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Abstract

The efficient removal of heavy metals from water is a critical environmental problem. Photocatalysis is a new and rapidly
growing field of research that offers a promising approach. In this study, ilmenite ore (IL) samples procured from the Abu
Ghalaga area in Egypt were functionalized through a facile process using hydrogen peroxide. Different characteristic techniques
were utilized to examine both the physical and chemical properties of all ilmenite samples including XRF, XRD, SEM, EDX,
FTIR, and BET. The XRF data of collected ores (IL samples) was demonstrated as the major oxides TiO2 (36.61-39.73 wt%) and
Fe203 (55.04-55.15 wt%). According to XRD, The main mineral in the Abu Ghalaga ilmenite ore samples is ilmenite Fe(TiOs)
ranging from (78% -83%) While the hematite mineral (Fe203) ranging from (17% - 22%). The photocatalytic efficiencies of the
functionalized ilmenite samples (f-1L) were investigated for the removal of Pb(ll) ions under visible light irradiation in an
aqueous solution. All the functionalized ilmenite samples (f-1L) samples exhibited higher specific surface area and total pore
volume than their source ilmenite ores (IL). The f-IL samples displayed effective photocatalytic removal of Pb(Il) ions
compared to the unfunctionalized ones under optimum conditions. The maximum adsorption capacity (qm) recorded was 309.7
mg/g for the 1-f-IL sample with removal efficiency reaching 97.6% at pH 7, temperature 25 °C, and catalyst dosage 20 mg after
60 min irradiation time under visible light. This study highlights the superior photocatalytic efficiency of functionalized ilmenite
towards the removal of Pb(ll) ions in an aqueous solution under visible irradiation.

Keywords: limenite; Photocatalytic; Pb(ll) ions; Visible light irradiation; Pollution; Wastewater treatment.

1. Introduction adsorbent dosage, the temperature, the contact time,
Heavy metals and/or organic pollutants in water the initial metal ion concentration and the pH of the
cause hazardous effects on human health and the wastewater medium [6-10]. Previous studies reported
environment due to their toxicity [1]. Pb(Il) has been the adsorption of Pb(ll) ions using titanium
recognized as one of the most highly toxic metal dioxide/carbon nanotube nanocomposites [7]. In

ions, which is bio-accumulative, not biodegradable,
and exists in natural environments such as water and
agricultural land due to anthropogenic activities.
Exposure to high levels of Pb(ll) ions has harmful
effects on humans that can lead to death [2]. Pb(ll)
ions are found in large amounts in wastewater from
several industries such as metallurgy, and
electroplating [3]. The most well-known approaches
for the removal of Pb(ll) from wastewater are
chemical precipitation, filtration, ion exchange, and
adsorption [4].

The adsorption technique is more favoured by
scientists due to its simplicity, low cost, and high
efficiency [5]. Different parameters control the
adsorption process of heavy metal ions including the

another study, ZnO, TiO,, and Al.O; were used as
effective Pb(Il) sorbents [8]. Furthermore, the
adsorption of Pb(ll) ions over Fe304, SnO2, and TiO;
nanoparticles surface has been investigated [9].

However, the need for exploring new eco-friendly,
inexpensive and more effective adsorbents is highly
demanded for wastewater treatment. In this regard,
photocatalytic removal of Pb(ll) ions over TiO, and
other photocatalysts has captured the interest of
scientists. Titanium dioxide is the most frequently
applied semiconductor photocatalyst in photo-
induced degradation processes [10,11]. This process
is mainly photo-oxidation of Pb(ll) ions to form PbO,
induced by incident light and sensitized by a
photocatalyst [12]. Unfortunately, the traditional
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extraction techniques of pure TiO, from its natural
ores require harsh reaction conditions, which not only
consume energy but also incur higher costs and are
unfriendly to the environment [13]. As well, the
macro nature associated with ores decreases their
efficiency in different applications. Thus, modifying
the surface morphology of natural ores using green
methods before utilizing them into various advanced
applications, such as oxidation and reduction, is a
global concern [14].

IImenite (IL) is a weakly magnetic black or steel-grey
solid with a FeTiO3 composition, which is mined for
production of titanium dioxide. This mineral
comprises a stoichiometric content of 53% titanium
dioxide (TiOy), although the real TiO; content varies
between 40% and 65% [15]. In Egypt, the Abu
Ghalaga area in the eastern desert is the largest
reserve of ilmenite ore, estimated to be around 50
million tons [16].

The petrography of ilmenite ore from Abu Ghalaga
region is distinguished into massive ilmenite (>75
vol% Fe—Ti oxides) and semi-massive ilmenite (~40—
60 vol% Fe-Ti oxides). Both types contain variable
amounts of plagioclase, amphibole, pyroxenes,
apatite and sulfides [17]. The Abu Ghalaga Fe-Ti
oxides are composed mainly of pure ilmenite or
ilmenite containing ex-solved titanomagnetite and
titanohematite. Some magnetite, goethite and
hematite rich bands were also detected in the ilmenite
ore [17].

In continuing to our previous work on developing
materials based on TiO; and the discovery of their
activity towards the detoxification of greenhouse
gases such as NOx [18], SOx [19], CO; [11] and CO
[20] and removal of pollutants in water [21]. In this
study, we decided to investigate the functionalization
of ilmenite ore and its use in Pb(Il) ions
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detoxification in an aqueous solution. Three samples
of natural ilmenite ore (IL) were collected from Abu
Ghalaga area, and then a facile chemical
functionalization is applied to produce functionalized
ilmenite (f-IL). The detoxification of Pb(ll) ions was
carried out in this study by photocatalytic method in
an aqueous solution. In this approach, Pb(Il)
adsorption by FeTiOs is characterized by its large
surface area, excellent stability and low cost.

2. Experimental
In this study, natural ilmenite ores were procured
from the Abu Ghalaga area, in Egypt. Hydrogen
peroxide (H202, 30 wt%) was purchased from El
Nasr Pharmaceutical Chemicals Company, and
Pb(CH3COO), was purchased from Sigma Aldrich
company. All received materials were used without
further purification.
Geologic setting
Abu Ghalaga area lies about 25 km southwest of Abu
Ghusun City on the Red Sea Coast and far about 125
km from Marsa Alam city. Abu Ghalaga area is
considered the largest ilmenite reserve ore in Egypt.
The Neoproterozoic rocks of the Wadi Abu Ghalaga
area include island-arc metavolcanics, intrusive
layered gabbro and syn-tectonic granitoids [22] (Fig.
1). These rock units are dissected by several dykes of
various compositions. In addition, many quartz veins
crosscut the country rocks of the study area. The
metavolcanics are the oldest rock units exposed in
Wadi Abu Ghalaga area. They represent mainly by
mafic metavolcanics (metabasalt) and felsic
metavolcanics (metadacite and metarhyolite) with
their pyroclastics (Fig 2).
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Fig 2.
Synthesis of hydroxyl-functionalized ilmenite
samples

The —OH functionalization method was carried out
with few modifications according to pervious work
conducted by Dhineshbabu group [23]. Briefly, about
1 g of natural ilmenite samples (with serial number 1-
IL, 2-IL, and 3-IL based on their ore source location)
were sonicated in 100 mL of H,O, for 15 min,
followed by refluxing at boiling temperature for 4 h.
The resulting solution was filtered, washed several
times, and dried at 80 °C in oven.

Characterization of ilmenite ores and chemically
functionalized ilmenite

X-ray Fluorescence (XRF) analysis

XRF analyses were performed at the GeoAnalytical
Lab, USA. The concentration of the major was
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Fig 1. Geologic map Wadi Abu Ghalaga area [22].
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determined by X-ray fluorescence (ThermoARL XRF
Spectrometer). Each sample was weighed, mixed
with two parts di-lithium tetraborate flux, fused in a
muffle furnace at 1000°C, and then cooled. The
resulting bead was reground, re-fused, and polished
on the diamond lap producing a smooth, flat surface
for analysis. The calibration standard was the
reference material 650CC from the USGS standard
rock powder GSP2. The loss on ignition (LOI) was
determined by the weight difference after ignition at
1000 °C. A working curve for instrument sensitivity
was developed using a blank fused bead from the
same batch of flux as used to prepare the unknowns
along with USGS standards AGV-2 and RGM-
2. Tocontrol for quality, additional USGS
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standards (DTS-2, BCR-1, G-2) were included as
unknowns.
X-Ray Diffraction (XRD) analysis

Visible light

Closed chamber

Polluted water __
Reaction vessel ;

—s¢ IL or £-1L

Teflon coated
stir bar

Stirringrate
controller D) v

irradiation using four LED lamps Philips 20 watt as
source of visible light. Afterward, the mixture was
centrifuged at 3000 rpm for 5 minutes. The filtrate

Fig 3. Photoreactor for Pb(Il) photocatalytic removal processes.

Minerals identification of three samples of ilmenite
ores of Abu Ghalaga were achieved by XRD at the
Egyptian Mineral Resources Authority (Dokki,
Egypt). XRD analyses were detected using a
PANalytical X-ray diffraction equipment model
X'Pert PRO with a Secondary Monochromator. Cu-
radiation (A=1.542A) at 45 K.V., 35 M.A.

Scanning Electron Microscope (SEM) analysis
The surface morphology and chemical composition
analysis were performed using SEM, FEI Quanta
FEG-250 microscope, equipped with AMETEK unit,
is the energy dispersive X-ray spectroscopy (EDX)
analysis unit, with an accelerating voltage of 20 kV.
The samples were prepared by mounting them on an
aluminum holder by carbon adhesive tape prior to
scanning.

Fourier Transmission Infrared (FTIR) analysis
The FTIR spectra were recorded using Bruker
VERTEX-80v vacuum FTIR spectrometer from 4000
to 400 cm™.

Nitrogen adsorption-desorption analysis

The specific surface area and porous structure were
characterized by the nitrogen adsorption-desorption
measurements at liquid N temperature (77K). The
data were collected by NOVA Touch LX4,
Quantachrome instruments. All ilmenite samples
were degassed at 250°C for 3 h prior to
measurements.

Application of ilmenite samples (before and after
functionalization) for removal of Pb(l1) ions.
Photocatalytic removal of Pb(ll) ions was studied
using a mixture solution containing 20 mL of Pb(lIl)
ions (50 ppm) and 0.02 g of f-IL composites (1-IL, 1-
f-1L, 2-IL, 2-f-IL, 3-IL, 3-f-IL) in an Erlenmeyer
flask.

Then, the glass apparatus was placed in a
photoreactor (Fig 3) equipped with magnetic stirrer
(200 rpm stirring rate) for 60 min under visible light
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was taken out and measured by Atomic Absorption
Spectrometer (Varian SpectrAA 220).
The removal efficiency was calculated according to
the following equation:

R%= [(Co-C1)/Co] x 100, where:
R%: Removal efficiency, Co: initial concentration of
metal ions before treatment, Ci: the concentration of
metal ions after treatment.

3. Results and discussion
Characterization of ilmenite samples as FeTiO3
photocatalyst (before and after functionalization)
XRF Analysis
XRF data for three collected samples from Abu
Ghalaga ilmenite ores were determined (Table 1).
The XRF data of bulk chemical are TiO, (36.61-
39.73 wt%) and Fe;Os (55.04-55.15 wit%) represent
the major oxides in the analyzed ilmenite samples
with minor amounts of SiO, (0.57-2.75 wt%) and
MgO (1.82-3.26 wt%). Other major oxides are very

Table 1. Major oxides by XRF of ilmenite ore of
Abu Ghalaga area.

Samples -1l [ 2-1L | 3-IL
M_ajor . and Abundant %

minor oxides

SiO; 2.75 0.57 1.91
TiO; 36.61 39.53 39.73
Al,O3 0.94 0.04 0.29
Fe203 55.15 57.50 55.04
MgO 3.26 1.82 2.39
Cao 0.25 0.25 0.01
Na,O <d.l. <d.l. <d.l.
K20 0.03 <d.l. <d.l.
P,0s 0.02 0.02 0.01
MnO 0.21 0.24 0.21
LOI 1.29 0.28 1.24
Total 100.52 | 100.25 100.83
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low in their concentrations or below the detection
limits. The analyzed ilmenite samples have low LOI
values (0.18-1.58 wt%) indicating the fresh nature of
these samples.

XRD Analysis

The main mineral in the Abu Ghalaga ilmenite ore
samples is ilmenite Fe (TiOs) ranging from (80%) for
sample (1-IL) and (83%) for sample (2-IL) and
(78%) for sample (3-1L). While the hematite mineral
(Fe203) ranging from (20%) for sample (1-I1L), (17%)
for sample (2-1L), and (22%) for sample (3-IL)
(Error! Reference source not found. and Table 2).
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Fig.4. XRD pattern of ileminte ore samples

Table 2. XRD of ilmenite ore of Abu Ghalaga area.

Sample 1-IL [2-IL |31

Composition of ore Abundant %
IImenite Fe(TiOs) | 80 83 78

Hematite Fe,Os 20 17 22

FTIR analysis

Fourier Transform Infrared (FTIR) analysis was used
to investigate the binding structure of ilmenite before
and after the H,O, functionalization process as
presented in Fig. 5.

From the FTIR spectra, all samples show bands
around 450, 530, and 685 cm, which correspond to
the characteristic vibration bands of ilmenite, as
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reported in previous studies [24, 25]. The bands
appeared between 500-1000 cm are attributed to Ti-
O-Ti and Fe-O vibrational modes [26, 27]. Sharpened
and more intensive bands exhibited in 1-f-IL and 3-f-
IL samples, with shift in peak positions, indicating
the increase in material crystallinity after treatment
and confirming the interaction between ilmenite and
H>O,. On contrarily, sample 2-f-1L exhibited broader
and less intensive bands in comparison to untreated
2-1L sample, due to presence of impurities and
difference in ilmenite ore composition as reported by
the XRF analysis. Furthermore, a broad weak band is
clearly observed at 163292 cm? for the
functionalized sample 1-f-IL, which is assigned to -
OH bending vibration [28]. A study done by
Wijewardhana group mentioned that the band at 1630
cm? is assigned to Ti-OH vibrations [27]. All the
untreated ilmenite samples displayed various bands
from 2600 to 3600 cm™ that denote to the -OH
stretching vibrations of adsorbed water molecules
[29, 30]. However, some of these bands became
smaller or disappeared after treatment with H.O, that
is attributed to the thermal treatment conducted after
functionalization process [31].

3-f-IL
3-IL

% Transmittance

T T T T T T T T T T r T T :
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (¢cm™)

Fig 5. The FTIR spectra for the ilmenite samples
before and after functionalization.

Nitrogen adsorption-desorption analysis

The Braunauer-Emmett-Teller (BET) method was
employed to calculate the specific surface area
(SSA).

The pore volume and size distributions were obtained
from the nitrogen adsorption-desorption isotherms.

From the results, the functionalized ilmenite samples
displayed higher SSA and total pore volume in
comparison to untreated ones. The SSA for ilmenite
samples 1-IL, 2-1L, 3-IL, 1-f-IL, 2-f-IL, and 3-f-1L
are 56.032, 24.7546, 62.0669, 71.3135, 28.1302, and
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70.9337 m?/g respectively. These results are superior
in comparison to that listed in the literature, where
the natural ilmenite ore (both treated and untreated)
exhibited low SSA varied from 0.15 to 13.20 m?/g
(Table 3) [32-36].

While the synthetic nano-FeTiO3 ranged from 40.77
to 115 m?/g [30,37] .

Table 3. The specific surface area, pore sizes, and
pore volume distribution for all ilmenite samples.

Average
Adsorbent (Srif/\g) (Tc?;";‘/'g‘)"’re pore size

(hm)
1-1L 56.032 0.218614 7.80319
2-1L 24.7546 0.0954811 7.71421
3-I1L 62.0669 0.0996729 3.21179
1-f-1L* 71.3135 0.278236 7.80319
2-f-1L 28.1302 0.108501 7.71421
3-f-1L 70.9337 0.113912 3.21179

* 1-f-1L displayed the highest surface area, pore
volume, and pore size.

After functionalization, the ilmenite samples showed
larger total pore volume values ranged from 0.109
cm®/g to 0.278 cm®/g, indicating a higher adsorption
capacity for heavy metals. On contrarily, the average
pore sizes were not affected by functionalization and
varied from 3.2 to 7.8 nm, which belong to the
mesoporous materials according to the IUPAC
classification [38]. From the adsorption-desorption
isotherms, all curves are characteristic to Type (1)
isotherm.

It was obvious that, sample 1-f-IL exhibited the
highest SSA, total pore volume, and average pore
size, suggesting it will be a more effective adsorbent
than other ilmenite samples towards adsorption of
heavy metals in wastewater. These findings
corroborate with the observations acquired from the
SEM images.

SEM analysis

The surface morphology of the ilmenite samples
before and after functionalization 1-IL, 3-IL, 1-f-1L,
3-f-1L; respectively that showed higher surface area,
pore volume, and pore size. Sample 1-IL reveals
macro-shaped lumps with few ununiformed small
particles. While, small and large uneven particles
with minor lamellar shapes are visible in the 1f-I1L
sample, indicating a significant increase in surface
area (Fig. 7).

=

‘4

Quantity adsorbed (cm%/g STP)

=

Quantity adsorbed (em’/g STP)
5 = ® s )

=

3

Quantity adsorbed ((‘I]]1.-’2 STP)

Beside the irregular shaped lumps and particles,
sample 3-1L shows macro lamellar shapes with a size
range of 0.2-1.4 pm, which decreased to 0.06-1.0 um
with a flaky-like surface morphology for the treated
3-f-IL sample confirming the increase in surface area
after  functionalization.  The ilmenite ores’
heterogeneous, porous and irregular structure is
clearly visible in all micrographs, with apparent
difference in surface roughness between the treated
and untreated samples.

The quantitative  energy  dispersive  X-ray
spectroscopy (EDX) analysis displays the elemental
composition of ilmenite samples, which is primarily
composed of Ti, Fe, and O with minor amounts of C,
Mg, Si, Na, Al, P, S, and Ca. These results are
consistent with the chemical composition obtained by
the XRF analysis. The apparent variation in the
surface topology between untreated ilmenite samples
was related to its ore source.
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Fig 6. The adsorption-desorption isotherms for all the
ilmenite samples.
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Effect of contact time

In this work, the ilmenite composites (1-1L, 1-f-IL,
2-1L, 2-f-IL, 3-IL, 3-f-IL) were tested to adsorb
Pb(ll) ions as one of the major pollutants of water.
The experiments were performed in ambient and
under the effect of visible light by adding 5 mg to the
synthetic solution of the lead acetate [initial
concentration (Co) of copper solution equals to 50
ppm] at pH 7 (Fig. 8 and Table 4).

From the results presented in Fig. 8 and Table 4, it is
noticeably that the light has an improvement role in
increasing the absorptivity of lead. The samples 2-1L
and 2-f-IL showed the lowest activity under both
dark and visible irradiation. However, 1-f-IL
composite displayed the highest removal efficiency
reaching 67.6% after 60 min under visible light
irradiation.
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Fig 7. The SEM and EDX micrographs at different magnifications for the 1-1L, 1-f-IL, 3-IL, and 3-f-I1L
ilmenite samples.
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Pb(ll) ions in a synthetic solution

20

3217
172
7.04 1459
176

129

pprzveodyo
£

oas oq

60 20 100 120 120 160 180

Table 4. Effect of contact time on Pb(ll) ions removal in: (a)
Ambient condition and (b) under visible light irradiation condition.

Sample TIL | 1F |2 | 2F [3IL | 3F
T T I

Contact time | Removal efficiency of Pb(ll) ions %

(min)

5 363 | 428 |31 |67 212 | 276
10 | 369 | 431 |35 |79 |213 |278
15 | 371 | 437 |56 |82 |227 | 283
s [20 [382 |446 |62 |87 |233 | 291
% 25 | 396 | 447 |68 |94 | 246 | 307
S [30 |401 | 451 |7 | 103 | 246 | 319
S [40 [ 407 [452 |71 |102 | 246 |3i1
g 50 | 407 | 452 | 71 | 102 | 246 | 3L1
= [60 [407 [452 |71 | 102 | 246 | 313
= 5 56.3 | 56.3 | 76 | 117 | 332 | 416
=g 10 | 581 | 571 |78 | 172 | 346 | 438
@ _ |15 |599 | 602 | 102|194 | 355 | 442
B 520 | 605 | 624 | 114|219 | 371 | 446
> S5 25 [6L8 | 632 | 119|221 |37.7 | 449
SE§ 30 623 |675 |121 223 |383 | 457
40 | 626 | 675 | 123 | 223 | 383 | 45.7
50 | 625 | 67.6 | 124 | 223 | 383 | 45.7
60 | 625 | 67.6 | 124 | 223 | 383 | 45.7
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Fig 8. Effect of contact time on Pb(ll) ions removal: (a) in dark and (b) under visible light irradiation conditions

The samples 2-1L and 2-f-IL showed the lowest
activity under both dark and visible irradiation.
However, 1-f-IL composite displayed the highest
removal efficiency reaching 67.6% after 60 min
under visible light irradiation.
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Fig. 9. Effect of adsorbent loading in removal of Pb(Il)

ions.

Table 5. Effect of adsorbent dosage on Pb(Il) ions

removal.

Adsorbent

dosage (mg) 5 10 15 20
Samples Removal efficiency of Pb(ll) ions %
1-1L 62.5 77.5 78.5 78.5
1-f-1L 67.6 89.6 97.6 | 97.6
2-1L 12.4 19.7 19.8 19.8
2-f-1L 22.3 32.3 32.3 | 323
3-IL 38.3 42.3 436 | 43.6
3-f-1L 45.7 49.2 50.8 | 50.8

Effect of adsorbent loading

The experiments were performed under the effect of
ambient conditions at pH 7 and 25 °C using different
amounts (5 mg, 10 mg, 15 mg, 20 mg) of the
samples; 1-I1L, 1-f-IL, 2-IL, 2-f-IL, 3-IL and 3-f-IL
were used to reach the maximum adsorption for Pb?*
ions after 60 min under visible light irradiation.

Egypt. J. Chem. 67, No. 5 (2024)

Figure 9 showed that samples 2-IL and 2-f-IL
exhibited weak adsorption effect. However, a
significant increase in the removal efficiency had
been observed when the titanium oxide ratio
increased in the samples 1-1L and 3-1L. Additionally,
the functionalized ilmenite samples 1-f-1L and 3-f-1L
showed improved Pb?* adsorption. It was obvious
that 1-f-IL exhibited the best performance for
removal of Pb?* ions with 97.6% removal efficiency
at 20 mg of the sample; all other results were listed in
Table 5

Effect of pH

The effect of pH on photocatalytic removal of Pb(ll)
ions has been investigated. As illustrated in Figure
10, it is obviously observed that the removal
efficiency (R%) starts to increase till reaching its
maximum at pH 7 then decrease with increasing pH
to 9. It was confirmed that after pH 7, the Pb(Il)
began to precipitate, and Pb(ll) in the solution form
was unstable. This is attributed to the precipitation of
Pb(Il) species in the form of Pb(OH), at pH 9.
Besides, the surface of FeTiOs can be converted to
FeTiO, which is not easy to release electrons under
light irradiation conditions. Therefore, these findings
confirm the great influence of solution pH on the
photocatalytic removal of Pb(ll) ions and the
optimum conditions was achieved at pH 7,
temperature 25 °C, and catalyst dosage 20 mg under
visible light conditions. In addition to the superior
photocatalytic ~ removal  efficiency of the
functionalized samples compared to their natural ores
under optimum conditions. The best removal
efficiency is achieved for sample 1-f-IL reaching
97.6% and the lowest performance is observed for
sample 2-1L with 19.8% removal efficiency.



FUNCTIONALIZED ILMENITE ORES FOR IMPROVED PHOTOCATALYTIC REMOVAL.. 581

100 -

90 -
80 -
70 - ——2-L
60 -
. —2-FIL
é 207 3-L
a0 - i
30 | —3fL
20 - —=1-L
10 -+ 141U
0
4 7 9

pH of the solution

Fig 10. Effect of pH of the solution ranging from 4-9
on photocatalytic removal of Pb(Il) ions under visible
light irradiation, 25 °C, f-IL conc. 20 mg.

Adsorption isotherm

The removal of Pb(Il) without irradiation of light
indicated that adsorption of Pb(Il) occurred on the
FesO4 surface that act as a host material. The
maximum adsorption capacity of Pb(Il) on f-IL
composite 1-f-IL can be determined using the

Langmuir isotherm model (Fig. 11 and Table 7).
Ce Ce 1

—_—=—+
ge gm KLgm

Ce is the concentration of Pb(Il) solution (mg/L), ge
is the quantity of Pb(ll) adsorbed per 1 g of catalyst
(mg/g), gm is the maximum adsorption capacity
(mg/g), and KL is the Langmuir adsorption constants
that is related to the adsorption energy (L/mg). Based
on the adsorption isotherm graph, the maximum
adsorption capacity (gm) value and the Langmuir
adsorption constant (KL) of the nanocomposite to
Pb(Il) molecules were calculated from the equation
of the line curve ge versus Ce.

6 -
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w
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Fig. 11. Effect of adsorbent loading in removal of
Pb(ll) ions

Table 7. The Langmuir isotherm constant and kinetics for
photocatalytic removal of Pb(Il) ions.

Sample gm (10> mg KL (10" L / R?(%)
/19) mg)

1-f-IL 309.7 0.0991 0.98

1-1L 1245 0.0465 0.97
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Mechanism insight

The adsorption of Pb(Il) on nanocomposite followed
the Langmuir isotherm model proposed that the
highest adsorption capacity of Pb(ll) was induced on
the surface of sample 1-IL and 1-f-IL with FeTiOs
comprising of (TiO2 36.61%, Fe.Os; 55.15%) in
presence of metal oxides accompanied with the ore
(SiOz, AlO3, MgO; 2.75%, 0.94%, 3.26%) (XRF
data, Table 1). Although the highest TiO, content
was observed in samples 2-1L and 3-IL; 39.53% and
39.73% respectively, the sample 1-f-IL showed the
most effective adsorbent. That could refer to the
accompanied metal oxide in the ore 1-1L or 1-f-IL. It
can be postulated that the hydroxyl groups on metal
oxide in water are acting as sites for ion exchange
[39-43] With this phenomenon, it is hypothesized
that chelate complexes between FeTiOz and Pb?* ions
were formed to form [FeTiOs]-[Pb] (Complex-1)
[FeTiOs-(OH)X]-[Pb] or (Complex-11) in both cases
before and after functionalization with hydroxyl
group (Fig. 12). From the isotherm results (Table 6),
it was worth noting that the adsorption of Pb(Il) ions
removal needed more active hydroxyl groups on
FeTiO; surface that was achieved after
functionalization of sample 1-IL with hydroxyl
groups to produce sample 1-f-IL. As a result, it was
observed that the 1-f-IL sample exhibited the
maximum adsorption capacity value (qm = 309.7
mg/g). In addition, from the experiments, it was
determined that that performing the adsorption
process under visible light irradiation, an
enhancement in the adsorption ability of Pb?* over f-
IL adsorbents was observed. The highest removal
efficiency was recorded for 1-f-IL sample 97.6%
under optimized conditions. The photocatalytic
removal for Pb?" ions can be expressed by the
following equations.

FeTiOs; or FeTiO3-OHx + hv — [FeTiOg]* or
[FeTiOs-OHX]* + e + h* (Sensitization)

H,O — HO™ + H* (Water splitting)

Pb?* + "OH — PbO + H* (Photo-oxidation)

As a result, it can be concluded that the removal of
Pb?* under light conditions can be accomplished
through photo-oxidation approach [12].
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Conclusion

In this study, the Egyptian Abu Ghalaga natural
ilmenite ores (IL) were successfully functionalized
with hydrogen peroxide through a simple method.
The formation of hydroxyl functional group after
functionalization was attributed to the surface
modification process of ilmenite, where (-OH)
functional groups are introduced on the ilmenite
surface besides its increased surface area and pore
volume, that improves its photocatalytic performance
and promotes adsorption of Pb(ll) ions. As a result, it
was observed that, the Pb(ll) ions were efficiently
removed from aqueous solution under visible light
irradiation after 60 min irradiation time at pH 7, room
temperature, and catalyst dosage 20 mg. It was
determined that the sample 1-f-IL recorded the
highest removal efficiency 97.6% and maximum
adsorption capacity [i.e. maximum adsorption of Pb?*
ions per 1g of catalyst (mg/g)] 309.7 mg/g,
respectively. Thus, these findings are promising for
developing new, green, non-toxic, low-cost, and
effective photocatalytic materials for water treatment
applications.
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