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ABSTRACT The SEM in situ observation and corresponding multiphase finite element analysis
were performed to investigate the tensile deformation behavior of hydride and its effect on the matrix
deformation of recrystallized zircaloy-4 after hydridization. The results show that hydrides can de-
form plastically together with the zircaloy-4 matrix, which depends on the morphologies of hydrides
distributed in zircaloy—4 matrix. Easy deformation and no cracking occur for sparsely distributed hy-
drides while slip-line can go through the isolated hydrides. However, microcracks have been produced
inside the massive hydride aggregation. Both deformation and fracture behaviors of the zircaloy-4
matrix are influenced by the morphologies of hydride. The fracture of hydrided zircaloy—4 displays
ductile, while there are a number of crack origins and no main cracks.
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Fig.1 Geometry of specimen used in in situ tension
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Fig.2 Conventional stress—strain curves in tension for re-
crystallized Zr—4 before and after hydridization
(A—e=9.8%, B—e=25.9%, C—e=27.6%, D—
e=28.9%, E—e=29.2%)
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Fig.3 In situ observation of the deformation of iso-
lated hydride (pointed by crrow) at various applied
strains .
(a) e=0 (b) e=25.9%
(c) e=28.9% (H—kink formed in the matrix)
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Fig.4 In situ observation of the deformation of sparse

hydride (pointed by arrow) at various applied
strains (M—matrix surrounded by the network of
hydride; N, O—matrix partly surrounded by the
hydride; P, Q—matrix with crack)

(a)e=0 (b)e=9.8% (c)e=27.6% (d)e=28.9%
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Fig.5 In situ observation of the deformation of hydride

aggregations at various applied strains
(a) e=0 (b) e=9.8% (c) e=25.9%
(d) e=27.6% (e} £€=28.9%
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Fig.6 Relationship between the crack number (N x) in
hydrides and the applied strain &

2.3 SR ETRI R R
R\ S EEM AR S, TTHEERNEST A
KT 32 gaipMEamm X (8 4am M 4) .
HopabnaEnXE (A4 N f O &) URE
BEAREe X (E 3a #9574 s HE X))
ARSI T (I 28.9%), mE 4c AR, 7E
DML CHNRKE, ZETFORBETHE, HE
B ERSBEEEN XIS, EiEFrgBit
WAE, BYERE; METERRIEDE R (WE
3c), BERET HEMBEHTE, MUERT XENEHE
BA%, MABEITAER “HirH” (A 3c 4 H i
gb). M%) iR T RRESAT I B a2 A M R )
B, TR REYER IS8 Rl B AT S Y AN A7,
AT “HarH. TR (BREAFmE R RE)
WA, “Htr REAN AT RSP EETEOEENR.
XTHRL b 3 FESL A LAE H: fEH S ML R



3 THARE : BEEBEERRE -4 ST KRR 271

XEH, BETEE, SEOE-ERY; Tl gEk
PIEBEN XS, EETEHENER, BBEBOVNE; W
TR B AR EAN X, BEAEEANTE, SRBHN
B, HRET REFMHAH. o bl 4c, d AR, £—
SRR T, Bk (A 4c PH P HQ &) e
RPL, FHHESMIN R E IR XERF S
YIHIERE R, LA SUGH M HFRITOT.
2.4 Zr4 SENNRIERNREE

B 7a §iH T IMERTH (6=29.2%, B 2 4 E &) Bt
KRN SHAR. dETR, SEWHERYEET
HEHEE, R Zr-4 §&PHAKRBHRTAR. ¥
RA—AR, EMSAFACSREERE. B ORET
KRN R S, BB, 2S5 Ir4 5%
BB O EEEERERN RS HREA—HEE, ERH
SR LRI E N B B A AR ARE (B Tb sk
Prigst), XRMBAUE Ir4 SEHHBIER T
TERTR.

B 7 EEkrReR RS RN A SmAS
Fig.7 Micrograph of specimen surface at £=29.2% (a)

and micragraph of fracture surface (b) (arrow
showing the characteristic of matrix plastic defor-

mation)
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Fig.8 Contours of the Von Mises effective stress o in the
matrix (a) and hydride (b) (e=2%)
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