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ABSTRACT

Uranium alloys contsining 0.71 to 3.12 per cent molybdenum nnva
been exsamined in a number 'of differont heat treatments, and a tentativ: niw:s
diagram for this concentraticm region has boen prepared.

The most promieing heat Lrontable alloy containe aboul & nsv osnt
wiolyodenum, and the optimum strength properties are developod after auanciiise
iz water from 700° C followed by a ope hour treatment at 300° C.

The modulus of elasticity in the 700° C quenched state is littie

over half that of the salloy in the fully hardened condition.
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URANTUNM-KOLYBD=NUY ALLOYS - Part VI

The four uranium-wolybdenum alloys ranging from U.71 per cent

~ molybdenum to aflz per cent molybdenum desoribed in the report of -

Harch 15, 1944, have been given a series of heat treatments after which
the hardness and microstructure were examined. Six samples of each allcwy
were held at 900° G. for two hours to sccure approximate homogenization,
and the individual samples were then hoated for 2 hours st 800° ¢.. 700% ¢.,
600° ¢., 500° C., and 400° C., quenching from each temperature level. The
hardnoss values obtained are shown in Table I.

Herdness of Heat Tresated Uranium-Molybdenum Alloys

©

As previougly demonstrated, the highesl hardness values were
obtained on reheating the 200° ¢. auenched alloys at 400° C. The compaya-
tively high hardness of the 1.09 and 2.26 per cont Mo alloys as guenched
from 900° C. is probably duc to partial transformation bacauso of inade-
quate’ quenching. The %.12 por cent alloy is more readily quenched and

shows a lower hardness in the same condition.

Table I. Rockwell A Hardness of Uranium-Molybdenum Alloys

Quenched from Different Temperaturas
7

Alloy Per Cent As Cast 900° C B800° ¢ 700° ¢ 600° ¢ 500° ¢ 4000 ¢
No. NMolybdenua

Analysis
2264 0.71 65 60 63 66 53 65 65
2267 1.09 64 71 70 71 63 69 74
2266 2.26 69 70 70 71 68 70 78
2268 3.12 71 65 65 65 67 70 77
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ticrostructures

The miorostructure obsorved for each allcy in each heat irwna-~
ment is shown in Fig. 1. The pictures are mounted on temperature~cowic -
gition coordinates Lo botter visunlizo the influence of hest trectmont on
rtructure. The Rockwell A hardnecss is entered under osck micrceraph.

The four pioturas in the uppor left hand corner show two whusvs.
but this almost certainly ceured by the ease with which decomposition can
ocour with relativoly dilute alloys. It will be notod that at the curn.
Lemperaturo leval (8GO0 ¢. and %00° C.) the 2 and 3 per cent a2lloys i
sssentially single phase ones. Also, the sanme st;ucture is preserved in
thesa nlloys down to 700° C. On the other hand, it is clcar Lhat the O.7L
and 1.09 per cent élloys were quonched from a two phase region at 700" ¢

At the 600° C. level, all four alloys are evidontly in the sume
two phase field. The major difforence is a strong tendoncy for the more
dilute alloys to etch darker than wore concentrated alloys.

At -the 500° C. and 400° C. levels, the situation is by no means
clear, end there is no reason to suppose that equilibrium was even approxi-~
mated. However, thore is e certain amount of evidence that in this region
of the constitutionel diagram all alloys lie in thc same phase field. The
0.71 per cent alloy appears to show the same structure at both 500° C. and
4009 C,, and there is no question that the 1.0% per cent alloy is tho sane
ot 500° C. as at 200° C. The 2.26 and 3.12 por cent alloys show essentially
ths same structure at 500° C., but at +00° €. the difforence betwecen these
twWo is striking. However, it is quite possiblo that tho sams phases are '

present, only thelr distribution is quite different.
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0471 1,09 2,26

Per Cent Molybdenun
Fige lo Micrcs¥iRRROVED FER RUBbL(: REbhEASEated Allcys x 250
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From a practical heat treatine vicw point, the main thing of
intereat is that a temperature of $00° C. is far higher than necossary
w0 sscure the single phase structure in 2 and 3 per cent alloys. 1L apneurs
that quenching at 700° C. followed by the 400° C. treatment should be juss
as cffective as a 900° C. quench and the same low temperature hoat treatment.
To test this, an extra disc cut from the 2.26 per cent allocy was quenched
from 900° C. and then aged 1 hour at 400° ¢. The Rockwell A hardness was
77 (Rockwell C 52). Thia domonstrated the eff'ectiveneas of the 700° 0.
guench. !

In order to clarifyy the microstructures of tho four alloys in tie

400%-600° Q. level, two more samples of each alloy were treated as follon:z:
one set of samplos was heated 24 hours at 600° C. following the usual 90C° C.
homogenizing treatment. After the microstructures were examinod, the same
samples wure held at 500° ¢. for 48 hours after the 900° C. homogenization
treatment. The results arc shown in Fig. 2. The appearance of the micro-~
struqtures i3 in general different {rom that observed for very short heat
treatments in Fig. 1. However, the 0.71 per cont molybdenum alley shows
essentinlly the same structures as bef?ro. The widmansiatten character of
the 1.09 per cent alloy still persists. Perhaps the most interosting
foature is the similarity of the structurce of the 2.26 Ko and 3.12 4o alloys
at 500° C. und 400° C. It still scoms possible that all of tho structurss
showvn are in the same phase field, but this is, of course, not certain.

In order to find out how much lower than 700° C. a 2 por cent slloy

1!

could be quenched and still rotain the "gamma" phase, a sample of this
P

composition was guenched after 24 hours at 675° C. ‘fhe rosulting structure
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0e71 ‘ 1.09 2,36 3412

Per Cent Holybdenunm

Fige 2 Microstructure of the Long Time Heat Treated Alloys x 250

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

B

is shown in PFig. 3. Apparently the transformation to beta occurs betwesn

700° C. and 675° C.

)&)S\\ Z(\g{%" "\ .\.& R AR f

-
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Figure 3s Structure of a 2.0 percent Mo-U alloye. Quenched after 24 hrs. at
"675° Co Etched in 2 percent oxalic acid

2437 =4=C x 250

Tentative Phase Diagram

A tentative phase diagram is shown in Fig. 4. This diagram
appears to fit the observed structures wiﬁh the possible exception of the
lower temperature structures where there is considerable doudbt as to what
is happening. The alloys examined are indiéated on the diagram by crosses;
the results at 7 and 10 per oent molybdepun and 900° C. are based on struc=-
tures observed and reported previously.

Additionel Hardness Data on Low Temperature Heat Treatments

In order to find out the optimum low temperature heat treatment

for aging 7OO° C. quenohed samples, a series of heat treatments on a 2 percen

D
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1loy were conducted at 200° ¢., 300° C., and 400° C. A differeni samv:.
wes,used for cach temperature levol, and was succossively hoat treatod [c:
I bre, 2 hr., 4 br., and 8 hr. The results are shown in 'fable II.

Tablo II. Rockwell A Hardness After Successive Heat Treatments
on a 2 percent 700° C. fuenched Molybderum Alloy

Temperature 1 hr. 2 hr. 4 hr. 8 hr.

200° ¢. Average of Results 75 75 75 76
on #2436 and #2437

200° ¢. containing 2.02 and 77 77 77 78
2.00 percent No.

100° ¢. 76 76 76 74

Jt will be observed that at any tomporature level, time of hent-
ing is unimportant. Also, the aciual temporature in this ranso does nct
waitter much, although the resalts st 300° . appear tc be somewhat higher
than at 200° C. or 200° C. This is fortunate, as uranium oxidizes much
more rapidly at 400° C. than at 300° cC., hénce a one hour low temperature
treatment at 3000 (. appears to ba most practical from the standpoint of
securing nearly maximum strongth. Shorter annealing times at 300° C. will
be investigated later.

Compression Stress~Strain Results

Two 2 porcent molybdenum alloys were cast in the vacuum molting
furnace in the form of c¢ylinders 9/16 in. dia. by 2 in. lonz. These were
machined to 3/8 in. dda. by 2 in. lonz and were tested in the ocomprasaion
jig with Tuckerman strain gauges attached to opposite sides of tho spocimens.

The rosults are shown in Table II7.
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Table III. Sumrary of Compression Stress~Strain Results
on, Two 2 Peroont Kolybhdenun Alloys

Alloy % Mo . Heat Treatmont 2% offset .02% offsot  Hoduius of
No. Analysis yield yield elusEic iy
strength psi strongth psi st
2436 2.02 Cuenched 700° C. 103,500 74,500 13.2 x o¢
“436 2.02 Quenchod 700° C. agod 248,000 190,000 2500 2 37
2 hr. 2009 ¢C.
2436 2.02 Quenched 700 C. 109,000 70,750 1.2 oy
©437 2.00 Quenched 700° (. aged 226,000 180,0G0 22.2 x 1o

2 hr. 400° .

2337 2.00 Quenchod 7000 (. 109,500 65,000

p ]

IS
+
£}
.
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]

it 1s interestine to note that the wodulus of elasticity in tus
7C0° C. éuenchcd cordition is about 1i x 108 psi while in the low temperes~
ture condition it is about 2%-24 x 10° psl. This is probably becouse of
the difference in crystasl structure between the “wo conditions. The low
tomparature heat troatmont approximately doubles the yield strencth compearad

to the quenched ccndition.
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