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Sulfate is an important anion in natural waters, and its excessive
concentration can be harmful. Therefore, in this study, the efficiency
of sulfate removal using nanoclay montmorillonite (adsorbent) from
water was investigated by determining the effect of adsorbent
concentration, pH, time, and temperature to determine the optimal
conditions. The sulfate adsorption isotherms were also examined. The
highest sulfate removal was achieved at a concentration of 1 g/l of
nanoclay montmorillonite, resulting in 4.47 mg/g or 23% removal, at
pH 3 with 2.87 mg/g or 27% removal, at a time of 90 minutes with
2.15 mg/g or 21% removal, and at a temperature of 25°C with 3.54
mg/g or 35% removal. Thermodynamic constants indicated that
sulfate adsorption on the adsorbent surfaces is endothermic and
spontaneous. The pseudo-second-order kinetic model provided a
better fit to the time data, indicating chemical adsorption of sulfate.
Among the isotherm equations, the Langmuir equation showed a
better fit compared to Freundlich, indicating monolayer adsorption
surfaces. Furthermore, the maximum adsorption capacity of nanoclay
montmorillonite for sulfate (SO4~-S) was found to be 9.7 mg/g. SEM-
EDX analysis also revealed surface adsorption of sulfur and changes
in the surface. Therefore, this nanoclay was effective in removing
sulfate from water.
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EXTENDED ABSTRACT

Introduction

The presence of some salts is necessary for
human health, while their excessive amount
endangers human health. Thus, the existence of
healthy drinking water is a guarantee of the
health of society, and the first step in knowing
water is to check the parameters of drinking
water. The World Health Organization (WHO)
has set the sulfate concentration in drinking
water to be 250 mg/l. High sulfate concentrations
(more than 500 mg/l) cause diarrhea and
digestive discomfort in humans and animals. To
date, quite a lot of efforts have been made to treat
the sulfate-rich wastewater Therefore, it is
necessary to study the methods of removing
sulfate from water.

Recently, scientists have shifted from
conventional adsorbents to nanoadsorbents due
to their higher efficiency and effectiveness. Nano
materials, due to their high specific surface area,
often possess high surface adsorption sites. Nano
clay Montmorillonite has a high water adsorption
and surface charge potential, and can adsorb
organic and inorganic cations on the surface
better than other reference clays. Despite the
existence of studies on the removal of sulfate
from water and wastewater by surface
adsorption, However, the level of studies in this
field is limited, as well as, studies on the use of
nanoclay of montmorillonite adsorption for
sulfate removal are rare. Using clay material as
adsorbent for the removal of sulfate ion is good
choice because of its low cost and high
efficiency. Therefore, in this research, the effect
of parameters such as the concentration of
nanoclay adsorbent, pH, contact time,
temperature, and changes in sulfate concentration
in aqueous solution (adsorption isotherm) in the
removal of sulfate by montmorillonite nanoclay
was investigated to determine the ability of
montmorillonite nanoclay for sulfate adsorption.

Material and Methods

The nanoclay was supplied from Sigma Aldrich
Company. The adsorption experiments were
carried out using a batch system. A group of
particular way of sorption studies (optimizing
experiments) was done in order to evaluate the
effect of pH level, temperature, time, and
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adsorbent dosage on sulfate removal. In the pH
experiments, pH between 2.0 and 8.0 were
synthesized. As well as, adsorbent dosage of 2
g/l (25 mg of nanoclay at 12.5 ml S solution),
constant concentration of 20 mg S/1, 25° C, and
equilibrium time of 24 h in 50 mL falcon tubes
were used. The experiments of adsorbent dosage
were performed with 1- 5 g/ of nanoclay and
constant concentration of 20 mg S/l , native pH,
25° C, and equilibrium time of 24 h in 50 ml
falcon tubes. The temperature effect was
designed at 15- 45° C with the same parameters
of adsorbent dosage section. The time effect
parameters were done from 10 to 180 min and
the others parameters were the same of adsorbent
dosage section. The isothermal models were
investigated at the optimal conditions. At the end
of the each experiment, the suspension was
centrifuged. The filtrate was measured for sulfate
concentration by the turbidity method at 480 nm
using spectrophotometer (model: Anova 100).
Any sorption tests were taken place for 3 times,
due to its reach the average and similar
consequences.

e 1

=gt

Lo

LA= 3RS my s L1 #az 43w
. L]

L WO R R Liia
EEL A PR ks i B8 Bt
W S 10 DY R

2 B4 nm

B R P
A WA TR ke Rt W
Ao Wt 100 W Dl AR

Fig. 1 SEM images of bare montmorillonite nanoclay:

WD @30 PR TR A

I—'——.I

G FESEW

Vol. 10, No. 2, 2024

a) before and b) after adsorption
o

EWE

VF-¥ QL«M..}L! &y O)Lo.ai: AR 0)5\)


SAMSUNG
Typewritten text
168


154

Sulfate Adsorption from Polluted Water

Results

SEM images (Fig. 1) indicate that the shape
of the clays was plate-like, which gives them
a special surface and high exchange capacity.
EDX analysis in Fig. 2 shows that
montmorillonite nanoclay adsorbent is
composed of oxygen, silicon, and aluminum.
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Fig. 2 EDX of bare montmorillonite nanoclay

The specific external surface area (BET) of
montmorillonite was determined to be 224 m?/g.
additionally; the average diameter size of the

defect and pore in the montmorillonite nanorods
was calculated to be 22.31 nm. The pore volume
for this nanoparticle was determined to be 0.376
cm’/g. These results indicate that the studied
nanoclay have a high specific surface area, which
can have a high adsorption capacity.
Furthermore, the zero point charge (ZPC) value
was obtained at 5.6, which is close to the main
properties of this group of minerals. The zeta
potential of montmorillonite nsnoclay is -80.3, -
111.3, -131.3, and -165.3 mV at pH 2, 4, 7, and
10, respectively. The data indicate that the zeta
potential is negative at all pH values and, in
general, is not pH-dependent.

The results obtained from the isotherm
adsorption study of montmorillonite showed that
the sulfate removal rate increases with increasing
sulfate concentration under optimal conditions
(pH equal to 3, concentration of 1 g/l, time of 90
min, and temperature of 25°C). The maximum
sulfate adsorption capacity was estimated to be
9.7 mg/g (SO4=-S).

Table 1 Coefficients related to Freundlich and Langmuir equations in sulfate absorption by
montmorillonite Nano-clay

Adsorbent Freundlich Langmuir
Isotherm constants  R? K n R? max KL
Montmorillonite 0.895 0.004 0.404 0.964 9.7 0.049
Freundlich and Langmuir models were fitted to indicating homogeneous and single-layer

the adsorption data. The Langmuir equation with
a coefficient of determination (R") of 0.964 was a
better fit for surface sulfate adsorption than the
Freundlich equation (Table 1) as well as, the AG°
was negative, indicating a spontaneous reaction
that does not require energy to occur. The AH®
(enthalpy) is the slope of the graph from the
origin and it is negative, indicating an
exothermic reaction. The slope of the graph or
the negative changes in entropy indicate a
decrease in disorder in the reaction.

Conclusions

This study showed that montmorillonite nano-
clay is effective in removing sulfate from water
and wastewater. The maximum amount of sulfate
removal was achieved using a 1 g/l concentration
of Montmorillonite nanoclay, pH 3, 90 minutes
of contact time, and 25°C temperature. The
Langmuir isotherm equation provided a better fit
to the data compared to the Freundlich equation,
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adsorption surfaces. The adsorption capacity of
sulfate was estimated to be 9.7 mg/g (SO4™-S).
The SEM-EDX analysis showed surface
adsorption of sulfur and surface changes.
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Fig. 1 XRD of montmorillonite nanoclay (before
sulfate adsorption)
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Fig. 2: a) SEM image and b) EDX plot of bare
montmorillonite nanoclay
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Table 1 Changes in standard free energy, enthalpy and entropy

adsorbent Temperature (°C) Ln kd AG (kJ/mol) AH (kJ/mol)  AS (kJ/mol)
15 +5.23 -12.5367
20 +5.27 -12.5835
25 +5.61 -13.9046
Montmorillonite 30 +4.44 -11.1917 -0.016711 -12.08
35 +4.39 -11.2507
40 +4.68 -12.1953
45 +5.02 -13.2831
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Table 3 Coefficients related to Freundlich and Langmuir equations on sulfate adsorption by montmorillonite

nanoclay
Adsorbent Freundlich Langmuir
Isotherm constants R? Kr n R? Qrmax K.
Montmorillonite 0.895 0.004 0.404 0.964 9.7 0.049

» uu)y'.: il i w.%).]o [N IR PR L)l*" Lga)f;
b VAN MG i 3,555 ol

dglie )0 Alizre il Gz cod)b (V) Jouzr )0
Cal U”‘ axgd JJ[& S5 Sl 00 00)3] ]@L‘> U’“"b5)" L»
Oygody b jion den o Slfgw cdalé dsllas pl jo oS

Table 3 Comparison of sulfate adsorption capacity in different particles and materials and comparison with the
present study

Adsorbent

Adsorption capacity S-SO4 (mg/g)

References

Activated carbon modified with
polypyrrole

Modified mushroom residues
Coriander seed carbon activated
with zinc chloride

Cellulose Nanofibers

Al O3

Montmorillonite Lunaite nanoclay

24.5

29.1

(Hong et al. 2014)

(Li et al. 2022)
(Namasivayam and Sangeetha
2008)

(Mugeet et al. 2017)

(Wu et al. 2002)
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