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ABSTRACT:The Co,_, Zn,Fe,0, Nanoparticles (Co,_, Zn,Fe,0,. with x = 0.0, 0.1, 0.3, 0.5,
0.7, 0.9 and 1, With exposure to a calcination temperature of 100, 300, 600 and 900 °C )
synthesized by the Co-precipitation method .The structural and magnetic properties of the
products were determined and characterized in detail by X-ray diffraction (XRD), High
Resolution -Transmission Electron Microscope (HR-TEM), Energy Dispersive X-ray
Spectroscopy (EDX) , Fourier Transform Infrared (FTIR) and vibrating sample magnetometer
(VSM). These results provided that all the samples prepared at the nano-scale. X-ray analysis
showed that the samples were cubic spinel structural ( kind of inverse spinel oxide).The
crystallinity is improved with the increases calcination temperature for all samples and that
proved by the FT-IR , XRD and EDX results and compound purity fabricated. HR-TEM analysis
showed that nanoparticles size and the shape based on the Zn concentration & the calcination
temperatures and also indicates that degree of agglomeration for all samples. VSM analysis
showed that The C4 (Co, s Zn, sFe, 0, at 600°C) is best sample in Magnetic &structure properties
where it’s super-paramagnetic behavior.

KEYWORDS: Calcination process; Co-precipitation method; Co, 3 Zn, ,Fe,0, Nanoparticles;
Ferrite; Magnetic properties.

INTRODUCTION

Ferrite (MFe,0,) is one of the most important types of ceramic materials, which played an
important role in many of the modern industrial processes, for example Radar-absorbent material,
remove the oil from the water, drug delivery system, Electric Transformers and motor industry
for being possesses high magnetic and electrical properties ,As well as the electronics industry and
Paints. Cobalt zinc ferrite (Co;_x ZnyFe,0,) is an inverse spinel structure where [Zni*Fef’f_x)] A
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ions are occupied at “A” site (tetrahedral site) and [Coff_X)Fe?f +x] B 10ns are accommodated at

“B” site (octahedral site). The Co,_x ZnyFe,0, Nanoparticles are fabricated by many techniques
such as sol—gel, combustion methods, wet high energy ball milling, hydrothermal, electrochemical,
refluxing, solvothermal and co-precipitation method [1:19]. With the diversity of techniques
produced the co-precipitation method Characterized from the other methods as an economical,
environment-friendly and does not require any complex technologies. The aim of the present work
is to the synthesis of Co;_4ZnyFe,0, Nanoparticles by Co-precipitation method within
calcination process at four different temperatures namely 100 °C, 300°C, 600°C and 900°C with
its effect study on characteristic of Co,_ Zn,Fe, 0, Nanoparticles. The synthesized Nano- crystals
have been characterized by XRD, HR-TEM, EDX, vibrating sample magnetometer (VSM) and
FT-IR, provided below are the investigation details.

MATERIALS AND METHODS:

It was the Co;_ Zn,Fe,0, Nanoparticles are fabricated by co-precipitation method using the
following chemicals; CoCl,. 6H,0, ZnCl, and FeCl;.6H,0 are produced by the SD fine-CHEM
Limited Co., addition to sodium hydroxide is produced by EL-Naser Pharmaceutical chemical Co.,
were purchased from (EI-Gomhouria Co. for Drugs) , Egypt and used as received without further
treatment.

Manufacturing steps description of the Co,_ Zn,Fe, 0, Nanoparticles (Co,_ Zn,Fe,0,. with x =
0.0,0.1,0.3,0.5,0.7,0.9 and 1, the defined from 1: 7 respectively, With exposure to a calcination
temperature of 100, 300, 600 and 900 °C, the defined from A,B,C and D respectively ) is shown
in Figure (2.1).

Characterization Techniques:

X-ray powder diffraction analysis was conducted on a Brucker Axs-D8 Advace Diffractometer
(XRD). FTIR transmission spectra were taken on Perkin Elmer Spectrum BX model Infrared
Spectrophotometer from 2000 to 400 cm™~1.High Resolution- Transmission Electron Microscopy
(HR-TEM) analysis was performed on (JEOL 2000FX). Magnetic measurements were carried out
with the Quantum Design Model 6000 Vibrating Sample Magnetometer (VSM) and parameters
like specific saturation magnetization (Ms), coercive force (H.) and remanence (Mr) were
evaluated.
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Figure 2.1. Flow chart showing the fabrication of the Co,_, Zn,Fe, 0, Nanoparticles
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RESULTS AND DISCUSSION

3.1 Structural properties
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Figure (3.1) : the X-ray diffraction patterns of Co,_4 Zn,Fe, 0, nanoparticles at 100 °C
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Figure (3.2) : the X-ray diffraction patterns of Co,_ Zn,Fe,0, nanoparticles at 300 °C
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Figure (3.3) : the X-ray diffraction patterns of Co,_ Zn,Fe,0, nanoparticles at 600°C
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Figure (3.4) : the X-ray diffraction patterns of Co,_ Zn,Fe,0, nanoparticles at 900 °C
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Figure(3.5): the average grain size of Co,_ Zn,Fe,0, nanoparticles samples calcined at
difference temperature
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Figure (3.6): the lattice constsnt of Co;_ Zn,Fe,0, nanoparticles samples calcined at difference
temperature

In figures (3.1:3.4) show the X-ray diffraction patterns of Co,_y ZnyFe,0, nanoparticles samples
at different temperatures. The diffraction patterns show six reflection planes (220), (311), (400),
(422), (511), (440) without impurities reflection [20 ,21]. These clear-cut musings without any
confusion, exhibits the formation of a spinel cubic structure and the (hkl) value of the entire
peak are which refer to face centered cubic (F.C.C.) structure ( kind of inverse spinel oxide).The
broad x-ray diffraction peak for the samples calcined at 600°C suggest that the Co,_4 ZnyFe,0,
particles are of nano size, whereas calcination achieve about increase in grain size which leads rise
to sharp clear-cut peaks due to more crystalline (degree of crystallinity ) from A &B samples
groups (at 100 °C and 300 °C), so the sharper and narrower peak as compared to A & B samples
at 100 °C and 300 °C, this is obvious in the figures(1,2,3). The sharpness of the XRD pattern
shows that degree of crystallinity is increased with increasing the calcination temperature; however
the peak of the XRD spectra of Co,_ Zn,Fe,0, nanoparticles calcined at 900 °C. Figure (4),
shows that peaks is sharper at this temperature as compared to the previous peaks [22]. The XRD
analysis, the average grain size for each sample has been calculated from the XRD line width of
the highest intensity peak (311) using Debye Scherrer equation and the lattice parameter a,, can be
calculated using the relation

a, =d (h% + k2 + 12) /2 [23,24].
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In figure (3.5) shows that the average grain size of Co;_, ZnyFe, 0, nanoparticles at 100 °C, 300
°C, 600 °C and 900°C is increased with increasing calcination temperatures from 100 °C to 900°C
and its decreased with increasing Zn concentration at 100 °C, 300 °C, 600 °C and inverse trend with
900 °C. This increase the average grain size due to increasing degree of crystallinity. In figure (3.6)
shows that the lattice constant of Co;_, ZnyFe,0, nanoparticles at 100 °C, 300 °C, 600 °C and
900°C is increased with increasing calcination temperatures from 100 °C to 900°C and its increased
with increasing Zn concentration at 100 °C, 300 °C, 600 °C and inverse trend with 900 °C, this
increase lattice constant because difference in ionic radii of Zn?* and Co?* and Zn?*will cause
migration of Fe3* from A—site to B—site | 25, 26, 27 ].

FTIR studies

Figures (3.7:3.10) gives the infrared spectra of the investigated Co;_y ZnyFe,0,(x = 0.0: 1.0),
from which it can be seen that there are two bands characterizing ferrites. The values of absorption
band position depend on the cation distribution of compositions. The difference in position of the
bands for the various compositions is expected due to the difference in the stretching of bonds
between octahedral or tetrahedral metal ions and oxide ions (bond length).[ 28]

The FTIR absorption bands for two techniques at room temperature in the wave number range of
400-2000 cm ™It is clear that the higher frequency band is (v,) around = 600 cm~tand the lower
frequency band (v,) is around = 400 cm™1. It is observed that (v,) band linearly increases with the
increase in Zn?*ion content and calcination temperature while (v,) band do not vary much. As
Zn?* ions entirely occupy mostly the tetrahedral sites and force Fe3*, Co?* ions to occupy
octahedral sites with the increase in Zn ions. There fore the radius of the tetrahedron becomes
larger and that of octahedral hardly change with Zn content and calcination temperature [29,30].
Generally the presence of the bands characteristics for Co,_ Zn,Fe, 0, indicates the formation of
ferrite Nanoparticles at all compositions. Therefore, the FT-IR results proved the XRD results that
appear the cations distribution, crystal structure phase and degree of crystallinity.
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Figure ( 3.7): The infrared spectra of Co,_4 Zn,Fe, 0, Nanoparticles at 100 °C
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Figure (3.8 ): The infrared spectra of Co;_, ZnyFe, 0, Nanoparticles at 300 °C
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Figure ( 3.9): The infrared spectra of Co;_, ZnyFe, 0, Nanoparticles at 600 °C
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Figure (3.10): The infrared spectra of Co,_ Zn,Fe, 0, Nanoparticles at 900 °C

The HR- TEM with EDAX (Energy Dispersive X-ray Spectroscopy):

Table (1): The HR- TEM images, The EDX spectrum and quantitative results

Sample

TEM images

The EDX spectrum and quantitative results

Al

[Element Weight% Atomic%

1373 3724
4876  37.87
3751 2489

100.00

0
ull Scale 21124 cts Cursor: 0.000

A2

[Element Weight%Atomic%

1118 3178
5186 4223
3.73 287

3323 2311

100.00

0 2 4 6
ull Scale 21124 cts Cursor: 0.000

Print ISSN: ISSN 2055-8112(Print); Online ISSN:

10

ISSN 2055-8120(Online)



http://www.eajournals.org/

European Journal of Material Sciences
Vol.4, No.1, pp.1-25, April 2017
Published by European Centre for Research Training and Development UK (www.eajournals.org)

[Element Weight%s Atomic%s
OK 2546
[Fe . 4531
A3 CoK 9.02
4
t Weight%0A ic%
1427 37.75
51.68 39.17
14.63 10.51
19.42 12.57
A 4 100.00
ull Scale 21124 cts Cursor: 0.000
Flement Weight %0 Atomic®o
20.47 61.08
43.72 2510
2152 1171
A 4.29 211
A5 = Wi P8 T . 100.00
lement Weight %0 Atomic®%o
K 31.88 62.56
e K 42.88 24.10
oK 23.18 1235
A6 K 2.06 0.99
otals  100.00
0 2 4 B g 10 12 14 16 18 20
ull Scale 9290 cts Cursor: 0.000 ke
11

Print ISSN: ISSN 2055-8112(Print); Online ISSN: ISSN 2055-8120(Online)


http://www.eajournals.org/

European Journal of Material Sciences
Vol.4, No.1, pp.1-25, April 2017

Published by European Centre for Research Training and Development UK (www.eajournals.org)

[Element Weight%0Atomic%0

11.76

56.37

31.87

100.00

0 2 4
ull Scale 21124 cts Cursor: 0.000
[Element Weight%oAtomic®o
16.90 43.21
44.70 3275
3840 2404
B 1 100.00
4
ull Scale 21124 cts Cursaor: 0.000 ket
Flement Weight % Atomic %0

11.37 3218

52.10 4226

325 2.50

3328 23.06

BZ 100.00
o ull Scale 21124 cts Cursar: 0.000 ke
0SS
e 200 kv \Ll&
12

Print ISSN: ISSN 2055-8112(Print); Online ISSN: ISSN 2055-8120(Online)



http://www.eajournals.org/

European Journal of Material Sciences

Vol.4, No.1, pp.1-25, April 2017

Published by European Centre for Research Training and Development UK (www.eajournals.org)

2 4 -]
ull Scale 21124 cts Cursor: 0.000

[Element Weight®0Atomic®0

53.12
23.62
521

18.04

100.00

10 12 14 16 18 20
ket

B4

Element Weight®oAtomic%o

4188 73.09
36.26 17.70
11.07 512
9.80 4.09

100.00

BS

[Element Weight%0 Atomic%0

1486 38.63
53.36 39.73
2038 14.39
1140 725

100.00

B6

ull Scale 21124 cts Cursor: 0.000

Element Weight%oAtomic%o

1391 36.66
5329 4022
27.90 19.96
4.90 316

100.00

Print ISSN: ISSN 2055-8112(Print); Online ISSN: ISSN 2055-8120(Online)

13



http://www.eajournals.org/

European Journal of Material Sciences
Vol.4, No.1, pp.1-25, April 2017

Published by European Centre for Research Training and Development UK (www.eajournals.org)

B7

[Element

ull Scale 21124 cts Cursor: 0.000

Weight %0 Atomic%o

49.65 77.82
31.99 1436
18.36 7.81

100.00

ket

C1

0 2 4
ull Scale 21124 cts Cursor: 0.000

Element Weight%o

Atomic%0

1322 36.02
5391 4207
3286 1191

100.00

ke

C2

[Element

g
ull Scale 21124 cts Cursor: 0.000

Weight%0Atomic%0

1570 40.81
49.50 36.85
296  2.08

31.84 2025

100.00

ket

C3

ull Scale 21124 cts Cursor; 0.000

Element Weight®0Atomic %o

2161 5029
46.62 31.08
8.41 5.32

2336 13.31

100.00

Print ISSN: ISSN 2055-8112(Print); Online ISSN: ISSN 2055-8120(Online)

14



http://www.eajournals.org/

European Journal of Material Sciences
Vol.4, No.1, pp.1-25, April 2017

Published by European Centre for Research Training and Development UK (www.eajournals.org)

[Element Weight %0 Atomic®o

18.38 45.04
49.61 34.82
1436 9.55

17.65 10.58

C4

100.00

0
ull Scale 21124 cts Cursor: 0.000

[Element Weight%oAtomic%

19.14  46.04
4970 3426
2114 1381
10,02 5.90

C5

100.00

ull Scale 21124 cts Cursor: 0.000 ke

Element Weight%oAtomic®o

2390 52.81
49.94 31.62
2403 1442
2.13 L15

C6

100.00

4 g
ull Scale 21124 cts Cursor: 0.000 ket

Element Weight%oAtomic®o

1497 3854
52.09 38.42
3295 123.03

100.00

C7

P 200 KV} X25000 0 2 4
ull Scale 21124 cts Cursor; 0.000

Print ISSN: ISSN 2055-8112(Print); Online ISSN: ISSN 2055-8120(Online)



http://www.eajournals.org/

European Journal of Material Sciences

Vol.4, No.1, pp.1-25

Published by European Centre for Research Training and Development UK (www.ea

, April 2017

journals.orq)

[Flement

D1

ull Scale 21124 cts Cursor: 0.000

Weight®0 Atomic %%

20.85 4943
46.96 31.89
3219 18.68

100.00

ket

D2

ull Scale 21124 cts Cursor: 0.000

Element Weight®0Atomic%o

1478 39.11
49.62 37.62
3.03

D3

:l 'f’J i

200 KV 1§ X25000.

ull Scale 21124 cts Cursor: 0.000

Element Weight®0Atomic %o

9.07  26.81
54.19 45.88
9.49 7.61

2725 19.70

100.00

D4

100 o

200 kV X25000

ull Scale 21124 cts Cursor: 0.000

13.70 36.63
52.11 3991
1530 11.10
1888 12.35

100.00

Print ISSN: ISSN 2055-8112(Print); Online ISSN: ISSN 2055-8120(Online)



http://www.eajournals.org/

European Journal of Material Sciences
Vol.4, No.1, pp.1-25, April 2017

Published by European Centre for Research Training and Development UK (www.eajournals.org)

13.16 3535
54.00 41.55
21.09 1538
11.75  7.72

D5

100.00

ull Scale 21124 cts Cursor: 0.000

Element Weight®0Atomic%o

ket

1325 3529
5551 42.36
2795 1021
.14

D6

ull Scale 21124 cts Cursor: 0.000

[Element Weight %0 Atomic®o

13.97 36.63
5402 41.24
3111 2214

otals 100.00

D7

ull Scale 21124 cts Cursor: 0.000

Element Weight%oAtomic®o

The EDX spectrum and quantitative results of Co,_, Zn,Fe,0, at different temperatures are
shown in Table (1). From EDX spectrum, the presence of Zn, Fe and O are observed with atomic
percentages for Co,_, ZnyFe,0, nanoparticles at different temperatures in Table (1). The EDX
analysis showed the absence of any impurities in Co;_4 Zn,Fe,0, nanoparticles at different
temperatures. Therefore, the EDX spectrum results proved the XRD results.

The Nano-Structure of the Cobalt Zinc Ferrite nanoparticles fabricated by Co-precipitation method
with change in Zn concentration & calcination parameter (at 100 °C, 300°C,600°C and 900°C),
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are investigated by HR-TEM. The table (1) shows images of the Co,_, ZnyFe, 0, nanoparticles at
different temperature, these images clear ones that the Co,_ Zn,Fe,0, nanoparticles at 100 °C
and 300°C take the spherical form with uniform size, but the calcination temperature increase for
Co;_x ZnyFe, 0, nanoparticles at 600°C occur change in shapes (spherical and Whiskers
combination form) with Zn concentration increase but TEM images at B6 & B7 are spherical form
only. The images of Co;_4 ZnyFe,0, nanoparticles at 900°C take the spherical form only with
uniform size. Therefore, the HR-TEM results proved the XRD results that appear the nanoparticle
size (grain size) is dependent on the Zn concentration and calcination temperature.

It is shown that the Co,_y Zn,Fe,0, nanoparticles at 100 °C and 300°C has a high degree of
agglomeration, but the Co,_, Zn,Fe,0, nanoparticles at 600 °C and 900°C has a low degree of
agglomeration caused by mutual interaction between particles which arises from some parameters
such as Vander-walls forces, capillary forces and electrostatic forces[31].

In general, the Co,_ Zn,Fe,0, nanoparticles at 100 °C, 300°C and 600°C the agglomeration
increase with Zn concentration increase, but it’s inverse in the Co,_4 ZnyFe,0, nanoparticles at
900 °C.

Magnetic properties:

Figure (3.11) shows the hysteresis loop of the Co;_yZn,Fe,0, nanoparticles at different
temperatures. A figure (3.12: 3.15) lists different parameters such as saturation magnetization
(Ms), remanent magnetization (Mr), the ratio of remanent magnetization to saturation
magnetization (Mr/Ms) and coercivity.

The saturation magnetization of the Co,_ Zn,Fe,0, nanoparticles at different temperatures is
shown in Figure 3.12 where show that the saturation magnetization increase with Zn concentration
decrease. This may due to Zn?* (with zero magnetic moment) replace ion on the tetrahedral A—
sites, causing the decrease of magnetic moment in the sublattice M,, resulting in the increase of
total magnetic moment according to Neel’s equation two sublattice model of ferrimagnetism, the
magnetic moment per formula unit in p;, ngN(x) is expressed as:

ngN(x) = Mp(X) - Ma(X)
Where Mgand M, are the B- and A- sublattice magnetic moment in prespectively.

Therefore, increase of calcination temperature for samples the saturation magnetization increases.
This may be because increase in the lattice parameter, the exchange interaction between A and B
sites gets higher resulting in strengthening of A-B interaction and weakening of B-B interaction
, Which leads to increase of saturation magnetization. The parameter Ms, Mr and Mr/Ms decrease
with increase in Zn concentration [32].
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There is positive relationship between grain size and coercivity (H.) in the single domain region
according to equation: H, = g — h/DZ , where g and h are constants and ‘D’ is the diameter of the
particle, this may be because the thermal effects. But the multi domain region there is inverse

relationship between grain size and coercivity H. according to equation: H, = a + b/D, where a
and b are constants [33, 34, 35,36]. So, the coercivity reduction with increase in Zn concentration
& the calcination temperature at 300 °C, 600°C and 900°C, which can be attributed to the reduce
in anisotropy field for all Samples , which in turn reduces the domain wall energy for C4 , this
refer to results which the Ms ,Mr, Mr/Ms and coercivity values reached.
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Figure 3.11: the hysteresis loop of the Co,_ Zn,Fe,0, nanoparticles at different temperatures.
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Figure 3.12: The saturation magnetization of the Co,_, Zn,Fe,0, nanoparticles at different

temperatures
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Figure 3.13: The saturation magnetization of the Co,_, ZnyFe, 0, nanoparticles at different

temperatures
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Figure 3.14: The saturation magnetization of the Co,_, Zn,Fe, 0, nanoparticles at different

temperatures
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Figure 3.15: The saturation magnetization of the Co,_, Zn,Fe, 0, nanoparticles at different
temperatures.

CONCLUSIONS

The conclusions can be drawn from study of Co,_Zn,Fe,0, nanoparticles at different
temperatures fabricated by Co-Precipitation method as following:

1. The crystallite size depend on the Zn concentration & the calcination temperature, where
the grain size increase with increasing calcination temperatures from 100 °C to 900°C and
its decreased with increasing Zn concentration at 100 °C, 300 °C, 600 °C and inverse trend
with 900 °C.

2. the lattice constant of the Co;_y Zn,Fe,0, nanoparticles is increased with increasing
calcination temperatures from 100 °C to 900°C and its increased with increasing Zn
concentration

3. The crystallinity of Co,_,ZnyFe,0, nanoparticles might be improved by increasing
calcination temperature.

4. HRTEM indicates a reliance of particle size and the shape on the Zn concentration & the
calcination temperatures. the Co;_, Zn,Fe,0, nanoparticles at 100 °C and 300°C has a
high degree of agglomeration, but the Co,_ Zn,Fe, 0, nanoparticles at 600 °C and 900°C
has a low degree of agglomeration.

5. The Co;_4Zn Fe,0, nanoparticles at 100 °C, 300°C and 600°C the agglomeration
increase with Zn concentration increase, but it’s inverse in the Co;_y ZnFe,0,
nanoparticles at 900 °C .
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6. The Co,_4ZnyFe,0, nanoparticles at 100 °C and 300°C take the spherical form with
uniform size, but the calcination temperature increase for Co,_ Zn,Fe,0, nanoparticles
at 600°C occur change in shapes (spherical and Whiskers combination form) with Zn
concentration increase but B6 & B7 are spherical form only. The Co;_y Zn,Fe,0,
nanoparticles at 900°C take the spherical form only with uniform size.

7. EDX analysis of the Co,_,ZnyFe,0, nanoparticles at confirms that the material is
composed of Co, Zn, O and Fe without any impurity

8. Hysteresis loop shows a reduction in corecivity with Zn concentration & the calcination
temperature for all samples to approximate super-paramagnetic behavior.

9. The C4 (Coys ZnysFe,0, at 600°C) is best sample in Magnetic &structure properties
where it’s super-paramagnetic behavior.

10. All laboratory results reveals that the Zn concentration & the calcination temperature play
a major role to change its structural and magnetic properties significantly.
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