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Abstract

Effects of temperature on the tensile properties of annealed and hydrided Zircaloy—4 plate in which

hydrides are precipitated paralled to the rolling direction were investigated.

The main results obtained are as follows :

1 In annealed Zircaloy—4, the yield point phenomenon was found in the temperature range of
200—550C, while in hydrided alloy the phenomenon was found in the range of 200—400T.
2) The dvnamic strain aging behavior was occured in the temperature interval of 400—550C in

both annealed and hydrided Zircaloy—4.

3) The nearly same values of yield strength, tensile strength and elongation are obtained in both

annealed and hydried Zircaloy—4. From this result, we are led to conclude that the hydndes

which are precipitated parallel to the circumferential direction of nucler fuel are not se harmiul

for tensile properties of the clad.
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Table 1. Chemical composition of Zircaloy—4 shest

Element| Sn i TFe Cr [Fe+Cr+2r| Zr
wt% 1506 | 0.21 | 0.10 0.31 halance
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Fig. 1. Zircaloy—4 Sheet and tension test specimen
(a) Sketch of zircaloy—4 sheet showing the
orientation of the tensile specimens and the
hydride precipitates (b} Shapes and dimension
of speciemen(unit : mm}
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Fig. 2. Schematic diagram of hydriding apparatus.
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Photo. 1. Microstructure of zircaloy —4
{a) vacuum— anneated Polarized light
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Fig. 3. Schematic diagrain of high temperature fur-

nace

(1) hydried condition (200X) 5 Bright field

00, 400,

¥ puri-
L gasis 3% l’ﬂ purging 4] 7]’?3_'5‘}'7
el - nivt Ry

-%swﬂﬂdiowh‘ﬁ&ﬂﬂw

o w ek

Al AL cross—head velocity D.5mm/min$l ok

Wald st 1Fa- 239l (strain vate sensitivity parame-

terym-r -8} /] $1%k differential cross—head velocity

0.5mm/min.

NA Smm/min. @8 WEAIA G

testnr E=0.05°14 eross—head velocity?

). KL gl Ak vl X
Sgpibe] alal ol B

o 4~ H,0 ! ethyle alcehol © nitric acid @ HF

5125 10 22] WO gwarh etchvn;., blcﬂ SH gy
FIE 7
o d-—-H,0 D nitric acid - HF = 50 1450 59-1 ol
o5 A swath etching®hod v 2 1
gl o wd i sa) el A E porosityi AES
Avtalel d-HO0 ¢ OHF = 100 159 A

tack polishing 8ol webiduld o b4 &

o
=
9

3.4

g

EC U= UnE



Qg Aol #E A 47

O 4% A EREEd W MEDRR -4 F
AFE-A%E 398 dehd AezA *’*9~°ﬂ}~1t
=

g A=BTol~4 B AN 2B~
% E.}%Zé g VERRA gighot ofde R x}
273 o] —4= 200-550C & T YoM, F43k3

A 200— 40T £E HHM FEFH @ide] U
EEg & F vk F A BF FEALE &5
e GEAR R @] vehie gE4E 7
o] HZole £ % gEAE ZR

S5 FEHELL Wb aEEe] 00T A L

A7l B$7t Qrﬂ 23 63'%‘—;-- Zatel mAE 4
A7 A7t v gl AzEg—Figgel HEA
Bhefl 713 B7k ol g GEH HYg oA AR
g & Ao

:
[
fo
o
ol
e 2 )
%
52
b

L ¢¢§ 7Rz e A=
AP A2zy FIEES

st oleidt AsE dFsn Hahn“”"-»] ‘}}—‘E'-
BE o] B8 dynamic dislocation mechanism & F
B 199 Bsl 2 HE gEY 4o oA
gt 717 278 F91 vA5407 2820 ¢
g A BHY N=IF-FailEc] Agges
HEstad GFHYe T FVAI S HE Fad)
AE) A7t oldga Age] ue) GEAH Ay =2
717} #pelAttn & 4 Sle Aot =7 F7hE
wa Aaxay s Ee] BIr deuing A
Ao A i 7lojxis Bl FAE Aol
7 Y enelx AFEE £2dE0] gL FeoE
olE i £4EEe Hfdogd A Hol
F2A 2w vl seletn 47E ofdgH A
ey

2ol —48] F 4 650CAME FEHo| LIEEA]
Fasty Azgzel-48 ALE 550 TAA HH
g

&
F2zol £RHE AoBRE olF BT 4 Yok
g

550 T olatell Mz 45 Eo] -3 2alH o

ARe] gaE e, 7 Ad REE Fav FHA
Aol FFE FA FEE L & Ak

R.T
404
—— VACUUM  ANNEALED
———- HYDRIOED
30
s 200 C
£
e
320-'
a
W 40G T
o
franen
5}
101 .
550 C
700 T
0

STRAIN
Fig. 4. Engineering stress—strain curves for Zirca-
loy—4 deformed at various temperatures.
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Fig. 5. Effect of temperature on tensile strength and
yield strength of Zircaloy —4
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Fig. 6. Effect of temperature on uniform elongation

and total elongation of Zircaloy Poy—4
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Fig. 7. Effect of temperature on strain—rafe sensiti-

vity of Zircaloy Poy—4
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Fig. 8. Temperature dependence of tensile strength
and yield strength on texture

FitElel 9188 A% 5= sloh AR 2814 200 TE
Ao odYE AEHe AP TFE (a~e)H
288 AR g F99 (f~i) 9 porosityd %
e Zo|rt A g},
Forscher¥e] 21319 A=agg F&E8AA 94
Alg R, g B S fEdt 28, 480 7146
TEFE LA porosity’t 2AE #E&s ol

24 €] porosity7} R]f-i'ﬂ'—fo‘-S?}%ﬁ A ATk
sk A 20A aEtE e 2wt FAMERA
He 42385 £#Ee 7 ]LH AEEE gl F
74&h7) WF- porosity = At AEE A% Holn
slat 700 TolAd= HE BolA gkt

FE ojddd Aem A AEE "o ey
o] FH F&F(FL F£25E) & Fpomel BIHE
2z ?i”ﬂ Forscher#'e] #Azigio 2 Mwlz]z] of o

Zraoder e porosity®E 3589 AU E EA4 5
] o) 7\E%§Ol 44 Fe, Cr, Sn%sq Az LA 2
~&23ET Ae@Rol-4 1At B
% Tw‘]"ﬂ A A28 A4 fF e 34_011-3!' pore7t 84
He)gha o &g ¢ 3len, o) B4 2 Wy
notch= X 2zhso]~47172] 53 A4 W& 4
A AoEA] g ol 39 ZAA A porosity?t
WA A48T Ao =8 227t F7hEe)
w2t 7R A4E s FrMEY poresity® HEE
A2RAGES 887 98 A=) Pl wgto g
AN lens¥ &9 porosityE A B0t Ao

4.8 E
oy Ay AaTrol—

[A A qreirdakel 7o YA Wi A=

— BB MEHEE F4347] ABRZE]—¢

B AeolA 700 A LA B Ee

15 WA e 950, 3

F2E



50 Shwar e A23E 418 1990

{a)~(e) annealed ()~ ) hydrided

Photo. 2. Appearence of longitudinal sections through fracture m vacuum annealed and hydrided Zircaloy—4
{2),(f) T Room Temp. (b),(g) 1200 T (3@ 1400 € (O, 550 T (et
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