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ABSTRACT

Analyses are given of the bottomepoured uraniumemolybdemum alloys

wentioned in LA~55, and show practically no segregation. Compression stresa~strain

Ltests have boen mnde on unalloyed uranium castings and on extruded bar. The results
show no significant difference batweon these two types of material, the 0.2 perceant
of f~get yield strength being about 31,000 lba/sq in, end the modull of elasticity
ranging from 18,000,000 lba/ sq in to 25,000,000, with most of the values falling

¢lose to 22,000,000. Alloys of uranium with Ti, Zr, Cr, Cb, Ri, and Pt at 2 atomio

percent concentrations in each case were made in 200 grem lots. Columbium huad
i1ittle effect on the hardness. O{r. Hi, and Pt inocrsasad ths hardness considerably,.
tnd in the csses of Cr and Pt, X~ray diffraction films showed struotures different
from the low temperature modificetion 6f uranium. Microphotographs of the struc-

tures are given. One gram alloys of urenium with V, Au, P4, Os, Ru, Ir, Re, Rh,

snd Ga were made to test the techniques for making and studying such small samples
ond to make slloys with new elements. The alloys of all of these elements at 2
rtomic percent showed apprecisbly greater hardness than uraniuvm. The alloys with
¥d, Os, Ru, Rh, and Ga appeared to contain two phases (besides a little carbide).
“~ray diffraction patterns of the Ir and Re alloys shcwed the new siructure pre-
viously found in the Cr and Pt alloys. Present interpretation is that these alloys
agontain a higher temperature mocdifiocation of uranium, the hard brittle nature of
the alloys further suggesting that this is the beta phase which in pure uranium is

stable botwaeen 660 and T70° ¢. Microphotographs of these alloys are given.
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URANIUM ALLOY DEVELOPMENT ~ PART IV

URANIUM~NOLYBDENUM ALLOYS

The sories of urenium-molybdenum alloys mentioned in the revort of
January 14, 1944, have been anelyzed and some of thom have been examined under
the mioroscope in the as~cast condition. Table I shows the intended ocomposition
and chemicel enalysis of the six samples. Most of the ingots were analyzed at
the top and bottom, but in one case, through some aralytical error, the top
sample had to be discarded. In another case, severe sogregation made thoe deter-~
wination useless. The segregation in this ¢ase was probably due to an insuffi-

ciently high alloying temperature.

Table I. Compositions and As Cagt Rockwell A Hardness of
Kottom Poured 200 g Uranium-Molybdenum Alloys

Alleoy No. Rockwell A Intended Composition by Analysis Percent

Hordness Composition . Carbon

Percent Top Bottom Contont
2264 65 0.5 Mo 0.70 Mo 0.71 Mo .037
2267 64 1.0" - 1,09 " 041
2266 69 2.0" 2.28 " .23 " -046
2:68 7 3.0 " 3.13 °© 3.10 " . 045
2269 . =-- 4.0" 4.23 " 4.08 " «059
2273 -- 5.0 " Severe segregntion —

/
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It will be observed that in all csses where top and bottom of the
ingots were analy;ed, there vas no significant difference in the molybdenun
content.

The Rockwell A hardregs of those specimenc tosted show a more or less

rogular increase in hardness with molybdenum content.

MHicrostructure

The same microstructures shown before in earlier reports sare seen
again in Pigs. l-4, representing the range of as cast structures observed from

0.5 to 3 percent molybdenum.

CCHPEESSION STRESS-STRAIN TESTS ON URANIﬁM

Several stress-strain ourves for cast uranium biscuit metal were shown
in the report of January 14, 1944. MNore recently, stress-strain curveos for as-
received Y in. diam. extruded rod and aas-cast 2 in. diam. bare have been
obtained. In esch case, the %8 in. by 1 in. compression spooimoens were machined
from a volume approximately half way botwesn the outside and the center of' the
bar. The results are shown in Figs. 5~11. The yleld strengths of the extruded
ber end the cast rod (melted end cast in graphite) are surpriasingly lower than
in‘tho ogse of the presumebly purer biscuit metal: about 30,000 psi as against
40,000 psi obtained with biscuit metal castings. On the othor hand, the moduli
of elasticity agroe quite well with those determined for the biscﬁit metal cast~

ings, falling in the range of 20-26 million pounds per sq. in.

————e
[

UNCLASSIFIED

—-— —

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

As bafore, the stress-strain curves plottsd are the average of two
Tuckerman stroin gauges mounted on opposite sides of the specimens. Table II
shows the yiold strengths and modull of elasticity observed for the seven

urenium compression ssmples, as wall as the carbon content of the samples tested.

URAMIUM ALLOYS OF TWQ ATOMIC PERCENT TITANIUM, ZIRCONIUM,
CHROMIUM, COLUMBIUM, RICKEL, AND PLATINUM

it ﬁill ta recalled that the above alloys of uranium were prepared
in intended concentrations of 5 weight percent #nd the results described in the
report of Novomber 9, 1943. While the molybdenum alloy containing 2<3 weight
percent molybdenum eppears to te the most promising of uranium alloys examined
to date, it was %Lbought that six of the alloying elements previously investi-
gated in the 5 percent alloys would bear further investigation in lower con-
contrations. Yhese allcying elesments are the following: titanium, zirconium,
chromium, aolumbium, nicksel, and platinum. Thess elemants were chosen on the
basis of their effect on the hardness of uranium and oa the type of microstruc-
ture observed. Accordingly 2 atomic percont alloys of these metals with uraniua
were prepered in approximately 200 grem awounts, using the same bottom pouring
technique descrived previously. The 9/16 in.dismeter, 2 in. long cast rods were
cut up into 3/16 in. thick discs for heat treatment, microscopic examination,
A~ray diffractionAand hardness tests. Sections of the top and bottom of each
ingot were sent in for chemical snalysis of the added metmsl. Table III shows
the intended composition of these alloys, the hardness values, and X-ray diffrac~

tion results afier quenching from 900¢ C.
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TABLE I1. CUMPRESSIVM TESTS Ji UHALLOYED URKNIUH"§K§?EE§“__~-

Alizy Carbom  Spscimsn Rockwell A Dansity, 0.2% offset yield .024 offget vield Youngs HMsoduha %
B:: Content & Machined from Hardness g/xud pei psi psi

2304 <062 2" dia, cast . 18,7 51,000 16,000 22 x 106
rod, S. F. 4 .

2306 062 2" dia. cast - 18.7 20,000 15,000 19.9 x 108
rod; So Fo 4

2308 066 2" dia. cass - 18.9 31,500 16,000 21.7 x 108
rod, 8. F. 4 '

2315 051 131" dia. extruded 57 18,9 - 32,750 17,000 25,7 x 108
rod, RU 677

22332 sQE3 14% dia, extruded 585 18,7 30,500 16,500 22,3 x 108
rod, RU 677

2336 058 13" dia. extruded 53 18.9 31,250 15,000 21,9 x 108
rod, RU 677 . :

2337 .058 13" dia. extruded 56 - 18.9 32,750 16,000 21.6 x 108
rod, RU €77 :

‘
(4HISSYTONN
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TABLE III. COMPOSITIONS, HARDNESS VALUES, AND QUALITATIVE X-RAY DIFFRACTION RESULTS OF THE TWO ATOMIC PER CENT
URANIUM ALLOYS QUENCHED FROM 9009 C.

Alloy Atomic % | Weight % Anglysis Structure |Rockwell A Eberbach Rockwell A Hardness

No. Intended | Intended | Weight % : Hardness* | HMicrohardnsss from Eberbach

: Top Bottom D.PuBe B
27T - 1 211 0.42 Ti | 0.40 0.28 { Alpha uranium 56 240. ' £8
2281 - 1 2 272r 0.776 2r | 2.7 . £0,1 " " b5 219 55
+2282~1 | 20Cr [ 0.450Cr |- 0.45 -~ | Strusture X 69 426 78
2283 - 1 2 6b 0.80 Cb |1.39 | 0.25 Alpha urenium ) 240 : 58
+ 2292 ~1 2 N 0.50 Ni | Q.42 0.48 " " 67 345 66
+ 2293 - 1 2 Pt | 1.67 Pt | v~ - Structure X - 66 372 69

+ Showed Quenching cracks
* Hardness unalloyad uranium varies {rom 50 ~ 7Q Ra
++ Owing to analytical difficultios, top and bottom analyses were not obtained.

The figure given is an average of 4 pieces of the rod ochosen at randonm.
The figures rangsd from .41 to .55% Cr.

7
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Microstructure

Yone of the secktions eut from the above alloys were examined in the
~g~cast condition, but the {irat samplss 1o be studied were held at 900° ¢ for
iwo nours and guenched in water. The microstructure of the alloys in this con-
dition are shown in IFigs. 12-17.

Mgs. 12 and 13 showing the structure of the titanium and zirconiuvm
Axioys respectively sppear Lo sxhibit ths regular alpha uranium phase wich spots
57 the carbide phase. It is probable tha<+ the majority of.the Gitaniwn and
zirconium is tied up in éombination with carton and little or none is loft to
ba in solution in the uranium. Because o? ths segregation in the zirconiym
alloy and in the titanium alloy, it is uncertain how wioch of the alloying
weuals are actually preseat in the motellographic samples. 1In any case, it is
ligely thai in ordor to secure interesting alloys of ucaniwa with ziroconium or
Sivanium, wore than 2 atomic percent nust be used.

‘ig. 14, #he uranium-chromivm alloy, shows aa entirely different
imacriz from aipha uranium. Etching srows nothing not visible in the unetched
structure, and the alloy 13 quita brittle anc subject to éuenching cracks, which
are clearly visible. There are also cendrites of a second phase, which may be
particles of ursnium carbide, UC, but this is uncertain. It is possible that
chromium has the property of retaining tle beta phase of pure uraniun: on quench-
ing from a high temperature.

3oth tae nickol snd platinun slloys (Figs. 16 and 17 respectively)
zhow matrioces which scem tc be' some otvher phase than alpha uranivm. Hovever

~ray diffraction rosulse showed that thé nickel allcy wes elpha uranium.

==l

S
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4gmin, as in the case of chromium, these alloys tend to be quite brittle as
auenched from 900° ¢, and show quenching cracks.

The columbium alloy, Fig. 15, shows ﬁhe usuel alpha uranium struciure
+1th a ooplous sprinkling of a second phase. Apparensly if columbsum dissolves
in rolid uranium at 900° C in the amcunt of 2 atomio percent {0.80 weight per-
eonc), it does not stay in soluticn. However, some of the particles observed
are probably the carbide phase.

Lo sum up, it appeare that while none of the alloying metals investi~
gatod in the 200 g heats shows much promise on the basis of the 900° C heat
treatzont, it is possible that further inrestigstion may show something interest-

ing, vartioularly in the cese of chromium, nickel, end platimum.

Aoray Diffrection Rosults

+he szre fix semples. of urarium alloys, nicrographs of which have
Y9en showr in Figs. 12-17, werc also used for bsck~reflection X-ray diffraction
to find out if (2) there was any evidence of solid soiubility of the alloying
metal, or (2) if an ontirely new phasec were formed. Suall amounts of a second
phsase could not be detected, but if the structure of tho matrix was altered by
alloying, this woulil be readily sbown.

the resulus in a qualitative way are showm in Table III; the photo-
zrsms bave not been measured ae yet. As =aoted in the table, only iwo structures

ware seen, that of alphe ureniuvm and enother struoture which may be that of a

hiz#h temperature modificetion of uranium.

UNCLASSIFIED
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It is unlikely that the new structure could be dus %o a.second phase
in each systom where it oscurs, because the alloys are sc dilute. Furtherinore,
the fact that the structure is the same in five cases {the two ebove and three
othors in the next section) strongly suggests that it is dus to a change in
VrHsiwn;  i.e0 one of the high temporature forms of uranium. Since gamma
vranium is known to be duesile when hot and beta uranium to bs brittle, tha new

seructure is probably due o bete uranium.

Fardnoss

The Rockwell A hardness values of the samples used btoth for wmetallo-~
grepric and X-ray examinstion have already been given in Table IIf. Bosides
cockwell A hardness, Bberbich micro hzréness values were determined. This
heréness scals is supposed to be oguivalent to Vickers hardness, as a Vickers
twpo diemond pyremic penetrator is useod. 3Hecause of the small loads used in
forcing the psnetrater into> the sampls, the mark mece is swall onough to
msasure tho hardness of nicsro constitvents. In this case, the hardness of <the
matrix or major conctitient was tosto&.

The lact column in Table III gives the Rockwell A hardness obtained
i'rom the Ebarbach Vickers hardness by coaversior using an averagoe curve estsb-
lished by testing a series of about fiftoen uraxium ailoy samples of a range of
hardness by both Rockwoll A end by the Eberbach micro method. 1In general, the

agreement is satisfuctory.

Wl

A
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GHZ GRANM BEATS OF JRAVIUM ALLOYS

A geries of one gram weiis wsre mads using G.040 in. uranium wire
~nu vavicus &lloying elemenus previously not invuscigated. The purpose oi the
one graa melts wes twofola:

Lo to get usod to working with small emcunt of mabterimi, and

4. o investigato other alloying metais.
s.i of the most likcly alioying elements :Jor uranium h.ve now heen ussd, oither
s the 200 g melts ¢r in =ho ons gram mel:s. Table IV gives the intended com~

pOBLVAONS ¢ vhe onc gram melils.
g

TanLe xv, Conmposations ead Haruness vValves or the One Gram Melts

- v

Intended Compoasition Kberbach Hicrs acdnoss®
Alloy Jo. Atomic Percent Jeight Percent D.BoH.

K20 nv 0.45 V 41C
n295 2 1.65 Au 460

L3297 2 Pd 0.9135 rd- 204

293 2 Qs 1.61 Os %79

301 & Ru 0.863 Pu 443

=302 2 Iir l.62 Jr 440

L3008 z Ke 1.57 Po 555

2505 < kh 0.8%7 MhA 40

S307 < Ga C.59 QGa 324

1516 Z ke (3 g melt) 1.57 Ro 6 conter & bott

543 top

4 roness valuss Jor aillcys guenchec from v00° G.

PR
—tnrs
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Proocedure
RS e Ty

The uranium wire and the alloying metal {mostly in the form of powder)
wore charged into a BeO crucible about 1/2 in. bhigh and about 0.16 in. diameter
I.D. The wall thickness of the crucible was about 0.13 in.

4 vacuum tube oscillator type of high frequency induction furnace was
used for melting, and bas a freguency of about 540 kilocycles. No conducting
heater crucible was used, but the heating was induced directly into tho charge.
Melting ooccurred in less than 20 seconds, when piecee of uranium wire about
3.8 in. long were used. However, when a larger number of short pieces were used,
difficulty in melting was experienced because of poor ocoupling. Later this dif-
ficulty warc overcoms by redesigning the fused quartz furnace tube to allow
closer approach of the coil to the crucible.

During the making of the one gram alloys, a coil about 1% in. I.D. was
used, and the maximum tomperature obteinable was limited to about 1350° C, With
the smaller coil in use now, nearly 1600° C may be reached. 7The temperature
limitation caused no difficulty in preparing the alloys exsept in the case of
rhenium and iridium, both of which appeared to raise the melting point of ura-
nium to the neighborhood of the maximum temperature obtainable. However, sub-
sequent microscopic examination seemed to Indicate that the alloys were all
reasonably homogeneous. HNo diffioculty was experienced In securing good consoli-
dation of the small melts. Apparently the speed of melting was fast enough to
provent appreciable oxidation. The pressure during melting uswally did not’
exceoed 2 microns.

e e |

——
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Microscopio Examination

The entire one gram samples were mounted in bakelite and polished
longitudinally after heat treating for 2 hours at 900° C and vater quenching.
Flge. 18~30 show the structures observed at 250 diameters.

The vanadium structure resembles somewhat the one obsorvad for U-Ti
and U~Zr. Apparently a vanadium carbide is formed, and the carbide may be
seen projecting up from the polished surface in Fig. 18. However, some of the
vanadium appeared to go into solid solution, since a few quenching eraoks,
Fig. 19, were formed suggesting some hardening due to the vanadium.

Gold apparently goes into solid solution in uranium, although there
is some question whether the structure is a &ingle phase one, owing to the
ambiguity of Pig. 20. The stains obsorved in Fig. 20 appear to be rather re-
producible and Fig. 21 of the unetched structure show suggmestive light spots
corresponding in size and shape to the dark etching areas.

Fig. 22 shows the structure of the palladium alloy which is definitely
& two phase structure, characterized by more or less dark circular patches.

Osmium seems to produce s rather indistinet fine struoture hard to
describe (Fig. 23). It seems to consist of two phases.

The rutheniom alloy seems to show a second phase. There are cmall
needle-like particles, and light colored, irregularly shaped areas (Fig. 24).

The iridium alloy (Figs. 25 snd 26) probably consists of a single
phese, in which a éort of sub grain boundary structure is observed inside the
large grains developed on electropolishing. It is possible, however, that a

small amount of some precipitate outlines the sub grain boundaries.

UNCLASSIFIED
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The structure of the uranium-rhodium alloy (Pigs. 27-28) is somewhat
similar to that of the rutheanium elloy. It is apparently a two-phase alloy
showing a Qathar indistinet fine struoture.

The gallium alloy (Fig. 29) seems to consist of nearly equal amounts
of two phases which’resemble the result of a eutectoid inversion. At least
the structure is reminigcent of that observed in the case of aluminum bronze,
for example.

The rhenium alloy strusture (Figs. 30-31) is difficult to interpret.
r it weore not for iwo types of areas observed in both the one gram sample and
the threoe grem sample, one of which etches dark and the other light, it would
clearly be & single phase structure. The grain boundariss are well develope¢.
The dark etching area, the majority of the field in Fig. 29, and the minority
in Fig. 30, appear again and again, both during polishing and etching. The dis-~
pogition of the dark etching area appears to bear no relation to the grain
boundaries. It is possible that the dark etehing areas are places where aomé
fine precipitate has formed. This sample could not be satisfactorily polished

sleotrolytically snd hence meohanical polishing was used.

X-ray Diffraction Results

The structures obzerved in the X-ray patterns are noted in Table V.

Because of lack of time, only the results for seven of the alloys are given.

ONCLASSIFIED
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Table V. Qualitative X~-ray Diffraction Results

Sample o Intended Composition Structure
2302-1 2 atomic percent Ir Structure X
2305-1 . " Rh Alph;l uranium
2307~ n ga Alpha uraniun
2298-1 " Os Alpha uranium
2316-1 " Ro Structure X
2301-1 " Ru Structure X
2297~1 " Pd Alpha uranium

The same two structures observed in the larger 2 atomic percent alloys
were seon here. Structure X is again the same new structure referred to pre-

viously, possibly the beta phase structure.

Hardness

The micro hardness values in Vickers units D.P.N. (diamond pyramid
numbor) is given in Table IV. No comparable Rockwell A values are given because
" a series of suitable semples in this hardness range have not as yet been tested
by both metheds. Direct Rookwell A values were not attempted because of the
thinness of soms of the samples and because severai of the ingots showed oracks.

Comparing the micro herdness values given in Table III for the 200 g
atomis percent elloys, it will be noted that the hardness of the one gram alloys
are nearly all higher than the alloys listed_in Table IIIX.

Many of these alloys show high enough hardness to warrant further

investigation,. :::::::::::::::::::::::ik
S
= e
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FUTURE WORK

More attention will be paid to the technique of producing and
testing one gram melts and, if time allows, some of the more interesting

alloys will boe made up in larger emounts for furthor study.

= ———
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i N sture of 1 %
Fig. 1. A&s Cast Structure of 0.5 Figs 2. As Cast Struc
Molybdenum Alloy Wolybuenun Atloy
2264-1 Etcheg# X 250 2267-0 Etcheax X 250

Fig. 3. As Cest Structure_ of 2 2 Fig. 4. As Cast itructure of = %

Molybdenum Alloy lolybdenun Alloy

2266-1 Etcheg# ¥ 250 ' «<03-1 Ltchea# <50

>

* L1L etched specimens were ebched eie

ctrolytically in 19 per ccnt oxaiic acio
unless othervise indicated
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Fig. 12, ~2 atomic_per cent 11-B Fig., 13. 2 atomic per cent Zr-U
Alloy as QﬁeﬁéﬁE—me 00° ¢, 1oy as Quenched from 900° C.
ZZ27THL-1 Etchedy =250 SBIHI-T Ffched#* x 250

-r

Fig. 14. 2 atomic per cent Cr-U. ig, 1
Elloy as Guenchéd from 900° C.

. < atomic per cent Cb-U
v_as Quenched frow 900° C.

2282H1-0  Not_Etched =50 B8 3h-1 Etchea®

x <50

* All etched speCimens were etched.grectro

Iytically in 10 per cent oxalic
acid unless otherwise indicated. T
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%%%. 16. 2 atomic per cent Ni-U
"flloy Quenched from 900° C.

F2-1-1 " x 250

%E.*m: 2 atomiC per cent Pt-U
ay Guenched from 900° C.

&53-1-1 Etched X 250
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Fig., 18. 2 atomic per cent V-U Fig, 19, ©Same as Fig. 18. Different
Alloy as Quenched from 900° C. Field.
2294-1-1 Ftched =250 229/4-1-0 Unetched x 250

Fig. 20. 2 atomic per cent Au-U, %ig.?l. Same as Fig. 20. Lifferenu
Alloy as Quenched from 900° G, 'ileld ¢
Ftched in 1:1 nitric aggtic acid,

6-1-0 Unetched <
2296-1-1 TL50° s e * =9
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Fig. 22. 2 atomic per cent Pd-U
Alloy as Quenched from 9009 C.

Etched x 250
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1o, 23. 2 atomic per cenf Os-U
Oy &8 Quenched from S00 C.
l 1 nitric acetic acid.

£298-1-1 x 250

E;j] E"— 24. 2 atomic per cen
Alloy as Quenched from 900° C,
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Fig, 25. 2 atomic per cent Ir-U
Alloy. Quenched from 9000 C. ‘_
Etched in 1l:1 nitric acetic acid.

o B1-1-0 x 250
2314-1-1 x 250

Fig, 27. 2 atomic per cent Rh-U %;;g. 28, oure as Fig. 27. DLifferent
Alloy Cuenched from 900° C. ield.

2305-1-1 Etched x 250 $305-1-0 Unetched x 250
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Fig. 29. 2 atomic per cent Ga-U
Alloy Quenched from 900° C,
Etched in 1:1 nitric acetic acid.

2307-1-1 x 250
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Fig. 30s 2 atomic per cent Re-U Fig. 31,

Alloy Quenched from 900° C. Thre

gram sample. Etched in 1l:1 nitric
acetic acid.

2 atomic per cent Re-U
Alloy Quenched from $00° C. One
gram sample. Etchea in l:1 nitric
acetic acid.

2316-1-2 x 250 2303-1-2 x 250
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