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Decomposition of Trichloroethylene by Using a Non—Thermal
Plasma Process Combined with Catalyst
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<Abstract>

A non-thermal plasma process combined with
Cr:04/Ti0; catalyst was applied to the decomposition of
trichloroethylene (TCE). A dielectric barrier discharge
reactor operated with AC high voltage was used as the
non-thermal plasma reactor. The effects of reaction
temperature and input power on the decomposition of TCE
and the formation of byproducts including HCI, Cl;, CO,
NO, NO2 and O3 were examined. At an identical input
power, the increase in the reaction temperature from 373
K to 473 K decreased the decomposition of TCE 1n the
plasma reactor. The presence of the catalyst downstream
the plasma reactor not only enhanced the decomposition of
TCE but also affected the distribution of byproducts,
significantly. However, synergistic effect as a result of the
combination of non-thermal plasma with catalyst was not
observed, i.e., the TCE decomposition efficiency in this
plasma-catalyst combination system was almost similar to
the sum of those obtained with each process.

Key words: Non—-Thermal Plasma, Calalyst, Decomposition,
Trichloroethylene, Byproducts
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I'igg. 1. Schematic of the experimental apparatus
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Fig. 2. Voltage waveform applied to the plasma reactor
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Fig. 3. Effect of reaction temperature and input
power on TCE concentration at the outlet of
the plasma reactor
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Fig. 6. Amount of Cl converted into HCl and Cls

3.3. CO, NOx, 032 A4

TCEel X§tgl gh4-o] yyola] R )
SR A 71 wisAF g §A7 COE
gt ARslE = Zlolt, 1@y Fig. 604 %
A petRol ©@Aays o 7HA Cl-§Ha 34
2 AAS + i, =3 A8 g4+ Co
2 Ags 7| g} Fig. 7 AL E2l=zu)
WEE-7] Feta} B3bEA4e] FdolA EAy
COel FX%d Yerdcy Z1goel] vlely npel
2ol 373 K& 474 K ¥ &5oA] w5 g
4o A WAE CO %7 AL Felzn
cHs Aol A WAl CO xRt} Edr) o

A HFFAHAAM Fojol ols) TCEZ}
tH e o wIHAZ] WEolct & AFtol
A ARG RE RAL Wl 7]7}29] FARe] F)el
A Fig. 791 COF 4% 37159 A= COs
b 5ol HAHAE T ey, COx
ol - tAE EHolgt Fetzul e 4
Al Z8lH 2] ez diie COx TCER
FE UAE Aoz dudddg,

140

—O— plasma (373 K)
—7— plasma (473 K)
~@— plasma-calalyst (373 K)
—w— plasma-calalyst (473 K)

120 -

100

(Ppmij

80 A

60 A

cO

40 -

20 -

20
Input power (W)

Fig. 7. Concentrations of CO formed f{rom
trichloroethylene.

Fig. 82 A& &ef2vl k879 oy B
Ao FdoA FAHE NO9 NOo %
& YEYY, A2 Felzol wbg 7oA = N
ety zte] O &2 OH T3 Wwg&AY, O 2
t]zho] Naok Whg-dlal NOE WAlA 71T}, A
g NOX O &)z, @&, OH &tz %o ¢
d NO.2 4+stgc}'. Fig, 8ol A9} o] #&
FelEnl 987 FooME Ay 2% 9
Al NO7F ¥zbs] 2] kil NOogF 325 9] o)
o] A= NOZF AA=HG: 2 0 ¢z
@FE, OH gz ol 9o &] NO.& 4F38}% 7]
wjZolch, 1y, H3EFAH FodME &k
of wg} & A3zl BaAEUe. WA 373 K
o A= HFAH Foolr NO7| #as = &
o NO: FEi= AL ZFelzul wg7 &
o] Fio AHel #sked, o] A= 373 K
o] &%o)|A Zulz} NOY NO»9o| ¥ 5o # ¢
Aae F2 ek AL Jepd, wiw
473 Kol M= 5384 FdolA NO9F NO»7}
B fEEdon, EIFA oA wig
NO® NO; F%9] 32 A Helznl 7]

- 273 -



Al Hepzvl - Zu) HPFTAHAE ol § & EjEFa2oEdAe ol u@ A4

Feboll Al #aE NO, w9 AHel v} o

A= A71A AREE CrOyTiO: Fulj7} 473K

oA dH-2 NOE NOZ A 4= AU
uj] - o| o},

Hﬂ — - R
plasma only
—O— NO (373 K)
—gp— NO, (373 K)
a0 NO (473 K)

—o— NO, (473 K)

plasma-catalysl

—&@— NO (373 K)
40 4 —w— NO,(I7IK)

—@— NO (473 K)
—o— NO, (473 K)

20 1

NO and NO, concentration (ppm)

H— T
0 5 10 15 20

Input power (W)

Fig. 8. Formation of NO and NOz in the plasma
reactor and the plasma-catalytic reactor

500
—O— plasma (373 K)
—2— plasma (473 K)
—&— plasma-calalyst (373 K)
—v— plasma-calalyst (473 K)

400

300 -

200 -

O, concentration (W)

100

0 5 10 15 20
Inpul power (W)

Fig. 9. Formation of ozone in the plasma
reactor and the plasma-catalytic reactor

Fig. 9v A& E¢&vl #8719} AL &
et Zul-Fu HJFANA L o FE WA AF
& YERY. Z2deA 4 4 Kol LFEY
LA Lo whe|YEl=d o] A= &
of A WFg4L7) 2I-o whe|g|stal Q&
o] W& yE ko] Hl#Ez] wEo|r”
AL EFetRvl-FHu EFAHAM= A¥ =
EWSlolA LFS FE7F 6% FHAHUSH

Zofo] Al Wald 4 Aok

e Lglzxul vk7]9 dupol SMa v
A Fefpzvp wkg7]9F Fvll (Cre0¢/Ti02) 7 4
o g g zolealoe X
‘_'*:5*-5’:5?} EgSdagaoeade K
AAEAN VA= 9% A
_Uikﬂr 1-‘1 gef2ul gg7|dAE §lY A
2ol FUE u 373-473 K HHolA W& x
o] F7tol| ulel EgF2aodile] HIa&

|m

o] @A A&t¥ = Aeg ey FHojnkg
e A HY a2 AM e ErERio

gdae] WFalfse] s MME + dvYL

U ol @A FujolA dAHFe EERR
ol @le] w7 wWiolH, F FAHe 4
gtol w& deid= yelA sk Clol
& EAFA 258 HCIY Chol2lodk o
Fwel Cl-gF A&l t—i“@ﬂ T Ue®
DHACE & 4 UMY, &+ dqtoll A ALE-§t

Cro0/Ti02 Ful= ChE HCIE NOE NOR
*‘W] A7l EAE YEY A, L& E3)|A
] = AU

AFA}

o] =2 20029k FstwZl Aol A
¢ (KRF-2002-003-D00085) el ¢ gl <A+t %|
o, At Aol FAF=H o,

a1 5§l

) Yan, K., Hui, ., Cui, M., Miao, J., Wu,
X., Bao, C, and Li, R.
non-thermal plasmas: Fundamental study
and industrial applications. J FElectrostatics,
44, pp.17-39, (1998).

2) Oda, T., Yamashita, R., Haga, [,
T. and Masuda,
gaseous organic contaminants by surface

Corona induced

Takahashi,
S.: Decomposition of

discharge induced plasma  chemical
processing., IEEE Trans. Ind Appl, 32
(1), pp.118-124, (1998).

- 274 -



QMRE B G ia Il A6 AM43.(2003.11)

3) Yamamoto, T., Mizuno, A. Tamon, I,
Ogata, A., Nifuku, M., Michalska, M.
and Prieto, (i.: Catalysis—assisted plasma
technology for carbon tetrachloride
destruction. [EEE Trans. Ind. Appl, 32
(1), pp.100-105, (1996).

4) Snyder, H. R. and Anderson, G. K.
Effect of air and oxygen content on the
dielectric barner discharge decomposition
of chlorobenzene., IEEE Trans. Plasma
Sci., 26 (6), pp.1695-1699, (1998).

5) Ogata, A., Shintani, N., Mizuno, A,
Kushiyama, S. and Yamamoto, T

Decomposition of benzene wusing a
nonthermal plasma reactor packed with
ferroelectric pellets. [EEE Trans. Ind
Appl., 35 (4), pp.753-759, (1999).

6) Choi, Y. S, Song, Y. H., Kim, S. J. and
Kim, B, U. A study on the toluene
decomposition using an  adsorptive
dielectric discharge plasma. HWAHAK
KONGHAK, 38 (3), pp.423-428, (2000).

7)  Futamura, S.
Byproducts identification and mechanism

determination in

and Yamamoto, T

plasma chemical
decomposition of trichloroethylene. [EEE
Trans. Ind Appl, 33 (2), pp.447-453, (1997).
8) Kohno, H., Berezin, A. A., Chang, J. 5,
Tamura, M., Yamamoto, T., Shibuya, A.
and Honda, S.© Destruction of volatile
organic compounds used in a
semiconductor industry by a capillary
tube discharge reactor. IEEE Trans. Ind.

Applicat., 34 (5), pp.953-966, (1998).

- 275 -

9) Futamura, S., Zhang, A. and Yamamoto, T.:
Mechanisms for formation of inorganic
byproducts in plasma chemucal processing of
hazardous air pollutants. [EEE Trans.
Ind Applicat., 35 (4), pp.760-766, (1999),

10) Mok, Y. S., Kang, H. C,, Thm, S. D. and

Nam, [.-S.: Reduction of nitrogen oxides
in a dielectric barmer plasma discharge
combined with catalyst. .
Korean Soc. Environ. Eng., 24 (12), pp.

20632073, (2002).

pProcess

11) Mok, Y. S., Kim, J. H, Ham, S. W. and

Nam, L-5.0 Removal of NO and formation of
byproducts in a positive pulsed corona
discharge reactor. Ind. Eng. Chem., Res.,
39 (10), pp.3938-3944, (2000).

12) Atkinson, R., Baulch, D. L., Cox, R. A,

Hampson Jr., R. F., Kerr, J. A. and
Troe, ] FEvaluated
photochemical data for

kinetic  and
atmospheric

chemistry: Supplement 1V. J. Phys. Chem

Ref. Data, 21 (6), pp.1125-1568, (1992).

(200341 5¥9Y F4, 2033 119209 =€)



