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Advantages and disadvantages of Flibe (2LiF+BeF,)
for 1ts application to self-cooled blanket

Advantages of Flibe

stable, high TBR when Be is used, low electric conductivity, low tritium solubility

Disadvantages of Flibe
high melting temperature (456°C), generation of TF, high tritium leak

A concept of helical-type fusion reactor, e.g., FFHR-2 adopts a
self-cooled Flibe blanket concept

He cooling

thermal
i T-breeder insulation

*To develop measures to solve TF control,
material corrosion and tritium permeation

Investigate high trittum recovery apparatus

*Apply the result to FFHR-2 design

vacuum chamber target radiation shield

R & reflector
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Overall trittum material balance in FFHR-2 Flibe system

1IGW LiF+n =TF+He
T Generation rate 150g/day, 1.6MCi/day
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Limitations of Flibe blanket system
*Transformation of TF to T,
*High tritium recovery

*Control of tritium leak

trifinm transfer to
secondary flow

Analysis of redox control
Tritium (H) permeation through Flibe
Flibe-He extraction tower analysis
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Design parameters for FFHR Flibe-tritium system

Fusion power 1GWt

Tritium generation rate in Flibe blanket 190g/day (1.8MCi/day)
Target value of tritium leak to the environment 10Ci/day

Flibe flow rate 2.2m’/s

Inlet temperature 500C

Outlet temperature 600C

Flibe velocity Sm/s

Tritium concentration in Flibe at outlet of blanket |5.2x10"°wfr (990Pa)
Duct diameter 0.74m

Duct area (blanket-(TR)-(HX)-pump-blanket) 40m*

Heat exchange area 700m*

Heat exchanger length 10m

Heat transfer coefficient 1x10*W/m*’K

Duct thickness Smm

Tritium diffusion coefficient in Flibe 5x10”m?*/s (estimated)
Tritium solubility in Flibe as T, 5.3x10""wtfr Pa
Tritium permeability through sus316 9.7x10"' g/msPa’”
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Handling Flibe pot in glove box for
investigating transformation of TF to T,

HF+H,+He
= , _— Foslingaas Specimen & salt sampling
l Be rOCII_J__I Measurement system

(QMS)

Flibe pot

Purification:

Glove-box for tritium + Be handling

(INL) BeO+HF=BeF,+H,O(removed) Redox

Experimental apparatus for redox coRttol %let%%ﬁglﬁ(fil:) BeF,THy(T,)

(JUPITER-II task 1-1-A experiment)
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Redox control of tritium in self-cooled Flibe blanket

Reduction-Oxidation condition

LiFtn =TF+He Be+2TF =BeF, + T,

* TF (or HF) material balance Flibe flow in, W Flibe flow out, W
M gyipe d);,l M 2VFlibeex i/ ;BQFZ i l *TEin L T ATF.out
4 BeF, XTF
Tt , [®
+W (xTF,in " xTF,out)_ 2VFli (xFex%F S J AL generation I'ge C
Krer, " — [® B Be
; : (or HF additio Be BeF, —
« Material balance of Be dissolved ED . . LiF O T+
dissolution =
dee ‘ l, F_
M Fiipe Flzbe‘xBexTF xTFJ neutron| O® -+ 9 — i L 8 o
TF [ @ L1
e Metallic impurity material balance Xp. X1p Xpeps X1o
*Fe zx 2
Fllbe o FllbedxFexTF P J a i a

kg, and ry, were determined by experiment Blanket and Flibe pot

Reaction-rate constant, Be dissolution rate

Assumptions: Complete mixing in Flibe blanket, 1st-order reaction
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To determine dissolution of Be, HF and H, in Flibe

* Dissolution rate of Be in Flibe, mg =k 4 . Ap.t
* Dissolution rate of HF (TF) and H, (T,) in Flibe, ry:=Kye(Yyp-Yir ) Age

=

=0, yy; ;- =4200ppm,
% 10_3 5000 _YHF,III szgn ppm 500
o ) W, =119cm*(NTP)/min
- C Redox3 - Redox16
] 5 . — ’g‘
a aF Ky pe=8.9x10°8 (Be/Li,BeF,)em?s | & 4000 400 §
2 3 o =
i ‘ =3 3
= 2 £ 3000 f 300 ¥
"8 4 S o S
'—‘Z 10 8 yHF,in=413ppm’ YHz,in=4OOOppm’ §
2 6 & 2000 W, =123cm’(NTP)/min —200 §
= 5 = =
o ) 5 5
m + 2 g
S ’ S, 1000 [§ —6.6x102 mol/m?Pa 100 &
5 2 = Yabs,qF~ 0-0X1U™ mol/m-ra T
s Yabs o 1-2x10mol/m?*Pa
e 10-5 0 1 1 1 0
= 1 0 400 800 1200
= . .
= Time [min] Time [mn]

Be dissolution rate HF and H, dissolution curves

Experiment (marks) and numerical model (line) were consistent.
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Transformation of HF(TF) to T,(H,) by a Be rod inserted in Flibe

generation AR Flow 1n and out 3
XTE BeF, T, 2 FeF, *T.
M piipe AT =0r— 2VFZibekBeF2 X oy rae it W(xTF,in 5= xTF,out)_ 2VFZibekFeF2 XFeXTF — K 3
t BeF, XTF FeF,
Transformation by Transformation by Fe
Be

i Be insertion time
1000

HF—H,conversion
Be+2HF=BeF,+H,
Fe+2HF=FeF,+H,

Yarn=215ppm, tlBe=45min (RedoxI 11)

HF supply condition —— experiment

- - - analysis

800

600

400

200

Outlet HF concentration in He+H,+HF gas [ppm]

Time [hour]
experiment of Flibe Redox control by Be
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Concentration of Be and TF to attain steady-state
transformation of TF to T, in FFHR-2 fusion reactor

Reaction rate of BeF, formation [mol/s]

Molar fraction of TF dissolved in Flibe [TF/Li,BeF,]
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Tritium generation rate of
1.6MCi/day should be maintained
for IGW fusion power.

When Flibe saturated with Be, the TF
concentration is maintained 102 ppm

(1Pa).

The TF concentration is durable/for

FFHR-2 operation condition.

Flibe

TF
generation

n-irradiated|blanket

gl

A

e balls

T, extraction
tower,



Fusion Power Plants and Related Advanced Technologies, Feb. 5, 2007

Ion Chamber
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Counter-current extraction tower for T, removal from Flibe

C. Counter-current gas-bubble column - ) ) )
extraction tower packed with Rashig ring

Flibe in, crq 5
R aschig ring packing .
;L He flow: G

@ \ = ﬁ ﬁ mol/s

= 5 Hegasout pry g
dow nw ard F libe flow \

: ‘upw ard H e flow

Flibe out, cyy oyt
<1 = =) keay
He gas in, pry 5,
TF diffusion TF diffusionin  TF diffusion
Fig. 5 Counter-current gas-bubble column system in gaseous He hquld the in gaseous He

» Material balance equation

Ldy = Gdx kLav7/s(y_ y,)dz: kGaVCt(X_ Xi)jz

« Rate of gas-phase trittum transfer  Rate of Flibe-phase tritium transfer

B 2 L 1 L 022 0.5
: 1%
k.a,c, e 0 kays) 430\ D,
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Tritium molar fraction in Flibe or He [-]
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Calculation of T, extraction tower Flibe

10 . .
Concentration profile
— o, (T, in Flibe)

pr, (T, in He)

Hy,=0.00128 (500°C)

L - A=0.001m>/s
-2 1.G=100 mol/ mzs

d=2m, h=5m, A=3.14m’
~ 1" Raschig ring

Height from bottom [m]

Tritium concentration in extraction tower

raschig ring

Packing materials ensure Flibe to keep
good contact with He:

Numerical concentration profile
through extraction tower

v (I_KCL] Zv: Kot

y ‘. o G HO,L_ G

Vit s (l_Kch B | KoL
" G JHy,| G 12
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Energy for Flibe-T disengage and recovery ratio

Optimum condition

Diameter of dispersed Flibe drop 100 um || 200 um | 300pum (| 1000 um
Energy of Flibe passing through percolator 140 W 8TW [ 1.7W (14 mW
Pressure difference through percolator 700 atm || 44 atm | 8.6 0.07 atm
Surface tension energy of dispersed Flibe drops 11 kW 5.6 kW %t.trkW 1.1 kW
Tritium recovery ratio by 10 m spray tower 100 % 100 % | 98 % 21 %

: : T 12
Energy of Flibe passing through the column W = Z d“uNAp

Pressure drop Ap = 32ntu
d2

13
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Hydrogen permeation through Flinak (Flibe simulant)

J12 % PH2,up~PH2.down

4

. . 2 :  ote
Estimated trittum permeation z E Koy Tomp| in=DiKs (P Pro,, /L
rate: pr,=10°Pa (x,=1ppm), o F| o 700°C R

—_ © |
600°C, t=1mm, A=1m? RN TA ™ e
o ~ e L7 A
4 o % : , ., / , /
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2 -6 [ /s 7,
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> - P
s A i 5 . L0,
e High trittum recovery systemi1s = 107% s
. L — VN 4
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—gs B A ‘
m 10‘8 | IIIIIII| /I IIIIIII| 1 IIIIIII| 1L 1111
10° 10’ 10* 10° 10°

Upstream hydrogen pressure, py , [Pa]

Hydrogen permeation rate through molten salt

Ceramic coating to decrease hydrogen permeation 1s necessary..,



Corrosion test of JLF-1 in Redox controlled or
non-redox controlled Flibe

600 |

—&— Fe content
—l— Cr content
NaOH trend (ml)

500 |

400 +

300 |

200 +

100 +

4\. k ﬂ L

-100 0 100 200 300 400 500 600
time (h)

Dissolution rate of Fe, Cr into Flibe
1s affected by reduction-oxidation
condition

JLF-1 before or after Flibe immersién
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Conclusions

The reaction of Be-HF for Redox control 1s sufficiently fast
compared to the Flibe residence time in FFHR-2.

Mass-transfer parameters for Redox control by Be are
determined.

The TF concentration after Redox control is predicted 0.02 ppm
in Flibe under FFHR-2 condition.

Trittum chemical form released from Flibe 1s changed from TF to
HT by the addition of H, in Ar purge gas.

Flibe-He counter-current extraction tower can recover T, from
redox-controlled Flibe flow efficiently.

The extraction tower needs less energy and less pressure drop
when 1t 1s designed properly.

Trittum leak rate will be high unless we take measures to

decrease tritium permeating through tubes
16



Analysis of vacuum disengager

Assumptions

«  Flibe drops free fall from the top and dissolved tritium

is desorbed by a vacuum pump.
. dp=0.5mm, h=10m, o=1

*  Surface recombination resistance was ignored.

*  Drop formation energy ~5.6kW

*  Pumping power for perforation ~ 1.6MW

O
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S
IS

Tritium concentration in Flibe [wppm]

Vacuum disengager
a=1, W=2.2m’/s, d =0.5mm _

2 4 6 8 10

Distance from the top [m]
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3.0

Material conditions

Hydrogen permeability through metals

By APEX

Maximum allowable temperatures of structural alloya (bare walls) in contact with high-purity liquid coolants, based on a 5 pm/jyr
corrogion limit (Bn-Li corroaion limits are based on experimental atudies conducted with liguid Sn)

Li Pb-17 Li Sn—Li (Sn) Flibe

Fihi ateal] 350-600°C 450°C 400-300°C TooeC (304;’316 atainless ateel)
V alloy ~700°C ~650°C 9 9

Nb alloy >1300°C =600°C = 1 000°C in Pb) 600-200°C >800°C

Ta alloy >1370°C =600°C > 1 000°C in Pb) 600-800°CY ?

Mo >1370°C =600°C <800°C? > 1 100°CY

W >1370°C =600°C ~800°C > 900°C

SiC ~550°C9 =800°CY > 760°C7 ?
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Variations of HF concentration in a small contact time

Fer2 DBet

W B N

Initial reaction rate 1s limited by Be
and F-1on diffusion in Flibe

O
M ol
[l i,

2K O
0.1 |- Il

Normalized HF concentration in He, yyp/yyp;, [-]

: - slope=-0.5

Flibe i
5
diffusion 4
Be rod | > < | T

T ? Time when Be was drawn out Flibe

Be?" F-ion I I
001 kol ol
0.1 1 10
Boundary layer Time from Be immersion [hour]

Initial redox reaction process is limited by Be diffusion through boundary layer formed on Be rod
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