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Decomposition of Toluene over Transition Metal Oxide Catalysts

TaeJin Cheon? - Sung-Woo Choi - Chang-Seop Lee*

Department of Environmental Science and Engineering, Keimyung University - *Department of Chemistry, Keimyung University

ABSTRACT : Toluene, which is emitted from textile process, is considered as an important hazardous air pollutant. In this study, the
catalytic activity of transition metal oxides(Cu, Mn, V, Cr, Co, Ni, Ce, Sn, Fe, Sr, Cs, Mo, La, W, Zn)/y-AlLO; catalysts was investi-
gated to carry out the complete oxidation of toluene. The metal catalysts were characterized by XRD(X-ray diffraction), FE-SEM(Field
Emission Scanning Electron Micrograph), BET(Brunauer Emmett Teller) method and TPR(Temperature Programmed Reduction). Among
the catalysts, Cwy-ALO; was highly promising catalyst for the oxidation of toluene. From the BET results, it seems that the catalytic
activity is not correlated to the specific surface area. XRD results indicated that most of catalysts exist as amorphous phase. From the
FE-SEM results, it was observed that copper on y-ALO; surface was well dispersed among catalysts. The catalytic activity for the toluene

oxidation could be explained with that metal oxide catalyst was dispersed well over supports and was attributed to reduction activity in
surface of catalysts.
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2. &8 2

21, &0 M=

E QFoA 2SS Zuls EWA0] 155 m7gd ¥-ALO;
(Aldrich, ~150 mesh)E RAAZ AP em, Zn)9
ATAZ AR AolFE ASHEL Table 19] YehAch
Zue] FAFL 5.0 wt%Z 3o 70CE 30 minZt ek
A7 F AZ JRAZLINGANN FRE FRARD oS
120C, 24 hr B ARG ¥, BHsto] F7)1E76A
500C, 4 hr 248t}

22 MY WY U EH Y

=749 Fuj 38 WL Utyped 4% 133 wE
7194 s@aden, 3 FA AZEE Fig. 19 et
WS BE7tae (FE7t2AA Az BEFA EF
£ 25 mL9} O; 10.5 mL, N, 14.5 mLE MFC(Mass Flow
Controller, BROOKS 5850E SERIES)Z ZA3le E340
% 100 ppm #%F 50 mL AL gt vgr] &%

Table 1. Precursor compounds for catalysts preparation

Precursor compounds Producer
Cu(NO;3), - xH,0
Co(NOs); + 6H,0
Cr(NO3); - 9H,0
Ce(NO3); - 6H0

NH4VO;3
CsNO;
Ni(NO3); + 6H,0
SnCl, - 2H,0
La(NOs), - 6H;0
Zn(NO3); - 6H,0
SrCl, - 6H,0
Fe(NO;3); - 9H,0
Mn(NOs), - 6H,0
(NHy)sMo7044 « 4H,0
(NH4)1oW 1204 + 5H20

Aldrich Chemical Company 99.999%

Junsei Chemical Company 99.999%

Wako Chemical Company 99.9%
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Fig. 1. Schematic diagram of experimental apparatus.

Z3E 160~400TC HHNA 20C TFHLE F2AHLH,
Z} 2=rth 1hr H33 ARl & ERA 33 98 848
459tk 8 AFY vt EA4L JtAaEvntETd
(Hewlett Packard model 6890 Series IDE AFE3HTE Al
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S o] &3l £ s & FID (Flame Ionization Detector)2
A EG S0 vg AN 4B Y onE
AES] 8t GC E4Z2AL 5C/mineZE 50~320C
MR SEAA EFA o & EF AP0l J=AE &
At A3 FirEo] BEEA gkt

Zno] BARAM= XRD(Philips. X'pert PRO-MPD), FE-
SEM(Hitachi Co. $-4200), BET(Micromeritics Co. ASAP
2400)F AMgste] F&ASE Fu19 833 FH, AXA
A9 FE&I8EY EAPE 2 HEHEH S S5 Ha
Stk g Feje 2xo wE FdF A5 5HE &
olB 7] £ U-type W& wH-g-7](Micromeritics Co. Auto-
Chem. 2910)¢te] quartz wool2 Znj] £& THAA &)
0.1 g& ZAAIZ F 800TAA 308 B9 1.98% OyHel
2 A% A7 ST ooN Aoz YA F Be
71 Wl goldAY EFHez FFE H2E AA]
s Heo 2 Hl7|1A7] & 10% HyAr 7128 AREShe] 50T
oA 800C7HA 10C/ming] £ £E2 H, £AR%FE TCD
AE72 &35t Hr-52 94 H-TPR, H-Temperature
program reduction)S <=3 3} t}.
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23 wee weere Zrld wa FFHIA Ftee
AL 2 & gen, ¥4 S B 2=z Jekg
o). Lee 5”7 Duprat' "= 2glukgo] glolA Zujo] &4
EE 3gegd g £x2 Jehd light-off curve & 4
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Fig. 2. Light-off curves for toluene oxidation on 5.0 wt.%
transition metal/y-AlLO; catalysts. Reaction condition
: catalyst weight = 0.1 g ; toluene concentration = 100
ppm in air condition ; total flow rate = 50 mL/min.
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Fig. 3. XRD patterns of 5.0 wt.% transition metal/y-Al;O; catalysts. (a) ¥-Al,0s, Cs, Ni, Mo; (b) Cu, Cr, Co, Fe; () W, Zn,

Sn, Ce; (d) La, Sr, V, Mn.
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Table 2. Light-off characteristics for the oxidation of toluene
over Cu, Mn, Cr/y-ALO; catalysts

Catalysts Tso(C) Too(C)
5.0 wt% Cu/y-ALO; 267 308
5.0 wt.% Mn/y-ALOs 280 318
5.0 wt% Cr/y-ALO; 312 362
50 wt% Holgd ASE FW9 A3 Bg EHYEE

H 2§ A3, 7}% T8 84& Bl FdF Cu, Mn, V,
FURAEY FHF Cr, CoTt $2 BHE HQ )& Ni
Ce, Sn, Fe, Sr, Cs, Mo, La, W, Zn. A] 21822 BHFT
& Agteh

3.2. XRD % BET, FE-SEM 24

Fol F& A5 E Fd9) ¥¥ FF FRE Dol 9
st X M 53E 24¢ FPs9en, 2 d3}E Fig 39
bl 9 th Fig. 3(a)9 Mool 26 = 14.7°, 23.4°, 27.3° 9
33.8%4E MoOs HAE s=/l 3A Jeigoen, 20 =
22°, 30.6°, 41.9° 9 554°A= BAYe =& AHEQ
AL (MoOs); 848 dHart A Jdeds A & A
k. ¥ Ni, Cs A8 B30z 2439 52 15}
FEEHA gtk Fig. 3(0)9 26 = 33.2°, 35.8°, 54.2°9%
31.5°, 37.9° 59.4° T 65.3°9] A W IAME Fe0:9
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Table 3. BET surface area of Cu, Mn, Cr/y-ALO; catalysts

Catalysts Specific surface area(m®/g)
¥-ALO;s 145

5.0 wt% Cuwy-ALO; 134

5.0 wt.% Mn/y-ALO; 140

5.0 wt% Cr/y-ALO; 147

(b)

(d)
Fig. 4. FE-SEM photograph of various transition metal catalysts. (a) ¥-ALO;s; (b) 5.0 wt.% Cu/'x-ALOs; (¢) 5.0 wt.% Mn/y-ALOs;
(d) 5.0 wt.% Cr/y-Al0;.
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Fig. 5. H,-TPR profile of metal oxide catalysts.
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