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ABSTRACT.

The flowing microwave (2.45 G Hz) plasmas of propylene and propylene-
argon mixtures were analyzed by electrical double floating probe system
(DFPS) and quadrupole mass spectrometry along the flow stream. The
measured electric variables of the microwave plasma were: current density,
electric field strength, electron temperature, positive ion and electron
concentration. They indicate an irreversible process, of the polymeriza-
tion of C3Hs and C3Hg + Ar mixtures, taking place in the plasma. The
polymerization process reaches its maximum "down stream", after the
position of the microwave cavity. The polymerization was correlated to
the concentration of hydrocarbon ions and electrons in the plasma.

1. INTRODUCTION.

The urania (U02) Kernels, used as nuclear fuel in the high temperature
reactor (HTR), helium cooled, are coated with pyrocarbon?1). The pyrocar-
bon is obtained from the pyrolysis of gaseous hydrocarbons (CH4, C2H2

or C3Hg) in a high temperature (CVD Gechnique) fluidized bed system. The
heated C3Hg-Ar mixture (up to 2000°C) fluidize the UO2 kernels bed,
pyrolyze and ?o1¥merize the hydrocarbons to the pyrocarbon deposit as the
end product (1,2),

The purpose of using microwave excitation on gaseous hydrocarbons is to
investigate the pyro]ysis—polg?erization processes leading to the forma-
tion of the solid pyrocarbonld),

The diagnostics of the propylene and propylene-argon mixtures flowing
microwave plasmas were performed by the electrical double floating probe
system (DFPS) and by sampling the plasma by a quadrupole mass spectrometer
(QPMS). The DFPS allows the measurement of electric variables



of the plasma such as : current density, electron temperature, electric
field ?tgength and concentration of nositive ions and electrons in the
plasma(3).

The QPMS measures the relative concentration of hydrocarbon ions formed
from the C3Hg pyrolysis in the microwave discharge.

The hydrocarbon jons, measured by the QPMS, and their concentration
allow the kinetic evaluation of ion-molecule reactions in the microwave
plasma leading to the polymerization of propylene. The reactions respon-
sible for the polymerization process and their kinetics were reported

for a stationary microwave plasma in a previous report(4). In the
polymerization by ion-molecule reactions, the C3Hg is for any reaction
considered the reactant molecule. The propylene molecules having the
highest concentration in the flowing microwave plasma, act as a reservoir
for interactions with excited radicals like CH3, CHp, CHs, C2H5, etc.
and ions such as CH3*, CHE, CHE, CoHpt, CaH3*, CoHs, among other hydro-
carbon ions with a higher number of carbons(8).

Based upon this consideration the reaction of the hydrocarbon ions with
CH4 molecules are treated as being reactions of the second order type
(pseudo first order).

The aims in the present investigation are :

1. Diagnosis of the C3Hg and C3Hg + Ar microwave plasmas along the stream
with respect to the position i.e., before, in the center and after the
microwave cavity: The variables of the plasma are expressed as function
of flow, pressure, microwave power and position arround the microwave
cavity.

2. Evaluation of the influence of Ar on the C3H6 microwave plasma and
on the polymerization processes taking place in the plasma : Ion
density and gradients alog the flow stream with and without argon
are correlated to the increase of ionization products of propylene
pyrolysis due the addition of Ar to the nlasma.

2. EXPERIMENTAL.

The DFPS measuring devices are shown in Fig. la together with the
flowing system of gases and microwave excitation. The OPMS system for
sampling the plasma is shown in Fig.1 b.

Fig.2 shows the sampling positions H, G and F which are identical for
both DFPS and OPMS. With regard to the direction of the flowina
stream of C3Hg and C3He+Ar mixtures, position H samples the plasma
before the center of the microwave cavity (A/4 Evenson cavity), position
G is in the center of the cavity, while position F samples the plasma
after the microwave cavity.

The microwave equi?menss as well the eauipment used for the DFPS were
described elgwhere 3,4). The OPMS system is formed from "Balzers 311"
quadruple, "Leybold" vacuum equipment with a differential pumping.

The orifice (1.0 mmdiam) vacumed by the differential pumping (10-5 mmHQ)



392

s§mp1es the plasma. The position H,G and F were obtained by moving the
microwave cavity with respect to the orifice. The mass spectra data is
collected and treated by a PDP 11/10 computer (Digital). The output of
the data is given by two tables and a m/e plot. The first table consist
of the real data of m/e, intearal intensity, maximum height of the peak
and its width; the second table consist of elaborated data, background
substraction and the relative concentration of each mass peak with regard
to the summation over the intensity of all mass peaks.

The'fragmentation of the hydrocarbon excited molecules and ions in the
ggn;;ation chamber of the QPMS was avoided by using low electron energy
ev,

3. RESULTS.

Only few results are presented in this preprint. The QPMS results show
the pyrolysis of propylene (C3Hg) to Tower hydrocarbon ions (C<3) and

its polymerization to higher hydrocarbon ions ( C¥3) measured in the
gaseous state. Among the lower, C<3, species, such as CoHg+, CoHgt+,
C3H3+, C3H3, CHg+ and CHE show relative concentration above 1% while

for C>3 hydrocarbons ions in the group Cg, C5 and Cg up to CgHg were
detected and measured with relative concentrations between 1-5%. 1In the
C4, Cs and C6 groups mainlyunsaturated hydrocarbons were detected resul-
ting with measured relative high concentration (~ 10%) of H%.

Fig.3 shows the behaviour of the relative concentration, I/zI of several
hydrocarbon ions with microwave power input in position G.and Fig.4 show
the behaviour of I/fl with the total gas pressure in the microwave
plasma in position G. Fig.5 shows the behaviour of I/l in the diffe-
rent positions H, G and F. The polymerization process leading to the for-
mation of pyrocarbon will be discussed with respect to the reactivity of
various hydrocarbon ions with the propylene molecule.

Some of DFPS results are shown in Figs.6, 7. The total positive ion
concentration (nj) and electron density (ne) in the plasma are given as a
function of total pressure in positions H, G and F. The effect of adding
argon to the C3Hg plasma is shown in Fig.7, in H,G, ad F positions,
Argon increases the values of nj.

Pased upon ion-molecule reactions mode1(3’4) the high reactivity in
position F for the polymerization processes towards solid pyrocarbon
formation, will be discussed.
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A-Argon Cylinder; B - CH4 Cylinder; F - Flowmeter; M - Gas Mixer;
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Fig. 1a - DFPS

; _ —

i PP

Quadrupole

L ! De.
P
LJ
G.1. - has Inlet.
M, - M{. Generator. pPP. - POP 11/1N Data Processina Computer.
T. - Reaction Tube. S. - Quadrunole electonic control.
V. - Potary Vacuum Pump. F. - Fast Chart Recorder or Scope.
Di. - Differential Pumping Unit. Cs. - Chamber Controls.
Df. - Diffusion Pump. De. - Detector.

Fig. 1b - OPMS
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Fig. 2 Probes Layout in the Gas Stream
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Fig. 7 : ny and e VS Argon-Hydrocarbon ratio.





