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Abstract: EN353 steel is used for tools in agriculture field for example for cultivators and reversible shovels etc. 
These tools are subjected to wear problems. Other farming equipment is also subjected to wear or fatigue. Automotive 
industry material is also subjected to these types of failures. The objective of this paper is to find out the best 
possible parameter so as the maximize micro hardness value and minimize wear value. EN353 steel is the popular 
grade of through–hardening medium carbon steel, which is readily machianable in any condition. Heat treatment 
of EN-353 steel was done successfully with the gas carburizing process and effects of various input parameters 
using carburizing process on EN353 steel studied. The aim of present research is to modify the surface properties 
of EN 353 steel and enhance the resistance against wear as well increment in life span of components. Taguchi 
approach for optimization of process parameters is used, in this study of Gas carburizing total of nine experiments 
were conducted by changing the input process parameter at three different factor levels. Nine experiments are 
performed by varying the Preheating temperature, Carburizing time and tempering temp. Three levels are selected 
for each experiment. Signal to noise (S/N) ratios, Mean ratio Taguchi analysis are used with micro-hardness and 
wear resistance as response variable which concludes significant parameters. It is observed during analysis that 
gas carburizing followed by quenching and tempering improves the properties of EN353 steel significantly.

Keywords: EN 353 steel, gas carburizing, hardness, case depth and wear resistance.

demand, various surface engineering techniques 
have become major interest because they can provide 
additional surface properties such as high strength, 
thermal barrier, and corrosion and wear resistance 
to structural materials. Many machine parts used 
for heavy duty applications, such as drive gears, 
drive shafts, cam shafts, bus and truck gears, crank-
shafts, axles, etc. demand increased hardness and 
wear resistance in the case and better toughness. 
These deficiencies are met through the process heat 
treatment [2].

Steel can be heat treated to produce a great 
variety of microstructures and properties. Generally, 
heat treatment uses phase transformation during 
heating and cooling to change a microstructure 
in a solid state. In heat treatment, the processing 
is most often entirely thermal and modifies only 
structure. Thermo-mechanical treatments, which 
modify component shape and structure, and 
thermo-chemical treatments which modify surface 
chemistry and structure, are also important 

introduction1. 

Steel has many practical applications in every 
aspects of life. Steel with favorable properties are 
the best among the goods. Steel is an alloy of two 
major constituents iron and carbon. Steel have 
a large number of applications in engineering 
practice under varying conditions requiring different 
properties in them. Like bending, twisting, hardness 
combined with toughness. They may be required to 
bear static or dynamic loads subjected to fatigue 
and creep etc. These deficiencies are made good 
through the process heat treatment [1]. Machine 
components are mainly made from steel subjected 
to surface damages like wear and corrosion in 
addition to static and dynamic loads. Therefore, 
apart from material strength, surface hardness is 
also an equally important property for the reliability 
of components against failures [2]. In recent years, 
it has been strongly required to extend the service 
life of machine components and structures due to 
economic and environmental reasons. To meet this 
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processing approaches which fall into the domain 
of heat treatment. Heat treatment involves the 
use of heating or chilling, normally to extreme 
temperatures to achieve a desired result such as 
hardening or softening of a material [3]. So the heat 
treatment process is defined as heating a metal at 
various temperatures, holding them for various 
time duration and cooling at various rates, it helps 
to improve the machining, formability, restore 
ductility after a cold working operation. The martial 
modification process, modify the behavior of steel 
in a beneficial manner to maximize the service life 
i.e. strength properties or stress relieving [4]. These 
process also help to improvement of the machining 
effects, and make them versatile.

Gas carburizinG2. 

As Gas carburizing is one of the surface engineering 
techniques widely used in the process of surface 
hardening of critical components used in automobile 
engineering. In this method, the surface composition 
of the low carbon steel changes by diffusion of 
carbon and results in a hard outer surface with good 
wear resistance properties. [6, 7]. Gas carburizing 
is a widely applied process in industry when 
mechanical parts are produced in high volumes. The 
temperature most commonly used for gas carburizing 
is 940°C. This temperature permits a reasonably 
rapid carburizing rate without excessively rapid 
deterioration of furnace equipment, particularly 
the alloy trays, and fixtures. The carburizing 
temperature is sometimes raised to 980°C to 
shorten the time of carburizing and to save energy 
for parts requiring deep cases. Gas carburizing at 
temperatures in excess of 980°C are not used in 
industry due to a number of technical reservations, 
e.g., distortion in treated components, life of furnace 
parts, the ability to control atmospheres adequately 
[9]. Gas carburizing is a surface hardening method 
in which the surface of the components is saturated 
with carbon in a gaseous atmosphere containing 
carbon. To accomplish this, the components 
are first heated in a neutral atmosphere to a 
predetermined temperature in the range of 870 to 
940 C. Then the furnace is flooded with a suitable 
gas such as propane, butane or methane. Finally, the 
components are held at this temperature to allow 
for the diffusion of carbon into the case. After the 
carburizing treatment is completed, the components 

are quenched to obtain the required hardness, wear 
resistance and fatigue resistance on the surface, 
supported by a tougher core [8]. Gas carburizing is 
a case-hardening treatment where a finished part 
is exposed to a carburizing atmosphere at a high 
temperature. This treatment creates a surface 
layer (case) with elevated carbon content. The case 
is typically 0.1–1.5 mm (0.004–0.060 inches) thick. 
After carburizing, the part is cooled rapidly, which 
causes hardening (Figure 1). As a result, the case is 
hardened to a hardness corresponding to its carbon 
content. The gas-carburized part can be said to 
comprise a kind of composite material, where the 
carburized surface is hard but the unaffected core is 
tough. This gives the part a very fine combination of 
properties with high strength, wear resistance and 
toughness (Torston Holm). The major advantage of 
gas-based over plasma-based processes is that the 
gas composition can be controlled and monitored 
straight forwardly by relatively simple equipment. 
Surface carbon contents and case depth can be 
controlled accurately [9].
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figure 1: Gas carburizing cycle including the quenching 
and tempering steps [5].

V.K. Morgan et. al., optimized the gas carburizing 
process through Taguchi ś parameter design 
approach. The objective of this study was to obtain 
an optimal setting of carburizing process parameters 
such as; carburizing temperature, soaking time, gas 
diffusion effect, furnace air circulation resulting 
in optimal values of the correct depth of the case 
in the surface of the components. Taguchi method 
is a powerful design of the experiment tool for 
engineering optimization of a process. Analysis of 
variance was used to study the effect of process 
parameters and establish correlation among the 
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carburizing temperature, soaking time, gas diffusion 
effect, furnace air circulation [10].

K. palaniradja et. al., investigated the process 
variables in gas carburizing on SAE 8620 and AISI 
3310 steels. An orthogonal array and ANOVA were 
employed to investigate the influence of major 
parameters on surface hardness and case depth.

Optimum conditions were achieved by applying 
high hardness and high penetration depth. They 
concluded that holding time 210 min, quenching 
time 30 min, carbon potential 1110-1115 mV, 
carburizing temperature 870-930 C are optimum 
values for high hardness. Holding time 195-210 
min, quenching time 30 min, carbon potential 1110-
1115 mV, carburizing temperature 870-930 C for 
more case depth. Comparison of the hardness and 
case depth of AISI 3310 and SAE 8620 shows that 
the later had a greater hardness and case depth 
since alloy addition was greater [13].Ravender 
Singh investigated the optimal process parameters 
for mechanical and wear properties of carburized 
mild steel using Taguchi approach [11]. In this 
paper, carburized mild steel developed by applying 
carburization process. After this he carried out 
different tests for mechanical and wear properties at 
different parameters. The parameters were considerd 
as carburization temperature, carburization sock 
time, tempering temperature and tempering sock 
time. In this Taguchi method L9 orthogonal array 
is using for experiment purpose. He concluded 
that Hardness and tensile strength increases with 
increase in the carburization temperature. Wear 
rate and toughness decreases with increase in the 
carburization temperature [10]. K. Palaniradja et. 
al., investigated the thermal and metallurgical 
effects with gas carburized and induction hardened 
components. Taguchi and Factorial design of 
experiment concepts were applied to optimize the 
operating variables involved in the gas carburizing 
and induction hardening processes so as to minimize 
the geometrical distortions. Even though, EN 351 
and EN 353 are having the same carbon percentage, 
EN 353 gives minimal dimensional and volume 
changes because of the presence of three alloying 
elements namely cobalt, molybdenum and nickel. 
Analysis by variance (ANOVA) results indicated that 
the furnace temperature and quenching time in the 
gas carburizing process were the variables which 
had more influence on distortion. The percentage 

deviations between the experimental and predicted 
results for the run out and helix variations were 
in the range of 7 to 10% [10]. K. Palaniradja et. 
al., analyzed the hardness and case depth through 
optimization techniques in gas carburizing. They 
optimized the following operating parameters viz. 
preheating, carbon potential, holding position, 
furnace temperature, carburizing time, quenching 
medium, quenching temperature, quenching time, 
tempering temperature and tempering time using 
the Taguchi and Factorial design of experiment 
concepts. From the experiments and optimization 
analysis conducted on EN29 and EN34 materials 
it was observed that furnace temperature and 
quenching time had equal influence in obtaining 
a better surface integrity of the case hardened 
components using gas carburizing. Preheating 
before gas carburizing further enhanced the 
surface hardness and the depth of hardness [12]. 
R. Swapnil et. al., investigated the effect of case 
hardening treatment on the structure and properties 
of automobile gears. Comparative study of the 
following gears viz. grade of EN353, SAE8620 
and 20MNCR5 are done. The basic study in this 
research is Procedural study, Micro structure study, 
testing of hardness gradient of automobile gears. 
Retained austenite in EN353 is more thanSAE8620, 
20MNCR5 due to higher hardening temperature. 
Hardness gradient values shows in EN353 Grade 
sudden drop at the case depth 0.6 mm [2].

ExPErimEntation3. 

In the present work, commercial grade low carbon 
steel specimens of EN353 steel has been selected. 
EN353 is suitable for the manufacture of part such 
as axels, shaft, gears, bolts and studs. EN353 steel 
is used in agricultural tools, cultivator shovels and 
paper industry. Also Since the parts like gears, bolts 
etc. are prone to wear; there is a need for modification 
of surface characteristics of these materials. The aim 
of present research is to modify the surface properties 
of EN353 steel and enhance the resistance against 
wear and other mechanical properties. The raw 
material for the present research work EN 353 was 
purchased from the Sehgal steel, Ludhiana (Punjab).
The composition of the raw material was analyzed 
with optical emission spectroscope (OES) at Munjal 
casting Ludhiana to ensure the type of material has 
composition mentioned in the Table 1.
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table 1 
chemical composition of material En 353

Element C Si Mn P S Cr

Actual % 0.18-
0.20%

0.25-
0.35%

0.62-
1.0%

0.050% 0.050% 0.75-
1.25%

dEsiGn of ExPErimEntation4. 

Among the available methods, Taguchi design 
is one of the most powerful DOE methods for 
analyzing of experiments. Taguchi technique was 
proposed by Dr. Genichi Taguchi, a Japanese quality 
management consultant. It is widely recognized 
in many fields particularly in the development of 
new products and processes in quality control. In 
this experimental work, the assignment of factors 
was carried out using L9 orthogonal array designed 
by Minitab software as shown in Table 4.2. All of 
these experiments were performed by varying input 
parameters like carburizing time, preheating temp, 
and tempering temp. The levels for each factor have 
been kept according to the experimental limitation 
and the furnace capacity. These factors were selected 
for output parameters like tensile strength, wear 
resistance and hardness as provided in the literature. 
The input parameter pre heating temperature, 
carburizing time and tempering temperature are 
selected to investigate the modification of EN-8 steel 
surface by carburizing. These are easily available. 
The data of parameter studied with their levels are 
shown in Table 2.

table 2 
input Parameters and their levels

Parameter Level 1 Level 2 Level 3

Pre heating temperature 200 250 300

Carburizing time 2 hrs 3 hrs 4.5 hrs

Tempering time 180 260 320

carburization of mild stEEl 5. 
samPlEs

Firstly pre heating of samples is done. A heating 
procedure applied to parent metal components 
immediately before heat treatment commences, 
and considered as an essential part of the heating 
operation is called pre heat. Pre heat is applied 
the whole component. It usually done to raise the 
temperature of the component so that the component 
not cool too quickly. Pre heating is before heat 
treatment it is essential that the minimum pre 

heat temperature maintained throughout the heat 
treatment operation. After that gas carburizing of 
samples was done at 940°C for different carburizing 
time. Three levels of carburizing time are 2 hours, 
3 hours and 4.5 hours and cooling down. By this 
way the mild steel samples gets carburized and 
then they were quenched in water i.e. the hardening 
was effected immediately after carburization. By 
this carburization process the mechanical and 
wear properties of mild steel samples increased 
considerably. The carburized steel samples were 
then tempered for a particular temperature and 
time. After the carburization process, the steel 
is often harder than needed and is too brittle for 
most practical uses. Also, internal stresses are set 
up during the rapid cooling from the hardening 
temperature. To relieve the internal stresses and 
reduce brittleness, we should temper the steel 
after it is hardened. So in this tempering process 
the carburized steel samples were heated at the 
temperature of 180°C, 260°C and 320°C for duration 
of 0.5 hours and then cooling it usually in the still air. 
The carburized and tempered mild steel specimens 
are then subjected to various kind of mechanical 
and wear tests.

The micro hardness of a substance is an important 
parameter to define the strength of its material. 
Micro hardness is a hardness of a material gauged 
with instrument using indenters. Wear is related to 
interactions between surfaces and specifically the 
removal and deformation of material on a surface as 
a result of mechanical action of the opposite surface. 
Wear may be including loss of the dimension from 
plastic deformation. If it is originated at the interface 
between two sliding surface. Plastic deformation or 
change in shape of solid body without fracture under 
the action of a sustained force. Wear machine used 
was pinon-disc machine.

discussion6. 

micro Hardness test

After designing the experiment, the test specimen 
for analysis of different mechanical and wear 
properties like wear, case depth and hardness were 
prepared as per ASTM standard and Rockwell 
hardness was measured on carburized and tempered 
mild steel samples. The load range 10-100 grams, 
Measurement of indention Digital Filler eyepiece, 
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loading was automatic and Power supply was 230V, 
AC and time is 20 sec. is used. The nine samples 
for each response were tested and the observed 
values for each case. For each of the sample, test 
was conducted for 3 times and the average of all the 
samples was taken as the observed values in each 
case Figure 4.3 shows the prepared samples.

Pin on disk Wear test

This test is performed in GZS College of Engg. and 
technology, Bathinda. The materials considered 
for this experiment is carburized mild steel 
samples which is carburized under different input 
parameters with dimensions 1.2cm ¥ 5.0 cm. The 
test was conducted on a machine called pin on 
disc machine as shown in figure. The sample was 
mounted perpendicularly on a stationary disc such 
that it’s one of the face is forced to press against the 
revolving disc. When the disc rotates for a particular 
period of time, the sample can loaded at the top 
to press against the disc with the help of a lever 
mechanism. Weighing of the sample is done on a 
sensitive milligram scale. This is done so that weight 
loss can be found due to wear. In this experiment 
there are following three parameters load, speed and 
time. We use Weight 29.39N (3KG), Track Diameter 
60 mm, Speed 350 RPM, Time 10 min. Once the 
parameter is set and work piece is mounted, the test 
is carried on for the desired time. The wear track so 
formed on the rotating disc is a circle. After each test 
only the mass loss of the specimen was considered 
as the wear. The wear rate of each sample was 
calculated from the weight loss, the amount of wear 
is determine by weighing the specimen before and 
after the test using electronic weighing machine in 
physics lab of college campus.

rEsults7. 

After experimentation, results for various parameters 
have been concluded and discussed in this chapter. 
In the present research EN-353 steel is carburized at 
different carburizing times, preheating temperature 
and tempering temperature. The results were 
calculated on the basis of micro hardness, wear 
rate and case depth analysis. During experiment 
we give numbering for samples treated in different 
experiments. The sample treated in experiment 1 
is named as sample A for experiment 2 is sample 

B and so on. The sample without carburizing is 
named as sample J. Table 3 shows the various 
results obtained from experimentation. The micro 
hardness of untreated sample is 108.1 HV and wear 
loss is 0.226 per gram. The tests are performed on 
27 samples for final results.

influence of optimal Process Parameters of 
micro Hardness analysis of En 353 steel

Table 3 shows various results obtained after 
experimentation.

table 3 
results of Experimentation
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1 200 120 180 276.3 0.083 0.66

2 200 180 260 193.6 0.098 0.70

3 200 270 320 239.5 0.088 1-1.10

4 250 120 260 196.6 0.094 0.50-0.60

5 250 180 320 213.5 0.090 0.75

6 250 270 180 342.6 0.080 0.86

7 300 120 320 276.6 0.085 0.65-0.70

8 300 180 180 340.9 0.081 0.68

9 300 270 260 298.8 0.083 1.45-1.50

There were total 9 no. of experiments, and total 
no. of pieces was 27 for different testing. Micro 
hardness testing was done on 9 pieces to check the 
difference between initial and final hardness after 
N carburizing. Preheating temperature, tempering 
temperature, and carburizing time were the main 
input parameters. For determining the optimum 
result of micro-hardness results of the carburizing 
process experiments are studied by using the signal 
to noise ratio. These are based on the results of 
the S/N and the main effect plot, optimal process 
parameters. Taguchi method suggests the equation 
for calculating the S/N ratio for greater is the better. 
The micro-hardness of the non-treated sample 
is 108.1 HV and the micro-hardness of treated 
sample is 342.6 HV. This is higher as compare to 
the base metal. After analyzing the experimental 
data from the test, the data is feed into the Minitab 
14 software for finding the optimum value from the 
parameters being taken in this experimentation. 
The Nominal is better is used for micro hardness. 
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conclusions8. 

The objective of the work was to find out the best 
possible parameter so as the maximize hardness 
value and minimize wear value from the present 
research following conclusions can be made:

 1. It is observed that maximum hardness 
is 342.6 HV, is obtained at experiment 
No. 6 which was conducted at preheating 
temperature 250°C Carburizing time 270°C 
and Tempering temp. 180 min.

 2. A significant increase in hardness has been 
found by gas carburizing process, which can 
be used in wide range of applications. Micro 
hardness of non-treated specimen is 108.1HV 
and carburized material is 342.6 HV. which 
shows that micro hardness of EN 353 
steel is enhanced by gas carburizing Micro 
hardness is a function of temperature and 
time, with the increase in carburizing time 
and preheating time, hardness increases. 
Micro hardness is maximum at 270 minute 
carburizing time and is 342.6 HV.

 3. Wear rate goes on decreasing with the 
increase in carburizing time and minimum 
at carburization time at 270 min. In 
experiment No. 6th at maximum hardness 
the wear rate is minimum. The Weight loss 
of specimen is .080 and weight loss in case 
of non-treated specimen is 0.226 which more 
as compare to treated one. So it shows that 
wear resistance of EN-353 increases by Gas 
carburizing significantly.

 4. Carburizing time is the most important 
factor for heat treatment that is high 
hardness value and high wear resistance 
value and more case depth for improvement 
are obtained.
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