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MARIUSZ JASIŃSKI, PIoTR SZCZVCK\ JERZY MIZtrP"LCZYI(,
MItrCZYSŁAW LUBAŃSKI, ZtrNoN ZAKRZEWSKIl

Decomposition of chlorofluorocarbons using microwave
torch plasma

Results of investigation of decomposition of chlorofluorocarbons CCI2F2 (CFC-12) and CHClFz
(CFC-22) conducted in air flowing under atmospheric-pressure using a coaxial-line-based microwave
torch plasma are presented. Concentrations of the chlorofluorocarbons in the flowing air were up to
10%. The decomposition efficiency of both CClzFz and CHCtFz was almost 10O%. This implies that the
coaxia}-1ine_based microwave torch plasma can be a useful tool for decomposition of highly-concentrated
chlorofluorocarbons in air at atmospheric pressure.

1. Introduction

Chlorofluorocarbons and perfluorocarbons emitted to atmosphere cause envi-
ronmental problems, such as the depletion of the ozone }ayer, the greenhouse
effect etc. Efficient methods for removing the stored chlorofluorocarbons or the
ones being emitted by industry are strongly required. Conventional methods, e.g.
adsorption, absorption, catalytic combustion seem not to be efficient enough. Re-
cently, thermal and nonthelmal plasma methods involving electrical discharges
have been examined as a possible method for efficient decomposition of chloro-
fluorocarbons into at least less harmful compounds.

In this investigation the usefulness of a miclowave torch developed for proces-
sing of chemical compounds [1] was discussed, which was tested during decom-
position of chlorofluorocalbons CC|zFz and CHCIF2 in their mixtures with air.
For this purpose the coaxial-line-based microwave plasma generatol that ensures
better opeTation stability and lower energy cost of decomposition of volatile or-
ganic compounds (CHCI3, CCla, C6H5CH3 and CHa) than the waveguide-based
torch structure [2,3] was employed.

1Centre for Plasma and Laser Engineering, Institute of Fluid Flow Machinery, Polish Aca-
demy of Sciences, Fiszera 74, 80-952 Gdańsk, Poland
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2. Experimental set-up
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Fig. 1. Coaxial-]ine-based microwave torch plasma generator and plasma reactor for processing gas

mixture.

The experimenta] set-up (Fig. 1) used in this investigation consisted of a

coaxial-line-based microwave plasma generator, plasma reactot, gas supplying sys-
tem and Fourier Transform Infrared (FTIR) spectrophotometer. The plasma was
generated in the form of a "plasma flame" within a quartz reactor. Microwave po_

wer, of about 70-100 W was supplied to the torch system througlr a standard 50 Q

coaxial cable with the use of a coupler (microwave antenna). There was a mica
foil between the coupler and the inner coaxial conductor. The mica foii improved
the microwave coupling by increasing the capacity between the coupler and irr-

ner coaxial conductor. The microwave mode conversion and impedance-matching
functions were achieved with a system of impedance matching which consisted
of a conventional waveguide-to-coaxial line transition using the intrinsic tuning
element in the form of a movable plunger, The movable plunger could minimize
reflecting power. The microwave field in the inner coaxial conductor is focused in
a small volume resulting in a lrigh microwave field near by the tip, terminating
the inner conductor of the coaxial 1ine air duct. The operating gas (a mixture of

synthetic air (B0% Nz -l 20% 02) and a chlorofluorocarbon) flowed at a rate oj

1_2Ilmin along tlre inner conductor of the coaxial line sectiorr and exited througl'
a no,zzle at its conical tip. Initial concentrations of CCI2F2 and CHCIF2 in their
mixtures with air were2-BYo and2-tOTo, respectively. Compositions of gas before
and after the plasma processing were determined using the FTIR spectrophoto-
meter operating in the range of 4400-1000 cm-l,
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3. Results

The chlorofluorocarbons decomposition efficiency was about 50 - 100%, de-
pending on concentration of the chlorofluorocarbons, gas flow rate and microwave
powel delivered to the discharge [Tabs. 1 and 2],

Table 1, Decomposition efficiency of CC12F2 in the coaxial-line-based microwave
torch plasma in air:CCl2F2 mixture

Initial
concentration
of CClzFz
in air

Micro-
wave
power

Flolv
rate

CClzFz
decompositior
efficiency

M W 1/min v/o

2.o 100

100

90

80

1

2

,
1

90.6

62.9

59,4

88,8

4.0 100

80

1

1

ż6n

66.9

8.0 100

90

1

1

78.6

/.r.i

Table 2. Decomposition efficiency of CHCIF2 in the coaxial-line based microwave
tolch plasma in air:CHCIF2 mixture

Initial
concentration
of CHClFz
in air

Micro-
wave
power

Flow
rate

CHClFz
decompositior
efficiencv

/a W l/min /o

2.0 100

100

85

1

,
2

t

L00.0

53.0

43.L

100.0

4.0 100

100

80

1

2

1

97.5

46.8

87.5

8.0 100

95

1

1

91,1

86.5

10.0 100 1 88.5

57

The direct products of CCI2F2 and CHCIF2 decomposition observed in spectra
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rvere CO, CO2, phosgene COC12 and carbonyl fluoride COF2 (Fig. 2 and 3).
N,Ioreover, Clz and F2 (wlrich cannot be observed by FTiR) were found in the exit
gas lvhen both chlorofluorocarbons were processed (using paper wetted with KI
and starch solution that changes colour in the presence of Cl2 and F2). Due to the
presence of air in the processed mixture, the decomposition of chlorofluorocarbons
was accompanied by tlre production of NO, NO2 and N2Oa. By contrast to the
results of Sekiguchi at a]L [4], HF'and HCl were not detected in our experiment.
Phosgene (COC12) and carbonyl fluoride (COF'2) cou]d be easily removed from the
exitirrg gas by passing it tlrrough a washing bottle fi]led with water, or recovered
from the exiting gas by condensing it in a cooling system having the temperature
below 90C and -B3OC, respectively. Moreover, phosgene, carbonyl fluorine and
other chlorine and fluorine compounds (Cl2, F2, HC1 and HF) could be removed
by passing it tlrrougli tlre fluidized particles CaO [4], activated carbon [5,6], zeolite
filter [6] or CaCO3 [7]. It can be seen irr Fig.3a H2O because CHC1F2 used irl
our experiment was polluted by water.

The energy yield of deconrposition of both chlorofluorocarbons, shown as a
function of specific energy density in Fig. 4, ranged frorn 40-210 g/kWh, depen-
ding on the concentration of clr]orofluorocarbons, gas flow rate and microwave
power deiivered to the discharge. These results are superior to those when otlrer
plasma methods (e.g. gliding arc or coTona discharge) were employed for chloro-
fluorocarbons decompositions [B-10],

The specific enelgy density obtained by the authors of this paper was between
0.7 - 1.7 kWh/Nm3.

4. Conclusions

The results of this investigation slrow tlrat CCI2F2 and CHC1F2 can be almost
completely decomposed in the microwave torch plasma. The direct products of
tlre chlorofluorocarbons decomposition are CO, CO2, COCI2, COF2, Clz and Fz.
Unfortunately, the decomposition of tlre chlorofluorocarbons by the microwave
plasma torclr in air is accomparried witlr tlre production of nitrogen oxides.

The energy yield of tlre decomposition of the chlorofluorocarbons by the mi-
crowave plasma torch is better than those when other plasma methods wele ell-
ployed.

Acknowledgement This research was supported by tlre State Committee for
Scientific Research (KBN) under t}ie programme PB 047IlT10199/17 and bi,
the trnstitute of Fluid Flow Maclrirrery, Polish Acaderny of Sciences under tlre
programme IMP PAN O3Z3'I2.
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Fig. 3. FTIR spectra of air:CHClF2 (2%) mixture before (a) and.after (b) coaxial-Iine-based mi
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Rozkład freonów za pomocą plazmy wyładowania mikrofalowego typu
,rpochodnia"

streszczenie

JV pracy przedstawiono wyniki rozkłądu freonów CClzFz (9FC-12) i CHCIF2 (CFC-22) w powietrzu
Pod ciŚnieniem_atmosferycznym za pomocą plazmy wyładowania mikrofalowego typu "coaxia1-1ine-based
microwave torch plasma".
. _ }aak9l3aĘ9 stężenie fregnów w powietrzu wynosiło 10%, a stopień rozkładu obu osiągnął wartość
blisĘ 100%. Wydajność rozkładu wynosiła 40-210 g/kWh, w zaleŹności od stężenia freonu, natężenia
przepływu mieszaniny gazowej i mocy dostarczonej do wyładowania mikrofalowego. Wyniki wskazują,
Że plazma wyładowania mikrofalowego typu "coaxial-]ine-based microwave torch plasmai' może stanowić
przydatne narzędzie do rozkła.du freonów o dużym stężeniu w powietrzu pod ciśnieniem atmosferycznym.
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