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CYCLOPHANES: 

Master research project at VU Amsterdam
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Formation of catenanes



Formation of catenanes

statistical threading

2. Statistical threading
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 Use self assembly and promote ring closure

Statistical threading: not very efficient
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Use self-assembly …….
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And promote……
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….promote ring closure
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1994
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The first organometallic catenane

PhD 1990-1994 VU Amsterdam
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Metallocene catalysts for polyolefins

(DSM Research 1994-2000)
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Polypropylene (i-PP) Polypropylene (a-PP)

Very active catalysts: up to 1000 kg PP/gram catalyst



INNOVATION (WIKIPEDIA)

 An innovation is something original and more effective and, as a 

consequence, new, that "breaks into" the market or society.

 Innovation is related to, but not the same as, invention: innovation 

is more apt to involve the practical implementation of an invention 

(i.e. new / improved ability) to make a meaningful impact in a 

market or society.

 Not all innovations require a new invention.



13





C
o

n
fi

d
e

n
ti

a
l

15



C
o

n
fi

d
e

n
ti

a
l

16



C
o

n
fi

d
e

n
ti

a
l

17





19



20

Industrial view on Sustainable Chemistry

20

Sustainable chemistry opportunities

 Human footprint ? Global warming or worse ? Peak-oil? Peak-elements? Plastic 

Soup !  

 Can we develop new polymers that meet (compete on) cost and performance ? 

 Can we design polymers with much improved end-of-life when ending up in 

nature ?

– Recyclable & or (bio)degradable (or both) ?

– First or second generation feedstock ? Is there a competition with food ? In 2050 ?

– Drop-in or new ? 

– Unmet needs ?

 Barrier ? Stability ? High Tg ? Degradability ?

 Can we design closed cycles ?

 Does the total picture fit (2050: # people, land-use, food, energy/chemicals/materials?

 We must create “market pull”. Why is there hardly any “sense of urgency” with 

consumer? How can we change this ?

We must accept a (50 year) transition period



Can we make this quantitative ?
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Global Fossil CO2 emissions
2018:

36.8 Gt CO2

▲ 2.1% = 700Mt CO2

GJ Gruter - Industrial Sustainable Chemistry

BAD NEWS:

Peak > 2030

2018 emission numbers (publ. Dec ‘19)
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60%?
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2020              2030

X 55% reduction

1.5Gt reduction in 10 years

= reduction in last 40 years
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Venice, Italy, November 12 2019
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Industry:
Target 250 Mt/y
(80% reduction 
vs 1990)
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30Source: Ellen MacArthur Foundation

8 - 10 Mt 
plastic ends 
up in the 
oceans 
every year !
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1 stadium fits 1 million 

tons of plastic pellets
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“Scientific facts are NOT just an opinion”



Sen. Inhofe (Okla.) has, once and for all, disproven climate change. While 

"eggheads" at "science laboratories" were busy worrying about long-term upward 

temperature shift, Inhofe happened to notice that it was weirdly cold outside. So 

cold, in fact, that water falling from the sky had frozen solid.

So he brought some of this frozen water onto the Senate floor to show everyone, but 

mostly to show the eggheads. 33

26 Feb 2015
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Fortunately one thing has been changing 

in the past few years……..
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YOU !
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Environment and climate

Society

Immigration & integrationIncome & Economy

Health & elderly care

Volkskrant 4 January 2020

What do we care about most?
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PET bottle: €1.00
Willingness to pay for bio-based

N = 280
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How we select technologies for evaluation
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RNC Portfolio Management – Process 

Ideation Feasibility Development Piloting 

41



RNC Portfolio Management 

Pool of Ideas

• Bio based

• CO2

• Recycling

Winning 
Ideas

Prioritized based on

• Market Feasibility 

• Technical Feasibility 

• Strategic Fit 

42

8 factors



RNC Portfolio Management 

Pool of Ideas

• Bio based

• CO2

• Recycling

Winning 
Ideas

Prioritized based on

• Market Feasibility 

• Technical Feasibility 

• Strategic Fit 

43

8 factors

In Q4 2017, 70 ideas listed; 34 pre-selected ideas looked at; 12 ideas prioritized



Winning Ideas’ Discussion and Scoring 

 Scoring, after valuable discussion, on scale of 1 – 10 using a model for advanced 

technology projects

 Scored on following factors 

─ Probability of technical success

─ Probability of commercial success

─ Reward

─ Business strategy fit

─ Strategic leverage

 Scored with group of cross-functional personnel 

─ IP

─ Finance/Grants 

─ Business 

─ Operations 

─ Technical 

44

19 factors
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451 2 3 4
Stage Gate 

PoP experiments 

Preliminary 

process concept 

Proof of (Business) 

Concept

Approval for CPD

Preliminary 

Business Case

Budget and 

Operational Plan

Scale Up 

Update 

CPD(s) 

and 

Business 

Case

Strategic Hypothesis

Process status and technical risks

Pilot Plant EPC scope, schedule and cost

Intellectual Property status

Monetization Strategy

Deployment Scenarios

Partner Engagement Status

Budget & financing 



Techno-economics @ Avantium

• Starts with a good catalyst 
lead

• But there is a lot more to a 
good process than a good 
catalyst!

• We want a much better 
understanding of the factors 
that will influence the cost of 
our process and products

• So we use conceptual process 
design to help set our R&D 
goals

Process economics

Heat integration

Product workup & 
purification

Solvent recovery 
& recycle

Reactor design

Reaction 
conditions

Catalyst 



Start of development Phase
CPD. What is it ?

• Aim

– To find the cheapest way to 
convert raw materials into 
products

• Requires

– Expert chemical engineers

– A systematic methodology

– Specialised software tools

• Process screening

– Fail early: Some processes 
will never be economic

• Typically results in:

– 20 to 50% savings in cost

– Up to 50% reduction in time

• Physical property modelling (Aspen Properties)
• Reaction scheme definition
• Reactor evaluation (READPERT knowledge based 

system)
• Process concept brainstorming
• Process simulation & flowsheeting (Aspen Plus)
• Process costing (heuristic costing models)


