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Outlines

• Assess the impact of using various refractory metal as structure in the He-
cooled blanket concept on:

- Damage Parameters (DPA, Helium, and Hydrogen production Rates) at
key Locations:

FW, Module Wall,
V.V., SCM Case

Refractory metals considered with liquid lithium (35%Li-6) breeder:
W, TZM, Nb-1Zr (considering other materials is in progress

   e.g. T-111, ODES, V-4Cr-4Ti)

• Assess the impact of using various Liquid Breeders on the same parameters
listed above

• 
Refractory metal considered is Tungsten, Breeders considered are:
Liquid lithium (35%Li-6)
Flibe (90%Li-6)
Li-Sn (90%Li-6)

• Make damage parameters comparison between Liquid and Solid Walls.
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Li-6 Enrichment

Structure: W

Natural Li-6 35% Li-6 90% Li-6
Li Flibe Li-Sn Li Flibe Li-Sn Li Flibe Li-Sn

TBR 0.96 0.45 0.25 1.43 0.99 0.74 1.42 1.21 1.15

PM 1.22 1.07 1.40 1.18 1.03 1.33 1.16 1.02 1.30
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At 10 MW/m2 the DPA Rate at the FW is:
W: 56.3      DPA/FPY
TZM: 89.0      DPA/FPY
Nb-1Zr: 55.5      DPA/FPY

• Tungsten shows the lowest DPA rate
across the blanket/shield system.

• TZM shows the highest damage rate
• Nb-1Zr has a low rate at the FW but DPA

rate resumes the TZM values at deeper
locations
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At 10 MW/m2 the Helium P.  Rate at the
FW is:
W: 21.8    appm/FPY
TZM: 384.1  appm/FPY
Nb-1Zr: 372.8  appm/FPY

• Tungsten shows the lowest helium production
rate. At the FW, its value is more than an order
of magnitude less than TZM and Nb-1Zr cases
(~2 orders of magnitude at back locations).

• Helium production rate in TZM and Nb-1Zr is
similar (Similar cross-sections)
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At 10 MW/m2 the Hydrogen Production
Rate at the FW is:
W: 78.4 appm/FPY
TZM: 3008.9    appm/FPY
Nb-1Zr: 2052.7    appm/FPY

• Tungsten shows the lowest hydrogen production rate.
At the FW, its value is more than an order of magnitude
less than TZM and Nb-1Zr cases (~2 orders of
magnitude at back locations).

• Helium p. rate in Nb-1Zr is lower than in TZM by a
factor of 1.5 at  the FW (~7 at back locations)
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• With Tungsten, the DPA rate at the FW is a factor of 1.6 lower than the TZM
and Nb-1Zr cases. It is a factor of ~7 lower at the Vacuum Vessel.

• With Tungsten, the helium production rate at the FW is a factor of ~18 lower
than the TZM and Nb-1Zr cases. It is a factor of ~6 and ~4  lower at the
Vacuum Vessel than the TZM and Nb-1Zr cases, respectively (TZM values are
~40% larger than the Nb-1Zr case.)

• With Tungsten, the hydrogen production rate at the FW is a factor of ~38 and
~26 lower than the TZM and Nb-1Zr cases, respectively. It is a factor of ~10
and ~3  lower at the Vacuum Vessel than the TZM and Nb-1Zr cases,
respectively

• Damage parameters are generally larger with the TZM structure than the Nb-
1Zr.

• Damage parameters at the V.V. and the TF coil case with the tungsten
structure are similar to the values in the thick liquid FW/blanket concept with
Ferritic steel structure.



Displacement per Atom (DPA/FPY) - 10 MW/m2
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Thick Liquid Wall
Concept
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Location

W TZM Nb-1Zr Location Ferritic
Steel

FW 56.3 89.1 55.5
Module
Wall

50.3 81.8 51.6 Solid Wall 3.6 /142

V.V. Case 0.009 0.07 0.06 V.V. Case 0.01/0.26
SCM Case 0.00007 0.0008 0.0004 SCM Case 0.0001/0.003
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Helium Production Rate (appm/FPY) – 10 MW/m2

He-Cooled Refractory Alloys
FW/Blanket

Concept (Li- Breeder- 35% Li-6)

Thick Liquid Wall
Concept

Flibe (Natural Li-6)

Location

W TZM Nb-1Zr Location Ferritic Steel
FW 21.8 384.1 372.8
Module 18.5 341.8 324 Solid Wall 20.8/1564



Wall
V.V. Case 0.096 0.64 0.43 V.V. Case 0.02/0.645
SCM Case 0.0005 0.005 0.003 SCM Case 0.0002/0.008

Hydrogen Production Rate (appm/FPY) – 10 MW/m2

He-Cooled Refractory Alloys
FW/Blanket

Concept (Li- Breeder- 35% Li-6)

Thick Liquid Wall
Concept

Flibe (Natural Li-6)

Location

W TZM Nb-1Zr Location Ferritic Steel
FW 78.4 3009 2053
Module
Wall

66.6 2671 1782 Solid Wall 85/6882

V.V. Case 0.09 0.89 0.30 V.V. Case 0.07/2.7
SCM Case 0.001 0.01 0.004 SCM Case 0.0009/0.03



• Damage Values at the FW and Module Wall
are similar

• Damage parameters at the V.V. and TF Coil
are higher with the Lithium breeder than with
the Flibe breeder by a factor of 6-10
• Damage parameters with at the V.V. and TF
Coil are larger with the Li-Sn breeder than
with the Flibe breeder by a factor of 1.3-2.7
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Damage parameters Comparison for Liquid and Solid Walls

Configuration

Brad’s layout for I/B and O/B
2 cm liquid FW followed by 40 cm liquid pocket
4 cm pocket solid wall
shield (40% liquid- 60% structure)
   50 cm , O/B
   40 cm , I/B

Structure:  Ferritic Steel
Liquid Breeder:
   Li
   Li-Sn
   Li-Pb

Damage Parameters:
Annual DPA
He and H production rates (appm/FPY)
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 Using Liquid FW/Blanket (42cm-
thick Flibe) leads to ~1-2 orders of
magnitude reduction in the damage
parameters
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At the Solid Wall, the DPA rate is larger in the bare
wall case by a factor of:
    ~40 (Flibe) ~15 (Li-Sn) and ~5 (Li-Pb)

At the Solid Wall, the helium production rate is
larger in the bare wall case by a factor of:
     ~170 (Li-Pb) ~85 (Li-Sn) and ~75 (Flibe)

At the Solid Wall, the hydrogen production rate is
larger in the bare wall case by factor of:
   ~165 (Li-Pb)  ~85 (Li-Sn)  and ~80 (Flibe)

DPA:
An order of magnitude reduction for every
~26 cm (Flibe)  ~35 cm (Li-Sn), ~60 cm (Li-Pb)

Helium and Hydrogen:
An order of magnitude reduction for every
~19 cm (Li-Pb) ~22 cm (Li-Sn and Flibe)
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Damage Behind the Liquid FW/Blanket:  

- DPA rate is the largest with the Li-Pb Breeder
and the lowest with the Flibe breeder. Values
with Li-Sn breeder are intermediate. The values
with Li-Pb are a factor of 7-8 larger than with
Flibe at FW, TF Coil, and Cu-Stabilizer. (A
factor of 55 larger at the V.V. Case)

- Helium and Hydrogen production rates are
lower with the Li-Pb breeder by a factor of 2-3
than with Flibe and Li-Sn breeder.  They are
comparable with the Flibe and Li-Sn breeder.


