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ABSTRACT: Activated carbon were prepared from coconut shell; coconut coirpith, rice husk, shear butter
wood and shear butter bark using IM Ferric chloride, IM Trioxonitrate (v) acid, IM Orthophosphoric acid and
IM Potassium carbonate as the chemical activating reagents. The activated carbons were characterized using
micropore volume, bulk density, moisture content and pH. The activated carbons prepared were used for the
removal of phenol from aqueous solution.
The Hydrochloric acid purified -carbon produced from shear butter bark was found to be better adsorbent for
phenol than those prepared from coconut shell. The adsorption data fit well with Langmuir adsorption isotherm
with the adsorption capacity in the range of 0.0052 and 0.1084 mg/g at 28 ± 2 °C, pH 8.0 and for particle size
0.08 – 0.5mm.
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INTRODUCTION

Pollution deals with the modification of the natural
physical and chemical environment of the earth
of human activity. Its study encompasses the
source, distribution and effect of pollutants caused
by chemical substances introduced into the
environment in location and at level not observed
in the absence of human intervention[1]. Various
treatment strategies are applied to the removal
of toxic organic pollutants from water. The
traditional technology based on adsorption,
frequently involving the use of activated carbon
is easily applicable to the removal of contaminants
from water.

Activated carbon is a non-selective adsorbent
which removes almost all the natural organic
matter present in waters and results in rapid
decrease in its capacity to accumulate toxic
organics [2, 3].

Activated carbon is defined as a wide range of
amorphous carbon based materials prepared to
exhibit a high degree of porosity and an extended
interparticulate surface area[4]. These qualities
impart activated carbon with excellent adsorbent

characteristics and it is defined more or less by
its properties rather than its sources. It can be
produced from a wide variety of carbon-rich raw
materials of animal, mineral or agricultural
wastes origins [5, 6] .These include wood, peat,
coal, bones, coconut shells and fruit stones.
Activated carbon prepared from coconut coirpith
was found effective for the treatment of
wastewater and also for the removal of As, Cu,
Hg, Ni and organics from aqueous solution [7] .
Activated carbons prepared from rice husk and
coconut husk, sawdust have also been used for the
treatment of wastewater [8,9].

Typical sources of phenol into surface water
are the waste from industries involved in chemical
manufacturing gas, coke, and coal tar making [10].

Phenols are corrosive to the skin and eyes and
are readily absorbed through the skin in toxic
amount. Continuous daily skin exposure to phenol
has been known to cause acute form of dermatitis
in human beings. Dusts of chlorophenol are
irritating to the respiratory tract and to the eye
[11].

The adsorption of phenol and substituted
phenols from aqueous solution on activated
carbons have been intensively investigated for
decades because the phenol molecule which is
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relatively simple and well characterized is
frequently used as a model for the adsorption of
more complicated organic compounds [12].

Kermani et al. [13 ] also revealed from their
study that rice husk ash and granular activated
carbon are efficient adsorbent material for the
removal of phenol from aqueous solution. The
suitability of the Freundlich and Langmuir
adsorption models to the equilibrium data were
investigated on each phenol-sorbent system. Their
result revealed that rice husk ashes prepared at
400 °C and 500 °C and granular activated carbon
fitted well with the Freundlich isotherm model
while the rice husk ash prepared at 300 °C fitted
the Langmuir isotherm model.

The main objective of this work is to produce
activated carbon from some locally sourced
agricultural waste materials including coconut
shell and coirpith, shear butter wood, shear butter
bark and rice husk using different chemical agents.
The various activated carbon produced will then
be used in the removal of phenol from aqueous
solution. Equilibrium adsorption data will then be
fitted to Langmuir adsorption data.

EXPERIMENTAL

Adsorbent Preparation

The coconut shell and coirpth were collected from
Ipata market in Ilorin, shear butter wood and bark
were collected from a shear butter tree within the
University of Ilorin campus and the rice husk was
collected from a rice milling industry in Ilorin,
Nigeria.

The materials were sun-dried, ground and
carbonized as discussed in the previous work [14]
at 300 °C for 2 hours.

The carbonized sample from each raw material
was purified using 0.5M HCl. The purification was
carried out by placing 100g of the carbon residue
in 500ml of 0.5M HCl in 1000ml beaker. The
mixture was heated and stirred until effervescence
was observed. The mixture was filtered, washed
with distilled water to neutrality and dried in the
oven at 105 °C.

The purified sample was divided into five
portions: four portions of each raw material were
chemically activated using one molar solution of
Ferric chloride, Orthophosphoric acid,
Trioxonitrate (v) acid and Potassium carbonate,

the fifth portion was not activated. 100g of each
portion of purified carbon sample was contacted
with 400ml of one molar solution of each activating
reagent at 200 °C with stirring for two hours. The
activated carbon prepared was washed with
distilled water and dried in the oven at 105 °C.

Quality Parameters of Activated Carbons

The activated carbons were characterized based
on some physical properties such as particle size,
moisture content, micropore volume, bulk density
and pH. The particle size determination was
carried out by sequential sieving using a set of
standard sieves of different aperture in order of
0.08mm, 0.5mm, 1.0mm and 2.0mm.

The moisture content of the adsorbent was
determined by heating to constant weight at
105 °C. The micropore volume was determined
using the method stated by the American Society
of Testing of Materials (ASTM) method[15]. The
bulk density of the adsorbents was determined by
using Archimedes principle. The pH of the
adsorbent was measured in adsorbent water ratio
of 1: 2.

Adsorption Experiments

The adsorption capacity of phenol was determined
using varied initial concentration of phenol
solution from 0.1-2mg/L while maintaining the
adsorbent dosage at 0.5g of activated carbon per
20ml of solution. Maximum agitation time 1½ hour
was used. The mixture of each flask was filtered
and the absorbent reading of the filtrate from each
flask was measured from the UV-visible
spectrophotometer at the predetermined wave
length (max) of phenol solution (500nm). The
residual concentration of the filtrate was
determined from the calibration curve.

The amount adsorbed (mg/g) was calculated
using the formula reported in an earlier study and
stated below[14]:

The adsorption capacity was determined from
the graph of amount adsorbed per gram of carbon
versus equilibrium concentration in aqueous
solution.

−
= fV (Ci C )

Q
W

Where Q = is the quantity of solute adsorbed from
solution of volume Vcm3 in mg solute per gram of
carbon.
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Ci = is the initial concentration before adsorption
Cf = is the concentration after adsorption and
W = is the weight of the adsorbent

RESULTS AND DISCUSSION

The lists of all activated carbons prepared are
summarized in Table 1. FeCC has the highest
moisture content value while ORH has the lowest
value of 4.2%. KCC has the highest micropore
volume of 1.78cm3/g while OCS has the lowest
micropore volume of 0.23cm3/g. The micropore
volume is the actual volume that is available
available for adsorption, The values recorded for
the studied materials are in the same range with
those reported by Rollor et al for wood- based
carbons[16]. The values recorded for coconut
carbon types are in accordance with values
reported by Urano et al. [17] for commercial
activated carbon prepared from coconut shell.
FeCS has the highest bulk-density of 0.72glcm3

while KCC has the lowest value of 0.18 glcm3. The

values recorded for bulk density are in the same
range with those reported by Urano et al for
coconut-based carbon[17]. Average values of 0.65
and 0.85 g/cm3 had earlier been reported for the
bulk density of steam and chemically activated
carbon from coconut shell[18].

The surface pH ranged from acidic to basic
depending on the activating reagent used. For
instance, the Ferric Chloride and Orthophosphoric
acid activated carbons have acidic surface while
the potassium carbonate activated carbons have
basic surface. The physical properties of the
activated carbon types are summarized in table 2
below.

Table 2
Physical Properties of the Adsorbent Types

Carbon Moisture Micropore Bulk density pH
Type content %  Volume cm3/g  g/cm3

FeCC 18.4 1.48 0.23 2.0

OCC 14.3 1.20 0.24 2.8

KCC 13.6 1.78 0.18 10.3

NCC 16.6 14.3 0.25 3.3

FeCS 13.3 0.33 0.72 2.5

OCS 1.53 0.23 0.69 4.3

KCS 12.4 0.43 0.68 8.7

NCS 13.7 0.39 0.69 3.5

FeRH 4.6 0.64 0.40 1.8

ORH 4.2 0.54 0.43 3.0

KRH 8.7 0.62 0.49 10.9

NRH 4.6 0.76 0.42 3.2

FeSB 14.8 0.35 0.47 2.6

OSB 12.0 0.56 0.54 3.3

KSB 11.6 0.49 0.53 8.9

NSB 10.6 0.69 0.49 3.4

FeSW 6.1 0.99 0.37 2.1

OSW 6.0 0.95 0.39 2.7

KSW 5.4 0.44 0.38 9.8

NSW 5.5 0.72 0.43 3.6

Adsorption Capacity of the Adsorbent

The results of adsorption capacities of the
activated carbon produced using different
activating agents are summarized in Table 3. The
hydrochloric acid purified carbon types exhibited
higher adsorption capacity than the activated
ones. The adsorption capacities of the prepared
activated carbon could be ranked as follows in
decreasing order of adsorption capacity HCS>
NCS> FeCS> NCS for coconut shell; HCC> FeCC

Table 1
The List of Prepared Carbons with Assigned Codes

Materials Activating Agent Codes

Coconut shell Ferric chloride FeCS

Coconut shell Orthophosphoric acid OCS

Coconut shell Potassium Carbonate KCS

Coconut shell Trioxonitrate (v) acid NCS

Coconut shell Hydrochloric acid HCS

Coconut coirpith Ferric chloride FeCC

Coconut coirpith Orthophosphoric acid OCC

Coconut coirpith Potassium Carbonate KCC

Coconut coirpith Trioxonitrate (v) acid NCC

Coconut coirpith  Hydrochloric acid HCC

Rice husk Ferric chloride FeRH

Rice husk Orthophosphoric acid ORH

Rice husk Potassium carbonate KRH

Rice husk Trioxonitrate (v) acid NRH

Rice husk Hydrochloric acid HRH

Shear butter bark Ferric chloride FeSB

Shear butter bark Orthophosphoric acid  OSB

Shear butter bark Potassium carbonate KSB

Shear butter bark Trioxonitrate (v) acid NSB

Shear butter bark Hydrochloric acid HSB

Shear butter bark Ferric chloride FeSW

Shear butter bark Orthophosphoric acid OSW

Shear butter bark Potassium carbonate KSW

Shear butter bark Trioxonitrate (v) acid NSW

Shear butter bark Hydrochloric acid HSW
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Ce – equilibrium concentration of adsorbate in
solution after adsorption

The constants in the Langmuir isotherm were
determined by plotting C e(x/m) against Ce
according to the equation:

Ce/ (x/m) = 1 /ab + 1/a Ce

The Langmuir constants determined from the
isotherm graphs are summarized in table 4.

Table 4
Langmuir Constants for the Adsorption of Phenol in

the Various Activated Carbon Types

Sample Xm(mg/g) K (L/mg) Correlation
x 10-3 coefficient (R2)

FeCS 0.0052 28.30 0.8494

OCS 0.0062 8.63 0.6788

NCS 0.0045 7.23 0.5419

HCS 0.0295 31.51 0.1920

FeCC 0.0479 15.65 0.4894

NCC 0.0347 1.13 0.9631

HCC 0.0207 32.90 0.5715

FeRH 0.1082 4.18 0.5494

HRH 0.0366 13.26 0.5730

FeSB 0.0436 9.18 0.8744

OSB 0.0482 33.60 0.7695

NSB 0.0494 9.66 0.908

HSB 0.1084 1.35 0.7686

FeSW 0.0120 2.93 0.6671

OSW 0.0821 0.36 0.9679

NSW 0.0890 0.77 0.5293

HSW 0.02884 8.32 0.8101

The result of the Langmuir adsorption
isotherm is in line with the result of Kermani
et al. [13].

CONCLUSION

Activated carbon prepared from coconut shell,
coconut coirpith, rice husk, shear butter bark and
shear butter wood have been found to be effective
adsorbents for the removal of phenol from aqueous
solution but their effectiveness differs based on
the raw material and the type of activating
reagent. The hydrochloric acid purified carbon
prepared from shear butter bark gave the highest
adsorption capacity followed by those prepared
from rice husk, shear butter wood, coconut coirpith
and the carbon prepared from coconut shell has
the lowest adsorption capacity.

Table 3
Quantity of Phenol Adsorbed Per gram of Carbon

Types and with Initial Concentration of
Phenol at 0.8mg/L

Types of Absorbance Concentration Amount
Activated  after after adsorbed
carbon  adsorption adsorption (mg/g)

(mg/L)

FeCS 0.129 0.70 0.0040

OCS 0.143 0.77 0.0012

NCS 0.113 0.61 0.0076

FeCC 0.071 0.38 0.0168

OCC 0.107 0.58 0.0088

NCC 0.107 0.58 0.0056

HCC 0.063 0.34 0.0184

FeRH 0.028 0.14 0.0264

ORH 0.055 0.29 0.0204

NRH 0.128 0.69 0.0044

HRH 0.024 0.12 0.0204

FeSB 0.028 0.14 0.0264

OSB 0.018 0.09 0.0284

NSB 0.037 0.19 0.0244

HSB 0.020 0.10 0.0280

FeSW 0.128 0.69 0.0044

OSW 0.098 0.53 0.0136

NSW 0.061 0.32 0.0192

HSW 0.034 0.18 0.0248

> OCC > NCC for coconut coirpith, CRH
>FeRH>ORH >NRH for rice husk, OSB = HSB >
FeSB > NSB for shear butter bark and HSW >
NSW > OSW > FeSW for shear butter wood
respectively.

Langmuir Adsorption Isotherm for Phenol on
the Various Activated Carbon Types

The adsorption data obtained from the various
carbon types were tested with Langmuir
adsorption isotherm given as:

1
=

+
e

e

abCX
m bC

Where

X/m – amount adsorbed per unit weight of
adsorbent (mg/g).

a, b – empirical constants (Langmuir constants)
i.e. the adsorption capacity corresponding
to complete coverage of available
adsorption site (mg/g) and energy intensity
of adsorption respectively.
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The study has therefore demonstrated that
activated carbons prepared from the various
materials could be used as effective adsorbents for
the treatment of phenol bearing effluents from coal
tar, coke, gas and other related industries.
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