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Abstract—Vapor-liquid equilibrium data were obtained for the ethanol-water system with glucose at atmos-
pheric pressure. Ethanol enriched vapor phase was obtained by adding glucose to ethanol-water system.
The degree of enrichment increases with the increase in the glucose concentration. The equation correlating
the activity coefficient and ethanol concentration in the liquid phase adequately represents the equilibrium
behavior. In the conventional distillation column, the theoretical number of plate and cost of distillation de-
crease with the increase in the glucose concentration. This result can be used to develop an ethanol fermenta-
tion-distillation process aiming for high productivity and low energy consumption.
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Fig. 1. Vapor-liquid equilibrium data for ethanol-water
with glucose at atmospheric pressure.
——— : Glucose(0.0 wt%), —v— : Glucose(0.5 wt
%), —a— :Glucose(l.0 wt%), —e@-—: Glucose
(25 wt%), —m— : Glucose(3.8 wt%), —*— : Glucose
(5.0 wt%)
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Fig. 2. Relative volatilities for ethanol-water with glucose
at atmospheric pressure.
—o— : Glucose(0.0 wt%), —m— : Glucose(1.0 wt
%), —a— : Glucose(3.8 wt%)
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Fig. 3. Activity coefficients for ethanol-water with glucose
at atmospheric pressure.
— : Glucose(0.0 wt%), —e— : Glucose(1.0 wt%)
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Fig. 4. K value of ethanol vs. mole fraction of ethanol.
—a— : Glucose(0.0 wt%), —o— : Glucose(1.0 wt
%)
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Fig. 5. K value of water vs. mole fraction of ethanol.
—o— : Glucose(0.0 wt%), —@— : Glucose(1.0 wt
%)

Table 1. Evaluation of Redlich-Kister constants by least-
squares method

System b c
Ethanol-water 04196 --0.3593
Ethanol-water with glucose(l wt%) 0.6163 —0.3290
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For ethanol-water:
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log — =0.4196(1—2x,)

—0.3593[ 6x,(1—x,) —1] (3)

For ethanol-water with glucose(1 wt%):
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Fig. 6. Correlation of the activity coefficient ratio with the
mole fraction of ethanol in the liquid phase at at-
mospheric pressure(without glucose).
(standard deviation=0.0168)
—— : Simulation result, —®&— : Experimental
data
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Table 2. Simulation result by PROCESS simulator
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Fig. 7. Correlation of the activity coefficient ratio with
the mole fraction of ethanol in the liquid phase
at atmospheric pressure(with 1 wt% glucose).
(standard deviaticn=0.0214)
: Simulation result, —m— : Experimental

data
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Glucose Theoretical Cost( § /day)
concentration number of Equipments Utility Total
(wt%) plate Column Reboiler Heater Steam cost
0.0 27(100%) 320,063 52,699 26,136 819 399,717(100%)
0.5 23(85%) 290,752 54,523 26,136 881 372,292(92%)
1.0 20(74%) 260,262 59,966 26,136 945 344,309(86%)
25 19(70%) 245214 60,523 26,136 1053 332,926(85%)
38 17(63%) 232,085 64,461 26,136 1174 323,856(81%)
50 15(56%) 215,017 65,132 26,163 1194 307,479(77%)

*Feed ethanol concentration=8§ wt%

*Cost=Main equipment cost+ Installation cost(1984 U.S. Price . $)
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APPENDIX
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NOMENCLATURE

AGE :excess free enthalpy

AG,,; : mixing free enthalpy

AGY, : ideal mixing free enthalpy

AGE : mixing excess free enthalpy

i : ith constituents

K : equilibrium ratio

: moles of the ith constituent

: total pressure

: vapor pressure of component i

: Redlich-Kister function

: gas constant

: absolute temperature

: mole fraction of ethanol in liquid phase
:mole fraction of the ith constituent in liquid
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phase

:mole fraction of the ith constituent in vapor
phase

: activity coefficient of ethanol

: activity coefficient of the ith constituent

: activity coefficient of water
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