
Technical Analysis of M2 High-Speed Tool Steel Hardness 
Characteristics 
M2 high-speed tool steel, a molybdenum-type high-speed steel, is widely recognized 
within the industry as a versatile, general-purpose grade owing to its balanced 
mechanical properties. A fundamental characteristic in the selection of tool steels, 
hardness, quantifies a material's resistance to penetration and abrasion. For M2, this 
property is paramount, directly influencing its performance in diverse cutting and 
forming applications. 

Achievable Hardness and Heat Treatment Influence 

M2 high-speed tool steel typically achieves a room temperature hardness of 64 HRC. 
However, the specific heat treatment parameters, particularly austenitizing and 
quenching methods, can yield a broader hardness range from 60 to 66 HRC, 
especially with oil quenching. Air quenching from the appropriate hardening 
temperature typically results in an as-quenched hardness of approximately 65-66 
HRC. 

The ultimate hardness of M2 is predominantly developed through a meticulously 
controlled heat treatment sequence comprising austenitizing, quenching, and 
subsequent tempering. Tempering is a critical post-quenching process designed to 
alleviate internal stresses and enhance toughness. Crucially, it facilitates secondary 
hardening, a hallmark characteristic of high-speed steels. M2's exceptional hot 
hardness and sustained high hardness are largely attributable to this phenomenon, 
driven by the precipitation of alloy carbides, notably promoted by dissolved 
molybdenum, tungsten, and vanadium. The tempering curve for M2 distinctly exhibits 
a secondary hardening peak, significantly contributing to its final hardness. A 
common initial tempering temperature is 1050°F (565°C), typically yielding a tempered 
hardness between 64-65 HRC. Isohardness lines further illustrate the relationship 
between hardness and tempering parameters, indicating peak hardness often occurs 
around 540-560°C tempering temperatures. 

Microstructural Contributions to Hardness 

The measured bulk hardness (e.g., HRC) in M2 is a composite property derived from 
the tempered martensite matrix and the various hard carbide phases dispersed within 
the microstructure. The matrix hardness in hardened high-speed steel approximates 
900 HV or 790 HK, equivalent to about 60.5 HRC. Furthermore, M2 incorporates 
extremely hard carbides such as MC (vanadium carbides), possessing hardness 
values ranging from 2300-3000 HV (or 2520 HK), and M6C (tungsten-molybdenum 



carbides), with hardness values around 1400-1700 HV (or 1490 HK). These carbides, 
particularly those remaining undissolved, are instrumental in conferring wear 
resistance, although the matrix hardness is the primary determinant of the overall 
measured bulk hardness. Steels with a higher volumetric fraction of hard carbides can 
approach hardness values closer to 70 HRC, surpassing the peak hardness of pure 
martensite (approximately 64 HRC). 

Hot Hardness and Toughness Considerations 

For high-speed cutting operations, the retention of hardness at elevated 
temperatures, termed hot hardness or red hardness, is indispensable. M2 exhibits 
commendable red hardness and robust resistance to thermal softening. While a 
general inverse relationship exists between hardness and temperature, M2 effectively 
maintains useful hardness up to approximately 600°C. 

It is imperative to acknowledge the inherent inverse relationship between high 
hardness and toughness in M2: increased hardness generally correlates with reduced 
toughness. M2, however, offers a judicious balance of abrasion resistance and 
toughness. Its relative abrasion resistance is notably high (rated at 95, relative to 100 
for D2), while its toughness is classified as medium (rated at 20, comparable to D2 but 
lower than A2 or S7). 

For specific tooling applications, the target hardness level may be fine-tuned to 
optimize the balance between wear resistance and toughness. For example, while M2 
can achieve 64-65 HRC for maximum wear resistance, a slightly lower hardness, 
typically in the 60-62 HRC range, is often preferred for applications like punches. This 
adjustment enhances ductility and toughness, mitigating the risk of cracking, 
particularly under light service conditions. For shearing dies, a working hardness of 
58-63 HRC is common. Similarly, general-purpose saw blades fabricated from M2 may 
utilize a lower hardness to improve overall toughness. Excessive hardening of M2, for 
instance, by employing austenitizing temperatures exceeding 1210-1220°C (2230°F), 
may not significantly augment hardness but can lead to a notable reduction in 
toughness. 

Surface Treatments 

Surface treatments, such as ion nitriding, can be applied to M2 tool steel to achieve 
exceptionally high surface hardness, typically ranging from 1050-1200 HV, while the 
core maintains its specified hardness (64-66 HRC). Other advanced treatments like 
boronizing can yield surface hardness values exceeding 1500 HV. 



Conclusion 

In summary, M2 is a highly versatile high-speed steel that delivers a robust 
combination of hardness (typically 64-65 HRC after tempering), wear resistance, and 
hot hardness. Its hardness is precisely controlled and attained through meticulous 
heat treatment, heavily relying on the secondary hardening phenomenon driven by 
alloy carbides. Despite possessing medium toughness, the optimal working hardness 
is frequently calibrated to balance these properties effectively for the demanding 
requirements of specific tooling applications. M2 remains a widely utilized and 
forgiving grade for a broad spectrum of cutting and forming tools. 
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Disclaimer: The information provided in this article is for general informational 
purposes only and does not constitute professional advice. While we strive to ensure 
the accuracy of the information, Aobo Steel makes no representations or warranties of 
any kind, express or implied, about the completeness, accuracy, reliability, suitability, 
or availability with respect to the article or the information, products, services, or 
related graphics contained in the article for any purpose. Any reliance you place on 
such information is therefore strictly at your own risk. 
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