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Simultaneous Determination of Trace Tramp Elements (Zn, Pb and Bi) in Steel by Anodic Stripping Voltammetry

Tatsuhiko TANAKA, Yonehiro MASUMOTO, Yoshitake NoGucHI and Hideo HAYASHI

Synopsis : A sensitive anodic stripping voltammetric method for the simultaneous determination of zinc, lead and bismuth in steel is described. The in-
terference of the iron(I1I) matrix was eliminated by reducing it to iron(II) with L(+)-ascorbic acid. The optimized experimental conditions
were as follows: analyte ions in a steel sample solution containing a nitric-sulfuric acid mixture (pH=2) were electrodeposited as metals on a
hanging mercury drop electrode at —1.2'V vs. Ag/AgCl for 5min with stirring; the deposits were then anodically stripped in the potential
range —1.2 to 0V vs. Ag/AgCl at a scan rate of 50mV s™' by a differential pulse mode. Linear relationships held between the peak height
and the concentrations of analyte ions in the concentration range 5 to 200ngmL ™' with relative standard deviations below 5% for 30
ngmL . The detection limits (30) were less than 1.7ngmL ™" for the deposition time of 5 min. The influence of foreign elements on the de-
termination was evaluated, and a method for eliminating the interference from other metal ions, in particular copper and nickel, due to the
formation of intermetallic compounds with zinc in amalgams was devised. The proposed method was applied to the simultaneous determina-
tion of 3.5 to 325 g g~ ' of zinc, lead and bismuth in steels with good precision and accuracy.

Key words: tramp element; zinc; lead; bismuth; anodic stripping voltammetry; steel analysis; simultaneous chemical analysis.
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Fig. 1. Dependence of the peak height for 100ngmL™"
each of analyte ions on the nitric acid concentra-
tion. Pre-electrolysis at —1.2 V for 5 min and strip-
ping at a scan rate of 50mVs™' to 02V in a
0.07M sulfuric acid —0.1M L(+)-ascorbic acid
solution containing 1 mgmL ™' Fe(III) (pH 2.0).
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Fig. 2. Dependence of the peak height for 100 ngmL ™'
each of analyte ions on the sulfuric acid concentra-
tion. HNO; concentration: 0.05M. Other condi-
tions as in Fig. 1.
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Fig. 3. Effect of the L(+)-ascorbic acid concentration on
the peak height for 100ngmL™' each of analyte
ions. Other conditions as in Fig. 1.
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Fig. 4. pH dependence of the peak height for 100ngmL™!
each of analyte ions. Other conditions as in Fig. 1.
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Fig. 5. Relationship between the peak height for
100ngmL "' each of analyte ions and the pre-elec-
trolysis potential. Other conditions as in Fig. 1.
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Fig. 6. Effect of the pre-electrolysis time on the stripping

curves for 100ngmL ™' each of analyte ions. Other
conditions as in Fig. 1.

Y
-\\\\\\\\1'
3 ® 7n
< A P
= m B
i)
‘S 2Lk 2 A
= L
]
x®
o
-9
0 1 1
0 0.5 1.0 1.5

Fe(III) concentration / mg ml’

Fig. 7. Dependence of the peak height for 100ngmL ™"
each of analyte ions on the Fe(IIl) concentration.
Other conditions as in Fig. 1.
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Fig. 8. Calibration graph (peak height vs. analyte ion concentration) in the presence of 1 mgmL ™' Fe(III).
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Fig. 9. Elimination of Cu-Zn intermetallic interferences
by the addition of Ga(III)
Curve 1: 100ngmL™! Zn(II)+ 1 ugmL™ Cu(II)
Curve 2: 100ng mL Zn(ID+1 ugmL™" Cu(Il)+
10 ugmL ™! Ga(III)
100ngmL ™" Zn(II) +10 ug mL Ga(III).
100ng mL Zn(I)+1 ugmL~" Cu(1l)+
50 ugmL ™" Ga(1Il).
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Fig. 10. Elimination of Ni—Zn intermetallic interferences
by the addition of Ga(III)

Curve 1: 100ngmL~" each of Zn(II), Pb(IT) and
Bi(I1D)+200 ng mL ™" Ni(Il).
100ngmL " each of Zn(II), Pb(Il) and
Bi(II).
100ngmL™" each of Zn(I), Pb(II)
and Bi(IIl)+200 ngmL" UNI(ID)+ 10 g
mL ™! Ga(IIl).
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Table 1. Simultaneous determination of zinc, lead and bismuth in iron and steel.

Certified value/ Added/ Found?/  Recovery, RSD®,
Sample Analyte

pg g ng g ug g* % %

NIST SRM 1765 Pb 3 — 4.3 — 3.7
In 3.1 — 3.5 — 4.2

20 24.9 106 0.9

JSS 001-5 Pb 0.19 20 20.6 102 3.2
Bi — 20 18.2 91 1.3

ZIn <1 20 20.0 100 3.6

JSS 003-4 Pb <1 20 19.6 98 1.9
Bi <0.1 20 20.9 105 6.0

a. Average of five determinations.

b. Relative standard deviation.

Table 2. Simuitaneous determination of zinc, lead and bismuth in standard steel sample (CA).

Analyte  Information value?, %(m/m) Found/pg g ' RSD, %
Zn 0.002 16. 8 16. 4 17.5
15.7 17.7 Av. 16.8 4.9
Pb 0.034 322. 1 330. 1 319.4
328.9 326.2 Av. 325.3 1.4
Bi 0. 003 43.4 43.4 40.5
39.6 43.9 Av. 42.2 4.7

a. The values are obtained by optical emission spectrometry.
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