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The fluorescent X-ray intensities of nickel-iron-chromium alloys which cover the entire range of 
the system are obtained by theoretical calculation. The calculated results show that the iron 
fluorescent X-ray intensity is much affected by the amount of the other elements, while the nickel 
and chromium fluorescent X-ray intensities are less affected. The calculated results agree with 
the experimental results; their difference is less than 1 %. In the calculations, the intensities of the 
primary, the secondary, and the tertiary fluorescent X-rays are obtained, where the primary 
fluorescent X-rays are defined as being excited by incident X-rays only; the secondary fluorescent 
X-rays as excited by the primary, and the tertiary fluorescent X-rays, as excited by the secondary 

 fluorescent X-rays. The calculated results show that the secondary fluorescent X-rays are 
significant, but the tertiary fluorescent X-rays form only a small percentage of the total fluorescent 

 X-rays at most.

In a previous work,1) the present authors have 

reported the theoretical formulas which give the 

fluorescent X-ray intensities in general. These 

formulas gave the intensities of the primary, the 

secondary, and the tertiary fluorescent X-rays, 

which are defined as follows. The primary 

fluorescent X-rays are X-rays emitted from atoms 

excited by the incident X-rays only. The secon-

dary fluorescent X-rays are emitted from atoms 

excited by the primary fluorescent X-rays from the 

coexistent element, and the tertiary fluorescent 

X-rays are emitted by the secondary fluorescent 

X-rays. In the previous work, the theoretical 

equations were given, the theoretical and the ex-

perimental results were compared mainly on binary 
nickel-iron and iron-chromium alloys, and the 

primary and the secondary fluorescent X-ray in-
tensities were discussed.

1) T. Shiraiwa and N. Fujino, Japan. J. of Appl. 
Phys., 5, 886 (1966).



2290Toshio SHIRAIWA and Nobukatsu FUJINO [Vol. 40, No. 10

In the present paper, the calculations are applied 
to nickel-iron-chromium ternary alloys, where each 
component is varied from 0 to 100%. This is a 
suitable case for studying the primary, the secon-
dary, and the tertiary fluorescent X-rays. Nickel 
fluorescent X-rays are the primary fluorescent X-
rays only; iron fluorescent X-rays consist of both

primary and secondary, and chromium fluorescent 
X-rays consist of primary, secondary, and tertiary. 

Calculation 

The theroetical equations for the calculation 

of the fluorescent X-ray intensities derived in the 

previous report1) are as follows.

Primary Fluorescent X-Ray Intensity.

Secondary Fluorescent X-Ray Intensity.

Tertiary Fluorescent X-Ray Intensity.

Explanations of the notations in the equations 

are given in Table 1. 

The values of the mass-absorption coefficients 

are taken from the "International Tables for X-ray

Crystallography,"2)　 and　 the　 fluorescent　 yield,　 Wp

2) The International Union of Crystallography, "International Tables for X -ray Crystallography," 
Vol. III, Kynoch Press, Birmingham (1962).
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TABLE 1. NOTATIONS USED IN EQUATIONS

the intensity fraction, Rip, and the absorption 
jumping ratio, Ki are taken from the monograph 
of Compton and Allison.3) The intensity distri-
bution of incident continuous X-rays has been 
shown in the previous report.1) 

The equations are computed by means of a

Fig. I. Theoretical intensity of NiKa fluorescent 
X-rays from Ni-Fe binary alloys and Ni-Fe-
30%Cr ternary alloys, using tungsten target 
operated 30 K. V. P. full-wave rectifier.

NEAC 2203 computor; the program can calculate 

the intensities of the primary, the secondary, and 

the tertiary fluorescent X-rays for ten-element 

systems. The time required to compute a com-

ponent is 25, 40, and 1200 sec for the primary, the 
secondary and the tertiary fluorescent X-ray in-

tensities respectively. 

Tables 2 and 3 give the calculated results. In 

Table 2, the fluorescent intensity of each sample is 

expressed in terms of its ratio to that of a pure ele-

ment. In table 3, the relative values, normalized

3) A. H. Compton and S. A. Allison: "X-rays in 
Theory and Experiment," 2nd ed., D. Van Nostrand 
Co. New York (1935).

Fig. 2(a). Theoretical intensity of FeKa fluorescent 
X-rays from Ni-Fe-Cr ternary alloys, conditions 
are equal to the case of Fig. 1.
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TABLE 2. RELATIVE INTENSITY OF FLUORESCENT X-RAYS TO THE PURE ELEMENT
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TABLE 2 (Continued)

TABLE 3. INTENSITY RATIOS OF THE PRIMARY, SECONDARY AND TERTIARY FLUORESCENT X-RAYS 

FROM Ni-Fe-Cr ALLOYS TO THE TOTAL ONE
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TABLE 3 (Continued)

by the total fluorescent X-ray intensity, are given. 
Figures 1, 2, and 3 show the fluorescent X-ray 

intensities of nickel, iron, and chromium respec-
tively versus their weight fraction. 

The intensity of NiKa fluorescent X-rays is 
scarcely affected by the other components, iron and 
chromium. This is because the absorption coef-
ficient of chromium is nearly equal to that of iron 
for NiKa and the incident X-rays. For FeKa 
fluorescent X-rays, the absorption coefficient of 
nickel is different from that of chromium, so the 
intensity of FeKa fluorescent X-rays is much

affected by the ratio of nickel to chromium. For 

CrKa fluorescent X-rays, the situation is similar 

to the case of NiKa, so the intensity of CrKa is 

less affected by the other components. 

The extents of the enhancement effect are shown 

in Tables 2 and 3. The secondary fluorescent 

X-ray intensity reaches several tens of the per-

centage of the total fluorescent X-ray intensity, 

so it should not be neglected in calculations. The 

tertiary fluorescent X-ray intensity is, however, 

only a small percentage of the total intensity, so it 

can be neglected if accuracy permits.



October, 1967] Theoretical Calculation of Fluorescent X-Ray Intensities of Ni-Fe-Cr2295

Fig. 2(b). Theoretical intensity of FeKa fluorescent 
X-rays, solid curves show the sum of the primary 
and the secondary, and broken curves show the 
primary fluorescent X-ray intensity only. Con-
ditions are equal to Fig. 1.

Fig.3. Theoretical intensity of CrKa fluorescent
X-rays from Fe-Cr binary alloys and Fe-Cr-20%
Ni ternary alloys. Solid curves show the total 

fluorescent X-ray intensity and broken curves 

show the primary only.

Experimental 

In order to verify the calculated results, experiments 
were made on the nickel-iron-chromium alloys whose 
compositions are shown in Table 4. The experimental 
conditions are given in Table 5. The observed results 
are shown as filled circles in Figs. 4, 5, and 6 for NiKa 
FeKa, and CrKa respectively. In Fig. 5, open circles 
give the calculated intensities of FeKa corresponding 
to the experimental intensities (shown by filled circles). 

Conclusion 

The theoretical intensities of the primary, 
the secondary, and the tertiary fluorescent X-
rays from nickel-iron-chromium ternary systems

TABLE 4. COMPOSITIONS OF THE SAMPLES (wt%)

* Iron percentages are given by the balance . 

at every fifth percentage point of each element 

from 0 to 100 percent were calculated by using an 

electronic computor; these results were confirmed 

by the experiments. 

Agreements between the theoretical and the 

experimental results are good, with errors of 

less than 1 percent. It is thought that these errors 

are mainly caused by such minor constituents as
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Fig. 4. Experimental results for NiKa fluorescent 

X-ray intensity. Curves show the theoretical 

and filled circles are experimental. 

TABLE 5. EXPERIMENTAL CONDITIONS AND 

APPARATUS

Mn, Si, Mo, and Ti. A discussion of the correc-

tion method for these minor constituents will be 

published in the near future. 
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