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When a suitable balance of hardness, strength, and toughness is required in civil 
engineering and construction, wear-resistant medium carbon steels are frequently 
utilized. The ability to resist plastic deformation brought on by stress or abrasion is 
measured by hardness. High hardness materials are typically more brittle and prone to 
fracture but also stronger and more resistant to corrosion. A double-quenching procedure 
was used in the current investigation and contrasted with the traditional single-quenching 
process. Additionally, a variety of cooling media are used during quenching treatments. 
The results demonstrate that distilled water is the most effective cooling medium to cool 
the models in the heat treatment of medium carbon steels because it is free of salts, 
suspended particles, and metal contaminants. The results show that the hardness 
increased following the first quenching and tempering by 37.5% above the hardness value 
predicted by the original model, and it increased once more following the second 
quenching and tempering by 10% over the hardness value following the first heat-
treatment. The previous austenite grain limits and the high-angle beam limits are the main 
factors that give a share in to the increased hardness, and the main elements that affect 
how effectively they function are the high slip transmission factor and the high spacing 
angle between slip levels.  
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1. INTRODUCTION

The effects of quenching and tempering on the mechanical
characteristics of wear-resistant steels have been the subject of 
numerous studies. Correctly raising the tempering temperature 
can increase impact toughness; however, temperamental 
brittleness manifests when the mild temperature rises above a 
certain threshold. As tempering temperature rises, hardness 
gradually decreases [1].  Two variables were used in this study: 
the first is the cooling medium (water, air, or oil), and the 
second is the cooling period. It was discovered that using water 
produced the best outcomes (10, 70, 80) minutes. Additionally, 
it was discovered that bringing out martensitic results in a 
notable increase in hardness [2]. 

The steel that was first produced in this study was 
austenized at 890℃ for four hours, and then it was quenched 
in water. Several tempering processes were carried out in one 
or more phases at 590℃. It was found that the hardness was 
significantly impacted by these treatments [3]. The 
microstructure and hardness of AISI 1020, 1040, and 1060 
steels were investigated under various circumstances [4]. The 
samples in this investigation were subjected to single cooling 
and double cooling, with the individual cooling carried out at 
(750, 800, and 850℃), followed by cooling with oil. The 
double cooling was then heated to 900℃ and cooled in oil. 
Second, corrosion was assessed for the samples (single cooling 
and double cooling) using a machine mounted on a disk by 
varying the loads (5, 10, 15, 20 and 25) Newton with a sliding 

time of 10 minutes and a different time (5, 10, 15, 20, 25 and 
30) minutes with a constant load of 15 Newton. The samples
were reheated at (750, 800, and 850℃) and put out with oil.
Personalized quenching, which raises the hardness value [5].
The effects of attenuation and cooling at higher temperatures
were investigated before standard austenization, cooling, and
tempering at 200℃ were applied. The steel in question is
(CrNiMoWMnV). There is 0.18 and 0.32% of carbon. In
addition to the hardening process, double austenite and
quenching were utilized to create martensite with only small
amounts of sediment. The steel with a carbon content of 0.18
showed an improvement in hardness, while the steel with a
carbon content of 0.32 showed a decrease in hardness values
[6]. In the study of Ourrad et al. [7], the space of an electric
oven was heated to a temperature of 950 degrees, and after that,
the water, oil, and mechanical properties were hardened. In the
study of Ismail et al. [8], it was created using the austenite and
martensite fabric that was saved. Ibrahim et al. [9] investigated
the effects of heat treatment on the microstructure and
mechanical properties of NST 37-2 steel (annealing,
normalizing, hardening, and tempering). Three different heat
treatments were used in this study to obtain ritual rituals at
temperatures of (300, 450, and 600℃), soaking timers for a
lengthy and fantastic period of time. The outcome was the
highest extract in the image that was put out with water and
the open air. This investigation found that the attenuation
temperature, cooling rate, waiting time, and heating rate all
had an impact on C4S4 steel, with water cooling having a
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greater friendship coolant (owing to martensite development) 
[10]. The effects of quenching fluids on the mechanical 
characteristics of medium carbon steel were investigated in the 
study of Benarrache et al. [11]. The results indicated that the 
quenched samples' tensile strength and hardness values were 
significantly higher than those of the molded samples. The 
findings of this investigation revealed that the retained 
austenite content grew from (3.6-5.1%) in the multi-step 
tempering temperature, while the retained austenite content 
declined by about 2% following. At 520℃, quadruple 
hardening produced the maximum hardness values while 
hardness dropped. Above that, the hardness reduced, and in the 
event of water cooling, the hardness was higher [12]. In the 
work of Sultan et al. [13], the alloy underwent thermal 
treatment, which entails three distinct steps: solution heat 
treatment, cooling, and solution heat treatment with artificial 
aging. In order to get a variable quenching rate, in addition to 
the influence of aging hardness, two different temperatures 
and five distinct quenching media were used. Different 
categorization times (from 5 minutes to 22 hours) and two 
different aging temperatures (180℃ and 210℃) were 
employed. A significant increase in hardness results from 
raising the quenching rate up to 3 m/s, and the hardness also 
rises as the solution temperature rises. In this investigation 
[14], low carbon steel was carburized at temperatures between 
850 and 950℃ for ten minutes, and then it was cooled with 
water and oil. The outcome was the achievement of a high 
hardness when cooling with water (to avoid spindle 
deformations and bends) . In the work of Johnson et al. [15], 
medium carbon steel quenched samples were used to test the 
cooling process at four different polymer concentrations (0, 10, 
15, and 20%). (polyclinic glycol). The ideal mixture to get 
high hardness is one that contains 10% polyolefin glycol [16]. 
In this investigation, samples of medium carbon steel were 
soaked for 45 minutes and tested for heating between (900 and 
980℃). As a consequence, the samples that were cooled with 
palm oil performed better than the samples that were cooled 
with water. Composition that is consistent and evenly 
distributed has more pearl structure, which increases hardness 
[17]. Since the mechanical properties control element is the 
mechanical properties control element, the carbonaceous 
element in this study was studied from the carbonaceous 
control element. High reputation as an alternative to petroleum 
SAE40-based motor oil. The highest hardness was obtained in 
this study when carbon steel samples were heated to 
temperatures of (730, 760, and 790℃) and soaked for periods 
of (30, 45, and 60 minutes, respectively), using coconut water 
(CW) and water and motor oil (SPE). Heating at a temperature 
of (760℃), soaking for 45 minutes, and quenching with 
coconut water and water under the same conditions produced 
the highest hardness [18]. The mechanical characteristics 
(hardness) of medium carbon steel AISI 1039 were 
investigated in this study using a variety of cooling media, 
including cold water, oil, hot water, and water. sample), 
heating temperatures (960, 920, 880℃), soaking time for one 
hour, and cooling (with water + ice) [19]. Austenitic stainless 
steel AISI 316L was employed as a sample in this 
investigation. Seven hours of carburizing were spent at 900 
meters, followed by a cooling procedure using various media 
(water - SAE 40 oil - air). According to the findings, the carbon 
content rose from (0.031% to 0.627%). Carbon The hardness 
of the water-cooled samples increased as the carbon 
concentration significantly increased [20]. In the investigation 
of Hsia and Chou [21], the steel alloys 4140, D2, and S7 were 

utilized, and traditional cooling methods (water, air, and oil) 
produced martensite and high hardness in the case of water 
cooling, while unconventional cooling methods, including 
olive oil and peanut oil, produced the same results. Water and 
olive oil have the same impact on steel 1045 as Quench Fast 
and Super Quench, according to the results, thus they can both 
be employed. Give a quick, safe, and environmentally friendly 
way to cool things down. The research results showed that 
utilizing alternative media to conventional refrigerants 
produced equivalent hardness, hence there is no benefit to 
employing the cooling techniques that have been announced 
[22]. In this investigation, water was used to cool down the 
medium carbon steel C1045 after treatment at various 
temperatures. The findings demonstrate that high cooling 
temperatures can produce materials with greater toughness. 
Outcomes In order to reduce required mechanical 
characteristics, such as hardness temperatures (900, 880, 840, 
800, 760℃), high tensile strength bolts were heat treated. This 
non-destructive test can evaluate the quenching technique 
utilized in the production of fasteners. The greatest 
temperature was reached (920℃). The smallest particle size, 
the maximum hardness, and water cooling at the highest 
temperature (920℃). Medium carbon steel is fundamentally 
an iron alloy with a carbon content more than 0.25 to 0.65 
percent [23, 24]. Additionally, it was found that annealed 
samples had the opposite characteristics to hardened samples 
in terms of tensile strength, hardness value, and ductility [25]. 
Used a variety of chilling techniques to examine the hardness 
of 1040 steel. The samples were prepared, heated to a 
temperature between 750℃ and 850℃, and then cooled using 
one of three techniques. The investigation's findings 
demonstrated that hardness is influenced by heating time, 
temperature, and cooling technique [26]. Steels become more 
hardenability when carbon is added because it causes pearlite 
and ferrite to form martensitic courage at slower cooling rates 
[27, 28]. Medium-carbon steel mechanical properties after 
various quenching temperatures and cooling rates [12]. 
Medium carbon steel mechanical properties after various 
cooling rates [29], and medium carbon steel mechanical 
properties after annealing, normalization, and hardening [24]. 
There are many studies that studied the effect of hardness in 
different minerals [30]. In this study, it will be examined how 
hardness, microstructure, and cracking are affected by 
carburizing, repeated quenching, and tempering operations. 
The current study's goals are to understand how cooling rates 
affect hardness and cracking, as well as to identify an effective 
cooling medium that would produce refractory products with 
martensitic microstructure without cracking. 
 
 
2. MATERIALS AND METHODS  
 
2.1 Materials 

 
Table 1. Results of the utilized metal's chemical analysis 

 
Element Wt. % Standard Value [31] Actual Value 

C 0.377 0.482 
Si 0.303 0.221 

Mn 0.678 0.256 
P 0.013 0.011 
S 0.024 0.033 

Mo 0.0067 0.0788 
Cu 0.0158 0.0154 
Fe Balance 98.596 
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A lathe was used to cut AISI 1040 medium carbon steel 
specimens to the required sizes for the hardness test. The 
chemical composition of AISI 1040 steel is shown in Table 1. 
 
2.2 Carbonization processes and heat treatments 
 

Circular bending fatigue samples were heated for four hours 
in an airtight field made especially for that purpose from a 
powder mixture of (75% C) and (25% BaCO3). An unstable 
fuel gas is produced when air and carbon in the carburizing 
medium come into close contact (CO). The reaction indicates 
that when an unstable monoxide comes into touch with sample 
surfaces, it dissociates. The hardness of the steel specimen is 
prepared and categorized as follows, into 3 groups (A, B, and 
C): 

All carbonated samples were heated for 20 minutes at a 

temperature that would quench them at 870℃, according to 
their diameter, and then cooled to room temperature using a 
variety of cooling solutions. After that, the samples were all 
heated for 20 minutes at room temperature, reaching 230℃. 

After a second quenching treatment at 770℃ for 20 minutes. 
In distilled water, the Group (B) and Group (C) were cooled to 
room temperature . 

The specimens for the Group (C) were heated for two hours 
at 250℃, followed by allowing the air to cool to room 
temperature air. 
 
2.3 Mechanical testing of specimen 

 
Using accepted techniques, the hardness of the heat treated 

and base samples is assessed. Dimensions of the standard 
hardness samples are shown in Figure 1. 

 

 

 
 

Figure 1. Dimensions of the standard hardness samples 
 
 
3. RESULTS AND DISCUSSION 
 
3.1 Microstructure test Group A 

 
The generated structures were examined both before and 

after heat treatment using the Leica DM 2500 M microscope. 
Figure 2 shows the microstructure of the first group samples 

(Group A), which were quenched from 770℃ using a variety 
of quenching liquids before being tempered at 230℃ 
temperatures. 

 
3.2 Hardness test Group A 

 
Figure 3 shows the findings of hardness resistance for 

various heat treatment models (Group A) with the original 

model. 
It is apparent from Figures 2 and 3 the microscopic structure 

of the samples in Group (A) and the hardness tests for the same 
samples that the highest value of hardness for this group 
compared to the original model, where the hardness value was 
(109 HV) was in the model that was quenched in distilled 
water, at the edges of the model, and the hardness value was 
(272 HV), however, this value decreases as move toward the 
center of the model, where the hardness value was recorded in 
the model's midsection (236 HV). While the lowermost 
hardness value was for the specimen that was quenched in 
food oil, where the value of hardness at the edges was (176 
HV), and the mid model the value of hardness decreases to 
(128 HV) . 
 

419



   
As received Cooling liquid Distilled water 

   
Food oil Milk Motor oil 

  
shampoo Water with sugar 

Group-A 
 

Figure 2. Shows the microstructure of the first group sample (Group A) 
 

 
 

Figure 3. Compares the hardness resistance findings for different heat treatment models (Group A) with the original model 
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3.3 Microstructure test Group B 
 
The microstructure of the second group samples (Group B) 

is shown in Figure 4. Carburized steel samples were quenched 
at 770℃ using a variety of quenching liquids, including milk, 

food oil, motor oil, shampoo, water and sugar, and cooling 
liquid. They were then tempered at 230℃ temperatures, and a 
second quenching process at 770℃ using distilled water as a 
quenching liquid was then performed. 
 

 

   
As received Cooling liquid Distilled water 

   
Food oil Milk Motor oil 

  
Shampoo Water with sugar 

Group-B 
 

Figure 4. Shows the microstructure of the second group sample (Group B) 
 
3.4 Hardness test Group B 

 
Figure 5 shows the hardness resistance results for several 

heat treatment models (Group B) to the original model. 
Figures 4 and 5 show the microscopic structure of the 

samples in Group (B) and the outcomes of the hardness 
examinations performed on the same samples. These results 
show that the hardest samples in this group compared to the 
original model had a hardness value of (109 HV) when 
quenched in distilled water, and that their edges had a hardness 
value of (155 HV), which decreased as they moved toward the 
center of the model, where the hardness value was (150 HV). 

The model that was quenched in food oil had the lowest 
hardness value, with edges that were (128 HV) hardness and a 
mid-model that was (128 HV). 

 
3.5 Microstructure test Group C 

 
Figure 6 shows the microstructure of the third group 

samples (Group C), in which the carburized steel samples were 
quenched with various quenching before being tempered at 
230℃ temperature and quenched once more with distilled 
water. After that, they underwent a second tempering process 
at 250℃. 
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Figure 5. Compares the hardness resistance findings for different heat treatment models (Group B) with the original model 
 

   
As received Cooling liquid Distilled water 

   
Food oil Milk Motor oil 

  
Shampoo Water with sugar 

Group – C 
 

Figure 6. Shows the microstructure of the third group samples (Group C) 

422



3.6. Hardness test Group C 
 
Figure 7 contrasts the outcomes the resistance of the 

hardness tests conducted using various heat treatment models 
(Group C) with the original model. 

Figures 6 and 7 depict the microscopic structure of the 
samples in Group (C) and the results of the hardness tests 
performed on the same samples. The results show that the 

hardest samples in this group compared to the original model 
had a hardness value of (109 HV) when quenched in distilled 
water, while the hardest sample had a harder value of (303 HV) 
at the edges of the model but at center sample decrease to (250 
HV). The model that was quenched in food oil had the lowest 
hardness value, with the edges having a hardness value of (214 
HV), and the middle model having a hardness value that 
decreased to (173 HV). 

 

 
 

Figure 7. Compares the hardness resistance findings for different heat treatment models (Group C) with the original model 
 
 
4. CONCLUSIONS  

 
The findings indicate that the following processes 

carburizing, quenching, and tempering help to raise the 
hardness of steel: 
1. The carbonated and heat-treated (first quenching and 

tempering) samples showed high values for the hardness 
levels. The aforementioned martensitic layer, chromium 
carbide precipitation, and revision-induced reduction of 
residual austenite are the causes of this. 

2. The hardness values were significantly higher in the 
carbonized regions of the samples than in the unaffected 
regions, such as the center of the samples, where the 
hardness values were the lowest of all the samples. The 
carbonized samples caused the formation of carbide 
phases of chromium in the surface and an increase in the 
hardness values. 

3. The outcomes demonstrate a definite decline in the 
hardness values when the quenching process was carried 
out without a tempering procedure being made. This is 
due to the fact that the hardness is influenced by the 
chemical makeup of the steel alloy as well as its fine 
microstructure. The microstructure of this alloy changes 
in this instance, necessitating a reconsideration of how the 
steel alloy's microstructure should be organized. 
Moreover, to lessen internal tensions and the brittleness 
produced by the quenching process. 

4. It was discovered that the second tempering and double-
quenching processes both increased the hardness and 
strength while reducing the initial austenite grain size. 

5. The findings indicate that distilled water is the optimum 
medium for quenching, which is a crucial point. 

 
 
5. FUTURE STUDIES 

 
The optimal cooling medium temperature for the 

microstructure and mechanical properties of alloy steels will 
be ascertained by experimenting with different temperatures 
using distilled water, which is one of the most important 
upcoming studies on this topic. 

The authors propose further experimental work on 
alternative heat treatments, with the use of ice for cooling, and 
a study of the mechanical properties and microscopic structure 
of the models used to perform the various heat treatments. 
Additionally, the researchers advise comparing the various 
models and performing mechanical tests (such as impact 
resistance, tensile resistance, bending resistance, fatigue 
resistance, corrosion resistance, flood resistance, and other 
tests) on models that have been hardened and cooled in water 
at various temperatures. to produce extremely effective 
models through application in real-world scenarios. 
 
 
ACKNOWLEDGMENT 

 
We would like to express our gratitude to the departments 

of mechanical technologies at Northern Technical University 
/ Mosul Technical Institute and Engineering Technical 
College's Department of Mechanics of Mechanical Power for 

423



 

helping us accomplish this research in its current form. 
 
 
REFERENCES  
 
[1] Wen, E., Song, R., Xiong, W. (2019). Effect of tempering 

temperature on microstructures and wear behavior of a 
500 HB grade wear-resistant steel. Metals, 9(1): 45. 
https://doi.org/10.3390/met9010045  

[2] Madhav, B.V., Mohiuddin, A.A., Atifuddin, M. (2017). 
Effect of carburization, on the mechanical properties of 
EN-8 steel in different quenching medium, at different 
quenching time intervals. International Journal of 
Metallurgical & Materials Science and Engineering, 7(4): 
1-12. https://doi.org/10.13140/RG.2.2.24733.05606 

[3] Haiko, O., Javaheri, V., Valtonen, K., Kaijalainen, A., 
Hannula, J., Kömi, J. (2020). Effect of prior austenite 
grain size on the abrasive wear resistance of ultra-high 
strength martensitic steels. Wear, 454-455: 203336. 
https://doi.org/10.1016/j.wear.2020.203336 

[4] Almula, T.A., Kasim, A.W., Amori, I.H. (2023). Effects 
of heat treatment on microstructure and mechanical 
properties of D-6A AISI medium-carbon low-alloy steel. 
International Journal of Heat and Technology, 41(3): 
775-779. https://doi.org/10.18280/ijht.410335 

[5] Ali, M., Porter, D., Kömi, J., Eissa, M., Mattar, T. (2019). 
The effect of double austenitization and quenching on the 
microstructure and mechanical properties of 
CrNiMoWMnV ultrahigh-strength steels after low-
temperature tempering. Materials Science and 
Engineering: A, 763: 138169. 
https://doi.org/10.1016/j.msea.2019.138169 

[6] Sultan, J.N., Karash, E.T., Abdulrazzaq, T.K., Kassim, 
M.T.E. (2022). The effect of multi-walled carbon 
nanotubes additives on the tribological properties of 
austempered AISI 4340 steel. Journal Européen des 
Systèmes Automatisés, 55(3): 387-396. 
https://doi.org/10.18280/jesa.550311 

[7] Ourrad, S., Houmadi, Y., Aissa Mamoune, S.M., Ziadi, 
A. (2023). Effect of tempering temperature on hydrogen 
desorption of AISI4140: Neural networks analysis. 
Annales de Chimie - Science des Matériaux, 47(2): 97-
104. https://doi.org/10.18280/acsm.470206 

[8] Ismail, N.M., Khatif, N.A.A., Kecik, M.A.K.A., 
Shaharudin, M.A.H. (2016). The effect of heat treatment 
on the hardness and impact properties of medium carbon 
steel. In IOP Conference Series: Materials Science and 
Engineering, 114(1): 012108. 
https://doi.org/10.1088/1757-899X/114/1/012108 

[9] Ibrahim, H.I., Karash, E.T., Sultan, J.N., Shareef, Z.Q. 
(2024). Investigation of the corrosion of heating 
treatment medium carbon steel in sulfur aqueous solution. 
Revue des Composites et des Matériaux Avancés-Journal 
of Composite and Advanced Materials, 34(3): 277-286. 
https://doi.org/10.18280/rcma.340302 

[10] Bensalah, B., Omar, A., Elamine, D.M. (2021). 
Microstructure and mechanical properties of the 
55CrMoV4 steel exposed to boriding and nitriding 
treatments. Annales de Chimie - Science des Matériaux, 
45(4): 291-295. https://doi.org/10.18280/acsm.450404 

[11] Benarrache, S., Benchatti, T., Benhorma, H.A. (2019). 
Formation and dissolution of carbides and nitrides in the 
weld seam of X70 steel by the effects of heat treatments. 
Annales de Chimie: Science des Materiaux, 43(1): 11-16. 

https://doi.org/10.18280/acsm.430102 
[12] Sultan, J.N., Karash, E.T., Kassim, M.T.E., Ali, A.M., 

Ibrhim, H.A. (2023). Effects of repeated heat treatments 
on the wear resistance of pre-carburized steel. 
International Journal of Heat & Technology, 41(4): 
1083-1095. https://doi.org/10.18280/ijht.410429 

[13] Sultan, J.N., Karash, E.T., Kassim, M.T.E., Ali, A.M., 
Ibrhim, H.A. (2022). The effect of carburization and 
repeated heat treatment with different solutions on the 
fatigue resistance of medium carbon steel. International 
Journal of Heat and Technology, 40(6): 1478-1484. 
https://doi.org/10.18280/ijht.400616 

[14] Elmaryami, A., Khalid, H.M., Alamaria, A., Alashebe, 
O., Ali, S., Salem, A., Khaled, R. (2021). Determination 
the corrosion rate of carbon steel (0.4% C) due to thermal 
cycling, oil cooled. TECNICA ITALIANA-Italian 
Journal of Engineering Science, 65(1): 74-78. 
https://doi.org/10.18280/ti-ijes.650111 

[15] Johnson, O.T., Ogunmuyiwa, E.N., Ude, A.U., 
Gwangwava, N., Addo-Tenkorang, R. (2019). 
Mechanical properties of heat-treated medium carbon 
steel in renewable and biodegradable oil. Procedia 
Manufacturing, 35: 229-235. 
https://doi.org/10.1016/j.promfg.2019.05.032 

[16] Ikubanni, P.P., Agboola, O.O., Adediran, A.A., Adeleke, 
A.A., Ogunsemi, B.T., Olabamiji, T.S., Osueke, C.O. 
(2018). Experimental data on mechanical properties 
evaluation of medium carbon steel quenched in different 
waste media. Data in Brief, 20: 1224-1228. 
https://doi.org/10.1016/j.dib.2018.08.185 

[17] Kadhim, Z.D. (2016). Effect of quenching media on 
mechanical properties for medium carbon steel. 
International Journal of Engineering Research and 
Application, 6(8): 26-34. 

[18] Septi, D.W. (2019). The effect of quenching media on 
hardness and carbon content in carburized steel. In IOP 
Conference Series: Materials Science and Engineering, 
546(4): 042014. https://doi.org/10.1088/1757-
899X/546/4/042014, pp.1-5.  

[19] Peinado Estrada, R. (2019). The effects of different 
quenching mediums on the hardness and microstructures 
of steel (Doctoral dissertation, Massachusetts Institute of 
Technology), pp. 1-36. 

[20] Osunbunmi, I.S., Ajide, O.O., Oluwole, O.O. (2018). 
Effect of heat treatment on the mechanical and 
microstructural properties of a low carbon steel. In 
Proceedings of the International Conference of 
Mechanical Engineering, Energy Technology and 
Management, IMEETMCON, International Conference 
Centre, University of Ibadan, Ibadan, Nigeria, pp. 346-
354. 

[21] Hsia, S.Y., Chou, Y.T. (2015). Assessing the hardness of 
quenched medium steel using an ultrasonic 
nondestructive method. Advances in Materials Science 
and Engineering, 2015(1): 684836. http:// 
doi.org/10.1155/2015/684836 

[22] Thomas, F. (2015). The effect of various quenchants on 
the hardness and microstructure of 60-NITINOL (No. 
GRC-E-DAA-TN18260), pp: 1-12.  

[23] Sultan, J.N., Abbas, M.K., Abd-al Kareem Ibrahim, M., 
Karash, E.T., Ali, A.M., Ibrhim, H.A. (2021). Corrosion 
behavior of thermal seamless carbon steel boiler pipes. 
Annales de Chimie-Science des Matériaux, 45(5): 399-
405. https://doi.org/10.18280/acsm.450506 

424



[24] Karash, E.T., Sultan, J.N., Najem, M.K., Hamid, A.F.
(2022). Comparison of the influence of temperature
change distribution of three surface regions on the
hardness of two dissimilar aluminum alloys welded by
friction stir welding. International Journal of Heat &
Technology, 40(4): 1013-1023.
https://doi.org/10.18280/ijht.400419

[25] Suresh, R. (2021). Investigation of heat treatment on
mechanical properties of medium carbon steel.
International Journal of Scientific Research in Science,
Engineering and Technology, 8(6): 90-95.
https://doi.org/10.32628/IJSRSET21868

[26] Tirumala Prasad, C., Umesh, G., Surya, N. (2018).
Investigation of hardness for AISI 1040 steel using
various cooling methods. International Journal of
Engineering Sciences & Research Technology, 7(3):
207-211.

[27] Kandpal, B.C., Chutani, A., Gulia, A., Sadanna, C.
(2011). A review on Jominy test and determination of
effect of alloying elements on hardenability of steel using 
Jominy end quench test. International Journal of

Advances in Engineering & Technology, 1(3): 65-71. 
[28] Rao, T.E., Krishna, G.R., Kumar, M.V. (2019).

Investigation of microstructure and mechanical
properties of MIG welded mild steel plates. Annales de
Chimie Science des Materiaux, 43(4): 257-263.
https://doi.org/10.18280/acsm.430409

[29] Abdullah, O.F., Hussein, O.A., Karash, E.T. (2020). The
laser surface treatment effective on structural properties
for invar alloy (Fe-Ni) type prepared by powder
technology. Key Engineering Materials, 844: 97-103.
https://doi.org/10.4028/www.scientific.net/KEM.844.97

[30] Senthilkumar, T., Ajiboye, T.K. (2012). Effect of heat
treatment processes on the mechanical properties of
medium carbon steel. Journal of Minerals & Materials
Characterization & Engineering, 11(2): 143-152.

[31] Abdulkareem, S., Ogedengbe, T.S., Aweda, J.O.,
Ajiboye, T.K., Khan, A.A., Babatunde, M.A. (2019).
Investigation on effect of material compositions on
machinability of carbon steels. In Journal of Physics:
Conference Series, 1378(2): 022046.
https://doi.org/10.1088/1742-6596/1378/2/022046

425


	1. Introduction
	acknowledgment



