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ABSTRACT

The following 2 atomie per eent uranium alloys were made in 160
€ ingots? and the hardness and microstructure investigated after a variety
of heat treatments: V, Au, Pd, 0s, Ru, Ir, Re, Rh, and Ga, A1l of the ai-
loys were more or less brittle as guenched from 900°¢ ¢., except those containing
palladium and rhodium, and appear not to warrant further atudy. The rhedium
alloy shows some promise of being a useful high strength uranium alloy, but

further work is needed to confirm this.
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UGRANIUM ALLOYS WITH TWO ATOMIC PER CENT OF SOME RARE AND PRECIOUS METALS

Part Vil

In the report of February 15, 19Ll, (L4 = 68) a series of 1 gram alloy
melts containing 2 atomic per oent V¥, Au, Pd, 08, Ru, Ir, Re, Rh, and Ga were
briefly désoribedé The microstructures and hardness values in the g00° C. as-
quenched condition were given. Beceuse the hardness values in goneral were quite
high, it appeared as though at least some of these compositions might be promising
for a high strength uranium alloy. Accor *ingly, a series of 160 g melts of 2
atomic per cent of each of the metuls listed ahove wers prepared in the usual way
for further study.

Effect of Heat Treatment on the Hardness of the Alloys

A1l the castings were first homogenized at 900° C. for at least two
houre before subssquent heat treatment and quenching at lower temperatures. The

hardness value observed at each temperature level is shown in Table I.

it will be obse;ved that a few alloys were cracked as cast, and most of
them were cracked as quenched from 900° C. Thesae groups of alloys can practically
be oliminated from further consideration because of exceseive brittleness, The
rhenium end osmium alloys were especially brittle, and exceedingly difficult to
cut. While moast of the slloys show posaibility of improvement in hardness on heat
treatment, none shows a minimum hardness as quenched from higher temperatures,
vhich is generally desirable for a heat treatable alloy; but the minimum hardness

ocours at 700° G. or 600° C» Also, most of the alloys show a maximum herdness both
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at S00° C. and at LOO® C.
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Table I, Compogitions and Rockwall A Herdness of
Heat Treated 2 Atomic Per Cent Alloys

All Alloys Originally Quenched from 900° C,

Alloy Intsnded Composition  Anonlysis Weight % As cast 900 800 700 600 500
Hioo RtomicZ  Welght Z
2,06 2V = 0.45 Vv 0.465 top 59 3! 7 60 60
0.38l bottom
2413 2 Au * 1,03 Au 1,140 top 63 65 ay 56 60 69
1,18 bottom
2Ll 2pd 0.913 Pd 1.01 top 65 70 70 61 57 69
1.03 bottom
aus 2 08 1.61 08 coonmce 61 66 65 63 63 61
alué 2 Ru + 0.87 R =wemm-- 66 72 70 & &y 69
2,20 2 Ir ¥« 1,63 1Ir 1.40 top V(4 65 63 63 59 60
1.2 bottom
ay23 2 Re *o 1.57 Re cenesoe 73 65 65 66 65 65
2,220 2 Rh R - 63 73 72 70 63 69
2u23 2 Ga # .59 Ga 0,30 top 63 62 &l 61 56 61
el 0.7l bottom .
=
g ]
”
p ~—% ¥ Cracked as cast
wn * Crecked as quenched 9009 C,
L% )
~r b=
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The rhodium alloy appears to show a slightly greater hardness than the

palladium alloy as quenched from 900° C. and as re-heated to L00? C.
Microstructure

Microstructures of all the alloys at every stage of heat treatment are
shown in the following Pigs., 1=63.

Vanadiuwa Alloy, Pigs. 1l-7

Most of the structures shown appear to consist of two phases, one of
them somotimes rather finely divided,

Gold Alloy, Figs. 8-1L

The gold mlloy appears to consiat of a single phase at 900° C. and pos-
sibly at 600° C. Many of the areas show cracks which had formed om the initial
900° C. heat treatment.

Palladium Alloy, Figs. 15-21

The alloy appears to be nearly one phase at 800° C., but at otner
temperatures seems to consist of two phases. The peculiar nodular sitructure
exhibited at 700% C. is probably caused by growth of a new phase from the old
structure. It is possible that the matrix of the structure in Fig. 19 consists
of the nodular astructure grown completely together.

Osmium Alloy, Figs. 22-20

Most of the structures observed have two phases with the possible ex~
ception of the 500° C. and 400 C. heat treated ones. The large dark patch in
Fig. 28 18 a crack, and sll the alloys were cracked from the §00° . condition.

Ruthenium Alloy, Pigs. 29-35

Tho as cast alloy shows a well defined two phase Munitz metal type

it
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gtructure. The &00° C. heated structure seems to be almost a single phase, but
there may be a fine precipitate present.

Iridium Alloy, Figs. 36-42

Here again the structures are quite varied, moat of them oonsisting of
two phases, with the 500° C. condition possibly showing a single phase structure.

Bhenium Alloy, Figs. 43-L9

The structures observed after quenching from 9000 C., 600° €., and 500° C.
ars apparently all essentially single phase ones. It is possible that these
atructures correspond to gamma, beta, and alpha uranium, but this is only a guoss.

Ehodium Alloy, Pigs. 5056

The as cast alloy shows a well defined Muate metalhtype two phase
structure. Quenching from 900° G. did not retain all of the rhodium in solid sol-
ution, and at 800° C. while it is mostly one phase, there is evidence of a finely
dispereed second phaas. Fig. 53 shows an interesting structure, almost certeinly
a non-squilibrium ons, with a suggestion of three phases present.

At 600° C. there is a copious fine precipitate in o matrix apparently
containing most of the rhodium, and at 500° C. the structure appears tc consist
of a single solid solution. At 400? C. this solution breaks down to fora two
phases, one of them again a finely divided one, apparently precipitated from the
solid golution of Fig. 55.

Gallium Alloy, Figs. 57=63

Thers secms ta bs a small amount of a second phese in all the structures,
but moat of them appear to consist largely of one phase.
It must be emphasited that the micrographs shown in most cases do not

correspond to equilibrium structures. Vhile as far as analyses on these alloys
\
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are available only the gallium showed serious sogregation, there is some possi-
bility of segregation in the unanalyzed alloys (08, Ru, Re) which might give
misleading impressions.

The results described are ouly preliminary, and are intended mostly as

& guide to possible future work.
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Fig. 1.
Az Cost
feehed dn 1:1 Witrle=Acebic Acid

2 Abtomic Por Cent V-U Alloy

2,06=1-1

x 250

Pig. 3. 2 Atomic Per Cent V= Alloy
A& Quenched 800° C.

Elecirolytically etched in 1OZ Oxalic
Acid

21,06 3=-0 x 250
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Fig. 2, 2 Atomic Peor Cent V-0 Alloy
Es Quenched 9000 (.

Flactrolytically etched in 5% Oxalic
Acid

20406-2-0 x 250
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Fig. L. 2 Atomic Per Cent V=U Alloy

As Quenched 7C0° C.

Ttched in 1:1 Nitric=Acetic Acid

2&05=h~0
e ———

x 250
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Mgo 5. 2 Atomic Per Cent V=U Alloy

As Quenched 600° C.
Electrolytically etched in 24 Oxalic
Acid

2,06-5-0 x 250

: (V 4 .
. e VAN :
: RILs

Pig. 6. 2 Atomic Per Cent V-U Alloy
Ks Quenched 5000 .

Electrolytically etched in 2% Oxalic
Acid

2L,06-6=1 x 250

PFigo 7o 2 Atomic Per Cent V=U Alloy
As Quenched [00° C.

Electrolytically etched in 2% Oxalic
Acid

2406-7=0 x 250

——
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Fig. 8. 2 Atomic Per Cent Au-y Alloy Fig. 9. 2 Atomic Per Cent Su=U Alloy
A8 Cast As Quenched 900° C.
Electrolytically etched in 2% Oxalic Electrolytically etched in 2% Oxalic
Acid Acid

., 2413=1=0 : x 250 2413-2-0 x 250

Fig. 10, 2 Atomic Per Coent Au<¥Y Alloy Fig. 11. 2 Atomic Per Cent Au=U alloy

As Quenched 800° C. As Quenched 700° C.
Electrolytically etched in 2% Oxalic Electrolytically etched in 2% Oxalic
. Acid Acid

%
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Fig. 12. 2 Atcmic Per Cent Au~U Alloy Fige 15. 2 Atomic Per Cont Au=U Alloy
Ae Quenched 600° (. A8 Quenched 500° C,
Electrolytically etoched in 274 Oxalic Electrolytically etohed in 2% Oxalic
Acid Acid
2413-5-0 x 250 241 36=0 x 250

Fig. o 2 Atomic Per Cent Au=U Alloy
As Quenched L00° C. _
Electrolytioally etched in 5% Oxalic
Acid

2413=7=0 x 250
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Pig.315. Fig. 16. 2 Atomic Per Cent Pd=U Alloy
As Cast As Quenched 900° ¢,
Blectrolytically etched while polishing. Electrolytically etched in 5% Ozalic
Acid
24110 x 250 241;=2=0 | x 250
ﬁg’-. L4 " .‘ : 7‘. - :A. ’ ‘7 ) o
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Figo 17. 2 Atomic Per Cent Pd=U Allo
As Quenched 800° C, Y 15 10,

Etched in 151 wNitric-Acetic Acid

2 Atomic Per Cent Pd=y Alloy
A8 Quenched 700° Ce

" Electrolytically stched in 5% Oxalic
Acid

2Ly 3<0 x 250  241l=l=0 x 250
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Pig. 19. 2 Atomic Per Cent Pd=U Alloy Pig. 20. 2 Atomic Per Cent Pd=U Alloy

A8 Quenched 600° ¢C. A5 Guenched 500° C.

Blectrolytically etched in 5% Oxalic Flectrolytically etched in 5% Oxalic
Acid Acid

241)-5-0 x 250 241L<6-0 x 250

T N® Wy
R T u

Figs 21. 2 Atomic Per Cont Pd~-U Alloy
Es Quenched 500° Co

Electrolytically etched in 5% Oxalic
Acid

214=7=0

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

Fig. 22. 2 Atomic Per Cent Os=U Alloy
As Cast

Electrolytically etched in 5% Oxalie
Acid

2L15-1-0 x 250

Fig. 24, 2 Atomic Per Cent 0s<U Alley
A8 Quenched 800° C.

Electrolytically etched in 57 Oxalic
Acld

2l415=3-0 x 250

Fig. 23. 2 Atomic Per Cent 0Os=U Alloy
As Quenched 900° C,

Electrolytically etched in 5% Oxalic
Acid

2415-2-0 x 250
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Figo 25, 2 Atomic Per Cent Os=U Alloy
A5 Quenched 700% ¢.

Rlectrolytically etched in 5% Ozalic
Acid

2115-L=0 x 250

HJ’.:
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Fig, 26. 2 ptomic Per Cent Os=U Alloy Figo 27. 2 atomic Per Cent 0Os=U Alloy
A8 Quenched 600° C. A5 Quenched 500° C,

Electrolytically stched in 5% Oxalic Electrolytically etched in 5% Oxalic
Acid Acid

2415-5-0 x 250 215=6=0 x 250

Figo, 26. 2 Atomic Per Cent Os=U Alloy
A&s Quonched 400° C.

Llectrolytically etched in 2% Oxalie
Acid

2L15<7=0 x 250
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Fig. 29, 2 Atomic Per Cent Ru-U Alloy
As Cast
Etched in 131 Hitric=Acetic Acid

2,16=1-0 . x 250

Fig. 31. 2 Atomic Per Cent Ru=U Alloy
Es Guenched 800° C.

Electrolytically etched in 5% Oxalic
Acid

2416-3-0 x 250

STy

Fig. %0. 2 Atomic Per Cent Ru=U Alloy
A5 Quenched 900° C. :
Electrolytically etched im 2% Oxalic
Acid

2416-2-0 x 250

\

b “\Y;‘r ~ -®

Fig. 32. 2 Atomic Per Cent Ru=U Alloy
A8 Quenched 700° C.
Etched in 1:1 Nitric-Acetic Acid

2116-4<0 x 250
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Fige 335. 2 Atomic Per Cent Ru=U Alloy

As Quenched 600° C.
Electrolytically etched in 2% Oxalic
Acid

2,416=5-0 x 250
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Fig., 34. 2 Atomic Per Cent Ru=U Alloy
As Quenched 500° ¢.
Blectrolytically etched in 2% Oxalic

Acid
2416-€-0

Pige 3%, 2 Atomic Per Csnt Ru=U Alloy

A8 Quenched L00° g.

Electrolytically etched in 2% Oxalic

Acid
216<7-0
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Fig. 36. 2 Atomic Per Cent Ir=U Alloy

A8 Cast

Electrolyticslly etched in 107 Chromic
Acid

2420510 x 250

Pig. 37. @2 Atomic Per Cent Ir-u Alloy
&8s Quenched 900° C.

Elsctrolytically etched in &7 Oxalic
Acid

2420=-2=0 x 250

Fig. 38, 2 Atomic Per Cent Ir=y Alloy
As Quenched 800° C.

Electrolytically etched in 2% Oxalic
Acid

2120=3=0 x 250
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Figo 39. @ Atomic Per Cent Ir<U Alloy
As Quenched TO0® C.

Electrolytically etched in 10% Chromic
Acid

2120=4=0 x 250
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Fige U0, 2 Atomic Per Cent Ir-U Alloy
As Quenched 600° C.

Electrolytically etched in 2% Oxalic
Acid

2,20-5-0 x 250

Pig. 41. 2 gtomic Per Cent Ir=U Alloy

AS Quenched 500° C.

Electrolytically etched in §% Oxalic
Acid

21,20=6-1 x 250

Fig., 42, 2 Atomic Per Cent Ir-U Alloy

75 Quenched LOOO C.

Flectrolytically etched in 29 Oxalic

Acid

20,20-7-1
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Fig. 43. 2 Atcmic Per Cent Re-U Alloy ~ Fig. Llj, 2 Atomic Per Cent Re-U Alloy

As Cast A8 Quenched 900° C.

Elsctrolytically etched in 2% Oxalic Electrolytically etched in §% Oxalic
Acid Acid

2421-1-0 x 250 212120 x 250

Y
-Q’ 2
X £

<,

Pig. L5, 2 Atoxgic Per Cent Re-U Alloy Fig. 46, 2 Atomic Per Cent Re=U Alloy
A8 Quenched 800° ¢, As Quenched 700° G,

Electrolytically etched in 5% Oxalic Electrolytically etched in 5% Oxalic
Acid acid

242130 x 250 2h21=l=0 x 250

Ay
—‘mm
A
e
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Pig. 47. Atomic Per Cent Re=U Alloy Fig. LB. 2 Atomic Per Cent Re-U Alloy
A€ Quenched 600° C. As Quenched 500° C. .
Electrolytically stched in 2% Oxalic Electrolytically etched in 2% Oxalic
Acid Acid
2L,21-5=0 x 250 2421-6-0 x 250

Fig. L9, 2 Atomic Per Cent Re=U Alloy
As Quenched L00° C.

Electrolytically etched in 5% Oxalic
Acid

2421-7=0 x 250
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Fig. 50 2 Atomic Per Cent RheU Alloy
As Cast ‘
Electrolytically etched while polishing.

2142210 x 250

Fig. 52, 2 Atomic Per Cent Rh-U Alloy
As Quenched 800° c.

‘'Electrolyticelly etched in 10% Chromic

Acid

21,2230 ' x 250
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Fig. 51, 2 Atomic Per Cent Rh=U Alley
A8 Quenched 900° C.

Electrolytically etched in 10% Chromic
Acld

242220 x 250

Fige. 53, 2 Atomic Per Cent Rh=U Alloy
Ag Quenched 700° C. :
Electrolytically etched in 10#% Chromio
Aciad

2leesli=1 | x 250
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Fig. 5. 2 Atomic Per Cent Rh=U Alloy Fig. 55. 2 Atomic Per Cent Rh=0 Alloy
A8 Quenched 600° C. As Quenched 500° ¢.
Electrolytically etched in 10% Chromic Electrolytically etched in 10#% Chromic
Acid Acid
2422-5-0 x 250 2L,22-6-0 x 250

Fige. 56, 2 Atomic Per Cent Rh=U Alloy
AE Quenched L00° G.

Electrolytically etohed in 10% Chromic
Acid

20,22-7=0 x 250
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Flg. 57. & Atomic Per Cent Ga=U Alloy Fig. 58, 2 Atomic Per Cent Ga-U Alloy

As Cast As Quenched 900° ¢,

Electrolytically etched in 10% Chromic Fleotrolytically etched in 2% Oxalic
Acid Acid

223-1=0 x 250 2L23~2-0 x 250

Fig. 59. 2 Atomic Per Cent Ga=U Alloy Fig. 60, 2 Atomic Per Cent Ga=U Alloy

A8 Quenched 800° C. AS Quenched 700° C,

El ectrolytically etched in 107% Oxalio Electrolytically etched in 10% Chromic
Acid Acid

223=3=0 x 250 2423=L=0 x 250
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5‘0259
Figo. 6l. 2 Atemic Per Cent Ga=U Alloy Pig, 62, 2 Atomic Per Cent Ga=U Alloy
AR Quenched 600° Q. As Quenched S00° ¢.
Electrolytically etched in 24 Oxslic Flectrolytically etched in 10% Chromiec
Acid Acid
21,2350 X 250  20423<6=0 x 250

Fig. 63. 2 Atomic Per Cent Ga-U Alloy
As Quonched L0O0° C,

Flectrolytically etched in 2% Oxalie
Acid

2423=7=0 x 250
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