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Abstract

The catalytic activity of Pt/y-Al,O; catalysts for the oxidation of toluene and toluene+xylene mixture was inves-
tigated in the microreactor of fixed-bed type. The calcination temperatures and loadings of Pt/y-Al,0; catalysts
played the important role in the activity of catalysts for the oxidation of toluene. The increasing calcination temper-
atures and loadings of Pt/y-Al,O; catalysts increased the crystallite size of the platinum to result in the higher
oxidation activity of catalysts. The catalytic activity for the toluene oxidation over Pt/y-Al,O; catalysts turned out
to be increasing in the order of 500°C < 800°C < 600°C < 700°C for calcination temperatures and 0.1 wt% <0.3
wt% < 1.0 wt% for platinum loadings, respectively. The 1.0 wt% Pt/y-Al,O; catalysts calcined at 700°C for 3 hrs in
the air showed the highest activity for the oxidation of the toluene. The decrease of oxidation activity of Pt/y-Al,0;
catalysts calcined at 800°C might result from the decrease of active sites by sintering of platinum metals as well as
v-Al,0; supports. The 1.0wt% Pt/y-Al,O; catalyst showed the activity from the lower temperature at 120°C,
reached the light-off temperature (Tsy,) at 180°C, and leveled off its activity at 340°C with the conversion of 100%.
“Mutual promotion” effects were observed for the binary mixture of toluene and xylene. The activity of the easy-
to-oxidize toluene was slightly increased with the existence of the xylene. It might suggest the different mechanism
for the oxidation of toluene and xylene on the Pt/y-Al,O; catalysts on different sites, and its reaction of gaseous

oxygen.
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Fig. 1. XRD patterns of Pt/y-Al,O; catalysts for complete
oxidation of toluene with different loadings of pla-
tinum metal. Calcination temperature is 700°C.
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Fig. 2. XRD patterns of 0.3 wt% Pt/y-Al,0; catalysts for
complete oxidation of toluene at different calcina-
tion temperatures.
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Table 1. Surface area of Pt/y+Al,0, catalysts calcined at
different temperatures.

Calcination temperature (°C)

Catalyst
500 600 700 800
Y¥-AlLO, 99.56"  94.65 87.52 81.02
0.1 wt% Pt/y-ALO;  98.65 94.22 89.72 80.38
0.3 wt% Pt/y-AlL,O;  100.60 94.13 88.25 80.61
1.0 wt% Pt/y-ALO;  99.18 94.77 87.51 79.03

DSurface area (m%g)

W Zo) x| TE 0.05 wt%RE 1.00 wt%7hx] ¥
FAFEA AEE Puy-ALO; £1]2] XRD HE o]
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234 Z7kHe Zler Bel =7t Frbska
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& Ak XRD 935 e Hlez Hel y-
ALO;9 A E7) dejuix] gk U3 Adgla =
Agte ¢ 4 Ik =3 A=t Foge] wie)
A wWlZe] EAT| Q) 20=39.8° oA 2] 3|=e] =7
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WFe] SR g 2d2= WEle] m-E Puy-
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Z7}sl ®HAHo] 9mYge g 20% A= FHAd=
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3.2 2o XM24tst

EFd9] AL A (DollA & 5 9= vle}
Zro] ul-&-odo] AH=-93.98 kcal/mol o & o} Wy
Ml uhg-elot

C,Hg +90,—7CO,+4H,0+93.98 keal/mol (1)
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Fig. 3. Effect of calcination temperatures on the conver-
sion of toluene over 0.1 wt% Pt/y-Al,O; catalysts.
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Fig. 4. Effect of calcination temperatures on the conver-
sion of toluene over 0.3 wt% Pt/y-Al,O, catalysts.
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Fig. 5. Effect of calcination temperatures on the conver-
sion of toluene over 1.0 wt% Pt/y-Al,O; catalysts.
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Table 2. Comparison of light-off temperatures for toluene

oxidation over Pt/+Al,O, catalysts.

Calcination Tso0, (°C) Toge, (°C)
Catalyst  temperature Toluene Toluene
(°C) Toluene +Xylene Toluene +Xylene
500 311 NA"Y  >360 NA
0.1 wt% Pt 600 247 NA 299 NA
H-AlO4 700 225 NA 284 NA
800 253 NA 316 NA
500 298 NA  >360 NA
0.3 wt% Pt 600 233 NA 290 NA
-ALO; 700 223 NA 280 NA
800 235 NA 296 NA
500 216 NA 288 NA
1.0 wt% Pt 600 188 192 244 234
y-Al O, 700 180 187 232 228
800 199 195 276 236

UNA : Non available
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Fig. 6. Effect of platinum loadings of Pt/y-Al,O; catalysts
on the conversion of toluene. Calcination temper-
ature is 700°C.

Table 3. Crystallite sizes of Pt/y-Al,O, catalysts calculat-
ed from XRD line broadening.

Calcination 0.1 wt% 0.3 wt% 1.0 wt%

temperature  PUY-ALO; Pty-ALO,  Puy-ALO,
O d(m)” D(%)? d(nm) D(%) d(nm) D(%)
500 0.031 NAY 0392 NA 0954 NA
600 0.195 NA 4424 249 7339 150
700 0527 NA 5857 188 11.034 100
800 2191 502  8.189 125 18.160 6.10

"'d : Diameter of the platinum crystallite
YD : Dispersion of the platinum
JNA : Non available.
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Fig. 7. Effect of binary gases on the conversion of tolu-
ene and xylene over 1.0 wt% Pt/y-Al,O; catalysts
calcined at 700°C.
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