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SUMMARY OF RESULTS

The work reported here is part of a programme undertaken for the
purpose of developing high-strength uranium-base alloys,

A procedure was established for the melting, alloying, and casting’
of small batches (about 1800 g) of experimental uranium alloys, and binary
alloys of the following nominal compositions were prepared: U-1% Mo,
U-2% Mo, U-3% Mo, U-1% Nb, U-2% Nb, U-3% Nb, U-2% V, U-3% V,
U-0.5% Zr, U-2% Zr, U-0.5% Ti, and U-2% Ti. The quality of the resulting
castings was assessed by chemical and X-ray fluorescence analyses, gamma
radiography, and microexamination,

The response of the alloys to various heat treatments was determined
by hardness measurements, and the results show that a large range of hard-
nesses can be obtained - from 264 to 677 VHN. The strength and hardness
. of the alloys are generally improved by heat treatment, but their ductility is
seriously reduced. '

The highest mechanical properties in the as-cast condition were given
by the U-3% Nb alloy, .viz. 180 kpsi UTS, 157 kpsi 0.2% YS, 3.4% elongation,

*Senior Scientific Officer, **Scientific Officer, *%**Head, Nuclear
Metallurgy Section, Physical Metallurgy Division, Mines Branch,
Department of Mines and Technical Surveys, Ottawa, Canada.
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370 kps1 compressive strength 159 kps1 0, Z% compress1ve y'1e1d strength
and 412 VHN. The U-2% Mo alloy gave the highest heat-treated tensile
properties, viz. 185 kpsi UTS, 180 kpsi 0.1% Y.S., 1% elongation.” The
compressive strengths of the heat treated alloys were all in the range of.
313 to 365 kpsi, except for the U~2% Zr alloy, which gave 452 kpsi. , .

. Densitles ranged _from_.l}7,;85v.t,o 1"8.'8_6,'g/c_c. C
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1. INTRODUCTION

The work described in this report is part of an investigation being
carried out for the Department of National Defence to develop high-strength,.
high-density alloys based on uranium. The high density of uranium is an
asset for applications in which inertia or kinetic energy properties are
important,as in ballistics, and development of high-strength uranium alloys
for such uses would provide a welcome market for the metal; it is also
possible that, if natural uranium were used for alloying, a material useful
for ballistic applications might also have potential application in the nuclear
fuel element field. ' ' '

The work reported here is a continuation of earlier work carried
out in these laboratories ‘1,2 » which investigated the effect of various
alloying additions on the strength, Heat treatability and density of uranium.
Most of the previous work was of a preliminary natur_e' in which small
(100 g) melts of various compositions were prepared in a tungsten-arc
furnace (1), and the data so obtained bave been used in planning a more com-~
prehensive investigation of uranium alloys in which considerably larger
melts (about 1800 g) are prepared, enabling more testing to be'carried out,

Uranium can be strengthened by alloying it with any one, or combinat-
“lon, of a variety of elements, and it was necessary that some selecting be
done with regard to the compositions to be investigated. The following factors
served as a guide: '

(a) It was decided to confine the study to binary and ternary systems
of low (i.e.< 3%) alloy content. The reasons for this were to keep preparat-
ion of the alloys as simple as possible and to maintain a comparatively high
density - 18 g/cc was arbitrarily chosen as the minimum density desirable.

~(b) The alloys preferably had to be heat treatable so that a high hard-
ness (minimum of about 500 VHN) could be developed in them.

(c) The level of impurities had to be kept to a minimum, especially
carbon,as this element is thought to lower ductility. It was decided that the
carbon level should be held below 150 ppm (0.0150%).

Based on these conditions and the pﬁblished data on uranium alloy
systems, the following binary alloys were chosen for investigation:



U-1% Mo - U-2% Mo~
U-3% Mo~ U-1% Nb -
U -2% Nb, "U__‘,'3%' Nb
U-Z%'V, " U-3% V
- U-0.5% Zr, U-2% Zr
U-0,5% Ti, U-2% Ti

All the alloylng elements chosen have h1gh solub111ty in gamma-
uran1um, except vanadium,. which has a maximum solub111ty of about 3%. o
The alloys all form 1ntermed1ate ‘phases in which the alloy1ng elements ‘have
vary1ng solub111ty, giving promise of harden1ng poss1b1l1t1es No true 1nter- ‘
metallic. compounds are known to be formed by any of the above alloys '
The uranium -molybdenum alloys are of special interest because of their
comparatively high density and the fact that cons1derable work has- already
'been done on them in connect1on with p0551ble use 1n nuclear fuel elements

,  Besides the above b1nary alloys, a list of ternary comp051t1ons was '
drawn up, but work on the ternary alloys’ is still in progress, and the pres-
ent report is c0ncerned solely with the b1nary compos1t1ons

2. EXPERIMENTAL PROCEDURE =

2.1 Preparation of Alloys . ,-: ’

The uranium: metal used in prepar1ng the alloys was. low carbon
.natural uran1um, conta1n1ng 35 ppm (0 0035%) carbon, obta1ned from . :
Eldorado M1n1ng and Refining L1m1ted The suppl1ers and pur1ty of the alloy~ '
ing elements were as’ follows B , ,

A.lloying -'-’Element - ' o Supplier =~ - - - -Purity (min)
) Molybdenum . .Sylvania Electric Products, Inc. -~ = 99, 5%
Niobium : - Fansteel Metallurg1cal Corporation . - 99.7%
"~ Vanadium . Vanadium Corporat10n of Amer1ca .99, 5%
 Zirconium = ‘Wah Chang Corporation. -  ~ ~  99,5%
Titanium . Osaka T1tan1um CorporatiOn Cen T 99.5% - , d

, Prev10us exper1ence had shown that sat1sfactory alloy could not be
bbtained by merely adding the alloy1ng element to the molten uranium - it ' )
was necessary, first, to prepare a hardener, or master alloy, of the alloy1ng
- element with uranium. The master alloys were prepared in an electric arc
furnace 1n wh1ch the metal charge was. melted by str1k1ng ah arc between a







‘a slight pick-up of ¢carbon, and the coating also tended to 5pall and peel off.
Fused magnesium oxide crucibles were found to be satisfactory as long as
the temperature was held below about 1300° of (2370 F), but above this
temperature the. molten uranium reduced the magnesium oxide to magne sium '
metal, which was evolved as, vapour, causing violent agitation of the melt as
it escaped and then dep031ted over the cooler parts of the furnace chamber:
A a result, the viewing window was obscured making it impossible to take
optical pyrometer readings of the melt or, _indeed, to see inside the furnace
chamber., With fused zirconia crucibles there was no carbon p1ck-—up, no
objectionable fumes, and any reaction between melt and- crucible was slight
and did not result in serious contamination of the melt. - '

The alloys were cast into a graphite mould 4 - 7/8 in. 1ong by
2- 3/8 in. diameter ‘which contained seven cavitles, each about 3in. long.
and tapering from 0.58 in. to 0,44 in. diameter. The top part of the mould
consisted of a pouring basin, 1—4 in. deep, into which was fitted a graphite
“distributor disc. The latter fulfilled the followmg funetions: (a) it controlled
the flow of metal into the mould, permitting a head of metal to be malintained
in the pouring basin and so reducing turbulence; (b) it produced a smooth-
uniform flow down the centre of the mould cavities, and (c) it prevented the
: casting from shrinking on to the mould proper. Figures 2 and 3 are illustr at-
ions of the mould w1th distributor dlSC, and. the resulting casting, respectively.

The graphite mould was heated to’ preVent cold- shuts and to induce
directional solidification, the top part of the mould being maintalned at
" about 650°C (1200°F) and the bottom at 430°C (805°F), The inside of the
pouring basin, and the distributor disc, were coated With a wash of magnesium
zirconate to minimize carbon pick-up and to assist in keeplng the feeder metal
‘molten and so0 prevent the formation of large shrinkage cav1t1es ‘at the top of =
the bars. The Wash ‘was applied by suspending the magnesmm ‘zirconate.in water
and spraying the mixture with an atomizer on to ‘the imould, which was pre-
heated to about 200° C (390°F). Preliminary tests showed that there Was no -
significant pick-up of carbon from the mould : o :

It was found necessary to thoroughly degas the mould beforehand to
prevent the formation of gross blowholes in the casting ‘This degassmg was
accomplished by heating the mould in vacuo to 1350 C (2460 F) for 2— hours
and then holding overnight at 480°C (895° F) ' S

The melt temperature was determined by taking optlcal pyr ometer
vreadings through a viewing window in the furnace cover. The crucible
. temperature was checked by means of a platlnum —plat1num/rhod1um thermo~-
couple placed in contact with the outside bottom of the crucible. The mould
temperature was determined with an.iron- -constantan thermocouple inserted
into the bottom of the mould

Melting and casting details for all melts are given in Table 1.







 TABLE 1

Melting and Casting Details

1505

(2740)

Melt o
Identification - {Holding o o o S Pressure
and Time | Max. Temp. Casting Temp. “at o
Nominal “(min) °C - (°F) ‘ } °C (°F). | C_as'ting.ry_\)
Composition ' o ' S : .
R-BA (2% Mo) | -120 - | 1455 ~(2650). | .1450 (2640) 0,035
R-BB (2% Nb) 120 1510 . (2750) L . 0,019
R-BC (3% Nb) - | . 90 1515 (2760). L 0.016
R~BD (2% V) 120 [ 1460 (2660) | " " .| 0.052.
R-BE (3% V) .| 100 | 1445 . (2635) |-1440.. (2625) 0.026
R-BF (1% Mo) | 90 |- 1470 (2680) | 1450 . (2640). 0,032
R -BG (3% Mo) 76 | 1485 (2705) Mmoo 10,028 . -
R-BH (0.5% Zr) 76 | 1495 (2725) - |.. " " 0.010.
R-BJ (2% Zr) 76 - .| 1465 -(2670) - {. " " . 0.010 -
R-BK (0.5% Ti)| 76 - ..|-1450 . (2640) " o 0.032
R -BL (2% Ti) 86 | 1455 (2650) " n 0.061
R -BM (1% Nb) 91 1495 ' (2725) " " ..0.010
R~-BN (2% Nb) - 96. 1505  (2740) . " -0.008
R -BO (3% Nb) 91 1 " 0.008




It can be seen from Table 1 that all melts were cast at about 1450°C
(2640°F), holding time'(i.e., total time the melt was molten) varied from
76 to 120 mins, and the maximum temperature to which the melts were:
heated ranged from 1445°C (2635°F) to 1515°C (2760°F). Pressure at cast-
ing was in all cases well below 0.1 micron of mercury. The melts could
not be thoroughly stirred, but a graphite rod coated with magnesium zirconate
was used to produce some slight stirring of the melt, and the long holding
times and high temperatures assisted in dissolving the master alloy additions.

The metal yield from the melts ranged from 93.2% to 97.3% and
averaged 95.4%., The feeder-head, or riser, conta‘ined,\l'on an average,
22.8% of the total casting weight for the 1800 g melts and 17, 9% for the
1700 g melts. It is usually recommended that, in the case of uranium alloys,
the riser should contain 20 to 25% of the casting volume (4), but it waS‘fbuhd
that both the above percentages gave satisfactory feeding of the casting.

2.2 Analysis of Alloys

All alloys were analysed chemically for the alloying element and for
.carbon. In addition, some alloys were checked for possible pick-up of
zirconium from the zirconia melting crucible and for possible contamination.
due to pick-up of copper and tungsten by the hardeners during preparation in
~ the arc furnace. Samples for chemical analysis were in the form of 1athe
turnings that were machmed from the castings. ‘

A check for homogeneity was carried out on the 1% and 2% Mo alloys
by X-ray fluorescénce analysis of the top and bottom of fhe castings.,

2.3 Mechanical Testing

Tensile and compressive tests were carried-out. on the alloys in the
as- cast and heat treated COndlthno

Hounsfield-type tensile specimens were" machmed to PMD dr aw1ng
No. 107, the approximate dimensions belng 0.18 in. gauge diameter, 0,63
in. gauge length and 1.5 in. total length. The tensile tests were carried out
on an Instron machine.

For determination of compressive yield strength, the specimens
were about 1-1/8 in. long by 3/8 in. diameter. To determine the ultimate
compressive strength, these specimens were cut to glve two specimens % in.
long by 3/8 in. diameter. The compressive tests were carried out on a
60,000 1b Baldwin machme

A's most of the a.lloy's were too hard to machine in t;he‘ fully heat-treated
condition, preparation of the test specimens presented a problem. The




'procedure used was to machine the test specimens from the alloys in the
"goft' condition (as- cast or solution heat treated) leaving the specimens
slightly oversize,. and then to ‘harden the specimens and machine them to
final dimensions by grinding :

Vickers hardness determinations were used to assess the respOnse
' of the alloys to various heat treatrnents :

: Z. 4" Density Determinations'

Density determinations were carried out by the. procedure described.
in ASTM Deslgnation B311-58, which is baSed on displacement of water by -
the specimen. The compre ssio_n teést specimens were useful for this pur-
pose, and their densities were determined prior to testing. ‘

- 2.5 vMicroexamination ”

. Microexamination was carried out on as-cast specnnens‘oi each
,alloy to assess the quality of the castings with respect to inclusions and
porosity ' . :

To prepare them for microexamination, specimens were f1rst _
polished on silicon carbide paper up to 600 grit and'then with Linde 'A". and
Linde 'B' alumina polishing powders on silk cloth and microcloth, respec-.
tively. Manual polishing was followed by electropolishing in a solution con-
sisting of 4 parts acetic acid and one part of a solution of 118 g chromium
trioxide in 100 ml distilled Water; the solution was contained in a water—
cooled stainless steel vessel which served as the cathode, and a current
density of 2 amp/sq cm was applied for minute L

2. 6 Gamma—Ray InSpection '

The as-cast bars’ and the machined test épééiméns‘ were e'xamined..
for inclusions ‘and flaws by gamma radiography using a cobalt 60 source.

7 Heat Treatment ;

One of the main objectives of the investigation was to.produce alloys.
- of high hardness and, in order to determine the response of the alloys to
heat treatrnent half inch 1ong specimens were cut from the cast bars for .

heat treating and hardness determinations. _The. specimens were Solution o

' heat treated and then given various ageing treatments

} The. solution heat treatment consisted of heat1ng to 800 C (1470 F)
for 3 hour, folloWed by water quenching; this temperature put the 3% V
alloy in the gamma plus delta region and all other alloys in.the gamma.
region. Heat treatment was carr1ed out in a fused salt bath (Houghton '980'




salt), the specimens being first coated with graphite to prevent attack from
the salt.

Ageing was carried out on the solution heat treated specimens by
immersing them in molten lead-11% Sb alloy, the specimens being again
coated with graphite. All compositions (except U-1% Nb) were aged at
400°C (750°F) and at 500°C (930°F) for 3, 1, 3, 5 and 10 min.. In addition,
the 2% and 3% Nb, 2% and 3%V and 0.5% and 2% Ti alloys were aged at 600°C
(1110°F) for 3, 1, 3, 5 and 10 min, and the 0.5% and 2% Zr alloys were
-aged at 550°C (1020°F) for the same times, The U-1% Nb alloy was given
one ageing treatment, viz. 500°C (930°F) for 3 min. The specimens were
quenched in water after ageing. The ageing temperatures for the alloys
containing Mo, 'V and Zr were in the alpha plus delta phase region and the
ageing temperatures for the U-Nb alloys were in the alpha plus gamma ~ 2
phase region, while the U-0,5% Ti alloy. was, aged in the alpha region and the
2% Ti alloy in the alpha plus delta tegion.

Based on the results of the heat treatment investigaﬁon, one treat-
ment was chosen for each alloy for determination of mechanical properties
in the hardened condition. Except for the 1% Nb, 3% V and 2% Ti alloys,
the heat treatment chosen was the one giving the highest hardneéss. As
stated above,the 1% Nb alloy was given only one ageing treatment. The 3%
V specimen had cracked on quenching into water from the solution heat
treating temperature, and the mechanical tests were therefore carried out
on material that was given a modified heat treatment, which involved an
"isothermal' quench into molten lead-11% Sh at 400°C (750°F), holding for
5 min and then water quenching. The heat treatment given to the 2% Ti
alloy for subsequent mechanical testing was not the one giving the highest
hardness as it was thought that there would be an advantage in sacrificing
some hardness for ductility, especially as this alloy gave the highest hard-
ness of the series, and a heat treatment giving slightly less than maximum
hardness was therefore chosen in this case.

The 2% V and 2% Ti tensile specimens were sealed in vacuo in
quartz for solution heat treatment rather than being immersed in the salt

bath because these were repeat tests and it was more convenient to use
this method for heat treating when the specimens were few in number.

3. RESULTS

3.1 Composition and Quality of Castings

Table 2 gives the results of the chemical analyses carried out on




' the castings for the alloying element and for carbon. .

'I‘A BLE 2

Uranlum A llov Analvse s°

| Melt o Nom1na1 Actual o Carbon
- Ident1f1cat10n Composltlon Composﬂ:lon (ppm)

(wt% (wt %)

R.- BF”'” 1 1% Mo | %Mo | 70
R-BA. . | 2% Mo~|  2%hMo | .~ 80
R BG g o 3% Mol 3.1% Mo | L 50

ﬁ. iR.—BM | 1% Nb | 1% Nb |40
"R-BB |- 2pNb |0 2% Nb | . o 55 o
~ R-BN- [ . 2% Nb. .| 2.1%Nb |~ 50 . |
O R=BC | 3% Nb |; 3% Nb | o 75l f

L R-BO_ | ,,"\'3% N'b,‘--ii. i -j2‘.;8% Nb»q L0

CUR-BD 2%y ol ey s es
" R=BE . | .. 3%; V o3 1%V T 80

1 m-BEH- | '«ro,:“s%;z::} I oi%ze |0 a0 |
ComBT | 2%ze | 1%z | B0

CURSBK L 05%TL | 0.5%TL Lo 40 o |
- R-BL. 2% Ti OB TE o f 40

Of four castlngs that were analysed to check poss1b1e plck—-u
' ‘z1rcon1um from the. cruclble, three analysed 0.001% Zr and one ana{)ysed
- 0. 002% Zr. One. castlng, which was analysed to check poss1ble plck—up of

N

tungsten and copper from the hardener gave 1ess than 0. 02% W and 3 ppm_: S

| (o 003%) Cu.

( X ray fluorescenCe analysls of melts R BA (2% Mo) and R BF
(l% Mo) gave the follow1ng results RN oL T
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R-BA Top of casting 1
" Bottom of casting 2.
R -BF Top of casting 1
" .Bottom of casting 1

" These results show no evidence of segregation and confirm previous work
done on a 3% Mo alloy, which gave a range of 3.0% Mo to 3.2% Mo on
chemical analyses of twelve sarnples taken from the top, centre, and bottom
of a casting. :

Figures 4 and 5 are photomicrographs of the unalloyed uranium
base-metal and of the 3% Mo alloy, respectively, and they illustrate the
soundness of the alloy and the fact that the melting and alloying introduced
very little additional impurities into the metal, Most of the inclusions in
both photomicrographs are carbides, the particles being fewer in number,
but Ia.rger, in the unalloyed utranium, :

The gamma-graphs showed the c;astings to be é‘qund..

3.2 Response to Heat Treatment o : Co

Table 3 lists the Vickers hardnesses of the alloys in the as- cast,
solution heat treated, and solution Leat treated and aged: c0ndit10ns Each
value is the average of at least three determinatlons. o

A 1arge range of hardnesses was obtamed from 264 VHN for the
as~-cast 0.5% Zr alloy to 677 VHN for the solution heat treated and aged 2%
Ti alloy. - : : R :

The hardness values chosen for mechanical testing are underlined
in Table 3 and, except in the case of the 2% Ti alloy, these are the highest
hardnesses in each case. As noted above (page 9), the 3%. V alloy was
given an isothermal quench-age heat treatment, which hardened it to 377
VHN, lower than the maximum of 498 VHN f01 solution heat treating followed -
by ageing at 400°C (750 F) for 5 mins, : A

‘The 2% Ti and 2% V alloy test bars that were heat treated in vacuo
in quartz (as opposed to molten salt) hardened to 600 VHN and 399 VHN
respectively - that is, the titanium-alloy was as hard as in Table 3 (600 vs.
606) but the vanadium alloy was softer (399 vs. 502).




Figure 4 UnallOYEd ul‘anium; aS-P°1ished SR

X150

| _ 'Figﬁrq 5. "Ui‘aniumf3%l Mo alloy,‘i’a's—pollis‘héd;t‘ S
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TABLE 3
Results of Hardness Tests on Uranium Alloys (VHN)

Condition U-1% Mo | U-2% Mo | U~3% Mo| U-1% Nb| U-2% Nb| U-3% Nb|U-2% V U-3% V1U-0.5% Zr|U-2% Zr|T-0.5% Ti}|U-2% Ti
As-cast 275 317 340 297 344 412 307 279 264 274 274 362
HT 800°C (1470°F) 407 381 308’ 376 389 316 502 488% | 269 414 318 419
Aged 400°C (750°F)} % min. 400 447 406 423 432 447 480 270 425 330 549

#oon lmin, " 429 460 487" 432 " | 447 450 | 494" 294 442 325 593
UL 3min 441 460 509 461 438 466 | 480 289 446 317 579
" " 5min, 415 457 498 447 . 460 487 | 498 292 - 453 312 603
n " 10min, 441 476 509 446 457 487 495 283 1 453 319 603
. Aged 500°C (930°F) imin 441 496 461 422 498 470 420 473 279 432" 337 677
i "o 1miin’ 463 441 473 ‘ 509 473 423 476 | 270 432 +341 670
0 " 3fmin 462 402 486 290 476 473 483 287 432 347 610
t n Simin. 450 375 463 463 502 432 | 460, 342 457 . 353 606
L " 10min: 457 366 450 463 494 429 457 336 450 367 606
Aged 550°C {1020°F)§min 294 447
" " ’ 1min 302 447
1 4 3Thin 299 444
i 1 5min 304 423
1 " 10min, 302 409
Aged 600°C (1110°F)min 494 435 487 470 343 579
" " lthin. - 443 438 487 © | 460 350 588
1 i 3rnin - 435 436 474 450 383 566.
" i Stnin . 412 412 420 396 380 520
n " 10min 407 412 420 394 390 516

* Broke on quenching.
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3.3 Mechanical lPre'pertiefe:' L SRREAE

The ten511e and compresswe propert1es of the alloys 1n the as- cast
(:ond1t10n are listed in Table 4; the results listed are the averages of two
. determlnatlons except where 1nd1cated otherwlse by the- numbers 1n brackets
Also mcluded are the appropr1ate ,Vlckers hardness nurnbers :' S

Only two alloys (U 3% Mo and U 3% Nb) exh1b1ted an u1t1rnate corn-'
' presslve strength - the other alloys flattened Wlthout breakmg at a def1n1te
load ‘ S : : :

The mechamcal propert1es, 1nc1ud1ng hardnesa, of the heat treated
- ‘alloys are listed in Table 5. Here'again, the tensile and cornpre551ve flgures
. are the averages of two deterrnlnatlons ~except Where 1nd10ated otherwise by '
‘ the nurnbers in brackets - : ( :




TABLE 4

Mechanical Properties of As-cast Uranium Alloys

Allo ' x
(Nomiz?a.l}) 4 Tensile Properties . { Compressive Properties :
Composition | *. UTS 0.1% ¥S | 0.2% YS| %EL, UCS 0.2% CYS VEHN

R (kpsi) (kpsi) {kpsi) 4K (kpsi) {(kpsi)

1% Mo 131.8 | -87.2 | -9L.8. 30 % 81.5 275
2% Mo '152.0 115.5 * [..118.0 18 - # - 103.6 317
3% Mo 171.0(1) | 165.0(1) | 169.0(1)} 6{1) | 314.0(1)| - 145.4 340

1% Nb 135.1 88.5 97.1 | 6.3 |. %, 82.2 297

" 2% Nb 155.2(3)| 113.3(4)| 120.9(4)] 44| * . 114.5(4) 344
3% Nb 179.8(4)] 149.8(4)| 156.8(4) 3.4(4)| 370.2(4) 158.7(4) 412
2%V 129.2 83.6° | 86.6 |7 | * 83.4 307
3%V 135.0 84.1 87.4 ‘14 * . 84.2 279

'0.5% Zr 135.5(1)| 58.5 60.8 14.5° * 53.9 264

2% Zr 135.0(1)| -81.7 85.3 23. - * 70.2(1) 274

0.5% Ti | - 132.5 | .8I.2 |  83.4 12 # 98.0 274
2% Ti 142.8 113.0 122.0 2.5 * 136.9 364

* Specimens flattened

-.g_t—-




' TABLE 5 -~

o ) ‘Mechanical Propertiés of“He‘é.fa Treated Uranium Alloys -

Alloy
_ (Nommal) AR : A R
| MC-.omp‘os:Ltlon UTS. 0. 1% YS 10.2%YS | % EL | -UCS © [.0.2%CYS | VHN:
ST (kp51) (kps1) ék951) Co 4 VA | A(kps:!.) . ‘(kpsﬂ..'- S '

Tensﬂe Propert:.es AR B :-" Cbrripressive *Pfopertie,s C

%Mo '};ff.'{173 0(1)- 150, 40| 138 5(1)"5,‘_3;_0,('1) |is2rs | 11ss | a3 |0
C2hMo | 1846 | 180.4(| % f L5 | 3¢50 | 228.4- | 496

3% Mo - | 1655 oo oo tLo | 31320 2040 - | 509,
1% Nb | 1—7:35:2(,1):‘ a8 .2(1)] 147.2(1) | - 2.0(1) ] 339.0. | 1370 22 |
2B Nb L NA e NAL L NA L NA fN'A :‘=1224 0(1) ~ :,;.,509-5 N

|- 2%y gcoNa o Nacf Na | Na ] 3533 Tasa T .ff? ey |
SRV | TS0 1S0.41) 13950 2.0 3823 | dza0 o smr

l0is%ezr | 13604 | o734 | Cg9.4 dz00 e boog7z 0 | a4z o

Jo2Reze | 1480801 - 139.8(1) 147, 8 2. 0(1)) 3*‘452 3(1):.. cdvos o asTo

osmTi o | 1zs.20D)| ‘11‘8"0'(1) -_1*2.5,;2(1). 1L 0(1) o 1128,.-6-'.:, {['.390 K SRR

C2%TioL) 0 NAD G NA L CNAT o) NACL 331, 7<1)'i 310.1 | 600 -

R   -""" Spec:.rnens broke before 0. I% oz 0 2% offset reached
w® Spec1mens flattened

[ 'NA Not’ avallable.
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3.4 Density

The results of the density determinations are _listed in Table 6,

TABLE 6

Densities of Uranium Alloys

, Alloy L
(Nominal) Density
Composition - | (g/cc)
1% Mo 18.86

2% Mo - 18,54
3% Mo 18,42
*1% Nb { 18,75
2% Nb. 18, 46
' 3% Nb - 18.22
2%V _ 18,23
3%V - 17.85

. 0.5% Zr . | -18.79
2% Zr . 118,30
10.5% Ti | 18.72
2% TL | 17.96

DISCUSSION.

The examinations and tests carried out on the castings demonstrate
that the melting, alloymg and casting procedure developed for préparing
these experimental uranium alloys resulted in sound material of low impurity’
content. The chemical analyses show that, except for the 0.5% Zr alloy,
the alloys were on, or close to, the desired composition, The reason for‘thef
high zirconium content of the nominal 0. 5% Zryr alloy‘ is not known. '

The results of the heat treatment tests (Table 3, page 13) show that_
the hardness of most of the alloys-increased on solution heat treating at -
800°C (1470°F), but two alloys (U-3% Mo and U-3% Nb) were softer than in
the as-cast condition. The as-cast hardness of the nominal 0. 5% Zr alloy
(analysed 0, 9% Zr) was little affected by solution heat treatment. It is
evident from Table 3 that, with the exception of the 0.5% Zr and 0.5% Ti



comp051t1on, all the alloys exammed can be hardened to values ab0ve 420
VHN by appropriate heat treatment, F1ve alloy's (U-3% Mo, U- 2% Nb,
U-3% Nb, U-2% V and U-2% Ti) hardened to over 500 VHN, and of those the
U- 2% Ti alloy hardened to 677 VHN; o :

A The alloys w1th the h1ghest tens11e and cornpress1ve propert1es 1n Vo
~the as-cast condition were.U-3% Mo and U-3% Nb (See Table 4, _page '15)."
' These two alloys were also the Only ones that exh1b1ted a def1n1te value for
the u1t1mate cornpress1ve Strength in the as cast cond1t1on o

In the heat treated cond1t10n (Table 5, page 16) all alloys showed
- poor. elongat10n except the nom1na1 0. 5%. Zr alloy In contrast to the as- cast
condition, the h1ghest tensile strength was. shown by the U- 2% Mo alloy and "
the highest compresslve strength by the U 2% Zy alloy, the 0.2% compress1ve
yield strength for the U-2% Z¥ alloy was compar1t1vely lOW, and it is pOSSJ.ble -
that the high value for the ultimate. compress1ve strength is.an anomalous .
result. Itis 1nterest1ng to note that, apart from the U-2%" Zr alloy, and’ )
the U~ 0 5% Zr and U-0,5% Ti. alloys, both’ of which flattened the ult1mate .
compressive strengths all fell within a narrow range frorn 313 to 365 kps1 ,
The U-3% Mo, and U- 3% Nb alloys showed a drop in tensile and compre ss1ve-‘
strength on heat treat1ng, and the 0. 5% Ti ‘alloy showed a drop in tensile R
strength. Sorne of the heat treated alloys (U 2% Mo, U= 3% Mo and. U 2% Nb) :

| were s0O brittle that they broke Wlthout exh1b1t1ng a-0. 2% offset The U-1%

: -Mo alloy showed useful strength in the heat treated. condltlon - espec1ally as
it had the h1ghe st elongat1on (apart frorn the weak U O 5% Zr cornpos1t1on)

‘ The cornparat1vely low tens11e values for the heat treated alloys are -
" considered to be spur1ous in some cases (e.g: U- 3% Nb) and &’ consequence o
-of the difficulty of carry1ng out accurate ‘tensile tests on br1tt1e material,

No tensile values’ c0u1d be oObtained. for the 2% Nb; - 2% V. and 2% Ti alloys.

. As. already mentioned, ‘the 3%V alloy cracked on quenchlng 1nto water. from ‘
the. solution heat treat1ng temperature trouble was. also. experlenced with - ,
cracking in the 1% Mo and 2% Nb’ alloys Thus, althOugh the alloys could be '
heat treated to 500 VHN and better the resu1t1ng rnechamcal properties’ '

- were not. satisfactory. . ‘The: cause.of ‘the brlttleness 1s ‘thought 6 be hard,

br1ttle phases. formed: dur1ng ‘ageing, and a, variation in'the heat treatment
- procedure such as an isothermal treatment,. might produce better results.
However it may be 1rnposs1b1e to avoid forrnat1on of the brittle phases when
- high’ hardness is requ1red ‘Other poss1ble ways ‘of: improving ductility are-

to break up-the ernbrttthng const1tuents by work1ng the. alloys and/or to in-~
crease the alloy content s0 as to stabilize the gamma phase at room ternpera~
 ture, ‘but neither method has been explored:in the present. 1nvest1gatlon Wh1ch
' was a1med at produc1ng al strong cast alloy of h1gh den51ty

. The dens1ty values (Table 6 page 17) followed the expected pattcrn
: -The h1ghest den51ty' (18 86 g/cc) Was shown by the U 1% Mo a110y, and two " i
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densities were below 18 g/cc -U-3% V (17.85 g/cc) and U-2% Ti (17.96 .
g/cc).

5,) CONCLUSIONS

1. The technique described in this réport fnr:the{lpreparat_ion of uranium
alloys gives castings of_gqod‘quality and 1ow carbonfc’bntent.

2, Itis possible to prepare binary alloys of uranium with hardnesses
ranging from 264 to 677 VHN,

- 3. The U—3% Mo and,U-3% Nb alloys have the highest as-cast strength.

4. Although the alloys can be hardened by heat treatment, poor ductlllty
is a problem.

6. FUTURE WORK

It is planned to do more work on improving the ductility of the
hardened binary alloys and to investigate selected ternary alloys.
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