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Abstract— In this paper, it tells about to improve the 

material properties of the specimen of conventional HCS by 

heat treated at different temperature like 500,700 and 9000C 

both normalizing and quenching process will changes its 

physical, chemical, and mechanical properties compare to 

conventional HCS. Initially specimen preparation will be 

done with the help of lathe and shaper machine. Specimen 

subject on UTM machine for tensile test, Rockwell hardness 

machine, chemical composition and micro structure with 

SEM analysis .By an overall analyzing the graphs, the 

hardness value due to specimen in quenching process 

compare to other process will be more efficient and 

excellent tool performance. UTS, YS, YM, value observed 

increases at 500deg of normalizing process and 500deg of 

quenching process ,%elongation and % reduction will 

decreases respectively compare to others and normal HCS 

respectively. The micro structure changes from hyper to 

hypoeutectic particles so refine size of grain structure with 

homogeneous arrangement of grains  consist ,better elastic 

characteristic and observed so it has changed from brittle to 

ductility, improve mach inability, increased hardness and 

improve internal stress of  material improves life of 

specimen. 
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I. INTRODUCTION 

The metallic materials consist of small crystals or grains 

which is one of the most effective factors that can determine 

the overall mechanical behavior of the metal. The heat 

treatment provides an efficient way to manipulate the 

properties of the metal by controlling the rate of diffusion 

and the rate of cooling within the microstructure. It can be 

used to alter the hardness, strength, toughness, ductility, and 

elasticity. The heat treatment of steels is the heating and 

cooling of metals to change their physical and mechanical 

properties, without letting it change its shape [1]. Heat 

treatment could be said to be a method for strengthening 

materials but could also be used to alter some mechanical 

properties such as improving formability, machining, etc. 

The most common application is metallurgical but heat 

treatment of metals can also be used in the manufacture of 

glass, aluminum, steel and many more materials. The 

process of heat treatment involves the use of heating or 

cooling, usually to extreme temperatures to achieve the 

desired result. It is a very important manufacturing process 

that can not only help the manufacturing process but can 

also improve product, its performance and its characteristics 

in many ways. [2]. 

The wear resistance of high carbon steel is high due 

to it finer microstructure and hence it is used for tool 

making. The heat treating of this type of steel helps in 

altering manufacturability. The heating and cooling of this 

type of steel to changes physical and mechanical properties 

and also improve product performance. A slow-cooling heat 

treatment of steels with a 900–1000 °C peak temperature 

and a 1–2 °C/min cooling rate produces a regional soft area 

for energy dissipation. The analysis of the results shows that 

this method effectively reduces the yield and ultimate 

strengths. The Q690 steel shows major yield strength 

reduction as compared to Q420 steel [3]. It is reported that 

the recrystallization happens at 720 °C and causes over heat 

treatment. It is reported that the heat treatment can regulate 

the incompatibilities between strength and toughness for 

10CrNi3MoV steel [4]. In this study, samples with and 

without post-tempering heat treatment were produced while 

keeping other processing condition similar. These results 

revealed a valuable understanding for designing the low 

alloyed high carbon steel for industrial application [5]. A 

study carried out to analyze the effects of different substrate 

heat treatments on the preparation and properties of 

Phosphate chemical conversion coatings shows that the heat 

treatments improves the best corrosion resistance due to the 

homogeneous and fine-crystal microstructure of the coating 

[6].The effect of quenching without tempering heat 

treatment on the microstructure and mechanical properties 

of an AISI 304 austenitic stainless steel show that the 

strength and elongation of samples were improved after this 

heat treatment, while the hardness decreases [7]. It is 

reported that annealed steel sample exhibited low hardness 

and it may be accounted to reliving of internal stresses of 

received rolled but exhibited higher corrosion resistance. 

However the hardened steel has shown higher hardness and 

less corrosion resistance due to existence of marten site and 

chances of more prone to inter granular corrosion[8].The 

quenching-partitioning-tempering process of high carbon 

steel results in the decrease of the retained austenite volume 

fraction and refinement of blocky austenite. It was observed 

that the compared with quenching-tempering treatment, both 

impact toughness and wear resistance of the steel were 

improved by applying a series of Q&PT treatments. It is 

found that the initial hardness appeared to play a greater role 

in the wear resistance in reciprocating sliding wear, while 

the amount of retained austenite transformed during 

abrasion showed proportional relationship with the wear 

resistance in the rubber wheel test [9]. The high-carbon 

martensitic steel possesses extraordinary strength and 

hardness but inferior fracture toughness, restraining its 

utilization under high-performance conditions. However it 

can be improved by conjugation of sub-zero treatment and 

low-temperature tempering owing to the formation of 

nanoscale transition η-carbides in a well-distributed manner.  

Additionally, SZT sample showed outstanding nano 

hardness value [10]. The micro structural engineering can be 

used to for modifying the surface properties of high carbon 

https://en.wikipedia.org/wiki/Crystal
https://en.wikipedia.org/wiki/Diffusion
https://en.wikipedia.org/wiki/Hardness
https://en.wikipedia.org/wiki/Strength_of_materials
https://en.wikipedia.org/wiki/Toughness
https://en.wikipedia.org/wiki/Ductility
https://en.wikipedia.org/wiki/Elasticity_(physics)
https://www.brighthubengineering.com/manufacturing-technology/74097-heat-treatment-annealing-and-tempering/
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steel. A controlled impact deformation was carried out via 

drop ball test to generate nano-grain martens tic structure 

through high deformation process combined with in situ 

recrystallizations which caused by generated heat through 

deformation. This newly formed structure on the surface of 

the steel exhibits high and uniform nano-structured layer 

which has a smooth transition from the base material to the 

surface and has ultra-hardness without compensating the 

fracture toughness [11].There are different heat treated 

process like annealing, normalizing, quenching and 

tempering. The heat treatment process conducted on the 

specimen NST 37-2 steel for the changes observed the 

mechanical properties and the microstructure for heating and 

cooling process will modify the mechanical properties of 

steel [12].Annealing process performed in project for the 

specimen heated at 900 degree C left it cool in furnace and 

remove out the specimen is quenched in water bath and also 

another specimen in air cooling process same is followed, 

MS which is used in the application of agriculture to 

improve the properties for long usage without failure of 

specimen in service. prepared as per journal the template. 3. 

Contents of the paper are fine and satisfactory. Author (s) 

can make rectification in the final paper but after the final 

submission to the journal, rectification is not possible. 

II. MATERIAL AND METHODOLOGY 

In this work, high carbon steel was purchased and the 

samples were prepared as per ISO standards. The samples 

were subjected heat treatment for different temperature such 

as 500, 700 and 900 degree C in muffle furnace and 

subjected to both normalizing and quenching process. 

Figure 1 shows the specimens prepared for different tests. 

the specimens are placed into muffle furnace subjected 

quenching and normalizing process. The properties of the 

samples were determined using universal testing machines, 

hardness testing machine, shear testing machine and wear 

testing machine. The scanning electron microscope tests 

were conducted to find the microstructure of the samples. 

 
Fig. 1: All Specimens for different test 

1) Normalizing is the process of heating specimen at high 

temperature in muffle furnace and cooling in 

atmospheric air-cooling medium which should be equal 

to room temperature. The specimen were heated to 500, 

700 ,900 deg C and cooled to room temperature. This is 

the most common form of heat treatment and gives steel 

high strength and hardness. Also this process can refine 

grain structure, improves hardness, tensile strength and 

mach inability, causes low ductility and removes both 

strain and dislocation. The microstructure mainly 

consists of the ferrite and cementite. 

2) Quenching is the process of heating specimen at high 

temperature in muffle furnace and cooling in oil bath as 

medium which maintain to room temperature. In this 

work, the specimens were heated to 500, 700, 900 deg 

C and cooled in oil bath until the specimen temperature 

reaches the room temperature. The quenching increases 

the hardness of the steel, however it also increase 

brittleness and the steel is susceptible to breaking and 

cracking. The formation of pearlite changes to austenite 

because of fast cooling oil so microstructure consists of 

ferrite marten site and cementite.  

III. EXPERIMENTAL WORK 

A. Tensile Test 

 Tensile testing study of Specimen subjected on UTM 

machine to controlled tension until the failure occurs and the 

material behavior of mechanical properties of conventional 

and different heat treated specimen of HCS. The values 

directly measure from computer software system and 

calculation done like ultimate tensile strength, % elongation, 

% reduction, yield strength and young modulus of the 

material. Uniaxial tensile testing used for isotropic materials 

and anisotropic materials used for composite materials, 

textiles, are required biaxial tensile testing is required.  

B. Hardness Testing Of Specimen on RHM 

Hardness test conducted on the specimen to determine 

Rockwell hardness no on conventional  and heat treated at 

different temperature of HCS specimens using “Rockwell 

hardness tester “.Hardness is the ability to resist permanent 

indent, generally this permanent indentation represents with 

respective load applied. If the hardness is higher in metal the 

it causes high resistance to deformation. 

C. Microstructure Test 

To study its microstructure by using SEM analysis.Selection 

of particular area of the specimen for investigating the 

material properties of a metal or alloy cutted into small size 

Flat surface should be obtained on the specimen using fine 

coarse filing or grinding process.Different grades of emery 

paper are used for intermediate and fine grinding.Rough 

polishing should be carried out with small amount of 

diamond powder covered with nylon cloth on rotating 

surface of polishing wheel.  

IV. RESULT AND DISCUSSION 

The high carbon steel specimens were subjected to heat 

treatment processes and subjected to various testing to find 

properties. We have used electric muffle furnace for heating 

the specimens. There as on of heat-treating steel is to control 

its mechanical properties by changing the distribution of 

carbon within the product and microstructure of specimen. 



Effect of Various Heat Treatment and Conventional Study of Microstructure and Mechanical Properties of “High Carbon Steel” 
 (IJSRD/Vol. 8/Issue 3/2020/155) 

 

 All rights reserved by www.ijsrd.com 606 

Also the heat treatment process soften the metal, changes 

the grain size, adjusts the structure of the material and 

relieves the stress set up in the material due to hot working 

process and cold working process. The specimens were 

subjected to tensile test by using universal testing machine. 

The specimens’ ultimate tensile strength, percentage 

elongation, percentage reduction, yield strength and young 

modulus of the material were determined. The hardness test 

conducted on the specimens to determine Rockwell hardness 

no using rockwell hardness tester. The hardness is the ability 

to resist permanent indent, generally this permanent 

indentation represents with respective load applied. If the 

hardness is higher in metal then it causes high resistance to 

deformation. Scanning electron microscope was used to 

study the microstructure and chemical composition of the 

specimens. The election of particular area of the specimen 

for investigating the material properties of a metal or alloy 

was cut into small size. The flat surface was obtained on the 

specimen using fine coarse filing. The different grades of 

emery paper were used for intermediate and fine grinding. 

The rough polishing was carried out with small amount of 

diamond powder covered with nylon cloth on rotating 

surface of polishing wheel. The chemical composition of 

specimens is shown in the Table 1. From the table it is 

observed that the carbon content is gradually reduced 

compare to conventional HCS. The Si, Mn and Cu content 

of higher in normalizing and lower in quenching process. 

The Fe content is higher than the HCS. The Cu content is 

the lowest as compared to HCS. 

SMPL C% Si% Mn% S% P% Fe% Cu% 

HCS 0.9 0.19 0.4 0.02 0.18 97.7 0.54 

900Q 0.57 0.19 0.22 0.02 0.12 98.7 0.1 

700Q 0.65 0.2 0.51 0.02 0.28 96.7 0.4 

500Q 0.61 0.38 0.11 0.02 0.22 98.4 0.1 

900N 0.54 0.26 0.41 0.02 0.19 98 0.4 

700N 0.49 0.13 0.41 0.02 0.08 98.2 0.17 

500N 0.39 0.22 0.56 0.02 0.26 96.3 0.1 

Table 1: Chemical Composition Of Specimen 

A. Graphical representation of a Hardness 

 
Fig. 2: Effect of heat treatment on hardness at different 

temperature 

Figure 2 shows the effect of heat treatment temperature on 

HCS, Quenched and normalized specimens. From the figure 

it is observed that the heat treatment process affects the 

hardness of the specimen significantly. The hardness values 

of the normalized specimens decreases with increase in 

temperature. However a small difference in changes in 

hardness of HRC specimens was observed.  It is observed 

that the value of hardness of HCS after quench in oil is 

higher than quench by open air. This is due to faster cooling 

in oil as compared to air cooling and also oil is a best 

quenching media than the air.  It is also reported in the 

literature that the liquid medium is one of the efficient and 

best quenching media when maximum hardness is required.  

B. Graphical representation of a Tensile test 

 
Fig. 3: Effect of heat treatment on tensile strength at 

different temperature 

The variation in tensile strength of heat treated specimens at 

different temperature is shown in figure 3. From the figure, 

it is observed that the heat treatment significantly affects the 

tensile strength of the specimens. The tensile strength value 

of the specimens subjected to quenching and normalizing 

reduces with increase in temperature, because during heat 

treatment process the carbon content reduced gradually fast 

and unfiorm cooling which modified grain size due to elastic 

deformation  It is observed that the tensile strength of 

quenched specimen is higher than the normalized specimen. 

It is also reported in the literature that the effect of specimen 

quenching in oil on mechanical properties like tensile 

strength has been increased, while hardness decreases.  

 
Fig. 4: Effect of heat treatment on yield strength at different 

temperature 

The variation in yield strength of heat treated 

specimens at different temperature is shown in figure 4. 

From this figure it is observed that the heat treatment 

temperature significantly affects the yield strength of HCS. 

The increase in heat treatment temperature reduces the yield 

strength and quenching results in higher yield strength as 

compared to normalizing. This is due to because during heat 
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treatment process the carbon content reduced gradually fast 

and uniform cooling which modified grain size due to elastic 

deformation. It is observed that the yield strength of 

quenched specimen is higher than the normalized specimen. 

It is also reported in the literature that the effect of specimen 

quenching in oil on mechanical properties like yield strength 

has been increased, while hardness decreases.  

 
Fig. 5: Effect of heat treatment on % elongation at different 

temperature 

Figure 5 shows the variation in % elongation of 

heat treated specimens at different temperature. From the 

figure, it is observed that the heat treatment significantly 

affects the % elongation of the specimens.  The % 

elongation value of the specimens subjected to quenching 

and normalizing increases with increase in temperature. The 

% elongation of normalizing is lower than the quenching. 

during quenching process is uniform and fast cooling rate 

behave super plastic characteristic with %C reduce 

gradually the hyper to hypoeutectic particles so modifying 

size of grain structure with non-homogeneous arrangement 

of grains It is could be as a result of ferrite and cementite 

formed from the martensite. This is because tempering 

treatment at elevated temperature is able to increase the 

number of planes of treated sample for dislocation 

movement to occur so this process will remove the residual 

stresses to re-crystallization. Increases hardness and ,% 

elongation, resistance of material from deformation with 

increase in temperature . 

 
Fig. 6: Effect of heat treatment on young’s modulus at 

different temperature 

The variation in youngs modules values of heat-

treated specimens at different temperature is shown in figure 

6. From the figure, it is observed that the heat treatment 

significantly affects the youngs modules values. The youngs 

modulus value of the specimens subjected all the heat 

treatment process decreases with increase in temperature. 

However, the variation in youngs modules value of 

normalizing is very high. This is due to because during heat 

treatment process the carbon content reduced gradually fast 

and uniform cooling which modified grain size due to elastic 

deformation. It is observed that the heat treatment process 

affects the youngs modulus of the specimens. It is observed 

that the youngs modulus of quenched specimen is higher 

than the normalized specimen. It is also reported in the 

literature that the effect of specimen quenching in oil on 

mechanical properties like youngs modulus has been 

increased, while hardness decreases.  

C. Microstructure test 

 
Fig. 7: (a) SEM image of HCS at 20 µm of 2000x 

 

 

 
Fig. 7: (b) SEM images of 900Q,700Q,500Q at 20 µm of 

2000x 
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Fig. 7: (c) SEM images of 900N,700N,500N at 20 µm of 

2000x 

Figure 7(a) shows that the microstructure of HCS 

specimen primarily consist ferrite and cementite(Fe3) and 

the transformation takes as pearlite. It is observed that the 

ultra-fine grains of white patches indicate ferrite and 

discontinuous proeutectoid carbide particles these steel are 

superplastic. Figure7(b,c) shows the microstructures of 

900Q, 700Q,500Q and 900N,700N,500N respectively. It 

shows that the specimen mainly consists ferrite, pearlite, 

cementite and austenite due to heating and fast cooling and 

austenite transformation due to Fe into martensite. 

Conventional HCS has some properties with high carbon 

content, ultra-fine grains of white patches indicate ferrite 

and discontinuous pro eutectoid carbide particles with high 

hardness and strength, wear resistance and improves the 

toughness. Similarly other specimens carried out heat 

treatment at different temperature to study the effect of 

quenching and normalizing process .during quenching 

process is uniform and fast cooling rate behave super plastic 

characteristic with %C reduce gradually the hyper to 

hypoeutectic particles so modifying size of grain structure 

with non-homogeneous arrangement of grains so this 

process will remove the residual stresses to re-

crystallization. Increases hardness and resistance of material 

from deformation.  normalizing process is non uniform and 

slow cooling rate behave super elastic characteristic based 

on %C reduce gradually the  hyper to hypoeutectic particles 

so refine size of grain structure with homogeneous 

arrangement of grains and observed so it has changed from 

brittle to ductility ,improve mach inability, increased 

hardness and improve internal stress of  material improves 

life of specimen. based on this microstructure mechanical 

performance improvised with increase in temperature with 

high hardness,% elongation,% reduction, very good wear 

resistance and decreases tensile ,yield strength, ductility, 

toughness and young’s modulus, improve mach inability, 

improve internal stress of  material improves life of 

specimen. Similarly vice-versa for performance decrease as 

temperature reduces. 

V. CONCLUSION 

From this work, we observed that the high carbon steel 

hardness, tensile strength, yield strength and young’s 

modules is higher in quenching in oil, %elongation, % 

reduction of normalizing is higher. it gives efficient and 

excellent tool performance to HCS the quenching. 

Microstructure study with high carbon content, ultra-fine 

grains of white patches indicate ferrite and discontinuous 

pro eutectoid carbide particles with high hardness and 

strength, wear resistance and improves the toughness. 

Overall, it improves mechanical performance with increase 

in temperature, improve mach inability, improve internal 

stress of material improves life of specimen. Similarly vice-

versa for performance decrease as temperature reduces. 
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