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Self-diffusion coefficients of fluorine and cations in molten
LiF-BeF; and NaF-BeF, systems were summarized by the capillary
reservoir technigue. The diffusion coefficients and the activa-
tion energies of cations in these molten salts follow a similar
behavior with those of cations in molten alkali halides. On the
other hand, self-diffusion of fluorine have unusually high diffu-
sion coefficients and activation energies. The characteristic
diffusion phenomena of fluorine in these molten alkali fluoro-
beryllates are very similar to those of oxygen in molten Ca0-5i0y
and Ca0-Si0;-Al,05 slag. The dynamical behavior of Li and F in
molten LisBeF4 was also analyzed by NMR technique. According to
both these experiments, most probable mechanism of characteristic
diffusion of fluorine in these molten systems could be dissocia-

tion of F atom from complex anion and long distance diffusion.

Keywords: Molten Salt,Alkali Fluoroberyllate,Alkaline-earth
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Resonance, Flibe,X-ray Diffraction Analysis, Fluorine,

Cations



JAERI-M 84060

Féﬁm leBEF,q, LlBngﬁJiiﬁNaBng LprjﬁH%
7w BB LUH FA Y OIEER

E] AR T AW 5 B T ST A AR 2T
REF R

(19842 A 7THZH)

AHERBEIVET DI DT>Tx, AEELi;BeF, LiBeF, B8X U NaBel, 7D 7 »
ERLVRAF A YOHCERBESE DV TRENKE LD LD TH B, N oEARPICE
WA A VOB TR, B A F - bhE, BB TR YT 4 FEIRE
R BB AT T, — 5, CHASERMENO 7 » FOEEIF, EHLTArF-$RE(, SR
TASBHOERERE b5, BaTs ) HEEREhOBR EFRTETLRY. KRS g
MEORITERE S EELD &, RBTEET (2044 vH 57 v BrHEL, hail
MUT, Mo+ v OFEIICESA NS ) H, CORELT »ROHCERRSEERNL
BAELAEEOFTVERO L HICEHLN L.



JAERI-M 84—060

Contents

1. Introduction - csrsecreer s r st tscarners
2. Experimentals ............................................

2.1 Preparation of radicactive or stable tracer
2.2 Preparation of LizBeF4,LiBeF3 and NaBeF3 --------
2.3 Apparatus and procedure ............................
2.4 Nuclear magnetic resonance --:-s-srrrsrreecsareeens
3. Results and discussion cesverrirereiisrisannerarcavas
4. CONCIUSIONS setessmsestasscaanntssenuacsonsosarasassrcacnsss
Acknowledgement .........................................
REfETEUICES +retrrsnsrssennsannsanaasnanisssssssscasesanaasss

H /3

1. JF LS EDIT wveeeeemmmm e e o e et ey
D, HZ R eeeeeeeseeseeeeeseeeeeeee e
2.1 R PR ERRIILEDAERL oot
2.2 Li:BeF,, LiBeF, U NaBeFy DFERL oo
9.3 FEREBRUEEBRENL e PR S PP
DA FEREGRIEIE oo eeeeovene oo
3. EEBLJRUFZEBL  oreerereesemeners s e
A, 33DV IE crvrrmr e s
ﬂq ﬁ ......................................................................................................

Qo W W B DN

12
13
14



JAERI—M 84--060

1.  Introduction

It has been reported that the alkali fluoroberyllate melt
systems,RF-BeFy(R=Li,Na and K) are quite similar to the alkaline-
earth silicate melt systems, R‘O—SiOZ(R'=Mg,Ca and Ba). Especially,
the phase diagram of MgO-Si0O; scaled down by the relation (t°C+273°C)
/2.88+273 fit most of the diagram of LiF-BeFj; as shown in Fig.l(l).
It was also recently found that the physical properties, such as
viscosity, electrical conductivity, and molar volume, depend on
simple quantitative relaticnships between molten alkali fluoro-
beryllate systems and molten alkaline-earth silicate systems(z).
Some typical results of molar volume and viscosity are shown in
Figs.2,3,4, and 5(2)., This is due to the reason that the ratio
of ionic radius constituing both alkali fluoroberyllates and
alkaline-earth silicate system$ have similar values as shown in
Table 1.

The results indicate that the statistical and dynamical pro-
perties of constituent ions in these molten states have also
similar behavior.

Cantor et al.{(3) showed in their viscosity study of molten
LiF-BeF, system that the viscosity decreases rapidly with an
increase of LiF concentration, due to breaking of the fluorine
bridges in a three-dimensional network of Be-F bonds, and esti-
mated that the melt might lose its network charactor for a BeF)
content smaller than 65mol %.

We have already reported the self-diffusion coefficients

and their temperature dependence for F and Li in molten LisBeFy
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and LiBel'j and for F and Na in molten NaBel'; by the capillary

reservoir technique(4)‘(8), X-ray diffraction analysis of molten
NajBeF, and NaBeF3(9) and nuclear spin relaxation of 7Li and 19F
in solid and molten LiZBeF4(10). In this report, all these data
are summarized and compared with those in molten alkaline-earth

silicates.

2. Experimentals
The method of measurements of self-diffusion coefficients
was described in detail elsewhere(4)-(8)_ The procedure of the

experiment was carried out by the capillary reservoir technigue.

2.1 Preparation of radiocactive or stable tracer

The fluorine radioactive F-18 was prepared using JRR-2(Japan
Research Reactor -2 }. Highly purified Li;CO, was used as a
target materials and the following reactions occured to produce
18f.

61 = 3 16 18
3Ll(n,d)lT and 8O(T,n) 9F -——=(1)

After irradiation, Li»CO; powder was treated with agueous hydrogen
fluorine in a platinum crucible to produce the labelled Lil8F
deposit. The observed half-life time of 18F was 111 min. as shown
in Fig.é6.

On the other hand, the stable bLi was prepared using LipCOj3

powder which has a 6Li/7Li abundance ratio of 19 and then LipCO3



JAERI-M 84-060

and LiBeFy and for F and Na in molten NaBeF5 by the capillary

reservoir technique(4)‘(8), X-ray diffraction analysis of molten
NapzBeFy and NaBeF3(9) and nuclear spin relaxation of 7Li and 19F
in scolid and molten Li2BeF4(10). In this report, all these data
are summarized and compared with those in molten alkaline-earth

silicates.

2. Experimentals
The method of measurements of self-diffusion coefficients
was described in detail elsewhere(4)-(8)., The procedure of the

experiment was carried out by the capillary reservoir technique.

2.1 Preparation of radiocactive or stable tracer

The fluorine radiocactive F-18 was prepared using JRR-2Z2(Japan
Research Reactor -2 ). Highly purified LipCO3 was used as a
target materials and the following reactions occured to produce
18p.

61 ; 3 16 18
3L1(n,d)lT and 8O(T,n) 9F -—={(1)

After irradiation, LipCO;3 powder was treated with agueocus hydrogen
fluorine in a platinum crucible to produce the labelled Lil8F
deposit. The observed half-life time of 18F was 111 min. as shown
in Fig.6.

On the other hand, the stable bLi was prepared using Li;CO3

powder which has a 6Li/7Li abundance ratio of 19 and then Li»CO3
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was treated with agueous hydrogen fluorine in the same way as
above mentioned. <%Na was made from NaF powder irradiated by

thermal neutron for 1 min. in JRR-2.

2.2 Preparation of Lij;BeF,,LiBeF; and NaBeFj

For the preparation of LipBeF4,LiBekF; and NaBeF3 in the
diffusion cell, a mixture of BeFy and LiF or NaF was melted in
a platinum container, treated with a HF+Hj; mixture at about 600°C
and then purged with He. The chemicals used were as follows: LiF
and NaF prepared by Merck Co.(Germany), granulation of single
crystal(l-4mm); BeF; prepared by Rare Metallic Co.{Japan) known

impurities{in ppm):K+Na,600;Ca,10;A1,20;Cr,30;Fe,10;Ni, 10 .

2.3 Apparatus and procedure

A schematic diagrams of the apparatus is shown in Fig.7. 1In
this work some devices were adopted to avoid solidification ot
the melted tracer mixture in the capillaries before each diffusion
run. After the tracer salt(C) in the Pt crucible(D} and non-
tracer salt(E) in the Ni crucible(F) were melted under He atmos-
phere, the movable Ni rod with the capillaries was lowered into
‘the Pt crucible. The capillaries were filled with the molten
tracer salt by dipping their mouths into the salt under a wvacuum
and then feeding He gas slowly back in the apparatus. The capilla-
ries were raised out of the molten tracer salt by means of the moval
Ni rod and then submerged in the molten non-tracer salt after

turning the stainless steel flange(I).
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The capillaries which were 1mm inner diameter and 30-40mm
length were made of Ni. The duration of diffusion run was in the
range of 20-120 minutes. The maximum difference in temperature
between the top and the bottom of the capillary was about 0.5°C,

After the diffusion run, the capillaries were lifted from
the non-tracer salt and then removed. After cleaning the capilla-
ries, those were cut by a saw at intervals of about 2mm. The
concentration profiles of £racer 18¢ and 24Na or ®Li in the capilla-
ries were measured with ¥-ray spectrometer or ion micro mass analy-

ser(HITACHI IMA-SS), respectively.

2.4 Nuclear magnetic resocnance

Spin-lattice relaxation time Tj was measured by pulse spectro-
meter controlled by a micro-processer. For Tj values less than
0.lsec "180°-T-90°" pulse technique was applied and the longer
Ty was measured by "(n.90°)-T-90°" pulse technique. The 90° pulse
length was about 15Ms. For magnetization M, () the intensity of
free induction decay(FID) signal following second 90° pulse were
measured as a function of . The absolute Mz(T) decay obeyed
exponential law in all samples. In order to improve signal to
noise ratio a digitalized signal average were utilized. In all
experiments a frequency of 10MHz or 20MHz was employed. Each
sample was sealed in quartz sample tube with the length of 4cm
and the diameter of lcm. Temperature of the specimens was contro-

lled up to 630°C with accuracy of #2°C in an electrical furnace

which was mounted between pole pieces of magnet. Temperature was
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measured by an Pt-Pt{(13%Rh) thermocouple attached to the sample
tube

T; for 7Li and !9F has been determined using the relation
I=Ig(l-exp(-T/Ty1)) for relatively long T3(T{2p.1sec) or I=Tg(1-

2exp(-1/T1)) for relatively short T1(T140.1sec).

3. Results and discussion
Typical concentration profiles of 18F and ®1i in capillaries
are shown in Figs.8 and 9. The salt was not contained within a
few mm from the capillary mouth due to the volume contraction of
the salt.
The diffusion coefficient D was calculated by applying the
following equation to the observed concentration profiles,
Cx=Cperf(x/(Dt)1/2), ———{2)
where Cp is the initial concentration of the tracer and C, the
concentration of the tracer at distance x from the boundary
after diffusion time t. Figs.10,11,12 and 13 show the observed
raw data of diffusion coefficient of Li,Na,and F in molten LijBeFy,
LiBeF3 and NaBeF3. The observed data of diffusion coefficients
of constituent ions in molten LiF-NaF-KF eutectic mixture(FLINAK)
is also shown in Fig.14.
The diffusion coefficients are written in the form
D=Dy exp(-E/RT), --=(3)
where E is the activation energy, R the gas constant and T the

absolute temperature. The results as shown in Table 2 and Fig.l5
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measured by an Pt-Pt{13%Rh}) thermocouple attached to the sample
tube

Ty for 7ti and 19F has been determined using the relation
I=Ip(1l-exp(-T/T1)) for relatively long T1(T120.1sec) or I=Ig(1l-

2exp(-T1/T1)) for relatively short T1(T1£0.1sec).

3. Results and discussion

Typical concentration profiles of 18¢ and ®Li in capillaries
are shown in Figs.8 and 9. The salt was not contained within a
few mm from the capillary mouth due to the volume contraction of
the salt.

The diffusion coefficient D was calculated by applying the
following equation to the observed concentration profiles,

cy=Coerf(x/(Dt)1/2), ———(2)

where Cg is the initial concentration of the tracer and Cy; the
concentration of the tracer at distance x from the boundary
after diffusion time t. Figs.10,11,12 and 13 show the observed
raw data of diffusion coefficient of Li,Na,and F in molten LipBely,
LiBeF3 and NaBeF3. The observed data of diffusion coefficients
of constituent ions in molten LiF-NaF-KF eutectic mixture( FLINAK)

is also shown in Fig.14.

The diffusion coefficients are written in the form
D=Dg exp(-E/RT), -——(3)
where E is the activation energy, R the gas constant and T the

absolute temperature. The results as shown in Table 2 and Fig.15
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were obtained by a least squares analysis from all experimental
data.

Figs.l16 and 17 show the results of self-diffusion coefficients
in these molten alkali fluoro-beryllates compared with those of
cations and anions in molten alkali halides and molten silicates
under the reduced temperature scale, T/Tp, where T, is the melting
point. The diffusion coefficients and the activation energies of
cations in molten LizBeF4,LiBeF3 and NaBeF3 follow a similar
pattern to those of cations in molten alkali halides. On the
other hand, self-diffusion of fluorine in these molten alkali
fluoro-beryllates have unusually high diffusion coefficinets and
activation energies. The activation energies for self-diffusion
coefficients of fluorine were larger than those for electrical
conductivities(1l} and viscosity coefficients(3),

It was reported by the analysis of X-ray diffraction{?2)(12)
and the Raman spectrum measurements(13) that independent anion
exist, such as BeFi’ and BeZF%‘ in molten LizBeF4,LiBeF3 and
NaBeFj. Figs.1l8 and 19 show the radial distribution functions
of molten NapBeFy and NaBeF3 by X-ray diffraction analysis(g). In
molten NapBeF,, the observewd coordination number of the nearest
neighbor Be-F(nBe/F) and F—F(nF/F) pairs were 4.0 and 3.0,respec-
tively. This suggests that Bely tetrahedra exist mainly in an
isolated form with four unshared F~ corners, monomeric BeF%‘, in
molten NapBeF4.  As the BeF, concentration increases, the poly-
merization process proceeds and pure BeFj forms a three-dimensional

network structure of BelFy tetrahedra. NaBelj is the intermediate
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phase between these composition extremes. In molten NaBelj the
observed coordination number Dge /T and nF/F were 3.8 and 3.5,
respectively. The calculated average nF/F of chain anions
such as BesFi~, Be3F%6 , Be4F]5_§ and (BeF3):. are 3.4,3.6,3.7
and 4.0, respecively. On the other_hand, the value of DF/F for
closed-ring anions is always 4.0. Therefore, the possibility of
small-chain anions such as BezF%_ and Be3Fi6 is considered to
be large in molten NaBeFé.

The fact that the magnitude of the diffusion coefficient

measured in this work is extraordinary large can not be explained

solely by mass transfer due to migration of the large fluoro-
beryllate anions.

Possible explanation for the large value of the fluorine
diffusion coefficient could be the exchange of fluorine atoms
between neighbouring beryllate units including the rotation of
beryllate anions, or the fluorine diffusion by means of neutral
ion pair, such as LiF, diffusion mechanism. The exchange mecha-
nism involves the breaking of Be-F bonds and some steric difficul-
ties with anion rotation, which can account for a high energy of
activation for fluorine diffusion. In ion pair diffusion, on the
other hand, the movement of fluorine with lithium involves breaking
of Be-F bonds, because the content of free fluorine atoms in the
melt seems small. This mecanism can also have a high activation
energy.

Fig.20 shows the temperature dependence of spin-lattice

relaxation time T; of 19F ana 71,1 in molten LiZBeF4(lO). Ty of
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19F had maximum and T; at frequency of 20MHz was longer than that
at frequency of 10MH at temperatures below T7 minimum. However,
both values of T; approached to the same at temperatures above

T1 minimum. Ty of 71,3 had also minimum and the minimum tempera-
ture of 'Li was a little higher than that of 19g,

The magnetic impurities such as NiZ* and Fe?*' in the sample
will have important effectlupon the relaxation time and resonance
absorption spectra. The concentration of magnetic impurity was
estimated by the analysis of magnetic susceptibility measured at
temperatures below 4.2K. The concentration of magnetic impurity
used in the measurements of NMR was about 2.9%ppm calculated in
terms of Fel*' ion.

Fig.21 shows the rescnance absorption spectra of 19r and Li
in solid and moliten LiZBeF4(lO). The frequency was 10MHz. The
remarkable result was the line width of resonance absorption
spectrum of 19 at 435°C(s0lid) is nearly equal to that at 550°C
(liguid}.

As there is mainly BEFﬁ_ and Li® ions in molten LijyBeF4, the
following relaxation mechanisms will be considered as the relaxa-
tion of 19F.

(1) Rotation of BeFﬁ" ion.
(2) Migration of Ber_ ion.

4

{3) Dissociation of F atom from BeFiw ion and diffusion

of fluorine.
The contribution of these three mechanisms to T1 are shown in

Ref(10) precisely and the essential equations and results will
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be presented in this paper.
(1) Relaxation due to the rotation of BeFﬁ‘ ion

There are two models, diffusion model and kinetic model.
In diffusion model, the relaxation time of rotation 12 is
much shorter than periodic time of rotation TO((ZG(TO) and

Tl is expressed by the folowing eguation,

’

IF(IF+1)

) —(2/5)(F-1) ¥ hir,

(1/Ty) por.qife”

1

X(TZ/(l+u;'(§)+4Zé/(l+4u?r§)), ———(4)

On the other hand, T, in kinetic model(t2 7Tb) is expressed

1
by the following equation,

~==(5)

(1/7,) =(1/5)(1/T)

rot.kin rot.diff.

In these equations, IF is the guantum number of F nuclear
spin(=1/2), ¥ the number of F atoms in BeF4_ ion(=4), 7% the
gyromagnetic ratio of F nuclei and Top the atomic distance
of FP-F pair.

The diffusion coefficient D' of rotation of complex ion is

expressed by Stokes relation with viscosity 7 .

D'=kT/8%aN . ——=(6)

The relaxation time 5 will be calculated using the relation

1 and the observed viscosity Q=5.94x10'4exp(38.4/RT)

-10
S.

= 1 -

T,=(6D")
poise(B). T, at 530°C was roughly estimated to be 1.7x10
On the other hand, eq.(4) is expressed using parameter

rF_F=2.56A as follows.

) 9 2 5 2. -1
(1/T,)_,=1-7%10 (12/(1+q?-z2) v Ay /(e G)s e ()
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This equation has maximum at ‘t2=0.64. The estimated relaxation

time by Stokes relation 12=1.7x10_105 show u)12=1.02x10_2

which is much smaller than the ohserved value (l/Tl)exp=2005_l.

Then the contribution of rotation to Tl will be small.

(2) Relaxation due to the migration of BeF4 ion.
T1 due to the migration of complex ion will be expressed
by
(1/T.) .. .o =3/2 ¥PR2I(1+1)(8T/15J(w)+321/15J(2w))-—(8)
1°diff
and

oo
Jhu)=(N/dD)j;(J3/2

where D is the diffusion coefficient of migration of complex

(u))? udu/ (vt ), ---(9)

ion,N the spin density, d the diameter of complex ion and J3/2
Bessel function. The integration in eq.(9) has maximum value
0.133 atw¥=0 and decreases monotonously. Then (l/Tl)diff has

no maximum.

‘The diffusion coefficient D of migration of complex ion

is roughly estimated by Stokes relation D=kT/éTaf and D is

— 2 . —
1x10 lom /s at 530°C. Then using N=7x1030/m3 and D=1x10 10mz/s

(530°C), the contribution of migration of BeF4 ion to Tl is

estimated to be (1/T 0.3, which is also much smaller than

1Vaife”
the observed wvalue.

(3) Dissociation of F atom from BeF4 ion and diffusion of

fluorine

The behavior of Tl is attributed to the dissociation of
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F from complex ions and the long distance diffusion of F ilons
in the liquid by the following reasons.

In exchange model as shown in Fig.22 of fluorine atoms
between neighbouring beryllate units including rotatiocon of
beryllate anion, the diffusion distance with one step will be
at most 6A. Using the relation D=(a2> /6T and the obserevd
diffusion coefficient D=2x10" "m°/s at 530°C, the estimated
correlation time T is 2%10_118 which is much smaller than the
observed T=3x10_95 and is comparable with that of the rotation
of the molecule. This is not reasonable.

On the other hand, in dissociation and long distance
diffusion model of fluorine, the relaxation time will be exp-
ressed by the following equation(l4).

1/Tl=8w/15-Y4BI(1+1)N/a3[“g/Lzgp+{wzﬁafd}-f‘T/?Hufriﬁ__(lg)
EQuation (10) has maximum at wT=1.41(1=2.25x10 05 at w=6.28x
1075_1) and we get (1/T,) _ =50, which is much larger than
the former two relaxation mechanisms. Then root mean square
{RMS) distance /<22} of one step of fluorine diffusion, which
is the distance between dissociation of F from a complex 1ion,

diffusion in the liguid and trap at F vacancy of another

complex ion, is roughly estimated by relation..<2%7=6TD. At

530°C, the observed value of Tt and D were 2.25x10_83 and

. 2 4 .
9mz/s, respectively and ¥ £ 2°2=100A was obtained.

2x10
The results of NMR indicate that the dissociation of F
from complex ions and the long distance diffusion of F ions

has largest contribution to the diffusion in molten LijBeFy
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and T1 of this mechanism is in good agreement with the experi-

mental value. The solid curves in Fig.23 are the theoretical

one with

l/T=2x1015 exp(-103.7/RT), ---(11)
and

1/T1=S[T/(l+m212) s a1/ (1+4u%1%)] . ——=(12)
S was determined to fit the theoretical curve to the observed
one at 640°C and u}=2nx107s_l. The theoretical equation

indicates good agreement with temperature and frequency depen-
dency of the observed Tl' The activation energy 103.7KJ/mol
is also in good agreement with that of self-diffusion of fluo-

rine with tracer method 128KJ/mol as shown in Table 2.

4. Conclusions

(1) Characteristic diffusion of fluorine in molten alkali
fluoroberyllates could be the diffusion mechanism with
dissociation of F from complex anicn anda long distance
diffusion.

(2) The results of self-diffusion of fluorine in molten LizBeF4'

are gualitatively similar to those of
(15){16)

LiBeFy and NaBeF3

oxygen in molten CaO—SiO2 and CaO-SiO2-A1203 slag
X-ray diffraction analysis of molten NaBeF3(9) and CaSiOél7)
also indicates the similarity of molten structure as shown
in Fig.24. Then the research for molten alkali fluorobery-

llates will contribute to the analysis of statistical and

dynamical behaviours of constituent ions in molten alkali-

,ﬁl‘zgu
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and Tl of this mechanism is in good agreement with the experi-

mental value. The solid curves in Fig.23 are the theoretical

one with

l/T=2xlO15 exp(-103.7/RT}, ---(11)
and

l/T1=S[T/(l+m2T2) + 4T/(l+4w212)J. -——(12)
S was determined to fit the theoretical curve to the observed
one at 640°C and u1=2nx107s—l. The theoretical equation

indicates good agreement with temperature and fregquency depen-
dency of the observed Tl' The activation energy 103.7KJ/mol
is also in good agreement with that of self-diffusion of fluo-

rine with tracer method 128KJ/mol as shown in Table 2.

4. Conclusions

(1) Characteristic diffusion of fluorine in molten alkali
fluoroberyllates could be the diffusion mechanism with
dissociation of F from complex anicn and long distance
diffusion.

(2) The results of self-diffusion of fluorine in molten LizBeF4'

are qualitatively similar to those of
(153(16)

LiBeF3 and NaBeF3

oxygen in molten CaO—SiO2 and CaO—SiOz—A1203 slag
X-ray diffraction analysis of molten NaBeFB(g) and CaSiOél7)
also indicates the similarity of molten structure as shown
in Fig.24. Then the research for molten alkali fluorobery-

llates will contribute to the analysis of statistical and

dynamical behaviours of constituent ions in molten alkali-
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earth silicates which is relatively difficult because of high

temperature.
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Table 1 Ratio of ionic radius constituing several

alkaline-earth silicates and alkali fluoro-

beryllates.
Ratio
0?7=1.404 1.03 1.36A=F
Mg2+ +
=5 =0.46 1.05 0.44= Ll
0 F
catfonn 1.01 0.70= 22
2- F
0
2+ +
Ba _p.29 0.99 0.98= -
02— -
Table 2 Summary of self-diffusion coefficients in molten
LizBeF4 ,LiBeF3 and NaBeF‘a.
NaBer :
Dya=7.80x 10" exp[(—40. 2£5. 6) X 103/ RT]
(420~360°C)
Dp=4.93% 10 exp[(—79. 6£6.5) X 103/ RT]
(440~600°C)
Li,BeF, :
Dyi=9.27%x 10" exp[[(—32. 5£8. 4) X 103/RT]
(470~640°C)
p=6. 61x 10~ exp[(—128. 1+ 14. 2) X 103/RT ]
(510~650°C)
LiBeF; :
Dy =1.12x10-% exp[ (—38.7+12.5) X 103/ RT]
(440~560°C)
Dp=3.16x10%exp[(—144. 41 16.3) X 10*/RT]
(450~670°C)

Dim? st ¢ R:J mol 1Kt + T: K
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Fig.7 Apparatus for diffusion measurement.(7}
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flange,T:C.A.thermocouple.
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Fig.ll Self-diffusion coefficients of fluorine in LizBeF3 and

LiBeF3 melt.
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Fig.12 Seif-diffusion coefficients of sodium in molten NaBeF3.
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Fig.1l3 Self-diffusion coefficients of fluorine in molten NaBeF3.



JAERI-M 84—060

T°c
-5 700 600 500 700 8§00 500
10 "e " T v ) =T T i ' T3
i i o o ]
o 8
1oL ol <)
3 ° 7F o
C I a2 p
I ¥ T "k ]
" e I o 8 o ;
9- O\g_g\a-L 1 M-
10- - e - — c ° |
F + o E
T T 18 ]
L ZLNG 4 F 4
10-9 " | R ] N I . i 1 ]
w0 1.1 1.2 1.3 1.0 j.d 1.2 1.3

103 K/T

Fig.l4 Self-diffusion coefficients of lithium, sodium,potassium

and flucorine in molten FLINAK.

600 550 500 450
- T I I I
b B & LigBeFy (F) 7
0 -
~ . -~
£ IOB]..— ..5
- o LigBeFL L) E
n = i
& r .
= - L BeFalLi)
Lg’ NaBeF; (NaJ
c 10-9:- ~— .{- 3 e |
o = —~ <
i - RIFT T
2 F .
£ " LiBeRylF) A
0L ] ] | 1
10
1.1 1.2 1.3 14

1000/T(K)

Fig.1l5 Summary of the self-diffusion coefficients of fluorine

and lithium or sodium in molten LizBeF4,LiBeF3 and NaBeFj.



Fig.16

JAERT—M 84-060

-7
10 E 3
) ,,/»"{aﬁbi -
LisBeF, (Li)
.8l €;¢225 ”z 4 i
107 (crjﬁﬁ” (e 3
~  F (a) (h} :
- N (@) LiBeF3(Li) |
& . (n ]
:: ) () /,///,/f’ //,,
5 = ~tm)
'S 1g°L k)~
= =2 E
) =~  NaBeF3(Na) b
Q - - b
| &} e -
- R )
2 - 1
N
= - p )
= oy
-0 !0
CJ|O - / -]
- (0} :
=11
o] i ] i 1 i l
o8 1.0 2 [.4

Reduced temperature (7/Tn)

Comparison of self-diffusion coefficients of various
cations in molten salts and melten silicates under the

reduced temperature scale T/Tm.

(18) . p)naci(na) (P27, (c)NaF(Na)

;{e)NaI(Na](zl);(f}KCl(K)(zl);(g)RbCl(Rb)

(19 sypie1(ni) 220, (5 rninak(na) 237 (k)

;(R)FLINAK(Li}(23);{m)Na

(a)KF(K) (18)

(20)

; (d)NaF-AlF
(19)

3
(Na})

(h)CsCl{Cs)

FLINAK(K}(23)

{24}

O-Si02(23—77mole%)

2
:(n)CaO—SiOz—Alzoj(42—45—12mole%)(Ca)(25);(O)

(26)

(Na)

CaO—SiOz—A1203(42—45w12mole%)(Ca)

(27)

(p)Ca0-5i0,(56-44

mole% ) (Ca)



Fig.17

JAERTI—M 84060

-7._
10 E 3
u Li,BeF, (F) ]
f-\ == -
v
T 8
E 10 E
= F :
R/ i 7
o - .
= -
= " LiBeFg(F)
(&)
S 9
L 107+ -
3 C 1
Z : NaBeFy(F)
_r (i) — / '
- ;! 4
”
- r]
/ (i) '
210 | &
10 1 L i ] i | I
0.8 [.O 1.2 1.4

Reduced temperature (T/Tx)

Self-diffusion ceoefficients of anions. _

(21 pynaciecy 1) (cyrociceny 1?0 (ayNat

(19) (28) (23)

(a)KCl(cl)

(19)

(I ; (2)CsCLl(C1) (£)T1C1{C1l)

(h)CaO—SiOz{56-44mole%)(O)(zg);(i)CaO—SiOz—Al

(16)

; (G)YFLINAK(F)

203(42—45—

(15)

12mole% ) (O) (j)CaO"SiOZ(llO*GOrnole%)(O) .



"D.0LF A® mmmmmz 0,069 3e vmmmmmz

Us3ToW JO UQTIDUNF UOTINQIIISTP TeTpey 6T BTa US3Tow JO UOTIDUNT UOTINQTIISTP TeTpeyd gl bBT1dg
(w4
(y)4 0L 8 9 9 z 0
ot 8 9 y Z 0 r T T T 1
! 1 T i T ! T T T O
0
—~ — g0 =150
9 r.Y ,7\% -
r\\b ) v 01L
- ~ Gl _ dey
<
) L -
T
2 T — 0
=
4 L ]
o
[kl
<L
=
I~ -1
0]
G
4 b=}
-}
b=
- 1-z =
R 14
A )
17400 BIX |
_ g Dix e
. ] i PN BT B € .
QL ; .
' 1 1 | m




JAERI-M 84060

— 7 . —
. Li
50 . -
e s g‘ﬂa —t
" ° 4 a ° -
=} a ®
o ged a .
N - L) “
@ 3 . 19p(20MHz)
= . ’
~ ® s . 1
—-10'- @ ' * . .. @ —
= s 0 pu
Q
" o 8 . oc 87 19F(10MHz)
5_ -
2 L ! 1 ] I 1 l
11 12 13 14

Temperature (1/7x1000)(K~1)

Fig.20 Temperature dependence of Tl of 7Li and 19F in molten

L12BeF4.

]
PF 336

3.0°C(S)
_,_./‘\\—_/.—-—"""’——
435¢C(S)
:ES'C___‘?L_\\J/ S
054G

550°C(L) %

330c(S)

Iig.21 Resonance absorption spectra of 19F and 7Li.



JAERI—M 84-080

Fig.22 Rotaticn and exchange mechanism of self-diffusion of

fluorine in molten alkali fluoroberyllates.
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Fig.23 Temperature dependence of (1/T1) of 19F in molten LizBeF4.

The solid curves are the theoretical one with 1/7 =2xlOlS

exp(-103.7/RT).
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