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Introduction

C Metal Fuel Recycling in Sodium-cooled Fast Reactor
A Enhanced utilization of uranium resource
A Efficient transmutation of minor actinides

A Inherent passive reactor safety
A Proliferation resistance with pyro-electrochemical fuel recycling

U To meet the goals of Generation IV SFR
- Sustainability, Safety, Economy and Proliferation Resistance
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PWR- SFR Closed Fuel Cycle

--------------------------------------------------------

U-TRU-Zr Fuel

Spent Fuels
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Waste

* TRU (Transuranics) : Pu + MA
* MA (Minor Actinides) : Np, Am, Cm

ADuration needed for radio toxicity decre

AUTtilization of uranium resource can be enhanced by 100 times
ASpace for high level waste can be reduced by 1/100

AHigh proliferation resistance by handling TRU together

ase can be reduced by 1/1,000




SFR metal fuel targets and technical challenges

C Fuel Performance Targets

Gen-IV Target Rational
Peak Burnup (at.%) Cr0 High burnup
Peak Cladding Damage(dpa) 0200 High burnup
Peak Cladding Temperature (°C) 0650 High thermal efficiency

C Technical Challenges

E Remote fabrication of metal fuel with radioactive minor actinides
AControl of Am vaporization during metal fuel casting
MReliable remote fuel fabrication

E Advanced cladding for high burnup and high temperature
Adigh strength FMS(ferritic martensitic steel), ODS(oxide dispersion steel)

E Verification of Irradiation performance of U-TRU-RE-Zr metal fuel
AEffect of minor actinides and rare earths(RE) in fuel
Adigh burnup performance
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Fuel Slug Fabrication

C Fuel slug gravity casting system C Casting process investigation

- Advanced fuel casting system to control - Casting conditions
evaporation of volatile americium during Abatch size, casting temp.,
melting of U-TRU-RE-Zr fuel alloy with casting pressure, heating rate, etc
minor actinides - Casting components

- The melt was poured downward into a A Crucible, distributer, mold
graphite distributer where the quartz mold - Coating materials and method in crucible
assembly were attached. AY,0,, TiC, ZrC, HfC, etc

A Plasma, slurry coating

melt dipping test of plasma

Test rods of coatin .
J coated Y ,O5 in U- Zr melt

materials
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Fuel Slug Fabrication

C Fuel slugs by gravity-casting C Characterization of fuel slugs
- Varying fuel composition - Alloying composition
U-(5,10,15)Zr, U-10Zr-(2,4,6)RE, - Density
U-10Zr-5Mn, U-10Zr-RE-Mn - Microstrucure

- Thermal properties

- Dimensions: (5.0~10mm) t x 300mmL : :
_ _ - Mechanical properties
- Retention of volatile surrogate Mn R R T
A~94% at 1 bar(Ar) casting pressure S . i §ng....'. g .2
- Radiography : gamma and neutron SR AL S SRPRT Y

Microstrucure of U -10Zr and U - 10Zr- Ce fuel
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Injection Casting

C Injection casting of fuel slug

- Vacuum injection casting of U-Zr and U-Pu-Zr is a proven technology with vast
experience in US

- The method to control evaporation of volatile elements during casting needs to be
developed

C Establishment of small versatile injection casting equipment
- Capacity : 1 kg/batch max. U alloy
- Fabrication tests of surrogate(Cu) fuel slug




Particulate Fuel

C Particulate fuel concept C Advantages
- Fuel particle fabrication followed by vibro- - Casting Mold not needed
compaction or consolidation of fuel - Process loss reduction
particles - Fuel without Na bond(potential)

C Fabrication of atomized powder
- U-10wt%Zr fuel particles were fabricated C Future work

by atomization process - Consolidation of fuel particles
- Particle size : avg. 60nm and 300mm - Characterization and irradiation test

Centrifugal atomization U- 10wt% Zr powder




Remote Fuel Fabrication

C Remote fabrication in Hot Cell
- Accessibility, manipulation, maintenance and viewing
- Reliability and practicality
- Experience : DUPIC(: Direct Use of spent PWR fuel In CANDU reactors) fuel
rod fabrication in hot cell

C Preliminary conceptual design of TRU fuel fabrication facility
- Establishment of design criteria
- Fuel fabrication equipments and facility
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Cladding material Development

C Objective
1 Development of high strength FMS(HT9M) cladding for high burn-up and
high temperature application

U Creep rupture strength (650°C) improved by more than 35 % from HT9

Strengthening mechanisms of FMS I

Strengthening

Strengthening

Solid Solution ‘ Precipitation ‘

+ Mo +W
+ W

+V + Nb
+V + Nb

Alloy design for advanced cladding
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Cladding Tube Fabrication

C Objective
- Development of cladding tube fabrication
process

C Status

- Fabrication of cladding tube

A Fabrication of mother tube
V Melting (1 ton ingot)
V Fabrication of Hollow billet
V Hot extrusion and pilgering

A Fabrication of cladding tube(HT9, Gr.92)
V Drawing and intermediate heat treatment Foood A~
V Final heat treatment (1050°C, 760°C) Heat treatment
V Final dimension of cladding tube

(OD 7.4mm, T 0.56mm, L 3,000mm)

= ’y
- Fabrication of cladding tube(HT9, HTOM) //‘ \\

C Future work
with optimized process

Intermediate cladding Cladding tube
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Evaluation of cladding tube

C Obijective

- Production of performance data

C Status

- Setting of cladding test equipment
ATube creep/burst test machine
A Cladding/sodium compatibility facility
- Evaluation of cladding tube
ATensile test (R.T. ~ 700°C)
ABurst test (R.T. ~ 658°C)
A Creep test (650°C)

C Future work
- Fast neutron irradiation tests

Acreep, swelling, tensile, fracture
toughness, microstructure, etc.
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