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Inertial fusion reactor,

 LicgPbg, , (Li;;Pbg,) eutectic alloy  kovorast
— High TBR (Tritium Breeding Ratio) '
— Low reactivity with N, C, O
— Simplified blanket structure (low m.p.)
 Tritium breeding blanket

— Self-sufficient tritium cycle
— High efficiency heat recovery
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Comparison of T solubility and vapor pressure

among Li, Li,,Pbg, and Flibe (Li,BeF,)
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vaporn pressure(800 K) 2.1Pa 0.37Pa 0.011Pa Li-Pb is the most promising
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densi 3 3 3 properties.
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Li,cPbg, 6.5m3/s (12.8t/s)

ICENES-15, San Francisco, CA, USA (May 16, 2011)
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Contents of experiment and design

1. Determine solubility, diffusivity and permeability of
H or D in Li;;Pbg,

2. Determine isotope effects among H, D and T in
Li;;Pbgs

3. Clarify effects of composition differences in Li,Pb,
4. Design system to recover tritium from Li-Pb blanket
loop of Laser fusion rector

5. Evaluate tritium leakage through tube walls of Li-Pb
blanket loop



(1) PDK data of Li-Pb ICENES-15, San Francisco, CA, USA (May 16, 2011)

Comparison among previous solubility data of Li;;Pbg,-H (D) system
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Previous solubility data scatter in a wide range (max/min=103). No explanation is given.
(1) Isotope effects among H, D, (T) and (2) Li activities in Li-Pb are clarified in this research. .



(1) PDK data of Li-Pb
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Single component H,D or dual component H+D permeation through Li,Pbg,

Solubility, diffusivity and permeability of hydrogen isotopes (H,D) in Li,,Pbg,
are determined by means of a transient permeation method.
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(1) PDK data of Li-Pb ICENES-15, San Francisco, CA, USA (May 16, 2011)
Transient H (or D) permeation Downstream-side

through Li-Pb alloy
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(1) PDK data of Li-Pb

Calculate two-dimensional H (D) diffusion

ation
h side wall

pH?,down

ICENES-15, San Francisco, CA, USA (May 16, 2011)
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(1) PDK data of Li-Pb ICENES-15, San Francisco, CA, USA (May 16, 2011)

Simultaneous H+D permeation run

* Overall permeation is limited by diffusion in Li-Pb because of the following reasons:
50
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(1) The permeation rate through a-Fe only is hundred higher than through a-Fe+Li,,Pbg,.

Downstream H or D concentration [ppm]

(2) The permeation rate is in reverse proportion to the thickness of Li; Pbg,.
(3) The overall permeation rate is well predicted by the diffusion equation in Li,Pbg, layer.
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Richardson equation
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(1) PDK data of Li-Pb

Solubility of H or D in Li;Pbgs [atomic fr./Pa ]

ICENES-15, San Francisco, CA, USA (May 16, 2011)

Comparison of solubility and diffusivity with previous data
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H and D solubility in Li;;Pbg,

No isotope effect is observed in solubility

Diffusivity of H, D or T in Li7Pbgs [mII'S]
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H and D diffusivity in Li;;Pbg,

H diffusivity is 1.7 times larger than D one.
Previous data of H diffusivity in Li-Pb are
consistent within allowable errors.
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Determine solubility, diffusivity and permeability of
H or D in Li;;Pbg,
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(2) isotope effect among H,D,T

Simultaneous permeation of H,, D, and HD through Li,;Pbg,

. R
In = TH Qsz, upstream- \/sz,downstrear}

. =
Ip = TD QpDz, upstream” \/pDz,downstrear}

v

B¢ =P, + Prup *+ Pp,

QH,upstrean\/ Pt, upstream™ yH,downstreanJ Pt downstrea

A

y

QD, upstrearr\/ P, upstream” yD,downstrearg/ Pt downstrea

Pr, * 5 Prp

P, * Pup * Pp,

H molar fraction

Pp, * 5 PHD

P, * Pup * Pp,

D molar fraction

\
y

pHZ,down' pHD,down' pD2,down

downstream-side

M

H27 D2

recombinatisalutid

Li17pb83 O .O

diffusion

H, D fO

dissociation

ge

|

upstream-side 4
pHZ,up' pHD,up' pDZ,up

n




(2) isotope effect among H,D,T ICENES-15, San Francisco, CA, USA (May 16, 2011)

The ratio of H and D permeability through Li,;Pbg,, P,,, Py
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D atom fraction in upstream gas, D/(H+D) [-]  Equilibrium constant at the downstream
Permeability of H and D through Li,;Pbg, side of Li,;Pbg, layer, the line is theoretical
value.
*H permeability is around 1.4 times larger than D one and the isotope effect is independent of

the H:D composition ratio.
*The isotope equilibrium of H,+D,=2HD is achieved at the downstream side.



(2) isotope effect among H,D,T ICENES-15, San Francisco, CA, USA (May 16, 2011)

Isotope effects of harmonic oscillation in interstitials
surrounded by Li and Pb atoms
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(2) isotope effect among H,D,T ICENES-15, San Francisco, CA, USA (May 16, 2011)

Isotope effects of solubility and diffusivity
in Li,Pbg, and Li
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(2) Isotope effects ICENES-15, San Francisco, CA, USA (May 16, 2011)
15t principle numerical simulation for diffusion of H in PbLi

D. Masuyama, et al., Chem. Phys. Let., 483 (2009) 214-218
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positions near to Li than Pb.
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(3) Li-Pb composition differences ICENES-15, San Francisco, CA, USA (May 16, 2011)

Li and H activity of L Pb, . -H, eutectic alloy system
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Li-Pb can constitute eutectic alloy system.

*  When x;>0.5, electric charge of tis not shielded by Pb atoms, and-H- ionic
binding is major in LiPb,_, eutectic alloy. Activity of Li is higher.
* When x,<0.5, electric charge of tis shielded by Pb atoms, and kind H ions may

not be combined directlyq Activity of Li is the lowest.
20
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Tritium recovery and leakage in Inertial fusion reactor, KOYO-fast,
to give proper liquid blanket design

Circulation pump

Furnace chamber LiPb flow @

L|Pb¢wet waII 300°C, 2.7m3/s

1GW1 fusion power

eag.i@/ leak T generation rate : 1.5MCi/day

: * " Overall tritium leak : 30Ci/day
u D, addition 1 harmeation v (=1g/year)
I 500°C |Tritium recovery Heat Triti . f
system exchanger rrrtum regovery rato O
f/ i = 99.998% is demanded!!
T leak Fueling Power
system generator

high T recovery rate
* Estimated tritium concentration in Li,,Pbg, flow is 5.9x10! g-T/g-Li,,Pbg,.

8.6x107° moI-T/moI-Li17Pb§§



MFE/IFE system modeling workshop, Jan 31- Feb 1, 2011, Idaho Falls

Li-Pb Liquid wall concept for inertial fusion reactor
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T extraction using counter-current LiPb-He flow
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T concentration He/LiPb counter-current extraction tower
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Column bottom 25
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(5) Blanket T recovery design

T extraction using counter-current LiPb-He flow

1.0x10°

LiPb temperature 500°C(300°C)
LiPb flow rate(W, .p,) 1.94 m’/s

0.8 LT generation rate 5.76)(10'4 mol/s
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He pressure(py,) 10° Pa
He flow rate(Wy,) 6.45x10° Nm’/s
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Since the equilibrium line is concave, LiPb-He counter-current operation is not efficient.
T concentration in LiPb and He is very low, the He flow rate is very large.
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(5) Blanket T recovery design

Tritium extraction and Heat exchanger system
for Koyo laser fusion reactor

Li, Pbg, heat exchanger Total power 1 GWt

V generator Li,¢Phy, inlet temp. 300°C
D, addition .
Z(tritiu — per Li,sPhy, outlet temp. | 500°C
steam turbin NJ
.  m— i
_k extracti on} Li,sPly, mass flow rate| 18.4 t/s
| - —— T generationrate | 1.43 MCilday
. r‘ T concentration in LiPb;, | 8.6x10°
fuel evacuation water v T/Li,(Pby,
4 T partial pressure in LiPb | 1.8x103 Pa
condenser
F <:| Heaﬁ transfer coefficient of heaf 5.0x13 W/m2K
Cooling excnanger
C water Surface area of het exchanger | 690 n?
D+T fuel injection Logarithmic temperature 290 K

difference in heat exchanger

500°C

Estimated T leak rate | 255 Ci/day

Ratedetermining step | T permeation
through tube wall

Li,Pbg, loop for Laser fusion reactor and steam Rankine cycle

28
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(5) Blanket T recovery design

Tritium permeation rate through steam generator of laser fusion reactor

system as a function of tritium concentration in LiPb
Tritium is dissolved as an atomic form in
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Conclusions

Permeability, diffusivity and solubility of H and D in Li,;Pbg, alloy
are determined.

Isotope effects of solubility and diffusivity are correlated by
harmonic oscillation model and vibration energy in solution site
and transient site.

The energy determined so is consistent with 15 principle
numerical simulation for H behavior in Li,;Pbg, eutectic alloy.

When H and D mixtures are present simultaneously, their
permeations are determined by the ideal solution model, and the
solubility and diffusivity are determined in a similar way to the
single component of H, or D,.

Li activity and H energy in trap site for solubility in arbitral
composition of Li+Pb alloys are correlated by the linear addition
rule of Li and Pb atoms.

Hydrogen permeation through Li,,Pbg, flow surrounded by solid
walls is determined by the conjugated system of flow-wall-gas

purge.
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Summarize of researches on tritium permeation barrier
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