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Abstract: For the first time, through a fast, eco-friendly and economic method, the aqueous extract of the leaf of Euphorbia
corollate was used to the green synthesis of the highly stable CuO@Magnetite@Hen Bone nanocomposites (NCs) as a potent
antioxidant and antibacterial agent against Pseudomonas aureus, Staphylococcus aureus, Escherichia coli and Klebsiella
pneumoniae pathogenic bacteria. The biosynthesised NCs were identified using the scanning electron microscopy (SEM),
energy dispersive X-ray spectroscopy, elemental mapping, X-ray diffraction (XRD), Fourier transforms infrared spectroscopy
and UV-vis analytical techniques. Also, the radical scavenging activity using (2,2-diphenyl-1-picrylhydrazyl) method was used to
evaluate the antioxidant activity of the NCs. The stability of nanocatalyst was monitored using the XRD and SEM analyses after
30 days from its synthesis. Furthermore, its excellent catalytic activity, recycling stability, and high substrate applicability were
demonstrated to the adsorption of the polycyclic aromatic hydrocarbons of the light crude oil from Shiwashok oil fields and
destruction of methylene blue and methyl orange as harmful organic dyes at ambient temperature using UV—vis spectroscopy.
Moreover, the green CuO@Magnetite@Hen Bone NCs were recovered and reused several times without considerable loss of

its catalytic activity.

1 Introduction

Nanotechnology covers the creation and application of
physicochemical and biological systems with unique features
between single atoms or molecules to submicron dimensions, and
also assimilation of the obtained nanostructures into larger systems,
[1-3]. The metal and metal oxide nanoparticles (NPs) play an
important role in medical sciences for their extensive surface which
provides a large number of active sites per unit area compared to
the parent metal. Up to now, several methods were discovered for
the synthesis of metal NPs using toxic and harsh methods in which
the accumulation of dangerous materials on nanosurface restricted
their applications in some aspects such as medicine and
pharmacology [4-7]. In recent years, many efforts developed to
replace the previous methods of NPs synthesis with more eco-
friendly ways using natural supporting materials that increase the
stability of produced nanostructures by altering their sensitivity to
oxygen, water, and other chemical entities [8]. Moreover, beside
the cost effectiveness of natural supports, employment of them to
produce of metal NPs is a suitable method to decrease the
agglomeration of nanostructures [9—11].

Hen bone as an anti-agglomeration support is among the rare,
simple accessible and efficient bio-templates which its matrix is
mostly made up of a composite material incorporating the
inorganic mineral from salts of calcium and phosphate in the
chemical  arrangement termed  calcium  hydroxyapatite
(Cay9(PO4)6(OH),) and collagen [12].
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Todays, researchers interested in the screening and
identification of new antioxidants from the plant sources.
Antioxidant activity in plant extract is due to the redox potential of
phytochemicals to quench the singlet and triplet oxygen,
decomposing the peroxides or neutralising the free radicals. Higher
bioactivities of NPs probably are due to the large surface of NPs
and preferential adsorption of the bioactive materials such as
bioactive phytochemicals from the plant onto their surface which
strongly affected by the surface area, particle size and surface
reactivity of the NPs [13-19].

The increasing applications of dyes and pigments in different
aspects of human life are visible. For toxicity and carcinogenic
characteristics of organic dyes, discovering and developing the
efficient, simple and cost-effective treatment methods for the
removal of them is a drastic requirement. Up to now, many studies
allocated to the research on the elimination of organic dyes
pollutants but these methods show some drawbacks and harsh
conditions [20, 21].

A lot of number of reported literature confirmed the excellent
ability of nanostructures in catalytic degradation of organic dyes
for their large surface area. In fact, the dye degradation methods,
including the green synthesised nanocatalysts do not present the
side effects and difficulties containing the previous methods. A part
of this research is to study the ability and efficiency of green
synthesised CuO@Magnetite@Hen Bone nanocomposites (NCs)
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in the destruction of methylene blue (MB) and methyl orange
(MO) as harmful organic dyes [22-24].

Aromatic compounds are among the main pollutants with
considerable hazards to living systems. Polycyclic aromatic
hydrocarbons (PAHs) are lipophilic highly soluble compounds in
organic solvents including fused aromatic rings with various
toxicities produced mainly via incomplete combustion and
pyrolysis of materials containing carbon and hydrogen, such as
coal, oil, wood and petroleum products [25, 26]. Many reports
confirmed that aromatic compounds especially PAHs are
environmentally persistent poisons with carcinogenic, immune
suppressant and mutagenic effects. The main sources of poly
aromatic compounds are pyrogenic, petrogenic, and biological
processes in which those produced from the petrogenic source are
most widespread pollutants for considerable transportation, storage
and application of crude oil and its products [27, 28]. Crude oil and
its derived products are a complex mixture of hydrocarbons
containing a large number of aromatic compounds especially
PAHs. The precursors for PAHs found in crude oil are natural
products, such as steroids, that have been chemically converted to
aromatic hydrocarbons with passing the time [29-31]. During this
research, we decided to study the catalytic ability of the green
synthesised CuO@Magnetite@Hen Bone NCs to adsorb of
aromatic hydrocarbons including PAHs from the Shiwashok crude
oil. Shiwashok is among of the important oil fields of Kurdistan
located in the city of Erbil, Iraqi Kurdistan, where it is under the
authority of the Kurdish regional government.

Euphorbia plants are among the widely distributed plants
ranging from herbs and shrubs to trees in tropical and temperate
regions of all over the world. The plants of this family are known
as antioxidant, antitumour, cytotoxic and antiviral natural source.
The medicinal effect of Euphorbiaceae (spurge) family is for its
rich phytochemical content including glycosides, alkaloids,
polyphenols, flavonoids, coumarins, tannins, steroids and
triterpenoids [32, 33].

Therefore, for the rich phytochemical content of this family, the
extract of the Euphorbia corollate was used for the biosynthesis of
NPs through a simple, fast and green method, as shown in Fig. 1.

However, to the best of our knowledge, we decided to in situ
phytosynthesis of CuO@Magnetite@Hen Bone NCs using the
Euphorbia corollate leaf extract to the study of its stability,
antioxidant and antibacterial activities against common pathogenic
bacteria. Further, the catalytic ability and recyclability properties of
nanocomposite were monitored during the adsorption process of
the aromatic contents of Shiwatshok crude oil and the destruction
of MB and MO as harmful organic dyes at ambient temperature
using UV-vis spectroscopy.

2 Experimental
2.1 Instruments and reagents

High-purity chemicals were purchased from the Merck and Aldrich
chemical companies. X-ray diffraction (XRD) measurements were
carried out using a Philips powder diffractometer type PW 1373
goniometer with a scanning rate of 2°/min in the 26 range from 0°
to 90°. UV—vis spectral analysis was recorded on a double-beam
spectrophotometer (Super Aquarius) to monitor the surface
plasmon resonance (SPR) signals of NPs. Morphology, particle
dispersion and chemical composition of the prepared
nanostructures were investigated by fast emission scanning
electron microscopy (FE-SEM) (Cam scan MV2300) equipped
with EDS (energy dispersive X-ray spectroscopy). Fourier
transforms infrared (FT-IR) spectra were recorded on a Nicolet 370
FT/IR spectrometer (Thermo Nicolet, USA) using pressed KBr
pellets. The antibacterial activity of green synthesis
CuO@Magnetite@ Hen Bone NCs was studied using the disc
diffusion method through Muller-Hinton media and by using the
Chloramphenicol as a positive control. The Pseudomonas aureus
(P. aureus), Staphylococcus aureus (S. aureus), Escherichia coli (E.
coli) and Klebsiella pneumoniae (K. pneumoniae) were obtained
from the Department of Biology, Soran University in KRG, Iraq.
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Fig. 1 Images of the Euphorbia corollate plant [34]

2.2 Plant materials

The Euphorbia corollate plant was collected in summer 2017 in the
Sarshive region in Iranian Kurdistan and identified by the
Department of Agriculture from Kurdistan University, Sanandaj,
Iran.

2.3 Preparation of the Euphorbia corollate leaf extract

50 g of dried leaf powder of the plant was boiled in 500 ml double
distilled water for 30 min at 80°C then the aqueous extract was
filtered and kept in the refrigerator for further steps of the study.

2.4 Biosynthesis of CuO NPs using the leaf extract of
Euphorbia corollate

In a typical synthesis of CuO NPs, 50 ml of the aqueous extract of
the plant was added dropwise to 50 ml of well-mixed 0.005 M
aqueous solution of CuCl, with constant stirring at pH 9 and 70°C.
After 5min, the colour of the solution was changed due to
excitation of SPR which indicates the formation of CuO NPs.
Furthermore, the formation and stability of CuO NPs were
monitored by UV-vis spectroscopy. The obtained solution of NPs
centrifuged at 7000 rpm for 30 min to absolute separation at room
temperature.

2.5 Green synthesis of magnetite using the leaf extract of
Euphorbia corollate

50 ml of the aqueous mixture of FeClz (0.008 M) and FeCl, (0.004
M) was added into the plant extract (50 ml) under reflux condition
at pH 10 and 70°C. After 10 min, the green synthesised Fe;04 NPs
were separated using a permanent magnet and washed for several
times then the dried sample was identified with SEM and XRD
techniques. All the experiments were conducted at ambient
temperature.

2.6 Green synthesis of CuO@Magnetite@Hen Bone NC

In a 250 ml conical flask, after pretreatment of hen bone, 1.2 g
dried powdered bone was mixed with 100 ml plant extract then 0.6

g dried powder of the green synthesised magnetite (as obtained in
Section 2.5) was added to the mixture while stirring at 80°C for 5

h. In the next step, 0.3 g biosynthesised dried powder of CuO NPs
(as obtained in Section 2.4) was added to the mixture at the same
condition for next 5 h. After absolutely mixing the components of
the mixture, the obtained precipitate was dried and kept to further
investigations.

2.7 Antimicrobial activity

The P. aureus, S. aureus, E. coli and K. pneumoniae bacterial
strains were used during this study. Disc diffusion method was
carried out by using a standard protocol [35]. The overnight
bacterial cultures (100 ul) introduced over Muller-Hinton agar
plates with a sterile glass rod and minimum inhibition
concentration determined for each sample, as given in Table 1.
Also, the positive and negative controls were Chloramphenicol and
prepared discs using sterile distilled water. Briefly, 100 ul of the
biosynthesised CuO NPs, magnetite NPs, CuO@Magnetite@Bone
NCs and Chloramphenicol (at the same conditions) were loaded on
provided discs (6 mm D) and dried before being placed on the agar.
Each sample was tested in triplicate and the plates were inoculated
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at 37°C for 24 h after incubation. Finally, the diameter of the
inhibition zones was measured and tabulated.

2.8 Antioxidant activity using DPPH radical scavenging
method

Antioxidant potential of the green fabricated NCs against 2,2-
diphenyl-1-picrylhydrazyl (DPPH) was determined using the
method described by Clarke et al. [36]. DPPH solution was
prepared freshly, a 1: 1 ratio of the test sample and ascorbic acid
(for comparison) at different concentrations were mixed with
DPPH solution in a test tube and kept in the dark for 30 min,
respectively. Absorbance at 517 nm was measured with a UV-vis
spectrophotometer and compared to an ascorbic acid inhibition
curve.

Further, the gallic acid was used as a control during the process
for both samples. Each assay was carried out in triplicate. The
percentage inhibition of the DPPH radical was calculated using the
following equation:

Radical scavenging activity (RSA%) or inhibition (In%)
= [(Ac — At)/Ac] x 100

where In is the DPPH inhibition (%), Ac is absorbance of control
and At is absorbance of samples. The amounts of both required
NCs and ascorbic acid to decrease the absorbance of DPPH by
50% (IC50) were calculated graphically as mean values + standard
deviations and compared together.

2.9 Catalytic activity of green synthesised
CuO@Magnetite@Bone NCs for the reduction of MO

5 mg of CuO@Magnetite@Bone NCs was added to 25 ml of MO
aqueous solution (3.1x1075) and the same volume of freshly
prepared aqueous NaBH,; (5.3 x 1073) while stirring at room
temperature. The progress of the conversion reaction was then
monitored by recording the time-dependent UV—vis absorption
spectra of the mixture. At the end of the reaction, the catalyst was
simply separated from the reaction system by brief centrifugation
and washed successively with ethanol and dried for the next cycle.

2.10 Catalytic activity ~ of  green synthesised
CuO@Magnetite@Bone NCs for the reduction of MB

7 mg of CuO@Magnetite@Bone NCs was added to 25 ml of both
MB solutions (3.1 x 1073) and freshly prepared aqueous NaBH4
(5.3 x 1073) while stirring at room temperature. The progress of the
reaction was monitored by recording the time-dependent UV—vis
absorption spectra of the mixture. At the end of the reaction, the
catalyst was simply separated from the reaction system by brief
centrifugation and washed successively with ethanol and dried for
the next cycle.

2.11 Adsorbent ability of green CuO@Magnetite@Bone NCs
to the removal of the aromatic containing compounds of LCO

50 ml of the crude oil sample was mixed to 100 ml distilled water
under reflux condition at 80°C for 30 min to remove the possible
salts and inorganic interferences. After separation of the water
phase, the oil sample was extracted using methanol: diethyl ether:
benzene (3:1:1) to extract the aromatics. The different amounts of
NCs were added to 20 ml of the extracted aromatics at reflux
condition in 70°C for investigating the effect of the catalyst amount
on the rate of the adsorption process, as given in Table 2. Finally,
the nanocatalyst was separated from the mixture and washed with
n-hexan and absolute ethanol then dried to be used in the next
cycle. Also, the rest of the mixture monitored using the UV—vis
spectroscopy to study the efficiency of the catalyst to adsorb the
aromatic compounds.

3 Results and discussions
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In this research, the Euphorbia corollate leaf extract was used as
reducing media to the biosynthesis of both CuO and magnetite NPs
and their immobilisation on hen bone as a natural support for the
preparation of highly stable CuO@Magnetite@Bone NCs. Beside
the stability of NCs, the antimicrobial activity and antioxidant
properties of NCs using DPPH radical scavenging method were
studied. The green synthesised CuO@Magnetite@Bone NCs were
also used as an adsorbent to the removal of aromatic containing
compounds of a crude oil sample from Shiwashok oil fields. The
synthesised catalyst has been comprehensively characterised by
various techniques such as FE-SEM, EDS, XRD, FT-IR and UV-
vis spectroscopy.

3.1 Characterisation of Euphorbia corollate extract

Fig. 2 depicts the UV-vis spectrum of plant leaf extract.
Fingerprint signals obtained by UV-vis spectroscopy at 360 nm
(bond 1) and 270 nm (bond II) are indicating the cinnamoyl and
benzoyl systems of antioxidant phenolics inside the plant extract,
respectively [35].

Moreover, the FT-IR signals around 3422, 1678, 1420 and
1200-1000 cm™! are assigned to the OH, carbonyl group (C =0),
stretching C = C aromatic ring and C-O vibrations, respectively, as
shown in Fig. 3. Therefore, the FT-IR signals show a good
correspondence to the UV—vis result to confirm the presence of
phenolics inside the plant extract as bioreducing and capping
agents.

3.2 Green synthesis and characterisation of CuO NPs using
the Euphorbia corollate extract

As demonstrated using UV—vis and FT-IR techniques and also
literature survey about the plant extract, the presence of reducing
phytochemicals inside the Euphorbia corollate extract caused to
the biosynthesis of CuO NPs according to the mechanism (see
Fig. 4).

Fig. 5 shows the UV-vis monitoring of the formation and
stability of green synthesised CuO NPs ranging from 5 min to 20
days (c). The maximum absorbance appeared around 550 nm due
to the SPR indicates the reduction process and formation of NPs.
As the spectrum depicted, the maximum absorbance of green
synthesised NPs has no demonstrative changes in the position and
symmetry of the absorption peak which indicates the relative
stability of the product.

Fig. 6 shows the FE-SEM micrograph of biosynthesised CuO
NPs. The micrograph depicted an approximately homogeneous
spherical shape of NPs with an average size between 25 and 35 nm.
Also, some agglomerations are shown in the micrograph.
Therefore, the nanostructure of green synthesised NPs is confirmed
using SEM micrograph.

Further, the elemental content of green synthesised CuO NPs
including copper and oxygen approved through EDS analysis
Fig. 7. The presence of O and Cu depicted by the EDS analysis
absolutely confirm the formation of pure CuO NPs.

3.3 Identification of green synthesised Fe3O4 NPs using the
Euphorbia corollate extract

The magnetite NPs synthesised by the extract of Euphorbia
corollate and characterised using EDS and XRD analyses. As the
XRD pattern of Fe;04 NPs shows, the result has an excellent
agreement with previously reported literature in which all peaks are
associated with magnetite and there are no other peaks observed in
its pattern indicating the presence of any impurity, as shown in
Fig. 8. Moreover, based on the XRD patterns of CuO NPs and
Fe304 NPs with respect to the Sherrer’s equation the average
crystallite size of the CuO NPs and Fe30y is found to be 16 and 75

nm, respectively.
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Fig. 3 FT-IR signals of the plant leaf extract

Table 1 Antibacterial activity of green CuO NPs, manetite
NPs and CuO@Magnetite@Hen Bone NCs

Compounds P. S. E. K.
aureus, aureus, coli, pneumoniae,

mm mm  mm mm

CuO NPs (1%) 28 35 32 28

Magnetite NPs (1%) 35 36 30 40

CuO@Magnetite@Hen 22 45 36 43

Bone NCs (1%)

aChloramphenicol 39 36 34 32

act, Chloramphenicol disc diameter (positive control).

Table 2 Comparison of the catalytic ability of NCs

Dye Entry Catalyst Time Ref.
MO 1 Cu@SBA-15 NCs 5min [37]
2 Ag NPs/seashell NCs 11 min  [38]
3 Ag/TiO2 NCs 9min [20]
4 Ag NPs/clinoptilolite NCs 138s [39]
5 Cu/eggshell NCs 2min [12]
6 Pd/perlite NCs 10 min [23]
7 Ag NPs 24h [40]
8 Au/PDMAEMA/RGO NCs 30s [41]
9 GO/Pd NCs 5min [42]
10 y 20%V-Bix(O, S)3 150s [43]
1" CuO@Magnetite@Hen Bone 110s csa
MB 12 porous Cu microspheres 8 min [36]
13 SiNWAs-Cu 10 min  [44]
14 Au/Fe304@C 10 min  [45]
15 Ag NPs/seashell 2.5min [38]
16 Ag/TiO2 nanocomposite 70s [20]
17 Ag NPs/clinoptilolite 40s [39]
18 AgNPs on silica spheres 7.5min [12]
19 Aucore—PANIghel 5min [12]
20 Cu nanocrystals 200s [12]
21 Bentonite/Cu NPs 40s [22]
22 Au nanorods 10 min [46]
23 rGO-SiW NCs 34 min [47]
24 Ag NPs@montmorillonite 9min [48]

25 CuO@Magnetite@Hen Bone NCs 20s csa

ACS: current study.
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3.4 Green  synthesis  and  characterisation  of
CuO@Fe30,@Hen Bone NCs using the extract of
Euphorbia corollate

In continuation of our previous studies in the application of plant
extracts and natural supports in the preparation of nanostructures
[44, 45, 49, 50], during this study, the CuO@Fe;04@Hen Bone
NCs were synthesised using the hen bone as a natural based
support and Euphorbia corollate extract as antioxidant media.

The FT-IR analysis of NCs strongly confirmed the adsorption of
phytochemicals on the surface of the nanostructure. The main
peaks at 3390, 1704 and 1578 cm™! are assigned to the functional
groups of OH, C=0 and C=C aromatic vibrations, respectively,
as shown in Fig. 9. Therefore, the presence of bioactive
phytochemicals on the nanosurface strongly justified the
bioactivity of green synthesised NCs.

In the next step, the preparation of the CuO@Fe304@Hen Bone
NCs was investigated by using XRD, SEM, EDS and Mapping
methods. The surface morphology and size of the NCs were
investigated using FE-SEM and TEM methods as depicted in
Figs. 10 and 11, respectively. As concluded about the morphology
of green NCs, the spherical morphology of NPs deposited on the
surface of hen bone with the range size mostly between 10 and 85
nm.

Further, the EDS spectrum and elemental mapping images
easily show the elemental structure and chemical composition of
the NCs including well defined peaks of Ca, O, C, P, Fe and Cu,
thereby confirming the successful anchoring of the CuO and
magnetite NPs on the hen bone, as depicted in Figs. 12 and 13.
Therefore, the SEM and EDS analyses proved the fabrication of the
CuO@Fe;04@Hen Bone NCs.

The crystallinity of green synthesised NCs was depicted by
XRD, as shown in Fig. 11. As it is shown, the pattern revealed six
characteristic peaks (in black colour) indexed the cubic structure of
Fe304. The peaks correspond to the crystal planes of (110), (220),
(311), (222), (400), (422) and (511) of crystalline Fe30y4. Further,
the XRD spectrum of CuO NPs shown in blue colour in Fig. 14
including all the peaks associated with the crystalline planes of
pure CuO NPs as (110), (111), (200), (202), (020), (202), (113),
(311), (220) and (400). The XRD pattern of NCs also depicted the
demonstrative peaks of (Cajo(POg4)s(OH),) as the main component
of NCs support (hen bone).

3.5 Evaluation of antimicrobial activity of green synthesised
CuO@Magnetite@Hen Bone NCs

The antibacterial activity of the CuO NPs, magnetite NPs and
finally green NCs was studied against P. aureus, S. aureus, E. coli
and K. pneumoniae bacteria by disk diffusion method. The
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Fig. 4 Mechanism of green synthesised CuO NPs
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Fig. 6 SEM micrograph of green synthesised CuO NPs
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Fig. 8 XRD pattern of green synthesised Fe304 NPs

concentration of nanostructures used for this study was 1% (10
mg/ml) and results compared with Chloramphenicol as a positive
control. All other test conditions were the same for each sample.
The diameter of the appeared discs per millimetre as minimum
protection zone was reported for each sample, as given in Table 1.
As it is shown in Table 1, the biosynthesised NCs showed more
antibacterial activity against S. aureus, E. coli and K. pneumoniae
bacteria than the NPs and control in the same conditions which
probably refers to the more accumulation of the bioactive
phytochemicals adsorbed on the extensive surface of NCs as
confirmed through FT-IR spectra. Therefore, the study confirmed
that the surface area of green synthesised nanostructures is an
important factor in their antibacterial activity as larger surface area
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cased to adsorption of more bioactive phytochemicals and finally
more antibacterial activity.

3.6 Antioxidant activity of
CuO@Magnetite@Hen Bone NCs

This method is based on the reduction of DPPH, at 517 nm. In fact,
antioxidants react with DPPH and pair off the odd electron of the
radical to show a discolouring signal demonstrated the scavenging
potential. This reaction is widely used to spectrophotometrically
study of the RSA of the compounds. The parameter ICs (efficient
concentration value), is used for the interpretation of the DPPH
method and defined as the concentration of substrate that causes

biosynthesised
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Fig. 9 FT-IR spectrum of the green synthesised nanocomposite

Fig. 10 FE-SEM micrograph of green synthesised CuO@Fe30 y@Hen Bone NCs

Fig. 11 TEM images of the CuO@Magnetite@Hen Bone NCs
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Fig. 13 Elemental mapping of the green synthesised CuO@Magnetite@Hen Bone NC
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Fig. 14 XRD pattern of green synthesised CuO@Magnetite@Hen Bone NC

Table 3 Effect of different amounts of NCs on the reaction

Entry Dye, M NaBH4, M Catalyst, mg?@ Time
1 MO 5.3x1073 3 3 min
2 MO 53x 1073 5 110s
3 MO 5.3x1073 8 150's
4 MO 53x1073 10 195s
5 mB 53x1073 1 3 minP
6 MB 5.3x 1073 3 45s
7 MB 53x 1073 5 35s
8 MB 5.3x 1073 7 20s
ACuO@Magnetite@Hen Bone NCs.
bNot completed.
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Fig. 15 Evolution of the UV—vis spectra of dyes aqueous solution in the presence of green NCs

(@) MB, () MO

50% loss of the DPPH activity. Following the study of antioxidant
activity using this method for NCs and ascorbic acid against the
gallic acid as control, the ICsy values calculated as 33.32 and
32.61 ppm for green synthesised NCs and ascorbic acid,
respectively. Further the RSA% of the NCs in concentrations >350

ppm is clearly higher than the ascorbic acid in which this parameter
is the highest at the maximum dose of 500 ppm (74%) at compared
with ascorbic acid (64%) at the same concentration. The study of
the antioxidant ability of the green NCs strongly demonstrated that
a considerable amount of antioxidant phytochemicals deposited on
the surface of the nanostructure, which causes an antioxidant
property even more than a potent antioxidant compound such as
ascorbic acid due to their ability to transfer of a hydrogen atom or
an electron.

3.7 Reduction of MO and MB using CuO@Magnetite@Hen
Bone NCs

During this research, we focused on the catalytic ability of the
green NCs for the reduction of MO and MB in the presence of
NaBHy. The decolourisation process benefits from the adsorption
of NaBH, onto the surface of catalyst and formation of metal
hydride. In the next step, the organic dyes adsorb onto the surface
of the catalyst and then reduced. Finally, the reduced dyes desorb
from the catalyst surface to create a free space to continue of
process to evaluate the performance of the NCs, the different
amounts of catalyst were investigated, as shown in Table 3.
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Table 3 shows that the best result for MO and MB reduction
was obtained with 5 and 7 mg catalyst, respectively, in the presence
of NaBH, and at room temperature. The complete degradation time
of these organic dyes was 110s for MO and 20 s for MB. The
reduction  process of MO and MB  monitored
spectrophotometrically by decreasing the maximum absorbance
and removing the maxima while decolourising the organic dyes, as
shown in Fig. 15.

The comparison of the ability and efficiency of NCs for the
reduction of MO and MB dyes with some of the previous reports
revealed that employing the green catalyst caused a shorter
degradation time in contrast with the reported methods by other
catalysts except for entry eight in Table 2.

During the degradation process, the reaction does not depend on
the concentration of NaBH, but it roughly depends on the
concentration of MB and MO dyes as a pseudo first-order kinetics
mechanism. Also, in the absence of the catalyst, no degradation
process is seen even after passing a lot of time while stirring and
heating.

3.8 Catalytic ability of green synthesised
CuO@Magnetite@Hen Bone NCs to adsorb the aromatic
compounds of crude oil

The ability of NCs was tested to adsorb the aromatic compounds of
crude oil including its PAHs. Initially, the process was optimised
for the adsorption of aromatics of the crude oil in the presence of
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Table 4 Effect of the catalyst amounts on the adsorption time of the crude oil aromatics

Entry Catalyst Crude oil aromatics, ml Catalyst, mg Time, min
1 CuO NPs 20 5 20
2 CuO NPs 20 7 20
3 CuO NPs 20 10 15
4 Fe304 NPs 20 7 20
5 Fe304 NPs 20 10 20
6 CuO@Magnetite@Hen Bone NCs 20 3 202
7 CuO@Magnetite@Hen Bone NCs 20 5 10
8 CuO@Magnetite@Hen Bone NCs 20 7 10
9 CuO@Magnetite@Hen Bone NCs 20 10 5
10 hen bone (support) 20 10 45b
11 hen bone (support) 20 20 45b

AFew adsorbed
bNot adsorbed.
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Fig. 16 Adsorption of crude oil aromatics including PAHs using CuO@Magnetite@Hen Bone NCs (10 mg catalyst and 20 ml aromatic sample)
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Fig. 17 UV-vis spectroscopic detection of CuO@Magnetite@Hen Bone NCs reusability to adsorb the crude oil aromatic compounds; A: extracted aromatics,

B: adsorption process after six times of recycling the catalyst

different amounts of catalyst. According to Table 4, the best result
is obtained using 10 mg of the catalyst. Also, it revealed that in the
absence of a catalyst and only using the support as an adsorbent, no
adsorption would occur even after 45 min (entries 10 and 11).
Further, the other fractions of catalyst (CuO NPs and magnetite
NPs) show less efficiency than the NC. According to the entry 6 in
the mentioned table, the application of 3 mg of catalyst shows no
considerable adsorption signal even after 20 min (entry 6) and
finally as Table 2 shows, the time of the adsorption process
decreases with increasing the amount of the catalyst.

Fig. 16 clearly depicts that the application of 10 mg
CuO@Magnetite@Hen Bone NCs (Table 4, entry 9) shows a good
potential to absorb the aromatic content of the crude oil at different
times in which after 5 min there was no considerable amounts of
aromatics can be detected using UV—vis technique.

According to the FT-IR spectrum of biosynthesised NCs
(Fig. 6) and intensity of its signals, a good concentration of
phytochemicals has been adsorbed on NCs surface. These
phytochemicals beside the enhancement of the synergistic effect of
the catalyst and its surface activity probably captured the aromatic
compounds of the crude oil including PAHs through the formation
of chemical bonds on the surface of nanocatalyst and removing
them from the sample media.
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3.9 Recyclability of the CuO@Magnetite@Hen Bone NCs

Beside the benefits of the green synthesised catalyst such as simple
preparation, using the green source, bioactivity, cost effectiveness
and stability, its simple separation from the reaction mixture and
recycling with no significant loss of its catalytic activity is of great
importance. The reusability of the catalyst was investigated for
both organic dyes degradation and removal of aromatic compounds
containing PAHs from the crude oil sample of Shiwashok oil field.
As shown in Fig. 17, the adsorbent nanocatalyst could be reused
for the aromatics removal process at least for six times without loss
of its adsorption ability.

After completion of the reaction, the catalyst was easily
separated and recovered conveniently by filtration from the
reaction mixture and washed with n-hexan and finally dried to the
next cycle of the process in which the recyclability of the catalyst
was monitored using the XRD analysis. As shown in Fig. 18, the
XRD analysis of the catalyst after six times of reusing to adsorb the
aromatic compounds of the crude oil shows a very good
crystallinity nature with no significant changes in morphology and
the position and intensity of the main signals.

Furthermore, the reusability and recyclability of the catalyst for
organic dyes degradation process was monitored using UV-vis
spectroscopy and SEM micrograph after five times of its reusing.
After each cycle of the reaction, the catalyst was easily separated
and recovered conveniently by filtration from the reaction mixture,
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Fig. 19 UV-vis spectroscopic monitoring of the CuO@Magnetite@Hen Bone NCs reusability after a fifth cycle of reaction for organic dyes destruction

Fig. 20 FE-SEM of the CuO@Magnetite@Hen Bone NCs recyclability after a fifth cycle of the reaction for organic dyes degradation

washing with hot methanol and finally dried to use in the next
cycle of the process. Fig. 19 shows the UV—vis monitoring of the
catalyst in MO and MB dyes destruction. According to the figure,
there is no changes in the shape, symmetry, maxima of the UV
signals and adsorption ability of the catalyst in dyes degradation
process even after a fifth cycle of the reaction, therefore, it shows
excellent reusability in mentioned process.

Also, for more convenience, the catalyst morphological changes
after its frequent recycling were monitored using the SEM
technique. Fig. 20 demonstrates the high stability and turnover of
the catalyst under operating conditions. The SEM analysis of
recycled NCs shows that the particles are identical in morphology,
shape and size even after the fifth run; therefore, it seems that
green synthesised adsorbent is unchanged during the reaction
process.

4 Conclusions

Through this study, we proposed a green, simple, efficient and
economic strategy for the preparation of CuO@Magnetite@Hen
Bone NCs using the bioreductant content of Euphorbia corollate
extract. The green synthesised nanostructure was absolutely
characterised using XRD, SEM, TEM, EDS, elemental mapping
and FT-IR analytical techniques in which the FT-IR spectrum
demonstrates the deposition of bioactive phytochemicals on the
surface of the catalyst. The antimicrobial and antioxidant ability of
the nanocatalyst was detected and results confirmed a very good
bioactivity for the catalyst concerning the mentioned properties.
The bioactive nanocatalyst used to adsorb the aromatic
constituents, including PAHs from the crude oil of Shiwashok oil
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field under a mild condition in which demonstrates a high level of
adsorption as monitored by UV—vis spectroscopy. Further, it was
applied for the degradation process of MO and MB under a mild
condition which the ability and efficiency of the catalyst were
highly demonstrated. Finally, the reusability and recyclability of
the catalyst for both processes were detected and its highly
potential confirmed even after fifth or sixth cycle of the process
without losing its catalytic activity.
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