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ABSTRACT

This study has examined the removal of metal ions
of chromium (Cr), copper (Cu), lead (Pb), nickel
(Ni), zink (Zn), cobalt (Co), and cadmium (Cd) in
the Ghollenh Kaftaran lead mine effluent of
Shahroud - Iran, with amino silica-modified
magnetic nanoparticles.  Adsorption has been
proposed as a simple, economical, effective, and
efficient method for removing heavy mineral ions
from wastewater. In this study, magnetic
nanoparticles were  synthesized from co-
precipitated iron ions Il and Il in the presence of
ammonia, and then the nanoparticles were coated
in ethanol/ammonia mixture using the sol-gel
method. The structure of the synthesized
nanoparticles was determined using the FT-IR,
SEM, XRD, and ZETA methods. Various
parameters such as pH of the solution, adsorbent
dosage, stirring time, temperature, and initial
concentration of metal ions were optimized. The
maximum adsorption of metals by the adsorbent in
optimal conditions occurred at the pH of 6, the
adsorbent dose of 0.02 mg, the contact time of 60
minutes, the temperature of 25°C and the
concentration of 20 ppm. Measurements of Cr, Cu,
Pb, Ni, Zn, Co and Cd ions were performed by an
inductively coupled plasma (ICP) device. The
adsorption isotherms follow the Langmuir isotherm
model for all heavy minerals except for Pb, which
follows the Freundlich isotherm model. Overall,
the results revealed that the adsorbent of amino-
functionalized silica magnetic nanoparticles has a
good performance for the removal of heavy
mineral ions. The best adsorbent performance is
related to Pb, while the weakest performance is
related to Cu and Zn.

Key words: Silica, amino, heavy minerals, magnetic
nanoparticles.
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INTRODUCTION

Following an increase in population, modernity and
welfare, many contaminants enter the environment,
with toxic effects on the ecosystem. These
contaminants include heavy minerals, which are
important due to their harmful impacts on the
environment, human health and safety (_Li et al.
2013).

Heavy minerals have a specific gravity that is at
least 5 times the specific gravity of water and are
among the pollutants typically found in very small
amounts in natural waters and in higher
concentrations in mineral effluent, especially in
metal mines. The main problem with heavy
minerals is that they are not metabolized in the body
and accumulate in body tissues, causing a variety of
diseases. It is difficult to measure small and very
small amounts of these metals by direct methods, so
we need separation methods for their pre-
concentration and measurement. Cr and Cd are
major  pollutants identified by the U.S.
Environmental Protection Agency (Maity and
Agrawal 2007).

Cd is very stable in the environment with a variety
of inhalation effects including lung cancer,
weakening of the immune system, and kidney
damage. Among the heavy minerals found in nature,
Cd monitoring is crucial as its concentration in the
environment increases dramatically.

A variety of processes are used to remove heavy
minerals, such as precipitation, membrane process,
liquid-liquid extraction, solid phase extraction
(SPE), flotation, adsorption etc. SPE through
adsorption is the most widely used method for the
removal of heavy minerals because it is cheaper and
more effective than other methods. Conventional Cr
and Cd removal methods are too costly, thus
involving the development of new inexpensive and
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economical methods (DeobandHafshejani et al.
2014).

Modified adsorbents are a new category of
adsorbents introduced by researchers in recent
decades to address the shortcomings of conventional
adsorbents. Widely used adsorbents that have a
good performance in removing pollutants from the
aqueous environment are generally placed in two
categories of modified adsorbents based on silica
and ion imprinted polymers (11Ps).

Modified adsorbents include a broad range of
materials consisting of organic, inorganic, highly
natural and biopolymer structures. Modified
adsorbents resulting from the functionalization of
mesoporous silica are of great interest to researchers
because of their high specific surface area, high
porosity, controllability, and uniform pore sizes.

Removal heavy  minerals from  aqueous
environments are very important. Because it is
critical to prevent contamination of water resources
due to the water crisis (Azouaou et al. 2010).

Some heavy minerals are essential for human life,
while others not only do not play a positive role in
the body’s physiology, but may even be toxic in low
concentrations. These metals result from human
activities and some natural phenomena.

Vegetables have high capability to absorb and store
heavy minerals; therefore, their consumption causes
the accumulation of these substances in the body
with adverse effects. Some industrial plants produce
wastewater with heavy minerals and they lack
treatment systems.

Over the last 50 years, humans have been
increasingly exposed to heavy minerals, which can
increase allergic reactions and cause genetic
mutations. Therefore, developing reliable methods
to determine Cr and Cd in the environment is of
particular importance for public health and
environmental pollution control (Boparai et al.
2013).

With this in mind, the present study is an attempt to
remove heavy minerals(Cr, Cu, Pb, Ni, Zn, Co and
Cd) from the Gholleh Kaftaran lead mine effluent of
Shahroud with amino silica-modified magnetic
nanoparticles.

Materials and Methods
Synthesis of magnetic nanoparticles
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To synthesize magnetic nanoparticles using the co-
precipitation method, 0.5 g of six-aqueous iron (1)
chloride and 1 g of aqueous iron (I1) chloride (in the
1:2 ratio) were weighed to which 50 ml of water
was added. The resulting solution was exposed to
ultrasonic waves for 30 minutes and then its
contents were placed in a water bath at 50° C. while
blowing nitrogen gas into the solution, 2 ml of
ammonia was gradually added to it. The solution
was then filtered and the precipitate was washed
with water and ethanol and finally the resulting
precipitate was dried (Abdolahinejad et al. 2015).

Modification of adsorbent with amino-

functionalized silica

To increase the lifespan of nanoparticles and
prevent their transformation to maghemite, the
magnetite nanoparticles were coated with silica.
This is done using two methods: (1) microemulsion
and (2) sol-gel The sol-gel method was used in this
synthesis.

To modify the magnetite nanoparticles prepared
above, 0.5 g of it was weighed and added to a
mixture of 40 ml of ethanol and 1 ml of 25%
ammonia solution. While the mixture was being
stirred by magnetic stirrer, 05 ml of
tetraethoxysilane (TEOS) and 1 ml of N-[3-
(Trimethoxysilyl) propyl] ethylenediamine (TSD-
NH2) were added in ethanol.

The mixture was then stirred for 3 hours at 30° C for
a period of 24 hours. Finally, the product was
removed using a magnet, washed with ethanol and
excess water, and dried at 80° C for 24 hours (Ketla
et al. 2017).

(Fig. 1) shows a schema of the formation of iron
with

oxide  nanoparticles  coated silicas

functionalized by amino-group.

NH,OH @
Fe (II) + Fe (I1I) ————=

Fig. 1 Formation stages of amino silica-modified
magnetic nanoparticles (Baig et al. 2015).
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Preparation of solutions

The Gholleh Kaftaran lead Mine effluent of
Shahroud was used in this study. Then to carry out
the experiments, the mine effluent was diluted. To
measure Cr, Cu, Pb, Ni, Zn, Co and Cd ions by the
inductively coupled plasma (ICP) device, five
standard solutions with concentrations of 2.5, 25,
250, 500, and 1000 micrograms per liter (ppb) were
prepared through dilution with deionized water of
the above standards.

Experiment procedure

First, to examine the adsorption of metal ions by the
synthesized nanoadsorbent, 20 ml of a mixture of
each of the ions of Cr, Cd, Cu, Pb, Ni, Co and Zn
with a certain concentration was taken and poured
in a 50 mL Erlenmeyer flask to which a certain dose
of nanoadsorbent was added. The solution was
stirred at a suitable temperature for a sufficient
period of time. The magnetic nanoadsorbent was
then separated by an external magnet. Since the
solution poured into the ICP must be completely
clear and free of any suspended solids, 10 ml of the
metal ion solution was filtered through a filter paper
and the remaining clear solution was decomposed
using the ICP device to measure metal ions.

Results

In this section, the nanoadsorbent structure
produced by infrared spectroscopy, scanning
electron microscopy, X-ray diffraction spectroscopy
and zeta potential methods were evaluated. Then,
various parameters were examined to obtain the
optimal conditions and achieve the highest
adsorption efficiency. Finally, the isotherms of
Langmuir, Freundlich, Tamkin and BET were
examined.

Examining the adsorbent structure

The adsorbent used in this study was examined
using the FT-IR, SEM, XRD, and Zeta potential
spectroscopy methods.
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Identification of magnetic silica nanoparticles
using infrared spectroscopy

(Fig. 2) shows the FTIR adsorbent spectrum of
amino-functionalized silicate magnetic
nanoparticles to examine the functional groups
present in its structure.

Examining the FTIR spectrum of the synthesized
adsorbent indicates that three peaks are important to
examine the structure of the synthesized magnetic
nanoadsorbent. The stretching vibration of the Fe-o
bond in the 579 cm-1 region, which represents the
magnetite phase, and the stretching vibration of the
Si-O bond in the 1086 cm-1 region, where the Fe-O-
Si bond is not seen in the IR spectrum, because it
appears in 574 cm-1 and overlaps with the Fe - O
bond.

The stretching vibration of the OH bond is shown in
the 3437 cm-1 region because of the adsorption of
OH- by Fe304 nanoparticles. In addition, the
spectral band of the NH functional group overlaps
with the adsorption band of OH and is not observed.

The adsorption band located at 2924 cm-1 is related
to the C-H aliphatic stretching vibration of the
hydrocarbon chain. Also, the adsorption band at
1632 cm-1 is related to the bending vibration of the
O-H group. The peak in the range of 1380 cm-1 is
related to C-N-H (Kalantari et al. 2019;
Kampalanonwat and Supaphol 2014; Kumar and
Rni 2013).

) 00 2
Wammbars 1)

Fig. 2 FTIR spectrum of the synthesized adsorbent
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Identification of magnetic silica nanoparticles using scanning electron microscopy

Several images were taken of the magnetic Nano adsorbents functionalized by scanning electron microscopy,
some of which are shown in (Fig. 3).

MIRA3 TESCAN SEM MAG: 330 kx Det: InBeam
WD: 5.42 mm BI: 7.00 100 nm
View fleld: 0.629 ym Date(mi/dly): 05/07/19

_‘ﬁ

\ o \ r
SEM MAG: 200 kx Det: InBeam MIRA3 TESCAN SEM MAG: 200 kx Det: InBeam MIRA3 TESCAN
WD: 5.42 mm BI: 7.00 200 nm WD: 5.42 mm BI: 7.00 200 nm
View field: 1.04 ym | Date(m/dly): 05/07/19 | View field: 1.04 ym  Date(midly): 05/07/19

—"

i 4 5
SEM MAG: 100.0 kx Det: InBeam L

WD: 4.99 mm BI: 7.00 500 nm
View field: 2.08 pm  Date(m/dly): 05/07/19

Fig. 3 Scanning electron microscope (SEM) images of the adsorbent sample a) 50x magnification b) 330x
magnification ¢) 200x magnification d) 200x magnification with Nano sizing e) 200x magnification
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The morphology of magnetic amino-functionalized
silica nanoparticles was examined by the field
emission scanning electron microscopy (FESEM),
which is illustrated in (Fig. 3). (Fig. 3b) shows
silica-coated and amino-functionalized iron oxide
nanoparticles, where it is difficult to distinguish
between magnetic nanoparticles and silica.
However, it appears that the two nanoparticles have
accumulated together and the agglomeration of the
nanoparticles is visible. According to (Fig. 3d), the
nanoparticle diameter is within the range of 15 to 60
nm. (Fig. 3e) shows a scale bar of 500 nm and a
magnification of 100,000. Also, the two materials
together show a unique morphology and particles
below 100 nm are detectable ((Fig. 3c) with a scale

bar of 200 nm). Based on the definition of nano, the
images confirm that the materials are nano.
According to (Fig. 3), part of it is almost
recognizable that nano structure has coated the
amino-functionalized silica magnetic nanoparticles,
which is consistent with the findings of other
researchers (Attallah et al. 2017).

These researchers reported that silica had good
interaction with the surface of iron oxide
nanoparticles, and that a silica network is usually
formed around the magnetic nanoparticles. This
evidence confirms that magnetic amino-
functionalized silica nanoparticles have been
synthesized well (Kalantari et al. 2016).

Identification of magnetic silica nanoparticles using X-ray diffraction spectroscopy
(Fig. 4) shows the X-ray diffraction spectrum for the modified amino-functionalized magnetic absorbent.
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Fig. 4 X-ray diffraction image for the adsorbent sample

Phase identification is one of the most important
applications of the XRD method. For this purpose,
first the X-ray diffraction pattern was obtained from
the sample and then the data were compared with
the known standards to determine the phase of the
sample. Examining (Fig. 4) and comparing the
diffraction pattern obtained for Fe304 nanoparticles
with the standards indicate the crystallization of the
cubic spinel phase for the nanoparticles. As shown
in the diffraction pattern for Fe304 nanoparticles,
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silicate peak is also observed. (Fig. 4) clearly shows
that the X-ray diffraction pattern for adsorbent
nanostructures is a combination of Fe304 and SiO2
nanoparticles. In other words, the crystal structure
of Fe304 nanoparticles besides the SiO2 around it
has undergone a change.

Identification of magnetic nanoparticles using
Zeta potential
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If all the particles in the suspension have a negative
or positive charge, then the particles will tend to
repel each other and there will be no tendency for
them to come together. The tendency of particles to
repel each other is directly related to the zeta
potential.

The most important factor in determining the size of
the zeta potential is pH. In fact, the zeta potential
guoted without a pH is completely meaningless. For
example, a particle with a negative zeta potential is

in a suspension. If the suspension medium becomes
more alkaline due to the addition of an additive, the
particles will have fewer tendencies to come
together, resulting in a more negative zeta potential.
In the present study, the zeta potential result was
estimated to be -14.9 mV, which indicates the
negative charge of the adsorbent. Therefore, the
adsorbent of the research can absorb positive metal
ions. (Fig. 5) shows a design of the zeta potential
test for the synthesized adsorbent sample.

................................................................................

Zeta Potential (mV)

Fig. 5 Zeta potential image for the adsorbent sample

Examining the parameters affecting the removal
rate

In this section, according to different conditions and
the nature of the functional groups, parameters such
as pH of the solution, adsorbent dose, contact time,
initial concentration of metal ions, and temperature
were examined.

100

Effect of pH of the solution on removal of metal
ions

To examine the effect of pH on the adsorption
efficiency of metal ions by the synthesized magnetic
adsorbent, the pH of solutions 2, 4, 5, 6 and 8 was
adjusted. (Fig. 6) shows the effect of pH on the
removal of heavy minerals by Nano adsorbents.

e L\x/\\
Rem °=°©
oval 85 cd(m)
. 20 Co(ll
effic o(1m)
. 75 Cr(1r
lenc 70 cu(m)
y 65 —s— N(11)
[=1e) Pb(In)
55 ——Zn(I1)
b) 2 a & =3 10

PH

Fig. 6 The effect of pH on the removal of heavy minerals

Copyrights @Kalahari Journals

Vol. 6 No. 3(December, 2021)

International Journal of Mechanical Engineering

4258



According to the results presented in (Fig. 6), the
adsorption efficiency has increased and then
decreased at pH 5 to 6. As the pH has increased,
the amount of positive hydrogen ions in the water
has decreased. This means an increase in OH- ions.
Therefore, an increase in the OH- ions has led to
the reaction of this ion with the positive ions of the
heavy mineral and suspended the heavy minerals as
a solid phase in solution. Therefore, an increase in
the pH affects the metal adsorption and reduces the
adsorption efficiency.

100

Removal
efficiency )

70

Effect of adsorbent dose on the removal of metal
ions

To examine the effect of adsorbent dose on
adsorption efficiency, 5, 10, 20, 40 and 60 mg of
adsorbent were added to the solution of metal ions.
After they were mixed at the right time, the
adsorbent was separated from the solution using a
magnet and the concentration of metal ions was
measured using the ICP device. (Fig. 7) shows the
results of the effect of the adsorbent dose on the
removal of heavy minerals.

cd(n)
co(ll)
cr(im
cu(ll)
—k— Ni(11)
Pb(ll)

—+—7n(l)

10 20 30

40 50 60 70

Adsorbent mass (mg)

Fig. 7 Effect of adsorbent dose on the removal efficiency of heavy minerals

The results presented in (Fig. 7) show that the
adsorption efficiency increases due to an increase
in the adsorbent dose. An increase in the adsorbent
dose increases the contact between the adsorbent
particles and the metal ions, which in turn increases
the efficiency. However, if the concentration of
heavy minerals in the sample is constant, the
excessive increase of the adsorbent has little effect
on the efficiency.

Copyrights @Kalahari Journals

Effect of time on the removal of metal ions

To identify the effect of the contact time of
adsorbent with the solution of metal ions on the
adsorption efficiency, the contact times of 5, 10,
30, 60, 90 and 180 minutes were examined. (Fig. 8)
shows the effect of time on the removal efficiency
of heavy minerals.
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Fig. 8 The effect of time on the removal of heavy minerals

The adsorption rate of metal ions is related to the
efficiency of the adsorbent and the activity of the
metal, and therefore determines the residence time
of the adsorbent at the solid-solution interface.
Adsorption time profiles were examined by
performing discontinuous adsorption experiments.
The results presented in (Fig. 8) shows an increase
in the adsorption efficiency due to an increase in
time, and the increased time increases the contact
between metal ions and the adsorbent. The results
show that the adsorption rate for heavy minerals is
constant at times longer than 50 minutes. In other

words, an excessive increase in the adsorption time
reduces the adsorbent efficiency in heavy mineral
adsorption.

Effect of initial concentration on ion removal
rate

To identify the initial concentration on the
adsorption efficiency, concentrations of 5, 10, 20,
50, 100, and 200 ppb were examined. (Fig. 9)
shows the effect of the initial concentration on the
removal efficiency of heavy minerals.
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90
. 80
s’ e Cl(11)
=
w 7p el CO(l)
=
[ Cr(1r)
ry
60 Cu(ln)
<T
3 —%—Ni(Il)
s 50
e —8—Ph(ll)
o
a0 e 7 11(11)
30

50 100

150 200 250

CONCENTRATION (PPB)

Fig. 9 Effects of initial concentration on the removal of heavy minerals
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The results presented in (Fig. 9) show that an
increase in the initial concentration in the rate of
constant adsorbent leads to a decrease in adsorption
efficiency. At high concentrations, large amounts
of metal ions reduce the contact of ions with the
adsorbent, which decreases the adsorption
efficiency.

Effect of temperature on the ion removal rate

To identify the effect of temperature on the
adsorption efficiency, temperatures of 25, 35 and
45 degrees centigrade were examined. (Fig. 10)
shows the effects of temperature on the removal of
heavy minerals. According to the results presented

in this figure, an increase in the temperature in all
cases except for Cd, Co and Ni has little effect on
the adsorption efficiency. In Cr and Ni, the increase
in temperature leads to an increase in the removal
of heavy minerals, while in Co, an increase in
temperature decreases the adsorption efficiency. An
increase in temperature leads to an increase in
molecular motions. Increased molecular motion
can increase the contact of metal ions with Ni and
Cd metals and, ultimately, increase the adsorption
efficiency. On the other hand, an increase in the
temperature increases the oxygen concentration of
water, which causes Cd to react with oxygen. This
ultimately reduces the adsorption efficiency by
creating a solid phase.

100
98
96
Removal cd(n)
efficiency 94 Colll)
92
cr(in)
90
cu(n)
88
== Ni(11)
86
Ph(Il)
84
—t—7n(ll)
82
80
20 25 30 35 40 45 50

TEMPERATURE (°C)

Fig. 10 Effects of temperature on the removal of heavy minerals

Standard curves

(Table 1) shows the standard curve data. (Fig. 11) shows the standard curve for different heavy mineral
samples, regression results and error for different samples.
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Table 1 Standard curve results

lon R? Standard curve Mean error
equation
Cd (11) 0.9988 y = 2.3382x - 20.139 1.093
Co (1) 0.9974 y =0.8948x + 34.314 -0.939
Cr (1) 0.9973 y = 1.5467x + 42.659 -0.604
Cu (1) 0.9966 y =0.7959x + 32.253 -1.586
Ni (11) 0.9985 y =0.6001x + 15.41 -0.609
Pb (1) 0.9919 y =0.1906x + 9.9736 1.180
Zn (1) 0.9920 y = 5.0147x + 98.845 -1.660
6000
5000 cd(n)
4000 Co(ll)
E 3000 cr(in
=
E Cu(ll)
o 2000
§ X Ni(I1)
“ 1000
Pb(l1)
0 f
+Zn(ll)
-1000
0 200 400 600 800 1000 1200
CONCENTRATION (PPB)
Fig. 11 Standard curves of heavy minerals
The results show that the calibration curves in
different samples are linear. These equations are - PR
shown in (Fig. 11) and the regression rate of these Examining adsorption |sotherms- o
curves is more than 99%. Therefore, the equations The agreement of the adsorption equilibrium
have been calculated accurately with an accuracy experimental data with the Langmuir, Freundlich,
of less than 1%. Tamkin, and BET adsorption isotherm models was

examined using Equations 1 to 5, respectively.

C_1,! )
_— = + _CE
e ab a
1.
Ing, = Inkg+ E“““*—‘] )
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e =BInC, + C (3)
Ing, = AlnC, +B 4)

_(co-ce) (5)

Qe m

It should be noted that the isotherm indicators are:

Ce: Equilibrium concentration of adsorbate (mg/L)

g.: Mass of adsorbate per unit mass of adsorbent (mg/g)
ks: Freundlich isotherm constant (dimensionless)

a and b: Langmuir isotherm constants (dimensionless)
B: Constant of Tamkin and BET

n: Constant of metal adsorption

m: adsorbent mass (g)

V: Reactor volume (L)

CO: Initial concentration (mg/L)

The results presented in (Table 2) show that all heavy minerals follow the Langmuir adsorption isotherm except
for Pb, which follows the Freundlich adsorption isotherm.

Table 2. Results of Cd isotherm

Hea qe ce Langmuir Freundlich Tamkin BET

vy R er a b R2 err Kk n R2 er B C R Er A B

min

2 2

eral

Cd 225 09 0 0 1 4386 088 01 24. 33 09 00 & 25 0. 0. 5 -
32 16 99 01 3 2 84 2 1 9 83 .1 71 29 98 18

' 3 3 0

33.75 2.7 8
375 45

Co 1667 05 0. 0. 0. 4766 094 00 26. 22 09 00 9 21 0. 0 3 10
16 og 97 03 8 6 86 7 4 6 88 1 91 09 74

' 5

2714 1.9
35.45 3.9

Cr 16 08 0. 0. 0. 3558 09 00 25 25 09 00 7. 17 0. 0. 5 -
2143 15 99 01 9 4 33 27 8 2 44 7 81 19 14 13
' ' 4 1 4
23.63 2.6 9
29.3 44

Co 1667 05 0. 0. 0. 4766 094 00 26. 22 09 00 9. 21 0. 0. 3 10

97 03 8 6 86 7 4 6 88 .1 91 09 74

16 0.8 5
2714 1.9
35.45 3.9
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Cu 14 0.7 0. 0. 0. 303 08 01 32. 31 08 01 5 15 0. 0. 6. -
1889 1.7 94 06 9 1 26 6 4 62 53 89 11 88 167
1786 2.5 7
25.79 49
Ni 22.5 0.9 0. 0. 5 2688 033 06 33. 36 03 06 0 - 0. 0. 8 -
2143 15 9 01 3 7 62 8 5 5 15 3. 25 75 10 23
1 18 4
2714 1.9 4
2579 4.9
Pb 16 0.8 0. 0. 0. 6097 091 00 25 25 08 01 13 16 0. 0. 2. -
76 24 3 9 11 4 5 5 5 9 89 11 92 7.
18.89 1.7 7 9 8 03
33.75 2.7
3545 3.9
Zn 14 0.7 0. 0. 1. 289 069 03 24 23 06 03 6. 18 0. 0. 3. -
2714 1.9 97 03 9 1 5 6 7 3 04 .3 43 57 83 0.
8 5 31
23.63 2.6
2579 4.9
Conclusion increases the contact between the metal ions

XRD results show that the comparison of the
diffraction pattern obtained for Fe304
nanoparticles and its comparison with the
standards indicate the crystallization of the
cubic spinel phase for the nanoparticles. As
shown in the diffraction pattern for Fe304
nanoparticles, silicate peak is also observed.

According to the results presented in the figure,
an increase in the pH decreases the adsorption
efficiency. As the pH increases, the amount of
positive hydrogen ions in the water decreases.
This means an increase in OH- ions. Therefore,
an increase in the OH- ions leads to the
reaction of this ion with the positive ions of the
heavy mineral and suspends the heavy minerals
as a solid phase in solution. Therefore, an
increase in the pH of the metal disrupts the
adsorption and reduces the adsorption
efficiency.

An increase in the adsorbent dose increases the
contact between the adsorbent particles and
metal ions, which increases the efficiency.
However, if the concentration of heavy
minerals in the sample is constant, an excessive
increase of the adsorbent has little effect on the
efficiency.

An increase in the efficiency time leads to an
increases in the adsorption rate, which in turn
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and the adsorbent.

At high concentrations, large amounts of metal
ions reduce the contact of ions with the
adsorbent, which decreases the adsorption
efficiency.

In Cr and Ni, an increase in the temperature
leads to an increase in the removal of heavy
minerals, while in Co, an increase in the
temperature  decreases the  adsorption
efficiency. An increase in the temperature leads
to an increase in molecular motion. Increased
molecular motion can increase the contact of
metal ions with Ni and Cd metals and
ultimately increase the adsorption efficiency.
On the other hand, an increase in the
temperature leads to an increase in the oxygen
concentration of water and this causes Cd to
react with oxygen and ultimately reduces the
adsorption efficiency by creating a solid phase.

The results presented in (Fig. 6) show that the
best adsorption efficiency at low pH is related
to Ni and Pb, and that an increase in the pH
improves the adsorption efficiency of Cr and
Pb. As shown in (Fig. 7), the highest adsorption
efficiency is related to Pb, which is
significantly better than other metals. (Fig. 8)
shows the best adsorption efficiencies for Co
and Pb. According to this figure, there is no
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significant difference between the adsorption
efficiency of Co and Pb. According to (Fig. 9),
the best adsorption efficiency belongs to Pb,
although other metals are not significantly
different from Pb (at low concentrations).
However, at high concentrations of heavy
mineral, Pb adsorption is significantly better
than other metals (except Ni). Therefore,
according to the results, this adsorbent has the
best efficiency for Pb removal.

The results presented in (Table 2) show that Zn
and Cu are at the lowest level of adsorption
efficiency. Therefore, this adsorbent has the
least effect on the adsorption of Zn and Cu
metals.

The adsorption isotherms of all heavy minerals
follow the Langmuir isotherm model, except
for Pb, which follows the Freundlich isotherm
model.
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