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A New Trend in Atmospheric Pressure Microwave Plasma:
Characteristics and Application of Atmospheric Pressure Microwave
Plasma Generated between Carbon Felts
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Abstract

Carbon felt (CF) is a carbon material composed of graphite fibers with random orientation and heated mainly
by conductive heating when subjected to microwave irradiation. Recently, it was found that when two pieces of
carbon felts arranged in parallel with a predetermined distance were irradiated with microwave, thermal electrons
and thermal radiation were emitted from their surfaces facing with each other and the temperature at the gap
between them increased rapidly to reach the thermal equilibrium temperature over 1000 °C. Furthermore, the
thermal state was developed to a plasma which we referred to as the carbon felt atmospheric pressure microwave
plasma (CF-AMP) when the thermal electrons were sufficiently accelerated to ionize atoms and molecules through
collisions under the induced alternative high voltage between carbon felts. In this paper, the spectroscopic
observations revealed that the CF-AMP is a non-equilibrium plasma and the properties and some applications of

CF-AMP were introduced.
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Fig. 1. SEM images of a cross section of CF as
received: (a) magnified by 100, and (b) magnified by
1,000 at the acceleration voltage of 5.0 V (JEOL, type
IMS-6330F).
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Fig. 2. Microwave irradiation and temperature
changes: (a) two CFs arranged in parallel, (b) a single
body of CF.
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Fig. 3. Mechanism of CF surface heating emission.
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Fig. 4. Time-dependent emission spectra from (a) CF
surface and (b) gas-phase between CFs irradiated with
microwave (2.45 GHz, 600 W) under atmospheric
pressure N flow at 700 cm*min™ (25°C, 1 bar).
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Fig. 5. Emission spectrum of N> plasma generated

between CFs at reduced pressure.
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Fig. 6. Electron temperature (7,) estimation: (a) N»
AMP emission spectrum used for estimating 7., and
(b) relationship between 7 and the peak intensity ratio
at 3914 nm and 3943 nm when a Maxwellian

distribution is assumed, adapted from Ricard, 1996
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Fig. 7. Vibrational temperature (7,) estimation: (a) N>
AMP emission spectral peaks used for 7, estimation,
and (b) calculated Boltzmann curves for N, (C, v)
vibrational distribution at 7, ranged from 1000 to
20000 K along with the relationship between 7, and
absolute value of Boltzmann slope S in log-scale,

adapted from Britun et al., 2007 [12].
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Fig.8. Rotational temperature (7)) estimation: 7, is a
function of R/P intensity ratio of OH (A,0-X,0)
rotational band, adapted from Laux et al., 2003 [13].
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Fig. 9. 2.45GHz microwave magnetron source
manufactured by IDX Co. Ltd., type IMG-2502: (a)
microwave generator, (b) isolator, (c) tuner, (d) TE10n
single mode resonator, and (e) and (f) CF-AMP jet.

Actual plasma jet

Single-mode TE10 applicalor
with cylinder waveguide

Fig.

10. Simulation of electric field intensity
distribution using JEMEA VMW208 (2016): (a) a
single-mode TE10 applicator with long cylinder
waveguide, (b) a single-mode TE10 applicator with
short cylinder waveguide, (¢) inside in a short cylinder

waveguide and (d) plasma jet upper stream.
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Fig. 11. CF-AMP emission spectra of various working

gases.
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Fig. 12. Plasma temperatures (7¢, Ty and 77) of Ar

AMP and Air AMP at various microwave powers.
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Fig. 13. SEM images and Raman spectra of carbon
black formed from Ar/CoH, CF-AMP at S00W.

Table 1. Calculation of diameters of graphite fine
particles.

Ip Is
Run®* 1349cm”’ 1584 cm’! Iyl L,/nm®
1 811 870 0.932 21
2 744 818 0.909 21
3 1511 1470 1.028 19
4 630 615 1.02 19

B Laser = 532.03 nm. PL /nm = 2.4x1071° (5, ../nm)* (Ip/I) 119
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Fig. 14. N, CF-AMP deposition of graphite particles

on quartz substrate.
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Fig. 15. XPS wide survey spectra of SUS 304: (a),
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received.
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