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ABSTRACT 

Breakdown of gibbsite particles during calcination is one of the main contributor to superfines in 
smelter grade alumina. Understanding the breakage behaviour and mechanism can guide the 
controlling of superfine generation. Extensive work has been carried out to characterise SGA’s 
breakage, yet key challenge remains in understanding the breakage behaviour and mechanism.  

In this study, internal morphology change of calcined gibbsite was studied by focus iron beam (FIB) 
– scanning electron microscope (SEM) and 3D tomographic images by phase segmentation.  The 
formation of internal cracks at the bulk phase were found on particles without surface cracks. 
These results indicate that cracks are initiated in the bulk of crystallite, and grow towards the 
surface. 

 

1. INTRODUCTION 

In the aluminium production process, a 
series of problems can be caused by the 
existence of ultra-fine particles existing in 
its raw material, smelter grade alumina 
(SGA). The ultra-fine particles’ generation 
attribute to the breakage of gibbsite during 
calcination happens in preparing SGA, 
therefore understanding the breakage 
behaviour and mechanism of gibbsite 
breakage is of potential help to limit the 
breakage of gibbsite in calcination.  

A series of research have been done on 
the breakage of gibbsite in calcination. The 
breakage of the gibbsite crystallite during 
calcination is usually reckoned to be 
motivated by c-axis shrinkage of 
crystallites during calcination1. Factors 
including the calcination methods, the 
morphology of SGA as well as the 
transition and storage condition are 
considered to have influence on the SGA 
breakage condition 2-7. The breakage 
happens to gibbsite are previously 
observed and researched in many works2, 

5-6, 8-10,  yet the mechanism of gibbsite 
crystallites requires further research.  

In this paper, in order to find out the linkage 
between the phase conversion and 
breakage on gibbsite crystallite surface, 
we compared the crystal phase content 
analysed by X-ray diffraction (XRD) and 
the crack width measured and counted in 
SEM images in gibbsite calcined at 

different temperature. In order to 
understand the mechanism of gibbsite 
breakage, we observed the internal 
morphology of calcined gibbsite crystallite 
by focus iron beam (FIB) based SEM and 
compared it with the surface. The gibbsite 
crystallite breakage was found to initiate 
from pores generated inside the internal 
part of the crystallite then grow to form 
strip-like cracks. Some of these cracks 
grow through the surface and form open 
cracks observed on the crystallite surface. 

 

2. EXPERIMENTAL 

Commercial gibbsite provided by South 32 
Worsley Alumina Pty Ltd. was calcined 
with a ramping rate of 10ºC • min-1 at 
260ºC, 450ºC and 470ºC respectively. The 
samples were maintained at the targeted 
temperature for 5 hours in static air then 
naturally cooled down to room 
temperature. 

The samples were analysed by a Rigaku 
smartlab thin-film and micro-diffraction 
XRD. The surface of these samples was 
observed by an SEM (JEOL 7001) and the 
cracks’ width in each sample was counted 
by Image J. 

In order to propose the mechanism of 
gibbsite breakage during calcination, we 
applied an FEI SCIOS FIB/SEM duel 
beam focus iron beam (FIB) system to 
observe the internal morphology change of 



the crystallites. We also built a 3D model 
of the distribution of cracks in the crystallite 
by FIB 3D tomography. 

 

3. RESULTS AND DISCUSSION 

The XRD patterns of gibbsite before 
calcination and calcined at different 
temperature are shown in Figure 1. It is 
found that the major component of sample 
converted from gibbsite to boehmite at 
260ºC. The boehmite phase maintained till 
470ºC, when it changed to amorphous 
alumina.  

 

Figure 1. Standard pattern of (a) 
gibbsite (b) boehmite and XRD patterns 
of sample (c) before calcination (d) 
calcined at 260ºC (e) calcined at 450ºC 
(f) calcined at 470ºC 

To find out the linkage between phase 
conversion and breakage of gibbsite 
surface, we measured and collected the 
width of cracks in SEM images and made 
comparison with the phase conversion 
process found in XRD patterns. The SEM 
image of gibbsite surface and the crack 
width distribution of different samples are 
given in Figure 2 and Figure 3 respectively. 

 

Figure 2. The surface of (a) gibbsite 
before calcination, (b) gibbsite calcined 
at 260ºC, (c) gibbsite calcined at 450ºC 
and (d) gibbsite calcined at 470ºC 



It can be seen in Figure 2 and Figure 3 that 
no crack can be found on the surface of 
gibbsite crystallite before calcination. The 
cracks appear at 260ºC, when the major 
phase of the sample converts from 
gibbsite to boehmite. Compared with 
gibbsite calcined at 260ºC, no obvious 
widening of the cracks is observed in 
gibbsite calcined at 450ºC. However, 
when calcination temperature rises to 
470ºC, when boenmite convert to alumina, 
the cracks become significantly wider. 

 

Figure 3. The width distribution of 
cracks on gibbsite calcined at different 
temperature 

The linkage between calcination 
temperature, phase conversion and crack 
width change is summarised in Table 1. 

Table 1. Summary of linkage between 
calcination temperature, phase 
conversion and crack width change 

Calcination 
temperature 
change 

Room 
temperature 
to 260ºC 

260ºC to 450ºC  450ºC to 470ºC  

Major 
phase 
conversion 

Gibbsite to 
boehmite 

Boehmite 
Boehmite to 
alumina 

Crack width 
change 

Cracks 
appear 

No significant 
change 

Cracks widen 

 

It can be seen that cracks appear on 
gibbsite crystallite surface at 260ºC, when 
the major phase converts from gibbsite to 
boehmite. With calcination temperature 
rises from 260ºC to 450ºC, the major 
phase remains to be boehmite and the 
width of crack does not change 
significantly, let alone the calcination 
temperature increases by 190ºC. 
However, with only another 20ºC increase, 

when calcination temperature reaches 
470ºC and the major phaser converts from 
boehmite to alumina, a significant 
widening of crack can be observed. These 
results indicate that the generation and 
widening of crack is a step-wise process 
corresponding to the phase conversion. 
Therefore, it fortifies the idea that 
breakage of gibbsite crystallite during 
calcination is induced by the shrinkage of 
crystallite caused by the phase conversion 
happening in calcination. 

To propose the mechanism of gibbsite 
crystallite breakage in calcination, we 
observed the internal structure of 
uncalcined gibbsite and gibbsite crystallite 
calcined at 260ºC, when the cracks first 
appear on the surface. 

The picture of internal morphology of 
gibbsite and SGA calcined at 260ºC taken 
by FIB-SEM is presented in Figure 4.  

 

Figure 4. The FIB-SEM picture of 
internal morphology of (a) gibbsite 
without calcinetion and (b) gibbsite 
calcined at 260ºC  



In Figure 4 (a), it is found that before 
calcination, the internal morphology of 
gibbsite is quite smooth and uniform. No 
crack or breakage is found in the bulk of 
the gibbsite crystallite. After calcination, in 
Figure 4 (b), cracks and pores appears in 
the bulk of the crystallite. Some strip-like 
cracks are found as well as some dot-like 
pores. The cracks are major strip-like and 
most of them are parallel with each other, 
and perpendicular to the c-axis of the 
crystallite. Meanwhile, the surface of the 
gibbsite crystallite remains relatively 
smooth. This indicates it is possible that 
cracks are firstly initiated in the bulk of 
gibbsite crystallite before calcination then 
some of them grow onto the surface. 

To further prove that crystallites are 
generated in the bulk, we restricted the 3D 
tomography of gibbsite crystallite calcined, 
and presented in Figure 5. 

 

Figure 5. The typical 3D restructured 
distribution of internal cracks (blue) 
and crack seeds (red) in the crystallite 
of mosaic SGA calcined at 260ºC. The 
box size is 9.76 µm × 7.56 µm × 6.15 µm 

In the 3D model of cracks and pores 
presented in Figure 5, the box size is 9.76 
µm × 7.56 µm × 6.15 µm and he cracks are 
labelled blue and the pores red. The 
majority of cracks are found to be strip-like 
and parallel to each other which 
corresponds to the findings in Figure 4. 
The pores are found to distribute in 
different depth in the crystallite. 

Most of cracks generated during 
calcination are found to be hidden beneath 
the surface in the bulk while the crystallite 
surface remains relatively smooth. This 
further illustrates that the cracks tends to 
generate firstly inside the bulk of crystallite 
and some of them can grow through the 
surface and become open cracks while 
most of these cracks remain inside the 
bulk.  

To explain the reason why cracks are first 
generated inside the crystallite, we 
observed the cross-sectional morphology 
of calcined gibbsite, presented in Figure 6. 

 

Figure 6. The back scattering SEM 
image of the cross-sectional 
morphology of gibbsite crystallite 
calcined at 260ºC 

Due to the poor heat conductivity of 
gibbsite, the internal part of gibbsite 
crystallite remains partially calcined. The 
uncalcined part are shown as darker part 
in the back scattering SEM image. The 
interface can be a part accumulating the 
stress generated due to the shrinkage of 
the c-axis of gibbsite, therefore some 
cracks are found on the edge of the 
uncalcined part. These pores can further 
be a point accumulating the stress 
provided by further shrinkage of crystallite.  
With further calcination, the further 
generated stress can accumulate near 
these pores, leading to further breakage 
and generating cracks inside the bulk.  

The mechanism of crack generation are 
given in Figure 7. 



 

Figure 7. The mechanism of crack 
generation and growth 

 

4. CONCLUSION 

The generation and growth of cracks are 
found to be induced by phase conversion 
during calcination. Cracks tend to first 
generate inside the bulk as small pores on 
the interface between calcined part and 
uncalcined part inside the crystallite, then 
further grow to large crack. Understanding 

the process and mechanism of crack 
generation and growth can help to reduce 
the breakage in gibbsite calcination and 
reduce the content of ultra-fine particles.   
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