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Creep Characteristics and Tensile Properties of the Zr-xNb-ySn Alloys
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Abstract

To investigate the creep characteristics and the mechanical properties of Zr—based
alloys with Zr-xNb-ySn-Fe-Cr alloying system, the Zr-based alloys were manufactured
as two kinds of sheet specimens and tested for tensile properties and creep behaviors.
K3 alloy, which have more Nb content than Sn, showed higher tensile strength and
creep resistance than K4 alloy. With rising the applied stress and test temperature, K3
and K4 alloys increased the steady state creep rate, activation energy, and stress
exponent for the creep of the alloys. This behavior would be due to the effect of
precipitation strengthening of Nb. At 350C and 4007C, the alloys showed creep
deformation behavior due to diffusion and viscous dislocation glide mechanism below 3
of the stress exponent(n). Based on the higher stress exponent than 6, It is thought that
the alloys were strained by dislocation climb mechanism.
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Fd AHE Zircaloy-41 vt "*”O] e Zr Fas NEsty] 9 A JAFH R o
Folx] 31 YrH2-5]. 1= Westinghouse?] ZIRLO, Siemens®] HPA(Zr-0.8Nbh-0.85n-0.2Fe

-0.1V), SumitomoA}2]NDA (Zr-0.1Nb-1.0Sn-0.27Fe-0.16Cr-0.01Ni) 53 22 A2ggFE ]
Aol #A =u.e AlFE Tl drk ZIRLO(Zr-INb-1Sn-0.1Fe) w8 7]1E¢]
Zircaloy-4° @ Alotoll A Adksle] F i A ddm dEAoT ALHI Q)

Zr-1Nb 59 A4S 289 Fo=z 594 NbE #H7bsk gi2le Sne 32 Fo

£ Cra MAAZ FFeltt 71 FEeof & A2 Jidd AFdFE] EF Nbgt Sn

S HAMEARE AFEETe Folth 1 v Nbet Sno| dAdxm I E5FA] WA 71A A
A FHAE F dve T8 FEYAGE A4S € F A adaE dds &5
A 57} 7] e FolEgE Wizﬁﬂcﬂl*ﬂ G2 AT, A8 R 71AA
dd Tol -k shH[6], 53 AEZ AL I EHe] FHAg QA4[7]e]7] wjie
A4 Aol A w9 Fasith m=udA Zgz fFo] AdAE I EHAGA AT FA
o AASI) RS A ThEEY] wid €4 AYEE WA AP E WY ol el
7lodsteE Ao defxith ey AE 544 gigh de olFE FEA Fom, AA
Aoz Lk AAot, R AR AIdE AEE MEstr] e dA FHIFA
AdEE g Az APl AAHeRE H }30101: st} wEkA] B Ao A= o E
A AT =AM 5UARZ o] FoR Zr-based FHE FAZE AT T A3} 4007TC ol A
o A At GEUY A ZAF S *‘A]o}fﬂ, A7F 94 Nbe} Sne| gk #
g V1A e 549 12 AYE W1y VFE 1 staA shgem, Ed oleld Ay
AREZRY 1 A5 5SS Hrbeta, oo did fAs ke 1dik: #ds IE
e Ao i 2 AW grAde FeAA EEAEE FEFSHaA sk ok vl
At dA g E TR Fo] AP A F3 AF ArA S AbEste] HAlxA S B
St 3L, TEMS AH&38te] Zg|Z Al & gy Algdde] disia delE ##Este] A5
MW ASS gtz st

#He ALE] Y93 ATz 5 AA R o] Fo A Zr-xNb
NAA EA A A, Asol 53 5 949 2 F9
sttt Table 12 ©]5 3ael gk shetxdS e
th. Table 104 Ho]= ue} 7&01 AAE FF Nb91 FFE IEE ooz Eo|al,
Snel &FS =

Faolty. =3 %811*1 0}*2 OE‘OH S
H7h A&

AR F FRe gEe BUR BHon Azdgod, 9
3

fls =8
Azel 7IAH 5 = 4000»11*14 Wﬂl?ﬂﬂr Aot 48858 Ws)
}

oX,
>

2 o
BT
)
re
0>'



300g¢] button = g3t & AsEE AL ] feke] 1 x 107 torr o A
THHE FAAZ] S chambertol Ar gasE F3ste] Ar #¢7]A &S QA&
o 83 & AlHo] WZEHE B AlH xHF9 AsE A7 98 Ar gasE T
WA AT, 283 A of-2 fafENA AFHE bottond A I E(ingot) s B I
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B EHYE I =3 a2 dHg T AlgdH xHe 4k BAE 9
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A7F 6mm  ©]/e] AAet e FFAES i B 24
T TASEE AAA 25 ol FaAste EiF ool AR ot o]d AL
Fd71el AL HS 100 ton ©ltf. G3F FAA] AlHE] I 610TAA 10
A3 Fo dALEE(rolling speed) 32 m/min® AAEA oW S (reduction in a
pass)< °F 60% = PALS FAEHFL. 7 4 F claddingS A A e AAF A
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specimen®. 2 A &3t TE AMEE FA JAGAF 7= &5Fo] 10tonol R aL, o] w A g <
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nlA gt A8 2 510CoA 2547 88 K39 K4 3o ugt nyzds 19 |1
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A7k Nbeh Snel s Wisto] upg A=z 549 AP2E9 48 &
AE dotrr] 9J8te]l AlP2%E 350T, 400C, 450C 7HA 3 FF/ A
2889 (50MPa, 100MPa, 150MPa, 180MPa)& WA AA U4 a5 L ZA Y
ek ol W 2E A Ay ® 2 et 29 62 K3 §w, 29 72 K4 &9
of gk AFLE 400TeHA 2H&-89 tﬂﬁ}oﬂ nEe AFA AZ AFPFHAE YeEpd
g&Ho] S/l meEbd Aex MFPol FAS TUEES BAY £ A
ol M &&= W] i3t ATz Wy %@% K3 ga& 29 8, K4 §5& 19 99

Zvzb ep k. F &5 25 50MPaolA ¢ ZEx 348 A9 3%%25}01 7}kl
melq Ze s wE e s] zﬂsw— Bolthrt 2 se(rupture) B e o] ] g
A a1-32(150 MPa) 50C)llXeE €4 =g xel 53 4?5} AT E WHFPo] &
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3 32 K3 #@v¥ K4 Fa8 7HAA A8z AlFS F8 Aoy A3 agx &
E2EE 2-549 2)237 (3)2& o] &sto] 3t &4 slol A (activation energy, cal/mole)
9} &H A (stress exponent, n)E YWEIT ¥ 103 23 112 K3 & AdAI K4
SHE Alg A tisk Ztzte]l AlF % 3507C, 400TC, 450CoNA e SHEAFE Yyedn. F
T A dRe] AF2ETE FUHs wet SE A eI S-S vERdYE S A
HY 7|37 dol €8 Bl ol#3 A vd Al5g X g AP upehA
AYZ W77 dachs A2S st a9 10914 Alg>% 350T 9 400TCeA K3
oo SYATE o 3024 7|E77F AR HATS UEhd=d, olgg A g &
ARl ou &= A x WPV stk AS on gttt = o] koA o AYE WYY
T Zr-based &woll H7be S UAe] gk & - ¥ viscous dislocation glide 7]
Tol o3k ZYE WM AFo|E AREEY. 450CAAME SHAF7F F 6224 solute
locking & Z5-E] A2 dislocation climeel 93] M= Aoz ALgET 27 1104
T K3 g7 WaAsy fAstg oy, 50T s SEAFI 124 o)A =g x
P71 = AAY 24 HAE Soto] S8 9§ wAsE ¥Fo]E(vacancy migration)
3 9ol o]Fo olaf W ¥ = diffusional creep WE 7] FE YERAL. o] g HF Y
T dbr oz #ALgHo| dPF oz v gt ol AFAARFEH =9 §Y o
Z7kgk wEbd SE A F71ekS Hol=d, o] gk Axbd] fidk E el ouE Ay
4288 (g)3 AN ZPZ AFEE( g, )9e] BAE Mz nlde wzsit
< omgtt 19 129k 19 132 K3 e K4 o Az 454 A(Qe) gk
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Table 1 Chemical composition of Zr-based alloys

element
(Wt%) Nb Sn Fe Cr Zr
alloy 1.D
K3 alloy 1.5Nb 0.4Sn X / bal.
K4 alloy 1.0Nb 1.0Sn X z bal.




Table 2. Steady state creep rates of K3 and K4 alloys

Testing .
applied
Temp. . . 5
. stress 350TC 400C 450C
) (MPa)
D
steady state creep rate( S)
50 1.46x10 ° 178 x 10/ 121 x 10°
K3 100 1.22x10 ' 458 x 10 1.10 x 10°
150 1.40x10 244 x 10° 468 x 10°
180 4.08x10 890 x 10° 127 x 10°
50 6.70x10 ° 127 x 10/ 115 x 10
< 100 9.08x10 ° 371 x 10 756 x 10°
150 1.11x10 203 x 10° 342 x 10°
180 4.36x10 667 x 10° 236 x 10°

Table 3. Values of activation energy of creep(Qc) and stress exponent(n) for

Zr-based alloys(K3, K4)

Applied Testing
1D 1 1 E
Stress(MPa) Qc(cal/mole) Temp.(C) Stress Exponent(n)
50 6,597 350 2.4
100 6.769 400 2.9
K3
150 30,280 450 5.6
180 30,040
50 10,565 350 1.2
100 24,986 400 3
K4
150 29,985 450 5.7
180 32,046




(a)

(b)

Fig. 1 Microstructures of K3 and K4 alloy after final annealed
at 510°C : (a) K3 alloy, (b) K4 alloy
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Fig. 2 Inverse pole figures for creep test specimens : (a) K3-alloy and K4-alloy
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Fig. 3 TEM micrographs showing the crept Zr-based alloys
at 400°C for 240h : (a) K3 alloy, 50MPa, (b) K3 alloy,
100MPa, (c) K4 alloy, 150MPa, and (d) K4 alloy, 180MPa



750 ; . . 25

—a—YS
+ —8—UTS
—0—EL(%)
700 | /o
© - 20
° s
= 650 — 3\/
o ~_ 5
\E./ L T~ =
= ~__ =)
2 . 5
g 600 - 8
n 415
B | |
550 | \
. j
500 ; . ; 10

1.D of the specimen

Fig.4 Tensile properties for K3 and K4 alloy at room temperature
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Fig.5 Tensile properties for K3 and K4 alloy at 400°C
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Fig. 6 Creep curves of K3 alloy at 400°C under various
applied stresses
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Fig. 7 Creep curves of K4 alloy at 400°C under various
applied stresses
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Fig. 8 Creep curves of K3 alloy at 450°C under various
applied streses
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Fig. 9 Creep strain as function of time of K4 alloy under
various applied stresses at 450°C
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Fig. 10 Applied stress dependence of steady state creep rate
of K3-alloy at various testing temperature
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Fig. 11 Applied stress dependence of steady state creep rate
of K4-alloy at various testing temperature



i m K4-50MPa : Qc = 6,597 cal/mole
1E-3 ¢ ® K4-100MPa: Qc = 6,769 cal/mole
o K4-150MPa : Qc = 30,280 cal/mole
o K4-180MPa : Qc = 30,040 cal/mole
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Fig. 13 Testing temperature dependence of steady state creep rate
of K3 alloy under various applied stresses
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Fig. 14 Testing temperature dependence of staedy state creep rate
of K4 alloy under various stresses
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