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Abstract:- Improvement in agriculture has significantly
enhanced living standards of the people, however,
agriculture has also caused negative impacts on
environmental health as a consequence of agro-waste
generation. Therefore, the objective of this paper was to
investigate the elemental composition and surface
properties of agro-wastes of Doum palm (DPS), African
elemi (AES), and Desert Date (DDS) seed shells sourced
from open markets in Jos Town, Plateau State, Nigeria
using various appropriate standard methods. The BET
surface area, BJH adsorption cumulative pore volume,
and pore sizes were 418 m*/g, 0.21 cm®/g, and 2.10nm for
DDS; 471 m?%/g, 0.26 cm®/g, and 2.13nm for AES and 285
m?/g, 0.17 cm®/g, and 2.14nm for DPS respectively. The
data obtained confirms the micro-porous nature of these
agricultural seed shell wastes. X-ray Fluorescence (XRF)
study shows variances in elemental composition, notably
in SiO:, CaO, Al2O;, K20, and CI content. The surface
morphology characterization reveals the presence of
hydroxyl (-OH) and carbonyl (C=0) functional groups,
indicating possible adsorption sites. DPS, AES, and DDS
have particular BJH pore sizes and BET surface areas,
exhibiting Type I microporous properties. The elemental
composition and surface characteristics show promising
properties for their use as adsorbents for CO: capture,
organic and inorganic contaminants removal and COD
reduction in wastewater. However, the variances observed
highlights the necessity to adapt activation procedures
before utilizing them for adsorption studies.

Keywords:- CO; Capture, Adsorption, Doum Palm, African
Elemi Desert Date; Adsorption.

L INTRODUCTION

Agro-waste is defined as waste left over after cultivating
and processing agricultural products like fruits, vegetables,
dairy and grains, as well as meat, poultry and crops. Generally
agricultural wastes are classified into four types: crop waste
(rice husk, wheat straws, sugarcane bagasse), animal waste
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(animal excreta, dead animals), processing waste (packaging
material, fertilizer cans) and hazardous waste (pesticides,
insecticides). A yearly production of agricultural waste of
roughly 998 million tonnes is estimated. In comparison to
total solid waste generated on farms, approximately 80% of it
is organic waste. Most farmers dump this waste in pits,
allowing the majority of the area free for farming. Also, much
of the agricultural waste is used as fodder for animals. Instead
of dumping, the agricultural waste can be utilized to make
other valuable products, like animal manures used for making
fertilizer, as it contains 19%, 38% and 61% of nitrogen,
phosphorous and potassium, respectively. They have good
implications for agricultural growth and productivity. A
second, use of agriculture waste is for synthesis of gas for
heating and cooking purposes (Bilal et al., 2023; Wang et al.,
201; Abdelfattah et al. 2016; Adowei, 2024). Agriculture
wastes have recently emerged as a low-cost alternative for the
adsorption-based  effluent treatment of wastewater
contaminated with heavy metals (Akande and Olorunnisola,
2018). Low-cost agricultural waste includes coconut husk,
sawdust, sugarcane bagasse, neem bark and rice husk. The
environment friendly and sustainable heterogeneous catalysts
that contribute in the cost-effective synthesis of biodiesel are
made from rice husk (Yang yang et al., 2016). In addition to
rice husk, other agricultural waste products with substantial
amounts of silica that can be recovered include sugarcane
bagasse and bamboo leaf(Yang yang et al., 2016).
Agricultural waste material has also been utilized for
sustainable construction material to develop waste-create
bricks (Zaket al., 2021). Moreso, agricultural waste materials
have been converted into carbon nanostructures which can be
possibly used for various purposes (Wang and Chu, 2013;
Merret et al., 2002)

Agricultural ~ waste materials,  especially  those
containing cellulose, have the ability to absorb a variety of
contaminants. Hemicellulose, lipids, lignin, proteins, starch,
hydrocarbons, water and simple sugars are the main
components of agricultural waste products, and they contain
a range of functional groups. Agricultural waste products are

WwWw.ijisrt.com 3272


https://doi.org/10.38124/ijisrt/IJISRT24JUN167
http://www.ijisrt.com/

Volume 9, Issue 6, June — 2024
ISSN No:-2456-2165

a feasible choice for water and wastewater remediation due to
their unique abundant availability, chemical
composition, low cost and renewable nature. Since
agricultural waste have a low ash content and a moderate
hardness, it is a promising source for production of activated
carbon. As a result, converting agricultural leftovers into low-
cost adsorbent materials is a viable technique for addressing
environmental issues while lowering preparation expenses
(Zaket al., 2021

A lot of research is being carried out to covert agro-
industrial waste into low cost adsorbents, which include
stones and shells of fruits like almonds, peanuts husks, olive
wastes, cherries, apricots stones as well as the residue
originating from cereals production such as corn, maize, rice
and sugarcane bagasse (Ikram et al., 2016).

The Agricultural waste characterization could lead to its
non-wasteful utilizations. Surface properties have an
enormous effect on the success or failure of a biomaterial
device, thus signifying the considerable importance of and the
need for adequate characterization of the biomaterial surface
(Merret et al., 2002). Buddy (2013) investigated the surface
properties and surface characterization of biomaterials
showing that atoms and molecules that reside at surfaces have
a special organization and reactivity, and require special
methods to characterize them and novel methods to tailor
them. They drive many of the biological reactions that occur
in response to the biomaterial (protein adsorption, cell
adhesion, cell growth, blood compatibility, etc.).

No single technique can provide all the information, and
quite often, different analytical tools are required to address a
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problem related to biomaterials research. To obtain surface
chemical and morphological information, spectroscopic
techniques such as X-ray photoelectron spectroscopy (XPS),
Auger electron spectroscopy (AES), secondary ion mass
spectroscopy (SIMS), and microscopic methods such as
confocal microscopy, scanning electron microscopy, atomic
force microscopy (AFM) are typically carried out. Other
surface characterization methods such as contact angle (CA)
measurement and ellipsometry are also widely used in
biomaterials research. It should be emphasized that each
technique has its strengths and weaknesses, and complete
characterization frequently requires more than one method.
Carbon dioxide capture is also an important component of
environmental sustainability (Erans et al., 2022, Kainth et al.,
2024)

Hence, the objective of this paper was to investigate the
elemental composition and surface properties of agro-wastes
of Doum palm (DPS), African elemi (AES), and Desert Date
(DDS) seed shell sourced from open markets in Jos Town,
Plateau State, Nigeria with the aim of utilizing them in
adsorption studies for CO; capture.

II. MATERIALS AND METHODS

» Study Area and Sample Collection

The seeds of Doum palm (Hyphaene thebaica), African
elemi (Canarium schweinfurthii), and desert date (Balanites
aegyptiaca) were procured from the open markets in Jos
town, Nigeria (Figure 1), owing to their widespread
availability in the region.
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Fig 1 Map of Jos Metropolis Plateau State, Nigeria
Source: National Centre for Remote Sensing, Jos As Published By Ali Et 4/, 2016
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o Sample Preparation:

Following collection, the samples underwent a cleaning
process with distilled water to eliminate dirt and dust
particles. Subsequently, the seeds were sun-dried to eliminate
moisture. The dried seed shells were then finely ground using
a high-power grinding machine and further subjected to 24
hours of oven- drying at 110 °C to ensure complete moisture
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removal. These processed samples were stored in a desiccator
and remained in use throughout the experiment. The raw and
powder samples of Doum palm shells (DPS), the African
elemi shells (AES) and the desert date shells (DDS) are
presented in Figure 2.
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Fig 2 Showing the Raw and Powder Sarﬁpl;s of Doum

Palm Shells (DPS), the African Ei;ni Shells (AES) and the

Desert Date Shells (DDS)

o Determination of Specific Gravity

ASTM C 127-07 (2007), a standard that is used to
determine the specific gravity of materials, was employed to
ascertain specific gravities of of Doum palm shells (DPS), the
African elemi shells (AES) and the desert date shells (DDS).
Specific gravity given with Equation (1),

SG = W2 — W1 (€D
W, — W) — (W5 — Wa)

Where, SG=Specific gravity; W1=Weight of empty
density bottle (g); W2=Weight of density bottle +Sample (g);
W3=Weight of density bottle + Sample +Water (g);
W4=Weight of density bottle + Water (g).

o Determination of Moisture Content (MC):

The percentage moisture content (PMC) determined by
weighing 1.5g of sample put in a crucible of known mass and
placed in an oven set at 105°C + 5°C for 1 hour. The crucible
and its content were removed from the oven allowed to cool
to room temperature and reweighed. This process was
repeated until the weight after cooling became constant and
this was recorded as the final weight. The sample's moisture
content was determined using equation (2).

", — W

°on MO —
> 7
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Where, W1 is the initial weight of briquette sample and
W2 is the final weight of briquette sample

e Determination of Volatile Matter (VM):

The percentage volatile matter (PVM) was determined
by placing 1.5g of sample in a crucible and kept in a furnace
for 8 minutes, at temperature of 5500 C + 5°C and weighted
after cooling. The percentage volatile matter of the sample
was determined using equation (3)

"W, — M5

QLo VM —
M=

= 100 (3D

Where, W2 is the weight of the oven-dried sample (g);
W3 is the weight of the sample after 8 min in the furnace at
550 °C (g)

e Determination of Ash Content (AC):

1.5g of samples are kept in a closed furnace and burnt
completely. The weight of the residue was taken with an
electronic balance. The percentage weight of residue gives the
ash contained in the sample and its determined using equation

(4).
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o Determination of Fixed Carbon:

The percentage fixed carbon (FC) was computed by
subtracting the sum of VM and AC from 100 as shown in the
Equation 5:

% FC = 100 — [MC + VM + AC] (5)

o Ultimate Analysis of Biomass for Elemental Composition:

In accordance to the standard ASTM methods [ASTM
D3176-09, ASTM International (2009); ASTM D5373-08
(2008)] for ultimate analysis, the presence of common
elements such as C, H, N, and S in biomass and biochar
samples was determined through a PerkinElmer Elementar
CHNS analyzer. O (wt.%) was measured by the difference of
C, H, N, S, and ash from 100. Major inorganic elements in
biomass, ash, and biochar samples were resolved using the di-
acid digestion method (HNO3 and H202, 5:1 v/v) for multi-
elemental analysis through a PerkinElmer NexION 300D
ICP-MS (inductively coupled plasma-mass spectrometry).
The carbon, hydrogen, nitrogen, and Sulphur contents are
subtracted from 100 to get the oxygen composition based on
these results.

o Surface Area, Pore Volume, and Pore Size Analysis:

The surface properties of the samples were determined
by the Brunauer—Emmett-—Teller (BET) analysis. The pore
volume and size were determined by the BJH (Barrett-Joyner-
Halenda) analysis, the Dubinin-Astakhov (DA), and the
density functional theory (DFT) methods (Aimikhe et al.,
2022; Wahby et al 2011)

e BET Analysis:

The BET analysis reveals the precise surface area, pore
volume, and diameter of the sample. Single-point BET uses
one isotherm point for surface area determination, while
multipoint BET uses at least three. For this study, 0.3 g of the
sample was placed in a BET glass tube and weighed before
and after loading. The sample was degassed at 473 K for three
hours using a Micromeritics Flow Prep 067 with nitrogen gas
to remove bound water. After degassing, the sample was
reweighed and analyzed in a Micromeritics TriStar 3000
V4.02 at liquid nitrogen temperature. The device
automatically estimated the BET surface area and pore
volume/size using a N2 isotherm. The adsorption isotherm
equation of Brunauer, Emmett, and Teller (BET) is applied to
the data (Aimikhe et al., 2022 Shoaib et al., 2020)

o  Surface Chemistry Assessment:

Fourier Transform Infrared Spectroscopy (FTIR)
identifies chemical bonds and functional groups in activated
carbon. This technique helps pinpoint specific functional
groups responsible for gas adsorption. The study used a Buck
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Scientific M530 USA FTIR instrument with a potassium
bromide beam splitter and a deuterated triglycine sulfate
detector. Spectra were collected and adjusted with Gramme
Al software. A 0.5 mL volume of nujol was mixed with 1.0 g
of the AC sample and placed on a salt pellet. FTIR spectra
were measured from 4,000 to 600 cm™', with each spectrum
collected over 32 scans at a 4 cm™ resolution. The spectra
were combined using summation, and transmitter values were
provided.

o SEM Analysis:

A Scanning Electron Microscope (SEM) (JEOL, JSM-
T330) and an Energy Dispersive X-ray Spectrometer (EDS)
were used in combination to analyze the surface morphology
of the AC samples and determine their elemental
composition. A transmission electron microscope (TEM;
JEOL, 2010 UHR) was used to investigate the samples and
reveal the porous nature of the adsorbents. The material was
applied to the grid using a solvent made up of 40% alcohol
for TEM examination (Aimikhe et al., 2022).

III. RESULTS AND DISCUSSION

Proximate Analysis of Raw materials of Doum palm
shells (DPS), the African elemi shells (AES) and the desert
date shells (DDS): Table 1 presents proximate analysis results
for Doum palm shells (DPS), African elemi shells (AES), and
desert date shells (DDS). The samples contained 5.09%,
6.06%, and 3.06% moisture; 52.05%, 60.00%, and 55.00%
volatile matter; 5.09%, 6.06%, and 3.06% ash; and 32.26%,
28.4%, and 36.4% fixed carbon, respectively. These results
indicate high carbon, low ash, and high volatile matter
contents, making them suitable for adsorption applications.

Materials with low ash and high carbon content are
effective adsorbents. Carbonaceous materials, with their large
surface area, can bind strongly to various substances through
adsorption and introduce fewer contaminants due to low ash
content. Higher volatile matter may increase adsorption
capacity by releasing gases during the process. Kumar and
Jena, 2015. support these findings, indicating these shells are
ideal for removing contaminants from liquids or gases.

Specific gravities of DPS, AES, and DDS are also
shown in Table 1. DDS, with a low density of 35.71 g/cm?,
has high adsorption potential. However, adsorption efficiency
depends on factors like pore structure, surface area,
adsorption capacity, mechanical strength, and overall
performance. Density must be balanced with surface area,
mechanical stability, and porosity for effective adsorption
Kumar and Jena, 2015.

Table 1 Specific Gravity and Proximate Analysis of DPS, AES and DDS

S/NO Sample SG (gem) AC (%) VM (%) MC (%) FC (%)
1. DPS 39.29 10.6 £0.002 52.05 +0.01 5.09 +0.002 32.26

2. AES 63.93 11.54 +0.005 60 +0.002 6.06 £0.001 28.4

3. DDS 35.71 8.54 £0.005 55 +0.002 3.06 £0.001 36.4

SG = Specific Gravity; AC = Ash Content; VC = Volatile Matter; MC = Moisture Content and FC = Fixed Carbon
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» Surface Area Analysis of Raw Materials of Doum Palm
Shells (DPS), the African Elemi Shells (AES) and the
Desert Date Shells (DDS):

Surface area analysis refers to the measurement of a
particle's available surface. It is important because it is the
means by which a solid interacts with its surroundings,
whether they are gases, liquid, or other solids. Surface
analysis measurements provide a means to correlate
performance with surface composition and structure. This
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knowledge can be used to accelerate the development of new
materials or improve existing materials' performance. The
results of the various Surface Area Analysis of raw materials
of Doum palm shells (DPS), the African elemi shells (AES)
and the desert date shells (DDS) are presented in Figure 5-7
shows N2 adsorption—desorption isotherms at 77 K for DPS,
AES, and DDS samples, indicating they are microporous
solids with type I isotherms.
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Fig 7 N, Adsorption—Desorption Isotherms for DDS Sample

The Dubinin-Astakhov (DA) pore size distribution is
shown in Figure 8-10. AES has the largest surface area (471
m?g), followed by DDS (418 m?/g), and DPS (285 m*/g), as
seen in Figure 3. These results align with Langmuir, BJH, and
DFT evaluations. Figure 4 shows AES has the highest
cumulative pore volume, indicating greater porosity, while
DPS has the lowest. AES and DDS have average pore
diameters over 2 nm, suggesting narrow mesopores, whereas
DPS, with pore sizes under 2 nm, is classified as microporous.

IJISRT24JUN167

The microporous nature of DPS, AES, and DDS allows
efficient pollutant adsorption, with BJH pore sizes of 2.14
nm, 2.13 nm, and 2.10 nm, respectively. The Langmuir model
best describes their adsorption mechanism, primarily
involving monolayer adsorption. BET and DFT surface areas
confirm their potential as effective adsorbents: DPS (285 m?%/g
BET, 77 m*/g DFT), AES (471 m%*g BET, 114 m*g DFT), and
DDS (418 m?*/g BET, 87 m?*/g DFT). However, maximal CO;
adsorption isn't solely determined by surface area or pore
volume. Modifying these seed shells could enhance their
adsorption capacity further.
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Fig 8 Dubinin-Astakhov (DA) Modal Pore Size Distribution for DPS Sample
Showing a Monolayer Adsorption Pore Diameter of 2.92nm
§ O CmOo0
Fig 9 Dubinin-Astakhov (DA) Modal Pore Size Distribution for AES Sample
Showing a Monolayer Adsorption Pore Diameter of 2.92nm
s

Fig 10 Dubinin-Astakhov (DA) Modal Pore Size Distribution for DDS Sample
Showing a Monolayer Adsorption Pore Diameter of 2.92nm
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» Ultimate/Elemental Analysis of Raw Materials of Doum
Palm Shells (DPS), the African Elemi Shells (AES) and
the Desert Date Shells (DDS):

The elemental analysis of materials is regularly a critical
parameter in product quality and safety and in Chemistry it is
used to determine the elemental composition of chemical
compounds and their composites. This is because raw
materials analysis provides data for gaining insight into
existing materials or helping to determine potential changes
as a consequence of treatments. While the ultimate analysis is
to evaluate the proportion of five major elements such as
Carbon (C), Hydrogen (H), Nitrogen (N), Oxygen and
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Sulphur (S). Hence, according to Chen and co-workers
(2019a) ultimate analysis is otherwise referred as elementary
analysis. The outcome of this analysis will be helpful in
proper mixing of waste to achieve a suitable C/N ratio and
mass balance (for chemical or thermal processes).

In this paper, the elemental analysis provides useful
information about the elemental composition of the biomass.
The results for the chemical composition of raw materials of
Doum palm shells (DPS), the African elemi shells (AES) and
the desert date shells (DDS) are presented in Table 2.

Table 2 Ultimate/Elemental Analysis of Biomass

Sample Carbon Hydrogen Nitrogen Sulphur Oxygen Ash
DPS 81.70 0.23 15.15 0.11 2.64 25.00
AES 85.17 0.30 13.09 0.08 1.64 30.24
DDS 77.51 0.12 19.10 0.13 3.14 23.69

Note: DPS = Doum Palm Shell, AES = African Elemi, DDS = Desert Date Shell

The table 2 shows the key findings of high carbon and
nitrogen contents: DPS (81.7% C, 15.15% N), AES (85.17%
C, 13.09% N), and DDS (77.51% C, 19.10% N). High carbon
content indicates suitability for activated carbon production,
as it enhances adsorption and porosity during carbonization.
Nitrogen content also influences pore development and
surface chemistry (Foo et al., 2012; Gayathiri et al., 2022).

Ash content, crucial for processes like gasification and
combustion, is 23.69% for DPS, 30.24% for AES, and 25%
for DDS. Previous studies showed that char from gasified
materials, with active minerals and large surface areas,
exhibited significant catalytic activity in depolymerizing tar
compounds Tsekos, et al., 2020).

Carbon: Nitrogen Ratio: The C:N ratio is a quick way to
evaluate the balance between two elements present in the soil
that are both essential for crop growth and microbial health.
The C:N ratio in the organic matter of agricultural soils
ideally averages about 10:1. This is considered an indication
of a dynamic equilibrium condition that can and should be
maintained. When organic material is added to the soil in root
residue, manure, corn stalks, etc., the increased carbon
triggers microbial growth. If the amount of N in the added
material is inadequate to support the increased growth of
microbes, the microbes will absorb N from the soil and
immobilize it in their tissues. This will deprive growing plants
of nitrogen they need for immediate growth. As carbon breaks
down, larger microbe numbers decrease and N is now

released again into the soil. The more stable 10:1 C:N ratio
can now be established. Cover crops, especially legumes,
have C:N ratios generally less than 25:1. As a general rule,
these plants decompose relatively quickly because the
amount of carbon contained is offset by adequate amounts of
nitrogen and N is not immobilized. Low nitrogen, high carbon
residues, such as wheat straw, have low nutritional quality for
microbes and take longer to decompose. C:N ratios also
provide clues about the microbial population present, as
higher ratios tend to support more fungi present in the soil
than bacteria.

The proportion of carbon to nitrogen in the organic
matter is an important factor in controlling microbial activity.
Organic material having a high carbon to nitrogen ratio (C/N),
such as wheat straw at about 80/1, will decay relatively
slowly because the material contains insufficient nitrogen to
satisfy the growth requirements of the decay producing
microorganisms. Soil microorganisms often retain the
available nitrogen for prolonged periods. This nitrogen
immobilization by microbes can create nitrogen deficiencies
in the soil and lead to reduced plant growth. Legume residues,
such as clovers and alfalfa, have low C/N ratios (< 30/1) and
decay very rapidly in the soil. They release large amounts of
CO; and some nutrients for plant growth. Materials from
young plants, having low C/N ratios, decompose more rapidly
than do materials from old plants, having higher C/N ratios.
A list of common organic materials and their C/N ratios is
provided in Table 3.

Table 3 Carbon: Nitrogen Ratio

Sample Carbon Nitrogen C:N Ratio
DPS 81.70 15.15 5.39:1
AES 85.17 13.09 6.51:1
DDS 77.51 19.10 4.08:1

SEM EDX Analysis of Raw materials of Doum palm
shells (DPS), the African elemi shells (AES) and the desert

IJISRT24JUN167

Note: DPS = Doum Palm Shell, AES = African Elemi, DDS = Desert Date Shell
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date shells (DDS): The SEM EDX study (Fig. 11-13) reveals
surface irregularities, heterogenic pore structures, fractured
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cavities, and rough surfaces with slit cracks. DPS and DDS
samples show significant pore growth and variously sized
cavities. DDS has more craters and a more erratic, flaky
surface compared to AES. BET data indicates mesoporosity
in DPS and DDS due to these cavities. AES exhibits
laminated surface microporosity, correlating to a high surface
area, as seen in BET data.

FTIR results (Fig. 15) indicate functional groups like
hydroxyl (-OH) in DPS and DDS, which are crucial for
adsorption and may enhance adsorption capacity. EDX
analysis confirms high carbon content in all samples, with
AES having the highest atomic carbon proportion, making it
an effective sorption material. High carbon content is
preferred for superior activated carbon production (Aimikhe
et al., 2022).

DPS: S38um,

Mode: 15kv- image
Detector: 850 full,
Time: Oct 4 2023 11:54
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Fig 12 A SEM Micrographs and EDX

‘ AES: 538pm,
Mode: 15kv- image
Detector: 850 full
Time: Oct 4 2023 11:49

Analysis of AES Sample

Table 5 Elemental Composition of AES Sample Obtained
From SEM Micrographs and EDX Analysis

Element| Element| Element | Atomic| Weight
LU Number | Symbol | Name  [Conc. |Conc.
Fig 11 ASEM Mlcr(;graphs and EDX b C Carbon 85.17| 8167
Analysis of DPS Sample 7 N Nltfogen 13.29] 1486
Tl 4 Blemen Composion ofOFS anplogbaned 13 |W [ Wuminium | 046] 038
Element| Element| Element | Atomic Weight 14 Si Silicon 034 077
Number | Symbol | Name Conc. |Conc. ‘
s c e 2150 7658 12 Mg  |Magnesium| 019 037
7 N Ntrogen 15.55] 1695 1 Na Sodium 018 033
14 Si Sdicon 067 147
— = 1" 15 15 Phosphorus|  0.12| 0.30
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Fig. 13 A SEM Micrographs and EDX
Analysis of DDS Sample

Table 6 Elemental Composition of DDS Sample Obtained
From SEM Micrographs and EDX Analysis

Element| Element | Element Atomic| Weight
Number| Symbol | Name Conc. |Conc.

6 C Carbon 7751 7123
7 N Nitrogen 19.22| 2055
18 K Potassium 0.76 229
20 Ca Calcium 044 136
13 Al Aluminium 0S8 120
14 Si Silicon 051 1.09
11 Na Sodium 027] 048
12 Mg Magnesium 0.22 0451
26 Fe iron 0.09 0.38
15 P Phosphorus 0.15 0.35
16 S Sulfur 0.13 033
17 Cl Chlorine 011} 030
22 Ti Titanium 0.00 0.00

XRS-FP Analysis

of Raw materials of Doum palm

shells (DPS), the African elemi shells (AES) and the desert
date shells (DDS):

Table 7 XRS-FP Analysis for DPS, AES and DDS Sample

SAMPLE SiO: Fe203 P20s SOs CaO MgO K0 ALOs TiO: CI(%)
(%) (%) (%) (%) (%) (%) (%) (%) (%)
DPS 20.425 - - - 13.566 - 32.814 9.773 - 11.624
AES 34.995 5.334 1.367 2.858 7.572 17.581 8.148 11.979 1.168 6.503
DDS 14.279 6.367 1.109 2.863 25.696 - 34,132 6.764 - 4.047
45
o
_§ 40
-
H 35
o
‘E - B Oxygen
g N Magne sium
§ 3 m Aluminum
= Silicon
b h H Sulfur
-
% 2 M Potassium
-
= 10 m Calcium
miron
3
)
DP5 AES DDs
SAMPLE

Fig 14 Element Concentrations of DPS, AES and DDS Sample Doum Palm Shells (DPS), the African Elemi Shells (AES) and the
Desert Date Shells (DDS)
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The XRF analysis reveals the elemental compositions of
Doum palm shell (DPS), African elemi shell (AES), and
Desert date shell (DDS), essential for evaluating their
suitability for activated carbon synthesis.

Table 3 and Figure 14 show significant concentrations
of Si0,, Ca0O, ALO;, K,0O, and Cl in DPS, AES, and DDS.
For DPS, these are 20.425%, 13.566%, 32.814%, 9.773%,
and 11.624% respectively. AES shows high levels of SiO2
(34.995%), MgO (17.581%), and A1203 (11.979%), while
DDS contains SiO2 (14.279%), CaO (25.696%), and K20
(34.132%).

High concentrations of these elements may increase ash
content in activated carbon, affecting its porosity and
adsorption properties. Optimizing precursors and possibly
applying customized pre-treatments or activation methods
can minimize ash content and enhance adsorption properties
in AES and DDS due to their higher CaO, MgO, and K,O
levels ( Boruah et al., 2021; Chen and Bie, 2020; Chowdhury
et al., 2016 and Daood et al 2014).

Fourier transform infrared (FTIR) spectra Analysis of
Raw materials of Doum palm shells (DPS), the African elemi
shells (AES) and the desert date shells (DDS): The FTIR
method is crucial for locating and identifying distinctive
functional groups in any given material. Figure 3.8 displays
the results of the AES and DPS samples' FTIR analysis. The

International Journal of Innovative Science and Research Technology
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DPS and AES results show comparable patterns, with their
peaks located approximately at 3084.15 cm™!, 1979.50 cm ™,
1577.88 cm™!, and 1058.30 cm !, respectively, signifying the
presence of hydrocarbons or aromatic C-H stretching,
aromatic C=C stretching, phenolic C=C stretching, and
hydroxyl groups C—O stretching. In contrast to DPS and AES,
the DDS sample has several peaks. O-H stretching vibrations
of hydroxyl groups (alcohols and phenols) were linked to the
FTIR result for the DDS sample, which showed peaks at
around 3629.47 cm™', 3532.77 cm ™!, and 3390.18 cm . Peaks
located at around 3056.72 cm™!, 3025.02 cm™!, 2922.03 cm ™',
and 2849.41 cm™! may be indicative of the presence of
organic molecules due to C-H stretching vibrations in alkanes
and alkyl groups. Peak at 2183.94 cm™' suggests the existence
of C=C triple bonds, which may be a sign of nitriles or
alkynes. The peak range of 2050.49 - 1451.31) cm™ is linked
to several functional groups found in aromatic compounds,
such as aromatic rings (C=C stretching vibrations), carbonyl
groups (C=O0 stretching vibrations), and bending vibrations in
C-H.

According to Aimikhe et al, 2022 the presence of
functional groups such as hydroxyl (-OH), carbonyl (C=0),
and aromatic structures on the activated carbon surface
indicates possible active sites. By offering locations for
chemical interactions, these functional groups may improve
sorption  capacities and influence its adsorption
characteristics, selectivity, and affinity for certain pollutants.
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Fig 15 A Fourier Transform Infrared (FTIR) Spectroscopic Analysis of DPS Samples
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Table 8 Comparison of BET Surface Area of this Study and Selected Published Literature.

SAMPLES BET(m?/g) References

DPS 285.00 This study

AES 471.00 This study

DDS 418.00 This study
Corn cob 1.80 [28]
Rice straw 4.90 [28]
Water hyacinth 4.70 [28]
Rice husk 230.91 [11]
Empty fruit bunch 15.42 [11]
Rice Husk 250.00 [11]
Rice husk 178.00 [24]
Egg shells 273.00 [18]
Peanut shells 1.83 [5]
Almond shells 11.27 [5]
Groundnut shells 32.96 [6]
Avocado seed 1.75 [23]
Pinecone 0.25 [12]
Raw pomegranate peel 598.78 [7]
Sugarcane bagasse pith 500.00 [21]
Jack fruit leaf powder 246.90 [9]
Guava leaves 100.76 [1]
Olive stone 400.00 [34]
Coconut shells 437.00 [24]

Iv. CONCLUSION: REFERENCES

The research findings highlight Doum palm shells
(DPS), African elemi shells (AES), and desert date shells
(DDS) as promising materials for adsorption. These shells
showed high volatile matter, low ash, and high carbon
content, making them efficient adsorbents. Specific surface
area, pore volume, and pore size analyses confirmed their
microporous nature, enhancing their adsorption potential.
Elemental composition, particularly SiO2, CaO, Al203,
K20, and CI, suggests the need for tailored activation
processes, as shown by XRF analysis. SEM and FTIR studies
revealed surface morphology and functional groups,
indicating potential adsorption sites. Overall, this
comprehensive characterization supports further
investigation and application in adsorption processes,
emphasizing the need for customization based on elemental
composition and surface properties. Thus, results revealed
that the high carbon atomic concentration of the AES DPS
and DDS sample makes them suitable materials for
modification for adsorption application. Doum palm shells
(DPS), African elemi shells (AES), and desert date shells
(DDS) is Type [ microporous solids with a BJH pore diameter
of2.14,2.13 and 2.10 nm respectively and BET surface areas
of 285, 471 and 418 m? /g, and DFT surface area of 77, 114,
87 m? /g respectively. The DPS, AES, and DDS sample,
which exhibits potential efficacy as an adsorbent, may be
used or subjected to further modifications for adsorption
applications.
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