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Chemical recycling of PET and PEF

Into hydrogels for filtration applications

Institute of Materials and Process Engineering IMPE
15.04.2026 | Simon T. Cerqua



Institute of Materials and Process Engineering
R&D Focus Topics

High performance State-of-the-art Innovative surface Sustainable
materials processing and science technology process 6 research laboratories:
joining technologies engineering Head of Institute (Prof. R. Radis)

*  Metallic Materials (Prof. A. Jung)

* Ceramic Materials (Prof. D. Penner)

e Carbon Composites (Dr. O. Débrich)

*  Polymeric Coatings (Prof. M. Winkler)

* Adhesives and Polymer Materials
(Prof. C. Brandli)

* Process Engineering (Dr. R. Berger)

* Advanced ceramics * Additive Manufacturing * Polymers, ceramic and * (CO2 Capture and

* High performance alloys * Ceramic Shaping metallic coatings Transformation
« Fiber composites « Compounding and Extrusion * Functional surfaces and * Power-to-Liquid / Fuel
coatings (SMART) Processing
* Functional polymers, polymer * Adhesive technology and .
blends and biopolymers bonding * Sol-gel coatings * Gas, waste gas, water, waste
. : . water treatment
* Hybrid materials * Welding technology Hybrid coatings

* Material separation,

* Tribology X -
conversion or enrichment

IMPE: ~50 employees
Particle and powder synthesis >3000 m? lab/offices

Turnover: ca. 6 Mio CHF
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Introduction — Two Global Problems

Wastewater Plastic Waste
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Introduction — Shrimp Farms in Thailand

—  South of Thailand - along the shoreline due to the
seawater supply

— Open system

—  Closed system, not operated in Thailand

Malaysia
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Problem: Contamination in Shrimp Ponds

The Importance of the Bottom Pond
Area in Shrimp Farming ,
A\~
) Aerator

Shrimp Foraging Area

~ Anaerobic Conditions | (L - Disease

4 k B Risk |
ce® LT

Toxic Gas Production

Waste Accumulation Zone

* Ponds trap solids

» Soil erosion dominates

* Feeding drives organics

* Poor sludge removal harms later cycles

+ Effluent still adds nutrients for eutrophication
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Emerging Contaminant-related issues

ECs present at threshold detection limits.

ECs not efficiently removed by traditional WW
treatment processes, e.g. activated sludge.

This highlights the need for improved feed use,
more effective sediment management, and
stronger microbial control.



Problem: Plastic Waste

ZHAW School of Engineering | IMPE | cerq — 15.04.2026 Adrian Michael - Elgenes Werk, CC BY-SA 3.0,https://commons.wikimedia. org/w/mdex php?curid=136321349
ROUND RIVERS cleans the Swiss river Limmat from plastic waste. Foto by Sara Merz (https://saramerz.ch/)
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Recycling Methods

Mechanical:
Material is cleaned, shredded, and remelted into new
material (e.g., rPET) without changing its chemical structure.

Chemical:
The polymer is chemically broken down into its original
monomers (e.g., TPA, EG) for repolymerization.

¢ < Biochemical:
: { Specialized enzymes depolymerize the polymers into

monomers under mild, energy-efficient conditions.

Mechanical Chemical / Biochemical / Thermal
L j ‘Depolymerizationj . Enzymatic )
Thermal:
Recycling Methods The polymer is exposed to high temperatures to produce

energy, gas, or oils rather than new material.
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PET Depolymerization / PET-Hydrogel Formation

H
N
HN HO
2
o + HZNONH A ﬂ + oko\o ,OV& 0
O\/\O OH . . - OO
I N Crosslinking o
m Depolymerization W)
PET PET-derived poly( amldoamlne) N

The idea:
» Use a PET grade that is not suitable for its industry anymore

«  What about PEF?

. . Chan, K.; Zinchenko, A., J. Environ. Chem. Eng. 2021, 9 (5), 106129.
ZHAW School of Engineering | IMPE | cerq — 15.04.2026 Kongseng, P.; Bonora, E.; Cerqua, S.T.; Brandli, C.; Chantarak, S., in prep.
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Water Absorption by Hydrogels
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Dry Cross-linked Hydrogel

Polymer
o e
Water " m

“~~Polymer Crosslinkin§

Deshpande, P.; Dornbrand-Lo, M.; Phondge, V.; Kelly, P.; Wong, A. K. Front. Cell Dev. Biol. 2025, 13, 1537050.
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Application
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PET-based hydrogel

ZHAW School of Engineering | IMPE | cerq — 15.04.2026

Hydrogels water absorption capacity
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Project 1 - Development of PEF/PET-Starch Hydrogels for Thai

Shrimp Farms Wastewater Treatment

ARPG - Leading House Asia (ZHAW, PSU)
— 1-year project

Reuse of recycled PEF/PET for hydrogel synthesis
Novel biobased-hydrogels
Wastewater treatment

Adsorption

'X1.
o 9

Antibiotics
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Kongseng, P.; Bonora, E.; Cerqua, S.T.; Brandli, C.; Chantarak, S., in prep.
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Project 2 - WAstewater Treatment with Conductive Copolymer
Hydrogels covered with Microbial Biofilm (WATCHuBI0)

» Southeast Asia — Europe — 2024 JFS Call (ZHAW, SUPSI, PSU, ERU)
— 3-year project

Development of rPET-based conductive hydrogels to remove nitrogen Validation in Turkiye (municipal WW, micropollutants/herbicides) and
compounds and emerging contaminants: Thailand (aquaculture WW, nutrients/antibiotics/hormones).

Hydrogels are regenerable and reusable, enabling a low-cost “waste-
treat-waste” concept.

N cycle in
Aquaculture

Nitrification

nt.  Det. wD Pres.

zc:clg gnivergitalria professionale W& * ‘ SOUTHEAST ASIA-EUROPE
ella Svizzera italiana * JOINT FUNDING SCHEME FOR
* /= % RESEARCH AND INNOVATION 14
I ’ b1
SU SI ****




Summary

« Wastewater treatment with hydrogels from recycled PEF/PET
« Combining different competencies for innovative solutions

Building international collaborations

Prof. Dr. Sirinya Chantarak, Prince of Songkla University (PSU), Hat Yai, Thailand

Prof. Dr. Pakorn Pasitsuparoad, Prince of Songkla University (PSU), Phuket, Thailand

Prof. Dr. Pamela Principi, SUPSI, Mendrisio

Prof. Dr. Filiz Dadaser Celik, Erciyes University (ERU), Kayseri, Turkiye

Prof. Dr. Antonio Gascd, Prof. Dr. Daphne Hermosilla, Technical University of Madrid (UPM), Madrid, Spain

Prof. Dr. Lacramioara-Diana Robescu, Politehnica University of Bucharest (UPB), Bucharest, Romania
Dr. Mohamad Irfan Fathurrohman, PT. Riset Perkebunan Nusantara (RPN), Bogor, Indonesia

Prof. Dr. Atsadaporn Thangprasert, Prince of Songkla University (PSU), Surat Thani, Thailand

Dr. Chaturong Kongkaew, Prince of Songkla University (PSU), Phuket, Thailand

Prof. Dr. Christof Brandli, ZHAW, Winterthur

Scuola universitaria professionale
della Svizzera italiana

SUPSI
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Thank you
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