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Introduction Results and Discussion

« CrAlI-0DS-Zr alloy ATF cladding [1] FRAPCON creep model FRAPCON creep model

— Surface modified Zr cladding concept in KAERI _ v Limback ; Secondapyrate (CREPR)I[3]
: CWSR Zry—4 cladding given y Imbac an poir = &g+,

: : . Andersson = 4| sioh =" | exp| =2
+ Partial ODS treatment using Y,0; particles o T( ) J )
. (Thermal +Irraidation creep) i, =Cy 4% 0% £(D)
by laser beam scanning (LBS) process
] ] ] Parameter Units Values for SRA Cladding .i?,h = thermal strain rate (in./in./hr)
+ CrAl coating by arc ion plating (AIP) method A K/MPa/hr 1.08F9 G = imaintion s rate (i)
E MPA 1.149-59.9%T o - Eﬁ?ﬂiﬁ?{h{pa)
CrAl ai MPa’! 650{1-0.56[1-exp(-1.4E-27*®")]} ;1 = universal gas constant (0.008314 kJ/mol-K)
® = fast neutron fluence (n/cm?) ¢ = fast neutron flux (n/m’-s)
n unitless 2.0
Q kJ/mole 201
R kI/mol-K 0.008314 Saturated primary strain i
T C (n/m2-s) " 4.0985E-24 & =0.0216-£2% (2—tanh (35500-4,,, ))
MPa ™
Zr Y203 ODS-Zr E; Ezigzzz (1)35 Total thermal strain Ex =3,'; (I-EXP(-SE'W))"‘QMW .t
\ f(T) unitless T<570K 0.7283 | _ _wP’i"‘aW Secondary
To increase high temperature strength Zr alloy Surfa((:grzlc;ating i7>06<2§1<<6251( -17._4(1)7223’7+0.0136T Total thermal strain rate :, =52-j%f-1irh;m. exp(—SE'M)+éﬂHm
To increase corrosion/oxidation resistance Partial ODS-Zr
ODS treated 0  Modified FRAPCON creep model for ATF cladding
— Modify FRAPCON creep model using existing data
o 11.17 times lower than that of Zry—4
b b AL .- _ Greatly reduced compared with the uncoated Zry—4
| IC . , Structure of: CrAl-ODS-Zr alloy — Same trend to have same effects of temperature and stress
=] cladding and manufacturing process : .
T ' J ol with Zr—alloys are assumed due to limited data
+ Creep => Parameter “A” modified

— One of the governing mechanisms inducing cladding Creep rate of: CrAl- ODS Zry- cladding at'380°C for 1000 hiin"air[5]

deformation during the nominal LWR operation TH BEEe - e .
— Effect of improving the strength of the ODS layer greatly also in 7 =EE .
creased the creep resistance £ B ;ﬂa
» In this regard, the development of a creep law for CrAlI-0D " o LR "0t Creep rate =8.81966e.7/hr -
S—Zr alloy ATF cladding was based on experimental results o S "]
obtained from tests by modification of FRAPCON creep mod Creep Time, Time (hours
el. Also, additional creep tests for CrAI-0ODS—-Zry—4 ATF cla
| | , | | | | — | | o Zry-4 - CREPR
dding were performed and test results were compared with e ][ Groo0sEns Pl S e S S e
modified FRAPCON creep model. . T /_/‘ %1_169545 12 | Modited CREPR .
%mﬁ—, ﬂ/‘I||I ! ] e o
: g - | )\ Eo '
Experimental | ». .
Creep test Sl i A0
— TeSt material . CI'A|—ODS—ZI' a||0y ATF Claddlng 120 MPa [}_2_- .__--':::.- .. . [
— Internal pressurization method with 150—mm long specimens o — 0 .
— 350" C and 70/90/120 MPa of hoop stress for 3800 hours Temperature (°C) Time (hours)
o . » Creep model assessment for ATF cladding
— Creep strain : from the average outer diameter i tal dat T oD
reep of Cr ry-4 claading - a
measurement using a micrometer with a 0.0001 —mm resolution VErsus experimental datad 11350°C, 70/90/120MPa by micrometey | | 90 MPa
— Compared with additional 015 - R 7O MPal-

Measurement Creep test method test data S
Internal Pressure Creep Tester () using internal PLESSUNE n Scattered test data l‘g
. ) Q.
Compressed Temperature A WIth Very Sma“ Stra|n g
Air Internal Pressure . &
- — Good agreement with the oo b dcted curve
' . b dified CREPR
trends and magnitude I y modilie -

Inlet gas
on/off

Prediction curve by modified FRAPCON' RIEER IR
creep  modeliwithiexperimental data Time (hrs)
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« To evaluate creep deformation of CrAI-0DS—-Zry—4 ATF cladding,
the FRAPCON creep model for Zr—alloy cladding was modified

based on the existing experimental data

For a comparison, additional creep tests were performed and
additional data are good agreement with the trends and magnitude
of predictive curve, although measured data are widely scattered
with large uncertainties
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