PERFORMANCE OF SODIUM A ZEOLITE MEMBRANE FOR WATER-
ETHANOL SEPARATION IN PERVAPORATION SYSTEM

Dacho Kunnakorn

A Dissertation Submitted in Partial Fulfilment of the Requirements
for the Degree of Doctor of Philosophy
The Petroleum and Petrochemical College, Chulalongkorn University
in Academic Partnership with
The University of Michigan, The University of Oklahoma,
and Case Western Reserve University
2011

12&3* 563



Thesis Title: Performance of Sodium A Zeolite Membrane for Water-
Ethanol Separation in Pervaporation System

By: Dacho Kunnakom

Program: Petrochemical Technology

Thesis Advisors:  Assoc. Prof. Sujitra Wongkasemjit
Assoc. Prof. Thirasak Rirksomboon
Dr. Santi Kulprathipanja

Accepted by the Petroleum and Petrochemical College, Chulalongkom
University, in partial fulfilment of the requirements for the Degree of Doctor of
Philosophy.

College Dean
(Asst. Prof./Pomthong Malakul)

Thesis Committee:

(Asst. Prof. Pomthong Malakul) (ASSOC. FIOT. Sujitra wongkasemit)

JA" - —

(Assoc. Prof. Thirasak Rirksomboon) (Dr. Santi Kulprathipanja)

(Dr. Pavadee Aungkavattana) (Asst. Prof. Thanyalak Chaisuwan)




ABSTRACT
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In this study, NaA zeolite membranes were mainly synthesized using silica
and alumina as precursors via microwave, autoclave (or conventional heating), and
electrophoretic techniques. The influences of composition, seeding time, synthesized
time, and temperature were investigated. The results showed the successfully
synthesized NaA zeolite membranes on the tubular alumina support using 2 min
seeding time at 333-363K synthesized temperature for 20 min to 20 h, depending on
the technique used. The performance of NaA zeolite membranes was investigated
using pervaporation system for water-ethanol separation, and the results showed the
total water flux higher than 1.0 kg/mah with the separation factor higher than
10.000, indicating a good performance of the synthesized membranes. However,
when the thickness of NaA zeolite membrane was decreased, the total water flux of
the system increased to higher than 2.0 kg/m2h with the separation factor higher than
10.000. Moreover, the synthesized NaA zeolite membranes also showed a good
stability in the pervaporation system.

The techno-economic analysis of the pervaporation system for ethanol
production was studied to compare with a conventional process using PRO II
simulation program by using 50:50 of ethanol to water ratio with 1000 kg/h as a feed
stream. From the techno-economic results using the hybrid system (a commercial
distillation followed by the pervaporation system), it was found more economically



attractive than the azeotropic distillation system (a commercial distillation followed
by the practical azeotropic distillation) for producing ethanol with purity around
99.5%wt at around 500 kg/h. It not only saved significant energy required for
producing 99.5 %wt of ethanol, but also was an environmentally friendly process.
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