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Part 3 - Polyimides and Sustainability:
High-Performance Materials for a Greener Future

In the first article of this series, we explored The Structure and Key Properties of Imides, and how the
unique stability of the imide ring and the influence of pendant groups support advanced materials. And
in part 2, we looked at the transition from Imide to Innovation: Enhancing Performance Through Tailored
Imide Derivatives, and examined how tailoring them — particularly those based on aliphatic dianhydrides
— translates into measurable performance gains.

In this third article, we'll look at sustainability considerations, and specifically the advantages of replacing
bisphenol A (BPA) in polyetherimides (PEls) with a phenolic imide such as a BTA-based imide with phe-
nol substituent on the nitrogen (BTA-PAP), for reduced toxicity, an improved environmental profile (“free
from” BPA), and additional functionalization characteristics including controlled cross-linking, adhesion,
and chemical modifications.

Why Tailoring Imide Derivatives Matters

Sustainability has become one of the strongest forces shaping the future of high performance poly-
mers. Electronics manufacturers want cleaner materials with lower toxicity. Automotive and aerospace
companies are tightening their environmental specifications, and for biomedical and food contact appli-
cations, there are moves toward ever stricter safety profiles, and, across the board, pressure is growing
to remove bisphenol A (BPA).

This final article in our imide-chemistry series looks at how phenolic imide derivatives — particularly BTA-
PAP — offer a practical, scalable, and performance preserving path toward BPA-free PEls.
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Why the Shift Away from BPA Matters

Bisphenol A has been used for decades in high performance thermoplastics, including PEls, because
it delivers rigidity, optical clarity, and useful reactivity. The challenge however is that BPA also carries
well documented endocrine-disrupting concerns because it can mimic, block, or interfere with natural
hormones. Even though PEls are often used in industrial settings, the trend is for companies to want
materials with cleaner toxicological profiles, and regulators are tightening controls around bisphenols.

As a BPA alternative, a phenolic imide like BTA-PAP allows companies to retain the beneficial phenolic
chemistry needed for polymerization — without the structural features that drive BPA's biological activity,
meaning no estrogenic concerns; fewer restrictions in food-contact and biomedical applications; and a
smoother regulatory outlook for future products.

For marketeers, this is not just about compliance; it is about opening new markets where BPA-based
PEls no longer qualify.

The Environmental Case: A Cleaner, More Durable PEI

Removing BPA immediately improves the environmental profile of a PEI system. But the sustainability
benefits of phenolic imides go further.

Imides tend to degrade into simpler carbonyl rich fragments rather than endocrine active residues, and
their inherent stability can mean a longer service life — an often underrated but important sustainability
metric. A polymer that lasts longer generates less waste and needs replacing less frequently.

In real world terms, switching to BTA-PAP can support:

e “BPA-free” branding and regulatory positioning

® reduced concern around leaching or contamination

e easier end-of-life handling due to cleaner degradation behaviors.

And because imide-based PEls often resist oxidation, hydrolysis, and thermal aging more effectively
than their BPA-based counterparts, materials may stay looking new for longer and remain in use.
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The Performance Angle: Where Phenolic Imides Could Do More Than Replace BPA

One of the biggest misconceptions is that the use of BPA alternatives leads to a sacrifice performance.
In the context of PEls, the opposite may be true for some applications. BTA-based imides are thought
to introduce certain structural advantages over BPA, including:

Thermal and Mechanical Stability

The bicyclic BTA core introduces some rigidity, which could push glass transition temperature (Tg),
creep resistance, and dimensional stability to higher levels. The imide ring may also reinforce chemical
and thermal robustness.

Chemical Resistance

Imide-based PEls typically show lower solvent uptake, improved hydrolytic stability, and better aging
behaviors; BTA-based variants could exhibit similar trends, although this remains to be confirmed ex-
perimentally. These attributes may be important for applications in electronics, automotive ‘under-hood’
components, and aerospace interiors.

Optical and Dielectric Properties

Aliphatic-based imides tend to have lower coloration and lower dielectric constants. This could provide
a meaningful advantage for:

* microelectronics packaging

e flexible printed circuits

e optical films or components

* |ow-k dielectric materials.

Functional Flexibility

This is where BTA-PAP may stand out. The phenolic substituent on the imide nitrogen is thought to open
new reactivity pathways through:

e controlled cross-linking with epoxies or anhydrides

e improved adhesion to metals and oxide surfaces

potential for UV-activated curing

compatibility with further chemical functionalization.

In other words, the monomer itself is not just a structural block, and could become a design tool.
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What This Means for Formulators and Process Engineers

A more sustainable monomer is only useful if it works on the manufacturing facility floor. One of the
advantages of phenolic imides is that their behavior can be tuned through pendant selection, which helps
formulators solve practical problems such as viscosity control, solubility, flow behavior, and cure kinetics.

A few examples from manufacturing practice:

e Film casting, spreading a liquid solution or melt onto a flat surface and letting it solidify, becomes
more predictable when pendant groups increase or decrease chain mobility

e Viscosity management during resin preparation benefits from the controlled sterics of the imide
nitrogen substituent

e Adhesion to glass or metal improves through the combined action of phenolic OH groups and imide
carbonyls

e Curing consistency is easier to maintain because imides often exhibit more stable reactivity than
BPA-based analogues.

In practice, small improvements at the monomer level can translate into big gains in yield, quality, and
customer benefits.

Why Imides Fit Naturally into Strategies to use Sustainable Materials

Imides support sustainability on multiple fronts. Their intrinsic durability reduces waste; their cleaner
degradation makes environmental exposure less problematic; and their stability supports mechanical
recycling or even chemically assisted recovery routes.

Put differently, they solve the sustainability challenge upstream — through better chemistry — rather than
relying on downstream fixes.
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A few reasons imides align so well with modern sustainability goals:

They last longer in service, which reduces the frequency of replacement

They don't release endocrine-active fragments

Their thermal stability supports repeated recycling cycles

They can be designed for lower dielectric constants, contributing to energy efficiency in electronics.

So, the chemistry facilitates sustainability frameworks by reducing the potential for harm and extending
the life of materials.

Making BPA-Free PEls a Reality: The Role of a CDMO

Designing a monomer is one thing; producing it reliably, at scale, is another. Scaling phenolic imides
like BTA-PAP requires thoughtful process development — optimized imidization protocols, robust solvent
systems, careful purification, and stability control throughout storage and shipping.

This is where Valsynthese contributes directly. With experience in:

e Custom synthesis of BTA, 4-Hydroxybenzotriazole (HBTA), and cyclohexane dicarboxylic acid
(CHDA)-based imides

* Route design and optimization for pendant-functionalized imides

e Analytical method development for QC and stability

e Pilot to multi-ton-scale industrial production under ISO and GMP.

Valsynthese helps its partners take BPA-free PEI concepts off the lab bench and into scalable and
consistent commercial supply.

The result isn't simply a safer monomer; it is a dependable ingredient that enables customers to shift
entire product lines toward more sustainable chemistries.
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Looking Ahead: A New Generation of Polyimides

As industries accelerate toward greener materials, the real opportunity is not just replacing BPA but
rethinking what PEls can become. Phenolic imides like BTA-PAP open the door to new cross-linking
strategies, improved adhesion, better optical clarity, and tailored dielectric behaviors — all while sidestep-
ping the toxicological and environmental concerns of traditional bisphenols.

When performance and sustainability align, innovation tends to follow. BPA-free PEls built on phenolic
imides may well define the next generation of high-performance polymers by being smarter, safer, and
better suited to the demands of modern applications.

Interested in a Tailored Imide Solution?

Valsynthese SA specializes in custom synthesis and contract manufacturing for the chemical and phar-
maceutical industries. Based in Gamsen - Brig, Switzerland, Valsynthese is part of the SSE Group, which
has a long history of working with hazardous and high-energy chemicals. Valsynthese produces a range of
advanced intermediates and active pharmaceutical ingredients under ISO and cGMP certification.
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