Comprehensive Mold Steel Selection Guide:
Engineering, Material Science, and Application
Lifecycle

Selecting the appropriate mold steel is one of the most critical decisions in the tool-making and manufacturing lifecycle. It
directly dictates tool longevity, cycle times, total cost of ownership (TCO), and the superficial and dimensional quality of the
final manufactured product.

Choosing a tool steel is not an exercise in finding the "best" absolute material, but rather an optimization problem aimed
at finding the most compatible alloy for specific thermodynamic, chemical, and mechanical stresses. This guide provides an
engineering-grade breakdown of selection criteria, standard steel classifications, and systematic application mapping.

1. Primary Metallurgical and Mechanical Selection Criteria

To select the ideal mold steel, engineers must balance multiple interrelated mechanical and chemical properties.
Maximizing one property often requires trade-offs in another (e.g., maximizing hardness typically reduces impact
toughness)

A. Hardness and Wear Resistance

e Definition: Hardness (typically measured on the Rockwell C scale, HRC) represents a steel's resistance to localized
plastic deformation. Wear resistance refers to the ability to withstand erosive, adhesive, or abrasive forces.

e Engineering Impact: High hardness extends tool life when processing abrasive materials (e.g., glass-fiber
reinforced plastics or high-strength metal sheets).

e The Trade-off: Elevated hardness usually corresponds to decreased fracture toughness, rendering the tool
susceptible to catastrophic brittle failure.

B. Fracture Toughness and Impact Resistance

e Definition: Toughness is the capacity of a material to absorb energy and deform plastically before fracturing.

e Engineering Impact: Essential for molds subjected to cyclical, high-impact mechanical shock (e.g., heavy-duty
stamping dies or high-velocity injection molding toggles). It prevents micro-cracking, chipping, and catastrophic
splitting.

C. Machinability and Polishability

e Machinability: The relative ease with which a steel can be cut, drilled, or shaped via CNC milling or EDM (Electrical
Discharge Machining) without excessive tool wear.

¢ Polishability: The capability to achieve optical-grade finishes (mirror polish or SPI A-1 class) via mechanical lapping.
This depends heavily on structural homogeneity, low non-metallic inclusion rates, and vacuum-degassing processing
during steel production.

D. Corrosion Resistance

e Definition: The ability to withstand chemical attack from environmental moisture, condensation, or volatile polymer
byproducts.

e Engineering Impact: Polymers such as PVC (Polyvinyl Chloride) and POM (Polyoxymethylene) release corrosive
gases (hydrochloric acid and formaldehyde) when heated. Without inherent corrosion resistance, mold cavities pit
rapidly, destroying surface finish.



E. Thermal Stability and Red Hardness

e Definition: The ability of steel to retain its mechanical properties, dimensional tolerances, and hardness at elevated
operating temperatures.

e Engineering Impact: Critical in hot work applications such as aluminum die casting, where tool surfaces face cyclic
thermal shocking (thermal fatigue) up to 600°C-700°C.

2. Taxonomy of Common Mold Steels

Tool and mold steels are broadly categorized based on their working temperature, alloy composition, and production
methods into three primary domains: Plastic Mold Steels, Cold Work Tool Steels, and Hot Work Tool Steels.

2.1 Plastic Mold Steels

Designed primarily to handle the injection pressures, abrasive melt streams, and cosmetic demands of polymer
processing.

P20/ 1.2738 (Pre-Hardened Steel)

e Characteristics: Supplied in a pre-hardened state (~30-36 HRC), eliminating the need for post-machining heat
treatment. This completely circumvents the risk of heat-treat distortion or dimensional warping. 1.2738 contains
added Nickel (Ni) to ensure uniform hardness throughout massive cross-sections.

e Primary Applications: Medium-to-large automotive components (bumpers, dashboards), consumer appliance
housings, and structural prototyping molds.

NAK80 (High-Polish Age-Hardened Steel)

e Characteristics: An age-hardened alloy providing uniform hardness (~38-41 HRC) through precipitation hardening.
It possesses superb machinability and exhibits exceptional mirror-polishability due to its clean, uniform
microstructure.

e Primary Applications: Transparent lenses, light guides, optical components, and high-gloss consumer electronics
housings.

S$136 / S136H (Corrosion-Resistant Martensitic Stainless Steel)

e Characteristics: High-chromium (approx. 13% Cr) stainless steel. S136 requires post-machining through-hardening
to achieve 48-52 HRC, while S136H is pre-hardened to ~30-35 HRC. Offers phenomenal resistance to corrosive
degradation and supreme mirror-polishing characteristics.

e Primary Applications: Medical devices (syringes, vials), cosmetics packaging, and molds processing chemically
aggressive flame-retardant or chlorinated plastics.

2.2 Cold Work Tool Steels

Engineered for applications operating under 200°C where materials undergo severe mechanical loading, cutting, or
forming forces.

D2/ Cr12MoV (High-Carbon, High-Chromium Steel)

e Characteristics: An industry workhorse through-hardening steel attaining high working hardness (58-62 HRC).
Deep hardening properties with massive volumes of chromium carbides provide superb resistance to abrasive
wear.

e Primary Applications: High-volume stamping dies, shear blades, blanking punches, thread rolling dies, and cold



extrusion tooling.

DC53 (High-Toughness Cold Work Steel)

e Characteristics: A modern upgrade to traditional D2 steel. By adjusting the chromium and carbon contents, DC53
exhibits twice the fracture toughness of D2 while maintaining or exceeding its wear resistance. It mitigates the
common issue of micro-chipping and cracking under high-impact loads.

e Primary Applications: Heavy-gauge metal stamping, precision punching dies, and complex tooling configurations
prone to stress concentrations.

A2/ Cr5Mo1V (Air-Hardening Medium-Alloy Steel)

e Characteristics: An intermediate tool steel utilizing air-quenching. It provides excellent dimensional stability during
heat treatment, bridging the gap between low-alloy oil-hardening steels and highly alloyed D2.

e Primary Applications: Form rolls, blanking dies, and intricate gauges.

2.3 Hot Work Tool Steels

Formulated specifically to endure structural loads while under cyclic thermal exposure exceeding 300°C.
H13 / 1.2344 (Chromium-Molybdenum-Vanadium Steel)

e Characteristics: Excellent resistance to thermal shock and thermal fatigue ("heat checking"). It maintains high red-
hardness, structural integrity, and ductile toughness at high temperatures.

e Primary Applications: Aluminum, zinc, and magnesium high-pressure die casting dies, hot extrusion tooling, and
high-performance core pins.

1.2344 ESR / Premium Grades (Electroslag Remelted)

e Characteristics: Refined via Electroslag Remelting (ESR), resulting in extreme chemical purity, uniform isotropic
properties, and minimal sulfur/inclusion content. This refinement vastly extends the fatigue limit against cyclic
thermal stresses.

e Primary Applications: Ultra-high-volume automotive structural die-casting dies.

3. Comparative Selection Matrix
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Plastic Molding
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> e NAKS0
Gloss Electronics
Chemically
Aggressive S136/S136H
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Heavy-Gauge
Sheet Metal D2/ DC53
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Working
Hardness

30-36 HRC

38-41 HRC

32-52 HRC

58-62 HRC

44-50 HRC

Core Metallurgy Value
Proposition

Ready to machine, cost-
efficient, zero post-heat-treat
risk

Superb SPI A-1 mirror finish,
clean texturing

High-Cr stainless matrix, pit-
resistant, optical grade

High abrasive wear
resistance; DC53 adds
exceptional toughness

Resistance to thermal
fatigue, thermal shock, and
heat checking

Primary Use Cases

Large interior/exterior
trim, structural ribs

Clear lenses, instrument
panels, luxury packaging

PVC piping fittings,
fluoropolymer medical
devices

Structural automotive
stampings, industrial
shear blades

Aluminum engine blocks,
structural vehicle
castings

4. Advanced Strategic Implementation (Mitigating Tool Failures)

A. Align Tooling Grade with Production Volume Lifecycle

Investing in premium tooling steels for low-volume production creates unnecessary capital expenditure. Conversely, using
substandard steel for high-volume manufacturing causes systemic machine downtime due to premature wear.

e Prototype / Soft Tooling (< 10,000 cycles): Utilize aluminum (7075) or low-cost carbon steels (545C/S50C).

e Class 102 Tooling (Up to 100,000 cycles): Use standard pre-hardened steels such as P20 or basic local equivalents.

e Class 101 Production Tooling (> 500,000 cycles): Mandatory requirement for high-end through-hardened steels
(5136, DC53, or premium H13 ESR). These alloys must be coupled with advanced heat treatment validation.

B. The Criticality of Vacuum Heat Treatment and Tempering

Atool alloy is only as capable as its executed heat treatment protocol.

e Decarburization Control: Hardening must occur in a vacuum furnace to prevent oxidation and surface

decarburization (the formation of a soft surface layer).

e Sufficient Tempering Cycles: High-alloy steels like D2 or DC53 require a minimum of two to three comprehensive

tempering cycles to transform retained austenite into stable martensite, eliminating internal residual stresses.

C. The Hardness vs. Toughness Misconception

A frequent design failure is specifying maximum possible hardness under the assumption that it yields maximum tool life.

If a mold component experiences mechanical impacts, flexing, or vibration, excessive hardness induces catastrophic
fracturing. Specifying a slightly lower HRC paired with surface nitriding or PVD (Physical Vapor Deposition) coating often
achieves the ideal balance of a ductile core with an abrasion-resistant outer shell.

Conclusion



Engineering a high-performance mold relies on select matching of tool steel properties to application stressors. For large,
dimensionally precise plastic components, P20 or 1.2738 provides the lowest distortion risk. When facing cosmetic
demands or chemical corrosion, NAK80 and S136 are essential. For the intense mechanical loads of cold metal forming, D2
and DC53 excel, while H13 stands as the industry standard against hot work thermal fatigue. Balancing component
lifecycle requirements against material properties remains fundamental to cost-effective tool design.
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