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ARTIT KONGKAEW : PROCESS DEVELOPMENT AND SIMULATION OF
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ESTERIFICATION

The aim of this research was to optimize and simulate the fuel ethanol production
including fermentation, distillation and dehydration, as well as applied in vapor
permeation-assisted esterification of the succinic acid/ethanol system. The batch extractive
and fed-batch extractive fermentation were investigated. The extractive fermentation
decreased product inhibition by continuously removing the ethanol from the fermented
broth. Approximately 60% relative viability was observed in fermented broth. The
fermented ethanol was continuously fractionated from the system at 10.2 g/h with 80 wt%
concentration and 8 fermentation cycles using 1 inoculation was performed in fed-batch
extractive mode. Additionally, 1200 g of ethanol was extracted in the period of
fermentation. A simulation of the 200 liter continuous extractive fermentation system using
ASPEN PLUS was performed. The exiting vapor from the fractionation column was
composed of 82 wt% ethanol with 18.5 liters per day productivity. The estimated
production cost of extractive fermentation was 27.50 baht per liter. In addition, process
modification for economic and systemic improvement was carried out and utilities cost of
after process modification was 19.25 baht per liter. This distillation system illustrated the
high efficiency in ethanol rectification, thus a maximum concentration of 93 wt% ethanol

solution was extracted from various ethanol content in the fermentation broth. The 90 wt%
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ethanol at 6.99 mL/min was purified from the fermented broth and contained 7 wt%
ethanol in a stillage stream when simulated by ASPEN PLUS.

In the part of ethanol dehydration, the hydrophilic NaA zeolite membrane was
fabricated using rice husk ash (RHA) as a silica source compared with the silica from
chemical source. A dip-coated membrane fabrication led to the highest separation factor
and flux. The extracted water was 92 wt% with flux and the separation factors at 0.6 kg m~
hr'! and 218, respectively. The calculated k-value of commercial ceramic membrane was
calculated at 2.5x10? and 4.52x10° mol.s"".m?.Pa’! of k. and k, value. The simulated data
resulted in 23.45 kg was produced from a single membrane module with a 97.99 wt%
ethanol concentration, while 16 membrane tubes were required for absolute ethanol
production (99.5 wt%).

In the esterification part, the simulated ethanol dehydration process was applied and
integrated with the succinic acid/ethanol esterification unit. The kinetic parameters such as
reaction rate constant (k-value), activity coefficient (), activation energy (E;) and
equilibrium constant (kgg) were evaluated using the NRTL model. At the start of the
reaction, the calculated net rate of SA to MES (7;) and MES to DES (r2) were 1.659x10%
and 0 mol.s".m>, respectively. There was good agreement between the calculated and
experimental data and the two datasets could be fitted simultaneously. The simulated DES
showed 0.24 kmol/hr productivity and 93.23% conversion yield. The commercial ceramic
membrane showed the highest DES productivity. While the conversion yield from the

self-made membrane and polymer membrane were 82.7 and 79.3%, respectively.
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