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EngePol Research Group

5 Professores

10 Pesquisadores

40 Pós-Graduandos   

     10 Graduandos

500 Papers – 20 por ano

40 Patentes

10 Capítulos de Livro

10 Livros

12000 Citações
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EngePol Research Group

 

Biomedical Applications
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EngePol Research Group

Industrial Applications
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Chemical Recycling 

Overview
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Competitive Advantages of Plastic Materials
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Flexibility

Lightness

Versatility

Resistance

Low Costs
Chemical 
Stability

Low 
Degradability

Biocompatibility

And many 
others...
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Why Recycling?
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Worldwide Plastics Throughput

https://revistapesquisa.fapesp.br/planeta-plastico/
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Why Recycling?
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Source: PLASTICS EUROPE, 2022. Source: https://phys.org/news/2022-02-percent-plastic-recycled-

worldwide-oecd.html
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Why Recycling?
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Circular Economy
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https://slideplayer.com.br/slide/1358319/

https://slideplayer.com.br/slide/1358319/


Circular Economy
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https://slidemodel.com/circular-economy-to-save-the-planet/

From cradle to cradle !!!!



Circular Economy

20

Source: https://www.dsgc.nl/publications/DSGC-Transition-Time-A-Circular-Economy-

for-Plastics-Publication-and-Summary.pdf
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Recycling Methods
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Source: OKAN; AYDIN; BARSBAY, 2019 (10.1002/jctb.5778) Most plastic materials 

and wastes cannot be 

recycled mechanically !!!

Polym. Chem., 2019, 10, 172-186
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Chemical Recycling
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Chemical Recycling

Solvolysis Enzymatic Thermolysis
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Incorporation



Pyrolysis Process and 

Challenges 
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Thermolysis
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https://www.designnews.com/stub/transformational-technologies-can-change-world



Thermolysis
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https://en.wikipedia.org/wiki/Ceiling_temperature

https://journals.sagepub.com/doi/10.1177/00952443221140473

Td (bond cleavage temperature)

Tc <???> Td



Thermolysis
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Source: https://www.circulareconomyasia.org/chemical-recycling/
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Thermolysis
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Source: https://www.dsgc.nl/publications/DSGC-Transition-Time-A-Circular-Economy-

for-Plastics-Publication-and-Summary.pdf
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Pyrolysis
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Waste Polymers + 

Biomass
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Waste polymers 
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Pyrolysis
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Thermolysis
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More complex flowsheet.
Challenges everywhere.



EngePol Pyrolysis 

Capabilities & Studies

24º Congresso Brasileiro de Engenharia Química, 03 de Outubro de 2023, Salvador - BA, Brasil



32

1

2

3

4

45

5

6

6

7

8

9

Bench-Scale Reactors

24º Congresso Brasileiro de Engenharia Química, 03 de Outubro de 2023, Salvador - BA, Brasil



Semi-Pilot Reactor
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Soon…
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1 ton / day
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EngePol Initiatives
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Feedstock Variability
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Biomass – Lignin Cake 
Condensable Fraction

Gaseous Fraction
Residue Fraction

Potencial use for 

agriculture
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Mass Balance



Biomass
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Mass Balance

Lignin Cake Coffee Grounds
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Virgin Polymers and Blends (Sorting)

Mass Balance ICP Analyses

24º Congresso Brasileiro de Engenharia Química, 03 de Outubro de 2023, Salvador - BA, Brasil



Effect of Contaminants

All tested pyrolysis oils were cleaner 

than the original PCRs 
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Effect of Contaminants (Phosphorus and Fluorine)

HDPE 5% Phosphorus 10% Phosphorus

ICP Analyses of condensables

SAMPLE CONDENSABLES (%) VOLATILES (%) SOLIDS (%)

HDPE 83.33 16.19 0.47

5 % Phosphorus 78.97 20.89 0.14

10% Phosphorus 71.14 27.14 1.71

Mass Balance

- Phosphorus contaminants became 

distributed between the gas and liquid;

CONDENSABLES (%)

VOLATILES 

(%)

SOLID WASTE 

(%)

HDPE 83.33 16.19 0.47

5 % FLUORINE 82.91 16.81 0.28

10% FLUORINE 89.08 9.79 1.13

- Most of the fluorine contaminants 

remained in the gas phase;
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Pre-Treatment for Removal of Contaminants

FPPW – Flexible Packaging Plastic Waste

Higher pre-treatment temperatures lead to 

lower CO2 levels in the gas phase .

Higher pre-treatment temperatures lead to lower 

clhorine levels in the condensable phase .
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Catalyst Effect

Thermal Catalytic
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Extrusion Pre-treatment
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Extrusion Pre-treatment
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Effect of Reflux

GC MS Simulated Distillation
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Solids
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Adsorbents

Fillers



Scaling-Up
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Kinetic Modeling
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Modeling

Without Catalyst1

With Catalyst2

Due to catalyst transformation3
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Modeling 

With the mass balances, it is possible to obtain the catalyst 

mass needed to convert the wax into lighter products 

according to the pyrolysis temperature or to the catalytic 

bed temperature.
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Modeling 
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➢  Polystyrene chemical recycling via pyrolysis constitutes an appropriate route for disposal of post-consumption material;

➢ High styrene amounts can be obtained and used for production of recycled styrene-based materials, avoiding the use of

virgin fossil feedstocks.

Fig. 11. Product distribution for PS thermal degradation performed

at 500 °C considering thermal initiation of styrene.



OSL
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Lids and labels

Virgin 

HDPE
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lids

Virgin 
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Purple 
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Life Cycle Analyses
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➢  Pollution by plastics constitutes an urgent problem that

demands immediate actions, including development of efficient

polymer recycling technologies;

➢ Chemical recycling through pyrolysis is competitive and leads to

lower environmental impacts than plastic disposal in landfills.

➢ Environmental impacts depend on the selected process

operation conditions.

Fig7. Radar chart of the LCA for non-catalytic and catalytic pyrolysis of HIPS and HDPE. 



Life Cycle Analyses

24º Congresso Brasileiro de Engenharia Química, 03 de Outubro de 2023, Salvador - BA, Brasil



Concluding Remarks
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Concluding Remarks
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1. Plastic business is at risk, despite the many competitive advantages 

of these materials;

2. Principles of circular economy are changing paradigms in the 

chemical chain.

3. Plastic materials are extremely well-suited for recycling and 

circular strategies;

4. Chemical recycling constitutes an important technological challenge 

for the 21st century;

5. Chemical recycling is still in its infancy and demands fundamental 

research in many areas;

6. Research must be supported by fundamental LCA investigations.



Thank you!

pinto@peq.coppe.ufrj.br
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