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Abstract

The TiO, nanocomposite efficiency was determined under optimized conditions with activated carbon to
remove ammoniacal nitrogen (NH5-N) from the leachate sample. In this work, the facile impregnation
and pyrolysis synthesis method was employed to prepare the nanocomposite, and their formation was
confirmed using the XRD and Raman studies. In contrast, Raman phonon mode intensity ratio Ip/Ig
increases from 2.094 to 2.311, indicating the increase of electronic conductivity and defects with the
loading of TiO, nanoparticles. The optimal conditions for achieving maximum NH5-N removal of 75.8%

were found to be a pH of 7, a dose of 1.75 mg/L, and a temperature of 30°C, with a corresponding time
of 160 minutes. All adsorption isotherm records were properly fitted, and linear plots were utilized to
analyze NH3-N removal through adsorption kinetic models. Additionally, an effective central composite
design (CCD) of response surface methodology (RSM) was employed to investigate the efficient removal
of NH3-N.

Highlights
1) TiO, nanoparticles loaded on activated carbon was prepared.

2) Raman phonon mode intensity ratio ID/IG increased from 2.094 to 2.311 of adsorbent.

3) At optimum conditions NH5-N removal was found to be of 75.8%.

4) RSM results shows the performance of adsorption process.

1. Introduction

The primary method used worldwide to dispose of industrial and municipal solid waste is through
landfilling. However, this method generates significant quantities of heavily contaminated leachate that
require proper collection and treatment. Landfill leachate can interfere with the processes involved in
treating wastewater due to its high levels of ammonia and resistant organic compounds (Yang et al.,
2023). The high concentration of ammoniacal nitrogen in leachate has been a persistent issue faced by
landfill operators for decades. Leachate has high ammoniacal nitrogen concentrations over long periods
due to the slow leaching of nitrogen-producing wastes and no significant transformation mechanism for
NH,-N in landfills (Haslina et al., 2021). A survey of the literature revealed that leachate generated from
landfill sites contains numerous toxic elements represented by predictable metals and enriched with
nitrogen and other complex organic compounds (Detho et al., 2021; Gripa et al., 2023; Naji et al., 2020;
Singh, 2021). The content of biodegradable and non-biodegradable constituents in leachate is generally
so elevated that a very small volume may contaminate a significant amount of groundwater (Shadi et al.,
2020; Singh et al., 2021). As a result, the treatment of leachate has become a major concern for waste
management. Currently, various methods are employed in an integrated manner to purify leachate in the
leachate treatment chain (De Almeida et al., 2022; Song et al., 2022). Typically, primary and/or secondary
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technologies are utilized to treat landfill leachate, but further purification is necessary due to the
presence of heavy macro and micro-contaminants (Song et al., 2022). Biological methods/techniques
are better suited to treat freshly generated leachate and are ineffective in aged/stabilized leachate (Z. Li
et al., 2018). Because of the high concentrations of ammoniacal nitrogen in leachate deposits, direct
biological treatment resulted its low elimination. Simultaneously, the bio-recalcitrant organic matter must
be removed using physico-chemical methods for biologically treated effluent. Hence, physico-chemical
treatment has become more attractive in the treatment of landfill leachate. However, various authors
have reported the application of multiple adsorbents to remove ammoniacal nitrogen, and there is an
increasing interest in using cheap, commercially available ammoniacal nitrogen adsorption materials
(Aziz et al., 2004; Huong et al., 2019; Singh et al.,, 2018). Furthermore, the preparation of activated carbon
made from almond shells has previously been recognized in substantial research (Ahsaine et al., 2018;
Saka et al., 2023). Moreover, adding metal oxide to activated carbon has numerous advantages such as
enhance thermal constancy, increase active sorption sites, and improve adsorbent yield (Ghaedi et al.,
2013; Liu et al., 2020; Pipil et al., 2022; Rodriguez-Narvaez et al., 2019). Saka et al. (2023) utilized
microwave heating and KOH chemical process to prepare Sulphur-doped activated carbon prepared from
almond shells, and found that it exhibited a remarkable adsorption capacity of 282.70 mg/g for Cd ()
adsorption. Therefore, in the present investigation an economical & efficient adsorbent, from waste
almond shell-activated carbon incorporated with TiO, nanoparticles, was synthesized and subsequently
characterized. Under optimised conditions, the effectiveness of TiO,@ASAc for the elimination of NH3-N
from the leachate sample was estimated. To get conclusive concepts on NH5-N removal from leachate

via adsorption techniques, thermodynamics studies, kinetics, equilibrium isotherms, and RSM were used
and explored.

2. Materials and methods
2.1. Characterisation of materials

The moisture, volatile, and ash content of RAS were determined as mentioned in ASTM standard
methods. An elemental analyser was used to determine the extent of H, C, S, and N. It was perceived that
high carbon (49.91%), high volatile (77.59%), and little ash content made it further acceptable for the
synthesis of activated carbon. Required volume of leachate sample was produced from Municipal solid
waste (MSW) in an anaerobic digester/bioreactor and after stabilization it characterized for further
treatment (Table 1).
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Table 1
Physico-chemical properties of stabilised leachate

Parameter Value Parameter Value

pH 6.2+021  Na* 312+2.3
EC (mS cm™ ) 16£0.91  pg,3- 65+0.9
Turbidity 63+2 Ca2t 652+ 1.7
CoD 9250+158 g2t 190+2.8
BOD 2420£40  gp,2- 150 £ 1.1
BOD5/COD 0.26 ol 940+ 18
Total alkalinity 3200+34 g2+ 25+1.1
TDS 9321172 Zn 3.47+0.2
Suspended solids 39812 Cr 0.98 £0.09
Volatile solid 3045 Ni 0.34+0.04
Fixed solid 94 +3 Cd 0.79+0.09
TKN 98014 Cu 0.39+0.03
NH3-N 7359 Pb 0.99+0.08
K* 26121  Co 0.58 +0.07

2.2. Preparation of TiO, loaded on ASAc

The almond shell was finely grounded, sieved, and placed in a tube furnace under the nitrogen flow.
Thereafter, carbonized almond shell (CAS) was soak with ZnCl, at a ratios of 1:3. Pyrolysis was carried

out in the N, flow tubular furnace at 800°C for about 90 minutes (Taha et al., 2018). Following the
synthesis of ASAc, TiO, nanoparticles were impregnated on the capable ASAc in a 2:1 ratio (Hosseini et
al., 2007).

2.3. Characterization of TiO, loaded almond shell adsorbent

To characterize TiO,@ASAc, several analytical techniques were employed, including X-ray diffraction
(XRD), Raman spectroscopy, and Brunauer—Emmett—Teller (BET) analysis. The BET surface area
analysis of ASAc and TiO,@ASAc was conducted using BET Quantachrome Instruments, and N,

adsorption-desorption isotherms were used to determine the specific surface area and pore volume.
Powder XRD data were collected using a Rigaku Miniflex-1l diffractometer with Cu Ka radiation (A =
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1.5418 A°) in the 2theta range of 10° to 80° at a scanning rate of 2°/min. Raman scattering
measurements were performed using a Renishaw micro-Raman system equipped with a Peltier cooled
CCD detector and 514.5 nm excitation laser.

2.4. Batch adsorption

Batch mode experiments were conducted to observe the NH3-N removal percentage under varying
conditions, including pH levels ranging from 2 to 10, contact time from 20 to 200 minutes, dose from 5 to
50 g/L, and temperature between 25°C to 40°C. The various isotherm models were used to implement
nonlinear equations in monolayer and multilayer adsorption techniques. For this well proven isotherms
models i.e., Redlich-Peterson, Freundlich, Koble-Corrigan, Hill, Khan, Toth etc. are used (Supplementary
Table 1). The linear plots were used to analyse NH3-N removal using adsorption kinetic models of
pseudo first & second order, as well as intraparticle diffusion (Supplementary Table 2). The inter-
relationship between input and output parameters for effective removal of NH3-N by TiO,@ASAc was
investigated using CCD of surface response methodology. Based on experimental studies, four
independent variables were considered: (i) pH (2.0-10.0), (ii) dose (0.25-2.50 g/50L), (iii) contact time
(20-200 min.), and temperature (25-40°C). Thirty sets of experiments were developed using CCD of
Design-Expert software 13 for removal of NH3-N. For each independent variable, five levels (-1, 0, + 1, -q,
+a) were used. To describe the relationship between independent variables and their detected
responses, a quadratic polynomial equation was used (Bezerra et al., 2008). ANOVA, model graphs
(actual vs predicted plots), 3D-Plots as well as contour plots were used to investigate the NH;-N removal

by TiO,@ASAC.

2.5. Reusability study

Adsorbents with nanoparticles were re-collected and used again in our investigation i.e., for adsorption
process. One gram of adsorbent material was washed with variable concentrations of HCl i.e., 0.05, 0.1,
and 0.15 M and shaken in a shaker up to 3 hours at 150 rpm. The filtered adsorbents were thoroughly
washed with deionized water and then dried for 24 h in an oven at 80°C. All the adsorbents were reused
for NH3-N removal up to a maximum of three times.

3. Results and Discussions
3.1. Characterization of the ASAc

The N, adsorption-desorption isotherm was used to determine the porous structure of activated almond
shell filled with TiO, as shown in Fig. 1(a). All the samples show classic IV isotherm with the irreversible
domain, and curves represent the type H3 hysteresis, suggesting that the materials' non-rigid masses
form slit-shaped pores. TiO,@ASAc had a nearly threefold greater BJH-specific surface area (153.3

m?/g) than structured ASAc (54.7 m?/g), and the total porosity increased from 0.038 to 0.135 cm®/g.
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Activated almond shells & TiO,-loaded activated almond shells had average pore sizes of 2.91 & 3.47
nm, respectively.

The crystal structure of all the samples (1AS, 2AS, 3AS, and 4AS) were analysed by XRD. The XRD

pattern of the 1AS sample, as illustrated in Fig. 1(b), shows three peaks near 15.8, 22.12, and 34.67 °,
indicating cellulose | type crystals. However, the XRD spectrum of 2AS indicating the existence of
cellulose and carbonaceous crystalline structure (strong diffraction peaks at 16.64, 22.19, 25.98, 29.58,
34.67, and 43.56°). Because the formation of crystalline phases is initiated by thermal treatment, which
generates thermal kinetic energy (Kumar & Jena, 2015). Following the loading of TiO,, the XRD patterns
of the 3AS and 4AS samples displayed intense diffraction peaks at 25.31, 37.83, 48.07, 54.57, and
62.75°, which corresponded to the anatase phase. Additionally, strong diffraction peaks at 27.47 and
36.11°, corresponding to the rutile phase, were observed, along with diffraction planes 101, 103, 200,
105, and 213. Furthermore, certain sequences also express some less intensity peaks, confirming the
existence of activated carbon and these observations are more consistent with other findings (Bel
Hadjltaief et al., 2015; X. Li et al., 2018).

Figure 1(c) shows the Raman spectra of selected samples. For 2AS sample, the spectra show three
peaks at 1337.4, 1592.3, and a broad peak in the range 2250-3200 cm™ " attributed to (CH,) wagging
bond (called D band), (OH) bending in the carbon samples (G band) and a combination of 2D and D + G
bands. For the 1AS sample, no characteristic Raman spectra are observed due to the low incident laser
power. The 3AS sample, spectra shows the signature of both TiO, and carbon phases. The low intensity

of phonon modes of TiO, anatase phase compared to carbon phase indicates activated carbon in high
amounts. For the TiO, phase, the phonon modes were observed at 150.2, 202.1, 388.9, and 504.7 cm~ 1
The intensity ratio of the D and G bands, expressed as Ip/lg, used to calculate structural disorder and
electronic conductivity. The ratio increases from 2.094 to 2.311 (in the case of TiO,@ASAc) indicates the
increase of electronic conductivity and defects with the loading of TiO, nanoparticles. Our results are in
agreement with previous finding of Omri and Benzina, 2019.

3.2. NH3-N removal experiment

With variable pH, temperature levels, dose, and contact time, the percentage of NH5-N removal of
leachate was investigated. During the optimization process, one parameter's value varied while the
remaining factors remained constant.

3.2.1. Influence of pH on NH3-N removal

pH is considered as one of the most critical and influencing factor which significantly affects the
adsorbent's surface charge and degree of ionization (Wu et al., 2012). Experiments were carried out with
pH ranging from 2 to 10, while other variables were held constant i.e., adsorbent dose at 30.0 g/L,
temperature at 30.0 £ 1°C, and NH3-N concentration at 735 mg/L. The percentage of NH5-N removed
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increased with increase in pH and observed maximum at pH 7 (Fig. 2(a)). However, beyond pH 7 resulted
in a decrease in NH3-N removal and is supported by literature (Hu et al., 2016). The ammonium ions were
neutralised and converted to ammonia by hydroxyl ions (OH") at higher pH. Therefore, it is quite difficult
to remove this form of ammonia using adsorbents, and TiO,@ASAc capability is also decrease at higher
pH values (Ferraz & Yuan, 2020; Mosanefi et al., 2021). As a result, pH 7.0 was determined to be the
optimum pH for conducting other experiments.

3.2.2. Dose effect on NH3-N reduction

Figure 2(b) shows that the percent removal of NH;-N increased from 22.9 to 81.5, with the increasing
concentration of TiO,@ASAc (0.25 to 2.5 g/50 mL). It can be seen as increased availability of binding

sites/surface area with increasing adsorbent dose (Hashemian et al., 2014). Beyond 1.75 g/50 mL, there
was no expressive effect on NH3-N removal. Tamilselvi and Radha (2017) reported similar observations
during wastewater treatment. Furthermore, adsorbent adsorption capacities for NHs-N showed a reverse
trend to removal efficiency and was found to be decreased from 33.66 to 11.98 mg/g with an increasing
biosorbent dosage. This could be due to accumulation of substantial amount of absorbent dose, which
minimise the net surface area of the biosorbent (Alorabi et al., 2020). Therefore, an optimal dose of
TiO,@ASAc was found to be 1.75 g/50 mL, resulting in 75.8% removal efficiency of NH3-N.

3.2.3. Influence of contact time on NH3-N removal

To study the effect of contact time on NH3-N removal, contact time was varied from 20 to 200 minutes

and other variables were kept constant i.e., at pH 7.0, dose 1.75 g, temperature 30.0 + 1°C, and 735 mg/L
of NH5-N of leachate (Fig. 2(c)). In the first 20 minutes, the TiO,@ASAc adsorbent removed 42.9% of

NH3-N (an adsorption capacity of 9.01 mg/g). When the contact time was extended to 160 minutes,
there was a corresponding increase in NH;-N removal, with a removal efficiency of 75.8% and a sorption
capacity of 15.92 mg/g. Further increase in the contact time shows insignificant shifts in NH;-N removal.

Initially, this could be attributed to availability of more surface-active sites on the adsorbent, which
increased the sorption rate. However, as contact time was increased, sorption decreased due to the
pollutants filling active sites, and the adsorbent reached equilibrium (Faisal et al., 2020).

3.2.4. Influence of temperature on NH3-N removal

For sorption process temperature plays a vital role and the influence of temperature on NH3-N removal
were observed by varying the temperature from 25 to 40°C (Fig. 1(d)). With increasing temperature, the
NH3-N removal increased from 68.2 to 81.5%, indicating an endothermic process. Due to increase in
temperature, adsorbate diffusion increased across the surface layer, as did intraparticle dispersal within
the adsorbate pores (Peng et al., 2012). At a temperature of 30°C, the NH3-N removal efficiency was

found to be at its maximum, reaching 75.8% with a sorption capacity of 15.92 mg/g. Further increases in
temperature did not result in significant differences in NH3-N uptake, leading to the selection of 30°C as

the optimal temperature.

Page 7/24



3.3. Isotherms of Adsorption

Adsorption isotherms of NH3-N reduction by TiO,@ASAc were implemented using nonlinear forms at
different adsorbent doses (0.25 to 2.5 g/50 mL). Figure 3 shows the g, vs. C, relationships. The Hill
isotherm model, with a binding interaction of 0.6749, described the combined phenomenon of NH5-N
species binding to TiO,@ASAc. The Khan isotherm was established for diverse adsorption processes,
with A, values of 0.3261 for NH5-N adsorption that were not equal to 1.0, and final concentration (C,)
values that were higher (as shown in Table 2). This suggests that the model was transformed to the
Freundlich isotherm. The Redlich-Peterson model adheres to Henry's law, displaying the Langmuir model
at low concentrations and the Freundlich model at higher concentrations (where by is close to zero).
Since the calculated value of bg (0.3) was close to zero, the Freundlich model is followed. The model of
Toth isotherm explains heterogeneous adsorption across a Quasi-Gaussian energy unsymmetrical
distribution at low and high concentrations. For NH5-N adsorption, the Toth isotherm constant “t” was
calculated as 3.02. The Koble-Corrigan isotherm, which combines the Langmuir and Freundlich
isotherms, is commonly used for heterogeneous adsorption processes. Calculated value of D was found
to be 0.4085, which is < 1.000. As a result, the Koble-Corrigan model was unable to describe investigated
data. The Freundlich isotherm was observed to be suitable based on the nonlinear model values, with R?
(0.9847) and 1/n (1.4817), as shown in Table 2. These models were applied to demonstrate the ability of
TiO2@ASAC to effectively reduce NH3-N through diverse layer adsorption.
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Table 2

Values of different nonlinear adsorption

isotherm parameter

Isotherms

Freundlich

Hill

Khan

Redlich—Peterson

Toth

Koble-Corrigan

Parameter
K¢
n

R2

D

R2

Value
0.000453
1.48178
0.9847

3842.21
8.479E6
0.67491
0.9847

0.000413
1.159
0.32611
0.9847

0.21408
471.922
0.32523
0.9847

0.000470
4.872
3.02421
0.9846

0.00125
-0.003761
0.40852
0.9874

3.4. Adsorption kinetic studies
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The research investigated the rate controlling steps of NH;-N reduction adsorption using TiO,@ASAc
through pseudo first and second-order kinetics and intraparticle diffusion. In Fig. 4(a), a linear plot of log
(9e-9y) against t was used in pseudo first-order kinetics to determine the slope (K;) and intercept (log qy).
However, Table 3 showed that the sorption capacity (q,) calculated from the linear plot did not match the
experimental results, indicating that the order rate expression was not applicable to NH;-N removal. On
the other hand, Fig. 4(b) presented the plotting (t/q; vs t) of pseudo-second-order kinetics, which
provided values for q, and K, through the slope and intercept. In case of pseudo-second-order, the
findings shows that the g, value (18.51 mg/g) was observed to be more significant than the
experimental value (16.15 mg/g). For NH3-N reduction, the R? (0.997) was established to be more
significant and more importantly follows pseudo-second-order kinetics. Similar findings have been
reported by (Singh et al., 2021, 2022). The intra-particle diffusion rate plots q,vst'/? provide rate constant
of intra-particle diffusion (K;4), and the thickness of the boundary layer is represented by the intercept (C)
(Fig. 4(c)). If the plot does not traverse through the origin, it is only the rate regulating step. The

correlation coefficient (R?) value of 0.943 indicates that the intra-particle diffusion is insignificant for
current studies.

Table 3
Parameter study of kinetic models for NH;-N sorption
Model Parameter Value
Pseudo-first order K, (min~ ") 0.018
9.90
qe (Mg/9)
0.77
R2
Pseudo-second order k. (g /mg min~") 0.00205
18.51
qe (Mg/9)
0.99
R2

Intraparticle diffusion Kq(mgg 'min~ 2 077

6.15
C
0.94
R2
Experimental value q.(mg/g) 16.15

3.5. Thermodynamic investigation

Thermodynamic studies of NH;-N removal at various temperatures (i.e., 298K, 303K, 308K, and 313K)

were carried out to determine the thermal actions of the sorption activity. Changes in thermodynamic
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factors such as Gibb's free energy (AGI), entropy (ASK) and enthalpy (AHK) were calculated using the
following equation to reveal reaction spontaneity.

AS AH

Ink,; — _
A= TR T RT

(1) AG® = AH? —TAS° (2) K; = =2(3)

The linear plot slope and intercept between InK vs 1/T were used to calculate the values of AH® and
AS°. The presence of negative AGK values indicated that the removal of NH5-N by TiO,@ASAc was
spontaneous, and the decrease in its values as temperature increased replicated that high temperatures
were favourable for adsorption (Table 4). The positive enthalpy change value (AH°=35.80 kJmol™ 1)
demonstrated that the NH5-N sorption interface with TiO,@ASAc was endothermic, and their adsorption

equilibrium increased as temperature increased. Positive entropy change value (ASE= 126.90 J/mol/K)
indicated certain structural modifications and more adsorbent solution interface randomness.

Table 4
Temperature-dependent thermodynamic parameters for NHs-N

sorption

Temperature (K) AGE(KJ/mol) AH° (KJ/mol)  ASE (J/molK)

298 -2.0069

303 -2.6414 35.8 126.904

308 -3.2759

313 -3.9104

3.6. RSM-CCD Analysis

The experimental design utilized was RSM-CCD which included six replications at the center point for
each independent variable factor, namely pH, dose, contact time, and temperature, as outlined in Table 5.
The quadratic Eq. (4) expresses the correlation between variable factors and responses, which were best
suited for variable relationships and suitable for predicting NH5-N sorption.

Table 5
RSM-CCD independent variables
Factors Lower Limit (-1) Centre (0) UpperLimit(+1) -alpha(-a) alpha (a)
A: pH 4 6.5 9 1 1
B: Dose 1.25 1.75 2.25 1 1
C: Time 100 150 200 1 1
D: Temperature 25 32.50 40 1 1
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NH3-N (%) removal Y},,cq= +73.28 +3.78 A+4.74B+1.64C+1.23D+2.58 AB+1.03 AC - 1.04 AD +
0.0037 BC - 0.0638 BD - 0.8337 CD — 10.29 A2 - 8.36 B2 — 4.46 C2 - 3.61 D? (4)

The mutual effect of variable factors in contour plots and 3-D response is represented in Fig. 5(b-d).
These demonstrate NH3-N reduction as adsorbent dose and pH were increased. When the pH increased

from 4 to 6.5, the NH3-N sorption increased, thereafter it decreases as the pH increases, indicating the
inhibiting impact of high pH. The efficiency of NH3-N removal was improved by increasing the dose from
1.25g to 1.75g; however, there was no significance difference thereafter. The percentage of NH5-N

removal improve with increasing temperature and time and; the interactive effect of pH is express in
Fig. 5(e-g). The maximum NHs-N removal was 73.28% at optimum pH 6.5, dose 1.75 g, contact time

2.5hrs, temperature 32.5°C, and represented in 3D plots. The observed optima result for NH3-N removal
employing TiO,@ASAc adsorbent, evaluated by the RSM-CCD algorithm model was promising.

According to Table 6, the analysis of variance (ANOVA) indicates that the model is best fitted for NH5-N

removal, with p < 0.0001 and F-286.92. The adequate precision value of 58.747, which is greater than 4,
confirms the authenticity and suitability of the model. The infallibility of the experimental data is also

confirmed by a CV of 2.26%. The adjusted R? of 0.993 and predicted R? of 0.980 (NH5-N removal)

indicate that the experimental design was well-suited to the model, as depicted in Fig. 5(a).
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Table 6
ANOVA for NH3-N removal percentage * SS: Sum of Squares, DF: Degree of freedom,
MS: Mean Square

Source SS DF MS F-value  p-value

Model 552891 14 394.92 286.92 <0.0001 significant
A 343.83 1 343.83 249.80 <0.0001

B 538.84 1 538.84 391.48 <0.0001

C 64.94 1 64.94 47.18 <0.0001

D 36.26 1 36.26 26.34 0.0001

AB 106.30 1 106.30 77.23 < 0.0001

AC 16.97 1 16.97 12.33 0.0031

AD 17.22 1 17.22 12.51 0.0030

BC 0.0002 1 0.0002 0.0002 0.9900

BD 0.0650 1 0.0650 0.0472 0.8309

CD 11.12 1 11.12 8.08 0.0123

A? 2905.07 1 2905.07 2110.57 <0.0001

B2 191592 1 191592 1391.94 <0.0001

C2 545.04 1 545.04 395.98 < 0.0001

D2 357.74 1 357.74 259.90 <0.0001

Residual 20.65 15 1.38

Lack of Fit  18.23 10 1.82 3.78 0.0776 Not significant
Pure Error  2.41 ) 0.4825

Cor Total 5549.56 29

* SS: Sum of Squares, DF: Degree of freedom, MS: Mean Square

The mutual effect of the variable factors on NH3-N reduction is illustrated in contour plots and 3-D
response plots in Fig. 5(b-d). The results show that increasing the adsorbent dose and pH led to an
increase in NH3-N sorption. However, as the pH increased beyond 6.5, NH5-N sorption decreased,
indicating the inhibiting effect of high pH. Along it, increasing the dose from 1.25g to 1.75g improved the
efficiency of NH;-N removal, but there was no significant difference thereafter. The percentage of NH5-N
removal improved with increasing temperature and time, and; the interactive effect of pH is expressed in
Fig. 5(e-g). The maximum NHs-N removal of 73.28% was achieved at the optimum conditions of pH 6.5,
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dose 1.75 g, contact time 2.5 hrs, and temperature 32.5°C, as shown in the 3D plots. The observed
optimum result for NH5-N removal using the TiO,@ASAc adsorbent, evaluated by the RSM-CCD
algorithm model, is promising.

3.7 Regeneration effectiveness of TiO,@ASAc

The efficiency of regeneration is important for economic and environmentally friendly wastewater
treatment technologies. Therefore, a good adsorbent should have better adsorption efficiency, which
should be important in regeneration and recycling practices. The NH5-N removal efficiency of the sorbent
increased as the hydrochloric acid concentration increased from 0.05M to 0. 15M (Fig. 9). At 0.15 M HCI,
the removal efficiencies were calculated to be 69.2, 58.5, and 53.4% at Cycles 1, 2, and 3 respectively. As
the number of cycles increases the NH;-N removal percentage decreases as shown in Fig. 6. Thamilselvi
& Radha (2017) conducted a similar investigation with the silver nanoparticles loaded corncob. In the 3rd
regeneration cycle of adsorbent, more than 50% NH5;-N was removed which revealed the cost
effectiveness and prominent characteristics of synthesized TiO,@ASAc.

Conclusion

An agro-waste precursor, the almond shell, was synthesized into activated carbon through physical and
chemical activation practices. XRD and Raman’s study confirms the formation of both the carbon and
TiO, phases. The ratio of the D and G bands shows enhancement in electronic conductivity with TiO,
loading. The best removal efficiency of NH5-N 75.8% with an adsorption efficiency of 15.92 mg/g was
found at optimal conditions. All the nonlinear isotherm models well fitted to the observed results having
R? values of 0.9847, 0.9847, 0.9847, 0.9847, 0.9846, and 0.9874, respectively, indicating multilayer
sorption behavior. During pseudo-second-order kinetics, the calculated value of adsorption capacity
18.51mg/g was found nearly equal to the observed value 16.15 mg/g along with a high R? value of 0.997
that express adsorption process adapted pseudo-second-order model. The adsorption process
demonstrates spontaneous and endothermic behavior in accordance with thermodynamics. The strong
correlation coefficients between adjusted R? (0.9928) and predicted R? (0.9804) suggest that the surface
response methodology aligns well with the CCD model. The experimental data is consistent with the
design experiment, which determined the optimal values for pH (6.5), dose (1.75), contact time (150
minutes), and temperature (32.5°C). The regenerated sorbent exhibited valid efficiency for up to three
cycles. In conclusion, the study concludes that TiO,@ASAc is a cost-effective adsorbent that is effective
in leachate treatment.
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(a). Sorption-desorption curve for N, and pore size distribution.
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(b). The synthesised material's XRD pattern (Symbol * indicates the formation of both anatase and rutile
TiO, phases). The sample symbols indicate 1AS as raw almond shell, 2AS as activated almond shell,

3AS as TiO, nanoparticle filled activated almond shell, and 4AS as TiO, nanoparticle loaded activated
almond shell after treatment.

(c). Raman Spectra of AS, ASAc and TiO,@ASAc
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Influence of (a) pH, (b) dose, (c) contact time, and (d) temperature on NH3-N removal
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Plot of kinetic studies for NH3-N removal by TiO,@ASAc (a) Pseudo-first order, (b) Pseudo-second-order,
and (c) Intraparticle diffusion.
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Efficiency of NH;-N removal with regenerated TiO, nanoparticle loaded ASAc
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