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Organic 
Chemistry

• Excellence in research and 

education

• Expertize in organic chemistry at 

molecular level (structure, reactivity 

& chemical and biological 

properties)

• New functional molecules and 

materials by sustainable chemistry
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Valorization -
application driven 

research 

• Fundamental 
chemistry (structure

and reactivity)
• Organic synthesis

& toolboxes for 
chemical modification
• Bioactive molecules

312.2.2024

Research areas & activities
Biomass & 

Biopolymers

Lignin, cellulose, 
hemicelluloses

Natural products & 
carbohydrates

Polyphenols, mono and 
oligosaccharides

Environmental
Chemistry 

Pharmaceuticals in the 
environment, waste

water treatment

Advanced
analytical tools: 
NMR and MS



Lignin – How do we want to use ligning?
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- As a macromonomer?
- As an antioxidant? 
- As antimicrobial agent? 



As a macromonomer i resin and polymer chemistry

• Lignin can be used as a macromonomer in co-polymers, where lignin is 
covalently bound.

• In most cases the phenolic as well as the aliphatic OH-groups are used as a 
polyol structure to replace other (synthetic) polyols. 

• Thermosets and resins: Phenol-formaldehyde resins, epoxy resins, 
polyurethanes, acrylates.

• Thermoplastic co-polymers: Lignin grafted copolymers where lignin is a 
macromonomer/macroinitiator

often as polyesters or acrylate.
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Lignin a polyol macroinitiator
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Lignin co-polymers – Lessons learned from 
LigninReSurf!

Problems with (in some cases)

– Solubility & miscibility in different formulations

– Compatibility, phase separation
– Curing (in UV curable formulations)

Structure – performance – relationship 

=> Low molar mass fractions tend to perform better

- better solubility

- higher OH-group content

- better reactivity
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Best performanceDepolymerization?



Depolymerization
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• Monomeric platform chemicals are 
often the target

• Yields are typically 1-20%

• Depolymerization to lower the Mw –
production of oligomers is less 
explored



Depolymerization of BLN-Lignin
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Influence of catalyst and solvent on kinetics and product distribution

Ru/C, T=240℃, P0(H2)=20 bar

Depolymerization of lignin
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Tailored polyphenols

and polyols from fractionation 

and depolymerization of 

biorefinery lignins (Depoly2ols)

Patrik Eklund, Chunlin Xu, Henrik Grénman
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Project period: 1.1.2024 - 31.12.2026 
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• This project aims to develop a tailored and optimized process for 
reductive depolymerization of lignin (continuous reactors) combined with 
separation of lignin based oligomers.

• The potential production of polyphenolic oligomers from different 
biorefinery lignins for applications in polymer and resin chemistry and as 
antioxidant and antimicrobial agents will be investigated

• Modelling of large-scale production

Project overview and objectives

12.2.2024

Flemish Institute for Technological Research



Lignin from
different
sources 

(hardwood, 
softwood, straw, 

husk)

Kraft
Hydrolysis

Soda
Organosolv

Lignin providers:
CH Bioforce, Boreal 
biproducts, UPM, 

Metgen

WP1

WP5

WP2 WP 3

Feedstock 
fractionation
and possible 

pre-treatment 

Catalytic 
depolymerization

Separation,
purification & 

characterization
Development of 

continuous 
reactor system 
and continuous 

separation

Coordination, dissemination & international cooperation

Testing of fractions 

- Adhesives (acrylates, co-polymers)

- Resins (phenol, epoxy, urethanes etc.)

- Antioxidant/antimicrobial

- ...

WP 4Biorefinery

Valmet
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• SU (Sipponen)

• ÅA (Eklund, Grénman, Xu)
• ÅA (Grénman, Eklund)

• VITO (Feghali, 

Vanbroekhoven)

• ÅAU (Eklund, Lassfolk)

• BOKU (Rosenau)

• ÅAU (Eklund, Xu, 

Grénman)

• VITO (Feghali, 

Vanbroekhoven)

Fractionation &  
separation

Purification & 
characterization

Applications
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Research 
teams

Tailored depolymeri-
zation

TASKS

12.2.2024
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Characterization



172/12/2024

HPLC/HPSEC-MS-LS-VS-RI

MSD XT  >3000g/mol

NMR:
600 MHz with Prodigy TCI (inverted CryoProbe)
3x500 MHz, 2 with Smartprobe, 1 with Prodigy BBO (CryoProbe)
400 MHz with CP-MAS (solid state) , HR-MAS (semisolid state)
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