holal 9lom o]i= PVPhe] M AEieh &
o] Ak -OH 717ke] 4d el ost oz A7), ghA,
1,715 em™ ¥-22] 712Rd7]e] S5 vo] T aitAke] seel

3330

|

r T T T 1
4000 3500 3000 2500 2000

Wave number [cm™]

Fig. 2. FT-IR spectra of the bulk state of PVPh.
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———————— 0.3wt fraction of PVPh
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Fig. 3. FT-IR spectra of the PVPh/MEK solutions.
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o] & Folart AellvA] How ol gdhk= A i},
9} o] 72 R g7 =07} -OH71¢} w2l Bl§shs A4 L
A G v ofu]e} A1t H TR dofuh= Ao R,
Moskala 5-[18] PVPh2} PVAcS] H.#l =0 A
2HE-E o] 43to] &S w=of| A PVACY
o] =17} 1,700-1,800 cm™ HYIA PVPhY] 55
YA %07 ol Fghrial Aggh nuf Sk

4. A 3 AEY ALt

4-1. DEX} BHo| MEe|AE Au}

B Ao 4 285k PVPh/acetone £ 2 PVPWMEK -£<12]
ARE#]E LCST(lower critical solution temperature)3 €l S] A5-S
Bk aA; G W A EFhEellA] LCST Jeje] iy d
e GEEAeL Gl EAKEE] FuGAG 2ol 7t w2 A
-, B A A T 22 BARREe] A2 (short range) 7S 24
o] EASh: ¢ Toll e @e® duiA] ol vk 2 A
JollA] PVPh/ketone &40] LCST 758 Hol= 21 oA &
A%l vRe} 22 arEke} gl Bk ATl odt wAtks]
3 @idel 71dsh= Ao E A7tk PVPhacetone X PVPH/

MEK €% 17820 g5 W 4 B (EHeR) F
d A= Fig. 49 2t 2 A3e] oA SHE R &
T 8o AR R AlehE 252 §Ho JAREE V)
F07 & LT Tro] oF 0.85-0.988] Jelolqit). olE 1Yl
oM K wEAR] BAgo] F45 YL o] dadhe A
S oF &= I}, o023 e pEALe] Hajgo] 4= g

AR} A7) 27F AR AFEAdol Aol STt sk
o F A7 g, T2 EAF] AEAAME £}
acetone?] 7d-¢-7F MEK?! 7-¢-Hr} S8 7) uhe 23k Kol
L glom, olelgh Ak Begh #xke] =27] WellA acetone®] 31
Ap9)e] AHgAdo] MEKHTF 0P F acetone?] EH-2%7} MEK
9] A ¢HT} vlolx|= Zlo® Azt

42. PC.SAFT AfEfRALe| TRf[E] A 3 7194 Taio| Al
B AolA] Falat AR e) A1819) BloJElS PC-SAFT Abepit
B0z 8] SeiaE Age) A48 PVPh, acetone B

540
520 -
500 -
= ]
o 4804
=]
©
5 ]
o
§ 460-
3 ] _
3 / PVPh/Acetone
440 - e —=—M, 6900
. —*—M, 14300
i —4T M, 24200
420 PVPh/MEK
~-~o--M, 6900
: —o-—M, 14300
[N
400 | | ' - M, _24200
0.0 0.1 0.2 0.3

X, ( Weight fraction of polymer )

Fig. 4. Cloud temperatures of the PVPh/Ketone solutions.

MEK?®] 772 shetrle]7} F e ajr}. g2 AR acetone
o MEK?] 32}l Kouskoumvekaki[14]2] w=5-of 23 x| o]
2101}, PVPh/acetone ¥ PVPWMEK &2 A 2571 &
o] A SR A sk =9 HEIF 0.6<Tr
<0.95%1 Z7dellA] ZslolA| o] EH-T) 9} 251579 HlolE][271F
ol gsto] thA] FAkeFS O A= Table 29} v}, gk, i
A1 PVPhe] 739 shetulE] kel oA £dA AEE 819
o 3R] e A detulels ditdos S5 e] o
T dlold, EAIT B T2U45A52] vlolEE o] -3t
Fakel 4= glom, AxpAA] el o)§k Aderg Aleal= At
28] skl E TR S80S W Holerte® Fkstal
QAT Z12fuk SAFT 58] depdgd AelM= Aol sfejulE
£ dE dojEyo R ke A Ak skebv|EERE A
Al SEAL SO0 AR o &S 2 AiE HolH| Xk

Table 2. Estimated parameters of PC-SAFT EoS and cross-association parameters

PC-SAFT parameters

k;, of Equation|13] & Cross-association

Chemicals m /]\_/[: o[A] e/k [K] Pl-]  e*BKkI[K] AAD(%) parameters in PVPh/Acetone
\z P k;,=0.0325
Acetone 0.0488 32420  250.06 - 0.663 2.008 A
A cO:
MEK 00412 34266  256.66 - 1.100 1.675 @OH + 0
VI P - - C -
KBC -] =0.038831
PVPh 0.027 3.6 25634  0.040508 250595  0.192 0.365 8Ok [K] = 2960.68

*M,, =Molecular Weight : for solvent, ** AAD%) = (1 /N)ikXeW*XCHIVXEW

,x100; X=V', P* or P

Korean Chem. Eng. Res., Vol. 43, No. 5, October, 2005
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AFEIZE Q& = Slokar #A]€nt glom[28, 29], ol sk Akl
SAFT 227} -2 hard-chain® e 2 ellA] 211k s
28 ouix] gherle]r) dAe] We] v X|= o] oulEkA|
Fato] WAleh= Ao deA] Qlrt. olelgh tAldE dsh]
$3Fd Gross?} Sadowski[30] ¥ Tumakaka 5-[31] 322
vehule)E W% glolelel Al goe] FEE tlolElE T4
of| aEste] FAkhs WS Aljkel o, o]9f - o
SR aEApe] slenleE Gz ohe At -§-o4A|e] 7]
9 ool FY ofSef A8 = glom AFY oF At &
Fafrkar 8kl vf Qlek, wehA] 2 A7 A= PVPhe] -84
o] W= dloJg)e} PVPh £42] 7]-9) & HloJEE FAlel L
#ato] PVPhe] dfetrlElE FAkskaat selvh. PVPhe] U= b
O]E]:= Luengo 5 [32]2] A& ol FellA 482 100-400 bar
W], 25 404-524 K H919] W& dlolElE FHaiglom, 7]-9
¥ t|o]E]= PVPWacetone €992 318.15 KollA Q] 718t &
tlolE][33]E o] 833t} aEAke] el Fte] o] 8=+
B dlolel= agAke) Sl AR wAks|§o] dojubA
e S Y HolElE AEshs Zlo] Fout AT
3= PVPWacetoneZ)] ©]2]9] 7]-8 B do|EeE qlo=g 4=
k. PVPhacetone S Ao A= 9kxQ] 3-30f4] HER we}l 2
o] PVPhe} acetone AF7FS] w ks dho] Yojyb= 2 PYPH/
acetone -§-912] 7]-13 do|e e} PVPhe] §-873E)2] A% ]
OJE]E o]&-3le] PVPhe] detulElE Skl SlsliMle wAts]
o] vlehug] Frol dasht &2 Adteas olof tigh T4
TAE F77F ofgRlon, weba 2 AFellx= PVPhe] vtk
ulEl g} w2k g sfetu|ElE Bl kst aAl shelck.
PVPh/acetone -£-2ol|4] SAFTel| 2]t 3|3 wlelnE & PVPh U
acetone®] 3|2 E 217} ofgje} o] A, B B Cef 7Hgehd

o.,>1 ot

g
rlr I‘IF o

o]

ﬁB :(”):
©O-of . L

32} 33 €2k, kP 9F PvPhe] A1 A e B
W7} et oPd} 22 el oJste] pvPhe] slen|E & 4t
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Fig. 5. Vapour-liquid equilibria of the PVPh/Acetone solutions.
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AAD(%) : average of absolute deviation
A : molar Helmholtz free energy
ag;—ay; . PC-SAFT universal dispersion constants
byi—b,; : PC-SAFT universal dispersion constants
4-1
c, : []+m8n 20’ L+ (1- _\2011 27n°+12n°—2n }
(1-my’ [(1-m@-m7*
d; : temperature-dependent segment diameter of chemical
component i d,, = c,.,[l ~0.12exp(-3 E_)}
KT
gf'; : radial distribution function for a mixture
1 ( dlld_[_/ ) 3C2 ( dud// )2 2C§
(=6 Mutdy/(1-g) Mt dy” (1-¢)°
k : Boltzman constant
ki, : binary interaction parameter used to adjust g;

m; : number of segments per chain of chemical component i

m DY xm;

M, : number of association site of o functional group on
chemical component i

M, : number of association site on chemical component i

I\_/IW : weight-average malecular weight of polymer

Ng, : number of functional group on chemical component i

R : gas constant

T : temperature [K]

X; : mole fraction of chemical component i

X,y : weight fraction of polymer

X" : fraction of molecules of component i not bonded at
association site [A]

Z : compressibility factor

J2|o|A 2K}

g’k s dispersion energy parameter between chains of pure

sfelsst M43d M52 20054 103

component i

€ "'/k  :energy parameter of association between site A on chemical
species i and site B on chemical species j
Y n

C, : ngX,m,d,, ne0,1,2,3

: packing fraction, &,

AP : volume parameter of association between association site
A on chemical species i and B site on chemical species j
p : total number density of molecules
G : segment diameter of chemical component i
SIER
assoc : association term
disp : dispersion term
chain : chain term
hs : hard sphere term
res : residual property
ref : reference term
OZHEX}
i, : chemical component i, j
a, B : functional group containing association sites
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