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A study for AlF3 crystallization from water solution was 

performed in the temperature range 100 to 2OO'C. 

Four solid phases were found to be precipitated, A1F3.3H20 

(up to ca.120°C), cubic d-AlF 3.H20 (decomposition of A1F3.3H20 

in suspension), hexagonal e -A1F3.H20 (direct from solution) 

and the hydroxyfluoride Al(OH,F) .H 0 with en F/Al ratio of 
3 2 

ca. 2.5 (hydrolysis of A1F3). The extent of hydrolysis was 

established as a function of the initial AlF 
3 

concentration. 

X-ray diffraction and thermogravimetric data for the mono- 

hydrates were given and differences between the two indicated. 

INTRODUCTION 

A particular feature of the AlF3 crystallization process 

is that, as far as the stable sparingly soluble A1F3.3H20 is 

concerned, it requires prolonged heating of supersaturated so- 

lutions, preferably near to boiling temperature, instead of 

cooling, as is usually the case in other typical processes of 

this kind. This phenomenon is considered as substantially 

depending on irreversible intramolecular rearrangement of 

AIGnTn (n=l-6) hydrate complexes into which A1F3 molecules are 

dissociated, especially into the [A1F2.4H20]+ and [A1F4.2H20]- 

ions, or in progressive breakdown of higher A1F3 hydrates to 

AlF3.3H20 which precipitates from the solution [l-3] . 

Cooling the A1F3 solutions provides A1F3.9H20 ((S'C), 

A1F3.5.5H20 or A1F3.3.5H20 (e.g. by 'salting out' with 
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ethanol at ambient temperature), all of which are unstable 

and progressively transform to the AlF3.3H20 [2, 41. 

AlF3.3.5H20 was reported by Yatlov and Pinaevskaya [4] to 

exist in two unstable forms differing in their solubilities and 

refractive indexes. Similarly, Ehret and Frere [I] consider a 

dimorphism in AlF3.3H20(&andP) but later findings of Schmidt 

[2] suggest that A-A1F3.3H20 is virtually identical with well- 

soluble A1F3.3.5H20. (For X-ray patterns see Fig.9, no.1 and 4). 

Apart from the above mentioned A1F3-hydrates, mono- and 

hemihydrate are known as intermediates in the dry calcination 

of A1F3.3.5H20 and A1F3.3R20, respectively, both having the 

crystal structure of the anhydrous rhomboedral d-A1F3 121. 

As a new crystalline phase, the cubic monohydrate A1F3.H20 

was discovered by Chandross,[5] in a precipitate formed in an 

industrial column for HF gas scrubbing with A1C13-HCl-solution, 

but several attempts made by this author to duplicate the 

synthesis on a laboratory scale all failed. 

In the anhydrous state aluminum fluoride is known to 

exist in three forms: the most stable d (rhomboedral)[6], 

p (hexagonal) [7] and y (tetragonal)[8]. 

Solutions of A1F3 undergo slight hydrolysis on boiling, 

but no hydroxyfluoride has hitherto been obtained in this way. 

There were expectactions, however, that hydrolysis at 150-200°C 

would produce basic fluorides in greater amounts [9]. Aluminum 

basic fluoride has however been obtained in other ways [9-II] 

and well characterized by Cowley and Scott [9]. 

In the last few years several patents appeared in various 

countries concerning the A1F3 crystallization process carried 

out at,elevated temperatures under autoclave conditions [12-151, 

all indicating that lower-hydrated aluminum fluorides are preci- 

pitated at temperatures in excess of ca.120°C. These have compo- 

sitions between the mono- and hemihydrate [12]. Apart from the 

information that p -A1F3 is formed [14] under these conditions, 

there are no reports, as yet, on the physicochemistry of A1F3 

solutions at temperatures above 100°C or on the nature of the 

solids precipitated or the extent of A1F3 hydrolysis. 

The purpose of this work was to report some investigations 

made in this field. 
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EXPERIMENTAL 

Crystallization of aluminum fluoride out of its supersatu- 

rated solutions was examined in the temperature range IOO-2OO'C 

with autogenous pressures of O-20 at. For this purpose .AlF - 
3 

SOlutiOns were obtained by reaction of H2SiF6 with Al(OH)3 at 

80-100°C, after which silica was filtered off with suction. They 

were of concentrations between 25 and 300 g/l end of pH ca. 4. 

Most experiments were run in a steel autoclave (capacity 

1 1) with external electric heating. It was equipped with a 

manometer, an anchor stirrer (45 rpm) and a needle valve for 

sampling and discharging. The internal autoclave pressure serv- 

ed to expel the slurry. A freshly prepared solution of A1F3 of 

a given strength at a temperature of about 80°C was brought in 

the autoclave to boiling within IO-15 min and then further 

heated with stirring. The heating rate gave a pressure increase 

of 0.1-0.15 at/min, which enabled steam pressures of 2, 3, 5 at 

to be attained within 15-25, 25-40 and 40-60 min, respectively. 

With such a heating rate the overall crystallization process 

was complete before a pressure of IO at could be approached 

and was nearly complete at about 7 at. Some test3 were per- 

formed on a pilot plant involving a stirred autoclave with 

carbon lining, and heated by direct injection of live steam. 

It enabled experiments to be carried out in acidic media. 

The course of the crystallization process was followed by 

taking aamples of the slurry at certain intervals and deter- 

mining the A1F3 content by density measurements of the super- 

natant solution at 20°C, using an A1F3 concentration versus 

density calibration curve. The relevant data for this courve 

are given in Table 1. 

TABLE 1 

Density of A1F3 solutions at ca. 20°C 

d a, g/cm3 1.020 1.060 1.100 1.140 1.180 1.220 

A-, , g/l 22.0 63.0 107.0 151.0 197.0 243.0 

After drying at ca. 100°C residues were analyzed for Al 

and F, the water content being obtained by difference 
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(100 - % Al x 3.11). Al was determined by the EDTA method and 

fluorine by the alizarine method after distillation. The pre- 

cipitates were characterized as to their structure and thermal 

behavior by the X-ray and thermogravimetric methods. X-ray 

diffraction patterns were taken using an @JR analyzer (GDR), 

and derivatograms on a MOM (Budapest) device. Granulation 

was determined microscopically, pH values being measured on 

a pH-meter with a glass electrode. 

RESULTS AND DISCUSSION 

Course 

The course of A1F3 crystallization was investigated under 

iso- and polythermic conditions in the range lOO-150°C with 

continuous stirring. Isothermic conditions were possible only 

at comparatively low temperatures, basically not exceeding ca. 

120°C and in the absence of seed. At higher temperatures, as 

for example at ca. 130°C, crystallization was far advanced 

before this temperature could be attained. Inasmuch as the 

Alp3 crystallization process is strongly affected by numerous 

variables such as the heating rate and temperature distribution, 

the solute concentration , pH, time of allowing the solution to 

stand before using etc., all experiments were carried out, as 

far as possible, under the same conditions, to make them 

comparable. 

The effect of temperature in the range lOO-150°C on the 

course of AlF3-crystallization using solutions of 150 g/l, 

PHM 4, is illustrated in Figure 1 by(poly)isotherms taken at 

('C/at): 102/0.5, 108/1.0, 122/2.0, 132/3.0 and 144/5.0. As is 

seen, increase in temperature results in shortening of the 

induction periods and increase in the crystallization rate 

as measured by the slopes of the curves. Furthermore, there 

is a decrease in the pH value (Fig. 2, curve 1) in approach- 

ing the process temperature. After that, when the temperature 

is kept constant and the crystallization of A1F3 is continued, 

pH increases progressively to the final value, this being a 

characteristic one for the equilibrium state in solution 

after the crystallization. The equilibrium pH values are 
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Fig.1. The effect of temp. Fig.2. The effect of t;mt.,;; PgIfl 
on the course of AlF cry&n. value in AlF solns.: 
- 102/0.5, 2 - 108+1.0, 2- 20 g/l. aotted line: directiok 
- 122/2.0, $ - 132/3.0, of pH changes during the cry&n. 

5- 144/5.0 ( C/at). (example). 

given by curve 2. The way in which pH varies during the 

process is exemplified by the dotted line ABC. 

From chemical and X-ray analysis of the resultant precipi- 

tates (Table 2) at 102 and 108'C, A1F3.3H20 is the final crys- 

tallization product, whereaa at 122'C and above, lower-hydrat- 

ed phases are formed which approximate to monohydrate, the 

water content varying from 1.0 to 0.9 mole per mole A1F3 when 

progressing from 122 to 144'C. All the crystalline phases are 

2-3s deficient in F content, regardless of temperature. These 

TABLE 2 

The effect of temperature on chemical and phase composition 

of precipitates from A1F3 solution of 150 g/l 

Samp1e atPC 
Chemical composition 

weight % u P201 Solid 

NO 
Al F D&l Gi 

phase 

1 0.5/102 19.9 40.9 2.92 3.0 

: 2/122 l/108 20.4 26.5 54:4 2:92 3.0 1.0 3 A1F3.3H20 + 4 3/132 26.8 55.3 2’g3 A1F3.H20 
5 5/144 27.1 . . 

z*;; I 

. A1(OH,F)3.H20 
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precipitates were identified as binary systems composed prima- 

rily of k -A1F3.,2 TI 0 with less than 10% mole of basic fluoride 

A1(OH,F)3.H20, and will be described in detail later. 

Experimental data given in Table 3 confirm the relation 

between the crystal water content in the monohydrate phase 

and the crystallization temperature. Increase from 132'C 

(3 at) up to 200°C (22 at) resulted in decrease in water 

content from 1.2 to 0.6 mole per mole of A1F3. 

TABLE 3 

The effect of temperature on crystal water content 

in aluminum fluoride precipitates 

0 o/100 150 

2; 35;:34: ;: 
2;.7 5i.8 1.17 
26.7 54.0 0.96 

1:; :; :: 27.3 27.6 55.3 0.83 0.76 
125 20 18 28.1 ;F?z 
140 22/200 18 28.3 58:4 

0.67 
0.59 

The effect of seed crystals of size 3-5 ,km, used at 10, 

50 and 100 g/l,on the course of the crystallization process 

was exemplified on A1F3 solution 150 g/l, heated up to 144'C 

150 

AlF3 

sll 

(5 at). Prom the shape of 

particular curves (Figure 3), 

increasing amounts of seeding 

reduce the importance of nuclea- 

tion step. The crystal growth 

step becomes more significant, 

0 30 60 90 120 min 

Fig.3. 
seed .~,ea~~fce,c"_5~~~~~3~~~o 
course of AlF crystn. 

: 
- without s ed, 2 2 - IO g/l, 

4' 
- 50 g/l, 4 - 100 g/l 
- water content in ppt. . . 

corresp. to 
'Final temp. 

tneOcurve 4. 
144 C (5 at). 
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the rate of the latter being increasingly controlled by the 

available surface of the added crystals. As a result of seeding 

the solution, the polycrystalline product increases in size to 

60-80fim. It is notable that crystallization curves exhibit 

deflections, indicating an acceleration of' the process after 

passing a temperature of about 125'C (2.2 at). 

Examination of the resulting solids taken along curve 4 

indicates that the trihydrate A1F3.3H20 is generated initially 

from'the nutrient solution and then yields (together with 

0.8-hydrate seed crystals) a mixture with an average composi- 

tion of up to A1F3.1.8H20 after 20 min. As crystallization 

proceeds with continuous increase in temperature, a rapid 

drop of water content follows to give ultimately solids with 

H20/A1 = 0.9. Such behavior is evidently associated with ther- 

mal decomposition of the AlF -trihydrate phase in suspension. 
3 

X-ray patterns of such solids show the presence of a third 

phase, in addition to k -A1F3. 2 H 0 and Al(OH,F)3.H20. It is 

readily noticeable by examining the line of the p-phase with 

d-3.64 which increased in intensity due to overlaping with a 

line of this new phase. It was found that the proportion of 

this new phase became greater as seed crystals were increasingly 

employed. The same was observed for A1F3 solutions with high 

strength, e.g., of 300 g/l, which are of decreased stability. 

More persuasive evidence was provided in an additional 

experiment conducted at a comparatively low rate of increase 

“C 

I I 

temp. 

d I I 
60 120 160 240 min 

of temperature. The starting 

A1F3 solution was acidic 

(H2SiF6&8 g/l, pK 1.8) and 

was heated by injection of live 

steam into the stirred vessel. 

Under such conditions a great 

deal of A1F3.3H20 crystallized 

Fig. 4. The effect of temp. 
on the course of AlF crystn. 
f$'y ;c,it;; s$;h$&_8,~~1, 

the &oducts. 
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from solution before a temperature of 100°C was attained 

(Figure 4). Initially this process was rapid but was consider- 

able slowed down on approaching a temperature of ca. lZ5'C, 

only to accelerate instantly after passing this point. The 

sudden alteration in the process rate was attended by rapid 

decrease in the hydration of the precipitate which changed 

from the composition A11?9.3H20 at l25'C to the monohydrate at 

135'C. In the conversion process, as shown by the X-ray me- 

thod, AlF3.3H20 goes over to a 

hexagonal p-A1F3.X20, viz., to 

and 2) which was recognized as 

by Chandross [ 51. In this work 

300 

AlF3 

s/l 

250 

200 

150 

400 

5c 

t (1 

,-5 

-4 

-3 

;2 

/ -1 
I , 

30 60 90 120mm 

monohydrate phase other than 

cubic AlF3.H20 (Fig. 9, no.1 

identical with that described 

it was referred to as the 

&form, because of its rela- 

tionship to the well-known an- 

hydrous rhomboedralti-A1F3. 

The effect of initial concen- 

tration of A1F3_in the range 

25-300 g/l on the course of 

crystallization for compar- 

able rates of increase of tem- 

perature from 100 to 144OC 

(O-5 at) and with continuous 

stirring is illustrated by the 

curves in Figure 5. Chemical 

and phase compositions of the 

products obtained are summar- 

ized in Table 4. In all cases 

the duration of the whole pro- 

cess was about the same (ca. 

90 min.), as well as the final 

concentration of A1F3(15-20 g/l). 

Fig. 5. The course of AlF 
cryatn. for different ini?ial 
solHte content. Final temp. 
144 C/5 at. 
Numeration as in Table 4. 
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TABLE 4 

The effect of initial concentration of AlF3 on chemical 

and phase composition of solids after crystallization 

Initial Chemical compo- 
Sample AlF 

a 
sition, wt. % IFI [ 

cone . 
H20 Phase composition, % 1 

No 
-- 

dl Al F [Al] [Al] AlF3.H20 Al(OH,F)3.H20 

1 300 26.45 
: 150 100 75 26.90 Z% 

27.73 27:20 

Z 56:80 54.30 
2.94 0.93 6 
2.86 k;; ::;: 0.89 ;"; 90 

2 53.25 50.45 2.60 2.77 0.85 0.75 ;': 27 

:: 8 

;; 
7 26.32 46.42 2.50 1.04 0 100 

From the shapes of the curves it is seen that those at 

higher concentrations (l-41, in contrast to those at lower 

concentrations ( 5-71, have more pronounced boundaries between 

the nucleation and crystal growth steps. This suggests that 

different mechanisms are involved in the -precipitation of 

solid phases. Chemical analysis shows (Table 4) that there is 

a drop in the F/Al ratio from 2.9 to 2.5 when passing from 

300 g/l to 25 g/l, the ratio of crystalline water to Al 

remaining at a constant value of 0.9-1.0. 

X-ray diffraction patterns reveal two phases, that of 

p -A1F3.H20 and that of the basic fluoride, A1(OH,F)3.H20, 

the latter contributing increasingly to solids precipitating 

from AlF3 solutions of lower concentration, especially below 

100 g/l. The precipitate derived from a solution of AlF3; 

25 g/l, appeared to be the basic fluoride with a chemical 

composition Al(OH)o.5F2.5. 2 H 0 and is identical with the 

cubic phase 16Al(OH,F)3.6H20 described earlier by Cowley and 

Scott [9], for compositions with an F/Al ratio varying from 

1 to 2. Whether the F/Al ratio increase to 2.5 is attributable 

to HF adsorption or to extended substitution OH- by F- ions 

was not ascertained in this work and further examination is 

required. 

The wide range of existence of the basic fluoride phase 

with respect to F/Al ratios from 1.0 to probable 2.5 and 

uncertainty as to the precise composition of p -AlF3.H20 

meke it impossible to estimate the proportions of these two 
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constituents in their mixtures on the basis of the chemical 

analysis only, as given in Table 4. It may be, however, done 

by the aid of the X-ray method, on the basis of the relation- 

ship between the content of one of the two components and the 

height ratio of suitable lines. To obtain the calibration 

curve, the most intense pealcsfor f) -AlF-,.H20 (d~6.3 A, 7') and 

for Al(OH,F)3.H20 (d=5.7 A, 7.75') were utilized in known 

mixtures of both pure components. Based on this curve the 

phase composition of solids for various initial concentrations 

was estimated (Table 4) and compared in Figure 7 with theore- 

tical curve(see next section). As is seen, the proportion of 

basic fluoride admixed with A1F3.H20 amounts to several 

percent in the AlF3 concentration range between 300 and 100 

g/l, and increases rapidly for A1F3 concentrations below 

100 g/l. It is 100% at 25 g/l. 

Hydrolysis of aluminum fluoride 

The presence of Al hydroxyfluoride among.the other crys- 

tallization products shows that A1F3 suffers hydrolysis at 

elevated temperatures under autoclave conditions. So, decrease 

in the pH values from ca. 4 to 1.3 is observed when A1F3 solu- 

tions of 150 g/l are heated from 100 to 130°C (curve 1, Fig. 2). 

Observations made with variable time of the crystallization 

process indicated that at a given temperature the pH increases 

when the AlF 
3 

concentration decreases, passing from a value 

lying on the lower curve 1 to the corresponding value on the 

higher curve 2. Thus variations in pH during the crystalliza- 

tion process from AlF3 150 g/l to 20 g/l at different tempera- 

tures between IOO-1500C proceed in an area enclosed by the two 

lines mentioned, for example along the line ABC. 

One can infer from these facts that aluminum hydroxy- 

fluoride should be formed basically in the same quantities 

along with different amounts of p -A1F3.H20, depending on the 

initial solute concentration. It does not apply obviously to 

A1F3 solutions that are previously acidified to prevent 

hydrolysis. 

In order to quantify the hydrolysis, an expression was 

derived for the degree of A1F3 hydrolysis, dh, which enables 

the proportion of basic fluoride in admixture with p-AlF3.H20 
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to be calculated in relation to the initial solute content, 

CAlF,' the.degree of its dissociation, x, and the final pH 

valud. 

Assuming that hydrolysis follows equation: 

AlF3 + (1 + x) H20sAl(OH) F 
x (3-X) .H20 + x HF 

RF= H+ + F- pK = 3.17 

dh may be expressed by 

dh'-+ %F tot. 
C AlFj 

Since CHF tot. is related to pH by the equation: 

C,Y+ 1 
dais. = 'HF equil. + 'H+ = I+ lopK -pH 

hence: 

'HF tot. = 'HF equil. + cH+ = cH+ ( 1 + 1d*'7-pH) 

CHF tot. = 'O 
-PH + $.I7 - 2 pH 

The degree of AlF3 hydrolysis is thus given by: 

1 "Lh&-----. ,O-~H + +'7 - 2 PH . ,00 , in % 
A1F3 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

The relation given by the expression (5), plotted in Figure 

6, may be of significance for estimation x-values by comparison 

of an actual concentration 

hydrolysis, and defined by 

ZF 

of AlF 
3 
with that of HF, due to 

the pH of the solution concerned. 

For example, lowering the pH from 

an initial value of 4 in A1F3 solu- 

tion with 150 g/l (1.8 MI) to 1.3 

%-IF 44 M)when the temperature is 

raised to ca. 132'C, indicates that 

A1F3 undergoes hydrolysis to an 

Fig. 6. HF concn.(M) versus pH 
plot according to the equation 

cHF = 10 -PH.+ +I7 - 2 pH 
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extent corresponding to the formation of hydroxyfluoride with 

an F/Al ratio as low as 1. However, subsequent increase in the 

pH value observed at a constant process temperature as the 

concentration of AlF 
3 

decreases, due to the crystallization, 

might be brought about by the formation of hydroxyfluoride 

with higher F/Al values. These considerations may be confirmed 

by studying the function tih = f(CAIF) , given by equation (6). 

It is inversely proportional to the 3 AU3 concentration and 

is graphically illustrated by a hyperbole in Figure 7 for 

pH = 2.1 and x = 0.5(F/Al = 2.5). There is seen to be a 

reasonable consistency between this theoretical graph and the 

experimental data (points l-7). The line B for F/Al ratios 

(from Table 4) against compositions of the system p-A1F3.H20 - 

- Al(OH,F)3.H20 is also consistent with the assumption that 

the hydroxyfluoride enters the mixtures when F/Al = 2.5, 

whereas the a -phase does so when F/Alz 2.95. 
f/Al 

of the system 
- f.-~lP .H 0 

lt;iEFtJ tge . 

“,ldF3 F,y&sl;.; 

rom equation (6). 
20 40 60 80 - av. F/Al values in mixts. 

+- ~AIF,.H,o AI(OH,F),~H20 - Points l-7 - exptl. data 
%+OO 80 60 40 20 o (see Table 4). 

X-ray and thermal investigations 

The interplanar distances and intensities of basic fluoride 

with F/Al = 2.50, as compared with those given by Cowley and 

Scott for F/Al = 1.65, are given in Table 5. Calculations made 

for the line with the assignement 222 give a value of 9.85 11 

for the lattice constant, which after heating to 500°C, under- 

goes reduction to 9.77. Analogous values given by Cowley and 



TA
BL

E 
5 

T
h
e
 
l
n
t
%
r
p
l
a
n
a
r
 d
i
s
t
a
n
c
e
s
 a
n
d
 
i
n
t
e
n
s
i
t
i
e
s
 o
f
 
X
-
r
a
y
 
d
i
f
f
r
a
c
t
i
o
n
 
l
i
n
e
s
 
f
o
r
 v
a
r
i
o
u
s
 
a
l
w
i
n
i
u
m
 
f
l
u
o
r
i
d
e
 w
,
n
o
h
y
d
r
a
t
e
a
 

bk
l 

d 
I 

I 

11
1 

5.
70

 
46

0 
22

0 
31

1 
2.

97
9 

22
0 

22
2 

2.
84

1 
10

0 
40

0 
2.

46
0 

26
 

1'
2:

 
%%

; . 
z2

 

;:
g 

1.
89

3 
92

 

53
3 

1.
49

8 
40

 
62

2 
1.

48
0 

42
 

44
4 

I.
41

7 
9 

3;
;)

 
I.

37
5 

51
 

;;
;I

 
I.

27
7 

45
 

80
0 

1.
22

7 
I3

 

z'
2 

lS
20

1 
2 

66
01

 
1-

15
8 

31
. 

66
2 

1S
12

7 
:z

 
3'

: 
'-

Og
g 

75
3)

 
1.

07
9 

IO
 

66
4 

I.
04

7 
93

1 
1.

03
1 

20
9 

16
A1

(0
~)

1_
35

Fl
~6

5-
6~

20
' 

5 O
h 

68
0 

1:
: 

10
0 2 
74

 

80
 

3:
 

:6
' 

32
 7 

41
 

30
 

L T d 
1g

 

5.
72

 
32

0 

2.
95

 
I9

0 

zz
 

21
27

 
'%

 24
 

1.
99

 
68

 

I.
88

 
11

0 

x:
 

lo
8 

I1
54

 
'2

: 

1*
4g

 
I.

45
 

::
 

I.
42

 
IO

 

1.
36

 
52

 

1.
27

 
35

 

1.
22

 
I2

 
1.

19
 

2 

1.
15

 
28

 

1.
12

 
14

 
1.

09
 

12
 

1.
07

 
6 

1.
04

 
6 

1.
02

 
12

 

A
1@

H
)o

.5
F

2.
5.

H
20

b 
50

0%
 

5.
70

 
3.

44
 

‘2
: 

2.
92

 
10

8 
2.

80
 

10
0 

2.
43

 
2.

22
 

::
 

I.
98

 
98

 

I.
86

 
10

8 

I.
71

 
1.

63
 

4"
; 

I.
53

 
I8

 

:-
::

 
1:

39
 

z:
 

I3
 

1.
35

 
54

 

1.
25

 
30

 

1.
20

 
11

 

I.
14

 
24

 

1.
10

 
11

 
1.

08
 

11
 

1.
06

 
5 

1.
02

 
4 

1.
01

 
II

 

I 

* 
C

ow
le

y a
n
d
 S
c
o
t
t
 
[
9
]
;
 c
u
b
i
c
,
 
a
-
 9

.8
3 

A
, 

d 
ge

t. 
-2

.i
5 

p/
cm

3 

fr
om

 
hy

dr
ol

ys
is

 
of

 
Al

F,
 

so
ln

. 
at

 
ca

. 
14

0 
C

; 
cu

bi
c,

 
a-

9.
85

 
A

; 
d
e
h
y
d
r
a
t
e
d
 a
t
 
5
0
0
%
:
 
a
-
9
.
7
7
 

d
 

1
g
 

hk
l 

d 
I 

d
 

I
h
 

d 
Ib

 
hk

l 
d'

 
I 

(?
I -A

lF
3=

 

10
0 

6.
00

2 
s
t
 

00
2 

3.
56

3 
st

 
11

0 
3.

46
5 

s
t
 

10
2 

3.
06

3 
" 

:z
 

:*
z 

2:
29

5 
F 

20
2 

Y 
21

0 
2.

26
6 

w 
10

3 
2.

20
9 

w 
21

1 
2.

16
1 

w 
30

0 
2.

00
1 

m 
21

2 
I.

91
4 

m 
00

4 
I.

78
2 

m
s
t
 

22
0 

I.
73

2 
m
s
t
 

1
0
4
 

1.
70

8 
mw

 
31

0 
1.

66
5 

m 
11

4 
1.

58
5 

w 
22

2 
I.

55
8 

mv
 

20
4 

1.
53

2 
q
 

40
0 

1.
50

0 
m 

32
0 

1.
37

7 
w 

30
4 

1.
33

0 
" 

41
0 

1.
31

0 
VW

 
32

2 
I.

28
4 

Y 
22

4 
I.

24
2 

w 
TI

4 
50

0 
1.

21
6 

1.
20

0 
w VW

 
00

6 
1.

18
8 

vv
 

40
4 

1.
14

8 
OV

I 
42

0 
1.

13
4 

w 

k 
-A

lF
3.

1i
20

d 
A

lF
3.

1i
20

e 
-A

lF
3
 

.B
20

f 

1
0
0
 

;
:
$
 

63
 

3:
13

 
27

 

3.
08

 
7g

 
2.

53
 

2.
35

 
I:

 
2.

32
 

4 

2.
04

 
2.

03
 

::
 

z:
: 

t:
 

11
74

2 
1.

69
1 

1:
 

1.
61

4 
6 

I.
58

4 
8 

1.
56

0 
16

 

:-
2%

 
'6

' 
I1

35
7 

5 

1.
30

8 
2 

1.
27

0 
20

 
I.

23
5 

8 

1.
16

4 
11

 
I.

13
4 

5 

60
0%

 

5.
2 

10
0 

3%
 :

z 
5:

11
 

42
 

::
g 

2.
30

 
z 

2.
20

 
4 

2.
02

 
I3

 
1.

93
2 

I3
 

1-
E 

;:
 

11
72

6 
4 

1.
68

2 
6 

I 

;y
; 

:.;
: 

‘0
0 0

 

11
1 

2:
05

 
20

0 
1.

78
 

:'
7 

21
0 

lS
S9

 
'2

::
 

:z
 . 

'Y
 

I3
 

;;
A}

 
I.

23
 

9 

22
2 

1.
02

 

d
 

P
 

3.
64

 
lo

o 

?0
8?

 
11

62
 

:z
 

45
 

1.
48

 
3 

I.
28

 
24

 

1.
20

 
16

 

1.
04

 
6 

ci
 fro

m
 
h
e
i
g
h
t
 o
f
 
l
i
n
e
s
;
 
“
 
f
r
o
m
 a
r
e
a
;
 

1
 
r
e
c
a
l
c
d
.
 
f
r
o
m
 a
s
s
i
g
n
m
e
n
t
s
 
h
k
l
 
g
i
v
e
n
 

b
y
 
C
b
a
n
d
r
o
s
s
 
[5

] 
us

in
g 

th
e 

ex
p

re
ss

lo
r 

si
.D

2&
 

- 
(
h
2
+
k
2
+
1
2
)
 
-
$
!
 

v
 
-
 
v
e
r
y
,
 w
 
-
 
w
e
a
k
,
 
m
 
-
 
m
e
d
i
r
n
,
 

s
t
 
-
 
s
t
r
o
n
g
 

C
h
r
i
s
t
o
p
h
 a
n
d
 
T
e
n
f
e
r
 
(
$
1
;
 h
e
x
a
g
o
n
a
l
,
 a
-
6
.
9
3
 
A

, 
c-

7.
12

5 
A

, 
d
c
o
l
c
d
 
~2

.8
15

 
g/

cm
' 

cr
ys

td
. 

ou
t 

o
f
 
A
l
F
 
s
o
l
n
.
 
a
t
 
c
a
.
 
1
4
0
%
.
 

d
e
h
y
d
r
a
t
e
d
 a
t
 
6
0
0
+
:
 
e
7
.
2
0
 

A
, 
c
-
7
.
2
6
 b
.
 h
e
x
a
g
o
n
a
l
,
 a
=
?
.
2
9
 
I
,
 
:
=
7
:
3
6
 A
,
 
d
d
s
t
.
-
2
.
4
5
 
g
/
c
m
'
;
 

Cb
an

dr
os

s 
[5

3;
 
cu

bi
c,

 
a-

3.
61

0 
1,

 
dd

et
 

=2
.'

+5
 
g/

cm
3 

. 

fr
om

 
A

L
F

,,.
3H

20
 

c
r
y
s
t
a
l
s
 
s
u
s
p
e
n
d
e
d
 
i
n
 
a
c
i
d
i
c
 
A
L
F
3
 
s
o
l
n
.
,
 
a
t
 
c
a
.
 
1
4
0
°
C
;
 c
u
b
i
c
,
 
a
=
3
.
6
1
 

X,
 

A
 

d
 d
e
c
 
=2

.2
7 

g/
cm

3 



200 

I 8 t 9 t 

IO 15 20 25 30 35 4 
4 

Fig. 9. X-ray diffraction patterns of various 
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Scott for the compound with F/Al = 1.96 are 9.77 and 9.63 8, 

respectively. Greater contraction of the lattice in this case 

may be accounted for by the difference between the volumes of 

F- and OH- ions as well as by thermal decomposition of the 

latter to lose Hz0 molecules. Apart from that, variation in 

intensity distribution of lines, especially those with 

assignements 111, 422 and 333 are observed in both cases 

(Table 5; Figure 9, nos. 7 and 8). 

Thermogravimetric analysis (Fig. 8a) reveals two exothermic 

peaks at 360 and 550°C, the latter being the result of decom- 

position to give a mixture of * -A1F3 + A1203. The weight loss 

at 600'~ being -21% is in good correspondence with the theore- 

tical value (22.3%). For comparison, the weight loss for 

A1(OH)F2.H20 amounts to 27% theoretically. The heat evolution 

at 360'~ is difficult to rationalize. It is notable that it is 

accompagnied by a comparatively great loss in weight. If the 

compound supposed to be A1(OH)O 5F2 5.H20 had actually been . 
Al(OH)F2.0.5HF'.0.5H20, thus retain&g some HF physically, it 

would react with OH at higher temperature to substitute it, with 

liberation of one water molecule. This would agree with the 

weight loss of ca. 12% at 360'~ which might be the sum of the 

reaction water (9%) and the water evolved earlier at 150°C (3%). 

64VC- 600 - 

Fig. 8. Thermograms of a)A1(OH)0~5F2.5.H20, b)P-A1F3.H20 

and c)PL-A1F3.H20. 
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-AlF3.H20 phase e 

Attempts to obtain kAlF3. 2 H 0 in its pure form encountered 

difficulties due to hydxelysis, which leads to partial precipi- 

tation of basic fluoride, even when the AlF3 content is as high 

as 300 g/l. Only once was it possible to crystallize pure 

p -A1F3.H20 out of solution; all further attempts failed. 

They succeeded, however, in two cases: uhen AlF3 solution 

(150 g/l) before crystallization was artificially contaminated 

by minor amounts of NaF (-1 g/l) or NaH2P04, or when a sus- 

pension of AlF3.3.5H20 crystals in acetone was heated in an 

autoclave up to 150°C (Fig. 9, nos. 4 and 5). 

The structure of p-A1F3.H20 bears a striking resemblance 

to that of hexagonal anhydrous p-A1F3 which was discovered by 

Wistoph and Tenfer [7] on thermal dehydrating of a-A1F3.3H20 

(identical with'A1F3.3.5H20) crystals at 150-450°C, although 

unit cell dimensions are slightly higher. The similarity is 

evident from a comparison of the interplanar distances and 

intensities of particular lines (Table 5). Calculations made 

by using d-values for lines with assignements (100) and (002) 

gave for the monohydrate 2 = 7.29 and 2 = 7.36 1, which after 

calcination at 600'~ dropped to 7.20 and 7.26, respectively. 

Thermogravimetric observations coupled with X-ray results show 

that increase of temperature up to 600'~ failed to change the 

basic crystal structure despite the fact that all the crystal 

water was removed. There were only variations in the relative 

intensities, as well as in d-values, indicating a contraction 

of the crystal lattice (Fig. 9, nos. 5 and 6). It seems there- 

fore reasonable to assume that at least some of the crystal 

water is combined in the lattice structure, the remainder being 

absorbed physically or occupying the interoctahedra spaces. 

The DTA curve reveals primarily two peaks (Fig. 8b). The 

sharp exothermic one at 640°C is concerned with the phase 

transition from hexagonal p- to rhomboedrald/-A1F3. The weak 

endothermic peak at 180°C, accompagnied by 3.5% weight loss 

(in comparison to the total weight loss of 13% corresponding 

to the formula A1F3.0.7H20)might be due to hydrate water to 

form A1F3.0.2H20, the remaining 0.5H20 as crystal water occupy- 

ing free spaces in the lattice. One can see an analogy with the 
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basic aluminum fluoride where of the total water content 

involved, corresponding approximately to monohydrate, merely 

a small part of it contributes to the lattice structure, 

according to the formula Al(OH,F)3.0.375H20 [9]. 

d -A1F3.H20 phase 

As to its chemical composition, the d-monohydrate is 

undistinguishable from the p -form. The two are deficient in 

their F and H20 contents and correspond closely to the formula 

AlF2 g5.0.9H20. They differ however in respect to their 

stru;tures and thermal behavior. 

The d-A1F3.H20 phase was obtained in an X-ray pure state 

in the crystallization process at P125'C, using acidic A1F3 

solutions, e.g., with the initial composition A1F3 60 g/l and 

H2SiF6 8 g/l, with suspended A1F3.3H20 crystals in them. The 

X-ray pattern and diffraction data are shown in Figure 9 no.2 

and Table 5 in comparison with those calculated from 

assignements given earlier by Chandross for cubic monohydrate 

and obtained in another way [5]. The lattice constant is in 

both cases the same, amounting to 2 = 3.610 A. 

Thermogravimetric analysis shuivs an endothermic effect 

with a maximum rate at 290°C which is associated with dehydra- 

tion of &-monohydrate and the aforementioned phase transition 

(Fig. 8~). Thermal dehydration of cubic d-A1F3.H20 results in 

minor but essential changes in X-ray patterns associated with 

the conversion into anhydrous rhomboedraloC-AlF3 ( camp. nos. 

2 and 3 in Fig. 9). Successive steps of this process, showing 

the coexistence of the two phases, were observed in the tem- 

perature range between 250 and 35O'C. 

CONCLUSIONS 

Experiments carried out in this work may be summarized 

as follows: 

Precipitation of aluminum fluoride from water solutions 

in the temperature range IOO-150'S exhibits a series of charac- 

teristic features differing from known processes carried out 

at temperatures not exceeding 100°C. 
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In the course of the crystallization as represented by a 

descending lines of AlF3 concentration (Fig. l), no special 

features in isothermic runs were observed, but only the 

regular increase in the process rate with temperature. 

However, in polythermic processes proceeding at low rates of 

temperature increase, as well as in the presence of seeding 

crystals end a free acid, there may be characteristic inflec- 

tions in the bulk crystallization curves between 125 and 13O'C. 

They reflect the phase transition from A1F3.3H20 initially 

formed to cubic d-A1F3.H20. 

Whereas at temperatures below 100°C the sole stable phase 

crystallizing out of solution is A1F3.3H20, in the range 

lOO-150°C one can meet three additional phases, involving two 

monohydrate fluorides: p-A1F3.H20 and ti-A1F3.H20 and the 

hydroxyfluoride A1(OH,Fj3. 2 H 0, where F/Al ratio may reach 

value of 2.5, the latter phase being a hydrolysis product 

of AlF 
3 

in solution. 

Depending on the variables employed, such as initial 

concentration of AlF3, rate of temperature increase, presence 

or otherwise of seeding crystals and free acid, the solids 

precipitated may form mono-, binary or tertiary systems of 

aluminum fluorides. 

X-ray pure basic aluminum fluoride precipitates from 

AlF3 solution with a low supersaturation. it possesses the 

composition A1(OH)o.5F2.5. 2 H 0 and the same structure as the 

well known phase described by Cowley and Scott [9] for solids 

having F/Al ratio between 1 and 2. On heating it decomposes 

at 55OOC. 

The hexagonal p -A1F3.H20 arises directly from supersatu- 

rated AlF -solution at > 115'C,usually along with the basic 
3 

fluoride, or my be formed by thermal dehydration of 

A1F3.3.5H20 crystals suspended in acetone. This p-phase was 

found to lose crystal water without essential change of its 

hexagonal structure and to undergo a transition at 640°C into 

rhomboedral CL-A1F3. The p-monohydrate structure was recognized 

as identical with that described previously by Christoph and 

Tenfer [7] which was obtained by these authors by air d&y&-at_ 

ingd-AIF l 3H20 crystals (identical with the above mentioned 

A1F3.3.5HiO) between 150 and 450'~. 
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The cubic&-AlF3.iI20 phase is formed as the thermal decom- 

position product of AlP3.3FI20 crystals in a rather acidic 

suspension, at >125OC. It may also be accompagnied by 

p -AlF3.H20 and Al(01%,F)3.H20 unless the AlF3 solution had 

been previously acidified. On heating, d-AlF3.H20 undergoes 

dehydration above 25O'C and turns simultaneously into anhyd- 

rous rhomboedralcL-AlF3. The d-AlF3.:l20 was recognized as 

identical with the solid phase discovered by Chandross [5] 

which was fortuitously formed in the reaction of gaseous YF 

with AlCl 3-X1 solution in an industrial scrubber. Conditions 

for its preparation have not been however established. 

Processes going in A1F3 solutions, when kept in an 

autoclave under continuous stirring at elevated temperatures 

and, further, on thermal dehydratin, 01 the solids precipitated, 

may be summarized as follows: 

1 

+ 
>125'C 

AlF3.3H20 in id-A1F3.H20 

J 

on heating the solution on air heating the solids 

It seems that the results presented in this paper may 

explain why Chandross was unsuccessful in his efforts to 

obtain cubic AlF .ii 0. Furthermore, it is likely that under 
3 2 

suitably selected conditions it should be possible to obtain 

this cubic phase also by air dehydration of AlF3.3h20. 
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