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AIISTRACT

Uranium Rlloys containing 0.71 to 3.12 per cant molybdema ~l,?.?a

?Jsemexamined in a number ‘ofdifferent heat traatmenta, and a twxtw.ti%;. :i-’~;..>

diagram for this oonocmtrati.cmregion haE bwm prepared.

TheJmmt promieing heat troata?llealloy containo about 2 psr c*S.

L-wly-oaa.wafiand the optimum strength properties are developod after oucxwhi:~-.

in water from 700° C followed by a one hour t.rcatmeatat 300° C.

W-IOIWUUIIM of elasticity in the 700° C quenched stato is Mt+.ig

over half that of’ the alloy in tho fully hnrdoned condition.
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URANIUM-l{OLYBD!INIKALLOYS - Part VI

‘i’hefour uranium-molybdenum alloys ranging from U.71 per corIL

molybdenum ,to3~12 per cent molybdemrn desoribod in che report of’

March 15, 1994, have been given a series of heat treatxmmta after which

kho .hardnesaand microstructurewere examined. Six aamplen of each allc~.~

wera held at 900° C. for two hours to socurci approximate homo~enization,

and the individual samples wero then honted for 2 hours at 800° C., 700(’C.,

600° C., 500° C-$ and 400° C., ouenching from each temperature level. The

hardness values obtained are shown in Table I.

Hardness of Heat treated Uranium.+dolybdenusnAlloys.’..—

As previously demonstrated, the hiqhesb hardness values wore

o-Dtainedon reheating the 930° C. quenched alloys at +00° C.. The compara-

tively high hardness of tho 1.09 and 2.26 pcr cent Mo alloys as quenchad

from 900° C. is probably duo to partial transformation bacauso of inade-

quate’quenching. The %.12 por cent alloy is more readily quenched and

~hows a lower hardness in the sarsecondibion.

Table 1. Rockwell [iHardness of Uranium-Molybdenum Alloys
k)onchod from L)iffemnt ‘1’cmperatures

/
Alloy Per Cent As Cast 900° C 800° C 700° C 600° C 500° C 4000 C— — — .- .-.
No. ldolybdenum

.— —

Analyai6

2264 0.?’1 65 60 63 66 53 65 65

226? 1.09 64 71 70 71 63 69 74

2266 2.26 69 70 70 71 66 70 78

2268 3e12 71 65 65 65 67 70 77
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(l’hom.iorostructuro obsorved

menL is shown in Fig. 1. The pictures

sition coordinates to bobtor virnm2izo

rtruckure. The iiockwll A lmrdncss is

essentially 6ingle pkso onoc. .%Iso,the same structure is ~,resor~mlin

theeo m~10Y3 dowm to 700° C. On the other hand, it is clGar that Lhc 0.7L

and 1.09 por cent alloys wore quenched from a tvtophase region at 70(-JGu

At the

two phaciefield.

dilute alloye to

i~tthQ

clecir,and there

mated. llowovar,

600° C. Ievol, all four alloys are evidontljrin the sme

Tho major difforcnce ia a strong tondoncy for the more

etch da~kor thin xore concentrated elloye.

500° C. and 400° C. levels, the situation is by no meanG

is no ronson to suppose thrztequilibrium was even approxi-

thore is a certain amount of evidenco that in this re~ion

of the constitutionaldia~ram s11 alloys lie in the same phaso field. The

().71per cent alloy appears to show the snme structure at both 500° C. and

~o(l~c,, and thero is no question that the 1.09 por cent %lloy is tho Name

d 500° C. as at 400° C. The 2.26 and 3.12 ?or cent alloys show essentially

tha 6.s.M8structure at 500° C..,but at JLOOOC. Lhe diff’orencobct~voon

tw; is skriki.n~. Xowevt3r,it is quite possiblo that tho sm9 phases

preeent, only their distribution is quite different.

these

are ‘
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Fig. 1. Miorcstructure of the 2 Hours Heat Treated AllGy~ x 2~0 ~
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that quenching at 7CK)”C. followod by the 400° C.

as effective as a 900° c. quench and the same low

To teet this, an extni disc cut from the 2.26 per

Irom 900° (j.and then aged 1 hour at 400° C. The

treatment should be jusG

temporaturo heat troa’tmnt.

cent alloy was quenoheo

Ikmkviell A hardness uas

77 (RockYd~ C 52)- This demonstrated the effeotiveneas of tho 7000 !2.

quench. {

In order to clarify the microstructura~ of tho four alloys in the I

&JOo.600° C. Iovol, two more snm.piesof cinchalloy viero troatod as follot+s:

one set of samples waG heated 24 hours at 600° C. followin[?the usual 900” C.

homogenizing treatment. After the microstructqroswere examinc+d,tho sam

srunploswtjreheld at 500° C. for 48 hours after the 900° !2.homo~onization

treatment. The results aro shown in Fig. 2. The appoaranoo of ;hcjmicro-

~tructures is in general different from tht obsorvcd for very short heat

treatments in Fig. 1. Iioavover,the 0.71 per cmt ~olybdonum alloy shows

osacmtially the same structures aa beforo. ThG ~tidman~tattoncharacter of.

the 1.09 per cent alloy still persists. Pt3rhap6+JIQmos~ interesting

llmture is tho 8imilax’ityof bee atructuro d’ tihe2.26 MO and 3.12 MO alloys

at 600° C. and 400° C. It still seems possible that all of tho ~tructures

~hown aro in khe same phase field, but this is, of courao, not certain.

In order to find out how much lower thari700° C. a 2 por cent alloy

could be quenched and still retain the “gamma” phase, a &ample of this

composition ~ias quenched after 24 hours at 675° C. ‘i71(3 resulting 8tructure
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Fig. 2 Miorostruoture of the Long Time Heat Treated Alloys x 2~0
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is shown in Fig. 3. Apparently the transformation to beta occurs between

‘700°C. and 67~0 C.

Figure 3; Struoture of a ~.O percent Mo-U alloy. Quenohed afker 24 hrs. at
‘67~” C. Etched in 2 percent oxalio aoid

24374-C x 250

Tentative Phase Diagram

A tentative phase diagram is shown in Fig. 4. This diagram

appears to fit the observed structures with the possible exception of the

lower temperature structures where there is considerable doubt as to what

is happening. TkLCI alloys examined are indioated on the diagram by crosses:

the results at 7 and 10 per

tures observed and reported

oent molybdenum and 900° C. are based on strUo-

previously.

Additional Hardness. Data on Low Temperature Heat Treatments

IrIorder to find out the optimum low temperature heat treatment

for aging 700° C. quenohed samples, a series of heat treatments on a 2 percel

——— —— --- —~

—
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1.hr., 2 hr., 4 hr., and

‘1’ablo11. Rock%ell A
on a 2 percent

‘i’emmrature

B hr. The rosulh are shcmm in ‘fable11.

Hardness After Successive Heat Treatments
700° C. Cuenohed Yolybdwnm Alloy

1 hr. 2 hr. 4 hr. 8 h.—.—

It will be obsorvwl thML tatany tomporaturo level, time of’heat-

ing iGl!2import&at. Also, the actual Lcmporsture in this ranco does net

~l!aitormuch, al-thou~hthe rostiltsat 300° C. appear to be somewhat hi@~r

than at 200° C. or 400° C. This is fortunato, aa uranium oxidizes much

more rapidly at 400° C. than at 300° C., hence a one hour low temperature

treatment at 300° C, appears to”ba r.ostpractical from the standpoint of

securinq naarly maximum 8trongth. Shorter annealing times ut 300° C. “will

be investigated later.

Compression Stress-Strain R@sults

Two 2 pcrcenb molybdenum alloy8 wore cast in tho vacuum moltin~

furnace in the form of cylinders 9116 in. df.a.by 2 in. lonr. These wero

dmachined to t 8 in. d@. Irf2 in. lonz and were tested in tho oonprossion

jig with Tuckermnn otrain gauges attached to opposite sides of tho specimens.

rho results are shown in Table 111,
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?ablo III. Sumwary of Compression Stress-StPain Results
oq Two 2 J?oroentMolybdcnu:uAlloys

Do. Analysis

neat ‘i’rcmimlmt

2436 2.02 Cuonchod 700°

2436 2.02 Qu~nC~lOd700°
2 hr. 400° C.

2436 2s02 Quanched 700”

>:457 2.(IO Quenched 700°
2 hr. 400° c.

2’237 2.00 Quenched 7000

Lt is interoGtinq to

.2?? Offstlt .02% Qffsot
yield yield

~tren~th psi stra psi.-

C. 103,500 7%,5(30

C. tqyd 248,000 190,000

c. 109,(ICO 70,750

c. aged 226,000 180,000

c. 109,500 65,000 -= --. :
A..+:. :. ~.,

notu th.nttho modulus of elasticity in tiia

?000 c. quenched condition is about 14 x 106 psi whilo in tho lox toinper~-

ture aondition it is nbout 2~-2*&x 106 psi. ‘t’hisis probably bcc~vso of

tho C.lifforoncein cryat~.1structure beti;eenthe !XO condit,ion~. The low

i.empera~re best troatmolltal)proxinatclydoubles ~he yiald strencth compasod

LO ihe quenched ocndition.
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