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A Study of Non-thermal Plasma Generation on a Photocatalytic Reactor
Using a Ceramic Honeycomb Monolith Substrate
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ABSTRACT

Since photocatalysts are activated by lights of UV wavelengths, plasma is alternatively used as a light source
for a photocatalytic reactor. Light intensity generated by plasma is proportional to the surface area of catalytic
material, and this, in many practical applications, is prescribed by the geometry of a plasma generator. Thus, it
is crucial to increase the surface area for sufficient light intensity for photocatalytic reaction. For example, in a
pack-bed type reactor, multitudes of beads are used as a substrate in order to increase the surface area. Honey-
comb monolith type substrate, which has very good surface area to volume ratio, has been difficult to apply
plasma as a light source due to the fact that light penetration depth through the honeycomb monolith was too
short to cover sufficient area, thus resulting in poor intensity for photocatalytic reaction. In this study, non-
thermal plasma generation through a photocatalytic reactor of honeycomb monolith substrate is investigated to
lengthen this short penetration depth. The ceramic honeycomb monolith substrate used in this study has the
same length as a three way catalyst used for automotive applications, and it is shown that sufficient light inten-
sity for photocatalytic reaction can also be obtained with honeycomb monolith type reactor.

F87]%80] : Non-thermal plasma(#-2 &2}2wv}), Photocatalyst(33Zvl]), Ceramic monolith honeycomb
Substrate("G4 %1 & A2t=l @A), Reactor(¥H&7])

Nomenclature Hz : hertz
AC  : alternative current ICCD : intensified charge-coupled device
CB : conduction band ‘ kV  : Kkilo voltage
cpst  : cell per square inch L . length
D : diameter mm : millimeter
eV . electron voltage UV : ultra violet
VB : valence band
* 59 mEV]SATY V(?C : Volfaltlle organic compounds
- R ESRE e | wt% : weight percentage
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Fig. 1 Schematic diagram of the test equipment
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Fig. 2 Non-thermal plasma generated on a photocatalyst
coated ceramic honeycomb monolith substrate
(D55mm, L35mm)

Fig. 3 Plasma penetration through cell path on a photocat-
alyst coated ceramic honeycomb monolith substrate
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Fig. 4 Photocatalyst coated ceramic honeycomb mono-
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Fig. 5 Non-thermal plasma generated on a dummy substrate
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Fig. 6 Non-thermal plasma generated on a photocatalyst
coated ceramic honeycomb monolith substrate
(D93 mm, L65 mm)
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Fig. 7 Plasma spectrum of non-thermal plasma generated

on a photocatalyst coated ceramic substrate



Az 2hy BAE A8E 250

gh§718) Fepzet Ao A¢ AT

20000

15000 F

10000 }

intensity {a.u.t)

5000 f

0 " e

100 150 200 250 300 350 400 450 500
Wave Length (nm)

Fig. 8 UV spectrum of UV lamp

S, Aol A dhe W B 5 gl e o

A 9] 3 5ol & dEole

3.3 & u3J|e MO S4d
F1g 9% %i‘ 7} %z]&l xﬂa} n w7 o

OlO ::.
I
2
N
_Bi
03:
o
£
Au)
=
£

X %] 5t 1000Hz§ e Rl
?ﬁ%H JJrf‘é:% UrEMlD}. gl E gw At
o 14.8kVe] A3 Alol dlao] BHE Yo,
AR E e weloA Bekzel g 7<)

o) ol P Y-S ¢ F Uk HolH
2R3 SEE BT MEA T A, Setavh 2y
of ofsf M AF 43 & wrh AGeA &

B Jdort B agel i ARet Metel
AE ZA8E7] $18) A BAo] &ogh W o]
B &34 &2 2947hg Jepdch 2 A o 5
Aol Akt M Fo ol Td3trt ol vhg
717k Age] dFDE sttt F, V=IR9| ¥

A 2} 2ol Mokak x5 Abolol $14d A7) glof 4
EHE AHEFE g FAHAAY B
= B o] glo] WAl EA HE o] A=
e Tlo A AR EE &7 Y e & 5 glo) o
A3 AF AY BAE BENE G 5A o
© Fig. 59 A= BdstA debdo. =,
F=50) A oA Foll #AGle] At MY Y &

Current (mA) and voltage (kV)

Time (sec)

Fig. 9 Voltage and current profiles at photocatalytic reactor

Ae Ao dFolv g7 AAS) H71AH 4
& TR 7] Fig. 5 A 25HE

Al
o =2
A o] 3~5SWand & 7Herau

A AR ]
Z AqgAoly Ay dg £45E do] 458
ok = v} &, Fig. 29] FukS-7]oll A 2% % 60
Watte] 428 H#He| R EL 9§77} Aol
ghal siA i FEe] WA 7 E2 HEkEE A

01 o et of 5~9%%to] AR M &4
o] Gzt U ol A2 H g

_}‘4_,
of
)
o
>,
of
=
N
=
y
ofp
°2i
)
Hﬂ
2
(o3
o
o

1, A2 B oS 9
A s A Bt

AT E Foted gt B

2
e
N,
Y

e

=
L)
=}
oo pE op
)
‘m Oﬁ.’, m‘ﬂl
oX Of M

o
=)
g
4
iz
)
oﬂé

rlo
il W

—
4
ju
=
N
e

1 mlo
e
32
oo oft

XTE‘ At Bl A E o
2719 AC 18,000V, 60Hz2] A ¢+
A8 Ee 27} dsiol, ol

= u)—;“(." 7] ] ¥L u} o}qa} Al
Eﬂ%“%dq
NN B2 o)

o 2
oo o
o i

=}

_=

o

k)
1N

oft nZ o ofo
= o o
o
rr
-
1—4

,_,
o]o

r—‘ﬁllﬂﬁi'é—"‘m\noﬁ,
_
R
; 2 o
o 2
i
i)
N
o
a
il
T
T
o
ol
rir

A gl A
2}

At S AYY 8L 8

¢

oL v 2

~N
=

A,
™
X
lo off

fr
w2
it

103 2%, 2002 53



£314 - §o9 - 34F - AdiF - A9 - ol ASD
3) oW T Fakzvie] g gL A9 maAT
EE Bo] #Em 7)o At 360nm o8t g
QOR 7hA% o] B UV Aol ws & 2 Il
Ao B ATe URt 67 AMWAE £ AL
4) B W7ol AP R ARG At 4 = e o .
Abdel of sl A gt BAR o A 7
A A gol gow uLsledFAR 10
Folu, dubHQl A A o 2] 4 o 1R 2 ¢ - '
W ghol] 93 £A(5~9%)H e W o] &g - - =
#1008
Mol 78 o F11 glo] AHA B whg-g 7|
N 5 ok 1) F. Akira, TiO, Photocatalysis; Its Application to
5) FZvjo] /1A 2 Aok 8910 XA o] Self-cleaning, Anti-Bacterial and Air Purifying
e WwAY g ALE A BEARES At Eg Materials, SeiMuSe Inc., pp.32-35, 1998.
2) G. S. Son, S. H. Ko, D. J. Kim, K. Y. Lee,“A
e d H 7 3 =g b Al &l ’ > T >
N ];E J;L:i} = 710715 Lﬂz ° = N Study of Hydrocarbon Reduction with Photocat-
AL UVEE Agsted 179, 1% '7]'j‘ alysts,” KSAE 99 Autumn Conference Proceed-
A7t 7hsdt e & st o, W 448 ing, Vol.1, KSAE 99380154, pp.155-160, 1999.

54 SHIREAZ =2



