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Abstract : Due to the rising cost of energy, new separation processes based on extraction are becoming more attractive than before. Thus,
the need for calculating and predicting liquid-liquid equilibria(LLE) compositions has very much increased. The purpose of this study is to
determine the binodal curves, tie lines, plait point, distribution and selectivity for the ternary systems of 2-propanol-water with methyl
ethyl ketone, methyl isobutyl ketone, ethylacetate, butylacetate, toluene and o-xylene as solvents at 25C. And those tie line data were
used to examine thermodynamic consistency. The experimental tie line data were correlated with NRTL and UNIQUAC models.
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Table 1. Physical Properties of the Chemicals Used
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Fig. 1. Comparison of binodal curves for solvent(1)-water(2)
—2-propanol(3) system at 257C(wt%).

Chemicals MW. BP Densitgy Solubiity (wt %) Source Purity
(C) (g/cm’) in ag aq in (%)

2-propanol 60.097 82.26 0.7813 infinite Aldrich 99.+
methyl ethyl ketone 72.108 79.640 0.7997 24,00 10.00 Yakuri 99.+
methyl isobutyl ketone 100.162 116.500 1.3993 1.70 1.90 Junsei 95
ethylacetate 83.107 77114 0.8946 808 294 Hayashi 99.+
butylacetate 116.161 126.114 0.8764 043 1.86 Junsei 995
toluene 92.142 110625 0.8623 0.05 0.03 Junsei 95
o-xylene 106.169 144411 0.8760 0.02 0.00 Junsei RB5
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Table 2. Binodal Curve Data for Ternary Systems at 25C(mole %)

X1 Xz X3 X1 Xa X3 X X2 X3
MEK-water-2-propanol MIBK-water-2-propanol EAc-water-2-propanol
8332 4087 0.00 8334 1116 0.00 59.13 1290 0.00
81.74 51.79 293 80.03 1299 6.98 4528 22.49 723
69.37 59.84 382 65.70 1954 1476 36.34 31.03 1321
%73 66.98 388 5270 2102 20.28 2914 4191 16.89
27 7163 355 40.89 34.31 24.80 2482 5364 18.06
.37 76.14 326 30.66 42.30 2104 20.60 63.16 16.49
2429 80.02 2917 2150 5215 2635 17.01 6863 15.04
16.65 83.40 253 1140 66.23 2237 14.07 76.12 1248
10.15 87.03 2.04 598 7766 16.36 10.93 83.24 975
349 80.87 137 1.09 91.61 7.30 876 9RB73 0.00
BAc-water-2-propanol toluene-water-2-propanol o0-xXylene-water-2-propanol

99.83 1168 0.00 87.10 017 0.00 100.00 0.00 0.00
7247 1091 735 70.28 597 21.56 9.2 0.80 494
50.90 14.39 1624 55.76 15.30 3380 7503 418 20.79
37.06 21.83 2343 41.20 23716 3918 55.68 12.13 32.19
2328 2842 2881 2830 36.12 4060 37.10 23.14 39.76
1354 3618 3146 20.35 50.74 3%.72 21.96 3545 42.59
9438 43719 3191 16.33 5883 3169 1174 4894 - 3032
6.95 5311 30.23 1140 64.40 2865 787 583 36.30
259 63.62 26.23 701 76.04 21.37 539 61.80 3281
0.51 79.71 16.80 177 90.22 9.27 38 66.43 2972

3.0 |-

3 5 Mibk
o feed - — = 2 gﬁi
c.omposmon >(<'7, 20 L ﬁ toluene
o—e tie-line data =~ o-xylene

>f.<’\ 1.5

S 1ol

2 sl

0.0 |-
.5 1 1 ! i I ] I

-5 0.0 .5 1.0 1.5 2.0 25 3.0

log ((100-X37)/X32)
Fig. 2. Experimental tie-line data for BAc(l)-water(2)-2- ) )
propanol(3) system at 25 (wi%). Fig. 3. Major-Swenson correlation for solvent(1)-water(2)-

2-propanol(3) system at 25T.
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Table 3. Experimental Tie Line Data for Solvent(1)-Water(2)-2-Propanol(3) Systems at 25C (mole%)

solvent layer water layer solvent layer water layer

solvent n Xa1 Xa X X» X» solvent Xu Xo1 Xat X2 X2 X33
MEK 69.22 30.78 0.00 731 9269 0.00 MIBK 86.31 11.28 241 062 9887 051
60.15 3013 0.73 824 91.66 0.10 7547 1471 987 057 97.44 2.00
56.65 4194 142 836 9145 0.19 61.30 21.90 16.80 058  96.16 327
53.36 458 2.06 849 91.22 0.29 52.70 2102 20.28 062  95.33 4.06
50.28 4706 266 861 91.00 0.39 4090 34.30 2480 064 9443 493
4786 4917 2% 9.06 90.32 062 30.66 4230 2704 078  93.27 595
4327 53.33 340 10.00 890 1.09 21.50 52.15 26.35 109 9161 7.30
41.16 55.22 362 1050 8316 1.34 1458 60.86 2456 137 90.01 862
EAc 81.13 16.35 252 1.88 97.66 045 BAc 85.96 1154 250 009 9934 057
15.35 1967 498 193 9712 0.95 779 11.48 1056 010  97.70 2.20
70.28 2248 723 205 %.61 1.34 64.40 16.68 1892 012 9649 3.39
60.32 2817 11.51 224 967 2.09 5041 2421 2538 016 9553 431
50.39 3473 14.87 2.39 94.80 281 39.00 3121 2979 018  94.60 5.22
41.21 4191 16.88 261 9383 3.5 2963 3862 3175 024 9347 6.29
32.00 4999 18.01 282 92.90 428 2429 4379 3191 031 9240 7.29
2470 5760 17.70 315 9171 514 16.66 5311 30.23 045  91.10 845
toluene  99.85 0.15 0.00 0.01 9.9 0.00 o-xylene 9853 0.20 1.26 001 9884 1.15
%.17 1.70 213 0.14 97.28 257 95.66 061 373 003  96.31 367
91.35 192 6.73 0.23 94.32 545 89.06 17 9.23 006 93%4 6.11
7897 411 1692 047 91.28 825 7947 340 1713 007 9151 842
56.85 12.87 30.28 0.70 836 1094 69.66 6.38 239 011 825 1065
39.02 2303 37.9% 0.9 8479 1422 60.02 10.35 2963 016 8710 1275
2480 3540 39.80 164 7970 1866 50.38 1527 3435 034 8458 1508
4115 20.74 3811 068 8161 1772

Table 4. Correlation of Equilibrium Data for the Solvent-Water-2-Propanol System at 25°C

Solvent

equation MEK MIBK EAc BAc toluene o-xylene
Hand(6] M= 0.7070 1.4892 1.3042 16132 1.7794 1.6031
log (Xa/Xn) N= -0.1603 0.6862 06181 0.7509 0.3497 -0.08%0
=Mlog(Xs/Xz)+N r= 0.9926 0.9930 09972 0.9902 0.9984 0.9877
Othmer-Tobias[14] M= 2.0526 1.9034 23423 1.5905 1.80%4 16173
log[(100-X11)/X11] N= 0.2143 09753 1.0525 0.8154 0.3592 -0.0632
=Mlog[(100-Xz)/X]+N r= 0.9921 0.9983 0.99%0 0.9801 0.9938 0.9877
Major-Swenson[16] M= 06781 1.3456 1.2055 1.5023 1.7436 1.5972
log[(100-X31)/X1) N= 0.2073 -0.5101 -0.5025 -0.6095 -0.3217 0.0938
=Mlog[(100-X)/X3]+N r= 0.9891 0.9957 0.9983 0.9920 0.9929 09875
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Table 5. Model Parameters for the Solvent-Water-2-Propanol System at 25°C

(a) NRTL model
Solvent gu gz gn g1 g1 gat an a ax RMSD
MEK 1000.00 730.27 3000.01 2623.82 50.27 24829 0.400 0.037 - 0144 0.75%
MIBK 1000.00 2147.18 2952.91 3813.74 1471.68 2432.24 0.346 0974 0.015 0.9641 -
EAc 1000.00 2211.32 322806 4020.29 148356 253557 0.327 0.772 0.010 1.1705
BAc 1000.00 1896.40 3543.65 317347 1353.06 237595 0.334 0.674 0.044 0.3441
toluene 1000.00 2011.15 3104.75 4504.27 167773 211351 0.283 0.99% 0.001 1.0068
o-xylene 1000.00 2170.12 2945.86 4698.35 1699.34 2327.06 0.298 0.358 0.169 1.2947
(b) UNIQUAC model
Sotvent Un Uz Us Ui Ui Uz RMSD
MEK 1000.00 2882.11 9020.32 2855.63 47659 221.44 1.9235
MIBK 1000.00 2667.56 4674.09 387255 622.19 1807.49 0.6807
EAc 1000.00 212582 3813.80 3131.38 763.91 819.19 0.7252
BAc 1000.00 2470.67 4336.71 3447776 820.01 1576.66 0.9323
toluene 1000.00 2001.72 4063.74 4883.77 855.76 1094.06 1.1406
o-xylene 1000.00 1948.33 3872.67 4162.74 1262.83 1482.65 1.7846
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Fig. 4. Comparison of experimental and calculated tie lines
for EAc(1)-water(2)-2-propanol(3) system at 25T
(mole %).

Table 5. Estimated Plait Point Data for Solvent(1)-Water
(2)-2-Propanol(3) System at 25C (mol %)

Hand correlation

Solvent
X1 X2 X3
MEK 1594 81.05 301
MIBK 380 83.00 1320
EAc 6.01 85.44 855
BAc 4.80 76.07 19.23
toluene 9.42 60.09 30.49
o-xylene 7.58 58.34 34.08
1.5 || o binodal curve data
e tie-line data
< 10}
bt lait point
5 P! P!
% st “”
L
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Fig. 5. Determination of plait point for MIBK(1)-water
(2)-2-propanol system at 25 (mole %).
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Fig. 7. Selectivity curves for water(1)-2-propanol(2)-solvent
(3)-solvent(4) at 25C.
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