Technical Guide: Heat Treatment of S7 Tool Steel

1. Introduction

ST tool steel is a versatile, shock-resisting, air-hardening steel alloyed with chromium
and molybdenum. It is renowned for its exceptional impact strength (toughness) and
good stability during heat treatment. Proper heat treatment is paramount to achieving
the desired mechanical properties and ensuring optimal performance in applications
such as medium cold-work tooling, plastic molding dies, shear blades, and medium
hot-work dies. This document provides a comprehensive technical guide to the heat
treatment procedures for S7 tool steel.

2. Annealing (Sub-Critical Annealing)

Purpose: To soften the steel, enhance machinability, and relieve internal stresses from
prior manufacturing operations. The objective is to produce a microstructure of
spheroidized carbides within a ferrite matrix.

Recommended Environment: To mitigate surface decarburization, annealing should
be conducted in a controlled (protective) atmosphere, vacuum furnace, or neutral salt
bath.

Procedure:

1. Heat uniformly to 1550°F (843°C).

2. Hold at temperature for 1.5 hours per inch (equivalent to approximately 3.5
minutes per mm) of maximum thickness.

3. Cool slowly within the furnace at a rate of 25°F (14°C) per hour until the
temperature reaches 900°F (482°C).

4. Below 900°F (482°C), the steel may be air-cooled to ambient temperature.

Expected Result: A maximum annealed hardness of approximately 230 Brinell
Hardness (HB) is anticipated.

3. Hardening (Austenitizing and Quenching)

3.1. Preheating

Purpose: To minimize thermal shock, ensure temperature uniformity throughout the
component prior to austenitizing, and potentially reduce the overall heat treatment
cycle time.

Temperature: A preheat temperature of 1200°F (650°C) is recommended.



Duration: Typically 10-15 minutes. Employing multiple furnaces can facilitate a more
rapid transfer to the austenitizing temperature.

3.2. Austenitizing

Purpose: To transform the steel's microstructure to austenite, from which martensite
will form upon subsequent quenching. For tool steels, austenitizing is generally
performed in a temperature range where both austenite and undissolved carbides
coexist.

Temperature: The recommended austenitizing temperature for S7 tool steel is 1725°F
(940°C). It is advisable to heat rapidly from the preheat temperature to the
austenitizing temperature.

Soak Time: Soaking time is critical and is determined by the smallest cross-sectional
dimension of the part.

e Parts > 1inch (25mm) thickness: Soak for 1 hour per inch (25mm) of thickness.
e Parts =1inch (25mm) thickness: Soak for 1 hour.

e Parts <1inch (25mm) thickness:

3/4 inch (19.05mm): 50-55 minutes

1/2 inch (12.70mm): 45-50 minutes

1/4 inch (6.350mm): 40 minutes

1/8 inch (3.1775mm): 30 minutes

o

o

o
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It is essential to ensure the component has reached the furnace temperature before
commencing the soak time (visual confirmation of color, if feasible, can be indicative).
Avoid excessively prolonged soaking once the austenitizing temperature has been
uniformly achieved.

3.3. Quenching

Purpose: Controlled cooling from the austenitizing temperature to transform
austenite into a hard martensitic microstructure.

Primary Quenching Medium: S7 is predominantly an air-hardening steel. Air cooling
is the standard method, offering good dimensional stability and reduced internal
stresses compared to more aggressive quenchants (e.g., oil, water).

Size Limitation for Air Hardening: Air hardening steels, including S7, have limitations
concerning the maximum cross-section that can achieve full through-hardness. For
S7, if the cross-section exceeds approximately 2.5 inches (63mm), full hardness may



not be attainable with air cooling alone.

Alternative Quenching Medium: For larger sections (typically >2.5 inches or 63mm)
where maximum hardness is required, oil quenching may be necessary.

As-Quenched Hardness: Following proper quenching, S7 tool steel typically exhibits
an as-quenched hardness in the range of 59-63 HRC.

4. Tempering

Purpose: Tempering is an indispensable post-quenching operation to enhance
toughness, relieve internal stresses, condition the martensitic structure, transform any
retained austenite, and precipitate fine, beneficial carbides.

Timing: It is critically important to temper components as soon as they have cooled to
a handling temperature of 125-150°F (52-65°C) after quenching. Delays can increase
the risk of cracking.

Duration: The standard tempering duration is 2 hours per inch (25mm) of maximum
cross-section. A minimum of 2 hours is generally recommended.

Cycles: Double tempering is typically performed for S7 tool steel to ensure complete
transformation and stress relief.

Tempering Temperatures and Corresponding Hardness: The final hardness is a
function of the tempering temperature. Representative data is as follows:

300°F (150°C): ~61 HRC
400°F (205°C): ~60 HRC
500°F (260°C): ~57 HRC
600°F (315°C): ~55 HRC
800°F (425°C): ~52 HRC
1000°F (540°C): ~50 HRC
1100°F (595°C): ~46 HRC

Typical Working Hardness: The normal working hardness range for S7 tool steel is
56-58 HRC. This is commonly achieved by tempering at approximately 400-450°F
(205-230°C). For instance, tempering at 450°F (230°C) typically results in a hardness
of approximately 58 HRC.

Tempering for Elevated Temperature Service: If S7 is intended for applications
involving moderately elevated temperatures (up to 1000°F or 540°C), the tool should
be tempered at a temperature 25-50°F (14-28°C) above the anticipated maximum



service temperature.

5. Stress Relieving

Purpose: To alleviate residual stresses induced by machining, grinding, welding, or
Electrical Discharge Machining (EDM), thereby minimizing the potential for distortion
or cracking during subsequent processing or in service.

Procedure:

e Post-Hardening Stress Relief: If required after significant material removal from
a hardened and tempered part, select a stress-relieving temperature that is
25-50°F (14-28°C) lower than the final tempering temperature used.

e Stress Relief After Rough Machining (Annealed Condition): For stress
relieving after rough machining and prior to final machining (in the annealed
state), temperatures between 1200-1350°F (650-730°C) can be utilized.

e Reground Tools: It is crucial that the stress relief temperature for reground tools
is at or below the original tempering temperature to avoid undesirable softening.

6. Other Technical Considerations

6.1. Dimensional Stability

When air quenched from the recommended austenitizing temperature, S7 tool steel is
expected to exhibit an expansion of approximately 0.001 inch per inch (0.001 mm per
mm). The geometry of the part can significantly influence distortion characteristics
(e.g., bending, bowing, twisting). Straightening operations may sometimes be
performed after quenching while the part is still warm, typically between 1050°F
(565°C) and 400°F (205°C). Stress relieving procedures are instrumental in managing
and minimizing distortion.

6.2. Decarburization

While S7 exhibits better resistance to decarburization compared to some other tool
steel grades (e.g., O1), the use of controlled atmosphere furnaces, vacuum furnaces,
or neutral salt baths for annealing and hardening processes is still strongly
recommended to prevent or minimize surface decarburization. Providing an adequate
machining allowance for finish grinding can effectively remove any potentially
decarburized surface layer.

6.3. Process Control

Accurate temperature control and proper calibration of heat treatment equipment are
essential for achieving consistent and predictable results. It is always advisable to



consult the steel manufacturer's specific recommendations for the particular grade of
ST7 being processed, as minor variations in chemistry or processing guidelines may
exist.

7. Conclusion

Adherence to meticulously controlled heat treatment parameters is fundamental to
unlocking the full potential of S7 tool steel. The procedures outlined
herein—annealing, preheating, austenitizing, quenching, tempering, and stress
relieving—when executed correctly, will ensure the development of the desired
microstructure and mechanical properties, leading to enhanced performance and
service life of S7 tooling.

Aobo Steel

Website: aobosteel.com

Email: sales@aobosteel.com

Disclaimer: This information is for general guidance only. Aobo Steel strives for
accuracy, but data is based on typical properties and standard practices. Procedural
adjustments may be needed for specific material compositions, equipment, or
applications. Users should verify suitability for their needs and consult qualified
professionals if necessary. Aobo Steel assumes no liability for loss or damage from
using this information.
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