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Context 

 Lignin is a cross-linked phenol polymers from plant cells wall (Fig. 1). 

 It’s the third most abundant organic material after cellulose and 

hemicelluloses.  

 Lignin was studied as a flame retardant for various polymers and 

represents an interesting opportunity to create more eco-friendly and 

safer plastics and resins.  

 
Lignin in flame retardant formulations:  

 Chemically modified or not (e.g. phosphorylated) 

 Tested in epoxy compounds1, PLA2, PP3, ABS4 and polyurethane 

foam5.  

 Improvements: 

o Peak of heat release ↓ (30% for phosphorylated lignin 

20% in ABS)2, 4 

o Mechanical properties of foam ↑2 

o Level of char residue ↑3, 5 

o Limiting Oxygen Index ↑2 

o Combustion time ↑3 

 

Pretreatment technologies:  

 Chemical treatments:  

o Acidic 

o Alkaline  

o Organosolv pretreatments (Fig.2) 

o Ionic liquids… 

 

 Physicochemical treatments:  

o Ammonia fiber explosion 

o Steam explosion 

o Wet oxidation… 

 Physical treatments 

 Biological treatments 

 

Valorization of lignin: autonomous or integrated strategies?  

 Autonomous biorefinery: separation and valorization of each biomass component from vegetal waste in a dedicated plant. 

 Integrated biorefinery: valorization of byproducts from a preexisting process (e.g. lignin from Kraft process in the pulp and 

paper industry). 

Conclusion:  

Several technologies can extract lignin with high yields (Organosolv, 

Kraft,…) and different qualities.  

This material is produced in large quantity and is often considered as 

a byproduct.  

Higher value applications like flame retardants are consequently 

promising valorization ways. 

 

References: 

1. Alalykin a. a., Vesnin RL, Kozulin D a. Preparation of modified hydrolysis lignin and its use 
for filling epoxy polymers and enhancing their flame resistance. Russian Journal of Applied 
Chemistry. 2011;84(9):1616-1622. 
2. Réti C, Casetta M, Duquesne S, Bourbigot S, Delobel R, Re C. Flammability properties of 
intumescent PLA including starch and lignin. Polymers for Advanced Technologies. 
2008;19:628-635.  
3. Zhang J, Fleury E, Chen Y, Brook M a. Flame retardant lignin-based silicone composites. 
RSC Adv. 2015;5(126):103907-103914.  
4. Prieur B, Meub M, Wittemann M, et al. Phosphorylation of lignin to flame retard 
acrylonitrile butadiene styrene (ABS). Polymer Degradation and Stability. 2016;xxx:1-12.  
5. Xing W, Yuan H, Zhang P, Yang H, Song L, Hu Y. Functionalized lignin for halogen-free 
flame retardant rigid polyurethane foam: preparation, thermal stability, fire performance 
and mechanical properties. Journal of Polymer Research. 2013;20(9):234. 
Fig.1: https://upload.wikimedia.org/wikipedia/commons/c/c0/Lignin.png 

 

 

 

 

Cellulose

Biofuels

Building blocks

Fibers / 
Biocomposites

 

Hemicelluloses

Biofuels

Building 
blocks

 

 

Lignin

Energy

Additives 
and plastics

Fig.  1 

Fig. 2 

 

Chimie verte et Biotechnologie blanche, 

deux industries d'avenir 

12 June 2016  

Lignin 

structure 

 

Organosolv 

pretreatment 

http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjB35qQw8DLAhWkK5oKHfh5A8gQjRwIBw&url=http://www.biocore-europe.org/page2a3c.html?optim%3DChemical-and-thermochemical-transformations&bvm=bv.116636494,d.d2s&psig=AFQjCNFHJ3ce5EDyiHu08NTXclkLfzwnjA&ust=1458056833443437
http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiU9pzq1bjLAhXjBZoKHcayCTAQjRwIBw&url=http://www.gembloux.ulg.ac.be/&psig=AFQjCNHtJxstUnLGZ3gf4ngok_5-gwibRg&ust=1457786975780712
http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjGj86F1rjLAhWEAJoKHTKDA2AQjRwIBw&url=http://www.cifful.ulg.ac.be/&bvm=bv.116573086,d.bGs&psig=AFQjCNHHjo8CbNwSdkfKwpq0ZLbKahvJAA&ust=1457787025044829

