Navigating EPR: Transitioning from Plastic to Sustainable Paper-
Based Packaging Through Nature-Based Polymer Integration and
Chromatogeny

In today’s regulatory landscape, sustainability is not merely a goal—it is a mandate. Extended
Producer Responsibility (EPR) legislation now requires companies to assume full lifecycle
accountability for their packaging materials, driving the need to reduce environmental impact from
raw material sourcing to end-of-life management. Confronted with these challenges, a Fortune 100
consumer packaged goods company sought to transition from conventional plastic packaging to a
paper-based solution that not only delivers robust performance but also aligns with stringent EPR
requirements. The solution had to provide exceptional moisture resistance, mechanical strength,
and thermal stability, all while ensuring full compatibility with standard curbside recycling streams.

At Wintermarch Group, we reimagined the very structure of the paper by integrating renewable,
nature-based polymer additives directly into the paper pulp during its formation. Rather than relying
on post-production barrier coatings—which can complicate recycling—we introduced these
additives at the chemical addition points within the papermaking process. Selected for their
inherent hydrophobicity and film-forming properties, the nature-based polymers derived from
sustainable bio-based feedstocks were mixed with the pulp to become part of the cellulose fiber
network. This method ensured that the additives were uniformly distributed throughout the paper,
creating a homogeneous matrix ready for subsequent chemical enhancement.

Once the paper was formed, we applied our modified chromatogeny process—a breakthrough,
solvent-free grafting technique designed to enhance the surface properties of paper without
compromising its recyclability. Chromatogeny operates by grafting fatty acid chlorides onto the
extreme surface of cellulose fibers, selectively reacting with the available hydroxyl groups. In our
process, the paper web was passed through an ultra-fast roll-to-roll reactor where it was exposed
to a controlled application of a 50/50 blend of palmitoyl chloride (C16H31ClO) and stearoyl
chloride (C18H35CLO). Under precisely managed conditions—typically at 180°C with a deposition
rate between 0.1 and 1 g/m°>—the reaction proceeds as follows:

Cellulose-OH + R—-COCIL » Cellulose—O-CO-R + HCl

This reaction occurs only at the fiber’s boundary layer (approximately 1-2 pym deep), forming a thin,
chemically grafted barrier that imparts exceptional hydrophobicity. The newly formed cellulose
esters create a surface with water contact angles exceeding 120°, demonstrating a significant
enhancement in water repellency. Importantly, because the modification is confined to the surface,
the bulk properties of the paper remain unchanged, preserving its inherent flexibility and strength.

The integration of nature-based polymers prior to chromatogeny was a critical decision. These
polymers, already uniformly distributed within the fiber matrix, act synergistically with the grafted
fatty acids to form a dense, crosslinked network. This network not only augments the barrier
properties of the paper but also enhances its mechanical robustness and thermal stability,
essential for withstanding the rigors of global logistics. Moreover, because the polymers are



chemically bonded into the cellulose matrix, they do not form a distinct coating that might interfere
with recycling. During repulping, the bonded additives either degrade harmlessly or are effectively
reincorporated into the recycled fiber, ensuring a reject rate of less than 0.1% in standard recycling
trials. This intrinsic recyclability is a cornerstone of EPR compliance, ensuring that the packaging
can be processed within existing curbside recycling systems without special treatment.

In our advanced laboratory, we subjected the treated paper to a comprehensive suite of analytical
tests. Fourier-transform infrared spectroscopy (FTIR) confirmed the formation of new ester bonds,
with distinct absorption peaks appearing near 1730 cm™", indicative of successful grafting.
Differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA) verified that the
paper maintained structural integrity at temperatures exceeding 230°C, an essential parameter for
packaging exposed to varied climatic and distribution conditions. Dynamic mechanical analysis
(DMA) demonstrated that the paper retained a stable viscoelastic modulus across a broad
temperature range, ensuring consistent mechanical performance. High-resolution imaging via
scanning electron microscopy (SEM) and atomic force microscopy (AFM) revealed a uniform,
defect-free surface morphology, attesting to the efficacy of our integrated process.

The transformative impact of this technology on EPR compliance is multifaceted. First, by replacing
plastic with a paper-based packaging that is entirely derived from renewable resources, the
environmental footprint of the product is drastically reduced. The process minimizes the use of
synthetic, non-degradable materials and leverages a fully biodegradable, recyclable substrate.
Second, the intrinsic barrier properties achieved through the integration of nature-based polymers
and chromatogeny ensure that the paper meets stringent performance standards for moisture and
grease resistance, which are critical for preserving product integrity during storage and transport.
Third, the complete chemical integration of the additives into the paper ensures that the material
flows seamlessly into existing recycling streams. Lifecycle assessments confirm that the energy
consumption and greenhouse gas emissions associated with the production and disposal of the
new packaging are significantly lower than those of traditional plastic packaging.

Our approach not only fulfills the technical and performance criteria required by EPR mandates but
also delivers a product that embodies the principles of a circular economy. By ensuring that the
new paper-based packaging is fully repulpable and compatible with curbside recycling, we have
created a sustainable solution that meets regulatory requirements while supporting long-term
environmental stewardship.

At Wintermarch Group, we are committed to redefining industry standards through the
convergence of advanced material science, innovative green chemistry, and process optimization.
Our work on this project demonstrates that a meticulous, data-driven approach can overcome
legacy challenges and pave the way for a new era of sustainable packaging—one that meets the
demands of modern consumers, regulators, and the planet.

Contact Wintermarch Group at info@wintermarch.com to discover how our expertise in
material innovation, process optimization, and sustainable product development can drive
measurable, long-term success for your business.
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