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. B TR R e SRR P I TR, SRS TE
g prr T 550 C T kb 4 h BREBTHH.
1.1.2 ZSM-11 43T A FE T

7 80 °C T, 5 Wi 43 i T NaOH ¥ i
HARBE 1 b, T AR R (G N 0.2 mol- L. 7 B
Ab BRI BRI K PRI = b, SRS TE 120 °C T+
PRI KGR IS W53 F i fin 44 8 ZSM-11-AT.
1.1.3 H BT i il &

W8 B 18 10 I B — 52 W B2 1Y) (NHL),S 0,
VST, 7 90 °C R TR FacH 1 h, RIS TE 120 C
T 8 h. oK TS TR S AE S 3R 550 °C A5
THBRE 4 h. A FARERAESRAS H B0 0. ZSM-5
BESHIA A R TR, I DAAH R AV E R T A B
1.2 NEBRAFE

X DA L RE SR EA T — RGIERAE, A4E X SRk
i FHY (XRD)(X'Pert, PANalytical) F1iF, X 51447
S £ BE I F A 5°~500, F13 A Kl 0.013°,
FIHE A 0.109 (°)-min . FAE M IA] (Y HLFE AL
43R 40 KV FT 40 mA. FE 5 R 25 S TR
7.5°~9.0°H1 21.5°~25.0°3 [l A il 28 43 F- I R i 4 )
WA T R 22 1154 ) A B2 DX A s o AR A i g g i
{8 T AR Z R LEARL. 3 B AT N 4 3 0 56 )
(TriStar3020, Micromeritics, USA), & 4 Hi F W1
5% (TEM)(F20, FEI, USA). Py-IR T AEkE 5L HOTR
PRI B, 76 1 540 F1 1 450 em ' Ak B2 % B2 43 1]
%t % T Bronsted 2 Fl Lewis i, HoAH B A4 B2 & ] LA
MEE IR Y6 R BT 15 . Bronsted 2 Fll Lewis 2
AIEEJRTFOE AR 1] 9 IMEC(B)=1.88 #l IMEC(L)=
1.42 cm’-pmol .

1.3 B4 ERETEAE

R T AN [A) 43 —F B Sl A VA P (AT
i BT 47 100 mg, R4 0.450~0.280 mm), 1E
BB RS RLAR S ok PR AE 181502 R SRy 2 A b 2440 I
7 HL B H B RE 2R AR A HAE 500 °C
TFIEALFES 1 h, KRR ST UL B, AR LS
S} No(N, Vi 4 40 mL-min ). #E SR, S5
Tt (FEBEfHR 10 uL-min") 5%+ (WHSV=
42 07 AL RRAE 500 °C. H R R HET. @ SOM
{3 (Agilent 7890A GC) 2 N 7 4.

2 HREIHR

2.1 S FiHE XRD 247
TR AL B B TR 0 0 2 T ) ik ) 1

FHARRIN T AR FLIE 2548 S 3R 1 )543 A, AT
AEBT A FLIT RS S0 R R . ZEAIRBRIR BT, B
b RS B DRI 43T 1) 2 TR 454 . FE Bk B T,
S FIR A2, S RE S KRB, BRHh O R k.
I, SR H 0.2 mol- L' NaOH ¥ W AE gk BRifk BE. A
1 AT B, PR AN S AL 71 (1) XRD &35 AH X

—— ZSM-11-AT
—— ZSM-11

N Jo 7

)
g

Intensity (a.u.)

10 20 30 40 50
20/(°)

&1 iR XRD 5K
Fig.1 XRD patterns of the samples
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Table 1 Relative crystallinity and SiO,/Al,O; molar

ratio of the samples

Sample ZSM-5 ZSM-11 ZSM-11-AT
Crystallinity/%" 100 100 90
Si0,/ALO;’ 50 51 43

a: The relative crystallinity is calculated from the areas of the main
diffraction peaks, assuming that the relative crystallinity of the pre-modified
sample is 100% and the relative crystallinity of the modified sample is the
ratio of the sum of the areas of its characteristic peaks to the sum of the
values of the pre-modified sample multiplied by 100%;

b: The bulk phase SiO,/Al,0; molar ratio of zeolites was calculated from

XRF characterization results
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Fig.2 Isotherm curves of the samples Pore diameter/nm
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Fig.3 Pore size distribution curves of the samples
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Table 2 Textural parameters of samples

Samples  Srawl/(M’g)  Sua/m’g)  Spdmg)  Vralemg')  Nalem’g)  Pu/em’g))

ZSM-5 363 255 108 0.18 0.13 0.05

ZSM-11 370 311 59 0.19 0.15 0.04
ZSM-11-AT 398 265 133 0.30 0.13 0.17
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JE, Tl ZSM-5 SR, ZSM-11 AR R ST 400 ~

600 nm, /N T> ZSM-5(800 ~ 1 000 nm). %5 B b 3
HIJE ZSM-11 YIESH, 1R%S 5 K B ZSM-11-AT (1) i
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Fig.4 SEM images of the samples
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Fig.5 TEM images of the samples

PRI ZSM-11 #E 575 TEM T Bos 4 206 542
58 i, X ATBA R AL B AR AR, A, 25
ALk FER e P AR it ZEAE it R TR A, /s /NSO B
FMR IR IE, X HE— 25 R W] T ik G A 45 ) L
A IRAEHL.
2.5 EAFINERERS

3 AN [T 1 oo HAE AL RO A B
Wi, 7EE 6, T TRLIX (24 350 °C) (I ARG IR IX.
(24 200 °C) AUEEAE S AR ME A rh s R 67 198 1t A 55
i o7 % 2t U T ARV 1R 6 BLAE LL. ZSM-5 7SR R v
FES R 57 1 e TR AR 2 0 T ZSM-11 Rl i AR, %A
S N R R . TOTE ZSM-11 Y SER R A 4 TR £ Mt
A REAI, 155 FRA TR S 3 T,

—— ZSM-11
—— ZSM-11-AT
—— ZSM-5

—

=

-
T

1.02 -

TCD Signal (a.u.)

100 200 300 400 500 600
Temperature/°C

6 43 NH,-TPD 35 &l
Fig.6 The NH;-TPD profiles of samples
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Table 3 Concentration of Bronsted acid and Lewis acid sites at

different temperature

200 C/(pmol-g ) 350 °C/(umol-g )

Samples

B L  Total B L Total
ZSM-5 236 10 246 207 8 215
ZSM-11 202 16 218 137 9 146

ZSM-11-AT 199 29 228 110 24 134
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Alkali Treatment of Molecular Sieve ZSM-11 and Its Catalytic
Cracking for Olefin Production

REN Shen-yong', ZHANG Li’, LIU Huang-fei', HU Qing-xun’, WANG Jiu-jiang’,
ZHANG Bing-yue', GUO Qiao-xia', SHEN Bao-jian'
(1. State Key Laboratory of Heavy Oil Processing, the Key Laboratory of Catalysis of CNPC, College of
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Beijing 102249, China; 2. Lanzhou Petrochemical Center, Petrochemical Research
Institute, Petro China Company Limited, Lanzhou 730060, China)

Abstract: Zeolite ZSM-11 was synthesized by seed-assist method and treated with alkali to obtain the modified
sample ZSM-11-AT. The physical and chemical properties of the samples ZSM-5, ZSM-11 and ZSM-11-AT were
characterized and compared using XRD, N, adsorption and desorption, XRF, TEM, NH;-TPD, and Py-IR. The
specific surface area, pore structure and acid property of modified sample ZSM-11-AT had been improved. The
catalytic performances of the samples were evaluated using a catalytic cracking fixed-bed device. The reactant
conversion and products distribution between ZSM-5, ZSM-11 and ZSM-11-AT were compared. The results
showed that ZSM-11 and ZSM-11-AT had advantage over ZSM-5 in terms of olefin (ethylene and propylene)
yield. The catalytic performance of ZSM-11-AT was further improved compared with ZSM-11.

Key words: ZSM-11; seed-assist synthesis; alkali treatment; catalytic cracking; olefin yield
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