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Abstract

Water contamination by organic dyes and pathogenic bacteria has a negative impact on human health. Bimetallic
nanoparticles are promising materials in water treatment. In the current study, a bimetallic of copper and iron nanoparticles
(CuO/Fe203 NPs) was synthesized by the extract of Fusarium oxysporum. CuO/Fe203 NPs were characterized using different
methods such as UV-Vis spectroscopy and transmission electron microscopy (TEM). The micrographs of TEM showed
particle sizes ranging from 4-12 nm while UV-Vis analysis exposed the characteristic peak at 277 nm after the synthesis of
CuO/Fe203 NPs. The antimicrobial activity of CuO/Fe20s NPs was tested against Gram +ve (Streptococcus sp, Bacillus
subtitles), and Gram -ve (E. coli, Salmonella typhi) bacteria. The biosorption of Congo Red (CR) dye using the bio-
synthesized CuO/Fe203 NPs was studied. The biosorption studies were investigated at different time intervals and different
dye concentrations. The studies revealed that the bio-sorption percentage of 97.167 % was achieved only after 10 min of
contact at 25 ppm. The maximum Langmuir isotherm adsorption capacity was 155.738 mg/g. For the kinetic studies, the bio-
sorption process followed the pseudo-second-order model and it was involved in more than one single kinetic stage.

Keywords:Congo red removal; Bimetallic; CuO/Fe,O; NPs; Salmonella typhi; Streptococcus; Adsorption equilbrium isotherms; Kinetic

studies

1. Introduction

In recent years, the availability of clean water is the
most pressing issue in our world [1-6]. Organic,
inorganic, and biological pollutants infiltrate water
bodies due to urbanization and industrialization,
which is dangerous to the environment and human
health. The main danger to human health is
environmental pollution because it causes various
diseases all over the world [7, 8].

Different industries like paper printing, food,
cosmetics, and textile are playing a major role in
producing organic dyes to water [9-12]. These
industries discharge a large number of contaminants
into the water bodies. When these contaminants are
discharged into the aquatic environment it imperils the
aquatic life by decreasing the oxygen amount which

causes a great threat to human health [13-15]. Some
of these industries use dyes, and as a result, a massive
amount of colored wastewater is generated. The
presence of dyes in water is highly visible and
undesirable even at very low concentrations [16, 17].
The by-products that output from the degradation of
organic dyes like synthetic azo dyes have harmful
impacts on the environment. It contains toxic aromatic
compounds and the elimination of these compounds
through aerobic waste treatment are still low [18].
Congo red is an anionic dye that contains two azo
groups.

The most public health concern is bacterial
contamination of water as it causes many diseases.
Organisms such as Salmonella typhi and Escherichia
coli are transmitted through water and cause ill health
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in communities that consume water contaminated
with the bacteria [18-22]. The antimicrobials like
antibiotics and inorganic agents are playing a vital
role in civil life [23, 24]. Trending different
technological developments to vanquish this issue,
nanotechnology is dominant in this situation. The
antimicrobials like antibiotics and inorganic agents
are playing a vital role in civil life [25]. Trending
different technological developments to vanquish this
issue, nanotechnology is dominant in this situation.

Nanotechnology is a promising area of science that
has developed in the past 20 years in the nanoscience
field. Nanoparticles (NPs) sizes are in ranging from 0
to 100 nm in diameter [26-28]. There is a great
interest in nanoparticle synthesis and applications due
to their magnetics, optics, electronics chemistry
unique properties [29-32], that’s why NPs have
exhibited great potential in environmental remediation
[33-35]. Green synthesis is a high-yield and eco-
friendly path for nanoparticle preparation [36-38].
Fungi have powerful enzyme systems capable of
mediating the biosynthesis of metal oxide
nanoparticles [39-43]. The unique structure of NPs
like shape, size, and lattice causes an increment in
their applications [44-47]. Within the different NPs,
metal oxide NPs are generally considered a secure
material for humans and the environment [48, 49].
Recently, it has been found that CuO/Fe,O3 bimetallic
nanoparticles enhance the elimination of pollutants
because of the different potential inhibitory effects
between CuO and Fe;03[50-52].

The dye removal by using bimetallic CuO/Fe;03
nanoparticles occurs in two main ways: photocatalytic
degradation and adsorption. The photocatalytic
degradation ability of CuO/Fe,O5 for dyes has been
reported, whereas, the adsorption of dyes onto
bimetallic CuO/Fe;O3 NPs could be a viable topic.
Various environmental factors can impact the
adsorption process of wastewater such as pH, contact
time, adsorbent dosage, stirring rate, and dye
concentration [53].

Antibiotic-resistant ~ bacteria  withstand  the
inhibitory activity of an antibiotic to which it was
initially sensitive [54, 55]. This occurs because of the
uncontrolled use of antibacterial drugs in medicine. It
causes due to the repeated exposure of bacteria to sub-
lethal doses of antibiotics which results in their
adaptation. This adaptation is due to the production of
antibiotic degradation enzymes by bacteria [56]. Now
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nanoparticles are a new agent with a large surface area
due to their small size, with physical and chemical
properties which make them have a high capability in
dealing with pathogen bacteria that can penetrate their
cell wall [57].

In the present work, CuO/Fe2O3 nanoparticles were
synthesized by a green method using fungal extract
and characterized by X-ray diffraction (XRD), UV-
Vis spectrophotometer, Fourier Transform Infra-Red
Spectroscopy and Transmission Electron Microscopy
(TEM). The biosynthesized CuO/Fe,O; NPs were
employed as an effective adsorbent for removing
Congo red dye from the contaminated water.

2. 2. Experimental
2.1. Materials

Cupric Sulphate (CuSOa), Ferric Sulphate (FeCls),
and Congo red were purchased from Merck,
Germany. Fusarium oxysporum was collected from
the mycological lab at the Botany Department,
Faculty of Science, Mansoura University. Bacillus
subtilis, Streptococcus sp, Salmonella typhi, and E.
coli strains were collected from the bacteriological lab
at the Botany Department, Faculty of Science,
Mansoura University.

2.2. Preparation of Congo red dye

The Congo red dye was used as a contaminant dye
model in this study. A concentrated pure dye solution
of 1000 ppm was prepared in which a specific amount
of dye powder was dissolved in distilled water, and
different concentrations of CR (25-250 ppm) were
prepared through the dilution of the stock solution.

2.3. Biosynthesis of CuO\Fe.Os; nanoparticles by
Fusarium oxysporum

Fusarium oxysporum [41, 43] was cultured on a
PDA medium and then incubated at 25 °C and the
culture of this fungus was maintained at 4°C for use in
the biosynthesis process [39]. Fusarium oxysporum
biomass was obtained by growing the fungus on a
PDA medium and forming agar discs, "5 discs" were
added to 100 ml of a liquid medium called MGYP
media (malt extract 3 g\l, yeast extract 3 g\l, dextrose
10 g\l and peptone 5 g\l and incubated in rotating
shaking "130 rpm" for 72 hours at 26+2°C. After the
incubation period, the fungal biomass was separated
by filtration from the media, then washed three times
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with sterile distilled water for removing the residues
from the media. To each 100 ml of sterile de-ionized
water, 20 g wet fresh weight of fungal biomass are
immersed in 100 ml sterile de-ionized water and
incubated at the same previous conditions for 24
hours, then the cell-free filtrate was prepared by
removing the biomass using filtration and then was
adjusted to pH 6, for each 100 ml of cell-free filtrate.
Carefully weigh "FeCls, CuSO4". making the final
concentration of 5mM. These flasks were incubated in
the previous condition under the dark condition to
prevent photo-oxidation of metal ions. The resulting
nanoparticles were dried in an oven at 60°C for 48
hours the calcinated at 400°C for 2 hours.
2.4. Characterization of CuO\Fe 03 oxide
nanoparticle

The formation of CuO/Fe;O3 NPs was detected by
color changing of the reaction mixtures [40] and then
scanned by UV visible spectrometry, using a
(JENWAY UV vis spectrophotometer — UK) in the
wavelength range 200-500 nm. The fungal extract was
used as a blank sample. Transmission Electron
Microscopy (TEM), X-ray Diffraction (XRD)
Patterns, Fourier Transform Infra-Red (FT-IR)
Spectroscopy analysis, and Selected Area Electron
Diffraction (SAED) techniques were used for the
characterization of CuO/Fe.Os NPs. For detecting the
shape and size of the myco-synthesized bimetallic
nanoparticles, the CuO/Fe;O; NPs suspension was
dropped on a Gilder G200 TEM grid and dried,
standard 200 square mesh, 3.05 mm diameter, and
analyzed using JEOL JEM 2100 (HRTEM) operated
at a voltage of 200 KV. SAED investigated the
crystalline structure of the biosynthesized CuO/Fe203
NPs through the homogenous and the arrangement of
the concentric diffraction ranges and extermination of
crystalline planes. XRD, DS8ADVANCE, Germany,
was used to determine the atomic structure or the
molecular structure of the NPs crystal. FT-IR
Spectroscopy (Bruker VERTEX 80, Germany), a
combined platinum diamond ATR, comprises a
diamond disk as that of an internal reflector in the
range 4000-400 cm-1 with resolution 4 cm-1,
refractive index 2.4.
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2.5. Evaluation of antimicrobial activity and
Minimum Inhibitory Concentration (MIC) of the bio-
synthesized CuO\Fe;O3 NPs

The antibacterial activity of myco-synthezied
CuO\Fe,Os; nanoparticles was evaluated against
Gram-positive (Bacillus subtilis; Streptococcus sp)
and Gram-negative (Salmonella typhi; E. coli)
bacteria using well diffusion method. One loopful of
pathogenic bacterial strains was cultivated on LB
broth media (Tryptone 1, yeast extract 0.5, and
sodium chloride 1 g\100 mL) and incubated at 37°C
for 24h. 10uL of the bacterial culture at ODggo= 1,
inoculated on LB agar plates and swapped by using
sterile cotton swap. One milligram of CuO\Fe;O3
NPs was suspended in sterile deionized water and
sonicated to provide a homogenized suspension, and
then 50 pL were poured into a 9 mm diameter well
made by a sterile cork borer. The plated were
incubated at 37°C for 24h, after incubation the
inhibition zone was measured and recorded. MIC and
dose-dependent were investigated by using the well
diffusion method against the tested organisms at the
concentrations of 0.25, 0.5, 0.75, 1.0, 2.0, and 3.0
mg\mL) of CuO\Fe;O3 NPs on the 9 mm wells. The
plates were incubated at 37°C for 24h and after the
incubation period, the inhibition zone was measured
in millimeters.

2.6. Bio-sorption experiments

The physicochemical parameters' effects on the CR
bio-sorption onto the bio-synthesized CuO\Fe;0Os
NPs, equilibrium, and kinetic studies were conducted
in 250-mL Erlenmeyer flasks using 100 mL of a 50
ppm dye solution in a thermostatic shaking water bath
(150 rpm). Kinetic studies were conducted using a
constant amount of bio-synthesized NPs (0.1 g/L) and
CR dye concentration (50 mg/L). The experiments
were performed at different time intervals (5-120
min) and continued till equilibrium was reached.
While Equilibrium isotherm studies were carried out
at various concentrations of the used CR dye (25-250
mg/L), constant equilibrium time (10 min), and a
constant amount of the bio-synthesized NPs (0.1 g/L).
The next step is the centrifugation of the solutions
from the bio-sorption experiments for 10 min at
10,000 rpm. After that, the maximum absorbance of
the standard CR dye solutions before bio-sorption and
the supernatant after it was measured using a UV-vis
spectrophotometer at 498 nm. The bio-sorption
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Removal percent (% R), and the bio-sorption capacity
at equilibrium and at “t” time ( ge Mg/g), ( g: mg/qg),
respectively were calculated according to Egs. (1),
[58], and [59, 60], respectively [59, 61]:

R% = (CO — Ce)/C0 % 100 (1)
Cy—C
qez((’T")*V 2)
_ (CO - Ct)
Qe="—p —*V 3)

where C, (mg/L), Ce (mg/L), and C; (mg/L) are the
concentration of CR dye at initial, equilibrium, and
“t” time, respectively; V (L) is the used dye solution
volumes; M (g) is the used dose of the bio-
synthesized CuO/Fe,O3 NPs.

2.7. Optimization of dye removal using the bio-
synthesized CuO\Fe;O3 NPs.

The best operating conditions parameters for the
removal process of CR bio-sorption were assessed by
Response surface methodology (RSM), using central
composite design (CCD) and Design-Expert version
13 software. The factors that affect the CR sorption
involved four factors, namely the initial concentration
of CR (ppm), NPs dosage (g\L), pH, and contact time
(min) .

2.8. Phytotoxicity study
The toxicity study was investigated with degraded

dye (Congo red) using the seeds of Vicia faba Sakhal.
The seeds were washed to remove dust by wiping
them with dist. H,O. After that, they were surface
sterilized using a 1.2% sodium hypochlorite solution.
Ten seeds were soaked in treated water overnight
before germination and watered with 5 ml of degraded
dye per day. Positive control was set up with distilled
water, while 10 ppm Congo red dye was used as a
negative control for soaking and watering. Growth
parameters were recorded after the emergence of
radicals as an indicator for germination. The length of
both radical (root) and plumule (shoot) besides the
rate of germination was noticed after 1 week. The
experiment was carried out at room temperature with
three replicas.
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3. Results and discussion
3.1. Biosynthesis of nanoparticles
oxysporum

In this study, Fusarium oxysporum was grown in
MGYP media and the growth was confirmed by color
change of the media (Figure 1). CuO\Fe;O3
nanoparticles were synthesized by using a cell-free
extract of the fungus which acts as a possible source
of stabilizing and reducing agent for the reduction of
copper and iron ions into CuO\Fe;O3; nanoparticles.
The complete process of nanoparticles synthesis was
confirmed by a change in color as shown in (Figure 2)

by Fusarium

Figure (1): A) MGYP broth media, B) MGYP broth and
Fussarium oxysporum

Figure (2):
nanoparticles

A) Cell-free extract, B) CuO\Fe203

3.2. Characterization ~ of  the
CuO\Fe;03 NPs
3.3. UV Spectroscopy:

The UV-Vis Spectrophotometer technique was

used to confirm the presence of CuO\Fe;Os
nanoparticles in the prepared solution. The absorption
peak was observed at 277 nm as shown (Figure 3)
which revealed that the Fusarium oxysporum exhibits
the CuO\Fe203 bimetallic NPs stable synthesis.

25

bio-synthesized
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Figure (3): UV-vis spectrum of the bio-synthesized
CuO\Fe203 nanoparticles.
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3.4. XRD pattern analysis
The XRD pattern profile of CuO\Fe;0O3

nanoparticles is shown in Figure.4. The formation of
bimetallic CuO/Fe;O3 NPs can be also confirmed
through the appearance of the characteristic sharp
bands in the XRD diffraction pattern identified in the
Joint Committee on Powder Diffraction Standards
JCPDS card no JCPDS 48-1548, 82-1533, and 24-

1005 of CuO, Fe03 and their bimetallic
compartment.
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Figure (4): XRD spectrum of CuO\Fe203 NPs

3.5. TEM Analysis
TEM analysis was investigating the morphology,

shape, and size of nanoparticles. The TEM images
show spherical-shaped supported nanoparticles over
oxidized species the bio-synthesized CuO\Fe2O3 NPs
have a size of 18-36 nm. The crystallization of Fe;Os
is confirmed by the observed inter-planar of 4.34 and
5.97 nm. The selected area electron diffraction
(SAED) Figure 5¢ confirmed The crystalline character
of the bio-synthesized CuO\Fe;Oz NPs, suggesting
that they are polycrystalline structures due to The
existence of a quasi-ring-like diffraction pattern.

Figure (5): A- B TEM images of the bio-synthesized
CuO\Fe203 NPs and C) SAED Pattern of CuO\Fe203 NPs
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3.6. FTIR spectrum
To recognize the functional groups found in the

biosynthesized CuO\Fe;,O; nanoparticles, The
formation of both  bimetallic  CuO/Fe203
nanoparticles can be observed through the formation
of the vibration within the range of 3500-500 cm-1 in
the FTIR optical transmittance spectra as shown in
Fig. 6. Characteristic peaks observed at 597 and 1043
cm? were assigned to vibrations in CuO. The sharp
peak at 3442.45 cm is due to hydroxyl groups of
water existence molecules. The broad band at 3361
cm?® corresponds to O-H stretching within
polyphenols or carboxylic acid [44]. In addition, the
characteristic peaks at 1043 cm™ can be attributed to
C—H stretching of methyl group, C-O—H bending, and
C-O stretching, respectively, all of which are
compatible with plant polysaccharides. The capping
components appear to be composed of amide,
hydroxy groups, polysaccharides and carboxy,
carboxylate, and/or ester moieties, according to the
FTIR spectroscopic findings [45].

" = P L o o

A o

Figure (6): FTIR spectrum of the bio-synthesized
CuO\Fe203 NPs.

3.7. Antibacterial activity
The effect of NPs on Bacillus subtilis;

Streptococcus sp; Salmonella typhi and E. coli were
studied using well diffusion method. The zone of
inhibition was observed in all plates which inferred
that CuO\Fe,Oz NPs have antimicrobial activities.
MIC value of CuO\Fe20O3 NPs was investigated as
being 2mg\ml for Bacillus subtilis and Salmonella
typhi and 3 mg\ml for Streptococcus sp and E. coli.
The antimicrobial activity is mainly due to the
generation of highly reactive species like OH" and
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0,?*. The OH" and O2?* damage the cell membrane
and cell wall from the outside. The antibacterial effect
of NPs on the growth of bacterial strains is shown in
Figure 7 where the values of the inhibition zone are
presented in Table 1.

Figure (7): Antibacterial effect of mycosynthesized
CuO\Fe203 nanoparticles.

Table 1: The inhibition zone values of CuO\Fe203
nanoparticles.

Bacteria Inhibition zone (mm)

NPs

Concentration 02 09 075 1 2 3

Streptggoccus 16 18 21 25 3 43
E. coli NC 18 20 28 3 42
Bacillus 15 23 27 31 35 46
subtilis

Salmonella \\« N\ 19 20 37 39
typhi

Note: N\C means no inhibition zone.

3.8. Kinetic Studies of Congo Red dye bio-sorption
onto the biosynthesized CuO\Fe;O3 NPs.
The impact of contact time on the bio-sorption

removal percentage (% R) at different intervals (5-120
min) was investigated and illustrated in Figure 8. The
% R increased with increasing time until it reached
equilibrium within 10 min, The biosynthesized
CuO\Fe,03NPs were able to bio-sorb 83% of CR dye
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molecules within the first 5 min of contact time,
indicating the rapid affinity between bio-sorbate and
bio-sorbent. As the bio-sorption process might be a
time-consuming factor, all of the active sites were
available and sufficient at the beginning of the bio-
sorption process, but once equilibrium was reached,
these sites began to be occupied by the CR dye
molecules. A similar trend was reported in the
adsorption of C.I. BR 14 dye on Cs/GP/VP/ A . donax
beads[46].

100
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Figure (8): Effect of Contact time (min) on the bio-sorption
of Congo Red onto the biosynthesized CuO\Fe203 NPs.

Important  insights into  the  bio-sorption
mechanisms, which may be governed by external or
film diffusion, pore diffusion, and bio-sorption on the
pore surface, or a combination of more than one step,
are provided by bio-sorption kinetics [62, 63]. The
four common kinetic models of pseudo-first order
(PFO), pseudo-second-order (PFO), Elovich, and
Intra-particle diffusion models were fitted to the
obtained data to anticipate CR's bio-sorption process
onto the bio-synthesized NPs, These models'
corresponding equations are as follows:

Ln(q. —q¢) =Ing, — Kt (6)
t 1

—= — 7
q:  (Kzqe)2
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Where g: and ge is the adsorbed CR amount at time
t and at equilibrium (mg/g) respectively. k1 (min_1) is
the first-order reaction rate constant, k is the second-
order reaction rate equilibrium constant (g/mg min),
is the initial adsorption rate (mg/g min), and is the
extent of surface coverage and activation energy for
chemisorption (g/mg), the kid is the intra-particle
diffusion rate constant, and c give a prediction about
the boundary layer thickness.

The calculated (Qcalcutated) Values of the first-kinetic
model (PFO) differed from their experimental ones,
meaning that this model was not appropriate enough
to describe the bio-sorption process of CR dye.

According to the obtained Correlation coefficient
(R?), the pseudo-second order model (R? = 0.9998) is
fitting better than the pseudo-first-order model (R? =
0.858), besides, the calculated value of bio-sorption
capacity (ge,cal= 3.415) was closer to the
experimental (g, exp= 48.804) value in case of
Pseudo-Second-Order model, implying that the CR
dye  molecules are chemically  bio-sorbed
(chemisorption)onto the bio-synthesized NPs. As the
bio-sorption was chemisorption, the best model
describing this process is the simple Elovich mode
[64]. The obtained R? values indicate that the Elovich
equation fitted the experimental data well; suggesting
that the chemisorption process between the CR dye
particles and the biosynthesized CuO/Fe,O3 NPs may
include valence forces by sharing electrons between
them [62, 63]. The intra-particle diffusion model was
fitted to the experimental data to further explore the
bio-sorption mechanism. The linearized graph in Fig.
9 and its kinetic parameters in Table 3, revealed that
the biosynthesized CuO/Fe;Oz NPs plot was divided
into three stages with three straight lines that did not
pass through the origin, implying that the intra-
particle diffusion process was not the only rate-
controlling step in the bio-sorption process. For the
first stage, CR dye in the aqueous solution was
transferred to the surface of the bio-synthesized NPs
(film diffusion). After that, at the second stage, the
dye particles from external surface were transmigrated
and bio-sorbed into the pores of the bio-synthesized
NPs (intraparticle diffusion). The third stage was bio-
sorption attachment of CR dye molecules [65, 66].
The linearized graphs of the four kinetic models were
illustrated in Fig. 9 and their kinetic parameters are in
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Table 2.

Table 2: Kinetic Parameters of different kinetic models
for bio-sorption of Congo Red onto the biosynthesized
CuO\Fe203 NPs.

The
Kinetic Model biosynthesized
CuO\Fe:0; NPs
3.4149
q.(mg/g) Calculated
q. (mg/g) Experimental 48.804
Pseudo-First-Order
k1 (min-) -0.01
R? 0.858
q. (mg/g) Calculated 48.605
. (mg/g) Experimental 48.804
Pseudo-Second- - (mgfg) Exp
k2(g/mg min) 0.017
Order
0.998
RZ
B (g/mg) 0.979
Elovich a (mg/g min) 43.167
R? 0.841
kil 3.8017
kid2 0.0618
. kia3
Intra-particle 0.0407
Diffusion I 44.766
0.612
RZ
Peseudo-First-Order Peseudo-Second-Order
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Figure (9): different kinetic models for bio-sorption of
Methyl Blue onto the biosynthesized CuO\Fe203 NPs: First-

order plots, Second-order plots,

Elovich plots, and Intra-

particle diffusion plots.
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3.9. Equilibrium studies of Congo red dye bio-
sorption onto the biosynthesized CuO\Fe;O3 NPs.

Equilibrium isotherms are widely used to
determine whether the bio-sorption process of the bio-
sorbate onto the bio-sorbent proceeds favorably, the
type of bio-sorption, maximum capacity of bio-
sorption, and the bio-sorption nature. Langmuir [67]
and Freundlich [68] models which are two commonly
used models were applied to the obtained data from
bio-sorption studies. The Langmuir isotherm model
assumes a monolayer bio-sorption that usually takes
place on homogeneous surfaces and is expressed by
the following equations:

CE Ce
o =1/(g_(m) k)+ .

Where qge is the CR amount bio-sorbed at
equilibrium (mg/g), gm is the maximum monolayer
coverage capacities (mg/g), K is the Langmuir
constant (L/mg), and Ce is the equilibrium
concentration of CR (mg/L). Figure 9 showed a
straight line with a high correlation coefficient value
(R? = 0.952) for the linearized plot between (Ce/ge)
verses (Ce/gm) of equation [40], the obtained
parameters of the equation isotherm, gm values
obtained from the plotted intercept, and the K values
from the slope were tabulated in Table 3.

Table 3: Parameters of the applied bio-sorption isotherm
mode

Isotherm The biosynthesized
parameters CuO/Fe203 NPs
Langmuir

On (g g-1) 155.738
calculated
K (L mg™) 0.106
R? 0.952
Freundlich
K 17 '/n L1
F(mgl nLUn 3353.022
g
N 3.33
R? 0.897

Subsequently, the Langmuir isotherm model was
suitable to describe the bio-sorption process of CR
dye onto the biosynthesized NPs. According to the
obtained gm values (155.738 mg/g), it was so
obvious the great ability of the bio-synthesized NPs
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to bio-sorb CR dye from aqueous solutions.
Moreover, the K. value of the isotherm constant is
located between 0 and 1, indicating the
advantageous bio-sorption of CR molecules onto the
bio-synthesized NPs [69].

The Freundlich model assumes a heterogeneous
and multi-layer of the bio-sorption process, and it is
lack information about the monolayer bio-sorption
capacity of bio-sorbent matrix, in contrast to the
Langmuir model. The linearized form of the
Freundlich equation may be expressed as:

1
Ing, = Inks, n—fln C, )

where ge is the amount of CR dye bio-sorbed at
equilibrium (mg/g); Ce is the concentration of the bio-
synthesized NPs at equilibrium (mg/L); and Krand ns
are Freundlich constants related to the bio-sorption
capacity and intensity, respectively. The linear plot
between InCe and Inge of the Freundlich equation was
illustrated in Figure 10. The “n” values represent the
slope of this plot, while the Ks values represent the
intersection point, and they were tabulated in Table 3.
The obtained “n” values from Freundlich isotherm
were found between 1 and 10. Which means that the
bio-sorption process was favorable. However, the
obtained correlation coefficients were not high
compared to the Langmuir (R?= 0.897), indicating
that, the Langmuir isotherm model is more fitted to
describe CR dye onto the biosynthesized NPs than
Freundlich. In other words, the bio-sorption process
takes place in a single layer and on homogeneous
surfaces and there is no transmigration of the dye
molecules to the inner layer of the adsorbent [70, 71].

«s —rreundlich i Langmiur
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Figure (10): Equilibrium isotherm models (Freundlich
and Langmuir) Congo red dye bio-sorption onto the
biosynthesized CuO\Fe203 NPs.
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3.10. Effect of initial Congo red concentration on its
removal %
The influence of initial CR dye concentrations on

its bio-sorption rate was investigated in the 25, 50,
100, and 250 mg/L concentration range at 150 rpm
agitation speed and 0.1 g/L of the bio-synthesized
NPs dosage (Fig.11). It was clear from the figure that
the dye removal% was inversely proportional to its
initial concentration, while the R% decreased from
97.167 to 58.985 % when the initial CR concentration
increased from 25 up to 250 ppm, respectively. This
might be since, at lower dye concentrations, there are
high active sites ratio located on the bio-synthesized
NPs to the number of dye molecules, and
subsequently, the interactions between the dye
molecules and the bio-sorbent are higher and as a
result, the R% is higher [72].

However, as shown in the figure, when the initial
CR concentration was increased from 25 to 250 ppm,
the bio-sorption capacity increased from 24.292 mg/g
to 147.463 mg/g. These outcomes might be explained
by the fact that the availability of dye ions around the
bio-synthesized NPs increases before reaching the
adsorption-desorption  equilibrium  at  higher
concentrations of the dye, which in turn accelerates
the dye diffusion because of the increase in the
driving force of the concentration gradient for mass
transfer [73, 74].

120 160
].[H] i B ].4']
- 120
730 L 100 A
” =l
E 60 - - 80 i
h 60 2
. ; ==%R 4 &
s 010 Qg LD
0 0

0 100 200 300
Initial CR Concentration (ppm)

Figure (11): Effect of initial CR dye concentration on its
removal percentage.
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3.11. Optimization of Congo red removal
Central Composite Design (CCD)
The maximum removal of Congo red was obtained

at 99.211%, where the optimal condition of Congo red
sorption was obtained at 40 ppm of Congo red
concentration, 2g\L of NPs dosage, 4 for pH and the
contact time was 180 min.

Model selection was performed using backward
feature selection based on a p-value threshold close to
0=0.1 level. Starting with a quadratic model that
includes all the linear and interaction terms the model
is refined iteratively by removing the least significant
term and refitting until no terms are above the desired
threshold. The final selected model is in the table
which is a reduced two factor interaction model
(Table 4).

using

Table 4. ANOVA for Reduced 2FI model (R %)

Source Sum of Df Mean F-value p-value
Squares Square
Model 808.50 5 161.70 9.84 <0.0001
A-dye 27.22 1 27.22 1.66 0.2104
C-pH 321.49 1 321.49 19.56 0.0002
D-Time 190.45 1 190.45 11.59 0.0023
AC 34.21 1 34.21 2.08 0.1620
CcD 235.14 1 235.14 14.31 0.0009
Residual 394.38 24 16.43
"ag'i‘t of 3021 19 2064 4758 0.0002
Pure
Error 217 5 0.4339
Cor
Total 1202.88 29
Fit Statistics
Std. 4.05 R? 0.6721
Dev.
Mean 94.62 Adiusted 0 603
CV. % 4.28 Adeq g q9g9
Precision
Final Model Equation
R % Fe\Cu NPs =
+94.62 +1.06*A -3.66*C +2.82*D
+1.46*AC +3.83*CD
The residual table contains the predictions

obtained using the fitted model equation above for
each data point and comparing it to the actual
experimental values by taking the difference between
them to get the residual (error) for the model (Table
5).

Table 5. Residual Table for (R % Fe203\CuO NPs).
Run Order Actual Value Predicted Value Residual Standard Order

1 96.66 94.62 2.04 19
2 98.11 98.90 -0.7909 4
3 97.65 92.49 5.16 17
4 96.83 100.13 -3.30 14
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5 94.67 94.62 0.0514 26
6 94.05 94.62 -0.5676 29
7 95.98 94.62 1.36 28
8 96.27 95.08 1.19 13
9 95.20 95.08 0.1200 15
10 96.60 100.25 -3.65 24
11 98.33 99.69 -1.36 1
12 91.73 86.83 4.90 6
13 95.44 87.30 8.14 22
14 90.27 94.62 -4.35 20
15 99.21 96.86 2.35 10
16 79.33 86.83 -7.50 8
17 95.44 94.62 0.8234 25
18 75.67 81.78 -6.11 5
19 99.05 96.86 2.19 12
20 99.05 97.66 1.39 9
21 98.38 99.69 -1.31 3
22 75.33 81.78 -6.45 7
23 98.61 96.75 1.86 18
24 94.98 94.62 0.3604 27
25 98.81 97.66 1.15 11
26 98.95 101.94 -2.98 21
27 95.05 94.62 0.4374
28 98.32 98.90 -0.5729
29 96.44 88.98 7.46
30 98.08 100.13 -2.05

line at higher values with 3 points not within 2 sigma
at both higher and lower values (Figure 13).
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Figure 13: Predicted vs. normal residual errors plots of CR
removal using CuO\Fe203 NP

THe response surface for CuO\Fe O3 is maximized using a Hill
Cfimbing algorithm using the linear model and constraints
ffom the experiment. 4 graphs are produced for the interactions

between two factors while keeping the remaining two factors

Predictions from each fitted linear model ploftted
against actual experimental values. The line represents
perfect predictions and the distance of deviations
represents the residual. CuO\Fe,Os model predictions
have a high skill with deviations along the entire line
which matches the R? values visually (Figure 12).

Figure 12: The predicted response values versus the actual
response values for CR removal using CuO\Fe20O3 NPs
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CuO\Fe,03 model residuals cluster closer to the zero

Egypt. J. Chem. 67, No.2 (2024)

ixed at optimal levels and varying the others (Figure 14).
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Figure 14: 3D Surface plots ofyCR removal using
CuO\Fe203 NPs

3.12. Phytotoxicity study
Evaluation of Vicia faba Sakhal seed germination

response towards the Congo red hazards was carried
out using the dye after and before treatments (Fig.15).
There was 100% Germination in control dist water.
The germination (%) of Vicia faba was found to be
100% with the treated dye while for the seeds that
were treated with Congo dye, the percentage of
germination was zero. The length of the shoot and
root were affected by the untreated dyes more than the
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treated ones. The growth parameters present in the
fresh samples were higher than the dry ones (except
the dry shoot length), that’s because iron
nanoparticles can penetrate the seed coat and promote
the ability of water absorption and utilization, and
improves germination. The plumule and radicle length
of Vicia faba was represented in Table 6.

$Svd

|
|
|

Figure (15): A) seed treated with dist water, B) seed treated
with Congo red, C) seed treated with treated water

]
4]

Table 6: Growth parameters of Vicia faba Sakha 1 after
watering by treated Congo red.

color change of the extract solution. FTIR spectrum
proved that the biomolecules present in the fungal
extract acted as a reducing and capping agent in the
synthesis of CuO\Fe,O3 nanoparticles. XRD spectra
show the crystalline structure of mycosynthesized
nanoparticles. The biosynthesized CuO\Fe,O3 Nps has
good antibacterial activity against both Gram-positive
and Gram-negative bacteria. Congo red dye
adsorption was studied by using mycosynthesized
CuO\Fe;03 nanoparticles. Antibacterial activity and
adsorption  activity prove that CuO\Fe;O3
nanoparticles have excellent applications in
wastewater treatment.
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