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Study on Mixed Solvent; Liquid-Liquid Equilibria of
Acetic acid-Water-1-Butanol and iso-Propyl ether

*Sejong Nam
Dept. of Chem. Eng., Inha Univ.

Abstract

The mutal solubility and the tie-line data were obtained at 25°C and 1 atm. for ternary and quarternary

systems of acetic acid (solute), water (diluent), and six different solvents. A good linear relationship of

the Fujita-Hirata plot was obtained using those six solvents; 1-butanol, isopropyl ether, and 75 vol %, 50
vol 9%, 25 vol %, and 10 vol 9% of 1-butanol in isopropyl ether. The product of the distribution ratio and

the selectivity,

M’sX B4, was plotted against the volume percent of isopropyl ether to determine the

optimum mixing ratio of isopropyl ether which was found to be 63 + 2 9% by volume.
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Table 1. Density of the Chemicals Used

Density 25°C

Chemical Expt. Lit.®

Acetic acid 1. 04352 1.04365
1-Butanol 0. 80494 0. 80849
iso-propylether 0.72274 0.72274
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Table 2. Mutual Solubility and Tie-Line Data at 25°C.,
W1, Fraction

System | . Acetic acid-Water-1-Butanol

Mutual Solubility

Acetic acid Water Solvent
0. 050 0.218 0.732
0. 096 0.258 0. 646
Q.112 Q.295 0.593
0.143 0. 366 0.491
0.150 0.424 0.426
0.154 0. 469 0.377
0.155 0. 503 0. 340
0.153 0.562 0. 285

J. KIChE. Vol.10, No.5, Oct. 1972

0.150 0. 606 0.244
0. 140 0. 680 0. 180
0.131 0.724 0.145
0.120 0.758 0.122
0.110 0.785 0.105
0.096 0.816 0.088
0.077 0. 850 0.073
0.042 0. 887 0.071
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Tie-Line Data

Solvent Layer Water Layer

Ya Ya Ye Xa Xp Xe

0.029 0. 205 0. 766 0.018 0.910 0.072
0.039 0.212 0.749 0.025 0. 904 0.071
0. 063 0.231 0.706 0.045 0.883 0.072
0.075 0. 242 0.683 0. 055 0.871 0.074
0.103 0.276 0.621 0.078 0.842 0.080
0.118 0.302 0. 580 0.091 0.817 0.088
0.134 0. 345 0.521 0.105 0.792 0.104
0.142 0. 370 0. 488 0.115 0.764 0.116
0.156 0. 454 0. 390 0.138 0.694 0.168

System ][, Acetic acid-Water-Mixed Solvent of 1-Butanol

and iso-Propy! ether (volume ratio of 3: 1)

Mutual Solubility Data

Acetic acid Water Solvent
0.042 0. 148 0.810
0.080 0.160 0. 760
0.108 0.183 0.709
0.125 0.192 0. 683
0. 141 0. 204 0. 655
0.166 0. 222 0.612
0.197 0.275 0.528
0.224 0. 339 0.437
0. 232 0. 391 0.377
0.237 0.431 0.332
0.240 0. 463 0. 297
0.243 0.511 0. 246
0. 242 0.574 0.184
0. 242 0.635 0.123
0. 227 0.685 0.088
0. 206 0.724 0.070
0. 180 0. 760 0. 060
0.126 0. 825 0.049
0. 069 0. 885 0.046
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Tie-Line Data

Solvent Layer

Water Layer

System [V, Acelic acid-Water-Mixed Solvent of 1-Butanol
and iso-Propyl ether (volum ratio of 1 : 3

Ya Yp Ye Xa Xa Xe Mutual Solubility Data
0.023 0.144 0. 836 0.017 0.938 0. 045 Acetic acid Water Solvent
0. 063 0.158 0.779 0. 049 0. 907 0. 044
0.088  0.168  0.744  0.066  0.890  0.044 0. 085 0057 0. 860
0.117  0.18¢  0.699  0.094  0.860  0.046 0.132 0.071 0.797
0.162 0.224 0.614 0.137 0. 811 0. 052 0-195 0-095 0-710
0.200 0. 286 0.514 0.175 0.764 0. 061 0233 0-116 0651
0.230  0.369  0.401  0.211  0.713  0.076 0.280 0152 0.568
0. 316 0.186 0.498
0. 349 0. 226 0.425
System [[. Acetid acid-Water-Mixed Solvent of 1-Butanol 0.375 0.278 0348
0. 398 0.344 0.258
and iso-Propyl ether (velume ratio of 1: 1)
0.411 0. 401 0.188
Mutual Solubility Data 0.412 0.428 0.160
Acetic acid Water Solvent 0-415 0. 468 0.117
0. 405 0. 502 0.093
0.077 0.106 0. 817 0. 379 0. 561 0. 060
0.113 0.119 0.769 0.349 0. 605 0. 046
0.196 0. 166 0.638 0. 280 0. 689 0.031
0. 250 0.210 0.540 0. 202 0.775 0.023
0.275 0.248 0. 477 0.117 0. 865 0.018
0. 298 0. 308 0. 394 0. 051 0.932 0.017
0. 307 0. 353 0. 340
0.314 0. 388 0. 298 Tie.Line Data
g zzg g j;: g 2(152 Solvent Layer Water Layer
0.332 0.495 0.173 Ya s Yo Xa Xs Xe
0. 333 0.531 0.136 0.022 0. 050 0.928 0.025 0. 959 0.016
0. 328 0.565 1.107 0.051 0. 054 0. 895 0. 060 0. 922 0.018
0.322 0. 586 0. 092 0. 096 0. 060 0.844 0.115 0. 866 0.019
0. 300 0.630 0. 070 0. 515 0.078 0. 767 0.183 0.79% 0.028
0.241 0.712 0. 047 0. 206 0.100 0. 694 0. 249 0.723 0.028
0.180 0.782 0.038 0.235 0.116 0.649 0. 285 0.633 0.032
0. 066 0. 896 0. 039 0. 288 0.153 0. 559 0. 333 0. 625 0.042
0. 024 0.940 0.036 0. 320 0.184 0.496 0. 370 0.572 0. 058

Tie-Line Data

Solvent Layer

Water Layer

Ya Yg Ye Xa Xp Xc
0.042 0. 099 0.859 0.036 0.928 0.036
0. 085 0.109 0. 806 0.073 0. 890 0.037
0.123 0.123 0. 754 0.110 0. 852 0. 038
©0.156 0. 141 0.703 0.143 0.817 0. 040
‘0. 198 0.167 0.635 0.188 0.770 0. 042
0. 214 0.181 0. 605 0.211 0.745 0.044
0.229 0.193 0.578 0. 226 0.730 0.044
0.272 0.247 0.481 0.271 0.674 0. 055
0.283 0.273 0.445 0. 280 0. 662 0. 058

0.373 0.378 0. 349 0.408 0.492 0.100

System V. Acetic acid-Water-Mixed Solvent of 1-Butanol

and iso-Propyl ether (volume ratio of 1:9)

Mutual Solubility Data

Acetic acid Water Solvent
0.108 0.039 0.853
0.127 0. 045 0.828
0. 205 0. 066 0.729
0. 257 0. 089 0. 654
0. 339 0.142 0.519
0. 372 0. 182 0. 446
0. 394 0.214 0. 392
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.418
. 433
. 443
. 449

0.453
0.459

0
0
0
0
0
0

. 450
. 423
. 412
. 365
. 205
. 092

0. 263
0. 296
0.321
0.342
0.375
0. 396
0.442
0.503
0.524
0. 592
0.774
0.895

0.319
0.271
0.236
0. 209
0.172
0.145
0.108
0.074
0. 064
0.043
0.021
0.013

Tie-Line Data

Solvent Layer

Water Layer

Ya Ys Y¢ Xa Xp Xc
0.015 0.022 0.963 0.030 0.921 0. 050
0.038 0.026 0.936 0.071 0.917 0.012
0.073 0.031 0.896 0.130 0. 856 0.014
0.112 0. 140 0. 848 0.186 0.794 0. 020
0. 169 0.053 0.778 0.272 0.701 0. 027
0.198 0.063 0.739 0. 305 0.664 0.031
0.248 0.084 0. 668 0. 362 0.596 0. 042
0.313 0.120 0.567 0.420 0.509 0.079
0.382 0.192 0.426 0. 446 0.446 0.108

System Y[, Acetic acid-Water-iso-Propyl ether

Mutual Solubility Data

Acetic acid Water Solvent
0.092 0.016 0. 892
0.155 0.037 0. 808
0.172 0.043 0.785
0. 200 0. 050 0. 750
0.241 0. 064 0. 695
0.291 0. 086 0.623
0. 408 0.187 Q.405
0.437 0.230 0. 333
0.453 0. 262 0. 285
0. 470 0. 307 0.223
0.476 0. 340 0.184
0. 466 0. 420 0.114
0.458 0. 445 0.097
0.441 0.488 0.071
0. 423 0. 520 0.057
0. 383 0.575 0.042
0. 321 0.651 0.028
0.196 0.787 0.017
0.093 0.8%4 0.013
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Tie-Line Data

Solvent Layer Water Layer
Ya Y Ye Xa Xp Xc

0.010 0.010 0.980 0.038 0.953 0. 009
0.028 0.011 0.963 0.081 0.906 0.013
0.052 0.016 0.932 0.136 0.848 0.016
0.084 0.021 0.895 0. 201 0,778 0.021
0.134 0.030 0. 836 0. 292 0.682 0.026
0.164 0.038 0°798 0. 326 0. 646 0.028
0.189 0.045 0. 766 0. 360 0. 605 0.035
0. 242 0.064 0. 694 0.420 0.522 0. 058
0.342 0.120 0.538 0.473 0. 387 0.140
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Nomenclature

o o
HE

X=Weight fraction in the raffinate phase (water
layer)

Y=Weight fraction in the extract phase (solvent
layer)

m’=Distribution coefficient

B=Selectivity

Subscript

A=Solvent (acetic acid)

B=Diluent (water)

C=Solvent (organic acid)
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