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ABSTRACT

A laboratory study was conducted to investigate the use of Mg/Fe hydrotalcite-like
compounds for the removal of nitrate from synthetic solution. A series of calcined hydro-
talcites (CHTlcs) with different chemical composition were investigated to remove nitrate.
The highest nitrate percentage of adsorption (about 95%) and adsorption capacity (about
70mg/g) were obtained by using the CHTlcs with Mg/Fe molar ratio of 3. The adsorp-
tion experiments were carried out under various equilibration conditions, such as adsor-
bent dose, pH, temperature, and competitive ions. It was found that 1.5g/L Mg/Fe
CHTlcs could achieve ideal adsorption efficiencies of nitrate during the nitrate adsorption
process with an initial nitrate concentration of 100 mg/L at pH 8 and at temperature
30°C. Various co-existing anions interfered in the adsorption of nitrate. The inhibitory
effect was in the order of phosphate > sulfate > chloride. Adsorption isotherms showed that
the experimental equilibrium data was fitted better by the Langmuir isotherm model than
the Freundlich. The adsorption kinetics was successfully fitted by pseudo-second-order
kinetics. And the characterization of the Mg/Fe CHTlcs was also analyzed to validate
adsorption process. Results showed promising utility of Mg/Fe CHTlcs that could be

developed into a viable technology for nitrate removal from water.
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1. Introduction

Groundwater pollution with high nitrate concen-
tration has become an environmental and health issue
worldwide. The use of fertilizers in agriculture, chemi-
cal products, and septic tank systems are the main
sources of nitrates in water [1]. Several nitrogenous
compounds, including ammonia, nitrite, and nitrate

*Corresponding author.

have been frequently present in drinking water and
various types of agricultural, domestic, and industrial
wastewater. European studies recommend a maxi-
mum nitrate NO; concentration of 10mg/L, nitrite
NO; of 0.03mg/L, and ammonium NH; of 0.4 mg/L
in drinking water [2]. Deleterious effects of nitrate on
health are well known. Nitrates and phosphates can
stimulate eutrophication where pollution is caused in
waterways by heavy algal growth, as they are both
rate-limiting nutrients for the process [3]. The nitrite
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can cause a blue baby syndrome and it is also a pre-
cursor to the carcinogenic nitrous amine [2,4]. Water
supplies contaminated by nitrate have also been
linked to outbreaks of infectious disease [5].

There are a wide range of technologies to remove
nitrate from water, including technologies like physi-
cal-chemical [6], biological [7-9], and so on. Biological
denitrification is one of the most effective techniques
to solve the nitrate problem [10]. However, possible
bacterial contamination, the presence of residual
organics, and the possible increase in chlorine demand
in purified water limit the application of this process
[11,12]. In order to overcome these shortages, physi-
cal-chemical technologies are generally considered
better for drinking water treatment because of conve-
nience, ease of operation, and simplicity of design
[13]. Conventional physical-chemical techniques
include ion-exchange [14,15], reverse osmosis [16], and
sorption processes [17]. Further, these processes can
remove/minimize different types of organic and inor-
ganic pollutants from the water or wastewater [18,19].

Adsorption is emerging as a promising and flexible
technique to remove nitrate efficiently from aqueous
solution [20]. Several materials, such as activated alu-
mina, activated carbon, bone charcoal, and so on, have
been tested for the removal of nitrate by adsorption
[21-23]. Although alumina is considered a potentially
efficient adsorbent material, its major limitation is the
reduction of about 10% in material and 40% in adsorp-
tion capacity after cyclic regenerations [24]. Activated
carbon is one of the most well-known adsorbent, but
its high cost restricts its comprehensive use [22].
Hydrotalcite-like compounds (HTlcs) can be applied
as adsorbents and ion-exchangers because of their
advantages at the aspect of low cost, great adsorption
capacity, and their double-layer structure [25,26].
Although some adsorbents [27,28] were investigated
to remove nitrate in aqueous solution, the Mg/Fe
hydrotalcite’s application towards efficient removal of
nitrate has not been examined previously. Since both
Fe and Mg are common in soil and there is every pos-
sibility that a complex compound of Fe-Mg may be
present in soil, the present study of adsorption of
nitrate on Mg/Fe HTlcs has its significance [29].

The present research was aimed to synthesize,
characterize adsorbents, and also to study the
removal efficiency of nitrate by Mg/Fe hydrotalcite.
The characteristics of adsorbent materials via x-ray
diffraction (XRD) and fourier transform infrared
spectra (FTIR) were examined to validate the adsorp-
tion efficiencies of Mg/Fe hydrotalcite. Various
parameters (temperature, adsorbent dose, contact
time, pH, initial nitrate concentration, co-existing
anions, etc.) during the adsorption of nitrate from
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aqueous solution were examined. The kinetics and
isotherm patterns of adsorption were analyzed to
understand the underlying mechanism of nitrate
adsorption on Mg/Fe hydrotalcite.

2. Experimental
2.1. Reagents and chemicals

All reagents in this experiment, including Mg
(NO3)2'6H20, Fe(NO3)3'9H20, ZH(NO3)2'6H20,
AI(NO5)39H,0O, NaOH, NaCO; and KNOj; were
analytical grade. The solutions were all prepared with
deionized water. The desired pH was adjusted by
adding 0.1 mol/L HNO; or 0.1 mol/L NaOH solutions.

2.2. Preparation of Mg/Fe hydrotalcite support

A series of Mg/Fe HTlcs with different Mg/Fe
molar rations were synthesized by the co-precipitation
method. Two aqueous solutions, A and B, were
added simultaneously to a 1L breaker containing 100
mL of deionized water at room temperature under
vigorous stirring. Solution A contained an mixture of
Mg(NO3)26H20 and FE(NO3)39H20 Solution B
contained NaOH and NaCO;, which was stoichiome-
tric enough to precipitate the salt in the first solution.
The pH of the mixed solution was maintained
between 9 and 10. The slurry was stirred at 60°C for
24 h. It was then filtered and washed thoroughly with
deionized water till the washings were neutral. The
precipitate was dried at 100°C for 12h. The calcined
hydrotalcites (CHTlcs) were obtained at temperatures
450°C for 6h in a muffle furnace. Other CHTlcs con-
taining carbonate as the interlayer anion, such as Mg/
Al, Zn/Al, Zn/Fe, and Mg/Al/Fe hydrotalcites, were
prepared following the same co-precipitation method.

2.3. Nitrate adsorption experiments

Adsorption of nitrate on CHTlcs was carried out in
a batch system. In the flask, 100 mL nitrate solution
(100 mg/L) was agitated in a rotary shaker at 250 rpm
and ambient temperature (30+2°C). After continuous
stirring for 24 h, nitrate concentration was determined
by nitrate ion selective electrode and ion analyzer. A
number of parameters affecting the adsorption of
nitrate ion, such as hydrotalcite composition, adsor-
bent dose, pH, temperature, contact time, concentra-
tion of nitrate, and co-existing anions, were varied
widely in order to optimize the removal process. All
adsorption trials and sample tests were carried out in
triplicates.
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2.4. Analytical and characterization methods

Chemical analyses for sulfate, phosphate, chloride,
and nitrate in solution were conducted by Dionex ion
chromatography (ICS-1000) system. Samples from
serum bottles were filtered with a Whatman filter (0.45
um). The IC system was equipped with an EG40 eluent
generator, a 1.0mL sample loop, a set of 4 x250 mm
AS20 and AG 20 columns, a 4mm ASRS Ultra II
suppressor, and a DS3 detection stabilizer.

XRD analysis was performed using a Bruker D8
diffractometer (Germany) with a fitted slit and filtered
with a graphite monochromator using Cu-Ko radia-
tion. The samples were step-scanned in steps of 0.02°
over the range of 5-90° using a court time of 0.1s per
step at 40kV and 40 mA.

FTIR was measured by Bruker Vector 33 spectro-
photometer (Germany). The samples were recorded in
the wave number range from 400 to 4,000cm™' by
using the KBr pellet technique.

3. Results and discussion
3.1. Selection and characterization of adsorbent

CHTIc particles were prepared with various metal
cations and were examined for the removal efficiency
and the adsorption capacity of nitrate. 0.15g of CHTIc
particles were added to 100 mg/L nitrate solution and
were stirred for 24h. As shown in Fig. 1, Mg/Fe
CHTIlcs had the highest removal efficiency and
adsorption capacity of nitrate which reached to 96.1%,
71.05mg/g, followed closely by MgAlFe HTIc parti-
cles. All other CHTlcs used, exhibited poor nitrate
removal efficiency and adsorption capacity. The
results found that Mg/Fe CHTlcs was one of the most
efficient adsorbents for nitrate removal in the nitrate
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Fig. 1. Effect of metal composition of CHTlcs on nitrate
adsorption.
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solution. In the next adsorption process, Mg/Fe
CHTlcs was selected for further investigation. In this
study, CHTlcs with different Mg/Fe molar ratio were
used in adsorption assays to investigate the effect of
Mg/Fe molar ratio on nitrate uptake. The result of the
study is presented in Fig. 2. The CHTlcs with Mg/Fe
ratio of 3 appeared optimal for nitrate adsorption.
More Mg** replacement by Fe** (e.g. Mg/Fe of 1:1 or
2:1) decreased the percentage removal and the adsorp-
tion capacity instead of further improvement. In this
study, introduction of more Fe** would improve the
net positive charge of them mixed metal hydroxide
layers. On the other hand, too much Fe®* insert may
also lead to disorder of the layered hydrotalcite-like
structure of HTlc or even phase change due to the
radius difference between Mg and Fe, which resulted
in the uptake decrease during the nitrate adsorption
process [30]. Maximum removal of 97.3% and the
adsorption capacity of 72.54 mg/g were obtained by
the CHTlcs with 3:1 Mg/Fe molar ratio, followed clo-
sely by the CHTlcs with 4:1 and 5:1Mg/Fe molar
ratio. The CHTIc was prepared with 3:1 Mg/Fe molar
ratio and was used in the next batch studies.

Nitrogen adsorption isotherm and corresponding
pore size distribution of the Mg/Fe CHTlcs are shown
in Fig. 3 and the porous structure parameters are
compiled in Table 1. According to the classification of
IUPAC, the isotherm (Fig. 3(a)) presenting the hystere-
sis loops between the adsorption and desorption
branches can be classified as type-IV, which is charac-
teristic of a mesoporous solid [31]. Moreover, the
adsorption isotherm is not present in a plateau at high
P/Py values, which suggest that N, physisorption
occur between aggregates of platelet particles and led
to the lamellar morphology of the Mg/Fe CHTlcs [31].
The characteristic of mesoporous materials is further
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Fig. 2. Effect of Mg/Fe molar ratio on nitrate adsorption.
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Fig. 3. (a) Isotherm curve of N, adsorption—-desorption of
Mg/Fe CHTlcs. (b) Pore size distribution of Mg/Fe
CHTlcs.

confirmed by the pore size distribution in Fig. 3(b).
The synthesized Mg/Fe CHTIcs sample has a narrow,
unimodal pore size distribution (2-3 nm, maximum at
2.6nm), and its average pore diameter (8.85nm) is in
the range of mesopores (2-50nm). This shows meso-
porous size is dominated in the adsorbents, which
leads to rapid adsorption at the initial adsorbed pro-
cess. The adsorbed rates become slow for the lack of

Table 1
Porous structure parameters of the Mg/Fe CHTlcs
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micropores. The result is consistent with the elabora-
tion in the intraparticle diffusion kinetics model.

3.2. Effect of adsorbent dose

The effect of variation of adsorbent dose on per-
centage removal and adsorption capacity of nitrate
from aqueous solution with CHTlcs used in this study
is shown in Fig. 4. The removal efficiency of nitrate
increased with increasing dosage of CHTlcs. With the
increase in the adsorbent dose from 1.5 to 3.5g/L at
adsorbate concentration of 100mg/L, the nitrate
removal efficiencies exceeded 99.25% and the adsorp-
tion capacity of nitrate decreased all the time. From
the plot it was observed that 0.15g CHTlcs was con-
sidered as optimum dose during the adsorption pro-
cess with the initial nitrate concentration of 100 mg/L.

3.3. pH-dependent adsorption study and zeta potential
analysis of Mg/Fe CHTlcs

Solution pH is one of the important parameters
affecting the adsorption efficiency. The effect of pH on
nitrate adsorption was studied in the pH range of 3-11
at an initial nitrate concentration of 100mg/L and
with adsorbent doses of 1.5g/L. The result is shown
in Fig. 5. The adsorption capacity and the percentage
removal of nitrate increased as pH was raised from 3
to 8, and reached maximum efficiency at pH about 8
and then decreased as pH increased from 8 to 11. An
acidic environment with a pH below 5 adversely
affected nitrate uptake due to the significant CHTlcs
dissolution as indicated by a sharp increase of Mg”* in
bulk water. High concentrations of OH™ ions caused
the competitive effect with NOj;, which decreased
nitrate removal efficiency [32,33]. From the result
shown in Fig. 5, it suggested that the optimum pH for
removal of nitrate was 8.

As shown in Fig. 6, the zeta potential of Mg/Fe
CHTlcs particles is increased from 5.45 to 10.5mV
when pH is changed from 7 to 3. For the Mg/Fe
CHTlcs system, the zeta potential reading became

Sger” (m?/g) Sext/Syp” (m*/g) V1€ (cm®/g)

VppCI (ecm*/¢g) Average pore diameter (nm)

112.7 102.2/10.6 0.249

0.004 8.85

ASgeT—total surface area.

bg —external surface area; S,p—microporous surface area.
“Vr—total pore volume.

dVup—microporous volume.
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instability when pH was tried to reach below 5, which
is probably caused by the dissolution of CHTlcs at pH
below 5 [34]. This would lead to the raise of ionic
strength in solution, so the zeta potential of CHTlIcs
was increased. Apart from the effect of the ionic
strength, increasing the zeta potential of CHTIcs was
presumably caused by CI replacing CO3~ during the
HCI addition. Since the added CI™ had a less affinity
for CHTlcs than COj, thus the CHTlcs particles
shown a higher zeta potential at a lower pH. More-
over, when pH <7, the surface hydroxide layer started
protonation [34]. This would increase the zeta poten-
tial of CHTlcs particles. When the solution pH was
increased from 7 to 9, the zeta potential of CHTlcs
particles was unexpected to be increased. The reason
might be that the OH™ ions exchanged with the COj
ions on the CHTlcs. Because OH™ had a less affinity
for CHTIcs than COj, thus the zeta potential of
CHTlcs particles was raised at this pH range. How-
ever, when pH exceeded 9, the zeta potential of
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Fig. 6. Plot of the zeta potential of Mg/Fe CHTlIcs particle
vs. the solution pH.

CHTlcs particles was decreased rapidly. This decrease
was mainly due to deprotonation effect. Such a change
trend with pH was also reported by Xu et al. for
Mg, Al-CO3-LDH particles [35].

The zeta potential of CHTlcs was all positively
charged in the pH range of 3-11, favoring the
adsorption of nitrate. However, when pH <7, the dis-
solved load of Mg®* sharply increase with the
increase of acidity in the solution [34]. Therefore, the
adsorption efficiency of nitrate gradually decrease
duo to the increase of the positive charge on the sur-
face of CHTlcs. When pH exceeded 9, the zeta
potential of CHTlcs particles was decreased rapidly,
causing adverse effect for the adsorption of nitrate.
However, when pH was increased from 7 to 9, the
zeta potential of CHTlcs particles was increased. So
the adsorption efficiency of nitrate was optimal in
the pH range of 7-9. These results were agreement
with the effect of pH on nitrate adsorption.

3.4. Effect of temperature

The influence of temperature on the adsorption of
nitrate with initial concentration 100mg/L onto 3:1
Mg/Fe CHTlcs was studied in Fig. 7 using optimum
adsorbent dose 1.5g/L. The fraction of nitrate
removal as a function of temperature showed that
both of the percentage removal and adsorption capac-
ity of nitrate decreased with a rise in the temperature.
With the increase of the temperature from 25 to 55°C,
the adsorption capacity of nitrate decreased from
7245 to 60.57mg/g, meanwhile the percentage
removal of nitrate was dropped down from 93.74 to
78.37%. The increase in the temperature can be
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Fig. 7. Effect of temperature on nitrate adsorption.

interpreted as a rise in the kinetic energy of the spe-
cies in solution, consequently, in an increase of their
entropy values. Thus, the higher temperature leads to
a decrease of adsorption capacity [36]. Another possi-
ble reason is that the adsorption of nitrate is a com-
plex process, whose mechanism may be combination
of ion-exchange and physical adsorption [37]. The
observation in Fig. 7 indicated that the interaction
between adsorbate and adsorbent is exothermic in
nature. In order to save the energy and keep the con-
venience, most of adsorption processes were kept at
the room temperature of 30 +2°C

3.5. Adsorption kinetic

Most of the adsorption transformation processes
are time dependent [38]. Fig. 8 depicts the influence of
time on the uptake of nitrate. As illustrated in Fig. 8,
the adsorbent capacity and the percentage removal of
nitrate increased with the increasing contact time, then
reached a maximum at 10h (optimum time) and
thereafter remained almost constant. At the adsorbent
dose of 2, 1.5, and 1g/g, the percentage removal of
nitrate was found to increase up to 94.74, 91.79,
59.53%, and the adsorbent capacity increased up to
54.02, 72.09, and 70.13mg/g, respectively. It can be
seen that the 1.5g/L HTIc had the highest capacity in
nitrate (100 mg/L) adsorption, which is in agreement
with above-mentioned conclusion obtained from test
on effect of adsorbent dose.

To understand the dynamic interactions of nitrate
with CHTlcs and to predict their fate with time, four
kinetics models, including first-order, pseudo-second-
order, Elovich model, and intraparticle diffusion kinet-
ics model, were used to fitting experiment data of
nitrate adsorption.
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3.5.1. Pseudo-first-order model

This model was suggested by Lagergren [39] for
the sorption of solid/liquid systems, which based on
the assumption of proportionality between the adsorp-
tion rate and the number of free adsorption sites. The
differential equation is generally expressed as:

d
% =ki (9 — g¢) @

Integrating the above equation by considering the fol-
lowing boundary condition, g,=0 at t=0, Eq. (1)
becomes:

In(g. — q:) = In(q.) — kit 2)

where g, and g, represent the amounts of nitrate
adsorbed onto the adsorbents at equilibrium and at
time ¢, respectively (mg/g), and k; is the rate constant
of pseudo-first-order adsorption (min'). The plot of
In(g, — g0 vs. t (present in Fig. 9(a)) gives a straight
line for the pseudo-first-order adsorption kinetics,
which allows the values of g, and k; to be computed.
The k; values, the correlation coefficients, R?, and e
values are listed in Table 2. The regression coefficient
values determined were 0.953, 0.823, and 0.978 for 1.0,
1.5, and 2.0g/L CHTlcs, respectively. The linearity
alone did not establish a first-order mechanism.

3.5.2. Pseudo-second-order

This model was supposed that chemical adsorption
was the rate-limiting step. It can be shown:



3406

4 4 0 2.0g/L
* 1.5g/L
2 1.0g/L
2

In(q,-q,) (mg/g)
o

2 ]

4 N

T T T T T T T
0 200 400 600 800 1000 1200 1400
Time (min)

(a) Pseudofirstorder

80

o 2.0g/lL
% 1.5g/L
A 1.0g/L

70 4

60 -

50 4

40

q, (mg/g)

30 4

20 -

T
4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5
Int (min)

(c) Elovichmodel

Z. Yang et al. | Desalination and Water Treatment 54 (2015) 3400-3411

25 [m]
o 2.0g/L
% 1.5g/L
20 4 A 1.0g/L
o
£
eh 15 4
g
E
g‘“ 10 |
5
0 T T T T T T T
0 200 400 600 800 1000 1200 1400
Time (min)
(b) Pseudo secondorder
80
o 2.0g/L
A
70 4« 1591 BEPSEES c a—
2 1.0g/L —
60 1 ¢ —"
B O
50 o
® ,
g 40 -
S
30
w
20 +
10 A
T T T T T T
5 10 15 20 25 30 35 40
t"2(min)

(d) Intraparticle diffusionmodel

Fig. 9. Predicted curves by the kinetic analysis of the pseudo-first, pseudo-second-order, Elovich and intraparticle diffu-

sion models at different dose of adsorbents.

dge
d_z = k2 (gc — )" ©)

The equation can be rearranged as follow:

LA S @
g ki qe

where k, is the second-order rate constant. Linear
lines obtained from the variation of t/qt against t
according to pseudo-second-order model, which was
illustrated in Fig. 9(b). g, and k, rate constants from
the slope and intercept have been calculated and
listed in Table 2. The experimental data showed a
good fitting with the pseudo-second-order model
and the correlation coefficients for the linear plots
were higher than 0.994.

3.5.3. Elovich model

The Elovich equation is satisfied in chemical
adsorption processes, and is suitable for systems with
heterogeneous adsorbing surfaces. The rate expression
for the adsorption is described:

dq: _
5 = exp (—fa) ©)

Given that g,=g; at t=t and g,=0 at t=0, the Eq. (5)
can be simplified as:

gr = fln(af) + fln(t) 6)

where both « and f are constants during the adsorp-
tion process, which are listed in Table 2. The predicted
curves of Elovich model was depicted in Fig. 9(c). The
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Table 2
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Kinetic parameters obtained by fitting experimental data to the pseudo-first-order, pseudo-second-order, Elovich and

intraparticle diffusion model

Model Parameter CHTlcs (1.0g/L) CHTlces (1.5g/L) CHTlcs (2.0g/L)
Pseudo first order e 82.17 60.29 49.91

K;x1072 4.60 4.61 4.32

R? 0.953 0.823 0.978
Pseudo second order e 78.62 77.70 61.39

K,x107° 8.42 12.91 10.13

R? 0.994 0.998 0.996
Elovich model a 0.002126 0.009246 0.004694

B 18.88 14.71 13.08

R? 0.933 0.906 0.937
Intraparticle diffusion model kip1 4.34 3.59 2.85

R? 0.993 0.977 0.987

Kip2 0.61 0.34 043

R? 0.951 0.959 0.878

correlation coefficients for this model were ranged
from 0.906 to 0.937, which indicated that the adsorp-
tion data was not fit for the Elovich model very well.

3.5.4. Intraparticle diffusion kinetics model

In order to test the importance of internal mass
transfer in the adsorption process, kinetic data were
used further to check the possibility of intraparticle
diffusion by using the Weber and Morris equation. Its
linear form is:

g =kipt'? +C @)
where k;, is the intraparticle diffusion rate, and C is a
constant. As shown in Fig. 9(d), the plot of gt vs. t'/2
was multilinear, which indicated two or more stages
influence the adsorption process [40]. The first line
could be attributed to adsorption of the nitrate over
the shell and macropore of adsorbents, and the second
line was ascribed to the intraparticle diffusion through
micropores.

3.5.5. Kinetic model analysis

Fig. 9 depicts the four kinetic models plots for the
adsorption of nitrate onto Mg/Fe CHTIcs, respectively.
Various parameters from these kinetic models are
summarized in Table 2. From the correlation coeffi-
cient, R?, of these four kinetic models, it was observed
that kinetic data were fit to the pseudo-second-order
kinetic model best. Also, the calculated g, values from
pseudo-second-order kinetic model agreed well with

the experimental data. The equilibrium adsorption
capacities increased with an increase in adsorbent
dose. The good agreement of the data with the
pseudo-second-order kinetics model suggested that
the chemisorptions process could be a rate-limiting
step.

3.6. Isotherm

Adsorption equilibrium is usually described by
isotherm equation which expresses the relationship
between nitrate concentration in solution and the
amount of nitrate adsorbed on a specific adsorbent at
a fixed pH and temperature [41]. The experiments
were performed at usual temperature (30 +£2°C) to dis-
cuss the effect of initial nitrate concentration on nitrate
adsorption. The equilibrium isotherm of nitrate uptake
by Mg/Fe CHTlcs from synthetic water is shown in
Fig. 10. Isotherms for nitrate sorption by Mg/Fe
CHTlcs were modeled by two commonly used iso-
therm equations: Langmuir and Freundlich. The
adsorption constants of isotherms are listed in Table 3.

The Freundlich isotherms model is expressed by
the equation:

ge = k; x CJ/" 8

The above equation can be rearranged in its logarith-
mic form:

Ing, = Ink; —l—%ln Ce )
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Fig. 10. Plot of equilibrium sorption capacity vs. equilib-
rium concentration for nitrate.

where g, is the amounts of nitrate adsorbed at equilib-
rium (mg/g), C., is the aqueous concentration of
nitrate in solution at equilibrium (mg/L), k; is the
Freundlich constant, and # is the adsorption intensity.

The Langmuir isotherm model is valid for mono-
layer adsorption onto surface containing finite number
of identical sorption sites which is presented by fol-
lowing Eq. (10):

- Gk Ce
e = 1+ k.C, (10)
This model can be arranged in its linear form:
C_ 1 + C (11)
Ge 4w  qm

where g, is the equilibrium adsorption concentration
of nitrate by adsorbent (mg/g), C, is the nitrate con-
centration in the equilibrium solution (mg/L), b is the
Langmuir constant related to the adsorption energy,
and g,, is the saturated adsorption capacity (mg/g).

In order to analyze the adsorption efficiency for
the Langmuir model, a dimensionless constant is
investigated as follow:
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1

- 1+ bCy (12)

Rp

where R, is the equilibrium parameter, Cy is the initial
concentration of nitrate.

It can be seen from Table 3 that the Langmuir iso-
therm is a better fit to the experimental data than the
Freundlich isotherm on the basis of the correlation
coefficients (R?). Many researchers [20,42,43] agreed
that Langmuir isotherm was a good model to fit for
oxyanion adsorption on CHTlcs. Value of Ry <1 repre-
sents favorable adsorption. The R;-value for the
adsorption process with initial nitrate concentration of
100 mg/L was found to be 0.129, which indicated a
favorable adsorption system.

3.7. Effect of competitive ions

Due to various anions, such as sulfate, phosphate,
chloride, and nitrate, coexisting in reality water sys-
tem, it is necessary to investigate effect of interfering
ions during the adsorption of nitrate. The effect of
these competitive anions on adsorption was investi-
gated by determining the amount of the nitrate
adsorption at different concentrations of CI, SOif,
PO;~ ranging from 50 to 200 mg/L at pH 8 with the
initial nitrate concentration of 100 mg/L. The systems
of CI'+NO;, SO;” +NO;, PO; +NO; were tested
with results shown in Fig. 11. It was clear from Fig. 11
that presence of these anions reduced the nitrate
adsorption. The inhibitory effect was in the order of
phosphate > sulfate > chloride. The effect of these
anions towards adsorption may be due to their affinity
towards Mg/Fe oxide. Again, layered double hydrox-
ides have greater affinities for anions with higher
charge density, i.e. the tendency of multicharge anions
to get adsorbed are more than that of monovalent
anions.

3.8. Characterization contrast samples before and after
adsorption

As a direct means for giving information about
surface and bulk species [32], FTIR study of Mg/Fe

Esek)iislich and Langmuir constants for nitrate adsorption on CTHIcs

Freundlich Langmuir
Comg/L CHTlcs g/L T°C n K; rR? Gm br Ry R?
100 1.5 25 1.410 10.968 0.940 163.934 0.0678 0.129 0.998




Z. Yang et al. | Desalination and Water Treatment 54 (2015) 3400-3411

1 —=
—=—
] 50mg/L
0.8 . 100mg/L
R 7 200mg/L
~ K] &
Q 8
IS 5
N2 o
= 55 2
< s 5]
> ] o
0.6 | 355 2
=) o] o
oo ]
o S
5} o] X
8 5 55
oo ]
5} 33 X8
5 ] ol
oo X3
s 044 ] oo
= S g
g d .
$o0oo S8 %
5} 3 o
o S
o o 5] s
5 080soe 039509
O oS00 k
A S X8
s K
0.2 5559
. i
So K
R 5%
5 &S
] &
383 5
s ks
o 5
83 ks
0.0 S o

T
chloride sulfate phosphate

Effect of competive ions

Fig. 11. Nitrate removal by CHTlcs with co-existing
anions.

CHTlcs was carried out to investigate the presence of
different groups, structures and adsorption of nitrate
onto CHTIcs. The results were presented in Fig. 12.
The broad band at around 3,500 cm™! indicated the
presence of OH™ groups in hydrogen bond stretching
in the interlayer OH™ groups. The small adsorption
peaks in the region 1,650-1,600 cm ™! are attributed to
bending mode of water molecules and interlamellar
carbonate ions [25]. After adsorption of nitrate, the
band observed at around 1,400cm™' become very
strong and sharp and shifted to higher wavenumber
(Fig. 12(b)). This could be due to the reconstruction of
the oxide material in the presence of nitrate, which
was characteristic of CHTIcs [44]. The bands between
500 and 700cm™' could be attributed to the
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Fig. 12. FTIR spectra of CHTlcs.
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Fig. 13. X-ray patterns of CHTlcs.

superposition of the characteristic vibrations of mag-
nesium and ferric oxides [30].

The XRD analysis was used to identify the compo-
sition structures, which was shown in Fig. 13. After
calcination, the peaks corresponding to (003) and (006)
planes disappeared, indicating that hydrotalcite struc-
ture was changed. When the sample was mixed in
nitrate aqueous solution, the XRD pattern showed
regeneration of hydrotalcite phase [45]. Anion incorpo-
ration was occurred simultaneously during the
adsorption process, which was helpful to increase the
anionic exchange capacity of CHTIcs [40].

4. Conclusions

Mg/Fe CHTIles was successfully applied to
remove nitrate from water in batch experiments. This
CHTles with 3:1 Mg/Fe molar ratio presented high
efficiency in nitrate adsorption, and the maximum
adsorption capacity was about 70 mg/g. The effective
range of pH for nitrate removal was between 5.0 and
8.0. The lower adsorption capacity in CHTIles with
the increased temperature indicated the exothermic
nature of nitrate adsorption in CHTlcs. The anions of
higher valence had a more significant interfering
effect than the monovalent anions in the nitrate
adsorption by CHTlcs. The adsorption of nitrate on
the used Mg/Fe CHTlcs could be well-described by
pseudo-second-order kinetics and the data agreed
well with the Langmuir isotherm model. The results
deriving from this study suggested that the Mg/Fe
CHTlcs is a promising adsorbent for the removal of
nitrate for water remediation because of its high
adsorption capacity and low cost.
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