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Development of Sample Preparation Techniques for Analyses of Trace Elements in Steel

Kyoko FunMmoto, Makoto SHIMURA and Susumu SATOH

Synopsis : Precise and accurate determination of trace elements in steel is required in order to estimate the relationship between the material properties

and the amounts of trace elements. This paper deals with the sample preparation including sample decomposition, matrix separation, and pre-

concentration, which are indispensable for the trace analysis.

Several decomposition techniques such as single test tube decomposition, acid digestion in a pressure bomb, and microwave digestion

were applied to the steel sample. The contamination, which was caused by the large amounts of acids used and the atmosphere, was de-

creased by these techniques. In addition, simple operation was achieved.

For the matrix separation and pre-concentration of trace elements in steel, several methods including solvent extraction, chromatographic

separation, precipitation separation, and vapor phase separation have been developed. Some of the techniques can be applied to the pre-con-

centration of multiple elements, and are applicable for the simultaneous analysis by ICP-AES and/or ICP-MS. Furthermore, flow injection

analyses coupled with these pre-concentration techniques were developed and the good repeatability and simple operation were achieved.

Key words: trace analysis; sample decomposition; sample preparation; pre-concentration; solvent extraction; chromatographic separation; co-precipita-

tion; vapor phase separation; flow injection analysis; stripping analysis.
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Fig. 1. Example of sample preparation procedure for trace analysis.
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Fig. 2. Example of pressurized microwave digestion vessel.
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Table 1. Solvent extraction methods adopted in Japanese Industrial Standard (JIS) of iron and steel analysis.

Element  JIS No. Method Solvent Detection
P G1214-1998  Molybdovanadophosphate extraction 4-methyl-2-pentanone
Molybdophosphate extraction iso-butyl acetate
Mo G1218-1994  Thiocyanate extraction buty] acetate
Cu G1219-1997 Neocuproine extraction 1,2-dichloroethane
W  G1220-1994  Tetraphenylarsonium chloride chloroform
thiocyanate extraction
vV G1221-1998 N-benzoylphenyl hydroxylamine chloroform
extraction tri-chloromethane
Co G1222-1999  2-nitroso-1-naphthol extraction benzene
Ti G1223-1997 Ammonium thiocyanate cyclohexane Spectro-
tri-octylphosphine oxide extraction photometry
As G 1225-1992 Iodide extraction benzene
Sn G 1226-1994  lodide extraction benzene
Pb G 1229-1994  Diphenylcarbazone extraction benzene
Se G 1233-1994 2,3-diaminonaphthalene extraction  chloroform
Te G 1234-1981 Bismuthiol-II extraction carbon tetrachloride
Sb G 1235-1981 iso-propylether extraction iso-propylether
Brilliant Green - toluene extraction  toluene
Ta G1236-1992 Fluoride * Victoria blue B extraction benzene
Nb G1237-1997  Sulfochlorophenol S extraction butanol
S G1215-1994
Al  G1224-1981  Iron chloride extraction 4-methyl-2-pentanone
Pb G 1229-1994
P G 1257-1994 Molybdophospate extraction iso-butyl acetate Atomic
Al Iron chloride extraction 4-methyl-2-pentanone  absorption

Pb, Zn, Bi, Sb, Te Iodide extraction

benzene spectrometry
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Fig. 3. Cumulated bed of cation- and anion-exchange resin.
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Table 2. Precipitation methods adopted in Japanese Industrial Standard (JIS) of iron and steel analysis.

Element JIS No. Method Detection

S G 1215-1994  Barium sulfate precipitation Gravimetry

Ni G 1216-1997  Dimethlyglyoxime precipitation Gravimetry

Mo G 1218-1994 Benzoin- a -oxime precipitation Gravimetry

w G 1220-1994  Cinconine precipitation Gravimetry
Niobium tanninate co-precipitation Spectrophotometry

Co G 1222-1999  1-nitoroso-2-naphthol precipitation Gravimetry

Al G 1224-1981 Oxine precipitation Volumetry

As G1225-1992  Beryllium hydroxide co-precipitation Spectrophotometry

Pb G 1229-1994 Lead sulfide precipitation Gravimetry

Zr G 1232-1980  Fluoride co-precipitation Spectrophotometry
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Table 3. Gas separation methods adopted in Japanese In-
dustrial Standard (JIS) of iron and steel analysis.

Element  JIS No. Method Detection
S  G1215-1994  H:S gas separation
As G1225-1992  AsHas gas separation Spectrophotometry
B G1227-1999  Tri-methyl borate gas separation
N G1228-1997 Ammonia distillation separation
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