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Synopsis :

Analytical methods were developed to improve the sensitivity of detecting ultra-trace
elements in high purity iron and steels. A method to decompose a sample in a single test
tube was developed for the decrease of contamination and convenient sample
preparation. Matrix Fe was eliminated by MIBK extraction and anion exchange
chromatographic separation for the concentration of analytes and the removal of the
interference of matrix on the measurement by ICP-MS. More than thirty elements
including Al, Mn, Mo, etc. in high purity iron and steels were able to be determined
using these two methods of sample preparation by ICP-MS. Because trace Si, P, and B
could not be determined using the above-mentioned methods, the gel chromatographic
separation for trace Si and P analysis and the ion exchange chromatographic separation
for trace B analysis were developed respectively. The limits of determination were

under pd/g for all elements examined in high purity iron and steels.
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Analytical methods were developed to improve the sensitivity of detecting ultra-trace elements in high purity iron and
steels. A method to decompose a sample in a single test tube was developed for the decrease of contamination and con-
venient sample preparation. Matrix Fe was eliminated by MIBK extraction and anion exchange chromatographic separa-
tion for the concentration of analytes and the removal of the interference of matrix on the measurement by ICP-MS. More
than thirty elements including Al, Mn, Mo, etc. in high purity iron and steels were able to be determined using these two
methods of sample preparation by ICP-MS, Because trace Si, F, and B could not be determined using the above-mentioned
methods, the gel chromatographic separation for trace Si and P analysis and the ion exchange chromatographic separa-
tion for trace B analysis were developed respectively. The limits of determination were under ug/g for all elements exam-

ined in high purity iron and steels.
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Fig. 1 Method of decomposilion in a single test tube

Table 1 Recovery of elements after removal of Fe by MIBK
extraction
T Elements Recovery (%)
Mg, Al, Ti (IV), Cr (III), Mn (D), Co,
Ni, Cu (ID, Pb, Bi, Y >95
Zn, As (V) 90~95
Zr, Mo (VI), Sn (IV) ' <90
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Fig. 2 Analytical procedure of high purty steel
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Fig. 3 Recovery of trace elements after separation by anion
exchange chromatography
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Fig. 4 Analytical procedure of high purity steel
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Fig. 5 Adsorption behavior of molybdophoshate in the get col-
umn on washing process
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Fig. 7 Analytical procedure of Si and P in high purity steel
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Fig. 8 Effect of pH on the adsorption yield of B in the
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exchange resin: 1m#é)
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Fig. 9 Analytical procedure of B in high purity steel
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Table 2 Analytical results of frace elements in steels

_ (/g = 5)
Element Mg Al Si Ti A Cr Mn Co Ni Cu
X <0.1 0.3 0.67 <0.1 <0.1 0.24 0.15 0.1 0.43 55
o — 0.07 0.03 — — 0.02 0.02 0.002 0.13 0.13
Element Zn Zr Nb Mo Sn Sh Te Ta W Pb
X 0.07 <0.01 <0.01 0.14 0.09 <001 0.01 <0.01 0.06 <0.1
a 0.02 - = 001 0.01 — 0.006 — 0.02 —
Tahle 3 Determination limits (10 o of blank values) of trace elements in iron and steels
(ug/g, n=10)
Element Be B Mg Al Si P Ti Mn Co Ni Cu
Cr steel 0.7 2.8 5.7 0.5 0.7 03 0.9 0.9
L. . 0.05 0.4 -

DL Iron 0.06* 0.05 0.6* 0.3* 0.2* 0.01* 0.01* 0.1* 0.02*
Method A B A A C C A A A A A
Element Ge Zr Nb Mo Sn Sb Te Ta W Pb Bi

Cr steel 0.6 0.3
. X } A X .01 0.04

D.L. Tron 0.06 0.02 0.01 (.08 0.09 0.05 0.08 0 * 00T 660

Method D D D D D E D D D A A

A: Chromyl chloride vaporization / MIBK extraction / [CP-MS (*: MIBK extraction: / ICE-MS)
B: Ion exchange chromategraphic separaior: / isotopic dilution / ICP-MS

C: Gel chromatographic separaion /isotopic dilution / ICP-MS
D: Anion exchange separation / ICP-MS
E: Anion exchange separation / isctopic dilution / [CP-MS
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