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The decomposition of chlorinated methanes including CCls, CCI3H, and CCL,H, was carried out using a thermal plasma proc-
ess and the characteristics of the process were investigated. The thermal equilibrium composition was analyzed with temper-
ature by Fcatsage program. The decomposition rates at various process parameters including the concentration of reactants,
flow rate of carrier gas, and quenching rate, were evaluated, where sufficiently high conversion over 92% was achieved. The
generation of main products was strongly influenced by the reaction atmosphere; carbon, chlorine, and hydrogen chloride at
neutral condition; carbon dioxide, chlorine, and hydrogen chloride at oxidative condition. The decomposition mechanism was
speculated considering the results from Factsage and the identification of generated radicals and ionic species. The main de-
composition pathways were found to be dissociative electron attachment and oxidative by radicals formed in a plasma state.

Keywords: thermal plasma, decomposition, chlorinated methane

1. M = H|A] 3iti4,5]. Skt dElel SEEls w EAleh: B A
2} 5o Falletaat s B F-3Eo] o 549 g8t A%-S 3t
3 f71 SFEVOCs)S LI Sl 7| Ee] < o k=t ol dZEtznt 3o vl B whee =2 dF
A1 9lom A nxE e Il B AL 2k 9= 7} 59 o)& Fd B} ebgsta Feldt BAS A4S 4 Sl Aotk
A= Bl oA HAtel] SJaliA] Azl i E eE5-S g s [6-8]. AFE3HEAY(CCL), B2 EF(CCLH), WEdE = ele] =(CH,CL)
gk Ao Falet 54 BAE EE odvk A4 7] stE = AuAoR v@Ado)a A g3lek Ao et Q1s)
o] ©Ao} GAazre] AghE i) fElgt Ao EM 5498 AlA Aol glomz AfA &4 Al BEEAY AEA) = Ag 39
sh= Zlo] dasith2]. A7) sE Al WHoREs SR st AA Soll FEsHA o151 glor 7] 4 2 7]E} glet B
F2 H, sherA &l W, Sl o, n)AEe] Qs el W Fol Atk A2l Azl YoM AEEARZE Wo] 2ol1 it
[3]. o] WHE thE g8t S AREE] wlEel w8l F, - A  AFelXe dEgtznks o]t EREHES HallshE ¢
7Fdesta sk 2xf e B F vo|Sal T3 2L 84 =28 TE gl o dEe=nts AREEe lojA] 1 el wist =
o & AA F= 73 EZo] AdE= o] vk 18y 12, AFE Z18Y3FSIT) Factsage 21308 o]8-5loj[9] dishd HE 2
13 SO 5AS 2 ole GESEvE AMEste] Fallshd o) & dotrgtor et riadRutE I YE o] g3t Fi, 2
FAg 3ge zed et s ¥ ool 23k 2 B A o] 7}29] % 2 genching®) = W22 f-5ol W E3l& % 2
27 o g Azl EElE 4 QlojA] a8 T Wl Btk FT-IRS o]g38te] HE AIES glstsion] wet gost
A BYA Aoz RE Fld grjdely ARt FRE 53l &
t 3 A7 (e-mail: dwpark@inha.ac.kr) T AHER H717HA Y 7 8l HAYSl tiaiA dolr it

136



Qoo o

it — v

Figure 1. Schematic diagram of the experimental set-up for the decom-
position.
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Table 1. Experimental Conditions for the Decomposition of Chlorina-
ted Methane

Plasma input power 5 kW
Pressure Atmospheric pressure
Plasma gas flow rate Ar (15 L/min)

Carrier gas flow rate Ar, Oy (0.1~0.3 L/min)
Reaction time 4~5 min
Flow rate of quenching water | 1~5 L/min

Reactants Tetra chloride carbon (99.5%)
Chloroform (99.5%)

Dichloride methylene (99.5%)

Concentration of reactants 1.8%, 2.3%, 2.8%

Table 2. Coefficient of Chlorinated Methane at KDB Cormrelation
Equation

Constants CCly CCIH CClH:
Coefficient A -9.11E+00 -7.07E+00 -1.00E+01
Coefficient B -6.26E+03 -4.09E+03 -6.03E+03
Coefticient C 7.50E+01 5.94E+01 8.08E+01
Coefficient D 7.41E-6 1.09E-5 9.81E-06
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Figure 2. Decomposition of the chlorinated methane at different concen-
tration. (Flow rate of camier gas (Ar) 0.1 L/min, quenching rate 4.0
L/min).
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Figure 3. Decomposition of the chlorinated methane at different
concentration (Flow rate of canier gas (O;) 0.1 L/min, quenching rate
4.0 L/min).
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Figure 4. Decomposition of the chlorinated methane at different flow
rate of camier gas - Ar (Concentration is 1.8% quenching rate 4.0

L/min).
100
Fy
— I - A
-]
S osf . . =
e
-] L] N
s
0 L
-] = "
-8
E L
9
o %[ B Tetra chloride carbon
a ® Chloroform
4  Methylene chloride
92 L 1 1
0.0 0.1 0.2 0.3 0.4

Flow rate of carrier gas( Oxygen )

Figure S. Decomposition of the chlorinated methane at different flow
rate of camier gas-O, (Concentration is 1.8% quenching rate 4.0 L/min.).
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Table 3. Bond Length of C-Cl at Different Chlorinated Methane

5 3 Aol (A)
Carbon tetra chloride 1.735
Chloroform 1.755
Methylene chloride 1.775
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Figure 6. Decomposition of the chlorinated methane at different
quenching rate (Concentration is 1.8% flow rate of camier gas 0.1
L/min, canier gas-Ar.).
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Figure 7. Decomposition of the chlorinated methane at different quen-
ching rate (Concentration is 1.8%, flow rate of camier gas 0.1 L/min,
canier gas-0;).
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Figure 8. FI-IR spectra of Tetra chloride carbon before and after the
decomposition.
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Figure 9. FT-IR spectra of Chloroform before and after the decom-
position.
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Table 4. Varies Atom & Radicals Formed at Different Temperature [Factsage Program]

Carrier gas

Chloromethane Argon

Oxygen

Tetra chloride carbon CChlg), CCi(g), C:Ch(), C:Cli(e).

C(@), CAg), Cs(g), Ca(g), C(s), Cl(g), CCu(g),

Clx(g), Cl(g), CIO(g), COAg), CO(g), O(g), O(g).

C(g)7 Cz(g), C3(g): C4(g)7 CH(g): CHz(g), CZH(g)y
CHy(g), Cl(g), Cl(g), HCi(g), H(g), Ha(g),

Chloroform
CHax(g), CoH(g), CoHa(g)

COx(g), CO(g), COCl(g), C(g), Cl(g), CIO(g),
HOClI(g), Clx(g), HCl(g), HOO(g), Ox(g), O(g),
H20(g), H(g).

HGi(g), C(s), Cl(g), C(g), Cx(g), Cs(g), Cu(g), CCl(g),
CzClz(g), CC13(g), CC14(g), C2C14(g), Clz(g), H(g),
Ha(g), CH(g), CHx(g), CHi(g), C:H(g), CHCI(g).

Methylene chloride

COx(g), CO(g), COCI(g), C(g), Cl(g), Cl(g),
ClO(g), HOCI(g). Hx(g), H(g). O(g), HOCI(g),
OH(g), Ox(g), ClO(g), HOO(g).
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Figure 10. FT-IR spectra of Methylene chloride before and after the
decomposition.
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