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Abstract: In this study, pervaporation performances of water/methanol and water/butanol mixture were evaluated using
zeolite 4A membranes manufacutred by FINETECH by experimental works and numerical modeling. Permeation and separa-
tion characteristics, such as flux and separation factor, were analyzed by gas chromatography (TCD) and liquid nitrogen
traps. Experiments have shown that water is selectively separated from a mixture of water and methanol (separation factor
up to approximately 250) and water and butanol (separation factor up to approximately 1,500). Generalized Maxwell Stefan
(GMS) theory was implemented to predict pervaporation behaviors of water/alcohol mixtures and diffusional coefficients of
zeolite layer were obtained through parameter estimation using MATLAB®™ optimization toolbox. Since the pore size of zeo-
lite 4A are much larger than kinetic diameter of water molecules and smaller than those of methanol and butanol, zeolite
4A membranes can be applied to in situ water removal process such as membrane reactors or hybrid reaction-dehydration
process.

Keywords: pervaporation, zeolite membrane, CCU (carbon capture & utilization), methanol synthesis,
Water/MeOH mixture, Water/BuOH mixture
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Table 1. Properties of Porous Support and Zeolite Membrane

Porous support

Zeolite membrane

Property Value Property Value
Pore size 0.781 nm Outer diameter 12.7 mm
Porosity 41.4% Length 176 mm
Compressive strength 11.22 kgflem® Thickness 6.15 pm
AlLO; purity 99.9% Area 0.007 m’

Membrane module
(Pervaporation)

€O, + 3H, CH,OH + H,0

il
-

Reaction
media
(C4H,OH)

[CeHOH)

Catalyst
Catalyst

Fig. 1. Methanol synthesis process from carbon dioxide;
(left) a conventional liquid phase reactor, (right) a newly
developed liquid phase reactor with a dehydration mem-
brane module.
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Fig. 2. Schematic illustration of synthetic process and mi-
crostructure observation of zeolite 4A membrane.
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I .g -
& Feed 3

Gear pump

Rotameter

Feed Sampling
(Batch)

TC u..——gg

Permeatel

PT#3
(Vacuum)

Vacuum pump

Fig. 3. Schematic diagram of pervaporation membrane process (Batch process).
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o]7|A, @ : separation factor
x : feed solution
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i, j : species of compound
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