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The uranium alloys of intended composition

titanium, ziroonium, chromium, oolum’’ium,niokol and

two atosnioper cent

platinum havo not

shown interesting properties. Of’these six alloy types, only the oolumbiml

system appears to ofi’orpromise on the bmin of earlier work.

‘Me resulte of’vaouum remelting one gram uranium reduction8

given.

are

,
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UNCLASSIFIED

URANIUM ALLOY I)EPELW?4E~ - PART V

~T TREATMENT OF’URANIUM ALLOYS CONTAINING

TITANIUM, ZIRCONIUM, CHROMIUM, COLUW31UM, NICKEL AND PLATINUM

w LA report 6!3, the

alloy8 of intended composition

miorostracture

two atomic per

ohrotnium,00IumbiumS nickel and platinua were
.

and hardness of uranium

c6nt of titanium~ zirconium

described for the 900° C.

quenched oondition. The type of X-ray diffraction pattern was deeoribed

either as the Alpha (room temperature type} uranium or ‘struoture X,n the

latter etructure being possibly dum to the intermediate high temperature

or beta form of uranium.

Effeot of Heat Treatment at 600° C.

The next step oomiated of taking other samples from the same

oaat,bars, heating them to 900° C., holding for two hours, and then oooling
●

then in an argon.atmosphere at room temperature. This relatively 810w

oooling was used in an effort to prevent maoking of some of the alloys

when quenohed in water. The ohropium, platiriumand nickel alloys were

susceptible to queuch oraoking, presumably beoause of volume ohmges on

oooling. However, it was found that even gas oeoling did not prevent

oraoking. Tho ohromium alloy was muoh the wor6t, with the niokel and

platinum alloys far less troublesome in this respect. After oooling from

goo” C., the samples wero held for 2?Lhours at 600° C. and water quenohed
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to bo examined for hardne~8,

The purpose of *ha

miarostruoture end X-ray simioture.

600° C. heat treatment waa to u$e a$ high

e kc?mperatureas pc?8Gibh and yet rmain in the alpha uranium region.

Some of the alloys whiah had previously shown the “structure X“ might

now be expeotcd to exhibit the alpha uranium struoture. If 00, there

could hardly be any doubt that the “struotureXm t%isdue to a high

temperature form of uranium. The hardnem and X-ray diffraction re8ul%a

are shown in Table Z, and the miorostruotures are shcxm in Figs. 14.

Figs. 1, 2 and 4 show the familiar alpha uranium structure with particles

of carbide and possibly bits of a seoond phase. The columbium alloy

shows a rather co#iQus scattering of a mmond pha8e. Fig. 3, the

ohrontiumalloy$ show8 tiwocracks and a two-phaae matrix. The niokol

alloy~ Fig. 5, has a tine greined matrix with a few rather large carbide

dendrites, while Fig. 6, the platinum nlloy is oMefly distinguished by

a moond pha8e in the grain boundarte8. ‘lherei8 a180 a sugge6%ion of

a fine precipitate within the grains;” the blwk particles aro probably

oarbidos.

Kardnee$-

Eberbaeh micro

hardnem becauso some of

hardnesa was determined as well UJ Rookwoll A

Kno specimens had numerou6 craoks, and it was

OonGidersd that the Rookwsll A values would be too low in suah samples.
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It will be seen from the table that in general the Rookwell A hardneaa

values converted from the Ehrbaoh micro hw’dzmis values (equivdont to

Viokor8 diamond pyramid numbers) are higher than thoee observed directly.

X-ray &xuoture

X-ray diffraction result~ on the two aanple~ (ehronium and

platinum) in this serie8 which previously 8how@ “struoture X“ as quenched

from goo” c., showed the alpha uranium struoturo as heat

This means that ‘struoture X“ is almo8t certainly due to

brittlenec~ of the alloys with “danmture Xn is the main

sting the possibility of this structure belonging to the

Effect of Successive Heat Treatment from 300° C. to 600°

treated at 600° C.

beta uranium. The

reason for elimin-

gamma modification.

c*

New samples of the,samo alloy baro were given the usual 900° C.

heat treatment (two hour8 at tomptirature,followed by quenching inmter)-

and were then heat treated riuooessivelyin %ho vaauum quonohing furnace

for twohmru at300° C., @OO C., 500° C., end 6000 C. Ro&wellAhardnos8

results are aho&n in Table II.

It will be noted from the table that nono of the alloys show more

than seven points inorease in hardness on reheating from the 900° C.

quenched oondition, and most show changes of the order of 2-3 points. There

3.si30me

beoause

ness of

question about *ho seven point inoroafsebf %he ?aiokelalloy, %292-5,

previously different sample from the same east bar showed e hard-

67 as aast instead of 60as indicated here. More significant,
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.0

perhaps, ia the observation that thera is no hardne8s incx’eaeabotwoen

jOO” C. and 400° C., and at 600° C. the hardxma is at the same level as

in the lower temqymaturs range.

While because of aegregstion there is a possibility of having

mm-y low alloy contentiain the ease of tho alloys of titanium, ziroonium,

and columbium, it will be reoalled (Cf’.IA &?) that these threo alloys

were previously made with higher alloy oontontB without showing very

interesting properties exoept in the ease of columbium.

To sum up, it appears that nono of the slloy types shown in

Table 11 are worth further investigation exoept possibly uranium-oohmbium

Table II. Rookwoll A Hardneas Values on Reheating
W@’ c. Quecohed””Samples 300V c. to (WW-C .

*

2277-3

2281.3

2282+

=83-3

=92-3

=93-3

0.40=.0.23Ti

2.7-0.1 Zr

0.45 Cr

1.39=0.25 Cb

0.@=O.48 Ni

Intended 1.66 F%

57

66

6U

65

Rockwell A Hardness

-“ J@W” -

58 57 57

57 58 57 ,

66 68 &

6Q 59 63

63 ~ 62 67

66 a 62

600°c.

56

5!3

5?

59

’63 ‘

56
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VACUUM MELTING ONE GRAM IJRANIUMREi)UOTIONS

In order to find out how one gram uranium reductions would

bohsve in vacuum molting Bsveral one gram uranium reductions mado by

the 8tation&srybomb method and the centrifugal bmnb.method were vaouum

melted.

!i’heaeone gram reductions behaved quite differently from one

gram melts of Westinghouse uranium wire beoause of,the impurities present,

particularly iron and caloium. The latter boils out duriug meltiingand

tends to ctumo splattering of the molten metal on the

walls and usually a black depoaik, presumably largely

the inside of tho furnace. The iron, when present in

of 0.2 per cent or more, oau8e8 extreme brittleness.

sides of the furnaoe

OakliUm, i6 left On

amounts of the order

The stationary bomb reduo%iori~were in general more e~eily

handlexlthan the centrifuged rcxiuctionsbacause lees volatile matter wtm

present and .als~bcaause of the shape of the reduoed buttons.

Remelting the one Gram Centrifugal Reductions

The centrifuged buttons were cone shaped and were too large

in area to be readily melted down in the BcO cruaibles ineide *ho tantalum

heater oruoible. I’t was found that by first oontrifuging the oones into

a BeO crucible to obtain a more aonvonient ehapa~ sama of the volatile

matter was removod during the proooaso Hence in remelting the oontrifuged

aones, Iesa diftioulty in epattoring -wasobserved. The as-reduaed cones
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.

were plaoed on top of a BoO oruoible reoossed to fit the aona and sealad

off under”vaouum (2-3 mtoron~) In a pyrex tube. The pyrex tubo containing

the BoO orutaibleand cone waa plao@ ina high f’requenoyinduotion f’urnaae

coil, and the oone heated to 1200-l@O0 C.

attained, the tube wao quiokly transforrod

the matal foroed down into the oylindrioa~

When maximum temperature waid

to a centrifuge and most of

part of the crucible, about

O.1~ inches M diameter. The oontrifuged metal wa8 then removed, weighed,

and inserted into a BoO 81eeTe whiah WG ~eated inside a tantalum oruoible

and the metal again nolted in a twa mioron vaouum. This second melting

alwaya oau8ed more volatile impurities to bo removod.

After the seoond melting, the ingots were weighed again, and

used for miorosaopic examination and for mal-y8i8.

Remelting the one Gram Stationary Bomb IieductAon&

The stationary bomb reductions oould be vacuum melted in tho

furnue direatlywithowt prior centrifuging becawm mwh less volatile

impurities were prasenk and beeauae the reduaod button oauld be fitted

into the BoO sleeve. The prooedure from this pain% was the same
,

the vaouumoentrifuged cone8.

Ductility of the One Gram Reduotiona

The one FJam stationary bomb buttons were always quite

but the centrifuged uranium cones made by caloium reduation were

brittle, probably beaause of greater iron oontont. However, the
/

AS for

nmlhables

usually

lithium
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roduaed centrifuged oones wore comparable in duotility to the stationary

bomb oalcium reduoed metal.

LoEIsin Wsight During Remelting

Several stakicmarybomb and centrifugal bomb reduoed melts of

uranium have been vaouum malted aooordlng to ‘theprooedure outlined

above. Tha ohanges in weight accompanying centrifuged remelting and

vacuum furnaoe remelting are shown in Table 111. Moat of the loss of

the centrifuged COZNM omxrred during the centrifugal remalting operation,

beoause not all of the uranium could be forood down

fuging orucible. A urust of matal and oxida, eto.,

was usually left behind.

Micror3tru9turf9a

inside of the oontri-

the bottom of the oone,

I&my of the one gram uranium reductions were examined metallo”

graphically as reduoad, aa ccmtrifuged. and mostly after

The various wtructur$m olmerved are shown in Figs. 7=21.

and theiamount of reduotant (Ca or’Li) in the 23fAM@08 is

information is available.

vacuum remelting

The iron oontemt

aivon where this
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$pesimen
lJO.

1827 A

23?4

2375

2373

2376

2377

2378

2385

1231+

2362

2379

2381

2382

2386

9

● m ● **
● m. =. i #~tldSSl[lEQ,9 **O
● 0000
● 9e*9b ● ***
● eeomooeam ● O

Table III. Chango in Weight of one Gram

Uranium Roduotlons during Vacuum Remelting.—

Centrifugal Bomb Reduction Vacuum Remelts
.

Wiginfil \W.ght after FirJal~eight Per Cent
Weight Centrifuging grama keoovery

gram

1.0196 0.7380 Q.7372 72

1.0076 o.t$s~l 0.6523 65

1.0185 , 0.9163 0.8681 85

/ 0*%95 O.81@3 0.8477 86

0.8315 Very little oantrifuged into cruoibh

0.9250 0.5990 0.5922 “

0.%78 0.8661 0.0656

0.929 007333 0.7331

Sta~ionary Bomb RciduotionVaouum Remalts

() .9617 ------

0.9481 -“.-a-

0.9631 ------

099474 ....ee
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Future Work

M&e uranium alloys will be pregarsd in 200 g amounts for

studying the effacts of tho alloying metals formerly studied only in one

gram $amplee.

.
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G- “figo vi Vacuum Remelted deritrifuged
=— Bomb Reduction. 0.08% Fe.

Etched e=lectrolytica& in 2$ Oxalic&
Acid

.-
r-

2360-1-1.
——

———

“-

—

. .

x 250

.~du~i~ RemeltedCentrifuged

Unetched

2374-1-0 x 250

FiF. 8. Vacuum Remelted Centrifuged
Bomb Reduction. 0.1% Fe.
Etched in 1:1 nitric-acetic acids

2363-14 x 250

Fi~. 10.. Vacu& RemeltedCentrifuged
Bomb Reduction.>0.1% Fe.
Unetched

2375-1-0
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Fi~. 11. Vacuum Remelted Centrifuged
Bomb Reduction.
Etched Electrolytically in 2% Oxalic
Acid
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Fi J?. 12. Vacuum Remeltea
Bomb Reduction.
Unetched
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Mucfi:*Rc=-lte~ Sttitionv
O.00~ Fe, 0.0035%

Ca:
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Fig. I.A. Vacuum llemelteaStationary
Bomb Reduction.
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JQJzd.5: Vacuum Remelted Centrifuged
Bomb Reduction. Th02 Crucible. 0.1%
Fe, 0.004% Ca.
Etched electrolyticallyin 2$ Oxalic
Acid
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Fi~. 17. Centrifuged BoinbRetiuction
Not Vacuum Melted. Li Reduction.
0~04% Fe, 0.001% Li.
Etched electrolytically in 2$ Oxalic
Acid
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Fip. 16. Vacuum Centrifuged
Centrifuged Bomb Reduction. Li
Reduction. O.O@ Fe, 0.01% Li
Etched e}ectrolytical..lyin 2$ Oxalic
Acid
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Fig. 18.” Vacuum Remelted Centrifuged
Bomb Reduction. Li lieduction.
Etched Electrolytically in lQZ Chromic
Acid
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