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The thermal decompositions of fl-A1F 3 - 3H20, AIF 3 �9 3.5H20, AIF 3 - 1.5H20 , fl-A1F3 and 
hydroxyfluorides of  aluminium were investigated. The literature data were complemented with 

X-ray results. The first stages of decomposition are described. The AtF 3 hydrates and 

hydroxyfluorides were used as model systems in order to interpret the thermal behaviour of ~- 

A1F 3 in more detail. 

A mass-spectrometric study showed the very complicated nature of  hydrolysis 
processes occurring during the interaction of  water traces and cr 3 [1]. Pure ~- 
A1F 3 loses its water traces up to 600 ~ As a result of  the hydrolysis, not only HF, but 
also gaseous HF-AIF  3 complexes are formed. The formation of  these complexes 
depends strongly on the temperature, and it is possible to subdivide the process of  
hydrolysis into 3 temperature-dependent ranges. The first step (up to 250 ~ is 
characterized by water loss and the continuous formation of HF. In the second 
temperature range (250-550~ the first maximum, due to the formation of  HAlF 4, 
can be observed. The temperature range above 600 ~ is also characterized by the 
formation of  gaseous complexes, but the species are not the same. Only one phase 
transition in ~-AIF 3 is known, at 452 4-10 ~ but it is impossible to correlate the 
formation of  gaseous complexes with this transition. During the preparation of  ~- 
AIF3, traces of  hydrates of  AIF 3 or hydroxyfluorides of  AI can be formed. These 
compounds are a source of  water and they modify the thermal behaviour of  AIF 3. 
A large number of papers have reported on several hydrates of  aluminiumfluoride 
and hydroxyfluorides of  AI (see, for example, Grobelny [2]), but the results are not 
consistent in all cases. Accordingly, it was necessary to reinvestigate several 
compounds under the same conditions. On the basis of  the literature "data, we 
selected /%A1F3"3H20, AIF3 '3 .5H20,  A1F3"l.5H20, /~-A1F 3 and hydroxyflu- 
orides. These compounds show thermal effects in the temperature range of  interest. 
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Experimental 

Table ~ details the preparation methods and the results of chemical analysis of  
the compounds used. Fluorine was determined according to Seel [3] and aluminium 
with EDTA. The thermal analysis was car:led out with a Q 1500 D derivatograph. 
Experimental conditions: Pt crucibles, sample mass 200-400 mg, ~-A120 3 as 
reference substance, heating rate 3 deg min - ~ (Q) and 5 deg min-  ~ (dynamic), rate 
of  decomposition 2 mg min- i .  X-ray pgwder diffraction patterns were obtained 
with a Guinier camera with a heating device (heating rate 2.5 deg/-lain - 1, 20_900 o, 
flowing N2). The conditions for the determination of  the gaseous complex species 
are given in [1]. 

Table 1 Results of chemical analysis 

Compound 
Chemical analysis 

AI, m% (th) F, m %  (th) 
Preparation according to 

fl-A1F 3 - 3H20 19.1 (19.55) 40.3 (41.3) [5] 
AIFa .3 .5H20 18.1 (18.45) 38.9 (38.75) [5] 
AIF 3 - 1.5H20 23.9 (24.3) 57.1 (51.4) [7] 

24. ! (24.3) 55.3 (51.4) evaporation of HF acidic A1F 3 
solution to dryness 

fl-AIF 3 35.4 (32.1) 64A (67.9) [6] 
v-AIF a 32.1 (32.1) 67.9 (67.9) [6] 

Results and discussion 

The release of H 2 0  traces from pure ~-A1F 3 was observed in the temperature 
range from 80 to 600~ with a maximum at 210 ~ This is in good agreement with the 
temperature range of  the dehydration of  f l-AIF3.3H20 and AlFa.3 .5H20,  
described by Petzold et al. [4] and Schmidt [5]. If  complete dehydration takes place, 
both compounds undergo a hydrolysis process. However, the mechanisms of 
hydrolysis are not the same. fl-A1F 3 �9 3H20 is more stable then AIF 3 �9 3.5H20. The 
X-ray powder patterns of  the reaction products show that the decompositions are 
more complicated than described in the literature. Only heating over a long time 
(2-4 h) leads to well-known decomposition products, especially v-A1F 3 [6] and fl- 
A1F 3. The first reaction steps were determined in short-time experiments. The 
results are given in Table 2. High-temperature X-ray investigations did not show 
significant differences between fl-AIF 3 . 3H20 and A!F 3 �9 3.5H20. Above 125 ~ the 
X-ray photograph reveals no diffraction lines, which means that the products of 
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Table 2 Results of X-ray investigation 

813 

Decomposition products after heating (I 5 min) 
Compound 

100 ~ 200 ~ 300~  400 ~ 

fl-AIF 3 ' 3 H 2 0  fl-AIF3" 3 H 2 0  amorphous  7-AIF 3 [6] ~,-AIF 3 [6] 
traces of fl-AIF 3 traces of fl-A1F 3 

AIF a �9 3 .5H20 AIF 3 - 3 .5H20 amorphous  ),-AIF 3 [9] fl-A1F 3 

AIF 3 - 1.5H20 AIF 3 �9 1.5H20 A1F3"0.5H20 e3-AIF 3 [7] ~,-A1F 3 [9] 
3,-A1F3 [9] 

decomposition are amorphous. At temperatures above 320 ~ crystalline fl-AIF 3 
occurs. At 625 ~ the transition of  fl-AIF 3 into the high-temperature modification of  
ct-AIF 3 takes place, accompanied by hydrolysis. As cdncerns these features, one 
must interpret the heating process of  AIF 3 in more detail. In order to explain the 
evaporation effect ofAIF 3 at 360 ~ it is helpful to investigate the thermal behaviour 
of  hydroxyfluorides of  A1 and AIF3.1 .5H20 (~I-AIF 3 [7]). The formula 
AIF 3 �9 1.5H20 is only an idealized one. The composition of  this compound varied 
with the conditions of  preparation. There are two possibilities for the preparation 
of  this compound, which is characterized by the powder patterns as in [7]. Vacuum 
evaporation of  a solution of  AIF 3 leads to poorly crystallized compounds, Better- 
crystallized products were obtained by evaporation of  an acidic solution (HF) to 
dryness. However, the F contents of  the products are too high in both cases. Details 
on the thermal behaviour of  "AIF 3 �9 1.5H20" have not yet been published. Our 
thermal and X-ray analysis results are given in Table 2 and Fig. 1. After the main 
step at 200 ~ in the TG curves, the further mass loss proceeds continuously, similarly 
as when the Q-technique is used. It should be noted that the mass loss caused is not 
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Fig. 1 Thermal analysis of AIF 3 - 1.5H20 , powder patterns according to [7] (400 rag, 5 K min -1) 
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only by dehydration, but also by hydrolysis. The thermal effect at 746 ~ depends on 
the F content. At higher F content, it is shifted to lower temperature (630~ In the 
process of decomposition of A1Fa. 1.5H20, no crystalline hydroxyfluorides are 
formed. However, it may be assumed that amorphous species of this composition 
play an important role in this decomposition process. The main step in the 
decomposition proceeds at the same temperature as the formation of HALF4. The 
formation of the complexes in the temperature range above 600 ~ can be interpreted 
in terms of the decomposition of special forms of hydroxyfluorides. 

Grobelny [2] described a phase transition of fl-AIF 3 at 640 ~ High-temperature 
X-ray investigations show that this transition is connected with hydrolysis. As a 
result of the hydrolysis, the diffraction lines in the X-ray photograph vanish. To 
summarize the different effects, such as those of the preparation conditions, the 
results of chemical analysis and the pathway of decomposition lead us to suppose 
that fl-AIF a is a variety of 7-A1F3, agreeing with [9], stabilized by hydroxyl ions. 
Therefore, it is reasonable to define the thermal effect at 640 ~ as a decomposition 
point. 

Bulgakov [10] reported exothermic effects above 700 ~ due to the solid-state 
reaction between AIF 3 and A120 a. 

We have found that reaction takes place only if the Al20 3 contains hydroxyl ions. 
When ct-Al20 3 was used, no thermal effects were observed. The thermal effects were 
split if a product with an A1F 3 content lower than 96% was used. The splitting is 
caused by several processes. Above 800 ~ a mineralization process must be 
considered, and below 600 ~ decomposition of the hydroxyfluoride species takes 
place. This comparison of the thermal behaviour of AIF 3, A1F 3 hydrates and 
hydroxyfluorides confirmed that it is possible to explain the thermal effects 
occurring during the heating of ct-A1F a on the basis of the properties of AIF 3 
hydrates and hydroxyfluorides. 
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Zusammenfassung - -  Die  t he rmische  Zer se t zung  v o n  f l -AIFa �9 3 H 2 0  , A1F3 �9 3 , 5 H 2 0  , A1F 3 �9 ! , 5 H 2 0  , fl- 

A I F  3 u n d  H y d r o x y f l u o r i d e n  des  A l u m i n i u m s  w u r d e n  u n t e r s u c h t  u n d  die in de r  L i t e r a t u r  beschr i ebenen  

Ergebn i s se  d u r c h  R 6 n t g e n u n t e r s u c h u n g e n  erg/inzt .  D ie  ers ten  P h a s e n  der  Ze r se t zung  w e r d e n  

beschr ieben .  Die  A 1 F 3 - H y d r a t e  u n d  H y d r o x y f l u o r i d e  des  A l u m i n i u m s  k f n n e n  als  Mode l l sy s t em gent t tz t  

we rden ,  u m  das  the rmische  Ve rha l t en  v o n  a-A1F 3 deta i l l ier t  zu  beschre iben .  

P e 3 m M e - -  H a y a e n o  TepMnqecKoe p a 3 ~ o x e n n e  f l -AIF a �9 3 H 2 0  , A1F 3 . 3 , 5 H 2 0  , A1F a - 1 , 5 H 2 0 ,  f l -AIF a n 

OI(CH~TOpH~OB a.rIIOMHHHIL J I n T e p a T y p n u e  ~aHubIe 6bi.rIH ~OHO.rIHeHI~I 21aHHbIMH penTreHodpa30Boro 

ana.Jmaa. OHHCaHbI Hepm,ie CTa~HH paaYtoxeHna aTHX coe,/IHHeHH~. FH~paTbI dpTOpH~a a.rllOMHHH$1 n 

OKCHd~TOpI, U~I a.IIIOMHHH$I 6bI.qn HCHOJIb3OBaHbI B KaqecTBe MO,/le.rlbHbIX coe21HHeHHfi ~LrlJ ,/leTaJIbHOfi 

HHTepHpeTaIIHI4 TepMHtleCKOFO IIOBe,/leHH~! ~t-AIF 3 . 
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