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Abstract

This study demonstrates the efficient removal of tetracycline (96.4%)
from aqueous solutions using acrylonitrile-grafted palm seed activated
carbon, optimized at pH 10 and lower temperatures (25 oC). Batch
experiments revealed that adsorption capacity peaked at 350 mg/L (70%
removal) under vigorous agitation (750 rpm), while adsorbent dosage
critically influenced performance, with 0.9 g achieving 92.1% removal.
Characterization via FTIR, SEM, and XRD confirmed the material’s
porous structure (65.54% carbon, 30.52% nitrogen) and graphitic
crystallinity, enabling strong π-π interactions. The exothermic process
exhibited reduced efficiency at higher temperatures (7% at 45 oC) and
larger adsorbent-adsorbate solution volume (20.1% at 150 mL). These
results highlight the adsorbent’s cost-effectiveness and sustainability for
water treatment, offering a viable alternative to conventional methods.
The adsorbent was chemically modified through grafting with acrylonitrile
to enhance its surface functionality and adsorption capacity. These
findings demonstrate that acrylonitrile-grafted palm seed activated
carbon is a promising, eco-friendly, and efficient adsorbent for removing
tetracycline from contaminated water, providing a sustainable alternative
to conventional treatment technologies.

1. Introduction:
The occurrence of pharmaceutical contaminants, particu-

larly antibiotics such as tetracycline, in aquatic environments
is a growing global concern. Tetracycline is extensively used
in human and veterinary medicine to treat a wide range of
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bacterial infections, including respiratory tract infections (e.g.,
pneumonia, bronchitis), sexually transmitted diseases (e.g.,
chlamydia, syphilis), skin conditions (e.g., acne, rosacea),
and zoonotic diseases (e.g., anthrax, brucellosis) [1], [2] skin
conditions (e.g., acne, rosacea) [3].

Conventional water treatment processes, including coag-
ulation, oxidation, and biological treatment, often fail to re-
move tetracycline and related micro pollutants [4] completely.
Among advanced treatment technologies, adsorption stands
out due to its high efficiency, simplicity, and cost-effectiveness
[5]. Activated carbon is widely recognized for its high surface
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area, porosity, and adsorption capacity, making it ideal for
removing organic contaminants [6]. However, the high cost
of commercial activated carbon limits its practical application,
especially in developing regions.

To overcome this limitation, researchers have focused
on producing activated carbon from low-cost and renewable
biomass materials such as coconut shells [7], rice husks [8],
banana peels [9], and palm seeds [10]. Palm seeds are an agri-
cultural byproduct rich in carbon content and are abundantly
available in tropical countries. Utilizing palm seeds for acti-
vated carbon production not only adds value to agricultural
waste but also offers an eco-friendly solution to environmental
pollution [11].

This study investigates the synthesis of activated carbon
from palm seeds and evaluates its performance in removing
tetracycline under various operational parameters. The goal is
to introduce the presence of pharmaceutical contaminants, par-
ticularly antibiotics like tetracycline, in aquatic environments,
which is a growing global concern.

2. Material and Methods:
All chemicals used were of analytical grade:

Palm kernel shell powder (local supplier, Kaduna, Nige-
ria; washed and sun-dried). Hydroxylamine hydrochloride
(NH2OH·HCl, 98.5% purity, Sigma-Aldrich, Germany). Hy-
drochloric acid (HCl, 37% purity, Merck, Germany). Acry-
lonitrile (C3H3N, 99% purity, Acros Organics, USA). Tetra-
cycline hydrochloride (C22H25ClN2O8, ≥95% HPLC grade,
Sigma-Aldrich, Germany). Ethanol (C2H5OH, 99.8% purity,
Merck, Germany). Acetic acid (CH3COOH, 99.7% purity,
Fisher Scientific, UK).

2.1 Preparation of the adsorbent:
The adsorbent was produced according to the procedure

adopted by [12], with minor modifications of drying temper-
ature to 100 oC instead of 60 oC. The palm kernel shell was
obtained from a local vendor, which was washed thoroughly
with deionized water to remove surface impurities. It was then
dried under the sun for at least 48 hours before being further
dried in a vacuum oven at 100 oC for an hour to eliminate
moisture content. The palm kernel shell was crushed using
a mortar mill and further sieved to obtain a desirable size of
1.2 mm. The final product was placed in a plastic container to
prevent possible sorption and or degradation, then stored in a
silica gel desiccant for further experimental use.

2.2 Preparation of solution (1):
20% v/v hydroxylamine solution and 20% v/v acrylonitrile

was prepared. For every 100 ml of the final solution, 24 g of
hydroxylamine and 80 mL of distilled water (solvent) were
used. A measuring cylinder or pipette was used to measure
out the required volume of hydroxylamine and the appropriate
volume of distilled water (solvent) separately. In a mixing

container, the measured hydroxylamine was added first, fol-
lowed by the distilled water. The solution was stirred gently
to ensure that the hydroxylamine was completely mixed with
the water. The container was labelled with the concentration
and date, and stored according to safety guidelines, as hydrox-
ylamine can be hazardous. The same procedures were used to
prepare a 20% v/v solution of Acrylonitrile, using 20 mL of
acrylonitrile and 80 mL of solvent (distilled water) to achieve
a total volume of 100 mL.

2.3 Preparation of solution (2):
Tetracycline solution with a concentration of 200 mg/L was

prepared. For the tetracycline solution with a concentration
of 200 mg/L, the required amount was calculated as

Amo(mg) = 200 (mg/L) × 1 liter

An analytical balance was used to weigh out the calculated
amounts. The weighed powders were added to a volumetric
flask, and a small volume of distilled water (about 100 mL)
was added to help dissolve the powders. The solution was
stirred using a magnetic stirrer until completely dissolved.
Once the powders were fully dissolved, distilled water was
added to reach the final desired volume (1 litre). The solution
was well-mixed by stirring gently.

2.4 Synthesis of acrylonitrile-grafted palm seed pow-
der:

The synthesis process was conducted in two distinct stages:
chemical modification and grafting. In the first stage, 10
grams of palm seed powder were combined with 50 ml of
acetic acid solution (20% v/v) and 1 ml of 0.5 M hydrochloric
acid. The mixture was stirred at 80 oC for 2 hours on a
hotplate. The chemically modified palm seed powder was
then thoroughly washed with distilled water to ensure it was
neutral, followed by washing with ethanol, and dried at 60 oC
overnight. In the second stage, 10 grams of the modified palm
seed powder were mixed with 50 ml of acrylonitrile solution
(20% v/v) and 1 ml of an initiator. This mixture was stirred
at 70 oC for 4 hours to complete the grafting process. The
final product was washed thoroughly with distilled water to
ensure neutrality, rinsed with ethanol to remove unreacted
substances, and dried at 60 oC in a vacuum oven for 6 hrs.
Resulting in acrylonitrile-grafted palm seed powder.

2.5 Characterization of the adsorbent:
The prepared acrylonitrile-grafted palm seed powder was

characterized to determine its structural, morphological, and
crystallographic properties. Fourier Transform Infrared Spec-
troscopy (FTIR) was employed to identify the functional
groups present and confirm the successful chemical modi-
fication and grafting, as in Figure 1 below. Scanning Electron
Microscopy (SEM) was used to examine the surface morphol-
ogy and textural properties of the adsorbent. Additionally,
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X-Ray Diffraction (XRD) analysis was conducted to eval-
uate the crystalline structure and phase composition of the
material. These analyses provided insights into the physico-
chemical properties of the adsorbent, which were crucial for
understanding its adsorption behavior.

2.6 Adsorption experiments varying the agitation
Speed:

An amount of adsorbent 0.100 g was added to 50 mL of
a tetracycline solution with an initial concentration of 200
mg/L. The mixture was subjected to stirring at a speed of 250
rpm under controlled conditions, maintaining a temperature
of 25 oC and an initial pH of 2, for a contact time of 5 min-
utes. Following the stirring process, the solution was filtered
using filter paper, and the absorbance of tetracycline was de-
termined using a UV-Vis spectrophotometer. This procedure
was subsequently repeated under

Identical conditions, keeping parameters such as tempera-
ture, adsorbent dosage, pH, and contact time constant while
adjusting the agitation speed to 500 and 750 rpm.

2.7 Adsorption experiments varying pH:
An amount of the adsorbent, 0.100 g, was added to 50 mL

of a tetracycline solution with an initial concentration of 200
mg/L. The mixture was subjected to stirring at a speed of 250
rpm under controlled conditions, maintaining a temperature
of 25oC and an initial pH of 2, for a contact time of 5 minutes.
Following the stirring process, the solution was filtered using
filter paper, and the absorbance of tetracycline was determined
using a UV-Vis spectrophotometer at 357nm. This procedure
was subsequently repeated under identical conditions, keeping
parameters such as rotation speed, temperature, adsorbent
dosage, and contact time constant while adjusting the pH
levels to 7 and 10. The absorbance values obtained at each
pH were recorded and analyzed.

2.8 Adsorption experiments varying the solution vol-
ume:

To investigate the effect of solution volume on the adsorp-
tion of tetracycline, a 0.100g sample of the adsorbent was
introduced into tetracycline solutions of varying volumes un-
der controlled conditions. Initially, 50 mL of tetracycline
solution with an initial concentration of 200 mg/L was pre-
pared. The mixture was subjected to stirring at 250 rpm,
maintained at a pH of 7 and a temperature of 25 oC, for a con-
tact time of 5 minutes. After stirring, the solution was filtered
using filter paper, and the residual concentration of tetracy-
cline was determined by measuring the absorbance using a
UV-Vis spectrophotometer. To study the effect of varying
solution volumes, the procedure was repeated under identical
conditions, except that the solution volumes were adjusted
to 100 mL and 150 mL, respectively, while keeping all other
parameters constant. The absorbance values obtained for each

volume were recorded and analyzed to evaluate the adsorption
efficiency.

2.9 Adsorption experiments varying temperature:
An amount of the adsorbent, 0.100 g, was added to 50 mL

of a tetracycline solution with an initial concentration of 200
mg/L. The mixture was subjected to stirring at a speed of 250
rpm under controlled conditions, maintaining a pH of 7 and
a temperature of 25 oC, for 5 minutes. Following the stirring
process, the solution was filtered using Whatman filter paper,
and the absorbance of tetracycline was determined using a
UV- Vis spectrophotometer. This procedure was subsequently
repeated under identical conditions, keeping parameters such
as rotation speed, pH, adsorbent dosage, and contact time
constant while varying the solution temperature to 35 oC and
45 oC, respectively. The absorbance values obtained at each
temperature were recorded and analyzed.

3. Results and Discussion:
3.1 Characterization:

The spectrum revealed several characteristic peaks indica-
tive of the material’s chemical composition. A weak peak at
3652.8 cm−1 corresponds to O-H stretching vibrations, typi-
cally associated with hydroxyl groups. And the characteristic
peak of the amine group (NH2), in the range 3400-3300 cm−1,
was not observed; this might be due to the overlapping of the
NH2 and OH stretching vibration. Additional peaks were
identified at 2376.0 cm−1 and 2109.9 cm−1, which may be
attributed to CC or CN triple bonds. The absorption bands
around 1509.6 cm−1 and 1423.8 cm−1 suggest aromatic ring
vibrations. Furthermore, the sharp peaks in the region of 1000-
1100 cm−1 correspond to C-O stretching, characteristic of al-
cohols, esters, or ethers. These functional groups highlight the
organic nature of the material and its potential as an adsorbent,
as they facilitate interactions with various adsorbates, includ-
ing tetracycline. The SEM images in Figure 2 reveal a porous
and heterogeneous surface morphology characteristic of acti-
vated carbon derived from biomass. The micrographs show an
interconnected network of pores with varying sizes, indicat-
ing the effectiveness of the activation process in developing
a porous structure. These pores are crucial for adsorption ap-
plications, as they provide accessible sites for the adsorption
of tetracycline molecules. The rough and irregular surface
further suggests the presence of micro- and mesopores, which
enhance the material’s surface area and adsorption capacity.
The accompanying EDS analysis is shown in the Figure (3a
and b) indicate that the sample is predominantly composed of
carbon, with a significant atomic concentration of 65.54% and
a weight concentration of 59.06%. Nitrogen is also present at
an atomic concentration of 30.52%, suggesting the incorpora-
tion of nitrogen functionalities into the carbon matrix during
the activation process. Such nitrogen-containing groups can
enhance the adsorption performance by introducing active
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Figure 1. FTIR Spectroscopic analysis of acrylonitrile grafted palm kernel activated carbon.

Figure 2. Showing SEM images of the adsorbent, Sample a) 100 µm, 500 magnification, b) 80 µm, 1000, and c) 30 µm, 2000
magnification.
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sites for interaction with adsorbates. Other minor elements
identified include silicon, aluminum, and iron, which may
be attributed to residual impurities from the raw material or
activation process.

The porous structure observed in the SEM images, com-
bined with the elemental composition determined by EDS
analysis, confirms that the material exhibits favorable charac-
teristics for adsorption applications. The high carbon and ni-
trogen content, along with the extensive pore network, make it
suitable for capturing pollutants like tetracycline from aqueous
solutions. These results align well with the expectations for
biomass-derived activated carbon and underscore its potential
as an effective adsorbent material. The crystalline structure
Figure (3c) and phase composition of the acrylonitrile-grafted
palm kernel shell powder were examined using X-ray diffrac-
tion (XRD). The XRD pattern showed a prominent peak with
a d- d-spacing of 4.1626 Å, identified as Urea (CH4N2O),
indicating successful chemical modification of the material.
Other crystalline phases detected include Graphite (C) as the
dominant phase, alongside smaller contributions from Mus-
covite (KA12(Si3Al)O10(OH, F)2) and Cristobalite (SiO2).
These phases highlight the structural transformation achieved
through the preparation process.

Quantitative analysis of the XRD data revealed the fol-
lowing weight fractions:Urea: 47.51%, Graphite: 48.81%,
Muscovite: 2.22%, Cristobalite: 2.29%. The material exhibits
a semi-crystalline structure, characterized by sharp peaks asso-
ciated with crystalline regions and a broad hump indicative of
amorphous carbon. The graphitic domains in the material are
particularly significant, as they facilitate strong - interactions
with tetracycline molecules during adsorption. Meanwhile,
the trace amounts of

Muscovite and cristobalite contribute to the material’s
structural stability and surface characteristics, enhancing its
suitability for adsorption applications. The combination of
crystalline and amorphous phases provides a balance between
porosity and structural integrity, which is crucial for adsorp-
tion. Furthermore, the integration of urea and graphite intro-
duces functional groups that improve the chemical interaction
between the adsorbent and tetracycline. These structural prop-
erties confirm the success of the modification and grafting
processes, demonstrating the material’s potential for effective
adsorption.

3.2 Effect of Adsorbent Dosage on Tetracycline Re-
moval:

The removal efficiency of tetracycline increased signifi-
cantly with an increase in the adsorbent dosage, as presented
in Table 1. At a low dosage of 0.1 g, the removal efficiency
was only 28.25%, but it increased to 65.75% at a dosage of 0.9
g. This enhancement in adsorption performance is attributed
to the greater number of active sites and surface area available
for interaction with tetracycline molecules as the quantity of
adsorbent increases. The rise in removal percentage from 0.3

g (35.13%) to 0.5 g (42%) suggests a critical threshold at
which the adsorption capacity sharply improves due to suf-
ficient surface interaction and mass transfer. This trend is
attributed to the increased number of active sites available for
adsorption at higher dosages. Similar findings were reported
for the adsorption of antibiotics onto various biomass-derived
adsorbents [13]. However, the rate of increase diminishes
beyond a certain dosage due to possible agglomeration and
reduced effective surface area [13]. Table 1

Table 1. Variation of % removal of tetracycline with
adsorbent dosage.

Adsorbent dosage
(g) Absorbance (Abs)

Removal of
tetracycline

(TC) %

0.1 0.258 28.25

0.3 0.247 35.13

0.5 0.236 42.00

0.7 0.219 52.63

0.9 0.198 65.75

3.3 Influence of pH on Adsorption Efficiency:
Solution pH plays a crucial role in the adsorption process

by influencing both the surface charge of the adsorbent and
the ionization state of tetracycline. As shown in Table 2, ad-
sorption efficiency increased markedly from 35.13% at pH
2 to 96.38% at pH 10. This trend is likely due to the de-
protonation of functional groups on the adsorbent surface at
higher pH levels, leading to electrostatic attraction between
the negatively charged adsorbent and the positively charged
tetracycline species. The optimal adsorption at alkaline pH
also indicates that palm seed-derived activated carbon may
be more effective for treating basic wastewater effluents con-
taining tetracycline. Likely due to the increased negative sur-
face charge of the adsorbent and deprotonation of functional
groups [14]. For this research, a pH of 7 was maintained, even
though it varied to investigate the effect of its variation, as
shown in Table 2. Tetracycline exists in different ionic forms
depending on pH, and alkaline conditions favor the adsorption
of positively charged species [15]. A similar pH-dependent
trend was observed in tetracycline adsorption onto rice husk
biochar and bamboo-derived carbon [16], [17].

3.4 Effect of Temperature on Adsorption Performan-
ce:

The adsorption efficiency decreased with increasing temper-
ature, as detailed in Table 3. At 25 oC, the removal efficiency
was 25.13%, which decreased to only 7.00% at 45 oC. This
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Figure 3. Showing XRD analysis: a) Pie Chart for relative abundance of mineral phase in palm kernel shell powder activated
carbon, b) XRD Pattern of activated carbon, and c) Amorphous and Crystallinity of the absorbent.

Table 2. Residual Concentration and Adsorption Efficiency at
Various pH Levels.

pH
Absorbance

(Abs)
Residual

Concentration (mg/L)
Adsorption

Efficiency (%)

2 0.247 129.75 35.125

7 0.204 76.00 62.00

10 0.149 7.25 96.375

inverse relationship suggests that the adsorption of tetracy-
cline onto palm seed-based activated carbon is an exothermic
process. The decrease in adsorption efficiency at higher tem-
peratures may be attributed to the weakening of adsorptive
interactions and possible desorption of adsorbed molecules
due to increased thermal agitation. This suggests an exother-
mic process where increased thermal motion reduces the affin-
ity between adsorbate and adsorbent [18]. Thermodynamic
studies in similar systems have confirmed that adsorption of
tetracycline is generally spontaneous and exothermic [19].

3.5 Impact of Agitation Speed on Adsorption Capac-
ity:

As shown in Table 4, increasing agitation speed enhanced
both the adsorption capacity (Qe) and removal efficiency. At
250 rpm, the removal efficiency was 30%, which increased to
70% at 750 rpm. This trend indicates that agitation improves
the diffusion of tetracycline molecules to the adsorbent sur-
face and helps to overcome mass transfer resistance. It also

Table 3. Residual Concentration and Removal Efficiency at
Different Temperatures.

Temperature
(oC)

Absorbance
(A)

Residual
Concentration

mg/L)

Removal
Efficiency (%)

Blank 0.210 200.00 0.00

25oC 0.263 149.75 25.13

35oC 0.279 169.75 15.13

45oC 0.292 186.00 7.00

ensures uniform mixing and better contact between adsorbent
particles and the solute. This improvement is due to reduced
boundary layer thickness and increased external mass transfer
rates. Higher agitation ensures better dispersion of particles
and more efficient collision between solute molecules and
active sites [20].

Table 4. The Adsorption capacity and removal efficiency of
tetracycline are tabulated below.

Agitation
Speed (rpm)

Adsorption capacity
(Qe) mg/L

Removal
efficiency (%)

250 150 30%

500 300 60%

750 350 70%
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3.6 Effect of Solution Volume on Adsorption Effi-
ciency:

Table 5 illustrates that increasing the solution volume harmed
adsorption efficiency. At a volume of 50 mL, 66.37% of tetra-
cycline was removed, but this dropped to 20.13% at 150 mL.
The decline in removal efficiency with increased solution vol-
ume may be due to a fixed amount of adsorbent becoming
saturated quickly, resulting in reduced availability of active
binding sites relative to the tetracycline molecules present in
the larger volume. This can be attributed to the fixed amount
of adsorbent becoming saturated quickly as the volume (and
thus the total tetracycline content) increases [20]. Therefore,
optimization of solution volume relative to adsorbent mass is
critical for efficient adsorption.

Table 5. The Adsorption capacity and removal efficiency of
tetracycline are tabulated below.

Solution
Volume (mL)

Absorbance
(Abs)

Residual
Concentration

(mg/L)

Adsorption
Efficiency (%)

50 0.197 67.25 66.37

100 0.221 97.25 51.38

150 0.271 159.75 20.13

4. Conclusions:
Palm seed-derived activated carbon is a promising and sus-

tainable adsorbent for removing tetracycline from aqueous
solutions. The study demonstrated that removal efficiency
is highly dependent on adsorbent dosage, solution pH, and
agitation speed. At the same time, it decreases with higher
temperatures and higher absorbent-adsorbate concentration in
the solution volume. The material is low-cost, eco-friendly,
and offers a viable alternative to commercial activated carbon
for antibiotic removal in water treatment systems.
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