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Abstract — Zeolite membranes on various supports such as filter paper, cotton fiber, and glass fiber filter were pre-
pared by secondary growth hydrothermal synthesis. First, zeolite NaA (0.5 um) and silicalite-1 (=0.2 um) crystals
were synthesized as zeolite seed crystals, and they were attached to the surfaces of the supports via chemical bonding.
Zeolite NaA or silicalite-1 membranes could be synthesized on the supports coated with the seed crystals. The prepared
zeolite membranes were observed by scanning electron microscope and analyzed by X-ray diffraction.
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vloid Bheke- oy whete] vlste] 7]AIA Zm=rt AR, 2A)
A2} Aol EL] AHAAGT} vz u R whale] 27 ;o] A
717 FH, o] 2 Qlale] BAS B u] Aewr) o] "ojx|A
Aok AlgEo]E vhakd o] A 3ol A83 = 9l B &
A& 7 AL Qiek. @A Az AAA, PA, AEE, 394 A
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2-1. X[X[H|

Al &ejol E vhuke] A x| A| 2= Fo| HE] (Whatman), 21435 2
E](Whatman), WA 5-& ARSSKITE AAAR= 21 A71% 1om x
1 cmZ Ao} ofek&ollq 308 F<F $HFAI F Aol A%
313aL, EFallolA ThA] 308 B9t $FA1A ARSI AlF e
AAAR= 100 °CollA 3A17F 7AF810] oF W0l ARE3IIL)

2-2. HI=Z2P|E B 232l &y

A&etol E NaA2] 3d 4l wfete] Alzol= Fo)= 8o e
©] Ludox HS-40(DuPont, 40 wi% SiO,), sodium silicate(Junsei, 98%
Na,SiO5), sodium aluminate(Kanto Chemical, 31-35% Na,O, 34-39%
ALO,, NaAlO,), sodium hydroxide(Dacjung, 98% NaOH) 5= A}
43 o™, silicalite-12] 34 9 BFulo] Ao tetraethyl
orthosilicate(Junsei, 95% TEOS)%} tetrapropylammonium hydroxide
(Acros Organics, 10% TPAOH)E AM-3FSIC

°F 0.5um 719 A|&eto]E NaA= Na,0:AL0;:Si0,:H,0
~4:1:2:809] BU|Z GG, Bekrw WA F Al 42 FF7
% 200 g8 Wil ¢37]¢l NaAlO, 6.3 g} F&20]= 427} 100 g
& 27 Yo e of 108 B9k ko] B golo] HES 3
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Aok AHE F A T3kl of7]o] NaOH £918 Yol A2
oA 12A17F WHEAZ] & E2] 3 2333 (Nalgen, 250 ml) ol Hol
YRR 9 o] ol F=rt. 100 °CollA] 6417F HESAIZ] 3 AL
o= Yzstal, A4E NaAE olFsto] whg- Zia) fefsh vl
ZH5E o] W AFEsk 100 °ColA] 2A17F Bt AXxEIT).

2717} ¢F 0.2 pumS! silicalite-1-> TEOS:TPAOH:H,0=3:1:3302]
= FAsIlTE. EekaY vl7el S5 58.7 g TEOS 94 g,
TPAOH 29.0 g& 7| @31 Bk g-olo] = uj7}x] Zd-2of|A] oF 6A17F
THIAIA FE 4 AS 19t w871 el Y sk 180 °C
ol Al 6x]7F EoF WHES: ShEA wRA 7T A silicalite-1S
Azl o] SR o] w Alsh 3 100 °CollA 3A17E B}t
P =
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whake] A zoll= A Aol wheh AAAE Aol E A A
Wi vk vhehs WA= W (YAM37, primary growth), 5=
= AlEEelE A A-e AA A sfetd g o] 8-afe] A Il
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secondary growth)yS A3}
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propyltrimethoxysilane(CPMS) 81357} REGAIAA] 32l HA|
chloropropyl 22715 gt} 183 718-d AAAZ polye-
thylenimine(PEI)S AF8-8Fe] XA 2|2k T2 A& AFAIZTh
[20, 21].
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Table 1. Synthesis conditions for preparation of zeolite NaA membranes

Temp. Crystallization

Method  Seeding (°0) time (h)

Si0,:A1,04:Na,O:H,0

A-1 x 2:1:3.8:160 100 6
A-2 O 2:1:3.8:160 100 6
A-3 O 2:1:3.8:160 100 12
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Table 2. Synthesis conditions for preparation of silicalite-1 membranes

Temp.  Crystallization

Method Seeding  TEOS:TPAOH:H,O

©C) time (h)
S-1 x 3:1:330 180 12
S-2 O 3:1:330 180 6
s-3 x 7:1:330 180 12
S-4 O 7:1:330 180 6

J o+ Rigaku(Model R-XAS, Japan) X-X 3]H 4] 7](X-ray
diffractometer, XRD)Z ©] €33t} X-42 Ni ZEHE F33
CuKoA1S AMSI10 7, 40 kV 2 40 mAS] Z710A] )7 what
ZH20)S 5°0M14 60714 WSIAIZ[HA] 2281 9det. 212 ar XA, Al
ol E T4} A, Aleeio|E vt 3] 3 Rkt 2% FH
E FAFE A A& H] 7 (scanning electron microscope, SEM; Jeol
JSM-5400, Japan)o.& #HasII)
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A& E NaA 81 Fo] FE] $lol] 4117171 91819] Table 1
o Qokst A-1, A2, A3 52 ARSI oW, AR A Z AR
Zo] AE] 9] SEM AFIS Fig. 1(a)°ll HERIQIEE WA oekga) &
dlo= Mgt Fo| HElE I EHe| Bar AAA| $lel vi=
Fobs: A = A-1 HEg-ellA= wiato] TE| $lof] £of 44
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A AL, Wke- 87] woll Al&EielE NaA 27gE0] whz %]

Slom, Fo] Hejol= AlLTlo|Er} A2l o A drl 1
1} CPMS9} PEIE 212810 NaA F4F A4S Fo] el A3
71 AR A (Fig. 1(b)E AHE3H A29) A-3 BES-oxE= ZE] o) £ol
AE NaA FAERE] ALTO|E NaA7} o)xPdsto] Fo] e
o] ol w} ukto] & 9 718 SEMOE 7 4= 9t
(Fig. 1(c)). ¥F&- Alto] TR o] REGollA&= vluks FAJskar Q)
= Al&EolEL] e} oftt gRkor wkE- Al7lo] 71 A3 W
oA AlgEte|EQ] 24 o] t% ol |t A-3 ¥kl
A AR AEEe)E veke XA 31 'S Fig. 3(b)ell vERA
om, gk u]uE flste] Fol HE AR Ael] 7|18k %S Fig. 3(a)
of VERNRITE. T&ell vhel Q= 31 sl v} v]asl] 1A Fo] 2
B $loll NaA Al&Elo|EZF A IS & 5 Avh22].
A&}l E NaA ek A zA| 9} npz7[A| 2 silicalite-1 ¥}t
AZ2] 7N AXAE T EHe] nuiz Yo uleks gAds)
Al 3F= RE&(S-17} S-3)0llAli= Fo] ] Hel whato] Ad=A] oF
Skt 124 silicalite-1 S A7 o] A o] Sli= XA A|(Fig. 2(a))
E A3 S-29) S-4 WSO A= silicalite-1 ¥Eto] A A} S-2
FSollA= A o] Fo] I AAE s 9A= &3
A9 (Fig. 2(b)), TEOSS] o] At o2 ke S-4 WkS- 22710
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o3k SEM AFE Fig. 2(c)oll YERA oW, XA 34 &l
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Fig. 1. SEM images showing: (a) the morphology of filter paper, (b) zeolite NaA crystals attached to the surface of filter paper, (c) zeolite NaA

membrane on filter paper after the reaction A-3.

Fig. 2. SEM images showing: (a) silicalite-1 crystals attached to the surface of filter paper, (b) silicalite-1 membrane on filter paper after the reac-
tion S-2, (c) silicalite-1 membrane on filter paper after the reaction S-4.
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Fig. 3. XRD patterns of (a) a bare filter paper, (b) zeolite NaA mem-
brane on filter paper after the reaction A-3, and (c) silicalite-1
membrane on filter paper after the reaction S-4.

ZA¥sI3E). Zo] FEof| thK] CPMS ¥3= CPMS/PEIZ #]&|3}aL
FA AR BolA] 22 AR|A] Qo= NaAt silicalite-1 B12}o]
FAHA] okt

2. MR HMS20IE Hafe| &y
‘IW e AEE QT 94-98% %2 TS 0]—‘T=1, oFkel )1
W, =8, gk G0 o]0 QIrk. Mintova 52 HAE 318}
A, 7IAH o2 AeE sfo] A9l mwEs AR Foll AlZet
O|EZ At flell vk FABISATH1, 12]. 0] ArellA= wAdfrol
AZEIIE NaA $4F AHS shspddtel os WA ags & 1
2ol greke A9AR.

A&t E 4 Btell #7182 AT WAaRE Y vk
urekE A SR A-1 RES2 WA floll NaA vhete] @7
EA] dgkor, vt 9d¥ AEeelE dAkEe] THAM A 2
of Tt =0l 9= Zle & = AT WhHell, NaA T4 A7
©] CPMS/PEI A7z et WAl (Fig. 4(a)E A3 A2 F
SolM= AlETO)E NaA7) SR TE oAl ddsio] uiute] WA

Fig. 4. SEM images showing: (a) zeolite NaA crystals attached to the
surfaces of cotton fibers, (b) zeolite NaA membrane on cotton
fibers after the reaction A-2.

sfetsst Ml43d M6z 20054 123

Intensity (a.u)

10 20 30 20 50
26

Fig. 5. XRD patterns of (a) cotton, (b) zeolite NaA membrane after the
reaction A-2 on cotton.
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Fig. 50l AR AZ AME-¥ wdd3-2F dd1 Sl 4% Aol
E NaA 9] XRD #€lS 37 eIt
B Qo= silicalite-1 HEto] G R R] 9ot Al EolE &
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AL, FAE ARG S-29)F S-4 HEGoA = AlE o] EVE FX
oA oz} Adst AR WAl BojA] sl Qe S
28 4= Uit
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3-3. RElMR ZEO silicalite-1 91212] &ty

e RS AlEElo| B9 o] Aujrkel gy,
o7]e]l ok FEAo] EE ] JlojA Al&EolE uhke] 2]
Az o] AtE AL ATH19]. Freldfe 714 &) 7] wii
o 75t 7143 FdlollA] FIE = NaA Bhafe Az 4= Qe
], F285 ZE Yol silicalite-1 B2 A2 A| L33} 0]
73-F-olli= TEOSS} TPAOHS] =H] 12]aL T4} 7o) F-25o] Q)
=7l wket 22t o2 At dojxlrt.

Silicalite-1 &2} A7go] Afslo] QA 42 FeAFE AR
S-17} S-39] AFelA= vldo] A=A ki), 72v TEOSS}
TPAOHS] En]o) wle} 217]7} B silicalite-1 A4S0 Fal4dH
Ee] oA FHATE & F Uk AAAZ AHE A=
A e eb S-1 9l S3Hkgel o8] KA Aol FaE
silicalite-1 474 €] SEMAFIS- Fig. 6(a), (b). (c)ell 2+ vERSIct.

Aol WA silicalite-1 FAF 2788 A7 Fofl A A=
AFE3E S-4 HES-o M= silicalite-1 AR E0] 27 HE A&
715 AEA AR ghdto] 2 A ES] QIS et = Qltk
(Fig. 6(d)).

4.2 £
o] Aol Fol Wel, WAH, A e 52 A=

A8 AlE&Elo] E NaA B silicalite-12] WS Alx=38131c}, o]
o 2 ARAE AGE ol ALl vete 1 A1)
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Fig. 6. SEM images showing: (a) the glass fibers, (b) silicalite-1 crys-
tals synthesized on the surfaces of glass fibers after the reaction
S-1, (c) after the reaction S-3, (d) silicalite-1 membrane on glass
filter after the reaction S-4.
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