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EFFECTS OF IRRADIATION ON SOME URANIUM-P .UTONIUM ALLOYS 

by 

J . H, Kittel and L. R. Kelman 

ABSTRACT 

I r rad ia t ions were made on a number of u r a n i u m -
plutonium alloy specimens made from both cas t and extruded 
m a t e r i a l s . The cas t al loys included alloys of u ran ium with 
3.7, 6.6, and 13.0 w/o plutonium, and the extruded alloys 
included alloys of u ran ium with 9.5, 14.1, and 18.7 w/o plu­
tonium. One-half of the extruded specimens were given a 
heat t r ea tmen t consist ing of heating to 645°C and cooling to 
and holding at 500°C for one hour in an a t tempt to remove 
the p r e f e r r e d orientat ion that was ant icipated from ext rus ion. 
The specimens were i r r ad i a t ed to burnups ranging up to 
0.84 a / o (7100 M W D / T ) with cen t ra l t e m p e r a t u r e s ranging 
up to 490°C. The cast specimens were al l found to have de­
veloped seve re surface roughening as a resu l t of the i r r a ­
diation they received, p resumably because of excess ive ly 
l a rge grain s izes p re sen t before i r r ad ia t ion . Identically 
fabr icated unalloyed u ran ium specimens showed s imi l a r 
behavior . The a s - ex t ruded alloy specimens maintained good 
surface smoothness under i r rad ia t ion , but showed elonga­
tions which were dependent on plutonium content. F o r ex­
ample , in samples with 0.4 a /o burnup, a 14.1 w/o plutonium 
alloy specimen elongated 96%, whereas an 18.7 w/o plutonium 
alloy specimen elongated only 8.4%. The h e a t - t r e a t e d ex­
t ruded specimens did not elongate anisot ropical ly , indicating 
that the heat t r ea tmen t used was effective in randomizing 
the grain or ienta t ion. However, the h e a t - t r e a t e d spec imens 
developed excess ive surface roughening, apparent ly because 
the heat t r ea tmen t caused an undes i rab ly l a rge gra in s i ze . 

INTRODUCTION 

The development of fast b r e e d e r r e a c t o r s appears to be ind i spens ­
able if the wor ld ' s r e s e r v e s of Û ®̂ a r e to be ut i l ized for the production of 
nuclear energy. This si tuation r e su l t s from the fact that t he rma l r e a c t o r s 
can be expected to have breeding ra t ios somewhat l e s s than 1.0 where U 
is used as fer t i le m a t e r i a l . ' ^ ) On the other hand, a suitably designed fast 



reac tor with a Û ®̂ blanket can be expected to have a breeding rat io of about 
1.2 with U^^ fuel or a ra t io of about 1.5 if Pu^^^ is used as fuel .( l) Thus, a 
fast b r e e d e r util izing the Pu^^ - Û ®̂ cycle might supply sufficient fuel to 
maintain operat ion of severa l t he rma l power r e a c t o r s , depending upon their 
u ran ium convers ion ra t ios and power l eve l s . 

The successful development of a fast b r e e d e r uti l izing the Pu' 239 

U cycle depends to a l a rge extent upon the abil i ty of the fuel m a t e r i a l , 
which would normal ly contain both Pu and U , to adequately r e s i s t i r r a ­
diation damage during fuel burnups ranging upward from 1 a /o while at i r ­
radiation t e m p e r a t u r e of the o rde r of 650°C or higher|. 

The s imples t fuel composit ions would of course be b inary alloys of 
u ran ium and plutonium. A few i r rad ia t ions of such alloys have been made 
on smal l n ickel -p la ted pins , l / l 6 in, in d iamete r and 3 / l 6 in. long, cast to 
size.(2) The smal l spec imen s ize was dictated by the lack of a means of 
cooling l a r g e r spec imens during i r r ad ia t ion . In these t e s t s , u ran ium-10 w/o 
plutonium and u ran ium-15 w/o plutonium alloys were examined after bu rn ­
ups ranging up to 0.3 5 a / o . It was found that the pins suffered l i t t le damage, 
although the amount of r e s t r a i n t contr ibuted by the nickel cladding was not 
known. 

The availabil i ty of the MTR, with i ts inherent water cooling of fuel 
specimen capsules , has m o r e recent ly enabled fur ther i r r ad ia t ions to be 
made on uranium-plu tonium al loys , using specimens of a l a r g e r size and 
without protect ive plat ing. The p re sen t r e po r t desc r ibes the r e su l t s of i r ­
radiat ion tes ts on these spec imens , which included alloys of u ran ium with 
3.7, 6.6, 9.5, 13.0, 14.1 and 18,7 w/o plutonium, A few unalJoyed u ran ium 
spec imens were a lso i r r a d i a t e d for purposes of compar i son . Photographs 
of the i r r ad i a t ed specimens a r e p resen ted , along with data on dimensional 
and weight changes resul t ing f rom i r r ad ia t ion . 

After the work descr ibed in the p r e sen t r epo r t was completed, a 
s e r i e s of i r r ad ia t ions were made on uran ium-plu tonium-molybdenum and 
uranium-plutonium-f iss iunn a l loys . Resul t s f rom these i r r ad ia t ions have 
a l ready been repor ted, (3) 

SPECIMEN MATERIALS AND EXPERIMENTAL PROCEDURE 

Two groups of spec imens were made for the i r r ad i a t i on expe r imen t s . 
The f i r s t group consis ted of spec imens made by cast ing into a copper mold. 
The nominal s ize of each cast ing was 0,140 in, d iamete r x 1.00 in. long. 
After cast ing, the specinaens were annealed at 500°C for one hour and then 
machined to a nominal s ize of 0.125 in. d iamete r by 0,750 in. long. An ex­
ception was specimen AA-240, which was machined to a length of 0,440 in. 
Composit ions of the cast spec imens included u r an ium plus 0, 3,7, 6.6, and 
13.0 w/o plutonium. 



The m a t e r i a l for the second group of spec imens was fabr icated by 
casting to 3 /8- in . d iameter in a copper mold. The cast ings were then in ­
ve r se extruded at t e m p e r a t u r e s from 450°to 525°C to a d iameter of 0.185 in. 
The specimens were jacketed in copper as a lubr icant and requ i red p r e s ­
su res in the range of 80,000 to 120,000 psi for ext rus ion. 

Alpha-ext ruded uraniuna shows a high degree of p r e f e r r e d o r i en ta ­
tion as evidenced by a low longitudinal expansion coefficient and a c o r r e ­
spondingly high radial expansion coefficient. Di la tometr ic studies of the 
extruded uranium-plu tonium alloys that were i r r ad i a t ed indicated that they 
not only had a high degree of t ex ture , but that the degree and type of tex ture 
was grea t ly influenced by the plutonium content. The longitudinal expansion 
coefficient i nc reased with increas ing plutonium content and the radia l coef­
ficient dec reased . The re was some evidence that at above 10 w/o plutoniunn 
the radia l coefficient became sma l l e r than the longitudinal coefficient. 

It appeared des i rab le , the re fore , to a t tempt to r emove , by suitable 
heat t r ea tmen t , the p r e f e r r e d orientat ion in at l eas t some of the extruded 
alloy spec imens . I r rad ia t ion studies of other u r a n i u m - b a s e alloys a t 
Argonne National Labora tory have shown the effectiveness of i so the rmal ly 
t ransforming the alloys p r io r to i r r ad ia t ion . l^ ' ^ ) Reference to the u r a n i u m -
plutonium phase diagram,(6) shown in F igure 1, indicated that a t empe ra tu r e 
of 500°C would pe rmi t the alloys to t r ans fo rm completely from any re ta ined 
beta or gamma. There fore , one-half of the spec imens were then given a 
heat t r ea tmen t consist ing of heating to 645°C, cooling to and holding at 500°C 
for one hour , and cooling to room t e m p e r a t u r e . Both the a s - ex t ruded and 
the h e a t - t r e a t e d spec imens were then machined to a nominal s ize of 0.120 in. 
d iameter x 0.750 in. long. Composit ions of the extruded spec imens included 
u ran ium plus 0, 9.5, 14.1, and 18.7 w/o plutonium. 1 

After machining to s ize , m e a s u r e m e n t s were made on all spec imens 
for d imensions , weight, and h a r d n e s s . Densi t ies were de te rmined by loss 
of weight in 1, 2, 3 - t r ib romopropane . P r e - i r r a d i a t i o n ha rdnes s and density 
values a r e shown in Table I. A typical spec imen, before i r rad ia t ion , is 
shown in F igure 2. 

The spec imens were then placed in z i rconium i r r ad ia t ion capsules 
containing NaK for heat t r ans fe r purposes . (^) An assenabled capsule is 
shown d iagrammat ica l ly in F igure 3. A smal l wire of an a luminum-coba l t -
manganese alloy was a lso included in each capsule to pe rmi t de terminat ion 
of the t he rma l flux incident on each capsule . I r rad ia t ion p rocedures and 
the rma l flux de terminat ions using capsules of this type have been previously 
described.(S) In calculating the a tom burnup in the spec imens , appropr ia te 
cor rec t ions were made to the the rma l flux measurenaents to compensate 
for flux depress ion nea r and within the fuel spec imen. 



EXPERIMENTAL RESULTS AND DISCUSSION 

Tables II and III s u m m a r i z e the conditions under which the spec i ­
mens were i r r ad ia t ed . Also shown in the tables a r e dimensional and weight 
changes resul t ing from i r rad ia t ion . Photographs of the i r r ad ia t ed specimens 
a r e shown in F igu re s 4 through 11 . 

Cast Mater ia l 

As shown in F igu re s 4 through 7, al l the cas t spec imens showed 
extensive surface roughening as a resu l t of i r r ad ia t ion . Apparently, the 
amount of surface roughening was not d i rec t ly re la ted to the amount of 
plutonium in the a l loys . Thus, even the unalloyed uranium specimens 
showed severe roughening, although they were i r r ad ia t ed to compara t ive ly 
lower burnups . 

The type of surface damage exhibited by the cas t spec imens is cha r ­
ac t e r i s t i c of c o a r s e - g r a i n e d m a t e r i a l . F o r example, s imi la r surface rough­
ening was noted in a group of u r a n i u m - c h r o m i u m alloy cast ings known to be 
coarse-gra ined . (9) Since the sur faces of the alloyed specimens were as 
badly damaged as those of the unalloyed spec imens , i t may be concluded 
that the additions of plutonium to u ran ium did not effect a reduction in grain 
s i z e . 

The changes in length and d iame te r shown in iTable II a r e considered 
to be due a lmos t ent i re ly to surface roughening. As might be expected in 
cas t m a t e r i a l , the dimensional changes resul t ing from i r rad ia t ion appeared 
to be essent ia l ly i so t rop ic . The la rge weight l o s se s noted in some of the 
specimens a r e a t t r ibuted to incomplete r ecovery of specimen f ragments 
from i r rad ia t ion capsules , r a ther than to co r ros ion by NaK. 

One specimen. No. AA-236, obviously inc reased considerably in 
volume. This spec imen w^as calculated to have been i r r ad ia t ed at 440°C, 
the highest t e m p e r a t u r e of the group. It is believed that the large volume 
inc rease in this specimen resti l ted from the mechan i sm known as "swel l ing." 
This phenomenon is believed to be due to the nucleation and growth at e l e ­
vated t e m p e r a t u r e s of bubbles of volat i le f ission products.(1^) It may be 
noted that u ran ium spec imens used in another invest igat ion!! 1) were ob­
served to begin swelling at the near ly ident ical t e m p e r a t u r e of 430°C. 

Although it is not known why the p resen t cas t spec imens were much 
more severe ly dainaged by i r r ad ia t ion than the smal l pins desc r ibed in 
re fe rence 2, possible explanations for the g r e a t e r stabil i ty of the smal l pins 
a r e that the sma l l e r s ize of the pins would p resumably have resu l t ed in a 
fas ter cooling ra t e with a correspondingly finer gra in s ize; a l so , the nickel 
plating on the pins may have given some degree of r e s t r a i n t . 



Extruded Mater ia l 

As naentioned e a r l i e r , one-half of the extruded specimens were 
given a heat t r ea tmen t consist ing of heating to 645°C, cooling to and holding 
at 500°C for one hour, and cooling to room t e m p e r a t u r e . The heat t r e a t ­
ment great ly affected the behavior of the extruded alloys under i r rad ia t ion , 
as shown in Table III and more c lear ly in F igu re s 8 through 11. 

Considering, f i rs t , the a s - ex t ruded spec imens , it was noted that 
whereas the unalloyed specimens shor tened under i r rad ia t ion , all of the a l ­
loyed specimens which could be completely removed from thei r i r r ad ia t ion 
capsules were found to have elongated. Thus, confirming the t he rma l ex­
pansion r e su l t s , it appear s that a different type of p r e f e r r e d orientat ion is 
p re sen t in a lpha-ex t ruded uraniuna-plutonium alloys from at l eas t approx i ­
mate ly 10 to 20 w/o plutoniuna than is p resen t in unalloyed u ran ium. 

In cont ras t to the pe r fo rmance of the cast ings desc r ibed e a r l i e r , 
the a s - ex t ruded specimens maintained excellent surface smoothness during 
i r rad ia t ion , indicating that extrusion effectively reduced the grain s ize 
p resen t in the or iginal cast b i l l e t s . 

The genera l lack of surface roughening on the i r r a d i a t e d a s - e x t r u d e d 
specinaens enabled the i r rad ia t ion growth ra te , Gi, resul t ing frona p r e f e r r e d 
orientat ion, to be calculated and is shown in Table HI. The i r r ad ia t ion 
growth ra t e is calculated from the relation(8) j 

L dN Gi = T- ^ = 

where 

ln (L/Lo) m i c r o m .2^ 
fraction of total a toms fissioned fissions/lO** total a toms 

L Q = init ial length 

L = final length 

N = unit of a tom burnup 

The above express ion thus takes into account the fact that the amount of 
growth at any given level of burnup is dependent upon the instantaneous 
length of the specimen at that tinae. 

Growth r a t e s of the as - extruded uraniunn - 9.5 w/o plutonium alloy 
spec imens could not be obtained because they could not be completely r e ­
moved from the i r i r r ad ia t ion capsu les . However, growth r a t e s of the 14.1 
and 18.7 w/o plutonium alloy specimens showed the l a t t e r alloy to be com­
para t ive ly s table , with a Gi value of about 23 . This is comparable to that 
observed in u ran ium stabi l ized by being quenched from the beta phase , (°/ 
with the exception that be ta-quenched uran ium develops a g r ea t e r degree 
of surface roughening. 



The surface roughening observed in the extruded and h e a t - t r e a t e d 
specinaens was even m o r e severe than that noted in the cas t specinaens, 
with the exception of the 18.7 w/o plutonium alloy . Based on the appearance 
of the i r r ad i a t ed specinaens, it may be concluded that the heat t r ea tmen t 
produced an unfavorably l a rge grain s ize in the a l loys . However, judging 
from the 18.7 w/o plutonium alloy specimens shown in F igure 11, the heat 
t r ea tmen t appea r s to have accompl ished i ts intended purpose in randonaiz-
ing the texture resul t ing from fabricat ion. 

Resul ts from the extruded group of spec imens indicated that r e s i s ­
tance to i r r ad ia t ion damage was re la ted to plutonium content. Thus, i r r a ­
diated specimens in the lowest alloy group, which contained 9 .5 w/o plutonium, 
were so badly damaged that mos t of them could not be completely removed 
frona the i r i r r ad ia t ion capsu les . On the other hand, the spec imens in the 
highest alloy group, which contained 18.7 w/o plutoniuna, were noticeably 
be t te r in compar ison to the other a l loys . The a s - e x t r u d e d specinaens con­
taining 18.7 w/o plutonium also showed the lowest an iso t ropic growth r a t e s 
and the h e a t - t r e a t e d specimens of the sanae alloy showed the l eas t amount 
of surface roughening. 

CONCLUSIONS 

1. Uraniuna-plutonium alloy specimens containing up to at l eas t 
13 w/o plutonium and p r e p a r e d by cast ing into copper molds a r e subject 
to severe i r rad ia t ion damage which naanifests i tself as excess ive surface 
roughening. 

2. Uranium-plutonium alloy specimens containing up to at l eas t 
19 w/o plutoniuna and p r e p a r e d by extrus ion in the alpha phase elongate 
under i r r ad ia t ion but maintain good surface snaoothness. 

I 
3. The p r e f e r r e d or ientat ion p resen t in uranium-plutoniuna alloys 

extruded in the alpha phase can be removed by suitable heat t r ea tmen t , but 
with the pa r t i cu la r treatnaent used in this invest igat ion, s eve re surface 
roughening r e su l t ed in subsequent i r r a d i a t i o n s . 

4. Although the effects of i r r ad ia t ion on cas t u ran ium-p lu ton ium 
alloys showed no pa r t i cu la r dependence on alloy composi t ions , the extruded 
alloys showed be t te r r e s i s t a n c e to i r r ad ia t ion damage with inc reas ing plu­
tonium content. 

5. If fur ther s tudies of the effects of i r r ad ia t ion on uran ium-
plutoniuna al loys a r e under taken, it is r ecommended that a range of compo­
sit ions extending upward from about 18 w/o plutonium be inves t igated . In 
pa r t i cu l a r , fur ther studies a r e indicated of the re la t ive ly good pe r fo rmance 
of the extruded U-18.7 w/o plutoniuna al loy. 
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TABLE I 

P r e - i r r a d i a t i o n Density and Hardness Measurements 
On Uranium-Plu tonium Alloy Specimens 

Spec. 
No. 

AA-229 
AA-230 
AA-233 

AA-231 
AA-232 
AA-234 

AA-235 
AA-236 
AA-237 

AA-238 
AA-239 
AA-240 

BG-1 
BG-2 

BG-3 
BG-4 
BG-5 
BG-6 

BG-7 
BG-8 
BG-9 
BG-10 

BG-11 
BG-12 
BG-13 
BG-14 

Pu, w/o(^) 

0 
0 
0 

3.7 
3.7 
3.7 

6.6 
6.6 
6.6 

13.0 
13.0 
13.0 

0 
0 

9.5 
9.5 
9.5 
9.5 

14.1 
14.1 
14.1 
14.1 

18.7 
18.7 
18.7 
18.7 

Condition(^) 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

E 
E 

E 
E 

HT 
HT 

E 
E 

HT 
HT 

E 
E 

HT 
HT 

Density, g m / c c 

18.89 
18.89 
18.86 

18.81 
18.84 
18.88 

18.92 
17.94 
18.70 

18.75 
18.72 
18.78 

18.82 
18.90 

18.81 
18.71 
18.88 
18.86 

18.83 
18.87 
18.80 
18.78 

18.78 
18.80 
18.80 
18.80 

Hardness , RA^*^^ 

58.6 
57.5 
57.3 

61.1 
60.9 
61.6 

60.7 
61.2 
59.9 

62.3 
60.4 
59.6 

-

-

» 
-
-
-

-
-
-
-

77.4 
-
-
-

v^/Balance is natural uraniuna 

{b)c - Cast and annealed 1 hour at 500°C 
E - Extruded at 450-525°C 
HT - Extruded at 450-525°C, heated to 645°C, cooled to and 

held at 500°C for 1 hour, cooled to roona tenaperature 

(<^)Hardness measu remen t s were not naade on most of the extruded 
specimens because of excessive br i t t l eness of the a l loys . 



TABLE II 

Effect of Irradiat ion on Cast Uranium-Plutoniuna Alloy Specinnens 

Spec 
No 

AA-233 
AA-229 
AA-230 

AA-234 
AA-232 
AA-231 

AA-237 
AA-235 
AA-236 

AA-240 
AA-238 
AA-239 

Pu w/o 

0 
0 
0 

3 7 
3 7 
3 7 

6 6 
6 6 
6 6 

13 0 
13 0 
13 0 

Burnup, 
a /o 

0 097 
11 
12 

32 
43 
66 

42 
72 
82 

32 
68 
84 

I r r a d Temp , °c(^) 

Surface 

85 
90 
95 

160 
200 
280 

170 
310 
340 

150 
280 
330 

Center 

95 
100 
105 

200 
240 
340 

200 
380 
440 

190 
350 
430 

1-ength 
Change, % 

6 7 
0 
0 

6 1 
5 2 
5 6 

7 4 
(b) 

19 5 

17 5 
12 0 
14 6 

Diameter 
Change, % 

0 to 6 4 
3 2 to 46 
6 4 to + 26 

3 2 
0 to 20 
0 to 33 

0 to 14 
-

66 to 114 

20 
6 4 to 54 

0 to 94 

Weight 
Change mg 

- 2 6 
- 4 1 
- 2 3 

3 8 
8 

3 1 

-242 9 
-

-532 3 

3 1 
- 15 1 
-588 9 

'Tempera tu res were calculated on the bas is of conditions existing at the beginning 
of exposure 

•ismtegrated under i r radia t ion 

TABLE 111 

Effect of I r radia t ion on Extruded Uranium-Plutonium Alloy Specimens 

Spec 
No 

BG-1 
BG-2 

BG-4 
BG-3 
BG-6 
BG-5 

BG-7 
BG-8 
BG-10 
BG-9 

BG-12 
BG-11 
BG-14 
BG-13 

Pu, w/o 

0 
0 

9 5 
9 5 
9 5 
9 5 

14 1 
14 1 
14 1 
14 1 

18 7 
18 7 
18 7 
18 7 

Condition (^) 

As Extruded 
As Extruded 

As Extruded 
As Extruded 
Heat Trea ted 
Heat Trea ted 

As Extruded 
As Extruded 
Heat Trea ted 
Heat Trea ted 

As Extruded 
As Extruded 
Heat Trea ted 
Heat Trea ted 

Burnup, 
a /o 

0 044 
048 

21 
43 
16 
27 

22 
43 
12 
42 

28 
37 
15 
35 

I r r a d Temp , "c'*^) 

Surface 

90 
95 

220 
390 
170 
270 

220 
390 
140 
380 

270 
360 
160 
320 

Center 

100 
105 

260 
490 
210 
330 

270 
490 
170 
480 

350 
460 
200 
410 

Length 
Change, % 

-3 82 
-4 89 

(d) 
(d) 

1 20 
(e) 

65 
96 
58 
42 

6 7 
8 4 

13 
6 7 

Growth 
Rate, Gi*'^) 

- 87 
-102 

-
-
-
-

230 
160 

-
-

23 
22 

-
19 

Diameter 
Change, % 

3 12 
3 76 

-
-

0 to 65 
-

-54 to -11 
-34 to 0 

65 to 140 
6 to 97 

0 

0 to 22 
0 to 32 
0 to 5 6 

Weight 
Change, mg 

0 1 
1 

-
-
-
-
-

15 7 
-8 8 

-
-
-

-7 6 

-

(^/Extrusion was at 450 to 525°C Heat Treatnnent consisted of heating to 645°C cooling to and holding at 
500°C for 1 hour, and cooling to room tempera tu re 

'bJTempera tures were calculated on the basis of conditions existing at the beginning of exposure 

t̂ ^Gĵ  = mic rom / i n per f iss ion/ lO total a toms 

("'Specimen could not be entirely removed from i r rad ia t ion capsule for measu remen t s 

(^)Specimen ignited and burned before measu remen t s could be made 
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Figure 1. Uranium-plutonium phase diagram, after Los Alamos, 
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Figure 2 . Typical specimen before i r r ad ia t ion . 
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Figure 3. Assembled irradiation capsule. Length of the capsiae 
is approximately 3 in. and the diameter is l/2 in. 
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Photo No. 17,212 17,211 

I 

Specimen No. 

Max. Irrad. Temp., "C 

Burnup, a/o 

^AA-237 

200 

O.U2 

^AA-236^ 

kko 

0.82 

Figure 6. Effect of irradiation on cast uranium-6.6 w/o plutonium alloy. A third specimen. No. AA-235, 
disintegrated during irradiation to O.72 a/o burnup at 380°C. Magnification, 2X. 
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Photo No. 17,215 17,213 17,211^ 

Specimen No. 

Max. Irrad. Temp., °C 

Burnup, a/o 

-̂ AA-21+0-

190 

0.52 

Figure 7 

.AA-239^ 

14-30 

0.81f 

Effect of irradiation on cast uranium-13.0 w/o plutonium alloy. The length of specimen AA-2U0 before irradiation 
was only O.l+l+O in. compared to the 0-750 in. length of the other two specimens. Magnification, 2X. 
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Photo No. 17,665 l8,7lK) 

Specimen No. 

Condition 

Max. Irrad. Temp., "C 

Burnup, a/o 

BG-3 

As-Extruded 

1̂-90 

0.1+3 

PC-6 

Heat Treated 

210 

0.16 

Figure 9« Effect of irradiation on extruded uranium-9.5 w/o plutonium alloy. Part of specimen 
BG-3 could not be removed from its irradiation capsule. Magnification, 2X. 
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Photo No. 18,71+1 17,666 17,667 18,71+2 

Specimen Ne. 

Condit ion 

Max. I r r a d . Temp., 

Burnup, a /o 

"G 

BG-7 

As Extruded 

270 

0 .22 

BG-8 

As Extruded 

1+90 

0.1+3 

BG-10 

Heat Trea ted 

170 

0 .12 

BG-9 

Heat Trea ted 

1+80 

0.1+2 

Figure 10. Effect of irradiation on extruded urajai\jm-ll+.l w/o plutonium al loy. Magnification, 2X. 



Photo No. 18,71+1+ 18,71+3 17,668 18,7^+5 

Specimen No. 

Condi t ion 

Max. I r r a d . Temp., °C 

Burnup, a /o 

* J f J » r 

BG-12 

As Extruded 

350 

0.28 

J5f 1 * 

BG-11 

As Extruded 

1+60 

0.37 

BG-11+ 

Heat Trea ted 

200 

0.15 

w: 1 1 • - -

BG-13 

Heat Trea ted 

1+10 

0o35 

Figtire 11 . Effect of i r r ad ia t ion on extruded \jranium-l8.7 w/o plutonium a l loy . Magnification, 2X. 
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