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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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B Ao AFeE AR Bxjeko] 217 thE 350 A
- poly(4-vinylphenol (PVPh)(Polysciences, Inc.)33 0., G- &2
+ acetone™} methyl ethyl ketone(MEK)S BV3151 1. -5 99.9%
Ol*obl Aok&(Aldrich Chem. Co.yS ARg&FSITE Aol AL
PVPhe] HAkS Z24317] 91510] GPC(Waters, 510 K254

S 31 o L= Tetrahydrofuran(THF S ARSI &7+
=74 (Waters, 410 differential refractometer)E AMESIITH 1 2
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JR= Table 19} Zow 7 aate] $3gd BAH M, & oF
6912, 14378, 24267013{h.
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2 AoA Apg-en o] ool AHRE] ReE S48l )
o] ARG TOAH ] A3A=R= Fig. 13} 2om, =)o) F492
A3 (EL43E, DTM-400P), hot-stage(Mettler, FP-82), 3
A4 (photodiode), HIO1E] EZ A (Mettler, FP-80) %! PCE o]F
oA Sk, AhHe Al gofo] ©7] AlSFHEE hot-stage
off F23BIAL hot-stage®] =55 AT SER ASAIZIHEA Al
SERBEE FshE 3L A71E A E ol gete] SHsIs o,
olm =AM e} FAAM 2] AT = A/D WSS F3510] PCol| A
A7) s o Fo R Rl WL (20 wattys ARSI
L ES}of| W Fo] A7) o 2% M7 LT ks
Azl FA3) Tashs AEE B ow, B A|7F FA35] 7
A% we] 2EE ATt AlRtEE 25 S S35 (cloud
temperature)®. 3}, o] 2} S o g-olo] Ao 2
gt SHEEE 3 TOAP AT didos Algd 25
E s SR i S EE S35 gho] et £
Aol A= PVPh/acetone -2 43 PVPh/MEK £-2o]] tjslo] o
H] A 3-8 astod AlR5Q] $2-E(heating rate)?] ©F 0.5 K/min
(°CminPlaRR] Jglelrs SHEE 9% HAPF £03 K
olgp7} Hi= e ER1E 4 ST webA] 2 AdelxE B
gollof] teto] A 8-25 (3 hot-stage®] <5)°] 5282 0.5 K/min
2 JAsA fAIsE 2elA] ASISIeh AlEFEE 9 3mm,
Zo] oF 6-7 cm?] pyrex F21#E ARSI oM, 3K Eo] B3
2 Aol ARG NS 3151 QA AALE o] Falo] FAAl
IO IS BAEA Barow Uusigt), ki, i)

o ¥
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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

-

sample

Hot stage Microprocessor

N A

Fig. 1. Schematic diagram of experimental equipment.
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oo Je 2= PYPhjacetone -4 PVPhe] FA E-8-8 ©F 005026
%], PVP/MEK €& ok 0.02-0.25 WS 2 81} o)Ak} 2
WO golo] e 2% 5 THREE F43Hs TOA
oAE AR 7E dofuls Eofo] b A 2kolx €]
u| ] 38} F719k Akl EoH25].

oo % rlo oE oo

33, OEKA ¥ OEX 22| 3[Rk BHE

2 ATt A3e] oo Bgh A} PVPhe] 27| 39t
A (self-association)S Tasl7] ¢k PVPh 'HA )] FT-IR
22 EZ(Bio-Rad, FT-3000 Z2)& 204 Fig. 29} o] A3
t}, o] AFEHA] Bl 3 3330 em™! SEA]OA] BHS S
vjo]3E gl & 4= glor o9} o] 3330 em™ A4 F
W s Jehfs dake 1EA) dhEeke) o] slojuE
Al H 716l EASRs -OH 717F M2 44 Agshe 3§ dol
o3k Rog AZFATE gk B Aol At Ae 4a
PVPh/ketone §-21ellA1 2] 3]gHald-e- B3] $J8lo] Ao A]
FEE 23 PVPWMEK §-919] FT-IR ~HEH S Fig, 37 7
o] Aglom, o] AFE- A K 4= 3,380 cm™ ZH|olA] F
W& F5 vo]AE Kol 9low o] pvPhe] M AeEe}
o] AEARS] -OH 717k S=42d3tel] oJgk Aoz Azhdrt, gk,
1,715 em™ ¥-22] 7k2 R d7] 9] &= ¥jo| T atRle] e

3330

\"ﬂ__/\—\.
1
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r v T o T T
4000 3500 3000 2500
Wave number [cm™]

Fig. 2. FT-IR spectra of the bulk state of PVPh.
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Fig. 3. FT-IR spectra of the PVPh/MEK solutions.
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me} A oUx] FHo g olFdhs FaS Holil glom, o]y
BEE Gl -Cc=0717} aEAFE] -OH 718} 7 4
Z}8] $}(cross-association)& gl 711 =&
7} SVETE SelEAkel Al o] wAps|g)
o F o]t AeuA] Fo® o] Fslh= Ao w F5HrY, o
9} Zo] F=R I .C=07} -OH719}F WAL 3 Fehs S a1

AHAEZS 0] §3l0] 1FF =FolA PVACY] -C=0 7|2 &
jo]=17} 1,700-1,800 cm™ H$ollA PVPhe] F=of wle} A of
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4 MEZEI W MEE AN

4-1. DFX} S| M2 A1}

Aol AE3E PVPh/acetone £ 2! PVPWMEK §-912]
AHE]= LCST(lower critical solution temperature)3 B 2] 752
Bk A; g W A EghEelA] LCST Jeje] e &
23e GARAeL Gl EARKTE] Fu AT 2ol 7t w2 A
T, B A 2E EA171e] £ (short range) oA -§-
o] EAlBkz -5 Soll el ddes dufA e vk &
el A] PVPh/ketone §-910] LCST 52 Kol 21 AA &
Al ke 22 Ak} Sl Bk ATl ost wAats]
gt Aol 71¢18k= o7 AZbE ) PVPh/acetone & PVPH/
MEK &0l q1iAle] sio] mE A FelLr(Eden
7 Av= Fig. 49 2k £ A3 27/ 4% 2R
T gule] AR Sehe &5 §e] dAREE
FoR 3 ke Tro] oF 0.85-0.982] o]t o)
oAl B aatAke] iAol 45 SHRE glo] sk
S & S Qi o]l AR IEARS] wAlEe] S5 4
WAk} A7) A7F AR AdgAdo] AstEle] SRR ET) (hadhe
o g ALY, e, 2 EAFY] AEAAE £}
acetone?] 7d-¢-7F MEKQ! 7-9-H o} S &7k whe 23k Kol
3 glom, ofefgh ZgF Begh #xke] Z27] WellA] acetoned] 31E
Z}eke] AFgAdo] MEKHCT A 02 acetone?] & H-=%7} MEK
9] ZA¢-Rr} vlolx|= Zl o Azt

3

=
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N
o o N rfo
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42. PC.SAFT AfERAle] mRf[E] A 3 7104 Taio| Al
B AolA Faat AR e) A1819) BloJElS PC-SAFT Abejit
B0 8] SeiaE Age) AL8E PVPh, acetone B

540
520
500 | F.‘Id-’_’_',.—' "_’___""’d
—_ | ﬂ A
¥ G_).l .’.‘_,0' .‘./-
© 480- A .
=] L L
® | / —
§ 460 o pd
E ./'/. /
8 PVPh/Acetone
440 - —=—"M, 6900
“ —*— M, 14300
1 AT M, 24200
420 PVPh/MEK
—o--M, 6900
1 oM, 14300
Y \—
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.

MEKS] AJe7g 4 sfefn|e]7} 23}, §vZ2 AR acetone
W MEKS] 32}u]El= Kouskoumvekaki[14]9] t=fof] Lo
2lo1}, PVPh/acetone @ PVPh/MEK £9] AH5a] &7} &
wlo] AR s g skl 222 W7t 0.6<Tr
<0.95%0 oA ZslA| 2] BT 9} X859t vlolE[271F
ol gato] thA] FARFS O A= Table 29} T}, gk, 3
2Rl PVPhe] -9 TheulE] FAte) oAl £314] AES 3191
o aaRke] el sefuEs dibdo s 8- e] Y
5 HlolH, @93 v T2US5A5E] vlolHE o]8-3]
Fak 4 Qlom, AxRA| e o)§k AdeA AealE Gt
2] vl 2§54 9] W% golerto g ksl
AUtk Tevh SAFT R 2] Aepdgd Alelxs aitate] defuly
£ X fojERte® k= A9 Sk sEbrE 2R A
AbEE SEEAE §o10] AR oSS 2 AE HolH| Xk

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

PC-SAFT parameters " i - iati
Chemicals _ p AAD(%) k;» oquuatlon[lﬁ] & Cross-association
m/M,, c[A] e/k [K] Pl-]  e*PKkIK] parameters in PVPh/Acetone
N P k;,=0.0325

Acetone 0.0488 3.2420 250.06 - 0.663 2.008 », .
AN €O:

MEK 0.0412 34266  256.66 - 1.100 1.675 @0H +
VI P - — C —

kBC[-]=0.038831

PVPh 0.027 3.6 25634 0.040508  2505.95 0.192 0.365 eBC/k [K] = 2960.68

*M,, =Molecular Weight : for solvent, **AAD%) = (1/N )ﬂ(Xe‘p 7)(“") /X

,x100; X=V', P* or P
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AHIZE Q& = iokar A1A€uk glew[28, 29], ol gt Akl
SAFT 293} 22 hard-chain® “Jefibgd 2ol A Exke] A
24-g- o] hpe|E7} HA|S] Wze] v ]L Fao] evist]
Fato] WSk Zlo® deA] Sk ol EAIRS i)
$3F] Gross?}t Sadowski[30] 2! Tumakaka o[ 1] A
e E Ue Holele) mEA golo] AHE HolEHE E
o aElste] FAksh= WhHE ARksElon, o9} 22 W
FhkeE ke sebEE Sulj7) vhE aEERE G A|e] 7]
W ol ol B ofZof A4H 4= glou] AW o= Anlr} oF
]'1"4'1 ghgl wf Qlet. wjeba] 2 Aol X PVPhe] -84
tlojele} PVPh §-42] 7]-f F& HlolElE FAlel L
0}04 PVPhe] SltuE & FA4tekarat siGict. PVPhe] U H]
= Luengo 5[32]¢] A3 dlolg] Follr] 422 100-400 bar
, =5 404-524 K H9)E] HE HlolHE FHelgl o, 7]
Hlo]E}= PVPhacetone £912] 318.15 KollX 9] Z7]9t &
AoTE 3315 o8-ttt atAte] shehue S5t o] 8=
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Fig. 5. Vapour-liquid equilibria of the PVPh/Acetone solutions.
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Fig. 6. Phase diagram of the PVPh/Acetone solutions.
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Fig. 7. Phase diagram of the PVPh/MEK solutions.
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# AT A= TOAM S ©1-8-3F9] PVPhacetone %! PVPh/
MEK &-oH9] ate] A F3stalon, die] 715 LCST
g JeRIch AR % & 38 25 uERkeY B4
o] F71etell whet TAslSi o n PVPWMEK §-919] Zie] &
57} PVPhacetone £-08] -1} =& 3RS Holr) At
s ool FEY ARlellx] AESH] f18to] PC-SAFT “JEiid
218 o] galo] - AsFFE ANESIo] binodal curvese} spinodal
curvesE L2, PC-SAFT e 2] @A e 4= PVPhe}t
ketone wAF ] WAFS] 9} PVPhe] AP35 @S aelslsit.
PVPhe] PC-SAFT “Je-g 2] dletu|e] 9 waks]q slejn|el=
PVPhe] &-§3H]e] W= tlo]E| 2} PVPh/acetone §-<H2] 7]-f
Y dlol"E sAlel aEste] FAklelen, F4kd st
5 A3l AFE binodal curveste A S4E 59 2%
oF 2 AX|epgiet. Ao AFE oM Fakd BARE] s
2k g2l kv PVPh/acetone 2! PVPh/MEK £ X%
PVPhe] EAe] wet Srkshs AdS Bt

ABI|E
AAD(%) : average of absolute deviation
A : molar Helmholtz free energy
ag,—a,; : PC-SAFT universal dispersion constants
byi—b,; : PC-SAFT universal dispersion constants
C, : []+m_8n72n42+(]75)2011*27112‘?12113*22114]1
(I-n) [(1-m)(@2-m)]
d; : temperature-dependent segment diameter of chemical
component i d,, = cs,.,[l 70.126Xp(73 ﬁ)}
kT
gf'; : radial distribution function for a mixture
1 +( d,d, ) 3¢, +( d,d; )2 20
(1-G) dy+d; 7 (1-¢)? Mitdy” (1-¢,)
k : Boltzman constant
ki, : binary interaction parameter used to adjust g
m; : number of segments per chain of chemical component i
m LY 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, : 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 : dispersion energy parameter between chains of pure

sfetsst Ml43d Hs= 2005 103

component i

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

¢, : gpzx,m,dj’, 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
XL
assoc : association term
disp : dispersion term
chain : chain term
hs : hard sphere term
res : residual property
ref : reference term
OZHEX}
i j : chemical component i, j
a, B : functional group containing association sites
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