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Abstract— The mechanical properties of medium carbon steel (35Mn6Mo3) were investigated. The hardness was tested by 
Rockwell hardness tester. Samples of medium carbon steel were examined after heating between 9000C-9800C in a vertical 
force air-circulating furnace and the tempering temperature was 2500C. The hardness values of the quenched samples were 
relatively higher than those of the as-cast samples. Samples quenched in oil displayed better properties compared with that of 
water-quenched samples. Water quenched steel produced its best properties in hardness; while oil quenched steel arrived 
lower hardness compared to water quenching. 
Keywords— Medium carbon steel, quenching, hardness, Rockwell method, tempering. 

I. INTRODUCTION 

The engineering materials are classified as metallic and non-metallic, Metallic is grouped into ferrous and non-Ferrous materials 
[1].  For Ferrous alloys, iron is the principal constituent, include steel and cast iron. To obtain required metal properties like 
brittleness, hardness, strength, toughness it is subjected to heat treatment processes. The steel grades are usually required for the 
production of body parts of vehicles, trucks, and machineries [2]. Steel is an alloy of iron with definite percentage of carbon 
ranges from 0.15-1.5%, plain carbon steels are those containing. Although the number of steel specifications runs into thousand, 
plain carbon steel accounts for more than 90% of the total steel output. The reason for its importance is that it is a tough ,ductile 
and cheep material with reasonable [3] casting, working and machining properties , which is also amenable to simple heat 
treatments to produce a wide range of properties. Hardness and other mechanical properties of plain carbon steels increase with 
the rise in concentration [4] of carbon dissolved in austenite prior to quenching during hardening heat treatment which may be 
due to transformation  of austenite in to martensite. Quenching in water resulted in higher tensile strength and hardness possibly 
due to the formation of martensitic structure after quenching. Martenitic structure, which has an experimental effect on 
toughness, is also produced during continuous [5] water quenching. The steel developed by quenching followed by tempering 
process at a desired temperature [6] has the highest ultimate tensile strength with excellent combination of impact strength, 
ductility and hardness which is very attractive for structural use. 

II. MEDIUM CARBON STEELS 

Plain carbon steels are changed on the basis of their carbon content as their major alloying element in carbon.  Steels with 
carbon content varying from 0.25% to 0.65% are classified as medium carbon, while those with carbon content less than 0.25% 
are termed low carbon. The carbon content of high carbon steels usually ranges within 0.65 – 1.5%.Medium carbon steels are 
used in mining equipment, and tractors. In addition, machined parts such as bolts, and concrete reinforcing bars are made of this 
class of carbon steel. Gears, wire rods, seamless tubing, hot-rolled/cold-finished bars and forging products are more objects 
constructed from medium carbon steel [7]. Medium carbon steel is made up of between 0.3% to 0.6% carbons. Steels with 
enough carbon and alloy content will direct harden [8]. They can be heated to the austenitizing temperature and quenched to 
form hard martensite. There is a family of processes that can be used for direct hardening. If steel does not have sufficient 
carbon and alloy content to allow direct hardening, another family of hardening processes applies diffusion treatments. These 
processes add chemical species (elements) to the steel so that the surface will harden. They may or may not require a quench to 
complete the hardening. An in increasing the carbon concentration to 0.55% in TRIP-type steels   makes possible to obtain very 
high strength properties without a deterioration of the ductility, compared to most often used steels containing about 0.2%.  

III. HEAT TREATMENT PROCESSES, QUENCHING AND TEMPERING PROCESS 

Heat treatment involves the application of heat, to a material to obtain desired material properties [9]. During the heat treatment 
process, the material usually undergoes phase microstructural and cryptographic changes. The purpose of heat treating carbon 
steel is to change the mechanical properties of steel, usually ductility, hardness, Yield strength, tensile strength and impact 
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resistance. The standard strengths of steels used in the structural design [10] are prescribed from their yield strength. Most 
engineering calculations for structure are based on yield strength. Heat treatment is a combination of timed heating and cooling 
applied to a particular metal or alloy in the solid state in such ways as to produce certain microstructure and desired mechanical 
properties (hardness, toughness, yield strength, ultimate tensile strength, Young’s modulus ,percentage of elongation and 
percentage of reduction). Annealing, normalizing, hardening and tempering are the most important heat treatments often used to 
modify the microstructure [11] and mechanical properties of engineering materials steels. The heat treatment improves the 
mechanical properties (such as tensile strength, yield strength, ductility, corrosion resistance and creep rupture). These processes 
are also help to improve [12] machining effect, to improve metals and make them to versatile.  
The prepared samples were heated from 860 to 9000C and soaked for 60 minutes using a vertical-force-air-circulating furnace. 
The test samples were quickly taken out of the furnace after each of the heat treatment temperatures and quenched in air, water 
and oil separately. Surface morphologies of the quenched samples were examined and hardness test were also carried out on 
each of the samples 
The desired properties and structures depend on tempering temperature and time .The tempering of the quenched specimens was 
also carried out in a muffle furnace for 1 hour. The following four stages define the strength, hardness and toughness required in 
service application. First stage of tempering: 2500C, Second stage of tempering: 3500C, Third stage of tempering: 4500C, Fourth 
stage of tempering: 5500C.  

IV. TEST SPECIMEN PREPARATION 

A set of specimens was prepared for hardness test. The specimens were prepared for 20 mm diameter using machining 
operations. The chemical composition of medium carbon steel samples used for this investigation is given in the following 
Table. 
Table 1. Chemical composition of the Medium carbon steel sample 

Chemical 
Elements 

C Si Mn P S 

35Mn6Mo3 Steel 0.30 0.10 1.30 0.035 0.03
5 

C 35 MN 75 Steel 0.35 0.15 0.75 0.035 0.03
5 

V. HARDNESS TEST AND HARDNESS VALUE 

The hardness of the specimen is indicated by the depth of penetration of the indenter on the steel specimen. Rockwell hardness 
method was used for the determination of the hardness of the quenched samples. Each of the test specimens was flatten after the 
different heating and quenching regimes and then mounted on the anvil. The specimens were brought in contact with the 
indenter and allowed to rest for a dwell time. The hardness of a specimen is indicated by the penetration of the indenter on the 
said specimen and displayed by the machine. Hardness was read directly from the calibrated dial gauge of the machine. Average 
values were recorded after repeating the test for each one of the test specimens. 
Following figure shows the mechanical properties of the quenched steel samples compared with the un-quenched samples at 
different heat treatment temperatures. The hardness measurements presented in Table:3 show that water quenched samples had 
higher Rockwell hardness number compared to oil quenched samples. This may be due to the faster cooling rate of water 
resulting in highest free carbon in martensite. Furthermore, the presence of fine dispersion of small particles in the pro-eutectoid 
ferrite and pearlitic ferrite, which will hinder the dislocation movement, may have also contributed to the higher Rockwell 
hardness number of the water quenched sample. 

 
Figure: Effect of Hardening Rates on – All Quenched Media 

AIR 
QUENCH- 

42 HRC 

OIL 
QUENCH- 

54 HRC 

WATER 
QUENCH- 
 55 HRC 

0

50

100

H
ar

dn
es

s i
n 

H
RC

 

1.AIR  QUENCH -2.WATER  QUENCH -… 

Quenching Medium 



www.ijraset.com                                                                                                            Volume 3 Issue IV, April 2015 
IC Value: 13.98                                                                                                    ISSN: 2321-9653 

International Journal for Research in Applied Science & Engineering 
Technology (IJRASET) 

©IJRASET 2015: All Rights are Reserved 
593 

The results of hardness testing of the specimens who were hardened with air quenched and then tempered at 2500C, 3500C, 
4500C and 5500C are given in the above figure. The data clearly show an improvement of hardness after the hardening; where as 
a decrease in hardness is observed with increase in tempering temperature. 

 
Figure:  Hardness Vs Tempering temperatures of   2500C to 5500C 

The mechanical properties of tempering samples (tempered at 2500C, 3500C, 4500C and 5500C) showed that the hardness value 
in HRC is noted as   53, 49, 44, and 39 respectively. The results of the specimens which were hardened with oil quenched and 
then tempered at 2500C, 3500C, 4500C and 5500C are expressed graphically in the above Figure. 

VI. CONCLUSION 

The properties of the heat-treated medium carbon steel have excellent values in terms of hardness when quenched and tempered. 
Quenching in water resulted in higher hardness. In the hardness point of view ,more the hardness in water quenching steel 
which is compare to oil quenching steel.  It has been established that oil can also be used as a quenching medium for medium 
carbon steel because, oil cooling improves the ductility of the steel because of its lower cooling rate compared with water. Also 
the hardness is more in the case of oil Quenching compare with air quenching steel. In all the quenching steel, the rate of 
tempering temperatures start from 250 0C, 350 0C, 450 0C and 550 0C.  With reference to increase the tempering temperature 
tends to decrease the hardness simultaneously. In the above tempering temperature range, toughness of the steel gradually 
increased with increase in temperature. The tempered samples gave an increase in tensile strength and hardness. Comparing the 
mechanical properties of tempering sample with hardened sample, it was found that there was decrease in toughness and 
percentage  of elongation.  
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