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Ejection frequency of spallation particles from polymers during irradiation of
Ar thermal plasmas with different molecular gases.
DO0O00DO0000Ard0O00DOoDooOooooo

OO00D0O0D00o0DoOooooono

Naoki ShinseiMasahiro Ishida, Yasunori Tanaka,Yoshihiko Uesugi
Junichi Wada and Shigemitsu Okabe
gooo,0o0o00,00o00,0000

gobboooogn

Kanazawa University, Kakuma-machi, Kanazawa, 920-1192, Japan
0000 0 920-1192000000

In this report, we estimated ejection frequency of spallation particles during irradiation of Ar thermal plas-
mas with diferent 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 canféect the arc plasma through their much ablation.

1. Introduction Gas

Polymer materials are widely used for insulator in v injection
low-voltage circuit breakers, and for gas flow nozzle 70 mmg oI5 8 fun Polymer bulk
high-voltage circuit breakers. In a current interruption 155 mm g 343:,"“',"
process, the arc plasma is formed between the elec- enay™ =
trodes in the circuit breaker. The arc plasma may con- 200 mm B
tact the polymer materials, inevitably involving poly- Polymer bulk L L b specoulon video
mer ablation. Hective utilization of such polymer ab-

lation is expected to enhance the arc interrupting capa-
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bility of the circuit breaker. specimen

In our previous works, we found out that not only.
polymer ablated vapor but also spallation particles Wérlg' 1: RF plasm
ejected from the polyamide materials surface duriRgeel is located. A color high-speed video camera was
irradiation of Ar thermal plasma [1]. Many spallationsed to observe polymer ablated vapor near the poly-
particle injection can féect the arc discharge furthemer surface from the observation window. The exper-
through much ablation inside the arc plasma. Thifental condition was as follows: The gas flow rate
report describes experimental results oftAl, and was set to Ar:30 slpm in case of 100%Ar, Ar:50 slpm
Ar+0, plasma irradiation to polymer materials. The N,:1.5 slpm in case of 97%AB%N,, and Ar:50
moleculear gas Nor O, was added to Ar plasma gas|pm + O,:2.5 slpm in case of 95%A5%0,. The
to study their €ects on the spallation production. Ejegaput power to the thermal plasmas was controlled to
tion frequency of spallation particles was estimated fegual irradiation heat flux onto the surface of the poly-
Ar, Ar+Nz and ArO; plasmas irradiation. mer specimen for any gas conditions. The pressure
2. Experimental setup and conditions inside the chamber was 760 torr. The frame rate of the
Fig. 1 shows the plasma torch, the specimen holdégleo recording was 1000 fps. Three kinds of poly-

and the observation system used in this experimeher materials were used as a specimen; PTFE (polyte-
The torch is 345 mm long, and 70 ngnin inner di- trafluoroethylene) [-gF4-]n, PA66 (polyamide-66) [-
ameter. From the top of the torch, Ar gas is suppliéd2H2202N2-], and PA6 (polyamide-6) [-§H110ON-
along the wall as a sheath gas. Around the torch, Jan The diameter and the thickness of the cylindrical
eight-turn induction coil is located to generate electrgolymer specimen used here are 15 ¢gnamd 5 mm,
magnetic field inside the torch. This electromagnetigspectively.
field then generates a thermal plasma inside the plaggna Results and discussions
torch. A reaction chamber is installed downstream @f1. High-speed video camera observation results
the plasma torch. Inside the reaction chamber, a mova color high-speed video camera was used to ob-
able water-cooled specimen holder made of stainlegsve polymer ablated vapor near the polymer surface

—
a torch and high-speed video camera.
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Fig. 3: Ablated vapor and spallation particles in case
of Ar+Nj3 induction thermal plasma irradiation.
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(b) Irradiation of Ar-N, thermal plasma.
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during irradiation of the Ar, ArN> and ArO; in-
duction thermal plasmas. Figs. 2—4 present cumula-
tive images to show the trajectories of spallation par- Time [ms]

ticles ejected from polymer materials. These figures _ (C) Irradiation of Ar-O; thermal plasma.

were produced by combining 100 consecutive images Fig- 5: Number of spallation particles(PAG6)

of high-speed video camera. In case of PTFE irradi-

ated Ar or AN, thermal plasma, only ablated vacles were totally found to fly in 1000 ms. Therefore,
por cloud can be strongly seen near the surface of the mean ejection frequency of the spallation particles
PTFE specimen. The blue or blue-violet light are strangiybe estimated about 2.4 ms i+, plasma irra-
observed from the polymer ablated vapors. This mgiation.

be due to G or CN molecular spectra originating fromy  ~,cjusion

the polymer vapors. Qn the pther hand, N cases Oﬁn this report, we investigated a dynamics behav-
.P AB6 and PAS, spallanor_] partlcles ejected from SP8Er of spallation particles from polymers during irra-
imens can be found definitely. These particles weje.

biouslv found flving f ih . ” tion of Ar thermal plasmas with fierent molecu-
obviously found 1lying trom the Specimen surtace 1o gases. As a result, spallation particles also were

25 mm or above against the eath gases fiow from E@cted from polyamide materials in case of+Ab

upstream to the specimen surface. and ArO, thermal plasmas irradiation. These par-

3.2. Ejection frequency of spallation particles ticles were found flying from the specimen surface to
We estimated how often particles were ejected frops mm or above against the eath gases flow from the

the specimen. The bar chart in Fig. 5 shows the nugpstream to the specimen surface. In case af@Gy

ber of particles ejected from PA66 surface in 1000 risermal plasma irradiation, the most number of spal-

during the irradiation of each thermal plasma. Thistion particles were ejected from PA66 surface, and

figure also includes their accumulative number of thieus about 470 particles were totally found to fly in

particles, which refers to the right vertical axis. A$000 ms.

seen in this figure, spallation particles were ejected Rkferences

most constantly. In case of AO, thermal plasma ir- [1] Y.Tanaka etal., “Spallation particle ejection from

radiation, the most number of spallation particles were  polymer surface irradiated by thermal plasmas”,
ejected from PA66 surface, and thus about 470 parti- |EEE Trans. Plasma Sci, 2011(to appear)
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