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Investigation of reaction mechanisms of persistent organic pollutant
decomposition in solution using nonthermal plasma combined with ultrasound

irradiation

Tomoyuki, Kuroki
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The effect of ultrasonic irradiation on the decomposition of trace phenol in
solution using nonthermal plasma which generates in aqueous solution was investigated. The 40-kHz
ultrasound was indirectly irradiated to the plasma reactor. The streamer and spark discharges were
employed as nonthermal plasma in aqueous solution. As a result, the discharge current of both of the
streamer and spark discharges was increased by ultrasonic irradiation. In particular, its effect
appeared clearly for spark discharge. However, the phenol decomposition was not improved by
ultrasonic irradiation. In order to improve the phenol decomposition, it is necessary to examine the
combination condition of plasma and ultrasonic irradiation.



PCB
BOD  COD
OH
BOD COD
OH

BOD
coD
o

0.1 mm

1
28
32 kV 400 ns
( DL1740)
40 kHz 500 W
500 W 40 kHz
254x 305x 254 mm
20 L
(
GPU-1)
(
RK1710-H,0) 250 mL/min
(
LTB-125)
25
500
umol/L (47 ppm)
0.0235¢ (
99 %) 500 mL
500 pmol/L (47 ppm)
250 mL
250 mL
HPLC
Sampling
Oscilloscope ector ?

GND

Current i
brobe Plasma reactor High voltage probe
§ EE{)Exhaust

[=X<|cox<l]
g &

Pulse power supply

Water tank

/
Flow meter Pump Mp E=

Ultrasonic
oscillator

Cooler



10

0.2mL pH

(

HI991300N)

@

1 kHz

®

o

mL/min

100

g =
[=N =N =lele]

B
[=]

Removal efficiency (%)

= N W
o 0O 0o

LC-10Avp)

H,0,

25

100

150 mL

3%

pH

250

0

s 2= )L ERRE 500 pmol/L R 250 mL
- BIRIEE: 250mL/min

S IRI257C

10 20 30 40 50 60 70 80 90 100

Time (min)

&)
H,0,

10 mm

81.2 %

b
(o]
%]

5 mm

3 100

24.2 %

Removal efficiency (%)
oBEEEEIRG

L - D L ATERRE : 500 pmol/L - FRE: 250 mL
[ - ERRE: 250 mL/min

CE25C

Spark

Streamer

o O
o D

e

W 20 3¢ 40 S0 60 70 80 €0 100

Time (min)

o
]

08 |

oo
m -
T

P eEe
P NN
T

[ O/ —JL37EARE  s00pmol/L - EE 250 mL
- BERRE: 250mL/min

CEE2sC

Spark Streamer

<

Removal energy efficiency (g/hkvh)
[ =]
o

g 10 26 30 40 BC 60 70 380 8G 100

Time (min)

4
100
$ o0 [r7=/ /L ANALRE: soopmol/L - RE:250 mL
< | - B RIEE: 250 mL/min R 25°C
> 80 |
_5 70
F‘: 60 F
T 50
T 40 “\\\
Q
E 30 Spark
x 20
10 Streamer
DLI I [N SR TR TR TR N SN RN SN T N T SN T SO N SR S N 1
0 100 200 300 400 500
Input energy (kJ)
5



uv
4
100
5
H,0,
35%
1mL 0.5 mL
6
7
8
6 100
1mL 97.9 % 0.5 mL 94.6 %
100
1mL 33.7%
0.5 mL 22.7 % 1 mL
0.5mL
7
8
40000 J
0.5 mL
1nmL
100

pH

—0— Spark

—— Spark+-BRIEHE

e r 1mL
< 70 — B -Spark-BEMEAE
§ 60 05mL
25 [ » 7=l 500 pmal/L —o— Streamer
‘g - iR 250mL,
uu_J 40 —e— Streamer+BEHE
T 30 AEImL
g 20 —e— Streamer+BEHE
3 10 HE0EmML
o —o— EBLARImL
0
0 10 20 30 40 50 60 70 80 90100 - © - EELFF05SmL
Time (min)
6
=
% 0.6 . P
‘90_5 | \ » 21/ =)l 1500 pmolfL
- 1BEEER : 250 mL/min
504 W R T o
= — W - Spark-E2E{LkE
“6 0.3 0.5mL
6 —o— Streamer
E 0.2
@ —@— Streamer+EEHE
€01 MEImL
g - @ = Streamer+AEHE
& D PN N T TN T N T N T T T N T N S B T BT KEOS ML
0 10 20 30 40 50 60 70 80 90100
Tirne (rmin)
7
100 p—
L —0— 3parl
0 |
':;\; 80 I —O— Streamer
g 70 ¢
2L 50 F —8— Spark+iBE Lk
] b 1mL
$0r ™ - Spark+BBHLAE
40 F - J2/—)1, 1500 umol/L — @~ Sparkea "
E 3 -ifEB 250 mL pamL
g2 30 - TR 1 250 mL/min —e— Streamer+iBA2ik.
E 20 -iERi25 T AHF T mL
o 10 - @ = Streamer+i@EAL
0 . , , ! HFR05 mL
0 100 200 300 400 500
Input energy (kJ)
8
pH
®
250
mL/min 25




100

10

11

pH

70

73%
70%
3%

100

3%
100
3%

12 mg/L

Removal efficiency (%)

Removal energy efficiency (g/kWWh)

1

Removal effficiency (%)

100

90 -2/ =)l 1500 umol/L - B 250mL
80 BERER: 250 mU/min - TER:25°C
70
60
50
==Spark
40 —I—SE::HUItrasomc
30 —O—Streamer
20 —@—Streamer+Uitrasonic
—¢o—Ultrasonic
10
0
0 10 20 30 40 50 60 70 80 90 100
Time (min)
9
0.5
[ - 72—l 500 umol/L - fER:250mL
0.4 | -mRES: 250 mymin -iER: 25

03 F

—O—Spark
—&—Spark+Ultrasonic
—o—Streamer
—&—Streamer+Ulirasanic

0.2 F
01 F
0
0 10 20 30 40 50 60 70 80 90 100
Time (min)
10
00 r T
90 F 7z —)l:soopmolfL - FRE:250mL
g0 [ -EERE:250mL/min - RE:25C
70 F
60 |
50
40 F
30 =0 Spark
—f— Spark+Ultrasonic
20 — StrEAmer
10 —e— Streamer-+Lltrasonic
0 PIN T T TR TN TR [N TN NN TR TN AN TR TN O T NN S T S 1
0 100 200 300 400 500
Input energy (kJ)
11
2016 8 8,9
26
2015 3 14



@
KUROKI, Tomoyuki

@
OKUBO Masaaki




