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Abstract — The NaA zeolite particles were dispersed in a poly(vinyl alcohol) (PVA) matrix to prepare a composite
membrane. The nano sized zeolite particles of NaA were synthesized in the laboratory and the mean size was approx-
imately 60 nm. Pervaporation characteristics such as a permeation flux and a separation factor were investigated using
the membrane as a function of the feed concentration from 0.01 to 0.05 mole fraction and the weight % of NaA particles
between 0 wt% and 5 wt% in the membrane. Also, the micro sized particles of 5 um were dispersed in the membrane for
a comparison purpose. When the ethanol concentration in the feed solution was 0.01 mole fraction, the flux of water sig-
nificantly increased from 600 g/m*hr to 2000 g/m%hr as the content of the nano NaA particles in the membrane
increased from 0 wt% to 5 wt%, while the NaA particles improved the separation factor from 1.5 to 7.9. When the flux
of water through the membrane containing nano sized particles was roughly 15% increased compared to the micro sized
particles, whereas the separation factor of water was found to be approximately 5% increased. It can be said that the role
of the nano sized NaA particles is quite important since both the flux and the separation factor are strongly affected.
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Table 1. Chemicals for synthesis of zeolite particles and PVA composite membrane

Chemical Specification Manufacturer Usage
NaOH EP grade Aldrich (U.S.A) Na source
Ludox HS 30 30 wt% SiO, DuPont (U.S.A)) Si source
aluminum isopropoxide EP grade Aldrich (U.S.A) Al source
Tetra methyl ammonium hydroxide EP grade Aldrich (U.S.A) template
ethyl alcohol GC grade Samchun (Korea) feed
Water HPLC grade Samchun (Korea) water source
PVA EP grade Aldrich (U.S.A) PVA source
Ethylene glycol diglycidyl ether EP grade Aldrich (U.S.A) cross linker
NaA 4A powder EP grade Aldrich (U.S.A) particle
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Fig. 1. A schematic synthesis procedure of nano sized NaA particles.
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Fig. 2. Preparation of membrane dispersed with nano-sized NaA
zeolite particles.
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Fig. 3. A schematic diagram of pervaporation apparatus.
1. Thermostat 6. Liquid nitrogen
2. Thermocouple 7. Membrane cell

3. Feed tank 8. Pressure gauge
4. Volumetric pump 9. Desiccators
5. Cold trap 10. Vaccum pump
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Fig. 5. Particle size distribution of NaA zeolite.

(b) 3 wt%

Fig. 6. SEM images of surfaces of PVA-NaA membrane prepared with
(a) 1 wt% and (b) 3 wt% of NaA particles.
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Fig. 7. Water fluxes during pervaporation by PVA-NaA membrane.
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Table 2. Driving forces of ethanol across the composite membrane at
25 °C for water/EtOH pervaporation

X, Py (mmHg) x,P,; (mmHg) y,P, (mmHg) x,P, -y,P,(mmHg)

0.01 58714 5.87x107! 5.71x107° 0.58x107!
0.02 58714 0.12x10 1.66x1072 0.12x10
0.03 58714 0.18x10 3.25x1072 0.17%10
0.05 58714 0.29x10 8.19x1072 0.29x10

The membrane was prepared with 1 wt% nano sized NaA particles; Pb;
represents the vapor pressure of ethanol. The vapor pressure was estimated
using the Antoine equation.
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Fig. 9. Fluxes of ethanol during pervaporation by PVA-NaA mem-
brane.
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A : permeation area (m?)

P, : vapor pressure of ethanol at 25 °C (mmHg)
P : pressure of permeate side (mmHg)

t : permeation time (hr)

W @ weight of permeate (g)

x, . mole fraction of ethanol in feed

x,,  : mole fraction of water in feed

y, : mole fraction of ethanol in permeate

y,, . mole fraction of water in permeate
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