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Abstract

The catalytic combustion of toluene was investigated on the Cu-Mn oxide catalysts prepared by the deposition-
precipitation method. Experiment of toluene combustion was performed with a fixed bed flow reactor in the
temperature range of 100~280°C. Among the catalysts, 1.29Cu/Mn showed the most activity at 260°C. The
deposition-precipitation method may be showed the potential to enhance the activity of catalysts. The catalysts
were characterized by BET, scanning electron microscopy (SEM), temperature-programmed reduction (TPR), X-
ray photoelectron spectroscopy (XPS) and X-ray diffraction (XRD) techniques. On the basis of catalyst
characterization data, the results showed that the surface of catalysts by deposition-precipitation method had
uniform distribution and smaller particle size, which enhanced the reduction capability of catalysts. The XRD
results showed that Cu, sMn, 50, spinel phase was made by deposition-precipitation method, and increased catalyst
activity and redox characteristic. It was assumed that the reduction step of Cu, sMn, ;O, spinel phase progressed
Cu, sMn, 50, to CuMn0O,, and Cu,0 to CuMn,0, and Cu.
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Fig. 1. Schematic diagram of the toluene combustion reactor.
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Fig. 2. Toluene conversion vs. reaction temperatures and concentrations over catalysts.
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Fig. 3. Toluene conversion vs. reaction times over 1.29
Cu/Mn catalyst (toluene concentration=30, 75, 150
ppm, total flow=50 mL/min, temperature=220°C).
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Fig. 4. Toluene conversion with time on stream over 1.29
Cu/Mn catalysts. (toluene concentration=150 ppm,
total flow=50 mL/min, temperature=240°C).
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Table 1. BET surface area

of catalysts.

Surface area (m*/g)
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D.P method
0.43Cu/Mn 121.51
0.86Cu/Mn 110.52
1.29Cu/Mn 103.24
1.72Cu/Mn 92.91
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Fig. 5. SEM images of catalysts.
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Table 2. The binding energies of core electrons and atom-

ic ratio of Cu/Mn in catalysts.

Binding energy of centre (eV)

Cu/Mn atomic
Catalyst o
Cu2p;, Mn2ps, ratio
0.43Cu/Mn 932.95eV 641.80eV 0.32
0.86Cu/Mn 932.75¢V 641.75eV 0.68
1.29Cu/Mn 932.75eV 641.40eV 0.93
1.72Cu/Mn 932.95¢V 641.70eV 1.17
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Fig. 7. TPR curves of catalysts.

* Cu

% Cu,O

© CuMn,O,

0 CuMnO,

® Cu, ;Mn, 0,

*
@]
o ©

After second reduction

Counts

Before reduction
T T T T T

20 30 40 50 60 70 80

Fig. 8. XRD patterns for the reducing step of 1.29Cu/Mn
catalyst.

4 F CuMn,0,, Cu®l ZAAol &7 Hglow
CuMn 0, FA Yol 77 Fel= vepd) ot
A1 3 ws) 3] Al A= Cuy sMn, 50,7} CuMnO,
29 gde] F5 o[Fm YH Cut Cu,;Mn, 0,00

J. KOSAE Vol. 22, No. 3(2006)



FelHo] Cu,0 AAE o] F& 7oz AR,
e 2 Ao A= Cu,00M Cuz gHgle] F
o] FARE How shislch w3 F oA Y
A4 CuMnO,= CuMn204i 319)o] A EE
Hoz FAo| S} FAYel 7L Ho RHo
Huz ZAAs} %Xdﬁ}ﬂl o] |7 ¢f2 Aoz
Azdd aslez #JddAE Cu sMn 0, —
CuMnO,, Cu,0 — CuMn,Q,, Cuz. AFF-& gl &
3 Ut

rxl i -{n X

Cust Mng HAQYel ofa) Azslel = =
X9 B 2o B4 2AR AT e g

Ezd A3 AF A} 0.43Cu/Mn<0.86Cu/Mn
<1.72Cu/Mn< 1.29Cu/Mn &2 1.29Cu/Mn &)
7} 943 BRd B85 Jepla glon B2
8 23 =5 260C FZ UGS o4 4 9
St 1.29CuMn FaE A3t Fule] yAlE
Ars 2 A3 79 2= 30ppm A o 2F 90%,
75 ppm =AM E o 55%, 150 ppm =Y &= oF
28%2] BF0 AFES Ao A7 Azl
w2 2 W3le ¢y Aoz zAlEgler ERA
=l ol ulE EFd e A dAhE
B 4 gl9leh
1.29Cu/Mn &09] FAA-E 240°CH 2=oiA 10
Azt galst A}, BFal AL 84% A 98%7}
7l A3t 4R BE = 98%] Bl H3g-&
FAEHe s & 5 AT olH® A S0 =
o} Absl Abel) 7} AAAZE FRE ATA ] =4
A71H el A% FA7F 75 Aoz &gt
AFAA Az Cus} Mno] FR|Fe] Zefe]
—?6}51 z2A FAA 60nm o]she] =} A}
=2 Pri EZu| A Euljo] AUEASE 5
o2 FlFglc) Cusl Mn2] Eunjo o}
EA &0 3] 54 dAEE
kg Molm, 1.29Cuw/Mn Zvfo] T4l a5t
Aol 7} 948 7oz vehdrt XPS 2
sboll A} 1.29Cu/Mn &5 =w 22 v]g-o} 0933
ez Jepgon o] AAYTrxE 53T XRD

>

N

e
["{E )’i O_L.

o
dg
A

P78 EEA] 224 A3E

2 AT N Fo) 212 Cu,Mn, 0, 259 72
2 EAshe Aoz Fel Hr 18Es o
Cu/Mn AbEHE Zvllo] A& of oMo &L AL
Cu, sMn, 5O, A5 Fxe) 7elsly As3I) »¥
o] 94 EulQl Aoz HAHY,

w3}, &ae] 319 A= Cu, sMn, s0,— CuMnO,,
Cu,0— CuMn,Q,, Cuz A3 52 A 4 gl

rf'

|

4

ZALel 2

B ATE AAALRAN AR AR
A -k 7 A Aol ofa) sa8 A9
Yok 4742 AL F FFARITIEAT) 2}

£ =34k
#F g s
o] 57), AA#(1998) AFrlER) do|FEASE Fuj e

8% FUY a7 Anne, 25
21 AT s AR B 10 141-160.

A AL, A3(2002) S0 782, 431, 3H 4, 281-282pp.

WA (2004) VOCs ] Z4) 7] 3«] st A= Ad3
7714, 9, 26-35.

Moulder, I.F., W.F. Stickle, P.E. Sobol, and K.D. Bomben
(1992) Handbook of X-ray Photoelectron Spec-
troscopy, Perkin-Elmer Co., U.S.A., 79, 87pp.

Alvarez-Galvan, M.C., B. Pawelec, V.A.P. O’Shea, J.L.G.
Fierro, and P.L. Areas (2004) Formaldehyde/me-
thanol combustion on alumina-palladium oxide
catalyst, Appl. Catal. B: Env., 51, 83-91.

Centeno, M.A., L. Carrizosa, and J.A. Odriozola (2003)
Deposition-precipitation method to obtain suppoted
gold catalysts: dependence of the acid-base proper-
ties of the support exemplified in the system TiO,-
YiO,N,-TiN, Appl. Catal. A: Gen., 246, 365-372.

Centeno, M.A., M. Paulis, M. Montes, and J.A. Odriozola
(2002) Catalytic combustion of volatile organic
compounds on Au/Ce0,/Al,0; and Auw/Al,O; cata-
lysts, Appl. Catal. A: Gen., 234, 65-78.

Choudhary, V.R., G.M. Deshmukh, and S.G. Pataskar (2004)
Low temperature complete combustion of dilute
toluene and methyl ketone over transition metal-
doped ZrO, (cubic) catalysts, Catal. Com., 5, 115-



A

119.

Cordi, EMM., P.J. O’Neill, and J.L. Falconer (1997) Transient
oxidation of volatile organic compounds on a CuO/
Al O, catalyst, Appl. Catal. B: Env., 14, 23-66.

Kim, S.C. (2002) The catalytic oxidation of aromatic hydro-
carbons over supported metal oxide, J. Haz. Mat.,
B91, 285-299.

Khoudiakov, M., M.C. Gupta, and S. Deevi (2005) Au/Fe,0,
nanocatalysts for CO oxidation: A comparative
study of deposition-precipitation and coprecipita-
tion techniques, Appl. Catal. A: Gen., 291, 151-
161.

Okumura, K., T. Kobayashi, H. Tanaka, and M. Niwa (2003)
Toluene combustion over palladium supported on
various metal oxide supports, Appl. Catal. B: Env.,
44, 325-331.

Papavasiliou, J., G. Avgoiuopoulos, and T. Ioannides (2005)
Stream reforming of methanol over copper-man-
ganese spinel oxide catalysts, Catal. Com., 6, 497-
501.

ARl Q&) AFzF Cu-MnEH2] B4 QR 54 381

Scire, S., S. Minico, C. Crisafulli, and S. Galvagno (2001)
Catalytic combustion of volatile organic compounds
over group IB metal catalysts on Fe,0,, Catal. Com.,
2,229-232.

Wang, C.H. (2004) Al,O;-supported transition-metal oxide
catalysts for catalytic incineration of toluene, Chemo-
sphere, 55, 11-17.

Wu, X, L. Xu, and D. Weng (2004) The thermal stability the
catalytic performance of Ce-Zr promoted Rh-Pd/y-
Al,O; automotive catalysts, Appl. Surf. Science, 221,
375-383.

Xiao, L.H., K.P. Sun, X.L. Xu, and X.N. Li (2005) Low-
temperature catalytic combustion of methane over
Pd/CeO, prepared by deposition-precipitation me-
thod, Catal. Com., 6, 796-801.

Zanella, R., L. Delannoy, and C. Louis (2005) Mechanism of
deposition of gole precursors onto TiO, during the
preparation by cation adsorption and deposition-
precipitation with NaOH and Urea, Appl. Catal. A:
Gen., 291, 62-72.

J. KOSAE Vol. 22, No. 3(2006)



