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Hierarchical SAPO-34: Synthesis and Catalytic Performances in Methanol to Olefins
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Abstract: SAPO-34 is prone to losing its activity during methanol to olefins (MTO). Hierarchical SAPO-34 with
different particles size was synthesized in a hydrothermal procedure. The factors controlling the size of SAPO-34
zeolite such as aluminum species and silicon species, and the effect of secondary template on the synthesis of
hierarchical SAPO-34 were investigated in details. The as-synthesized samples were characterized by X-ray
diffraction (XRD), scanning electron microscopy (SEM), Fourier transform infrared (FT-IR) spectroscopy, N,
adsorption-desorption, transmission electron microscopy (TEM), and NH;TPD techniques. The results displayed
that the different silicon species can tailor the crystalline size effectively, Secondary template can give the as-
synthesized SAPO-34 a mesopore structure with ecrystalline walls, which contributes to enhancing the
thermostability, especially the hydrothermal stability during the MTO process. The catalytic performance of the
as-synthesized SAPO-34 was investigated during the MTO, as compared with the referenced SAPO-34-R,
hierarchical SAPO-34 displayed an excellent catalytic performance during the MTO by giving a prolonged
catalytic life and an elevated selectivity for oil while a depressed olefins selectivity because of the shortened

microporous channel length caused by the nanocrystallization or the introduced mesopore system.
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Table 1 Synthesis conditions of SAPO-34-xa with different Al-species
Raw material SAPO-34-Pa SAPO-34-Aa SAPO-34-vya SAPO-34-Oa
Al-species 2.8 g pseudo-boehmite 3.0 g Al(OH); 2.0 g y-ALOs 7.9 g Al(OPri);
Vigaon / mL 453 453 453 453
Vio / mL 10.5 10.5 10.5 10.5
Mt | & 1.16 1.16 1.16 1.16
Vipo, / mL 53 5.3 53 53
TEAOH: tetraethylammonium hydroxide; Al(OPri)s: aluminium isopropoxide.
xR 2 AEEIR SAPO-34-ys #l & &4
Table 2 Synthesis conditions of SAPO-34-ys with different Si-species
Raw material SAPO-34-Ls SAPO-34-Ss SAPO-34-As
Myjoen, | 8 7.9 7.9 79
Vigaon / mL 453 453 453
Vio / mL 8.2 10.5 10.5
Si-speices 2.3 mL Ludox (40% in weight) 1.16 g silica 1.16 g aerosil
Viipo, / mL 53 5.3 53
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Table 3 Synthesis conditions of SAPO-34-zt with different secondary template
Raw material SAPO-34-R SAPO-34-Ct SAPO-34-Ft SAPO-34-Pt
Myseudoboctmice | & 6.82 2.8 2.8 2.8
Secondary template — 0.5 ¢ CTAB 0.5 g F127 0.5 g P123

SDA 8.54 mL morpholine 45.3 mL. TEAOH 45.3 mL. TEAOH 45.3 mL. TEAOH
Vio / mL 46.38 8.2 8.2 8.2

Si-species 2.25 g aerosol 2.3 mL ludox 2.3 mL ludox 2.3 mL ludox
Vipo, / mL 6.4 5.3 5.3 53

SDA: structure directing agent; CTAB: cetyltrimethylammonium bromide; F127: tri-block copolymer of F127; P123: poly

(ethylene glycol)-block-poly(propylene glycol)-block-poly(ethylene glycol).
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Table 4 Pore structure parameters of SAPO-34 samples

Sample Sper / (g™ Susc / (m?-g7) Seu / (- g™) Viie / (e’ ) Vi ! (e’ g7)
SAP0-34-Oa 832 770 62 0.30 0.17
SAPO-34-ya 733 681 52 0.26 0.10
SAPO-34-Aa 723 688 35 0.27 0.06
SAPO-34-Pa 730 703 27 0.27 0.08
SAPO-34-As 826 762 64 0.30 0.18
SAPO-34-Ss 807 749 58 0.29 0.21
SAPO-34-Pt 715 635 80 0.25 0.22
SAPO-34-Ft 711 620 91 0.24 0.25
SAPO-34-Ct 678 564 114 0.21 0.17
SAPO-34-R 821 805 16 0.31 0.02

K5 SAPO-34-Ft 1932 5l 45 14
Fig.5 TEM images of the SAPO-34-Ft
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Fig.6  NHs-TPD of SAPO-34 samples
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Fig.8 Oil-olefin ratio in products over different catalysts
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Table 5 Selectivity of products during the MTO over the different catalysts

Sample* Conversion / %"

Selectivity / %®?

Ci+C, Coe (O Cs Cs.
SAPO-34-R 100 11.29 39.33 41.13 5.72 2.50
SAPO-34-Pa 100 1.36 35.38 35.43 13.45 14.37
SAPO-34-Aa 100 1.70 44.88 36.95 10.20 6.25
SAPO-34-ya 100 8.59 17.82 22.17 7.68 43.72
SAPO-34-As 100 7.44 17.59 20.63 8.59 45.73
SAPO-34-Ft 100 8.38 15.78 17.32 9.30 49.21

*Reaction conditions: temperature: 450 °C, the space velocity: 1.0 h™'; "Molar fraction
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