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THE REACTION OF AlF3 SOLUTION WITH ALUMINIUM HYDROXIDE 
AND SOME REACTIONS OF THE ALUMINIUM HYDROXYFILJORIDE OBTAINED 
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su?dMARY 

AlF3 solution (150 g/l) reacts with Al(OH)3 in the m.ratio 
2:l in exceae of ca. 115'C to produce Al(OH,F)3.H20 with an 
F/Al at. ratio>2. At lower temperatures, e.g. llO°C, or at 
higher reactants ratios, e.g. 3-'11, formation of Al(OH,F)3.H20 
may be accompanied by crystallization of AlF 

3 -hydrates a8 
AlF3.3H20 and/or ()-A1F3. 2 H 0. When crystallization of p-A1F3.H20 
occurs to a greater extent, A1(OH,Fj3.H20 may vary in its F/Al 
at.ratio from ca. 2.5 to 1, during the reaction. 

A1(OH)F2.H20 reacts readily with NaOH, NaF and NH4F solutions 
to give sodium and ammonium cryolite. Reactions with NaHF2 and 
H2SiF6 were unsuccessful, while with AlF3 solution an increase 
of the F/Al ratio in the Al basic fluoride used resulted. 

INTRODUCTION 

Ae was reported earlier 111, crystallization of A1F3 at 
temperatures above ca. 115'C results in precipitation of 
e -AlF3.H20 along with some Al basic fluoride, due to hydro- 
lysis. The amounts are greater the lower the initial concen- 
tration of the solute. Because of the very low volubility of 
the latter there is an interest in the recovery A1F3 from its 
supersaturated solutions in the form of an A1(OH,F)3 phase. In 

this connection a study was made of the reaction between AlF3 
solution (150 g/l) and Al(OH) 3 at elevated temperatures under 
autoclave conditions. 
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In addition, a preliminary study on the reactivity of the 
Al(OH,F)3.H20 phase was performed. The chemistry of this 
compound is, as yet, almost unknown except that it can be 
utilized in producing HF and (NH4)3A1F6 [2, 31. So far, the 
reaction of A1F3 solution with A1(OH)3 has not been the object 
of any report. Recently it was proposed for the recovery of 
Al and F values from diluted solutions [4]. 

EXPERIMENTAL 

Materials used in experinrents concerning the title reaction 
were: 
- A1F3 solution (150 g/l, pH 3.5), freshly prepared in the 
reaction of H2SiF6 (1 M) with stoichiometric amounts of 
Al(OH)3, 

- aluminium hydroxide, dry, commercial grade. 
Experiments were made with A1F3 : A1(OH)3 (F/Al) molar 

(atomic) ratios: 11.0 (2.'75), 5.0 (2.501, 3.0 (2.25) and 2.0 
(2.0) at temperatures and pressures ('C/at.): 112/1.2, 122/2, 
132/3 and 143/5. The apperatus( laboratory autoclave) and 
technique of the measurements employed were as described 
earlier [l, 51. Chemical analysis involved the determination 
of Al by the EDTA method and of F by the alizarine method. 
For the qualitative X-ray analysis of the solid phases 
standard patterns of particular compounds were used. Studies 
were made by the X-ray method on A1(OH)3, (3-A1F3.H20 and 
Al(OH,F)3.H20 in their mixtures. For this purpose calibration 
curves were utilized for the systems: Al(OH)3-A1(OH,F)3.H20 
(Fig. 1) and Al(OH,F)3.H20 - (3-A1F3.H20 151. 

Atomic ratio F/Al I x in the A1(OH,F)3.H29 - phase 
obtained in the reaction under study was calculated from the 
balance equation: 

x=-=9==- (1) 
wnere: 
a, b = contributions of 6 -A1F3.H20 and/or A1F3.3H20 and 

A1(OH,F)3.H20 in admixture (mole %), 
u, v = F/Al atomic ratios in solids admixture and in A1F3 

hydrates, respectively. 
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Al (ON3 
mole % 

Fig. 1. The calibration 
curve for Al(OH) deter- 
mination in admikxre with 
Al(OH,F)3.H20. 

- 
0 0.4 

Al (OH), (d= 4,9) 

96 Al(OH,F)3.H20(d=5,7) 

Values of ; were determined analytically or calculated 
from the consumption of AlF3 (difference between initial and 
final concentration) and the quantity of Al(OH)3 used in the 
reaction. For 1 a value of 2.93 was taken as exhibited by the 
g -AlF3.H20 phase when crystallized out of solution [I]. 

In studying the chemistry of the Al(OH,FJ3.H20 obtained, 
solutions of NaOH (28 g/l, 0.7 M), NaF (36 g/l, 0.86 M), NH4F 
(37 g/l, 1 M), A1F3 (21 g/l, 0.25 M), NaHF2 (62 g/l, 1 M) and 
H2SiF6 (46 g/l, 0.32 M)were used. Reactions were carried out 
in defined molar ratios of substrates at temperatures ranging 
.from ca. 50 to 150°C and followed by a typical procedure 
comprising the chemical determinations in the solution concerned 
and a study of the phase composition of resulting solids by 
the X-ray method. 

RESULTS AND DISCUSSION 

Reaction of A1F3 solution (150 n/l) with A1(OH13_ 

The experimental data, involving a variety of reaction 
conditions and phase compositions of the solids obtained, are 
listed in Table 1. Figure 2 shows curves for the A1F3 concen- 
tration drop during reactions proceeding at different tempera- 
tures and molar ratios of the substrates. 

The results presented show that when the temperature is as 
low as 112'C (run 41 or the A1F3:Al(OH)3 molar ratio is higher 
than 2, the process gives rise to the formation of both Al 
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TABLE 1. The effect of reactants ratio ( AlF soln. (150 g/l) 
to Al(OH) ) and temperature on pha e composition 
of the prkiucts obtained 

a 

Run Reactant Reaction Phase compn., m.% Atomic ratio 
ratio temp./press. I II III F/Al in 

'C/at. a b I+11 I II 
U v X 

1 2 3 4 5 6 7 8 9 

1 11.0 143/5 70 30 0 2.74 2.3 

2 5.0 13213 78 18 4 2.43 0.8 

3 3.0 13213 40 53 7 2.22 2.0 

4 2.0 112/1.2 42' 35 23 1.96 2.93 2.1 
5 2.0 122/2 0 a7 13 2.00 2.3 

6 2.0 13213 0 93 7 2.00 2.1 

7 2.0 143/5 0 96 4 1.98 2.1 

I- C -A1F3.H20, II - A1(OH,F)3.H20, III - A1(OH)3 
c 26% ~18~ .3H20 + 16% p -A~F~ .H20 

0 60 420 180min 

Fig. 2. The course of the reaction of AlF (150 g/l) with 
different amounts of Al(OH) at dfferent temperatures. 
The reaction conditions are3given in Table 1. The final 
temperature was attained in ca. 30 (run 2-6) and 
50 min (run 1 ma 7). 
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basic fluoride and P-AlF3.,2 Y 0. This is reflected in the course 
of the corresponding curves, in that the AlF 3 concentration 
doea not decrease to zero, but stops at ca. 7 g/l in runs 1, 3 
and 4 or at 21 g/l in run 2. 

In COntraEd, processes running with AlF3 : A1(OH)3 = 2 
but at temperatures higher than ca. 120°C provide only the 
Al(OH,FJ3.H20 phase along with some unreacted A1(OH)3 in propor- 
tions decreasing from 13 to 7 and 4% when passing from a reaction 
temperature of 122 to 132 and 143'C, respectively. In these cases 
a rapid drop of A1F3 concentration to zero follows with time, 
within ca. 75 min(runs 5-7). 

Variation6 in the course of the reaction and in the compo- 
sition of the solids obtained, may be explained in terms of 
the kinetics of particular processes involved. Under the 
conditions used, higher temperatures apparently favour hydro- 
lysis of A1F3 and a neutralization reaction of the liberated 
HF with A1(OH)3 over crystallization of A1F3-hydrates. On the 
other hand, lower temperatures, e.g., ca. 112'C favour the 
precipitation of the A1F3-hydrates, A1F3.3H20 and Q-A1F3.H20. 
Decrease in the concentrations of the reactants slows down 
all the processes, crystallization being stopped before 
neutralization, viz. when AlF solution becomes no more 
supereaturated( below ca. 18 i/l). Such solution may, 
however, react further, due to hydrolysis, with A1(OH)3 to 
give A1(OH,F)3.H20 phase. It seems therefore probable that 
in sufficient long reaction times, all the unreacted A1(OH)3, 
present in samples 2-6, would turn into the Al basic fluoride 
phase, especially in the systems containing A1F3-hydrates 
(sample 2-4). 

The reaction of A1F3 with A1(OHj3 can be considered as 
proceeding in two successive steps: 

hydrolysis: A1F3 + (1+x) H20'- Al(OH)~~3_~jH20 + X HF (2) 

reaction: x HF + A1(OH)3 -Al(OHj3_,, x F +xH20 (3) 

These reactions are reflected in variations of pH, which 
initially decreases to ca. 1.5 when the temperature is raised 
to a definite level, and then increases to ca. 2.8 owing to 
the neutralization reaction (3). 
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Balance calculation show that irrespective of reaction 
conditions, the resulting Al basic fluoride has substantially 
the same final composition with an F/Al ratio of 2.0-2.3. 
An unexpected case is represented by the reaction product with 
an F/Al atomic ratio as low as 0.8 obtained in run 2, despite 
the fact that the starting mixture was characterized by as high 
F/Al ratio as 2.5. This run, presented in Fig. 2, curve 2, was 
also examined by investigation the solids. 

Variations in phase composition with time, parallel to 
changes in solution, are shown in Fig. 3. As is seen, the 
progressive drop of A1(OH)3 content in solids mixture from init 
100% to a final value of 4% is attended by a rise of the 
(3 -AlF3.H20 phase from 0 to 77 mole %&. The plot illustrating 
the content of A1(OH,F)3.H20 is more sophisticated. It displays 
a maximum corresponding to the highest operating temperature, 
132'C, similar in nature to that observed earlier during the 
hydrothermal decomposition of A1F3.3H20 [5]. Balance calcu- 
lations according to equation (1) show that the A1(OH,F)3.H20 
phase varies in its F/Al atomic ratio from an initial value 
of ca. 2.5 to the final value of 0.8. 

0 30 60 90 420 150 180 min 

Fig. 3. Variations in solid phase composition during the 
reaction of AlF soln. (150 g/l) with Al(OH) 
at 5:l m.r. and31320C (3 at.) (run 2). 3 

Initially the fastest reaction is the process associated 
with the formation of Al hydroxyfluoride with an F/Al ratio 
of ca. 2.5 during the first 30 minutes, when the system is 

.a1 
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continuously heated from 100°C to the final operation tempera- 
ture 132'C. Then, crystallization of p -A1P3.H20 becomes the 
dominant prooess and while this compound is progressively 
formed, the Al hydroxyfluoride phase loses F and gives ultima- 
tely after 120 min a compoeition with the F/Al ratio&l. This 
fact allow8 the tentative conclueion to be drawn that Al hydroxy- 
fluoride can under favoured COnditiOn8 dieproportionate during 
crystallization of P-A1F3.H20, a8 for example: 

2 A1(OH)F2.H20 - P-A1F3.H20 + A1(OH)2F.H20 

It may be that Al(OH)3 present in the system lead8 to 
result: 

A1(OH)F2.H20 + A1(OH)3 + H20 - 2 A~(OH)~F.H~O 

(4) 

the same 

(5) 

To confirm these reactions and determine the Condition8 under 
which they proceed, a further study i8 required. 

Some reaction8 of Al ba8iC fluoride 

Inveetigatione included reaction8 of A1(OH)F2.H20 
contaminated by 4 % AILS (sample 7) with solutions of NaOH, 
NaF, NH4F, A1F3, NaHF2 and H2SiF6. 

The reaction with NaOH (28 g/l, 0.7 Id) at atomic ratio 
Na/Al = 2 proved not to occur at ambient temperature, but at 
45'C proceeded as shown in Fig. 4 with the formation of cryolite 
And Al(OH)3 in the cour8e of 90 min. 

hlaOH,M 

“Or-7 

- 0 30 90 min 

Fig. 4. The couree of the 
reaction between NaOH soln. 
(0.7 M) and A1(OH)F2.H20 o 
at at.r. Na/Al = 2, at 45 C 
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Taking into account that ca. 50 % of the IaOH used initially 
was reacted, it gives the equation: 

3 NaOH + 3 Al(OH)F2.H20 - Na3A1F6 + 2 A1(OH)3 + 3 II20 (6) 

The reaction with I:aF (36 g/l, 0.86 ivI) in the atomic ratio ~ 
Ra/Al = 1, 2 and 3 at 95'C was essentially over in ca. 30 min. 
In all cases the reaction followed the equation: 

6 NaF + 3 Al(OH)F2.H20 - 2 Na3AlF6 + A1(OH)3 + 3 H20 (7) 
When Na/Al = 1, excess Al basic fluoride was also present, 
whereas at Na/Al = 3 appropriate amounts of ??a09 were formed: 

16 NaF + 6 A1(OH)F2.R20 - 5 Na3A1F6 + Al(OH)3 + 3 ITaOH + 6 H20 (8) 

After 60 min the parent solutions exhibited the following 
composition: 

IiaF : Al(OH)F,.H,O Composition of soln., 1.8 

1 0.03 0.00 7.75 
2 0.06 0.06 9.85 
3 0.13 0.13 10.9 

The data in the Table demonstrate a progressive increase 
in F and XaOH concentrations as well as pH value. Alkalinity 
in case 2 is ascribable to the presence of some Al(OH)3 in Al 
basic fluoride, which reacts with XaF to give some NaOH. 

The chemical composition of the precipitate obtained in 
the reaction (81, after neutralizstion of the NaOH by HC1 to 
pH 6-7, filtration of the solids and drying at ca. 100°C, is 
(y$): Ka 29.9, Al 13.2, F 49.0, OH calcd. 2.7, balance 5.2. It 
corresponds to a mixture of Xa A1F6 and Al(OH) with the molar 3 3 
ratio 5 : 0.6. 

The reaction with BH42 (37 g/l, 1 M) in the molar ratio -P 
NE4F/Al = 2 was examined at 60 and 100°C for 4 and 1.5 hr, 
respectively. The reaction proceeds according to the curves 
in Figure 5 with evolution of NII 3 which increase the pH of the 
solution to ca. 8. The reaction at 100°C may be considered as 



F, g-ions/l 

ItO 

Fig. 5. The couree of the 
reaction of NH F soln. (1 MI 

I I 1 with Al(OH)F .fi 0 at m.r. 
0 30 60 90 120 min NH F/Al 4 = 2 zt 260 end 1ooOc. 

complete because of the solubility of (DiH4J3A1F6, which amounts 
to ca. 7.6 g/l [6], corresponding to 0.23 g-ions of F. X-ray 
analysis reveals major amounts of (NH4)3A1F6 and A1(OH,F)3.H20, 
along with some A1(OH)3 in the residues. It indicates, that the 

reaction proceeds predominantly according to an equation given 
by Kidde [4] : 

4 NH4F + Al(OH)F2 -(NH4)3~lF6 + NH3 + H20 (6) 
In part, a side reaction must be assumed to explain the 
fOIm8tiOn Of alIIminiWB hydroxide: 

6 NH4F + 3 A1(OH)F2.H20 - 2(m4)3AlF6 + A1(OH)3 + 3 H20 (10) 

P at 5- ,_---_&j-l Fig. 6. The course of 
the reaction of AlF 
soln. (0.25 M) with3 

I 
0 30 60 90 120 min 

A1(OH)F2.H 8 at 1:l 
m.r. at 143 C (5 at.). 
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The reaction with AlF3_(21 g/l, 0.25 M) was carried out at a 
I:1 molar ratio at 143’C (5 at) : 

A1F3 + A1(OH)F2.H20 - 2 Al (Oh)o.5F2.5.h20 (11) 
The reaction proceeded a8 shown in Figure 6, As is seen, it 
stopped when the final temperature/pressure conditions were 
appmached after 50 min, A1F3 concentration decreasing to 
ea. 8 g/l. Chemical analysis of the solid product for F and 

Al content gave an F/Al at. ratio of 2.22, whereas balance 
calculations based on the material consumption and composition 
gave a value of 2.40. It could be Inferred from this that 
further increase of temperature would decrease the AlF3 
concentration and give the Al basic fluoride with even 
higher F/Al ratio. 

The attemuted reaction with NaHF2_(62 g/l, 1 I) in the atomic 
ratio Na/Al = 3 was intended to give cryolite accordiug to 
equation: 

3 NaHF2 + A1(OH)F2.H20 - Na3A”6 + 2 HF + 2 H20 (12) 

It proved to be completely inert even under such forcing 
conditions as 100 and 15O’C (6 at) for 2 hr. The original 
concentration of NaBF2 remained unchanged in both casea. 

The attempted reaction with H,JiF,(46 g/l, 0.32 M) in the 
at. ratio F/Al = 3, to give aluminium fluoride according to: 

H2SiF6 + 6 A1(OH)F2.H20 - 6 AlF3 + Si02 + 10 II20 (13) 

failed to proceed. After 2 hr, the pH of the solution 
remained at below 1, whereas corresponding amounts of A1(OHJ3 
reacted completely in aa. 15 mix with formation of A1F3 
eolution and an increase of pH to ca. 4. Even after prolonged 
heating with a large excess of 80 $ Al basic fluoride, the 
reaction was not complete. The observed drop of H2SiF6 
concentration was from 46 to 18 g/l, from which about 50 $ 
is to ascribe to Al(OH)3 present as contaminant in the 
substrate. 
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