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ABSTRACT

In this study, removing Fe(II) and Mn(II) through adsorption on greensand along with changes in
the contact time, initial concentrations of the adsorbent, Fe(II) and Mn(Il) and pH in a batch sys-
tem was investigated. Also, results obtained from the experiment conducted on Freundlich and
Langmuir isotherms and pseudo-first and second-order kinetic models were studied. Results
showed that the removal efficiency of the adsorbent decreased to pH and iron/manganese concen-
trations increased. On the other hand, it increased with an increase in the primary concentration of
the adsorbent and the contact time. Maximum adsorption for both adsorbents at pH 5 was achieved
and adsorption capacity of the glauconitic greensand for Fe(II) and Mn(II) were 11.5 and 11.8 mg/g,
respectively. Obtained results from equilibrium studies revealed that Fe(Il) and Mn(II) adsorption
process on the adsorbent followed the pseudo-second-order kinetic and Langmuir and Freundlich’s
isotherm models. In all, the experiment results indicated that the adsorption process on glauconite

could be used as an effective method for removing Fe(II) and Mn(II) in aqueous solutions.
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1. Introduction

Iron is the fourth abundant element that composes about
5% of the earth’s crust. Iron contamination appears in two
forms: ferric and ferrous. In surface waters, iron is often
found as ferric, while in underground waters, it exists in the
form of ferrous (soluble iron). Naturally, iron is insoluble
and consists of solid particles [1,2]. In Freshwaters, its con-
tent is around 0.5-5 mg/L. Iron levels of more than 0.3 mg/L
in water cause the taste to become undesirable, change the
water color into red, leave stains on objects and clothing and
also cause precipitation in water pipes and iron bacteria to
grow in the water system [3-5]. The growth of these bacteria
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in the drinking water causes odor, wells could be clogged
and their systems would dysfunction and as a result, water
supply decreases [6]. Up to the present, different processes
such as aeration, oxidation, and ion exchange have been used
to remove iron from drinking water resources.

Manganese is one the most abundant elements in the
earth’s crust which along with iron exists in most of the
soils. Most often, it is found in the form of dioxide, carbon-
ate, and silicate [7,8]. Manganese oxide in the form of Mn(II)
and Mn(IV) is very important in a drinking water system
[9]. At the moment, manganese ion is found in the slops of
many industrial factories such as dry battery, glass, ceramic,
paint, and safety match manufacturing companies and it is
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also found as a catalyst in petrochemical industries. Water
flowing through rocks that contain this metal can trans-
fer it to groundwaters as well [10]. Conventional amounts
of manganese in freshwaters are often in the 1-200 pg/L
range. In 2012, World Health Organization recommended
the concentration of manganese in the drinking water to
be 0.1 mg/L and reminded that its 0.05-0.1 mg/L concen-
trations are acceptable for most consumers; however, in the
long run, they would cause black sediments to be formed
inside water-supplying pipes [11]. The concentration of Fe
and Mn in the surface water is commonly less than 1 mg/L
but in groundwater can be reached to higher than 1 mg/L.
In the study of the assessment of Fe and Mn in groundwater
in Tabriz, these concentrations were 965 and 425 ug/L [12].
In aqueous solutions, Mn(II) can affect the lives of humans
and aquatic beings [13]. High concentrations of Mn(II) in
the human body can damage the brain and lead to com-
plications in the nervous system [14]. Some of the Mn(II)
removing techniques include chemical precipitation [15],
membrane filtration [16], adsorption of activated carbon
[17], ion exchange [18], etc. Among these methods, adsorp-
tion has been widely used.

Up to the present, numerous research has been done
on removing Fe(II) and Mn(II) both in Iran and throughout
the world. For example, Outram et al. [19] concluded that
through a filtration and adsorption mechanism, greensand
beds could trap manganese. The efficiency of this mechanism
would depend on parameters such as the volume of water,
the speed of the water flow, contact time, the depth of the
bed, etc. [3,20-23]. In 2013, Alslaibi et al. [24] concluded that
the efficiency of removing iron using carbon, obtained from
olive pits, was 99.39% and that the second-order kinetics and
adsorption isotherm followed the Langmuir model with an
adsorption capacity of 57.47 mg/g. The objective of this study
was to examine the ability of greensand in removing Fe(II)
and Mn(II) from water.

Glauconite is the active substance in greensand. It
belongs to the illite group of clay minerals and is a green
mineral soil with ion-exchange property. It actually consists
of hydrated aluminosilicate with a uniformity coefficient
less than 1.6, a special mass of 2.5-2.9 kg/m? and 16-60 mesh,
which can help water treatment through adsorption and
oxidation. Glauconite is a suitable environment for reduc-
ing soluble pollutants in raw water resources, while the
substance itself is not used in the removal process. Also,
Glauconite was used an adsorbent for adsorption of many
pollutants such as: Pb(I), Zn(II) [25] U(VI), and Th(IV) [26].
Therefore, it has an economic advantage over other removal
methods [2,20].

2. Materials and methods
2.1. Preparation of the adsorbent (Greensand)

In this research, the adsorbent (greensand) was gained
from a local river with a large deposit. In order to separate
the needed grain size, it was sifted using a laboratory sifter.
Therefore, 18-40 mesh with a uniformity coefficient of 1.6
were separated and after being rinsed with abundant distilled
water to remove external contamination and then, dried at
40°C, were prepared for the next stages [27]. To determine the
physical characteristics of the adsorbent, a scanning electron

microscope (SEM) model LEO 1430VP (a joint product of
Germany and England) was used, while for determining the
compounds and structural particulars of the adsorbent,
an X-ray diffraction device (XRD) model GNR-MPD3000
(manufactured in Italy) and an X-ray fluorescence device
model ARL-8410 (manufactured in the USA) were used.

2.2. Adsorption study

Adsorption of Fe(ll) and Mn(Ill) on greensand (Glau-
conite) was studied in a batch environment. To prepare the
initial Fe(Il) and Mn(I) concentrations, a stock solution
(1,000 mg/L) of the two elements (Merck Co., Germany) was
used and to adjust the pH, titrisol chloridric acid, and sodium
hydroxide (Merck Co., Germany) were used. The primary
and final analysis of Fe(Il) and Mn(Il) (after being centrifuged
at 2,000 rpm) was performed using a spectrophotometer
device UV/VIS model DR5000 (HACH company, Shanghai)
at 510 and 445 nm wavelengths equal to the standard method
No. 3500B [28]. The efficiency of Fe(Il) and Mn(II) removal
from the aqueous solution, was calculated using:

C -C
Removal efficiency (%) = OC ¢ x100 ¢y

e

where C| is the initial concentration (mg/L), C, is the equilib-
rium concentration (mg/L).

The study of kinetics was done separately in a 250 mL
Erlenmeyer flask containing 100 mL of Fe(II) and Mn(II)
solution with each of the initial concentrations 0.2,1, 2.5, 5,
and 10 mg/L and pH 5 at 25°C for 2 h. Then, samples were
separated and analyzed and the adsorption capacity was
determined using Eq. (2).

(G-C)V

v @

9. =

where g, is the adsorption capacity (mg/g), C, is the initial
concentration (mg/L), C, is the equilibrium concentration
(mg/L), V was the volume of the solution (mL), and M was
the mass of the adsorbent [29,30].

The equilibrium test was performed separately in a
250 mL Erlenmeyer flask containing 100 mL of iron and
manganese solution with each of the initial concentrations
0.2 to 10 mg/L, a primary amount of the adsorbent 1 g/L
and pH 5 on an 80 rpm shaker at 25°C for 2 h.

The effect of contact time on the efficiency of removing
Fe(Il) and Mn(II) was measured in 2-120 min time, pH 5
with an 80 rpm shaker at 25°C with the initial concentrations
of Fe(Il) and Mn(II) in the range 0.2-10 mg/L.

The effect of pH on the efficiency of Fe(II) and Mn(II)
removal was studied by changing the initial pH value from
3 to 11 using chloridric acid and sodium hydroxide at con-
stant initial concentrations of Fe(Il) and Mn(Il) being 2.5
and 5 mg/L, respectively with the initial concentration of
the adsorbent being 1 g/L at 25°C. The initial and final pH
(after contact with the adsorbent at the time of equilibrium)
were measured using a pH meter Model WTW-Multilane,
Germany. The effect of the initial concentration of Fe(II) and
Mn(II) on the removal efficiency in the studied system was
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investigated by changing the initial concentrations of 0.2—
10 mg/L of Fe(II) and Mn(II) at the constant pH 5 and the ini-
tial concentration of the adsorbent being 1 g/L on an 80 rpm
shaker at 25°C. The effect of adsorbent amount on Fe(II) and
Mn(II) removal efficiency was investigated on an 80 rpm
shaker at 25°C by changing the adsorbent amount from 0.175
to 1 g/L at the constant pH 5 and the initial concentrations of
Fe(Il) and Mn(II), 2.5 and 5 mg/L, respectively.

3. Results and discussion
3.1. Adsorbent characterization

The compounds and structural particulars of the
adsorbent, greensand (Glauconite), are shown in Fig. 1
and Table 1 as XRD patterns. Physical characteristics of
the adsorbent are shown in Fig. 2 using SEM. As Fig. 1,
porous surface morphology was showed in SEM result of
greensand (Glauconite). Chemical and mineralogical anal-
ysis of the greensand glauconite presented in Table 1 indi-
cated that glauconite mainly consists of silica, ferric oxide,

g
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Fig. 1. XRD patterns of glauconite.
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and alumina with a ratio of SiO, to AL,O, while the ratio of
SiO, to Fe,O, was around 2.5 and 2.3, in used glauconite,
respectively [31,32]. The raw glauconite also including Na®,
K, Ca*, Fe*, AI*, Ti**, and Mg?* in decreasing magnitudes
(wt.%), as a point to in Table 1 [27].

The XRD pattern of glauconite showed the presence of
quartz and dolomite. Also showing several diagnostic peaks
around the area 20 = 5°-10° represents within is the hexag-
onal crystal, and the peak observed several branches in the
20 = 35°-38° and 5°-25° of glauconite indicates that percent-
age is expected and presented accordance references [33].
The micro/mesostructure and surface morphology play a
vital role in knowing the presence of pores in the pollutant
adsorption capacity of glauconite. The morphology of sam-
ples is shown in Fig. 2. The micrograph of glauconite in Fig.
2 shows that the glauconites are aggregated mass of irregular
shape particles with the construction of illite-shaped, formed
by several flaky particles that have great discontinuities and

Table 1
Chemical composition of greensand

Component Content%
SiO, 38.1
Fe,O, 16.5
ALO, 15
CaO 10.8
MgO 4.1
Na,0 3
K,0 1.1
TiO, 2.2
P,0; 0.9
L.O.I 8.31

Signal A=0BSD  Date 114 Oct 2015

Time :12:32:31

Fig. 2. SEM images of greensand (Glauconite).
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porosity [27,31,34]. According to Uziim et al. [35], the BET
analysis shows the specific surface area and mean pore diam-
eter of the glauconite were measured to be 11 21.2 m?/g, and
25 nm, respectively. The pH at the potential of zero point
charge (pHzpc) of the glauconite was 7.7, and this mat-
ter confirmed that the adsorbing surface in different pH is
under 7.7 is positive and higher than it is negative.

3.2. Effect of contact time on the adsorption capacity

Figs. 3a and b show the effect of contact time on Fe(II)
and Mn(Il) adsorption capacity. As shown in the figures,
when the contact time increased from 2 to 60 min, iron
adsorption capacity increased from 0.83 to 4.21 (mg/g) (ini-
tial concentration of 5 mg/L) and manganese adsorption
capacity increased from 0.89 to 4.39 (mg/g) (initial concentra-
tion of 5 mg/L), respectively. Therefore, the equilibrium time
for Fe(IT) and Mn(II) was found to be 60 min [24].

The highest level of Fe(Il) and Mn(II) removal was done
at the first 0-30 min after which the removal process had
a constant trend with a slight increase. A probable reason
could be that at the initial stage, the number of available
adsorption sites was more, and the propulsion for transfer-
ring the adsorbed substance was greater [36,37]. Therefore,
the adsorbed part was more easily connected to adsorption
sites. With the passage of time, the number of active sites
decreased and they got captured by the adsorbed substance
[38—40]. So, its entrance became limited and time-consuming
[21,41-43]. These results were consistent with those obtained
in studies conducted by Gogoi et al. [44].

There are different models of adsorption kinetics includ-
ing first order, pseudo-first-order, and pseudo-second-order
of adsorption. In this study, pseudo-first and second-order
kinetics were used for obtaining the results (Fig. 4). Pseudo-
first-order kinetics can be expressed in Eq. (3).

lr{l—q‘J =k xt 3)
qE

where g, and g, are the amounts of the adsorbed substance
(mg/g) at equilibrium and ¢ time, and k, is the constant of
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speed (I/min). As a whole, pseudo-second-order kinetics can
be expressed in Eq. (4).
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In this equation, k, is the constant of speed (g/mg min).
By drawing t/q, against the contact time, k, and g, val-
ues could be obtained using gradient and width from the
matrix in the curve above. Parameters of kinetics studies are
given in Table 2.

With R* correlation coefficients taken into consider-
ation, it could be concluded that adsorption data followed
the pseudo-second-order kinetics. The pseudo-second-order
kinetics for Fe(Il) and Mn(Il) are shown in Figs. 3a and b,
respectively.

3.3. Effect of pH on Fe(Il) and Mn(II) removal efficiency

The effect of pH on the removal efficiency is shown
in Fig. 5. As seen, removal efficiency due to adsorption
increased with an increase in pH up until pH 5 and for Fe(II)
and Mn(II), the values in 120 min in initial concentration of
Fe(II) 2.5 mg/L and Mn(II) 10 mg/L were 84.8%, 67.4% at pH
3 and 82.4%, 87.5% at pH 5, respectively. When pH value
increased from 5 to 11, the efficiency of Fe(Il) and Mn(II)
adsorption decreased, reaching 54% and 20%, respectively.

Changes in the efficiency of removing Fe(II) and Mn(II)
upon variations in the pH value could be interpreted based
on the pH,,. of the adsorbent, the form of Fe(II) and Mn(II)
mold at the said pH value and the surface charge of the
adsorbent at different pH values. Upon hydration, hydroxyl
groups are formed on the adsorbent’s surface [45,46]. These
hydroxyl groups have buffer properties which are (Al Fe,
Si) OH:, (Al, Fe, Si) OH, and (Al, Fe, Si) O-positive, nega-
tive, and neutral groups on the surface of glauconite pH,
is a 7.6 adsorbent. It affirms the fact that the surface Charge
of the adsorbent at pH less than 7.6 is positive and at higher
pH, it’s negative. Low efficiency of the adsorption of Fe(II)
and Mn(II) in acidic conditions can be due to the competi-
tive effect of positive hydrogen ions with soluble cations on
the two elements—though the number of positive hydrogen

® i1mgL| | e 02mgL

0n
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Fig. 3. Effect of contact time on Fe(II) (a) and Mn(II) adsorption capacity by greensand (b) (pH: 5, greensand 1 g/L).
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Fig. 4. Pseudo-first and second-order kinetic for Fe(Il) (a and b) and Mn(II) removal by greensand (c and d) (greensand 1 g/L, pH: 5).

Table 2
Kinetic parameters for adsorption rate expression

Element C, q, Pseudo-first-order equation Pseudo-second-order equation
(mg/L) (&) k, q, (mg/g) R k, 9. (mg/g) R

Fe(II) 0.2 0.19 0.07 0.12 0.98 1.3 0.2 0.996
1 0.93 0.05 0.65 0.98 0.15 1 0.996
2.5 2.27 0.059 2.37 0.94 0.047 2.48 0.996
5 4.27 0.058 3.76 0.97 0.02 4.68 0.997
10 8.35 0.06 9.59 0.992 0.008 9.39 0.99

Mn(II) 0.2 0.19 0.08 0.14 0.88 1.48 0.2 0.994
1 0.95 0.08 0.93 0.91 15 1.02 0.995
25 231 0.07 2.42 0.89 0.04 2.53 0.996
5 4.47 0.07 5.12 0.96 0.01 4.98 0.98
10 8.75 0.069 10.46 0.98 0.008 9.92 0.98

ions decreases upon an increase in the pH value, the number
of positive-charged Fe(II) and Mn(II) cations increases [47].
Therefore, the higher the pH value, the more the number
of hydrogen ions decreases and the efficiency of removing
Fe(Il) and Mn(II) increases as well. However, the reduction
trend of the removal efficiency at pH higher than 5 could
be attributed to using caustic soda (NaOH) to increase pH,
where Fe(Il) and Mn(Il) cations bind to OH- and heavily
precipitate and cause the adsorption efficiency to decrease.

These results are consistent with those of Zhang et al. [48].
Fig. 5 shows the pattern for pH changes in determining the
surface pH in greensand. Results indicate that greensand has
a buffering property.

3.4. Effect of glauconite dose on the removal efficiency

The effect of the glauconite dose on Fe(Il) and Mn(II)
removal efficiency is shown in Fig. 6. As the initial glauconite
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Fig. 5. Effect of pH on Fe(Il) (a) and Mn(II) (b) removal efficiency (Fe(II): 2.5 mg/L, Mn(Il): 10 mg/L, greensand 1 g/L).
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Fig. 6. Effect of glauconite dose on Fe(II) (a) and Mn(II) (b) removal capacity and adsorption capacity of the greensand.

dose increased, removal efficiency decreased in a way that
when the glauconite dose increased from 0.175 to 1 g/L,
the removal efficiency increased from 65.5% and 69.8% to
90.8% and 92.5%, also adsorption capacity (q,) decreased
from 9.4% and 9.9% to 2.2 and 2.3 (mg/g), respectively [49].
Adsorption of Fe(II) and Mn(II) increased as the amount of
greensand (Glauconite), as an adsorbent, increased which
could be due to increased active adsorption sites or a general
increase in the special adsorption surface for cations which
existed in the environment. These results are consistent with
those of [50].

Iron and manganese ions removal using the adsorbent
decreased as the initial concentrations increased. The reason
was that adsorbents have limited active sites which in high
pollutant concentrations, are saturated rapidly and thus,
cause the adsorbent’s efficiency to decrease. Adsorption iso-
therms are equations for describing the equilibrium between
solid and liquid phases of the adsorbed part. The empiri-
cal data of the adsorption equilibrium with Freundlich and
Langmuir models of adsorption isotherms were studied in
this research.

The Langmuir isotherm model is valid in terms of mono-
layer adsorption. The linear form of Langmuir isotherm
model is given in Eq. (5).

—=—Cc 4 (5)

where g, is the amount of the adsorbed substance per mass
unit of the adsorbent in equilibrium (mg/g), C, is the equi-
librium concentration of the adsorbed substance in a solu-
tion after adsorption (mg/L), q, is the maximum amount
of the adsorbed substance per mass unit for the adsorbent
at equilibrium (mg/g), and b is the Langmuir constant.
Langmuir isotherm model for the present study is shown
in Fig. 7.

The linear form of Freundlich isotherm model is given in
Eq. (6) [51]:

logg, =logK, +llogC€ (6)
n

where g, is the amount of the substance adsorbed per mass
unit at equilibrium (mg/g), C, is the equilibrium concentra-
tion of the adsorbed substance in the solution after adsorp-
tion (mg/L), and Kf and n are Freundlich constants.

Tempkin considered the effect of some indirect sor-
bate/adsorbate interactions on the adsorption isotherm.
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Fig. 7. The linearized (a) Langmuir, (b) Freundlich, (c) Dubinin-Radushkevich, and (d) Temkin adsorption isotherm for Fe(II) and

Mn(II) adsorption.

This isotherm assumes that; the heat of adsorption of all the
molecules in a layer decreases linearly with surface coverage
of adsorbent due to sorbate—adsorbate interactions.

This adsorption is characterized by a uniform distribu-
tion of binding energies. The linear form of the Tempkin iso-
therm equation is represented by the following equation [38]:

q,=B,In(k,)+B,In(C,) @)
where B = RT/b, T is the absolute temperature in K, R the
universal gas constant (8.314 K mol™), k, is the equilibrium
binding constant, and the constant B, is related to the heat of
adsorption.

Dubinin and Radushkevich have proposed another iso-
therm which is not based on the assumption of homogeneous
surface or constant adsorption potential by the following
equation:

InC, =InX, —K¢’ 7)

where K and & are Dubinin-Radushkevich isotherm con-
stants. The saturation adsorption capacity g, and K were
calculated from the intercept and slope of Ing, vs. ¢. In the
present study, the isotherm models are shown in Fig. 7.
Adsorption isotherms are adsorption properties and
equilibrium data which describe how pollutants react with
adsorbents and how essential their role is in optimizing

the consumption of adsorbents. In other words, creating
a suitable relationship for the equilibrium curve and opti-
mizing an adsorption system for removing metal cations
or other pollutants is very important. The parameters of
the isotherm models are shown in Table 3. With the cor-
relation coefficient R? taken into account, equilibrium data
for Fe(Il) and Mn(II). Freundlich isotherm describes the

Table 3
Adsorption isotherms tested

Isotherm Parameter Fe(II) Mn(II)
Langmuir q, (mg/g) 11.5 11.7
b (L/mg) 1.21 17
R? 0.85 0.83
Freundlich K, (mg/g(L/mg)"") 59.2 97.7
n 1.4 1.4
R? 0.996 0.998
Temkin k, (L/mg) 0.083 0.06
B, 141 1.39
R? 0.79 0.77
Dubinin— q, (mg/g) 478 5.02
Radushkevich B 2.51 2.04
R? 0.91 0.91
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Comparison of adsorption capacity of Fe(II) and Mn(II) onto various adsorbents

Adsorbents Adsorption Initial Fe(II) Initial Mn(II) pH Reference
capacity (mg/g) concentration (mg/L) concentration (mg/L)
Greensand 11.8 10 5 This study
Activated carbon 172 50 4 [52]
Bone char 22 100 6.5 [53]
Natural zeolite 6.96 200 35 [54]
7.68 50 6 [55]
Calcined bentonite 0.5 50 53 [56]
Granular activated carbon 2 2 7 [57]
Metakaolin based geopolymer 72.3 100 3 [58]
Greensand 115 10 5 This study
Pecan shell-based activated carbon 41.6 55 35 [59]
Rice husk ash 6.2 40 6 [60]
Chitosan 64.1 6 5 [61]
Olive stone waste 57.4 50 5 [24]
Combretum quadrangulare Kurz AC 155 100 6 [62]
Pomegranate peel waste 18.5 100 6 [63]

adsorption process on heterogeneous surfaces. Therefore,
the amount of adsorption energy is not the same in all
adsorption sites for it to result in multi-layer adsorption
needed for manganese. These results are consistent with
those of Gogoi et al. [44].

3.5. Comparison with previous works

Comparison of different adsorbents and its capacity
towards the adsorption of Fe(Il) and Mn(Il) utilized in the
literature are given in Table 4. Based on the precursor mate-
rial used, the adsorption capacities vary, mostly because
of the differences in strictures including inorganic porous
material with immense structures area, natural and syn-
thetic polymer. The adsorption of Fe(Il) and Mn(II) from
aqueous solution can be related to the pH of the solution
because it affects the adsorbent surface charge, ionization
degree, and adsorbent species. The solution aqueous phase
pH governs the speciation of metals and also the dissocia-
tion of surface functional groups and preferential adsorp-
tion of ions. Similar studies have proven that the pH is an
important variable affecting the metals adsorption partly
because hydrogen ions can compete strongly with adsor-
bate metal ions for low pH active sites as well as the propen-
sity of precipitation at high pH.

As shown in Table 4, Some of the adsorbent materials
were higher adsorption capacity of Fe(II) and Mn(II) as com-
pared to the results obtained in this work, for example, acti-
vated carbon, bone char, metakaolin based geopolymer for
Mn(II) adsorption, and pecan shell-based activated carbon,
chitosan, olive stone waste, Combretum quadrangulare Kurz
activated carbon, for Fe(Il) adsorption. This could be due
to the excellent properties of these adsorbents such as high
specific surface area and rich surface functional groups. But
adsorption capacity in this study was higher than in natu-
ral zeolite, calcined bentonite, granular activated carbon for
Mn(II), and rice husk ash for Fe(II) adsorption. Nevertheless,

this work generally shows that low-cost glauconite exhibits
a comparable standing in Mn(II) and Fe(II) adsorption with
some adsorbents found in the literature.

4. Conclusion

Results indicated that greensand had a relatively high
capability in adsorption of Fe(Il) and Mn(II) from aqueous
solutions. The removal rate of Fe(II) and Mn(II) were the high-
est at pH 5. Adsorption kinetics followed the second-order
model, while adsorption isotherm followed the Freundlich
model for Fe(II) and Mn(II). Results suggest that greensand
can be effectively used as the adsorbent for the removal of
Fe(Il) and Mn(II) ions from aqueous solution and should be
investigated in future studies.
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