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Abstract—The Electrodeposition process has been used to substrate Ni-W alloy on low carbon steel by
using ammonical citrate bath. The influence of deposition condition by variation of current density (0.04-
0.2 A/cm2) and solution temperature (60-70 °C), on the mechanical and chemical properties such as
(microhardness, wear resistance, residual stress and chemical resistance) was studied. Results show that the
current efficiency has the major influence on the tungsten content in the alloys which reflected to the

properties of the deposits.
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1. Introduction

The improvement of wear resistance and hardness is an
important goal for surface enhancement technologies, the
attention on nickel tungsten alloy electroplating has been
increased in recent years due to their mechanical properties
and corrosion resistance. [1][4]Tungsten cannot be
electrodeposited from aqueous solution of tungsten
containing compounds, and however, it can be codeposited
with iron group metals it is called induced deposition. Only
iron, cobalt and nickel are the induced metals that can be
codeposited with tungsten. [2] In recent years, the micro-
devices require more materials with excellent physical and
mechanical properties with the rapid development of micro
electro mechanical systems (MEMS) technologies. [3 [

The objective of this work is to investigate the effect of
current density and solution temperature on the
electrodeposition process used to substrate Ni-W alloy on
low carbon steel sheet.

2. Experimental work

Nickel-Tungsten alloys were electrodeposit from aqueous
solution containing: nickel sulfate, sodium tungstate as a
source of nickel and tungsten respectively, sodium citrate
as a complexing agents, ammonium chloride as a
complexing agents and to improve the faradic efficiency.
The concentration of Ni-W alloys bath constituents are
given in table (1). The pH was measured by digital pH

meter and adjusted to a value of (8.0 +£0.2) through addition
of H2SO4 and NaOH.

Table 1: The Ni-W alloy bath concentration.
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Figure 1: Schematic diagram of electrodeposition bath;
(1) cathode, (2) anode, (3) bath solution, (4) magnetic
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stirrer, (5) magnetic bar, (6) heater, (7) thermocouple, (8)
power supply, (9)heat controller, (10) connecting wires.

A sheet of low carbon steel with dimensions 5 ¢cm? and
thickness 0.2 cm was used as cathode. Deposition was
carried out at current density (0.04, 0.08, 0.12, 0.16 and
0.2) Amp/cm? and Temperature (60, 70) °C. The
deposition thickness was fixed at 50pm. The anode-to-
cathode distance was approximately 5 cm as shown in Fig

(1).

The microhardness of the deposits was measured by using
a (LARYEE microhardness tester) with load 100 (g) for 15
(sec) while the wear resistance of the deposit was
measured by (Ball-on-disk) mechanism shown in Fig (2)
with load (150g) for (1.30min). The residual (internal)
stress is measured by bent strip method Fig (3). The
corrosion test is adopted by Tafel extrapolation method.
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Figure 2: Sketch of (ball-on-disk) wear test.
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Figure 3: The bent strip method test.
3. Results and Discussion
3.1 Microhardness Test

The microhardness of Ni-W alloys deposit were ranging
between (600-1000) MPa, which is considered three times
higher than the conventional Ni deposit (250-300) MPa.
This improvement of the microhardness was related to the
tungsten and its percentage in the alloy that seen clearly
in Fig (4). The microhardness increased with the
increasing of tungsten content with ignoring the variation
of current density as shown in the figure. The increasing in
the microhardness was related to the decreasing of crystal

size, which is related to the tungsten content in the alloy.
Also the variation of deposition temperature showed that
60° C was better in result compared with 70° C due to
percentage of Tungsten in the alloy.
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Figure 4: The relation between the tungsten content and
the hardness value for Ni-W alloys at different
temperature; (a) 60 °C, (b) 70 °C.

3.2 Wear Resistance Test

The wear rates for Ni and Ni-W alloys deposit is tested at
room temperature using ball-on-disk mechanism. The
wear rate is calculated according to the following
relationship:

W.R = i—‘: (g/cm) (1)
Sp = 2mrnt 2)
Aw = w; —w, 3)
Where,

W.R is sliding wear rate (g/min).

wi is weight of sample before testing (g).
w» is weight of sample after testing (g).
Sp is sliding distance (cm).

r is wear track radius(cm).

n is number of cycle (cycle/min).

t is test time (min).

Results show that wear rates of Ni-W alloy deposit was
lower than Ni deposit and that related to the Tungsten
percentage in the alloys deposit as shown in Figs (5),(6).
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Figure 5: The variation of wear rate with current density
for pure Ni, Ni-W alloys.
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Figure 6: The variation of wear rate with current density
for Ni-W alloys.

The low wear rate at low current density range is attributed
to the high tungsten content. While at high current density
range although an increase in tungsten content, the wear
rate is increased and is related to the increasing of residual
stress. Also the wear rate of coating are in conjunction to
the microhardness as could be seen in Fig (7).

3.3 Residual (Internal) Stresses

The residual stresses of the Ni-W alloys deposit were
tested using bent strip method by applying Stoney’s
equation 161,

_ Eed? df
o= 612(1—vo) dt )

Where,
d, t: thickness of the substrate and the deposit,
respectively.

[, f: the length of the legs and the spread distance
between the legs.

E,: Young's modulus of the substrate Ec,: 130 GPa.

v,: Poisson ratio of the substrate, v.,=0.350.
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Figure 7: The relation between the wear rate and
microhardness for Ni-W alloys at different bath
temperature; (a) 60° C, (b) 70° C.

The relation between the residual stress of Ni-W alloys
deposit and the current density used in the research at
different temperature are displayed in Fig (8). According
to the experimental result, the residual stress seems to
increase with increasing the current density also it
decreases with increasing bath temperature.
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Figure 8: The effect of current density and solution
temperature on the residual stress.

Fig (9) showed clearly the proportional relation between
wear rate and residual stress of Ni-W alloy deposit with
current density
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Figure 9: The relation between the wear rate and the
residual stress at bath temperature of 70° C.

3.4 Corrosion Resistance Test

The corrosion rates for Ni and Ni-W alloys deposit are
tested by computer controlled potentiostat/ galvanostat
(DY2323, made by Digi-ivy, Inc.), used for the
voltammetry measurement. The effect of adding tungsten
to the nickel solution to form Ni-W alloy deposit on
corrosion resistance was totally observed in fig (10).
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Figure 10: The relation of corrosion rates with the
current density for pure Ni and Ni-W alloys.

It can be seen from the comparison the corrosion rate of
Ni-W alloys lowers than pure Ni and that due to the
presence of Tungsten and it contents on the corrosion
behavior of the deposit and that confirmed by Esther. ],

4. Conclusion

Based on the experimental results presented in this work,
it is possible to draw the following conclusions:

1. The sample with current density 0.04 Amp/cm? and
60°C bath temperature was the best according to
tungsten content.

2. The tungsten content can be controlled by controlling
deposition parameters to be suitable for certain
application.

3. An increase in tungsten content enhance the
mechanical properties of the deposited coating.

Reference

[1] Ko, Yong Kwon, Gun Ho Chang, and Jae Ho Lee.
"Nickel tungsten alloy electroplating for the high wear
resistant materials applications." Solid State Phenomena.
Vol. 124. Trans Tech Publications, 2007.

[2] Zhong, Zhimin, and Sidney J. Clouser. "Nickel—
tungsten alloy brush plating for engineering
applications." Surface and Coatings Technology 240
(2014): pp.380-386.

[3] Takigawa, Yorinobu, et al. "Application of
electroforming process to bulk amorphous Ni-W
alloy." Materials transactions 52.1 (2011): pp.37-40.

[4] Arun, Ilangovan, et al. "Synthesis of electric discharge
alloyed nickel-tungsten coating on tool steel and its
tribological studies." Materials & Design 63 (2014):
pp.257-262.

[5] Mizushima, lo. Electrodeposition of Ni-W Alloy and
Characterization of Microstructure and Properties of the
Deposits. Diss. PhD Thesis, 2006.

[6] Kouyumdjiev, Christo N. "Residual stress distribution
by the bending strip method." Surface and Coatings
Technology 28.1 (1986): 39-55.

[7] Esther, P., and C. Joseph Kennady. "Effect of sodium
tungstate on the properties of electrodeposited
nanocrystalline Ni-Fe-W films." J. Non Oxide Glas 1
(2010): pp.35-44.



M. A. Jaleel, and E. Z. Gurji / Association of Arab Universities Journal of Engineering Sciences (2019) 26(1): 145-149 149

eI G 5l Ao 53 Ao yall Ni-W elilinad 4ila Sl 5 8K (ailiadll

2SS S fuds chibll] we ik

mofeed _04@yahoo.com «Glall «3)xis cdaa pliSill dnalal] cAudphaill 5 lell anid |

Sulla.zaki@yahoo.com «lall «sis dun sliS5 xolall sduinlail o slal] ausi 2

mofeed_04@yahoo.com scils Ciublll e ko Siaall Cialilf *

2019 I3 31 1A s

e ssind gl gl alasiuly G5 )8 g pasll Gesaeld e (it IS (e il puiaat] Al 5eSh il 38 Hla Craaiiud — AadAl)
(70 -60) °CJskaall 3l s 4 535 (0.2-0.04) Amp/em? Sl A4S Eus G 63Ul dlee < puaie il Ay o Cam 2yl il 5 L saY)
Led Ll 3o liS () il @ pedal Ailianll Ao gliad) o alall dleat) ¢ Ll A gl g5 Silall 3330l ) Jin dibas)) 5 A0S (ailiadl) e
s giall paibiad e uSail (5315 A0l & Gl 5 gina e 5SY) il

— g )



