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Abstract: By Electroless deposition technique 

Ni/P/Nano Titania coatings were performed on Mild 

carbon steel. In order to improvise the uniformity in 

coating and to enhance the coating performance anionic 

surfactant (sodium lauryl ether sulfate ) were used. The 

optimum value of the surfactant is obtained by varying 

the surfactant amount which provides the result of 

uniform dispersion of nano titania particles over the 

smooth surface, enhanced corrosion resistance and 

increased deposition rate. The surface morphological 

characteristics and the coating composition further 

confirms the homogeneity of the nano titania particles 

and increased weight percent of the built-in Nano titania 

particles in the Ni/P Matrix respectively. At critical 

micelle concentration (CMC) value SLES exhibits  the 

pronounced effect of the coatings. 

 

Keywords: SLES; Electroless deposition; Nano-Titania; 

Corrosion resistance, CMC 

 

1. Introduction 
 

In !946, brinnel and riddle proposed the new idea of 

Electroless deposition technique which has been widely 

accepted by various fields  and actively studied[1-5]. 

Electroless deposition, an autocatalytic reduction process 

generates homogeneous coating even in a intrinsic 

parts[7-11] Electroless plating go beyond current reliant 

electro-deposition process in many properties with its 

synergistic effect of nickel and code posited phosphorous 

such as hardness, wear and corrosion resistance[12-15]. 

The various industrial applications including oil and 

petroleum, automobile, electrical components benefited 

by means of above said properties through current 

independent deposition technique [1,2,5]. 

           Another achievement in the Ni/P/electroless 

deposition is the co deposition of secondary phase nano 

solid particles or solid lubricative particles like PTFE 

within coatings to augment the tribological and 

mechanical characteristics. The various factors like size, 

type and concentration of the bath, particle/matrix 

compatibility [6, 7] etc., play the primary role in 

determining the characteristics of the composite coatings. 

Among these particles, Titania has fascinated the 

researchers because of its extensive variety of 

applications in engineering materials area. Studies reveal 

that incorporation of Titania particles results in enhanced 

wear and corrosion resistances and other characteristics 

related to electrocatalysis and photocatalysis[8] 

          The electrocatalytic activity  enhancement can be 

utilised for hydrogen evolution reaction (HER) and it can 

be applied as a catalytic support, reinforcement and static 

filler[9,10]For that effective  coating  is much needed so 

that the mobility of the Nano-particles will be 

undisturbed which eventually reduces the agglomeration 

of the nano particles in nip matrix. Inclusion of surfactant 

is responsible for enhancing the stability and uniformity 

of the coating without any defects. Surfactants are 

usually characterized in terms of critical micelle 

concentration (CMC) and if the surfactant concentration 

is varied with respect to its CMC range, the electrolytic 

solution’s physical properties will also be affected to a 

considerable extent. Hence, critical micelle concentration 

(CMC) is used as a way to distinguish and learn the 

surface activity of every surfactant [11,12,13].Here, the 

concentration of surfactants used in the electroless 

deposition of Ni-P-nano-titania is also varied in terms of 

CMC. 

             Plentiful researchers have practised on co-

deposition of nano titania in Ni–P matrix using 

electroless plating technique. However, there are no 

adequate details corresponding to the effects of surfactant 

and concentration on corrosion characteristics of Ni-P-

nano-Titania coatings [16-21]. The current work aims to 

achieve Ni-P-nano- Titania coating on mild carbon steel 

substrate by electroless deposition method. Also it is 

planned to investigate the anionic surfactant value 

sodium lauryl ether sulfate (SLES) on the roughness and 

corrosion behaviour of the composite coat-ings. In 

addition this paper reports the subsequent effects of the 

surfactants on the surface morphology, composition of 

the composite coatings  

 

2. Experimental procedure 
 

A. Surface preparation 

 

In this work, mild steel with surface area of 30 mm x 30 

mm plate with thickness of 3mm were used as a 

substrate. The abrasion the samples with various grade 

papers (800, 1000 grade Al2O3 paper) followed by disc-

polishing. 

 In order to achieve the effective cleaning all over 

the micro-pores present on the substrate, it is immersed in 

International Journal of Pure and Applied Mathematics
Volume 116 No. 18 2017, 59-65
ISSN: 1311-8080 (printed version); ISSN: 1314-3395 (on-line version)
url: http://www.ijpam.eu
Special Issue ijpam.eu

59



a acetone and ultra-sonic cleaning is performed, since the 

surface tension of the acetone is lesser than water, 

followed by cleaning with distilled water. Then air dried 

specimen is immersed in a beaker containing ethyl 

alcohol and then in distilled water. Later the specimen is

etched using 40% HCL and water solution for a span of 

30 seconds. 

 

B. Plating bath and operating conditions

 

The bath ingredients for electroless NiP deposition 

includes of Ni-Cl as a source of nickel, NaPO

lactic acid as a reducing and complexing

respectively. The specific bath composition and plating 

conditions are shown in table I. 

 

Table 1. Bath compositions and operating conditions of 

the electroless Ni-P coating and Ni

 composite coating.

 

Constituent 

Nickel Sulphate 

Sodium Hypophosphite 

Lactic Acid 

Propionic Acid 

Nano Titania 

pH 

Temperature 

surfactant 

 

The hotness of the electrolyte was indirectly guarded by 

the electrically heated oil bath whose temperature was 

regularly monitored and regulated by Propotional 

Integrative Derivative (PID) controller. The oil medium 

is sustained under a constant temperatu

corresponding electrolyte temperature is measured using 

a mercury thermometer [3].  

           Here the quantity of the surfactant is varied and 

experiments were done for a period of one hour.

 

C. Coating characterizations 

 
The surface morphological characteristics  of the 

electroless Ni/P/nano titania coatings deposited under 

various quantities of surfactants was examined using  

high resolution scanning electron microscope (HR

coupled with energy dispersive

which helped us to determine the chemical composition 

of the deposits, the surface roughness of the coatings 

were scrutinized with the help of stylus instrument by 

taking five trials per samples. The deposition rate of the 

Ni-P-nano-Titania coatings were acquired by calculating 

nic cleaning is performed, since the 

surface tension of the acetone is lesser than water, 

followed by cleaning with distilled water. Then air dried 

specimen is immersed in a beaker containing ethyl 

alcohol and then in distilled water. Later the specimen is 

etched using 40% HCL and water solution for a span of 

B. Plating bath and operating conditions 

The bath ingredients for electroless NiP deposition 

Cl as a source of nickel, NaPO2H2 and 

lactic acid as a reducing and complexing agents 

respectively. The specific bath composition and plating 

conditions are shown in table I.  

Bath compositions and operating conditions of 

P coating and Ni-P- nano titania 

composite coating. 

Quantity 

30 (g/l) 

45 (g/l) 

35 (ml/l) 

2.6 (ml/l) 

4 (g/l) 

6 

88 °C (± 1° C) 

(0.25-2)x CMC(8.2 

mM) 

The hotness of the electrolyte was indirectly guarded by 

the electrically heated oil bath whose temperature was 

regularly monitored and regulated by Propotional 

Integrative Derivative (PID) controller. The oil medium 

is sustained under a constant temperature range and the 

corresponding electrolyte temperature is measured using 

Here the quantity of the surfactant is varied and 

experiments were done for a period of one hour. 

The surface morphological characteristics  of the 

electroless Ni/P/nano titania coatings deposited under 

various quantities of surfactants was examined using  

high resolution scanning electron microscope (HR-SEM) 

coupled with energy dispersive spectroscopy (EDS), 

which helped us to determine the chemical composition 

of the deposits, the surface roughness of the coatings 

were scrutinized with the help of stylus instrument by 

taking five trials per samples. The deposition rate of the 

coatings were acquired by calculating 

the total weight gain during the entire deposition 

process[11

 Corrosion resistance of the deposits in 3.5 wt. % 

sodium chloride (NaCl) solution were resulted by 

potentio-dynamic polarization and electrochemical 

impedance spectroscopy (EIS). The corrosion 

assessments were carried out using PARSTAT 

potentiostat/galvanostat/FRA model 2273. A three 

electrode arrangement was employed which consisted of 

the coated substrate  as

calomel electrode (SCE) as reference electrode and a 

platinum plate as counter electrode, to analyse the 

polarisation behaviours. Potentiodynamic polarization 

tests were conducted at a scan rate of 0.5 mV/s in the 

range of 

(OCP).  

 

 

A. Characteristics of the deposits

thickness of the coatings

 

The deposition rate of the coatings was calculated based 

on the Weight Gained by the coated 

same values with a tolerance of 15

the continual experiments then the average value of 

acquired results is considered as the weight gained by the 

specimen. And the Deposition Rate is calculated by using 

the following re

 (Deposition Rate (µm/h)), 

         Where W is the gained weight of the coated 

specimen in grams (g), d and A r density (g/cm

Area of the coated specimen respectively, t is time for 

coating in hours (h). From the fig 1 it’s been observed

that the deposition rate increases with increase in 

Surfactant value gets stabilized after

deposition rate at 1 x CMC is measured as 32.05 µm/hr, 

After this value even though there is some intensification 

in deposition rate (32.06 µm/hr for

33.005 µm/hr 2.0 x CMC), it is so negligible which 

attributes to the fact that reduction potential of the 

sodium hypophosphite (Reducing agent) is condensed 

beyond 1.0 x CMC which is confirmed by phosphorous 

percentage[16

 

the total weight gain during the entire deposition 

process[11-15]. 

Corrosion resistance of the deposits in 3.5 wt. % 

sodium chloride (NaCl) solution were resulted by 

dynamic polarization and electrochemical 

impedance spectroscopy (EIS). The corrosion 

assessments were carried out using PARSTAT 

potentiostat/galvanostat/FRA model 2273. A three 

electrode arrangement was employed which consisted of 

the coated substrate  as the working electrode, standard 

calomel electrode (SCE) as reference electrode and a 

platinum plate as counter electrode, to analyse the 

polarisation behaviours. Potentiodynamic polarization 

tests were conducted at a scan rate of 0.5 mV/s in the 

range of -0.2 to +0.2 V versus open circuit potential 

3. Results and Discussion 

Characteristics of the deposits-Deposition Rat

thickness of the coatings 

The deposition rate of the coatings was calculated based 

on the Weight Gained by the coated specimen. If the 

same values with a tolerance of 15µg were obtained for 

the continual experiments then the average value of 

acquired results is considered as the weight gained by the 

specimen. And the Deposition Rate is calculated by using 

the following relation, 

(Deposition Rate (µm/h)), 

   
Where W is the gained weight of the coated 

specimen in grams (g), d and A r density (g/cm

Area of the coated specimen respectively, t is time for 

coating in hours (h). From the fig 1 it’s been observed

that the deposition rate increases with increase in 

Surfactant value gets stabilized after CMC value. The 

deposition rate at 1 x CMC is measured as 32.05 µm/hr, 

After this value even though there is some intensification 

in deposition rate (32.06 µm/hr for 1.5 x CMC and 

33.005 µm/hr 2.0 x CMC), it is so negligible which 

attributes to the fact that reduction potential of the 

sodium hypophosphite (Reducing agent) is condensed 

beyond 1.0 x CMC which is confirmed by phosphorous 

percentage[16-19]. 

the total weight gain during the entire deposition 

Corrosion resistance of the deposits in 3.5 wt. % 

sodium chloride (NaCl) solution were resulted by 

dynamic polarization and electrochemical 

impedance spectroscopy (EIS). The corrosion 

assessments were carried out using PARSTAT 

potentiostat/galvanostat/FRA model 2273. A three 

electrode arrangement was employed which consisted of 

the working electrode, standard 

calomel electrode (SCE) as reference electrode and a 

platinum plate as counter electrode, to analyse the 

polarisation behaviours. Potentiodynamic polarization 

tests were conducted at a scan rate of 0.5 mV/s in the 

0.2 to +0.2 V versus open circuit potential 

Deposition Rate and 

The deposition rate of the coatings was calculated based 

specimen. If the 

were obtained for 

the continual experiments then the average value of 

acquired results is considered as the weight gained by the 

specimen. And the Deposition Rate is calculated by using 

Where W is the gained weight of the coated 

specimen in grams (g), d and A r density (g/cm
3
) and 

Area of the coated specimen respectively, t is time for 

coating in hours (h). From the fig 1 it’s been observed 

that the deposition rate increases with increase in 

CMC value. The 

deposition rate at 1 x CMC is measured as 32.05 µm/hr, 

After this value even though there is some intensification 

1.5 x CMC and 

33.005 µm/hr 2.0 x CMC), it is so negligible which 

attributes to the fact that reduction potential of the 

sodium hypophosphite (Reducing agent) is condensed 

beyond 1.0 x CMC which is confirmed by phosphorous 
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Figure 1. Deposition Rate under various concentration of 

surfactants

 

Thus the Deposition rate gets saturated at 1.0 x CMC 

which is further confirmed by the cross sectional images 

of the coated sample[32-34].  

The Electron Dispersive X

analysis displays the composition of various deposits 

throughout the coating with respect to various 

concentration of the surfactants. From table III it is been 

observed that after 1.0 x CMC of the sufactant there is no 

much improvement in co-deposition of phosphorous 

Titania nano particles. 

 
Table 2. Deposition composition (determined by EDX 

analysis) under various surf

conditions 

 

Deposit 

Compositio

n 

Surfactant concentration 

0.25 x 

cmc 

0.5 x 

cmc 

Ni (wt.%) 93.94 93.95 

P (wt.%) 4.99 4.94 

Titania 

(wt.%) 

0.98 1.11 

B. Surface Morphology 
 

The SEM images of the surface morphologies of various 

bath loaded electroless NiP/Nano

fig.2. The dispersion of embedded Titania Nanoparticles 

in the NiP matrix via co-deposition is confirmed.

 

 

Deposition Rate under various concentration of 

surfactants 

Thus the Deposition rate gets saturated at 1.0 x CMC 

which is further confirmed by the cross sectional images 

The Electron Dispersive X-Ray Spectroscopy 

lays the composition of various deposits 

throughout the coating with respect to various 

concentration of the surfactants. From table III it is been 

observed that after 1.0 x CMC of the sufactant there is no 

deposition of phosphorous and 

Deposition composition (determined by EDX 

analysis) under various surfactant concentration 

Surfactant concentration  

1.0 

x cmc 

1.5 x 

cmc 

2.0 x 

cmc 

93.72 93.75 93.87 

4.98 4.97 4.97 

1.30 1.28 1.16 

The SEM images of the surface morphologies of various 

bath loaded electroless NiP/Nano- Titania are shown in 

fig.2. The dispersion of embedded Titania Nanoparticles 

deposition is confirmed. 

(d) 
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Figure 2. Surface morphology of the as-plated NiP and 

NiP–Nano Titania composite deposits with different 

surfactant concentrations (a) 0.25 x cmc (b) 0.5 x cmc (c) 

1.0 x cmc (d) 1.5 x cmc bath (e) 2.0 x cmc (f) Ni-P 

Matrix 

From fig 2a & 2b, we can observe the decrease in 

agglomeration of nano-particles in coherence with 

increase in surfactant concentration from 0.25 x cmc to  

2.0 x cmc. At 0.25 x cmc value of the surfactant (SLES)  

the nano Titania particles are agglomerated. This is due to 

the fact that there is a reduced separation forces exerted 

by the bath on the nano particles, so that the 

intermolecular adhesion property between the nano 

particles pre-dominates the separation forces.  When the 

surfactant amount is increased to critical micelle 

concentration value (1.0 x CMC), there is a free 

movement in a nano particles so that even distribution of 

nano particles throughout the coatings, which can be 

observed in fig 2c. When the surfactant value is further 

increased above the CMC value the average distance 

between the nano particles is  much increased[20-21]. 

 

C. Corrosion Analysis 

 

Fig 4 displays the potentio-dynamic polarization curves 

for NiP/Nano- Titania under various surfactant 

concentration conditions and the respective estimated 

values of Ecorr and Icorr from TAFEL curves are tabulated 

in table IV. 

 
 

Figure 3. Nyquist plot under various surfactant 

concentrations 

 

           The presented values show that the increase in 

corrosion resistance of the coated sample as there is 

increase in the surfactant amount From the TAFEL curve 

fig 5, it’s been observed that corrosion potential of the 

1.0 x cmc bath has moved towards positive region and 

the current density is much reduced comparing to the 

base metal as well as the other coated samples, this is due 

to the fact that it has considerably reduced agglomeration 

leads to homogenous distribution of Titania in a bath 

which considerably reduces the defects in the coating as 

well as the inert and low conducting titania nano particles 

traces the micro holes and trapped in between them 

which substantially reduces the metallic area prone to 

corrosive media so that it exhibits a enhanced corrosion 

resistance value. 

 

Table 3. Corrosion Results 

 

SAM

PLE 

Ecorr 

mV 

Icorr 

(µA/c

m
2
) 

Rp(Ω.c

m
2
) 

Cdl(

µF) 

Corr. 

Rate 

(mpy) 

Base 

Metal 

-543.387 13.452

78 

131 139

8.25 

12.2511 

NiP 

Titani

a  

          

0.25x 

cmc 

-388.375 6.6934 1742 75.2

3 

5.682 

0.5x 

cmc 

-375.266 5.3731

4 

1996 72.3 4.298 

1.0x 

cmc 

-352.935 4.5983 2842 61.2 3.45 

1.5 x 

cmc 

-357.019 4.7632 2476 64.6 3.712 

2.0 x 

cmc 

-364.464 4.9983 2328 66.1 3.985 

 

          In 0.25x cmc  and 0.5x cmc  surfactant baths the 

agglomeration of Nano particles leads to more defective 

region which can be understood by observing the Cdl 

values results in  reduced corrosion  resistance.   
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Figure 4. Tafel Curve  under various Surfactant 

concentration conditions

 

        In 1.5 x cmc and 2.0 x cmc

distance between the neighbour Titania particles 

increased as the volume increased results in reduced 

corrosion resistance than 1.0 x cmc surfactant bath, since 

it fails to cover maximum region of coatings.

         The corrosion inhibition efficiency is calculated by 

the equation  

Corrosion inhibition efficiency η

 
            Where Icorr and I’corr  are corrosion current 

density for the coated and bare sample respectively .From 

the table it’s been noted that the inhibition ef

the CMC concentrated surfactant bath is higher when 

comparing to other baths as well As  Lower C

the earlier bath resembles lesser defects in the coating 

surface. 

The Nyquist plot confirms the results obtained 

from TAFEL curves. The semicircle plot confirms the 

one time constant for all the coatings. Though the 

phosphorous content for 1.5 x cmc  and  2.0 x cmc  

surfactant baths are higher, The CMC concentrated 

surfactant bath has a prominent R

that the coating is enriched with homogeneous 

distribution of micro pore filled nano titania content.

 

D. Surface Roughness 

 
The surface roughness on each sample was studied using 

ZEISS & TSK Ver. 3.0 Surfcom 130A Tester. R

for the samples were measured and they tabulated below.

  For the uncoated specimen the surface Roughness value 

is measured as 0.56 µm. As the value of Surfactant CMC 

increases the there is a drop off in surface roughness. The 

The 1.0 x CMC concentrated surfactant  has somewhat 

reduced surface roughness than base metal, since the 

earlier bath has a good  phosphorous composition as well 

as the even dispersion of nano particles which hinders the 

porosity in the coatings. The smooth surface was 

achieved. 

 

Curve  under various Surfactant 

concentration conditions 

In 1.5 x cmc and 2.0 x cmc  surfactant bath the mean 

distance between the neighbour Titania particles 

increased as the volume increased results in reduced 

corrosion resistance than 1.0 x cmc surfactant bath, since 

it fails to cover maximum region of coatings. 

inhibition efficiency is calculated by 

Corrosion inhibition efficiency η%=

Where Icorr and I’corr  are corrosion current 

density for the coated and bare sample respectively .From 

the table it’s been noted that the inhibition efficiency for 

the CMC concentrated surfactant bath is higher when 

comparing to other baths as well As  Lower Cdl values for 

the earlier bath resembles lesser defects in the coating 

The Nyquist plot confirms the results obtained 

he semicircle plot confirms the 

one time constant for all the coatings. Though the 

phosphorous content for 1.5 x cmc  and  2.0 x cmc  

surfactant baths are higher, The CMC concentrated 

surfactant bath has a prominent Rp value, due to the fact 

ng is enriched with homogeneous 

distribution of micro pore filled nano titania content. 

The surface roughness on each sample was studied using 

ZEISS & TSK Ver. 3.0 Surfcom 130A Tester. Ra values 

for the samples were measured and they tabulated below. 

For the uncoated specimen the surface Roughness value 

is measured as 0.56 µm. As the value of Surfactant CMC 

increases the there is a drop off in surface roughness. The 

rated surfactant  has somewhat 

reduced surface roughness than base metal, since the 

earlier bath has a good  phosphorous composition as well 

as the even dispersion of nano particles which hinders the 

porosity in the coatings. The smooth surface was 

 

 

 

 

 

 

 

 

 Electroless NiP

steel under various CMC concentration of the SLES were 

analyzed  and it can be concluded that at 1.0 x CMC 

surfactant bath 

● Nano titania particles merged into the NiP

with considerably reduced agglomeration and 

enhanced dispersion. 

● It appreciably enhances the corrosion resistance by 

thinning the spotlight of bare metallic area prone to 

the corrosive environment through entrapment of 

nano Titania particles in th

● It shows reduced Surface Roughness comparing to 

the base metal. Since it has medium phosphorus 

content there is no much improvement is observed.
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