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Preparation of High Performance Zeolite T Membranes by a Two-Stage
Temperature-Varied Synthesis with Microsized Seeds

ZHANG Xiao-Liang SONG Xin QIU Ling-Fang ZHOU Rong-Fei CHEN Xiang-Shu*

(Jiangxt Inorganic Membrane Materials Engineering Research Cenire, College of Chemisiry
and Chemical Engineering, Jiangxi Normal University, Nanchang 330022, China)

Abstract: Zeolite T membranes were prepared by a two-stage temperature-varied hydrothermal technique with

microsized seeds on the surface of the porous mullite supports. Under the typical synthesis solution of ng 1y 0 *
Ny, 0 o g0 =1:0.05:0.3:0.1:30, the zeolite T membranes with high permeation performance were successfully

synthesized by the two-stage temperature-varied crystallization process. The results of XRD and SEM showed that
a continuous and dense T-type zeolite layer formed on the surface of the support. The two-stage temperature-
varied synthesis method leads to shorten crystallization time and improved membrane density. The as-synthesized
zeolite membranes exhibited high pervaporation performance and high-reproducibility of preparation procedure.
The permeation flux and separation factor of the membrane were obtained over 4.25 kg-m™+h™ and 7 600 for
water/i-propanol  (10/90, w/w) mixtures at 75 °C, respectively. Moreover, the permeation flux of the membrane up
to 2.87 kg-m™+h™" and separation factor over 1900 were achieved for water/ethanol (10/90, w/w) mixtures at the

same operation conditions.
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Table 1 PV performance of zeolite T membranes prepared by a two-stage temperature-varied synthesis method
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Fig.2 XRD patterns for T-type zeolite seeds (a) and

zeolite T membranes sample (b~g, representing
the samples of T-1 to T-6 successively),
Asterisks represent the XRD patterns of mullite
support
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First Stage

Second Stage

PV performance

Sample
Temp. / °C Time / h Temp. / °C Time / h Q/ (kg-m?-h™) «
T-1 — — 100 36 3.24 5 800
T-2 150 1 100 21 2.75 2 300
T-3 150 2 100 18 3.03 3 400
T-4 150 3 100 15 4.10 7 400
T-5 150 4 100 12 4.25 7 600
T-6 150 6 — — 4.56 1 700
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Fig.3 SEM surface (a, ¢, €) and cross-sectional (b, d, f) images of zeolite T membranes sample T-1, T-6 and T-5, respectively
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Table 2 PV performance of zeolite T membranes towards water/organics mixtures in this work and in the literature

PV Performance

Synthesis conditions

Support Separation system Ref.
Temp. / °C Time / h Q/ (kg:m?-h™) «

Mullite 100 30 H,O/TPA 2.20 8 900 [5]
H,0/EtOH 1.10 900

Mullite 150 35 H,O/IPA 2.52 10 000 [8]
H,0/EtOH 1.16 2 800

a-AlLO; 100 8+1 h MW H,O/IPA 2.15 10 000 [12]
H,0/EtOH 1.77 1116

Mullite 150+100 4+12 H,O/IPA 4.25 7 600 This work
H,0/EtOH 2.87 1 900

Note: (a) IPA: i-propanol, EtOH: ethanol, MW: microwave synthesis;PV test conditions: @ 75 °C, water/organics (10/90, w/w) mixtures;
(b) PV test conditions: @65 °C in Ref. [12].
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