
UNCLASSIFIED

‘“H
.W4Jf!iRRm:g.JL!&%’2
PUBLICLIYItEli

By~. CIC984Date:.Uf%

&4 RiMMIT 55

January 14, 1944.

URANIW ALLOY

PART

WORKDONE BY:

A. U. Seybolt

L. B. Stark

W. Arnold

‘i’hisdocument contains 2*! pages

DWELOPMENT

4--rl-

. .

i=--
..
.

L. UNCLASSIFIED

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC 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




UNCLASSIFIED

4- -~=

ABSTRACT

‘Z’heheat treatment of extruded uranium rod containing about 0.1

peraent oarbon as major impurity was continued further, and the maximum

hardness obtained to date results from prolonged heating at 900° C and quonoh-

ing in water. A possible meohanism for this behavior is given.

A summary of a suitable ne%hod for sof’tsoldering and silver

soldering uranium is given.

metal.

results

Some compression stress-strain curves aro given for uranium bi8cuit

The earlier difficulty with securing satisfactory stress-strain

has been overcome, and it is believed that .thenew curves ehowv are

correct.

A suitable melting and castin~ procedure for avoiding gravity

segregation in uranium-molybdenum alloys has been developed. Presumably this

method would give equally sati~fuctory results in other uranium-alloy

aysteme.
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URANJIJMALLOY DEVELOPMENT - PART 111

UllANIUM-WXXBDENUMALLOYS

It will be

had beenexperienced

recalledthat saveresegregationin most uraniumalloys

when theywere meltedin a BeO cruciblesurroundedby

a graphiteheatercrucible. This was truewhen the meltwas allowedto

freezein the urucible. Howover,a few testsappearedto show that in the

case of uranium-mo&-bdemmalloysat least,the segregation was practically

eliminatedby bottompouring. IrIan attemptfurtharto improveconditions,

particularlywith respectto obtaining more predictablerecoveriesof added

molybdenum a 50-50uranium-molytien~all~ VJMI~dej crushedto Pss e

20 mesh screen, and analyzed. The master alloy was foundtoeontafn 53.4

per cent molybdenum. ,

Two bottom-pouredingots,1/2 in. diameterby

were made in the reguk’ vacuummeltingfurnace. These

cent Mo intendedcomposition.Onewas aecttonedat the

top in a lathein sucha way that chipswere,takenfrom

about2 in. long$

were both of 3 pex’

bottom,center,and

the entirecross

section of the CtM3’trd. The otherrod was sectionedsimilarlyexcop%that

a distinctionwas made betweenthe outerand the innerportionsof the rod.

The results are showu in Table I.
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Table I.
ChemicalAnalysisof th@ l%o Uranium4!03ybdcmmm

Rods Sectionedfor SegragatfonTests

.——

ample r Intended

w.- composition

22/$6J3$ Mo

2a? 3%%

—. .— —

. —.— .——..—

Conmosi.tdcm kyRnalyBia

-- —=.. .—----

Bottom

3.2.4

3.42 (cmtar)

3.41 (outside)

.
Per oent N?O

-. ..—-—...

Carter

l--

Top
——-?. — ~.. ...—.-—

3*33
I

3.29

3.43 (c6nt6r) I 3.42 (center)

3.36 (outside)
1

3.46 (outside

with the old ecqpegatedalloyswas dropped. A earifesof newallc@ contain-

ing froin0.5 per cent MO to 10 per cent IWOwas startedwing the bottom-

pouringtechniqueand -themasteralloy. The new castingswere 9/36 in. in ,

diameterby 2 in. long,and requireda charg~

on the comjjosition.So fa~”therehas been no

al@ys9 but work on themwill be commencedin

of about200 grams,daqxnzding

opportunityto examinethaso

the near future. As before,

becauseof the Mmj.tedpowor or the 3 K? inductionfltrnaue,the BeOczwoible

was used insidea graphito heatercrucible. The moltswere heatedto about

3350~c., held for a few m.inutw,cooledto 2300°C., and pOI.UWd fntoa

l!JNCIASSIHED

in. diametergraphite rod which

orucible.

cent NO alloy,‘7/16k diameterby

/
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3=3/8in. long (numbers2Z!&922+45)were made for the Ordnancedi%~sion.

Afterqqenohingfrom900°C. and reheatingfor 2 hoursat 400° c., thg

Rookwoll& hardnesswas 75 for one and 76 for the other.

COMPRESSIONTESTSONURANIU!JJ!J R NETA15—..

At the time of tha reportof December14, 1943, the statusof

the mmpixxmion testson uraniamand its alloyswas not eatiafactory,aa

differentelastiomoduliwere obtainedfor uraniw and its alloys,and tho

moduliwere Iuwerthan reportedolsowhere. ‘1’ooheckthoimpression jig

with materialsof well establishedmoduli~apecimms of mild steeland

duraluminumwere tested. The dastic modullobtainedware aboutone-half

the establishedvaluoin both the steeland the dumluminum TMs meant

that the methodof testhad to be revised,and that tha only cafeprooedura

would be to mountextensometersdirectlyon the specimeninsteadof using

dial gaugesattachedto the ji~e

When thiswas done9usingTudomnan extsnsmetersof one-inch

gaugeIongthoiia specimen3/8 in. diameterby l~in. long,correotvalues

for steelwere obtained. The same~igwas used to securenearlyaxi@

loading,but the openings in the side of the jig were enlargedto accommodate

two Tuckermangauge~one on eitherside of the specimen. The loadingwas

foundto be not far fromaxia2,

the two extensometersgenerally

the limitor errorof plotting$

Figures1, 2, 3anil4

es the strosa-straincurveobtilnedwith

agreed ratherclosely. In one

the samecurvewas obtained.

show compressionstress-strain

threedifferentsamplesof uraniumbiscuitmetalwhichessayed

case,within

resultson

approximately

.—
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99.9+ pm cm~ uranium. Tabk 11 gims

agrtx well with similar resultsobtained

the elasticmoduliobtainedwhich

elsewhero9and aleo gins the 0.02

par cantand 0.2 per cm% offsetyield strengths.

stretw results could not be obtainodas th~ column

“ men was apparentlytoo unstable,and it bent after

thousandpoundsabove the yield strength.

In plottingthe resultsshownin Figurea

UItirQatOcompression

mpres’entedby the spaoi-

reQchingloadsof several

1-.4,avaage stressand

average strain readingafrom the two Tuakerrcanevzttnsometerawere used9

exooptin one ce,sewherethe data fell on the samecurve,and the points

cre plottedseparately,Pigure2. In no instancedid the strainreadings

at constant stress differby more thanabout0.2 per cent strain,and in

ovarycmsa but ona theysore muoh closer %ogether. While th9 moduliof tha

uraniumand uranium-molybdenumsamplesshownin the reportof Ibcem~u

Gore in error by a

em of tho Correc%

in the near future.

/
factorof 2 or more,it is believed%hatthe eld

orderot magnitude. HowOvBr,theseval s’willbe
7

strengths

checked

-——-
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HEATTREATNENTOFEXTRUDEDURANIUhIMO

The heat treatmentsOn SM@kM Of the extrudedrod describedin

‘do raportoflkcernber34 were continusdwith the view of ob’tiningmore

informationconcerdng the mechanirxnof hardening. It is f3&i~~pCStiUkitd

that the hardening$s due to the carbonimpurity,butdefinit.proofof this

is lackingat prOsentO

The resulteon varioussamplesof exlxmdedrcd RTJ-5205are shown

in Table ICC*AU swnpkwexcqt 2150were3/16 in. thickdabs cut from

@in. diameterextmded bar RU-5205. Spooimenno. 2150waB 3/&3in. diameter

TiIQ

is

yet.‘Wing checked again. The oarbon contsnt of 2150has not bsOn reportedas

TJU3YiEIIT, mmmss OF mmmm m4mrrJsAhcJLm Amm VARIOm HEATmmnws

~emuerature Time Rockwell A Hard-
ness and Remarks

8000 c
furnace cool
7400c
furnacecool
‘7CHFc
furnace cool
9000c
3000c

59none

60-11 none

-12 none

4?7
-27

2 hr.
2 hr.

cold H20
cold 1120

~successive
67)heattreat-

ment

* 3@ dia x l:

J
56 specimeneut
57 from3/4n dia

casting

I

66 successive
68 heat ixeat-

68 ment

2150
2X50
2150

9000c
3000c
9000c

2 hr.
2 hr.
5 hr.

CO~H20
@old H20
cold H20

2134-28
n n
11 n

9000c
3000c
3000c

2 hr.
35 min .
30 ImLn

.-mmmm+
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0

0

2134-28
\I tt

ft tt

2134-10
-25
-25
-10
-15
-25
-10

“15
-25
-10
“15
-25
“10
-15
“5-...

-10
-3.5
-25
-o-J.

“?.5
=4?5

2150

2134-2
2134-24
2150

-24

“2

3000c
3000c
9000c
9000c
9000c
90CYJc
3000c
3000c
3(-J-JOc

9000c

9000c
9000c
3000c
3000c
3000c
3000c
3000c
3~o (j
900Qc
9000c
9000c
9000c
9000c
9000c
9000c

9000c
9000c
9000c

9000c
9000c
9000c

9oo~c

gooo c

9000c

2 hr.
.3hr.
5 hr.
5 hr.
5 hr.
5 hr.
2 hr.
2 hr.
2 hr.

cold H20
fl ti

N n

icedbrine
t! rt
ff n

cold HpO
It 11
n , It

\

6968 successive heat
treatment

70J
70
71.\
69‘

(

69 heat treatment
69 eontin~edfrom
69 previouscondi-

5 hr. boilingbrine 62\ tion
$?:o-~

5 k?. n n n

5 hr. n t! n

2 hr. coldH20
2 hr. n II

2 hr. n n

X6hr. air cool
16 hr. !1 n

3.6hr. n n

1 hr. iced brine
1 hr. !1 M

1 hr. /1 It

2 hr. total v 0

2 hr. f) n

2 hr. ?? I?

16 hr. i? n

2 h’. 11 n

2 hr. cold H20

2 hr. f! r!

&hr. tctd “ “
4hr. “ “ “
8 hi. t’ ‘f “

% hr. ‘I “ “

16 hr. ‘r ‘t “

63
63
63
63
63
64
64
64
6’7

\

68
6$)

3peckm
~~ ~@ft.d~ax 3/16f$

specimen
65
66’
59;/&f d~a X&

specimen
60 3/8:’dj.gix 3@5n

specken
66
67
66 some readings as

high as 70
69 Dom readings as

high as 72
68 one reading as

high as 71
71 me reading88

high aa 72

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



“L?,-

O

—

0

Several conclu~ions can apparently be drawn from these results:

1. Samplesof unalloyeduraniuiiresponddifferentlyto identicalheat treatments~

presumablybecauseof differencesin carboncontent.

2* Longersoakingperiods(’}solu%iontreatment’i) ~ up to 16 hours,resultin higher

hardnessas-quenchedfrom9000C, but thereis someindicationthat overabout

5 hourscausesno largeincreasein ultimatehardness.

~. Aging time at ~OO~C fo~owing a 2 hour 90C)°C solution treatment is of littlo
..

importance if it exceeds 15 rnlnutes.

.J-+● Quenching in iced brine (D30C)results in higheras-quenchedhardnessthan

quenchingin boilingbrine (980C).

5. Agingat 300°C, followingQ 5 hour soak at 9000C and quenph$resultsin no
,,

Wxease in hardness ( unlike aging afLer a 2 hour soak at 900°c).

6. Smallerspecimens,about3/16 in. thick,showhigheras-quenchedhardnessvalues

than larger,3/8 in. diameterx ~ in., specimens.

?? Quenchingfrom900°C after5 hoursor more at temperatureresultsin, thus far,

maximumhardness:70-71Rockwell A.

I,?icrostructureof ?hat-lhated. Extruded Uranium Rod Samples, Photomicrographs of

several of the heat-+xreatedsamples described in Table 111 are shown in Figs. 5-22.

The firstsevenpictures,Figs.

specimensof extrudedrod which

9000C and wa’terquenched. The

5=11,whew the two types of’structure observedin

were soakedfor etiendedperiods(over5 houm) at
\

outside of the spqcimen shows a two-phase structure

apparently caused by ~etainingeitherthe gammaor betaphasea% room temperature.

It 5.smildly suggestive of a martensitic structure$ but is not so.pronounced and

clear-cut as the martensite developed in steels. The interior portion of the spec-

imens seem to show only a single (prcbablyalpha) uraniumphase with particles of

(s

=-c’-’.—— . :=-.—...—+___—
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tha carbide constituent.

am--’”
Figs 12-15 show the structure of two furnace-cooled safilples~one cooled

froa 9000 C and the othercooledfrom 7400 C. Fig 15> 740° C furnace-cooled struc-

~u~*e,shows the common~ observed single-phase matrix with dispersed carbide phase,

l’lie9000 C furnace-cooled structure, l’igs.12-MS however, seems to show two phases

other than the carbide phase. @Fig. 4 some of the carbide phase appears to pre-

cipitate part]-yin needlesas well as smallroundodpartic~es.

ThG rest of the picturesshm structuresobservedas a resultof

from7AOG C9 700°C, 600°C, and 300%. The 7000C and 6000 C quenched

showessentially the same structure: carbides in a single phasefields

quenching

samples

although

ihereis a possibi~itythat some of the finelydividedconstituentobservedin

Figs. 16 and 21 may be something else. The only other structure which is different

0 k“~>omthose already observed In tinecoar3e banded structure in Fig. 20 for the 740° C

quenched sample observed near the corner of the specimn. This may indicatesome

beta retention,but it is not certain.

~iscu.ssionof &@@x$nE of IXrud6d UraniuiiRod, The mi,crostmlct~~eof the extruded

rod containing about ~.~1

mechanism is responsible

a sufficie~tly long soak

Shorter solution treatment at 9000 C apparent.k~

obtain the martensite reaction on quenching, but

hours at 9000C to get subsequent increases inwardness on aging at 250=400° C.

per cent carbon suggests

for the maximum herdness

at 900° C to get most of

that e.martcnsite=type hardening

observed on quenching the rod after

the carbon in solid solution.

does not dissolve enoughcarbonto

enoughstaysin solutionafter2

While this explanation is only provisional? it appears to explain the observed

and will serve ES a point of ~pproach for any future work on the subject.

Eecause of the necessity for qui’~ drastic quenching to

(o

secure msodmum hardness on -

im-=-
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used in this work, it appears unlikely

about O.Z carbon can ‘besatisfacto~flly

EXXM3RING URANIUM

,-
L
—..

that large pieces of un-

hardened by heat treatment.
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Plate I

~ Extruded &d Sample No. 2134-2. Fig. 6. Same as Fig. 5.
Quenched sfter various periods of time Different fielc: Near corners, shows
at 9000 C. At peripheryof specimen. “cracks

21J&2-3 Etched* x 250 a34H2-2 Etched* x 250

Fiz. 7. Same as Fig. 5
Different field: Center Area

2134H2-1

4)
* All etchedspecimenswereetched

—

Etched ’250diiw3iR;
electrolyticallyin 10 per cent oxalic acid.

—
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PlateII

Fi~. 8. Extruded Rod Sample No. 213,4-28
90(? c. 5 hrS. Water quench. Center
area.

2134H28-1 Etched x 250

Fig. 10. Extruded Rod Sample No. 2134-24
Ouenched after various periods of time at
9000 c. Center area.

2134H24-2 Etched x 250

——.. . . ——- ..——..

~ Same as Fig. 8.
Different field: At periphery of
specimen.

=34H28-2 Etched x 250

Fiz.Il. S&meas Fig. 10.
Different field: At periphery of
specimen.

2134H24-1 Etched x 250

——
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PlateIII

Fi~. 12. Extrudes Rod Sample No. 213&9
Furnace cooled from 9(3(NC. Center uea.

2134H9-2 Etched x 250

Fig. 13. b-e as Fig. 12.
Li.fferentfi.eia; Center area.

2134H9-o Unetched x 250

~ Sameas Fig. 12.
Differentfield: I?earcorners, edges

213@9-1 Etched x 250

.— — ----

F&fi. Extruded Roa Sample No.
-0 Furnace cooletifrom 740° C.

2134iu-b Etched x 250

.———
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Plate IV

.

FiP. 16. ExtrudedRod SpecimenNo.
Quenchedfrom6000C. CenterArea

2134H5-O Unetched

2134.-5

x 250

Fig. 17. Same as Fig. 16.
Different field: Center area

2134H5-1 Etched x 250

,

Fi~.18. ExtrudedoRodSpecimen NO. -2134-8
Quenched from 300 C. Center area.

2134H8-1 Etched x 250
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Plate’V

—:.. - . . ..- .

~ Kxtruded Rod Sample No. 2134-3
Quenched from 7400 P. Center Area.

2134.H3-1 Etched x 250

FiR. 20. Same as Fig. 19.
Different field: Near corners.

21S4HS-2 Etched x 250

Fig. 23.. Extruded Rod Specimen No. 2134-4
Quenched from 700° C. Center Area.,

2134H&0 Unetched x 250

Fig● 22. s~e as Fig. 22..”
Different field: Center area

2134.I-14-1Etched x 250
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