Technical Overview of AlISI A2 Tool Steel

Abstract:

AISI A2 tool steel, an air-hardening, medium-alloy cold-work steel, offers an optimal balance
of wear resistance and toughness. This document outlines its chemical composition,
metallurgical characteristics, and key performance attributes, highlighting its suitability for
tooling applications requiring good dimensional stability post-heat treatment.

1. Introduction

AISI A2 tool steel, part of the Group A (Air-Hardening) series, is distinguished by its ability to
harden in still air after austenitizing. This minimizes distortion compared to liquid quenching,
making it a widely used material in manufacturing due to its favorable mechanical properties.
2. Chemical Composition

The nominal chemical composition of A2 tool steel (wt.%) is critical for its properties:

e Carbon (C): 0.95 - 1.05% (Nominal: 1.00%)
o Function: Hardness and wear-resistant carbides.
e Manganese (Mn): 1.00% (Max) (Typical: ~0.60 - 0.70%)
o Function: Hardenability and deoxidation.
e Silicon (Si): 0.50% (Max) (Typical: ~0.15 - 0.30%)
o Function: Deoxidizer, slightly increases strength.
e Chromium (Cr): 4.75 - 5.50% (Typical: ~5.00 - 5.25%)
o Function: Air-hardening, wear resistance (chromium carbides), secondary
hardness.
e Molybdenum (Mo): 0.90 - 1.40% (Typical: ~1.00 - 1.20%)
o Function: Hardenability, toughness, secondary hardening, wear resistance
(carbide formation).
e Vanadium (V): 0.15 - 0.50% (Typical: ~0.20 - 0.30%)
o Function: Wear resistance (hard vanadium carbides), grain refinement.
e Phosphorus (P): < 0.03% (Max)
o Note: Impurity, minimized to prevent embrittlement.
Sulfur (S): < 0.03% (Max)
o Note: Impurity, minimized for toughness.

This composition yields a microstructure of tempered martensite with fine, hard alloy
carbides after heat treatment.

3. Key Metallurgical Characteristics and Performance Attributes

e Hardenability: Excellent air-hardening, through-hardening sections up to ~4
inches (100 mm) with minimal stress.

e Wear Resistance: Good, due to hard chromium, molybdenum, and vanadium
carbides. Suitable for abrasive wear.

e Toughness: Good balance for a cold-work tool steel, superior to many



high-carbon, high-alloy grades (e.g., D2). Withstands moderate shock.

e Machinability: Fair to good in the annealed condition (~65% relative to W1 tool
steel).

e Dimensional Stability: Excellent. Air quench minimizes distortion (expansion
~0.001 in./in. or 0.10%). Crucial for tight tolerances.

4. Comparative Analysis

e Versus S-series (Shock-Resisting): A2 has better abrasion resistance, generally
lower toughness.

e Versus D-series (e.g., D2): A2 offers superior toughness and ductility, slightly
lower wear resistance. D2 has higher abrasion resistance but is more prone to
chipping and has poorer machinability.

5. Typical Applications
A2's balanced properties suit various cold-work applications:

e Blanking and forming dies

e Shear blades, Punches

e Molds, Gauges

e Woodworking tools

e Coining dies
6. Conclusion
AISI A2 tool steel provides a compelling mix of wear resistance, toughness, and exceptional
dimensional stability. Its air-hardening capability simplifies heat treatment and reduces
distortion, making it a reliable, cost-effective choice for many demanding tooling applications.
Precise elemental control is key to its performance.
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Disclaimer: The information provided in this technical article is for general
informational purposes only. While we endeavor 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, products, services, or related graphics contained in this article for
any purpose. Any reliance you place on such information is therefore strictly at your
own risk. For specific applications or requirements, please consult with our qualified
technical personnel.
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