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Precise Estimation of Emission Intensity of Alloyed Elements in Steel by Using Internal Standard Line
in Glow Discharge Optical Emission Spectrometry

Hyunkook PARK and Kazuaki WAGATSUMA

Synopsis : Precision in the emission intensity measurement of alloyed elements in steel is investigated when an emission line of iron is employed as an

internal standard in d.c. glow discharge optical emission spectrometry. Long-term variations in their emission intensities can be well correct-

ed using the internal standard of the iron emission line, probably because the fluctuation in the sputtering rate of samples is a major reason

for their intensity variations. For instance, in an Fe—Cr alloy sample (Cr 0.50 mass%), the relative standard deviation (RSD) of the emission
intensity of CrI 425.433 nm is 0.678% with the internal standard method whereas the RSD is 2.14% without the internal standard. Also,
daily variations in calibration curves are much suppressed by using the internal standard line. For instance, in Fe-V alloy samples, the RSDs

of the calibration factor for vanadium analytical lines are 1.10~1.84%, which means that a re-calibration procedure is hardly needed for the

analytical application. The internal standard method contributes to the precise determination of minor alloyed elements in steel samples.
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Table 1. Binary-alloy standard samples employed and analytical emission lines for each sample.

Alloys Sample® Content of alloyed element Analytical emission lines
Fe-Cr FXS-335 Cr 0.50 mass % Cr1357.869 (3.4634 eV)
Cr1425.433 (29134 eV)
Cr1427.480 (2.8995 eV)
Fe-Cu FXS-352 Cu 1.00 mass % Cu1324.753 (3.8166 eV)
Cu 1327.396 (3.7858 V)
Fe-V FXS-383 V 0.49 mass % V 11266.321 (9.0532 eV)
V 11292.401 (4.6310 eV)
V11309.310 (4.3993 eV)
Fe-W FXS-376 W 0.97 mass % W 1400.875 (3.4578 eV)

W 1407.436 (3.4080 eV)

a) Steel standard samples for X-ray fluorescence analysis (The Iron and Steel Institute of Japan)
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Fig. 1. Variation in the discharge current during the mea-
suring procedure. Sample: binary alloy standard
sample containing 0.50 mass% Cr (FXS-335, The
Iron and Steel Institute of Japan): discharge volt-
age: 650V (constant voltage mode); plasma gas:
Ar at 670 Pa.
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Fig. 2. Variations in the emission intensities of several emission lines: CrI 357.869 nm (triangle), CrI 425.433 nm (circle), Crl
427.480 nm (square), Fe I 368.305 nm (inverse triangle) , and FeI 370.781 nm (diamond), during the measuring procedure.
The experimental conditions are the same as those in Fig. 1.
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Fig. 3. Variations in the intensity ratio of the Cr emission
lines to the FeI 368.305 nm line during the measur-
ing procedure. The experimental conditions are the
same as those in Fig. 1.
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Table 2. Net emission intensities of analytical lines of alloyed elements and their intensity ratios to the internal standard line of

2)
3)
4)

5)

iron.
Net emission intensity Emission intensity ratio®
Sample Analytical line Internal standard Average Std. Deviation RSD(%) Average  Std. Deviation RSD(%)
Fe-Cr Cr1357.869 Fe 1368.305 17248 395.35 2.29 2.5735 0.0174 0.676
Cr1425.433 Fe 1368.305 21155 452.59 2.14 3.1561 0.0214 0.678
Cr1427.480 Fe 1368.305 17196 394.21 2.29 2.5678 0.0226 0.880
Fe-Cu Cul324.753  Fe1370.781 56642 1386.2 2.45 4.4416 0.0067 0.151
Cul327396  Fel370.781 25138 639.78 2.54 1.9643 0.0051 0.258
Fe-V V11266.321 Fe 1368.305 44696 912.76 2.04 4.6851 0.0254 0.541
V 11292.401 Fe 1368.305 34515 528.04 1.53 3.6181 0.0142 0.392
VI11309.310 Fe 1368.305 47269 783.90 1.66 4.9497 0.0121 0.428
Fe-W W 1400.875 Fe 1370.781 4181 153.09 3.66 0.2620 0.0012 0.469
W1407.436 Fe 1370.781 2603 109.23 4.19 0.1634 0.0010 0.630

a) in 18 replicates, b) in 6 replicates

Table 3. Daily variations in calibration factor for the determination of vanadium in Fe—-V binary alloy samples.

Slope of calibration curve

Analytical line Internal standard Average Std. Deviation RSD(%)
V11266.321 Fe 1368.305 10.3287 0.1265 1.23
VII1309.310 Fe 1368.305 10.8198 0.1189 1.10
VII 292.401 Fe 1368.305 7.6626 0.1408 1.84
a) in 5 replicates
X 13 6) K.Wagatsuma: Appl. Spectrosc. Rev., 37 (2002), 223.
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