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Abstract—A complex study of the phase composition and phase distribution in coarse floccules of the
dehydration products of gibbsite thermally treated at atmospheric pressure in air at 250-500°C was performed.
The dehydration of gibbsite floccules generates coarsely and finely crystalline boehmite phases. Finely
crystalline boehmite is formed by partial “fragmentation” of gibbsite crystals. The layer of coarse boehmite
crystals surrounds a finely crystalline boehmite core. x-Al,O3 predominantly crystallizes on the outer surface of

gibbsite particles that contacts with the environment.
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Phase transformations of aluminum trihydroxides,
in particular, gibbsite, have been studied for a long
time [1]. The regularities of phase formation on
thermal treatment of gibbsite in air have been the
subject of much research [2-9]. Major pathways of
phase transitions in gibbsite both at low [7-12] and
high (for a few minutes) [3—5] heating rates were
established.

Under near-equilibrium conditions, when dehydra-
tion and transformation of crystal lattice occur
simultaneously, the thermal decomposition of gibbsite
particles more than 1 um in diameter under heating in
air follows two parallel pathways forming boehmite
and y-ALO; [13].

y-AlOH); 25> 1-ALO;
1 180°C
y-AlO(OH). )

Boehmite formation is initiated at temperatures
above 180°C, which is explained by hindered diffusion
of water released inside coarse gibbsite particles, as a
result of which hydrothermal conditions develop [13].
The formation of boehmite destroys gibbsite layers
along the lines passing through holes in the hexangular
network [14]. Therewith, zigzag chained aluminum-—
oxygen octahedra with OH groups at vertices are
formed and further dehydrated to form boehmite

double aluminum oxide layers. By contrast, to form
crystalline y-Al,O; removal is required of the released
water from the reaction zone. Therefore, theoretically,
the process in crystals less than 1 pm in diameter can
be initiated only after course gibbsite particles have
been destroyed along the contact plane to form open
pores. However, really, this process takes place only at
>250°C [13, 15], to form densely packed oxide
aluminum—oxygen layers, the OH layers in y-Al(OH);
should get closer to each other, which requires
additional energy [16].

At high heating rates during thermochemical and
centrifugal thermal activation [3—5] gibbsite converts
into an X-ray amorphous product by reaction (2)
[2, 17]. Thus product is structurally similar to it
precursor, it is thermally stable up to 800°C and shows
enhanced reactivity.

2y-Al(OH); — p-ALO; + H,01. ©)

At present there is no unambiguous opinion which
is the limiting stage of boehmite formation. According
to Brown et al. [18], the process is controlled by water
diffusion in gibbsite crystals and water desorption; in
[19-21] it is suggested that the limiting stage involves
the formation and/or growth of nuclei of a new phase
(boehmite). The activation energies of the process
reported by different authors vary over a wide range
(from 14 to 313 kJ/mol) [12, 19-23], which is due to
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Fig. 1. SEM images of gibbsite samples: (a) starting and (b) thermally treated at 300°C for 300 min.

the different conditions of thermal treatment and
procedures for evaluation of phase content used in
these works. For example, the activation energy of
272412 kJ/mol reported by Stacey [22] was deter-
mined for a fluidized-bed process under helium and the
partial pressure of saturated water vapor of 1602660
Pa. Madarasz et al. [19] estimated the activation
energies for gibbsite amorphization and boehmite
nucleus formation (14+1 and 44+3 kJ/mol, respec-
tively) under short (0.5-13 min) isothermal treatment
of gibbsite floccules at 550—650°C.

The information on the character of boehmite and
x-Al,O; phase distribution during thermal decom-
position of coarse gibbsite particles (primarily in the
bulk or on the outer surface) is also quite scarce.
Stacey [22] used electron microscopy to show that the
dehydration of gibbsite under a low pressure of water
vapor can provide boehmite particles up to 100 nm in
size in the bulk of decomposing gibbsite, which
constitutes an amorphous alumina scaffold.

It seems urgent to gain further insight into the
mechanisms and activation energies of boehmite and
alumina nucleation, as well as phase localization in the
bulk of coarse gibbsite particles. The products of
thermal decomposition of gibbsite in the form of
micron floccules have found wide use as precursors of
aluminum oxide carriers (or carriers proper) for
catalysts in a number of petrochemical processes in
fluidized-bed reactors [25, 26]. The size of synthetic
gibbsite floccules vary from 0.1 to 500 um and depend
on crystallization conditions [26]. This makes it
possible to obtain floccules of a desired size and
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synthesize on their basis fluidized-bed catalysis. The
gibbsite floccules as an alumina carrier are applied due
to their small specific surface area (<1 m%/ 2).

Alumina catalyst carriers or their precursors are,
among other technologies, fabricated by the dehydra-
tion of coarse gibbsite floccules at atmospheric pres-
sure in air. In this connection, further research on the
effect of thermal treatment conditions on the phase and
structural  transformations of  gibbsite, kinetic
regularities of boehmite and alumina phase formation,
and phase distribution directly in the bulk of gibbsite
floccules is necessary. The results of such research
would allow controlling the properties of alumina
carriers and catalysis thereof already at the stage of
phase transitions in gibbsite.

In the present work we studied the regularities of
phase formation and phase distribution in the
dehydration of coarse gibbsite floccules at atmospheric
pressure in air.

According to scanning electron microscopy (SEM)
data (Fig. 1), synthetic gibbsite floccules are round-
shaped crystalline aggregates comprising block
crystals with a hexagonal profile and <10 pm in size.
Elemental analysis showed that gibbsite contains SiO,
(0.36 wt %), Na,O (0.03 wt %), and Fe,O5 (0.03 wt %)
admixtures.

The kinetic curves of gibbsite transformation and
aluminum hydroxide and oxide phase formation are
presented in Fig. 2. Comparison of thermal and X-ray
phase (XPA) analysis data shows that the boehmite
phase in gibbsite dehydration products can comprise,
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Fig. 2. Kinetic curves of gibbsite transformation and hydroxide and alumina phase formation at (a) 250, (b) 300, (c) 350, (d) 400,

(e) 450, and (f) 500°C. () Gibbsite; (2) boehmite; (3) x-ALLOs; (4) finely crystalline boehmite; (5) y-Al,O; obtained from finely
crystalline boehmite; and (6) y-Al,Os, obtained from coarse crystalline boehmite.
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Fig. 3. X-ray diffraction patterns of gibbsite dehydration products obtained at (/) 300°C, t 300 min, (2) 400°C, t 300 min,
(3) 450°C, t 300 min and (4) 500°C, t 300 min. (Bm) stands for boehmite.

depending on the treatment temperature and time, two
types of differently sized particles: coarse and fine.
The oxide phase can be represented by both y-Al,O;
and a mixture of y-Al,O3 and y-Al,Os.

The first phase to be formed in gibbsite dehydration
products is the coarsely crystalline boehmite phase. Its
fraction reaches ~24 wt % at 250°C and increases to
~56 wt % at 350°C (Fig. 2), as judged from the in-
creased weight losses in the region of the boehmite—
v-Al,O3 phase transition (AT 450-620°C, Ty, 546—
549°C) in the DSC curves and increased boehmite line
intensities in the XPA patterns of the samples (Fig. 3).
The compositions calculated from the dependence of
the interplanar spacing along the b axis on the mole
fraction of water [13], coarse crystalline boehmite
contains 1.02 mol of H,O per 1 mol of Al,O3, and the
coherent scattering regions of its crystals are, on the
average, D) 50.5 and D9 40.5 nm, which is
slightly smaller than the size of the starting gibbsite
crystals (Table 1).

Kinetic calculations using a number of mathe-
matical models for solid-phase reactions [18] show
that the limiting stage is the stage of formation and/or
growth of lamellar nuclei of coarse crystalline
boehmite (Table 2), which agrees with the conclusions
in [19-21]. The apparent activation energies (FE,)
calculated for the stages of gibbsite decompositions
and coarse crystalline boehmite formation are 7444
and 6244 kJ/mol, respectively. Similar values were
obtained in [19], and, therewith, coarse boehmite
crystals are formed exclusively from coarse gibbsite
crystals.

The formation of up to 24 wt % of a finely
crystalline boehmite (Fig. 2) is indirectly evidenced by
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the appearance in the DSC curves of an additional
well-defined endotherm at ~320-460°C with its
minimum at 418-426°C. The E, for the finely crys-
talline boehmite is higher compared to that for coarse
crystalline boehmite and comprises 94+7 kJ/mol
(Table 2). There are different explanations in the
literature for the two endothermic effects in the DSC—
DTG curves for the boehmite—y-Al,O; phase
transitions. Panasyuk et al. [27] studied the boehmite
dehydration (7, 365-371°C) and decomposition
stages (Tiin 510-513°C). Alex et al. [28] interpreted
the two effects (T, 427 and 527°C) in the DTG curve
of boehmite subjected to mechanochemical activation
by stepwise dehydroxylation of AI-OH—Al and AI-OH
groups in the structure-forming octahedra. Analysis of
a broad range of samples revealed only one effect from
the y-AIOOH - nH,0—y-Al,O; phase transition either at
a low temperature, like in the dehydration of pseudo-
boehmite in [29], or at a high temperature, like in the
dehydration of boehmite in the present work. The low-
temperature endothermic effect in the DSK curves is
most frequently observed for the phase transition to y-
ALO; of pseudoboehmite with the crystal dimensions
D(20) 0.6-9.3 nm [29-31] or of bohemite gel [13].

Comparison of thermal and XPS analysis data
allows us the assignment of the observed effect to the
phase transition to y-Al,O; of boehmite particles of a
smaller size than in the coarse crystalline sample. The
broadening of the boehmite signals in the X-ray
diffraction patterns and the fact that they have the
same positions at the same 20 angles (Fig. 3, curves 2
and 3) suggest the same quantities of structural water
in both boehmites. According to calculations, the
coherent scattering range of boehmite particles
comprising both the coarse crystalline and finely
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Table 1. Effect of the conditions of gibbsite thermal treatment on the coherent scattering ranges (nm) of boehmite crystals

and the composition of the boehmite phase

Treatment Mixture of coarsely and finely] ~ Calculated for Composition of thi
conditions Gibbsite crys.talline finely crys.talaline boehmite phase, wt %
boehmite phases boehmite coarse finely
crystalline | crystalline
I,°C | t,min | Do) Do) D20 Do) D-@0) | D-0200 | boehmite | boehmite

Starting gibbsite 67.5 55.0 - - - - - -
250 60 65.8 57.0 50.2 38.6 - — 100 -
180 58.5 55.0 51.3 40.4 - - 100 -
300 57.6 55.0 50.2 423 - - 100 -
540 54.8 55.0 48.5 40.6 - - 100 -

300 180 36.2 30.0 37.8 36.8 11.8 289 68.1 31.9

240 34.0 29.9 36.7 349 10.9 23.9 66.4 33.9

300 - - 39.7 35.5 17.4 24.7 68.4 31.6

350 60 30.3 27.2 37.6 36.2 7.2 25.8 70.9 29.1

180 - — 38.0 33.0 5.1 12.8 73.3 25.7

300 - — 40.0 34.7 2.0 12.3 79.4 20.6

400 60 - - 40.0 34.0 2.4 9.7 78.9 21.1
180 - - 41.6 40.4 - - 100 -
300 - - 46.0 42.5 - - 100 -
540 - - 39.2 40.6 - - 100 -
450 300 = - 36.4 40.6 - = 76.9° -
500 180 - - 41.6 41.2 — - 31.0° —

* Averaged boehmite particle size was used in the calculations. ® The decreased concentration of boehmite is explained by its dehydration

to ’Y-A1203.

crystalline phases decrease to Dyg) -36.7-38.0 and
D120y 34.9-36.8 nm (Table 1). Therewith, the coherent
scattering range of finely crystalline boehmite
particles, which we calculated based on the contribu-
tion of each of the formed boehmites to the coherent
scattering range during phase accumulation at T,
300—3500C, are D(ozo) 7.2-17.4 and D(120) 23.9-28.9 nm.
The same amounts of structural water in both
boehmites and the common mechanism of crystal
nucleation and growth (Table 2) show that the
boehmites are identical in nature but have different
coherent scattering ranges.

In the IR spectra the phase transition of gibbsite to
coarse crystalline boehmite is accompanied by an
attenuation of all absorption bands in the ranges of
stretching [v(O—H) 3624, 3528, 3471, 3393, 3375 cm ']
and bending [5(OH) 1020, 966, 915 cm '] vibrations of
OH groups and vibrations of the Aly—O bonds (v 799,
745, 667 cm ') [31-35], as well as by an appearance of
new well-defined bands due to stretching [vs(O—H)
3292, v,(O-H) 3093 cm'] and bending [3,(OH)
1150, 8,(OH) 1070 cm'] vibrations of the OH groups
in the boehmite structure [36—38] (Fig. 4). The analysis
of the spectra in the region of OH stretching vibrations
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shows that the fragmentation of gibbsite particles [1]
does not have any effect of the coherent scattering
range of gibbsite crystals. The fragmentation of
gibbsite particles is evidenced by a much stronger
reduction of interlayer OH groups between gibbsite
stacks [v(O—H) 3528 cm '] compared to terminal OH
groups on the (001) crystal plane [v(OH) 3624 cm ],
and intralayer OH groups both on crystal sides [v(OH)
3471 cm™'] and directly in the gibbsite stack plane [v
(OH) 3393, 3375 cm ']. The fragmentation of gibbsite
particles can be favored by a much lower energy of the
hydrogen bonds between interlayer OH groups
compared to the hydrogen bonds between intralayer
OH groups [35]. As the fraction of gibbsite decreases
due to its transformation to coarsely crystalline
boehmite, the v(O—H) band at 3528 cm™' is attenuated
more than 2 times stronger compared to the v(O-H)
band at 3624 cm' and 4-8 times stronger than the
v(O—-H) bands at 3471, 3393, and 3375 cm ' (Fig. 5).
The same results follow from a comparison of the
areas of the same bands calculated by the decon-
volution of IR spectral profiles into gaussian com-
ponents, as well as from the residual gibbsite
concentrations in the samples (Fig. 6).

At 300-350°C, when the fraction of the trans-
formed gibbsite becomes close to 100% and the
fraction of crystalline boehmite to a maximum (~56 wt %),
an anomalously strong growth of the split band at
3393, 3375 cm ' and stabilization of the intensity of
the band at 3471 cm ', along with gradual attenuation
of the bands at 3624 and 3528 cm’', are observed

(Fig. 5).

Analysis of the gaussian components of the spectra
shows that the dehydration of gibbsite is accompanied
by decreasing number of intralayer OH groups in its
structure, as evidenced by decreasing area of the
corresponding band. The simultaneous increase of the
band area at 3471 cm ', associated with increasing
number of OH groups on the sides of gibbsite crystals,
can be attributed to a fragmentation of the rest of
gibbsite crystals because the increasing temperature
causes a considerable increase in the partial pressure of
water vapors inside floccules. The fragmentation
phenomenon is confirmed by a considerable (1.8—
2.3 times) decrease in the coherent scattering ranges of
gibbsite crystals to 30.2—34.0 nm along the (002) plane
and to 27.2-29.9 nm along the (110) plane (Table 1),
which, in their turn, correlate with the band area at
3471 cm ' in the IR spectra of the samples (Fig. 7).
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Table 2. Kinetic characteristics of different reactions involved
in the thermal decomposition of gibbsite (Avrami—Erofeev—
Kolmogorov function [18])

T,°C ks n R b

kJ/mol
Dehydration of gibbsite

200 6.2x10° 1.5 0.8807 T4+4

250 22x10" 1.5 0.9903

300 24x10" 1.5 0.9938

350 4.1x10" 2.0 0.9698

Formation of coarse crystalline boehmite

200 62x10° 1.5 0.8807 62+4

250 1.4x10™ 1.5 0.9695

300 22x10™ 1.5 0.9387

350 3.0x 10 1.5 0.9937

400 58x10* 2.0 0.9478

Formation of finely crystalline boehmite

300 50107 1.5 0.9581 94+7

350 14x10" 1.5 0.9961

400 3.7x10" 2.0 0.9996

Formation of Al,O;

250 8.5x10° 2.0 0.9430 86+6

300 3.5%x10° 2.0 0.9370

350 73x10° 2.0 0.9175

400 1.6x10* 1.5 0.9324

450 21x10* 1.5 0.9666

500 48x10" 2.0 0.9467

Apparently, the fragmentation products are pre-
cursors of the finely crystalline boehmite phase. The
decrease of the coherent scattering range of gibbsite
and increase of the band area at 3471 cm ™' in the IR
spectra coincide with the appearance of this phase at
300°C (Fig. 1). The long induction period (~120 min)
can be due to the slow rise to the maximum value of
the pressure of water vapors in the central part of
floccules in the course of the formation of coarse
boehmite crystals. The subsequent fragmentation of
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Fig. 4. (a) IR spectra and gaussian deconvolved fragments of the IR spectra of (/, b) the starting gibbsite and its thermal treatment
products obtained at (2, ¢) 250°C, t 300 min and (3, d) 350°C, t 60 min.

gibbsite crystals because of the fast release of water
vapors to the environment is accompanied by a
development of an open-pore system, as evidenced by
a considerable increase of the specific surface area of
the dehydration products (from 0.7 to 96.3 m*/g). The
fragmented gibbsite crystals, primarily in the central
part of floccules, undergo dehydration to form finely
crystalline boehmite (Fig. 1). The latter conclusion
follows from the analysis of the dispersed (0.2—
3.0 um) particles of gibbsite dehydration products,
chipped from the surface of floccules.

The dispersed particles of the dehydration products
obtained at 300°C (540 min) and 350°C (240 min)

contain almost 2 times less finely crystalline boehmite
than the starting floccules (Table 3). Consequently,
this phase is best formed in the central phase of
floccules. Therewith, initially, at 250°C the coarse
crystalline boehmite phase is formed in the entire
floccule bulk, and at 300-350°C finely crystalline
boehmite nuclei are formed in the floccule center.

Unlike finely crystalline boehmite, the y-Al,O;
phase mostly crystallizes on the outer surface of
gibbsite  floccules, which contacts with the
environment (atmospheric air), or on the surface of
pores already after gibbsite crystals have fragmented
[1, 21], i.e. in those regions, where water vapors are
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Fig. 5. Effect of gibbsite concentration on IR band
intensities. Here and hereinafter, Gb stands for gibbsite,
Bm for boehmite, and MBm for finely crystalline boehmite.

able to release from the inside. Dispersed particles of
all the samples in study are enriched with the y-Al,O;
phase whose fraction is ~4.5 times larger than in the
samples obtained at 250°C and 1.4-1.6 times larger
than in the samples obtained at 300-400°C (Table 3).

The y-Al,O; phase not contaminated with the
v-Al,O; phase is only identified in the samples
obtained at 250 and 300°C, and it crystallizes with
induction periods of ~300 min in the first case and ~60
min in the second case (Fig. 1), which is associated
with gradual formation of an open-pore system (Vggr
0.03—0.20 cm’/g, Sger 45.6-260.9 m*/g). In going from
250 to 300°C, the fraction of y-AlLO; in the
dehydration products increases from 8 to 32 wt % and
then stabilizes at 350—500°C. The coherent scattering
range of the forming y-Al,O; crystals is D49y 5.0 and
D04y 32.1 nm (Table 4). The long induction period and
slow (k 8.5 x 10°-3.5 x 10° s™', Table 2) crystallization
of the ¥-Al,O; phase provide evidence that the physico-
chemical process of oxide formation is complicated in
nature [16]. For necessary structural changes in gibbsite
with subsequent formation and 2D growth of laminar
nuclei of the y-Al,O; phase a long time is required.
According to calculations (Table 2), the exponent in
the Avrami—Erofeev—Kolmogorov equation is equal to 2.0.

Thus, in the floccules of gibbsite dehydration pro-
ducts, including the x-Al,O; phase, a finely crystalline
boehmite core surrounded by a coarse crystalline
boehmite layer is formed. Both the boehmite phases
are coated, on the outer surface of floccules, by a y-
ALO; layer which is partly distributed in the bulk of
floccules along the walls of open pores.
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When the calcination temperature of gibbsite is
increased to 500°C, the oxide fraction in the
dehydration products increases due to the y-Al,O;
phase formed by dehydration not only of finely
crystalline (350—400°C), but also of coarse crystalline
(450-500°C) boehmite (Fig. 1). The dehydration of
finely crystalline boehmite is complete at 400°C after
~120 min, and the dehydration of coarsely crystalline
boehmite at 500°C is complete after ~300 min (Fig. 3,
pattern 4).

The kinetic curves of the formation of the alumina
phase comprising ¥-Al,O; and y-Al,O; are described,
like in the previous cases, by the Avrami—Erofeev—
Kolmogorov equation with the exponent n 1.5-2.0.

D(hhkl), nm
80
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Fig. 7. Plot of the coherent scattering range of gibbsite
crystals vs areas of the v(O—H) bands at 3471 cm™' in the
IR spectra.
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Table 3. Phase compositions (wt %) of floccules and dispersed particles obtained by fluidized-bed abrasion

250°C, 540 min 300°C, 540 min 350°C, 240 min 400°C, 540 min
Phase starting | dispersed | starting | dispersed | starting | dispersed | starting | dispersed
floccules | particles |floccules| particles | floccules | particles | floccules | particles
Gibbsite 65.0 33.9 _ _ _ _ _ _
Coarse crystalline boehmite 29.0 30.0 48.8 42.5 51.0 45.8 52.9 44.0
Finely crystalline boehmite — — 20.0 9.5 8.7 4.2 - -
1-Al,04 8.0 36.1 28.1 44.9 27.5 37.2 24.3 332
v-AlLO; - - 3.1 3.1 12.8 12.8 22.8 22.8

Table 4. Effect of the conditions of gibbsite thermal treatment on the coherent scattering ranges (nm) of AL,O;crystals and

the composition of the alumina phase

Treatment conditions | Mixture of yx-Al,O; and y-AL,O; |Calculated for y-Al,O3;| Alumina fraction in the sample, wt %
T, °C T, min D-440) D-(04) D-440) D-o4 1-ALO; v-AlLO;
250 540 - - - - 8.0 -
300 300 15.0 32.1 - - 30.6 -
350 180 13.0 28.5 2.5 9.4 30.5 6.4
300 12.5 27.9 29 8.5 29.5 9.4
400 60 12.7 26.7 2.7 8.1 29.0 9.0
300 11.3 24.1 3.7 7.7 24.6 21.4
540 11.1 24.1 39 9.6 24.8 22.8
450 300 9.3 18.1 3.0 2.5 26.5 323
540 7.7 14.0 32 3.0 29.9 51.8
500 180 8.1 14.3 4.0 3.8 30.2 53.2
300 6.4 11.6 24 2.5 327 67.3

Consequently, the rate of the solid-phase reaction is
controlled by the formation and growth of laminar vy-
AlLO; nuclei. The apparent activation energy of
alumina phase formation is 86+6 kJ/mol. Therewith,
initially y-Al,O; crystals are formed, which are much
smaller compared to y-Al,O; crystals (Table 4). The
crystal dimensions of y-AlLO; resulting from the
dehydration of finely crystalline boehmite at 350-400°C
[Figs. 2¢, 2d), calculated with accounting for the
contributions of y-Al,O; and y-Al,O; to the coherent
scattering range, are Duag) 2.5-3.9 and D4y 7.7-9.6 nm.
After coarse crystalline boehmite has underwent
dehydration at 450-500°C to form y-Al,O5 (Figs. 2e,
2f), the crystals no longer virtually change size along

the (440) plane (2.4—4.0 nm) but become more than 2
times shorter along the (004) plane (2.5-3.8 nm).

The dehydration products obtained at 350—400°C
are mixed-phase particles consisting of a finely
crystalline boehmite and/or y-Al,O; core, its sur-
rounding layer of coarse crystalline boehmite, and the
peripheral layer of laminar y-AlL,O crystals. In the
dehydration products obtained at 450-500°C, the
particle core consists of finely crystalline boehmite and
v-Al,O3, a layer of coarse crystalline boehmite and/or
v-Al,O3, and an outer ¥-Al,O; layer. The mixed-phase
particles are similar in habitus to the starting gibbsite
crystals, which, in its turn, predetermine floccule shape
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retention, and, therewith, the surface of the particles
has large fractures and cracks (Fig. 1).

Our research on the influence of the conditions of
thermal treatment of floccules on the phase
composition and kinetic regularities of hydroxide and
alumina phase formation allows the following con-
clusions. Thermal treatment of gibbsite floccules in air
at 250-500°C gives rise to solid-phase transformation
in the dehydration products to form new phases,
specifically, coarse crystalline and finely crystalline
boehmites and predominantly laminar aluminas (x-
ALO;, y-ALO;); the limiting stage is the formation
and/or growth of nuclei of a new phase. In the 250-
300°C range, a core of finely crystalline boehmite is
formed in the bulk of the decomposing gibbsite
floccules. This process starts with an induction period,
during which partial fragmentation of gibbsite crystals
because of an increase of the partial pressure of water
vapors takes place. A layer of coarse boehmite crystals
surrounds the finely crystalline boehmite core. y-Al,O;
predominantly crystallizes on the outer surface of
gibbsite particles that contacts with the environment.
The mixed-phase particles obtained at 350—400°C
consist of a core of fine boehmite and/or y-Al,O;
crystals, which is surrounded by a layer of laminar
crystals of unreacted coarse boehmite and/or y-Al,O;
crystals. The outer, peripheral particle layer is
composed of laminar x-Al,O; crystals.

EXPERIMENTAL

Gibbsite of GDO00 brand (Bogoslovsk aluminum
plant, Russia) was used as the starting material. Phase
transitions that occur under heating from 250 to 500°C
were studied using 40—180 um floccules, heating was
performed at a rate of 5 deg/min in air for 10-540 min.

The elemental composition of the catalyst was
determined by X-ray fluorescence spectroscopy on a
Clever C31 instrument (ELERAN, Russia).

Scanning electron microscopy was performed on an
EVO 50 XVP electron microscope hyphenated with an
INCA 350 energy dispersive spectrometer. The energy
resolution of the spectrometer was 130 eV, ac-
celerating voltage 20 keV, working distance 8§ mm.

Thermal analysis was performed on a Netzsch
STA-449C Jupiter combined TG+DTA analyser hy-
phenated with a QMS 403 D Aéolos quadrupole mass
spectrometer, heating range 30-1000°C, heating rate
10 deg/min, argon atmosphere.
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Phase analysis was performed on a Shimadzu
XRD-7000 diffractometer (CuK, radiation, graphite
monochromator), the 20 angle was varied from 5° to
90° with steps of 0.05°. Phases were identified by their
characteristic diffraction lines: y-Al(OH); (ICSD no.
200599), y-AIOOH (ICSD no. 6162), y-Al,O; (ICSD
no. 66559), and x-ALO; (ICSD no. 13-373). The
coherent scattering ranges were calculated by the
Selyakov—Sherer formula to an accuracy of ~10%.

The IR spectra were measured on a Bruker
VERTEX 70 instrument at room temperature in KBr
tablets. The spectra were measured with a resolution of
1 cm™ and averaged by 128 scans. The base line was
drawn according to [39]. The deconvolution of the
spectra into gaussian components and their
optimization were performed using ORIGIN [39].

Dispersed particles (0.2-3.0 um) of gibbsite
dehydration products were obtained by long-time (8 h)
fluidized-bed abrasion of the surface of floccules under
a stream of air.

Particle dimensions were determined on a Malvern
Mastersizer 2000 laser diffraction particle size analyzer,
measurement range 0.1—1000 pm.
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