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Abstract

In this study, the use of TiO,/SiO, nanocomposites investigated to remove nitrate and total iron from
wastewater. The nanoparticles and nanocomposites were characterized by the Brunauer, Emmett, and Teller
(BET), Field Emission Scanning electron microscopy (FESEM), Fourier transform infrared (FTIR), X-ray
diffraction (XRD) and X-ray fluorescence (XRF). According to the BET results, the nanocomposite with
80%TiO, : 20%Si0, considered an adsorbent for the treatment of water. In this work, the application of
the Response Surface Methodology (RSM) was presented to optimize various parameters, including the
D/C (mg ;4. /(mg/L) . ) and the initial pH for removal of nitrate and total iron from wastewater with
the nanocomposite. The maximum removal of nitrate and total iron obtained with 92.84% and 94.32%,
respectively. In addition, the optimum conditions for the maximum removal of nitrate and total iron together
were estimated at pH= 6.81 and D/C= 40.84. Langmuir and Freundlich isotherm models evaluated, and

Freundlich isotherm described the equilibrium adsorption data well.
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INTRODUCTION

Wastewater treatment is the best way to
prevent the release of pollutants into the
environment and fresh water sources. The main
aims of wastewater treatment are the protection
of the environment and the reduction of fresh
water consumption by the industry [1, 2]. Nitrate is
one of the most important pollutants in the world
because it spreads from land to water and pollutes
drinking water supplies, principally groundwater,
which is the major source of rural areas [3-5]. It is
already known that nitrate causes various diseases
such as cancer, diabetes, cyanosis in children and
infectious health problem [6]. In addition, iron is
a substrate for the growth of bacteria, which can
lead harmful odors and undesirable tastes [7]. The
total iron concentration in the treated effluents
is generally less than 3.0 mg/L, and for drinking
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water, total iron and nitrate are less than 0.3 mg/L
and 45 mg/L, respectively. Mining, iron, and steel
industries contain iron and must be treated [8].
Iron also gives the water a metallic taste, which
makes it unpleasant for consumption. In this
context, ion removal is important to industry. The
methods used by previous researchers to remove
total iron and nitrate were modified activated
carbon, zirconium oxychloride, trickling filter,
oxidation—coagulation, functionalized CNT sheet,
banana frond activated carbon (BFAC), coffee
ground activated carbon (CGAC) and resin [9-11].
Each treatment method is limited in terms of cost,
complexity and efficiency, longer reaction time
and secondary pollution [12, 13]. Among these
methods, adsorption techniques are innovative
methods that reused multiple times, an efficient
process, a promising technique, and consistent
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performance for the removal of total iron and
nitrate from wastewater [9, 10, 14, 15]. In addition,
the adsorbent used is typically regenerated by
an appropriate desorption operation [16]. Many
adsorbents have recently been documented for
the treatment of water with nanomaterials [17].
Resulting from small sizes along with significant
specific surface areas, nanomaterials provide
strong adsorption capacities as well as reactivity.
In addition, the nanomaterial movability in the
solution is high [18]. Several nanomaterials have
been successfully used to reduce heavy metals
[19], organic pollutants [20], inorganic anions
[21], and bacteria [22]. Through various studies,
nanomaterials are extremely favorable for the
treatment of water and wastewater. Titanium
dioxide (TiO,) can be considered to be a beneficial
material that has a number of interesting
properties, such as chemically and biologically
inactive, economical, risk-free, weak toxicity
and can be used in the treatment of wastewater
[23]. Previous researchers used SiO, beads as
support of TiO,. Nakano et al. [24] studied the
decompositions of dinitrophenol in water using
TiO,/SiO, composite and concluded that the
composite had a very good decomposition activity.
The TiO,/SiO, composite can be a promising
substance for the adsorption of certain metal
ions. The cation and anion exchange properties of
titania and the cation exchange properties of silica
are predominant. The complementary influence
on the adsorption due to coprecipitation of TiO,/
SiO, can be strongly influenced by its properties
such as surface area, porosity, acidic sites, etc.[25-
26]. Yu et al. [27] investigated the use of TiO,/SiO,
composite adsorbents with various TiO, content for
formaldehyde adsorption and dehumidification.
The resultindicated that the composite adsorbents
have higher adsorption for water vapor at low as
well as medium moisture than commercial silica
gel. In addition, the use of TiO, has increased the
adsorption potential of formaldehyde, suggesting
that composite adsorbents effectively adsorb the
traces of formaldehyde.

Based on previous studies, it argued that TiO,
has been widely used to reduce contaminants
in the aqueous solution as adsorbents. For the
future industrial application of this system, D/C
ratio [mg _,_ .. /(mg/L) . ] was used for the
prediction amount of adsorbent depends on the
initial concentration of nitrate and total iron in the
actual wastewater. These data are useful for the
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design of water treatment plants. To reduce cost,
the authors have been composited TiO, with SiO,.
The results of the present study confirmed that
total iron and nitrate also removed together.

The main objective of the paper was to
systematically, study the influence of pH and
D/C ratio on the removal of nitrate and total iron
with TiO,/SiO, nanocomposites. Similarly, the
prediction of the highest possible percentage of
nitrate and total iron removal optimized using RSM
to determine the optimal parameters (D/C and
pH). Although many researchers have worked on
the various adsorbents, no research reported on
highly stable TiO,/SiO, nanocomposites to remove
nitrate and total iron from aqueous solutions.

MATERIALS AND METHODS
Material

Titanium tetra-isopropoxide (TTIP, Ti{OCH(CH,),],,
97.0 %) and tetraethyl orthosilicate (TEOS, Si(OC,H,),,
>99.0 %) were prepared by Sigma-Aldrich. Ethanol
(EtOH), hydrochloric acid fuming 37% (HCI) and
sodium hydroxide pellets pure (NaOH) provided
from Merck KGaA, Darmstadt, Germany.
Synthesis and solution
preparation

Various nanoparticles and nanocomposites,
including SiO, and TiO, nanoparticles, 80% TiO,
: 20% SiO, (80% TiO,), 50%TiO, : 50%Si0, (50%
TiO,), and 20%TiO, : 80%Si0O, (20% TiO,) were
synthesized [28-29]. Nano-powders were made
by the sol-gel method. The drying operations are
carried out in the oven at 450°C for 4 hours in the
atmosphere. An iron stock solution and a nitrate
stock solution were also prepared by respectively
dissolving FeSO,.7H,0 and NaNO, in distilled
water. The solution should contain 100 ppm Fe
and 100 ppm NO,. The initial pH of the nitrate
and total iron solution controlled prior to the
adsorption tests with solutions of HCl and NaOH.
The pH value assessed using a Metrohm digital pH
meter.

of nanocomposites

Characterization techniques

The Brunauer, Emmett, and Teller (BET)
specific surface area was provided using
nitrogen adsorption at 77 K (NOVA, Series1000-
Quantachrome  INSTRUMENTS, USA). X-ray
fluorescence (XRF) was performed (XRF, unisantis,
XMF-104, Germany) to specify the percentage of
each composite component. The Field Emission
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Scanning electron microscopy (FE-SEM) (MIRA\\
TESCAN, Czech Republic) used to characterize
the morphology of the surface. Fourier transform
infrared (FT-IR) was provided with a Nicolet iS10
from Thermo Fisher Scientific, to investigate
the functional groups of nanoparticles and
nanocomposites in the range of 4000-400 cm™.
The (X-ray diffraction) XRD of nanoparticles and
nanocomposites measured using a diffractometer
(Inel Equinox 3000, France).

Adsorption study

The adsorption of nitrate and total iron on
TiO,/SiO, nanocomposites studied under batch
circumstances. For this study, some 50 ml of
solution was prepared at various concentrations
between 4 to 200 mg/L for each of the nitrate and
total iron samples. After this step, 200 mg of the
nanocomposite added to each sample and stirred
for 90 minutes. The temperature maintained
at 25°C during the initial experiments. After
separation of the nanoparticles in centrifugation,
a UV-VIS (Hach model DR 5000, USA) employed
to find out the concentration of nitrate and total
iron. Absorbance read at 220 and 510 nm for
nitrate and total iron, respectively. The removal
efficiency of nitrate and total iron considered by
the following expression:

R% = (G-¢) _C‘)x
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where Cand C _signify the initial and final
concentrationsin mg/L. All experiments performed
at room temperature and carried out in triplicate
to ensure repeatability of the outputs. The effect
of initial pH was analyzed by changing the range
from 4-10.

RESULT AND DISCUSSION
Characterization of nano-powders

The FTIR spectrum of synthesized anatase TiO,
nanoparticles, outline in the Fig. 1(a). A strong
band with about 800-500 cm™ is identified, which
shows the characteristic vibrational modes of
TiO, and this confirms that the TiO, phase was
formed [30]. The absorption in the range from
3650 to 2500 cm™ related to the existence of
O-H stretching vibration. The absorption band
at 1636 cm™ reveals the presence of an O-H
bending vibration, which is most likely due to the
reabsorption of water from the atmosphere [31].
Fig. 1(a) shows the FT-IR spectra of synthesized
amorphous SiO, nanoparticles. In the spectra,
the peaks at 802 and 467cm™ contain the Si-O
bond [32]. The peaks at 1100 and 961cm™ each
signify to the asymmetric vibration of Si-O-Si and
Si-OH bending vibration [32]. This states that the
SiO, phase formed. The FTIR spectrum of the
synthesized TiO,/SiO, nanocomposites, found in
the Fig. 1(a). For all three nanocomposites, the
band identified at 950 cm™ matches vibration of
Si—O-Ti [33]. The occurrence of the band at about
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Fig. 1. (a) FT-IR spectra of pure TiO, and SiO, and TiO,/SiO, composite samples, and (b) XRD patterns of the synthesized anatase
TiO,, amorphous SiO, and TiO,/SiO, nanocomposites.
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Fig. 2. FESEM images of synthesized nano-powders: (a) TiO,, (b) 80% TiO,, (c) 50% TiO,, (d) 20% TiO, and (¢) SiO,.

Table 1. Nano-powders properties.

Average particle Average particle size Specific surface area,
Nano-powders & o (mﬁ),pFESEM (r%m)}j XRD P BET (mg) Phase
TiO> 45-52 46.6 62.12 Anatase
80% TiOa 38-44 40.5 178.54 Anatase
50% TiO: 30-40 34.8 137.08 Anatase
20% TiO2 19-24 e 111.46 Amorphous
SiO, 1417 = 53.58 Amorphous
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950 cm™ implies that the titanium oxide species
are arranged within SiO, matrices within the TiO,/
SiO, nanocomposites [33-34]. The 1070 cm™ band
corresponds to the asymmetrical Si-O-Si stretching
vibration [33]. The band at about 460 cm?
denotes the TiO, matrixes. Likewise, for all three
nanocomposites, the absorption bands at about
3400 and 1630 cm™ are due to the availability
of O—H stretching and bending vibrations [33],
respectively.

The XRD patterns, present in Fig. 1(b). The XRD
profiles for all TiO,/SiO, composites expect 20%
TiO,, indicate the presence of crystalline phases
of anatase. The crystallinity evaluated with the
XRD, the phases present in nanoparticles, and
nanocomposites figured out. The size of the
crystallites of the powders computed using the
software and the standard formulas according
to the Scherrer formula. Table 1 summarizes the
measured crystal size of pure SiO,, TiO, and their
composites. The amorphous nature of SiO, and
20% TiO, had a noticeable effect on the base lines
of the XRD profiles, which restricted the process
of crystal size determination through this method.

The crystallite size of TiO, anatase decreased
from 46.6 to 34.8 nm. This signifies that the doping
of SiO, to TiO, lowers the size of the particles.
This means that the formation of the Ti—O-Si
bond and then the presence of SiO, around TiO,
avoid the growth of TiO, particles [35]. In order

Table 2. The level of variables in the CCD.

level pH, Xi D/C, Xx
-o 3.00 1.00
-1 4.03 8.18
0 6.50 25.50
+1 8.97 42.82
+a 10.00 50.00

to achieve more precise particle size values, we
used FESEM analysis (Fig. 2). The values of particle
sizes in Table 1 are quite near to the XRD values.
Furthermore, the morphology showed in Fig. 2
using FESEM. In Figs. 2a, b and c, the crystalline
phases of anatase realized, while the amorphous
phase is clear in Figs. 2d and e. The XRF data
indicates that the TiO,/SiO, nanocomposites
contain 79% TiO, : 21%Si0,, 51% TiO, : 49%Si0,
and 19% TiO, : 81%Si0,. The BET surface area
computed and documented in Table 1. As can be
seen in Table 1, this surface enlargement of the
nanocomposites can be assigned to the reality that
SiO, limits the agglomeration of TiO, particles [23,
36]. As outlined by the BET results, the 80%TiO,
nanocomposite chosen as an adsorbent for water
treatment, and numerous experiments executed
to study the operating parameters.

Experimental design

The RSM is a powerful strategy that includes
mathematical and statistical methods for
determining the significance of affective factors
[37-38]. The most desired RSM-based CCD model
designed to consider the relationship between
response and independent variables [9, 28-29].
Table 2 shows a five-level-two-factor CCD used in
this study; each of the parameters encoded in five
steps. The design matrix with its corresponding
data, showed in Table 3.

The predicted models concerning the actual
factors for nitrate and total iron removal (response)
are Egs. (2) and (3), respectively:

() Nitrate removal% = -47.63 +22.99 X + 3.800 X,
-0.128 X,X,-1.811 X2 -0.035 X,? (2)

() Total iron removal% = -78.14 +33.44 X + 1.452
X,-0.155 X X,-2.394 X2 -0.031 X,2 (3)

Table 3. The design matrix and experimental results.

Run Factors Nitrate Total Iron

Xi: pH X2: D/IC Removal %  Removal %
1 3.00 25.50 69.81 26.25
2 6.50 25.50 76.81 79.61
3 4.03 42.82 94.92 48.84
4 4.03 8.18 33.25 39.17
5 6.50 25.50 78.13 81.46
6 10.00 25.50 50.09 68.91
7 6.50 1.00 39.62 32.02
8 6.50 25.50 78.89 80.19
9 6.50 50.00 82.32 84.33
10 8.97 42.82 59.87 93.88
11 8.97 8.18 20.23 57.71
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The results of the design parameters for nitrate
and total iron removal calculated based on the
ANOVA results presented in Tables 4 and 5. The
F-value of the models is significant. In the models,
the parameters were significant with a p-value of
less than 0.05. The Predicted value of R-Squared
becomes 0.9272 and 0.9633 for the Egs. (2) and
(3). Accordingly, R? represents a very good match
for experimental results and predicted values.
Figs. 3(a) and (b) display the predicted values
versus the actual results. It highlighted that almost
all points of the experimental data for the straight
line closed as predicted values.

For the determination of all factors in a response
plot, the perturbation plot of two independent
factors including D/C and pH, is represented in
Fig. 4 (a, b). Fig. 4(a) and (b) prove that increasing
D/C data affects the increase in nitrate and total
iron removal, respectively. This means that the
removal (%) is more sensitive to D/C than the pH.
The effect of pH attributed to the increase ions

in the media, which act as a multilayer surface
around the adsorbent.

At higher pH, the negatively charged parts also
increased, but the electrostatic repulsion of the
negatively charged parts of the adsorbent does
not prompt nitrate adsorption, but a high pH is
good for the adsorption of total iron. The lower
adsorption capacity was with the higher pH value
for nitrate and the higher adsorption capacity
was at pH=8.40 for total iron. The 80%TiO2
nanocomposite showed positively charged at
low pH and negatively charged at high pH. The
increase in adsorption of nitrate at lower pH
and total iron at higher pH could be due to the
reduced electrostatic repulsion between the
nitrate anion and the positively charged and total
iron cation and negatively charged on the 80%TiO,
nanocomposite. Overall, results confirmed that
the 80%TiO, nanocomposite is more effective at
low pH for nitrate and high pH for total iron. The
optimum pH, which had the maximum adsorption

Table 4. ANOVA for the removal of nitrate.

Sum of

Degree of Mean

2
Source squares  freedom (df)  square F-value  p-value Remarks R
Model 5137.28 5 1027.46 12.74 0.0072 significant  0.9272
Residual 403.33 5 80.670
Lack of fit  401.12 3 133.71 120.70 0.0082 significant
Pure error 2.22 2 1.11
Total 5540.61 10
Table 5. ANOVA for the removal of total iron.
Source Sum of Degree of Mean F-value  p-value Remarks R
squares  freedom (df)  square
Model 5261.57 5 1052.31 26.22 0.0014 significant ~ 0.9633
Residual 200.71 5 40.14
Lack of fit  198.92 3 66.31 74.06 0.0134 significant
Pure error 1.79 2 0.90
Total 5462.28 10
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Fig. 3. Actual versus predicted values for removal of (a) nitrate and (b) total iron.
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capacity for both of nitrate and total iron, would
be 6.81.

Contour plots

The authors determined the simultaneous
effects of two independent variables, such as pH
and D/C ratio on nitrate and total iron removal.
Fig. 5 shows the 2D contour plots and 3D response
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surface effects of the two variables, such as pH
and D/C for nitrate removal and total iron. In this
Fig. 5(a), the nitrate removal (%) increases for low
pH (4.74) and high D/C ratio (45.24). In addition,
with increasing D/C ratio and pH, the total iron
removal increases to pH=8.40 and D/C=44.06 in
Fig. 5(b). The total iron removal then reduced.
Egs. (2) and (3) are used to indicate the response
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Fig. 4. Main effects of key parameters for removal of (a) nitrate and (b) total iron at pH=6.50 and D/C=25.50.
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surface as well as the contour plots. Fig. 5 shows
that pH and D/C have a significant effect on nitrate
and total iron removal. At pH=10.00 and D/C =1,
the nitrate removal reaches a minimum value and
at pH=3 and (D/C) =1, the total iron removal also
reaches the minimum value.

Table 6 indicates the optimal simultaneous
conditions for the removal of nitrate and total iron.
It could be concluded that the maximum removal
occurred together at pH= 6.81 and D/C=40.84. In
addition, 3D plots and contour plots of desirability
represented in Fig. 6.

Adsorption isotherms

The Langmuir and Freundlich models applied
to analyze the experimental data of 80%TiO,
adsorbent for nitrate and total iron. The linear

form of the Langmuir model:
C _C. 1

qe qm Lqm
The linear form of the Freundlich model:

logg, =logK, +[ jlogC (5)
All the parameters explained in the literature
[39-43]. In Eq. (5), with the slope of 1/n (which
changes between 0 and 1), the adsorption intensity
or surface heterogeneity can be measured. Based
on the results, the values of n are more than 1,
which proves a desirable adsorption condition
[44]. The crucial properties of the Langmuir
isotherm depicted as a dimensionless equilibrium
parameter (RL). This parameter considered as:

Table 6. Optimum condition of the maximum removal for both nitrate and total iron.

Removal of Removal of s
No. pH D/C nitrate (%) total iron (%) Desirability
1 8.40 44.07 69.03 94.41 0.944
2 474 4524 92.84 61.52 0.928
3 6.81 40.84 85.60 88.75 0.872

£0.00

37.75 —

2550 —

Desirability

10,00

Loo  3.00

Fig. 6. 3D plots and contour plots describing the desirability at pH= 6.81 and D/C=40.84 for both nitrate and total Iron.
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1

R =——— 6
" 1+K,C, (6)

Where K is the Langmuir constant and C;
is the highest initial adsorbate concentration
(mg/L). The R value indicates that the adsorption
process is either unfavorable (R > 1), linear (R =1),
favorable (0 < R < 1), or irreversible (R = 0) [9]. As
shown in Table 5, the R, values for the adsorption
of nitrate and total iron suggest that adsorption is
a favorable procedure. The adsorption constants
determined according to the Langmuir and
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Freundlich adsorption models depicted in Table
5. The linear plots for the models in three ranges
of initial concentration are shown in Figs. 7 to 9.
The three initial concentration ranges contain
a low concentration range (4-100 mg/L), a high
concentration range (100-200 mg/L) and the
entire initial concentration range (4-200 mg/L)
are presented in Table 7. As presented in Table 5,
the experimental data for nitrate and total iron
removal corresponded well to the Freundlich
adsorption isotherm with correlation coefficients
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Fig. 7. Adsorption isotherms for the low concentration range of nitrate and total iron onto the 80%TiO, nanocomposites at different
initial concentration. (a) Langmuir and (b) Freundlich for nitrate and (c) Langmuir and (d) Freundlich for total iron (volume of
solution: 50 mL, initial concentration of nitrate and total iron: 4-100 mg/L, adsorbent: 200 mg, pH=4.74 for nitrate and pH= 8.40

for total iron).

Table 7. Langmuir and Freundlich isotherm model constants for adsorption of nitrate and total iron onto the 80%TiO, nanocomposites.

Langmuir Freundlich

gm(mg/g)  Ki(L/mg) Ru R Log(Kr) 1/n R?
Low con. 2422 0.059 0.145 0.9168 0.0129  0.3593 0.9790
Nitrate High con. 115.22 0.003 0.624 0.9772 0.6610  0.7415  0.9994
Whole con. 46.61 0.016 0.232 0.9573 0.1890 0.4150 0.9575
Low con. 35.92 0.049 0.169 0.8377 0.1422 0.436  0.9696
Total iron High con. 124.02 0.002 0.713 0.9710 0.5206  0.8463  0.9998
Whole con. 55.84 0.014 0.265 0.7009 0.1410  0.4870 0.9562
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Fig. 8. Adsorption isotherms for the high concentration range of nitrate and total iron onto the 80%TiO, nanocomposites at different
initial concentration. (a) Langmuir and (b) Freundlich for nitrate. (¢) Langmuir and (d) Freundlich for total iron (volume of solution: 50
mL, initial concentration of nitrate and total iron: 100-200 mg/L, adsorbent: 200 mg, pH=4.74 for nitrate and pH= 8.40 for total iron).

Table 8. Comparison of the nitrate ion adsorption capacities of the various adsorbent.

adsorption

Initial concentration

Adsorbents capacity (mg/g) pH  Temperature (°C) (mg/L) Adsorbent (g/L) Ref.
modified activated 314 5 25 300 ) [45]
carbon
SB 600 27.2 3 25 50 1 [46]
Calcined (Mg-Al)
hydrotalcite 34.4 - 25 82.1and 110.7 2 [47]
cross-linked chitosan
beads with GTAC 67.5 3-9 25 1000 0.5 [48]
Zirconium 63 6 25 310- 6200 0.2 [49]
oxychloride
80%T102:20%Si02 86.6 4.74 25 100-200 0.2 this study
Table 9. Comparison of the total iron ion adsorption capacities of the various adsorbent.
adsorption . Initial concentration Adsorbent
Adsorbents . H Temperature ("C Ref.
capacity (mg/g) P P (0 (mg/L) (g/L)
BFAC 26.15 9 30 9.31 20 [50]
CGAC 0.02 11 30 4.57 20 [51]
Resin 59.24 4 30 100 69.2 [52]
GAC 3.601 - 25 0.2-0.6 (Ce) 0.1-0.6 [53]
80%T102:20%8Si0: 95.2 8.40 25 100-200 0.2 This study
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Fig. 9. Adsorption isotherms for the whole concentration range of nitrate and total iron onto the 80%TiO, nanocomposites at different
initial concentration. (a) Langmuir and (b) Freundlich for nitrate. (c) Langmuir and (d) Freundlich for total iron (volume of solution:
50 mL, initial concentration of nitrate and total iron: 4-200 mg/L, adsorbent: 200 mg, pH=4.74 for nitrate and pH= 8.40 for total iron).
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Fig. 10. Equilibrium adsorption uptake of nitrate for the 80%TiO, nanocomposite at pH=4.74 and high initial concentration,

C,;=100-200 mg/L.
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Fig. 11. Equilibrium adsorption uptake of total iron for the 80%TiO, nanocomposite at pH=8.40 and high initial concentration,
C,=100-200 mg/L.

of 0.9994 and 0.9998, respectively for high initial
concentrations (100-200 mg/L).

Fig. 10 shows that the adsorption capacity of
the 80%TiO, nanocomposite increased to about
86.59 mg/g at pH=4.74 for nitrate and also, Fig.
11 shows that the adsorption capacity increased
to about 95.19 mg/g at pH=8.40 for total iron.
This could be due to the negative charge of the
80%TiO, nanocomposite surface at a high pH.
The increase in adsorption of nitrate at lower
pH and total iron at higher pH could be due to
the reduced electrostatic repulsion between the
nitrate anion and the positively charged and total
iron cation and negatively charged on the 80%TiO,
nanocomposite. In general, the results confirmed
that the 80%TiO, nanocomposite was more
effective at low pH for nitrate and at high pH for
total iron. The optimum pH, which would have the
maximum adsorption capacity for nitrate and total
iron, would be 6.81.

In addition, Tables 8 and 9 indicate comparison
of nitrate and total iron adsorption potential of
this study and other adsorbents.

CONCLUSION

To improve the removal of nitrate and total
iron from water, the TiOZ/SiO2 nanocomposites
were prepared as a novel adsorbent. Different
characterization techniques confirmed the
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formation of the TiO,/SiO, nanocomposites. The
result shows thatthe formation of the Ti-O-Sibond
and the presence of amorphous SiO, around TiO,
prevent the growth of TiO, particles and increase
the surface area of the TiO,/SiO, nanocomposites.
Therefore, based on the BET analysis, the 80%TiO,

20%Si0, nanocomposite, selected for water
treatment. Our results revealed that the 80%TiO,
nanocomposite has substantial potential for the
removal of nitrate and total iron. Based on the RSM
results under optimum conditions, the maximum
removal of nitrate and total iron from the aqueous
solution were as follows: D/C= 45.24 and initial
pH=4.74 for nitrate and D/C= 44.06 and initial
pH=8.4 for total iron. Under the optimum value of
the process parameters, the maximum removal of
92.84% and 94.32% obtained for nitrate and total
iron, respectively. In addition, optimum conditions
for the removal of nitrate and total iron together at
pH= 6.81 and D/C= 40.84 were obtained. The final
models validated using predicted versus actual
plots and the optimal experimental conditions for
R-squared predicted. The adsorption capacity of
nitrate and total iron on the 80%TiO, adsorbent
in a high concentration range (100-200 mg/L)
may be 86.59 and 95.19 mg/g, respectively. The
adsorption equilibrium data were consistent with
the Freundlich isotherm. According to the results,
the TiO,/SiO, nanocomposites have good potential

Int. J. Nano Dimens., 10 (2): 195-208, Spring 2019
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for the rapid and efficient removal of nitrate and
total iron from wastewater.
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