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Decomposition of Chlorofluorocarbons by Use of Gaseous Explosion*®

by Hidenori MATSUT**

Abstract; It is scheduled to prohibit the production of CFCs (chlorofluorocarbons) by the end
of 1995 under the international agreements, because of their depleting effects on ozone layer.
Thereby, CFCs used in industry and civil life must be recovered and decomposed into harmless
substances. There have been proposed many CFCs decomposition techniques, but definitive
method has not been established.

This research aimed to develop a safe and economical new technology for CFCs decomposition
utilizing high temperature and pressure of gaseous explosion. Since CFCs are not flammable even
in oxygen by itself, for achieving combustion of CFCs, propane was used as an additional fuel and
oxygen as an oxidant. The following three methods were experimentally tested and evaluated.
CFC12 (C Cls F3) was mainly used as a test gas in this study.

@ Decomposition of CFCs by a detonation induced shock wave in a vertical detonation tube
(25 mm ¢, 1.07m in length). In this method, stoichiometric propane-oxygen mixture and CFC12
were separately introduced into the detonation tube, then the upper detonable mixture was
initiated into detonation and the shock wave from the detonation was induced into the lower
CFC12 volume.

@ Decomposition of CFCs by a gaseous detonation in the premixed system nCFC12+ (C3Hg+
502) in a detonation tube.

® Decomposition of CFCs by a constant volume combustion in the premlxed system same as
() in a 2¢ spherical vessel.

These new methods shall be categorized into “thermal oxidation decomposition method”.

The following results were obtained from each experiment.

@ CFC12 was partially decomposed in the shock wave method. The decomposed percentage
of CFC12 was less than 70% even when the CFC12 concentration ratio n (= CC {2 Fa /CsHg)
was smaller than 1. This means other reactants must be necessary for complete decomposition of
CFC. It was suggested that the thermal decomposition only by shock heating was not satisfactory
for practical application.

@ CFC12 was almost completely decomposed (> 99.7%) in gaseous detonation. In the range
of n > 4, no detonation was obtained and in this deflagration range, less decomposition percent-
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age (=~ 98%) was observed. Detonation parameters showed good agreement with the calculated

values.

® CFC12 was also almost completely decomposed in constant volume combustion of nCFC12

+ (C3Hg + 503) system. In this system, flame propagation was observed in the range of n < 10

and decomposed percentage was higher than 99% in the range of n < 6. Observed explosion

overpressure was comparable to the calculated value.

Decomposition techniques for CFCs by propane— and oxygen-assisted gaseous detonation or

deflagration showed high CFC decomposition efficiency. These techniques can be developed into

new automated continuous system of practical use.
Keywords; Chlorofluorocarbouns(CFCs), Ozone depleting substances(ODS), CFC decomposition

technologies, Shock wave, Gaseous detonation, Constant volume combustion
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Table 1 Properties of the flons
$ET7 0L tDPHEY
a— k&S] R [BE Coke (#)*2opr*3| caP*4
CFC11 CCe3F 24 71 1.0 0.32
CFC12  [CCeFy | —30 150 1.0 1.0
CFC113 |[CpCl3Fs| 48 117 0.8 10.3~0.8
. CFC114 [CoCloF4 4 320 1.0 |0.5~1.5
CFC115 CoCLF'5 -39 550 0.6 1~3

*1 a—F&% (CFCxyz) Dl FiL, x  KRERFHK -1,
yIAEERETE +1, z: 7y EETFOEREL, ¥onig
Al %0,

*2 REFICBI BB L ZORMHER (Du Pont HNF—
72k B).

*3 CFCl1 # 1.0 & L2ER YY) Ofstir o BismK
(Ozone Depleting Potential),

*4 CFC12 % 1.0 & L7:EEN7: ) oMARENREE

(Green House Potential),

Table 2 The techniqes of flon decomposition
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CClyF + 2Hy 4 Oy

— COg + 2HCZ + 2HF — 632kJ /mol
CCtyFy + CHy + 205

— 2CO + 2HCY + 2HF — 950kJ /mol
CCtyFy + 0.5C3Hs + 2.502

— 2.5C0g + 2HCL + 2HF — 1170kJ /mol
CClyF3 + 2CHy + 502

— 5COg + 2HCL + 2HF — 2683kJ/mol
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(b) 2CF5Cly + CgHg + 504, Py = 101 KPa

lllustrations of the record of pressures and
outputs from ion-probes in the tube.
(100ps/div. and 3.43 MPa/div. for
pressure(P), 5V/div. for ion-probe(IG)
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Table 3 Results of CFC12 decomposition by
gaseous explosion methods.
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