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Raman spectra and vapour pressures have been obtained as functions of
temperature, 860 < T/°C <1000, and composition, 1 <ngg’/naE,”)<5 (for pres-
sures), 16 (for Raman spectra) for KF-AIF; melts. Stoichiometric equilibrium
constants are calculated for the two equilibria AlFg~ =AlIF2* +F~ and
AIF2~ =AlF,” +F~ established in the melt. The temperature variation of these
constants is given as In K'= —7698/7/K +7.46 and —5894/T/K +2.29, respect-
ively. These data are based on a quantitative analysis of the Raman intensities
of the AIF¢®~, AIF;*~ and AIF,~ vibrational frequencies. When combined with
thermodynamic data, these results indicate a non-ideal mixture of the estab-

lished anions.

Raman spectroscopy has shown that the structures of
the two M F-AlIF; (M=Na, K) melts are very similar,
and that both binary systems can be described by the
following equilibria:*~

AlF2~ =AlF>~ +F~ (1)
AIF 2~ =AIF,” +F~ (2)

Performing a quantitative analysis of the Raman
intensities of the AIF®~, AlFs>~ and AlIF, vibrational
frequencies, the total number of moles may be deter-
mined. From these data stoichiometric equilibrium con-
stants, K;/, for reactions (1) and (2) can be calculated by

_NAfR2-Np- XalF2~ XF-

!
K/'= N (3)
LN) P XAIFg3~
K — RalF,~MF- _ XaIF,~ XF- (4)
) = =
LN o N XAlFs2~

where N is the total number of moles of anions, and #;
and x; the number of moles and mole fractions of the
ith species, respectively.

A comparison of the spectra for the three M F-AlF,
systems shows that the characteristic bands of the com-
plexes become sharper in the sequence Li < Na <K.* This
indicates a distortion of the respective anion structures
in the order Li* >Na*>K".

*To whom correspondence should be addressed.
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From an industrial point of view the system NaF-AlF,
is by far the most interesting and also the most studied.
A study of KF-AIF; mixtures, however, where the
interactions between the anion complexes and the cation
are much weaker, may give valuable information about
structure and properties of the industrial important
NaF-AlF; melts.

The KF-AIF; phase diagram has been determined by
several workers.”” Among all these data, the work of
Holm” seems to be the most reliable. Holm reported the
presence of two solid compounds, K;AlF4 and KAIF,,
congruently melting at 1000 and 560 °C, respectively.
Two eutectic points at 7 and 45 mol% AlF;, with eutectic
temperatures at 820 and 580 °C, respectively, were found.

Lee et al® estimated the activities of KF and AlF;,
with KF(1) and AlF;(s) as standard states, respectively,
in acidic, ngg°/naE,” <3, KF-AIF; melts. »,° is the initial
number of moles of component i. These activities were
estimated using the partial enthalpies, AHyyr and
AH ,, derived from the enthalpy of mixing of liquid
KF with solid AlF;.° The partial entropies of mixing,
ASgr and ASyr,, were assumed to be equal to ASy,r
and AS,, in the NaF-AIF; system.'®

Zhou'!' determined the composition of the vapour
phase above K;AlIF at 1100°C using a condensation
technique. The vapour phase consisted of 12.6 mol% KF
and 87.4 mol% KAIF,. No direct measurements of activ-
ities for the KF-AlF; system have been found.
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In the present work Raman spectra of KF-AlF,
mixtures as a function of temperature (860 < T/°C <
1000) and varying composition have been determined.
Careful quantitative analysis of the Raman spectra yields
In K" as a function of 1/7T. From these data approximate
enthalpy and entropy changes of reactions (1) and (2)
may be evaluated. The Raman data were compared with
measured total vapour pressures.

Experimental

Chemicals. KF, Merck, p.a. was recrystallised in an N,
atmosphere. AlF;, BDH Fibre grade, was first dried
under vacuum at 400 °C and then sublimed at 1000 °C
in a glassy carbon crucible for Raman and in graphite
cells for vapour pressure studies.

Raman spectra. The samples were prepared in a dry box
containing less than 5ppm of water using the same
method as reported earlier."? The furnace, specially
designed for Raman measurements, allows a temperature
regulation of +5°C. Windowless graphite cells placed
inside argon-filled quartz tubes were used for recording
of the Raman spectra.'? The spectra were recorded using
a Spectra-Physics model 2020 argon-ion laser (800 mW,
488 nm), and a modified Cary 81 spectrometer interfaced
with a microcomputer. A slit width of 5cm™!, a time
constant of 0.1s and a scan rate of 250 or
500 cm ™! min "' were used for all the spectra. In order
to improve the signal-to-noise ratio, the spectra were
recorded several times and averaged. This procedure was
not applied if the spectra were changing with time due
to evaporation and composition changes. In such a case,
only the first spectrum was used for further analysis.
Smoothing procedures were not applied to the spectra.

Vapour pressure measurements. The boiling point
method!® was chosen for our measurements, since this
method gives reliable data in the pressure region 1072 to
| atm and at high temperatures (i.e. 1000-1300°C). An
apparatus specially designed for measurements of corros-
ive gases was readily available at the Institute of
Inorganic Chemistry and has been described in detail by
Herstad and Motzfeldt.'* The main components of the
equipment were a cold wall vacuum furnace with a
vertically mounted graphite tube heater. Further descrip-
tions of the experimental procedure are given by
Gilbert et al 2

Results

Raman spectra. In order to study the structure of
KF-AIF; melts, spectra have been recorded over a wide
composition range, where ngz°/nap,” varied from 16 to
1, in the temperature region 860-1000 °C. Data obtained
for the KF-AIF; system at 1027 °C,? together with the
present data, were used to determine K;’ as a function of
T. Some spectra are presented in Figs. 1-3. The assign-
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Fig. 1. Spectra of molten KF-AIF; mixtures at varying initial
AlF3; mole fraction, at 1000 °C.
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Fig. 2. Spectra of molten KF-AlF; mixtures at different tem-
peratures. (A) xar,”=0.4, (B} xar,°=0.15.
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Fig. 3. VV and HV Raman spectra of molten KF-AlF; mixtures
at 1020°C. A: XA|FQO=0.4, B: XA|F30=0'25'

ments and qualitative intensities of the bands were found
to be:

AlF,”:622cm™! (s,p);

760 cm ™! (w,dp); 320 and 215 cm ™! (m,dp)
AlF$*7:555cm™! (s,p); 345 cm ™" (m,dp)
AlFg* ™ :515em ™! (s,p); 320 em ! (m,dp)

where s, m and w mean strong, medium and weak
intensity, respectively, and p and dp mean polarised and
depolarised bands. The detailed interpretations of the
assignments and the choice of the model have been
published previously.!-

Figure 2 shows a shift in the 622 cm ! band towards
lower frequency when the temperature increases. From
a close examination of all the spectra, it seems that the
frequencies of the three main bands decrease when the
temperature is raised. For instance, at 860°C, the v,
band of AIF," is situated at 622+ 1 ¢cm ™, and at 950 °C,
this frequency is 619+1 cm™!. The experimental error,
however, is close to the frequency shift, and no firm
conclusion can be drawn.

The ionic distribution can be calculated from the
intensity of the bands using the scattering coefficients
characteristic of each species. These coefficients relate
measured intensities to concentrations. A detailed pro-
cedure for the determination of scattering coefficients for
NaF-AlF; melts diluted with NaCl was recently pre-
sented.! For the KF~AIF; system these coefficients have
been calculated at 1027°C, using a different method.?
This method is based on accurate measurements of the
intensity ratios of the different bands (intensities meas-

KF-AIF MELTS

ured as the area of the bands), for several different
compositions and at constant temperature. A program
based on a simplex procedure? allows us to calculate
scattering coefficients (D). Data determined at 1027 °C,
Dyg2-=13, Dpyp,2-=1.1 and Dyyg,- =1, were used by
us at any temperature, since scattering coefficients are
probably independent of temperature.

A general procedure for extraction of intensity ratios
of Raman bands has been presented in previous papers.':?
A discussion on the effect of frequency and temperature
on the measured band intensities is given in the
Appendix. Knowing the intensity ratios and scattering
coeflicients, the mole ratios of the different ions can be
calculated; naw,2-/nai,~ =2~ /Inr,~)/Dar,2- and
Aargd—/Mars2— =Unirg ~/Tar2-) Dar,2~/Darge-)- Using
the mass balance of Al nuE"=nuE,-+
Hapg2— +hap 23—, and the two molar ratios, the number
of moles of the different complexes can be calculated.
The number of moles of free fluoride, ng-, is calculated
using the mass balance of fluorine np- =nge"—
Rawp,~ —2Ra1p2~ — 3nar2-. The total number of moles
of anions is given by N=nuE,-+hrarz-+
Nairg - +1g-. The mole fraction of each species can then
be expressed as x;=n;/N. The resulting mole fractions of
the different species are presented in Table 1. The data
in Table 1 can be used to calculate K," and K,’ for any
composition, and within the accuracy of the method,
these constants were found to be composition independ-
ent. These stoichiometric equilibrium constants, obtained
directly from the Raman spectra, refer to the hypothetical
pure undissociated compound standard state. This means
that each compound in this hypothetical state is not
dissociated according to eqns. (1) and (2), and
xarp-=1 for K;AlFg, etc. Using the expression for
Gibbs free energy,

AG' =AH'—TAS'= —RTIn K’ (5)

enthalpy and entropy changes of reactions (1) and (2),
have been obtained by plotting In K; versus 1/7. Results
are given in Table 2.

Thermodynamic data for the hypothetical standard
states used above are not available, and the results given
in Table 2 cannot be tested. This means also that the
assumption of constant activity coefficients made by us
in the calculation of AH" and AS’ in Table 2 cannot be
evaluated.

Using eqns. (3) and (4) together with the data for In
K’ in Table 2 and the mass balances for Al and F, the
molar fractions of the different anions, x;, may be
calculated at any temperature and composition. We need
these molar fractions to compare Raman and thermodyn-
amic data for these melt mixtures. This comparison will
be presented later.

Vapour pressures above liquid mixtures of KF-AlF; at
different temperatures and ngg’/naE,” values are pre-
sented as logp,,, versus K/7T in Fig. 4 and Table 3.
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Table 1. Anion mole fractions in the KF-AIF; binary as obtained from Raman spectra. xz- is calculated from the fluoride

mass balance.

a

XAIF; XalF, = XAlF 2~ XalFga~ Xe -
T=1000°C

0.099 0.009 +0.002 0.101 +0.007 0.019+0.005 0.874+0.010
0.126 0.017 +£0.003 0.125+0.010 0.029+0.007 0.8291+0.020
0.189 0.039 +0.005 0.217+0.015 0.039+0.008 0.696 +0.020
0.197 0.045+0.006 0.2294+0.015 0.038+0.008 0.682+0.030
0.328 0.207 +0.014 0.5441+0.025 0.038+0.010 0.21140.040
0.337 0.259+0.010 0.514+0.025 0.026 +0.010 0.204+0.040
0.370 0.405+0.010 0.457 +0.020 0.025+0.010 0.111--0.040
0.384 0.464+0.008 0.432+0.019 0.020+0.010 0.085+0.040
0.407 0.570+0.006 0.367 +0.013 0.000+0.000 0.063+0.020
0.423 0.650 +0.006 0.306+0.009 0 0.044+0.010
0.500 1 0 0 0

T=950°C

0.102 0.000+0.000 0.103+0.005 0.029+0.003 0.868 +0.008
0.139 0.009 +0.004 0.152 +0.005 0.038+0.004 0.801+0.010
0.356 0.332+0.010 0.503+0.018 0.025+0.010 0.141+0.040
0.373 0.4051+0.010 0.483+0.014 0.021+0.010 0.091+0.030
0.403 0.561+0.005 0.369+0.009 0.012 +0.006 0.054+0.020
0.424 0.654 +0.006 0.308+-0.005 0 0.038+0.010
0.428 0.675+0.007 0.296+0.005 0 0.029+0.010
0.447 0.767 +0.008 0.207 +0.003 0 0.025+0.010
0.452 0.800+0.008 0.189+0.003 0 0.020+0.010
0.500 1 0 0 0

T=900"C

0.060 0 0.051+0.001 0.018+0.001 0.931+0.002
0.096 0 0.090+0.003 0.032 +0.002 0.878+0.005
0.382 0.452+0.010 0.452+0.016 0.020 +0.005 0.076 +0.030
0.393 0.503 +0.007 0.422+0.016 0.022+0.010 0.053+0.030
0.428 0.676+0.007 0.292+0.005 0 0.032+0.010
0.436 0.712+0.007 0.264 +0.005 0 0.023+0.010
0.446 0.761+0.007 0.219+0.005 0 0.020+0.010
0.452 0.79140.008 0.192+0.004 0 0.017 +£0.010
0.475 0.893+0.003 0.100+0.003 0 0.007 +£0.010
0.500 1 0 0 0

T=860°C

0.063 0 0.051+0.003 0.023+0.002 0.926 +0.005
0.395 0.514 +0.006 0.420+0.020 0.021+0.010 0.045+0.030
0.422 0.663+0.004 0.293+.0.010 0.023+0.010 0.026+0.020
0.434 0.718+0.005 0.250+0.005 0.018+0.003 0.021+0.015
0.448 0.772+0.008 0.214+0.005 0 0.015+0.010
0.476 0.901+0.008 0.094 +0.005 0 0.005+0.010
0.500 1 0 0 0

#Calculated from the fluoride mass balance.

Table 2. Enthalpy and entropy changes of reactions (1) and
(2) assuming constant activity coefficients and hypothetical
undissociated compound standard states.?

AHY AS/
Reaction kJ JK™! A/T/K) B
1 64+12 62+9 —7698 7.46
2 49+12 19+8 —5894 2.29

#Temperature dependence of stoichiometric equilibrium con-
stants are given as In K'=A/{T/K)+ B.

Figure 4 shows that the pressure is increasing with
increasing acidity as expected. This trend is similar to
what is observed for the NaF-AlF; system, but the
pressures are higher as shown in Fig. 5.
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Discussion

Thermodynamic data for molten salts are often given for
pure components. Equilibrium constants for equilibria
established in molten salts will therefore usually be based
on pure component standard states. It is possible to use
the above Raman data to calculate stoichiometric equilib-
rium constants for reactions (1) and (2) based on pure
component standard states.

The important point is to obtain unit activity for each
pure component. This can be obtained by defining the
activity for, e.g. K3AlF, as

A ;AIFg = [XA1F63‘/ XAIFg2~ (nxg°/ nAlF3O = 3)]YK3A1F6 (6)

where xqr23- and xap - (g /nar,” = 3) are the real
molefraction of AlF;>~ observed by Raman at a given
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Fig. 4. Vapour pressures at varying temperature and com-
position (R=nye’/nag,’) for the KF-AIF; system. (@) R=1.0,
(H)R=1.4,(®)R=18,(A)R=20,{Y)R=22,(+) R=26,
(O) R=3.0, (1) R=3.5, () R=4.0, (A) R=5.0.

Table 3. Vapour pressure data for the system KF-AIF3, given
as log pie/mbar=A— B/(T/K).

Nee’/Nae,’ A B Regr. coef.
1.0 8.356 8034 0.998
1.4 8.199 8104 0.999
1.8 8.480 8763 0.999
20 8.698 9189 0.999
2.2 8.906 9595 0.999
2.6 9.093 10079 0.999
3.0 9.259 10460 0.997
35 9.137 10411 0.996
4.0 9.607 11093 0.999
5.0 9.107 10540 0.999

nge /nar,” and at nge®/nap,” =3, respectively. i, ar, is
the Raoultian activity coefficient of pure K;AlF,. For
later use, we will define R=nygs"/nae,”. The activity
coefficient is by definition unity for pure K;AlF, which
is dissociated according to eqns. (1) and (2). This implies
that a; for species / is unity at the melt composition
corresponding to compound i even if this compound is
dissociated. Raman spectra at R=1 show only the bands
characteristic of NaAlF,. This means that only AlF,~
ions, as far as we can observe, are present at that
composition. When this definition is used, the stoichi-
ometric equilibrium constants based on Raman data and
the thermodynamic equilibrium constants based on pure

KF-AIF MELTS
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Fig. 5. Vapour pressure as a function of xu,’ for the MF-AIF;
{M=Na, K) systems at T=1027°C. (M) K, (O) Na.>"®

real component standard states can be compared. The
new stoichiometric equilibrium constants for eqns. (1)
and (2) are given through the relations

ideal ideal

a 1/x -(R=2
K,"= K2?;1::l KF_ & / AlF 52 ( ) (7)
K AlFg 1/ XAIF (R=3)
and
aidsik aige 1
K " = . 4 — K ’ (8)
P al, ? 1xur-(R=2)

Ideal activities are based on random mixing of the
anions: AlF¢®~, AlF;2~, AIF,” and F~. The mole frac-
tions of the anions at the stoichiometric compositions
have to be known if we want to calculate the stoichio-
metric equilibrium constants K;” and K,”". For temper-
atures below the melting point of, e.g. K5;AlIFg, x5k -
can not be obtained experimentally and must therefore
be calculated as outlined above, using the data given in
Table 2. Some data for K,” and K,” as functions of
temperature are presented in Table 4.

The temperature dependence of the new stoichiometric
equilibrium constants may under certain assumptions
give the changes in enthalpy and entropy for reactions
(1) and (2).

The connection between the thermodynamic and stoi-
chiometric equilibrium constants, e.g. for eqn. (1), is
given by
K, =K,"-n(yy) 9
where (Y1) =Yk, a1F, YkF/YKAIFg - If n(y,) and =n(y,) are
temperature-independent, it is possible to compare dir-

Table 4. Stoichiometric equilibrium constants as given by
eqns. (7) and (8).

7°C Ky %
1027 0.373+0.011 0.055+0.004
1000 0.364%0.012 0.0510.006
950 0.348+0.010 0.044%0.005
900 0.331%0.005 0.038+0.002
860 0.312%0.013 0.033%0.004
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ectly our calculated enthalpy and entropy changes for
reactions (1) and (2) with thermodynamic data.

Hong and Kleppa® have measured the enthalpies of
mixing in the MF-AIF, (M =Li, Na, K) systems. From
these measurements it is possible to derive the reaction
enthalpies of reactions (1) and (2). If one further uses
the assumption made by Lee et al® that the partial
entropies in the KF-AIF; system are the same as those
in the NaF-AlF; system, thermodynamic equilibrium
constants for reactions (1) and (2) may be calculated
using the reaction entropies given by Dewing.!® The
results of these calculations are given in Table 5 together
with the data obtained in this work. Also given in Table 5
are the products of the activity coefficients, n(y;), for
reactions (1) and (2). This product is calculated from
the relation In K=In K”+1n n(y;). There are large uncer-
tainties in the calculated enthalpy and entropy data given
in Table 5. This, of course, is due to the uncertainty in
the Raman intensity variations with temperature. Within
the uncertainty, however, agreement is observed.

To be able to compare our vapour pressure data with
data calculated from the Raman spectra, activities need
to be known. From vapour pressure data some informa-
tion may be obtained by splitting the measured total
pressures into partial pressures. Mass spectrometric stud-
ies of KF-AIF; melts by Kolosov et al.'® and Guzman'’
showed that the main vapour species above these melts
probably are KAIF,, K,Al,Fy and KF. The total pres-
sure can then be expressed by:

Prot = PxalF, T PxF T Px,ALF, (10)
The dimer pressure is obtained using the reaction
2 KAIF,(g) = K, AL Fy(g) (11)

where the equilibrium constant, K, is given by Sidorov
et al.:18

In Ky = 12733 — 1711 LI(T/K) (12)

To solve eqn. (10) one needs to know pgr or the
composition of the gas phase above KF-AIF; melts.
Zhou'* determined the composition of the gas phase
above pure K;AlF, at 1100 °C by a condensation experi-
ment. The gas phase contained 12.6 mol% KF and

87.4 mol% KAIF,. The amount of K,Al,Fg in the gas
phase at this composition was considered negligible.!*
Using the obtained data for the composition of the
vapour phase, pxr and pgaips may be calculated.

A comparison between Raman and vapour pressure
data can be made by calculating pressures from the
Raman data using the relation p;=x;y;p;° where p; is the
pressure, x; is the mole fraction, v; is the activity coeffi-
cient of component i/ in the mixture, and p;° is the
pressure above pure component i. pgay,° has been
obtained by combining the total vapour pressure data
above liquid KAIF,, given in Table 3 with eqn. (12),
since the gas phase above pure KAIF, mainly consists
of KAIF, and its dimer.'® This gives

log pxar,”/mbar = 8.222 — 7958 2/(T/K)) (13)

The vapour pressure above liquid KF, pgg°, is calculated
using data from Ref. 19.

The stoichiometric equilibrium constants, K", are inde-
pendent of composition as mentioned previously. This
means that the product of the activity coefficients, n(y;),
must be constant as shown in Table 5. As expected from
the data obtained for the NaF-AlIF; system,! the activity
coefficient of the major gas component, KAIF, is larger
than 1. Using the data given by Zhou,'! activities of KF
and KAIF, equal to 0.3 and 0.13 at R=3 are obtained.
Having activities and Raman based mole fractions of
KF and KAIF, in the KF-AlF; melt at R=3, activity
coefficients for KF and KAIF, equal to 0.6 and 1.5,
respectively, are obtained. These activity coefficients are
assumed to be close to temperature-independent, since
they mainly reflect the deviation from random mixing of
the anions of the KF-AIF; melt. A small temperature
variation was, however, observed for yn,ap, in the
NaF-AlF; system.! We may with some uncertainty use
the above activity coefficients calculated at 1100 °C also
at 1027 °C where the melt composition is known and
where partial and total pressures may therefore be calcu-
lated. Using ygap,=1.5 in the concentration range
0<x4r,°<0.3, the partial pressure of KAIF, and its
dimer can be calculated. This calculation is done with
reasonable precision, since ygar, Will be constant for
KF-rich melts. A similar situation was observed for the

Table 5. Enthalpy and entropy changes, equilibrium constants, stoichiometric equilibrium constants and product of the activity
coefficients of reactions (1) and (2) at 1027 °C, with pure real compounds used as standard states.

Thermodynamic data®™ Raman data
In K AS"/kJ? In K" In w{y;)
Reaction AH/kJ? AS° /KT K) AH"/kJ® K1 (K"} n(y;)
1 20+4 7.5° —0.893 13+12 2+3 —0.962 0.069
(0.417) (0.38) {1.07)
2 49+5 12.9° —3.019 35+12 3+9 —2.877 —0.142
(0.049) (0.056) (0.87)

*The errors associated with AH;° and AH,° are based on the uncertainty in the enthalpy of fusion of AlF;(s).® 2The large
errors in the enthalpy data determined from the Raman data are due to the uncertainty in the slope of the In K” versus 1/T
plots. Reaction entropies for the NaF-AIF; system given by Dewing."®
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NaF-AlF; system when x,r,” <0.28. The activity of KF
will change with composition from 1 in pure KF to ca.
0.3 in K;AlF,. Since the total pressure is mainly deter-
mined by the KAIF, pressure as soon as the melt contains
a reasonable concentration of AlF;, the KF activity will
not influence the pressure calculations significantly. We
have therefore kept yxr=0.6 when calculating pressures
up to xur,”~0.3. Results are given by the full drawn
line in Fig.6. Even at concentrations lower than
Xarr,”~0.3 some deviations between calculation and
measurement are observed. This is due to a too large
value of Ygar,.

The data in Table 5 also indicate that the KF and
KAIF, activities obtained by Zhou'' at x,,”=0.25 are
not correct. This can be observed by calculating the
activity coefficient for K, AlF s from experimental activity
coefficients of KF and KAIF, at x,,°=0.25. At this
concentration the activity coefficient products for reac-
tions (1) and (2) give yx,ar,, which varies between 1.8
and 1. This is a large difference and indicates a consider-
able uncertainty in the activity data. A Gibbs-Duhem
integration of activity data in combination with the
present vapour pressures also shows an uncertainty in
the activity of KF in K;AIF,.

The liquidus lines for KF-AIF; phase diagram may
be calculated using the equation

1 1 Rhag

- 14)
T Tey AHg, (

where T is the liquidus temperature, T;; is the fusion
temperature, AH;; is the enthalpy of fusion at 7 and g;
is the activity of component i. We used eqn. (14) to
calculate the liquidus line for KF and K;AlF,. In the
calculation the enthalpy of fusion of K;AlF; was
assumed to be independent of temperature, and the
activity coefficient of KF and K;AlF¢ as defined previ-
ously were considered unity in the actual concentration
ranges. Calculated data and experimental data from
Holm’ are presented in Fig. 7. The agreement is reason-
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Fig. 6. Experimental and calculated vapour pressure for the
KF-AIF; system at T7=1027°C. (H) Experimental,
{--++) calculated using activity coefficients equal to unity,
{—) calculated using ykar,=1.5 and vx=0.6.
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Fig. 7. The phase diagram of the system KF-AIF;. Filled and
open symbols indicate reliable and unreliable data, respect-
ively.>) (—) Calculated. Expected eutectic points are
indicated.

able. The calculated temperature may be a little too high
when approaching the eutectic point at 7 mol% AlF;.
In our calculation Yy ar, is assumed to be unity over
the concentration range 0.07<xue,°<0.45. This is
obviously not correct. A value of 0.8 for vx,ag, at
Xar,” =0.07 would give a perfect fit with the measured
eutectic temperature. The KF liquidus is calculated using
ver=1. Using v =0.95 gives a eutectic temperature in
agreement with experimental data at x,,°=0.07.

Conclusions

It is evident that more experimental activity data are
needed before the KF-AIF; binary is well characterized
thermodynamically. Data of the composition of the
vapour phase in combination with vapour pressure data
for the KF-AIF, system at different AlF; concentrations
may give valuable information on melt activities.

Appendix 1

Concerning the quantitative analysis of Raman spectra,
we would like to make some comments. The intensity of
a Raman spectrum depends on the frequency and the
temperature. Brooker proposed to use a reduced form
of the spectra for which the intensity is calculated as
follows:

R=l,—— B

b (0 — o)
where R; is the corrected intensity, /; is the experimental
intensity, ®, is the wavenumber of the exciting line
(in our case 20491 cm™ '), ®; is the Raman shift of
the ith band, in cm™!, and B=1— exp(—hcw,/kT)=
1—exp(—1.438 786w;/T) (®; in cm ™! and T in K).

This correction allows a direct comparison of the
intrinsic scattering efficiency of several bands of a spec-
trum, since the corrected intensity no longer depends on
frequency. It also allows a direct comparison of the
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intensity of spectra recorded at different temperatures.
However, in our case, these corrections do not affect the
numbers of moles calculated from the spectra. In fact,
what are measured on the spectra are intensity ratios of
bands. These intensity ratios are related to the number
of mole ratios through the relative scattering coefficient:

=
]

=D, (Al)

X

ol
=

In our case, when we calculated the relative scattering
coefficients (D5, and Dyg,) at 1300 K, we did not use the
reduced form of the spectra. It means that, if we now
want to analyse our spectra with the reduction procedure,
we must first recalculate the relative scattering coefficients
on the basis of this technique. We would, of course,
obtain values different from those we have now.
However, the measured intensity ratios of all the sub-
sequent analysed spectra would also be different, due to
the reduction process. So, finally, when the molar ratio
is calculated using eqn. (Al), the result will be exactly
the same. We may say that, on the basis of our data, we
calculate an apparent relative scattering coefficient,
related to the intrinsic relative scattering coefficient
through the following equation;

o, B,
(mO — @y )4

((DO - my )4

D 2P _ D intr
! O)PB}’

yix - Myix

(A2)

The only correction that we could have to apply to
our data is thus due to a possible modification of the
apparent relative scattering coefficients with the temper-
ature. This correction can easily be obtained through the
equation:

(By)Tl (Bx)TZ
B)r1(By)r:

In our case, we know that at 1027 °C, (Dg;y*®)1027=
1.3 and (D5,4*PF) 0,7 =1.1. We can calculate these coeffi-
cients at 800°C, which is our lowest working temper-
ature. We then obtain: (Dg,*"P)goo=1.288, i.e. 0.92% of
variation, (Ds;4*")go=1.094, i.e. 0.55% of variation.

These variations are well below the error made in the
determination of intensity ratios. We may thus use the
values 1.3 and 1.1 without making any significant error.
In conclusion, the reduction of the spectra does not

[Dy/xapp]n = [Dy/xapp]n (A3)
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modify the distribution of the different species in the
medium. In our case, this treatment is not necessary.
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