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ÅEnergy Removable from the Blanket

Power Extraction
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Energy flows into and from a fusion reactor blanket



4

║ ᴘ›Ἁ╢›Ћּק ᵏ

ñ= dVQvnnP DTDTTDf s

ä++=
j

jjTDe nZnnn
eTD nnn

2

1
º=

ññ

ñ
=

=

dVndVTnT

VdVnn

kkkk

Pkk

/

/

( )

( )
kpp 2

0

3.02

2

2

1

1

aRV

xn

xT

p

k

k

=

-´

-´

Å ᵞᴘכׇּ ṥ Ẅף ╓ᴘ╢ ›Ћּק ᵏ

- 2.4.2.

- ҿ▀ ͌ ₣ҵ₮ ͌ Ḍҵᵑ ˇҗגҵ
̑ʼ Ṫ ⁄ ӻג ╔ ᴏ╘ 2Ḥ
♬ҵ תּͥ ṉ ὡ ▓╛.

DT
vs : Assuming Maxwellian distribution for ion

dtdEP /*=
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Power density for a typical blanket using a Be neutron
multiplier zone followed by a high concentration of LiAlO 2

and some H 2O with an outer graphite reflector

Power Extraction
ÅNeutron 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.

HW: Why ?

D-T ╔ ḙ╞⁄ ╥ ỸἛӈ 14.1MeV ַאἛ▫ Ϯʺ ẇצ ⁄

░ỢӉ ԅ ᵡѻ ₮▫Ἓאַ ẇצ ̯Ἓᶹֿ̓פ╥ ḙ╞⁄ ╥ ♣ ♠╖ᴛ

– 18~20 MeV ḛ⁸
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ÅBlanket Multiplication Factor

- Generalising energy enhancement in blankets

- Mb = 1.3 -1.8

Power Extraction
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fn: fraction of the fusion energy carried by the neutrons
E* nl: total energy released by an l- type neutron - induced reaction.

For D -T fusion and 
assuming lithium as the 
only neutron reactive 
substance in the blanket
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ÅЄʸᾋᾂ
- ẇצ ╥ Їʻᾎᾅ ╘ ᴛל Їʻ◓, ̯ⱳ◓ᴮ, ḛ⁸Ṫ ⁄ ╥ ˺♬ӊ:

ᵙ ᶹ╪ ▓Ѥ ◓ᾏשּ ₅⁵╪ ̆ḛ⁸ ₅⁵

ITER DEMO

FW⁸Ṩ (MW/m 2) 0.2-0.5 0.5-1

Ἓ▫ṈṨאַ (MW/m 2) 1 3-5

▫Ἓאַ Fluence (MWa/m2) 0.5 > 10

- First wall: и╘ Ⱡ⁸Ἓѫ ⅝̯. ┬ἶ╙ и╪̆ Їʻ̕ ʼ Ợ╪ᵑ ꜗ . 

⁸╞ᴏ╙ ϻ˭ .

- ◓ᾏשּ ḓ ◓Ḥשּ ₅⁵: ᵙ ╥ Ḣ ╙ ʺѫ и▀ ὡ ▓Ѥ ₣ҵᴛ Ⱡ‡.

Їʻ̕ ♠♥ Ḥ

Power Extraction
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ÅЄʸ◐ Ἅ
- ˿ὡᴛ⁄ἌѤ Їʻ◓ʺ ▫Ἓאַ ˁἶ◓ᵑ ˻ ̆ ▓‡ Яᾔ Ἓ⁄ ᾔ ˭

́̕ ᵣתּ ╔ ᴛ⁄ἌѤ Яᾔ ╥ᵡנּג Ἓ╪ Їʻ◓⁄Ѥ ῷᶴ׳

₅ ╙ תּל Ώ╖ḃᴛ ◓ᴮ Ἓ╪Ϯ ḛ♣ ═╥ ̕♩⁄Ἄ Їʻ◓ᵑ ἐ

ὡ ▓╛. ḛ♣ ═╘ Їʻ◓ ̯₣ҵ⁄ ╥ ˺♬ӊ (Їʻ◓₮ ̯ⱳ◓╥

‚ᵞἛ ̆ᴎ ⅝)

- ЯᾔṨᴛṨ ⁸̪ ͙ᵑ ˞ תּ Ώ̆ ẍ╖ᴛ ʺѤ ♪וֹ cycleᴛ ᵑ͙שּ

͕̑ ˿↕⁄Ѥ ⁄͙שּ tritium╪ ░Ӊ ʺѫἛ╙ ̆ᴎ ‒ ᶒ, ẍ╥

leak ḢּתѤ ˿ὡᴛ ╪Ữ╖ᴛ ⅝אַ . ʺ ὡ (300ºC ♬ҵᴛ) 33% ♣ , 

̓⁸ ֞Ѥ ▐́  ᴛ͙שּ 40-42% ♬ҵ╥ ⁸ ═╪ ₉Ữӊ.   ͔ἶ╥

˿↕⁄Ѥ ⁸̪ ͙ᴛ ̆₣ Ϯ͙שּ ̆₣ ʺᾅᵑ ỸἛ ⁴ ẍ╙ ὡ . 

╪ ˿↕╥ ⁸ ═╘ 40-45%ᴛ ₉Ữӊ. ̆₣ He Їʻ⁄ἌѤ ₣ҵᵑ 1000ºC

♣ תּͥ ₤ᵜ ὡ ▓╖ᶔ ̆₣ ʺᾅᴛ₮ ҿ▀ He gas turbine⁄ ╥

45% ╪Ữ╥ ═ҵ ͙ҍ ὡ ▓╛.

Power Extraction
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Єʸ◐ ◌♣ ѻ♣

ᶹ(˿ὡ)

- ♣⁸ Ἓ╪ ꜜ╛
- ẋ̪♠ ♇┬ἶ╖ᴛ Ⱡ⁸Ἓѫ╙ .╛ 
- ▫͙◑╥ ₅ ╙ Ḛּת Ώ╛.
- ҿᴏ ‚
- ̯ⱳ◓₮╥ ̑ⱵἛ иῷ Ἓѫ ‚
- ˿ὡᴛ ͙ὥ ♠↔ ʺѫ

- ▫Ἓאַ ὡḙ╞ Ѿᶔ♠╪
(TBR ♇ )

- Їʻὡ╥ ᴛϿ ḓ ╥ᾏ₅⁵╖ᴛשּ
ы ⁄ ╥  ᴏỮᾍ ҍ ⅝

He gas
- ♠╖ᴛ Ṭ Ἓ, ͕ ↔╪
- ̯ⱳ◓₮╥ ̑ⱵἛ ‚
- ̆₣ ͕ ʺѫ╖ᴛ ̆ḛ♣ ═ ͙ҍ

- Ϯ╪װ↔⁸ ⁸♣Ҁᵉ╪ ẋ̪♠
▬ῷ Ⱡ⁸ ́ʺ ϻ╛.

- ҿᴏ╪ ︠.
- Ἓѫ╪ ϻῷ ʺ ӎΊ√︠.

 
͔ἶ

- ♣⁸ Ἓ╪ ‚
- ♇ ⁄Ἄ ̆₣⇔♣ ʺѫ
- Їʻ◓₮ ᾏ◓ᵑשּ ˻ ╖ᴛ ╬
ẇצ ̯ⱳ╥ ʼר

- ḙ╞ỸἛᶹ╥ ╬ ╪Ϯ ἛṪⱳ♬ Ӯ╙
⁷ἶ Ἄ ὡ ▓╛.

- ♠╖ᴛ Ἓ
- MHD  ᴏ Ἰᾒ╪

(♣͙♥⁷ ṓ ἒ ֞Ѥ ͙ ╪ ᵆᴛ
♣͙♣ҵ═ ϿᵙѤ Ḣḹ Ӯ ̆ᴎ)

Power Extraction



Å̬ Ɑ◐ Ἅ
- ◓ Ω⁄Ἄ ⁷̯ˌḛ ╬אַ ẇך אַ

̯ⱳ◓ᴛἌ ̆ ▓Ѥ ╘פֿ◓ RAFM ˆ

╪ ∩Ӯ ˭ ᵤ╛. ͎ױϮ ◓ ʺѫ ̯ⱳ◓

╥ ꜙᵆѤ ᵰ↕ Ⱡ ♠▐.

- SiCf/ SiC ṓ Ѥ ̯ⱳ◓ᴛἌ╥ ↕ὡἛ╘

Вᵙ Ӈ̆תּ╬ ▓╖Ϯ, ᾒⱠ ṓ◌ ̯ⱳ╥ Ⱡ

▬Ἓ╪Ϯ ̆₣·̆⁸̓ и╘ ⱳỢ⁄Ἄ╥ ˞ҿ

̓ Ἓѫ⁄ ̕ᴐӈ Ṭ ᾒἛ╪ ▓͙ ԅᶷ⁄

Ἓ ṉ ⁄ ҍ ⁷̯ʺ ⅝.

- W ͔ ̓ V ͔ Ӯҵ ⁵ᾎ ᵡ ᴛתּʺ ̆

═╥ ⁄Ўּתṉ ᾎᾅ ⁄ ♠ ͔ ,ᵣתּ

╥ ˌḛ╙ ─ ụ‰ᾎἒ╥ ˌḛ̓ Ζ Ṩʺ

♠╬ ͙ὥˌḛ╙ ⅝ᴛ Ỏ ῷѱג, Ⱡ▬Ἓ

̓ ẋ↔ ᶷⱠ Ӯ╪ ▓╛. 

- Ṓѻ и╘ ⁸ ═╙ ─ ἌѤ җ и╘ ̯ⱳ

◓ ˌḛ─ ╥ Ṩ҅╙ ˁὡ ‒ .

Power Extraction
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Radioactivation

Material
Displaced atoms 
(10 7 atoms/s)

He production  
(10 7 atoms/s)

H production  
(10 7 atoms/s)

Fe 3.6 35 150

Ni 3.9 130 400

Mn 3.6 27 100

Nb 2.3 9 30

Ti 5.0 34 50

Cu 4.9 32 170

6Li 3100 3100

7Li 360 370

- Radiation damage occurs by atom displacement and by nuclear 

transmutation involving primarily those producing 4He.

- Typical atomic displacement and gas production for 1 MW/m 2 neutron wall 

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 this occurs in the 

liquid , pressure buildup and swelling are not a problem as it can be in solids.
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Radioactivation

- Neutron - induced transmutations in 

blanket materials also result in 

radioactivation ïmost 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.

The residual radioactivity of selected elements 

irradiated for 2 years in a typical first wall flux of 

1.5 MW/m 2
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Radioactivation

- Neutron - induced transmutations in 

blanket materials also result in 

radioactivation ïmost 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.
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Radioactivation
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2 2011- 29 3

ü̆ Ḣ─ר ᶹ : ḢỢѫ зҵ ḓ

⁸ḛỸᵉ╪ ͋♬ ╪Ữ╬ Ḣ ᶹ

üַאƖ♇ר─Ḣ ᶹ Ḣ─ר̆ : ᶹ

╪Ω╥ Ḣ ᶹ

ḟởѨ

дҲ

ḙˁ͙ 20Ц ╪Ữ╥ ῼ ἐ╙

Ḣ Ѥ ꜙ╖ᴛ

4,000Bq/g ╪Ữ

⁵Ḙỵᵆ 2 / ╪Ữ

2 kW/m 3

4,000 Bq/g 20

̋
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Radioactivation

RAFS (RAFM): 

Reduced Activation Ferritic (Martensitic ) Steel

- Neutron - induced transmutations in 

blanket materials also result in 

radioactivation ïmost 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.
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Radioactivation

ÅF82H steel

- Feŕ8~9Crŕ1~2W-V, Ta: 

Tempered MartensiteἍ ˿ Ͽ⁸ˆ

Mod9Cr Ͽ⁸ˆ (T91: Cr-1MoVNb)⁄

♇ḢỢ Ἓ╙ Ṩ⁴

ɣ MoɣW, NbɣTa, N ♇ˁ, ̆ὣҵ

- ˆҵ, ╬Ἓ, ϿᾏἛ Ӯ╥ ̕♩⁄Ἄ

Ni, Cr╙ ┬

- MoϮ Nb Ӯ╥ Ḉװ ʺ ∟ἵ╥

ḢỢ ҵ ᶒ, ˿↕⁄ ӻגἌѤ

Ữ҉ и╘ ▲ᵆ ḢỢѫ ḛỸ ʺѫ

F82H IEA heat (5 ton heat)

Fe Bal.

C 0.09

Si 0.07

Mn 0.1

P 0.003

S 0.001

Cr 7.87

Ni 0.02

Mo 0.0003

V 0.19

Nb 0.0002

N 0.006

Co 0.003

Ti 0.004

Ta 0.04

W 1.99

Heat treatment condition: 
Normalizing (1040ɒƎ40 min/A.C.), 
Tempering (750ɒƎ60 min/A.C.)



Advanced Reduced-Activation Alloy 

(ARAA) for Fusion Reactor Applications

Advanced Materials Research Division

Korea Atomic Energy Research Institute

Young -Bum Chun
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Materials for Fusion Reactor Applications

Divertor
- CFC, W, CuCrZr
- 316L(N) -IG

Magnet System

- Nb3Sn, NbTi, Cu

- 316LN, JJ01, 316L

- Alloy 718, glass fiber

Vacuum Vessel

-316L(N)-IG

-304L, 304B4, 304B7

Cryostat

- 304L, 304

Diagnostics

-Al2O3 single crystal

-Diamond, silica, quartz

Thermal Shields

- 304L, G10, G11

- Alloy 718, Ti alloy 660

Test Blanket Module
- Tritium breeding, energy conversion

- High-energy, high-fluence neutron

- Material: RAFM steel

ITER (International Thermonuclear Experimental Reactor)

(Reduced-Activation 

Ferritic-Martensitic)


