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Abstract 

In this experimental research, EN9 type of steels is selected to process the heat treatment by 

quenching to increase the hardenability of a material. EN9 steel is cut into small work samples with 

diameter 25mm and length 15mm to analyze. Then they are polished the cut surface in a fine manner. 

Microstructure and hardness are to be found for EN9 work pieces before heat treatment at different 

locations like at origin, 2.5 mm, 5 mm, 7.5 mm and 10 mm from origin. The cut work pieces are then 

placed in muffle furnace and heated at 810º–840º, predetermined temperature range with soaking 

time 40 minutes. Then once they are heated, immediately they are quenched in different quenching 

medium with different concentrations in a vessel by using tongs. In this research work, quenching 

medium chosen are water, oil, brine solution with different concentration and Poly Vinyl Alcohol 

(PVA), a polymer quenchant with different concentration. Then the microstructure and hardness is 

compared for EN9 material before heat treatment and after heat treatment with different quenching 

media to obtain the result. Graphs like location Vs hardness and quenching media Vs average 

hardness were drawn. 
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INTODUCTION 

EN9 steel is also known as C55 carbon steel. EN9 is one of the plain carbon steel having 0.5%–

0.60% of carbon in its composition. So, it is called as medium carbon steel. Medium carbon steel 

contains 0.3%–0.6% of carbon content(TABLE: 1). The hardening temperature of this material ranges 

between 810–840ºC. The standard chemical composition of EN9 material is 

 

HEAT TREATMENT PROCESS 

Heat treatment is a process in which metal/alloy 

is heated beyond the critical temperature and 

cooled at controlled rates to getdifferent 

microstructuresand hence desired 

mechanicalproperties. 

 

The properties of metals and alloys can be 

changed as desired by the heat treatment process. 

The heat treatment usually provides a simple and 

low-cost means of achieving desired properties. At 

the same time, poor or careless heat treatment may 

result in more harm than good can result. Thus, the 

understanding of the heat treatment and correlating 

it with the other manufacturing processes are 

essential for mechanical engineers in order to 

obtain optimal results. 
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Table 1. Chemical composition of EN9 material in % 

Material C Si Mn S P Fe 

EN9 0.50–0.60 0.05–0.60 0.50–0.80 0.060 max 0.060 max rest 

 

The theory of heat treatment is since a change takes place in the internal structure of 

metalbyheatingandcoolingwhichinducesdesiredpropertiesinittherateofcoolingisthecontrolling factor in 

developing hard or soft structure (Table 1). The variety of metal (such as steel) and various 

metallurgical processes are depending upon: (i) the method and rate of heating and cooling; (ii) 

furnaces used; and (iii) quenching medium used. 

 

Purpose of Heat Treatment 

• To relieve internal  

• To provemachinability. 

• To refine grain size. 

• To increase hardness. 

• Improve mechanical properties (like tensile strength, hardness, ductility shock resistance, etc.). 

• To improve magnetic and electricalproperties 

• To increase resistance to wear, heat and corrosion. 

• To improve ductility and toughness. 

• To change the chemical composition. 

 

QUENCHING 

Quenching refers to accelerated cooling. Hardening refers to the heat treatment of steel which 

increases its hardness by quenching. Hardness normally implies heat treating operations which 

produce microstructures which are entirely or predominantly martensitic. 

 

PURPOSE OF HARDENING  

The main purposes of hardening are: 

1. To harden the steel toresist wear. 

2. To enable it to cut other metals. 

  

INTRODUCTION TO QUENCHANTS 

Quenchants are media which dissipate the heat from hot components in a controlled manner. To 

quantify this principal demand, the relatively simple-to-measure physical value of cooling duration 

and the resulting cooling rate are used. With this value, it is possible to determine the exact cooling 

speed required to achieve the required micro-crystalline structure or in other words, the required 

hardness. The different types of quenching media are Water, Oil, Brine solution and Polymer 

quenchants. 

 

Water 

Water-miscible quenchants are suitable for use in spray and dip-bath applications. In dip-bath lines, 

the quenchant is in a tank into which the components to be treated are lowered. Normally, the 

quenchant is kept moving by circulation pumps or propellers. Ideally, this movement should take the 

form of a flow which accesses the entire component surface. 

 

Oil 

Quenching oils are mostly used for dip-bath applications. The oils are in quenching tanks into 

which the components to be treated are lowered. This can take place automatically or manually in 

batches on support frames or as loose components off a conveyor belt. As a rule, quenching oils are 

used at temperatures between 40 and 90°C. Some types of oils can even be heated to 200°C and more. 

There is always a danger of fire when using quenching oils. In addition and depending on product 
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quality, quenching with oils can create vapors which may be hazardous to health. As opposed to 

water-miscible quenchants, quenching oils have an almost unlimited service life if they are properly 

maintained. Bacterial contamination cannot occur because of the absence of water. 

 

Brine solution: It refers to aqueous solutions containing different percentages of salts, such as 

sodium chloride or calcium chloride (Table 2) 

 

Table 2. Relation of brine density to brine concentration 

Salt (%) Salt concentration (g/L) 

4 41.1 

6 62.4 

8 84.5 

10 107.1 

12 130.3 

 

POLYMER QUENCHANTS: 

Polyvinyl Alcohol (PVA): The use of aqueous solutions of polyvinyl alcohol (PVA) as quenching 

media was first described in U.S. Patent 2,600,290, issued in 1952. It can be considered as the 

precursor to modern polymer quenchants. Hydrolyzed forms of PVA also have been used as 

lubricants for special purposes and as a sizing, coating for glass fiber products.  

 

The concentration of the vinyl resin in the aqueous quench liquid will depend upon the the nature of 

the vinyl resin utilized, and the desired rate of cooling in the quenching operation. In most cases, the 

vinyl resin concentration will lie within the range of 0.1 to 10% by weight. By appropriate adjustment 

of vinyl resin content the cooling characteristics of the quench liquids may be made to substantially 

duplicate those of the various commonly used quenching oils. Also by increasing the vinyl resin 

content to 3% or higher, the cooling rate of the quenched liquid may be decreased to alower cooling 

rate than that of oil. Similarly, by lowering the vinyl resin content within the range of around 0.1 to 

1% by weight, the cooling rate of the liquid may be made faster than that of oil. 

 

The process for heat treating steel comprising heating the steel to a quench hardening temperature 

and therafter quenching steel by immersion in an aqueous liquid containing about 0.5 to 3% by weight 

of a polyvinyl resin (Table 3). 

 

Table 3. Relation of PVA density to PVA concentration 

PVA (%) PVA Concentration (g/L) 

0.1 1 

0.2 2 

0.5 5 

1 10 

1.5 15 

2 20 

3 30 

 

HARDNESS TEST 

Hardness test is performed on material to know its resistance against indentation and abrasion. This 

method of test is suitable for finished or machined parts of simple shapes. 

 

SEM  

After completing polishing and etching the samples were taken for micro structure study of the 

surface characteristics of the metal. After preparation of metallography specimen, the polished 
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samples of both untreated and treated specimens were taken for microstructure determination using 

Scanning Electrical Microscope. Using SEM the microstructure is seen and captured the grain growth 

of the above polished samples with a magnification of 100X. 

 

RESEARCH OBJECTIVES 

1. To determine the mechanical property like hardness of EN9 material in the as-cast conditions. 

2. To subject the steel to suitable heat treatment ie. Heating in muffle furnace with a pre-

determined temperature around 810º–840ºC with predetermined time or soaking time 40 

minutes. 

3. To carry out the quenching process in different quenching media(Water, Oil, Brine solution, 

Polymer quenchant) with different concentration. 

4. To carryout hardness test on as-bought conditions and heat treated conditions. 

5. To study the micro constituent phase identification using Optical Microscope (OM) or 

Scanning Electronic Microscope (SEM) and study the microstructure on heat treated samples 

and in as-bought condition. 

6. To compare the hardness values before heat treatment and after heat treatment. 

7. To determine the efficient quenching medium from water, oil, brine solution, polymer 

quenchant. 

8. To check whether the polymer quenching gives uniform results or not. 

 

RESEARCH METHODOLOGY 

1. Selection of material. 

2. Preparation of work samples. 

3. Preparation of quenchants. 

4. Heat treatment of work samples. 

5. Mechanical testing or Hardness testing before heat treatment and after heat treatment. 

6. Metallography. 

 

Selection of Material 

The EN9 material is chosen for investigation. EN9 is one of the plain carbon steel having 0.50 – 

0.60 % of carbon in its composition. So, it is called as Medium Carbon Steel (Table 4). The standard 

chemical composition of EN9 material is  

 

Table 4. Chemical composition of EN9 material in % 

Material C Si Mn S P Fe 

EN9 0.50–0.60 0.05–0.60 0.50–0.80 0.060 max 0.060 max rest 

 

Preparation of Work Samples 

The material that we procured from the vendor was of EN9 material in the form of long rod. It is 

cut into small pieces of following size (Figures 1, 2). 

Diameter of each sample = 25 mm 

Length of each sample is = 15 mm 

Total number of samples = 14 units 

 

Preparation of Quenchants 

The quenching medium chosen are Water, Oil, Brine solution and PolyVinyl Alcohol (Figure 3, 4). 

Water is taken directly. Oil grade 39 is chosen for quenching. Brine solution and polymer quenchant 

is prepared by selecting the concentrations (Tables 5, 6). 

1. Water quenchant-5 litres–1 sample 

2. Oil grade 39–5 litres–1 sample 

3. Brine solution with different concentrations-5 litres ( NaCl + Water) 

4. Polymer quenchant with different concentration–5 litres ( PVA + Water) 
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Figure 1. EN9 rod. Figure 2. EN9 work samples. 

 

Table 5. Preparation of Brine solution (NaCl + Water) 

Sample Salt (%) Salt concentration (g/L) Salt concentration (g/5L) 

1 6 62.4 312 

2 8 84.5 422.5 

3 10 107.1 535.5 

4 12 130.3 651.5 

 

 
Figure 3. NaCl salt. 

 

Table 6. Preparation of polymer quenchant (PVA + Water) 

Sample PVA (%) PVA concentration (g/L) PVA concentration (g/5L) 

1 0.1 1 5 

2 0.2 2 10 

3 0.5 5 25 

4 1 10 50 

5 1.5 15 75 

6 2 20 100 

7 3 25 150 
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Figure 4. PVA powder. 

 

Heat Treatment of Work Samples 

The cut work pieces or samples are placed in a muffle furnace (Figure 5) for heating at a 

predetermined temperature of 810ºC–840ºC over a period of predetermined time 40 minutes, which is 

also known as soaking time. Once the samples reaches maximum temperature of 840ºC with 40 

minutes soaking time, they are taken out from the furnace by tongs and then they are quenched 

immediately in water (Figure 6), oil (Figures 7), brine solution with different concentration (Figures 

8,9,10,11) and polymer quenchant with different concentration(Figures 12,13,14,15,16,17,18) in a 

vessel at room temperature. After quenching, samples are marked (Figure 19). 

 

  
Figure 5. Muffle furnace. 

 

 
Figure 6. Water quenching. 

 
Figure 7. Oil quenching. 
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Figure 8. Brine solution 6%. 

 
Figure 9. Brine solution 8%. 

  

 
Figure 10. Brine solution 10%. 

 
Figure 11. Brine solution 12%. 

  

 
Figure 12. PVA 0.1%. 

 
Figure 13. PVA 0.2%. 

 

 
Figure 14. PVA 0.5%. 

 
Figure 15. PVA 1%. 
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Figure 16. PVA 1.5%. 

 
Figure 17. PVA 2%. 

  

 
Figure 18. PVA 3%. 

 
Figure 19. Sample marking. 

 

MECHANICAL TESTING  

Initially the hardness test performed for the base material or parent material or untreated material 

sample. The hardness test performed is Rockwell hardness testing machine (Figure 20). The hardness 

test is performed on work samples in different locations. The above procedure is followed for all the 

work samples to determine the hardness at different locations for untreated and heat treated work 

samples. The hardness test is done on the work samples at location origin ie. Mid point 0,2.5 mm, 5 

mm, 7.5 mm, 10 mm from the origin on a circular face of a work samples. 

 

 
Figure 20. Rockwell hardness testing machine. 
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Figure 21. Hardness testing location. 

 

At point 0–0 mm 

At pont 1–2.5 mm from 0 

At point 2–5 mm from 0 

At point 3–7.5 mm from 0 

At point 4–10 mm from 0 

The hardness test is performed at these locations as shown in the (Figure 21) and values are to be 

noted. 

 

Metallography 

After successful heat treatment operation the heat treated specimens of untreated sample, water 

quench sample, oil quench sample, brine solution with higher concentration quench sample and 

polymer quenchanthigher concentration quench sample were taken for the polishing and etching. The 

polishing is done by 60, 180,240,320,400,600,1200,2000 grid emery polished and 1/0, 

1/1,1/2,1/3,1/4,1/5 alumina dry paper polished. After that velvet polishing and water polishing is done 

by abrassive and alumina polishing machines as shown below (Figure 22). After completing 

polishing, etching is done for the work samples by combination of Nitric acid and Ethyl alcohol ie. 

2% Nitol solution. 

 

 
Figure 22. Polishing machine. 

 
Figure 23. Polished samples. 

 

After completing polishing and etching the samples were taken for micro structure study of the 

surface characteristics of the metal. After preparation of metallography specimen, the polished 

samples as shown in the above (Figure 23) both untreated and treated specimens were taken for 
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microstructure determination using Scanning Electrical Microscopeas shown in the below (Figure 24). 

Using SEM the microstructure is seen and captured the grain growth of the above polished samples 

with a magnification of 100x. 

 

 
Figure 24. SEM. 

 

RESULTS AND DISCUSSION 

The mechanical property ie., Hardness is found as a function of different location or points on 

circular surface of untreated and heat treated samples. Also the hardness is found as a function of 

quenching media with different concentrations. 

 

Hardness Testing Results for Untreated Sample 

The hardness property of untreated sample is measured using Rockwell hardness testing machine at 

various locations from origin or mid point on the circular surface. The results obtained from testing a 

specimen is shown in below (Table 7) and (Figure 25). 

 

Table 7. Untreated sample HRC 

Point Location from origin HRC 

0 0 8 

1 2.5 8 

2 5 9 

3 7.5 9 

4 10 7 

 

 
Figure 25. Untreated sample. 

Location, 1, 0
Location, 2, 2.5

Location, 3, 5
Location, 4, 7.5

Location, 5, 10

HRC, 1, 40
HRC, 2, 42

HRC, 3, 40
HRC, 4, 41.5 HRC, 5, 41

Location

HRC
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Hardness Testing Results for Heat Treated Work Samples 

The hardness of heat treated sample is measured using Rockwell hardness testing machine at 

various locations from origin or mid point on the circular surface. 

 

Water Quench Sample  

The hardness of water quenched sample is measured and the values are noted as shown in below 

(Table 8) and (Figure 26). 

 

Table 8. Water quench sample HRC 

Point Location from origin HRC 

0 0 30 

1 2.5 33 

2 5 26 

3 7.5 27 

4 10 30 

 

 
Figure 26. Water quench sample. 

From the above table and graph it is observed that the maximum hardness 33HRC occurs at point 

2ie. At 2.5mm from origin. 

 

Oil Quench Sample 

The hardness of water quenched sample is measured and the values are noted as shown in below 

(Table 9) and (Figure 27). 

 

From the above table and graph it is observed that the maximum hardness26HRC occurs at point 

4ie. At 10 mm from origin. 

 

Table 9. Oil quench sample HRC 

Point Location from origin HRC 

0 0 18 

1 2.5 19 

2 5 20 

3 7.5 23 

4 10 26 

Location, 1, 0

Location, 2, 2.5

Location, 3, 5

Location, 4, 7.5

Location, 5, 10

HRC, 1, 40
HRC, 2, 42

HRC, 3, 40
HRC, 4, 41.5 HRC, 5, 41

Location

HRC
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Figure 27. Oil quench sample 

 

Brine Solution 6% Quench Sample 

The hardness of Brine solution 6% quenched sample is measured and the values are noted as shown 

in below (Table 10) and (Figure 28). 

 

Table 10. B S 6% sample HRC. 

Point Location from origin HRC 

0 0 44 

1 2.5 45 

2 5 53 

3 7.5 57 

4 10 40 

 

 
Figure 28. B S 6% sample. 

 

From the above table and graph it is observed that the maximum hardness 57 HRC occurs at point 3 

ie. At 7.5mm from origin. 

Location, 1, 0

Location, 2, 2.5

Location, 3, 5

Location, 4, 7.5

Location, 5, 10

HRC, 1, 40
HRC, 2, 42

HRC, 3, 40
HRC, 4, 41.5 HRC, 5, 41

Location

HRC

Location, 1, 0

Location, 2, 2.5

Location, 3, 5

Location, 4, 7.5

Location, 5, 10

HRC, 1, 40
HRC, 2, 42

HRC, 3, 40
HRC, 4, 41.5 HRC, 5, 41

Location

HRC
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Brine solution 8% quench sample : 

The hardness of Brine solution 8% quenched sample is measured and the values are noted as shown 

in below (Table 11) and (Figure 29). 

 

Table 11. B S 8% sample HRC. 

Point Location from origin HRC 

0 0 48 

1 2.5 43 

2 5 53 

3 7.5 57 

4 10 53 

 

 
Figure 29. B S 8% sample. 

From the above table and graph it is observed that the maximum hardness 57 HRC occurs at point 3 

ie. At 7.5mm from origin. 

 

Brine Solution 10% Quench Sample 

The hardness of Brine solution 10% quenched sample is measured and the values are noted as 

shown in below (Table 12) and (Figure 30). 

 

From the above table and graph it is observed that the maximum hardness 50 HRC occurs at point 3 

ie. At 7.5mm from origin. 

 

Brine Solution 12% Quench Sample 

The hardness of Brine solution 12% quenched sample is measured and the values are noted as 

shown in below (Table 13) and (Figure 31). 

 

Table 12. B S 10% sample HRC 

Point Location from origin HRC 

0 0 42 

1 2.5 42 

2 5 50 

3 7.5 47 

4 10 40 

Location, 1, 0

Location, 2, 2.5

Location, 3, 5

Location, 4, 7.5

Location, 5, 10

HRC, 1, 40
HRC, 2, 42

HRC, 3, 40
HRC, 4, 41.5 HRC, 5, 41

Location

HRC



 

 

Heat Treatment Research Studies of EN9 Carbon Steel by Quenching Operation                          Vijayaram et al. 

 

 

© STM Journals 2023. All Rights Reserved 14  
 

 

 
Figure 30. B S 10% sample. 

 

From the above table and graph it is observed that the maximum hardness 60 HRC occurs at point 2 

ie. At 5mm from origin. 

 

Table 13. B S 12% sample HRC 

Point Location from origin HRC 

0 0 58 

1 2.5 60 

2 5 54 

3 7.5 56 

4 10 57 

 

 
Figure 31. B S 12% sample. 

 

PVA 0.1% Quench Sample 

The hardness of PVA 0.1% quenched sample is measured and the values are noted as shown in 

below (Table 14) and (Figure 32). 

Location, 1, 0

Location, 2, 2.5

Location, 3, 5

Location, 4, 7.5

Location, 5, 10

HRC, 1, 40
HRC, 2, 42

HRC, 3, 40
HRC, 4, 41.5 HRC, 5, 41

Location

HRC

Location, 1, 0

Location, 2, 2.5

Location, 3, 5

Location, 4, 7.5

Location, 5, 10

HRC, 1, 40
HRC, 2, 42

HRC, 3, 40
HRC, 4, 41.5 HRC, 5, 41

Location

HRC
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Table 14. PVA 0.1% sample HRC. 

Point Location from 

origin 

HRC 

0 0 33 

1 2.5 38 

2 5 42 

3 7.5 51 

4 10 45 

 

 
Figure 32. PVA 0.1% sample. 

 

From the above table and graph it is observed that the maximum hardness 51 HRC occurs at point 3 

ie. At 7.5 mm from origin. 

PVA 0.2% Quench Sample 

The hardness of PVA 0.2% quenched sample is measured and the values are noted as shown in 

below (Table 15) and (Figure 33). 

 

From the above table and graph it is observed that the maximum hardness 44 HRC occurs at point 3 

ie. At 7.5 mm from origin. 

 

PVA 0.5% Quench Sample 

The hardness of PVA 0.5% quenched sample is measured and the values are noted as shown in 

below (Table 16) and (Figure 34). 

 

From the above table and graph it is observed that the maximum hardness 52 HRC occurs at point 3 

ie. At 7.5 mm from origin. 

 

Table 15. PVA 0.2% sample HRC. 

Point Location from origin HRC 

0 0 38 

1 2.5 39 

2 5 40 

3 7.5 44 

4 10 40.5 

Location, 1, 0

Location, 2, 2.5

Location, 3, 5

Location, 4, 7.5

Location, 5, 10

HRC, 1, 40
HRC, 2, 42

HRC, 3, 40
HRC, 4, 41.5 HRC, 5, 41

Location

HRC
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Figure 33. PVA 0.2% sample. 

 

PVA 1% Quench Sample 

The hardness of PVA 1% quenched sample is measured and the values are noted as shown in below 

(Table 17) and (Figure 35). 

 

Table 16. PVA 0.5% sample HRC. 

Point Location from origin HRC 

0 0 40 

1 2.5 39 

2 5 39.5 

3 7.5 52 

4 10 40.5 

 

 
Figure 34. PVA 0.5% sample. 

Location, 1, 0

Location, 2, 2.5

Location, 3, 5

Location, 4, 7.5

Location, 5, 10

HRC, 1, 40
HRC, 2, 42

HRC, 3, 40
HRC, 4, 41.5 HRC, 5, 41

Location

HRC

Location, 1, 0

Location, 2, 2.5

Location, 3, 5

Location, 4, 7.5

Location, 5, 10

HRC, 1, 40

HRC, 2, 42

HRC, 3, 40
HRC, 4, 41.5 HRC, 5, 41

Location

HRC
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Table 17. PVA 1% sample HRC. 

Point Location from origin HRC 

0 0 39 

1 2.5 38 

2 5 40 

3 7.5 44 

4 10 42 

 

 
Figure 35. PVA 1% sample. 

 

From the above table and graph it is observed that the maximum hardness 44 HRC occurs at point 3 

ie. At 7.5 mm from origin. 

 

PVA 1.5% Quench Sample 

The hardness of PVA 1.5% quenched sample is measured and the values are noted as shown in 

below (Table 18) and (Figure 36). 

 

From the above table and graph it is observed that the maximum hardness 40.5 HRC occurs at point 

3 ie. At 7.5 mm from origin. 

 

PVA 2% Quench Sample 

The hardness of PVA 2% quenched sample is measured and the values are noted as shown in below 

(Table 19) and (Figure 37). 

 

From the above table and graph it is observed that the maximum hardness 41.5 HRC occurs at point 

3 ie. At 7.5 mm from origin. 

 

Table 18. PVA 1.5% sample HRC. 

Point Location from origin HRC 

0 0 37.5 

1 2.5 39 

2 5 40 

3 7.5 40.5 

4 10 40 

Location, 1, 0

Location, 2, 2.5

Location, 3, 5

Location, 4, 7.5

Location, 5, 10

HRC, 1, 40
HRC, 2, 42

HRC, 3, 40
HRC, 4, 41.5 HRC, 5, 41

Location

HRC
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Figure 36. PVA 1.5% sample. 

 

PVA 3% Quench Sample 

The hardness of PVA3% quenched sample is measured and the values are noted as shown in below 

(Table 20) and (Figure 38). 

 

Table 19. PVA 2% sample HRC. 

Point Location from origin HRC 

0 0 40 

1 2.5 42 

2 5 40 

3 7.5 41.5 

4 10 41 

 

 
Figure 37. PVA 2% sample. 

Location, 1, 0

Location, 2, 2.5

Location, 3, 5

Location, 4, 7.5

Location, 5, 10

HRC, 1, 23
HRC, 2, 24

HRC, 3, 21

HRC, 4, 33

HRC, 5, 26

Location

HRC

Location, 1, 0

Location, 2, 2.5

Location, 3, 5

Location, 4, 7.5

Location, 5, 10

HRC, 1, 23
HRC, 2, 24

HRC, 3, 21

HRC, 4, 33

HRC, 5, 26

Location

HRC
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Table 20. PVA 3% sample HRC. 

Point Location from origin HRC 

0 0 23 

1 2.5 24 

2 5 21 

3 7.5 33 

4 10 26 

 

 
Figure 38. PVA 3% sample. 

 

From the above table and graph it is observed that the maximum hardness 33 HRC occurs at point 3 

ie. At 7.5 mm from origin. 

 

It is observed that an uniform quenching has taken place in polymer quenching by looking at the 

highest hardness values at point 3 of different concentrations. 

 

Comparision of EN9 Before and After Heat Treatment 

The average hardness is found and tabulated for all the work samples with irrespective of locations 

with different quenching media. The comparison graph is drawn between quenching media and 

hardness before and after heat treatment. 

X-Axis ---- Quenchant media 

Y-Axis ---- Average HRC 

 

From the above Figure 39 and Table 21 we can say that an uniform quenching has taken place in 

polymer quenching by observing average hardness values from the table and graph progression. 

 

Metallography Results 

Scanning Electronic Microscope (SEM) is used to scatter the different phases present in the surface 

of EN9 material for both before and after heat treated conditions.The microstructure is seen at 

different locations of work samples and the images are scattered with range 100X magnification. The 

different locations are the location where the hardness test is performed ie. 

At point 0–0 mm 

At pont 1–2.5 mm from 0 

At point 2–5 mm from 0 

At point 3–7.5 mm from 0 

At point 4–10 mm from 0 

Location from 
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Table 21. Average HRC values for various quenching media. 

S.N. Quenchant Average HRC 

1 Untreated 8.2 

2 Water 29.2 

3 Oil 21.2 

4 BS 6% 47.8 

5 BS 8% 50.8 

6 BS 10% 44.2 

7 BS 12% 57 

8 PVA 0.1% 41.8 

9 PVA 0.2% 40.3 

10 PVA 0.5% 42.2 

11 PVA 1% 40.6 

12 PVA 1.5% 39.4 

13 PVA 2% 40.9 

14 PVA 3% 25.4 

 

 
Figure 39. Quenching media vs Average HRC. 

 

Untreated Sample or Base material: 

The images shows in Figure 40 (a,b,c,d,e) the microstructure present in EN9 material before heat 

treatment. 

 

 
Figure 40. (a) BM at point 0. 

 
Figure 40. (b) BM at point 1. 
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Figure 40. (c) BM at point 2. 

 
Figure 40. (d) BM at point 3. 

  

 
Figure 40. (e) BM at point 4. 

 

 At point 0: 50% Pearlite + 50% Ferrite 

 At point 1: 50% Pearlite + 50% Ferrite 

 At point 2: 75% Pearlite + 25% Ferrite 

 At point 3: 75% Pearlite + 25% Ferrite 

 At point 4: 40% Pearlite + 60% Ferrite  

 

Water Quench Sample  

The images shows in Figure 41 (a,b,c,d,e) is Water quench sample 

 

 
Figure 41. (a) Water quench at point 0. 

 

 
Figure 41. (c) Water quench at point 2 

 
Figure 41. (b) Water quench at point 1. 

 

 
Figure 41. (d) Water quench at point 3. 



 

 

Heat Treatment Research Studies of EN9 Carbon Steel by Quenching Operation                          Vijayaram et al. 

 

 

© STM Journals 2023. All Rights Reserved 22  
 

 

 
Figure 41. (e) Water quench at point 4. 

 

 At point 0: 70% Martensite + 50% Pearlite 

 At point 1: 75% Martensite + 25% Pearlite 

 At point 2: 65% Martensite + 35% Pearlite 

 At point 3: 65% Martensite + 35% Pearlite 

 At point 4: 40% Martensite + 60% Pearlite 

 

Oil Quench Sample 

The images shows in Figure 42 (a,b,c,d,e) is Oil quench sample 

 

 
Figure 42. (a) Oil quench at point 0. 

 

 
Figure 42. (c) Oil quench at point 2. 

 
Figure 42. (b) Oil quench at point 1. 

 

 
Figure 42. (d) Oil quench at point 3. 

  

 
Figure 42. (e) Oil quench at point 4. 
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At point 0: 75% Pearlite + 25% Martensite 

At point 1: 75% Pearlite + 25% Martensite 

At point 2: 80%Pearlite + 20% Martensite 

At point 3: 85% Pearlite + 15% Martensite 

At point 4: 90% Pearlite + 10% Martensite 

 

Brine Solution 12% Quench Sample 

The images shows in Figure 43 (a,b,c,d,e) is Brine solution 12% quench sample 

 

 
Figure 43. (a) Brine solution 12% at point 0. 

 

 
Figure 43. (c) Brine solution 12% at point 2 

 
Figure 43. (b) Brine solution 12% at point 0. 

 

 
Figure 43. (d) Brine solution 12% at point 3. 

  

 
Figure 43. (e) Brine solution 12% at point 4. 

 

 At point 0: 50% Martensite + 50% Pearlite 

 At point 1: 70% Martensite + 30% Pearlite 

 At point 2: 40% Martensite + 60% Pearlite 

 At point 3: 45% Martensite + 55% Pearlite 

 At point 4: 50% Martensite + 50% Pearlite 

 

PVA 3% Quench Sample 

At point 0: 70% Martensite + 30% Pearlite 

At point 1: 75% Martensite + 25% Pearlite 

At point 2: 65% Martensite + 40% Pearlite 

At point 3: 80% Martensite + 20% Pearlite 

At point 4: 75% Martensite + 25% Pearlite 



 

 

Heat Treatment Research Studies of EN9 Carbon Steel by Quenching Operation                          Vijayaram et al. 

 

 

© STM Journals 2023. All Rights Reserved 24  
 

 

By analyzing the microstucture and hardness at same points, it can be stated that hardness is 

increased with increase in martensite phase, hardness is moderate with increase in pearlite phase and 

hardness is decreased with increase in ferrite phase (Figure 44 a,b,c,d,e). 

 

 
Figure 44. (a) PVA 3% at point 0. 

 

 
Figure 44. (c) PVA 3% at point 2. 

 
Figure 44. (b) PVA 3% at point 1. 

 

 
Figure 44. (d) PVA 3% at point 3. 

  

 
Figure 44. (e) PVA 3% at point 4. 

 

CONCLUSION 

The study has shown that using of Water, Oil, Brine solution and polymer quenchants as quenching 

medium improves the mechanical properties when compared to the untreated steels. In polymer 

quenching no visible cracks are found, micro and macro cracks are also not found on the surface of 

quenched sample. Where as in water quenched sample the drag is formed on the surface of a 

quenching. Cost effective is high for polymer quenching where as other mediums are low. Oil 

quenching is riskier than other quenching mediums as it catches fire due to high flash point. This 

study shows that polymer quenching takes place uniformly in all the polymer quenched samples even 

though the concentration is changed. Therefore uniform quenching reduces time. So, it can be used in 

industrial applications for heat treatment in hardening and tempering. 
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