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Abstract- This review paper bring together the work done by different research scholars on production of activated carbon,
bio oil and syngas from coconut shells. The generalize process for production of activated carbon, bio oil and syngas are
deliberated. The influence of thermal pyrolysis i.e. carbonization and activation parameters viz. temperature, heating
medium, heating rate, fume ﬂow rate, activating reagent, and dwelling time toward properties of activated carbon were
reviewed. The various pyrolysis methods for production of other byproducts also studied and their application is reviewed.
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I. INTRODUCTION

Deployment of coconut shells for production of activated carbon, bio oil and syngas is an important
approach to convert waste in to some value added products that could solve environmental issues like water
pollution and air pollution, large collection of agricultural waste. Also, instead of using other fossil fuel sources
such as coal, using coconut shells biomass based activated carbon will reduce global warming’s effects. As
coconut shells based activated carbon, bio oil & syn gas is sourced from agricultural sector wastes and it is
abundantly available so it will be more economical.
Activated carbon is non-graphite form of carbon which could be produced from any carbonaceous
material, one of the most important micro porous adsorbent due to its tremendous adsorptive capacity. A
number of studies on numerous applications of activated carbon have been published by various researchers
[1–7]. Activated carbon derived from coconut shell is widely used for pollutant removal. Various industrial
sectors use activated carbon in operations such as in waste water treatment, water & gas purification,
desulphurization and mercury removal, refining and bleaching of vegetable oils, volatile organic compounds
(VOC) adsorption [48], recovery of gold, solvents and other vapours, in gas masks & in filters for protection
against warm & toxic gases etc. Activated carbon also used as an effective means for puriﬁcation, storage,
separation, deodorization and catalysis in gas phase applications [49]. Activated carbon is a well-known
adsorbent due to its tremendous and versatile properties due to its high degree of surface reactivity that
allow the accessible gas/liquid into its internal pore surface. The main properties of activated carbon are
that it is comprised of developed microporous structure with high surface area and favorable pore size of
the prepared material. Activated carbon with high adsorption capacity can be produced from numerous sources
of biomass, such as coconut shell [8-12], wood [13,14], rice husk [15-17], walnut shell [18,19], durian shell
[20–23], rubber- seed shell [24], almond shell [25-28], hazelnut shell [29–31], palm kernel shell [32–43],
pistachio-nut shell [44,45], plum stones [46], and cotton stalks [47].
Another byproduct is bio oil which is extracted from coconut and consists of over 80% saturated fat. It is
typically used in cosmetics as well as in baking and cooking. The very ﬁrst step in preparing activated carbon
& bio oil is preparing biochar from raw coconut shell with pyrolysis process viz. carbonization [1]. In this
step, moisture content and volatile matters are removed from the coconut shells [1]. From this coconut shell
charcoal, activated carbon & bio oil is produced by using steam activation of shell charcoal in a high
temperature reactor. Fast pyrolysis process was carried out prior in fluidized bed reactor to produce char
before activation process. Pyrolysis oil or Bio oil, sometimes also known as bio crude or bio oil is a synthetic
fuel under investigation as substitute for petroleum. Liquid products can be refined to produce liquid fuels or
value-added products, and can also be used as a chemical raw material. Paralytic oil (or bio-oil) is a kind
of tar and normally contains levels of oxygen too high to be considered as hydrocarbon. The syngas product
contains methane, which is widely present in natural gas, biogas, and coal mine gases.
The present study is focused on the process of production of activated carbon, bio oil & syngas from
coconut shells and its various applications. The whole process study can be divided into two parts. In the ﬁrst
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part, productions of activated carbon, bio oil & syngas from coconut shells based on different methods are
reviewed in details. The second part described the various application of activated carbon, bio oil & syngas
which is derived from coconut shells.

II. STAGES OF PRODUCTION PROCESS.

In general, two main stages are concerned in production of activated carbon, bio oil & syngas from
coconut shells. The first stage is started with thermal pyrolysis / carbonization of raw coconut shell biomass
at a temperature of around 6000C in the inert atmosphere that is exclusion of oxygen for getting
biochar/charcoal [1,8,12,58,60]. The first stage is then followed by second stage of activation process for
the enlargement of pore volume and generation of large surface area of activated carbon. In general,
activation process is divided into two separate methods, unlikely first one is physical activation and second
one is chemical activation. During both the stages, syn gases are produced which can be condensed to get
bio oil.
Carbonization/Thermal Pyrolysis
Carbonization/thermal pyrolysis process is a phase to enrich carbon content in coconut shell material by
eliminating non-carbon species using thermal decomposition. Initial porosity of biochar even though
comparatively low, it could be developed in this stage before undergoes further development in activation
process. Careful selection of carbonization parameters is important because this process leaves a
signiﬁcant effect on the ﬁnal product [44,45].
In this process, the carbonization temperature has the most prominent effect, followed by heating rate
and residence time [7,37]. Normally, higher carbonization temperature (500–6000C) result in reduced yield
of char while increasing the liquid and gases release rate [7]. Higher temperature will also increase ash and
ﬁxed carbon content and lower amount of volatile matter [7,37,47]. Thus, high temperatures result in better
quality char but also decrease yield. This is due to the primary decomposition of coconut shell at higher
temperatures and also secondary decomposition of char residue [7]. Thus, as the temperature of primary
decomposition increased or the residence times of primary vapors inside the cracked particle is shorter, the
char yields decrease [47]. According to Ioannidoue and Zabaniotou [7], higher carbonization temperatures
also increase ash and ﬁxed carbon content due to the decrease in volatile matter. As a result, a higher
temperature yields char with improved quality.
In order to obtain low volatilization and a high char yield, low heating rates (10–150 C/min) should be
used. Char has a high ﬁxed carbon content which is important for producing activated carbon. Lower heating
rate will increase dehydration and improve the stabilization of the polymeric components [6,7]. However,
the microporosity of char has been found to be independent of the precursor composition and the
carbonization heating rate [6]. Table 1 presents the proximate and ultimate analysis of several biomass
materials.
Table 1
Ultimate and Proximate Analysis of various biomass used for production.
Ultimate analysis (db, % w/w)
Proximate analysis (db, % w/w)
Biomass type C

H

O

N

S

Coconut shell
Rice straw
Cotton stalks
Durian shell

5.
8
4.
6
5.
0
8.
5

30.76
36.6
34.0
28.1

0.13
0.7
2.6
3.1

0.
01
0.
1
0.
0
0.
1

51.38
41.8
41.2
60.3
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A
sh
0.
69
13
.4
13
.3
2.5

Volatile Fixed carbon Moisture
85.36
69.3
–
69.6

20.26
–
–
22.4

11.26
25
6.0
5.5

Refs.
[58]
[7]
[7]
[22]
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Corn stalks

45.5

Corn cobs

46.3

Almond shell 51.4
Palm shell

50.1

Plum stones

46.4

6.
2
5.
6
6.
1
6.
9
5.
5
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6.4

–

–

0

5.3

–

–

7.1

[7]
[7]

1.3

82.3

–

–

[25]

1.9

0.
13
0.
0
0.
6
–

1.1

72.5

18.7

8.0

[34]

0.1

–

0.4

80.6

–

–

[46]

41.1

0.9

42.2

0.6

41.6

0.3

41.2
48.0

Carbonization parameters have high impact in the development of initial pore structure in the char,
mainly through the release of volatile compounds. Since pore development in the char has a great
inﬂuence on the pore characteristics of subsequently produced activated carbon, carbonization
parameters should be taken into account prior to activation stage.
Activation
The aim of activation process is to increase the porosity of activated carbon material & enhance the
pore volume. Activation process can be carried out by two different methods. They are named as physical
activation and chemical activation. Physical activation usually uses steam or CO2 while for chemical
activation; various chemicals are used [62,63]. Table 2 represents various activation conditions for
preparation of activated carbon from several biomass materials.
Table 2
Various activation conditions for production of Activated Carbon.
Activation
method
Physical

Chemical

Biomass
Durian peel-based, palm shell, almond shell,
pistachio-nut shell
Rubber-seed shell, palm shell, nut shell, coconut
shell
Durian shell, pistachio nut shell, plum stones,
coconut shell, palm shell
Corn cob
Coconut shell
Coconut shell
Wood

Activation Medium
CO2
Steam
KOH
ZnCl2
Strong base
Cu(NO3)2
H3PO4

Refs.
[21,33,37,42,4
4,64]
[24,34,39,43,6
5,66]
[20,36,46,44,6
7]
[49]
[68]
[69]
[70]

During the activation process, unorganized carbon is removed, exposing the char to the action of activating
agents and lead to the development of microporous structure [6]. In this phase, existing pores are widened or
large- size pores are formed when walls between the pores are completely burnt-off. This results in the
increasing transitional pores and macroporosity, whereas the volume of micropores decreases. Thus, the
extent of burn-off carbon material or the degree of activation is an important measure in activated carbon
production [71].
During activation the temperature is set between 800 and 9500 C to develop the porosity and surface area
of carbon. For physical activation, steam is more effective than CO2, because activated carbon with a relatively
higher surface area can be produced. The smaller molecule size of water is responsible to facilitate diffusion
within the char’s porous structure effectively [43]. On the other hand, various chemicals such as ZnCl2, H3PO4,
NaOH and KOH have been used for chemical activation [29,46,18,72,73]. These chemical agents develop the
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porosity based on dehydration and degradation. Generally, chemical activation (300–5000 C) takes place at
lower temperature than physical activation [29,72,73]. This improves the development of pore in carbon
structure due to the effect of chemical agent [74]. One of the most important advantages of chemical activation
over physical activation is the lower treatment temperature and shorter treatment time. In addition, the activated
carbon obtained by the chemical activation possesses larger surface area and well controlled microporosity in
smaller ranges [41,42,72]. Further- more, the carbon yield of chemical activation is also higher than that of
physical activation [74]. The disadvantages of chemical activation is the high cost of production due to higher
cost of various chemical & contaminated activated carbon is produced. Also purity of other product like
quality of bio oil & syngas is also get affected.

III. PRODUCTION METHODOLOGY

Figure 3.1 represents the production process layout for production of activated carbon, bio oil & syngas.

Figure 3.1
The various components used for production of activated carbon, bio oil & syngas are as follows.
Crusher
Coconut shells are hard and abrasive as the shell fragments can have rough edges and sharp points. A jaw
crusher is chosen to crush the shells because it is suitable for hard and abrasive materials. The jaw crusher
will have higher crushing capacity and is capable of reducing the shell fragments to the desired size.
Reactor
The shells are heated to 600°C at a rate of 20°C/min in a reactor. For slow pyrolysis, a lower heating rate is
required for higher char yield. Faster heating rates result in higher gas yields and lower char yields. However,
the heating rate should not be too slow that it would just waste time when a higher heating rate would have
also resulted in the same char yield [32,51,61].
Condenser
A condenser is an apparatus or equipment used to condense gases (change the physical state of a substance
from its gaseous to its liquid state). In simplest form, condenser consists of a tube through which hot gases
are passed with outside water providing cooling.
Gravity Separator
The vertical knock-out drum is assumed to be a vertical vessel with sieve plates functioning as mesh pads.
As the gas flows up through the vessel, gravity separates the liquid from the gas. The vessel will be made
out of low alloy steel because the syngas contains hydrogen. The plates are made out of stainless steel since
the gas is corrosive.
IV. APPLICATIONS OF PRODUCT

Water and air pollution has emerged as one of the major problems caused by substantial population growth
and rapid development in industrial activities. Therefore, in order to achieve a sustainable development for
future, water and air pollution control is a crucial. Currently, scrubbing pollutants using the adsorption method
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is widely applied [2–5,20,25,27]. Nevertheless, technological development using adsorption processes is also
gaining considerable attention. Adsorption using adsorbents such as activated carbon has been studied [2–
5,20,25,27]. Due to the fact that activated carbon provides a suitable pore size for adsorption and large surface
area for rapid reaction, utilization of activated carbon offers great potential in water and air pollution control
[2–5,20,25,27].
V. RESULT AND DISCUSSION

Production of coconut shell activated carbon, bio oil and syngas would enhance the conversion of waste
into value added products. The production of activated carbon, bio oil and syngas has been studied for decades.
This supports the theoretical study that coconut shell materials are suitable precursors for the production of
activated carbons, bio oil and syngas with very high surface area and pore volume comparable to the best
commercial activated carbon. Successful application of coconut shell based activated carbon in water and air
pollution control depends strongly on the adsorption capacity of activated carbon. For that, activated carbon
needs to undergo modiﬁcation through either controlling the conditions of activation or by post-activation
surface treatments.
VI. CONCLUSION

For production of the activated carbon, bio oil along with syngas, two optimal process i.e. carbonization /
thermal pyrolysis and activation conditions are carried out by using various equipment’s like pyrolysis
reactors, condenser, oil & gas separator etc. Conclusively, the use of waste as adsorbent is an economic
alternative and contributes to reduce the environmental contamination. Coconut shell can be converted into
high economic value products by applied technology.
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