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Abstract 

The Electrodeposition process has been used to 
prepare Nickel-Tungsten alloys on low carbon steel 
substrate 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 microstructure was 
studied. The optical microscope and the scanning 
electron microscopy (SEM) were used to study the 
morphology of the deposit while the energy 
dispersive spectroscopy (EDS) was used to 
approximate the composition, in addition to X-Ray 
diffraction examination. The results show that the 
current efficiency has the major influence on the 
tungsten content in the alloys due to the formation 
of ternary complex which reflected into the 
properties of the deposit. 
Keywords: Ni-W alloy, Tungsten content, 
current efficiency. 
 
1. Introduction 

The term “Induced codeposition” was coined 
by Brenner to describe the situation in which a 
metal that cannot be electroplated alone from 
aqueous solution is codeposited in the presence of 
another metal, forming an alloy [1]. It is widely 
known that Tungsten cannot be electrodeposited 
from an aqueous solution of sodium tungstate or 
any other soluble compound containing this 
element. Nevertheless, it is quite easy to deposit 
Ni-W alloys, if a suitable nickel compound, such 
as nickel sulfate, is added [2]. 

All the researcher in the related work 
attempted to understand the mechanism of 
deposition of Ni-W alloys, taking into account the 
distribution of different ions with the 
concentration of citrate and ammonia. Citrate 
forms a complex with the nickel ion as follows: 

 
𝑁𝑁𝑁𝑁2+ + 𝑥𝑥𝐶𝐶𝑁𝑁𝐶𝐶3− → (𝑁𝑁𝑁𝑁)(𝐶𝐶𝑁𝑁𝐶𝐶)𝑥𝑥2−3𝑥𝑥             (1) 
 
Citrate forms a complex also with the 

tungstate ion as following, 
 

𝑊𝑊𝑊𝑊42− + 𝐶𝐶𝑁𝑁𝐶𝐶3− + 𝑥𝑥𝐻𝐻+ → [(𝑊𝑊𝑊𝑊4)(𝐶𝐶𝑁𝑁𝐶𝐶)(𝐻𝐻)𝑥𝑥]𝑥𝑥−5  (2). 
The ternary complex of Ni, W and citrate can 

be formed, 
[(𝑁𝑁𝑁𝑁)(𝐶𝐶𝑁𝑁𝐶𝐶)]− + [(𝑊𝑊𝑊𝑊4)(𝐶𝐶𝑁𝑁𝐶𝐶)(𝐻𝐻)]4− →

[(𝑁𝑁𝑁𝑁)(𝑊𝑊𝑊𝑊4)(𝐶𝐶𝑁𝑁𝐶𝐶)(𝐻𝐻)]2− + 𝐶𝐶𝑁𝑁𝐶𝐶3−                      (3) 

Then the deposition of Ni-W alloy can be 
achieved through ternary complex formation. 

 
[(𝑁𝑁𝑁𝑁)(𝑊𝑊𝑊𝑊4)(𝐶𝐶𝑁𝑁𝐶𝐶)(𝐻𝐻)]2− + 8𝑒𝑒− + 3𝐻𝐻2𝑊𝑊 →

𝑁𝑁𝑁𝑁𝑊𝑊 + 7(𝑊𝑊𝐻𝐻)− + 𝐶𝐶𝑁𝑁𝐶𝐶3−                           (4) 
 
In this system the deposition of nickel alone 

and Ni-W alloy take place. 
Ammonia concentration has also a substantial 

influence on the composition of the alloy deposit, 
since ammonia competes with citrate as a ligand 
for the nickel ions, the increase in ammonia 
concentration reduce the tungsten content in the 
deposit. [3][4] 

 

2. Experimental  
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 showing in table (1). The pH was 
measured by using 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 

Materials  Concentration 
Nickel Sulfate 
(NiSO4.6H2O) 

0.65 M 

Sodium Tungstate 
(Na2WO4.2H2O) 

0.145 M 

Sodium Citrate  
(Na3C6O7H5.2H2O) 

0.5 M 

Ammonium Chloride 
(NH4Cl) 

0.5 M 

 
A sheet of low carbon steel with dimensions 

(5×5) cm with thickness 2mm was used as 
cathode. Deposition was conducted at current 
density (0.04, 0.08, 0.12, 0.16 and 0.2) A/cm2 and 
Temperature (60, 70) °C. The anode-to-cathode 
surface area ratio was approximately 5 cm as 
showing in Fig (1). the structure of the deposits 
was analyzed by X-ray diffraction (XRD) while 
the morphology of the deposits was observed by 
scanning electron microscopy (SEM) and optical 
microscope (OM) in addition to energy dispersive 

82 
 



NJES Vol.21 No.1, 2018                                                         Jaleel & Gurji, pp.82-85 
 

spectroscopy (EDS) to determine the approximate 
composition of the alloy. 
 

Figure (1): Sketch of electrodeposition bath 
design; (1) cathode, (2) anode, (3) bath solution, 
(4) magnetic stirrer, (5) magnetic bar, (6) heater, 
(7) thermocouple, (8) power supply, (9)heat 
controller, (10) connecting wires. 

 
3. Results and Discussion 

The calculation of tungsten content with 
nickel in the deposited alloy were done by EDS 
examination. The effect of current density on the 
tungsten content at different bath temperatures 
showing in Fig (2). 

Figure (2): The effect of current density on 
tungsten content in the alloys. 

 
While figure (3) shows the current efficiency 

changes with current density at different bath 
temperatures. 

 
Figure (3): The relation of current efficiency 

and current density in the solution. 
 
From the figures above noticed that the 

tungsten content in the deposited was affected by 
current efficiency, at low current density range 
the tungsten content was decreased with current 
density increased, in the intermediate point of 

current density the lowest value of tungsten 
content for two temperatures and at high current 
density range the tungsten content increased by 
increasing the current density that return to the 
influence of current efficiency with current 
density, the difference in the current efficiency is 
due to the formation of ternary complex of Ni, W 
and citrate. [5] [6] 

The optical microscope shows the microcraks 
of the deposited surface, the tungsten content 
effect on the microcraks concentration, that is 
high tungsten content (at low current density 
range) was associated with high microcracks 
concentration compared with low tungsten 
content in the intermediate point of current 
density, while at high current density range the 
microcracks concentration increased again due to 
the increasing of tungsten content and that 
clarified in Fig (4), (5). 

Figure (4): The morphology of Ni-W at bath 
temperature 70° C with different current density; 
(a) 0.04, (b) 0.12and (c) 0.2 A/cm2 

 
Figure (5): The morphology of Ni-W at bath 
temperature 60° C with different current density; 
(a) 0.04, (b) 0.12and (c) 0.2 A/cm2 

 
While the microcracks depth was affected 

with current density that at high current density 
the microcrack depth is increased. The best 
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surface morphology was achieved with (J=0.04 
A/cm2), while the microcracks depth (size) 
increased with increasing the current density due 
to the increasing of (1) Hydrogen evolution 
during electrodeposition. (2) Residual stress. 
The grain size of the deposited alloy was 
estimated by scanning electron microscope 
(SEM), as shown in figures (6),(7) for different 
bath temperature. 

Figure (6): SEM micrographs showing the grain 
size of Ni-W alloy with bath temperature 60° C, 
at different current densities : (a) 0.04, (b) 0.08 (c) 
0.12, (d) 0.16 and (e) 0.2 A/cm2. 
 

The grain size of the deposited alloy was 
affected by tungsten content in the deposit as 
showing in figures (6 and 7), deposited alloys 
with high tungsten content had small grain size 
and vice versa in the case of deposited alloys with 
low tungsten content. The surface coating exhibits 
a cauliflower like structure as a result of the 
presence of nodules, the size of nodules increased 
and decreased corresponding with tungsten 
content. 

Also the current density had a little influence 
on the grain size that at low current density the 
grain growth rates was low and that caused 
emergence of small grain size. 

The structure of Ni-W alloys was investigated 
by XRD. The diffractograms of Ni-W alloys 
shows five picks with small broad. As shown in 
figure (8). Four of the picks at 2θ angle of ≈44°, 
≈51°, ≈75°and ≈91° are with correspond to the 
(f.c.c) phase of W solid solution in nickel.[7]  
while the first peak of the XRD pattern at 2θ 
angle of ≈41.4° correspond to NiWO4.[8] 

The crystalline size of Ni-W alloys was calculated 
using Scherrer’s equation [7]: 

𝑫𝑫 = 𝟎𝟎.𝟗𝟗 𝝀𝝀
𝑩𝑩𝐜𝐜𝐜𝐜𝐜𝐜 𝜽𝜽

             …. (4) 
 

 The result that calculated shown in table (2). The 
presence of tungsten reduces the crystal size, at 
high tungsten content the crystal size found the 
lower value and that clearly shows in figure (9). 

Figure (7): SEM micrograph showing the grain 
size of Ni-W alloy with bath temperature 70° C, 
at different current densities: (a) 0.04, (b) 0.08, (c) 
0.12, (d) 0.16 and (e) 0.2 A/cm2. 
 
Table (2): Information calculated from XRD 

J 
A/cm2 

Tem
p 

(°C) 

2θ (deg) FWHM 
(deg) 

Crystalli
ne size 
(nm) 

0.12 60 43.8145 0.94960 9.024 
0.04 70 43.7183 1.05900 8.075 
0.12 70 41.4011 0.89780 9.464 
0.2 70 43.8465 1.14220 7.510 

 
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/cm2 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. The high current density reflects on the 
deposited structure by forming high crack 
concentration with high crack depth and 
width. 
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4. The crystals size of the deposited is effected 
by the tungsten content. 

 

 
Figure (8): XRD pattern of Ni-W alloy deposited 
at different current densities and temperature.  
 

 
Figure (9): The relation between the tungsten 
content and the crystal size. 
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 المرسبة بواسطة الترسیب الكھربائي Ni-Wالخصائص المجھریة لسبائك 
 

 إیلاف زكي كرجي
 قسم العلوم التطبیقیة 

 التكنولوجیةالجامعة 

 مفید عبد اللطیف جلیل 
 قسم العلوم التطبیقیة 
 الجامعة التكنولوجیة

 
 الخلاصة

تنغستن على قاعدة من الحدید واطئ الكاربون بأستخدام  -أستخدمت طریقة الترسیب الكھربائي لتحضیر سبائك من النیكل
-A/cm2)0.04 أحواض تحتوي على الأمونیا والسترایت. حیث تم دراسة تأثیر متغیرات عملیة الطلاء من حیث كثافة التیار 

لتركیب المایكروي. تم أستخدام المجھر الضوئي والماسح ) على ا60- 70( C° ) ودرجة حرارة المحلول0.2
فقد أستخدم  (EDS)) من أجل قیاس البنیة المجھریة للمترسب، أما جھاز مطیاف تشتت الطاقة بالأشعة السینیةSEMالألكتروني(

التأثیر الكبیر  . أظھرت النتائج(XRD)من أجل حساب التكوین التقریبي للمترسب بالأضافة الى فحص حیود الأشعة السینیة
لكفاءة التیار على محتوى التنغستن في السبیكة ویعود السبب في ذلك الى تكوین المعقد الثلاثي والذي ینعكس على خصائص 

 المترسب.
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