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Evaluation of Induced Activity in a Fusion Reactor
and Prospect of Advanced Low Activation Blanket Structural Materials
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Abstract

The evaluation of induced activity in a fusion system was made. The activity at the first wall and blanket
structures are critical from the viewpoint of environmental safety and materials for low activation should be
developed. The present status of development of candidate materials such as ferritic steels, vanadium alloys
and SiC composites are viewed. Furthermore, isotope controlled materials and annihilation of radioactive nu-

clides are discussed.
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Fig.1 One dimensional model of a fusion reactor.
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Fig. 2 Dose rate during operation of ITER [2].
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Table 1 Proposal criteria for low activation.
Waste Disposal
10CFR61(Shallow land burial) O mSv/h U1
Permanent Disposal O mSv/h 02

Recycling

Hands-on Recycling M pSv/h-MuSv/h 51

Hands-on Recycling (M uSv/h 02
Remote Handling Recycling 11 mSv/h 02
Exemption Limit M uSv/y 03

U1 ET.Cheng (1998),  2: P.Rocco et al. (1998), U 3: IAEA (1989)

Table 2 Concentration limit of elements in blanket materials for
waste disposal (10CFR61) and recycling after 20 MWa

/m2[4]

Element  Waste disposal after Recycling after 100y
50y cooling cooling

\% No limit No limit
Cr No limit No limit
Ti No limit 5.8%
Si No limit 8.5%
Ca 36% 24%
N 3.6% No limit
Al 1% 353 ppm
Cu No limit 0.1%
Fe No limit No limit
Mn No limit No limit
Ni 69% 700 ppm
Zr 25% 1%
Ta No limit No limit
w No limit No limit
Ag 9 ppm 0.025 ppm
Bi 25 ppm 0.12 ppm
Nb 3 ppm 0.12 ppm
Mo 52 ppm 20 ppm
Co No limit 20 ppm
Cd 0.62% 19 ppm
Dy 64 ppm 1.7 ppm
Er 82 ppm 3.3 ppm
Eu 0.13% 0.0038 ppm
Gd 140 ppm 0.57 ppm
Hf No limit 5.7 ppm
Ho 0.48 ppm 0.019 ppm
Ir 7.5 ppm 0.13 ppm
Os 0.11% 20 ppm
Pd 850 ppm 2.4 ppm
Pt 35% 630 ppm
Sm No limit 1.2 ppm
Tb 1.2 ppm 0.0058 ppm
Tm 760 ppm 30 ppm




Journal of Plasma and Fusion Research Vol.79, No.5 May 2003

0000000000000 TablelOOOOOOODODO
000o0oooUooooooOoUOoooUoooUOoO 10
mSvwhOOOOODOOOODOO 1ouswhoOoOOoOO
oooooomommooooooooooooom
CFRClass QO 000000000000 OOOgo
000000000000 Table20O000OOO0OOOO
0000000000000 oom@ooo
0000Onoooo0ooooo0oooooooooo
00ooMmoooooooooooooooooooo
00000 IAEAQD FENDL/A200 ODO0COOOOO
0000000000000 oD0ooDU0oooDooDOoo
0oooooooooooooooooooooooo
O0O00OO0O0OFeOCrOVOTaOWOOOOOGOGOooGQ
pgpooooddddddddoouoouooo
00ooo0oooooooooooooooooooo
o000 UoUUoUoUoUooboo
000O00D00000ADAKDDt,072xOF y Ag
O Ag mOt,,,000 y[M B BETOO 400 yITINB! Nb
10 4,0 2.03x [M* yOO Mdl NbflI0OO CaJ Cof 10 tn0)
527y Cdl AgiI) mM DyO HofI mO p0 1.2x (O
y[M Ef] Hot T m E@ Eui 0O 0 358 y[II Gd1 Th
0000y M H HFTD mO 4000 yII HA! Hot I
m Ir0 Iri mO 000y O8! I m PAl Ag
TOmD PE v m Sml EuTOM TH ThE O Tm
OHoHMOmMmOOOOO

gooOooOoOoOoOoOoOoOoOoOoOoooUooUooooo
000000000 00ooo00o0oooDooDoooDo
goooooooooooooooooooooooo
00000000000 IAEADOOO10 uSvy
Jomoooogoooo

goggdoogooooobbooodod
gboboobooooboobobobobooooooon
gboobooboboooboooooobogoboboboo
goboboboboooooooobooooboboo
gbobobobooooboooboobooobobooboo
gboobooboboooobooooooboooobooboo
0000000o00o0DO00D00oO0DOoO00Frge 30
gbooobooobooboosusmogoooooo
gooboboboooooooobooooboboo
gboboboboooboobooboobob-Toaobaon
gbobidiMevOODOOOOooOOoOoOOOODODOD
0000000 Fe.300000D0000OO0ODOO 14
MevOOevOOOOOOOOOOOODOODODOD

10" R e e B B B B e B B e

]ON b
Blanket First Wall

10"

10" Vacuum Wall E
]0" S i

10" - Super Conducting Magnet E
E L ]
10°F e R
i | ]
o y
10 F 4

Neutron Flux per unit lethargy (n/cm®/s )

106 i l 1l ol d Yl il d T qul sl i1 E
10° 102 10" 10° 10" 10* 10° 10* 10° 10° 10" 10°
Neutron Energy (eV)

Fig. 3 Neutron spectra for a fusion reactor.
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Fig. 5 Dose rate of several candidate blanket structural materi-
als after irradiation for 10 MWa/m2.

Table 3 Physical properties of several candidate blanket structural materials.

Material Density (g/cm3) M.P.(O) Thermal Conduc- | Thermal Stress | Working Tem-

tivity (W/m/K) Factor (W/cm) perature ()
SUS316 8.03 1400 16.3 146 400
Fe-9Cr-2wW 7.75 1420 26.8 755 400
MA956(Fe-20Cr-4.5A1-05Ti-05Y203) 72 1480 109 149 540
Ti-6Al-4V 437 1538 741 729 426
V-4Cr-4Ti 6.11 1875 312 113 600
Al-1Mg-0.6Si 270 615 218 370 <150
Nb-1Zr 857 2413 418 159 1095
TZM(Mo-0.5Ti-0.1Zr) 10.16 2610 142 987 1095
w 19.25 3410 155 105 1000
TiAl 391 1460 264 44 800
SiC/SiC 25 2830 55.6 463 1000
Be 1.85 1287 210 876 400

RN
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Fig. 6 Relation between ductile-brittle transition temperature
(DBTT) and Cr content in ferritc steels after neutron irra-
diation [11].
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Table 4 Chemical compositions of candidate low activation ferritic steels (wt.%).

C Cr w \Y% Ta Mn Si N Ti Fe
F82H J 0.1 8.0 20 02 0.04 0.5 0.1 <0.01 LAP bal.
JLF-1 J 01 9.0 20 0.19 0.07 0.45 <01 0.05 <0.015 bal.
ORNL us o1 85090 20 0.25 0.07 0.45 02 bal.
EUROFER EU 010012 80090 10012 0200030 0060010 04006 <0.05 0020004 <0.02 bal.
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Table Comparison in irradiation response between V alloysO
SUS 316 and Ferritic Steel.

Material SUS316 | Ferritic V-15 Cr-5
Steel (HT-9) | Ti

Melting Temp. (O) 1400 1420 1880

Dpa (IMWa/m?) 11 11 11

He generation (appm) | 174 130 57

H generation (appm) 602 505 240

Allowable stress (MPa)

(2x 10% hrs, 100dpa)

5000 100 155 165

5500 85 100 165

7000 g g 165
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Table 6 Mechanical properties of SiC and several SiC/SiC composites.

Material \Y%i Porosity  Strength Toughness Thermal Conductivity
(%) (%) (MPa) (MNm?1/2) (W/m-K)
CVDSiC(Morton) 0 0 595 (BT) 33 318
CVI SiC/SiC(SEP, NicCG) 45 10 300 (BT) 22 95 19
CVI SiC/SiC(ORNL, HiNic) 42 13 380 (BT) 25 74 253
RS SiC/SiC(Toshiba, HiNic) 30 0 450 (BT) 20 30
LPS SiC/SiC(Kyoto univ., 20 400(TT) 30
Tyranno-SA)

RS: Reaction sintering, LPS: Liquid phase sintering, BT: Bending test, TT: Tensile test
CVD: Chemical vapor deposition, CVI: Chemical vapor infiltration
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fibers.
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