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NOx Reduction and Regeneration of Adsorbent 
 Using N2 Nonthermal Plasma

Comparison of Various Types of Reactors toward the Treatment of Diesel Engine Exhaust Gas

Keiichiro YOSHIDA,*, 1 Masaaki OKUBO,* Tomoyuki KUROKI* and Toshiaki YAMAMOTO*
(Received March 2, 2006; Accepted October 26, 2006)

Comparison of performance among various types of nonthermal plasma reactors was carried out in order to realize
diesel emission aftertreatment system using our proposed nitrogen nonthermal plasma desorption It was shown that 
the surface discharge reactor and the packed-bed reactor have higher NOx reduction capabilities than the pulse
powered wire-cylinder reactor. It was suggested that low cost exhaust treatment system was possible by using AC
power supply. It was also clarified that the pulse powered wire-cylinder reactor was the most effective reactor for
regeneration of NO zeorite adsorbent of molecular sieve 13X. 
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Fig. 1 (b)   Reactors D~G 
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Fig. 3 Schematics of experimental setup.
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SED: Specific Energy Density

SED (kWh/m3) = P (W) / Q (L/min) / 60 

(P: discharge power, Q: gas flow rate)

Current  

Monitor Model 2878 DL1740

AC

0.047 0.47 PF

3.

3.1 NOx

3.1.1

4 L=50 mm AC60Hz

A C G

D BaTiO3

E TiO2 A
18)

A TiO2

C

2 F I3 

mm-BaTiO3 G I1 mm-BaTiO3

F

6.8 mm G 9.3 mm

F G

25 kV A C

H

L=100 mm

B L=50 mm A 2

L A

A

3.1.2 SED NOx

5 NOx

SED A C

L=50 mm A

C TiO2 A

B AC60 Hz

AC60 Hz

AC60 Hz

A

NOx 0 1,400 ppm SED

NOx 600 2,000 ppm NOx

L=50 mm

A L=100 mm B

NOx SED

D H

 SED 0.1 kWh/m3 H

E TiO2 F I�3 

mm-BaTiO3 G I�1 mm-BaTiO3 NOx

Re
m

ov
ed

 N
O

x
co

nc
en

tr
at

io
n 

(p
pm

) 
D

is
ch

ar
ge

 P
ow

er
 (

W
) 

Applied voltage (kV) 

SED (kWh/m3) 
5 SED NOx

Fig. 5 Removed NOx concentration versus SED.
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Fig. 4 Discharge power versus applied voltage.

0

200

400

600

800

1000

1200

1400

1600

1800

0.0 0.1 0.2 0.3 0.4 0.5

0

5

10

15

20

25

0 10 20 30 40

A

B 

H 

A (pulse) 

G 

F 
C 

E 

D 

A B 

H 

A (pulse) 

G 

F 

C 

E D 

NOx 287 (43)



- 5 - 

SED 0.05 kWh/m3

D BaTiO3 H E

TiO2 3 A

D E

A F G

I3 mm

F I1 mm

G

A C

D H BaTiO3

SED=0.2 0.3 kWh/m3

H A NOx

H NOx 30

3.1.3 NOx NO2

6 5 NOx NO2

NOx 30%

E TiO2 NOx

NO2 NOx

O2 NO

E NO2 0 NO2

NO2 TiO2

D G BaTiO3

NO2 NO2

L=100 mm B

NOx

B L=50 mm A NO2

A C TiO2

TiO2 C

D BaTiO3 F G NO2

NOx 40%

A H NO2

NO2

3.1.4 NOx N2O

7 5 6 NOx N2O

NOx 12 % N2O

0.4 % N2O

NOx

N2O NO

NOx 40 %

NO2 N2O 

NO2 N2O

E TiO2 N2O

TiO2

C NO2 N2O NO

A

2 A L=50 mm  B L=100 mm

D BaTiO3 F G H

NOx 40

A N2O

H N2O

6 NOx NO2

7 NOx N2O

Fig. 6   NO2 yield ratio versus NOx removal efficiency.

Fig. 7   N2O yield ratio versus NOx removal efficiency.
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