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Life Cycle of a Mold:
How to Extend the Service Life of
Injection and Die-Casting Mold

Abstract

Molds are critical to injection molding and die-casting, and their conditions directly
affect efficiency, quality, and cost. This paper emphasizes “full-cycle management”,
from material selection to routine maintenance, as the key to extending molds’
lifespan. By aligning materials with production volume, cooling control and
maintaining mold through cleaning, and proper storage, manufacturers can
significantly reduce time, expenses, and operational damage while achieving steady

production.
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Molds are critical to both injection molding and die-casting their condition directly
affects efficiency, part quality, and costs. Extending their life cuts replacement expenses,

reduces downtime, and keeps production steady.

We need to extend the lifespan of the molds as much as possible to achieve the
maximum cost-effectiveness, and the key here is — “full-cycle management”: smart
pre-production choices (materials, design), careful in-production control, and

consistent maintenance. But their working environments differ sharply—injection
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molds handle 150-300°C plastics, while die-casting molds face 600—1200°C metals.
This means their life-extending measures diverge most in three areas: heat resistance,
corrosion protection, and thermal stress management. Although many of the measures
are universal, in some necessary cases, the differences between the two will still be

separately explained.

1. Material Selection: The Foundation of Mold Longevity (Pre-Production
Planning)

1.1 SPI Classifications and Corresponding materials

The lifespan of the mold is fundamentally determined by the material. Different
materials have different lifespans. However, the selection of materials should be made

well in advance when you decide on the production plan.

Please note that at this stage, our choice depends on the balance between production
volume and cost. It is not a random selection of the material with the longest lifespan
and the most durability but rather choosing the most suitable material based on how
many products we need this mold to produce within a reasonable cost range. For
example, if I only need to produce a small batch of prototypes to see the effect, there is
no need to choose the most expensive H13 steel that can withstand more than 1,000,000

cycles.

Below is the classification comparison table for your reference.

Mold Expected Material Production Typical Key
Examples
Class Lifespan Type Volume Applications Takeaway
Best for
H13,
large-scale,
718H,
continuous
Premium- Automotive, STAVAX,
High- production
Class 1,000,000+ grade industrial, DACSS,
volume with
101 cycles hardened . consumer . S-STAR,
production maximum
steel products GS-767,
durability
GS-
and minimal
808VAR
maintenance.
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Mold Expected Material Production Typical Key
Examples
Class Lifespan Type Volume Applications Takeaway
Ideal for
frequent,
Medium- mid-volume P20,
Up to Hardened . Furniture, '
Class to-high- ' production, NAKSO0,
1,000,000 steel (32— electronic
102 volume offering 718H,
cycles 48 HRC) components -
runs durability GS-711
and cost-
efficiency.
Suitable for
cost-
sensitive,
Pre-
Up to Moderate- Industrial mid-range P20,
Class hardened
500,000 volume parts, production 6061-T6,
103 steel or
cycles production packaging with GS-738
aluminum
moderate
wear
resistance.
Best for
short-term or
o1 Up to Pre- Low- Prototypes, limited S50C,
ass
loa 100,000 hardened volume custom production 6061-T6,
cycles steel or production components with lower P20M
aluminum durability
needs.
Class Up to 500 Soft Prototyping Test parts, Cost- 5052
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Mold Expected Material Production Typical Key
Class Lifespan Type Volume Applications Takeaway raamples
105 cycles aluminum and very pilot runs effective for aluminum,
or low- low volume prototyping epoxy
grade or small- resin
steel batch
production
but lacks
long-term
durability.
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Table 1 — Mold Classifications and Their Lifespans (Industrial Standard) Comparison

Source: Society of the Plastics Industry (SPI). (n.d.). Mold classification for injection
molding.

2. Design Optimization: Avoid Inherent Weaknesses (Pre-Production Design)

A well-designed mold minimizes wear, resists stress and aligns with the unique

demands of its process—whether handling plastic or high-temperature metal.
2.1 Rational runner and gate design

The goal is to guide molten material smoothly, reducing friction and pressure that erode
mold surfaces over time. After designing and adjusting the molds for many projects,

KingStar Mold obtained a lot of useful data, which are presented in the following text.

e Avoid sharp corners in runners: Sharp turns create turbulent flow, which
accelerates wear from high-speed material impact. For die-casting molds, this
is critical—molten metal (e.g., aluminum) moves faster than plastic, so rounded

runners (radius >1.5mm) prevent localized erosion. For injection molds, gradual

curves reduce plastic shear, which can degrade material and stick to runner walls.

e Optimize gate size/position: Gates must balance filling speed and pressure.

o Die-casting: Gates need larger cross-sections (typically 1-3mm for
aluminum) to handle fast-flowing metal, preventing “jetting” (high-

velocity streams that carve into mold cavities).
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o Injection molding: Gate size depends on plastic viscosity—thinner gates
(0.5-1mm) work for low-viscosity plastics (e.g., PP) to avoid overfilling,
while thicker gates suit rigid materials (e.g., PC) to ensure full cavity
filling.

2.2 Surface treatment and coating

Enhancing surface hardness and chemical resistance directly extends mold life, with

process-specific priorities:

e Hardening treatments: Nitriding (adds a 0.1-0.3mm hard layer) and
carburizing boost surface hardness by 2-3x, reducing wear from repeated
material contact. Die-casting molds benefit most—nitride H13 steel resists
molten metal abrasion, while injection molds use carburizing to handle abrasive
plastics (e.g., glass-filled nylon). * Data comes from A 2017 study published in
Materials Today: Proceedings

o Protective coatings:

o Die-casting: High-temperature PVD coatings (TiAIN, AICrN) are non-
negotiable. They  withstand 800°C+  temperatures (according
to Aerospace Metals LLC. (n.d.) Black oxide processing), prevent metal
adhesion (avoids “sticking” that scars cavities after 10k cycles), and

block oxidation from molten aluminum.

o Injection molding: TiN or CrN coatings suffice, focusing on anti-
sticking for plastics like PA66 (prone to clinging) and corrosion

resistance for acidic materials (e.g., PVC).
2.3 Structural durability

Molds must withstand repeated clamping force (up to 2000 tons for large dies) and

thermal stress:

e Avoid thin-walled sections: Areas <Smm thick concentrate stress, especially in
die-casting molds—rapid heating/cooling can crack thin walls. Injection molds,
while under less thermal stress, still risk deformation in thin sections under high

clamping pressure.

o Reinforce high-load areas: Cores, cavities, and guide posts bear the brunt of
force.

o Die-casting: Use reinforced inserts (e.g., H13 steel) in cavity corners,

where metal flow pressure peaks.
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o Injection molding: Thicken guide post sleeves (>10mm) to maintain

alignment, preventing uneven wear on cavity surfaces.
2.4 Efficient exhaust systems
Trapped gas causes defects in parts and damages molds via localized overheating:

e Adequate venting: Vents release air and volatile gases, reducing pressure and

temperature spikes.

o Die-casting: Vents need wider gaps (0.15-0.2mm) and strategic
placement (e.g., cavity corners) to expel gas from fast-flowing metal—
delayed venting leads to porosity in parts and oxide buildup on mold

surfaces.

o Injection molding: Narrower vents (0.03—0.05mm) work, as plastic
cools slower, giving gas more time to escape. Vents near gates prevent

“burn marks” (from gas ignition) that erode mold surfaces.

By tailoring design to material flow, temperature, and pressure, both mold types avoid

premature failure—ensuring they perform reliably for their intended production scale.
3. Production Process Control: Reduce “Operational Damage” (In-Production)

Even with strong materials and smart design, poor in-production practices can cut a
mold’s life short. The key is controlling variables that cause unnecessary wear—with
steps tailored to whether you’re working with plastic or molten metal.

3.1 Cooling system management
Cooling keeps molds stable, but the demands differ sharply:

e Core goal: Uniform flow to prevent hot spots (which cause thermal stress and
cracking).

e Die-casting molds:
Use stainless steel cooling channels—molten metal oxides (like aluminum
oxide) corrode regular steel, clogging channels in 2—3 weeks. Water must be
deionized: tap water leaves scale that blocks heat transfer, forcing the mold to
run hotter and wear faster.

o Injection molds:
Copper alloy channels work best—they conduct heat 2—3x better than steel,
speeding plastic cooling. Plastic doesn’t corrode metal, so filtered (not
necessarily deionized) water suffices, with scale buildup taking 3—6 months (vs.

weeks for die-casting).
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3.2 Thermal stress control
Rapid temperature swings are mold killers—here’s how to mitigate them:
e Gradual changes: Avoid shocking the mold.

o Die-casting: Mandatory preheating (200-300°C) before first use. A cold
mold (room temp) hitting 600°C molten metal creates micro-cracks in
as few as 500 cycles. Post-production, let the mold cool slowly (1-2°C

per minute) to prevent warping.

o Injection: No preheating needed but avoid sudden shutdowns. After
production, keep cooling water flowing at 50% capacity for 30 minutes

to let the mold temperature drop gradually.

o Stabilize working temp: Use controllers to keep mold temp within £5—-10°C of
optimal (e.g., 80—90°C for PP injection, 250-270°C for aluminum die-casting).
Erratic temps accelerate thermal fatigue—Ilike bending a metal wire back and
forth until it breaks.

3.3 Process parameter optimization
Pressure and speed directly impact mold wear:
e Avoid overpressure:

o Die-casting: Excess pressure (above 100 MPa for aluminum) can
deform cavity walls, especially around gates. Use pressure sensors to
cap it at 80-90% of the mold’s rated capacity.

o Injection: Over 150 MPa for plastics like ABS risks “blowing out” thin
mold sections (e.g., core inserts). Match pressure to plastic viscosity—

lower for low-viscosity materials (e.g., PE).
o Control flow speed:

o High-speed flow (jetting) erodes mold surfaces. For die-casting, cap
metal flow at 50—60 m/s; for injection, keep plastic speed under 30 m/s

unless filling thin-walled sections (where controlled speed is needed).
3.4 Component Defects: Clues to Mold Issues

Part flaws often signal hidden mold damage, catching them early prevents bigger

problems:
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blocked, or poorly
placed (e.g., far from

Component What It Says About Fix to Reduce
Process
Defect the Mold Damage
Uneven melt flow
due to cold mold
sections, poor runner Raise mold
design, or temperature (10—
Flow Lines inconsistent injection 20°C); smooth
Injection (wavy speed. Mold cooling runner surfaces;
patterns) channels may be adjust injection
blocked in localized speed to steady
areas, or gate flow.
position creates
turbulent flow.
Thick-walled .
) Clean cooling
sections cool slower,
o channels; add
or mold cooling is _ )
baffles in cooling
Sink Marks uneven. Cooling
lines to target
(surface channels near thick
thick sections;
depressions) areas may be clogged o
) optimize part
or undersized, )
wall thickness
causing delayed . .
uniformity.
solidification.
Trapped gas (air, Enlarge vent slots
volatile plastic (to 0.03—
Burn Marks fumes) ignites due to 0.05mm); add
(black/brown high pressure. Mold vents in cavity
spots) vents are t0o narrow, corners; reduce

injection speed to

let gas escape.
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cold slug well is too

small or missing, or

Component What It Says About Fix to Reduce
Process
Defect the Mold Damage
gates or deep
cavities).
Contaminated plastic
or mold surface (e.g., Deep-clean mold
excess release agent, with solvent to
o oil residue) causes remove
Delamination
poor melt adhesion. oil/release agent;
(layered
_ Mold cavities or check for plastic
peeling) ) o
runners have sticky contamination
residue, preventing (e.g., mixed resin
uniform material types).
bonding.
Mold parting line has )
Resurface parting
gaps from wear, or _
line; replace worn
guide posts/sleeves .
_ . . guide
Flashing (thin are worn (causing
posts/sleeves to
plastic edges) misalignment). ]
restore alignment;
Clamping force may _
increase clamping
also be insufficient _
force slightly.
for mold size.
Melt cools Enlarge cold slug
prematurely in well; widen gate
Cold Slugs
runner/gate before (by 0.2-0.5mm);
(solidified ‘ .
entering cavity. Mold preheat runner
lumps)

system to keep

melt temp stable.
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Component What It Says About Fix to Reduce
Process
Defect the Mold Damage
gate is too narrow
(traps cooled plastic).
Insufficient melt to
fill mold, often due
to poor venting (gas Add vents in
blocks flow), hard-to-fill
Short Shots undersized gates, or corners; increase
(unfilled low injection gate size; raise
cavities) pressure. Mold injection pressure
cavities may have (within mold’s
complex geometry rated limit).
with hard-to-reach
areas.
Uneven cooling _ _
_ Redesign cooling
creates internal
) system for
stress—mold cooling
Warpage symmetry; add
_ channels are o
(twisted/bent ‘ cooling lines near
asymmetric (e.g.,
parts) _ warped areas;
more on one side of ]
. _ slow cooling to
cavity), causing
‘ reduce stress.
uneven shrinkage.
Mold cavity surface Repolish cavity
Surface '
is worn, scratched, or surfaces to
Marks . o ‘
has residue (e.g., original finish;
(scratches, o
ts) plastic buildup, rust). clean mold
pits -
Polishing on mold thoroughly after
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(rough, pitted

surfaces)

speed carves into

cavity walls.

Component What It Says About Fix to Reduce
Process
Defect the Mold Damage
surfaces is uneven or shifts; apply anti-
degraded. rust coating
during downtime.
Enlarge vent
Inadequate venting holes; clean mold
Die- Porosity (tiny (gas trapped) or mold with anti-
casting holes) surface oxidation oxidation solvent
(blocks gas escape). and reapply
TiAIN coating.
Mold temp too low Check heater
Cold shuts .
(metal cools before elements; raise
(unfused
filling) — uneven preheat temp by
seams)
flow wears cavities. 20-30°C.
Reduce injection
speed by 10—
Eroded edges High metal flow

15%; inspect
cavity for wear
and resurface if

needed.

By linking defects to mold health, you can adjust processes before small issues (like a

clogged cooling channel) turn into costly replacements (like a cracked cavity).

4. Routine Maintenance: Extend “Active Service” (Full-Cycle)

Consistent maintenance is the final layer of protection for your molds, ensuring they

hold up through thousands of cycles. By staying on top of cleaning, inspections, and

upkeep, you can catch small issues before they turn into costly failures.

4.1 Regular cleaning
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Residue buildup—whether plastic, metal, or lubricant—gradually damages molds,
causing uneven pressure, corrosion, or stuck components. Make these steps part of your

daily shutdown routine:

o Remove residual material: After each shift, clean cavities, runners, and vents
thoroughly. Use soft brushes or mold-specific solvents to dislodge leftover
plastic, metal flash, or debris. For tight spots (like vent slots), use compressed

air to blow out particles—buildup here can block gas flow and create hot spots.

o Degrease moving parts: Guideposts, slides, and ejector pins rely on smooth
movement. Wipe away excess oil or grease with mold-safe cleaners (avoid harsh
chemicals that degrade materials). Reapply a thin layer of lubricant afterward
to prevent friction and this keeps components sliding freely, reducing wear from

friction.
4.2 Preventive inspection
Even well-designed molds wear over time—regular checks help spot problems early:

e Check for wear: Inspect high-stress areas like cavity walls, gate edges, and
guideposts weekly. Look for scratches, tiny cracks, or deformation (e.g., a
warped guidepost). Minor damage (like a small scratch in a cavity) can be

polished out; ignoring it may lead to larger cracks or uneven part quality.

o Test cooling efficiency: Cooling channels are critical for mold stability.
Monitor water flow rate and pressure monthly—if flow drops, it may signal
clogs from scale, debris, or corrosion. Use pressure gauges or flow meters to
compare current performance to baseline (when the mold was new). Clogged

channels trap heat, increasing thermal stress and shortening mold life.
4.3 Timely replacement of consumables
Small, wear-prone parts often fail before the mold itself—replace them proactively:

e O-rings and gaskets: These seal cooling channels and prevent leaks. Over time,
they harden or crack, leading to water seepage that rusts mold surfaces. Replace
them every 3—6 months (or sooner if leaks are spotted).

e Guide bushes and ejector pins: Guide bushes ensure precise alignment; worn
ones cause mold components to rub, creating scratches. Ejector pins can bend
or wear at the tips, leading to stuck parts and cavity damage. Swap them out at

the first sign of stiffness or deformation.

4.4 Proper storage for idle molds
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Molds sitting unused still need care—humidity, dust, and temperature swings can
degrade them:

e Clean and coat: Before storing, deep-clean all surfaces to remove residue.
Apply a thin layer of anti-rust oil to cavities, guideposts, and metal components,
this blocks moisture and prevents corrosion. For long-term storage, wrap

delicate parts (like ejector pins) in oiled cloth to avoid scratches.

e Store in stable conditions: Keep idle molds in a dry, temperature-controlled
area (ideally 15-25°C with humidity below 50%). Avoid direct sunlight, which
can warm plastic components or degrade lubricants, and keep them off concrete

floors (use pallets) to prevent moisture absorption.

By making maintenance a consistent habit, you’ll extend your mold’s life far beyond

its expected cycle counting, a necessary cost into a long-term investment.
Conclusion

After decades in mold manufacturing, we’ve learned that extending a mold’s life isn’t
about one “silver bullet”—it’s about stitching together small, deliberate choices across
its entire lifecycle. Let me break down what we’ve seen work, and where even seasoned

teams stumble.

First, the foundation: Material and design choices set the ceiling for longevity, but
we’ve watched too many shops overspend here. A mid-volume electronics part doesn’t
need Class 101 steel any more than a prototype needs H13—matching material to actual
production scale (not just “what’s strongest”) avoids wasting 20-30% of tooling budget

upfront.

Then there’s the production floor: In 15+ years of auditing factories, the biggest hidden
killer isn’t poor materials—it’s lazy process control. A die-casting line we worked with
last year was replacing molds every 80k cycles, convinced “it’s just the metal’s fault.”
Turned out their cooling water hadn’t been filtered in 6 months; scale blocked 30% of
channels, causing thermal cracks. Fixing that (and adding weekly flow checks) pushed
their next mold to 120k cycles. Similarly, injection shops often crank up pressure to
“fix” short shots, not realizing they’re warping cavities—we’ve seen that cut life by
half.

Maintenance, too, is full of small wins. A automotive supplier once told us, “We clean
molds daily—why are they rusting?” Turns out they used the same degreaser for both
injection and die-casting molds; the acidic cleaner ate through the die-cast mold’s
TiAIN coating in 3 months. Switching to a high-temp, non-corrosive formula for die-
casting? Their next set lasted 40% longer.
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Here’s the hard truth: Most molds fail not because they’re “worn out,” but because
we overlook the basics. A well-run shop—one that matches material to volume, nags
operators to check cooling flow, and trains crews to spot pitting before it spreads—
consistently gets 30-50% more cycles out of their tools. That’s not just longer life; it’s
fewer 4-hour shutdowns for mold changes, lower emergency replacement costs, and

steadier output that keeps customers coming back.

In the end, mold longevity starts with how it’s built—and we know that better than
anyone. As both mold makers and production specialists, we don’t just craft molds
engineered to last 30-50% longer (slashing your tooling costs)—we use those same

molds to produce your finished parts, too.

That means one partner for durable molds and consistent, high-quality product: no

handoffs, no mismatched processes, just seamless production from tool to final part.

Tired of juggling mold suppliers and production shops? Let us handle it all—longer-
lasting molds, reliable products, and one simple, cost-saving workflow. Contact

us at: sales@kingstarmold.com.
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