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ABSTRACT

When the reaction between ethanol and formic acid reach its equilibrium, the total pressures
were measured at 30°C, 40°C and 50°C, and the compositions in the liquid and vapor phases
were obtained by the gas chromatograph.

It was found that the presence of carboxylic acid in the mixture induced both dimerization
and trimerization. Therefore the fugacity coefficients must be calculated from ‘Chemical’
theory which uses Lewis fugacity rule. From the values of the fugacity coefficients obtained,
the activity coefficients and the mole fractions were calculated in turn through the non-random
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two-liquid (NRTL) eguation The parameters for the NRTL equation were obtained from the

experimental data for the binary system.

The experimental data on the mole fraction of vapor phase were in a rather good agreement

with the computed results.
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Table 1. Physical Properties of Reagents Used
Density Refractive Index
Materials Source
Measured | Literature Measured l Literature
Ethanol MERCK d®=0.7912 0. 7915% naP=1.3291 1. 32929
Formic acid | Hayashi Chemicals d¥=1.21386 1. 21391 n425=1.3690 1. 36931®
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Table 2. Experimental Data of the EtOH(1)-Water(2)-Et formate(3)-

Formic acid(4) System at 30°C, 40°C and 50°C.

Temp. P
o) (mmHg) "‘ *2 % %4 " y2 3 2

89.0 0.0134 0.3173 0.1015 0. 5668 0.0170 0.1018 0. 5648 0. 3614

143.5 0.0395 0. 3237 0.1542 0. 4826 0. 0622 0.1025 0. 6507 0. 1846

192.0 0.0744 0. 3170 0. 2024 0. 4062 0.1092 0. 0877 0. 6831 0. 1200

219.5 0.1196 0. 3123 0.2484 0.3197 0.1052 0. 1007 0. 6640 0. 1301

30 231.0 0. 1885 0. 3016 0. 2615 0.2484 0.1138 0.0852 0.7047 0. 0963
215.0 0.2907 0.2604 0.2370 0.2119 0. 1542 0.0790 0. 7450 0.0218

198.5 0. 4156 0.2378 0. 1853 0.1613 0. 2099 0. 0928 0. 6832 0.0141

161.5 0. 5957 0.1775 0.1262 0. 1006 0. 3011 0.1105 0. 5655 0. 0229

104.5 0. 7839 0.1109 0. 0507 0. 0545 0. 4241 0.1017 0. 4641 0. 0101

136.0 0.0097 0. 3284 0.1107 0.5512 0. 0360 0.1291 0. 6648 0.1701

207.0 0.0144 0. 3449 0.1711 0. 4696 0.0375 0.1084 0. 7100 0.1441

268.5 0. 0451 0.3471 0. 2360 0.3718 0. 0550 0.0984 0. 7866 0. 0600

302.0 0.1029 0. 3428 0.2757 0. 2886 0.1007 0.1077 0. 7515 0. 0401

40 318.5 0.1639 0. 3345 0.2884 0.2132 0.1309 0. 0834 0. 7556 0.0301
315.0 0.2716 0. 2991 0.2695 0.1598 0.1761 0.0743 0. 7281 0. 0215

290.5 0. 4041 0.2582 0.2346 0.1131 0.2122 0.0763 0. 6898 0.0217

261.5 0. 5623 0. 2008 0.1701 0. 0668 0. 2447 0.0963 0. 6301 0. 0289

200.0 0.7752 0.1112 0. 0907 0.0229 0. 3502 0.0715 0. 5347 0.0436

200. 5 0. 0031 0.3423 0.1222 0. 5324 0. 0200 0.2073 0. 6726 0.1001

400.5 0. 0091 0. 3660 0.2165 0. 4084 0. 0263 0.1641 0. 7695 0. 0401

452.5 0. 0215 0. 3619 0.2671 0. 3495 0. 0298 0.1211 0. 8093 0. 0398

511.5 0. 0973 0. 3534 0. 2988 0. 2505 0. 0953 0.1143 0. 7662 0. 0242

50 532.5 0. 1567 0. 3495 0.3134 0.1804 0. 1364 0.1088 0.7301 0. 0247
521.5 0. 2565 0. 3187 0. 2805 0. 1443 0.1916 0. 0909 0.6872 0. 0303

502.5 0. 3827 0. 2687 0.2711 0.0775 0.2013 0. 0938 0. 6832 0. 0217

461.5 0.5474 0. 2052 0.2082 0. 0392 0.2511 0.1340 0.5813 0. 0336:

396.5 0. 7577 0.1166 0.1158 0. 0099 0.2739 0.1443 0.4817 0.1001
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Fig. 4. Total Pressure for the Ethanol(l)

Water(2)-Ethyl formate(3)-Formic
acid(4) System at 30°C

© Experimental
— Calculated

300

)
==
£1250
.
o
5
a
L
£
F 200
K]
150}
. S |
0 05 10
X

Fig. 5. Total Pressure for the Ethanol(l)-
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acid(4) System at 40°C
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Fig. 6. Total Pressure for the Ethanol(l)-
Water(2)-Ethyl formate(3)-Formic
acid(4) System at 50°C
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Nomenclature

Second virial coefficient for i — j inte-
raction

Free contribution to the second virial
coefficient for 7 — 7 interaction

(Bmetastable)ij, (Bbound)ij, (Bchemical)ij MetaSt'

8P

ﬂo

Gij

able, bound and chemical  contribution
to the second virial coefficient for ¢ — 7
interaction

Sum of metastable, bound and chemical
contribution to the second virial coeffic-
ient for ¢ — j interaction

Pure component reference fugacity of
component z

NRTL parameters in equation (1), (2)
and (3)

Dimer of monomer 7 and monomer j
Total pressure

Vapor pressure of pure component £
Gas constant

Absolute temperature

Liquid phase mole fractions of compo-
nent 7

Vapor phase mole fractions of compo-
nent 7

True vapor phase mole fraction of spe-
cies ¢ at equilibrium

Nonrandomness constant in equation (2)
and (3)

Activity coefficient of component ¢
NRTL parameter in eqation (1)
Fugacity coefficient of component ¢
Fugacity coefficient of pure component ¢

¢t

10.

11.

12.

714 =33 41

Fugacity coefficient of the true species ¢
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