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Synthesis of SAP(O-34 Molecular Sieves and Their Catalytic
Performances in Methanol-to-Olefins Reaction
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Abstract; SAPO-34 molecular sieves were synthesized hydrothermally. The effects of templates,
template amounts, pH, crystallization temperature and time on the synthesis were investigated. By means
of XRD, SEM, BET and NH,-TPD techniques, the influences of the molecular sieve structure and surface
acidity on the catalytic properties were also studied. The results show that compared with DEA, TEA and
TMAOH, TEAOH is the most proper template for synthesis of SAPO-34 with large BET surface areas

(C>400 m*/g), homogeneous cubic crystals of narrow size distribution and proper ratio of strong to weak
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acid sites, while the SAPO-34 prepared by using DEA as template shows strongger acidity. Using
TEAOH as template with its amount in the range of #n (TEAOH) : n (AL, O,) of 2. 02— 1. 35, the
crystallinity of product SAPO-34 decreases upon reducing the amount of template, Reducing TEAOH
amount in the range of n(TEAOH) : n(Al; O;) of 1. 35—1. 01 leads to SAPO-5 co-generating with SAPO-
34. A directly fast heating is unfavorable for the growth of crystals. The procedure of preheating to 90—

150 C, keeping this temperature until the transition state becomes stable and then heating to 170—250 C

for crystallization is favorable for the synthesis of SAPO-34 with higher crystallinity which shows the best

catalytic performances with a 100% methanol conversion, a selectivity of 83.40% for C; —C; , and a life

time of 220 min.

Key words: SAPO-34; MTO; molecular sieves; synthesis
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Fig.1 XRD patterns of molecular sieves synthesized with

different templates
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Table 1 Synthesis conditions for molecular sieves with different templates

Composition

Samples Template Temperature/ C t/h Literature
n(Template) : n(Al; O3) + n(P205) * n(Si0z) : n(H,O)
S1 TEAOH (w=25%) 2.02 1.0 0. 89 0.30 85.0 215 99 [15]
S2 TEAOH (w=20%) 2.02 1.0 0.89 0.30 ¢+ 101.5 215 99 [15]
S3 DEA 2.37 1.0 1.10 0.79 57.4 200 72 [16]
S4 TEA 1. 21 1.0 0. 85 0.47 + 50.7 200 50 [17]
S5 TMAOH 2.02 1.0 0. 89 0.30 85.0 215 99 [15]
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Fig. 2 SEM images of molecular sieves synthesized with different templates
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Table 2 Physical properties of molecular sieves synthesized with different templates

Crystallinity/ Vi/ Vum/
Samples Type Sper/ (m? « g71) d/pm
9% (emd » g 1) (emd® » g~ 1)
S1 SAPO-34 100 497 0. 25 0.22 0.5~1.0
S2 SAPO-34 91 425 0.21 0.18 1.0~2.0
S3 SAPO-34 77 223 0.18 0.15 4.0~9.5
S4 SAPO-5 — 100 0.13 0.03 3.0~12.0
S5 SAPO-20 — 10 0.019 0. 000 45 0.5~0.8
Vir—Total pore volume; Vy—Micropore volume
=3 AEAEHENE RO TR &4 REER
Table 3 Synthesis conditions for molecular sieves with different template amounts and their properties
Composition Temper- Crysta- Sger/
Samples Type 3 . d/pm
n(TEAOH) : n(ALOs) + n(P;05) ¢ n(Si0;) @ n(H,0) ature/ C llinity/ (%) (m?+g™")
S2 SAPO-34 2.02 : 1.0 0. 89 0. 30 101.5 215 99 100 425 1.0~2.0
S6 SAPO-34 1.35 1.0 0. 89 0. 30 101.5 215 99 82.6 281 0.5~1.2
SAPO-34+
1.01 : 1.0 0. 89 0. 30 101.5 215 99 43.3 47 1.0~22.0

SAPO-5
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Fig. 3 SEM images of molecular sieves synthesized with different template amounts
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150 CAR T i AR, F R AE 170~250 CIE i
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LA 5 E PO B FHE S BEAR B, R T THR
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MTHEEMESEE, NMBIAAERSRER
SAPO-34 @ik,
R4 RALIR AN & AL I 1B X 2T % A LR R
Table 4 Effect of crystallization temperature and time

on molecular sieves synthesis

Temperature/ Crystallinity/  Sper/
Samples ) t/h Type
C % (m? « g1

S2 215 99 SAPO-34 72.2 425
S9 215 72 SAPO-34 75.5 433

110 24
S10 SAPO-34 100 525

215 48

Jl“AMh S10
JNI v AJ S9

w .

10 20 30 40 50 60
20/(7)

B 6 R &S ET /RS T/ XRD B

XRD patterns of molecular sieves synthesized with

Fig, 6
different temperature and time
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O, T HFRIRBEE F (WL 7), 7 A b 38 1 AR K
(425 m*/g) ;W LA DEA R MG W 1 SAPO-34
BEEBLZH IR P L, 5 I R % B 58 3% , 10 b 3R i
BN223 m* /), B TR R T 25 i B, 1R [E B
HEIRMMRALS FECR G S HAMBI R VIR E, &
B R4y FAEFLIE b o vk R, 7B 35 1R A7 T R 3 .
7 —H T, DEA F# 6 B SAPO-34 Bf
BRKHMBR TR D, AN THREERE S RESR

R 5 MTO KB 5T 0 A AL 69 4k B RE

Table 5 Catalytic performances of molecular sieves in MTQ reaction

Selectivity/ (%)

Samples Type Life time®? /min Conversion/ (%)
C:Hy Cs; Hg C:Hy+C3H;,
S1 SAPO-34 98 99.10 50. 88 32.97 83.85
S2 SAPO-34 170 100. 00 42. 83 33.58 76. 41
S3 SAPO-34 70 100. 00 55.58 26.63 82.21
S4 SAPO-5 50 94. 67 24.50 31.10 55. 60
S5 SAPO-20 0 98. 42 0. 31 0.18 0.49
S6 SAPO-34 165 100. 00 52.09 27. 38 79.47
S7 SAPO-34 +SAPO-5 35 95. 60 31. 44 32.92 64. 36
S8 SAPO-34 +SAPO-5 110 97. 46 39. 00 31. 23 70. 23
S9 SAPO-34 170 100. 00 44.09 34.34 78.43
S10 SAPO-34 220 100. 00 49,92 33.48 83. 40

1) Life time means the time sustaining catalyst activity until intermediate product DME exists
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Fig. 8 NH;-TPD profiles of SAPO-34 prepared with differ-

ent synthesis time and heating profiles
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(2) 5 DEA M, TEAOH A #| F&B 3| ERHE
R B R ST/ B A B S S 7 b B, SR R
HHAIR R R F.0 5 T L DEA B R & 8
SAPO-34 B AR EZ BB .0, BREEIR.



1M {3 » 5 : SAPO-34 43§77 PR B 180 S X FT e S UK T 0 e IR B e 1 i 13

(3) Lk TEAOH KM, X n(TEAOH) :
n(AL, Oy N 2.02~1. 35 i, B/ B &, & R
PR SAPO-34, AR 45 1/ s 4 n(TEAOH) +
n(ALO) K 1.35~1. 01 At, P EENFAELS S
% SAPO-5 5 SAPO-34 #t:4:,

W 5EE . PE TR SR A B, B TR &
W XERAR T BB 4K,

(5) BA TEAOH R AR, R BURE 5 FHR 0 7
KE B A MILGE W E SAPO-34 4 T . %45 T
JAE MTO R B\ s T 05 ikt fe , B B %
638 100 0, XA 45 1 B 26 B 83. 40 %0, % M B
] 220 min, Tj SOD 45# i) SAPO-20 348 A 1%
#
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