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 Qandilite (Mg2TiO4) pellets have been made by conventional solid state 

reaction technique on sintering at 1300 ºC. The main focus of this paper is 

on the morphological investigation of the inverse spinel (Mg2TiO4). The 

surface morphology of the sample (Mg2TiO4) is investigated by Scanning 

Electron Microscopy (SEM) which shows the occurrence of curious cubical 

growth characteristics resembling a spiral like features which have 

emanated from screw dislocations. 

   
 

© 2013 International Journal of Advanced Research in Science and Technology (IJARST).  

All rights reserved. 

Keywords: 
Grain growth,  

Calcination, 

Sintering,  

Electron microscopy and 

Spinels 

 

Introduction: 

 The term spinel is derived from spina (Latin, 

thorn) in reference to its pointed octahedral crystal habit. 

Spinel compounds / Oxides are the group of minerals that 

are oxides of Magnesium, Iron, Manganese or Aluminum 

etc. The general chemical composition is AB2O4. A and 

B can be divalent (with radii between 80 and 110 pm), 

trivalent (with radii between 75 and 90 pm) or 

quadrivalent cations, including Magnesium, Zinc, Iron, 

Manganese, Aluminum, Chromium, Titanium, Silicon 

and Cobalt with the general formulation A
2+

B2
3+

O4
2
. A 

and B occupy some or all the octahedral and tetrahedral 

sites in the crystal lattice. Spinel oxides are the richest 

families having a number of compounds and diversity of 

observed physical properties such as ferromagnetic 

ordering, metal insulator transition, heavy fermion 

behavior, charge ordering and superconductivity [1-9]. 

Spinels are widely employed to deduce the evolutionary 

history of rocks because the compositions are extremely 

sensitive to environmental conditions of formation. 

Spinels also occur as semi-precious gems and are widely 

employed as mechanically robust ceramics. The minerals 

are strongly magnetic in nature, similar to magnetite. 

They are soluble in hot HCl, but only partially soluble in 

cold HCl, hot H2SO4 and HNO3. 

The ideal spinel formula is MgAl2O4 which refers to 

spinel type structure (Space group Fd3m and Z=8). Its 

formula is (Mg)
2+

[Al
3+

]O4. The round and square 

brackets denote  tetrahedral and octahedral sites 

respectively, while the oxygen ions are arranged in a 

cubic closed packed structure. The essential elements of 

spinels are Al, Mg and O with Ti, Fe, Zn, Mn and Ca as 

the most common impurities [10].  

The compound Mg2TiO4 refers to the inverse 

(reversible) spinel type structure (Space group Fd3m and 

Z=8) with structural formula (Mg)
2+

[Mg
2+

Ti
4+

]O4 [11]. In 

this compound, half of the magnesium ions arrange 

themselves on tetrahedral sites and the other half, 

together with titanium, occupy octahedral positions. 

Mg2TiO4 can also be used as novel substrate for epitaxial 

growth of high temperature superconducting thin films 

[12]. It is also used as a heat resistor [13], dielectric for 

microwave technology, capacitor for temperature 

compensation and refractory material [14]. In the present 

work, inverse spinels Mg2TiO4 is investigated for its 

morphological characteristics. 
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Growth mechanism: 

Each crystal system tends to display a unique 

defect structure; such defects are introduced during the 

crystal growth stage. The application of any crystal relies 

solely upon the functionality of these materials for which 

it is crucial to control the defects and the crystal size [15]. 

The growth mechanism in case of spinel structures is 

detrimental as a minor change in the occupancy of 

tetrahedral or octahedral sites results in either a spinel 

type or inverse spinel type structure. The resulting pattern 

is a curious spiral like structure; each grain or column 

grows by adding atoms to a spirally expanding ramp on 

the top surface of the grain [16] as proposed by Frank 

[17] in the classical spiral growth mechanism. These 

dislocations will create steps in the surface, obviating the 

necessity for 2D nucleation. Fig. 1 shows a schematic 

diagram on the formation and development of spiral 

growth. The spiral growth mechanism was developed 

theoretically by Buston et. al. [18] and observed 

experimentally for the first time by Verma & Krishna 

[19]. The theory of crystal growth by spiral dislocation 

was further refined by Buston, Cabrera and Frank [18] 

giving rise to what is known as BCF theory.  

 

Fig: 1. Schematic representation of layer growth (a) 

Incorporation of growth units into step; (b) step has 

almost advanced to the edge of the crystal; (c) formation 

of 2D nucleus. 

 

Materials and method: 

Polycrystalline sample of inverse spinel Mg2TiO4 

was synthesized by solid state reaction technique, with 

composition Mg2-xTi1-xO4, where x is called the inversion 

parameter. The stoichiometric amount of 

Mg(NO3)2.6H2O (98.5 %) and TiO2 (Rutile, 99.5 %), 

powders were mixed thoroughly and pre calcined for 12 

h at 1000º C. The pre calcined material was again ground 

and calcinated at 1250 ºC for 24 h. Finally the sample 

was ground to fine powder, pressed to pellet form and 

sintered at 1300 ºC for 72 h and at the end of heat 

treatment the sample was allowed to cool slowly at room 

temperature. Surface morphology was analyzed by 

Surface Electron Microscopy (SEM) model LEO (440), 

with a resolution of 1.5 µm at 30 kV. 

Results and discussion: 

Scanning Electron Microscopy: 

The surface morphological investigations of the 

compounds Mg2TiO4 were explored by SEM, revealing 

the presence of cubic structure of various sizes 1-2µm 

depending upon the annealing duration. It is well known 

crystallographic planes that form the surface, determine 

the shape of compounds and their crystal habits depend 

on the relative order of surface energy. This leads to the 

imperfect spherical surface in the final morphology. 

Curious growth characteristics resembling a spiral like 

structures result in the large grain of Mg2TiO4. Fig. 2 (a-

b) in the SEM micrograph which reveals such features on 

Mg2TiO4 samples which was sintered at 1300 ºC for 72 

hours. It also clearly demonstrates that how the 

nucleation of a new step takes place on an atomically 

smooth surface. These closed spiral growth loops in 

various shapes have been observed to be embedded 

invariably in all the large grain of synthesized Mg2TiO4. 

 

Fig: 2. SEM images of the sample Mg2TiO4 with size  

(a) 10 µm and (b) 2 µm 

Magnesium Ortho Titanate (Mg2TiO4) prepared 

by conventional solid state reaction technique, exhibits 

curious microstructural characteristics in the form of a 

myriad spiral like growth features. These can be 

classified as:   

1. Single cubic and circular spiral features 

2. Interacting and interlaced circular and cubic 

spiral features 

3. Spiral containing inclusion/platelet like features 

4. Square spiral features truncated at the corners 
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A careful analysis of these samples which are 

sintered at 1300 ºC for 72 hours shows cubical spiral 

features which are mediated through screw dislocation 

(fig. 3) [20]. 

 

Fig: 3. SEM images of the sample Mg2TiO4 with size  

(a) 2 µm and (b) 1 µm 

 

Possible mechanism for the generation of spiral like 

growth features of Mg2TiO4: 

The introduction mechanism of dislocation in high 

temperature materials is not yet understood. It is expected 

that control of the density of dislocations will be 

important for high current device applications. One 

important condition of the spiral like growth is the 

sintering temperature as well as the calcination 

temperature during the solid state reaction technique. Fig. 

4 is the magnified image of fig. 3 (b) which clearly shows 

the cubical growth as well as screw dislocation. It was 

expected that the growth is totally cubic in structure. It 

may be possible that when the two growth fronts 

corresponding to Mg(NO3)2.6H2O and TiO2 would 

develop sufficiently and meet each other over an earlier 

grown structure, a screw dislocation would form due to 

incoherent meeting. At this stage, it is not possible to 

pinpoint as to which of the above mechanisms may be 

operating. However, regardless of the details of the 

mechanism, it is certain that the material after the initial 

developments in the form of crystallites (Cubic) develop 

further through spiral growth mechanism. 

 

Fig: 4. SEM images of the sample Mg2TiO4 with size (a) 

200 nm and (b) 1 µm 

Conclusions: 

The curious growth pattern in the form of growth 

spirals was found to be associated with the formation of 

Mg2TiO4, inverse spinel compounds. By SEM 

micrographs, it is established that the growth of the 

materials occurred by screw dislocation- mediated 

mechanism. These observations are compatible with a 

screw dislocation generation mechanism involving the 

incoherent coalescence of the growth fronts formed from 

Mg(NO3)2.6H2O and TiO2 nuclei. 
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