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Study on synthesis of SAPO-34 zeolites with low-dosage organic template and their
catalytic performances for methanol to olefins
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(1. Zhong An United Coal Chemical Co., Ltd., Huainan 232092, Anhui, China; 2. State Key Laboratory of Green Chemical
Engineering and Industrial Catalysis, SINOPEC Shanghai Research Institute of Petrochemical Technology Co., Ltd.,
Shanghai 201208, China)

Abstract: In order to synthesize pure phase SAPO-34 zeolites with good catalytic performances for methanol to olefins, it is often
necessary to add a large amount of organic template agent. However, a large amount of organic template agent not only increases the
synthesis cost of SAPO-34 zeolites, but also pollutes the environment during the post-treatment process. With low-dosage template
addition (n(triethylamine + tetracthylammonium hydroxide): n(P,0,) = 1.7:1.0), SAPO-34 zeolites were synthesized with and without
ammonia. The results show that compared to SAPO-34 zeolite synthesized without ammonia (C-SAPO-34), the SAPO-34 zeolite
synthesized with ammonia (L-SAPO-34) exhibits higher crystallinity, higher silicon content (mass fraction) in the crystal framework and
higher acid strength. In the crystal framework of L-SAPO-34, silicon atoms exist in the form of Si(Al),, then a higher content of silicon
indicates the presence of more active sites. More active sites can reduce the partial pressure of methanol of each active site in MTO
reaction, which is beneficial for improving the selectivity of dienes (ethylene + propylene), reducing the coking rate and prolonging the
service life of zeolites.
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Fig.1 XRD patterns of L-SAPO-34 and C-SAPO-34
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Fig.2 SEM images of L-SAPO-34 ((a), (b)) and C-SAPO-34 ((c), (d))
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Fig. 3 N, adsorption/desorption curves (a) and pore size distributions (b) of L-SAPO-34 and C-SAPO-34
F1 L-SAPO-347#0C-SAPO-34 FILRMIIER
Table 1 Textural properties of L-SAPO-34 and C-SAPO-34
Vs RE (m*>g")  MILERER (m*g")  AMERER (m>g")  SAAR (em®g")  BWAUER Aem’-g!)  SFHEIFLAE /nm
L-SAPO-34 559.2 497.0 62.3 0.3 0.2 23
C-SAPO-34 559.4 487.3 72.1 0.3 0.2 23
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Fig. 4 Solid-state MAS-NMR spectra of L-SAPO-34 and C-SAPO-34
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B 'S, i B 0 (10 o7 LA A ot 2 o . T e e %) T A
REMIKE . C-SAPO-34 [\)NH,-TPD HiZE7E 194 °C
F1401 °CAb T B T 55 B Al G Rl . 55 1R = 22
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Bl Si(Al), (n = 0~4)1", Si—OH—AI Jy MTO 2 ¥ ff]

A
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“ - - - C-SAPO-34
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K ;C-SAPO-34 [ f R 45 /ey b, ik & ik, Ho—
#y HE JE T LL Si(OAlD),(OH) #1 Si(OAL),(OH), & X,
T B 280, firLL C-SAPO-34 575 5/ 98 1R .

F2 L-SAPO-3471C-SAPO-34 L EAMK (XRF &R )
Table 2 Elemental compositions of L-SAPO-34 and C-SAPO-34

(XREF results)
. TR %
Vs
Al P Si
L-SAPO-34 33.56 25.95 4.86
C-SAPO-34 33.72 26.03 4.67

%} L-SAPO-34 1 C-SAPO-34 #E AT 1 f# HLit 4T
AR AR, SR TR Z SR B, 45 R LK 3.
% 3 [ A1, L-SAPO-34 [f] Si—OH—AIl % & I i i
T C-SAPO-34, 5 NH,-TPD #1 XRF %% - —5{,

50
49 %3 L-SAPO-3471C-SAPO-34 Fyf# BT LI SMIE E S8R
48 Table 3 Quantified data of Fourier infrared spectroscopy of
L-SAPO-34 and C-SAPO-34
47
100 200 300 400 500 600 s L-SAPO-34 C-SAPO-34
JE o WA ~ ™
MR /°C VR E jom™ MEWIAR VELLE jom” WA
BEl5 L-SAPO-3471C-SAPO-34 # NH,-TPD £k Lewis 2320 0.856 2320 0.730
Fig. 5 NH,-TPD curves of L-SAPO-34 and C-SAPO-34 Si—OH—AI 2294 0.567 2294 0.494
i 5 ] 1, L-SAPO-34 1) 59 iR 5 FE Fl iR & Al—OH 2287 0.075 2287 0.005
W& 5 T C-SAPO-34 , ik g 5k &£ Ak B 0 &2 & T = = 0353 2283 0336
" Si—OH 2273 0.208 2273 0.150
C-SAPO-34. C-SAPO-34 HkES & (Fi &7 50
HORE P B R P HOMI T B 2261 0.042 2260 0.032

L-SAPO-34 (58 2) , i B ¥ 0 22 7K 7T BL92 /g 44 325
Ve, A2 HERE R HE N CHA $1 $h 45 8+ , L-SAPO-34
[1%Si MAS NMR i [&]1IF B 3 & 0k 25 0 o, i D
L Si(Al), JERAFAE , K, L-SAPO-34 f 5 R K i 4

2.2 MTO M HEEEFIFR R 2547
2.2.1 MTO e MABAk PR
L-SAPO-34 1 C-SAPO-34 43 -7 [t MTO J ¥
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TET ARG R, XRF R AEFIE B 20 /6 1 HIE B
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80 |-
§
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Fig. 6 Catalytic performances of L-SAPO-34 and C-SAPO-34 for MTO reaction
F4 HFIHEHIMTO KR MERERSLE
Table 4 Comparsion of catalytic performances of zeolites for MTO reaction
» _ ‘ PR ARE /%
Vi JREIR (8] /min
CH, CH, C,H, C,H, C,H, C,H, C, @iz CH,+CH,
L-SAPO-34 55 2.08 48.88 1.02 35.90 1.47 8.52 1.80 84.78
C-SAPO-34 45 2.55 40.15 0.68 39.56 1.29 12.09 3.42 79.71
0.7-H-SAPO-34"" 75 2.83 47.73 0.84 34.13 1.32 9.46 3.25 81.85
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