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Basic process of lower-order organic compound synthesis via carbon dioxide reduction
induced by low temperature plasma radical reactions

lizuka, Satoru
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Suppression of carbon dioxide emission into the environment, which has been though
t as a cause of global warming, is an urgent issue. Moreover, lower order organic compounds containing few
er carbons such as methane or methanol were important reusable energy source as alternative energy materia
Is, as well as the raw material of chemical industry. In this study, basic physical and chemical mechanism
s of radical reactions of carbon monoxide and hydrogen, generated in plasma-free space or cold plasma by d
ecomposing water vapor and carbon dioxide, were investigated for synthesizing reusable lower order organic
compounds such as methane and methanol.



CO2

CO2/H20

H:2 (/H20)

Hz (/H20)

CHs CHsOH

CO2

,CO/H

CO2

(

)

CH30OH
50-100 250-300
1
mi s
= Vﬂ 7
= ;ma
I NN B —
—C
=
7N L=
@

— ==t
1
CO2 H:2 (/H20)
CHa4
CHsOH
/
1 1
CO2 H:2 (/H20)
CHsOH CHas
cCO H



5u s 1.25 Hz

1 10u s
10kHz
CO2 H2 CH4 H20
02 H20
CO2
CO2 Ho>
H> CO2
FTIR
CO2
2

0.04
0.03
3 002
£ 0.0
€ 0
2-0.01
<-0.02
-0.03
-0.04
3750 3250 2750 2250 1750 1250 750
Wavenumber [cm ']
2 FTIR
CO2
a
CHa B
1 kWh
L vy [L/kWh]
3
(1) [1][4]
H:> CO2

CO2 + 4H2 - CHs+ 2H20

CO2 4 H:>
2000 —+—Iscocm
— o~ —hscom
25 00 mm=hm=- T Osoom
/ ~—t | ——125ccm
15scem
%20'00 — »— - 20scom
o / b
'\ :{ e S
i?\ 10,00
-
5.00
0.00
3 B Ha2
Ex B
Y
1 4
2
5
IRILEF—%FE v
0.50
0.45 Lo
0.40 Ky
0.35 ¥ e
0.30 ¥ *
= 0.25 e HEIEHY
020
§ 0.15 .-" — —=—HIERL
=010 [
0.05
0.00 =/ ‘ ‘
0 10 20 30
H,ifi & [sccm]
4 y H2
1
H* H>x*



40 %

55 %
5
55 %
75 % CO2
CcoO
80 - 0.15
0 013
= 60 0.11
‘H’ :: Kl E‘
; RN =
250 [y 009 2
A . x =
40 0.07
: K 8
' 30 . 0.05 |
:RN 20 ; / 0.03 ;
S 10 0.01 H
S
0 . . " . -0.01
0 5 10 15 20 25
kFERE [scem]
——SREa 4] me RRE B [%]
- - TRIVE—$hE 7 [L/kWh]
5 a B vy H2
CO2 CHa
CO> H
C
H
C
(@]
C
CO2
cC O
H>*
CcO
2) [2][3][5]
CO2/H2 2
2

CO2/H2

CHzs + H20 - CH3OH + H:
o
B
1kWh
L y (L/KWh)
6
a B ax§p
35
£ 30
%2 P
B
520
s
. o
@10
a5 |9 B\
0 S—
00 20 40 60 80 100 120
i 2 lscem]
6 a B axp CHa4
a B axp



CO2 + 3H2 - CH3:OH+ H20

= 1%

o2 25 EE- DR
20 Thy

< 15 / —miEE
% 10 ——TF L

i

0.00 0.02 0.04 0.06 0.08
Hi W]
.
10w
a 5.0

B 315 y 0.47L/KWh

(3)

OH

CO2 a 40 %
CHa B 75 %

y  0.51L/KWh

a 5.0 B

315 %
0.47L/kWh
4
1
(1]
2014 3
(2]
2104 3
(3]
2103 3
(4]
2012 3
(5]
2012 3
9
[1] Conversion of methane

to methanol by a low-pressure steam plasma,
Journal of Environmental Engineering and
Technology, 2, No.3, 35-39, 2013
[2] Plasma-assisted
conversion of carbon dioxide to methane by
low-pressure pulse discharges, 31th
International Conference on Phenomena of
lonized Gases, P1-104-1-6, 2013
[3] Keisuke Arita, Satoru lizuka, Conversion of
carbondioxide to methane by low-pressure pulse
discharge, 30" Symposium on Plasma
Processing, 203-204, 2013,
(4] -

63 No0.12, 41-45, 2012,

[5] Junichi Emi, Satoru lizuka, Diamond particle
deposited among nickel/cupper particles in
energy controlled CH,/H, rf discharge plasma,
Journal of Surface Engineered Materials and
Advanced Technology, 2, 158-162, 2012,

[6] Toshitsugu Gunji, Satoru lizuka, Conversion
of CO, to methane by a low-pressure
hollow-cathode discharge, Europhysics
Conference on the Atomic and Molecular
Physics of lonized Gases ESCAMPIG 2012 ,
P1.1.2.1-2, 2012

[7] Masaki Kano, Genki Satoh, Satoru lizuka,
Reforming of carbon dioxide to methane and



methanol by electric impulse low-pressure
discharge with hydrogen, Plasma Chemistry and
Plasma Processing, DOI 10.1007/s11090
-011-9333-0, 9 pages, 2011

[8] Takayuki Tsuchiya, Satoru lizuka, Conversion
of methane to gaseous and/or solid carbon
materials by control of plasma reaction in RF
discharge, 30th International Conference on
Phenomena of lonized Gases, D13-061-1-6,
2011

[9] Takayuki Tsuchiya, and Satoru lizuka,
Reforming of Methane to Methanol by a

L ow-Pressure Steam Plasma, Plasma
Conference 2011, 22G6-1-2, 2011
10
(1] -
30
2013 12 4
(2] -
74
2013 9
17
[3] Plasma-assisted

conversion of carbon dioxide to methane by
low-pressure pulse discharges, 31th
International Conference on Phenomena of
lonized Gases, 14-19 July, 2013, Granada,

Spain

(4] -
60 27p-PA4-9
2013 3 27

[5] Conversion of carbon

dioxide to methane by low-pressure pulse
discharge 30th Symposium on Plasma
Processing, 2013 1 21

(6l -
73
2012 9 13

[7] Toshitsugu Gunji, Satoru lizuka, Conversion
of CO, to methane by a low-pressure
hollow-cathode discharge, Europhysics
Conference on the Atomic and Molecular
Physics of lonized Gases ESCAMPIG 2012 ,
10-14 July, 2012, Viana do Castelo, Portugal

[8] Takayuki Tsuchiya, Satoru lizuka, Synthesis
of methanol by a low-pressure steam-methane
plasma, International Symposium  on
Non-Thermal/Thermal Plasma  Pollution
Control Technology & Sustainable Energy

ISNTP-8 , 25-29 June, 2012, Camaret Sur
Mer, France

(9] -

Plasma Conference 2011, 2011 11 22

[10] Takayuki  Tsuchiya, Satoru lizuka,
Conversion of methane to gaseous and/or solid
carbon materials by control of plasma reaction
in RF discharge, 30th International Conference
on Phenomena of lonized Gases, Aug 28-Sep 2,
2011, Belfast, Great Briton

€Y
lIZUKA, SATORU
20151227
@
®



