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Abstract: In the present study, thickness of MOR zeolite membranes was controlled by changing seed size, seeding
amount, and aging time of hydrothermal solution, and then effect of membrane thickness on pervaporative ethanol dehydration
for 90 wt.% ethanol-water mixture was investigated. First, nanosize MOR zeolite seeds with a diameter of 20 to 30 nm was
successfully prepared by planetary milling a laboratory synthesized MOR zeolites and the coating amount was controlled by
seed concentration and infiltration volume of coating solution during vacuum-assisted seeding. As seeding amount decreased,
membrane thickness was reduced up to around 4 um. The MOR zeolite membrane having a thickness of 4 um showed a
water/ethanol separation factor of 760 and water flux of 1.0 kg/m’h. The excellent water flux was due to the reduced
membrane thickness which was derived from the nanosize seed. Therefore, it could be concluded that membrane thickness
control by using nanosize seed can be a crucial factor to improve pervaporative water flux of MOR zeolite membrane.
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Fig. 1. Schematic diagram of pervaporation system used in
the present study.
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ane-
tary milled MOR zeolite particles. The samples were mil-
led for (b) 6 h, (c) 12 h, (d) 18 h, (¢) 24 h, and (g, h) 72
h, respectively.
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Fig. 3. XRD patterns of as-synthesized and planetary mil-
led MOR zeolite particles.
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% Channel

Size (microns)

Fig. 4. DLS particle size distributions of as-synthesized
and planetary milled MOR zeolite particles.
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Table 1. Support Pore Structure and Various Seeding
Conditions Used in the Present Study

Support Seeding
Pore . Seed Infiltration
. Porosity .
diameter (%) concentration volume
(nm) ° (Wt.%) (mL)
S1 270 43.5 0.1 70
S2 270 43.5 0.05 70
S3 270 43.5 0.001 70
S4 270 43.5 0.001 30
S5 270 43.5 0.001 10

(€ 10 W H e oo g 1 4 obem [ 6t 10 OV o izt Al o

Fig. 5. SEM images of top surfaces of supports seeded at
various seeding conditions; (a) S1, (b) S2, (c) S3, (d) S4,
and (e) S5.
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Table 2. Aging and Hydrothermal Conditions for Preparation of MOR Zeolite Membranes

Aging condition

Hydrothermal condition

Seeding - -
Temp. (°C) Time (hr) Temp. (°C) Time (hr)

Ml S3 25 6 170 24
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M4 S5 25 24 170 24
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Fig. 6. SEM images for top surfaces and cross sections of
MOR zeolite membranes: (a) M1, (b) M2, (¢) M3, and (d)
M4.
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Table 3. 70°C Pervaporative Ethanol Dehydration Performance at 8 h for 90 wt.% Ethanol-water Mixture and 25°C Single
Gas Permeation Performance of Synthesized MOR Zeolite Membranes

Pervaporation performance

Single gas permeation performance

Samples Flux (kg/m’h)

Separation Permeance (GPU) H,/SF¢
Water EtOH Total  factor (a) He Co, 0, N, SFs  selectivity
Ml 0.40 0.01 0.41 266 672 159 235 250 - )
M2 0.38 0.00 0.38 3524 232 62 119 93.3 - o
M3 0.96 0.22 1.18 38 619 61 167 137 - o
M4 1.07 0.01 1.08 760 1187 201 247 222 - S
- Under detection limit, % infinite permselectivity.
— "
12} Total flux SF M|
L -“?(’:Cl' f::x SF 760.15 (a) ] ::.I‘{
Lok I EtOH flux A : ::;
_ 1ok
08 2
E 2
é 06 2
p SF Eost
04 3524.1% = . "
0.2
0.0 L 1
0 5 1 15
0.0 )
MI M2 M3 M4 Membrane thickness (um)
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Fig. 8. 70°C pervaporative ethanol dehydration perform- =
ance of synthesized MOR zeolite membranes for 90 wt.% F(b) ¢ o
ethanol-water mixture. v ::j
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Table 4. Pervaporative Ethanol Dehydration Performance Data Obtained in the Present Study and Reported by Others

Synthesis condition PV test condition PV results
Composition . Mem. Permeate
Support (szfj) S;I%H 1?1;10230 : nge’ T(‘Sgp thl((;kn;ss ( wt;]eeflzo) T(e;rgf’ (kﬂ/uXZh) « %5/15) Ref
Syt‘f:é?l‘?:ric(lgal:ﬁna C(’Teréimal 10:380'9250: 24 180  40-70 10 150 0.33 310 [48]
05 mm) (um) 0
abutar supports Commercial o o
(19 pm) and s?_e)d 096 - 40 24 170 40-70 75 95 0.08 75 [21]
asymmetlc one
. Template-free 1:01:
ffl:zu(slfguﬁ; seed 025:35: 16 170 4 10 75 1.60 1,300  [34]
) 0.1 (NHF)
. Commercial . o5 .
a-alumina tubular seed ) 8 180 5 10 75 0.17 104 [49]
(10 wm) 038 : 80
a-alumina tubular C"“;g;“’ial 10':270'?0;‘2: 72170 20 10 75 0.11  >10,000 [33]
g IS w6 w0 wa w
Capillary a-alumina Cofgiiml :) 7 60'.020: 24 170 3 10 70 1.1 760 5{3;
(20~30 nm) U
3 02 A3t RuEtH44-47]. 15 O RS g = Zte AEEe Tet] ofHoh whofol A& E
ol f FAL YHt f & ExfL 9 ¢ w2 A Sl Agte] EAdta sitigts 1 Yo 34
955 Yehlle 2& 48402 ##319t). Table 3 Aol Fo| MFA 9ty AT §53H7] wiEol
oA ©UdrtA~HrE A BE AHAA SF6 7147} et B3] otk ozt Aol A9 glo] A
E3E2] gttt et vkeh o] BrHuolE A&t Z5 Aol E BE|golA, Bl A S/ 7
O|E mlo|F27|F TRE oF WFOE § U g %, B9 BER{Ee Aadhe, ol BEF AN F
(2.6 x 5.7 2)¢F 12 YA 18(6.5 x 7.0 R)E °]Fo] Vs 29 olF 4= 27 WiEoE AdET) Fig
2 HbE b3 o2 8 YA wEET o] FojA ) 9ol FA7} B2 MiI~M4 E&|uke] & {3} B/oeke
o} J8la F upe|azr)| e Ao Fxoln 53, FHATE YePRSITE 7|9} 2o gk wh(M3, M4)
2 A7g zhe 8 A nEe Al AEA S I} FAL (M1, M2)< Hlwstd T/ oA B}
o} Tk 3 E EEUelE Al gl E BE S| A o] B3 Aol Hlug Eths e EAT 5 At
A(polycrystal)] 7% cZ, b=0] Hi A7 A3 T Table 40| 7]&d] HiuEo}lz mHUolE Egutz
ZE2 o]%y] wEo] 3RYAOR 55 A £359H 2 B AT Azd Eelve B 28 45 U
e e SF BAls F7) offh &, 49 = ERiQth Rud £ FAL EL v F £
Lo E A &2 E Fo| SFeE THA71A] E3the A F45S JeEE ko), B AFolAe) gk Eejuto)
& A&l E s vAl&EolE 71F &, Aol Ae d 522 F 54459 & B4F545S 715319
A9 ‘”ﬂri AL ot} wEta EHUolE A&} o} mEbA olehEo] g5 AFdA -8 B FA
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