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When Bonding Materials Become the Next
Problem to Solve
The shift from permanent adhesives to reversible bonds for high-value components.
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The newsletter for process engineers who prefer material circularity over chemical disposal.

The Core Problem: The Bond That Cannot Be Broken

I have spent plenty of time on shop floors where the "fix" is a permanent one—not because it was
intended to be, but because it was easier than designing for anything else. In high-value manufacturing,
specifically when dealing with fluoroplastics like Teflon or PTFE, this manifests as the Permanence
Trap.

We often see components bonded so aggressively that they become inseparable from the machine
assembly. When a part fails in the field, or when a component needs to be swapped out for an upgrade, it
isn't just difficult; it is impossible. The technician has to cut through parts, destroy housing, or scrap the
entire unit because two pieces are fused together by industrial-strength adhesives that don't know how to
let go.

This isn't just a manufacturing headache; it’s a fundamental failure of design. We have accepted
"permanent" as a synonym for "functional." But in reality, if you cannot take it apart without destroying
it, your design is not robust—it is brittle. When we use irreversible bonds on high-value materials, we



aren't just making the assembly easier to build today; we are ensuring that any maintenance or recycling
effort tomorrow will be a lost cause. We have traded long-term utility for short-term convenience at the
assembly line.

Why We Are Still Designing for Permanence

Why do we keep doing it? It isn’t because engineers don't know better. They understand the difference
between an adhesive and a mechanical fastener. The issue is The Convenience of Inertia.

Designing for disassembly requires more thought upfront. It requires selecting specific chemistries,
testing different bond strengths, and validating that a part can be removed cleanly without damaging the
surrounding structure. That takes time in the R&D phase. Conversely, "glue it and forget it" works every
single time on the production line today.

We are often trapped by what I call the Linear Thinking Loop. The goal of the design team is to get a
product out the door that meets current specs. The goal of the assembly team is to hit their cycle times.
Neither group—in many cases—is tasked with solving for the "next life" of the material.

The Justification (What we say) The Reality (What is happening)

"The adhesive provides maximum
structural integrity."

We chose it because it's the fastest way to seal the joint during
assembly.

"It’s standard industry practice for
fluoroplastics."

It’s the easiest path that avoids redesigning our current tooling and
jigs.

"Recyclability is a future concern." We are pushing the cost of waste onto the next person in the chain to
keep today's metrics green.

The Hidden Cost of 'Once-and-Done' Design

When we choose a bond that cannot be broken, we aren't just making things harder for the repair
technician; we are bleeding value out of our supply chain. This is The Waste of Certainty. We tell
ourselves that because it’s "hard" to separate, it won't happen often enough to matter.

But on the floor, these costs accumulate in three specific ways:

1. Material Erosion: When a high-value component like a PTFE seal or housing is bonded
irreversibly, any failure of a nearby part renders the entire assembly scrap. We are literally
throwing away expensive material because we couldn't "unstick" it.

2. Service Labor Bloat: Service teams spend hours trying to work around permanent bonds.
They use torches, saws, and hammers—tools that create secondary damage. The labor cost of
a "difficult" repair often outweighs the value of the part being saved.

3. The Circularity Wall: We are reaching a point where regulations and market demands for
circularity aren't just suggestions; they are requirements. If your product cannot be
disassembled, it cannot be reclaimed as high-grade feedstock.



We aren't just losing material; we are losing the ability to recover value from our own production line.
Every "permanent" bond is a wall we build against future efficiency.

Designing for Disassembly: The Reversible Bonding Approach

The solution isn’t to stop using adhesives or fasteners; it’s to move toward Reversible Bonds. We need
to shift the engineering requirement from "How do I keep this together?" to "How do I keep this
together while maintaining access?"

This is where advanced chemistry, such as CyclicFP-fmoc (or similar reversible bonding technologies),
changes the game. Instead of a standard epoxy or industrial adhesive that creates a permanent chemical
cross-link, we utilize materials designed for intentional release.

Think of it like a "smart" bond. It provides the same structural integrity and environmental resistance
required for fluoroplastics in demanding environments, but it can be triggered—via heat, specific
solvents, or other catalysts—to break down at the interface. This isn't just an R&D experiment; it is a
fundamental shift toward Design for Disassembly (DfD).

By adopting reversible bonding, we are moving away from "brute force" assembly and toward
"intelligent" assembly. We aren't compromising on strength; we are simply removing the fact that the
bond is permanent. This allows us to maintain high-performance standards while ensuring that every
component can be harvested or replaced without destroying its neighbors.

Operationalizing Material Circularity in High-Value Streams

Transitioning from "permanent" to "reversible" isn't just a chemistry change; it’s an operational shift. To
make this stick, we have to move the conversation out of the lab and into our standard operating
procedures (SOPs) and design review gates.

To implement this on your floor, start with these three shifts:

1. Update the Design Review Checklist: Add a "Disassembly Audit" to every new product
development cycle. Ask the engineers: “If this specific component fails in 36 months, can it be
replaced without damaging the primary housing?” If the answer is no because of an adhesive
bond, they must justify why a reversible option wasn't selected.

2. Establish Bond-Type Standards: Create a "Permitted Bonding Matrix" for high-value
materials like PTFE and other fluoroplastics. Define which zones allow permanent bonds
(where disassembly is never expected) and which require reversible options (near moving
parts, seals, or replaceable components).

3. Integrate Circularity Metrics into the BOM: Treat the "Ease of Disassembly" as a technical
spec, just like torque limits or chemical resistance. If a part needs to be serviced, it should
have a clear path for removal in the Bill of Materials (BOM) documentation.

We need to stop treating disassembly as an afterthought and start treating it as a core requirement of
high-quality manufacturing.



Takeaways: Integrating Reversibility from Day Zero

If you want to move your team away from "The Permanence Trap" this month, start with these
actionable steps:

1. Audit Your High-Value Scrap: Identify the top three components that are currently discarded
because they are bonded too firmly to be repaired. These are your first targets for a reversible
bonding pilot.

2. Define 'Serviceable' Zones: Map out your next assembly in "zones." Any component located
in an area where field replacement is likely must use a reversible bond or mechanical fastener
by default.

3. Update Your DFM (Design for Manufacturing) Guidelines: Explicitly ban standard,
irreversible adhesives on high-value fluoroplastic components unless no other option exists
and it is documented as such.

4. Train the Technicians Early: Ensure your assembly team understands why we are switching
to reversible bonds. It isn't just a "green" initiative; it’s about making their lives easier by
ensuring they don't have to fight the hardware during repairs or rework.

By moving toward reversible bonding, you aren't just following a trend—you are building a more
resilient, less wasteful operation.

Call to Action

What difficult component in your facility do you suspect might be salvageable if its bond could be
undone? Share this issue with a colleague who needs to think beyond 'scrap' instead of 'resource.'
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