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Introduction CRUDE OIL: main source of fuels and 
chemicals 

•  Decrease in fossil fuel reserves 
•  Global energy crisis 
•  Environmental impact of oil production processes 

Clean fuels and chemicals with high added value from 
alternative sources 

Need / Oportunity:  
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Lignin 
Hemicellulose 

Cellulose 

LIGNIN 
•  Represents between 15-40% by dry weight of plant biomass. 
• The pulp and paper industry produces over 50 million tonnes of lignin annually as 
byproducts. 
•  Only approximately 2% of technical lignin is isolated from the sulphite pulping process as 
lignosulfonate. The majority of the dissolved lignin in the Kraft pulping process is burn to 
recover cooking chemicals and to generate energy 

LIGNOCELLULOSIC BIOMASS: abundant and renewable 
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Model structure of 
softwood lignin 

Lignin	is	a	highly	branched	polymer	with	a	
variety	of	func8onal	groups		
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SURFace	ACTive	AgeNT	
SURFACTANT	

Lignin contains both hydrophobic and hydrophilic groups presenting, depending on the 
conditions, which makes it  surface-active 

Hydrophobic 
part  

Hydrophilic  
part  

Oil  
or  
Air 

Water 
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Introduction 
To enhance surfactant properties of lignin is necessary to change existing functional 

groups in order to change its hydrophilic-lipophilic balance (HLB)  

Chemical 
modification 

ü  Esterification 
ü  Sulfonation 

ü  Oxidation 

ü  Co-polymerization 

ü  Alquilation 

Despite lignin’s complex structure, it can be considered as an 
inexpensive, multifunctional macromolecule that can be upgraded 
for high-value applications  



Objectives 

To modified Kraft lignin with alkenylsuccinic 

anhydrides having various chain lengths to 

enhance surface activity.  



Experimental 

Reactives 
•  Pine Kraft Lignin (LA). 

•  Nonenylsuccinic anhydride (NSA, Merck).  

•  Dodecenylsuccinic anhydride (DSA, Aldrich). 

•  Hexadecenylsuccinic anhydride (HSA, TCI America). 

•  N,N-Dimethylformamide (DMF, Merck). 

•  Hydrochloric acid (Merck) 



Experimental 

Figure 1. Reaction of esterification of lignin with 
alkenyl succinic anhydrides 



Experimental 

Reaction conditions 

Derivative T (°C) t (s) P (W) C (mmol) 
  

NNSAL 100 180 600 0,715 
  

DDSAL 80 180 800 0,590 
  

HDSAL 80 90 600 0,370 
  

Table 1. Reaction conditions to obtain lignin derivatives 
NNSAL, HDSAL and DDSAL under microwave heating. 

T= temperature; t= time; P= power; C= anhydride mass/100 mg of 
lignin 



Experimental Equipment  

Milestone ETHOS 
O N E s y n t h e s i s 
microwave.  

L a b c o n c o 
LY P H . L O C K 
freeze dryer. 

P e r k i n E l m e r 
Fourier transform 
i n f r a r e d 
s p e c t r o s c o p y 
(FTIR). 

Du Nouy r ing 
tensiometer. 



Results 

Figure 2. FTIR spectra of unmodified (LA) and esterified lignins 
(NNSAL, DDSAL and HDSAL) 



Results 

Figure 3. Surface tension-concentration isotherms for (a) Comparison between 
unmodified lignin and derivatives. (b) NNSAL (c) DDSAL (d) HDSAL 



Results 

 	 Surface tension (mN/m) at 
10.000 ppm  	

CMC	

(ppm)	

Surface tension (mN/m) at 
CMC	

Lignin	 41,7	 ND	 ND	

NNSAL	 33,5	 625,00	 35,8	

DDSAL	 30,0	 195,25	 31,7	

HDSAL	 33,0	 156,25	 31,7	

Table 2. Surface tension and CMC values of Lignin, NNSAL, 
DDSAL and HDSAL 

ND= Not detected 



Conclusions 

•  The results suggest that NSA, DSA and HSA introduction into technical lignins is a 

very useful and facile derivatization to obtain surfactants, because all esterified 

derivatives did strongly depress surface tension of DMF-water, and showed clear CMC 

compared to the starting lignin, under conditions which the measurements were made. 

  

•  The increase in the number of carbon atoms in the anhydride alkenyl chain is an 

inversely proportional to the CMC due to the hydrophobic effect. 



Conclusions 

Most important to this study is the fact that wood-

derived lignins can be considered as an alternative to 

synthetic surfactants in related applications; they show 

not only the required surface activity but they are 

inexpensive, green macromolecules that are widely 

available. 
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