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ICP-MS determination of trace amounts of zinc, copper, lead and bismuth in
high-purity aluminum after electrolytic separation
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A simple electrolytic preconcentration technique is described for the simultaneous determina-
tion of trace amounts of zinc, copper, lead and bismuth in high-purity aluminum by inductively
coupled plasma-mass spectrometry (ICP-MS). The technique is based on the electrochemical
deposition and dissolution of trace elements. The optimized operating conditions were as fol-
lows: the desired trace metal ions in 1 ml of a diluted hydrochloric acid solution (pH = 2.3)
were deposited in a mercury-plated glassy-carbon electrode (surface area of about 2 cm?) as met-
als at —1.30 V us. SCE for 90 min ; the resulting deposits were then anodically dissolved in
another solution (1 ml of 0.1 M nitric acid) at 0.10 V vs. SCE for 1 min. After electrolytic sepa-

* ration, the concentrations of the desired elements were determined by ICP-MS. Deposition
yields greater than 97% were generally obtained in the presence of 2 mg ml™' aluminum (III).
The calibration graphs of the desired elements were linear with relative standard deviations (n =
5) of less than 5.7% at the 2 ng ml™" level for each of the elements. The possible interferences
have been evaluated. The minimum limits of determinations (100) of zinc, copper, lead and
bismuth in aluminum, calculated from repeated measurements (n = 10) of a blank solution,
were approximately 0.35, 0.18, 0.05 and 0.03 ug g™ ', respectively. The proposed method was
successfully applied to the determinations of zinc, copper, lead and bismuth at the pg g™' level
or lower in two high-purity aluminum samples. The time required for an analysis was within 3
h.

Keywords : zinc, copper, lead and bismuth determination ; aluminum analysis ; electrochemical
deposition and dissolution of trace elements; electrolytic preconcentration
technique ; ICP-MS.
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Table 1 Operating conditions for ICP-MS
Frequency 27.12 MHz
Output power 1270 W
Nebulizer Babington
Sampling depth 7.0 mm
Integration time 0.10s
Argon flow rate
Plasma gas 151 min™"'
Nebulizer gas 1.11min™"
Analytical mass Cu 63, Zn 64, Pb 208, Bi 209
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Plating potential / V vs. SCE

Fig. 1 Effect of the plating potential of mercury in a
0.1 M HCI plating solution containing 100 ug ml™'
mercury(II) on the recovery of 10 ng ml™' zinc (IT)
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Fig. 2 Dependence of the recovery of 10 ng ml~
zinc(II) on the mercury(II) concentration in 0.1~1M
HCl plating solutions
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Fig. 3 pH dependence of recoveries of 10 ng
ml ™ 'each of zinc(Il) (O), copper(II) (&), lead(II)
() and bismuth(III) (@) in the presence of 2 mg
ml™" aluminum (III).

Electrodeposition at —1.30 V vs. SCE for 90 min in 1
ml of a 0.3 M chloride solution (pH 2.3) and dissolu-
tion at 0.10 V vs. SCE for 1 min in 1 ml of 0.1 M HNO:s.
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Deposition potential / V vs. SCE

Fig. 4 Effect of the deposition potential on recover-
ies of 10 ng ml™! each of zinc(Il) (O), copper(Il)
(D), lead(I1) (J) and bismuth (1I1) (@)

Other conditions as in Fig. 3.
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Fig. 5 Relationship between the deposition time and
recoveries of 10.ng ml™' each of zinc(II) (O), cop-
per(Il) (&), lead(Il) ((J) and bismuth(III) (@)

Other conditions as in Fig. 3.
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Fig. 6 Dependence of recoveries of 10 ng ml™' each
of zinc(Il) (O), copper(Il) (&), lead(Il) ([J) and bis-
muth(III) (@) on the aluminum (IIT) concentration

Other conditions as in Fig. 3.
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Fig. 7 Dependence of recoveries of 10 ng ml™' each
of zinc (II) (O), copper (II) (D), lead (II) (L) and
bismuth (III) (@) on the chloride ion concentration

Other conditions as in Fig. 3.
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Dissolution potential / V vs. SCE

Fig. 8 Effect of the dissolution potential on recover-
ies of 10 ng ml™' each of zinc(II) (O), copper(Il)
(A), lead(II) ([J) and bismuth (IIT) (@)

Other conditions as in Fig. 3.
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Table 2 Determination of trace elements in high-purity aluminum
a) b)
Sample Analyte Reference_\lralue/ Addeq] / Found_ l/ Recgvery, RfD,
Hg g HE g Hg g % %
. — 2.16 — 4.8
Meeol Zn 1.98 { 5.00 7.04 101 5.1
— 3.62 — 3.4
Cu 3.48 { 5.00 8.41 99 2.6
Pb —_ 5.00 4.81 96 4.0
Bi — 5.00 4.92 98 3.7
JAC-0021 Zn 0.23 5.00 4.73 90 4.1
— 1.82 ' — 5.6
Cu 1.76 { 1.00 2.76 100 48
Pb —_ 0.50 0.459 92 6.2
Bi — 0.50 0.474 95 5.3

a) Added before electrolysis ; b) Average of five determinations
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7) E. Sioda, G. E. Batley, W. Lund, J. Wang, S. C. Leach:
Talanta, 33, 421 (1986).

9) F. Zhou: Electroanalysis, 8, 855 (1996).

10) E. Bulska: Pure Appl. Chem., 73,1 (2001).

11) FEMUE, Kt 2% SKEZGE: TREFH 62
1491 (1959).

12) ZHE=, KthEEE: BHEERT T 2 —&M
SR - FEA, p. 404 (1971), (EEXE).

13) Kh. Brainina, E. Neyman: “Electroanalytical Stripping
Methods”, p. 90 (1993), (John Wiley & Sons, New
York).

14) % 4 | [£REEMEOHE DI EDORFRER UGF
fli] 74—, FRISEFMREFEET T 2>
FEAMET VI = A JF KB RBE TR (2002
F£1A24H).

8) E. Beinrohr: Mikrochim. Acta, 120, 39 (1995).

= g

BRET VI = ARRSRPOMETES, F, SSROCATRAZEETH L%, WHTELBERL
THEEETIATEERIN CERT HMELRFELARB L. ER-BRILKEKTHBLATLIZY
LADFEBER (pHA 2.3) 1ml % —1.30V vs. SCE T 90 M EM L, KEEEEBICHES, W, SHROY
A ARBHENME L7z, BEOKLEK, BHWEL 0.1 MAEE 1 ml (2B L T 0.10V vs. SCE T 1 SHEMRL
THHEEZBEH L. SN RTEOBENFII7% UL, TOBOTLVI=T AR M) v 7 AFFEHR
HFEiZ 20 mg ml™ ' Tholz. FILE?2 ng ml;] TOMMNEREE (n=5) X57% LT Tho7-. KEX
WeR, M, SARUEARAT A2 ZNEN0.35, 0.18, 0.05, 0.03ugg 'UEEFTET7 NI =7 ARBO5H
BT TH o/, 2BEOEMET VI =Y 225 LERIIHE, ERSHEICRETH), 13 8
L7z ) OGHATEREIZA 3 R TH o 72,

NI | -El ectronic Library Service



