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Abstract: Activated carbon is unique and versatile adsorbents having 
extended surface area, micro porous structure, universal adsorption effect, 
high adsorption capacity and high degree of surface reactivity. 
Activated carbons are synthesized from variety of materials. Most commonly used 
on a commercial scale are cellulosic based precursors such as peat, coal, lignite, 
wood and coconut shell. Variation occurs in precursors in terms of structure 
and carbon content. Pine Wood is found to be one of the valuable raw materials for 
the production of highly porous activated carbon and other important factor is its 
high carbon content. Exploration of good low cost and non–conventional 
adsorbent may contribute to the sustainability of the environment and offer 
promising benefits for the commercial purpose in future. Pyrolysis is carried out in 
absence of oxygen and under the vacuum condition to enhance the surface area 
and to develop interconnecting porosity. Activated carbon produced from biomass 
is cost effective as it is easily available as a waste biomass. 
Activated carbon produced by pyrolysis process has higher surface area of 969.075 
m2/g. 
Keywords: Activated Carbon, Pyrolysis, Pine Wood, Biomass, Surface Area, Porosity 
 

1. INTRODUCTION 
Biomass is the most abundantly available raw material on the Earth for the 
production of bio–fuels, mainly bio–ethanol. It is composed of carbohydrate 
polymers (cellulose, hemicellulose), and an aromatic polymer (lignin). 
These carbohydrate polymers contain different sugar monomers (six and 
five carbon sugars) and they are tightly bound to lignin. Waste biomass is 
produced as a low value by-product of various industrial sectors such as 
agricultural (sugarcane bagasse, straw etc.), forestry (saw mill and paper 
mill discards). Energy crops are crops with high yield of biomass produced 
to serve as a raw material for production of second generation biofuel 
examples include grass. Both the cellulose and hemicellulose fractions are 
polymers of sugars, and thereby a potential source of fermentable sugars, 
or other processes that convert sugars into products. Hemicellulose can be 
readily hydrolysed under mild acid or alkaline conditions. The cellulose 
fraction is more resistant and therefore requires more rigorous treatment. 
[2,4,30]. 
 Cell wall of plants 
Different plant species and different developmental stages of the plant, 
tissues and cells vary in the structure and composition of the plant cell wall. 
A differentiation in the plant cell walls is made in the primary wall layer, a 
flexible layer which is formed as the cell is still capable of growing. During 
the cell formation the middle lamella and primary wall are formed first. 
The subsequent cell– thickening is onset when the bulk of cellulose and 
hemicellulose are deposited in the secondary wall. The secondary wall 
layer, which is formed after the cell is fully grown; and the middle lamella 
gluing the plant cells. The plant cell wall is highly organized and contains 
networks of polysaccharides, proteins and aromatic substances. The cell 
walls form the exterior of the plasma membrane and serve multiple 
purposes. They prevent membrane rupture, are involved in cell size and 
shape determination and control the rate and direction of cell growth. By 
providing rigidity to the plant cells, the walls function as the skeleton of the 
plant. The quantity of the main components of wood differs if it is softwood 
or hardwood. [22,23]. 
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 Cell wall composition 
The secondary cell wall is composed of the carbohydrate polymers cellulose and hemicellulose, 
lignin and some minor components, like proteins and minerals. Biomass typically contains 55–
75% (w/w) of polysaccharides, built–up of various pentose and hexose units. [22,23]. 
 Hemicellulose 
Hemicelluloses are the second major components of plant cell walls, which are found in the primary 
and secondary cell walls of land and fresh water plants, and in some seaweed. It’s a group of 
heterogeneous polysaccharides. Hemicelluloses are associated with cellulose and are usually a 
mixture of monosaccharide such as D–xylose, L–arabinose, D–glucose, D–galactose, D–mannose, 
D–glucuronic acid, 4–O–methyl–D–glucuronic acid and D–galacturonic and to minor amount of 
L–rhamnose, L–fructose and a variety of O–methylated neutral sugars. These complex 
polysaccharides are non–crystalline polymers and form hydrogen bonds with cellulose and 
covalent bonds with lignin. Hemicelluloses differ from cellulose not only in crystalline aspect but 
also in Degree of Polymerization (about 100 in softwoods and about 200 in hardwoods) and in 
molar mass, being significantly lower for hemicelluloses. Their general formula is (C5H8O4) n for 
a pentosan and (C9H10O5) n for a hexosan. Considerable differences exist in hemicellulose 
composition and structure between softwood and hardwood. Hardwood contains mostly Xylan, 
whereas softwood contains mostly galactoglucomannans. Softwood Xylan cannot be directly 
extracted with alkali as it is necessary to first delignify the cellulose. Some studies on utilization of 
hemicellulose have demonstrated that they are potentially very useful. The hemicelluloses extracted 
from wheat straw have the ability to serve as adhesives also as thickeners and emulsifiers in food. 
[20,22,23]. 
 Xylan 
The most abundant hemicelluloses in nature are xylan. Xylan is the main hemicellulose components 
of secondary cell walls constituting about 10–30% of the biomass of hardwoods and herbaceous 
plants. In some tissues of grasses and cereals Xylan can constitute up to 50% of the biomass. Xylan 
comprise a β– (1→4)–D–xylopyranose backbone, which can be substituted with short 
carbohydrate chains based on L–arabinose, 4–O–methyl–D–glucuronic acid, D or L–galactose or 
D–glucuronic acid. The botanical source strongly determines the specific features with respect to 
type, amount, position and distribution of substituent over the xylan backbone. Xylan containing 
few substituents tends to self–associate, forming aggregates with a low solubility. [20,22]. 
 Xylose 
Xylose is a sugar first isolated from wood, and named for it. Xylose is classified as a monosaccharide 
of the aldopentose type, which means that it contains five carbon atoms and includes 
a formyl functional group. It is derived from hemicellulose, one of the main constituents of biomass. 
Like most sugars, it can adopt several structures depending on conditions. With its free carbonyl 
group, it is a reducing sugar. The acyclic form of xylose has chemical 
formula HOCH2(CH(OH))3CHO. The cyclic hemiacetal isomers are more prevalent in solution and 
are of two types: the pyranoses, which feature six–member C5O rings, and the furanoses, which 
feature five–member C4O rings (with a pendant CH2OH group). Each of these rings subject to 
further isomerism, depending on the relative orientation of the anomeric hydroxy group. Xylose is 
the main building block for the hemicellulose xylan, which comprises about 30% of some plants 
(birch for example) far less in others (spruce and pine have about 9% xylan). Xylose is otherwise 
pervasive, being found in the embryos of most edible plants. [20,22,23]. 
 Activated carbon 
The first known use of activated carbon dates back to the Ancient Egyptians who utilized its 
adsorbent properties for purifying oils and medicinal purposes. Centuries later, the early ocean–
going vessels stored drinking water in wooden barrels, the inside of which had been charred. 
(However, by modern definition the carbon used in these applications could not truly be described 
as “activated”). Granular activated carbon was used to this end as, indeed, it still is today. By the 
late 1930’s there was considerable industrial–scale use of carbon for gaseous and liquid phase 
application and new manufacturing processes had been developed to satisfy the  needs of industry. 
During the 1939–1945 war, a further significant development took place – the production of more 
sophisticated chemically impregnated carbon for entrapment of both war and nerve gases. Modern 
day uses of carbon are diverse, to say the least. It is also used in consumer products such as 
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refrigerator deodorizers and at the other end of the spectrum in high technology applications such 
as nuclear power plant containment systems. [1,3,5]. 
The most commonly used raw materials are coal (anthracite, bituminous and lignite), coconut 
shells, wood (both soft and hard), peat and petroleum based residues. Many other raw materials 
have been evaluated such as walnut shells, peach pits and palm kernels but invariably their 
commercial limitation lies in raw material supply. This is illustrated by considering that 1,000 tons 
of untreated shell type raw materials will only yield about 100 tons of good quality activated 
carbon. Most carbonaceous materials do have a certain degree of porosity and an internal surface 
area in the range of 10–15 m2/g. During activation, the internal surface becomes more highly 
developed and extended by controlled oxidation of carbon atoms – usually achieved by the use of 
steam at high temperature. After activation, the carbon will have acquired an internal surface area 
between 700 and 1,200 m2/g, depending on the plant operating conditions. The internal surface 
area must be accessible to the passage of a fluid or vapor if a potential for adsorption is to exist. 
Thus, it is necessary that an activated carbon has not only a highly developed internal surface but 
accessibility to that surface via a network of pores of differing diameters. As a generalization, pore 
diameters are usually categorized as follows: [25,27]. 

Micro pores <40 oA 
Mesopores 40 – 5,000 oA 

Macro pores >5,000 oA (typically 5000–20000 oA) 
During the manufacturing process, macro pores are first formed by the oxidation of weak points 
(edge groups) on the external surface area of the raw material. Mesopores are then formed and 
are, essentially, secondary channels formed in the walls of the macro pores structure. Finally, the 
micro pores are formed by attack of the planes within the structure of the raw material. All activated 
carbons contain micro pores, meso pores, and macro pores within their structures but the relative 
proportions vary considerably according to the raw material. A coconut shell based carbon will 
have a predominance of pores in the micro pores range and this account for 95% of the available 
internal surface area. In contrast wood and peat based carbons are predominantly meso/macro 
pores structures and are, therefore, usually suitable for the adsorption of large molecular species. 
Such properties are used to advantage in decolorization processes. Coal based carbons, depending 
on the type of coal used; contain pore structures somewhere between coconut shell and wood. In 
general, it can be said that macro pores are of little value in their surface area, except for the 
adsorption of unusually large molecules and are, therefore, usually considered as an access point 
to micro pores. Mesopores do not generally play a large role in adsorption, except in particular 
carbons where the surface area attributable to such pores is appreciable (usually 400 m2/g or 
more). Thus, it is the micro pores structure of an activated carbon that is the effective means of 
adsorption. It is, therefore, important that activated carbon not be classified as a single product but 
rather a range of products suitable for a variety of specific applications. [10,12,28,31]. 
2. MATERIALS AND EXPERIMENTAL METHODS 
 Materials 
Waste Pine Wood is collected from, Krishna Vijay Saw Mill, Bhuj and is screened with 100 mesh 
size sieve Figure [1,2]. Biomass Material (Pine Wood) is preserved into polyethylene bags till the 
use in to laboratory [6,14,].                                

  
Figure 1. Furniture Waste for Experiment (Pine Wood – 

Biomass) 
Figure 2.  Sieved Pine Wood for Pyrolysis 

Process 
 Experimental methods 
To know the upper use temperature of a material (Pine Wood) TGA is being carried out. Beyond 
this temperature the material will begin to degrade. Thermo gravimetric analysis (TGA) is an 
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analytical technique used to determine a material's thermal stability and its fraction of volatile 
components by monitoring the weight change that occurs as a sample is heated at a constant rate. 
As per the data calculation temperature of Pine wood is 550oC. Pyrolysis process is being carried 
out to synthesis the Activated Carbon from Pine Wood.   With the help of Pyrolysis process in the 
absence of air and under the vacuum condition the experiment is carried out for three different 
temperatures (5000C, 5500C and 6000C).  A defined amount (25 gm) of Pine wood is taken in to 
the vessel and heated up to 2 hrs after the desired temperature is reached Figure [3]. The resultant 
product is then analyzed for elemental analysis, powder X – Ray diffraction, surface area – porosity 
measurement (BET), particle size analysis and field emission scanning electron microscope (SEM). 
[18,19,26,29]. 

 

 
Figure 3. Pyrolysis Process of Pine Wood under the Vacuum Condition 

3. RESULTS AND DISCUSSION 
 Elemental Analysis 
Elemental analysis is a process where a sample of material is analyzed for its elemental and 
isotopic composition. Data shows increase in temperature with decrease in % moisture content. 
Sample which is taken (for 550OC) is having highest amount of % fixed carbon. Similarly, decrease 
in % volatile matter with increase in temperature Table [1]. Highest amount of % Ash Content 
present at Sample (for 600oC) [7,8,24]. 
 X– Ray powder diffraction (XRD)  
X–ray powder diffraction (XRD) is a rapid analytical technique primarily used for phase 
identification of a crystalline material and can provide information on unit cell dimensions. The 
analyzed material is finely ground, homogenized, and average bulk composition is determined 
Figure [4–7]. As per the Results Table [2] and Graphs higher weight % of C Element is present for 
550oC Sample. [7,8,24]. 

Table 1. Elemental Analysis of Raw Material and Activated at Various Temperatures 

Sample ID Weight of 
Sample (gm) 

% Moisture 
Content % Ash Content % Volatile 

Matter % Fixed Carbon 

Pine Wood 1.00 5.68 20.57 62.30 11.45 
for 5000C 1.00 3.23 57.89 17.82 21.06 
for 5500C 1.00 2.74 41.65 15.44 40.17 
for 6000C 1.00 2.18 62.53 12.19 23.10 

Table 2. XRD Weight % of Elements for Raw Material and Activated Carbon at Various Temperatures 

Sample ID Weight % of Element 
Element C Element O K and Other Element 

Pine Wood 60.77 38.96 0.27 
for 5000C 69.48 19.79 10.73 
for 5500C 89.33 6.41 4.26 
for 6000C 83.04 14.82 2.14 
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Figure 4. X – Ray Diffraction graph of Pine Wood Figure 5. X – Ray Diffraction graph of Activated 

Carbon at 500oC 

  
Figure 6. X – Ray Diffraction graph of Activated 

Carbon at 550oC 
Figure 7. X – Ray Diffraction graph of Activated 

Carbon at 600oC 
 Surface area and Porosity measurement (BET)   
By BET (Brunauer, Emmett and Teller) the specific surface area of a sample is measured, including 
the pore size distribution. The specific surface determined by BET relates to the total surface area 
(reactive surface) as all porous structures adsorb the small gas molecules. Porosity is a measure of 
the void (i.e. "empty") spaces in a material over the total volume. As per the data Table [3] and 
Isotherm Linear Plot Figure [8–10] at 550oC, highest Surface area 969.075 m2/g is achieved with 
Pore volume of 0.56 cm3/g. [9,11,13]. 

Table 3. Result of BET Surface Area and Pore Volume of Activated Carbon at Various Temperature 
Sr. 
No. 

Temperature      
(oC) 

BET Surface Area  
( m2/g) 

Single Point Adsorption total pore volume of Pores  
< 1,934,646 0A (cm3/g) 

1 500oC 546.265 0.043847 
2 550oC  969.075 0.056302 
3 600oC 850.083 0.050828 

 
Figure 8. Isothermal Linear Plot of Activated Carbon at 500oC 
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Figure 9. Isothermal Linear Plot of Activated Carbon at 550oC. 

 
Figure 10. Isothermal Linear Plot of Activated Carbon at 600oC 

 Particle size analysis 
Particle size analysis, particle size measurement, or simply particle sizing is the collective name of 
the technical procedures, or laboratory techniques which determines the size range and/or the 
average size  of the particles in a powder sample. From the particle size distribution graph at d(0.1) 
is the diameter of the particle at which 10% of the sample mass comprised of particles with a 
diameter smaller than 27.651 µm. The d(0.5) is the diameter of the particle at which 50% of the 
sample's mass comprised of particles with smaller than 218.900 µm. The d(0.9) is the diameter of 
the particle in which 90% of sample mass comprised of particle which is smaller than 771.434 µm 
Figure [11–13]. From the tabular data Figure [14–16] particle size of 275.423 µm is containing 
highest 5.12% Volume for 550oC. [9,11]. 

 
Figure 11. Particle Size Distribution Graph of Activated Carbon at 500oC 
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Figure 12. Particle Size Distribution Graph of Activated Carbon at 550oC 

 
Figure 13. Particle Size Distribution Graph of Activated Carbon at 600oC  

 
Figure 14. Size to Volume Distribution Table of activated carbon at 500oC 

 
Figure 15. Size to Volume Distribution Table of activated carbon at 550oC 
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Figure 16. Size to Volume Distribution Table of activated carbon at 600oC 

 FESEM (Field Emission Scanning Electron Microscope)  
Field emission scanning electron microscopy (FESEM) provides topographical and elemental 
information at magnifications of 10x to 300,000x, with virtually unlimited depth of field.   

 

 
Figure 17. FE–SEM (Field Emission Scanning Electron Microscope) Image of Activated Carbon at 500oC 

 

 
Figure 18. FE–SEM (Field Emission Scanning Electron Microscope) Image of Activated Carbon at 550oC 
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Figure 19. FE–SEM (Field Emission Scanning Electron Microscope) Image of Activated Carbon at 600oC 

Compared with convention scanning electron microscopy (SEM), field emission SEM (FESEM) 
produces clearer, less electro statically distorted images with spatial resolution down to 1 
nanometers – three to six times better. Figure [17–19] shows the result of FESEM for the sample 
reading of three different temperatures (5000C, 5500C and 6000C) [16,17]. 
4. CONCLUSIONS 
Generally BET surface area range is from 500–1500 m2/g and pore volume is 0.3–0.8 cm3/g. The 
Resultant product BET Surface Area shows that at 5500C the highest surface area of activated 
carbon is 969.075 m2/g. and pore volume is 0.5 cm3/g. Elemental Analysis also shows higher value 
of % Fixed carbon content in to the product if it is heated at 550oC as compare to other temperature 
range. By studying and comparing characterization like Elemental Analysis, Powder XRD, Surface 
Area – Porosity Measurement (BET), Particle Size Analysis and FESEM, activated carbon produced 
from Pinewood with the help of pyrolysis process at 5500C temperature has given a satisfactory 
result. Hence activated carbon prepared from Pinewood can be effectively used for the removal of 
pollutants from wastewaters. 
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