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Why study CO, plasmas? 1. Climate issues
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Challenge: To activate CO, chemical conversion via vibrational excitation
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NOT the input CO, - efficiency determines climate benefit!

| Larger deployment of sustainable electricity achieves CO, reductions |
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Why study CO, plasmas?
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Challenge: To activate CO, chemical conversion via vibrational excitation
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1. Climate issues

CO, = waste... or raw material ?
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Why study CO, plasmas? 1. Climate issues
q/’;; [

Motivations: CO, = waste... or raw material ?

", * Solar fuels
4+ f ‘ —> « Platform molecules for
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Challenge: To activate CO, chemical conversion via vibrational excitation
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Why study CO, plasmas? 2. other applications
¢ Dl=1=1

Other applications of CO2 plasmas:

CO, lasers Surface “Or  co, plasma 80W

2 E 300
(Surgery’ ey frzartnr:rfnts : Tyczkowski, Jacek,
cutting, etc...) poly :

200 - et al. Polymers

functionalization) 12.4(2020): 935.

Spacecraft shield
(Mars, Venus, Earth
atmosphere entry)

O, production =
on Mars ok

(ISRU fuel
production)

CO, plasmas are studied for a long time... > gives basis to study them!



Why study CO, plasmas?

3. because a lot is unkown!

25 May 2021

Reminder about O, plasmas...

Dr. Jean-Paul ZRTI0

Laboratoire de Physique des Plasmas,
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Laser Cavity Ringdown Spectroscopy of Oxygen Plasmas:
Direct Measurement of the Densities of Oxygen Atoms,
0zone and Negative lons and Gas Temperature
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Electron impact dissociation

cross-section low energy/ rate constant at low E/N

O atom surface recombination, v :
Universal law for y?
Effect of ion bombardment?

Metastable molecules (a'A_, b '=*):
Stepwise dissociation?

Kinetics : guenching - surface and gas phase

Electronegativity
negative ion creation and loss mechanisms

Temperature
Gas heating mechanisms

} predictive models immature
Surface thermal accommodation
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Why study CO, plasmas? 3. because a lot is unkown!
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Even more
unknowns in CO, plasmas... ? strong lack of fundamental data
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Even more

unknowns in CO, plasmas... ? strong lack of fundamental data
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Even more
unknowns in CO, plasmas... ? strong lack of fundamental data
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Even more
unknowns in CO, plasmas... ? strong lack of fundamental data
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Glow discharge as a benchmark for kinetic models

Electron kinetics

@) ipfn

\

>~

Chemical kinetics

Vibration kinetics [«

Continuity equation

for electrons

\‘K

Surface kinetics

=L

step validation of models

: Combining a simple discharge and multiple
= diagnostics to provide constraints for a step-by-

|:> Final goal:

Coupling full chemistry with electron/vibration kinetics and surface processes




Advantages of glow discharge for diagnostics

Pyrex tube, diam =2cm, L =23 cm
Controlled T

wall

=323 K, E;,4ymeasured
In situ time resolved FTIR

HR-TALIF

- Continuous, Pulsed, modulated discharge
I I I DR e B

—> With Gas flow or « static » conditions

Diagnostics : ~
- IR absorption spectroscopy (CO2*v, CO*v, Tg, [M]) - |ine of sight
- CRDS (Tg, [O], Yo) _~ measurements
- Raman scattering (CO,, CO, 0,,Tg, Tvib)
- High Resolution TALIF (Tg, [O]) L
Spatially resolved

- Actinometry ([O], 7,)



Advantages of glow discharge for diagnostics

Pyrex tube, diam =2cm, L =23 cm
Controlled T

wall

=323 K, E;,4ymeasured
In situ time resolved FTIR

- Continuous, Pulsed

I g I

—> With Gas flow or « static » conditions

- IR absorption spectroscopy (CO2*v, CO*v, Tg, [M]) - /ine of sight

measurements

Diagnostics : }



Advantages of glow discharge for diagnostics

In situ time resolved FTIR

normal, rapid scan, step scan
1 S ‘ '

o
©

Transmittance
o
o

T, = 2000 K
Trot T 0.7
3
p =5 torr
B L M Klarenaar et al (2017) Plasma Sources Sci. Technol. 26 115008 0.6 ' ' ]
2200 2300 2400

Wavenumbers (cm")

Diagnostics : Ty=T,, =T, =300K

- IR absorption spectroscopy (CO2*v, CO*v, [M]) .
(Vla Véza V?)) — (Vla I/éQa V3 + 1)

Database: HITEMP-2010 — ~300 vibrational transitions



Step by step investigation of CO, kinetics

FTIR : normal, In situ —
Plasma: CW, gas flow

Detector
‘ Sample chamber

X

Filters

/ Source

1. Vibrational kinetics in pure CO, Catalyst pellet
2. Neutrals chemistry in pure CO,

3. Vibrational quenching in CO,/CH, i

4, First insights about CO,/CH, chemistry \

J
5. Towards plasma/catalyst study in CO,/CH, -H_C%,l
=

o«



Glow discharge as a benchmark for kinetic models
Step by step validation of CO, kinetics

FTIR : step scan, In situ
Plasma: pulsed, gas flow

Detector

- A

4 |
s - \.-ﬁ'fw.’

1. Vibrational kinetics in pure CO,



FTIR — step scan for time resolved measurements

(VlaVéQayi%) — (Vlayézvyi% + 1)

Database: HITEMP-2010 — ~300 vibrational transitions

FTIR : Step Scan, In situ

Plasma: D

C, gas flow

Detector

Gas out

\I ||

Sample chamber

Gas in

L

Mkl

Filters

Source

g/

4_. ® _,. ‘ﬁ Pulse: 5ms ON, 10ms OFF
S5ms 10ms
*9o-° \./?\./ T’\. i

ON OFF
tp tp "
e e &
1500 | ]
Q S0 ! (a) Glow discharge
';' - 5 Torr 50 mA (355'W) ]
— i T .
= ' 3 j
= 1000 | /\/W T,
Q . ) - - - - .. e _-:
- N -
S o " Teo :
) 500 i 1 1 | 5]
- — ; therm 1ttt
1 1 L A 1 1 A L A L A A L L L AL L L 1L i L
[ty ey - o fomsmpn
0 2 4 6 8 10
. 1 1 !
Time (ms) 2340 2360 2380

Wavenumbers (cm")
B L M Klarenaar et al (2017) Plasma Sources Sci. Technol. 26 115008



FTIR — step scan: CO, vibrational kinetics ONLY

Gas fully renewed

5ms

> <

Touse (5 ms ON —~180 ms OFF)

180ms

FTIR : Step Scan, In situ
Plasma: DC, gas flow

Detector

’ Sample chamber

Filters

Source

- between 2 pulses
No CO, O, left at the begining of the pulse = e-V, V-V and V-T in pure CO,

F|t of |nd|V|duaI V|brat|onal IeveI den5|t|es

=5 T =5 % w2 o |
OFF i "
P tp “
— e R :
1500 | R
Q (a) Glow discharge
: 5 Torr 50 mA (355 W)
e T .
2 : 3
= 1000 | /\_/__ﬂ___ —T,,
Q 7 . - - 3 "
2. - i \ T .
E ! ,i - rot
P pa Teo
- 5 L -
00 — Ttherm 1 } : } +
1 L 1 i 1 i L L L i ]
| CVRTTUN B TS PO | Mot Argpons y
0 2 4 6 8 10 ]
. A T R SO U - HR LS T Tt
Time (ms) 2340 2360 2380
Wavenumbers (cm")
B L M Klarenaar et al (2017) Plasma Sources Sci. Technol. 26 115008 P 5 torr



FTIR — step scan: CO, vibrational kinetics ONLY |[Stistttisiniim

Plasma: DC, High gas flow

~ - Detector
q F ;-.',.
T

= L # |Gasout Gas in o

( n
Electron kinetics Jl* ’L
Source
T
| 4 g

Continuity equation
for electrons

\ _//'

-~

Chemical kinetics Vibration kinetics

Surface kinetics

ymx =2 ymx=5 ymx=5 - 72vibrational levels

Temporal post-discharge Scaling law for V-V, V-T T, =T, e-V

-Z T T T T ™ T -2 ree T —rTrrr —r—rrrr —rrrr ——TTT -4 T T T T T
A A bsLMNS Q0B i 3L v vowne o@ L o
% v, 1 8
s 4~ 1 ] 4l o oo O Vz s O 4
c’ = I '
c I 15 .
o = 5 152 &6
Z 5F 4 2 L 4 aqw 44 vowew = O .
= L v VYW U ¥ U A = B 4 = L
— v =} 3
@ | - — —

o 6 . TrE 42 7TF E
> _t 172 N 2
Z Tk 4 & i = i
N ~ -8 - o™
o} - 10 SR 8 _
o -8F 4 2 9t 7 12 o
Z o ] Z CO, (0v,201) - 5 Torr 44 7 | 1
§ 9 c(zi;:::;;fTo(';v‘(::;?:e'wlse mecsRime ) ¢ - E’ 10 1 (.E“pi”;ﬂze"” @“f”:z 1&1 12 9 €O, (00°11) - § Torr (single-pulse measurement) % -

L P I = Jd
- 1 mov=1 A vz % A1 - < QURY = Experiment o 4

10F | v=2 ¥ v=2 % & & o Model
12+ A . -10 + B
A1 - v o L
| o R el e ey I T T | R T ) Y Y BT R BT B ol sl sl IR ETTT] B AT i
10° 10° 10* 10° 10% 107 6 5 4 3 2
6 -5 -4 -3 -2
10 10 10 10 10 10 10 10 10 10
: Time (s -
Time (s) (s) Time (s)

Grofulovié¢, M., et al. Plasma Sources Science and Technology 27.11 (2018): 115009



FTIR — step scan: CO, vibrational kinetics ONLY |[Stistttisiniim

Plasma: DC, High gas flow

q 7 — L Detector
S # |[Gasout Gasin -
1lters

( n

Electron kinetics Jl* ’L
% Source
|| Continuity equation = g

for electrons

\ _//'

Y

-~

Chemical kinetics Vibration kinetics

Surface kinetics

ymx =2 ymx=5 ymx=5 - 72vibrational levels

LOgIN_,/Ng-g]

During the plasma pulse Scaling law for V-V, V-T T, =T, e-V
. . . . U Bt e bt b T T — — T —
a) CO,(v,0°0f) b) CO,(0v,01)
\2) _/T
5tk _ _
=) >
Zz =
S o
z —— Model £
Model = Mgl S -10 co,, (00%:,1)
e | |- T |2 ~ose
P 1 e Experiment:
10 .y =2 ol i 42 o v=1 |
‘ \.2: 8 A \'v=2
3
10 ! 108 | e 1 PR e | g y _10 aaaal PSR ST | £ aaaaal aa s asal N _14 P | s a sl s gl P ST | ol
10°® 10" 10° 10° 10° 10" 10° 10° 10° [ 10° g
Time (s) Time (s) Time (s)

Grofulovié¢, M., et al. Plasma Sources Science and Technology 27.11 (2018): 115009
Silva, T., et al. Journal of Physics D: Applied Physics 51.46 (2018): 464001



Glow discharge as a benchmark for kinetic models
Step by step validation of CO, kinetics

FTIR ; rapid scan, In situ
Plasma: pulsed, static

2. Neutrals chemistry in pure CO,



Glow discharge as a benchmark for kinetic models
Step by step validation of CO, kinetics

N,, Trains of plasma pulses N, pulses / train

—_— : FTIR ; rapid scan, In situ

¢ oV tp°FF _ SG 2 Plasma: pulsed, static

o Filters
Sample compartment I s

Source

FTIR trigger signal To pump <€— 0hi0 < Gusin
Buffer volume Pressure gauge
+ FTIR measurement

0.5ms < <10ms

0.5ms < tpOFF < 50ms

[
h
S
=

(a) Glow discharge
5 Torr 50 mA (355 W)

Temperature (K)

therm

Time (ms)



Glow discharge as a benchmark for kinetic models
Step by step validation of CO, kinetics

N,, Trains of plasma pulses N, pulses / train

R : FTIR: rapid scan, In situ

¢ oN tp°FF _ SG2 Plasma: pulsed, static

FTIR trigger signal

Pressure gaug,

+ FTIR measurement

0.5ms < <10ms

0.5ms < tpOFF < 50ms

t,ON=Z(t ON) = N_xt O

TON=X(t,°") = N, x t,,°"

TON = Z(tpON) - total plasma ON time



Typical measurement in “static” conditions

/ R =1, Kgiss - [COz] - £

CO, dissociation = CO
CO + O back reaction mechanism = CO,

Pure CO, / > Balance between :

0.6

Initjal slope Steady-state 1

A AN
- — —

0.5

Turning region

0.4

N
=)
()
Q ]
S |+
503

Il
3 0.2

0.1

0

2 4 6 8 10 12
Plasma ON time TON (s)

TON — Z(tpON)



Electron impact dissociation rate
%"F-fi

- -

Initial conversion = direct electron impact dissociation

[CO]
o= [CO] + [CO2] R =ng - Kgiss - [CO, - t
-I |/ T /I T T T /

| L)
(b) 0-9‘_ Deg¢reaging pressure jl
0.8 -
0.7 * Variation of E/N (via pressure and current)
N 0.6 . . .
S - )+ Variation of t °VOFF 5 no influence of T, or T,
+ 0.57
S 04l  * Comparison with 0D model from IST Lisbon
8 0-3'_ 0.4 Torr 40 mA 7] C / Ipfn
0.2 - —#— | Torr 40 mA
1 —— 2 Torr 40 mA
0.1+ —A— 5 Torr 40 mA |
0.0 : : I —
0 1 2 3 4 5
Time (s)

TON — Z(tPON) ‘



Electron impact dissociation rate

%f"-a'i

Initial conversion = direct electron impact dissociation

[0
o= [CO] + [CO2] R =ng - Kgiss - [CO, - t
-I |/ J /I T J / T J
(b) 0-9‘_ Deg¢reaging pressure jl
0.8 :
0.7
S 06
T 05
o J
O 0.4
8 0°3'_ 0.4 Torr 40 mA 7

—a— | Torr 40 mA _

0.2 1
] —— 2 Torr 40 mA
0.1 —aA— 5 Torr 40 mA
0.0 ' - - T T ' ’
0 1 2 3 4 5
Time (s)

- Good agreement with e- impact cross
section from Polak et al for E/N € [40-105 Td]

A.S. Morillo-Candas, et al, PSST. 29 (2020) 01LT01
Polak L S and Slovetsky D | 1976 Int. J. Radiat. Phys. Chem. 8 257

B This work

Corvin exp

Corvin -
Phelps 7eV 3
Phelps 10.5eV
Ttikawa
Cosby&Helm
Polak total
Polak (1)
Polak (u)

30 40 50 60 70 80 90 100 110
E/N (Td)

—> Phelps more appropriate for E/N > 105 Td ?

N. Yu Babaeva and G. V. Naidis, PSST 30 (2021) 03LT03



Parametric study on “back reaction” mechanisms

CO, dissociation > CO

Pure CO » |Balance between :
2
"CO + O « back reaction » mechanism = CO,
0.6 e ——
[ Initial slope
L A .
0.5
N Turning region
—_ 8 0.4F SG1 [ Tiggerow  FTIR spectrometer —
Q= I
8' + : 862 Detector
8‘ [ . ? Sample compartment |T|_ Bilers
” 0.2 L \l\ Source
; it g DC Glow
01 i To pump <f— . - f— Gasin
0 x A i L
0 2 4 6 8 10 12

Plasma ON time TON (s) “

SG1 < Tmigeerowt  ETIR spectrometer

SG2
I Detector Sample compartment

t(]':’, N tgn‘ .

Grounded electlodes
""" Match box 1 ctrode 1- prub
i N

.
To pump ‘—le ‘— Gas in

Buffer volume ‘ Pressure gauge




Dissociation fraction for different pulse durations

l ~ 1500 | 1t i | E ; :
_____ =S = i | I()RF3Torr40 W Y

: 2 b i L i@27.7 Wireal) I

£ 1000 ! I b '
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g N i Pt [ |

ON OFF— o i LA 1 . i i e ]
0 2 4 6 8 10

- Time (ms)
0.5ms < t,%N< 10ms [ 0.5ms < t °FF < 50ms

0.6 v . v v 0.6
0.4 : 0.4 |
3 | < |
02| ozl
| 2 Torr |
0 . . , . 0 . . . .
0 - 10 15 20 25 0 5 10 15 20 2!

Plasma ON time (s) Plasma ON time (s)



Dissociation fraction for different pulse durations

t OFF
oo ———— — - ..‘. i_&' —— '_.? —
~ 1500 ™~ i Foy i -
l i :" 1 i 1 1 1 ]
_____ < oy i L) RF § Torr 40 W }
T T : o i I 1277 Wirea) ]
1
O atoms are lost in between ’3 1000 } i ' H i H 4 - ;
trains of pulses... 5 e T i il |
o /f':\ i : I —
= 1| C = O ! 12 b
S (1 = T | T,
t,ONg t OFF= cst = 500f | A : —— L h
P LA ] co H ON— OFF
‘_"p—’ il : : PR B : 1 !. ll : ey . 5 i tp cst tp ,
0 2 4 6 8 10
Time (ms)
0.5ms < t,°N< 10ms 0.5ms < t,%FF < 50ms
(b) 0.6 — . : (a) 0.6 — . .
0.5} ] 05} h\‘\-\.
= 04} 1 =z 04}
g on g '\“\-\F
5 03} t variation = 03} -
A P & tl?FF variation
s —4—2 Torr 3 L g
0.2} ! 1 0.2 - Zoo
T ~ 1ms =—@—2 Torr constant tgl\/tgw é?orr E‘
max_Tvib 0.1t ——5 Torr ] o1k —=—5 Torr <08
~ N, OFF
Theating Sms ) . —l.—Sanr consltant t;) .r’tl? o . . 0 20 40 0
To losses ~ 100ms 0 20 40 60 0 20. OFF 40 00
- Pulse duration t]?N (ms) Delay time tp (ms)

COXLE) + O SCoMD)+ M ) Which other back reaction ?

Role of O,?



Importance of CO(a3Pi) on « back reaction » mechanisms
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Importance of CO(a3Pi) on « back reaction » mechanisms
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— 0D model capture well the effect of t °F



Importance of CO(a3Pi) on « back reaction » mechanisms
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- Need to include CO(a3Pi) and O~ reactions
— =CO(a%) + CO,X'E*) —» 2COX'E") + OCP)  CO(a*I]) + O, (X)—» COz(X) + O (°P)
CO(a*I]) + CO(X12,*)— CO; (X) + C(*P)

O +CO(X12;") —» e+ CO,(X127)




Importance of CO(a3Pi) on « back reaction » mechanisms
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Glow discharge as a benchmark for kinetic models
Step by step validation of CO, kinetics

FTIR : step scan, In situ
Plasma: pulsed, gas flow

Detector

3. Vibrational quenching in CO,/CH,



Effect of CH, on T,

- DC Glow flow 275 1o0ms,
2Torr, 50 mA
Trot
300 - -
100% CO2 80/20 co2/ceh Main heat loss at the wall
600 3 —> Increase of thermal conductivity with CH,?
4001t / 50/50C02/cH4 .
0 5 10

Time (ms)



Effect of CH, on vibrational temperatures

. | |
w 2Torr, 50 mA
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Important drop in CO, vibrational temperatures
Large increase in CO vibrational temperature
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m) Role of quenchers?



Quenching of CO, and CO vib.

DC Glow flow =275, 19ms |
2Torr, 50 mA

1000 . . . . . ) .
a) H;O content
— 0.0%
800} —_— 0.2%
= |
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Measurement with QCL in the - e,
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. 1050} L\
"2 700}
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Damen, M. A., et al Plasma Sources Science and
Technology 29.9 (2020): 095017.



quenching of CO, and CO vib. by CO, CH,, H,

DC Glow flow ~— 2ms, 180ms | = Gas fully renewed
2Torr, 50 mA between 2 pulses
U7 CC 7% IV 0% CO / 50%
T, T T a
- SCP- =R SN -3 . 2500 S:O i
1400 co./ o 1400 f ' 100% CO
1200 ¢ 1200} / €0/ ¢0 2000¢
1000} 1000 [ [ 1005 co. 1500
800} 100% CO, 800} 1000}
600 600}
500}
400 f 400}
| L 1 ] |
0 S 10 0 5 10 0 5 10
time (ms) time (ms) time (ms)

= H2 is the most efficient quencher of CO2... less obvious for CO
— 0D model in progress to describe V-V’ and V-T processes and constraint quenching rates



Glow discharge as a benchmark for kinetic models
Step by step validation of CO, kinetics

FTIR ; rapid scan, In situ
Plasma: pulsed, static

4. First insights about CO,/CH, chemistry > FTIR trigger signal

+ FTIR measurement




Density (m'3)

Neutrals chemistry in CO,/CH, in closed reactor
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Same CO density at steady state...
—> back reaction to CO, removed?



Glow discharge as a benchmark for kinetic models
Step by step validation of CO, kinetics

FTIR : step scan, In situ
Plasma: pulsed, gas flow

Detector




Glow discharge as a benchmark for kinetic models
Step by step validation of CO, kinetics

Steps FTIR : step scan, In situ
1. Clean surface of the material with O, plasma Plasma: pulsed, gas flow
for around 40 min

2. Send CO, or CO,/CH, gas flow (adsorption) Detector
3. Ignite plasma at 10mA then 50mA
4. Ignite plasma at 50mA
5. Send O, gas to observe which bands remain
on the spectrum
6. Ignite O, plasma

!’
*

5. Towards plasma/catalyst study in CO,/CH, m



Example of spectra evolution during the 6 steps of the procedure

7C0O2 3CH4 in Ceria Pellet 1 torr
| I I [ I | I I I
(1) O2 clean surface
= (2) CO2:CH4 gas before plasma
(3) CO2:CH4 plasma 10mA
[ (4) CO2:CH4 plasma 50mA m
(5) CO2:CH4 gas after plasma
(6) O2 gas after CO2:CH4 plasma

« 6 steps »
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Example of spectra evolution during the 6 steps of the procedure

7C0O2 3CH4 in Ceria Pellet 1 torr
| I I [ I | I I I
(1) O2 clean surface
= (2) CO2:CH4 gas before plasma
(3) CO2:CH4 plasma 10mA
[ (4) CO2:CH4 plasma 50mA m
(5) CO2:CH4 gas after plasma

Remain 7 (6) 02 gas after CO2:CH4 plasma
= o adsorbed .
Similar re- after plasma , « 6 steps »
5 adsorp tion ﬂ ~\ Do not re- i

\ ﬂ adsorbe

C#Z / CH, gas only

CO, / CH, plasma 50 mA

H

J

N / ;
\ /
/ \ / \ /
N/ " o S 4
70% CO, / 30% CH, gas only

O, plasma cleaning
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Identification of bands on surface

Vayssilov, Georgi N., et al. The Journal of Physical
Chemistry C 115.47 (2011): 23435-23454

The Journal of Physical Chemistry C

Table 3. Experimental Vibrational Frequencies (in cm™ ') and Their Assignment to Various Surface Oxo-Carbonatc

Ceria According to the Intervals of the Calculated Vibrational Frequencies

frequencies

v(CO) v(CO)
1451 1377
1458 1362
1463 1358
1473 1380
1490 1380
1500 1342°
1568 1286
1592 1290
1596 1303
1618 1281%
1722 1147
1732 1136
v(OH) »(CO) »(CO)
3616 1602 1397
2672
v(CH) »(CO)  &(OCH)
2850 1547 1372
1561
2845 1547 1373
2151 1539 1018

v(CO)

1065
1045
1065
1044
1085
1038
1018
1003

990

a

a

a

3{COH)

1218
965

»(CO)

1360

1358

1332

comb.

~2876

~2850"

»(CO)

1030°

comb

2935,

2725"

ftreatment

CO on activated CeQ,
CO; on activated CeO
CO; on activated CeOy
CO on activated CeQ,
CO on hydroxylated CeQ,
CO, on activated CeQ,
CO; on activated CeO,
CO on hydroxylated CeQ,
CO on activated CeQ,
CO on activated CeQ,
CO on activated CeO,
CO, on activated CeO,

CO; on activated CeQ,
CO; on deuteroxylated CeO,

CO on hydroxylated CeQ,

CO on hydroxylated CeO,,
stable after treatment in O,
CO on deuteroxylated CeQ,,
stable after treatment in O

figure

Figure 7
Figure §
Figure 5
Figure 7
Figure 9
Figure §
Figure 5
Figure 9
Figure 7
Figure 7
Figure 7
Figure 5

Figure 5

Figure 3

Figure 8

Figure 8
Figure 9

Figure 9

Carbonates

tridentate, 1.21, 1.2.1
tridentate, 1.21, 1.2.1
tridentate, 1.21, 1.2.1
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“The precise position of the band cannot be identified due to overlapping bands in this region. *Wide combination band with variable peak maximum

depending on the conditions.
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Absorbance

Absorbance

.7

’:._f_. * 8

Comparison of different gas mixture can be helpful

Comparison of CO,/CH, and O,/CH, experiment
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plasma)

Time evolution of identified bands
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Conclusions

 Combining time resolved measurement in flowing condition and duty cycle
ratio variation in static condition is a powerfull tool for plasma kientics studies

* |n pure CO2:
* Vibrational kinetics of first 72 levels validated
* Quenching by O atoms quantified
* Cross section for e- impact dissociation of CO2 constrained between
[40; 105] Td
» Evidence of the key role of CO(a3Pi)
* Role of O(1D) to be clarified

* In CO2/CHA4:
e Vibrational kinetics investigated: strong quenching of byproducts of
CH4, mostly on CO2
 Complex chemistry being traced with isotopic labelling
* Plasma phase and adsorbed phase on catalyst measured in the same
plasma for a better understanding of plasma/Catalysis interaction



Thank you for your attention !




