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Swelling of Metalic Uranium

Summary

The various phenomena which contribute to the swelling of uranium metal have been investigated
with the reports so far published

The swelling of uranium metal is caused mainly by coalescence of fission gas bubbles, and sometimes
by crack formation. When the gas bubble is small, the pressure of this gas bubble depends on the
surface tension of the matrix.

In consequence, the swelling can be supressed by dispersing bubbles formed to prevent them from the
coalescence.

Two different mechanisms are proposed at present for the growth of bubbles. One is the view that
bubbles migrate by surface diffusion of the matrix atoms and coalesce with one another, and the other
that inert gas atoms in small bubbles dissolve into the matrix and precipitate out in larger bubbles.

From the experimental results reported, it appears that at a high temperature near the melting
point, these two mechanisms are both operative, and at temperatures below this only the former
operates.

What gives the largest contribution to the swelling of uranium, is probably the migration of grain
boundaries, which controls the migration of bubbles.

Various experiments which are involved in the swelling other than by irradiation of uranium, and
the conditions for crack formtion in irradiated uranium metals are also discussed.
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Fig. 8 Graph of the number of gas atoms (mandm’)
and vecant lattice sites (N) cont., ained within
a bubble as a function of radius for perfect and
van der waals gases.
(R.S. Barnes, R, S. Nerson''?)

U#EO%E FERMEBEKIC L S L, JEKETOUR
DOEEMEERR 10°~10"/cm* TH Y, OiFERU
%9 600°C T 0.19% burnup LH&KKASh 358
DORFEH U.5p LRRETH S, Chi3RERNRAD
JiAREMRECEZCROAE VD EBEIROETH
BEEEBEOER™ ™ L LKL T 3.

UL»LRAUEREBHETD, SEOOLRHEES 205




8 R RRYFVDRYZY v

REFHERERCAS DN, SLTREARE Bkic
matrix JICEH—ICEHE IS &5 & 51T, nucleation
site CERSRIRNRH B EVIHMEDH B0,

DFICKIAD nucleation site LHLWITHG T
T EDBEBRIKONTELTH B L, HUBICX DT
A { 8k X7 adjusted U* st U X b
HBHTTEX BEHEWNINELDRTNE™ ™. Ll
adjusted U OB TEHMRBHEZEOKRE »olk, KBLR
BRI BECEAL TR LRB O - 1.

#5 nucleation site L LT, €BU Tlddb-4& D
SHOBOESEL MU TS v.5x HREBEOKEDH
DEENDHV, F. P. Frick 2581 OBRECHK
LTl U @ swelling it K& B L BTSN
DT, ZhPlEIC nucleation site Z2E 5 D2 swelling
W BT 2 DICARIEBIT DI TIRELHH, ER
LChP EEADRABETHD, BERCOTELE
HACHKREEZNDICLTLVIED BB LIZENTL 5.

KIADERIC OV TREFTENL R DENEELONT
Wik, &7k F.P. ¥ 2OHEWS, Thbb
BOERICAREE/NIBRBICEINTOEFRETF
A matrix thic HIEML T, L DEERASERECH
BEBENDIEZFTHBE. T ORMECRERRG
OFEMAL T R vF —{3, (matrix hDE#OERL T
WFE =) + (RAERDOBIF A matrix h~FiET 2 570
FORRBE. COSLBEEDZAZINVF—IhED AN
EEZZONBEDT, BOKS®ZIRAMAEE - T4
# Z [T thermal cycle it & 5 T swelling asfmaiz 11
BEROCNTHPLELI & L. BETOHERMIIZ
HRRE L THIZDOXHHENMDH D, G L. REYNOLDS™ |
C, Al Fe 28480 U£B%E - T 800°C LT
swelling i~/ R, rHERTREEOREDER
ftxxn¥—i3 3.7¢V 50 (ZofEiR UFFOXELE
BROFEHL = ANF—L D HIEDAZ), coTEs
o HERTRIEORRIEAMBBHSECHAS &
H|ELTNB.

%/ Y. ApDA™ IhETFIES L 7o AlLLi #iE0EF
R BEE R, S [REOBIERH AL, co@h
COHRBHEZXHTAEHRLELT, #U & U-1% Mo
A¢0 swelling OFiFEEnTho Xe OIEERS
WL T, swelling D k&0 #U i3 Xe OiER L =
RREWTEZRLTHWE*, L L ULEBBLU20
AithD Xe DILBENEERCNET 2 EIIRET

* adjusted U &{Z 400~1200 p. p. m. Al, 300 p. p. m. Fe,
600p.p.m.C 240 ULEE BBALIOL a fERELT
APV B E RIS ¥ 5D

* EERICE DEAREDOBER, © #RFFO matrix
HADWEMR, @ # RRTFO matrix SO, @ oK
EIF AT T @ OB T O B HET 3 B4R
F.P. ## 2D HEFED swelling OHifEAa 5 5.

JAERI 4037

C DIEBEROREMICZL UMEKS 5. ofiEo
BRI DWW TIRER S B OHITCY TR L T 3.

RIEE K 2R B F OFIERBRICH L CREF AT 5 12
B, [EBBHLIZIOREEHEEAKLTAXY
B EVHBEBLT, Thico1Tit R S. BARNES® 25 o
RF% cyclotron T XA A7 Cu M 45 RS h
Th# LIRS, He [ABBHLELORALEES
KT Z2EREEEEELTOS. HOFERICK D L %E
MENZNR 1, 72 D 2DO0FEBEEKL TLE r OF
BiIKEsEk, r, r, & r OBEFHIT

r2=r4r,?

WKL, ChRKBOENBEIREHOSCEKESH

Fig. 9 Photomicrograph of a mechanically polished
Al-3 wt 9% Li-3wt9% ing sample irradiated
to 6 GVR and annealed for 250 hours at 400C
500 < (A. BorTax!'®)

Fig. 10 Photomicrograph of an etched Al-3 wt 9% Li-3
wt% Mg sample irradiated to 25GVR, cold
worked, and then annealed for 50 hours at 400
C. 500 (A. BoLTax's)
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Fig. 11 Electron photomicrographs of shadowed negative replicas (a) at 5200 x showing pores on
grain boundaries and (b) at 1600C. showing pores in unrecrystallized areas in uranium
irradiated to 0.309% burnup and annealed 30 minutes at 625°C (B. A. Loomts, D. W.

Pracut'?)

Fig. 12 Optical photomicrograph (a) of negative replica at 500 showing pores in recrystallized areas and
clear unrecrystallized areas, and electron photomicrograph (b) of shadowed negative replica at
5200x showing large pores on grain boundaries and small pores in unrecrystallized areas of
uranium irradiated to 0. 24% burnup and annealed 75hours at 618C (B. A. Loomts, D. W. Pracut''™)
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|- 0,8 -Preirradiation beta quenched av grain dia.0.090mm
[_ 0,8 -Preirradiation recrystallized av. grain dia.0.017mm
321-a —Preirradiation recrystallized av grain dia.0.024mm

Each specimen heated
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Fig. 14 Effect of preirradiation heat treatment and
of a postirradiation pulse anneal at 720C
in the beta region on swelling of irradiated
uranium at 620C. (B. A. Loomis, S.B.
GERBER)
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Fig. 15 Annealed 15 min at 1200C after impregnation numerous bubbles are visible within grains,

(A. A. BAugr“?)
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Fig. 16 Optical photomicrograph with polarized light
at 100 x showing cracks in uranium irradiated
t5 0.30 % burnup and -anrealed 30 minutes
‘at 731C (B A. Loows, D. W. Paacur!'™)
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Fig. 17 Optical photomlcrograph (a) at 100xshow1ng large pores along grain boundaries in the gamma phase
and electron photomicrograph (b) of shadowed negative replica at 5200 x showing largest pores on
grain boundary and smaller pores within the grains in uranium irradiated to 0.24% burnup and
-~ ‘annealed 16 hours at 822 (B.A. Loomis, D. W. Pracur™")
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