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Fig. 1 XRD patterns of different samples treated with NaOH
a: 0 mol - L_lNaOH, b.: 0.025 mol - L_'NaOH,
¢: 0.05 mol - L' NaOH, d: 0.075 mol - L NaOH,
e: 0.1 mol - L”'NaOH
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Fig.2 SEM images of different samples treated with NaOH
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Fig. 3 NH,-TPD profiles of different samples treated with NaOH
a: 0 mol » L”'NaOH, b: 0.025 mol + L' NaOH,
¢: 0.05 mol - L""NaOH, d: 0.075 mol - L"'NaOH,
e: 0.1 mol - L”'NaOH
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Fig.4 IR spectra of pyridine adsorbed on different
samples treated with NaOH
a: 0 mol - L_lNaOH, c: 0.05 mol - L_lNaOH,

e: 0.1 mol - L' NaOH
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Table 1 Results of SAR, NH;-TPD and pyridine adsorbed of different samples treated with NaOH
. @ WeakAcidity? StrongAcidity® Total Acidity @
Sample n(Si0,)/n(Al0,) " . N,/N. ¥
(mmol + g™") (mmol - g™") (mmol - g7)
a 144.7 0.102 0.026 0.128 8.00
b 135.6 0.105 0.026 0.131 -
c 123.8 0.129 0.025 0.154 6.29
d 98.2 0.138 0.029 0.167 -
e 45.8 0.173 0.027 0.200 4.82
@. By XRF analysis; . Acidity of the first peak; ). Acidity of the second peak ;
@. The ratio of number of B acid to that of L acid.
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Fig. 5 N, adsorption-desorption isotherm and pore distribution of different samples treated with NaOH

a: 0 mol - L_'NaOH, b: 0.025 mol - L_lNaOH, c: 0.05 mol - L_'NaOH, d: 0.075 mol - L_'NaOH, e: 0.1 mol - L”'NaOH
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Table 2 Texture parameters of different samples treated with NaOH

Sy Spiens” S ” Sen? Vi Voiers Voo
Sample R
(m* g (m-g')  (m-g')  (meg)  (em’-g!)  (em’-g')  (em'-gl)

a 345.8 229.2 116.6 116.6 0.26 0.10 0.16
b 364.7 214.4 150.3 150.3 0.31 0.09 0.22
c 389.7 191.9 197.8 197.8 0.39 0.08 0.31
d 392.9 175.5 217.4 220.8 0.47 0.07 0.40
e 396.5 162.6 233.9 221.0 0.56 0.06 0.50

@. From N? adsorption measurements ( BET method) ; 2. From N* adsorption measurements ( t-plot) ;

®). From N* adsorption measurements ( BJH method )

Pl 6 2 T A A i 1) FY 2 fb R T s e R 1
H A A AR 2 T 0, I R o 1) ) R e AL
FIIE99% L b, HE MR Rk 1eah, misk
FRMCYE REAEA AR AL A 5 FH A, A 305 9 ot 1Y)
A A AR ER, FEia, b, c Bl
A A, AL 1 ~3 h, fiAEsh d File ffi 15
A KA i, S B R £ 17 ~25 h. FE FF 4
FEA AR EEAT (1) B BRARE A L5 AT 0
R, e TS iRe )1, A — & R LAl
TRURMEIR, B3t TRRAEN; (2) #Eh
ARG SR R I RS RN I R A, AR D ke
SEFUR AT IRAAR B LR TR, S R 3 s b T
BURIIERL. RN = Y Bt e vl 11, A i

ST R BRI S 7E 40% A7, X C, 414y B
SRR IR A, AL FLFTRE S X Cs, AL 4T B R
T 15% Aidy, ZbHE R3] 17% LU . 3568, B
A FR 5 R R R B D, R SR AR T
WM, (HE T 50 AR s Ak, X582 m sl
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53] TR
2 3 IR T RE S I HE A A RO DA

e 3 ATAL, BRAL HIS A 5 0 7= e B Pk S B s
Sk, IR T T 0 e Bk S B T R
B (TIHE TR 45.69% % % 39.52% . Z s 9. 10%
K2 7.31% . THs 12.53% [% % 10.53% ) ; Y.C,
Yo e RS T B ATAE &, ELARFRRATARZ 1% 5
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Table 3 Evaluation results of methanol to propylene reaction over all samples

Results of samples a b c d e
Selectivity of propylene (mol. % ) 45.69 42.23 41.30 41.10 39.52
Selectivity ofethylene (mol. % ) 9.10 8.84 7.92 7.63 7.31
Selectivity of ¥,C,_(mol. % ) 12.53 12.27 11.47 11.16 10.53
Selectivity of ¥,C,(mol. % ) 18.80 17.42 17.51 17.82 17.41
Selectivity of ¥,Cs,(mol %) 15.84 17.02 17.57 17.46 17.66
TOS (Methanol conversion=90 h) 85 86 88 102 110

Reaction conditions; T=480 °C, WHSV=3 h™', P, =1 atm, MeOH : H,0=1 : 1 (mol)
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Fig. 6 Conversion of methanol and selectivity of propylene over all samples

a: 0 mol - L’lNaOH, b.: 0.025 mol - L’lNaOH, c: 0.05 mol - L’]NaOH, d: 0.075 mol - L’lNaOH, e: 0.1 mol - L”'NaOH
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Fig.7 TG curves of sample a and d after on stream

a: 0 mol - L"NaOH, d: 0.075 mol - L' NaOH
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Effect of ZSM-5 Zeolites by Alkali-Treatment and Their Catalytic
Performance for Methanol to Propylene Reaction

AN Liang-cheng, WANG Lin, JIANG Yong-jun, LIU Su-li, ZHUANG Zhuang,
YONG Xiao-jing, LUO Chun-tao
(R&D Center of Coal to Liquid and Chemical, Shenhua Ninxia Coal Group Co. , Lid. , Yinchuan 750411, China)

Abstract: ZSM-5 zeolites were synthesized by hydrothermal crystallization method and using macroporous silica gel
and sodium aluminate as raw materials and TPABr as template. The batch yield was 23% . ZSM-5 zeolite were
modified by different concentration sodium hydroxide solution and characterized by XRD, FT-IR, SEM, NH,-TPD,
XRF and nitrogen adsorption, and their catalytic performance for methanol to propylene( MTP) reaction was evalua-
ted. The results showed that the framework structure of sample was scarcely damaged after modification, the acid
content, mesopores pore volume BET surface area and the performance of resistance to carbon deposition were in-
creased and the catalytic cracking performances of modified ZSM-5 catalyst was improved. In MTP process, the
modified samples could not increase the yield of propylene, but the modified samples exhibited noticeable enhance-
ment in catalytic stability (the life time from 85 h to 110 h) and the yield of gasoline ( X, Cs, ).

Key words: high concentration system; ZSM-5 zeolite; alkali-treatment; methanol to propylene



