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Abstract

The effects of additive(grain refiner, GR) on process efficiency of the Ni-Fe-P alloy electrodeposition and
the material properties of the deposit were investigated. Electrochemical properties of the deposits were inves-
tigated using polarization and electrochemical impedance techniques, and the material properties of the deposits
were characterized through inductively coupled plasma(ICP), spiral contractometer, XRD, SEM and TEM.
When the additive was added into the electrodeposition bath, current efficiency, Ni content and corrosion
resistance of the deposit increased, whereas residual stress, surface roughness and grain size of the deposit
decreased.
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Table 1. Electrodeposition process conditions

Current Dens1ty Temp. GR Agitation
Sample No. (A/dmd) ©C) pH (mlll) (rpm)
FP1 0
FP2 15 50 1 4 70

Solution = Ni(SO;NH,), 1.39M + Fe(SO;NH,), 0.005M + H;BO; 0.65M + H;PO; 0.007M.




ok

o
ﬂ
)
[o%
—
]
[end
<o
]
S
N
@
~J
£
@

439

—a— FP1(without GR)
—— FP2(with GR)

oo——00

Region I

Potential (V) vs. SCE

1

—_

(o}
T

assiul sl PP EPETEPITY EPEUTOR R

“1ES  1E3 O
Current Density (A/cm?)

Ol
1E7 10

Fig. 1. Cathodic polarization curves obtained from a
bath without GR (FP1) and from a GR-containing

bath (FP2) at a scan rate of 5 mV/s.
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Nyquist plots obtained from a bath without GR

(FP1) and from a GR-containing bath (FP2)
under -0.7 V(SCE).
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Fig. 3. (a) Schematic diagram of the electrochemical
equivalent circuit for Ni-Fe-P alloy electrodeposition.
Re=the solution resistance, C=Capacity of the
electrochemical double layer, Rt=Transfer resist-
ance, p=Faradaic resistance, L=Self inductance
{b) Schematic diagram of impedance locus for
Ni-Fe-P electrodeposition from a sulfamate bath.
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Fig. 4. Chemical composition and current efficiency of
Ni-Fe-P alloy deposits obtained from a bath
without GR (FP1) and from a GR-containing bath
(FP2).
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Fig. 5. Hardness and residual tensile stress of Ni-Fe-P
alloy deposits obtained from a bath without GR
(FP1) and from a GR-containing bath (FP2).
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Fig. 6. The XRD results for FP1 (a) and FP2 (b).
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Fig. 7. SEM photographs of FP1 (a) and FP2 (b).
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Fig. 8. TEM photographs of FP1 (a) and FP2 (b).
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Fig. 9. Potentiodynamic polarization curves of FP1 and
FP2 in 30 wt.% NaOH solution at 50°C with a
scan rate 0.5 mV/s.
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