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Analvsis on Effect of Alloving Elements on the Creep of Zr Alloys
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Abstract
The effect of allowing elements on the creep resistance of Zr allows was analvzed using
a lot of creep test results that performed as a part of advanced fuel cladding
development under the test conditions of 400 %2, 150 IMPa and 240 hr duration, A
statiztical model was derived ketween the steady-state creep rate and the content of
individual allowing elements, The result indicated that the creep strengthening effect on
allewing additions decreased in the following sequence ! 5n, Wn, Nk, WMo, Cr, Fe, Cu,
The reason for high creep resistance of Sn and the reverse effect of Fe on Zr allows is
believed to be due to that these elements are lowering of enhancing the self-diffusivity

of Zr matriz,

L AZ
ZHoo ol2 dAEL] FAAY s A HL2EE SIMTL, =HEZEE =0
= E IS DA BFF2 40 JESAD Ao oHT 23 E 247D @ d T
de Fall A AAdez Ot 2R MR R 2 I8 @oML0] £UH N2 I
WE dzls ofynh olfE 4 Zr f53 g=o 2t 34 22EHs 2ds 1€ 2yt
T Zoo et 32 zak BA Agd ] AH0TH1] 2HW B A BA A Ede] T



2

ol
-

o
afd
I
T ool b

L
ol
1=
|
L N
[El
=
g
r|—r o
0
ok
o
HL o

o
H
re
1k}
oh
o
Fi
o
L]
|1
m
[kl
il
o
0
=
=
~ i
e
|:|>‘
E'L
rr
Ho
r=
=2
=}
E',I..
i
4
L)
E:L
]
>
E'L
A
o

2 Z4gE 32= o

A wEed olste] 2Hg W 9t MEI AP T FrUus
=gt otk olgi#t FAZE 13} 23 3% I TAS AH Tl
2ot A5t 2=0) JRINY 2Fol7] 42, 3 BHE AUAT T

Tat ol Estn, Ak o 2 BHIY olUAS M AT ol Esied

mo E
e s U TH
i} dln =
e

2 o

[ T L TR
o 40 = o

rla
g

=)
[
2r
|u
m
[ K
r|r
E.J'_:.

MEL 24, 21AE o= T2t dTE 3Ol ‘:‘:EE-}.
T e EE Zr s 2o 2T EESLU ME FE
HAEEL] HE g7 oo s I=2tae
AH 082 q7 37 ¥g2B22 MR IR = 7
HE Azt i RES AASIER AR 3= E4E I

il s

08

[o |k i
rd

U L
I
1
o)

)
=)
=
S
L e
I[F|1|p|5.£.
Ir|r_,':,dJE
_g_

ra
S

N = A I T SR L)
pe o g
e I"|I'|J
2

e boooX ook
[0 2 ar g
_|}‘n£r4ru|u|hu

mi JE Sk gk o

o 4
52 ok

o 02

me oy
|1
m
[ K
Jp
|_|-|
rr
Mo
|.|-|
=
oo
J
=
>4
03
ru
ok
o
o
ne
|2
0
[
&!
,
ks
rla

iw
o
K
=

Eq=

T
’-"-h*
&
o
— -
I
al
—

WA AT A g, = BEYH 3RS /5, a5 TINS5, Q= 3= BEEH

o L4 A 0] T,

HAAA ] HY HRASH 2stE (DAs] 28 He dusdAs, ¢8 = ¥ A
A ZiA4 DE 0lEsHY FAE (normalize) AJE 4 o0, O F HEA 9 & U3

%2 WAL 0|2 240 LUEHNY 21 2o
E;a' _ _a *
D _A( G) .

()43 Zo] AREAANE BAA o= FUZBPS ARBHBRHEOW, G= 2o
shelHElEE 2EE0k] Wb MRS LA 29E DEtAT olF mash] AW 2=
GE @A Bt

3= BHES UMTZHOE LFHH P AHE A0S EMsE, ¥4 0]EY

e A IS v #57 FaE A0lE Fdsted 4aEs 1A
L= SN TR AU 28 F0H, =ko 2T BdUA= kT 0T 0]F (Z2)Ad A
&35t Faz AI7IE tadk 2t

£

5-48) 1) &



_ _DG.Q (_JJ,H-I _
E‘T_A—}eT o (3-2)
(3-2)4l= 0|Z2H JFL Al0] ofL]gt WAPERE APERAGIZOF o 1A B A Abie] 3T
= BduA O elZde] SHATHEL
3. 4d 4 24 0y
3= A8 = T E AEA 43T SFES Jieh Al OE HETEE] £0]1E I F
o & Ak 22 A 1A H AFEES 085S 3R ESSE FEHETE PEIA AE £
A2 BE Al®HY IHE}O# T 400 T, 29 160 MWFa O1RH =2 240 AlZF 0 A EHE 4%
SHECEH H 2 233 =LE= 47 ~ B0 °C 2H S=¥ol A AES AESHH
AEE HIHAE %%E 1162 olden, 7 7 €= ® 13 2} E}E}H Sn
S HIEF A DEAHE ZASIH, Fes He REI AEE EUHE A S
T 1 24 AERE I €30 HIE €2 U 2 42 e 2 DE
gr=2gla Sn b Fe Cr Il Cu Iy |V+Sh+Ta+0
HAINE witi | =1h =10 =10 =03 =03 =10 =02 =02

it
TEL wti| =1k =06 | =002 | =016 | =018 | =02 =01 -

AZ3g ©ad Dlales 2 #Ir d4g ADE BAFI] fiA  Multiple Linear
Regression [3] WS 0]E£51F2H 0|8 IZ=EEN SI2H 49 €2 5AFEH U
go] & £ gtk

= aX8n+ AN+ X Fe+ ||, 4]

DI

WA a b, ¢ ST HHE, Xsn, XNb S 2 YoH48 RHAEES UEMALL 0]H
T B 45 Fole R JWHEE AZEHAHY Crigin 50 ]S 0lESHEDE o2 2
0] B eSS FEHEH, ILEN DAE 2 4] FES €+ 54 0] HEE ©
= @4 @27 38z ATEA 9 wEer Fe fn FrEE 2ot 5 o #
4+ F7EtHe o dEEEMNAs 32E ATE0] SPMEE 2 oxRE s 45 E
TS BU0HHE 0] whEe] AEE 2ThElH OtE R 42 o0 o] BY
o f&dE UEhA: Hz =4 RS wo] AMEsiH, REa 4227 2445 A5 R
= 1, 2458 22MT 52 05 UEHAL

a4 23 9 ag
4 3Y=E0] & o d¥EIcE vt JtEsE, & Wod4® iy
A 32Z2ES O 10 0] UEMSEY 0" 22 32=Es0 48 o el &
PSS TAGIELH, ol A2 O™ 19 wbe vE O dlEE, = R 005601 A

=
gl
il
i
I
L
ol
g
H1
M
E'L
2
|u
n
K
I
|.|-|
=2
I
il
R
an
- |
=
)
=
T
[yu}
IZEe:
[1n]
&
g
o



He 0185 2 LT HHd eSS FEEL 01 A2 E BHIH Uo ik dnh

log g,=—3.63 —1.61XSn— 1 22 XNb— (. 18X Fe+ 0. 40X e — 0 .81 X0

— 12X Mn— 078X Cr— 247XV + 85+ Ta+O) (5]
1.0x10" — ; ; ; -2 — ' & st-stcreep rate
i R?=0.433, slope=-1.33
s | A i 3] o ]
8.0x10 A ™
1 A st-st creep rate S
0 s R’=0.156 o -4 4
3 6.0x10 <
g a «
g 4.0x107° 4 ] ® -5 i
2 - a S
4]
= s | A i o i
2.0x10
o =™ S
] AA A
0.0 4 A A 24 4 7 J
T T T T T T T T T T T T T T T T
0.0 0.5 1.0 15 2.0 2.5 3.0 0.0 0.5 1.0 15 2.0 2.5 3.0
Total Alloying Elements, wt% Total Alloying Elements, wt%
Jdd 1 & g3 L2 et Zidg 3 a% 2 & ool e daie] 32
=52 HAF fitting, =2 24t A9 fitting

J% 32 A(5)e] REE o33 3T UM YA IYZES v@Y INS
Bod 20 o) R 07182 RYel of5480] 45 SHEUT 1WA 2 RY o 34
o] MEWMAE AYZ W B 19 Y22 Yol ST

A mv OHEH AZ23F @29 24 3T=E g0 AL4FEE Sn Mo
Cr, Fe, Cu & #MZ UEHLH
AMEE EE FZNH0IA ET A

|2
HU djm
=
m
sl
a

16

-2 T T T T T T T T T — T T T T T T T T T
= L § 1 [ elastic modulus at 400 °C i
.
§ ey L l_f'(_ © 15 4 linear fit of elastic modulus 4
S " X.-" % —06 — (Sn content)*”
© e o 14 A
@ 44 < 8 o i 2 —
o ,—f a/ 3. o 3 ] 43 »
@ ) / 3 ] >
o w0 e a -g 13 1 o
o A § b= /Ela/ s
= ]l . 3
o B ® 98 o 42 3
S f'd % e w12 ] 2
5 61 e 4 __)" o st-stcreep rate © E =
2 | o ° R?=0.718 w 1 :
S P : 14 /_O/G/o 4
; -7 4 e |-——-- +/- 20% range | O/O 1
o 1 __,l"-r
8 —— T T T ] ? o2 04 08 o8 10 ’
-8 -7 -6 -5 -4 -3 2 - - E . .
Sn Content, wt%
Measured Log(Creep Rate, %/s)
"t
a2 3 2F 32w dats @E pd 2 4, Ze0ENE0dFel2Cu E2H A Sn
= , Hm "HoE o= o pi =
- = = a
= = ==

3} e 2 HE



2 == AEE RE AEE zd? 3¢]= AEFRA, 2 &2 = U 28 244
o] AP erng 3= it Y344 200 1Y AR A (3-2)= T
Zo] £ 4 T

DE:{D( )
D 2 RT
£; AG“L:A Vo o* (6]

WA ZHEAH S FoE 2] Aol BEIH ol EY godlrEe Asdo dhHE|
THOED PFE ST
CiEhy ga 40

nE‘. IV
L )
e
0

I -II:I
0
0%
0%
|1
I
[ Kl
Mo
rlo

RIS

AL A B A S, T
2 FoiE ] HEd ) Zl=g0] ZHEET, o]HT H
TAHE EsH —‘?—“5_ E =Z2¢ AE® 3TE DE T T WIS ER
ZrlNE0AFe0 20y Yoo H21E Sns d¢s I 4SHET O% 4= Sn ©Ed OE
T AL BEAo] HEg S BEY ASFZE DASIED Sn EIM Teb 2EA L7
SFZF ZO1EtE AEE HOILL 028 1 wii Sn HIMlE O A1017 10 FEo 2kt
O, E% Knerr[flE 400 °C 224 70 WFPa 048] SN Zr ¥38 3= |72 A
Hats U Zx0|H, ojo] S ns 35 24D SHECE ol T & YE IH AT ©
AA4 St OE Iz)= AP S 09 hof Uehdt dre] A4 d4E AEtA 29
O}y E3t O 4oA B vigl Z0] Sn SE7F 38 =d DAl g% 94 37 o}

T T T T T T T T LI— 1E-13 .

1E-14 .; O self diffusivity

3 slope = -1.36
1E-15 1 o 1

<> .

._.

m

o
I

-

Diffusivity, cm®/s
P A
mom m
= - =
-] ~ (2]

l A d

F

Lodl

Creep Rate, %l/s

st-st creep rate I

slope=-1.29 1E-19 4 a

1E-20 +

1E-6 T T T T T T T T T 1E-21 T T T T T T T T
0.2 0.4 0.6 0.8 1.0 05 00 05 10 15 20 25 30 35 40

Sn Content, wt% Sn Content, wt%

J=™ B Zr0ZNb0 AFel2Cu 2o #3731 J9 6, Zr-5n ©=22 Sn ¥ T2 Zr
5} gp Steke] M2 3=S 1A= 400 °C A A s (6]

AZI W Sns HIEIEE FE, 400 T o A2 Zr-5n 828 AHBiHA S5 20
A ElE A+E st 39 60 TASHETE 0] T Sn R ME A5 7
E oF-136 224, 3% Go] UEMH 2 ZNK0 4Fel 2Cu 2o HI1E Sn T2 T
d=E BEle] 227 -129% SAsich 22 2ol AME T DEE Sne] o] ofE} &
of Hls) o] MR @201 I JE7] -1.37 ETF Snol L3 ZaA S FAED F4
P32 -HdEr) EE Jg sof el 2o] 32=EESo] IS HS "y 4E pdyrl
H&d0] Agad TRATdn) o]H T A ES BEAS S B AF0IEH T Fof

—



(=]

Z 71 &0 Hls A ZabAf2] 207t AadH 3RZES HRHUNY B oS

= ST
=, 3= A HE JH0 Fd =S T oS fe.*é.‘(clunb]l stqol sted 0l 55
EZ ALY Zi0] Z9HAoR T} o] of Sn 22 J1AWA 2E2EH BEEHOZH JAH
Zre] BabE whfEtD old TRt 3 E A o] SMENn 2 4 Utk J2ln #3EH
Blo 2etd Zry-22] Ao Wizt 245 YA 3= Sy A & YA T
1 FtR2H ol AAM &40 Ie=E S AWMITE 2 =24 JHES @ YT Fe #

It a-2r e A E4E SOHAIZICHE BA(TE]E Fe #2171 32z AEdo] Z0H0]F]
ottt 2Es s Eatst 2 QAT

5 88
2F 110 Q&2 Zr T@2d tE 400 A2, 150 WPa, 240 hr 32= AlE s 251
O}, Multiple regression WHs 0185t Hdd I= Fxat 2 Y2 HLE 742 4E
A oamals 2FMETh O 20 Sn Mo, Nb Mo Cr, Fe, Cu 2 =4=Z 32|= I Z7}
E A7 et} 58] Sn, Wn, NbA 3R E L St ZuHE0| 2, Fe, Cus 137

-|!H

22 AWz 3g|E Hatdo] 2 z0)E Hols 0]2 B 2237 28 Sn #tE el
=& ABHRAE BHSIEL O 23 Sn HIW OE Zr #@28 A EAEL 9

331 = = Lz poles BAHEL} I Fe M7l 2 l2e] B
EE Z&A2)s 925 51H 0|2 25 32E ATELD SHopAE e g ARET

4 =

E @R 998UE FUUISR @XAT AL APl YBeE +WHASUL,

H

. Garzarelli, et al, “Behawvior and Froperties of Zircalovs in Fower Reactors @ A
Short Beview of Pertinent Aspects in LWHR Fuel®, ASTI STFE 1295, 1996,

2. A, K, Mukherjee, et al, “Experimental Correlations for High Temperature Creep”,
Trans, A3, BZ (1969) 1RA,

3, 4, H-8, Ang and W, H, Tang, "Frobakility Concepts in Engineering Flanning and
Design”, John Wiley & Sons, Inc,, 1975

4, Whcrocal Software, Inc,, Microcal™ COrigin™ Wersion 5.0, Users Mbnual, 1997,

§, D E Knorr and I B Notis, "Deformation MMechanism Mapping of @ -Zr and
Zircalogvy-2", I, Mucl, Mat, 56 (1975) 18,

. D, L. Douglass, "The Metallurgy of Zirconium”, [AEA, 1971, p28l,

T 4, D King, et al, "Fe-Enhancement of Self-Diffusion in @ -2r", ], Nucl, Mat, 185
{1991} 174,

8, E. F. Svarch and C, Bodriguez, “On the Influence of Iron on the Zr- & thep)
Self-Diffusion”, J, Mucl, Mat, 185 (19910 167,

—_ n“l
o
F-|I:|



	분과별 논제 및 발표자

