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Abstract : Gibbsite, bayerite nordstrandite and doyelite are the different polytypic modifications of aluminum hydroxide.
In this paper, we have investigated the thermal decomposition of gibbsite phase of aluminium hydroxide by isothermal
heating at regular intervals of temperature. The structural changes incurred on heating the gibbsite phase was monitored
using powder X-ray diffraction measurements. On heating the sample to 250°C, Al(OH)

3
 transforms to AlOOH (boemite

phase) and one mole of water is released. The boemite phase of AlOOH on further heating to high temperatures
(600°C) leads to formation of defective spinel phase (Al

2
O

3
)

0.133
. The structure of defective phase of (Al

2
O

3
)

0.133
is

retained even on heating to 870°C. The defective (Al
2
O

3
)

0.133 
phase on suspending in water for 24 h, does not lead to

rehydration nor reconstruction to gibbsite/boemite phase.
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1. INTRODUCTION

Aluminium hydroxide crystallizes in different
polymorphic modifications i.e., gibbsite, bayerite,
norstrandite, doyelite [1-4]. These polytypic modifications
exhibit layered structure and the crystal structure of these
polytypes derived from mineral brucite prototype [4]. The
structure of brucite comprises of metal hydroxide sheets
stacked on top of each other at regular intervals. The
structure sequence of metal hydroxide sheets can be
represented by AcB AcB AcB —— where A and C
represents the position of hydroxyl ions while b denotes
the position of divalent metal ion i.e magnesium (see
Figure 1) [5].

Figure 1 Crystal structure of bruite (magnesium
hydroxide)

Aluminium hydroxide derives its crystal structure from
prototype of brucite mineral. The structure of gibbsite
comprises of metal hydroxide sheets stacked on top of
each other at regular fachion. The anion constitute a
hexagonal close packing in which cations occupy 2/3rd of
the interstitial octahedral sites and 1/3rd are vacant. These
vacant sictes are arranged in a periodic manner and the
filled ocatahedral sites share three edtes with their
adjacently filled octahedral. These sites. In an ideal
gibbsite structure, the anion packing stacking sequence
is AcB BcA AcB BcA ———. In reality, the sheets are
slightly shifted along the a-direction thus crystallizing in
monoclinic system. If the shift is along both ‘a’ and ‘b’
direction, then it will be a triclinic system [6,7]. Figure 2
shows the idealized crystal structure of gibbsite.

Figure 2 Crystal structure of gibbsite

Bayerite

The idealized crystal structure of bayerite is represented
by the anionic stacking sequence AB AB AB AB———
[8].  Figure 3 shows the crystal structure of Bayerite in
which the oxygen ions of one layer are located above the
hollows in the next sandwich. The anion layer sequence
is ABABABA (h.c.p.).  The crystal structure has been
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reported in two different space groups i.e P-3 and P21/c
which comprises of two set of equivalent protons in the
voids.

Nordstrandite

The crystal structure of nordstrandite comprises of a
mixture of bayerite and gibbsite type of stacking sequence
i.e AB BA AB BA and AB AB AB AB leading to AB
AB BA BA AB —— or AB BC CA AB BC CA ——
type of arrangement [8]. Figure 4 shows the crystal
structure of nordstrandite.

Figure 3 Crystal structure of bayerite.

Figure 3 Crystal structure of nordstrandite.

The structure of doyelite crystallizes in monoclinic system
[9]. In this article the structural transformation of
aluminium hydroxide-gibbsite phase when subjected to
thermal treatment and the products obtained were
examined to determine the phase formation during the
intermediate stages of heating to get an insight into the
structural changes.

2. EXPERIMENTAL SECTION

Gibbsite phase of aluminium hydroxide was procured
from commercial source and used as such.

The sample was characterized by powder X-ray
diffraction (PXRD) using a Bruker D-8 Advance X-ray
powder diffractometer (Cu Ka source, l=1.5418 Å). Data
collection was obtained at a scan rate of 4° 2q min-1 ;  2q
steps- 0.05°. Gibbsite phase of aluminium hydroxide was
subjected to isotherm heating  at different intervals of
temperature (RT and 250, 300, 600, 800, and 870 °C) for
1 h each and allowed to cool to room temperature prior
to the measurement of X-ray powder diffraction data.

3. RESULTS AND DISCUSSION

Figure 5 shows the powder X-ray diffraction pattern of
gibbsite phase of aluminium hydroxide (top trace)
compared with the simulated patterns of gibbsite (bottom
trace) and bayerite (middle trace). Dehydration of gibbsite
results in the release of water molecules with the
formation of aluminium oxyhydroxide during which half
of the anions must leave the crystal structure

Al(OH)
3
  � AlOOH + H

2
O.

Figure 5. powder X-ray diffraction pattern of
aluminium hydroxide-gibbsite phase (top trace)
compared with the simulated patterns of gibbsite-
bottom trace and bayerite-middle trace).
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Thermal decomposition of aluminum hydroxide could
proceed via the formation of aluminium oxyhydroxide
or direct conversion to aluminium oxide without any
intermediate phase [10]. Lippens classified the metastable
aluminas (Al

2
O

3
) when calcinations of gibbsite was

carried out at atmospheric pressure [11] (see Figure 6).

Figure 6 Flow chart of different phases formed during
the decomposition of gibbsite phase of aluminium
hydroxide.

Finely divided products are formed which can transforms
directly to alumina between 250°C while crystalline phase
of the gibbsite sample on calcinations leads to the
formation of aluminium oxyhydroxide. In Figure 6 is
shown the different pphases of aluminium oxide formed
during the heat treatment is demonstrated. Figure 7 shows
the powder X-ray diffraction patterns of aluminium
hydroxide on heating to different temperatures.

Figure 7. PXRD patterns of aluminium hydroxide-
gibbsite phase on heating to different temperatures.

Thermal decomposition of aluminium hydroxide
generates metastable oxides with are poorly crystalline
in nature. The structure of these products depends
strongly on the initial structure of the hydroxide. On
heating gibbsite, we observe boehmite phase of AlOOH
at 250°C and during the process half of the anions are
expelled from aluminium hydroxide and the packing
sequence of the anions changes significantly. If the
sample is crystalline, it may lead to the formation of the
boehmite phase of aluminium oxyhydroxide [12, 13].

If the crystallite size of the AlOOH is in micrometer
range, then pseudo-boehmite is observed while the
AlOOH is in the nanometer range, then we observe
bohemite. Boehmite structure comprises of double chains
of edge sharing octahedral which has the anionic stacking
sequence BB CC AA BB CC—— [14]. The boehmite
phase is metastable and its formation is always kinetically
favoured at lower temperature.

Figure 8. Crystal structure of aluminium oxyhydro-
xide (boehmite phase) along a and b-directions.

The boehmite phase of AlOOH on heating to higher
temperature (600 °C) lead to the formation of defective
spinel phase of (Al2O3)0.133 rather than perfect Al2O3
Figure 8 shows the powder X-ray diffraction pattern of
the gibbsite heated to 800 °C.
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Figure 9. Powder X-ray diffraction pattern of
aluminium oxide obtained on heating boehmite to 800
°C (upper trace) compared with the simulated powder
X-ray diffraction pattern of h-Al2O3 (lower trace).

The thermal decomposition of boehmite reveals that a
cation deficient inverse spinel modification is formed with
low crystallinity.

Dehydration of boehmite requires short range rearrange-
ment of anions in the crystal structure thus leading to the
formation of defect-alumina [15]. The phase transition
from boehmite to alumina occurs via topotactic trans-
formation and the energy requires is low [16]. During
the formation of defective h- (Al

2
O

3
)

0.133
, half of the

anions are eliminated from the aluminium oxyhydroxide,
due to which the packing sequence of anions changed
drastically. Figure 9 shows the powder X-ray diffraction
patterns of defective phase of (Al

2
O

3
)

0.133
.

Normal spinel

The structure of the spinel comprises of aniona arranged
in cubic close packed arrangement i.e ABC ABC ABC—
in which divalent meal ions sucha s magnesium occupies
tetrahedral and aluminium (III) ion occupies half of the
octahedral sites in the lattice [8]. Figure 10 shows the
crystal structure of spinel pahse of MgAl

2
O

4
.

Figure 10 shows the crystal structure of normal spinel
(model compound-MgAl2O4).

Inverse spinel

In case of inverse spinel, both the divalent and trivalent
ions are uniformly distributed in the octahedral and
tetrahedral sites of which divalent ions are preferebley
octahedrally coordinated [8].

The defective phase of (Al
2
O

3
)

0.133
 is retained even on

heating to 870°C. The structure of defective spinel phase
(Al

2
O

3
)

0.133
 is shown in Figure 11.

Figure 11. Crystal structure of defective phase of
alumina along different crystallographic directions.

The defective (Al
2
O

3
)

0.133
 phase on suspending in water

for 24 h, does not lead to rehydration nor formation of
boemite phase of AlOOH/gibbsite phase of aluminium
trihydroxide (see Figure 12). This indicates that the
defective alumina is thermodynamically stable and does
not lead to any changes in the structure or the composition
of the sample.
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Figure 12 : powder X-ray diffraction patterns of
Gibbsite phase of aluminium hydroxide calcined to
800°C (14h) (lower trace)-sample A; sample-A aged
in water for 24h (upper trace)

4. CONCLUSIONS

The data provides insight into the understanding of
reconstruction process in hydrotalcites. The decomposed
products of hydrotalcite on suspending in water
reconstructs back to hydrotalcite phase. If the phase
formed during the decomposition of aluminium
hydroxide leads to formation of defective phase of
(Al

2
O

3
)

0.133
 then it may not undergo reconstruction in

water. Thus the result provides significant information
that memory effect depends on the nature of the phase
obtained during decomposition.
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