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Abstract

A study on sorption of heavy metal ions: Lead (Pb2+), Copper (Cu2+) and Cadmium (Cd2+) from mine wastewater by
activated carbons prepared from coconut husk was conducted.  The activated carbons were prepared by carbonisation of the
husk at 900 ºC pyrolysis temperature, followed by steam activation of the pyrolysis derived char. Activation was also
performed at 900 ºC for various durations at steam addition rate of 0.2 mol/h/g in a Gas Fired Static Bed Pyrolysis-
Activation Reactor. The derived activated carbons were contacted with mine wastewater containing heavy metal ions to
assess their heavy metal ions adsorption potential. The results show that the activated carbons efficiently adsorbed the heavy
metal ions from solution, reducing concentrations of  Pb2+, Cu2+ and Cd2+ from 1.56 mg/L, 1.87 mg/L and 0.69 mg/L
respectively to below Ghana Environmental Protection Agency (GEPA) standards of  0.10 mg/L, 1.30 mg/L and 0.03 mg/L
for Pb2+, Cu2+ and Cd2+ respectively. The significances of this study are that, the conversion of the coconut husk to activated
carbons provides a solution to environmental problems associated with dumping of the waste and also provides valuable
products capable of reducing the effects of heavy metals in wastewater.
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1 Introduction

Various operations such as mineral processing
tailings disposal, illegal mining, domestic waste
disposal and many others result in the release of
heavy metals into water bodies. The presence of
these metals including Cadmium (Cd), Arsenic
(As), Chromium (Cr), Thallium (Tl), and Lead
(Pb), having relatively high densities and are toxic
or poisonous at low concentrations in water bodies,
is a major environmental concern (Duruibe et al.,
2007; Koedrith et al., 2013; Momodu and
Anyankora, 2010).

Some of these metals are good and essential for
humans in little quantities. They, however, have the
ability to bio accumulate. There is therefore the
tendency for compounds of heavy metals to
accumulate in living things any time they are taken
up and stored faster than they are broken down
resulting in sickness (Duruibe et al., 2007;
Koedrith et al., 2013).

For example, cadmium represents a health risk via
accumulation in living tissue and has been
associated with an increased risk of lung cancer,
emphysema, kidney damage and in extreme
circumstances, damage to bones and joints (Gimba et
al., 2015; Probert et al., 1987; Järup and Agneta,
2009). Mercury and mercury compounds give rise to
toxic effects associated with the central nervous
system, the major areas affected being associated with
the sensory, and auditory functions as well as those
concerned with co-ordination (William, 2005). Lead
exposure has been associated with disfunction in the

haematological system and central nervous system.
Decreases in intelligence and behaviour have been
reported in children subject to exposure of increased
levels of lead (Mason, et al., 2014; Hou, 2013;
Williams, 2005).

One of the ways used to remove the metal ions
from wastewater is by adsorption from the water
using activated carbon (Bernard et al., 2013). The
activated carbon used in Ghana is mostly imported
from other countries at a high cost.  There are,
however, local materials such as coconut husk,
coconut shell and corn cobs in large quantities
(Buah et al., 2014) that can be considered for
activated carbon production and used for
adsorption of heavy metal ions from water.

Coconut palms (Cocos nucifera) are grown
abundantly in Ghana, primarily, for the oil-rich
copra contained inside the coconuts (Fig. 1). In a
mature coconut, typical of what was used in this
study, the white meat – copra (28 wt%) is
surrounded by a hard protective shell (12 wt%) and
a thick husk (35 wt%). This husk surrounding the
large seed is made up of 30 wt% fibre and 70 wt%
pith material (van Dam, 2004; Thampan, 1991). On
a very minor scale, the coarse coir fibres are
traditionally extracted from the husk for the
production of mats, brushes and padding of
mattresses, while the copra is extracted for oil
production. A greater percentage of the hard shell
and fibre end up in landfills as waste and may
support bushfires, which are undesirable.
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Fig. 1 Cross Section of a Coconut showing the
Husk

This paper investigated production of activated
carbons from coconut husk and assessed the
derived activated carbons for heavy metal ions
adsorption. The activated carbons were produced
by carbonisation of the husks in a Gas Fired Static
Bed Pyrolysis-Activation Reactor system followed
by activation of the carbonised coconut husk for
various durations. The derived activated carbons
were characterised and then contacted with
wastewater samples containing copper, cadmium
and lead to determine their heavy metal ions
adsorption performance.

2 Resources and Methods Used

2.1 Materials Preparation

The coconut husk was obtained from the waste
stream of a coconut oil processing plant in
Takoradi in Western Region of Ghana. The husk as
received of particle size range of 40 – 100 mm
were washed with water and dried at 110 °C in an
oven till constant weight was achieved before
carbonisation. A sample of the dried husk was
pulverised to -1 mm and used to determine the
proximate and ultimate analyses of the sample
using thermogravimetric analysis (TGA) in a
Shimadzu TGA-50H. The sample contained 4.21
wt% moisture, 4.40 wt%, ash, 64.95 wt% volatile
matter and 26.50 wt% fixed carbon. The carbon,
hydrogen and nitrogen contents of the husk were
also determined using a FlashEA 1112 analyser as
50.57 wt%, 5.86 wt% and 0.30 wt% respectively.

De-ionised water obtained from the Mineral
Engineering Laboratory of the University of Mines
and Technology was used as the activation agent.
Waste water sample for the test work was collected
from a tailings dam in a mining community in
Tarkwa in the Western Region of Ghana. The
sample was collected in a sample bottle and

immediately placed in an ‘ice chest’ in ice packs
and transported to the laboratory where analyses of
heavy metal ions content were carried out within
six hours using Atomic Adsorption
Spectrophotometer. The analysis detected the
concentration of Pb2+, Cu2+ and Cd2+ as 1.56 mg/L,
1.87 mg/L and 0.69 mg/L respectively. The pH of
the wastewater was 6.

2.2 Preparation of Activated Carbons from
the Husk

The dried husk was carbonised in a gas fired static
bed pyrolysis-activation reactor, designed and
fabricated in Ghana (Buah et al., 2014), at 900 ºC
pyrolysis temperature to obtain char. This reactor
has a stainless steel chamber of a rectangular cross-
section, having a square groove positioned
symmetrically at the bottom part of the reactor,
which allows efficient heat transfer into the bed of
material being pyrolysed. The design allows easy
feeding of precursors as well as easy discharging of
carbonised products. The char was kept in the final
pyrolysis temperature for 60 minutes. This was
allowed to ensure pyrolysis is carried to completion
as much as possible. The weight of the char was
taken after it had been allowed to cool. The char
was then subjected to physical activation at 900 ºC
activation temperature using steam as the activation
agent. The steam activation was done at a water
flow rate of 0.2 mol/h/g for 1.0 h, 1.5 h, 2.0 h and
2.5 h. The carbonisation and activation procedures
were repeated.

The carbonisation and activation temperature of
900 ºC was chosen because other researchers (Guo
and Lua, 2000; Bouchelta et al., 2008) used similar
process conditions successfully for development of
high quality activated carbons. For example, Guo
and Lua (2000) successfully produced quality
activated carbons at 900 ºC. In their investigations
the effect of heating temperature on the properties
of chars and activated carbons prepared from oil
palm stones was studied. They established that as
the activation temperature increased from 750 ºC
up to 900 ºC, the Brunauer Emmett and Teller
(BET) and micropore surface areas increased
progressively since the activation process not only
enlarged the pores created during the pyrolysis but
also generated some new pores. However, at 950
ºC, the surface area, especially the micropore
surface area dropped dramatically due to over-
reaction of carbon with the activating agent.

2.3 Characterisation of the Derived
Activated Carbon

2.3.1 Yield of activated carbons

The yield of activated carbon, resulting after
activation of a given quantity of the carbonised
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husk is calculated according to equation 1 as
follows:

%100,
1

2 
W
W

YYield (1)

where: W1 = Initial dry mass of char (g) and W2 =
Dry mass of carbon after activation (g).

2.3.2 Determination of surface areas and pore
volumes of the activated carbons

The surface areas of the derived activated carbons
were determined by the Brunauer, Emmett, and
Teller (BET) method (Gregg and Sing, 1982). In
this determination adsorption of nitrogen by the
activated carbon at 77K using a Micromeritics
TriStar 3000 apparatus was carried out. The BET
surface areas assessment was done by applying
relative pressures ranging from 0.05 to 0.20. The
total pore volumes of the derived activated carbons
were estimated to be the liquid volumes of N2 at a
high relative pressure of 0.96, assuming the
molecular cross-sectional area of nitrogen to be
0.162 nm2. The micropore volumes were calculated
by application of the Dubinin Radushkevich (DR)
equation to the nitrogen adsorption isotherms of the
activated carbons (Dubinin and Radushkevitch,
1947).

2.3.3 Heavy metal ions adsorption studies of
the activated carbons

Batch adsorption experiment for each of the
derived activated carbons was done by contacting
500 mL of the wastewater with 25 g of each of the
activated carbons in a bevelled glass bottle. The
bottles were placed on a roller and rotated at 150
rpm at a room temperature of 32 o C for a period of
120 min to ensure good mixing and carbon-
wastewater contact. Solution samples were taken
from the bottles every 15 minutes and filtered using
Whatman filter paper. A Varian Fast Sequential
Atomic Adsorption Spectrophotometer (Varian
AA240FS) was used to analyse the concentrations
of the different metal ions present in the filtrate.
Repeat tests assessing the adsorption performance
of the activated carbons were carried out.

3 Results and Discussion

3.1 Production of Activated Carbon

The yield of char obtained after carbonisation of a
sample of the coconut husk was 27.05 wt%.
Samples of the carbonised husk, subjected to steam
activation for various durations, produced activated
carbons. The yields of the derived activated
carbons were dependent on the duration of
activation as shown in Fig. 2 and were repeatable
with relative standard deviation of not more than
1.04%. The decrease in yield is an indication of

increasing carbon burn-off of the activated carbons
as the activation time increased.

The carbon burn-off, resulting after activation of a
given quantity of the carbonised husk can be
calculated according to equation 2 as follows:

%100,
1

21 



m

mmBOoffBurn (2)

where: m1 = Initial dry mass of char (g) and m2 =
Dry mass of carbon after activation (g).

It can therefore be deduced that the carbonised
coconut husk exhibited a linear correlation between
activation time and burn-off. Daud and Ali (2004)
also observed, in a comparative study on the pore
development of activated carbons produced from
palm nut shell and coconut shell char, that both
materials exhibited a linear correlation between
activation time and burn-off.

Fig 2 Yield of Activated Carbons Relative to
Activation Time

3.2 Surface Area and Pore Volumes of the
Activated Carbons

The BET surface area of the char obtained after
pyrolysis of the husk at 900 oC without activation
was 80.55 m2/g. The surface area of the derived
activated carbons increased with increasing
activation hold time, reaching a value of 725.57
m2/g after 2.5 hours of activation. The increasing
activation time accompanied by increasing degree
of carbon burn-off, corresponding to decreasing
yield, as deduced from Fig. 2 resulted in
development of rudimentary pores and increase in
the surface area of the activated carbons.

From the results of total pore volumes, obtained
from N2 adsorption isotherms of the derived
activated carbons, determination of the micropore
volumes from the DR plots of the isotherms, the
mesopore volumes were calculated and the results
are shown in Fig. 3.
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The results shows that the total and micropore
volumes of the activated carbons, produced after
various activation hold times at 900 oC, increased
with increase in the activation hold time. There was
repeatability in the surface areas and pore volumes
of the derived activated carbons with a relative
standard deviation of not more that 0.55%.

Fig. 3 Pore Volumes of the Activated Carbons
Relative to Activation Time

3.3 Heavy Metal Ions Adsorption by the
Activated Carbons

The results of adsorption of Cu2+, Cd2+ and Pb2+

from the wastewater by the various coconut husk
activated carbons are presented in Figs. 4 to 6.

3.3.1 Adsorption of Copper

From Fig. 4a, the copper concentration of 1.87 mg/l
of the wastewater before adsorption reduced to a
level below the GEPA threshhold of 1.30 mg/l after
contacting with the activated carbons and even the
unactivated coconut husk char. The unactivated
char recorded the lowest adsorption performance,
and this is expected due to its low surface area as
seen in Fig. 2 and low pore volume as can be
deduced from Fig 3. The adsorption performance
of the derived carbons was found to increase with
increasing activation time. All the activated
carbons adsorbed at a faster rate in the first 15 mins
of adsorption. Then after, the rate of adsorption
slowed down but adsorption was complete at 45
min for the activated carbon produced after 150
min of activation as shown in Fig. 4b, which is an
amplified version of Fig. 4a.

3.3.2 Adsorption of Cadmium

All the activated carbons had relatively high rate of
adsorption during the first 15 min of adsorption as
seen in Fig. 5a.

From Fig 5b, an amplified graph of Fig. 5a for
legibility of trend of adsorption of cadmium in
relation to contact time, it can be observed that the
coconut husk chars activated at 30 min, 60 min and
the unactivated char could not reduce cadmium
concentration to below the GEPA standard of 0.03
ppm. The 90 min, 120 min and 150 min activated
carbons reduced cadmium concentration to below
the GEPA standard.  Adsorption by the activated
carbons was activation time dependent. The longer
the carbons were activated the more their cadmium
adsorption capacities.

Fig. 4 Concentration Profile of Copper in the
Wastewater in Relation to Adsorption
Time: (a) For 0 to 1.87 ppm of Copper
Concentration (b) For 0 to 0.60 ppm of
Copper Concentration

3.3.3 Adsorption of Lead

From Fig 6, it can also be observed that there was
fast adsorption rate of lead by the activated carbons
during the first 15 min of adsorption.  Adsorption
was highest after 30 min. Above 30 min adsorption
decreased and this could be due to release of the
metal ion back into the solution and later
reabsorbed at time 60 min. The unactivated
coconut husk had a comparable adsorption
performance to that of the activated carbons.

(a)

(b)
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Fig. 5 Concentration Profile of Cadmium in the
Wastewater in Relation to Adsorption
Time: (a) For 0 to 0.69 ppm of Cadmium
Concentration (b) For 0 to 0.18 ppm of
Cadmium Concentration

Fig. 6 Concentration Profile of Lead in the
Wastewater in Relation to Adsorption
Time: For 0 to 1.56 ppm of Lead
Concentration (b) For 0 to 0.30 ppm of
Lead Concentration

4 Conclusions

Coconut husk based ctivated carbons of varrying
surface areas and pore volumes were successffully
prepared. The derived activated carbons were used
for the adsorption of  Pb2+, Cu2+ and Cd2+ from
waste water, reducing their concentration from 1.56
mg/L, 1.87 mg/L and 0.69 mg/L respectively to
below Ghana Environmental Protection Agency
standards. This paper demonstrates the conversion
of waste coconut husk to activated carbons and
their application in heavy metal ions adsorption
from waste water. The significance of this study is
twofold. Firstly, the conversion of the coconut husk
waste to activated carbons provides a solution to
environmental problems associated with dumping
of the waste and secondly provides valuable
products capable of reducing the effects of heavy
metals in wastewater.
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