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Motivation

The addition of small
concentrations of CO»

introduces only small
changes in the shape of
EEDF. For the pure CO
and 10% COq cases, we

can notice a strong

depletion of the EEDF

around 1-2 eV. This is due

to the resonant part of the

vibrational cross sections

of CO and CO2 bending

mode, which makes it

difficult for electrons to

reach higher energies. At

low E/N the role of

electronic excitation in

shaping the EEDF is negligible, but it starts to be
noticeable at higher reduced fields, with the
appearance of second depletion region at 7-8 eV.
The outcome is an opposite behaviour of the
EEDF with CO2 addition in the electron energy

region u < 0.2 eV for low and high E/N.

Carbon dioxide (CO2) is an important trace gas in Earth’s atmosphere, as
a major cause of the climate change, and is the main component of the .-
atmospheres of Mars and Venus. The use of plasmas for CO2 dissociation
is a hot topic nowadays, being discussed in different contexts, from CO:
gas mixtures in Earth for the production of solar fuels [1] to Mars low-
temperature and low-pressure atmospheric conditions for oxygen
production [2]. Non-equilibrium plasmas can promote CO2 dissociation by
direct electron impact or through vibrational excitation [3]. The study of
electron kinetics is essential, allowing to understand how the energy
gained by the electrons is transferred to the different heavy-particles.
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The products of dissociation of carbon dioxide are CO and atomic
oxygen. Even small concentrations of these gases can change the
behaviour of the discharge [4].

Herein we discuss the influence of CO on
the electron kinetics of a CO2 discharge. To
this purpose, we use the Bolztzmann solver
of the LisbOn Kinetics simulation tool
(LoKl) [5] to calculate the electron energy
distribution function (EEDF), transport
coefficients, reaction rate coefficients and
power balance in CO-CQO2 mixtures.
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different values of reduced field. On the right the evolution of EEDF 102 v, L i
with concentration of CO: plotted together with CO2 (010) and CO _ 1

(a3I'I) cross section. Reduced field for this case is 20 Td.
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Ladder climbing
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CO vibrational kinetics - VT
CO(n) + CO ->CO(n-1) + CO

CO2/CO mixture kinetics - power transfer and rate
coefficients

Figures on the right report the fractional power Pure CO * Based on Schwartz-Slawsky-Herzfeld (SSH) theory
losses dissipated in the different channels as a 1.5 = = -10% CO,| - * Adapted to the results of close-coupled trajectory
function of E/N for different concentrations of COx. —-—-50% calculations
These fractional power losses have been 1ol COvib  Vibratona —
calculated as the ratio between the electron - TR et gy SSH theory is widely used to describe VT transitions
energy transferred from electrons to different CO 0" NN for different molecules, but it doesn’t accurately
ei(crcatlo_n chagr)elg V|.brat|onil, d'ISSOC'at'VG’ 0.5 Mo X n=1 describe the results obtained with more sophisticated
© e_ctronlc, and ionization, to the e ectrqn energy V- n=5 and complex close-coupled trajectory calculations. In
gained by the electrons from the electric field. RAAN n=10 o _
N | _ 0.0 2 1=20 order to get accurate fitting of these rates we fitted
The addition of the small fraction of COz2 in to the ' the CC calculations for n = 1 and scaled all our
CO discharge promotes great increase of pumping il ol sl — .
. . A results for higher values of n.
CO:q vibrational channels - especially CO2(010) 10 10 10 10 10° J
- Reduced field, Td
bending mode. - eaueed e Temperature, K B0
The rate coefficients of excitation of the e ' ' i ' ' K™t = gt Lo
asymmetric stretching mode are a manifestation of .= | .| |- - -10% CO, 115 |
the changes in the EEDF and power transfer 3 e 9%co| - .
discussed above. This figure reveals that finding 2 ' __ A,
the ideal working conditions to enhance CO> I gl {10 ] ] ] ]
dissociation is not straightforward, as the g FAP AN = CO vibrational kinetics - VV
dissociation products modify the ideal reduced S i) K o ! 0
. . . . . 5 ; : : — 0.
flelcljs.for _dlscr}argggpelratlon, Implylng that the *3 10" - ,’ /, ‘\ . 0-5 CO(n-1) + CO(m) -> CO(n) + CO(m-1)
Optlmlsi‘ﬁ ns. at- ° fptsSTa mu;téecl) € Into £ i) R N . . « Based on SSH and Sharma-Brau theories
gcfo'llm eI o Igf 3 te.norzrn ) " oeme @ st e T =Tae— 00 E * Adapted to the results of close-coupled trajectory
etall, as also pointed outin [4]. o AT calculations (200-3000K)
© 107 10° 10? 3 . - o
~educed field. Td 5 E In this case of VV rate coefficients to obtain quite
eaueed ietd, e ; good agreement the dependency on the vibrational
- = = = i o« 3 quanta was studied. In this way, it was easier to find
- i — 10 ':: 5 T~ ] some patterns create fitting functions that will depend
= 10°F - 3 "0 : - i on temperature, not on vibrational quanta.
- i i = i i f
2 F _j g 102[ ki CO(n-1)+CO(1)->CO(n)+CO(O)\: _8
— 20 [ ] © F S . 4 10° grem——rrrrr——r A —— T
S 10 g - c f i 10" E 200K - 5 ] - [CO(n-1)+CO(1)>CO(m)+COO)},”
-_,C_,—U - - _8 :_ —: , | , | , | , | , | , | 3 10-95_ C(.)(n)r:-zc\;O(S)->CO(n-1)+CO(6) ) — o = n=5 ' |
é 10_24 :: Vibr@GasTemp :: CNU 10-24 i _Vibr@GaSTemp E 0 > 10 15 20 25 30 ;g 10" ,z'/ — ;g = /"/
2 1OF  Vibr@1000Kk | sk —— Vibr@1000K | - v e A I T O et
o [ —— Vibr@2000K [ Q . LF —— Vibr@2000K | I L S LI &y A |
O 0=} - - -10% CO, - © 107 - - -10% CO, 3 L -~ ) L .
i .-+ 90% CO, i s -+ -+ 90% CO, : )/ S~ b )
i - i 102 ~ o E 10" / CO(n-1)+CO(1)—>CO(H)+CO(O)\ ¢ 10’ 102 10° 10* 10? 10°
10° 107 107 107 10° % ;L= _3000K ] o
Reduced field, Td Reduced field, Td £ o0%0°, 1 joetl_ a4, ( g )" ? ‘parameter bis
_ _ o _ _ _ o _ _ S T il of R 300 - responsible for
Vibrational kinetics plays very important role in the CO2 dissociation. In microwave discharge the 5 x[S% x Gs(v+1,w+1)+ L% x GL(v +1, - the long range
temperature can rise up to 1500K [6]. This includes the rise of the vibrational temperature as well. The . . - interaction (low
affect of the vibrational temperature for pure CO discharge is depicted above. For the reduced field 60 GL(v+1,w+1) ~ Zy 11 Zyyy exp [-(AE) ) ] ;V'bra“ona'
Td the dissociation rate increases by more than 10 times for vibrational temperature 2000 Td and a bit 1072 | i :”“mber n) :
less than 2 times for 1000 K comparing with the case where the vibrational temperature is equal to gas [ ¢ i In oriai . .
. o . . - I S S E—— ' ' n original theory it was suggested using constant value b
temperature. For example, adding only 10% of CO2 can increase the dissociation rate by a factor of 0 5 10 15 20 25 30 — 39 9 for CO molecule. We are proposing to use linear
2.2. And if we have the mixture where 90% is CO2 and only 10 % is CO the enhancement of the rate v P ' Proposing

function dependant on temperature: b=5-T +1.5-103.

Some other changes were implemented into the SSH and Sharma-Brau theory. For example, we had to
increase the adiabatic function Ffor the low temperatures and implement the multiplication factor m to the
whole rate coefficient, which can be seen on the figure above, where VV rate for temperature 3000 K is
depicted.

will be almost 3 orders of the magnitude. For dissociations and ionization rates, we can see that
increase of the rate happening for the reduced field lower than 100 Td. For higher fields - the
dissociation rate is decreasing with any admixture of CO2 and remains the same for different
vibrational temperatures.
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The model that will describe the dissociation of the CO: is being developed in IST in Lisbon together with
collaborators. It should include proper description of electron, vibrational kinetics, chemistry and influence
of the products of dissociation on the plasma discharge.

This contribution addresses the electron kinetics in CO2/CO mixtures, in order to evaluate the influence of
the CO created as a result of CO2 dissociation in a plasma discharge. It is shown that vibrational excitation
of CO has a significant role in shaping the electron energy distribution function (EEDF) and that CO
influences in a complex way the low-energy region of the EEDF, of significant importance to control the
energy input into the CO2 asymmetric stretching vibration mode.

The vibrational kinetics of CO is another block that will be added into the model. The modifications to the
existing theories presented in the current work more accurately describe the semiclassical trajectory
calculations

This work was partially supported by the Portuguese FCT - Fundac,aa o para a Cie"ncia e a Tecnologia, un- der Projects PTDC/
FISPLA/1420/2014 (PREMIERE), PTDC/FISPLA/1243/2014 (KIT-PLASMEBA), and the grant PD/BD/114398/2016 (PD-F
APPLAUSE).



mailto:a.author@tecnico.ulisboa.pt
mailto:a.author@tecnico.ulisboa.pt

