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Alloys of urenium wore made containing 5 pevcent by weight of each of
the follewing elementss ivom, nickel, cobalt, tungsten, copper, wolybdenum,
chromium, silver, colunbium, mangenese, tentalum, platinum, titanium, zire
conium, and thorium. Of the alloys investigated, uranium with ebout 5 por-
cent molybderum appsaresd vo offer most promise, as it was susceptible to
bardening by heat treatment, The microstructure indiceted the prescnce of .
relatively extensive solubllity end indiecates that a considerable improvo~
nent of strength by heat treatmant should bs possible, Preliminary experie

rents on the preparation of one gram heats of uranium were not suecessful,
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URANTUH ALLOY DEVELOPMENT

UNCLASSIFIEY

INTEQDUCTICN

At RaEraisr e 3

This report deseribes the first stages of an inveatigetion aimed at
the develcpment of uvanium alloye with yileld strengths greater than that of
the pure metal, Such alloys, if not possessed of unrdesirable nuelear propere
ties, should be of use in many structural applications of the metsl., The
methed of ettack was to study the ndercetructurs and the change of hardness
ﬁccompanying heat treaémant of ailoys with a wide range of elements, Those
alloy systems which show evldences of sufficient solubility or vhose harde
ness is high and modified by heet tresitment will be selected for more deteiled
study.

PREPARATION OF THE ALLOYS

Alloys were macde in approximately 250 g smounts by placing the charges
in boryllium oxlide crucible heated by a graphite erucidle in & vacuvm induce
tion Turnace. A4 maximum temperature of 13000 = 1350° C, was uzed, and the
heats were held for about 15 minutes at this tempsvature, The ingot wes
allowed to freewe In the crucible, and ebout 20 minutes were reguired before
the allcye cooled ©o & black heat., The lngots wers 1 in, in dismeter by
about 13 in. long, and were eectioned for hardngss tests and microscorie
exemination. While a small pipe wes usually formed near the center of the
ingot, this caused no difficulty in the tesis.

Thke vacuvm was of the order of 1 to 5 mierome during melting, ard while
some oxidation occured, no difficulty wes experienced in obtalning corsoliw
dated and clear meltss For a rapid preliminsry survey, the first series of
alloys wes made with additions of 5 percent by weight of some more premising

elenents, A few alloye with other amounts were later mede. The type oz
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gource of the alloying metels is given in Table I, TeFrearioalinyg—

elorents wore added in the f:vm of small lumpg; columbium, molybdenur, tan~
talum, and thorium were added as powders, titanium and zivconium as hydride
powders which éissocieted bolore malting., All the additions were charged
with the uranium into the ©1ild crucible before evacuating and heating,
Practically all the silwer was lost by volatilization, Similsr loas of
nanganese was provented lr; use of an argrn atmosphera instead of a wacaum,
The . thoriwn powder used ias apparently rot wet or dissolved by the molten
vranium ané was oxidizo! vhen the heat was ezamined after removal froia the
furnace. In a few cas:s partisl liquid miscibility was encountered, but with
the excsption of thes: and the uranium-columbium heat, no obvious aeg?egaa
tion was observed in any of the melts., However, chemical analysis of top
and botiom sectionr of many ingots showved considerable differences in come=
position, probably largely a result of inguffilecient stirring during melting
to overcome the lerge difference of density of the components,

The nominal and actual compositions of the heats are shown in Table IIX,

together with the bardness after various hoat treatments.
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TARIE_ T

TYFE_ OR_SCURCE (F SLLOYING METALS. USED. IN_JAKING THE_ALLOYS

A31ovipe Metal

Uranium
Iron
Nickel
Cobalt
Tungston
Copper
Molybdenum
Chromiunm
3ilver

S olumbium

Manganeso
Tantelun
Platinum
Ti%sniun
Zirconium

Thorium

Tvyoe or Souzrce

Extruded rod #RU~480

Lrmeo Iron sheet

Flectrolytic cathede

Rondelles

0,05 in. wire

Shot (Baker Chemicsal Company)
Molybdenum bay

Eleetrolytic (Union Carbide)
Flectrolytlc erystals {Ansconda)

Powder {probably thermite) (Pairmount
Chemical Company)

Flectrolytic

Povder (Fansteol Metallurgicel Corp.)
0,005 in, wire

Titenium hydvide powder {Meial Hydrides)
Zirconium hydride powder (Metel Hydrides)

Powder {Motal Hydrides)
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TABIE II.  HARDNESS OF URANIUM ALLOYS AFTER HEAT TREATHENT

=

Sample| Composition Intended,] Composition bty Anelysis Rockwell A Hardnese
No, Balance Tranium Taight % As Cagt Quenche?d Quencked snd roheated 2 kv, succossively ot
Ele= | Atomiec | Weight | Upper sea= | Lower sec~ After 2 3009 | 400% 5009 600°%C | 700%
ment ! # % tion uced ; tion used hr. at .
in testo in teste 9000 C. B

2001 4 100 100 014 Fe 49 57 .

2002 Fe 18.3 | 5 (a 5.00 Fe (2{ 3,26 Fs e = 52 zg Ef i 52 57
2003 | Mg 17.6 | 5{» | 5.7 Ni 2,1 N4 67 .= e - — | -
2004 it 6.4 5 l2 W 1.5 W 61 59 60 '
2005 | €o | 17.5 | 5(a 5.3 Co | 4.21 €o e e o % 2 1 & 59
2012 | Cu ! 16,5 ) 5(e | X4 Cu | 1.5 Cu 56 59 €0 60 58 58 58
2013 | Mo | 11.6 | 5 2.8 Mo | 2.6 Uo 67 63 o .

2014 Cr 9.4 | 5(e 3.2 Cr 1.5 Czr 64 72{800°) 72 g '673 i gg g;
2015 | Ag 10,4 | 5(e trace Ag .09 Ag 54 54, 58 57 55 56 s
- 2016 Ch 11,9 | & 5. €Cb 4.5 Cb 67 67 7 7 ' "
2021 | Mn | 18,6 | 5(b | Begn | e | 65 - s z 7 I i
2022 | Ta | 6.5 | 5 77 Ta |15 Ta 63 70 70 70 70 &7 P
2023 PL 6.0 5 5,20 P% 5,32 Pt 65 72 74 7

2024, 1 20,71 5 (e l.4 T 1.4 Ti 69 70 73 ,2 Zg SZ Zil.
2046 | ze | I21! 5(c | l.6zr | 1,052 60 63 64 |, - - -
201).7 O (1 898 96 (f - bt adad crem @ . . T P

2056 | o | 15.7( 7 - 6,88 o | 3.89 Mo 69 60 76 e - — -
2058 | #o 7,1 3 2,83 Mo | 2.01 Mo 68 65 75 e - - -
2062 Th 551 5 (f btk 4 hededind 56 59 Y oo -« co

2072 | Ti | 2.4 | 0.5 —_ e 53 58 - - .- - -
2073 |} Th | 5.1 | 5{f - can 53 59 o . e | e -
2072 ’ Ti 190 0@2 bt g Aadudind 59 H 58 =T @ own —~

{a) Fractured during sawing (e) Alloy element lost by volitalization

{b) ¥olted at 8000 C. and 900° C, (f) Alloy element not dissolved by melt

{c) Forr.ns two liquld leyers (1) 4dded as UCy {5% by weighs)

(d) Melted at 9000 €., heat treated samples (2) 6.50% in the middle seetion .____g_\\\‘

wsre quonched from 800°C, 6= —_— =
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HARDNESS, TESTS

To investigate the respcnse of the alloys to heat treetment and %o
lcazn if alloys herdenable by transformation, precipitation, or othorwise
could be obtained, the alloys wexe given & 2 hour annealing at 300° G,
followed by water quenching, and then werc re-heated for 2<howr periods
successlvoly at temﬁeretures of 3000 C, to 7000 C, in 1009 svops. The
Rockwell & hardness of each sample was measured afier each stage of heat
treatmeni, The first few alloys (through 2012) were heat trented at 900°
C. in & tank hydrogen etmosphere and wore ra=hsalt treated in alr, protected
by wrapping in copper foll. Fhile this procedure was reasonably satisface
tory, lees scele formetion was obiszined when conducting all heat treatments
in a vacuum furnsce that was later constructed,

It will be notzd that both the uraniume~molybdenum and the uranium-
columbium alloys shew hardness improvement with heat treatment, The uraniun~
molybdemmm alloy in particuler is interesting beczuse not only dees 1t
atteln the highest hardnese, but also shows the greatest improvement in
hardness by heat treatment. The molybdenum alloy in the hardest state
(Roclwell & 77) showed some malleability as a fregment could br peensd
with 2 hammer, A section of the ingobt of the 5 percent alloy was quenched
£rom 900° C. end re~heated at 4000 C, for various pericds of time. The

mosults are shown in Table III % {Sag note on following pago.)

TABLL YiT. ROCKMELL A HARDNESS OF URANIUM-SPERCENT MOLYBDENUM ALLOUY

AFTER RE-HEATING FOR VARIOUS PERIODS AT 4000 G,

----- A ML WV LA S gmat dow by S (B A Doy i X

s quenched Reheatod at 4000 C, for
from 9000 C,
1 hr, 2 hr, 4 hr. 8 hr, 16 hr. 32 bheo

68 7 78 78 (s 76 75






There is little difference in hardness after heating times of one to sixtecn
hours, though the expected tendency to soften on prolonged heating is seen,

Timoe shorter than one hour are to be investigated,

oo P bOS

* Note__added 12/3/433 The Pfollcwing table summarizes the results of some
compresaion testa completsd too late for inclusion in the body of this

report,

i SR b s € B e

Feolorial Conditlion Yield Styongth, MNoximum Stress Rockwel} &
0e2% Offset, on _compregssion Hardness
P ZRTN Toalasina.
Pure Uranium (a) Cast 27,500 {e) (50)
Pure Uranium (b) Cast 29,000 (c) {50)
Nominal 5% Mo alloy HT 207,000 280,000 76
tominal 5% Mo alloy HT 206,000 287,000 76
Nominael 3% Mo alloy HT — 193,000 —

(2) Extroded rod, remelted in BeO crucibles and cast in % in.dismeter graphite
mold,

(b) Part of 3 in. diemeter casting made for ordnance, graphite crueible and
mold,

(c) ;1attened without fracture,

(HT) Annealed 2 hours 900° €., quenched, roheated 2 hours 3G0° C,




N TN

*?

i



Ag indicated in the table, the vraniumenickel, ursnium=manganese
melted on heat treatment, both at 3000 C, snd 800° C,, while the ursniume
chromium alloy melted at SC0° C., but not at 8009 C., though it cracked
hadly on quenching from this temperature. The ureniuwmepletinum alloy was
go brittle as quenched that s 1ight tap with a hammer was encugh to rractuve
it. The uranium-iron aad uranium~cobalt were too brittle as cast to ve
saved, and were ‘excluded from further work.

Two liquid layers were cvident in the urenium=copper, uranium-titanium,
and uvranium<zirconium allcys. The percent of the lighter alloy-rich wmeterial
cceupled spproximately 10 percent, 40 perxcent, and .20 percent by volume in
these thres alloys, respectively.

Becauss of very marked segregation of the uranium~columbium alloy, the
hardness results ave doubtful, although there was remarkably little differe
e¢nee in hardness betwsen the various areas tested. The columbium was appare
ently iny slightly soluble and "segregation" is actually cauted by eggroga-
tions of columbium powder irregularly distributed throughout the melt.

After the first failure with the thorium powder addition, two heats
ware made adding compacted pellets of the thorium powder to the charge, one
gr=en and the othsr pre~gintered im vacuum, The former method appearcd to
ba scmevhat better, but in no case was there ovidencs of significant solu-
0ility or alloying.

The ingots with 5 and 0.5 percent tivanium had unusually clezn, exide-
free surfaces, particularly on the titaniumerich phase, while in the cese
ci thg 0.2 percent titanium hest, the surface was covered with oxide as

asval,
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ANALYTICAL, RESULTS
Anglyses of ecme of the ingots (made by L. M. Berry and E, Maxwell of the

.chemistry laboratory) ere given in Teble II, The analyses were made on the
gawings mede during the cutting of the ingot into samples for hardness and
microstructure studies, Although sawing wes performed under a copicus flood

of coolan®, the sawlngs wore oxidized to some extent, but not enough .seriously
to affect the results for minor constitusnts, The sawings were cut about 1/3
down {ram the top of the inget, except where a second figure is reported 4in
Table II. The additionel figures were obtained from samples cut near the
bottom of the ingot; in no case was the extreme upper portion of the ingot used
Tor hardness tesis.

In several ceses the upper samples contained higher percentages of the
alleying elements than the lower part of the ingot, even when sepération into
two liquids did not occur. This may be due %o incomplete mixing of the molten
alloys (the melts were not stirred, and eleciromagnetic stirring was extremely
small since the metal vas shielded by the graphite crucible), or perhaps the
compogition difference is due to gravily segregation during sclidification,
vhich was slow enoOUgh to allow separaticn of a light solid constituent if not
enmeshed during erystallizatlion, 1%t is sipgnificant that no segregation ceccured
in the platinum alloy,

The worst vertical segregation in the shsence of liquid immiscibiliiy wes
found in the uranium-nickel ingot, followed by the iron and cobalt alloys.
Fortunately, these systems appear to be only of academic interest as their
mechanical properties were fcund to te very poor,

The liquid-segregatsd top of the uraniwmetitanium ingot analyzed 16,6
percent titanium while just below it analyzed 2.8 percent titanium, but

probably contained aome of the lighter liquid, The +rm of the uraniumezircon-

ium ingot contained 25,5 perceat zirconium. * .




- s L ym

E Y
oyl



- — A —

YETALLOGRAPHY

POLISHING AND ETCHIKG
Electrolytie polishing, using a solution containing 8 parts 6f'phosphoric
acid, 8 parts of ethylene glyeol, and 13 parts of ethyl alcchol, was used after
polishing mechanically as far as 600 grain carborundum on & billiard cloth
wheel, Botween 67 volis with a curvent of abcut 40 milliamperes on a speciw=
ren of about 1 =g. cm, area gave a reascnably good polish in about 30 minutes.
f semicylindrical stainless steel cathode about 3 in. in dismeier wae employed.
The specimen, mounted in bakelite, lay face up on the boltom of tre beaker.,
Contact with it was made by a platinum wire pressed agalnst its curfeee,

Electroiytic etching, using a 10 percent oxmlic acid-water solution was
u#eed in ell cases. About 100 milliemperes at 2 volts gave satisfectory results
in i=3 ﬁinutes.

Photomicrographs of most of the ailcys of Teble IT in the egs-cast and
as=guenched condition have bsen prepared. In many cases the structure as
polished as well as after etching is givon since detail is sometimes lost on
ctehing, #l1 photomicrographs were taken at a point represonted by the "upper*

analysls of Table II; except for Figs, 4, 6, 34, and 35 (Kegatives no, 2002~0,
2005<0, 2004<Q0, 2024=1, 2046-2),

PURE_ URANTUM, FIGS. =3

Pig., 1 shows the characteristic struciure of commercially pure vacvum
melted uranium with copious cubical inclusicn of carbides (etching dark), the
"eutectic” patches which may be a uraniuueuranium-oxide cutectic, Also vise
ible arc mechanical twins which are often seen in the alloys, and probably
result from sawing, grinding, or other maltveatment of the surface, A
siwiler sample, quenched from 9000 €. (Fig.2), shows many fuwer carbide pare

ticlen, indicating some solid solution of carbon at this temperature and a
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woll developed network of some phase precipitating at "subegrain boundaries,"
Pig. 3 shows a transverse section of the extruded rod, I% is very similar to
Fig, 2 except that the particles susvected to be carbide are more numerous, and
are no', of cubic shape. prestmably because of the»thermal and mechanical history
of the specimen,
URANIUKIRON, FIG. 4

The § percent uranium=iron alloy is shown in Fig. L, unetched., Etching
brought ocut no further detall, but terded to obscure the structurs somewhat,
Apparently the matirix is an intermetallic ceompound judging from the extreme
brittlensss of the elloy, and the dendrites are probably primary uraniumerich solid
solution,
URANIUM=NICKEL. FIG. 5

The structure shown appears to be that of primary uraniumerich dendrites
conted with a reaction rim, indicating a peritectic with fiﬁal solidification
23 a eutectic, The presence of the eutectic fits in well with the observatioa
that the alloy partially melted or annealed at 200° C,
DRANIUM=COBALT, FIG. 6

This alloy is structurally identical to uraniumeiron,
ORANIUM=TUNGSTEN, FIGS. 7. 8

The structure of the cast alloy 1s practically identlical with thaiv of the
pure metal except for the presence of cubes, of a tungstenerich phase, probebly
nearly purs itungsten, The tungsten had been added to the charge as wire.
Several piecgs of it were still present undissolved in the final ingot, but at
least some had gone iato solution at the melting temperature and had solidified
before the uranium. The cubes of tungstenerich constituent. were unaffected by
electrolytic polishing or etching, evidently besing electronegative to uranium,
The guenched sample shows & rether coplous amount of a finely divided phase
valeh may be some tungstien geparating from solid solutlon because of an inede=

—
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aquate quench. The carblde phase scems %o exlst in the same form as in thé

=13m

original uranium sample,

DRANIUM-COPPFR, FIGS. 9. 10

The copper-rich portion at the top of the ingot was not examined, but
the photomierographs shew the structure of the bulk of the Ingot. The globules
shownt in both pictures are supposedly a copper-rich phase, but it iIs hard to
account for thelr distribution Ly any common solidification mechanism, Anneale
ing at 900° C. produced no wisible change in structuve. WNote thai the carbide

vhase in this alloy crystallizes in the form of crosses.

TRANIUMMOLYBDENUM, FIGS. 1l=14
In the as-cast conditlon, the 3 percent and 5 percent alleys (Figs. 11
and 13) show a somewhat poorly resolved duplex structure not unlike a troogti=-
tic steel and clsarly resulting from transformation and decomposition of s
high temperatuve phase, for there 1la evidence of related orientatlon difference
in grains resulting from larger ones, and revealed by the dlstribution of the
finely divided precipitated phase. The sample of 5 parcent molybdenum quenched
Trem 9000 C. shows nearly everything in solid solution, although there are
many small inclusions of carbide or soms metallic constituent which have not
conpletely dissolved., Apparently a eutectoid is formed which, when deconposed
2% a aultable temperature level, can cause considerable hardening throughout
the alloy. The 7 percent molybdenum alloy shows what appears to be "discone=
tinuous precipitation,” the dark etching areas being areas that have decomposed
and prolably recrys%allized and which are evidently growing ihto the white

etehing areas of probably untransformed gamma,

JRANTUN=CHROMIUM, FIGS._15. 16
The structure of the cast alloy is difficult to explain, What seem to

be prirayy dondrites heve some constituent like a eutectic in them. They are

B
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surrcunded by a mass of normal eutectic structure and distribution., After
quenching from $00° C, the chromiumerich phase of the euiteetic has spheroidized
while the main constituent shows uniform markings, indicating some solid solu;

“ion and decomposition during querching.

URANIUI-SILVER. FIGS, 17-20

The cast structure shows {besides the characteristic cubic carbides) small
patehes of a sllver-rich phese, cxaggerated In size by otching., As usual, the
carbides ave taken into solution after quenching from 900° C., (Figs. 18, 20),
The unetched samples glvo e better idea of the amount of the silver phase. Some
of the smell inclusions in Fig, 20 ure incompletely disgsolved carbide, Very

1itile silver had remained in the alloy.

URANIUMSE OLUMBIUM, FIGS. 21=24

This elloy showed three distinet zones because of segregation. The
largest amount in the cast sample apoears toc be a two phase Ymartensitic®
structure (Pig. 21). The martensitic appearance was more clearly defined after
guenching from 900° €, (Fig. 22). Both before and after quenching, another
zone was visible which had no martensitic markings, An intermedizte zone

(Fig. 24) occurred in the quenched sanple only,

URANIUM-MAHGANESE ; FIGS. 25, 26
The asecast structure showed a primary light eiching phasc, surrounded

by a cutectic, Some preeipitate i1s visible in the primary phase at higher

regnification (Fig, 26),

TANTALUM=-URANIUM, FIGS., 27=30

Particles of an undissolved phase, prcbebly tentalum, were distributed
vather irregularly throughout the semple, Great difficulty was encountered in

obtaining & satisfactory polish., It is possible that the second phase dissolved

=+ 2% 9000 C,, but its nonuniform distribution may sccount for

e
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the lack of particles in Fig. 28, No significent hardness changes. occurresd,
but microstructural cvidenco of preciplistion inm the guanched samples -tows

that some solution had ccecurrsd,

URANIUM-PIATIIUM, FIGS. 3133

The ag~cast allcy appears to consist of 4wo phaseg, one as a finely
divided precipitate from transformed hish temperature phase. The thin black
bars are either a platimwn bearing phasu o carbice, The quenched sample shows

chiefly a single phase structure with considera™le¢ finely divided constituent.

URANTUM=TITANIIM, FIG. 34

The structure shown in Tig. 34 is characteristic of the uranium rich part
of the ingot, and appears to consist :f two phases, rather finely divided with

a suggestion of a martensitic appearznecs,

URANIUM-ZTRCONION. FIG. 35
The as~cast structure of the girconium rich part of the ingot consists of
two phases, very finely divided, in the usual arrangement reminiscent of pare

tially decomposed martensite.

URAHIUM=THORIUM, FIGS. 36,37

A constituent, rrobably a thorium bearing eutectic, appears in the grain
boundaries. The carbide particles, in usual form, ave more evident in the

unetchod specimen,

OFNERAL DISCUSSION OF STRUCTURES

It is obvious from the photeoiticrcgraphs that addition of most of the
clements studied causes the formation of intermetallic compounds with uraenium,
ard solid solutions of any useful extent exist only in few cases, It is

impossible to retain the high tempecrature forms of uranium by gquenching, but

it is to be expected that additions of certain alloying elements will go inio
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golution in the gamma phase, and change both the temperature and rate at which
it transforms on cooling., The psevdo-martensitic gtructure visible in several
of the photomicrographs and conteining & finely dlivided preeipitcte with defi-
nite evidence of having been depcsited from one phase or both of & Ridmanstéitten
structure, scems to result from the combined change of crystel siructure on
passing from ganma to alpha {with or without intermediate bete formation)
followed by precipitation of a phase containing the second componsut, which is
less soluble in alpha then in gamme, The analogy with the ironecarbon diagranm
is apparently aulite close, afthough the hardnesses obtainable are not cormen-
surate, probably because substitutional rather than interstitial solutions are
snvolved. The martensite-like gtructure is observed clearlyAin the alloys with
nolybdenum, columﬁium, tentalum, platinum, titanium, and ﬁoé3ib1y chronium, It
can be assumed that in each case sufficlient solubility of {he element has
occ“r{sdto leave sufficient differences of composition to riake the results of
the allotropic transformation visible cn etching. However, only in the case

of molybdenum is the amount of sclubility even nearly as high as the amount of
element added, 5 percent by welght. Further tests with smeller percentages

of the above elements and with more eareful quenching sre planncd.

EXPERIMENTS WITH OME GRAM MELLS

Several one gram heats of uranium were made in the veeuum induction fure
nace, uslng 3 or 4 short lengths of 0,04 in, uranium wire, The vecuum was
about one micron during melting., The crucibles used were of zirconia, and
had internal dimensions of about 4 m. diameter at the botiom, 6 mm. diameter
at the top, and about 10 wm, high. Oxide skin end surfece ‘{ension prevented
the molten metsl from flowing into a satisfactory ingot. &t best only about
half the ingot cculd be used for hardness or compression tests, ete.

The eddition of about 0.5 percent titanium hydride did not greatly aid

consolidation.
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It is plamned to continue the investigation of uraniumumolybdenum alloys
with respect vo finding the optimum composition and hest treatment. This will
involve a preliminary investiggtion of the constitution diagram in the region
of 1«10 percent molybdenunm or higher, and compression tests on selected compo~
sitions and heat treatments,

The work on one gram heats will be eventually extended to cover new alloy

investigations after a nev vacuum furnace especially designed for these small

heets 48 built, This will inciude a method of vibrating the melt to aid cone
solidation.







Fig, 1, Vacuum Melted Uranium, as cast. Fig, 2. Vecuum Melted Uranium,

Etched electrolytically in 10% oxalic quenched 900° C,
- acid, " iched electrolytically in 10% ozmelic
' ~ ' acid,
- ' 20010 x 100 ' :
= 2001-Q~0 x 100

Fig, 3. Dxtruded Uvsnium Bod, RUA80,
Transverse section. :

Ftched electrolytically in 103 oxalic
acid,

!

2045=1 x 250

Note: All figure captions give nomiral compositions; actual compositions are
often considerably lovwer.
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Fig. 4. 5 Fe-U Allcy, as cass. Tig. 5. 5 BieD Allcy, o8 cast.
hot otched, Téched . olcccrolyt;cally in 10% o¥alic
t.cid,
23020 x 100
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Fig.6. Co~U Alloy, as cast
Not etched,

2005~-0 x 10C
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Fig, 7
X

acid,

L. S 5 WUl 8110y, ct cash
tched slectrolytically in 105 oxalic
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Pig, 9. 5 CueU Alley, as cast.
Etched electrolytically ir 107 oxelic
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x 250

Fiz, 10,

Etched elsctrolytically in 107 oralic
acid,

5 Cu=U Alloy, as guenched.
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®x 250

5 WU Alloy, as quenched, 900°C,

x 250






Ao, AT Yo-oU Alloy, es cast. - Fig, 12, 7 lo-U Alloy, as cast,
elnd alrniralovientiv in 105 axmlic Eiched elactrolybically in 10% oxalic
(, :-(’Eo acidb

LTS 1 250 2056-1 x 250

PMe, 313, 5 lfo~U Alloy, ae casb. Pig, 14, 5 Fo~U 4lloy, as quenched.

wieoked electrolytically in 10% oxclic 00 G,

acid, Etchod electrolytically in 10% oxalie
ecid,

29130 x 250
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Fig, 16. 5 Cre~U Alloy, as quenched,

¥im. 45, 5 Lr- Alloy, as cast.
“oched electrolytically in 108 oxalic §00° ¢, - ‘
acid, Biched clectrelytically in 107 oxalic
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201%=0 x 250
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Fifs.d9, 5 Ag-U Alloy,

Not etched.
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celly in 10% orelic,

x 250

Fig. 1B. 5 Ag~U flloy, ns quoncicé 2009 C
Etched electroiytically in 10, cialic
acid,
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Pig, 20. 5 Rg-U Alloy, as quenched.

- 4l

o000 C.
ot otched, ' i

2015 -1 % 250







Wi, 2. 5 Cb-U filloy, as east, Fig. 22, + 5 Cb=U Alloy, as gquenchcd,

fiched slectrolytically in 107 oxelic Q000 G,

aeid, Etched electrolytically in 10% oxalie
. acid‘ ' ’
2016=1 x 250

. . 2016-Q+0 : x 250

Tice, 23, 5 CbdbeU Alloy, as quenched, Tig, 24, 5 Cb~U Alloy, as quenched,
Q000 €, "Intermediate zone." ) 90009 C, ‘"Intexwediatet and "Bright
moched electrolytically in 105 oxalic Ftehing® zonc,
aeid, Etched olectrolytically in 108 oxalic
acid.
2016-Q+1 x 250
Z201€+Qe3 ' . x 250
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Fige 34y 5 TieU Alloy, ag cast.

Fig. 35, 35 Zr=U Alloy, as cast.
tehed eloctrolytically in 10% oxclic

ktehed electrolyticslly in 10% oxalic
ecid, , acid,

JAci

202461 x 250 2046=2 x 250

Paie, 26, 5 Th-U Alloy, as cast.

‘ Pig, 37. 5 Th~U Alloy, as cast.
riched electrolytically in 103 oxelic

Not etched,
acid, )
2062<0
20501 x 250







