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Abstract

In this study, CuO nanoparticles (CuO NPs) were synthesized using Acacia cyanophylla
leaves aqueous extract as a non-toxic, easily available and cost-effective reducing agent. The
green synthesized CuO NPs were characterized by SEM/EDX, DLS, FT-IR and XRD
analysis. Subsequently, Telon Blue AGLF (TB AGLF) and Methylene Blue (MB) adsorption
onto the CuO NPs were carried out and optimum adsorption conditions were investigated.
Optimum conditions were determined as initial pH 7 and 8, temperature 25°C and adsorbent
concentration 1 g/L for TB AGLF and MB, respectively. Also; a linear increase was observed
in adsorbed dye amounts with increasing both initial dye concentrations. Furthermore, CuO
NPs were also synthesized by chemical reduction method to investigate the effect of synthesis
method of CuO NPs on the adsorptions of both dyes. The results showed that, higher adsorption
capacities were obtained in the experiments which were conducted by green synthesized CuO
NPs than chemically synthesized. Experimental equilibrium data were better fitted to the
Langmuir and Freundlich isotherm models for TB AGLF and MB, respectively. The calculated
free energy values from D-R isotherm model, were lower than 8 kJ/mol which was indicating
that the both adsorption processes proceeded through physisorption. The adsorption kinetics of
TB AGLF and MB onto CuO NPs showed the better suitability of pseudo-second-order kinetic
model; and, Weber-Morris intraparticle diffusion model showed that, not only intraparticle both
also film diffusion resistances were influential in the adsorption processes.

Keywords: Acacia cyanophylla, CuO nanoparticle, Adsorption, Methylene Blue, Telon Blue
AGLF

CuO Nanopartikiillerinin Yesil Sentezi ve Karakterizasyonu: Telon Blue
AGLF ve Metilen Mavisi Adsorpsiyonu

Oz

Bu ¢alismada; toksik olmayan, kolay elde edilebilir ve ucuz bir indirgeyici ajan olarak
Kibris akasyasi yapragi sulu o6ziitii ile bakir oksit (CuO) nanopartikiilleri sentezlenmistir. Yesil
sentezlenen nanopartikiillerin, SEM/EDX, DLS, FT-IR ve XRD analiz yontemleri ile
karakterizasyonu gergeklestirilmistir. Ardindan Telon Blue AGLF (TB AGLF) ve Metilen
Mavisinin (MB) CuO NPs’ye adsorpsiyonu gergeklestirilmis ve optimum adsorption kosullari
incelenmistir. TB AGLF ve Metilen Mavisinin adsorpsiyonu i¢in optimum ortam kosullari
sirastyla, pH 7 ve 8, sicaklik 25°C, ve adsorbent derisimi 1 g/L olarak belirlenmistir. Ayrica;
her iki boyarmadde i¢in, baslangi¢c boyarmadde derisimlerinin artmasi ile dengede adsorplanan
boyarmadde miktarlarinin dogrusal olarak arttigit gézlenmistir. EK olarak, her iki
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boyarmaddenin adsorpsiyonu lizerinde CuO NPs sentez yonteminin etkisinin arastirilmasi
amaciyla, CuO NPs kimyasal indirgeme yontemi ile de sentezlenmistir. Sonuglar, yesil
sentezlenmis CuO NPs ile yiiriitiillen deneysel ¢alismalarda, kimyasal indirgeme yontemi
kullanilarak sentezlenmis nanopartikiillere gére, daha yliksek adsorpsiyon kapasitelerinin elde
edildigini gostermistir.

Adsorpsiyon denge verilerinin TB AGLF ve MB i¢in sirasiyla Langmuir ve Freundlich
modellerine daha iyi uydugu belirlenmistir. Dubinin—Radushkevich izoterm modelinden
hesaplanan adsorpsiyon serbest enerjilerinin ise 8 kJ/mol’den daha diisiik olmasi, her iki
boyarmaddenin adsorpsiyonunun fiziksel olarak gergeklestigini gostermistir. TB AGLF ve
MB’nin CuO NPs’ye adsorpsiyon kinetiginin yalanci ikinci mertebe kinetik modele daha uygun
oldugu belirlenmis ve ayrica Weber - Morris tanecik i¢i difiizyon modeli, her iki adsorpsiyonda
i¢ diflizyonun yanisira dis difiizyon direnclerinin de etkili oldugunu gostermistir.

Anahtar kelimeler: Acacia cyanophylla, CuO nanopartikiil, Adsorpsiyon, Metilen Mavisi,

Telon Blue AGLF

Introduction

In the recent years, using metal
oxide nanoparticles as adsorbents have been
receiving special attention because of their
great specific surface area and porous
nature for removal of synthetic dyestuffs
from aqueous solutions by adsorption.

Copper oxide (CuO) is a significant
industrial material for wide variety
applications such as heterogeneous
catalysis, electrode material, gas sensors,
magnetic storage media, semiconductors,
solar cells, solar energy transformation,
reactive  oxidizers in  nanothermite
composites; owing to its small band gap
(1.21-1.51 eV) [1]. Moreover, CuO has
emerged as a potential adsorbent material
for the removal of contaminants from
wastewaters and it has been extensively
used as an environmental catalyst [2].
Dashamiri et al. reported that; Copper oxide

nanoparticles loaded on activated carbon

(CuO NPs-AC) were a novel adsorbent for
rapid, sensitive and high capacity
simultaneous ultrasound-assisted
adsorption of brilliant green (BG), auramine
O (AO), methylene blue (MB) and eosin
yellow (EY) dyes [3]. Sharma et al. studied
the catalytic thermal decomposition of
ammonium perchlorate (AP) using green
CuO NPs as the heterogeneous catalyst [1].
Conventionally various methods
such as; precipitation/co-precipitation,
thermal decomposition,  sol-gel, laser
sonochemical

ablation, reaction,

microwave radiation, alcothermal,
hydrothermal process and electrochemical
methods etc. have used for the preparing of
CuO nanoparticles. These chemical
synthesis methods are very efficient,
however; they are suffer from many
limitations such as, being costly, using
expensive, flammable organic solvents and

toxic chemicals, formation of toxic by-
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products. So, they do not fulfill the
necessities of eco- friendly chemical
processes [4]. Therefore; to overcome these
disadvantages, nowadays; there is a
growing attention in development of facile,
green and alternative synthesis procedures
with minimized environmental impact. The
biosynthetic techniques for the synthesis of
metal oxide nanoparticles by exploitation
from  microorganisms, enzyme and
plant/plant extracts provide cost effective,
low energy, pressure and temperature
conditions also, they do not involve
hazardous chemicals.

Among these biosynthetic methods,
the using of plant extracts as a reducing or
capping agents has several advancements
such as easily available, safe to handle, use
of non-toxic solvents like water, simplicity
and suitability for scale-up steps of
preparation of metal oxide nanoparticles.

Acacia cyanophylla is one of the
flowering plants of Fabaceae family
located in mainly Australia, hot temperate
and semi-tropical regions. It was recorded
that A. cyanophylla has high level of
proanthocyanidins  (condensed tannins)
which are phenolic seconder metabolites
may be responsible for bioreduction of
metallic ions and preparing the metal oxide
nanoparticles [5].

In this this study, CuO NPs were
biosynthesized by using A. cyanophylla
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leaves aqueous extract and characterised.
The synthesized CuO NPs were used as an
adsorbent for the removal of anionic and
cationic dyes.

Materials and Methods
Chemicals

All  the chemicals wused in
experiments were of analytical grade and
was used without further purification.
CuS04.5H20 in synthesis of nanoparticle
was obtained from Carlo Erba. Telon Blue
AGLF was supplied by Dye Star and
Methylene Blue was purchased from
Merck.

Green synthesis of CuO nanoparticles
Acacia cyanophylla leaves were
collected from Mersin, Turkey. Aqueous
extract of A. cyanophylla leaves was
prepared by heating the certain amount of
dried leaves in 100°C at 500 mL of distilled
water for 1 h. The filtered extract was mixed
with an equal volume of 0.01 mol/L
CuS04.5H>0 solution and the final mixture
was stirred vigorously at 130 °C for 7 h.
After 30 min, it was observed that, the color
of solution began to change from green to
dark brown during the heating process
which indicates the formation of CuO
nanoparticles. The dark brown solid product
was washed with distilled water after being
separated from the suspension by

centrifugation and then, dried in oven at
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120°C for 8 h [6]. The dried mass was
further annealed at 600°C for 4 h in a
furnace in order to achieve highly
crystalline and stable nanoparticles.
Moreover, in order to investigate the
effect of synthesis method of CuO NPs on
the adsorption of TB AGLF and MB dyes,
the CuO NPs were synthesized by chemical
reduction method with NaOH solution
instead of 4. cyanophylla leaves aqueous
extract as a reducing agent. For the
chemical synthesis of CuO NPs, 0.01 mol/L
CuS045H20 solution was prepared and
then, the pH value of the solution was
adjusted to 12 by adding 0.1 M sodium
hydroxide solution. After that, the solution
was stirred for around 30 min to allow the
reaction to complete. The color change of
the solution from green to black indicated a
successful chemical reduction reaction.
Then, the obtained nanoparticles
were washed with distilled water after being
separated from the suspension by
centrifugation and dried in oven at 120°C
for 8 h. The dried nanoparticles were further

calcined at 600°C for 4 h.

Characterization of CuO nanoparticles
The functional groups of the CuO
NPs before and after adsorption were
determined by Fourier transform infrared
spectrometer (FT-IR) analysis carried out in

the range of 4000—400 cm™!. XRD analysis
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was performed, using nickel-filtered Cu Ka
radiation in a Philips XPert MPD apparatus
operated at 40 kV and 30 mA, in the 26
range of 10°-80° to explain the crystal
structure of CuO NPs. The morphology of
the adsorbent was analyzed by Zeiss/Supra
55 SEM analysis and Zeiss/Supra 55 energy
dispersive X-ray analyzer (EDX) was used
to obtain elemental and quantitative
composition of CuO NPs. DLS analysis was
performed in a Malvern Zetasizer Nano ZS
to determine the average particle size of

synthesized CuO NPs.

Batch adsorption studies

The adsorption experiments were
conducted in 250 mL Erlenmayer flasks
containing 100 mL of adsorption solution.
The initial pHs of each dye solutions were
adjusted with 0.1 M HCl and 0.1 M NaOH
solutions before adding adsorbent. 0.1 g of
CuO NPs, except for adsorbent
concentration experiments, was mixed with
100 mL of dye solution at known initial dye
concentration and initial pH in an
Erlenmayer flask. Then the flasks were
agitated on a shaker at a constant
temperature for 180 min to reach adsorption
equilibrium. Samples were taken before
adding the CuO NPs and dye bearing
solution and at pre-determined time
intervals for the residual dye concentration

in the solution. Then, samples were
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centrifuged at 3500 rpm for 5 min and the
supernatant liquid was analyzed. The
unadsorbed TB AGLF and MB dye
concentration were determined at 610 and
662 nm

spectrophotometer,

wavelength with

respectively.
Experiments were repeated for different
initial pH, initial dye concentration,
temperature and adsorbent concentration
values. The adsorbed dye amount [ge (mg/g)]

and the percentage of adsorption (%) at

equilibrium were calculated as follows:
ge=(Co — Ce)/Xo (1)
Adsorption (%) = ((Co — Ce)/ Co) x100) (2)

where, the initial and equilibrium dye
concentration (mg/L), are symbolized by C,
and C. respectively, and the adsorbent

concentration in solution (g/L) is Xo.

Results and Discussion
Characterization of CuO NPs

In this study, the particle size and
size distribution of the green synthesized
CuO NPs were determined with DLS
equipment. Moreover, the average particle
size has been estimated by Williamson-Hall
equation using XRD data of the CuO NPs
after calcination and Image J program using
SEM images. The mean hydrodynamic
radius of the CuO NPs was measured to be
169.6 £ 3.56 nm by DLS analysis. Particle
size distribution of the synthesized CuO
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NPs by DLS analysis was presented in
Figure 1 and Table 1.
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Figure 1. Particle size distribution of green
synthesized CuO NPs

Table 1. Particle size distribution values of
green synthesized CuO nanoparticles

Size rnm Mean number Std
% Number %

127.5 3.00 43

147.7 27.9 4.6

171.0 46.8 4.0

198.0 22.1 4.6

229.3 0.20 0.3

The average particle size of CuO
NPs was calculated to be 77.57 nm by using
Image J program using randomly selected
150 particles from SEM images.
Using the modified form of Williamson—
Hall method, we have calculated particle

size D through the following equation [7]:

Bcos(0)=kA/D+ 4Esin(0) 3
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Where ‘B’ is FWHM (full width at half
maximum), ‘0’ is the diffraction angle, ‘A’
is wave length of X-Ray (0.1541 nm), € is
strain and ‘D’ is particle diameter size. The
strain and particle size are calculated from
the slope and y-intercept (kA/D) of
Williamson—Hall plot, i.e. the plot of
between 4sin(0) and Bcos(0). The slope of
graph gives strain and the intercept on the
axis gives the particle size corresponding to
zero strain [7, 8]. The average particle size
of CuO NPs was calculated as 69.3 nm by
using Williamson—Hall method. The
particle size of the CuO NPs estimated from
the SEM images were a little larger than that
obtained from XRD data.

This signify that, the SEM images
indicates the size of polycrystalline
particles since, no surfactant was used in
this study. Therefore, CuO NPs had the
tendency to agglomerate because of high
surface  tension of the ultrafine
nanoparticles [9]. The determination of the
largest particle size of CuO NPs by DLS
analysis maybe attributed to the fact that,
DLS  measurements suffered  from
absorption effects and particle scattering
because of agglomeration [10].

SEM images of green synthesized
CuO NPs were presented in Figure 2. a,b,c
before and after adsorption. As seen from
SEM images of pre-adsorption (Figure 2-a),
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the synthesized CuO NPs have the spherical
morphology, nano-sized and porous
structure. The SEM images of CuO NPs
after TB AGLF and MB dyes adsorption are
shown in Figure 2-b and c. According to
post-adsorption SEM images, an increase
was observed in particle size of CuO NPs
due to adsorption of TB AGLF anions and
MB cations onto the CuO NPs surface.

EDX analysis results given in Table
2. The results showed that, the elemental
and quantitative weight composition (wt.%)
of synthesized CuO NPs were composed of
45.7% Cu, 18.4% O, 30.7% C, 2.64% S and
25% N
compositions were determined as 29.64%
Cu, 25.5% O, 38.67% C, 4% N, 2.02% S
and 0.79% Na after TB AGLF adsorption;
and 32% Cu, 25.75% O, 35.73% C, 4.72%
N, 1.2% S and 0.6% Cl after MB

adsorption. EDX analysis results revealed

elements. The elemental

high Cu and O elements content; also, the
presence of C, O, S and N elements derived
from aqueous leaf extract. Moreover, the
presence of Na and Cl elements results from

adsorption of dye molecules onto CuO NPs.
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pre- and post- adsorption

Table 2. EDX elemental analysis results for

Weight (%)
Element syrfftzgzinzed CuO NPs CuO NPs
CUO NPs after after
ore- TB AG!_F MB.
adsorption) adsorption | adsorption
Cu 45.70 29.64 32.00
0] 18.40 25.50 25.75
C 30.70 38.67 35.73
S 2.640 4.000 4.720
N 2.500 2.020 1.120
Na - 0.790 -
Cl - - 0.600

was shown in Figure 3.

The green synthesized CuO NPs
which wrere examined by XRD analysis,
displayed the amorphous structure before
calcination (figure not shown). The XRD
pattern of the CuO NPs after calcination

Figure 2. SEM images (a) pre-adsorption
(b) After TB AGLF adsorption (c) after MB
adsorption
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Figure 3. XRD patterns of gren synthesized
CuO NPs
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High crystalline of CuO NPs were
obtained after calcination at 600°C for 4h.
The observed diffraction peaks are well
indexed with the corresponding planes of
copper oxide. According to XRD pattern,
the nanoparticles had typical monoclinic
structure of CuO NPs without any other
phases. The XRD peaks were obtained at
0,0,2); (1,1,0); (1,1,2); (1,1,-2), (2,0,0);
(20,-2); (0,2,0); (2,0,2); (1,1,-3); (0,2,2),
(1,1,3) and (0,0,4) Bragg’s reflection based
on the crystalline nature of CuO NPs [11].
XRD patterns of CuO NPs before and after

adsorption were presented in Figure 4.
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Figure 4. XRD patterns of CuO NPs before
and after adsorption (a)TB AGLF (b) MB

According to Figure 4, no
significant differences were observed in
XRD patterns of CuO NPs before and after
adsorption. This case revealed that,
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crystallinity and phase of the CuO NPs did
not changed in adsorption.

FT-IR spectrums of A. cyanophylla

leaves crude extract and green synthesized

CuO NPs, were presented in Figure 5-a and

b, respectively.

-OH (= R

=b)
c=C

40003500 3000 2500 2000 1300 1000 300
Wave number (cm™)

Figure 5. FT-IR spectrum of (a) crude extract
and (b) green synthesized CuO NPs

According to Figure 5-a, the broad
peak at 3226.56 cm™ could be attributed to
the stretching vibration of adsorbed
moisture and surface hydroxyl group
related to the phenolic compounds. The
bands observed at 1595.14 cm™, 1407.22
cm?, 1283.71 cm? and 1068.10 cm
represent C=0 carbonyl group stretching
C=C aromatic ring, C-H or C-O stretching
vibrations and stretching vibrations of C-N
functional groups of amines, respectively.
These peaks show the presence of phenolic

compounds in the plant extract. The
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phenolic compounds in the A. cyanophylla
leaves extract may be responsible for
formation of nanoparticles by bioreducing
of metal ions.

The FT-IR spectra of synthesized
CuO NPs (Figure 5-b) depicted the peaks at
1097.54 cm?t and 1283.71 cm? which
represent C-O (polyols) and C-H or C-O
stretching vibrations of methyl, methoxy
and methylene groups. Especially, the
bands ranging 1000-1300 cm™ originate
most probably from the C-O group of
hydroxyflavones and other phenolics in the
A. cyanophylla leaves extract [12]. The IR
bands at 460 cm™, 594 cm™ and 612 cm™
correspond to the stretching vibration of
Cu-0 bond in monoclinic CuO and the peak
observed at 805 cm™ correspond to C — O
vibrations in CuO [1, 6, 13]. These peaks
proved that, CuO NPs were synthesized
successfully.

FT-IR spectrums of CuO NPs after
TB AGLF adsorption and MB adsorption
were presented in Figure 6-a and b,
respectively. As seen from FT-IR spectrums
given in Figure 6, no significant structural
changes were observed between dye-
unloaded and dye-loaded CuO NPs. FT-IR
analysis results indicated that, the
adsorption of TB AGLF and MB onto CuO
NPs was proceeded physically since, any
bond formation or breaking was not

detected after adsorption. This case
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supported the XRD results in terms of any
difference did not observed in crystal
structure of CuO NPs pre-and post-
adsorption.
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Figure 6. FT-IR spectrums of CuO NPs after
adsorption for (a) TB AGLF (b) MB

Effect of
Environmental Conditions
The effect of initial pH

Optimum

The influence of initial pH on TB
AGLF and MB adsorption onto CuO NPs
was given Figure 7.

As seen from Figure 7, the optimum
initial pH values were determined as 7.0 and
8.0 for TB AGLF and MB, respectively.
The initial pH affected the adsorption
capacity of CuO NPs by interaction
between dye molecules and the surface

charges of adsorbent [14].
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2 values and had maximum negative charge at
1

pH 8.0 value (-23.76 mV). At this pH, the
80 | N. adsorbed MB amount was maximum due to
g strong electrostatic attractions between MB

S . .
= 40 - 1B AGLE dye cations and negatively charged surface.
-8 MB However, if the adsorbent surface is
0 . . negatively charged, the electrostatic

6 8 10 12 . . .
attraction/repulsion theory, did not fully
Initial pH

Figure 7. Effect of initial pH (Co= 100 mg/L,
Xo= 1g/L, T=25°C, t= 180 min)

The net surface charges of CuO NPs
were determined by measuring ( (zeta)
potential at different pH values and the
change of {'potential with pH was presented
in Figure 8. As seen from Figure 8, it was
observed that the CuO NPs surface was

negatively charged all pH

describe the removal of anionic TB AGLF
dye at basic pH. This case might be
explained with ion exchange mechanism
[15], between negatively charges surface
and Na* ions in TB AGLF dye structure.
A comparable tendency was obtained for
the adsorption of an anionic dye, eosin Y
from chitosan

aqueous solution by

hydrobeads.
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Figure 8: Variation of { potential with pH for CuO NPs

Researchers indicated that the maximum

sorption  capacity of the chitosan

hydrobeads remained practically
unchanged from pH 4.0 up to pH 8.0 and

beyond this range a sharp decrease was

10

noted [16]. In this work; at pH 7.0, the
removal of TB AGLF was maximum as a
consequence of high ionic attraction (-22.3
mV)
approximately same, after pH 9.0.

and (¢ potential values were
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Effect of initial dye concentration

The plot of the equilibrium uptakes
(mg dye /g adsorbent) of TB AGLF and MB
onto CuO NPs vs. the
concentrations was depicted in Figure 9.

initial dye

500
TBAGLF: 0,=0.9461*Co
400 - R2=0.9996
MB: g, = 0.7733*Co
300 | R =0.9924

A MB
HBTB AGLF

0 200 400 600
Initial dye concentration (mg/L)

Figure 9. Effect of initial dye concentration
(pH 7.0 and 8.0 for TB AGLF and MB, Xo=
1g/L, T=25°C, t=180 min)

the
equilibrium uptakes of TB AGLF and MB

As seen from Figure 9,

by the CuO NPs were enhanced linearly in
accordance with 0e=0.9461*C,
(R?=0.9996) 0e=0.7733*C,
(R?=0.9924) equations, respectively. It was

and

observed that, the adsorbed dye amounts at
equilibrium increased by increasing initial
dye concentration at constant adsorbent
concentration as a result of increasing the
driving force the concentration gradient
(AC), to get over mass transfer resistances
of the dyes between the aqueous and solid

phases. The structures of the adsorbent and

11
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adsorbed material cause selectivity in
adsorption. It was seen from Figure 9, TB
AGLF was higher adsorbed selectively in

adsorption.

Effect of temperature

The temperature effect on the TB
AGLF and MB adsorption by CuO NPs was
presented in Figure 10. As seen from Figure
10, higher adsorption capacities obtained in
lower temperatures as a result of the
exothermic characters of the adsorption
processes. Consequently, the optimum
adsorption temperature for the studied dyes
was determined as 25°C. Furthermore, the
adsorbed dye amounts were higher at lower
temperatures. This was indicated that both
dyes were bound to active sites of the CuO

NPs physically.

120

80 N\._.
=
(@]
E
S 40 7 == TB AGLF

—&—\IB
0 T T T
20 30 40 50 60
T (°C)

Figure 10. Effect of temperature (Co= 100
mg/L, pH 7.0 and 8.0 for TB AGLF and MB,
Xo=1¢g/L)
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Effect of adsorbent concentration
The effect of

concentration on adsorption of TB AGLF

adsorbent

and MB by CuO NPs was investigated in
the range of 0.5-3.0 g/L adsorbent

concentration and the variation of
equilibrium uptake values and adsorption
percentages with adsorbent concentration

were shown in Figure 11.

300 100
I
/ - 80
/ <
200 A >
B el TBAGLF X0-ge =
E‘: e MB X0-Adsorption % .g
- o= W= TBAGLF Xo- Adsorption% 2
= - 40 9
100 ~ == A== MB Xo-ge ho]
<
- 20
0 T T 0
0,5 15 2,5 3,5
Adsorbent concentration, Xo (g/L)

Figure 11. Effect of adsorbent concentration
(Co= 100 mg/L, pH 7.0 and 8.0 for TB AGLF
and MB, T= 25°C, =180 min)

According to Figure 11, it was

observed that, when the adsorbent
concentration was increased, the adsorbed
TB AGLF and MB amounts per unit mass
of adsorbent decreased but, percent of
removals increased. This was ascribed to an
increase in accessible surface area and
adsorption sites that notably enhanced by
the increasing the amount of adsorbent [17].

On the other hand, the agglomeration of

12
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adsorbent particles at higher concentrations,
which would give rise to a decrease in the
active surface area of adsorbent and an
increase in the diffusional path length for
this reason, the adsorbed dye amounts per
unit mass of adsorbent (ge; mg/g) decreased.
Hereby, the optimum adsorbent
concentration was chosen as 1.0 g/L for TB

AGLF and MB adsorption.

Effect of synthesis method of CuO NPs on

the adsorptions

The effect of synthesis method of
CuO NPs on the adsorption of TB AGLF
and MB dyes was presented in Figure 12.
The adsorption studies were performed at
the optimum environmental conditions for
both dyes.

As seen from Figure 12, the
significantly lower ge values were obtained
with chemically synthesized CuO NPs
compared to green synthesized CuO NPs.
This case could be due to improving of the
adsorbent properties of CuO NPs by the
contribution of many special functional
groups which were came from A.
cyanophylla leaves aqueous extract on the
CuO NPs stucture. The presense of
functional groups in the structure of CuO
NPs were indicated in the FT-IR spectrum

(Figure 5(b)).
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Figure 12. Effect of synthesized method of
CuO NPs on the adsorption (Co=100 mg/L,
pH 7.0 and 8.0 for TB AGLF and MB,
T=25°C, Xo= 1 g/L, t=180 min)

Equilibrium, Kinetic and Mass Transfer
Modelling
In this study, to describe the
adsorption behaviors of TB AGLF and MB
onto CuO NPs, the linear forms of the
[1/9e=1/Q°b(1/Ce)+1/Q°],
[Inge=InKr+(1/n)InCe]  and
Dubinin—-Radushkevich [In ge= Ingm—P.€?]

Langmuir

Freundlich
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isotherm models were implemented to the
experimental equilibrium data obtained at
25°C and 35°C temperatures. The isotherm
constants with regression coefficients (R?)
are presented in Table 3.

According to Table 3, the adsorption
equilibrium for TB AGLF and MB best
defined the Langmuir isotherm model and
Freundlich isotherm model, respectively.
Therefore, this results demonstrated that,
the TB AGLF adsorption occured at
specific homogeneous sites within the
adsorbent forming monolayer coverage of
dye at the surface of CuO NPs, while MB
adsorption take place on the heterogeneous
adsorption sites on the surface of CuO NPs.

Also, it was observed from Table 3,
the maximum adsorption capacities
obtained from isotherm models were at
25°C, which was the optimum operation

temperature for both dye adsorption.

Table 3. The isotherm model constants and regression coefficients.

w T Langmuir Freundlich D-R

ol col @ b R? Kr 1/n R? m E R?

g 25 476.19 | 0.0424 | 0.996 | 1.424 | 1.3725| 0.973 | 614.65| 50.00 | 0.930

= 35 412.19 | 0.0199 | 0.997 | 1.232 | 1.4119| 0.987| 470.78 | 70.71| 0.973

m 25 285.71 | 0.0146 | 0.992| 5968 | 0.755| 0.999 | 204.54 | 50.00 | 0.947

= 35 84.746 | 0.0278 | 0.946 | 5.672 | 0.504 | 0.997 90.04 | 35.35| 0.975
The comparison of dye adsorption given in Table 4. According to Table 4,

capacities of CuO NPs and CuO NPs

composite materials in the literature was
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green synthesized CuO NPs using A.

cyanophylla leaves extract used in this
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study showed higher maximum monolayer
adsorption capacity for TB AGLF dye than
others. This could be expressed by
significant structural differences of the
adsorbents due to variety of the synthesis
methods and differences of the dyes.

Referring to the Kr; Freundlich

ISSN: 2536-4383
isotherm constant value, the adsorption

capacity of CuO NPs for MB adsorption
was higher than that of some studies in the
literature as seen from Table 5. The
obtaining high values of Kr was also
indicated that CuO NPs had high adsorption
capacity and affinity for MB molecules

Table 4. The comparison of the monolayer coverage capacities of CuO NPs for dyes

Adsorbent Synthesis Method Dye Q°(mg/g) | Reference
CuO NPs loaded
on activated )
carbon (CuO-NP- CuO NPs: Sol-gel Methylene Blue 9.72 [17]
AC)
CuO NPs:
Cu_O embedded Precipitation with Methyl orange 28.2 [18]
chitosan spheres
NaOH
CuO/Al;,O3 Incipient wetness .
catalyst impregnation Reactive Black 5 91.2 [19]
Brilliant green
(BG), .
: BG: 94.93

CuO I\_lPs loaded CuO NPs: Auramine O AO: 94 66
on activated S . (AO), ,

Precipitation with MB: 97.58 [3]
carbon (CuO NH.OH Methylene Blue EY:
NPs-AC) 4 (MB) 96.22

Eosin yellow '
(EY)
Synthetic zeolite
NaA/CLO lon-exchange Methyl orange 79.49 [20]
B

Biosynthesis using Telon Blue 'Z‘%ng

CuO NPs A. cyanophylla leaves AGLF MB' This study
extract Methylene Blue 285 7'1
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Table 5. The comparison of adsorption capacities referring to Freundlich isotherm constant value
(Kg) for MB adsorption.

Adsorbent Dye Kr Reference
Graphite Methylene Blue 0.893 [21]
Multi-walled carbon nanotubes
(MWCNTS) decorated with CoFe204 | Methylene Blue 1.598 [22]
nanoparticles
Mesostructured silica nanoparticles
(MSNAP) Methylene Blue 3.330 [23]
Oak sawdust composite Methylene Blue 3.442 [24]
CuO NPs Methylene Blue 5.968 This study

Dubinin—Radushkevich
model (D-R) was applied to interpret

isotherm

whether the dye adsorption mechanisms
were physisorption or chemisorption. The
linear form of the D—R isotherm equation is

stated as follows:

|nQe: |an_B.€2 (4)

where gm is the maximum adsorption
capacity (mg/g), € is the Polanyi potential [&
= RT In(1+1/C¢)] and B is the activity
coefficient associated to adsorption mean
free energy. The values of gm and B are
obtained from the intercept, and slope by
plotting In qe versus €2, respectively. The
adsorption mean free energy was calculated

from following equation:

E=1/(,/2B) (5)
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The E value gives idea about adsorption

mechanism is chemical or physical
adsorption. If the magnitude of E is between
8 and 16 kJ/mol, the adsorption is controlled
by a chemical mechanism, while for E < 8
kJ/mol, the adsorption follows a physical
mechanism [25, 26]. The free energy values
determined from D-R isotherm model, were
lower than 8 kJ/mol which was showed that
the TB AGLF and MB adsorptions
proceeded through physical mechanism.
The linear forms of the pseudo-first-
order (log(ge — qt) = log(ge) — k1t/2.303) and
pseudo-second-order ((t/qy) = (1/ge?kz) +
(t/ge)) kinetic models were applied to the
kKinetic data and the model constants with
regression coefficients were presented in

Table 6.
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Table 6. The kinetic and intraparticle model constants with regression coefficients

q Pseudo-first-order Pseudo-second-order Weber-Morris model
e,exp
(mcg‘/’L) kix103 | Gt ) R2 | g x103 | Qe | R2 Ki [ R?
= 50 | 45.592 15.4 36.626 | 0.914 1.281 41.633 | 0.972 4.194 0.107 0.997
= | 100 | 92.401 18.2 75.457 | 0.938 0.625 84.289 | 0.965 8.923 0.626 0.997
% 200 | 184.19 30.6 112.69 | 0.976 0.975 184.19 | 0.995 14.50 58.81 0.993
E 300 | 281.45 26.7 106.34 | 0.747 1.317 281.45 | 0.999 15.60 119.1 0.990
500 | 477.20 21.9 129.03 | 0.650 1.575 477.20 | 0.999 24.75 324.8 0.970
50 | 40.287 11.3 17.758 | 0.644 9.185 40.287 | 0.998 10.76 1.092 0.996
100 | 96.402 15.8 76.700 | 0.979 0.818 96.402 | 0.985 10.86 2.444 0.977
E 200 | 165.46 8.75 148.08 | 0.935 0.524 165.46 | 0.974 10.89 37.06 0.965
300 | 237.41 6.45 228.50 | 0.759 0.607 228.59 | 0.996 28.17 37.07 0.979
500 | 401.44 8.06 383.88 | 0.898 0.245 379.98 | 0.982 32.81 58.04 0.996

As seen from Table 6, when the
regression coefficients and the experimental
and calculated ge values were compared,
both dye adsorption kinetics were in the best
agreement with the pseudo-second-order
kinetic model.

Weber—Morris

diffusion model was used to determine the

intraparticle

effect of the film and intraparticle diffusions
on adsorptions. The equation of the Weber—
Morris model is as follows:

Qe = Ki .05 +1 (6)

where Kij, is the intra-particle diffusion rate
constant, which was evaluated from the
slope of the linear plot of ge versus t®°. The
value of I, gives the information about
thickness of the boundary layer and it was
the [17].
if the

intraparticle diffusion model is effective in

determined from intercept

According to equation,
adsorption process, the plot of ge vs. t%°

should be linear and pass through the origin.
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Conversely, the slope will be linear but will
not pass through the origin when an initial
film mass transfer is predominated [25].
The when  both

intraparticle

plot is multilinear

and film diffusion are
influential on the adsorption. In this study,
as seen from Table 6, both intraparticle and
film diffusions played an effective role on
the adsorptions of TB AGLF and MB onto

CuO NPs.

Conclusions

In the present work, CuO NPs were
biosynthesized by using A. cyanophylla
leaves aqueous extract. Then FT-IR, SEM,
EDX, XRD, and DLS analysis techniques
were used for the characterization of
nanoparticles. DLS analysis results showed
that, the hydrodynamic radius of particles as
to be 169.6 £ 3.56 nm due to quite
agglomeration tendency of nanoparticles.
But, the average particle size of CuO NPs
was calculated to be 77.57 nm according to
Image J program using randomly selected
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150 particles from SEM images and, the
average particle size of CuO NPs was found
as 69.3 nm by using Williamson—Hall
method. SEM images revealed that CuO
NPs were synthesized successfully with a
diameter nano- sized as well as spherical
and porous. According to EDX analysis, the
CuO NPs were mainly consist of the
elements of Cu, O, and C. Additionaly FT-
IR and XRD results supported the CuO NPs
were synthesized successfully.

Afterwards, the adsorptions of TB
AGLF and MB onto CuO NPs were
investigated in a batch mode and the results
were given as follows:

The optimum adsorption conditions
for TB AGLF and MB adsorption onto CuO
NPs were determined as initial pH values
7.0 for TB AGLF and 8.0 for MB,
temperature  25°C

concentration 1.0 g/L. The adsorbed TB

and adsorbent
AGLF and MB amounts at equilibrium
increased linearly with increasing the initial
dye concentration for the studied dyes. The
adsorption equilibrium data best fitted to
Langmuir isotherm model for TB AGLF
adsorption and Freundlich isotherm model
MB The
monolayer capacity  was
obtained as 476.19 mg/g for TB AGLF dye
and Freundlich isotherm constant value was
found to be 5.968 (mg/g(L/g)'™ for MB

adsorption at optimum temperature value of

for adsoprtion. maximum

adsorption
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25°C. Moreover, the free energy values
determined from D-R isotherm model were
lower than 8 kJ/mol. Therefore TB AGLF
and MB adsorptions proceeded through
physical mechanism.

The Kkinetic and mass transfer
models were evaluated in order to
determine the adsorption mechanism and
the results showed that, the kinetic data
were well-fitted with the pseudo-second-
order Kkinetic model for both dyes
adsorption, and both intraparticle diffusion
and external mass transfer were effective
according to Weber-Morris model for both
dye adsorrptions onto CuO NPs.

The effect of synthesis method of
CuO NPs on the adsorptions of both two
dyes were investigated by green
synthesized and chemically synthesized
CuO NPs. As a result, higher adsorption
capacities were obtained in the adsorption
experiments which were conducted by
green synthesized CuO NPs than
chemically synthesized.

Consequently, the green synthesized
CuO NPs by A. cyanophylla leaves aqueous
extract without using any chemical agents,
could be effective adsorbent for TB AGLF

and MB removal from aqueous solutions.

Nomenclature

b . A constant related to the affinity of
the binding sites (L/mg)
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Ce : Unadsorbed dye concentration at [2] Verma M, Gupta VK, Dave V,
equilibrium (mg/L) Chandra R, and Prasad GK, 2015. Synthesis
Co - Initial dye concentration (mg/L) of sputter deposited CuO nanoparticles and
E : Adsorption energy (J/mole) their use for decontamination of 2-
Kre @ Freundlich constant indicating chloroethyl ethyl sulfide (CEES). Journal of
adsorption capacity ((mg/g)/(L/mg)"") Colloid and Interface Science, 438: 102-
Ki - Intraparticle diffusion rate constant 100.
in0.5
(kmg/gmlrll’sgudo first order Kinetic rate [31 ~ Dashamiri S, Ghaedi M, Dashtian K,
' ' i Rahimi MR, Goudarzi A, Jannesar R, 2016.
constant (1/min) o Ultrasonic enhancement of the
K, :Pseudo s_econd order Kinetic rate simultaneous removal of quaternary toxic
constant (g/mg.min) i organic dyes by CuO nanoparticles loaded
Ge ‘Adsorbed amount per unit mass of on activated carbon: central composite
adsorbent (m.g/ 9) ) ) design, Kinetic and isotherm
gm :Maximum  adsorption capacity

obtained from D-R isotherm model (mg/ g)
Qecal, :Calculated adsorbed amount per
unit mass of adsorbent from pseudo first
order kinetic model (mg/g)

Qecal, :Calculated adsorbed amount per
unit mass of adsorbent from pseudo second
order kinetic model (mg/g)

Qeexp :EXperimental adsorbed amount per

unit mass of adsorbent (mg/g)

Gt :Adsorbed amount per unit mass of
adsorbent at any time (mg/qg)
Qe :Maximum monolayer coverage

capacity of adsorbent (mg/g)
1/n Freundlich constant indicating
adsorption intensity
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