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Morphology Evolution of the Hydration Products
of Hydratable Aluminas at 40 °C
D. Ding, G. Ye, L. Chen, W. Gu, X. Tian, G. Liao

Hydratable Alumina (HA) is an important CaO-free hydration binder for no-cement castables. Different

sources of hydratable alumina have varied phase compositions and physical properties (such as specific
surface area and particle size), which could generate hydration products with different phases and structures during hydration. In this work, two sources of HA with different phases and specific surface areas
(named HA1 and HA2) were used to investigate the morphology development of the hydration products
during hydration. The hydration process of the pastes of HA with water cured at 40 °C was halted by
a freeze vacuum drying method to examine the evolution of phase composition and microstructure of
hydrates with XRD and SEM, respectively. The results showed that the initial hydration products of HA1
with a higher amount of crystalline phases and a lower specific surface area were bayerite with a dense
structure, which became denser with increasing curing time. In comparison, the initial hydration products
of HA2 with a higher amount of amorphous phase and a higher specific surface area were composed
of amorphous substances with a honeycomb structure, and the pore size of the honeycomb structure
increased with extended curing time. The above results indicate that HA2-bonded castables could have a
better explosion resistance than HA1-bonded castables.
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1 Introduction
Low, ultra-low and no-cement castables
have been widely used in steel vessels in
recent years, as CaO presented in cement
has a negative influence on high temperature properties of the castables [1–3]. Hydratable Alumina (HA) as a CaO-free binder
exhibits a good performance in the highalumina and alumina-silica formu
lations
recently [4–6]. In general, hydratable aluminas used in refractory castables are produced by flash calcination of gibbsite, which
results mainly in a high-surface area transition phase called rho-alumina [7, 8].
It has been known that the r-alumina
could be rehydrated to generate pseudoboehmite gel, boehmite, bayerite or gibbsite [9, 10], which produce the binding
strength for the castables [4, 7]. However, compared with the Calcium Aluminate Cement (CAC)-binding castables,
the HA-binding castables have a short
initial setting time and are prone to explosive spalling during heating-up, which
was ascribed to the lower permeability of

HA-binding castables than CAC-binding
castables [4, 5].
It is noticed in this work that castables
bonded with different sources of commercial HA also show a great difference
in setting time, which may be due to the
difference in phase compos
ition, surface
area and particle size distribution of hydratable aluminas. Therefore, in this work two
sources of HA with different specific surface
areas were used to investigate the hydration behaviour, especially the morphology
evolution and phase composition development of the hydration products.

2 Experimental procedure

2.1 Raw materials
Two commercially available HA, named HA1
and HA2, were chosen as the raw materials.
Phase compositions of the two hydratable
aluminas are shown in Fig. 1. It can be seen
that a small amount of crystal boehmite exists in HA1, while HA2 is completely amorphous except for r-alumina. Tab. 1 lists the
chemical composition and BET surface area
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exothermic, the pastes in the steel plate were evenly distributed
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The phase compositions and morphology of the samples after
freeze vacuum drying were characterized by XRD (D8 Focus,
Bruker/DE) and SEM (SIGMA HD, Zeiss/DE), respectively.
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Fig. 2 a–b XRD patterns of pastes of HA1 (a), and HA2 (b) cured at 40 °C for different times
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Fig. 3 SEM micrographs of as-received HA1 and HA1 pastes cured at 40 °C for 15 min,
30 min, 2 h, 6 h and 12 h
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the hydrates in HA2 pastes curing at 40 °C,
presumably because crystalline boehmite is
presented in the as-received HA1, but not
presented in the as-received HA2 (Fig. 1).
It has been known that boehmite could
act as a transition phase of bayerite during
the hydration of r-alumina [11–13], and
the trace of boehmite existed in HA1 could
serve as crystallisation seeds which can
promote the of formation of boehmite and
then accelerate the crystallisation of bayerite from amorphous hydrate substance.
The microstructure images of as-received
HA1 and HA2 and the pastes curing at
40 °C for 15 min, 30 min, 2 h, 6 h and 12 h
are shown in Fig. 3 and Fig. 4, respectively.
It can be seen that the as-received HA1
(Fig. 3) has a denser structure than the asreceived HA2 (Fig. 4), and some micropores
are observed on the surface of HA2 particle
(Fig. 4), which may explain why HA2 has a
higher BET surface area than HA1 (Tab. 1).
After curing at 40 °C for 15 min (Fig. 3),
micropores and filaments were formed on
the surface of HA1 particles, indicating that
hydration occurred and some microsized
hydrate bayerite (Al(OH)3) with low crystallinity (Fig. 2a) is present on the surface of
HA1 particles.
According to Fig. 3, the filaments were
thickened up, and hydrate microparticles
increased with the increase of curing time
from 15 min to 2 h, then the filaments can
not be observed, and hydrate microparticles
exhibit a morphology of short columnar and
plate, when the curing time is prolonged to
6 h (Fig. 3). As a result, the filament with a
non-crystal form was firstly produced during
the hydration of HA1, then the hydrate is
transformed to micro-particle hydrate composed of bayerite with the increasing curing
time. The final hydrate of HA1 paste curing
at 40 °C for 12 h is bayerite with a denser
structure, which is consistent with the result
of XRD.
In comparison, hydrate with network/
honeyc
omb structure is present on the
surface of HA2 particle in the sample after
curing at 40 °C for 15 min and 30 min
(Fig. 4). The hydrates in HA2 pastes cured
at 40 °C for 15 min and 30 min (Fig. 4)
could be amorphous in the light of XRD
analysis results in Fig. 2 b. The honeycomb
structure becomes coarser and the pore
size increases with curing time extending to
30 min (Fig. 4). Then the honeycomb struc-
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However, no crystalline hydrates like the hydrate of HA1 was
observed until the HA2 paste was cured for 6 h, which is consistent
with the result of XRD in Fig. 2b. The main hydration products of
HA2 were still composed of amorphous substances with a
honeycomb structure after curing at 40 °C for 12 h (Fig. 4),
demonstrating that the crystallization of the amorphous hydrate is
much slower in the HA2 paste curing at 40 °C.
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ture of amorphous hydrate is transformed
to honeycomb structure, when the curing
time is prolonged to 2 h, and the pore
size of the honeycomb structure is also
enhanced with the increase of curing time
from 2 h to 12 h.
However, no crystalline hydrates like the hydrate of HA1 were observed until the HA2
paste was cured for 6 h, which is consistent with the result of XRD in Fig. 2 b. The
main hydration products of HA2 were still
composed of amorphous substances with a
honeycomb structure after curing at 40 °C
for 12 h (Fig. 4), demonstrating that the
crystallisation of the amorphous hydrate
is much slower in the HA2 paste curing at
40 °C.
It is interesting to note that the hydrates
of crystalline bayerite formed in HA1 paste
have a dense structure, while the hydrates
generated in formed in HA2 have a honeycomb structure when the pastes are cured
at 40 °C. With respect to the engineering
application, the honeycomb structure may
be good for improving the permeability of
HA-bonded castables, which could enhance
the explosive resistance of the castables
during heating-up.
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The hydratable alumina HA1 with a lower
specific surface area and containing a small
amount of boehmite are hydrated to produce crystalline bayerite during the curing
at 40 °C at the early hydration stage (up
to 2 h). In comparison, the hydratable alumina HA2 without boehmite and with a
higher specific surface area exhibits
amorphous hydrate during the early hydration stage.
It was found in this work that the hydrates
formed in the HA1 paste have a dense
structure, while the hydrates generated in
formed in HA2 paste have a honeycomb
structure, when the pastes were cured
at 40 °C. It may be assumed that HA2bonded castables could have a higher
permeability than HA1-bonded castables,
and consequently possess higher explosive
resistance.
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Fig. 4 SEM micrographs of as-received HA2 and HA2 pastes cured at 40 °C for 15 min,
30 min, 2 h, 6 h and 12 h
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