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ABSTRACT  

In this paper, the effect of nitrocarburizing treatment on tribological properties of AISI 1045 steel was investigated. This medium 

carbon steel was used in automotive industry, especially in the manufacture of machine components due to the good mechanical 

properties and lower cost. Characterization of the surface layer of treated samples was made by optical microscopy (OM), Vickers 

microhardness test, scanning electron microscope (SEM), surface profilometer and pin-on-disk wear machine. Experimental results 

showed that the surface layers formed through nitrocarburizing processing at 580 °C (compound layer and diffusion zone) increased 

the microhardness. It was found also that the nitriding treatment reduced the friction coefficient and improved the wear resistance, 

where the specific wear rate were decreased to 1/9 was noticed after 10 hours of nitriding time. 
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INTRODUCTION 
 

AISI 1045 steel is a type of steel that is commonly used in the 

automobile industry for the manufacture of machine compo-

nents that require high strength and durability [1–8]. Due to its 

properties, it has been regarded as a good choice for various en-

gineering projects [9]. This steel has good machinability, good 

weldability, high strength [10-12], and can provide engineers 

with a reliable and effective solution when subjected to various 

service conditions [13-14]. In order to improve the tribological 

and mechanical properties of AISI 1045 steel, it must undergo 

several thermochemical techniques such as carburizing [15], 

plasma nitriding [16-19], gas nitriding [20-21] and, nitrocarbu-

rizing [22-30]. Nitrocarburizing is a superficial thermochemical 

process that hardens steel by using nitrogen to improve  their  

surface  hardness [31-33],  mechanical  properties,  as  well  as  

wear   [34-36], and  corrosion resistance  [37-41],  as  well  as  

fatigue  life  [42-44], and high dimensional stability. It is similar 

to the process of creating nitriding. Nitrocarburizing is distin-

guished from nitriding because it uses nitrogen and carbon, in-

stead of nitrogen. It should also be noted that the nitrocarburiz-

ing treatment has the greatest performance and less expensive 

comparing the other thermochemical technologies [45]. Recent 

studies have shown that the tribological properties of the steel 

can be improved by surface layers consisting of ε-Fe2-3N and γ’-

Fe4N phases [46-50]. However, there is no available information 

and sufficient studies about the effect of nitrocarburizing treat-

ment on the microstructure and triboligical properties of AISI 

1045 medium carbon steel. Therefore, the aim of the current re-

search is to make an attempt to investigate the effect of nitrocar-

burizing treatment on the microstructure, phases compositions, 

tribological properties, and the microhardness before and after 

the treatment by using optical microscopy (OM), scanning elec-

tron microscopy (SEM), Surface profilometer, pin-on-disk wear 

test and testing machine Digital Micro Vickers Hardness Tester. 

MATERIALS AND METHODS 
 

The steel used in this research paper was AISI 1045 steel with 

the following chemical compositions (wt. %): C: 0.49, Si: 0.32, 

Mn: 0.74, Cr: 0.15, Ni: 0.13, Mo: 0.04, S: 0.002, P: 0.002 and 

Fe balance. The specimens of 16 mm diameter and 4 mm thick 

were cut for this research work. Before surface treatments, the 

specimens were subjected to a normalizing heat treatment. Fig. 

1 represents the microstructure of AISI 1045 steel before nitro-

carburizing and after heat treatment (martensitic). The mechan-

ical properties of the AISI 1045 steel used are summarized in 

Table 1. In order to know the behavior of tribological properties 

of AISI 1045 steel, the specimens were subjected to a nitrocar-

burizing treatment, the conditions and parameters of this process 

are shown in Table 2. 

 

 
Fig. 1 Microstructure of specimen of AISI 1045 steel after heat 

treatment 
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Table 1 Mechanical properties of AISI 1045 steel 

Rm (MPa) Re (MPa) A% 
Hardness 

(HV) 

700 550 10 287 

 

Table 2 Parameters of nitrocarburizing treatment 

Process 
Chemi-

cals 

Temper-

ature 
Time 

Cooling 

type 

Nitro-

carbu-

rizing 

Cya-

nates,  

car-

bonates 

580ºC 
5h , 

10h 

Oil cool-

ing 

 

The cross-sectional microstructure and the surface appearance 

were observed with GA-120 type optical microscope (OM), the 

nitrided layers were revealed at room temperature by chemical 

etching with 2% NITAL (2% HNO3 in ethanol). According to 

the ASTM E384-99 standard, the microhardness and the surface 

hardness of AISI 1045 steel specimens before and after nitroca-

bonized treatment were tested using a microhardness tester (ma-

chine digital micro vickers hardness tester, model: HVS-1000Z) 

with a load of 300 g. The surface roughness of AISI 1045 steel 

samples before and after nitrocarburizing was measured using a 

surface profilometer. According to the ISO 4287:1997 standard, 

surface roughness was defined by measuring the average rough-

ness Ra. The wear tests were carried out with a pin-on-disk 

tester, during the test, a 5 mm diameter steel ball rotated at a 

speed of 60 revs/min at a load of 5 N. After the wear tests, the 

worn regions of the samples surfaces of AISI 1045 steel were 

examined with Jeol type scanning electron microscope (SEM). 

The weight of the samples before and after wear test was evalu-

ated using an electronic balance accurate to 0.1 mg to calculate 

the weight loss. The specific wear rate is determined using the 

(Archard, 1953) equation (Eq. 1) [51-52]: 

 

SF

V
k

.


                             (1.) 

 

where:  

k [m3.N-1.m-1] - specific wear rate coefficient 

V [m3] - wear volume 

F [N] - applied normal load 

S [m] - sliding distance 

 

RESULTS AND DISCUSSION 

 
Microstructure 

The morphology and microstructure of treated specimens of 

AISI 1045 steel by nitrocarburizing at a temperature of 580 °C 

for 5 h and 10 h is shown in Fig. 2. It can be clearly seen that 

two distinct layers were formed at the samples surface during 

nitrocarburizing.  

One can see an outermost layer well-known as compound layer 

of a few microns thickness (also called white layer), and below 

it there is a modified region a relatively thick also known as dif-

fusion layer. The white layer on the surface of the sample treated 

for 10 h (as shown in Fig. 2) was much thicker compared to the 

sample treated for 5 h as shown in Fig. 2, this indicates that the 

treatment times affects the microstructure during the nitrocarbu-

rizing process. There are many previous studies, which high-

lighted the microstructure of AISI 1045 steel during nitriding 

treatment, and it proved that the latter has a direct impact on the 

surface layer of the studied steel. It has also been proven through 

these studies that the white layer consisted by ε-Fe2-3N and γ’-

Fe4N, while the diffusion layer consisted by α-Fe [47, 50, 53]. 

 
 

 
Fig. 2 Cross-sectional microstructures of samples during nitro-

carburizing at 580 °C, (a) for 5h, (b) for10h 

 

Microhardness profile   

Fig. 3 shows microhardness profile of AISI 1045 steel samples 

before and after nitrocarburizing under different conditions (at 

580 °C for 5 h, 10h of treatment time). The surface hardness 

reaches the maximum of 418 HV0.3 when nitrided for 10 h, rep-

resenting a 46 per cent increase in surface hardness value of un-

treated sample, which was 286 HV0.3. On the other hand, the sur-

face hardness value of treated sample for 5h increased by up to 

38 per cent, which amounted to 393 HV0.3. Through the Fig. 3 

also can be seen that the hardness values in the core of the sam-

ple before nitrocarburizing were 286 HV0.3, which remained rel-

atively constant even after being treated, whether the treatment 

time was 5 hours or 10 hours (287 HV0.3).  

 
Fig. 3 The cross-sectional hardness profile of the samples un-

treated and treated at 580 °C for 5h, 10h 
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This result confirms that the core of AISI 1045 steel samples is 

not subject to the influence of the nitrocarburizing process. The 

hardness gradients indicate that the hardness gradually decreases 

with increasing distance from the surface to core, that is due to 

the presence of ε-phase  (Fe2-3N,C) and γ’-phase (Fe4N,C) in the 

surface layers, with the concentration of the latter decreasing to-

wards the core of AISI 1045 steel treated. These results agreed 

with those of studies on the effect of the nitrocarburizing process 

on the mechanical properties of AISI 1045 steel they clearly 

showed that the microhardness could be significantly increased 

by nitrocarburizing treatment [47-49]. 

 
Surface roughness 

The results of the average roughness Ra of the treated specimens 

of AISI 1045 steel compared to the untreated specimen were ob-

tained using a surface profilometer in accordance with the ISO 

4287:1997 standard. As shown in Fig. 4, the average roughness 

Ra of the untreated AISI 1045 steel specimen is clearly lower 

than that of the samples after nitrocarburizing at 580 °C, which 

reaches about 1.06 µm. However, after nitriding treatment, the 

average roughness Ra of the specimens increased significantly, 

reaching 1.325 µm and 1.695 µm for 5 h and 10 h of treatment 

time, respectively. 

 

 
Fig. 4 Average roughness Ra of the samples of AISI 1045 steel 

before and after nitrocarburizing for different time 

 
Tribological behavior 

In this study, the friction coefficient on the sample surface of 

AISI 1045 steel before nitrocarburizing were compared with 

those on the surface after she underwent nitrocarburizing treat-

ments at 580 °C for 5 h, 10h . Fig. 5 represents the friction coef-

ficient of the specimens treated for different duration and un-

treated one. It can be seen that the friction coefficient of the spec-

imens of AISI 1045 steel treated by nitrocarburizing was lower 

than that of the untreated specimen. The average friction coeffi-

cient value for the sample before treatment was 0.72, while de-

creasing significantly after nitrocarburizing, approximately cor-

responding to 0.45, 0.23 for nitriding time of 5 h, 10 h, respec-

tively. According to the results, the friction coefficient of the 

AISI 1045 steel sample was reduced as much as possible be-

cause of the high surface hardness during nitrocarburizing treat-

ments at 580 °C. 

Fig.  6  illustrates the results of the specific wear rate coefficient 

of the treated specimens of AISI 1045 steel compared to the un-

treated specimen were measured using a tribometer under vari-

ous dry sliding conditions. It can be clearly seen that the specific 

wear rate of the untreated specimen of AISI 1045 steel is much 

higher than those of the samples after nitrocarburizing at 580 °C, 

which reaches about 19.10-13 m3.N-1.m-1. Whereas, the specific 

wear rate of specimens after nitriding treatment decreased dra-

matically, 6.10-13 m3.N-1.m-1, 2.10-13 m3.N-1.m-1 were obtained 

when nitride  for  5 h, 10 h, respectively. 

From these results, it can be said that the AISI 1045 steel after 

nitrocarburizing presents the lowest specific wear rates. This be-

havior can be explained by the results obtained from previous 

studies, which confirmed that the wear resistance is related to 

the surface hardness, the higher the surface hardness of the ma-

terials, typically has better wear resistance [45, 52]. 

 
Fig. 5 Friction coefficient of the samples of AISI 1045 steel be-

fore and after nitrocarburizing for different time 

 

 
Fig. 6 Specific wear rate of the samples of AISI 1045 steel be-

fore and after nitrocarburizing for different time 
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Fig. 7 SEM images of the wear track of the specimens of AISI 

1045 steel, (a) untreated specimen, (b) treated specimen for 5 h 

at 580 °C, (c) treated specimen for 10 h at 580 °C 

 

SEM images of the wear track of the specimens of AISI 1045 

steel before and after nitrocaburizing treatment at 580 °C are 

presented in Fig. 7. Fig. 7a illustrates the worn surface of un-

treated specimen. Figures 7b and 7c shown the worn surface of 

the specimens nitrided for 5 and 10 h, respectively. It can be seen 

the worn surfaces of the untreated specimen were clearly differ-

ent from the worn surfaces of the treated specimens, where we 

it was observed that the worn surface of the untreated specimen 

of AISI 1045 steel has numerous abrasion grooves (Deep, rough 

wear scars), while on the surface of the specimens treated for 5 

and 10 h the abrasion grooves are lower and, in general, was 

more homogeneous and smoother (Fine, uniform wear scars).   

 

CONCLUSION 

 

In this work, the tribological properties behaviour of AISI 1045 

medium carbon steel has been studied according to the nitrocar-

burizing treatment at 580 °C. The most significant results ob-

tained are the compound layer (ε-Fe2-3N,C and γ′-Fe4N,C) and 

diffusion layer were formed after nitriding on surface of sam-

ples. The thickness of the compound layer is directly propor-

tional to the nitriding time. The surface hardness of AISI 1045 

steel was significantly increased after nitrocarburizing, reaching 

a maximum of 418HV0.3 for 10 h, which was 2 times higher than 

the untreated specimen's 286 HV0.3. The surface hardness in-

creased as the nitriding treatment time of increased. The surface 

roughness is increased by nitrocarburizing. The nitrocarburizing 

process is most effective for increasing the wear resistance of 

AISI 1045 steel. The specific wear rate decreased to 1/9 in 

treated sample compared to untreated sample. The coefficient of 

friction exhibited the same behavior, where has been reduced by 

the nitrocarburizing to a large degree. 
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