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Synthesis of ZSM-5 zeolites with different morphology and their
catalytic performance in methanol to propylene reactions

JI Xiang-fei , ZHAO Jiao-jiao, AN Zhuan-zhuan, ZHAI Zheng-hao, ZHANG Zhi-yong, LI Jing
(School of Chemistry and Chemical Engineering, Shanxi University, Taiyuan 030006, China)

Abstract: Using cheap raw materials, ZSM-5 zeolites with different morphology were hydrothermally
synthesized by adding urea and adjusting alkalinity in initial solutions. The effects of zeolite morphology on the
catalytic performance in methanol to propylene reactions were studied. The results show that the contents of urea
and alkalinity have a great effect on the crystal morphology and growth directions. Specifically, ZSM-5 crystal
shows the slowest growth rate along b-axis direction and the crystals of product appear as flakes of about 130 nm
in thickness when urea/SiO,( mol ratio) = 0. 28 and Na,O/SiO,( mol ratio) = 0.035. As the content of alkalinity
increases within a certain range, the products gradually convert to the congeries of nano-size particles. The
characterizations of ICP, NH,-TPD, and N,-adsorption show that the SiO,/Al,O, mol ratios, acidity, and pore
structures for all the products are much near to each other. The products of flake shape show many advantages in
catalytic reactions; good selectivity in methanol to propylene conversions, high over 60% of olefin ( ethylene +
propylene ) , about 8.4 of propylene/ethylene ratio, and superior catalytic stability, being over 95% of methanol
conversion for 200 h continuous reaction. The excellent performance may be attributed to the short diffusion path
length along b-axis direction and high crystallinity.
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Table 1 Molar ratio of the gel composition and
the relative crystallinity of as-synthesized zeolites

Urea/SiO, Na,0/SiO, Relative
Sample o
(mol ratio) (mol ratio) crystallinity /%
Z-1 0.28 0.035 100
72 0.20 0.035 91
Z-3 0.10 0.055 92
74 0.10 0.075 91
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Figure 1 XRD patterns of the as-synthesized samples
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Figure 2 SEM images of the as-synthesized ZSM-5 zeolites
(a): Z-15 (b): Z-2; (c): Z-3; (d): Z4

YIS MR R F i, AT LA SR UT b Bl 1)
HK, 24 Na, 0/SiO, (mol ratio) = 0. 035 B}, urea/

Si0,(mol ratio) HLH1 0. 20 H4n%] 0. 28, ZSM-5 43 1-
%5 b A BE H ~ 240 nm FFEE ~ 130 nm, X 7] fig



750 P/ = S

L
¥

il 43 %

Je T AE SR AL WIIIN AR 3% 25 S ZOLE R (010)
T, T ] 5 (010) T3 B AU b 407 1) L 531
i R I A, 3 B bl 1) B T Y
urea/SiO,( mol ratio)= 0.20 Na,0/SiO,( mol ratio)
= 0.035 i, ZSM-5 43 FiifiifEHih 410 nmx260 nmx
240 nm R T7 AR, 75— 5E i [ N 32 = il EE | ZSM-5
O YIRS 2 AL S AR URE R AR (181 2(b) ~
F2(d)).

FFE A H-ZSM-5 (IR PE X H: MTP [ )i
PEREA REM , MR FRMERGR , WIN I = 45 o it — 2
KGR e O R A R B ROV, DT 5 3K
P e PE AR e 18 I C5 DL 4 s BT
DI R 5 AR IE RIS . 3R 2 T B A i IR
PEFREOE, e 2 AT, 4 ARE S O RESS H SR
MBS, A RMER, XX R aEH T
Al KR5S TI B2 e,

*2 FTEM ZSM-5 5 F i MRESA L RERME R
Table 2 Ratio of SiO,/Al, O, and acid properties of the as-synthesized ZSM-5 zeolites

Acid sites m,/(mmol + g™')°"

Catalyst Si0,/Al,0,* -
weak and medium strong total
HZ-1 222 0.079 (173 C ) 0.135 (345°C ) 0.214
HZ-2 215 0.073 (173 C ) 0.136 (345 C ) 0.209
HZ-3 215 0.089 (173 C ) 0.152 (347 C ) 0.241
HZ-4 220 0.096 (175 C ) 0.156 (349 C ) 0.252

*. bulk Si /Al mol ratio, determined from ICP results;

", density of acid sites, determined form NH,-TPD ( weak and medium, NH, desorbed at 100 ~ 300C ; strong, NH,

desorbed at 300 ~550 T )
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Table 3 Textual properties of the synthesized samples

BET surface area t-plot micropore area

Catalyst

t-plot external surface t-plot micropore volume®

A/(m* - g™h) A/(m* - g™h) A/(m? - g™h) v/ (em® - g™")
HZ-1 416 273 142 0.10
HZ-2 429 253 176 0.11
HZ-3 420 220 200 0.11
HZ4 426 275 150 0.11
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Table 4 Product distribution of MTP reaction over H-ZSM-5 zeolites with different morphology

HZ-1 HZ-2 HZ-3 HZ-4

Methanol conversion x/ % 100 100 100 100

Selectivity s/ %
Methane 0.4 2.7 2.8 3.0
Ethylene 6.5 12.3 12.8 11.3
Ethane 0 0 0.2 0.2
Propylene 53.6 47.6 47.5 50.3
Propane 0 0.9 2.0 0

C, 27.0 26.8 26.5 25.0

C; 9.2 7.1 7.6 7.9

Cs. 3.3 2.6 0.6 2.3

P/E ratio 8.2 3.9 3.7 4.4

* . .. . .
reaction conditions: atmospheric pressure, nCHBOH/ Py = 1, WHSVCHBOH =4.2h™", 490 C
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Figure 3 Conversion of methanol vs. time on stream over HZSM-5 zeolites with different morphology
(a) : HZ—l; (b) H HZ—Z; (C) : HZ—3; (d) : HZ-4
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