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ABSTRACT

Manganese silicomolybdate (Mn-Si-Mo) was prepared using sol-gel technique and employed
for Pb*, and Fe* adsorption. Scanning electron microscopy, X-ray diffraction, Fourier-transform
infrared spectroscopy, dynamic light scattering, thermo-gravimetric analysis/differential thermal
analysis, and UV were applied to characterize the prepared exchanger. Experiments using batch
were proceeded via the distribution coefficient, isotherms, and thermodynamic. The maximum
adsorption capacity was established 8.5 and 6.5 meq/g at 25°C for Pb*, and Fe® ions, respectively.
Freundlich isotherm successfully fitted for the adsorption of lead and iron ions which implied that
the adsorption process was physi sorption, the thermodynamic parameters like AH®, AS°, and AG®
were computed, demonstrating that the adsorption behavior was spontaneous and endothermic
in nature. A mechanism describing the interaction of Mn-Si-Mo and different pollutants is briefly
explained. The presented low cost-effective material is advanced to prepare Mn-Si-Mo adsorbent for
the abstraction of toxic pollutants from real water.
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1. Introduction

The Hesinia area is east of the Nile River north Cairo,
at latitudes 30°45' and 31°00' N and longitudes 31°50'
and 32°5'E. The study area is surrounded at the west by
the Nile River (Damietta Branch), Suez Canal at the east,
Mediterranean Sea, and Manzala Lake at the north and
Ismailia canal at the south (Fig. 1). The eastern Nile Delta
is an achieve region for agriculture in Egypt. Some prob-
lems come into sight with decreasing Nile water, inequitable
convention of groundwater, and irrigation with drain-
age water. A lot of researchers dedicated their hard work
toward learning the sources and origin of these problems
and consequences. Review of the beforehand work concern-
ing the water pollution of groundwater in the study area [1].
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Fast industrialization has conducted to the enlarged action
of serious metals into the surroundings. The enormous
growing in serious metals over the precedent little decades
has surely gave rise to in an increased streams of metallic
materials in the aqueous framework which has an unfa-
vorable effect on the surroundings. Around twenty signifi-
cant metals are divided as toxic, and 1/2 these released into
the atmosphere in quantities that are dangerous to human
health [2]. The permissible level for lead and iron in drink-
ing water is 0.05, and 0.3 mg/L, respectively. The permissi-
ble limit (mg/L) for Pb(II) and Fe(Ill) in wastewater, given
by the Environmental Protection Agency (EPA), is 0.05 and
0.3 mg/L [3]. In the Hesinia area, the concentration of lead
and iron in the groundwater varied from 0 to 3.49 mg/L
for iron and from 0 to 0.38 for lead [1].
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Heavy metal elimination can be accomplished by using
traditional treatment methods, for example, chemical pre-
cipitation [4,5], ion exchange [6-9], solvent extraction [4,10],
and electrochemical deletion [5,10]. These procedures
have an important drawback, which is, for example, par-
tial elimination, elevated-energy necessities, and creation
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Fig. 1. Location map of the study area (modified after Abo
El-Fadl [1]).

30°)
45'

Table 1

of toxic sludge [11]. Newly, many approximations have
been considered for the expansion of inexpensive and
extra useful technologies, together to reduce the waste-
water formed and to develop the excellence of the han-
dled effluent. Adsorption has grown to be a single of the
unusual treatments, in current years, the explore for small-
cost adsorbents that have metal-required capacities has
massives [5,12].

Scientific information is currently given a great com-
pact of information involving different adsorbents hav-
ing a selectively of eliminating serious metal ions from
hydrous mixtures. Scientists have revealed rising attention
over current times in adsorbents of normal source. Normal
sorbents are resources that arise in the surroundings, and
whose employ does not transport concerning some addi-
tional contamination. The class of choosy adsorbents of
normal source contains such materials like sedimentary
rocks, peat, coffee grounds, lignin, olive gravels, and sev-
eral minerals [13-19]. The performance of the adsorption
of an individual set of heavy metals from aquatic medium
is exaggerated not merely by the kind of sorption material
applied, however by procedure setting such as reach time
of reagents, absorption of the forerunner of heavy metal
ions, pH, temperature, and quantity of adsorbent [20-22].
Values of adsorption capacity Q, (mg/g) of the other adsor-
bents are given in Table 1. In the literature, there is no data
regarding sol-gel derived manganese silicomolybdate
(Mn-Si-Mo) adsorbent. Therefore, in this study, a challenge
was made to use the sol-gel technique for the synthesis
of new, active oxide adsorbent used to the elimination of
hazardous metal ions like lead and Iron from their solu-
tions. The synthesized adsorbent was investigated in detail,
mainly in conditions of its morphology structure. This syn-
thesized adsorbent was obtained via conventional schemes
of water or emulsion precipitation, mechanism of sol-gel
way permitted to synthesize material described with high
purity, short bulk density and definitely better parameters
of the porous arrangement, as well as developed surface
area. Many sorption tests were completed, including capac-
ity, evaluation of pH, and temperature as well as sorption
isotherm.

Comparison of adsorption capacity of other adsorbents for Pb(II) and Fe(III)

Metal Adsorbent Adsorption capacity References
(mg/g) of M ion

Pb(II) MnO,-MOF 917 [23]
MOFEF-5 659 [24]
MIL-53 (Al@100aBDC) 492 [25]
HS-mSi@MOF-5 312 [26]
TMU-5 251 [27]
UiO-66-NHC(S)NHMe 232 [28]
HKUST-1-MWeH,PW 0, 98 [27]
Cu-terephthalate MOF 80 [29]

Fe(III) 3D Co(II) MOF or (1) 100 [30]
Cu-terephthalate MOF 115 [29]
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2. Experimental
2.1. Chemical reagents and instruments

The main chemicals worn for the synthesis in this
research were manganese chloride tetra hydrate (MnCl,-4H,0)
(molecular weight = 197.9, purity > 98%), sodium metasili-
cate (Na,SiO,) (molecular weight = 122.06, purity > 98%),
and ammonium molybdate (NH,)Mo,O,4H,0, MW =
196.02 g/mole, purity 99.98%), and lead chloride (PbCL;
MW = 278.11 g/mole, purity > 98%) and ferric chloride
(FeCl,-6H,O; MW = 270.29 g/mole, purity > 99.9%) (Sigma
Aldrich, Germany). All reagents presented were of analyti-
cal grade. Fourier-transform infrared (FTIR) spectrophotom-
eter (MB 147, Canada). The scanning electron microscopy
(SEM) were done using (SEM Quanta FEG), Powder X-ray
diffraction (XRD) patterns were made by (Shimadzu X-ray
diffractometer, Model XD 490 Shimadzu, Japan). Thermal
stabilities, were conceded using (a DT-60H thermal ana-
lyzer, Shimadzu, Japan). UV-Vis spectrophotometer (Elico
EI 301E, India) and dynamic light scattering (DLS, Malvern
Zetasizer Nano-ZS Nano Series).

2.2. Preparation of manganese silicomolybdate

Manganese silicoomolybdate (Mn-Si-Mo) was syn-
thesized by adding (0.3 M) solutions of MnCl-4H,O and
ammonium molybdate (0.1 M), then Sodium metasilicate
(0.3 M) was added drop cleverly until the color of the pre-
pared solution twisted to brown at pH 10.5, and then the
suspension solution was reserved in a vacuum incubator
at 40°C for 1 d. The suspension was vacuum filtered, and
cleaned several times with DI water. The resulting Mn-Si—
Mo was dried in an oven at 60°C for 24 h and finally air-
dried to appear in dark brown particles.

2.3. Chemical stability

In order to calculate the stability of the prepared mate-
rial against several media, the chemical stability of Mn-Si—
Mo in different acids media (HCI and HNO,), base (NaOH)
was calculated using batch experiments. A quantity of
100 mg portions of Mn-Si-Mo were approached for 24 h at
room temperature with 100 mL of a specific medium with
intermittently shaking. After contact, the ion exchanger
was estranged, then dried at 60°C and the weight losses
(%) were considered which appears good chemical stabil-
ity, improved ion-exchange capacity, and mechanical prop-
erties, showing good numerous behavior. This feature is
important from a practical point of view, in order to establish
the region of adsorbent applicability. The result suggests
that the cation-exchange properties of synthetic carbons
activated with phosphoric acid are chemically stable in
very acid and very basic solution [27,30].

2.4. Adsorption capacity

The ion exchange capacity (meq./g) of Mn-Si-Mo was
firmed using a batch technique where,0.5 g of Mn-Si-Mo
preheated at different temperature (50°C, 200°C, 400°C,
600°C, and 800°C) was equilibrated with 50 mL of 0.05 mol/
dm? solution of 0.05 M solutions of Pb? and Fe® ions. After

equilibration at room temperature, the solution of metal
ions was separated and changed by the same volume of the
initial solution concentration.

The capacity was computed as the following:
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capacity =

where C; is the concentration of the starting solution of
lead and iron ions, V are the volume, m is the Mg-Si-Mo

mass and Z is the charge of the replaced ions.

2.5. Distribution studies

Dilution of slandered solutions of lead and iron
(1,000 mg/L) with deionized water gave required initial
solutions with suitable concentration. Proper amounts of
Mn-Si-Mo (0.1 g) and 10 mL of desired concentration of
Pb and Fe solutions were put into 100 mL Erlenmeyer flask.
A constant agitation rate of 180 rpm at different tempera-
ture ranging from 25°C to 60°C was forced in an automatic
shaker. The pH of lead and Fe solutions was attuned to the
different values by putting HNO, (1 M) solution. Samples
were centrifuged at 3,500 rpm to separate the aqueous solu-
tion from the adsorbed material. Later the supernatants were
measured using ICPseq-7500 spectrometer and the removal
efficiency were computed using the following relation:

I2E Y g @
m

K =
¢ F
where V/m is the relation of solution volume to an adsor-

bent mass, I and F is the initial and final concentration of
metal ions, respectively.

2.6. Sorption isotherms

To evaluate the highest adsorption capacity of adsor-
bents, isotherms were measured using Pb(II) and Fe(III)
concentration ranging between 0 and 500 mg/L, and
adsorption were finalized after 24 h contact time at different
temperature of 25°C, 40°C, and 60°C. Pb(II) and Fe(III) con-
centration in supernatants was deliberated using inductively
coupled plasma-atomic emission spectroscopy (ICP-AES).
The solution pH for the adsorption isotherm study was 4.9
and 2.9 (+0.05) for lead and iron, respectively. The Freundlich
isotherm is a semi-empirical equation that supposes no
identical division of heat of adsorption on the varied sur-
face. Freundlich isotherm is given as:

g, =K.C 3)

where g, is the equilibrium sorption capacity (mg/g),
K, and n are the Freundlich parameters and C, is the sym-
metry concentration (mg/L).

2.7. Column experiment

Experimental arrangement worn for the dynamic column
studies was done for adsorptive removal of lead and iron
from contaminated wastewater from Hesinia area, Egypt,



98 Y.H. Kotp et al. / Desalination and Water Treatment 193 (2020) 95-105

using granulated Mn-Si-Mo. This experiment consists of
column of silicate glass of 20 mm diameter. Supernatant
after passing though the columns were discharged into a
sump below the column. Previously wetted and degassed
Mn-Si-Mo is packed up to give bed height (m) in water
filled column of 20 mm (internal diameter). Column is placed
vertically and Mn-Si-Mo bed is supported on plate. The
operation is in down run plug style. The sorption tests were
accomplished at room temperature 25°C + 2°C and initial
pH of 5.0. The residual concentration of both metal ions in
aqueous media was calculated by using ICP-AES as before.
The break-through capacities (mg/g) of the lead and iron
ions were considered and computed from the Eq. (4):

Break-through capacity = V(SU% ) X %(meq / g) @

where V_, is the volume at to break-through in cm? Z is
the valance of the ion, C; is the preliminary concentration of
lead and iron element in mg/mL, and m is the weight of the

Mn-Si-Mo bed (g).

3. Results and discussion
3.1. Characterization of Mn—Si—Mo cation exchanger

To assess the involvement of the prepared Mn-Si-Mo
exchanger on different oxides, FTIR spectra of Mn-Si-Mo
(Fig. 2) were analyzed and showed several bands in 790-
1,100 cm™ regions which could likely be accredited to the
symmetric silicon oxide and silicon hydroxide and asym-
metric Si—-O-Si vibrations [31-33]. which, in addition to the
peaks mentioned, showed abroad peak at ~3,450 cm™ and
an intense peak centered at ~1,610 and 1,040 cm™, assigned
to the water O-H groups bending to Mn-Si-Mo exchanger
and these peaks could not be totally eliminated by heating
the exchanger at 200°C, 400°C, 600°C, and 800°C, but its
intensity however, decreased [34,35]. Finally, the peaks at
500-900 cm, characteristic of Mo-O stretching vibrations
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Fig. 2. FT-IR spectrum of Mn-Si-Mo at different drying
temperatures.

[36,37], could prove the presence of molybdate as impu-
rities. The surface morphology of the Mn-Si-Mo particles
obtained after drying at 50°C for 24 h is shown in Fig. 3.
By using SEM micrographs demonstrate that amorphous
particles were obtained. These primary particles showed a
big tendency to aggregate and form larger particle clusters.

Fig. 4 shows an X-ray powder diffraction pattern of pre-
cipitated Mn-Si-Mo dried at different drying temperature.
The spectrum appears as different crystalline bands with
the equivalent Bragg angle at 20 = 12.5°, 17°,23.5°, 24°, 26.5°,
28°, 29°, 31°, 31°, 33°, 34°, 37°, and 41°, which pointed to
the material is crystalline. The smoothness of the band also
specified that numerous washings with deionized water
were capable in eliminating the NaCl impurities attentive
in the pores of the gel network. The occurrence of quick
peaks proves the presence of crystallinity arrangement in
Mn-Si-Mo materials. However, the prepared Mn-Si-Mo
exchanger has dissimilar crystalline phases with lower size
at special drying temperatures, these leading to numerous
site exchanges, high selectivity, and capacity for differ-
ent ions [36]. It can be obvious from Table 2, that all Mn-
Si-Mo dried at different drying temperature show a high
degree of crystallinity with slight changes. These changes
may be attributed to the presence of different drying con-
ditions. Fig. 5 shows thermo-gravimetric analysis (TGA)
and differential thermal analysis (DTA) curve of Mn-Si-Mo
exchanger. Two endothermic occurrence peaks take place
up to 255°C, owing to the evaporation of adsorbed water
[38—40]. From 0°C to 490°C, TGA diagram show two stages
of weight losses with a total weight loss equal to 3.9%. The
third weight loss occurs at 900.8°C with a total weight loss
11.55% this weight loss can be resulted from the processes
of hydrolysis and condensation of silicate molecules [41,42].
Fig. 6 shows the electronic absorption spectra of Mn-Si-
Mo and examined by UV-Vis spectrophotometer in the
range of 500-710 nm and the medium is taken in the UV
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Fig. 3. Scanning electron microscope image of Mn-Si-Mo dried
at 50°C.
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Fig.4. X-ray diffrection pattern of Mn-Si-Mo at different drying
temperature.

measurement is water for Mn-Si-Mo substrate. The spec-
tra have been normalized to the sample spectral wavelength
of 685 nm characteristic of silica. The absorption peak that
appeared around 550 nm could be called a van Hove singu-
larity [43]. The particle distribution was known in the high
right corner of Fig. 6 and the average diameter of 1,213 nm
was consistent with that from the SEM analysis.

3.2. Distribution studies

Chemical reactions between Mn-Si-Mo and Pb?*, and Fe*
depend on solution pH. Within test pH range between 1 and
6 (Fig. 7), Pb*, and Fe* adsorption dropped sharply between
pH 1 and 2 and increased further at high pH [33]. Mn-Si—
Mo exchanger have pH dependent charges due to proton-
ation and deprotonation of hydroxyl (OH) groups [44,45].
At lower pH, the surface becomes more negative charged
and thus, sorbs more Pb*, and Fe®* oxycations. In general,
the lower adsorption of Pb*, and Fe* at lower pH might be
elucidated by the fact that, at this acidic pH, hydrogen ions
may vie with Pb*, and Fe* ions for the adsorption sites on
adsorbent]. Therefore, at various temperatures (298-328 K),
distribution coefficient, were studied and founded that the
adsorption efficiency of Mn-Si-Mo was raised with increas-
ing temperature and showed maximum adsorption at 298 K

for Pb*, and Fe* ions confirmed the endothermic nature
of adsorption’ [36,46].

3.3. Adsorption capacity

The adsorption capacity of both Pb* and Fe* ions on
Mn-Si-Mo at different drying temperatures ranging from
50°C to 800°C were investigated. It was reported that the
sorption is unfavorable at higher drying temperature. This
could be outstanding to (1) occurrence of hydroxyl groups
(active sites) onto Mn-Si-Mo surface will evaporate at high
drying temperature [33]. (2) The crystallinity will increase
with increasing drying temperature and leading to the
reformation of the surface structure [47] (Fig. 8), that driv-
ing to the diffusion rate of ions during the thermally grew
interstitial status of the ion exchange matrix is lower [48,49].

3.4. Adsorption isotherms

Isotherms of Pb*, and Fe* (V) adsorption (20-500mg/L)
by applying the following equations:

3.4.1. Freundlich form
logg, =InK, +1logCe 5)
n

where K, and n represent adsorption capacity and inten-
sity, respectively. K, is an important constant used as rela-
tive measure for adsorption efficiency, standards of n greater
than one show the appreciative nature of adsorption [50,51].

3.4.2. Langmuir form

C 1 1
e — +| — |C, (6)
qe (KLqm) [qnzj )

where g, is the maximum adsorption capacity (mg/g), K, is
Langmuir constant related to adsorption energy (L/mg). The
g, and K; can be calculated from the slope and intercept from
the plot of C/q, vs. C,. The results showed that Langmuir,
model is not suitable, signifying low affinity by adsor-
bents since the correlation coefficient is very low (Fig. 9).
The adsorbent (Mn-Si-Mo) had good Fe(IIl) and lead (II)
removal efficiency at lower concentrations. At Pb*, and Fe®*
concentration between 20 and 50 mg/L, the Pb*, and Fe®
removal efficiency was about 90%-100%. Below 50 mg/L
Pb(Il) and Fe(Ill), the adsorption is non-linear, while
between Pb(II) and Fe(III) 50 and 500 mg/L, the adsorption
was fitted with a linear curve. This fact was also proof that
different adsorption mechanisms may be concerned, which
relied on the initial sorbate concentrations. The isotherm
well-fitted with the Freundlich models (Fig. 10, R* > 0.99)
see values of 1 in (Table 3) [52]. Thermodynamic parameters
is the change in free energy of adsorption (AG®), enthalpy
change (AH®), and entropy change (AS°)—can be predictable
by using the following equation in the temperature range from
25°C to 60°C [53,54]. The values of AS° was calculated from
the plot of Gibbs free energy vs temperature for Pb(II) and
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Table 2
XRD data of Mn-Si-Mo dried at different drying temperature
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Mn-Si-Mo
50°C 200°C 400°C 600°C 800°C
20 d-value (A) 20 d-value (A) 26 d-value (A) 20 d-value (A) 20 d-value (A)
10.62 8.31 11.06 7.99 3.15 27.98 11.06 7.99 10.97 8.05
12.26 7.21 11.69 7.56 11.05 7.99 12.90 6.85 12.90 6.85
12.77 6.92 14.61 6.05 11.59 7.62 13.54 6.53 13.53 6.53
16.48 5.37 17.03 52 13.61 6.49 14.87 5.95 14.67 6.03
16.99 5.21 18.24 4.85 14.52 6.09 17.04 5.19 16.93 5.23
17.79 4.98 19.17 4.62 17.03 5.20 18.09 4.89 18.02 491
18.38 4.82 20.87 4.25 18.10 4.89 20.32 4.66 18.65 4.75
23.06 3.85 22.13 4.01 19.02 4.66 20.77 4.36 18.93 4.68
24.30 3.65 23.43 3.79 20.28 4.37 21.96 4.27 19.61 4.52
24.81 3.58 25.76 3.45 20.77 427 2222 3.99 20.30 4.36
25.94 3.43 26.23 3.39 21.98 4.04 23.33 3.80 20.74 4.27
26.26 3.39 26.71 3.33 22.22 3.99 25.77 3.45 21.87 4.06
26.56 3.35 27.27 3.26 22.6 3.93 26.16 3.40 23.19 3.83
26.82 3.32 28.68 3.10 23.37 3.80 26.58 3.35 24.59 3.61
27.79 3.20 30.29 2.94 24.65 3.60 26.92 3.30 25.72 3.46
28.32 3.14 31.74 2.81 25.77 3.45 27.30 3.26 26.03 341
28.76 3.1 32.22 2.77 26.17 3.40 28.43 3.13 26.55 3.35
29.15 3.06 34.43 2.60 26.60 3.34 28.82 3.09 26.87 3.31
30.35 2.94 36.13 2.48 26.91 3.31 29.31 3.04 27.21 3.27
31.09 2.87 38.28 2.34 27.28 3.26 30.14 2.96 28.31 3.14
31.67 2.82 38.97 2.30 28.85 3.09 30.40 2.93 28.81 3.09
32.33 2.76 41.36 2.18 29.30 3.04 31.95 2.79 29.31 3.04
33.35 2.68 42.77 2.11 29.86 2.98 32.45 2.75 29.7 3.00
34.51 2.59 30.42 293 32.87 2.72 30.05 297
36.41 2.46 31.02 2.88 32.99 2.71 31.26 2.85
37.25 2.41 31.66 2.82 34.17 2.62 31.81 2.81
38.44 2.33 31.94 2.79 34.55 2.59 32.39 2.76
40.01 2.25 32.88 2.75 35.88 2.50 32.89 2.72
41.24 2.18 33.61 2.66 36.24 2.47 34.12 2.62
41.89 2.15 34.23 2.61 38.44 2.33 35.97 2.49
43.42 2.08 34.51 2.59 38.84 2.31 38.34 2.34
44.59 2.03 35.90 2.49 41.13 2.19 39.78 2.31
36.23 2.47 42.71 2.11 39.90 2.25
37.44 2.39 43.33 2.08 40.58 2.22
38.41 2.34 44.05 2.05 41.09 2.19
41.16 2.19 41.92 2.15
42.67 2.11 42.65 2.11
43.40 2.08 43.32 2.08
44.08 2.05 44.06 2.05

Fe(IlI), respectively (Fig. 11). The positive value of AH°
reveals the adsorption process is endothermic. On the other
hand, sticking probability (AS°) of Mn-Si-Mo surface was
found to be 0.02 for Pb(Il) and 0.1 for Fe(IIl) which is more
than zero, which refers to the process as physisorption. All
the values of thermodynamic parameters are reported in
Table 4.

3.5. Reaction mechanism

In this research, Mn-Si-Mo exchanger illustrate extra-
ordinary lead and iron adsorption capability with a maxi-
mum capacity of 8.5 and 6.5 meq/g, which was mainly due to
the presence of more exchanged sites H" of Mn-Si-Mo (OH),
since H' replaced with Pb*. Even as the Mn-Si-Mo (OH)
particles served as the adsorption sites for Pb(II) and Fe(III)
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in aqueous solutions and Mn-Si-Mo mainly functioned as 10
ion exchange and the proposed mechanism is ion exchange
process. A probable mechanism for the superior selectivity
of Pb* ions contrast to other metal ions (Fe*) is understood sl
&
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Fig. 8. Adsorption capacity of Pb*, and Fe* ions as a function of
Temperature ("C) different drying temperatures.

Fig. 5. DTA/TGA thermograms of Mn-Si-Mo.
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Fig. 6. UV-vis absorption spectrum and size distribution of Mn-Si-Mo suspension.
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Fig. 7. Plots of pH against log K, for the exchange of Pb*, and Fe** onto Mn-Si-Mo cation exchanger at different reaction temperature.
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by taking into account the huge difference stuck between the
ionic radii of Pb* (1.19 A) and Mn?* (0.7 A) which directed
to Pb* ions adsorb on Mn-Si-Mo surface. In calculation,
the higher Pb* affinity contrast to Fe* ions may pointed
to that the former ion may be adsorbed on manganese sil-
icomolybdate as unhydrated types. Another means may be
implicited in the case of Fe*, whereas it was indicated that
Fe® ions distorted to steady brown complex with the water
molecules (still seen in solution) at low pH region 2 [33].
Transition metals can outline these steady complexes owing
to their electronic arrangement (accessibility of d orbital as
s and p orbital) [33]. These complex influencing strongly
minimizing the positive charge of Fe(Ill) species. Similar
trend was reported for the adsorption of Fe** on clinoptilo-
lite [55]. Fig. 12 may possibly represent the proposed mech-
anism during moving of metal ions (Pb* and Fe*) from
solution to the surface through the pores and lattice chan-
nels of Mn-Si-Mo. In fact, oxygen atoms silicate of and
molybdate groups are rich in electrons and metal ions (Pb?*
and Fe®) are electropositive. So there was an electrostatic
attraction that linked oxygen atoms to metal ions [56].

3.6. Column operations

Since the adsorbate solution deliver through column,
the adsorption zone (where most of the adsorption takes
place) is released from the column and the concentration
of wastewater begins to increase over time. This is called a
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breakpoint. Breakthrough curve were plotted-gives a ratio
of effluent and feed (influent) concentrations (Cc/Cf) and
volume (mL) at the operating conditions. In this research,
an actual wastewater sample was rounded up from Hesinia
city, Egypt. In this study, 850 mL of actual nature water from
Hesinia region, East Delta, Egypt acidified with 1 M HNO,
solution containing a mixture of different concentration of
Fe* and Pb* ions was push through a glass column packed
with 1 g of Mn-Si-Mo at a flow rate 0.6 bed volume/min.
Break-through capacities (Q,) of Pb** and Fe* on Mn-Si-Mo
are were computed from their corresponding curves shown
in Fig. 13. It was established that the break-through capac-
ities are 6.5 and 4.36 meq/g for Pb*, and Fe*, respectively.

Table 4
Thermodynamic parameters for the adsorption of Pb*, and Fe**
onto Mn-Si-Mo at different reaction temperatures

Metal Temperature AH° AG® AS°
ions (K) (kJ/mol) (kJ/mol)  (kJ/mol)
298 -2.53
Pb* 313 6.8 -2.71 0.02
333 -2.91
298 -2.38
Fe¥ 313 6.6 -2.55 0.1
333 -2.74
" u
(B re" L e
4 60°C

C/Q.

Fig. 9. Langmuir isotherm for adsorption of Pb* and Fe* on Mn-Si-Mo.

Table 3

Freundlich isotherm parameters for the sorption of Pb*, and Fe* onto Mn-Si-Mo at different reaction temperatures

Metal ions Temperature (°C) K, [(mg/g)/(mg/L)""] n R

Pb* 25 0.87 1.98 0.99
40 1.00 1.96 0.99
60 1.78 1.95 0.99

Fe?* 25 0.41 1.04 0.99
40 0.64 1.02 0.98
60 0.96 1.01 0.99
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Fig. 10. Freundlich adsorption isotherm for adsorption of Pb* and Fe* on Mn-Si-Mo.
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Fig. 13. Breakthrough curves of Pb%and Fe®" ions of Mn-Si-Mo
at 25°C.
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Fig. 12. Adsorption mechanism of metal ion onto Mn-Si-Mo.

4. Conclusion

On the origin of the consequences of the experiments
managed, the next conclusions can be confirmed. Mn-5i-Mo
has been effectively prepared and applied as a novel and
active adsorbent for the elimination of Pb (II), and Fe(IIl)
metal ions from aqueous solution. Mn-Si-Mo was character-
ized using different tools like SEM, XRD, FTIR, DLS, TGA/
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DTA, and UV. The adsorption behavior of heavy metals
(lead, and iron toward the prepared material has been stud-

ied.

The maximum adsorption capacity was established 8.5

and 6.5 meq/g at 25°C for Pb*, and Fe® ions respectively.
Freundlich isotherm successfully fitted for the adsorption of
lead and iron ions which implied that the adsorption pro-
cess was physi-sorption, the thermodynamic parameters like
AH®, AS°, and AG® were computed, demonstrating that, the
adsorption behavior was spontaneous in nature.
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