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Why the World’'s Most
Used Plastics Are Also
the Hardest to Identify
and Recycle
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The Paradox of Polyolefin

Plastic is one of humanity’s greatest
material innovations. Strong yet
lightweight. Chemical resistant yet
moldable. The use of plastic materials
have reshaped entire industries. From
consumer goods to industrial packaging.

Today, millions of HDPE, PP, TPO, TPV bins,
crates, and pallets move through global
supply chains, carrying the backbone of
the circular economy. They're used in
everything: food logistics, medical bins,
retail returnables, automotive dunnage,
industrial containers, and more.
Lightweight, durable, chemically
resistant, and endlessly versatile, they
account for over 50% of global plastic
production. But polyolefin also comes
with an extreme paradox.

Their very strengths create a paradox.
These plastics are engineered to resist,
including resisting labeling, inks,
adhesives, and coatings, making them
almost impossible to mark
permanently. At the same time, they're
also the most recycled plastics on
earth. Which means every time we
decorate them with incompatible
materials, we're contaminating the very
recycling streams we're relying on to
make circularity work.

Unfortunately, labeling plastic is like
trying to make oil and water shake
hands. Traditional adhesives slide, inks
fade, and most films or foils don’t bond
at all. It's a quiet problem that has big
consequences: wasted labor, lost assets,
compliance failures, and a mountain of
recyclable material downgraded to
landfill. So, we have a double bind here.
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They're everywhere, and they'’re the
hardest to work with for identification and
end of life circularity.

The Science of Polyolefin
Surfaces — Why Nothing
Wants to Stick

At the molecular level, plastics are
rebels. They're engineered to resist
everything: moisture, heat, chemicals,
impact, and, unfortunately, adhesives.
The reason lies in something called
**surface energy**, a measure of how
much a material “wants” to bond with
something else.

Low Surface Enerﬂy:
The Slippery Trut

Materials like metal and glass have *high*
surface energy; they attract other
materials, allowing paints and glues to
bbond easily. Plastics like **HDPE
(High-Density Polyethylene)** and **PP
(Polypropylene)** sit at the opposite end of
the spectrum. Their surface energy
averages only **30-34 dynes/cm**,
roughly one-third of stainless steel. That's
so low that most adhesives and inks simply
*pead up* instead of spreading and
bonding.

Think of it this way, Labeling HDPE is like
trying to write on a non-stick frying pan.
Everything just slides right off.

(surface energy) dynes [cm
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Thermoplastics Are Shapeshifters

Plastics expand and contract as and anti-static compounds. While these
temperatures fluctuate. This constant are great for durability, they act like
movement causes labels to crack, invisible oil films—repelling adhesives
bubble, or lift over time—especially and inks even more.

under industrial conditions like washing Surface treatments like corona or plasma
or outdoor exposure. can temporarily raise surface energy, but

the effect fades within days or weeks.
Adhesives can't flex fast enough, and

even printed inks can fatigue or **Fun fact: ** In one study, surface energy
delaminate. When an HDPE crate of HDPE fell from 42 dynes/cm (freshly
travels through —20°F cold storage and treated) to 33 dynes/cm in under two
then into a 160°F wash cycle, the plastic weeks—making early labeling success a
literally changes dimensions. No paper, long-term failure.

foil, or sticker stands a chance for long. . . .
Different Polyolefins, Different

Additives Make It Worse Problems

To make plastics perform better in Not all plastics are created equal.
production, manufacturers add
mold-release agents, UV stabilizers,

Most common Slightly higher = Bonds well Bonds easily but not favored

for totes, bins, energy but still = but often for sustainability due to chlorine

drums; extremely poor adhesion, : incompatible content. This diversity means

low surface energy, = Warps under with HDPE [ PP that a label designed for one

high flexibility. high heat. recycling. substrate often fails miserably
on another.

Result: A Decades-Long Adhesion Dilemma

For over 50 years, manufacturers have tried everything, stronger glues, heat transfers,
in-mold films, UV-cured inks, but none solve the root problem. They all rely on *surface
adhesion, not *material integration. And surface adhesion, by definition, will always be
temporary. The science is simple: plastics weren't designed to stick to
anything—especially labels. And yet, the entire circular economy depends on them
doing exactly that.
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th Traditional Labels Fail
On Plastic

When it comes to labeling plastic, the
industry has spent decades fighting
physics with chemistry; stronger glues,
hotter transfers, and thicker films. Each
attempt to make the “unstickable stick”.
But the problem isn't just adhesive. It's
the approach itself.

Labels that rely on surface adhesion—no
matter how advanced—are always one
environmental cycle away from failure.
Heat, moisture, abrasion, or simple
flexing can break the bond. In other
words: If you can peel it, it can fail.

WHY POLYOLEFIN IS DIFFICULT FOR LABELS

Surface Adhesion vs. Material
Integration

Traditional labeling technologies all
depend on bonding to the surface of a
part. But plastic surfaces are dynamic.
They swell, shrink, and resist wetting. The
label remains a foreign object sitting on
top—a guest, not a resident.

True permanence requires material
integration, where the label and the
substrate become part of one another.
Without that, every label—no matter how
“industrial”—is ultimately temporary.

Pressure-Sensitive | Adhesive layer applied | Peels, bubbles, leaves Adhesive and film
(stickers) to face stock residue; adhesive softens ' contaminate recyclate,
in wash cycles often forcing downcycling

Heat-Transfer Ink or resin film heat
Labels fused to surface

Cracks or flakes as plastic . Inks and carrier films
expands/contracts; mix into regrind, altering
color fades under UV polymer quality

In-Mold Labels Weak fusion on low-surface . Mixed polymer films
-energy plastics like HDPE; reduce recyclability and
edge liftor delamination increase sorting cost
overtime

Inserted during

(ML) injection molding

Surface ink application ' Fades, smears, or flakes
from abrasion and flexing

pigment contamination
and ink residue in the
melt stream

Direct Print (Pad,
Inkject, Screen)

Creates multi-material
waste; difficult to
separate

Shrink Films or Heat-shrunk polymer
Wraps sleeves

Slips or distorts under
washing or reuse;
adds another plastic type

« "Permanent” defined as 2 Ib peel strength on stainless steel — a test never
intended to evaluate real-world permanence (ASTM D3330 [ FTM1).
» These tests are QA tools, not durability predictors

The established standards were set in the 1960s. It would be too costly to go back
and re-test based on new technology.
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Operational Consequences

Label failures are more than a
nuisance—they’re a drain on
productivity and brand integrity. A single
lost label can orphan a reusable asset,
removing it from circulation or forcing
manual intervention to re-identify it.
Multiply that by millions of assets and
hundreds of cycles, and the cost
becomes substantial.

For pooled logistics operators, label
loss rates above 5% can erase annual
ROI gains through replacement and
relabeling alone. In industries
governed by traceability standards,
such as food or pharmaceuticals, one
unreadable label can mean compliance
violations or safety recalls.

In short, every failed label is a silent
process failure—a breakdown in
communication between material and
machine.

Sustainability Consequences

From a recycling standpoint, the label
problem gets even stickier. Most
adhesives and inks are chemically
incompatible with HDPE and PP,
meaning they can’t melt or reprocess
cleanly. When these materials enter the
recycling stream, they either burn,
discolor, or create defects in the
pelletized output.
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In many cases, that's enough to downgrade
entire batches of otherwise recyclable plastic
to landfill. A “smart” label that peels
beautifully in a marketing test may become a
contaminant in real-world recycling.

Which leads to the uncomfortable truth:
Alabel designed to stick today often
prevents the package from being recycled
tomorrow.

If the circular economy is to work, labels can't
remain outsiders. They have to evolve from
add-ons to integrated features—from
surface chemistry to material science.

The Recycling Paradox —
When Labels Break the Loop

Recycling is supposed to be the
redemption story of plastic.

We take what's been used, reprocess it,
and give it a second life. Simple in theory.
But in practice, labeling makes that story
far messier.

The irony is painful: labels are meant to
help track and recover assets, yet they
often become the very reason those
assets can’t be recycled.

Welcome to the recycling paradox.
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How Labels Contaminate the Recycling Stream

Every plastic recycling process, mechanical or chemical, depends on purity. HDPE can
only be re-melted into new HDPE products if the input material is clean and
compositionally consistent. But most labels aren't made of the same polymer as the
substrate. They're a cocktail of adhesives, inks, and films that don't play well with others.

When those labels go through shredding and wash lines, they cause a cascade of
problems:

Adhesives gum up grinders and filters - forcing
downtime and maintenance on equipment.

Inks bleed or burn - discoloring regrind and
lowering resin grade.

Multi-layer films don’t melt evenly - creating
structural defects in new molded parts.
s SR Y

Even if labels represent less than 1% of the total mass, they can render 100% of the
material non-recyclable. It's a “tiny tail wagging a massive dog” scenario that
recyclers have battled for decades.
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The Circular Economy’s
Hidden Contradiction

Returnable packaging and reusable
plastics are marketed as circular—and
rightfully so. But each reuse cycle RTI Lifespan 10 Years
increases exposure to washing, heat, and Fleet Size 1,000 units
abrasion. And each cycle makes label Labor Rate $22 [ hour
failure more likely.

PSA Label Relabeling 2x [ year
Frequency (traditional)

The very plastics designed for longevity
end up covered in the least durable part
of the system. When the label fails,
traceability fails; when traceability fails,
reuse and recycling grind to a halt.

In effect, the label becomes the weakest PSA Label 2% [ year $10 /RTI
link in the circular economy.

Mixed Materials, Mixed
Messages

The recycling world loves the phrase
“mono-material.” A mono-material
product—made entirely of one resin

Label Time per Relabel 3 minutes
RTI Replacement Cost $25

Polyfuze 0.5% [year = 30% or ~ $13/RTI

. Initial label cost $400
type—can be recycled easily and Relabeling $8.000
economically. But a plastic part with a materials (20x)
different polymer label attached is no Relabel Labor $22,00
longer mono-material. It's a composite, Replacements $4,573
and composites are the bane of recyclers. (due to loss)
Every layer must be separated, washed, or Eggg“,’;;égi alue ($8,171) ($12,364)
burned off. That costs energy, time, and Total 10-Year Cost . $26,803 -$10,242
money. So most recyclers don't even ) )
try—they simply divert the entire item to h”ﬂi‘ﬂ?mgtgeii‘glltlgbe"n $37,045/ 1,000RTIs
landfill or incineration. -
h - aa ax
e result? Millions of perfectly reusable 12 P .z MONhO
bins, crates, and components lose their 53 +3o Io ff material
second life.. because of a few square i  recycling value E 3 labels align
inches of incompatible label. i § amplifies savings 3 circular economy
8 a4 & & EPR regulqtlo;wi

Return On Investment Snapshot

- Payback period: < 6 months (based on avoided relabeling labor alone)

- Lifecycle savings per RTI: = $37
- Fleet-level impact: Every 100,000 RTIs save $3.7 million over 10 years
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Policy Pressure: From
Oversight to Enforcement

What used to be a recycling headache
is quickly becoming a regulatory issue.
Under emerging EPR (Extended
Producer Responsibility) and
truth-in-labeling laws like California’s
SB 343, companies are being held
accountable for what happens after the
first use of their packaging.

They're asking, “Does every part of it
recycle together?” And in that question
lies the opportunity and urgency for
innovation. For the Polyfuze
mono-material label.

The Path Forward: Label and
Plastic as One

The recycling paradox points to a
simple truth: You can't fix labeling by
treating it as something external to the
plastic. The future belongs to
technologies that make the label and the
substrate one continuous
material—chemically bonded,
mono-material, and built to last through
every reuse and recycling cycle.

That's where science, sustainability, and

design converge—and where the next
chapter of this story begins.

20
95 polyfuze.com | 928.634.8888

WHY POLYOLEFIN IS DIFFICULT FOR LABELS

Conclusion — The Sticking Point

Plastics are extraordinary materials—strong,
lightweight, and built to endure. But that
same endurance makes it almost
impossible to label them in a lasting,
sustainable way.

From a molecular standpoint, they
simply don’t want to bond. From an
operational standpoint, label failures
cost time, traceability, and trust. And
from a sustainability standpoint,
incompatible labels quietly undermine
the entire circular economy.

It’s an elegant paradox:

The most advanced materials of the
modern world can’t be easily identified,
tracked, or recycled—because nothing
wants to stick to them.

Until labeling evolves from surface
chemistry to material integration, this
paradox will persist. But understanding
why plastic is difficult for labels is the
first step to solving it.

The next step—the “how”"—belongs to
the future. And that's the story The
Future of Labeling will tell.
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about Polyfuze

Polyfuze’s revolutionary Mono Material Engineered for demanding use cases such as
labeling technology represents a major pallets, totes, crates, and IBCs, Polyfuze
breakthrough in sustainable industrial empowers OEMs and end users to meet rising
packaging. Unlike traditional labels that sustainability standards without sacrificing
use incompatible materials and adhesives, durability, traceability, or performance. As the
Polyfuze permanently fuses branding, only labeling solution of its kind, Polyfuze is
barcodes, RFID and compliance redefining what's possible in recyclable,
information directly into the surface of reusable packaging.

polyolefin products like HDPE and PP.
Established in 1983, we bring over four

The result is a label that never peels, fades, decades of expertise in plastics labeling and
or contaminates the recycling graphics. Our founder’'s entrepreneurial spirit
stream—ensuring full compatibility with remains a driving force in our culture, fueling a
closed-loop and circular economy goals. commitment to innovation that begins with

listening closely to our customers.

Helen Barker Mick Fagle Matthew Stevenson Marty Mares
VP of Innovative Partnerships | VP of Marketing President / CEO Senior VP of Commercial Strategy
helen@polyfuze.com mick@polyfuzecom | mstevenson@polyfuze.com | marty@polyfuze.com
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