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Abstract — The activity coefficients and the partial molar excess propdﬁfeﬁf 3'15 , ) were measured by inverse gas chro-
matography(IGC) for the concentrated solvent(1)/PMA(2) systems containing poly(methyl acrylate)(PMA) at 313.15K to
363.15 K. Ten Kinds of solvent(acetone, n-heptane, cyclohexane, chloroform, methylisobutylketone, trichloroethylene, benze-
new, toluene, ethylbenzene, chlorobenzene) that are important in the industrial field were chosen in this work. The external
degree of freedom of original UNIFAC-FV model was empirically modified ag=#\€BT to predict the partial molar excess
properties in finitely concentrated polymer solutions. The parameters(A, B) were estimated by correlating the activities of sol-
vent with the modified UNIFAC-FV model and extended to predict the partial molar excess prd?b%rﬁfs@f , , )ofsolvents
in finitely concentrated polymer solutions. The predicted values agreed with the experimental partial molar excess properties
within available error ranges.
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Table 1. Experimental activity coefficients and partial molar excess properti for solvent(1)/poly(methyl acrylate)(2) systems each temperature

T(K)
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Acetone

n-Heptane

Cyclohxane

Chloroform

Methyl-isobuty!
ketone

Trichloroethylene0.1022

Benzene

Toluene

Ethylbenzene

Chlorobenzene

0.0304 6.40
0.0423 5.39
0.0551 4.63
0.013541.98
0.0283 30.02
0.0414 24.58
0.0150 27.62
0.0300 18.94
0.0455 14.95
0.0859 2.32
0.1199 2.06
0.1623 1.81
0.1465 7.14
0.1906 6.58
0.2402 6.02
391
3.15
2.77
5.99
4.34
343
6.61
5.59
4.98
831
7.61
7.10
581
5.09
4.79

0.1790
0.2500
0.0576
0.1193
0.1818
0.1284
0.1998
0.2653
0.2279
0.3154
0.4016
0.2328
0.3390
0.4487

9051.96 5448.5010.20 5.90 9571.86 5359.74 11.60
8917.17 4944.67 11.25 4.99 9429.32 4854.62 12.60
9269.71 4496.9113.51 4.32 9802.11 4419.85 14.82
13272.06 10972.46 6.51 37.02 14034.3410903.64 8.62
15874.63 9988.28 16.67 25.73 16786.39 9805.25 19.22
17419.58 9401.06 22.71 20.95 18420.08 9184.19 25.43
17315.89 9744.00 21.4421.93 18310.43 9323.38 24.75
17689.17 8635.92 25.64 15.41 18705.15 8256.99 28.77
18446.09 7940.65 29.75 12.38 19505.54 7597.29 32.79

5.42
4.52
3.94
32.09
21.68
17.44
18.84
13.16
10.38

10106.28 5244.56 13.03
9955.78 4712.19 14.05
10349.38 4252.42 16.34
14817.9110760.88 10.87
17723.61 9543.51 21.92
19448.50 8869.67 28.35
19332.74 9109.18 27.40
19749.49 7994.81 31.50
20594.58 7260.16 35.73

6781.19

8419.46

9642.98
13863.08
14868.86
15200.66
10431.01
13075.06
14817.01
12774.36
15335.45
16828.56
13645.34
15014.02
16133.85
16517.50
17668.43
18435.72
15511.72
15698.36
16590.08

2474.8312.19
2116.92 17.85
1739.34 22.38
5769.71 22.92
5531.30 26.44
5269.69 28.12
4006.29 18.19
3372.98 27.47
2987.18 33.50
5253.54 21.30
4309.89 31.22
3617.56 37.41
5545.10 22.94
5054.18 28.20
4714.48 32.34
6217.46 29.17
5958.21 33.16
5753.85 35.91
5164.29 29.30
4779.95 30.92
4601.44 33.95

2.21 7170.67
1.95 8903.04
1.70 10196.83
6.22 14659.31
5.66 15722.85
4.89 16073.71
3.61 11030.12
2.84 13826.02
2.44 15668.03
5.32 13508.06
3.82 16216.25
2.97 17795.11
5.74 14429.06
4.79 15876.35
4.23 17060.50
7.00 17466.18
6.29 18683.22
5.84 19494.58
4.94 16402.64
4.34 16600.00
4.04 17542.93

2391.23 13.16
2023.19 18.94
1610.76 23.64
5518.85 25.17
5235.04 28.88
4956.67 30.61
3871.56 19.71
3146.34 29.41
2687.42 35.74
5046.34 23.30
4043.65 33.52
3282.41 39.96
5274.90 25.21
4731.43 30.69
4356.45 34.98
5874.90 31.92
5552.36 36.16
5328.03 39.01
4825.33 31.88
4430.11 33.51
4214.24 36.70

2.09
1.81
1.56
5.44
4.89
4.45
3.32
2.46
2.08
4.73
3.23
251
5.09
4.13
3.58
6.03
5.30
4.85
4.21
3.73
3.48

7571.02

9400.11
10766.14
15477.77
16600.69
16971.14
11645.95
14597.95
16542.80
14262.24
17121.63
18788.64
15234.66
16762.76
18013.02
18441.35
19726.34
20583.00
17318.43
17526.81
18522.38

2282.41 14.17
1837.84 20.27
1372.49 25.17
5252.93 27.40
4923.46 31.29
4627.80 33.08
3723.46 21.23
2786.86 31.65
2277.14 38.23
4819.84 25.30
3639.70 36.13
2858.52 42.69
5047.86 27.30
4396.37 33.14
3957.69 37.67
5575.58 34.48
5172.27 39.00
4898.64 42.03
4459.66 34.46
4086.75 36.02
3864.93 39.28

0.0304 4.98
0.0423 4.20
0.0551 3.60
0.0135 28.79
0.0283 19.34
0.0414 16.13
0.0150 16.29
0.0300 11.17
0.0455 8.65
0.0859 1.95
0.1199 1.65
0.1623 1.40
0.1465 4.78
0.1906 4.26
0.2402 3.84
0.1022 2.95
0.1790 2.21
0.2500 1.84
0.0576 4.11
0.1193 2.77
0.1818 2.12
0.1284 4.46
0.1998 3.58
0.2653 3.12
0.2279 5.13
0.3154 4.52
0.4016 4.13
0.2328 3.60
0.3390 3.17
0.4487 2.93

10655.215115.29 14.46
10496.54 4568.66 15.47
10911.524082.87 17.82
15622.7610703.1 12.84
18686.289435.16 24.14
20504.878670.64 30.89
20382.818889.16 30.00
20822.207686.63 34.28
21713.196874.33 38.73

7982.252130.79 15.27

9910.69 1596.90 21.70
11350.911076.38 26.82
16318.464985.64 29.58
17502.374617.40 33.63
17892.944283.87 35.52
12278.513443.85 23.06
15390.86 2521.33 33.59
17441.341945.71 40.44
15036.904505.27 27.49
18051.613242.53 38.65
19809.172389.13 45.47
16062.154760.11 29.50
17673.244063.75 35.52
18991.413627.02 40.10
19443.015207.35 37.15
20797.794807.89 41.73
21700.984512.27 44.86
18259.104078.73 37.01
18478.793672.89 38.64
19528.453422.51 42.04

4.50 11218.66 4916.38 16.03

3.82 11051.60
3.24 11488.52

4383.26 16.96
3843.28 19.45

25.10 16448.8910534.53 15.04

16.10 19674.41
12.45 21589.17
13.91 21460.66
9.48 21923.28
7.35 22861.38
1.78 8404.35
1.49 10434.76
1.25 11951.15
4.17 17181.38
3.70 18427.90
3.368 18839.12
2.62 12927.80
1.90 16204.73
1.56 18363.64
3.68 15832.06
2.43 19006.18
1.80 20856.68
3.89 16911.51
3.14 18607.81
2.66 19995.68
4.38 20471.16
3.83 21897.58
3.47 22848.53
3.22 19224.64
2.80 19455.95
2.53 20561.11

9083.58 26.94
8243.21 33.95
8605.05 32.70
7351.52 37.06
6518.01 41.57
1888.30 16.57
1306.15 23.22
736.75 28.52
4666.32 31.83
4278.33 35.99
3956.37 37.86
3144.44 24.88
2104.03 35.87
1446.05 43.03
4255.13 29.45
2906.81 40.95
1926.21 48.15
4435.88 31.73
3735.74 37.83
3203.28 42.71
4827.14 39.79
4387.18 44.54
4068.49 47.77
3823.01 39.17
3360.17 40.94
3033.31 44.58
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0.1818 18.5253 -0.0497 B A7 20008 F-2ohehal wnff ] Adel] oJste] o] Foix
Toluene 0.0955 9.4851 -0.0256 SU AFHEL o]d FAI=EY T}
0.1379 13.5173 -0.0370
0.1856 17.9187 -0.0496 =y =
Ethylbenzene 0.1812 19.8914 -0.0513 A=
gégg gggggg :88222 Ay : activity of component 1 based on weight fraction [-]
Chlorobenzene 0.2328 221621 ~0.0508 ann :UNIFAC group interaction parameter between group m
0.3390 33.0279 -0.0768 and n [K]
0.4487 54.6932 -0.1279 A B . parameters on external degree of freedom [-]
Bi; : the 2nd virial coefficient [-]
b . proportionality factor of order unity [b=1.28]
A1 gEnE (A, B)L PMAS X3l ZEAGAA NN 7} & C, : external degree of freedom of the component 1 [-]
o] FEE 3} o”éé_‘(Hl, Gf, §f B2 d=3l7] fsiA EAE 1A C, : concentration of solvent [molan™|
o A (1701 23HE At E (A, B)9F 229 groupE SEHEE e : partial molar excess Gibbs energy [KJ/mol]
zZ¥zre] A (5)-(70 BAAIA PMAS £33 72A1-g- Z0] 2njo] ﬁf : partial molar excess enthalpy [KJ/mol]
F2E SYFHES 7h7te] nded 9ty d&siua, 1 A9E N : James-Martin factor [-]
A9 vl wale] Fa22H S Table 31 WERNSITE. Table 34| M, M;, M, : molecular weight of component 1, i and group k [Kg/mol]
Ry HRg} o] AAA S} d&A e FRE Ay (H; ) 7§—°rt oF m, : weight of polymer [g]
7re] o &y WS oL Y] HAEE JJr%Vé%l(Gl, Sl ¥l A P, P, P : pressure of column output and solvent on stationary phase,

Table 3. Average deviations between experimental and predicted value of partial molar excess properties for solvent(1)/poly(metltyylate) systems
at 353.15-393.15 K

Solvents w A Ave. dev. [eh Ave. dev. 55 Ave. dev.
Acetone 0.0304-0.0551 2.33-8.77 4.20 0.48-0.88 0.65 4.07-18.55 8.32
n-Heptane 0.0142-0.0375 6.51-16.96 9.18 6.59-10.57 8.74 5.22-21.99 9.97
Cyclohexane 0.0150-0.0455 3.72-22.34 13.10 0.15-0.45 0.28 6.27-14.53 10.45
Chloroform 0.0859-0.1623 4.12-18.67 11.87 1.96-5.82 3.37 4.64-24.62 15.02
Methylisobutylketone 0.1465-0.2402 2.25-19.48 8.06 0.23-0.46 0.35 3.35-27.16 10.83
Trichloroethylene 0.1022-0.2500 1.89-23.50 12.72 1.09-3.05 1.79 2.18-32.61 16.68
Benzene 0.0576-0.1818 0.38-20.99 10.26 0.99-1.23 1.08 0.23-30.18 13.93
Toluene 0.0955-0.1856 5.15-19.04 10.99 17.44-27.65 22.62 1.62-35.35 14.73
Ethylbenzene 0.1812-0.3128 5.28-12.21 7.29 13.36-24.36 18.83 5.43-18.73 10.25
Chlorobenzene 0.2328-0.4487 6.20-22.21 17.44 0.23-0.73 0.49 7.47-29.05 17.32
Ave. dev. 10.51 5.79 12.75
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PMA 2ARgae) 52 A2 o) 625
saturated vapor pressure [KPa] R : residual
Que : flow rate of pure carrier gas at the column pressuré{cm S : standard
s - : partial
q(P) . distribution isotherm of solvent at column pressure p ~ : reduced
[mole- g7}
q.9;,9; :respectively and van der Waals surface area of component SHEAt
(per unit mass) [-] 1,2,i,j :molecule 1,2,iand j
Qw Qk Qr Qrn: molar group volume of group k and molar group volume M : mixture
of group k, m, n per unit mass respectively [-] k,m,n ;group k,m and n
R : gas constant [Kpacm™ mol+ K Y[KJ/mol * K] P, w : constant pressure and weight fraction
R Rq :molar group volume parameter and molar group volume
parameter of group k per unit mass respectively £as]
ry,n :van der waals volume of component 1, i and j(per unit
mass) [-] 1. Smidsord, O. and Guillet, J. Btacromolecules2, 272(1969).
5'15 : partial molar excess entropy [KJ/mdK] 2. Galin, M.:Polymer 24, 865(1983).
T : experimental temperature [K] 3. Schuster, R. H., Grater, H. and Contox, HMlcromolecules17,
T, Tt : experimental, room temperature [K] 619(1984).
ty t, : retention time of solvent and air [s] 4. Galin, M. and Maslin, ko. LMacromolecules18 2191(1985).
Vg V, : retention volume of solvent and air [am 5. Kim, N. H., Choi, B. G. and Choi, J. ¥orean J. Chem. End.3, 129
Vi, Vs : liquid molar volume of component 1, 2 [&mol] (1996).
U, Yy :reduced liquid molar volume of component 1, M and mixture 6. Kim, N. H., Won, Y. S. and Choi, J. &tuid Phase Equilibria146,
H 223(1998).
W, W, :weight fraction of group m, n [-] 7. Conder, J. R. and Purnell, J. Frans. Faraday Soc64, 1505(1968a).

wy, Wy, W, Wi weight fraction of component 1,2, i, j [-]
z : coordination number(z=10)

J2(0|Aa 2Kt

Al.Ai,A?,Afv:activity of component 1(combinational term, residual
term, free volume term based on weight fraction com-
ponent 1)

M IO : activity coefficient of the group k and group k of pure
component [-] 14.
O, ©h : surface area fraction of the group m, n [-]
Q?. va : activity coefficient of the component 1(residual term, free 15.
volume term base on weight of component) [-]
Y : true value of solvent mole fraction on phase [-] 13
Wi Whie Yom: interaction parameter of the group k, m, n [-] 18.
@, ®y, ®;  : segment fraction of the component 1, 2, i [-] '
v(kl),vff) :number group of type k in molecule 1, i [] 19
01, 6; : surface fraction of the component 1, i [] '
) 20.
AR 21,
1) : standard state(pure component) 29
4 : number of James-Martin factor
C : combinational 23,
E . excess 24.
FV : free volume
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11.
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