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Abstract – The authors identified a crucial need to 

enhance the hardness of cast iron machine pulleys such 

that their hardness should range from 140 BHN to 180 

BHN for Deepshikha Castings Pvt. Ltd., a prominent 

player in the central Indian casting industry. It was 

observed that achieving this hardness was feasible in 

castings with a cross-section thickness below 10mm; 

however, the hardness decreased as this dimension 

increased. The company conducted some experiments by 

varying the contents of some elements like Carbon C, 

Chromium Cr, Silicon Si etc. after cupola pouring, but 

the hardness was not achieved uniformly. This issue was 

discussed with the authors. They conducted a detailed 

literature review to find the strategies for increasing 

hardness. Most research papers were discussing on 

increasing the hardness by varying the contents along 

with variation in the temperature of casting by cooling 

after pouring in the mould or removing from the mould. 

No paper discussed only the effect of variation in 

temperature by cooling while keeping the composition 

the same. Hence, the primary focus of the 

experimentation involved manipulating temperature-

related parameters through the heat treatment process, 

internal chilling, or implementing forced cooling 

techniques. These experiments aimed to increase the 

hardness of the cast iron machine pulley while 

maintaining the existing composition. This research 

paper emphasizes the significance of improving cast iron 

hardness through some experiments based on either of 

the processes like forced cooling, heat treatment, or 

internal chilling temperature. The outcomes of these 

experiments, which successfully improved the hardness, 

are explained in this paper.   
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press carbon chart; TTT chart; warm treatment of CI; 

mechanical properties; cooling rate of CI castings    

INTRODUCTION 

Deepshikha Castings Pvt. Ltd., a prominent player in 

the central Indian casting industry required to enhance 

the hardness of cast iron machine pulleys to range from 

140 BHN to 180 BHN. It was observed that achieving 

this hardness was feasible in castings with a cross-

section thickness below 10mm; however, the hardness 

decreased as this dimension increased to about 20mm or 

more. To address this issue, the authors studied various 

research papers to find strategies for increasing the 

hardness of cast iron. One more requirement of the 

industry was to maintain the existing composition as far 

as possible.  So, based on this requirement and the 

literature review carried out, the authors designed to 

conduct a series of experiments. These experiments 

aimed to increase the hardness of the cast iron machine 

pulley while maintaining the existing composition.  
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METHODOLOGY FOR APPROACHING THE 

SOLUTION 

The primary focus of the investigation involved 

manipulating temperature-related parameters through the 

heat treatment process, internal chilling, or 

implementing forced cooling techniques. 

The authors designed the methodology for addressing 

this issue. 

1. They carried out a detailed literature review of 

research papers that discussed various ways of 

increasing the hardness of Cast Iron. 

2. Test the hardness of CI Machine pulleys which they 

achieve by the usual method. 

3. Perform the experiments in alliance with the industry 

(industry suggested keeping the composition the same, 

so authors focused on performing the experiments 

bymanipulating temperature-related parameters through 

separate experiments of the heat treatment process, 

internal chilling, or implementing forced cooling 

techniques.) 

4. Test the hardness of CI Machine pulleys that is 

achieved by the heat treatment process, internal chilling, 

or implementing forced cooling techniques separately. 

5. Suggest the industry following the method in which 

the hardness increased as per the requirement. 

 

REVIEW OF RSERCH PAPER TO IMPROVE 

THE HARDNESS OF CAST IRON 

The authors conducted a detailed literature review of 

research papers (as mentioned in the reference section) 

that discussed various ways of increasing the hardness of 

Cast Iron.  

S. P. Sundar Singh Sivam et al (2019) [1] specified the 

reduction in copper content and increase in the cooling 

time increased the hardness of CI.  The increase in 

carbon, silicon, and chromium content along with the 

heat treatment will increase the hardness of CI as in 

[4][5][6][7][8][9][14][16][18][19]. 

Ile-Ife et al [11] specified that some variation in C/Cr in 

the composition of CI along with the forced cooling 

leads to an increase in the hardness of CI. The internal 

chilling with some variation of C/Si/Cr/Cu in the 

composition of CI leads to an increase in hardness [2] 

[10] [17]. The heat treatment with an increase in 

chromium content leads to an increase in hardness [3] 

[4] [12][13][15][19].  

The literature review shows that varying the composition 

along with the temperature-related changes through 

processes like heat treatment, forced cooling and internal 

chilling methods can increase the hardness of CI. The 

research gap found through the literature review was that 

singly these temperature-controlled cooling methods 

were not applied without composition variation. Also, 

the machine pulleys with the same composition but with 

less thickness than 10mm achieved the required 

hardness. So, the authors independently applied these 

temperature-related cooling or heating methods without 

changing the composition. Then they designed the 

experiment for applying individually the method of heat 

treatment / forced cooling /internal chilling to these CI 

Machine pulleys and tested their hardness.  

CAST IRON COMPOSITION AND CASTING 

PROCESS 

To manufacture the castings at Deepshikha Casting Pvt. 

Ltd., the CI is melted in the cupola and the composition 

of charge to the cupola is made from CI from various 

sources like FG PI, Tata, Earth PIG, SG PI Uttam, FR 

are added to the cupola bucket inside the cupola furnace.  

 

Table 1: Composition of CI (in percentage) 

CHEMICAL % 

 Carbon  - 4.79% 

 Silicon  -1.465%  

 Magnesium  - 0.46% 

 Phosphorus    - 0.152% 

 Sulphur    - 0.109%  

 Chromium   - 0.014% 

 Molybdenum   - 0.006% 

 Nickel   - 0.015% 

 Aluminum   - 0.004% 
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 Copper   - 0.005% 

 Titanium  - 0.053%  

 Magnesium   - 0.002%   

 

After melting, the pouring of molten CI is done to the 

ladle weighing 40kg. Molten CI from the ladle is poured 

into the sand mold of the CI Machine Pulley. The 

pouring time is 16.9 seconds for this machine pulley.  

It is allowed to be set in the mold for around 3 Hours as 

a normal procedure. The mold is then broken and the 

castings are allowed to cool at room temperature with 

normal air in a room for 2-3 days. Figure 1 shows the 

pouring of the molten cast iron into the mould for 

producing the cast iron machine pulley. 

 

EXPERIMENT BASED ON TEMPERATURE 

RELATED PROCESS 

 

 HEAT TREATMENT   

Annealing and Quenching was used in this method. 

Annealing is the process where the specimen is being 

heated to a particular temperature above the re-

crystallization temperature and held there for some time. 

This changes the physical and the chemical properties of 

a material to make it more workable. Annealing is 

followed by quenching. Quenching is soaking a material 

into a fluid—water, oil, or even air to cool it down from 

a high temperature quickly. Typically, quenching is done 

to preserve the mechanical properties of a phase 

distribution or crystalline structure that would otherwise 

be lost during slow cooling. 

 

Fig 1: Pouring the molten Cast iron into the mould at 

Deepshikha Castings Pvt. Ltd., Nagpur, India  

 

           

Fig 2: Cast iron Machine Pulley Speciment By Normal 

Process At Deepshikha Castings Pvt. Ltd., Nagpur, India  

 

The CI Machine pulley specimen was annealed i.e. 

heated at the rate of 5°C per min to the temperature 

870°C . It was held at this temperature for one hour and 

then quenched i.e. force cooled using a blower.  

Specifications of heat treatment are as below:                      

Annealing Temperature: 870°C (at the rate of 5 °C/min) 

Holding time at annealing temperature: 1.5 hour 

Quenching Duration by blower:  30 min 

Blower speed - 2800 RPM, 3900 CMH  

The result of hardness test after the heat treatment is 

shown in Table 2. It shows significant increase in 

hardness. 

Table 2: The result of the hardness of the CI 

Machine pulley after the heat treatment. 

 

 FORCED COOLING   

The resulting mechanical properties of Cast Iron are 

largely dependent on the pace of cooling. It establishes 

the size and rate of grain growth. Cast Iron’s mechanical 

characteristics can be altered throughout its length by 

sectioning the material to check varying cooling rates. 

Sr 

No 

Hardness before 

heat treatment 

(HBW) 

Hardness after heat 

treatment (HBW) 

1 130 200 
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By utilizing forced cooling by air at higher flow rates, 

this study aims to examine the effect on its hardness. 

In the normal procedure, as explained earlier, the 

castings are allowed to set in the mould for 3 Hours. The 

mould is then broken and the castings are allowed to 

cool at room temperature in normal air for 2-3 days. In 

forced cooling, after the casting is removed from the 

mould, it is cooled by forcing the air using the blower. 

The specimen was force cooled for  4 hours and then 

further allowed to cool at room temperature 24°C for 2-3 

days. The apparatus for forced cooling is shown in  

 

Figure 3. 

  Fig 3: Forced cooling on Cast iron machine pulley 

after it is removed from the mould after it is set and 

Blower used for forced cooling; at Deepshikha Castings 

Pvt. Ltd., Nagpur, India  

The specifications of forced cooling are as below: 

Temperature of air when force cooled: 24°C  

Blower duration:  4 hours.  

Blower speed: 400RPM, 3900 CMH  

The result of the hardness of the CI Machine pulley after 

the forced cooling is mentioned in Table 3 which shows 

increase in the hardness of CI Machine pulley compared 

to the normal manufacturing process. 

Table 3: The result of the hardness of the CI Machine 

pulley after the forced cooling  

 

INTERNAL CHILLING  

Chilling is adopted to promote solidification in a specific 

portion of a metal casting mold. It is done by providing 

the chills i.e. metal pieces in the sand mould, so that they 

conduct more heat from mould to the outside atmosphere 

while cooling and hence promote solidification. In this 

process, the chills melt and mix with the casting and 

hence the material should be the same as that of the 

casting. If we used Cast iron pieces along with the sand 

in mould preparation in this industry, then it would harm 

the labourer’s hand while breaking the mould. So, the 

authors thought of providing simply some holes in the 

sand mould instead of the chills and this would increase 

the cooling rate to some more extent compared to the 

normal process. 

For implementing internal chilling, the mould was 

provided with additional holes to release the heat of 

molten metal, so that directional solidification is 

achieved and the casting cools earlier. For the given 

machine pulley mould 30 holes of 1.5mm diameter were 

created on the face of the mould after pouring the molten 

CI. The molten metal was poured at 1450 °C.   

 

Fig 4: Molten Cast Iron poured and holes made for 

internal chilling at Deepshikha Castings Pvt. Ltd. 

Nagpur, India 

The pouring time and the temperature are very important 

in the internal chilling method. The casting was cooled 

within 2 hours and it was removed from the mould. The 

image of process of internal chilling is  shown in figure 

3. Later, it was allowed to cool at room temperature for 3 

days in normal air whose temperature was 24 °C. The 

machine pulley was tested for hardness after this 

process. The result of the CI Machine pulley hardness 

after the internal chilling is mentioned in Table 4. 

Parameters noted during internal chilling: 

Ambient temperature: 24 °C 

Temperature of Molten metal while pouring: 1450 °C 

No. of holes in a mold: 30 number x 1.5mm diameter 

Sr 

No 

Hardness before 

forced cooling (HBW) 

Hardness after forced 

cooling (HBW) 

1 130 200 
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Duration for casting to set in the mold: 3 hours 

Table 4: The result of the hardness of the CI Machine 

pulley after the internal chilling 

 

The result shows that the hardness increased after 

internal chilling process. 

CONCLUSION  

The authors identified a gap in the existing literature 

concerning temperature-related parameters in the cooling 

process of castings, particularly in heat treatment, 

internal chilling, and forced cooling techniques. 

They conducted experiments to manipulate temperature-

related parameters during the cooling phase of castings. 

These experiments aimed to enhance the hardness of cast 

iron (CI) machine pulleys while preserving their original 

composition. 

Our findings revealed that manipulating temperature-

related parameters in heat treatment, internal chilling, 

and forced cooling processes led to a significant increase 

in the hardness of CI machine pulleys without altering 

their composition.  Based on our results, we recommend 

implementing forced cooling and internal chilling 

techniques in the industry to enhance the hardness of CI 

machine pulleys. These methods offer effective solutions 

for increasing hardness while maintaining the original 

composition of CI components. 

ACKNOWLEDGEMENT  

The authors acknowledge The Mechanical Engineering 

Department, St. Vincent Pallotti College of Engineering 

& Technology, Nagpur, India for providing an 

opportunity to take up the industry based project. We are 

grateful to Mr. Mankar, Technical Director, Deepshikha 

Casting Pvt. Ltd. for permitting us to do this project and 

supporting us to do the experiments. 

                             REFERNCES 

1. S. P. Sundar Singh Sivam, A. Rajasekaran, S. 

RajendraKumar, K. Sathiya Moorthy &M. Gopal - A 

Study Of Cooling Time, Copper Reduction and Effect 

Of Alloying On The Microstructure And Mechanical 

Properties Of SG Iron Casting During Machining 

Australian Journal of Mechanical Engineering, 2019, 

Volume 19, 2021 - Issue 1, Pages 10-18  

2. Gobinath Vm, Arunachalam Rajadurai Journal- Effect 

of Pouring Tempeture In Chilled Cast Iron With 

Different Chill Material. July 2015. International 

Journal Research Volume 10 (2015) [2]. 

3. Shaping Zhou, Yehui Shen Journal – Heat Treatment 

Effect on Microstructure, Hardness, and Wear 

Resistance of Cr26 White Cast Iron. Chinese Journal 

of Mechanical Engineering 28, 140-147 (2015) [3]. 

4. Dariusz Kopycinski, E. Guzik Journal- Analysis of The 

High Chromium Cast Iron Microstructure After the 

Heat Treatment Jan 2014. 

5. Prachi Singhal, Kuldeep K. Saxena Journal – Effect of 

Silicon Addition On Microstructure And Mechanical 

Properties Of Grey Cast Iron: An Overview 2020[5].  

6. A. Alhussian, M. Risbet Journal – Influence Of Silicon 

And Addition Elements On The Mechanical Cast Iron 

(2014) [6].  

7. E. E.T. ELSawy, M. R. EL- Hebeary Journal – Effect 

Of Manganese, Silicon And Chromium Addition On 

Microstructure And Wear Characteristics Of Grey 

Cast Iron For Sugar Industries Application Version Of 

Record 26 July (2017) [7]. 

8. C. Badini, C, Gianoglio Journal – The Effect Of 

Carbon, Chromium And Nickel On The Hardness Of 

Borided Layers Aug 2002 [8]. 

9. Dong Zhang, Haun Zheng Journal – Hardness 

Increases Due To (Fe, Cr) C Carbide Precipitated 

During Natural Aging In High Chromium Cast Iron. 

Version Of Record 5 Jan 2023 [9].  

10. Rusnaldy Journal – Effect Of Chill Plate Thickness On 

Surface Hardening And Dimensional Accuracy Of 

Nodular Cast Iron Gear Manufacturing By The Chill 

Casting Method Published Apr 11, 2023[10].  

11.  Obafemi Awolowo University, Ile-Ife, NigeriaJ. O. 

Olawale, S. A. Ibitoye, K. M. Oluwasegun & M. D. 

Shittu   (2016) Forced-Air Cooling Quenching: A 

Novel Technique For Austempered Ductile Iron 

Production, International Journal Of Metal Casting, 

Volume 11, Pages 568–580 

12. Yongcun Li, Ping Li, Ke Wang, Haizhi Li, Mengying G

ong, Weiping Tong, Key Laboratory Of 

Electromagnetic Processing Of Materials, 

Northeastern University, Shenyang, 110819, China 

Microstructure And Mechanical Properties Of A Mo 

Alloyed High Chromium Cast Iron After Different Heat 

Treatments, Volume 156, October 2018, Pages 59-67 

13. Ulvi Şeker, Hasan Hasirci, Gazi University, Technical 

Education Faculty, Beşevler, Ankara 06500, Turkey, 

Evaluation Of Machinability Of Austempered Ductile 

Irons In Terms Of Cutting Forces And Surface Quality, 

Journal Of Materials Processing Technology, Volume 

173, Issue 3, 20 April 2006, Pages 260-268 

Sr 

No 

Hardness before internal 

chilling  (HBW) 

Hardness after internal 

chilling  (HBW) 

1 130 165 



https://doi.org/10.46335/IJIES.2024.9.8.6                                                                           e-ISSN: 2456-3463 

Vol. 9, No. 8, 2024, PP. 22-28        
 

International Journal of Innovations in Engineering and Science,  www.ijies.net 
 

27 
 

14. Anderson Edson Da Silva a, Ismael Nogueira Rabelo 

De Melo b, Ivete Peixoto Pinheiro a, Leonardo 

Roberto Da Silva, Materials Engineering Department, 

Federal Centre Of Technological Education Of Minas 

Gerais, CEP, 30421-169, Belo Horizonte, MG, Brazil, 

Federal Institute Of Minas Gerais, Ibirité, CEP, 

32407-190, MG, Brazil, Characterisation And 

Machinability Of High Chromium Hardened White 

Cast Iron With And Without The Addition Of Niobium, 

Wear Volumes 460–461, 15 November 2020, 203463 

15. L. Collini a, G. Nicoletto a, R. Konečná, Department 

Of Industrial Engineering, University Of Parma, 

Parma, Italy, Department Of Materials Engineering, 

University Of Žilina, Žilina, Slovakia Microstructure 

And Mechanical Properties Of Pearlitic Gray Cast 

Iron Materials Science And Engineering: A Volume 

488, Issues 1–2, 15 August 2008, Pages 529-539 

16. Saliu Ojo Seidu, Effect Of Graded Carbon On 

Microstructure, Mechanical Properties Of White Cast 

Iron, Volume 3 No 4 April 2013 

17. Muzzamil Ahamed S J. Fazlur Rahman Y. Vijaya 

Kumar Rakesh S. G, V. Bharat, Evaluation Of 

Hardness, Wear And Compression, Strength Of Grey 

And Chilled Cast Iron, Vol. 3 Issue 7, July – 2014 

18. R.J. Chung A, X. Tang, D.Y. Li, B Hinckley, K. 

Dolman, Microstructure Refinement Of Hypereutectic 

High Cr Cast Irons Using Hard Carbide-forming 

Elements For Improved Wear Resistance, Volume:-

Volume 301, Issues 1–2 Pgs 

19. Jianghuai Yang, Susil K. Putatunda, Improvement In 

Strength And Toughness Of Austempered Ductile Cast 

Iron By A Novel Two-step Austempering Process, 

Materials & Design, Volume 25, Issue 3, May 2004, 

Pages 219-230 

20. John A. Taylor,Containing Intermetallic Phases In Al-

Si Based Casting Alloys,Volume 1,2012 Pg19-33 

21. D.M. Wankhede A, B.E. Narkhede B, S.K. Mahajan C, 

C.M. Choudhari, Influence Of Pouring Temperature 

And External Chills On Mechanical Properties Of 

Aluminum Silicon Alloy Castings, Volume 5, Issue 9, 

Part 3,2018pg17627-17635 

22. Han Fusheng,Wang Chaochang,Modifying High Cr–

Mn Cast Iron With Boron And Rare Earth–Si Alloy, 

Volume 5, Issue 9 Pg -236 

23. AGH University Of Science And Technology In 

Kraków,E. Guzik,Dorota Siekaniec,Andrzej Szczęsny, 

Analysis Of The High Chromium Cast Iron 

Microstructure After The Heat Treatment ARCHIVES 

Of FOUNDRY ENGINEERING Volume  14, Issue 3 

/2014,  43- 46 

24. George LairdU&Ömer N. Doğan, Solidification 

Structure Versus Hardness And Impact Toughness In 

High-chromium White Cast Irons,Volume 9, 1996 - 

Issue 2 Pg83-102 

25. Xiaohui Zhi, Jiandong Xing, Yimin Gao, Hanguang Fu, 

Jiyun Peng, Bing Xiao,Effect Of Heat Treatment On 

Microstructure And Mechanical Properties Of A Ti-

bearing Hypereutectic High Chromium White Cast 

Iron, Volume 487, Issues 1–2, 25 July 2008, Pages 171 

26. E. Albertin A, F. Beneduce A, M. Matsumoto B, I. 

Teixeira, Short Communication Optimizing Heat 

Treatment And Wear Resistance Of High Chromium 

Cast Irons Using Computational Thermodynamics, 

Volume 271, Issues 9–10,29 July 2011 

27. C. P. Tabrett,I. R. Sare,M. R. Ghomashchi, 

Microstructure-property Relationships In High 

Chromium White Iron Alloys, Volume:-Volume 41, 

Issue 2 Pg -54 

28. J.C Ferreira, A Study Of Cast Chilled Iron Processing 

Technology And Wear Evaluation Of Hardened Gray 

Iron For Automotive Application, Volume 121, Issue 1 

,14 February 2002, Pages 94-101  

29.  A. S. Darmawan, P. I. Purboputro, A. Yulianto, A. D. 

Anggono, Wijianto, Masyrukan, R. D. Setiawan, N. D. 

Kartika: Materials Science Forum, 991, 2020, 17-23. 

https://doi.org/10.4028/www.scientific.net/MSF.991.17

. 

30.  G. d. M. Stieven, D. d. R. Soares, E. P. Oliveir, E. F. 

Lins: International Journal of Heat and Mass Transfer, 

166, 2021, 120765. 

https://doi.org/10.1016/j.ijheatmasstransfer.2020.1207

65.  

31.  M. M. J. Behnam, P. Davami, N. Varahram: Materials 

Science and Engineering: A, 528(2), 2010, 583–588. 

https://doi.org/10.1016/j.msea.2010.09.087.  

32. J. P. Weiler: Journal of Magnesium and Alloys, 9, 

2020, 102–111. 

https://doi.org/10.1016/j.jma.2020.05.008. 

33.  L. D. Setyana, M. Mahardika, Suyitno: Acta 

Metallurgica Slovaca, 26(3), 2020, 132-137. 

https://doi.org/10.36547/ams.26.3.535. 

34. ZHANG T C, LI D Y. Effect of alloying yttrium on 

corrosion erosion behavior of 27Cr cast white iron in 

different corrosive slurries[J]. Materials Science and 

Engineering A, 2002, 325: 87–97. CHINESE 

JOURNAL OF MECHANICAL ENGINEERING ·147 

35.  MOUSAVI ANIJDAN S H, BAHRAMI A, VARAHRAM 

N, et al. Effects of tungsten on erosion-corrosion 

behavior of high chromium white cast iron[J]. 

Materials Science and Engineering A, 2007, 454–455: 

623–628. 

36.  CHUNG R J, TANG X, LI D Y, et al. Effects of 

titanium addition on microstructure and wear 

resistance of hypereutectic high chromium cast iron 

Fe-25wt.%Cr-4wt.%C[J]. Wear, 2009, 267: 356–361. 

37. J.  C.  Ferreira.,  2002,  “A  study of cast chilled iron 

processing technology and wear evaluation of 

hardened gray iron for automotive application”,  J.  of  

Materials Processing Technology., Vol. 12, pp. 94-101. 

38. E  Fras,  M.  Gorny  &  H.  Lopez.,  2006,  “The 

transition from  Grey to  White  cast  iron during 

solidification”, Archives of Metallurgy and Materials., 

Vol 51, pp. 127-136. 



https://doi.org/10.46335/IJIES.2024.9.8.6                                                                           e-ISSN: 2456-3463 

Vol. 9, No. 8, 2024, PP. 22-28        
 

International Journal of Innovations in Engineering and Science,  www.ijies.net 
 

28 
 

39.  N. Girshovitz., “Solidification and properties of cast 

iron (in Russian)”, Mainostroyene, Moscow-

Leningrad., 1996. 

40. E.  Fras and  M.  Gorny.,  2007,  “Mechanism of 

silicon influence on the chill of cast iron”,  Archives of 

Foundry Engineering., Vol. 7, pp. 57-62. 

 

 

 

 

 

 

 

 


