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Catalytic Combustion of Chlorobenzene over

Supported Metal Oxides

Sung-Woo Moon

Department of Chemical Engineering
Graduate School

Pukyong National University

Abstract
Polychlorinated aromatic  compounds[PCDD(polychlorinated  dibenzo-
dioxine) and PCDF(polychiorinated dibenzofuran)] contained in flue gases
from a variety of incinerators and industrial processes are known to be
very harmful for human health. Various research activities such as
meansurement experiences in actual incinerator system and lab-scale
apparatus and several theoretical studies have been carried out to reveal
the formation mechanism of PCDD and PCDF. According to laboratory
experiments, the formation of PCDD and PCDF from chlorophenots,
chlorobenzenes, polvchlorinatied diphenyl ethers, and polychlorinatied
biphenvls takes place at 290~450T (chlorophenols) and 5350~6507
{chlorobenzenes and PCBs). The rate of decomposition of PCDD and

PCDF at below 600T must therefore be slower than the rate of



formation from the precursors.

The catalytic destruction of PCDD and PCDF can occur at below 4(
0C. This is important due to its technological and economical
advantages for environmetal protection.

Catalvtic combusion of chlorobenzene over supported metal oxides also
has been investigated. Since chlorobenzence has similar structure to the
PCDD or PCDF. TiO: was prepared by sol-gel method from the
(tanium 1sopropoxide. The supported metal oxide catalysts have been
prepared by precipitation—deposition method and impregnation method.
They were characterized by XRD, BET, TPR and NH;-TPD. Among
supported metal oxides, VOx supported on TiQ): was found to have the
highest activity for chlorobenzene oxidation and the activity i1s resulted
in the order of VOx > CrOx > FeOx > MnOx. In addition, among the
catalysts of vanadium oxide supported on TiO2 AlOz and Si0g,
titania—supported catalyst(VOx/Ti0») gives the highest catalvtic activity.
From the results, vanadium species dispersed on TiO: surface acts as
an active site of the VOx/TiO: catalyst on the oxidative decomposition
of chlorobenzene. in the VOx/Ti0O: catalysts prepared using impergnation
method when vanadium loading reaches 3 wt.2o, the activity reaches the
maximum value. However, in the VOx/TiO» catalysts prepared using
precipitation—deposition method when vanadium loading reaches 7 wt.%,
the activity reaches the maximum value. The resull suggests that the

precipitation—deposition method can achieve higher metal loading on the

_|v_



suppori and a high dispersion compared to impergnation method. In
addition, the VOx supported TiO- calcined at 300~500C shows higher
activity than that calcined at 600~700°C. This result suggests that the
structure of TiQ» support has an influence on the catalytic activity
chlorobenzene combusion. The catalytic activity decreases with an
increase of water amount at low temperature but it shows similar

activity with that in the absence of water at high reaction temperature.
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vVOC
removal
techniques

add on
— control — Recovery
techniques

— Destruction

Process and

— Equipment
modification

Membranc separation

Condensation

Activated Carbon based

adsorption
Adsorption [ i

Zeolite based adsorption

Absorption (to remove from gas streams
by contacting the contaminated air

with a hiquid solvent)

Bio—filtration

Oxidation

— RFR (A Reverse Flow
Reactor 15 an adiabatic
packed bad reactor in
which the feed flow 1s
reversed periodically

under unsteady—state.)

— Catalytic oxidation

— Thermal oxidation

Fig. 1. Classification of VOC control techniquesl[2].
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Cl Cl
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Fig. 2. Chlonnated volatile organic compounds.



destruction

Fig. 3. Model reaction for destructing chlorinated VOCs.
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Dissolving metal nitrate
such as Cr(NO,),-9H,0,
Fe{NO;);-9H,0 and

Mn{NO,),6H,0

Dissolving NH,VO; with
oxalic acid in water

Heating and stirring |

Metal aqueous solution slowly adding
to supports (TiO, [P-25], TiO, [R-75],
Al,0,, Si0,)

Drying at 80T for12 h

Calcining at 500 C for 10 h

Fig. 4. Schematic diagram of catalyst preparation by impregnation.



Dissolving metal nitrate
such as Cr(NO,),9H,0,
Fe{NO,),-9H,0 and

Dissolving NH,VO, with
oxalic acid in water

Mn(NO.),6H,0

Heating and stirring |

Addition of (NH,),CO and
stirring

Heating and stirring |

Drying at 80 for 12 h

Fig.

—-deposition.
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Schematic diagram of catalyst preparation by

Calcining at 500 T for 10 h

precipitation



Fig. 6. Schematic diagram of the apparatus used in catalyst preparation

for precipitation—deposition.
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Dissolving Titanium isopropoxide(97%]) in

Ethanol

Addition of H,0 to the solution [

Mixing(300 rpm)

Drying at 80C for 12 h

Fig. 7. Schematic diagram of titanium dioxide by sol-gel method.
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Table. 1. Operation condition for X-ray diffraction.

Cu target, Ni Filter

Time constant 1 sec
Range 4000 cps
Angle 10~60°

Scanning Speed 4°/min

Slit
DS 1°
RD 0.3 mm
SS 1°
30 kV, 15 mA
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inlet
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2. Molecular sieve trap 7. Electric furnace

3. Mass flow control valve 8. Thermocouple

. Micro meltering valve g, valve

IsN

. 3-way valve 10. Bubble flow meter

o

Fig. & Schematic diagram of apparatus for TPR and NH3;-TPD.
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Tahle. 2 Specific surface area of the different metal oxide catalvsts.

Supported Loading | Surface area (m*/g)
Supports ) .
metal species (wt. %) Imperg. Precip.
1 59.48 9353
3 1928 68.46
5 43.82 55.08
\'2
7 33.60 50.79
TiO:
10 29.27 911
(R-75)
13 32 .60 _
Cr 5 7787 81 54
Fe 5 74.38 72.49
Mn 5 68.90 78.32
V-ALOs \ 5 87.71 _
510z \ 5 138.8 -
V205 - - 61.44 -
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Fig. 11. Effect of different metal oxides catalysts on TiOz{impregnation)

for decomposition of chlorobenzene ; chlorobenzene
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_27_



Fig.

Conversion (%)

100

80

40

—e— VOX/TIO,
—m— CrOxTiO,
—a FeOx/TiO,
—v— MnOx/TIO,

20

0 i A 1
200 250 300 350 400 450 500

Temperature (°C)
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decomposition  of chlorobenzene :  chlorobenzene=4,000

ppm(vol.), =20 vol.%, GHSV=60,000 L/kgca - hr, reaction

temperature=300C.
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Fig. 17. TPR profile for effect of loading weight vanadium oxide of
VOx/TiO> by impregnation : heating rate=10 K/min, gas

mixture=> vol.% H»/He, sample weight=100 mg.
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Fig. 18 TPR profile for effect of loading weight vanadium oxide of
VOx/TiO» by precipitation-deposition : heating rate=10 K/min,

gas mixture=5 vol.%4 Hy/He, sample weight=100 mg.
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Fig. 19. Effect of different supports for decomposition chlorobenzene over
supported VOx(5 wt.%) (impregnation) chlorobenzene=4,000

ppmivol.), 0:=20 vol.%, GHSV=15,000 L/kgca - hr.
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Fig. 20. TPR profiles of various supports over supported VOx{(5 wt.%)
(Umpregnation) ; heating rate=10 K/min, gas mixture=b vol.%

Hz/He, sample weight=100 mg.
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Fig. 21. XRD patterns of R-75 and P-25.
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Fig. 22. The effect of calcination temperature of TiO:R-75) that VOx
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Fig. 23. XDR patterns of VOx/TiO: catalysts with different calcination

temperature for TiO2(R-75).
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Fig. 24. The Effect of water addition for destruction of chlorobenzene

over V(3 wt.%)Ox/TiO(impregnation) ; chlorocbenzene=4,000

ppm(vol.), =20 vol.26, GHSV=15,000 L/kgc. - hr.
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Fig. 25. The Effect of water addition for destruction of chiorobenzene
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Fig. 26. The effect of feed rate for destruction of chlorobenzene over
VOx/TiQ: catalysts by impregnation and precipitation-
deposition ; chlorcbenzene=4000 ppm(vol), =20 vol.%,

catalyst weight=50 mg.
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Fig. 27. NHs TPD profiles of precipitation-deposition catalysts (1 wt.%

vanadium): heating rate=10 K/min, NO and NH3 =respectively

2,000 ppm{in He balance), catalyst weight=50 mg.
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Fig. 28. NH3;-TPD profiles of impregnation catalysts (1 wt.%6 vanadium);
heating rate=10 K/min, NO and NH; =respectively 2,000 ppm(in

He balance), catalvst weight=50 mg.
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Fig. 29. NHs;-TPD profiles of precipitation-deposition catalysts{3 wt.%6

vanadium); heating rate=10 K/min, NO and NH: =respectively

2,000 ppm(in He balance), catalyst weight=50 mg.
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Fig. 30. NH;-TPD profiles of impregnation catalysts(3 wt.% wvanadium);

heating rate=10 K/min, NO and NHj

ppmiin He balance), catalyst weight=b0 mg.
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Fig. 31. Comparing impregnation catalysts with precipitation—depositicn

catalysts.(1 wt.9%).
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Fig. 32. Comparing impregnation catalvsts with precipitation-deposition

catalysts(3 wt.%).
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Fig. 33. Mechanism of the NO-NHj; reaction on supported vanadium

oxide catalvsts proposed by Ramis et al. in the presence of

oxygenl[22].
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