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a b s t r a c t

The present study was conducted to evaluate the feasibility of nano-alumina for nitrate removal from
aqueous solutions. The nature and morphology of sorbent was characterized by XRD, FTIR, BET and SEM
analysis. Batch adsorption studies were performed as a function of contact time, initial nitrate concentra-
tion, temperature, pH and influence of other interfering anions. Nitrate sorption kinetics was well fitted
eywords:
itrate removal
ano-alumina
orption isotherms
inetic modeling

by pseudo-second-order kinetic model. The maximum sorption capacity of nano-alumina for nitrate
removal was found to be ca. 4.0 mg g−1 at 25 ± 2 ◦C. Maximum nitrate removal occurred at equilibrium
pH ca. 4.4. The nitrate sorption has been well explained using Langmuir isotherm model. Results from
this study demonstrated the potential utility of nano-alumina for nitrate removal from water.

© 2010 Elsevier B.V. All rights reserved.

H
ompeting anions

. Introduction

The presence of elevated concentrations of nitrate (NO3
−) in

otable water has become a serious concern worldwide over the
ast few decades. Nitrate is a water soluble ion that does not read-

ly bind to the soil causing it to be highly susceptible to run-off
igration [1]. Point and non-point sources of nitrate contamina-

ion can include agricultural and urban runoff, disposal of untreated
anitary and industrial wastes in unsafe manner, leakage in sep-
ic systems, landfill leachate, animal manure, NOx air stripping
aste from air pollution control devices. Nitrate, due to its high
ater solubility, is possibly the most widespread groundwater

ontaminant in the world, imposing a serious threat to drinking
ater supplies and causing ecological disturbances [2,3]. Increasing
itrate concentrations in drinking water causes two adverse health
ffects: induction of “blue-baby syndrome” (methemoglobinemia),
specially in infants, and the potential formation of carcinogenic

itrosamines [4,5].

Keeping the view of serious health problems associated with
xcess nitrate concentrations in drinking water, various envi-
onmental regulatory agencies including the U.S. Environmental

∗ Corresponding author at: LSRE – Laboratory of Separation and Reaction Engi-
eering, Departamento de Engenharia Química, Faculdade de Engenharia da
niversidade do Porto (FEUP), Rua Dr. Roberto Frias, 4200-465 Porto, Portugal.

E-mail addresses: dr.amit10@gmail.com, amit b10@yahoo.co.in (A. Bhatnagar).

385-8947/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.cej.2010.08.008
Protection Agency (U.S. EPA) have set a maximum contaminant
level (MCL) of 10 mg L−1 of nitrate-N in drinking water. Nitrate
contaminated water must be treated properly to meet applicable
regulations.

The commonly used treatment methods for nitrate removal
include chemical denitrification using zero-valent iron (Fe0) [6–8],
zero-valent magnesium (Mg0) [9], ionic exchange [10], reverse
osmosis [11], electrodialysis [12], catalytic denitrification [13] and
biological denitrification [14]. However, current available tech-
nologies for nitrate removal are found to be expensive, inefficient
and generate additional by-products. Generally, reverse osmosis,
ion exchange and electrodialysis processes are considered the best
available technologies (BAT) to treat nitrate-contaminated water
[15–17]. Nevertheless, these traditional technologies do not solve
the problem related to the excess of nitrate in the environment; in
turn, they produce nitrate concentrated waste streams that pose
a disposal problem due to the high saline content [14,17,18]. BATs
are relatively expensive [16] and moreover, cause process complex-
ity to be used in in situ application for direct decontamination of
groundwater [19].

Zero-valent iron (ZVI) has been extensively studied for its ability
to reduce different contaminants including nitrate in groundwa-

ter [6–8,20–22]. However, this technology has some limitations as
discussed by various researchers in different articles. For example,
Cheng et al. [6] reported that the main disadvantages of nitrate
reduction using ZVI are ammonium production and the pH con-
trol requirement (by initial pH reduction or using a buffer). When

dx.doi.org/10.1016/j.cej.2010.08.008
http://www.sciencedirect.com/science/journal/13858947
http://www.elsevier.com/locate/cej
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pplying ZVI in an in situ remediation technique for nitrate removal,
hese disadvantages are even more critical [21]. Furthermore, bio-
ogical denitrification processes are difficult to apply to inorganic

astewater treatment because additional organic substrates of
lectron donors are required [23].

Comparatively, adsorption seems to be a more attractive
ethod for the removal of nitrate in terms of cost, simplicity

f design and operation. Different adsorbents have been tested
or the removal of nitrate from water [24–32]. Conventionally,
itrate removal by different adsorbents has been employed using
icron-sized particles, however, in recent years, nanotechnology

as emerged as one of the attractive technologies for water treat-
ent. The benefits of using nano-materials may derive from their

elf-assembly, large surface area and enhanced reactivity [33] and
an be potentially utilized for water remediation [34].

In the present study, adsorption feasibility of nano-alumina
as been assessed for nitrate removal from aqueous solution.
he characterization of nano-alumina in the form of scanning
lectron micrographs (SEM), X-ray diffraction (XRD), Fourier trans-
orm infra-red (FTIR) and Brunauer Emmett Teller (BET) has been
onducted and its performance was further assessed for nitrate
emoval from water. Adsorption studies were conducted under
arious experimental conditions, such as pH, contact time, initial
itrate concentrations, temperature, and the presence of compet-

ng anions. The data from the experiments were fitted with different
odels to identify the adsorption mechanism. The results have

een thoroughly discussed which would help in the better under-
tanding of nitrate sorption mechanism by nano-alumina.

. Material and methods

.1. Materials

Nano-alumina (Al2O3 nanopowder) was purchased from
igma–Aldrich. Nitrate stock solution was prepared by dissolving
odium nitrate (Sigma–Aldrich) in deionized (DI) water. Standards
nd nitrate spiked samples at a required concentration range were
repared by appropriate dilution of the stock solution with DI
ater. All reagents used were of analytical reagent grade.

.2. Characterization of the adsorbent

The morphology of the sorbent was determined by scanning
lectron microscopy (SEM) using Quanta 200 (FEI, Netherlands)
eld-emission gun (FEG) scanning electron microscope. The X-
ay diffraction (XRD) pattern of the nano-alumina was obtained
sing a Bruker AXS D8 Advance X-ray diffractometer. FTIR spectra
f the sorbent was collected using Nicolet 8700 FTIR spectrom-
ter (Thermo Instruments, USA). Nitrogen adsorption/desorption
sotherms were obtained using a BEL Japan Inc. Belsorp-Max surface
rea analyzer at 77 K.

.3. Nitrate analysis

The concentration of nitrate in the solutions was determined by
on chromatography (Dionex, ICS-90, Ion Chromatography system,
SA). The mobile phase consisted of a mixture of 7.0 mM sodium
arbonate (Na2CO3) and 2.0 mM sodium bicarbonate (NaHCO3)
elivered at the flow rate of 1.0 mL min−1. AS40 autosampler

Dionex, USA) was assembled with a 10-�L injection loop. A sepa-
ation column, IonPac® AS9-HC, 4.0 mm × 250 mm (Dionex, USA),
guard column, IonPac® AG9-HC, 4.0 mm × 50 mm (Dionex, USA),
nd membrane suppressor, AMMS III 4-mm were used. The data
cquisition was performed using Chromeleon 6.5 (Dionex, USA).
ing Journal 163 (2010) 317–323

2.4. Nitrate adsorption studies

Adsorption of nitrate onto nano-alumina was studied by batch
experiments. A stock nitrate solution (1000 mg L−1) was used in
adsorption experiments. The required concentration of the nitrate
solution was prepared by serial dilution of stock solution. A fixed
amount of the adsorbent was added to nitrate solution taken in
50 mL capped tubes, which were placed in a thermostat cum shak-
ing assembly. The solutions were stirred continuously at constant
temperature to achieve equilibrium. After equilibrium, the solid
was separated by centrifugation (5000 rpm) and filtration through
IC Millex-LG filter (Millipore). The filtrates were kept in refrigerator
at 2 ◦C for next day analysis. The concentration of the nitrate in the
solution was analyzed by ion chromatography. Reproducibility of
the measurements was determined in triplicates and the average
values are reported. Relative standard deviations were found to be
within ±3.0%. The amount of nitrate adsorbed (qe in mg g−1) was
calculated as follows:

qe = (C0 − Ce) · V

m
(1)

where C0 and Ce are the initial and equilibrium concentrations of
nitrate in solution (mg L−1), V is the volume of solution (L) and m is
mass of the adsorbent (g).

2.4.1. pH studies
In order to investigate the effect of pH on nitrate adsorption,

the pH of the nitrate solutions (20 mg L−1) were adjusted from 3
to 12. The initial pH of the solution was adjusted by using 0.1 M
HCl or 0.1 M NaOH and nano-alumina (0.025 g) was added to 25 mL
solution. The mixture was shaken using a temperature-controlled
water bath shaker. After adsorption, the final pH of all solutions was
measured and the value providing the maximum nitrate removal
was determined.

2.4.2. Kinetic studies
The rate of adsorption of nitrate was studied at different time

intervals (1 min–24 h). In kinetic studies, 25 mL nitrate solution (10
and 20 mg L−1) with an initial solution pH of 3.1 were agitated with
nano-alumina (0.025 g) using a temperature-controlled water bath
shaker. After a fixed time interval, the adsorbent was separated
as described in section 2.4 and the filtrate was analyzed to deter-
mine the equilibrium concentration of nitrate. Experiments were
repeated for different periods until reaching the adsorption equi-
librium.

2.4.3. Equilibrium adsorption studies
The adsorption of nitrate on nano-alumina was conducted at

two temperatures (25 and 10 ± 2 ◦C) by batch experiments. Twenty
five millilitres of nitrate solution of varying initial concentrations
(1–100 mg L−1) with an initial solution pH of 3.1 in 50 mL capped
tubes were shaken with 0.025 g of adsorbent after adjusting the
pH to the desired value, for a specified period of contact time in a
temperature-controlled shaking assembly. After equilibrium, sam-
ples were filtered and the filtrate was then analyzed for residual
nitrate concentration by ion chromatography.

2.4.4. Competing anions studies

The effects of competing anions (chloride, fluoride, carbonate,

sulphate and phosphate) on nitrate adsorption were investigated
by performing nitrate adsorption under a fixed nitrate concen-
tration (20 mg L−1), and initial competing anion concentrations of
20–100 mg L−1 with sorbent dosage of 1 g L−1.
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Fig. 1. SEM image of nano-alumina.

. Results and discussion

.1. Characterization of Al2O3 nanopowder

The SEM analysis of nano-alumina (Fig. 1) revealed that the sor-
ent does not possess any well defined porous structure (only few
ores on the surface). The BET surface area and total pore volume
f nano-alumina were found to be 151.7 m2 g−1 and 1.09 cm3 g−1,
espectively. The phase analysis of nano-alumina was observed by
RD (Fig. 2) and it confirmed the presence of �-alumina phase in

he sorbent. The FTIR spectra of nano-alumina is shown in Fig. 3.
he characteristic region for nano-Al2O3 powders lies in the wave
umber range from 400 to 1000 cm−1 [35]. The characteristic infra-
ed absorption peak of nano-alumina was observed at 760 cm−1.

−1
urther, two bands at 802 and 582 cm also appear in the spec-
ra, which are the characteristics of Al–O vibration in Al2O3 [36].
n absorption band at ca. 1620 cm−1 was also observed which is in
ccordance with the reported literature that alumina presents an
bsorption band at ca. 1620 cm−1 [37].

Fig. 2. XRD pattern of nano-alumina.
Fig. 3. FTIR spectra of nano-alumina.

3.2. Effect of pH

The pH is an important parameter influencing the sorption pro-
cess at the water-adsorbent interfaces. To determine the optimum
pH for the maximum removal of nitrate, the equilibrium adsorp-
tion of nitrate (with initial nitrate concentration of 20 mg L−1) was
investigated over a pH range of 3–12. It can be seen (Fig. 4) that the
adsorption of nitrate on nano-alumina is strongly pH dependent.
The adsorption of nitrate increased with increasing pH, reach-
ing a maximum at equilibrium pH ca. 4.4 (initial pH = 3.1), and
then decreased with further increase in pH. This may be due to
the competition for the active sites by OH− ions and the elec-
trostatic repulsion of anionic nitrate by the negatively charged
nano-alumina surface at higher pH. The decrease in nitrate adsorp-
tion is particularly sharp above pH 5.4, as the surface charge
becomes more negative. Different pHpzc values ranging from 5
to 9 are reported for aluminium based oxides/hydroxide in the
literature [38,39]. Hence, nitrate ions would have to overcome
electrostatic forces as there would be a higher density of nega-
tive charge very close to the surface, hence greater electrostatic
repulsion.

3.3. Effect of contact time and initial nitrate concentration
The adsorption of nitrate on nano-alumina was investigated as a
function of contact time (1 min–24 h) at two different initial nitrate
concentrations (10 and 20 mg L−1) with an initial solution pH of 3.1.
It was noticed that nitrate removal increased with time (Fig. 5). The

Fig. 4. Effect of pH on nitrate sorption on nano-alumina (temperature = 25 ◦C,
contact time = 24 h, sorbent dose = 1 g L−1) [�: qe , mg g−1; �: equilibrium NO3

− con-
centration, mg L−1].
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Fig. 5. Effect of contact time and initial nitrate concentration on sorption of
nitrate on nano-alumina (temperature = 25 ◦C, sorbent dose = 1 g L−1, equilibrium
p
a
c
(

t
t
a
fi
T
i

a
c
i
t
i
i
c
v

3

l
k
b
v
i
m
t

F

Table 1
Pseudo-second-order and Weber and Morris model parameters, and calculated qe(cal)

and experimental qe(exp) values for different initial nitrate concentrations.

C0 (mg L−1) qe(exp) (mg g−1) ks (g mg−1 min−1) qe(cal) (mg g−1) R2

Pseudo-second-order model: t
qt

= 1
ksq2

e

+ 1
qe

t

10 1.03 0.93 1.04 0.9985
20 1.98 0.47 2.09 0.9981

C0 (mg L−1) kip1 (mg g−1 min−0.5) R2 kip2 (mg g−1 min−0.5) R2

Weber and Morris model: qt = kipt1/2 + C
10 0.57 0.9986 0.02 0.9922
20 1.13 0.9879 0.03 0.9990

q : Amount of nitrate adsorbed on nano-alumina (mg g−1) at equilibrium, q : amount

ble sites for adsorption. However, site saturation occurs as the
nitrate concentration increases and a plateau is reached indicating
H = ∼4.4) [�: amount adsorbed at time (qt , mg g−1) (Cinitial = 10.0 mg L−1); �:
mount adsorbed at time (qt , mg g−1) (Cinitial = 20.0 mg L−1); �: equilibrium NO3

−

oncentration (mg L−1) (Cinitial = 10.0 mg L−1); �: equilibrium NO3
− concentration

mg L−1) (Cinitial = 20.0 mg L−1)].

rends of the plots in Fig. 5 exhibit that nitrate uptake was rapid in
he beginning followed by a slower removal that gradually reached
plateau. Maximum removal of nitrate was achieved within the
rst 15 min of contact time and equilibrium was attained in 60 min.
here was no significant change in nitrate uptake by nano-alumina
n the following 24 h.

The effect of initial nitrate concentration on equilibrium
dsorption was also investigated at two different initial nitrate con-
entrations (10 and 20 mg L−1). Nitrate uptake by nano-alumina
ncreased when the initial nitrate concentration increased from 10
o 20 mg L−1 (Fig. 5). This behaviour can be explained due to the
ncrease in the driving force of the concentration gradient, as an
ncrease in the initial nitrate concentration. Such phenomenon is
ommon in a batch reactor with either constant adsorbent dose or
arying initial adsorbate concentration or vice versa [40].

.4. Kinetic modeling

The kinetics of nitrate sorption on nano-alumina was ana-
yzed using pseudo-first-order [41] and pseudo-second-order [42]
inetic models. The best-fit model was selected based on the match
etween experimental (qe(exp)) and theoretical (qe(cal)) uptake

alues and linear correlation coefficient (R2) values at two stud-
ed concentrations. The values obtained by pseudo-second-order

odel (Fig. 6) were found to be in good agreement with experimen-
al data and can be used to favorably explain the nitrate sorption on

ig. 6. Pseudo-second-order kinetic plots of sorption of nitrate on nano-alumina.
e t

of nitrate adsorbed on nano-alumina (mg g−1) at time t (min), ks: rate constant for the
pseudo-second-order kinetics, kip: intra-particle diffusion rate constant, C: intercept
related to the thickness of the boundary layer.

nano-alumina. The rate equations and the related values are given
in Table 1.

The intra-particle diffusion approach [43] can be used to predict
if intra-particle diffusion is the rate-limiting step. The data exhibit
multi-linear plots, revealing that the process is governed by two or
more steps (Fig. 7). The first linear portion (phase I) at both con-
centrations, can be attributed to the immediate utilization of the
most readily available sorbing sites on the sorbent surface. Phase
II may be attributed to very slow diffusion of the sorbate from the
surface site into the inner pores. Thus initial portion of nitrate sorp-
tion by nano-alumina may be governed by the initial intra-particle
transport of nitrate controlled by surface diffusion process and the
later part controlled by pore diffusion. The values of kip1 and kip2
(diffusion rate constants for phases I and II, respectively) obtained
from the slope of linear plots are listed in Table 1.

3.5. Adsorption isotherms

In order to evaluate the adsorption capacity of nano-alumina
for nitrate, the equilibrium adsorption of nitrate was studied as
a function of nitrate concentration and the adsorption isotherms
are shown in Fig. 8. An adsorption capacity of ca. 4.0 mg g−1 was
observed for nitrate on nano-alumina at 25 ± 2 ◦C. The initial sharp
rise in the isotherm indicates the availability of readily accessi-
that no more sites remain available for adsorption. The interaction
between nitrate and metal oxide can be modeled as a two-step

Fig. 7. Weber and Morris intra-particle diffusion plots of sorption of nitrate on nano-
alumina.
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ig. 8. Sorption isotherms of nitrate on nano-alumina (contact time = 24 h, sorbent
ose = 1 g L−1, equilibrium pH = ∼4.4).

igand exchange reactions as shown below [24]:

(2)

(3)

here M presents metal ions (Al).
In order to investigate the effect of temperature on nitrate

emoval by nano-alumina, adsorption experiments were also per-
ormed at 10 ◦C. A comparison of adsorption isotherms at 10 and
5 ◦C indicates that nitrate sorption by nano-alumina is slightly
ffected (Fig. 8). The sorption data was further analyzed using Lang-
uir model, which can be expressed as follows:

1
qe

= 1
qm

+ 1
qmbCe

(4)

here qe is amount sorbed at equilibrium concentration Ce, qm is
he Langmuir constant representing maximum monolayer sorption
apacity, b is the Langmuir constant related to energy of sorption.
he experimental data was fitted well with Langmuir model. The
lots of 1/qe as a function of 1/Ce for the sorption of nitrate on nano-
lumina (not shown here) were found linear with good correlation
oefficients (>0.99) indicating the applicability of Langmuir model
n the present study. The values of monolayer capacity (qm) and
angmuir constant (b) are given in Table 2. The values of qm cal-
ulated by the Langmuir isotherm were all close to experimental
alues at given temperatures. These facts suggest that nitrate is

orbed in the form of monolayer coverage on the surface of the
orbent.

The influence of adsorption isotherm shape has been discussed
44] to examine whether adsorption is favorable in terms of ‘RL’, a

able 2
angmuir constants for the adsorption of nitrate on nano-alumina at 10 and 25 ◦C.

Temperature (◦C) Langmuir constants

qm (mg g−1) b (L mol−1) RL R2

10 4.57 4.37 × 103 0.67 0.9995
25 5.48 6.12 × 103 0.59 0.9985
Fig. 9. Dubinin–Redushkevich (D–R) isotherm of nitrate sorption on nano-alumina.

dimensionless constant referred to as separation factor or equilib-
rium parameter. ‘RL’ is calculated using the equation below:

RL = 1
1 + bC0

(5)

The RL values obtained are compiled in Table 2. The RL values
lie between 0 and 1 confirming that the adsorption isotherm is
favorable.

The nature of adsorption (physical or chemical) was also ana-
lyzed by Dubinin–Radushkevich (D–R) isotherm. The linear form
of (D–R) isotherm equation can be expressed as [45–47].

ln qe = ln qm − ˇε2 (6)

where qe is the amount of nitrate adsorbed per unit mass of adsor-
bent, qm is the theoretical adsorption capacity, ˇ is the constant of
the sorption energy, which is related to the average energy of sorp-
tion per mole of the adsorbate as it is transferred to the surface of
the solid from infinite distance in the solution [46], and ε is Polanyi
potential, which is described as:

ε = RT ln
(

1 + 1
Ce

)
(7)

where T is the temperature (K) and R is the gas constant. The value
of mean sorption energy, E, can be calculated from D–R parameter
ˇ as follows:

E = 1√
−2ˇ

(8)

The value of E is very useful in predicting the type of adsorption
and if the value is from 1 to 8 kJ mol−1, then the adsorption is physi-
cal in nature and if it is from 8 to 16 kJ mol−1, then the adsorption is
chemical in nature [45–47]. Fig. 9 shows the plot of ln qe versus ε2.
The value of E was found to be 4.07 kJ mol−1 suggesting the physical
nature of the adsorption process in the present study.

3.6. Thermodynamic parameters

The nature and thermodynamic feasibility of the sorption pro-
cess were determined by evaluating the thermodynamic constants,
standard free energy (�Go), standard enthalpy (�Ho) and standard
entropy (�So) using Eqs. (9)–(11):

�Go = −RT ln (K) (9)
(

K2
)

�Ho (
1 1

)

ln

K1
= −

R T2
−

T1
(10)

�Go = �Ho − T�So (11)

where R is the universal gas constant (8.314 J mol−1 K−1), T is the
temperature in Kelvin and K is the equilibrium constant. The values
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Table 3
Thermodynamic parameters for the adsorption of nitrate on nano-alumina at dif-
ferent temperatures.

Temperature (◦C) �Go (kJ mol−1) �So (J mol−1 K−1) �Ho (kJ mol−1)

10 −29.17 158.71 15.74
25 −31.55 158.71
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ig. 10. Effect of different concentrations of competing anions on nitrate sorption
n nano-alumina (temperature = 25 ◦C, contact time = 24 h, sorbent dose = 1 g L−1.

f the above stated parameters are summarized in Table 3. The
dsorption process is spontaneous in nature, as indicated by the
egative value of �Go. The positive value of �Ho suggested that the

nteraction of nitrate and nano-alumina is endothermic in nature.
n literature [48], when the value of �Ho is lower than 40 kJ mol−1

he type of adsorption can be accepted as a physical process. Since
Ho value obtained in this study is lower than 40 kJ mol−1, it would

e claimed that the physical adsorption occurs during adsorption.
ffinity of the adsorbent for nitrate is represented by the positive
alue of �So.

.7. Effect of competing anions on nitrate adsorption by
ano-Al2O3

The impact of various anions including chloride (Cl−), fluoride
F−), sulphate (SO4

2−), carbonate (CO3
2−) and phosphate (PO4

3−)
n nitrate removal by nano-alumina was investigated at 20 mg L−1

f initial nitrate concentration. The concentration of competing
nions was varied from 20 to 100 mg L−1 (Fig. 10). It was observed
hat nitrate adsorption was mainly influenced by the presence of
hloride, sulphate and carbonate ions. Anions present in the nitrate
olutions are likely to limit the nitrate removal efficiency. In the
resence of chloride, percent removal of nitrate was ∼40–45%,
hile in case of other anions (sulphate and carbonate) percent

emoval of nitrate was ∼45–50%. This indicates that the outer-
pherically sorbing anions especially chloride and sulphate can
ignificantly interfere the sorption of nitrate at elevated concen-
rations where the sorption competition can be occurred for the
imited amount of sorption sites on nano-alumina. On the other
and, phosphate and fluoride (inner-spherically sorbing anions)
how little interference on nitrate sorption.

. Conclusions

The results from the present study exhibit the potential of nano-
lumina for nitrate removal from aqueous solutions. The sorption
f nitrate on nano-alumina was found to be pH dependent with

aximum nitrate removal occurring at pH 4.4. Kinetic analyses

ndicate that the sorption process followed pseudo-second-order
inetics. The sorption capacity of nano-alumina for nitrate was
ound to be ca. 4.0 mg g−1 at 25 ◦C. Nitrate sorption was affected
y the presence of chloride, sulphate and carbonate anions. The

[

[

ing Journal 163 (2010) 317–323

results of the present study suggest that nano-alumina can be used
for the removal of excess nitrates from water.
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48] Z. Bekçi, Y. Seki, M.K. Yurdakoç, A study of equilibrium and FTIR, SEM/EDS
analysis of trimethoprim adsorption onto K10, J. Mol. Struct. 827 (2007) 67–74.


	Nitrate removal from water by nano-alumina: Characterization and sorption studies
	Introduction
	Material and methods
	Materials
	Characterization of the adsorbent
	Nitrate analysis
	Nitrate adsorption studies
	pH studies
	Kinetic studies
	Equilibrium adsorption studies
	Competing anions studies


	Results and discussion
	Characterization of Al2O3 nanopowder
	Effect of pH
	Effect of contact time and initial nitrate concentration
	Kinetic modeling
	Adsorption isotherms
	Thermodynamic parameters
	Effect of competing anions on nitrate adsorption by nano-Al2O3

	Conclusions
	Acknowledgments
	References


