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ABSTRACT

The synthetic conditions and characteristics of Z5M-5 type zeolites (ZSM-5/silicahte) for the preparation
of the zeolite compasile membranes for gas separation were investigaled. ZSM-5 zeoltes could be synthesized
by the hydrothermal treatment of the mixture of colloidal silica sol, aluminum nilrate, sodium hydroxide and
TPABr at a temperature range of 150-~1707 1n the autoclave. Silicalites were dane from the solution of water
glass, water, and TPABr. Their crystalline siructures transformed from orthorhombic to monoclinmic form and
their pore structures of three-dimensional chamnels were opened as TPABr filling channels was burned off
at the calomation temperature of 5007C. The specific surface area of the calcined zealite was about 360 m?/g
and its surface property was hydrophobic. Crystal sizes of ZSM-5 and silicalite were 0.5~10 pm and 8~10
um, respectively, having no change due to the calcination. In particular, the shape and the size of the ZSM-
5 type zeolile were sensitively varied with silica sources and concentrations of reaction solutions/sols.
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Structure
(RS AAAAE ol Fbsites AR-A%, WHgs Yol
L avie 2 BAEe g Asf 34

: )
B clvAfeE A4 dn e a4

Avkel whg o) 54 1A Feli LY A g gl 2
S werl A% me AUl B U8E 4+ A AR

F717 me) de W) me Al

—1064—



Agetelz sk Folatsl 44 0 S4KD

HAEE 2 oo, aet HA 33 Q) 28
Y3t Addshe AATEEs 4o o 55

(Knudsen flow)2 o] &slm l7] W) AEgxel 7
Aelg #dEr] elgdep - Aepale] sy 272
2~104 BNy =49 5 kel BAA S A
{molecular sievingje]r} ©)4) 7|3 Z4iHmicropare dif-
fusion) % F H4Hsurface diffusion)el] 2]%F & 7|4
2] EES Ya T e 7heide) X wWEe H=
e Aldelole-Auly] Hgate] st 7l e &
Sol 7 Qe elFxm sl

ZSM-574 Algelolee g 61 W=l s1EEo)

T3 A F2E Halshn oLy o
Aol eFe] Rpgdald ubel pA-TelmR Aa)
FeA] R FEkel 2%k FlA fEE
Ao AT F gleld ZjAER S 2ad gz
Hgy o= Hri=lw glch Zeolite Socony Mobile
Number 523 E22)92)= ZSM-5 A& Ex Ar
gaur®} Landolt™) 2]« 4 4oz 22 A=z
el ZSM-5 Al2ale]mel Fa A 4alzlale] Efsi-
licalitei= -Fulg o] 28R g Aelze| B

Al Za}tel 224 Grosest Flanigen®e] 3t4&}9dc), ZSM-
54 ALale]l= A= AR Fx A=A 7| 5-2a) 0].1_43]—
AR AAF Agelg wRlEle T2 s Y 7
Bl F= Al (template) 24 F-7] opdl Alel TPABr(tetra-
propyl ammenium  bromide)e]v} TPAOH(tetrapropyl
ammonium hydroxide)?} F2 lagn] 5473 339
AdE Afn dd FEHEL shisle] AHstedo}
B oAd Hee] g )1 3E g B view odld
9\1]:]_9—12)

Kokotailio §'¥1"& ZSM-57] #|&alo]=x =] Zo] o}
6Ao)z chute] ehanial A4 AEF b G4 )
Ade] 3atdHe 2 wAHe] 9= rlET2E 2o
amf o) w YAHE FF 2o 9hejz Fa
71 T2l WErh g2 gl olutdl=
ALefeles] 22 2 B4 BT g zwiy] gl
£ 5 =4 sl BE AR =Zrlel @
Aot g8 5 2R Y 7)F FHD 7 g

Tk olFeld Siv) T} 7l Bi3y-s) dAFE
Agute] 2 g mpA o g A7 ¥l ol 4R
ZEM5A Algelel=s] AR AV o TA A 2
AL 7F =27 B}l a27) W Eel GAlS 7R A
AL o) F ol 7] o3k B 95 809 Fide)
T2 Ael7] wFel U7} FAHE P4 Y3 zE
Fo2 PATE A Zeyle 2§ A)H Eels

==

o,

o

T
==

[l
aw- ol B
fe ox o At £ 32 lo

A 334 A 95(1996)

2 Pl F el F@ ZSM5A Al 2selE A1y
& AR AP EgEe] Aze) AA =7
Aelel] gt A77t elFoiziel @4 Felcl
iTE & 7l 2R 282 zle ZSMSA A
Tl B3 RElEE A e daEal A
A zel #ggk ZSM-54] gzt
el alolA) wby EREY 24 42 A 2A0E
H A 537} Aol ZSM-5A ] 2-2lolze] F 1 7)
TE, B 2ein viATE R o2g ?*é%—] a7

ri
i

jﬂoﬂ

2. AEur

21, dEj7t BEE/EY A=

ZSM-5# |l-getelee] FhAd B4 4l g H
7';-“1—]0] 1;:—157}_ Flg 1011 Zo-iz:] i]‘ou:i 4 _T'_ﬂoi] :Hq'}
.ZﬂHZ"O] A 34 r:rh:)é o olefd] 73l ﬁ}.g}. 7H:]-

Z5M-5 AlZete]l 28] TAAE 4 dR7) FEYozAE
E dPdela] Az g2eF g7 22 A8
o A Az e gy Pl TEOSES%,
Fluka) dA=E 25 2555 o]43 25= d=ye}
gl Hrlsle] 147 An Adstd g AA
TEOS} &9 Adefis 7l 24 wide] ddxns
& o5 £ 9hmolecular weight cutoff 3500, Spectrum
Medical Industries)& o]43le] F44 £ 7pd(<k 80C)
off =g &+ TEow =E Agtesd
pH7} 80 Axql F=e|d dzs) £ Al=g 4= 9)
o Z8M-5 d2alel=e) FA Ll abRey Aust
7] el Fadoeme gk A4 +Fo)508%, fu-
nsei Chemicah3t AL E F(95%, Tedia Col)d 2
2l ZSM-5H AZelelE @A Q4e] fEize
TPAPI{98%, Aldrich Co)2 *}&zbeic)

oo AEWeR ZISM-5 AlEetelE 4L 27 &4
A=t & EF 24elal ERER w2 Aaem
a7l o pASlEEH WO LFojFe
S8A 1 F TPABr& 48 SMM-1W) 8%
TAFUEET A4 GFvlE Bl dest &
TPABr& zE2 EFHMM-2)5He Sr71=] gyl g
o), BgEe] 2AERE 718 1L.3Na0- 10Si0,
0.1AL:05 - (500~ 1400)H;0- 0.6(TPAYO AT W24 &
TFE2 Tyt S0, 2L v|Foe s g4~ 1.0 male/17}
HESE &7 Ar7) 9] F=F 2Uslgion 94 &

olﬂ._ﬂ_
=2

—1065—



ZSM-5 Route

{

Silica sol + Al-nitrate + Sodium hydroxide
+ TPARBr + D.1. Water

Silicalite Route

Y

[Water plass + DT Water + TPABr

p-

1 Reaction Mixlure L
(0.4 ~06mola/t 510)

e

( Aging over 2 days
L {pH control)

Hydrothermal Treatment
(150 ~ 170 T)

S

[ Zeolile crystal collection i
L (Filtering & Washmg) 1

I

Calcinimg J

__

|
-

Characterization

DTASTG, X-Ray, BET, FT-IR,
SEM, Waler Yapor Ads_orphon

Fig. 1. Overall experimental flowchart.
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Table 1. Synthetic Condiians of ZSM-5 Zeolite Crys-
lals.

Table 2, Specific Surface Area and Water Adsorption
of Zeoliles

[ Crystallization Surface | Total pore Water |
Hydrothermal results Zeolite type area volume adsorption
treatment Conc. of (m*/g) (ec/m) (wt%)
Mixing conditions starting sol Z5M-5 360 l 0.1981 3 l
method mixtures Silicalite 385 0.1923 3
Tempe- | Time 04 06 5A
rature (n mole/l | male/i molecular 300 0.1896 13
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Fig. 3. DTA/TG curves for ZSM-5 crystals as synthe-

sized.
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Fig. 6. SEM micrographs of ZSM-5 type zeolile sythesized by hydrothermally trealing the reaction mixture with
the mole ratio of S10,:H,0=1:88 at 170C; (a) non-calcmed silicalite Chydrothermally treated [or 6 h),
(b) calcined silicalite (hydrothermally treated for & h), and (¢} calcined ZSM-5 {hydrothermally treated

for 18 h, reaction mixture prepared by MM-1).

Fig. 7. SEM micrographs of ZSM-5 zeolile synthesized by hydvothermally trealing the 510, sol nuxture at 1607
for 24 h, followed by calconing at 5007: {a) Si0y sol mixiure prepared by MM-1 (S10::H,0=1:88), {(b)
by MM-2 ($10s:H;0—=1:88), and (c) by MM-2 (5102 HoO=1 140).
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