147

#H X
2 et 2 8 HISH IS
HWAHAK KONGHAK
). of the KOREAN INST. CHEM. ENGRS.
Vol. 13, No. 3, June 1975 '

ZRSR FERRTEHEEZRH TEREATHEE
FE0 BAE F3
# @ B-MN B E

BB AER (LEBTEs
(A4 1975. 4. 17)

A Study on the Derivation of lsobaric Vapor-liquid
Equilibrium Data from Isothermal Vapor-liquid

Equilibrium Data for Ternary Systems

Jin Nam Rhim and Sung Sin Park

Deparement of Chemical Engineeing, Hanyang University, Seoul 133, Korea
(Received April 17, 1975)
= #

T4 5 acetone-methanol, acetone-ethanol, acetone-benzene, ethanol-benzene, methanol-benzene %io] ¥i3lo
15°C, 25°C, 35°C, 45°C, 55°C o A @& piEstE v, MES 22 258 objectine function (Prppy—P.u);
< nonlinear regression method of 428 Wilson 553 Redlich-Kister Kol 4] @B et FiH7EF) EHe Kilg e
o, @ENEES BE ¥sld cross plotting 3t 24 FEARPHEE #HYT
one parameter Wilson X2 Ff8lel acetone-benzene-ethanol, acetone-methanol-benzene =gi4r%2 EERK
FgE S EEI oM WS i BEstnasd HRTTES REEe Rt
Abstract

isothermal vapor-liquid equilibria were measured for the binary systems, acetone-methanol, acetone-ethanol,
acetone-berzene, ethanol-benzene, and methanol-benzene, at 15°C, 25°C, 35°C, 45°C, and 55°C using the
total pressure method. Vapor compcsitions were obtained by the Wilson equation and the Redlich-Kister
equaticn, minimizing the objective function ¥ (f..,—pcw); by a nonlinear regression method. For these systems,
isobaric vapor-liquid equilibria were estimated by cross plotting isothermal vapor-liquid equilibrium data which
were obteined from the total pressure method. Also isobaric vapor-liquid eauilibria in the ternary systems
of acetone-benzene-ethanol, acetone-methancl-benzene were estimated from the results for the corresponding
binary svstems. The predicted ischaric data were found to be in a good agreement with the experimental
data taken at 760 mmHg.
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Table 1. Properties of materials.
Density i Refractive Index
Material Source ——

Measured ' Literature®® Measured | Literature®”
Acetone ! Merck Regent Grade | d**=0.7849 . 0. 7848 ng**=1. 3562 ] 1. 3861
Benzene ! Merck Regent Grade d"=0. 8785 ‘ 0. 8787 n0=1.5010 | 1. 5016
Ethanol . Showa Chemicals 4% =0.7913 | 0. 7915 n,0=1.3293 | 1. 3292

Regent Grade ) \

Methanol " d%=0.7058 | 0.7960 | 74°=1.3609 | 1. 361
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Table 2-a. Experimental data for the methanol-benzene  Table 2-d. Experimhntal data for the Acetone-Ethanol system.
system.
x P (mmHg)
1
X, P (mmHe) 15°C | 25°C | 35°C | 45°C | 55°C
O O Q (<]
15°C | 2°C | 3°C | s°c | s5°C 0.0765| 575 910 147. 5} 226.0, 352.0
0.0982|  63.00 102 5l 157. ol 244.5/ 365.0 0.1652|  75.00 117.5/ 181.0, 279.0, 418.5
0.1546| 5.5/ 105.5 164.0] 255.5| 387.0 0.2801 96.0] 144.5| 219.5 329.0 484.5
0.2201| 67 Oi 108. 5i 170.0, 266.5| 402.0 0.3652  106.0 159.0 238.0, 358 5| 523.0
0.3252)  69.5 1120 177.01 28L5 422.5 0.4430 115.0 168.0| 254.5 384.0 552.5
0.424 | 70.5 4.5 182.01 2%0.0 435.0 0.5706] 126.0, 185.5 281.5 422.0 60L0
0-5512;  71.0, 116.0, 18.5 300.5 454.0 0.6350 13L0 1945 2940 4380 619.5
0.6850|  71.5 1180 189.0 309.5 467.0 0.7741| 137.5 210.0 315. 5‘ 468.5 6610
0.7906  72.0 120. 0! 192.0 316.0 476.5 0.8512 140.5 2175 3.0 485 685.0
0.9107] 725 1225 197.0] 323.0] 490.0 0.9100| 141.5 2210 336.5 495.5 704.5
Table 2-b. Experimental data for the Acetone-Benzene system. Table 2-e. Experimental data for the Benzene-Ethanol system.

. P (mmHg) x, P (mmHg)

o s | 25°C | 35°C | 45°C | 55°C | 15°C | 25°C | 35°C | 45°C | s5°C
0.0892| 69.0| 113.0 174.5 266.5 391.5 0.0712)  51.0, 87.5 187 0‘| 221 5§ 351.5
0.1745|  78.0 127.0| 197.0, 300.5 439.5 0.1511y  68.5 111.0, 164.5 253.0, 395.0
0.2301| 82.5 136.0f 209.5 318.0, 465.0 0.2650)  83.5 129.0) 189. Ol 281.00 4315
0. 3811 96.5 157.5/ 242.5| 361.0 523.0 0. 3422 88.0] 135.5 200. O\ 291. 5i 446.0
0.4521) 102.5 166.5 256.5 381.0 549.0 0.4344) 915 139.5 207.5, 3020 455.5
0.5111! 107.0/ 173.0] 268.0] 397.5 567.5 0.5092|  94.0) 141.5 210.0; 305.0 458.0
0. 6803 120.5  194.5  300.0| 440.0{ 617.5 0. 6502 94.5) 1743.5 211 5: 307. 5| 458.0
0. 7594 127.0  204.0 313.5| 458.01 640.0 0.7813 94.0] 142.0{ 210 0 304. 5: 454.5
0.8496| 134.0, 214.0| 328.5 478.5 663.5 0.8492|  89.5/ 136.00 204.0 296.0. 441.0
0. 9223 139. 5] 299.0/ 340.5 495.5 682.0 0.9321 76.5[ 123.0; 181 5‘ 274. 5 407.0

1.0 /”:80
“Table 2-c. Experimental data for the Acetene-Methanol system. N\ i
> :
P (mmHg) = T \F‘ 1
X, 7 ?;-,’ . \ 470 o
15°C | 25°C | 35°C | 45°C | 55°C H !
0.0512]  81.5 134.0 220. 5] 353.00 5310 L _
0.1093! 91.0| 147.0, 237.5 380.5 561.5 15 O-DL leg =
0.2410  107.5 169.5 260.0 425.5 623.0 i o s o :
0.3722; 121.0, 188.5] 298.0 459.0 662.0 i / L i:ﬁ:ﬂ_mm :
0.4614) 127.5 199.5 314.5 476.0) 68L5 3 } L3
0.5703| 133.5 210.0, 328.0] 491.5 700.5 ‘/ 150
0.6621] 137.5 217.5 339.5| 499.5' 712.5 coy e e
0.7802] 140.0 224.0 348.0 509.0, 722.0 00 05 1.0
0.8553, 1415 227.0 349.5 5lL5  725.0 Mol fraction in liuid pre (it
0. 93021 143. 0: 229.0:  351. 0; 513.5 726.5 Fig. 1 Comparison of calculated data with Newton

Raphson method data for the acetcne-ethanol
system at 760 mmHg.
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Table 3. Redlich-Kister coefficients of the binary systems.
*\\ Temp.
15°C 25°C 35°C 45°C 55°C
System T
Acetone-Ethanol A 1.1130 0. 8642 0. 7523 0. 6971 0.6274
B 0.1429 0. 0026 —0. 0280 0. 0204 —0.0818
C 0.1349 0. 0554 0. 0813 0. 0401 —0.0419
Acetene-Methanol A 0.6334 0. 4796 0. 4897 0. 5155 0. 4079
B 0. 0210 0. 1658 0. 2108 0. 0193 0.0135
C —0. 2245 —0. 0613 —0. 0182 —0. 0770 —0. 1664
Acetcne-Benzene A 0. 2415 0.2476 | 0. 2776 0. 2924 0. 3357
B —0. 1854 0. 0012 0. 0311 0.0148 —0. 2125
C —0. 0606 0. 0604 0.1164 0. 5067 —0. 1850
Benzene-Ethanol A 2. 4465 2. 1920 1. 8774 1. 6309 1.5872
B 0. 7406 0. 5167 0. 4507 0. 3012 0. 2257
C —0. 1906 —0. 0557 —0. 0798 0. 1646 0. 2062
Methanol-Benzene A 0. 3054 0. 2016 0. 1761 0. 2891 0. 2967
B —0. 2136 —0. 2531 —0. 2584 0. 1394 —0. 2634
C —0. 0943 --0. 0944 —0. 3640 —0.1304 —0. 1531
Table 4. Calculated Wilson parameters of the binary systems.
System (.&_) 15°C wec | sec 45°C 55°C
8127822 ‘
Acetone~Benzene 877.08 220. 37 —31. 36 509. 60 1094. 45
—475. 23 —50. 92 ‘ 272.61 —232.78 —503. 84
Acetone-Ethanol —2024. 24 —2002. 64 —2081. 53 —2282. 14 —2113.74
2827.08 2586. 34 2595. 20 2771. 96 2592. 33
Acetone-)ethanol —155. 60 —493. 54 —577.54 —520. 84 —269.78
536. 05 905.35 | 1078. 81 594.79 563. 54
Methanol-Benzene 1346. 60 1232. 15 1200. 41 1190. 65 16£0. 86
—794. 34 710. 72 —803. 62 ( —812. 31 —970. 23
Benzene-Ethanol 302. 14 262. 45 241.20 | 147. 10 178.C0
1845. 22 1722.17 1659. 13 1399. 74 1310. 70
Table 5 Second virial coefficients of pure components.
i?\' T— Second Virial Coefficients
Temp. ™~
Cl O C (=] C
Component  ——_|  18°C 25°C 35°C { 45°C 55°C
Benzene —1700. 89 —1532. 03 —1391.73 } —1273. 38 —1172.16
Acetone —1842. 07 —1681. 25 —1638. 07 ! —1410. 45 —1294.71
Ethanol —2268. 74 —2011. 35 —1787. 25 ? —1591. 57 —1420. 32
Methanol —2099. 40 —1863. 63 —1657. 05 ‘{ —1475.70 —1361. 23
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Table 6. Second virial coefficients of binary mixtures.

~

N - B 12
W p
System — 15°C 25°C 35°C 45°C 55°C
Acetone-Ethanol —2048. 00 —1841. 38 —1659. 75 —1499. 18 —1356. 54
Acetone-Methanol —1967. 93 —1770. 88 —1597. 02 —1442. 83 —1305. 44
Acetone-Benzene —1770. 54 —1605. 49 —1463. 87 —1340.74 —1232. 42
Benzene-Ethanol —1971. 20 —1760. 83 —1581. 25 —1426. 56 —1292. 27
Methanol-Benzene —1893. 16 —1692. 42 —1520. 53 —1372.05 —1242. 81
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