I # Mxsato Prof Emeritus Gunma Univ

2/18-19/2010

mxsato@ieee.org
http://homepage2.nifty.com/mxsato/




-.. Mxsato Prof Emeritus Gunma Univ

Dirac
Tallahassee, Florida

> Dirac
»Department of Physics, FSU (Florida State University)
»>1984

»1984 10

> Tallahassee



-.. Mxsato Prof Emeritus Gunma Univ

>»Electron Beam 3

>
» Fly ash Precharging
>
>

>



Mxsato Prof Emeritus Gunma Univ

Vi V] V] V] V] V¥




I # Mxsato Prof Emeritus Gunma Univ

DNA

O 0O 0O 0 O



‘ # Mxsato Prof Emeritus Gunma Univ

[

] kD

[

G .




-.. Mxsato Prof Emeritus Gunma Univ

Electric energy is
stored in the
capacitor.

The charge is
discharged through
rotary spark gap.
Rising speed:30~60
ns

Pulse width is varied
due to conductivity
of liquid (500 ns

50 ps).

Pulse frequency:50
Hz
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(-OH, O,, -0, -H,
H,O,, etc.)

Decomposition processes
- Active species
- High intensity UV radiation
- Electron impact dissociation
- Shock wave

and other factors
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Clements, J. S., Sato, M. and Davis, R. H.: "Preliminary investigation of prebreakdown
phenomena and chemical reactions using a pulsed high voltage discharge in liquid
water," IEEE Trans. Ind. Appl., IA-23(2), 224 - 235 (1987).
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Applied voltage: +20 kV
Voltage decay constant: 1000 to 10 us
(at water conductivity: 1 to 125 uS/cm)
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Applied voltage: +20 kV
Conductivity: 10 pS/cm
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Needle: Stainless steel hypodermic needle
Peak voltage: +14 kV

Sun, B., Sato, M., Clements, J. S.: "Optical study of active Conductivity: 2.5 uS/cm

species produced by a pulsed streamer corona discharge . i
in water," J. Electrostatics, 39(3), 189 - 202 (1997). Oxygen flow rate: 48.9 mL/min



-.. Mxsato Prof Emeritus Gunma Univ

| ?&kmmgei i&i’ékwﬁgmk}
i | 7 11.5kV(streamer)
\Hy S.S. Needle-Plate: 10mm 1

; LPUE TN SE TU £ /e
Ha Conductivity: 23 u S/cm |

i

H

/

¥ ) “»

‘Emission intensity [arb.]

8 P

o i . 5 . E P e I b 3

200 300

400

500 600 700 800 900
Wave length [nm] ‘

Spark discharge

Ww M‘“’M/—

?’

Streamer discharge

1000




-.. Mxsato Prof Emeritus Gunma Univ

Needle-plate electrode system
Needle: Pt 23 um curvature radius
Conductivity: 23 uS/cm (KOH solution)



I # Mxsato Prof Emeritus Gunma Univ

GNDO|

4 A at peak

g

Streamer discharge mode

Sun, B., Sato, M., Harano, A., and Clements, J. S.: “Non-uniform pulse discharge
induced radical production in distilled water,” J. Electrostatics, 43(2), 115 - 126 (1998).
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Sun, B., Sato, M., Harano, A., and Clements, J. S.: “Non-uniform pulse discharge
induced radical production in distilled water,” J. Electrostatics, 43(2), 115 - 126 (1998).
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15 uS/cm
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20 mm
( 2.5 uS/cm)
6 nF
19 kV
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Lukes, P., et al.: “Erosion of needle electrodes in pulsed corona discharge in
water,” Czech. J. Phys, 56, B916-B924 (2006).
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Needle tip Detail Needle tip Detail
Conductivity: 0.1 mS/cm Conductivity: 0.5 mS/cm
20 kV, 50 Hz, 60 min run 24 kV, 35 Hz, 60 min run
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20 kV 25 Hz
100 uS/cm
L
Streamer Spark with streamer Spark
L =30 mm L =15 mm L=7mm

Anto Tri Sugiarto, Sato, M.: "Pulsed plasma processing of organic compounds
in aqueous solution,” Thin Solid Films, 386(2), 295 - 299 (2001).
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() (b) (©)
Streamer Spark with streamer Spark
L =30 mm L =15 mm L=7mm
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Spark-streamer B
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Rhodamine B
(basic dye)
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> Spark-streamer Spark Streamer

»Streamer
»Spark

. . . »Spark-streamer
Decoloration of Rhodamine B aqueous solution P
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Spark with streamer

8.8x10°3 mol/L
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Chicago sky blue (0.01 g/L)
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Caution !
>

> 19 kV
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- Chicago sky blue :

Decoloration of agueous Chicago sky blue (10 ppm) using various discharge
modes with/without oxygen bubbling (Vp=20 kV, O,=1 L/min)

[ -
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Sato, M., Kon-no, D., Ohshima, T., and Anto Tri Sugiarto:
"Decoloration of organic dye in water by pulsed discharge plasma
generated simultaneously in gas and liquid media," J. Adv. Oxid.
Technol., 8(2), 198 — 204 (2005).

Jie Li, Masayuki Sato, and Takayuki Ohshima: "Degradation of
phenol in water using a gas-liquid phase pulsed discharge plasma
reactor,” Thin Solid Films, 515(9), 4283 - 4288 (2007).
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(applied voltage: +15 kV, gas flow rate: 100 mL/min)

Gas: 0O,
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(applied voltage: +20 kV, gas flow rate: 150 mL/min)

Gas:Ar movie
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Treatment time [min]

Conductivity [uS/cm]
Distilled water ~2.5
Tap water ~ 150
Sewage 500 ~ 2000
Gas: 0O, ,

Gas flow rate 150 mL/min ,
Input voltage +15 kV,
Dye conc. 10 ppm
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Njatawidjaja, E., Sato, M., at al.: “Decoloration of electrostatically

atomized organic dye by the pulsed streamer corona discharge,”
J. Electrostatics, 63, 353-359 (2005).
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Decoloration efficiency

1 I
—O— Oxygen
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Process cycle

uv

Chicago sky blue 10 ppm
50 mL, 6.3 mL/min
16 kV
+6 kV
2 L/min
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HV Pulsed Power Sourse
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Liquid out

Reactor Outer diameter 60 [mm]
Inner diameter 50 [mm]

N
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Gas phase streamer discharge
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Ground

Height 57 [mm]
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Sato, M., Tokutake, T., Ohshima, T., and Sugiarto, A. T.:
“Aqueous Phenol Decomposition by Pulsed Discharges on the
Water Surface,” IEEE Trans. Ind. Appl. 44(5), 1397 - 1402 (2008).
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Argon (Q:1[L/min], V: 25 [kV])

7.5 [mm] 10 [mm] ™ovie 20 [mm)]
Electrode distance

Oxygen (Q: 1 [L/min], V : 25 [kV])

7.5 [mm] 10 [mm] 20 [mm]
Electrode distance
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| A : Argon
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80%
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Experimental conditions
Applied voltage : 25 [kV]

Electrode distance : 5 [mm]

Initial phenol concentration : 50 [ppm]
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Experimental conditions
Applied voltage : 25 [kV]
Pulse frequency : e 100 [Hz], oA and = 600 [HZ]

Electrode distance: e 7.5[mm], aA15[mm], m 20 [mm]
Initial phenol concentration: 50 [ppm]
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Water surface plasma ~Wetted-wall reactor

| Scalin
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Expecting:

Sato, M., Soutome, T., Mii, S., Ohshima, T., and Yamada, Y.: "Decomposition
of phenol in water using water surface plasma in wetted-wall reactor," IJPEST
(Int. J. Plasma Env. Sci. Technol.), Vol. 1, No. 1, 71 - 75 (2007).
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High voltage electrode

L Tungsten wire

High voltage electrode

— - Aluminum disc 20 mm ¢
(1 mmx 1 mm square) =
Length 105 mm L
Ground electrode ::[3 Ground electrode
ID36 mm OD 40 mm ' : 1024 pam
Aluminum pipe \\
L1 Length 100 mm
a 100 mm OH OH
Reactor a by
Applied voltage 30 kV %HH B5 kV
OH
OH OH
High voltage electrode OH ode
:D* Tl?ngsten v%ire OH 1) on
(1 mmx 1mm square) nm ¢

;l—'—‘f: Length 3 mm K /
B

\ Ground electrode VT T o= TTTITT
1. ID34mm Stainless steel foll
Stainless steel foil (separated to upper and lower
= Length 15 mm Eart -
B68 mm Reactor d engt mm
Reactor b y 60 mm

Applied voltage 30 kV Applied voltage 30 kV
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Tungsten wire — aluminum cylinder type

Photos under room light and dark

Oxygen Argon
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