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Prepar ation and Char acterization of NaA Zeolite Membraneson
I nner-surface of Four-channel Ceramic Hollow Fibers
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Abstract: High-performance NaA zeolite membranes were prepared on inner-surface of four-channel ceramic hol-
low fibers by combined counter-diffusion vacuum seeding and dynamic hydrothermal synthesis method. The
as-prepared membranes were adopted to the pervaporation dehydration of 90wt% ethanol/water mixture at 75°C.
Effects of seeding and synthesis conditions on morphology and separation performance of the membranes were
extensively investigated in terms of flow rate of seed suspension, seeding time and synthesis temperature. These
results showed that dense and uniform NaA zeolite membrane was obtained when the flow rate of seed suspension
was 100 mL/h and the seeding time was 5 s. Over slow flow rate of seed suspension or too long seeding time in-
creased the membrane thickness but generated defects on membrane surface simultaneously. When the NaA zeolite
membrane was hydrothermally synthesized at 100°C for twice, the membrane achieved the best water/ethanol
separation factor of 1585 while the permeation flux was 8.8 kg/(m?-h) in the pervaporation dehydration. Lower
synthesis temperature led to incomplete membrane crystallization and some defects were observed on the mem-
brane surface. With excessive synthesis temperature defects were also detected in the cross-section of the membrane
due to the over rapid crystallite rate, which resulted in poor separation performance of the membrane.
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Fig. 1 Schematic diagram of counter-diffusion vacuum seeding
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Fig. 2 Schematic diagram of dynamic hydrothermal synthesis
method
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Fig. 3 SEM images of four-channel ceramic hollow fiber
(a) Cross-section; (b) Inner-surface
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Fig. 4 XRD patterns of NaA zeolite and zeolite membrane

(a) Four-channel ceramic hollow fiber; (b) NaA zeolite; (c) NaA zeolite
membrane
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Fig. 5 Surface and cross-sectional SEM images of NaA zeolite
membranes prepared at different seeds suspension flow rates
(a-b) 500 mL/h; (c-d) 300 mL/h; (e-f) 100 mL/h; (g-h) 50 mL/h
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Table1l Pervaporation performance of NaA zeolite mem-
brane prepared at different seeds suspension flow rate

Seeds suspension flow rate/(mL-h?)  J(kg-m>h™)  cateriethanol

500 125 780
300 10.17 1061
100 8.8 1585
50 12.3 446

Je oy T B A B A B . R BRI T R
#9100 mL/h, ¥ dniE 530 %A 3. 5. 10 F
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FORIL: LA KR, SRR R B A B
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Fig. 6 Surface and cross-sectional SEM images of NaA zeo-
lite membrane prepared for different coating periods

(ab) 3s,(c-d) 55, (ef) 10s; (g-h) 15s
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LF s B8R, A fEdt— P R & & 1 i
P I g 2 7 5

3 #Zig

1) R B 2l OE TR B R A,
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Table2 Pervaporation performance of NaA zeolite
membrane prepared for different coating poriod

Ji(kg-m2h)

Coating period/s Otwater/ethanol
3 9.5 133
5 8.8 1585
10 104 178
15 9.1 70

10 pt 15 pm

B 7 ARNREE T & NaA 430t 5 R T AT i i) SEM
HEPaY
Fig.7 Surface and cross-sectional SEM images of NaA zeolite

membrane prepared at different temperatures
(a-b) 95°C; (c-d) 100°C; (e-f) 105°C; (g-h) 110°C
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Table3 Pervaporation performance of NaA zeolite
membrane prepared at different temperatures

Temperature/C J(kg-m2h™) Otwaterfethanol
95 8.3 273
100 8.8 1585
105 8.0 433
110 9.0 217

W [R5 s, BTl 2 t I R 43 B9 M pe de A, FH T
75°C T 90Wt%[1) Z BEKIE S ERA T BS, 4r E
ik %) 1585, i Hik 8.8 kg/(m?-h).

S 2E 3Hk:
[1] BREAL, $hseke, BT, BERRMERSE, bt %1
Mk H L, 2004.

[2] GE Q Q, WANG Z B, YAN Y S. High-performance zeolite NaA
membranes on polymer-zeolite composite hollow fiber supports. J.
Am. Chem. Soc., 2009, 131(47): 17056-17057.

[3] YUCL,ZHONGC, LIUY M, et al. Pervaporation dehydration of
ethylene glycol by NaA zeolite membranes. Chem. Eng. Res. Des.,
2012, 90(9): 1372-1380.

[4] SHAO J, GE Q Q, SHAN L J, et al. Influences of seeds on the



344

WL MR

i % 33 %

(5]

(6]

(8l

(9

(10]

properties of zeolite NaA membranes on alumina hollow fibers.
Ind. Eng. Chem. Res., 2011, 50(16): 9718-9726.

SHAO J ZHAN Z Y, LI J G et al. Zeolite NaA membranes
supported on aumina hollow fibers: effect of support resistances
on pervaporation performance. J. Membr. Sci., 2014, 451(1):
10-17.

SHAN L J, SHAO J, WANG Z B, et al. Preparation of zeolite MFI
membranes on aumina hollow fibers with high flux for
pervaporation. J. Membr. ci., 2011, 378(1): 319-329.

XU X C, YANG W S, LIU J, et al. Synthesis of NaA zeolite
membrane on a ceramic hollow fiber. J. Membr. Sci., 2004, 229(1):
81-85.

WANG Z B, Ge Q Q, SHAO J, et al. High performance zeolite
LTA pervaporation membranes on ceramic hollow fibers by
dipcoating-wiping seed deposition. J. Am. Chem. Soc., 2009,
131(20): 6910-6911.

SHI Z Z, ZHANG Y T, CAl C, et al. Preparation and
characterization of a-Al,O; hollow fiber membranes with
four-channel configuration. Ceram. Int., 2015, 41(1): 1333-1339.
LIU D Z, ZHANG Y T, JANG J, et al. High-performance NaA

(11]

(12]

(13]

(14]

(19]

zeolite membranes supported on four-channel ceramic hollow
fibers for ethanol dehydration. RSC Adv., 2015, 5(116): 95866—
95871.

LI B M, LV D, WANG J Q, et al. Synthesis of NaA zeolite
membrane on the inner surface of a-Al,O; tube by dynamic
hydrothermal method. Membrane Science Technology, 2005, 25(6):
21-23.

PERA-TITUS M, MALLADA R, LLORENS J, et al. Preparation
of inner-side tubular zeolite NaA membranes in a semi-continuous
synthesis system. J. Membr. Sci., 2006, 278(1): 401-409.
PERA-TITUS M, LLORENS J, CUNILL F, et al. Preparation of
zeolite NaA membranes on the inner side of tubular supports by
means of a controlled seeding technique. Catal. Today, 2005,
104(2): 281-287.

HUANG A S, LIN Y S, YANG W S. Synthesis and properties of
A-type zeolite membranes by secondary growth method with
vacuum seeding. J. Membr. Sci., 2004, 245(1): 41-51.

YANG Z Z, LIU Y M, GU X H, et a. Synthesis and
characterization of NaA zeolite membranes on inner side of tubular
supports. CIESC, 2011, 62(3): 840-845.



