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Outline!
!
•  Main idea: role of CO2 vibrational excitation in dissociation !
•  Dissociation by Pure Vibrational Mechanisms (PVM)!
•  Dissociation by Direct Electron Impact (DEI)!
•  Electron Boltzmann equation!
•  Continuous Discharges!
•  Post-discharge conditions!
•  Conclusions!



Increase  the  dissociation  of  CO2  by  using  the  vibrational  energy 
introduced  by  electron  molecule  collisions  followed  by  vibrational 
climbing up to the dissociation limit. !

The necessary power is that one to excite the vibrational levels of the 
CO2  molecule  much  lower  than  that  one  requested  for  thermal 
dissociation of CO2 as well as for electron impact dissociation.!
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Dissociation by Pure Vibrational Mechanism (PVM)!

•  eV (electron vibration) energy exchange processes;!
•  VV (vibration vibration) and VT (vibrational 

translation) energy exchange processes;!
•  Dissociation linking the last vibrational level and 

the continuum.!

PVM Upper Limit dissociation rates!
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including the effect of excited vibrational levels!
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Elastic collisions!

Elastic e-e collisions!

Inelastic collisions! Superelastic collisions!

Electric Field!

Electron Boltzmann Equation (BE)!

•  E/N !
•  T1 and T2 vibrational temperatures!
      (Two temperature Boltzmann distrib.)!
•  χe electron molar fraction!
•  CO2(e2) electr.  excited state population!

Parametric solution of the BE !

Phelphs database	
Vibrational Excitation/De-excitation!
!
!
Electronic Excitation/De-excitation (10.5 eV)!
!
!
Dissociative Excitation (7.0 eV)!
!
!
Ionization!
!
!
Momentum transfer!

e− +CO2 (v0 )↔ e− +CO2 (vi )    with    1≤ i ≤ 8

e− +CO2 (v0 )→ e− +CO+O

e− +CO2 (v0 )↔ e− +CO2 (e2 )

e− +CO2 (v0 )→ e− + e− +CO2
+

e− +CO2↔ e− +CO2

CO2(v0)	 (000)	 0.00	

CO2(v1)	 (010)	 0.083	

CO2(v2)	 (020)+(100)	 0.167	

CO2(v3)	 (030)+(110)	 0.252	

CO2(v4)	 (0n0)+(n00)	 0.339	

CO2(v5)	 (0n0)+(n00)	 0.442	

CO2(v6)	 (0n0)+(n00)	 0.505	

CO2(v7)	 (0n0)+(n00)	 2.5	

CO2(v8)	 (001)	 0.291	

CO2(e1)	 7.0	

CO2(e2)	 10.5	

CO2
+	 13.3	

*	A.	V.	Phelphs	Database:	hBp://www.lxcat.laplace.univ-tlse.fr		
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Direct electron impact dissociation!

kd (000) = f (ε)
Ethr

∫ σ (ε)v(ε)dε

Including the effect of excited vibrational levels!
!
Assumptions!
!
•  Shift of cross section thresholds (-> exp(1/Te))!
•  Boltzmann population for the excited states at Tv!

!
!
For Te=Tv !
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Electron Energy Distribution Function (eedf)!

Cold case!

superelasLc	vibr.	and	electr.	collisions	

e−(ε)+CO2 (vi )→ e−(ε +Ethr )+CO2 (v0 )

e−(ε)+CO2 (v0 )→ e−(ε −Ethr )+CO2 (vi )

inelastic collisions!

T1 ≠ 0,T2 ≠ 0

T1 = 0,T2 = 0
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E/N=15-30-50-80 Td!
T1 !symmetric, bending levels!
T2 !first asymmetric level (001),  CO2(e2)!
!
no e-e!

CO2 Continuous Discharge: Stationary EEDF	



with (full lines) and without (dashed lines) superelastic collisions!
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CO2 Continuous Discharge: Fractional Power Losses	

Cold gas approximation (dashed lines)	



Direct electron impact  

Pure Vibrational Mechanism 
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This results are important for guiding 
the different experiments expecially for 
the MW sustained plasma.!

CO2 Continuous Discharge: Dissociation Rates	
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CO2 Continuous Discharge: e-e collision effect	



CO2 Post Discharge: Stationary EEDF	
E/N=0 Td, CO2(e2)=10-4 !
T1 !symmetric, bending levels!
T2 !first asymmetric level (001)!

Electron Energy Distribution Function!
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Dissociation rates! Energy channels!
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T1=500 K, T2=1500 K!

CO2 Post Discharge: Time-dependent EEDF	
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Global models!
Macroscopic equation for Te  or Eaverage!
!
eM rates are calculated by using!
•  Maxwell distribution at Te!

•  Boltzmann solver (rate vs E/N)!

Data Collection!
!
•  E/N (0, 15, 30, 50, 80, 100 Td)!
•  Electron molar fraction 10-3, 10-5!

•  with and without e-e collisions  !

E-impact rates dependence on !
non equilibrium plasma conditions	



Fridman’s semi empirical equation !

σ nm (ε) =
exp(−α(m− n−1))

1+βn
σ 01 ε +E01 −Enm( )

New set of eV cross sections	
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New set of eV cross sections: continuous discharge	
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New set of eV cross sections: post discharge	
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•  A parametric solution of the electron Boltzmann equation (E/N, T1/T2, ce, CO2(e2)) has been 
performed in CO2 plasma in continuous discharge and post-discharge conditions.!

•  Superelastic vibrational and  electronic collisions play an important role in affecting the eedf, 
dissociation rates and electron fractional power losses.!

•  Electron power losses depend also on vibrational temperatures.!
•  A comparison  between  upper  limit  dissociation  rates  of  Pure  Vibrational  Mechanism  and 

electron impact dissociation rates have been performed!
•  Electron impact rates depend on non-equilibrium plasma conditions!
•  The  accuracy  of  the  present  results  largely  depends  on  the  eV  cross  sections  used  in  the 

Boltzmann solver. !

Conclusions	

Future improvements	
•  A more realistic CO2 vibrational ladder (vibrational levels up to the dissociation limit).!
•  Complete set of VV and VT rates and eV cross sections for such levels.!
•  Self consistent coupling of eedf and CO2 vibrational level kinetics.!

•  Vibrational kinetics !
•  Electronic kinetics !
•  Dissociation/Ionization!
•  Chemical Composition!

level population!

electron impact !
rate coefficients!

CHEMICAL KINETICS ELECTRON KINETICS 


