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The gibbsite —y-alumina decomposition (in air) and the y-alumina —boehmite trans-
formation (under hydrothermal conditions) were investigated isothermally. Reaction products
were characterized by TG and X-ray diffraction. ’

The rate of the gibbsite — y-alumina reaction below 250 “C appears to be nucleation and
growth controlled. That of the hydrothermal transformation of y-alumina to boehmite depends
on the time of grinding and the particle size of the gibbsite from which the y-oxide has been
prepared. During this_peaction, partial re-formation of gibbsite was observed at lower
temperatures, but the final product was always boehmite.

In the thermal decomposition of gibbsite, AI({OH); two products are obtained:
boehmite, AIO(OH) and x-Al,O,. Their relative amounts depend on the origin and
the gréin size of the starting substance, the pressure, etc. Under hydrothermal
circumstances, boehmite is the only product up to about 300°; it is, most likely, the
thermodynamically stable form in the system [1]. The formation of boehmite from
gibbsite, when heated in air, was explained by hydrothermal conditions inside the
particles, while the gibbsite alumina transformation is a surface reaction [2-4]. If the
latter process is carried out at a constant decomposition rate, it can be divided into
two sections, the first proceeding at constant temperature and pressure [4-6].
Previously we studied the effect of water vapour pressure on the kinetics of the
gibbsite —y-alumina transformation {7}, now some new data on the same process
and on the hydrothermal reactions of y-alumina are reported.

Experimental

Synthetic aluminium hydroxide was wet ground in a ball mill'for 6 or 30 hours.
The samples for the gibbsite — y-oxide transformation were taken from different
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microsieve fractions of the ground material. Layers of uniform thickness 1 mm
were formed of these materials and treated isothermally in flowing air.

For the study of the hydrothermal reaction of y-alumina, samples prepared of
gibbsite at 255° were processed isothermally in stainless steel vessels under water
and saturated water vapour.

The reaction products were characterized by TG measurements carried out on a
DuPont 951 thermobalance. Phase analysis was confirmed by X-ray patterns
recorded on a Zeiss HZG—4 diffractometer.

Results and discussion

Decomposition of gibbsite to y-alumina

A conversion curve of a gibbsite sieve fraction is presented in Fig. 1, the amount
of gibbsite is related to the initial value. The curve consists of an acceleratory and a
deceleratory part. At lower temperatures, a quite long induction period is also
visible. The shape of all curves pointed to a nucleation and growth control of the
rate. Under the given circumstances, grinding time and particle size slightly
influenced the transformation.
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Fig. 1 The.decomposition of gibbsite to y-alumina in air. Sample: after 30 h of wet grinding, particle

size 10-20 ym
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Hydrothermal reaction of y-alumina

The amount of boehmite in the reacted samples was calculated from the mass
change in the 350-550° range (recorded by TG). The degree of transformation to
boehmite is shown in Fig. 2 as a function of time for two sieve fractions and two
temperatures. Visibly, the rate of reaction depends on the particle size. Moreover, in
other experiments the time and (dry or wet) way of grinding were also found to have
a considerable effect.
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Fig. 2 The tormation of boehmite in the hydrothermal treatment of y-alumina prepared from different
size fractions of gibbsite wet ground for 6 h.

Quite far from total conversion, the transformation to boehmite became very
slow (Fig. 2), which can be attributed to the increasing role of diffusion in the
control of the rate.

In the TG curves of several y-alumina samples after hydrothermal treatment
below 150°, a decomposition step occurred between 200 and 350°, i.e., in the range
of the gibbsite — y-oxide reaction. X-ray diffraction proved the presence of gibbsite
in these samples. Some data belonging to relatively short times of treatment are
shown in Fig. 3. Later the reformed gibbsite also transformed to boehmite, being
the only final product.

Gibbsite re-formation from y-alumina was favoured by lower temperature of
hydrothermal treatment. Besides, less gibbsite was obtained from y-aluminas
prepared of gibbsite that had been ground for a longer time prior fo decomposition.
This may be explained by the activating effect of grinding. The thermodynamically
favourable reaction (boehmite formation) is facilitated by a more active (i.e.,
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Fig. 3 The re-formation of gibbsite in the hydrothermal treatment of y-alumina prepared of gibbsite
(particle size below 10 um) after 6 and 30 h of wet grinding.

unstable) starting material, while kinetic control may dominate in the case of a more
stable oxide. A similar interpretation had been given by Lodding [8] for the
difference between boehmite formation in the decomposition of natural and
synthetic gibbsites.
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Zusammenfassung — Die Zersetzung von Hydrargillit zu y-Aluminiumoxid in Luft und die
Umwandlung von y-Aluminiumoxid zu Béhmit unter hydrothermalen Bedingungen bei isothermer
Versuchsfihrung wurden untersucht. Die Reaktionsprodukte wurden mittels Thermogravimetrie und
Rontgenbeugung charakterisiert. Die Geschwindigkeit der Umsetzung von Hydrargilit zu x-
Aluminiumoxid unterhalb 250 C wird durch Keimbildung und Wachstum bestimmt. Die Ge-
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schwindigkeit der hydrothermalen Umsetzung x-Al,O,— Bohmit hingt von der Mahldauer und der
Teilchengrossen des Hydrargillits ab, aus dem das x-Al,O, pripariert worden war. Wihrend letztere
Reaktion wird bei tieferer Temperatur partiell Hydrargillit gebildet, das Endprodukt war stets Bohmit.

Pesrome -—— M30TepMHUECKH HCCIIEN0BAHO pa3siokeHHe THOOCHTA IO y-OKHCH aJTIOMHHHS B aTMochepe
BO3AyXa W mnpeBpaumieHHe ero A0 O0IMHTA B THAPOTEpMHYECKHX YycjaoBuax. Metogom TI u
PEHTIEHO(A30BOI0 AHATIM3A OXAPAKTEPU3OBAHDI IPOAYKTH peakiuy. CKOPOCTh PEakuy Pa3iOXKEBHS
IrH66CcHTa [0 y-OKHCH amoMuHHA Hike 250° cOOTBETCTBYET MeXaHH3My oDOpa3oBaHHA UEHTPOB
KPHCTA/UTM3AUME M MX KOHTPOJHDYEMOMY pOCTY. [ MIPOTEPMHYECKOE NpEBpALIEHHE y-OKHCH
AIOMHHHAA /10 HOOMHUTA 3aBHCHT OT BPEMEHH H3MENbYCHHA M pa3Mepa 4acTuil ra66cuTa, H3 KOTOPBIX
6b11 NOJTYYEH y-OKCHA amoMuHuA. Bo Bpems 9ToH peakumu npH Gosiee HH3KOH TeMNEpaType BHOBh
Habnw,ianoce 06pa3oBaHne rHOOCHTA, HO KOHEYHBIM MPOAYKTOM DEakuMM BO BCEX ClydYasx ObLx
60IMHT.
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