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Influence of Background on Iron and Steel Analysis by Inductively
Coupled Plasma Atomic Emission Spectrometry

Yoshihide ENDO and Noritaka SARAO

Synopsis :

The emission intensity of background spectrum occupies a large part of measured intensity, in deter—
mining micro amounts of elements in iron and steel by inductively coupled plasma emission spectrometry.
Therefore, it is necessary to eliminate the background part in order to obtain the correct intensity of an—
alytical spectrum. Two methods have been proposed to eliminate the background: 1) The sample is
analyzed with calibration solutions containing same amounts of matrix elements as in the sample solution.
2) The intensity of background spectrum is measured with the neighbouring line and subtracted from that
of analytical line. The former is valid for the analysis of samples with known chemical composition, the
latter is applicable to all unknown samples. The difficulty, however, still remains for it to find the neigh—
bouring line with which emission spectra of iron and other elements don’t overlap. Both methods have been
applied to the determination of trace amounts of cobalt and zinc in a steel. The background has been
fully corrected by both methods, and the results obtained are well agreed with those obtained by conven—
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tional method of chemical analysis.
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Table 1. Operating parameters and analytical lines.
Radio frequency output 1.3kW
Observation height, above top} 16 mm
of induction coil

Coolant gas argon 17 I/min

Plasma gas argon 0.6 [/min
Carrier gas argon 0.4 l[/min
Sample uptake 2.5 mi/min
Integration time 15 s
Analytical lines (A):
Sn I 1899. 9 Si I 2881.6
As I ° 1936.9 \4 I 2924.0
Mo I 2020. 3 Nb I 3094.2
B 1 2089. 6 Ca i 3179.3
Zn 1 2138.5 Cu I 3247.5
Sb 1 2175.8 Ti I 3349. 4
Co i 2286. 2 Zr I 3439.2
Ni I 2316.0 Y I 3600.7
Mn )i 2576.1 Al 1 3961.5
Cr I 2677. 2 La 1 3988.5
Fe i 2714. 4 Ce 11! 4137.7
Mg 0 28027 P 1 21360t

1 Second-order line was used.
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Fig. 1. Profile of emission spectrum of iron
neighbouring with analytical line of Co.
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Fig. 2. Profile of emission spectrum of iron neigh-
bouring with analytical line of Zn. (a.u.) : arbitrary
unit,
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Fig. 3. Increase in emission intensity of background
spectrum with wavelength and its effect on Co de-
termination.
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Fig. 4. Spectral overlap of coexisting elements
to several background measuring lines of Co.
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Fig. 5. Spectral overlap of coexisting elements
to several background measuring lines of Zn.
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Fig. 6. Background spectrum of irom neighbour-
ing with analytical line of Co.
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Fig. 7. Variation of background spectrum intensity
with matrix composition. (background intensity of
Fe 0.5g/100 m! is equal to A' B' in Fig 6)
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Fig. 8. Effect of iron spectrum overlaping to
analytical line of Co.
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Fig. 9. Effect of iron amount on Co (metbod of
constant time integration).
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Fig. 10. Effect of iron amount on Co (method of
internal standard).
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Table 2. Chemical composition of samples.

(1) Iron and steel ) (%)
Sample C Si Mn P Cu Ni Cr Mo v Ti
KSS* No.1 (Carbon steel) 0. 002 0. 002 0. 002 0. 001 0. 003 0. 001 0. 002 Tr Tr Tr
KSS No. 2 (Carbon steel) 0. 002 0. 002 0. 003 0. 001 0. 001 0. 001 0. 001 Tr Tr . Tr

KSS No. 3 (Pig iron) 4. 65 0.38 0. 45 0.115 0.01 Tr 0.02 Tr Tr 0.08
KSS No. 4 (Stainless steel) 0. 05 0.45 1. 53 0. 035 0. 35 9. 50 17. 90 0.43 0.04 - Tr

(2) Iron ore o (%)
Sample T.Fe FeO Si0, Al,0O4 CaO MgO TiO, Mn P Cu

KSS No. 5 59. 14 2.92 3.41 5. 32 0.02 0.07 0.19 0.57 0. 038 0. 001

KSS No. 6 66. 34 0.11 2.58 1.21 0.02 0.03 0.09 0.07 0. 034 0. 001

* Kawasaki steel standard sample.

Table 3. Analytical results of trace amounts of Co by inductively coupled plasma-atomic
emission spectrometry. '

(ppm)
Analytical results
Method of background correction
Sample Standard
P value l\/‘I;éthod of standard Neighbouring line Background solution
a 1tion
Background Corrected . @ Matrix matching
intensity*** value | @ Fe solution with sample solution
Fe solution )
No.1 (Fe 0g/100 ml) 20** 56 20.1
No. 2 (Fe 0.25g/100 ml) 20** 79 19.7
No. 3 (Fe 0.50 g/100 m[) 20%* 102 20.0
Carbon steel
KS8S* No.1 30 132 102 30 30 - 30
KSS No. 2 15 116 102 14 14 14
Pig iron
KSS No. 3 43 150 101 49 52 49
Stainless steel
KSS No. 4 860 974 116 858 982 863
Iron ore
KSS No.5 16 103 88 15 15 14
KSS No. 6 4 93 89 4 6 5

** Added Co amount
*** Converted to corresponding Co concentration

Table 4. Analytical results of trace amounts of Zn by inductively coupled plasma-atomic
emission spectrometry.

(ppm)
Analytical results
Method of background correction
Sample Standard
P value Method of standard Neighbouring line Background solution
addition
Background Corrected . @ Matrix matchin
intensity*** value ®© Fe solution with sample solutiog
Fe solution
No.1 (Fe 0g/100 mD) 20%* 24 19.8
No. 2 (Fe 0.25g/100 m)) 20%+ 34 20.0
No. 3 (Fe 0.50 g/100 mJ) 20%* 44 20.0
Carbon steel
SS*  No.1 4 48 44 4 4 4
KSS No.2 <1 44 44 <1 <1 <1
Pig iron
KSS No. 3 7 49 43 6 10 5
Stainless steel
KSS No. 4 11 59 47 12 362 8
Iron ore
KSs No. 5 15 54 41 14 19 17
KSS No.6 9 49 40 9 10 8

** Added Zn amount
#=* Convertad to corresponding Zn concentration

#DEEE #o7-. Table 3, Table 4 \CEEEMELE 5.
LAEEZMR LY, ZhboEIWTh EELYRL LEDRBRORBRN LEERE -y 7 757 v VB
oo TOZER, WPOEBLROEE RS TLLD & DR AR BT MIERD X 5 TH 5.

PR, 275y v FRBENBETHD = ERBEMFT T R LB, 72 750 V FRHEETIR=LY » 2
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