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Determination of Trace Amounts of Arsenic, Bismuth and Antimony in Iron and
Steel by Continuous Hydride Generation and ICP-AES or ICP-MS

Tsuyoshi IMAKITA, Michiharu INUL, Keishi HAMADA, Masayuki TANIGUCHI and Taketoshi NAKAHARA

Synopsis : Trace of hydride-forming elements, As, Bi and Sb in iron and steel have been simultaneously determinend by continuous hydride generation

and inductively coupled plasma atomic emission spectrometry or inductively coupled plasma mass spectrometry. The effects of masking

reagents of matrix elements and acid concentration on the hydride generating conditions are investigated. A standard addition method is nec-

essary for the determination of Bi, to compensate for the interference from alloy element, Ni. Detection limits of As, Bi and Sb are 0.5, 0.8,
0.5ng/ml by ICP-AES and 0.03, 0.02, 0.03 ng/m/ by ICP-MS, respectively, improved a sensitivity of a factor of 1 to 2 orders of magnitude

from the conventional solution nebulization method.

Key words : iron and steel; arsenic; bismuth; antimony; hydride generation; ICP-AES; ICP-MS.
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Fig. 1. Hydide generation and gas-liquid separation apparatus.

— To nebulizer

Table 1. Typical Operating Conditions for ICP-AES and

ICP-MS.
Plasma Condition ICP-AES ICP-MS
Instrumentation Shimadzu VG-Elemental

ICPS-1000I Plasma Quad PQ2+

RF Power 1.2kW 1.25kW
Carrier gas flow 0.9 I/min 08 |/min
Coolant gas flow 15 I/min 15 I/min
Auxiliary gas flow 1.2 I/min 1.6 I/min

Observation height 15 mm -—
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Fig. 2. Effect of hydrochloric acid concentration on emis-
sion intensity of As, Bi and Sb by hydride genera-
tion—ICP-AES.

Sample solution: Fe 1 mg/m/, As, Bi and Sb 100

ng/m/.
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Fig. 3. ICP-MS spectra in the range of 70-78.
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Fig. 4. Effect of nickel concentration on emission intensity 2
of As, Bi and Sb by hydride generation—ICP-
AES. Sample solution: Fe+Ni 1 mg/m/, As, Bi and
Sb 100 ng/m/.

Table 2. Emission charactaristics of major lines.

0 ] 0 1 0 1
-005 19369 .005 232.06
Wavelength ( nm)

BEC(mg/1)
Hydride*'  Nebulization™
0.0054 056
0.0055 095
0.0082 1.05

Wavelength
Element (nm)
As 189.042
193.696
197.197

Fig. 5. Spectral scans around ICP-AES analytical lines.
Sample solution: Fe 5mg/ml/, As, Bi and Sb

Bi 190.241
222825
223.061

0.011
0.035
0.011

0.78

-3

1.46

Sb 206.838
217589
231.147

0.0085
0.009
0.014

0.7
0.7

*1 Sample introduction by continuous hydride generation.
*2 Sample introduction by conventional solution nebulization.
*3 Not determined.
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Sug/ml for solution nebulization method, Fe
2mg/ml, As, Bi and Sb 0.02 ug/m/ for hydride
generation method. Dashed lines were obtained for
blank solution.
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Fig. 6. Effect of carrier gas flow rate on emission intensity
of As by hydride generation—ICP-AES.
Sample solution: As 100 ng/m/.
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Fig. 7. Effect of carrier gas flow rate on signal intensity by

hydride generation—ICP-MS.
Sample solution: As, Bi and Sb 100 ng/m/.

Table 3. Detection limits and BEC of As, Bi and Sb by hy-
dride generation—ICP-AES and ICP-MS.

(ue/®
ICP-AES ICP-MS AAS
Element DL BEC DL Blank DL
As 0.3(18) 26 0.02(0.6) 0.06 0.2
Bi 0.4(7.5) 50 0.01(0.02) 0.06 0.1
Sb 0.3(38) 26 0.02(03) 003 0.3

Values in parentheses ara obtained by solution nebulization method

Table 4. Analytical results of As, Bi and Sb in Iron and
steel by hydride generation—ICP-AES and ICP-

MS.
(%)
Element Method NIST 361 NIST 363 ECRM 097-1 BCS 459/1
Certified 0017 0.01 0.0051 (0.008)
ICP-AES  0.019 0.0088 0.0056 0.0079
As 0017 0.0096 0.0055 0.0078
ICP-MS - - 0.0048 0.0077
- - 0.0047 0.0075
Certified  (0.0004)  (0.0008) < 0.0005 -
ICP-AES  0.0006 0.0006 < 0.0001 < 0.0001
Bi 0.0006 0.0006 < 0.0001 < 0.0001
ICP-MS  0.00061 0.00067 0.000092 0.000096
0.00067 0.00071 0.000092 0.00012
Certified  0.0042 0.002 < 0.001 "0.0063
ICP-AES  0.0045 0.0015 0.0008 0.0058
Sb 0.0040 0.0015 0.0008 0.0059
ICP-MS - 0.0013 0.00088 -
- 0.0015 0.00090 -

*1 Not determined.
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