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Abstract—Nitrate contamination from fertilizer industry 

effluents poses serious risks to both the environmental and 
public health. This study investigated the nitrate removal 
efficiency of coconut husk–derived activated carbon using ferric 
chloride (FeCl₃) as an activating agent through a batch 
bioadsorption approach. The effects of adsorbent dosage, 
contact time, and initial nitrate concentration were evaluated, 
along with adsorption isotherms and kinetics. Two types of 
bioadsorbents were tested: Untreated Activated Carbon (UAC) 
and FeCl₃-treated activated carbon (FeAC), both synthesized 
from coconut husk. Batch adsorption experiments were 
conducted using 50 mL of nitrate solution under varying 
conditions. The average nitrate removal efficiency of FeAC was 
86.00%, which was consistently better than UAC. The highest 
removal of 76.50% was achieved with an optimal dosage of 0.4 
g. The maximum removal efficiency for contact time was 
92.58% at 120 min, whereas the maximum removal efficiency 
for initial nitrate concentration was 92.50% at 40 mg/L. 
Chemisorption was indicated by adsorption kinetics that fit the 
pseudo-second-order model with R-squared of 0.9926. The 
Langmuir model, with R-squared of 0.9879, was shown to be the 
best fit by isotherm analysis, indicating monolayer adsorption 
behavior. 
 

Keywords—nitrate removal, coconut husk biochar, ferric 
chloride activation, adsorption, wastewater treatment, 
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I. INTRODUCTION 
Approximately 80% of global wastewater is discharged 

into the environment without treatment, posing serious risks 
to ecosystems, public health, and water and food security [1]. 
This untreated discharge carries harmful contaminants that 
endanger aquatic biodiversity and undermine climate 
resilience. In nations such as the Philippines, inadequate 
sanitation persists due to outdated water management 
systems, limited infrastructure, and insufficient funding, 
contributing to widespread waterborne diseases like diarrhea, 
which claims approximately 505,000 lives annually [2]. 
Wastewater pollution arises from both point sources, such as 
direct industrial discharges, and nonpoint sources, including 
surface runoff carrying fertilizers, oils, and pesticides [3]. 
Agricultural nutrient runoff, including nitrogen and 
phosphorus, presents a major threat to water quality and can 
lead to persistent and multifaceted impacts on ecosystems, 
environmental stability, and public health [4]. 

Nitrate is a soluble nitrogen compound formed during 
nitrification in the nitrogen cycle. Although naturally 
occurring, excessive nitrate concentrations cause 
eutrophication, leading to oxygen depletion, aquatic life loss, 

and water toxicity. As stated by Ludlow et al. [5], high nitrate 
levels can acutely endanger infants by causing 
methemoglobinemia or “blue baby syndrome”, a potentially 
fatal condition characterized by cyanosis, respiratory distress, 
neurological symptoms, and, in severe cases, coma or death. 
Despite its health and ecological risks, nitrate remains 
difficult to remove from water systems due to its high 
solubility and chemical stability. 

Traditional treatment methods such as reverse osmosis, 
distillation, and ion exchange are effective but often 
expensive, energy-intensive, and resource-demanding. As a 
result, adsorption is gaining attention as a simpler and more 
cost-efficient alternative where contaminants adhere to a 
solid surface [6]. Activated carbon is one of the most widely 
used adsorbents for this purpose, owing to its high porosity, 
large surface area, and effectiveness in removing dissolved 
organic and inorganic pollutants. 

Despite its effectiveness, conventional activated carbon is 
typically produced from fossil-based sources, making it 
expensive and less sustainable for large-scale water  
treatment [7]. Consequently, researchers are investigating 
agricultural waste materials for activated carbon production, 
with byproducts such as biochar, lignocellulosic biomass, and 
coconut husks emerging as promising low-cost and readily 
available alternatives [8]. In the Philippines, a large amount 
of coconut husk remains unused. Pogosa et al. [9] reported 
production rates of 0.6 to 1.4 tons per hectare per year, 
highlighting its potential for reuse. With high lignin and 
cellulose content, coconut husk is an ideal precursor for 
producing activated carbon [10]. Repurposing this biomass 
for water treatment not only provides a sustainable solution 
to nitrate pollution but also addresses solid waste concerns in 
the coconut industry. 

Panaligan et al. [11] pointed out that the properties of 
activated carbon depend on both the precursor material and 
the activation method used, whether physical or chemical. 
The study explains that physical activation typically involves 
carbonization or pyrolysis, producing activated carbon in 
forms such as powdered, granular, or pelletized, each with 
unique adsorption characteristics influenced by the raw 
material and treatment approach. Ferric chloride, although 
commonly employed for heavy metal removal, has 
demonstrated effectiveness in reducing nitrate concentrations 
through adsorption [12]. 

In contrast to conventional applications, this study employs 
ferric chloride to activate coconut husk-based carbon 
specifically for nitrate adsorption, presenting a novel 
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approach that extends its utility beyond heavy metal 
remediation. While ferric chloride has been widely applied in 
the context of heavy metal removal, there remains a 
significant research gap in its use for activating biochars 
aimed at targeting polyatomic anions such as nitrate. 
Addressing the need for cost-effective and sustainable 
treatment solutions, the research explores the use of ferric 
chloride–impregnated activated carbon derived from coconut 
husks to remove nitrate from simulated fertilizer effluent. The 
adsorption process investigated in this study is governed by 
chemisorption, where ferric chloride activation introduces 
iron-associated surface features that enhance nitrate affinity 
through strong surface interactions. This biosorbent provides 
dual benefits by mitigating water pollution and valorizing 
agricultural waste, aligning with environmental, industrial, 
and societal priorities. 

The study evaluates the effects of adsorbent dosage, 
contact time, and initial nitrate concentration on removal 
efficiency and identifies the optimum conditions for nitrate 
adsorption. It also examines the physicochemical properties 
of the synthesized activated carbon to assess their influence 
on the adsorption of polyatomic ions such as nitrates. 
Supporting the United Nations Sustainable Development 
Goals, particularly Goal 6 on clean water and sanitation, Goal 
12 on responsible consumption and production, and Goal 13 
on climate action, this research highlights how renewable 
agricultural residues can serve as effective adsorbents for 
sustainable wastewater treatment. 

II. LITERATURE REVIEW 
Activated carbon is a porous, carbon-rich material 

extensively utilized in water treatment, wastewater 
management, air purification, and various industrial 
applications due to its high surface area and effective 
adsorptive properties [13]. Beyond industrial use, it also plays 
a vital role in environmental remediation by enabling the 
removal and modification of diverse compounds in both 
liquid and gaseous phases. 

The production of activated carbon begins with 
carbonization, a process that removes volatile components 
from carbonaceous precursors and initiates the development 
of a basic pore structure. The choice of raw material 
significantly influences the resulting microstructure and 
adsorption performance, as the properties of the precursor 
directly affect the effectiveness of the final product [14]. 
During carbonization, thermal decomposition leads to carbon 
enrichment and the formation of micro- and mesopores 
essential for adsorption. Ge et al. [15] emphasized that 
carbonization conditions strongly affect volatile release 
behaviour, which in turn shapes surface morphology and 
porosity. 

Chemical activation, such as using FeCl₃, is a common 
method to enhance porosity and surface chemistry in 
carbonaceous materials, promoting micropore development 
and controlled pore size distribution [16, 17]. FeCl₃ has 
recently gained attention as a promising alternative due to its 
ability to generate well-developed pore structures at relatively 
low activation temperatures, contributing to a more energy-
efficient and sustainable route for producing activated 
carbons from biomass. FeCl₃ activation is particularly  
well-suited for cellulose-rich biomass feedstocks such as 

coconut husks, wood, rice straw, and corn stover, due to its 
ability to introduce iron active sites and promote microporous 
development during pyrolysis. These agricultural residues are 
renewable, abundant, and low-cost, making them ideal 
candidates for sustainable activated carbon production. 

III. MATERIALS AND METHODS 

A. Preparation of Coconut Husk Activated Carbon 
Coconut husks were sourced from a local wet market, 

washed thoroughly with tap water to remove dirt, and sun-
dried for two weeks. The dried husks were then cut into 
smaller pieces using a bolo and scissors. These were 
subsequently subjected to chemical activation using ferric 
chloride (FeCl₃) as described by Bedia et al. [17]. The 
chopped coconut husks were placed in a basin, and a 5% 
FeCl₃ solution was added at an impregnation ratio of 4:1 
(w/w), based on the methodology of Abd Rashid et al. [18]. 
The mixture was stirred vigorously for 30 min at room 
temperature using a ladle, then allowed to soak for 24 hours. 
After impregnation, the material was stored in resealable 
plastic bags. 

Following impregnation, the material was subjected to 
pyrolysis. The soaked coconut husk samples were transferred 
into a crucible and carbonized in a muffle furnace at 700 °C 
for one hour under an inert atmosphere [17]. After 
carbonization, the resulting activated carbon was ground and 
sieved to a particle size of 0.063 mm, rendering it suitable for 
subsequent batch adsorption experiments. 

B. Preparation of Simulated Fertilizer Industry Effluent 
To simulate fertilizer industry effluent, a nitrate stock 

solution was prepared using anhydrous potassium nitrate 
(KNO₃) dissolved in distilled water. KNO₃ of 0.1141 grams 
were accurately weighed and dissolved in 100 mL of distilled 
water in a beaker. The solution was then quantitatively 
transferred into a 1-liter volumetric flask and diluted to the 
mark with additional distilled water. From this stock, working 
solutions with concentrations of 40 ppm, 50 ppm, and 60 ppm 
were subsequently prepared for use in the batch adsorption 
experiments. All solutions were freshly prepared 
immediately prior to experimentation to ensure accuracy and 
consistency. 

C. Batch Adsorption Experiments 
Batch experiments were first performed using Unmodified 

Activated Carbon (UAC), followed by ferric chloride-treated 
activated carbon (FeAC), applying identical procedures and 
conditions to ensure a reliable analytical comparison of their 
nitrate adsorption performance. For all trials, 50 mL of nitrate 
solution was transferred into 150 mL beakers, with initial 
concentrations verified using a Hanna HI782-25 Marine 
Nitrate High Range Checker and pH adjusted to 3.0 using  
0.1 M HCl or NaOH, as guided by Sadeghi Afjeh et al. [19]. 

In the first set of trials, the adsorbent dosage was varied 
using 0.2 g, 0.3 g, and 0.4 g of the activated carbon, while 
keeping the nitrate concentration fixed at 40 mg/L and the 
contact time constant at 30 min. The solution was stirred at 
360 rpm at room temperature, then filtered through 45 nm 
ashless paper to separate the residual carbon. The resulting 
filtrate was analyzed using the same nitrate checker, and the 
used filter paper was discarded in a designated waste 
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container. 
Using the optimal dosage determined from the previous 

trials (0.4 g), the contact time was then varied to 30, 60, 90, 
and 120 min, keeping the nitrate concentration at 40 mg/L and 
the pH at 3.0. This helped identify the contact duration 
necessary to reach adsorption equilibrium under the same 
experimental setup and procedure. 

Finally, the influence of initial nitrate concentration was 
examined using 40, 50, 60, and 70 mg/L solutions, while 
maintaining the previously identified optimal dosage and 
contact time. The same pH adjustment, stirring conditions, 
filtration, and measurement protocols were applied. Error 
bars in the figures represent Standard Error (±SE), reflecting 
variability across replicates and ensuring consistency of 
results. All tests were conducted in triplicate, and nitrate 
removal efficiency was calculated using Eq. (1): 

             Removal Efficiency (%) =  𝐶𝐶𝑜𝑜−𝐶𝐶𝑒𝑒
𝐶𝐶𝑜𝑜

 ×  100            (1) 

where C0 is the initial and Ct is the final nitrate concentration 
after treatment. 

D. Scanning Electron Microscopy 
Scanning Electron Microscopy (SEM) was utilized to 

examine the surface morphology of the coconut husk-FeCl3 
treated activated carbon before and after the batch experiment. 
This technique was selected due to its ability to analyze 
porous surface structures, which are critical for high 
adsorption capacity. The analysis was conducted by Phenolab 
of De La Salle University. 

IV. RESULT AND DISCUSSION 

A. Surface Morphology Analysis 
A rough surface with fewer unique pore structures and 

granulated particles attached to the surface could be observed 
in the SEM image of the UAC before adsorption (Fig. 1(a)), 
indicating a lower probability of successful adsorption. In 
contrast to the pre-adsorption state, the unimpregnated 
activated carbon showed smoother edges and surfaces during 
the batch adsorption experiment (Fig. 1(b)). Although the 
cavities became less rugged, bead-shaped formations that 
indicate nitrate ion adsorption were still observed.  
This observation is consistent with the findings of 
Karthikeyan et al. [20], who reported similar bead-like 
structures on adsorbent surfaces after nitrate sorption. 

 

 
(a) 

 
(b) 

  
(c) (d) 

Fig. 1. SEM images of coconut husk activated carbon samples: (a) UAC before batch adsorption experiment; (b) UAC after batch adsorption 
experiment; (c) FeAC before batch adsorption experiment; (d) FeAC after batch adsorption experiment. 

Meanwhile, the FeAC prior to adsorption (Fig. 1(c)) 
showed a highly porous and hollow surface structure, 
indicating a high potential for adsorption due to the 
abundance of accessible pores. The formation of these pores 
is attributed to the activation process, during which the 
chemical activator evaporates, leaving an empty framework 
within the carbon structure [21], consistent with the results 
observed in this study. After the batch adsorption experiment 
(Fig. 1(d)), the surface of the FeAC appeared significantly 

rougher compared to its pre-adsorption state. This roughening 
suggests successful adsorption of nitrate ions onto the 
adsorbent surface. Similar findings were reported by 
Boujelben et al. [22], who observed increased surface 
roughness in their iron-coated sorbents following phosphorus 
removal, supporting the current result that associates rougher 
surfaces with successful ion adsorption. Moreover, the same 
image shows that nitrate ions have effectively occupied  
the cavities, pores, and surface structures of the  
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FeCl₃-treated activated carbon, corroborating the findings of 
Kavand et al. [23], who similarly reported substantial pore 
coverage after ion adsorption. Although surface morphology 
differences were visually confirmed via SEM, we 
acknowledge that BET surface area analysis would have 
provided more quantitative insight. 

B. Batch Adsorption 

1) Effect of adsorbent dosage 
The effect of adsorbent dosage on nitrate removal 

efficiency was first evaluated using UAC. The nitrate 
removal increased with higher dosages, with the 0.4 g dosage 
achieving the highest average removal efficiency at 55.75%, 
followed by 33.08% for 0.3 g and 12.00% for 0.2 g. However, 
the overall removal efficiency remained modest, suggesting 
limited availability of active sites due to the lack of chemical 
activation. 

In comparison, FeAC exhibited significantly higher 
removal efficiencies across all dosages. The highest average 
nitrate removal was observed at 0.4 g (76.50%), with 66.25% 
at 0.3 g and 33.08% at 0.2 g. 

In line with the findings of Battas et al. [24], who noted 
that higher adsorbent dosages increase the number of active 
sites for contaminant removal, the increase in removal 
effectiveness with increased adsorbent dosage is ascribed to 
the larger number of accessible adsorption sites. Fig. 2 
illustrates the trends in nitrate removal efficiency for both 
UAC and FeAC as a function of adsorbent dosage. 

 

 
Fig. 2. Effect of adsorbent dosage on nitrate removal efficiency using FeAc 
and UAC. Conditions: Initial nitrate concentration = 40 mg/L, pH = 3.0, 
room temperature (28 ± 1°C), contact time = 30 min, adsorbent dosage =  
0.2 g, 0.3 g, 0.4 g. 
 
2) Effect of contact time 

As illustrated in Fig. 3, contact time had a significant 
influence on nitrate removal efficiency for both UAC and 
FeAC. The removal efficiency for UAC peaked at 68.58% at 
120 min after increasing gradually over time but plateauing 
at 90 min. Limited adsorption capability is suggested by the 
comparatively low removal rates of 55.75% at 30 min, 
64.25% at 60 min, and 68.08% at 90 min. Despite prolonged 
contact time, this limitation is probably caused by a lack of 
active sites, which results in limited nitrate removal. In 
contrast, FeAC demonstrated markedly higher nitrate 
removal across all contact times. Removal efficiency 
improved from 76.50% at 30 min to 92.50% at 90 min, 
eventually reaching 92.58% at 120 min.  

Ferric chloride chemical activation, which added more 
active sites and increased the adsorbent’s surface chemistry, 

is responsible for the improved performance [25]. The 
activation of coconut husk biochar with ferric chloride 
promotes surface functionality and porosity by engaging in 
both chemical oxidation and structural reconfiguration. As 
highlighted in the Mössbauer analysis and Fourier Transform 
Infrared spectroscopy (FTIR) results of Oliveira et al. [16], 
FeCl₃ undergoes partial reduction and hydrolysis during heat 
treatment, yielding iron oxides and chlorinated iron 
complexes that participate in carbon matrix disruption and 
micropore development. These transformations enhance the 
surface chemistry of the adsorbent by generating iron-bound 
functional groups that serve as active sites for nitrate 
adsorption. Under acidic conditions, where the surface 
becomes positively charged, these sites likely facilitate 
chemisorption via inner-sphere complexation and 
electrostatic interactions.  

 

 
Fig. 3. Effect of contact time on nitrate removal efficiency using FeAc 
and UAC. Conditions: Initial nitrate concentration = 40 mg/L, pH = 3.0, 
room temperature (28 ± 1°C), contact time = 30, 60, 90 min, & 120 min, 
adsorbent dosage = 0.4 g. 

 
Similar findings were reported by Kuang et al. [26], who 

observed that FeCl₃ activation enhances nitrate uptake 
through a combination of pore-filling and surface binding 
mechanisms. Although FTIR validation was not conducted in 
this study, the observed fit to the pseudo-second-order kinetic 
model and Langmuir isotherm supports a monolayer 
chemisorption mechanism, further elaborated in the 
subsequent sections. To add, findings of Suliestyah et al. [27], 
who observed that prolonged contact gives nitrate ions more 
opportunity to interact with the adsorbent surface, are in line 
with the increase in adsorption with time. However, the 
minimal change between 90 and 120 min suggests that 
equilibrium was achieved at 90 min, with most active sites 
already saturated. As described by Gupta and Vyas [28], 
diminishing available sites at longer contact times may lead 
to adsorption reaching a plateau. 
3) Effect of initial nitrate concentration 

The effect of initial nitrate concentration was evaluated 
under the optimized conditions of 0.4 g adsorbent dosage and 
90-min contact time. For the UAC, Fig. 4 shows that the 
highest average removal efficiency was 68.08% at 40 ppm 
initial concentration. As the nitrate concentration increased, 
the removal efficiency declined sharply, reaching only 9.95% 
at 70 ppm. This trend highlights the limited adsorption 
capacity of the untreated material, especially at higher 
contaminant loads. 

On the other hand, FeAC maintained outstanding nitrate 
removal efficiency throughout a range of initial 
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concentrations, as illustrated in the same figure. At 40 ppm, 
the removal efficiency reached its maximum of 92.50%, 
which progressively dropped to 88.00% at 50 ppm, 82.83% 
at 60 ppm, and 75.43% at 70 ppm. According to  
Ahmadpari et al. [29], the saturation of accessible active sites 
is the cause of the observed drop in removal effectiveness at 
higher starting concentrations. Even at greater nitrate 
concentrations, the treated adsorbent showed good 
performance despite the modest reduction, indicating that it 
is suitable for treating wastewater of greater intensity. 

 

 
Fig. 4. Effect of adsorbent dosage on nitrate removal using FeAc and 
UAC. Conditions: Initial nitrate concentration = 40 mg/L, 50 mg/L, 60 
mg/L, & 70 mg/L, pH = 3.0, room temperature (28 ± 1 °C), contact time 
= 120 mins, adsorbent dosage = 0.4 g. 

 

C. Adsorption Kinetics 
According to Musah et al. [30], linear models are 

commonly used to study adsorption with the aim of 
estimating efficiency, rate constants, and diffusion; their 
selection of models is determined by correlation coefficients. 
The ideal adsorbent dosage and equilibrium contact time 
were determined from the batch tests, and a 40 mg/L nitrate 
concentration at pH 3 was used to evaluate adsorption 
kinetics. The sequence followed the same procedure as the 
batch adsorption trials. The kinetic models validated are the 
Pseudo-First Order (PFO) and the Pseudo-Second-Order 
(PSO), which were elaborated by Surela et al. [31].  

The adsorption capabilities were calculated using Eq. (2): 

𝑞𝑞 =
(𝐶𝐶0 − 𝐶𝐶𝑡𝑡) 𝑉𝑉

𝑚𝑚
 

(2) 

where C0 and Ct are the initial and time t concentrations 
(mg/L), V is the volume of the solution (L), and m is the mass 
of the biosorbent (g). This equation quantifies the amount of 
nitrate removed by the adsorbent at any given time. 

The PFO, or the Lagergren model, assumes that the rate of 
adsorption depends on the number of unoccupied surface 
sites and is proportional to the difference between 
equilibrium and current adsorption [32] . It is represented by 
Eq. (3): 

ln(𝑞𝑞𝑒𝑒 − 𝑞𝑞𝑡𝑡) = ln(𝑞𝑞𝑒𝑒) − 𝑘𝑘1𝑡𝑡                    (3) 

This model helps assess whether the adsorption follows 
first-order kinetics by analyzing the fit between experimental 
and calculated values of adsorption capacity (qt) 

The PSO Kinetic model assumes adsorption is controlled 
by chemisorption and is related to the square of the 
unoccupied sites and is expressed in Eq. (4). 

𝑡𝑡
𝑞𝑞𝑡𝑡

=  1
𝑘𝑘2𝑞𝑞𝑒𝑒2

+ 𝑡𝑡
𝑞𝑞𝑒𝑒

                                (4) 

Table 1. Kinetic parameters of pseudo-first-order and pseudo-second-order 
models for nitrate adsorption at varying adsorbent dosages  

Dosage (g) Model Qetheo 
(mg/g) 

Qeexp 
(mg/g) K (min−1) R2 

0.2 PFO 3.6302 3.1667 −4.42×10−5 0.8841 
PSO 0.3847 3.1667 1.4695 0.9944 

0.3 PFO 2.8893 3.2500 −3.42×10−5 0.8279 
PSO 0.3409 3.2500 6.0581 0.9986 

0.4 PFO 0.6928 3.0000 0.0007 0.8786 
PSO 0.4862 3.0000 3.10331 0.9848 

 
Different adsorbent dosages were used to assess 

consistency across varying dosages. The correlation 
coefficient (R2) values presented in Table 1 show that the 
PSO kinetic model is the most consistent (R2 > 0.98), 
suggesting that it is the most suitable model for the adsorption. 

 
Fig. 5. Linearized PFO and PSO plots for the adsorption of nitrate onto FeAC. Conditions: initial nitrate concentration = 40 mg/L, pH = 3.0, room 

temperature (28 ± 1 °C), contact time = 10 mins–120 mins (with 10 mins interval), adsorbent dosage = 0.2 g, 0.3 g, & 0.4 g. 
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The suitability of the PSO kinetic model indicates that 
adsorption is governed by chemisorption, which is also 
supported by the study of Yao et al. [33] and  
Trivedi et al. [34], where NO₃ adsorption by biochar followed 
PSO kinetics with high R², indicating a chemical adsorption 
mechanism. The tabulated values showed that while 0.4 g 
achieved the highest nitrate removal, the rate constant (K₂) 
peaked at 0.3 g, possibly due to particle aggregation at higher 
dosages. Fig. 5 presents the adsorption kinetics data fitted to 
PSO and PFO models. Fig. 6 presents the trend of nitrate 
removal efficiency and corresponding adsorption capacity 

across varying initial concentrations (40–70 mg/L) using  
0.4 g of FeAC, a dosage previously optimized in the 
experimental series. The right y-axis represents the amount of 
nitrate removed per unit mass of adsorbent under each tested 
condition. While the recorded adsorption capacities (ranging 
from 4.5 to 6.0 mg/g) may appear modest in comparison to 
advanced engineered materials, this performance is 
consistent with other low-cost agricultural waste-derived 
adsorbents that operate efficiently under acidic pH conditions 
without post-treatment modification. 

 
Fig. 6. Adsorption Capacity (Q) vs contact time for nitrate on FeAC, fitted to Pseudo-First-Order (PFO) and Pseudo-Second-Order (PSO). Conditions: initial 
nitrate concentration = 40 mg/L, pH = 3.0, room temperature (28 ± 1°C), contact time = 10 mins–120 mins (with 10 mins interval), adsorbent dosage =  
0.2 g, 0.3 g, & 0.4 g. 
 

 
Fig. 7. Comparison of Langmuir and Freundlich linearized plot for adsorption of nitrate ions on FeAC. Conditions: initial nitrate concentration = 40 mg/L, 

pH = 3.0, room temperature (28 ± 1°C), contact time = 30 mins, adsorbent dosage = 0.2 g–0.8 g (with 0.1 g interval). 
 
D. Adsorption Isotherms 

Adsorption isotherms were evaluated to understand the 
equilibrium relationship between nitrate ions in the aqueous 
phase and their corresponding uptake by the FeCl₃-treated 
coconut husk activated carbon. The surface characteristics 
and adsorption performance of the adsorbent were evaluated 
through equilibrium studies. As noted by Hu et al. [35], 

adsorption isotherms describe the distribution of solute 
molecules between the liquid and solid phases at equilibrium. 
The experimental data were analyzed using both the 
Freundlich and Langmuir isotherm models. To ensure 
consistency, the isotherm experiments were conducted under 
the same optimized conditions for adsorbent dosage and 
contact time as the adsorption kinetics study. Equilibrium 
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data were collected by varying the initial nitrate 
concentrations and measuring the corresponding adsorption 
capacities. Fig. 7 shows the linearized plots of the Langmuir 
and Freundlich isotherm models.  

The Langmuir model assumes monolayer adsorption onto 
a homogeneous surface with a finite number of identical sites, 
while the Freundlich model accounts for heterogeneous 
surface energies and multilayer adsorption. Non-linear and 
linearized plots of both models were constructed, and their 
respective parameters were derived. A summarized 
comparison of the two models is provided in Table 2. The 
Langmuir isotherm demonstrated a better fit to the 
experimental data, as evidenced by a higher correlation 
coefficient, indicating that nitrate adsorption onto the FeAC 
approached monolayer coverage on a uniform surface. 

 
Table 2. Adsorption Isotherm parameters for FeCl3-AC 

Parameters Langmuir Freundlich 
R2 0.9879 0.9834 

Slope 0.3357 0.1039 
Qm (mg/g) 2.9789 - 
Y-intercept 1.9557 0.7571 

KL 1.0000 - 
RL 0.0224 - 
KF - 1.2703 

 
The calculated Langmuir constants suggested a favourable 

adsorption process, and the maximum adsorption capacity 
(qₘ) obtained from the model confirmed the adsorbent’s 
potential to handle relatively high nitrate concentrations in 
solution. Additionally, the tabulated values in Table 2 show 
that the separation factor (RL) calculated from the Langmuir 
model lies between 0 and 1, confirming that the adsorption 
process is favorable. The RL value of 0.0224 is very close to 
zero, signifying highly favorable adsorption approaching 
irreversibility. This result is consistent with the PSO kinetic 
model, which indicates that the adsorption is governed by 
chemisorption, a strong and essentially irreversible process. 

Meanwhile, the Freundlich constant (KF = 1.2703) also 
indicates favorable adsorption capacity, although the overall 
fit is slightly lower than Langmuir. he result is also consistent 
with the findings of Trivedi et al. [34], who identified the 
Langmuir isotherm as the most appropriate model for a 
comparable nitrate adsorption system and confirmed the 
applicability of the PSO kinetic model. 

Although the Freundlich model showed a reasonable fit, its 
lower correlation coefficient compared to the Langmuir 
model indicated a lesser role of multilayer or heterogeneous 
adsorption. However, the Freundlich constant (n > 1) still 
reflected favorable adsorption. Overall, the isotherm analysis 
confirmed that FeCl₃-treated coconut husk activated carbon 
exhibited strong affinity for nitrate ions, best described by the 
Langmuir model. 

V. CONCLUSION 
This study evaluated the nitrate removal performance of 

coconut husk–based activated carbon, both untreated and 
chemically treated with ferric chloride using batch adsorption 
experiments under varying dosages, contact times, and initial 
nitrate concentrations. 

The carbon treated with FeCl₃ performed better than any 
other tested condition. At a dosage of 0.4 g, it removed 
76.50% of the nitrate, compared to 55.75% for the UAC. 

Because there were more adsorption sites available, nitrate 
removal effectiveness improved as adsorbent dosage 
increased. At 90 min, equilibrium was reached, with UAC at 
68.08% and FeAC at 92.50% elimination. In terms of initial 
concentration, removal was optimal at 40 mg/L; performance 
deteriorated at higher concentrations, likely as a result of 
active site saturation. 

Kinetic analysis confirmed that the pseudo-second-order 
model best described the adsorption process (R² = 0.9926), 
indicating chemisorption. Monolayer adsorption on a 
homogeneous surface was implied by the Langmuir model, 
which was found to have the best fit by isotherm modeling 
(R2 = 0.9879). At 0.8 g of FeAC, the highest adsorption 
capacity was recorded, with 91.53% removal. 

Ferric chloride–treated coconut husk activated carbon 
demonstrated significantly enhanced nitrate adsorption 
capacity compared to its untreated counterpart. Its 
effectiveness, renewability, and low-cost preparation support 
its application as a promising bio adsorbent for nitrate-
contaminated fertilizer effluents. However, the experiments 
were performed under single-ion batch conditions without 
coexisting anions or organic matter that are typically present 
in real industrial wastewater, which may affect adsorption 
through competitive interactions and pH variation, especially 
under neutral or alkaline conditions. Although SEM images 
confirmed surface morphology differences, BET surface area 
analysis was not conducted due to financial and 
instrumentation constraints. Future research is recommended 
to include BET analysis to better correlate pore 
characteristics with adsorption performance, assess the 
material’s regeneration and reuse potential for long-term 
application, and evaluate its behaviour under continuous flow 
systems and multi-component wastewater conditions to better 
simulate practical treatment scenarios. 
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