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In this work, nanocrystalline Pt/Al2O3, Pt-Sn/Al2O3 and Pt-Sn-M/Al2O3 (M = K and
Zn) catalysts have been prepared by one-step flame spray pyrolysis (FSP). Obtained powder
was characterized using X-ray diffraction (XRD), N2-physisorption, CO-chemisorption,
transmission electron microscopy (TEM), and X-ray photoelectron spectroscopy (XPS).
Dehydrogenation of propane was performed as the model reaction.
The Pt-Sn/Al2O3 catalysts with 0.3 wt% Pt and 0.5-1.5 wt% Sn loading were
prepared by one-step flame spray pyrolysis (FSP). Unlike the catalysts prepared by
conventional impregnation method, the FSP-derived catalysts were composed of singlecrystalline Ȗ-alumina particles with the as-prepared primary particle size of 10-18 nm and
contained only large pores. The FSP catalysts exhibited superior catalytic activity and better
stability than the ones made by impregnation in the dehydrogenation of propane, while they
did not alter the selectivity to propylene (in all cases, propylene selectivity § 96 %). The
presence of large pores in the flame-made catalysts not only facilitated diffusion of the
reactants and products but could also lessen the amount of carbon deposited during
reactions. As revealed by CO chemisorption, TEM, and XPS, the metal particles appeared to
be partially covered by the alumina matrix (Al-O) due to the simultaneous formation of
particles during FSP synthesis. Such phenomena result in the formation of active Pt-Sn
ensembles for propane dehydrogenation as shown by higher turnover frequencies (TOFs).
Addition of Zn or K as a promoter of Pt-Sn/Al2O3 has been done by adding the promoter
precursor in FSP process or impregnation of promoter precursor solution on FSP-made Pt-Sn/Al2O3
catalyst. Addition of Zn or K together with Pt, Sn and Al in flame process resulted on the formation of
large metal cluster comparing with the un-promoted one as revealed from TEM and COchemisorption results. XPS result reveals that addition of third element shifted the binding energy of
Sn (1 eV), which suggested the decreasing on the formation of Pt-Sn alloy. Decreasing of catalytic
activity and propene selectivity had been observed after addition of third element by both methods.
This would be due to the formation of large metal cluster and decrease of Pt-Sn alloy formation.
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Äµ¸Ê ¨¹ µµÃ °´ªÁ¦n··¦·¥µ Pt/Al2O3, Pt-Sn/Al2O3 Â¨³ Pt-Sn-M/Al2O3 (M =
K and Zn) ¼Á¦¸¥¤ ¹Êµª·¸Á¢¨¤Á¦¥rÅ¡Ã¦Å· ¸ÉÅo¦´¼ª·Á¦µ³®rÃ¥Äo Á¦ºÉ°Á°rÁ¦¥r·¢Â¢¦´
(XRD), µ¦¼´µµ¥£µ¡oª¥ÅÃ¦Á, µ¦¼´ °µ¦r°¤°È°År, ¨o°»¨¦¦«r°·Á¨È¦°
(TEM) Â¨³ Á°pÁ¦¥r Ã¢Ão°·Á¨È¦°ÁÃ¦Ã¦e (XPS) ¸Å±Ã¸Á´ °Ã¡¦Á¡¼ÄoÁ}··¦·¥µ
° ´ªÁ¦n··¦·¥µ Pt-Sn/Al2O3 ¸É¤¸Â¡¨·´¤ 0.3 wt% Â¨³ ¸» 0.5-1.5 wt% ¼Á¦¸¥¤oª¥ª·¸Á¢¨¤Á¦¥r
Å¡Ã¦Å¨·Ä ´Ê°Á¸¥ª Å¤nÁ®¤º°´µ¦Á¦¸¥¤´ªÁ¦n··¦·¥µoª¥ª·¸µ¦Á¨º° { ´ªÁ¦n··¦·¥µ¸ÉÁ¦¸¥¤
µÁ¢¨¤Á¦¥rÅ¡Ã¦Å¨·¦³°Åoª¥¨¹Á¸É¥ª °Â¤¤nµ°³¨¼¤·µ¸É¤¸ µ¦³¤µ 10-18 µÃÁ¤¦
Â¨³¤¸¦¼¡¦» µÄ®n ´ªÁ¦n··¦·¥µ¹ÉÁ¦¸¥¤µª·¸Á¢¦¤Á¦¥rÅ¡Ã¦Å·Âªµ¤ªn°ÅªÂ¨³ªµ¤Á¸¥¦
¤µªnµ´ªÁ¦n··¦·¥µ¸ÉÁ¦¸¥¤µª·¸Á¨º° {Ä··¦·¥µ¸Å±Ã¦·Á´ °Ã¡¦Á¡ Ä ³¸ÉÄ®o¨µ¦Á¨º°
Á·¦³¤µ 96% µ¦¤¸°¥¼n °¦¼¡¦» µÄ®nÄ´ªÁ¦n··¦·¥µ¸ÉÁ¦¸¥¤µÁ¢¨¤Á¦¥rÅ¡Ã¦Å¨·Å¤n
Á¡¸¥ÂnÎµÄ®oÁ·µ¦Â¡¦n °µ¦´ÊoÂ¨³¨·£´rÂ¡¦nÅo³ª
Ân¥´ÎµÄ®oÃo¨¨¦³®ªnµµ¦
Á···¦·¥µ°¸oª¥ ¨ °µ¦¼´ °µ¦r°¤°È°År, ¨o°»¨¦¦«r°·Á¨È¦° (TEM), Â¨³ Xray Ã¢Ão°·Á¨È¦°ÁÃ¦Ã¦e (XPS) ÂÄ®oÁ®Èªnµ°»£µ °Ã¨®³¼¨»¤oª¥Á¤¦· °°³¨¼¤·µ
ÁºÉ°¤µµµ¦n°¦¼Â °°»£µ¦³®ªnµµ¦´Á¦µ³®roª¥Á¢¨¤Á¦¥rÅ¡Ã¦Å¨· °¥nµÅ¦Èµ¤¨ °
µ¦¦oµ Pt-Sn ensembles Îµ®¦´··¦·¥µ¸Å±Ã¦·Á´ °Ã¡¦Á¡Ânµ turnover frequencies
(TOFs) ¸É¼ µ¦Á·¤´³¸ Â¨³Ã¡ÂÁ¸¥¤Á}´ªnÁ¦·¤ ° Pt-Sn/Al2O3 ÎµÄ®oÎµÁ¦ÈÃ¥µ¦Á·¤µ¦¦³°
´ªnÁ¦·¤Ä¦³ªµ¦Á¢¨¤Á¦¥rÅ¡Ã¦Å¨· ®¦º°µ¦Á¨º° { °µ¦¨³¨µ¥µ¦¦³°´ªnÁ¦·¤´ªÁ¦n
··¦·¥µ Pt-Sn/Al2O3 ¹ÉÁ¦¸¥¤µª·¸Á¢¨¤Á¦¥rÅ¡Ã¦Å¨· µ¦Á·¤´³¸ ®¦º°Ã¡ÂÁ¸¥¤¡¦o°¤´Â¡¨·´¤
¸» Â¨³ °³¨¼¤·´¤Ä¦³ªµ¦Á¢¨¤n¨n°µ¦Á· cluster Ã¨®³ µÄ®n Á¤ºÉ°Á¦¸¥Á¸¥´´ªÁ¦n··¦·¥µ
¸ÉÅ¤n¤¸´ªnÁ¦·¤ÂÄ®oÁ®ÈÄ¨ ° ¨o°»¨¦¦«r°·Á¨È¦°(TEM) Â¨³µ¦¼´ °µ¦r°¤°È°
År, ¨ °Á°pÁ¦¥r Ã¢Ão°·Á¨È¦°ÁÃ¦Ã¦e (XPS) ÂÄ®oÁ®Èªnµµ¦Á·¤µ»´ª¸Éµ¤¨ÅÎµÄ®o
binding energy °¸»Á¨ºÉ°Å 1 eV ¹É¸ÊÄ®oÁ®È¹µ¦¨¨ ° Pt-Sn alloy µ¦¨¨ °ªµ¤ªn°Åª °µ¦
Á}´ªÁ¦n··¦·¥µ Â¨³µ¦Á¨º°Á· °Ã¡¦¡¸ ¼ÂÄ®oÁ®È®¨´µµ¦Á·¤µ»´ª¸Éµ¤Ã¥´Ê°ª·¸ µ¦
¨¨¸Ê°µÁºÉ°¤µµµ¦Á· cluster Ã¨®³¸É¤¸ µÄ®n Â¨³µ¦¨¨ °µ¦Á· Pt-Sn alloy
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