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L AGE STRUCTURE IN ZIRCONIUM ALIOYS NEUTRON IRRADIATED AT 573 TO 923 K
R.W. Gilbertl ard K. Farrell2

1Chalk River Nuclear laboratories, Atomic Energy of Canada Limited, Chalk River, Ontario, Canada KOJ 1JO
20ak Ridge National labortory, Cak Ridge, TN 37830 U.S.A. :

B\II‘RODUC'I‘IO\I. Zirconium alloys are resistant to void formationl and associated swelling, i

but are subJecL o radlatlon—enhanced (_reepz, radiation growth3 and radiation tardening?, -

all of vhich are dependent on the damage microstructures. Infonmation on the micro-

structures will aid in wderstanding these phenomena. We have cxamined specimens of zirco- -

niun, Zircaloy~2, and Zr-2.5 wt% Nb irradiated at each of 573,673,773, and 923 K to fluences of

1.3, 1.2, 1.0, and 0.7 x 1025 nar?2, respectively, in tle Gak }\Ldge 1@3( tor. Foils were electro
polished using a 4:]1 ethyl alcohol:perchloric acid solution at 240 K and rxamined at 100 kV

" in a Phillips BM300G electron microscope wsing a double axis 1ilt stage.

OBSERVATIONS. Armealed Crystal Bar Zirconium. Dislocation loops were pweseni after irra-

diation at 573 and 673 K (Fig.1,2). The median diameter increased with irradiation temper—

ature from 18.6 to 50 mn and correspording loop concantrations decreased from 5 x 1021 to

5 % 102C o3 respectively. Both interstitial and vacancy loops were ohserved, and in

specimens irradiated at 673 K vacancy loops predaninated, At 773 and 923 K no loops were

evident. A few, 1016 ur3, cavities were found in some specimens, often on grain bounr—

daries or at inclusions.

Annealed Zircaloy-2. Specimens irradiated at 573 and 673 K contained dislocation loops

" with median diameters and densities of 6.5 rm, 1.9 x 1022 yr3 and 60 m, 2.8 x 1020 nr3,

respectively,(Fig.3,4). At 673 K, vacaucy loops predaninated over interstitial loops. A

few cavities were found.

Zr-2.5 wtZ Nb, Slow Cooled from 1 h at 1073 K. This structure consisted of large grains of a—Zr

containing islands of 8-Zr. After irradiation at 573 and 673 K, the q—grains were filled with

dislocation loops,(Fig.5,6), median sizes 7 nm and 37 min respectively. A fine mecipitate

of B-Nb was also jresent. At 773 K dislocation loops were absent and the S-Nb precipitates were

in the formm of large ncedles. At 923 K the structure consisted of large equiaxed a-grains containing

islands of B—Zr and mo irradiation damage contrast vas evident, A few cavities were observed,

Zr-2,5 wt% Nb, Water Quenched from 1273 K and Aged 24 h at 773 K. This structure was

entirely a' martensite. Aging for 24 h at 773 K had prodiced a high concentration of S—b

precipitates. “Black spot” damige was seen in specimens irvadiated at 573 and 673 K, the

loops being difficult to distinguish from the precipitate, Mo radiatiominduced loops were

seen in specimens irradiated at 773 or 923 K.

Zr-2.5 wtZ Nb, Water Quenched from 1123 K and Aged 24 h at 773 K. This structure was canposed

of a matrix of a' murtensite containing islands of a~Zr. Irradiation at 573 and 673 K

. produced dislocaticn loops in both phases, The loops were clearly revealed in the a—phase,

vhile in the o' mrtensite they were difficult to resolve due to their small size and the presence of

BNb precipitate. The loop size increased with increased irradiation temperature. Loops

were not found in specimens irradiated at 773 and 923 K.

DISCUSSION. RNeutron irradiation at 573 and 673 K produced both vacancy and interstitial

loops that increased in size with increasing irradiation temperature. Few dislocation

lines amerged and, at 773 K, there were smrse tangles, implying that develojment of gross

dislocation structures from growth and climb of loops is stunted. The presence of fewer larper

loops at 673 K shows a decline in the mmber of point defects that survive recambination

or absorption. Thus, the mmber of mint defects involved decreases with temperature

toward zero at 773 K, about 0.42 of the extrapolated melting temperature of a~Zr. This is

significantly lower than the 0.5 Ty upper limit observed for survival of damage in fcc

metals. The presence of a mixture of vacancy and interstitial loops which progressively

increase in size and decrease in density with increasing irradiation tomperature shows that

there is a weak bias for interstitials and thus no excess of vacancies to fuel void

formation, The few cavities are characteristic of gas lubbles, probably helium generated

from (n,a) reactions. We conclude that the damage structure in neutron irradiated zirconium alloys is

determined and controlled by a very weak bias of loops for interstitials. )
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FIGURES 1 TO 6: Dislocation Loop Structures in Zirconium Alloys Irradiated in
the. Oak Ridge Reactor at 573 K and 673 K to Fluences of
1.3'and,1.2HxMlozﬁun;mfzwrespeétively. -




