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ABSTRACT

Cobalt ferrite nano-powder have been obtained through a hydrothermal method with 2:1 molar ratio of Fe:Co 
without using any surfactant. X-Ray Diffraction (XRD) and Scanning Electron Microscopy (SEM) were used to 
consider the structural and morphological properties of CoFe2O4 nano-particles. Also, EDAX spectroscopy applied 
to evaluate the chemical composition. Results demonstrated that 15 hr hydrothermal processing was enough. In 
the hydrothermal period of reaction more than 15 hr (21 hr) Fe2O3 sub-phase was identified which this could be due 
to instability of CoFe2O4 at supercritical condition. The average particle size and the percentage of crystallinity for 
single phase sample were calculated 34.7 nm and 98%, respectively.
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In the Last decades, synthesis of bimetallic spinel  
ferrites has attracted attention [1]. Among this mag-
netic materials, cobalt ferrite with high coercivity, high 
magnetocrystalline anisotropy, large magneto-optical 
coefficient [2], moderate saturation magnetization, 
high chemical stability [3], supported wide range of ap-
plications. From spinel ferrites, CoF2O4, MnFe2O4 and 
NiFe2O4 have been investigated as potential T2 “con-
trast agents [4]”. Magnetic properties of CoFe2O4 sub-
jected this to be applied in magnetic resonance imag-
ining (MRI) as contrast agents [5]. In additional, the 
ferrites were shown a good photo catalytic activity in 

UV-Visible range and antimicrobial activity in combi-
nation with other metals such as Ag. Cobalt ferrite was 
shown effective reduction of CO2 to methanol [6].

Various synthesis methods have been developed to 
produce ferrite nano-particles such as Solvothermal 
[7-10], Microwave [11, 12], Coprecipitation [13, 14], 
Hydrolysis [15], Complexometery [16], Liquid-phase 
method [17], and Auto-combustion [18-20]. Among 
these methods, hydrothermal synthesis requires neither 
sophisticated processing nor high processing tempera-
ture [10]. 

The main purpose of this work was to investigate a 
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simple hydrothermal route to produce a good crystal-
line, small size and uniform shape cobalt ferrite na-
no-particle without using any surfactant, stabilizer or 
capping agents as additive or high pressure and tem-
perature conditions. 

This method is very attractive for higher scale 
and continuous product [21, 22]. In this work, fine  
CoFe2O4 nano-particles have been synthesized with a 
simple hydrothermal technique. Characterization of 
nano-particles showed decomposition of CoFe2O4 to 
sub-phases after 21 hr reaction time.

2. EXPERIMENTAL 

2.1. Materials
Iron (III) nitrate nona-hydrate (Merck 99-101%),  
cobalt (II) nitrate hexa-hydrate (Merck 99%) and  
Sodium hydroxide (NaOH) used as chemical agents. 
All solutions prepared with deionized water. 

2.2. Synthesize of CoFe2O4

Nano-particles synthesis without any surfactant or 
need to pressure monitoring carried out as follow: 
cobalt and iron solutions prepared by dissolving 
of 1.21 g cobalt nitrate in 250 mL deionized water 
and 3.36 g iron nitrate in 250 mL deionized water, 
respectively. 500 mL of NaOH (4M) used as pre-
cipitant agent and based on the nucleation theory  
[23, 24], pH maintained above 11.5 with an aqueous 
4 M solution of NaOH. Metal solutions were mixed 
and immediately added to the boiling NaOH solu-
tion under stirring. The solution mixed and heated for  

4 hours at 80 ºC and then transferred to a simple auto-
clave, sealed and heated for 15 and 21 hours at 180 ºC. 
After hydrothermal reaction time, autoclave took out 
and remained until cooled to room temperature. Solid 
product collected on a filter and washed with absolute 
ethanol and water several times to remove any unre-
acted materials. Obtained powders prepared by 15 and 
21 hr hydrothermal reaction dried with an electrical 
oven at 80 ºC for 4 hours and then calcined in 600 ºC 
for 2 hours and were denoted as S1 and S2, respec-
tively.

2.3. Characterization process
X-ray diffraction (XRD) pattern was recorded by a 
“Philips X’pert”, using Cu Kα radiation at 40 kv and 
30 mA. A “Philips XL-30” scanning electron micro-
scope was used to characterize the morphologies and 
microstructures of the samples.

3. RESULTS AND DISCUSSION

X-ray powder diffraction patterns of calcined na-
no-powders have been shown in Figure 1. All the 
peaks in plot of S1 were well matched with JCPDS 
(No. 22-1086) card, so this sample was single phase 
and only contain CoFe2O4 as shown in Figure 1-S1. 
The unmatched peaks seen in S2 X-ray plot (Figure 
1-S2) return to Fe2O3 presents as sub-phase. The av-
erage crystallite sizes calculated by using Scherrer’s  
formula (Eq. 1) from 2theta positions from 20 to 80:

(Eq. 1)

S2S1

Figure 1: X-ray diffraction pattern of CoFe2O4 synthesized in 15 hr hydrothermal (S1) and in 21 hr hydrothermal 

(S2) (black Circle (Å) means CoF2O4 phase and black triangle (p) means Fe2O3 sub-phase).

d 0.9 / cos= λ β θ



59

Sadr Manuchehri Q & Assi N                         Int. J. Bio-Inorg. Hybd. Nanomat., Vol. 3, No. 1 (2014), 57-60

Where d is the grain size, β is half-intensity width of 
the relevant diffraction; λ is X-ray wavelength and θ is 
the diffraction angle. 

The increase of particle size by increasing reaction 
time was obtained and approved by calculation from 
X-ray data and shows good crystalline percent about 
98% for S1 from ratio of net area to total area. 

Appearing a shift (from standard peaks) to the right 
position is clearly visible in both spectra. That’s prob-
ably corresponded to a decrease in lattice parameter 
due to occurrence of some strain or elimination of 
some lattice defects and strains [25]. For investigation 
of this guess the lattice parameters were calculated by 
Brag’s formula (Eq. 2) and report in Table 1.

(Eq. 2)

Where h, k, and l is Miller indices and a is the lattice 
parameter.

As seen from calculated data, lattice parameters 
were in good agreement with 8.39 Å, lattice param-
eters for bulk CoFe2O4, but in review of some same 
literatures [26] that no-one faced with this shift phe-
nomena in their XRD plots. At last, also equipment 
error’s factor may be involved in this case.

Peak intensity decrease seen in Figure 1-S1. It seems 
in contrast with increasing in crystallinity in sample 

S1 reported in Table 1 but considering the presents of 
sub-phase justified. 

Yanez-Vilar et al. [8] reports the synthesis of sin-
gle phase CoFe2O4 in solvothermal conditions (by  
hexanole and benzyl alcohol) in 180 °C for 24 and 
48 hours. Also Zaho and coworkers [10], studied the 
reaction time (from 10 to 360 min) and concluded that 
in hydrothermal method, period of reaction has little 
influence on the size and morphology of particles but 
any data presented in their paper prove this claim. In 
this work we observed that if reaction time increases to 
21 h, the sub-phase Fe2O3 is formed. This means that  
CoFe2O4 prepared in in the hydrothermal procedure 
(15 hour) is unstable and decompose to Fe2O3. Co2+ 
ions in qualitative analysis have not been observed be-
cause this ion in washing step with water and alcohol 
is dissolved and removed from the product. Presents 
of Co and Fe confirm by EDAX data series that ab-
stracted in Table 2. The SEM images of S1 and S2 pre-
sented in Figures 2 and 3, respectively. Both sample 
images shows the uniform spherical morphology. The 
value of particle size obtained from SEM images for 
S1 and S2 samples are 29 and 34 nm, respectively, 
which this result confirms the crystallite size calcu-
lated from X-ray peaks by Scherrer’s equation. The 
SEM images for both samples shows that the particles 

2 2 2 1/ 2a (h k l )= + +

S. Composition
Crystalline 
structure

Mean particle 
size of 

CoFe2O4 (nm)

Crystalline 
percent of 

CoFe2O4 (%)

Lattice 
parameter (Å)

Unit cell 
volume (Å)3

S1 CoFe2O4 Cubic spinel 14 98 8.36 583.27

S2
CoFe2O4 Cubic spinel 22 86.07 8.35 585.18

Fe2O3 Rhombohedral Not calculated Not calculated Not calculated Not calculated

Table 1: Qualitative and quantitative extracted data from X-ray diffraction.

S. Element Wt (%) At (%)

S1
FeK
CoK

62.00
38.00

63.26
36.74

S2
FeK
CoK

61.72
38.28

62.98
37.02

Table 2: EDAX ZAF (Standard less) Element Normal-
ized for S1 and S2.

Figure 2: SEM imagining of S1 (15 hr hydrothermal sample).
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dispersed uniformly, but agglomerated to some extent 
due to the interaction between magnetic nanoparticles.

4. CONCLUSIONS

Cobalt ferrite nano-particles were produced suc-
cessfully with hydrothermal route using the sodium  
hydroxide as precipitant agent. Results could be drawn 
as follows: X-ray pattern’s shows the presents of the 
sub-phase in 21 hr hydrothermal processing. We guess 
that obtained CoFe2O4 after 15 hr hydrothermal con-
dition was instable and a slight disintegrate to Fe2O3 
carried out. The obtained CoFe2O4 nano-particles in 
15 and 21 hours hydrothermal process, was fine in size 
about 14 and 22 nm for main phase, respectively.

REFERENCES

1. Liu C., Rondinone A.J., Zhang Z.J., Pure Appl. 
Chem., 72 (2000), 37. 

2. Gyrgyek S., Makovec D., Kodre A., Arcon I., Jagodic 
M., Drofenik M., J Nanopart Res., 12 (2010), 1263.

3. Cabuil V., Dupuis V., Talbot D., Neceu S., J. 
Magn. Magn. Mater., 323 (2011), 1238.

4. Terreno E., Castelli D.D., Viale A, Aime S., Chem. 
Rev., 110 (2010), 3019.

5. Joshi H.M., Lin Y.P., Aslam M., Prasad P.V., 
Schultz-Sikma E.A., Edelman R., Meade T., Drav-
id V.P., J. Phys. Chem. C, 113 (2009), 17761.

6. Casbeer E., Sharma V.K., Li X.Z., Sep. Purif. 
Technol., 87 (2012), 1.

7. Repko A., Niznansky D., Poltierova-Vejpravova 
J., J. Nanopart. Res., 13 (2011), 5021.

8. Yanez-Vilar S., Sanchez-And ujar M., Gomez-

Aguirre C., Mira J., Senarıs-Rodrıguez M.A., 
Castro-Garcıa, S., J. Solid State Chem., 182 
(2009), 2685. 

9. Zhao L., Zang H., Xing Y., Song Sh., Yu Sh., Shi 
W., Guo X., Yang J., Lei Y., Cao F., J. Solid State 
Chem., 181 (2008), 245.

10. Zhao D., Wu X., Guan H., Han E., J. Super. Crit. 
Fluid, 42 (2007), 226.

11. Sadr Manuchehri Q., Bakhtiari H., Assi, N., Int. J. 
Bio-Inorg. Hybd. Nanomat. 2 (2013), 423. 

12. Khorrami S.A., Sadr Manuchehri Q., Sadeghipour 
S., Int. J. Bio-Inorg. Hybd. Nanomat. 1 (2012), 193. 

13. Il Kim Y., Kim D., Sub Lee, Ch., Physica B, 337 
(2003), 42.

14. Rostamzadehmansour S., Seyedsadjadi M., Meh-
rani K., Int. J. Bio-Inorg. Hybd. Nanomat., 2 
(2013), 271.

15. Konishi Y., Nomura T., Mizoe K., Nakata K.,  
Mater. T., 45 (2004), 81.

16. Thang P.D., Rijnders G., Blank D.H.A., J. Magn. 
Magn. Mater. 295 (2005), 251.

17. Sinko K., Manek E., Meiszterics A., Havancsak 
K., Vainio U., Peterlik H., J. Nanopart. Res., 14 
(2012) 894.

18. Bhame S.D., Joy P.A., Sensor. Actuator. A: Phys., 
137 (2007), 256.

19. Kurtan U., Topkaya R., Baykal A., Toprak M.S., 
Ceram. Int., 39 (2013), 6551.

20. Khandekar M.S., Kambale R.C., Patil J.Y., Kole-
kar Y.D., Suryavanashi S.S., J. Alloy. Compd., 509 
(2011), 1861.

21. Cote L.J., Teja A.S., Wilkinson A.P., Zhang Z.J., 
Fluid Phase Equilibria, 210 (2003), 307.

22. Aimable A., Muhr H., Gentric C., Bernard F., Cras 
F.L., Aymes D., Powder Technol., 190 (2009) 99.

23. Abedini Khorami S, Sadr Manuchehri Q., J. Appl. 
Chem. Res., 7 (2013) 15.

24. Maaz K., Karim S., Mashiattullah A., Liu J., Hou 
M.D., Sun Y.M., DuanJ.L., Yao H.J., Mo D., Chen 
Y.F., Physica B, 404 (2009) 3947.

25. Makinson J.D., Lee J.S., Magner S.H., De Angelis 
R.J., Weins W.N., Hieronymus, Adv. X Ray Anal., 
42 (2000), 407.

26. Wan J.G., Wang X.W., Wu Y.J., Zeng M., Wang 
Y., Jiang H., Zhou W.Q., Wang G.H., Liu J.M., 
Appl. Phys. Lett., 86 (2005), 122501.

Figure 3: SEM imagining of S2 (21 hr hydrothermal sample).


