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Table 1 The synthesis conditions of different SAPO-11 molecular sieves

Sample Template Template n(S10,/A1,0,) Crystallization Crys.tallization
content temperature/ °C time/h
SAPO-11-DEA DEA 1.5 0.2 170 24
SAPO-11-DPA DPA 1.5 0.2 170 24
SAPO-11-DIPA DIPA 1.5 0.2 170 24
SAPO-11-DEA+DPA DEA+DPA 1.5 0.2 170 24
SAPO-11-DEA+DIPA  DEA+DIPA 1.5 0.2 170 24
SAPO-11-DPA+DIPA  DPA+DIPA 1.5 0.2 170 24
SAPO-11-0.6 DPA 0.6 0.2 170 24
SAPO-11-1.0 DPA 1.0 0.2 170 24
SAPO-11-1.2 DPA 1.2 0.2 170 24
SAPO-11-1.5 DPA 1.5 0.2 170 24
SAPO-11-0. 1 DPA 1.5 0.1 170 24
SAPO-11-0.2 DPA 1.5 0.2 170 24
SAPO-11-0.3 DPA 1.5 0.3 170 24
SAPO-11-0.4 DPA 1.5 0.4 170 24
SAPO-11-12 DPA 1.5 0.2 170 12
SAPO-11-24 DPA 1.5 0.2 170 24
SAPO-11-48 DPA 1.5 0.2 170 48
SAPO-11-96 DPA 1.5 0.2 170 96
SAPO-11-140 DPA 1.5 0.2 140 24
SAPO-11-170 DPA 1.5 0.2 170 24
SAPO-11-200 DPA 1.5 0.2 200 24
SAPO-11-230 DPA 1.5 0.2 230 24
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Fig. 1 XRD patterns of SAPO-11 samples synthesized
with different templates
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Fig.2 SEM images of SAPO-11 samples synthesized with different templates
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Table 2 Surface area and pore volume of different SAPO-11 samples

Surface area/(m* + g™")

Pore volume/ (em® - g™")

Sample
BET Micropore External Total Micropore Mesopore
SAPO-11- DEA 146 95 51 0.102 0.037 0. 065
SAPO-11- DPA 215 142 73 0.179 0.057 0.122
SAPO-11-DEA+DPA 213 152 61 0.124 0.072 0.052
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Table 3 Catalytic performance of SAPO-11 samples synthesized with different templates

Naphthalene Selectivity/ % 2,6-DMN
Sample ) )
conversion/ % 2,6-DMN 2,7-DMN Other DMN yield /%
SAPO-11-DEA 28.3 29.5 16.5 54.0 3.23
SAPO-11-DPA 50.3 35.6 18.0 46.4 5.35
SAPO-11-DEA+DPA 39.2 31.2 17.9 50.9 3.50

Reaction conditions; 400 °C, 0.1 MPa, WHSV = 0.19 h™' | n(naphthalene) : n(methanol) : n( mesitylene)=1:5:3.5,

time = 8 h
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Table 4 Surface areas and pore volume of SAPO-11 samples synthesized with different template contents
Surface area /(m” - g™') Pore volume /(em® - g™')
Sample
BET Micropore External Total Micropore Mesopore
SAPO-11-1.0 155 95 60 0.123 0.065 0.058
SAPO-11-1.2 193 123 70 0.133 0.042 0.091
SAPO-11-1.5 222 156 66 0.184 0.087 0.097
% 5 #EF AERER SAPO-11 £ Fif 2 HEL & M 1EgE
Table 5 Catalytic performance of SAPO-11 samples synthesized with different template contents
Naphthalene Selectivity/ % 2,6-DMN
Sample
conversion/ % 2,6-DMN 2,7-DMN Other DMN yield /%
SAPO-11-1.0 39.0 30.1 16.9 53.0 2.60
SAPO-11-1.2 40.0 31.2 18.4 50.4 3.60
SAPO-11-1.5 60.4 33.6 19.8 46.6 4.30

Reaction conditions: 400 °C, 0.1 MPa, WHSV = 0.19 h™',n(naphthalene)

time = 8 h

: n(methanol) : n(mesitylene)=1:5:3.5,
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Fig.5 XRD patterns of SAPO-11 samples synthesized

with different silicon contents
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Fig. 6 SEM images of SAPO-11 synthesized with different silicon contents
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Table 6 The pore structure parameters of SAPO-11 synthesized with different silicon contents

BET Surface area
Sample

Total pore volume Micropore volume

/(m* - g) /(em’ +g™) /(em’ +g™)
SAPO-0. 1 149.6 0.116 0.053
SAPO -0.2 145.1 0.125 0.043
SAPO -0.3 152.2 0.108 0.042
SAPO -0. 4 141.8 0.097 0.038

R 7 ESETRFR SAPO-11 5 Fif R Z RN R 1 4E

Table 7 Catalytic performance of SAPO-11 samples synthesized with different silicon contents

Naphthalene Selectivity/ % 2,6-DMN
Sample
conversion/ % 2,6-DMN 2,7-DMN Other DMN yield /%
SAPO-11-0. 1 22.1 33.2 21.8 45.0 2.10
SAPO-11-0.2 46.7 48.2 28.0 23.8 3.80
SAPO-11-0.3 25.5 34.0 21.1 44.9 2.23
SAPO-11-0. 4 13.5 31.6 26.1 42.3 0. 860

Reaction conditions: 400 °C, 0.1 MPa, WHSV = 0.19 h™" | n(naphthalene)

time = 8 h
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Fig. 8 SEM images of SAPO-11 samples synthesized with different crystallization time
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Table 8 Catalytic performance of SAPO-11 samples synthesized with different crystallization time

Selectivity/ %

Naphthalene 2,6-DMN
Sample ) )
conversion/ % 2,6-DMN 2,7-DMN Other DMN yield /%
SAPO-11-12 0.1 34.0 19.8 46.2 3.20
SAPO-11-24 47.6 32.6 17.9 49.5 4.10
SAPO-11-48 38.5 28.6 17.3 54.1 2.70
SAPO-11-96 44.5 32.5 18.8 48.7 3.50

Reaction conditions; 400 °C, 0.1 MPa, WHSV = 0.19 h™' | n(naphthalene) : n(methanol) : n( mesitylene)=1:5:3.5,
time = 8 h
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Fig. 10 SEM images of SAPO-11 samples synthesized with different crystallization temperature
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Table 9 Catalytic performance of SAPO-11 samples synthesized with different crystallization temperature

Naphthalene Selectivity/ % 2,6-DMN
Sample ) )
conversion/ % 2,6-DMN 2,7-DMN Other DMN yield /%
SAPO-11-140 40.1 30.1 19.9 50.0 3.30
SAPO-11-170 47.8 36.9 23.1 40.0 4.80
SAPO-11-200 39.7 29.6 20.6 49.8 3.10
SAPO-11-230 32.1 25.3 21.1 53.6 1.90

Reaction conditions; 400 °C, 0.1 MPa, WHSV = 0.19 h™' | n(naphthalene) : n(methanol) : n( mesitylene)=1:5:3.5,

time = 8 h
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AL 170 “CI, 50 9 SAPO-11 37 280 A 18 PR R4 S 1 o g S R SR ) 1. el
AT 5 A5 M) T 2 70 e 14 Y S A SO AL, BEE RV T, ZRIER LRI TR,
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Fig. 11 The conversion of naphthalene over SAPO-11 sample
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Effect of Synthesis Conditions on the Crystallinity and Catalytic

Performances of SAPO-11 Molecular Sieves

WANG Xiao-xiao'*, GUO Shao-qing’, ZHANG Wei' , ZHAO Liang-fu*
(1. Laboratory of Applied Catalysis and Green Chemical Engineering ,Institute of Coal Chemistry, Chinese
Academy of Science, Taiyuan 030001, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Taiyuan University of Science and
Technology, Taiyuan 030024, China)

Abstract: A series of SAPO-11 molecular sieves were synthesized hydrothermally by varying the synthesis condi-

tions, and were characterized by X-ray diffraction (XRD). The effects of synthesis conditions on the catalytic per-

formances of SAPO-11 were also investigated. The results indicated that synthesis conditions had strong influence

on the crystallinity and catalytic performances of SAPO-11. SAPO-11 molecular sieve was synthesized with di-n-

propylamine (DPA) template at n( DPA) : n(AlLLO;) = 1.5, n(SiO,)

: n(ALO;) = 0.2, crystallization time

of 24 h and crystallization temperature of 170 °C , which was beneficial to the methylation of naphthalene with meth-

anol. The deactivation behavior of SAPO-11 molecular sieve for the methylation of naphthalene with methanol was

investigated. The results showed that a large number of water were generated in the methylation of naphthalene with

methanol, which led to the structure collapse by the dealumination of high temperature stream, thus leading to the

deactivation of molecular sieves.

Key words: SAPO-11 molecular sieves; synthesis conditions; crystallinity ; naphthalene methylation; catalytic

performances



