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Abstract  The present work deals with the formation of Ni–P/Ni–B duplex coatings by electroless nickel coating process 
and evaluation of their microhardness, surface roughness and weight gain of the substrate. The Ni–P/Ni–B duplex coatings 
were prepared using dual baths (acidic hypophosphite and alkaline borohydride) with both ionic and non-ionic surfactant 
duplex coating. Scanning electron microscopy (SEM) was used to assess the suface morphology of duplex interface. The 
microhardness, surface roughness and weight gain of electroless nickel duplex coating were compared with thallium acetate 
and tri sodium citrate stabilizers. The study reveals that the Ni–P/Ni–B duplex coatings without surfactant is amorphous 
rather than Ni-P/Ni-B duplex ionic surfactant coating. The duplex coatings are uniform and compatibility between the layers 
is good. 
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1. Introduction 
In order to improve the corrosion resistance, electroless 

nickel phosphorous is considered as one of the most 
efficient surface treatment methodology due to its effective 
comprehensive properties such as good corrosion and wear 
resistance, uniform deposition on difficult geometries [1]. 
Nowadays, lot of research work was done on aluminium 
and its alloys because of their exclusive properties such as 
high strength to weight ratios, high thermal conductivity 
and good corrosion resistance. High strength aluminium 
alloys, such as 7075-T6, are widely used in aircraft 
structures due to their high strength-to-weight ratio, 
machinability and low cost [3]. Electroless coating 
developed by Brenner and Riddell is a chemical reduction 
process, in which the catalytic reduction of a metallic ion 
from an aqueous solution, and the subsequent deposition of 
the metal without the use of electrical energy. Except for 
the life of the bath, electroless has several advantages over 
electroplating technique in terms of deposit quality as well 
as the physical and mechanical properties. In electroless 
method, a sharp edge as well as a blind hole receives 
equivalent deposit thickness. Coating can be developed for 
desired properties by choosing the compositions of coating 
alloy/composite to suit specific requirements. As nickel 
melts around a temperature of about 1480°C and is   
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unaffected by oxidation up to 500°C, electroless 
alloy/composite coatings can be applied for high operating 
temperatures based applications [14]. Ni–P coatings on 
aluminium-based alloys may be prepared using various 
procedures. Structure and properties are significantly 
dependent on phosphorus content, bath composition, 
temperature and pH [10]. Incase of electroless Ni-B plating, 
sodium borohydride or dimethyl amine borane are the 
common reducing agents present in boron. Hardness and 
superior wear resistance are the foremost benefits of 
borohydride reduced electroless nickel deposits in 
as-deposited condition [2]. The main need of duplex-layer 
or multi-layer coating with layers having different corrosion 
potential was an effective solution to develop the 
corrosion-resistance of anodic substrate. Electroless Ni-B 
coating is more wear resistant than tool steel and also it can 
replace gold in electronic industries [4]. 

The purpose of electroless plating is to confer the 
mechanical properties of aluminium. Since the technique 
for plating of aluminium is not easy, a primary protective 
coating usually electroless Ni-P or Wood’s nickel is 
required before the plating of aluminium. After that, sodium 
borohydride is used for plating over electroless Ni-P 
because of its unstability along with pH value of more than 
9 [5]. Metal coatings applied by electro-coating can match 
the uniform thickness of electroless nickel finish. Because 
these protective coating are chemically made and they 
create deposits of highly consistent depth all over the 
surfaces [8]. Among the various types of electroless plating, 
electroless nickel has become very popular due to their 
ability to provide a hard, wear and corrosion resistant 
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surface. Hypophosphite-reduced electroless nickel plating 
has proved its supremacy in providing improved hardness, 
corrosion and wear resistance. Recently, much attention is 
being paid towards borohydride-reduced electroless nickel 
plating. The properties of sodium borohydride-reduced 
electroless nickel coatings are often superior to those of 
deposits reduced with other boron compounds or with 
sodium hypophosphite [7]. Borohydride electroless nickel 
coatings find extensive applications in aerospace, 
automotive, chemical and electrical industries especially 
because of their solderability, high hardness, wear and 
abrasion resistances. Similar to nickel–phosphorus, the 
deposition characteristics of nickel–boron change with 
boron content. Obviously, electroless Ni–B coatings are 
naturally lubricious [13]. The present work aims to prepare 
Ni–P/Ni–B duplex coating using dual bath technique and to 
evaluate its micro hardness, surface roughness and weight 
gain of the substrate. 

2. Experimental Details 
A heating bath is used in the laboratory to allow the 

chemical reaction to occur at an elevated temperature 
around 100°C. The beaker is a glass vessel which contains 
the chemical solutions for the purpose of coating. It is 
placed in the electroless bath where the chemicals are being 
heated up. The glass rod is used to stir the chemical where 
the magnetic stirrer is not necessary. The tongs are used to 
lift the bath after the coating is completed. Tri-sodium 
citrate and thallium acetate are the chemicals used during 
coating process which acts as a stabilizer for the bath [5-7]. 
It stabilizes the reaction occurring in the bath. Laboratory 
grade distilled water is used for the cleaning process and 
also to mix up with the chemicals. Nickel chloride acts as 
the source for the coating process as the nickel is being 
coated upon the surface of the substrate. Ethylene di amine 
is used as a complexing agent which creates a bond between 
the nickel and aluminium and causes the coating [9]. 
Thallium acetate is used as the stabilizer. Sodium 
borohydride is the reducing agent which removes the 
hydrogen ions which are being formed up inside the bath 
during the coating process [12]. 

The nickel chlorides are absorbing moisture from the air 
and made into it as a solution. Nickel salts are carcinogenic. 
Sodium borohydride, also known as sodium tetrahydrido 
borate, and sodium tetrahydroborateis an inorganic 
compound usually encountered as a powder, and also it is a 
versatile reducing agent that finds wide application in 
chemical industry. Ethylenediamine is the organic 
compound with an ammonia-like odor is a strongly basic 
amine. Ethylenediamine readily reacts with moisture in 
humid air to generate a caustic, noxious and irritating film, 
to which even short exposures can cause serious damage to 
health. Ammonium chloride, an inorganic compound is a 
white crystal-like salt, highly doable in water. Sodium 
hypophosphite is the sodium salt of hypo phosphorous acid 

and is often encountered as the monohydrate which is solid 
at ambient temperature, appearing as odorless white 
sparklers. Ammonia or azane is a compound of nitrogen and 
hydrogen with the formula NH3. 

Surfactant is used for reducing the surface tension of the 
liquid, which is classified as non-ionic surfactant and ionic 
surfactant. Non-ionic surfactant does not contain any charge 
in it hydrophobic position. Ionic surfactant contain positive 
and negative charges, they are classified into two types 
namely anionic and cationic surfactants. The anionic 
surfactant contain negative charge in hydrophobic position 
and the cationic surfactant contain positive charge in 
hydrophobic position. 

Aluminium 7075 was used as the substrate for the 
preparation of electroless Ni–P/Ni–B duplex coatings. The 
aluminium 7075 are attract easily with oxygen, hence the 
fine layer is allow to form on the surface. Generally, 
aluminium has negative kinship towards nickel coating and 
hence it needs preliminary processes for coating nickel on 
the aluminium surface [5]. Their high chemical reactivity 
with air will result in the establishment of an oxide film on 
their surface that has an unfavorable effect on the coatings 
adherence and uniformity. Therefore, air interaction of 
specimens must be minimized throughout this process. The 
acidic solution oxidizes the surface, making it rougher but 
more chemically vigorous, providing surface pits to turn as 
spots for automated meshing of the EN coating [1]. 

Initially, the substrate was made to polish by various 
emery sheets in order to obtain the fine smooth surface. 
After the motorized polishing of substrate it was cleaned 
using the acetone, then rinsed it with de-ionized water and 
pickled in nitric acid for 30 sec. Furthermore, the substrate 
was thoroughly washed with de-ionized water and then 
dipped in zincate solution for 1 min. The composition of 
solutions used for zincate process was given in table. 1.  

Table 1.  Composition of Zincate 

Sodium hydroxide 400 g/l 
Zinc sulphate 120 g/l 

Sodium potassium tartarate 6 g/l 

Temperature Room Temperature 
Immersion time 1min 

After following this first zincate process, the substrate 
was rinsed with de-ionized water and again dipped the same 
in nitric acid for 30 sec and clean it with the use of 
de-ionized water. Finally, the substrate was dipped in 
zincate solution for 30 sec followed with cleaning process. 
The purpose of double zincate conversion is to improve 
electroless deposit adhesion on the coating surface [6]. The 
step by step procedure for carrying out the zincate 
pre-treatment process was given in fig. 1. 

Immediately after the zincate pre-treatment process, the 
substrate was carefully placed in electroless nickel 
phosphorous solution bath, which is readily prepared and 
maintained at a temperature of 85°C. The composition of 
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NiP bath along with conditions are given in table. 2. The 
substrate (sample A) was slowly dipped and placed on the 
NiP bath with desired position, so that the deposition 
ofnickel around the surface becomes good. The temperature 
should be kept as constant for better reaction in between 
metal surfaces and solutions. The pH level was frequently 
checked with the aid of pH indicator paper for fine coating 
thickness. Likewise the sample A with non-ionic surfactant 
(Polyethylene glycol hexadecyl ether) was coated with 
composition 1.  

After coating of the first layer (nickel phosophorous) for 
15 mins, the sample A was made to react in nickel boron 
bath for the deposition of boron which is acting as second 
layer. Here, the pH of 14 is maintained for better deposition 
of nickel boron. After the desired time given in table. 3, the 
sample A was taken from the bath and rinse it with 
de-ionized water. The weight difference of sample before 
and after coating was determined using precision weighing 
machine. Likewise, the sample B was coated without using 
any surfactant on both nickel phosphorous and boron bath. 

The purpose of using surfactant was clearly identified in 
weight difference of the samples. However, the sample E 
was coated using ionic surfactant (sodium lauryl sulphate) 
along with bath composition and conditions were given in 
table. 2. Similarly, the coating was carried out on sample C, 
D and F using the composition 2 given in table. 2. The 
duplex coating resembles that the sample which is using 
ionic or non-ionic surfactant possesses better deposition rate 
than without using any surfactant on nickel solution. The 

weight gain after coating on various sample was listed in 
table. 3. In sample A we used non-ionic surfactant, in which 
we get weight difference of 0.11g. The thickness of the 
Sample A is much higher when compared to the other 
samples. Sample B without surfactant is allow to be coated 
for 10 min for the first layer and 1 hour for the second layer 
and the final weight difference of the sample is 0.05g. The 
sample E with ionic surfactant is allow to be coated for 
15min for the first layer and 1 hour for the second layer and 
the final weight difference is 0.09g. In sample C, no 
surfactant was used and the sample D is carried out through 
ionic surfactant and sample F is carried out with non-ionic 
surfactant where the innermost layer is nickel phosphorous 
and the outermost layer is nickel boron for all the coated 
samples. The sample C coating time for the first layer is 10 
min and for the second layer is 1 hour and the final weight 
difference of the sample is 0.06 g. Sample C has the less 
weight gain when compared to the other samples, the sample 
is coated without using the surfactant. Hence the thickness of 
the sample is less due to without using the surfactant. The 
sample D which is coated with ionic surfactant having a 
coating time for the first layer is 15min and for the second 
layer is 1 hour and the weight difference for the sample is 
0.13 g. The sample F coating time for the first layer is 15 min 
and for the second layer is 1 hour and the weight difference is 
0.08 g. we use non-ionic surfactant for this sample F. 
Comparatively, sample D possess more weight gain over all 
the substrates coated. 

 
Figure 1.  Zincate pre-treatment process 

Table 2.  Nickel phosphorous and Nickel boron composition and conditions 

S.No Chemicals Used & Conditions 
Composition 1 Composition 2 

(Nickel phosphorous) (Nickel boron) (Nickel boron) 
1 Nickel chloride 30 gl-1 30 gl-1 30 gl-1 
2 Sodium hypo phosphate 25 gl-1 - - 
3 Thallium acetate - 14 mgl-1 - 

4 Ammonium chloride 50 gl-1 - - 
5 Sodium borohydride - 90 gl-1 90 gl-1 
6 Tri sodium citrate 40 gl-1 - 40 gl-1 

7 Liquid ammonia Maintaining pH level - - 
8 Ethylene di amine - 0.8 gl-1 0.8 gl-1 
9 PH 8 14 12 

10 Temperature 80-90oC 80-90oC 80-90oC 

 

 



28 C. Subramanian et al.:  Effect of Surfactant on the Electroless Ni-P/Ni-B Duplex Coatings on Aluminium 7075  
 

Table 3.  Coating time and Weight difference for composition 1 & 2 

 
 

Composition 1 Composition 2 

Sample A 
(With 

Non-ionic 
surfactant) 

Sample B 
(Without 

surfactant) 

Sample E 
(With Ionic 
surfactant) 

Sample C 
(Without 

surfactant) 

Sample D 
(With Ionic 
surfactant) 

Sample F 
(With 

Non-Ionic 
surfactant) 

Initial weight 9.64 g 9.61 g 9.52 g 9.54 g 9.57 g 9.78 g 

Final weight 9.75 g 9.66 g 9.61 g 9.60 g 9.70 g 9.86 g 
Weight difference 0.11 g 0.05 g 0.09g 0.06 g 0.13 g 0.08 g 

First layer 15 min 10 min 15 min 10 min 15 min 15 min 

Second layer 1 hour 1 hour 1 hour 1 hour 1 hour 1 hour 

 

Figure 2.  SEM image for various coated samples with different composition 

3. Results and Discussion 
The plating rate of the electroless Ni–P/Ni–B deposits is 

evaluated by measuring the gain in weight after plating and 
using the density of the deposit. The thickness of the 

Ni–P/Ni–B deposits increases with increase in plating time. 
However, the extent of increase in thickness is not linear 
throughout the entire duration of plating and it saturates after 
some time. This is due to the accumulation of oxidation 
products of hypophosphite and borohydride in their 
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respective baths [7]. 

3.1. SEM Analysis 

The surface morphology of the electroless Ni-P/Ni-B 
deposits was shown in Fig.2, which fully covered the 
aluminium alloy substrate and shows typical spherical 
nodular structure. But the subsequent Ni-B coating shows 
more smooth surface morphology with good uniformity and 
exhibits metal luster like rhodium. This structure gives to the 
deposit the naturally property of autolubricious and thus 
increases the wear properties. The surface morphology of the 
duplex coatings indicates the formation of well-developed 
crystallites. The regions, which appear spherical nodules, are 
due to the precipitation of crystalline nickel and nickel 
borides (Ni3B) in the coatings. Some pores in the coatings at 
the initial deposition stage may result from the evolution the 
hydrogen during the electroless Ni-P deposition, which is 
corresponding to the surface morphology result. It is evident 
from the figure that the duplex coatings are uniform and the 
compatibility between the Ni-P and Ni-B layers is good. 
Meanwhile, the coatings are connected closely to the 
substrate and hence should exhibit good adhesion to the 
substrate [14]. 

The morphologies of electroless Ni-P/Ni-B coating 
deposition on aluminium alloy surface resembles that 
amount of nickel deposition in both ionic and non-ionic 
surfactant are very well enriched with nickel rather than 
without using surfactant. After one hour of immersion in the 
Ni-B bath without replenishment, a relatively uniform Ni-B 

deposit was obtained with a characteristic ‘cauliflower’ like 
structure. The cauliflower structure is arranged more 
uniform in ionic surfactant, when compared to non-ionic 
surfactant. The samples without surfactant are not arranged 
in uniform manner when compared to sample with 
surfactant. 

The above images represent the SEM analysis for the 
given samples. The sample A is coated with the non-ionic 
surfactant. The morphological analysis shows that the 
sample A has coated well. This is because the structure 
obtained is so uniform. The presence of nickel is identified 
with the help of pyramidal structure obtained from the 
analysis. The sample B is coated without the surfactant. The 
absence of surfactant reduces the thickness of the coating 
during coating process. Hence the sample B does not get the 
uniform structure. The sample E is coated with ionic 
surfactant. The ionic surfactant increases the coating 
thickness to get a great extent. This results in good coating on 
the substrate. Hence the identical structure is being obtained 
in this sample. The sample C is coated without the surfactant. 
So that the structure is not even in this sample. Also the 
amount of nickel deposition is very low. The sample D is 
coated with the ionic surfactant in which the amount of 
nickel deposits is high and also the structure is more uniform. 
The sample F is coated with the non-ionic surfactant. The 
structure obtained from this sample is rather uniform but the 
rate of nickel deposit among these is low. But the sample A is 
uniform when compared with the remaining coated samples 
with low deposition of nickel than sample D. 

 

Figure 3.  Bar chart for Micro-Hardness test 
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Figure 4.  Surface roughness graph for the samples 

3.2. Micro Hardness Test 

Table 4.  Average Microhardness value 

Samples 
Hardness value in HV 

@ 0.05 kg 
A 782.77 
B 343.85 
E 494.9 

C 454.1 
D 1079.25 
F 373.57 

Micro hardness test is taken for each sample, the value of 
each sample is given below, and the figure.3 represents the 
micro hardness for the various samples. The hardness which 
we measured is expressed in terms of hardness vickers. The 
load applied for the hardness test is of about 0.05 kilogram 
with dwell time of 10 seconds. From the figure we come to 
know that the sample D has high hardness value of about 
1079.25 hv. This is because the sample D is coated with ionic 
surfactant. The sample coated with this composition has high 
hardness value in an average. The sample B has the least 
hardness value due to coating without any surfactant. This 

reduces the thickness of the coating. It has the thickness 
value of about 343.85 hv. Hence the sample coated without 
the surfactant has least hardness value. 

In chart the hardness value for the sample D is much more 
higher and for the sample B has less hardness which is shown 
in fig. 3. Hence nickel boron has high hardness in case of 
sample D due to rich deposition of boron on the substrate. 

3.3. Surface Roughness 

Roughness plays a substantial role in defining how an 
existent object will interact with its atmosphere. The surface 
roughness of the sample to be plated should be considered 
before the beginning of any other plating process. The 
primary roughness plays an important role in the thickness 
and adhesion of the deposits as well as in their wear 
properties. In a polished substrate with a very low surface 
roughness, a thinner, less adherent coating will grow in 
contrast with a rougher substrate that favours an enriched 
interlocking force. On the other hand, on a rough substrate, 
coatings of high friction coefficient will be produced. 
Therefore, the coupons of this study were grinded down to 
improve the average surface roughness (Ra) reached to 0.126 
μm. 
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The surface roughness values for the coated samples 
were given in table.5. As per the specification Ra is the 
average surface roughness of the sample, Rq is the height of 
the root travels on the sample and Rz is the total travelling 
length on the specimen. In this the sample A has a roughness 
value of about 0.44µm by measuring about 8000 plots and 
finally it gives the average value of 3.289µm. The sample B 
has a roughness value of about 0.156µm as shown in fig.4. 
The roughness value of this sample is less when compared 
with the sample A. The sample C has a roughness value of 
about 0.126µm. This is relatively higher when compared 
with the sample B, due to the influence of the surfactant. The 
sample D has a roughness value of about 0.376µm at a point 
in it. This sample has high roughness value when compared 
with other samples. The sample E has roughness value of 
about 0.310µm which is said to be higher among one of the 
poor surface sample. The sample F has the roughness value 
of about 0.186µm as a crowning value at a specific point 
which is nearer to the fine surface finish. 

Table 5.  Surface Roughness value of coated samples 

Samples Ra in μm Rq in μm Rz in μm 

A 0.440 0.583 3.289 

B 0.156 0.212 1.564 

E 0.310 0.406 2.497 

C 0.126 0.199 1.480 

D 0.376 0.568 4.194 

F 0.186 0.245 1.660 

4. Conclusions 
The plating rate of the electroless Ni–P and Ni–B deposits 

is evaluated by measuring the gain in weight after coating 
and using the density of the deposit. The thickness of the 
Ni–P and Ni–B deposits increases with increase in plating 
time. However, the extent of increase in thickness is not 
linear throughout the entire duration of coating and it 
saturates after certain stage. This is due to the accumulation 
of oxidation products of hypophosphite and borohydride in 
their respective baths. 

i.  The study reveals that electroless Ni–P/Ni–B duplex 
coatings could be prepared using dual baths (acidic 
hypophosphite- and alkaline borohydride-reduced 
electroless nickel baths). The Ni–P and Ni–B 
coatings are amorphous in their coated condition. 
The weight gain of the duplex coating has average 
weight gain of 0.13g. 

ii.  SEM analysis of the substrate without surfactant, 
ionic surfactant and non-ionic surfactant of the 
electroless nickel duplex coatings reveals that the 
coatings are uniform and the compatibility between 
the layers are good. 

iii.  The microhardness of the coating sample are tested 
using the hardness Vickers, and its shows that the 
hardness is high for the sample D which has 

tri-sodium citrate with ionic surfactants. 
iv.  The surface roughness of the various sample is allow 

to be tested, the graph shows that the roughness of 
the each sample are uniform. Sample C has less 
roughness value and the Sample A has high 
roughness value. 
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