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Determination of Traces of Arsenic and Antimony in Certified Reference Steel Samples
by Neutron Activation Analysis with Multiple Gamma-ray Detections

Atsushi KIMURA and Masumi OSHIMA

Synopsis : In recent years, the promotion of recycling of steels is desired from the viewpoints of effective usage of resources and restraint of CO, emis-

sion. On the other hand, some clements (As, Sb, Bi, B, Zn and so on) affect seriously the characteristics of recycled steel and it is difficult to
refine away these elements from recycled steel in the iron recycling process. These elements are called tramp elements. For that reason, a new
technique to determine the tramp elements in steel is demanded.

In this paper, tramp elements, As and Sb, in iron certified reference materials were determined by neutron activation analysis with multiple
gamma-ray detection method. For determination of As, two samples (JSS001-5, JSS168-7) were irradiated for 10 min at a neutron flux of
52%10""m 25" and measured by the multiple gamma-ray detector, GEMINI-II, which consists of 16 Ge detectors with BGO Compton sup-
pressor, for 12h. For determination of Sb, seven samples (JSS001-5, JSS003-2,4 and so on) were irradiated for 5h at a neutron flux of
9.6X10'"m 25" and measured by GEMINI-II for 24 h. The determined values were in good agreement with the certified and reference val-
ues. The lower limit of determination values for As and Sb in high purity iron were 0.01 and 0.003 ppm, respectively. The demand on the
limit of determination values for As and Sb is 0.1 ppm. From these results, this method has turned out to be useful for determining As and Sb

in recycled steel.
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Fig. 1. Decay scheme of **Mn.
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Fig. 2. The 2 dimensional matrix of the JSS168-7.

23

1005 SN



B 1006 $% & €@ Tetsu-to-Hagané Vol. 90 (2004) No. 12

Fig. 3. The conceptual design of GEMINI-IIL.
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Fig. 5. The 2 dimensional matrix of the JSS 001-5 around the peak of As (657 and 559 keV).
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Fig. 6. The 2 dimensional matrix of the JSS 003-2 around the peak of Sb (1691 and 602 keV).

Table 1. Determined, certified and reference values for As and Sb in JSS and NIST standard materials.

*This Work (ppm) Certified value (ppm)

Sample
Sb As Sb As

JSS001-5 0.010=0.003 2.20£0.21 e 2.1%0.5
JSS003-2 0.051=0.005 0.039+0.0060
JSS003-4 0.033+0.004 0.029+0.002¢0
JSS175-7 2107 2007

JSS168-7 1.22+0.04 111.0£1.1 — 120+ 10
NIST 1765 9.53+0.33 10
NIST 1763 98.9+3.3 **(110)

* The uncertainties of determined values contain statistics errors (two times
of the standard deviation) and the uncertainties of the certified and refer-
ence values of reference materials.

** Reference value.
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Table 2. Lower limit of determination of elements in pure iron JSS003-4.

Element This Element This Element This Element This
work(ppm) work(ppm) work(ppm) work(ppm)
Sb 2.5X103 Ni 7800 Ba 0.40 Br 4.0X102
As 1.2X102 Zn 4000 Hg 0.35 Th 1.7X102
Co 2.6X102 Sn 170 In 0.33 La 1.3X102
Mn 1.1 Ca 180 Hf 0.32 Ta 1.1X102
Sc 1.9X104 K 15 Ce 0.25 Lu 7.3X103
Ag 1.9X103 Gd 15 Au 8.2X102 Yb 6.6X103
Se 2.6X102 Ge 8.1 Cs 7.1X102 Y 3.8X103
Ga 2.1X102 Pt 5.0 Ti 4.7X102 Eu 9.0xX 104
w 2.0X103 Mo 0.67 U 4.2X102 Ir 1.8X104
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Table 3. Analytical results of arsenic in JSS001-5.

Sample Number Analytical Results (ppm) Uncertainities* (ppm)

1 2.20 0.21
2 214 0.22
3 250 0.23
4 2.36 0.21
5 213 0.22
6 2.36 0.21
Mean and Standard Deviation 2.28+0.15 ————

* The uncertainties of determined values contain statistics counting
errors (two times of the standard deviation) and the uncertainties
of the certified value of reference material.

** This is the mean value and standard deviation of the six results.
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