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Composition analysis for light-ion irradiated
stainless steel by EPMA*

Minoru MorivaAMA** and Kiichiro KAMATA***

This paper reports the variation of chemical composition for. the stainless steel
(SUS-316) irradiated by intense pulsed light-ion beam (H*, C* ions etc,). The compo-
sition was measured by the use of EPMA (Electron probe X-ray microanalyzer). It
was revealed that Mo content increased with the irradiated shot (pulse) counts, while
Si content decreased. The contents of the other elements were almost unchanged.
On the wlole, it was anticipated that the light elements in the stainless steel decre-
ased and heavy elements increased by the irradiation of light ion-beam.
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Table 1 JIS standards for chemical composition of SUS-316 stainless steel (wt. %).

c Si . SMan Y. P s SN Y . cr - Mo

<008 <100 <2.00 <C0.040  <0.030 10.00-14.00 16.00-18.00  2.00-3.00
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E.B.: Electron beam
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B.E.: Backscattered electron X L ) C: Spectro-crystal
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Fig. 1 Projected elements by the Fig. 2 Schematic dlagram for the measure-

irradiation of the accelerated ments of X ray ‘intensity by the use
electron. of EPMA.’ .
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Fig. 3 Flow chart of the correction
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Table 2 Experimental conditions for EPMA measurements.

Elem. Crys. Acc. PCD Amp. Int Lower Wind. Std Crystal position Char,

(kV) (nA) (dB) /Diff level dev Iny Ip Ibs X-ray
“c” STE 15 100 64+5 Diff 1.0 3.0 1 1190 1250 1320 Kar
“Si” TAP 15 30 16+5 Diff 1.0 3.0 1 75.0 77.3 79.0 Kat
“Cr” PET 15 30 3245 Diff 1.0 3.0 1 71.0 73.2 76.0 Kai
“Mn” LIF 15 30 16+6 Diff 1.0 3.0 1 143.0 146.3 148.0 Kai
“Fe” 'PET 15 30 16+6 Diff 1.0 3.5 1 61.0 61.7 66. 0 Kat
“Ni” LIF 15 30 16+6 Diff 1.0 4,0 1 1120 115.3 119.0 Kai
“Mo” PET 15 30 64+8 Diff 1.0 4,0 1 170.0 173.3 177.0 Lai
Beam diameter : 30pgm Gun Bias : 3 Electron trap : on
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C, Si, Cr, Mn, Fe, Ni RU* Mo £THEAHiReO kM, EBE, ©-— 28, 8
fREE, oFie—F, BV (Avy Yak—
MY, VAVE-IE RER HEXRE-7
ID) ROy 7 759 ¥ FXAR o ROTbe) # Ip
B IRERAE (S REOBHRE 2%
2R EEDTHRT. MEEE : 15kV, ETFE—
LE:30pme, HV + AfT7A:3, =vrtm
¥+« }%y7 ON/OFF : ON w3t@HEL TH
ML, kR eEIRDLE, LOTHEL—
B 4 AT XBBEDOT v 7 7 A ADES Iy Iy
ho, @WRCRATS Istend L [pempe 5 — %
& LTI, g”‘ 7R (I5RE, cps) % 7-i3m Crystal position {mm)
THORE (v Ip In: O, cps-mm) WTh Fig. 4 X-ray intensity profile as a.

. it Lo T function of crystal position (or
fft Th I, RERTCIIE— 7 MECH wave length).

X-ray Intensity (cps)
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SUS-316 138, 1, 5, 10va v FBHLAEHNERE2EDHLT ITHERER). £330
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O Ni @ @@ ez, Mo: i, P hofEaRbhi.



BAAvE—aBHLEAF YL AO EPMA © X 38800 . 71

Table 3 First order X-ray intensity data (cps) for EPMA measurement.

Elem. Ip Std. Shot Shot Shot Shot
B “0” “1v “5” “10”
“c” Ip 5734.6 8, 32* 8. 64* 12, 7* 10.9*
Ip 178.2 -— — — —
“Si” Ip 66524. 0 235.7 273.9 115.1 179.3
In 270. 4 55.1 55.6 19.9 20. 4
“Cr” Ip 29227.3 5413.2 5968. 6 4965, 5 4889.1
In 92.8 87.8 89,6 84,2 83.0
“Mn” Ip 4060. 5 55.2 67.8 54.4 58.7
In 14,5 7.9 7.0 8.2 7.9
“Fe” Ip 30022. 3 20827.2 20427, 8 19778.0 19426. 5
I 139.7 279.3 285.3 294.6 303.6
“Ni” Ip 5127. 6 574.7 563. 0 546, 2 534.7
In 20.5 17.4 16.3 18.0 18.6
“Mo” Ip 2649. 8 138.7 162.7 126.3 143.7
In 101. 4 107.7 119.6 84.9 97.0
* From the recording charts,
Table 4 Concentration results corrected with the aid of computer.
Elem. Conc. Shot Shot Shot Shot
kind “0” “” “5” “10”
“” at. % 1.98 2,08 2.98 2,58
wt. %) (0.-432) (0. 458) (0.614) (0.522)
“Si” at. % 0. 687 0.832 0.371 0. 625
wt. %) (0. 350) (0. 424) €0.179) (0. 296)
- “Cr” at. % 18.2 19.8 17.5 17.6
(wt. %) az.n (18.9) (15.7) (15. 4)
“Mn” at. % 1.18 1.50 L21 1.36
(wt. %) (1.18) .51 .14 a.zn
“Fe” at. % 66.5 64.3 66. 2 66. 1
(wt. %) 67.4) (66.0) (63.5) (52.2)
“Ni” at. % 10.6 10.2 10.5 10.4
(wt. %) (11.3) (11.0) (10.6) (10.3)
“Mo” at. % 0. 905 1,25 1.25 1.43
wt. %) (1.58) (2.19) @2.07) (2.32)
Ctotal at. % 100.0 100.0 100.0 100.0
wt. %) (99.3 (100.5) (93.8) 92.3)
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Fig. 5 Variation of the atomic concen- . Fig. 8 Variation of X-ray diffraction
tration ratio for SUS-316 as a function  intensity for irradiated SUS-316 as a -
of shot counts, S ~ function of shot counts.
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Photo. 1 Optical micrographs of irradiated damage for SUS-316
at 0 shot (), 1 shot (b), 5 shots (¢) and 10 shots (d).

WTHELRET H L, SUS-316 h o kB R/ WA L, HEE TR/ 5 B 2589
bhsd., chEBEofmE, 77 X< CVD H&kic X h AR L1 SiN«Cy [HO® THED bR
fz. Liau 5% X% &, PteSi, PtSi, NiSi /g & ofr# & BWTTHEO(LEHmC 40keV
D Art A A v ERBHTH L, Rl COMBELSERLR Pta.sSi, PteaSi, NiueSi iZ{t
L, BWTEH# (A y ZRBKREV) OPRELMIM L. oEFEEZ, RBEmE &t
FHEMOFEREELE L, BOARMAN I DEL ANy 2ERETHID EEZBR T
5. AEBOLE S, BURTTZEC X 2 BRI X BV ICROBELRD L, HRH
BETEROBELMMLIcL D LHfEES 5.
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