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SAENGDUAN PIMKAEW : HIGH QUALITY BIO- ETHANOL
PRODUCTION USING DISTILLATION, VAPOR PERMEATION AND
PRESSURE SWING ADSORPTION (PSA) TECHNIQUES : ASST. PROF.

APICHAT BOONTAWAN, Ph.D., 112 PP.

ANHYDROUS ETHANOL/DISTILLATION/MOLECULAR SIEVE/PRESSURE

SWING ADSORPTION/VAPOR PERMEATION

The production of anhydrous ethanol is increasing popularly, and ethanol can be
recovered from fermentation broth by means of distillation. However, water cannot be
completely removed due to the presence of the azeotrope at the concentration of
95.6 wt%, 78 °C, and atmospheric pressure. A major challenge in the design of
ethanol dehydration plants is high energy cost. The objective of this work is to
improve high quality ethanol production from fermentation broth using forced-mixing
distillation, vapor permeation (VP), and pressure swing adsorption (PSA) techniques.
Recently, a high efficiency continuous distillation system has been successfully
developed in our laboratory. This new type of column has advantages over existing
distillation columns in terms of lower construction cost and lower energy input. For
forced-mixing distillation, the highest purity ethanol concentration of 95 wt% ethanol
could be obtained at the optimum stirrer speed of about 1,000 rpm. The condensed
azeotrope was subjected to subsequent dehydration by using VP and PSA techniques.
For VP, the dehydration performances of hydrophilic membranes to produce
anhydrous ethanol were investigated. Water flux across the selective layer depends on

many operating parameters, including partial feed pressure, module temperature, and



\%

retentate flow rate. From the experimental results, a composite polyvinyl alcohol
(PVA)/ poly-acrylonitrite (PAN) membrane, and NaA zeolite membrane on
asymmetric porous support was able to produce more than 99 wt% ethanol.
However, the separation became more difficult at higher ethanol concentration. The
mathematical simulation suggested that membrane area increased exponentially with
the required purity. For adsorption system, 3-A type molecular sieve was
investigated. The masses of water and ethanol adsorbed were measured for various
ethanol concentrations (95-99 wt %), and operating feed partial pressures (1-3 bars).
From the experimental results, the adsorbed masses of water increased with
increasing feed partial pressure and ethanol feed concentration. At the operating
conditions of column temperature at 145 °C, ethanol feed concentration of 99 wt %,
and feed pressure at 3 bars, the system obtained the highest purity of ethanol

concentration at 99.99 wt %.
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