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Abstract: Organophilic ZSM-5 membrane was synthesized on the inside of a porous stainless steel support by a hydro-
thermal secondary growth with seed crystals. They are used to separate n-butanol from its aqueous solution. Pervaporation
characteristics such as a permeation flux and a separation factor are investigated as a function of the feed concentration and
the operating temperature. The concentration of n-butanol was changed from 0.001 mole fraction to 0.015 mole fraction
with an interval of 0.005 mole fraction; the operating temperature was controlled to be 25C, 35°C and 45°C. When the op-
erating temperature was 45°C, the flux of n-butanol significantly increased from 2 to 27 g/m’/hr as the mole fraction of
n-butanol in the feed side increased from 0.001 to 0.015. Consequently, the concentration of n-butanol in the permeate sub-
stantially increased from 0.0016 to 0.052 mole fraction. When the feed concentration was 0.015, the flux of n-butanol sig-
nificantly increased from 13 to 27 g/m’/hr as the operating temperature increased from 25°C to 45°C. As a result, the con-
centration of n-butanol in the permeate also increased from 0.045 to 0.052 mole fraction.
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Table 1. Chemicals and Supports for Synthesis of Zeolite Membrane

Chemical Specification Manufacturer Usage
NaOH EP grade SAMCHUN (Korea) Na source
NaAlO» Al/NaOH = 0.79 Wako pure chemical industries, Ltd. (Japan) Na, Al source
Ludox AS 40 40 wt% SiO, DuPont (U.S.A.) Si source
Tetrapropyl ammonium .
hydroxide (TPAOH) EP grade Aldrich (U.S.A)) template
Water HPLC grade SAMCHUN (Korea) water source
Sintered stainless O.D. 9.5 mm

ILD. 6.4 mm Mott Co. (U.S.A.) support
steel tube .

pore size 0.5 um
o 3F Ax715 AHEske] 110°ColA 6417 &3 A ZSM-5 Al ZetolEZE 4 E AAA Y ¢ES FHRT
zd FHE HAFEA7(desiccator)d] WOl RASF 2 ZA2HA AFHst L R A FHUL ZSM-5
A A AF Ax7E ol gt Az kAT 21 Az, 2489 XA 3HEA7])(D/Max-2200

2.3. 229 4

ZSM-5 Al &etolE £t FAd AHEHE dE9 =
4] H]&Z 1 TPAOH : 50 SiO; : 3 NaOH : 987 H,O :
0.1 NaAlO,E AHE3l9t. Ludox AS 40 (Aldrich,
US.A)E Si9 98 42 Ag3oH, sodium hy-
droxide (Daejung, Korea)E Na®| 45 =4=, tetra-
propyl ammonium hydroxide (Aldrich, U.S.A.)E 3
E 4 (template) = AHE3FATH ZSM-5 Al &2to]E £
ohe A g9 0|, ZSM-5 FA W3 AlFH, A4
I AAY, ZSM-5 AR, AF, 24 Rg e wHEA
2 st FAasAh o5t 2 A AAHE A
A 29e Al 23]k 25°CE FA18 oA 19 &
40 g, Ludox AS 40 30.12 g 183 NaAlO, 2 0.039
g Yol WA A AYgFE ¢FrFE £9e FHlskd
25°CE FAE Hlo|A 2¢] & 10 g, NaOH 047 g 1
2]l TPAOH 4.06 g& o] wutstdth. 7 &9qo] &
HlE W Ho]A 29 §HG Ho]FA 19 FHo| AT
A7V & 2447 o wubate] it AAA

E

E
=
o
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Ultima/PC, Rigaku Co., Japan)E %3] F4¥ A2z
OE F2& Uttt AAd Beuts Axd thg
dh B3 APE sto] davt BHEA & WA
ZSM-5 Al&etolE el 4 #A & WSt 2
a2 B AFE upRl $of Fg92 T (template)= 2
%l TPAOHE AAsH7] #ste] 12%7]Z(AJ-SB6,
Ahjeon Co., Korea)& AF&3l4 20°CE2HE 34 &%
ol 465°C7HA 0.39C/minlZ AMA3] 71E9d ¢S
465°Col A 8AIZE Bt A48T A4S $53 O
= 04°C/minC&E A A3 Wztsto] T3 Z A3
AHEE ZSM-5 Al &EolE EEuhe FH|8HH T

W A9 Al AHHL, FFFEAE AHLDMA-

05, Daekyung Co., Korea)& AH83t 300 mL/min®|
YA FEoR FEstioH, 55 YA A
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Table 2. Equilibrium Vapor Pressure of n-Butanol in the Liquid Phase and Vapor Pressure in the Permeate
Temperature
25°C 35°C 45°C
T, Py @y Py (0 Py 1 (I Py @y Py Yuph)

f (torr) (torr) (torr) (torr) (torr) (torr) (torr) (torr) (torr)
0.001 6981 7.0 x 10° 1.8 x 10* 1373 14 x 102 19 x 10* 2563 2.6 x 10> 25 x 10*
0.005 6981 35 x 10> 15x10° 1373 69 x 102 1.7 x10° 2563 13 x 10" 1.9 x 107
0010 6981 7.0 x 10> 35 x 10° 1373 14 x 10" 40 x 10° 2563 26 x 100 48 x 107
0.015  6.981 1.0 x 10" 67x10° 1373 21 x 10"  75x10° 2563 38 x 10" 7.8 x 107

Membrane test cell
Vacuum guage
Vacuum valve2— @) Standard ZSM-5
Valve acuum valve E %
DA Bl s l
Volumetric pump Vacuum pump %\ hML‘\* NMH%MW

$ s
= e

Feed tank
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Fig. 2. XRD patterns of ZSM-5 zeolite membrane.
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Table 3. Relationship between the n-Butanol Flux and the Driving Force

Temperature
25°C 35°C 45°C
x, :EbfP; — Ul n-butan;)l flux :EbfP; — Ul n-butan;)l flux :vbfP; — UL, n-butan?l flux
f (torr) (g/m’/hr) (torr) (g/m’/hr) (torr) (g/m’/hr)
0.001 6.8 x 107 1.421 1.4 x 107 1.531 2.5 % 107 2.032
0.005 33 x 107 6.321 6.7 x 107 7.932 1.3 x 10" 9.963
0.010 6.6 x 107 11.49 13 x 10" 14.69 2.5 x 10" 20.26
0.015 9.8 x 107 13.06 2.0 x 10" 21.67 3.8 x 10" 27.27
0.06
—e— 25T v
0054 [0 35C ~70

(b)

Fig. 3. SEM images of the ZSM-5 membrane, (a) top view

(b) cross section view.

4 FAH02 3R FFOZ AT Fuol 9%
0 AYEY GFE W] BR] A BE PO
4 A3z a0
3.2. n-2ele/2 Bu20 Snzy
FHE ZSM-5 A LetolE Belvhe] Bl 4%e
HeEe) EnE st Ted 2L

Augel A 21 @ A4 35, 2011

0.04

0.03

0.02

0.01

0.00

n-Butanol concentration in pemeate (mole fraction)

T T T T T T T

0.000 0.002 0.004 0.006 0008 0010 0.012 0.014 0.016

n-Butanol concentration in feed (mole fraction)

Fig. 4. n-Butanol concentration in permeate versus feed
concentration through ZSM-5 membrane.
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Fig. 6. Fluxes of water through ZSM-5 membrane.

Fig. 5. Fluxes of n-butanol through ZSM-5 membrane.
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