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Fundamental Parameter Method for Energy Dispersive X-Ray Fluorescence and its Application to Stainless Steels
as First Principles Calculation

Ryohei TANAKA, Keita YAMASAKI, Hiroko Sexi, Yuuki Matsumoto and Jun KAwar

Synopsis

: Energy dispersive X-ray fluorescence (ED-XRF) spectrometer was built in the laboratory with low wattage X-ray tube and silicon drift de-

tector using a 3D printer. SUS 304 and 316L stainless steels were measured by the ED-XRF spectrometer and a sequential type inductive-

ly-coupled plasma atomic emission spectrometer (ICP-AES). The results of quantitative analysis obtained by the fundamental parameter (FP)

program developed by the authors were compared with the ICP-AES results, and concluded the following three points.

(1) The FP method is a first principles method to theoretically calculate the concentration of elements using XRF. The accuracy and precision

are satisfactory but inferior to the calibration curve method.

(2) The representative accuracy and precision in SUS 304 quantification are expressed as 18.3+0.08% for Cr and 18.1+0.01% for Ni. These

values are comparable to the accuracy and precision of ED-XRF. Therefore the FP method is suitable for the ED-XRF analysis; the cali-

bration curve method (d; method) is highly precise and accurate, and thus suitable for wavelength dispersive (WD) XRF method.

(3) Though it is said that the FP databases should be improved in order to increase the accuracy, the FP database improvements have not been

effective.

Key words : X-ray fluorescence; fundamental parameter method; quantitative analysis; energy dispersive X-ray spectrometer; first principles method.
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Fig. 1. Experimental setup for XRF measurement of stainless
steels. (A) X-ray tube. (B) Detector. (C) sample. The
holder of devices was made by using a 3D printer. The
material of the holder was polylactic acid. The incident
and takeoff angles were 45 degrees. The distance among
the X-ray tube, sample, and the detector were 2 cm.
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Fig. 3. XRF spectra of Cr, Mn, Fe, Ni, and Mo.
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Fig. 2. XRF spectra of (a) SUS304 and (b) SUS316L.
Applied voltage and current were 30 kV and 1.5 pA.
Measurement time was 100 seconds.
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Fig. 4. Peak separation of Mn Ka from XRF spectrum of a
stainless steel. Solid line is measured spectrum. Broken
lines are calculated spectra from the intensity ratio of Cr
Ko to Kf.
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Table 1. Ka line energy, full width at half maximum (FWHM),
and the ratios of Ka to Kf of Cr, Mn, Fe, Ni, and Mo.

Ko energy FWHM Ka /KB
Cr 5.42 keV 136 eV 0.15
Mn 591 143 0.15
Fe 7.48 150 0.15
Ni 6.40 141 0.15
Mo 17.43 230 0.15
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Fig. 5. Setups for XRF measurements of an acrylic plate. Solid
arrows represent X-ray paths. The incident X-rays were
impinged on the acrylic plate at an angle of (a) 45 and (b)
90 degrees. Measured XRF spectra were used as incident
XREF spectra in the FP calculation.
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Fig. 6. Measured XRF spectra of an acrylic plate when
the incident angles were (a) 45 and (b) 90 degrees.
Measurement condition was the same as the one for the
measurement of SUS304 and SUS316L.
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Table 2. Compositions of Cr, Ni, Mn, and Mo in stainless steels
measured by the FP method of EDXRF and ICP-AES

(mass%).
XRF or ICP Cr Ni Mn Mo
ﬁ‘;gg;‘ggga 18.25£0.08  8.09:0.01  0.795:0.062 0.380+0.007
X(I;fj(sglgﬁb 17.86£0.06  8.32+0.01  0.849+0.065 0.385+0.011
g&gggg% 17.85£0.15  7.96:0.04  0.826:0.004 0.185:0.001
(é%[)s_ﬁ]zi) 17314021 12165021  0.833£0.004 2.048+0.019
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