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Verification of Deposition Mechanism of Zinc Alloys Using Non-aqueous Plating Solutions

Hiroaki NAKANO, Shigeo KOBAYASHI, Tetsuya AKIYAMA, Toshiaki TSURU and Hisaaki FUKUSHIMA

Synopsis

: Electrodeposition of Zn alloys with iron-group metals, Cr and Mn was conducted in non-aqueous solutions such as methanol and N,N-

dimethlyfromamide and the alloy deposition behavior was compared with that in aqueous sulfate solutions. The results obtained are de-

scribed as follows:

1) The electrodeposition behavior of Zn—iron-group metals and Zn—Cr alloys, in which the formation of Zn hydroxide due to pH rise in
the cathode layer plays an important role during the codeposition process in aqueous solutions, was quite different between the non-aqueous

and aqueous solutions.

2) The deposition of Zn—iron-group metal alloys in the non-aqueous solutions showed the typical feature of normal type codeposition, in

which electrochemically more noble iron-group metal deposits preferentially over most plating conditions.

3) In the codeposition of Zn with Cr, the deposits of about 90 mass% Cr was obtained in the non-aqueous solutions containing 80-90

mol% of Cr**, while the maximum Cr content was about 40 mass% in aqueous solutions.

4) Since Zn hydroxide was not involved in the codeposition of Zn with Mn in aqueous solution, the deposition behavior of Zn-Mn alloy in

the non-aqueous solutions was almost the same as that in aqueous solution.
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Table 1. Bath composition adopted for alloy deposition.

Zn-Iron-group _ _

Type of Alloys metal Zn-Cr Zn-Mn
ZnCl2 0.25 mol/L 0.2mol/L | 0.15mol/L
MClz-6Hz0®| 0.25 mol/L - -
CrCl3-6H20 - 0.8 mol/L -

MnCl2 - - 0.15 mol/L

H3BO3 1.0 mol/L - -

CH2CICOOH - - 0.1 mol/L
Solvent Methanol, Ethanol, DMF

%) M : Iron-group metal

ChODER AZ /-0, &/ —)LELUDMFIZ
BB THERIL 72, Zn®>, M2 3B KOELHOR Tt
LW, ZOMOERBA A v IZERE DOBERY 5 67K
DOFETHRML7z, ZD77=8, HaK»5HEBIAENSKIE
MEBFICHEL 72, ZOERBOMIC, A2 ZEL
B, EEBEMAE K OKOBRE#HNRS-DIZER
ANZAKZRMU 2B 2R L 7228, FEIERR 2R N5
ISR T,
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K URBHBERE 2 KD 72, HBHRAIEIZ BN TE, 2
HEEEMg & L C Ag/AgCIEMR (0.199V vs. NHE, 25°C) # f#if
L7=h, BALISEEKRREREEICRBEL TERRLE, £

7, BN O Cr ORRET & Smin B Ar 2785 & U724,

XBHETH¥HE (ESCA, Mg-Ka#) I2kDfF-7z, &
512, In-CraEBHh DO CP DBGERELH RS 72012,
AHFEFI K ORI A XS L EHIEL 72,
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Fig. 1. Effect of metal-percentage of iron-group metal in
bath on the composition of alloys deposited at 1000
A/m? from the methanol and aqueous baths.
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Fig. 2. Effect of current density on the alloy composition

and the current efficiency for Zn—Ni alloy deposi-
tion from the methanol (a), ethanol (b), DMF (c)
and aqueous (d) baths.
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Fig. 3. Partial polarization curves of Ni and Zn in single

and alloy deposition from the methanol bath.
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Fig. 4. Effect of current density on the alloy composition
and the current efficiency for Zn—Cr alloy deposi-
tion from the methanol baths of various composi-
tions.
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cr3+ 90 mol%
(Cr93.3 mass%)

cré* 80 moi%
(Cr90.6 mass%)

Intensity (a.u.)

cré* 50 moi% !
(Cr27.2 mass%) !

cr3* 10 mol% i
(Cr0.5 mass%) i

| | L il
600 595 590 585 580

§75 570 565

Binding Energy (eV)

5. XPS spectra of Cr in deposit obtained from the
methanol baths of various composition.
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Fig. 6. Partial polarization curves of Zn and Cr in single
and alloy deposition from the methanol bath.
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Fig. 7. Polarization curves for Zn-Mn alloy deposition
from the DMF bath.
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Fig. 8. Effect of water added on the current density-depen-
dence of Ni content in deposit in the methanol (a),
ethanol (b) and DMF (c) baths.
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Fig. 9. Effect of water added on the partial polarization
curves of Ni and Zn in Zn-Ni alloy deposition
from the methanol bath.
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Fig. 10. Effect of water added on the current density-de-
pendence of Cr content in deposit in methanol
bath.
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Fig. 11. Effect of water added on the partial polarization

curves of Zn in Zn—Cr alloy deposition from the
methanol bath.
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Fig. 12. Effect of H,O content in Zn—Cr methanol bath on
the absorption spectra of Cr*.
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