acta phys. slov. 29 (1979), No. 2

CHEMICAL REACTIONS IN DESINTEGRATING PLASMA *

ANTONIN TALSKY**, Brno

The concentration and temperature of electrons, speed of molecules and neutral gas
temperature are determined by means of microwave and probe methods in the flowing
nitrogen plasma afterglow.

The knowledge of these parameters was employed for the study of toluene polymeri-
zation in the plasma afterglow.

XHMMHYECKHE PEAKIMH B TE3UHTETPHPOBAHHOM ILIA3ZME

H3 nocnecseyenus MOTOKa a30THOW MJIa3Msi ¢ IOMOMHbLI) MHKPOBOJIHOBOTO METOoaa
H METONA 30HAMPOBAHUA OblTH onpeaeyieHsl KOHUCHTPAUUS U TEMIIEpaTypa JIEKTPOHOB,
CKOpPOCTb MOJIEKYJ H Temnepatypa Inﬁggrr_o_-c ra3a. 3HaYeHns 3ITHX napaMeTpoB
HCMOJIb30BANUCh NPH H3YYCHHHM MOJMMEPU3ALMH TONIYyEHA B CBEYEHHUH IL1a3Mbl.

L. INTRODUCTION

In contrast to active plasma, particles with their internal energies have a decisive
influence on chemical reactions in the plasma afterglow.

The kinetic energy of particles in the plasma afterglow is very low, it corresponds
to the temperature of gas. This temperature is in most cases lower than 500 K, that
is a few hundreds of eV,

The density of energy in the plasma afterglow is given by the concentration of
various particles like: atoms, excited atoms, excited molecules, atomic ions, and
molecular ions. The gas composed of these particles is usually called the active gas.
The dissociation energy of molecules and the potential energy of atoms and
molecules are responsible for the coursé of chemical reactions.

The chemical reactions in the plasma afterglow can be divided into three groups:

a) The active gas reacts with the molecule of some other gas and new
compounds are produced — for example :

N+CH, —» CH,+HCN
or N+ HBr — NH +Br.

* Contribution presented at the Second Symposium on Elementary Processes and Chemical
Reactions in the Low Temperature Plasma, Vritna dolina near Zilina, 1978.
** Department of Physical Electronics, PF UJEP, Kotlifska 2, CS-611 37 BRNO.
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N+O+M - NO+M.

¢) The active 8as transfers its internal energy to other molecules to make their

chemical reactions possible, though not being part of a new compound itself. The
example of this reaction js

N+N+S,Cl, — N, +S,CI*

omeQo. by the dissociation of halides ThF, Th(Cl by active nitrogen [1]. This
A_mmosm:on is caused by excited molecules N.(°Z}), produced by the recombina-
tion wm atomic nitrogen, The decompositions of ammonia and methane are other
Teactions caused by excited molecules [2, 3]

CHA+NA(A’Z])  CHE +Ny(x'zs)

Into group c) there belong also reactjons of an active gas with aromatic hydrocar-
bons, leading to theijr polymerization. The ionization of hydrocarbons by excited
Eoﬁoc_om of some basic gas (Ar, N,) and also the dissociative energy in case of
nitrogen play an important role in this reaction [4]. In the following we shall give

, 7 — matching screws,

11 — vacuum reservoir, 12 — valve,

uometer, 14 — manometer, 15 - needle valve, 16 — BASF CatalystR 3-11,17 —

» 19 — cold trap, TPP — measuring unit with thermocouple, Pitot tube and
double probe,
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Fig. 2. Dependence of electron concentration on the distance from the centre of waveguide resonator,

n. — maximal value, measured by double probe in axis of tube, A, — average value, measured
by microwave method.

results of experimental studies of parameters of nitrogen afterglow plasma in the
flowing regime and results of experimental studies of toluene polymerization.

IL. PROPERTIES OF THE NITROGEN PLASMA AFTERGLOW
IN THE FLOWING SYSTEM

The optical, microwaves and probe methods were used for the study of
parameters of the nitrogen plasma afterglow. The plasma was created by the
microwave discharge, burning in a silica tube. The tube passes through a waveguide
resonant cavity. The illustration of the apparatus is given in Fig. 1. The hf power at
a frequency of 2450 MHz was supplied by a magnetron generator GUM 2S. The
bower was measured by means of a calibrated reflectometer. The discharge silica
tube had a diameter of 1.5 cm. A rotary pump RV 20 was used for the pumping of
the discharge tube. The nitrogen was additionally purified in a De-oxo unit with the
BASF. Catalyst and then passed through a trap containing liquid nitrogen. The
pressure inside the tube in all experiments was 1330 Pa. The flow of nitrogen was
1.04 Pa m’.

The microwave power 85 W was absorbed in the discharge.
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a) Electron concentration
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5000 Fig. 3. Temperature of electrons in dependence

on distance.
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measured G\ means of the Pitot tube [5, 6]. The pressure was measured by
a differential capacitance Varian MMCT vacuometer. The course of the
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dynamic pressure and the speed of molecules along the axis of the discharge tube are

shown in Fig. 4.

The knowledge of the neutral gas temperature is necessary for the dermination
of the dissociation degree. Two thermocouples Pt-PtRh were used for its deter-
mination. The second thermocouple was isolated by a thin film of simax glass.
A similar arrangement had been used by Vinogradov [7). He supposed the
temperature measured by this thermocouple to be the kinetic gas temperature.
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Fig. 4. Dependence of dynamic pressure and speed of gas flow on distance, measured from the centre
of discharge. p, and v, — values without discharge.

Measured gas temperature in dependence on distance is given in Fig. 5.

From the comparison of the measured speed of gas with the measured tempera-
ture at constant flow, it is clear that the temperature measured by means of the
thermocouple covered by glass is also higher than the kinetic temperature of gas
thanks to the recombination and deexcitation on the surface of the thermocouple,
which cannot be neglected. Therefore, the measured temperatures cannot be used
for the calculation of the dissociation degree.
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:13.5 Enmm:.nm:.w\:ﬂm of the parameters of flowing plasma it follows that for the
M amical reactions in our apparatus the best conditions are at a distance of 15 om
” M.o:_ Mro omsqmo of the discharge. The distance corresponds to the relaxation time of

€ plasma afterglow r=5x10"° s in all cases where the ni
€ nitrogen
Fy=1.64 Pam’™ on flow was

HI. POLYMERIZATION

EM&M mvvwnmam:mon_mon5@m=<mmnmmmo:o:o_:m=o polymerization is shown ip

The plasma was flowing into a glass sphere of a diameter of 15 cm. The toluene
vapour was fed into the plasma at a distance of 1 cm from the nozzel of a silica tube
,;w polymer layer formed on thin glass plates of a surface of 4 cm’, placed mm
a distance of 5 cm from the nozzel of the silica tube. The quantity of the formed
polymer was determined in dependence on the exposure time. The flow of the
8._:95 vapour was F,=0.38 Pa m™"'. The quantity of the polymer was deter-
mined by the weight of the glass plate.
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Fig. 5. Course of thermocouples temperature
o0 along axis of discharge tube. A) Thermocouple
o7 5 Pt-PtRh, b) Thermocouple Pt-PtRh covered by
) 03 x[m] thin film of glass.
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The flow of the toluene vapour was calculated from the measured vapour
pressure and the speed of toluene molecules, measured by means of a Pitot tube.
The results are shown in Fig. 7. All the measurihg was made at a nitrogen flow
Fyv=1.64 Pam’s™.
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Fig. 6. Apparatus used for study of sp
polymerization. 1 — silica tube, 2 -— holder of
glass plate, 3 — needle valve, 4 — resistance & % _m - ey
vacuometer, 5 — differential membrane vac-
uometer, 6 — membrane vacuometer, 7 — Pitot  Fig. 7. Time dependence of created polymer
tube. quantity.

IV. CONCLUSIONS

The results of measurements show that the active discharge with electrons and
ions of high energies is not necessary for the polymerization of aromatic hydrocar-
bons.

The polymerization is caused, by excited nitrogen molecules or atomized
nitrogen.

The polymeric films deposited in the afterglow are smooth, homogeneous and
the rate of deposition is comparable with that in commonly used active discharges.
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