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Synthesis and Pervaporation Performance of Mordenite Membranes on Mullite Tubes
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Abstract: Mordenite membranes were synthesized on porous mullite tubes by secondary growth method using a
template-free aluminosilicate gel with molar compositions of ny, ‘140, M0, iy, 0 =0.25:0.015~0.1:1:15~60. The as-
synthesized mordenite membranes were characterized by x-ray diffraction(XRD) and scanning electron microscope

(SEM). The effects of synthesis conditions such as synthesis time, ng, /ny, o, ratio, ny o/ng, ratio, and silica source on

the crystallization and the pervaporation(PV) properties of zeolite layers were investigated. The increase in synthesis
time could accelerate the formation of mordenite membranes preferentially oriented with ¢ axis normal to the support
surface. However, the oriented mordenite top layer does not improve the flux and selectivity toward a water/ethanol
mixture by PV. Under optimized reaction conditions, the as-synthesized membrane shows high PV performance with
a flux of 0.70 kg+-m™+-h™" and separation factor of 860 for a feed of 10wt% water/ethanol mixture at 348 K. The high
PV performance could be contributed to the compact intermediate zeolite layer between the support layer and top
layer based on the results of XRD and SEM characterization.
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Fig.1 XRD patterns for: (a) mordenite powder, (b) mullite
support, and mordenite membranes synthesized at

443 K for (¢) 4 h, (d) 8 h, (e) 12 h, () 16 h,

(2) 20 h and (h) 24 h
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Fig.2 Surface and cross-section SEM photographs of mordenite membranes synthesized in different periods of time
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Table 1 Pervaporation (PV) performance of mordenite membranes synthsized for different synthesis time

Sample t/h
M-1 4
M-2 8
M-3 12
M-4 16
M-5 20
M-6 24

PV performance

J 7 (kg-m?-h™) «
4.83 3
0.80 240
0.74 320
0.72 650
0.64 210
0.56 150

Note: ngq /ny,0, ratio of 15; ny o /nsp, of 35; PV: water/ethanol(10/90, W/W) at 348 K

2.3 FEERLEHE T

T2 AT RFEIRESS B IF R A 22 6 i £ i
MIB B ERE . TEREEREL R 10 B A B 4 20
ALK 70, 2 B T A B R 8 808 | fA e — 28
BRI SR AL, MRESS FE I 15 B A& RO 43
B DN S AR T R L Ak S R A A 38 AN
BT R TR ER TR R, W
VI R A LA A — s FE B b oA A B 2 b A
BREG, ELHI A S A A RN A K R AR R R
Mo, T 22 6 WA B SRR AR ng/ny T 5~8 ng t
Mo, M 10 BV T BEANIE & 220 41 PR 2R K0,

AT 52 M) 1 3550285 1 G 3B R R
2.4 JKEELERIR I

3 AT EKEE L AE 15~60 3 N A Bl 24
Sk A BB B VAR R Bl A K RE LEIS R B A
PR 2 AT B B R3S I, an  AKRE H R 15 AL
P e 443 K N dn A B2 12 b, K RE T
45 (AR R 1 W TP s AT AR (] 22 24 b, R,
VA5 C ) s R R R K TR B ) Jo e R B A 3R
W, AKEELE R 15 B, & BB T 348 K K/ LB
(10/90, W/W) 1A Z iy i &= 4 5 B F 43 5 AL
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Table 2 PV performance of mordenite membranes synthesized in gels with different ng, /n,, o, ratios

PV performance

Sample Nsi0, /M0, Tatio
J/ (kg-m™-h™) «
M-7 10 0.90 70
M-8 15 0.72 850
M-9 20 0.43 460
M-10 30 0.30 550
M-11 60 0.21 530

Note: synthesis time of 16 h; ny o/ns, ratio of 35; PV: water/ethanol(10/90, W/W) at 348 K
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Table 3 PV performance of mordenite membranes synthesized in gels with different n, ,/ng, ratios

PV performance

Sample Ny, 0 /Mg, Tatio T/h
J/ (kg-m?-h™) «
M-12 15 12 0.33 390
M-13 25 12 0.57 550
M-14 35 16 0.73 780
M-15 45 16 — —
M-16 45 24 0.76 95
M-17 60 32 — —

Note: ng /ny,o, ratio of 15; PV: water / ethanol(10/90, W/W) at 348 K
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Table 4 PV performance of mordenite synthesized using different silica sources

Sample Si source

PV performance

J/ (kg-m>h) a
M-18 Precipitated silica VN3 2.30 8
M-19 Colloidal silica CS-30 0.68 850
M-20 Colloidal silica SM-30 0.65 548
M-21 Colloidal silica ST-S 0.70 750

Note: ng /ny,o, ratio of 15; ny /ng, ratio of 35; PV: water / ethanol(10/90, W/W) at 348 K
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Table 5 PV performances of mordenite membranes towards water/organics

Synthesis condition Feed PV performance
Tube Temp. / Time / Temp. / Water / Flux / Ref.
K h K organic(Xy / wt%) (kg-m™-h™) *
Mullite 443 16 348 Water/ethanol(10) 0.36 670 This work
348 Water/ethanol(10) 0.70 780 This work
348 Water/ethanol(5) 0.58 650 This work
348 Water/i-propanol(10) 1.25 830 This work
a-ALO; 443 21~23 UN'(VP)  Water/n-propanol(66) 0.48 71 [7]
a-AlLO; 443 72~96 343 Water/ethanol(15) 1.32 5200 [8]
343 Water/i-propanol(15) 0.86 6500 [8]
a-AlLO, 453 24 348 Water/i-propanol(10) 0.1 3360 [9]
a-AlL0; 453 4 348 Water/i-propanol(10) 0.26 330 [10]
a-AlLO, 443 24 365 Water/ethanol(12) 0.023~0.08 40~80 [13]
Note: 'UN=unknown
3 gg -i/e 1997.,45-46
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K 0.70 kg-m™2-h™' 1 860,
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