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研究成果の概要（和文）：炭素質多孔体にマイクロ波を照射した場合，大気圧非平衡プラズマが容易に生じる．このよ
うな現象をタール成分の分解など環境エネルギープロセスへの応用を目的に基礎的試験を実施した．その結果，１）ベ
ンゼンを模擬タール成分に用いる分解試験から，マイクロ波出力400Wで分解率が75%以上，２）フェロセンを触媒とし
て導入すると，副生炭素はチューブ状であり，その径は1.1nm程度であることがラマン分析から確認，３）プラズマ温
度は分光学的計測から7600Kから8000K程度，４）プラズマの高速度ビデオ観察から，マイクロ波出力の増大に伴いプラ
ズマがダイナミックになり，反応活性が増大するなどの知見が得られた．

研究成果の概要（英文）：Non-equilibrium plasma under atmospheric pressure takes place easily when microwav
e power is irradiated to porous carbon. The present study aimed to apply this phenomenon into environmenta
l energy processes such as tar decomposition, and the fundamental examination was performed. 
It was resulted in that 1) decomposition of benzene as a modeled tar achieved to the conversion over 75 % 
in microwave power 400 W, 2) byproduct of carbon nano-tube yielded by introduction of ferrocene as a catal
yst and the size was estimated as a level of 1.1 nm from Raman spectroscopic analysis, 3) plasma temperatu
re was 7,600 to 8,000 K from emission spectra, and 4) observation by high speed video revealed a dynamic b
ehavior of plasma generated with increase in microwave power, whose phenomena contributes to enhancement o
f reaction activity.
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Fig. 1 Reaction activation mechanism of 
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Fig. 2 Microwave plasma experimental 

setup 

Fig. 3 Outline of experimental apparatus 
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Fig. 4 Raman spectroscopic analysis 
system 
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Fig. 5 High-speed camera photo  
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Fig. 6 High-speed camera photo 
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(a) Composition of yields 

 
(b) Conversion of decomposition 
Fig. 7 Tar decomposition behavior 
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Fig. 8 Soot products 
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Fig. 9 Raman spectrum of soot product 

(Hydrogen0.07L/min) 

 
Fig. 10 Raman spectrum of soot product 

(Hydrogen 0.09 L/min) 

 
Fig. 11 Raman spectra of soot product 

(Hydrogen 0.115 L/min) 
 
Table 1 Diameter of carbon nano-tubes 

calculated by RBM 
Raman shift [cm-1] dt [nm] 

192 1.292 
197 1.259 
223 1.112 
236 1.051 
271 0.915 
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Fig.11 SEM photograph (×1.5 k)  

 
Fig. 12 SEM photograph (×10 k) 

 
 

1 NTS 
(2004) 
2 Gedyne, R. N. et al.: The rapid synthesis of 
organic compounds in microwave ovens, Can. J. 
Chem., 66(1), 17-26 (1988) 
3 Lidstrom, P. et al.: Microwave assisted 
organic synthesis – a review, Tetrahedron, 57, 
9225-9283 (2001) 
4  (1997) 
5 Kado, S. et al.: Reaction mechanism of 
methane activation using non-equilibrium 
pulsed discharge at room temperature, Fuel, 
82(18), 2291-2297 (2003) 
6 Fan, W. Y. et al.: A diode laser and modeling 
study of mixed (CH4-H2-O2) AC plasmas, J. 
Phys. Chem. A, 103(20), 4118-4128 (1999) 
7 Kado, S. et al.: Low temperature reforming of 
methane to synthesis gas with direct current 
pulse discharge method, Chem. Commun., 
2001(5), 415-416 (2001) 
8 NEDO 18

−
(2006) 

9 E. F. Cabrido et al.: Determination of 
population inversion in microwave- enhanced 
combustion of methane-air mixture in ceramic 
burner, J. Chem. Eng. Japan, 34(1), 87-90 
(2001) 
10 Kobayashi, J. et al.: Selective dechlorination 
of polyvinyl chloride by microwave irradiation 
of PVC fluidized bed, Thermal Science & 
Engineering, 12(4), 123-124 (2004) 
11 Y. Itaya et al.: Internal heating effect and 
enhancement of drying of ceramics by 
microwave heating with dynamic control, 
Transport in Porous Media, 66(1-2), 29-42 
(2007) 
12 N. Kobyashi et al.: High temperature 
air-blown woody biomass gasification model for 
the estimation of an entrained down-flow 
gasifier, Waste Management, 29(1), 245-251 
(2009) 
13 M. Takei et al.: NO reduction and the 



formation of nitrogen compounds over a 
metal-supported three-way catalyst, Fuel, 
77(9/10), 1027-1031 (1998) 
14
NO , 

, 27(5), 616-623 (2001) 
15) A. Jorio, et al: Structural (n,m) 
determination of isolated single-wall carbon 
nanotubes by resonant Raman scattering, 
Physical Review Letters, 86(6), pp. 1118-1121 
(2001)  
 

 
 

 
N. Kobayashi, H. Iwatsu, S. So, N. 
Watanabe, T. Sasaki, Y. Tanabe, Y. Itaya 
and G. Piao: High Temperature 
Gasification Behavior of Sludge in the 
Entrained Down Flow Gasifier, Journal 
of Japan Institute of Energy, 92, 936-944 
(2013)  

: 

, , 39(4), 
331-336 (2013) http://dx.doi.org/10.1252/ 
kakoronbunshu.39.331  
Y. Itaya, F. Kosaka and N. Kobayashi: 
Radiation Properties of Coal Char 
Particle Cloud, Journal of Chemical 
Engineering of Japan, 46(1), 63-69(2013) 
http://dx.doi.org/10.1252/jcej.12we124 

 
, Montazeri Najafabadi Hoda, 

, : 

, , 38(6), 
397-402 (2012) http://dx.doi.org/10.1252 
/kakoronbunshu.38.397  

, , 37(5), 408-412 
(2011) http://dx.doi.org/10.1252/ 
kakoronbunshu.37.408  

 
 

79
3 18 20  (2014) 

45
9 16 18  (2013) 

PCB 
45

9 16 18  (2013) 

45 9 16
18  (2013) 

44
9 19 21  (2012) 

2011
10 29 30  (2011) 

https://aris2.gifu-u.ac.jp/profile/ja.q97h85.
html#research 

50176278

 

YASUSHI MIYATA
	 

50446697


