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Abstract— In this work the Nano-magnetic materials (cobalt ferrite) with formula (CoFe2O4) as nono-powder was prepared from (Ferric 

Nitrite, Cobalt Nitrite and Citric Acid) by utilizing sol-gel auto combustion method, with different pH (3, 5, and 7), then the powder were 

calcined at different temperatures (300, 500, and 700)
o
C, and the samples sintered at different temperatures (1000, and 1100)

o
C. The 

strucral properties (X-Ray Diffraction [XRD], SEM, EDS, and AFM) of these samples were studied. All samples exhibit similar diffraction 

peaks which correspond to the cubic spinel lattic of CoFe2O4, the products contained spherical particles but to some extent aggregations 

were observed in each sample. The (SEM) images show that the average particles size decreases when the calcining temperatures 

increase, this occurs due to the temperature that affects only the radius of nanoparticles, except the samples with (pH = 5). It is clear that 

Co: Fe ratio is 1:2 indicating that the stoichiometric propotion is used, which lead to prove the Co: Fe ration is maintained. The images of 

(AFM) showed that a uniform structure without any valleys eas observed and all the particles are alined vertically due to the homogenously 

distribution of the ferrite particles. 

Index Terms— Cobalt ferrite, Nano-magnetic material, Sol-gel auto-combustion, Spinel ferrite structure. 

——————————      —————————— 

1 INTRODUCTION                                                                     

ERRITE nanoparticles are important magnetic materials 

due to their specific properties and the relationships be-

tween their magnetic properties and their crystal chemistry 

and structure, which lead to broaden their applications [1-

3].Various methods have been developed for the synthesis of 

nano ferrites, like sono- chemical reactions, sol-gel, microwave 

plasma, co precipitation, micro emulsion and chemical vapour 

deposition etc.  
Cobalt ferrite is an attractive material due to its 

unique optical, electronic, magnetic properties, excellent 

chemical stability, mechanical hardness, large anisotropy, high 

coercivity, high Currie temperature and high saturation mag-

netization [4, 5]. High coercivity gives cobalt ferrite potential 

in high-capacity magnetic storage, whereas high magnetic 

anisotropy forces the particles to relax through the Brownian 

mechanism, giving them potential applications as sensors [6]. 

Therefore, it is a promising choice for high density magnetic 

recording, Ferro fluids technology, bio-molecule separation, 

biomedical drug delivery, catalysis, magnetic resonance imag-

ing, biocompatible magnetic nano-particles for cancer treat-

ment and magneto-optical devices.  It is well known that 

magnetic properties depend also on the size, morphology and 

purity of ferrite particles. Therefore, the choice of preparation 

method plays key role in the observation of fine product with 

excellent properties. So that there are various methods to ob-

tain cobalt ferrite nanoparticles, such as mechanical, thermal 

decomposition, sol-gel method, chemical co-precipitation, 

mechanochemical processing, hydrothermal, sol-gel auto-

combustion, and microemulsion method [4]. 

The crystallite size is determined by utilizing the Scherrer' 

equation: 

 (1) 

where λ is the wavelength of  X-ray used, θ is the Bragg’s an-

gle, β is the full width at half maximum (FWHM) in radian. 

The X-ray density ( ρx  ) is calculated by using the formula: 

 (2) 

where (M )is the molecular weight of the samples, (N )is the 

Avogadro number, (a )is the lattice constant and( 8 )stands for 

the number of formula units in a unit cell. 

The lattice constant (a) is calculated using the relation: 

 (3) 

where (h, k, l) are the Miller indices of the crystal planes and( 

dhkl )is the inter planer spacing[7].  

 Zhenfa et al. [8]; prepared CoFe2O4 ferrite nanoparticles by a 

modified chemical co-precipitation route. Structural and mag-

netic properties were systematically investigated .X-ray dif-

fraction results showed that the sample was in single pure 

phase. The results of field-emission scanning electronic mi-

croscopy show that the grains appear spherical with diameters 

ranging from (20to 30) nm. The composition was determined 

by energy-dispersive spectroscopy with stoichiometry of 

CoFe2O4.  

VLAZAN, and VASILE [9]; prepared nano-crystalline parti-

cles of CoFe2O4 with a spinel structure by hydrothermal meth-

od. The synthesized nanoparticles were characterized by XRD, 

SEM, and AFM techniques. XRD analysis revealed a high de-

gree of crystallinity and also indicated that the diffraction 

peaks correspond to the cubic spinel structure. The morpholo-

gy of the obtained powders was studied by SEM technique; 

the obtained SEM images evidenced the presence of spherical 
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nanometric scale ferrite particles. The AFM data for CoFe2O4 

showed a uniform surface; the average grain size estimated 

from AFM data was ~ (40) nm.  

Sajjia et al. [10]; focused on the development of a method to 

make nano cobalt ferrite powder by using a sol-gel process. 

Several samples of cobalt ferrite powder were obtained by 

varying the initial parameters of the process in addition to the 

heat treatment temperature. X Ray Diffraction and Scanning 

Electron Microscopy (SEM) were used to identify the structure 

and morphology of samples demonstrating the influence of 

the initial parameters. The average particle size, as estimated 

for one sample by the Full Width at Half Maximum (FWHM) 

of the strongest X-Ray Diffraction (XRD) peak, was found to 

be about (45) nm.  

Madani et al. [11]; produced Cobalt ferrite (CoFe2O4) powders 

in nano crystalline sizes by a combination of sol-gel auto-

combustion and ultrasonic irradiation methods employing a 

mixture of urea, thiourea and glycine as the fuel with the cor-

responding metal nitrates. They showed the affecting of pH on 

the starting solution of the combustion process, so that an in-

crease in the pH value, the combustion rate is increased signif-

icantly, and then they determined the particle size of the syn-

thesized powder. The influence of the pH value on the gel au-

to-combustion and the phase composition of the synthesized 

powders have been studied with the help of Scanning Electron 

Microscopy (SEM) observations, Fourier Transform Infrared 

(FTIR) spectroscopy and X-Ray Diffraction (XRD) techniques. 

The synthesized powders had a particle size distribution in the 

range of (23-43) nm, and all the samples are single phase fer-

rites (CoFe2O4) with cubic spinel structures.  

Shinde [7]; obtained Cobalt ferrite nano-powders by sol-gel 

auto-combustion method using citric acid as a fuel. In this 

method metal nitrate to citric acid ratio was taken as (1:3). The 

structural characterization of cobalt ferrite nanoparticles was 

done by X-ray diffraction technique, and the micro-structural 

and morphological studies were carried out by scanning elec-

tron microscope technique and energy dispersive spectrum. 

The average crystallite size obtained by Scherrer’s formula is 

of the order of (34) nm, and the grain size and specific surface 

area of the cobalt ferrite nanoparticles was (34 nm and 55nm) 

respectively. 

Kumar et al. [12]; prepared the nano-crystalline CoFe2O4 by 

nitrate route at the sintering temperature of (300, 500, 700 and 

900) °C. The X-Ray Diffraction (XRD) patterns of all the sam-

ples showed the single phase spinel structure of nano-

particles. The crystallite sizes varied from (9 to 61) nm as the 

sintering temperature increases from (300 to 900) °C. 

2 THE EXPERIMENTAL WORK 

2.1 Materials 

Cobalt (II) nitrate [Co (No3)2.6H2O (hexahydrate) 97% puri-

ty, India], ferric (III) nitrate [(Fe (NO3)3.9H2O), 98% purity, In-

dia], citric acid [(C6H8O7.H2O), 99% purity, Iraq, Baghdad], 

distilled water and ammonia solution [(NH3), India]. 

2.2 Preparation method 

The stoichiometric amounts of cobalt (II) nitrate Co 

(No3)2.6H2O and ferric (III) nitrate (Fe (NO3)3.9H2O) with ratio 

1:2 were dissolved in distilled water under magnetic stirring. 

Then citric acid (C6H8O7.H2O) was dissolved in distilled water 

under magnetic stirring and it mixed in the metal nitrate solu-

tion to chalet Co2+ and Fe3+ ions in the solution. A small 

amount of ammonia was added drop-wise into the solution to 

stabilize the nitrate-citrate solution, and then the solution was 

heated to dryness on a hot plate without stirring until it be-

comes viscous and finally formed a very viscous gel when 

temperature becomes (85-95) oC. The temperature is further 

raised up to 115oC so that the ignition of the gel starts. The 

dried gel burnt completely in a self-propagating combustion 

manner to form a lose powder, that it occurs during at one 

hour.  Finally the as burnt powders were calcined in a furnace 

at different temperatures (300, 500,700) oC for 4 hrs with a 

heating rate of (10oC / min). After that the samples were sin-

tering at different temperatures (1000,1100)°C for (4)hours 

with raising rate (10 °C/min) by using furnace with type (Na-

bertherm) , to get the good samples for studying the proper-

ties.  

3 MEATUREMENTS 

The structural characterization was carried out by (X-

Ray Diffraction-meter system) type (ADX-2500) , Japan made 

to prove  the composition structure of the produced powder,  

phases analysis  was  done  by    X-Ray Diffraction  (XRD) uti-

lizing Cu-Kα  irradiation,  and  by wavelength  λ = 1.54060 Å. 

by  using  a device Scanning Electron Microscope (SEM) of  

(INSPECTS 50) of  the type (FEI customer ownership system 

SN:9922650,Germany) and then  was determining the  grain 

size  of the prepared powders , as  well as the  structural  and  

surface  morphology, also determined chemical  composition  

of the powder  prepared were focused out by using this device 

, and the average particle size for CoFe2O4 powder was deter-

mined by by Atomic Force Microscope  (Scanning Probe Mi-

croscope (SPM)with type (Angstrom Advanced Inc.,USA) .  

4 RESULT AND DISCUSSION (SRUCTURAL PROPERTIES) 

4.1 X-Ray Analysis (XRD) 

The XRD patterns of cobalt ferrite (CoFe2O4) nano-particles 

powder  , prepared by this method with different pH , cal-

cined and sintered at different temperatures are shown in Figs 

(1, 2, 3, 4, 5, 6, 7, 8and 9).  
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Fig. 1. X-ray diffraction pattern for CoFe2O4 nanoparticles at pH 
= 3, at different calcining temperatures.  

 

 

Fig. 2. X-ray diffraction pattern for CoFe2O4 nanoparticles at pH 
= 5, at different calcining temperatures.  

 

 

Fig. 3. X-ray diffraction pattern for CoFe2O4 nanoparticles at pH 
= 7, at different calcining temperatures.  

 

 

Fig. 4. X-ray diffraction pattern for CoFe2O4 nanoparticles at pH 
= 3, Ts = 1000

o
C, at different calcining temperatures.  
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Fig. 5. X-ray diffraction pattern for CoFe2O4 nanoparticles at pH 
= 5, Ts = 1000

o
C, at different calcining temperatures.  

 

 

Fig. 6. X-ray diffraction pattern for CoFe2O4 nanoparticles at pH 
= 7, Ts = 1000

o
C, at different calcining temperatures.  

 

 

Fig. 7. X-ray diffraction pattern for CoFe2O4 nanoparticles at pH 
= 3, Ts = 1100

o
C, at different calcining temperatures.  

 

 

Fig. 9. X-ray diffraction pattern for CoFe2O4 nanoparticles at pH 
= 5, Ts = 1100

o
C, at different calcining temperatures.  
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All samples exhibit similar diffraction peaks which 

correspond to the cubic spinel lattice of CoFe2O4 (JCPDS Card 

No. 22-1086),from these diffraction patterns it is clear that 

many peaks with miller indices (h k l) are(111),  (220 ), 

(311),(222),(400),(422),(511) , (440)and (622), with  2θ=(18.288, 

30.084,35.437,37. 057,43.058 , 56.973and 75.009) all these peaks 

are indexed  to the cubic spinel lattice, and the strongest peak 

was observed on (311) plane. The sharp diffraction peaks in 

above patterns indicate the appearance of the nano-crystals. 

Further the XRD patterns consist of fairly broad but still re-

solved peaks which were superimposed on slightly various 

intensity.   Moreover, the peaks broadening points to the very 

small crystallite size and predict to nano-structured character 

of prepared material [4, 5, and 13].Also we can see from these 

patterns , that the intensities of the strongest  peak (311) in-

crease  with increasing the calcining temperatures of the pow-

der that was prepared at temperature (115) oC and reach the 

maximum value at calcining temperature(700) oC, this work 

agrees with powders with pH (3,7) and different the powder 

with pH(5) ,that indicates the crystallinity of the sample is im-

proved. 

Also from the (XRD) patterns we note that it is clear 

that peaks become sharper with the increasing in sintering 

temperature. This suggests that as the sintering temperature 

increases the crystallite size also increasing, because the sinter-

ing process generally decreases lattice defects and shrinkage, 

but this technique can cause the coalescence of smaller grains, 

resulting in an increased average grain size for the nanoparti-

cles.        Finally, we show that the reflection planes of all sam-

ples which confirm on the presence of cobalt ferrite with a 

face-centered cubic structure. Also the results show that, as the 

calcination temperature increases, the diffraction peaks be-

come sharper and narrower, and their intensity increasing. 

This indicates intensification in crystallinity that originates 

from the increment of crystalline volume ratio due to the par-

ticle size enlargement of the nuclei [14-17]. 

The crystallite size (D) was determined by using the 

Scherrer ,s formula of the  (311) plane of the prepared powder 

with different pH , calcined and sintered at different tempera-

tures, also the X- ray density (ρx) and lattice constant (a) of 

these samples for the same peak  and for different pH were 

calculated  by using the equations (1,2 and 3 respectively) and 

as listed in Table (1, 2, 3) ,since this crystallographic  plane 

exhibits the maximum diffraction intensity, these values of 

lattice constant (a)are close to the bulk of CoFe2O4(8.395) [2,4, 

18]. 

Table (1) showed that the crystallite size (D) and the 

lattice constant (a) increased as the temperature increased, 

while X- ray density (ρx )  decreases when the temperatures 

increasing ,this work is compatible with samples with pH (3,7) 

,but this behavior  is different at pH (5),that occurs due to par-

ticle sizes decrease when the temperatures increasing that  is 

the temperature  affects only the radius of the nanoparti-

cles[19]. 
 

TABLE 1 

 

Values of crystallite size (D), the lattice constant (a) and X- ray density (ρx) of 

prepared powder of cobalt ferrite (CoFe2O4) which calcined at different tem-

peratures, for plane (311) for different pH. 

 

Fig. 10. X-ray diffraction pattern for CoFe2O4 nanoparticles at pH 
= 7, Ts = 1100

o
C, at different calcining temperatures.  
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From above tables(1, 2) be observed that the crystal-

lite size(D) and the lattice factor (a) increased as the calcining 

temperature increases, while X- ray density (ρx )  decreases 

when the calcining  temperatures increasing , this explanation 

is compatible to samples with pH (3,7) ,but this behavior  is 

different at pH (5),  that occurs due to particles sizes decreases 

when the temperatures increasing that the temperature affects  

only the radius of the nanoparticles[19].while table (3) showed 

that the crystallite volume (D) and the lattice factor (a) increase 

the temperature increases, while X- ray density (ρx )  decreases 

when the temperatures increases, except the samples  with pH 

(7) which show the crystallite size (D) and the lattice constant 

(a) decrease as the temperature increases, while X- ray density 

(ρx )  stay constant when the temperatures increases,  because  

of particle sizes decreasing when the temperatures increasing, 

due to  temperature affects only the radius of the nanoparti-

cles[19]. 

4.2 SEM 

Figs (10, 11, and 12) shows the scanning electron micro-

graphs of cobalt ferrite (CoFe2O4) nanoparticles powder, which 

was prepared by this method, with different pH, calcined at 

different temperatures. From these images we can observe , 

that the cobalt ferrite (CoFe2O4) nanoparticles  powder  has 

average sizes of nano-particles of about (119,111,99,97)nm of 

(pH =3) at calcined temperatures (300,500,700) o C respectively, 

and for( pH=5) the average sizes are (81,84,79,89)nm  at cal-

cined temperatures (300,500,700) o C respectively, finally for 

(pH=7) the average sizes are(77,50,34,23)  nm  at calcined tem-

peratures (300,500,700) o C respectively. These values of the 

(SEM) results are in agreement with those calculated by Scher-

rer's equation and with (AFM) measurements. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

TABLE 2 

 

Values of crystallite size (D), the lattice constant (a) and X- ray density (ρx) of 

powder of cobalt ferrite (CoFe2O4) prepared which, calcined at different tem-

peratures, for plane (311) for different pH, Ts(1000) o C. 

TABLE 3 

 

Values of crystallite size (D), the lattice constant (a) and X- ray density (ρx) of 

prepared powder of cobalt ferrite (CoFe2O4), calcined at different temperatures, 

for plane (311) for different pH , Ts(1100) o C. 

 
(a) 

 
(b) 

 
(c) 
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(d) 

Fig. 10. Scanning electron micrograph of CoFe2O4 nanoparti-
cles, pH = 3, at different calcining temperatures. 

 

 

(a) 

 

(b) 

 

(c) 

 

 

(d) 

Fig. 11. Scanning electron micrograph of CoFe2O4 nanoparticles, 
pH = 5, at different calcining temperatures. 

 

 

(a) 

 

(b) 

 

(c) 
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Figs (13, 14, and 15) show the scanning electron mi-

croscope of samples which were made from cobalt ferrite 

(CoFe2O4) nanoparticle powder, which was prepared by sol-

gel auto-combustion method, with different pH, calcined at 

different temperatures and sintering temperature (1000) o C. 

From these images we can observe, that the samples have av-

erage sizes of nano-particles of about (111,108, 97,96) nm of 

(pH =3) at calcined temperatures (300,500,700) o C respectively, 

and for ( pH=5) the average sizes are (23,94,87,101) nm cal-

cined temperatures (300,500,700) o C respectively, finally for 

(pH=7) the average sizes are (75,48,32,22)  nm  at calcined 

temperatures (300,500,700) o C respectively. These values of the 

(SEM) results are in agreement with those calculated by Scher-

rer's equation and with (AFM) measurements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

(d) 

Fig. 12. Scanning electron micrograph of CoFe2O4 nanoparti-
cles, pH = 7, at different calcining temperatures. 

 

 
(a) 

 
(b) 

 

 

(c) 

 

(d) 

Fig. 13. Scanning electron micrograph of CoFe2O4 nanoparti-
cles, pH = 3, Ts = 1000

o
C, at different calcining temperatures. 

 

 

(a) 

 

(b) 
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Figs (16, 17, 18) show the scanning electron micro-

scope of  samples which made from cobalt ferrite (CoFe2O4) 

nanoparticles  powder  , prepared  by sol-gel auto-combustion 

method, with different pH, calcined at different temperatures 

and sintered temperature at (1100) o C. From these images we 

can observe, that the samples have average sizes of nano-

particles of about (98,95,125,80) nm of (pH =3) at calcined tem-

peratures (115,300,500,700) o C respectively, and for( pH=5) the 

average sizes are (102,102,108,119)nm calcined at temperatures 

(115,300,500,700) o C respectively, finally for (pH=7) the aver-

age sizes are(119,70,45,36,20)  nm  at calcined temperatures 

(115,300,500,700) o C respectively.These values of the (SEM) 

results are in agreement with those calculated by Scherrer's 

equation and with (AFM) measurements. 

 

 

 

 

 

 

 

 

 

  
  

 

 

(c) 

 

(d) 

Fig. 14. Scanning electron micrograph of CoFe2O4 nanoparti-
cles, pH = 5, Ts = 1000

o
C, at different calcining temperatures. 

 

 

(a) 

 

(b) 

 

 

(c) 

 
(d) 

Fig. 15. Scanning electron micrograph of CoFe2O4 nanoparti-
cles, pH = 7, Ts = 1000

o
C, at different calcining temperatures. 

 

 
(a) 

. 
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(b) 

 

(c) 

 

(d) 

Fig. 16. Scanning electron micrograph of CoFe2O4 nanoparti-
cles, pH = 3, Ts = 1100

o
C, at different calcining temperatures. 

 

 

(a) 

. 

 

 

(b) 

 

(c) 

 

(d) 

Fig. 17. Scanning electron micrograph of CoFe2O4 nanoparti-
cles, pH = 5, Ts = 1100

o
C, at different calcining temperatures. 

 

 

(a) 

. 
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The products contained spherical particles but to 

some extent aggregations were observed in each sample. 

CoFe2O4 nanoparticles prepared in this method have uniform, 

mono- dispersive spherical structure with a narrow size dis-

tribution of particles   , coral like structural morphology, fea-

tures indicative of nano crystalline nature, with pores, the po-

rous feature of agglomerate is attributed to the liberation of a 

large amount of gas during the combustion, and also we ob-

served that there is agglomeration among the particles, which 

are associated to the magnetization of ferrite. The (SEM) imag-

es show that the average particles size decreases when the 

calcining temperatures increase, this occurs due to the tem-

perature that affects only the radius of the nanoparticles, ex-

cept  the samples with( pH=5)[ 4,5,20]. 

We also observed from all figures that the  the sample 

without calcining process has a loosely bound powderly mass 

with lot of voids visible ,while when we are calcined samples 

,there is a chang into more cohesive ,dense and crystalline 

compound ,and when we increaseing  the  calcining 

temperature lead that to form uniform compound with 

adefinite crystalline strucure evident from the material and 

also are showed a highly dense , uniform size and is 

distriubed cobalt ferrite (CoFe2O4 )with well defined grain 

boundary .The cubic lattice of the spinel and continuous 

bonding between groups are cleary visible at higher 

magnification.Also we observed that when the sintering 

temperature increasing the average grain size decreasing 

except the samples with pH(5). 

4.3 EDS Test 

The Energy Dispersive Spectroscope (EDS) is used to 

confirm the ratio of the transition metal atom in each material 

according to the nominal stoichiometry, and is used to deter-

mine nanoparticles.  

The spectrum of cobalt ferrite (CoFe2O4) nano-particles pow-

der was prepared by this method, with different pH, calcined 

at different temperatures of is shown in Fig. (19).At the same 

time this figure is identical to the samples which were made 

from cobalt ferrite (CoFe2O4) nanoparticle  powder  , prepared 

by using nanoparticles powder, which was prepared by the 

same method, with different pH , calcined at different temper-

atures and sintered at different temperatures.    
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

From this figure it is clear that Co: Fe ratio is 1:2 indi-

cates that the stoichiometric proportion is used that leads to 

prove the Co: Fe ratio maintains entire calcined sample. These 

results revealed the sustained spinel structure of the CoFe2O4 

crystal at low calcinations temperature.  As can be seen, the 

prepared material contains cobalt, iron, and oxygen, carbon 

are present in prepared material as common organic pollution 

[21].  

 

(b) 

 

(c) 

 

(d) 

Fig. 18. Scanning electron micrograph of CoFe2O4 nanoparti-
cles, pH = 7, Ts = 1100

o
C, at different calcining temperatures. 

 
 

Fig. 19. EDS Spectrum of nanoparticles powder and samples of 
cobalt ferrite (CoFe2O4), which prepared by sol-gel auto-
combustion method, pH (3, 5, and 7), which calcined at different 
temperatures, Ts = (1000, and 1100)

o
C. 
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Also Table (4) shows the composition of nanoparticles 

powder and samples of cobalt ferrite (CoFe2O4), which pre-

pared by this method, with different pH, calcined and sintered 

at different temperatures observed by the EDS spectrum. The-

se results revealed the sustained spinel structure of cobalt fer-

rite (CoFe2O4) nanoparticles powder, is prepared by this meth-

od [4, 19]. 

4.4 AFM Test 

The particle size, surface roughness average and the 

surface morphology of the prepared material were determined 

by using Atomic Force Microscope (AFM).The (AFM) images 

of surface morphology for the cobalt ferrite (CoFe2O4) nano-

particles powder, prepared by this method with different pH, 

at different calcining, sintering temperatures are shown in Figs 

(20, 21, 22, 23, 24, 25, 26, 27, 28) respectively: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE 4 

 

Composition of nanoparticles  powder and samples of cobalt ferrite (CoFe2O4)  

,which was prepared  by sol-gel auto-combustion method , pH(3,5,7),which 

was calcined at different temperatures, Ts(1000,1100) o C obtained by the EDS 

spectrum. 

 
(a) 

 
(b) 

 

 

(c) 

 
(d) 

Fig. 20. AFM image: the 3D view of the cobalt spinel ferrite na-
noparticles, pH = 3, at different calcining temperatures. 

 

 

(a) 
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(c) 

 
(d) 

Fig. 21. AFM image: the 3D view of the cobalt spinel ferrite na-
noparticles, pH = 5, at different calcining temperatures. 

 

 

(a) 

 

(b) 

 

 

(c) 

 
(d) 

Fig. 22. AFM image: the 3D view of the cobalt spinel ferrite na-
noparticles, pH = 7, at different calcining temperatures. 
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(c) 

 
(d) 

Fig. 23. AFM image: the 3D view of the cobalt spinel ferrite na-
noparticles, pH = 3, Ts = 1000

o
C, at different calcining tempera-

tures. 

 

 

(a) 

 

(b) 

 

(c) 

 
(d) 

Fig. 24. AFM image: the 3D view of the cobalt spinel ferrite na-
noparticles, pH = 5, Ts = 1000

o
C, at different calcining tempera-

tures. 
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(c) 

 
(d) 

Fig. 25. AFM image: the 3D view of the cobalt spinel ferrite na-
noparticles, pH = 7, Ts = 1000

o
C, at different calcining tempera-

tures. 

 

 

(a) 

 

(b) 

 

(c) 

 
(d) 

Fig. 26. AFM image: the 3D view of the cobalt spinel ferrite na-
noparticles, pH = 3, Ts = 1100

o
C, at different calcining tempera-

tures. 
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In these images it is clear that a uniform structure 

without any valleys is observed and all the particles are al-

iened vertically due to the homogenously distribution of the 

ferrite particles [9, 22]. 

The averages diameter of particle size, roughness av-

erages of cobalt ferrite (CoFe2O4) nanoparticles powder, are 

shown in table (5, 6, 7). 

TABLE 5 

 
Effect of calcining temperature and pH on, the averages diameter of particle 

size, roughness averages prepared with different pH, at different calcining 

temperatures. 

 

(c) 

 
(d) 

Fig. 27. AFM image: the 3D view of the cobalt spinel ferrite na-
noparticles, pH = 5, Ts = 1100

o
C, at different calcining tempera-

tures. 

 

 

(a) 

 

(b) 

 

(c) 

 
(d) 

Fig. 28. AFM image: the 3D view of the cobalt spinel ferrite na-
noparticles, pH = 7, Ts = 1100

o
C, at different calcining tempera-

tures. 
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From  these tables it be observed that the averages di-

ameter of particle size, roughness average of  samples pre-

pared  from Cobalt Ferrite (CoFe2O4) with  different pH ,at 

different calcining temperatures ,at different sintering temper-

atures, decreases when the temperatures increases.  

That occurs due to particle size decreases when the 

temperatures increase, the temperature affects only the radius 

of the nanoparticles, this behavior agrees with samples with 

pH (3,7) and discrepancy on samples with pH (5) and the 

good values we obtained of samples with pH (7),at sintering 

temperature  (1100) o C . 

It can also be observed that the samples sintered at 

temperature (1100) o C have the values of average diameter of 

particle size and roughness average lower than these samples 

without sintering, and the samples sintered at (1000) o C, that 

occurs due to particles size decreases when the temperature 

increasing, this occurs because the temperature affects only 

the radius of nanoparticles [19]. 

5 CONCLUSION 

In this work Cobalt ferrite nanoparticles powder have been 

successfully synthesized at a sufficiently low temperature by 

sol- gel auto combustion technique. The crystallite volume (D) 

and the lattice factor (a) rise as the temperature rise, while X- 

ray density (ρx)  decreases when the temperatures increase 

,this word is compatible on samples with pH (3,7) ,but this 

behavior  is different at pH (5).As the sintering temperature 

increases the crystallite size also increases, due to the sintering 

process generally decreases lattice defects and shrinkage, but 

this technique can cause the coalescence of smaller grains, re-

sulting in an increased average grain size for the nanoparti-

cles.  The (SEM) results are agreed with those calculated by 

Scherrer's equation and with (AFM) measurements. It is clear 

that Co: Fe ratio is 1:2 indicating that the stoichiometric pro-

portion is used, which lead to prove the Co: Fe ratio is main-

tained. Finally, the images of (AFM) showed that a uniform 

structure without any valleys was observed and all the parti-

cles are aliened vertically due to the homogenously distribu-

tion of the ferrite particles. 
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