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ABSTRACT 
 

Activated charcoal (AC) is a carbonaceous material with high surface area due to high degree of 
micro-porosity which makes it a very versatile adsorbent for utilization in industrial, medicinal, 
environmental and other fields. Ligno-cellulosic biomass (eg. pine needles, paddy stubbles, other 
waste agricultural residue) can be a prominent raw material for activated bio-char due to its 
abundance, slow decomposition (which lead to fire/ air pollution). The main factors which affect the 
AC characteristics (surface area, micropore volume, mesopore volume) are biomass properties, 
impregnation ratio, impregnation time, activation temperature and activation time. The specific 
surface area, micropore, mesopore decreases after optimum value with continually increase in 
impregnation ratio and impregnation time. The activation temperature and impregnation ratio also 
affect the AC yield significantly. Sorption capacity get affected by adsorbent doses, contact time, 
agitation speed, adsorption temperature due to availability of active binding sites, adsorptive 
forces/ bonds.  
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1. INTRODUCTION  
 
Activated bio-char is a carbonaceous material 
with higher surface area due to high degree of 
micro-porosity.1 g of activated carbon has 
surface area of about 1000 m

2
 which make it a 

very versatile adsorbent in industrial, medicinal, 
environmental and other fields. Charcoal is the 
ancient form of man-made carbon was used in 
metal manufacturing process since 8000 BC [1]. 
At about 460 B.C. Phoenicians applied charcoal 
filters for purification of drinking water and during 
460-370 B.C. Other applications of activated 
carbon during that time were for fuel, wood 
preservation, and treating ulcers, intestinal 
disorder, chlorosis etc. The thermochemical 
approach for both carbonization and activation 
was adopted during early stage of production 
[1,2,3]. It was also stated that in 1914, the 
production of chemically activated carbon with 
ZnCl2 was introduced at industrial scale. In the 
era of 1st world war, granular activated carbon 
(GAC) was found effective in adsorption of 
poisonous gases. In 1

st
 World War, the use of 

poisonous gases paved the way for the 
development and large-scale production of 
granular activated carbon (GAC) which was seen 
to be effective in the adsorption of such gases. 
Then, a variety of raw materials and production 
techniques came into use in the manufacture of 
activated carbon. The commercial activated 
carbon fall into three categories: powdery 
activated carbon (PAC, 1-150 μm), granular 
activated carbon (GAC, 0.5- 4 mm), and 
extruded activated carbon (EAC, 0.8-4 mm). The 
particle size is the key difference between PAC 
and GAC. The smaller size of PAC provides 
rapid diffusion and also affects the adsorption 
kinetics of species. In accordance with this, 
activated carbon with comparatively smaller 
particle size require lesser adsorption time. 
However, small particle size results in clogging, 
high pressure drop so they are not preferred in 
water/ wastewater treatment systems. The 
application of PAC includes consecutive dosing 
of AC into stream (gas/ liquid) and then proper 
separation (settling or filtration) to obtain treated 
stream. Advantages of using PAC are lesser 
storage cost, lesser dosing costs, and flexibility in 
adjustment of dose quantity. The only limitation is 
PAC regeneration since it requires extraction of 
fine particles from treated stream [2]. 
 
The anthropogenic carbon dioxide, methane, 
ozone and chlorofluorocarbon contribute largely 
to the GHG emissions/ global warming. Among 
them, CO2 contribute significantly and is 

accountable for 75% of the total greenhouse 
gases [4]. It has been reported that fossil fuel 
fired power plants individually contribute 86% of 
total anthropogenic gas emissions and the rest is 
cumulative impact of vehicular sector, chemical 
processes, deforestation [5]. The continuously 
increasing pollution is a major concern since CO2 
concentration is expected to rise 550 ppm by 
2035 which will lead to average 2°C temperature 
rise, extinction of 15-40% species [6]. The use of 
activated carbon as CO2 adsorbent is 
comparatively advantageous due to low cost, 
wide availability of raw material, high thermal and 
chemical stability, ease of production process, 
easy regeneration process, and hydrophobic 
nature. 

 

2. UTILIZATION OF BIOMASS THROUGH 
THERMOCHEMICAL CONVERSION 

 
Bio-char is a popular adsorbent for air and water 
purification.Employing agricultural/ forest residue 
as raw material for manufacturing activated 
carbon avail economically, preserves 
environment and waste/ residue management. 
So, it can be seen as a prominent, abundantly 
available raw material in industries [7].  
 
The pine needles biomass is the result of regular 
leaf shredding (from middle of March to July) in 
continuously growing pine forest [8,9]. These chir 
pine (Pinus roxburghii) forests are abundantly 
available in north western Himalayan range with 
1.09 million km2 cover across Nepal, Bhutan, 
China, Pakistan, and India. India has shown pine 
needle productivity of 6.3 t/ha per year [8]. 
Shredded pine needles make thick layer of 
foliage on the forest bed, which have 
comparatively poor biodegradability due to its 
high lignin content and lead to hindrance in 
natural growth of soil flora. In addition to that, the 
shredded biomass is also a major cause of 
summer forest fire and results in destroying soil 
fauna and affects wildlife, cattle [10]. Utilization of 
pine needle biomass for production of activated 
bio-char benefits the environment by conserving 
soil flora, fauna by reducing the chances of forest 
fire. The average fire frequency per fire season 
(mid-February to mid-June) across forest 
divisions in Uttarakhand was 30.5± 7.2 which 
also leads to significant GHG emissions [8]. In 
addition, the activated bio-char also serves 
environment by getting implemented as 
adsorbent for soil, wastewater remediation and 
engine emission control etc. Similarly, coconut 
shell biomass has minimal economic value and 
their slow degradation, costly disposal method 



cause environmental pollution. It can be 
considered as a suitable precursor for activation 
due to its lower ash content and excellent natural 
structure [11,12,13]. 
 

India generates more than 600 MT of biomass 
waste from different crops and produces 140 MT 
of rice straw alone annually [14]. The paddy 
straw/ stubbles burning in combine harvested 
paddy field is commonly practiced among 
farmers and contribute significantly to the GHG 
emissions, smog in Delhi/ NCR region, 
neighboring states of Punjab and Haryana. 
Burning of rice straw in the field produces ash, 
along with occasional presence of some heavy 
metals which have a negative effect on soil and 
therefore, reduce crop productivity. 
needle and rice straw can be considered as 
major waste biomass in north Indian region 
which have slow biodegradation and lead to fire 
hazards. A tonne of rice straw emits 3.7 kg 
particulate matter, 1.0 kg volatile organic 
compounds, 3.1 kg nitrogen oxides, 0.7 kg 
sulphur oxides and 34.7 kg of carbon monoxide 
upon burning. These gaseous emissions are 
responsible for various health risks like asthma, 
bronchitis, decreased lung function and also 
increase fog incidences even in distant cities 
[15]. So, these ligno-cellulosic biomass can be 
suggested as prominent precursor for production 
of bio-char and activated bio-char.  
 

Biomass is the fourth largest source of energy in 
the world, supplying about 14% of the primary 
energy [16]. The waste biomass 
effectively utilized by converting it to bio
bio-char through pyrolysis (Fig. 1) as suggested 
by the kinetic studies of ligno-cellulosic biomass. 
Bio-oil can be defined as mixture of complex 
organic compounds which can be converted to 
fuel/ energy, phenols, ketones, aldehydes, and 
alcohols. Bio-char is another product obtained 
from thermal decomposition through pyrolysis 

 

Fig. 1
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Biomass is the fourth largest source of energy in 
the world, supplying about 14% of the primary 
energy [16]. The waste biomass can be 
effectively utilized by converting it to bio-oil and 

. 1) as suggested 
cellulosic biomass. 

oil can be defined as mixture of complex 
organic compounds which can be converted to 

energy, phenols, ketones, aldehydes, and 
char is another product obtained 

from thermal decomposition through pyrolysis 

process in absence or in presence of limited 
amount of oxygen at a temperature range of 400
600°C and atmospheric pressure as described in 
Fig. 1. Another by-product of pyrolysis process is 
producer gas which is a mixture of H
and CO2. The quick condensation of volatiles 
results in bio-oil formation and the remaining 
uncondensed volatiles can be collected as 
producer gas/ pyrolysis gas, which can further be 
utilized as fuel for direct combustion, gas 
engines/gas turbines, and to genera

 
3. PROCESS ANALYSIS OF BIO

FORMATION 
 
The degradation of biomass is process of 
decomposition of hemicellulose, cellulose and 
lignin. Researchers found that DTG peaks at 
around 290°C and 327°C is due to the thermal 
degradation of hemicellulose and cellulose, 
respectively due to the release of volatile matter 
from rice straw. In the third stage, a peak 
between 440°C and 480°C was formed due to 
decomposition of lignin. Increase in fixed carbon 
was observed (31% to 65%) with increasing 
torrefaction temperature is due to the depletion of 
volatile matter and complete decomposition of 
hemicellulose and cellulose (from 30
350°C). The energy yield, mass yield decreases 
with an increase in torrefaction temperature d
to moisture loss and thermal decomposition of 
lignocellulose which forms volatile gaseous 
products [14]. The hemicellulose pyrolysis is 
completely under 350°C, cellulose between 250
500°C, and lignin pyrolysis spread even over 
500°C. The pyrolysis of cellulose and 
hemicellulose produces more gaseous products 
than that of lignin at the same temperature [16]. 
Similarly, experiments on wood result in  
decomposition of hemicellulose at 200
cellulose at 240-375°C, lignin at 280 to 500°C 
[17,18].

 
 

1. Schematic of pyrolysis process 
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amount of oxygen at a temperature range of 400- 

as described in 
product of pyrolysis process is 

producer gas which is a mixture of H2, CO, CH4, 
. The quick condensation of volatiles 

oil formation and the remaining 
uncondensed volatiles can be collected as 
producer gas/ pyrolysis gas, which can further be 
utilized as fuel for direct combustion, gas 
engines/gas turbines, and to generate electricity. 

PROCESS ANALYSIS OF BIO-CHAR 

The degradation of biomass is process of 
, cellulose and 

lignin. Researchers found that DTG peaks at 
around 290°C and 327°C is due to the thermal 
degradation of hemicellulose and cellulose, 
respectively due to the release of volatile matter 
from rice straw. In the third stage, a peak 

C and 480°C was formed due to 
decomposition of lignin. Increase in fixed carbon 
was observed (31% to 65%) with increasing 
torrefaction temperature is due to the depletion of 
volatile matter and complete decomposition of 
hemicellulose and cellulose (from 300°C and 
350°C). The energy yield, mass yield decreases 
with an increase in torrefaction temperature due 

decomposition of 
lignocellulose which forms volatile gaseous 
products [14]. The hemicellulose pyrolysis is 

350°C, cellulose between 250-
500°C, and lignin pyrolysis spread even over 
500°C. The pyrolysis of cellulose and 
hemicellulose produces more gaseous products 
than that of lignin at the same temperature [16]. 
Similarly, experiments on wood result in  

osition of hemicellulose at 200–325°C, 
375°C, lignin at 280 to 500°C 
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A study on date pits shows decrement in yield 
with temperature increment attributed to 
decomposition of cellulose (long polymer of 
glucose without branches) and hemicellulose 
(constituted of various branched saccharides). 
The final product yield become constant after 
700°C due to complete decomposition of 
cellulose, hemicellulose. The decomposition of 
lignin occurs gradually till 900°C [19]. 
 
The heating/ burning properties of raw material 
used for bio-char production analyzed with 
proximate and ultimate analysis and few are 
presented in Table 1. Pine needles has calorific 
value of 4690 k cal/kg, pH 6.1 and volatile 
content 72.4%, hemicellulose 11.4%, cellulose 
18.2%, lignin 9.1%, organic carbon 34%, TKN 
0.73%, C/N ratio 46.6%, and ash content 2.5% 
[20]. The higher volatile matter in pine needles 
(around 78%) makes it suitable for the pyrolysis 
process, more reactive and easily devolatilized 
and also produces less char [21]. Lower ash 
content of pine needle (3.38%) is beneficial 
since, high ash content restrict the burning rate 
and energy conversion by fouling, slag formation 
at elevated temperatures. The wheat straw (4%), 
barley straw (6%) and switchgrass (4.5%) also 
possess lesser ash content as coal (8%) Fixed 
carbon content was calculated as 13.77% [22]. 
The composition of bamboo charcoal was carbon 
44.40%, hydrogen 5.17%, oxygen 43.00% and 
ash 7.43%, pH 7.85 [7]. The proximate analyses 
of palm shell assert the carbon as 18.7%, 
moisture 7.96%, ash 1.1%, volatile matter 
72.47%, C 50.01%, H 6.9%, N 1.9%, S 0, O 
41%, cellulose 29%, hemicellulose 47.7% and 
lignin 53.4% [23]. The fixed carbon content 
increases (13.43% to 49.8%) and volatile matter 
decreases (79.09% to 42.5%) upon activation of 
N-biochar [24]. 
 

Various studies reveal that several independent 
operating parameters have significant effect on 
the yield of bio-char. The yield of the solid 
product (30.7 to 3.2 wt.%) and liquid product 
(48.3 to 17.8 wt.%) decreased and gaseous 
product increased (16.3 to 71.3 wt.%) with 
decrease in precursor particle size. Similarly, as 
temperature increases (500 to 700°C), the yield 
of gaseous product increases and both liquid and 
solid decrease [16]. 
 

3.1 Process Parameters in Bio-Char 
Activation 

 
The bio-char is generally less preferred fuel 
source as compared to bio-oil due to handling, 

incompatibility with engines, storage, and 
secondary pollutants issues (higher ash content). 
In spite of its incompatibility as bio-fuel in 
automobile sector, several other merits make it 
economically feasible byproduct of pyrolysis 
process. Recently several research studies 
emphasized on the application of bio-char in 
agricultural sector, water purification, air 
purification etc. Several researchers explored the 
potential application of biomass char in soil, 
composting, activated carbon, water/ air 
remediation. 
 
The industrial production of powdery activated 
carbon initialized in the beginning of 20th century 
and patents were obtained for physical (thermal) 
and chemical activation of carbon [1]. The 
standard procedure for preparation of activated 
carbon is illustrated in Fig. 2. Various 
researchers implemented the physical and 
chemical activation processes individually or 
sequentially with different biomass, activation 
time, impregnation ratio, impregnation time, and 
activation agent as depicted in Table 2. It was 
evident from a study that activation agents 
decompose and form inorganic components. 
These inorganic compounds react with carbon 
and accelerate the gasification process of the 
impregnated biomass [29]. For activation, rice 
husk was calcined under inert atmosphere of 
nitrogen, at temperature 773 K (rate 1.4 K/min) 
for 2 h using a retort-like stainless steel reactor. 
The sample was heated from room temperature 
to 1123 K (heating rate 5 K/min) in nitrogen gas 
flowing at 300 mL/min. Then, nitrogen was 
substituted for steam as activating agent (flowing 
rate 1.7 g/gram of carbonized matter/ hour) for 
105 min to obtain activated bio-char [30]. Another 
researcher solidified the mixture of pecan shell 
and phosphoric acid solution at 170°C in muffle 
furnace for 1 h before activation. Then, activation 
of biomass was performed at different 
temperature levels under air flow of 0.6 L/min 
[31]. 
 
Another chemical activation by phosphoric acid 
and potassium hydroxide was performed with 
different impregnation ratios (20, 40, 60 and 
80%, w/w %) and then heating in a charcoal kiln 
[7]. A research conclude that the activation agent 
act as acid catalyst to accelerate bond cleavage 
reaction and development of crosslinks during 
heating and condensation process. H3PO4 
activation includes reaction of acid with biomass, 
formation of phosphate and polyphosphate 
bridges that connect and crosslink polymer 
fragments. These phosphate ions remain on



Table 1. Proximate and ultimate analysis of rice husk, rice straw, corncob and pine needles 

Contents  
Volatile matter (%) 
Fixed carbon (%) 
Ash (%) 
C (%) 
H (%) 
N (%) 
O (%) 
Chemical components 
 
Hemicellulose (%) 
Cellulose (%) 
Lignin (%) 
 

Fig. 2. Process flow chart of physical and chemical activation of biomass
 
activated bio-char surface even after washing 
[32]. A study revealed the production of activated 
bio-char from phosphoric acid impregnated 
coffee ground, pomelo skin and its 
implementation as adsorbent for ethylene and n
butane. Impregnated coffee grounds were 
ultrasonically treated (1 h), oven dried at 373 k 
(12 h), washed and calcined in muffle furnace at 
723 K (1 h) for activation. Pomelo skin biomass 
was activated by impregnation, hydrothermal 
treatment at 373 K (12 h), drying, washing and 
calcined at 723 K (1 h) [33]. Activated carbon 
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Proximate and ultimate analysis of rice husk, rice straw, corncob and pine needles 
[25,26,27,28] 

 

Rice husk Rice straw Corncob Pine needles
72.8 74.7 78.7 72.4
9.3 15.2 16.2 26.1
17.9 10.1 0.9 1.5 
48.9 45.2 45.5 48.21
6.2 6.5 6.2 6.57
0.8 0.8 1.3 - 
44.1 47.5 47.0 - 

Rice husk Rice straw Corncob Pine needles
28.6 35.7 31.0 11.4
28.6 32.0 50.5 18.2
24.4 22.3 15.0 9.1 

 
Process flow chart of physical and chemical activation of biomass

char surface even after washing 
]. A study revealed the production of activated 
char from phosphoric acid impregnated 

coffee ground, pomelo skin and its 
implementation as adsorbent for ethylene and n-
butane. Impregnated coffee grounds were 

asonically treated (1 h), oven dried at 373 k 
(12 h), washed and calcined in muffle furnace at 
723 K (1 h) for activation. Pomelo skin biomass 
was activated by impregnation, hydrothermal 
treatment at 373 K (12 h), drying, washing and 

. Activated carbon 

from dried pineapple waste biomass (leaves, 
stem, crown) was prepared by ZnCl
impregnation for 24 h, dried at 110
pyrolysed (500°C, 1 h), washed and dried at 
100°C for 24 h [34]. Adsorption quality of 
activated carbon of rice husk char (flash 
pyrolysed) can be enhanced by recovering 
amorphous silica of char with Na
the resultant carbonaceous material has been 
subjected to physical activation (
steam and carbon dioxide as activating agents 
[35].  
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ed at 110°C for 24 h, 
, 1 h), washed and dried at 

Adsorption quality of 
activated carbon of rice husk char (flash 
pyrolysed) can be enhanced by recovering 
amorphous silica of char with Na2CO3. Further, 
the resultant carbonaceous material has been 
subjected to physical activation (800°C) using 

rbon dioxide as activating agents 
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Table 2. Effect of activation process and time on physico-chemical properties 

 

Activation method  Activation 
time (min) 

SBET 
(m2/g) 

Vtot 
(cm3/g) 

Yield 
(%) 

References 

Physical activation (CO2 + steam), Microwave 
heating 

75 2195 1.293 39.2 [36] 

Physical activation (steam), Conventional heating 120 1926 1.26 39.1 [37] 

Physical(inter atmosphere), Conventional heating 60 378 0.26 - [38] 

Physical(without activation agent), Conventional 
heating 

 663 0.23 23.2 [39] 

Physical activation (CO2), Conventional heating 120 1964 0.98 - [40] 

Chemical(KOH), conventional heating 120 2451 1.21 23.6 [41] 

Combination of physical and chemical activation 
(ZnCl2 & CO2) 

60 1837 1.27 30 [31] 

Combination of physical and chemical activation 
(KOH & CO2) 

60 1408 0.77 25 [31]  

 
Table 3. Effect of activation process, precursor on properties of activated bio-char 

 
Sr. 
no. 

Precursor  Activation process  SBET (m2/g) Vmicro 
(cm

3
/g)  

References  

1. Apricot stones Steam activation  1092 0.37 [42] 

2. Almond tree pruning Physical (CO2) activation 840 0.39 [43] 

3. Coffee residue Physical (steam) activation 469 0.17 [44] 

4. Palm shell Physical (CO2)  activation 519 0.22 [45]  

5. Rice bran Physical (CO2)  activation 652 0.06 [46]  

6. Coconut shell Physical (steam) activation 663 0.23 [13] 

7. Coconut shell Chemical activation  1266 0.68 [48] 

8. Coconut shell Chemical activation followed 
by physical activation  

2114 1.42 [48]  

 
3.2 Characterization of Activated Bio-

Char 
 

Bio-char as well as original feedstock both 
characterized for ash content and volatile content 
following ASTM E1755-01 and ASTM E 872 
methods. Fixed carbon determined by difference 
from the ash and volatile content. Higher heating 
value (HHV) determined using an oxygen bomb 
calorimeter. Physical structure characterization 
will be performed on Micromeritics ASAP Surface 
Analyzer through nitrogen adsorption at 77K and 
morphological characterization using a Scanning 
Electron Microscope (SEM). Samples should be 
pre-treated by degassing at 200 °C to 3 μm Hg. 
Surface area can be calculated using BET 
equation, total pore volume from the amount of 
nitrogen adsorbed at a relative pressure around 
0.95 and micropore volume obtained with t-plots 
method. Boehm titration is one of the most widely 
used methods to quantify acidic groups with 
different strengths on activated carbons.  

The effect of raw biomass used as well as the 
activation parameters eg. activation temperature, 
activation agent, impregnation ratio and 
impregnation time on characteristics of activated 
biochar was studied by several researchers 
(Table 2). The activation chemicals impregnated 
in carbonized samples induce formation of 
microporosity and distribution of chemicals in 
precursor before carbonization governs the pore 
size distribution of activated carbon. Mesopores 
are developed due to reaction between biomass 
and activation agent at temperature range 300-
350°C [31]. Activated carbon’s surface has 
distinct pores and become rough, irregular 
shaped since it loses the fibrous characteristics 
at 500°C during pyrolysis [24]. 
 
Physical activation (steam/ CO2) of apricot 
stones, almond tree pruning, coffee residue, 
palm shell, rice bran, coconut shell provide 
activated bio-char with micropore volume of 0.37, 
0.39, 0.17, 0.22, 0.06, 0.23 cm

3
/g, respectively. 



Highly microporous activated bio
obtained with sequential chemical, physical 
activation of coconut shell which is followed by 
chemically activated coconut shell as indicated in 
Table 3. It implies that higher value of specific 
surface area can be attained with chemical 
activation process as compared to physical 
activation [42-48]. The values of S
chemical activation of coconut shell can reach 
1266 m2/g. The sequential activation by chemical 
and physical methods improve the available 
adsorptive surface area value to 2114 m
The strong bases, NaOH and KOH activated bio
char acquire BET surface area higher than 3000 
m2/g. 
 
As seen from Fig. 3, with increase in 
impregnation ratio, the development of 
micropore, mesopore volume and surface area 
initially increase and then decrease after 
attaining the peak as depicted in figure 
mesoporous surface area continually increase 
with increase in impregnation ratio but the 
specific surface area of activated carbon 
increases till 1:1 impregnation ratio. The 
micropore surface areas were obtained by 
subtracting mesopore surface area from the 
corresponding BET surface area. The maximum 
surface area was recorded for 800
(carbonization temperature in °C
time, h–impregnation ratio). It was concluded that 
  

 
Fig. 3. Effect of impregnation ratio on BET surface area [
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Highly microporous activated bio-char was 
obtained with sequential chemical, physical 
activation of coconut shell which is followed by 
chemically activated coconut shell as indicated in 

at higher value of specific 
surface area can be attained with chemical 
activation process as compared to physical 

8]. The values of SBET with 
chemical activation of coconut shell can reach 

/g. The sequential activation by chemical 
and physical methods improve the available 
adsorptive surface area value to 2114 m

2
/g [49]. 

The strong bases, NaOH and KOH activated bio-
char acquire BET surface area higher than 3000 

th increase in 
impregnation ratio, the development of 
micropore, mesopore volume and surface area 
initially increase and then decrease after 

figure [31]. The 
mesoporous surface area continually increase 

pregnation ratio but the 
specific surface area of activated carbon 
increases till 1:1 impregnation ratio. The 
micropore surface areas were obtained by 
subtracting mesopore surface area from the 
corresponding BET surface area. The maximum 

ecorded for 800-2-1:1 
(carbonization temperature in °C– activation 

impregnation ratio). It was concluded that 

the mesopore volume and mesopore surface 
area increases significantly with increase in 
impregnation ratio and explained as collapsing, 
merging of micropores into larger mesopores 
with increment impregnation ratio [
optimum impregnation time recorded as 10 min 
(for maximum surface area, mesopores) and 20 
min (for maximum micropores) [23].

 
The activation time significantly affect t
structure of activated carbon. It provides 
complete moisture removal and partial volatile 
evolution which lead to formation of basic 
structure of activated carbon. Continual 
increment after optimum activation time, the 
specific surface area decreases due to 
enlargement of pores [52,53]. Activation process 
involves removing tar substances from biomass 
pore space and leads to creation of microporosity 
in carbon structure [54]. The development 
patterns indicate that widening of micropores is 
not the primary origin of mesopores [
surface area (SBET), and the micropore volume 
(VDR) of date stone activated carbon, increases 
with increase in activation time at 700°C 
temperature. At 700°C, recycling of carbon atom 
into glycoside rings which leads to formation of 
grapheme structure through partial graphitization 
and longer residence time results in more pores 
and higher surface area [36,55]. 

Effect of impregnation ratio on BET surface area [31,32,34,50,51
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the mesopore volume and mesopore surface 
area increases significantly with increase in 
impregnation ratio and explained as collapsing, 

ging of micropores into larger mesopores 
with increment impregnation ratio [47,50]. The 
optimum impregnation time recorded as 10 min 
(for maximum surface area, mesopores) and 20 
min (for maximum micropores) [23]. 

The activation time significantly affect the porous 
structure of activated carbon. It provides 
complete moisture removal and partial volatile 
evolution which lead to formation of basic 
structure of activated carbon. Continual 
increment after optimum activation time, the 
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The activated carbon is been widely used for the 
removal of organic matter, dyes, heavy metals, 
pollutant gases and water contamination due to 
higher specific surface area available for 
adsorption [56-59]. The ibuprofen removal 
percentage increases with increase in adsorbent 
doses and an optimum adsorption was obtained 
for 2 g of adsorbent. Despite this, the sorption 
capacity decreases with increase in adsorbent 
dose due to aggregation which consequently 
leads to reduction in surface area. [24]. For a 
constant contact time duration (240 min), highest 
amount of methylene blue adsorption (376 mg/g) 
obtained by using 0.5 g activated bio-char due to 
availability of more active binding sites on the 
surface of PLAC-B [34]. Similar trends were also 
observed by several researchers by varying the 
adsorbent doses and keeping pH, agitation 
speed and contact time constant [60]. The 
optimum ibuprofen adsorption capacity was 
recorded at 120 min contact time. At this point, 
equilibrium attained after all the vacant sites 
occupied by IBP molecule and further increase in 
contact time cannot contribute much in 
adsorption due to availability of lesser vacant 
sites. Although, increasing agitation speed (upto 
160 rpm) affects adsorption capacity significantly 
(95.86%) [24]. 
 
Activated bio-char of pineapple waste biomass 
(ZnCl2 impregnated, 1:1) shows rapid adsorption 
of methylene blue during initial stage (120 min) of 
contact time but become stagnate after 
equilibrium [34]. Methylene blue removal from 
aqueous solution using silk cotton, coconut tree 
saw dust, maize cob, and banana pith activated 
carbon was recorded maximum 48% (in 24 h), 
93.4% (in 24 h), 100% (in 1 h), and 93.35% (in 
24 h), respectively [61]. The longer residence 
time of char at elevated temperatures results in 
higher micropore volume [55]. Also, an increase 
in temperature during adsorption results in a 
reduced sorption potential due to breakdown of 
adsorptive forces, weak interaction forces 
(hydrogen bonds and Van der Waals forces) 
[24,62]. 

 
The yield of activated carbon decreases with 
increase in activation temperature from 500-
650°C (at constant activation time) and with 
increase in activation time from 0.5-6 h (at 
constant temperature) [55]. Similarly, progressive 
reduction in activated bio-char yield with increase 
in activation time was also reported for coconut 
shell activation [36]. The higher reaction rate 
between char and steam (as compared to CO2) 
leads to lower activated bio-char yield [36,63,64]. 

K2CO3 impregnated activated carbon 
experienced intensified dehydration, elimination 
reaction and release of volatile matter which 
leads to reduction in yield of final product [23]. 
With increase in impregnation ratio, the yield 
decreases and burn-off increases of palm shell 
[65]. These finding indicate that the yield of 
activated bio-char decreases with increase in 
activation temperature, activation time and 
impregnation ratio of activation agent. 
 

Several studies found that activated bio-char 
sorption technologies are highly efficient and 
economical as compared to conventional 
methods for contaminant removal or wastewater 
treatment [66-69]. Other water treatment 
technologies have several limitations as 
compared to activated bio-char. For example, 
membrane filtration (such as ultrafiltration and 
reverse osmosis) have high cost of filter media/ 
clogging/ dye layer build-up problem, chemical 
techniques (chlorination, ozonation, and wet air 
oxidation) include toxic by-products [70], titanium 
oxides or ferrous ions as catalysts have ferrous 
sludge, and electrochemical destruction involves 
high cost [66]. These shortcomings of other 
methods paved the way for activated bio-char as 
a prominent adsorbent for contaminants.  
 

4. CONCLUSIONS 
 

Degradation of cellulose, hemicellulose and 
lignin occur at temperature range of 300-350, 
250-500 and 280-500°C, respectively. Chemical 
activation of biomass is generally done by 
impregnation (H3PO4, ZnCl2, KOH), oven drying 
at 100±10°C, calcined in muffle furnace (400-
600°C), washing and drying. Mesopores are 
developed due to reaction between biomass and 
activation agent at temperature range 300-
350°C. With increase in IR, the development of 
micropore, mesopore volume and mesopore 
surface area initially increase and then decrease 
after attaining the peak. Agitation speed, 
adsorbent dose, and temperature affect 
significantly the sorption capacity of activated 
bio-char.  
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 

 
REFERENCES  
 

1. Jager H, Frohs W, Collin G, Sturm FV, 
Vohler O, Nutsch G. In ullmann’s 
encyclopedia of industrial chemistry 



 
 
 
 

Azad et al.; IJECC, 11(4): 106-117, 2021; Article no.IJECC.69630 
 
 

 
114 

 

(online), first published online; 2010. DOI: 
10.1002/14356007.a05_095.pub2. 

2. Menendez-Diaz JA and Martin-Gullon I, In 
TJ, Bandosz eds. Activated carbon 
surfaces in environmental remediation. 
Elsevier, The Netherlands. 2006;1–47. 

3. Dabrowski A, Adv. Colloid Interface Sci. 
2001;93:135–224. 

4. Saiwan C, Srisuwanvichein S, 
Tontiwachwuthikul P. Bipolymer modified 
with piperazine-2-carboxil acid for carbon 
dioxide adsorption. Chem Eng Trans. 
2013;35:397-402. 

5. Wickramaratne NP and Jaroniec M. 
Activated carbon spheres for Co2 
adsorption. ACS Applied Materials and 
Interfaces. 2013;5.  
DOI: 10.1021/am400112m. 

6. Hileman B, Climate change threatens 
global economy. Chem Eng News. 
2006;84:7–8. 

7. Lalhruaitluanga H, Jayaram K, Prasad 
MNV, Kumar KK. Lead(II) adsorption from 
aqueous solutions by raw and activated 
charcoals of Melocanna baccifera 
Roxburgh (bamboo)—A comparative 
study. Journal of Hazardous Materials. 
2010;175:311–318. 

8. Singh RD, Gumber S, Tewari P and Singh 
SP. Nature of forest fires in Uttarakhand: 
frequency, size and seasonal patterns in 
relation to pre-monsoonal environment. 
Curr. Sci. 2016;111(2):398–403. 

9. Bhagat R M, Rana RS, Singh S, Kalia V. 
Developing district-wise land use of 
Himachal Pradesh. Centre of Geo-
information: Research and training CSK 
Himachal Pradesh agricultural University; 
2009. 

10. Dwivedi RK, Singh RP and Bhattacharya 
TK. Studies on bio-pretreatment of pine 
needles for sustainable energy thereby 
preventing wild forest fires. Current 
Science. 2016;111(2):388-394. 

11. Kirubakaran CJ, Krishnaiah K, Seshadri 
SK. Experimental study of the production 
of activated carbon from                            
coconut shells in a fluidized bed reactor. 
Ind. Eng. Chem. Res. 1991;30(2):2411–
2416. 

12. Heschel W, Klose E. On the suitability of 
agricultural by-products for the 
manufacture of granular activated carbon. 
Fuel. 1995;74:1786–1791. 

13. Su W, Zhou L, Zhou YP. Preparation of 
microporous activated carbon from 

coconut shells without activating agents. 
Carbon. 2003;41:861–863. 

14. Dhakate SR, Pathak AK, Jain P, Singh M, 
Singh BP, Subhedar KM, Sharda SS and 
Seth RK. Rice straw biomass to high 
energy yield biocoal by torrefaction: Indian 
perspective. Current science. 2019;116:   
5. 

15. Kadam KL, Forrest LH and Jacobson WA. 
Lignocellulosic resource: collection, 
processing, transportation, and 
environmental aspects. Biomass Bioenerg. 
2000;18:369–389. 

16. Li S, Xu S, Liu S, Yang C, Lu Q. Fast 
pyrolysis of biomass in free-fall reactor for 
hydrogen-rich gas. Fuel Processing 
Technology. 2004;85:1201–1211. 

17. Prins MJ, Ptasinski KJ and Janssen FJJG. 
Torrefaction of wood: Part 1. Weight loss 
kinetics. Journal of Analytical and Applied 
Pyrolysis. 2006;77(1):28-34. 

18. Downie A, Crosky A and Munroe P. 
Physical properties of biochar, biochar for 
environmental management - science and 
technology. ed. J. Lehmann and S. 
Joseph, Earthscan: London and 
Washington DC. 2009;13-29. 

19. Yang H, Yan R, Chen H, Lee DH, Zheng 
C. Fuel. 2007;86:1781–1788. 

20. Rao TR and Grover PD. Biomass: thermo 
chemical characterization (ed. Iyer, P. V. 
R.). Chemical Engineering Department, 
IIT, Delhi; 2002.  

21. Graboski M, Bain R. Biomass gasification: 
principles and technology. In: Reed TB, 
editor. Noyes Data Corporation, New 
Jersey, USA. 1981;154–82. 

22. McKendry P. Energy production from 
biomass (Part 1): overview of biomass. 
Biores Technol. 2002;83:37–46. 

23. Adinata D, Daud WMAW, Aroua MK. 
Preparation and characterization of 
activated carbon from palm shell by 
chemical activation with K2CO3, 
Bioresource Technology. 2007;98:145–
149. 

24. Mondal S, Aikat K, Halder G. Biosorptive 
uptake of ibuprofen by chemically modified 
Partheniumhysterophorus derived biochar: 
Equilibrium, kinetics, thermodynamics and 
modeling. Ecological Engineering. 2016; 
92:158–172. 

25. Wannapeera J, Worasuwannarak N and 
Pipatmanomai S. Product yields and 
characteristics of rice husk, rice straw and 
corncob during fast pyrolysis in a drop-



 
 
 
 

Azad et al.; IJECC, 11(4): 106-117, 2021; Article no.IJECC.69630 
 
 

 
115 

 

tube/fixed-bed reactor. Songklanakarin J. 
Sci. Technol. 2008;30(3):393-404. 

26. Di Blasi C, Buonanno F, Branca C. 
Reactivities of some biomass chars in air. 
Carbon. 1999;37(8):1227-1238. 

27. Xiao B, Sun XF and Sun RC. Chemical, 
structural, and thermal characterizations of 
alkali-soluble lignin and hemicelluloses, 
and cellulose from maize                         
stems, rye straw, and rice straw. Polymer 
Degradation and Stability. 2001;74:307-
319. 

28. Demirbas A. Effect of temperature and 
particle size on bio-char yield from 
pyrolysis of agricultural residues. Journal 
of Analytical and Applied Pyrolysis. 
2004;72:243-248. 

29. Viswanathan B, Indra Neel P, Varadarajan 
TK. Methods of activation and specific 
applications of carbon materials. National 
centre for catalysis research. Indian 
Institute of Technology Madras, Chennai, 
India; 2009. 

30. Deiana C, Granados D, Venturini R, 
Amaya A, Sergio M and Tancredi N. 
Activated carbons obtained from rice husk: 
influence of leaching on textural 
parameters, Ind. Eng. Chem. Res. 
2008;47:4754–4757. 

31. Guo Y, Rockstraw DA. Physicochemical 
properties of carbons prepared from pecan 
shell by phosphoric acid activation, 
Bioresource Technology. 2007;98:1513–
1521. 

32. Li Y, Zhang X, Yang R, Li G, Hu C. The 
role of H3PO4 in the preparation of 
activated carbon from NaOH-treated rice 
husk residue. RSC Adv 5:32626–32636. 
2015.  
Available:https://doi.org/10.1039/x0xx0000
0x. 

33. Ma X and Ouyang F. Adsorption properties 
of biomass-based activated carbon 
prepared with spent coffee grounds and 
pomelo skin by phosphoric acid activation. 
Applied Surface Science. 2013;268:566-
570. 

34. Mahamad MN, Zaini MAA, Zakaria ZA. 
Preparation and characterization of 
activated carbon from pineapple waste 
biomass for dye removal. International 
Biodeterioration and Biodegradation. 
2015;1-7. 

35. Alvarez J, Gartzen Lopez, Maider Amutio, 
Javier Bilbao and Martin Olazar. Physical 
activation of rice husk pyrolysis char for the 
production of high surface area activated 

carbons. Ind. Eng. Chem. Res. 2015;54: 
7241−7250. 

36. Yang K, Peng J, Srinivasakannan C, 
Zhang L, Xia H, Duan X. Preparation of 
high surface area activated carbon from 
coconut shells using microwave heating. 
Bioresource Technology. 2010;101:6163–
6169. 

37. Wei L, Yang K, Peng J, zhang L, Guo S, 
Xia H. Effects of carbonization 
temperatures on characteristics of porosity 
in coconut shell chars and activated 
carbons derives from carbonized coconut 
shell chars. Industrial crops and products. 
2008;28:190–198. 

38. Singh K, Malik P, Sinha A, Ojha S. Liquid-
phase adsorption of phenols using 
activated carbons derived from agricultural 
waste material. Journal of Hazardous 
Materials. 2008;150:626–641. 

39. Wei S, Li Z, Yaping Z. Preparation of 
microporous activated carbon from 
coconut shells without activating agents. 
Carbon. 2003;41:861–863. 

40. Wei S, Zhou, Yaping, Wei, Liufang, Sun, 
Yan, Zhou, Li. Effect of microstructure and 
surface modification on the hydrogen 
adsorption active carbons. New Carbon 
Materials. 2007;22(2):135-140. 

41. Hu, Z., Srinivasan, M.P., Preparation of 
high surface area activated carbons from 
coconut shell. Microporous and 
Mesoporous Materials. 1999. 27, 11–18. 

42. Cigdem SS, Mine GUA, Levent A, Cigdem 
S. Preparation and characterization of 
activated carbons by one-step steam 
pyrolysis / activation from apricot stones. 
Microporous Mesoporous Mater. 2006;88: 
126–134. 

43. Ganan J, Gonza´ lez JF, Gonza´ lez-
Garcia CM, Ramiro A, Sabio E, Rom´ an 
S. Carbon dioxide-activated carbons from 
almond tree pruning: Preparation and 
characterization. Appl. Surf. Sci. 2006;252: 
5993–5998. 

44. Boonamnuayvitaya V, Sae-ungb S, 
Tanthapanichakoon W. Preparation of 
activated carbons from coffee residue for 
the adsorption of formaldehyde. Sep. Purif. 
Technol. 2005;42:159–168. 

45. Lua AC, Lau FY, Guo J. Influence of 
pyrolysis conditions on pore development 
of oil-palm-shell activated carbons. J. Anal. 
Appl. Pyrolysis. 2006;76:96–102. 

46. Suzuki RM, Andrade AD, Sousa JC, 
Rollemberg MC. Preparation and 
characterization of activated carbon from 



 
 
 
 

Azad et al.; IJECC, 11(4): 106-117, 2021; Article no.IJECC.69630 
 
 

 
116 

 

rice bran. Bioresour. Technol. 2007;98: 
1985–1991. 

47. Chowdhury ZZ, Karim MZ, Ashraf MA, 
Khalid K. Influence of carbonization 
temperature on physicochemical properties 
of biochar derived from slow pyrolysis of 
durian wood (Durio zibethinus) sawdust. 
BioResources. 2016;11(2):3356-3372. 

48. Braghiroli FL, Bouafif H, Neculita CM, 
Koubaa A. Performance of                      
physically and chemically activated 
biochars in copper removal from 
contaminated mine effluents. Water Air 
Soil Pollut. 2019;230:178. 

49. Azevedo DCS, Arau´ jo JCS, Bastos-Neto 
M, Torres AEB, Jaguaribe EF, Cavalcante 
CL. Microporous activated carbon 
prepared from coconut shells using 
chemical activation with zinc chloride. 
Microporous Mesoporous Mater. 2007; 
100:361–364. 

50. Qiu Z, Wang Y, Bi X, Zhou T, Zhou J, Zhao 
J, Miao Z, Yi W, Fu P, Zhuo S. Biochar-
based carbons with hierarchical micro-
meso-macro porosity for high rate and long 
cycle life supercapacitors. J. Power 
Sources. 2018;376:82–90. 

51. Lim WC, Srinivasakannan C, 
Balasubramanian N. Activation of palm 
shells by phosphoric acid impregnation for 
high yielding activated carbon. J Anal Appl 
Pyrol. 2010;88(2):181–186. 

52. Srinivasakannan C, Zailani ABM. 
Production of activated carbon from rubber 
wood sawdust. Biomass and Bioenergy. 
2004;27:89–96. 

53. Gratuito MKB, Panyathanmaporn T, 
Chumnanklang RA, Sirinuntawittaya N, 
Dutta A. Production of activated carbon 
from coconut shell: optimization using 
response surface methodology. 
Bioresource Technology. 2008;99:4887–
4895. 

54. Bansal RC, Goyal M. Activated carbon 
adsoprtion. CRC Press, Boca Raton, FL, 
USA; 2005. 

55. Bouchelta C, Medjram MS, Bertrand O, 
Bellat J. Preparation and characterization 
of activated carbon from date stones by 
physical activation with steam. J. Anal. 
Appl. Pyrolysis. 2008;82:70–77. 

56. Acero JL, Javier Benitez F, Real FJ, Teva 
F. Coupling of adsorption coagulation, and 
ultrafiltration processes for                             
the removal of emerging contaminants in a 
secondary effluent. Chem. Eng. J. 
2012;210:1–8. 

57. Calıskan E, Göktürk S. Adsorption 
characteristics of sulfamethoxazole and 
metronidazole on activated carbon. Sep. 
Sci. Technol. 2010;45:244–255. 

58. Delgado LF, Charles P, Glucina K, Morlay 
C. The removal of endocrinedisrupting 
compounds, pharmaceutically activated 
compounds andcyanobacterial toxins 
during drinking water preparation using 
activatedcarbon – a review. Sci. Total 
Environ. 2012;435–436. 

59. Carabineiro SAC, Thavorn-amornsri T, 
Pereira MFR, Serp P, Figueiredo JL.  
Comparison between activated carbon, 
carbon xerogel and carbonnanotubes for 
the adsorption of the antibiotic 
ciprofloxacin. Catal. Today. 2012;186:29–
34. 

60. Kurniawan TA and Babel S. A research 
study on Cr(VI) removal from contaminated 
wastewater using low-cost adsorbents and 
commercial activated carbon. Proceedings 
of the 2nd Regional Conference on Energy 
Technology Towards a Clean 
Environment. Phuket, Thailand. 2003;12-
14. 

61. Kadirvelu K, Kavipriya M, Karthika C, 
Radhika M, Vennilamani N, Pattabhi S. 
Utilization of various agricultural wastes for 
activated carbon preparation and 
application for the removal of dyes and 
metal ions from aqueous solutions. 
Bioresource Technology. 2003;87:129–
132. 

62. Barka N., Qourzal S, Assabbane A, 
Nounah A, Ait-Ichou Y. Removal of 
reactive yellow 84 from aqueous solutions 
by adsorption onto hydroxyapatite. Journal 
of Saudi Chemical Society. 2011;15:263–
267. 

63. González Juan F, Encinar José M, 
González-García, Carmen M, Sabio E, 
Ramiro A, Canito, José L, Gañán José. 
Preparation of activated carbons from used 
tyres by gasification with steam and carbon 
dioxide. Applied Surface Science. 
2016;252:5999–6004. 

64. Román S, González JF, González-García 
CM, Zamora F. Control of pore 
development during Co2 and steam 
activation of olive stones. Fuel Processing 
Technology. 2008;89:715–720. 

65. Gomez-Serrano V, Cuerda-Correa EM, 
Fernandez-Gonzalez MC, Alexandre-
Franco MF, Macias-Garcia. Preparation of 
activated carbons from chestnut wood by 
phosphoric acid-chemical activation. Study 



 
 
 
 

Azad et al.; IJECC, 11(4): 106-117, 2021; Article no.IJECC.69630 
 
 

 
117 

 

of Microporosity and Fractal Dimension. 
Mater. Lett. 2005;59:846–853. 

66. Saleem J, Shahid UB, Hijab M, Mackey H, 
McKay G. Production and applications of 
activated carbons as adsorbents from olive 
stones. Biomass Conv. Bioref. 
2019;9:775–802. 

67. Sakhiya AK, Anand A, Kaushal P. 
Production, activation, and applications of 
biochar in recent times. Biochar; 2020. 
Available:  https://doi.org/10.1007/s42773-
020-00047-1. 

68. Ambaye TG, Vaccari M, Hullebusch EDV, 
Amrane A, Rtimi S. Mechanisms and 
adsorption capacities of biochar for the 
removal of organic and inorganic pollutants 

from industrial wastewater. Int. J. Environ. 
Sci. Technol; 2020.  
Available:https://doi.org/10.1007/s13762-
020-03060-w. 

69. Srivatsav P, Bhargav BS, 
Shanmugasundaram V, Arun J, Gopinath 
KP, Bhatnagar A. Biochar as an Eco-
Friendly and Economical Adsorbent for the 
Removal of Colorants (Dyes) . 

70. Kanakaraju D, Glass BD, Oelgemöller M. 
Advanced oxidation process-mediated 
removal of pharmaceuticals from water: a 
review. J Environ Manag. 2018;219:189–
207.  
Available:https://doi.org/10.1016/ 
j.jenvman.2018.04.103. 

 
© 2021 Azad et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.  
 
 

 
Peer-review history: 

The peer review history for this paper can be accessed here: 
http://www.sdiarticle4.com/review-history/69630 


