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Novel lignin based thermoset polymers

Cellulose, Hemicelluloses

Lignin

Extractives

Processes Modification New materials



High performance thermosets
A polymer having a 3D network structure formed by covalent bonds

Structural parameters that determine the performance/properties

Chain rigidity (aromatics - lignin)
Crosslink density
Secondary bond interactions within the network
Network heterogeniety

and
Network formation process (step-wise vs chain-wise polym)
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Different possible approaches

A traditional route: 
Degrade to monomer, retrieve, purify, build resin

Alternative routes: 
Separate side streams
Fractionate
Functionalize

Practical issues:
Modifications either in solution or melt or in specific environment (inside 
cell wall, particle or fibre surface, lumen, dry/wet, etc.)
Characterization techniques needed
Selective reactions needed

Target performance/structure
Final structure AND how to get there
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Potential route for lignin as a building block

Selective functionalization

5

Choice of specific
Crosslinking chemistry

Select lignin fraction

Thermoset resin



Typical OH groups in technical lignin
O OHO OH

phenolic Benzylic Aliphatics Carboxylic 
acids

Conjugated 
Carboxylic 

acids

Conjugated 
Aliphatics

All groups have intrinsically different reactivities and possible reaction pathways



Lignin phenols and free radicals – what is special?

phenolic

Free radical scavenger

Numerous resonance forms of phenoxy radicals

Radical chemistry NOT disturbed by water

Statistical distribution of reaction products (not very 
selective)

Radical reactions can be reversible

Phenolic units in a thermoset resin may cause problems => modify the phenols



One example – Lignin phenols
Towards a thermoset resin platform
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Selective modification to high
conversions and yields

OH

OH

O

Cl

Coniferyl Alcohol
• Main constituent in softwood Lignin
• Aliphatic hydroxyl, phenolic hydroxyl &

conjugated double bond

Allyl Chloride
• “Slow” Leaving Group
• Established industrially



Selective modification to high conversions
and yields

Balance between nucleofilicity of of the different potential nucleofiles
and the leaving group present.



Selective modification to high conversions
and yields
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M. Jawerth, M. Lawoko, S. Lundmark, C. Perez-Berumen, M. Johansson ”Allylation of a lignin model phenol: A highly 
selective reaction under benign conditions towards a new thermoset resin platform” RSC Advances 6, 96281 - 96288 (2016)



Thermoset via thiol-ene crosslinking
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M. Jawerth, M. Lawoko, S. Lundmark, C. Perez-Berumen, M. Johansson ”Allylation of a lignin model phenol: A highly 
selective reaction under benign conditions towards a new thermoset resin platform” RSC Advances 6, 96281 - 96288 (2016)



Application on real technical lignin 
fractions - Solvent fractionation

EtOH
MeOH

Insoluble

Mass balance

Fraction Mn (g/mol) Mw (g/mol) PDI %
L-KL1 Initial 1122 6850 6.1
L-KL2 AcOEt 412 846 2.05 16.2
L-KL3 EtOH 825 2106 2.60 37.0
L-KL4 MeOH 1735 3435 1.98 8.2

L-KL5 Acetone 2808 5392 1.92 7.0
L-KL6 

Insoluble
6400 17700 2.77 31.7

Antoine Duval, Francisco Vilaplana, Claudia Crestini. Martin Lawoko, “Solvent screening for the fractionation of industrial 
kraft lignin” Holzforschung, 2016, 70, 11-20



Allylation of EtOH soluble fraction

??+



Starting material – EtOH soluble fraction, 31P-NMR

Aliphatic
Hydroxyls

Condensed
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Acid

Non Condensed
Phenols



Allylation of EtOH soluble fraction

0% Conv. aliphatic OH
90% Conv. aromatic OH

Groups Mw (g/mol) PDI
KL3 EtOH 2106 2.60
Allylated 2300 2.88

150 145 140 135

 L-KLEtOH

AcidsAliphatics

ppm

 Allyl-L-KLEtOH

C5-condensed

Non-condensed

Phenolics

M. Jawerth, M. Johansson, S. Lundmark, C. Gioia, M. Lawoko “Benign synthesis of novel bio-based thiol-ene thermosets 
from a selectively allylated Kraft lignin fraction” ACS Sustainable Chemistry and Engineering 5, 10918-10925 



HSQC-NMR

M. Jawerth, M. Johansson, S. Lundmark, C. Gioia, M. Lawoko “Benign synthesis of novel bio-based thiol-ene thermosets 
from a selectively allylated Kraft lignin fraction” ACS Sustainable Chemistry and Engineering 5, 10918-10925 



Thermal curing
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M. Jawerth, M. Johansson, S. Lundmark, C. Gioia, M. Lawoko “Benign synthesis of novel bio-based thiol-ene thermosets 
from a selectively allylated Kraft lignin fraction” ACS Sustainable Chemistry and Engineering 5, 10918-10925 



Examples of other possibilities – posters 
yesterday

Nicola Giummarella: Biomimetic green synthesis for lignin 
based materials

Claudio Gioia: Lignin based epoxy resins for  epoxy/amine
thermosets



Conclusions

Advances in separation, fractionation, and characterization of
lignin structures has enabled the use of lignin as a source for 
new material applications.

Chemical transformation of lignin fractions allows the material 
properties to be tailored.

.
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