i g

$% & $B Tetsuto-Hagané Vol. 91 (2005) No. 7

AN MERAWERBEANIYETRIVA X B
J—IC K5 H%MPBWEEIO>FTOESE

HH e

BRE* - R

AFE* - RE

D3: 1| Ry U S S S

Determination of Trace Boron in Iron and Steel by Adsorptive Stripping Voltammetry with Beryllon 111

Tatsuhiko TANAKA, Kumi NiSHU, Hidenori NABEKAWA and Hideo HAYASHI

Synopsis : Adsorptive stripping voltammetry is proposed for the determination of boron at the low pgg™" level in iron and steel. Beryllon III was used
as a complexing agent for boron(IIl). Optimum conditions for a complex formation of boron(III)-Beryllon III complex were as follows:
0.06 M nitrate—0.04 M sulfate supporting electrolyte at pH 4.5; 1.0X10~° M Beryllon III; 24 h complexation time. The complex was accumu-
lated on a hanging mercury drop electrode at —0.35 V for 60 s under stirring, and subsequently was cathodically stripped to —0.8 V at a scan
rate of 10mV s™! by using a differential pulse mode. The interference of iron(111) was eliminated by complexing it with metaphosphoric acid.
The cathodic stripping resulted in only a single well-defined peak around —0.5 V. The influence of foreign elements on the determination was
evaluated. The calibration graph (peak height vs. boron(I1I) concentration) in the presence of 1 mgmL ™" iron(III) was linear over the concen-
tration range of 1-25ngmL ™' (correlation coefficient >0.999), with a relative standard deviation (n=4) of 2.6% at 10ng mL~". The mini-
mum limit of determination was 1 ggg™' of boron in iron and steel. The proposed method could be applied to the determination of trace

boron in iron and steel with good precision and accuracy.
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Fig. 1. Beryllon IIIL.
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Fig. 2. Electrolytic cell.
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Fig. 3. Dependence of the peak height for 10ngmL™'
boron(IIl) on the nitric acid concentration. Accu-
mulation at —0.35V for 60 s and stripping at a scan
rate of 10mVs™! to —0.8V in the 0.04 M sulfuric
acid—10 uM Beryllon HI-0.1M metaphosphoric
acid—acetate buffer mixture (pH 4.5).
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Fig. 4. Dependence of the peak height for 10ngmL™!
boron(III) on the sulfuric acid concentration. HNO,

concentration: 0.06 M. Other conditions as in Fig.
3.
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Fig. 5. pH dependence of the peak height for 10 ngmL ™'
boron(III). Other conditions as in Fig. 3.
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Fig. 6. Effect of the Beryllon III concentration on the peak
height for 10ng mL ™! boron(III) in the presence of
1 mg mL™" iron(III). Other conditions as in Fig. 3.
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Fig. 7. Relatlonshlp between the peak height for 10
ngmL ™' boron(Ill) in the presence of 1 mgmL™'
iron(IlT) and the complexation time. Other condi-
tions as in Fig. 3.
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Fig. 8. Effect of iron(Ill) on stripping curves for 10

ngmL " boron(III) by the addition of L(+)-ascor-
bic acid (a) and metaphosphoric acid (b). Other
conditions as in Fig. 3.
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Fig. 9. Effect of the metaphosphoric acid concentration on
the peak height for 10ngmL~" boron(Ill) in the
presence of I mgmL™" iron(I). Other conditions

as in Fig. 3.
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Fig. 10. Dependence of the peak height for 10ngmL ™'
boron(Ill) on the iron(Ill) concentration. Other
conditions as in Fig. 3.
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Fig. 11. Relationship between the peak height for 10
ngmL ™! boron(IIl) in the presence of 1 mgmL ™'
iron(III) and the accumulation potential. Accumu-
lation potential (V): (a) —0.2, (b) —0.3, (c)
—0.35, (d) —0.4. Other conditions as in Fig. 3.
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Fig. 12. Progress of accumulation for 10ngmL™"
boron(III) in the presence of 1 mgmL~" iron(III).
Other conditions as in Fig. 3.
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Fig. 13. Effect of the scan rate on the peak height for 10
ngmL ™" boron(Ill) in the presence of 1 mgmL ™"
iron(III). Other conditions as in Fig. 3.
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Fig. 14. Calibration graph (peak height vs. boron(IIl) con-
centration) in the presence of 1 mg mL ™" iron(III).
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Table 1. Determination of boron in iron and steel.

Sample B in sample (ug/g) RSD * (%)
JSS 002-4 1.42 1.36 135 1.52
(1.4 ppm(m/m))*® Av. 1.41 5.5
JSS 172-7 10.17  9.77  9.74 10.11
(0.0010 % (m/m))® Av. 9.95 2.3
JSS 173-7 37.5 38.8 39.2 38.4
(0.0041 % (m/m))® Av. 38.5 1.9

a. Relative standard deviation.

b. Certified values.
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