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Comparative evaluation of nitrate adsorption from aqueous solutions using
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ABSTRACT

Nitrate has been identified as a major pollutant in water resources. In this study, two new adsor-
bents, namely, red local montmorillonite (RLM) and green local montmorillonite (GLM)were used
as adsorbents, and their characteristics and performance in nitrate adsorption has been investigated.
The most important factors in the adsorption process such as initial pH, adsorbent dosage, con-
tact time and initial concentration of nitrate were investigated. Also, EDAX, BET, SEM and FTIR
techniques were used to determine adsorbent characteristics. The results showed that the highest
nitrate adsorption for both adsorbents obtained at low pH values,and removal efficiency increased
by increasing the dosage and contact time and decreased by increasing the initial concentration of
nitrate. EDAX technique showed that the amount of MgO in GLM and RLM were 2.6% and 1.4%
respectively, indicating a double amount of MgO in GLM structure. MgO can have a very important
role in nitrate adsorption but BET technique showed that the specific surface area of RLM is more
than GLM. Overall results showed that the adsorption capacities of GLM and RLM were relatively
high and the values were 89.2 and 87.7 mg/g, respectively. High adsorption capacity can nominate
two new adsorbents for nitrate adsorption. Adsorption process followed the Langmuir isotherm
and the experimental data followed the pseudo second-order kinetic. Also, the results of thermody-
namic experiments showed that the adsorbing reaction for both adsorbents was exothermic and they
occurred spontaneously.
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1. Introduction

Water is a key matter in the environment and a cher-
ished gift of the nature to human life, particularly in
regions where natural water resources are limited and
water shortage is problematic [1,2]. However, water also
can be a carrier for various contaminants that can lead
to many human health issues [3-5]. In many parts of the
world, nitrate is one of the most common pollutants in
water resources [6,7]. Nowadays, the problem of high level
of nitrates in surface and ground waters has become a con-
troversial issue [8,9]. Sources of nitrates in water resources
include the use of agricultural fertilizers, municipal sew-
erages, animal manures, food industries, detergent indus-
tries and also thermal power plants [10-12]. High levels
of nitrate in drinking water can cause many problems for
human health. Nitrate itself is rather benign, but it can be
reduced to toxic nitrite in the human gastrointestinal tract.
High concentrations of nitrates can cause blue baby syn-
drome (methemoglobinemia), especially in children with
less than one year old [13-18]. In the body, nitrate converts
to nitrite in the stomach and resulting in the formation of
nitrosamines which are carcinogenic [19]. High nitrate con-
centration not only affects human health but also affects
the fishes. Nitrate and phosphate causes algae growth and
oxygen depletion where it can lead to eutrophication of
water bodies which may greatly affects aquatic organisms
[20-22]. Because of the unpleasant effects of nitrate on
human health, the World Health Organization (WHO) and
United States Environmental Protection Agency (US-EPA)
has set the maximum allowable concentration of 50 and
45 mg/L in drinking water, respectively [23]. Because of
stability and high solubility of nitrate, it can contaminate
a large amount of water resources particularly groundwa-
ter, and therefore, it is a serious threat to drinking water
supplies [24].

Physical-chemical and biological techniques can
be used to remove nitrate from water and wastewater.
These techniques include adsorption, ion exchange, elec-
trochemical, reverse osmosis, biological de-nitrification,
chemical purification, etc. [25-33]. Biological methods
require an additional carbon source and also produce
large amount of sludge [29,34]. Ion exchange requires
disposal system for salty wastes and the high cost of
resin regeneration [35]. In the electrochemical process,
electrodes can be easily disabled [36,37]. Also, in the
reverse osmosis process, operating costs are very high.
Among these techniques, adsorption is simpler, more
economical and effective, with less sludge production
[38] which can be proposed for nitrate removal. How-
ever, nowadays the use of this technique is considered
by many researchers worldwide [39-42]. In recent years,
various adsorbents for nitrate removal from aqueous
environment have been tested by many researchers.
Among these adsorbents, natural minerals [43,44], acti-
vated carbon [45,46], agricultural wastes [47,48] and syn-
thetic minerals [49,50] have reported good results. Thus,
it is necessary to remove nitrate economically and effi-
ciently by developing affordable and accessible materials
[51]. The aim of this study was to evaluate the efficiency
and performance of red and green local montmorillonite
obtained from Ardabil’s mines, Iran as new adsorbents
for the removal of nitrate from aqueous solutions. In this

study, the adsorption capacity of the adsorbents and their
characteristics are studied by using EDAX, SEM, BET and
FTIR techniques.

2. Materials and methods
2.1. Adsorbents preparation

Green and red montmorillonite was obtained from Sar-
cham region in Ardabil, Iran. Initially, the montmorillonite
samples were crushed and screened to obtain uniform par-
ticle sizes. After that, the screened sample was sun dried to
remove any residual moisture. Then, the soil was washed
several times with distillated water to remove dirts and
dried at 60°C for 24 h. Then, the granular particles were
separated using a 10 mesh sieve and placed in a dry place
for further use [52,53].

2.2. Batch experiments

This experimental study was conducted in a batch man-
ner in 100 mL conical flasks placed on a shaker. Potassium
nitrate from Merck was used to prepare desired concentra-
tions of nitrate. After preparation of the adsorbents, 50 mL
of the sample with desired concentrations was added into
each flask. Solution pH was adjusted using 0.1 N NaOH and
HCI. Then, determined amounts of adsorbent is added into
each flask, and placed on the shaker with a constant agita-
tion speed. After predetermined time intervals, the samples
were removed from the shaker and residual concentrations
of nitrate were measured. The effects of various operational
parameters such as pH 2,4,6,7,8,11, time of adsorption 1, 5,
10, 15, 20, 30, 60, 75, 90, 120, 150, 180, 210 min, nitrate initial
concentration 25, 50, 100, 150, 200, 250 mg /L, and adsorbent
dosage 1, 2,4, 6,8,10 g/L on nitrate removal efficiency were
investigated. The experiments were repeated in duplicate
and the averages were reported.

2.3. Residual nitrate determination and adsorbents
characteristics

The residual concentration of nitrate in the solution was
measured using a spectrophotometer at wavelength corre-
sponding to the maximum absorbance for the nitrate at 220
nm according to the procedure described in the Standard
Methods for the Examination of Water and Wastewater
[54]. Brunauer, Emmett and Teller (BET), Fourier Transform
Infrared Spectroscopy (FTIR), Scanning Electron Micro-
scope (SEM) and Energy Dispersive X-Ray (EDAX) tech-
niques were used to study the adsorbents characteristics
including specific area, and functional groups.

3. Results and discussion
3.1. Adsorbents characteristics

3.1.1. pHzpc determination for red local montmorillonite
(RLM) and green local montmorillonite (GLM)

pHzpc for red local montmorillonite (RLM) and green
local montmorillonite (GLM) were obtained to be 8.14 and



R. Khosravi et al. / Desalination and Water Treatment 116 (2018) 119-128 121

8.89, respectively, which indicates that at pH values below
8.14 RLM and 8.89 for GLM, the adsorbents have positive
charges and at the above this pHs, the adsorbents surfaces
is negatively charged. But it is interesting to note that nitrate
is an anion with negative charge on its surface.

3.1.2. EDAX technique

Table 1 summarizes chemical analysis of red and green
montmorillonite obtained from EDAX technique. In both

Table 1
Results of EDAX technique to determine the weight percent of
the components of RLM and GLM

Wt% Si0, ALO, CaO Fe0, MgO kO NaO TiO,
RIM 583 177 28 11 14 39 12 14
GLM 569 135 97 96 26 21 16 13

=3 . o

>~ ‘.u

adsorbents, 90% of components were related to the Fe,O,,
Cao, ALQO,, and SiO,, but their amounts were different.
Higher CaO level in GLM justifies having a higher pHzpc
in GLM compared to RLM. Weight percent of other com-
ponents of the adsorbents were less than 4%. Green mont-
morillonite has 2.6% MgO, furthermore, RLM contains
1.4% MgO which is twice as that in in the GLM. MgO can
drastically bond with anions in aquatic solutions through
complexion of the single-core, dual-core and triple-core face
[55]. Therefore, existence of MgO in the structure of GLM
can increase its ability to adsorb nitrate.

3.1.3. SEM and BET specific surface area

Fig. 1 shows several micrographs at different magnifi-
cations of RLM and GLM. GLM micrograph shows that its
surface has more porosity than RLM and also it is rougher.
According to Figs. 1a and b, it is evident that the pores
on green montmorillonite are deeper, and the presence of
pores on its surface provides many sites for the consider-

Fig. 1. SEM images of (a) RLM (b) RLM after adsorption (c¢) GLM and (d) GLM after adsorption.
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able penetration and adsorption of the contaminant. BET
technique also confirms high volume of pores in GLM com-
pared to RLM. So, the total volume of pores on the GLM
and RLM were 0.0739 cm®/g and 0.0689 cm?®/g, respec-
tively. In addition, BET technique shows that the average
of pores diameter on the GLM and RLM are about 23 and
7 nm, respectively. These results can be obviously seen in
SEM images taken from the adsorbents surfaces. Existences
of more pores with larger diameter provide more suitable
and bondable sites for adsorption. But specific surface area
of RLM and GLM are 29 m?/g and 13 m?/g respectively,
which indicate that the specific surface area of RLM is 2.23
times more than GLM. So, it can be stated that although spe-
cific surface area is more in RLM compared to GLM, but due
to more heterogeneous surface morphology of GLM com-
pared to RLM, green montmorillonite has more active bind-
ing sites for nitrate adsorption [56]. Also, SEM micrographs
of GLM show that after adsorption, the surface morphology
of adsorbent became more homogeneous and its active sur-
faces also decrease. Despite having less specific surface area
in GLM, it has a high adsorption capacity, showing the high
tendency of the adsorbent toward nitrate [56].

3.1.4. FTIR study

FTIR test is used to determine the functional groups and
their role in nitrate adsorption and its results are illustrated
in Figs. 2a and b. In the figure, similar peaks can be seen for
both adsorbents, which indicate the adsorbents structure
similarity. One of these peaks is the peak between 800 to 1200
cm™! (the highest peaks 1041 and 1081 cm™), which represents
the C-O bonds [56]. There are peaks in the range of 400-850
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Fig. 2. FTIR spectra of (a) RLM and, (b) GLM.

cm™! (the highest peak 470 and 840 cm™) that are related to
the Al-O and Si-O bonds [13]. The peak between 3600 and
4000 cm™ (the highest peak 3641 cm™) is related to the O-H
bond which is caused by SiO, groups which is highly efficient
for nitrate adsorption [13]. Also peaks between 3200 to 3600
cm™ (the largest peak 3580 cm™) are related to mutual hydro-
genated bonds between O-H and N-H [56].

3.2. Effect of initial pH

pH is one of the influential factors on adsorption pro-
cess [57,58]. In Fig. 3, results of different pH effects on the
efficiency of nitrate removal are investigated for the green
and red montmorillonite adsorbents. The results show
that by increasing pH from 5.1 to 11, efficiency of nitrate
removal is promoted for both adsorbents. By increasing pH
from 5.1 to 11, nitrate removal efficiency for red montmoril-
lonite decreased from 80.16 to 58.37%, and for green mont-
morillonite from 90.18 to 59.38%. Higher pH values increase
the number of hydroxide ions, leading to the greater com-
petition between hydroxide and nitrate ions for adsorbing
on the adsorbent binding sites, and thus, hydroxide ions
increase the penetration resistance of nitrate ions [56,59].
The results of this study is compatible with the results of
the other studies such as Oztiirk et al. [60], Cengeloglu et al.
[59], Ganesan et al. [19] , Hu et al. [56]. Moreover, the point
of zero charge (pHzpc) for the adsorbents should be consid-
ered. At pH values blow the pHzpc that is 8.14 and 8.89 for
RLM and GLM respectively, the surface of adsorbents parti-
cles is positively charged and can be suitable for adsorption
of anionic materials such as nitrate, and by increasing the
pH to above this values, the surface charge of adsorbents
changed into negatively that lead to decreasing affinity for
anion adsorption.

3.3. Effect of adsorbent dosage

Fig. 4 shows that by increasing adsorbent dosage,
removal efficiency increases for both adsorbents. By
increasing adsorbent dosage from 1 to 6 g/L, nitrate
removal efficiency for red montmorillonite increased from
52.29 t0 79.18%, and for green montmorillonite from 70.65
to 91.14%. Adsorbent surface has increased by increas-
ing the amount of adsorbent, therefore the available sites
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Fig. 3. Effect of initial pH (initial nitrate concentration 25 mg/L,
contact time 60 min, adsorbent dosagel g/L, temperature 23°C
and agitation speed 152 rpm).
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Fig. 4. Effect of adsorbent dosage (initial concentration of nitrate
25 mg/L, contact time of 60 min, initial pH of solution 5.1, tem-
perature 23°C and agitation speed 150 rpm).

for adsorption of pollutants increased, which in general
enhanced removal efficiency [60,61]. It can be said that
under the same conditions, removal efficiency of green
montmorillonite was higher than red montmorillonite, and
also the volume of generated sludge increases by increas-
ing adsorbent dosage which is notable from economic and
environmental risks perspective. Thus it can be noted that
lower amount of GLM can remove more amount of nitrate
compared to RLM.

Results also showed that by increasing adsorbent
dosage, the adsorption capacity decreases in both adsor-
bents. In the case of red montmorillonite, with increasing
adsorbent dosage from 1 to 6 g/L, adsorption capacity
decreased from 13.7 to 2.13 mg/g. As well as in the case
of green montmorillonite, with increasing adsorbent dos-
age from 1 to 6 g/L, adsorption capacity decreased from
17.66 to 2.27 mg/g (Fig. 7). When the dosage of adsorbent
is low, all the free binding sites on the adsorbent surfaces
are in contact with nitrate, and therefore causes adsorption
capacity enhancement. But with increasing the amount of
adsorbent, available binding sites with less energy saturate
quickly, but nitrate adsorption do not occur in free sites
which requires more energy and in this case nitrate adsorp-
tion rate increases but its adsorption capacity declines
[39,59].This is well-matched with the results of Cengeloglu
et al. [59] and Milmile et al. [39].

3.4. Effect of contact time

Fig. 5 shows that by increasing the contact time, the
amount of adsorbed nitrate increases for both adsorbents.
The amount of adsorbed nitrate by red and green mont-
morillonite at contact time of 1 min was 4.98 mg/g and
6.81 mg/g, respectively, and by increasing contact time
to 150 min, the amount of adsorption for red and green
montmorillonite increased to 17.84 mg/g and 20.62 mg/g,
respectively. Therefore, the amount of adsorption for green
montmorillonite was more than that of red montmorillonite.
Increasing contact time tends to create more opportunities
for nitrate in the solution to find free sites to adsorb which
results in removal efficiency increase [51]. This is similar to
the studies such as Oztiirk et al. [60] and Cengeloglu et al.
[59] which they reported that by increasing contact time,
nitrate removal level has increased.
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Fig. 5. Effect of contact time (initial concentration of nitrate 25
mg/L, adsorbent dosage 1 g/L, initial pH of solution 7, tempera-
ture 23°C and agitation speed 150 rpm).
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Fig. 6. Effect of initial concentration of nitrate (adsorbent dosage
1 g/L, contact time of 60 min, initial pH of solution 7, tempera-
ture 23°C and agitation speed 150 rpm).

3.5. Effect of initial concentration of nitrate

Fig. 6 shows that nitrate adsorption rises by increasing
initial concentration of nitrate in both adsorbents. So, at
25 mg/L of initial concentration of nitrate, the amount of
nitrate adsorption by red and green montmorillonite was
15.1 mg/g and 20.18 mg/g respectively, and by increasing
initial concentration of nitrate to 250 mg/L, the amount
of nitrate adsorption by red and green montmorillonite
has increased to 75.9 mg/g and 127.9 mg/g, respectively.
Increasing nitrate concentration gradient in the solution
acts like a driving force to overcome the resistance of mass
transfer between the volume of solution and adsorbent
surface and consequently increase the adsorption rate
[56]. But removal efficiency decreases along with increas-
ing initial concentration of nitrate. Similarly, by increasing
initial concentration of nitrate from 25 mg/L to 250 mg/L,
nitrate removal efficiency by red and green montmorillon-
ite decreases from 60.38 to 30.37% and from 80.73 to 19.51%,
respectively. It can be said that in a certain amount of
adsorbent, adsorption sites can adsorb a certain amount of
nitrate ions, thus removal efficiency decreases with increas-
ing of nitrate concentration [56], which is compatible with
results of the Hu et al. study [56]. Generally, the amount of
adsorbed nitrate by green montmorillonite was more than
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red montmorillonite and this shows that GLM has a higher
adsorption capacity for nitrate adsorption.

3.6. Nitrate adsorption isotherm for red and green
montmorillonite

In order to express the behavior of nitrate adsorption on
the adsorbents, obtained data from isotherm testing phase
have been studied on the most common models, including
Langmuir and Freundlich [1,62].

The linear form of Langmuir isotherm is as:

1 C

e

Langmuir: C =—+ (1)
qe KI X qmux qmax

where C, is the final concentration of nitrates mg/L and g, is
the amount of adsorbed nitrate per unit of adsorbent weight
mg/g, K, is Langmuir constant L/ mg which expresses the
energy of adsorption. K, and g, _are calculated through the
intercept and slope of liner plots of C,/g,versus C, [63,64].
Fundamental characteristics of Langmuir isotherm can be
expressed by a non-dimensional factor i.e. reversible (sepa-
ration factor) R, [65].

1

. S 2
RL 1+(qmax ><I<L)C:O ( )
When R, become greater than 1, adsorption is unfavor-
able, and if it is equal to 1, adsorption is linear, and if it is
between 0 and 1, adsorption is optimal, and if it is equal to
0, adsorption is irreversible [66].
Freundlich isotherm shows heterogeneous and multi-
layer adsorption on an adsorbent surface. Linear equation
(3) is used for Freundlich isotherm calculation as below:

Freundlich: Ing, =InK, + 1 InC, (3)
n

where K. represents the maximum adsorption capacity
(mg/g) and 1/n expresses the intensity of adsorption. If n
constant is between 1 and 10, it represents desirability of
adsorption [67]. K, and n are determined from the intercept
and slope of liner plots of In q, versus In C, [68].

RLM and GLM isotherms are shown in Fig. 7. Coeffi-
cient of linear regression or R? at the Langmuir isotherm
is higher than Freundlich isotherm in both adsorbents
which indicates that the adsorption process obeys Lang-
muir model for both adsorbents. Therefore, it can be
stated that nitrate adsorption process on RLM and GLM
is monolayer. Langmuir and Freundlich isotherm param-
eters are given in Table 2. K, for GLM is almost more than
double of K, for RLM, which show higher adsorption
energy in GLM compared to RLM. In the case of Freun-
dlich isotherm, n constant was between 1 and 10 for both
absorbents which indicates an efficient adsorption of the
pollutant on both absorbents [13]. Table 3 compares max-
imum adsorption capacities of nitrate by GLM, RLM and
other adsorbents.

3.7. Adsorption kinetics

In this study, pseudo-first and pseudo-second order
kinetic models were used to determine constants, equilib-
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Fig. 7. Adsorption isotherms for nitrate uptake by RLM and
GLM adsorbents: Langmuir isotherm (a) and Freundlich iso-
therm (b).

Table 2
Constants of Langmuir and Freundlich isotherm for GLM and
RLM adsorbents

Adsorbent Langmuir Freundlich

RZ qmrl:( KL RZ KF n
RLM 0994 87719 0.038 0982 6.39 1.847
GLM 0990 89.286 0.085 0986 12.219 2247

rium adsorption capacity and adsorption mechanism at dif-
ferent concentrations on red and green absorbents.

Linear form of Lagergren pseudo-first model is as fol-
lows [41,69]:

Pseudo-first order equation: In(q, —¢,)=Ing, - Kt 4)

where g, (mg/g) means nitrate adsorption capacity at equi-
librium time, g, (mg/g) is the amount of nitrate adsorption at
t time and K, (1/min) represents pseudo-first order kinetic
constant. K, and g, values are calculated from the intercept
and slope of linear plots of In (g, - g,) versus ¢t [70,71].

Linear form of Lagergren pseudo-second order model
[41,72].

Pseudo-second order equation: L 1 ~+ LS 5)

9. Kyq.” 4.
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Table 3
Comparison of adsorption capacities of nitrate with other
adsorbents

Adsorbent Maximum Isotherm  Ref
adsorption model
capacity (mg/g)
Activated bentonite  8.68 Langmuir [47]
Modified natural 2.5-5.6 - [48]
clinoptilite
modified zeolite 114 Freundlich [49]
Sepiolite 10 Langmuir [50]
granular 8.35 Langmuir [39]
chitosan-Fe?*complex
Fe—Zr—chitosan 10.6 - [51]
polyethylene 50.68 Freundlich [52]
glycol/chitosan
polyvinyl 35.03 Freundlich [52]
alcohol/chitosan
modified 22.2-32.8 Langmuir [40]
pine sawdust
RLM 87.7 Langmuir this study
GLM 89.26 Langmuir this study

where K, (mg/g min) expresses pseudo-second order
constant. The values of g, (slope/1) and K, (interception
line/slope 2) can calculate through the plots of t/g, ver-
sus t [73].

Laboratory results for both adsorbents follow the
pseudo second order model. The values of (R?) for red
and green montmorillonite were equal to 0.990 and 0.999,
respectively. The value of K, was calculated to obtain the
mass transfer rate (Table 4). K, values for red and green
montmorillonite were 5.8 x 10 and 10.7 x 10® mg/g min,
respectively. According to obtained K, values for the adsor-
bents, it can be stated that nitrate adsorption rate by GLM is
about 1.84 times more than nitrate adsorption rate of RLM.
Although RLM has more adsorbing surface than GLM, but
the results show that the adsorption of the same amount
of nitrate by GLM can be done in shorter time than RLM.
Therefore, it should be said that functional groups on the
surface of GLM compared to RLM have more effective role
in nitrate adsorption, and also the presence of superior
MgO on the GLM can be the reason of the higher efficiency.
Using GLM compared to RLM as an adsorbent can reduce
the reaction time, which is very important from economical
and operational perspectives.

3.8. Thermodynamics

Temperature is a key factor at the absorption process
which can affect adsorption capacity. Results of tempera-
ture on nitrate adsorption efficiency are shown in Fig. 9.
These results show that by increasing temperature, nitrate
removal efficiency in both adsorbents declines. Increasing
the number of nitrate ions desorption from the adsorption
sites can be one of the possible causes of this behavior
[74]. Thermodynamic behavior of nitrate adsorption on
RLM and GLM adsorbents calculated by using Gibbs free
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Fig. 8. Pseudo-first order kinetic (a) and pseudo-second order
kinetic (b) for RLM and GLM.

Table 4
Constants of nitrate adsorption kinetics on RLM and GLM
absorbents

Adsorbent Pseudo-first order Pseudo-second order

q, K R? q, K R?

1 2

RLM 2.644 -0.037 0943 18726 0.0058 0.990
GLM 2.588 -0.057 0991 21459 0.0107 0.999
100
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Fig. 9. Effect of temperature on nitrate adsorption (adsorbent
dosage 10 g/L, contact time of 60 min, pH of solution 5.1, nitrate
concentration of 25 ppm and agitation speed 150 rpm).
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energy change (AG°®), enthalpy changes (AH®) and entropy
changes (AS°) parameters and through following equa-
tions [19,75].

9.
K, =% 6
d C. p (6)
AG® = —RTLnK, @)
Luk, = AS° _AH ®
R RT

where K, is the thermodynamic equilibrium constant; p is
the density of the solution (p = 1000 g/L), R and T represent
the universal gas constant (8.314 J/mol K) and the system
temperature (K), respectively. S° (J/mol-k) and H® (kJ/mol)
are determined from the intercept and slope of liner plots of
In (K)) versus 1/T.

Thermodynamic parameters are calculated accord-
ing to Fig. 10 and Egs. (6)—(8) and the results are shown
in Table 5. The results show that AG® is negative for both
adsorbents, so it can be stated that nitrate adsorption on
RLM and GLM is spontaneous and it is possible in all
measured temperature range, and also indicates that these
adsorbents have a high tendency toward nitrate adsorp-
tion in laboratory conditions [56]. Furthermore, due to
the negative AH® for both adsorbents, it can be said that
nitrate adsorption on RLM and GLM absorbents is exo-
thermic in nature [56].

. y=3928x-7.181
R*=0.980

- RE=0.955
24
=
3 | +RIM
GLM
2
1
0 : : : : :
0.00305 0.00315 0.00325 0.00335 0.00345 0.00355
UT(EK)

Fig. 10. Van't Hoff plot for nitrate adsorption by RLM and GLM.

Table 5

4. Conclusions

In summary, the results demonstrated that GLM and
RLM as new adsorbents have high ability to remove nitrate.
Specific surface area of RLM is more than GLM, but the
results showed that nitrate adsorption rate is more quickly
by GLM. GLM due to its different components in compar-
ison to RLM, most notably the presence of more MgO, has
higher ability to adsorb nitrate. Adsorption experiments
follows by increasing of pH and initial concentration of
nitrate, nitrate removal efficiency is decreased for both
adsorbents and by increasing adsorbent dosage and contact
time, removal efficiency increases for both adsorbents. Lab-
oratory data follows the pseudo second order kinetic and
adsorption model has more consistency with Langmuir
adsorption model. Thermodynamic tests showed that the
nitrate adsorption by RLM and GLM was exothermic and
spontaneous in nature.
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