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Establishment and Problem of the Observing System for Boron in Steels by Alpha-particle Track Etching Method

Using Pneumatic Tube of JRR-3 and JRR-4

Kentaro ASAKURA, Toshihiko KOSEKI, Minoru KAWATE and Mitsunori ISHIMOTO

Synopsis

: The addition of small amount of boron to steel is often employed to improve various properties of steel, but there are still many uncertainties

in the behavior of boron in steel. It is necessary to clarify the precipitation and segregation behaviors of boron to develop advanced steels.
Alpha-particle track etching (ATE) method is effective to observe the behaviors of boron, but as the irradiation equipment of Japan Atomic
Energy Agency (JAEA) has been more intensively used for medical research and treatment purposes recently, time available for the ATE
method has been limited. In this study, ATE method using the pneumatic tube is investigated to make the analysis of boron in steel easier
under such condition.

Results indicate that JRR-3 “PN-3” equipment of JAEA is the most applicable to the ATE method using the pneumatic tube. Since the
ratio of cadmium of PN-3 is 290, the thermal neutron flux is sufficiently high with low level of background. Boron containing precipitates
can be detected as dark spots and the grain boundary segregation of boron as dark lines. It is found, however, that the size of the spots in ATE
images is not exactly the same as that of actual precipitates. When the ATE images are compared with TEM images using carbon extraction
replica, borides are exaggerated as about hundred-times larger precipitates in the ATE images.

Key words : Boron; alpha-particle track etching; ATE; precipitation; segregation; pneumatic tube; thermal neutron flux; cadmium ratio; JRR-3; JRR-4.
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Fig. 1. Procedure of ATE method.

Fig. 2. Container for pneumatic carrier.
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Table 1. Chemical composition of the specimen used (mass%).

C Si Mn P S Cr Mo W Co Nb Vv B Ti TN
B10 0.004 0.21 0.01 0.0045 0.0045 - - - - - — 0.0019 0.009 0.043
B140 | 0035 036 050 0.0010 0.0010 9 0.14 25 1.8 0.07 0.19 0.0143 - 0.007

Table 2. Relation between irradiation time and thermal neutron flux in pneumatic tube of JRR-3.

Irradiation time (sec) Neutron fluence (10"n+cm™) | cadmium ratio
PN-1 30 15.60 23
PN-2 30 14.00 23
30~40 4.50~6.00 290
PN-3 43 6.45 290
46~53 6.90~7.95 290
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Table 3. Relation between irradiation time and thermal
neutron flux in pneumatic tube of JRR-4.

Irradiation time (sec) | Neutron fluence (10"n=cm™) | cadmium ratio

10~18 3.20~5.76 3.6
20 6.40 3.6
22~28 7.04~8.96 3.6
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(a) PN-1(30sec irradiated) (b) PN-1(30sec irradiated); floating film (c¢) PN-2(30sec irradiated)
Fig. 3. ATE image of Steel B10 irradiated at PN-1 and PN-2 pneumatic tube of JRR-3.
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Fig. 4. ATE image of Steel B10 irradiated at PN-3 pheu—
matic tube of JRR-3.
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(a) 10sec irradiated

(d) 20sec irradiated

(b) l4sec irradiated

(e) 24sec irradiated

(c) 18sec irradiated

(f) 28sec irradiated

Fig. 5. ATE image of Steel B10 irradiated at pneumatic tube of JRR-4.

(a) PN-1(30sec irradiated)

(b) PN-2(30sec irradiated)

Fig. 6. ATE image of Steel B140 irradiated at PN-1 and
PN-2 pneumatic tube of JRR-3.
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Fig. 7. ATE image of Steel B140 irradiated at PN-3 pneu-
matic tube of JRR-3.
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(a) 10sec irradiated
(d) 20sec irradiated
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Fig. 8. ATE image of Steel B140 irradiated pneumatic tube of JRR-4.
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Fig. 9. Observation of ATE image and SEM image in irra-
diated Steel B10.

segregation on grain boundary(cooling rate 230K/s)
precipitation in grain boundary(cooling rate 13K/s)
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(a) segregation image of Fig.9(c)

Fig. 10. Enlarge SEM image of Fig. 9(c) and (d).

(b) precipitation image of Fig.9(d)

Carbon extraction replica image

ATE image

‘‘‘ 1

Steel B10

Steel B140

(a),(b) and (c) Steel B10

(d),(e) and (f) Steel B140

Fig. 11. Comparison between carbon extraction replica image and ATE image of Steel B10 and Steel B140.
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Fig. 12. Comparison of precipitation sizes in ATE image
and carbon extraction Replica image.

(b) white line contrast
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Fig. 13. Black and white line contrast of same position in
Steel B10 heated at 1373 K.
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