
S7 Tool Steel: Rockwell Hardness Characteristics 
Introduction 
S7 tool steel is a versatile, shock-resisting, air-hardening tool steel renowned for its 
exceptional impact toughness. This characteristic makes it suitable for a wide array of 
applications, including but not limited to, medium cold-work tools and dies, plastic 
molding dies, shear blades, and certain medium hot-work dies. The air-hardening 
nature of S7 provides good dimensional stability and safety during heat treatment, 
exhibiting less distortion compared to oil or water-hardening grades. A critical 
metallurgical property influencing its performance is hardness, typically measured on 
the Rockwell C scale (HRC). This document outlines the Rockwell hardness 
characteristics of S7 tool steel under various heat treatment conditions. 

Rockwell Hardness (HRC) in S7 Tool Steel 
The Rockwell C hardness test is the industry-standard method for quantifying the 
hardness of hardened tool steels, including S7. Hardness is a measure of a material's 
resistance to localized plastic deformation, such as indentation or scratching. For S7 
tool steel, achieving the correct hardness is crucial for optimizing its performance, 
balancing wear resistance with its inherent toughness. 

Hardness Properties of S7 Tool Steel 
General Hardness Range 

Shock-resisting tool steels, designated S1 through S7, typically exhibit a hardened 
hardness range of 40 to 60 HRC. S7 tool steel falls squarely within this classification, 
offering a spectrum of hardness levels achievable through controlled heat treatment. 

As-Quenched Hardness 

When S7 tool steel is austenitized, typically at a temperature around 1725°F (941°C), 
and subsequently air quenched, its as-quenched hardness, prior to tempering, is 
approximately 59–60 HRC. The maximum attainable hardness for S7 is generally cited 
as 60 HRC. 

Recommended Working Hardness and Tempering 

For most practical applications, S7 tool steel is utilized in a tempered condition. 
Tempering is a heat treatment process that follows quenching and is designed to 
reduce brittleness and increase toughness, albeit usually with some reduction in 



hardness. The normal recommended working hardness range for S7 is 56–58 HRC. 

To achieve this optimal balance of properties, S7 is typically tempered. 

● Tempering at approximately 450°F (230°C) generally results in a hardness of 
around 58 HRC, which is considered the best working range for many 
applications. 

● The broader recommended tempering temperature range to achieve the working 
hardness of 56-58 HRC is 400–450°F (204–232°C). 

Hardness vs. Toughness Interrelation 

A fundamental principle in metallurgy is the inverse relationship between hardness 
and toughness. While higher hardness values typically enhance wear resistance, they 
often lead to a reduction in toughness, making the material more susceptible to 
chipping or fracture under impact loads. For S7, which is specifically selected for its 
superior toughness, it is generally beneficial to temper it to the lower end of its 
maximum hardness capability. For instance, hardening S7 to 60–61 HRC can 
significantly compromise its toughness and may lead to premature tool failure. 
Tempering to the 56–58 HRC range substantially improves service life by maintaining a 
more favorable toughness level. 

Surface Hardening Treatments 

In applications requiring exceptionally high surface wear resistance while retaining 
core toughness, S7 tool steel can undergo surface hardening treatments after the 
primary heat treatment: 

● Case Hardening: This process can elevate the surface hardness to approximately 
64 HRC. However, this increase in surface hardness may result in some 
compromise of the steel's inherent shock resistance. 

● Nitriding: Nitriding is another surface treatment that can produce a very hard 
surface layer, potentially reaching around 750 Vickers (HV), which converts to a 
significantly high Rockwell C equivalent. 

S7 Tool Steel Rockwell Hardness Summary 
The following table summarizes the typical Rockwell C hardness values for S7 tool 
steel under various treatment conditions. While not a comprehensive tempering curve, 
it provides key data points for heat treatment selection. 

Treatment/Con
dition 

Approximate 
Rockwell C 
Hardness 

Typical 
Tempering 
Temperature 

Typical 
Tempering 
Temperature 

Notes 



(HRC) (°F) (°C) 

As-Quenched 
(Air Cooled) 

59-60 Not applicable 
(before 
tempering) 

Not applicable 
(before 
tempering) 

Maximum 
obtainable is 60 
HRC. 

Tempered for 
Best Working 
Range 

~58 450 230 Achieves an 
optimal balance 
of hardness and 
toughness. 

Normal 
Recommended 
Working 
Hardness 

56-58 400-450 204-232 Provides 
enhanced 
toughness and 
service life 
compared to 
higher 
hardness. 

Case Hardened 
Surface (Post 
Heat Treat) 

Up to ~64 Not applicable 
(surface 
treatment) 

Not applicable 
(surface 
treatment) 

Some sacrifice 
in overall shock 
resistance may 
occur. 

Nitrided Surface Very High (~750 
HV equivalent) 

Not applicable 
(surface 
treatment) 

Not applicable 
(surface 
treatment) 

Provides 
excellent 
surface wear 
resistance. 

Conclusion 
The selection of an appropriate hardness level for S7 tool steel is critical and 
application-dependent. It requires careful consideration of the balance between wear 
resistance, necessary for longevity in abrasive conditions, and toughness, essential 
for withstanding impact and shock loads. The data presented provides a technical 
basis for specifying heat treatment parameters to achieve desired mechanical 
properties in S7 tool steel components. 

Aobo Steel 
Website: aobosteel.com 
Email: sales@aobosteel.com 
Disclaimer: The information herein is for general guidance only. Aobo Steel assumes 
no liability for the accuracy or completeness of this information or for any actions 



taken in reliance thereon. 
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