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• Lignins: versatile natural phenolic polymers

• Multifunctionality of industrial lignin-derived
products

• Strategy for lignin engineering in Zelcor project
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“Lignins: Natural polymers from oxidative coupling of 4-hydroxyphenylpropanoids”

(Ralph et al., 2004)

(Boerjan et al 2003)

Lignin model



Main monolignols and their possible bonding 
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b-O-4 bonds

Condensed bonds

• Proportions function of botanical origin, 
plant tissue, development stage, 
environmental factors

• Controled by genetic and physico-
chemical phenomenon

p-Coumaryl alcohol H

Coniferyl alcohol G

Sinapyl alcohol S



Mechanisms of polymerisation
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Monolignol

Enzymatic oxidation
(oxido-reductases)

(Wang et al 2013)

 



Lignins: a « recalcitrant » material
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• Non soluble polymer in most common organic solvents

• Creation of resistant carbon-carbon bonds during conversion processing

• Drastic treaments required for extensive depolymerization

< 200°C  partial depolymerization

200-400°C  up to 80% bio crude oil
production with maximum 20% phenolic
monomer yield / lignin

> 400°C  loss of the phenolic monomers
structures



… with broad multifunctionality
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 Bio-based molecules of interest for chemicals, plastics, and cosmetics industries
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http://www.upmbiochemicals.com

… and existing markets
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Phenol-formaldehyde resins partially based on lignins
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https://www.borregaard.com/Products-Solutions

INNVENTIA, “Biorefinery within the Pulp & Paper sector”, 2009.
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Functional groups of technical lignins

 

Phenols 

 

Catechols (soda and Kraft process) 

 
Methoxyls  

Enol ethers (Kraft process) 

 

Aliphatic alcohols 

 
Ethyl ethers 

(ethanol process in acidic medium) 

 

Carboxyls and carbonyls 

 

Sulfonates (bisulfite process) 
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Water soluble polyelectrolytes

Self-assemblying and 
stabilisation of dispersions

(Li and Peng, 2015)

Lignosulfonates specificities



Possibility to select lignins to meet user requirements
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Mn (g mol
−1) 15,000–50,000 1000–3000 500–5000 800–3000

Mw / Mn 6–8 2.5–3.5 1.5–2.5 2.5–3.5

Tg (°C) 130 140–150 90–110 140

(Laurichesse and Averous, 2014)
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Human cell protection against oxidative stress
(Vinardell et al. 2008)

Product EC50 (μg/ml)

Soda lignin 44,9 ± 6.7

Lignosulfonates 133,6 ± 9.0

Kraft lignin 85,9 ± 4.6

Steam explosion 74,6 ± 1.0

(−)-Epicatechin 42,3 ± 3.0

Lignin antioxidant properties
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Formation of a phenoxy radical by transfer of one electron to the DPPH
radical and stabilisation of the phenoxy radical through resonance effect

Radical scavenging mechanism
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Film polylactic acid (PLA) – lignins

(Domenek et al 2013)
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Figure 3.6. Films de PLA avec incorporation de : A) 3% m/m et B) 10% m/m d’une fraction 

de lignine alcaline de résidu de canne à sucre, produits par casting avec dissolution du PLA 

dans le chloroforme et de la lignine dans un mélange chloroforme/éthanol 80/20 v/v puis 

séchage à l’air ambiant. 

Use of lignin as antioxidant in multifunctional films



Zelcor project
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This project has received funding from the Bio Based Industries Joint Undertaking under the
European Union’s Horizon 2020 research and innovation program under grant agreement No
720303
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This project has received funding from the Bio Based Industries Joint Undertaking under the
European Union’s Horizon 2020 research and innovation program under grant agreement No
720303

Concept



Solvent selective extraction of lignin oligmers
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Figure 3. 9. Masses molaires moyennes en masse (Mw) et en nombre (Mn) d’échantillons de 

lignines de graminées et de leurs fractions solubles dans l’éthanol. L’extraction à l’éthanol 

permet une extraction sélective des monomères et oligomères et conduit à des extraits 

standardisés. Lignines organosolves OS-A, OS-B, OS-C et lignines alcalines AL et AL 

extracted.  

Average molar masses of grass lignins and their ethanol soluble fractions 
(OS=organosolv lignin; AL=alkali lignins)
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Target of IL treatment: ether bonds 

Methoxyl groups

b-O-4 bonds

Release of lignin fragments and 
monomers with higher content of 
phenolic groups

Lignin depolymerisation using ionic liquids (IL)

Imidazolium based ionic liquid
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Evidence of demethylation

(Thierry et al., 2018)

Thioacidolysis – GC MS
 lignin units involved in the polymer through b-O-4 bonds
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Evidence of demethylation

(Majira et al., 2019)

Direct GC-MS analysis of the free monomer fraction

Depolymerisation products = powerfull antioxidants (> BHT)



IL treatment of soda lignin fractions
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Fractionation scheme

Soda Lignin

PROTOBIND 1000

GreenValue

Enterprises LLC

Lignin-derived

products

Treatment in 

ionic liquid
H2O/EtOAc

extraction
Soluble 

products

Insoluble 

products

Solvent sequential

extraction

Fractions

Antioxidant properties of the products
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Recovery of final oligomer extracts with improved functionalities
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Interest of combining fractionation with
depolymerisation



Interest of combining fractionation
with depolymerisation
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Lignin
= phenolics

+ carbohydrates + 
ash

+ proteins, …

Extraction 
(solvent 1)

Phenolic extract 1
✓ Functional

(soluble, biologically active, antioxidant)
✓ Standardised Mn and Mw*

31%
AOP x 1.5

PhOH x 1.5

Extraction (solvent 2) 
+ depolymerisation

Phenolic extract 2
✓ Functional

(soluble, biologically active, antioxidant)
✓ Standardised Mn and Mw*

3%
AOP x 3.6

PhOH x 3.1

By-product 2
✓ Antioxidant

14%
AOP x 2.7

Extraction (solvent 3) 
+ depolymerisation

Phenolic extract 3
✓ Functional

(soluble, biologically active, antioxidant)
✓ Standardised Mn and Mw*

1.5%
AOP x 1.2

PhOH x 4.5

By-product 3
✓ Antioxidant

15%
AOP x 2.4

Lignin
fraction suitable for 

bioconversion 
✓ Detoxified
✓ Rich in carbohydrates

*600-800 gmol-1

Residue

Residue
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Current developments

• Efforts to reduce the environmental impact of the process
→ reduction of solvent consumption, IL recycling

• Design of bioreactors for the conversion of the residues

• Formulation and assessment of products (skin care cream, 
plastics, colloidal lignin particles, …) 

• Large-scale production of enzymes for lignin functionalisation



• Zelcor project consortium

• Université de Versailles St-Quentin-en-Yvelines

• Institut de Chimie Moléculaire et des Matériaux d'Orsay

• UMR1318 IJPB Apsynth team and « Observatoire du végétal »
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Thank for your attention 


