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ARTICLE INFO ABSTRACT

Article history: The porous architecture and series of surface functional groups of
Received 24 February 2025 bamboo-derived biochar have demonstrated promising potential for
Revised 30 July 2025 flocculation and coagulation in wastewater treatment applications.
Accepted 25 August 2025 Dendrocalamus asper biochar (pyrolysed at 900 °C in N2 for 5 hours)
Published 30 September 2025 was subjected to additional carbonisation and chemically activated with

KOH (5:1 w/w) in a furnace at 500 °C for 2 hours to produce activated
carbon. The objectives were to determine the optimal mass dosage for
ammoniacal nitrogen removal, quantify the adsorption capacity
(Q, mg g"), and characterise surface functional groups via
Fourier-transform infrared spectroscopy (FTIR). FTIR spectra of treated
and untreated biochar revealed O—H stretching, aromatic rings, and C=C
alkenes, indicating similar functional profiles. KOH-treated biochar
achieved a maximum adsorption capacity of 46.08 mg g™ versus
44.11 mg g for untreated biochar at an optimal contact time of 143
minutes. Increasing biochar dosage marginally decreased q. due to
competitive adsorption—desorption phenomena, yet enhanced removal
efficiency. The treated biochar exhibited only marginal improvements,
achieving a 2.85% increase in removal efficiency and a 1.97 mg g-!
increase in adsorption capacity. Kinetic analysis confirmed that
ammoniacal nitrogen adsorption adhered to a pseudo-second-order
model (2 = 0.9933-1.000), with rate constants (k:) ranging from
1.827 x 107 to 6.5828 x 10° h™! and modelled q. between 55.49 and
59.41 mg g'. The results demonstrate that both treated and untreated
bamboo biochars are effective in removing ammoniacal nitrogen with
negligible performance disparity. It is suggested to optimise activation
parameters, including duration, temperature, and impregnation ratio.
Additionally, conducting proximate or ultimate analysis, measuring the
BET surface area, and performing SEM characterisation are
recommended for a comprehensive evaluation.
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1 INTRODUCTION

Excessive industrialisation has increased water, air, and land pollution, creating environmental and
health risks. Biochar, an innovative sorbent, offers benefits such as a diverse feedstock source, simple
synthesis, and excellent structural characteristics'. Despite persistent environmental pressures, future
research should prioritise the development and optimisation of biochar-based strategies for effective water
and wastewater treatment. Ammoniacal nitrogen in industrial and agricultural effluents poses significant
ecological risks and threats to human health. Activated carbon produced from bamboo biochar improves
filtration performance while preventing the formation of harmful byproducts®. Biochar has a lower
environmental impact than activated carbon and may be more cost-effective in terms of functionality?.
Recently, there has been significant growth in the investigation of contaminants' adsorption and sewage
purification using biochar®.

The biochar's porous physical features enable it to attach easily with other substances, and its firm
structure allows it to exist for a long time3. Recent advancements in biochar technology have identified
Dendrocalamus asper biochar-derived activated carbon as a promising material for remediation. Produced
via optimised pyrolysis and subsequent chemical activation, this adsorbent exhibits porosity and abundant
functional groups, enabling efficient adsorption of ammoniacal nitrogen. These qualities have led to the
assumption that biochar offers several benefits for both agriculture and water quality. These pros include
improved soil moisture retention. This benefits plant development in low-nutrient soils®. This improves
water quality by reducing nitrogen leaching into groundwater and discharging into surface water’.
Therefore, biochar can stabilise carbon storage®. It offers a technique for sequestering carbon from different
organic wastes rather than releasing carbon into the atmosphere through regular burning”®.

Furthermore, biochar possesses a highly adsorbent surface with numerous functional groups,
allowing it to absorb and filter contaminants, such as metals, from water'®. As a result, biochar has also
been employed successfully in the wastewater treatment process. Moreover, bamboo biochar has significant
benefits. It is a stable, carbon-dense solid that may last in soil for centuries, exhibiting resistance to
decomposition'! In addition, its porosity is substantially larger than that of hardwood charcoal, showing
twice the absorption efficiency!'?. The higher carbon content makes it an exceptional reservoir for carbon
storage in soil development'®. The production of bamboo biochar through a pyrolysis method stabilises
carbon from biomass and contributes to long-term carbon sequestration*!!. These characteristics enhance
its utility not only in wastewater remediation but also in improving soil quality.

Incorporating bamboo biochar in agriculture increases soil moisture retention and nutrient
availability, thereby leading to enhanced plant productivity and reduced nutrient leaching '>!4, It can boost
agricultural yields by 50-70% by absorbing and retaining moisture, nutrients, fertilisers, and soil
microorganisms, while neutralising acidic soils and recovering damaged lands'®. It promotes plant
development, feeds soil microbial populations and optimises water management'?. In addition to its
agricultural benefits, bamboo biochar reduces undesirable odours, purifies the air, regulates humidity,
absorbs electromagnetic radiation, and improves human health'>. It is also used to manufacture activated
carbon, which is characterised by porosity and is ideal for the treatment of air, water, and wastewater >'!,
Hence, this research aims to analyse the optimal mass dosage of Dendrocalamus asper activated carbon to
assess its effectiveness in removing ammoniacal nitrogen, its adsorption capacity, and the properties of
surface functional groups in the upper nodes and lower nodes of bamboo biochar. This study determines
whether there is a significant difference in the samples.

2 MATERIAL AND METHODS

The materials and chemicals used include bamboo biochar, 25 mL potassium hydroxide (85%
volume solution), hydrochloric acid, deionised water, beaker, mortar, anhydrous ammonium nitrate
(Bendosen), Rochelle Salt (Potassium Sodium Tartarate from Bendosen), and Nessler’s reagent (Hach).
https://doi.org/10.24191/jsst.v5i2.115
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2.1  Sample collection

Bamboo Dendrocalamus asper biochar was collected from ANT Supplies Sdn. Bhd.

2.2 Preparation and treatment of bamboo biochar activated carbon

The original untreated form of bamboo biochar (pyrolysed with nitrogen gas at 900 °C for 5 hours)
was collected from Ant Supplies Sdn. Bhd. The bamboo biochar was further crushed into a fine powder.
The biochar was placed in a 1000 mL beaker. The impregnation volume ratio of the treatment was 5:1. The
ratio of concentrated potassium hydroxide was 5, whereas the ratio of biochar was 1. Consequently, it was
left in the oven for 24 hours. The biochar was impregnated with potassium hydroxide for 24 hours to initiate
the treatment activation using the muffler furnace at 500 °C for 2 hours. The treated activated biochar was
washed with hydrochloric acid until the pH reached 7. The filtered biochar was dried in the oven for 48
hours until it reached a constant mass.

2.3 Characterisation of bamboo biochar activated carbon

For FTIR analysis, the bamboo biochar samples were divided into four parts of nodes (segments)
cut from the bamboo culm (upper node of treated bamboo biochar, upper node of untreated bamboo biochar,
lower node of treated bamboo biochar, and lower node of untreated bamboo biochar) to examine the
difference in surface functional groups between the nodes. The four samples were crushed into fine powder,
and 1 mg of biochar was used for each. As the samples were in fine powder form, they could easily be
analysed using an attenuated total reflectance (ATR) accessory, allowing immediate measurement without
extensive preparation. The first step was to clean the ATR crystal with ethanol to eliminate contaminants.
Then, 1 mg of fine powder was added to each sample and placed directly on the ATR crystal. Subsequently,
pressure was applied using the ATR pressure clamp to ensure optimal contact between the sample and the
crystal. The FTIR analysis was performed over a wavenumber range from 4000 cm™ to 500 cm™ with a
resolution of 4 cm™'. Each sample was scanned 8 times. Afterwards, the FTIR scan was initiated. FTIR
analyses were conducted on treated and untreated samples to identify the surface functional groups of
biochar using the FTIR instrument (L1600107 PerkinElmer), under controlled room temperature and
humidity conditions.

2.4  Standard solution of ammoniacal nitrogen preparation

An ammonium standard was prepared by dissolving 3.819 g of anhydrous ammonium nitrate in
1000 mL of deionised water. Any ammonia content in the deionised water was eliminated by boiling 50 g
of Rochelle salt solution with 100 mL of deionised water. The ammonium standard was prepared using
stock solutions of 10, 20, 30, 40, and 50 mg L', corresponding to 10, 20, 30, 40, and 50 mL of ammonium
nitrate solution, respectively respectively'®. Following a five-minute interval, 1 mL of Rochelle salt solution
and 1 mL of Nessler's reagent were added. The diluted solutions of ammoniacal nitrogen concentrations
were suitably produced for the subsequent batch of adsorption processes. The concentration of ammoniacal
nitrogen was determined using a UV-Vis Spectrophotometer (Thermo SCIENTIFIC GENESYS 20).
Initially, ensure that the sample is clear and free of particles. The instrument was turned on and warmed up
for 10-15 minutes. The wavelength was set at 425 nm. Subsequently, the standard and the sample were
filled into separate plastic cuvettes. Then, they were placed in the sample holder, keeping the same
orientation as the blank. The readings of each sample were recorded. Following data collection and analysis,
proper cleaning and shutdown procedures were conducted to ensure the instrument's precision and
durability.

2.5  Preparation of batch experiment

In various conical flasks, 0.05 g of biochar was mixed with 50 mL of ammoniacal nitrogen solutions
of fixed concentration. The mixtures were stirred at 150 rpm for 300 minutes!” at a room temperature of
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25°C (298 K). Using the provided equation 1 and 2, the quantity of ammoniacal nitrogen adsorbed, e
(mg g, and percentage of removal were determined:

ge = (Ci— Ce)V/m (1)

ge = equilibrium capacity (mg g™

V = Volume of ammoniacal nitrogen solution (mL)

m = Mass of activated carbon (g)

Ci = Initial concentration of ammoniacal nitrogen (mg L")

Cr= Final (equilibrium) concentration of ammoniacal nitrogen (mg L)

Percentage of removal; = Initial — Final x 100 2)
Initial

Initial = Initial measurement before treatment of wastewater
Final = Final measurement after treatment of wastewater

2.6  The effect of mass sample dosage

The effects of adsorbent dosage were analysed by mixing 50 mL of 50 ppm ammoniacal nitrogen
solutions of constant concentration with 0.005, 0.01, and 0.05 g of biochar, held for 300 minutes at a stirring
rate of 150 rpm!'7 at 298 K.

2.7 Kinetic studies

A kinetic study was conducted using 0.05 g of Dendrocalamus asper biochar (based on the optimum
mass dosage in 2.6) in a 50 ppm NHa4-N solution. The final concentrations of the kinetic model were
measured at 15, 30, 60, 90, 135, 180, 225, 270, and 300 minutes and were determined using a UV -Vis
Spectrophotometer at 425 nm. Initially, it is crucial to ensure that the sample is clear and free of particles.
To set up the instrument, the spectrophotometer was turned on and allowed to warm up for 10-15 minutes.
The wavelength was set at 425 nm. The plastic cuvette was filled with the solvent, and the blank was placed
into the sample holder of the spectrophotometer. A blank scan was conducted to calibrate the instrument to
zero. After that, a clean cuvette was filled with the prepared sample, and the outside of the cuvette was
cleaned with a tissue to remove smudges. The cuvette was placed into the sample holder in the same
orientation as the blank. The readings of each sample were recorded. Following data collection and analysis,
proper cleaning and shutdown procedures were conducted to ensure the instrument's precision and
durability. Hence, the kinetic model was determined for Dendrocalamus asper activated carbon.

3 FINDINGS AND DISCUSSION

3.1 Characteristics of bamboo biochar and bamboo activated carbon

Fig. 1 illustrates the FTIR spectra of biochar, untreated and after KOH treatment, for both the upper
node of bamboo biochar and the lower node of bamboo biochar samples. In Fig. 1, the only difference
observed after treatment is that the upper untreated sample of bamboo biochar exhibits greater intensity
than the upper treated sample at a peak of 1746 cm’!, attributed to the significant stretching of C-H bonds'.
Table 1 summarises the surface functional groups on both untreated and KOH-treated surfaces. The C-H
bending, C=C alkene, O-H alcohols, and aromatic rings remain invariant in treated and untreated biochar.
In Fig. 1, the lower treated and untreated samples reveal a notable difference in surface functional groups.
A peak emerges at 700 cm™, shifting from 873 cm™, ascribed to C=C bending. The peak at 1040 cm™! likely
corresponds to C-OH bonding, exhibiting substantially more vigorous stretching than the lower treatment,
which registers at 963 cm™.

Furthermore, the C-H broadband peak seen in the untreated sample at 1463 cm™' suggests the
existence of several shoulders and minor bands, resulting in a greater intensity than the treated sample. The
https://doi.org/10.24191/jsst.v5i2.115
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transition from 1872 cm™ to 1445 cm™! indicates weak to medium C-H bending. Overall, the treated and
untreated upper and lower nodes of bamboo biochar did not show a significant difference in the surface

functional group, as they both possessed similar functional groups.
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Fig. 1. FTIR analysis of the functional groups of biochar samples before and after treatment.

Table 1: Surface functional group of untreated and treated bamboo biochar

Functional group Wavenumber (cm™) . L . .
(Vibration type) Untreated Treatod Composition Significance in adsorption
. . . Adsorbs non-polar compounds via
C-H (Bending) 1445 Aliphatic compounds hydrophobic forces
Carbonyl (C=0) . Adsorbs polar compounds via
(Strefching) 1872 1746 Organic compounds hydrogen bonding
Adsorbs non-polar compounds via
CH: (Bending) 1463 1368 Aliphatic compounds hydrophobic forces (untreated) / van

der Waals forces (treated)
Aromatic C-H

‘ 373 700 Aromatic compounds Adsorbs aromatic compounds via m-1
(stretching) interactions
Aromatic (;—H 788 Aromatic compounds Enhances adsorpqon through m-n
(Deformation) stacking
C-O (Stretching) 963 1040 Oxygenated organic Adsorbs metal ions and polar
compounds molecules
Enhances adsorption with aromatic
C=C (Aromatic . adsorbates (untreated) / Adsorbs
Stretch) 1599 1559 Aromatic compounds aromatic species via -7 interactions

(treated)

3.2  Adsorption studies

Fig. 2 shows that after about 143 minutes, the graph exhibited a smaller gradient, indicating that the

adsorption capacity of ammoniacal nitrogen augmented with prolonged contact time until it approached
near saturation at 300 minutes.
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Fig. 2. The effect of shaking/contact time versus ammoniacal nitrogen removal by biochar samples at 0.04 g, 50 ppm,
150 rpm, and 300 minutes.

Table 2 show the impact of adsorbent dose on the adsorption of ammoniacal nitrogen by both treated
and untreated biochar samples. The data presented in the tables reveal that an increase in mass dosage
corresponds with enhanced removal effectiveness, though the differences are minimal. The adsorbent’s
growth enhances the availability of potential adsorptive sites. The 0.05 g dosage has the highest removal
percentage for both treated (92.19%) and untreated (89.34%), with the adsorption capacity of 46.08 mg g!
(treated) and 44.11 mg g (untreated). The difference of 2.85% removal percentage and 1.97 mg g! in
adsorption capacity is considered low. The low differences between treated and untreated biochar are
because pyrolysis of the untreated biochar at high temperature (900 °C) already induces structural maturity,
where it undergoes extensive devolatilisation, aromatisation, and micropore formation. The
high-temperature carbonisation yields a carbon-rich matrix with stable surface chemistry and hierarchical
pore structures, which are often sufficient for ammonium adsorption without further activation'®. Secondly,
the limited KOH activation temperature of 500 °C post-pyrolysis may be thermally insufficient to fully
mobilise potassium ions for effective pore development or surface etching. Previous studies indicate KOH
activation is most effective at temperatures >700 °C, where intercalation and chemical activation
significantly alter surface area and microporosity?%2!, resulting in a slight difference in percentage removal
and adsorption capacity. Thirdly, the dominance of surface functional groups over textural effects suggests
that treated and untreated biochars retain essential oxygenated groups such as — OH and C=0 that govern
ammonium adsorption via ion exchange and electrostatic interactions. Since these groups are already
abundant from raw biomass or pyrolysis, the surface functional group chemistry is likely the key contributor
at low dosages, hence not the pore volume?>?, Lastly, due to the active site efficiency at 0.05 g dosage,
surface active sites are maximally used under unsaturated conditions. The ammonium concentration per
gram of biochar is high, even marginal differences in surface area or pore structure become less impactful
than surface chemistry and accessibility?*.

The decrease trend and the increase trend are due to the desorption. Desorption of ammoniacal
nitrogen can result from weak physical forces where the adsorbate interacts with the adsorbent through van
der Waals forces. These interactions are generally less stable and more prone to disruption under variable
environmental conditions®?*. Additionally, desorption may occur when the adsorption sites become
saturated. In this situation, incoming ammoniacal nitrogen molecules displace those previously adsorbed

https://doi.org/10.24191/jsst.v5i2.115
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due to competitive binding?®. Furthermore, some adsorption processes are deliberately reversible, allowing
for the desorption of adsorbed molecules to recover the adsorbate or regenerate the adsorbent for reuse?’.
These factors underline the dynamic equilibrium in adsorption-desorption systems, highlighting the need
for optimised experimental conditions to minimise desorption and enhance the adsorption process?®.

Table 2: Effect of adsorbent dosage on percentage removal and amount of ammoniacal nitrogen adsorbed at equilibrium on
ammoniacal nitrogen by biochar samples (Upper and lower nodes mixture of treated and untreated bamboo biochar)

Dosage (g) Removal (%) Adsorption Capacity, q.(mg/g)
Treated Untreated Treated Untreated
0.005 91.76 88.96 45.88 4435
0.01 92.15 89.30 23.02 22.16
0.05 92.19 89.34 46.08 44.11
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Fig. 3. Adsorbent dosage effect on ammoniacal nitrogen adsorption by (a) treated and (b) untreated biochar activated
carbon.

The adsorption capacity observed in this study exhibited a slight difference of 0.2 g for treated
biochar and 1.77 g for untreated biochar at a mass dosage of 0.05 g. Fig. 3 illustrates the percentage removal
of ammoniacal nitrogen plotted against mass dosage on the primary axis. In contrast, the adsorption
capacity of ammoniacal nitrogen relative to dosage is represented on the secondary axis. According to
Fig. 3, as the dosage of treated biochar increased, the adsorption capacity gradually decreased. On the
contrary, the removal efficiency improved over time and stabilised once the treated biochar dosage
reached 0.023 g. The equilibrium adsorption capacity declined with increasing treated biochar dosage due
to the aggregation of adsorption sites and a corresponding decrease in the adsorption area. The slight
difference in removal and adsorption capacity (2.85% and 1.97 mg g'') in ammoniacal nitrogen removal
between treated and untreated biochar is minimal since both treated and untreated biochar already showed
good removal efficiency. In contrast, the treated activated biochar did not substantially improve the
ammoniacal adsorption in this analysis compared to the cost, process, and time required for the bamboo
biochar.

Table 3 presents the quantity of NHs-N adsorbed at equilibrium (qe), the slope and intercept, and the
kinetic models’ rate constants (k; and k»). The initial adsorbed quantity (h) was computed in the table. The
computed range for the constant rate (k) of the pseudo-first-order kinetics is 0.0065-0.3926 h*!, and for g,
it is 1.5012-55.1634 mg g with correlation coefficient values ranging from 0.0447 to 0.9585. The
pseudo-second-order model indicated that the ranges for the rate constant (k,) and g are 1.824x1077 to
6.5828x107 and 52.3560 to 64.5161 mg g!, respectively, with correlation coefficients ranging from 0.9933
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to 1.000 (Table 3). The correlation of the pseudo-second-order model surpassed that of the
pseudo-first-order model. The adsorption of NH4-N seems to align more closely with the
pseudo-second-order model across all samples.

Table 3: Parameters calculated for the pseudo-first and second-order model from kinetic models

Pseudo-first Order Pseudo-Second Order ge(exp)

Sample k, e r’ ko h e r

tLr;’:‘t’:; 03926  55.1634 0.9585 6.5828 x 100 0.0274 64.5161 0.9933 56.4134

Lower 0.0065 1.8349 0.0071 1.9992 x 107 0.0007 59.1716 0.9999 59.4082
untreated

gef;lzzg 0.0643 1.5012 0.8987 2.5347x 107 0.0008 56.1798 1.000 56.7031

Lower 0.0246 3.9789 0.0447 1.824x 107 0.0005 52.3560 0.9981 55.4922
untreated

*1k,: Pseudo-first kinetic constant of NH,-N, 2q.: Adsorption amount from pseudo-first-order equation, *q.(exp): Adsorption amount
from experiment data

The adsorption study on the removal of ammoniacal nitrogen has shown minor differences in the
adsorption and kinetic study. The removal and adsorption capacity only showed 2.85% and 1.97 mg g
differences. The slight differences in removal percentage and equilibrium adsorption capacity (q.) between
treated and untreated biochar can arise due to numerous factors, such as existing untreated biochar structural
maturity, inefficient chemical treatment, dominance of surface functional groups, and active site efficiency.
For the kinetic study, the correlation coefficient (%) indicated model fit, with optimal kinetic models
determined by linear regression and q. values®. The pseudo-first-order rate constant (ki) ranged from
0.0643 to 0.3926 h', with q. values of 1.5012-55.1643 mg g' (+* 0.0071-0.9585). The
pseudo-second-order model showed k. values of 1.827x107 to 6.5828x10° h™' and qe wvalues
0of 52.3560 — 64.5161 mg g* (+*: 0.9933—-1.000), with the upper treated bamboo biochar having an 7* value
of 1.000. Higher r? values for the pseudo-second-order model suggest NH4"-N adsorption occurred
primarily via chemisorption, which involves chemical interactions such as covalent bonding, governing the
process and influencing adsorption rates by active site availability.

The adsorption kinetics of NH4*-N were evaluated using pseudo-first-order and pseudo-second-
order models (Fig. 4 and Fig. 5). The pseudo-first-order plots (Fig. 4) displayed poor linearity for most
samples, particularly for the untreated types, suggesting limited applicability of this model to describe the
adsorption process. Treated adsorbents exhibited slightly better correlation, indicating improved kinetic
behaviour after treatment. In contrast, the pseudo-second-order model (Fig. 5) showed excellent linearity
across all sample types, with higher correlation coefficients and better conformity to experimental data,
implying that chemisorption is the predominant mechanism governing NH4"-N adsorption. Notably, the
treated adsorbents, especially the lower treated sample, exhibited steeper slopes, reflecting faster adsorption
rates and potentially greater adsorption capacity. These results confirm that surface treatment enhances the
adsorptive performance and that the pseudo-second-order model provides a more accurate representation
of the adsorption kinetics.
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Fig. 4. Pseudo-first-order kinetic plots of NH4-H on different types (qe is the adsorption amount at equilibrium
(mg g, and q is the adsorption amount at time t (mg g™").
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Fig. 5. Pseudo-second-order kinetic plots of NH4-H on different types (qe is the adsorption amount at equilibrium
(mg g), and q; is the adsorption amount at time t (mg g™').

The model effectively predicted adsorption behaviour from initial contact to equilibrium, supporting
its applicability for system design and scaling®®. The strong agreement between experimental and modelled
ge values further validates the reliability of the kinetic framework for performance assessment. Table 4
compares this study and previous similar studies to improve the understanding of bamboo biochar and its
activation treatment to advance the adsorption of ammoniacal nitrogen for bamboo biochar.
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Table 4. Adsorption characteristics of various contaminants with biochar

Feedstock Carbonisation Activating BET Adsorptio Qe Kinetic References

Activated Carbon Condition Agent Surface n Dosage (mgg™h) Model
Area (gL™h
(m’g"
Lignin removed o . PFO & 3
Moso bamboo 500 °C in N2 ZnClz (1:3) 1580 - 37.2 PSO Yuan et al.
Bamboo sawdust 750 °C in N ; 25 02 0.84 ; Chen et al.2
derived biochar
Bamboo derived 370 °C in N . 229.46 1 11.52 - Fan et al.
biochar
Bamboo biochar o
montmorillonitec 400 °Cin N - 19.93 0.5 12.52 PSO Chen et al.**
omposite '
Bamboo biochar 900 °C for 5 None .
(Dendrocalamus hours in (biochar) . 0.05 44.11 PSO This study
asper N2
(Dendrocutamss boursin KO for
another 2 - 0.05 46.08 PSO This study

asper) N hours

Note: All contain ammoniacal nitrogen as contaminants

4 CONCLUSION

This study demonstrates that Dendrocalamus asper derived biochar effectively adsorbs ammoniacal
nitrogen from aqueous solutions. Fourier-transform infrared spectroscopy (FTIR) revealed that KOH
activation marginally enhanced surface functional groups—specifically O—H alcohols, aromatic rings, and
C=C alkenes—relative to the untreated material. Under an optimal contact time of 143 minutes, the treated
biochar achieved a maximum adsorption capacity (q.) of 46.08 mg g*!, compared with 44.11 mg g™! for the
untreated sample with 0.05 g mass used. Although higher biochar dosages reduced q. due to competitive
adsorption—desorption dynamics, removal efficiency increased and plateaued at a dosage 0f 0.023 g. Kinetic
modelling confirmed that NHs'—N uptake conforms to a pseudo-second-order mechanism
(r* = 0.9933-1.000), indicating chemisorption as the rate-limiting step. Rate constants (k2) ranged from
1.83 x 107 to 6.58 x 10¢ h™", yielding modelled q. values between 52.36 and 64.52 mg g™'. The similarity of
experimental mean q. for treated (56.56 mg g') and untreated (57.45 mg g') biochars suggests that
chemical activation confers only marginal performance gains. Overall, both untreated and treated
Dendrocalamus asper biochars are validated as efficient, low-cost adsorbents for ammoniacal nitrogen
removal although the treated biochar exhibited only marginal improvements over the untreated sample,
achieving a 2.85% increase in removal efficiency and a 1.97 mg g! increase in adsorption capacity. To
further enhance adsorption capacity, future work should optimise activation parameters such as
impregnation ratio, temperature, and activation time, by employing proximate and ultimate analyses,
Brunauer—-Emmett-Teller surface area measurements, and scanning electron microscopy (SEM) for
comprehensive material characterisation.
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