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Electrodeposition Behavior and Properties of Iron-group Metal Alloys with W from Ammoniacal Citrate Baths

Akira KUBOTA, Yasunori TASHIRO, Kazuhiko Y AMASAKI, Hiroaki NAKANO, Satoshi OUE,
Shigeo KOBAYASHI, Tetsuya AKIYAMA and Hisaaki FUKUSHIMA

Synopsis : Electrodeposition behavior of iron-group metal alloys with W was studied in ammoniacal citrate baths of various compositions at 50°C under

galvanostatic conditions. The wear and corrosion resistances of iron-group metal alloys with W were also investigated by sliding wear test of

ring-on-plate type at 300°C and dipping test in HNO,, H,SO, and HF solutions. The results obtained were as follows:

(1) The relationship between the alloy composition and the cathode current efficiency showed the existence of two characteristic alloy

compositions, i.e., the one appeared at a maximum partial current efficiency of W and the other corresponded to the limiting W content.

(2) Electrodeposition behavior of iron-group metal alloys with W was explainable by the mechanism that the intermediate WH oxide

electrochemically formed was reduced by atomic hydrogen held on freshly deposited iron-group metals.

(3) The wear resistance of iron-group metal alloys with W was improved with increasing W content in the deposit and showed the best

performance at 30~40 mass% W. When W content in the deposit was high, hardness of the film was increasaed to prevent adhesive wear be-

tween the film and press ring. Hardening of the film due to the frictional heat also seemed to be contributed to the improvement of wear resis-

tance.

(4) The corrosion resistances of the films were improved with increasing W content in the deposit, especially in HNO, solutions.

Key words : iron-group metal alloys with W; electrodeposition behavior; wear resistance; hardness of the film; corrosion resistance.
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Table 1. Standard electrolysis conditions.

Bath composition
Ni(NH,S03),-4H,0
Co(NH3S03),-4H,0
5(NH,),0-12W O5 -5
(NH, )y s *5HZ0 Cathode

Citric acid 0.3mol/L)|
oH 65 Anode

Operating condition

Temperature 50C
:|().3mol /L|Current density  10~5000A/m?

Amount of charge 100kC/m?
Cu(l % 2cré )
Pt, Ni, Co
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Fig. 1. Relationship between bath composition and alloy

composition of iron-group metal alloys with W.
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Fig. 2. Relationship between alloy composition and partial cathode current efficiency during electrodeposition of iron-group metal

alloys with W.
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Fig. 3. Effect of bath composition on partial polarization
curves for Ni deposition from Ni—W alloy baths.
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Fig. 4. XPS WA4f spectra of electrodeposit from W single
bath. (as-plated and after 5, 10, 20 s of argon sput-
tering)
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a)SEM image of Ni-W film
b)Composition image of Ni on Ni-W film
c)Composition image of Fe on Ni-W film
d)SEM image of press ring
e)Composition image of Ni on press ring
f)Composition image of Fe on press ring

50um

Fig. 7. SEM and composition images of surface of elec-
trodeposited Ni-W film and press ring after sliding
wear test. (W content: 2 mass%)
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a)SEM image of Ni-W film 30um
b)Composition image of Ni on Ni-W film
c)Composition image of Fe on Ni-W film
d)SEM image of press ring
e)Composition image of Ni on press ring
f)Composition image of Fe on press ring

Fig. 8. SEM and composition images of surface of elec-
trodeposited Ni-W film and press ring after sliding
wear test. (W content: 38 mass%)
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Fig. 9. Effect of alloy composition on vickers hardness of
electrodeposited iron-group metal alloys with W.
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Fig. 10. Effect of alloy composition on friction coefficient
of electrodeposited iron-group metal alloys with W.

800
Ni-wW Co-W L Ni-Co-W

700 + ® - ®
2 ® ®
600 O O
g °° o
5 500
s e}
5 400 | |
<
>

300 g Wearing portion

o ~ . .
200 Nor‘x wearing portion L
10 30 10 30 10 30 50

W Content in Deposit (mass%)

Fig. 11. Vickers hardness of wearing portion and non-
wearing portion of electrodeposited iron-group
metal alloys with W.
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Fig. 12. Effect of alloy composition on corrosion resistance
of electrodeposited iron-group metal alloys with W

in 30 vol% H,SO, solution at 20°C for 500 h.
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Fig. 13. Effect of alloy composition on corrosion resistance
of electrodeposited iron-group metal alloys with W
in 30 vol% HNO; solution at 20°C for 45 h.
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Fig. 14. Effect of alloy composition on corrosion resis-

tance of electrodeposited Ni-W alloy in 30 vol%
HF solution at 20°C for 500 h.
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