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7k AFF-2E zE poly(vinylchloride}E ¥ 33} solvent(l)/solvent(2)/PVC(3)Alel 4432 243171 )3l PVC
[poly(vinylchloride)}:= 7} 223 Al = ARS8} 3L, §7]-8-7l+= acetone, trichloroethylene, ethanol 58] 3&2F-5 A=
8l 24 BAle] acetone(1)/PVC(2), trichloroethylene(1)/PVC(2), ethanol(1yPVC(2)7H|¢} 341 #AQ] acetone(1)/trichloro-
ethylene(2)/PVC(3), acetone(1)/ethanol(2)/PVCB)Al] disle] L5033 298.15-318.15K H oA AL PAFHo| 24
sgict. 339 Aedlolel2e] gl acetone(l)/trichloroethylene(2)/PVC(3)Q] 73-$- acetone] Fapo] Z74¢
+Z 7taA g PVCY H{urt ZovE} Jhaste Ak vrebd, acetone(1)/ethanol(2)/PVC(3)R] 739+ acetone2]
Fhee] ZUH wiet A-fvle Al Foishe AR eyt o] 23€ acetoneo] -5-E317l(good solvent)2 =85}
L, trichloroethyleneo]v} ethanol2 -8} ) Al (poor solvent)E 2hg-3h= Au}2 veldr}l. =3 acetone(1)frichloroethyl-
ene(2)/PVC(3), acetone(1)/ethanol(2)/PVC3)A S} -5 8- A4LEl7] $3le] E3telv )3}z A a3 ouix]ghe] §ho
2 3 Qa3 Yol el ste] Eellu| Aol UNIFACEH[1}S,, B4 W 3 o] x| 3} Flory[2], James$} Guth[3], Wallzh
White[4]=. 22 4-831ct. SE A4 Ydlolele A43Y wdd AzdR=s] 4iaaveioeEs) stadgd
PVCE| 818 AR ALEES] BT ERIRe] AtEe] AT el =8 AR 7 59 Boji 82 A9 vT
dted A2 ex7} e W HlelA dxsiAr)

Abstract—The crosslinked PVC[poly(vinylchloride)]s were used to measure the swelling equilibria for solvent(1)/solvent
(2)/PVC(3) systems. Trichloroethylene, acetone and ethanol were chosen as the organic solvent for swelling the crosslinked
PVCs. The measurement of swelling equilibria was carried out within 298.15K to 318.15K for the binary acetone(1)/PVC(2),
trichloroethylene(1)/PVC(2) and ethanol(1)/PVC(2) systems, the ternary acetone(1)/trichloroethylene(2)/PVC(3), acetone(1)/
ethanol(2)/PVC(3) systems. The swelling ratios of PVC were decreased after the increase of theirs for the acetone(1)/
trichloroethylene(2)/PVC(3) systems and continuously increased for the acetone(1)/ethanol(2)/PVC(3) systems according to a

. increase of the content of acetone in their systems from the measured swelling data. Their results described that the acetone
had a role of the good solvent and the trichloroethylene or the ethanol did the poor solvent. The theory of swelling equilibria
was used to calculate swelling equilibria of acetone(1)/trichloroethylene(2)/PVC(3) and acetone(1)/ethanol(2)/PVC(3) systems.
It consisted of a mixing energy term and an elastic deformation energy term that described the changes of the chemical po-
tentials of each term, and the UNIFAC was chosen for a mixing energy term and each expression equation of the Flory,
James and Guth, and Wall and White done for a elastic deformation term. The experimental swelling equilibria data for the
acetone(1)/trichloroethylene(2)/PVC(3) systems and acetone(1)/ethanol(2)/PVC(3) systems were correlated to estimate the in-
teraction parameters and the average molecular weights of branch chains between the main chains of cross-linked PVCs, and to
calculate the volume fractions of PVCs in swelling equilibria with the swelling models. As a result, the experimental data
were almost agreed with the calculated values within the experimental errors.
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#493Je] UNIFAC =4 A4 315

LM =

72 ARF2E = 78R (cross-linked polymer)e &-vfol] 3
o] ko] $ulE Frale] folstAl 4oiE BRATA] #x
7] oA A3 £ BEAA HE R B0l At °1E
PEF o} 311, ol2id A& o143l FtRAYIEA} &)
£ F5tte ARE A dgshe $3L AN Richards
[5]), FEAt A Al(Ashley[6]), EetrETtolZ T3} FE of 7}
A ZEASFERAN Fesich stmAddE wEale] AEHYE
24517] Slate] Gee S[TF ATANA F12AYLEAN §5
2 gujje] Z7)ohE =AHEA 9 4019 %L microbalance S
o] 83}y &3 s1= Z7)F<5H (vapor sorption techniques)- A5}
¢]31, Yen} Eichinger[8,9]ell 23} o]+ 7NaF=4r}. Badiger 5
(10} in si 2R TEFA A BEAEE 24 5 gle
A2e 2471%e A v} Aok BEUEE 2437 151 A
2.3 7o) futs] 3 ¢Sk B3t S8k (gravimetric method)
& A=A ded, A Y] d4--8A49] Y4 A= WiE
o 2L o FA}5(Erredef11], Mark[12], Liu £[13], Hooper $[14])
ol olsted ALg-sle] gict. A-EFH AL Sk WA WA k2
F72E Zre TEAS AEHYE A4S 5 U=E E /A He
o] mdFo] Algts]e] gtovt Aubd e g wiate] swellingS £
3 41 =L Flory2} Rehner[15, 16]¢] o] &l 7]2&F Ro]gic}t.

B AFdx= E§H40 2 0]F12] acetone(1)/trichloroethylene(2)
/poly(vinylchloride)(3)¥} acetone(1)/ethanol(2)/poly(vinylchloride)(3)
o} 3 EA e AEHHAYE st GEuolelZHE st
A= poly(vinylchloride}PVC)e] H-{A %S wAsta, F&93
dlojele A&y wdo] A3ARAF| A}l et F{PE LS
Eqtell 3t B3tx g Wsial Wyl o3 shtEgd |
slake] oz FAEe] glon, EsItE I o Z UNIFACE
1} A3t AW eUR e 2= A Ak ol b
&}e] Gaussian distributiono] 7]%3%}t Flory[2], James®} Guth[3]=d
3} non-Gaussian distribution®l] 7] %%+ Wall3} White[4]el] 23} #]
& ZHze] mdS QeH Y el sl ARSIt} et 24
A 2 34 EA A dolelE o] RdEd] A4y mEH
i, 3872 interchange energy(®,)®} 71t a3 8-212] 4 (back
bone)7te] AF7tZAJEAFMYE 418l AF3a, 2 mdE
o) 2] A= A A o} w)wsl5At; gt

2.4 H

21 ABEA W W

BERYRAL Fezol ABE 9 5 ok AFE2=(100
mi)st 0] H2E WAel7] 1% vbisl Dasld gezE +
0.01°C7HA] Ao & QIES HULEAoI71 S ¥a51e] Altshel
o AR YA o] 88 4 Sl AT A% 10eme F
By PVCE F¥sle] 7ladgslx & PVCE 2&ahh 1A

Table 1. Characteristics of poly(vinylchloride) and solvents used

2342 Azl AA e AL 20vol% cyclohexanone 0.2 A
5 ethanol §-Hell F71Al ¥ F 2-3d 3=} Feoll A|H-E 7vie] dl7)
Zo| A 14 AZAZ F AFAR7NA 23 AxA3ch AM=d
PVCE 1.0em7tA o2 Askslo] Ao A= ot Fo8 (gravi-
metric method)© 2 -84 2] PVC Al Re] H2Al=}g Heks}, &
2o] #1419 AzrZetAade] $olld] FRAAA BEH N =23}
7R AL 303 s iz Re Ade] AL kg
2, B3 7IIAE Fo] 8918 F= 1247 7HE 02 ohA] AY
o] ke Hakslo] Aapdslr} §& dE &Y =2 AL
2 st} Ake yakske ot 407 iEle ok AAA
ko] H)alo] AL oJolung WEHFe| v AL Qg o2
2Fs o] FAse B89 Ao rlaAgaeAte] e
2 nEAe} Lofo] Agkwl viFAlR S99 ZF A2 b AH (specif-
ic volume)® 2R-8] 7} X0l AA =g}, o]d] 2AH z}2}e] &
o 2 7tzA3tE PVCY vl AL Table 1] Yl let.

2-2. WREHHOIE

2-2-1. 241 &7

243 8-A) 4] acetone(1)/PVC(2), trichloroethylene(1)/PVC(2), ethanol(1)
/PVC(2)ell t3ted B4 8-5 337 st Sule SFA1%A
acetone, trichloroethylene, ethanol 5-& A1 =3}¢] 3, AAIgle] 1=
AHgsidet. 3t PVC7E frdAd & 2] 817] ke 7haAl (plasti-
cizer)24] DOP(dioctylphthalate}E- A}2-3}33c}. g-20] f-A15 2
24:2] g3l PVC AB¢ $AA7]3, DOPE 10mld 371417
7hd Zh7te] g2 o) FoiRl Aldl st W-EH Yo =’ 7+ A
2o 29288 AR, o1& TAH o2 4] A o
¥AHo g DOP=10ml2 UAZF 7%l acetone(1)/PVC(2), trichloro-
ethylene(1)/PVC(2), ethanol(1)/PVC(2)Alol| thsle] 2 $] 298.15-
318.15KA 5°C 7HA o2 F-&3lolx] PVCY AaujElEd - F
2] Am|)E 24 sle] 3487 acetone(l)/trichloroethylene(2)/PVC(3)
2 acetone(l)/ethanol(2)/PVC(3)A|S] =422} 314 Fig. 1-80l =A)3}
Ak 2 25 A5 3e] =23 PVCY -89 3u)e} 2%
Table 12] ®] A A (specific volume)® Z3H-E] 4] (1)2- o] &3} Ry
$-& AHE381d acetone(1)frichloroethylene(2)/PVC(3) ¥ acetone(1)/etha-
nol(2)/PVC(3)A18] A elo|ele} 3] Table 2-3¢l Hehyigich.

mi
P, v,
= ! = d 1
‘ z& Zv, o
i

714, vie ZF A8 Hujoct.

2-2-2. 34824

7 AR PVCE AAle 422147 A4 (good solvent)
o} AE-E A= F-Evll(poor solvent)Z ¥ EgHEH &4 =}
Aol AEAEE 28 7158 7 et o1 E SAE &2
&}7] 213}o] acetone, trichloroethylene, ethanol-&- 41=1%t ¥ acetone

Specific volume(cm®/g)

Materials b.p(K) Company
298.15(K) 303.15(K) 308.15(K) 313.15(K) 318.15(K)

Cross-linked PVC 0.1784 0.1784 0.1784 0.1784 0.1784 - Seil Chem., LTD

Trichloroethylene 0.6901 0.6944 0.6983 0.7003 0.7032 362.16 Aldlich

Ethanol 1.2257 1.2376 1.2469 0.2531 1.2563 351.65 Aldlich

Acetone 1.2662 1.2704 1.2755 1.2821 1.2937 329.39 Aldlich
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Fig. 1. Swelling equilibria for acetone(l)/trichloroethylene(2)/PVC(3)

Fig. 4. Swelling equilibria for acetone(l)/trichloroethylene(2)/PVC(3)

systems at 298.15 K. systems at 313.15K.
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Fig. 2. Swelling equilibria for acetone(l)/trichloroethylene(2)/PVC(3)

Fig. 5. Swelling equilibria for acetone(l)/ethanol(2)/PVC(3) systems at

systems at 303.15 K. 303.15K.
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Fig. 3. Swelling equilibria for acetone(l)/trichloroethylene(2)/PVC(3) Fig. 6. Swelling equilibria for acetone(1)/ethanol(2)/PVC(3) systems at
systems at 308.15 K. 308.15K. :
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Fig. 7. Swelling equilibria for acetone(l)/ethancl(2)/PVC(3) systems at
313.15K.

()/trichloroethylene(2), acetone(1)/ethanol(2)A] 2. o]ste]al E31-8-vj
2 A)Z38}9] trichloroethyleneo |y} ethanol®] 3HeFe- 7FAA|A 7 w8t
2 acetoned] FEv= F7)) 24 EAQ] Adbyal FAsA ace-
tone(1)/trichloroethylene(2)/PVC(3), acetone(1)/ethanol(2)/PVC(3)A] ol
sl 7EeA|(DOPYE 10mi7HA 22 F7HAA7}, L2 9] 298.15
S31815KelA 5°CAA 22 Se3felA] PVCY HEu1E Sgotd,
3 AAE AEAH 22 Fig 1-80] vehiiglt). 2SR Yol
= 49 3u)s} A Table 19] v]AH o2 e 243749}
op7HA 2 H-9 8-8-& ARE3 F Table 2-3¢)) Yehigich

3. & ¥ &

3-1. EEZ20AIIMS PVCO WRAS

EFEA MY AnAg PVC HEA5-S 1357 998
¢ 7144l DOPE DOP=10mlE #7}§-L w)¢] acetone(1)/trichlo-
roethylene(2)/PVC(3), acetone(1)/ethanol(2)/PVC(3)A ol that s-8n)
(swelling ratio)?] 24 A3} = XA ° 2 Fig. 1-84] EA)3l 3w, 2z}
A2l Bgulel 7k JEe] AL o)Ll BEAL) RS
Table 2-3¢] Yepglc}. o]d 71442 H713F DOP: PVCH} $-4
AL 7HAA B F9EE-8 Z2AY w0 J3ke vHA| =
o3 7Hg sl 73 a2l A S FaE2AATE AL
vl (good solvent)2} HH-& A A7) H-g-uli(poor solvent)e] &3}
SuiA] FA=H 2 BEL 2GR AL By glenz
Fig. 1-4o]] v}t nle} 22o] acetone(1)/trichloroethylene(2)/PVC(3)A|
o] th3}ed trichloroethylene-2 10 wt%4 7;AA A7 (D02 acetone
2 10wt%d Z7}1) 5u)-2 =A% A3, trichloroethylene] 3tk
o] Zt23}3L acetone®] o] FI1ASE PVCY AHAEE 27}
3etr) acetoneo] Ao Edstd BgulE oA sl A
& Holx glrd. =F Fig. 5-80ll4 M= ule} o] acetone(l)
[ethanoi(2)/PVC(3)Al o]l ethanol-Z- 10 wt%® 7}A4-AH 73 acetone?)
e S7H1A 71 PVCe) )+ Al 28l oleldt &
242 acetoneo] 7} AEE PVCH| thsle] -£-2314]Q) 4] o
e 32 9)3-& Bol 1 9l.on, trichloroethylene = ethanol-S- 3
EqAAL F-Eo S 3 gleS T S Usich o) Ao
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Fig. 8. Swelling equilibria for acetone(l)/ethanol(2)/PVC(3) systems at
318.15K.

trichloroethylene®] %7} 60 wt% vt w= P55 EHu)S 2714
71 AgS Bolx glow, 60wt% o|ate] Hul g 3uls} 7ha
P AaHye] o]Fa gt olzidh 3L acetone(l)
ethanol(2)/PVCR)Alol] ths A= ethanol®] §ako] 714311, acetone
o) Stegol] 27Nl wek EUIE Ad Z7HHe ABOZ vehe.

3-2. BEWY Ol
BEF ol gt FHAL2 &322 (bulk phase)oll ] L
o) sty wses e TEAACIRATTEAL £6E
Fste] Fyo) o] oAl Ael)alA e Sole] stz gz
Fetm 2 A Jebd 4 glekw Flory[2)el] &)3ted 4= u} gic}. o)
£ GibbsaHrollig 2] Wizt epd 4= 9lon], guje}l mEA71e] 4
o] T2 EA %] (AG,, free energy of mixing)3}s} 7} §}
s BATEE AL gl EA] PATE] P 2
AAVE A H A5 R] (AG,, free energy of elastic deformation)
el o2 myE b A4 exe Y slaAdy aE
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AA]& d=95k2) 0 2 Flory2} Rehner[15,16}2] 7}A ol 2]5}e] £}-8-4]
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i

o= = A =AU, AL, =

o2 vehd 5 gieh. $obel ShaARnEA) U] B4

solE g @A
d
Al + A, = an, (4G,,; +4G,,)=0 &)

22 8T+ slvh 3714 E3foll 93 st x Ao wislek) g
Aol 2%t st E i o) wisieke zbzt desly] $)sled Egts)
g2 Q4w 53}l tf3le] Flory-HugginsA] (Flory[17], Huggins[18])]
2E2Fe} izl Z3H(Mckenna S[19])E o) Yubz o g o] ARg
o174 gkor} Flory-HugginsA] & tiA@ 4 gl mde] AEx &
el dubd oz A8} & Guggenheim[20]2] quasi-chemical
Faol

£ A-7FNAE acetone(1)/trichloroethylene(2)/PVC(3)H| ¢} acetone(1)
fethanolQ)PVC3)Al ol i3} A5 3-& dodslr] $i3te] Egtstst
AW 3131-2 group contribution @] UNIFAC-E AHshglct.
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Table 2. The experimental volume fractions for swelling equilibria of acetone(l)/trichloroethylene(2)/PVC(3) systems according to an increase
of content of plasticizer

A.cetone DOP 298.15K 303.15K
“TCE & IS ' o 'Y 0
0:10 Oml 0.5629 0.4371 0.5937 0.4063
2: 8 0.1347 0.5388 0.3264 0.1326 0.5305 0.3368
4: 6 0.3002 0.4502 0.2496 0.2981 0.4472 0.2547
6: 4 0.4618 0.3079 0.2304 0.4587 0.3058 0.2356
8: 2 0.5907 0.1477 0.2616 0.5939 0.1485 0.2576
10: O 0.6798 0.3202 0.6732 0.3268
0:10 10ml 0.4296 0.5704 0.4103 0.5897
2: 8 0.1203 0.4814 " 0.3983 0.1102 0.4407 0.4492
4: 6 0.2871 0.4307 0.2822 0.2865 0.4298 0.2836
6: 4 - 0.4346 0.2897 0.2757 0.4290 0.2860 0.2850
8: 2 0.5898 0.1474 0.2628 0.5758 0.1440 0.2802
10: 0 0.7125 0.2875 0.7145 0.2855
0:10 20 ml 0.4742 0.5258 0.4820 0.5180
2: 8 0.1210 0.4838 : 0.3952 0.1186 0.4744 0.4070
4: 6 0.2649 0.3973 0.3378 0.2628 0.3942 0.3429
6: 4 0.4273 0.2849 0.2879 0.4380 0.2920 0.2700
8: 2 0.5837 0.1459 0.2703 0.6194 0.1549 0.2257
10: 0 0.7106 0.2894 0.8051 0.1949
0:10 30 ml 0.2967 0.7033 0.3238 0.6762
2: 8 0.0946 0.3783 0.5271 0.0937 0.3747 0.5316
4. 6 0.2554 0.3832 0.3614 0.2368 0.3552 0.4081
6: 4 0.4438 0.2959 0.2604 0.4032 0.2688 0.3280
8: 2 0.6358 0.1590 0.2052 0.5770 0.1443 0.2787
10: 0 0.8237 0.1763 0.7149 0.2851
0:10 40 ml 0.3277 0.6723 0.7865 0.2135
2: 8 0.0973 0.3891 0.5136 0.0949 0.3797 0.5253
4: 6 0.2541 0.3811 0.3648 0.2449 0.3673 0.3878
6: 4 0.4487 0.2991 0.2521 0.4114 0.2742 0.3144
8: 2 0.6309 0.1577 0.2114 0.5822 0.1456 0.2722
10: 0 0.7893 0.2107 0.8203 0.1797
308.15K 313.15K
0:10 Omt 0.4254 0.5746 0.5251 0.4749
2: 8 0.1285 0.5141 0.3574 0.1264 0.5056 0.3680
4: 6 0.3098 0.4647 0.2254 0.2802 0.4203 0.2996
6: 4 0.4940 0.3293 0.1764 0.4314 0.2876 0.2810
8: 2 0.6558 0.1639 0.1803 0.5352 0.1338 0.3310
10: 0 0.7723 0.2277 0.5611 0.4389
0:10 10ml 0.3708 0.6292 0.3802 0.6198
2: 8 0.1192 0.4767 0.4042 0.1166 0.4666 0.4168
4. 6 0.3108 0.4662 0.2230 0.2840 0.4261 0.2899
6: 4 0.5046 0.3364 0.1590 0.3934 0.2623 0.3443
8: 2 0.6778 0.1694 0.1528 0.5376 0.1344 0.3280
10: 0 0.8059 0.1941 0.6940 0.3060
0:10 20ml 0.2895 0.7105 0.5593 0.4407
2: 8 0.1188 0.4754 0.4058 0.1183 0.4731 0.4087
4: 6 0.3179 0.4769 0.2052 0.2480 0.3720 0.3800
6: 4 0.5205 0.3470 0.1326 0.4499 0.2999 0.2502
8: 2 0.6899 0.1725 0.1376 0.6211 0.1553 0.2236
10: 0 0.8694 0.1306 0.7695 0.2305
0:10 30ml 0.3696 0.6304 0.2772 0.7228
2: 8 0.1180 0.4722 0.4098 0.1000 0.4001 0.4998
4: 6 0.3166 0.4750 0.2084 0.2914 0.4372 0.2714
6: 4 0.4947 0.3298 0.1756 0.5024 0.3349 0.1627
8: 2 0.6779 0.1695 0.1526 0.6961 0.1740 0.1299
10: 0 0.8914 0.1086 0.8791 0.1209
0:10 40 ml 0.3333 0.6667 0.6414 0.3586
2: 8 0.1175 0.4699 0.4126 0.1020 0.4082 0.4898
4: 6 0.3105 0.4658 0.2237 0.2807 0.4211 0.2982
6: 4 0.5186 0.3458 0.1356 0.4976 0.3317 0.1707
8: 2 0.6795 0.1699 0.1506 0.6993 0.1748 0.1259
10: 0 0.8990 0.1010 0.8961 0.1039
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Table 3. The experimental volume fractions for swelling equilibria of acetone(1)/ethanol(2)/PVC(3) systems according to an increase of content

of plasticizer
Acetone DOP 303.15K 308.15K
* Ethanol o ¢: % o 92 ¢
0:10 Oml 0.0284 0.9716 0.0313 0.9687
2: 8 0.0217 0.0869 0.8914 0.0214 0.0857 0.8929
4: 6 0.0671 0.1006 0.8323 0.0649 0.0973 0.8379
6: 4 0.1568 0.1045 0.7387 0.1505 0.1003 0.7492
8: 2 0.3589 0.0897 0.5514 0.3457 0.0864 0.5678
10: 0 0.6798 0.3202 0.6732 0.3268
0:10 10 ml 0.0283 0.9717 0.0323 0.9677
2: 8 0.0189 0.0757 0.9053 0.0193 0.0771 0.9036
4: 6 0.0565 0.0847 0.8588 0.0614 0.0922 0.8464
6: 4 0.1721 0.1147 0.7132 0.1767 0.1178 0.7055
8: 2 0.4213 0.1053 0.4734 0.4483 0.1121 0.4397
10: 0 0.7125 0.2875 0.7145 0.2855
0:10 20 ml 0.0209 0.9791 0.0016 0.9984
2: 8 0.0171 0.0685 0.9144 0.0128 0.0513 0.9359
4: 6 0.1634 0.2452 0.5914 0.0380 0.0569 0.9051
6: 4 0.1807 0.1204 0.6989 0.2431 0.1620 0.5949
8: 2 0.6311 0.1578 0.2112 0.5372 0.1343 0.3285
10: 0 0.7106 0.2894 0.8051 0.1949
0:10 30 ml 0.0270 0.9730 0.0180 0.9892
2: 8 0.0160 0.0641 0.9198 0.0013 0.0051 0.9937
4: 6 0.0677 0.1016 0.8307 0.1121 0.1682 0.7197
6: 4 0.3913 0.2608 0.3479 0.3122 0.2081 0.4797
8: 2 0.5343 0.1336 0.3322 0.5776 0.1444 0.2780
10: 0 0.8237 0.1763 0.7149 0.2851
0:10 40 ml 0.0768 0.9232 0.0658 0.9342
2: 8 0.0859 0.1141 0.8573 0.0162 0.0647 0.9191
4: 6 0.1426 0.2139 0.6435 0.1222 0.1834 0.6944
6: 4 0.3021 0.2014 0.4965 0.3458 0.2305 0.4237
8: 2 0.5926 0.1481 0.2593 0.5652 0.1413 0.2935
10: O 0.7893 0.2107 0.8203 0.1797
313.15K 318.15K
0:10 Oml 0.0350 0.9650 0.1337 0.8663
2: 8 0.0194 0.0774 0.9032 0.0187 0.0747 0.9066
4: 6 0.0534 0.0801 0.8665 0.1337 0.2005 0.6658
6: 4 0.1433 0.0955 0.7612 0.1600 0.1067 0.7333
8: 2 0.3653 0.0913 0.5434 0.3798 0.0950 0.5252
10: 0 0.7723 0.2277 0.5611 0.4389
0:10 10 ml 0.0305 0.9695 0.0180 0.9820
2: 8 0.0186 0.0744 0.9071 0.0240 0.0961 0.8799
4: 6 0.0623 0.0935 0.8442 0.0649 0.0973 0.8378
6: 4 0.1741 0.1161 0.7098 0.1833 0.1222 0.6945
8: 2 0.4605 0.1151 0.4244 0.4896 0.1224 0.3880
10: 0 0.8059 0.1941 0.6940 0.3060
0:10 20 ml 0.0213 0.9787 0.0091 0.9809
2: 8 0.0008 0.0031 0.9961 0.0015 0.0060 0.9926
4: 6 0.0531 - 0.0797 0.8671 0.0569 0.0854 0.8577
6: 4 0.3418 0.2278 0.4304 0.2716 0.1811 0.5473
8: 2 0.5523 0.1381 0.3096 0.6053 0.1513 0.2433
10: 0 0.8694 0.1306 0.7695 0.2305
0:10 30 mt 0.0290 0.9710 0.0530 0.9470
2: 8 0.0106 0.0425 0.9468 0.0114 0.0456 0.9430
4: 6 0.0814 0.1221 0.7966 0.0822 0.1233 0.7944
6: 4 0.2767 0.1845 0.5388 0.2913 0.1942 0.5145
8: 2 0.5745 0.1436 0.2818 0.5464 0.1366 0.3170
10: 0 0.8914 0.1086 0.8791 0.1209
0:10 40 mi 0.0734 0.9266 0.0415 0.9585
2: 8 0.0358 0.1432 0.8210 0.0141 0.0564 0.9295
4: 6 0.1473 0.2210 0.6317 0.0981 0.1472 0.7547
6: 4 0.3310 0.2207 0.4484 0.3273 0.2182 0.4546
8: 2 0.6261 0.1565 0.2174 0.6253 0.1563 0.2184
10: 0 0.8990 0.1010 0.8961 0.1039
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Table 4. Interchange energies estimated by UNIFAC-Gaussian Flory medel for acetone(1)/trichloroethylene(2)/PVC(3) systems according to an
increase of content of plasticizer

A'cetone DOP 298.15K 303.15K
TCE Oy, ®y3 W3 Wy 03 W3
0:10 0Oml 47.9482 44.3647
2: 8 1.7729 47.9482 30.1860 0.1778 44.3647 54.2724
4: 6 3.6267 47.9482 24.0655 0.5916 44.3647 32.7109
6: 4 2.3044 47.9482 28.1791 0.6544 443647 33.0968
8:2 1.0064 47.9482 34.2192 0.3235 44.3647 36.3072
10: 0 32.7959 33.8921
0:10 10 ml 87.1331 98.5204
2: 8 177.3898 87.1331 10.2587 100.4805 98.5204 0.3301
4: 6 84.2664 87.1331 0.0541 119.8863 98.5204 0.8118
6: 4 33.7820 87.1331 10.3113 48.2039 98.5204 7.0951
8: 2 15.9025 87.1331 25.1176 21.4656 98.5204 23.9483
10: 0 30.8234 31.2742
0:10 20 ml 69.7373 68.8293
2: 8 77.0849 69.7373 0.2799 69.6294 68.8293 0.0693
4: 6 27.3392 69.7373 8.4516 26.5108 68.8293 8.5535
6: 4 20.5221 69.7373 12.8491 22.6255 68.8293 10.9570
8: 2 9.3908 69.7373 25.5901 11.5777 68.8293 21.7494
10: 0 30.9247 29.2425
0:10 30ml 193.0167 165.2824
2: 8 525.5235 193.0167 90.4264 1255.4251 165.2824 68.4725
4: 6 529.5352 193.0167 22.6472 360.0182 165.2824 14.9674
6: 4 243.5806 193.0167 1.2808 188.1385 165.2824 0.4304
8: 2 105.5041 193.0167 7.8153 85.7917 165.2824 8.5377
10: 0 29.0211 210.4065
0:10 40 ml 159.3200 30.5811
2: 8 978.5613 159.3200 56.6774 118.0899 30.5811 364.2612
4: 6 280.8797 159.3200 7.7454 29.1771 30.5811 ©134.0218
6: 4 172.6792 159.3200 0.1306 8.9733 30.5811 771727
8: 2 69.6484 159.3200 12.5569 3.4224 30.5811 56.4869
10: 0 28.7561 29.4260
308.15K 313.15K
0:10 Oml 88.6818 59.1394
2: 8 187.9069 88.6818 11.9404 22.0252 59.1394 6.6299
4: 6 100.4149 88.6818 0.3384 12.0917 59.1394 15.8298
6: 4 49.7074 88.6818 4.5345 6.5889 59.1394 24.3716
8:2 19.2781 88.6818 22.0117 2.8840 59.1394 34.2309
10: O 29.8863 50.0935
0:10 10 ml 126.1922 122.0507
2: 8 447.1235 126.1922 39.3756 535.5759 122.0507 53.2992
4: 6 269.5129 126.1922 13.9451 209.0720 122.0507 6.7160
6: 4 181.9672 126.1922 3.0611 63.3555 122.0507 7.1196
8: 2 64.1275 126.1922 7.7108 31.5042 122.0507 23.9826
10: 0 29.2788 33.6842
0:10 20 ml 211.8728 51.5194
2: 8 384.5294 211.8728 123.4689 0.8788 51.5194 42.2946
4: 6 612.6886 211.8728 77.6156 1.0761 51.5194 37.5185
6: 4 830.3847 211.8728 34.8353 4.2220 51.5194 25.1728
8: 2 207.1071 211.8728 0.0508 2.1356 51.5194 31.6702
10: 0 31.7680 30.4374
0:10 30ml 68.1969 235.7436
2: 8 64.7879 68.1969 368.6940 440.4077 235.7436 99.4568
4: 6 85.5909 68.1969 465.2398 910.6975 235.7436 31.8240
6: 4 117.2137 68.1969 659.2596 409.2642 235.7436 7.5621
8: 2 251.0885 68.1969 554.2389 151.7941 235.7436 4.7774
10: 0 33.4891 32.8761
0:10 40 ml 158.7342 27.2553
2: 8 1209.4944 158.7342 - 65.6703 75.8069 27.2553 233.9725
4: 6 573.7248 158.7342 38.4680 13.4521 27.2553 84.3024
6: 4 317.7207 158.7342 12.0222 2.8320 27.2553 48.9479
8: 2 126.1407 158.7342 1.1415 0.7863 27.2553 37.7546
10: 0 34,2610 34.4153
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Table 5. Interchange energies estimated by UNIFAC-Gaussian Flory model for acetone(l)/ethanol(2)/PVC(3) systems according to an increase
of content of plasticizer

Acetone DOP 303.15K 308.15K
- Ethanol (07 (0% 3 (%) (07 O3
0:10 Oml 387.3862 400.0136
2: 8 0.3345 40.2187 32.7903 0.2345 40.4337 33.9121
4: 6 0.8913 45.3534 32.7903 0.7237 45.5531 33.9121
6: 4 2.3881 54.5705 32.7903 2.1457 55.0183 33.9121
8: 2 6.6109 72.6418 32.7903 8.0967 80.3640 33.9121
10: 0 32.7903 33.9121
0:10 10 ml 379.9859 . 403.8444
2: 8 0.5855 41.0858 31.3228 0.8579 43.2847 31.2864
4: 6 1.3958 47.0254 31.3228 1.8938 49.9035 31.2864
6: 4 3.4350 57.5917 31.3228 4.8548 63.5033 31.2864
8: 2 8.7215 77.6457 31.3228 9.4770 80.0712 31.2864
10: 0 31.3228 31.2864
0:10 20ml 352.4022 709.9747
2: 8 0.7821 42.3254 30.9428 3.2610 53.8670 29.2144
4: 6 1.5318 47.4263 30.9428 6.2488 65.6211 29.2144
6: 4 4.3980 61.2263 30.9428 13.1314 87.6412 29.2144
8: 2 0.4529 40.6021 30.9428 34.2749 143.7379 29.2144
10: 0 30.9428 29.2144
0:10 30ml 377.9511 332.8908
2: 8 4.1656 57.4071 29.0435 62.2534 29.3213 211.9155
4: 6 7.6995 70.3429 29.0435 113.8824 8.6370 211.9155
6: 4 13.9413 89.6450 29.0435 440.2790 12.6236 211.9155
8: 2 42.5780 163.6221 29.0435 273.5378 167.3308 211.9155
10: 0 29.0435 211.9155
0:10 40 ml 621.7961 R 550.0141
2: 8 2.7619 50.8985 28.7723 3.9035 56.7695 29.3718
4: 6 5.1526 60.8129 28.7723 7.0471 68.5916 29.3718
6: 4 10.6573 79.2775 28.7723 13.9786 90.2666 29.3718
8: 2 22,7722 1129171 28.7723 40.1854 158.2438 29.3718
10: 0 28.7723 29.3718
313.15K 318.15K
0:10 Oml 418.7675 - 904.9056
2: 8 2.2665 49.9953 29.8945 0.7736 37.7108 50.0887
4: 6 4.5206 60.0073 29.8945 | 0.9303 36.6573 50.0887
6: 4 10.5529 80.8610 29.8945 1.0098 36.2659 50.0887
8: 2 33.4284 142.6108 29.8945 11.2321 13.1771 50.0887
10: 0 29.8945 50.0887
0:10 10 ml 404.8088 333.2463
2: 8 3.7145 55.7906 29.2776 0.4718 42.7682 33.6942
4: 6 6.9435 68.0024 29.2776 1.1947 48.6656 33.6942
6: 4 15.1593 93.3133 29.2776 2.9337 58.5368 33.6942
8: 2 42.4095 162.9153 29.2776 2.9227 58.8686 33.6942
10: 0 29.2776 33.6942
0:10 20 ml 343.2650 289.0964
2: 8 5.6992 64.9012 30.1530 2.1755 50.2682 30.4425
4: 6 10.3170 80.5396 30.1530 4.2854 59.8669 30.4425
6: 4 20.9795 111.0853 30.1530 ~9.3860 78.1022 30.4425
8: 2 61.1138 211.0159 30.1530 11.3145 84.4020 30.4425
10 : 0 30.1530 30.4425
0:10 30ml 396.3497 498.5707
2: 8 6.8516 70.5210 31.0260 4.9677 61.8141 29.9602
4: 6 12.2049 88.0199 31.0260 9.0043 75.9707 29.9602
6: 4 25.2621 124.5465 31.0260 18.6344 104.2184 29.9602
8: 2 65.3260 2249273 31.0260 47.8195 177.6099 29.9602
10: 0 31.0260 29.9602
0:10 40 ml 609.3601 4492354
2: 8 7.3016 72.6908 31.3560 5.4909 64.0904 30.1487
4: 6 12.7932 90.4779 31.3560 9.8959 79.1476 30.1487
6: 4 26.7034 129.2087 31.3560 20.4067 109.4171 30.1487
8:2 69.1868 236.2282 31.3560 49,1885 181.4483 30.1487
10: 0 31.3560 30.1487
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Table 6. Interchange energies estimated by UNIFAC-Gaussian Phantom Network for acetone(1)/trichloroethylene(2)/PVC(3) systems according
to an increase of content of plasticizer ’

Acstone DOP 298.15K 303.15K
- TCE O o @ O o s
0:10 Oml 48.0230 44.4406
2: 8 2.1671 48.0230 30.7202 0.2004 44.4406 54.8011
4: 6 37182 48.0230 24.2339 0.6835 44.4406 32.8820
6: 4 2.3388 48.0230 28.2818 0.6891 44.4406 33.2018
8:2 1.0211 48.0230 34.3044 0.3386 44.4406 36.3937
10: 0 32.8477 33.9461
0:10 10m! 87.2427 98.7075
20 8 177.1491 87.2427 9.8838 100.4734 98.7075 0.2258
4: 6 84.2255 87.2427 0.0641 120.0283 98.7075 0.7782
6: 4 33.7661 87.2427 10.2785 48.2554 98.7075 71013
8: 2 15.9859 87.2427 25.1291 21.4863 98.7075 23.9950
10: 0 30.8713 313229
0:10 20ml 69.7853 68.8917
2: 8 76.5572 69.7853 0.0680 69.6525 68.8917 0.0013
4: 6 27.2059 68.7853 8.4057 26.5215 68.8917 8.5707
6: 4 20.4623 68.7853 12.8481 22,6371 68.8917 109732
8: 2 9.3650 68.7853 25.6165 11.5835 68.8917 21.7746
10: 0 30.9727 29.2812
0:10 30 ml 193.1588 , 165.4275
2: 8 524.9842 193.1588 90.4781 1246.5499 165.4275 68.5618
4: 6 530.1491 193.1588 22.6773 360.4952 165.4275 15.0086
6: 4 2437715 193.1588 1.2956 188.3430 165.4275 0.4472
8: 2 105.5700 193.1588 7.8307 85.8714 165.4275 8.5517
10: 0 : 29.0570 2102071
0:10 40ml 159.4529 30.5948
2: 8 981.0568 159.4529 56.6804 118.2265 30.5948 364.6941
4: 6 281.1011 159.4529 7.7460 20.2337 30.5948 134.1781
6: 4 172.8026 159.4529 0.1308 8.9970 30.5948 77.2564
8: 2 69.6887 159.4529 125705 34332 30.5948 56.5407
10: 0 287956 29.4631
308.15K 313.15K
0:10 oml 88.8587 59.2327 .
2: 8 187.6872 88.8587 115662 23.0934 59.2327 7.6598
4: 6 100.4079 88.8587 0.2215 12.3514 59.2327 16.0890
6: 4 49.7137 88.8587 45028 6.6897 59.2327 24.4988
8: 2 19.2769 88.8587 22.0465 2.9267 59.2327 34.3233
10: 0 29.9295 50.1683
0:10 10ml 126.3302 122.1790
2: 8 447.9260 126.3302 39.4180 536.0855 122.1790 53.1992
4: 6 269.9041 126.3302 13.9641 209.2216 122.1790 6.6704
6: 4 182.2098 126.3302 3.0673 63.3877 122.1790 7.1083
8: 2 64.2028 126.3302 7.7153 31.5190 122.1790 23.9999
10: 0 29.3173 33.7381
0:10 20ml 212.0054 51.6325
2: 8 384.1970 212.0054 123.3377 0.3563 51.6325 41.9259
4: 6 612.0015 212.0054 77.5579 0.9586 51.6325 37.5106
6: 4 831.7922 212.0054 34.7959 4.1698 51.6325 25.1876
8: 2 207.2284 212.0054 0.0116 2.1131 51.6325 317258
10: 0 31.8040 30.4820
0:10 30 ml 68.1811 235.9098
2: 8 64.8239 68.1811 368.8023 439.9238 235.9098 99.5965
4: 6 85.6406 68.1811 465.4226 9132917 235.9098 31.9032
6: 4 117.2846 68.1811 659.6779 409.7470 235.9098 7.6054
8: 2 251.2541 68.1811 553.8421 151.9215 235.9098 4.7999
10: 0 33.5194 32.9143
0:10 40ml 158.8716 273030
2: 8 1214.8305 158.8716 65.6770 75.5725 27.3030 233.9514
4: 6 574.4539 1588716 38.4761 13.3460 27.3030 84.2053
6: 4 318.0147 158.8716 12.0256 27171 273030 48.9587
8: 2 126.2340 158.8716 1.1434 0.7582 273030 37.7811
10: 0 34.2004 34.4457
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Table 7. Interchange energies estimated by UNIFAC-Gaussian Phantom Network for acetone(l)/ethanol(2)/PVC(3) systems according to an in-
crease of content of plasticizer

Acetone Do 303.15K 308.15K
: Ethanol ®;; [ o3 o2 (7% 03
0:10 Oml 387.3730 399.9975
2: 8 0.3373 40.2556 32.8507 0.2626 40.4799 33.9411
4: 6 0.8947 45.3883 32.8507 0.7681 45.6157 33.9411
6: 4 2.3940 54.9588 32.8507 2.2363 55.1263 33.9411
8: 2 6.6430 72.6419 32.8507 8.4314 80.7112 33.9411
10: 0 32.8507 33.9411
0:10 10 ml 379.9718 403.8277
2: 8 0.5883 41.1227 31.3832 0.8404 43.3220 31.3326
4. 6 1.3992 47.0605 31.3832 1.8661 49.9363 31.3326
6: 4 3.4412 57.6195 31.3832 4.7992 63.5182 31.3326
8: 2 8.7613 77.6422 31.3832 9.2085 79.8663 31.3326
10: 0 31.3832 31.3326
0:10 20ml 352.3921 712.3708
2: 8 0.7975 42.4156 30.7903 3.2968 53.9593 29.2571
4: 6 1.5585 47.5440 30.7903 6.3057 65.7441 29.2571
6: 4 4.4552 61.4082 30.7903 13.2539 87.8452 29.2571
8: 2 0.6924 41.0549 30.7903 34.7972 144.3755 29.2571
10: O 30.7903 29.2571
0:10 30mi 377.9381 332.8864
2: 8 4.1732 57.4523 29.0569 61.2937 28.6908 207.0633
4: 6 7.7123 70.4023 29.0569 111.7599 8.5005 207.0633
6: 4 13.9684 89.7367 29.0569 426.7480 12.5291 207.0633
8:2 42.6629 163.8361 29.0569 279.7688 167.5147 207.0633
10: 0 29.0569 207.0633
0:10 40 m! 621.6895 549.9455
2: 8 2.7772 50.9889 28.7993 3.9112 56.8155 29.3855
4: 6 5.1787 60.9311 28.7993 7.0603 68.6519 29.3855
6: 4 10.7125 79.4602 28.7993 14.0063 90.3599 29.3855
8: 2 22.9684 113.3522 28.7993 40.2740 158.1933 29.3855
10: 0 28.7993 29.3855
313.15K 318.15K
0:10 Oml 418.7480 905.4921
2: 8 2.2823 50.0887 29.9226 0.7506 37.7410 50.1872
4: 6 4.5478 60.1295 29.9226 0.8907 36.6630 50.1872
6: 4 10.6100 81.0499 29.9226 0.9250 36.2148 50.1872
8: 2 33.6144 143.0531 29.9226 10.8652 12.7522 50.1872
10: O 29.9226 50.1872
0:10 10ml 404.7933 333.2362
2: 8 3.6966 55.8285 29.3239 0.4879 42.8628 33.7232
4: 6 6.9152 68.0362 29.3239 1.2227 48.7889 33.7232
6: 4 15.1010 93.3252 29.3239 2.9944 58.7272 33.7232
8:2 42.1679 162.7277 29.3239 3.1623 59.3377 33.7232
10: 0 29.3239 33.7232
0:10 20ml 343.2531 289.0993
2: 8 5.7069 64.9480 30.1667 2.1575 50.3069 30.4898
4: 6 10.3302 80.6012 30.1667 4.2571 59.9016 30.4898
6: 4 21.0065 111.1807 30.1667 9.3262 78.1128 30.4898
8:2 61.1928 211.2377 30.1667 10.9224 84.0225 30.4898
10: 0 30.1667 30.4898
0:10 30ml 396.3497 498.5279
2: 8 6.8593 70.5679 31.0396 4.9835 61.9090 29.9882
4: 6 12.2179 88.0817 31.0396 9.0312 76.0592 29.9882
6: 4 25.2884 124.6425 31.0396 18.6896 104.4108 29.9882
8: 2 65.4034 225.1512 31.0396 47.9945 178.0578 29.9882
10: O 31.0396 29.9882
0:10 40 ml 609.2219 449.2085
2: 8 7.3121 72.7756 31.4307 5.4806 64.1765 30.2093
4: 6 12.8104 90.5735 31.4307 9.8804 79.2439 30.2093
6: 4 26.7395 129.3266 31.4307 20.3737 109.5168 30.2093
8:2 69.3948 236.4064 31.4307 48.9576 181.3533 30.2093
10: 0 31.4307 . 30.2093
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Table 8. Interchange energies estimated by UNIFAC-Non Gaussian Network for acetone(l)/trichloroethylene(2)/PVC(3) systems according to an
increase of content of plasticizer

Acetone bOP 298.15K _ 303.15K
:TCE O @ Oy % © O3
0:10 Oml 47.8734 44.2556
2: 8 1.3778 47.8734 29.6510 0.3464 44.2556 54.6860
4: 6 3.5352 47.8734 23.8971 0.7207 44.2556 32.7697
6: 4 2.2699 47.8734 28.0763 0.7020 44.2556 33.0702
8: 2 0.9918 47.8734 34.1340 0.3440 44.2556 36.2432
10: 0 32.7268 33.8202
0:10 10ml 86.9970 98.2580
2: 8 176.8834 86.9970 9.9674 100.1347 98.2580 0.1661
4: 6 84.0759 86.9970 0.0424 119.5644 98.2580 0.7645
6: 4 33.7106 86.9970 10.2483 48.0842 98.2580 7.0490
8:2 15.8714 86.9970 25.0516 21.4167 98.2580 23.8668
10: 0 30.7597 31.2092
0:10 20ml 69.6149 68.6909
2: 8 76.8260 69.6149 0.3846 69.0136 68.6909 0.4616
4: 6 27.2535 69.6149 8.5039 26.3400 68.6909 8.4501
6: 4 20.4623 69.6149 12.8704 22.5258 68.6909 10.9006
8: 2 9.3648 69.6149 25.5805 11.5309 68.6909 21.6942
10: 0 30.8606 1.3755
0:10 30ml 192.8149 165.1272
2: 8 526.2823 192.8149 90.4787 1268.1083 165.1272 68.2948
4: 6 528.7549 192.8149 22.6729 359.3629 165.1272 14.8863
6: 4 2433417 192.8149 1.3010 187.8594 165.1272 0.3968
8:2 105.4244 192.8149 7.8188 85.6817 165.1272 8.5199
10: 0 28.9731 210.2071
0:10 40ml 159.1275 30.5217
2: 8 974.9230 159.1275 56.8025 118.1729 30.5217 363.8478
4: 6 280.5753 159.1275 7.8071 29.2248 30.5217 133.8785
6: 4 172.5059 159.1275 0.1667 9.0024 30.5217 77.0790
8: 2 69.5936 159.1275 12.5621 3.4383 30.5217 56.4067
10: 0 28.7035 29.3765
308.15K 313.15K
0:10 Oml 88.4645 59.0402
2: 8 186.8392 88.4645 11.3493 23.0007 59.0402 7.6368
4: 6 99.9871 88.4645 0.1489 12.3066 59.0402 16.0465
6: 4 49.5166 88.4645 4.4373 6.6666 59.0402 24.4270
8: 2 19.2061 88.4645 21.9166 2.9169 59.0402 34.2178
10: 0 29.8287 49.9937
0:10 10ml 126.0400 121.9104
2: 8 446.1367 126.0400 36.0172 534.4192 121.9104 53.2380
4: 6 269.0695 126.0400 13.8026 208.7414 121.9104 6.6990
6: 4 181.7027 126.0400 2.9828 63.2662 121.9104 7.1172
8: 2 64.0405 126.0400 7.6540 31.4642 121.9104 23.9632
10: 0 29.2275 ‘ 33.6124
0:10 20ml 211.6413 51.4405
2: 8 384.9449 211.6413 123.3071 0.3018 51.4405 41.8924
4: 6 613.7759 211.6413 77.5202 0.9361 51.4405 37.4347
6: 4 828.0481 211.6413 34.7661 4.1358 51.4405 25.1314
8:2 206.8808 211.6413 0.0077 2.0969 51.4405 31.6370
10: 0 31.7200 30.3779
0:10 30ml 68.1997 235.5227
2: 8 64.7373 68.1997 368.4749 440.9140 235.5227 99.4747
4: 6 85.5209 68.1997 464.8875 908.2748 235.5227 31.8286
6: 4 117.1133 68.1997 658.4877 408.8084 235.5227 7.5683
8:2 250.8473 68.1997 554.9440 151.6821 235.5227 47784
10: 0 33.4486 32.8254
0:10 40ml 158.5353 27.2260
2: 8 1201.7164 158.5353 65.7873 75.4152 27.2260 233.1051
4: 6 572.6522 158.5353 38.5077 13.3189 27.2260 83.9772
6: 4 317.2893 158.5353 12.0506 2.7800 27.2260 48.7755
8:2 126.0062 158.5353 1.1638 0.7633 27.2260 37.6438
10: 0 34.2218 34,3748

HWAHAK KONGHAK Vol. 36, No. 2, April, 1998



326 ARE - AN - FF5x

Table 9. Interchange energies estimated by UNIFAC-Non Gaussian Network for acetone(1)/ethanol(2)/PVC(3) systems according to an increase
of content of plasticizer

Acetone DOP 303.15K 308.15K
 Ethanol o o o @, O ;3
0:10 Oml 387.4038 400.0351
2: 8 0.3439 40.1372 32.7308 0.2693 40.3596 33.8191
4: 6 0.9050 452624 32.7308 0.7784 45.4870 33.8191
6: 4 24148 54.4673 32.7308 2.2567 54.9886 33.8191
8: 2 6.7304 72.5699 32.7308 8.5073 80.5924 33.8191
10: 0 32.7308 33.8191
0:10 10ml 380.0046 403.8667
2: 8 0.5949 41.0042 31.2635 0.8674 432016 31.2262
4: 6 1.4095 46.9342 31.2635 1.9079 49.8108 31.2262
6: 4 3.4624 57.4893 31.2635 4.8812 633957 31.2262
8: 2 8.8538 77.5919 31.2635 9.6356 80.0506 31.2262
10: 0 31.2635 31.2262
0:10 20 ml 352.4155 7073831
2: 8 0.7716 422432 30.8687 3.2708 53.7836 29.1551
4: 6 15143 473349 30.8687 6.2629 65.5265 29.1551
6: 4 43637 61.1064 30.8687 13.1632 87.5403 29.1551
8: 2 0.1647 403570 30.8687 34.4459 143.7381 29.1551
10: 0 30.8687 29.1551
0:10 30 ml 377.9685 332.8966
2: 8 41678 57.2798 28.9721 62.2804 293518 212.0601
4: 6 7.7010 70.1914 28.9721 113.9419 8.6554 212.0601
6: 4 13.9584 89.4791 28.9721 440.6569 12.6409 212.0601
8: 2 42.6663 163.4185 28.9721 2733714 167.3354 212.0601
10: 0 28.9721 212.0601
0:10 40ml 621.9383 550.1054
2: 8 27514 50.8167 28.6988 3.9058 56.6402 29.2991
4: 6 5.1357 60.7201 28.6988 7.0497 68.4404 29.2991
6: 4 10.6198 79.1656 28.6988 13.9909 90.0878 29.2991
8: 2 225532 112.7120 28.6988 402738 158.0670 29.2991
10: 0 28.6988 ‘ 29.2991
; 313.15K 318.15K
0:10 Oml 418.7935 904.1251
2: 8 2.2764 49.9107 29.8339 0.7629 37.6247 50.0102
4: 6 4.5348 59.9115 29.8339 0.9124 36.5608 50.0102
6: 4 10.5794 80.7486 29.8339 0.9726 36.1408 50.0102
8: 2 33.5381 1425093 29.8339 11.0616 12.9407 50.0102
10: 0 298339 50.0102
0:10 10ml 404.8296 333.2599
2: 8 3.6909 55.6504 292359 0.4607 42,6822 33.6163
4: 6 6.9033 67.8187 292359 11771 485671 33.6163
6: 4 15.0758 93,0290 29.2359 2.8967 58.4130 33.6163
8: 2 42.1428 162.2521 29.2359 27277 58.6404 33.6163
10: 0 29.2359 33.6163
0:10 20 ml 343.2807 289.0927
2: 8 5.6553 64.7604 30.0963 2.1854 50.1821 30.3809
4: 6 10.2462 80.3524 30.0963 42999 59.7704 30.3809
6: 4 20.8249 110.7789 30.0963 9.4166 77.9961 30.3809
8: 2 60.5691 210.1829 30.0963 11.5934 84.5491 30.3809
10: 0 30.0963 30.3809
0:10 30ml 3963696 47.1679
2: 8 6.8619 70.4360 30.9668 4.9519 61.7191 29.9321
4: 6 12.2205 87.9247 30.9668 8.9775 75.8462 29.9321
6: 4 252976 124.4458 30.9668 18.5792 104.0260 29.9321
8: 2 65.5286 224.9845 30.9668 47.6443 177.1620 29.9321
10: 0 30.9668 29.9321
0:10 40 ml 609.4881 4492715
2: 8 7.8262 72.5970 31.3290 5.4751 63.9954 30.1208
4: 6 12.7672 90.3543 31.3290 9.8692 79.0230 30.1208
6: 4 266513 129.0163 31.3290 203551 109.2244 30.1208
8: 2 69.0354 235.7781 31.3290 49.0141 180.9992 30.1208
10: 0 31.3290 30.1208
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Table 10. The estimated average molecular weight of the chains be-
tween the cross-linked polymers for solvents(1)/PVC(2)
systems -

Plasticizer UNIFAC-GF

Ivents
Solven (DOP) 298.15K 303.15K 308.15K 313.15K 318.15K

Acetone Oml 10597.9 104474 10313.6 10593.3
10ml  10599.2 104522 10475.0 10599.0
20ml 10601.6 106232 106435 10462.4
30ml 104824 175869 99053 106354
40ml 10619.0 104793 9160.21 10640.0
Ethanol Oml 10064.1 99742 10064.1 10067.9

10ml 10064.6 10064.1 10064.3 10067.4
20 ml 10065.2 11020.4 10052.9 10066.6
30ml 10019.4 10077.7 10064.9 10063.3
40ml 10063.3 10063.8 98384 9944.0

Trichloro Oml 10059.4 100445 60548 10059.5
ethylene 10ml 10059.6 5589.9 10045.7 10060.4
20ml 10059.3 10059.8 10031.5 10044.4

30ml 100602 100458 100692 9836.1

40ml 10045.1 10062.8 10060.1 10058.9

Plasticizer UNIFAC-GPN

Solvents
(DOP) 298.15K 303.15K 308.15K 313.15K 318.15K

Acetone Oml 10598.1 104474 10613.7 10593.5
10ml 10599.8 10452.7 10625.1 10599.1
20ml  10301.1 10623.9 10643.3 10462.2
30ml 10482.0 1758.60 94555 10635.5
40ml 10619.7 10479.4 10360.5 10640.4

Ethanol Oml 10064.1 9974.26 10064.1 10068.0
10ml 10064.7 10064.1 10064.4 10067.5
20 ml 10065.5 10020.4 10052.0 10066.5
30mil 10019.0 10077.8 10064.1 10063.5
40ml 10063.7 10063.8 10063.7 9944.2

Trichloro Oml 100595 10029.5 6054.8 10059.5
ethylene 10ml 100599 5590.0 10060.7 10060.4
20ml  8439.6 10059.9 100313 10059.8

30ml  10060.0 10045.7 100699 9836.1

40ml 10060.9 10062.5 10045.0 10058.5

Plasticizer UNIFAC-NGN

Solvents
(DOP) 298.15K 303.15K 308.15K 313.15K 318.15K

Acetone Oml 10597.7 10447.0 106134 10593.1
10ml  10599.8 10451.5 10474.8 10598.6
20ml 104515 106224 10643.8 106123
30ml 104829 145895 9905.1 10635.9
40ml 106185 10478.2 91599 10639.9

Ethanol Oml 10064.1 99742 10064.1 10067.9
10ml 10064.4 10064.1 10064.1 10067.3
20ml 10065.3 10020.4 10052.7 10066.6
30ml 10019.7 10077.9 10064.9 10063.1
40 ml 10063.2 10063.5 98384 99440

Trichloro Oml 100594 100445 6039.8 10059.5
ethylene 10ml 10059.3 5589.9 100454 10045.1
20ml  10059.7 10059.1 10030.5 10044.6

30ml  10060.2 10060.6 10069.8 9836.1

40ml  10045.9 10062.5 100459 10057.0

Abbreviation; GF: Gaussian Flory, GPN : Gaussian Phantom Network,
NGN : Non Gaussian Network

(18)-20)°ll 45 ARAA E-PSF T - 47V F Hashshe 2
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o FAslgw, 7E2AYd PVC F-4)(main chainy}e] <
A" Al HaEAFE 7 2l 25t F4ksted Table 109
veliiglch. Jate 24 $A19] Fetvle &2 348 A]1 acetone(1)/
trichloroethylene(2)/PVC(3)sl] t}3}ed trichloroethylene(2)/PVC(3)9] in-
terchange energy parameterZ-, acetone(l)/ethanol(2)/PVC(3)Al| o
3lod acetone(1)/PVC(3)Y] interchange energy parameterS T4 A)A
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AR AR FFERHM)E ksl AlZsi e, AA
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# A
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AEI1%
a; :the activity of component i
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AG,.., AG,, : change of Gibbs energy of mixing, change of Gibbs energy
of elastic deformation [J/kg]
M, :average molecular weight of the chains between cross-links [g/
mole] _
: average molecular weight of component i [kg/mole]

m; :mass of component i [g]

n, :mole number of component I

q. :the surface area parameter for component i
R : gas constant {8.314J/kg - K]

T :absolute temperature [K]

V, :molar volume of component i [em’/mole]
v, :specific volume of component i fem’/g]
w; :weight fraction of component i

x; :mole fraction of component i

z;, :coordination number i

az|0la 24t

T, :nonrandom factor i

v, :the activity coefficient of component i

¢, :volume fraction of component i

Ay; : change of chemical potential of component i
p;, :density of component i [g/cm’]

: nonrandom interchange energy i, j

Z#nEs

1. Fredenslund, Aa., Gmehling, J. and Rasmussen, P.: “Vapor-Liquid
Equilibria Using UNIFAC", Elsevier, Amsterdam(1977).

2. Flory, P.J.: “Principles of Polymer Chemistry”, Cornell Univer-
sity Press, Ithaca, NY, London(1953).

SEhEat M36H H2& 19984 43

wn B~ W

10.

11.
12.
13.
14.

15.
16.
17.
18.
19.

20.
21.
22.

. James, H. M. and Guth, E.: J. Chem. Phys, 11(10), 455(1943).
. Wall, F. T. and White, R. A.: Macromolecules, 7(6), 849(1974).
. Richards, S.L.: “The Role of Polymer Permeability in the Control

of Drug Releade”, “Polymer Permeability”, Elsevier Applied Sci-
ence Publishers: London and New York(1985).

. Ashley, R.J.: “Permeability and Plastics Packaging”, “Polymer

Permeability”, Elsevier Applied Science Publishers: London and
New York(1985).

. Gee, G., Herbert, J.B.M. and Roberts, R.C.: Polymer, 6, 541

(1965).

. Yen, L. Y. and Eichinger, B.E.: J. Polym. Sci., Polym. Phys. Ed,,

16, 117(1978).

. Yen, L. Y. and Eichinger, B.E.: J. Polym. Sci., Polym. Phys. Ed.,

16, 121(1978).

Badiger, M. V., Lele, A.K., Kulkarm, M. G. and Mashelkar, R.
A.: Ind. Eng. Chem Res., 33, 2426(1990).

Errede, L. A.: J. Appl. Polym. Sci., 31, 1749(1986).

Mark, J.E.: J. Phys. Chem., 68(5), 1092(1964).

Liu, X., Tong, Z. and Hu, O.: Macromolecules, 28, 3814(1995).
Hooper, H.H., Baker, J.P., Blanch, H. W. and Prausnitz, J.M.:
Macromolecules, 23, 1096(1990).

Flory, P.J. and Rehner, J., Jr.: J. Chem. Phys., 11(11), 512(1943a).
Flory, P.J. and Rehner, J., Jr.: J. Chem. Phys., 11(11), 521(1943b).
Flory, P.J.: J. Chem. Phys., 10, 51(1942).

Huggins, H.L.: J. Chem. Phys., 46, 151(1942).

Mckenna, G.B., Flynm, K. M. and Chem, Y.: Polymer, 31, 1937
(1990).

Guggenheim, E. A.: Proc. R. Soc. London, A183, 213(1994).
Panayiotou, C. and Vera, J. H.: Fluid Phase Equilibr., 5, 55(1989).
Prange, M. M., Hooper, H.H. and Prausnitz, J.M.: AIChE J,,
35(5), 803(1989).



