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CK45 medium-carbon steel is extensively employed in automotive, agricultural, and industrial applications 

components manufactured from CK45 steel are frequently exposed to cyclic loading environments where 

of thermal processing on the microstructure, mechanical properties, and fatigue performance of CK45 

normalized (S2), quenched (S3), and quenched–tempered (S4). Optical microscopy, FESEM, and AFM 

Rockwell hardness, tensile, Charpy impact, and rotating bending fatigue tests were employed to assess the 

improved the overall performance, increasing the hardness from 18.6 ± 0.5 HRC to 22.8 ± 0.7 HRC, the 

15 MPa, and the fatigue limit from 290 ± 10 MPa to 340 ± 12 MPa. Quenching produced a predominantly 

MPa), and ultimate tensile strength (1185 ± 20 MPa), but significantly reduced the elongation (8.2 ± 0.4%) 

tempering transformed the brittle martensitic structure into tempered martensite with finely dispersed 

of 860 ± 15 MPa, ultimate tensile strength of 985 ± 18 MPa, elongation of 14.6 ± 0.5%, impact energy of 68 

Furthermore, AFM analysis revealed that the quenched specimen exhibited the highest surface roughness 

values (Ra = 28.9 nm; Rrms = 37.2 nm). The findings confirm that thermal processing is an effective strategy 

treatment emerged as the optimum route, providing the best compromise between strength, toughness, and 

Keywords: CK45 carbon steel; thermal processing; heat treatment; mechanical integrity; fatigue performance  

INTRODUCTION 

CK45 is a medium-carbon steel containing approximately 0.42–0.50 wt.% carbon and is extensively utilized 

in the manufacturing of shafts
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of structural components [2]. Heat treatment is recognized as one of the most effective methods for tailoring 

and cooling schedules, thermal processing can significantly alter phase composition, grain size, residual 

Thermal processing techniques including normalizing, quenching, and tempering have profound effects on 

the uniformity of grain distribution, resulting in improved strength and toughness. Quenching promotes the 

However, the high internal stresses associated with martensitic structures often reduce ductility and impact 

tempered martensite, thereby restoring toughness while maintaining relatively high strength. Since fatigue 

selection of appropriate thermal processing conditions plays a decisive role in determining fatigue life and 

Although CK45 carbon steel is widely employed in engineering applications, premature failures due to 

Industrial heat treatment procedures are often selected based primarily on hardness or tensile strength 

thermal processing route capable of simultaneously enhancing strength, toughness, and fatigue resistance 

evaluating either static mechanical properties or fatigue characteristics independently. Limited studies have 

integrity and fatigue behavior using a unified experimental approach. Furthermore, comparative assessments 

procedures are scarce. This lack of integrated understanding motivates the present work to establish clear 

The primary objective of this study is to investigate the influence of thermal processing on the mechanical 

understanding of how different heat treatment conditions modify the microstructure and consequently affect 

evolution associated with various thermal processing routes is systematically evaluated and correlated with 

characteristics of CK45 steel under cyclic loading conditions are assessed to determine the effect of thermal 

mechanical and fatigue analyses, this study seeks to establish clear relationships between processing 

processing condition that offers the most favorable balance between strength, toughness, and fatigue 

conditions of CK45 carbon steel, namely the as-received condition (S1), normalized condition (S2), 

commonly employed thermal treatments in industrial practice. The novelty of this study lies in providing a 

fatigue performance of CK45 carbon steel. Unlike previous studies that examined isolated properties, the 

analysis, and fatigue evaluation to establish direct correlations between processing conditions and 

applications subjected to repeated loading, thereby offering practical guidelines for material selection and 

are conducted under laboratory conditions that may not fully represent actual service environments. Second, 

fatigue loading. Third, environmental effects such as corrosion fatigue, elevated-temperature fatigue, and 
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conditions are considered, and other treatment parameters may also influence the observed behavior. 

preparation procedures, thermal processing routes, and experimental methods employed for microstructural 

evolution, hardness behavior, tensile properties, impact toughness, and fatigue performance under different 

implications of the results, and provides recommendations for future investigations. 
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