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Simultaneous Determination of Trace Copper, Lead, Cadmium and Zinc in Iron and Steel by Stripping Analysis

Tatsuhiko TANAKA, Tomohiro KASHIHARA, Atsushi TacucH! and Hiroyuki KONDO

Synopsis : A simple and reliable method is described for the simultaneous determination of copper, lead, cadmium and zinc at the ug ¢ !level in iron
and steel by two different stripping techniques without any preliminary separation of the iron matrix. Constant current stripping analysis
(CCSA) at a mercury-coated glassy carbon electrode was compared with anodic stripping voltammetry (ASV) at a hanging mercury drop
electrode. Analyte ions in nitric-sulfuric acid mixture solutions (pH=4 for ASV) were electrodeposited on the working electrode with stir-
ring at a controlled potential for 3 to 10 min. The deposits were then anodically stripped at a constant current of +30 uA for CCSA or in the
potential range —1.2 to —0.2V vs. SCE at a scan rate of 20mV s~! by a differential pulse mode for ASV. The interference of iron(Ill) was
eliminated by reducing it with L(+)-ascorbic acid to iron(II). The influence of foreign elements on the determination was evaluated. The
lower limits of determination for CCSA and ASV were 50 and 0.5 ug g ™' of lead, cadmium and zinc in iron and steel, respectively. Differen-
tial pulse ASV had high sensitivity and poor peak resolution compared with CCSA. The simultaneous determination of 5 to 60 ug g™ of
these four elements in iron was achieved with the relative standard deviations (n=5) of less than 7% within 12 min. Recoveries for the ana-
lytes ranged from 88 to 108%. The proposed methods can be also applied to the simultaneous determination of tramp elements in obsolete

steel scrap.

Key words: copper; lead; cadmium; zinc; iron and steel; constant current stripping analysis; differential pulse anodic stripping voltammetry; simultaneous

chemical analysis; steel analysis.
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Fig. 1. Derivative CCSA curves at stripping current of (A) 0 and (B) +30 nA. Concentration of Cu(II), Pb(Il) and Cd(II): (1) 0,

(2) 30ngm/™'.
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Fig. 2. Dependence of the CCSA peak area of 30 ngm!/~' each of Cu(Il) (O), Pb(II) (A) and Cd(II) (CJ) on the (A) nitric acid and

(B) sulfuric acid concentration.
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Fig. 3. Progress of electrodeposition of 30ngm/~' each of
Cu(ID) (O), Pb(11) (A) and Cd(IT) (O0) with CCSA.
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Fig. 4. Effect of the L(+)-ascorbic acid concentration on
the CCSA peak area of 30ngm/ ' each of Cu(Il)
(O), Pb(II) (A) and Cd(II) (IJ) in the presence of
1 mgm/~" Fe(Il).
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Fig. 6. Typical derivative CCSA curve for 30ngm/~! each
each of Cu(I) (O), Pb(1l) (A) and Cd(ID) (L) on & o)f/pCu(H) Pb(Il) and Cd(II) in the ;f)gresence of
the Fe(Il) concentration in the presence of 0.1 M 1 mgml r Fe(ll)

L(+)-ascorbic acid.

Table 1. Optimized experimental conditions.

CCSA ASV
Cu, Pb, Cd Pb, Cd, Zn Pb, Cd, Zn
Working electrode Hg film Hanging Hg drop
Electrolyte solution HNOs —H2S0.
M) (0.2—0.2) (0.05—0.05)
pH Not adjusted 4
L(+)-Ascorbic acid (M) 0.1 0.02
Volume (ml) 20 4
(a) Pre-electrolysis step
Potential (V vs. SCE) —0.9 —1.15 —1.2
Time (min) 3 5 10
Stirring rate (rpm) 1800 700
(b) Stripping step
Stripping mode Constant current Potential scan
(+30 pA) (=1.2——0.2 V vs. SCE)
Scan rate (mV s™') — 20
Stripping curve Potential —Time Current —Potential
Determined peak Area Height
500 — REEFZHZNIL, 16 1.6ms (ngm/™)', & ITE 30
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Fig. 7. Calibration curves for CCSA of Cu(I1)(O), Pb(Il)

(A) and Cd(II) (O) in the presence of 1 mgm/™' Se(IV)IZSH(N K=V IZHA D=V £EL 2, 72, 01
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Table 2. Effect of foreign elements on the stripping determinations of 10ngm/™" each of analytes in the presence of 0.2 or

1 mgm/~" Fe(II).

Foreign CCSA ASV
element Cu, Pb, Cd Pb, Cd, Zn Pb, Cd, Zn
AL(TI) 1000 1000 1000
As () 1 500 750
Bi () 1 10
Co(I) 1000 1000 1000
Cr(VI) 1000 1000 1000
Mn (1) 1000 1000 1000
Mo (VI) 500 500 500
Nb(V) 1000 1000 1000
Ni(II) 1000 1000 50
Sb (1) 1 10 30
Se (IV) 5 5 10
Ta(V) 1000 1000 1000
Te (VI) 1000 1 0.5
Ti (IV) 1000 1000 1000
V(V) 1000 1000 1000
W (VD) 1000 1000 1000

The values in Table refer to the maximum permissible concentration (ng ml™") of

foreign elements in the determination.
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Fig. 8. Interference from Fe(Il). Pre-electrolysis at —1.2 V ws. SCE for 5 min in the electrolyte solution containing 50 ng m/™"
Zn(ID). (A) Derivative CCSA curve in the presence of 1 mg m/™" Fe(I). (B) Dependence of the interfering peak area on the

Fe(I1) concentration.
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Fig. 11. Progress of electrodeposition of 10ngm/~' each
of Pb(Il) (O), Cd(II) (A) and Zn(1l) (O) in the

presence of I mgm/~' Fe(Il) with ASV.
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Fig. 12. Dependence of the ASV peak height of 40 ng m/™"'

each of Pb(Il) (O), Cd(II) (A) and Zn(IT) () on
the Fe(II) concentration in the presence of 0.02M
L(+)-ascorbic acid.
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DB 2 (n=5)133.5% LT TH -7z, PlE&kD, Z
DFEIETE#05uge D EETSMGRHEH oI 68
THd, MEMRFEAERES THTHEN P I Y 20ERT
PRIZIE T X B2 Z LA TES,

$Ban Imgm/ ' #ELHILE 10ngml ' DRE THN
HOETLRIZLIEEOHR%E Table 21277 T, SKII) &
Se(VD 135D HEFRIV - EXA#ETXH, 0051%
Te(IVORF TR - B RFMIZkEL k-7, FED
Bi(II1) i3 $ (ID), 0.02f% @ In(lIiE # F I ¥ 4 (1D, 515D
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FF L Copeland 5 "B KO3 - 1 - 2DFREFIET HH, £
DREIZDOWTEEEHE NI TE -7,
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ICED R 2RI L Th S B RFASL L 7 ARHATR D
AR % Table 3128 T, B O NABILROENE, K
BLEIZRBIFTTH -7z, 3R 1R 5% 0D 53 #fr i BERETE] (2
S~125 BT -7z,
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Table 3. Simultaneous determination of trace metals in high-purity iron.

Certified value,” Added/  Foundb,  Recovery, RSD¢,
Sample? Analyte

pe g peg g7 pe g7 % %
(a) CCSA
Cu 18 18.5 1.5
JSS 003-4 Pb 20 20.2 101 4.5
cd 20 19.9 99 5.5
T s T 0 0.2 Tes 2.7
JSS 001-4 Pb 2 10 11. 108 3
Cd 10 10. 107 7
ST Pb 0.2 5 50.0 00 5.4
JSS 001-4 cd 50 48.0 96 7.1
In 6.8 50 58.3 103 5.2
(b) ASV
Pb 0.2 6.0 5.5 88 2
JSS 001-4 cd 6.0 7 95 4
Zn 6.8 6.9 6
ST P 24 25.1 105 5.6
JSS 001-1 cd 8.0 8.0 100 5.3
Zn 40 36. 7 92 3.8

a. Japanese iron and steel certified reference materials provided by
The Japan Iron and Steel Federation.
b. Average of five determinations.

c. Relative standard deviation.

Table 4. Summary of analytical results.

Technique Pb, Cd, Zn Cu, Pb, Cd
CCSA Calibration curve (ng ml™") 10~100 10~50
Determination range (pug g™") 50~ 10~
ASV Calibration curve (ng ml™") 0.5~10
Determination range (pg g7') 0.5~
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