¥ 33% F3M T WL R A R Vol. 33 No. 3
20184 3 H Journal of Inorganic Materials Mar., 2018

Y E S 1000-324X(2018)03-0345-07 DOI: 10.15541/jim20170205

BEARERPE MR MFI B30 ERSI & R =

1 21 1 s 1 2 B 1,2
w8 T, FRES FHES ELS T4E
(REEIKRF 1 AR, H#aKIEBRELTHRET, ahS5FIRFR, #45 124221; 2. ek TERE

B RHE, RS RAEAL AT, kit 116024)

8 FE: UMM EIRKAL a-AlLOs 1ENEUMR, R R4S, TEB R IR 5 (H,0/Si0,=1000) H B Th il % 1wtk
AE ML B A 52, 2300 25 42 Pl RS 1 HL O SO 5 i A IR IR T30 S i2E 28 RVE BRI S R o 25 RG], R~F 28 0.4 pm
s ) 6 T it R B B R SR A, BRI N A 3 T 1) AR A s, Rk s o B A K B S SR I 1
FH o JER R VAT AR % AR AR FEE PR ASEAR 70) F Y8 PA 45 B 0% s ) At A 0 2 o e, DT PR AR A M5, () IS A4
i) o TED SR B DT Pl A 45 B A B T 60°CIRIB 28 K 7 B BWHIB LB KIR G, 70 B oyzmyny FIIBIE T & 53
Ak 47 R 4.09 kg/(m? ). SR FH REAR 1K) £ BB 7 R B R LA A, BE AT LA BRI A RS o) 46 (0 JEORE B AR, ST LA
b A RS, o ) MFD B A R B B K IR BE A LA A 1 b AR S

% B8 I MR B A, ERRTL o-AlLO Ui, MR, BIEAK

FESES: TQL74 CHAFFIRE: A

Preparation and Char acterization of High Performance MFI Zeolite
Membranein Ultradilute Solution

HUANG Pan’, ZHOU Liang", LI Hua-Zheng", LI Hong-Jian!, YANG Jian-hua?, WANG Jin-Qu"?

(1. School of Petroleum and Chemical Engineering, State Key Laboratory of Fine Chemicals, Dalian University of Technology,
Panjin Campus, Panjin 124221, China; 2. Institute of Adsorption and Inorganic Membrane, State Key Laboratory of Fine
Chemicals, Dalian University of Technology, Dalian 116024, China)

Abstract: High performance MFI-type zeolite membrane was successfully prepared in ultradilute solution (H,O/SiO=
1000) on inexpensive and macroporous a-Al,Os tubular support by secondary growth. Influences of seed size and
H,O/SiO, on morphology and pervaporation performance of the zeolite membranes were investigated. Results showed
that the seed layer prepared with 0.4 um seeds had higher crystal nucleus density which could increase the amount of
the nucleation site on the support surface, resulting in a stronger induced effect on the growth of zeolite membrane.
The low-concentration template and silicon source in ultradilute solution decreased the growth rate of zeolite crystals,
which could reduce the zeolite membrane thickness and effectively inhibited the formation of intercrystalline defects.
The flux and separation factor (Gehanomaer) Of the resulting MFI zeolite membrane achieved 4.09 kg/(mz-hl) and 47,
respectively, for separation of 5wt% ethanol/water mixture at 60°C. Ultradilute solution and low-cost macroporous
a-Al,O3 tubular support reduced the preparation cost of MFI zeolite membranes and increased the flux, showing pros-
pect of the potential industrial application of MFI-type zeolite membrane for removal of the low-concentration organic
compounds in water.
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Tablel Preparation of Silicalite-1 seedswith different sizes
Sample Precursor Temp./’C Average size/um Conc./wt%

A 1 96 0.4 0.35
B 2 100 0.8 0.35
C 2 150 13 2.5&0.35

Precursor 1: 1”TEOS:0.27TPAOH:100H,0:4EtOH
Precursor 2: 1TEOS:0.3TPABr:0.3NaOH:100H,0
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Fig. 1 Surface and cross-sectional SEM images of the a-Al,O3
support(a)-(b), the support modified by large seeds(c, d) and
the seed layers prepared with differently sized seeds (0.4 um (e,
f); 0.8 um (g, h) and 1.3 um (i, j))
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Fig. 2 SEM images of MFI zeolite membranes prepared with
different-sze seeds in  H,O/S0O,=1000 synthetic solution
(a, b)-M1 0.4 um; (c, d)-M2 0.8 um; (e, f)-M3 1.3 um
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Table2 Pervaporation performance of MFI zeolite mem-
branes prepared with seeds of different size

No Seedsizelum H,O/SI0, Timeh Jikgm2h?) «

M1 0.4 1000 24 4.09 47
M2 0.8 1000 24 4.22 39
M3 13 1000 24 4.30 35
M4 04 1800 32 4.36 19
M5 0.8 1800 32 - -
M6 1.3 1800 32 - -

J: Pervaporation flux; a: Separation factor (ethanol/water)
Pervaporation conditions: 5wt% EtOH/H,0, 60°C
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Fig. 3 SEM images of MFI zeolite membranes prepared with
different-size seeds in H,O/SIO,=1800 synthetic solution
(a, b)-M4 0.4 um; (c, d)-M5 0.8 um; (g, f)-M6 1.3 um
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Fig. 4 XRD patterns of MFI-type zeolite membranes prepared
with H,O/SiO; ratios of 200 (M7), 650 (M8), 1000 (M1), 1400
(M9). and 1800 (M4)
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Fig. 5 SEM images of MFI-type membranes prepared with
H,0/SIO, ratios of 200 (a, b)-M7; 650 (c, d)-M8; 1400 (e,
f)-M9
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Table3 Pervaporation performances of MFI-type
zeolite membranes prepared from synthesis
solutions with different H,O/SIO,

Sample  H,0/SIO, Time/h Ji(kgm?h?) &
M7 200 24 2.94 22
M8 650 24 3.60 32
M1 1000 24 4.09 47
M9 1400 24 4.40 43

M10 1800 24 4.90 11
M4 1800 32 4.36 19

Pervaporation conditions: 5wt% EtOH/H,0, 60°C
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Fig. 6 EDS analysis of MFI-type zeolite membranes prepared
in synthetic solutions with different H,O/SiO, ratios
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Table4 Pervaporation performance of MFI membranesfor ethanol/water mixtures

Membrane/Support ~ Poresizelum  H,O/SiO, Feed conc./wt% Feed temp./C  J/(Kg-M>h™)  aehanoliwater) Ref.
Si-1/MI-t 1.0 800 5 60 191 66 [22]
MFl/a-d 0.1+3.0 58 10 60 9.00 5 [14]
Si-Va-t 2.0 120 5 60 181 89 [15]
Si-1/MI-t 1.0 120 5 60 2.23 62 [15]
MFI/a-hf 0.1-0.2 165 3 60 2.90 66 [17]
MFl/o-t 1.0-3.0 165 5 60 1.36 85 [26]
MFl/o-t 3.0-4.0 1000 5 60 4.09 47 This work
MFl/o-t 3.0-4.0 1400 5 60 4.40 43 This work

Si-1: Silicalite-1; MI-t: Mullite tube; o-d: a-alumina disc; a-t: a-alumina tube; a-hf: a-alumina hollow fiber
0.1+3.0: A 30 um thick top layer with a pore size of 100 nm and a 3 mm thick base layer with a pore size of 3 um
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Fig. 7 Pervaporation performance of MFI zeolite membrane

prepared in synthetic solution with different H,O/SIO, ratios

for separation of 5wt% ethanol/water mixtures at 60°C
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