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Co/Al nano-composite was prepared by combustion method. The structural properties of the final 

products such as crystallite size, lattice constant, unit cell volume, X-ray density, cation distribution of 

were determined by X-ray diffraction (XRD) and infrared (IR) techniques. The microstructure and the 

surface concentration of elements were studied by Scanning electron micrographs (SEM) and Energy 

dispersive X-ray (EDX) techniques. The results revealed that this method brought about the formation 

of well crystalline cobalt aluminates (CoAl2O4) with spinel structure.  The increase in the cobalt 

content resulted in formation of CoO/CoAl2O4 nano- composite with subsequent increase in the 

crystallinity of CoAl2O4 phase. However, the as synthesized powders were spongy and fragile. 
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1. INTRODUCTION 

              Aluminates are chemical compounds consisting of ceramic materials based upon aluminum 

oxide as principal component. The materials based on the aluminates are potential candidates for 

modern technological applications due to their unique potential application in high density magnetic 

recording, microwave devices, magnetic fluids, heterogeneous catalysis and absorbent materials [1, 2]. 

Most of the ceramic dyeing materials used in pigment industries are of transition metal oxides with the 

spinel structure having high surface area, thermal stability and chemical resistance [3]. Cobalt 
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aluminates, CoAl2O4, is regarded as an important candidate of the normal spinel aluminates family 

with aluminum in octahedral sites and cobalt in tetrahedral ones [4].  

             CoAl2O4 powders are often prepared by the traditional method via the heat treatment for a 

mixture of the corresponding oxides [4]. Conventional preparation of aluminates requires a number of 

stages, including homogenization of the powder precursors, compaction of the reactants, and finally 

prolonged heat treatment at considerably elevated temperatures. Several methods are conventionally 

used for the synthesis of nano-sized CoAl2O4 spinel such as chemical co-precipitation, sol–gel, 

polymeric precursor and hydrothermal treatment [5-9].  

            Preparation of spinel materials were prepared by glycine assisted combustion route [10- 12]. 

This route has the advantage over other low-temperature methods in the sense that, one will get 

batches of bigger yield in a short time period. Combustion synthesis is a particularly simple, safe and 

rapid fabrication process, wherein the main advantages are energy and time savings. This quick, 

straightforward process can be used to synthesize homogeneous, high-purity, crystalline oxide ceramic 

powders including nano-sized cobalt aluminate powders with a broad range of particle sizes. 

            In the current study, we aim to prepare CoO/Al2O3 nano-composite via glycine-assisted 

combustion method. Another goal for this investigation is the study of the effect of molar ratio for Co 

and Al on the structural and morphological properties of the prepared CoO/Al2O3 nan-composite. The 

techniques employed were XRD, IR, EDX and SEM. 

 

 

2. EXPERIMENTAL 

2.1. Materials  

     Two samples of CoO/Al2O3 composite were prepared by mixing calculated proportions of cobalt 

and aluminum nitrates with a certain amount of glycine. The mixed precursors were concentrated in a 

porcelain crucible on a hot plate at 350
 o

C for 5 minutes. The crystal water was gradually vaporized  

during heating and when a crucible temperature was reached, a great deal of foams produced and spark 

appeared at one corner which spread through the mass, yielding  a brown voluminous and fluffy 

product in the container. In our experiment, the ratio of the glycine: aluminum: cobalt nitrates were 4:  

1: (1, 2) for S1 and S2 samples, respectively. The chemicals employed in the present work were of 

analytical grade supplied by Fluke Company.  

 

2.2. Techniques  

 

        An X-ray measurement of various mixed solids was carried out using a BRUKER D8 advance 

diffractometer (Germany). The patterns were run with Cu K radiation at 40 kV and 40 mA with 

scanning speed in 2 of 2 ° min
-1

.  

       The crystallite size of both CoO and CoAl2O4 present in the investigated solids was based on X-

ray diffraction line broadening and calculated by using Scherrer equation [13].     
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                                                                                              (1)  

 

 

 

where d is the average crystallite size of the phase under investigation, B is the Scherrer constant 

(0.89),  is the wave length of X-ray beam used,  is the full-with half maximum (FWHM) of 

diffraction and  is  the Bragg's angle.        

       Scanning electron micrographs (SEM) were recorded on SEM-JEOL JAX-840A electron 

microanalyzer (Japan). The samples were dispersed in ethanol and then treated ultrasonically in order 

disperse individual particles over a gold grids. 

       Energy dispersive X-ray (EDX) analysis was carried out on Hitachi S-800 electron microscope 

with an attached kevex Delta system. The parameters were as follows: accelerating voltage 10, 15 and 

20 kV, accumulation time 100s, window width 8 μm. The surface molar composition was determined 

by the Asa method, Zaf-correction, Gaussian approximation. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Structural analysis 

 

    The XRD patterns for S1 and S2 samples containing different molar ratios of cobalt and aluminum 

are given in Fig. 1. 

 
 

Figure 1. XRD pattern for the S1 and S2 samples. 

 

 

             Examination of this figure revealed that: (i) The S1 sample consisted entirely of cubic spinel 

cobalt aluminates, CoAl2O4, as a single phase.  One cannot ignore the presence of amorphous cobalt 

oxide because the Co/Al ratio equals to one depending upon the stoichiometry of the previous ratio is 





cos

B
  d 
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0.5. (ii) The S2 sample consisted of CoO and CoAl2O4 phases. The major phase in this sample is 

moderate crystalline CoAl2O4 nano- particles. However, the element cobalt has long been known to 

have two stable crystal line structures: close-packed hexagonal (hcp) and face-centered cubic (fcc). 

Both phases can exist at room temperature. The fcc structure is thermodynamically preferred above 

450 
◦
C and the hcp phase is favored at lower temperatures. For small particles, however, the fcc 

structure appears to be preferred even below room temperature [14]. But the cobalt species settle in the 

fcc crystal structure due to the presence of the aluminum matrix [15]. (iii) In the XRD pattern for the 

S2 sample, the diffraction peaks of both CoO and CoAl2O4 phases gradually become sharp and their 

intensities increase as the cobalt content increases, revealing an increase of the size of these phases. 

 

3.2. The size control of CoAl2O4 nano- crystals 

 

        In this study, we can control the size of CoAl2O4 nano-crystals by tuning the molar ratio of CoO 

to Al2O3. In other words, judicious adjustment of the metal precursor- to-fuel ratio can control the size 

of nano- crystals.  Indeed, the change in the ratio of glycine to metal nitrates by increasing the cobalt 

content resulted in an increase in the crystallite size (d) of CoAl2O4 nano- particles as shown in Table 

1. Also, Table 1 displays the lattice constant (a), unit cell volume (V) and X-ray density (Dx) of CoO 

and CoAl2O4 nano- particles depending upon the data of X-ray. 

 

Table 1. Some structural parameters for the crystalline phases involved in the Co/Al nano- composites. 

 

CoO CoAl2O4  

Samples Dx 

(g/cm
3
) 

 

V 

(nm
3
) 

a 

(nm) 

d 

(nm) 

Dx 

(g/cm
3
) 

 

V 

(nm
3
) 

a 

(nm) 

d 

(nm) 

- 

6.4080 

 

- 

0.7765 

- 

0.4266 

- 

37 

4.4430 

4.4140 

 

0.5287 

0.5322 

0.8086 

0.8104 

22 

26 

S1 

S2 

 

           As the amount of cobalt species increases as the values of crystallite size, lattice constant and 

unit cell volume of CoAl2O4 nano-crystals increase. Opposite behavior was observed for X-ray density 

(Dx) of CoAl2O4 nano- particles. So, the incorporation of CoO ions in the lattice of CoAl2O4 brought 

about an increase in the lattice constant of CoAl2O4 particles with subsequent expansion in their 

lattices depending upon the difference in the ionic radii between Co and Al species. On the other hand, 

the increase in the peak height of CoAl2O4 phase in the S2 sample could be attributed to the solid state 

reaction between CoO and Al2O3 yielding cobalt- aluminum compound.  The decrease in the density 

due to the increase in cobalt content could be ascribed to the reduction of oxygen vacancies which play 

a predominant role in accelerating densification i.e. the decrease in oxygen ion diffusion would retard 

the densification.  
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3.3. Formation of spinel CoAl2O4 compound 

  

         The spinel-type CoAl2O4 compound can be prepared by the conventional standard method via 

solid state reaction between CoO and Al2O3 depending upon the thermal diffusion for the cations of 

these oxides [16]. Various factors such as precursor compounds, preparation method and preparation 

conditions affect the thermal diffusion of Co and Al cations through the early cobalt aluminates film 

which covers the surfaces of grains of reacting oxides and acts as energy barrier. The conventional 

standard method often leads to two disadvantages: (i) the milling and grinding, normally employed to 

obtain a mixture (Co and Al oxides), can hardly obtain a micro-homogeneous phase structure and 

introduces contaminates, which have a detrimental effect on the material properties, and (ii) the 

mechanically-ground mixture requires prolonged calcinations at high temperatures (>1200 
◦
C), which 

often leads to materials with low surface area and undesirable crystallite growth [1]. So, this method is 

not adequate for many advanced applications. Recently, the previous materials were produced by 

different methods such as such as sol–gel, co-precipitation, hydrothermal, and thermal decomposition 

of organic precursors [17-20].  

               Among these techniques, the glycine assisted combustion route which attracted the attention 

of the scientists of nano-science to obtain the homogeneity of the metal ion distribution on the atomic 

level depending upon the formation of complex materials that pyrolyze at a low temperature and form 

the desired oxide compositions. This method prevents partial segregation of metal compounds [16]. 

Deraz reported that the glycine assisted combustion method is useful for providing an alternative of 

low cost mass production of various spinel ferrite materials [21, 22]. 

              The counter-diffusion of Co
2+

 and Al
3+

 through a relatively rigid aluminate film led to the 

formation of CoAl2O4 particles. We speculate that the diffusing ions might be Co
2+

 including Co
3+

 on 

the basis of detecting Co
2+

 in the interface. In addition, following reactions indicate that Al2O3 

decomposes to 2Al
2+

 and oxygen gas at Al2O3- interface. Moreover, oxygen moves through the reacted 

area to be added to the CoO interface and form spinel by reacting with aluminum ions: 

 

    At Al2O3 interface: 

 

3Al2O3 +2Co
2+

     →    2CoAl2O4 +2Al
3+

 +0.5O2          (2) 

 

     At CoO interface: 

 

2Al
3+

 +3CoO + 0.5O2 →  CoAl2O4 +2Co
2+

                (3) 

 

               The IR transmission spectra for the samples S1 and S2 were recorded in the range of 1000- 

350 cm
-1

 as shown in Fig. 2. It can see from this figure that the investigated method led to formation 

of spinel CoAl2O4 compound. 

                In the range of 1000- 350 cm
-1

, the IR bands for the as prepared solids are usually assigned 

to vibration of ions in the crystal lattice. Two main metal- oxygen bands are seen in the IR spectra of 

all spinels [23], namely tetrahedral (A-sites) and octahedral (B-sites) according to the geometrical 

configuration of nearest neighbors. The highest band υ1, generally observed around 600cm
-1

, 

corresponds to intrinsic stretching vibrations of metal at the tetrahedral site, whereas the υ2 lowest
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band, usually observed around 400 cm
-1

, is assigned to octahedral- metal stretching. In inverse 

aluminates such as cobalt aluminates, the υ1 and υ2 bands are due to Al
3+

-O
2-

 complexes present at A- 

and B-sites. The Co
2+ 

ions occupy mainly the octahedral sites and fraction goes into tetrahedral sites 

[22]. This would explain the existence of a weak shoulder, /

1  around υ1 band. It can be seen from 

Fig. 2 that: (i) the spectra of mixed solids consisted of υ1 and υ2 at 665±3 and 565±3 cm
-1

, 

respectively. The shoulder /

1  in A- sites appears at 750 cm
-1

. (ii) The difference in positions of the 

absorption bands υ1 and υ2 is referred to change the formation of cobalt aluminates by changing the 

cobalt content because the positions of the bands υ1 and υ2 depend strongly on the method and 

conditions of preparation. However, the increase in the Co content resulted in an increase in the 

intensities of both the bands υ1 and υ2. These observations suggested that the formation of spinel 

cobalt aluminates increases as the cobalt content increases. 

 

 

 
 

 

Figure 2. IR spectra for the S1 and S2 samples. 

 

 

3.4. Cation distribution 

 

    The intensities of the (2 2 0) and (4 4 0)) planes are more sensitive to the cations on 

tetrahedral, and octahedral, respectively [22]. Indeed, the Co
2+

 and Al
3+

 ions have a strong preference 

to occupy A and B sites, respectively [4]. Table 2 shows the observed intensities of the above planes.  

 

 

Table 2. The intensity values of some hkl planes for the as prepared cobalt aluminate. 

 

Peak height (a. u.) Samples 

I220/ I440 I440 I220  

0.796 

0.979 

10.8 

19.5 

 

8.6 

19.1 

 

S1 

S2 

 

 



Int. J. Electrochem. Sci., Vol. 8, 2013 

  

2762 

               It can be observed that the intensity of the (2 2 0) and (4 4 0) planes increases as the content 

of cobalt increase. This infers that the Co
2+

 ions have preferentially occupied both the A and B sites. 

But, the amount of cobalt species at A site is greater than that at B site [4]. This speculation confirms 

from the maximum increase in the intensity of both (2 2 0) and (4 4 0) planes which attained 122.1% 

and 80.6%, respectively. This result might show that the solubility of CoO at A sites is greater than 

that at B sites involved in the cobalt aluminates lattice. However, the substitution of some Al
3+

 ions 

by Co
2+

 ions at B site resulted in migration of these ions (Al
3+

) from B site to A site. In other words, 

the increase in the cobalt content brought about an increase in the number of Co
2+

 ions on A site with 

subsequent increase in the crystallite size, lattice constant and unit cell volume of cobalt- aluminum 

compound. On the basis of the above data, the inverted spinel structure can be assigned in the 

synthesized materials having thee formula CoAl2O4 can be expressed as: 

 

(Alx 
3+

 Co1-x 
2+

)A[Cox 
2+

 Al2-x 
3+

]B O4
 2-

        (4) 

 

The parameter of inversion, x, is equal 0 for inverse spinel and to 1 when the spinel is normal. 

              From the data of X-ray, the distance between the reacting ions (LA and LB), ionic radii (rA, rB) 

and bond lengths (A–O and B–O) on tetrahedral (A) sites and octahedral (B) sites of CoAl2O4 

crystallites were summarized in Table 3. This table shoed that the increase in the content of cobalt 

resulted in an increase in the calculated values of LA, LB, rA, rB, A–O and B–O of CoAl2O4 crystallites. 

These findings confirm the increase in the crystallite size, lattice constant and unit cell volume of 

CoAl2O4 nano- particles. 

 

Table 3. The of LA, LB,  A-O, B-O, rA and rB for the as prepared cobalt aluminates. 

 

Samples 

 

LA 

(nm) 

LB 

(nm) 

A-O 

(nm) 

B-O 

(nm) 

rA 

(nm) 

rB 

(nm) 

S1 

S2 

0.3501 

0.3509 

 

0.2859 

0.2865 

 

0.1821 

0.1825 

 

0.2053 

0.2058 

 

0.0471 

0.0475 

 

0.0704 

0.0708 

 

 

3.5. The morphology investigation 

     

             Figs. 3 and 4 show the SEM images for S1 and S2 samples with different magnifications. We 

can see from these figures that the as synthesized samples are spongy and fragile materials. However, 

voids and pores are observed in the as prepared samples. These findings could be attributed to the 

release of large amounts of gases during combustion process due to decomposition of the glycine and 

Co and Al nitrates.  In addition, the porosity of the S2 sample is greater than that of the S1 sample due 

to the large amount of the released gases. In fact, the X-ray density of the S2 sample is lower than that 

of the S1 samples. It can be seen from Figs. 2 and 3 that the agglomeration of the particles involved in 

the S1 sample is grater than that in the S2 samples. This indicates that the increase in the Co content 

hinders the aggregation of the particles involved in the Co/Al nano-composites. 
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A 

 
B 

Figure 3. SEM images for the S1 sample. 

 

 
A 

 

 
B 

 

Figure 4. SEM images for the S2 sample. 
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3.6. Homogeneity of the as prepared samples 

      

             Energy dispersive X-ray (EDX) analysis over different areas on surface of the as prepared 

samples at 20 keV was carried out. The relative atomic abundance of O, Co and Al species present in 

the surface layers of The S1 and S2 samples are given in Tables 4 and 5, respectively. These tables 

showed that the surface concentrations of O, Co and Al species at 20 keV on different areas over the 

surface of specimens studied are much closed to each other. This indicates the homogeneous 

distribution of O, Co and Al species in the investigated samples. Thus, the combustion route resulted in 

production of homogeneously distributed materials.  
 
Table 4. The atomic abundance of elements measured at 20 keV and different areas over the S1 

sample. 

 

Elements Area 

1 

Area 

2 

Area 

3 

Area 

4 

O 

Co 

Al 

 

26.68 

62.35 

10.97 

28.16 

57.83 

14.01 

27.98 

58,39 

13.63 

25.00 

67.48 

7.51 

 

 

Table 5. The atomic abundance of elements measured at 20 keV and different areas over the S1 

sample. 

 

Elements Area 

1 

Area 

2 

Area 

3 

Area 

4 

O 

Co 

Al 

 

24.69 

68.44 

6.87 

 

24.59 

68.75 

6.66 

24.93 

67.71 

7.36 

24.76 

68.23 

7.01 

 
 

 

3.7. The elements gradient  

      

          EDX investigation at 5, 10, 15 and 20 keV showed the concentrations of Co, Al and oxygen 

species from the uppermost surface to the bulk layers for the two investigated samples as shown Figs. 

4 and 5.  

The obtained data was summarized in Tables 6 and 7.    
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Figure 5. EDX pattern for the S1 sample at different applied voltages. 

 

 

 
    

Figure 6. EDX pattern for the S2 sample at different applied voltages. 

 

               Inspection of Tables 6 and 7 revealed that: (i) the surface concentrations of Al and oxygen 

species for the S1 and S2 samples decrease as the applied voltage increases from 5 to 20 keV. This 

indicates that the uppermost surface layer of the two prepared samples is O- and Al-rich layer.  (ii) The 

absence of the Co species at uppermost surface layer of the two prepared samples. Indeed, the surface 

concentrations of Co species at 5 keV are zero for the S1 and S2 samples. The increase in the applied 

voltage above the previous limit (5 keV) showed that the surface concentrations of Co species increase 

from the uppermost surface layer to the bulk of the as prepared materials.  These findings suggest a 
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possible redistribution for the elements involved in the as synthesized composites with subsequent 

unique properties of these composites.  

 

 

Table 6. The atomic abundance of elements measured at different voltages over the same area for the 

S1 sample. 

 

 

Elements 

Atomic abundance (%) 

5 

keV 

10 

keV 

15 

keV 

20 

keV 

O 

Co 

Al 

 

47.07 

00.00 

52.93 

35.34 

35.88 

28.78 

29.40 

54.03 

16.57 

27.65 

59.39 

12.96 

 

Table 7. The atomic abundance of elements measured at different voltages over the same area for the 

S1 sample. 

 

 

Elements 

Atomic abundance (%) 

5 

keV 

 

10 

keV 

15 

keV 

20 

keV 

O 

Co 

Al 

 

47.07 

00.00 

52.93 

29.55 

53.59 

16.86 

25.70 

65.34 

8.96 

24.27 

69.73 

6.00 

 

 

 

4. CONCLUSIONS 

               Glycine- assisted combustion method was used to synthesis of Co- Al nano- composites. 

Changing of the molar ratio between Co and Al species led to different changes in the structural and 

morphological properties of the as prepared solids. In this study, the combustion route resulted in the 

production of spinel CoAl2O4 nano- particles. The increase in the cobalt content resulted in an increase 

in the crystallite size, lattice constant and unit cell volume of the produced cobalt aluminates. Opposite 

behavior was observed in the value of the X-ray density. The images of SEM showed that the sample 

containing the high amount of cobalt has a significant porosity. The obtained samples have a 
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homogenously distributed species in the whole mass prepared.  The surface concentrations of Co, Al 

and oxygen species for the S1 and S2 samples change by changing the molar ratio between Co and Al 

species.  
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