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Influence of the Manner of Adding Aluminum Source on the SAPO-34
Molecular Sieves Synthesis and the MTO Catalytic Properties
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Abstract: In hydrothermal synthesis system, with triethylamine (TEA) and tetraethyl ammonium hydroxide
(TEAOH) as the mixed template agent, the influence of the manner of adding aluminum in the preparation of the
initial gel on the SAPO-34 molecular sieves synthesis and the catalytic performances of methanol to olefins(MTO)
reaction was investigated. The products were characterized using X-ray diffraction (XRD), scanning electron
microscopy (SEM), Nitrogen isothermal adsorption stripping (BET), *Si MAS NMR and NH;TPD. The catalytic
performances of methanol to olefins (MTO) were also investigated. The results showed that the particle size of
SAPO-34 molecular sieve became smaller and the cubic morphology gradually turned into sheet-like, with the
increased of the first addition amount of aluminum, and the proportion of Si(4Al) species in the as-synthesized
SAPO-34 increased, the amount of strong acidity and the acid density also increased. The results also showed
that the lifetime of SAPO-34 molecular sieve in MTO reaction is gradually extended, the ethylene selectivity
decreases and the propylene selectivity increases with the increasing of the first addition amount of aluminum

source.
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Table 1 Composition, total surface area and external surface area of different SAPO-34 samples

Sample Molar composition (ICP) Total surface area / (m*-g™) External surface area / (m?-g)
S-1 SigAlysPos0s 509 30
S-2 SinosAlgaePosOs 511 35
S-3 SioosAlpasPowO: 528 48
S4 SiogAlysPos0, 540 57
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Table 2 Acid amount and density of different SAPO-34 samples

Sample Strong acid amount / (mmol - g™) Weak acid amount / (mmol-g™)  Strong acid molar ratio / % Acid density / (mmol -m™)
S-1 0.215 0.104 67.4 6.3x10™
S-2 0.292 0.088 76.8 8.7x10™
S-3 0.454 0.094 82.8 9.7x10™
S-4 0.600 0.097 86.1 1.0x10™
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Table 3 MTO reaction results of SAPO-34 catalysts synthesized with different methods
Composition / % Methanol
Sample ) Lifetime / min
CH, C,H, C,Hs CsHg C3Hg Cy Cs Cy+Cy conversion / %
S-1 2.6 422 0.9 38.1 1.6 10.9 3.7 80.3 100 105
S-2 2.1 45.6 0.7 38.2 1.2 9.3 2.9 83.8 100 126
S-3 1.9 46.1 0.8 37.2 1.1 8.9 4.0 83.3 100 168
S-4 1.5 43.6 0.8 39.5 1.5 9.6 35 83.1 100 230
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