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Abstract
Volatile organic compounds(VOCs) include any organic compound in
gascous form in the cmissions from  stationary, mobile and diffuse
sources. VOCs are major pollutants in the environmeni and are known
1o contribute to a number of environmental problems such as forination
of ground-level ozone, formation of photochemical smog, offensive odors,
and toxic air emussions. Catalytic combustion is one of the most
important air pollution contrel technology for eliminating volatile organic
compounds present at low concentration in effluent streams. Catalytic
combustion of benzene over supported metal oxide has been
investigated. The catalysts have been prepared by incipient wetness
method and characterized by  X-Rayv Diffraction(XRD), ESR and

FT Raman spectroscopy. The reaclion characieristics were tested using



quartz tubular reactor. The light off curve shifted (o lower temperature
with increasing copper loading. Among supported metal oxides, CuOx
supported on TiO» is found to have the highest activity for benzene
oxidation. In addition, among the catalysts of copper oxide supported on
TiOs,  ALQa, Si10y,  titanma-supported  catalyst {(CuQo/TiO:) gives the
highest catalytic activity. CuO/TiOz(Cu loading 35 wL.9%6) shows the
total oxidation of benzene at about 250TC. From the ESR and
FT Raman results, the CuQ dispersed on the T10» surface acts as an
active site of CuOo/TiO: catalvst on the oxidative decomposition of
benzene. The catlalytlic activity gradually increases with an increase of
Cu Joading on TiO. When Cu loading reaches 55 wi.%, the total
conversion temperature is lowered to 300C. However, the catalytic
aclivity considerably decreases at 7 wt.2% Cu loading. The catalytic
aclvity increased with an Increase of oxygen concentration but the
concentration of benzene  showed no  difference in the  benzene
conversion. This result suggests that the rale determining step is the
adsorption of oxvgen. TPR indicates the formation of two types of
dispersed species, which possibly  are isclated and polymeric,
respectively.  The dispersed  species have high  catalytic  activilty for
combustion. At higher copper oxide loading, butk CuQO is formed,

contributing little to the acuvity.
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Fig. 1. Schematic diagram of catalyst preparation by incipient

wetness impregnation.
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Fig. 2. Schematic diagram of calalyst preparation by scl- gel

method.
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Table 1. Operation condition for X-ray diffraction

Cu targel, Ni Filter

Time constant 1 sec
Range 4000 cps
Angle 10~80°

Scanning Speed 4° /min
Shit
DS 1
RD 0.3 mm
SS 1°

30 kV, 15 mA
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Table 2. Opcration condition of FT-Raman analysis

Laser 1064 nm, 500 mW
Resolution 1 cm'’
Integration time 5 sec
Scan range 200~1000 cm '
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1. Gas cylinder 2. Gas trap

3. Metering valve 4. Bubble flow meter

5. TCD cell 6. Water bath

7. Electrical furnace 8. Quartz reactor

9. Thermocouple 10. Temperaturc controller

11. Recorder

Fig. 3. Schemaltic diagram of experimental apparatus used in TPR.
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1. Gas cylinder 2. Gas trap

3. MFC 4. Vaporization

5. Water bath 6. Bubble flow meter

7. Furnace 8. Reactor

9. Thermocouple 10. Temperature controller
11. Sampling valve 12. Gas chromatography

Fig. 4. Schematic diagram of experimental apparatus.
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Table 3. GC(FID) operation condition

B Carbo Wax
Column
- 20M(10m)
Oven temp 150T
Detector temp 2007C
Injector temp 170C

GC

Hewlett Packard
5890

—
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5.5 WL%CuO,/TiO,

5.5 Wt %CuO /SO,
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Fig. 5. XRD patterns of supported copper oxides.

- 20 ~



— A 1W%
- B2w%
—— C)55W%
— D TW%

Intensity

. i
e
4 S 0 N

80

2 Theta (degree)

Fig. 6. XRD patterns of Cu0,/TiQ; catalysts with different Cu

loading.
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Fig. 7. XRD patterns of the CuO,/TiO: catalysts calcined at

different temperature.
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Table 4. Specific surface arca of the different metal oxide

catalysts
. i . Surface
Support melal species | Loading(wit.%) 5
area(m®/g)
1 53
2 44
Cu
55 43
TiO2 7 42
Mn 55 47
Cr 55 50
Co 55 42
AlO4 Cu 55 82
S10; Cu 55 184
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Table 5. Specific surface area of prepared CuQ./TiQ:

catalysts by sol-gel method.

Calcination Cu loading Surface area
R-ratio
temperature(T) (wi.%) (m*/g)
300 3 75 83.28
0 75 105.16
25 82.96
) S0 84.99
400 3 75 84.26
100 80.44
55 75 77.44
7 75 61.96
500 3 (h) 81.26
600 3 75 80.48
700 3 i 75 2.04
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Fig. 8. Raman spectra for CuOx/TiO: catalysts with different Cu

loading.
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Fig. 9. Raman spectra for CuQ/TiQ; catalysts prepared by sol-gel

method with different Cu loading.
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c) 7 wi.%.
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Fig. 12. Comparison of benzene conversion for different metal
oxide supported on TiO: catalysts ; benzene=1 vol.%,

0:=20 vol.%, GHSV=30,000 h .
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Fig. 13. TPR profiles measured for different metal oxide
supported on TiQO: catalysts ; heating rate=10 K/min,

gas mixture=7.5 vol.% Hz/N2.
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Fig. 14. Comparison of benzene conversion for CuOx catalysts

supported on TiQz, Al203 and SiO: ; benzene=1 vol.%,

0,=20 vol.%, GHSV=30,000 h '.
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Fig. 15. TPR profiles mecasured for CuOx catalysts supported on
TiQ2, AlO; and SiO: ; heating rate=10 K/min, gas

mixture=7.5 vol.% Hz/N2
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Fig. 16. Comparison of benzene conversion for CuO,/TiO:
catalysts with different Cu loading ; benzene=1 vol.%,

0,=20 vol.%, GHSV=30,000 h .
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Fig. 17. TPR profiles measured for CuOx/TiO; catalysts with
different Cu loading ; heating rate=10 K/min, gas

mixture=7.5 vol.% Hy/Na.
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Fig. 19. The effect of oxygen conceniration on the benzene
conversion over 55 wt.% CuQ/TiO: catalyst ;

benzene=1 vol.%, GHSV=30,000 h !
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Fig. 20. The effect of calcination temperature on the benzene over
cupric oxide catalyst ; benzene=1 vol.26, 02=20 vol.%s,

GHSV=30,000 h ".
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Fig. 21. TPR profiles measured for cupric oxide catalyst calcined

at various temperature ; healing rate=10 K/min, gas

mixture=7.5 vol.% Ha/Ns.
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Fig. 22. The effect of R-ratio on the benzene over cupric oxide
catalysts ; benzenc=1 vol.%, 0:=20 vol.%, GHSV=30,000

h 1
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Fig. 23. TPR profiles measured for different R-ratio cupric
oxide catalysts calcined at 400TC for 3h ; heating

rate=10 K/min, gas mixture=7.5 vol.% Hz/No.

- 80 -



Aol WolRe Ao Jelktd. Table 50 Wb 6] WS Zojud

RUIZE S7h8a5 o] n A ot S7h8 o 4 ok e REPE 100

A ALl 23] W Zude] A 4TS & 4 AUAck g Az
¥ Zojeo) vl EuiAy #dste Rulzt Y we] FHuizt b BAdo] -
2o Ao R vebdxg Relzb G2 FelEe] A gole widel Absiukg

ol &L dAstA Aolzt YA Th ol Fig. 23¢) TPR =7d°lA

©ogelo] sbsateld RulZE e dE #99ast dehte 220}
Ao fAE Ao upEde) ol RulE @elstel AEE ZvjEel Wl
of elaukgold AL A9 mlxH wE Aoz 4rhddh

333 7 @A P 4%

Fig. 241X Cuel ®A$S delete] Azad Fujge] wgdde v
o] el Cud 2A%E 3 wt%~7 wi%E F7iestds u, W4
o] Aztubgol A whgEdo]l Frhste Aoz EREL

Fig. 25% TiO«(R-75)9 Cudl @A #FL 2lstd Azxd Zvle] TPR %
Ae Vel gk 2E Zule] A9 CuO/TiOEwhe] 3¢ 2709 3

7 A180°C, 2000)7F vEhizd, #AAAAME ttaniadl FAE TE4HE

ox

M1

ol 3t 2¥ TPR 43 E0 E_JAEI th[25) & A9 FARE 242
A A Wollnersdd T 72152619 ¥ io] W= anatase@elol] gk +

g]2baE el Qs Azt 190C, 205C, 270C 18] 3 420Col A vEhdra

k_‘

#9932, Bondsd ¥ 5T AE[271S Eurotitanialanatase)ell W&k & 4ks}

o] seduart RE SRSl ol 40THE W2 140T, 16

- 51 -



100 e

m_
S e
5
2 |
§ —o— TiO,

—o— 3WE%CUQ,TIO,
—v— 55WL%CUOX//TIO,
o TWL%CUOK/TIO,

0 v L I I I
200 250 300 350 400 450 500

Temperature (C)

Fig. 24. The effecl of Cu loading amount on the benzene

conversion ; benzene = 1 vol.%, 0:=20 vol.%,

GHSV=30,000 h .
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Fig. 25. TPR profiles measured for various CuO,/TiO;
calcined 400T for 3h ; heating rate=10 K/min,

gas mixture=7.5 vol.% Hz/N..
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Fig. 26. The effect of benzene concentration on the benzene
conversion over 3 wt.% CuO./TiO; catalyst ; 0:=20

vol.9%, GHSV=30,000 h ".
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Fig. 27. The effect of oxygen concentration on the benzene

conversion over 3 wt.% CuQ./TiO: catalyst ; benzene

=1 vol %, GHSV=30,000 h ".
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Fig. 28. The effect of H20 addition on the benzene conversion
over 3 wt.% CuQ,/TiO: catalyst ; benzene=1 vol.%,

0,20 vol.%, GHSV=30,000 h .
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