Technical Guide: Heat Treatment of D2 Tool Steel

Introduction

D2 tool steel, a high-carbon, high-chromium, air-hardening tool steel, is renowned for
its exceptional wear resistance and good dimensional stability during heat treatment.
Achieving the optimal performance characteristics of D2, including hardness,
toughness, and wear resistance, is critically dependent on precise control throughout
the heat treatment process. This document outlines the standard procedures and
critical considerations for the heat treatment of D2 tool steel components.

1. Component Preparation

Prior to initiating thermal cycling, meticulous preparation of the D2 steel component is
essential:

e Cleaning: Thoroughly degrease the component to remove contaminants that
could interfere with the heat treatment process.

e Sizing: Ensure the component is ground slightly oversized to accommodate finish
grinding after heat treatment, accounting for potential minor dimensional
changes.

e Surface Protection: To prevent decarburization (loss of surface carbon),
especially critical for maintaining wear resistance, employ protective measures.
Options include wrapping the part in stainless steel foil, utilizing a controlled
neutral atmosphere furnace, processing in a vacuum furnace, or using a neutral
salt bath.

2. Preheating

Due to the relatively low thermal conductivity characteristic of high-chromium steels
like D2, a slow and uniform heating rate is crucial to minimize thermal gradients,
internal stresses, and the risk of distortion or cracking.

e Temperature: A typical preheat temperature for D2 is approximately 650°C
(1200°F).

e Procedure: While parts can be placed directly into a furnace preheated to this
temperature, introducing them gradually (e.g., placing on top of the furnace
initially) can mitigate thermal shock, particularly for components with significant
variations in cross-section.

e Duration: Hold at the preheat temperature for sufficient time to ensure
temperature uniformity throughout the part, typically 10-15 minutes once the
entire section reaches temperature.



3. Austenitizing (Hardening)

Austenitizing is the critical phase where the steel's microstructure transforms into
austenite, dissolving alloy carbides necessary for achieving final properties.

e Temperature: The recommended austenitizing (hardening) temperature range
for D2 steel is generally 1010°C to 1025°C (1850°F to 1877°F). The specific
temperature within this range can be selected based on the desired balance of
hardness and toughness.

e Soaking Time: Once the component reaches the target austenitizing
temperature, it must be held ("soaked") for a specific duration to ensure
complete transformation to austenite and adequate carbide dissolution. A
common guideline is 1 hour per 25mm (1 inch) of the thickest cross-section.
Precise soak times are often established based on empirical data and specific
tooling requirements to optimize hardness and grain structure. Avoid excessive
soaking, although D2 is less sensitive than lower-alloy steels.

e Considerations: During heating to and soaking at the austenitizing temperature,
the steel expands and undergoes transformation stresses. Slow heating helps
manage these stresses. Steel is relatively ductile above the martensite start (Ms)
temperature (approx. 205°C / 400°F) and can be straightened if necessary before
cooling below this point.

4. Quenching (Cooling)

Rapid cooling (quenching) from the austenitizing temperature transforms the
austenite into martensite, the hard constituent responsible for the steel's high
hardness.

e Method: D2 is an air-hardening steel, meaning it achieves full hardness by
cooling in still air. Air quenching minimizes distortion compared to more
aggressive liquid quenches (oil or water). Forced air or inert gas cooling can be
used to accelerate cooling rates for larger sections.

e Target Temperature: Cooling must continue uninterrupted until the part
temperature drops below the martensite finish (Mf) temperature, typically down
to approximately 65°C (150°F), before tempering. Interrupting the quench or
starting tempering before reaching this temperature can lead to incomplete
transformation and retained austenite.

e As-Quenched State: The microstructure after quenching consists primarily of
hard martensite (typically around 64 HRC) and a significant amount (up to 20%)
of retained austenite. This structure is highly stressed, brittle, and dimensionally
unstable due to the potential for delayed transformation of retained austenite.



5. Tempering

Tempering is a mandatory post-quenching heat treatment crucial for improving
toughness, relieving quenching stresses, and stabilizing the microstructure.

Process: Tempering involves reheating the quenched component to a specific
temperature below the critical transformation temperature, holding for a set
duration, and cooling back to room temperature.

Double Tempering: D2 tool steel typically requires double tempering, especially

when aiming for maximum wear resistance and dimensional stability.

o First Temper: Heat to 515°C (960°F). Hold for a minimum of 2 hours per 25mm
(1inch) of thickness. Ensure adequate time at temperature.

o Cooling: Cool the component completely to room temperature after the first
temper. This allows for the transformation of retained austenite destabilized
by the first temper.

o Second Temper: Reheat to 480°C (900°F). Hold for a minimum of 2 hours per
25mm (1 inch) of thickness.

Resulting Hardness: This high-temperature double tempering typically results in

a hardness of approximately 58-59 HRC. While slightly lower than achievable with

a single low-temperature temper (e.g., 205°C / 400°F yielding ~62 HRC), the

double temper significantly enhances wear resistance (often by 25-30% or more)

due to secondary hardening effects (precipitation of fine alloy carbides) and
improved microstructural refinement. Tempering below the secondary hardening
range or for insufficient time can compromise performance.

6. Optional Treatments: Subzero/Cryogenic Processing

To minimize retained austenite further, enhance dimensional stability, and potentially
increase wear resistance, subzero or cryogenic treatments can be incorporated.

Procedure: This involves cooling the steel to temperatures significantly below
room temperature (e.g., -75°C / -100°F for subzero, or -184°C / -300°F for deep
cryogenic) typically after quenching and before tempering, or sometimes
between tempers.

Mechanism: The cold treatment promotes the transformation of retained
austenite to martensite.

Requirement: A subsequent tempering operation is always required after
subzero/cryogenic treatment to temper the newly formed, brittle martensite.

Resulting Properties of Properly Heat-Treated D2 Steel

High Abrasion Resistance: Excellent wear resistance due to the high volume



fraction of hard chromium carbides. Optimized by high-temperature double
tempering.

e Good Dimensional Stability: Minimal distortion during air hardening compared
to liquid-quenched steels. Enhanced by controlled heating/cooling and proper
tempering.

e Good Resistance to Softening: Maintains hardness at moderately elevated
temperatures.

e High Hardness: Typically 58-62 HRC in the working range, depending on the
specific tempering cycle employed.

e Moderate Toughness: Tempering is essential to improve toughness from the
brittle as-quenched state. D2 is generally less tough than lower-alloy tool steels.

Conclusion

The heat treatment of D2 tool steel is a multi-stage process requiring careful control
over parameters such as temperature, time, and cooling rates. Adherence to
recommended practices, including thorough preparation, controlled heating, effective
guenching, and appropriate double tempering, is essential to unlock the full potential
of D2 steel, ensuring optimal hardness, superior wear resistance, and reliable
performance in demanding applications. Deviations from established procedures can
significantly compromise tool life and component integrity.

Aobo Steel
Website: aobosteel.com
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Disclaimer: This information is intended as a general technical guide. Specific heat
treatment parameters may need adjustment based on the exact component
geometry, application requirements, and furnace equipment used. Users should verify
the suitability of these procedures for their specific circumstances. Aobo Steel
assumes no liability for results obtained from the use of this information.
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