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ONE-PIECE, COMPMSITE CRUCIBLE WITH
INTEGRAL WITHDRAWAL/DISCHARGE
SECTION

This application i= 3 conlinuatinn-in-pact of Ser. Moo
0%343 019 filed Jun. 28, 1999, now pendig,.

CONTRACTUAL GRIGIN GF INVENTION

The United Stales Government has nighiz o ths imvenion
puruan o Contrael Moo Wa T4k ENG-32 hetween the U5
Department of Encrey amd lowa Slae Universily, Ames,
lerwa, which contract granis 1o the Jowa Stale Universiy
Research Foundation, Ine. the nght 1w apply tor this palent.

FIET.ID (OF THE INVENTION

The present invention relates @ casting, of owetals and
alloys, and W casiog vessels aml meibods.

BACKGEOUND OF THE INVENTION

The high costs of nianium assoeciafed willl i exiraciion,
meling, fabrication, and guality control have severely lim-
ited riianinm use [or applicalions other than the ssrospace
industry and niche corrosion resislance applications. Mearly
S0 of the cost of titanium cin be atiributed 1o Eabrcation
costs. Cureenily, most wenaght titaniom produets are derived
from massive cylindrical ingow which must be broleen down
by muliiph: steps of forging and rolling.

Continwous sisting of steels has been practiced for many
years and invelves poucing o siream ofF steel mell inlo an
open-botiomed, walcr-tooled, permanenl mold. The molicn
steel is solidificd as it wravels the kengih of the mold and iz
concurrently drown oul of the open Botiam af the mold
dicectly W nilling mills. However, direct wansler of sieel
eontimuous casting technology 1o the titaoium indusiey iz
complicated becanse molen (iaoiim i such a reacive
metal mlatpee W ceremic matkedals typically wsed w Tabi-
eale the mell handling compronents of a continuous casiing
/ystem.

There iz a need tor ceramic mell handling companents
thal are cumpatible with molen tlitanivm aod i alloys as
well as other reactive metals/allovs thal may be amenabls 1o
continuous casling. Compatibility includes mot only Lhe
reduction ol vhemica] reactivity Detween e mell handling
components a0d the molien reactive metal/alloy but alsa the
mitigation of themnal shoek sensilivity which anises teoni Lhe
combinalicn of rapid Ihermal stress gradieal bermation dur-
ing casting and the inher=nt brinleness of common ceramic
malerials.,

An ohped of the prsenl iovention is o satsfy this need.

SUMMAEY OF THE INVENTION

The present mventien podvides 10 oo embodimend &
onE-picce, composite, open-holtom mell containment
vissel, having a crueilxle section aod an inlegral withdrawal
or discharge section, thal is fabricated in a2 manner from
matzrials thal exhibit compatibility with 3 molen Ractive
metal or alloy, such as, for exampls, lilanium and is alloys.
1o a particular ermbodiment, a ooe-pigce, composite conin-
rrng casting modd has an open-bottom cruoble section o
conlain the molwn metal or alloy and an ioegral open-
bottom tubular withdrowal secticn. The integrated erucible
andl wilhdrawal sectivms comprise an inner thermal sprayed
meli-contacting laver that is sekecled to be compalible wilh
the molien metal or alloy and an outer ihermal sprayed
back-up laver, the Tayers being thermal spraved in g manner
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to imipar themal shock resmtancs 10 the inlegrated concble
o withdrawal sections. An induction coil s positoned
about the open Bonem crecible scotion w mell andsor heat
the metal or alley terem, whils the withdrawal seclion 5
ot actively heated sobat molten metsl or alkoy is solidifled
as it Iravels the length of the withdrawal scciion Eor with-
deawal of 2 shaped contimious cast product (2.2, bar, rod,
el from a Jower open end of the withdrawal section.

The present inventiom provides in another embodiment a
one-pieec, composite open botlom melt holding vessc]l hav-
ing an open-bodtom crucilila seetion (o sontain mallen medal
or alloy 10 be atemized and an integral open-botom wbolar
malien metal or alloy discharge seclion proximatle & gas
slomizing nozzle, The integrated erucible and discharge
seclions comprise an inner thermal sprayed mel-comacting
layer descrited above compatible with the molten mete] or
alloy and an ourer thermsl sprayed back-up 1ayer, the layers
being themal spraved ima maner to inwpant thermal shock
vesistance to the miegrated crucible and discharge seclons.
The discharge section 15 positioned relative 10 the atomizing,
mozzle such tal molten melal or alloy discharged from the
dischange scetion i atomized 1o form powder

The afarermentioned objects and advantages of e presen
imvention will become more ceadily apparent from the
following detaibed description ialoen with the following
deawings.

BRICE DESCRIFTION OF TIHE DRAWINGS

FIG. 1 s a loogiludingl sectional view of 3 cne-piece,
composite open boliom conlinwois casting mok baving a
crucible section and intcgral tubular withdrawal scetion for
conlinhils Cesting.

FI{i. 2 s a schematic elevational view of conlinoous
casting spparais thar inelodes the one-piece, composile
open bowem cominuous casting mokd.

F135. 3z is a schematic side view showing a plasma arc
spray gun and cooling air jeis for thermal spraving, and

FIL. 3 i3 a achemalic plan view thereaf.

FILi. 4 i5 & sectiomal view of high pressure gas alomization
spparaiws ingluding 3 one-piees, composite gpen-bolem
crucible section W comlaim maollen metal or alloy and-an
inlegral tubwlar mollen metal o alloy discharge section
proximale au dlonmigr.

DETAILED DESCRIPTION OF THE
INVENTION

Referriog o FIG, L, 2 ooe-picos, composile conlinnous
castiog mcld 1 is shown having an opoo-bottom cracible or
receptache sectioon 12 and integral open-botiom whbular writh-
drawal (discharge) section 14 pursuant 1o ao smbodiment of
the imveotion for continuous casting of tianium metal and s
alloys, such as Ti-6 A4 Ti-SAL-1Mo-1Y, Tial, and others.
The invention is mol limited o contiouous casiing of lita-
mium1 and its allovs, sinec other reactive melals and allovs
that are reactive with ceramic mell handling camponenis can
be cast in the prectice ol the invention. For example,
zirconium and its alloys, race carh meotals and alloys thercof,
melybddenuny and allovs thereot, and olber melals 2nd allovs
reactive wilh ceramic mel hamlling oomponems can b cast
using iy ooe-pices composite continuous casting mald 10,

The one-piece, composile contimuous easting mold 10 iz
fabmicated in include open-tatrm crucible section 12 having
a downwandly comerging conical, Tunnel shaped crocible
charmber 12a {e.p. Funnel taper 172 degrees relative to
srertical) o hodd molien tilaniem or an alloy thereof, the
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chamber 122 including an open fop 125 and open botionm
12¢, The imeeral wbular withdrawal section 14 can include
a ciccular, polygonal or cther cross-sectional shaps that
tapers slightly owiwardly (eg. 085 degrees relative 1o
vertical) In a downward direction o coutinuously cast
melalfallny products baving the cross-sectional shape por-
responding (e lhar ol tbe wilbdrawal section 14, For
example, a cylindrcal tubular wilhdrawal section 14 wall
prrocduce a cylindeical comtimuos cast product (2.g. bar and
rocd)y that can be withdrewn from the open bottom cnd 14 of
the withdrawal section 14, With 2 polvoonal withdrawal
cross-section, square, C-beam. thin slab, and other cost
products can e withdrawn form the open botiom cod 142 of
the withdrawal section 14,

The rme-picce oomposile, apen boliom onliniols cashing
mokd 14 is Cibricaled such thal the crucibbe section 12 amd
wntegral withdrawal section 14 each mclede an moer thermal
sprayed melt comlacting refraciory ceramic layer 20 that s
selected Lo be compatble with 1he mellen melalalkoy and an
outer therwal spraved layer 23, the lavers 20, 22 being
thermal spraved in a2 manner 141 imparl thermal shock cesis-
tence tcr Lhe imiegrated crucible and withdrawal sectioms 12,
14, Compaiibilily or compatible as used herein includes not
enly v reductinon of chemical eactivily of the continuous

casting mokl with the mulen reactive metalialloy Dot wlso

the mitigation of mold thermal shock sensitivity which
arises from Lhe combination of rapid 1hermal stres gradient
[ormution during custing. The layers 20, 22 can be thermal
sprayed as laught in peoding application Ser. No. (/343
012 filed Jun. 22, 1999, the teachings of which are incor-
pariated herein by reference.

For purposcs of illustration only, fer continuous easting of
tlanium snd s allews, (b inoer mell contaclng layer ) can
comprise yurivm ugide while the wwer layer 23 con ovm-
prisc tungsten or other refractory metal such as lantalum,
molybdenum and like melal or alloy that 5 campatble with
the inner laver 20, has suitable pelraciory propertics, aod cun
be induction heated by suscepiing o an chketromagnelic
fiel of elecirically resistance healed a5 described inSer. No.
343009, the wachings of which ame imorporaed hersin
by refcrence. The outer layer 22 also can compnise a ceramic
malerial such a5 viiria stabilized zirconia.

The one-picce, composite open bolom continuois casting
mokd 18 is made by thermally spraying suitable matcrial on
a fupritive mandrel 60, F1G. 3z, 1o deposil the inner Layer 20
thereon, The Bigilive mandrel is shown in FIGS, o, 36 as
a simple cylinder For sake of comvenicnee, the actual man-
drel shape being o negative of the interor of the desired
contimuous casting mold 10, The fugitive mandcel @ is
machired or otherwise formed to have the configuration
corresponding Lo 8 nepative image of the mold 10, As a
resull, simple and complex comlinpolls casting molds 10 can
be Formed, Morcover, the exterion configuration of the mold
can be contrelled by varying the thickness of the layers 24,
22 as desired aleng the length of the mandre] &0 by appro-
priately memipulating the thermal spreying device (cg. o
plasmy spray cun).

The fuginive mandre] 60 1hen is seleclively removed Froom
the thermal spraved inner laver 200 For example, il (e
mandrel s mechined of graphile, the maodrel can be
rernoved by heating the mandrel 6 ayer 20 at 1000 degrees
in air Cfor a time (0 bum oul the mamdeel, Allernaely, the
mandrel can be selectively removed by chemical dissoluiion
rrr attack, melling, vaporization or alher eomoval echnigue
depending upon the mandrel matenial wed. Other mandre|
malerials Thal can be used include wood, eopper,
thermoplastics, sall and others. 'The mandre] can be fremed
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to desiwed shape by rachiong, owolding, castmg, and other
suitable foming method for the pacticular mandrel maerial
used,

Themmal spraying of the foner meli-conlacing layer 20
can be achieved using various themal spraying lechnigues
which direct a spray of mdden o semi-melien or sofiesed
drophets of material at the mandreel aod include cooventional
plazma are spravy {PAS) thal involves eleetrizally ionized
carrer gas and ceramic poswder Eed mareoial, high velociy
oxygen fwel 1wocch (1IVODE) (hat involves & combustion of
hwdeopen o hydeocarbon fuel and oxvgen and ceramic
powder Feed material, wire arc spray {WAS) that involves
clecinie melting of wire of rod feod matcrial, aod other
thermal spray techniquez where finely divided ceramic
matenal & deposited ou the mandrel 60 in a molten or
semi-HmeHien or softencd condition to Brem e spray doposil or
layer. The mandrel ypically is not preheated prior 1o begin-
ming of the Wermal spray operation. The mandre] typically
is beated during foemalion of the inncr layer 200 by the
thermmal spraying of malten or szmi-molten ceramic malerial
which solidifies und cools thereon, alibough W mandrel can
b preheated if desired.

The outer layer 22 also can be thermally sprayed in the
mannzr desenbed abave. The ouzr layver 22 15 thermally
spraved onlo the typically self-supponing inoer layer 20
after removal of the fugitive mandecl &0, although the
imvention s ool 50 lmied. An oplional ceramie thicd Iayer
(sc¢ FIG, 4 can be thermally sprayed oo the layer X2 if
desived wsing like thermal spraying nechmigees.

After the mold 10 is thermally spraved (n the abowe
manner, it may be machioed o leongth and external coofigu-
ralion by conventiomal machining practice used for brinle
matenizls, such as for example, diamond grinding and saw-
ing

For fabricating the continuows casiing mold Heof F1G. 1,
the mundre] comprised machioesd graphile as & pegative of
the mold shape desired. Duniog thermal spraying, the man-
drel was held in 4 eotating chuck (not shown} of a0 <leciric
mtor driven turntable inow verlical onentation amd roeated an
A4} rpm in the diection shown in FIG. 35 celative o
& plasma spray anc gun (UM,

‘Themmal spraying of the conliuous casting mwld used
virium oxide puaviers commercially wvailable rom Nunon
Ceramics, Worchester, Mass., having ¢ paricle size of
greater Ihan 10 and less ) miceons for inner laver M and
ngslen powiker comnmercially available Do Praxaic Sur-
face Technologies having a panticls size of greater than 45
amd less 75 micmons for cwler laver 23.

Themal spraying of yitnum oxide powder was conducied
usirg 4 commmercially availible Praxair S0-HHF plasong ane
gun available from Praxair Surface Technologics,
Indianapohis, Ind, and opsraled under the following confizu-
titlion wl paramelers:

anike—Praxair pan mumber 3083145

calhode—Praxair parl number 308 3-129

pas injeclor—Praxaic pan oumber 3053130

elecirical currenm—9N amperes

volizge al high equency staner—a3.6 Yolis

Ar are gas Now rale—37.5 slpm slandard leers'minule)

e auxiliary gas Aow rate—20 slpm

Ar powder carnicr ges flow rate—35.4 slpm

powder ked me—I15 gramsminus

spray distance (ketween gun and mandrel}—10 centime-

bers
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gun aoiling air wid { Praxur part nomber SO04568)

and cooling jets 62 iolal How rale-—1500 slpm

The thermal spraying of the mwngsien powder was con-
ducted wging (he same plasme aec gun i FIGS. 3o, Ab
cpreraned wocker the saome gun confizuration and parameers
with the cxeeption of increased mngsten powder Beed rate of
55 prams/minute.

The graphive mandrel was spraved with werncal simokes of
the spray gun until the inner laver 20 was deposiled o e
thickness of about 1.3 mm {Iypical ihickness range of 1.25
03 1.5 mm) The mandre]l wilh the inner [ayer 20 thereon was
remeved from the chuck and placed on a bed of yttnum
oxide and hezled to 10D degrees C in zir for several hours
t burn out the graphite mandrel.

The resuliiog single ytrvm oxide inncr Jayer 20 was
mounted on the chuck and plasma are sprayved wilth tungsien
as described above 1o foron cuter tungsien layer 22 ihereon.
Themal spraying of 1he ungsten layer was conducied until
A single rungsten layer thickness of abour 1.5 mm {(1ypical
hickness range of 0.8 (0 1.2 mm) was buill up. The mold 140
then was machined 1o finished dimensions wsing a diamond
saw. The inner diameler of the narmowesl ponion of (he
conical wp mold chamber 122 was about 24.0 mm. The
length of the lower withdeawal mube 14 was about 1396 mm
with an approximats sxit inner dismetsr of about 26.7 mm.

Dwring 1thermal spraving of the layers 20, 22, cooling air
jeis 82 spaced apart along the leagth of the mandeel, FIGS.
3o and 3b, discharged cooling air pecpendicular i the axis
of rolation of the mandrel to impact (e deposiicd material

after it splats on the mandrel or previously deposited mate-

ria] andl deforms withonl imlecfenng with maltzn or semi-
molisn particles before they suike the mandrel or previous
deposit. Five such cooling air jeis €2 wore equally spaced
apart alang the leogth of the layers 20, 22 ar a standoff
distapee ol about 1.5 inches (rom the mandrel 1w establish
overlappiog cooling air jots on the lavers 240, 22, The coaling
jels 62 and the moling wand of the plasma are pun had &
cumbined Mow rate (cta] of all coving jeis plas the couling
wand} of 1500 slpm using filiercd shop air, The cooling air
jels were directed Wb degrees aherd of the plasmi are gun as
shown in FIG. 3. Suitable covling wir jels wre available as
Silvenl nozzles from Silvemt, 29X Wolf Street, Racine,
Wis. and can be spaced away from 1he mandrel wilhin a
vypical range of 1 W 3 inches fur example voly depending
upon aclicular spraying parameters and materials. Such
high cooling gas Aow rales rapidly cool 1he molten or
seni-mollen splats of deposiled malerial (¥Urium oXide o
wngsten) 1o retain residual compressive siresses especially
in the inmer layer 20 bo also o (he ouler layer 22 o miligale
termal shock o ibe integraled sectons 12, 14 in coolinuous
casting serviee. The thermal sprayed layers 20, 22 are nult
up through 3 sequence of doplet soldification events which
Lewnn a lurellar miciosliaiuge conprising high dsped ratio
grains [ fatie ned solidified deoplets) of the deposiled yorum
oxike ceramic or tungsten matenal. This layer microsinig-
e produces a grain bridging et and 1 neltwork of
imolated fine porosily o help resisi propagation of cracks
caused by thermal siress

FIG, 2 illusirales a conlinuons casting machine of the
geoeral lype desenbed 10 US Pal Noo 377500, ihe
teachings of which are ineorporated bergin by reference. The
one-piege Composile, open BOILOM  conlinuous <asling
ceramic mold 10 described above was used in the contimi-
rrus cesting mmaching after the mobd W wes mounted inoan
opional graphile conlainment vessel 90 on a boom support
plaie 92 which may be graphile also or oiher material, FIG.
1. The deymwardly convenzing conicel crucible chamber
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12 of the crucible section 12 wis suceoloded in ao indue-
ticwy ool IC while the lowver doswnwardly diverging with-
drawal scetion 14 was not sumounded by an induction eodl
s asnol W be actively beated, wherehy molten litaniim was
solidifled as it ieaveled the lemeth of the withdrawal section
14 for withdrawal of 2 shaped centinuous cylindrical casting
{rad or bar} from the open end B4 of e withdrawal section
14. A salid cylindrcel daniwm ingot with o slightly wader-
sized diameter was THaced st the midpeint of the withd raaeel
gacjon 14 as a starting swb (plog). The bodtom of the
starting stk was drilled aod apped o allow afschmen of
a water conled shaft 51 of & withdrawal mechanizm WY As
the induction field was increased, the graphite containment
vessel (FIG. 1) and mngsien layer 22 acl ag 1he suscepior of
the induction ficld to goncrate heal which was conducied
thraugh the innzc layer 24 inta the solid charge of titanum
in the chamber 124, As the Wanium charge M was heated
and meled 10 chamber 124, the sehdified cyhndrical ingo
| was withdrawn from the bonom of the withdrawal section
L4, while fresh booss titanium change malerial was continu-
ously fod 1o ihe chambser 1.

The vaowum light aluminum furnsce chamber FC was
Ta.2 cm long with 2 76,2 cm diameier hinged door, The mold
or crucible 10 was mounted in the bottom of the chamber
with an additional 17 .8 cm diameler long extension chamber
FCE for ingot withdrawal, Adl Aanges of the furnace were
watcr-cooled and incleded o-fing seals. The fumace was
installed vmoan elevated deck to Tacilitace inged withd cawal.

The power supply 3P 1o induciion coil “work coil™ was a
L0 kW, 9600 Hz maoor gencrator rated at 440 WA and 2238
Armps AC The veruum system consisted of o 1250 ¢fm
motary hlower backed by a 140 ofm mechanical pump. The
furnace chamber FC was cvacuated to less than 30 millitorr
and then backilled with 15 simosphees of an el gas such
W AN,

Titanium charge materizls M {c.2. tumings of a Ti-6%Al-
47%Y alloy where % oare by wieight) Tor melting weree placed
im & S08 vm high thamber CM moumied on a 254 cm
diametcr cxiension 1o the right zide of the famace chamber,
An additional feed chamber {not shown) could be added bo
the wp ul the ongingl chamber [or providing increased
charge weight. The charge was gravity fed through » 7.6 cm
diamelzr funnel shaped apening al 1he boltom of the cham-
her ChA oot sn eleciric vibrawry feeder VE The vibratary
feeder delivered the charge material onlo a chule OT exiend-
ing over the edge of the mold or ctucible 10 whers the
charge waterial el into the mold of cocible 106 As the
melting progressed and stabilized at a superheal of abow
HI-100 degrees O ahove the alloy meliing point, the ingot 1
was wilhdrawn from aboul U oid-painl of the wnlwated
lorwer withdrawal section 14 of the mold 10 ensure sohdifi-
catiom of an least an external solid shell hefore entering the
wilhirawal chamber C in e fsce. The wiler cooled
shaft SH connected fo the bottom of the slading plog
extended throwgh the boitom nf the withdraeeal chamber C
via & vacuum gland 5 so thal withdrawal of the ingot oL a
vale of 159 mm/minuie was schieved by an electric molor
(oot showm) and worm dnve serew mechani=m D%, [Loose
Lilanium charee malerials can compriss Llinm brguslles,
sponge, scrap and the hile.

Referring to FIG. 4, amoiher embodirment of the invention
involves a ong-picee, composite open bollom mell contain-
menl vessel or crucible 1M for use in a gas atomizing
apparatus, for exarmple, of the type deserbed in 0.5, Pat.
Mos. 5025574 and 5,228,020, the 1cachings of which are
incorporaled herein 2y reference, The vessel or crucible 104
has an openetom crucible or eceplacle section 12w
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contaie wioligs coedalfalloy aod an ilegral open-baollom
whilar molien oetelialley dischanze secton 104 The ¢n-
cible section 102 and discharge secton 104 comprise an
intwer (heronal sprayed mel-conecting layer 20 lile that
described whove compaiible wih the molien metalalkoy
(<8 vurium oxide for tianium and s allovs) ao Lnerms-
diate thermal sprayed layer 22 {2 g wingsten layer shown as
thickeoed black hine) and en oprionel oeter cefraciory oxide
thermal sprayed layer Z4 thet can comprise Zrid,, for
exampls only, e lavers being 1bermal spraved in the
manner desenbed atwrce o impart thermal stk resistance
W the intcgrated crucible and discharge sections and for
thermzl insuluicn of 1he nozzle, The discharoe section 1494
is posilioned relative to gas discharge orifices 130 of an
atomizing nozzle 13 5o thet molien metal'alloy discharged
from the discharge ssction 1M is atomized o form powdsr
The gas discharge orifices 130 receive high pressure atem-
1zing gas, such s argon, rom memicld 131 as described in
the above U5 palents. The discharee section 1M fan be
surrounded by a sidinless sieel fubular (ip 133

I wse in the alomization apparates of FIG. 4, indoction
anils 152, 154 inductively hear the imermediale tungsien
layer 22 of the vessel or crucibke 104 25 the susceplor of (he
cleetromagoetic ficld of induction coils. Altermatcly, the
intermediate tungsten laorsr 22 inthe naroow ube section 14
can be clectrical resistance heated by conosciing 1o a suit-
able conventional furaace elecinic power supply (oot
shown). The induction coils 152, 153 can be separate From
one another or inisgraled wecther. [n FIG. 4, 1he induction

coil 142 is arranged to inducively heat the containment

vesie] Wik and the inlemnediate tungsten layer 22 and mell the
solid tilanium charee in the cnucible seciion 102, and he
induction coil 134 is arranged to inductively heat nerme-
diale mngsten layer 32 of the discharge section 1k 1o
mimimize outling of the melen meal or slley as i R
through the discharge scetion 104 10 provide Better tempera-
wree control of he mell before alomizaticn aod 0 prevent
[meeze up of the discharge sectiun 104. Flow ol the molen
metal or alloy can be conteolled by a stopper rod 122 and
siopper rod seat disposed Iherebelow on The coucible section
102, Alerosely, the swopper nal may be sliminated and o
solid, meltable plug (oo shown) can be placed 10 the
discharge saction WM and melled a1 an appropriate time
(when the molien menal or alloy is a1 o desired superheat
lemperalurs) to releass the molten metal or alley from the
erucible saction 102 for Qow hrough the discharge section
14 1o the alomizing nozde 1M The crucible secimon 12
can be supported al the bottom and/or sies by addinonal
refractory material (ool shown), such as refractory lining,
reftactory wool, sddilonal insulalion members, and Lhe Lke,
disposed in space 3 between the erucible bottom and sides
and the 1hermal insulation members shown in FI1G. 4.

Ralher than melling 2 solid changs i the crucille secticn
102, a solid charge can be melted in 2 separale melling
veseel or crucible (o shown) and then poored imo 1he
one-pices composile cricibhle 102, which would serve 45 4
turwlish.

Alhough the invemion has been desenbhed above wilh
respet o certiin embodiments, those skilled in the art will
appreciale that the mvention & oot limited 10 these embyod -
ments and thal changes, modificalions, and the ke can be
made therein withow departing from the s amd scops of
the invention as set Eorth in the appended claims,

W clairm:

1. Combination of 4 one-pitee, COMPMSEiG CONLNUOLS
casting mold for casting mwllen mels or alley, said mold
having an open-twdrmm cracible section t oontain the mol-

Al
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ten metal o allny and oo iotegral tubular open-botioon
withdrawal seclion which is communicated 10 said crucible
seciion and i which the molten metal o alloy 15 salidified,
siid crucible secticn and said withdrawal secion compnsing
an inwer 1hermal spraved melt-comacting ceramic laver 1hat
i selected w be compatible with the malten metal or alloy
uel an owler themmal sprayed back-up laver, said layers
being Ihermal sprayed to impan thermal shock resistance to
said mold, and an induection ool posiiooed aboun saed
crucible scerion to beal the metal or allow therein, whiks the
molien metal or alloy is selidilied as 0 tavels along the
withdrawal section for withdeawal of 2 shaped conlinwoeus
casting from said withdrawal section.
Z. The combinution of claim 1 whersin sakd ioner mel-
conlacling layer consists essentially of yiirium oxide and
said ouler layer comprises a refraclony melal,
A The combinetion of claim 1 wherein said coucible
zection includes 1 conical funnel shape communicating with
said withdrawal seclion,
4. The combination of claim 3 wherein said withdrawal
seciion bas a circular of polygoenal cross-seciion.
5 The combination of 2 ope-picce, composile vesssl
having an open-boilom crieible sechion i ontan molien
me:1al or alloy and an imegral wbular open-botem discharge
sectinn, said crucible section and said discharge section
comprising an inoer wemal sprayed meli-com@cling
ceramiz layer that is selected to be compatible with the
mialten metal or alloy and an owter themnal spraved refac-
tory layer, the layers being theomal sprayed w impart ther-
mal shock resisiance o the vessel, said discharge section
being positioned relulive w0 an atomizing noscke such tha
malien metal or alloy & discharped from the discharge
scoiion for alomization o form powder.
£. The combination of claim 1 including said inner layer,
a thermally sprayved inlermediate laver and said ouwler layer.
7. The combinetion of cleim & wherein said ionee mcl-
conlaciing laver consints sscentially of yiteiom oxde, said
inlermediale laver comprises a refraciory mel and said
outer layer compnses a rfraclory oxide.
8 The combination of claim 5 wherein said crocible
seciion includes 2 conical funncl shape communicating with
suid discharge section.
¥ A one-piece, composite vessel having an open-boltom
crucihle szction 1o contain molien meial or alloy and an
imtegrel cpen bolom, whelar withdrewsl or discherge see-
ton wilth said crucible section and said withdrawal or
discharnge section comprising an inner thermal sprayved melt-
confaciiog veramic Layer a5 selecled 1o be compalible
with the molten metal or alloy and an cuter thermal spreyed
hack-up layer, said layers being 1hermal sprayed Lo imparl
thenual showck resistames oo said vessel
1. The wvessel of claim ¥ whersin said inoer mel-
contaciing layer consists srsentially of yorium oxide and
Said cuter layer comprises af keast one of a relraciony nwtal
and refraclory oxide.
11, The vessel nf claim 9 wherein said crucible section
includes o comcal [unnel shape commwnicaling wilh said
withdrawal or dizcharge section.
12, A methnd of conlinunes casting of & reactve metal or
alloy, comprising:
comlaining melen reactive metel or alloy in an aciuvely
heatzd region of open bolom creeible seetion of 3
O0e=piece, COMposile continuows casting mold oom-
prising o inner themmel sprayed melt-comeciing Jayer
tha! is sslected 1o be compatible with the molren metsl
orf alloy aml an owler themial sprayed back-up layer,

solwlifying the molien metal or alloy in an imegcal with-
drawal section of said mold proximate said crucible
section and oot actively heated, and
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withddeawing casl product Bom oan open end of zaid ducharging the molien melal or alloy throogh o beated
withwl aswral sectiom rernote from samd crucible seetion. integral discharge section Of said vessel proximale sad
13, A mwihod of atomizing & reaciive melal or alloy, crucible section, and
COMprISING: 2omizng the molen metal o alloy discharged from said
containing molten reactive metal or alloy in an actively = discharge szetion,
heated mgion of open boticmn cnweibbe section of a 14, The methed of claion 13 wherein taninm or an alloy
one-picee, composite vessel comprising an inner ther- thereof is comained in said enocible section and discharged
mal spraved mell-contacling ceramiz laver ihat is through said discharme saction witl said crueilzle section and

selected 5o be compatible with the molten metal or dischanze section heving an inner mel-comacting layer
alloy and an outer thermal sprayed back-up layer, seid W consistiing essentially of yuriwm oxide.

layera being thermal spraved o impart thermal shock

resislance to said vessel, L N I |



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 6,425,504 Bl
DATED » July 30, 2002
INVENTOR{S) : Mathew F. Besser et al.

Page 1 of 1

[t is certified that ermor appears in the above-identifisd patent and that said Letters Fatent is
hareby comected as shown balow:

Colemn 7,

Line &, replace “meta” with -- metal --.

Column 9,
Line 9, replace “so™ with -- 1o --.

Signed and Sealed this

Thirty-first Day of December, 2002

JAMES E. ROGAN
Lhreevior of the Lhretedd Stafes Patend aod Trodewrark Ofece




