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Effect of the Matrix Element on the Determination of Tramp Elements in Iron and Steel by ICP-OES:
The Usefulness of the Matrix Removal

Kunio TAKADA, Tetsuya ASHINO, Tsutomu Syol, Toshiko 1TaGax (SaTO) and Kazuaki W AGATSUMA

Synopsis : On the determination of tramp elements (As, Bi, Cu, Pb, Sb, Sn, Zn) in iron and steel with inductively coupled plasma-optical emission spec-

trometry (ICP-OES), emission intensities of analytical atomic lines of these elements, background emission intensities, and degree of the

spectral overlapping between the matrix and analyte elements were compared in the presence and the absence of an iron matrix. The presence

of an iron matrix caused the gradual decrease in the emission intensities of the analytes and the increase in the background emission. There-

fore sample weight must be controlled on chemical analysis. When the atomic lines of iron lay near to (or just on) the analytical atomic line,

the line was not practically available. In order to overcome the problems described above, it was effective that the analytical elements were

chemically separated from the iron matrix. By the chemical separation, the detection limits of tramp elements were drastically improved, e.g.,

from 1-10ppm (ug g ") levels to 0.01-0.1 ppm levels.
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Table 1. Instrumental and analytical conditions of ICP optical emission spectrometry.

Nebulizer gas

Instrument IRIS Advantage DUO
(Thermo Elemental Co.Ltd.)

Radio frequency(RF) 27.12 MHz

RF power 35 kW

Torch Long-torch(77 mm length)

Plasma gas 15 L min-?!

Auxiliary gas 0.5 L min"!

24 psi(1.6 X105 Pa)

Grating
Resolution

Detector

Echelle type

<0.005 nm (at 200 nm)

<0.01 nm (at 400 nm)

<0.02 nm (at 600 nm)

CID (Charge injection device)

Introduction of sample solution
Observation of emission

Axial view

1.85 mL min-1

Signal integration time 30 sec

Wavelength(nm)

As1189.042 As 1193.759 Bi 1223.061 Cul 327.396
Mn I 257.610 Pb1216.999 Sb 1206.838 Sb1217.581
Sn1189.989 Znl 202.551 Zn1213.856
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Fig. 1. Effect of quantity of iron on tin ionic emission spectrum Snll 189.989 nm and background emission spectrum. (A) (Sn
1000 ug+Fe)/100 mL. (B) Fe/100 mL. Quantity of iron (g/100 mL): a; 0-0.01, b; 0.05, ¢; 0.1, d; 0.5, ¢; 1.0, f; 2.0.
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Fig. 2. Emission intensity (/) of SnIl 189.989nm and
background emission intensity (BG) of iron as
main component in sample.
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3. Effect of quantity of iron on lead atomic emission spectrum Pb1 216.999 nm and background emission spectrum. (A) (Pb

1000 pg+Fe)/100 mL. (B) Fe/100 mL. Quantity of iron (g/100 mL): a; 0-0.01, b; 0.05, ¢; 0.1, d; 0.5, ¢; 1.0, f; 2.0.
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Fig. 4. Effect of quantity of iron on zinc atomic emission spectrum Znl 213.856 nm and background emission spectrum. (A) (Zn
1000 ug+Fe)/100 mL. (B) Fe/100 mL. Quantity of iron (g/100mL): a; 0-0.01, b; 0.05, ¢; 0.1, d; 0.5, ¢; 1.0, £; 2.0.
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Table 2. Zinc concentration corresponding to intensity of blank value of zinc spectrum.

Coexistence of Zinc concentration corresponded (ug g1
iron Zn 11 202.548 Zn 11 206.200 Zn 11 213.856
(g/100 m1]
0.5 32 15 125
1.0 35 14 131
2.0 41 14 149
Average 36 14 135
12
200
10 2 5 Sb1217.581 nm (A)
T Zn 1213.856 nm S
0.8 ) e 5 150F
==g-__ Znl1202.548 nm [
0.6- = g
=1 £
0.4 Zn 11 206.200 nm g
:
02} I (B)
I}
0.0 1 1 1 L i
0.0 0.5 1.0 15 2.0 2.5 0 L S S S —
Fe, g/ 100mL 217550 217.560 217.570 217.580 217.590 217.600 217.610
Wavelength, nm
Effect of quantity of iron on relative emission in- . . L L.
tensities of zinc atomic emissions and background Fig. 6. Antimony ionic emission spectra SbII 1217.581

emission.

123

nm with and without separation by manganese
oxide(IV) coprecipitation. (A) Solid line; (Sb
50 ug+Fe 1 g)/100 mL, dotted line; Fe 1g/100 mL.

(B) Solid line; (Sb 50ug+Fe 0.008 g+Mn
0.0182)/25mL, dotted line; (Fe 0.008g+Mn
0.018 g)/25mL.
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Table 3. Detection limits with and without separation of trace elements from major element (Fe).

Detection limit (pg g-1)
Element ICP-OES ET-AAS
Without With Without With
separation® separation separation® separation

As 2 0.3 » - -
Bi 3 0.01® 2~4 0.1 2
Cu - 0.1 2 - -
Mn - 0.02 ® . -
Pb 70 0.06 2 1~2 0.01
Sb 3 0.2 » - -
Sn 1 0.3 b 0.3
Zn 20 0.1% -

a):Extraction with 4-methyl-2-pentanone
b):Coprecipitation with MnO2

* :Iron sample in solution, 10 mg ml-!

N

0.5 1 . L R I R L R I R
0.0 0.5 1.0 1.5 2.0 25

Fe, g/ 100mL

Relative intensity

0.7

0.6+

Fig. 7. Relative emission intensities of yttrium in presence
of iron as main component in sample. Spectral line
(nm): (1); YII 324.228, (2); YII 377.433, (3); YII
360.073, (4); YII1371.030, (5); Y II 224.306.
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