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UNCLASSIFIED

Analyses are given of the bottom-poured urenium-molybdmum alloys

rllentionedin LA-55, and show practically no segregation.

testo have boon made on unalloyed uranium castings and on

chow no ~ignificant difference between these two typss of

comprm38ion Strem-e

extruded bm. The reaulta

material, the 0.2 pm-cent

off-set yield otrength being about 31,000 lbs/sq in, and the moduli of elasticity

ranging from 19,000,000 lbs/ sq in to 25,000,000, with most of the values falling

close to 22,000,000. Alloys of’uranium with Ti, Zr, Cr, Cb, Ni, and Pt at 2 atomio—.

perconb mncen%rations in each case were made in 200 gram lots. Columbium had

little effeat on the hwxl.rms. Cr. ?Ii,and Pt inereasad tho hardnoaa considerably,

fmd in the oa~es of Cr and Ft, X-ray diffraction films showed s’cruoturesdifferent

●
from the low temperature modification of uranium. Miorophotc%raphe of the struc-

were made to test the’techni.quesfor making and studying suoh small samples

make alloys with new elements. The alloys of all of these eleruantaat 2

peroent ahuwed appreciably greater hardness than uranium. Tho alloys with

9 Ru, Rh, and (laappeared to contain two phmw (besides a little carbide).

tures are given. One gram a120ye of uranium wi*hV, Au, M, Oa, Ru, lk, Re, Rh,

D.nd#i.—

ond to

p.t~mic

.Yd,0s

~1-raydiffraction patterns of the Ir and R@ alloys shcwed the new struoture pre.

=mioualyfound in the Cr ,andI% alloy~. Present interpretation is that these alloys

oontain a higher temperature modification of uranium, the

the albys further suggesting that this is the beta phase

stable between 66(?and 770° C. Microphotograph of these

hard brittle nature of

which in pure uranium i.a

alloys are given.
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URANIUM ALLOY DEVELOPMENT - PART SV

URANIUM-MOLYBDENUM ALIOYS

The series of uranium-molybdenum alloys mentioned in tho report of

January 14, 1944, havo bean analyged and some of thornhave been examined under

tho

and

tho

miorcwcope in tho as-cast condition. Table I show~ the intended composition

chemical analysis of the six samplas. Most of tho ingots vieroanalyzed at

top and bottom, but in one case, through somo analytical error, the top

mmple had to bo discarded. In another ease, severe sogrogation

minatim useless. The segregation in this ease waa probably due

ciently high alloying temperature.

Alloy No.

2264

2267

2266

2268

2269

2273

Table 1. Compositions and As Cswt Rockwell A Hal”dnes6_.— -
Bottom Poured 200 g Uranium-Molybdenum Alloys.— —

Rookwoll A
“Ardness

65

64

69

71

-.

-.

Intended
Composition
Percent

O*5 140

1.0 ‘}

2.0 w

3.0 “

4.0 “

5.0 n

Composition by Analysis

TOP Bot”bonl

0.70 tio 0.71 MO

--- 3..09 ‘t

2.26 “ 2.23 1’

3.13 n 3.10 “

4.23 ‘t 4,08 “

Severe segregation

made tho deter-

to an insuffi-

Of

Peraont
Carbon
Contont

.037

.041

.046

.045

0059
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It will be observed that in all oases whero top and bottom of the

ingots were analyzed, there visano significant difference in the

contsnt.

The Rockwell A hardneas of those specimens tasted show

rogul.srincrease in hardne~s with molybdenum content.

Micrmtruoturo.“..-.—

molybdwlu-m

a more or lea8

again in

0.5 %0 3

The s~e ~,icr~struct.ures8ho~ before in earliar r@ports are fieen

Figs. 1-4.,representing the range of as east atructuros observed from

percent molybdenum.

,

CGMPH3SSION STREW-STRAIN TESTS ON URANIUM

Several strees-strain ourvas for cast ursnium bisouit metal wcme shown

in the report of January 14, 1944. More rooently, 8tress-8train ourvos for ae-

roceived ~. in. diam. extruded rod and aa-cnst 2 in. diam. bar8 have been

obtained. In eo.chcase, the $/8 in. by 1~ in. compres~ion spooimns were machined

from a volume approximately htilfway between the out~ide and the center of “the

bar. The results are shown in Fig8. 5-11. Tho yield strengths of tho exhrudcd

bar and tho cast rod.(melted and cast in graphite) are surprisingly

in the ease of the presumably purer bisouit metal: about 30,000 psi

40,000 pei obtained with biscuit metal castings. Cmthe othor hand,

of elasticity agree quite well.with those determined for the biscuit

ings, f$lling in the range of 20-26 million pounds per sq. in.

~:
-— -—— .’—- . . .— -

lower khan

as against

the moduli

metal cast-

- - .= .-.. . ... +-
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A8 hforo, the strew=-straincurves plotted are the average of two

Tuckerman strain gaug@s mounted on opposite sides of the s~cimen~. Tablo II

shows the yield strengths and moduli of elasticity observed for the seven

uranium compression mmple~, as well as the wrbon content of the samples tested.

URAMIIJMALLOYS OF TWO ATOMIC PERCENT ‘FJTA.N3W,ZIRCO??XUM, ,
CM20WUM, C0LUM131UZd,NICKEL, AND PLATINUM .

Xt will be reorillodthat the

in intended concentrations of 5 weight

report of Novwnber 9, 1S’43. l?hilethe

above alloys of uranium

peroent and the re$ults

were prepared

described in the

molybdenum alloy containing 2-3 weight

percent molybdenum appears to be the most promisi~! of uranium alloy~ examind

to date, it wee theught that six of the alloying elemants previously investi-

gated in the 5 percent alloys would boar further inve~tigation is lower oon-

contrationse those alloying elaments are the following; titanium, zirconium,

ch~~mium, oolumbium~ nickel, and platinum. Those elemants were chosen on the

basic of their effect on the hsrdness of uranium and on tho t~pe of mi.crostruc-

turo observed. Aocordizgly 2 atomic percent alloys of t%ese metals with uraniuu

were prqx.red in approximately 200 grem amounts, usi’ngthe same bottom pouring

technique de~cribed previously. ‘l’he$/16 in.diemeter, 2 in. long cast rods were

cut up into 31’16in= thiok discs for heat treatment, microscopic examination}

A-ray diffraction and hardness tie~ts. Seotion~ of the top and bottom of each

ingot wero sent in for chemical analy~is of the added metal. Table III shows

the intended oonposition of those alloys, the hardnass values, and X-ray diffrac-

tion results aftierq~enchin~ from 900° C.

‘:--”=”—.-
UNCLASSIFIE

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



U
N

C
L
A

S
S

IF
IE

D

aI
Yt

H

.
e

.
.

.

g
wu>

o
0

0
0

U
N

C
L
A

S
S

IF
IE

D

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E



O
..

ijj~iiE
j

iiE
l

E
+

3s!IiE
?

+
+

+

i-
+4
.

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E



.——.—

-8-

UNCMSSIFIED
Microstructure

of’the motions cut from the above alloys were examined in the

i;wo hours and quenclxxlin writer. The

dition are shown in Figs. 12-17.

?iga. 12 and 1.3showing the

tiiioysrespectively &ppea:-to mchibit

5i-tne carbide phaoe. It i~ probable

‘nicro6truotureof (As a11by6 in this con-

stm~clmre of the titanium and zirconium

the regular alpha uranium phsse wizh spots
,

that the xajoriti~of the “bitaniumand

ziroonium is tied UP in combination with oarbon and littlo or nom 5.B10H to

ho in solution in the uranium. Because of the segregation in the zircowl+m

alloy and in the titanium alloy, it is uncertain how uuoh of the alloying

!CS-GUISare actually present in the mote.ll~graphicsamp.tes. In ?in;fca3e, it i6

limly that in ordor to seoure interesting alloys of uraniw with ziroonium or

:i>anium, mom than 2 atoxci.operoent nust be used.

‘i~.14, the uraniu.m-chromitmalloy, shows an entirol;~different

ma~rix from alph8 uranium. ‘Etchings~.owsnothing riot~iaible in the unetohed

~tructure, and tho alloy is quito brittle and subject to quenching cracks, which

sre clearly visible. ‘i’hereare also C,endriteDof a eecond phase, whiah may be

psr~ic.lesof urwium oarbide$ UC, but this is uncertain.

chromium has the properq of’retaining,tl-ebeta plawe of’

ing from a high--Lxmperaturo.

It is possible

pure uranium cm

‘bhat

auench-

~oth the nickel Gnd platin-unalloys (J?igs.16 and 17 respectively)

-==
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quonchin~ cracks.

Fig. 15, shows tl.ovsue.1alpha uranium structure

Becond phase. Apparoa%ly if columbium dis801vos

.i.fi Y301idQi”alllulllat 9000 C in tho anxx.ntof 2 atomio percent (0.80 weight per-

wa.nG),it doa,e.not o%ny in Eoluticn. Homvor, somo of the particles observed

are probably the carbide phase.

.OO~un up,,it app~are ttt~~W’nilg non~ of the allo~in~ R@As investi-*

gwlmd in the 200 g heats shcnromuch promise on the basis of the 900° C heat

trsntxent, it is pofisiblethat fhrther investigationnay show something interest-

ing.,particularly in the case

;i-ravDiffraction Rasulta.—s4.- .—. —- .”-.-..?..-.-.’—

of chromium, nickel, and platiriuin.

alloys, r,licrographs

for back-reflection

of solid volubility

Of “ffktiChhave

X-ray diffraction

of the alloying

metal, or (2) if’an entirely new phase.were formed. Small amounts of a second

phaae could not be detected, but if the structure of tho matrix was altered by

%lloying, thi~ would be readily ab.mn.

The rem~ta in a qualitative way are shown in Table 111; the photo-

,Aremshave not bcea .meaau.recias yet. As noted in the table, only two structures

wekG tif3en,that of alplw.ur?.niumand enot.her strwtura -whioh may be that of a

high twmperaturo modific~tion of uraniun.
+

——- —----..
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~NCLASSIFIEDMisunlikely that the now ~tructure cou d be due to a.seccml phase

in each system where it occurs, becauae tho alloys are sc dilute. Fuvthormore,

the fact that the structurn is bhe same in five oases (the two above and three

ot.hersin the next section) strongly m.qz~eststh~.tit is ih~eto n change *.1

uctA$,ium; i..ee ono of the high temporatuw fcnnm of uranium. .Si.n.co&lmm?

vranium is known to be duccile when hot and beta uranium to b~ brittle, the

8trllcture

b.irdnoss

is probably due to beta

The RoclcwollA hnrdness

uranium.

new

values of the samples used lxrthfor netallo-

grapbic and X-ray examination have already been given in Table 111. J3asidgs

micro hardneos values were determined. I’his

be oguivalent to Vickers hardness, as a Vickers ‘

matrix or sna~arconstituent Wm tostod.

The la&t column in Table III gives the Roohwmll

from the Eberbach Vickers hmdness by conversion using an

Iished ~ testing a 8oriea of about .fiftaonura?ziumalloy

A hardness obtained

avemgo curve est&b-

3awples of a rarqgo of

hardness by both Rockwoll .4and by the Eberbmh micro method. Irlgomralt the

agreement is .satisftioto~~.

APPROVED FOR PUBLIC RELEASE
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Intended Composition
Atomic Parcent - .:IeightPercent——

i: v 0.45 v
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Prooedure

The uranium wire and the alloying metal (mostly in the form of powder)

were charged into a BeO crucible about l/2 in. high and about 0.16 in. diameter

I.D. Tho wall thickness of the cruoible was about 0.13 in.

A vaouum tube oscillator type of high frequency induction furnaoe was

used for melting, and has a frequency of about 540 kilooyolee. No conducting

heater oruoible was used, but the heating was induced direotly into the charge.

Melting oocurred in less than 20 8econds, when pieoes of uranium wire about

3.0 in. long were used. However, when a larger number of ehort pieoes were used,

difficulty in melting was experienced because of poor ooupling. Later this dif.

ficultywaG overoome by redesigning the fused quartz furnaoe tube to allow

closer appronoh of the coil to the crucible.

During the making of the one gram alloys, a coil about 1$ in. I.D. waa

used, and the maximum temperature obtainable was limited to about 13500 C. With

the smaller (soilin use now, nearly 1600° C may be reached. ?he tempera~re

limitation aauaed no difficulty in preparing the alloys wuwpt in the case of

rhenium and iridium, both of whioh appeared to raise the melting point of ura-. .

nium to the neighborhood of the maximum teqwrature obtainable. However, sub-

sequent microscopic examination seemed

reasonably homogeneous. i’?O d$ffioulty

dation of the small melts. Apparently

to indiowte that the alloys were all

was experienced in securing good consoli-

the speed of melting was fast enough to

prevent appreciable oxidation. The pressure during molting usually did not’

exceed 2 microns.

UNCMSSIFIED
—
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?Jiorof300pioExamination

The entire

longitudinallyafter

Figs. 18-30 show the

one gram samples were mounted in bakelite and polishod

heat treating for 2 hours at 900° C and water quenching.

structures obmrved at 250 diameters.

The vanadium structure resembles somewhat the one observed for W+!i

and U-Zr. Apparently a vanadium oarbide is formed, and the oarbide may be

Been projecting up from the polished surfaoe in Fig. 18. However, some of the

vanadium

Fig. 19,

appeared to go into solid solution, since a few quenching craoka,

were formed suggesting some hardening due to the vanadium.

Gold apparently goes into solid solution in uranium, although there

is some question whether the struoture is a kingle phase one, owing%o the

ambiguity Of Fig. 20. The stains observed in Fig. 20 appear to be rather re-

produoiblo smd Fig. 21 of the unetohod structure show sug~estive light spots

corresponding in size and shape to the dark etching areas.

Fig. 22 shows the struoture of tho palladium alloy whioh is definitely

a two phase firucture, characterized by more or loss dark oiroular patehea.

Osmium mwns to produce a rather indistinct fine struoture hard to

describe (Fig. 23). It seems to consist of two phases.

The ruthenimm alloy seems to show a seoond phase. There are ~mall

needle-like p&ticles, and light colored, irregularly shaped areas (Fig= 24).

The iridium alloy (Figs. 25 and 26) probably oonsists of a single

phase, in which a sort 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.

UNCLASSIFIE

APPROVED FOR PUBLIC RELEASE
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of two phases.

the structure

for example.

The

gallium alloy (Fig. 29) seems to
/

UNCLASSIFIED
.
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The 8truoture of the.uranium-rhodiwn

similar to that of the ruthenium alloy. It is

showing a rather indistinct fine struoture.

alloy (Figs. 27-28) is eomewhat

apparently a two-phaae alloy

comis-t of nearly equal amoun~a

which resemble the result of a eute~toid inversion. At leask

is reminiscent of that observed in the aase of aluminum bronzes

rhenium alloy structure (Figs. 30-31) is diffiou’ltto interpret.

If it were not for two types of areas observed in boththo one gram sample and

the three gram sample, one of whioh etohes dark and tho other light, it would

olearly bo a single pha8e structure. The grain boundaries are well developed.

The dark etching area, the majority of the field in Fig. 29, and the minori~

in Fig. 30, appear again and again, both during poli8hing and etrahing. The dis-

position OX the dark etching area appears to bear no relation to the grain

boundaries. It is pmsible that the dark etohing areas aro plaues where some

fine precipitate ha8 formed. This sample could not be satisfactorily polished

e~eotrulytioally ml hence meohanioal polishing waa used.

X-ray Diffraction Results

The structures observed in the X-ray patterns are noted in TabkV.

Bemuse of Iaok Or time, on% the results for seven of the alloys are given.

I
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Table V. Qualitative X-ray Diffraction Re6ults

sample no

2302-1

2305-1 -

2307-1

2298-1

2326-1

2901-1

2297-1

Intended Composition

2 atomio percent Xr

n Rh

n (JE

m 05

w Re

It Ru

U Pd

Structure

Struoture X

Alphn uranium

Alpha uranium

Alpha uranium

Structure X

Structure X

Alpha urcmium

The same two dxuctures observed in the larger 2 atomic percent alloys

were seen here. Structure X is again the same new structuro referred to pre-

viously, po~sibly the beta phase structure.

Hardne88

T@ micro hardneas values in Viokers units D.PoN. (diamond pyramid

number) is given in Table IV. No oomparablo Rockwell A values are given because

a series of suitable samples in this hardness range have not as yet boon tested

by both methods. Direct Rookwoll Avaluas were not attempted beaause of %he

thharmm of some Of the samples and because several of the ingots showed 0~aGk8.

Comparing the micro hardness values @ven in Tabla 311 for the 200 g

atomic percent

are nearly all

hveetigation.

alloym, it will be notad that the herdnoss of the one gram alloys

higher than the alloys listed in Table 111.

of’these alloys show high enough hardness to warrant further

APPROVED FOR PUBLIC RELEASE
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FUTURE WORK

More attention will be paid to &o technique of producing and

testing one gram melt8 and, if time allows, some of the more 5nterosting

alloys will bo made up in larger amounts for further study.

.

IJNCMSSIFIED
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E&i&L” As Cast.Structur~of 0.5
MolybdenumAlloy

Fig. 2. As Cast Etructurtof 1 %
?&olytitnucl_AL.Loy

Fig. 3. As (kst Structu=.of2 ~
MolybdenumAlloy

‘~1.11et~k~ specimenbntre ctcheticicci,rolytic&l~in 10 per ccni,oxh~ic&cio
unlessotherv.iseinc?kated

amsmtormauofl a
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Fig.“12. 2 ,at~m+c-~ercent TM
Alloy as__i–15rom5 00° c;

. ——. -
!3 + _ ~ “-.

8

_— - ,

-1

.!

.

‘\

—.
Fi~. 14. 2atom&c per cent~U~
hlloy iis @enche~ from ~q

w- 2“atomic per cent Zr-U
_.ox.As Quenched frou 900° C.

* All etch-edspec~s were etched~eck~o@c+y_in 10 p“ercent oxalic
acid unless otherwise inaic%ted.— --
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●
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g. 18. 2 atomic per.~ent~
~loy as Quenched from 9QQ” C.._

2294-1-1 Etched SE2m

—.

*

-w,-----, “--—

*. 7
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FiK. 20. ‘“—-’—2 atonuc per ~en~~u=u,
Alloy as @enchea from ~Wo:C.
Etched in 1:1 nitric>~~id

2296-1-1

Uliii[ltllof’i

R%& Sae as Fig. 18.

Unetched

Different

x 250

.“
&

.-

&
-<
b .,—.

~.

—.
..

—*
●

a

!.

S,-
-—

-*.—_
I

. “>
?*

$!!%&Same as Fig. 20. kffkren~

Unetched
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Fig. 22. 2 atomic per
Alloy as Quenched from

2297-1-1 Kched

——

GE&-mi Ili!iiF2. ‘7GXOXC per cen~ OS-U
9000 c. o as Quenched from 900 C.

.l~l nitric acetic acia.
“x 250

.Kzn

x 250
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Fiz. 25. 2 atomic per c~nt Ir-U
Alloy.Quenched from 9000 C.
Etched in 1:1 nitric aceti~.aci-d..

23LG1-1 x 250

Fig. 27. 2 atomic per cent Rh-U
Alloy Cuenched from 900° C.
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Fig. 29. 2 atomic per cent Ga-U
Alloy Quenched from 900° C.
Etched in 1:1 nitric acetic acid.
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Fig. 30. 2atomic per cent Re-U
Alloy Quenched from 900° C. Thre
gram sample. Etched in 1:1 nitric
ecetic acid.
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Fig. 31. 2 atomic per cent Re-lJ
Alloy Quenched from 900° C. One
gram sample. Etched in 1:1 nitric
acetic acid.
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