Technical Overview of AlISI A2 Tool Steel

Introduction

AISI A2 tool steel is a prominent member of the air-hardening, medium-alloy,
cold-work tool steel family (Group A according to the AlSI classification system). Its
designation signifies its primary characteristic: the ability to achieve full hardness
through air cooling after austenitizing. This capability stems from its specific alloy
composition, which includes high carbon content combined with significant additions
of alloying elements. These elements not only facilitate air hardening but also promote
the formation of hard alloy carbides distributed within the matrix, enhancing wear
resistance beyond that of lower-alloy or plain carbon tool steels.

Chemical Composition

While exact compositions may vary slightly between heats and manufacturers, a
typical nominal composition for A2 tool steel is as follows:

e Carbon (C): 1.00%

Manganese (Mn): 0.60% - 0.70%
Silicon (Si): 0.30%

Chromium (Cr): 5.25%

e Molybdenum (Mo): 1.10% - 1.15%
e Vanadium (V): 0.25% - 0.90%

The key alloying elements, particularly Chromium and Molybdenum, are crucial for
conferring its characteristic hardenability, toughness, and wear resistance properties.

Material Properties

A2 tool steel offers a balanced combination of properties suitable for a wide range of
cold-working applications:

1. Hardness: A2 is typically heat treated to achieve a working hardness in the range
of 58-62 HRC, although values up to 64 HRC are attainable depending on the
specific heat treatment parameters. Maximum as-quenched hardness is achieved
after air cooling from the recommended austenitizing temperature (approximately
968°C / 1775°F), resulting from the near-complete transformation to martensite.

2. Wear Resistance: A2 exhibits high abrasion resistance, generally rated as "Very
Good." Its wear resistance surpasses that of water-hardening (W-series) and
shock-resisting (S-series) tool steels. Compared to high-carbon, high-chromium
steels like D2, A2 offers slightly lower wear resistance but remains superior to



oil-hardening grades like O1. The presence of hard chromium and molybdenum
carbides contributes significantly to its wear performance.

3. Toughness: A2 possesses good toughness, generally considered superior to O1
oil-hardening steels and significantly better than the D-series high-wear
resistance steels. Impact toughness data indicates good performance,
particularly when tempered to retain high hardness levels. This balance makes it
suitable for applications requiring both wear resistance and resistance to
chipping or fracture.

4. Dimensional Stability: A key advantage of A2 is its excellent dimensional stability
during heat treatment. Being air-hardening minimizes the thermal gradients and
stresses associated with faster liquid quenching methods, resulting in low
distortion. Expected size change upon hardening from the correct temperature is
minimal, typically an expansion of approximately 0.001 in./in. (0.1%). However,
complex geometries can still be susceptible to distortion (bending, bowing).

5. Machinability: In the annealed condition, A2 tool steel is considered to have
relatively good machinability compared to other highly alloyed tool steels. Its
machinability rating is often cited as approximately 60-65% relative to a 1%
carbon steel (W1) rated at 100%. This contrasts with the more
difficult-to-machine D2 grade.

6. Temper Resistance & Hot Hardness: A2 exhibits good resistance to softening
during tempering compared to plain carbon or low-alloy steels and shows a
secondary hardening response when tempered around 510°C (950°F). However,
its hardness retention at elevated temperatures is insufficient for high-speed
cutting or hot-work applications. It is primarily intended for service at or near
ambient temperatures.

7. Safety in Hardening: The air-hardening nature provides a high degree of safety
during the heat treatment process, reducing the risk of cracking associated with
more severe quenches.

Heat Treatment Summary

e Austenitizing: Typically 955-980°C (1750-1800°F).

e Quenching: Air cool.

e Tempering: Performed immediately after quenching, typically between
150-540°C (300-1000°F) depending on the desired balance of hardness and
toughness. Tempering at higher temperatures (around 510°C / 950°F) can induce
secondary hardening.

Applications

The balanced properties of A2 make it a versatile, general-purpose cold-work tool



steel. Common applications include:

e Blanking dies and punches (especially for long production runs)
Forming and bending dies

Trimming dies

Coining dies

Mandrels

Shear blades

Slitters

Gauges

Plastics molding tooling (where high wear resistance is needed)

Comparative Position

e vs. O1: A2 offers better dimensional stability, higher toughness, and improved

safety in hardening compared to O1, albeit typically at a higher cost. O1 provides

good wear resistance but lacks the hardenability for larger sections that A2
pOSSESSES.
e vs. D2: D2 provides superior wear resistance due to its higher chromium and

carbon content, making it ideal for extremely abrasive applications. However, D2

has lower toughness and poorer machinability compared to A2. A2 is often
selected when higher toughness is required than D2 can provide, or when
machinability is a significant factor.

Conclusion
AISI A2 tool steel represents an excellent compromise between wear resistance,

toughness, and dimensional stability for cold-work tooling. Its air-hardening
characteristic simplifies heat treatment and minimizes distortion, while its alloy

content provides reliable performance in a wide variety of demanding applications. It

remains a popular choice for general-purpose tooling where a significant upgrade

from oil-hardening grades is desired without resorting to the extreme wear resistance

(and lower toughness) of high-carbon, high-chromium steels like D2.
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Disclaimer: The information provided in this document is intended for general

informational purposes only. While efforts have been made to ensure accuracy, Aobo

Steel does not guarantee the completeness or correctness of the data. Material
properties can vary based on specific processing and heat treatment parameters.
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Users should consult relevant standards and perform their own testing to verify
suitability for specific applications. Aobo Steel assumes no liability for any decisions
made or actions taken based on the information presented herein.
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