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Poveet Extraction
A Energy Removable from the Blanket
E; =Db(f, E;u + E:ad) + a E;l b: blanket coverage
| factor depending

on the specific
blanket geometry
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(n,xn) - reactions

n(Li,T) ofn)
(n,y) - reactions

Energy flows into and from a fusion reactor blanket
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<SV>DT . Assuming Maxwellian distribution for ion

()= fnadV/V;
(To) = T AV/ i dVv

T, [1- x?)
n ~ (1- X2)0.3
V. = 20Rma’k




Povee Extraction

A Neutron Power Distribution

- Energy deposition varying with the depth of blanket penetration

- The trend must be considered in designing the coolant flow pattern
and also in calculations of breeding, radiation damage, and

activation. 102
Total
& 102+ 0 emeee Neutron Induced
5 x — —.Gamma Induced
DT f ek T VY'Ey 141MeV X'Es= " WX /
"OH AV XO NE=F WX _ E'D5’ 7 efk/ T #VeqrT
— 18~20 MeV g @
Multi. Breeding Refl. ™~
fe—e— o el
fgcm 30cm 15¢cm Z HW: Why ?
l':nner Radius, r —rlouter

Power density for a typical blanket using a Be neutron
multiplier zone followed by a high concentration of LIAIO 2
and some H ,0 with an outer graphite reflector




Poveer txtraction

A Blanket Multiplication Factor
- Generalising energy enhancement in blankets

- M, =13 -1.8

a Mm.Q.d°r For D -T fusion and

| assuming lithium as the
only neutron reactive
substance in the blanket

bfn E;u + a. Er’;l
M, = - =p+—2
anfu fn ﬁRfu(?fud3r
VC

Qn6 ﬁFFnGNGNn(Vn)Vnandsr +Qn7 ﬁFF n7 N7 Nn(Vn)VnandSr
= b+ van van

~ 3
fn,dtht ri\ld N, <sv>,dr

V,

Cc

f,. fraction of the fusion energy carried by the neutrons
E* . total energy released by an |-type neutron -induced reaction.




PoweeE Extriaction
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Poveer tatraction
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Poveebntraction
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He gas
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Poveer txtraction
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Rathedotivation

- Radiation damage occurs by atom displacement and by nuclear
transmutation involving primarily those producing “He.

- Typical atomic displacement and gas production for 1 MW/m
loading (typical on FW): displacement rate not strongly dependent on the
type of material whereas the gas production rate sensitive to material choices.

- Lithium possess a significant gas-production capacity but if
liquid , pressure buildup and swelling are not a problem as it

Material Displaced atoms
(10 7 atoms/s)
Fe

3.6
Ni e
Mn 3.6
Nb 2.3
Ti 5.0
Cu 4.9
6 j

TLi

He production
(10 7 atoms/s)

35
130
27

9

34
32
3100
360

2 neutron wall

this occurs in the
can be in solids.

H production
(10 7 atoms/s)

150
400
100
30
50
170
3100
370
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' Radliodctivation

- Neutron -induced transmutations in
blanket materials also result in
radioactivation T most important
with respect to reactor
maintenance, storage of reactor
components.

1011 e

10°

- The level of radioactivation , along 107

with other radioactivity aspects
such as the T inventory will be a
key factor in determining the
environmental impact of fusion 10° |

reactors. oy rr e i
Time After Shutdown (sec)

Radioactivity [ Bq / W(th) ]

!

The residual radioactivity of selected elements
irradiated for 2 years in a typical first wall flux of
1.5 MW/m 2 13
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Ratliedctivation

- Neutron -induced transmutations in
blanket materials also result in
radioactivation T most important
with respect to reactor
maintenance, storage of reactor
components.

- The level of radioactivation , along
with other radioactivity aspects
such as the T inventory will be a
key factor in determining the
environmental impact of fusion
reactors.

Curies/Watt (Thermal Power)

Comparison of Fission and Fusion

Radioactivity after Shutdown

Years After Shutdown

g M|
'.h"'-.
Fission:
Light Water Reactor
\
\
A
\ Fusion:
'\ Conventional
L. E_t_arnnc steel
IS S L =
L] —
[} S ~
I Eusion:.......... kWSSO SO ———
- Reduced Activation % E
Ferritic Steel [

F __CoalAsh  "TTmmee-o 5
- Below Hegulatory Goncern g

R | I A L IR | [ B RN
1 10 100 1000 10°
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Radhedctivation

= Fission:
3] 2 Light Water
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Ratheactivation

- Neutron -induced transmutations in
blanket materials also result in
radioactivation T most important
with respect to reactor
maintenance, storage of reactor
components.

- The level of radioactivation
with other radioactivity aspects
such as the T inventory will be a
key factor in determining the
environmental impact of fusion
reactors.

, along

Eurofer F82H
(Europe) (Japan)
An element Composition (wt%) | Composition (wt%o)
Fe 89.04 89.924
C 0.11 0.09
Cr 9.0 7.7
W 1.1 1.94
Mn 0.40 0.16
A% 0.20 0.16
Ta 0.12 0.02
N2 0.03 0.006
Total 100 100

RAFS (RAFM):

Reduced Activation  Ferritic (Martensitic ) Steel

17




Radheactivation
ArgoH steel | FB2H [EAheat (Stonhea)
Fe Bal.
- Fef 8~9Crf 1~2W-V, Ta: c 0.09
Tempered Martensite 'AA Q8 7 Si 0.07
Mod9Cr D8 = (T91: Cr1MoVNb)/ Mn 0.1
PHO "EL S p 0.003
Yy Moy WNby TH ¢ )" &1 S 0.001
- " 1,FE,QAEY T 1/ A Cr 7.87
Ni, Crl T Ni 0.02
- Mot Nb Y4 Cu M" Li g D OO0
HO 1 e,. 1/ §faAK v 0.19
O AL oae HO® eV " & Nb 0.0002
N 0.006
Co 0.003
Heat treatment condition: = e
Nor mal i zi rdd0 minfACC4,0 o
Temper i n @geomin/A.C.p Ta 0.04
W 1.99
18
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Advanced Reduced-Activation Alloy
(ARAA) for Fusion Reactor Applications

Advanced Materials Research Division

Korea Atomic Energy Research Institute

Young -Bum Chun



Materials for Fusion Reactor Applications

f — ",
ITER (International Thermonuclear Experimental Reactor)

Magnet System

- Nb3Sn, NbTi, Cu

- 316LN, JJ01, 316L

- Alloy 718, glass fiber

Diagnostics
-Al,O3 single crystal
-Diamond, silica, quartz

Thermal Shields
- 304L, G10, G11
- Alloy 718, Ti alloy 660

Cryostat

- '304L, 304 Test Blanket Module

- Tritium breeding, energy conversion
- High-energy, high-fluence neutron
- Material: RAFM steel

(Reduced-Activation
Ferritic-Martensitic)

Vacuum Vessel
-316L(N)-IG

-304L, 304B4, 304B7
Divertor

- CFC, W, CuCrzr
- 316L(N)-I1G

CO



