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By using a new furnace design, MsAlFs (M = Na, K, Cs) and mixtures of small amounts of AlF; in FLiNaK (46.5
mol % LiF, 11.5 mol % NaF, 42 mol % KF) and CsF—KF eutectic have been investigated over a wide temperature
range (25-1050 °C) by Raman spectroscopy. The peak positions and their relative intensities have been measured
as a function of temperature. In FLiNaK, up to 750 °C, the bands shift gradually to lower wavenumbers, and their
halfwidths increase in agreement with published data. However, it is shown from solubility measurements and
Raman data that, in these conditions, the mixture is not totally molten and the spectra correspond mainly to AlFg*~
in the solid state. When the mixture is completely molten, a new band appears clearly on the high-frequency side
of the main band of the spectrum, and its intensity grows up when the temperature is increased. The present
results are a clear confirmation of the dissociation of AlF¢®~ into AlFs>~ and AlF,~ that our study of the Raman
bands of the fully melted systems MF-AIF; (M = Na, K, Li) previously suggested. On these systems, it is then
important to know if the spectra belong mainly to solid or liquid fluoroaluminates before drawing any conclusion
concerning the liquid phase structure.

Introduction The Raman spectra of the NaRIF; mixtures were also
The solvent in the HaltHéroult process of aluminum interpreted in terms of both the Aff and AIF,” anions™™®
production is cryolite (NgAlFg). Considering the industrial In 1986, Dgwmgﬁ, In-an attempt to accpunt for various
interest of this electrolyte, the structure of molten cryolite tNérmodynamic anomalies, presented a different dissociation
has been extensively studiétt.is generally agreed that ha scheme which considered the following two equilibria:
AlFg is totally ionized in Nd and AIR®~ as follows: a ” B
AlFs = AIF," +F 3
NaAlF ;— 3Na" + AlF> 1
e ° ) AR =AF, +F )

Many experiments have shown that the &iFanion further ) ) ) )
dissociates, but the dissociation scheme is still under discus-On the basis of the suggestion made by Devfinigtailed
sion. For many years, it has been assumed that?AlIF Raman spectroscopic investigations of molten alkali fluorides

dissociates at least partially into AIF and F ions 2 conta;T;r;g Al have been conducted over the past 15
according to the equilibrium years! 12 A significant effort has been devoted to the
_ _ (3) Solomons, C.; Clark, J. H. R.; Bockris, J. O. 81.Chem. Physl968
AlFS =AIF,” + 2F @) 49, 445,
(4) Gilbert, B.; Mamantov, G.; Begun, G. M. Chem. Phys1975 62,
950.
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T The University of Lige. 276.
* Norwegian University of Science and Technology. (6) Dewing, E. W.Proc. Electrochem. S0d.986 86, 262.
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Dissociation of Fluoroaluminates

improvement of the instrumentation used for Raman studies This problem has already been discussed and explained
of corrosive molten salts, and despite the difficulties origi- through a pseudorotation at high temperature leading to a
nating from corrosion, vapor pressure, and high temperatures,coalescence of the two very similar vibrations into a single
high quality Raman spectra could be obtained on a routine one®'415 This phenomenon has already been noticed for
basis? other structures, such as thezfF; crystal® which contains

All the mixtures were then reinvestigated in a large isolated ZrF*~ pentagonal bipyramidD() species. The
composition range. At first, because of the experimental vibrational analysis predicts two symmetrical vibrations. The
difficulties, the recordings were made at the lowest melting room temperature spectrum shows only on¢ fnode at
temperature. In a second step, because the dramatic influencB44 cnm. But at liquid nitrogen temperature, this band splits
of the temperature was recognized, the measurements werdnto two at 551 and 536 cm. Such splitting is attributed to
made at constant temperature, chosen as the highest meltinge separation of axial (551 crf) and equatorial (536 cm)
point of the series of mixtures under investigatiof. symmetric stretching frequencies of the pentagonal bipyramid

Initial results obtained on molten AlF- MF (with M = species. The second reason is that the low frequency peak

Li, Na, K) showed that, in specific conditions (low temper- assigned to AIE~ occurs mainly as a weak shouldet}
ature and high MF content), the main peak, originally and its existence has therefore been questioned. Recently,

attributed to Al is clearly distorted and possibly indicates PY USing a 360 viewing device, Brooker et & have

the presence of another complex species. Actually, in all presented interesting Raman results obtained on mixtures of
cases, the most intense spectrum components are made o:f":3 in FLINaK (46.5 mol % LiF, 11.5 mol % NaF, 42 mol
three distinct bands whose relative intensities vary when the % KF). The spectra were recorded from the solid state (25
composition and/or the temperature is changed. For example, ©) UP t0 750°C. The expected advantage of using FLiNaK
in the NaF-AIF; system, the main species existing in a 1:1 S Solvent is its low melting point (45T). This allowed
molar mixture is AlG~, with the fundamental vibrational ~ €XPeriments at much lower temperatures than with the-MF
bands observed at 622 ci(vy, strong and polarized), 760 AlF3 binaries. Brooker et al. fognd only one main peak in
cm ! (vs, weak and depolarized), and 320 and 215 £, the 550 eml range, clearly assigned to octahedral &fF
andv,, medium and depolarized). These are the only bands, " the solid staté’~*8 The frequency of this band decreased
all due to the Al tetrahedron, which were observed at 9radually when the temperature was increased. This behavior
temperatures between the melting point of NaAl to 1000 was interpreted on the betsis of t2he assumption of only one
°C. When the mole fraction of NaF is gradually increased, discrete species, Alf, while AlFs*~ as well as Allz~ were

two new bands appear: one strong and polarized at 568, cm excluq_ed. These _authqrs, however, did not measure the
and another weak and depolarized around 345'cihthe solubility of AIF_3 in FLiNaK. They actually noticed the
amount of NaF is increased further, again two new additional Presence of solid particles which was proposed as due to
bands appear, one as a shoulder at 510c(strong undissolved aluminum oxides as the particles seemed to
polarized) and the other around 320 @m(weak and disappear upon using sublimed AJI—_—I'heir conclusion
depolarized). It was also found that the relative intensities therefore was based on the assumption thak At Na-
between these three groups of bands are clearly influenced®!Fs) was fully soluble in molten FLiNaK regardless of the
by temperaturé1® A decrease in temperature produced an temperature. Preliminary experl_ments where our molten
increase of the 560 and 510 chband intensities while the =~ Mixtures could be observed visually showed that this
intensity of the 622 cm band decreased. The other MF assumption is probably not correct, since the melt, made with

AIF5 systems (with M= Li, K, Cs) exhibit the same general  Sublimed Alk, stayed milky white up to about 728C.
features, but the peak positions can be slightly different. Above this temperature, the melt became transparent. This

The structural and thermodynamic behaviors, as a function indicates that a solid phase exists at lower temperatures.
of temperature and melt composition (even with dilution in  Since the 90 viewing windowless cell conceptannot
NaCl and KCI), have consequently been interpreted, quali- be used for nontransparent mixtures, a new furnace and cell
tatively and quantitatively, on the basis of the dissociation design has been developed. This system allows measurement
model presented by Dewirighe main Raman bands at 510, to be performed from the top of a melt, which is now simply

560, and 622 crt being assigned, respectively, to AlF, contained in a graphite crucible. By using a cooled quartz
AlF2~, and AlR,~.7-11 window, protected from most of the vapor condensation,

recordings could be made in the temperature rangel250

°C, on the same melt system as used by Brooker et al. In
addition, NaAIlFs, CsAlIFe, K3AlFe, and mixtures of small
amounts of Allz in the eutectic CsFKF (43 mol % KF, 57

The evidence for the existence of AIF given by Raman
spectroscopy has been criticized by several autféf©One
of the reasons for the criticism is that the group theory
predicts two main symmetrical vibrations for the presumed
bipyramidal AlRz2~ anion and only one is actually observ&d.

(14) Hoskins, L.; Lord, RJ. Chem. Physl967, 46, 2402.
(15) Turner, J.; Grevels, F.; Howdle, S.; Jacke, J.; Haward, M.; Klotzbucher,

(10) Robert, E.; Olsen, J. E.; Gilbert, B.; @stvold, Acta Chem. Scand. W. J. Am. Chem. S0d.991 113 8347.
1997 51, 379. (16) Dracopoulos, V.; Vagelatos, J.; Papatheodorou, G. i&hem. Soc.,
(11) Tixhon, E.; Robert, E.; Gilbert, B/ib. Spectrosc1996 13, 91. Dalton Trans.2001, 1117.
(12) Brooker, M. H.; Berg, R. W.; von Barner, J. H.; Bjerrum, Ninbrg. (17) Hawthorne, F.; Fergusson, Ran. Mineral 1975 13, 377.
Chem.200Q 39, 3682. (18) Spearing, D.; Stebbins, J.; FarnanPhys. Chem. Minerl994 21,
(13) Ratkje, S.; Cyvin, S.; Hafskjold, BAppl. Spectroscl1993 47, 375. 373.
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Window

for a couple of hours. Pipes in the brass lid were provided to allow
an air or water flow to ensure the cooling of the lid. The temperature
is measured at the level of the crucible with a-FRt 10% Rh
thermocouple. The connection to the thermocouple is made by
contacts with insulated links passing through the lid.

Because the transparency of the window can be ensured only
for a limited time, the duration of the experiments is also limited
(about 2 h). For a full temperature scan, the temperature of the
sample is increased stepwise from 25 to 1060 Due to limited
experimental time, the Raman spectra were recorded without
waiting for a complete temperature stabilization. The temperature
is thus only known with an accuracy &f10 °C. However, in the
temperature ranges where the major changes occurred, all the
experiments were repeated several times with new melts by
increasing the temperature first quickly close to the temperature of
interest, and then slowly. The spectra were obtained with a Dilor
Labram using the 514.5 nm line of an argon ion laser with a power
of 150 mW for the FLiNaK samples and the 488 and 514.5 nm
lines with the same power for the samples made with cesium and
potassium fluorides.

Solubility Measurements. The solubility measurements were
carried out in an argon-filled glovebox, with a water and oxygen
content<1 ppm, tightly connected to the furnace. The graphite
_radiation shields, sampling tubes, stirrer, and glassy carbon crucible
were dried under vacuum at 90Q for 6—8 h. The glassy carbon

Ventilation
of the window

&Air Flow

Quartz cell

Thermocouple

W

=
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Heating Elements

e
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Figure 1. Cross-section of cell container allowing recording of Raman
spectra of solid and liquid samples up to 10%D

mol % CsF) have then been investigated by Raman spec

troscopy from the solid to the fully molten state. . X ; i ; :

- . crucible was filled with weighed amounts of sodium, potassium,
S°|Ub'“tY measu_rements Of_ nyo"te have alsq been and lithium fluorides giving the FLiNaK composition, and placed
performed in the FLiNaK eutectic in the temperature interval 4t the pottom of a quartz container. Radiation shields of glass-
500-750 °C in order to confirm the hypothesis of low carbon fitted above the crucible had holes to accommodate the
solubility of AlF; and NaAlFs in FLiNaK at these temper-  thermocouple, graphite stirring rod, quartz tube for additions, and
atures. graphite sampling tube. The thermocouple was contained in an

The purpose of this work is to investigate the phenomena alumina case with platinum sheets and placed just above the melt.
occurring during the solidliquid transition, which need to ~ The graphite sampling tube had a graphite filter of porosity 315
be taken into account to fully understand the structural 40#m)- The measurements were performed with about 70 g of

behavior of fluoroaluminates.

Experimental Section

Chemicals.NaAlF¢ was hand-picked cryolite from Greenland,
dried under vacuum at 40@ for 6—8 h. Alkaline fluorides, NaF-
(Merck Zur analyse), KF(Merck Zur analyse), and LiF(Alfa 99.5%),
were purified by slow crystallization from the melt under N
atmosphere. CsF (Aldrich, 99.9%) was slowly dried under vacuum
at 500°C, and AlF; (BDH, fluortran) was purified by sublimation

FLiNaK and about 3.7 mol % of cryolite in the crucible. The molten
salt mixture was stirred and equilibrated at the required temperature
from 750 to 500°C for 7—22 h, and then sampled through the
graphite filter. Inductive coupled plasma emission spectroscopy
(ICP) was used to determine the aluminum concentration in the
filtered samples. Solutions for ICP analysis were prepared as
follows: about 0.5 g of sample was crushed in an agate mortar,
weighed, and placed in a glassy carbon crucible, and then 10 g of
NaOH was added. The crucible containing the mixture was kept
under argon flow at 476480 °C for 3—4 h. The cooled melt was

at 1000°C under vacuum in a graphite container. The mixtures transferred to a plastic container, and distilled, deionized water was
were prepared in a nitrogen-filled drybox in which the water content added up to 200 g.
never exceeded 5 ppm. The weighed salts for Raman analysis were
premelted under nitrogen atmosphere in a glassy carbon crucibleResults
before being added to the Raman cell.

Apparatus for Spectroscopy.The improved data presented in The Raman spectrum of 3 mol % Alf FLiNaK at room
this paper were possible owing to the development of a new cell temperature (Figure 2) reveals two main bands located at
container and furnace setup, which allows us to collect the scattered328 and 560 cmt. When the temperature is increased, the
light in the same direction as the incident laser beam. Figure 1 following observations can be made: (1) The bands shift
illustrates the cross section of the cell container. It is mainly gradually to lower wavenumber, and their half-widths
composed of T-shaped quartz tubing whose bottom partis a cylinderjncraase. The temperature effect is more pronouced for the
e 1 ) a2 560 o peak. The locaton of it maximum nensiyshit

9 b : L down 25 cnt when the temperature reaches 740 (2) At

are pressing the quartz tubing tightly against a brass lid which serves . .
as cover. The center of the lid is fitted with a quartz window for 2P0Ut 740°C, the intensity of the bands drops and the spectra

the laser beam and for collecting the Raman light. The air-tight- ar€ Very noisy. But already at 73Q, the intensity increases
ness of the cell and the window is ensured through silicone joints. @gain, and the band shape changes. The main band is split
The window is partially protected from vapor deposition by a into two peaks, one located at about 515 ¢mnd the other
tangential argon flow and remains reasonably clean and transparenbne at 560 cmt. Both bands are fully polarized and can

6340 Inorganic Chemistry, Vol. 42, No. 20, 2003
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_,_/\-———-—L__ Figure 4. Variation of the location of (A) the main band observed from
H C:280°C . .
" room temperature and (B) the new band appearing after full melting for

the AlRs—FLiNaK mixtures; full circles @), 3 mol % AlFs; empty circles

A };L B: 110°C (0), 10 mol % AlRs.
jL A: 25°C °C; the observations are identical except that the spectra are
A L ey . less noisy since the relative amount of scattering species is
200 300 400 500 600 700 800 larger. Figure 4 shows in more detail the variation, with
Wavenumber (cm™') temperature, of the location of the main bands around-500
Figure 2. Raman spectra of mixture made of 3 mol % AR FLiNaK 550 cm! for both mixtures. The indicated frequencies are

at different temperatures. The spectra noted H and | are recorded on fully the |ocation of (I) the main band observed from room
molten mixtures. .. .
temperature (band A) and (ii) the new band appearing after

full melting (band B). The data show clearly a decrease in
W frequency when the temperature is increased, both in the solid
; and liquid phases.
‘/\/¥ It is well-known that the bandwidths of some symmetrical
E:796C vibrations are strongly affected when the cation is chafed.

The bandwidth increases when the size of the cation
decreases, and this observation has been interpreted as a
much stronger interaction between cations and anions in the
melt in the order Lt > Na* > K* > Rb" > Cs*. Using an
eutectic based on the binary CskF, the expected bandwith
decrease should allow for a better separation of the overlap-
ping peaks, and measurements on such systems were then
initiated. The behavior of Alin the eutectic CsFKF was
found to be similar to the one in FLiNaK. Figure 5 shows
the Raman spectra obtained during heating of the-G&dF

B: 787°C + 7.5% AlR; sample. At room temperature, the main peak

is located at 533 cni. The relative intensities of all the bands
and their frequency interrelation indicate that the solid formed

C:828°C

A:e8e"C is mostly in “elpasolite” CsKAIF¢-like structure, as also
200 300 400 500 600 700 800 confirmed from an X-ray diffraction analysis. Upon increas-
Wavenumber (cm™') ing the temperature, the main band shifts down to 510'cm
Figure 3. Details of spectra recorded when the 3 mol % Aili-FLiNaK At about 670°C, the mixture melts, and a new peak appears

system started to melt. Spectrum A belongs to a sample where the at 554 cnm?, which replaces progressively the one at 510
fluoroaluminate is still mainly solid. The other recordings are from liquids. cm=1. As expected, it is indeed found that the widths of the
The temperature was increased from A to D and then decreased from D tob d ’ d th ist f ks i
F. The change of the intensity ratio of the two main peaks is shown to be ar_‘ S are narrower, an € existence or two peaks IS
reversible. indisputable.

Finally, in order to confirm the present observations and
since the new furnace setup allows it, measurements have
also been made with samples of purgAlFe (with M =

nNa, K, Cs) (Figures 68).

then be assigned to symmetrical vibrations. (3) The intensity
ratio of these two peaks changes with temperature. The
intensity at 515 cm! decreases with temperature while the

other one increases. This process is reversible as shown i
Figure 3. The same experiment has also been done With(19) Brooker, M. H.; Papatheodorou, G. Wdvances in Molten Salts
FLiNaK + 10% AlFs. The full melting occurs at about 800 Chemistry Elsevier: New York, 1983; Vol. 5, p 60.
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G: 708°C J:798°C
I: 925°C
F: 695°C
H: 932°C

E: 689°C G: 936°C
F:990°C
D: 684°C
E: 1044°C
C: 581°C D: 875°C
C: 642°C
B 484°C B: 261°C
Jw___/L A:25°C
— +

A. 2500 T T T T T T T T T T
200 300 400 500 600 700 800
T T T T T T T

-1

300 350 400 450 500 550 600 650 700 Wavenumber (cm™)
Wavenumber (cm™') Figure 7. Raman spectra of 4AIFs at different temperatures from the
) ) solid to the liquid state. The temperature was increased from A to E and
Figure 5. Raman spectra of a 7.5 mol % Alin CsF—KF mixture at then decreased from E to J.

different temperatures from the solid to the fully liquid state.

I 553°C
: G: 1010°C
: H: 684°C

F: 970°C G: 731°C
F:745°C
E: 860°C

; E: 830°C
: D: 680°C D: 785°C

: C: 455°C C:685°C
B: 454°C

| o jL AT
300 400 500 600 700 800
A: 25°C wavenumber (cm'1)
—— e N

20 30 400 50 600 700 800 ol 1o he liuid state. The temperature was increased from A 10 £ and
Wavenumber (cm™) then decreased from E to I.
Figure 6. Raman spectra of NAIFe at different temperatures from the  shift of this band is explained by the gradual lattice
solid to the liquid state. expansion, in agreement with the propositions made by
Brooker et al? At about 450°C, the melting point of
FLiNaK, no discontinuity appears in the spectra shown in
According to the results presented in the literattdreg, 8 Figure 2. At this temperature, however, it is important to
we can clearly assign the bands observed in the frozen meltnote that the mixture is not fully molten. This was very easy
to the AIR®™ anion with its vy symmetrical band being to observe when the windowless graphite cell with & 90
located around 560 cm. In addition, since the solid is a  scattering geometry was used, since the melt was milky white
mixture of fluoroaluminate diluted and finely dispersed into and not transparent. For a mixture made of 3 mol Yo:AtF
FLiNaK, the v, band was found polarized even at room FLiNaK, the temperature must reach at least 7€before
temperature. Upon increasing the temperature, the downwardhe melt starts clearing up. If the AlEontent is increased,

B: 235°C

Discussion

6342 Inorganic Chemistry, Vol. 42, No. 20, 2003
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Table 1. Solubility? of NagAlF¢ in FLiNaK at Equilibrium in the
Temperature Interval 560750 °C

Considering this limited solubility, the experimental
observations made by Brooker etdhs well as the present
data can now be understood. In the temperature range where

weight of Al (mg) mole fraction

T(C)  weight of melt (g) in the melt of KoNaAlFs the melt is not fully molten, the bands of the undissolved
750 0.4716 7.508 0.02764 material mainly characterize the Raman spectra. These bands
700 0.4961 3.809 0.01246 . . :
650 0.5113 1.746 0.00536 are mdegd narrower and more intense than those found in
600 0.4714 0.499 0.00163 the fully liquid melt. By comparison with the literature data,
550 0.5117 0.19 0.00057 i i i it
200 0.4739 0077 0.00095 they are assigned to the AfF anion of the solid. In addition,

due to the lattice expansion, thgband will shift downward
with increasing temperature as observed in Figure8 and

in good agreement with the results obtained by Booker et
al. As a matter of fact, for temperatures below 680 the

the required temperature was even higher before completedissolved part of the fluoroaluminate is too low to be detected
melting was observed. Clearly, there is a solubility problem. by Raman, and the spectra belong essentially to thg*AlF

The solubility of cryolite in FLiNaK has therefore been anion in the solid state.
measured as a function of temperature, as described in the |n the intermediate temperature range 7800 °C, the

EXperimenta| Section. The results are listed in Table 1. From So|ub|||ty has increased enough so that the Spectrum of the
the measured total aluminum content in the equilibrium melt, ||qu|d gradua”y begins to be observed. For the dilute

the cryolite solubility could be calculated. However, experi- solutions of AlR, the main band is now made of two peaks

2The solid phase in equilibrium with the melt was not known during
the measurements; it has been assumed tob@KIFs. ° As determined
by emission spectrometry (ICP).

ments made after full melting of an AJFFLiNaK solution
followed by cooling showed that the solid formed after the
freezing process is actually not cryolite butN@AIFs, as
confirmed by X-ray diffraction and in agreement with
Brooker et af? Since we do not know the exact form of the
solid fluoroaluminate in equilibrium with the melt, the
solubility has then been expressed in terms gRN#&AIFs,

the compound which is formed upon cooling. The temper-
ature dependence of the solubility in FLiNaK can be
described by the equation

IN X4 naairy = —15254T(K) + 11.241 (5)
in the temperature interval 773023 K. x is the mole
fraction of Ko;NaAlFs in the melt.

According to these data, a melt to which 3 mol % of solid
NagAlF¢ has been added should be totally molten above 750

°C which is in close agreement with the Raman observations.

However, the solubility measurements and the Raman spectr
are not made with strictly the same melt. In the Raman
experiment, the fluoroaluminate was added to FLiNaK as
solid AlF; and not as NgAlFe. The melt did not have the
same overall composition as thed#s—FLiNaK salts used

for the solubility study. The difference is small, however, at
least when the two systems are fully melted. As explained
in the Experimental Section, the time for a full Raman
experiment (heating and cooling) was limited because of slow
clouding of the quartz window despite the protecting argon
flow. Since the experiment could not last for hours at each

temperature, the system was probably not at complete
equilibrium. This is the reason the measurements were made"

using a heating and cooling cycle, and the difference in
liquidus temperature during heating and cooling is of the
order of 20°C. Considering these restrictions, the liquidus
information obtained from the two sets of data agree very
well. The main point, however, is that below a certain

temperature, which depends on the mixture under investiga-

tion, there is a limit in the solubility of the fluoroaluminate
and it must be taken into account.

located at 560 and 515 crhfor the FLiNaK, and at 554
and 510 cm?! for the CsFKF eutectic solvents. This is
clearly shown in Figures 3 and 5.

An interpretation of the preceding observations can now
be made. The band situated at 515 éifin FliNaK) or 510
cm? (in CsF—KF), even when the mixture is fully molten,
is still due to the AlR*~ anion, since its location is in the
continuation of the downward shift of the band of AlFin
the solid state upon raising the temperature. For a compari-
son, measurements with the systegYKs were made. This
system is considered to containly octahedral YE~ anions
in both the solid and liquid phasésUpon heating, the;
band initially located at 461 cm in the solid state at room
temperature shifted gradually to 441 chits position in
the molten state. This shift was monotonic, and nothing
happened at the melting point. As there is no reasor®AlF
and YR®" would behave differently when they melt, the

eaks at (515, 510) cnh can be assigned to A{F in the

iquid state. If these bands (515, 510) ¢hbelong to AlR%~
in the molten state, the bands at (560, 554) trshould
indicate that there is another species in these melts. Indeed,
the intensity ratio of the two bands is clearly modified with
temperature, the bands at (560, 554) étneing favored at
higher temperatures. In addition, the present measurements
show that this variation in band intensity with temperature
is reversible. On the other hand, we know that the location
of the main frequency of the AlF ion is found at 622 cmt
and is almost independent of cation type and temperéture.
The new species should therefore be AlFin agreement
ith the dissociation model given by eqs-8 proposed
earlier’~1!

The present results fit very well with our previous
propositions: (1) An increase of temperature shifts the
equilibria toward a dissociation of A§F into AlFs?>~ and

(20) Dracopoulos, V.; Gilbert, B.; Bagrrensen, B.; Photiadis, G. M.;
Papatheodorou, G. N. Chem. Soc., Faraday Trank997, 93, 3081.

(21) Gilbert, B.; Mamantov, G.; Begun, G. Mnorg. Nucl. Chem. Lett.
1974 10, 1123.
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AlF 4~ in agreement with the positiv&H® value$? for both (curves F, G, H, 1) and 8 (curves F, G, H) that, during
reactions 3 and 4. (2) The main species in the liquid state is cooling, the AlE?~ bands are progressively replaced by the
AIFs2~. (3) In order to observe the Af speciesn the liquid one of AR~ in the supercooled liquids. Since evaporation
state several conditions must be fulfilled: (a) the ratio alkali is unavoidable especially for samples made with CsF, one
fluoride/aluminum fluoride, called the cryolite ratio in the has to recognize that the sample composition could probably
industry, must be very high, i.e., Alfnust be diluted, and  change from its initial value, considering the time required
(b) the temperature should be kept as low as possible, butfor stabilization at a given temperature and recording all the
high enough to ensure a sufficient solubility of Alis the preceding spectra. As a consequence, the observation of a
solvent. liquid phase upon cooling from and below the melting point
From these considerations, one has to note that the molamay also be partially attributed to this change in composition.
ratios F/AI®" in the FLiNaK and the CsFKF eutectic However, full heating-cooling—heating cycles have been
solutions are such that the AfFion is not observed in the  performed on the same mixture; after such cycles, the melting
present melts as expected, and therefore, this species has n@oint indeed decreased but not much (about-20 °C),

been discussed here. indicating that the supercooling effect is the main reason for
As far as the pure MAIFs compounds are concerned, their  this observation.
behavior as a function of temperature is more complex. In any case, when the samples are molten, all the spectra

At first, they exist under allotropic forms varying with  point to the equilibria proposed as described.
temperature. NAIF¢ undergoes a monocliniecubic transi-
tion at about 550°C® which can be seen in the Raman Conclusions
spectrum as an increase of thefrequency from 543 to 546
cmtin the transition temperature rangesMF; exhibits a
tetragonat-cubic transition at about 32 2 whereas Cs
AlFg seems to be cubic at room temperattfrét. is also

The present results indicate a large structural transition
between solid and liquid fluoroaluminates mixtures. From
25°C and up to temperatures close to the liquidus, the spectra
. of M3AlIFg (M= Na, K and Cs), and of various mixtures of
behevgd that, for the I_atter compoun(_jS, _superstruc_:turesAlFs in the FLiNaK and CsFKF eutectic systems, exhibit
complicate the overall plqtur%.The precise interpretation only bands of the AIF~ anion in agreement with the
of the spectrg upon heat!ng the SOI.'d sam_ples from room propositions made by Brooker et ‘@lHowever, when the
temperature is thus not simple and is outside the scope of ixture is close to full melting or fully molten, the picture
this paper. Ngvertheless, the sP e'ctra present, as a general yigerent. Now the Al®~ v1 band located at about 515
feature, a main band characteristic of &Foctahedra of cm-(depending on the cation’s nature) is progressively

the solid phase, which shifts more or less gradually toward replaced by a band appearing at 560 &nThis result leads

lower freguehnues. | | | h hiah us to conclude that these mixtures are characterized by a
Second, the pure BAIF samples melt at much higher dissociation of AlE*~ into AlFs?~ in the liquid state. This

temperature, respectively, 1008 (M = Na), 985.°C M dissociation is reversible with respect to temperature and
= K),! and 790°C (M = Cs)2* and the melt is more composition changes.

concentrat_ed n AIE&‘?‘” n the (_Jlefscrlbed mixtures. Thus, Actually, there is no discrepancy between the experimental
the formation of A~ in the liquid is less favored, and the .
X 7 . results presented by Brooker et'aland the present work,
corresponding AIF~ peak is weak. For NAIF, only a very . o . .
. . o provided it is recognized that the mixtures are not totally
weak shoulder can barely be recognized in the liquid under . .
molten at certain temperatures. This paper has clearly shown

tFr}eurrI;ogt Ifnazga?géi (Ttxg igz]r?gtt?]{a\foundc;triogc?c;liis fSr B%V\{[?]én that the interpretation of the experimental Raman spectra of
g . ' up 9 AlF3 in fluoride melts can only be made when both the

melt, KsAlFs and CsAIFs stay liquid below their melting “solubility” of AIF ; and a large temperature window are

_temperature mamly asaresultofa supercoplmg effect. Only considered in the experimental matrix. The construction of
in that case and since they are characterized by narrower

eaks than cryolite, one can clearly observe from Figures 7a new furnace design allowing the recording of spectra (i)
P y ' y 9 on a large temperature range and (ii) despite the evaporation

of the melt thus gives new perspectives in the structural
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