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Nonthermal Plasma-Driven Catalysis of Benzene and Toluene
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Abstract

Nonthermal plasma-driven catalysis (PDC) was investigated for the decomposition of benzene and toluene as

model compounds of volatile organic compounds (VOCs) at atmospheric pressure and low temperature. Two types
of catalysts Ag/TiO, and Pt/Y-Al,0; were tested in this study. The amount of catalysts packed in the PDC reactor
did not influence on the decomposition efficiency of benzene. The type of catalysts also had no influence on the

decomposition efficiency of toluene and carbon balance. The Ag/TiO, catalyst showed constant CO, selectivity of

about 73% regardless of the specific input energy. However, the selectivity of CO, was greatly enhanced with the
Pt/Y-ALO; catalysts, and reached 97% at 205 J/L. Two test runs with 20 fold difference in the gas flow clearly
indicated that lab-scale data can be successfully applied for the scaling-up of PDC system.

Key words : Nonthermal plasma, Plasma-driven catalysis (PDC), Volatile ogranic compounds (VOCs), Carbon

balance, CO, selectivity
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Table 1. Comparison of nonthermal plasma alone and
plasma-driven catalysis in the decomposition of

VOCs.
Parameter Nonthermal Plasma-driven
plasma alone catalysis (PDC)
First-order Zero-order
Kinetics* d[CI/dE =kg[C] d[CI/dE=kg[C)’
In[CV[Cly=k; - E AlC]=k; - E

GHSV No influence No influence
(residence time)  (energy-dependent) (energy-dependent)
Carbon balance Poor Good
Aerosol formation Yes No
DRE vs rate constants  Highly related Unrelated
of OH and (gas-phase (surface catalytic
O radicals (IP)**  radical chemistry) reaction)

Oxygen content Minor influence Large influence

*The rate constant kgis referred to as energy constant. The unit for
first-order and zero-order are LJ™" and ppm - J™' L, respectively.
**DRE=decomposition removal efficiency, IP=ionization potential.
IP is an indirect indicator measuring the reactivity of molecules to-
wards radical species.
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2853 oA Aerlaels 3 A He
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Ao T3}=7)E e F AlaE 20%2
AR 5o Fr12 M VOCs 7EAE A4
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Catalysts

Silver paste

S

AC high voltage

Fig. 1. Schematic diagram of the PDC reactor.
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Fig. 2. Waveforms of the applied voltage and the dis-
charge current.
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Fig. 3. Influence of the amount of packed catalyst on the
decomposition of benzene (Ag/TiO, catalyst).
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Fig. 4. Decomposition of toluene using different types of
catalysts (a) and semi log plot (b). [Toluene],=
about 150 ppm.
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Fig. 5. Carbon balance data for the decomposition of 150
ppm toluene.
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Fig. 6. Selectivity of CO, for the decomposition of 150
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