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ABSTRACT 
 

SS440C martensitic stainless steel is one of the 

most widely studied engineering materials for 

its tribological properties. It is capable of 

attaining the best mechanical properties such as 

high strength and hardness among the others 

martensitic grades. Unfortunately, the corrosion 

resistance of this SS440C steel is the lowest 

among the stainless group. In this study, 

SS440C steel was coated with ZrO2 by 

electrolytic deposition in ZrO(NO3)2 aqueous 

solution. After annealing, the ZrO2 coated 

specimens were characterized by X-ray 

diffraction (XRD). Furthermore, increasing the 

annealing temperature for ZrO2 coated sample 

resulted in decreasing hardness properties. 

 

Keywords: SS440C, electrolytic coating, X-ray 

diffraction. 

 

1. INTRODUCTION 
 

SS440C steel been extensively used in 

automotive applications such as ball bearing, 

valve components, races and many other 

automotive components (Salleh et al., 2009). 

This martensitic steel is chosen primarily for 

mechanical strength. Unfortunately, their 

corrosion resistance is lower than the other 

grades of stainless steel (Salleh et al., 2009). 

The high carbon content steel such as SS440C 

steels are usually heat-treated during the 

manufacturing process.  The steel is quenched 

quickly to freeze the grain structure in a 

particular configuration. Under a microscope, 

the grain structure has a needle-like appearance. 

This makes the steel very hard but too brittle 

(Landolt 2003). Tempering the steel allows 

some of the martensite crystals to rearrange 

themselves into other grain structures which are 

not as hard or brittle. By carefully controlling 

the heat treatment and quenching process, the 

hardness and tensile strength of the steel can be 

fine tuned to attain the desired properties. 

 

Valve is one of the components that is exposed 

to constant wear, abrasion, corrosion and 

erosion processes, but mostly by abrasion. Wear 

is excessive when the valve system no longer 

has the ability to seal the combustion chamber 

resulting in loss of compression, power, fuel 

efficiency and engine performance. Therefore a 

number of exterior modification technologies 

are used to overcome these problems (Kwok et 

al., 2003). Ceramic coatings can provide 

improved corrosion and wear resistance to 

underlying substrate steels. Many studies on 

electrolytic deposition of ceramic coatings have 

been performed (Yen et al., 2006). However, it 

is generally very difficult to preserve their 

hardness and other mechanical properties.  

 

ZrO2 is a kind of ceramic and extremely 

refractory material. Recently, electrolytic ZrO2 

coatings on metal have been verified to improve 

the corrosion resistance (Hsu et al., 2006).  It 

offers chemical and corrosion inertness to 

temperatures well above the melting point of 

alumina. The material also has low thermal 

conductivity. It is electrically conductive above 

600°C. In the present study, the characterization 

and mechanical properties of electrolytic ZrO2 

layer coating on SS440C martensitic stainless 

steel has been carried out.  

 

2. METHODOLOGY 

2.1 Sample Preparation & Identification 

SS440C was cut into sheet 30 x 10 x 2mm. All 

samples were polished to a mirror finish then 

degreased by detergent cleaned in deionized 

water and dried. Chemical composition of the 

SS440C material used in this work was shown 

in Table 1. Figure 1 shows the equilibrium 

phase diagram of Fe-18wt%Cr-0.75wt%Mo-
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1.0wt%C alloy calculated using Thermo_calc 

software. Thermo-Calc is a software package 

used to perform thermodynamic and phase 

diagram calculations for multi-component 

systems of practical importance. Calculations 

are based on thermodynamic databases 

produced by expert evaluation of experimental 

data using the CALPHAD method.  

 

Table 1 The chemical composition of SS440C 

steel (all in wt.%) 

 

C Si Mn Cr Mo 

1.0 1.0 1.0 17.0 0.75 
 

 
 

Figure 1 The equilibrium phase diagram of 

SSSS440C 

 

 
 

Figure 2 Weight percent (wt%) as a function of 

heating temperature of SS440C steel 

 

Figure 2 shows the effect of temperatures to the 

SS440C steel phases, calculated using JMat_Pro 

software. JMatPro is a cross-platform 

programme which calculates a wide range of 

materials properties and is particularly aimed at 

multi-components alloys used in industrial 

practice. The figure shows the phase 

transformation of austenite, ferrite and two 

types of carbides, M7C3 and M23C6.   

2.2 Electrolytic Coating & Annealing 

The electrolytic ZrO2 layer coating was 

deposited on SS440C in 0.03125 M ZrO(NO3)2 

aqueous solution. Current had been applied 

using power supply and voltage had been 

controlled manually at -1.2V for 700s. The 

sample was responded as a cathode, graphite bar 

as anode and saturated Ag/AgCl was the 

reference electrode. The coated specimen were 

then dried in air and annealed for 3 h at 300, 

350, 400, 450, 500 and 550
o
C. 

2.3 Characterization 

After annealing, the ZrO2 coated samples were 

characterized by optical microscope and X-ray 

diffraction (XRD). Hardness of each samples 

were tested using Rockwell Hardness tester.  

 

3. RESULT AND DISCUSSION 

 

3.1 Microstructural Analysis 

 
Figure 3 shows the ZrO2 coated sample 

microstructure. It is essential to maintain the 

same coating thickness along the coated sample. 

From the figure, it can be seen that thickness of 

the sample was approximately 0.7µm. Besides, 

M7C3 carbides were clearly precipitated along 

the grain boundaries. 

 

 
 

Figure 3 The optical microstructure of ZrO2 

coated sample 

 

The phases present in as-received, coated and 

annealed sample indentified by using XRD 

spectra shown in Figure 4. It can be seen that 

ZrO2 phases present in SS440C coated and 

1 micron 
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annealed sample. Other than that, it can be 

observed that ZrO2 was obviously formed at 

400
o
C annealed sample compared to the as-

coated sample. This means that oxygen diffuse 

in ZrO2 and the oxidation of SS440C are 

apparent at 400
o
C temperature. Some studies 

had concluded that (Yen et al., 2006) , structure 

of ZrO2 is dependent on the annealing time and 

temperature.  

 

 
 

Figure 4 XRD result of as-received, as-coated 

and annealed sample 

 

3.2 Hardness 

 

Rockwell Hardness of annealed coated samples 

was present at Figure 5. Several of annealing 

temperatures were done towards the ZrO2 coated 

samples. Minor loads of 10 kgf were applied to 

the samples. At the lower temperature such as 

300
o
C and 400

o
C annealed samples shows the 

decrease in hardness value. This is due to the 

temper softening effect of alloying elements in 

SS440C steel.  

 

 
 

Figure 2 Hardness properties at different 

annealing temperature 

 

Although at 450
o
C annealed sample, the 

hardness value increase until 60.4 HRc.  It 

shows that the secondary hardening effect 

occurred to the sample even though the sample 

was coated. Some had been found the same 

effect to their samples at this temperature 

(Chang et al., 2004). However, increasing the 

annealing temperature for ZrO2 coated sample 

resulted in decreasing hardness properties. This 

is might due to the additional oxygen diffuse in 

SS440C steel. 

 

4. CONCLUSION 

 

SS440C martensitic steel has a very high 

mechanical strength. Unfortunately, their 

corrosion resistance is lower than the other 

grades of stainless steel. Ceramic coatings such 

as ZrO2 can improve corrosion and wear 

resistance to substrate steels. ZrO2 was 

obviously formed at 400
o
C annealed sample 

compared to the as-coated sample. This is 

because of the diffusion process in ZrO2. 450
o
C 

annealed sample still shows the secondary 

hardening effect even though the sample had 

been coated by ZrO2.  
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