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1. Executive Summary and Material Classification

06 tool steel is a specialized oil-hardening, graphitic tool steel (ASTM A681)
that occupies a unique niche in the cold-work tool steel family. Unlike standard
O-series steels (like O1 or O2), O6 contains a significant amount of free
graphite in its microstructure. This is achieved through a specific chemical
balance—primarily high carbon and high silicon—which allows approximately
0.70% to 0.90% of the carbon to exist as graphite rather than carbides.

For the Technical Engineer, this means a material with unparalleled
self-lubricating properties and exceptional machinability. For the Procurement
Professional, it represents a cost-effective solution for high-friction
applications where reducing downtime for lubrication or tool replacement is
critical.




2. Comprehensive Chemical Composition Analysis

The performance of O6 is dictated by its precise elemental balance.
Understanding this chemistry is vital for quality assurance during the
procurement phase.
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free graphite.
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quenching.
Phosphorus ,
P) 0.03% Max |Kept low to prevent embrittlement.
Sulfur (S) 0.03% Max Kept low to ensure material purity and structural

integrity.

Deep Dive Metallurgy: The presence of Silicon is the "secret sauce" of O6. In
standard tool steels, high carbon leads to massive, brittle carbides. In O6, the
Silicon encourages "graphitization," creating microscopic pockets of graphite
that act as a permanent, internal lubricant.

3. Physical and Mechanical Properties

Engineers require these constants for Finite Element Analysis (FEA) and

structural design calculations.

Density: 0.277 Ib/in® (7,670 kg/m?)

Modulus of Elasticity: 30 x 10° psi (207 GPa)

Thermal Conductivity: 21.0 BTU/ft/hr/°F at 212°F

Coefficient of Thermal Expansion:




70°F to 400°F: 6.8 x 10" ¢ /°F
70°F to 800°F: 7.5 x 10" ¢ /°F
Machinability Rating: 125% of a 1.0% Carbon Steel (Significantly
higher than O1, which is typically 85-90%).
4. The Metallurgy of "Graphitic" Performance
What sets O6 apart from D2 or A2 is the Gall Resistance.

In metal-to-metal contact scenarios (such as drawing dies or forming rolls),
"galling" occurs when two surfaces weld together under pressure. The graphite
particles in O6 act as a "solid lubricant" barrier. Even if the external liquid
lubrication fails, the graphite embedded in the steel matrix prevents the work
material from "picking up" or welding to the tool surface.

This makes O6 the premier choice for:
Bending and forming dies for stainless steel.
Arbors and spindles where precision fit is required without seizing.

Wear plates and gibs.

5. Advanced Heat Treatment Protocols

Proper heat treatment is the difference between a tool that lasts 10,000 cycles
and one that fails at 100. Engineers must follow these specific stages:

A. Normalizing

06 should be normalized to ensure a uniform grain structure, especially after
forging.

Temperature: Heat slowly to 1600°F (870°C).
Action: Soak thoroughly and air cool.
B. Annealing (For Machinability)

Temperature: 1450°F to 1500°F (790°C to 815°C).



Cooling Rate: Control furnace cooling at a rate of 20°F (11°C) per hour
down to 1000°F (540°C).

Resulting Hardness: Brinell 183—-229 HBW.

C. Hardening (The Quench)

Preheating: To minimize distortion, preheat at 1200°F (650°C) before
moving to the hardening furnace.

Austenitizing Temperature: 1450°F to 1500°F (790°C to 815°C).

Soaking Time: 10 to 30 minutes depending on section thickness.

Quench: Oil quench. O6 is an "Oil-Hardening" steel. Quenching in
water will lead to catastrophic cracking. Quench until the part reaches
approximately 150°F (65°C), then immediately move to tempering.

D. Tempering (Stress Relief and Final Hardness)

Tempering must be performed at least twice.

Tempering Temperature

(°F)

Tempering Temperature
(°C)

Hardness (Rockwell
C)

As Quenched - 63 - 65
300°F 150°C 62 - 64
400°F 205°C 60 - 62
500°F 260°C 58 - 60
600°F 315°C 56 - 58
800°F 425°C 50 - 54

Engineering Note: For maximum toughness in impact applications, aim for
the 400°F to 500°F range. For high-precision gauges where wear is the only

factor, 300°F is preferred.

6. Applications and Industrial Case Studies

Case Study 1: Stainless Steel Forming

A manufacturer using D2 tool steel experienced severe galling and surface
scratching on 304 stainless steel panels. By switching to O6, the graphite




content provided a natural lubricity that eliminated the scratching, reducing
post-processing polishing costs by 40%.

Case Study 2: High-Speed Punches

In a high-speed stamping environment, O1 steel tools were overheating. The
superior machinability of O6 allowed for more intricate cooling channel designs,
and its graphite content reduced frictional heat, increasing tool life by 2.5x.
Common Applications:

Blanking Dies: Where edges must remain sharp under high friction.

Bushings and Cam Followers: WWhere mechanical movement is
frequent.

Gauges and Master Tools: Due to the excellent dimensional stability
after heat treatment.

Feed Fingers: For automatic screw machines.

7. Comparative Analysis: O6 vs. The Competition

o O1 (General A2 (Air

Feature 06 (Graphitic) Purpose) Hardening)
Machinability Excellent (Bestin i g Fair

class)
Wear Resistance High (Adhesive Moderate High (Abrasive

wear) wear)
Toughness Moderate Moderate High
Dimensional
Stability Very Good Good Excellent
Lubrication Needs|Minimum Moderate High

8. Procurement and Supply Chain Logistics

Purchasing agents should utilize the following checklist to ensure the highest
quality material acquisition.

Quality Standards

ASTM A681: The standard specification for Tool Steel Alloy.



Surface Condition: Specify "Decarb Free" (DCF) or "Rough Turned" to
ensure the removal of the decarburized surface layer from the mill.

Tolerance Standards: Specify thickness and width tolerances (e.g.,
+.015/-.000) based on whether the material is for "Plow Ground" or
"Precision Ground" stock.

Availability and Forms
Round Bar: 1/4" to 12" diameter.
Flat Bar / Plate: Standard thicknesses up to 6".

Drill Rod: Available in precision-ground 36-inch lengths for small tool
manufacture.

Sourcing Considerations

O6 is a specialty steel. Lead times can vary. For critical projects, procurement
should verify that the mill heat provides a Certified Material Test Report
(CMTR) confirming the Silicon content, as this is the primary indicator that the
steel will exhibit graphitic properties.

9. Machining and Grinding Best Practices

Since O6 contains graphite, it machines like "buttery" steel compared to other
tool steels. However, technical staff should observe these guidelines:

Speeds and Feeds: Can be increased by 20-25% compared to O1.
Coolant: While O6 is self-lubricating, use synthetic coolants during
high-speed milling to wash away chips and prevent heat buildup in the

matrix.

Grinding: Use an open-structure wheel to prevent "loading" of the
wheel. Because of the graphite and silicon, a wheel that is too dense
may glaze over quickly.

10. Troubleshooting and Maintenance
Problem: Cracking during heat treatment.

Solution: Ensure the oil quench is at least 120°F to 140°F. Quenching
into cold oil is the most common cause of O6 failure.



Problem: Poor wear resistance.

Solution: Check for "decarb." If the outer skin of the steel was not
removed before heat treatment, the surface will be soft regardless of the
core hardness.

11. Safety and Environmental Compliance

RoHS/REACH: O6 tool steel is typically compliant as it does not contain
lead, mercury, or hexavalent chromium.

SDS Requirements: Standard steel safety data sheets apply.
Inhalation of dust during grinding should be avoided through proper
ventilation.

12. Conclusion

06 Tool Steel is the "Problem Solver" of the tool room. Its ability to provide
high hardness (62+ HRC) while simultaneously offering self-lubrication makes
it irreplaceable in high-friction, high-precision environments. By following the
rigorous heat treatment and procurement guidelines outlined in this document,
users can maximize tool life and minimize operational costs.

Contact Us for a Custom Quote
Shanghai MWalloys Metal Materials Co., Ltd.
Web: https://www.mwalloys.com

Email: sales@mwalloys.com

Tel/WhatsApp: +8618538321502

Office Address: Hongqgiao,Shanghai,China
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