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A Design Approach to CrO/TiO.-based Catalysts for Gas-phase TCE Oxidation
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ABSTRACT : Single and complex metal oxide catalysts supported onto a commercial DT51D TiO, have been investigated for gas-phase TCE
oxidation in a continuous flow type fixed-bed reaction system to develop a better design approach to catalysts for this reaction. Among the
TiOz-supported single metal oxides used, i.e., CrOy, FeOy, MnOy, LaOy, CoOy, NiO,, CeO, and CuO;, with the respective metal contents of
5 wt.%, the CrOy/TiO; catalyst was shown to be most active for the oxidative TCE decomposition, depending significantly on amounts of
CrOx on TiO,. The use of high CrOy loadings greater than 10 wt.% caused lower activity in the catalytic TCE oxidation, which is pro-
bably due to production of Cr.Os crystallites on the surface of TiO,. TiO-supported CrOy-based bimetallic oxide catalysts were of particular
interest in removal efficiency for this TCE oxidation reaction at reaction temperatures above 200°C, compared to that obtained with CrOx-
free complex metal oxides and a 10 wt.% CrOJ/TiO, catalyst. Catalytic activity of 5 wt.% CrOx-5 wt.% LaOx in the removal reaction was
similar to or slightly higher than that acquired for the CrOs-only catalyst. Similar observation was revealed for 5 wt.% CrOx-based bime-
tallic oxides consisting of either 5 wt.% MnO,, CoO,, NiOy or FeO,. These results represent that such CrOx-based bimetallic systems for
the catalytic TCE oxidation can significantly minimize the usage of CrO, that is well known to be one of very toxic heavy metals, and offer
a very useful technique to design new type catalysts for reducing chlorinated volatile organic substances.
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Fig. 1. Types of add-on control technology for VOC reduc-
tion. Technology category: 1, Thermal oxidation;
2, Catalytic oxidation; 3, Adsorption; 4, Absorption;
5, Boilers/Process heaters; 6, Flares; 7, Biofiltration;
8, Other.
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Table 1. Physicochemical properties of TiO, obtained from
Millennium Chemicals

. Crystallite ~ Sulfur amount Pore volume Sppr area
TlOz 3 2
structure (wt.%) (cm’/g) (m7/g)
DT51D Anatase 0.40 0.88 87
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Table 2. Physicochemical properties of TiO»-supported metal
oxide catalysts

Bulk density BET surface area

Catalyst (e /cmg) (mz o)
1 wt% CrO, 1.18 89
5 wt.% CrOx 1.15 80
5 wt% CrO-5 wt.% MnOy 0.77 78
5 wt% CrOy-5 wt% FeOy 1.06 ND
5 wt.% CrO-5 wt.% LaOy ND ND
10 wt.% CrOy 0.87 79
20 wt.% CrOy ND ND
5 wt.% CuOy ND ND
5 wt% CuOx-5 wt.% CrOy ND ND
5 wt% CuOx-5 wt.% MnOy ND ND
5 wt% CuOy-5 wt.% CoOy ND ND
5 wt% CoOy ND ND
5 wt% CoOx-5 wt.% CrOy ND ND
10 wt.% CoOy ND ND
5 wt.% NiOy ND ND
5 wt.% NiOy-5 wt.% CrOy ND ND
10 wt.% NiOy ND ND
5 wt.% LaOy ND ND
5 wt% CeOy ND ND
5 wt.% MnOy ND ND
10 wt.% MnOy 0.81 ND
5 wt% FeOy ND ND
10 wt.% FeOy 0.84 82

ND: no data, and all the weight %s are nominal value.

Air Air t
vert
Fig. 2. Schematic of a continuous flow type fixed-bed reactor
system consisting of: 1, on/off valve; 2, mass flow
controller; 3, 3-way valve; 4, Pyrex saturator; 5, refti-
gerated circulating water bath; 6, thermocouple; 7, mix-
ing chamber; 8, catalyst; 9, U-shaped reactor; 10, electric
furnace; 11, on-line sampling unit; 12, gas chromato-

graph.
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Fig. 3. Catalytic activity of TiO:-supported single metal oxides
for the oxidation of TCE in flowing air.
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Fig. 4. Catalytic activity of TiOz-supported single metal oxides

for the oxidative decomposition of TCE in a flow of
air.
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Fig. 7. Catalytic activity of 5 wt% CrO-based bimetallic
oxides for the oxidation of TCE in flowing air.
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Fig. 8. Catalytic activity of 5 wt.% CrOx-based and CrO,-free
bimetallic oxides for the oxidation of TCE in flow-
ing air.
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