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ABSTRACT

Titanium oxide (TiO,) was fabricated by using an auto-combustion technique with albumin egg fuel
followed by calcination at 600°C for half an hour. TiO, nanoparticles were characterized by using
various tools such as thermogravimetric analysis and differential thermal analysis, X-ray diffrac-
tion, energy dispersive X-ray analysis, scanning electron microscopy, transmission electron micros-
copy, and Fourier-transform infrared spectroscopy. The synthesized TiO, used as an adsorbent for
Pb* removal from water. The removal of Pb* from water and adsorption capacity of the calcined
TiO, nanoparticles was examined at different parameters. The model of adsorption isotherm and
adsorption kinetics are used for the description of the removal of leads ions over the calcined TiO,

nanoparticles.
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1. Introduction

Environmental problems like water, air, and land con-
tamination have spread due to rapid population growth
and industrialization development. Heavy metals can be
considered some of the most dangerous contaminants due
to their non-biodegradable nature. Lately, water pollu-
tion by contaminated elements (e.g. Cr*?, Hg*, Cd? Zn®,
As*?, Cu*?, Ni*?, and Pb*?) becomes one of the most extreme
world problems [1-5]. These elements can describe as car-
cinogenic to individuals if these elements consumed in
high dosage. Lead is a significant poisonous heavy metal
that is utilized in galvanizing plants, metallurgy, varnishes
and paints, battery and tannery manufacturing, pulp and
paper industries, metal products, etc. Lead can be found
as Pb* in H,O that precipitates in soft tissues of the organ-
ism when extracting into food chains. Lead is a metabolic
poison and enzyme inhibitor that precipitates in the brain,
bones, kidney, and muscles. Hence it may cause big health
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issues like reduction in fertility, anemia, kidney failure,
Alzheimer’s disease, nervous system deterioration, and
bone problems [6-8]. Nowadays, various methods are used
for efficient pollutants and removal of contaminated metals
from water by membrane and membrane ultrafiltration [9],
coagulation—flocculation [10], reverse osmosis [11], precip-
itation and reduction [12], ion-exchange [13], electro-coag-
ulation [14], electrodialysis [15] and adsorption [16]. If the
concentrations of these metals are very high, these meth-
ods may be ineffective and also in general these methods
are expensive [17]. The adsorption method is the most sig-
nificant technique utilized for the treatment of water as
it offers adaptability in operation and design, non-toxic,
eco-friendly, inexpensive adsorbents, and also clean water
treated with high quality in many cases [5,18,19].

Lately, many reports have appeared about simple and
mixed metal oxides utilized as nano-adsorbents for removal
of various poisonous metal particles (e.g. Hg*, and Pb*)
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from water [20,21]. Nanosized metal oxides are the most
widely studied as promising adsorbents (e.g. CeO,, Fe,O,,
MgO, ALO,, MnO,, ZnO, and TiO,) which are classified as
the important adsorbents for the removal of the contam-
inated metals from aqueous solutions. That is owing to
their huge surface areas and large activities that can be a
result of the size-quantization effect [22-25]. TiO, is consid-
ered a semiconducting material that generally utilized as
an incredible adsorbent for the removal of a different ele-
ments like As(IIT) [26], Cu(Il) [27], Cr(VI) [28], and Pb(II)
[29]. Titania (TiO,) nanoparticles get extensive consideration
owing to its advantage of wide similarity, semiconduct-
ing properties [30] with large exciton binding energy, and
unparalleled optical properties. These desirable properties
make TiO, a possible candidate for many applications like
Li-ion batteries, UV lasers, sensors, photodetectors, photo-
catalysts, and photovoltaic cells [31-34]. TiO, can be used
as an exemplary semiconductor in photocatalysis because of
its high oxidizing power and photostability [35].

Inorganic nanomaterials were produced by different
methods such as sol-gel method [36], hydrothermal/solvo-
thermal processes [37,38], vapor deposition [39], sonochem-
istry [40], microwave [41], combustion methods [42-44].
The fabricated materials were utilized in wide areas such as
ecological research, energy research and biomedical engi-
neering that is owing to their unparalleled characteristics
like good mechanical properties, slow density, excellent
resistance of corrosion, photochemical stability, very good
biocompatibility, large strength-to-weight ratio and high
catalytic efficiency [45]. In this study, titanium oxide (TiO,)
was fabricated by using an auto-combustion technique.
TiO, nanoparticles were characterized by using various
tools such as thermogravimetric analysis (TGA), differen-
tial thermal analysis (DTA), X-ray diffraction (XRD), energy
dispersive X-ray analysis (EDX), scanning electron micros-
copy (SEM), transmission electron microscopy (TEM), and
Fourier-transform infrared spectroscopy (FTIR). The syn-
thesized TiO, was used as an adsorbent for (Pb*) removal
from water. The synthesized TiO, used as an adsorbent
for (Pb*) removal from water. And for (Pb*) removal from
water adsorption capacity of the calcined TiO, nanoparti-
cles was examined at numerous parameters. The various
effects were examined by changing one variable while all
other parameters remain fixed in the next sequence: pH on
adsorption; contact time; dosage of adsorbent; metal con-
centration and temperature. The models of adsorption iso-
therm and adsorption kinetics are used for the description of
the (Pb*) removal on the calcined TiO, nanoparticle surface.

2. Experimental
2.1. Materials and reagents

Lead nitrate (Pb(NO,), 99.95%), and titanium tetra-
chloride (TiCl,, 99.9%) were produced from Sigma-Aldrich
Company, Germany. Hydrochloric acid (HCl, 37%), ammo-
nium hydroxide (NH,OH, 33%), sodium hydroxide (NaOH,
98%) and albumin egg were also supplied from EI. Nasr
pharma chemicals Company, Cairo, Egypt. The reagents and
chemicals which used in this research are analytical grade
and all solutions were prepared by distilled water.

2.2. Fabrication of titanium oxide nanoparticles (TA)

Titanium oxide nanoparticles were fabricated utilizing
the auto-combustion technique. Titanium hydroxide was
obtained using the TiCl, solution (10 mL, 0.45 M) and drop-
wise from ammonium hydroxide with controlling pH of the
solution at 9. The fabricated white precipitate was washed
and separated following by adding the calculated moles
of nitric acid (HNO,) with stirring for 60 min till the white
precipitate was completely dissolved. The obtained clear
solutions were suspended with different weights of albu-
min egg (AE): (0.1, 0.25, 0.5, 0.75, and 1.0 g) with stirring for
10 min at 60°C. The synthesized suspensions were ignited
at 250°C and the black, pale yellow and brown powder
were obtained with the evolution of gases. The as-prepared
powder was grinded and calcined at 600°C/30 min and the
crystalline white titanium oxide nanoparticles were fabri-
cated. Table 1 outlined the product names and compositions
of the starting materials that utilized in the fabrication of
the white TiO, nanoparticles. A flowchart of the fabricated
TiO, nanoparticles appears in Fig. 1.

2.3. Batch adsorption studies

By using analytical-reagent grade, lead nitrate salt was
used for the preparation of the stock solution of 1,000 mg/L
of Pb* ions. This solution was diluted to suitable concen-
trations appropriately. All filtrated samples were analyzed
using an atomic absorption spectrometer at a wavelength
of 283.31 nm for (Pb*)ions. The effect of initial pH (1-8)
on the lead ions adsorption was investigated using 0.050 g
of TA adsorbent with 50 mL of 10 mg/L lead ions solution.
The adsorbent with lead ions solution was stirred at 600 rpm
for 24 h. After the separation using a centrifuge tool, the
concentration of lead ions was determined after a particu-
lar experiment complete. The metal uptake and percentage
removal were calculated using the next relationships:
) 14

Q.=(G-¢) (M)

% adsorption = 1OO{C°C_ C. } ()
where C; and C, are the initial and equilibrium concentra-
tions of Pb(Il) in mg/L. Q, is the amount of Pb(II) adsorbed
onto the unit mass of adsorbent in mg/g. V is the volume of
the sample in L and m is the weight of (TA26 sample) in mg/L.

Table 1
Sample names and compositions of the starting materials
which used in the synthesis of titanium oxide nanoparticles

Sample names TiCl, g AE, g Ti*/AE, wt.%
TA1 0.855 0.1 1:8.55

TA2 0.855 0.25 1:3.42

TA3 0.855 0.5 1:1.71

TA4 0.855 0.75 1:1.14

TA5 0.855 1.00 1:0.855
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Fig. 1. Flowchart of the fabrication of titanium oxide nano-
particles by using combustion method.

2.4. Characterization

The as-fabricated and annealed sample was identi-
fied by using an XRD tool, 18 KW diffractometer (Bruker;
model D8 advance) with monochromatic Cu-Ka radiation,
1.54178 (A) in the angular range of 4°-80° with step size
0.02° (20) and scan step time 0.4 s. TG, DTA, and DTG are
recorded to test the as-fabricated products and performed
under air gas atmosphere using a thermal analyzer instru-
ment (Shimadzu; model TA-60WS) with a heating rate of
10°C min™ from room temperature to 700°C. The mor-
phology of the calcined product was investigated utiliz-
ing field emission scanning electron microscope (FE-SEM,
JEOL JSM-6390). The (FE-SEM) and gold coating process
by using EMITECH K550X sputter coater. The morphology
and particle size of the annealed samples were confirmed
using high resolution (HR)-TEM (model Tecnai G20, FEI,
Netherland) at an electron voltage of 200 kV. The as-fabri-
cated and annealed products were measured using the FTIR
spectrometer (Thermo Scientific; model Nicolet iS10) from
4,000 to 400 cm™. The adsorption processes were tested
using an atomic absorption spectrometer (atomic absorp-
tion accessories, GTA120 Graphite Tube Atomizer, Agilent
Company, USA) at a wavelength of 283.31 nm for (Pb*) ions.

3. Results and discussion

3.1. Characterization of the synthesized titanium oxide
nano-adsorbent

3.1.1. TG-DTA analysis

Thermal analysis in the form of TGA, DTA, and DTG
curves was investigated for an as-fabricated TA sample as

seen in Fig. 2. DTG curve shows four peaks at 60°C, 205°C,
325°C, and 455°C according to the degradation of as-pre-
pared materials. The decomposition of the TA sample (TG
curve) happened in four steps as seen in Fig. 2. The total
weight loss percentage was found to be 43.75% (36°C till
650°C). The first decomposition step happened in the range
of 36°C-100°C which related to the removal of adsorbed
volatile molecules (like H,O) from the TA5 sample. The
weight loss percentage found to be 6.25% in the first step.
The second step appeared in the range of 100°C-250°C and
the weight loss equals 15%. It explains that TA5 sample
decomposed and the various gasses were evolved from the
sample. 10% weight loss in the third stage and 12.5% in the
fourth step in the TGA curve explained the removal of the
back carbonaceous residual after the ignition of albumin.
DTA curve of TA5 sample exhibited an endothermic peak
at 65°C and four exothermic bands at 220°C, 350°C, 480°C,
and 610°C. The DTA curve showed an endothermic peak at
65°C due to the separation of the volatile molecules from the
surface of the TA5 sample. Besides, the exothermic peaks
appeared in the range of 200°C-500°C with three heads at
220°C, 350°C, and 480°C. These peaks were attributed to
the combustion of the residual of organic derivatives (albu-
min) with the evolution of the gases and the crystallization
titanium oxide appeared from the as-fabricated amorphous
titanium oxide of the TA5 sample. In addition, DTA showed
the exothermic peak at 610°C due to the transformation of
the anatase phase to the rutile phase of TiO, [46,47] and it
agrees with XRD. From the extracted data from the ther-
mal analysis, white titanium oxide nanoparticles were
fabricated after the annealing at 600°C.

3.1.2. XRD studies

The XRD utilized for the examination of the crystal struc-
ture of the as-synthesized and calcined TiO, nanoparticle as
be visible in Figs. 3a and b. The patterns appeared the effect
of the calcination temperature on the phase and crystal size
of synthesized TiO,. The XRD patterns of the as-prepared
TiO, nanoparticle have some diffraction peaks shown in
Fig. 2a without any heat treatment. These diffraction peaks
appeared at 25.28°, 37.80°, 46.05°, 53.9°, 55.03°, 62.67°, and
68.84° which related to 101, 004, 200, 105, 211, 204, and 116 for
the diffraction planes of the anatase phase (TiO,: tetragonal
crystal structure; a =b =3.7822, ¢ =9.5023 and a = 3 =y = 90)
according to JCPDS or Reference card No. 84-1286. After cal-
cination at 600°C and as shown in Fig. 3b, the anatase phase
of TiO, according to JCPDS or Reference card No. 84-1286
was appeared and the other peaks with low intensity also
were showed for the rutile phase of TiO, according to JCPDS
or Reference cards No. 77-0446 and 87-07710 for TA16, TA26,
and TA36 samples. The pure anatase phase structure of TiO,
for TA46 and TA56 samples after the calcination at 600°C. The
crystal sizes of TiO, determined by using the Debye-Scherrer
formula as be visible in Eq. (3) [48]. The average crystallite
size (D) of the as-prepared and calcined TiO, nanoparticles
was recorded from the XRD peaks as outlined in Table 2.
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Fig. 2. Thermal analysis of the as-synthesized TA25 sample.

Table 2
Average crystallite size (S) of the as-prepared and calcined TiO,
nanoparticles from the X-ray diffraction peaks

Samples no. Average crystallite size, nm
As-prepared After calcination

TA1 5.64 10.43

TA2 6.90 11.75

TA3 8.30 12.25

TA4 9.40 14.44

TA5 11.23 15.34

where, A is the wavelength of X-ray (1.5406 A for Cu Ka),
0 is the Bragg diffraction angle and Z is the X-ray full width
of the diffraction peak at half-maximum height.

3.1.3. FTIR studies

Infrared spectra of the as-fabricated (TA1l, TA2, TA3,
TA4, and TA5 samples) and calcined TiO, nanoparticles
(TA16, TA26, TA36, TA46, and TA56 samples) are shown
in Figs. 3c and d. The peaks at 1,626-1,636 cm™ and 3,400-
3,500 cm™ are related to the bending and the stretching vibra-
tions of the adsorbed —OH groups, respectively as displayed
in Fig. 3c. The peak at 1,100-1,120 em™, 1,350-1,400 cm™
and 2,853-2,925 cm™ can be characterized for the symmet-
ric vibration of C-O-C, C=0, and aliphatic CH. In the spec-
tra of the as-prepared samples and without heat treatment,
the peaks in between 400-900 cm™ (at 553-566-580-606—
644 cm™ for all samples) correspond to the vibration modes
of Ti-O inside TiO, lattice. In Fig. 3d shows the spectra of
the calcined sample: TA16, TA26, TA36, TA46, and TA56.
The weak absorption bands at 3,424-3,380 cm™ and 1,626—
1,635 cm™ are corresponding to the stretching and bending
vibrations of OH groups, respectively. The weak bands at
1,100-1,135 cm™ appeared in the spectra for and assigned
to the symmetric vibration of carbon—oxygen—carbon. In the

spectra of the calcined samples, the bands at 450-470 cm™,
580-680 cm™, and 800-820 cm™ appeared for all samples
which are related to the vibration modes of Ti-O inside
TiO, lattice [46,47].

3.1.4. Morphology of the calcined titanium oxide
nanoparticles

The HR-TEM and FE-SEM images of the calcined TiO,
nanoparticle (TA26 sample) are displayed in Figs. 4a—d.
The micrographs of SEM showed that the morphology of
the calcined titanium oxide nanoparticles has a large and
porous spherical shape with agglomeration. The small par-
ticle sizes are determined from micrographs and found to be
17 nm [49]. The small spherical nanoparticles are agglomer-
ated with each other and the large size one was built in the
size of 1 pym. Images of TEM appeared the various morphol-
ogy shape of the synthesized TA26 sample. TEM images of
TiO, nanoparticles showed the spherical and square shape as
shown in Figs. 4e-h. It can be estimated that the particle size
of the TA26 sample found to be 14 nm. The extracted data
from the TEM agree with XRD analysis (cal. 12 nm) and it
showed that the TA26 sample has soft agglomeration.

EDX graph and the elemental analysis of TA26 displayed
in Fig. 4i. EDX graph showed the two lines corresponding
to two elements: Ti and O. The elemental composition of
TA26 with 48.50% for the Ti element and 51.50% for O ele-
ment. The percentage of Ti and O elements suggested the
presence of these elements in the form of the TiO, compound.
From the spectrum, it is evident that no other peak corre-
sponding to impurities was detected, which indicates the
high purity of the synthesized titanium oxide nanoparticles.

3.2. Adsorption studies
3.2.1. Adsorption parameters studies

The effect of the pH (1.0-8.0) on the adsorption of Pb
ions (50 ml of 20 mg/L) over 50 mg of the synthesized TA26
was investigated at room temperature as displayed in
Fig. 5a. The adsorption of Pb ions from solution on TA26
adsorbent and the removal percentage increased from 10%
to 97.75% when the pH value of the solution was raised
from 1 to 5 after 24 h. The removal efficiency values remain
almost constant as the pH value increased. The adsorption
behavior might be explained in this point by the protona-
tion and deprotonation of active sites on the surface of the
TA26 sample. At lower pH, the surface TA26 sample was
highly protonated which decreased the metal adsorption.
Whereas at higher pH the (TA) surface becomes negatively
charged due to deprotonation caused by the presence of
OH groups in the solution. At higher pH, the electrostatic
interaction between negatively charged of the TA26 surface
and positively charged lead ions increased which promoted
adsorption. Moreover, the precipitation of Pb ions from
the solution as lead hydroxide at a pH greater than 6.0
and could have resulted in increased adsorption.

Therefore, for the elimination of precipitation effect
and for considering the only adsorption efficiency, the
pH of lead ions solutions was kept lower than the critical
pH of hydroxide precipitation. Therefore, the optimum pH
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Fig. 3. XRD analysis (a and b) and FTIR analysis (c and d) of the synthesized titanium oxide samples.

was chosen at 4.5 for the removal of lead ions from aque-
ous solution [50]. Fig. 5 shows the effect of the time on the
adsorption capacity of the removal of Pb ions in the con-
centrations range: (10-150 mg/L) over 50 mg of TA26 with
contact time range 10-300 min at pH 4.5 and room tempera-
ture. As shown in Fig. 5b, the adsorption capacity of the
removal of lead ions using TA26 samples increased while the
contact time was raised from 10 to 60 min. With raising the
contact time up to 60 min., the adsorption capacity increased
slowly till it becomes constant at 120 min for all concentra-
tions. The first step of the removal was fast over the surface

synthesized TiO, nanoparticles for the free of active sides,
while the active pores on the surface of adsorbent were filled
in the second step and the rate became slower and almost
reached to the saturation [51]. Fig. 5¢ shows the effect of
the dosage of TA26 sample: 0.025-0.125 g/L was carried out
for the removal of 60 mg/L of Pb ions after 120 min at room
temperature and pH 4.5. As shown in Fig. 5¢, the removal of
Pb ions was decreased from 31.9 to 18.1 mg/g as a result of
the weight of the TA26 sample increased from 25 to 125 mg.
Therefore, 50 mg is considered the perfect adsorbent dose
for the removal of Pb ions from aqueous solution [8]. Fig. 5d
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Fig. 4. (a-d) FE-SEM images, (e-h) HR-TEM images, and (i) EDX graph of the calcined titanium oxide (TA26 sample).

shows the temperature factor (25°C, 40°C, and 50°C) on
the adsorption of lead ions (60 mg/L) over 50 mg of TA26
after 90 min at pH 4.5. As shown in Fig. 5d, the adsorption
decreases almost for the removal of lead ions when the
temperature was raised from 25°C to 50°C, indicating the
exothermic nature of the adsorption process. This could be
due to activation and faster movement of Pb?* ions toward
the coordinating sites of TA26 adsorbent at low temperature.

3.3. Isotherm studies

Langmuir, Freundlich and Temkin isotherm models
were utilized for the explanation of the removal of the Pb*
ion over the synthesized TA26 sample from an aqueous
solution according to Eqs. (4)—(6).

& = L + & 4)
9. Kua, 4,

ln(qe)zanF+%lnCe (5)

g,=ZInK,. +ZInC, (6)

where C, is the equilibrium concentration of lead ions in
the solution, g, (mg/g) is the amount of Pb* ion adsorbed
per unit weight of the adsorbent, K, (L/mg) is the Langmuir
constant, g, (g, = K,C,"® mg/g) is the maximum capacity of
led ions adsorbed per unit weight of adsorbent [52], C; is
initial concentration, K, is Freundlich constants (mg/g), 1/B
is heterogeneity factor, B represents adsorption intensity
which varies with a heterogeneity of the adsorbent surface
and for a favorable adsorption process B should be in the
range of 1-10 [53], R is the universal gas constant (8.341 J/
mol/K), T is the temperature in Kelvin, K (L/g) and Z (Z=RT/b
kJ/mol) are Temkin constants and b is the heat of adsorption.
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ions over the titanium oxide nanoparticle.

Figs. 6b—d shows the isotherm models: from Langmuir
(C/q, with C), Freundlich (Ing, with InC), and Temkin
(g, with InC)) for the separation of lead ions from aque-
ous solution or the synthesized TA26 sample. Table 3 out-
lines the extracted parameters from the isotherm models.
R, values determined from Langmuir constant K, and ini-
tial concentration of lead ions and their values reflected the
favorable adsorption process (R, = 0-1) [18]. From the R?
values of the tested isotherms, Langmuir isotherm model is
better fitting than the other isotherms. It explains that the
adsorption of the lead ions over the TiO, nano-adsorbent
was formed the monolayer without any interaction between
adsorbed molecules. Also, the extracted adsorption capac-
ity using Langmuir isotherm was calculated to be 38 mg/g
which is close to the experimental value (38.16 mg/g).
Herein, R, values were determined between 0.00299-
0.0431, related to the initial concentration of 10-150 mg/L.
It explains that the removal of the lead ions over the
TA26 sample is a favorable adsorption process.

3.4. Adsorption kinetic studies

Kinetic study of the adsorption process of lead ions
from aqueous solution to give information about the rate

of the reaction and the adsorption mechanism. The mech-
anism of the adsorption process depends on the physical
and chemical characteristics of the adsorbent and adsor-
bate. The mechanism and rate of adsorption were proposed
by fitting the experimental kinetic data to pseudo-first-
order (log(g—q,) and t), pseudo-second-order (t/q, and
time t) [54] and intraparticle diffusion model (g, and t°°) [55]
as represented in Egs. (7)—(9).

K
log(q —q,)=logg ——L_t 7
og(q, —4q,)=1ogy, 5303 )
Lot ®
9. Kg, 4,

q,= KIDtO‘5 +E 9)

where g, and g, are the weight of lead ions adsorbed (mg/g)
at equilibrium and contact time ¢ (min), respectively, K, is
the pseudo-first-order rate constant of adsorption (min™),
K, (g/mg min) is pseudo-second-order rate adsorption con-
stant, K, is intraparticle diffusion constant (mg/g min®?),
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and E is constant that gives an idea about the thickness
of boundary layer (mg/g).

Figs. 7a—c display the kinetic relations of the separated
lead ions and the extracted kinetic factors are outlined in
Table 4. According to the values of R? for the tested experi-
mental data using various models, the pseudo-second-order
model is the better fitting (R*> = 0.999) than the pseudo-first-
order (R* = 0.956) for the removal of the lead ions over TiO,
nano-adsorbent [54]. So, we can say that the extraction of
lead ions from aqueous solution TiO, follows the pseu-
do-second-order model, and the adsorption capacity value:
39.62 mg/g is in good agreement with the calculated from
the experimental data: 38 mg/g. Fig. 7c exhibits the intra-
particle diffusion model and the values from the relation:
KID = 3.2 mg/g min®® and E = 9.66 mg/g. The linear rela-
tion does not pass the origin point and it is explained that
the intraparticle diffusion cannot use for the illustration

mechanism of the removal of lead ions from the solution
over TA26 nano-adsorbent.

3.5. Adsorption thermodynamics

Thermodynamic parameters including Gibbs free energy
change (AG®), enthalpy change (AH®) and entropy change
(AS°) were calculated to evaluate the feasibility and nature
of the adsorption process. Thermodynamics parameters
of the adsorption of lead ions from their solutions over the
TA26 sample were tested using van't Hoff equation (Eq. (12);
InK_and 1/T) [56] at 25°C, 40°C, and 50°C as shown in Fig. 7d.

AG®=-RTInK, (10)

AG® = AH®° —TAS° (11)
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Extracted parameters from the tested isotherms for TiO, nano-
adsorbent (TA26 sample)

Adsorption isotherm  Parameter Value of
parameter
Langmuir parameters K, (L/mg) 2.22
9 (e (MB/B) 38.16
R, 0.00299-0.0431
R? 0.9999
9 (op) (M8/8) 38
Freundlich parameters K, [(L/mg) (L/mg)"*] 19.71
D (cary (mg/g) 50.21
B 4.81
R? 0.8755
9 (o) (M8/8) 38
Temkin parameters K, (L/g) 136.4
b (KJ/mol) 0.5362
Z (J/mol) 4.62
R? 0.9383
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where the values of K_were extracted from q/C, and are the
equilibrium constant (L/g), T is the temperature in Kelvin
(k) and R is the gas constant (8.314 J/mol). The extracted
of lead ions using TA26 adsorbent was exothermic process
according to the negative charge of AH°. The value of AH°
(cal. 9.014 KJ/mol) is lower than 40 KJ/mol, the removal
of lead ions over the TA26 sample is the physisorption
adsorption process. AS®has a negative charge (0.033 KJ/mol)
which means the decrease in the degree of freedom of solu-
tion for the separation process. The positive values of AG®
reflected that the adsorption process of lead ions is a non-
spontaneous process. Besides, the AG® values increased with
rising of the temperature and it means that the extraction of
lead ions is unfavorable at high temperatures.

InK

(12)

3.6. Comparison with other adsorbents

The adsorption capacity of adsorbent under study is
compared to that of other adsorbents reported in the lit-
erature [50,57-62] and the extracted data are outlined

(b)

t\qt, (min.g.mg?)

0 T T T T T T d
0 50 100 150 200 250 300 350

Time, (min)

(d) 1\T(k?)

0.003 0.0031 0.0032 0.0033 0.0034
-0.1 L L L L

InKc

Fig. 7. (a) Pseudo-first-order model, (b) pseudo-second-order model, (c) intra-particle diffusion model, and (d) InK_ against 1/T for
adsorption of lead ions using TA26 sample.
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Table 4
Kinetic parameters for adsorption of Pb* over the synthesized
TA26 adsorbent

Kinetic model Parameter Extracted parameters
Pseudo-first-order K, (min™) 0.0235

@y (MG/E) 22719

R? 0.956

D op) (MB/E) 38
Pseudo-second-order K, (g/mg.min)  0.000637

Do el (mg/g) 39.618

R? 0.999

Dr (exp) (mg/g) 38

K (mg/g min®) 3.2

E (mg/g) 9.66
R? 0.9908

Intra-particle diffusion

Table 5
Thermodynamic parameters for the adsorption of Pb(II) on the
synthesized adsorbent

Temperature, (°K) InK| AG® AH°® AS°
(KJ/mol) (KJ/mol) (KJ/mol)
298 -0.33647 0.8094
313 -0.47542  1.3039 -9.0137  -0.03296
323 -0.62417 1.6335
Table 6

Comparison between the synthesized TiO, (TA) oxide nano-
adsorbent and other adsorbents

Adsorbent q, (mg/g) Reference
Fe,0,/ALO, 23.75 [50]
Chitosan-GLA beads 14.24 [57]
Chitosan beads 34.98 [57]
(Graphene) GNS 22.42 [58]
GNS500 35.21 [58]
GNS700 35.46 [58]

ZnO 26.109 [59]
Hydrous amorphous/y-Fe,O, 19.2 [60]

Fe,O, 29.0 [61]

CeO, 9.2 [62]

TiO, (TA56) 38 Present work

in Table 5. The capacity value of the tested TA26 sample
from the experimental data in our study is higher than
other adsorbents (Table 6).

4. Conclusions

Titanium oxide (TiO,) nanoparticles were synthesized
by using auto-combustion technique and albumin egg fuel
following by calcination at 600°C. The synthesized TiO,

nanoparticles were characterized by various tools such
as TGA, DTA, XRD, EDX, SEM, TEM, and FTIR. The syn-
thesized TiO, used as an adsorbent for the removal (Pb*)
from aqueous media. Langmuir isotherm model is bet-
ter fitting than the other isotherms and the adsorption
capacity of the calcined TiO, nanoparticles was found to
be 38 mg/g. The pseudo-second-order model is the better
fitting (R*= 0.999) than the pseudo-first-order (R*= 0.956)
for the removal of the lead ions over TiO, nano-adsorbent.
The removal of lead ions using TA26 adsorbent was an
exothermic process according to the negative charge of
AH® and it is the physisorption process. The adsorption
process of lead ions is a nonspontaneous process and it is
unfavorable adsorption process at high temperatures.
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