C-19

23 6 10

Q)
2008 2010
20560678

Plasma processes by high reactivity atmospheric pressure H,0 plasma
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2.45GHz

H,0

The plasma source using the water of the low environmental
impact as plasma gas was developed. Water absorbs a microwave (2.45 GHz) efficiently.
The form of the microwave resonator was devised for the plasma generation in an
atmospheric pressure, and the gas flow was used for stabilization of discharge. Research on
the surface cleaning, surface treatment, and organic matters decomposition using this
atmospheric pressure plasma was done. Since the density of the generated plasma was
high, activity chemically radicals were generated in high density. High-speed plasma
treatment could be performed by this, and the effectiveness of atmospheric pressure H20
plasma was shown.

2008 1,400,000 420,000 1,820,000
2009 1,100,000 330,000 1,430,000
2010 500,000 150,000 650,000

3,000,000 900,000 3,900,000




1989
2020
@
H20
XPS
2.45GHz @
XPS FTIR
®
H,0
H,0
@
250W  Ari15[l/min] H200.7[l/min]
O0[mm]
30[mm]
O0[mm] 4x 1015[cm-3]
1 2
@
2500[K]
@ 11000[K] 13000[K]
OH
®
OH
* OH
OH
© H20
©) H,0 OH
Q)
H,0




-+ Electron temperature| 16000

-»- Gas temperature 14000 -
< 2000 /
o 10000
2
< 8000 |
2 6000 |
e
e 4000 -
- 20007 —
0
-30 -20 -10 0 10 20 30

—8—H 656.5nm
——O0777nm

—&— OH 306nm
—8— Ar430nm

Position [mm]

=)
<
z
-30 -20 -10 0 0 10 20 30
Position [mm]
2
&)
Ar 10[I/min] 0, O0.7[1/min]
100 250[W]

30

9[cm]

72°

20°

co,

250[W]

90
80
_
— 70 M
=60 § =
S50 - /\//x
f40
? 30 —e—100W
§o) —— —m— 150W
£20 e —a— 200W
10 _—— 250W (
—e— Ar plasma
0 . .
5 6 7 8 9
Distance from a plasma center[cm]
3
XPS
Ar 10[I/min] O, O.7[1/min] 100
150[W] 4
80
70
60
50 |
10
30 i —
20 B H— & B B H— — H
" 73’ | I | 7:17 | Al | |
0

before cil  afteroil 100 100 100V 1004 100W 1D0W 150K 1D0W  150W0 1500

coating  coating  Scm

4 XPS

ficrm

Tom

Bom

9cm

Scm

fom

Tom

Bom

9cm

@EFe
WCr

|_Is]



HO 0,

9[cm]

250[W]
9[cm]
©)

H2O+Ar

H20
Ar + H20
4EHE — B
— OHx5
&
= -+ -3 -2 —Iw 0 1 2 3 4 5
Pestion [em]
5
5
5
H.O Ar H O OH
Ho
H20
H OH H: O

OH H2
O H

OH

H20+H — OH +H: 1)
OH+M - O+H+M (2)
(2) OH
H20
OH
OH
(2) 2
©))
Ar-H20 Ar-O
80
c'_' 70
o 60
g 50
é 40 == Untreated |
g 30 —&— H20plasma ~|
g 20 —&— O2plasma —
g 10
0
8 10 12 14 16 18

Distance from plasma center [cm]
6 Ar-H.O0 Ar-O

6 Ar-H.O  Ar-O

200[wW]
Ar 15[Il/m] H20 0.7[l/m] Ar
10[I/m] Oz 0.7[l/m] 2[min]
7[cm]
8[cm]

O2 H20



H20
11[cm]

10[cm]

OH

8[cm]

H-0

H>0O

Ar-H20

24.4[°] Ar-O

37.5[°]
H>0O

Ar-H20

Ar-H20

30

®)
CO2

CO2

H2>0 CO2

7
CO2.2.0[l/min] CO:2
H20

100.0 ~
90.0 -
80.0 -+
70.0 -
60.0 -
50.0 -
40.0 -+
30.0 A
20.0 A
10.0 A

0.0

8 10[cm]

Ar-O;

CO2

CO2

Ar:15.0[l/min]
13

+ Ar-C0,
= H05E 0.37[L/min]
H,0%E 0.49[L/min]
H0%E 0.74 [L/min]

200 300

7C0O2 H20
Ar-CO2
10 ]
400[W]

250[W]

400 500 600

CO2

12 ]

Ar-CO2 550[W]
40[cm]
-20 55
H20 H20
0.7[l/min]  250[W]
20[ 1]
Ar-CO2 H20
H20
OH
CO2 H20
OH H
400[W]
26[ ] 550[W] 60[ 1]
H20
550[W]
H20 0.87[l/min]
550[W] 72
CO2
H20
250[W] CO:2 0.7[l/min]
Ar H20
8
1600
1400
HlZOO
E1000
800
600
400
200
0 LL;L
m250[W] 1354.56 75.392 112.64 42.24 0
m400[W]| 1439.375 190.505 186.305 91.04 0.6741
550[W] 292.448 12.142 16.51 40.04 22.906
CO2 H20
CO2 H20
2.

CO2



H20
Ar-CO;

H2>0

A
130 2010 919 924

S. Ono, S. Teii, Y. Suzuki, T.Suganuma, Effect
of gas composition on metal surface cleaning
using atmospheric pressure microwave plasma,
Thin Solid Films, vol.518, 2009,
981-986.

36 2008 74 79

20

Shigeru _ Ono, Plasma  surface
modification using atmospheric pressure
microwave plasma, The 16t International
Conference on Advanced Oxidation
Technologies for Treatment of Water, Air
and Soil 2010 11 17
San Diego, California(USA)

S. Ono, Oxygen radical density in atm
ospheric pressure Ar-O2 microwave plas
ma for plasma cleaning, ISPC19 — 2009,

2009 7 27 , Univ. of Bochum (Germ

any)
S. Ono, Atmospheric pressure microwave
excited H20 plasma and application to the

surface cleaning, ESCAMPIG, 2008 7
17

2010 37-45.

o

ONO SHIGERU

80097170



