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a b s t r a c t
In this paper, copper oxide nanoparticle was synthesized, and its surface was modified using N-(2-
aminoethyl)-3-(trimethoxysilyl)propylamine. The bi-amino surface functionalized nanoparticle 
(BASFN) was used to remove anionic dyes from single and binary systems. The scanning electron 
microscopy (SEM), Fourier transform infrared (FTIR) spectroscopy, energy-dispersive X-ray 
spectroscopy (EDAX) and X-ray diffraction were used to characterize the nanoparticle. Direct Red 
80 (DR80) and Direct Green 6 (DG6) were used as anionic dyes. The effect of adsorbent dosage, 
dye concentration and pH on dye removal was evaluated. Kinetic of dye adsorption on BASFN 
followed pseudo-second order. The results showed that the experimental data were correlated 
reasonably well by Langmuir and Freundlich isotherm in single and binary system, respectively. 
The maximum dye adsorption capacity (Q0) of BASFN was 217 and 250 mg/g for DR80 and DG6, 
respectively.
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1. Introduction

The environmental problems of industrial activities have 
gained much attention over the years. Industries consume 
more and more water but water supply is not increased. This 
is a global concern. Color due to the presence of dyes in water 
and wastewater is the first contaminant to be recognized and 
undesirable. Nowadays, commercial dyes with more than 
one hundred thousand kinds are produced over nine million 
tons annually. The anionic dyes of effluents are of serious 
concern because of their adverse effects on human beings 
and environment. The chemical stability of dyes causes low 
dye removal efficiency by traditional wastewater treatment 
processes [1–14].

The selection of an appropriate dye removal treatment 
process needs to know the composition of wastewater. It causes 
to improve the quality of the discharged treated wastewater into 
the ecosystem. The several operational variables, economics 
and local standards should be investigated to choose the best 
treatment process. Various technologies including adsorption, 
advanced oxidation processes, filtration etc. were studied to 
remove pollutants from wastewater. These methods have some 
limitations while they have been widely used. Depending on 
the kinds of adsorbent, adsorption technologies represent 
one of the most efficient and cheap alternatives toward the 
treatment of wastewater, which may contain several kinds of 
pollutants like dyes. Adsorption process has many advantages 
including the cost effectiveness, simplicity of operation, easy 
regeneration, high efficiency and sludge-free operation, but 
it has some limitations such as a relatively low adsorption 
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capacity for organic pollutants. Thus, researchers are focusing 
on novel adsorbents [15–20].

The health, energy and water as fundamental issues can 
be addressed by nanotechnology. The nanomaterials could 
supply an influential platform for separation, catalysis, 
sensing etc. because of their large specific surface area and the 
high affinity toward target compounds by functionalization 
with different active compounds [21–23].

A literature review showed that the functionalized copper 
oxide nanoparticle with N-(2-Aminoethyl)-3-(trimethoxysilyl)
propylamine was not investigated to adsorb anionic dyes 
from binary system dye removal. In this paper, copper 
oxide nanoparticle was synthesized and functionalized 
using N-(2-Aminoethyl)-3-(trimethoxysilyl)propylamine. 
The characteristics of the bi-amino surface functionalized 
nanoparticle (BASFN) were investigated using Fourier 
transform infrared (FTIR), X-ray diffraction (XRD), scanning 
electron microscopy (SEM) and energy-dispersive X-ray 
spectroscopy (EDAX). Direct Green 6 (DG6) and Direct Red 80 
(DR80) were used as model dyes. The dependency of adsorption 
performances to effective variables including adsorbent dosage, 
initial dye concentration and pH was systematically studied. 
The kinetic and isotherm of dye adsorption were studied.

2. Materials and methods

2.1. Chemicals

DR80 and DG6 were obtained from Ciba and used 
without further purification. The chemical structure of dyes 
was shown in Fig. 1. All other chemicals were of analytical 
grade and obtained from Merck (Germany).

2.2. Synthesis of the nanomaterials

2.2.1. Synthesis of copper oxide nanoparticle

1 g of CuSO4.5H2O and 1 g of NaOH were dissolved 
under stirring in 90 mL of distilled water. The mixed solution 
was sealed in a glass bottle and kept static at 120°C for 
24 h, and then cooled to room temperature naturally. The final 
precipitate was washed with distilled water several times to 
remove the possible residues and then dried at 120°C for 12 h.

2.2.2. Synthesis of bi-amino surface functionalized 
nanoparticle (BASFN)

1 g of CuO and 1.5 mL of N-(2-aminoethyl)-3-
(trimethoxysilyl)propylamine were poured into toluene and 

refluxed for 24 h. The precipitate was filtered, washed with 
toluene and deionized water, and dried. 

2.3. Physicochemical characterization

The functional groups of material were studied by FTIR 
spectrum (PerkinElmer Spectrophotometer Spectrum One) 
in the range of 4,000–450 cm–1. Crystallization behavior was 
identified by XRD model Siemens D-5000 diffractometer 
with Cu Kα radiation (λ = 1.5406Å) at room temperature. 
The morphological structure of the material was examined 
by SEM using a LEO 1455VP scanning microscope. EDAX 
analysis were conducted using Noran system SIX model 
energy dispersive X-ray microanalysis system (Thermo 
Electron Corporation, Japan) attached to SEM. 

2.4. Adsorption procedure

The batch adsorption technique was used to study the 
effect of various process variables such as adsorbent dosage, 
initial dye concentration and pH on adsorption. The dye 
adsorption measurements were done by mixing various 
adsorbent dosages (0.0125–0.075 g) in jars containing 250 mL 
of dye solution (50 mg/L). Dye solutions were prepared 
using distilled water to prevent and minimize possible 
interferences. Experiments were carried out at 25°C for 
60 min to attain equilibrium conditions. The solution pH was 
adjusted by adding a small amount of H2SO4 or NaOH. At the 
end of dye adsorption process, samples were centrifuged, and 
their absorbance was determined. The changes of absorbance 
were determined at certain time intervals (2.5, 5, 7.5, 10, 15, 
20, 30, 40, 50 and 60 min) during the adsorption process using 
UV–Vis PerkinElmer Lambda 25 spectrophotometer. The 
maximum wavelength (λmax) of DG6 and DR80 to determine 
residual dye concentration in solution was 633 and 543 nm, 
respectively.

The kinetic and isotherm of dye adsorption were 
studied by contacting 250 mL of dye solution with 
initial dye concentration of 50 mg/L and pH 2.1 at room 
temperature (25°C) for 60 min at different adsorbent dosages 
(0.0125–0.075 g).

The effect of adsorbent dosage (0.0125–0.075 g) on dye 
removal was investigated by contacting 250 mL of dye 
solution with initial dye concentration of 50 mg/L at room 
temperature (25°C) for 60 min and pH 2.1.

The effect of initial dye concentration (50, 100, 150 and 
200 mg/L) on dye removal was investigated by contacting 
250 mL of dye solution with adsorbent at room temperature 
(25°C) for 60 min and pH 2.1.

The effect of pH (2.1, 5, 8 and 11) on dye removal was 
investigated by contacting 250 mL of dye solution with 
50 mg/L initial dye concentration at room temperature (25°C) 
for 60 min.

3. Results and discussion

3.1. Characterization

The FTIR spectrum of copper oxide nanoparticle was 
shown in Fig. 2. It has two peaks at 3,450 cm–1 and 600–500 cm–1, 
which indicate O–H stretching vibration and metal-oxygen 
vibration, respectively. The peak at 1,625 cm–1 was attributed 
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Fig. 1. The chemical structure of dyes: (a) DR80 and (b) DG6.
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to OH bending of molecular water. The FTIR spectrum of the 
BASFN displays a number of characteristic bands at 3,435, 
2,883 and 2,822 cm–1, and 600–500 cm–1 (Fig. 2). These bands 
are assigned to O–H and N–H stretching vibration, –CH2– 
vibration, and metal-oxygen vibration, respectively. The 
bending vibration of N–H (amine) and C–N (amine) display 
a strong band at 1,600–1,560 cm–1 and 1,350–1,000 cm–1, 
respectively [24].

Fig. 3 illustrates the XRD pattern of the copper oxide 
nanoparticle and BASFN. All diffraction peaks in Fig. 3 are 
in good agreement with those of the standard pattern of 
monoclinic copper oxide (JCPDS (Joint Committee on Powder 
Diffraction Standards) Card No. 05-0661) [25].

SEM is used to determine the particle shape and size 
distribution of the material. The SEM micrographs of 
the copper oxide nanoparticle and the bi-amino surface 
functionalized copper oxide nanoparticle (Fig. 4) showed a 
relatively homogeneous nanoparticle size distribution. In 
addition copper oxide nanoparticle was not aggregated after 
surface functionalization process.

EDAX analysis (Fig. 5) showed that copper oxide 
nanoparticle contained 53.51% of Cu and 46.49% O before 
modification; and 11.49% C, 38.62% O, 5.69% N, 6.26% Si, and 
37.93% Cu after modification. Thus, the results indicated that 
copper oxide nanoparticle was modified by amino functional 
group.

3.2. Adsorption kinetic and isotherm

The adsorption kinetics controls the adsorbate residence 
time and reactor dimensions. As a result, predicting the rate 
at which adsorption takes place for a given system is probably 
the most important factor in adsorption system design. The 
previous works of adsorption kinetics of dye removal revealed 
that the majority of the dyes were removed within the first 
60 min of contact with the adsorbent [26–29]. Three kinetics 
models (intraparticle diffusion, pseudo-second order and 
pseudo-first order) were utilized to test the experimental data 
and predict the controlling mechanism of the dye adsorption.

Linear form of pseudo-first-order model is [26]:

log(qe – qt) = log(qe) – (k1/2.303)t (1)

The linear fit between the log(qe – qt) and contact time (t) 
can be approximated as pseudo-first-order kinetics.

Linear form of pseudo-second-order model was 
illustrated as [27]:

t/qt = 1/k2qe
2 + (1/qe)t (2)
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Fig. 2. FTIR spectrum of the synthesized nanoparticles: 
(a) copper oxide and (b) BASFN.
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Fig. 3. XRD pattern of the synthesized nanoparticles: (a) copper 
oxide and (b) BASFN.
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The possibility of intraparticle diffusion resistance 
affecting adsorption was investigated by the intraparticle 
diffusion model as [29]:

qt = kpt1/2 + I (3)

In this research, the pseudo-first-order, pseudo-second-
order and intraparticle diffusion models were used to study 
the dye adsorption kinetics at different adsorbent dosages. 
The kinetics constant values were shown in Table 1. The 
linearity of the plots (R2) demonstrated that pseudo-first-
order and intraparticle diffusion kinetic models did not play 
a significant role in the uptake of dye (Table 1). The linear 
fit and the R2 values for pseudo-second-order kinetics model 
showed that the dye removal kinetic followed pseudo-
second-order kinetics (Table 1). Also, the experimental values 
of qe agreed with the calculated ones. 

In order to optimize the adsorption mechanism pathways, 
it is important to establish the most appropriate correlation 
for the equilibrium curve [21,29]. Several isotherms such as 
the Langmuir, Freundlich and Temkin models were studied 
in detail.

The Langmuir equation describes monolayer adsorption. 
This model assumes a single layer of adsorbed pollutant at 
a constant temperature and a uniform energy of adsorption 
[30,31]. The Langmuir model is the most frequently employed 
model and is given by [28]: 

Ce/qe = 1/KLQ0 + Ce/Q0 (4)
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Fig. 4. SEM images of the synthesized nanoparticles: (a) copper 
oxide, and (b) and (c) BASFN.
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Fig. 5. EDAX pattern of the synthesized nanoparticles: (a) copper 
oxide and (b) BASFN.



351N.M. Mahmoodi et al. / Desalination and Water Treatment 70 (2017) 347–354

Also, isotherm data were tested with the Freundlich 
isotherm that can be expressed by [32]:

logqe = logKF + (1/n)logCe (5)

Temkin and Pyzhev suggested that due to the indirect 
adsorbate/adsorbent interaction, the heat of adsorption of 
all the molecules in the layer would decrease linearly with 
coverage. The Temkin isotherm is given as [33]:

Qe = B1lnKT + B1lnCe (6)

In this paper, the Langmuir, Freundlich and Temkin 
isotherms were used to investigate the dye adsorption 
isotherm at different adsorbent dosages. The isotherm 
constants values were shown in Table 2. The correlation 
coefficient values showed that the dye removal isotherm 
followed the Langmuir isotherm in single systems, while dye 
removal in binary system followed the Freundlich isotherm 
due to the interaction of dyes during adsorption process. 

Table 1 
Linearized kinetic coefficients for dye adsorption onto BASFN at different adsorbent dosages for single and binary systems

Intraparticle diffusionPseudo-second orderPseudo-first order(qe)Exp Adsorbent 
(g) 

Dye 
R2IkpR2k2(qe)CalR2k1(qe)Cal

Single system
0.84741.28424.4710.9980.0008217.3910.9420.0713140.281201.3330.0125DR80
0.84240.08121.3420.9970.0009196.0780.9360.0557117.571184.0000.0250

0.78738.91117.0850.9980.0015158.7300.9400.075592.087148.0770.0500

0.69855.82714.7100.9990.0028151.5150.9550.079973.080147.2730.0750

0.9458.51931.7600.9870.0002294.1180.9660.0488200.632237.1430.0125DG6
0.86812.61232.6250.9580.0002294.1180.9170.0705187.025229.1670.0250

0.88618.08925.8950.9880.0004227.2730.9610.0769158.052188.8410.0500

0.79635.24419.6980.9960.0011175.4390.9440.0843103.229159.3070.0750

Binary system
DR80 + DG6

0.89321.23029.9680.9830.0003270.2700.9130.027917.140220.3390.0125DR80
0.84029.43424.2610.9840.0006217.3910.9370.049314.632187.9430.0250

0.82726.10914.4030.9980.0014129.8700.7210.04127.734119.9320.0500

0.71433.25410.2740.9990.0040100.0000.7490.04496.07996.4190.0750

0.83632.20516.8210.9990.0013153.8460.9490.068693.670142.0610.0125DG6 
0.71438.67414.6370.9970.0022136.9860.9110.080865.599128.9060.0250

0.82326.28913.0900.9990.0017119.0480.9300.061367.530111.9590.0500

0.73631.6759.289 0.9990.003993.4580.9390.068644.7090.4110.0750

Table 2 
Linearized isotherm coefficients for dye adsorption onto BASFN at different adsorbent dosages for single and binary systems

TemkinFreundlichLangmuirSystem

R2B1KTR2nKFR2KLQ0

DR80Single system

0.64620430.6526.7571080.9580.189217

DG6

0.941281200.9607.0171400.9950.421250

DR80Binary system 
(DR80 + DG6) 0.944215140.9530.69810.6820.027345

DG6

0.9517870.9651.473110.9020.016357
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3.3. Effect of operational parameter on dye removal

The dye removal vs. time (min) at different dosages (g) 
by the unmodified copper oxide nanoparticle was shown 
in Fig. 6. In addition dye adsorption ability of the BASFN 
from single (sin.) and binary (bin.) systems was presented in 
Fig. 7. Higher percentage of adsorption with the increase of 
adsorbent dosage can be attributed to increase in surface area 
and the availability of more binding sites on the adsorbent. 
The increase in uptake with increase in adsorbent dosage 
may be due to overlapping of adsorption sites as a result 
of over-crowding of adsorbent particles [30]. The results 

showed that dye removal ability of the BASFN is higher than 
that of the unmodified nanoparticle. Thus, BASFN was used 
as an adsorbent for further studies. 

Amino functional groups of BASFN protonate at acidic 
pH, and the adsorption sites on adsorbent surface for anionic 
dye increase. Thus, dye removal increases by electrostatic 
attraction. 

The pH of dye solution is of particular importance in 
analyzing the adsorption procedure and exploring the 
adsorption ability. The effect of pH on the adsorption 
of DR80 and DG6 in single and binary systems of dyes 
was shown in Fig. 8. At lower pH, more protons will be 
available to protonate amino groups of BASFN to form NH3

+ 
groups, thereby increasing electrostatic attractions between 
negatively charged dye anions and positively charged 
adsorption sites and causing an increase in dye adsorption 
[28]. This explanation agrees with our data on pH effect. The 
maximum dye adsorption occurred at pH 2.1.
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The effect of initial dye concentration of DR80 and DG6 
in single and binary systems of dyes on the percentage of dye 
removal was studied. For both single and binary systems 
of dyes, the dye removal decreased with an increase in the 
initial concentrations as shown in Fig. 9. This might be due 
to the fact that at a fixed adsorbent dosage, the number of 
active adsorption sites to accommodate the adsorbate dye 
anions remained unchanged while with higher adsorbate 
concentration, the adsorbate anions to be accommodated 
increased. Thus, dye removal decreased [32,34].

4. Conclusions

In this paper, BASFN was synthesized and characterized. 
The dye removal ability of BASFN from single and binary 
systems was studied. DG6 and DR80 were used as anionic 
dyes. Dye adsorption capacity of the synthesized adsorbent 
(BASFN) for DG6 and DR80 was 250 and 217 mg/g, 
respectively. Adsorption kinetic of dyes was found to 
conform to pseudo-second-order kinetics for both single 
and binary systems. The equilibrium data was analyzed 
using the Langmuir, Freundlich and Temkin isotherms, and 
the characteristic parameters for each isotherm have been 
determined. The results showed that the experimental data 
were correlated reasonably well by Langmuir and Freundlich 
isotherm in single and binary system, respectively. It can be 
concluded that the synthesized adsorbent might be a suitable 
adsorbent to remove anionic dyes from colored wastewater.
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Symbols

1/n — Adsorption intensity
B1 — Related to the heat of adsorption
Ce —  Equilibrium concentration of dye solution, mg/L
I — Intercept
k1 —  Equilibrium rate constant of pseudo-first-order 

kinetics, min–1

k2 —  Equilibrium rate constant of pseudo-second-order, 
g/mg min

KF — Freundlich constant 
KL — Langmuir constant, L/g
kp — Intraparticle diffusion rate constant 
KT — Equilibrium binding constant, L/mg
Q0 — Maximum adsorption capacity, mg/g
qe —  Amount of dye adsorbed at equilibrium, mg/g
(qe)Cal — The calculated qe
(qe)Exp — The experimental qe
qt — Amount of dye adsorbed at time t, mg/g
R2 — Correlation coefficient values
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