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Abstract— The development of project is investigation of 

electroless composite coating on high speed steel drilling 

tool with help of an optimizing process parameter. For 

purpose of increasing hardness, wear resistance, surface 

lubricity, oxidation temperature and tool life. Nickel-

Phosphorous-Titanium nitride (Ni-P-TiN) is coated by 

electroless coating technique. Normally high expensive 

CVD and PVD coating techniques are used for tool coating. 

But in our project for the first time less expensive electroless 

coating technique is used. A comprehensive experimental 

study of electroless composite coating on high speed steel 

drilling tool under specific condition for studied. Electroless 

coating is an autocatalytic coating process in which the 

metal to be coated undergoes catalytic reaction and deposit 

over the substrate. The coating bath consists of different 

concentrations on Nickel-Phosphorous-Titanium (20g/1). 

And then sodium hypo-phosphite (23g/1) as reducing agent, 

sodium acetate (13g/1) as stabilizer and ammonium 

hydrogen difluroide (7g/1) as the complexing agent. The 

surfactant SLS (1.2g/1) was added into solution before 

coating deposition. The stabilizer thiourea (1ppm) was 

added into the bath to make the reaction stable. The output 

parameters such as surface roughness, microhardness, 

optical was measured. . Surface morphology was studied by 

using scanning electron microscope (SEM). The results 

showed that the proposed methods resulted in significant 

improvement on the quality of the coating produced. 
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I. INTRODUCTION 

Electroless coating processes deposit metallic coating on a 

substrate without the use of an external voltage or current. 

They are commonly referred to as chemical metal deposition 

because the electrons required to bring about the discharge 

of metals ions are produced by a chemical reaction in 

solution. Deposition of metal is made from solution 

containing reducing agents. Such deposits form only on 

certain catalytically active surfaces (autocatalytic 

deposition). The electron needed to reduce the metal ions 

are provided by the reducing agent R which surrender n 

electrons, while getting oxidized to R(n) 

The aim and scope of study is to improve the wear 

behavior of high speed steel drilling tool by the way of 

electroless coating. In electroless composite coating 

technique are used to coated on the high speed steel drilling 

tool. Nickel-Phosphorous-Titanium nitride is coated by 

electroless coated technique. For main purpose of this 

coating is very less expensive otherwise comparing the other 

coating methodology. Basically hardness plate is drilled 

with solid cemented carbide drill tool. In that tool have may 

more expensive has compare to high speed steel drilling 

tool. Normally high speed steel drilling tool are drilled up to 

400BHN. But in our coated high speed steel drilling tool 

have drilled up to above 400BHN. A comparison of tool 

wear, after continuously drilling operation is main concern 

of our research. In drilling operation is done by continuously 

(20mins) of both drilling tool. If uncoated drilling tool have 

may chances to breakdown while drilling operation. So in 

our project has overcome the above problems.  

II. ELECTROLESS COATING PROCESS 

The basic requirement for an electroless bath includes metal 

ions/its concentration, reducing agent(s), complexing 

agent(s), bath stabilizer(s), control of pH and temperature 

Components of bath and their functions 

A. Reducing Agent 

Many reducing agents have been commercialized including 

sodium hypophosphite, amino boranes, and sodium boron 

hydride. 

B. Sodium Hypophosphite Baths 

Electroless deposition with hypophosphite bath has 

advantage over boron and hydrazine reduced baths. The 

hypophosphite bath cost slower and gives better corrosion 

resistance. 

 
Fig. 1: Sodium Hypophosphite 

 Most of the hypophosphite present is catalytically 

oxidized to the orthophosphate and gaseous hydrogen 

independently of the deposition of the nickel and 

phosphorus. In general, 1 kg of sodium hypophosphite is 

needed to reduce 200g of nickel, for an average efficiency of 

37% 



Experimental Study of Electroless Composite Coated HSS Drilling Tool on Mild Steel 

 (IJSRD/Vol. 5/Issue 03/2017/420) 

 

 All rights reserved by www.ijsrd.com 1639 

C. Sodium borohydride baths 

It is the most powerful reducing agent available for the 

electroless nickel plating. In general, 600 g of sodium 

borohydride is needed to reduce 1kg of nickel and the nickel 

deposits are more than 92.97% pure. Spontaneous solution 

decomposition may occur, if the bath pH is allowed to fall 

below 12. Because of the high operating pH, borohydride 

plating baths cannot be used for aluminum substrates 

D. Complexing agent 

Complexing agents are added to prevent the decomposition 

of solutions and to control the reaction so that it occurs only 

on the catalytic surface. Complexing agents are organic 

acids or their salts, added to control the amount of free 

electron (nickel) available for reaction 

E.  Accelerator 

They are often added to the plating solution in small 

amounts to increase the speed of the deposition and can 

cause the plating rate to become economically high. In 

hypophosphite-reduced solutions, sucinic acid is also used 

as an accelerator most frequently. 

 
Fig. 2: Palladium chloride 

F. Stabilizer  

The addition of inhibitors, also called stabilizers, can have 

harmful as well as beneficial effects on the plating bath and 

its deposit. In small amounts, some inhibitors increase the 

rate of deposition and the brightness of the deposit. The 

substrate should be catalytic in nature.  

 
Fig. 3: Tri-sodium citrate dehydrate 

The process has  

G. Masking Parts 

Masking may be employed in dry and wet processes. An 

example of a dry process where masking may be employed 

is a blasting cabinet,  

 
Fig. 4: Electroless Bath: a chemical deposition process. 

H. Plating Baths 

Many different chemical formulations are used in plating 

baths. The common condition for all baths is capable of 

preserving the correct amount of material presence 

deposited in the solution. 

III. ELECTROLESS COMPOSITE COATING 

The co-deposition of composite materials (hard particle or 

non-metallic) with electroless coatings is termed as 

electroless composite coatings. Wear-resistant composite 

can be produced by the co-deposition of fine particulate 

matter. Hard particles, such as diamond, silicon carbide, 

aluminum oxide, and solid lubricants, such as polytetra 

fluoroethylene (PTFE) particles, have been co-deposited. In 

our project nickel-phosporous-titanium nitride are used. 

Other small particles of inter metallic compounds, and 

fluorocarbons can disperse in an electroless nickel-

phosphorus/boron matrix.  

The main application of electroless composite 

coatings is for machining and finishing tools requiring 

maximum wear resistance, surface friction coefficient, and 

hard surface. The applications are as follows. 

Ni-P-TiN (50 m thick) increases the life of drill 

bits compare to uncoated drill bits by 15 times. It can protect 

the accelerated corrosion of abrasion molds in the plastic 

industry (better than chrome plating), and can be used in 

automobile components such as reinforced plastic front-end 

piece and in foundries for reducing wear and helping to 

release sand cores without breakage from c 

IV. EXPERIMENTAL DETAILS 

A. Preparation of Substrates 

In this work, substrate material chosen for coating is High 

speed steel drilling tool. The sample of three drilling tool 

under specification of 10mm diameter was taken. The 

typical surface finish value measured using a stylus 

instrument of the finished samples. 
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Fig. 5: Drilling Tool Dimension 

B. Specification 

Diameter = 10mm 

Body Length = 133mm 

Flute Length = 87mm 

Material  = High speed steel 

C. Pre-Treatment Of Substrates 

In the pre-treatment process is also called as cleaning 

process or polishing process of the drilling tool. There two 

main types of polishing are used in our project. 

 Mechanical polishing 

 Chemical polishing 

D. Mechanical Polishing 

The mechanical polishing is also known as physical 

polishing or physically cleaning process on the drilling tool. 

A samples are polished with emery sheet of (300, 400, 800,) 

grades. 

 
Fig. 6: Different Grade Emery Sheets 

E. Chemical Polishing 

After the mechanical polishing or cleaning the drilling tool 

would be proceed to chemical cleaning process, because of 

the coating does not be deposited in smoothed surface.  

Then only we make a small nano holes produced 

by using mechanical process and then the chemical process 

is used to cleaning the nano impurity particles over the 

drilling tool. Thus the chemical process in which involved 

by following procedures 

 
Fig. 7: Chemical polishing process 

1) Acetone spray then cleaning of tool with cotton cloth 

2) Washing with Distilled water 

3) Methanol impression for 1 min 

4) Again Washing with Distilled water. 

5) Acid pickling for 1 min [10% of H2SO4 by volume] 

6) Methanol impression for 1 min. 

7) Finally dipped the tool in electrolyte bath. 

F. Production of Electroless Deposits 

The electrolyte was heated directly by an electricity heated 

water bath whose temperature was regulated by ON/OFF 

switch. The coating was done for a period of 1hr with total 

volume of the coating bath restricted to 400ml.  

 
Fig. 8: Electroless process set-up 

The pH (potential of hydrogen) level was adjusted 

by addition of liquor ammonia pallets.It is used to increasing 

the hydrogen ion concentration in the bath. 

 
Fig. 9: pH meter 

 
Fig. 10: Liquor Ammonia 

G. Plating Bath and Operating Conditions 

The basic composition of the plating bath for electroless Ni-

P-TiN deposition had: Ni-P-TiN as the source of metal, 

sodium hypo-phosphite as the reducing agent, sodium citrate 

as the stabilizer and ammonium chloride as the complexing 
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agent. The specific bath compositions and plating conditions 

used are presented in table 1. The surfactant SLS was added 

to solution before electroless Ni-P-TiN deposition with 

concentration ranging from 1.0 g/1 to 1.4g/1. Temperature 

of the plating bath was maintained at 85ºC (±1ºC). 

 
Fig. 11: Plating bath 

Electroless bath compositions 
Quantity (g/800ml) 

Bath 

Metal source NiCl2 20 

Reducing agent H2NaO2P.H2O 23 

Stabilizer Na3C6H5O7 13 

Complexing agent NH4Cl 7 

Anionic surfactant NaC12H25SO4 1-1.2 

 Temperature 85ºC(±1ºC). 

Table 1: Compositions of Plating Bath used for Electroless 

Ni-P Coating 

The pH of the bath was maintained as per design 

data by addition of sufficient quantity of ammonia solution. 

The electrolyte was heated indirectly by an electrically 

heated water bath. The temperature of the bath was 

controlled and the corresponding temperature of the 

electrolyte was monitored by using a thermometer. The 

coating was done for a period of 2hour with initial volume 

of the plating bath restricted to 150ml (unless otherwise 

mentioned). 

H. Drilling Tool 

We have used HSS drill bit with diameter of 10mm. 

1) Samples before Coating 

 
Fig. 12: 10mm HSS Drill Bit (Before Coating) 

2) Sample After Coating 

 
Fig. 13: 10mm Drill Bit (After Coating) 

I. Mild Steel Plate 

 
Before Drilling    After Drilling 

Fig. 14: Mild steel plate (400~BHN) 

J. Coating Concentration  

S.NO 
MATERIAL 

COMPOSITION 
NICKEL PHOSPHOROUS 

TITANIUM 

NITRIDE 

01 1st concentration 94% 5% 1% 

02 2nd concentration 93% 5% 2% 

03 3rd concentration 92% 5% 3% 

Table 2: Different Coating Concentration 

 
Fig. 15: Coating operation 

V. OPERATION 

Our research scope is to improve the hardness of the drilling 

tool while to perform its drilling operation on the high 

hardness mild steel plate. Thus the operation would do by 

using radial drilling machine.  

A. Operating Conditions 

Operating time   =  15 to 20 mins 

Coolant     =  No 

Depth of cut    = 10 mm 

Spindle Speed range  = 800 rpm 

Spindle Feed range  = 0.5 mm/rev 

Power of spindle motor  = 3.7 KW 

B. Calculation 

1) Estimation of coating thickness 

Coating thickness (t) is determined by WEIGHT GAIN 

METHOD.         

t = ((w2-w1))/ρAT 

Where, 

w1, w2 = Weight of substrate before and after coating,(mg) 

ρ           = Density (kg/cm3) 

A          = Surface area exposed for coating (cm2) 

T           = Deposition time (hr). 

2) Solution 

a) Sample 1               

   t   = (0.04)/0.008138*10.44*1 

   t  =0.470microns 

b) Sample 2 

   t = (0.03)/0.008138*10.44*1              

   t  = 0.353microns 
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c) Sample 3 

   t = (0.03)/0.008138*10.44*1 

   t  =0.353microns 

d) Tool Life 

Tool life (T) is determined by TAYLOR’S TOOL LIFE 

METHOD. 

VTⁿ = C 

Where,                                                                                                                                   

V = cutting speed (m/min) 

T = tool life (Minutes) 

n = Exponent for conditions tested 

C = Taylor’s constant. 

e) Solution 

VTⁿ = C 

V = 0.025m/min 

n  =  0.528 

C = 0.2 for HSS 

0.025*T0.528    = 0.2 

T0.528 = 0.2/0.025 

T = 51.33 min 

VI. RESULT AND DISCUSSION 

A. Scanning Electron Microscope (SEM) 

The mechanism of wear in the coating, the wear track 

patterns were examined by using scanning electron 

microscopy (SEM). These pictures are shown in fig 15. 

 
Fig. 15: Uncoated drill bit (a, b) 

In the above picture is represent the wear 

morphology of uncoated high speed steel drill bit. In picture 

ensure the wear of cutting face on after drilling process. 

Then picture b was shown the wear land is visible at the 

cutting edge of high speed steel drill bit. 

The SEM micrograph of wear tracks of Ni-P-TiN 

deposits coating for after experimental runs are presented in 

below figure 24. The worn surface of the Ni-P-TiN coating 

mainly composed of longitudinal and partial irregular pits 

along the sliding direction. The presence of grooves 

indicated that the micro-cutting and micro-ploughing effect 

of the counterface, while pits were indicative of ductile 

fracture 

 
Fig. 16: SEM micrographs of the Ni-P-TiN coated (c,d) drill 

bits after the drilling experiments. Whereas the Ni-P-TiN 

coated tool presents no signs of wear (d). 

The above diagram  represent the wear  tracks of 

coated drill bits , the composite coatings are Nickel-

Phosphorous-Tinanium Nitride using electroless coating on 

the high speed steel drill bits. 

B. Vickers micro Hardness 

The indentation hardness  value is obtained by measuring 

the depth or the area of the indentation  using one of over 

different test methods. It is mostly used for small parts, thin 

sections, or case depth of work 

1) Operating conditions: 

Load = 200gm, Time = 15 sec 

S.no Uncoated drill bit Hardness (HV) 

1 Trial 1 50 

2 Trail 2 48 

3 Trail 3 45 

Table – 3 

 
Fig. 17: Hardness (HV) Vs Uncoated tool & Uncoated tool 

Hardness graph 

S.no Ni-P-TiN coated 1% Hardness (HV) 

1 Trial 1 50 

2 Trail 2 52 

3 Trail 3 54 

Table 4: 

 
Fig. 18: Sample-1 Hardness graph 

S.no Ni-P-TiN coated 2% Hardness (HV) 

1 Trial 1 54 

2 Trail 2 57 

3 Trail 3 60 

Table 5 
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Fig. 19: Sample-2 Hardness graph 

S.no Ni-P-TiN coated 3% Hardness (HV) 

1 Trial 1 50 

2 Trail 2 54 

3 Trail 3 56 

Table 6 

 
Fig. 20: Sample-3 Hardness Graph 

S.no Samples Hardness (HV) 

1 Uncoated 45.4 

2 Ni-P-TiN 1% 52.2 

3 Ni-P-TiN 2% 55.3 

4 Ni-P-TiN 3% 53.7 

Table 7 

 
Fig. 21: Hardness Graph of Different Samples 

C. Surface Roughness measurement(Ra) 

In surface roughness of coating were measured using a 

stylus instrument. Stylus instrument were based on principle 

of running a probe across a surface in order to detect 

variations in peak and valleys as a function of distance. The 

probe traces along a straight line on a flat surface. Ra is 

defined as the average of peak and valley distances 

measured along the centerline and are expressed in figure 

22. 

 
Fig. 22: surface roughness graph 

VII. CONCLUSION 

A comprehensive experiment study under specific coating 

conditions on the influence of addition of various nano 

additives with surfactant has been conducted. The surfactant 

concentration to the electroless composite bath on the 

mechanical properties and tribological properties of the 

coating so produced have been carried out and the results 

are indicated that percentage of coating increase, would 

increases the hardness of material and decreases the surface 

roughness. 

In general, it has been observed that the surface 

finish, micro hardness, coating thickness and tool life of the 

coated drill tool has improved on 3% of titanium coating 

drilling tool. 
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