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Abstract — In our chemical process engineering industries, the technology of basic engineering is hindered due to lack of
acknowledgement of the importance in the measurement of VLE, VLLE, LLE, physical properties and the development of the
thermodynamic database(D/B). IPA azeotropic distillation processes are important for Chemical Engineering in considering
separation factors of mixture, recycling the solvent, and the manufacturing the fine chemicals from an industrial standpoint. |
azeotropic distillation, a mass separating agent or entrainer, inverts the difference in volatilities between the lighy and hea
keys, and adds a degree of the freedom to separation process. In this work, LLE data of IPA-Water-Entrainer system are meas-
ured. N-hexane, cyclohexane, benzene are used as entrainer for the measurement of LLE. Utilization of these experimental data
will be able to develop the thermodynamics D/B and process models. The selection of proper entrainer and optimized the pro-
cess and operating conditions are also proposed. This work will also provide chemical engineering industries the competitive
basis in building the skills and knowledge for basic and detail engineering in our separation processes.
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Fig. 1. Distillation phase diagram of ternary component.
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Fig. 2. Schematic diagram of LLE experimental apparatus.
A: Stirrer D: Sample bottle
B: Microburet E: Water bath
C: Thermometer
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systems ] HrlElE Fele] A9 HlolE o} ol 2AE u) AR,
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0095 0.859 0046 0960 0.006 0.034 OF=3 3 3 (X’ ©)
0.137 0.787 0.076 0.936 0.011 0.053 k=1j=1i=1

40°C 0.040 0912 0.048 0981 0.003 0.016

0.086 0.822 0.092 0959 0.007 0.034 A7, k= 25, = B T iR AE HeE X 'eﬁ = dugt

0135 0734 0131 0934 0013 0053 X B ARl ARBEEAT e sy ghe 2]
50°C  0.078 0875 0.047 0978 0006 0.016 Han HEAEFE Haogshed AMHS W2 Hooke-Jeeves[15]
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Table 2. Experimental tie line data for Water(1)-Cyclohexane(2)-Isopro-

panol(3) systems Table 3. Experimental tie line data for Water(1)-Benzene(2)-lsopropanol(3)
Entrainer(Cyclohexane) ) systems
rich phase Water rich phase Entrainer(Benzene) rich phase Water rich phase
X1 X3 Xa1 X1 X2 X3 X1 X1 X3 X1 X2 X3
30°C 0.009 0944 0.047 0.983 0.000 0.016 30°C 0.002 0.992 0.005 0.983 0.002 0.015
0.013 0.894 0.093 0966 0001 0.034 0.005 0973 0.022 0968 0.003 0.029
0.019 0845 0.136 0946 0.001 0.053 0.014 0920 0.066 0950 0.001 0.049
40°C 0.020 0934 0.047 0.982 0.002 0.016 40°C 0.002 0.993 0.005 0.983 0.003 0.015
0.044 0866 0.091 0962 0.004 0.034 0.016 0962 0.022 0964 0.007 0.029
0.072 0.797 0.131 0939 0.007 0.053 0.057 0.877 0.065 0938 0.013 0.049
50°C 0.074 0881 0.045 0.977 0.006 0.016 50°C 0.005 0.990 0.005 0.015 0.006 0.980
0.153 0.763 0.084 0950 0.015 0.035 0.022 0944 0.034 0.029 0.013 0.958
0235 0.648 0.117 0917 0.027 0.055 0.064 0.823 0.113 0.049 0.025 0.926
Table 4. Parameter calculated by NRTL, UNIQUAC at 30, 40, 56C
NRTL UNIQUAC
i i A, J) AQ. 1) adi, ) Dev.(%) ) AQ, 1) Dev.(%)
Hexane 1 2 2489.182 -639.207 0.209 0.149 589.538 419.136 0.192
1 3 1494.509 1284.615 0.100 1966.218 -95.904
2 3 -1.104 -1536.366 0.202 -580.280 16.134
Cyclohexane 1 2 1758.000 -492.962 0.215 0.203 776.218 -129.028 0.321
1 3 1903.980 66.397 0.100 2364.932 -385.042
2 3 395.121 -566.566 0.100 -21.429 401.276
Benzene 1 2 2458.573 2722.198 .200 0.247 846.697 833.073 0.659
1 3 1408.911 997.464 211 1656.056 577.647
2 3 -1108.381 -1024.401 .208 -122.699 95.05
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Table 5. Comparison on LLE predicted by NRTL, UNIQUAC at 30,

40, 50°C
NRTL UNIQUAC
Component
TemperaturéC)  Deviation(%o) Deviation(%)
Hexane 30 0.227 0.033
40 0.010 0.102
50 0.165 0.529
Cyclohexane 30 0.200 0.017
40 0.140 0.574
50 0.402 1.260
Benzene 30 0.401 0.749
40 0.131 0.644
50 0.208 0.584
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Table 7. Process simulation result on two column Table 8. Process simulation result on three column
. Reboiler/ Hefa tduties of Recovery . Reboiler/ Heg t duties of Recovery
Entrainer Reboiler/Condenser, . Entrainer Reboiler/Condenser,
Condenser . fraction of Condenser . fraction of
(Kg-mole/hr) temp.£C) in azeotower entrainer(%) (Kg-mole/hr) temp.C) in azeotower entrainer(%)
P (10° x Kealthr) P- (10° Kcal/hr) °
Benzene 210.1941  90.5/50.0 3.61606342 96.824 Benzene 204.1110 90.6/50.0 3.57B15939 99.999
Hexane 137.6078  90.5/50.0  3.904%0399 90.609 Hexane 135.6125 90.6/50.0 2.96200903 99.999
Cyclohexane  154.3473  90.5/50.0  2.65217007 99.293 Cyclohexane 154.4913 90.5/50.0 2.58286389 99.278
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