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Measurements on the Densities and the Surface Tensions of
Molten Alkali Metal and Alkali-Earth Metal Fluorides

Synopsis:

Kazumi OGINO and Shigeta HARA

Densities and surface tensions of molten alkali metal and alkali earth metal fluorides were measured by
Archmedean method and maximum bubble pressure method, respectively. The results showed that the
properties of the fluorides, such as surface tension, temperature coefficient of surface tension and coefficient

of thermal expansion, depended on the Coulomb force experienced by foreign ions.

Isothermal compres-

sibility and coefficierit of thermal expansion of fluorides calculated by application of the scaled particle

theory, developed by H. REiss, agreed well with the experimental results.

From the relation between surface

tension and molar volume, it has been supposed that structure of liquid surface is similar to that of solid

cleavage plane.
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Fig. 1. Relation [between immersion=depth of
platium capillary in CaF, melt and ma-
ximum pressure.

AR IFE L 72 B e TRIE AR U, BT
5 XV SN AR KAEIRENEREZ W TERCE
%2, FUEANEEHTHRAN O, £RENEHEH O
LyIkEE= 2 2 — 2 —ERWTIRIE L 2.

CaF, flfkic >\ THEEBME ORIRFES & QUEDOR
TRAKET EOBRO—HFl%Z Fig. 1 ITRT. ZDXD
IMEIE X LEAFEORIC I X WEBBERSEILL, &
DEFRDEE SEMADOBEE, Htlh & DR M2 HLERMER
N EETE L. FERNOFE AT IR S h
ALmOFIKCET 5 IE% 4% ScHRODINGER DR
(D) %RV

T%gggpﬁéé%ﬁ_écﬁgﬁ ......... (1)

z T, rrkoEmEKRS (dyn/cm) ,
r-BAE ONEE (cm)
H-XEE (pmo=1 & L72& %) (ecmH,0)
osRERDOEE (g/cm?)
rENIEE (979.8cm/ sec?)
%ﬁm%ﬁ%éé%m%@wﬁu%ﬁf@%ﬂ1aé%
DBIRRD L2 HIRE LTz
2-3 EREE
AEEBICEHER LR Fige 2 R9. BEWKIT R
L RBEDH DT 1600°C £ TOFERFRETH 5. FN
VBB X OBEEE L7 v I F R &L 7. IR
va%ﬁ%mﬁmkPﬁ%mym%%ml@%ﬂmxo
Fm. 25 L LTI Pt-10Rh 5401V E (N
1% 45mm¢ XFHE 50mm) ZEMA L. BEEEOY
SEFEO L ENRIERORTFR EE, REIERIH
EOBAIVX Fig. 2 AR L 5 KR D /2D
Eﬁ%ﬁgé%®LT%%&&%VﬁhﬁHf
24 5 #
Mmm%wt7ym%ﬁﬂabfmlibhm%¥%

~oy ;B
[=]

1.balance

2.Pt wire

3.5iC heating element
4.Pt-10%Rh crucible

5.Pt sinker

6.molten f_l‘ux

7.isolite brick
8.Pt6RR-PE30RN thermocouple
9.cathetmﬁeter

10.Pt capillary

Fig. 2. Furnace for measurement of density and
surface tension.
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Table 1. Purities of»hﬂuorides used.

Fluoride Source s cl- SOz~ Irri)pburltg;is lgznax' WIEIo/%) Purity (%)
LiF Wako chem. ‘ 0.01 0.03 0.003 0.002 >97.0
NaF Wako chem. ; 0.0l 0.8 0.003 0.003 o1 NaSiFe Na,CO, ~99.0
KF Wako chem. | 0.0l 0.8 0.003 0.002 0.1 FaSiF K.CO, ~98.0
Wako chem. 0.05 0.05 0.005 0.02 >98.0
Mgk,
Kanto chem. 0.01 0.05 0.002 0.01 - >98.0
Kanto chem. 0.012 0.02 0.02 0.001 >99.0
Merck Sr:0.05, Ba:0.01, Na:0.001, Li:5x10-4 Pb, Cu, Ni, Cd, Mn:10-5 >99.9
SrF, Merck Ca:0.02, Pb:5x10-5, Cu:5x10-5, Na:5x10-5, Ni:2x 10 >99.9
BaF, Merck . Ca:0.01, Pb:5x10-5, Na:5x10-3, Cu:5x10-5, Fe:5x10-5 >99.9
NazAlF, ) Natural Fe;,0;3:0.1, 505:0.2, Si0,:0.5, Ig.Loss:0.8, Moisture:0.2 >97
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Fig. 3. Densities of alkali metal fluorides and 2.0 1 ] I 1
eryolite melts. 1200 1300 1400 1500 1600

TUFAFARCHBE L ThTPLEWER S 2, F7-
Z DIRERGMEEZ D LAREL L HENBRR LN S, &
EBRFAFTRERBEEC X DR E TV F 2 F 2B
LTI YFHAEL, REBREMHTETVE 2 F
AIBC X BIERZRBT5 2 B FE Lv. Fig. 7124
CaF, OBERIERRZEROME UcfE & L TR
T, AFERIZ KirsHENBAUM B3I (F U d 2 FREE) 7
ZavopIN® (FAHfErE) OEICEL, AERITHIT S
RAWMERRIC X B HBEMHEE/NT Y FRREWIDICERB
Lixdot-3, Fig. 7T1CRLAZX 5 ICHFIC X HIEHE
DOREN, BIEFEOHEDNOER TR T RELLE
265, BRARFEECX IBEREEELET DT
BEMEONREAZFICAREL L, REBEEIZHELTHL

Temperature (°C)

Fig. 4. Densities of alkali earth fluoride melts.
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Fig. 5. Density of magnesium fluoride melt by
Archimedean method.

3 —



526 |

[ T
250+ R Archimedian Method—]
* ¢ o oMaximum Bubble
° Pressure Method
E - _
2
2401 ]
2
‘0
C
@ . -
(=
1 ] 1
230 300 %60 500

Temperature(°C)

Fig. 6. Comparison of density by Archimedean
method with that by maximum bubble
pressure method for magnesium fluoride
melt.
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Fig. 7. Comparison of density of calcium fluoride
melt reported by many authors.
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Fig. 8. Surface tensions of alkali metal fluorides
and cryolite melts.

z l ' | I T
§ 300 CaFe ]
[ \
>
heA
280~ Stk .
c \
o
@ 260/ _
o
f’; 2401 BaF___ —
3 2zo_.*v.ETF?‘"“:jj::j:-::::‘:::‘?sw.r..,,._~ —
L r [
200—55 W00 B00 1600

Temperature °C)

Fig. 9. Surface tensions of alkali earth metal
fluoride melts.

FEHMELHBZOEIRA Sy, chiad LT, &
BOME AN 5 & REE IV LN 5 ) &
o, KEERRIC X VB SN CaF, o RKEENEEHEF D
fEOB I e LT/ UEEE 5 272, REBRRER» OE
RS ORI EO M EEE £1.0% T TH 5 &5l
Uiz BUBOMEIRT X > TEERS ORIEMIL 2 O%
HiIF A2 T L 72D T, LOHEITHMEDE VA
Bz oW OBEEZ A L7z

Table 2 iZ3AEBRTEL 7 v LUBADOBEBEL
R L oTHESNE & B L TR L, Table 3z
[ U< EFENCOVWTORERERT.

4. E £

4.1 RBAGEECHITS 7 vIEPREORECDONT
RUEEERIT B 5 7 v LRMARD 4 F VY Fig. 11 1@




TAHYVEBBIXCTAH ) LEEEY v WWRAEROBES X CEEHEH o @ % 527

Table 2. Properties of molten fluoride (1) Density.

=a—bx10-37(g/cc) Prorerties at melting point
Fluoride ? ;I;?glfefoag )r ¢ Remarks
a b e(g/cc) Var(cc/ mol) a X104
2.325 0.464 1133-1313 1.805 14.37 2.57 *
LiF 2.3768 0.4902 1 149-1 300 1.827 14.19 2.68 Ref. 1
2.266 0.414 1.802 14.40 2.30 Ref. 2
2.696 0.590 1273-1473 1.953 21.50 3.02 *
NaF 2.655 0.560 1 270-1 330 1.945 21.59 2.88 Ref. 1
2.721 0.618 1.937 21.68 3.19 Ref. 2
2.642 0.657 1 143-1 283 1.899 30.60 3.46 *
KF 2.6464 0.615 1 142-1313 1.9096 30.43 3.412 Ref. 1
2.681 0.675 1.918 30.29 3.52 Ref. 2
RbF 3.935 0.967 1093-1 279 2.924 35.74 3.46 Ref. 3
3.995 1.035 2.910 35.90 3.56 Ref, 2
CsF 4.811 1.234 933-1 097 3.6484 41.63 3.512 Ref. 3
S 4.814 1.210 3.633 41.81 3.33 Ref. 2
MoF 3.068 0.406 1 550-1 840 2.446 25.47 1.66 *
gtz 3.235 0.525 1 650-2 100 2.430 25.64 2.16 Ref. 4
CaF 3.405 0.506 1723-1873 2.549 30.63 1.99 *
ats 3.179 0.391 1 650-2 300 2.518 31.01 1.55 Ref. 4
SIF 4.637 0.630 1713-1853 3.583 35.06 1.76 *
T2 4,784 0.751 1750-2 200 3.528 35.62 2.13 Ref. 4
BaF 5.620 0.885 1 600-1 800 4.210 41.65 2.10 * B
ats 5.775 0.999 1 600-2 000 4.184 41.91 2.39 Ref. 4
Na.AlF 3.240 0.910 1 263-1 363 2.082 100.84 4.34 *
a3t 3.288 0.937 1273-1353 2.095 100.21 4.45 Ref. 5

*  Present work
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Table 3. Properties of molten ﬁgoride (2) surface Tension.

) Meltin 0=a—bX10*T (dyn/cm) T t Surface tension
Fluoride oure ¢ emperature 1ti i R k
t (K at melting point emarks
point (K) . b range (K) (dyn,/cm)
342.7 9.66 1143-1 283 234.5 %
LiF 1120 373.2 10.93 1120~1 520 250.8 Ref, 1
350.2 9.86 239.8 Ref. 2
309.2 10.3 1323-1473 179.4 %
NaF 1260 289.6 8.2 1270-1410 185.6 Ref, 1
304.6 9.47 184.5 Ref. 2
279.8 12.3 1163-1323 140.7 *
KF 1131 2%6.1 7.5 11311573 141.3 Ref. 1
240.1 8.45 144.5 Ref. 2
261.3 12.47 1076-1 160 130.6 Ref. 3
RbF 1048 220.9 8.87 127.9 Ref. 2
173.2 6.9 976-1 373 105.9 Ref, 1
CsF 976 192.2 8.78 106.5 Ref. 2
295.8 4.33 1 547-1 806 229.3 *
MgF, 1536 1548-1693 335.1 Ref. 6
440.7 8.44 1723-1853 297.2 *
CaF, 1691 1698-1733 290.1 Ref. 6
424.9 8.55 1741-1 853 281.9 *
SrF, 1673 1683-1723 250.0 Ref. 6
379.4 9.04 1613-1808 253.4 *
BaF, 1593 1603-1723 240.2 Ref. 6
, 304.2 13.4 1273-1379 133.6 *
- NazAlF, 1273 279.0 12.8 1273-1 353 116.0 Ref. 1

*  Present work

Table 4. Mean hole radius in molten fluorides at melting joint.

Fluoride Melting point Surface tension Mean hole radius Tonic radius

(K) (dyn/cm) ( A) Cation Anion
LiF 1120 234.5 1.31 0.60 1.36
NaF 1 260 179.4 1.59 0.95 1.36
KF 1131 140.7 1.70 1.33 1.36
RbF 1048 129.3 1.71 1.48 1.36
CsF 976 106.?2 1.82 1.69 1.36
MgF, 1536 929.3 1.55 0.65 [ 1.36
CaF, 1 691 297.2 1.43 0.99 1.36
SrF, 1673 281.9 1.46 1.13 1.36
BaF, 1593 253.4 1.56 1.35 1.36

Na+* 0.95

NazAlF, 1273 133.6 1.85 AIa;” 0.50 ‘ 1.36
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Table 5. Cation-anion distance and coordinations in molten fluorides.

Fluoride Cation-Anion distance (A) Molar volume Neighbours
l - 0
X-ray difraction [Sum of fonic radiil ¢/ ™V Solid @mwxm)@wﬁm@
LiF 1.95 1.96 14.37 6 3.7 3.73
NaF 2.30 2.31 21.50 6 4.1 4.09
K F 2.70 2.69 30.60 6 4.9 4-68
RbF = 2.81 35.74 6 — 4.48
CsF — 3.04 41.62 6 — 4.78
MgF, — 2.01 25.47 6 — 3.58
CaF, 2.35 2.35 30.63 8 6.8 6.29
SrF, — 2.49 35.06 8 — 6.53
BaF, — 2.71 41.65 8 — 7.09
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and surface tension for florides at melting
point.
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Table 6. The values of scaled particle diameter, a, packing fraction, y
isothermal compressibility, f; and thermal expansivity, a.

Fulorid Melting pointMolar volume | Surface tension |Scaled particle| Packing] 8 x 1012 |% x10¢(1/T K)
uloride (K) (ec/ mol) (dyn/cm) diameter a(A)| fraction|( cm?/dyn)
acal. | aexp.
LiF 1120 14.37 234.5 2.535 0.3574 8.9 2.90 2.57
NaF 1260 21.50 179.4 2.826 0.3306 14.9 2.77 3.02
KF 1131 30.60 140.7 3.250 0.3537 19.5 2.90 3.46
RbF 1048 35.75 129.8 3.493 0.3760 20.3 2.94 3.46
CsF 976 41.62 106.2 3.564 0.3696 22.3 3.22 3.51
MgF, 1536 95.47 - 229.3 3.005 | 0.3670 X 9.5 ] 2.06 | 1.66
CaF, 1691 30.63 297.2 3.469 0.4297 6.7 1.57 1.99
SrF, 1673 35.06 281.9 3.656 0.4395 7.1 1.55 1.76
BaF, 1593 41.65 253.4 3.903 0.4518 7.8 1.57 2.10
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Table 7. Cfémparison of experimental and theoritical value of surface energy at OK.

This work (Extrapolated from liquid to OK)
GiMan (Cleavage method)

GiMan (Estimated from elastic modulus)
Bonn, Stern (Theoritical)

GLAUBERMAN

LiF(1000)  CaF,(111)  BaF,(111)
342.7 440.7 397.4
340 450 280
370 540 350
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Fig. 14. Relation between surface tension and molar
volume for fluoride melts at melting point.
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Appendix : LiF, NaF, KF QO¥#FiE®R s kU
FBRERE Br OEE

7 v ity | BEHEE (°C) H & (m/sec)
LiF 890~1 040 3 566-1.205 t
NaF 1025~1 160 3180-1.100 t
KF 880~1 015 2544-0.850 t
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(K) [(g/cc) |(m/sec) (1/K) mol) mol) | gs(*) | Br(*) | Br(d
LiF 1121 1.805 2 534 25.94 2.57 15.50 1.080 14.36 8.62 9.31 8.9
NaF 1268 1.953 2 086 41.99 3.02 16.40 1.129 14.53 11.76 13.28 14.9
KF 1131 1.899 1815 58.10 3.46 16.00 1.162 ]3.77 15.99 18.58 19.5
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