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Abstract  
An increased use of bio fuels would contribute to sustainable development by reducing greenhouse-

gas emissions and the use of non-renewable resources. Lignocellulosic biomass, including agricultural 
and forestry residues instead of traditional feedstock (starch crops), could prove to be an ideally 
inexpensive and abundantly available source of sugar for fermentation into transportation fuels. 
Cellulose, accessible surface area, protection by lignin, and sheathing by hemicelluloses all contribute to 
the resistance of cellulose in biomass to hydrolysis for the conversion to fuels. Our research had as 
objective the reduction of lignin by supercritical fluid extraction process by choosing optimal parameters 
of extractant, extraction time, pressure and temperature adapted on plant material used. Tests of lignin 
extraction with supercritical CO2 in laboratory facilities were performed on cobs and corn stalks. 
Parameters were followed biomass size (<2.35 mm, 2.35 to 3.5 mm), the influence of the type of solvent 
(methanol and butanol) and co solvent concentration (50-100%). The best results were obtained in 
extraction with methanol / water 50% v / v. Research is part of the ERA IB 6001, international project. 
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1. Introduction 

Biomass generally refers to the organic matter deriving from plants and that is generated 
through the photosynthesis. Carbon dioxide (CO2) from the atmosphere and water absorbed by 
the plants roots are combined in the photosynthetic process to produce carbohydrates (or sugars) 
that form the biomass. The solar energy that drives photosynthesis is stored in the chemical bonds 
of the biomass structural components (D. HALL, ROSILLO-CALLE, 1992[18]).  

Biomass resources can be classified according to the supply sector as forestry, 
agriculture, industry and waste. Agriculture biomass is formed from herbaceous crops (e.g. 
Miscanthus, reed canary grass, and giant reed) (HABERL and GEISSLER, 2000[7]), oil seeds 
for methyl esters (e.g. rape seed, sunflower, sugar crops for ethanol (e.g. sugar cane, sweet 
sorghum) (HOOGWIJK &al., 2003[9]), starch crops for ethanol (e.g. maize, wheat), straw, 
and pruning from vineyards and fruit trees (REIJNDERS, 2004[17]), livestock 
waste(PIMENTEL & al., 2005[16]). 

These are sources of energy because about 80% of the organic matter consists of 
polysaccharides. 
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Plants typically contain five types of tissue and different digestibility. Plant cell contains 
two major components: cell walls and contents. The content of cells consists of organic acid, 
soluble carbohydrates, fats and soluble ash. The cells wall content includes hemicelluloses, 
cellulose, lignin, cutin and some minerals. The plant biomass components are 40~45 wt% 
cellulose, 25~35 wt% of hemicelluloses, 15~30 wt% of lignin and up to 10% other 
compounds (A. T. W. M. HENDRIKS & al., 2009[8]). 

In most cell wall fractions are 60-80% of organic matter (V. B AGBOR & al., 2011[1]). 
Generally definition of lignin is a biopolymer in which hydroxyphenylpropane units such 

as trans-p-coumaryl alcohol, coniferyl alcohol and sinapyl alcohol are connected with ether 
and carbon-carbon bonds.( J. C.del RÍO & al, 2007 [6], T. KONDO & al., 1992 [11]). 

Lignin as another primary component of plant biomass, it contains many oxygen functional 
groups (phenolic compounds, hydroxyl, carboxyl, carbonyl groups, ether and ester bonds). 
Therefore, phenolic chemicals can be obtained from lignin by chemical decomposition processes.  

Biomass is potentially one of the most promising alternatives for electrical power 
production owing to its ecological advantages. 

Productivity in the use of lignocelluloses biomass for different purposes in getting that 
energy, bio ethanol, biodiesel is reduced due to the presence of lignin decomposing difficult 
and thus process yield is low. To decompose lignin there were used multiple pre-treatment. 

Many studies have been focused on the oxidative degradation of lignin aimed at 
producing useful low molecular weight aromatic compounds. These processes may be carried 
out by oxidation with nitro aromatics (H.L. CHUM, M.M. BAAIZER, 1985 [4]), using air in 
alkaline media, using ozone (F. BERTAUD & al, 2001[3]), electrochemical means (V.L. 
PARDINI &al, 1992[15]), enzymes (C. D. CRESTINI, 2001[5]) or peroxide mediated by 
various metal ions (Y.J. SUN, & al., 1999 [19]).  

 Another method used for separation of the lignin from lignocelluloses compounds is 
Supercritical Fluid Extraction which is the process of separating one component (the extractant) 
from another (the matrix) using supercritical fluids as the extracting solvent. Carbon dioxide 
(CO2) is the most used supercritical fluid, sometimes modified by co-solvents such as ethanol or 
methanol. In this state, carbon dioxide has the solvating power of a liquid and the diffusivity of 
a gas. In other words, it has properties of both a gas and a liquid. For supercritical CO2 the 
supercritical conditions are 31°C and 1,070 psi. This means that supercritical fluids work 
extremely well as processing media for a wide variety of chemical, biological, and polymer 
extraction procedures. Another powerful aspect of supercritical fluids is their ability to precisely 
control which component of a complex matrix are extracted and which ones remain behind. 
This is accomplished via the precise control of several key parameters such as temperature, 
pressure, flow rates and processing time. Because of higher diffusivity of a supercritical fluid, 
compared to a liquid, extraction rates are generally much higher than the corresponding 
solid/liquid extraction systems (L. MCDANIEL, 2001 [13]). Therefore, there are several 
advantages to using a supercritical fluid, supercritical CO2 as a solvent, including ease of 
solvent recovery, lower pressure drops, and lower mass-transfer resistance than liquids. 
Furthermore, and from a chemical perspective, there are additional advantages associated with 
the use of supercritical CO2.Supercritical fluids are of unique physical properties of can be 
exploited to control chemical reactivity. This is not possible with conventional solvents.  

The selectivity of nonpolar supercritical CO2 can also be enhanced by addition of modifiers 
(entertainers or cosolvents), which are typically polar organic solvents acetone, ethanol, methanol. 
Varying the proportion of modifier allows wide latitude in the variation of solvent power.  

Supercritical CO2 has demonstrated reactivity modulations that arise from the effect of 
pressure and temperature. 
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These reactivity modulations, which are actually governed by transition state theory, 
offer excellent opportunities for tuning and promoting reaction pathways occurring within 
complex substrates such as lignin (P.G. JESSOP, W. LEITNER, 1999 [10]). 

The research had as objective the reduction of lignin by supercritical fluid extraction 
process by choosing optimal parameters of extractant, extraction time, pressure and 
temperature adapted on plant material used. Tests of lignin extraction with supercritical CO2 

in laboratory facilities were performed on corn stalks 
 

2. Materials and methods  
Extraction of lignin systematic tests in laboratory facilities were carried out on two types 

of biomass from corn (cobs and stalks with particle size under 2.36 mm, cob and stalks of 
corn with a particle size between 2.36 and 3.35 mm) dried in an oven at 1050C, until reaching 
a constant weight, respectively dry matter. Biomass samples were ground in a laboratory mill. 
To determine the chemical composition of lignocelluloses biomass were used the gravimetric 
method of analysis VAN SOEST & al., 1980[20]and AOAC, 2000[2].These methods 
involved determining total solid substance (TS), ash and organic solids (OTS)  NDF (neutral 
detergent fibre), ADF (acid detergent fibre) and ADL (acid detergent lignin) and cellulose 
according with AOAC, 2000 method of analysis. 

The extractant used was carbon dioxide mixed with organosolvs which are methanol and 
butanol, either as such (100%) or in a mixture with water, in concentrations of (20% / 80%), 
(40% / 60%), (60% / 40%), (80% / 20%) v / v methanol / water, (50% / 50%) v / v butanol / 
water . Reagents used were of high purity properly for the chemical analysis. 

The amount of biomass extracted ranged from 20 to 30 g. Operating parameters used for 
all experiments was the same: 200 bar pressure, temperature 118oC, CO2 flow 4g/min, 4g/min 
cosolvent flow. Transient duration was 25-30min. At the end of the extraction, to remove the 
cosolvent, pure CO2 was fed for 30 minutes.  

Supercritical fluid extraction was performed on Thar SFE 100 system with the extractor 
volume of 0.1 L. Thar is developed for solvent-free pilot, laboratory scale supercritical fluid 
extraction system made by EVISA in collaboration with SHIMATZU. 

Statistical interpretations used are polynomial regressions. 
 

3. Results and discussions  
Our goals try to define the best pretreatment method to separate lignin from biomass, 

corn cob and stalks. Pretreatments must improve the digestibility of lignocelluloses material 
and each pretreatment has its own effect on the cellulose, hemicelluloses and lignin fractions. 

In the research were used two type of particles size of the biomass (2.36mm and between 
2.36mm to3.35mm), so was a mechanical pretreatment of corn. 

Another pretreatment used was organosolv process where were used organic solvent 
(methanol and butanol) in addition with water in different proportions. 

In addition to lignin removal, hemicellulose hydrolysis occurs leading to improved 
enzymatic digestibility of the cellulose fraction. 

During years there were made a lot of research in the direction of removal lignin from 
biomass. LEE & al., 1986[12] using methanol and butanol as organosolvs obtained a removal 
of 90% of lignin from corn stoves but in addition of sulfuric acid pretreatment. ZANG & al., 
2007[21] using a mixture of organic solvent acetone and phosphoric acid obtained a reduction 
of lignin with 50%, cellulose 95% and hemicelluloses with 79%. 
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O`CONNOR &al, 2007[14] using corn stove chopped and pre-soaked and ethanol 
obtained a reduction of lignin of 85%, cellulose 92% and hemicelluloses of 91%. 

In our case the pretreatment of organosolv methanol in different proportions in addition 
with supercritical CO2 condition at biomass with size less than 2.36mm determined a 
reduction of cellulose from 77.96% at 50% /50% v/v methanol/water, 82.35% at 60%/ 40% 
v/v methanol/water to 85.03% at 100% methanol mixture.(Fig.1) 

At hemicelluloses the proportions of reduction after pretreatments were between 74.54% 
at 50% /50% v/v methanol/water and 92.72% at 100% methanol mixture. 

Lignin compounds from biomass decrease at 50% /50% v/v methanol/water with 61.95% 
and at 80%/20% v/v methanol/water 29.34%  

  
Figure 1. The evolution of the content of cellulose, hemicelluloses and lignin 

in biomass corn size in the 2.36 mm from the supercritical fluid extraction process 
 
In the case of corn cob material with dimensions between 2.36-3.35 mm the removal of 

cellulose, hemicelluloses and lignin under the pretreatment with organosolvs and using supercri-
tical CO2 fluid process (Fig.2) decrease comparatively with the size of material under 2.36mm.. 

 

 
 

Figure 2. The evolution of the content of cellulose, hemicelluloses and lignin in biomass corn than 2.36 mm in 
size from the supercritical fluid extraction process (2.36-3.35 mm) 

 
Reducing of particle size is often needed to make material handling easier and increase 

surface/volume ratio. This can be done by chipping, milling or grinding. Mechanical 
pretreatment is usually carried out before a following processing step and the desired particle 
size is independent on these subsequent steps. 

ZIMBARDI & al., 2007 [22] studied corn stover chopped at different size and then 
treated with other pretreatments and showed that the percent of cellulose and other 
lignocelluloses components were attack better at fine dimensions of material analysed.  
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In our research the differences in solubilised lignin in the supercritical fluid process 
varied depending on the size of the plant material used and the concentration of the extraction 
solution as follows: 

- Depending on the size of biomass extraction subject material smaller than 2.36 mm 
resulted in a stronger extraction of lignin because of contact between the extraction 
and opencast material was higher; 

- Depending on the extracting concentration best results were obtained in 50% MeOH 
mixture.  

 

 
Figure.3. Correlations between lignin resulting from the extraction 

and concentration of extractant % MeOH/%water in v/v  
 
The correlation between lignin content after extraction with different concentrations of 

MeOH can be observed in fig. 3. It was used a polynomial correlation and the coefficient 
obtained is significant assured. 

Statistical interpretation of lignin extracted with different concentrations of MeOH 
(Fig.4.) shows that the best coefficient is obtained at small sizes of plant material used in 
extraction, coefficient is 0.9444.  

 

 
Figure.4. Correlations between lignin extracted from samples of different size and extracts 

 

 
Figure.5.The evolution of cellulose, hemicellulose and lignin in biomass corn 

size in the 2.36 mm from the supercritical fluid extraction process. Butanol extracts 
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Another pretreatment with organosolv used was butanol in amounts of 0, 50, 100%. From 
the results presented in figure 5 it can be seen that the extraction with butanol/water 50%/50% 
v/v registered the best extraction respectively 17.14% at cellulose, 20.90% hemicelluloses and 
15.21% lignin. 

Differences of two butanol and methanol extracts respectively (Fig. 6) are obvious. 
Original sample had the same average lignin content of 9.2%, but the concentrations of 100% 
and 50% methanol extract had a greater capacity for solubilisation of lignin. If butanol 
extraction is low even at a concentration of 50% methanol compare that achieved the best 
solubilisation of lignin was at 50%methanol. 

 

 
 

Figure.6. Lignin extracted with MeOH and ButhOH in corn samples 
 

Conclusions  
The differences in solubilized lignin in the supercritical fluid process varied depending on 

the size of the plant material used and the concentration of the extraction solution as follows: 
1. Depending on the size of biomass extraction subject material smaller than 2.36 mm 

resulted in a stronger extraction of lignin because of contact between the extraction 
and opencast material was higher; 

2. Depending on the extractant concentration best results were obtained in 50% MeOH 
mixture.  

Differences of two buthanol and methanol extracts respectively are obvious. Original 
sample had the same average lignin content of 9.2%, but the concentrations of 100% and 50% 
methanol extract had a greater capacity for solubilisation of lignin.  
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