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A two dimensional analysis of the (CCl2F2) decomposition with O2 and H2 in DC thermal 
argon plasma reactor is carried out numerically using a CFD simulation. Firstly, a 
thermodynamic investigation of Ar/C/Cl/F/O/H system is conducted at a temperature 
range between 300K and 6000K in order to determine the main species and chemical 
reactions resulting from the decomposition of CCl2F2. Secondly, a two dimensional 
study is done numerically using the Fluent software with the turbulence model (K-ε) to 
solve the partial differential equations describing the mass, momentum and energy 
conservations which are all combined with the chemical kinetics of 17 species and 21 
reactions obtained through the previous investigation. The results show that the CCl2F2 
is completely destroyed after breaking down into CO, CO2, HCl, HF and H2O at the outlet 
of the plasma reactor. Moreover, the addition of hydrogen in stoichiometric ratio is 
sufficiently enough to eliminate the chlorine, fluorine and hydroxyl radicals which make 
the whole process much less detrimental to the environment. 
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1. Introduction 
 

The dichlorodifluoromethane (CCl2F2), also known as CFC-12, had been long used as a safe 
refrigerant in refrigeration and air-conditioning as well as a propellant in aerosol sprays until 1974 
when new research revealed that CFCs are the leading cause of the ozone layer depletion. 
Furthermore, it has recently been found that CFCs are also significantly responsible for worsening 
the global warming because they trap heat more than the conventional greenhouse gases [1].  

The Montreal Protocol in 1987 as well as its 1997 revision in Kyoto called for the necessity to 
bring their use to an end by 2010, and since then, many scientists have been interested in the 
decomposition of the CFCs that are both in use and stock [2-3]. 

Many processes are used for the breakdown of these gases and one of them is done through 
thermal plasma [4-9] which seems to be highly effective in the total destruction of CFC molecules 
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because of the high temperature of plasma. Moreover, the operating mechanism of thermal plasma, 
generated by DC arc discharge, is simpler and easier to handle in comparison with other processes 
[10-12].  

However, the chemicals obtained from the CFCs decomposition such as the chlorine, fluorine and 
hydroxyl radicals can also be damaging to the environment and must therefore be completely 
eliminated. In order to achieve this purpose, the CFCs decomposition by using the thermal plasma 
process has to be well understood because it is a complex phenomenon which depends on the 
thermodynamics, the chemical kinetics, and the heat transfer as well as the fluid dynamics including 
the chamber reactor and the operating conditions. It is worth noting that the financial cost of 
conducting a practical experiment could be extremely high due to the difficulty in making quantitative 
analyses of all species in the plasma reactor. Until now, one dimensional model (1D) of the CCl2F2 

decomposition with O2 and H2 for laminar flow in argon thermal plasma tubular reactor has been 
investigated numerically by [13].  

The conservation equations of energy and mass including the relation between enthalpy and 
reaction rate for all species were applied in each control volume. The result of this model indicates 
that the use of H2 in excess is effective in reducing the amount of Cl2. However, this model doesn’t 
properly simulate the process of CCl2F2 decomposition because it does not take into consideration 
the thermal and hydrodynamic phenomena that occur in the reactor such as the multidimensional 
fluid flow and the variation in temperature and velocity in radial direction, as well as the turbulence. 
Therefore, this model seems to be inadequate to obtain accurate results. Thus, a CFD analysis is a 
powerful computing tool used in various practical conditions and can provide us with a clear image 
of all the species resulting from the decomposition of the CCl2F2 along the reactor which may not be 
easily collected and measured experimentally.  

In this work, a 2D analysis of CCl2F2 decomposition with O2 and H2 in the thermal argon plasma 
reactor is numerically carried out using the FLUENT software. A set of coupled partial differential 
equations of fluid dynamics is combined with the chemical kinetics model to be numerically solved 
using the control volume method suggested by [14] to determine the concentration of all chemical 
species resulting from the decomposition of CCl2F2. In this study 17 species and 21 chemical reactions, 
which are all previously determined by the thermodynamic investigation of Ar/C/Cl/F/O/H system, 
are taken into consideration to obtain reliable results and avoid numerical instabilities in the 
computation. 

 
2. Methodology  
2.1 Thermodynamic Investigations 

The thermodynamic equilibrium calculation of the decomposition of CFC-12 in the thermal argon 
plasma at a temperature range from 298K to 6000K and under atmospheric pressure is carried out 
with the gas system Ar/C/Cl/F/O/H which is itself a mixture of gases consisting of 0.04 moles of CFC-
12 ,0.04 mole of O2, 0.08 mole of H2 and 0.8 mole of Ar. Based on the minimization of the Gibbs free 
energy theory [4,15], the calculation is performed by the HSC Chemistry software. 44 chemical 
species (molecules, radicals), whose Gibbs (free) energy data are available, are taken into 
consideration in the computation when calculating (Table 1). 
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            Table 1 
 Considered chemical species as possible products of thermal plasma destruction of CFCs 

 
The equilibrium concentration of chemical species as function of temperature is illustrated in 

Figure 1. The calculated concentration shows the absence of any trace of CFC-12 as a result of being 
completely destroyed. H2O are observed at about 3000K. HF, HCl, CO2 and CO are the dominating 
species in the mixture of gas below 2000K. At T>2000K fluorine, chlorine in the atomic form exist. 
From this investigation it can also be noticed that from among 44 chemical species, there are only 17 
species dominating and the rest are insignificant. 
 

 
Fig. 1. Equilibrium composition in Ar/C/Cl/F/O/H gas system, as a function of temperature; Ar/CCl2F2/O2/H2: 
0.8/0.04/0.04/0.08 p=1 bar 

 
2.2 Problem Description 

 
In this study a D.C. plasma torch is used to generate thermal argon plasma jet which flows from 

the nozzle into the reactor chamber as shown in Figure 2. The mixture of reactant gases that consists 
of CFC-12, O2 and H2 is injected downward through a tube between the outlet of argon plasma jet 
from the torch and the inlet of the reactor. The working conditions of the described process, the 
torch power and the argon flow as well as the diameters of tube injector, torch nozzle and the length 
of reactor are summed up in Table 2.  

The study of the CFC-12 decomposition requires the temperature 𝑇0 and velocity 𝑈0 of the argon 
plasma jet at the inlet of reactor (at X= 0) which must be known under the operating conditions of 

Ar(g) CF(g) CH4(g) H2(g) HCO(g) 
C(g) CF2(g) C2H(g) Cl(g) HCl(g) 
C2CF(g) CF3(g) CO(g) Cl2(g) HClO(g) 
CCl(g) CF4(g) CO2(g) ClF(g) HF(g) 
C2Cl(g) C2F(g) COCl(g) ClO(g) HO(g) 
CClF3(g) CH(g) COClF(g) F(g) HO2(g) 
CCl2F2(g) CH2(g) COF(g) F2(g) H2O(g) 
CCl3F(g) CH3(g) COF2(g) H(g) O(g) 
O2(g) OH(g) C(s)   
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the torch. Considering the argon plasma to be an ideal gas, 𝑇0 and 𝑈0  are calculated from the energy 
balance at the outlet of the nozzle torch [16] 
 

𝑃 = 𝑄𝜌𝑎𝐶𝑝(𝑇0 − 𝑇𝑎) −
1

2
𝑄𝜌𝑎(𝑈0

2 − 𝑈𝑎
2)                                                       (1) 

 
with  
 

𝑈0 =
𝑇0

𝑇𝑎
𝑈𝑎                                                                                                               (2) 

 
and 
 

𝑈𝑎 = 4
𝑄

𝜋𝐷2
                                                                                   (3) 

 
where 𝑃 the net power to generate the plasma jet is, 𝑄  is the argon volumetric flow rate under the 
ambient temperature ( 𝑇𝑎 =  300𝐾 ), 𝐶𝑝 = 520.3 𝐽𝐾𝑔−1𝐾−1  is the Argon specific heat, 𝜌𝑎 =

1.7838 𝐾𝑔𝑚−3 is the argon density at 𝑇𝑎  and 𝑈𝑎  is the velocity of argon plasma under 
temperature 𝑇𝑎 .  

 By applying the above equations and the operating conditions of the torch, 𝑇0  and 𝑈0  are 
determined. Thus,  𝑇0  =  8678𝐾  and  𝑈0 = 467 𝑚/𝑠. 
 

 
Fig. 2. Schematic diagram of plasma reactor 

 
Table 2 
Working conditions of the plasma reactor illustrated in 
Figure 2 
Torch diameter, 𝐷 8 (mm) 
Injection tube diameter 0.5 (mm) 
Reaction chamber diameter 50 (mm) 
Reaction chamber length 460 (mm) 
𝑄𝐻2

 1 (liters/min) 

𝑄𝑂2
 0.5 (liters/min) 

𝑄𝐶𝐶𝑙2𝐹2
 0.5 (liters/min) 

Power, 𝑃 6265.86 (Watt) 
Rate argon flow, 𝑄 47.2 (liters/min) 
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2.3 Numerical Modeling 
 

The reactive flow is modeled by a set of partial differential equations governing the fluid based 
on the principle of conservation of mass, momentum and energy with which the kinetic model 
governing the decomposition of CCl2F2 with oxygen and hydrogen in argon plasma is associated. 
These equations take the standard turbulence model CFC-12 into consideration for a two-
dimensional plasma flow where an axisymmetric hypothesis is used because of a cylindrical geometry 
of the reactor. 
 
2.3.1 Mathematical formulation 
2.3.1.1 Mass conservation and species equations 
 

The mass conservation equation for steady-state reactive flow is given by 
 
𝜕𝜌𝑢𝑖

𝜕𝑥𝑖
= 0                                                                           (4) 

 
where 𝑢𝑖   is the velocity in the direction 𝑖. 
The mass conservation equation for species k is written as 
 
𝜕(𝜌(𝑢𝑖+𝑉𝑘,𝑖)𝑌𝑘

𝜕𝑥𝑖
= �̇�𝑘  pour k=1,N                                                       (5) 

 
where 𝑉𝑘,𝑖 the component i of the diffusion rate 𝑉𝑘of the species k and �̇�𝑘    is the production rate of 
the species k. 
Generally, the diffusion rate is given by Fick's law 
 

𝑉𝑘,𝑖 = −𝐷𝑘
1

𝑌𝑘

𝜕𝑌𝑘

𝜕𝑥𝑖
       pour k=1,……,Nk-1                                          (6) 

 
2.3.1.2 Momentum equations 
 

The equation of the momentum remains unchanged with the chemical reactions, and it can be 
written as 

 
𝜕𝜌𝑢𝑖𝑢𝑗

𝜕𝑥𝑖
= −

𝜕𝑃

𝜕𝑥𝑖
+

𝜕𝜏𝑖𝑗

𝜕𝑥𝑖
+ 𝜌 ∑ 𝑌𝑘𝑓𝑘,𝑗 =

𝜕𝜎𝑖𝑗

𝜕𝑥𝑖

𝑁
𝑘=1 + 𝜌 ∑ 𝑌𝑘𝑓𝑘,𝑗

𝑁
𝑘=1                         (7) 

                    
where 𝑓𝑘,𝑗   is the acting volume force on the species k in the direction j and 𝜏𝑖𝑗 is the tensor viscous, 

given by 
 

𝜏𝑖𝑗 = −
2

3
 𝜇

𝜕𝑢𝑘

𝜕𝑥𝑘
𝛿𝑖𝑗 + 𝜇(

𝜕𝑢𝑖

𝜕𝑥𝑗
+

𝜕𝑢𝑗

𝜕𝑥𝑖
)                                                     (8) 

 
The tensor 𝛿𝑖𝑗combines the pressure and the viscous tensor in the following form 

 

𝛿𝑖𝑗 = 𝜏𝑖𝑗 − 𝑝𝛿𝑖𝑗 −
2

3
 𝜇

𝜕𝑢𝑘

𝜕𝑥𝑘
𝛿𝑖𝑗 + 𝜇(

𝜕𝑢𝑖

𝜕𝑥𝑗
+

𝜕𝑢𝑗

𝜕𝑥𝑖
)                                   (9) 
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where  𝜇  is the dynamic viscosity and 𝛿𝑖𝑗is the Krönecer symbol. 

 
2.3.1.3 Energy conservation equation   

It can be written in the sensible enthalpy form 
 

𝜕𝜌𝑢𝑖ℎ𝑠

𝜕𝑥𝑖
=  �̇�𝑇 + �̇� +

𝜕

𝜕𝑥𝑖
 (𝜆

𝜕𝑇

𝜕𝑥𝑖
) + 𝜏𝑖𝑗

𝜕𝑢𝑖

𝜕𝑥𝑗
−

𝜕

𝜕𝑥𝑖
(𝜌 ∑ 𝑉𝑘,𝑖𝑌𝑘 𝑉𝑠,𝑘

𝑁
𝑘=1 )                              (10) 

 

The energy flux 𝜆
𝜕𝑇

𝜕𝑥𝑖
 is the term of heat diffusion expressed by the Fourier's law. 

A second term 𝜌 ∑ 𝑉𝑘,𝑖𝑌𝑘 𝑉𝑠,𝑘
𝑁
𝑘=1  associates the diffusion of different species with different 

enthalpies. 

The term �̇� represents a source of heat. 
The term �̇�𝑇 is the release of heat and is written as 
 
�̇�𝑇 = − ∑ Δ ℎ𝑓,𝑘

0 �̇�𝑘
𝑁
𝑘=1                                                                              (11) 

 
The set of Navier-Stokes equations for a reactive flow is closed by the equation of state for a perfect 
gas 
 
𝑃 = 𝜌 𝑟 𝑇                                                                                (12) 
 
2.4 Chemical Kinetics 
 

A chemical system (reaction mechanism) of N species that react through L reactions is taken into 
consideration. 

 
∑ 𝑣′𝑖,𝑘

𝑁
𝑖=1 𝐴𝑖  ⟺ ∑ 𝑣′′𝑖,𝑘

𝑁
𝑖=1 𝐴𝑖                                                             (13) 

 
where 𝐴𝑖  is the chemical symbol of the species, 𝑣′𝑖,𝑘  and 𝑣′𝑖,𝑘 are the molar stoechiometric 
coefficients of species k in reaction i. 
The rate of the whole mass reaction is the total of the rates produced by the L reactions 
 

ω̇k = ∑ ωkj = Wk  ∑ vkj
L
j=1

L
j=1 Qj     Avec  Qj =

ω̇kj

Wkvkj 
                                    (14) 

 
where vkj = 𝑣′′𝑖,𝑘 −  𝑣′𝑖,𝑘and Qjis the rate of the reaction j progression which is written as [17] 

 

𝑄𝑗 = 𝐾𝑓𝑓 ∏ (
𝜌𝑌𝑘 

𝑀𝑘
)

𝑣𝑖𝑗
𝑓

− 𝐾𝑏𝑗 ∏ (
𝜌𝑌𝑘 

𝑀𝑘
)

𝑣𝑖𝑗
𝑏

𝑛
𝑘=1

𝑛
𝑘=1                                                       (15) 

 

In Eq. (15) 𝐾𝑓𝑓   and 𝐾𝑏𝑗 are the direct and inverse rates of reaction j. 
ρ𝑌𝑘 

Mk
  is the molar concentration 

of species k. These rates are a central problem in modeling. They are always modeled using 
Arrhenius's empirical law. 
 

𝐾𝑓𝑓 =  𝐴𝑓𝑗 𝑇
𝐵𝑗 exp (−

𝐸𝑗

𝑅𝑇
)                                                                                         (16) 
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Knowing the individual rate of progression 𝑄𝑗  of each reaction requires the constant 𝐴𝑓𝑗 , the 

exponent of the temperature 𝐵𝑗 , and the activation energy to be known. 
In this study, 17 chemical species and 21 chemical reactions are taken into account by the kinetic 

model governing the decomposition mechanism of CCl2F2, with oxygen and hydrogen in the argon 
plasma. The main species involved in this work were determined based on a thermodynamic study 
of the Ar/C/Cl/F/O/H system. 

Ar, Cl, O, H, O2, CO, CO2, H2, OH, H2O, Cl2, HCl, HF, CCl2F2, CClF2, F and CF2. In Table 3, the 21 
reactions are listed with their direct rates of Arrhenius's empirical law [13]. 
 

Table 3  
Mechanism reactions involved in CCl2F2 decomposition with O2 and H2 in argon thermal 
plasmas. 𝐴𝑓𝑗 rate constant 𝐾𝑓𝑓  of each forward reaction is expressed by 𝐾𝑓𝑓 =

 𝐴𝑓𝑗 𝑇
𝐵𝑗 exp (−

𝐸𝑗

𝑅𝑇
)   , where units are given by kilocalories for 𝐸𝑗  , Kelvin for T, and R = 

1.99×10-3 kcal/mol/ K 
 Reactions Afj Bj Ej ref 

R1 O+O+M=O2+M 1.200E+17 -1.000 0. [18] 
R2 O+CO+M=CO2+M 6.020E+14 0.000 3000. [18] 
R3 O2+CO=O+CO2 2.500E+12 0.000 47800. [18] 
R4 H+O2=O+OH 8.300E+13 0.000 14413. [18] 
R5 O+H2=H+OH 5.000E+04 2.670 6290. [18] 
R6 OH+H2=H+H2O 2.160E+08 1.510 3430. [18] 
R7 OH+OH=O+H2O 3.570E+04 2.400 -2110. [18] 
R8 H+H+M=H2+M 1.000E+18 -1.000 0. [18] 
R9 H+OH+M=H2O+M 2.200E+22 -2.000 0. [18] 
R1
0 

OH+CO=H+CO2 4.760E+07 1.228 70. [18] 

R1
1 

H+Cl+M=HCl+M 5.300E+21 -2.000 -2000. [19] 

R1
2 

Cl+Cl+M=Cl2+M 3.340E+14 0.000 -1800. [20] 

R1
3 

HCl+H=H2+Cl 1.690E+13 0.000 4135. [21] 

R1
4 

HCl+O=OH+Cl 5.240E+12 0.000 6400. [20,22] 

R1
5 

HCl+OH=Cl+H2O 2.450E+12 0.000 1100. [24,26] 

R1
6 

Cl2+H=HCl+Cl 8.590E+13 0.000 1170. [23] 

R1
7 

CCl2F2+M=Cl+CClF2+M 8.070E+16 0.000 63060. [24] 

R1
8 

Cl+CF2+M=CClF2+M 3.600E+17 0.000 0.00. [25] 

R1
9 

CCl2F2+H=CClF2+HCl 5.000E+12 0.000 9510. [26] 

R2
0 

CF2+Cl2=CCl2F2 3.210E+08 0.000 2113. [27] 

R2
1 

HCl+F=HF+Cl 2.510E+13 0.000 350. [28] 
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2.5 Calculation Condition 

The calculation is performed using the FLUENT 14.5 software associating the standard turbulence 
model (K-ε). The finite rate / Eddy-dissipation model was retained in its fast chemistry limit. The 
steady solver was used with the implicit formulation. The SIMPLE algorithm was adopted to solve the 
pressure–velocity coupling. To obtain the most accurate results possible, a second order upwind 
scheme was used for pressure, density, momentum, energy and turbulence equations. The sub-
relaxation factors for pressure, density, friction force and momentum are respectively 0.3; 0.5; 1; 0.7; 
as for all species we adopted 0.85. The values of 𝐾 and 휀 are 0.0009375 m2/s2 and 0.134763 m2/s3.  

 
2.5.1 Boundary conditions and computational domain  

Based on the fore mentioned working conditions as shown in Figure 2, the temperature and 
velocity of the argon plasma at the inlet reactor are respectively 8674 K and 467 m/s, the reactive 
gas mixture consisting of CFC-12, O2 and H2 is injected at 2 m/s under ambient temperature (300 K) 
and the mass fraction of gas mixture (argon and reactive gas mixture) is 0.84 for argon, 0.08 for H2 
and 0.04 for both CFC-12 and oxygen O2.  

The computational domain used in this work is described in Figure 3. In order to obtain accurate 
results, the residue from all equations (continuity, energy, and the two momentum equations) is less 
than 10-6 and a numerical solution was carried out using the finer volume mesh. 

 
 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3. 2D view of the calculation domain (Mesh) and boundary conditions 
 

3. Results and Discussions 
 

As the temperature and velocity of the thermal plasma are very important parameters in the 
process of CFC-12 decomposition, the contour plot of both temperature and velocity of the reactive 
flow along the reactor is shown in the Figure 4. The examination of this figure shows that the 
temperature and the velocity of the jet at the outlet of the torch nozzle are not affected by the radial 
injection of the gaseous reactants (CFC-12, O2 and H2) because the velocity and the temperature 
injection (2m/s and 300K) are very small compared to those of the plasma jet  at the outlet nozzle 
(467m/s and 8678K). 
 

Ar 

Wall 

Wall 

Outlet 

CCl2F2+O2+H2 

Axe 
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Fig. 4. Plasma temperature and flow patterns developed in plasma reactor; (a) iso-contours of 
streamlines and (b) the plasma temperature 

 
As the flow moves away from the nozzle, the jet spreads out in the reactor and the boundary 

layer phenomena manifest itself at the reactor wall, thus promoting a zone of recirculation of the 
flow after 25cm. Beyond this zone the temperature and velocity gradients in the radial direction of 
the reactor decrease and the flow tends to become homogeneous. The axial profile of temperature 
and velocity along the centerline of the reactor is shown in Figure 5 which indicates the presence of 
three regions, the heart region (0<x<10cm) where both temperature and velocity (T0 and U0) are 
represented by a flat profile, followed by the developed region whose main characteristic is the rapid 
drop in temperature and velocity along the jet (10<x<28cm), and the third region in which the 
temperature and velocity stabilize again. These temperature profiles are in agreement with the work 
[5, 29] performed on the argon atmospheric thermal plasma jet. 

The description of the decomposition of Freon12 is shown in Figure 6 where the CCl2F2 completely 
and immediately decomposes as soon as it is injected. This phenomenon results from the high 
temperature of the plasma argon. The injected gaseous reactants (CCl2F2, O2 and H2) are mainly 
decomposed into stable species CO2, CO, HCl, HF and H2O. This result is in agreement with both the 
thermodynamic investigation and the experimental results obtained by [13].  
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Fig. 5. Calculated axial profile along the centerline of plasma temperature (a) and (b) velocity 

 
 
 
 
 
 
 
 

 
 
 
 

 
 

Fig. 6. Calculated mass fractions of CCl2F2 
 

However, it is worth noting that areas characterized by high temperature (heart and the 
developed region close to the nozzle) do not allow the formation of these species because the high 
temperature leads to the formation of atoms and radicals which all combine to form stable chemical 
species in the cold parts of the reactor (close to the wall and at the outlet of the reactor). This trend 
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is confirmed by the results of the simulation shown in Figure 7 and 8. Figure 7 illustrates the radial 
variation in the mass fractions of these molecules resulting from the decomposition of CFC-12 at 
different axial locations along the reactor respectively X = 50, X = 150, X = 250 and X = 350 mm. 
Moreover, the same figure shows that the mass fractions of these chemical species increases with 
the distance X and the radius r throughout the reactor resulting in a drop in temperature of the 
reaction mixture.  
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Fig. 7. Radial profiles of CO2, CO, HCl and HF radicals mass fractions at various axial positions (X = 
50, 150, 250,350 mm); 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 8. Calculated mass fractions of major reaction products inside a 
plasma reactor; (a) CO2, (b) CO, (c) HCl and (d) HF 
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While Figure 9 shows the variation in the mass fractions of the dominant species as a result of 
the reaction (CCl2F2+O2+H2) along the centerline of the reactor. When examining this figure, it can be 
noticed that the mass fractions of atomic chlorine Cl and hydroxide OH increase until reaching a 
maximum value corresponding to 15 cm for the atomic chlorine, 13 cm for the hydroxyl. Beyond 
these distances, the mass fraction decreases to 10-6 at 30 cm and 16 cm for atomic chlorine and 
hydroxide respectively.  

On the other hand, the formation of carbon monoxide CO begins at 10 cm and it reaches a 
maximum value of concentration at 46 cm. As for the carbon dioxide CO2, the gaseous water H2O and 
the gaseous hydrogen chloride HCl as well as the hydrogen fluoride HF their mass fractions gradually 
increase along the centerline until it becomes constant at 20 cm. with the regard to the chlorine Cl2, 
its evolution is different: because its formation begins from 7.5 cm and then disappears at 12 cm.  

As a conclusion of this investigation, the decomposition of CFC-12 with O2 and H2 in 
stoichiometric ratio under the operating conditions of the torch plasma mentioned previously, the 
CFC-12 completely decomposes as soon as it is injected. 

 In the part of the reactor characterized by a very high temperature (the heart region and 
developed region close to the torch nozzle), it breaks down into radicals and atoms which combine 
together in regions characterized by a lower temperature to form stable molecules CO2, HCl, HF and 
H2O. 
 

 
Fig. 9. Axial profiles of mass fractions for the main species resulting from the 
decomposition of CCl2F2 with O2 and H2 in stoichiometric ratio 

 
4. Conclusions 

 
CFC-12 decomposition with O2 and H2 in the argon plasma jet was carried out numerically by CFD 

software. A set of transport equations combined with chemical kinetics model are solved in two 
dimensions using (K-ε) turbulent model to calculate the concentration of main chemical species 
throughout the plasma reactor resulting from the decomposition process.  

A prior thermodynamic investigation was performed on the gas system Ar/C/Cl/F/O/H between 
at temperature range from 300K to 6000K in order to determine the dominant species involved when 
the CFC-12 decomposes. 

 The results show that the CFC molecule was completely destroyed and it broke down into major 
species CO2, HCl, HF, and H2O. The amount of hydrogen in the stoichiometric ratio is sufficient enough 
to convert Chlorine and fluorine into HCl and HF which makes this process obviously less damaging 
to the   environment because they can be trapped and eliminated by conventional methods. 
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