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Abstract — The catalytic oxidation of toluene over -Al,O; supported copper-manganese oxide catalysts in the temper-
ature range of 160-280 °C was investigated by employing a fixed bed flow reactor. The catalysts were characterized by
BET, scanning electron microscopy (SEM), temperature-programmed reduction(TPR), temperature-programmed oxida-
tion(TPO), X-ray photoelectron spectroscopy (XPS) and X-ray diffraction(XRD) techniques. Catalytic oxidation of tol-
uene was achieved at the below 280 °C, and the optimal content of copper and manganese in the catalyst was found to be
15.0 wt%Cu-10.0 wt%Mn. From the TPR/TPO and XPS results, the redox peak of 15 Cu-10 Mn catalyst shifted to the
lower temperature, and the binding energy was shifted to the higher binding energy. Furthermore, It is considered that
Cu, sMn, 50, is superior to Mn oxides and CuO in the role as active factor of catalysts from the XRD results and also
catalytic activities are dependent on the redox ability and high oxidation state of catalysts.
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Fig. 1. Schematic diagram of the micro reactor.
A. Mass flow meter D. Temperature controller
B. Micro syringe E. Catalyst reactor
C. Heater F. GC-FID
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Fig. 2. Catalytic oxidation of toluene over Cu-Mn oxide catalysts as
functions of reaction temperature and concentration.
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Table 1. Catalytic oxidation of toluene over Cu-Mn oxide catalysts

Catalyst Concentration T5,(°C) Tyy(°C)

5 Cu-10 Mn 30 ppm 183 236
75 ppm 219 254

150 ppm 248 267

10 Cu-10 Mn 30 ppm 189 233
75 ppm 219 250

150 ppm 245 258

15 Cu-10 Mn 30 ppm 189 233
75 ppm 203 236

150 ppm 238 256

20 Cu-10 Mn 30 ppm 192 234
75 ppm 213 240

150 ppm 243 257
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Fig. 3. The influence of reaction time on reactivity of catalytic oxidation
of toluene over Cu-Mn oxide catalysts (A: toluene concentration
=150 ppm, temperature=220 °C; B: toluene concentration=30,
75 ppm, temperature=220 °C at 15 Cu-10 Mn catalyst).

o] ekt RAE S Bl 4 At wEEY Wi Cu BH4
2ko] Wglo] W B9 9dAks &% xpo]E e o,
15 Cu-10 Mn Fvll7} 718 Aol|x] EF<le] edits) vhe-& 1}
ERiE 28 & 5 ok Wb, 15%Cu-10%Mn H]EE Cu-Mn
2belE Fulg AFgo 24 Bl haikstEid e =Y 4 Q)
S5 AL

S5l edaksl Bdo] 23] 53] Aldshe %21 220 °C
ol A Alztel] w2 Bl W8-S S43T) Fig. 3(a)ell sk
15 Cu-10 Mn AF8HE FHuljo] g/do] Aoz 943k dqlgh
I lom, MEE2 2A]70] A P w 31%0]3L AT BT Al
25% 2 o] QoS W3l o 144]7t0] A ujgle| uhe
29% 7 A9 DA FA1ES ElE = Qi w3 o]u3t 7
= Cue] FA o] thE FnjjoA . BEE| ek EFel Hggo]
$5738F 15 Cu-10 Mn Z7iellA1 2] 30, 75 ppm F5=E 27| HAE
ANE W Fig, 3(b)ell HERE Bkl 720] 30 ppm oAM= 30%
o] AZES ROt} 45% 7V =& AEES YERloH,
75 ppm FE=ONA= 30% 7FEONA 25% Atele] B¢l AgES U
ERdS B 4 itk 220 °CME RESE] Ft Whers A
Hgo] 973H 15 Cu-10 Mn Fulje] E4do] Hojd 71 Fjle
T A3drt.

iR

Lo

3-2. 0o M EM EM

Cu®] PAIFE WSIAIA Azst Fulo] njgusS Z74e A7)
£ Table 20 YERAILE v-ALOSl Mn¥} Cus B3 Cu-Mn A
3 Fuo] vFEAL 155 m¥g?l y-ALO;2] H|FEHA R} vj-¢-
Hasles & 3o, Cu $3o] SRl wiet njsrHAo]
Frashe S YeRd) ol Adol 2shd y-ALOl 10%

Korean Chem. Eng. Res., Vol. 44, No. 2, April, 2006



196 29171 -

Table 2. The BET surface area of Cu-Mn oxide catalysts

Catalyst Surface Area (m?/g)
5 Cu-10 Mn 106.6
10 Cu-10 Mn 102.3
15 Cu-10 Mn 101.6
20 Cu-10 Mn 96.5

Fig. 4. SEM images of Cu-Mn oxide catalysts (1:5 Cu-10 Mn, 2:10 Cu-
10 Mn, 3:15 Cu-10 Mn, 4:20 Cu-10 Mn).
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Fig. 5. X-ray diffraction patterns of Cu-Mn oxide catalysts.
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Table 3. The crystallite ratios of Cu-Mn oxide catalysts

XRD phases(%)
Catalyst
Cu, sMn,; 50, CuO
5Cu-10Mn 100 -
10Cu-10Mn 100 -
15Cu-10Mn 64 36
20Cu-10Mn 51 49
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Fig. 6. TPR curves of Cu-Mn oxide catalysts.
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Fig. 7. TPO curves of Cu-Mn oxide catalysts.
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Table 4. The binding energies(eV) of Cu(2p) and Mn(2p) levels for
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Binding energies (eV)

Catalyst
Cu2p;, Mn 2p;,
5Cu-10Mn 932.80 eV 641.85 eV
10Cu-10Mn 932.80 eV 641.60 eV
15Cu-10Mn 933.10 eV 642.15 eV
20Cu-10Mn 932.45 eV 641.45eV
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uene concentration=100 ppm, reaction temperature=260 °C).
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