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Observation of Distribution Images of Light Elements in Metals by the Charged Particle
Activation-autoradiography Using Imaging Plate

Masayuki TANIGUCHI, Norio GENNAI and Tsuyoshi IMAKITA

Synopsis : A new method for the observation of the macroscopic distribution images of light elements in metals by the charged particle activation-au-

toradiography was developed by the use of the highly sensitive imaging plate (IP) instead of the conventional X-ray film.

Surfaces of metallic samples (max. size: about 120 mmX 120 mmXx 5 mm) were irradiated by the *He ion beam of cyclotron, and then were

kept in contact with the IP’s for appropriate exposure times. Light elements such as B, C and O were activated in higher yields compared with

other coexistent elements and the macroscopic two dimensional distribution images of radionuclides produced from those elements (e.g.: ''C

from B or C and '*F from O) were obtained by the above-mentioned IP-autoradiography.

The method developed was applied to observe the distribution images of C and O in steels and B and O in Al alloys. The results obtained

were consistent with the results by chemical analysis. The method was considered to be useful especially for the evaluation of macroscopic

defects in metallic materials such as segregations, inclusions or surface contaminations.
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Table 1. Presumptive concentration of co-existent elements
in Fe or Al base alloys for calculation of “K” val-

ues of Fig. 1.
('mass % )
B,C O N S 0.01
Be, F, Ne, Na, K, Rb, Sr. (d 0. 0001
Sc, Zn, Ga, As, Ag, Sb, Ta 0. 001
Cr, Mn, Cu 0.5
Fe or Al Balance
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Fig. 1. Relation between “K” values calculated for ele-
ments in Fe or Al base alloys and half lives of the
nuclides produced from them.
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Table 2. Experimental conditions and apparatus used.

C 0 in steels;
B, 0 in Al-B alloys; O in Al alloys

Objective
element

Activation of Cyclotron:  Sub-compact type ( Model 370 ) / Sumitomo
sample Heavy Industries
Irradiation:
Particle  Energy  Current Area Time
*He 9 Mev 0.41A 152 mm¢  20~100min
Nuclear reactin | B: '°B ( °*He, d) ''C (T2 = 20.4 min; B°)
C: '"C (*He, a) ""C (Ti,e = 204 min; B°)
B*)

0: **0 (°He, p) "*F (T1,» = 109.8 min ;

Imaging plate(IP): BAS-UR(5) / Fuji Photo Film Co.
Exposure time: 5~120 min

Autoradiography

Imaging analyzer: BAS3000 / Fuji Photo Film Co.

Analysis of IP

i1 SUS304 ( as cast ) 4

NBS-1094 |
-1099 *

Fig. 2. IP-Autoradiograph showing mainly the macroscop-
ic distribution images of C (''C) in various steel
samples.
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Fig. 3. Decay curves of autoradiographic densities for five
JSS samples, expressed in PSL per unit area per
unit exposure time, obtained by 7 IP’s (IP1~IP7)
exposed at different decay times. Solid line: Calcu-
lated decay of C (''C) and O ('3F) in arbitrary unit.
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Fig. 4. Relation between autoradiographic densities of
steel samples (differential value of IP2~IP3 in Fig.
3) and the C concentrations obtained by chemical
analysis.
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Fig. 5. Relation between autoradiographic densities of JSS
steel samples (absolute value of IP5 of Fig. 3) and
the O concentrations certified by chemical analysis.
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Fig. 6. IP-autoradiograph showing the macroscopic distri-
bution images of B ('!C) in Al alloys containing B.
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(a) early decay period

15mm

(b) later decay period

Fig. 7.
same areas taken in the later decay period.

10 |
%\ e B-0 C
- \\ = B-1
[A\W 282 ]
\ \\ x B-3 ||
JIAN . .
~~ NN
=) L L N\ N
g N NN .
o VN N\ .
RN N
& 0l —— —
;E, \;‘ & — -
& I b ~
'E o W 8
Cg i \\\
N Q
0.01 : —
‘G—ﬂ
0.001 S
V] 100 200 300 400

Decay time ( min )

Fig. 8. Decay curves of autoradiographic densities for Al
alloys containing B. Dotted line: Calculated decay
of B (!'C) and O ('®F).
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Comparison of the autoradiographic images of Al alloys containing B taken in the early decay period with those of the
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Fig. 9. Autoradiograph of an Al alloy showing macroscop-
ic segregates caused by inclusions containing oxy-
gen.
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Fig. 10. Decay curves of autoradiographic densities for the
segregated and the normal areas of the Al alloy
shown in Fig. 9. Dotted line: Calculated decay of
C ("'C) and O ("*F).
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Fig. 11. Relation between autoradiographic densities of Al
alloys and the O concentrations of the lots ob-
tained by chemical analysis.

(3) HFTHROHE
HETLFEOHEL, BRL LS & T2HNTEORES
BEAITHERIZARE LS 55, MEREL TE, ZO%
Hpk/ha< x5 &) hBEHEER S (BER L ZO
IxNLFE—) ORI ZOHEEOME GFrREEK
HREOBLSHELIBA) &L N5, SEIOFEETIE

95

MEEBREEOE IR L /2.

A OREEROME E AR A TODRMEL DL
% o =S ERERE (Fig. 312DV T . —HO IPEEHREE &
T U8 (BEHRT %8240 12, FREMGTRED y# A X
o ARl LT A EE L 28R, Fig. 1225
L TPME N B EFEED T Co, 'NiLEMWRED LN, &
NHEBHEILEDFeMSERLEDT, MEOHEE /)
X LoD ZhoDEEILPLEbIhS, AlAE
TIRETTHED & OMAHERREOER A D4 <, R HHRE
A BENICH T, REERTIPAEE L 2R EA 2,
7 ZORENBNE ) 5 2(Fig. 8, Fig10) e ZEZ 61 5,

5. #&85

ERBHTOBRITCHROEHRN MG ABEETIH Lk
LT, IPERAWENERTFRIEL-F - 705774
DR AR L, DTOBREE.

(1) EHPOCELUAIAEHPDB, 012D T, M
W DE K Xt ol E, HRERE X RET5Z
EMTEL, PO IZOWTIE, HaARELEEN
ZASNES S H, IPE{ROKEE L LF 5 irE & OM
BILEED s h iz,

(2) A, KEY 4 ZORBOWmRXifIZEHiT 5
LEOERN A MIRED RS, & A1, EERET AR
TIEMO G, REHEROBN & ECFHTE S,

(3) PERWEA—FITOF T T T 40E, X740
LEEDRERLA T I v L Y PDIREDETENRTE
D, IR HARRE T & I O MR TRORE DI & B
FTARZIENTE, FH-IPLLDTF 4 VANLEBEERE 2
VL — A TCEEBMNTEZIENTES, SEIOCEOR
B ODHMAED I, PO R L 3 B OB ER
OB MIGO R ANEEK L TREL 55,

Bb0IZ, KEBREZTTSI2H0, Zhh, JHEE
o R ERBRAE () HGHERARBEARK, 2500
H AR 7 i Zeir e iB el ik (B 0 () TBCHHBRR) A s S

2) ICELSBR#OBERLE T,

|

X 73

1) K.Narita and M.Taniguchi: Tetsu-to-Hagané, 55 (1969), 1199.

2) K.Narita and M.Taniguchi: Tetsu-to-Hagané, 56 (1970), 212.

3) M.Taniguchi: Kobe Steel Eng. Rep., 35 (1985) 4, 47.

4) F KA, BN 81 EOBEEEMEER. 39(1994), 1877

5) AU, BARELE: DX SR ¥ SR AS#EEKE,
(1997), 137.

6) M RIZWHIED BT -2 7 v 7, AEE, KX
(1982).

7) K.Koda and J.Miyahara: Radioisotopes, 41 (1992) Jan., 37.

8) A.Yamadera, E.Kim, T.Miyata and T.Nakamura: Radioisotopes, 42
(1993) Dec., 12.

9) J.Miyahara: Radioisotopes, 47 (1998) Feb., 41.

179 IR




