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Abstract — The catalytic combustion of toluene over Pd-Cu/USY zeolite has been examined by using FT-IR spectros-
copy in a closed system under dry and humid conditions. The catalytic combustion of toluene (700 ppmv) in the tem-
perature range of 80—220 °C has been investigated by using a fixed bed reactor. The Pd-Cu/USY catalyst showed the
highest catalytic performance with respects to the PdO-CuO/USY and Pd/USY. Comparing to PdO/Al,O; catalysts, the
slight improvement in conversion was observed over PAO/USY catalysts under humid condition since USY zeolite is
hydrophobic substrate and water give an additional oxygen source to zeolite surface like oxygen. The reduced catalysts
showed more enhanced catalytic activity due to the reduced activation energy of combustion of toluene than oxidized
catalysts such as PdO/USY and PdO-CuO/USY.

Key words: Toluene, Palladium, Copper, Catalytic Combustion, USY Zeolite, FT-IR
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Fig. 1. FT-IR spectra during toluene oxidation over (A) PdO/ALO;
and (B) PdO/USY zeolite according to reaction conditions: (a)
dry condition at 220 °C, (b) dry condition at 20 °C, (¢) humid
condition at 220 °C, (d) humid condition at 20 °C.
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Fig. 2. FT-IR spectra during toluene oxidation in the range of CO,
band over (A) PdO/ALO; and (B) PdO/USY zeolite according
to reaction conditions: (a) dry condition at 220 °C, (b) dry con-
dition at 20 °C, (c¢) humid condition at 220 °C, (d) humid con-
dition at 20 °C.
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Fig. 3. FT-IR spectra during toluene oxidation in the range of CO,
band over (a) PAO/USY zeolite at 220 °C, (b) PAO/USY zeolite
without air at 20 °C, (¢) Pd/USY zeolite at 220 °C and (d) Pd/
USY zeolite at 20 °C.
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Fig. 4. Effects of pretreatment on toluene oxidation over IR spectra
of CO, concentration: (a) PdO-CuO/USY zeolite and (c) Pd-Cu/
USY zeolite at 220 °C, (b) PdO-CuO/USY zeolite and (d) Pd-
Cu/USY zeolite at 20 °C.

Table 1. Catalytic oxidation of toluene over Pd-Cu supported on

catalysts

Catalyst Ts, (°C) T 00 (°C)
PAO/ALQ, (oxidized) 190 220
Pd/ALO; (H,0) 170 220
PAO/USY (oxidized) 160 200
Pd/USY (H,0) 135 200
PdO-CuO/USY (oxidized) 140 190
Pd-Cu/USY (reduced) 130 150
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A= G4 Cu7l P SAHES AN 7RIAIEE ol & eI
W %9 Pd7F O R =FHWA Fig 4(c)ollA Ha= vk} o]

Pd-Cw/USY &1)|9] vk3-8Xo] =14 Z7)eh= 22 & 4 QSlr}.
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51 50%2} 100%2] &7l AgHEa Vel 255 Tso 2 Ty
o= z}z} %AJlo] Table 19 533t 212e] Sujd/dS pd-
Cw/USY > Pd/USY > PdO-CuO/USY > PdO/USY > PdO/ALO,°]
FAYE & 5 AUMTE PAO/ALO, FHal ol &5 AN
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o] a1 Gl gte] S WA ekot, 120~220 °C2
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238 & 4 STt o)t A3 Avli= Marecot 5[15]12] AT+
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2 4ds] A2 Golx] Akskgo] AaES o & ST
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= Fig, 6A8F 221 135200 °C Alololl A SHAEl] Pd/USY
9] 84 (Fig. 6Ab)e] Bl 973 212 & = Aller olzjsh 4
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Fig. 6B2F 701 100-200 °C AlelolA] R3] Pd-Cw/USY =
ue] &9 (Fig. 6Bbe] T 978k 218 & 4= AASITt. o]2igh A3
A= £ ANkl Pd FHullol Ccud 7iehd 58] 3
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4.4 E

Pd-Cw/USY F1|9] E7¢1 A4NM8-S PA/USY, PA/ALO, 1|9}
Hazsle] FLIRT GCR A7eiglon Sujae: Pd-CwUsy >
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Fig. 5. Effects of humidity on toluene conversion over (A) PdO/ALO;
and (B) PdO/USY without water (a) and (c), with water (b) and

(d), respectively (Toluene: 700 ppm, GHSV: 500 hr™', dry air
balance, catalyst: 0.5 g).
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Fig. 6. Influence of oxidation state of Pd on the activity of toluene
combustion reaction over (A) PdAO/USY and (B) PdO-CuO/USY
before reduction (a) and (c), (b) and (d) after reduction,
respectively. (Toluene: 700ppm, GHSV: 500hr’}, dry air balance,
catalyst: 0.5 g).
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