Technical Overview: Heat Treatment of O1 Tool Steel

1. Introduction

O1 tool steel is a versatile, oil-hardening tool and die steel widely recognized for its
excellent balance of abrasion resistance and toughness, making it suitable for a broad
spectrum of tooling applications. Optimal performance characteristics of O1 steel are
achieved through precise heat treatment, a critical metallurgical process that governs
its final microstructure and mechanical properties. Adherence to established heat
treatment protocols ensures good hardenability, minimal dimensional changes, and
the attainment of desired surface and core hardness. This document outlines the
standard heat treatment procedures for O1 tool steel.

2. Heat Treatment Protocol

The heat treatment of O1 tool steel encompasses several critical stages: preheating,
austenitizing, quenching, and tempering. Each stage must be carefully controlled to
achieve the desired material properties.

2.1. Preheating

Objective: To minimize thermal shock, reduce distortion, and ensure uniform heating
of the component prior to austenitizing.

Procedure:

e For components introduced into a cold furnace, the part should be placed
centrally on a furnace rack. The furnace temperature is then ramped to the
preheat temperature.

e A typical preheat temperature for O1 steel is 650°C (1200°F).

e While O1 steel can tolerate relatively rapid heating and may be placed directly into
a furnace preheated to the austenitizing temperature, it is best practice,
particularly for complex geometries or larger sections, to pre-warm the
component (e.g., by placing it on top of the furnace) to remove chill before
furnace loading. This mitigates the risk of cracking.

2.2. Austenitizing (Hardening)

Objective: To transform the steel's microstructure to austenite, a phase from which
martensite can be formed upon quenching.

Procedure:

e Following the preheat stage, the furnace temperature is elevated to the



austenitizing range.

The recommended austenitizing temperature for O1 steel is typically 802-816°C
(1475-1500°F). A common setpoint is 815°C (1500°F).

Soaking Time: The component must be held at the austenitizing temperature
until it is uniformly heated throughout its entire cross-section. The general
guideline is to soak for 5 minutes per inch (25 mm) of the smallest cross-section
after the part has reached the target temperature. The high carbon content in O1
allows for austenitizing at a relatively low intercritical temperature, promoting a
fine grain structure while ensuring adequate hardenability.

2.3. Quenching

Objective: To rapidly cool the austenitized steel to transform austenite into
martensite, a hard and brittle microstructure.

Procedure:

Immediately after the austenitizing soak, O1 steel components are quenched in
oil.

The oil bath temperature should ideally be maintained to facilitate effective heat
extraction.

The component should be quenched until its temperature reaches approximately
66-93°C (150-200°F).

It is critical to proceed to the tempering stage immediately after quenching to
prevent cracking. Quenching can result in the presence of some retained
austenite alongside the martensitic structure.

2.4. Tempering

Objective: To reduce the brittleness and internal stresses induced by quenching,
thereby increasing toughness and ductility, while retaining a high level of hardness.

Procedure:

Tempering must commence as soon as the component has cooled to 52-65°C
(125-150°F) after quenching. Delaying tempering significantly increases the risk
of quench cracking.

The tempering temperature dictates the final hardness and toughness balance.
For O1 tool steel, the typical tempering range is 149-232°C (300-450°F). A
commonly employed tempering temperature is 175°C (350°F).

Soaking Time: The standard soak time for tempering is 2 hours per inch (25 mm)
of cross-sectional thickness.

Hardness After Tempering (Typical Values):



o As Quenched: ~64-65 HRC
o Tempered at 150°C (300°F): ~63 HRC
o Tempered at 177°C (350°F): ~62-63 HRC
o Tempered at 205°C (400°F): ~62 HRC
o Tempered at 482°C (900°F): ~47 HRC

e Double Tempering: While often not strictly necessary for O1, double tempering
may be employed to ensure complete transformation of retained austenite and
enhance microstructural stability. This involves two complete tempering cycles at
the selected tempering temperature, with cooling to room temperature in air
between cycles. Each tempering soak should be 2 hours per inch of thickness.

3. Key Process Considerations

3.1. Dimensional Stability

O1 tool steel typically exhibits an expansion of approximately 0.0015 in./in. (0.0015
mm/mm) when oil quenched from the correct hardening temperature. Geometric
distortions such as bending, bowing, or twisting can also occur, influenced by part
geometry and quenching practice.

3.2. Decarburization Control

O1 steel is susceptible to decarburization (loss of carbon from the surface) during
heat treatment at elevated temperatures. To prevent this, annealing and hardening
operations should be conducted in a controlled neutral atmosphere, vacuum furnace,
or neutral salt bath.

3.3. Mitigation of Cracking and Internal Stresses

Quenched steel is inherently in a highly stressed state. O1 steel's susceptibility to
cracking from thermal shock during oil quenching can be mitigated by proper
preheating. If significant machining (e.g., grinding), welding, or Electrical Discharge
Machining (EDM) is performed after hardening and tempering, a stress-relief temper
is highly recommended. This is typically performed at a temperature 14-28°C
(25-50°F) below the final tempering temperature.

3.4. Straightening Procedures

If straightening is required, it should generally be performed while the steel's
temperature is above 205°C (400°F). Attempting to straighten cold parts can lead to
fracture.

4. Conclusion



The successful heat treatment of O1 tool steel is paramount to achieving its optimal
mechanical properties and performance in service. Strict adherence to the prescribed
temperature ranges, soaking times, and quenching/tempering protocols is essential. It
is always advisable to consult the specific recommendations provided by the steel
manufacturer for the particular batch of material being processed, as minor variations
can exist.
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Disclaimer: The information provided in this document is intended for general
guidance and informational purposes only. While every effort has been made to
ensure the accuracy and completeness of the data, Aobo Steel assumes no
responsibility for any errors or omissions, or for the results obtained from the use of
this information. Users should always verify critical parameters and consult with
qualified metallurgical professionals for specific applications. The application of this
information is at the user's own risk.
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