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ABSTRACT: Groundnut shell, an agricultural waste was used as a precursor for the preparation of activated
charcoal using zinc chloride as a chemical activating agent. The results of the optimization studies showed that the
activated charcoal had best iodine adsorption capacity at 1.0 mol dm™ activator’s concentration, 2:1 impregnation
ratio, 70 °C impregnation temperature, 12 hr impregnation time, 500 °C activation temperature, and 2hr activation
time. The surface chemistry of the adsorbent was studied by Fourier transform infra-red spectroscopy and scanning
electron microscopy—energy dispersive X-ray spectroscopy. The activated charcoal was found to contain porous
structures with adsorption capacities significantly correlated with iodine value, porosity, and surface area. The
surface morphology of the activated charcoal was altered as compared with the un-activated product, signifying that
the adsorbent had been chemically modified. The disappearance of some functional groups and shift in some
absorption bands were further indication that surface structural modification took place during activation and
carbonization.This research has revealed that groundnut shell could be employed for the production of an alternative
adsorbent which can be utilize for filtration and detoxification of impure water, treatment of effluent and wastewater,
adsorption of pesticides, heavy metals and dyes from aqueous media.
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Activated charcoals are black solid substances
resembling granular or powdered charcoal. They are
economically produced by the activation and pyrolysis
of renewable, readily available and cheaper
carbonaceous precursors which are mainly industrial
and agricultural by-products such as bagasse
(Boonpoke et al., 2011), rice husk (Boonpoke et al.,
2011; Ajala et al., 2020), coconut shell (Gawande and
Kaware, 2017), sawdust (Alzaydien, 2016; Subramani
and Revathi, 2015), empty palm fruit bunch (Hidayat
and Sutrisno, 2017), physic nut waste (Elelu et al.,
2019), pruning mulberry shoot (Wang et al., 2010),
bamboo stem (ljaola et al., 2013), chickpea (Ozsin et
al., 2019), acorn shell (Saka, 2012) and plant seeds
(Mopoung et al., 2015; Sivakumar et al., 2012). The
process produces a porous material with a large
surface area (500-1500 m%/g) (Wang et al., 2010) and
a high affinity for organic compounds, chlorine, heavy
metals, unpleasant tastes and odour in effluent or
colour substances from gas or liquid streams. This is
possible as a result of their highly developed pore
structures and large internal specific surface area
(Mansour et al., 2020; Wang et al., 2010; Hidayat and
Sutrisno, 2017). However, the performance properties
of activated charcoal dependlargely on the raw
material source (Sivakumar et al., 2012). Adsorption
of pollutants on activated charcoal has become

acceptable as a result of its versatility, environmental
compatibility, relative abundance and low-cost
starting materials, usually, waste products, adsorption
of a broad range of pollutants, fast adsorption kinetics,
and ease of production (Mansour ef al., 2020; Amirza
et al., 2017; Reza et al., 2020). Activated charcoals
had been used successfully in modern water treatment
plants for water filtration and detoxification treatment
of impure waters (Abraham et al., 2018; Jacob et al.,
2017; Olagunju et al., 2015; Tjaola et al., 2013;
Sivakumar et al., 2012), effluent and wastewater
treatment (Tak et al.,, 2015; Yusufu et al., 2012;
Marichelvan and Azhagurajan, 2018), adsorption of
pesticide (Gokhale, 2020), dye adsorption (Wu et al.,
2020; Mansour et al., 2020; Ani et al., 2020), heavy
metal sorption from aqueous media (Ijaola et al., 2013;
Mopoung et al., 2015; Elelu et al., 2019; Ozsin et al.,
2019; Ani et al., 2020), and prevention against novel
Coronavirus (SARS-CoV-2) (Reza et al., 2020).
Commercial activated charcoalsare expensive due to
the use of non-renewable and relatively high-cost
starting materials such as coal which are not suitable
with respect to pollution control measure (Olagunju et
al., 2015). In most developing countries, the demand
for activated carbon is met by importation at
exorbitant price, whereas there are vast industrial and
agricultural by-products or wastes which can be used
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for its production to meet the local demands and even,
for exportation. Recently, researchers had produced
activated charcoals from renewable and cheaper
precursors, which were mainly industrial and
agricultural by-products. Despite extensive scientific
researches on its production, there has been dearth of
information with respect to its production from
groundnut shell, hence, this study. This study was
therefore aimed at producing and characterizing an
activated charcoal from groundnut shell using ZnCl,
as the activating agent.

MATERIALS AND METHODS

Samples’ Collection and Preparation: Groundnut
shells were collected from the processing plant at
Abakaliki, Nigeria. They were transported to the
Chemistry Research Unit of the Department of
Science Laboratory Technology, Akanu Ibiam Federal
Polytechnic, Unwana, Nigeria. Extraneous materials
were removed and were repeatedly washed with
deionised water to remove other impurities and then,
sun-dried for 3 days. The dried sample was pulverized
and particle sizes of 500 to 600 pm were collected and
stored in an air-tight container for further analyses.
Commercial activated charcoal (Calgon carbon, F-
300) used as a control and other chemicals were of
analytical grades and were sourced from BDH
Chemicals Limited, UK.

Carbonization,  Activation and  Optimisation:
Preparation and optimisation studies of the activated
charcoal were performed according to our previous
study (Olagunju ef al., 2015) and method of Wang et
al. (2010). Briefly, the raw material (groundnut shell)
was fed into the reactor of a locally fabricated
pyrolysis plant and carbonised at 400 °C for 1 hr. After
carbonization, it was removed, allowed to cool and
pulverized. A portion of the char produced, groundnut
shell charcoal (GSC) was impregnated with zinc
chloride of varying concentrations (0.5, 1.0, 1.5, 2.0,
2.5) mol dm™ at 1:1, 1:2, 1:3, 2:1, 3:1 w/v precursor :
ZnCl, ratios for 6, 12, 18, 24, and 30 hr at
impregnation temperatures of 20, 40, 60, 80, 100 °C
simultaneously. The slurries formed were carbonised
in a muffle furnace (Fisher-Thermo Scientific, USA)
at varying temperatures (250, 350, 450, 550, 650) °C
for 1.0, 1.5, 2.0, 2.5, 3.0 hr, after which they were
removed and cooled in ice water bath. Excess water
was drained out and allowed to stand at room
temperature. The residual activating reagent (ZnCl,)
and surface ash were removed from the carbonised
products with 0.10 mol dm™ hydrochloric acid. They
were furthered washed and rinsed with double-
distilled deionised water to remove residual acid until
pH ~7 was achieved. They were oven-dried
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(Gallenkamp, US) at 110 °C until constant weights
were attained. The individual weight of groundnut
shell activated charcoal (GAC) produced was taken
and the yield calculated. Adsorption on iodine of the
various activated charcoals with respect to activation
concentration, impregnation ratio, impregnation
temperature, impregnation time, carbonization
temperature and carbonization time was investigated
to determine the optimum conditions for the
preparation of MAC.

Physical and Chemical Characterization: The un-
activated groundnut shell charcoal (GSC) and the
activated groundnut shell charcoal (GAC) were
subjected to the appropriate physicochemical
analyses. Carbon yields were calculated from the
sample weights before and after activation to their
initial weights. The physicochemical properties were
determined according to the methods outlined by
Boonpoke et al. (2011). Surface morphologies were
examined with the aid of scanning electron
microscope (Phenom ProX, Thermo Scientific)
coupled with energy dispersive X-ray spectrometer
(ED-XRS) for elemental compositions according to
the manufacturer operation directive. The variations in
the absorption bands of functional groups before and
after the activation were studied with Fourier
transform infra-red spectrometer (Carg 630, Agilent)
in the range of 4000 — 400 cm' following
manufacturer operation procedure.

RESULTS AND DISCUSSION

Optimization Studies: Several optimization studies
were carried out to evaluate the un-activated
groundnut shell charcoal (GSC) and the activated
groundnut shell charcoal (GAC). The results of their
characterization are list thus.

Effect of concentration of activating agent: The iodine
adsorption capacity of GAC was carried out with
various concentrations of ZnCl, solution. Before the
optimum value, the iodine number was lowered. This
could be due to insufficient activating agent to create
more internal pore structures in the precursor. The
optimum value (1004 mg gm™") of iodine adsorption of
the test adsorbent was reached at a corresponding
concentration of 1.0 mol dm™ (Fig. la). At this
concentration, a higher reaction could have occurred
leading to the release of more volatiles with the
resultant affinity for more iodine molecules (Mopoung
et al., 2015, Saka, 2012). Further increase in the
concentration of ZnCl, led to a progressive decrease in
iodine adsorption capacity. This could be attributed to
the collapse of micro-porous structures of the carbon
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as a result of excessive activation (Mopoung et al.,
2015).

Effect of impregnation ratio: The variation in iodine
number of the activated charcoal under test versus the
impregnation ratio is shown in Figure 1b. At a constant
precursor weight, there was an increase in the iodine
numbers with concomitant increase in the volume of
the activator until an optimum value was reach at the
ratio of 2:1 (activator :precursor). The increase in
iodine number could be linked to the reaction
facilitating the release of volatiles in the carbon while
creating porous structures (Mopoung et al., 2015;
Saka, 2012) in the adsorbent. Thereafter, the iodine
number sharply dropped as the weight of the precursor
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increased. This could be credited to an insufficient
activator to react with the precursor.

Effect of impregnation temperature: The impregnation
temperature is known to influence the pore structure of
activated charcoal with respect to adsorption capacity
(Wang et al., 2010). The iodine numbers increased
gradually with the temperature of impregnation.
Equilibrium was attained when the temperature was
extended to 70 °C (Fig. lc). As the temperature was
increased beyond the critical value, iodine number was
observed to decrease gradually. This could be as a
result of expansion of micro-pores and collapse of
pore walls leading to the release of more volatile
components (Mopoung ef al., 2015).
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Fig. 1Effect of (a) different concentration of activating agent (ZnCl,) (b) impregnation ratio (c¢) impregnation temperature (d) impregnation
time (e) activation temperature and (f) activation time on the iodine adsorption capacity of groundnut shell activated charcoal

Effect of impregnation time: lodine adsorption
efficiency of GAC increased with a corresponding
increase in the impregnation time until equilibrium
was attained at 12 hr. (Fig. 1d). At this time, the porous
pores might have been saturated with the activating
agent (Subramani and Revathi, 2015). When the
impregnation time was extended beyond the critical
time, there was no significant change in the iodine
adsorption capacity of the test adsorbent, indicating
that there were no more porous networks for the
activating agent to diffuse.

Effect of activation temperature: The iodine number
increased progressively with an increase in the
activation temperature, and then decreased as the
temperature exceeded 500 °C (Fig. le). Increase in
temperature promoted chemical changes that might
have occurred in the precursor, resulting to the
formation of more pores ready for adsorption at lower
temperature. As the critical value was exceeded, there
was a decrease in iodine number. This could be
attributed to the excessive carbon burnt-off at higher
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temperature resulting to the widening of pore
diameters and collapse of pore walls (Alzaydien,
2016; Mopoung et al., 2015; Saka, 2012).

Effect of activation time: Adsorption efficiency of
GAC increased with a corresponding increase in the
activation time before equilibrium was attained (Fig.
1f). As the pyrolysis time increases, there seemed to
be opening of pore walls for adsorption. The rate of
iodine adsorption increased until optimum time of 2 hr
was reached, and then started decreasing when the
activation time was extended to 2.5 hr. This could be
connected with collapse of surface areas available for
adsorption at longer time (Saka, 2012).

Physicochemical properties of GSC and GAC: The
physicochemical properties of the GSC and GAC were
compared in Table 1. The GAC had a lower yield
compared to GSC. Carbonization and activation at
higher temperature could have caused that since more
volatiles were expected to be released and more
carbon converted into ash. The corresponding effect
could have led to an increased porosity and surface
area of GAC (Abdul-Khalil ef al., 2013). High density
charcoals had been adjudged to be highly effective for
water treatment (Sivakumar et al., 2012) as it helps to
improve the filtration rate by forming an even cake on
the filter surface (Elelu ef al., 2019). Charcoals high in
density had been proved to be effective in water
treatment (Sivakumar et al., 2012). The bulk density
of GAC had the same value (0.48 g cm™) with a
charcoal activated with 10% Na>SOs but lower than
the values reported for the other charcoals prepared
with other activating agent (Sivakumar et al., 2012). It
was also lower than 0.59 g cm™! reported for coconut
shell activated charcoal (Gawande and Kaware).

Table 1 Results of characterization of groundnutshell charcoal
(GSC) and groundnut shell activated charcoal (GAC)

Property GSC GAC

Viald (%2) TRI5+£204 67361216
Fixed carbon B30TL£188 BOS&EL 16T
WVolatila mattar 1286076 15.70+121
Ash comtent (%4) 249£006 310+002
Mpisture content (%) 7.17+0.09  2460+0.01
Bulk density (z ™) 0822001 043£000
Todme mumber (mg g') 839£4.86 10065723
Surfaceareaim g ) 322+445  1005=£1148
Pore volume (o'} 0352000 077+0.01
Pore size (mm) 041002 0B0x002
Porosity (%) 4879+ 189 9550+3.73

Activated charcoal with lower moisture content has
been reported to have more adsorption efficacy (Elelu
et al., 2019). Results in Table 1 further showed that
moisture content was reduced after the char was
activated and carbonized; suggesting that more pores
had been introduced into the carbon network (Hidayat
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and Sutrisno, 2017). The moisture content of the GAC
revealed that it would be more effective than activated
charcoal from agricultural wastes (Sivakumar et al.,
2012), which ranged from 3.12 to 4.12% and reported
for Borassus aethiopum shells activated charcoal
where 8.96% was reported (Jacob et al., 2017) but
observed to be less superior to 0.5% reported for
coconut shell activated charcoal (Gawande and
Kaware, 2017). Adsorbent with lower moisture
content demands for lower quantity during treatment
processes (Sivakumar et al., 2012). Ash is an
indication of inorganic constituent; therefore charcoal
with low ash (higher proportion of carbon) could be
used effectively to remove inorganic contaminants in
wastewater (Hidayat and Sutrisno, 2017; Jacob et al.,
2017; Siakumar et al., 2012). Ash content of GAC in
this study was less effective than 1.9% and 1.88%
found in bagasse activated charcoal (Boonpoke et al.,
2011) and coconut shell activated charcoal (Gawande
and Kaware, 2017), respectively but was better than
4.01% reported for Borassus aethiopum shells
activated charcoal (Jacob et al., 2017). It fell within
the values (2.7 to 17.5%) determined in some
agricultural wastes activated with different reagents
(Sivakumar et al., 2012). The volatile matter of GSC
was lower than that of GAC while fixed carbon was
greater. This is expected because carbonization
temperature promoted the release of volatiles from
breaking of bonds in organic matrices (Hidayat and
Sutrisno, 2017). GAC had high fixed carbon and low
ash content which are the factors favourable to its
utilisation in production of highly effective activated
charcoal (Elelu et al., 2019). Activated charcoal
functions by the adhesion of substances to the pore
walls. The greater the available surface area, the better
the adsorption efficiency (Ajala et al., 2015). The
surface area obtained for GAC was larger than that of
GSC and was within the range of 500 — 1500 m? g'!
specification of activated carbon approved for water
purification (Reza et al., 2020; Morlay et al., 2019).
The activating agent could have caused swelling of the
molecular structure of the precursor cellulose resulting
in the breaking of bonds during activation and
carbonization (Saka, 2012) with an improved surface
area. The value reported in this study was within the
range of 718 — 1018 m? g' for water treatment
charcoals produced from some local materials (Yusufu
et al, 2012) and 532 — 1018 m? g! in activated
charcoal from some agric wastes (Sivakumar et al.,
2012). The value was higher than 791.56 m’ g’!
determined in granulated activated charcoal (Siong et
al., 2013) 435.1 m? g! in coconut shell activated
charcoal (Gawande and Kaware, 2017), and 923 m? g
'and 927 m? g'! determined in activated charcoals
produced from bagasse and rice husk (Boonpoke et al.,
2011), respectively. Furthermore, the porous
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properties showed that GAC exhibited type I
adsorption  isotherm  according to IUPAC
classification (Reza et al., 2020; Hidayat and Sutrisno,
2017), indicating the formation of micro-porous
charcoal. The pore volume as observed in the GAC
was higher compared to 0.53 cm® g and 0.56 cm?’ g!
determined respectively, in bagasse and rice husk
activated charcoals (Boonpoke ef al., 2011) while the
pore size was consistent with 0.80 nm determined in
both the bagasse and rice husk activated charcoals
(Boonpoke et al., 2011). The pore size indicates that
the charcoal is suitable for the adsorption of adsorbates
(Sivakumar et al., 2012). GAC porosity agreed well
with 96.22% determined in rice husk-based activated
charcoal but lower than 99.19% determined in
bagasse-based activated charcoal (Boonpoke et al.,
2011).

The iodine number is an indication of the available
surfaces for adsorption in an adsorbent (Saka, 2102).
A charcoal with higher iodine number has a better
adsorption capacity (Gawande and Kaware, 2017).
The iodine number in this study was higher than 942
mg g in coconut shell activated charcoal (Gawande
and Kaware, 2017) and 828.39 — 995.38 mg g’
determined in activated charcoals produced from some
local raw materials (Yusufu ez al., 2012) but was
within 438 — 1024 mg g! determined by Sivakumar et
al., (2012). Iodine number of GAC denotes that it had
excellent adsorptive properties, hence, can be used for
adsorption of organic and heavy metal pollutants
(Elelu et al., 2019).

Scanning  electron  microscopy  and  X-ray
Spectroscopy. Scanning electron micrographs (Fig. 2)
showed that the surface morphologies of un-activated
groundnut shell charcoal (GSC) was intact, relatively
organized without any pores except, some cracks. As
compared to the GSC image (Fig. 2a), the GAC image
(Fig. 2b) had several clear and visible pores and quite
irregular cavities due to the release of volatiles within
the microstructure as a result of activation, due to this,
GAC possessed higher surface area (Abdul-Khalil et
al., 2013). Also noticeable on the external surface are
numerous cracks and small pits, indicating the
interaction of the activating agent with the precursor
during carbonization leading to the product with large
surface area and porous structure (Abdul-Khalil ef al.,
2013; Sivakumar et al., 2012). The observed white
spheres in the GAC micrograph (Fig. 2b) are likely to
be zinc ions which were trapped in the carbon crystal
lattices. This was further corroborated by the result of
EDS, which showed very high zinc content in the
GAC (Table 2), which was due to the use of ZnCl, as
the activating agent. The presence of rough and micro-
porous structure which may offer more adsorption
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sites in the GAC and alteration in the surface
morphology of the precursor confirmed that GAC was
chemically modified. Figure 3 shows the X-ray spectra
of the GSC and GAC revealing their elemental
compositions. There was a decrease in the elemental
content of carbon after activation and carbonization.
This observation is expected since activation with
ZnCl, caused decomposition of carbon (Mopoung et
al., 2015) to form ash.

Fig. 2 Micrographs of (a) un-activated and (b) activated groundnut
shell-based charcoal at 300X, 500X and 1000X magnifications.

(a)

Fig. 3 X-ray spectra of (a) un-activated groundnut shell charcoal
(b) groundnut shell-based activated charcoal showing the
elemental compositions.

Other principal elements present at the surface were
silicon, phosphorus, sodium, and potassium with their
atomic concentrations decreasing after activation
(Table 2). The high proportion of these elements in
GAC limit its adsorption capacity to uptake the metal
ions of the elements in aqueous media (Elelu et al.,
2019). However, there was an increased in the atomic
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concentration of zinc and chlorine after the activation.
This is expected since zinc chloride was used as
activating agent which was difficult to wash out
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completely after the activation and carbonization
processes.

Table 2 Results of the elemental composition of the groundnutshell charcoal (left) and groundnut shell activated charcoal (right).

Element Element Element Atomic Weight

Element Element Element Atomic Weight

Number Symbol Name Conc.  Conc. [ Number Symbol Name Conce.  Conc.
19 K Potassium 13.99 21.13 |30 Zn Zinc 20.46  39.96
6 C Carbon 43.13  20.01|17 Cl Chlorine 10.15  10.75
20 Ca Calcium 9.47 14.66 |6 C Carbon 27.39 9.83
47 Ag Silver 2.25 9.38| 14 Si Silicon 9.71 8.15
14 Si Silicon 8.14 8.83 |11 Na Sodium 10.24 7.03
15 P Phosphorus 4.12 4.93 147 Ag Silver 1.74 5.61
13 Al Aluminium 4.46 464113 Al Aluminium 5.55 4.47
17 Cl Chlorine 2.89 39520 Ca Calcium 3.48 4.17
12 Mg Magnesium 3.64 34115 P Phosphorus 3.26 3.02
16 S Sulphur 2.60 32216 S Sulphur 2.52 242
26 Fe Iron 1.21 2.62(19 K Potassium 1.98 2.31
11 Na Sodium 2.74 243112 Mg Magnesium 2.53 1.84
8 (6] Oxygen 0.70 0438 o Oxygen 0.51 0.25
7 N Nitrogen 0.66 0367 N Nitrogen 0.46 0.19
22 Ti Titanium 0.00 0.00 |22 Ti Titanium 0.00 0.00
30 Zn Zinc 0.00 0.00 | 26 Fe Iron 0.00 0.00

Infra-red spectroscopy: Chemical reactivity of
functional groups at the surface of activated charcoals
gives an understanding into their adsorption efficiency
(Abdul-Khalil et al., 2013; Saka, 2012). A comparison
of the FT-IR spectra of GSC and GAC (Fig. 4) showed
that new peaks at 2907.3 and 2653.6 cm™' assigned to
C-H stretching groups of alkanes and aldehydes
(Abdul-Khalil et al., 2013; Saka, 2012), respectively,
which were absent in the GSC appeared in the GAC
spectrum. Conversely, O—H stretching vibration at a
wave number of 3246.5 cm’! (Abdul-Khalil et al.,

This might be due to the removal of oxygen-
containing functional group at high carbonization
temperature. Modification of the precursor with the
activating agent and carbonization removed the
functional groups at 1364.2 cm™ attributed to aromatic
groups stretching vibration (Wu et al., 2020), 1233.7
cm! due to C-O stretching of alcohols, phenols, esters
or ethers (Saka, 2012), and P-O stretching
characteristic absorption peak at 1159.2 cm™ (Pavia et
al., 2015) in the GAC. These groups might have been
converted into volatiles leading to the formation of
more pores and increase in porosity.

2013) in the GSC was completely absent in the GAC.
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Fig 41R spectra of (a) un-activated groundnut shell charcoal and (b) groundnut shell-based activated charcoal

The visible weak band at 2374.3 ¢cm™! corresponding
to the stretching vibration of C—O (Saka, 2012; Abdul-
Khalil et al., 2013; Pavia et al., 2015) in the GSC
spectrum (Fig. 4a) was shifted substantially to 2346.5
cm’! as observed in the GAC spectrum (Fig. 4b). The
original strong and broad absorption band at 1580.4

cm! in the GSC characteristics of the ring vibration
commonly found in large aromatic skeletons of
carbonaceous materials (Saka, 2012) shifted to a lower
frequency 1543.1 cm’! in the GAC spectrum. Also in
the GSC spectrum, the absorption bands between
2374.3 and 2001.6 cm! characteristic of C=C stretch
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in alkynes (Saka, 2012; Pavia et al., 2015) were shifted
to 2344.5,2113.4 and 1990.1 cm™!, respectively, in the
GAC spectrum. Peaks at 1017.6 cm! assigned to
asymmetric stretching of Si—O bond (Pavia et al.,
2015) was equally shifted to 1006.4 cm™ and peak at
875.9 cm’! assigned to aldehyde stretching vibration
(Pavia et al., 2015) shifted to a higher wave number
(887.1 cm™) in the GAC. The disappearance of some
functional groups in GAC and change in the
absorption bands are indication that surface structural
modification had taken place during activation and
carbonization.

Conclusion: Groundnut shell was used to produce
activated charcoal using zinc chloride as an activating
agent. The properties of the adsorbent such as large
surface area, high iodine absorption capacity, low ash
content (high carbon), and high degree of porosity,
which are favourable factor for its utilization for
activated charcoal production revealed that it had an
improved adsorption comparable to those of high
performance adsorbents. Based on the results of the
characterization, this carbonized biomass could be
used in the treatment of wastewater, and adsorption of
pesticides, dyes and heavy metals.
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