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Synthesis of SAPO-34 with Rich Si 4Al Coordination Environment
in the Framework and Its Catalytic Performance
in Methanol-to-Olefins Reaction
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Abstract SAPO-34 molecular sieve samples with rich Si 4Al coordination environment were synthesized by
adding HF in the initial gel. The crystalline phase crystal morphology elemental composition and Si coordina-
tion environment of the as-synthesized samples were determined by means of X-ray diffraction scanning electron
microscopy X-ray fluorescence spectroscopy and nuclear magnetic resonance. The crystallization of SAPO-34
molecular sieve can be adjusted by adding HF in the initial gel and correspondingly the Si coordination model-
ing can be controlled. The proportion of Si 4Al species in the as-synthesized SAPO-34 increased and that of Si
nAl n=3-0 decreased with increasing fluorine ion content in the initial gel. The catalytic performance of
the SAPO-34 catalysts with various Si coordination was investigated in the methanol-to-olefins reaction. The re-
sults showed that SAPO-34 catalysts with rich Si 4Al coordination structure had higher selectivity to ethylene
and longer life time.
Key words SAPO-34 molecular sieve hydrogen fluorine Si 4Al coordination environment methanol-to-

olefins reaction
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Fig 1 XRD patterns of SAPO-34 samples synthesized under
various HE Al,O3; molar ratios
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Fig 2 SEM images of SAPO-34 samples synthesized with
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Table 1 BET surface area and microporous volume of SAPO-34 sam- Si 3Al
ples synthesized with and without HF in the initial gel
n HF BET surface Micropore Maximum pore Si(4Al)
n ALO; area m’ g area m’ g volume cm® g
0 508.47 493.26 0.23 Si(3Al)
0.33 520.26 514.77 0.24 /
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HE AlLO; 0.33  Si 4Al 51.68
Si 3Al 66 F 7.64. F
Si 4Al HF SAPO-34
3 HF AlLO, SAPO-34 MTO 140 min HF
SAPO-34 200 min.
Table 3 Changeii of Si coordm'anon environment in SA'P0734 samples NMR HF
synthesized under various HF Al Oz molar ratios
n HF Chemical Simulated  Si coordin- Si 4Al HE SAPO-34 Si
n AlOs shift peak area ation mode Si 3Al 4A1 Si 4Al
0 -92.7 411.93 Si 4Al 2.75 SAPO-34
-96.1 149.67 Si 3Al .
0.09 ~92.7  514.83 Si 4Al 7.90 Si 4Al
-96.7 65.15 Si 3Al
0.22 -92.7 532.34 Si 4Al 26.99
-96.9 19.72 Si 3Al
0.33 -92.7 567.35 Si 4Al 66.35 )
~96.7 .55 Si 3Al 4 HF AlLO4 SAPO-34
)1 Table 4 Methanol-to-olefins reaction results over the
F SAPO-34 catalyst synthesized with various
F HF Al O3 molar ratios in the initial gel
n HF n ALO; 0 0.09 0.22 0.33
Selectivity %
F CH, 0.93 1.02 1.23 0.89
Si C,H, 31.29 31.41 35.66 35.66
F AIPO4 C,H, 0.84 0.97 0.86 0.69
C;H, 39.55 39.04 37.49 38.41
Si C;Hg 7.04 7.80 5.45 5.03
F C,Hg 11.66 11.59 10.66 10.83
F C4Hy, 4.63 4.66 4.18 4.32
3G, -Cy 70.84 70.45 73.15 74.07
c 37.25 32.38 41.47 51.68
SAPO c; 5.62 5.01 6.88 7.64
Life time” min 120-140 160—180 160—180 180—200
" Time on stream when the conversion of methanol was 100 % .
SM3 F
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