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Goal of this investigation

To identify a non-conducting
material with low melting temperature
and low vapor pressure. To be able to
breed is not a requirement.

Per Peterson suggested to use

Flinabe to protect beam channel for IFE,
due to its low vapor pressure.

Sze summarized the material
properties, including the vapor pressure.

Sze suggested to use flinabe for APEX
applications.



History of Flinabe

e Flinabe was proposed for molten salt reactor
coolant, but rejected due to poor neutron
economy.

¢ Flinabe was also considered for fusion
breeding application, but rejected due to
poor tritium breeding (~0.6).

¢ Recent calculation shows that flinabe can
breed with additional Be.

* Since flinabe has a low melting
temperature, as well as can breed, it is an
excellent candidate for APEX applications.

* Na activation is a main concern.
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Some general conclusions

The viscosity of the salt increases with the BeF2 concentration.

The vapor pressure of the salt also increases with the BeF2 '
concentration.

Therefore, it is important to select a salt composition with low
melting temperature and with low BeF2 concentration.
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BeF2-LiF-NaF phase diagram
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Fta. 12-5, The syatem LiF-NaF-Eefy.

A suggested composition is BeF2-LiF-NaF with a
melting temperature of 240C,
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Viscosity_and Heat capacity

Mevming Poivs, Hear CapaciTies, anp Equations ror DanmTy
aNp Vizcosrry o Tyercar Mouren Fruonmes

Liguicl density, Viscasity, centipoise
L Multing e Hent capacity
C‘"“PI“*’;“"‘- point, | p=d— BTFC) at T00°C, 7= Aab/TOR)
S i ' | cal/gram AL BOC°C
A B : A B
X 10=8
LiF-BeF, ]
(69-31) 505 2.18 40 0. 65 0.118 3624 7.5
LiF-BEeF3
{50-50) 350 2,46 4 0.87 0.018% B1T4 @2.2
NEF—B&F:
{5743} 350 2.27 ar .52 0.0345 Sla4 12.3
NaF-ZrF,
(50-50) 510 2.7 9 0.28 0.0700 | 4188 8.4
LiF-NuF-KF
(48.5-11.5-42) A5 2.5 Ta 0.45 0.0t 4170 4.75
LiF-MaF-BeFy
(35-27-38) 338 222 41 0.59 0.0338 4738 7.8

Both viscosity and heat capacity of flinabe are

about the same as flibe at the same temperature

with the same Be concentration.
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Vapor pressure

Varor Pressunres o NAF-BEF; Mixtunes®

C e Vapor pressure constantat

'ﬁup]i”g,wn’ Temperature Yapor pre
2 interval, MNaF Bel'; NaF - BeFa at 800°
B G R ————— mm H

NaF | DeFa A B A B A B

® 108 R x 10%
26 T4 TR5-O977 10.43 1,096 9.77 1, 206 1.688
4l it 802983 10,06 1.085 9.79 1,187 0.04
&0 B0 706990 9.52 1.071 9.82 1,187 0.41
[E4] I 40 551025 9.392 1.1667 9. 080 1. 1063 0.09
MW 25 B57-1035 0.237 1.2175 8.2z 1.1% 0.02
1 i

*Compilad frem dots ohiained by Sense et al. [15].
TFur the equation log M (mm Hg) = A — (B8/T), where T is in K.

| do not have vapor pressure for flinabe. | only

have vapor pressure for fnabe.




Vapor pressures comparison

COMPARISON OF THE VAPOR PRESSURE OF LIQUID COOLANTS
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The vapor pressure of fnabe is very similar to the
vapor pressure of flibe at the same temperature
with the same Be concentration.



Material compatibility

TaBre 13-2

Smaany or Cornosion DATA OWTaINED IN TEIRMAL-CONVECTION AND
Fonczr-CrromiaTion Loor Tests or Iscowzn anp INOR-&
Exrosen vo Virtova CIRCUL4TING Sait MizTones

‘ Depth of aubsurfsce
Gonstituents of | UF, or Thi, Loop | Foasamou it [ Lo o vaid formation at
base salts eoatant material p":;l'“"" qw;rt:m. hottest part of loop,
in.
NaF-ZrF 1 male % UF; Inconel 1250 1000 <0.001
1 male 9 UF, Tnconsl 1270 8300 0-0.0025
4 male ¥ UF, Incane! ] 1000 0,002
4 mole 9% UF, Incooel 1500 1000 0.007-0.010
4 mole % UK, INOR-& 1500 1000 0, Q0 2=0_ 003
] Toeanel 1500 1000 0, Q02-0_ 003
NaF-BeFy 1 mala %5 UF, Ineonel 1250 1000 0.001
1 Ineone 1500 S 0.0H-0. 010
3 male 75 UF, Ineane] 150Ky 500 0.008-0. 014
- 1 mole 9% UF, INOR-8 1250 A300 0.001
% LiF-BeF, I mole % UF, Incanel 1230 1000 0.001=0. 002
3 mele % UF, Tncanel 1500 S0k 0. 0030 020
1 msle 55 UF, INOR-§ 1250 100G L1}
WaF-LiF-BaFy | 0 Inconel 1125 1000 0.002
1] Incone] 1500 500 0. 0030 005
3 male 7 UF, Incone] 1500 500 0.008-0,013
NaF-LiF-KF o Tncanel 135 1000 a.001 ’
2.5 male % UF, Inaoaal 1500 500 0.7
o INOR-8 1350 1340 o
2.5 male T UF, INOR-8 1500 1000 0. 001-0,003
LiF 29 mols % ThF,. Incanal 1250 1000 00,0015
NaF-BeFs T mode % ThFs INOR-8 1250 1000 0

The corrosion rate of flinabe to Ni-alloy is very
similar to the corrosion rate of flibe. This is
because the free energy of formation for NaF is
about the same as LiF. j
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Tritium Breeding Potential for
Flinabe Compared to Flibe

Mohamed Sawan

» The Flinabe molten salt has LiF:NaF:BeF2 ratio of 1:1:1

» Generic breeding calculations for Flibe presehtecl in
November 1998 APEX meeting are repeated with
Flinabe
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» Tritium breeding in Flinabe is less than in Flibe
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» Adding Be in front zone of blanket results in significant
enhancement in TBR

» For the same Be zone thickness TBR in Flinabe is 10-
17% lower than in Flibe

» A flinabe system can achieve the same local TBR as in
Flibe system with about 5 cm thicker Be zone
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» With Be in front zone some enhancement in TBR is
achieved by enriching Li in Li-6

» TBR enhancement is larger for Flinabe

» Largest TBR in Flinabe with Be and enrichment is only
7% lower than that for Flibe with Be and enrichment
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Recommendations

* Selected the salt composition at 1-1-1
BeF2-LiF-NaF as the reference material.

» Using 240C as the melting temperature.

¢ Measure the melting temperature of salt
with this composition, and other
compositions.

. Use material properties of BeF2-LiF, and
extrapolate to the lower temperature for
best estimate.



