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Bio-sorption of Methyl blue from Synthetic wastewater onto copper\zinc oxides
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Abstract

Recently, nanotechnology plays an important role in solving environmental problems such as wastewater treatment.
Metal oxides such as copper oxides and zinc oxides have a role in water purification. Hence, this work aimed to remove
Methyl blue dye from a synthetic wastewater sample using an environmentally friendly and cost-effective bio-sorbents;
copper\ zinc oxide bimetallic (CuO\ZnO) which was synthesized by a green method using Fussarium oxysporum extract, and
the biosorption performance was evaluated through isothermal and kinetic studies. The bio-synthesized CuO\ZnO
nanoparticles were characterized by UV-Vis spectrophotometry and transmission electron microscopy (TEM). From TEM
micrographs, CuO\ZnO particle size ranged from 9-40 nm and UV spectrophotometry showed the characteristic peak at 241
nm. The bio-synthesized CuO\ZnO NPs had an antibacterial activity against (Staphylococcus aureus, Bacillus subtilis) which
represent Gram-positive bacteria, and (Escherichia coli, Klebsiella sp) which represent Gram-negative bacteria was studied
resulting in a maximum clear zone of 1mg\mL concentration against Escherichia coli and Staphylococcus aureus more than
Klebsilla sp and Bacillus subtilis. The experimental data showed that the Langmuir model and the pseudo-second-order model
were fitted to the data and the biosorption capacity reached a maximum and was recorded as 68.199 mg/g.

Keywords: Antibacterial activity; methyl blue removal; Fusarium oxysporum; CuO\ZnO nanoparticles bio-synthesis;
Equilibrium isotherms; Kinetic studies.

[12], biological treatment [13], nitrifying-enriched

1. Introduction activated sludge[14]. Among these methods, the most

The surface water is getting spoiled due to the
release the industrial effluents which produce
contaminant water of dyes, pathogens, and other
pollutants in recent years [1]. It was found that the
major pollutants of surface water are dyes and
pigments [2]. Textile dye effluents are released into
the water directly or indirectly ways which harm the
environment [3]. Most dyes are toxic as a result of
causing skin irritation, respiratory disease, and even
the development of cancer [4, 5]. Dyes are difficult to
naturally degrade due to their complex molecular
structure [6-8]. There are several techniques for
removing hazardous pollutants from the water e. g.,
precipitation [9], ion exchange separation [10],
adsorption process [11], oxidation/reduction method

effective technique is adsorption due to its low cost,
high selectivity, and regeneration [15, 16].
Wastewater usually contains organic dyes that are
harmful to human health and the environment.
Methyl blue is a cationic organic dye found in
wastewater from many industries. MB is usually used
in many industries such as cotton, silk, wool coloring,
and other industries, It also has many medical,
biological, and chemical applications [17]. MB
causes health problems such as breathing difficulty,
tissue necrosis, and eye burn [13, 14].

Recently a lot of bacteria have developed to be
more resistant to a large number of antibiotics,
making them more harmful to human health [18-21].
Antibacterial organic materials are more susceptible
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to ambient conditions such as temperature and
pressure. In the latest years, antibacterial inorganic
materials have become a great ability for the control
of microbes. The antibacterial activity of inorganic
materials is strong even at low concentrations,
especially metal oxides. The advantages of inorganic
materials are their higher stability at high
temperatures and pressures compared to organic
materials. The most used inorganic antibacterial
materials are metal nanoparticles and metal oxide
nanoparticles [22-26].

Recent developments in nanotechnology and
nanoscience are of great interest in many sectors such
as industrial waste treatment [27-30]. Metal oxides
such as copper oxides and zinc oxides have a role in
water purification. Nanoparticle biosynthesis is
environmentally friendly because the method does
not use toxic chemicals or high energy like chemical
and physical methods [31-34].The biological method
was applied by using the biologically active
molecules [24, 35-39] which produce from organisms
like bacteria, fungi [40-43], plants, and yeasts [37,
44-49]. Fungi were preferred to bacteria due to their
metal tolerance, bioaccumulation, and high ability to
bind to metals. Fungi have a wide application in
many fields because they produce many enzymes, are
easy in the expansion process, economical feasibility,
and easy handling of biomass [40, 50-53].

Bimetallic nanoparticles were produced by
combining salts of two metals with the help of a
reducing agent, which resulted in the production of
new properties due to the synergy between the two
metals [54-57]. There are different methods for
bimetallic nanoparticle synthesis [58-61]. The
biosynthesis of bimetallic nanoparticles is more
effective because it is of high quality and non-toxic
[62-64]. Bimetallic nanoparticles have been applied
in wastewater treatment [65-67]. Unparalleled
CuO\zZnO Bimetallic nanoparticles have shown great
interest in the development of low-cost and high
adsorption because of their chemical and physical
properties [54, 68]. In the present project, CuO\ZnO
nanoparticles were biosynthesized using the fungal
extract of Fusarium oxysporum. Also, the
antibacterial activity and the adsorption mechanism
of nanoparticles were investigated.

2. Experimental

Zinc nitrate hexahydrate [Zn (NOs),.6H.0], and
copper sulphate [CuSO4] were purchased from
Merck, Germany, and were used in the biosynthesis
of bimetallic CuO\ZnO nanoparticles. Methyl blue
[Ca7H27N3Na;09Ss]  was  also  purchased  from
PIOCHEM and used as a contaminant dye model for
evaluating  the  bio-sorption  efficiency  of
nanoparticles. Fusarium oxysporum was collected
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from the mycological lab, Botany Department,
Faculty of Science, Mansoura University. Pathogen
bacteria strains were collected from the bacterial lab,
Botany Department, Faculty of Science, Mansoura
University.

2.1. Preparation of Methyl blue dye

The cationic Methyl Blue dye was used as a dye
model in this study. A concentrated pure dye solution
of 500 ppm was prepared in which a specific amount
of dye powder was dissolved in distilled water, and
different concentrations of MB (25-250 ppm) were
prepared through the dilution of the as-prepared stock
solution.

2.2. Biosynthesis of CuO\ZnO NPs

Fusarium oxysporum was cultured on PDA
medium, and then incubated at 25°C for five days
then 3-5 agar discs were inoculated in a liquid
medium called MGYP media gL-1(Dextrose 10, malt
extract 3, yeast extract 3, and peptone 5) for 3 days at
25 + 2°C and 130 rpm. After the incubation period,
the biomass was separated from the media by
filtration, then the collected biomass was washed four
times with sterile distilled water, 20 g of fresh weight
biomass was transferred to 100 ml of sterile
deionized water and incubated at 25 + 2°C and 130
rpm for 24 hours. The cell-free extract was prepared
by removing biomass from deionized water and
adjusted to pH 6, then weight 1:1 mM of CuSO4 and
Zn (NOg3)2.6H,0 and added to cell-free extract and
incubated at 25 + 2°C and 130 rpm for 24 hours in
dark conditions. The formed NPs were dried at 80°C
calcinated at 400°C for 2 hours.

2.3. Characterization of CuO\ZnO bio-synthesized
NPs
2.3.1. UV. Spectroscopy

The CuO\ZnO NPs were characterized using UV-
Visible Absorption Spectroscopy using a UV-Vis
spectrophotometer (JENWAY -UK) between 200 and
500 nm.

2.3.2. Transmission Electron Microscopy analysis
(TEM)

Transmission Electron Microscopy analysis
(TEM), Selected area electron diffraction (SAED)
was investigated the crystalline structure of
CuO\ZnO NPs by using HR-TEM (JEOL, JEM-2100,
Tokyo, Japan).

2.3.3. X-Ray diffraction analysis (XRD)

The crystal phase NPs were identified by (XRD)
measurements carried out using (DS8ADVANCE,
German).
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2.3.4. Fourier Transform Infra-Red (FT-IR)
Spectroscopy

Fourier Transform Infra-Red (FT-IR)
Spectroscopy was carried out by (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 a
resolution of 4 cm, refractive index 2.4.

2.4. Antibacterial activity and MIC of CuO\ZnO NPs.

Antibacterial activity of biosynthesized NPs was
investigated against pathogenic (Staphylococcus
aureus, Bacillus subtilis) which represent Gram-
positive bacteria, and (Escherichia coli, Klebsiella
sp) which represent Gram-negative bacteria by the
well-diffusion method. The tested bacteria were
adjusted to a fixed bacterial number of 0.8 and spread
on LB media gL-1(Sodium chloride 10, yeast extract
5, tryptone 10, and agar 20) using sterile cotton
swabs [69, 70]. Wells of 9 mm diameter were made
on LB agar by using a cork borer. 1 mg\mL of the
prepared NPs powder was suspended in sterile
deionized water and sonicated for 5 min to obtain a
homogenized suspension [71, 72]. The obtained
suspension was poured into each well and further
incubated at 35°C + 2 °C for 24 h. The inhibition
zones (mm) were measured after incubation. For MIC
determination of the myco-synthesized CuO\ZnO
NPs was carried out with slight modification [44].
First, 100 pL NPs suspension from several
concentrations (0.25, 0.5, 0.75, 1, 2, and 3mg/mL),
100 uL each test organism (Escherichia coli, Bacillus
subtilis, Klebsiella sp, and Staphylococcus aureus)
were spread on LB agar plates using sterile cotton
swab the wells were made and each concentration of
nanosuspension inoculated in 9 mm wells, then plates
incubated at 37°C for 24h, the inhibition zone for
each concentration was measured. Second, 3 mL LB
broth was inoculated with 100 pL from tested
bacteria, 100 pL of several NPs concentrations (1, 2,
and 3mg/ml), and incubated under the conditions
above. After incubation 20 pl were inoculated in LB
agar media plates and incubated in the previous
conditions. Results were performed by measuring the
growth of the organism on agar plates.

2.5. The removal efficiency of Methyl blue dye using
the bio-synthesized CuO/ZnO NPs. ( Bio-sorption
equilibrium isotherms and kinetic studies).

The biosynthesized CuO/ZnO NP's ability to bio-
adsorb MB dye from an aqueous solution was
verified by equilibrium and kinetic studies.
Equilibrium  bio-sorption isotherm studies and
Kinetic experiments were conducted by agitating a
series of flasks containing 100 mL of MB (50 ppm)
solution (Kinetic studies), and (25-250ppm) (bio-
sorption isotherm), respectively, and 0.1 g of the bio-
synthesized CuO/ZnO NPs on Orbital mechanical
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shaker at an agitation speed of 150 rpm at different
time intervals (5-120 min) until equilibrium was
attained (Kinetic studies) and at equilibrium time (60
min) (bio-sorption isotherm). After the completion of
the bio-sorption process, the bio-synthesized
Cu0/ZnO NPs were centrifuged at 10, 000 rpm to be
able to separate them from the solution, and the
residual concentration of MB was determined
spectrophotometrically at 600 nm. The MB dye
removal percentage (%R) and its bio-sorbed amount
(ge: at equilibrium and g« at time t) onto the bio-
synthesized CuO/ZnO NPs were calculated using the
following equations 1-3, respectively:

Removal efficiency (%) = (C‘E—Ce) x 100(1)

(Ci-Ce)

Qe= —,— XV (2)
(Ci—Cp)

qe-——= xV (3)

Where gt and ge (mg/g) are the amount of MB
bio-sorbed per mass unit of the bio-synthesized
Cu/Zn NPs at time t and at equilibrium, respectively;
Ci, Ct, and Ce (mg/L) are the initial MB
concentration in solution at time t and equilibrium,
respectively. V (L) is the used volume of MB
solution; M (g) is the used weight of the prepared
bimetallic NPs.

The data of equilibrium adsorption obtained from
studying the effect of initial Methyl Blue dye
concentration were analyzed using the Langmuir [73]
(Eqg. 4) and Freundlich [74] isotherm models (Eq. 5)
[75]:

cC_1 .G @

9. d.KI qy

Inqe=InKF+iInCe (5)
n

f

Where ge is the bio-sorbed amount of Methyl Blue
molecules at equilibrium (mg/g), C. is the
concentration of Methyl Blue at equilibrium (mg/L),
gm is the maximum bio-sorption capacity for
monolayer coverage (mg/g), K is the Langmuir
constant (L/mg), and KF and nf are Freundlich
constants relating to adsorption capacity and
intensity, respectively.

The key parameters of the Langmuir isotherm
model can be determined by the Langmuir separation
factor, or an equilibrium parameter, RL, which is
calculated as follows (equation 6):

RL =

1+bCO (6)

where Co is the initial MB concentration (ppm); b
is Langmuir's constant; and RL indicates the type of
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isotherm. If RL values between 0 and 1 indicate a
favorable bio-sorption, RL > 1 indicates an
unfavorable bio-sorption. Also, when RL = 0
indicates irreversible bio-sorption, RL = 1 showed a
linear bio-sorption process.

The obtained data from studying the effect of
contact time between Methyl Blue dye and the
prepared bimetallic NPs were fitted to four common
kinetic models; Pseudo-first order (PFO) (Eq. 7),
pseudo-second-order (Eq. 8), Elovich (Eg. 9), and
intra-particle diffusion (IPD) (Eq. 10) models that
were used to predict MB adsorption kinetics onto the
bio-synthesized CuO/ZnO NPs [75]. These models'
corresponding equations are as follows

Ln(ge — qt) =Inge — K1t 7
t 1 a
qt  (K2qe)2 ®)
ge=a+RInt 9

kidt1
qt = > +c (10)

Where g: and ge is the adsorbed MB amount at
time t and equilibrium (mg/g) respectively. ki
(min_1) is the first-order reaction rate constant, k» is
the second-order reaction rate equilibrium constant
(9/mg. min), is the initial adsorption rate (mg/g
min), and is the extent of surface coverage and
activation energy for chemisorption (g/mg), Kiq is the
intra-particle diffusion rate constant, and ¢ give a
prediction about the boundary layer thickness.

2.6. Optimization of Methyl blue removal using
Central Composite Design (CCD)

Response surface methodology (RSM) was used
to investigate the influence of factors like pH, contact
time (min), dye concentration (ppm), and Adsorbent
concentration (g\l) on the adsorption of dye on
nanoparticles by CCD using four factors at five levels
with five replicates at the center point to fit the data
on a second order polynomial (quadratic) model.

(CCD) was utilized to optimize variable factors
such as pH, contact time (min), dye concentration
(ppm), and Adsorbent concentration (g\l) to achieve
maximum dye removal from aqueous media by
selecting the optimal conditions.

3. Results and discussion

3.1. Biosynthesis
oxysporum:
In the current study, the biosynthesis of CuO\ZnO
nanoparticles using Fusarium oxysporum was carried
out. Fig. 1 shows the growth of Fusarium oxysporum

of nanoparticles by Fusarium
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in MGYP media. The Bio-synthesis of CuO\ZnO
NPs was observed by the color change of fungal
extract from pink to pale green after the addition of
copper and zinc salts and incubation for 24. Color
changing due to excitation of surface plasmon after
treatment with copper and zinc salts indicates the
formation of CuO\ZnO NPs (Fig. 2) and the color
changing is considered a preliminary confirmation of
the CuO\ZnO NPs synthesis.

p -
_i |/ —

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

Fig. 2: (A) Cell-free extract, (B) CuO\ZnO nanoparticles.

3.2. Characterization of the bio-synthesized CuO\ZnO
nanoparticle:
3.3. UV Spectroscopy:

The bio-synthesized CuO\ZnO NPs produced by
Fusarium oxysporum were scanned by U.V-VIS
spectrophotometer in a range from 200 to 500 nm.
The characteristic peak of NPs was recorded at 241
nm which is indicating the presence of myco-
synthesized CuO\ZnO NPs. (Fig.3)
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Fig. 3: U.V-VIS spectrophotometer of CuO\ZnO

3.4. X-ray Diffraction (XRD) Patterns:

The bio-synthesized CuO/ZnO NPs's crystal
structure was examined using X-ray diffraction
(XRD). Cu species are mostly present on ZnO in
Cu0O-ZnO NPs, which show diffraction peaks at 32.8
(110),52.3(020), and 58.5 (2 0 2) [JCPDS card
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no. 89-5896]. Additionally, the measured 20 value at
56.7 (110) demonstrates that the shape of wurtzite in
ZnO has not changed [JCPDS card no. 36-1451]. The
same outcomes were similar to this obtained by. The
XRD pattern shows peaks attributed to the ZnO at
31.4(100),341(002),364(101),56.7 (110),
and the peaks corresponding to the CuO at 38.009 (1
11),68.9 (2 2 0) respectively. (Fig.4)

Cu0Zn0

M
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Fig. 4: XRD analysis of CuO\ZnO

3.5. Fourier Transform Infra-Red
Spectroscopy analysis:

Fig. 5 shows the FTIR spectra of the bio-
synthesized CuO/ZnO NPs, which were obtained in
the range of 500-4000 cm-1. The sample showed a
characteristic peaks between (400- 509 cm™) which
was correlated to the zinc oxide bond, which
demonstrated the wurtzite structure of ZnO [76]. The
adsorbed peak at 3336 c¢cm-1 and 1633 cm™ were
attributed to O-H bending vibrations, which resulted
from chemisorbed water and C=0 functional group,
respectively. The top at The O-H stretching mode's
overtone is connected to 1423 cm. The wavenumber
of 2988 cm™ is a characteristic peak of the C-H
group, the presence of C=0 and C-H groups was
attributed to the incompletely degraded precursor of
Zn to ZnO. The peaks appeared in the range of 400-
700 cm! corresponding to the Cu-O bond.

(FT-IR)
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Fig. 5: FTIR spectrum of the bio-synthesized CuO\ZnO
NPs.

3.6. Transmission Electron
(TEM)

TEM was used to determine the morphology and
shape of the bio-synthesized NPs. The nanoparticles’
size depends on the composition and the nature of the
used medium. In this case, the nanoparticles' shape
looks like a polyhedral structure, and the size
distribution is wide from 9 to 40 nm. The successful
biosynthesis of nano-particles is demonstrated by the
TEM micrograph with spherical particles of different
sizes, ranging from 9 to 40 nm. The selected area
micrograph is reflecting the formation of the
crystalline structure of the myco-synthesized

Microscope analysis

CuO\ZnO. The variety in shape and size of CuO\ZnO
NPs render to the contribution of several reducing
and capping agents through biological synthesis.
However, in the chemical method, it is possible to
have a uniform size and shape where chemicals act as
stabilizing and reducing agents [77].

Fig. 6: (A) high magnification of TEM, (B) low
magnification of TEM, (C) SAED Pattern of CuO\ ZnO
nanoparticles
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3.7. Antibacterial
CuO\ZnONPs.

The antibacterial activity of the biosynthesized
CuO\ZnO nanoparticles has been examined against
some Gram-positive bacteria strains,(Staphylococcus
aureus and Bacillus subtilis), and other Gram-
negative bacteria strains(Escherichia coli and
Klebsilla) (Fig. 7). The Inhibition zone (mm) of
bacterial species was recorded in Table 1.Some
previous studies reported that the formation of
reactive oxidation species (ROS) induced the
antibacterial activity of CuO\ZnO nanoparticles. ZnO
and CuO NPs can produce OH and H202 while O2 is
produced by CuO and ZnO does not. ROS can
destroy cell membranes and DNA and interfere the
protein function. The combination between two or
more oxides nanoparticles lead to the production of
ROS, which improves the antibacterial properties of
NPs [78]. The bactericidal effect of CuO\ZnO
nanoparticles is dependent on the concentration of
nanoparticles. In present study, the initial
concentration of bacteria was constant at 0.8 CFU
ml-1 despite of nanoparticle concentration and
microbial strain. CuO\ZnO nanoparticles have got
strong antibacterial effects against all of bacteria
chosen in this study. The MIC of CuO\zZnO
nanoparticles were 2 mg\mL for Bacillus subtilis,
Staphylococcus aureus and for Klebsilla, while the
MIC for Escherichia coli was 1mg\mL for. In our
results observed that CuO\ZnO NPs showed excellent
bactericidal activity against a broad spectrum of
bacteria. These results indicate that bio-synthesized
CuO\ZnO nanoparticles are potential candidates for
antibacterial agents

activity of  bio-synthesized

Fig. 7: (A)The inhibition zone of CuO\ZnO against
Bacillus subtilis, (B) The inhibition zone of CuO\ZnO
against Staphylococcus aureus, (C) The inhibition zone of
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Cu0\ZnO against Escherichia coli, (D) The inhibition zone
of CuO\ZnO against Klebsilla

Table 1: The inhibition zone values of CuO\ZnO NPs

Bacteria Inhibition zone (mm)

NPs

gy 0% 05 05 1 2 3
Staphylococ  \\ 5 11 18 36 40
CUS aureus

Escherichia 5 8 19 24 31 39
coli

Bacillus 3 7 12 13 28 30
subtilis

Klebsilla N\C N\C 15 18 25 30

Note: N\C means no inhibition zone

3.8. Bio-sorption equilibrium isotherms

The bio-sorption isotherm is usually applied to
illustrate the dye molecule's distribution between
liquid and solid phases at equilibrium. The
experimental data were fitted to different commonly
used isotherm models to find out the most suitable
one for expressing it [79, 80]. The obtained isotherm
data were fitted to the Langmuir and Freundlich
isotherms. The applied bio-sorption isotherm models,
their constants, and bio-sorption parameters were
shown in Table 2 and Fig. 8. According to the
obtained R2 values of the linearized plots, it was
found that the Langmuir equation fitted well with the
experimental data (R>= 0.955) compared to the
Freundlich equation (R>= 0.678), suggesting a
monolayer bio-sorption process, with homogeneous
bio-sorption sites with similar bio-sorption capacities,
as the energy of bio-sorption is constant [81]. The RL
calculated values for Methyl Blue dye removal were
0.228 which lies between (0-1), meaning that the bio-
sorption was favorable [82].

Unlike the Langmuir model, the Freundlich
equation assumes multi-layers of bio-sorption with
heterogeneous site energies. A low correlation
coefficient (R? = 0.678) value for its linearized plot
was recorded compared with the Langmuir, meaning
that the description of the experimental data proves
that the Langmuir isothermal model was more
suitable than the Freundlich isothermal model.
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Fig. 8: Plots of Langmuir and Freundlich isotherms for the
bio-sorption of Methyl Blue onto the biosynthesized
CuO/ZnO NPs.

Table 2: Parameters of the applied bio-sorption
isotherm models.

Isotherm parameters e syiesized
p Cu/Zn NPs

Langmuir

Om (mg g™t | 68.199

calculated

K (L mg™) 0.068

R? 0.955
Freundlich

Ke (mgl™ Yn Lln | 1185.116

W)

nf 5.05

R? 0.678

3.9. Bio-sorption Kinetic studies

The Kinetic study is relay on the removal rate of
the bio-sorbate from the aqueous phase by the bio-
sorbent based on the contact time between them [83].
Investigations were conducted to determine how
different contact time intervals (5-120 min) between
the bio-sorbent and bio-sorbate affected the bio-
synthesized CuO/ZnO NPs adsorbent's ability to bio-
sorb Methyl blue dye (100 ml of 50 mg/l). This factor
is very important to study kinetic isotherms.

According to Fig. 9, the removal efficiency rose

with contact time and reached a maximum value of
73.135%, after 60 min of contact. It was also
observed that when the time was increased from 5 to
60 minutes the bio-sorption capacity (q) of the bio-
synthesized NPs, was increased from 31.710 to
36.568 mg/g. This was attributed to the presence of
numerous available active sites and functional groups
at the bio-synthesized NPs' surface, which
progressively got saturated over time, resulting in a
slow dawn of the bio-sorption rate. The gained results
agreed with previous studies [84, 85].
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Fig. 9: Effect of Contact time (min) on the bio-sorption of
Methyl Blue onto the biosynthesized CuO/ZnO NPs.

The contact time is very important in the bio-
sorption process. The bio-sorption capacity of the
biosynthesized CuO/ZnO NPs was evaluated at
different contact times. Bio-sorption kinetics offer
important  information on the  bio-sorption
mechanisms which may be controlled by external or
film diffusion, pore diffusion and bio-sorption on the
pore surface, or a combination of more than one step.
The kinetic models of pseudo-first order (PFO), and
pseudo-second order, Elovich, and Intra-particle
diffusion models were applied to the obtained
experimental data to predict the bio-sorption
mechanism of Methyl Blue onto the bio-synthesized
NPs. The parameters of kinetic bio-sorption were
illustrated in Table 4 and Fig. 9.

For the first-kinetic model, the calculated bio-
sorption capacity (Qeaiculaed) Values were different
from their experimental values (Q experimental), Which
means that this model was not good enough to
describe the bio-sorption process.

The bio-sorption data is more closely suited to the
PSO, based on the calculated R? values
(0.991).consequently, the chemisorption was the rate-
controlling step in the bio-sorption process, including
valence forces through exchanging or sharing of
electrons between bio-sorbent and bio-sorbate[60].
The calculated ge was so close to their experimental
values (Qealculates= 46.953 MQ/Q, q experimental= 43.519
mg/g), revealing the suitability of the PSO model to
describe the data.
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The simple Elovich model was applied to the
obtained data, and it defines the chemisorption
kinetics [86]. Table 3, illustrates that the
experimental data fit well with the Elovich equation
with a high R? value, which confirms the previous
results about the chemisorption nature of the bio-
sorption process using the biosynthesized NPs.

The intra-particle diffusion model was fitted to the
experimental data to further explore the bio-sorption
mechanism. The linearized graph in Fig. 9e and its
kinetic parameters in Table 3, revealed that the
biosynthesized CuO/ZnO NPs plot was divided into
two stages with two 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 [87].In the first stage,
methyl blue in the agueous phase was moved onto the
NPs surface (film diffusion). While, in the second
stage, the dye molecules were bio-sorbed and
transferred into the pores of the NPs from their
external surfaces in the second stage (intra-particle
diffusion) [88]. The linearized graphs of the four
kinetic models were illustrated in Fig. 10 and their
kinetic parameters are in Table 3

Peseudo-First-Order Peseudo-Second-Order
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Fig. 10: different kinetic models for bio-sorption of Methyl

Blue onto the biosynthesized CuO/ZnO NPs: First-order
plots, Second-order plots, Elovich plots, and Intra-particle
diffusion plots

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

Table 3: Kinetic Parameters of different kinetic models
for bio-sorption of Methyl Blue onto the biosynthesized
CuO/ZnO NPs

s The biosynthesized
Kinetic Model =
12.605
q.(mg/g) Calculated
- 9 (mg/g)
Pseudo-First-Order g, perimental 43.519
ki(min-) -0.01
R? 0.949
46.953
g (mg/g) Calculated
qe (mg/g) 43.519
Experimental
Pseudo-Second-Order By
k2(g/mg min) .
= 0.991
3.699
B (g/mg)
23.752
Elovich a (mg/g min) 375
= 0.868
Kia, 1.116
Intra-particle I 28.727
Diffusion
0.973
RZ

3.10. Optimization of Methyl blue removal using
Central Composite Design (CCD)

Central composite design (CCD) was used as the
most traditional method. It was used to study the
individual and combined factors effects on the
responses. The CCD helps avoid unnecessary
experimentation and helps explore synergies between
factors. A total of 27 runs for four factors of MB
concentration, CuO\ZnO dosage, pH, and contact
time were designed. The response was measured by
measuring the MB removal percent.

Predictions from the fitted linear model versus
actual experimental values. The line represents
perfect predictions and the distance represents
residual aberrations. Predictions for higher response
values have fewer residuals and are therefore much
better than low values that have more deviations from
the line (Figure 11).
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Fig. 11: The predicted response values versus the actual
response values for MB removal using CuO\ZnO NPs

Fitted model prediction vs residual error
(difference from actual experimental values) shown
in Figure 12. The residual value is normalized by the
standard deviation (sigma) of the residues for each
model. This provides a visual diagnosis of the
model's external predictions. Perfect predictions do
not have any residual errors, and points close to the
zero line represent better predictions.

Residuals vs. Predicted

the a=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 4
which is a reduced quadratic model.

Table 4. ANOVA for Reduced Quadratic model (R %
CuO\ZnO NPs).

Source Sumof df Mean F-value p-
Squares Square value
Model 2652.84 9 294.76 12.34 <
0.0001
A-Dye 15.74 1 15.74 0.6587 0.4282
Conc
B- 95.67 1 95.67 400 0.0616
Adsorbent
Conc
C-pH 1870.42 1 1870.42 78.29 <
0.0001
D-Contact 2240 1 2240 09376 0.3465
time
AC 180.86 1 180.86 7.57 0.0136
BD 56.79 1 56.79 2.38 0.1416
B2 85.66 1 85.66 3.59 0.0754
(o 9757 1 97.57 4.08 0.0593
D2 13446 1 134.46 5.63 0.0297
Residual 406.17 17 23.89
Lack of 406.05 15 27.07 44498 0.0022
Fit
Pure 0.1217 2 0.0608
Error
Cor 3059.01 26
Total
Fit Statistics
Std. Dev. 4.89 R2 0.8672
Mean 69.80 AdJ”Stgﬂ 0.7969
CV. % 7.00 Adeq 14 1988
Precision

Externally Studentized Residuals

e

Fig. 12
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: Predicted vs. normal residual errors plots of MB removal

using CuO\ZnO NPs

Model selection was performed using backward
feature selection based on a p-value threshold close to

Final Model Equation
R % Cu\Zn NPS =
+68.44 -0.8098*A +2.00*B +8.83*C +0.9661*D
+3.36*AC -1.88*BD +1.89*B2 +2.02*C? -2.37*D?

The residual table (Table 5) contained 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. Residual Table for (R % CuO\ZnO NPs).
Run Order Actual Value Predicted Value Residual Standard Order
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1 82.40 82.21  0.1959 14
2 72.25 72.00 0.2503 19
3 59.90 60.47 -0.5685 1
4 63.74 66.17 -2.43 9
5 67.95 68.44 -0.4857 27
6 82.99 82.43  0.5597 16
7 59.13 57.83 1.30 10
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8 50.70 57.04 -6.34 23

9 61.71 58.05 3.65 12
10 67.84 71.40 -3.57 5
11 61.14 66.82 -5.67 18
12 62.50 60.90 1.60 24
13 81.81 76.51 5.31 6
14 82.78 84.27 -1.48 8
15 96.16 94.16 2.00 22
16 67.55 68.44 -0.8857 25
17 72.80 70.06 2.74 17
18 76.19 77.10 -0.9096 13
19 70.00 68.23 177 3
20 57.04 52.13 4.91 2
21 75.00 79.99 -4.99 20
22 52.11 58.84 -6.73 21
23 72.52 66.40 6.13 11
24 70.37 77.33 -6.96 15
25 86.76 79.16 7.59 7
26 68.00 68.44 -0.4357 26
27 63.33 59.89 3.44 4

The response surface is maximized with respect to
the CuO\ZnO absorption response using a Hill
Climbing algorithm and interaction graphs for the
response surface is produced by varying the two
factors in the graph and fixing the other two at
optimal levels (Fig. 13).

R % Cu\Zn NPS

A DyeConc D:Contact bme :

R % Cu\Zn NPS

> 8: Adsorbent Conc D Contact time ’
Fig. 13: 3D Surface plots of MB removal using CuO\ZnO
NPs

The optimized conditions for the factors such as
MB concentration, CuO\ZnO dosage, pH and contact
time were found to be 75 ppm, 3 g\L, 10 and 120
min, respectively. In these conditions, the removal
percentage for MB was 96.155%.

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

A Dye Con

CpH

4. Conclusion

In the present study, the extract of Fusarium
oxysporum has successfully mediated the synthesis of
CuO \ ZnO nanoparticles due to containing
polysaccharides, enzymes, and other compounds
which act as stabilizing and reducing agents. XRD
analysis showed the crystalline structure and the
purity of CuO\ZnO NPs, which revealed the
diffraction patterns for NPs. TEM analysis confirmed
that the shape and particle sizes of the CuO\ZnO NPs
were found in the nano-scale range. The antibacterial
activity and adsorption property studies of CuO\ZnO
were carried out.
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