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Radial Build in Fusion Reactors
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- Concept of tritium breeding blanket
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% Blanket Functions

® Power Extraction

To recover energy from the emitted radiation and reaction products

- Convert kinetic energy of neutrons and secondary gamma rays
into heat

- Absorbing plasma radiation on the first wall

- Extracting the heat (at high temperature, for energy conversion)

® Tritium Breeding

To breed tritium required in the D-T reactor core
- Tritium breeding, extraction, and control

- Having lithium in some form for tritium breeding




Blanket Functions

® Physical Boundary for the Plasma

To sustain a sufficiently clean plasma domain

- Physical boundary surrounding the plasma, inside the vacuum
vessel

- Providing access for plasma heating, fueling

- Must be compatible with plasma operation

- Innovative blanket concepts can improve plasma stability and
confinement.

® Radiation Shielding of the Vacuum Vessel
- To shield the surrounding structures and personnel




Blanket Concepts
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'Blanket Concepts

® Solid Breeder Concepts

- To have the lithium-containing tritium breeder as non-mobile
and to reduce tritium inventory:
M.A. Abdou et al, Nuclear Technology 26 400-419 (1975)

- Always separately cooled

- Coolant: helium or water

- Solid breeder: lithium ceramic (Li,O, Li,SiO,, Li,TiO5, Li,ZrOs)

- A neutron multiplier is always required to achieve TBR > 1
(with the possible exception of Li,O) because inelastic scattering in
non-lithium elements render Li-7 ineffective
Only Beryllium (or Be,,Ti) is possible
(Lead is not practical as a separate multiplier)

- Structure is typically Reduced Activation Ferritic Steel (RAFS).




‘Blanket Concepts

® Liquid Breeder Concepts
- Many liquid breeder concepts exist, all of which have key feasibility
issues. Selection can not prudently be made before additional R&D
and fusion testing results become available.
- Type of Liquid Breeder:
Two different classes of materials with markedly different issues.
a) Liquid Metal: Li, Li;;Pbgs;
High conductivity, low Pr number
Dominant issues: MHD, chemical reactivity for Li,
tritium permeation for LiPb

b) Molten Salt: Flibe ((LiF),-(BeF,)), Flinabe (LiF-BeF,-NaF)
Low conductivity, high Pr number
Dominant issues: Melting point, chemistry, tritium control

HW1: What is Pr number and why is it important?
HW2: What are Flibe and Flinabe?

—
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Blanket Concepts

® Liquid Breeder Concepts

- Type of cooling

a) Self-cooled
Liquid breeder circulated at high speed to serve as coolant.
Concepts: Li/V, Flibe/advanced ferritic, Flinabe/FS

b) Separately cooled

A separate coolant, typically helium, is used.
The breeder is circulated at low speed for tritium extraction.
Concepts: LiPb/He/FS, Li/He/FS




' Blanket Concepts

® Liquid Breeder Concepts

- Type of cooling

c) Dual coolant
First Wall (highest heat flux region) and structure are cooled
with a separate coolant (helium). The idea is to keep the
temperature of the structure (ferritic steel) below 550°C, and
the interface temperature below 4800°C.
The liquid breeder is self-cooled; i.e., in the breeder region,
the liquid serves as breeder and coolant. The temperature of
the breeder can be kept higher than the structure
temperature through design, leading to higher thermal
efficiency.




Blanket System

® Blanket system:
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'Blanket Structure

® MXtE 87| 0 AE 1 mm HEo| OjAF Ao DN FZAXY &
SAX SHiIX =7.

® Neutron multiplier: (n, xn)-type material
DoKX SERLe| BtE= o Eet=0F 20| HiX|
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Blanket Structure

Neutron Multiplier bed layer
Be or BeTi Alloy(¢.< 2mm)

Tritium Breeder bed layer \l
Li,TiO; or other lithium ceramics,

SN
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manifold
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“Tritium Breeding

® Tritium production by neutron-induced reactions with
natural lithium (°Li:7Li=7.5:92.5)

5Li + n — T + He + 4.78 MeV: thermal and epithermal neutron energy range
‘Li+ n—-T+ He + n" - 2.47 MeV: fast neutron energy range
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< 1 \\ - The 7Li(n,n’a)t reaction is a

5 ~ \ threshold reaction and
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E k requires an incident neutron
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® TBR (Tritium Breeding Ratio)

- Ratio of total tritium production rate in blanket and tritium
destruction rate in core

- Needed to be higher than 1 to compensate for tritium transport

losses during extraction and transfer as well as for its decay before
injection into the core

jjanG (Vn)NGNn(Vn)Vnand3r + jj6n7 (Vn)N7Nn(vn)vndvnd3r
C :van Van
t deNt<ov>dtd3r
V

c

Ng, N-: °Li and “Li atom densities in the blanket volume V,

0.6, O,7: COrresponding microscopic neutron absorption cross sections
N,.: speed dependent neutron density
V,: neutron speed

V.: fusion core volume




Tritium Breeding

® TBR (Tritium Breeding Ratio)
- A8 HZSHE 100 kg/yr (~400 g/day) HE9| tritium Q7
C, = 55.7P:f, (g/yr), Ps: igetetE==(MW), f,: availability
Ex. P, = 2500 MWt (& 7|Z3 1000 MWe), f, = 0.8 — 100 kg 2H|
Cf. CANDU(ZZ)HAQ| tritium H4t2F ~2 kg/yr
Cf. Tritium available worldwide: ~20 kg (2006, Canada OPG)
(+Korea WTRF)
- ITER tritium credit: $30 M/kg

- Market value: $100M-$200 M/kg (19/9)
-TBR = 1.08 O|& @+ 2R HOZO| Z& HAtY S1|&2 EF,
ME& tritiume| 22| X}7| gt ™A 744 Oy
- TBR A 4&F: neutronics - S &1 SRR 4220 CtHM (S| O[E )1t
ALE7|E el 7HE 0| S 8.
blanket2| S&ot #+& 112{3l0F & (3-D).
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“Tritium Breeding

® TBR for Various Breeder Materials

Calculated Tritium
Breeding Ratio, C;

LiPb 14
FLIBE 1.1
LIAIO, 0.9

Li,O 13
Li,SiO, 0.9
Li,ZrO, 1.0

- In a “typical” blanket 1 cm thick with 10% volume fraction of 316

SS, preceded by a 1 cm steel front-wall and backed by a 100 cm

thick shield — Use of the various solid breeders generally requires
an added neutron multiplier .

—“
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® Neutron Multiplication
- Adequate tritium breeding may be obtained if a neutron multiplier

such as °Be or Pb is added.

—
R
_

°Be + n — 2n + 2He - 2.5 MeV

APb + n — 2n + A1Pb - 7 MeV

{n,2n) Cross Section (barns)
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“Tritium Breeding

® Neutron Multiplication
- Adequate tritium breeding may be obtained if a neutron multiplier
such as °Be or Pb is added.

°Be + n — 2n + 2He - 2.5 MeV
APb + n — 2n + A1Pb - 7 MeV

Estimated Upper Limit

Breeding Ratio, C;

ol 1.1
Natural Li 0.9
9Be + OLi (5%) 2.7
Pb + 6Li (5%) 1.7

Assuming materials encompassing the entire fusion core

22
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Tritium Breeding

® Solid Breeder Concepts
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® Liquid Breeder Concepts
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