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ABSTRACT 
In this paper, effects of different types of coating material on steel are investigated. Deposition of wear-resistant chromium plating 

decreases the fatigue strength of the base material. The influence of tungsten carbide coating is more in high cycle than in low 

cycle fatigue tests. Cadmium electroplating has been done for protective coatings in aeronautical components, causing good 

corrosion protection combined with a good performance in cyclic loading. By considering all conditions and constraints Nickel (Ni) 

based multilayer alloy coatings and its possible alternatives show advantages such as good resistance to fatigue. Various methods 

denoted to increase the fatigue life of steel used in different application by various authors are studied in this paper. Ni-Zn coating 

on AISI 4340 steel increases the fatigue strength in the thickness range of 15 μm - 21 μm. Electro deposition by pulse plating 

produces less porosity and fine grains compared to DC plating. Effect of choride and sulphate bath, on and off time of pulse, speed, 

temperature, pulse current, frequency and duty cycle of electroplating was studied. Chloride bath produced fine grains and smooth 

surface finish. By increasing the percentage of Ni content in coating, the hardness increases. 
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INTRODUCTION 

 
Most of the engineering components in automobiles such as crankshafts, rear axle shafts, aircraft crankshafts, 

connecting rods, gears, propeller shafts, drive shafts, landing gear and rock drills etc. are made of EN8 steel. All 
these parts involved in applications could be subjected to wear, corrosion and cyclic loading.  

Fatigue is one of the most important parameters to consider for the failure of rotating elements. These are 
typically subjected to dynamic loads (fluctuating loads). Hard coatings are done to improve the surface properties 
of components. [1-5] 

Mostly fatigue crack initiates from the critical locations and propagated further then it leads to failure [6-8]. 
There are three methods to improve fatigue strength of materials. They are  

 
Heat treatment. 2. Coating. 3. Shot peening: 

There are numerous parameters that affect the fatigue life are listed: Cyclic stress state, incorrect geometry 
(stress concentration),  material type, surface quality, size and distribution of internal defects, residual stresses,  
manufacturing process, direction of loading , grain size, shaft misalignment, vibration caused by bearings 
application, improper lubrication, overloading and pressure acting on piston.[8-11]. 
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II.Coating Of Different Materials: 
2.1. Chromium plating: 

Conventional hard chromium plating was carried out using chrome acid solution with 250 g/L of CrO3 
and2.5 g/L of H2SO4 at 50–55oC, with a current density from 31 A/dm2 and a deposition rate of 25μm/h. A bath 
with a single catalyst base on sulfate was used [12]. 

 

 
Fig. 1: S–N curves of the chromiumspecimens. 

 
 
Fig. 2: S–N curves of the tungsten carbide specimen. 

 
Deposition of wear resistant chromium plating causes decrease in the fatigue strength of the base material 

though chromium coating had excellent corrosion resistance. 
Experimental results indicate a significant reduction in the bending fatigue strength of AISI 4340 steel 

when using chromium electroplating [13-14]. 
 

2.2 Tungsten Carbide Coating: 
The WC thermal spray coating applied by HVOF system used WC powder with 12%CO, resulting in 

thickness equal to 100μm. Specimens were blasted with aluminum oxide to enhance adhesion. WC thermal 
spray coating applied by HVOF process was to reduce the rotary bending fatigue strength of AISI 4340 steel. 
The influence is more significant in HCF tests than in low cycle fatigue tests. The reduction in the fatigue 
strength was more in chromium electroplating  than tungsten carbide coating [15]. 
 
2.3 TiCN Coating: 

 

 
 
Fig. 3: S–N curves of the TiCN coated specimen. 
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The present investigation has shown that coating of Q&T 4340 steel substrate with a TiCN film of 4 lμm 
thickness applied by PAPVD can give increase, in the range of 140-180%, in fatigue life, compared uncoated 
substrate [16]. 

 
2.4. Nickel based coating: 

Nickel electroplating on low carbon steel are used in many industrial application due to its improving 
corrosion fatigue life. Coating thickness improvement provides good protection against corrosion but in other 
hand reduces fatigue life.6 μ m thickness of electroplated Nickel improved fatigue life of low carbon steel 
specimen in corrosive environment and exposed to cyclic load [17]. 

Nickel coatings are most attractive due to their low porosity content and high corrosion resistance. 
However, improving these properties seems to be necessary for special purposes which can be achieved through 
pulse plating. [18]. 

The hardness of the Ni/Al2O3coatings depends on the particle volume in the Ni matrix, and also the 
hardness was improved. The results showed that the wear resistance of the nano composites was about 2 to 3.5 
times increased [19]. 

The coating prepared at the concentration of 12.5 mL/L had the best micro hardness, wear resistance and 
corrosion resistance [20]. A small amount of transparent TiO2 solution was added in electroplating Ni solution 
leading to the formation of nano crystalline Ni-TiO2 composite coatings. These coatings have a smooth surface. 
The wear resistance of the composite coating was improved by ~50% [21]. 

Nano sized TiO2 particles were prepared by sol gel method. TiO2 particles were applied with zinc from a 
sulphate bath at pH 4.5 using electro deposition technique. The smaller grain size of the composite coatings was 
observed in the presence of TiO2 [22]. 

Ni-ZrO2 composite nano-coatings exhibited higher hardness and good wear resistance compared to pure 
nickel coatings under the same electro deposition conditions, and wear losses of PC and PRC composite 
coatings were also lower than DC composite nano-coating [23]. 

The corrosion-resistant coating exhibits excellent adhesion to the steel substrate due to the formation of Ni-
Al. The optimized processing parameters such as duty cycle of 2, current density of 3 A/dm2  and pulse 
frequency of 800 Hz were found [24].  

 

 
 

 
 
Fig. 4: Frequency, current and duty cycle effects 

 
When current density increases grain size reduces and then increases, optimized grain size is formed at 

38.9A/dm2.If either current density or frequency increases micro hardness will increase up to optimized value. 
When duty cycle increases micro hardness will reduce [25]. 
 
2.5. Zinc based coating: 

Zinc has been the widely used electro deposit for protection against corrosion because of sacrificial action 
and the coating of zinc increases corrosion resistance [26]. Uniform coating of Zn showed smooth finish and 
good protection for corrosion as 75% hardness value was achieved. [27]. 
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Zn-TiO2 composite coating was coated on mild steel using an electrolyte containing dispersed nano sized 
TiO2.Reduction in crystalline size of composite coating was obtained and it showed improved corrosion 
resistance [28]. 

The better attractive alternative of Zn and Cd coatings is Zn–Ni coatings to increase the corrosion 
resistance. Zn–Ni coatings had higher resistance to polarization, low corrosion currents and gives protection by 
increasing the life in comparison with Zn and Cd coatings.[29] 

 

 
 
Fig. 5: Hardness comparison of direct and pulse plating. 

 
Fig.5. shows the hardness profile for pulse plating and DC plating and indicates that hardness increases for 

pulse plating than DC plating.[25] 
Pulse electroplated Zn–Ni alloy coatings improved corrosion resistance than DC electroplated coatings. 

Coating surface was smooth and more uniform with smaller nodules. Pulse frequency did not have effect on the 
chemical and mechanical properties of deposit [30]. 

A number of studies were done for the viability of pulse current electro deposition for better control of the 
structure and properties of Zn–Ni deposits [31-33]. 

Surface topography of Zn–Ni alloy obtained by PED was pores free, fine grained nodular and got improved 
structural properties [34]. 

Zn–Ni electro plated by reverse current gives the best corrosion properties of all investigated alloys 
deposited by reverse current [35]. 

The inclusion of nano sized particles can give an increased micro hardness and corrosion resistance. High 
incorporation rates of the dispersed particles have been obtained using a high nano particle in the electrolyte, 
small sized particles and pulsed current techniques [36]. 

The morphology of electrodeposited Zn–Ni alloy is fine grained than Zn electrodeposits. A nano crystalline 
Zn–Ni coating can be obtained from an ammonium chloride and chloride based electrolytes [37,38]. 

Reverse pulse electro deposition technique provides an efficient route for characteristics of Zn–Ni over a 
range of compositions and structures [39]. 

Corrosion resistance and micro hardness of Zn-Ni coatings were increased by increasing Ni in the sulphate 
baths. Nickel content in the coating increases with the increase in current density in all sulphate baths (40). 

An increase in temperature promotes an increase in nickel deposit. Zn in the deposits is higher than the 
bath, so the zinc is deposited preferentially. Pulse plated Zn–Ni deposits give good corrosion properties as 
indicated by the galvanic corrosion test [41]. 

The on and off-time had no influence on the behavior of the coatings. Grain refinement of the coatings to 
the nano crystalline range can be got by raising the Ni content of the coating [42]. 

By increasing phosphorous micro hardness and surface finish increased, due to corrosion damage the 
fatigue strength was reduced gradually. The optimum coating thickness was in between 5mm to 25mm for the 
aerospace alloy steel [43]. 

Direct current deposition (DCD) and pulse current deposition (PED) techniques of Zn–Ni alloy were 
compared on AISI 347. The effect of duty cycle, current efficiency and hardness reaches maximum at 50 Hz 
frequencies and 40% duty cycle with average current density of 4 A/dm2..The values of PED deposited Zn–Ni 
having higher corrosion resistance and higher hardness. [44]. Less porosity and fine and smooth grains are 
formed by pulse compared to DC plating [45]. 

Pulse plating 

D.C. 
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Fig. 6: Effect of hardness and thickness on Ni-Zn coating. 

 
Lower fatigue strength of AISI 4340 steel was resulted from Zn-Ni coating in the thickness 15 μm - 21 μm. 

In the case 7 μm - 12 μm, experimental data indicate the slight improvement of fatigue strength showed by 
cadmium electroplated AISI 4340 steel, 8 μm - 13 μm.[46]. 

 

 
 
Fig. 7: S-N details of cadmium and zinc-nickel alloy coating on AISI 4340 steel 

 
Fig.7.shows the fatigue strength comparison of AISI 4340 steel electroplated with cadmium and Zn-Ni 

coating. 
The optimized parameters for Zn-Ni corrosion resistant coatings are: the concentration of nickel ion-2 g/l, 

stabilizer ratio – 6.0, the interaction between nickel ion and zinc ion -2.0 & 6.5 g/l and the interaction between 
nickel ion and brightener - 2 g/l and 16.0 g/l [47]. 

Ni in coating has a strong effect on the morphology and micro hardness of coatings. Increasing composition 
of Ni2+Zn2+ratio, temperature and current density Ni in the coating also increased. The optimum properties 
were electrodeposited at 80 mA/cm2, 40ºC under 600 rpm speed from the bath with Ni2+Zn2+ratio equals 1[48]. 
 
Conclusion: 
• To increase corrosion,wear resistance and fatigue strength, the better attractive alternative for pure Zn, 
chromium, and cadmium coatings is Zn–Ni coatings. Zn–Ni coatings had higher polarization resistance, lower 
corrosion and increasing the life of the coatings compared with all coating materials. An environmentally better 
alternative for the replacement of chrome and cadmium plating is nickel and zinc based coating.  
• Electroplating is used to produce abrasion-and corrosion-resistant coatings. The effect of choride bath, 
sulphate bath, temperature, pulse on and off time and speed of electroplating was studied. Chloride bath 
produced fine grains and smooth surface finish.  
• PED deposited Zn–Ni having higher corrosion resistance and higher hardness. It has less porosity and fine 
grains are formed by pulse plating compared to that formed by DC plating. The effect of pulse current, 
frequency and duty cycle were studied. By increasing the percentage of Ni content in coating, the hardness 
increases. 
• Ni-Zn coating on AISI 4340 steel increases the fatigue strength in the thickness range of 15 μm - 21 μm. 
• Coating resists crack initiation and growth thereby fatigue life will increase. Multiple layer systems of 
coatings are considered to have larger resistance to crack initiation and propagation in comparison with simple 
layer. 
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