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Establishment of the Observing System for Boron in Steels by Alpha-particle Track Etching Method Using JAERI Reactor

Kentaro ASAKURA, Koji SHIBATA, Hiroyuki SAWAHATA, Minoru KAWATE and Susumu HARASAWA

Synopsis : Alpha-particle track etching (ATE) method is most effective in observing boron distribution in steels. Previously, in Japan, neutron irradiation

for this method was carried out in the reactor at the Institute of Atomic Energy, Rikkyo University. This reactor, however, was shut down in

1999. Therefore, the establishment of a new system for ATE method has been required and experimental research was performed using the

reactor at the Japan Atomic Energy Research Institute (JAERI). It was clarified that the irradiation equipment for medical treatment of the re-

actor JRR-4 was most suitable for ATE method. The specimen trestle for low radioactive exposure was newly-developed. ATE image ob-

tained by 12 h irradiation using this trestle showed a good quality similar to that obtained using Rikkyo’s reactor and that obtained using the

trestle of the old model. Using this new trestle, the amount of neutron which the worker suffers during the operation at the irradiation equip-

ment decreases from 4 /£Sv/h to 0—1 uSv/h compared with the trestle of the old model. The total amount of thermal neutron after 12 h irradia-

tion was almost same as that under the recommended condition of the reactor at Rikkyo University, 6.5X10"ncm ™2,

Key words : boron distribution; ATE method; thermal neutron; specimen trestle; low radioactivity.
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Fig. 1. Procedure of ATE method.
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Irradiation equipment, neutron flux and cadmium ratio of JRR-4.

Table 1.
Irradiation equipment | Irradiation time Irradiation system
T pipe 10s-6h Water power
S pipe 10s-6h Holder
D pipe 10s-6h Holder
N pipe 10s-6h Holder
Pneumatic tube 1s-20min Pneumatic

Thermal neutron flux Fast neutron flux . .
et 30 Cadmium ratio
(max. nem’s’) (max. ncm’s’)
A:5.3 X 10" A:13 % 10" 38
B:43 X 10" B:5.6 X 10" 46
4.0 x 10" 59 x 10" 45
43 x 10" 52 % 10" 43
1.5 x 10" 96 % 10" 8.1
32 x 107 78 X 10" 3.6

50



Table 2. Beam mode, neutron flux and cadmium ratio of JRR-4.
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Table 3. Chemical

composition of

the specimen (Steel B10)

Thermal neutron flux Thermal neutron flux  Fast neutron flux used (mass%).
(Surface of Bismuth) )
Be ode <0.53¢eV Centy 0.53-10keV Cadmi rati
am m Encmdj ) En:;es' ) ¢ (nom’s ) et C S Mn P S B T TN
Fast neutron mode 36 X 100 744 < 10 22 % 10° 15 0.004 021 17 001 0.0045 0.0019 0009 0043
Thermal neutron mode I 2.0 X 10° 9.07 X 10° 9.0 X 10" 25
Thermal neutron mode 11 6.5 X 10° 2.87 X 10’ 32 X 10’ 135
No.1 pool I“ 600
reactor core tank 2
; 150 | 150 |
| ¥ 2l 3 4 5
i 10 s — Se 10
dmi h 13 15
E cadmiumys| uttler - §
' 2
E> polyethylene added boron 2
i 7 X polyethylene added lithum 4'- - -]
e, S 75 75 75 78
| / o
Fig. 3. Size of specimen trestle and specimen position.
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Fig. 2. Cross sectional side view of irradiation equipment
of JRR-4 for medical treatment.
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Counts

Fig. 4. ATE image of B0 steel (heated at
each temperature for 1h and air-
cooled) irradiated in Rikkyo’s reactor.
(a) 950°C, (b) 1000°C, (c) 1100°C, (d)
1200°C.
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Fig. 5. Results of activation analyses of acrylic, corrugated cardboard

(a) and carbon (b).

Table 4. Relation between irradiation time and thermal
neutron flux in pneumatic tube of JRR-4.

Irradiation time | Thermal neutron flux Cadmium ratio
10s 4.5 % 10"ncm” 36
155 6.7 X 10"ncm” 36
20s 9.0 X 10"nem” 36

(a)Rikkyo's (6.5x10 ncmi?)
S :

(b) JAERI (4.5%10" ncm?2 )
i f ’ : . 7 3

(d) JAERI (9.0x10'*ncm-2)

(c) JAERI (6.7x10%ncm 2)

Fig. 6. ATE image of specimen irradiated in pneumatic
tube. (a) Rikkyo’s reactor, (b) 10sec irradiated, (c)
15 sec irradiated, (d) 20 sec irradiated.
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Table 5. Relation between irradiation time and thermal
neutron flux in thermal neutron mode I of JRR-4.

Irradiation time | Thermal neutron flux Cadmium ratio
12h 3.92 X 10"nem” 2.5
18h 588 X 10"nem” 25
24h 7.84 X 10"ncm” 25
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Fig. 7. ATE image of specimen irradiated for 18 h using
acrylic trestle.
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Fig. 8. Specimen holders in the
tresle for low radiactive
exposure  (arrowmark:
injection  direction of
neutron flux).

Au

Fig. 10. ATE image observed using the specimen trestle of
low radioactive exposure.
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Fig. 9. Position of specimen (No. 1—27) and
(symbol
Al1-A15) for thermal nuetron ﬁux
measurement in the specimen trestle
of low radioactive exposure.
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Table 6. Thermal neutron flux after 12 h irradiation using
the specimen trestle of low radioactive exposure.

Irradiation position

Thermal neutron flux

Ist plate
3rd plate
5 th plate

2.4 X 10"nem”
2.0 X 10"nem”
1.6 X 10"nem”
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