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Ionothermal Synthesis of CHA-Type Zeolite Membrane for Desalination

ZHANG Huizhi, GAN Lai, LIU Ni, HUANG Xinyue, HU Na, CHEN Xiangshu

(Institute of Advanced Materials, State-Province Joint Engineering Laboratory of Zeolite Membrane Materials, College of
Chemistry and Chemical Engineering, Jiangxi Normal University, Nanchang 330022, China)

Abstract: Zeolite chabazite (CHA) membranes with a higher Si/Al mole ratio in the zeolite framework were prepared to improve
their stability and separation performance. Pure zeolite CHA membranes were synthesized with imidazolium-based ionic liquids (ILs)
as a structure-directing agent, which could improve the Si/Al ratio in the framework. ILs could be used repetitively at least 3 times for
the synthesis of high-crystallinity zeolites. Under the optimized synthetic conditions, a continued zeolite CHA membrane obtained
from an initial gel containing 1-buthyl-3-methylimidazolium bromide ([Bmim]Br) on the mullite tubular supports has a high water
flux of 6.3 kg/(m*h) with a high ion rejection (100%) for pervaporation (PV) separation of 3.5% (in mass fraction) NaCl aqueous
solution at 75 ‘C. The effects of temperature and feed concentration on the desalination performance of ILs-CHA membranes were
also investigated. The water flux increases to 10.3kg/(m?>h), and their salt rejections are 100% when the operating PV temperature
increases at 90 C. Zeolite CHA membranes prepared have the superior separation performance even for desalination of 10% NaCl
aqueous solution. Furthermore, the ILs-CHA zeolite membrane has a stable separation performance with a stable water flux as well as
a high salt rejection in 3.5% NaCl aqueous solution at 75 “C for 3.5 d.

Keywords: chabazite-type zeolite membranes; ionic liquids; desalination; pervaporation; hydrothermal stability
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(a) Surface image obtained with n(ILs)/n(SiO,)=0 (b) Cross-sectional image obtained with n(ILs)/n(SiO,)=0

(c) Surface image obtained with n(ILs)/n(Si0,)=0.05 (d) Cross-sectional image obtained with n(ILs)/n(Si0,)=0.05

(g) Surface image obtained with n(ILs)/n(S10,)=0.16 (h) Cross-sectional image obtained with n(ILs)/n(Si0,)=0.16

2 AF[Bmim]Br & AN B AR SEM A

Fig.2 SEM images of zeolite membranes synthesized with various mole fraction of ILs
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B A PV R AR T 60 °C I, IAE 3.5%
SRR Al K R R KR B IR R Y PV
DRI QR L TH i, A Stk A R b Kl = KT
TE 3. 5% AR o 33X — B0 BRI S R
AR R PGS AL RERE PV D3RI T v A
HIL E~(33.120.021) kJ/mol & T4l/K ik R ML
(33.6+0.023) kJ/mol; Ak, &lizkih &SR &1 5K
Oy A A E KT b i s 1 5K 4 1
(K1, AEAHIAE SR B B AR S T AEAK P ), 3
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5319, 12438 (45 ARV A 0024 PV TRE AT
Ther, Ak Ko T IKEh ) HE R KT R
A7l 7 Hh I R o KT 7 v b B,
TEh, 4 PV IR R TS A 90 CI, glik ik &
JE KB A 12.2 keg/(m™h), 7E 3.5% AL T
AKIEFAA 10.3kg/(m™>h), 780U T iz 2 A0
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Fig. 8 PV desalination performances as a function of feed

temperature and Arrhenius plots of temperature

dependent water permeation flux of ILs-CHA zeolite

membrane toward 3.5% NaCl solutions and pure water
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1A T AR SCHRARIE (1 53 10 AT Eh
W BB AL SRR . R 1 AT I, BT %
T IEEE SR I A4 AR o A It R e 1 ot 2R
B, BEEKT 90%. Zhou ZLOE 3-E A=
AFERELE G 1) a-ALOs SCHER L4 i FAU 2
TR, AR PV MR B 75°C B IE I ik
#) 7 3.8kg/(m*h), 1M PV MR % 90 CH,
M R R A 5.6kg/(m*h). Wang 2 7E K
1L a-ALO; SLFARCTH4FLA% 2~3 um) b5 i NaA R
STIRIAE 75 C. 3.5% A BN 55 Ik
#| T 9.6 kg/(m*h). CHA 5> T Il =4 )\ JCIR 45
¥y, FLAEK/N0.38 nm) 5 NaA REAGAIALL, FFBEE &
ARG R LU R 19 0 4 B M e AR PR R R B 2 1
o AL R AR TR RIS T AN R PR S H Ak
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Table 1 Comparison of PV desalination performance through various zeolite membranes
PV Performance
Membrane type  Support type N B Reference
Temperature/'C w(feed)/% JAkgm “h™) /Y%
ZSM-5 a-AlLO3 75 3.5% NaCl (aq.) 5.50 90.00 [34]
Silicalite-1 0-ALO; 75 3.5% NaCl (aq.) 5.00 96.00 [34]
SOD 0-ALO; 200 3.5% NaCl (aq.) 2.70 99.99 [12]
ECR-1 Self-support Room temperature 3.5% Simulated seawater 0.75 >99.00 [35]
FAU APTES-a-AlL,0O4 75 3.5% Seawater 3.80 >99.80 [36]
NaA o-AlOs 69 3.5% Seawater 1.90 >99.90 [9]
NaA Macroporous a-Al,O;3 75 3.5% NacCl (aq.) 9.60 >99.90 [11]
90 3.5% NaCl (aq.) 11.00 >99.90 [11]
CHA Mullite 75 3.5% NacCl (aq.) 6.30 100.00 This work
90 3.5% NaCl (aq.) 10.30 100.00 This work
75 10.0% NaCl (aq.) 6.10 100.00 This work

w is mass fraction; aq. is aqueous.

(1) CHA #5r ¥, HETRAE 75 °C L 3.5% AL
VWP /KB IR F) 6.3 kg/(m™h), i TAERTFR S B4k
BB EA B NaA B, FAU BURT ZSM-5 B3 17
Jist ey O 20T i b 3 BRI AR SR A S
PIYFLAE N 1.3 pm, /T Wang 20 MG 0K
fL a-ALO; SCHEMCPIgFLEE, 1 LK IE BT
Ut NaA J. ARTAEG K CHA B9 70 B AE = 1)
PV S 2l 5 R AR S RV v A I A SR 1
EhERE, 1 PV IR 90 CHY, K
B[10.3 kg/(m™h)] 55 Fib KL A ) NaA i
[11.0 kg/(m*h)FIUESE, IXAT AR S2 bR 3 Tl K
B KA AT R R AT S

3 £

1) R WK M B T Ak S84 = ) 7B
WMIGEAR TR A SR BTE S — 2 &8 CHA &Y
Iy TN, B A R R R R A A K
2o [N B IR DR EAE A 3 TR e S A
EIERENE ' AR SR SR Vg SR N E R N )
2.8, UEEE A T30 o AL e A7 WLBASGR 77 2N i
AP TERAARR T A (6.

2) R B KYE[n(Si):n(A)=2.5], 7E5
R P R I L S 9B B AL IR SR A
MTE 90 °C\ 3.5% (Wt 7 B0 S A BN, /KW
B HE 10.3 kg/(m™h), SALIA K 100%, XLl
P LI R A TR A IR AN B 3k Tl B /K A — 2
A2 BB .
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