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Outline

• Technical lignins and their markets

• A strategy to manage variability and exploit heterogeneity

• Activity of a lignin ethyl acetate extract
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By-products of lignocellulose transformation

What are technical lignins ?
(Vishatal and Kraslowaski, 2011; Constant et al. 2016; 

Takkellapati, 2018; Balaksin et al 2021)
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Selective dissolution 
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• Composition of 3 types of biorefinery lignins (Zelcor project)

• SL=grass soda lignin (Protobind 1000, Green value LLC)

• HL=wheat straw residue from ethanol production (Futurol project)

• AL= softwood acidic lignin (Dawn technology)

Heterogeneous and variable raw materials

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

* acid soluble lignin, uronic acids, extractives, proteins

*
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• Solubility of some technical lignins in aqueous and organic solvents

• SL=soda lignin 

• HL=residue from ethanol production

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

(Rivière et al., 2021)
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• High purity (up to 95% lignin content)  advantage for organic synthesis

• Solubility in common organic solvents (e.g. aqueous ethanol, acetone)

• Hydrophobicity (non soluble in water)

• Low molar masses (Mw < 5000 g.mol-1) and polydispersity (~2)  possibility 
to get standardized extracts

Particularity of organosolv lignins

SL SL extracted
(CH2Cl2)

SL SL extracted
(CH2Cl2)
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A 2% global annual market increase forecast 

Interest and market for lignins

• Grand View Research survey (2020) - Lignin Market Size, Share & Trends 
Analysis Report By Product (Ligno-Sulphonates, Kraft, Organosolv), By 
Application (Macromolecule, Aromatic), By Region, And Segment 
Forecasts, 2020 – 2027
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Existing applications for 20 years



www.pulp2value.eu – 9 –FinnCERES Flagship meeting, 14 October 2021, online

Multifunctionality still unexploited

 Potential applications as bio-based additives in plastic films for mulching, 
active packaging or biomedical materials

Bottleneck: need to characterize lignin structure and manage its variability



www.pulp2value.eu – 10 –FinnCERES Flagship meeting, 14 October 2021, online

Integrated cascading approach

A strategy to manage variability and 
exploit heterogeneity

• Combined solvent extraction - depolymerization - bioconversion 

Technical lignin
= phenolics

+ carbohydrates
+ ashes

+ proteins, …

1st stage extraction
(ethyl acetate, EA)

Functional phenolic extract (32%)
✓ Soluble, biologically active, antioxidant
✓ Standardised Mn and Mw (600-800 g.mol-1)

2nd stage extraction
(ethanol)

Lignin fraction suitable for 
depolymerization (34%)

✓ Less recondensations

Residue suitable for 
bioconversion (34%)

✓ No toxic phenolics
✓ Plant cell-wall polymers

(Majira et al., 2019)

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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Characterization of the fractions (soda lignin)

• Composition 

Initial 
lignin

Ethyl acetate
extract

Ethanol 
extract

Final 
residue

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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Characterization of the fractions (soda lignin)

• Molar mass distribution (Mn and Mw, g.mol-1)

• Ethyl acetate extract: Mn=1015; Mw=1260  LMM oligomers (DP=5-6)

• Ethanol extract: Mn= 1000; Mw=2500  HMM oligomers (DP=5-12)

• Non soluble residue: Mw and Mn non determined  polymers

• Monomer composition of the initial lignin (extracted by EA)

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

Characterization of the fractions (soda lignin)

• Mapping of functional properties
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Activity of the EA extract

• Antioxidant properties

• In HDPE: Oxidation Induction Time (OIT, min)

• In solution: DPPH scavenging test (EC50, mg.mL-1)

• Radical formation protection: Oxygen Radical Absorbance Capacity (ORAC)

• AAPH test against a fluorophore

(Vachon et al., 2020)

(Majira et al., 2019)

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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• Correlation between phenol groups content and antioxidant properties

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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• Antimicrobial properties
• In HDPE: Growth factor reduction (Log) after 24h incubation

• Against S. Aureus (gram+)

• Against E. Coli (gram-)

PE-EA extract PE-initial SL PE-HL

(Vachon et al., 2020)

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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• Anti-insect properties
• In HDPE: invader test against Sitophylus oryzae

(Vachon et al., 2020)

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



www.pulp2value.eu – 18 –FinnCERES Flagship meeting, 14 October 2021, online

• Anti-insect properties
• In HDPE: penetrator test against Plodia Interpunctella

(Vachon et al., 2020)

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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Conclusions

• Necessity to take into account the ethyl acetate extractible fraction for 
lignin valorization

• Favor side-chain reaction during depolymerizing treatments

• Negative impact on lignin bioconversion by insects 

• Source of valuable molecules (multifonctional properties)

• Industrial processes to be developed for the product of such a fraction

• Advantage of grass soda lignins

• Cleavage of ester bonds with release of p-hydoxycinnamic acids

• Selective dissolution of compounds with higher phenol contents 
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Thanks for your attention !


