B
N
o

F

=
o

o
19

X offl

Y
i)
LT
i)

o
O
S
i ox
o

Korean Chem. Eng. Res., Vol. 43, No. 6, December, 2005, pp. 704-714

Poly(4-vinylphenol)(PVPh)/Ethyl Acetate %! PVPh/Butyl Acetate SH7|2| 2 oH Al
Zoi - 2713t

Liquid-Liquid Equilibria of Poly(4-vinylphenol)(PVPh)/Ethyl Acetate and
PVPh/Butyl Acetate Solutions

Mi Kyung Kim and Ki-Chang Kim"

Department of Chemical Engineering, Kangwon National University, 192-1, Hyoja-2 dong, Chunchon 200-701, Korea
(Received 2 September 2005; accepted 31 October 2005)

2 o

B Ao A]+= Poly(4-vinylphenol)(PVPh)/Ethyl Acetate 2 PVPh/Butyl Acetate &N A 2] oo AR A5
TOA(thermal optical analysis)H 2 Z743}31, 545 A Ho]E]E PC-SAFT e 24 ix %
g AR 12ZeIT) 23S 33 PVPWEthyl Acetate @ PVPh/Butyl Acetate -§-2A12] A2 A%
A B LCST Gl A%-S B0 A 5= aixte] Bxjafo] 7o) ule} Stopx)i= 23S B} 0
3 gjjo] Exjefel] o3t PaFo 2= o] BAjeFo] A2 PVPhEthyl Acetate 892 &2 %7} PVPh/Butyl
Acetate §-H¢] 7-9-HT} e & G0 FxEsh= A Btk $HH, PVPh/Ethyl Acetate -804 PVPhS} &
v E2RE) A el oF wARS| FEE FI-IR A EY B 0w Sstal, 574%¥ wAlS| P =2 5E] PC-SAFT
wdlo] wxlsl gt delu|EE A8l Ak w3 vlelu]El S o]8-38l0] PVPh/Ethyl Acetate 3 PVPh/Butyl
Acetate -£-°] binodal curve®} spinodal curveE Al4FsIS] oM, AL binodal curvei ditE] Adox A% F
o 2EEHEE) curved} o FE A AX|e= S Rl

Abstract — Phase separations of Poly(4-vinylphenol)(PVPh)/Ethyl Acetate and PVPh/Butyl Acetate solutions were
measured using the thermal optical analysis (TOA) method. The experimental phase separation data were correlated with
liquid-liquid equilibria relations based on PC-SAFT equation of state. The phase separations of these system showed the
behaviors of LCST (lower critical solution temperature)-type. The measured cloud temperatures were lowered with
increasing in molecular weights of polymer(PVPh), and cloud temperatures of PVPh/Ethyl Acetate solutions shifted to
lower temperature regions, compared to the PVPh/Butyl Acetate solutions. Extents of cross-association between solvent
molecule and polymer in the PVPh/Ethyl Acetate solutions were measured using the FT-IR spectrum analysis method,
and cross-association parameters of PC-SAFT model were estimated from experimental extents of cross-association. By
using the estimated cross-association parameters between PVPh and solvent molecule, binodal and spinodal curves of
liquid-liquid equilibria in PVPh/Ethyl Acetate and PVPh/Butyl Acetate solutions were calculated from PC-SAFT equa-
tion of state. The calculated binodal curves of these system were shown to be well agreeable with the experimental cloud
temperature curves.
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A w9 FoAEE A 9] shueltt. aEAA A Holi= A5 UvH1]. 374 &dellX UCST A54] 7+wel &
2 AlE T3k AR EREE 2] Aol Y AR & A2 25 mhE A EARE 24FE (dispersion force)2] H s}

*To whom correspondence should be addressed.
E-mail: kichang@kangwon.ac.kr

704

AR 5 8] o] Foll 7115l Ao, 313 Aol v
2} UCST(upper critical solution temperature) 5=i= LCST(lower

ZIA¥= Zlew Aol 7hssh, LCST 7152 thaol - 7HA]
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2 AellME Perturbed-Chain SAFT(PC-SAFT) 874 2] (8]
& A}g-Elo] TEA; foho] ol ol AEE vAZ ARSI} 5K
U PC-SAFT “JE7d 2ol M= s}eHEARE 73 ++(hard sphere)
Q) A|ZHE7} A (chain@ HIZ AdHE AREALE 7PYslar, A

SR A5 ZgYo] gEAF nAE G HY
(repulsive) H Q1% (attractive)?] 719y &3} 3g7]|o] gog TR

slo QiEAEE theat ol elaigint.

7 =1+ th + Zdi.\'p + Za.\',\{)c (])
ojmj Z'= AREEAREY] HHol st 7]o] Fom EFEelAM=
The 2 A A

Zhs _ mZhs + Zchain (2)

91) 209 7% e SAFT BRleINs) Bol TRl wAK o
s,

w_ G 366, 36 - 4G

) . 3)
1-C; Co(1 = C3)2 Sl = C3)3
hs.
chain _ ZX(] — m)(g,,) B (6ag_‘;’) a

TS AREEAREY Q1" T § = v}i—/}_(dispersion) 7)oy &
7o ARRAS] WA AR AFOIEOR HAT Barkers)
Henderson[17]9] G235 B2 3fo A 2lu]= ol o} £ 3
Al18F= AH&-eFlt.
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Zdixp _ Zc]lisp + Zczlixp (5)
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ol A= 1 EA} G-elle] PVPh/Ethyl Acetate 2! PVPh/Butyl
Acetate 82| NN Alte] HEE asigon moh, sita; §
Holl X FI-IRS o8-8l aEAH(PVPh)} Eull Ao WA} 3]
3% (extents of cross-association)g S5k S YT

2 Aol et W82 vt 2t

3.1, QHOH ApHip| AlSY

2 A& o)X= PVPh/Ethyl Acetate X PVPh/Butyl Acetate 3-8
o] ool AFe]7} dofifi= 2L (EH25, cloud temperature)E
TOA (thermal optical analysm)‘ﬁ-c’— Ol%ﬁPo‘] Z7sIc), Aglo) A}
S5 31372} PVPhE A0 | TR 355-2] AlFkE-(Polysciences, Inc.)
S AME3I o 7 PVPhe] A2 GPC(Waters, 501 modelyit-4]
o oJgt M, #kol 2+ 6,912, 14,378, 24,267 g/mole ©] 3t} 3t
S1Q] ethyl acetate ! butyl acetater= =55 99.9% ©/d2] Alek
£-(Aldrich Chem. Co.)2 ARSIt AHtg] AeS =8t v &
2Ag-N9] == PVPh/Ethyl Acetate 202 7-9-+= PVPhe] F7|
F-50] 0.030~0.250 W E 3153, PVPh/Butyl Acetate 892
0.019~0.238 WSIZ 3ISict. ek, ¥ A3 AN AP 9
AP AR =167 FUsk R E w=el e ApAE

ui-g-o] Adrge- Aestarat gk,
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32. FLIRS 0|25 DIEXR}| 20| BAe| uisEis XA
B A oM 1 8A) fHA] 78R} fullEapzke] W) 3

SIeE B3 AHES B (spectroscopic spectrum analysis

method) .7 Z4317] gJ3lo] 1HA} §Ho FILIR AFEZS o
A 25 ZdolA At Aol AR EARE BAHM,, ©l

6,91221 PVPhE ARSI 81i= ethyl acetates €J3}%, PVPh
o] FA &8 E2|st PVPh/FEthyl Acetate §-2 AFERS 7
E33ITE. PVPh/Ethyl Acetate &0l 4= PVPhell EAsk= sfol
E5A] Hd7](-CH,-OH) F&] -OH7]8} 82 ol ~E|=7] F9]
-C=07] 7be]| Aol gt Az 3ol dojup gk PVPhe)
Sfo| =FA] #HH71¢] -OH7|7tel] #}7]3]30] FAlel] dofdtt. o]
9} o] gAwAle} FulitA|rke] waps| o] ARA;e] 273
3} AR o2 dofif= fl Alof|A f2 7R e} SulEAH
W2} 3 EE FTHIR A ER #4072 Z7d6= W2 Walsh
5119.2019] =ellA lefﬂ b wl glom o] 59 oAM=
Flof| M 2] B|etENS 3EF(type I, 11, INE H3lo] HESIN
th 2 ATelME= o AT type 119] &0l x{ g} o], gujjel
ethyl acetate®] FEE LG 5418 Adelol PVPhe] 557}
7 5ol Wt Sl nAke} Bjtshs wAkS T S
ol v Ws), & gl oA 2] Fo] -C=09] 4% &
4 9]0]7(1,738 em™ A yF ®igkshs AEke AEste] gl
Ak F}EE F4st0A st o)g} Zo] &nje] wal =
= Z FT-IR A:’zﬂEE%; éﬂ 0].7] ,r] H/H %UH,] poA _rEf? o]zﬂ
o}/ﬂ fAlstefoF & A7) glom E Aol X E84 (inert) §
o] 2 WlALS ARE-SEY] ethyl acetate®] =555 C=5.676[mole/
liter| 2 L7431l FAISPHA PVPhe} ethyl acetate®] H]-E©] th

HE Azt Az¥ Z-Aelx PVPhe] FARE (RS A
9]t Aol Ay 0.07~0.35H 912 SISt 2 A-e] A g el A}
£ FI-IRS In-situ FI-IR(ASI, React IR™ 1000)°1™, Fig. 13}
e Y AAE ol 8ato] i A §49 FIIR AHEHS 574
SISAct. Fig. 18] A& A2 2 A3 9] 130 BHA| A2kl 22K Pyrex)
AFLRE WHL 3 em, Holi= ¢F 8 cm ©|3th Al A el ¢k
10 cm32] a2} §-ME 2931 In-situ IRS] =7 probe(ATR probe,
diamond sensor)= 1H I} o] A2Ela Alg A QJF-of H-&¥

FT-1IR [T

1 Personal Computer

Sample Cell A : ATR Probe

(diamond sensor)

B : Thermocouple

N (Chromel-Alumel)
}—li_],—: o C: Water Jacket
C
2 Water Bath
A
Liquid Pump

Fig. 1. Schematic diagram of experimental equipment.
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W FT-IR AFMEZHL Ba50] 2 cm™, A7 5= 12821 F710)|A]
4319t

4. AlsiZ47} 9l oH oH

.28 =-=

08
]

ALt
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2}

2 AE] AF oA ToOAR el 2l5le] 7% PVPh/Ethyl acetate
4 PVPh/Butyl acetate 3-HA|2] Ate]= A2 ]/\1_,] 21 9
oA LCST E2] ASS B} 0|23t LCST o AsL
A ] =5 [16]l4] PVPhKetone -2-22] *o%a] &13o] LCST &
Blo] AFE Hole A9-9F o], PVPhe] dlo|=EA] wd7] ]
-OHS} gvje] e~ 27] F2] -C=08}2] FaATe| oJgt At
Sl3te) 71Q1%E Zo® AZHET) PVPh/Ethyl Acetate 2! Butyl

Acetate S-NoA A} FEo] upel S % At 25 (cloud
temperature)i= Fig. 28} 72200 & A& o] oA S4% el

257 B9 QAR R ks R |9 YAREE V]
07 3 SR Tro] 9F 0.76~0.952] A o]}, Fig. 2014
H E 0] Bxjgko] S48 Ay 27} 7 A oF
F Qlt} olE|gh A3k mRAke] BAlRe] E45 B}t A7)
o] vltid/d el SR Qlste] gflol tish axfe] 83l o] A
BlE)o] AHa] L7} ZAsls A ow AzMEn), w7 Bx)

y\:

540

520

Cloud temperature [ K]

APVPhﬂSt_hyl acetate
o My, 6912
o My 14378
~ My, 24267

420 — a AV‘IAV PVPh/Butyl acetate
—u— M, 6912
1 —e— M, 14378
—A— 2
400 T T T T M 2"‘267
0.0 0.1 0.2 0.3

X, (weight fraction of polymer )

Fig. 2. Cloud temperatures of PVPh/Ethyl Acetate and PVPh/Butyl
Acetate solutions.
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o] 1A o A= 217} ethyl acetate?] 73-9-7} butyl acetateQ]
AR SHR T} g2 A Kol §lom o3t FYE &
2} 727] WellA] aAkele] vt Ado] Sk o Adhite] 220t B
o= Aoz AzZtHET)

9] el upgl FILIR 2HEHS F7g39lon 54 A~dEY
9] Z 3,600-3,200 cm™ E 1,800~1,650 cm™ 9] AHEZL-
Fig. 33 2t} o] Z18dellA & 5= Q1= 3.400 em™ 24 €] # 5>
F Folde PVPhell EAsk= slo|=EA] #HdY7] 529 -OH7}
MZ Fh Adshs A8l ot ko R Azt E=3h
1.800~1,650 cm™ W $lollxl= a2 o AE|=7]el| S]gh 5= o]
A7} 9F 1,740 em™ @ 1,720 em™ 249 27 Ho]a® Veh =
AAE B 5 QU 1,740 em™ A ] F5 Flo| A, 53t ethyl
acetate®] olEH| 27| 52| -C=02] AEFES 9|o)=7} 1,738 em™ U
Btk e qitepd, adtat &-off Aol A aritAke) walks] 3
A k- Bl 2} 52 -C=02] F o]} Az, 1,720 em™
249 4 dlo| =, fuf Bx}9] -C=07} PVPhe] -OHS} 4
Ao 9)lo] waks|FBhE -C=02 &5 Fo|Ar}t A ouix] %
o7 olEslm R, {ull Bx}19] -C=07} PVPhe] -OHS} 4 AT
St WA} 3% (cross-association complex) 52 -C=02] &= I
olze} Azttt B3k, PVPhe| 557 Tk BulitAke] wap
STt Sk wa) S92 SR ER Fig. 304
= 4 Q0] PVPhE] s=7) 7Kgl whet 1,720 em '] 5 9
0]=19] Al7](intensity)’} S/ E= QA0 R FZFT} Fig. 39 A9
E#2 PVPhEthyl Acetate 8240|428l ethyl acetate®] & &
E(C=5.676 mole/literyS LA 213k 2271004 2] A EF 0]
ug, AR o2 fule] -C=02] &4 I©| (monomeic
F]o]=)Q1 1,740 em™¢] Fo]A20] WA mi= wal 3¢A|C] -C=0
9] &< ¥lo] = (hydrogen bonded 0] )21 1,720 em™ A F]o]
A8 WA ewRY &uj] wARFREE ¥ F AUtk FIR X~
HAEF|X o] 71| olf® &5 Folase] FHEE BF 5
e 2zt glo|aE Felsle] A& Allsl FAE|A el of

Monomeric peak

Hydrogen bonded
peak

Increasing
y concentration

/ L

T 74 T T T T T 1
3200 1800 1750 1700 1650

T T T
3600 3400
Wave number [cm™]

Fig. 3. FT-IR spectra of PVPh/Ethyl Acetate solutions.

sfetsst Hl43d M6z 2005H 123

—— Raw spectrum
------ Peak 1 (monomeric)
..... Peak 2 (hydrogen bonded)

: . , : .
1800 1750 1700 1650
Wave number [cm™]

Fig. 4. Spectrum analysis of PVPh/Ethyl Acetate solution.

3tol= Reilly 5 [15]¢] v=tolld AAls] g4 v glom AHE
HE aiMshs A WS 7 Bl P ow o] oIt
9 raw 2~FEH © 2 HE fourier self-deconvolutionZ} 3}=(wave
number)el] Tt 12} P (first derivativeys o] 3% o]z
st 2t Tlo) 218 sE AAete] Flo|aE ek, v w
Alelis 23t S Fste] Fee 2 vloj=32] e gt
raw AFEF O] WA o] 1A == 7} 9]o] 79| E(width)y} 39|
£ sl HFHom FHY vo|aE FelshA "k 2 Al
M olel gt FAEA dare]lES 483 software?] Curve
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FT-IR AHEF 1]o]21.2] 3= Voigt 32 7PJ8IaL, S74€
FT-IR ~FEHE o]zjdt 27lelA d|1A3t Arte] 3t & Fig. 4
o YERAITE. Fig. 404 14 vlo|=17}F T3 ¥ AT ER] (raw &
FHAEHH)0| peak 13} peak 2% H#] %™ peak 12 3] TE A b2
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w peak 25= PVPhe| Slo|=5A] wld7] 52| -OHS} 4 ATHE
w2} 3| F9 -C=02] &4 J]°|=(hydrogen bonded peak)°ll
S Ict. 7} glo]a.20] WAL softwaree] 2]3te] ARFHLE PVPh/
Ethyl acetate S-YollX] S FI-IR ~AFEHS 99} 722 vy
o= st FAHA] o2 -C=02] S F°] = (monomeric I
o]7)2] WAS I e 1 IR Fig. 59 2t o] Z1iellA K
Wz} oA -C=02] monomeric 30| 7.2] W& (U] scale®
FAEe] A skl wet A ow ks A B
Fom, IREARS] FETF 2 el 257 SRl whet
monomeric ¥]°]=18] WHA 2 S71EE AEE YERY & &
o] ¢F 0.20 ol3lllME 1 2pol7t Z4sIaL Wi B B-80] 020
oo] efeloli 1 Aol7h ok X AL 1Lk, Fig. 59
2ol dojzl -C=02] monomeric ¥|0]=.2] WA S 2HE v} 2
2 FAl 2Jste] gull?l ethyl acetate®] WAFS|TEE AT

]

A, -A
A

0

—
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o]uj A= %@%UH(Ethyl acetate/Benzene &Y, C=5.676 mole/
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FARE- NN A BT A] 9k ethyl acetate F2] -C=02] &5~ F°]
= Z, monomeric ¥]0]=2] HAo|t}, 0|9} & FARHE Ao
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A B pVPhe] Fiel wh} WAl 3Rt SbehE Ade B
gom, nRAS 7t 2L A= % o) wl wxp
3Tt Fhashe A3 Btk

JI
33 S ES Eslshs AAETENA ; =
4 FT-LIR 2FEY O 2 §|Asto] 33l FHHE= enthalpy?]
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T7F 1A 13]. 0123 A= 518k o] Ro] 9Ja}o]
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A=
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(1) (@)

PC-SAFT 5.91°] wxs|gh slebulEl= ofu#] sefn]Elel 5ok
o} 73] mhepalelQl k4G 5 F 7L e, 7 313 At 3]
2] 9ko- Bape] B By x4 XxHd XGE A (22)2] dA|ZEE
U go] )

. 1 25)

1+ px,Ng XA

XM - ! (26)

1+ pxNg XA+ px,Ng XA

X" = ! @7

1+ px;Ng XA

oftt

2o 252722 Al X%l tidt 331 W2 AR W
2 4= 9lom, FAEIA el o5l XOE dg 4 Qirt. dhA,
|2l ethyl acetate®] W2} SJ3% = ohaa} o] 42od 4=9lom

— (nC ~ O)hydrogen — (nC ~ O)mIal _ (nC ~ 0)11011—hydrngen

(np:0)tntal (np:0)total

e SOl 3 1A O SRR ok BAY BiE
XOi= ofelsl 2& WIS R

G, _ (nFZO)nnn—throgen

X
(n(‘ = O)roml

WAt SR 0= v 2 wAE zhett
r=1-x°- 08)

SPA9l 4-200M Fig. 67} 2o APH O S9¥ WA AR T,
o} 919 (28)4) 7 o] PC-SAFT Edllo] olsle] Fo=:= &
olg-sto] offio} #2 A ) Hav) Hi= oA

_ Fep = Uear)?
§ = Z( prex,, ) (29)
WS Fel| wh ofu%] slen|E ¢fiCyke} ¥-u] slealE kPOE
Frksledet. sebule] Sk 79l = 2.3k PVPhe] PC-SAFT 73|
g2 shEkelels A =E1elelA St ghe AMSlaL
(Table 133%), ethyl acetate(2! butyl acetate)®] S}e}]E= &9
HLA7F 0.55<Tr<0.95%) =310l A] a9 a9} 32815719
dloJEl 211 ©]8-31¢] Table 17} 2ol FAkslSict. Tt 3]}
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Table 1. Parameters of PC-SAFT equation of state for pure chemicals

Parameters

ADD(%)**

Chemical — R k
ermeas m/ Mz olA] /KIK] P ePKK] Vv P emar
Ethyl acetate 0.0407 3.2793 229.25 - - 0.685 0.624 This work
Butyl acetate 0.0350 3.1553 240.05 - - 0.726 0.846 This work

PVPh 0.027 3.6 256.34 0.040508 2505.95 - - Previous work [16]
*M,, =Molecular weight: for solvent; >=<>=<AAD(%)=(1/N)év:|(X“3"‘1”—X”‘”)/X“z"‘i"|,><100; X=V/ p*
Table 2. Parameters of cross-association between polymer and solvent molecule
Svst PC-SAFT Chemical Theory
yoeme ] & C/KIK] Remark —AH®/R[K]
VRN 2566.4 : PVPh/PVAc blend [24]
A g, Cz|C|)= 0.054326 2553.98 This work 2868.4 : Phenol/Ethyl Acetate | 14]
O-of + Lo
‘/\\626
A : .
@QH& . (lLJ_ 0.038831 2960.68 Previous work [16] 3522.5 - Phenol/Acetone [25]

%k Table 29} #T}. Table 20i= W E] F=HF-[16]°4] PVPhe}
ketone SHREAF7Fe] wals]§ slEb|ElE 7] EE dlo[ElE o]
B3] FAket A 7 FE3IQIT). o] oA B 2 A
o~ = el A-9-¢] waf 33} oL x]i= ketone &) 75
Hrp 2ZR2- gk Holan glew, 313 ¥-3] slhu]E = ketone 87
Huop & 3 2olar Qlrt. o] ¢} 2 7}k gujlof oigt w3 5}
2 3hs shehy oze AT H J2] AFERE o] §F

a1t Bk} Gupta 522] 2 Kontogeorgis 523> &3
el thsh SAFT ®7} 3l8h4] o|2& vlu-7Es}o] SAFT K&
o 9%t 3gt oux] HeulE ek 3184 3] FolRe] o3t
Aets] WEH(-AH*"/R)} AHFE o7 v|lwr} 7Fssiths A&
AXEE v Qo g EFrEeA dojuh= Aol v glet #4
7re] maps]dlo] B A7) PVPhEthyl Acetate 897 S-AMO)
Sltkar AZte = 2 e £ diste] 3|3l FRkEE A"
3] W3sle] E3ARE HESINTE Moskala 52412 PVPh/PVAc
o] ¥ll=ol|A| pvPhe] 3ol =EA] Hld7] 2] -OHS} PVACS] o
2H 27949 wAlE TS FLIR 23308 4350 31814 o]
2o 9%t ellgky] M3H—AH™)Z 5.1 [keal/mole]E K313k v} 9
T} T3 Pimentel 52 & [14]0] SJ3FH Phenol/Ethyl Acetate
fAoA F=e] -OH7| &} olAHEY] 7He] wa) 3]3te] 23k <l
23] W3h= 5.7 [keal/mole]®]™, Widom 5[25]2- Phenol/Acetone
SAeA FT-IR &3l eJsto] #l&2] -OH7]1$} ketone®] -C=0
717e] waps| el FHkEE gy wisk ghS 7.0 [keal/mole]Z
A2 v} Qlek. of9h 72 FFA ARE —AHSR ghow $Hle}
o] Table 29 &S} Table 2014 BH PVPh/PVAc Hl =2
—AH®/R k2 2 Ao 41El PVPh/Ethyl acetate 99 9]
g5k gk} vl$- ZAVEHS & 5= luk. W3, Phenol/Ethyl Acetate
£-o 1l phenol/Acetone &M 2] —AH®/R k2 1 HFA} g9
ek g}k 214 0 7 nwdl7 )= o129}, Phenol/Ethyl Acetate
Mol _AH®¢/RO] Phenol/Acetone &H2] FrH T} A2 712 o

sfetsst Hl43d M6z 2005H 123

2AHEY] 2 -C=08] YA 859 (proton-accepting power)
©] acetone®] -C=0 Xt} A7] wio] 7|Q1%= AYS 12T u,
JFEA; FHoM T 2 o] F2 E Ao FAkE PVPh/Ethyl
Acetate &1 9] ik gho] AWM O] =H[16]°14 FAHE PVPHY
Acetone®] FHHT} H2 A o7 AZMET) SAFT TdlofA] 3]3to|
BHkE Fu) slEelE (k) skt o] el o) qlEZ )]
gk as™ et A Al ot Ao A4 vlurt 7t
SOk o] BH A= ofH 7= WA vl §loEE B A
A 3]Gl FHtEE oluA] stetug o) stete] mEstlont, A
718} T2 AEE Eslo] B w £ AFelA F4kE PVPh/Ethyl
Acetate -&-NA2] w33 sl ol FE gl gholet
AJZrec,

4-4. 4 OH ABHSIO| F| A
FEA}F AL AR ETE) N AR} dojih=
binodal ZAolA = 23 22 A S WAIE WS

A/ (P, T,x;) = Aw"(P,T,x;")  fori=12 (30)

O %

|
o4

e dElolA 219 IAIE WHEr8k= binodal curve(T-x/-x,")

A 2(EHEE) curveE vt B, RG] =

= spinodal Z712- th9] IAIE RS

ox;’ ox,"

i i

AW/ (P, T {x'1)7]  _ (AW, T {x"P)7  _
[#LT = [#LT -0

fori=1 or 2 (€28

%

A el PARAAE okels B 21 WS,

[aAui(P,T,{xi})} _ [azAui(P,T,{X,})} -
0x, 7P ox; p

! 1
for i=1 or 2 (32)



PVPh §-4¢] of o /3¢ 711

AT A= kA 9] o] 24 el A el 22 PC-SAFT 74 H
2] 0 2 HE] JJ¥]i= chemical potential®] A4S o851
28] (30y~(32)212] - ZHE IAE Attt - 4
Ak WS- Lee} Danner[26]2] ARFIH-S AME3131.0H, o] v
HL- (3002412] #AIQ) binodal HF} (31)2< 9HE:8H= spinodal %
< sAlel ARk 4= Q= 7ol k. # Aol = PVPh/Ethyl
Acetate 2! PVPh/Butyl Acetate §-42] - 533 74A|2] ANk
< 57 22 7 7 e FEEeict. A A Rl =
PVPho} 8-l ol ~HE #A3He] wAaks| 3t defu|EE kA9
Table 29} 72o] FT-IR AFEF Ao glato] ke waks]g}
dlefule] gro® Ag-sto] N AEEHS ARSI FI-IR A3
Ef] Ao oJsto] Ak waks] g gl 42 PVPh/Ethyl
Acetate §-H2] W2 25 (HEE] =50 Blate]) HelelA 7€
WA FERFE FAE fol2r, ol WA defulE] ghol
2 25 H9)elA dofjuh= - Alite] Aol 287 s s
of -, &= 8|7} TR PVPh/Butyl Acetate 8ol = 48 75
s8] ofF- & AES A} Siet. 7 WA el = wAlE]
3 B E AR E 7Pgska - A dlolHE Rk
sh= WAk sl HE Ak WO R Aol S Al
AkslQit), o] WS- JatAl Mo] A AbeA] WAl s}
ghuEfe] gt MEe] 2At57t §l& Al BAAHOR AREE A
G AL o], o] ¥He] gJste] ke wAks|F defrlE gt
< FLIR A EY AP or 3k sy gy vl fEs)
12} ST

A HA W] ARIE ol A= PVPh 2 ethyl acetate®} butyl
acetate®] PC-SAFT “JE"Y7g2] l2}r|El+= Table 19] #t& A3}
a1, PVPhs} 80l o e = EAke] waks] 3 gefn]el= FT-
IR 2~FE" #2022 Sk Table 29] 3k& ARESIATE ©]9t
#e ol A= (30)218] N Y w9 wAReE
(15)212] 528 gefnlE ky, 3 W7 Fok kA e] AF 3-10)
A TOAY © 2 S74% Fig 20| e HlolBl & vHeh= k@<
FAksllon, Ak ki, 8k F2elA AlkE binodal curve 2
spinodal curve® Fig. 7 2 Fig. 8ol T=A|3}AT}. Fig. 72 PVPh/
Ethyl Acetate 82| AXF Axjo|w, AVFE binodal curvei= PVPh
9] BAFEH(M,, ol 6,912°1 9= SHF Al 25 thAk 9
ofuh= Aes ®lon} PVPhE] EAko] 14,378 4 2426791 7
$= 349 e 5% o AE XSk AS WA
3, ke Ao kg slebelE kg, g AR Al ule)
Z7F8h= AeS BT} 3, Fig. 82 PVPh/Butyl Acetate <)
9] ool ARE At Azfo]r, AlAFEl binodal curver FA}E0]
Z}7] o} IEAR(PVPh) 3578 £ BT Ahte] 0] Adgk
7o FT 2 XS A BT Eh Ao g b
B ky, 32 2419] PVPh/Ethyl Acetate S-HolA 9} do] A}
9] FApgel wEt Frksh= A3E Ralvt.

T A A el Qg Ao Y AltelA=, - AFEE
ARl (30)219] RS waks]F vl E|ef Bl kM) 27))9}
(15)2)¢] 4528 defulE k, & 37171 |k ARXE b elA
= PVPhE] dlo]|EEA] #H'd7]9] -OHS}t &2 o ~H=7]<]
-C=08} w3 gav|El= Sufel ufEbAE o #s 7 4
Slont, &2 &2l PvPh 8- o)X= PVPhe] WAlgol= T3
SHAl ek 3k Zh=riar 7Pgesict. o9f 2 TP el olste]
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Fig. 7. Phase diagram for PVPh/Ethyl Acetate solutions.
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Fig. 8. Phase diagram for PVPh/Butyl Acetate solutions.
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540
| cross—association parameters
(estimated from LLE data)
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BiC2
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k,,=-0.0520
E a
o 480 k,,=-0.0013
5 o
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5 k,,= 0.0210
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Fig. 9. Phase diagram for PVPh/Ethyl Acetate solutions.
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Fig. 10. Phase diagram for PVPh/Butyl Acetate solution.
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& slaplE k= 28l B 5 gkl pVPhe] Al njel
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Z7Veh= HAekS ¥t AlaFel binodal curves= PVPhe] EA=F
o] 691291 Z-9-+= 3 WA Asrd o] AibA sk Fig. 7)9F 2]
¥ 2] dlolglel] tha Hlojus= AEkS Kl ialgo]
£ PVPhe] 9= At AF dlofE e} o AT Al
S ®v) 3, Fig. 10 PVPh/Butyl Acetate 28712 Alx
Axtoln] FAkgl WAk sEhv|E gk hk=2720.0, P1O=
0.0480 ©|3L A5 2 FHEbr|E k&= PVPhE] Aol we} 5
V= e B om, B3 AR binodal curver TAFEO] UF
& 3%5<] PVPh 89 BF Ate] A3 dlole s} Akl A3k
< B3t o] 43 Lol F VA WO AlkkE . APy
ALl AXxF A vlwste] ¥, ZF WHoll 2]$) binodal curve]
At 2 2tE] AE dlolE|ehe] FAMIS vt AR Kol
3L ot 7 A el ool FAke PVPhel 80l AR
WA g e g FTIR A EY 2490 2slo] FAke
Zh(Table 2732) 7= 2121 2fo)7} Qlrt. o] 23k H& 1& 3t
o w3 sEhelE gho] oF ef1%k=2554.0~2720.0 4
kP1€2=0,0543~0.04802!1 W ¢] ellr= wAks] 3 shenlE] gho] binodal
curve?] AAE ghell mx]3= o] wlg- A2 Ao FFHHEr)
T3, FTIR AFER 240 oJste] 4k waks|e) diefnlE
gro] 7 WA At rellA 9o AEE dlojelE o] 8-3te] St
H gk} 2ol 5 Holi= 22, wals|d detulE 5 3|geulR] 9t
g ko] o)k f1Uk=166)Z 33t oA gtow $ikehd
oF AH™=(.33 keal/mole?] & 72+ & 0|, FT-IR ~FEH
2] AgA oA} i At dolE 9] A¥E o S 719l

= FAA Aol 5

ol 22 HEE B3l & u, & AFA FTIR AFEF
o] BAle] ¢J3le] FAkEl PC-SAFT a2l o] wats|sh she}
ulE] =, PVPhe] 3lo|=EA] # Y]] -OHS} §ulle] ol AE|27]
9] -.C=0¢%} 23|13} f2jn|E] §2 PVPh/Ethyl Acetate 2 PVPh/
Butyl Acetate §-21] .o 58 At AR 7153 gholet A
2w, S oM EAE A8 7)F gl 7} ethyl
acetate 2 butyl acetate ©]2]] TF= o ~HZ 3}gHEQ] A9+ 7
ESHA] 31O} ethyl acetate 2 butyl acetate ©]2]2] T} o
2EHZ S1EHES gulg 3 PVPh/Ester £-H 2] .ol AE3 Alak
o= AME 4 & AoE g

SHA QA 9] ool A ARXE TgellA FAatkE= Fe g b
ZHE Kk,((15)49] #) 32 1] Exlekol] uje} Z7)eh=
S WAOH, k,, woll It 1A BARHM, )2 oFAe
Chen F[27]¢] v=wlA o}eie} 22 2o = HF v} Qirk

on L v

=

r

ki, = AY + APexp(APM,) (33)

2 o oo AsEE Al W A wiA) o] osle] St
¥l ko(Fig. 7 2 8) gholl ot A} Bajeko] o)At 7|38,
PVPh/Ethyl Actate §-2] Z-9-1= 9] 219] A4 gkol A1=0.0153,
AP=_02562, A®=_12867 x 10 213121, PVPh/Butyl Acetate
follofA= AR gho] A=0.0245, A®=-0.0631, A®=-50671x 107
o|ict. T, ool JEE At oM (32)419] 218 v
Bz ] JAIRRE =, LCST 3k Ak 4= qlow A3 7|
A A W AR el whE AL g Aol ww|
3kt A WA ol o3t AAE 3wt 71%8Hd, PVPh/Ethyl



PVPh §942] ofof g3 713

Acetate &4 2] 7$-oll&= PVPhe] Ex}2ko] 6912 7% 4522 K,
1437821 73-9-= 439.3 K, 2426731 73-9-= 423.1 K |13, PVPW
Butyl Acetate Yol 4= PVPhe] EA}eFo] 691221 74-5- 479.5 K,
1437821 79~ 458.9 K, 24267%! 73-%- 440.0 K ©]31 2™, PVPh/
Ethyl Acetate -8-21°] 7257} PVPh/Butyl Acetate -] 0|3}
o] ¢k 1727 K A% & eke woi}.

5d &

 AgrelM= A} &ool ] mitAkel ufiEAke] wak
33 dAatell #S ZEal PVPh/Ethyl Acetate X PVPh/Butyl
Acetate S-42] N 2E] TS PC-SAFT HFHYAS o8&
3k ool A AR 3Fste] Bt TOAHCZ =39
PVPWEthyl Acetate 2 PVPh/Butyl Acetate -§-<42] AHt2] 7%

&M B LCST WElE veEhglem o2k LesT aEHQ
AJRE) AL pyPhet S Ralzke] mAkelste] osh Ao
Sl 7‘75]51 ] 2EE THEE R EA ‘1:1]“%}0] =

7¥glol wiek 2kadlon] gule] Bl et dare e &)
9] Ex}=fo] 22 PVPh/Ethyl Acetate §-942] 7422 =57} PVPh/
Butyl Acetate 82| 73-9-Rr} 5He AeS B}, olz|gh A&
=& S} aAREe] 7719 vl o] 245 gfel tish o
Aol galaol AstElol JI1E Ao AZkanh g,
PVPWEthyl Acetate -& o] X} PVPhe] dlo]==A] Hd7] %9
-OH718} §ufo] o AH|=7] F8] -c=07]9}e] WAt S|P EE FIIR
AHED B o w 24310 on 24 wa3|3E 2 E PC-
SAFT ZFeg21e] wxks]gt slejnlelE FAkelgict. 34k
23] glelr|EE o]g-3)o] PVPhEthyl Acetate ul PVPh/Butyl
Acetate -S4 2] .o 2} S Aikslol o AHE binodal curve
= AE] A¥dA S e 59 o FE F dXek=
S BT Aol FT-IR A EY B4 oslo] 5
kgl PC-SAFT 721 9] w33} skebv|g| 4k-2 PVPh/Ethyl
Acetate ! PVPh/Butyl Acetate §-42] .ol 23558 Alikol] AR
71s %t grolel AZtE| v, wst S-ul7) ethyl acetate 2! butyl acetate
o]2]9] o AHIZ 3}3E<Q] PVPh/Ester 2 A= H87)s o
Ao 7|dert.

1

AE7|1=

AAD(%) : average of absolute deviation

a)-a,;  : PC-SAFT universal dispersion constants
by-b,; 1 PC-SAFT universal dispersion constants
2 3 491
C, : [1+Egn 2’ L (1- m\ZOn—27n +12n —22n }
(1-ny’ [(1-m)(2-n)]
C, : _C%[m—h] +20r5] +8_|_(1 _\Zn +12n —48n+40}
(1-n) [(a-me-m7’
C, : mole concentration of ethyl acetate in the mixed solvent
|mole/liter|
d; : temperature-dependent segment diameter of chemical
component i d,, = 0”_[1 —0. IZexp(— iﬂ
kT
g’,}s : radial distribution function for a mixture

1 )+( d,,djj) 3¢, (d,,d”)2 20

(176) Mt d/ gy Mt d) (1-gy)’
H : enthalpy
k : Boltzman constant
k5 : binary interaction parameter used to adjust &;
m; : number of segments per chain of chemical component i
m DYyxm;
M, : V\'}eight-average molecular weight of polymer
Ng, : number of functional group on chemical component i

(Ne=p) o  total number of ester molecule
(N¢=0)pyerogen : Number of ester molecule hydrogen bonded with
PVPh

(N0 pon-hydrogen : UMber of ester molecule non-hydrogen bonded

R : gas constant

S : entropy

T : temperature [K]

X; : mole fraction of chemical component i

X, : weight fraction of polymer

XA : fraction of molecules of component i not bonded at
association site A

Z : compressibility factor

J2|0|A=K}

r : extents of cross-association

g;/k : dispersion energy parameter between chains of pure
component i

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

c, : ngX,m,d:',- ne(,1,2,3

n : packing fraction g,

K : volume parameter of association between association site A
on chemical species i and B site on chemical species j

L; : chemical potential of chemical component i

p : total number density of molecules

Gji : segment diameter of chemical component i

SIER

chain : chain term

disp : dispersion term

he : hard chain term

hs : hard sphere term

assoc : association term

ORKEXL

ij : chemical component i, j

1,2 : polymer, solvent
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