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Fe-Cu-ZnO NANOCOMPOSITE AS NOVEL ADSORBENT:
CHARACTERIZATIONS AND INDIGO CARMINE DYE REMOVAL
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Herein, the Fe-Cu-ZnO nanocomposites with superior adsorption property and short
contact time were prepared by a sol-gel method. The structural characterizations were
analyzed via several analytical techniques including X-ray powder diffraction (XRD), the
surface area and pore distribution (BET) method, scanning electron microscopy (SEM),
Energy Dispersive X-ray Spectrometer (EDX) and Thermogravimetric analysis (TGA). It
was found that the nanocomposite with a diameter of 18nm and surface area of 63 m%g.
The adsorption of dye model was fitted well with Langmuir model and the adsorption
capacity was77.7mg.g™ at room temperature. The kinetics of adsorption rate of the indigo
carmine was very fast, and fitted with a pseudo second order.
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1. Introduction

The existences of dyes in wastewater and groundwater are a worldwide trouble and have
attracted great consideration. Industrial wastewater involves dangerous and refractory organic dyes
pollutants causing severe environmental issues. One of the typical organic pollutant species,
synthetic dyes such as methylene blue, malachite green and indigo carmine with a annual
manufacturing of more than 700,000 tones are broadly used in textile, leather, paper, paint, plastic
and other industries uses[1,2]. For the reason that of their complex molecular structures and large
sizes most of the dyes are considered non oxidizable by conservative physical and biological
removal [3].A variety of process such as adsorption, solvent extraction, and photocatalysis has
been employed to eliminate organic dyes from the wastewater [4-6]. Each of these methods has
some merits and confines in perform. Adsorption using a nanomaterials with large surface area has
proved to be one of the most candidate methods among of the above-mentioned process [7].
Nanomaterials adsorbents are generally effective in the removal and recovery of dyes because of
their physical and chemical stabilities[8].

In the present article, we report on the successful fabrication of Fe-Cu-ZnO
nanocomposite through a simple sol-gel method calcinated at 550 °C. The structural, morphology,
surface properties and chemical stability of the Fe-Cu-ZnO sorbent were studied by various
analytical techniques. Moreover, the kinetics and isotherms of the Fe-Cu-ZnO adsorbent for indigo
carmine dye adsorption was investigated in order to investigate the contact time and adsorption
capacity.
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2. Experimental section

2.1. Synthesis of Fe-Cu-ZnO nanocomposite

In the typical fabrication, 4g of zinc acetate was dissolved in 75ml methanol with gently
stirring at room temperature. Then, the required amount of copper nitrate and ferric nitrate were
added to the zinc acetate methanol mixture under vigorous magnetic stirring. Afterward, the
aqueous solution of tartaric acid was added drop wise to the mixture and the gel formed fast at
room temperature. The gel was then dried at 85°C for 16 h and the obtained dry gel was first
grounded and annealed at 550°C for 2 hour. All the chemicals used without further purification
and the structure of the indigo carmine dye are demonstrated in Fig.1.
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Fig.1.Indigo carmine structure.

2.2. Characterization techniques

The phase structure and crystallite size of nanocomposite was determined by the powder
X-ray diffraction patterns, the compound was conducted on a diffractometer (D8 Advance Bruker)
via Cu-Ka radiation, A = 0.15406 nm with accelerating voltage is 40kV and scanning angle is 20°-
75°. The surface properties of nanocomposite were investigated using (BET) method recorded on a
Micrometrics ASAP 2020 apparatus. The morphology of specimen was observed by a field
emission scanning electron microscope (FE-SEM, JEOL-6700F). The elemental composition of
Fe/Cu/ZnO composite was determined by energy dispersive X-ray spectrometer (EDX). The
thermal decomposition behavior of sample was studied using Thermogravimetric (Model: Mettler
Toledo) with a heating rate of 0.02 to 250 K/min, room temperature of 800°C and crucible volume
of up to 150 pL were utilized.

2.3. Adsorption kinetics and isotherms procedure

2.3.1 Adsorption Experiments details

The adsorption experiments were conducted to examine the adsorption parameter of the
Indigo carmine dye on the synthesized Fe-Cu-ZnO nanocomposite. The equilibrium adsorption
experiment was performed in 50 ml conical flasks containing 10 mg of nanocomposite and 20 ml
of dye with concentrations 5, 15, 25, 35, 60 and 80 mg/L were added under magnetic stirrer for 60
min. Following adsorption equilibrium, the suspension nanomaterials was separated from the
solution via centrifugation, and the residual dye concentration was determined using the
spectrophotometer (Labomed — UVS-2800) at a maximum wavelength of 610 nm.

The adsorption kinetic investigation, the volume and initial concentration of dye were
200ml and 60mg/L respectively, and the mass of the Fe-Cu-ZnO was 100mg. The experiment was
conducted in the dark under vigorous magnetic stirring. Afterwards, 5 ml of the suspension was
withdrawn at predetermined time intervals, and centrifuged for measuring the residual dye
concentration. The quantity of dye adsorbed per gram of catalysts at time (min) can be determined
from the following equation [9]:

V(C,-C
R p ) (1)

where, g, (mg g) is mass of dye adsorbed by a unit mass of nanopowder m (g) at time t (min), V is
the solution volume (L), C, concentration of the metal ion initially preset and C; is that at t time in
(mg L™). At equilibrium, a similar formula is used to find out the mass adsorbed q:
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V(C,-C
qe: ( 0 e) (2)
m

Adsorption equilibrium experiment is usually modeled by adsorption isotherms. In
particular Langmuir and Freundlich representations are the widely employed to describe the
established equilibrium. They are symbolized in linear forms to make their graphical illustrations
pertinent.

&zice+ 1

Langmuir model equation  (3)
qe qm qm 'KL

1
Ing, = HInCe +InK. Freundlich model equation  (4)

where qn is the quantity of adsorbed solid-phase that accomplishes a monolayer treatment of
adsorption sites and K, is a parameter connected with the adsorption free energy [10]. g, and K.
represent the slope and intercept of C./g. versus C. plotting. While k and n of Freundlich formula
are obtained from the In g. versus In C, diagrams. Kg and n of the Freundlich model are correlated
with the adsorptive bond strength and distribution, respectively [10].

Adsorption Kinetics information is typically obtainable by a pseudo-second-order is modeled
by equation (5),where k, denotes the rate constant (g (mg.min)™) [11]. Using of t/q; against t graph,
ge and k; are correspondingly obtained from the slope and intercept.

t 1 t
- 2

qt k2 'qe qe
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3. Results and discussion

3.1. Characterization of the fabricated nanocomposite by X-ray diffraction

Fig. 2displays the XRD spectra for Fe-Cu-ZnO nanocomposite synthesized through the
sol-gel method. The findings show broad peaks at positions (31.61°, 34.39°, 36.11", 47.40°, 56.52",
62.72°, 66.29°, 67.91" and 69.08") of the spectrum. These results of diffraction peaks agree with the
wurtzite hexagonal ZnO standard data (JCPDS- 36-1451) in addition to a small peak at position
38.65, corresponding to CuO monoclinic (111) base-centered phase JCPDS#18-
1916.Thisadditional peak at 111°could be due to the solubility of 5% Cu on ZnO is limits and
resulted in high grain boundaries. The average diameters of crystallite (D) of the prepared
nanocomposite was calculated using the Scherrer s equation [12]:

Do 0921
"~ BcosB

(6)

here A is the wavelength of Cu Ka radiation is, B is the full width half maxima (FWHM) of the
diffraction peak and 0 is the Bragg peak angle. The crystallite size calculated from the Scherrer s
equation is 18 nm for Fe-Cu-ZnO at 550°C. In literature, the crystallite sizes of pure ZnO decrease
when it doping with low concentration of Cu ion, this chiefly qualified to the formation of Cu — O
— Zn on the surface, which hinders the growth of crystal grains[13].
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Fig.2.XRD pattern of nanocomposite.

3.2. Nitrogen Adsorption Analysis of Fe-Cu-ZnO nanomaterials

Fig. 3.demonstrates the nitrogen adsorption-desorption isotherms inset Barett-Joyner-
Halenda (BJH) pore size distribution for Fe-Cu-ZnO nanocomposite at the temperature 550°C.
The isotherms obtained are Type IV related to a capillary condensation, according to the
International Union for Pure and Applied Chemistry (IUPAC) classification. The hysteresis is
Type H3 characteristics of the mesoporous material with slit-shape pores. Based on the results
from (Fig.3).The surface area of nanocomposite was 63 mg™ with the pore volume and pore

diameter 0.22cm3/g and 9.82 nm
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Fig.3. BET adsorption—desorption isotherms of composite.

3.3 Morphology and composition analysis

Fig. 4(a) depicts the SEM and EDX of the Fe-Cu-ZnO nanocomposite. The SEM image
shows heterogeneity in the shapes and sizes of the particles that contain elongated shapes .Fig.
4(b) displays the EDX result of Fe-Cu-ZnO composite. The elemental composition percentage of
the constituents of O, Zn, Cu and Fe in the composite is determined. The EDX finding confirms
the stoichiometry of Fe, Cu, Zn and O lattice with their nominal percentage and the real
incorporation of Cu and Fe in the ZnO matrix.
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Fig.4. a) SEM image of a nanocomposite and b) EDX graph of a nanomaterials

3.4. Thermogravimetric (TGA) analysis and derivative

Fig.5showsThermogravimetricanalysis (TGA) and derivative thermal gravimetric of
composite xerogel was approved to explore the composite stability. The sample was heated from
room temperature to 750 °C with an increase of 10 °C/min in atmosphere. Clearly, the TGA graph
the weight loss of the nanocomposite is found to take place until 420°C. Furthermore, the DTG
data plot three endothermic peaks are found at 246, 351 and 382°C. These peaks are due to water
and organics evaporation. After 382°C, there is no additional weight loss of the compound.
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Fig. 5.TGA and DTG analysis for nanocomposites.

3.5. Kinetic study

Fig. 6(a) depicts the impact of contact time on the indigo carmine dye adsorption on the
Fe-Cu-ZnO nanocomposite for different times at room temperature. It clearly demonstrated that
the adsorption of dye varies proportionally with time reaching its maximum capacities gt in
18 min. After that, the indigo carmine dye adsorption did not show a discrepancy with time
increase. Thus, 18 min was considered the suitable time to reach equilibrium. Fig. 6(b) shows the
pseudo-second-order model was exhibited a better fitting for the data (r* = 0.9998). Otherwise, the
determined gmax Value is approximately equal 71.7mg.g”from the experiments confirming a
pseudo-second-order kinetics as shown in Tablel.
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Fig.6. a) contact time and b) Pseudo-Second order kinetic model of dye adsorption on
Fe-Cu-ZnO nanocomposite.

Tablel.Pseudo-Second order kinetic parameters for the dye adsorption by Fe-Cu-ZnO
nanocomposite.

Pseudo-Second order kinetic parameters
kix 107%(min™) ge (Mg.g™) R?

1.07 71.7 0.9998

3.6. Equilibrium study

The adsorption equilibrium whose parameters demonstrate the surface properties and
affinity of the dye Indigo carmine on the Fe-Cu-ZnO nanocomposite was also scrutinized.
Langmuir Fig.7(a) and FreundlichFig.7(b) isotherms models, which are the most usually used,
were employed to fit the experimental data [14,15]. The Langmuir adsorption model is depend on
the postulation that maximum adsorption corresponds to a saturated monolayer of solute molecules
without any interaction involving molecules on the adsorbent surface. As scheduled in Table 2,
Langmuir isotherm provides better linear regression (R2 = 0.99) than Freundlich equation (R2 =
0.97), representing that the adsorption follows the Langmuir model. The indigo carmine
adsorption capacity on Fe-Cu-ZnO nanocomposite at room temperature was 77.7mg.g-1. This
results makes it a superior adsorbents compared those announced in the literature: Montmorillonite
(40 mg.g—1) [16], Cobalt hydroxide nanoparticles (62.5 mg.g—1)[17], Chitin nanowhisker
(ChNW)-functionalized abrasive spherical materials (0.4 mg g—1)[18], sewage sludge
(60.04 mg g—1)[19],coal fly ash (1.48 mg g—1) [20], zeolite from fly ash(1.23 mg g—1) [20],
mesoporous Mg/Fe layered double hydroxide nanoparticles (55.5 mg g—1) [21].
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Fig. 7.a) Linear Langmuir and b) Linear Freundlich isothermes.
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Table2. Adsorption equilibrium constants for the dye on Fe/Cu/ZnO nanocomposite

Langmuir constants Freundlich constants
dn(Mg.g™) Ki(l.mg™) R® n Lnk | R?
77.7 0.188 0.990 1.82 1.90 | 0.975

4. Conclusions

To sum up that, the Fe-Cu-ZnO nanocomposite with a high surface area was prepared by
using a simplistic sol-gel method and calcinated at 550°C. The nanocomposite showed a large
surface area 63.32m%g and crystallites size 18.48nm with a CuO phase in its crystalline structure.
The nanocomposites showed good capacity for the adsorption of indigo carmine dye from aqueous
solution at ambient room temperature. Additionally short contact time adsorption equal
18min.Finally, this nanocomposite can be promising and candidate for the elimination of indigo
carmine dye in wastewater.
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