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Abstract 

Steel has been the backbone of many streams and automobiles are not an exception. Heat treatment is an eternal part of processing 

steel for the required use. In quenching it is observed that 41Cr4 steel has a tendency to develop crack due to the difference in 

cooling. The objective here is to polymer quench 41Cr4 steel to reduce the quench cracks and improve the hardness quality of the 

steel. In this paper we will discuss the theory of quenching process and the experiment carried out in where 41Cr4 steel is polymer 

quenched to achieve the desired hardness along with reducing in quench cracks. The polymer quenching for certain concentrations 

have shown good results, the hardness and crack detection tests have a good agreement with it. The obtained results can be helpful 

in the study of heat treatment process done on 41Cr4 steel.                 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Heat treatment is a vital process is shaping the properties of steel. In industry when steel is processed for hardening it is followed 

by quenching to gain hardness and strength. In quenching process steel is rapidly cooled in a cooling medium where the temperature 

of steel is brought down from austeniting temperature to temperature way below critical temperature at a rapid pace. This rapid 

cooling of steel brings a lot of stress along with physical expansion and contractions. This is one of the prime reasons for 

development of cracks on steel along with in consistent hardness if the process in done on large scale like in the industry. Steel is 

usually process in batches in industry where consistent hardness within the desired range is expected along with lower rejection 

due to cracks and variations. 

 Objectives 

 To reduce or eliminate the formation of quench cracks during the quenching of 41Cr4 steel. 

 Better and consistent hardness quality specially when quenching batches. 

 Reduce the stress concentration due to the quenching process. 

  Methodology 

 Study of heat treatment process and formation of quench cracks. 

 Literature review. 

 Study the theory of quenching. 

 Experimentation (hardening and quenching). 

 Deciding the Polymer concentration through experimentation. 

 Hardness and crack detection test. 

 Result and discussion on test results. 

II. MATERIAL COMPOSITION 

41Cr4 grade steel is a special alloy steel (Chromium based) which find its application in automotive industry especially in engine 

building. This grade of steel can be used for various processes like hardening, quenching, tempering, normalizing etc. We have 

carried out the heat treatment process of hardening, quenching and tempering on this steel. 
Table – 1 

Material Composition 

ELEMENTS WEIGHT (PERCENTAGE) 

Carbon 0.38 - 0.45 

Silicon 0.4 (maximum) 

Manganese 0.6 - 0.9 

Phosphorus 0.025 (maximum) 

Sulfur 0.035 (maximum) 
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Chromium 0.9 - 1.2 

Molybdenum - 

Nickel - 

III. THEORY OF QUENCHING 

Quenching is a key operating step in heat treating of steel parts. The objective of the quenching process is to cool the parts from 

the austenitizing temperature at a required cooling rate to produce a controlled amount of martensite in the micro structure for 

hardening. Selection of a quenching medium depends on steel composition and desired hardness. The function of the quenching 

medium is to control the rate of heat transfer from the surface of the quenched parts. 

 It is important to understand the process of quenching as the quenching medium has an impact has over the final hardness and 

defects on the steel. 

 For liquid quench ant the quenching medium goes through three primary phases before completing the quenching process: 

 Vapour Phase 

The first stage of cooling is characterized by the formation of a vapour film around the component. This is a period of relatively 

slow cooling which heat transfer occurs by radiation and conduction through the vapour blanket. 

 Boiling Phase 

The stable vapour film eventually collapses and cool quench ant comes into contact with the hot metal surface resulting in nucleate 

boiling and high heat extraction rates. 

 Convection Phase 

Boiling ceases and heat is removed by convection into the liquid. Heat is removed very slowly during this stage 

 Polymer Quenching Process 

Poly ox ethylene glycol exhibits inverse solubility in water. They are completely soluble at room temperature, but insoluble at 

elevated temperatures. The inverse solubility temperature can range from 60°C to 90°C depending upon chemical structure. The 

phenomenon of inverse solubility modifies the conventional, three-stage quenching mechanism and provides great flexibility of 

cooling rate. 

 Stage 1 

When a hot component is first immersed, the solution in the immediate vicinity of the metal surface is heated to above the inverse 

solubility temperature. The polymer becomes insoluble and a uniform polymer-rich vapour film encapsulates the surface. This is 

a period of slow cooling, analogous to the vapour phase in oil quenching. The stability and hence duration of this polymer film 

depend upon the temperature, concentration and degree of agitation of the solution. 

 Stage 2 

The stable polymer-rich vapour film eventually collapses and cool quench ant comes into contact with the hot metal surface, 

resulting in nucleate boiling and high heat extraction rates. 

 Stage 3 

As the active boiling period subsides, cooling occurs by conduction and convection into the liquid. When surface temperatures fall 

below the inversion temperature, the polymer re dissolves forming a homogeneous solution once again. 

IV. EXPERIMENTATION 

The experimentation was carried out in two important steps of hardening and tempering. Hardening was the vital step as the test 

was done on multiple batches of 41Cr4 steel with the variation in concentration of the polymer quench ant in water and also the 

hardening temperature. The hardening process starts by the introduction of multiple steel test pieces (15 to 20 in number for each 

test) in the furnace. The temperature of furnace is gradually raised as the test pieces proceeds ahead in the furnace from zone 1 to 

zone 2 and finally to the zone 3 where the 41Cr4 steel achieves austeniting temperature. Next step was the polymer quenching 

where the steel test pieces were quenched in the polymer quench bath till there surface temperature dropped below 250℃. This 

exact step was repeated with different hardening temperatures like 880℃, 870℃, 860℃, 850℃, 840℃. Along with these different 

hardening temperatures the experimentation was also conducted with different polymer concentration in water ascending from the 

lower end of 5%, 6%, 7%, 8% to finally 9%. 

 Once the quenching was done the test pieces were tempered at the standard tempering temperature of 600℃. Tempering is always 

done below the critical temperature i.e the austeniting temperature. Tempering is done to achieve lower and better hardness quality. 

After tempering the steel is cooled at normal surrounding temperature without any aid of forced cooling. This process also helps 

in relieving the stress which was gained in hardening process. 

 For each and every set of experimentation done the experimentation was followed by testing. Hardness test was done for test 

piece coming out after quenching. Similar test was done after the tempering process was completed. Brinell hardness test was done 
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to test the hardness of material. Intender size used was of 10mm while the load applied was of 3000kg. The desired finally hardness 

after tempering was kept in the range of 255 to 295BHN. This range was specifically selected as most of the automotive engine 

parts including connecting rods come under this hardness level. The hardness test was followed by crack detection test. The crack 

detection test were based on nondestructive testing process. Primary inspections were done by visual testing then the rest of the 

test pieces underwent dye penetrant inspection test for crack detection. 
Table – 2 

Polymer Concentration 6% (In Water) 

Hardening Temperature ℃ 880 870 860 850 840 

Required Hardness IS 444 BHN 

578 495 514 514 401 

627 534 495 495 514 

555 514 534 514 495 

555 495 495 495 477 

578 514 514 514 388 

627 477 495 514 363 

Tempering Temperature 600℃ (580-620℃) 

Required Tempering Hardness 255-295bhn 

293 262 285 262 277 

311 277 269 277 241 

302 269 285 277 277 

311 262 277 260 248 

302 277 269 285 241 

311 262 262 262 255 

Remarks Specified parameters are within required range. 

V. RESULT & DISCUSSION 

For this test the polymer concentration percentage was bump up to 6% in water. For 10000 litre of water 600 litre of polymer 

quench ant was added. As mentioned in the results on table II the acquired hardness matches with the desired hardness number. 

On further carrying out the crack detection test no cracks were found. As we have discussed about variation in hardening 

temperature multiple tests were carried out at 840 to 880℃ with interval of 10℃. Among all this temperatures 840℃ and 850℃ 

have shown the best results in terms of consistency and hardness. 

 Microstructure 

The microstructure for a particular metal is usually checked to observe the structure and to see if any stress concentration has 

occurred or formed during the heat treatment process, this fact suggests immediately that it is the size of the grains of austenite 

within which the martensite is formed that determines this structural feature 

 
Fig. 1: 41Cr4 Steel after Polymer Quench Hardening 

In the above figure the microstructure of 41Cr4 steel can be observed after hardening process. Fine and even grains can be 

observed. The grains are evenly distributed with negligible evidence of stress concentration. 
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Fig. 2: 41Cr4 Steel after Tempering 

Quenching process is usually followed by tempering process to even out the grain structure to reduce the hardness and brittle 

nature of steel. In the above microstructure it can be clearly seen that the grains are much finer and softer with no sign of stress 

concentration or cavity. 
Table – 3 

Rejection Comparison 

Number Of Samples 
Number Of Rejections 

Regular Quenching Polymer Quenching 

100 25 8 

100 23 10 

100 22 10 

100 23 8 

100 25 10 

50 13 6 

50 12 5 

50 10 5 

50 13 6 

50 10 6 

Average Rejection Percentage 

Regular Quenching Polymer Quenching 

25 8 

23 10 

22 10 

23 8 

25 10 

26 12 

24 10 

20 10 

26 12 

20 12 

23.4 10.2 

Observations were recorded for rejection numbers in both regular quenching and polymer quenching. These rejections were 

made on the basis of crack detection and quality of hardness where samples with cracks, soft spots and burns were rejected. If we 

compare the overall rejection percentage then its 23.4 percent for regular quenching and 10.2 percent for polymer quenching. 

VI. CONCLUSION 

The present study based on multiple experimentation and tests resulted in deciding that polymer quenching does have a positive 

effect for the quenching of 41Cr4 steel. The reduction in rejection numbers have an agreement with the experimented polymer 

concentration value. The final results along with microstructure study completes the objective of this research and experimentation. 

The exhaustive multiple tests with their observations in this paper should be useful in the future study on heat treatment of 41Cr4 

steel. 
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