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ABSTRACT
An alomina-based nano adsorbent was prepared by modification of the
external surface of γ-alumina (γ-Al2O3) nanoparticles with functional
groups of a new Schiff base 4-[(2-hydroxy-3-methoxy-benzylidene)amino]-5-methyl-2,4-dihydro-[1,2.4]triazole-3-thione] “L”. In order
to the removal of Cr(VI) from aqueous solutions, we used the reaction
of the sodium dodecyl sulfate coated nano-alumina with L solution for.
This new modifying strategy significantly improve removal efficiency due
to facilitate the accessibility of Cr ions to the activated sits. The surface
morphology and chemistry of the adsorbent was characterized by SEM
and FT-IR spectroscopy, respectively. Effect of most important parameters
such as effect of pH value, contact time, adsorbent dosage, and initial
Cr(VI) concentration on removal efficiency were investigated. In order to
interpret the results Langmuir and Freundlich isotherm models were used.
The results show that prepared absorbent significantly remove heavy metal
ions from wastewater.
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INTRODUCTION
Cadmium, lead, mercury, and chromium are
often detected in industrial wastewaters originated
from metal plating, mining activities, tanneries,
petroleum refining, paint manufacture, pigment
manufacture, pesticides, printing and photographic
industries, etc.,. The concentration of these metals
in wastewater may therefore rise to a level that
can be hazardous to human health, animals, and
the aquatic environment that why detecting and
removal of heavy metal ions has received increasing
attention [1–3]. The removal and recovery of heavy
metal ions from industrial wastewater have been
a significant concern in most industrial branches
due to economic and environmental factors [4–6].
Hexavalent chromium, Cr(VI), has been regarded
as a typical heavy metal pollutant generated
from industries including electroplating, pigment
manufacture, metal cleaning, leather tanning,
* Corresponding Author Email: tabatabaee@iauyazd.ac.ir

mining, chromate preparation, as a biocide etc [7].
Soluble Cr(VI) is highly toxic, pollutes the soil and
water, and causes cancer, skin allergies, genetic
defects [8-10] that why it is necessary to eliminate
Cr(VI) from the environment. According to the US
Environmental Protection Agency (EPA), maximum
contaminant level of Cr(VI) is 0.05 mg L-1 in water
[11, 12]. Several techniques including precipitation
[13, 14], ion exchange [15], adsorption [16, 17],
membrane separation (dialysis/electrodialysis
[18], electrolysis [19], reverse osmosis [20]) etc.,
have been developed to remove of Cr(VI). Among
these methods adsorption is one of the most
promising and widely used method for remove
heavy metal ions because of its high efficiency, easy
handling, economical effectiveness and availability
of different adsorbents. Therefore, choosing
an economical, effective and environmentally
friendly Cr(VI) adsorbent is very important. Using
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low cost and inexpensive biosorbents such as
agricultural wastes, clay materials, biomass, and
seafood processing wastes may be a suitable
alternative for removal of heavy ions [21, 22].
However, to improve their absorption capacity
and enhance the separation rate, the design and
exploration of novel adsorbents are still necessary.
Nowadays the attention is focused on developing
novel alternative adsorbents with high adsorptive
capacity and low cost. In this regard, much
attention has recently been paid to nanoparticles
[23, 24]. Nanoparticles exhibit good adsorption
efficiency especially due to the very high surface/
volume rate and higher active sites for interaction
with metal ions. Furthermore, adsorbents with
specific functional groups have been developed
to improve the adsorption capacity [25]. Alumina
is a classical adsorbent with two main phase
(α-alumina and γ-alumina) which γ-alumina show
higher activity than α-alumina [26, 27]. γ-Al2O3
nanoparticles is a promising material as a solidphase adsorbent because of its large specific
surface area, high adsorption capacity, mechanical
strength and low temperature modification [25,
28, 29]. Main challenge for using alumina is that
some heavy-metal ions are poorly adsorbed
on it. Chemical modification of the surface of
γ-Al2O3 nanoparticles with certain functional
groups containing some donor atoms is one
promising method to overcome this problem
[30-34]. Herein, a new and novel Schiff base
“4-[(2-Hydroxy-3-methoxy-benzylidene)-amino]5-methyl-2-4dihydro-[1,2,4]triazole-3-thione”, L,
was introduced as modifier for modify SDS coated
alumina nanoparticles for removing of Cr(VI).
EXPERIMENTAL
Chemicals
All purchased chemicals were used without
further purification. γ-Al2O3 nanostructure was
purchased from Noavaran Nano Chimia Pazhoo
company. A 500 mg L−1 stock solution of Cr(VI)
was prepared by dissolving of 0.1414 g K2Cr2O7 in
100 mL distilled water. Working standard solutions
were obtained by appropriate dilution of the
stock standard solution. The metal ion solutions
were prepared from 1000 mg L−1 stock solutions
containing nitrate salts. pH adjustments were
performed with 1N H3PO4 and NaOH solutions.
Characterization
IR spectra were recorded using IR Spectra
J Nanostruct 8(4): 374-382, Autumn 2018

Shimadzu spectrometer 883 (KBr pellets, 4000400 cm-1). A UV–Vis spectrophotometer (SP-3000,
Japan) equipped with 1.0 cm path length quartz
cells was used to obtain absorbance spectra and
absorbance curves at fixed wavelength in a given
time period. IR spectra were recorded using FTIR Spectra Bruker Tensor 27 spectrometer (KBr
pellets, 4000–400 cm_1). 1H-NMR was recorded
on a Brucker (AX-200) 300MH spectrometer using
TMS as an external standard. Elemental analyses
were performed using a Costech ECS 4010 CHNS
analyzer. A digital pH-meter (MI151, US) equipped
with a combined glass electrode was used for the
pH measurements. A mechanical shaker type of
(GFL 137; Innova, UK) was used for stirring the
solutions.
Synthesis of 4-[(2-hydroxy-3-methoxy-benzylidene)
-amino]-5-methyl-2,4-dihydro-[1,2.4]triazole-3thione]
4-amino-5-methyl-2H-1,2,4-triazole-3(4H)thione was prepared according to the previous
report [35]. 1.30 g (10 mmol) of 4-amino-5-methyl2H-1,2,4-triazole-3(4H)-thione was dissolved
in 20 mL ethanol then 1.52 g (10 mmol) 2-hydroxy3-methoxybenzaldehyde was added to above
solution. Finally, the resulting mixture was
acidified with 4 drops of hydrochloric acid (37.5
%). The reaction mixture was refluxed for 8 h. The
progress of the reaction was monitored by TLC.
After completion of the reaction, the obtained
solid was filtered and washed with ethanol.
Chemical structure of ligand is shown in Fig. 1.
Preparation of γ-Al2O3 modified with L
0.16 g of SDS was dissolved in 100 mL water.
Then 2.0 g of alumina nanoparticles were dispersed
in the previous solution. Diluted solution of HCl
was used to set the PH at 2. Afterward 10 mL of
solution including 0.6 g of L in 20 ml ethanol was
added to alumina nanoparticles /SDS mixture.

Fig. 1. Chemical structure of Schiff base
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Finally the suspension was stirred at 50-60 °C to
completely evaporate the solvent and modified
residual was separated, washed and dried.
Remove Cr(VI)
In experimental batch, γ-Al2O3-SDS-L was
added into Cr(VI) solution. After a certain period
of time, 5 mL of the solution was taken out
and measured the absorption at 540 nm using
1,5-diphenylcarbazide method [36]. The removal
efficiency was determined by using the following
equation:
=
R

( C0 − Ce ) ×100
C0

		

(1)

Where C0 and Ce are the initial and final Cr(VI)
concentrations in mg L−1, respectively. In order to
improve the repeatability of the results, all the
experiments repeated 3 time and the mean of
the three measurements was reported. All the
experiments were performed at 20 ˚C.
RESULTS AND DISCUSSION
Characterization of the adsorbent
Generally, the alumina surface is hydrophilic and
has low adsorption affinity for organic compounds;
however, when it is treated with sodium dodecyl
sulfate (SDS), alumina will acquire high adsorption
capability. When the pH of the solution is below
the zero charge point of alumina (pH 8.5), the
alumina surface is positively charged and anionic
surfactants such as SDS molecules will adsorb onto
the surface due to the electrostatic interaction [26].
In 1994, Hiraide et al. [30] proposed that waterinsoluble organic ligand could be trapped into
the surface of alumina particles capped sodium
dodecyl sulfate (SDS). In the preliminary studies it
was found that when schiff base “L” is mixed with
SDS coated alumina particles, the ligand is attached
to the SDS on alumina surface and shows similar

effect to that demonstrated for the other organic
ligands [31-34]. That why the colour of alumina
was changed from white to orange. In this work,
the concentration of SDS was fixed at 5×10−3 M,
which is below the critical micelle concentration
(CMC) of SDS (8×10−3 M). In the concentration
higher than the CMC, micelles would form in the
aqueous solution and do not adsorbed on the
alumina surface. Absorbed SDS can trap molecules
of schiff base “L” homogeneously, which causes
the alumina to change color from white to orange
(Fig. 2). Alumina nanoparticles capped SDS did not
adsorb metal ions from the solution while L-γ-Al2O3
efficiently remove heavy metals from wastewater.
That happens because absorbed Shiff Base on the
surface of nanoparticles can form complex with
metal ions.
The FT-IR of schiff base “L”, γ-alumina and
modified γ-alumina nanoparticles are shown in
Fig. 3 (a, b, c). Comparison of the FT-IR spectrum
of γ-alumina with a modified γ-alumina shows that
many new peaks appeared in the FT-IR spectrum
which approves present of L molecules on the
surface of γ-alumina nanoparticles. A comparison
between the FT-IR spectra in Fig. 3 indicated
that the surface of L-γ-Al2O3 are contained –NH–
functional group as a result of the immobilization
procedure.
SEM analysis was used to study the effect of
modifier on the morphology of final products. The
results are shown in Fig. 4. As seen from the Figure,
by using L ligand, products were aggregated.
There are several important parameters
including PH, amount of absorbent, contacting
time that effect on removal efficiency. In order to
study the effect of PH, three different values 3,
5 and 7 were tested. For each experiment, 1 g/L
of adsorbent was added onto 5 mgL-1 solution of
Cr(VI) at mentioned pH and then Cr(VI) remained
values was measured. Fig. 5 presents the results

Fig. 2. Schematic of the functionalizing schiff base “L” on the alumina nanoparticles
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Fig. 3. a) FT-IR spectrum of schiff base “L”, b) FTIR spectrum of alumina nanoparticles c) FTIR spectrum of modified alumina
nanoparticles with L. FT-IR (KBr) ( , cm-1): 3500-3100 (b), 1608 (s), 1581(s), 1388 (b), 1096 (s), 873 (m), 827 (m), 562(m), 445 (m).
Anal.Calcd.for C11H12N4O2S: C, 49.94, H, 4.54, N, 21.19%. Found: C, 49.72, H, 4.43, N, 20.97%. 1H-NMR (Solvent DMSO), δ ppm:
2.33 (s, 3H, CH3), 3.84 (s, 3H, OCH3), 6.89-746 (3H, Ar and 1H, NH), 8.92 (s, 1H, CH=N), 13.50 (1H, OH).

for effect of the pH on the removal efficiency of
Cr(VI) ions. It can be seen from Fig. 5 that the
highest removal efficiency was 83.4% obtained
at pH 3.0 while the lowest removal efficiency was
30% obtained at pH 7.0. All experiments were
done on 20ºC.
The effect of adsorbent quantity for removal
efficiency was investigated by adding various
amounts of adsorbent from 0.25 to 1.25 g/L into
the beaker containing different concentration
of Cr(VI) solutions (2, 5, 10 mg L−1) at pH = 3 for
all batch experiments. However, the maximum
removal efficiency of 97% was achieved after 24 h

J Nanostruct 8(4): 374-382, Autumn 2018

under stirring condition (150 rpm) for 2 mg L−1 of
Cr(VI) and 1.25 g/L of adsorbent. The results are
shown in Fig. 6.
Another important parameter that was
investigated was stirring time. For this reason,
adsorption processes carried out in different
3 contact times including 15, 30, 60, 120 and 180 min.
For each experiment, 0.1 g/100mL of adsorbent
was added onto Cr(VI) solution with initial
concentrations of 2, 5 and 10 mg L-1 at pH 3.00 and
then remained Cr(VI) was measured. We repeated
each experiment several times and reported the
average value. The standard deviation was less
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Fig. 4. The SEM image of γ-Al2O3 (a) and L-γ-Al2O3 (b).

4

Fig. 5. The effect of pH on removal efficiency of Cr(VI) ions at different contact times.
Conditions: 0.05 g/100ml of adsorbent mass, 5 mgL-1 of Cr(VI) solution

4

Fig. 6. Percentage removal of Cr(VI) at different amounts of adsorbent.

than 1.5%. The results were recorded and the
time profile of Cr(VI) ions adsorption was plotted
in the Fig. 7. According to the Fig.6, the optimum

contacting time for adsorption of the Cr(VI) ions
was 180 min that leads to removal efficiency of
94.1%. All experiments were done on 20ºC.
5
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The correlation of equilibrium data by either
theoretical or empirical models is essential to practical
operation. Langmuir [37] and Freundlich [38] equations
were used to analysis the experimental data of the
γ-Al2O3-SDS-L adsorbents for Cr(VI). The absorption
equilibrium curves for removal of Cr ions were
evaluated by adding certain amount of γ-Al2O3-SDS-L
in 50.0 mL solutions with different concentrations of
Cr(VI) at pH 3.0. The amount of Cr(VI) in the solution
were determined after equilibration. The general form
of the Langmuir isotherm is:
qe
K l .C e
=
q m 1 + K l .C e

			

(2)

where KL is a constant and Ce is the equilibrium
concentration (mg L−1), qe is the amount of
Cr(VI) adsorbed per gram of adsorbent (mg g−1)
at equilibrium concentration Ce, and qm is the
maximum amount of solute adsorbed per gram
of surface (mg g−1), which depends on the number
of adsorption sites. The Langmuir isotherm shows
that the amount of adsorbed Cr(VI) increases by
increasing the concentration up to a saturation
point. First, adsorption will increase with increasing
Cr(VI) concentrations, but as soon as all of the sites
are occupied, a further increase in concentrations
of Cr(VI) does not increase the amount of Cr(VI)
on adsorbents (Fig. 8a). After linearization of the
Langmuir isotherm, Eq. (2), we obtain:
Ce  Ce 
1
=
)

+(
qe  q m  K l .q m

		

(3)

The Freundlich empirical model is represented
by:
1

qe= k C n
f
e

				

(4)

where Kf (mmol1−1/n L1/n g−1) and 1/n are
Freundlich constants that depend on the
temperature and the given adsorbent–adsorbate
couple, n is related to the adsorption energy
distribution, and Kf indicates the adsorption
capacity. The linearized form of the Freundlich
adsorption isotherm equation is:
ln q e = ln k f +  1  ln Ce
n 

		

(5)

The Freundlich plot for Cr(VI) adsorption using
the adsorbent is shown in Fig. 8b.
Using the appropriate constants for the
Freundlich and Langmuir equations, the theoretical
isotherm curves were predicted using known
values of Ce. By comparison of the experimental
points with the Freundlich and Langmuir
isotherms, results show that both isotherms gave
good agreement with the experimental data.
Adsorption kinetics
Kinetic models are used to examine the rate
of the adsorption process and the potential rate
controlling step. In the present work, the kinetic
data obtained from batch studies have been
analyzed using pseudo-first order and pseudosecond order models. For this purpose, 0.1
g/100ml of adsorbent was used, contact times
were 15, 30, 60, 120, 180 minutes and the pH
of the solutions was fixed at 3. The results are
shown in Fig. 9(a, b). According to these Figure,
the correlation coefficient values (R2) of pseudofirst order (Fig. 8a) and pseudo-second order
models (Fig. 9b) were obtained 0.933 and 0.999,
respectively. So, By comparison of those models,
the correlation coefficients for the pseudo-

Fig. 7. Percentage removal of Cr(VI) at different times.
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Fig. 8. a) Langmuir adsorption isotherm of Cr(VI) for modified γ-alumina nanoparticles. b) Freundlich adsorption isotherm of Cr(VI)
for modified γ-alumina nanoparticles.

88

Fig. 9. a) Pseudo- first -order plot of kinetic adsorption curve of Cr(VI) on modified γ-alumina nanoparticles. b) Pseudo- second
-order plot of kinetic adsorption curve of Cr(VI) on modified γ-alumina nanoparticles.
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Table 1. Comparison of the proposed methods for the removal of Cr(IV) with some existing methods.
Type of adsorbent

Cr(VI) concentration
(mg L−1)

Dose of
adsorbent

Time (min)

adsorb %

2.0-10.0

0.5–2 g/L

180 min

55.6 –76.50

6

10.0-50.0

2.5 g/L

60 min

25-71

39

200

0.5–5 g/L

240 min

44.62-99.99

40

100-200

8 g/L

120 min

100

41

0.25-1.25 g/L

180 min

68-94

Present study

Acroptilon repense flower
powder
iron nanoparticles
embedded in orange peel pith
algal bloom residue
derived activated carbon
Ocimum americanum L. seed
pods
alumina nanoparticles
modified

2-10

second order kinetics model fits are higher than
the correlation coefficients derived from pseudofirst order model fits. Given the good agreement
between model fit and experimentally observed
equilibrium adsorption capacity in addition to
the large correlation coefficients, this suggests
that the investigated Cr(VI) adsorption followed
pseudo-second order kinetics and Cr(VI) ions were
adsorbed onto the adsorbent surface via chemical
interaction.
We compared our result with previous
reports and results were tabled in Table 1. These
Comparison clearly show that proposed absorbent
show higher efficiency compare to the previous
works.
CONCLUSION
Herein, we report a novel absorbent for removal
of Cr ions. This is the first time that 4-[(2-hydroxy3-methoxy-benzylidene)-amino]-5-methyl-2,4dihydro-[1,2.4]triazole-3-thione] is used to modify
alumina nanoparticles. These modified alumina
nanoparticles efficiently remove Cr ions. Several
important parameters that effect the removal
efficiency such as PH, amount of absorbent,
contacting time were studied.
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