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Preparation and Pervaporation of Silica Composite Membrane
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Abstract: Organosilicon sols undoped and doped with Zr*" ions were prepared by a sol-gel method. These sols were then coated on a
modified a-Al,O; support by a dip-coating method. Silica composite membrane was prepared via calcining. The surface morphology
of each film during the preparation was characterized by scanning electron microscopy. The prepared silica composite membranes
were used for the dehydration of isopropanol by pervaporation in order to examine the effects of operating temperature and initial
water content on the dehydration performance of the membrane, and the effect of acidic environment (pH=2) on its performance was
also investigated. The experimental results show that silica composite membrane pervaporates 85% (in mass) isopropyl alcohol
solution at 75 °C, its flux is 1 kg/(m?h) and the water content of permeate is 99.4% (in mass). The membrane can maintain a good
separation performance at different temperatures and initial water contents, so that it has a good hydrothermal stability. The
membrane can maintain a stable separation performance in acidic environment (i.e., pH=2) for a long time, thus having a great acid
resistance.
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(a) a-AlLOs3 support

(b) Particle layer

(c) Zr-BTESE layer

(d) BTESE layer

BTESE is 1,2-bis (triethoxysilyl) ethane.

K1 AR SRR E R AR B s )T
Fig. 1 Scanning electron micrograph of each coating surface
of silica composite membrane
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Separation layer :_

Particle layer

a-Al, 0, support

(b) Schematic diagram
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Fig. 2 Silica composite membrane

Ambient pressure

3 JCRURL)Z G R A

Fig. 3 Characteristics of membrane without particle layer
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Fig. 4 Hydrolytic condensation reaction of Zr doped BTESE

Electron image 0 Zr-BTESE  SiKal

Zr Lal

Electron image of BTESE SiKal

K5 Zr-BTESE ‘5 BTESE i)z ¥ Rk i 4 BT 45
Fig. 5 Energy spectra images of Zr-BTESE and BTESE films
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(a) Separation performance of the membrane at different temperatures
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(b) Permeability of the membrane at different temperatures

Ble ARRE TN g & BnSERaEkLe
Fig. 6  Pervaporation performance of silica composite
membrane at different temperatures
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(a) Separation factor of the membrane under different water mass fraction

conditions

2.0 100

P |

2

10 &

Permeate flux/(kg'-m=-h")
\
1
el
=)
Water mass fraction/%

0.5 L 1 L 1 L 1 L 1 98
10 20 30 40 50
Water mass fraction of IPA solution/%

(b) Permeability and separation performance of the membrane under different
water mass fraction conditions

IPA is isopropyl alcohol.

B 7 AREKEFMET SR GBS E R ERE
Fig. 7  Pervaporation performance of silica composite
membrane under different water mass fraction
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Fig. 8  Pervaporation performance of silica composite
membrane treated with hydrochloric acid solution
with pH=2 for 15d
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Fig. 9  Pervaporation performance of silica composite
membrane treated with acetic acid solution with
pH=2 for 15d
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