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ABSTRACT
Palm kernel shell and coconut shell are used as a precursor for the production of activated
carbon, a way of mitigating the tons of waste produced in Ghana. The raw Palm kernel shell
and coconut shell were activated chemically using H,PO,. A maximum activated carbon
yield of 26.3 g was obtained for Palm kernel shell and 22.9 g for coconut shell at 400°C,
an impregnation ratio of 1.2 and 1-hour carbonization time. Scanning electron microscopy
reveals well-developed cavities of the H,PO, activated coconut shell and Palm kernel shell
compared to the non-activated carbon. lodine number of 743.02 mg/g and 682.11 mg/g, a
porosity of 0.31 and 0.49 and the electrical conductivity of 2010 uS/cm and 778 uS /cm was
obtained for the AC prepared from the coconut shell and Palm kernel shell respectively. The
results of this work show that high-quality activated carbon can be manufactured locally from
coconut shell and Palm kernel shell waste, and a scale-up of this production will go a long
way to reduce the tons of coconut shell and Palm kernel shell waste generated in the country.

Keywords: Acid Activation, Activated Carbon, Characterization, Coconut shells, Palm
Kernel Shells, Waste.

Introduction
Activated carbon (AC) has attracted a lot of
attention in industries applications like water
treatment (Bentil & Buah, 2016), mining (Buah
et al., 2016), energy storage (Mohammed et
al., 2018), purification of gases (Hidayu &
Muda, 2016), medicine, sewage treatment, and
filters (Yusufu et al., 2013). The application of

AC in these industries is possible due to its
excellent mechanical property, high porosity,
high surface area, the presence of organic/
inorganic functional groups and the likes.
These properties found in AC is influenced by
the precursor and the mode of activation used
in its preparation (Abechi ef al/, 2013; Romeo-
Anaya et al., 2012).
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TABLE 1
A summary of previous studies carried out on the processing of AC from palm
kernel shells (PaKS) and coconut shells (CoS).
. Optimum
Chemical Carbon- Optlmum Impreg- Yield Pore Pf)re Porosity
Precursor ization Processing ; o volume  diameter o Reference
agent . . . nation (%) 3 (%)
condition time (min) . (cm’/g) (nm)
ratio
o Mozammel
Coconut Shell ZnCl, N,/600°C 50 0.4 43 - - - etal. 2002
N Gratuito et
Coconut Shell H,PO, Ny/416°C 19.5 1.725 51 - 578 - al. 2008
Hu &
Coconut Shell KOH N,/600°C 120 1.51 325 1.21 2.05 - Srinivasan,
1999
Hidayu
Coconut Shell ZnCl, N,/550°C 60 1.0 45 0.43 1.817 - & Muda,
2016
Coconut Shell ZnCl, 650°C 60 033 - 0372 - - zDgfs"” a.
Coconut Shell NaOH N,/600°C 120 033 77 0414 2386 38.32 %el“;l etal,
Coconut Shell H,PO, 400°C 60 1.2 48.4 0.62 - 31 This work
Palm Kernel Shell ~ H,PO, 425°C 30 2 50 0903 32 - ;g;‘oe’ al,
Palm Kernel Shell ~ K2CO3  800°C 120 1 2784 057 0.52 - Adinata et
al., 2007
Hidayu
Palm Kernel Shell ZnCl N,/550°C 60 1 44 0.70 22.88 - & Muda,
2016
Palm Kernel Shell ~ KOH 800°C - 1:15 8.93 8.931 - %‘ld;‘s etal,
Palm Kernel Shell  ZnCl, CO/500 ¢ . 30 1.27 . 76.2 Guo, & Aik,
2 °C 1999
CO,/500 Guo, & Aik,
Palm Kernel Shell H,Po, o 2 60 - 28 1.03 - 72.9 1999
Palm Kernel Shell ~ KOH COS00 4o - 25 0.77 - 65.7 Guo, & Aik,
°C 1999
Palm Kernel Shell H.PO 400°C 60 1.2 48 0.94 - 49 This work

A summary of previous studies carried out
on the processing of AC from palm kernel
shells (PaKS) and coconut shells (CoS) has
been outlined in Table 1, indicating the AC
yield, the processing condition as well as its
properties. From Table 1, it can be observed
that the production of AC from PaKS and
CoS involves higher temperatures with a
corresponding varied percentage of AC yield.

Higher temperatures are a disadvantage in
the scale-up of the production of AC and a
better and cost-effective method is required to
produce AC industrially. The activation process
is very key in the production of AC. The shape
and the size of pores in the AC is influence
by either chemical or physical activation.
Chemical activation involves one step process
by saturating the precursor with a chemical
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reagent followed by roasting or heating under
unreactive conditions. Chemical activation
generates AC with high yield, high surface
area, high and employing lower temperature.
Quite a number of the inorganic chemical
agent has been used in the activation of AC.
The most frequently used are KOH, ZnCl;
, H,PO, and NaOH (Willams & Reed, 2004;
Singh et al., 2013; Pragya et al., 2013).
Generally, the precursors for commercially
available AC come from petroleum remains
coal, wood, lignite, and peat which are very
expensive and likely to run out (Altenor et
al., 2009; Ahmedna et al., 2000). As a result,
the focus has been shifted to agricultural
waste materials which are environmentally
friendly, effective and cheaper. Although
the carbon yield of AC produced from these
agricultural waste materials is lower compared
to those obtained from coal or peat, their
environmental, sustainability and economic
impact can counterbalance the treatment and
disposal cost of using peat and coal.

Ghana like any other agricultural
country has a lot of agricultural waste that
they have difficulty coping with (Miezah et
al., 2015). Tons of thousands of agricultural
wastes such as coconut shell and palm kernel
shell which are by-products of coconut fruit
and oil palm respectively are some of the waste
that is generated in Ghana yearly. Coconut
shells and palm kernel shells, contain a high
number of organic constituents (i.e., cellulose,
hemicellulose, and lignin) and possess a high-
energy content (Tsai et al., 2006, Yahya et
al., 2015). A look at the demand in AC in the
Gold mining companies and other industrial
applications in Ghana that rely on imported
AC for their production activities, coupled
with the governments of Ghana’s intervention

of ensuring the consumption of locally made
goods make it vital to pursue the production
of AC locally. This implies that the processing
of these tons of coconut and palm kernel waste
obtained in Ghana into AC could open up a
new industry that can employ a lot of people
and trim down the cost of AC importation for
the mining sector and for other applications.
Herein, we report the preparation of AC from
PaKS and CoS using H,PO, as the activating
agent with the aim of reducing the tons of
waste produced in Ghana, to ensure good
health and well-being of Ghanaians. The study
also seek to improve upon existing technology
to obtain a more cost-effective method for the
industrial production of AC.

Experimental

Materials, method and sample preparation
The Coconut shell (CoS) were obtained
around the Dome market in the Ga-East
Municipality and the palm kernel shells
(PaKS) around the Madina Market in the La
Nkwantanang-Madina Municipality. These
sites are the collection point of most of the
used coconut shells and palm kernel shells
in the municipality. Fig. 1 depicts the map of
the sample collection sites mentioned above.
The dumping site of the coconut shells and
palm kernel shells is shown in Figs. 2a and 2b.
The precursors, CoS and PaKS were washed
with distilled water to remove dirt and any
contamination. The washed CoS and PaKS
were then oven dried to remove traces of
water. The dried CoS and PaKS were crushed
with a Retsch mill (Type-SM1) to reduce their
particle size. They were then sieved to the
required particle size, using a 350 um sieve.
Figs. 2¢ and 2d exhibit the milled CoS and
PaKSs into the required particle size.
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Fig. 1: Study area map for Dome and Madina in Accra,
Ghana.
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Fig. 2: Palm kernel shells and coconut shells from
dumping site in Madina and Dome respectively and
their powder.

Activation by H PO,

About 50.0 g each of the precursor was weighed
into a beaker and then impregnated by mixing
with 1M Phosphoric acid (H,PO,, 99%)
to obtain a homogenous mixture and left
standing for 24 hours at ambient condition.
The impregnating ratios used were 0.6, 0.8,
1.0 and 1.2 (by mass) (Pandharipande et al.,
2012). The impregnated samples were dried
at 100°C for 12 hours in an oven (Griffin-
Grundy). The dried samples were transferred

into canisters and labeled according to sample
type, carbonization time, impregnation
ratio and temperature. The labeled canisters
were introduced by the use of tongs into the
Thermolyne furnace (F48028, Thermo Fischer
Scientific) maintaining an impregnation ratio
of 0.6, carbonization time of 1 hour whilst
varying temperature of the Thermolyne furnace
(400, 500, 600, 700°C respectively). The
optimum temperature (Topt) corresponding
to the maximum yield was recorded. This
procedure was repeated by maintaining the
Topt obtained, impregnating ratio whilst
varying the carbonisation time (1, 1.5, 2 and
2.5 hours). The optimum carbonisation time
(topt) was recorded. Topt and topt were
maintained  whilst impregnating ratios
(0.6, 0.8, 1.0 and 1.2) were varied to obtain
optimum impregnating ratio (IRopt). After
each process, the AC samples were allowed
to cool down, washed many times with
distilled water to remove excess chemicals
and then dried at 110°C for 24 hrs. Finally,
the samples were collected in sealed bags and
stored in a desiccator. For comparison, the raw
precursors were treated the same way without
H,PO, impregnation.

Characterization of prepared activated carbon
The pH was measured using a pH meter, The
moisture content was determined using the
“oven drying method” described by Li Lee
et al., 2016. A clean empty porcelain capsule
was oven dried at 105°C, then cooled in a
desiccator and then 1 - 2 g of the sample were
weighed. The content was then oven dried
at 110°C to constant weight for 3 hours. The
percentage moisture content was calculated
using the equation below:
initial weight — Oven dry weight

0
Oven dry weight x 100%

Moisture content =

The percentage of the volatile matter of the
AC sample was determined by the standard
method (ASTM D5832-98, 2004) and the ash
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content (ASTM D2866-11, 2004) method was
followed. In a typical procedure, oven-dry
samples are placed in a ceramic crucible and
the weight of each crucible and the biomass is
noted. The crucibles are then placed and in the
furnace at a temperature of 900°C for 7 min.
After cooling, the volatile content is calculated
according to the equation:

100 x mass of the sample after heatin,
Volatiles (%) = f ple af g

mass of oven dry sample

The bulk density of AC was determined
following the method described by Ahmedna
et al., 2000 using a measuring cylinder. The
iodine number is determined according to the
ASTM D4607-94, 2006 method. The iodine
number is defined as the milligrams of iodine
adsorbed by 1 g of carbon. The experiment
consists of treating the sample with 10 mL
of 5% HCI. This mixture is boiled for 30 sec
and then cooled. About 100 ml of 0.1 N (0.1
molL") iodine solution was then added to the
mixture and stirred for 30 sec. The resulting
solution is filtered and 50 ml of the filtrate
is titrated with 0.1 N (0.1 molL"') sodium
thiosulfate, using starch as an indicator. The
iodine amount adsorbed per gram of carbon
(X/M) was calculated by the equation below

Vi +V,
x  (Mix12693xV, - (%) % (Nays,0, % 126.93) X Vyays,0,)

M M,

Where N, is the iodine solution normality,
V, is the added volume of iodine solution,
V. 1s the added volume of 5% HCI, V, is
the filtrate volume used in titration,Nna,s,05 is
the sodium thiosulfate solution normality,
Vna,s,05 1s the consumed volume of sodium
thiosulfate solution and M. is the mass
of activated carbon. The AC Sample was
heated in a reactor-furnace for two hours at
a temperature of 800° C. After heating, the
samples were stored in the desiccator for
cooling and weighed. The ash content was

calculated using the equation below

ash weight

Ash Content = x 100%

sample weight
The porosity of any porous material is defined
as the ratio between the total void spaces within
the solid porous material and the material bulk
volume (Hassan et al, 2015). The porosity
in this study was determined by the method
used by Evbuomwan et al., 2013. A cylinder
and an aluminum plate were each weighed.
A sample of activated carbon was placed into
the cylinder, reweighed and transferred into
the aluminum plate and then oven dried to a
constant weight at a temperature of 105 °C
for 60 mins. The weights of the sample was
recorded after drying. A cleaned, dried density
bottle was weighed. A small quantity of sample
of activated carbon was taken and ground to
powder; sieved using 110 um mesh size, and
gradually put into the density bottle with a
little amount of water added and weighed. The
volume of the void (V ) was obtained by first
determining the total volume of the cylinder (
1, = mr2h) used for the experiment and also
determining the volume of the AC used:

M;
Gspw

N

Where r = radius of cylinder, h = height of
cylinder, M_ = mass of cylinder, G, = specific
gravity, p = density of water. The volume of
void (V) was obtained as: V, =V, — V.

Volume of void

Porosity = ————
wy Total volume

Electrical  conductivity was  measured
using Ecoscan conductivity meter (Eutech,
Singapore), and values were presented in
micro-Siemens, pS/cm as described by
(Ahmedna et al., 2000). The surface functional
groups, the surface morphology and the
decomposition temperature of the carbonized
and the activated PaKS and CoS were
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determined using Fourier Transform-Inferred
spectroscopy (FT-IR, Nicolet iS5, USA),
Scanning electron microscopy (SEM, JSM
6390LV) and Thermogravimetric analysis
(TGA, N-1000, SCINCO) respectively.

Results and discussion

Effect of Temperature, carbonization time and
Impregnation ratio on AC Yield

The effect of temperature on the AC yield was
investigated from 400-700°C. From Fig. 3a, it
can be seen that PaKS and CoS at 400°C gave
the maximum AC yield of 25.7 g and 22.2 g
respectively with H,PO, as activating agent.
A similar work conducted by (Okoroigwe
and Saffron, 2012) in which PaKS was the
precursor and H,PO, as the activating agent
recorded optimum temperature between 400°C
and 500°C. Fig. 3b shows that the maximum
yield of AC for PaKS was 25.7 g (H,PO, as
activating  agent). This  corresponded
to carbonisation time of 1 hour. Hence, there
was a complete decomposition of PaKS
within 1 hour of carbonisation. The Maximum
mass of AC produced from CoS was 22.3 g
(H,PO, as activating agent). This mass of AC
produced from CoS occurred within 1.5 hours
of carbonisation time. Comparing PaKS and
CoS, one can say that economically, production
of AC using PaKS as a precursor may be
a better option. However, (Jin et al., 2012)
reported that at a higher carbonistaion time,
less amount of AC was produced.

The  impregnation ratio  was
investigated from 0.6-1.2 with the optimum
temperature of400 °C. Generally, Fig. 3¢ shows
that as the impregnation ratio of activating
agent to precursor increased, the average mass
of AC produced also increased. A similar
observation was reported by Mozammel et al.,
(2002). PaKS and CoS had a maximum AC
yield of 27.6 g and 24.2 g respectively (using
H,PO, as an activating agent in each case).

These maximum masses (27.6 g and 24.2 g)
corresponded to impregnating ratio of 1.2.

cccccc

Carbon Yield (g)

1.0 1.5

2.0 2.5 3.0
Carbonisation Time (hours)

S Paks-AC
35 -l Cos-AC

06 12

Fig. 3: Carbon yield for Coconut shells and Palm
kernel shells as a function of (a) Temperature (b)

Carbonization Time (c) Impregnation ratio.

Characterization of activated carbon

TABLE 2
Physicochemical properties of prepared carbon
and activated carbon from Coconut shells

and Palm kernel shells.
Property CoS-C PaKs-C CoS-AC

PaKS-AC

pH 57 57 26 28
Electrical conductivity (uS/cm), 491 308 2010 778
Pore volume (ml/g) 048 0.52 0.62 094
Porosity 0.35 041 031 049
Bulk density (g/cm?) 047 0.54 041 0.65
Iodine value (mg/g) 194.83 173.01 743.02 682.11
Moisture Content (%) 9.65 8.00 541 194
Volatile matter (%) 4249 37.38 35.64 3186
Ash content (%) 5.95 9.63 717 11.88

Carbon content (%) 4591 45.00 5178 5432

The pH values obtained in this study are
depicted in Table 2. AC adsorption is
affected by pH. At lower pH AC is more
effective than at high pH (Evbuomwan et
al., 2013). The AC obtained from PaKS and
CoS recorded the lowest pH of 2.8 and 2.6
respectively. This indicates that the AC may
probably be an L-type and may have acidic
oxides predominating its surface as has been
reported by Matos et al. (2012). However, the
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pH values obtained in this study falls within
the range of most commercial AC used for
adsorption purposes (Erhayem et al., 2016).

High electrical conductivity is a
desirable characteristic for commercial AC
used as electrode material for supercapacitors
(Fan et al., 2011). The electrical conductivity
of 2010 puS/cm was recorded for CoS-AC
and 778 puS/cm for the PaKS-AC. The high
electrical conductivity of the AC obtained
from both materials is suggestive of its utility
in electrochemical devices (Viswanathan et al.,
2009). Also, the high electrical conductivity of
CoS-AC indicates that its elemental carbon
is in graphitic structure and can be useful in
the adsorption of gold ions (Soleimani &
Kaghazchi, 2008). The electrical conductivities
in this study are presented in Table 2.

Pore volume recorded in this study
for PaKS-AC was 0.94 ml/g (see Table 2).
This value agreed closely to works done
by Sethupathi er al., 2015. A decrease in
the pore volume is witnessed in the CoS-
AC. This observation may be linked to the
intrinsic features of PaKS such as the type of
lignocellulosic make-up, textural and botanical
family (Daud & Ali, 2004).

The porosity of any porous material
is defined as the ratio between the total void
spaces within the solid porous material and the
material bulk volume (Hassan et al., 2015).
A porosity of 0.49 (Table 2) was obtained for
PaKS-AC followed by a porosity of 0.31 for
the CoS-AC. The difference in porosities of the
activated carbons produced could be credited
to the different raw materials used (Ilomuanya
etal.,2017). Pore volume supports the concept
that porosity is better in chemically activated
carbons (Fierro et al., 2007). Adsorptive
capacity is determined by porosity (Verla et
al., 2012) and it could be stated that PaKS-AC
produced in this study may perform better as
an adsorbent.

Bulk density is the mass of carbon that can be
contained in a filter of a given solid capacity
and the amount of treated liquid that can be
retained by the filter cake. The higher the
density the better the filterability of activated
carbons (Verla et al.,2012). The bulk density of
carbons obtained from all the samples studied
showed that PaKS-AC carbon has a higher
bulk density of 0.65 g/cm?® which may be due
to its high fibre content. A bulk density of 0.41
g/cm?® was recorded for CoS-AC. This result
can be attributed to the material hardness.
This value of bulk density in this work was in
concordance with similar works obtained by
Lee et al. and Jambulingam et al. (Lee et al.,
2016; Jambulingam et al., 2007).

Iodine number is defined as the number
of milligrams of iodine absorbed by one
gram of AC powder (Gawande & Kaware,
2017). The removal of iodine by the AC is
related to their porosity characteristics which
determine the degree of accessibility of these
molecules. Table 2 shows the iodine values
obtained in this study. The highest iodine
number recorded in this study is 743.02 mg/g
for CoS-AC activated carbon and 682.11 mg/g
for PaKS-AC. The higher iodine number of
CoS-AC is indicative of a larger adsorption
area than those of lower iodine value (Marton
et al., 2006). More so the values obtained
are relatively close to the works conducted
by Jaguaribe et al., (2005) and in the range of
values (minimum of 500 mg/g) recommended
by the American Water Works Standards as
reported by (Verla et al., 2012).

An excellent precursor for the
production of adsorbent should be low in
moisture content (Ekpete et al., 2017). The
lowest moisture content recorded in this study
was 1.94% (Table 2) for PaKS-AC which was
lower than works conducted by Ulfah et al.,
(2016) whose moisture content was about
5.42%. A high moisture content, of 5.41%, was
obtained for CoS-AC which was concordant
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to similar works by Devi et al., (2012). The
results obtained suggest that PaKS-AC will
make a better adsorbent since it has a lower
moisture content. Relative to the moisture
content obtained by Ulfah et al. (2016) & Devi
et al. (2012), it could be concluded that the AC
produced from the two precursors (PaKS &
CoS) are of appreciable quality and thus, will
be more effective in water treatment.

A low volatile matter of 31.86% was
obtained for PaKS-AC whiles that of CoS-AC
was 35.64% (Table 2). The values were lower
compared to works conducted by Sanni et
al., (2017) who obtained 57% volatile matter
using coconut shells. The difference could
be attributed to the varying molarities of the
phosphoric acid used. The low percentage of
volatile matter in this study may also be a result
of the dehydrating effect of the acid which
caused the water in the biomass to vapourize
and strengthening the covalent bond in the
carbon matrix leaving no room for carbon loss
(Sanni et al., 2017; Cobb et al., 2012).

The ash content (7.17%) recorded for
CoS-AC was in agreement with the study
conducted by Sanni et al., (2017), whom,
in their analysis obtained an ash content
of 7.2% wuseful inorganic contaminants
removal (Sivakumar et al., 2012). Ash content
of 11.88 was recorded for PaKS-AC, meaning
that PaKS-AC may have higher inorganic
constituents thereby increasing the amount
of non-ignitable residue as a leftover in the
furnace.

Carbon content refers to the percentage
char that remains after the mass of the volatiles
are eliminated (Ikelle & Ivoms, 2014). Table
2 shows a high carbon content of 54.32 for

PaKS-AC and 51.78 for CoS-AC. From these
results, it suggests that both precursors are
desirable for AC production.

Fourier transform infrared analysis of
activated carbon

FTIR was used to analyze the surface
functional groups on the carbon and AC of
CoS and PaKS. Fig. 4 depicts the FT-IR spectra
of the samples. A look at the FT-IR spectra
of AC made from CoS and PaKS shows that
most of the functional groups on the surface
of the samples were mostly eliminated during
carbonization or activation process. These
functional groups according to literature are
the volatile materials and impurities released
at the applied elevated temperature (Yacob,
2008). The FT-IR spectra of AC using the
two precursors were successfully produced.
The AC(s) retained functional groups such
as hydroxyl stretching (O-H) from adsorbed
moisture around 3347 cm’!, C=C stretching
vibration from aromatic rings around 1550
cm! and around 1092 cm’, we observe the
R-OH alcohol group (Rugayah et al., 2014).
It was found that the H,PO, activation
removes most of these functional groups (i.e.,
comparing the activated and non-activated
samples). Furthermore, the peak intensity of
these functional groups is more pronounced
in PaKS-AC compared to CoS-AC. Thus, the
chemical composition of the precursor can
greatly affect the surface chemistry of prepared
AC. From these results, these kinds of AC will
find application in waste management such
as the elimination of COD and adsorption of
organic pollutants (Evbuomwan et al., 2013,
Guo and Lua, 2013).
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Fig. 4: Fourier Transform-Infrared spectra of carbon
and activated carbon synthesized from Coconut shells
and Palm kernel shells.

Thermogravimetric — analysis
carbon

The decomposition temperature of the carbon
and AC of CoS and PaKS were investigated
using TGA. The TGA micrograph is depicted
in Fig. 5. A weight loss of about 66.29% was
observed for PaKS and 84.9% for CoS in the
temperature range of 25-800 °C. Thus, the
PaKS has very high thermal stability compared
to CoS. From the TGA profile, the two samples
show identical trends. Three stages of weight
loss can be observed in all the samples. The
first stage is characterized by a weight loss
attributed to the escape of moisture, volatile
matter and impurities from the sample around
25-112°C. The weight loss in the second stage
started decreasing gradually and then sharply
from 150-490 for CoS and 150-500 for PaKS
and this weight loss may be attributed to the
continuous elimination of volatile matter
with the release of gases such as carbon
dioxide and carbon monoxide (Evbuomwan
et al., 2013; Guo et al, 2013). The third
stage is characterized by the decomposition
of the carbon phase at a temperature above
600 °C (Yacob A., 2008). Comparing the

of activated

activated samples and the non-activated ones,
it was found that the H,PO, activated samples
showed high thermal stability than the non-
activated ones for an equal rise in temperature
change. From Fig. 5, it can be observed that by
650, only about 10% and 35% of the CoS -AC
and PaKS-AC respectively are remaining.

100 T T T T T T T

80 .
G
3 60 A CoS-AC :
5 PaKS-AC
o 40 . .
3 CoS-C

201 .

100 200 300 400 500 600 700
Temperature (°C)

Fig. 5: Thermogravimetric Analysis profile of carbon
and activated carbon synthesized from Coconut shells

and Palm kernel shells.

Scanning electron microscope of activated
carbon

Fig. 6 shows the micrographs of the non-
activated CoS and PaKS (a,c) and the
activated CoS and PaKS [(b,d)] activation
respectively. The non-activated CoS and PaKS
carbons, showed a cliff-like mass of flowing
lava with insignificant surface pores. On the
other hand, well-developed surface cavities
can be observed on the H,PO, activated CoS
and PaKS carbons. Comparing the size of the
cavities, the AC from CoS exhibited larger
surface pores compared to the AC from PaKS.
This is due to the higher amount of lignin
and cellulose found in CoS-AC compared to
PaKS-AC. Different agricultural left-overs
(precursors) contains a different amount of
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lignin and cellulose, which affect the porous
form of the prepared AC. It has been found that
the decomposition of these complex molecules
by heat has a great influence on the surface
porosity of the resulting AC. The formation
of microstructure and macrostructure is an
outcome of higher cellulose and lignin content
respectively. The pyrolysis of these agricultural
wastes emancipates most of the non-carbon
elements like oxygen, nitrogen, and hydrogen
in the form of tar and gases (Daud et al., 2000;
Ozcimen, & Mericboyu, 2010)

20kV  X5,000  Spm
(b) PaKS-AC

Fig. 6: Scanning electron microscope images of carbon
and activated carbon synthesized from Coconut shells
and Palm kernel shells.

Conclusion
This study set out to optimize the production
of AC from two agricultural byproducts,
palm kernel shell, and coconut shell, through
chemical activation using H,PO,. Chemical
activation of the PaKS and CoS to produce
AC was successfully accomplished in a well-
controlled laboratory with the application of
appropriate instrumentation. PaKS-AC and
CoS-AC showed a wider, meso- and macro-
porosity. PaKS compared to CoS produced
more AC with the same operating parameters
and conditions. However, according to the

physicochemical results obtained, PaKS-
AC may be a better adsorbent compared
to CoS-AC. AC produce locally using
agricultural waste can be used as a substitute
for imported carbon. A successful large-scale
implementation of this study will go a long
way to reduce the tons of waste generated in
the country, reduce the pressure on the local
currency due to importation and create jobs for
the citizenry.

Acknowledgements
The research team will like to acknowledge
ECOLAB for making their Laboratory
available during the preparation and analysis
of the sample. Again, we would like to thank
Professor Ko Jung Myoun of Hanbat National
University, South Korea for making available

instruments in his laboratory for analysis.

References
ABEcHL S. E., GiMBA, C. E., UzAIRU, A. & DALLATU,
Y. A. (2013) Preparation and characterization
of activated carbon from Palm Kernel shell by
chemical activation.Res J Chem Sci 3 (7), 54
-61.

ADINATA, D., DauD, W. M. A. W. & Aroua, M. K.
(2007) Preparation and characterization of
activated carbon from palm shell by chemical
activation with K2CO3, Bioresource Technol-
0gy 98, 145 — 149.

AHMEDNA, M., MARsHALL, W. E. & Rao, R. M. (2000)
Production of granular activated carbons from
select agricultural by-products and evaluation
of their physical, chemical and adsorption
properties. Bioresour. Technol. 7, 113 — 23.

ANDAS, J., RAHMAN, M. L. A. & YAHYA, M. S. M. (2017)
Preparation and Characterization of Activated
Carbon from Palm Kernel Shell, Materials
Science and Engineering 226 012156.

ALTENOR, S., CARENE, B., EMMANUEL, E., LAMBERT,
J., EHRHARDT, J. J. & GASPARD, S. (2009) Ad-
sorption studies of methylene blue and phenol



VOL. 61

GHANA JOURNAL OF SCIENCE 101

onto vetiverroots activated carbon prepared
by chemical activation. J Hazard Mater 165,
1029 —39.

AMERICAN SOCIETY FOR TESTING AND MA-
TERIALS (2004) Standard Test Method
for Total Ash Content of Activated Carbon.
ASTM D2866-11, ASTM Standards 15 (1), 1
- 2.

AMERICAN SOCIETY FOR TESTING AND MA-
TERIALS (2004) Standard Test Method for
Volatile Matter Content of activated Carbon
Samples. ASTM D5832-98, ASTM Stand -
ards 15 (1), 3 — 4.

AMERICAN SOCIETY FOR TESTING AND MA-
TERIALS (2006) Standard Test Method for
Determination of Iodine Number of activated
Carbon 1. ASTM D4607- 94, ASTM In-
ternational 94, 1 — 5.

AMERICAN SOCIETY FOR TESTING AND
MATERIALS (2009) Standard Test Meth-
ods or Moisture in Activated Carbon 1.
ASTM D2867-09, Carbon 14, 2 - 4.

BENTIL, J. & BuaH, W. K., (2016). Removal of Flu-
oride in Water Using Activated Carbons Pre-
pared from Selected Agricultural Waste Ma-
terials, Journal of Environment and Earth
Science 6 (4), 146 - 152

Buan, W. K., Fosu, S. & NDUR, S. A. (2016) Abate-
ment of Heavy Metals Concentration in Mine
Waste Water sing Activated Carbons Prepared
from Coconut Shells in a Gas-Fired Static Bed
Pyrolysis/Activation Reactor. G J T'1 (1), 46
-52.

CoBB, A., WARMS, M., MAURER, E. P. & CHIEsa, S.
(2012) Low-Tech Coconut Shell Activated
Charcoal Production. IJSLE 7 (1), 93 — 104.

Das, D., SamAL, D. P. &« Meikap, B. C. (2015) Prepa-
ration of Activated Carbon from Green Coco-
nut Shell and its Characterization. Journal of
Chemical Engineering & Process Technology
06 (05), 1 —7.

Daup, W. M. A. W. & ALt W. S. W. (2004) Compari-
son on pore development of activated carbon
produced from palm shell and coconut shell.
Bioresourc Technol, 93 (1), 63 — 69.

Daup, W. M. A. W., AL, W. S. W. & SULAIMAN, M. Z.
(2000) The effects of carbonization tempera-
ture on pore development in palm-shell-based
activated carbon. Carbon 38, 1925 -
32.

DEvl, B., JAHAGIRDAR, A. & AHMED, M. (2012) Ad-
sorption of Chromium on Activated Carbon
Prepared from Coconut Shell. ADSORPTION
2 (5), 364 —370.

EKPETE, O. A., MARcuUS, A. C. & Osl, V. (2017) Prepa-
ration and Characterization of Activated Car-
bon Obtained from Plantain (Musa paradisia-
ca) Fruit Stem. J Chem, 1 —6.

ERHAYEM, M., MOHAMED, R., GHMEID, O. & ELJELANE,
A. (2016) Elhmmali M., Effect of Activated
Carbon Source from Date Stone on Its Physi-
co-Chemical Properties. Int J Chem Eng Appl.
7 (3), 178 —181.

EvBuomwaN, B. O., AGBEDE, A. M. & ATUKA, M. M.
(2013) A Comparative Study of the Physi-
co-Chemical Properties of Activated Carbon
from Oil Palm Waste (Kernel Shell and Fibre).
1JSEI2 (19), 75 -179.

Fan, Z., YAN, J., WEL, T, ZH1, L., NING, G, L1, T. &
WE1, F. (2011) Asymmetric percapacitors
based on graphene/MnO2 and activated car-
bon nanofiber electrodes with high power
and energy density. Adv Funct Mater. 21 (12),
2366 —2375.

FIERRO, V., TORNE-FERNANDEZ, V. & CELZARD, A.
(2007). Methodical study of the chemical ac-
tivation of Kraft lignin with KOH and NaOH.
Microporous Mesoporous Mat 101 (3), 419 —
431.

GAWANDE, P. & KAWARE, J. (2017) Characterization
and activation of coconut shell activated
carbon. IJESI 6 (11), 43 —49.



102

GHANA JOURNAL OF SCIENCE

VOL. 61

Graturto, M. K. B., PANYATHANMAPORN, T., CHUM-
NANKLANG, R. A. SIRINUNTAWITTAYA, N. &
DUTTA, A. (2008) Production of activated car-
bon from coconut shell: Optimization using
response surface methodology. Bioresource
Technology 99 (11), 4887 —4895.

Guo, J. & Ak C. L. (1999) Effect of surface chemistry
on gas-phase adsorption by activatedcarbon
prepared from oil-palm stone with pre-im-
pregnation. Separation and Purification Tech-
nology 18 (1), 47 - 55.

Guo, J. & Lua, A. C. (2013) Textual and chemical
properties of adsorbent prepared from palm
shell by phosphoric acid activation. Mater:
Chem. Phys. 80, 114 - 119.

HassaN, H. Z., MoHAMAD, A. A., ALYOUSEE, Y. &
AL-ANsARY, H. A. (2015) A review on the
equations of state for the working pairs used
in adsorption cooling systems. Renew. Sust.
Energ. Rev. 45, 600 — 609.

Hmpayu, A. R. & Mupa, N. (2016) Preparation and
characterization of impregnated activated car-
bon from palm kernel shell and coconut shell
for CO, capture. Procedia Eng 148,106 —113.

Hu, Z. & SriNIvasan, M. P. (1999) Preparation of
high-surface-area activated carbons from co-
conut shell. Microporous and Mesoporous
Materials 27, 11 — 18.

IKELLE, L. 1. & Ivoms, O. S. P. (2014) Determination
of the Heating Ability of Coal and Corn Cob
Briquettese. JOSR-JAC 7 (2), 77 — 82.

ILomuANYA, M. O., NAsSHIRU, B., IrFupu, N. D. & Igwi-
Lo, C. I. (2017). Effect of pore size and mor-
phology of activated charcoal prepared from
midribs of Elaeis guineensis on adsorption of
poisons using metronidazole and Escherichia
coli O157:H7 as a casestudy. J Microsc Ultra-
struct. 5 (1), 32 — 38.

IsLam, M. A., ABMED, M. J., KHANDAY, W. A., AsIF, M.
& HaMmEED, B. H. (2017) Mesoporous activated
coconut shell-derived hydrochar prepared via
hydrothermal carbonization-NaOH activation

for methylene blue adsorption. Journal ofEn-
vironmental Management 203, 237 — 244.

JAGUARIBE, E. F., MEDEIROS, L. L., BARRETO, M. C.
S. & ArAUJO, L. P. (2005) The performance of
activated carbons from sugarcane bagasse, ba-
bassu, and coconut shells in removing residual
chlorine. Braz. J. Chem. Eng. 22 (1), 41 —47.

JAMBULINGAM, M., KARTHIKEYAN, S., SIVAKUMAR, P.,
KIRUTHIKA, J. & MAIYALAGAN, T. (2007) Char-
acteristic studies of some activated carbons
from agricultural wastes. Journal of Scientific
and Industrial Research 66 (6), 495 — 500.

Maminskl, M. (2016) Effect of Reaction Time and
Temperature on the Properties of Carbon-
Black Made from Palm Kernel and Coconut
Shell. Asian Journal of Scientific Research 10
(1), 24 —33.

MozAaMMEL, H. M., MASAHIRO, O. & BHATTACHARYA,
S. C. (2002) Activated charcoal from coconut
shell using ZnCl, activation. Biomass and Bi-
oenergy 22 (5), 397 — 400.

JiN, X.-J., Yu, Z.-M. & Wu, Y. (2012) Preparation of
Activated Carbon from Lignin Obtained by
Straw Pulping by KOH and K,CO, Cheical
Activation. Cellulose Chemistry Technology
46 (12), 79 — 85.

Leg, C. L., H'Ng, P. S., ParipAH, T., CHIN, K. L.,
Kunoo, P. S., Raja, R. A. & MAMINSKI, M.
(2016) Effect of Reaction Time and Temper-
ature on the Properties of Carbon Black Made
from Palm Kernel and Coconut Shell. AJSR,
10 (1), 24 - 33.

Lim, W.C., SRINIVASAKANNAN, C. & BALASUBRAMANI-
AN, N. (2010) Activation of palm shells by
phosphoric acid impregnation for high yield-
ing activated carbon, Journal of Analytical
and Applied Pyrolysis 88, 181 — 186.

MARTON, J. M., FELIPE, M. G. A., ALMEIDA E SILVA,
J. B. & PESsoA, A. (2006) Evaluation of the
activated charcoals and adsorption conditions
used in the treatment of sugarcane bagasse
hydrolysate for xylitol production. Braz. J.
Chem. Eng. 23 (1),9 —21.



VOL. 61

GHANA JOURNAL OF SCIENCE 103

Maros, J., QUINTANA, K., GARciA, A. & AL, E. T.
(2012) Influence of H-Type and L-Type Ac-
tivated Carbon in the Photodegradation of
Methylene Blue and Phenol under UV and
Visible Light Irradiated TiO,. Modern Re-
search in Catalysis (1), 1 - 9.

MiezaH, K., OBIRI-DANSO, K., KADAR, Z., FEI-BAF-
FOE, B. & MENsAH, M. Y. (2015) Municipal
solid waste characterization and quantification
as a measure towards effective waste manage-
ment in Ghana. Waste Management (46), 15
-27.

MosAMMED, L., PARK, J. H., Ko, J. M. & Park, J.
(2018) Supercapacitive properties of compos-
ite electrode consisting of activated carbon
and quinone derivatives. J Ind Eng Chem.63,
12-18.

MozAMMEL, H. M., MASAHIRO, O. & BHATTACHARYA,
S. C. (2002) Activated charcoal from coconut
shell using ZnCl, activation. Biomass and Bi-
oenergy 22 (5), 397-400.

OKOROIGWE, E. C. & SAFFRON, C. M. (2012) Determi-
nation of Bio-Energy Potential of Palm Kernel
Shell by Physicochemical Characterization.
NIJOTECH, 31 (3), 329 -335.

OzcMEN. D. & ERSOY-MERICBOYU. A. (2010) Adsorp-
tion of copper (II) ions onto hazelnut shell and
apricot stone activated carbons. Adsorp Sci
Technol 28 (4), 327 —41.

PANDHARIPANDE, S. L., URUNKARB, Y. D. & ANKIT, S.
(2012) Characterization and Adsorption Stud-
ies of Activated Carbon Prepared from Rice
Husk, Sugarcane Baggasse and Saw Dust. n-
ternational Journal of Advanced Engineering
Technology, 3 (3), 60 — 62.

PRAGYA, P., SRIPAL S. & MAHESHKUM AR, Y. (2013)
Preparation and study of properties of acti-
vated carbon produced from agricultural and
industrial waste shells. Res J Chem Sci 3 (12),
12 - 15.

ROMERO-ANAYA, A. J., LiILLO-RODENAS, M. A. & LE-
CEA, C. S. M. (2012) Linares-Solano A. Hy-
dro-thermal and conventional H,PO, acti-

vation of two natural bio-fibers. Carbon 50,
3158 - 69.

RuUGAYAH, A. F., ASTIMAR, A. A. & NorzITA N. (2014)
Preparation and characterization of Activated
carbon from kernel shell by physical activa-
tion with steam, J OIL PALM RES 26 (3), 251
—264.

Sanng, E. S., EMETERE, M. E., ODIGURE, J. O., EFEO-
VBOKHAN, V. E., AGBOOLA, O. & SADIKU, E. R.
(2017). Determination of optimum conditions
for the production of activated carbon derived
from separate varieties of coconut shells. /nt.
J. Chem. Eng. 1-16.

SETHUPATHI, S., BASHIR, M. J., AKBAR, Z. A. & Mo-
HAMED, A. R. (2015) Biomass-based palm
shell activated carbon and palm shell carbon
molecular sieve as gas separation adsorbents.
Waste Manag Res 33 (4), 303 —312.

SINGH, P., RA1zADA, P., PATHANIA, D., SHARMA, G. &
SHARMA, P. (2013) Microwave induced KOH
activation of guava peel carbon as an adsor-
bent for congored dye removal from aqueous
phase. Indian J. Chem. Technol. 20,305 —311.

SIVAKUMAR, V., ASAITHAMBI, M. & SIVAKUMAR, P.
(2012). Physico-chemical and adsorption
studies of activated carbon from agricultural
wastes. Adv. Appl. Sci. Res. 3 (1), 219 —226.

SoLEIMANI, M. & KaGHAZCHI, T. (2008) Adsorption of
gold ions from industrial wastewater using ac-
tivated carbon derived from hard shell of apri-
cot stones — An agricultural waste. Bioresourc.
Technol. 99 (13) 5374 — 5383.

Tsar, W. T., LEg, M. K. & CHANG, Y. M. (2006) Fast
pyrolysis of rice straw, sugarcane Bagasse and
coconut shell in an induction-heating reactor.
J. Anal. Appl. Pyrolysis 76 (1-2), 230 —237.

ULFAH, M., RaHARJO, S., HASTUTI, P. & DARMADII, P.
(2016) The potential of palm kernel shell ac-
tivated carbon as an adsorbent for f-carotene
recovery from crude palm oil. 47P Conference
Proceedings 1755, 1 5.



104 GHANA JOURNAL OF SCIENCE VOL. 61

VERLA, A. W., HORSFALL, M., VERLA, E., SPIFE, A. I.  YAcOB, A. (2008) Comparison of various sources of

& EKPETE, O. A. (2012) Preparation and Char- high surface area carbon prepared by different
acterization of Activated Carbon from Flut- types of activation, MJAS 12, 264 — 271.
ed Pumpkin (Telfairia Occidentalis Hook.F)
Seed Shell. 4AJSC 1 (3), 39 — 50. YAHYA, M. A., AL-QODAH, Z. & NGAH C. W. Z. (2015)
Agricultural bio-waste materials as poten-
VISWANATHAN, B., NEEL, P. . & VARADARAJAN, T. K. tial sustainable precursors used for activated
(2009) Methods of Activation and Specific carbon production: A review. Renewable and
Applications of Carbon Materials. https:// Sustainable Energy Reviews 46,218 — 235.
nccr.iitm.ac.in/e%20book-Carbon%20Materi-
als%20final.pdf. Yusuru, M. 1., Arianu, C. C. & [GBABUL, B. D. (2012)
Production and characterization of activated
WiLLiams, P. T. & REED, A. R. (2004) High grade acti- carbon from selected local raw materials. Af#:
vated carbon matting derived from the chem- J. Pure Appl. Chem. 6 (9) 123 —31.

ical activation and pyrolysis of natural fibre
textile waste. J Anal Appl. Pyrol. 71,971 — 86.

Received 24 Apr 20; revised 18 Jan 21.



