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ABSTRACT

Comparative studies of the Surface Chemistry, morphology, and physicochemical properties of
crustacean shells activated chemically using acid (H2SO4) and base (KOH) were investigated.
Following the activation, samples of acid and base activated Periwinkle shells (PSAAC and
PSBAC), Clam shells (CSAAC and CSBAC), whelk shells (WSAAC and WSBAC), and a 1:1
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Clam/Whelk composite Shells (CWSAAC and CWSBAC) were obtained. The properties
investigated were moisture content, specific gravity, surface area, porosity, ash content, carbon
yield, fixed carbon, FTIR, and SEM-EDX. The findings demonstrate the good physicochemical
qualities of activated carbons made from Periwinkle, Clams, Whelks, and a Clam/Whelk composite
by acid and base activation for the treatment of wastewater. Among them, the Clam acid-activated
carbon (CSAAC) demonstrated exceptional physicochemical qualities with a surface area of 1277
m?/g, moisture content of 1.4%, ash content of 8.3%, carbon yield of 87%, and fixed carbon of
63.7%. On the other hand, the Clam Shell Base-Activated Carbon (CSBAC) exhibited a greater
porosity of 0.88, indicating that it could be a more efficient option for adsorption in wastewater
treatment. Both base- and acid-activated carbons generally showed modest ash contents; however,
at 12.3%, Whelk Shell Base-Activated Carbon (WSBAC) had the highest ash concentration.

The bulk densities of acid- and base-activated carbons were almost identical. The bulk densities,
from highest to lowest, were CSBAC > CSAAC > CWSBAC > CWSAAC > PSBAC > PSAAC >
WSBAC > WSAAC, with values ranging from 0.687 g/cm3 to 0.454 g/cm3. The porosity of the
samples, ranked in descending order, was CSBAC > PSBAC > CSAAC > CWSAAC > PSAAC =
CWSBAC > WSAAC > WSBAC, with values from 0.88 to 0.59.

FTIR and SEM-EDX indicated that all samples were successfully converted to activated carbon.
The results of this study demonstrate that it is possible to chemically activate crustacean shells
using either an acid or a base without sacrificing the effectiveness of the activated sample that is
produced, which can be used to remove adsorbates from wastewater samples. As a result, the
selection of activation is widened since the natural abundance of precursors exists.

Keywords: Surface chemistry; morphology; crustacean shells; acid activation; base activation;
wastewater treatment.

1. INTRODUCTION

Activated carbon (AC) has been globally
recognized as the oldest, most widely used, and
popular adsorbent in the water and wastewater
treatment industries [1]. AC is “char”, which has
been subjected to a reaction with gases and/or
chemicals during or after carbonization to
increase its adsorption capacities. [2] described
char as “a carbonization product of a natural or
synthetic organic material, which has not passed
through a fluid stage during carbonization”. AC
refers to a wide range of carbonized materials
with a high degree of porosity and high surface
area [3].

Due to the high cost of available commercial AC,
various studies focus on developing new low-cost
AC with properties comparable to that of
commercial ones [4]. This has given rise to
extensive studies on low-cost adsorbents ranging
from plant seeds, stems, and husks to animal
biomass. Carbon adsorbents derived from biomass
(agricultural and household residues) have been
widely used in the removal of hazardous
substances from the environment due to their
distinctive qualities of large internal surface area,
mechanical integrity, and regeneration [5] The
choice of precursor for low-cost activated
carbon should be preferable freely available,
inexpensive, and nonhazardous for nature [6].

[7] reported that an estimated global quantity of
crustacean shell waste discarded ranges
between 6 and 8 million tonnes every vyear.
Due to the immense nature of crustacean shells,
they occupy valuable space when discarded in
landfills, thereby potentially necessitating the
formation of new landfill sites, which can have
substantial economic and  environmental
implications. Recent advancement in
Research has found that Chitin, found in
shells is an invaluable resource as it accounts for
its versatility for use in various industries.
It is estimated that approximately 80% of
chitin production comes from crustacean shells

[8].

Chitin is the second most abundant natural
biopolymer after cellulose and is widely used due
to its abundance, renewability, and low cost [8].
These have become a new source of raw
material for various industries that have found
value in the otherwise waste product. The
utilization of waste shells as a renewable and
cheap alternative to traditional materials in
industries which include the cosmetic, food, and
feed industries as well as materials for various
applications, including heterogenous catalysts,
blended cement  manufacture, concrete
aggregate, ceramics and plastics additives,
biofilter medium, and biomedical applications are
available in literature [9,10].
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Nigeria has a coastline of 853km which lies
between Latitude 4° 10’ to 6°20'N and longitude
2° 45 to 8° 5 E which stretches from the
Western border with the Republic of Benin to the
eastern border with the Cameroon Republic [11].
This vast coastline offers a wide range of
crustaceans Indigenous to the country including
Periwinkles (Tympanotamus fuscatus), West
African Clams (Galatea paradoxa), and Whelks
(Buccium Undatum).

These crustacean shells have also been used as
renewable, energy-efficient, cost-effective, and
sustainable alternative materials. These include
the use of oyster and pyramidella shells as
heterogeneous catalysts for the microwave-
assisted biodiesel production from Jatropha
curcas oil [10]; the use of periwinkle shells in
carburization, specifically in improving the
surface hardness of low carbon steel
contributing to the improvement of
mechanical properties in mild steel [12] and the
use of ground periwinkle shell as a filler in brake
friction [13]. Chitin can be transformed into
biochar through pyrolysis, and the resulting
chitin-biochar has potential applications in water
treatment [8].

AC has been utilized as an adsorbent material
for the removal of target contaminants from
aqueous environments as well as in solid-gas
experiments, to measure the adsorption
capacities and selectivity toward Carbon (IV)
oxide [14]. It is expected that more research will
explore their potential as very useful engineering
materials. This study therefore aims to compare
the Morphology, elemental analysis, functional
groups, and Physicochemical properties of acid

and Dbase-activated crustacean shells as
effective low-cost adsorbents for wastewater
treatment.

2. MATERIALS AND METHODS

2.1 Sample Collection, Preparation, and
Carbonization

Periwinkle shells (Tympanotamus fuscatus),
West African Clamshells (Galatea paradoxa),
and Whelk shells (Buccium Undatum) were
purchased from Town Market in Borokiri, Port
Harcourt, Rivers State in Nigeria. They were
soaked with a cleansing agent and warm water
for four days to remove dust, remnant organic
particles as well as soluble impurities. The shells
were thoroughly washed with tap water with
continuous  agitation to loosen remnant

impurities. The shells were sun-dried for three
days before carbonization at 450°C for 3 hours
and then pulverized to powder. The Composite
was prepared before chemical activation. The
samples were divided into two equal parts for
chemicalactivation by acid and base.

2.2 Chemical Activation

() Acid Activation: The samples were
soaked in 0.5 M of H2SO4 and mixed until
a paste was formedthen heated in a muffle
furnace for 750°C for 2 hours. The
resultant sample was then cooled, and
washed with deionized water to a pH of 6.
The samples were then dried in the oven at
105°C for 6 hours and stored in air-tight
containers.

(i) Base Activation: The samples were
soaked in 0.5 M KOH and mixed until a
paste was formed then heated in a muffle
furnace for 650° for 2 hours. The resultant
sample was then cooled, and washed with
deionized water to a pH of 6. The samples
were then dried in the oven at 105°C
for 6 hours and stored in air-tight
containers.

2.3 Surface Chemistry and Morphology
Determination

Attenuated Total Reflectance Fourier Transform
Infrared  Spectroscopy  (ATR-FTIR)  was
performed using Agilent Technologies Cary 630
FTIR Cary630 ZnSe. PART NO: - G8043 64002,
Model NO: - MY19322004. The samples spectra
were collected by placing the samples onto the
ATR crystal and applying pressure to ensure
good contact with the crystal. The spectra were
then collected by shining an infrared beam onto
the crystal and measuring the reflected light
as a function of wavelength. The collected
spectra were typically processed using software
to removeany remaining baseline drift or noise.

Scanning electron microscopy-energy dispersive
X-ray analysis was performed using a PHENOM
PRO X Serial no: MVE0224651193 Model no:
800-07334. The samples were mounted on stubs
with adhesive carbon and coated in 20 nm
Carbon with a QUORUM Q150R ES mini sputter
coater, and then analyzed with a Phenom PRO-X
SEM equipped with an Oxford XMax 50 Silicon
Drift Energy Dispersive X-ray detector at 15KV
under high vacuum.
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2.3.1 Determination of
properties

physicochemical

2.3.1.1 Carbon yield

Carbon vyield for the activated carbon samples
was determined using the [15] technique. This
technique involved measuring the weight of each
carbon sample before and after carbonization and
the yield calculated using Equation 1

Wi
CarbonYeild = Wox 100 1)

Where: Wf = mass of carbon retrieved from the
furnace

Wo = mass of oven-dried sample before
carbonization

2.3.1.2 Moisture Content

The moisture content was measured using the
air oven method. A known mass of each
activated carbon sample was weighed and dried
in an oven at a temperature of 105°C for 6 hours
and the samples were re-weighed after drying
and the new weight recorded. The moisture
content was then calculated as the ratio of the
change in weight to the original weight
expressed as a percentage. This is represented
in Equation 2.

Wo—-Wd/Wo x 100% )
Where:

W = original weight (g)
Wd = weight after drying (g).

The test was performed twice on each activated
carbon sample and the average value was
obtained.

2.3.1.3 Ash content

The ash content was determined using the
standard test method for ash content [16]. A
crucible was pre-heated in a furnace to about
500°C and then cooled in a desiccator. 1.0g of
the activated sample was transferred into the
crucible and re-weighed (oven-dry weight). The
crucible and sample were then placed in the
furnace and the temperature was raised to 630°C
for 6 hours. The sample was then removed and
allowed to cool in a desiccator to room
temperature and re-weighed (ash weight). The

Ash content of the sample was calculated from
Equation 3.

% Ash Content = Ash weight / Oven dry weigh x 100  (3)

2.3.1.4 Specific surface area

The specific surface area of the adsorbent was
estimated according to the Sear method [17].
About 1.5g of each prepared adsorbent was
mixed with 30 g NaCl and dissolved in 100 mL of
distilled water using a 250 mL conical flask. The
mixtures were stirred for 5 minutes. Then, the pH
of solution was adjusted to 4 by the addition of
HCL. The solution was then titrated by 0.1 M
NaOH until pH of the solution attained a pH to 9.
The volumes of NaOH required to change pH
value from 4 to 9 were recorded. The specific
surface area of sample was found using
Equation 4:

specific surface area (S) (m?/ g) - =32V -25 (4)

where V is the volume of 0.1 M NaOH required to
raise the pH from 4.0 to 9.0.

2.3.1.5 Bulk density

The bulk density was measured by utilizing the
method of [18]. A measuring centrifuge tube of
10 cm? volume was first zeroed on the weighing
balance. The lump-free sample of each activated
carbon of known weight was then taken and
poured into the measuring centrifuge tube to the
10 cm® mark tapping the cylinder for 1 to 2
minutes to ensure no void was created. The
weight was then noted and recorded. The bulk
density was then calculated using theEquation 5

Bulk Density = Weight og carbon (g) /
Volume of dry sample (cm3) (5)

2.3.1.6 Specific gravity

A pycnometer was used for the determination of
the specific gravity of the activated carbon
samples. The mass of the empty pycnometer
(M1) was found using a weighing balance. Then,
a sample of oven-dried AC was placed inside
and the combined mass (M2) was found. Water
was then added to the activated carbon and
agitated to remove all air pockets after which the
pycnometer filled up and its mass (M3) was
measured. Finally, the pycnometer was emptied,
cleaned, and filled with water and its new mass
(M4) was found. The specific gravity, Gs was
calculated from Equation 6.
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G5 = M2—M1 / (M2+Mg)—(M1+M3) (6)

2.3.1.7 Porosity

Porosity or void fraction is a measure of the void
spaces in the activated sample, and is a fraction
of the volume of voids over the total volume,
between 0 and 1, or as a percentage between
0% and 100%. The porosity of the activated
samples was calculated using Equation 7

@)/ pwGs(1+w) 7)

Where: n = Porosity

p = Bulk density of Activated Carbon sample
pw = Density of water,

Gs =Specific gravity of Activated Carbon
samplew = Moisture content.

Fixed Carbon =100 — (% Ash + %
Moisture + volatile matter) (8)
3. RESULTS AND DISCUSSION

The results of the research carried out on the
comparative studies of the surface chemistry,
morphology, and physicochemical properties of
acid and base chemically activated carbon from
crustacean shells have been carefully detailed in
Tables 1-5 and Figs. 1-6.

3.1 Surface Chemistry and Morphology

FT-IR analysis was performed to identify the
functional groups present on the surface of the
activated carbons. The FTIR spectra obtained for
the prepared acid- and base-treated activated
carbon are presented in Figs. 1 and 2
respectively. The spectra data for acid-activated
and base-activated samples are summarized in

Tables 1 and 2, respectively. Acid-activated
samples exhibited prominent absorption bands
corresponding to O-H, C-H, C=0, and C-O
groups, indicating the presence of hydroxyl,
aliphatic, ester, and carboxyl groups.

Close observation of the spectra of the acid-
treated samples, three prominent absorption
bands appeared in the functional group domain
at ca. 3540, 3394, 1797, and 1616 cm-! which
were assigned to O-H, C-H, esters C=0, and
amides C=0 groups respectively for CSAAC.
These bands were observed to occur in similar
positions in the spectra of PSAAC, WSAAC, and
CWSAAC with only slight bathochromic or
hypsochromic shifts which is an indication of
similarity in the surface functionality of these
materials. Similarly, the bands occurring in the
spectrum of CSAAC at 1150, 1398, 873, and 713
cm® which have been attributed to C-O, C-O-C,
M-O, and the aromatic C-H bending vibrations
respectively were observed in similar regions in
the other acid- treated samples. This evidence
further rationalizes the similarity in these
materials. The findings herein conform with those
of previous studies for similar kinds of materials
[19-21].

Base-activated samples showed similar functional
groups, with slight variations in absorption band
intensities and positions, reflecting differences in
surface chemistry due to the activating agent.
Furthermore, the spectra of the base-modified
samples showed the same absorption bands in
similar domains to those of the acid-treated
materials with only two striking distinctions.
Firstly, the peak intensities of the O-H, C-H, and
C-O vibrations drastically decreased in their
spectra which may be credited to the treatment of
these materials with potassium hydroxide.
Secondly, the peak associated with the amide
C=0 vibration in the spectra of the acid-treated

100 —

80

60 —

40 ~

— CSAAC
—— PSAAC
- WSAAC
— CWSAAC

% Transmittance

20

lo

T T
4000 3500 3000

T T T T
2500 2000 1500 1000

Wavenumbers (cm-')

Fig. 1. Stacked FT-IR spectra of acid-treated activated carbon
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Table 1. FT-IR spectra data of the acid-activated crustacean shells

Sample/ band (cm?') O-H C-H C=0 C-0 C-0-C M-O  Ar-H
CSAAC 3540 3394  1797;1616 1122 1398 873 713
PSAAC 3540 3394  1789;1624 1135 1389 864 704
WSAAC 3553 3398 1797;1620 1135 1393 869 713
CWSAAC 3550 3398 1793;1616 1126 1397 869 713

Table 2. FT-IR spectra data of the base-activated crustacean shells

Sample/ band (cm™) O-H C-H C=0 C-0 C-0-C M-O Ar-H
CSBAC 3553 3345 1797 1122 1398 873 713
PSBAC 3518 3358 1789 1135 1389 864 704
WSBAC 3576 3389 1793 1135 1393 869 713
CWSBAC 3523 3336 1789 1126 1397 869 713
100
50 F
é 60
K i
Ee 40
— CSBAC
— WSBAC
— CWSBAC
0 T T I T T T
4000 3500 3000 2500 2000 1500 1000

Wavenumbers (cm-1)

Fig. 2. Stacked FT-IR spectra of base-treated activated carbons

samples is completely missing in the spectra of
the base-treated materials. This observation can
also be ascribed to the effect of chemical
treatment by potassium hydroxide [22].

The SEM image for acid-activated samples in
Figure 3 shows that the activated carbon is
characterized by surface heterogeneity and
varied structures with a large number of pores
and pore sizes. This is per findings from [23] that
indicated that activated samples with a large
number of pores and pore sizes and high surface
areas displayed high adsorption capacity and
were thereforegood activated carbon.

The SEM image for base-activated carbons in
Figure 4 indicated a broadly opened pore
structure, which indicates  well-developed

micropores. This conforms with activation with
Potassium Hydroxide (KOH) which produces well-
defined micropores that make the activated
sample display high adsorption capacity [24].
When the micrographs from the two different sets
of samples are compared, a difference in particle
size and shape is observed. The differences in
particle size and shape observed on the surface of
activated carbons may be due to
depolymerization and the release of volatile
substances from organic substances during the
carbonization process and chemical treatments
[25]; [26,27]. Interestingly, the surface
morphology of the acid-treated materials; CSAAC,
PSAAC, WSAAC, and CWSAAC appeared to be
similar but distinct from those of theirbase-treated
analogues. Similarly, the micrographs of the
CSBAC, PSBAC, WSBAC, and CWSBAC
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showed similar features in their surface
morphology but at variance with those of acid-
modified samples. This observation is in
concomitance with the results from FTIR studies
which suggest a significant similarity in the
surface composition of each set of materials.

Energy dispersive X-ray (EDX) analysis of the
treated activated carbon materials was
performed to estimate the composition of various
elements present in the adsorbents. Tables 3
and 4 provide the atomic and weight
concentrations of oxygen (O) and calcium (Ca) in
the samples for both the acid and base-activated
carbon respectively. Thus, the elemental analysis
confirmed the presence of Ca and O in all the
materials under investigation. It can be observed
that the calcium weight percentage is high in all
the treated activated carbons as a result of
activation and mineralization with a calcium-to-
oxygen weight concentration ratio of 1:1 in all the
samples [28,29]. The results indicated a
significant presence of calcium oxide (CaO)
across all samples, which contributes to the
porosity and adsorption capacity of the activated
carbons. Acid-activated samples, as presented in

Table 3, showed higher atomic concentrations of
oxygen compared to calcium, with CSAAC
having the highest oxygen concentration at 78.16
cml. Conversely, base- activated samples,
detailed in Table 4, demonstrated a more
balanced ratio of oxygen and calcium, with
CSBAC showing an oxygen concentration of
61.77 cm?® and calcium at 3823 cme
Consequently, the EDX analysis proved the
presence of calcium oxide in the activated
carbons. As CaO is a strong dehydrating agent,
it adsorbs water from surroundings, thus
increasing the porosity of the treated
activated materials [29] as observed in the SEM
studies.

3.2 Carbon Yield

The results from Table 5 showed a high carbon
content ranging from 71.6 to 87%. Fig. 5 presents
the carbon yield percentages of the activated
samples. High product yield difference is a result
of the origin of carbon material and activation
processes [30]. A good activated carbon should
present a carbon yield of 60 to 98% [1].

Fig. 3. SEM Micrographs (at 150 pm) of CSAAC (A), PSAAC (B), WSAAC (C), and CWSAAC (D)
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Fig. 4. SEM Micrographs (at 150 um) of CSBAC (A), PSBAC (B), WSBAC (C), and CWSBAC (D)

The acid-activated samples presented
higher carbon vyields compared to the base-
activated samples. The highest carbon vyield
was observed in CSAAC at 87%, while WSBAC
had the lowest at 71.6%. The high carbon
yield is similar to the findings of [31] with a
95% carbon yield from activated crustacean
shells. A high carbon content value is desired
to achieve a high surface area because as
the carbon content of the activated carbon
increases, the surface area also increases
[1]. A higher carbon vyield indicates a
greater conversion of raw material into activated
carbon, which is desirable for effective
adsorption.

3.3 Fixed Carbon

Proximate analysis was used to calculate the
fixed carbon content in the various activated
samples by utilizing the % ash and moisture
content derived from the analysis. It indicates
the composition of the biomass regarding the
moisture content, volatile matters, ash content,
and fixed carbon. [32] noted the mathematical
derivation of fixed carbon content and this is
expressed in Equation 8.

The fixed carbon content, illustrated in Fig. 6,
ranged from 52.8% to 63.7%. Acid-activated
samples had slightly higher fixed carbon contents
than the base-activated samples, except for
WSAAC showing a low value at 53.7%. Among
the base-activated samples, CSBAC had the
highest fixed carbon content at 62.1%. High fixed
carbon content is indicative of greater
carbonization and less volatile matter, enhancing
the adsorbent's stability and performance.

3.4 Moisture Content

The moisture content of the activated samples is
illustrated in Fig. 5. The results indicated that the
percentage moisture content ranged from 1.4%
to 2.4%. This is in conformance with the results
[33] obtained on the low moisture content of
crustacean shells. The acid-activated samples
(PSAAC, CSAAC, WSAAC, CWSAAC) generally
exhibited lower moisture content than the base-
activated samples (PSBAC, CSBAC, WSBAC,
CWSBAC). Specifically, CSAAC and PSAAC
had the lowest moisture content at 1.4%, while
WSBAC had the highest at 2.4%. A lower
moisture content is preferable as it reduces the
adsorbent's dilution effect, enhancing its
adsorption efficiency.
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Table 3. Elemental analysis of the acid-activated crustacean shells by EDX

Sample/ band (cm™) Element Atomic concentration Weight concentration
CSAAC @] 78.16 58.83
Ca 21.84 41.17
PSAAC @] 67.37 45.18
Ca 32.63 54.82
WSAAC @] 74.43 53.75
Ca 25.57 46.25
CWSAAC @] 75.50 55.15
Ca 24.50 44.85

Table 4. Elemental analysis of the base-activated crustacean shells by EDX

Sample/ band (cm™) Element Atomic concentration Weight concentration
CSBAC 0] 61.77 39.21
Ca 38.23 60.79
PSBAC 0] 70.97 49.39
Ca 29.03 50.61
WSBAC 0] 71.45 49.97
Ca 28.55 50.03
CWSBAC O 74.34 53.63
Ca 25.66 46.37

Table 5. Physicochemical characteristics of chemical activated carbons of crustacean shells

Parameter/Sample PSAAC CSAAC WSAAC CWSAAC PSBAC CSBAC WSBAC CWSBAC
% Moisture 1.4 14 2.3 1.6 1.8 2.0 2.4 1.8

% Ash 7.9 8.3 11.8 9.8 8.9 9.3 12.3 9.9

% Carbon Yield 86.2 87 72.1 86.8 84.2 85.2 71.6 86.3

% Fixed Carbon 60.2 63.7 53.7 60.8 61.8 62.1 52.8 59.8
Specific Surface Area 1193 1277 960 1256 1275 1288 986 1270
(m?/g) Bulk Density (g/cm3®)  0.502 0.653 0.454 0.530 0.524 0.687 0.476 0.543
Specific Gravity 1.27 2.07 0.97 1.98 1.12 2.01 0.91 191
Porosity 0.80 0.83 0.62 0.81 0.86 0.88 0.59 0.80
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Fig. 5. Comparison between physicochemical properties of acid-activated carbon and base-
activated carbon
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Fig. 6. Fixed carbon yield of acid-activated carbon and base-activated carbon.

3.5 Ash Content

The ash content for the activated samples in
Table 5 varied between 7.9% and 12.3%. Acid-
activated samples PSAAC, CSAAC, WSAAC,
and CWSAAC with values of 7.9, 8.3, 11.8, and
9.8% respectively presented lower ash contents
than base-activated samples, with PSAAC
having the lowest ash content at 7.9%. This is
consistent with the results by [34] in a similar
research. In contrast, base-activated samples
PSBAC, CSBAC, WSBAC, and CWSBAC
presented slightly higher ash contents with values
of 8.9, 9.3, 12.3 and 9.9% respectively against
that of the acid-activated samples with WSBAC
showing the highest at 12.3%. Lower ash content
is beneficial for adsorbents as it increases the

available surface area for
improves overall efficiency.

adsorption and

The activated samples indicate a relatively low
percentage ash content which is an indication
that the samples will exhibit high adsorptive
values. This is because ash is an impurity that
reduces the overall activity of the activated carbon.
The ash content is very important in determining
the quality of an adsorbent with a good adsorbent
having as low ash content as possible (<15%)
[35]. This is because high ash content reduces
the adsorptive capacity of the adsorbent and
lowers specific surface area [36]. High ash
content also affects the efficiency of the activated
samples as the higher the ash content, the lower
the efficiency of removal of toxic contaminants.
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This is supported by astudy by [37] that observed
that activated carbon with high ash content
adsorbed 4 times less contaminants than ash-
free activated carbon.

3.6 Specific Surface Area

The surface area of activated carbon samples
typically has a surface area ranging from 500 to
1500 m?g, making it highly effective for
adsorption processes [38]. The carbon samples
had a resultant surface area ranging from 960 to
1288m?2/g making them suitable for adsorption of
PAHs. Comparison between acid and base-
activated samples of each crustacean shell
sample was noted to vary slightly with the base-
activated samples presenting a larger surface
area than acid-activated samples. The Surface
area for CSBAC and CSAAC are 1288 and 1277
m?/g; PSBAC and PSAAC are 1275 and 1193
m?/g; WSBAC and WSAAC are 986 and 960
m?/g; while CWSBAC and CWSAAC are 1270 and
1256 m2/g respectively. The presence of high
surface areas influences adsorption as it presents
large active sites for the adhesion of adsorbates
from the solution. Carbonization and chemical
activation improve the surface area of
adsorbents as they improve adsorption sites
allowing for more interaction sites between the
activated carbon and adsorbate enhancing the
adsorption capacity of the activated carbon [39].
[38] noted that the surface area range of
activated carbon can vary based on factors such
as the activation method used, the precursor
material, and the activation conditions during
production.

3.7 Bulk Density

Bulk density, also known as apparent density is
the mass of activated carbon per unit volume
(kg/m?3 or g/cm3), including the voids between the
particles. Typical powdered activated carbon
(PAC) may have a slightly lower bulk density of
around 0.38g-0.45g/cm?® than that of a granular
activated sample. [40] noted that an activated
carbon with a bulk density of about 0.5g/cm? is
adequate for adsorption. The bulk densities of all
the crustacean shells activated carbonwere found
to be within the range of 0.454g/cm® to
0.687g/cm3. This is similar to results from [41] on
the bulk density of low-cost precursors. Usually,
adsorbents with high bulk density can hold more
adsorbate per unit weight which makes high bulk
density essential for wastewater treatment
purposes.

3.8 Specific Gravity

The Specific gravity of the activated samples was
noted to range from 0.97 observed for WSAAC to
2.01 for CSBAC. This indicates that the activated
carbon samples are effective adsorbents for the
wastewater treatment process as their ranges
conform with the research conducted by [42,43]
which stated that the values for the specific
gravity of an activated sample lie within the
ranges of 0.8 to 2.1.

3.9 Porosity

Table 1 also shows the porosity of the activated
carbon samples. Porosity describes the number
of pores present in a sample [44]. It can
therefore be inferred from this that Porosity
enhances the adsorption capacity of an activated
carbon sample Therefore the higher the porosity,
the higher the adsorption capacity of the
adsorbent. It is noted from Table 1 that the
porosity of the activated samples is in the order
CSBAC (0.88) > PSBAC (0.86) > CSAAC (0.83) >
CWSAAC (0.81) > CWSBAC and PSAAC (0.80) >
WSAAC (0.62) > WSBAC (0.59).

4. CONCLUSION

The morphology, elemental analysis,
physicochemical characteristics, and surface
chemistry of chemically activated carbon from
crustacean shells were compared. The
morphology and physicochemical characteristics
of the activated carbons made from periwinkle,
clam, whelk, and composite clam/whelk shells
are suitable for adsorption, according to the
results of the experimental evaluations. Activated
carbons with high carbon vyield, high fixed
carbon, high bulk density, increased surface
area, low ash content, low moisture content, and
high porosity of carbon were produced by
chemical activation methods using both acid and
base activation for crustacean shells. These
results show that resultant activated carbons are
effective as an adsorbent for the industrial
treatment of wastewater. With high surface areas
of 1288 and 1277 m?/g, respectively, it is
reasonable to deduce that clam shells activated
with either basic or acid have a have a better
advantage to be used compared to Periwinkle
shells, whelk shells, and the composite of
clam/whelk shells. This Study revealed that
Chemical Activation of Crustacean shells can be
undertaken using either acid or base without
compromising on the efficiency of the resultant
activated sample for the effective removal of
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adsorbates from wastewater samples. This
therefore expands the choice of activation as the
choice of precursors isabundant in nature.
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