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Determination of copper and nickel ion in copper electrolyte by
a flow-injection spectrophotometric method
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A fully automated flow-injection system for the spectrophotometric determination of
copper and nickel ions in copper electrolyte has been developed. To detect each aqua-
complex by utilizing one spectrophotometer, at first, the sum of the absorbance of cop-
per and nickel ions was measured at a reference-path. After mixing a thiourea solution
to mask copper ions as the copper-thiourea complex, the absorbance of nickel ion was
measured at the sample-path. The concentrations of each element were calculated from
the difference of each absorbance and from a dilution factor between the two paths.
The reproducibility has been proven to be satisfactory with relative standard deviations of
less than 0.8% (RSD, 30 g Cu1"'-15 g Ni 1" ' levels, n=5). The determination limits
were 1.4 g Cu "' and 5.0 g Ni 1" with 75 ul sample injection. This system permits a
throughput of 30 samples per hour. It is suitable for monitoring the concentration of
copper and nickel ions in a copper electrolytic process stream.
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Table 1 Typical composition of copper elec-
trolyte®

Element Concentration Element Concentration
Cu®’ 40~ 50 Sp*™*" 0.1~0.3
Ni*" 10~ 20 Bi’" ~0.1

Zn*" ~0.5 Cl- 0.01~0.05
As” 0T 1~5 H,S0,” 150~ 180

a): g™, b): free acid
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Fig. 1
injection system

P1, P2, P3, P4: pumps, Cl1, C2: mixing coils (C1: 3
m X 1.0 mm id.,, C2: 5m X 1.0 mm i.d.), Gbp:
back-pressure coil (2m X 0.5 mm i.d.), V1: sample
injection valve (75 pul), V2: sample selector valve
(STD: standard solution, S1, S2, S3: sample solu-
tions), Dr: detector (reference path: 720 nm), Ds:
detector (sample path: 720 nm), W1, W2: waste, C:
carrier (1.5 M HySO4), R: 0.75 M thiourea solution,
W: water

Schematic diagram of the proposed flow
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Table 2 Effect of P2 flow rate and thiourea concentration (n = 3)

P2/ 0.50 M thiourea 0.75 M thiourea

ml min~’ Dr Ds Dr Ds
2.5 1.546 £ 0.012 0.009 £ 0.001 1.547 = 0.008 0.007 = 0.001
2.0 1.556 + 0.004 0.161 = 0.010 1.480 = 0.009 0.008 %= 0.001
1.5 1.573 + 0.022 1.075 = 0.011 1.471 £ 0.010 0.008 = 0.001
1.0 - — 1.482 = 0.015 0.187 £ 0.000

P1: 1.5 M HoSO4, 4.0 ml min .
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Table 3 Relationship P2 flow rate and peak height absorbance

P9/ 40 gCu®" 17! 25 gNi* " 17! 40 gCu® " 171-25 gNi* " 17!
ml min~' Dr Ds Dr Ds Dr Ds
0.5 - 0.475 0.159 0.091 0.091 0.545 0.236
0.469 0.158 0.089 0.089 0.545 0.235
1.0 0.474 0.008 0.089 0.089 0.548 0.086
0.472 0.007 0.089 0.089 0.546 0.088
15 0.470 0.011 0.086 0.086 0.548 0.085
0.468 0.010 0.086 0.086 0.547 0.086
2.0 0.470 0.011 0.083 0.082 0.545 0.083
0.468 0.010 0.085 0.082 0.547 0.082
2.5 0.469 0.009 0.083 0.077 0.548 0.079
0.469 0.010 0.082 0.077 0.547 0.077
3.0 0.470 0.012 0.083 0.074 0.548 0.072
0.468 0.010 0.082 0.074 0.548 0.073

P1: 1 M HsSO4, 4.0 ml min~ ', P2: 0.75 M thiourea

Table 4 Analytical results of copper and nickel in copper electrolyte”

g1™h
Proposed FIA method” Reference method®
Sample No.
Cu Ni Cu Ni
1 46.86 £ 0.34 9.47 £ 0.26 46.98, 46.14 9.68, 9.67
45.57 £ 0.22 17.28 £ 0.29 44.08, 44.31 17.61,17.30
3 42.18 £ 0.11 17.95 = 0.15 41.97,41.14 17.80, 17.97

a): g 17, b): the average of triplicate determination % the standard deviation, c¢): Cu; titration with sodium thio-
sulfate, Ni; titration with EDTA after dimethylglyoxime precipitation.
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KR % Fig. 2 1R, 3) D. Betteridge, B. Fields: Fresenius’ Z. Anal. Chem.,
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