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ARSTRACT 

In this study, the effect of AIF, on the reaction temperatures of AI( and 
AIOOH dehydration and the crystallization process of Z-AI,O, is considered. It 
was determined that the addition of up to 1 “/0 AIF,, under the conditions of calcina- 
tion used and with a heating rate of 10” min- ‘: has no influence on the dehydration 
reaction temperatures and that the crystallization temperature is lowered by about 
200 K. 

Study of the effect of added AIF, on the kinetics of AI( and AIOOH 
dehydration showed that there is some influence on the kinetic parameters of the 
process and on the temperature at which the reaction mechanism changes. 

INTRODUCTION 

In industry, aluminium floride is continuously added in very small amounts 
during the calcination of aluminium hydroxide but still very little is known about the 
mechanism of its influence on the process. 

Buldakov et al.’ showed that the temperature of crystallization of x-Al,O, is 

lowered by adding AIF with 8 simultaneous change in the type of surface of the 
calcined product. However, no data are available in the literature on the mechanism 
of the influence of AIF, on the cafcination process of aluminium hydroxide. 

Some authors’* ’ conclude that on adding AIFs, aiuminium hydrofluoride 
is formed, and Varhegyi et al. 3 showed that j?-Al,03 is produced in the calcination 

process. 
The present study attempts to explain the effect of added AIF, on most of the 

phase transformations that occur during the calcination process of aluminium 
hydroxide. 

* Presented at the 4th International Congress for the Study of Bauxites, Alumina and Aluminium, 
Athens, 9-12 October 1978. 

** To whom correspondence should be addressed. 
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TABLE1 

BASIC CHARACTERISTICS OF THE ALUMINIUhl HYDROXIDE USED 

specijic spccijk Impiwitie (0 ,) 
wright srrrface 
(kg 1?1_3) (??I’ kg-‘) so2 Fe-On V205 TiO- Zt1 NazO 

2560 41.6 0.0108 0.026 0.0005 0.0039 0.0005 0.020 0.39 

EXPERihIENTAL 

Commercial DTA, TG and X-ray equipment as well as an optical microscope 

that allows photography at higher temperatures were used. 

DTA and TG measurements were carried out on equipment produced by 

Netzch, Model 409, which uses Pt-Pt/Rh thermocouples and fused alumina sample 

crucibles. All the research was done in an atmosphere of air with a heating rate of 

10” min-’ 

X-Ray diffraction analysis was performed on Siemens equipment and recording 

was with Cu anti-cathode and Ni filters at a voltage of 40 kV and a current of 18 mA. 
For the detection of reflected emission, a scintillation detector was used. 

Optical microscope Linseis 291 enabled a sample heating rate of 10” min-’ 

to be used and the samples to be photographed at eievated temperatures. 

Samples cf industrial Al(OH), produced at Titograd, Yugoslavia, were used. 

Its basic characteristics are g’lven in Table 1. The AlF, used as an additive was 

supplied by Merck. 

RESULTS AND DISCUSSION 

Zivkovi6” showed that the sequence of phase transformations in the calcination 

of AI may be represented as 

x-Al:OH), -+ AIOOH + y -+ 11 + 0 --+ K - x-Al?O, 

Only AI(O AIOOH dehydration and the crystallization of r-Al,O, can be re- 

corded by DTA. All other transformations occurring during the calcination of 

AI( were not measurable by this method even with very sensitive DTA equip- 

ment. The effect of added AIF, will therefore be discussed only up to the temperature 

required for the dehydration of AI and AIOOH and the crystallization of 

+A120,. 

Figure 1 shows DTA curves for AI( with different quantities of added 

AIF, at a heating rate of 10” min- I in an atmosphere of air. From the results obtained, 

it may be seen that addition of AIF, to AI(O in the process of calcination, the 
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Fig. 1. DTA curves for aluminium hydroxide with different amounts of added AIFS 

dehydration temperatures of AI and AIOOH are not changed and that the 
exothermal peak, which corresponds to the crystallization of Z-Al,O, occurs at a 

lower temperature. 
It is evident that addition of AIF,, even in very large quantities up to IOx, 

has no influence on the dehydration temperatures of AI and AIOOH, and has 
a very significant influence on the crystallization temperature of cw-Al,O, onfy for 
additions of up to 1 ‘4. With an addition of this magnitude, the crystallization temper- 

ature of x-Al,O, is lowered by about 200 K which is important for fuel economy in 
industrial AI( calcination plants. 

On the basis of X-ray analysis, it was concluded that, in all cases, a very clearly 

defined a-AI,03 phase is obtained. In the samples to which AIF, was added, a further 
well-defined phase was observed with additions of 5 and 1Oo/o AIF, (this was the 

reason for such large additions), but based on ASTM standards, we were unable to 

define it. It is possible that this phase catalytically influences the crystallization of 

cc-AI,O,, resulting in a iowering of the temperature of this reaction. 
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Fig. 2. The relative change in the mean diameter of prcsscd aluminium hydroxide as a function of 
the calcination temperature. 

T/le eflect of AIF 011 dimensiorlal charlgc of the sample 
As the phase recorded by means of X-ray analysis is formed at much lower 

temperatures, it was investigated by the dimensional change of pressed samples of 
aluminium hydroxide with 0 and 5 oA added AIFx. These were compressed and heated 
under the same conditions and their diameters recorded at different temperatures. 

The diameters of the compressed samples were measured at three different 
places and an average taken to obtain the variation with temperature. In both samples, 
the mean diameter decreased with increasing temperature. 

The relative lowering of the mean diameters of compressed samples of alumi- 
nium hydroxide containing 0 and 5% AIFJ is shown in Fig. 2. It can be seen that the 
relative decrease for samples containing no AIF is about twice that for samples 
containing 5% AIF, above about 700 K. Up to this temperature, the changes are 
similar. It is believed that at about 700 K a new phase is formed in the Al,O,-AlF, 
system in the presence of the remaining AI and AIOOH which influences 
further calcination. 

The further behaviour of samples with added AIF, with increasing temperature 
is different from that of samples containins no AIFA up to a temperature of about 
1300 K. With further increase to 1750 K, the tendency for the average diameter to 
decrease is again observed in both cases. The anomalous behaviour in the tempera- 
ture range from 700 to 1300 K can be explained as the influence of the phase formed 
in the AI,OS-AIFS system. This has some effect on the phase transformations during 
calcination, which are mainly completed by 1300 K. 

The eflect of AIF on the kinetic of dehydration of A&OH), arzd AIOOH 
The kinetics of dehydration of Al(OH)3 and AlOOH in non-isothermal con- 

ditions were studied by ZivkoviC and DoboviSek5. Using the same procedure as for the 
explanation of the experimental thermogravimetric results, the effect of the addition 
of AlF3 on the kinetics of these processes is discussed. 



Fig. 3. Dependence of the activation energy for the dehydration of AI(OH):I on the amount of AIFJ 
added. (I) Diffusion limited state of reaction; (2) kinetic limited state of reaction. 
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Fig. 4. Dependence on the added amount of AIFJ of the temperatureat which the reaction mechanism 
for the dehydration of AI( changes. 

Figure 3 illustrates the change in activation energy, E1 and E, for the dehydra- 
tion of AI and Fig. 4 the temperature at which the reaction mechanism changes, 
both as functions of the amount of AIF, added. 

From the results, it can be seen that even with a small amount of added AIF, 
(less than 1 %), El is increased but then decreases with th: addition of larger amounts 
of AlF3. The value of E2 has a tendency to decrease with addition of A1F3, the decrease 
being most marked by amounts up to 1%. The temperature at which the reaction 
mechanism changes varies in the same way, although additions of up to 1% AIF 
have an even greater effect. 
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Fig. 5. Dependence of the activation energy for the dehydration of AIOOH on the amount of AlFa 
added. (I) Diffusion limited state of the reaction; (2) kinetic limited state of the reaction. 

Fig. 6. Dependence on the added amount of AlFa of the temperature at which the reaction mechanism 
for the dehydration of AIOOH changes. 

Similar results for the dehydration of AIOOH are presented in Figs. 5 and 6. 
They show the same effect as in the dehydration of Al(OH)3 with additions of small 
amounts of AIF having the biggest influence. However, in this case, larger amounts 

-also have an effect. -This shows that, at these temperatures, the formation of the new 
phase described earlier has some influence on the dehydration process of AlOOH. 
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Fig. 7. The dependence of -I~I+~ for the dchydnlion of AI( and AIOOH on the amount of 
added AIFs (I) Dehydration of Al(O (2) dehydration of AIOOH. 

The value of E, has a tendency to increase with added AIF,, but El maintains 

a constant value. At the same time, the temperature at which the reaction mechanism 
changes usually increases linearly with increasing amount of added AIF, up to 1 “/,. 
It is believed that this shows that the newly formed phase influences the initial rate of 
reaction, and with its moving in the kinetic range, e.g. when the reaction rate is 

surface-limited, the influence of AIF, is decreased. 
It is evident that AIF has some influence on the dehydration processes of 

Al(OH), and AlOOH. However, for definite conclusions on the mechanism of this 
effect, further investigations are required. 

Parallel with this and based on TG results using the method of Stenin et a1.6, 
we determined the heat necessary for the dehydration process of AI( and 
AIOOH, AHE, as a function of the amount of added AIF,. The results are shown in 
Fig. 7. 

Based on these results, it is evident that added AIF, has no influence on the 
amount of heat necessary to carry out the dehydration of AI( and AIOOH, but 
only on the kinetic conditions necessary for the process to take place. 

CONCLUSIONS 

Based on the experimental results, we can draw the following conclusions. 
(I) With additions of AIF up to 1 OA, the temperature of crystallization of 

or-Al,Os is decreased by about 200 K. Increasing amounts of AIF, have no influence 

on the temperature of this phase transformation. Added AIF, has no influence on the 
temperature at which other phase transformations, which occur during the process of 
calcination, take place. 

(2) Adding AIF, leads to the formation of a new phase in this system at about 
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700 K, which is believed to have a catalytic influence on the crystallization of wAl,O,. 
It is not possible to identify the new phase according the ASTM standards. 

(3) In the calcination of aluminium hydroxide, AlF, shows some influence 
even on the dehydration of Al(OH), and AIOOH, which is included in its effect on 
the kinetic parameters for these processes. For this reason, this influence is more 
effective in the dehydration of AIOOK because, at this temperature, we have the 
formation of a new phase which is more effective than AIF, for the dehydration of 
AI(OK)3. 
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