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Structural Analysis of Black Nickel Deposits on Electrogalvanized

Steel Sheet

Masashi IcHISHIMA, Takashi MIZOBE and Katsumi KANDA

Synopsis :

Electroplating in dilute Ni?" electrolyte over limiting current density has been investigated as the

blackening method for the electrogalvanized steel sheet.

The structure of the black deposits on the electrogalvanized steel sheet was analyzed by the X-ray
diffraction method, scanning electron microscope, X-ray photoelectron spectrometer and glow discharge
spectrometer and it was found that the surface of the black electrogalvanized steel sheet was partly
covered with small Ni granules of about 0.1 pm in diameter.

The small Ni granules were covered with Ni, Zn, and composite compounds, such as Ni (OH),,
NiO, NizOs, Zn(OH)» or ZnO and further covered with Zn{OH);, ZnO of around ~100 A thick.

Key words : blackeninig method ; electorogalvanized steel sheet; black Ni deposits; structure of deposits;

" binding energy ; depth analysis.
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"Table 1. Bath composition and conditions of black
Ni electroplating.

Bath composition NiS0,+6H20 : 0.11~0.95 kmol/m3
(NHy4)2S0y : 0.19 kmol/m®
Electroplating conditions Temperature : 40°C
' pH: 3.5

CD:5~30 A/dm?

Note : — Standard treatment condition
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Fig. 1. Effects of current density and Ni?*
concentration on L value of black deposits on
Zn-Co-Mo plated steel.
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Fig. 2. Effects of current density and amounts
of coulomb on L value of black deposits on
Zn-Co-Mo plated steel.
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1: Ni base sheet, stirred 2 : Ni base sheet, static 3 : Fe base sheet, stirred

4 : Fe base sheet, static 5 : Zn-Co-Mo plated steel sheet, stirred

6 : Zn-Co-Mo plated steel sheet, static

Electrolytic condition; Ni2* concentration : 0.11 kmol/m®, (NH4) 2SOy concentration :
0.19 kmol/m3, Temperature : 40°C, pH :'3.5, Agitation : Magnetic stirrer

Fig. 3. Effects of agitation and base metals on polarization curves.
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1:5A/dm?, 75 C/dm? Ni%* concentration; 0.11 kmol/m3
2:5A/dm?, 300 C/dm? (NHy4)2S04 concentration ; 0.19 kmol/m®
3:30A/dm? 75 C/dm?®

4: 30 A/dm?, 300 C/dm?
Photo. 1. Morphologies of Ni deposits electroplated at different current density and amount of
coulomb.

: Deposits of Zn-Co-Mo plated steel Ni?* concentration ; 0.11 kmol/m?
: Ni deposits electroplated in (NH4)2SQ4 bath Additive concentration ; 0.19 kmol/m®
: Ni deposits electroplated in citiric acid bath
: Ni deposits electroplated in boric acid bath
5 : Anodic treatment in (NHy)2SO4
Photo. 2. Effects of additives in baths on morphologies of black deposits on Zn-Co-Mo plated

steel.
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1 : Deposits of Zn-Co-Mo plated steel
2 : Ni deposits; 30 A/dm?, 75 C/dm?
3 : Ni deposits; 30 A/dm?, 300 C/dm?
4 : Anodic treatment in (NH4)2S0,
Fig. 4. X-ray diffraction patterns of black

deposits electroplated on Zn-Co-Mo plated steel.
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1 : Black Ni deposits

2 : Ni metal sheet

3 : Ni(OH),

4 : NiO
Fig. 5. X-ray diffraction patterns of black Ni
deposits compared with various Ni compounds.
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Table 2. Binding energy of Ni(2p3/2) and 0(1s) of black Ni deposits compared with various Ni compounds.

Ni(2p3/2)(eV) 0O(1s)(eV)
Specimen Ar sputtering time (min)
1 2 3 1 2
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. 0 — 854 — 529, -
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‘ 0 — 856 —
Ni(OH), 5 — — 856 529.3 2
‘ 0 — 854 — :
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) 0 852. — 856 —
Black deposit 5 855 — 856 529.3 231
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Fig. 6. Spectra of binding energy of Ni(2p3/2)
and O (1s) of black deposits electroplated on steel
sheet.
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. Fig. 7. Depth analysis by GDS.
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