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Abstract— The importance of various forms of heat treatment 

operations on alloy steel in order to forester the problem that 

may arise in making a wrong choice of these steel materials, 

which may give rise to serious disruption in terms of human 

safety, higher cost and ultimately failure of the rails. This 

paper reports investigation made on effects of heat treatment 

on the micro-structural and mechanical property of alloy 

steel. The method of a steel rail includes, heating of steel to 

austenziation temperature them cooling the rail by hot water 

jet until a surface temperature not below 4200C and finally 

cooling the rail by an air jet at least to pearlite transformation 

temperature, thereby transforming the structure of a surface 

portion of the rail head into a uniform and fine pearlite 

structure. Conclusion of this paper is that heat treatment 

increases the service life of rails and various properties of 

alloy steel. 
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I. INTRODUCTION 

A Rail Profile is a hot rolled steel profile of specific shape or 

cross-section (symmetrical I-Beam).Rail consist of three 

parts- 

1) Upper part on which railway wheels run is called head. 

2) Middle part is called Web. 

3) Lower part which rest on sleepers called Foot/Flange 

 
Fig. 1: Rail 

A. Composition Of Rail Steel- Rails Is Manufactured By 

Alloy Steel. Generally Composition of Alloy Steel Is- 

1) 0.65 to 0.82 wt. % of Carbon. 

2) 0.70 to 1.7 wt. % of Manganese. 

3) 0.10 to 1.2 wt. % of Si. 

4) 0.40 to 1.30 wt. % Cr. 

5) 5Up to 0.2 wt. % V. 

6) 6Up to 0.15 wt. % MO. 

7) 70.002 wt. % P. 

8) 0.007 wt. % S. 

 

1) Introduction of Heat Treatment: 

Materials are subjected to heat treatment for various reasons 

like to refine grain structure (Size), to minimize residual 

stresses, to impart phase changes, to develop special phases 

over external surfaces, to improve ductility. Heat treatment 

process is also known as a thermal processing. 

 

Heat treatment involves number of factors- 

Temperature upto which material is heated, length of time 

that the material is held at the elevated temperature, rate of 

cooling and the surrounding atmosphere under thermal 

treatment. 

 Annealing- Annealing can be defined as a heat treatment 

process in which the material is taken to a high 

temperature allows diffusion process to occur fast. The 

time at high temperature must be long enough to allow 

to desired transformation to occur[2]. 

Depending upon the specific purpose annealing may 

be classified into various types- 

1) Process Annealing- During this heat treatment the 

material becomes soft and its ductility increases.it is 

primarily applied to cold worked material to remove the 

negative effects during cold working. 

2) Stress relief- This operation removes the stresses that 

might have been generated during plastic deformation, 

non-uniform cooling or phase transformation. This 

operation removes the chances of distortion of 

components due to stated stresses. 

3) Full Annealing- This operation is normally used for 

products that are to be machined subsequently like 

transmission gear blank. Due to this operation the 

product receives additional heat treatment after 

machining to be stored hardness and strength. 

4) Normalizing – It is used to refine the grains and produce 

more uniform and desirable size distribution.it involves 

heating the component to attain single phase then cooling 

in open air. 

Benefits of Annealing: 

 Relieve stresses 

 Increase Softness, Ductility and Toughness * Produce a 

specific micro-structure 

 
Fig. 2: Iron-Carbon Diagram 

 Quenching and Tempering- In this process material is 

cooled at rapid rate from elevated temperature to produce 

martensite phase. The cooling is done in cooling medium 

like water/oil bath. This process is also known as a 

hardening. 
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Quenching process is almost followed by tempering 

heat treatment. Tempering is the process of heating 

martensitic steel at temperature below the eutectoid 

transformation temperature to make it soft and more ductile. 

Tempering process is done by following two Process: 

1) Mart-Tempering Process- it is a modified quenching 

process used to minimize distortion and cracking that 

may develop during uneven cooling of the heat-treated 

material. The final structure of mart-tempered steel is 

tempered martensite. 

2) Aus-tempering process- This process is different from 

mart-tempering in the sense that it’s involve austenite to 

bainite transformation. The structure of aus-tempered 

steel is bainite. 

B. Why Should be Rails heat Treated: 

Rail is also the components, which are directly subject to 

stresses and undergo direct wear by rolling stock. They are 

subject to loads and dynamic forces, which they transfer to 

the infrastructure through sleeper and ballast, amplified by 

the surface defects in the rail. Rail to be used for heavy hauled 

traffic laid with radius as low as 300 Meter will require to 

exert very high lateral forces. Therefore rails are heated to 

improve the following properties- 

 High resistance to Wear 

 High resistance to compression 

 High resistance to fatigue 

 High yield strength, tensile strength and hardness 

 High resistance to brittle fracture 

 Good weldability 

 High degree of Purity 

 Good surface Quality 

These type of load and forces act on Rails: 

1) Mechanical forces (vertical and lateral load) through 

train action, which includes during acceleration and 

retardation by the wheel of locomotive. 

2) Thermal forces induced by change in ambient 

temperature from the “neutral” or force free temperature 

of rail. These forces are both tensile and compressive in 

nature depending upon the temperature is above or below 

the force free temperature. Bending and Longitudinal 

stresses play an important factor in the rail in designing 

process. 

3) Defects in service such as scabbing of rail head, fatigue 

rail head, corrugation of rails are main problem 

experienced in past days. 

II. CASE STUDY 

The Case study is based on the study of Sail Steel Plant. (Rail 

Manufacturing Division). 

1st step- Ore is found in the form of iron oxide in 

rocks. Here in Sinter plants, Ore is mixed with coke and 

limestone and heated to form an iron-rich clicker known as a 

sinter. 

2nd step- The sinter is fed into the blast furnace with 

more iron ore, coke & limestone in the controlled proportion 

and burner is feed on. The Limestone combine with 

impurities in the iron ore, forming a liquid slag which being 

of lighter density, floats on top of it. Both slag and molten 

metal are simultaneously tapped off periodically. 

3rd step- Currently steel for rails is produced by 

basic oxygen process or by electric arc furnace process. The 

mixture of scrap is about 30% by weight and molten pig iron 

that is poured into refractory lined vessel (converter) from the 

blast furnace. The reaction Start immediately and temperature 

reaches to about 15360C. Carbon, Manganese and Silicon are 

oxidized, which are reduced to desired levels by addition of 

lime and fluxes. During the process, various ingredients are 

added to ensure the desirable chemical composition. Basic 

oxygen takes charge of 150-350 tones or more at a time and 

converts it into steel in 40 minutes. 

4th step- The casting of liquid steel is in the form of 

ingots or continuously cast blooms. Furnace is tilted and 

molten steel is poured from the furnace into ladle. The ladle 

phase allows for a more precise control of the chemistry, 

deoxidation, desulfurization, and temperature of the liquid 

steel. Argon is generally used as the inert gas for rail steel. 

5th step- ingots/blooms are sent to soaking pit, 

where they are reheated to prescribed, uniformly distributed 

rolling temperature of about (12880C).They are moved to 

primary rolling plant, where it goes number of rolling passes 

to take approximate shape. In secondary rolling plant, the 

rolling of rails takes their final shape. The rail temperature at 

the end of rolling process is generally below (1038 

0C).Descaling equipment removes the mill scale, thereby 

permitting a consistently smooth product surface before the 

final rolling. 

6th step- Rails are moved on cooling bed for their 

cooling up to (538 0C) .These rails are transferred to an 

insulated container, where they are controlled cooled to 

reduce hydrogen contents and to improve the strength and 

wear resistance of the rails by altering the internal structure 

of the rails steel. After the rails are removed from the control 

cooling container, they pass one at a time through rollers, 

where they are straightened vertically and laterally [7]. 

 
Fig. 3: Manufacturing process of Rail in Bhilai Steel Plant 

(SAIL)[7] 
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Fig. 4: Heat Treated Rails 

 
Fig. 5: Heat Treated Layer (black) on the Rail Head 

III. METHOD OF HEAT TREATMENT ON RAILS 

The method of heat treatment on a steel rail includes- 

 Heating a steel rail to the austenization temperature. 

 Then, Cooling the rail by means of a hot water jet until, 

surface temperature of the rail decreases to a temperature 

not below 420 0C. 

 Then cooling the rail by means of an air jet at least to the 

pearlite transformation temperature, thereby 

transforming the structure of a surface portion of the rail 

head into a uniform and fine pearlite structure. 

 
Fig. 6: Temperature-Time Curve 

The rail is cooled with the use of a cooling medium 

such as air, water, air-water mixture, boiling water, steam 

These cooling medium describe details are- 

Cooling by air jet- When cooling by an air jet 

ensures uniform cooling, the cooling ability there is lower 

than that of cooling by a water spray. For example- in order 

to improve wear resistance and strength of rail, therefore it is 

necessary to add alloy elements to the rail, which however 

causes increases in the manufacturing cost. To avoid this 

inconvenience, there is available a method of ensuring a 

desired cooling ability by providing nozzles for the air jet in 

the proximity of the rail head and ejecting a large quantity of 

compressed air. 

 
Fig. 7: Side View of cooling by air jet system 

Cooling by Water spray or air water mixture spray- 

These cooling media are far superior to the air jet in the 

cooling ability.as typical cooling ability of a water spray, the 

relationship between the surface temperature of a steel plate 

and thermal conductivity coefficient in the case where a steel 

plate is cooled at a water volumetric density of 200 

l/minute.m2 and 1000 l/minute.m2 is shown in below figure. 

As is clear from below figure that thermal conductivity 

coefficient increases according to the surface temperature 

becomes lower, leading to a higher cooling ability which 

reaches the maximum value at a temperature of 200 to 350 

0C. 

 
Fig. 8: Graph between Thermal conductivity and Surface 

temperature of plate 

Cooling by immersion of the rail in boiling water- 

This cooling comprises forming a steam film on the rail head 

and obtaining a desired cooling ability through this steam 

film. This is not however a realistic method because it is 

almost impossible to uniformly maintain a steam film. 

Cooling by steam jet- This type of cooling has a 

higher ability than that in cooling by the air jet, but has a 

disadvantage in equipment because of the necessity of a large 

quantity of steam for obtaining a fine pearlite structure. 

Cooling by immersion of the rail head in a molten 

salt bath- This cooling poses no problem in terms of control 

of the cooling rate and uniform cooling.it requires however 

an apparatus for removing salt adhered on the rail surface 

after the heat treatment since there is a large amount of molten 

salt adhered on the rail surface[1]. 
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Fig. 9: Relation between cooling time and the maximum 

recuperation temperature 

Figure is a graph illustrating the relationship 

between the surface temperature of a head of a test piece of a 

rail at a cooling arrest, and the maximum recuperation 

temperature with a cooling rate as the parameter, in the case 

where the head of the test piece of the rail is cooled by hot 

water spray. 

A. Alternately Heat Treatment Is Done By Two Other Way: 

 Off-line heat treatment 

 In-line heat treatment 

In offline hardening, the rail is heated up to 850-

9500C within 2-6 minutes. Then the head is quenched by 

compressed air, water spraying or fog to 650-5000C.The 

accelerated cooling is proportional in such a way that the very 

fine pearlite structure with high hardness and strength is 

achieved. In off line hardening the quenching case is limited, 

the rail have to be straightened before and after thermal heat 

treatment. 

In in-line hardening the rail is brought to the 

hardening plant directly out of the rolling process .its 

temperature is still more than 8000C.The entire head is 

quenched in a hardening bath (water with synthetic 

admixtures).The cooling agent forms in a layer on the rail 

which reduces the cooling intensity of water. This ensures the 

required even cooling conditions; immersion time is about 2.5 

minute. When the rail is cooled down to approximately 600C, 

it’s straightened and tested [4]. 

 
Fig. 10: Stress–Strain Diagram between Hard Hardened 

Rails and Naturally Hard Rails 

IV.  CONCLUSION 

After the study, we reached the conclusion that rail are 

thermally treated to increase its service life by increasing the 

following properties- 

 Resistance to wear 

 Resistance to compression 

 Resistance to fatigue 

 Yield Strength, tensile strength and hardness. 

 Resistance to brittle fracture. 

 Good weldability. 

 Degree of purity 

 Good surface Quality 

 Evenness and observance of profile 

 Low residual stress after manufacturing 

 To carry desired axle load with required speed of train 
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