Technical Overview: Heat Treatment of O2 Tool Steel

1. Introduction

02 tool steel, classified as a cold work, oil-hardening die steel (AISI Type 02, UNS
T31502, Werkstoff Nr. 1.2842), derives its critical mechanical properties from precise
heat treatment. This process involves a controlled sequence of heating and cooling
operations designed to manipulate the steel's microstructure, thereby achieving the
desired hardness, toughness, and dimensional stability essential for its intended
applications. This document outlines the standard procedures and critical parameters
for the heat treatment of O2 tool steel.

2. Austenitizing (Hardening)

The initial and critical stage in the heat treatment of O2 steel is austenitizing. This
process transforms the steel's microstructure into austenite, a prerequisite for
subsequent hardening through quenching.

e Austenitizing Temperature: The recommended austenitizing temperature range
for O2 steel is 760°C to 800°C (1400°F to 1472°F). The specific temperature
selected within this range can influence the final grain size and the amount of
carbon dissolved in the austenite.

e Soaking Time: A sufficient soaking period at the austenitizing temperature is
crucial to ensure complete and uniform transformation to austenite throughout
the entire cross-section of the component. Typically, a soak time of 30 minutes
per 25mm (1 inch) of thickness is recommended once the steel has reached the
target temperature.

e Heating Rate: While oil-hardening steels like O2 can generally tolerate faster
heating rates compared to air-hardening grades, precautionary measures are
advisable. When introducing cold parts into a hot furnace, pre-warming the
component (e.g., by placing it on top of the furnace initially) is good practice to
minimize thermal shock and reduce the risk of cracking.

e Atmosphere Control: To prevent oxidation and decarburization during
austenitizing, protective measures should be employed. Options include using a
controlled atmosphere furnace, wrapping parts in stainless steel foil with or
without a carbonaceous material, or utilizing neutral salt bath furnaces.

3. Quenching

Following austenitizing, the steel must be rapidly cooled (quenched) to transform the
austenite into martensite, the hard microstructural constituent.



Quenching Medium: O2 steel is an oil-hardening grade and, as such, should be
guenched in a suitable commercial quenching oil. The oil should be well-agitated
and maintained at a temperature typically between 30°C and 60°C (85°F and
140°F) to ensure effective and uniform cooling.

Cooling Rate: The cooling rate must be rapid enough to bypass the "nose" of the
Time-Temperature-Transformation (TTT) curve to avoid the formation of softer
transformation products like pearlite or bainite.

Post-Quench Handling: Components should be removed from the quench oil
once they have cooled to approximately 65°C-95°C (150°F-200°F), or when they
can be handled. Immediate tempering is crucial to relieve internal stresses and
prevent quench cracking.

4. Tempering

Tempering is a sub-critical heat treatment process applied after quenching to reduce
brittleness, relieve internal stresses, and improve toughness. It involves reheating the
hardened steel to a specific temperature below its lower critical transformation point
(Ac1).

Tempering Temperature: The tempering temperature directly influences the
final hardness and toughness of the 02 steel. A common practice for O2 steel
involves a single tempering cycle. Sources indicate a secondary hardness peak,
achieving approximately 57 HRC, when tempered at 260°C (500°F). Tempering at
higher temperatures will result in lower hardness but increased toughness. The
selection of tempering temperature should be based on the desired balance of
properties for the specific application.

Soaking Time for Tempering: A typical soaking time for tempering is a minimum
of 2 hours per 25mm (1 inch) of cross-sectional thickness for each tempering
cycle, with a minimum of 2 hours regardless of size.

Double Tempering: While single tempering is common for oil-hardening steels
like O2, double tempering may be preferred in certain applications to ensure the
complete transformation of any retained austenite and to promote greater
microstructural stability and toughness. If double tempering is employed, the
component is cooled to room temperature after the first tempering soak, followed
by a second soak at the same or a slightly modified temperature.

Cooling from Tempering: After the tempering soak, components are typically
air-cooled to room temperature.

5. Process Considerations and Best Practices

Oxidation and Decarburization: As mentioned, protective measures during



austenitizing are essential. If surface degradation occurs, subsequent grinding or
machining may be necessary, which should be accounted for in the initial
component dimensions.

e Distortion and Residual Stresses: Rapid cooling during quenching can
introduce internal stresses and lead to distortion. Proper preheating, uniform
heating, appropriate quenching techniques, and immediate tempering help to
minimize these issues. Stress relieving before final machining of complex parts
can also be beneficial.

e Stress Relief After Machining/EDM: For components subjected to significant
grinding, welding, or Electrical Discharge Machining (EDM) after heat treatment, a
stress-relief temper is highly recommended. This is typically performed at a
temperature 14°C to 28°C (25°F to 50°F) below the final tempering temperature
used.

6. Conclusion

The successful heat treatment of O2 tool steel is paramount to achieving its optimal
performance characteristics. Adherence to recommended temperature ranges,
soaking times, quenching procedures, and tempering practices, along with careful
attention to process controls, will ensure the development of the desired
microstructure and mechanical properties for demanding cold work applications.
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Disclaimer: The information provided in this document is intended for general
guidance and informational purposes only. It is based on generally accepted
engineering practices and industry standards. Aobo Steel assumes no liability for the
use or interpretation of this information. Users should always verify the suitability of
these procedures for their specific applications and equipment, and consult with
qualified metallurgical professionals if necessary.


mailto:sales@aobosteel.com

	Technical Overview: Heat Treatment of O2 Tool Steel 
	1. Introduction 
	2. Austenitizing (Hardening) 
	3. Quenching 
	4. Tempering 
	5. Process Considerations and Best Practices 
	6. Conclusion 


