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One-Step Synthesis of High-Silica ZSM-5 in the Absence of Organic Amine

HU Su-Fang WANG Yan MA Jing-Hong™ LI Rui-Feng
(College of Chemistry and Chemical Engineering, Taiyuan University of Technology, Tatyuan 030024, China)

Abstract: The plate-like high-silica ZSM-5 zeolite (ng /ny 0,>90) with uniform morphology was synthesized by

hydrothermal method at a lower crystallization temperature (130 °C) in the absence of organic amine and seed.
The effects on ratio of the amount of substance of reactants on the synthesis of high-silica ZSM-5 zeolite were
systematically investigated. The synthesized high-silica ZSM-5 zeolite was characterized by XRD, FT-IR, SEM, N,
adsorption/desorption and *Si MAS NMR techniques. Results confirmed that the synthesized ZSM-5 zeolite
(e u,on/nsio,=2.8, ny, 0/ngo =0.14, ng Iny o, =150) exhibited high crystallinity of the product. The specific surface
area and micropore volume were 409 m’-g™ and 0.14 cm’+g™. *Si MAS NMR analysis showed that the ng /n o,

was 96.4.
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1.1 RXFENE

NaAlO,,NaOH , C,H;0H #2473 #7 4l i 1) | g F
KT RE 2 WA 20 A B /), R 4R Al
b, S Si0, 5N Aerosil@200, 14 F i 1 Tl B
onEl, RETFKA AR,
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min™' ¥ 20 i FIFE 22.5°~25°Z [ [ XRD 117 5 06 1
HHEAT B, I LL T-ZSM-5 £ 22.5°~25° Z [a] 1)
XRD 7 5 W 1 BUVE R 1009485 & 5, il A5 1R A 1
XRD XJ N i 437 5 g 1 AR 5 T-ZSM-5 1B X LE 75 21 A
X2 B (RC).,
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FE i BB 338 3 JEOL/JSM-6700F #4414 1 58
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TERESh & b, SR K AR O 00 R R B 5 L i
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Yy PR A AT 3 B R 2 70 mg FOFE A 300
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FE i 9 NMR 9 38 7 Bruker Avance I 500
MHz -5 5 73 FEAZ G R3S A AT, #Si NMR 35
A, HEPRI%.99.36 MHz, 98 (fh1i%8).
200, R FEERF ] :25.9 ms, SEIR B[] .5 s, bk oh 58 B
1.5 ws, RFEREL .2 048, 5% 34 .8 000 Hz,

1.2 ZSM-5 #AHE K

ZSM-5 B A1 B G SR B IR IR ngo o -
Mo Mineo e on =1:(0.0035~0.013):54.7:(0.12~0.17):
(14~42) MY M2, &M S0,
NaAlO,,NaOH, C,H;OH , I A 25 & 17K JF 4
HE T 30 CRERBERE 2 h, SR IO R 5
J TR 0 e B8 Z A R DU B 207 PR AT 0 R 455 R
NiZEH TE 130 CHEAH Eafk 7~20 d., ARSI S
W AR = R v A A e R R R T
KV BEARDTIE Y & pH=7, 2RJ5 T 100 CHLF
T FRERIGFEYLL 2 Comin™ FHEZE 200 CH
2 h, #5LL 2 Comin™ THlR 2 550 CHibE 8 h, Bl4H

FI| ZSM-5 Wb A1, K4 A B I T A [) B g 4 B A B
(89 ZSM-5 FE fi it 45 4 Z-xN(n, o /nsio )yS(nso /o, )-
2C(nenon/nso,) » Hor 4 AR 3R Ny, 0/Msio, >y % N0,/
Mo, »2 & ne.on/Msio, o

LA TPABr R 4548 5 1] 1) 45 i ZSM-5 A1, 4% B
Tsi0, T aLo, TV i,0 TV 1,0 “TUIPABTUNIE, 1,0 “TVNa,0 =1:0.006 7:
16.5:2.0:0.05:0.3:0.014 ¥ B i i Z T 180 C i
k3 d, 15 201 ZSM-5 B A FE dlviim 45 0 T-ZSM-5
2 #R5tR

AILHET 1 T si0, *T ALO, TV i,0 “TVNa,0 TV H,0H =1:
(0.0035~0.013):54.7:(0.12~0.17):(1.4~4.2) 1 J5 L 9 4
JoT e 22 EL Y TR P R AL X A B ZSM-5 T Y
SO SR 1 PR, G5 RRW TEA IR IR R
TN W, 130 CF ébfl 7 d, Frd ke dh 35 S 4l
A ZSM-5 B, JFURHAD H i AR fE AUfE ZSM-5 kA1
AR &5 b R A A

R1 ZSM-5 BAMEHBRMRHMEZ LR EXERE
Table 1 Ratio of the amount of substance of gel and relative crystallinities (RC) of ZSM-5 samples

Ratio of the amount of substance of gel

Sample Time / d RCxpp / %
Ny, 0 /M0, nsio, /M0, ne o /Msio,
7-0.14N-150S-0C 0.14 150 0 7 0
7-0.14N-150S-0C(20 d) 0.14 150 0 20 22
7-0.14N-150S-1.4C 0.14 150 1.4 7 16
7-0.14N-150S-2.1C 0.14 150 2.1 7 63
7-0.14N-150S-2.8C 0.14 150 2.8 7 108
7-0.14N-150S8-3.5C 0.14 150 35 7 76
7-0.14N-1508-4.2C 0.14 150 42 7 53
7-0.17N-150S-1.4C 0.17 150 14 7 13
7-0.17N-150S-2.1C 0.17 150 2.1 7 90
7-0.17N-150S-2.8C 0.17 150 2.8 7 65
7-0.17N-150S-3.5C 0.17 150 35 7 43
7-0.17N-150S-4.2C 0.17 150 42 7 30
7-0.12N-150S-2.8C 0.12 150 2.8 7 35
7-0.14N-76S-2.8C 0.14 76 2.8 7 39
7-0.14N-100S-2.8C 0.14 100 2.8 7 85
7-0.14N-286S-2.8C 0.14 286 2.8 7 27
7-0.17N-76S-2.8C 0.17 76 2.8 7 33
7-0.17N-100S-2.8C 0.17 100 2.8 7 50
7-0.17N-286S-2.8C 0.17 286 2.8 7 48

2.1 ncpon/ngo X ZSM-5 #H 45 & E B0
A WER T ARRIMCEE 130 Chie 7 d 5
#1519 Z-0.14N-150S-0C #£ & XRD 45 8 L 2B

(E 1A), K FH AT a1 2 20 d J5 & LY Z-0.14N-
150S-0C.(20 d)F i A4 H B 55 19 ZSM-5 6 A1 19
TEATT S5 06 | RE X 45 BE A 229% , AHIR) 2640, W8
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a: Z-0.14N-150S-0C; b: Z-0.14N-150S-0C(20 d);
c: Z-0.14N-150S-2.8C
1 ZSM-5 #4711 XRD [ AR 5L 21 40 S
Fig.1 X-ray diffraction patterns and FT-IR spectra of
ZSM-5 zeolites
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() S AR TR I EIS TN & B RS 46 A S AL 5
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(16% 1 13%), A BLEERE h B A i) | BT A ek 4 DY
T AR AN FE DRI ER 480 DY T AR 245 A Ak ok AR S [] R
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AR | A5 2 i BE 5 R0 1) ZSM-5 4 I il £ it
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Fig.2 Relative crystallinities (RC) of ZSM-5 samples

synthesized using different amount of ethanol
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iR AR K S T TS 4 0C 22 ik R TR 3k 19 17 ik
FRIG I, X b AR A A SR | A R A R
SN
2.3 ngo/ny o X ZSM-5 #0 45 & BRI 00
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Fig.3 Relative crystallinities (RC) of ZSM-5 samples

synthesized with different ng /ny,0,
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15, ZSM-5 s A7 Y RUA% S B R gt A A R TR R
SR BB ERHBE L ne y on/nso =1.4~4.2 ,ny, o
Ing,=0.12~0.17 ,ng Iny o =76~286 FWHEIN, R
7 T 4l ZSM-5 W A7,

Kl 4a H 7-0.14N-150S-2.8C ¥ i (RC=108%) 11
SEM K&, M\ SEM (&l 4a)W] LI 1, ZSM-5 W A1
ALY — RIDGH  WEARIICE B B, Y5 10
pwmxS wmxS wm FIARIR B AR nSiOZ/anOfFﬁLCﬁ
B ) ZSM-5 WA A X A IK  th IE 4b A e
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a: Z-0.14N-1508-2.8C; b: Z-0.12N-150S-2.8C;
c: Z-0.14N-765-2.8C
Kl 4 7SM-5 b1 9 £ 1 53
Fig.4 SEM images of zeolite ZSM-5
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R, ROAEBAR A AE X R 1 (plpe<0.02)3 Bl 9 A B
8 AR B TR p/pe>0.02 DA b B BT
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Fig.5 N, adsorption/desorption isotherms of ZSM-5 samples

synthesized at different ng, /ny,o,

ZSM-5 il A 14 B 2R RE 40 G 07 38 5 Si MAS
NMR &R #EATIE , B 6 4 Z-0.14N-1508-2.8C #
Al Si MAS NMR #45 KE, b= 0if-116 8
UAE T —113 A 56 i 1 0 U1 J& oA Si(0Si),, —106 48 19 /7
U U5 & 1 (A10)Si(0Si)s, THEE AT AL, & LA ZSM-5 i
A BIE R ngo Iny 0,=96.4, BEHITE LI bl I i 45 T
e RELIAH Y ZSM-5 Bk

6 ZSM-5 ¥l 1Y ¥Si MAS NMR H#8L# [&13%
Fig.6  Fitting spectroscopy of ®Si MAS NMR of
7ZSM-5 Zeolite

3 & it
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AR AL EE | A o-Si0, 24 M= A L 5
B, A BCRE AR R Nart RB A2 i2F ZSM-5 ¥ A fh ik,
LY ny, o /nso, AT ZSM-5 W A0 25 & BE A 5 5
TIIMEA BEE T g fny,o=76~286 JEHEIN, W2
8 T 2UA ZSM-5 B 41 ngo Iy, o XT ZSM-5 B £
ABERIKFEN BEE ngo /ny o BN, 53 A ZSM-5
WA AHXT S R B e Y I (E A B 150 B
S5 IR B R PRI T R L TE gy on/nso,=2.8,
Ma,0/Msi0,=0.14 Tl ngo Iny o =150 FY A} 4y J5 14 fit
Z AT A R ZSM-5 HLAT B e 1 45 5 R R
AHR AL LA, BB —
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