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Abstract

The precipitation behavior of & -hydride platesin a Zr-2.5%Nb pressure tube alloys containing from
50 to 300 ppm hydrogen has been studied. & -hydride is preferentially nucleated at the a - interface
and its growth was shown to be sensitive to the nature of the a - interface. For microstructure which
the continuous B -Zr films have broken up partly into a series of discrete particle of the w- or b-Nb
phase, two types of hydride plate, namely the intergranular and transgranular hydride were observed. For
equilibrium microstructure which the retained B -Zr has completely decomposed to a and b-Nb, & -
hydride grows across the o -grain transgranular rather than along the interface. For both microstructural
conditions, the hydrides appear to have the same orientation relationship, i.e.
(111), //(0001), L T0], /J1120], and to have habit planefi077} lying closeto (0001).
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Fig. 1. (@) A segment of a pressure tube, showing the orientation of the circumferential and radial hydride
platelets relative to the principal directionsin the pressure tubes. (b) axial and circumferential sections of
cold worked Zr-2.5Nb pressure tube alloy containing 500 ppm H, showing alignment of hydrides in the

circumferential-axial and plane of tube with the same morphology as the a-Zr grains..

Fig. 2. TEM micrographs of axial section of Zr-2.5Nb pressure tube containing 60 ppm H. (a) the hydride
plate (@rrowed) nucleated at the interface and grew across the a -grain, (b) the decomposition of the
retained [ -Zr phaseinto a series of discrete particles of the w - or B -Nb phase, (c) two variants of the
hydride plate nucleated at the interface, and (d) the hydride plate grown in the o -phase along the

interface.



Fig. 3. TEM micrograph of annealed Zr-2.5Nb pressure tube containing 50 ppm H.

Fig. 4. Circumferential section of Zr-2.5Nb pressure tube containing 60 ppm H. (a) bright field TEM

micrograph showing the hydride plate nucleated at the interface and grew across the o -grain, (b)
diffraction pattern from & -hydride and o -matrix showing (111), //(0001), 70|, /[1120}, . (c) dark
field TEM micrograph using a hydride reflection



Fig. 5. TEM micrographs of Zr-2.5Nb pressure tube containing 300 ppm H. (a) and (b) axial sections, (c)
and (d) circumferential sections showing & -hydride nucleated at the interface and grown across a

number of a -grain boundaries.



Fig. 6. TEM micrographs of Zr-2.5Nb pressure tube containing 300 ppm H. (a) and (b) axial section, (c)
and (d) circumferential section. The diffraction pattern from & -hydride and o -matrix showing (111),//
(0001), and [110Q] 4// [1120],.



Fig. 7. Axial section of Zr-2.5Nb pressure tube containing 300 ppm H. In dark field using a hydride

reflection, individual platesin the stack can seen.
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Fig. 8. Possible stacking arrays of hydride platesin pressure tube alloys as views (a) in aaxial section and
(b) in acircumferential section. Note that all the arrays are shown in grains with normal to the habit plane

lying at about 15° to the basal polein each case.
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