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Synthesis of Aggregate ZSM-5 Zeolite with Nucleation Gel in the Absence
of Organic Template

HUANG Xian-Liang ZHANG Rong-Rong WANG Zheng-Bao™
(Department of Chemical and Biological Engineering, Zhejiang University, Hangzhou 310027 China)

Abstract: The effect of nucleation gel on the preparation of aggregate ZSM-5 zeolite was studied under rotating
autoclaves free from the organic structure-directing agent. The influence of the nucleation gel on the
crystallization rate and particle size was investigated in detail. The physicochemical properties of the products
were characterized by using XRD, SEM, and N, adsorption. The results indicate that the crystallization rate of the
ZSM-5 zeolite is increased by the addition of the nucleation gel. The crystallization time with 33.3wt% nucleation
gel is 24 h while that without nucleation gel is 48 h. When 33.3wt% nucleation gel is added, after crystallization
at 150 C for 24 h, the average size of the aggregate is increased from 5.5 pm to 26.3 wm, and the specific
surface area is increased from 292 m?-g™ to 394 m’:g™. The mechanism for the crystal growth of the aggregate

zeolite ZSM-5 without organic template by the nucleation gel method is also discussed in this work.
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Fig.1 XRD patterns of products synthesized at 150 °C for 24 h by adding nucleation gel (33.3wt%)

with different pre-crystallization times
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Fig.2 SEM images of products synthesized at 150 °C for 24 h by adding nucleation gel (33.3wt%) with different pre-crystallization times
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Fig.3 Particle size distributions of products synthesized at 150 °C for 24 h by adding nucleation gel

(33.3wt%) with different pre-crystallization times
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Table 1 Textural properties of various ZSM-5 samples synthesized at 150 °C for 18 h
Al B1 C1 D1 E1l
Nucleation gel contents / % 0 9.0 16.7 33.3 50.0
BET surface area / (m*g”) 222 246 268 289 312
Micropore area / (m*+g™) 180 209 224 233 244
External surface area / (m?g”) 42 37 44 56 69
Micropore volume / (m*-g™) 0.02 0.03 0.04 0.06 0.08
Relative crystallinity / % 40.0 51.7 70.4 73.7 79.2
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Fig.6 XRD patterns of samples synthesized at 150 C for
24 h with various nucleation gel (190 °C 4 h) contents
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Table 2 Textural properties of various ZSM-5 samples synthesized at 150 °C for 24 h

A2 B2 C2 D2 E2

Nucleation gel contents / % 0 9.0 16.7 333 50.0
BET surface area / (m*-g™) 292 348 361 394 375
Micropore area / (m’-g™) 237 278 281 296 292
External surface area / (m*g") 55 67 80 98 81
Micropore volume / (m*-g™) 0.07 0.12 0.13 0.13 0.12
Mesopore volume / (m’+g™) 0.06 0.08 0.11 0.13 0.09




ERIR B SE A JORAR R T AR Ik S R ZSM-5 43 - i 2291

250
= A2 B2 C2 ‘
»n
Z 200 i ‘
&0 . ‘
81
= 50 - . - |
k=) ¥ y gpaspaEasae
_dé anall aat? 1;0'-“'..“"“. _’J/P "
S 100 ....-l‘ll' f'-.v
< - r
o
E 50
S
>

25% 0 0.2 0.4 0.6 0.8 1.0 00 0.2 0.6 0.8 1.0 0,0 0.2 0.4 0.6 0.8 1.0
& D2 E2 Relative pressure (P/P,)
@200
TC.W
§ 150 J
é 100 .,.ulllllllllln.lll_.J ..—ul-—nllllllllnlll_-
2 '.—-" N e
s
g 50
=
S
>

0

00 02 04 06 08 1000 02
Relative pressure (P/P,)

4 0.6 .
Relative pressure (P/P,)

0.8 1.0

(A2) 0.0wt%; (B2) 9.0wi%: (C2) 16.7wi%:; (D2) 33.3wi%: (E2) 50.0wt%
Pl o AT B AL AR Dk 1l 24 b BT AR RE i 59 N 102 A — 6 Y 2
Fig.9 N, adsorption-desorption isotherms of products synthesized at 150 °C for 24 h with various nucleation gel (190 °C 4 h) contents

Wi 1), XA LS T a AL AL A R R T
AR A ELHE R P A A B SR 1 B 2 AT RLE
I FH T30 P VR0 I A B R i B TR G R A
AR A AR S R, ERE A (1) P
WS I A L RE i B AR R AR (R /Nt
Wb R AR B AR AT R /NIRRT 2Z 18] A FL S
s AR AT ARG 0, LS SR ARG N 2) R
TS AT A SO H T b Ak TR | R A A [
) LA 35 AR e (R 25 R, DR o B LA
A1 TR LG 2% T AR AR AR /N
24 TBRWBERMEESK ZSM-5 4 F i B A K A1IE

TR ZSM-5 o T AR R Ko R R
S T LR JE B A R AR K R XA ZSM-
5 43T 1 LA S BIF 2 8 45 k) 43 i R R L FH A A
BN A L FRATTX e i AT Hh JC IR ) S5 T
Al AL TR Nk A 1 ZSM-5 43 F il B4 A K WL B
LSRR

FEVE 20 T MRk 24 b, ZE R HLBE T 2 0 R
AIHCRIE S, XRD FAF TR 1% Bk 4y iR 6 5 B 25
F R FRATTHR A P AR 284 R IR (190 °C) T
64 h, BABU/NRES S IR B SR T AT
TEG AR R e < dmfh > 3005 A0 O A 3 Ak

T 24 h WEEZ )5 B e 0 4 5 A L FE 150
°C. At A 25 e ] e R R B o 4 A v i, i 2 TRl 4%
Ao 4 < g o R A A B TR AR R 2 G
TEALE R R 2 | DU Rt R [
B, JCE Y — /N S 12 A8 VA o HOT
ok, 50 0TI RORS B, R B RN E 10B TR
A TSR A, G RE TE 4 R A IR R S AL 1
TR PR A YK B T R b AR P R AT
A figt /N BT

B o A B ) A B o AT & ARV 1 5 4
JOT T T B WL O R T 0 18 VA BReAR 7 b i R
g5 b T RAORL ) T G e L oR B B 10C
7R o A I T A TR 1 58 S ) o 8 kK B[]
i S [ & 7= % o B B8 S % AR K e
SRR ORI AT R LG BB AL I Ti] ) 4k 2
FEA I AT AR A AR S8 B, R ORI , Bl
R4 /NEURL R B E N E 10D B, A A i
i FL T B /NIRRT 22 ) 25 R

VA B FRATT R RE SR 10 A AR BOas hnid | E
FEE(100 r-min™) TG LT ZSM-5 43 F i, 75 21 /9 &
AR 5 5 sl bR A ORI I X K 11
A LU B B F1 28 v 45 3 1 0B AS S iR 22 | [R) B



2292 Jx Hl fk

- %28 &

Nucleation gel

M

Amorphous gel lump
A B
@

*> Nuclei particles

®e z %3
®op _ 12
8@« » %

Particle aggregation

C D

® .
. o l.;

SYR

°. ® o5 TrFL*

° Nuclei enveloped by amporphous gel

(1) with nucleation gel; (2) without nucleation gel
P10 TR AR IR i 45 i ZSM-543 7 Ui B4 AR K HLBE

Fig.10 Schematic representation of proposed zeolite growth mechanism

14
12+
10 +
° 2.3 pm
s 8r
g
s °r
>
4 L
2 .
0 i 1 L
0.1 1 10 100 1000

Particle size / pm

B S TSRS Y SEM MR BORL AR 4315 18]
Fig.11 SEM images and particle size of sample, synthesized at 150 °C for 24 h with nucleation gel (33.3wt%)

/i PSR A S 35 JORE /N JLANROK | T Mt
FEAT BN RYHE S BURLZE/NF 22, AR SR T 58 4x i S K
A AR, R LA I i 5 A ) ) R 2
ORI A B A OB ORI IK B LA R
K, ERBULNZA, PEe FATHERT S BEHE 2 RO
ae AR, A LA T M R A P SR AR A ) T
Ji PR T B AL AT A 0 S8R A 2 S A TS
gy, BERZW) SR BRI S T A 5 K R AT 3R
PRI

3 & it

AL EBEHBEET AL FE S MRS T OB 2R A T

IS IS AR B B I ZSM-5 43 i (4 5 1| 1 240 4
FE T PR TR X5 B AR A il ) 2 B N 2R
T 52 ) AF 5 K B 0 A Y4 i A BT LA BH S iR
A3 F 0 S A R A A ] e ROR 1 48 h 46 8 #)
24 h, VSINTR AR AR BEAE 150 CARAL 24 h BT
3 ZSM-5 43 0ifi P 3R 44 i) JBAT K /N B 25 104 6 T
A A K, 6.5 wm M KF] 26.3 wm,
VAT 5 R B0 114 b 2% T80 AR LU SR WA o 00 i A VA 30 1 4
T (292 m?- g ) TN R RR BE A B AN i
33.3wi% M 394 m?- g™t KIS AL RS I S A
ZSM-5 5T, AR ARISURL ) B B 2 22 2 ol T e
ML 8 e WA 49 B 78 43 B P



B

BT A O R T A AL R N A i ZSM-5 431 Bl 2293

Sk,

[1] Nicolaides C P, Kung H H, Makgoba N P, et al. Appl. Catal.,
2002,223(1/2):29-33

[2] Adewuyi Y G, Klocke D J, Buchanan J S. Appl. Catal., 1995,
131(1):121-133

[3] Argauer R J, Landolt G R. US Patent: US3702886

[4] Tosheva L, Valichev V P. Chem. Mater., 2005,17(10):2494-
2513

[5] YANG Jian-Hua(# #%€), YU Su-Xia(F % #), HU Hui-Ye
(W XM, et al. Chin. J. Catal. (Cuihua Xuebao), 2011,32(2):
362-367

[6] YU Su-Xia(T % #), YANG Jian-Hua(# #4€), CHU Nai-Bo
(F1759%), et al. Chin. J. Catal. (Cuihua Xuebao), 2009,30(10):
1035-1040

[7] LIU Bai-Jun(XI H %), ZENG Xian-Jun(®§ % ). Acia Phys.
Chim. Sin. (Wuli Huaxue Xuebao), 2009,25(3):1921-1927

[8] Grose R W, Flanigen E M. US Patent: US 4257885

[9] Plank C J, Rosinski E J. US Patent: US 5102644

[10]Klocke D J. US Patent: US 5240892

[11Martinez N P, Lujano J A, Alvarez N, et al. US Patent: US
5254327

[12]Kang N Y, Song B S, Lee C W, et al. Micropor. Mesopor.
Mater., 2009,118(3):361-372

[13]Kalipcilar H, Culfaz A. Cryst. Res. Technol., 2001,36(11):
1197-1207

[14]Machado F J, Lopez C M, Centeno M A, et al. Appl. Catal.,
1999,181(1):29-38

[I15]Han W, Jia Y X, Xiong G X, et al. Sci. Technol. Adv.

Mater., 2007,8(1):101-105

[16]Uguina M A, Delucas A, Ruiz F, et al. Ind. Eng. Chem.
Res., 1995,34(2):451-456

[17]Shiralkar V P, Clearfield A. Zeolites, 1989,9(5):363-370

[18]Kim S D, Noh S H, Seong K H, et al. Micropor. Mesopor.
Mater., 2004,72(3):185-192

[19]Sun H Y, Wang J G, Hu X, et al. Catal. Lett., 2000,69(2):
245-247

[20]Li Y S, Zhang X F, Wang J Q. Sep. Purif. Technol., 2001,
25(2):459-466

[21]Pan M, Lin Y S. Micropor. Mesopor. Mater., 2001,43 (3):
319-327

[22]HUANG Xian-Liang(# %5 5¢), WANG Zheng-Bao(ZE 1E %),
Chin. J. Catal. (Cuthua Xuebao), 2011,32(11):1702-1711

23|Edwin E J, Elmer N J. US3492090

24|Miyazaki H, Arika J, Aimoto M. US Patent: US 4678651

25|Liu Z Q, He M Y, Li M G. CN1621349

26|Ren N, Yang Z J, Lii X C, et al. Micropor. Mesopor. Mater.,
2010,131(3):103-114

[27]Majano G, Darwiche A, Mintova S, et al. Ind. Eng. Chem.
Res., 2009.48(15):7084-7091

[28]Marc P, Stefan H, Rachel M R, et al. Angew. Chem. Int.
Ed., 2001,40(15):2839-2842

[29]Christian B, Thomas W, Lynne B, et al. Science, 2011,333:
1134-1137

[30]Shan Z, Oudshoorn O L, Jansen J C, et al. Micropor. Mesopor.
Mater., 2000,34(2):81-89

[31]LI Xian-Ming(Z* % W), WANG Zheng-Bao(ZE iE %), ZHENG
Jie(K8 i), et al. Chin. J. Catal. (Cuihua Xuebao), 2011,32
(11):217-224



