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ABSTRACT

The heat treatment of extruded uranium rod containing about O.1

percent carbon as major impurity was continued further, and the maximum

hardness obtained to date results from prolonged heating at 900° ¢ and quench~
ing in water.

A possible mechanism for this behavior is given.

& summary of a suitable method for soft soldering and silver
soldering uranium is given.

Some compression stress-strain curves are given for uranium biscuit

metal. 'The earlier difflculty with securing satisfactory stress~strain

results has been overcome, and it is bolieved that the new curves shown ars
correct.

A gpuitable melting and casting procedure for avoidine gravity

segregation in uranium~molybdenum alloys has baen developed.

Presumably this
method would give equally satisfuctory results in other uraniume-alloy

systems.
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URANIUM ALIOY DEVELOPHMENT - PART II1

URANTUM-HOLYBDENUM ALLOYS

T+ will be recalled that severe segregation in most uranium alloys
had been experienced when they were melted in a BeO crucible surrounded by
a graphits heater crucible, This was true when the melt was allowed to
fresze in the erucible, Howover, a fow tests appeared to show that in the
case of uraniumemolybdenum alloys at least, the segregation was praetically
eliminated by bottom pouring. In an attempt further to improve conditions,
particularly with respect to obtaining more predictable recoveries of added
molybdenum, & 5050 uraniumemolybdenum alloy was made, crushed to pass a
20 mesh secreen, and analyzed. The master alloy was found to contain 53.4
per cent molybdeanun.

Two bottom-poured ingots, 1/2 in. diameter by about 2 in. long,
were made in the regular vacuun melting furnace. These were both of 3 per
cent Ho intended composition., One was sectioned at the bottom, center, and
top in a lathe in such & way that chips were taken from the entirs cross
gsection of the cast rod. The other rod was sectioned similarly except that
a distincp;on was made between the outer and the inner portions of the rod.

The results are shown in Table I.
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Table I,
Chemical Analysis of the Two Uranium=Molybdenum
Rods Sectioned for Segrogation Tests

éample Intended | Compozition by Analysis
No. compositlon - o Pegmcent Mo
Bottom Coenter Top
QU6 3% Mo . - 324 3.33 3.29
2247 3% Mo 3.42 (center) 3.43 (eenter) 3.42 (conter)
3.41 {outside) 3.36 (outside) 3.46 {outside)

While the molybdenum content was scmewhat above the desived 3 psr

cent, the dogree of segregation waa practically nil. Hones it eseomed feasible

%0 procsed with making new, unsegrogated uranium=molybdenum alleys. The work

with the o0ld ssgregated alloys was dropped. 4 sories of new alloys contain-
ing from 0.5 per cent Mo to 10 per cent Mo was started using the bottom~
pouring tochnique and the master alloy. The rew castings were 9/16 in. in
diameter by 2 in. long, and required a charge of about 200 grams, dapending
on the composition. So far there has been no cpportunity %o examine thase
alloys, but work on them will bte commenced in the near future, A&s before,
because of the limited powor or the 3 KW induction furnace, the Be0 crucible
was used inside & graphite heater crucible.  The melts wore heated to aboub
1350° C., held for a few minutes, cooled to 1300° €., and poured iato a
graphite mold by means of a pointed 1/4 in. dismeter graphite rod which
plugged a hole in the bottom of the BeD erueible.

Two round-nose slugs of 3 per eent Mo alloy, 7/16 in; diameter by

UNCLASSIFIED

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

1-3/8 in, long (numbers 2244, 2245) were made for the Ordnance division.

After quenching from 900° ¢, and reheating for 2 hours at 400° C., the

Rockwoll A hardnssa was 75 for one and 76 for the other.
COMPRESSION TESTS ON URANIUM AND OTHER METALS

At the time of the repoft of December 14, 1943, the status of
the compression tests on uranium and its alloys was not satisfactory, as
éifferent glastic moduli were obtained for uranium and its alloys, and the
modull were lower than reported elsewhere. To check the eompression jig
with meterials of well establizhed meduli, specimens of mild stesl and
duraluminum were tested. The elastic modull obtained weore about one-half
the established value in both the stesl and the duraluminum, This meant
that the method of test had to ba reviged, and that the only eafs procedure
would be to mount extensometers directly on the specimen instead of using
dial gauges atteched to the Jig.

When this was done, using Tuckerman extienscmeters of one=inch
geuge longth on a specimen 3/8 in, diameter by 1% in. long, correct values
for ateel ware obtained., The same jig was used to secure nearly axial
loading, but the openings in the side of the jig were enlarged to accommodats
two Tuckerman gauges, one on either side of the specimen, The loading was
found to be not far from axial, as the siroass-siralin curve obtained with
the {wo extensoweters generally agreed rather closely. In one case, within
the 1limit or error of plotting, the same curve was cbtained,

Rigures 1, 2, 3 and 4 show compression stressestrain results on

three different samples of uranium biscuit metel which essayed spproximately
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99.9" per cent uranium. Table IT gives the elastic moduli obtained which
agreco well with similar resulis obtained elsewhero, and also gives the 0.02
por cont and 0.2 poer cent offset yleld strengths. Ultimate compressicn

siress results could not be obtained as the column represented by the spocie-

* men was apparently too unstable, and it bent after reaching loads of several

thousand pounds above the yield surength.

Tn plotting the results shown in Figures 1=, averags siress and
average strain reedings from the two Tuckerien extensometers were used,
except in one cese where tho data fell on the seame curve, and the points
:re'plotted geperately, Figure 2, In no instance did the sitrain readings
at congtant stress differ by more than about 0.2 per cent strain, and in
every case but one they were much closer together. While the moduli of the

uranium and uranium-molybdenum samples shown in the report of Decem 14

wera in error by e facter of 2 or more, it is believed that the yield strengths

are of tho correct order ot magnitude. However, these val & will be checked

in the near fudbure,
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TARPIE II. CCHPRESSION TESTS O URANIUN BISCUIT FETAL, 48 CkS

m
A

Alloy no, Density, E/GE\B '0.2% offset yield, psi 0,02%¢ offset yield Youngs Motulus I, psi
2228 9.1 41,250 A 25,000 22.3 x U 6
2239 18.5 40,250 27,000 22,5 x 10°
2248 18.8 45,500 26,500 | 23.5 % 10°
2263 18.9 38,750 23,500 . - - | 25 =x 10°

Repart CT-422 6
dard rollicd co== cwwome ———eow 19,0 x 10
Roport CT=697 - 6
Annealed noia ——— S 22,3 x 107
w1 eveol ‘ L ~ | 6
Gold rolled — e . I 27,6 x 1
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HEAT TREATNENT OF EXTRUDED URANIUM ROD

The heat treatments on samples of the extruded rod deseribed in
the report of December 14 were continusd with the view of obtaining more
information concorning the mechanism of hardening. It is still pestuleted
that the hardening is due %to the carbon impurity, but definive proof of this
ie laeking at present,

The resulte on various sarmples of extruded red RU~5205 ere shown
in Teble III. All samples éxcept 2150 were 3/16 -in. thick siabs cut from
i} in. diamever extruded bar RU~5205., Spoeimen no, 2150 was 3/8 in, diameter
by 1 in. long, and wes machined from a 3// in. diameter vacuum cast rod, The
carbvon content of RU-5205 wes formerly found %o be 0.1 per cent, but this is

heing checved mgain. The carbon contsnt of 2150 has not been reported as yet.

TABIE III. HARDWESS OF UNALLOYED URANIUN SAMPIES AFTER VARIOUS HEAT TREATMENTS

Specimen Temperaturs Time Quench Rockwell 4 Hard-
No. ness_and Remarks
2134=10 800° ¢ none 59
furnace cool
-11 740° © none 60
furnace cool
-12 7000 ¢ — none 61
furnsce cool
=27 900° ¢ 2 hr, eold Hy0 | suecessive
~27 3000 ¢ 2 hr. - eold H,o0 67)heat treat-
nent
2150 9000 ¢ 2 hr. eold Hy0 56)3/8" dia x 1"
2150 3000 ¢ 2 hr. cold Hy0 56Jspecimen eut
2150 900° ¢ 5 hr. eold Ho0 57) from 3/4" dia
casting
2134-28 9009 ¢ 2 hr, eold Fy0 66) successive
L 3000 ¢ 15 mwn . L 681heat itreat-
e 3000 ¢ 30 min woom 68 ment
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Speeimen
Ho.

2134~28
1] "
1 14
2134~10
=15
=25
-10
=15
-5
=10

~15
=25
~30
=15
~25
=10
~15
-25
-0
~15
~25
=10
=15
=25
2150

2134=2
R134=24
2150
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Temperature

300° ¢
3000 ¢
9009 ¢
9000 G
900° C
G000 ¢
3000 G
300° ¢
3000 ¢
900° C

900° ¢
S00° ¢
3000 ¢
3000 ¢
300° ¢
3000 ¢
3000 ¢
3000 C
900° G
9000 ¢
9000 ¢
9000 ¢
9000 ¢
9000 ¢
900° ¢

9000 C
900° ¢
900° ¢

900° ¢
2000 ¢
9000 C
900¢ ¢
2000 ¢

9000 C

ol

TARTE 117 (eontinued)
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Rockwell & Hardness
and Remarks

69%successive heat

€8 tregtment
70)

70
71

69
69 heat treatment
69} continued from

€9\ previous condi-
62\ tion

63
63
63
63
63
€4
64
6L

63
68
65)specimens showed
69)very fine cracks
68

59 3/8" dia x ¥"
speciren

61 /8% dia x 3/16"
specimen

65

66
59 3/8" dla x A"
specimen
60 /8" dia x 3/16"
specimen
66
67
66 some readings as
high as 70
€9 pome readings as
high as 72
68 one reading as
bigh as 71
71 one reading .as
high ag 72
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Seversl coneclusions can apparently be drawn from these results:

1. Samples of ﬁnalloyed uranium respond differently to identical heat treatments,
presumaebly because of differences in carbon content.

2. Longer sosking pericds ("solution treatment®), up to 16 hours, result in higher
hardness as=quenched from 9000 C, but there is some indication that over about
5 hours causes no large increase in ultimate hardness.

3. BAging %ime at 300° C following a 2 hour 900° C solution treatment is of little
importance if it exceeds 15 minutes:

4. Quenching in iced brine (=3° C) results in higher as-quenched hardness than
quenching in boiling brine (98° C).

5, Aging at 300° C, following a 5 hour soak at 9000 C end quench, results in no
incréasé in hardness ( unlike aging after a 2 hour sosk at 900° ¢},

6. Smaller specimens, about 3/16 in. thick, show higher as-guenched hardness values
then larger, 3/8 in. diameter x % in., specimens. )

7. Quenching from 900° C after 5 hours or more at temperature results in, thus far,

maximum hardnesss: 70-7) Rockwell &.

Microgtructure of Heat=Treated Extruded Uranium Rod Samples, Photomicrographs of

several of the heat-treated samples described ia Table III are shown in Figs., 5-22.
The first seven pletures, Figs. 5=11, whow the two types of structure observed in
specimens of extruded rod which were sosked for extended periods (ovar 5 hours) at
900° C and water quenched. The outside of the gspecimen shows a two-phase structure
apparently caused by retaining eilther the garmma or beta phase at room temperature.
It is mildly suggestive of a martensitic structure, but is not so pronounced end
clear=cut g3 the martensite developed in steels. The interior portion of the spee-
imens seem to show only s single (prcbebly alpha) uranium phase with particles of

- — !

[Py

vt v e
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the earbide constituent.
Figs 12-15 show the structure of two furnace=cocled saiples, one ecooled
from 9000 C and the other cooled from 7400 C. Fig 15, 740° C furnace-cooled struc-
ture, shows the commonly obszerved single-phase ma‘rix with dispersed carbide phase.
The 9000 C furnace=cooled structure, Figs. 12-14, however, seems to show two phases
other than the carbide phase. In Fig. 14 some of the carbide phase appears to pre-
cipitate partly in needles as well as small rounded particles.
The rest of the pictures shcw structures observed as a result of quenching
from 740° G, 7000 G, 600° C, and 300°C. The 700° G and 600° C quenched samples
show essentially the seme structure: carbides in a single phase field, although
there 1s a possibility thet some of the finely divided constiiuent observed in
Figs. 16 and 21 mey be something else. The only other structure which ias different
foom those already observed in the coarse banded structure in Fig. 20 for the 7400 ¢
auenched semple observed near the corner of the specimen. This may indieate some
beta retention, but 1t is not certain.

Discusgion of Hardening of Sxtruded Uranium Rod. The microstructure of the extruded

vod conteining about 0.1 per cent carbon suggests that e martcnsite=type hardening
mechanism is responsible for the maximum herdness observed on quenching the rod afier
a sufficiently long soak at 0009 C to get most of the carbon in solid solution.
Shorter solution treatment at 9000 C apperently Goes not dissolve enough carbon to
obtain the martenslte reaction on quenching, but enough stays in solution after 2
hours at 900° C to get subsequent inereases in hardness on sging at 256=400° c.

While this explenation is only provisional, it appears to explain the observed
facts and will asrve &s a point of cpprosch for sry future work on the subject.,

Pecause of the necessity for quite drastie quenching to secure maximum hardness on

APPROVED FOR PUBLI C RELEASE
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vhe small pleces used in this work, it appsaers unlikely that large pleces of ur~
anium eontaining about 0.1 carbon can be satisfactorily hardened by heat treatment.
SOLDERING URANIUGH
& few ezperiments weve carried cut with tke purpose of f{inding a suitable

srneedice [ov both soft soldering and silver soldering uranivm to other metals.

After expivinenting with verlous hot=dip coetings on uranium to supply 2 suitable

vase Cov eofc solGering, it was found that an allcgy of 80 per cent GG end 20 per
noay 21 veoviGed an exeellent coating. The pleoee of uranium was clesned in 50 per
conti HNO, and dipped into the Cd=Zn alloy beth through the flux layer. After dip-
w5 up and down through the flux layer a few times, the uranium was completely
coanned and showed no basre speis.

& satisfactory nethod of silver soldering consisted of copper plating the
weaniwi, end then applying silver solder in the usual manner. ’The eopper plate
showed no tendency to peel off during heating, and the method appeared to be cap-
able of making a satiafactory joint between uranium and other metals. A more com-

vlehe summary of this work has been prepared as £ seperate redori.

APPROVED FOR PUBLI C RELEASE
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‘. Plate I

" Fig. 5. Extruded Kod Sample No. 2134-2. Fig. 6. Same as Fig. 5.
Cuenched after various periods of time JDifferent fielc: Near corners, shows
at 900° C. A%t periphery of specimen. cracks
2134H2~3 Etched* x 250 2134H2-2 Etcheds* x 250

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

2134H2-1 Etched x 250 i

- - ]
* All etched specimens were etched electrolytically in 10 per cent oxalic acid.
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Fig, 8. Extruded Rod Sample No. 2134-28 Fig. 9. Same as Fig. 8.

90® C. 5 hrs, Water quench. Center Different field: At periphery of
" area. ‘ specimen.
2134H28-1 Etched x 250 '2134328-2 Etched x 250

. ; : :
<3 - A 3,
o T e

Fig, 10. Extruded Rod Sample No. 213424  Fig. 11. Seme as Fig. 10.

QCuenched after various periods of time at Different fields At periphery of
900° C. Center area. specimen,

2134H24-2 Etched x 250  2134H24-1 Etched x 250

— — _ APPROVED FOR PUBLI C RELEASE ————
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'. Plete III

Furnace cooled from 900° C. Center srea. Lifferent fieid: Center &rea.

2134H9-2 Etched x 250 21354H9-0 Unetched x 250

Fig. 14. Same as Fig. 12. Fig. 15. Extruded Rod Sample No.
Different field: Near corners, edges 2134-11. Furnzce coolec from 740° C.
2134H9-1 Etched x 250 2134H11-0 Etched x 250

——— - ——————-APPROVED +ORPUBLHERELEASE
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Plate IV

Guf

SERERE:

Fig. 16. Extrudeg Rod Specimen No. 2134-5 Fig. 17. Same as Fig. 16.
‘. Quenched from 600” C. Center Ares Different field: Center srea

2134H5-0 Unetched x 250 2134H5-1 Etched x 250

3 e LR CE I ED
Quenched from 300" C. Center sres.

2134H8-1 Etched x 250 '

IR SN - ADBBCMED._EQQQJBLLC:RELEASE—
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Extruded Rod Sample No. 2134-3

Fig. 19.

19.
Near corners.

1a

Same as Fig.
lelqas

Fig, 20.
Different £

Center Area,

c.

Quenched from 740°

x 250

Etched

2134H3-2

2134H3-1 Etched x 250

-
.

-~

lg.
Center area

Same as F

fferent field

Fig. 22.
Di

pecimen No. 2134~4

Center Area.,

Extruded Rod S

»

Quenched from 700° C,

Fig, 21

X 250

Etched

2134H4~1

x 250

Unetched

213484-0
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