APPROVED FOR PUBLI C RELEASE

RENERENEE FR YINLLAMSIFIED

Classification changed to UNCLASSIFIED

by authorify of the U. S. Atomic Energy Comn_tissic

e o wr/O

§— 20 -7

LA &9

—ﬁ-_-

March 15, 194k This dooument contains 18 pager
. URARIUM ALLOY DEVELOPMENT
- Part V
E WORK DONE BY: . REPORT WRITTEN BY:
A. U. Seybolt A. U, Seybolt

W. H. Duffy

VERIFIED UNCLASSIFIED

LIDR Ly 7

e—

sl d+{cnse of ThE

9.

i 7 8P
2 33 00n e, ter e U NAL./L ASSIFIED

APPROVEL: FCR. FUBE 3 RELEASE



ABOUT THIS REPORT
This official electronic version was created by scanning
the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.

For additional information or comments, contact: 
Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



APPROVED FOR PUBLI C RELEASE

R LK T i R VILLAIIITILY
\ S gt g oid
éa
ABSTRACT

The uranium alloys of intended composition two atomic per cent
titanium, gzirconium, chromium, columbium, nickol and platinum have not
shown intoresting properties. Of these six alloy types, only the aclumbium
system appears to offer promise on the basis of earlier work.

The resulte of vacuun remelting ons gram uranium reductlions are

given.
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URANIUM ALLOY DEVELOSMENT - PART V

HEAT TREATMENT OF URANIUM ALLOYS CONTAINING

PITANIUM, ZIRCONIUM, CHROMIUM, COLUMBIUM, NICKFL AND PLATINUM

In 1A report 68, the microstructure and hardness of uranium
alloys of intended composition two atomic per cent of titanium, zirconium,
ohromium, oolumbium, nickel and platinua were described for the 900° ¢.
quonched oondi%ion.' The type of X-ray diffraction patiern was described
either as the Alpha (room temperature type) uranium or "structure X," the

latter structure being possibly duv to the intermediate high temperature

or bete form of uranium.

Effect of Heat Treatment at 600° C.

The next step consisted of taking other samples from the same
cast bars, heating them to 900° ¢., holding for two hours, and then cooling
thenm 1ln an argon-atmoa;here at room temperature. This relatively slow
sooling was used in an effort to prevent cracking of some of the alloys
when quenched in water. The chromium, platinum and nickel alloys were
susceptible to quench cracking, presﬁmably because of volume changes on
cooling. However, it was found that even gas eceoling did not prevent
oracking. The chromium alloy was mueh the worst, with the nickel and

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

900° C., the samples were held for 2l hours at 600° C. and water gquenched
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t0 bo sxamined for hardnesa, microstructure and X-ray struoture.

Tho purpose of ths 600° C. heat treatment was to use as high
e temperature as possible and yet remain in the alphuw uranium region.
Scme of the alloys which had previously shown the "structura X" might
now be expested to exhibit the élpha uranium structure. If 80, there
could hardly be any doubt that the "struoture X" was due to a high
temperature form of uranium. The hardness and X-ray diffraction réaulta
are shown in Table 1, and the microstructures are showm in Pigs. 1=b6.
Figs. 1, 2 and 4 show the familiar alpha uranium struoture with particles
of carbide and possibly bits of a seccond phase. The columbium alloy
shows a rather copious scattering of a second phase. Fig. 3, the
ohromium 2lloy, shows two cracks and a two-phase matrix. The nickel
alloy, Fig. 5, has & fiﬁe greined matrix with a few rather large carbide
dandrites, while Fig. 6, the platinum alloy i& chiefly distinguished by
a second phase in the grain boundaries. There is also a suggestion of
a fine precipitate within the grains; the blwok particles are probably

ocarbides.

Eardness
Bberbach micro hardness was determined as woll as Rookwell A
hardness because some of the specimens had nurerous cracks, and it was

considered that the Rookwell A values would be too low in such samples.
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¥~ Fig 1. 0.40-0.23 Ti-U Alloy Fig. 2, 2.7-0.1 Zr-U Allo
2/ hours at 600° C, " 25 hours at 600° C, d

i . Etched electrolytically in 10%

e AL Etched electrolytically in 10%
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g. 3, 0.45 Cr-U Alloy Fig. 4. 1.39-0,25 Cb-U Alloy
hours at 6000 C,

B . 24 hours at 600° C.
Eﬁ’&cwwr;olyticauy in 10% btched electrolytically in 10%

&Qxﬂis_mg___ - Oxalic Acid
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Pable I. Hardness and Xeray Diffraction Structure of the 600° C. Hoat Treasted Uranium Alloys

Sample Composition Rockwell A Ebsrbech Rockwell A X=ray Structure
¥o. analysis Hsrdness Mioro Hardneszs Hardness as
Measured D.P.K.” converted
' from Miero
Hardness
22772 0,10=0,2% Ti sl 188 L9 ccomme
2281-2 2,7=0.1 Zr o 2e2 56 eromere
2282-2 0.14S Cr 59 308 & alpha uranium
22g2=2  0,L2-0.L8 N1 58 256 59 e
22932 intended 1.66 Pt gy 358 67 alpha uranium

* .
Inpressions mede on chlef constituent or matrix.
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It will be seen from the table that in generasl the Rockwell A hardneas
values converted from the Eberbach micro hardness values (equivalent to

Viokors djamond pyramid numbers) are highor than those observed directly.

X-ray Structure

X-ray diffraction results on the two samples (chronium and
platinum) in this series which previously showed Ugtruoture X" as quenched
from 900° C., showed the alpha uranium structure es heat treated at 600° ¢.
This means that "struoture X" is almost certainly due to beta uranium. The
brittleness of the alloys with "structure X" is the main reason for elimin-

ating the possibility of this structure belonging to the gamma modification.

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

New samples of the zame alloy bars ware given the usual 900° ¢.
heat treatment (two hours at temporature, followed by quenching in water)-
and were then heat-treated successively in the vﬁcuum quenching furnace
for two hours at 300° G., 400® ¢., 500° C., end 600° C. Rookwsll A hardncss
résulta ere shown in Table II.

It will be noted from the table that none of the alloys show more
than seven points increase in hardness on reheating from the 900° c.
quenched condition, and most show changes of the order of 23 points. There
is some question about tho seven point inoresase of the nickel alloy, 2292-3,

because previously a different sample from the same cast bar showed a hard-~

ness of 67 as cast instead of 60 as indicated here. More significant,
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perhaps, is the observation that there is no hardness incrsase betwoen
500° ¢. and 400° C., end at 600° C. the herdness is et the same level as
in the lower temperature range.

While bocause of segregetion thersc is a possibility of having
vory low alloy contents in the case of the alloys of titanium, zirconium,
and coiumbium, it will be recalled (Cf. LA 4j2) that these threo alloys
were proviously made with higher alloy contonts withouf showing very
interesting properties except in the case of columbium.

To sum up, it appears that none of the alloy types shown in

Table II are worth further investigation oxdept possibly uranium-columbium

alloys.
Table II. Rookwell A Hardness Velues on Rehcating
ROV C. Quenched Samples 300V U. to &LUV T,
, Rockvrell A Bardnese
Sample Composition 900° ¢,  300° ¢. Loo® ¢. s500° ¢, &00° ¢.
22; (anxlxpiéjﬁ' Quanchod '
22773  0.40-0.23 Ti 59 58 57 57 56
2281-3 2.7-0.1 Ir 57 57 58 57 55
2282-3 0.U5 Cr 64 - 66 68 &y 57
2283-3  1.39-0,25 Cb 58 60 59 63 59
2292-3  0.42-0.48 Ni 60 63 - 62 67 €3
2293-3 Intended 1.66 Pt 65 66 e é2 56
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VACUUM MELTING ONE GRAM URANIUM REDUCTIONS

In order to find out how one gram uranium reductions would
behave in vacuum molting several one gram uranium reductions made by
the statioraery bomb meﬁhod and the centrifugal bomb method were vacuum
maited.

These one gram reductions behaved quite differently from one
gram melts of Westinghouse uranium wire becauss of the impurities presemt,
particularly iron and caleium. The latter boils out during melting and
tends to ceuse splattering of the molten metal on the sides of the furnace
walls and usually a black deposit, presumably largely calcolum, is left on
the inside of the furnsce. The iron, when present in amounts of the order
of 0.2 per cent or more, causes extreme brittleness.

The stationary bomb reductions were in general more easily
handled than ﬁhe centrifuged roductions bscauvse less volatile matter was

present and also beceuse of the shape of the reduced 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 BeO cruscibles inside the tantalum
heater oruwoible, It was found thet by first caentrifuging the cones into
& Be0 crucible to obitain c more convoniant shape, some of tho volatile
matter was removod during the process., Hence in remelting the centrifuged

acones, less difficulty in spattoring was observed. The as-reduced cones

APPROVED FOR-PUBLI C RELEASE
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were placed on top of a BeD erucible recessed to fit the cone and sealed
off under vacuum (2-3 microns) in & pyrex tube. The pyrex tube containing
the BeO orucible and cone was placed in a high frequenoy induction furcace
coil, and the cone heated to 1200-1400° C. When maximum temperature vas
attained, the tube was guickly transferrod to a centrifuge and most of
the motal forcod down into the oylindrieai part of the crucible, about
0,15 inchas in diameter. The centrifuged metel was then removed, wsighed,
and inserted into a BeO sleaeve which wus seated inside a tantalum crucible
and the matal again meolted in a two micron veocuum. This sscond melting
always caused more volatile lmpurities to be removed.

After the second melting, the ingots wore weighed again, and

used for miocroscopic exsmination and for analysis.

Remelting the one Gram Stationary Bomb Reductions

The stationery bomb reductions could be vacuum meltsd in the
furpece directly without prior centrifuging becauss much less volatile
impurities wore prasent and because the reducod button could be fitted
into the BeO sleeve. The procedure from this point vas the same as for

the vacuum centrifuged cones.

Ductility of the One Gram Reductions

The one gram stationary bomb buttons were always quite malleable,
but the centrifuged uranium conss made by calcium redvotion were usually

brittle, probably because of greater iron content. However, the lithium

UNC
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reduced centrifuged cones wore comparable in ductility to the stationary

bomb caleium reduced metal.

Loss in Welght During Remelting

Several stetionary bomb and centrifugal bomb reduced meltﬁ.of
uranium have been vacuum molted acoording to the procedure outlined
above. The changes in wéight accompanyiné centrifuged remeliing and
vacuum furnace remelting are showmn in Table III. Most of the loss of
the centrifuged cones occurred during the centrifugal remelting operation,
because not all of the uranium could be forced down inside of the ceatri-
fuging orucible. A corust of moetal and oxide, efo., the bottom of the cone,

vas usually left behind.

Micraostructures

¥any of the one gram uranium reductions were examinod metallo=
graphically a8 reducad, as centrifuged, and mostly after vacuum remelting.
The various structures ohserved are shown in Figs. 7-2). The iron content
and the amount of reductant (Ca or\Li) in the 8ampios is given where this

information is available.
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Table III. Change in Weight of One Gram
Uranium Reductions during Vacuum Remeliing

Coentrifugal Bomb Reduction Vacuum Remelts

Specimon Original Weight after Final Weight Per Cent

T TRo. “Welght Contrifuging grama Recovery
gramns
1827 A 1.0196 0.7380 0.7372 72
2374 1.0076 0. 6531 0. 6523 €5
2375 1.0185 ‘ 0.9163 0.8681 85
2373 , 0.9893 0.8L83 0.8477 86
2376 0,8315 Very little cemtrifuged into crucible
2377 © 0.9250 0.5990 0.5922 - 6l
2378 0.9478 0,8661 0.8656 9é
2385 - 0.9258 0.7533 0.7331 79

Stationary Bomb Reduction Vacuum Remelts

123 0.9505 R 0.9525 98
2362 0.952, = ocwmmns 0.9306 99
2379 0.9617 S 0.9441 98
2381 0.94;81 e 0. 8435 63
2382 0.9631 = eeee- - 0,9534L 99
2386 Ogh7h  emeee- 0.9435 99
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Future Work
More uranium alloys will be prepared in 200 g amounts for
atudying the effects of the alloying metals formerly studied only in one

grap samples.
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&= Fig. 7. Vacuum Remelted Centrifuged Fig. 8. Vacuum Remelted Centrifuged
-~ Bomb Reduction. 0.08% Fe. Bomb Reduction. 0.1% Fe.
L _Etched electrolytically in 2% Oxalic .Etched in 1:1 nitric-acetic acids
By 20 Leatly 1R & )
: 2363-1~0 x 250
2360-1-1 x 250

R S T om o : ,

Fig. 9., Vacuum Remelted Centrifuged Fig. 10, Vacuuln Remelted Centrifuged
Bomb Reduction. Bomb Reduction. >0.1% Fe.
Unetched Unetched
- 2374-1-0 x 250 2375-1-0 x 250
[ ® 6 o000 [ ] o000 [ X ] yﬂciﬁ* '. '.
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Fig, 11. Vacuum Remelted Centrifuged Fig. 12. Vacuum Remeltea Centrifuged
Bomb Reduction. Bomb Reduction.
Etched Electrolytically in 2% Oxalic Unetched
Acid
2378-1-0 x 250

R377-1-0 x 250

i &

Fig. 13, chuﬁm Remelted Stationary Fig, 14, Vacuum Remelted Stationary
Bomb Reduction. 0.002% Fe, 0.0035% Bomb Reduction. ' '
Ca. : btched Electrolytically in 2% Oxalic
Etched Electrolytically in 2% Oxalic Acid . ‘
Acid )
2382-1-1 x 250
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Fig. 15, Vacuum Remelted Centrifﬁged Fig. 16. Vacuum Centrifuged
Bomb Reduction. Th02 Crucible. 0.1% Centrifuged Bomb Reduction. Li
Fe, 0.00.% Ca. Reduction. 0,04% Fe, 0.01% Li _
Etched electrolytically in 2% Oxalic Etched electrolytically in 2% Oxalic
Acid : ' Acid
2385-1-1 x 250 2388-1-1 : x 250
. . e e %
. S S R PR BUN S SN
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Fig. 17. Centrifuged Bomb Reduction Fig. 18. Vacuum Remelted Centrifuged
Not Vacuum Melted. Li Reduction. Bomb Reduction. Li hkeduction.

0.04% Fe, 0.001% Li. Etched Electrolytically in 10% Chromic
Etched electrolytically in 24 Oxalic Acid
Acid
2390-1-2 X 250
1 0 o000 000 LI X X ] [ ]
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:_19.. Stationary Bomb Reduction o Flg. 20. Staetionary Bomb Reduction

bod. Not Remelted.
Etched Electrolytxcally in 2% Oxalic
Ac1d.

x 250

. , .
g, 21.. Statlonary Bomb Reduction
= Not Remelted.

[T
= - Etched Electrolytically in 2% Oxalic
& e o ST TT T —Reld
' ) ‘ 2395-1-1 x 250
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