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Abstract: Pervaporation (PV) has been favorably adopted in the industrial dehydration of various organic mixtures.
In this work, mordenite membrane (MOR membrane) for PV dehydration of acetic acid was prepared by a two-stage
varying temperature crystallization hydrothermal method from dilute synthesis solution with a high molar ratio of

water to silica (ny o/ng ). The effects of varying temperature crystallization time, n, o/n, , and the amount of fluo-

rine ion on the morphology and separation performance of MOR membrane were investigated. The results showed
that the above conditions have significant effects on the morphology, crystallinity, membrane thickness, and PV per-
formance of the MOR membranes. The best performance MOR membrane was prepared at first-stage temperature

(150 °C, 18 h) and second-stage temperature (120 °C, 6 h) with n /ng, =60. The permeation flux and separation

coefficient of the mass fraction of 50% acetic acid aqueous solution were 1.45 kg-m™+h™" and 1 008, respectively.
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Table1 PV performance of MOR membranes prepared under different conditions

Molar ratios of First stage crystallization

Second stage crystallization

PV performance

Sample

NakF (x) and H,0 (y) T/C t/h T/C t/h J/ (kg-m=+h7) Ay
MO x=0.03, y=30 150 24 120 0 0.69 554
M1 x=0.03, y=30 150 6 120 18 0.56 27
M2 x=0.03, y=30 150 12 120 12 1.03 267
M3 x=0.03, y=30 150 18 120 6 0.75 1055
M4 x=0.03, y=60 150 18 120 6 1.02 1873
M5 x=0.03, y=120 150 18 120 6 1.45 1 008
M6 x=0, y=30 150 18 120 6 0.90 445
M7 x=0, y=60 150 18 120 6 0.18 928
M8 x=0, y=120 150 18 120 6 0.19 801
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Fig.1 (a-d) Surface and (e-h) cross-section SEM images of (a, €) MO, (b, f) M1, (c, g) M2, and (d, h) M3 membranes
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Fig.2 XRD patterns of the prepared MOR membranes
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Fig.3  SEM surface (a, b) and cross section (c, d) images of M4 (a, c) and M5 (b, d) membranes prepared with different ny; o/ng,
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Fig.4 (a-c) Surface and (d-f) cross-section SEM images of (a, d) M6, (b, e) M7, and (c, f) M8 membranes

75 B BEAAIR , X 5 SEM 45 58— 2, B TG flA R A Al
() MOR JI it JEE J3E B AR 5 30° 22 J5 19 MOR 45 AE i 5 28
R ALO,IETE & Fi40, BlE KHE L3S N, 5 &
TS TR R AHAL, JCIRUEC 7 1 45 1 MOR B ARAIE 15
R R R R T RN v A R A
KRR

M1 AT, Bl K B 3G 0, M6~M9 iR 43
BIPERE TR s M6 193235 38 54 0.90 kg-m™-h™", 53
B RECR 445, M7 M8 B3 B VERBAHIE 15 35 08 /)
25 0.18 F10.19 kg-m+-h™", 43 B 25043 5 g 928
1801, JEE M6~M8 Y )2 JBE Lk M3~M5 i 119 J2 Ji
IX(HZ2 B3 5 50 B R BUYREAL, 3O= A 5
(1) 445 it JEE A1 5 OB XF 7K 1 R 1 BE R AIG . LA 1 5
REW, SHRMERAERT AR T E S RE .
53 BT BE R Y MOR i

A TAE R M3 AR 75 CH PV 544 F % 50% 2,
R K WA R R AT 53 8,15 1538 & F o B8
ZHU 0N 1.45 kg-m2-h ' Fi1 1 008, HAERERA WAL
T3 SCHR G 0 5 5L, 4 ZSM-5 IR0 MOR B2
55T JEER R AR T A BILASE RS 1 45 1 ZSM-5 JEERY
PLAE B A5 1] F b B (9 MOR JEP M3 i i) 0 25
VEPEME R BT I 5

3 &
SR JH A A 28k it o 35 7 R AL A b i 55 9

BRI 76 ORI 45 MOR JEEH] T PV &R
JBK , X L JE RS T O 5 AR AR R A
MOR R 7 B vEfE . 25 R R . (1) AR Mk
A A5 R T AR A R R 5 (2) K RE
Ll 385 i my LA 00 ) RS T A A PR A G 4 ] R R
JE S BOIE R H RARAR AHAR /N 5B BB AR
EVERE % 18, KB ol 120 OHR IR IR 5 ELA AT 4T
P 5 (3) B T XA Kt SR, 76 S KAk
()R A W, S DR AIE 3 B R B, B4R SR ER 1Y TS
T B o FEKEE H oW 120, 808 FAETE T AL
f MOR JEEXT T 70 8% 50% IR K 3 B PR B fe A
JK TR M 1.45 kg-m™2-h™", 2385 R 50 1 008,

SE

[1]Lei Z G, Li CY, Li Y X, Chen B H. Separation of acetic acid and
water by complex extractive distillation. Sep. Purif. Technol., 2004,36
(2):131-138

[2]Wang X P. Modified alginate composite membranes for the dehydra-
tion of acetic acid. J. Membr. Sci., 2000,170(1):71-79

[3)Jonquieres A, Clément R, Lochon P, Néel J, Dresch M, Chrétien B.
Industrial state-of-the-art of pervaporation and vapour permeation in
the western countries. J. Membr. Sci., 2002,206(1/2):87-117

[4]Bowen T C, Noble R D, Falconer J L. Fundamentals and applications
of pervaporation through zeolite membranes. J. Membr. Sci., 2004,245
(1/2):1-33

[5]Smitha B, Suhanya D, Sridhar S, Ramakrishna M. Separation of organic-



5513

FAEFFAE PSR SRR I ) #2260 4 B B B 1A SRR PR 97

organic mixtures by pervaporation—A review. J. Membr. Sci., 2004,
241(1):1-21
[6]Wee S L, Tye C T, Bhatia S. Membrane separation process-pervapora-
tion through zeolite membrane. Sep. Purif. Technol., 2008,63(3):500-
516
[7]Sander U, Soukup P. Design and operation of a pervaporation plant
for ethanol dehydration. J. Membr. Sci., 1988,36:463-475
[BIE AU, it Wt BB . A 43— 0 0T 22 B8 A L it
KRR kR . A 5 b5 HOR, 2011,31(3):118-126
WANG J Q, YANG J H, CHEN Z, YIN D H. Research advances in
zeolite membranes for pervaporation dehydration of organics in harsh
environment. Membrane Science and Technology, 2011,31(3):118-126
[9]JRaza W, Wang J X, Yang J H, Tsuru T. Progress in pervaporation
membranes for dehydration of acetic acid. Sep. Purif. Technol., 2021,
262:118338
[10]JLi Y S, Zhang X F, Wang J Q. Preparation for ZSM-5 membranes by
a two - stage varying - temperature synthesis. Sep. Purif. Technol.,
2001,25(1/2/3):459-466
[11]Kong C L, Lu J M, Yang J H, Wang J Q. Preparation of silicalite- 1
membranes on stainless steel supports by a two-stage varying-
temperature in situ synthesis. J. Membr. Sci., 2006, 285(1/2): 258 -
264
[12]Zhu M H, Xia S L, Hua X M, Feng Z J, Hu N, Zhang F, Kumakiri I,
Lu Z H, Chen X S, Kita H. Rapid preparation of acid-stable and high
dehydration performance mordenite membranes. Ind. Eng. Chem.
Res., 2014,53(49):19168-19174
[13]Li L Q, Yang J H, Li J J, Han P, Wang J X, Zhao Y, Wang J Q, Lu J
M, Yin D H, Zhang Y. Synthesis of high performance mordenite
membranes from fluoride-containing dilute solution under microwave-
assisted heating. J. Membr. Sci., 2016,512:83-92
[14]Wang S, Li L Q, Li J J, Wang J X, Pan E Z, Lu J M, Zhan Y, Yang J
H. Sustainable synthesis of highly water-selective ZSM-5 membrane
by wet gel conversion. J. Membr. Sci., 2021,635:119431
[15]Wang J X, Wang L, Li L. Q, Li J J, Raza W, Lu J M, Yang J H. A
green synthesis of MOR zeolite membranes by wet gel conversion for

dehydration of water-acetic acid mixtures. Sep. Purif. Technol., 2022,

286:120311

[16]Matsukata M, Sawamura K I, Shirai T, Takada M, Sekine Y, Kikuchi
E. Controlled growth for synthesizing a compact mordenite mem-
brane. J. Membr. Sci., 2008,316(1/2):18-27

[17]7Zhu M H, Hua X M, Liu Y S, Hu H L, Li Y Q, Hu N, Kumakiri I,
Chen X S, Kita H. Influences of synthesis parameters on preparation
of acid-stable and reproducible mordenite membrane. Ind. Eng.
Chem. Res., 2016,55(47):12268-12275

[18]Cundy C S, Cox P A. The hydrothermal synthesis of zeolites: History
and development from the earliest days to the present time. Chem.
Rev., 2003,103(3):663-702

[19]Lim I H, Schrader W, Schiith F. The formation of zeolites from
solution—Analysis by mass spectrometry. Microporous Mesoporous
Mater., 2013,166:20-36

[20]Chapman P D, Oliveira T, Livingston A G, Li K. Membranes for the
dehydration of solvents by pervaporation. J. Membr. Sci., 2008,318(1/
2):5-37

[21]Li G, Kikuchi E, Matsukata M. A study on the pervaporation of water-
acetic acid mixtures through ZSM-5 zeolite membranes. J. Membr.
Sci., 2003,218(1/2):185-194

[22]Li G, Kikuchi E, Matsukata M. Separation of water-acetic acid mix-
tures by pervaporation using a thin mordenite membrane. Sep. Purif.
Technol., 2003,32(1/2/3):199-206

[23]Tanaka K, Yoshikawa R, Ying C, Kita H, Okamoto K I. Application
of zeolite membranes to esterification reactions. Catal. Today, 2001,
67(1/2/3):121-125

[24]Zhu M H, Kumakiri I, Tanaka K, Kita H. Dehydration of acetic acid
and esterification product by acid-stable ZSM-5 membrane. Micropo-
rous Mesoporous Mater., 2013,181:47-53

[25]Tsuru T, Shibata T, Wang J, Lee H R, Kanezashi M, Yoshioka T.
Pervaporation of acetic acid aqueous solutions by organosilica mem-
branes. J. Membr. Sci., 2012,421:25-31

[26]Sato K, Sugimoto K, Kyotani T, Shimotsuma N, Kurata T. Synthesis,
reproducibility, characterization, pervaporation and technical feasi-
bility of preferentially b-oriented mordenite membranes for dehydra-

tion of acetic acid solution. J. Membr. Sci., 2011,385:20-29



