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Fig. 1. Average Hardness vs Cooling Medium 
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Abstract—This research investigates the effect of different 
cooling media on the hardness of mild steel after heat treatment. 
Mild steel samples were heated in a furnace at 900 °C for 45 
minutes and quenched in water, brine, oil, air, and furnace cooled. 
Rockwell hardness tests were conducted, with three readings per 
sample, and the averages were reported. Results show that water 
and brine quenching produced the highest hardness values, while 
furnace cooling produced the lowest hardness. These findings 
confirm that the cooling rate significantly affects the hardness of 
mild steel. 
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I. INTRODUCTION 

Heat treatment is a controlled process of heating and cool- 

ing metals to alter their physical and mechanical properties 

without changing the product shape[4]. It is widely used to 

improve hardness, strength, toughness, and wear resistance. 

The cooling medium and heating temperature during heat 

treatment play a critical role in determining the final hardness 

of a material[4]. Mild steel, with low carbon content, is widely 

used in structural and engineering applications. This study 

aims to investigate how different cooling methods affect the 

hardness of mild steel samples heated at 900 °C for 45 

minutes. 

 

II. MATERIALS AND METHODS 

• Material Used: Mild Steel 

• Heat Treatment: Samples were heated in a furnace at 

900 °C and soaked for 45 minutes. 

• Quenching Media: Water, brine, oil, air, and furnace 

(slow cooling). 

• Hardness Testing: Rockwell hardness test. Three read- 

ings per sample were taken, and the average was calcu- 

lated. 

 

III. RESULTS 

Table I shows the hardness values under different quenching 

conditions. 

Figures 1-7 show the experimental graphs. 

 
Fig. 1. Average Hardness vs Cooling Medium 

TABLE I 

HARDNESS VALUES OF MILD STEEL UNDER DIFFERENT COOLING 

CONDITIONS 

 

Cooling Medium Readings (HRB) Average (HRB) 
Original 59.9, 64.6, 62.3 62.27 
Water 86.2, 85.6, 87.2 86.33 
Brine 85.9, 86.1, 84.5 85.50 
Oil 81.2, 85.6, 84.7 83.83 
Air 81.8, 82.6, 82.6 82.33 

Furnace 66.1, 63.0, 64.9 64.67 
 

Fig. 2. Hardness readings for Original (Unheated) sample 

 

 

IV. DISCUSSION 

The results indicate that the cooling rate has a direct 

influence on the hardness of mild steel. Brine and water, being 

the fastest quenching media, produced the highest hardness 

values ( 86 HRB), due to rapid transformation into martensite. 

Oil quenching, with a slower cooling rate, resulted in slightly 

lower hardness ( 84 HRB), while air cooling showed further 

reduction ( 82 HRB). Furnace cooling, which is the slowest, 

yielded hardness values close to the original mild steel sample 

( 65 HRB), indicating minimal phase transformation. These 
findings confirm the relationship between cooling rate and the 

formation of harder microstructures in steel. 
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Fig. 3. Hardness readings for Water quenched sample Fig. 5. Hardness readings for Oil quenched sample 
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Fig. 4. Hardness readings for Brine quenched sample 

Fig. 6. Hardness readings for Air cooled sample 
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V. CONCLUSION 

 

 

This study concludes that the hardness of mild steel after heat treatment is highly dependent on the cooling medium. Water and brine quenching significantly 

increase hardness due to rapid cooling and martensitic transformation. Oil and air quenching produce moderate hardness, while furnace cooling leads to minimal 

improvement. These results highlight the importance of selecting the appropriate cooling medium to achieve desired mechanical properties in mild steel compo- 

nents 
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Fig. 7.Hardness readings for Furnace cooled sample 


