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Abstract

The present work aims to synthesize 70% cobalt / 30% multiwalled carbon nanotube (MWCNT) nanocomposites with
enhanced physical properties. The structural and magnetic properties of the Co; sFe; s0, /MWCNTs are reported. Structural,
morphological properties of the nano composites are characterized by XRD, HR-TEM, Raman, and XPS techniques. XRD
and HR-TEM investigations support the development of a single-phase cubic spinel structure of Co, sFe, 0, confined on the
exterior surfaces of MWCNTSs. The measurements using a vibrating sample magnetometer (VSM) revealed ferrimagnetic
nanocomposites. Heavy metal intrusion into the water system is a global environmental problem. Using Co;sFe; 504
/MWCNT nanocomposites, the current study seeks to eliminate trace elements, including copper (Cu) and zinc (Zn). The
main advantages of the synthesized samples include their high ad-sorption, amazing recycling efficiency, low cost, and
simplicity of separation. Finally, one can conclude that the CNTs/ Co, sFe; 50, is superior to other ad-sorbents in terms of
effectiveness, sustainability, and environmental impact.

Keywords: CNTs; Cobalt nanoparticles; waste water; citrate auto combustion; magnetic parameters.

1. Introduction
Because of their high magnetic permeability and

spinel ferrites are present: normal spinel (NS),
inverse spinel (IS) and random spinel (RS) ferrites.

electrical resistivity, spinel ferrite nanoparticles
(SFNPs) are important in many high-frequency
power electronics and magnetic applications. The
structure of SFNPs may support a wide range of
cations in a variety of oxidation states. Their
magnetic and electrical properties are heavily
influenced by the concentration of ferrous and ferric
ions and how they are distributed across the
tetrahedral (A) and octahedral (B) sublattices [1]. The
properties of ferrite materials can be enhanced by the
substitution of various cations at both locations.
According to this cation distribution, three types of

The NS and IS structures are (A)[B]204 and (B)
[AB]O4, respectively, where A/B are di-valent / tri-
valent cations and ( )/[ ] are A/B sites.

In IS, %2 of the B sites are occupied by the di-
valent cations While in RF, the distribution of A and
B cations in the A and B sites is random. Depending
on the value of 8, CosFe; 50, spinel ferrites exhibit a
change in structure from NS to RS to IS.

In various spinel systems, the structural and
magnetic properties can be altered by changing the
composition of transition metals, crystallo-graphic
coordination and charge/spin states. There is a charge
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transfer between metals and ligands [2,3], as well as a
high-spin (HS) -low-spin (LS) transition of transition
metals (TMs) under external disturbance, and
chemical pressure [4]. TMs exist in several
oxidations (charge) states, which display various
magnetic moments depending on whether it is a
“HS”, “IS” or “LS” state. The TM ion’s spin state
depends on the crystallo-graphic configurations (A /
B) that the metal occupies. For example, Co3+ in
octahedral sites is predicted to prefer a “LS” state, but
it is prohibited in many cases, causing unexpected
magnetic behaviour to occur [5]. Therefore, it is
highly promising to design materials (like
CollFe3—-[104) that consist of TMs with appropriate
magnetic properties like strong magnetization (Ms),
coercivity (Hc), etc. controlled by the synthesis route,
value of [ and particle size, etc. [6, 8]. The ferrites
exhibit a variety of magnetic properties [9] and are
ideally suited for numerous applications, including
humidity sensors, and switches, magnetically guided
drug delivery, etc. [10-11].

Carbon nanotubes (CNTs) have received a lot of
attention in the realms of preparation and
technological applications ever since lijima's
discovery of them [12]. They have also been utilized
as an ad-sorbent to remove organic and/or inorganic
pollutants from the environment [13]. CNTs are well
known due to their exceptional qualities. It can be
represented as a hollow cylinder carbon atom. It
possesses tubular nanostructures with un-matched
physical properties. CNTs' physical and chemical
properties can be enhanced by adding metals, metal
oxides, complex metal oxides, and polymers to them.
CNTs are a promising material with several
applications. It has become one of the headlines of
nano-technology due to its attractive properties such
as un-usual mechanical and electrical properties,
large thermal and chemical stability, a unique hollow
tubular framework, and a large aspect ratio [14]. The
outstanding, and exceptional properties of CNTs
make them potentially valuable in numerous
applications, like polymer reinforcements [15],
sensors [16], hydrogen storage materials [17], water
treatment [18], optics [19] and catalysis [20].
Depending on the number of concentric graphene
cylinders that tube includes, CNTs are formed in two
primary forms: single-wall (SW) CNTs and multiwall
(MW) CNTs, as illustrated in Fig. (2: c¢) [21].

Due to their remarkable electromagnetic properties
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and possible use in magnetic data storage devices,
researchers have expressed interest in CNT-based
magnetic  nanocomposites and multifunctional
nanocomposites  [19], ab-sorbing
materials [21-20], magnetic force microscopes [22],
and optical transducers for wearable electronics [23],

microwave

etc.

To improve access to, inexpensive materials for a
variety of future uses, the Col.5Fel1.504 and CNT
nano-composite was prepared. In this research, we
CNTs-Col.5Fel.504
characteristics and their

have  investigated  the
composites' physical
potential as a working material for the treatment of
waste water.

2. Experimental Work
2.1. Materials

Fe (NO;)3;°9H,0, Co (NO3)2+6H,0, and citric acid
with high purity (99.999%, Fisher Chemicals) were
employed as starting reagents. All of the chemicals
employed in the synthesis were assessed analytically.

2.2. Preparation of Spinel Ferrite Structure

The non-stoichiometric Co;sFe;s0;, NPs were
synthesized by the citrate auto combustion technique
using metal nitrates and citric acid as starting
reactants [24]. The utilized metal nitrates have a high
purity (99.99 %) were purchased from ACROS.
Stirring and heating were used during the preparation
technique, as shown in Fig. (1), until the desired
sample was obtained.

Calcination
Under sirring Ash formation

Ay

' ==

ez

e\

CN.Ts-Co, Fe, 0,

Figure (1): Schematic representation for preparation of (a)
Co, sFe; 504 nanoparticles and (b) CNTs/ Co, sFe; 5O
nanocomposites

2.3. Preparation Co;sFe; 50,

Composite

of CNTs/
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Experiments on CNT growth was carried out at
atmospheric pressure. As carbon sources and
transport gases, acetylene and nitrogen gases were
utilized. The impurities were eliminated from the
CNTs by washing, and then they were dried at 60 oC.
After that, MWCNTs of 30 wt.% and 70 wt.% of
Co, sFe; 5O, were mixed as illustrated in Fig. (1). The
resultant powdered MWCNTs were added with
Co, sFe; 504.

2.4. Characterization Techniques

XRD analyses: The crystal structure was
confirmed by the X-ray diffraction (XRD) pattern of
the Diano Corporation target Cu-K (A = 1.5418 A).
The Williamson-Hall equation [25] was utilized to
estimate the crystallite size of the synthesized
nanoparticles. The morphology and nanostructure:
The morphology and nanostructure of the sample
were scrutinized by high-resolution transmission
electron microscopy (HR-TEM) utilizing the Tecnai
G20, Super Twin, Double Tilt model. and field
emission scanning electron microscopy (FE-SEM)
directed to an energy dispersive X-ray analysis
(EDAX) unit to confirm the elemental structure of the
prepared samples using SEM Model Quanta 250
FEG. Raman scattering (RS) is a fundamental
technique for studying the essential properties of
prepared samples (Horiba LabRam HR Evolution,
Horiba, Ltd, UK).

The sample's X-ray photoelectron spectra (XPS)
were recorded using K-ALPHA (Thermal Fisher
Scientific, USA) with monochromatic X-ray Al K-
alpha radiation.

Magnetic Measurements: The magnetic features of
the studied nanocomposites were investigated using
the VSM Model Lake Shore 7410.

2.5. Heavy Metal Removal Experiment

Heavy metals (HMs) removal from an aqueous
solution for numerous elements such as Cu2+ and
Zn2+ was performed in batch experiments using non-
stoichiometric Co, sFe; sO4and the composite CNT-
Co, sFe; 50,4 as adsorbents. To study the optimum pH
values of metal (Cu2+, Zn2+) removal, the experiments
were carried out in a series of 250-mL flasks
containing 0.1 g/L of Co, sFe; s04/CNT
nanocomposites powder in 2 ppm of metal nitrate.
Metal ions are adjusted at various pH values from 2
to 8. The initial pH of the solution was adjusted with
NaOH. The prepared solutions were dispersed well
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using an electric shaker (Orbital Shaker SO1) at 250
rpm for 60 min. The supernatant solutions were then
collected and filtered. The concentration of metals in
the filtrate was measured using inductively coupled
plasma (ICP) spectrometry.

The removal efficiency and sorption capacity were
determined from the following formulas [26]:

Co— G
removal ef ficiency % = C X 100 (¢Y)

o

C,—C
2 xv ()

sorption capacity =

where Co and Cf are the initial and final
concentrations (mg/L) of metal ion solution,
respectively. V is the volume of the aqueous phase
(L), and m (g) is the ad-sorbent’s weight.

3. Results and Discussion
3.1. Structural Analyses
3.1.1. XRD Analysis
The crystallographic and phase

composition of non-stoichiometric Co;sFe;sO, and
Co, sFe, 50, /CNTs nano-composites are analyzed by
XRD as shown in Fig. (2: a). The existence of the
intended phases without the detection of any impurity
is evident from the figure. The observed pattern with
the (220), (311), (222), (400), (422), (511), and (440)
crystal planes emphasize the formation of a cubic
structure with space group Fd-3m for the investigated
sample as matched with ICDD no. 01-083-3117 [27].

structure

As depicted in Fig. (2: b), the distinctive CNT
peaks can be seen at 26.5 and 43.4 degrees However,
CNTs cannot be accurately portrayed by XRD [29].
This is explained by the thinness of the CNT wall
[30] and the decoration of ferrites NPs on the surface
of CNTs, as seen later in HRTEM images. The
experimental and theoretical lattice parameters (a)
[31], unit cell volume (V), theoretical density (Dx)
[32], tolerance factor (T) [33], and oxygen
parameters (u) [34] are calculated and listed in Table
.

According to the pervious study, the Williamson-
Hall equation [25] will be used to compute the
precise crystalline size, and the results are shown in
the Table. The CNTs- Co,sFe;sO, sample shows a
slight increase in the crystallite size compared to the
non-stoichiometric Co, sFe; sO4 sample.
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3.1.2 Raman Spectrum Analysis (RSA)

Figure (3: a-b) shows the RS for pure Co,sFe;s0, and Co,; sFe; sO,/CNTs. All peaks are present in the RS
demonstrating the successful preparation of the Co, sFe; sO4/CNT composite. The five Raman active modes (A4,
1E,, 3T,,) are observed in the figure and match well with those of E. Ateia et al. [24]. The G band and the D
band, as shown in Fig. (3: b) are the two primary Raman modes that may be seen in the spectra of MW-CNTs.
The G-band, which is typically used to detect CNTs, is produced by phonon scattering at the Brillouin zone’s K

point.

Table 1

The experimental (aexp) and theoretical lattice parameters (atheo.), unit cell volume (V), theoretical density (Dx) tolerance factor (T),

crystallite size (LW-H) and oxygen parameter (u)

Samples Aexp Are

(A) (A)
Co, sFe; 504 8.366 8.435
CNTs-Co, sFe; 504 8.366 8.350

(A%

(a

(."I.SF"I.SO-I

Counts/s

ICCD (01-083-3117)

50 60 70
20(degree)

,\
o
=

(002 Sample (700 °C)
——CNTs Card

Intensity (Counts/S)

| . 1 . 1

Figure (2: a-c): XRD diffraction pattern for (a) nonstoichiometric
Co, sFe; 50, and nanocomposite CNTs-Co; sFe; sO4 (b) pure CNTs (c)

schematic representation for the single wall and multiwall CNTs.
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Dy T Lw.n u
(gm/cm’) (nm) &)
585.54 5.367 1.01 23.00 0.381
585.54 5.367 0.99 26.00 0.378

This bond typically corresponds to intensification

in defect density. The G band’s intensity is related to
the sample’s crystallinity and can be used to
determine the degree of CNT crystallinity [35].
In the case study, carbon materials with high levels of
symmetry and ordered structure form graphitic bands
(G-bands) with wavelengths ranging from 1550 to
1600 cm™. The second peak, a large D-band peak,
lies in the 1385-1399 cm™' range. The D-peak reveals
the existence of sp2 bond breaks and carbon-like
impurities in sp3 bonding, both of which cause
defects in graphitic materials. On the other hand, the
G band is connected to the stretching mode of sp2
bound carbon [36]. The ID/IG band ratio is the key
indicator of pervasive faults in CNT architectures
[37].

3.1.3. HR-TEM Analysis

As demonstrated in Fig. (4: e, f), HR-TEM imaging
has recently been used to measure the tubules size
and the degree of purity within the samples. The
CNTs are found to be not homogeneously distributed
under the synthesis conditions and nearly coated with
Co, sFe; 504. Consequently, both the isolated and the
nonhomogeneous coating of Co,sFe;sO4s NPs are
present.

Figure (4: c, d) represents the HR-TEM images
and their selected area electron diffraction (SAED) of
Co, sFe; 504 and CNTs/Co, sFe; 504 samples. Due to
their magnetic behavior, the Co,sFe;sO4 NPs are
found to be highly concentrated and to have a
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propensity to aggregate. The hexagonal structure
appears in images due to a slight distortion from the
cubic structure into a rhombohedral one, which is
confirmed by the value of the tolerance factor.

The polycrystalline structure of the Co,sFe;sO4
nano-composite is revealed by the SAED pattern. All
of the diffraction rings can be correlated to cubic
spinel structures (220), (311), (222), (400), (422),
(511) and (440), which is in agreement with the XRD
data.
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Figure (3: a, b): Raman Spectra for Co,sFe;sOs and CNTs-
Co, sFe; 504 nanocomposite. The inset shows RS for CNT

3.1.4. FE-SEM Analysis

The morphologies of Co,;sFe;sO, and Co,sFe;sO, /
CNT nanocomposite are examined using FESEM as
represented in Fig. (5: a, b). As shown in Fig. (5: a),
the Co,sFe;sO, exhibits a roughly regular grain
shape with high agglomeration. Figure (5: b) depicts
CNTs anchored on the surface of nonstoichiometric
Co, sFe; 5O, NPs and rounded along their edges to
form Co; sFe; 504 /CNT NPs. The Co, sFe; 50, /CNTs
have less aggregation with a porous surface, as
detected from the figure.
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Figure (4: a-f): (a) and (b) HRTEM and SAED for Co, sFe;s04 &
CNTs-Co; sFe;sO4 nanocomposite, (c,d) represents the HR-TEM
for CNTs. Fig. (e, f) the particle size distribution for Co, sFe; 504 &
CNTS/C01,5F61_504 NPs
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3.1.5  EDAX Analysis

The chemical composition of samples under
investigation is examined with EDAX. Figure (6: a-b)
ratifies the existence of numerous elements (Fe, Co,
and O) in the non-stoichiometric Co;sFe;s0; NPs.
However, the Co,sFe;s04 /CNT, EDAX spectra
reveal the presence of extra peaks that correspond to
carbon, which originated due to the existence of
MW-CNTs, as illustrated in Fig. (6: b). The
examined composition agrees well with the chemical
stoichiometry of the starting powders. The atomic
ratios of Fe/Co were found to be 1.5:1.5 by EDAX
analyses.

(b)

Figure (5: a-b): FE-SEM for Co, sFe; 504 and CNTs- Co, sFe; 504
nanocomposites

3.1.6. XPS Analysis

XPS is used to measure the surface properties of non-
stoichiometric Co, sFe; 504, and CNTs/ Co, sFe; 504
nano-composites. Figures (7: a-g) displays the full-
scale C 1s, O 1s, Co 2p, and Fe 2p spectra of these
materials.

No other elemental peaks are found, indicating that
the CNTs/ Co, sFe; 504 nano-composite is only made
up of C, O, Co, and Fe. Due to spin orbit interactions,
the element's 2p state energy level is split into two
energy levels, designated 2p3/2 and 2pl/2,
respectively. The Co 2p3/2 exhibits two major
doublets with peak locations of 779 eV and 781.5 eV
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Figure (6: a, b): EDAX spectrum for non-stoichiometric
Co, sFe, 50, and CNTs/Co, sFe; sO4 nano-composite

for the Co, sFe; 5O, sample, and 780 eV and 782 eV
for the CNT/ Co,sFe;s0, nanocomposite sample.
These peaks signify the presence of Co2+ ions at the
respective B and A sites. While the peak at 787.0 eV
is related to its shake-up satellite [38]. Peaks for
Co2p1/2 for Co™ are 798.3 eV and 796.0 eV, with an
803.0 eV shake-up satellite speak [39]. Because the
Co3+ orbital contains unpaired valence electrons, the
low spin Co™ cation produces a weaker satellite
peak. [40]. Two main peaks for Fe 2p3/2 and Fe
2pl1/2 are obtained for the prepared samples, which
correspond to the binding energies of ~710.5 eV and
~T724 eV, respectively [41]. Each peak position
appears as a doublet peak, indicating the presence of
two non-equivalent iron ion bonds and two different
types of lattice sites for the occupancy of iron ions
[42].

In a non-stoichiometric sample, the O 1s spectrum
(Fig. 7: c, g) indicates 2 peaks at 529.51 eV, and
530.99 eV which correspond to metal — O bonds,
where metal refers to Co or Fe [43]. The
deconvoluted peaks at 530 eV and 531.5 eV, for the
CNT/ Co, sFe; 50, nano-composite are assigned to
oxidized groups and metal-O bonds [43]. The
obtained data simplify the creation of strong bonding
between CNT and Co, sFe;s0,. The composite has
broader O 1s peak shapes, than the pure sample, and
other peaks corresponding to C 1s Gaussian peaks are
observed.
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Figure (7: a-g): XPS spectra for (a, b) Fe2p, (c, d) Co2p, (e, )
Ols, and (g) Cls

Figure (7: f) depicts the C s spectrum with three peaks. O-C=0
groups are attributed to the peak at 286.5 eV, epoxy's C-O at 285.5
eV, and C-C bonding at 284.5 eV [43]. The Co, sFe, 50, NPs and
Co, sFe; sO4/CNTs composite are confirmed by the aforementioned
results.

3.1. Magnetic measurements
The magnetic properties of the Co, sFe; 5O, NPs and

decorated MWCNTSs are examined via the VSM
technique. The M-H hysteresis loop of Co, sFe, 504
and Co, sFe; sO,/CNT are compared with each other
as shown in Figure (8: a-c). Various magnetic
parameters are determined from the magnetic loops
and tabulated in Table (2). Small energy loss and
little magnetization are features of the cleared loop.
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The Ms has been calculated by analyzing M-H curve
at high field using the law of approach to saturation
as present in the following equation [44, 45]:

M=M[1-2] @
where a is the fitting parameter. By plotting M vs.
1/H, one can approximate the Stoner-Wohlfarth (S-

W) theory to notice the values of Ms for Co; sFe; 50,
and CO]A5F€1'504/CNTS [46]

In this manner, the values of M, can be detected for
Co;sFe; 50, and Co,sFe;s0,/CNTs as 48.14, and
39.44 emu/g, respectively. The fact that the
calculated value closely resembles the experimental
value suggests that the saturating applied magnetic
field of about 20 kOe is suitable for the samples
under study.

The experimental magnetic moment (in Bohr’s
magneton) can be determined from the values of M;
(emu/g) using the formula:

M x Ms
"B = T55gs @

where M is the molecular weight of Co;sFe;sO,. As
presented in the table, the CNTs/Co, sFe; sO, nano-
composite exhibits lower magnetic parameters
compared to the Co;sFe;sO; NPs. The
nanocomposite's

investigational magnetism  is

Table 2

reduced by the presence of non-magnetic CNTs,
which act as voids when subjected to applied fields
and disrupt magnetic circuits. Additionally, the
reduction in Ms is possibly due to the non-
collinearity of magnetic domains at the surface of
Co, sFe; 504 NPs when attached to CNTs.

The value of the squareness ratio, which ranges from
0 to 1, is a sign of the NPs' softer nature. In the case
study, this ratio is smaller than 0.5. According to the
S-W model, the Co;sFe;s04 and CNTs/Co,; sFe; 50,
samples interact magneto statically [47]. However,
the squareness ratio is influenced by the size of the
particles and the fluctuation in anisotropy brought on
by an external field. [48].

There is a discernible shift in the loop, which is
attributed to exchange bias (Hgg) phenomena. The
following equation [49] can be used to find the Hgp

(H1+ Hy)
Hgp = _172 (5)
This refers to the fact that different spin
configurations exist. Additionally, the magnetic
structure of the core in a nanostructure sample differs
from the surface, where spin frustration is more

prominent [50].

The saturation magnetization (Ms), remanence magnetization (Mr) , the coercive field (Hc), squareness ratio (Mr/Ms), M-H loop area,

magnetic moment (nB), and the exchange bias (EB) for samples

Samples M; (emu/g) M; (emu/g)
Co,5Fe; 504 48.14 23.09
CNTS-Co, sFe; 504 39.44 19.67

3.2. Heavy metal removal

The pH solution is considered an important parameter
that has a significant impact on the ad-sorption
efficiency of the samples [51]. It is crucial in defining
several issues, such as ad-sorbent surface charge,
degree of ionization, and ad-sorbent interaction [52].
The ad-sorption of Cu** and Zn** for the non-
stoichiometric Co; sFe; 504 and CNTs-Co; sFe; 50,4 as
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Hc (Oe)

M/Mg Energy loss (erg/g) ng exp EB
(Oe)
0.479 204.69 2.035 0.665
0.498 167.00 1.667 0.400

a function of pH is illustrated in Fig. (9: a-b). The
experimental data indicates that the removal
efficiency of both Cu®* and Zn** increases by
increasing pH values from 2 to 8 at 30 °C.
The smallest ion adsorption is observed at low pH (p
H =2). This is explained by the mobility and high
concentration of H* ions, which favour the ad-
sorption of H* over Cu®* and Zn®* ions.
Consequently, the surface is protonated to form
H;0".

To remove Cu”* and Zn?" ions from solutions, more
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active adsorbent sites are accessible as a result of a de
crease in the amount of protonated species and an inc
rease in pH. Electro-static attraction force increases
the sorption of metal ions with a +Ve charge, but this
can also be clarified by the active sites becoming
more neutrally or -Ve charged [53].

According to research by Ali et al. [54], the
formation of hydroxyl complexes increases ad-
sorption activity at a basic pH of 7. As a result, an
increase in the number of metal ions participating in
the ad-sorption process has been noticed. The main
interactions in the adsorption process are
electrostatic, and the obtained data can be elucidated
as follows; the hydrolysis products of Fe®* are
FeOH"™ Fe (OH);", and Fe (OH),. As the pH
increases to 7, these products change. Thus, the
surface charge and metal ions have electrostatic
forces that are responsible for the adsorption of heavy
metal ions. At pH > 8, a balance was achieved
between the surface concentrations of Fe (OH); and
Fe (OH"), and the efficiency became nearly
constant. As a result, pH = 7 is the optimal value for
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Figure (8: a-c): The hysteresis loops and fitting plot between M
versus 1/H? for Coy sFe; 504 and CNTs-Co; sFe; sO..
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investigating the effect of contact duration on the ad-
sorption of Cu®** and Zn®** ions using CNTS-
Co, sFe; 504

Many authors have investigated the function of
carbon nano-tubes in the ad-sorption process. [55]. It
has been stated that under identical conditions, the
external sites (ES) of MW-CNTs are occupied before
the internal sites (IS). As a result, the ES of MW-
CNTs is now available for adsorption substances
[56]. Furthermore, as discussed by many authors [57-
59], CNT caps increase the number of sorption sites
and ad-sorption capacity. The p electron density is
hydro-phobically assigned to the CNT walls. As a
result, the Cu** & Zn** will interact hydro-phobically
with the MW-CNTs' external wall. In the case of
Co, sFe; 50,/ CNTs, the maximum heavy metal
removal percent of 100 % and 99.6 % is obtained at
pH 7 for Cu, Zn removal respectively. The pattern of
heavy metal absorption by functionalized carbon-
based nano-materials can be described using the
Langmuir-Freundlich, and Temkin isotherm models.
The removal of Cu®* and Zn>* metal ions is suggested
to be accomplished using the CNTs/Co, sFe; 504 nano
composites as an effective ad-sorbent. Finally, it can
be said that CNTs/Co, sFe, 50, are superior to other
ad-sorbents in terms of effectiveness, sustainability,
affordability, and environmental impact.

(a) Cu Metal

g

Co,sFe, 0,

: -”J'

pH2 pH4 pH6

& 8 8

pH7 pH8

Heavy Metal Removal Percent %

(b) Zn Metal

] ﬂ‘ ﬂ
pH2 H7  pH8

r
pH4 pHE p

5 8 8 8 8

Heavy Metal Removal Percent %
°

Figure (9: a, b): Effect of pH on Co;sFe;s0s and CNTs-
Co, sFe; 504 adsorbents for Cu and Zn metal
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4. Conclusions

The existence of the intended phases without the
detection of any other impurity is evident from the
XRD. The observed pattern emphasizes the formation
of a cubic spinel structure for the Co, sFe; sO,/CNTs.
The polycrystalline structure of the Co;sFe;sO,
composite is revealed by the SAED pattern.

The XPS spectra indicate the presence of Co** ions in
both B and A sites.

The magnetic properties of the investigated
nanocomposite are reduced due to the presence of
non-magnetic CNTs.

CNTs act as voids when subjected to applied fields
and disrupt magnetic circuits.

The CNTs/Co;sFe;sO, nano-composites can be
suggested as a useful ad-sorbent for the removal of
Cu”* and Zn** metal ions.
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