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Synthesis, Characterization and Pervaporation Performances of Zeolite T Membranes
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Abstract: Zeolite T membranes with high pervaporation (PV) performance were synthesized on porous stainless
steel (SS), a-AlLO; and mullite tubes, respectively, by secondary growth method. The effects of synthesis time,
n (Si0,)/n (AlL,05), n(H,0)/n(AlO;) ratios and the silicon sources were also investigated on the formation and
separation properties of as-synthesized zeolite T membranes. The crystal phases and morphologies of zeolite T
membrane were characterized by X-ray diffraction(XRD) and scan electron microscope(SEM). Under optimized
synthesis conditions, high quality zeolite T membranes could be reproducibly prepared. The membrane formed
on SS tube had a high flux of 5.87 kg-m™+h™" with a high water/i-propanol separation factor of 2 420 toward a
feed concentration of 10wt% water at 348 K. On contrast, the fluxes of 3.75 kg-m™-h™" and 3.45 kg-m™=-h"'
with separation factors of 5 700 and 3 610 were gained through membranes prepared on «a-Al,O; and mullite
tubes, respectively. Pervaporation (PV) performances of zeolite T membrane were also influenced greatly by feed

concentration and temperature.
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Fig.1 XRD patterns for zeolite T powder, zeolite
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Fig.2 Surface SEM micrographs of mullite tube (a) and seeded mullite tube (b)
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Fig.3 SEM micrographs of surface (a) and cross (b) section of zeolite T membrane
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Table 1 Pervaporation(PV) performances of zeolite T membranes prepared at 383 K for different synthesis time

Test Synthesis time / h

PV performance®

Flux / (kg*m™-h™) «
1 6 High -
2 12 3.95 430
3 24 3.87 880
4 36 3.72 900
5 40 3.35 2410
6 40 3.50 3600
7 40 3.63 1540
8 48 3.07 1100

* PV at 348 K towards a water/i-propanol(10/90, w/w) mixture.
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Table 2 PV performances of zeolite T membranes prepared on different porous supports

PV performance®

Test Porous support Flux / (kg-mh) o
9 Stainless steel (SS) 5.87 2420
10 a-Al203 3.75 5700
11 Mullite 3.45 3610

* PV at 348 K toward a water/i-propanol (10/90, w/w) mixture.
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Table 3 PV performances of zeolite T membranes prepared by different n(SiO,)/n(ALO;)

ratios toward water/i-propanol and water/ ethanol mixtures(Xy=10wt%) at 348 K

Water / i-propanol

Water / ethanol

Test n(Si0,) / n(AlO5) ratio Flus / (kg 1) . Flus / (kg™ 1) .
12 160 3.01 3010 1.63 980
13 80 3.23 3540 1.79 900
14 50 3.37 2350 1.82 750
15 33 3.51 1850 1.86 630
16 25 3.63 1110 1.88 580
17 20 3.68 1310 1.92 430
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Table 4 Effects of n(H,0)/n(Si0,) ratio of solution compositions on synthesis time,

membrane thickness and PV performances

n(H,0) / n(Si0,) Synthesis time /

Test

Membrane thickness /

PV performance*

ratio h pm Flux / (kg-m™-h™) a
18 16 30 15 3.42 2 350
19 20 30 12 3.33 1820
20 25 36 10 3.03 4 080
21 30 40 10 3.23 1 650
22 40 48 8 3.60 1 140
23 60 60 0 High -

* PV at 348 K towards a water/i-propanol(10/90, w/w) mixture.
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Table 5 PV performances of zeolite T membranes prepared by different silicon sources

Test Silicon source

PV performance

Flux / (kg-m™-h™) «
24 Precipitated silica(Degussa, VN3) 2.78 450
25 Colloidal silca(MeiGao Grop,CS-30) 4.42 1080
26 Colloidal silica(Aldrich, HS-40) 3.23 2350
27 Colloidal silica(Aldrich, SM-30) 3.30 2180
28 Colloidal silica(Nissan Chem, 30wt%) 3.40 2580
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Table 6 PV performances of zeolite T membranes towards water/organics(Xw=10wt%) at 348 K

Synthesis condition

PV performance

Tube Water/ Organics Ref.
Solution state Temp. / K Time / h Flux / (kg-m™-h™) o
ss cs: 383 40 Water/i-propanol 5.87 2420 This work
a-ALO; CS 383 40 Water/i-propanol 3.75 5700 This work
Mullite CS 383 40 Water/i-propanol 3.45 3610 This work
Water/ethanol 1.79 900 This work
Mullite CS 423 35 Water/i-propanol 252 >10000 [14]
Water/ethanol 1.16 23800
Mullite Gel 373 30 Water/i-propanol 2.20 8900 [4]
Water/ethanol 1.10 900
Mullite CS 373 24 Water/i-propanol 1.77 10000 [5]
Water/ethanol 1.25 2200
a-AlLOs Gel 373+413" 8+1 Water/i-propanol 2.15 10000 [11]
Water/ethanol 1.77 1116

* CS: Clear solution; " Hydrothermal synthesis at 373 K for 8 h followed by microwave heating at 413 K for 1 h.
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RBM T B 50 TR, HLBEG B A IR i B
T VBRI S FE AR X T AR 431 0 R o % T o AR

S AR B BRI T EEARTE I a-ALO, FIEE
ket LR L BB R T R SR
) T B4 T B 7E 348 K 7K/ 5 B (10/90, whw) A
Fh B % w5 ik 5.87.3.75 Al 3.45 kgem-
h,

SE .
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