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Abstract — Pervaporation is known to be a low energy consumption process since it needs only an electric power to
maintain the permeate side in vacuum. Also, the pervaporation is an environmentally clean technology because it
does not use the third material such as an entrainer for either an azeotropic distillation or an extractive distillation. In
this study, Silicalite-1 particles are hydrothermally synthesized and polydimethylsiloxane(PDMS)-zeolite composite
membranes are prepared with a mixture of synthesized Silicalite-1 particles and PDMS-polymer. They are used to
separate n-butanol from its aqueous solution. Pervaporation characteristics such as a permeation flux and a separa-
tion factor are investigated as a function of the feed concentration and the weight % of Silicalite-1 particles in the
membrane. A 1,000 cm® aqueous solution containing butanol of low mole fraction such as order of 0.001 was used as
a feed to the membrane cell while the pressure of the permeation side was kept about 0.2~0.3 torr. When the butanol
concentration in the feed solution was 0.015 mole fraction, the flux of n-butanol significantly increased from 14.5 g/
m?/hr to 186.3 g/mz/hr as the Silicalite-1 content increased from 0 wt% to 10 wt%, indicating that the Silicalite-1
molecular sieve improved the membrane permselectivity from 4.8 to 11.8 due to its unique crystalline microporous
structure and its strong hydrophobicity. Consequently, the concentration of n-butanol in the permeate substantially
increased from 0.07 to 0.15 mole fraction. This composite membrane could be potentially appliable for separation of
n-butanol from insitu fermentation broth where n-butanol is produced at a fairly low concentration of 0.015 mole
fraction.
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Silicalite-1 Al&2}o] E2] §Hd 8l F2jute] Aol AR Aok

Table 101 LFERIQITE, Aok HE=2] A glo] AR&-8f3itt.

2-2. Silicalite-1 HS2|0|E X} Y

254 A&}l EQ Silicalite-1 Al&2fo| EQALS thg3) 2
W& Fstol it 98] 244 1 TPABr : 21 SiO, : 3
NaOH : 788 H,0&5 AHE-3I3ItH17]. ¥lA 19] &7 LudoxE ¥
WHIAA Si -g-H4E FHI8kar, v 20 &, NaOH, TPAB(tetrapropyl
amonium bromide)S ¥o] WHSIATE wito] Evt 7121e] HIAS
E3ste] 25°CelA] 244]7F B2t o wHlSIGITE E389S HE
2 871 Yo, kg7 el Akt 3 170 °CellA] 8AIRT Bt

o FHgskolet. ukgol Bt Fof Silicalite-1 w2-& A3 5~ 2

Table 1. Chemicals for synthesis of zeolite and PDMS

Chemical Specification Manufacturer Usage
NaOH EP grade Samchun(Korea) Na source
Ludox AS 40 40 wt% SiO,  DuPont(U.S.A.) Si source
Tetrapropyl ammonium  EP grade Aldrich(U.S.A) template
bromide(TPABr)

Water HPLC grade  Samchun(Korea)  water source
Sylgard 184A/B EP grade  Dow Corning(U.S.A) PDMS source
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Fig. 1. A schematic diagram of pervaporation apparatus.
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Fig. 2. XRD pattern of Silicalite-1 zeolite.
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Fig. 3. Particle size distribution of Silicalite-1 zeolite before and after
milling.

) 15.0kV X1 000. 1-0;T -\ND10.2.mm
Silicalite- 12 3% Silicalite-12] XRD ¥l 7} A x]3} 0 ujer
MFI 7250 gR1g = Qlleh. F2e] YAk A71= dolA 34
Y= FA7E Bl AT B o] anE dohr] skl
4 A9 At 2719 BERE dEt $o] YA A71F Fig. 30
HeRISITE o] & FallA FA A%l B gk 9] AlEE|E
He] Fet A= A7 17.8 umé 0.95 umSlS RIS
B Fok B4 B oz oF 120 AR AT BolE A
& 5 ek o]gA FHlE AlgolE JAE ARESto] FATE
um °ake] weuks A=l ofEfol gls Ao Adsisich.

b2 BJEl SEite| 8
¥ PDMS-Silicalite-1 38| A&t 79} ol A7l
o] 1t A% 4] o] el s i P

=
SEI 15.0kY X700 10pum WD 12.1mm

(b) cross-sectional view

Fig. 5. SEM images of composite membrane prepared with 10 wt%
of Silicalite-1 particles.
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Fig. 4. SEM images of composite membrane prepared with 4 wt%
of Silicalite-1 particles. EE
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