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Evaluation of Spatial Resolution and Light Elements Analysis
of Precipitates in Steel by AES
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The influence of backscattered electrons on the spatial resolution was investigated in the analysis of
Auger electron spectroscopy. The sizes of the generation area were in good agreement with the values
calculated from the theoretical equation proposed by Soejima. The quantitative analysis of carbon and
boron in a borocarbide precipitate in steel was done under the analytical conditions determined for sub-
micron analysis. The analytical errors were less than 3 atomic % when the relative sensitivity factors

for carbon and boron obtained experimentally from Fe,C and Fe,B precipitates were used, respectively.
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Table 1. Chemical compsition of steel samples.

{mass %)
Sample C Si Mn | p S N 0 B
S-1 10795 | <001 {<0.0t 1<0.001 {<0.001 | 24ppm| t0pom
S22 1000041 <001 | <001 |<0.001 | <0.00 1 {7ppm | 10ppm) 0.13
S3 | 0789 | <0.01 | <0.0t | <0.00f | <0.00t | 30ppm | 18ppm{ 0.12
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Fig. 1. Dependance of beam diameter on accelerating volt-
age.
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Fig. 2. O KLL intensity distribution on the ¢ross section of
Aw/Si0,/Si specimen. (beam current: 10 nA)
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Fig. 3. Schematic view of Auger electron production.
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Fig. 4. Comparison of Rj s, between measured and calcu-
lated value. Ry g effective radius of Auger elec-
won generation region caused by backscattered
electron.
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Fig. 5. SEM image of 3-3 sample after etching by 3% nital
solution.

Table 2. Calculated spatial resolution for Fe,C and Fe,B.

(2 m)
Matix Auger peak Accelerating voltage (kV)
3 3 10
B KLL 0.060 0.144 0.468
FesC CKIL 0.060 0.144 0.466
Fe LMM 0.054 0.138 0.460
B KLL 0.062 0.150 0.490
Fe2B CKLL 0.062 0.150 0.490
Fe LMM 0.056 0.144 0.482
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Fig. 6. Variation of (a) B KLL and (b) C KLL spectrum
with chemical composition.

Table 4. Comparison of determined values obtained by
measured RSF from pure materials and from Fe,C

nal.

(atomic %)

RSF Reported by K.D.Childs . ;| Measured using pure material
B C Fe B C Fe

sample 0.696 | 0520 | 1000 | 0639 | 0510 | 1.000

FesC Ll | 351 { 6338 12 | 355 | 633
FeaB 294 1 23 | 683 | 312 23 | 665
BsC 69.4 1 299 L0 | 705 | 286 0.9
L FeB 424 13 | 563 | 444 1.4 54.2

and Fe,B.
(atomic %)
RSF Measured using pure material [Measured using Fe3C and Fe2B|
B C Fe B c ! w
sample \ B 0639 | 0510 | 1000 | 0580 | 0840 | 1000
fesc ! L3 33 1 635 | 16 | 248 | 734
2 Li 357 | 632 | 14 252 | 734
cos Lo oo 668 | 335 | 12 { 65.3
2 313 1 24 ] 663 | 337 | 14 | 443
] 71 28. : ‘
B ! ! i 08 814 | 178 f 08
7 699 | 200 | 1) 805 | 184 | 1.0
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Table 5. Analytical condition for quantitative analysis of
borocarbide precipitates in steel.

Term Condition
Accelerating voita SkV
Incident electron beamn CecTeling Yorage Bl
Beam current 10nA
measured peak B KLL (185¢V)
C KLL (275eV)
Data acquisition Fe LMM (703 eV)
Step width leV
Acquisition time 95 sec / point
differential point 3 point
Quantitative calculation B © 0.580
RSF o
C © 0840
Fe . 1.000

BE BF i AES FRVLEBPITHAFICETS . ..

Fig. 7. Analytical points of the precipitates in S-3 sample.

Table 6. Resuits of quantitative analysis of S-3 sample.

) Atomic %
Point No. B c Fe

1 21.3 6.8 72.0
2 21.3 7.5 712
3 - 20.4 7.2 72.5
4 6.4 18.8 747
5 1.7 21.8 764
6 1.8 1.2 97.0
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