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Abstract Key words
In this work, copper substituted cobalt ferrite nanoparticles with Ferrite nanoparticles,
chemical formula Coy,CuxFe,O4 (x=0, 0.3, and 0.7), has been hydrothermal

synthesis, cobalt
ferrite, Scherrer
formula.

synthesized via hydrothermal preparation method. The structure of
the prepared materials was characterized by X-ray diffraction (XRD).
The (XRD) patterns showed single phase spinel ferrite structure.
Average crystallite size (D), lattice constant (a), and crystal density
(dx) have been calculated from the most intense peak (311).
Comparative standardization also performed using smaller average
particle size (D) on the XRD patterns of as-prepared ferrite samples
in order to select most convenient hydrothermal synthesis conditions
to get ferrite materials with smallest average particle size.
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Introduction chemical and thermal stabilities [2],

Recent years, there is a large and Which make them suitable
wondering interest in the magnetic for several disciplines like
nanoparticles  thanks  to  their magnetic fluids [3], catalysis [4],
fascinating unique chemical, thermal biotechnology/biomedicine [5],

and magnetic properties [1]. Among
these magnetic nanoparticles, spinel

magnetic resonance imaging [6], data
storage devices [7], transformers, disk

ferrite nanocrystals with the general
formula MFe, O, (where M is a
divalent cation of Co, Ni, Mn, Mg or
Zn) are very important materials
because of their interesting electrical
and magnetic properties with high
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recording, electric generators, etc. [8].
Spinal cobalt ferrite (CoFe,O4) has
been widely interested and studied due
to high electromagnetic performance,
mechanical hardness, excellent
chemical stability, and high cubic
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magneto-crystalline  anisotropy [9].
Substitution of transition metal like
Zn*?, Cu*?, and Ni*? ion in Co-ferrite
nanoparticles allows variation in their
properties and tune ability for specific
application, so the general formula will
be as CoMFe;O4 where M is the
transition metal ions [10]. Methods
widely used for the synthesis of

magnetic cobalt ferrite are: co-
precipitation [11], hydrothermal [12],
reverse  micelles  [13],  sol-gel

processing and etc. [14]. Among these
methods, hydrothermal synthesis has
attracted great interest because it is a
promising route to produce highly
crystallized, weakly agglomerated
powders having a narrow size
distribution [15]. The aim of this work
is to synthesis the copper substituted
cobalt ferrite  nanoparticles  with
formula Co;xCuxFe,O4 where (x=0,
0.3, and 0.7) via hydrothermal route,
Materials characterization by X-ray
diffractometer, study and analyze
structural ~ properties, also  use
comparative standardization to get
most optimum ferrite samples with
smallest average particle size.

Experimental procedure
1. Synthesis process
All reagents were of analytic grade,

ultra-pure, and wused as received
without further purification, including
cobalt nitrate hexahydrate

(Co(NO3)2.6H,0) manufactured by
(General Co., England), Cupric sulfate

pentahydrate (CuS04.5H,0)
manufactured by (Fluka Co,,
Switzerland), Ferric nitrate
nonahydrate (Fe(NO3)3.9H,0)

manufactured by (Scharlau Co., Spain)
and sodium hydroxide pellets (NaOH)
manufactured by (G.T Baker Co.,
Sweden).

The copper substituted cobalt ferrite
nanoparticles prepared by
hydrothermal reaction in distilled
water. The aqueous salt solutions of
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cobalt nitrate, cupric sulfate, and ferric
nitrate are in molar ratio (1:1:2)
dissolved in 50 ml of distilled water on
a magnetic stirrer at moderate speed
and temperature of (65C), then these
solutions mixed together in a Pyrex
beaker under constant stirrer for 15
minutes. (1.5M) of sodium hydroxide
(NaOH) solution was add dropwise to
the mixed metal solution under
vigorous stirring for half an hour and
the same temperature of (65°C), in the
meanwhile we checked the pH which
should be approximately equal to 12.
Experimental set up of this procedure
can be illustrated in the Fig.1.

The resulting suspension was then
poured into a Teflon-lined autoclave
and hydrothermally heated at a special
temperature for a certain time
(hydrothermal conditions). After that,
the autoclave was cooled to room
temperature and the product was
filtered, washed with deionized water
and ethanol for three times in sequence
to remove all soluble salts, and dried at
ambient temperatures in order to get a
black ferrite powder which would be
ready for characterization. Note that in
the preparation of CoFe,O; (x=0)
cupric sulfate hadn’t been used and its
solution eliminate from the Fig.1.

2. Hydrothermal conditions

The synthesis procedure involve
prepare, for each of the three ferrite
compound  Co;xCuxFe;04,  (Xx=0,
x=0.3, and 0.7), three identical samples
and named as sample-1, sample-2, and
sample-3 for the CoFe,O,4, sample-4,
sample-5 and sample-6, for the
Co0¢.7Cup 3Fe,04, sample-7, sample-8
and sample-9 for the Cog 3Cug7Fe;0s.
Each sample was kept in the oven for
time (t) and temperatures (T). These
conditions can be shown by the
diagram in Fig.2.
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Fig.1: Experimental set up of the hydrothermal synthesis technique.
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Fig.2: The diagram of the hydrothermal synthesis conditions.

Then next step is to choose optimum temperature (T) and time (t)
synthesis conditions of the three ferrite that provide us smallest average
sample (x=0, 0.3, and 0.7) of most particle size after analyzing the XRD
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patterns of them, Then fix the chosen
temperature and change the time to (10
and 12) hour as showed in the diagram
in Fig.1 and named as sample-10 and
sample-11 for CoFe,O,4, sample-12 and

sample-13 for Co0p.7Cug 3Fe04,
sample-14  and  sample-15  for
Co0p3Cug 7Fe,04.

3. Characterization

Phase identification using X-ray
diffraction (XRD) analysis of the
resulting ferrite nanocrystals was done
in a X-ray diffractometer (shimadzu
LabX XRD-6100) using Cu Ka
radiation (A= 1.5418 A). The powders
were scanned at a scanning rate of
(0.02° Sy and in the 26 range of (20°—
80°). The average crystallites size was
obtained using Scherrer equation based
on the highest peak (311) [9]. Average
crystallite size (D), lattice constant (a),
and crystal density (dx) have been
calculated for the synthesized samples
using the following equations: Scherrer
equation [16]

kA
- B cos6

)

where k is a constant having a value of
0.89 for the cubic structure, A is the
wavelength of the radiation, 8 is the
diffraction angle and Sis the full width
at half maximum (FWHM) of the
diffraction peak.

Lattice constant (a) calculated from the
relation

a = dy/(R% + K2 + 12) )
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where dy is the spacing between two
crystal planes

The crystal density (dx) is calculated
by using lattice parameter and the
following relation: [17]

_ Z Myt
dx == 3
where: Z= 8 is the number of atoms

per unit cell, My, Na and a are the
molecular weight, Avogadro's number
and lattice constant, respectively.

Results and discussion

XRD studies were carried out in
order to get an idea of the crystal
structure of  the synthesized
Co1-xCuxFe;04 (x=0, 0.3, and 0.7). The
XRD patterns showed six peaks
located between (26) angles of 20 and
80 degrees which confirmed the spinal
structure of the synthesized samples.
The results are summarized in Table 1
and Table 2 in which the average
crystallite size (D), lattice constant (a)
and intensity of the peak estimated
from the diffraction peak of (311)
because this crystallographic plane
exhibited the maximum diffraction
intensity.

Firstly sample 1, 2, 3, 4, 5, 6, 7, 8,
and 9 have been examined as
mentioned in the diagram to study
structural properties and predict what
best temperature to synthesize with
less particle size. The results are shown

in the Fig.3 - I, 11, and Il which shows
the XRD patterns of the synthesized
ferrite samples CoFey0y,

C00,7CU0,3F8204, and COo,gCUo,7FEzO4
respectively.
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Fig.3-1: XRD pattern of sample — 1 (T=100 °C, t=8h), sample -2 (T=150 °C, t= 8h),
sample -3 (T=200 °C, t= 8h).
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P I I P
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Sample -5
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Sample - 6
20 30 40 50 60 70 80
2 Theta (deg.)

Fig.3-11: XRD pattern of sample — 4 (T=100 °C, t=8h), sample — 5 (T=150 °C, t= 8h),
sample — 6 (T=200 °C, t= 8h).
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(422) (511) (440)

Sample -7

Sample - 8

Sample - 9
, ,

20

sample — 9 (T=200 °C, t= 8h).

Table 1: XRD pattern analysis of the nine Co;4CuyFe,0,

30

40

50 60

2 Theta (deg.)
Fig.3-111: XRD pattern of sample — 7 (T=100 °C, t=8h), sample — 8 (T=150 °C, t= 8h),

70

80

ferrite samples. Experimental
spacing between crystal plans, lattice constant, average crystallite size and density of

powder.

X Sample ( dzez.) F(dV\g ;”;/I dna (NM) | @ (nm) D (hm) dx (g/cm®)
X=0 1 35.58 0.4570 0.2521 0.8361 18.07 5.3317
X=0 2 35.76 0.4900 0.2508 0.8318 16.86 5.4148
X=0 3 35.57 0.4907 0.2521 0.8361 16.83 5.3317

X=0.3 4 35.64 0.6600 0.2516 0.8344 12.51 6.8172
X=0.3 5 35.70 0.6850 0.2512 0.8331 12.06 6.8492
X=0.3 6 35.69 0.6400 0.2513 0.8334 12.91 6.8418
X=0.7 7 35.63 0.71330 0.2517 0.8347 11.58 6.8099
X=0.7 8 35.68 0.62400 0.2514 0.8337 13.24 6.8344
X=0.7 9 35.69 0.5533 0.2513 0.8334 14.93 6.8418

From Table 1 it has been notes that
the temperature used

particle size is as:

1. For CoFe,0, is T=200 °C.

in  synthesis
which provided samples with

less

2. For C00_7CUO_3F6204 is T=150 °C.

3. For Cog3Cuqg7Fe;04 is T=100 °C.
So the temperature has been fixed at
these conditions and the time changed
as shown by the diagram in Fig.4.
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Sample-10
Time t=11h

Sample-15
Time t=12h

Sample-12
Time t=10h

Sample-13
Time t=12h

Sample-14
Time t=10h

Sample-15
Time t=12h

Fig.4: The diagram of the second step hydrothermal synthesis conditions.

Sample 10, 11, 12, 13, 14, and 15
have also been examined and the
results are shown in the Fig.5 - I, II,
and Il which shows the XRD patterns

Intensity (A.U.)

(311)

40 50

of the synthesized ferrite samples

CoFes0q,

COo,7CUo,3Fezo4,

and

Coo.3Cug 7Fe 04 respectively.

60
2 Theta (deg.)

70

Sample - 10

Sample - 11

80

Fig.5-1: XRD pattern of sample — 10 (T=200 °C, t=10h), sample — 11 (T=200 °C, t= 12h).
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Fig.5-11: XRD pattern of sample — 12 (T=150 °C, t=10h), sample — 13 (T=150 °C, t= 12h).
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Fig.5-111: XRD pattern of sample — 14 (T=100 °C, t=10h), sample — 15 (T=100 °C, t= 12h).
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Table 2: XRD pattern analysis of the rest Co;,Cu,Fe,O4

Vol.17, No.40, PP. 10-20

ferrite samples. Experimental

spacing between crystal plans, lattice constant, average crystallite size and density of

powder.

X Sample ( di%.) F(\:j\gl;l)\/l dh (NM) a (nm) D (nm) dx (g/cm®)
X=0 10 35.53 0.5267 0.2524 0.8371 15.61 5.3126
X=0 11 35.58 0.4400 0.2520 0.8357 18.77 5.3393

X=0.3 12 35.60 0.7900 0.2519 0.8354 10.45 6.7928
X=0.3 13 35.61 0.7900 0.2518 0.8351 10.47 6.8001
X=0.7 14 35.59 0.8400 0.2520 0.8357 9.83 6.7855
X=0.7 15 35.53 0.7500 0.2524 0.8371 11.01 6.7515

According to average particle size
(D) values it has been found that best
conditions for synthesize CoFe;04
with less average particle size are
sample — 10 conditions which are
(Temperature T= 200 °C and time

conditions which are (temperature
T=150 °C and time t=10h), and
synthesized conditions for
Coo3CupsFe, 0, are sample — 14
conditions which are (temperature
T=100 °C and time t=10h). Table 3

t=10h).

Synthesized conditions for

lists structural properties of the desired

Cop7Cup3Fe, 0, are sample — 12 samples.
Table 3: Structural properties of the chosen ferrite samples extracted from their XRD
patterns.
20 FWHM 3
X Sample dha (NM a(nm D (nm dx (g/cm
X=0 10 35.53 0.5267 0.2524 0.8371 15.38 5.3126
X=0.3 12 35.60 0.7900 0.2519 0.8354 10.45 6.7928
X=0.7 14 35.59 0.8400 0.2520 | 0.8357 9.83 6.7855
The variation of lattice parameter increase in value at x=0.7, while
and crystallite size with copper ion crystallite  size  decrease  with

concentration was shown in Fig.6. The
substituted copper ions in cobalt ferrite
led to large decrease in lattice constant
at x=0 and x=0.3 after this values then
the lattice parameter have small
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substitution of copper ions this refer to
the copper ions replaced with cobalt
ions which attributed to the nearly
ionic radii of Cu*? ions (0.73 A") as
compared to Co*? (0.71 A") cations.
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Fig.6: Variation of lattice constants and crystallite size with Cu*? ions concentration.

The effect of Cu content on the
variation of crystal density (dx) is
depicted in Fig.7. It is obvious from
the figure that (dx) is increasing with

Cu concentration due to the increase in
the molecular weight of the sample by
increasing Cu-content

Crystal Density (g/cm3)

0.2 0.3

0.4

0.5 0.6 0.7 0.8

Cu Concentration

Fig.7: Variation of the crystal density with Cu* ions concentration.

Conclusions

In conclude cobalt ferrite and
copper substituted cobalt ferrite was
synthesized using hydrothermal
methods. The structural properties of
the synthesized materials have been
performed using XRD technique. The
results showed the formation of the
spinal  single-phase cubic crystal
structure of all samples with average

19

lattice parameter of 8.36 A and we
have observed a decreasing of the
average particle size with the
increasing of Cu concentration. In
order to obtain Co;xCuxFe,O4 using
hydrothermal method with less average
particle size it has been found that
hydrothermal conditions listed in
Table 4 are the most convenient.
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Table 4: Most convenient hydrothermal synthesis conditions of copper substituted cobalt

ferrite nanoparticles.

X Co,.,Cu,Fe,0, Temperature (°C) Time (h)

0 CoFe,0, 200 10
0.3 Coy7Cug3Fe,04 150 10
0.7 C03Cug7Fe,04 100 10
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