
PHASE TRANSFORMATIONS OF ALUMINIUM HYDROXIDE IN THE 
CALCINATION PROCESS 

Fdty of Mining ond Merahiagy b Bar. Unimrsi2~ of Beognd. 192IO Bar (Yugoslkvial 

<;r&cinazSJantlary1977) 

In this paper phase transformations were considered that occur in the process 
of cakination of ahuninium hydroxide, and for qualitative phase analysis low- 
temperature X-ray analysis was used- Two samples were used, one of chemical purity 
obtained under laboratory conditions and the other obtained under industrial con- 
ditions in the alumina production plant at Ridrittvo, Yugoslavia 

It was determined that for both samples in the p- of cakination of 

ahuninium hydroxide identical transformations appear, and the sequence of trans- 
formations present may be shown in the following way: 

iNTRODUCl-ION 

Research of phase transformations of aluminium hydroxide in. the calcination 
process has a huge practicaf significance because aluminium oxides, obtained by 
c&in&ion of different samples of ahuninium hydroxide, differ in their physicai and 

chemical characteaiSics- 
A large number of articles on the subject of identifkation of phase trans- 

formations appearing in the alum&urn hydroxide calcination process has heen 

published so far_ However, there is no strictly defkcl opinion ahout what exactly 
happens in this process. A predominant fine of thought is that during thermal 
decomposition in the atmosphere of air a-Al[OH), decomposes to AlOOH which 

transforms into a dehydrated aluminium oxide which suffers a series of phase trans- 
formations with increase of temperature and that the final product in all cases is 

a-Al,Os. Results achieved by research in this area may be su - ed in tie 

folIowing way: 

* Pnscnt ad-: Facdty of Mining ana Mdurgy in Bar, &iv&Sty of Bcogml, 19210 lbr, 
YugosIavia. 



a-N ifU%, -x -K-a-N 14 (8) 

NOOff-J-6 3 

a-NmH), -3 -K-a-&o, (9) 
nroai - ~-6-e 

a-N<OUJ3 -rY-K--y3 

NWH -2-6 

(30) 

For the identification of phase transformations which are present in the process 
of calcination of ahuninium hydroxide, the authors whose results have been presented 

above, use in the majority of cases Iow-temperature and high-temperature X-ray 
diffraction analysis or infrarrd spectroscopy- 

EXPERIMENTAL 

For research of phase transformations present in the process of calcination of 

aluminium hydroxide in the temperature range from 298 to 1673 K, low-temperature 
X-ray diffraction andysis was used and research was done on a sample of ahtminium 

hydroxide obtained under Iahoratory conditions and on a sample of ahuninium 
hydroxid? obtained under industrial condition in the alumina production plant at 
Kidri&vo_ 

X-ray diffraction analysis was done on the equipment produced by the Siemens. 
Recording was done with Cu anti-cathode and fibrated emission by Ni-f&r at 

vohage of 40 kV and a current of I8 mA_ For registration of reff ected emission 
scintihation detector was used. 

a 
a 

RESULTS AND DIXCFSSION 

The content of impurities, specific mass and specific surface of samples being 

studied are presented in Table I. It is obvious that there exists a di&tence in the 
specific surface of sampIes studied as welI as in the content of impurities_ In both 
cases the content of Na,O is the highest and the content ~of @I impurities in the 
sampIe taken from the aIumina production pIant at KidriEevo does not exceed OS%- 

In all cases samples of ahxminium hydroxide to be studied were heated in an 
atmosphere of air at the rate of 10°C I&-’ to the required temperature at which they 
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TABLE 1 

S3MEOFTHE-CSOF!SAMPLESSlUDIETB 

chtmical1ypul-e 2530 315 - - - _ - O-IS 
KidIihVO 2530 84.5 0.009 0_027 0.001 0_00?! 0.018 0.16 

a b 

Fig_ l- Rcxllw of aiuminium hydruxidc tbamairy treatal at diff-a-alt cem~ur& 
(a)~lypurr~pk~)~sampkfrornthtd~plantatI(idriEcvo.X =i98K;2= 
573K;3 =rnK;4=873K;5=973K;6=1173K;7=lt73K;%=lrnIC 

were kid for about 60 min and then quickly cooled to room temperature. Samples 
prepared in such &way were analyzed by X-ray diffraction analysis in order to determine 
phases appearing in the process of heating to the required temperature_ Considering 
the fact that there is a low probability of having a reversed reaction during the process 
of cooling the sample, it may be considerexi that phases determined in such a way are 

identical to those appearing at the reaction tempera- 
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Characterisation of phased by X-ray diffraction analysis was done on samples 

which were previously treated thermally at the folIowing temperatures: 573,773,873, 

973,1I73,I273and1575KaswellasonsampIestreatedat298K, 
Roentgenograms obtained for the sample of chemical purity (a) and for the 

sampIe obtained under industrial conditions in the alumina pIant at Kidritivo (b) 
are shown in Fig_ I_ 

The qualitative phase anaIysis, based on roentgenograms obtained was done 
such that intersurface distances “d” were calculated in &ngstGms and the values 
obtained compared with vaIcgs of “d” for the required refIections from ASTM cards_ 

From roentgeno_erms shown it may be seen that refiections with AI( 
sample of chemical purity are less prominent as compared to the sampIe taken under 
industrial conditions, which is effected also with other phases up to roentgenograms 

for sampIes that were thermally treated at 1573 K when reffections were very 

prominent in both cases. This may be the consequence of the smaller diameter of 
partic& of the starting sampie of aIuminium hydroxide of chemical purity_ 

On roentgenogzams for samples that were thermally treated at temperatures 
of 773 to 1273 K less pro‘zsinent refIections may be observed, which is the consequence 

of decreasing the size of particles during the calcination process of ahxminium 
hydroxide_ This phenomenon has Ied some of the authors4* ’ to the wrong conclusion 
that amorphous aluminium oxide is formed in the process of uIcination_ At tempera- 
turcs higher than 1273 K processes of recrystaIIization are effected so that prominent 
refIections are obtained on roentgenograms for these products_ 

ESased on roentgeno_mms shown in Fig_ 1, TabIe 2 shcws caIcuIated values of 
intersurface distance “d” with corresponding va!ues from ASTM cards, 

Results obtained (see Table 2) show that for sampIes studied, which were 
thermaNy treated at the particular temperature, in a11 cases for both samples identical 
refiections appear, which shows that in the process of calcination of aluminium 
hydroxide obtained under industrial conditions the same transformations appear- 

The starting sample in both cases represents the z-modification AI( whiIe 
refiections for pAI( were not registered. At 573 K appearance of bcmite is 
registered, at 773 K l pAI1OS with a certain quantity of residual AIOOH at 873 K 

only 7-AI,O, appears, at 973 K q-A1203, at I 173 K B-AI,03, at 1273 K apart from 
0 and ~c-AI~O~ appears and finaNy at 1573 K only z-A1,03 appears which represents 

the final product in the process of caIcination of aiuminium hydroxide. 
It may be seen that for the sample obtained under industrial conditions, in aI1 

cases, in corresponding phases for corresponding reflections lower intersurface 

distances are observed as compared to the sample of chemical purity, This difference 
deceases at higher temperatures so that with CZ-AI,O, almost identical intersurface 
distances are obtained_ 

Accordingly, it may be concluded that in the process of caIcination of aIuminium 
hydroxide the foIIowing transformations appear: 
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I 1 1 I 1 
273 673 873 1073 1273 I473 

l- CHEMICALLY 
z- KIORIikVO 

PURE 

TEMPERATURE (K) 

Fi~ZTGandDTAamm for sampks of aIuminium hydroxide studied in an atnmsphae of air 
at a heating rate of 10°C min-I. 

and that for both samples studied the sequence of phase transformations is identical. 
Some of these transformations may be re&red by thermogravimetric analysis 

(TG) and differential thermal analysis (DTA) as is shown in fig. 2. 
The dehydratation process of z-AI(OH)~ to AIOOH and of AlOOH to r_Al,O, 

on TG curves is shown in units of weight toss and DTA curves_ It is ckariy defined by 
endothermai peaks, endothermality of the former being far higher than the latter, 
On DTA curves the process of aystallization of a-A1203 is also registered by an 
exothermal peak at 1573 K which has a variable intensity depending on the particle 
size of the starting AI(O There is no corresponding explanation for the appearance 
ofthepeak- Othertransformationsintheprocessofcakinationofahuniniumhydroxide 
are followed by weak heat effects and this is the reason why they can not be reg&zed 
by DTA equipment. In certain cases an exothermal peak may appear at about 1173 K, 
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which is not reproductive, so that for its 6ccasiOd appearance them is no corre- 
sponding expfanation. 
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