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Ejection frequency of spallation particles from polymers during irradiation of
Ar thermal plasmas with different molecular gases.
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In this report, we estimated ejection frequency of spallation particles during irradiation of Ar thermal plas-
mas with different molecular gases. The arc plasma may contact the polymer materials, inevitably involv-
ing polymer ablation. We found out that not only polymer ablated vapor but also spallation particles were
ejected from the polyamide materials surface during irradiation of Ar thermal plasma. Many spallation
particle injection can affect the arc plasma through their much ablation.

1. Introduction
Polymer materials are widely used for insulator in

low-voltage circuit breakers, and for gas flow nozzle
high-voltage circuit breakers. In a current interruption
process, the arc plasma is formed between the elec-
trodes in the circuit breaker. The arc plasma may con-
tact the polymer materials, inevitably involving poly-
mer ablation. Effective utilization of such polymer ab-
lation is expected to enhance the arc interrupting capa-
bility of the circuit breaker.

In our previous works, we found out that not only
polymer ablated vapor but also spallation particles were
ejected from the polyamide materials surface during
irradiation of Ar thermal plasma [1]. Many spallation
particle injection can affect the arc discharge further
through much ablation inside the arc plasma. This
report describes experimental results of Ar+N2 and
Ar+O2 plasma irradiation to polymer materials. The
moleculear gas N2 or O2 was added to Ar plasma gas
to study their effects on the spallation production. Ejec-
tion frequency of spallation particles was estimated for
Ar, Ar+N2 and Ar+O2 plasmas irradiation.

2. Experimental setup and conditions
Fig. 1 shows the plasma torch, the specimen holder

and the observation system used in this experiment.
The torch is 345 mm long, and 70 mmϕ in inner di-
ameter. From the top of the torch, Ar gas is supplied
along the wall as a sheath gas. Around the torch, an
eight-turn induction coil is located to generate electro-
magnetic field inside the torch. This electromagnetic
field then generates a thermal plasma inside the plasma
torch. A reaction chamber is installed downstream of
the plasma torch. Inside the reaction chamber, a mov-
able water-cooled specimen holder made of stainless
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Fig. 1: RF plasma torch and high-speed video camera.

steel is located. A color high-speed video camera was
used to observe polymer ablated vapor near the poly-
mer surface from the observation window. The exper-
imental condition was as follows: The gas flow rate
was set to Ar:30 slpm in case of 100%Ar, Ar:50 slpm
+ N2:1.5 slpm in case of 97%Ar+3%N2, and Ar:50
slpm + O2:2.5 slpm in case of 95%Ar+5%O2. The
input power to the thermal plasmas was controlled to
equal irradiation heat flux onto the surface of the poly-
mer specimen for any gas conditions. The pressure
inside the chamber was 760 torr. The frame rate of the
video recording was 1000 fps. Three kinds of poly-
mer materials were used as a specimen; PTFE (polyte-
trafluoroethylene) [-C2F4-]n, PA66 (polyamide-66) [-
C12H22O2N2-]n and PA6 (polyamide-6) [-C6H11ON-
]n. The diameter and the thickness of the cylindrical
polymer specimen used here are 15 mmϕ and 5 mm,
respectively.

3. Results and discussions
3.1. High-speed video camera observation results

A color high-speed video camera was used to ob-
serve polymer ablated vapor near the polymer surface
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Fig. 2: Ablated vapor and spallation particles in case
of Ar induction thermal plasma irradiation.
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Fig. 3: Ablated vapor and spallation particles in case
of Ar+N2 induction thermal plasma irradiation.
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Fig. 4: Ablated vapor and spallation particles in case
of Ar+O2 induction thermal plasma irradiation.

during irradiation of the Ar, Ar+N2 and Ar+O2 in-
duction thermal plasmas. Figs. 2–4 present cumula-
tive images to show the trajectories of spallation par-
ticles ejected from polymer materials. These figures
were produced by combining 100 consecutive images
of high-speed video camera. In case of PTFE irradi-
ated Ar or Ar+N2 thermal plasma, only ablated va-
por cloud can be strongly seen near the surface of the
PTFE specimen. The blue or blue-violet light are strongly
observed from the polymer ablated vapors. This may
be due to C2 or CN molecular spectra originating from
the polymer vapors. On the other hand, in cases of
PA66 and PA6, spallation particles ejected from spec-
imens can be found definitely. These particles were
obviously found flying from the specimen surface to
25 mm or above against the eath gases flow from the
upstream to the specimen surface.

3.2. Ejection frequency of spallation particles
We estimated how often particles were ejected from

the specimen. The bar chart in Fig. 5 shows the num-
ber of particles ejected from PA66 surface in 1000 ms
during the irradiation of each thermal plasma. This
figure also includes their accumulative number of the
particles, which refers to the right vertical axis. As
seen in this figure, spallation particles were ejected al-
most constantly. In case of Ar+O2 thermal plasma ir-
radiation, the most number of spallation particles were
ejected from PA66 surface, and thus about 470 parti-
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(a) Irradiation of Ar thermal plasma.
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(b) Irradiation of Ar+N2 thermal plasma.
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(c) Irradiation of Ar+O2 thermal plasma.

Fig. 5: Number of spallation particles(PA66)

cles were totally found to fly in 1000 ms. Therefore,
the mean ejection frequency of the spallation particles
can be estimated about 2.4 ms in Ar+O2 plasma irra-
diation.

4. Conclusion
In this report, we investigated a dynamics behav-

ior of spallation particles from polymers during irra-
diation of Ar thermal plasmas with different molecu-
lar gases. As a result, spallation particles also were
ejected from polyamide materials in case of Ar+N2
and Ar+O2 thermal plasmas irradiation. These par-
ticles were found flying from the specimen surface to
25 mm or above against the eath gases flow from the
upstream to the specimen surface. In case of Ar+O2
thermal plasma irradiation, the most number of spal-
lation particles were ejected from PA66 surface, and
thus about 470 particles were totally found to fly in
1000 ms.
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