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General Considerations v ' | L Mze;*, Decmssification Era»n‘g;‘h',S

T

Beeanse uranium is 80 reacti 'with the Imm v"f' the atmosphere,

"‘:precautions must be tahen to iaolate it.;; from tm a__ aph gdurim melting
‘There are three methoda of accomplishing this: by vacuum mltirg in which the
mélting chamber is evacuated to 10 microns or 1638, me_lting’gin an inert gas
- atmosphere such as helium or argon, and mﬁeitinbg under “A':élég. Byfar the ﬁost

popular method of alloy pa%paration is vacuumomdmtion aslt.ing althoug’l mﬂm’

 alloys, especially those prepamd by arc melting, are mlwd under inert gas
atmospheres. The use of slags hae baen limimd mlusivaly to mslting uranium
and has not been adopbed for use in alloy pmpaxation.

In addition to its reaotivitw with the atmspheric elementa, uranium

reacts with practically all refractm‘y mam s;v mnw otre muat be taken in |

| the selection of the promr ren-actm'y for mltm' t.o 'pmvent'sxcass contamination
~of the melt by the crucible. i :

1. Vacuum Induction &lti%
&) Equipment

_can type in which. the 1nduction coil:

type in which the induction coil is on_ the outside of tbe furnace. The advan-. -
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1} Tilt pouring can be utilized.
2} Buckets for making alloy additions are readily installed und
manipulated.

3) Mechanical agitators can be utilized for stirring the nmelt.
The two advantages of the tube type furnace are simple construction and smaller
gnace requiremegts, |

Power supply is & function of furnace sise, comstruction, frequency
of power sowce, and efficiency desired. Standard motor-gensrator sets are
utilized as the power source for vacwum induction maltingf \

- Vacuum equipment ﬁsually’consists of a mechanical roughing pump
which is used to reduce the furnace pressure to less than 100 microns, and &
diffusion pump backed in series by another mechanical boostef pump to reduce
the pressure to 1 micron or less.

" Vacuum induction melting has the follogiﬁgﬂadvantagesvsver arc

melting or consumable arc melting.

1) Preparation of larger ingots in less time.

2) Better chemical homogeneity unless arc melted ingots are
remel ted.

3) Shapes may'be cast more eaailycl

L) Control over the cooling rate can be exercised..
A good practice to follow wheﬁlinductibn mﬁlting'uranipm alloys is to place the
alloy addition on the bottoﬁ of the crucible with the uranium on top. In all
of the commonly used alloys with the éxceptioé of the wranium-aluminum alloys
the urénium is the largest congtitﬁent by volume as well as weight and it is
also the low melting eiementg hence, the uranium melts first and ths elloy

addition floats up through the molten uranium affording an excellent opportunity

for uniform alloying before the liquidus is resched.
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‘b) Refractories for Containing Molten Uranium and ItsnAllpys
Several refractories are available for vecuum induction meiting
uranium allqys although the selection of the proper refractory depends upon
several factors. Among these ares
l} Ghemicél stability in vacuo.
2) Reaction between the refractory and the alloy.
- 3) Strength at high temperature . |
L) Resistance to thermal shock.
5) Outgassing, |
6) Availability.
7) Cost.

Graphite
Graphite is probably the most commonly used material for high temperature

'operations being used extensively for crucibles; molds, and structural furnace

parts. Moreover, graphite crucibles washed with & slurry of some refractory oxide
are often utilized to reduce carbon contamination in the alloy.

Graphite has many advantages over oxide refractories in that it has .

~excellent high temperature properties, is stable in vacuo, is readily available

at low cost, and is sas;iy'machinad. The one disadventage in the use of & graphitc
crucible is that it chemically rea§ta with uraniﬁﬁ at,tampefatureslover 106000

and, in addition, some carbon perticles &re élways picked ﬁp in the melt by
mechanical action in pouring. The amount of cafﬁon contamination in alloys

melted in graphite varies widely depending upon the'slloy, the temperaiures of
alloying, surface to volume ratio of the melt, and the holding time before pouring.
Aluminum-uranium alloys heated to about 1000°G for one hour pick up about

lOO~200 ppm of carbon while uranium-molybdenum 8lloys heated to lSOOOC for ISwmin‘

O I T I




o chemically pure., It is the bast _‘gr
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pick up 0.4=0.5 w/o of carbon,

Carbon in amounts exceeding SOO ppm is known to be ‘deleterious in
some ursnium &lloys in that corrosion &nd radiation characteristics are ad-
verﬁsely affected. In U-3.8 w/o Si‘ alloy, carbon lowéfs the temperature of the
peritectoid reaction by which the intermstallic mom U3§icﬂ§: f‘ame_d,-

Several diﬁ‘erent. grades of graphite are available. AUC graphite

is a fine grainsd, deme mater&al having about 208 porosity and is the most '

ade for crucibles‘and stopper rods. 08

o ATC:graphite containaﬁabout 5% poros abl ,hsfmoat extensiveﬁy
.used crucible material. Gredes m snd AGX contain ahm‘t. 32% porosny and are
generally used for stfuctnral furmce parts. 'i'hese g‘ades should not be used
for crucibles or molds withont an oxide wagh. |
| Alumina—Alzoblzléf | :

Alumina crucibles have no‘b baen used emnsively in vacuum meltir@
uranium alloys although a.hmﬁna molds. have besa umd fm' casting uranium slugs.
In air aluminum melts at 20& G and has relati.vely good reeistance to thermal
shock; however, ita use fox’ melt;i@ cmcibles at te@m‘%&-ma sbove 1300°C has
not been extensively mvastig&bad. I.imited attemts to malt uranim—-molybdenum

_' and a reac’oion

alloyw at 11475 C have shown smi'e _outgaasitg of t«he

between the crucible and- the mlt. Al\m.na :Ls mduced w graphita at about

1500°C so care should be taken in its contact with furnace perts.

Beryllia - (Beo).zig/
Baryllia crucibles are used extsnsively for allcying uranium alloys

above 1500 C and can be used close to their melting point of 2500 C if properly

fired. Beryllia is very stable in vacuo and reacts very slowly with uranium
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carbort contamination in severel urenivm alloys. BSee table valiw,

G ~ . C .
Temperature ( Carbon Contamination ppw)

1650 100~L00
17001750 ' ' 100~-30C
1775 300-350
1650 160--20C
1?7_5 300-500

i

temperature &bout 15 minutes. Extreme care must be used in

Holding time a
i aration for this ailloy.

: it
i “
crucible prepar

Beryllia, however, has several disadvsntages that preclude its use

ree-

v o O .
az a refractery material for temperstures below 1500 C where other oxide

be used. Among the chief disadvantages of beryilia crucibles

Is 5
i

Iractories in

P
e Y

re their poor resistance to thermal shock and their retention of residuel

]

stresses even after high firing., In addition,it is difficult to seat an oxide

stopper rod ir & beryllia crucidle, These disadvantages may be overcome somewhot

aveid health hazaras. Beryllia crucibles are expensive and not readily avsils
approval must be obtained from the AEC prior {o their procurement.
Lize (¢a0)2/

Lime crucibles aré not, used‘in.thé preparation of uraniﬁm alloysy
however, lime rammed steel bdmbslare.used for the reduction of uranium znd co-

reduced uranlum alloys. Lime washes for grephite crucibles have receivad &

ed use for melting & ternary &lloy of U-5 w/o Zr-l1.5 w/o Nb belbw 1500064

st

Magnesia crucibles may be used for alloying uranium alloys st
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ratures, below about lSOOOC. Above this temperature sqvere outngassing

ngAOﬂcnr if melting is done in vacuo &lthough slightly highers temp -

eratures may be utlllzed by using an inert gas etmosphere¢ Strongly oxidizi £

etmospheres are needed to prevent volatillzatlon of the magn831a at temperd*qre~

e D
over 1700 C.

Magnesia has relatlvely good - thermal shock resistance and good St“eng

up to 155000' however above this temperature there is a slight decredse in 1*

turns up to 1SOO°C maintaining carbon contamlndtlon bg%ween 00-600 ppm while
negneelum contamlnation is less than 100 ppm.« |
Silica (5i0))

Silica crucibles are not ~usually used for melting ur&nium alloys S~ECP -

they soften about 1400° Cs hawever, some recent results indicate that fused

quartz cru01bles packed in refractory sand may be used fcr short perlods up to

about 1650 C.

Thoria (Tho)6/ . | |
Thorie has the nighest melting point of'any,available oxide ~— above

3000°C, and 1t is stable in vacuo up o 2250 c. The use. of thoria crucibles for

melting uranium alloys hae beenrliml ed and. not m&ny dat areiRVailabl@ &lthougf*

‘thoria stopper roda have been used succeesfully for many alloys.up to 17LO

Some investigations have shown tha+ U-51 alloys react with thor1a about 1400,
Thoria has poor high temperature strength and resietance to thermal shock., Care
must be taken to 1solate the furnace from external vibratians if thoria crucibies

or stopper rods are used. Thoria is radiocactive and toxicy consequently, han

precautions must be teken to prevent health hazards,

o
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The use of uranis crucibles has been limited to the preparation of
high purity'uranium.. The reaction between uranium and urania occurs Slowly.a,
temperatures up to- 1700 Cj consequentlx urania is an excellent materia 1 for i-,he‘_'
preparation of hlgh purity uranium alloys sincs the only impurity 1ntroducs,d
during meltlng is 1ess than 10 ppm of oxygen.,'

'Z'Urania has poor thermal shock resistance and_care mnst be tdken in

‘to decompose about 1600 C STt should be noted that zirconia is a8 fairly good

zirconium conta’min_

less than SOO ppm i walloying temperatures d»,not exceed 1500°C

for U-Mo and ‘U=Nb éliéys with excellent results wp to 1500°C, Carbon contamina-

tion is in the range of 200-500 ppm,
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ical Nbltin§ Stable In Thermal
£ . O Vacup .Shock - - Remarks

1450 ‘Good  Reduced by graphite at 1500°C
Bed 2570 2200 Poor  Toxic, AEC approval required, Stable
cad . 2572 1500 ~-—  Data limdted
MgO -~ 2300 1500 Good Outgasses and spalls about 1500°C
*si0p 1585 - M.P. Good Softens about 150°C below M.P,
CThOp 3000 - 2250 - Poor  Toxic, radicactive :
- uoz : 2176 1900

~Radioactiva, AEC,approv&l requnred
Reacts: with u

1585
Crlstobalite; quartz; 1

“Special Refractorles

Several new classes of refractories have recently been developed that

'_mq’prove useful in melting uranium alloys,

Qarbides?i/ .

Carbide crucibles bave not been used for the preparation of uranium

. slloys because of the possibiliﬁy of contamination of the alloy with carbon

silica boron, and sodium, Crucibles of boron carbide are being developed at

nreseht but have not been evaluated.

'Nitrldesa/

" Some nltride refractories are obtainable but no data are available on

-;;thelr use 28 melting crucibles fer raniu' alloys“~

Sulfide refractories ‘are a. recent development and are not generally

available at present.~ Investigations& have' indicated that sme_sulfn.de re-

fractories may be useful in the prepara lon of uraniug alloya,”

table listing pertinent facts about 3ulfide refractories.




Stable In THermat |

osition Common Name { Vacuo ¢ Shock

Cerium brass - - . Excellent

Fair
Cerium Black ; Fair

Thorium Silv;r' 21 00 ~ Poor

Poor

:"5Whight of‘melt.~

”Casting temperature

 Shape ofﬁthe cast pieca.

‘molds. These advantagea ares

‘ Fina grain size.
’ 'advantages of. poﬁr*
. Control fozt.fcqo"
) Sounder casting.

‘Reduction of_primary pipe.

Slight sulfur con-
tamination _
Sulfur given off
about 1475° ,
More S contamination
than CeS

Must be kept from
oxygen &t high temn:
Decomposes at 150090

Some<S»contamin&ti__




L} Improvement of surface finish.

Water coeled copper and water cooled steel molds sre used Ior

6]

ting ingots of many uranium alloys. Usually the copper molds are used
with ne coating while coatings such as colloidel graphite, silica, or zirconie
sare used on steel molds to prevent the alloy from attacking ihe steel. The
weight of ﬁhe 9elt‘and the temperature at which it is to be poufed determine
the advisability of using water ccéoled molds.

| Gruphlte molds are probably the most extensively used 1n Caﬁtlﬂg
uraniumkailoys. AGR or AGX graphite is’ an excellent mold material belng Ipex-
‘pensive, eésily machlnable,and it cén be heated to ;ny deaired temper at ure by

realstance, inductioén, or radiation. Molten uranium’'reacts chemically as well

as mechanically with a graphitemo 1d; however, uhl& reaction is usually slight

and carbon contamination 13 liznited to the wvery surface of the casting. This
| coﬁtamination may be removed by mechanical cleaning or by pickling in nitric
acid.

‘The use of an oxide wash Sn grsphite molds ﬁgt only minimizes
arbonicontamination Eut‘§réatly increases mold life by preventing mold erosicao,
Pouring onto a thin'diac of some refréctary'ﬂetal, such as'molybdenum or tantzlum,

prevents mold erosion &t the mcld bottom, which can be quite a problem for

dense uranium alloys particularly 1n‘large size castings.-.

Investment typ@ molds'of«silica and aircon flour have been used suc-

cessfully for the production of uranium alloy castings. These can be heated to
) o I ’ , L

~about 1300 ~1500 C without severe outgassing. In general cast,ing‘_svmade in

investment molds have & superior surface finish to castings made in graphite or

water cooled molds.




Non-Consumable Electrode Arc Meltlng.ﬁ.}g.&}.zi/,

Arc melting has two outstanding advantages over any other typg of

mealt’ing; These éareg v
a) Preparatlon oi‘ alloys whose melting point 13 beyond the temperature_:

range of 1nduction or resistsnce ’chuipment.

b) Mel‘oing of alloys mich react with 811 rei‘ ac ry';crucibles.' In

od as induc’o‘ or

Uranlmn alloys are usually are melted in a partial atmosphere of
15-20° fin.j of mercury. ‘I’his p&rti&l pressure is necessary to reduce the corona

effect of the erc which occu-rs atvlaw pressure.

The at.mospharea most commonl_y '
used are hellum and argon oz' a.brtmres oi‘ these inert gases.
Thoriated tungsten tipped wat.er cooled electrodea are usually used

for arc melting. Tungsten contamination is negligible in mst alloys dltnougn :

tips must be replaced regul "e to- erosion. .

kR Consumable Ellectrode Arc Heltinw/

The advantages of consum&ble electrode arc melting ares

a) Production of sound ingots from porous and pipe filled induct.lon
castings.

b) Production of a sound ingot from composite electrodes.
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Production of & semi-chill microstructure providing the diameter of

the inget being melted is not appreciably larger than the consumeble electrode,

"d)  Impr ovement in‘homogeneity of previously non-consuméble electrode arc
melted or 1ncuction melted material whose constituants ‘have gre&t differences
in density.‘ An outstending example of this typa of alloy 1s Zr-U dloy con-

tal ning about 0. 03 w/o boron.




Arc melting the top of ingots to reduce primary pipe is not ad-
visable since segregation is promoted. Consumsbly arc melt.ed ingots have f[air
alley homogeneity but tend to ‘have porosity near the edges,

2. Uranium-chromium'Alloyss/ o

The alloy of the uraniumachromium sysbem receiving the most study is
a eutectic occurring at about 19. L &0 Cr (L.99 W/o Cr) at about 860 c. hloys

are made mth an initial charge waight of S 2 w/o chromium to allow for chromlum :

;i‘é- best: or mélti;‘)g:thiws:_éiioy; 0 'rgduéé_ chromim losges, The ﬁleit“'is 4coolé:d‘ o
to 1000°C prior to pouring and cast into molds »h:.eiated’ _t‘o.’600°C to form sound
castings., :

This alloy is u&d for the pwoduetion of radiator type castings whlch

© are cast into & graphite washed steel mold. Thia mold has a cross-sect jonal

".conflgurlatior; _sl-m;laxf »in desigx tg_a hone}f comb which produges_water channels
ih the casting. Heating 'of‘j/the mold is ne'cesis.arf“y tn pravantv 'the"allby from
-freezmg ‘and forming pipe befora ths mold is completely .t‘illed. .A‘ heated mold
has the disadvantage of producim a large grainsd caating. Attmpts to centri-
.fugally cast “the U-5 w/a Cr alloy into cold graphite coeted steel molds to

' _produce a fine gre.ined structur '

Uranium—kiolybden -

Uranium-molybdemm a]loya of 6-—13.‘
1nvest1g8ted. Alloys up to 12 w/o &o &re mdu" t" on vmlt.ed 1n zirconia washed
.graphite crucibless Alloys malt.ed in this manner sh'

The U-13.5 w/c kﬁo,




4ii0y 1 inducticn melted in beryllia washed graphite because of its high

_ o ' ,
alloying temperature of 1650 C. Carbon contamination is about 200-350 ppm
[ 4

while beryllium contamination is less than 100 ppm.

Magnesik and magnesium zirconate washes héve been used on graphite

molds for alloys up to 1500°C.  1In gensral, they have.not been as successiul

in preventing cérbon contamination as zirconis since carbon contamination in
alloys ﬁreparéd in‘ this manner exhibit ebout O.“l‘;'w/é C cont amination. - Magnesia

ucibles outgas severely at ab

"fl,molybdemum alloys up to 12 w/o Mo in that carbcn eontmination is eliminated
f'am zirconium contsmination is lesa than 500 ppm.,
| Good castings up to h8 in. long, exhibiting Bmall amounts of pin
’point poroal’cy along their longitudinal axes, c&n be produced by -casting into
'A2-1n, diam cold graphite mnlds, This pin point porosity can be entirely

ellminated by consumable are remelting It water cooled copper molds &are

et i i -
. iAo
ORI

utilized, it is mandatory to consumably arc remlt ‘bo obtain a sound casting
Uranium—mplybdenum alloys axhibit micro-coring after solidiflcat ion.
‘Tms effect cad be overcome by n‘omogemziug the castinga for 2l hr at 9oo°‘c

in inert gas or vacuo,
| 12 13

}Uranium Niobiu

Uranium-ninbim alloys up to 12w, ‘: \ .b"é?e pré‘péréd by

v
.




PiH-FBu-106
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. .

prevent & reaction betwsen the melt and the crueible,

Mlloys of U-10 wo > superheated to 1750°C in beryllia washed graphite
crucibles show leas tha%? 100 pm ai‘ bevﬁlhm (3."
250-400 ppm of carbem

. 14mit of deteetion) &nd

Casting U-lo w/o » m,e eold "@am énees about 30% of a

second phase @:I.ch 13

- :micro-cdrir}g;.:::‘mia_» cen be reduced by heat
for L8 hr in inert ézmdspheéas or vacuo,

, Uranium Silicont? 15

‘use is.U-3. 8 w/o Si which is heat tmated to produce t.he intarmetallic compound
o U35i~ This alloy is. produced by mélting lump or granular silicdn with uranium
at '16000-4165.000 in 'Vabuo,' The alloy can be cast in graphite or- investment molds
_to form sound rods as small as 3/8-in diam. If cast into water cooled molds,
tne lngot. must be consumably &re remelted to prodm:e a sound casting.

The compound, 0381, is formed by‘.‘a peritectoid reaction at’-. 930 C whlch

: emperat ure.

~ required.

Carbon also has a deleterious effect on the orrosion resistarce
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thoriag snd magnesiea crucibles have

o
¥

may be useful in the preparsation of this alloy. Analytical results indicate

hat 3.7 w/o silicon should be charged in the melt to obtain an alloy of

3.8 w/o.
Arc melted ingots of the U~3.8 w/o 81 alloy, unless remelted several

times, sxhibit segregation to an extent which prevenxs the satlsfactory forma- .

fbtlon oi the intermety e éiéﬁﬁphéglg
istlce and the fact that fabr¥§§ti§nvr;&uces‘£he c&rrosion resistance of the
alloy, it is believed that the al;qy should be used in the cast and hesat
treated condition, Many different ternary alloys of U-3.8 w/o Si, &ith the
addition varying from 0.1 w/o to O.S w/og-havs‘bean preparéd’in an effort to

reduce the effects of carbon contamination and to improve the characteristics

i

in. general,

Uranium-Zirconiumbs?/

Uranium-zirconium &lloys have been studied in &all compositions.
Because of the trehsnddus reaucing power of‘zirconium, no known oxide or
o | sulfide crucible is suitaﬁle‘fbr the preparatién of alloy contAining'éver
Lors w/o zirconium.. Induction melxing uranium-zirconium alloys in graphite
is possible although about 1 w/o of carbon is picked wp.

Low zirconium—uranium alloys are.melted in Ca0 rammed graphité crue

cibles and m&gnesia crucibles. Not many data are availéblevon the refractory

pick up of these alloys, but it is probably high.

The most commonly used uranium-zirconium alloys 8re KrwSO_w/o U,




Non~consumable
Roll out ingot and- i1 ahall pieces.
Non-consumeble arc

Consuméble arc melt.

E

> consumable arc melting is necessary to produce a sound casting. In

lloys used for STR fuel which contain boron additions on the order of 0,03 w/o.

&ééiréd“
Ternaries .. . L : T %
| Novspecial técﬁnidueé:éréiréquired fof:the-pféﬁarétidnv¢f most terngryv
alloys prov1d1ng the ternary addition is small. Practically every alloy dis-
:_ﬂussed has been prepared w1‘c,h ma.ny different temary additions. ‘
One of the most oommonly prepared ternary alloys is U-5 w/o Zr-1.,5 v/o Nb
WNlCh is 1nduct10n melted 1n 11me washed graphite molds under an argon atmosphpre-z

*Spe01dl Techniques

'Inductlve stirrin

“Eﬂectromagnet




‘smaller pieces,
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