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Heterogeneous thermodynamic analysis of ethylene glycol
isopropyl ether synthesis from isopropanol
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Abstract: Based on the Gibbs free energy minimization principle and a genetic algorithm, this study comparatively
analyzes the effects of temperature, pressure, and feed molar ratio on the equilibrium conversion of reactants,
product selectivity, and gas-liquid equilibrium composition in the synthesis of ethylene glycol isopropyl ether and
ethylene glycol diisopropyl ether via the methods of ethylene oxide ring opening and the ethylene glycol
dehydration within the ranges of 60~300 °C, 0.1~0.7 MPa, and a feed molar ratio of isopropanol to ethylene
oxide/ethylene glycol from 0.25 ¢ 1 to 7 : 1. The calculation results show that when the feed molar ratio of
isopropanol to ethylene glycol/ethylene oxide is 4 : 1, the equilibrium conversion of isopropanol in the ethylene
oxide ring-opening method is higher than that in the ethylene glycol dehydration method. The former reaches a
maximum of 32.23% at 140 °C, while the latter reaches a maximum of 15.75% at 170 °C. Ethylene glycol
isopropyl ether selectivity in both systems increases with the increase of temperature (71. 07 % ~94. 31% for the
ethylene oxide ring-opening method and 82.56 % ~97. 96 % for the ethylene glycol dehydration method), while
ethylene glycol diisopropyl ether selectivity decreases with the increase of temperature. An increase in pressure
raises the systems’ vaporization temperature, thereby causing a rightward shift of the vapor-liquid coexistence
temperature range for both systems. With the increase of feed molar ratio, the isopropanol conversion decreases

in both systems and the vapor-liquid coexistence temperature range is wider for the ethylene glycol dehydration
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system (100~170 °C) than for the ethylene oxide ring-opening system (110~140 °C).
Key words: isopropanol; ethylene glycol; ethylene oxide; heterogeneous thermodynamics; ethylene glycol isopro-

pyl ether; Gibbs free energy minimization
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OH 1.000 O 1. 200
H,O 300. 00 300. 00 —229. 10 0 300. 00  540. 50 200. 00
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Comparison of equilibrium conversion rate of feedstocks during ring opening of ethylene oxide or

dehydration of ethylene glycol (reaction pressure 0.3 MPa)
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Fig. 3 Comparison of gas and liquid phase equilibrium composition distributions during ring opening of

ethylene oxide or dehydration of ethylene glycol (reaction pressure 0. 3 MPa)
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Fig. 4 Effect of pressure on equilibrium conversion rate during ring opening of ethylene oxide or dehydration of glycol
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Fig. 5 Comparison of EGIPE and EGDIPE selectivity during ethylene oxide ring opening or glycol dehydration at different pressures
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