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AIM OF THE STUDY: this work is our first step 1n the study of the physico-chemical processes involved in the conversion of methane by non-thermal plasmas in Ar-CH, mixtures. A
UV pre-ionized photo-triggered discharge reactor 1s used, its allows to work with an homogeneous plasma, a uniform electric field and a controllable deposition of electric energy in the plasma
even at atmospheric pressure. The moderate values of the reduced electric field E/N, associated with the preceding properties, allows a 0D self-consistent physical and chemical modelling, without
restrictive hypothesis on the physics of the energy deposition. Initial methane concentrations are in the range 250-1000 ppm at atmospheric pressure, chromatographic diagnostics are used to

identify and quantify CH, and by-products.

EXPERIMENTAL SETUP

Photo-triggered discharge Reactor parameters and
Homogeneous plasma functioning conditions
High Voltage Capacitance C = 17.44 nF General principle of operation

Electrode width 1 cm

Electrode length 50 cm

Inter-electrode gap 1 cm voltage discharge
Capacitors Discharge volume V= 50 cm’ Vo[> < breakdown

Cell volume 500 cm?
Discharge duration 60 ns
Frequency 1 Hz

Insulator (E/N), > (E/N)c

'

Cathode _
Hﬂmﬂ.geneﬂ.us Pl‘essure P — IOOO mb - - >Time
Window Plasma Voltage V, =22 kV > some 10 ns
Reduced electric field (E/N), =90 Td <10 s o
Energy per pulse E;=4.2] ¥
Grid Anode Energy density E,;, = 84 J.L! Well-controlled homogeneous
ays U.V. Ionizing - . .« .
Auxili
(;lj:*u :t:;y S CH, concentration from 250 to 1000 ppm electrlca.l energy d.ep051t10n n
Disch . o various gas mixtures
PEEES The detailed description of the UV510 reactor
Reactor cross-section diagram can be found in [1,2].

EXPERIMENTAL RESULTS

Reactor arrangement and chemical diagnostics
in the closed gas circuit loop.
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THE SELF-CONSISTENT 0D MODEL

CH, and main by-products measurements in the gas circuit: Inputs computations results
H, with GC-TCD and hydrocarbons with GC-FID
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50 cm? plasma GC-TCD

Total volume
V;y=9L
l V./Vy=180
To pumping unit

Simplified Kinetics

Electronic collisions
(LXCat database: V. Puech and BSR for Ar, M-C. Bordage for CH,)

el + Ar : 4s, 4p, sup, Ar*
el +4s:4p, Art
el +4p, sup : Ar?
el + CH, : 2 vib. levels (0.16 eV and 0.36 eV)
: dissociation CH, (10 eV)
: ionisation CH,* (12.98 eV)
CH;* (14.3 eV)
CH,* (15.1 eV)
CH* (22 eV)
H* (21.89 eV)
With production of H and H,
Super elastic collisions (4s, 4p, sup, vib. CH,).
Heavy particles
Pennings, charge transfers, excitation transfers
excimer formation (Ar,*, Ar,*), el-ion recombinations.

Chemical kinetics
(NIST Database)

0 200 400 600 800 1000 1200 1400 1600 1800 2000 T Energy consenvaton —— H, CH, CH,, CH, = C,H, (X=2...6, Y=2...14).
] equation . e L
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n * — :
Ccy. = Co X Exp(——) 4p, sup, Ar,* (radiation trapping for 4s).
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N, \ Methane removal processes
The CH, evolution versus the number of - . Ar on states clusterin Ref: P. T0§i et al., Int. J. Mass Spect.rom. Ion Proc. 149/150 (1995) 345-353
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