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Abstract: Palm kernel shells, which are free
and naturally abundant, were employed for
activated carbon preparation using H3PO4 and
ZnCl> activating agents. Research findings
indicated ACI with an ash content of
8.2340.11%, and that of AC2 was 7.03+0.01%,
moisture content for ACI and AC2 was
7.61£0.02% and 7.05+£0.04% indicating a
well-dried and packaged activated carbon. The
results also indicated 15.04%0.15% for ACI
and 14.87+0.05% for AC2, with good fixed
carbon content of 69.12+0.01% for ACI1 and
71.05%0.04% for AC2 since the value for the
fixed carbon content should be equal to or
greater than 65% for a good activated carbon.
The BET surface area of 976.48 m*/g recorded
for AC2 was high compared to 815.38 m*/g
indicated for ACI, and total pore volume of
0.30 cm’/g and 0.46 cm’/g was revealed for
ACI and AC2, respectively. The prepared
activated carbons are both mesopores that are
crucial in facilitating the access of the
adsorbate molecules to the interior of the
carbon particles. FTIR spectrum for ACI
indicated the peak occurrence at 1735.1 cm™’
and this may be attributed to the C = O
stretching vibration. The presence of the
absorption band at 1996.0 cm™ is responsible
for the presence of the C = C = C stretching
vibration. The peak around 2109.7 and 2883.1
cm! could also be attributed to CEC and C-H
stretching bond. Also, for the AC2 spectral, the
presence of the peak at 875.9 cm™ indicates C
= C stretching vibration, while the peak at
1032.5 cm™ reveals C-O stretching, and the
peak at 2883.1 cm™ shows C-H stretching bond
respectively.
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1.0 Introduction

Activated carbon is a highly versatile porous
carbonaceous material widely used for its
exceptionally large surface area, well-
developed pore structure, and diverse surface
functional groups. These intrinsic properties,
including micro- and mesoporous structures
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and abundant surface functionalities, make
activated carbon highly effective in adsorption,
catalysis, and electrochemical applications
(Danish & Ahmad, 2018). Activated carbon
has a very broad range of applications across
different industries, such as gas separation and
storage, water treatment, industrial
purification, catalysts and catalyst supports,
supercapacitors, and electrodes. Traditionally,
activated carbon is produced from non-
renewable precursors such as coal; however,

due to environmental concerns and the
depletion of fossil resources, increasing
attention has shifted toward renewable

biomass-derived precursors (Wang ef al., 2013;
Abioye & Ani, 2015; Karthikeyan et al., 2018;
Jalalah et al., 2021). Chemical activation using
agents such as phosphoric acid (HsPO.) and
zinc chloride (ZnCl.) has been widely reported
to enhance pore development, surface area, and
functional group distribution, although their
comparative effects on specific biomass
precursors remain insufficiently explored. In
addition, the utilization of waste biomass for
the production of activated carbon contributes
to decreasing the costs of waste disposal and
the negative impact on the environment.
Numerous studies have investigated the
conversion of various biomass wastes into
activated carbon with promising adsorption
performance and structural properties. These
include wood and woody materials such as
Eucalyptus, jatropha, and E fruit shells and
hulls. Some of the fruit hulls used for the
preparation of activated carbon are jatropha
hulls, oat hulls, peanut hulls, rice hulls, and
corn hulls. For good development of surface,
structural and textural characteristics, biomass
with high fixed carbon content and low ash
continent are desirable (Tongpoothorn et al.,
2011; Xin-Hui et al., 2011; Yorgun & Yildiz,
2015).

Despite extensive research on biomass-derived
activated carbon, there remains a lack of
detailed comparative studies on the influence

of different chemical activating agents on the
physicochemical and surface properties of
palm kernel shell-derived carbon. In particular,
limited information is available on how
activating agents such as HsPO. and ZnCl.
affect pore structure development, surface
chemistry, and  adsorption  potential.
Addressing this gap is essential for optimizing
the performance of activated carbon derived
from locally available agricultural wastes.

This study aims to synthesize and characterize
activated carbon derived from palm kernel
shell using phosphoric acid (HsPO4) and zinc
chloride (ZnCl:) as chemical activating agents.
The physicochemical properties, including
surface area, pore size distribution, pore
volume, and pore diameter, were evaluated
using Brunauer—-Emmett—Teller (BET)
analysis, while Fourier Transform Infrared
(FTIR) spectroscopy was employed to identify
surface functional groups. The outcomes of this
study are expected to provide valuable insights
into the optimization of low-cost, sustainable
activated carbon for environmental and
industrial  applications,  particularly  in
adsorption-based water treatment systems.

2.0 Materials and Methods
2.1 Sample Collection and Preparation

Palm kernel shells were collected from the
surroundings of a vegetable oil processing area.
The palm kernel shells were cleaned of any
visible dirt, debris, or leftover nut fragments.
They were ground into powdered form and
stored for further use.

2.2 Preparation of Activated Carbon
2.2.1 Carbonisation

5 g of powdered palm kernel shells was
weighed into clean crucibles.

The crucibles were placed in a muffle furnace
at 800 °C for 15 minutes. The hot samples were
then quenched in cold water for rapid cooling,
washed thoroughly three times with distilled
water, and dried in an oven at 100 °C for 1 hour.
This process was repeated until a sufficient
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quantity of carbonized sample was obtained
(Fan et al., 2005; Rahman et al., 2005 & Idris
etal., 2013).

2.2.2 Activation Process

5 g of carbonized sample was impregnated
separately with 5 cm?® of 1 M HsPO4 and 1 M
ZnCl: solutions. The mixtures were allowed to
stand for 24 hours, after which they were
washed with tap water followed by distilled
water until neutral pH (=7) was achieved then
excess water was removed and sample dried in
the oven at 100°C for one hour and the
activated carbon stored in air tight container for
further use (Fan et al., 2005; Rahman et al.,
2005; Idris et al., 2013). Two activated carbons
were produced, namely AC1 (HsPOs-activated
carbon) and AC2 (ZnClz-activated carbon).

2.3  Determination of Physicochemical
Properties of the Activated Carbon
2.3.1 Volatile matter

Volatile matter content was determined
according to the standard method (ASTM: D
2974-2014, Boadu et al., 2018; Onawumi et al.,
2021). 1g of activated carbon was measured
into a pre-dry crucible and covered with a lid,
then heated in a Gallenkamp muffle furnace
regulated at 950°C for 30 minutes. After
heating, the plate was cooled in desiccators and
weighed. The amount weighed was taken as
volatile matter.

2.3.2 Determination of moisture content

2g of the activated carbon was weighed into a
crucible. The sample was dried in the oven at a
temperature of 1000 °C for 3 hours, cooled in a
desiccator and weighed. The drying and
weighing were repeated twice until a constant
weight was obtained and recorded (ASTM: D
2974-2014, Boadu et al., 2018 ; Onawumi et
al.,2021).

%moisture = Tt x 12 (1)
1

where wi= Initial weight of activated carbon
and wr= Final weight after drying
2.3.3 Determination of Ash Content

A clean and dry crucible was weighed (WO0)
and 1 gram of the powdered sample was added
to the crucible, and the combined weight of the
crucible and sample was recorded (W1). The
crucible was placed in a muffle furnace set to
650°C and heated for 3 hours until a greyish-
white ash was obtained. After this period, the
crucible was removed and allowed to cool to
room temperature before weighing. The weight
of the residue after ashing was recorded as
(W2) (Fan et al., 2005; Rahman et al., 2005;
Idris et al., 2013).

% Ash = Y2—%o 190 2

wW1-Wo 1
where wy= weight of crucible, w;= weight of
crucible + activated carbon, w,= weight of
crucible + ashed activated carbon.
2.3.4 Determination of fixed carbon
The fixed carbon(FC) was determined as
follows.
FC(%) = 100 — (MC+ AC+VM)% (3)
where MC is the moisture content, AS is the
ash content, and VM is the volatile matter/

2.3.5 Bulk Density of Activated Carbon

A 25 cm’ cylinder was filled to a given volume
with activated carbon. The cylinder was tapped
for at least 1 minute to compress the carbon to
a steady volume. The compressed sample was
weighed, and the mass (M) was divided by the
volume occupied in the cylinder (V).

Bulk density(g/cn3) = s 4)

Volume
2.3.6 pH and Conductivity Measurement
According to the method described by
Okieimen et al. (2004), 1.0 g of activated
carbon was weighed into a beaker, and 20 cm?
of distilled water was added. The sample was
macerated with a long glass rod to ensure
uniform wetting. The water volume was
increased to 100 cm?®. The sample was then
stirred for 30 seconds and left to stand for 1
hour. Throughout the experiment, the beaker
was covered with clean, washed glass covers.
After the standing period, 10 cm? of the extract
was decanted into a clean, dry beaker. The pH
and conductivity of the extract was measured
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immediately using a pH meter and a
conductivity meter at room temperature.

2.3.7 Yield of Activated Carbon

The yield of activated carbon is defined as the
ratio of the weight of the resultant activated
carbon to the weight of the original precursor,
measured on a dry basis (Yulu et al., 2001).
%Yleld — weight of AC 100 (5)

weight of precursor™ 1

2.4 Characterisation of Activated Carbon
2.4.1 Brunauer-Emmett-Teller (BET)

The Brunauer-Emmett-Teller (BET) Surface
was determined by nitrogen adsorption at 77 K.
The nitrogen gas adsorption measurements
were done after the carbon was degassed at 300
°C in an inert condition for 24 hours. The BET
surface area, mesopore volume, micropore
surface area and pore diameter of the activated
carbon were determined by the application of
the Brunauer- Emmett-Teller (BET), Dubinin-
Asthakov (DA) and BJH (Barrett—Joyner—
Halenda) analysis software, respectively
(Munagapati & Dong-Su, 2016; Boadu ef al.,
2018).

2.4.2 Fourier
Spectrometer
(Themo Nicolet, model magna 760) was used
to determine the functional groups of the
activated carbon using the pellet press disk
technique. The adsorbent/KBr mass ratio was
100:1. The spectral scanned at the rate of 10
nms™' ranged from 4000 to 400 cm™.

Transform Infrared

3.0 Results and Discussion
3.1 Physicochemical Properties
Activated Carbon

The results showed that ACI had an ash
content of 8.23 + 0.11%, while AC2 recorded
7.03 £0.01%. The moisture contents of AC1
and AC2 were 7.61 +£ 0.02% and 7.05 + 0.04%,
respectively, indicating that both samples were
well dried and properly stored. The volatile
matter contents were 15.04 + 0.15% for ACI1
and 14.87 = 0.05% for AC2., The fixed carbon
contents were 69.12 + 0.01% for ACI and
71.05 + 0.04% for AC2. These values indicate
good-quality activated carbon, as fixed carbon
content is typically expected to be >65% for
effective adsorbents (Olayiwola et al., 2015).
(Olayiwola et al., 2015).

of the

Table 1: Physicochemical properties of activated carbons (AC1 and AC2)

Parameters AC1 AC2

Ash Content(%) 8.23+0.11 7.03+0.01
Moisture Content(%) 7.61+£0.02 7.05+0.04
Volatile Matter(%) 15.04+0.15 14.87+0.05
Fixed Carbon(%) 69.12+0.01 71.05+0.04
pH 7.02+0.11 7.07+0.06
Conductivity(pS/cm) 0.05+0.03 0.09+0.11
Bulk Density(g/cm?) 0.52+0.02 0.48+0.01
% Yield 30.05+0.04 36.6:0.13

*AC1 = Activated carbon prepared using H3POj4 activation and AC2 =Activated carbon
prepared using ZnCl: activation

The pH values of AC1 and AC2 were 7.02
+0.11 and 7.07 £0.06, respectively. The pH
of activated carbon is important to the
adsorption of pollutants in solution, and for

most applications, the pH of activated carbon
of 6.5-7.5 is accepted (Ahmedna et al., 2000;
Idris et al., 2013). Activated carbon with
adequate bulk density improves filtration
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efficiency by forming a uniform filter cake
on the filtration surface. The conductivity
test is important because it shows the
presence of leachable ash, which is
considered impurity and undesirable
(Khadija et al., 2007). The 0.05+0.03 and
0.09+£0.11 puS/cm are the conductivities for
the activated carbons, which indicate that
the adsorbents contain less leachable ash.
The activated carbons' bulk density was
found to be 0.52+0.02 and 0.48+0.01 g/cm>
respectively. The activated carbons
indicated a percentage yield of 36.5+0.04
for AC1 and 40.5+0.13for AC2,
respectively.

3.2 Characteristic Properties of Activated
Carbon
3.2.1 Brunauer-Emmett-Teller (BET)

The textural properties of the activated
carbons, including surface area, pore
volume, and pore diameter, are presented in
Table 2. These parameters are critical in
determining the adsorption performance of
porous carbon materials. Carbonization
temperature enhances thermal degradation
and promotes the removal of volatile
components from the precursor, thereby
facilitating pore formation and development
of a porous structure (Kumar and Jena,
2016).

As shown in Table 2, AC2 exhibited a
higher BET surface area (976.48 m?/g)
compared to ACI1 (815.38 m?*g). This
indicates that ZnCl: activation was more

effective in enhancing surface development
than HsPOas under the conditions employed.
The superior performance of ZnCl. may be
attributed to its strong dehydrating and cross-
linking effects, which promote aromatization
and inhibit excessive tar formation during
carbonization, thereby preserving the carbon
framework and generating a more developed
porous structure (Ho, 2022).

Similarly, the pore volume analysis in Table 2
shows that AC2 recorded a higher total pore
volume (0.46 cm?/g) than AC1 (0.30 cm?/g).
This increase 1is consistent across both
micropore volume (0.29 cm?/g for AC2 vs 0.18
cm?®/g for ACI) and mesopore volume (0.17
cm?g for AC2 vs 0.12 cm’/g for ACI),
indicating that ZnCl. not only enhances overall
porosity but also promotes the development of
both micro- and mesoporous structures. The
presence of a well-developed microporous
network  suggests improved adsorption
capacity for small molecules, while mesopores
facilitate diffusion and mass transport of larger
adsorbate species into the internal structure of
the carbon matrix (Yorgun and Yildiz, 2015).
In contrast, AC1 exhibited a slightly larger
average pore diameter (2.30 nm) compared to
AC2 (2.13 nm), suggesting that phosphoric
acid activation may favour the formation of
relatively wider pores, although with lower
overall pore volume and surface area. This
difference indicates that Hs;POs tends to
promote pore widening, whereas ZnClz
favours pore generation and densification of
the porous network.

Table 2: Surface area and pore size characterization of the activated carbons

Parameters AC1 AC2

BET Surface Area(m?/g) 815.38 976.48
Micropore volume(cm?/g) 0.18 0.29
Mesopore volume(cm?/g) 0.12 0.17
Total pore volume (cm>/g) 0.30 0.46
Pore diameter (nm) 2.30 2.13
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Overall, the results in Table 2 demonstrate
that AC2 possesses superior textural
properties compared to AC1 in terms of
surface area and pore volume, making it
more  suitable for adsorption-based
applications. The higher surface area and
pore volume of AC2 imply enhanced
adsorption capacity, improved accessibility
of active sites, and better performance in
environmental remediation.

3.2.2 Fourier Transform Infrared (FTIR)
Analysis

FTIR spectroscopy was employed to identify
the surface functional groups present in the
prepared activated carbons, thereby providing
insight into their surface chemistry, reactivity,
and potential adsorption mechanisms, which
are essential for industrial applications
(Gonzalez-Garcia, 2018). The FTIR spectra of
ACI1 and AC2 are presented in Figs. 1 and 2,
respectively.
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As shown in Fig. 1 (ACl1), several
characteristic  absorption bands were
observed. The peak at 1735.1 cm™ is
attributed to C=O stretching vibrations,
indicating the presence of carbonyl or
carboxylic functional groups, which are
known to enhance adsorption of polar
contaminants through hydrogen bonding
and dipole—dipole interactions. The band at
1996.0 cm™ may be associated with
conjugated C=C or cumulated double bond
systems (C=C=C), suggesting the presence
of unsaturated carbon structures within the
activated carbon matrix.

Furthermore, the peaks at 2109.7 cm™ and
2883.1 cm™ are assigned to C=C (alkyne
stretching) and aliphatic C—H stretching
vibrations, respectively. The presence of
these functional groups indicates a partially
aromatized carbon structure with residual
aliphatic and wunsaturated components,
which contribute to diverse adsorption
interactions.

In contrast, Fig. 2 (AC2) shows a slightly
different  surface  functional  group
distribution. The band at 875.9 cm™ is
associated with C=C bending vibrations,
indicating aromatic ring structures on the
carbon surface. The peak at 1032.5 cm™
corresponds to C-O stretching vibrations,
suggesting the presence of oxygen-
containing functional groups such as
alcohols, phenols, or ethers, which enhance
hydrophilicity and adsorption affinity for
polar species. Additionally, the band at
2883.1 cm™, common to both samples, is
attributed to C-H stretching vibrations,
indicating the persistence of aliphatic
moieties in both activated carbons.

A comparative analysis of both spectra
(Figs. 1 and 2) reveals that AC2 exhibits
more  pronounced  oxygen-containing
functional groups (C-O), while AC1 shows
stronger signatures of carbonyl (C=0) and

unsaturated carbon species (C=C and C=C=C).
This difference is directly related to the
activating agents used: ZnCl. activation tends
to promote dehydration and incorporation of
oxygenated surface functionalities, whereas
Hs;PO. activation often leads to the
development of more carbonyl-rich and
unsaturated carbon frameworks.

The coexistence of oxygenated functional
groups and aromatic structures in both samples
indicates a chemically active surface capable
of strong interactions with pollutants through
mechanisms such as hydrogen bonding, n—n
interactions, and electrostatic attraction.
However, the higher abundance of C-O
functional groups in AC2 suggests improved
surface polarity and enhanced adsorption
potential for heavy metals and polar organic
contaminants.

Overall, the FTIR results (Figs. 1 and 2)
confirm that both activation methods
successfully modified the surface chemistry of
palm kernel shell-derived activated carbon, but
ZnCl> activation (AC2) produced a more
functionally diverse and potentially more
reactive adsorbent. This implies that AC2 may
exhibit superior performance in adsorption-
based environmental remediation, particularly
in wastewater treatment applications involving
polar or ionic pollutants.

4.0 Conclusion

Highly porous and surface area activated
carbons were prepared from Palm Kernel
shells using H3PO4 and ZnCl; as activating
agents.  Physicochemical properties of
activated carbons, namely ash content, were
found to be 8.23+0.11 for AC1 and 7.03+0.01
for AC2; volatile matters of 15.04+0.15% for
ACI and 14.87+0.05% for AC2 and high fixed
carbon of 69.12+0.01% for ACl and
71.05+0.04% for AC2, respectively. The BET
surface area of 976.48 m?/g recorded for AC2
was high compared to 815.38 m?/g indicated
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for AC1. This could be attributed to the fact
that Zncly acts as a dehydrating agent, which
allows more carbon to be kept fixed and
alters the structure to make it more porous
and well-developed (HO, 2022). ACI1
spectral showed the peak occurrence at
1735.1 cm™ which may be attributed to the
C = O stretching vibration and the presence
of the absorption band at 1996.0 cm™ is
responsible for the presence of C=C =C
stretching vibration. Also for AC2 spectral,
the presence of the peak at 875.9 cm’
indicates C = C stretching vibration, while
the peak at 1032.5 cm' reveals C-O
stretching vibration.
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