Zr-2.5Nb

The Morphology and Crystal Structure of Hydrides in CANDU Zr-2.5Nb Pressure Tubes
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Abstract

The morphology and crystal structure of zirconium hydrides in CANDU Zr-2.5Nb pressure tubes were
investigated by transmission electron microscopy and electron diffraction pattern. The purpose of this
study is to examine the precipitation behavior of zirconium hydrides. The hydride precipitates were
observed on the two sections (longitudinal-normal (LN) and transeverse-normal(TN) sections) from the
Zr-2.5Nb pressure tube. As a result of this study, The hydride habit plane, related to the crack growth
direction of DHC (delayed hydride cracking), was { 1017 }z plane. The orientation relationship between

the hydride and the Zr matrix on the LN section was found to be : [1210]z// [110]4, (0001)z //
(111)4. The morphology and growth pattern of hydrides on the TN section is classified two cases :
one is long hydride grown along the a-Zr grain, the other is thin needle type hydride across the a
-Zr grain. Based on the andlysis of MBD (micro beam diffraction) patterns on each hydride, the
difference in the precipitation pattern of hydrides is discussed.
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Fig. 1. The zirconium-hydrogen phase djagram(4).
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Table 1. Chemical comopsition of Zr-2.5Nb pressure tube

Element | Nb | Fe O | Sn | Hf | C | Zr

Content 2.7 10.086]1020 | <25| <25| 89 Bal.

wt(26) ppm

22 sastEel ¥

FAAAGUF(TEM)S Age] vAz4S Based go) ofF Fad Fulax, A4

(electron beam)ell 2|3l 3] 4 =& (diffraction pattern)2 ©]&3te] AA T 9 o] AAHAS &
AE e A mebN FASEY] AEATS dotr] Y TEMS o]&38t%i, tha3
Zo]l AlAS AFstgTt Zr-25Nb g4 #o] 4233 A]H S LN(ongitudinal-normal) 2 TN
(transeverse-normal) ©H o] 2¥-3Fell A Img o] FAR ddste] oF 100me] FA= 7|44
2 &gk Antdt AHES AE 3mE FEEPa, HEA o R twin-jetHol o8] A A ztat
Gt Jet dvli= 10% perchloric acid®} 90% ethyl alcohol®] &3-S o] &3], -35TC 2 &&=
20ve]l dsfstel Al Al &S T

TEM ##& Fsted FastEe 42 AEHES AR, AlghAoFs] d =3 (selected
area diffraction pattern; SADP) @ MBD(micro beam diffraction) patterns ©]-&3}o] +43}E 9
ARGz G 7)Aok e HAE dolR gk

Westlake Vol 98}@, FadZo] a-zr A2AH A
o} (1017)H-2 7] 4 (basal p 1 S o] FaL %lal(Fig. 2), DHC @l glojA
a9 QAP PG BH) Uk F, F2sEo] 4Fa (10INAS wet Ao 433
g3, 28 AAAEe Az e oA At o)g @ FasBe NEATS A4 @
olR7] 918 TEM #Z<S &ttt

lane) &= ©F



R-direction[1120] |4

Fig. 32 LN @A o] £48E HEidS BoFE Yok 9 Ao
AN aZr ARG FysHA MESE FAERT oy, Fig. 3(a)9 #eo] 2
g WAWgow MEd FagtEo] wol #EHU. Fig. 3(b)e AAIFAEY

3 g oA HEEd et IAAAZ= [110l0S FHEZ T8
= ug AFHATE AES A=

o 3] 5
= o
st&o] AFEdo] (101NHEYS FHAFL e Ao, 3|dx
Z

Fig. 3. (@) TEM micrograph of the hydride precipitation on the LN section of Zr-2.5Nb
pressure tube. (b) Diffraction pattern from the hydride and the Zr matrix(Z= [1210]2).



Fig. 4. (a) TEM micrograph of the hydride precipitation on the TN section of Zr-2.5Nb
pressure tube. (b) Diffraction pattern from the hydride and the Zr matrix(Z=[0001]z).
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Fig. 5. (a) TEM micrograph of the long hydride and (b) needle type hydride on the TN
section of Zr-2.5Nb pressure tube.
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Fig. 6. (a) TEM micrograph of the long hydride grown along the o¢-Zr matrix on
the TN section. (bh) MBD pattern of the long hydride(Z=[011]n). (¢) TEM
micrograph of the needle type hydride on the TN section. (d) MBD pattern of

needle type hydride(Z=[110]n).
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