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Eaalloy. |, Metal-alloy, Max phase, oxides, ODS-layer .

Advanced Steels | .

« ot=, 0O Q= A0
(FeCrAl) . L + L MZT FeCrAl-ODS A K| 4 ct=, O|=, &=, 2{A|0}

o LHAFSE < 7| ol SEAFS O35} id 7 IE=|| ol ' N g SR
Ceramic Claddings ekt §'C°”m| ngf £ 2I8t hybrid 7Hd =2 i . B2 0|, Z2A F2

° EE 'g' % ﬁjl
. - 188 14E Mo-alloy AHE 111 e
Mo cladding |, \yojof psjurx|s 9i8t 35 7= - o=

Improved UO + 229 0[S =2 B — o . SI2 0|2 DA =3
S 2 . diCE SEE MME BNS S SN Ty =7 N
X N 3 e U-Zr, U-Mo, UN, Uranium silicide (U5Si,)
High fissile density | N ER e . St 0|2, ZatA A0}
W . S ATF A0S BRI Y, SHEE gy

} « TRISO encapsulated in SiC matrix (FCM)

Coate;iuzlartlcle . SHEOI MAME HEE X2t =
« High U?3> enrichment, UN-TRISO
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Nuclear Energy

Industry-led Development of ATF
Concepts

/ Framatome \

— Cr-coated M5
cladding

— Doped UO, for
improved thermal
conductivity and
performance

— SiC cladding

/-G

eneral Electric
Coated Zr cladding

Iron-based cladding
(FeCrAl)

ODS variants for
improved strength

i

Westinghouse \

Cr-coated Zirlo
cladding

SiC cladding

Silicide fuel with
improved thermal
conductivity and
high density

m’ Advanced Fuels Campaign

mII
4r

3

ATF?Z|=7

< Korea Atomic Energy
KAERI  Research Institute




CH| K8 $I3F ATF 7|% Ch4 29

% Coated (Cr, Cr-alloy, AMOR) Zr cladding (PWR)

» Framatome, Westinghouse, GE-GNF, Rosatom, CN, KO
o AsMM(EHEE §) UO,: Framatome, Westinghouse, CN, KO
% Fe-base cladding (BWR) : GE-GNF, Rosatom, JP, CN, KO

(%) Westinghouse
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% Ceramic (SiC) cladding : Westinghouse, Framotome, JP, CN, KO
% High density pellets : Westinghouse, Rosatom

¢ Alternative metal tube(FeCrNiMo) : Rosatom, KO

% FeCrAl - ODS : JP

/7

% Innovative concepts: All ?

+ Surface
Monolith CVD SiC (~100 um) Coatl ng

SICySiC Composite (300 - 500 um)

SiC Composite LWR Fuel Cladding

Monolith CVD SiC (300 - 500 um)
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HE 293 HQ| d7t-0{= EPRI

® Improved fuel cycle efficiencies:

« Improved cladding performance

« Potential increased burnups

« Enables increased enrichments

« Potentially yields longer cycle lengths

« Reduced waste generation and costs

® EPRI Burnup/Enrichment Workshop:

« Phased approach 62 to 65 to 75 GWD/MTU
« ATF enabling higher burnups that enables cost

effective use of increased enrichments
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Irradiation
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X swellin
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e
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« Surface Modified Zr 7
v"  CrAl coated Zr N

Zr alloy

‘/ ﬂ-§|-% _E_ﬂ-%l-§|'(ODS) PartiaIODS-SZurrfacecoating
« Ceramic (SiC) Cladding Cr, Cr-alloy, FeCrAl/Cr etc.
« Metal-ceramic hybrid
f 1
® ATF _+_7E:Ix'| Zr Y,0, ODS-Zr

* Microcell-, Microplate- UO, High temperature strength

. . Corrosion/oxidation resistance
« High density pellets
« Composite pellets

Microcell-wall (metal or oxide phase)
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o Halden irradiation data (IFA-790)
Westinghouse ~
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¢ Innovative concepts (multi-hybrid materials)

Corrosion Strength

900-1400°C steam condition

Physical property e ey
Manufacturing 150 1400 130 1200 1100 100 ggg
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Evolution of Nuclear Power

Geanaration IV

Revolutionary

Generstion I+
Designs

Gener =
& i nevation |ll Evolutionary Designs
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Genaration | o , e
— Advanczd LWRs

Early Prototypes
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NOZZLE SKIRT EXTENSION
Top End Plug  Spring Plenum Cladding Pellet -UO, Bottom End Plug INTERRAL CONTROL NOZZLE

SHIELD

TURBOPUMPS

EXTERNAL REFLECTOR
DISC SHIELD

OHH NASATE RTME HET 23| 2HE @ NASA

PROPELLANT LINE

Tungsten
(white)
U0, (dark)
Cladding
:::")IZ‘:: [fuel element] [HIPing, now developing]

(a) Helically twisted geometry (b) Cruciform cross section
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@ 3D ZZI&(AM; Additive Manufacturing) 7|= 7H &

PBF(powder bed fusion) DED(direct energy deposition)

b 4 Scemner mevore Laser Beam Final Focus Optics
(/ (®) = _1 Nozzle Shielding
& = Process gas Gas

104
Beam collimation ens  outiet To Powder Feeder

TA

Yb:YAG fiber laser Feedback Feedback
Sensor 1 Sensor 2
Process gas
cross jet Solid Free Form
w°"‘hlg":'“g Shape by Direct
xtur Deposition
container Subfstract or Die
Preform
Wiper SSERE SRS
laser beam i
focusing lens
Process gas ~
Intake excessive material
design shape Y AY Jesian shape
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Wire drawing

Coenesery > 1+ O
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Gas Source
and Pump
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Nozzle
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Powder & Laser beam
Shield =
Gas

/ ¥ Shield Gas
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Melt Pool
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Laser beam
properties

Powder injection

power
spot dimensions
beam profile
wavelength
polarization

Feeding parameters

Powder properties

Machining parameters

feed rate
injection angle
nozzle distance
nozzle geometry

particle shape

particle size

composition
thermo-physical properties

feed rate
shielding gas
preheating
overlap
direction

l

Physical process

Product properties

geometry
composition

optical, metallurgical
and thermo-physical
properties

absorption
conduction
convection
diffusion
melt pool dynamics
interaction:
process gas —melt pool
powder — laser beam
rapid solidification

Process results

geometry
microstructure
cracking

—> | porosity

residual stress
surface roughness
reproducibility
functional properties
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Reactants Conventional Technology |_Finalproduct ||| New Technology  Fier optic Laser
Standard process F Source

FeCrWTi + Y,0, e > Laser
Ny f head
‘-_'f‘ FupeE Ar gas
Ally Pt - . @L — Steel Laser beam
OR i Y,03 powder
';mkr Ball mil \\5'“‘ b T @ StrengthenEd by Melting oDS Iayer
R\l . Hetoling ramas | complex Y-Ti-O rzone
Reactive ball-milling Ball-millin - Annealing, thermo- nanoclusters =
g mechanical treatments | Sample |

Y

A
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Relative movement

= Understanding of nanocluster formation mechanism

- BOIXE 0|83t0] ODS £ES B

. 2LIT0| SHoE MSEES WY FY
. 2EATQ| D2YET} TA T

. o|o] HxE £E0f ops M| 7Hs

. Astg REE s

ODS(oxide dispersion strengthened, &t2lE 422 7|8

mII
4r

3

~< Korea Atomic Energy
KAERI  Research Institute

ATF?Z|=7




Incorporated . * ot
Zr particles SR
> b *

* Oxide layer

Zr matrix

Incorporated
oxide particles

Metal + Oxide (0|5 &% MF) 7|=
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Metal-SiC hybrid (0|5 2% 85%) 7l=
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