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

The rate of the gibbsite -,z-alumina reaction below 250 C appears to be nucleation and 
growth controlled. That of the hydrothermal transformation of z-alumina to boehmite depends 
on the time of grinding and the particle size of the gibbsite from which the Z-oxide has been 
prepared. During this3eaction, partial re-formation of gibbsite was observed at lower 
temperatures, but the final product was always boehmite. 

In the thermal  decompos i t i on  o f  gibbsi te ,  AI(OH)3 two p roduc t s  are ob ta ined :  

boehmi te ,  A 1 0 ( O H )  and z - A I 2 0  3 . The i r  relat ive a m o u n t s  depend  on the origin and 

the gra in  size o f  the s ta r t ing  substance ,  the pressure ,  etc. U n d e r  hyd ro the rma l  

c i rcumstances ,  boehmi te  is the only  p r o d u c t  up to a b o u t  300 ~ ; it is, most  likely, the 

t h e r m o d y n a m i c a l l y  s table  form in the system [1]. The fo rma t ion  o f  boehmi te  from 

gibbsite ,  when hea ted  in air, was exp la ined  by h y d r o t h e r m a l  cond i t ions  inside the 

part icles ,  while the gibbsi te  a lumina  t r a n s f o r m a t i o n  is a surface react ion [2~,]. I f  the 

la t ter  process  is carr ied  out  at  a cons t an t  decompos i t i on  rate,  it can be divided into 

two sections,  the first p roceed ing  at  cons t an t  t empera tu re  and pressure  [4~] .  

Previously we s tudied the effect o f  water  v a p o u r  pressure  on the kinetics o f  the 

gibbsi te  ~ z - a l u m i n a  t r ans fo rma t ion  [7], now some new da t a  on the same process  

and on the h y d r o t h e r m a l  reac t ions  o f . z - a lumina  are  repor ted .  

Experimental 

Synthet ic  a lumin ium hydrox ide  was wet g r o u n d  in a ball  m i l r f o r  6 or  30 hours .  
The  samples  for the gibbsi te  --, X-oxide t r a n s f o r m a t i o n  were taken  f rom 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  z-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 H Z G - 4  diffractometer. 

Results and discussion 

Decomposition of  gibbsite to )~-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 z-alumina in air. Sample: after 30 h of wet grinding, particle 
size 10-20/am 
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Hydrothermal reaction of ;(-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. 

- loo 

i 
8O 

nn 

60 

40 

20 

Size 

�9 < l O u m  i50 ~ 
o 20-30 ~m �9 - - - "m-- - -- -- 

- o <I0 pm ..-'" - 

�9 20-30 ~Jm - ' "  �9 ,=~o~ 

i j p S ~  ~ �9 s ~'SO~ ~ '  0 

I "  ~ ~" 130 ~ 
S f 0 s ~'S 

I s~" I s . / .  ~ ~30 ~ 

z. 6 8 10 12 14 16 

t ,h 

Fig. 2 The tbrmation of boehrnite in the hydrothermal treatment of z-alumina prepared from different 
size fractions ofgibbsite 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 z-alumina samples after hydrothermal treatment 
below 150 ~ a decomposition step occurred between 200 and 350 ~ i.e., in the range 
of  the gibbsite --*;(-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 ;(-alumina was favoured by lower temperature of  
hydrothermal treatment. Besides, less gibbsite was obtained from z-aluminas 
prepared ofgibbsite that had been ground for a longer time prior t'o 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 z-alumina prepared of gibbsite 
(particle size below 10 lam) 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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Zt~mmenflm~tmg - -  Die Zersetzung yon Hydrargillit zu z-Aluminiumoxid in Lufl und die 
Umwandlung von z-Aluminiumoxid zu B6hmit unter hydrothermalen Bedingungen bei isothermer 
Versuchsffihrung wurden unlersucht. Die Reaktionsprodukte wurden mitlels Thermogravimetrie und 
R6ntgenbeugung charakterisiert. Die Geschwindigkeit der Umsetzung von Hydrargillit zu Z- 
Aluminiumoxid unterhalb 250 C wird durch Keimbildung und Wachstum bestimmt, Die Ge- 
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schwindigkeit der hydrothermalen Umsetzung z-Al203-,B6hmit h/ingt vonder  Mahldauer und der 

Teilchengr6ssen des Hydrargillits ab, aus dem das z-AI203 priipariert worden war. W/ihrend letztere 

Reaktion wird bei tieferer Temperatur partiell HydrargiUit gebildet, das Endprodukt war stets B6hmit. 

Pe31oMe - -  ld3oTepMHqecKn ncc~eaoBaHO pa3~omeHne rH66CUTa ~IO Z-oracn a.lliOMHllH~i B aTMOCdpepe 

BO3~yxa tl npeapattteHHe ero ao ~OgMHTa B FH~pOTepMHqeCKHX yCJIOBHaX. MeTOJIOM TF H 

peltTl'eHo~a3OBOl'O ana.an3a oxapaKTepH3OBaHbl npo~y~Tbi peaKIIEIH. CKOpOCTb peaKIIHlt paaJloxenMit 

l'H66cnra ~o Z-OKHCH aSIIOMHHH$1 HH~Ke 250 '~ COOTBeTCTByeT MexaHH3My o6pa3oBaHH~l UeHTpOB 

Kpl4CTaSIJIH3aLIHH 14 HX KOUTpos pocTy. FH~apoTepMHqecKoe npeapaIIlenHe Z-OKHCH 

a31tOMHHH$1 ]10 ~OgMHTa 3aBHCHT OT BpeMeHH H3MeJlbtleHH~l H pa3mepa ttaCTHH CH66CHTa, H3 KOTOpldx 

61,l.a IlO,qy~leH X-OKCH~ aYIIOMHHH$1. Oo BpeM$l ~TOH peaKLIHH llpH 60Ylee HH3KOH TeMIIepaType BHOBb 

Ha6Jll~.~a21OCb o~pa3OBaHHe FH6~CHTa, HO KOHeqHIMM Ilpo2tyKTOM peaKIIHH BO BOeX c2~y~aax 6t~tn 

60~MnT. 
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