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?m@umalloys were mado in 160

g ingotao and the hardness and miorostruoture investigated after R warioty

of heat troatmsnt8t V, AU9 Ri9 089 IluOIro IieaRho and &i, All of the al==

Ioys were more or 108s brittle as

palladium and rhodiumO and appear

a~hy ahow8 some promise of being
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not to warrant further

a useful high strength
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URANIUM ALLOYS WITH TWO ATONIC PER CENT OF S(31EIW$REAN?)PRI?(!.IOUSMETALS

Part VII

In the r6port of February 150 lg&. (L& - 68) a series of 1 gram alloy

melts containing 2 atomic per oent V. &@O Pd~ 0s~ RUO D?s Res Rho.and Ga were

briefly desoribed~ The microstructure and har&eae values in tie 90C)oCo as-=

quenched condition were given. Beoauso the hardness values in general were quite

high, it appeared as though at least some of these compositions might be promising

for a high strength uranium alloy. ~ccor?ingly, a series of 160 gmdtx of 2

atomic per cent of eaoh of the metals listed above were prepared in the usual way

for further study.

r~feot of Heat Treatment on the Hardness of’the Alloys

All the castings were first homogenized at 900° C= for at least two

hours before subsequent heat treatment and quenohing at lower temperatures. The

hardness value observed at each temperature level is sh.owmin Table 1.

It will be observed that a few alloya were cracked as cast. and most of

I&au were cracked as quenched from 900° Co These group6 of alloys oan practically

be eliminated from further consideration bemuse of excessive brittlonoss. The

rhenium and osmium alloys were espsoially brittleO and exceedingly difficult to

Cute lkhilemost of the alloys @how possibility of improvement in hardneas on heat

tx’eatmentnnone shows a minimum hardness as quenohed from higher temperatures,

which is generally desirable for a heat treatable alloy; but the zni.nimvm hardness

occurs at ‘@o” G. or 6000 Co Also. most of the alloys shows maximum hardness both

at 9000 C. and at 400° Co
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The rhodium alloy appears to chow a slightly greater hardnena than the

palladium alloy as quenohed fram gooo”C. and aa re+eated to f@OO C.

?Ai6rostriacture

IM.orodhmctures of all tie alloys at every stage of’heat treatment are

fihownin the foll~ng F@., 1-63.

Vanadium Alloy, Pigs. l-~

Moot of the etruature6 ehown appear to consist of two phtiseeOone of

them sometimes rather finely divided.

The gold alloy appears to

sibly at 600° C. Many of’ the area8

~00° C. heat treatment.

Palladium Alloy, Fig8. 1>21

consist of a single phase at 900° Co and pea=

show crttclawhich had formed on the initial

The alloy appears to be nearly ona phase at 800° C., but a+ other

temperature seems to oonaist of %wo phases. The peculiar nodular struoture

exhibited at ‘/00°C. is probab3y caused by growth of a new phase from the old

structure. It is poosible that the matrix of the structure in Fig. 1$) cons~sts

of the nodular structure grown completely together.

Omdum Alloy, F&~s. 22-2ti

Moat of the damctures obsmved have two phaaes with the possible ex-

ception of the 500° (?.and@OO

Fig. 28 is a orack, and all the

CO heat treated ones. Tho large dark patoh in

alloys wem cracked from the $WO” C. condition.

Ruthenium Alloy, Fig8. 29-35

The as cast alloy shows swell defined two phase lhmtz metal type
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Stu”udxuwc. ‘I’he60(3°C. heated 6tructure seems to be al.moata single phasoo but

there may be a fine praipitats present.

Iridium Alloy, Figs. %&

Here again

two phases, with the

the stru&ures are quite varied, most of them consisting of’

500° C. condition possibly showing a single phase struoture.

Rhenium 4110y, Figs. 43=49

The structures observed after quenching

are apparently all cmsontially singlo phase ones.

structures correspond to gamma, beta, and alpha uranium, but this ia only a guena.

~6

The aa cast alloy shows swell defined ?~untzmetal type two phase

structure. Quenching from 900° C. did not retain all of the rhodium in solid eol-

ution, and at MO* C. while it is mostly one phase, there is evidence of a finely

dispersed seoond phase. Fig. 53 shows an intmwwting structure, almost cortminly

a non.equilibrium ono, with R suggestion of three phamm presd.
1

At 6000 C. there i6 a copious fine prwipiti~e in a m~~rix apparently

containing most of the rhodium~ and at 500° C. the slxuoture appears to coxmist

of a single solid eolution.

phases, one of them again a

solid solution of Fig. 550

Gallium &lloy, Figs. 57-=63

There seams to be

At 4(?0° C. this solution breaks down to fcma two

finely divided one, apparently precipitated from the

a small amount of a seoond phaee in all the ~truoturoso

but moat of them appear to confiistlargely of one phase.

It must be emphasized that the micrograp?m dwwn inmost oases do not

oorre~pond to equilibrium dxuc+wrea. Vihileas far an amlysea m these alloys
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are available only the gallium

97’

showed serious

—
~’--==~

sogregationO there is someJpossi-

bility of segregation in the unanalyzed alloys (0s, W, Re) which might give

misleading impressions.

The reiilxltsdescribed are only preliminary, and are intended mostly as

a guide to possible future work.
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i~~g. 1, 2 Atomic Por Cent V-U Allrqr-------

2!.$)6-1’=1 x 250

Fig. 3. 2 Atomic Per Cent V=ilAlloy
~iiiiched t3U)0C.
Electrolytically etched in l.~.Oxalic
Acid

2@&3=o x 250

.}:=
——.—-.— ------------ . .- —
——

Fig. 2. 2Atomic Por Cent V-U A11oY -
-iiohed 9000 C.
FZe=trolytically etched in 5% Oxalic
Acid

Fig. 4. Z~tomi.c Per CentV=U Alloy
-ched 7C’0°C.
Rtched in 1s1 Nitric+ce%ic Acid

2406.4.0 x 250
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2406+=0 x 29

Fig. 6. 2 Atomic Per Cent V-U Alloy
As Quenched 500° C.
EleGtrolytiaally etched in ~. Oxalic
&cid

2406-6-1 x 250

Fig. 70 2Atomic Per Cent V-U A11OY
As Quenohad 400° Co
Electrolytically etched in 2X (lxalic
Acid -

-7’0 x 250
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Fig. 0. 2 Atomio Per Cent Au-?JAlloy
K775zGE
Electrolytically etched in ~ Oxalic
Aoid

241>1-0 x 250

Fig. 10. 2 Atomic Per Cent Au-U Alloy
As Quenchd 8000 C.
Electrolytically etched in ~ @alit
Acid

2413’=3=1 x 250

-—.——-...+.

--’’-,*- :’- - 5 -1

..&” __,. ._

Fig. 9. 2Atomio Per Cent &u4j Alloy
-ched 900° C,
Eleotrolytioallyetched in ~ Oxalic
Acid

2413-2-o x 250

Fig. 11. 2 AtOMiG Per Cent Au-U Alloy
~a Quenc%ed 700° C.
Eleotrolybically etohed in ~. Oxalic
Acid
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Fig. 12. 2Atwnio Per Cent Au-U Alloy Fig, 1~. ~~ixnxio Per Cent Au-v ~~~Oy
Xe QucnSned @@ C. ~Quenc%ed 500° C.
Eleotrolybicallyetohed in % Oxalic Eleotrolyt.ioallyetohed in 2A Oxalic
Acid Acid

2413-=5=0 x 250 2M~-6=o x 250

Fig. a. 2 Atomic Per Cent AM+ #Jloy
‘hed@O” C.
Electrolytically etched in 5$ Oxdio
Acid

2i+13-7-o x 250

—..——
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Fig.35. 2 Atomic Per Cent Pal-UAlloy
48 ca8t
ILleotrolyticallyetohod while polishing.

ah-l-o x 250
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Fig. 17. 2Atwnic Per Cent Pd=V4110y
As Quenched 800g C.
Etched in 1s1 Nitrio-AceticAcid

WJ.+-3-=0 x 250

Fig. 16. 2 ~tomic per Cent Pd-U@loy
~hed 900° C.
Elecbrolytioally etched in ~ Oxalic
Acid

2i@$-2=o x 250

~ig. 18+ 2Atomic Per Cent Pd-U@loy
%@ Quenched ~OOO C.
Electrolytically etched in % Oxalic
Acid

2/.014.4=’0 x 250
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Fig. 19. 2 Atomic Per Cent PdoU AI1oY Fig. 2Y). 2 Atomic Per Cent Pal-UAlloy
A8 Quen~ed 600° C. AS quenc%ed 500° CO
Electrolytically etched in ~~ oxalic ~~~ctro~~ic~l~y etihed in ~~ OX~MC

Acid Aaid

241&j.o x 250 2@LJ.6-o x 250

Fig& 21. 2
AS@i&i&ed

Atomic Per Cent Pal-UAlloy
400° co

Electrolytically ekched in ~ Oxalic
Acid

. .
21@p=7=o x 250 :--=’.-9 ,.>.=-.---.—.-._,—.._—...—..=——--.—
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Fig. %. 2 AixxnicPer Cent OS-U Alloy
.lsQuenc%ed t300°c.
Eleckrolyticallyetched in 5$ Oxalio
Acid

2415=3==0 x 250

Fig. 23. 2 At@ic Per Cent OBOU Alloy
~hed 900° C.
IWotrolytioally etched in ~~ Oxalic
Acid

*502.0 x 250

Fig. 25. i?Atomic Per Cent OS-U J$kloy
As Quenched 700° (l=
Eleokrolytically etched in 5X Oxalic
Acid

2.@54=o x 250

——7 .—
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Fig, 26. 2 Atomic Per Cent CM-u Alloy
~hed @jo c,
Electrolytically etched in ~. Oxalic
Acid

.

2425-5-0 x 250

Fig. 27. 2 &to@c Per Cent OS-U Alloy
~hed 500° C.
Electrolytically etched in $ij%Oxalic
Aoid

24afik=641

Fig. 28. 2 AtoxnicPer Cent OS-V Alloy
AS Quenc%cd @OO Co
Electrolytically etched in %4 Oxalio
Acid

2415=7.o x 250
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iWohed h lJ1 Nitric-Acc&c

21@6=bo

Ru-u Alloy

Acid

x 250

e

Fig. 31. 2 ~tomic Per Cent Ru=W Alloy
A8 Quenc%ed 800° C.
Electrolytically etohed in ~ Oxalic
Aoi.d

2416-3-0 x 250
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Fig. j4). 2 Atomic ?W Cant RUOU Alloy
‘hd ~“ Cs
Elootrolytically etched in 2,%Oxalic
Acid

241&=2.o x 250

.

Fig. 32. 2 AtOmiC Per Cent w=u Alloy
‘bed 700° (j.
Etched in 1:1 Nitric-~ceti.cAcid

2416-I+-() x 250

- ..._
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Fig. 35. 24tomlc Per Cent RU-IJAlloy
~ed 600° C.
Electrolyticallyetched in ~ Oxalic
Acid

24~6=5=o x 250

Fic, ~. 2 Atomic Per Cent Ru=45Alloy
As Quefic’hed500° C.
Electrolytically et~hed in ~ Oxalic
Acid

21.Q64-O x 250

Fig. 35. 2Aim.ic Per Cent I@+ Alloy
J@ Quenched l@OO C.
Electrolyticallyetohod in 24 Oxalic
Mid

24M-7-=0 x 250

-——- .——- —
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IM.g. ~. 2 Atomic Per Cent Ir-U AI1oY
&a cast
Eleotroly’tioallyetohed in 1% Chromic
Lcid

2J420-1-O x 250

Fig. ~. 2 Atomic Per Cent lr-tiAlloy
‘bed 8009 C.
Ekotrolytically etohed in ~. Oxaliu
/ioid

2420-3-0 x 250
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FiG. 37. 2Atomia Per Cent Ir-U A11oY
A,sQuenched 900° Ce
Eleotrol@ically etohed in ~~ Oxalic
&oid

2420-2-0 x 250

FigO ~. 2 Atmic Per Cent Xr-U A11oY
As Quenched 700° C.
Electrolytically etched in 1~ Chrmic
Acid

f?l&O-400 x 250
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FiE. m. 2 Atomic Per Cent Ir-U Alloy
A8 Quenohed 6(xP C.

Electrolyticallyetched in % oxalic
Aoid

2h20-5=o x 250

Fig. kl. 2 Atomic Per Cent Ir-U Alloy
‘bed 500° C.
Electrolytically etched In 5%Oxalic
Aaid

2420=6=1 x 250

Fig. M. 2A.tomic Per Cent Ir-U Alloy

~ed 400° c s
Electrolyticallyetched in % Oxalic
Aaid

2420=7-1 x 250
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Fig . 43, 2 Atcmic Per Cent Rev Alloy ‘
@ CW3t
Electrolytically etohed in ~ Oxalic
Acid

2&21-1-o X25(I

Fig. 45. 2 Atomic Per Cent Re+ Alloy
An Quenched 800° C.
Electrolytically etched in 5’)’)Oxalic
Acid

,

2421.3’=0 x 250

---— . . ___

-226

Fig. L& 2 AtomicPer Cent R@=U Q1OY
4s Q,uenc%ed900° C.
Electrolytically etched in 5%Oxalic
Acid

2421=2==0 ii250

Fig. 46. 2&txJmic Per Cent R*U Alloy
~hed700° CO
Electrolytically etched in 5%Oxalic
Phcid

2421=4.=0 x 250
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Fig= 470 At-omit
b Quenched 600°
Elec4x70&ticiilly
Acid

2421-5-0

Per Cent Re==VAlloy
c.
etohed in % Oxalic

x 250
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Fig. L@. 2 Atomic Per Cent Re=U AI1oY
‘hod ~0° Co
Eleotrolytically etched in ~~ oxalic
Aaid

2421-6-0 x 250

Fig. 49. 2 Atomia Per Cent Re=U Alloy

‘lLed @o Cc
Electrolytically etohed in ~~ Oxalic
Acid -

*107-O
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Fig. 50. 2 Atomio Per Cent Rh-U Alloy
AS C=
Mlectrolytioally etihed while poliehing.

422-1-0 x 250

c..

Fig. 520 2 Atomic Per Cent Rh-U Alloy
MS Quenched 800° C.
“Eleotralyticallyetohed in l% Chrorni.c
Ac%d

2i+2203-O x 250

Fig. ~1, 2 A~O!dC Per Cent Rhc=UAllojF
AS Quen6%edgOO” C.
Electrolytically etched in 1% Chromic
Acid

2422-2-0 x 250

Fig. 530 2 Atomic Per Cent R&V Alloy
M Quenched 700° C.
Electrolytically etched in I@& Chrmnio
Acid

2@2+l x 250

●
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Figo 5f+. 2 Atomic Per Cent Rh=U Alloy
@ Quenohed 6(xP C.
Electrolytically etched in l@~ Chromic
Aoid

2@2.5=o x 250

Fig. ~~. 2 A%omic Per Cen% lW=41Alloy
As Quenched 500° C.
Electrolytically etched in 1~~ Chromic
Aoid

2422-6-0 x 250

FIG. 560 2 Atomic Per CeritRh-u Alloy
AS Quenched 400° G.
Electrolytically etohed in 1% Chromic
Acid

2@2-’j’-o

‘2’0 -

-
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Fig. 57. 2AtXXUiC Per Cent Ga-U A11oY Fig. 5%. 2 Atomic Per Cent W-U Alloy
7FTiim” ~hed,900° C.
Electrolytically etohed in l@ Chromic Eleotrolyti.tallyetched in % Oxalic
Acid Acid

243’=1-0 x 250 2423-2-0 x qjo

Fig. 59. 2 Atomic Per Cent Ga-U Alloy Fig. 60. 2 Atomic Per Cent Ga-U Alloy
As Quenched 800° C. As Quenched 700° Co
Electrolyticallyetched in l@ Oxdio Electrolytically etched in lW. Chromic
Acid Acid

fw%$=%~ x 250 2423=4-0 x 250

.{;-=-==—
... .——=—-. .. —-- “’”-~...-. .-----—-
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l?ig~610 2 Atomic Per Ce& Ga-U Alloy Fig. 62. 2 Abmic per Cent (la+ Alloy
AS Quenched 600° C. @ @atmched moo C.
Electrolytically etched in ~. Oxalic Electrolytically etched in l@ Chromic
Acid Aoid

2J.$3+0 x 250 21+2>&’o x 250

Fig. 63. 2AtX31nicPer cent Ga-u Alloy
Ae Quonahedi$l(l”C.
Electrolytically etched in %
Aoid

oxalic

x 250
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