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Zeosil 777 sodium silicate #H#S silicaffo® A2-3tod ZSM-5 ¥ Silicalite-18 KESKIH
o, RERES] MK, P, SUERE o RERRT 5o Rt v1A+ ks FESIGH,

ZSM-5+ RERES #ke] EMtpY EHEA Na,0/ Si0,=0,05~0, 2, Si0,/ Al,0;=30~oco,
H,0/ Na,0==200~600 % TPA*/ Si0,=0, 129 $E#A S £X=1Uch. ZSM-58! zeolited]
kel Yol SRl 287 Aol ol FHEHAR o RELfteriiol WHEE T, Ad B
el 275 Aol o 4 il

Silicalfie 24 Kl Zeosilah-d AHEg 74} sodium silicate solutionoll Zeosils 233 uf
7} 1% wlE BRLEES ERI

Sodium silicates} Zeosils iEFAsI ZSM-5(Si0,/ AL,0,=68)% At w9} Silicalite-14
A oo ARER o AR ESBREAA 2sle B bRl 22t 54, 22K]/ mole(ZSM-5) %
40, 15K]J/ mole(Silicalite-I)o|9i.om, ZeosilaFs silical®o 2 AHE3S 7399 Ei{bolvix & 2zt
60, 38KJ/ mole(ZSM-5) % 40, 26K]/ mole (Silicalite-I) o|3it},

Abstract— ZSM-5 and Silicalite-] were synthesized hydrothermally using Zeosil 77 and sodium silicate solution as
silica sources, and the effects of reactants composition, aging time, reaction temperature and reaction time on the zeolite
crystallization were investigated.

It was established that the oxides molar ratio of substrates resulting ZSM-5 type zeolite in high purity were as
follows;

Nay0/8i02=0.05~ 0.2, Si05/Al;03=30—co, Hy0/NazO=200-600, TPA* /Si0;=0.12.

For the ZSM-5 type zeolites, the induction period, and reaction time and the obtained crystal size were found to de-
crease progressively as the aging time is increased up to 2 days. At the same time, the higher rates of crystallization
were obtained when sodium silicate solution in conjunction with Zeosil was used as the silica source than Zeosil alone.

The activation energies for the nucleation and those for the crystal growth step of ZSM-5 and Silicalite-l were 54, 22
Kl/mole (for ZSM-5) and 40, 15KJ/mole (for Silicalite-I) when sodium silicate solution blended with Zeosil was used as
the silica source. On the other hand, the activation energies using Zeosil as the silica source were 60,38 KJ/mole (for
ZSM-5) and 40, 26KJ/mole (for Silicalite-I), respectively.

261



262 AAZ .

ZSM-5%= u]Ze] Mobiljtell &]ate] 1972 7t
A1) B  zeolitez A, ZSM-11E7 &7 Si0,/
Al,0,¢] 7t %o} Pentasil zeolitezhx 817(2, 3],
253 AlgFzo YAlske A4 Zelr]Eol

£3] o] zeoliter HEFEEZYE A SEt
7} e g 22 & FAH(MTG process) 22
Qdg 4 m, skEE fiol theh Adule| 3 A
o2 oy glri4],

Zeolite?] &K KE B mechanisme v
Balm BibHolo)4] Huidl M-S oI7)7} Zakeld,
E3 27peaAolA 2 RS A3ae-E 7Y
s oef-go] U5, 6],

duidoz, zeolited] HA#AH 3lol4 Nat &
ofo] & HikES A5t Aoe I3 Yedl(7],
TPA ]2 silicate ©]-o|+} aluminosilicate °]2
3} A¥sted complexd FATH, ZSM-5 59 £
KRB A structure directing ZH8-2 3= tem-
plate 715% 710 HAeg Azsn e8], ZSM-5
= oiztglg4o] 2 (Li*, Na*, K*)3 TPA*(tetra-
propylammonium) 2] 23kl A= =3, TEAY
(tetraethylammonium), alcohol¥, amine® % 7|
B} 7185 Aed o[9)s sl glen, #7|
templates #7belAl @kx AHE 74+ AoH10).
2]} TPAY, TEA* 59 template® ~H&3HA %
on] $£43 ZSM-5% Grsl7|7F olel Aoz o
A Qlet,

2 Zol| ZSM-59] A W MEESA w3 wRst
de) Adsls glont, MR RS Aolol
71lsle] ZSM-59] Hepdiel 3k siAle] M2 ohE
AT Qln, AEEel el o AEY oI2]7} 9l

A Bl e, silica HREHES Rk RERE
o] M o BUREEEIol ZSM-58! zeolited] &Kol F
2% 49% olAeebn AAsD, Zeosil 777 so-
dium silicate AMS silicalfo® AREsle] RAEE
gl e 43 SRS AR,

2. B B

2-1, 8REH
Zeosil 77 (@MALBB T . LIT  Zeosilz REEC)

sistast Xi26T M3z 19887 6

o)

sodium silicate A (@M BHT)E silicalfe®
2H&sla, 55 NaAlO,2F NaOHE ALO; % Na,O
Fo = 3dlgler, Fluka #&el &5 tetrapropyla-
mmonium bromide®} tetrapropylammonium hy-
droxide (Li# TPABr % TPAOHZ B&3)S TPA*
How #A ZSM-5 ¥ Silicalite-Ie KEGHSHA
2

Zhzbe] RERE Mo dedt JFatel Aol 2
S0 et A5 B2 dled AMESHAcE,

2-2, 334

&3 ZSM-59) Silicalited] &% % kE&bES]
ZAolE XA (Philips pw-1700, CuKe,
40KV, 25mA, Nifilter)§ AH-stalemd, EHEF
BESE (Hitachi X-650)-% AF3slol #&e ¥ %
azls #Asc

2-3. ZSM-5B! zeolite?]| ERGRIBIFE

ZSM-5 % Silicalite-19] 4SS FAAE] 4
3o, Zeosile silica BEE St EApel ke
7} Na,0/ Si0,=0,05~0. 3, Si0./ Al,0;=20~0o,
H,0/ Na,0=150~600 = TPA*/Si0,=0,129 *
ol =& oe] WES FWsll Bykslrl @3 170C
oAl 1~72417F Bk wRSAIZch, AR 1417E
Ao g AHste] A, ofsla 120CAA 2447
Az F, X-#ETHe 2 R o it

2-4, BUREER) o RERE

RRERE e kel ZH7 11.7Na,0-AlL0,-90Si0,
-3510 H,0-10.8 TPABr(ZSM-5), 0.13Na,0-SiO,
-52H,0-0, 12 TPABr(Silicalite-1)q] #H5 =43}
o] 30ColA 0, 24 o 4847 FoF BUKZ ohE,
170Col A 1~12417F 23417 2+ zeolite®] FEEAERK
of mlAlE BEEFASl oJ3e ZAbskdch wd Sist
23 ke FREHEES 30Tol4 24417F Byt
150, 160 = 170°CollA 1~12417F 22| ste] FAERME
o] 33k A&t

3. BR A ER

2-3Ee] wWedlel] =& of¥ RERETE AT
3, amAeste e REERYS Xk
SHf, AEZ A3, Fig. 1o vebd SUERES RE



ZSM-5 % Silicalite= 12} 344 (1) 263

SiO2

. Al,03
Si0; mole %

mole % 90 10

Na,O Al>O4
804 15 10 5 A0
- NaZO
mole %

Fig. 1. Experimental substrate compositions for
the synthesis of ZSM-5 and Silicalite-I in
the 1‘820'1&'2()3'Si()z'l{z()"l‘l’l&+ system.
Zeosil 77 as silica source, No aging,
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Fig. 2. Effect of Si0,/Al,0; ratio on ZSM-5 cry-
stallization.

Zeosil 77 as silica source, Nax0/S8i0,=0.13,
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Fig. 3. Effect of Si0Q,/Al,0; ratio on ZSM-5 cry-
stallization.

Zeosil 77 as silica source, Na,0/Si0;=0.13,
H,0/Na,0=300, TPABr/Si0;=0.12, No ag-
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Fig. 5. Effect of H,0/Na,O ratio on ZSM-5 cry-
stallization.
Zeosil 77 as silica source, NayO/Si0,=0.13,
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Fig. 6. Effect of Na,0/SiO, ratio on Silicalite-I
crystallization.
Zeosil 77-as silica source, SiOy/Al;03=c0,
H,0/Na;0 =400, TPABr/Si0O2=0.12,No aging,
Reaction temp.: 170°C
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Fig. 9. Influence of aging time and different silica
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Aging temp.: 30°C, Reaction temp.: 170°C
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Fig. 12. Scanning electron micrographs of ZSM-5 and Silicalite-I crystals with different reaction time.
Zeosil 77 as silica source,Substrates composition: 11.7 Na20-Al203-90 Si0,-3510 H,0-10.8 TPABr for ZSM-5

and 0.13 Na;0-Si03-52 H;0-0.12 TPABTr for Silicalite-1
No aging, Reaction temp.: 170°C, A: 10hrs (ZSM-5), B: 24 hrs (ZSM-5), C: 3.5 hrs (Silicalite), D: 15 hrs (Sili-

calite)

E F

Fig. 13. Scanning electron micrographs of ZSM-5 crystals (A,B,C) obtained from the same composition of
11.7 Na,0-A1,0;- 90 Si0,-3510 H,0-10.8 TPABr, and Silicalite-I crystals (D,E,F) from 0.13 Na,O-

Si0,-52H,0-0.12 TPABr with different aging time.
Zeosil as silica source, Reaction temp.: 170°C, Reaction time: A,B,C (8hrs); D(4.5hrs); E,F(6hrs), A, D: No

aging, B, E: Aging 1 day at 30°C, C, F: Aging 2 days at 30°C
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Table 1. Apparent activation energies for nucleation (E,) and crystallization (E,) of ZSM-5 and Silicalite-1.

Zeolite Substrate composition Temperature Silica This experiment References
range (°C) source g ( KJ ) E KJ \ (m >
mole-°K,) ¢ \mole-°K, "\mj ole-°K,
sodium 199.5(ref. 19) 238.6(ref. 19)
ZSM-5 11.7 Na20-ALO;- 150 ~170 silicate + Zeosil 77 54 22 25(ref.22) 29(ref.22)
90 Si02-3510 H,0- solution 36(ref. 23) 84 (ref.23)
10.8TPABr 150~170 Zeosil 77 60 38 134 (ref. 23) -—
sodium
Silicalite-I ~ 0.13 Na;O-SiO; - 150 ~170 silicate + Zeosil 77 40 15
52 H,0-0.12 TPABr solution 38(ref. 22)  46(ref. 22)
150~ 170 Zeosil 77 40 26

mole(ZSM-5) % 40, 15K]/ mole(Silicalite-I)¢]%}
o, Zeosilibs silicalfe.g AREslod 93 Y
of MKk 3 RFEMEE slollxl 7t zeoliteT ASIAS
wje] iEEfvel = 27 60, 38KJ/ mole(ZSM-5)
%l 40, 26K]J/ mole(Silicalite-)ol¢ich, ° Hah=
Fig. 163 Table loil dZato] el
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Fig. 16. Dependence of induction period and cry-
stallization rate on reaction temperature
for ZSM-5 and Silicalite-1.

Zeosil only (0 @ ) and sodium silicate solution
in conjunction with Zeosil ([ M) as the silica
source
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