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Abstract

This paper aims to develop an effective method for removing organic dye from
polluted water by adsorption using nanoparticles prepared from eucalyptus leaf
extract. Synthetic dyes, particularly azo dyes, have attracted significant attention due
to their toxic and harmful impacts on human health and the environment. In this
context, an eco-friendly green synthesis method utilizing eucalyptus leaf extract was
employed to prepare nickel-copper nanoparticles (Ni-Cu NPs). The nanoparticles
were characterized using X-ray diffraction (XRD), Fourier transform infrared
spectroscopy (FTIR), atomic force microscopy (AFM), and scanning electron
microscopy (SEM). AFM images showed that the nanoparticle sizes ranged from 10
to 40 nm in great abundance. These results are in agreement with the calculations
made using the Debye-Scherrer equation, where the crystallite size of the three main
peaks was found to be (32, 19, 21) nm. The removal of Reactive Blue 238 dye
(RB238) using nanoparticles was investigated. The dye removal effectiveness was
found to be dependent on the initial pH (3.5-9) and temperature (293-313K), as well
as the concentration of Eucalyptus nickel and copper nanoparticles, or (E-Ni-
Cu/NPs) (0.5-2.5 g.L'") and dye (25-100 mg.L"). With an appropriate adsorbent
concentration of 0.1 g per 25 mg.L™! and an acidic medium with a pH of 3.5, it was
found that 293K would produce the best decolourization of 100% in 45 minutes. The
results of the kinetic adsorption models indicate a pseudo-second-order model.

Keywords: Adsorption, green synthesis, metal nanoparticles, reactive blue
238, removal.
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1. Introduction

Wastewater comprises waste materials from various industries, with the textile sector
being a major contributor due to its extensive use of water and chemicals [1]. Reactive Blue
238, an azo dye, is widely used in the textile industry due to its features of full color, bright
colors, high washing fat, various reactants, different temperatures, various application
methods and inexpensive application [2]. The presence of color in textile industry effluents
makes their wastewater particularly challenging to treat. Dyes in water give out a bad color
and can cause diseases like haemorrhage, ulceration of the skin, nausea, severe irritation of
the skin and dermatitis [3]. The world's sources of clean, uncontaminated water are seriously
threatened when even trace amounts of trash from these companies are released into the
environment [4]. Many biological, physical, and chemical treatments can be used to remove
pollutants, but these techniques are expensive and not environmentally friendly [5]. The
development of green synthesis techniques in the latter half of the 20th century enabled the
production of nanomaterials for their special properties, which paved the way for their use in
a range of fields and industries, including industry, medicine, and chemistry [6]. One
practical, affordable, and environmentally acceptable way to get rid of organic contaminants
1s by using adsorption technology on the surfaces of bimetallic nanoparticles, especially
colors utilized in the textile sector [7]. Eucalyptus is the name of a genus of trees in the
Myrtaceae family [8]. It is native to Australia and is part of a large genus that has over 600
species that can reach heights of 60 meters or more [9]. The limonene, cineole, betaine, and
other antioxidants included in eucalyptus leaves work to reduce the valence of positive salt
ions to zero [10, 11]. Metal nanoparticles Ag, Au, Pt, and Pd belong to the periodic table's d-
block elements. Because of these remarkable properties, these nanoparticles are considered
noble, and they are also reasonably priced [12]. In contrast, the metal nanoparticles Cu, Ni,
Co, Fe, and Mo are less costly and share similar properties with noble nanoparticles [13, 14].
This study aimed to investigate the use of laboratory-synthesized E-Ni-Cu/NPs to remove the
color of RB 238 from industrially polluted water, and to verify the suitability of this process
for treating the azo dye. The kinetics of dye decolourization were studied using different
concentrations of dye solution. The effects of E-Ni-Cu/NPs dosage, initial dye concentration,
and solution pH on dye degradation were also investigated. Therefore, for the current study,
an environmentally friendly synthesis method for E-Ni-Cu / NPs was used. The best
conditions for obtaining the best dye removal will be researched through full batch
experiments.
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2. Experimental and Method
Chemicals and Reagents

Leaves of eucalyptus were collected from Baghdad Gardens. NaOH 1.0 M and H2SO4 1.0
M solutions, obtained from Appli Chem (GmbH), were used for pH adjustment. CuSO4.5H,0O
was obtained from Fluka, while Ni (NO3),.6H>2O was supplied from BDH. RB238 was
obtained from Ciba Specialty Chemicals and used without further purification. Table 1 shows
the properties of this dye.

Table 1: Characteristics of RB238

Properties of RB238

SOLCHACHO8GoNA

éj &Nﬂcnzcﬂzsmcﬂzcmosow
E OH NH2 E
NaO1S S50,Na
C.I number 205055
Molecular formula C29H26N6NasO20S6
Molar mass 1062 g.mol!
Solubility in water Water-soluble nature
A max (nm) 605

Synthesis of the Adsorbent

Ni-Cu nanoparticles were synthesized using a modified version of a prior method [15].
First, the eucalyptus leaves were thoroughly washed and then soaked in hot distilled water for
an hour at 353K, using a ratio of 100 grams of leaves for every litre of H>O. Next, 250 mL of
a 0.01 M mixed salt solution containing Ni(NO3)2.6H>O and CuSO4.5H>0 was prepared in a
500 mL beaker. The solution concentration was 0.01 M. Third, 100 mL of eucalyptus leaf
extract was gradually added to the salt mixture while stirring constantly. A color change from
a light blue to a greenish-black indicated the formation of zero-valent particles, which began
to appear after an hour. Fourth, the nanoparticles were dried, stored, and periodically cleaned
with distilled water before being used in the tests of this study.

Nanoparticle characterization techniques

A variety of analytical techniques were employed to characterize the generated
nanoparticles. The mean diameter, shape, and topography of the E-Ni-Cu / NPs were analyzed
using an SEM instrument (Vega III Czech Republic). An AFM can be used to identify the
types of atoms present in a material and determine their locations on a three-dimensional
surface map. XRD technology not only analyzes the crystallization of the nanomaterial but
also aids in determining the crystallite size of the most common nanoparticles. Finally,
accurate spectroscopic information regarding the general composition of the NPs was
obtained using FT-IR spectroscopy.

Batch Experiments

In this study, the 100 mL dye solution used in this investigation was treated with
nanoparticles (NPs) at concentrations ranging from 0.5 to 2.5 g.L"'. The mixture was then
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immediately agitated using a thermostatically controlled shaker. The initial range of values for
RB238 was 25-100 mg.L!, the temperature ranged from 293 to 313K, the pH ranged from
3.5 t0 9, and the vibrator speed was 180 rpm. 5 ml of samples were taken out of the reaction
vessel and centrifuged at predefined intervals (5, 10, 15, 25, 35, 45, and 60 minutes). The
samples were then filtered through a 0.45 um membrane filter. A Japanese-made (UV-Vis)
device was used to measure the residual concentrations of the dyes under study at
wavelengths of 605 nm.

Adsorption and the removal of this work used the following adsorption and removal equation
The following relationship was used to study the dye decolorization efficiency Eq.1

Decolorization efficiency % = [(Co - Cy) / Co] % 100 % (1)

Where the dye concentration at reaction time t, min; is denoted by C: (mg.L"); and the
starting dye concentration is represented by Co (mg.L"); Eq. 2 can be used to estimate the
adsorption capacity at equilibrium qe, which is defined as the ratio between the adsorbate
quantities (mg) per adsorbent (g).

g = (Co-C)V/W (2)

where V(L) ; is the volume of the solution being studied in liters and W(g) ; is the mass of the
adsorbent.

3. Results and Discussion
Characterization of Nanoparticles

Using the XRD technique, the crystalline structure of E-Ni-Cu/NPs is shown in Fig. 1. The
20 values range from 20° to 80°. A prominent peak with an intensity of 287 is observed at
43.4°, which corresponds to copper [16]. It was noticed that cubic nickel particles correlate to
a peak at 50.5° (69) [17]. However, the peak at 36° (95) appears, indicating the influence of
nickel and copper in the crystal lattice [15]. The principal peaks were subjected to the Debye-
Scherrer equation, Eq. 3, to estimate the crystalline size D of the (NPs).
D=KA/B Cos©O (3)
Where A is the X-ray wavelength, equal to 1.5418 A°, and K is the constant shape factor,
equal to 0.9.p indicates the full-width half maximum (FWHM), and O represents the Bragg’s
angle. It was found the crystallite size of the three main peaks is (32, 19, 21) nm.
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Figure 1: XRD of E-Ni-Cu/NPs
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The nanoparticle morphology is depicted in Fig.1. SEM pictures, demonstrate their
heterogeneous combination and the fact that their aggregation causes the particles to vary in
size. The reasoning is that the size of the nanoparticles increases with the number of metal
ions, or it might be because of their interaction with the extract [18], in which case the XRD
pattern shows low levels of nickel content. The AFM images in Fig. 3 reveal the surface at a
fine scale, below the atomic diameters, showing a substantial abundance of nanoparticles
ranging in size from 10 to 40 nm. These findings agree with computations made with the
Debye-Scherrer equation.

Il
D3 = 104 nm

SEM HV: 10.0 kV Det: SE 11

SEM HV: 10.0 kV Det: SE 1
SEM MAG: 20.0 kx Date(m/dly): 04/14/24 2 pm

SEM MAG: 20.0 kx Date(m/dly): 04/14/24 2 pm

Figure 2. SEM images of E-Ni-Cu / NPs
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Figure 3: Photomicrograph of E-Ni-Cu / NPs using AFM.
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Figure 4: FTIR spectrum of E-Ni-Cu / NPs.
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FTIR spectroscopy, which operates in the 400-4000 cm™ range (Fig.4), shows four bands
corresponding to water bending vibrations at 1637.5 cm™!, and a broad peak related to water
stretching vibration has a large peak at 3446.7 cm™!. The FTIR peaks are impacted by the
existence of organic compounds on the surface of nanoparticles [19]. A set of three peaks was
observed at 480, 628, and 692 cm™!, which may plausibly belong to carbon-metallic bonds,
whereas there is a C-O absorption at 1120.6 cm™ [20].

The effect of adsorbent dosage

The effects of altering the E-Ni-Cu / NPs dose on the dye RB238 elimination efficiency are
shown in Fig. 5. It was demonstrated that this efficiency increases with increasing
nanoparticle dose, and since the color removal efficiency at 95% was not significantly
affected, employing dose greater than 0.1 g is not necessary. Consequently, this dosage was
utilized in the following studies.

100
m0.05g
80
0.075g
xX
.60
S 0.1g
£
S 40 |
e 0.2¢g
20
0.25g
0 1 1 1 1 1 1 J
0 5 15 25 35 45 60
Time (min)

Figure 5: The impact of adsorbent dosage on decolorization efficiency at a temperature of
293 K, pH of 3.5, rpm of 180, contact period of 60 min, and dye concentration of 50 mg.L™".

Effect of the initial pH

The adsorption process is significantly influenced by the pH of the solution because
variations in pH have an impact on the electrostatic interactions that take place at the
adsorption surface as a result of the presence of ions in the reaction mixture. Figure 6
illustrates the degradation of RB238 dye under different acidic conditions, with pH values of
3.5, 7, and 9, respectively, after a contact time of 60 minutes. The degradation efficiency is
95, 57, and 58%. The reason for the decreasing removal effectiveness with increasing pH is
most likely related to the effect of pH on the adsorbent's surface charge and degree of
ionization [21].
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Figure 6: Effect of initial pH on decolorization efficiency (temperature = 293 K, adsorbent
dosage = 0.1g, rpm = 180, and dyes concentration = 50 mg.L ).

Effect of initial dye concentration

The initial concentration of the dye solution is a crucial component that must be taken into
account in order to achieve optimal adsorption because there is a transition between the dye's
ionic and solid phases, as well as resistance during this change [22]. Figure 7 demonstrates
the good color removal performance of the dye solution containing a modest concentration of
RB238 (25 mg.L"). The dye solution achieved 90% at 35 minutes of contact time and 70% at
100 mg.L! concentration at the same contact period.
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Figure 7: A comparison of the decolourization efficiency with different beginning dye
concentrations at(temperatures 293 K, pH = 3.5, adsorbent dosage of 0.1g and rpm = 180)

The adsorbed dissolved on the surface of the nanoparticles compete with the active sites
exposed to adsorption for the given number of sites, causing the reaction speed to slow down
as the concentration of competing dye molecules increases [23].

Effect of temperature

The temperature factor is one of the key variables that influences how well dye
degradation proceeds [24]. The impact of temperature variation on dye RB238 adsorption is
depicted in Figure 8. When the temperature was raised from 293K to 303K and then 313K,
the percentage of dye removal dropped from 95%, 92%, and 84% at a contact time of 60
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minutes, respectively, indicating that the temperature change had no discernible effect on the
dye's ability to adsorb on the surface of the nanoparticles. Dye adsorption is considered an
exothermic process by nature, even though the decrease in dye degradation with increasing
temperature is not significant [25].

m293 K m303K m313K

100 -
90 4
80 A
70 -
60 -
50 -
40 A
30 -
20 -
10

Removal ,%

0 5 15 25 35 45 60

Time(min)

Figure 8 : Impact of temperature changes on decolorization efficiency (pH = 3.5, RB238
concentration = 50 mg .L"!, adsorbent dosage = 0.1g, and rpm = 180)

Table 2: Kinetic models equation

Model Equation Parameters
Pseudo-first order log(qe -qi)=logqe— kit q «: adsorption capacities at time t (mg.g™')
2.303 ki : rate constant of pseudo-first order (min'")
Pseudo —second order t = 1 _+ t k, : rate constant pseudo-second order
(g/mg.min)
qt ks q¢ qe
Elovich qt=1 In(ap )+ _1 In (t) o:initial rate constant of adsorption. (mg/g.min)
B B B :desorption rate constant (g.mg™')

Kinetic analysis of dye RB238 adsorption

Table 2 provides a summary of the formulas used to investigate the kinetics of dye RB238
adsorption. Pseudo-first, second and Elovich are the three kinetic models. For the adsorption
kinetics to be consistent with the models previously mentioned, the retained model must be
efficient, realistic, and have the highest coefficient R? [26]. Table 3 presents the adsorption
constants from the experimental results, used to validate the suitability of the adsorption
kinetic models, which serve as the key criteria for selecting the kinetic model. Plotting log (q «
—q 1) versus t yields a slope, as shown in Figure 9a, which represents the value of the constant
ki for the pseudo-first-order model. On the other hand, the values of the constants k> and qe
can be determined from the slope of the pseudo-second-order model's graph when (t/q; ) vs t
is plotted (Figure 9b). In Figure 9c, the slope of the variable q; versus the In t graph is used to
calculate the constants  and o using the Elovich kinetic model. The values of o and B were
found to be correlated with the initial dye concentration. Moreover, the low R? value of the
Elovich model implies that it is not a suitable fit for kinetic application [27]. The regression
coefficient R? of the pseudo-second-order model, which is higher than that of the pseudo-first-
order model and its value for the Elovich model (Table. 3), indicates the most suitable kinetic
model.
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Table 3: The kinetic parameters for the adsorption of RB238 onto
E-Ni-Cu / NPs at
various initial dye concentrations and temperature=293K

RB238 Pseudo — first order  Pseudo — second order Elovich — Model
(mg.L‘l) (e.exp (mg/L) ki R? k2 R? o B R?
25 24.68 0.077 0.8206 0.038  0.9969 10.5 0.146 0.9026
50 45.34 0.085 0.7144 0.044  0.9985 27.11 0.083 0.7925
75 53.76 0.084 0.9139 0.019  0.9964 28.92 0.065 0.8592
100 69.81 0.089 0.8807 0.022  0.9988 37.31 0.054 0.8365
*25mg/L M50 mg/L 16 25mg/L m50mg/L
A75mg/L 100 mg / L ’ A75mg/L 100mg/L
e 1.2 -
= -
1 (o2
o S 08 -
g O 0.4 -
A —
Y 0 : . . .
, ¥ 0 10 20 30 40
Tifte(min) 40 Time (min)
a b
80 %25 mg /L ®50mg /L ®75mg/L ©100mg/L
60 | e
o R SRR e
- 1 gt et @ e ®
= 40 ® el
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Figure 9: Kinetic models at a different initial concentration of RB238 adsorption.
Conclusion

This study focuses on enhancing the efficiency of metallic nanoparticles for organic dye
removal while elucidating the underlying adsorption mechanisms. Employing eucalyptus leaf
extract to prepare nanoparticles represents a greener approach compared to traditional
chemical methods. Additionally, the combined use of copper and nickel nanoparticles (dual
synthesis) demonstrates a superior dye removal effect compared to the use of either metal
alone. Combining nanotechnology with green synthesis represents an environmentally
sustainable solution for treating industrial pollution. This technology can be widely applied in
industrial wastewater treatment, soil removal, and even in the pharmaceutical industry. The
application of this technology to various types of organic dyes and other pollutants should be
studied, and comprehensive environmental studies should be conducted to evaluate the
potential environmental impacts of nanoparticles. Collaboration between researchers in
various fields (nanotechnology, environment, chemical engineering) should be strengthened
to promote research and development in this field.
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