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Abstract:  The catalytic properties of PtSn/y-Al,Os, PtSn/MCM-41 and PtSn/Al,O/MCM-41 catalysts for propane
dehydrogenation were studied using microreactor tests combined with X-ray diffraction (XRD), BET surface area and
pore structure measurements, temperature-programmed reduction (TPR), H,-chemisorption and thermogravimetric
(TG) analysis. It was shown that the PtSn catalysts supported on Al,O;-modified MCM-41 (ALOy/MCM-41) exhibited
higher activity than the PtSn/MCM-41 catalyst, and higher catalytic stability than the conventional PtSn/y-Al,O;
catalyst for propane dehydrogenation. The characterization results of the catalysts revealed that on the surface of pure
MCM-41, the dispersed Sn species were easier to be reduced to metallic state due to weak interaction of Sn with
MCM-41 support, resulting in lower Pt dispersity and thus lower catalytic activity. In contrast, modifying the surface of
MCM-41 by alumina could enhance the interaction between Sn and Al,O/MCM-41 support, and increase Pt dispersity
and catalytic activity for propane dehydrogenation. Moreover, the PtSn/ALOyMCM-41 catalysts had larger bare
fraction of Pt surface after coke deposition, leading to their higher catalytic stability than the PtSn/y-Al,O; catalyst. It is
suggested that the unique catalytic properties of PtSn/Al,O/MCM-41 catalysts are correlated not only to the strong
interaction of Sn with A1,O,/MCM-41support but also to the mesoporous structure of the Al,O,/MCM-41 support.
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Fig.1 XRD patterns of Al,0;/MCM-41 samples with
different Al,O; contents
w(ALO;) (%): (a) 0.0 (MCM-41); (b) 9.1; (c) 16.7; (d) 23.1; () 28.6
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samples with different AL,O; contents
w(ALOs) (%): (a) 0.0 MCM-41); (b) 9.1; (¢) 16.7; (d) 23.1; (e) 28.6
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Table 1 Specific surface area and pore structure of
AlL,O;/MCM-41 support

W(ALOY(%) Dy/nm Sper/(m** gil) mee/(cms' gil)
detected calculated®  detected calculated®

0.0 2.60 753 753 0.42 0.42

9.1 247 631 685 0.37 0.39

16.7 2.34 452 629 0.32 0.36

23.1 2.35 271 582 0.20 0.33
28.6 2.60 243 541 0.27 0.31
100.0° 10 10 0.04 0.04

a) calculated by a mechanical mixture sample of (ALO;+MCM-41)
with the same composition as that of ALOy/MCM-41; b) The sample
was prepared by the same method as ALLOy/MCM-41 but without
MCM-41.
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Fig.3 Catalytic properties of PtSn/Al,0;/MCM-41
catalysts for propane dehydrogenation
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Table 2 The surface properties of PtSn/Al,0;/MCM-41 catalysts for propane dehydrogenation

(after reaction for 10 h)

C;H; conversion C3H; selectivity C-C, H, uptake (mL/g Pt) w(coke) Bare fraction of Pt
Catalyst w(ALO3) (%) o -
(x, %) (x, %) selectivity  fresh(V,) after reaction(V) (%) (Vd/Vex100%)
PtSn/y-ALO; 8.9 85.2 14.8 41 9 12 22
PtSn/MCM-41 0.0 8.4 84.2 15.8 15 10 2.4 67
PtSn/Al,O/MCM-41 9.1 10.1 88.1 11.9 16 12 6.5 75
16.7 11.9 87.8 12.2 21 16 6.2 76
23.1 16.8 93.4 6.6 26 20 3.9 77
28.6 12.6 88.0 12.0 20 9 8.4 45
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Fig.4 TPR profiles of supported Sn0O, on different
samples
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