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Abstract — Redispersion of Pt-Sn particles in Pt, PtSn catalyst which have been sintered by high temperature hydrogen
reduction was investigated using oxygen treatment with various temperatures. The aim of this study was to understand
the relationship between the catalytic activity for propane dehydrogenation reaction and the change in the physicochemical
properties of the catalyst. X-ray diffraction analysis (XRD), CO pulse chemisorption, and H, temperature programmed reduction
(H,-TPR) were performed to investigate the state of active metal and interactions between particles of redispersed
catalyst. It was confirmed that the dispersion and particle size of platinum, the crystal phase of the catalyst, and the reduction
behavior were changed according to the oxygen treatment. As for the catalytic activity in propane dehydrogeantion,
sintered PtSn catalyst treated with oxygen at 500 ‘C showed best activity and recovery of initial activity. It was confirm
that catalyst after oxygen treatment at 500 C showed high dispersion of Pt and decreased particle size as the results of CO
pulse chemisorption and XRD of catalyst, and thus the redispersion of PtSn particles in sintered catalyst was occurred.
Catalytic activity was recovered due to redispersion using oxygen treatment, and the activity recovery of the PtSn catalyst
was higher than that of Pt catalyst.
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Fig. 1. (A) Propane conversion (B) propylene selectivity and (C)
propylene yield over 3Pt/Al,O; treated with oxygen at 400,
450, 500, 550, 600 C. Reaction conditions—catalyst weight:
0.3 g; reaction temperature: 500 C; and flow rate: H,:C;Hg
=60:30 (ml/min).
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Fig. 2. (A) Propane conversion (B) propylene selectivity and (C)
propylene yield over 3Pt4.5Sn/Al,O; treated with oxygen at
400, 450, 500, 550, 600 C. Reaction conditions—catalyst weight:
0.3 g; reaction temperature: 500 C; and flow rate: H,:C5Hg
= 60:30 (ml/min).
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Table 1. The catalytic activity and recovery of initial activity of propane dehydrogenation over Pt catalysts

Catalyst Redispersiorul Reducti(?n Reaction ) Recov'ery of 4 Conversiorll) Qf Selectivitybqf C;Hy  Yield ofb (;3H6
Temperature (C) Time (min) Temperature (C)  conversion (%)* C;Hg (%)>¢ (%)>¢ (%)°¢

3Pt - - 8.6(1.7) 88.5(78.9) 7.6 (1.3)
3Pt-sintering - - 3.5(0.6) 92.1(62) 32(04)
3Pt-400 400 33 2.8(0.6) 84.2 (74.6) 2.3(04)
3Pt-450 450 60 500 40 3.4(0.5) 85.9(71.2) 2.9(0.3)
3Pt-500 500 60 52(12) 85.8 (66.2) 4.4(0.8)
3Pt-550 550 24 2.1(0.7) 57.1(57.6) 1.2(0.4)
3Pt-600 600 19 1.6 (2.7) 52.2 (44.9) 0.8(1.2)

“Recovery of conversion was calculated from initial 15min conversion divided by 3h conversion.
®Conversions of propane were expressed at initial 15min and 3 h on stream in parenthesis.

“The values in parenthesis means those obtained 3 h on stream.
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Table 2. The catalytic activity and recovery of initial activity of propane dehydrogenation over PtSn catalysts

Catalyst Redispersior} Reducti(')n Reaction . RecoYery of ‘ Conversiorll) 9f Selectivitybqf Yield ofb C.3H"
Temperature (C)  Time (min)  Temperature (C)  conversion (%)* C;Hg (%)™ C;Hg (%)>¢ (%)™
3Pt4.5Sn - - 15 (11.7) 96.5(97.9) 14.5(11.5)
3Pt4.5Sn-sintering - - 10.8 (8.5) 100 (100) 10.8 (8.5)
3Pt4.5Sn-400 400 78 11.7 (4.9) 100 (93.7) 11.7 (4.6)
3Pt4.5Sn-450 450 60 500 81 12.2 (6.4) 96.4 (97.3) 11.7 (6.2)
3Pt4.5Sn-500 500 84 12.6 (10) 97.6 (98.4) 12.3(9.9)
3Pt4.5Sn-550 550 83 12.4 (9.5) 97.7 (96.3) 12.1(9.2)
3Pt4.5Sn-600 600 54 8.1(1.2) 90.3 (67.4) 7.4(0.8)
“Recovery of conversion was calculated from initial 15 min conversion divided by 3 h conversion.
®Conversions of propane were expressed at initial 15 min and 3 h on stream in parenthesis.
“The values in parenthesis means those obtained 3 h on stream.
Table 3. CO pulse chemisorption data for 3Pt catalysts
Catalyst Metal Dispersion Metallicostllrface Area Active Particle Diameter Amount}of CO adsorbed
(%) (m°g" cat) (nm) (cm” STP/g cat)
3Pt 10.31 0.76 10.98 0.36
3Pt-400 7.09 0.53 15.98 0.24
3Pt-450 8.94 0.66 12.66 0.31
3Pt-500 7.54 0.56 15.00 0.26
3Pt-550 433 0.32 26.13 0.15
3Pt-600 4.79 0.36 23.64 0.17
Table 4. CO pulse chemisorption data for 3Pt4.5Sn catalysts
Catalyst Metal Dispersion Metallicz&_llrthce Area Active Particle Diameter Amount}of CO adsorbed
(%) (m°g" cat) (nm) (cm” STP/g cat)
3Pt4.5Sn 1.77 0.13 63.87 0.06
3Pt4.5Sn-400 1.84 0.14 61.58 0.06
3Pt4.5Sn-450 2.79 0.21 40.63 0.10
3Pt4.5Sn-500 227 0.17 49.96 0.08
3Pt4.5Sn-550 1.74 0.13 65.08 0.06
3Pt4.5Sn-600 1.68 0.12 67.47 0.06
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F otk T2 g4 kS Al & 3pt 2|52 3k ez U

W w= R RA R 500 CTollA] AEAY A2l st 3pe Frj o] &
R 9139 AErt 7P G S BRI 4 i)
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