
Technical Analysis of H13 Hot-Work Tool Steel Composition 
Introduction 

H13 tool steel is a chromium-molybdenum-vanadium hot-work steel widely recognized 
and utilized internationally for applications demanding high strength and heat 
resistance. Classified under various standards (e.g., AISI H13, DIN 1.2344, JIS SKD61), 
its balanced properties make it a preferred choice for die casting molds, extrusion 
dies, forging dies, and other high-temperature tooling. This article provides a 
technical overview of the nominal chemical composition of H13 steel and the influence 
of its alloying elements on performance characteristics. 

Chemical Composition Analysis 

The performance of H13 tool steel is fundamentally determined by its chemical 
composition. While minor variations may exist between different manufacturing 
standards and specific heats, the typical elemental ranges are maintained to ensure 
consistent properties. The nominal composition is as follows (percentage by weight): 

●​ Carbon (C): 0.32% - 0.45%​
Carbon content is crucial for achieving hardness and strength through heat 
treatment. The typical range for H13 ensures adequate hardenability while 
maintaining sufficient toughness for demanding hot-work applications. Variations 
within this range can subtly influence the final balance between hardness and 
toughness. 

●​ Chromium (Cr): 4.75% - 5.50%​
As a primary alloying element, chromium significantly enhances hardenability, 
allowing for air hardening, which minimizes distortion during heat treatment. It 
also contributes substantially to the steel's resistance to high-temperature 
softening and heat checking. 

●​ Molybdenum (Mo): 1.10% - 1.75%​
Molybdenum increases high-temperature strength (red hardness) and tempering 
resistance. It plays a vital role in secondary hardening mechanisms through the 
precipitation of fine Mo-rich carbides during tempering. 

●​ Vanadium (V): 0.80% - 1.20%​
Vanadium is a key element differentiating H13 from similar grades like H11. It forms 
very hard vanadium carbides (MC type) during heat treatment. These carbides 
significantly enhance wear resistance, particularly abrasive wear, and contribute 
to tempering resistance and grain refinement. The higher vanadium content 
compared to H11 generally results in superior wear resistance and temper 
resistance for H13. 



●​ Silicon (Si): 0.80% - 1.20%​
Silicon improves oxidation resistance and slightly enhances tempering resistance. 
It also acts as a deoxidizer during steelmaking. 

●​ Manganese (Mn): 0.20% - 0.60%​
Manganese contributes to hardenability and acts as a deoxidizer. Its content is 
generally kept moderate to maintain toughness. 

●​ Phosphorus (P) and Sulfur (S): ≤ 0.030% each (Maximum)​
These elements are considered impurities and are kept to minimum levels to 
ensure steel cleanliness, toughness, and fatigue resistance. Lower limits, 
particularly for sulfur (e.g., < 0.005%), are often specified for premium quality 
grades, such as those produced via Electro-Slag Remelting (ESR). 

Microstructure and Properties 

The specific combination of alloying elements in H13, when subjected to appropriate 
heat treatment (typically austenitizing, air quenching, and double tempering), results 
in a tempered martensitic matrix containing a fine dispersion of alloy carbides. The 
primary carbide types influencing properties include V-rich MC, Mo-rich M6C, and 
Cr-rich M23C6. The fine MC and M6C carbides are particularly crucial for secondary 
hardening, providing excellent resistance to softening at elevated temperatures (red 
hardness). 

This microstructure imparts the characteristic properties of H13 steel: 

●​ Excellent resistance to thermal fatigue (heat checking). 
●​ Good high-temperature strength and hardness. 
●​ High level of toughness and ductility. 
●​ Good machinability (in the annealed condition). 
●​ Excellent through-hardenability. 
●​ Good resistance to abrasive wear, especially at elevated temperatures. 

Electro-Slag Remelting (ESR) 

For applications requiring superior material cleanliness, homogeneity, and enhanced 
mechanical properties (particularly transverse toughness and fatigue life), H13 
produced using the Electro-Slag Remelting (ESR) process is often specified. The ESR 
process refines the steel structure, reduces non-metallic inclusions, and minimizes 
segregation, leading to improved performance and reliability in critical tooling 
applications such as high-integrity plastic molds and demanding die-casting dies. 

Conclusion 



The carefully controlled chemical composition of H13 tool steel, particularly the 
synergistic effects of chromium, molybdenum, and vanadium, provides an exceptional 
combination of high-temperature strength, toughness, and resistance to thermal 
fatigue and wear. These attributes, achieved through proper heat treatment, establish 
H13 as a versatile and reliable material for a wide range of hot-work tooling 
applications. Understanding the role of each alloying element is crucial for selecting, 
processing, and optimizing the performance of H13 steel in demanding industrial 
environments. 
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Disclaimer: The information provided in this article is for general informational 
purposes only. While we strive to keep the information up-to-date and correct, we 
make no representations or warranties of any kind, express or implied, about the 
completeness, accuracy, reliability, suitability, or availability with respect to the 
information contained herein for any purpose. Any reliance you place on such 
information is therefore strictly at your own risk. For specific applications, consultation 
with a qualified materials engineer and adherence to relevant standards is 
recommended. 
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