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Fig.3 XRD patterns of the crystallization products at

different initial Si0,/Al,0; molar ratios
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Fig.5 Kinetic crystallization curves of the ZSM-5 zeolites
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Table 1 Chemical compositions of the different ZSM-5zeolites

Component, wt% Si0,/Al, 05 molar ratio

Sample
Na,0 ALO, Si0O, MgO K,0 Ca0  TiO, Fe,0, Bulk® Bulk”  Framework®

As-synthesized ZSM-5

zeolite

1.77 342 92.60 0.11 0.69 049 025 022 46 45 42

Commercial ZSM-5
1.70 4.13 9240 0.08 0.53 0.40 0.13 0.12 38 38 36

zeolite

Note: a. Calculated by XRF; b. obtained by ICP-OES; c. measured by *Si MAS NMR.
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Fig.7 FESEM images of the different ZSM-5 zeolites under different magnifications

(A and B as-synthesized ZSM-5 zeolite from natural minerals; C and D commercial ZSM-5 zeolite )
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Table 2 Pore structure parameters of the different ZSM-5 zeolites

Sample Synthesized Commercial
ZSM-5 zeolite  ZSM-5 zeolite
BET surface area, m” + g 323 351
Micropore surface area, m” + g~ 218 219
External surface area, m” « g”' 105 132
Pore volume, cm’ - g”' 0.17 020
Micropore volume, cm® - g™ 0.10 0.10
Mesopore volume, cm’® - g™ 0.07 0.10
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Table 3 Acidity properties of the different ZSM-5 zeolites

B acidity/ ( umol - g™')

L acidity/( umol + g™")

Sample

200 C 300 C 400 C 200 C 300 C 400 C
As-synthesized ZSM-5 zeolite 208.5 183.2 122.3 154.6 126.5 95.4
Commercial ZSM-5 zeolite 272.6 226.5 141.2 218.6 170.2 130.5
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Fig.10 XRD patterns of the different ZSM-5 zeolites before
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i AR A B 3 0.5% (T E 440 1 Pl & TN
SEHIEALT] CAT-1 F1 CAT-2, Jf: DLk Jy i A AL
G WITE 10 mL PR 3%E S ) 1 72 R B e L A T4
FEPEREVE MY, Hgh R4 PR, R, &
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Table 4 Catalytic results of n-octanehydroisomerization over CAT-1 and CAT-2 at different temperatures

Catalyst Temperature/°C Conversion/ % Isomers selectivity/ % Cracking selectivity/ %

CAT-1 260 81.2 25.4 53.2
280 85.6 27.8 58.5
300 91.3 29.5 62.6
320 99.5 32.6 65.1
340 100.0 30.7 67.8

CAT-2 260 83.5 16.5 60.9
280 88.4 17.4 64.8
300 93.8 18.6 70.1
320 100.0 20.2 76.3
340 100.0 18.5 78.4

Note: a. The reactions were carried out under the typical industrial conditions at reaction pressure of 1.5 MPa, H,/n-octane vol-

ume ratio of 300, and weight hourly space velocity of 1.5 h™".

SR FE R I, TE =B PR A AR B A R
AL BB 3G, 0 SR bR B 2
SIS AR . FERANIRBE XN, 5 CAT-
2 M, CAT-1 BRZ 5 A T 5 %) 1IE S e i A1 5 53
tbekeie st HEARARbIe B, BEILI 2K
IRFE T MR RS R ZSM-5 310 i i L 53 H
PERE W55, Tk ZSM-5 4 T ). i FRAoF
T RE i AT AR U FLIE S5 44, CAT-1 A1 CAT-2 Ay
FEPERE Y 25 53 = BLA P I A o7 i AR W I 1)
250 ARJITTEVAL, o 1) S ) A B g 5 B AE R Ao
AT, AH SR B R M T A A T AR R SO Y
A, RICEDR AR HAA 1S B PR R, RE
Hion B iR . 1 NH,-TPD i Py-FTIR 2553 (& 9
I 3) A, LA RIREE L0 Wy e 40 U8 5 i)
ZSM-5 431 (1) 2 i A5 PR 98 BE AR T Rk ZSM-5 43
TR, TR R RN 55 RS R, ARG A
IS B R B MR 9 B, 1A AT 5 4 4k S 1Y
AT,

3 &g

FRATRE LK AR B 87 8y Dy 2 30 4k 40 IR 5
ZSM-5 Sy T RGBT kAT T RGOS, AR
S5 (1) DU A0 A ek 5 b A AR R 35 A A 24T
b AR AR IR K A BT s A 1R
AT ANFIRES FL A ZSM-5 231 SRR A | U |

BORMEESR LE | SR AR 1) 555 2% A2 X5 777 0 1 85 4 AR
PERTEIA M, 8 H AR n(TPABr) /n(Si0,) =
0.15, n(Na,0)/n(Si0,)=0.16, fHfLHTE]N 24 h;
(2) X HETAR ST G B ZSM-5 4r F i it 47 T
XRD . FESEM . N, W -t fff . NH,-TPD KK #4ka i
PERAE, 50 FRM . DIITE A iy fE 3+ FDIIE SR TS
FE BT 4 R B AR IR AT DA Rl HLA B e 46
JE R RS20 4 pm B S TEARZE B S0 A TR AL
ZSM-5 430, iz Ttk ZSM-5 4 i HA
B 1R ) 7K ARG R e RIS A Y n S S A M

i BB RARMFRALTRAR TR ELL
FAR B (91434206) f= K & F F K & 7 A
(21506034 ) % B & it X 5K A TR 8] (kywx-
18-015) *F R BF AL 6 2 9% 3 HF.
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Study on Low Cost Green Synthesis of ZSM-5 Zeolite Using
Natural Minerals as All Silicon and Aluminum Sources

XIANG Yong-sheng', HU Xiao-rong’, YUE Yuan-yuan®*, WANG Lei*, BAO Xiao-jun’,
YAO Wen-jun’, LI Jing-feng’ , ZHANG Yan'
(1. Lanzhou Petrochemical Research Center of Petrochina, Lanzhou 730060, China;
2. College of Petroleum and Chemical Engineering of Fuzhou University, National Engineering
Research Center for Fertilizer Catalysts, Fuzhou 350116, China;
3. Hohhot Petrochemical Company of PetroChina, Hohhot 100070, China;
4. Fushun Petrochemical Company of PetroChina, Fushun 113006, China)

Abstract; ZSM-5 zeolite is widely used in catalysis, adsorption and separation, ion exchange and green chemical
industry, but its synthesis is mainly based on inorganic chemicals as silicon-aluminum source, which is a non-green
process from the source. In this paper, ZSM-5 zeolite was prepared in hydrothermal synthesis system by adjusting
the ratio of silicon to aluminum in the synthesis system by using thermally activated diatomite and submolten salt ac-
tivated rectorite as all silicon-aluminum sources. The effects of synthesis conditions such as template dosage , basici-
ty, ratio of silicon to aluminum and crystallization time on the structure and properties of ZSM-5 zeolite were sys-
tematically investigated. The physical and chemical properties of ZSM-5 zeolite synthesized under the optimum con-
ditions were characterized in detail. The results showed that hexahedral crystalline morphology with high crystallinity
and grain size of about 4 microns could be synthesized by using natural minerals as all sources of silicon and alumi-
num. ZSM-5 zeolite has higher hydrothermal stability than commercial ZSM-5 zeolite.

Key words: diatomite; rectorite; ZSM-5; synthesis conditions; hydrothermal stability



