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Type them into questions box!

“Why am I muted?”
Don’t worry. Everyone is muted 
except the presenter and host. 
Thank you and enjoy the show. 

Contact ACS Webinars ® at acswebinars@acs.org 

Have Questions?

2
Contact ACS Webinars ® at acswebinars@acs.org 

@AmericanChemicalSociety

@AmerChemSociety

https://www.linkedin.com/company/american-chemical-society

@AmerChemSociety
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Check out the ACS Webinar Library!
An ACS member exclusive benefit

https://www.acs.org/content/acs/en/acs-webinars/videos.html

Hundreds of presentations from the best and brightest minds that chemistry has to offer are available to you on-demand. 
The Library is divided into 6 different sections to help you more easily find what you are searching. 

4
www.acs.org/acswebinars

Learn from the best and brightest minds in chemistry! Hundreds of webinars on 
diverse topics presented by experts in the chemical sciences and enterprise.

Edited Recordings are an exclusive ACS member benefit and are made available 
once the recording has been edited and posted.

Live Broadcasts of ACS Webinars  continue to be available to the general public 
several times a week generally from 2-3pm ET!

A collection of the best recordings from the ACS Webinars Library will occasionally 
be rebroadcast to highlight the value of the content.

®

https://www.acs.org/content/acs/en/acs-webinars/videos.html
http://www.acs.org/acswebinars
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acsoncampus.acs.org/resources

WITH CHEMISTS AND 
OTHER SCIENCE 
PROFESSIONALS

CAS SciFinder Future Leaders

YOUR CAREER

ChemIDPTM

ChemIDP.org
171 alumni, 35 countries 
and over 120 institutions

ACS PUBLICATIONS 

Publishing Resources

publish.acs.org
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Visit www.ACS.org/COVID19-Network to learn more!
7

ACS Career Navigator:
Your Home for Career Services

Whether you are just starting your journey, transitioning jobs, or looking to brush up or learn new 
skills, the ACS Career Navigator has the resources to point you in the right direction.

We have a collection of career resources to support you during this global pandemic:

ACS Leadership 
Development System

Career Navigator LIVE!Virtual Career 
Consultants

Professional 
Education

ChemIDP College to Career ACS Webinars Virtual Classrooms

8

http://www.acs.org/COVID19-Network
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9https://chemidp.acs.org

A Career Planning Tool For Chemical Scientists

ChemIDP is an Individual Development Plan 
designed specifically for graduate students and 
postdoctoral scholars in the chemical sciences. 
Through immersive, self-paced activities, users 
explore potential careers, determine specific skills 
needed for success, and develop plans to achieve 
professional goals. ChemIDP tracks user progress 
and input, providing tips and strategies to 
complete goals and guide career exploration.

If you are from an underrepresented racial or ethnic group, 

we want to empower you to get your graduate degree!

The ACS Bridge Program offers:

• A FREE common application that will highlight your achievements 

to participating Bridge Departments

• Resources to help write competitive grad school applications and 

connect you with mentors, students, and industry partners!

Are you thinking of Grad School?

Learn more and apply at www.acs.org/bridge

Email us at bridge@acs.org

ACS Bridge Program
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https://chemidp.acs.org/
http://www.acs.org/bridge
mailto:bridge@acs.org
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ACS Department of Diversity Programs

We believe in the strength of diversity in all its forms, because inclusion of and 
respect for diverse people, experiences, and ideas lead to superior solutions to 
world challenges and advances chemistry as a global, multidisciplinary science.

@ACSDiversity

ACS Diversity acsvoices.podbean.com/

Advancing ACS's Core Value of Diversity, Inclusion & Respect

Contact Us:
https://app.suggestionox.com/r/DI_R
Diversity@acs.org

www.acs.org/diversity

Become a part of the ACS 
Division of Polymer Chemistry 
whose members are among 
legends in the field.  

Benefits
• Networking Events
• Discounts on workshops
• POLY webinars and videos
• POLY LinkedIn and Facebook 

pages
• Access to job postings
• Polymer Preprints and 

Graphical Abstracts
• Newsletters and Books 
• Many Award Opportunities

www.polyacs.org

mailto:Diversity@acs.org
mailto:Diversity@acs.org
http://www.acs.org/diversity
http://www.polyacs.org/
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www.acs.org/acswebinars

T  H  I  S     A  C  S    W  E  B  I  N  A  R    W  I  L  L B  E  G  I  N    S  H  O  R  T  L  Y  .  .  .

http://www.acs.org/acswebinars
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This ACS Webinar is co-produced with the ACS Division of Polymer Chemistry.

Designing Bio-Sourced Polymers that Enable Recycling

Presentation slides are available now! The edited recording will be made available as soon as possible.

www.acs.org/acswebinars

STEFAN MECKING
Chair of Chemical Materials Science, Department 

of Chemistry, University of Konstanz

MARK JONES
Executive External Strategy and Communications 

Fellow, Dow Chemical (retired)

Designing Bio-Sourced Polymers 
that Enable Recycling

Prof. Dr. Stefan Mecking
Chair of Chemical Materials Science
Department of Chemistry

stefan.mecking@uni-konstanz.de
https://cms.uni-konstanz.de/mecking/

http://www.acs.org/acswebinars
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Recyclability played no role in the design of today‘s 
plastics and products (though some of them can be recycled well)

18

Why it matters

Adapted from: World Economic Forum ‚The New Plastics Economy: Rethinking the Future of Plastics‘, 2016.

2 Total oil consumption expected to grow slower (0.5% p.a.) than plastics production (3.8% until 2030 then 3.5% to 2050) 
3 Carbon from plastics includes energy used in production and carbon released through incineration and/or energy recovery after-use. 
The latter is based on 14% incinerated and/or energy recovery in 2014 and 20% in 2050. Carbon budget based on 2 degrees scenario

Original Sources: Plastics Europe; ICIS Supply and Demand; IEA World Energy Outlook (2015) global GDP projection 2013–2040, 
assumed to continue to 2050; Ocean Conservancy and McKinsey Center for Business and Environment, Stemming the Tide: Land-based 
strategies for a plastic-free ocean (2015); IEA World Energy Outlook 2015 central ‘New Policies’ scenario oil demand projection 2014-
2040, assumed to continue to 2050; J. Hopewell et al., ‘Plastics recycling: Challenges and opportunities’, Philosophical Transactions of 
the Royal Society B, 2009; IEA CO2 emissions from fuel combustion (2014); IEA World Energy Outlook Special Report: Energy and
Climate Change (2015); Carbon Tracker Initiative, Unburnable Carbon (2013)

Source: Stahl-Zentrum/International Iron and Steel Institute (IISI), PlasticsEurope Market Research Group 
(PEMRG) / Consultic Marketing & Industrieberatung GmbH 

The success of plastics up to today…..                                        …..future predictions
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The role of polymers is further increasing

Polymers are essential to all modern technolo-
gies, and often the most benign technical solution

From Science to enable sustainable 
plastics. White paper from the 8th 
Chemical Sciences and Society 
Summit (CS3), London, 2020

• energy generation and storage

• mobility

• communication

• health

• food and water supply

• ….

20

Recycling

Symbols                                                            Current status (in Western Europe)

Adapted from ‚Plastics – The facts 2020‘, Plastics EuropeWikimedia Commons

* to same as original 
application or similar 

quality-application

lower quality
application
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Closed-loop recycling

Ambitions of the New Plastics Economy According to the World Economic Forum

Closed-loop recycling: Recycling 
of plastics into the same or 
similar-quality applications

From: World Economic Forum ‚The New Plastics Economy: Rethinking the Future of Plastics‘, 2016.

22 B. Weckhuysen et al. Angew. Chem. Int. Ed. 2020, 59, 15402 – 15423.

Impact of different fates of plastics after use
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Plastics exist in an enormous variety of grades

Example of how molecular characteristics impact processing and applications properties

In addition to variety of the matrix:

• Additives like stabilizers, nucleating agents….

• Fillers / fibres in composites

• Other polymers in multilayer films

• …..

actually summarizes
a range of different grades

From M. Gahleitner in ‚Tailor Made Polymers‘, Wiley- VCH, Eds. J. R. Severn & J. C. Chadwick, 2008. 

23

Which of these three polymers has the lowest 
ceiling temperature?

Audience Survey Question
ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

• Poly(methylmethacrylate) (PMMA)

• Polyethylene

• Poly(tetrafluoroethylene) (PTFE, ‚Teflon‘TM)

• All three have the same ceiling temperature

24



30.06.2021

13

Approaches to Recycling

polymer

product

‚waste‘

monomer

mechanical recycling

chemical recycling

processingcollection
sorting

25

Depolymerization for Chemical Recycling

Ceiling temperature

DG = DH – TDS           Most polymerizations are driven by exothermicity (DH << 0)
DS < 0

MMM
M

M

M

M

M
M

M
M MMM

M

M M MMMM

DH
DSAt a certain temperature vpolymn. = vdepolymn.  DG = 0  ↔ Tc = Ceiling-Temperature

Above Tc depolymerization favored thermodynamically

polymn.

Polymer Polyethylene Polybutadiene PMMA Polyisobutene Polystyrene PTFE ‚Teflon‘
Ceiling Temp. 610 °C 585 °C 198 °C 175 °C 395 °C 1100 °C

From Coates, Getzler Nature Rev. Mater. 2020, 5, 501-516.

However, other reaction pathways can result in low 
selectivity for monomer

26



30.06.2021

14

27

Polyethylene

Source: alujetSource: Dow

Source: DePuy

● largest synthetic plastic (100 mio t/a)
● a myridad of applications

 excellent mechanical properties from crystallinity
 good processability

● many different types and grades (HDPE, LLDPE, LDPE, UHMWPE, waxes, oligomers….)

Source: DSM

Source: LyondellBasell

Source: Fletcher

28

Polyethylene – Interesting Challenges

● Feedstock: crude oil
 finite ressource
 recovery and supply bear risks

● Persistent nature
 hydrocarbon chains, no break points
 very apolar and hydrophobic

● Recycling
 many different performance grades
 breakdown to monomer efficiency ≤ 10 %, 800 °C

● Technological background
 traditional polymerization catalysts very sensitive
 do not allow for introduction of polar groups

US Coastguard
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Phil. Trans. Royal Soc. A 2020, 378, 20190266.

Concept for polyethylenes with in-chain breakpoints

CC

30 V. Goldbach et al. ACS Catal. 2015, 5, 5951-5972

Equilibrium reaction vs. kinetic selectivity
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P. Roesle et al., J. Am. Chem. Soc. 2014, 136, 16871-81.

Isomerizing alkoxycarbonylation of plant oil

conversion 90 %
selectivity 90 %

yield: 115 g 
> 99 % purity

(methyl ester)

HO-sunflower oil

32 S. Chikkali & S. Mecking, Angew. Chem. Int. Ed. 2012, 51, 5802 - 5808.

Large scale production of long-chain monomer as a sideproduct

Cross-metathesis

Self-metathesis (estimated ca. 20%)

(after hydrogenation)

catalyst

Biorefinery
Gresik, Indonesia
Capacity: 180.000 t/a
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Sources of long-chain dicarboxylic monomers

● Olefin metathesis
Commercial large scale plant for biorefining 
of palm operated since 2013

● Isomerizing Carbonylation
Lab-scale, very clean product from various seed and microalgae oils
Carbonylation of ethylene with same catalyst large scale since 2008

● Biotechnological w-Oxidation
Operated commercially for C14 by Cathay, Shanghai
Pilot plant for C18 operated in US since 1990s by Henkel (now 
Emery Oleochemical)

Elevance/Wilmad

33

34

Polyethylene-like Polymers

M. Häußler, M. Eck et al. Nature 2021, 590, 423 – 427.
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Polyethylene-like Polymers

M. Häußler, M. Eck et al. Nature 2021, 590, 423 – 427.

36

Additive Manufacturing with Polyethylene-like Polymers

Production of filament                                                               Fused filament printing

M. Häußler, M. Eck et al. Nature 2021, 590, 423 – 427.
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Additive Manufacturing with Polyethylene-like Polymers

M. Häußler, M. Eck et al. Nature 2021, 590, 423 – 427.

38

Closed-Loop Recycling of Polyethylene-like Polymers

M. Häußler, M. Eck et al. Nature 2021, 590, 423 – 427.
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Closed-Loop Recycling of Polyethylene-like Polymers

M. Häußler, M. Eck et al. Nature 2021, 590, 423 – 427.

40

Recycling in the presence of PET

M. Häußler, M. Eck et al. Nature 2021, 590, 423 – 427.



30.06.2021

21

41

Blends with HDPE and recycling

M. Häußler, M. Eck et al. Nature 2021, 590, 423 – 427.

42 T. Witt, M. Häußler et al. Angew. Chem. Int. Ed. 2017, 56, 7589 – 7594

Chain multiplication of fatty acids

80 % yield of 
> 99 % pure material

90 % yield of 
> 99 % pure material
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Concept for polyethylenes with in-chain breakpoints

CC

44

Summary

● scalable catalytic approaches

● feedstocks available

● high molecular weight, processable & mechanically durable materials

● fully recyclable through monomer 

● breakpoints for hydrolytic degradation 
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Plastics are so valuable they need to be made much 
better use of than is currently the case.

Closed-loop chemical recycling is one possible way.

Thank you

PhD students and postdocs
Alumni
Dorothee Quinzler
Samir Chikkali
Florian Stempfle
Patrick Ortmann
Philipp Roesle
Verena Goldbach
Hanna Busch
Etienne Grau
Timo Witt
Dennis Pingen
Ye Liu
Sandra Heß
Christina Rank
Julia Zimmerer

Collaborators

Lucia Caporaso
Laura Falivene
Luigi Cavallo

Rufina Alamo

Charlotte Williams

Karen Winey

Holger Frauenrath

Active
Manuel Häußler
Stefanie de Roo
Felix Einsiedler
Natalie Schunck
Melissa Wörner
Anne Staiger
Marcel Eck
Lea Bernabeu
Simon Schwab
Tobias Morgen

Staff
Gisela Berner
Lars Bolk
Inigo Göttker-Schnetmann
Robin Kirsten
Marina Krumova
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A S K  Y O U R  Q U E S T I O N S  A N D  M A K E  Y O U R  C O M M E N T S  I N  T H E  Q U E S T I O N S  P A N E L  N O W !

This ACS Webinar is co-produced with ACS Division of Polymer Chemistry.

Designing Bio-Sourced Polymers that Enable Recycling

Presentation slides are available now! The edited recording will be made available as soon as possible.

www.acs.org/acswebinars

STEFAN MECKING
Chair of Chemical Materials Science, Department 

of Chemistry, University of Konstanz

MARK JONES
Executive External Strategy and Communications 

Fellow, Dow Chemical (retired)

http://www.acs.org/acswebinars
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Become a part of the ACS 
Division of Polymer Chemistry 
whose members are among 
legends in the field.  

Benefits
• Networking Events
• Discounts on workshops
• POLY webinars and videos
• POLY LinkedIn and Facebook 

pages
• Access to job postings
• Polymer Preprints and 

Graphical Abstracts
• Newsletters and Books 
• Many Award Opportunities

www.polyacs.org

50
www.acs.org/acswebinars

http://www.polyacs.org/
http://www.acs.org/acswebinars
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www.acs.org/acswebinars

Learn from the best and brightest minds in chemistry! Hundreds of webinars on 
diverse topics presented by experts in the chemical sciences and enterprise.

Edited Recordings are an exclusive ACS member benefit and are made available 
once the recording has been edited and posted.

Live Broadcasts of ACS Webinars  continue to be available to the general public 
several times a week generally from 2-3pm ET!

A collection of the best recordings from the ACS Webinars Library will occasionally 
be rebroadcast to highlight the value of the content.

®

52

ACS Webinars  does not endorse any products or services. The views 
expressed in this presentation are those of the presenter and do not 
necessarily reflect the views or policies of the American Chemical Society.

®

Contact ACS Webinars ® at acswebinars@acs.org 

http://www.acs.org/acswebinars
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http://www.acs.org/acswebinars

