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Analysis of Trace Elements in High Alloy Steel by
X-ray Fluorescence Spectrometry

Takanori AKiYOsHI, Koji TSUKADA, Kazukiyo SUGIMOTO,
Naoto MATSUMARU and Takeshi TsuJi

Synopsis :

The X-ray fluorescence method was examined for determination of trace elements in high-alloy steels.
Background intensities of XRF were varied with chemical composition of steel. This variance was caused
by the absorption and enhancement effects of coexistent elements to background X-ray. In elements which
have rather large atomic number, the background X-ray was found to be mainly composed of the compton
scattered X-ray of the primary X-ray. In these elements the factor of interelement effect on background
intensity was considered same as that in true fluorescent X-ray intensity from the sample. Thus the cor-
rection equation of interelement effect was shown below

W;=X;(1+ 2 d; W) — X (l;+b-d;) W;
where W, and X; are corrected and uncorrected values of element i, b is the constant in calibration equation
(X;= al+b), I; is the correction factor for spectral overlap, d; is the correction factor for interelement
absorption effect and W; is the content of coexistent element j. The validity of this equation was confirmed
by experiments.

The application of this correction equation improved accuracies in determination of Sn, Sb, Zr and Pb.
The value of accuracy (6d=+v(Xd?)/(n—1)) was decreased to 1/2~1/7 in comparison with the conven-
tional method.

Key words : element analysis; high alloy steel; trace element; X-ray fluorescence spectrometry; correction
method ; background intensity ; compton scattered X-ray.
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Table 1. Analytical conditions of XRF spectro-
meter.
Rigaku system 3530 Phillips PW 1404
Spectrometer Simultaneous type Sequential type
X-ray tube Rh target Sc target
End window type Side window type

Voltage kV 50 kV
Current 50 mA 60 mA
Measuring area 30 mm¢ 25 mm¢
Spectral line SnKe, SbKe, ZrKa,PbLS
Crystal LiF(200) LiF(200)
Detecter SC SC
Background 0.25°/ point 0.1°/point

measurement - | ls integration 1s integration
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Fig. 1. Effect of coexistent element (X;) in Fe-X;
binary alloys on analytical value of background in-
tensity of Sn.



1832 B o& @ FE 77 (199 BN E
0.02 0.03
E [e] 0 0.02 | n
P 000t Pa 7 5
B o A © a A o "
@ B . . o n
2 - A . = 001 A
> A ° > A
-c—“ A E n A
S 002f ™ g A o o ©° °
) = 0.00 é: e A A
3+ L g L [ ]
E < .
"
_004 L 1 1 _001 L _ 1 . 1 [ B
0 10 20 30 40 0 10 20 30 40
Content of Xj (%) Content of Xj (%)
o Fe-Cr O Fe-Mn A Fe-Co © Fe-Cr O Fe-Mn A Fe-Co
® Fe-Ni ¥ Fe-Mo A Fe-W ® Fe-Ni ® Fe-Mo A Fe-W
Fig. 2. Effect of coexistent element (X;) in Fe-X; Fig. 4. Effect of coexistent element (Xj) in Fe-X;

binary alloys on analytical value of background in-
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Fig. 3. Effect of coexistent element (X;) in Fe-X;
binary alloys on analytical value of background in-
tensity of Zr.
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Fig. 5. Comparison of background XRF spectra of
pure iron and glass bead on Rh tube XRF spectro-
meter.
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Fig. 8. Illustration of interelement effect in con-
ventional correction method and the new correction
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Table 2. Correction coefficient ( b+ d,;) for background XRF intensity.

Coexistent element Correction coefficient (%/X;% )

J Analytical element(X;) Sn Sb Zr Pb
Cr Measured coefficient 0.00028 0.00051 0.00007 0.00016
Theoretical coefficient 0.00040 0.00058 0.00007 0.00016

Ratio* 0.70 0.88 1.00 1.00
Mn Measured coefficient 0.00006 0.00014 0.00001 0.00013
Theoretical coefficient 0.00022 0.00032 0.00004 0.00008

Ratio ™ 0.27 0.44 0.25 : 1.62
Co Measured coefficient —0.00010 —0.00019 —0.00003 —0.00007
Theoretical coefficient —0.00017 —0.00025 —0.00004 ~0.00015

Ratio 0.59 0.76 0.75 . 0.47
Ni Measured coeffictent —0.00030 —0.00039 —0.00008 —0.00024
Theoretical coefficient —0.0003b —0.00052 —0.00008 —0.00020

Ratio 0.86 0.75 . 1.00 1.20
Mo Measured coefficient —-0.00286 —0.00475 0.00124 0.00299
Theoretical coefficient —0.00427 —0.00626 0.00017 0.00045

Ratio* 0.67 0.76 7.29 6.64
w Measured coefficient —0.00059 —0.00084 0.00013 0.00053
Theoretical coefficient —0.00300 —0.00438 0.00026 ~0.00043

Ratio 0.20 0.20 0.50 —1.23

Ratio® : Ratio of measured coefficient to theoretical coefficient.
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Table 3. Comparison of accuracies obtained with conventional method and new correction method.

Element Sn Sh Zr Pb
C:::;f;:io" Conventional New | Conventional New | Conventional New | Conventional New
Cr-Mo steel Number 5 11 10 5
(Cr;2~9%, Mo; 0.5~2%, Fe; 89~96% ) Content( %) 0~0.022 0~0.025 0~0.030 0~0.006
Accuracy( %) | 0.0021 0.0012 | 0.0029 0.0019 | 0.0019 0.0015 | 0.0008 0.0006
High alloy steel Number 12 6 12 13
(Ni;0.2~74%,Cr;1~30%,Mo0;0.01~7% Content( % ) 0.002~0.022 ~

Co;0.01~8%, Nb:0~1%, Fe; 6~86%) Accuracy( %) | 0.0090

0~0.012 0~0.017 .010
0.0016 | 0.0117 0.0014 { 0.0026 0.0018 | 0.0045 0.0015

Accuracy( % ) =4/ (Xd?)/(N—1) where d; (analytical value)—(chemical value) N; number
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