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Abstract : Nickel-copper foam electrodes with pore gradient micro framework and nano-ramified
wall have been prepared by using an electrochemical deposition process. Growth habit of
nickel-copper co-deposits was quite different from that of pure nickel deposit. In particular, the
ramified structure of the individual particles was getting clear with chloride ion content in the
electrolyte. The ratio of nickel to copper in the deposits decreased with the distance away from
the substrate and the more chloride ions in the electrolyte led to the more nickel content
throughout the deposits. Compositional analysis for the cross section of a ramified branch,
together with tactical selective copper etching, proved that the copper content increased with
approaching central region of the cross section. Such a composition gradient actually disap-
peared after heat treatment. It is anticipated that the pore gradient nickel-copper nanostructured
foams presented in this work might be a promising option for the high-performance electrode
in functional electrochemical devices.
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Table 1. Electrolyte composition for the electro-deposition.

Concentration

Solution number

1 0.4 - 1 -
2 0.4 0.04 1 -

3 0.4 0.04 1 0.03
4 0.4 0.04 1 0.1
5 0.4 0.04 1 0.3
6 0.4 0.04 1 0.7
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Fig. 1. Top views of the electro-deposits, created in an
electrolyte with (a) NiSOy (solution 1 in Table 1) and (b)
NiSO,+ CuSOy (solution 2 in Table 1). Sulfuric acid was
included as a source of hydrogen bubble.
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Fig. 2. Change in surface morphology with the concentration of chloride ions in the electrolyte. The electrolyte
contained (a) 0.03 M (solution 3), (b) 0.1 M (solution 4), (c) 0.3 M (solution 5), and (d) 0.7 M NaCl (solution 6).
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Fig. 3. (a) Cross-sectional view of the electro-deposit,
created in the electrolyte containing 0.1 M NaCl (solution
4) and (b) weight percent of nickel in the deposits at
different contents of chloride ions. Compositional analysis
was done for the lower, middle, and upper parts of the
deposit cross-sections, as representatively indicated in (a).
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Fig. 4. Surface morphology of the sample underwent ultra-
sonication. (a) and (b) are the images before and after the
subsequent selective etching of copper, respectively. Insets
in (a) and (b) show the magnified cross-sectional images of
broken branch. Qualitative variation of nickel and copper
content across the cross-section is presented in the inset of (a).
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Fig. 5. Surface morphology of the sample underwent heat
treatment and ultra-sonication. (a) and (b) are the images
before and after the subsequent selective etching of copper,
respectively. Insets in (a) shows the magnified cross-sectional
image of broken branch, together with qualitative variation
of nickel and copper content across it.
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Fig. 6. (a) Top and (b) cross-sectional views of the nickel-
copper alloy after heat treatment.
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