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Abstract: A thin and dense high-performance T-type zeolite membrane was successfully prepared by a two-step seed
crystal induction plus two-step temperature-varied hydrothermal synthesis on inexpensive and macroporous a-AlLOs
support. This method can fully perform nucleation of seed crystal, regulate the epitaxial growth and crystal growth di-
rection by changing the hydrothermal crystallization temperature and time during the two-stage. Finally a continuous
and defect-free a&b oriented zeolite T membrane was obtained. Effects of crystallization temperature and crystalliza-
tion time of the first-stage and crystallization temperature of the second-stage on the surface structure and properties of
zeolite membranes were investigated. The T-type zeolite membrane prepared under the optimal two-step crystallization
condition displayed high pervaporation performance with flux over 3.84 kg'm’z-h’1 and separation factor higher than
10000 for separation of 90wt% isopropanol/water at 75 C.
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Fig. 1 SEM images of a-Al,O; support photographed from
surface (a) and cross section (b), large seeds (c), small seeds
(d), modified by large seeds photographed from surface (e) and
cross section (f), and the small seed layer photographed from
surface (g) and cross section (h)
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Fig. 2 XRD patterns of large seeds (a) and small seeds (b)
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Fig. 3 SEM images of T-type zeolite membranes after first-step
crystallization prepared at different first-step crystallization
temperatures

(a, b) M1-1, 110 °C; (c, d) M2-1, 120 C; (e, f) M3-1, 130 C; (g, h)
M4-1, 135 C; (i, j) M5-1, 150 C
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Fig. 4 SEM images of T-type zeolite membranes after two-step
crystallizations prepared at different first-step crystallization
temperature

(a, b) M1, 110 C; (c, d) M2, 120 C; (e, f) M3, 130 C; (g, h) M4,
135 C; (i, j) M5, 150 C
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Fig. 5 XRD patterns of zeolite T membrane M4 (a) and small
zeolite T seeds (b)
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Table 1 Pervaporation performance of T zeolite
membranes prepared under different
first-step crystallization temperatures

First-step Second-step
No. crystallization crystallization ke ntl{/2°h71) a
Temp./'C Time/h Temp./C Time/h

M1 110 4 110 6 - -
M2 120 4 110 6 4.19 968
M3 130 4 110 6 3.87 5219
M4 135 4 110 6 3.84 >10000
MS 150 4 110 6 3.53 2918

J: Pervaporation flux; a: Separation factor
Pervaporation conditions: 90wt% isopropanol/H,0, 75 ‘C
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Fig. 6 SEM images of T-type zeolite membranes after
first-step crystallization prepared with varying first-step crys-

tallization time
(a, b) M6-1, 2 h; (c, d) M7-1, 3 h; (e, f) M8-1, 5 h; (g, h) M9-1,6 h
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Fig. 7 SEM images of T-type zeolite membranes after
two-step crystallizations prepared with different first-step

crystallization time
(a, b) M6, 2 h; (¢, d) M7, 3 h; (e, f) M8, 5 h; (g, h) M9, 6 h
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Table 2 Pervaporation performance of T zeolite
membranes prepared with different first-step
crystallization time

First-step Second-step
No. crystallization  crystallization K n{{ 2pl) a
Temp./°C Time/h Temp./'C Time/h

M6 135 2 110 6 - -
M7 135 3 110 6 4.04 915
M4 135 4 110 6 3.84 >10000
M8 135 5 110 6 4.2 2371
M9 135 6 110 6 4.97 697

Pervaporation conditions: 90wt% isopropanol/H,0, 75 C

B TAERERE T, £—BIEHRM T WA
I EEMA ¢ B A, IE5 T IRIR)Z A 3L
P, AT BRAR T 82 B 1t T EE P 8 FIA] 4(g, h),
BB AR N 110 CHREW T M4 Faes, it
M 3 WA LIS M4 (3835 2K R M RE A i, AN
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TR AL 7 B Re F P4
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Fig. 8 SEM images of T-type zeolite membranes after
two-step crystallizations prepared at different second-step
crystallization temperatures

(a, b) M10, 90 C; (c, d) M11, 100 C; (e, f) M12, 120 C; (g, h) M13,
130 C
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Table 3 Pervaporation performance of T zeolite
membranes prepared under different second-step
crystallization temperatures

First-step Second-step
No crystallization  crystallization (kgn{’/z-h") o
Temp./'C Time/h Temp./’C Time/h

M10 135 4 90 6 — -
Ml11 135 4 100 6 3.94 2646
M4 135 4 110 6 3.84 >10000
MI12 135 4 120 6 3.97 5867
MI13 135 4 130 6 3.41 5594

Pervaporation conditions: 90wt% isopropanol/H,0, 75 C

x4 RN T RE AR 75 CTHT 90wt% T A
W /7K AR 22 57 B B3 28 I PERE - SCIR[21,23,291 Kk H
— IR T R A& T BENLEA Y T B9
A R () K BB gyl = R/ . SCHRR[191R
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Table 4 Pervaporation performance of zeolite T
membranes for 90wt% isopropanol/water mixture at 75 C

Temp./ Time/ J/

Support © h o (kg'm2h) o Ref.
a-Al,0; disc 120 24 2.24 10000  [29]
a-Al,O5 tube 100 30 2.52 10000  [21]
a-ALOs tube 120 16 2.96 6400 [23]
a-AlyO; tube 100+1407 8+1¢ 2.15 10000  [19]
a-ALO5 tube 150+120° 4+8° 2.04 2874 [30]
a-AlLO; tube 135+110° 4+6° 3.84 >10000 This work

a 100+140, 8+1: hydrothermal synthesis at 100 ‘C for 8 h
followed by microwave synthesis at 140 ‘C for 1 h

b 150+120, 4+8: hydrothermal synthesis at 150 ‘C for 4 h
followed by hydrothermal synthesis at 120 ‘C for 8 h

¢ 135+110, 4+6: hydrothermal synthesis at 135 C for 4 h
followed by hydrothermal synthesis at 110 ‘C for 6 h
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