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Abstract: Titanium dioxide (TiO2)
nanoparticles have emerged as promising
adsorbents for the removal of heavy metal ions
from wastewater due to their high surface area,
chemical stability and adsorptive properties.
The study evaluated the potential of TiO>
nanopatrticles for removing Cr (VI) and Pb (I1) from
fertilizer wastewater. The TiO, nanoparticles was
synthesized via green method of synthesis with the
highest crystallite size of 15.29 nm under the
synthesis condition of a stirring time of 60 min. X-
Ray Diffraction (XRD), High-Resolution
Transmission Electron Microscopy (HRTEM),
Dynamic Light Scattering (DLS), and Energy
Dispersive X-Ray Spectroscopy (EDX) were used to
characterise the synthesised TiO. nanoparticles.
HRTEM and XRD analyses of the TiO;
nanoparticles indicate the formation of spherical
shapes and anatase phase crystallite size of 15.29
nm and 12.09 nm for 60 min and 30 min stirring
time, respectively. The DLS results show an
average particle distribution of 51.54 nm for both
stirring time conditions. The EDX revealed the
presence of titanium, oxygen and carbon in both
stirring times. The synthesized TiO, nanoparticles
was used as an adsorbent for the removal of Cr (VI)
and Pb (Il) via batch adsorption. The results
indicate that Cr (VI) had a higher adsorption
removal efficiency of 52.87 % compared to 40.79 %
for Pb (1) at a pH of 6.96, contact time of 30
minutes and a temperature of 30 °C. The adsorption
isotherm showed that the experimental data fitted
best to the Langmuir isotherm as compared to the
Freundlich and Dubinin-Radushkevich (D-R)
isotherms, demonstrated by higher correlation
coefficient values (R?). The research findings
suggest that TiO, nanoparticles can be utilized in
fertilizer wastewater treatment.
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1.0 Introduction

The fertilizer industry is a critical component
of modern agriculture, providing essential
nutrients for crop production through the
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synthesis of nitrogen, phosphorus, and
potassium-based fertilizers. Typically,
fertilizer manufacturing involves processes
such as ammonia production, nitric acid and
phosphoric acid synthesis, and blending with
various additives (Kato & Kansha, 2024).
However, one of the major environmental
challenges associated with this industry is the
generation of large volumes of wastewater
containing diverse contaminants. It is estimated
that approximately 380 billion cubic meters of
wastewater are produced annually across all
sectors globally, with fertilizer production
contributing significantly to this figure (Lim et
al., 2021).

Fertilizer wastewater is characterized by high
concentrations of nutrients and toxic heavy
metals such as chromium (VI), lead (lI),
cadmium (I1), cobalt (1), and zinc (1) (Lim et
al., 2021). These heavy metals are primarily
introduced into wastewater through raw
materials like phosphate rock, industrial
chemicals, corrosion of equipment, and process
by-products such as fly ash. The presence of
heavy metals in wastewater poses serious risks
to the environment and human health. When
discharged into aquatic systems, these metals
can bioaccumulate in the food chain, leading to
long-term ecological and health hazards.
Chromium (V1), in particular, is classified as a
Group 1 carcinogen by the International
Agency for Research on Cancer (IARC).
Chronic exposure has been linked to lung
cancer, respiratory tract irritation, dermatitis,
kidney and liver damage (den Braver-Sewrad]
et al., 2021; Shekhawat et al., 2015; Shin et al.,
2023; Hessel et al., 2021). Similarly, lead (1)
and its compounds are highly toxic, causing
neurological impairments, developmental
disorders in children, enzyme inhibition, and
organ damage (Briffa et al., 2020; Mitra et al.,
2022). In children, lead exposure has been
associated with reduced intelligence quotient
(1Q), behavioral issues, and impaired
concentration (Ramirez Ortega et al., 2021).
Lead also accumulates in bones and soft tissues
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and enters the human body primarily through
contaminated food and water (Collin et al.,
2022; Hussaini et al., 2023).

Conventional wastewater treatment methods,
including activated carbon adsorption,
coagulation-flocculation, activated sludge
processes, nanofiltration,photodegradation and
reverse osmosis, have been employed to
mitigate several contaminants (Gelaw et al.,
2024; Eddy et al., 2024a-c; Emeka et al., 2023;
Kolya & Kang, 2023; Kelle et al., 2023;
Hamdan et al., 2023; Rajkumari et al., 2019;
Kumar et al., 2021). However, these methods
often face limitations such as high operational
costs, sludge generation, membrane fouling,
and limited efficiency for complex wastewater
matrices containing multiple contaminants
(Kesari etal., 2021). As a result, adsorption has
gained attention as a more efficient and cost-
effective method for heavy metal removal due
to its simplicity, ease of operation, and
adaptability to various wastewater conditions.
Among the wide range of adsorbents
investigated, metal oxide nanoparticles, such as
Ca0, ZnO, TiO, and their composites have
shown promising results owing to their high
surface area, chemical stability, and non-
toxicity (Eddy et al., 2023; Naseem & Durrani,
2021; Nuhu et al., 2025). TiO2 nanoparticles
are widely applied in water treatment,
photocatalysis, solar cells, cosmetics, and
pollution remediation (Singh Jassal et al.,
2022). The anatase phase of TiO-, in particular,
has demonstrated superior adsorptive and
photocatalytic capabilities (Rosa et al., 2024).
Recent studies have shown TiO:’s efficacy in
removing contaminants such as dyes, organic
pollutants, and certain heavy metals, but
relatively few studies have focused on its
application for removing Cr (VI) and Pb (I1)
specifically  from  fertilizer  industrial
wastewater, despite the severity of these
pollutants.

This presents a knowledge gap in the literature
concerning the use of green-synthesized TiO:
nanoparticles for adsorptive removal of these
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toxic metals under actual industrial wastewater
conditions. While studies have reported on
synthetic and commercial TiO: for water
purification, there remains insufficient data on
the performance, characterization, and
adsorption mechanisms of green-synthesized
TiO:2 nanoparticles in complex effluent systems
such as those from fertilizer plants.

The aim of this study is therefore to evaluate
the adsorptive efficiency of green-synthesized
TiO2 nanoparticles for the removal of
chromium (V1) and lead (I1) ions from fertilizer
wastewater. The TiO: nanoparticles were
synthesized using an environmentally friendly
method and characterized using techniques
such as X-Ray Diffraction (XRD), High-
Resolution Transmission Electron Microscopy
(HRTEM), Dynamic Light Scattering (DLS),
and Energy Dispersive X-ray Spectroscopy
(EDX). The significance of this study lies in its
contribution to  sustainable  wastewater
treatment strategies. By utilizing green-
synthesized TiO: nanoparticles, this work
provides insights into low-cost,
environmentally benign solutions for heavy
metal remediation, which could be adapted by
industries to meet environmental regulatory
standards and protect public health. Moreover,
the findings will expand the scientific
understanding of TiO:-based adsorption
systems in the context of fertilizer industry
effluents.

2.0 Materials and Methods

2.1 Materials

All chemicals used in this study were of
analytical grade and were utilized without
further purification. The reagents included
titanium tetraisopropoxide (TTIP, Ci2H2s04Ti,
97%, Central Drug House (P) Ltd.),
hydrochloric acid (HCI, 37%, Carlo Erba
Reagents, Spain), sodium hydroxide (NaOH,
98.9%, Molychem), ferric chloride (FeCls,
98.9%, Molychem), and sulfuric acid (H2SOa,
98%, Carlo Erba Reagents, Spain).

2.1.1 Sample Collection and Preparation
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Fresh stems of Telfairia occidentalis (Ugu)
were collected from Narayi Market in Chikun
Local Government Area, Kaduna State,
Nigeria. The plant material was air-dried at
ambient temperature (35 = 2°C) for three
weeks. The dried samples were pulverized
using a mortar and pestle to obtain a fine
powder. A Soxhlet extraction was performed
using 30 g of powdered stem material and
250 mL of ethanol at 50 °C for 6 hours. The
ethanolic extract was concentrated using a
rotary evaporator and stored in an airtight
container for phytochemical analysis and green
synthesis of TiO: nanoparticles.

2.2 Methods

2.2.1 Phytochemical Screening

Preliminary phytochemical screening of the
Telfairia occidentalis stem extract was carried
out using standard procedures described by
Solano et al. (2019), to identify the presence of
key phytoconstituents responsible for reduction
and  stabilization  during  nanoparticle
formation.

2.2.2 Green Synthesis of TiO: Nanoparticles
TiO: nanoparticles were synthesized via a
green method. A 100mL solution of
1 mol dm™ TTIP was prepared and placed in a
250 mL beaker on a magnetic stirrer. After
adjusting the pH with 0.1 moldm™ NaOH,
20 mL of the T. occidentalis stem extract was
added dropwise while stirring at 350 rpm for 3
hours. A noticeable color change from pale
yellow to deep red-orange indicated
nanoparticle formation. The mixture was aged
for 24 hours, after which the precipitate was
separated by decantation, washed three times
with deionized water, and oven-dried at 80 °C
for 24 hours. Finally, the dried nanoparticles
were calcined at 500 °C for 4 hours in a muffle
furnace.

2.2.3 Batch adsorption process

The effects of contact time, nanoadsorbent
dosage and temperature on the removal
efficiency of Cr (VI) and Pb (II) metal ions
from the fertilizer wastewater were examined
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by a batch adsorption using TiO2 nanoparticles
as an adsorbent. The investigation of contact
time on the removal of Cr (VI) and Pb (1), was
varied in the range of 15 to 75 min at a constant
nanoadsorbent dosage, pH and temperature of
0.06 g, 6.87 and 303 K, respectively.
Meanwhile the initial concentration of Cr (V1)
and Pb (1) metal ions were 0.159 mg/L and
0.564 mg/L respectively. The effect of the
nanoadsorbent dosage on the uptake of Cr (V1)
and Pb (I1) metal ions from the wastewater was
investigated in the range of 0.02 to 0.1 g at the
pH (6.87), contact time (30 min) and
temperature 30 °C. In addition, the influence of
temperature on the removal of Cr (V1) and Pb
(11) metal ions, the temperature was varied in
the range of 303 to 343 K under constant
conditions of contact time (30 min),
nanoadsorbent dose (0.03 g) and pH 6.87. At
the end, the samples were digested. Exactly 50
cm? of the fertilizer wastewater was measured
and transferred into 250 mL beaker and 1:3 of
concentrated hydrochloric acid to nitric acid in
volume of 5 mL was added. The mixture was
heated on a heating mantle at controlled
temperature of 80 °C until the volume reduced
to 20 cm?, then it was allowed to cool and
filtered using Whatman filter paper. The
solution was made up to the mark of 100 cm®,
and a blank digestion was performed for nitric
acid at 80 °C using the same conditions. The
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digestion process was carried out in triplicate
and Atomic Absorption Spectrophotometer
was used to analyse for metal of interest Cr (V1)
and Pb (I1) metal ions. The removal efficiency
(%) and the adsorption capacity (ge mg/g) of
Cr (VI) and Pb (I1) metal ions in the fertilizer
wastewater using the TiO2 nanoparticles were
determined using Egs. (1) and (2), respectively.

Removal Efficiency = C"C;oce x 100 (1)

e = txv 0)
Where C, (mg/L) and C, (mg/L) are the initial
and equilibrium liquid phase concentration,
respectively; V (dm®) is the volume of the
solution and m (g) is the mass of the
nanoadsorbents.

2.2.3 Adsorption isotherms

Adsorption isotherms are very helpful for
analyzing the adsorption capacities of the
adsorbents. When the adsorption equilibrium is
established, the relation between the amount of
the adsorbates on the adsorbents and the
equilibrium concentrations of the adsorbates
under constant temperatures is called the
adsorption isotherm (Zhu et al., 2020). There
are various kinds of models for determining the
adsorption isotherms, such as the Langmuir,
Freundlich, Dubinin—Radushkevich (D-R) and
Temkin (Kandasamy et al., 2022; Joseph et al.,
2023; Nannu Shankar et al., 2023).

Table 1: Equations for the Isotherm models

Isotherm Equation

Langmuir C. 1 C 3)
dlicch de Amax KL qinax

Freundlice lin(qe) = lin(Kg) +~linC “)

D-R nqe = ing,, _ ) ©)

D—-RE

The Langmuir and Freundlich are most
extensively used isothern models meanwhile
three isotherm models were used in this study
nanmely Langmuir, Freundlich and Dubinin-
Radushkevich. The Langmuir isotherm model

.5.
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assumes a homogenous monolayer coverage on
the surface of the nanoadsorbent without

interaction between the adsorbate, while
Freundlich isotherm model assumes a
multilayer  adsorption process on the
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heterogenous nanoadsorbent surface with
different adsorption energies (Boruah et al.,
2023; Brisevac et al., 2024). The D-R isotherm
determines the mean free energy of adsorption
and does not consider the formation of a
homogenous layer on the nanoadsorbent
surface or that the adsorption is constant (Ledn
et al., 2023). The equations for the isotherm
models of this study are shown in Table 1.

3.0Result and Discussion
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3.1  Phytochemical screening of ugu stem
plant extracts

The phytochemical screening was carried out
to ascertain the bioactive compounds present in
the ugu stem plant extracts and the result is
presented in Table 2.

Table 2: Phytochemical Screening of Ugu
stem Plant extract

Phytochemical Inference Name of Test
compounds

Alkaloids + Wagners
Saponins + Foam

Phenols + Ferric chloride
Flavonoids + Alkaline reagent
Tannins + Braymer’s
Terpenoids + Salkowkis

Table 2 shows the presence of bioactive
compounds such as alkaloids, flavonoids,
saponins, tannins, and terpenoids. These
bioactive compounds have the potential to act
as capping and stabilizing agents in the
synthesis of TiO. nanoparticles (Villagran et
al., 2024). Different researchers have reported
the presence of these bioactive compounds, for
instance Bhilkar et al. (2023) and Adeyemi et

compounds in the plant extract of Cymbopogon
citratus

3.2 XRD Analysis of TiO2 nanoparticles

The mineralogical phases of the TiO>
nanoparticles synthesized through the green
method of synthesis by varying stirring time at
30 minutes and 60 minutes were investigated
using XRD and the results are shown in Fig. 1.

al. (2022) reported similar bioactive
S/T 60 minutes

D= 15.29
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Fig. 1: XRD pattern of TiO2 Nanoparticles Synthesized at (a) 30 minutes (b) 60 minutes.

-5.

S



Communication in Physical Sciences, 2025, 12(4): 1259-1276

The X-ray diffraction pattern of TiO;
nanoparticles were obtained using ugu stem
plant extract. Figure 1 shows the presence of
peaks at 2 theta value of 29.46°, 43.22°
56.40°, 63.56° 64.85°, 74.44° and 84.10°
corresponding to the miller indices of (011),
(004), (020), (015) (121), (024) and (116).
These observed peaks agreed with the
reference pattern (JCPDS Card No: 00-021-
1272) in the XRD literature patterns, which is
characteristic of the anatase phase structure of
TiO2 nanoparticles (Nabi et al., 2020). The
crystallite size of the TiO2 nanoparticles was
calculated to be 12.09 and 15.29 nm using
Debye - Scherrer’s equation (see equation 6)
for the TiO2 synthesized at 30 and 60 min. The
increase in crystallite size as the synthetic time
increases may be ascribed to the fact that at
longer synthetic times, the TiO2 nanoparticles
have more opportunity to grow through a

(b)
Fig. 2: (a) TEM of TiO2-NPs at 30 minutes (b) TEM of TiO2-NPs at 60 min
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process known as Ostwald ripening and crystal
growth (Shaba et al., 2021). As synthesis time
increases, the tiny nuclei absorb more atoms or
ions from the solution and grow larger.

The mineralogical phase structure obtained is
in agreement with the different literature
reports on the green synthesis of titanium
dioxide nanoparticles using different type of
plant extracts Azadirachta indica, Luffa
acutangula and Acorus calamus (Tharku et al.,
2019; Anbumani et al., 2022; Ansari et al.,

2022).
0.91

- LCos6 (6)
3.3 HRTEM Analysis of TiO>
Nanoparticles

The internal morphologies of the TiO>
nanoparticles synthesized were studied by
HRTEM and the results are shown in Fig. 2.

Average particles size = 13.26 nm Il:l Particcles size distr. of TiOp Nps

Nurber of particles

10 15 20
Particles size (nm)

(a1)

I‘:l Particles size distri. of TiO3 Nps

Average particles size = 14.01 nm

Number of particles

12 14 16 18 20
Particles size (nm)

(b1)
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The analysis of internal morphology of the
TiO2 nanoparticles under stirring time of 30
minutes in Figure (a) shows that the
synthesized nanoparticles were agglomerated,
and their shapes were quasi-nanospheres with
particles having a small size but perfectly
crystalline in nature and this corresponds to the
results reported by several authors in research
related to the green synthesis of TiO2- NPs by
the use of aqueous extracts of leaves (Hamdan
et al., 2020). The TEM results are in close
agreement with the average crystallite size
obtained from the XRD pattern of the
synthesized TiO2 - NPs.
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The images in Figure (b) under stirring 60
minutes also gives clear evidence for the
formation of TiO2-Nps were less agglomerated
when compared with the shapes quasi-
nanospheres in the above conditions which
may be as a result of the increase in the stirring
time and this corresponds to the results
reported by several authors in research related
to the green synthesis of TiO2 — NPs by the use
of aqueous extracts of leaves (Seif3 et al., 2022;
Chen et al., 2023).

3.4  EDX Analysis of TiO2 Nanoparticles

The energy dispersive X-ray was used to
analyze the elemental composition of the TiO>
nanoparticles and the result is shown in Fig. 3.

Energy (keV)

Ti
( ) Element | Atomic weight %
C 6.84
O] 40.85
(O) (b) Ti 52.31
Total: 100
—
s i
Ti i
&) (T (i)
=
=
(%]
c Element = Atomic weight %
e
< C 6.84
O 35.85
Ti 57.31
(a) Total: 100
A
T T 1] T T T | T T

] L]
1.79008,79006,7900@, 79000, 790011.790aG, 790a86, 7900, 790@0, 79000,

Fig. 3: (a) EDX Analysis of TiO2-NPs at 60 minutes, (b) 30 minutes

Fig. 3 (a) under stirring time 30 minutes
showed that titanium (Ti, 4.01keV) and
Oxygen (O, 0.51keV) with percentage
composition of Carbon 6.84 %, Oxygen 40.84
% and Titanium 52.31 % correspond to the
peaks studied using leaf extract of lemongrass
plant (Cymbopogon citratus) ( Swathi et al.,
2019). Other element such as carbon might

-5.
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come from the plant extract used in the
synthesis process.

Similarly, the separate peaks in Fig. (b) under
stirring time 60 minutes showed that titanium
appeared at 4.68 keV and oxygen 0.56 keV
with percentage composition of carbon 6.84 %
, 38.85 % and 57.30 % which is related to the
studies carried out using Ocimum sanctum leaf
extract (Ali et al., 2020) and similar
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investigation was reported by Bahjat (2021) of
absorption spectrum of titanium dioxide
nanoparticles between 4 KeV and 5KeV using
Sesbania grandiflora leaf extract. Other
element such as carbon which might come
from the plant extract used in the synthesis
process.

3.5  DLS Analysis of TiO2 Nanoparticles
The Dynamic Light Scattering was used to
analyse for particle size distribution, Poly
Dispersity Index (PDI), and hydrodynamic
diameter of the TiO. nanoparticles and the
result is shown in Fig. 4.

Soe Dutituten by tessty

(a)

Se Duttuton by intensd

(b)
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The particle size distribution, polydispersity
index, and hydrodynamic diameter of
synthesized nanoparticles of TiO,, were
analysed using dynamic light scattering. The
result shows that the particle size distribution
was 51.54 nm as presented in Fig. 4 and the
polydispersity index was 0.361 and a
significant negative zeta potential of —1.5 mV
for both experimental conditions. This negative
charge on the developed TiO2 nanoparticles
may be due to the various capping agent from
the plant sources present on the surface of
nanoparticles.

Size Distribution by Intensity

8
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Fig 4: DLS of (a) DLS Analysis of TiO2-NPs at 30 minutes and (b) 60 minutes

In addition the existence of a significant
amount of negative charge on the surface of
developed nanoparticles, as demonstrated by

. ot

g S

the high absolute value of zeta potential, would
be helpful in the stability of nanoparticles
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(Mohamed et al., 2023; Alengebawy et al.,
2021).

3.6 Effect of Contact Time

The influence of contact time on the adsorption
efficiencies of Cr (V1) and Pb (1) metal ions
from fertilizer wastewater by TiO> was studied
in the range of 15-75 min under the conditions
of nanoadsorbent dosage (0.06 g), pH 6.87 and
temperature (303 K) and the result is presented
in Figure 5. The removal of Cr (VI) by the
nanoadsorbents increased rapidly within the
first 15 min and gradually increased until
equilibrium was achieved after 45 min of
adsorption time while Pb was observed to be
rapidly at 15 min and equilibrium was achieved
after 30 min of adsorption time. At equilibrium,
the highest removal efficiency for Cr (VI) was
obtained as 41.23 % and Pb (1) was obtained
as 52.65 %. The removal efficiency could be
ascribed to significant interaction between the
nanoadsorbent and the adsorbate, leading to
higher removal of the Cr (VI) and Pb (1) metal
ions. As the contact time increased, the metals
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occupied the active sites leading to it blockage
(Egbosiuba et al., 2021). The high percentage
removal of Cr (1) mighty be due diffusion and
its removal by the nanoadsorbents which could
also be explained according to ionic radius of
these metals. Element with smaller ionic radius
would diffuse faster onto the pores of the
nanoadsorbents than element with larger ionic
radius (Horsefall et al.,, 2019). Another
possible reason for the differences in the metal
ions removed may be due to the nature of the
ions in the aqueous medium, ions with smaller
sizes have been known to be heavily hydrated
and become larger and bulkier than the less
hydrated. This less hydration enhanced their
chances of being attracted to the adsorption
sites faster than the heavily hydrated ions that
migrate slowly in aqueous solutions (Bankole
et al., 2019). It is also possible that the heavily
hydrated ions blocked the small size ions from
reaching the binding sites, thus responsible for
the low removal efficiency of ions with smaller
ionic radii.

60

50 -

10 -

20 30

40

50 60 70 80

Time (min)

Fig. 5: Variation of %removal with time for the adsorption of Cr (V1) and Pb (I1) at pH 6.96
adsorbent dosage (0.06 g) and temperature 30 °C
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3.7  Effect of Nanoadsorbent Dosage

Nanoadsorbent dosage is one of the significant
factors that affect the efficiency of adsorbents
in the removal of pollutants from wastewater
(Anoob et al., 2024) and was studied in the
range of 0.02 — 0.1 g/L at contact time (30 min),
pH 6.87 and temperature (30 °C). The results
are presented in Figure 6 which indicates that
the removal efficiencies of Cr (VI) and Pb (1)
metal ions using TiO2 nanoparticles, improved
with increasing the dosage from 0.02t0 0.1 g/L.
The observed increasing removal trend may be
linked to the surface area and the availability of
the active site that increase with increasing the

1268

nanoadsorbent dosage (Adewoye et al., 2021;
Zhao et al., 2023). The highest percentage
adsorption of Cr (V1) was observed to be 73.76
% while Pb was observed to be 45.51 % and
were obtained using 0.03 g/L of the TiO:
nanoparticles. Further increment in the
nanoadsorbent dosage up to 0.1 g/L resulted in
a decline in the percentage removal which
could be attributed to the overlapping of the
active sites as reported by Shaba et al. (2022)
when the nanoadsorbent is increased to an
extent, thereby reducing the degree of contact
between the nanoadsorbents and the Cr (VI)
and Pb (I1) metal ions.

80
—
—®Pb  m
o] - "
60 =
c_g 50 =
= L
£ 40 -
o .
= 30 - p
20 =
10 =
(0] : | | | I
0.00 0.02 0.04 0.06 —— -

Dosage (g)

Fig. 6: Variation of %removal with dosage for the adsorption of Cr (VI) and Pb (Il) at a
constant of pH 6.96 time (30 min) and temperature 30 °C.

3.8 Effect of Reaction Temperature

The studies of the adsorption temperature to
analyze the endothermic or exothermic nature
of the adsorption of Cr (V1) and Pb (Il) metal
ions from fertilizer wastewater is vital in the
adsorption processes (Titus et al., 2021). The
effect of different temperatures varied in the
range of 30 to 70 °C while maintaining
previously optimized conditions such as pH
(6.87), contact time (30 min), nanoadsorbent
dose (0.03 g) and initial metal ions

.5.
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concentration (0.159 mg/L and 0.564 mg/L) on
the adsorption of Cr and Pb from fertilizer
wastewater was carried out and the results are
presented in Figures 7. The findings reveal that
increased in percentage removal of Cr (VI) and
Pb (1) metal ions increased as the temperature
increased from 30 to 70 °C. The highest
percentage removal of Cr (V1) was observed to
be 52.87 % while Pb (I1) metal ion was 40.79
%. Therefore, the adsorption of Cr (V1) and Pb
(1) metal ions onto the surface of the TiO>
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nanoadsorbents followed an endothermic
process (Raji et al., 2023). The observed
increase in the adsorption of Cr (V1) and Pb (I1)
metal ions with increasing temperature may be
attributed to the decline in the solution
viscosity. This increase the kinetic energy to
effectively have contact with the active sites of
the nanoadsorbents through diffusion to the
interior pores and across the boundary layer
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(Adebayo et al., 2020; Kandasamy et al.,
2022). Many previous studies corroborated the
increased adsorption of Cr (VI) and Pb (II)
metal ions at elevated temperatures. For
instance, Joseph et al. (2023) reported the
maximum adsorption capacity of Cr (V1) and
Pb (I1) metal ions at a higher temperature of
350 K.
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Fig. 5: Variation of % removal with temperature for the adsorption of Cr (V1) and Pb (1)
at a constant of pH 6.96 time (30 min) and temperature 30 °C

3.9  Adsorption Isotherm Modelling

Adsorption  isotherms  were used to
demonstrate the relationship between the
amount of adsorbate at the point of adsorption
equilibrium and the concentration of adsorbate
in the aqueous phase. The experimental data
were fitted to the Langmuir, Freundlich and
Dubinin-Radukevich (D-R) isotherm models to
interpret the adsorption behaviour of Cr (VI)
and Pb (II) metal ions in the fertilizer
wastewater by TiO2 nanoadsorbent. The results
of the isotherm models’ equations and
estimated adsorption parameters are shown in
Table 3. According to the Langmuir isotherm
parameters, the Cr (V1) has adsorption capacity
(gm) of 0.2694 mg/L while, Pb recorded

.5.
3 5

e

0.9280 mg/g. The high adsorption capacity
observed in the Pb (I1) could attributed to the
surface area and the affinity of the Cr and Pb
metal ions to the nanoadsorbent. The values
0.2116 dm%/g and 0.0205 dm®/g were reported
for the KL which indicate a higher affinity of
the TiO2 nanoadsorbent towards Cr (V1) and Pb
(I1) metal ions. Furthermore, the separation
factor (RL) was utilized to confirm the
effectiveness of the adsorption process. The
value of RL =0 depicts irreversible adsorption,
0 <RL <1 reflects favorable adsorption and RL
>1 refers to an unfavorable adsorption process.
Therefore, the values of 0.5993 and 0.1332
were obtained for the removal of Cr (V1) and
Pb (1) metal ions respectively which indicate a
favorable adsorption process since they are less
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than one. Freundlich isotherm model assumes
a multilayer adsorption process on the
heterogeneous nanoadsorbent surface with
different adsorption energies (Dada et al.,
2021). As seen in Table 3 the value of KF for
Cr (VI) was observed to be 1.3510
(mg/g)/(L/mg)l/n while Pb had 2.0193
(mg/g)/(L/mg)1/n. The value of n indicates the
adsorption strength of the nanoadsorbent,
whereby n < 1 indicates a chemical adsorption
process and n >1 indicates a physical
adsorption process ( Shankar et al., 2023). In
this study, the Cr (V1) and Pb (11) had chemical
adsorption process with values 0.1164 and
0.1103 respectively. In addition higher value of
n shows a better adsorption performance by the
TiO2 nanoadsorbent. Similar results have been
reported by previous studies (Egbosiuba et al.,
2021; Wang et al., 2024). The D-R isotherm
determines the mean free energy of adsorption
and does not consider the formation of a
homogenous layer on the nanoadsorbent
surface or that the adsorption is constant. Here
the gs for Cr (VI) metal ions was obtained as
1.0017 mg/g and kag was obtained as 13.937
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mol?/KJ? while gs for Pb (1) metal ions was
obtained 1.0108 mg/g and Kag Was obtained as
47.793 mol*/KJ°. The constant value of &,
affects the chemical or physical determination
of an adsorption process and represents the
average quantity of energy required for the
removal of adsorbed dye molecules from the
nanoadsorbent surface. As such, the value of €
<8 kJ/mol indicates physical adsorption, while
the value of € > 8 kJ/mol represents a chemical
adsorption process (Raji et al., 2023). As
shown in Table 3.2, the values of € obtained for
Cr (VI) and Pb (Il) metal ions as 1036 and
11625 kJ/mol, respectively indicate the
predominant role of chemisorption process in
the removal of metal ions by the TiO>
nanoadsorbent. From the results of this study,
it is evident that the experimental data had the
best fit with the Langmuir isotherm model due
to its high R? value. In addition, Langmuir
isotherm presented the highest SSE values in
comparison with the tested isotherm models,
thereby confirming that the adsorption of metal
ions was linked to the homogeneous surface of
nanoadsorbent with active sites.

Table 3: Kinetics isotherm model for the adsorption of Cr (V1) and Pb (11) from fertilizer

wastewater by TiO2 nanoadsorbent

TiO2 nanoadsorbent

Isotherm Models Parameters Cr (VI Pb (11)
Langmuir gm (mg/g) 0.2694 6.9280
KL (L/mg) 0.2116 0.0205
RL 0.5993 0.1332
R? 0.9927 0.9280
SSE 2.4150 0.0205
Freundlich KF ((mg/g)/(L/mg)1/n) 1.3510 2.0193
N 0.1164 0.1103
R? 0.8482 0.9421
SSE 0.1950 0.0109
D-R gs (mg/g) 1.0017 1.0108
kad (mol?/KJ?) 13.937 47.793
e (KJ/mol) 1036 11625
R? 0.8144 0.7363
SSE 0.2385 0.4453
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4.0 Conclusion

Titanium dioxide (TiO2) nanoadsorbent was
synthesized via green method of synthesis. X-
Ray Diffraction (XRD), High-Resolution
Transmission Electron Microscopy (HRTEM),
Dynamic Light Scattering (DLS), and Energy
Dispersive X-Ray Spectroscopy (EDX) were
used to confirm the synthesised TiO>
nanoadsorbent. The removal of Cr (VI) and Pb
(1) via batch adsorption from the fertilizer
wastewater was dependent on contact time,
adsorbent dosage and temperature. Cr (V1) had
a higher adsorption removal efficiency of 52.87
% compared to 40.79 % for Pb (I1) at a pH of
6.96, contact time of 30 minutes and a
temperature of 30 °C. The adsorption data fitted
best to the Langmuir isotherm as compared to
the Freundlich and Dubinin-Radushkevich (D-
R) isotherms, demonstrated by higher
correlation coefficient values (R?). These
results shows that TiO2 nanoadsorbent can be
used in fertilizer wastewater treatment.
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