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known as being capable of converting info a thixotropic state upon the application of heat and shearing.

During healing, the material is raised to and maintained at a temperature which is above its solidus
15 temperature yet below its liquidus temperature. This resuits in the formation of semi-solid slurry. Shearing
is applied and maintained so as to inhibit the development of dendritic shaped solid particles in the semi-solid
material. As a resutt, the solid particles of the semi-solid slurry include what have generally been referred
to as degenerate dendritic structures. Two patents, U.S. Patents N'o_s. 4,694,881 and 4,694.882, which are
herein incorporated by reference. disclose methods of converting metailic materials into their thixotropic
20 semi-solid states.

U.S. Patent No. 4,694,881 specifically discloses a process where the material, in a solid form, is first
fed into an extruder and then heated to a temperature above its liquidus temperature to completely liquefy
the material. The material is then cooled to a temperalure less than its liquidus temperature but greater than
its solidus temperature, While being cooled to a temperaturé below its liquidus temperature, the material is

25 subjected to a shearing acti:_f;n. the rate of which is sufficient to prevent complete development of the dendritic
structures on the solid particles of the semi-solid material.

The other of these two patents, U.S. Patent No. 4,694,882, discloses a process where the material
is heated to a temperature above its solidus temperature where a bortion of the material forms a liquid phase

_ in which solid particles, with dendritic structures, are suspended. “The semi-solid material is then subjected
30 to a shearing action which is suﬂ" cient to break at least a pomon of the dendritic structures thereby being
formed into a thixotropic state.

An apparatus for processing thixotropic materials, and particularly magnesium alloys, formed by the
above two methods is disciosed in U.S. Patent No. 5.040.589. That apparatus includes an extruder barrel
in which is located a reciﬁrocatlr;g screw. The extruder barrel is disclosed as having a bimetallic construction

« . 35 inwhichan auter shell of the bar_hel is of alloy 718, a high niﬁkel al'joy that provides creep strength and fatigue

resistance at operating temperatures in excess of 600°C. '-:Since"'-"the alloy 718 corrodes and erodes rapidly

. in the presence of magnesium at the temperatures under consnderauon a high cobalt based liner is shrunk-fit
into the inner surface of the alloy 718 outer shell. The htgh cobalt material is disclosed as being Stellite 12,
manufactured by the" Stoody—Doloro-Stellnte Corporation and’ others The screw of that apparatus is

40 disclosed as being formed from hot worked tool steel havmg a suitable hard facing on its flights. No
particular material is set out for the hard facing in the specification of the 'S89 patent. The disclosure of this
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' A further object of the présent invention is to provide an apparatus and components which exhibit
high creep strength, erosion resistance, corrosion resistance, thermal fatigue resistance (to withstand

thousands of freeze, thaw and heat to 1200° F cycles), matched coefficients of expansion and sufficient
material iayer bonding to withstand the rigors of processing the above materials in a molten or semi-molten
25 state.

SUMMARY OF THE INVENTION
Briefly described, these and other objects are accomplished according to the present invention by
providing an apparatus and c‘ot'npohents which are capable of processing or conditioning the above metaliic
30 materials into a semi-solid thixotropic state. In this state, the metallic materials with which the present
invention is applicable are'hiéhly'corrosive and erosive and can be subsequently formed into a molded
article. _
The apparatus of the present invention is specifically intended to process materials which are highly
corrosive and erosive while In a liquid or semi-solid state. As used in the present context, these highly
35 corrosive materials would generally erode or dissolve construction materials at a rate greater than that of
molten magnesium, in otttet words greater than 10 um/hr. Representative processing materials include,
without limitation, the following materials and their alloys: aluminum, aluminum alloys, zinc alloys and zinc-
aluminum alloys. The remaining portions of this disclosure will only refer to aluminum or aluminum alloy as
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example, current apparatuses and methods for die casting moiten aluminum use steel and ceramic shot

sleeves. The shot sleeves are periodically cooled and coated in an effort to minimize the pick-up and erosion

25 ofthe steel sieeve by the moiten aluminum. Corrosive and erosion are limited by “cold chamber” die casting

techniques which limit exposure times. These processes however have proven to be less than ideal in

production situations. Ceramic materials have been used but cracking has restricted their application in
components that experience high impacts.

The intevior barrel envifonment is also a high wear environment. This is a resuilt of the close fit

30 between the barre! and the rotating screw as welt as the shearing movement of the melt through the barrel.

. in addition to erosion. reéisﬁﬁcé ‘and corrosion resistance, a suitable barrel or other component must exhibit

high creep strength (prassures up fo 20,000 psi) and high thermal fatigue resistance (thousands of
refreeze/thaw and heat to- 1200° F cycles).

Molten metal currosnon can occur by several different mechanisms. These include, without timitation,

35 chemical dissolution, interfacial reactzon reducuon and soldering. in performing the above trials, studies

were not designed to d|fferenl|a belween the dlfferent mechanisms, but to obtain an approximate overall

corrosion and erosion rale .'_ ich could generally be expressed as a dissolution rate which needs to be

withstood in order to be commercvally acceptable The actual corrosion and erosion mechanisms invoived
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outer layer of alloy Nb-30Ti-20W that is mechanically or physically bonded to a core layer of a material, such
as tool steel, alloy 909 or alioy 718. Preferably, the screw would have nitrided Nb-30Ti-20W over a similarly
15 low thermal expansion alloy, such as alloy 909. This maximizes creep resistance, wear resistance and
thermal fatigue resistance while minimizing debonding due to a mismatching of the coefficients of thermal
.expansion. Additional componerits of the extruder, including the extruder's nozzle, ball check, piston rings,
sliding rings, seats, valve body, non-return valve and valve body, retainer, goose neck and seals, are either
coated with or monolithically constructed from Nb-30Ti-20W.
20 Through extensive testing and development, the above construction of an extruder has been
determined to permit the commercial processing of aluminum into a thixotropic state for subsequent moiding,
which has not been previously possible because of the above mentioned limitations.

TIO S
25 FIG. 1 is a schematic flustration of one embodiment of an apparatus for processing highly corrosive
and erosive metals into a thixotropic state according to the principles of the present invention;
FiG.2isa schematié fllustration of another apparatus for processing highly corrosive and erosive
metaliic materials into a thixotropic state according to the principles of the present invention;
FiG. 3 is a sectional |llustrat|on of a barret as used in the present invention being formed with an
30 outer shell material, a buffer matenal and a bonded (mechamcally or physically) outer layer;
FIG. 4 is a sectional tllustratpon of a barrel as used in the present invention being formed with a shell
layer and 2 mechanically bondécj inner layer;
FIG. 5 is a sectional illustration of a-screw constructed according to the principles of the present
invention; and
35 FIG. 6 is a sectional illustration of a nozzle constructed according to the principles of the present
invention. '
FIG. 7 is 2 sectional Hiustration of a second nozzle and barrel combination constructed according
to the principles of the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention discloses an apparatus for processing materials, herein only referred to as
aluminum for reasons of clarity, which are highly corrosive and erosive while in a thixotropic state. The
apparatus, seen in FIG. 1 and designated at 10, conditions molten aluminum into a thixotropic state, allowing
the aluminum to be subsequénﬂy molded {injection, die casting, forging or otherwise) into an article, the
particular shape of which is not relevant to the present invention.

The apparatus 10, which is only generally shown in FIG. 1, includes a reciprocating extruder 11
having a barrel 12 coupled to a mokl 16. The extruder barrel 12 includes an inlet 18 located toward one end
and an outlet 20 focated toward the other end. The inlet 18 is adapted to receive the metaliic material from
a solid particulate, pelletized or liquid metal feeder 22. Depending on the state of the metallic material as
it is received in the barrel 12, heating elements 24 either heat the metaliic material or maintain it at a
predetermined temperature so that the materiat is brought intc the two phase region. In this region the
temperature of the material in the barrel 12 is between the solidus and liquidus temperatures of the material
and, the materiai is in an equilibrium state having both solid and liquid phases. '

A reciprocaling screw 26 is positioned in the barrel 12 and is rotated by an actuator 36 to allow the
vanes 50 to both move the material through the barrel 12 and to subject the material to shear. The shearing
action conditions the material into a -thixotropic slurry having rounded degenerate dendritic structures
surrounded by a liquid phase.

Once an appropriate amount of material has collected in the fore end 21 of the barrel 12 beyond the
tip 27 of the screw 26, the screw 26 will be rapidly advanced to force the material through the outlet 20 and
a nozzle 30 and into the mold 16. A non-return vaive 31 prevents the material from flowing rearward during
advancement of the screw 26. In the mold 16’, the material solidifies and the injection molded part is then
removed from the mold 16.

A second apparatus 10, for forming dis cast parts from the thixotropic slurry is seen in FIG. 2. This
second apparatus 10’ aiso includes an extruder 11’ having a barrel 12‘ coupled to a shot sleeve 14' and
further coupled to a mold 16°. The extruder barrel 12' has an inlet ‘18' located toward one end of the barrel
12’ and an outlet 20’ located at the opposing end of the barrel 12’. The inlet 18 receives the material into
the barrel 12' from a solid particulate, pelietized or liquid metal source feeder 22', at a first temperature. The
outlet 20° is adapted to transfer the material out of the barre! 12’ at a second temperature. By estabiishing
an appropriate thermal gradient, heating elements 24’ about the barre! 12’ serve to heat the material into
the two phase region or altémately to cool the material to the second temperature. This second temperature
is between the solidus and i'iquidus temperatures of the material wherein the materia!l will be in a semi-solid
state, i.e., thereis a thefmodynamic-equﬂibrium;between the primary alpha solid phase and the liquid phase.

A non-reciprocating extruder screw 26’ is located within the barrel 12’ and is rotated to move the
material through the barrel 12’, from the inlet 18’ to the outlet 20", in manner which subjects the material to
a mechanical shearing action as its temperature is being adjusted to the second temperature. The
combination of these actions produces the thixotropic structure consisting of rounded degenerate dendrites
sutrounded by a liquid phase within the material.
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The shot sleeve 14’, consisting of a second barrel 28 or sleé\_ieﬁ_hht' an inlet passegewey and an

9

outlet nozzle 30’, receives the material from the outiet 20’ of the extruder barrel 12'. Mounted for axial
movement within the shot sleeve 14’ is a hydraulically actuated ram 32’ that can be preferably accelerated
at velocities of \jp to 200 inches per sacond. '

In order to meter a predetermined amount of the semi-solid thixotropic slurry into the shot sieeve 14°
from the extruder 11, a controller 34’ is coupled to the feeder 22°-and the drive mechanism 36’ which
rotates the extruder screw 26°. When an amount of material corresponding with the amount capable of being
molded during one shot cycle of the ram 32' has been received within the shot siesve 14, screw rotation
is interrupted and the controller 34’ initiates actuation of the ram 32' toward the outlet nozzle 30°.

Generally simuitaneously therewith, the controlier 34’ also clqses___—__a valve 38’ which seals the inlet
into the shot sieeve 14’ during movement of the ram 32°. The vahie '36' pfeVents a backflow of the material
into the extruder 41’ during forward movement of the ram 32°. Additfohally; the valve 38’ prevents the inflow
of material into the shot sleeve 28’ generally behind the ram 32' when the ram 32’ is located between the
infet and the outlet nozzle 30’ of the shot sleeve 14'. The valve 38’ may be one of a known variety of slide
gate valves.

in the following discussion which details the specific construction of wvarious components, reference
will only be made to the apparatus 10 seen in FIG. 2. itwilibe understood however that the construction
outiined herebelow is equally applicable to the corresponding features and components of the apparatus 10
seen in FIG. 2, where similar components have been given the {’ ) desngn_ahon. The described construction
is accordingly not intended to be limited to the specific context in-which itis being described and should not
be so interpreted. o

In atriving at the specific construction of the present invention, numerous studies were conducted
to determine what materials represented fikely candidates for forming the barrel 12, screw 26, valves 38,
nozzle 30 and other components capable of processing a hfzg'hlyf corrosive material. An obvious initial
determination was that the construction materiai must have a‘high- melting temperature and resistance to
dissolution by the processed material, as well as good fabricability, s{rengfh and toughness. The initiat alloys
tested for dissolution in aluminum were accordingly based on Fe, Nl Ti and Co. The general industry
knowledge on the dissolution of materials by moiten aluminum is minifﬁ'"alz. Most knowledge of liquid metal
corrosion and erosion is specific to corrosian and erosion by--Na_-al_.'-qd' Li' which are sometimes used as
coolants in nuclear reactors. information on those materials is not difei:tly applicable to molten aluminum
because of differing phase relationships.

in evaluating the dissolution of the above materials, a stnp o_ ‘each of the proposed construction
materials was used as one blade of a titanium (Ti) stimer. The stlrrer was used to agitate an aluminum alloy
being maintained in its two phase region at 600° C. The stimng speed was kept constant at 200 rpm. After

stirring for several hours, the strips were removed, seclioned, pc Iished and their change in thickness

determined using an optical microscope having a micrometef : ta ._The results of the test are set out in

———
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- solidus tegrperature and ghfike®\(g) (S |iquidug tenperature ggothat the 10

material wllf be in a semioygo81 d state when exiting theo.extruder.

:Also while wijthin the bani®909t he al umi numis subjected0f® shearing. Th

.rate of shealfing is suchiopkigels it is{sufficient td9#fevent the

~conpl etes_fofmation o ggV Y i, shaped s¢lid parti cl%92; 0%"he seni - sol | d
10 n-4Zr-2NMo -

Y

melt. hi s condi';’_| )] | t intoitsthixotroo 'igsate. The
shearing acti

on is inducedpwgy a rotating
barrel passa ' ' 1Ty

screwflights formed on therpfy:. carosionBlosibl!Rates 6i@hdidalt!Mifdrigld shearing is
generatedqsn the annul ar space bet wae ailop @wiadt'60b° Girrdb e screwf | i ght

tips, Rotation of the screw al so causes the thixotropic alum numto
general |y travel fAsdidicatadby the test redults, the Thbasedalioys gave the lowest dissolwtionyates. oAl of the
nozzle, where it is discharged. d'_l'o further enhance sheari ngg an inpeller

wi th vanes cdtjoys appeargddo hayefomg EECH NP RPN aYsrs, PR EY SPrRESSs (PR,
Inits sem-sgli ' ! | Jiat ' | i d
erosi ve. - Exi S bt B Qg infrer iR, HE LM Rlefoedh gl A et
ment i onedazp N & HeBRMNKS Ry  raducEdigBbiLdh rdé Wouldbébtdiniined b@ife GiksdRitdnof he Alurhinkie S
. when exposed to nolten alloys containing alum num Accordingly, the

previ ously di moskietiwakcdelerpingsihaten aluminide haying a iowdlissautiprn ip elursizym wpyidumingionper
trials, the alum num caused the screwto weld to the barrel. By way of
exanpl e, cur rePEURIPSFat uses and nethods for die casting nolten al uni num

use steel and cer afma Feséé&% bin_ary phase diagrams of elements with aluminum were used to arrive at an initial

crew | ocated<pgpr W thin the

indication of solubilily in aluminum. Since the formation of eutectics implies a reduction in free energy of the
25 liquid when the solute is dig'_'sd!ved in liquid aluminum, this increases the tendency of the solute to dissolve.

Examples of the eutectic formers are Fe, Ni, Cu and Co. The opposite effect. an increase in the free energy

with dissolution, is implied by the formation of peritectics. This means the temperature must be raised to

dissolve the element or its-aluminide. Peritectics formers, such as Ti, Nb, V, Zr and W were therefore

expected by the present inv;ntom ta he more resistant to dissolution by molten aluminum than the above
30 eutectic formers. This w.a_s-.-ﬁmher supporied by the test results,

A Nb-based alloy:hévlng a nominal composition of Nb-30Ti-20W is a commercially available alloy
marketed under the name_‘eTﬁIBOCOR-Ssz.by Surface Engineering, Nosth Chicago, illinois. Since all of the
alloying elements in this ﬁballw form peritectics with aluminum, this alloy was further investigated.

Many ceramics have an exceilent dissolution resistance to molten aluminum. in terms of toughness

35 and wear, the perform_ance.of ceramics improves if they are free of porosity and elemental Si. Where

porosity is present. the ceramic composites of TiB, and SIC were found to be infiltrated by aluminum during

-7-



sl eeves. ‘The shot sleeves are periodically cooled and coated in an effort
to mnimze the pick-up and erosion 25 of the steel sleeve by the nolten
al umi num Corrosive and erosion are |imted by "cold chanber" die casting
techniques which linmt exposure tines. These processes however have_ proven

i to be less t PARPTRER i n production situations. CeramtCHral S0F 2 s
* have been used but cracking has restricted their application in
* conponents that experience high inpacts. The interior barrel

envi r onMenitibiResty. SKfilvatibh GuatyRasursnsighPré@asting ikétbdhnédtedPofosityl Minefthd dafandid OSe
fit 30 between the barrel and the rotating screw as well as the shearing
. movenent ofnatetials were pore freebig hontdined fierr Sicthe Si dissolved Pyring thelitest and aliayved pigwingm to
 resi stance, and corrosi on resistance, a suitable barrel or other conponent

" must exhi binfitrate. Thermplicyging. fepeated Ireeze And thaw gh tha infitpted alumynuUR WILRYSIRG PIRRPte 68 596
kP d hi at i a i : Ao 1 &f 2/ th
A heat o SR e Rranh i af Rl iy tre corami RASA g 64 SAE | "2

 COrrosi @n madrid GRdula thetefsrd\beaddidedish BIPEGRR tand e BBk Meterid MG AISCbLIRR, of Why hout -
“limtation, 35 chem cal dissolution, interfacial reaction, reduction, and

- sol deri ng. intescoperted phaseg whith raitft veadily disdolve istauctiners. Hexalloweae maodfactiesdi ned
“to differenti ate between the different nechani sns, but to obtain an

~ appr oxi mat E3BYUIYN Corp- Niagaee,Falg, 8o .3 PR o376 SHE of2dR & Sifhs erp LELACEM TS | v
be expressed aswé cgén%%%é}é Elggfo[uﬁ{)tﬁ n%ﬁha.&%ﬁ’a% r&tgs iR?nolten alur|¥|¥|u . Sl-tloglg\(ijer.l tne
cia pt abl e’ e

order to be commer y acce actual corrosion and erosi on
mechani sis cdnivdnloBeéls for WC cermets, Co and Ni, hav¥\6dofkf bidsolilich resistance than Ti as seen above. If

PCT/ US97/ 10229

10 peritectic forming binders such as Ti, Nb, Zr and W (all having greater resistances to aluminum dissolution)
were used, the performance of WC cermets could possibly be improved. Cermets are, unfortunately, costly,
low on toughness and fabricability. Commercially, WC cermets are not bonded with peritectic formers. Both

- ceramics and cermets lack the toughness needed fo resist cracking in the rigorous thermal and mechanical
shock environment within the processing apparatus.

15 Because of the corrosiveness of the molten aluminum environment, any Fe, Ni or Co metallic alioy
so used should be surface coated or treated to increase its life. Ceramic coatings would probably prove fo
be impractical because of the thermal cycling and cracking. Common wear items, such as cutting tools, are
generally coated with TiC or TiN and these were considered. Carbides and nitrides of the other metals
mentioned above cm;!d be viable alternatives to TiC and TiN.

20 Since the material selected for constructing the barrel 12, screw 26 and other components of the
present invention must possesses good fabricability in addition to good strength, toughness and wear
resistance at the operating temperatures, ceramics and cermets, even though having good dissolution rates,
were concluded not be suitable materials for the large components of the present invention. Other
components, including non-return valves, sliding gate valves and other smail parts, with generally simple

25 geometric shapes and used in contexts where cracking of the component is not a concern, the cermets and
ceramics are concluded {o be potential materials.

From the above initial dissolution test, it was found that Ti-alloys and Nb-alloys appear 1o offer the
best potential as a construction material for the apparatus of the present invention. Further tesling on alloys

of these types were then conducteg.



are-nore’ conpl ex than sinple dissolution. For present purposes, a high

dissolution rate is defined as being greater than 10 [err]m hr.
The Inventors of the present invention, after significant testing and
eval uation, hayg,geglsoped a novel extruder constructi onpgitrussried2b ows

hi ghly corrosive and erosive nmaterials, including alumnumand zinc 5

alloys, to be conditioned into their thixotropic state w thout undue

detriment to the extruder itself. The barrel of the extruder is

constructed with \eriousTtaipyswasparquitdd fof testingapd $0me tihesp Ti-aiqyp were gypjecied t9ja tffigingn

cis lined by an inner.  ~ layer of corrosive a e e oMl 538 egond

“material. PrEgatpeshwhich fstﬂ“'ﬁﬁ%eﬁm‘?'wg?r o %’Pysi ’S}ﬂ 3SF%§/°V'/V%§ TRad and 3?11%

. inner layer js.. nd S ; dm th: B6ove Heftiondddlidiierwith Gvol al

"is alloy 909’“5"&%43%’-%%“F’%ﬂggam‘ﬂeg%’%@%&f ‘gé'glg‘{ag'sml{lb- o an i ah e oo
ni trided. Boggkréi@supbceliBfmeniis) RiandCNi(réapécivelyinirided ahd icarbnitiided s@ticdtyeatir@ntsie iBefoeer

o shrink fitting or H PPING of the conponents with a buffer |ayer between the

. two. . 5 further dissoRitimmitastingnthel Thend Np-plioyswergeremingdigggsursrthat ng vayigps sampleg were in

screw, the rotation of which operates to subject the material to

 shearing andffi$ufacaifestes e the nmaterial through the barrel. The screwis

- construct ed with ﬁgne experi tha%g L-?%% “BL uﬁh LQ{ suNPg %Q.Tﬁﬁig%ﬁéﬂﬁ{inﬁlloy 356/601

. mechani cal ly or physi ¢h 'f“y bonged {Q @ core ayer of a material, such

as tool steebse28td Sh SURSH B 128Holire ¥t 205Fpm. RN fred wdsl quite redistars cr aluminuor bigl dhicexkibit

~nitrided Nb-30Ti -20Wover a sinmlarly 15 |ow thernmal expansion alloy, such

as al | oy 909 patdHes bigimia i fmnz @i ettack efdhe §5MbtT6t ance, wear resi stance and

thermal fatigue resistance while mnimzing debondi ng due to a m t chi ng
of the colficient@ddiond jretrgde T and Nb"“@ﬁ?ﬁ@f"‘(?ﬁ&%%?ﬁ'gfeétr?ﬁﬁ"p 8%%“6%%%%"%8?&
the extruder, | dindygd 4 u\s%mggﬂ WS GiredTor QR Ada®r elddeh ous NPifetesult ¥ ihRResfirg i Svel
sliding rings, Seats, valve body, non-return valve and val ve body,

retai ner, goQsheBgstiicsrbghrdiraach of ik Gsd sIldgy is presented bJabled Wi th or
nmonolithically constructed from Nb-30Ti-20W_2 Through extensive

testing and g¢level opment, thgapkpve construction of an MmadolusdsRateas been
determined t¢ permt the commercial processingjof alum nummito a

~ thi xotropi c $tate—for—subseguent—Totdi110; whiTh has pU_Deen
previ ously possibl e becaub@AGl €0 above menti gned | it at Fons.
BRI EF DESGRI PTI ON OF ThifsARiAYaNGRdideu) FIG 1 is aschematic
illustrationjof one enbodi nent of an apparatus|for processi Do hi ghl y
corrosive and er oSTAMEREded) ni o a thixdtropic stat& according tp
the principlgs of therpaRdLEdurddd)Tiolisedn; FIés 2 is a
schematic illjustration of another apparatus for processing_highly corrogive
“and erosive Ti-6Al-2Sn-4Zr-2Mo (Cast) _ 28
| Ti-6AI-28n-42r-2Mo (Cast) Tiodised 24
20 Ti-0.2 Pd (Extruded) 14
" Ti0.2 Pd (Extruded) Tiodised 16
Tribocor 532 N 6
Tribocor 532 CN 6
25 TABLE 2: Comrasion/Erosion Rate Eleven Hour Testing of Ti and Nb-alloys.

. By examining-the microstructures of the samples after the test, it was revealed that all of the Ti
samples formed an aluminide layer when exposed to the aluminum melt. The thickness of the aluminide
layer varied between 30.m and 60.m at different locations and between the different alloys. An oxide layer
was not present even in the tiodised samples and it was therefore concluded that tiodising does not improve

30 the protective layer agai;!§t_- attack by molten aluminum. The microstructure of the Nb-alloys remained

-9.



metallic'materials into a thixotropic state according to the principles of
the present invention; FIG 3 is a sectional iIIustration of
as used in the present invention being formed with an out er

a barrel
shel | mat

outer |ayer; WO97452 FIG 4 is a sectional jHust+at i‘g s‘ﬁm(ﬁ

as used i

erial, a blgffer material and a bonded (rrechani call

n the present invention being forned with §Hl§h§HEET HAS BEENcyer

a nmechani cal ly bonded inner |ayer; F1 G HREPEAGEDsect i dnal

illustrat
present

I 11 ust r at iverefodd didnon@sat nrethebnmnmwcambnmwdlmgtemb-aﬂdm Fom theiegl lta@n bé seehe

pr esent

iuREhaRfed ReSOhE YurRBd aflef Bipb&ife RORGMEA BNBINLA. THE cXPoBURE lohaRen alumintie
i nvention; and 35 FIG 6 is a sectional

i nventi on. is_a secti

1 T ust r at it s Ne:alews e Repgporater, aubstartly '%ﬂrﬂﬂ"ﬁ’é& T‘ﬁFPV&d'PFs‘E'ﬁsB'EtE"Bdates of

accordlng

PCT/ US9q'/ 1ieddlion rate for theDF-AidY4: BRY IRERNS bifferbrividurfdee Todmméndr Rl aohéEidRidy T

tiodised Ti-alldyS wte:%esmg g%%ﬁor%nghnl%d@ed%ﬁﬂ}s. DU &) Exnibited the towest

The present invention discloses an apparatus for processing naterials,
her ei n onlsigniieahidiffeseticd io diaeplution rates.

10

15

20

25

in addition to showing that the surface treated Nb-alloy was superior to the Ti-alloy in resisting
dissolution by molten aluminum, it is noted that the bulk hardness of the Nb—alloys is approximately 600HV
{50kg) compared to approximately 300HV (50Kg) for the Ti-alloys. Ina combined wear-dissolution situation,
the relative bulk hardnesses result in the Nb-alioys out performing the Ti-alloys. Furthermore, if the
aluminide layer which formed on the Ti-alloys is continuously removed by wear, the dissolution rates of the
Ti-alloys would increase over time during use of the apparatus.

In comparing the effect of the present apparatus's operating temperatures on the different alloys, '
the absolute melting temperatures of the base metals were used as a guide. For Nb this is 2740K and for
Ti this is 1950K. The operating temperature of the apparatus 10 of the present invention is approximately
900K and this is 33% of the absolute meiting temperature for Nb and 46% for the absolute melting
temperature of Ti. From this it was concluded that the Nb based alloy will be mechanically and
macrostruciural more stable than a Ti-alloy at the relevant operating temperatures.

While the above tests vielded an alioy which was heretofore not known to exhibit 2 good qissolutlon
resistance to moiten aluminum, it remained to be seen whether or not an apparatus 10 constructed according
to the present invention could be constructed from this material.

in attempting to fabricate a full size barrel according to 1h_e pfesent invention and ufilizing the Nb-
alloy mentioned above, a barrel 12 was constructed with an outer pprtioq'or layer 40 of alloy 718. The outer
layer 14 was 76 inches long, 7 inches in outer diameter, and 2 ‘A_"inche‘s in inner diameter. An Nb-based
alloy tiner or layer 42 having a thickness of at least 0.2 inches-—;i:s.qjeéired. ‘Because of the significantly
different coefficients of expansion between the Nb-based alloy (ab'ou_t__'SPF) and alloy 718 (about 8.3/°F), it
was thought that shrink fitting the liner 42 within the inner diameter of the outer portion 14 would prove
impractical. |

With no guidance being provided by the relevant art regarding the processing of aluminum, an

—_ E -10-
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al umi numfor reasons of clarity, which are highly corrosive and erosive
while in a thixotropic state. The apparatus, seen in FIG 1 and

' designated at 10, conditions nolten alumnuminto a thiXxotropic state,
callowng 5 numto be subsequently nol ded (injectio

- casting, forglﬁ %l}/‘%gi ervmse) into an article, the ¥cr
~of which is not relevant to the present invention. THI
~apparatus 10, which is only generally shown in FIG 1,}incl MB&A@ﬂ
- reci procat i ngtefapitwas thade td HIP bond a G2ineh, INg-baseb alioy Bher Ber a2 upihe dirdety tathabhel diabeteThe
extruder barrel 12 includes an inlet 18 |ocated toward one end and an
outl et 20 | oef#esttet @ygntde Direrbbasdinggf the jager lamésmeévte&'werv%aap?t@da'%mrpé%%e

the netallic mater rom1l a sol.id _partjculate el | et

otal 1 oeder SOPSORERAMER o he T nrebe hi e A FFetofof e Pngses e
|'s received a.ﬁlsmﬁgen&srﬁéenﬂnaabaﬁ% DS 42 bEGTERUR NbbaSialaiiGand B8 bild 758 fan%m& by ¢
material or maintain It predeterm ned tenperature so that the
~material isS APPING Was mérOatteh@tea \M)erthha:ﬁehd migthlfurgicall bond BridSprovidel Dtfarisiiéh for thermal
“tenperature of the material in the barrel 12 is between the solidus and

1 qui dus t enpreansion betweep themiateriain (This boaHing layer 44ginikally copristedhat 1926 wgel (036 moa)rhawng

" aci procat | ng EERER PSR T beeE, MERSHr AL Sy PP S35t edecn o T

actuator 36 1\&9\ tﬁu dJaﬁ:W\ I: ing from t sYe@p ?\%urﬁ\gr +\tgma%t IhlP %?ER ﬂb—E%%? {éllr?g |ayér QE QJW

t he barrel to subject e material to shear he s

action condi inhe? BEMétERS mabaémsybr 40ntiReda lbWdrearbdryader; 1010 $ietl)0. rpoaibag), 4sahesbading
degenerate dendritic structures surrounded by a liquid phase.

Once an alfpr ayar sht @isgesyitedin torf Noigsesialioy|layerA2 beieg satisfactotly bandediiethe glloe7 {8 igtterigyen f
the barrel 12 beyond the 20 tip 27 of the screw 26, the screw 26 wll be
rapi dly advafited to force the materi al t hrough the outlet 20 and a
nozzl e 30 and intgs Lag ifBEds, munﬁb&%g oﬁa.uw.bz@h%ﬁoy%s %favssgmféalwsmm.m al
fromflow ng rearward during advancenment of the screw 26. I n the nol
16', the nuat pladirtheshdy 708 bute Tayerad intah @ort ¢ @6 Wittoshe@ IstdelGhigpracd and shetNbebased alioy in
rem)ved fromthe nold 16. A second apparatus 10', for formn
di e cast par Pavderiem anthe °F'h$‘b€’6‘t9r Thst G0 46 wes then pumpRsieiqwn ppde vapuup, sepled gndiPPED

coupt ed L el et a8 2455P. Al SEBN G oo Bire( e Rl B o

extruder bar gGhvidea mB?o?teﬂ'i\o&rQLtQhoollg cobi b A #&%El@fo?%n@ﬂ&ln@fan&th& é&%&éﬂ
12" and an outl et | ocated at the opposing end of the barrel

inlet 18 reaes hbaaingdﬂme NB-baved alloy bfifiednner layer 42 ) eheladdyi7e8 oulet barfel m‘pmasmlble@ood
particulate, pelletized or liquid netal source feeder 22'. at a first

" tenperature. The Another a@@mas,ﬂouszepprqa@ faﬂeayﬁte'eﬂquhec ?aa'ﬁ'sﬁé'i'w'b‘ﬁe“‘?rﬁiee?f i2A [allqy,ip
-of the barrel con By est abl

appropri ate t?1" i "(I:]er"é' T '{?‘%" a°°e °é7 F°rfr§ PR L?% m ??8953 °rIFl top Ngpased

serve to Reatudyhm ;ﬁﬁﬁaﬁgdn@& allby 18, atioy 909 has a coefficient of expansion which is closer to that of the Nb-

based alloy (See Tabie 3).

MATERIAL . CTE (in/°F x 10%)
Alioy- 718 8.3
Alioy-909 ' 5.7
25 Alloy 783 : 7.0
Nb-alioy (TRIBOCOR) 5.0

TABLE 3; Coefficient of Thermal Expansion at 1200° .
30 in one attempt to bqnd the Nb-based _élloy directly to an alloy 909 outer layer 40 of the barre!. direct
HIPPING of loose Nb~ba§é‘d alloy powder d'd not result in the bonding of the Nb-based alloy to the inner
diameter of the outer layef 40. itis therefore believed that a bonding layer could be utilized as discussed

—— .
—————
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“the two phase region or alternately to cool the material to the second

‘tenperature. This second tenperature I s between the solidus and
~liquidus tenperatures of the material wherein the material will be in a

. sem -solid state, i.e., there is a thernodynam c equilibrium between
‘the primary aMOP@4¥d8id phase and the liquid phase. PCT/USI7/40229

- non-reci procating extruder screw 26' is |ocated withj THIShEHBEEIrHAS BEBN {and
;is rotated to nove the 35 naterial through the barriel 12'REPLAGED t he ijnl et
18" tot heaﬁﬁ& | \Gdwedd?, becaubl df %Wtwé@bﬁaeﬁé@h@ﬁﬂaﬁexkﬂﬁmﬁBétWée'n%lloy‘B@Q and the Nba
:mechani cal shearing action as its tenperature is beling adjusted to

:second t enamiyat is BiSo beli@d that a lineCA2BD1ha Bib-aly carf bel SAEAICTH BEd th@slter Ry WD G)ﬁ!iimﬁ ine
;thixotropic structure consisting of rounded degenerate dendrites

surrounded st[gytl)q\igh'pmgpfacigﬁ efdhermal expapsioninb alley £48 tp plpce the Nb-alloy liner 42 in compression.

The shot sl eeve 14 O nsi S&“Pl% of a second barrel 28 or sleeve with an

inl et passSHBVaRPTe 4 istiystratedin FIg 4| o nozzle 30", receives the material from

the outlet 20 Rﬁrdin b-UEbG fineP B fiktl do Hiitk fiffind] 2R wa bk s advantagBd ”E“t
Sle %j |§ahyr actu é &qv%tg

wi thin the shot ram

preferably cﬁﬁﬁ%'tﬁfd&bl%ie over a lough coré; krecautet Iﬁ;‘a‘er wd TR pFovide e botmia sveaeésusiaaea nd
(6.08 nm sec). 5 In order to neter a predeterm ned anobunt of the
sem - sol i dcorsicntesisenes apd elosign resistance while s¢tajoingstherepessant toughness to fesigtimpelgtand
extruder 11', a controller 34 upled to the feeder 22' and the drive

mechani sm thsrmaj pyeijog in the apparatys. a‘?"i?@“l%ﬁ’eg@ Rirding g3n be carEgd ovken magpithic Mvallay et of
materi al %&fg&g@?ﬁ]s'msrcﬁé#g 5&5&%@(‘@&' Hher G328 R aﬂfﬁnﬁﬁ !opgn he HIP bémLtfjﬁ'\(lr gring

one shot cyc _ een recelve e sho eeve 14',
screw r @f aldoRditions for nitridiify thé NS-blloy Ble 86t okl Tddes. cont r ol | er 34' initiates

actuation of he ram32' toward the outlet nozzle 30'. 10 Ceneral ly
si mul taneobsly {pgrew tih, tRRROBEN WRidHWFcaift 2l Sﬁeﬁmﬁﬁﬁrﬁo!%\(@a?’s' Mhi ch
seal s the inlet (hn) ijnto the shagrewd eeve 14" duri ng.igoym@ t he{ram
32" . The vgrve—S8—prevents a backiiowof—tHemater=t —tto—tthe
extruder 1] duri$hy forward novenent® of the ram B2’ %%hdditi'dnal Iy, thelvalve
- 38' prevenfs theyj nfl ow 2 0.88 22

15

TABLE 4: Nitriding Nb-alloy at 1950° F.
For barrels of small size, 3 monolithic construction of Nb-alloy could be ulilized.

20 The internal screw 26 for the apparatus 10 can be fabﬁcafed as a monalithic Nb-alioy structure with
the vanes 50 having flat tips 51 machined into the structure; as having a mechanical (e.g. keyed or screwed)
sheath 48 (with vanes §0) attached to an alioy 718, an alloy 909 or a tool steel core 52 (as seen in FIG. 5),
or HIP bonding an Nb-alloy (ayer 48 to a core 52 having the vanes 50 machined thereinto. Preferably, for
creep resistance and thermal cycling resistance, the Nb-allay is HIP bonded on an alloy 808 core 52 or §2.

25 Good creep strength characteristics at 1200° F are a prerequisite for the apparatus’ barrel 12 and
screw 26. From the above, it hés been discovered that alloy 718 or alloy 909 are preferabie for forming the
core of these ioad bearing corﬁponents of the apparatus 10 since their stress-rupture strengths are about
30,000 psi for a 10,000 hour:useful life at 1200° F, quite superior to tool steels. Yield strengths for alioy 718
and alioy 909 at 1200° F are respectively 140,000 psi and 125,000 psi.

30 A monolithic Nb-alloy (Nb-30Ti-20W) nozzle 30 (seen in FIG. 6) and valves 38 were aiso
successfully constructed and tested, both nitrided and non-nitrided versions, and put into simulated service

at 650° C for twenty to thirty hours. Upon reviewing cross-sections of the nozzles 30, it was found that no
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of materi'al into the shot sleeve 28 generally behind the ram 32' when the
ram 32' is |ocated between the inlet and the outlet nozzle 30" of the
~shot sleeve 14'. The valve 38" may be one of a known variety of slide 15

‘gate val ves. In the foll ow ng di scussion which detaj

- speci fic const r WY@t various conponents, reference V\f‘%ﬁb%ﬁ’l“ifg%e
'made to the apparatus 10 seen in FIG 2. It will be understood, however,
that the construction outlined herebelowis equally applicable to the

. cor r espondi N@pirecdblédaSaldioll oRREMLAIBbcBurRl. Bbife MipRragasiidns did Bccur between Bie Bdezli B0
FIG 2, where simlar conponents have been given the (') designation. The
descri bed cormstthewoliep pupigum p thesereacting pregomingntlyjapresitelespntinwatsdnigration pisiicanding he
specific context in which it ‘is beinggdescribed nd shoul d not

| be o b
i Nt er pr et ed. potiine metal) into the ngzzle 30 anq, hi; gutwgrd diffusian f Kynpsten ipig r‘f?t'?q.'fct“f"oq‘f“’ﬂ?"est“ig

present invention. .n 0 i t el M t
materi al s reﬁiug"s"gﬁfnéogn%a'inq(%%&c%ﬂgﬁggp%éﬁfﬁw%ﬁﬁ%e%gz;z’ i ??é" ef)eafr&#ngl , sg? %%}vé
26, val vess 3gund to be the @rke fr Béin Ailiidedddna Hon-FRIABMREESICAB MY AscBienibd® R PEsel 2
highly corrosive material. An obvious initial 25 determ nation was that

t he const r uctinventorsiaicenclugé thatithetNbiziioy sould withgiénd el riodrsigf plocaspieg catresive argleebsive moiten
resi stance to di ssolution by the processed material, as well as good
fabricability™&fength and toughness. The initial alloys tested for

~dissolution in al Rﬂ&“’ﬂ(ﬂ’éf £ ngz%g?édjiaﬁhﬁ)g%ﬁ?r@%?%r?ﬁlsf@oh?tmkr%? %"H‘ g?gin%% aT]'&%s

general industry now'edge on 't I SSO on o nol ten

al um num i s rgr Rb-BRY, prdviseld bl e WhidGOMetAdds, rédbitddhionE hd Interior passageday S651 on and
erosion is specific to corrosion and erosion by Na and Li which are

soneti nes1@sed as ABeltermativg| atigytfar userin founiigassonolithisacoinenents dnbrdiPRED compaments, Isachas
materials is not directl H‘?aggl-i cable to nmolten al um num

b f
differing phd@eel-isadiorhs with a carbide hardening phasp, A8 Sugh, e Pﬁ&%‘@%%é%%ﬂ%n
f the ab j Lib Pl ) i -
mator s at o wad IS, B Ta oPoui bbherfun A fthyh A S80Sk BPREL iPromnng

~used to agit 3ligh dRostnYEBiISHABR: Rl or semi-solidi of 81, B eAY 2. 'TRE carbidd dhSad i¥Vor ddufiBient
"region at 600[err] C. The stirring speed was kept constant at 200 rpm
After 35 st ivoluinggeréapt to impee hardinerat path roem anddightqmperpiarecbut ie pipe e, fine.@g infparieddy
poli shed and their change in thic

i cr oscopd® heRPVAR Metalifey; Bpstaset '58“2‘33%?5-r %’dé}ag'g mB Pae'gﬁeg%b E‘%ﬁ‘ék(g R‘i’}é‘?%bu?r
in alloyed carbides of the aforementioned carbides. It is anticipated that other hard carbides, as well as hard
borides, could also be used.
One preferred alloy composiﬁon of the above type has a matrix composition of 55 Nb (with other
elements from abm;e) and a carbide content of 10-50% by volume of WC, which is widely commercially
20 available as a carbide. The preferred methods of processing the above alloy matrix compositions to form
suitable components for _th_e'prog:essing of highly corrosive semi-solid or molten metals inciude: 1) matrix
powder atomization by gaé or }g:::&th electrodes; 2) blending with commercially available carbide powders
such as WC or . TiC; and-..3_.) HIPPING. The alloy matrix composition could also be produced in a monolithic
form or as a cdladding fof components in apparatuses for handling n_'iolten or semi-solid Al, Mg or Zn. Nitriding
25 is not believed to be heoessary. '
While the above description constilutes the preferred embodiment of the present invention, it will be

appreciated that the invention'is susceptible to modification, variation and change without departing from the

proper scope and fair meaning of the accompanying claims.

-13-
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PCT/US97/ 10229 (tﬂllwﬂlﬂl lllll Illll II Im Stellite batover 2y on

steel) Stellite 12 (cast)
17 5 WO 97/45218 Stel lite 6 (B) PCT/US97/10225
20 Al oy 718 _
gg Al l oy 909 THIS SHEET HAS BEEN
Tool Steels , REPLACED
0.30 |GAMS Ti - 6Al - 4V
002 - 0. Qgin10 Ti - 6Al - 2Sn- 4Zr - 2Nb
012 - 0.045 Hexal l oy SA Si C
0. 001 1. Apparatus for processing a mgen or semi-molten metallic material having a corrosiveness
0. 001
Candi dat e W’H’ttg?‘ ptepls greater than 10um/r at 1200° F, @5«'5’ app]ératugoctgnr\p%gl on/ Brosi Onl Ea;\les alo:‘ oy

slurry %t 600 S:ganplqgv "ﬂ g srrface for col tactnné‘%alb R\Qieﬁ%ﬁéi‘ QM rﬁ*ﬁgl?iseﬁrg&&? Bgié S,

gave I sSsolution rates.
surface of said component being an Nb-based alloy resistant to corrosion by said material.

2, An apparatus as set forth in Claim T wherein said Nb-based alloy is Nb-30Ti-20W.
10 3. An apparatus as set forth in Claim 41 wherein said Nb-based alloy has a corrosive resistance
to aluminum.
4. An apparatus as set forth in Claim 1 wherein said Nb-based alloy has a corrosive resistance

to aluminum alloys.

15
5. An apparatus as set forth in Claim 1 wherein said Nb-based alloy has a corrosive resistance
to zinc alloys.
6. An apparatus as set forth in Claim 1 wherein said surface is nitrided.
20
7. An apparatus as set forth in Claim 1 wherein said component is of a monolithic construction.
8. An apparatus as set forth in Claim 1 whersin said component has a composite construction
with said Nb-based alloy being bonded to a core.
25
9. An apparatus as set forth in Claim 8 wherein said Nb-based alloy is mechanically bonded
to said core.
10. An apparatus as set forth in Claim 8 wherein said Nb-based alloy is metaliurgically bonded
T e -14-
This Sheet Has Been
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al | oys appeared to have fornmed interfacial reaction |ayers, aluminide
| ayers, on their surfaces. $ _ l gihnum forns stabl e conpounds with
many netals, this could havﬂlﬂglmmmmm H:I“ fter the formation 20 of the
al umi ni de | ayer, uced di*ssél uti oh rfate¢ woul d be deternin

v o e | SEmRyi

di ssol ution of e. Fromthis it was determ ne at an

al um nide having a | ow dissolution in alum numwould § | : r
YU S R
al

exposure timnes. The respective binary p
el enents W t@eabbga.num were used to arrive at an init hdi catli on
of solubilily in alumnum Since the formation of eutectics inplies a

reduction in free energy of the 25 1liquid when the solute is dissolved in

liquid alum num this increases the tendency of the solute t Lssol ve.
Exanpl es of the ellt ect’t@PRepiugas st igphin Elgim %i"'),{‘e'ﬁiﬁ saig Np-heged a‘f‘i‘Yés '8'5%%@ E’tsg‘d core.
effect, an increase in the free energy with dissolution, is inplied
by the formation of peritectics. This neans the tenperature nust be raised
to . gdi ssol v@, t hanahgardRtas 9ét fdrth  Glird TwRérslR said@mpbrieat it srbexir@el®ing, such
as Ti, No, V, Zr and Wwere therefore expected by the present

I nventors to be nore resistant to dissolution by nolten al um numthan the
above 30 eutectic forners. This was further su_gorted by the test

resul ts. 13, Anappaglusips setfprih fny Gigim | xherpip 55 SoTRPEAY 'S BLHIUET YN of

Nb- 30Ti -20Wis a conmercially avail able all oy

14, An apparatus as set forth in Claim 1 wherein said component is an extruder nozzle.
10
156. An apparatus as set forth in Clalm 1 wherein said component is a non-return valve.
16. An apparatus as set forth in Claim 1 wherein said Nb-based alloy is 55 Nb-Ti.
15 17. An apparatus as set forth in Ciaim 1 wherein said Nb-based alloy is an Nb-based matrix
having a carbide hardening phase.
18. An apparatus as set forth in Claim 17 wherein said Nb-based matrix has a carbide content
within the range of 10-50% by volume.
20
19. An apparatus as set forth in Claim 18 wherein said carbide is WC.
20. Apparatus for processing a molten or semi-molten metallic material into a thixotropic state,
said metaliic material being corrosive when in a molten or semi-molten state, said apparatus comprising:
25 a barrel having opposing ends, said barrel having an autlet at one of said ends and having an inlet
toward the other of said ends, said inlet located a distance from said outlet, said barrel
having an inner surface of alloy Nb-30T:-20W, said inner surface defining a passageway
through said barret and adapted to _cobtac;:t :tﬁ:jegm_etallic material as it passes through said
apparatus, said inner surface being resistant to corrosion and erosion by metallic material
e e e T — -15-
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mar ket ed under the nang, : Surface Engi neering, North Chicago,
[1linois. Since all oﬁlﬁ'ﬁmﬂﬂgm% elenments in this Nb-alloy form
peritectics with alum num dhit s further investigated.

Many cer am C%v&@m -l excel l ent dissolution resistance to '
In terns of toughhéss 35 and wear, the performance

if they are free of porosity and elemental Si. Wiere | THIS SHpEI tidbt
present, the ceram c conposites of TIBerr] and Si C were foRgRLACED be
infiltrated by al unarausi gasshge@ay communicating said inlet with said ou
-7- WD 97/ 45218 :
PCT/ US97/ 10229 a screw locateq wilhjn sgid ppssageway fopyptafiqnyreletive therglo, gaiq sgreywdnelydiag 8 pedyugh
pre-existing interconnected, porosity. Wiere the ceram . mat erjals
were pore free but BRyREat 'ﬁ%‘&g?er"%e '%‘%l'?°"tﬁ?@vgi‘e?ﬂ%§‘§8?r§%1¥iﬁm‘P$ﬂbe"i‘ ARU9SBE ong

al I owed al um num t C)body to propel the metallic material through said barrel, said screw including an outer

5 surface of alloy Nb-30Ti-20W, said outer surface being adapted to contact the metallic
material as it passes through said apparatus and being resistant to corrosion and erosion
by metallic material; |

drive means for rotating said screw and shearing said metallic material at a rate sufficient to inhibit
complete formation of dendritic structures therein while said metallic material is in a semi-
10 molten state, rotation of said screw by sa_id drive means further causing said metallic
material to be discharged in a thixotropic state from said Barrel and through said outlet for
forming into a predetermined article;
feeder means for introducing said metallic material into said b_arfel through said inlet; and
healing means for transferring heat to said barrel and said metallic material therein such that said
15 metallic material is in a semi-molten state and ata térhper_ature between the liquidus and

solidus temperatures of said metallic material.

21. An apparatus as set forth in Claim 20 wherein the apparatus further comprises a nozzle in
said outlet, said nozzle having an interior surface defining a passageway therethrough, said interior surface

20 being formed of alioy Nb-30Ti-20W.

22. An apparatus as set forth in Claim 20 wherein all surfaées_‘ of said apparatus which contact

the semi-molten state of said metallic material are fon_ﬁed of alloy Nb-30Ti-20W.

25 23. An apparatus as set forth in Claim 20 whereln said barrel inciudes an inner core of a second

material, said inner surface being a portion of an innefr layer memll n icalt bbnded to said outer layer of said

barrel.

24, An apparatus as set forth in Claim 23 wherein said inner layer of said barrel is HIPPED lo

| s e ——— ) 16 )
This Sheet Has
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infiltrate. Thermal cycli ng,‘*T"épeaTed*freeze and thaw of the infiltrated

alum num wll over time pr formation in the ceramc
mat er.i al and uItimater desarnﬂm ,ﬂ!ﬂﬂ, terial. Infiltration of a
ore

-~ ceramc shoul d. # oided at all costg

© ceramc materl al sLouPd al so be free of any mterconnect@%ﬂgggg

- which mght readily dissolve in alum num Hexatl oy SaTH ﬁ gy

- Carborundum Corp., N agara Falls, N Y., a pore free p JW 8 of

¢ SIC is one ssuchtenweenﬂsaidbanteml aI VC | f ound
- to have low dissolution rates in nolten alum num However, the common

. binders for WC cernets, Co and Ni, have poorer dissol utlon resi stance than
- Ti as seen above,.If r and
T (3515520 200V 28! € B S5 Tl o B iy P, 2

t he performance of WC cernmets could possibly be inproved. Cernets are,
unfortunately, costly, | ow on toughness and fabricability.

Commerci a$ |y, WC26.er mah sppamtms andet fodinid Sahinve s whefeéva tosdirig Isyef io positioned bEBlaedn said
ceram cs and cernets | ack the toughness needed to resist cracking in the

ri gorous t hdmendnduigr invers i paidhearrel. shock environment within the
processi ng apparatus. 15 Because of the corrosiveness of the
nol ten al um num environnment, any Fe, NI or Co netallic alloy so used

shoul d be surfac choakﬁdppefamg EERLEHh it Bailn'?8 WReSIS sdid ithel ihyeFof s&iPbarEiliCmdcRaicalydS
woul d probably prove to

bonded to said outer layer of said barrel.

10
28. An apparatus as set forth in Claim 27 wherein said inner layer of said barrel is shrunk fitinto
said outer layer.
29. An apparatus as set forth in Claim 27 wherein said outer iayer of said barre! is alloy 909.
15

30. An apparatus as set forth in Claim 20 wherein said screw inciudes an inner core of a second

material, said outer surface being a portion of an outer layer which is metallurgicaily bonded to said core.

31. An apparatus as set forth in Claim 30 wherein said outer {ayer of said screw is

20  metallurgically bonded to said core by HIPPING.

32. An apparatus as set forth in Claim 20 wherein said nozzie is of a monolithic construction of

alloy Nb-30Ti-20W.

25 33 An apparatus as set forth in Claim 20 further comprising a shot sleeve adapted to receive
said metallic material from said barrel, said shot sleeve having interior surfaces of atioy Nb-30Ti-20W

defining a passageway thergﬁ'nrough.

34. An apparatus as set forth in Claim 33 further oomg;rising an injection mold for receiving said

-17-
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be inpractical because of the thermal cycling and cracking. Common wear
itenms, such as cutting too,lmmmmuzl“ u iu' nerally coated with TiC or Ti N
and these were considered.:|l é ; strides of the other netals
ment i oned above coul d be vidbi'é alfternatives to Ti C and Ti
enpa

Since the maW&Y974218¢| ected for constructing the barrel 12, nd

ot her conponents of the present invention nmug SASUBEEN
fabricability in addition to good strength, toughnes sTﬁ?EE.Pr ED

resi st anceyalncneriai®hmabi 360t bigsvRer at ur es, cerani cs dnd cel sv-eq—t hough

havi ng good di ssol ution rates, wer e concl uded not be suitable
materials for the | arge conponents of the present invention. O her
conponents, including non-return valves, sliding gate val ves and ot her
smal | parts, wi3h génapearatys asispyfert in Sigim 20-yther Gomprising 2 rawling, dig foy, eagejving said
contexts where crackin f.th onponent is not a concern, the cernets and
ceram cs aPEaIPRY @H%a@s %s'g?yt%énti al materials. From t he
above igitial dissolution test, it was found that Ti-alloys and Nb-alloys
appear to offer the best potential as a construction material for

t he apparat us ds. t hewn pppassustas setioeth in Glaim 26-whdréie said imet $urfgecehsai awegl és nitrided.  of
t hese types were then conduct ed.

37. An apparatus as set forth in Claim 20 wherein said outer surface of said screw is nitrided.

10 as. An apparatus as set forth in Claim 20 wherein said Nb-based alloy is 55 Nb-Ti.

39, An apparatus as set forth in Claim 20 wherein said Nb-b‘_ased alloy is an Nb-based matrix

composition having a carbide hardening phase.

16 40; An apparatus as set forth in Claim 39 wherein said_fr__s__'lq_-:_based matrix composition has a

carbide content within the range of 30-50% by volume.

41. An apparatus as set forth in Claim 41 wherein said carbide is WC.

i .



WD 97/ 45218

PCT/ US97/ 10229 Various Ti-alloys were acquired for testing

- and sone of these Ti-alloys were subjected to a tiodising treat nent
- Wwhich is simlgl,bfsanodising for aluninum alloys:+

| . The No-al | @yraRSmme229
i TRI BOCORE 532, as ment i oned above, and sanples of this material were

supplied fromthe above:nentioned supplier with two different surface
~treatnments, N and CN (respectively nitrided and carbo-nitrided surface
treatments). Before 5 further dissolution testing, the Ti and Nb-all oys

were exam ned to ensure that the various les were in fact surface
treated. In one experinent a 55 Nb-Ti alloy was used as a
stirring rod, imersed in alumnum all oy 356/601 at 625[err]C and
stirred for 12 hours at 205 rpm This rod was quite resistant to al um num
but di d exhibit patches high in Si fromSi attack of the 55 No-Ti.
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10 - ' In additional testing the Ti and Nb-alloys for dissolution
rates, a test setup as previously disclosed - was enpl oyed and the
materials were stirred for a period of eleven hours. The results of this

testing as \/\B!Jvo%.gﬁnes as the specifics regarding each of the vioxaisenicatdl oys

I's presented in 2. Material.
Di ssol uti on Rate THIS SHEET-HAS BEEN
([err]m hr) Ti‘6A|‘4V(:aSt)REPLACED _
23 15 Ti - 6Al -4V (Cast Ti odi sed)
20 Ti - 6Al -4V ( Extrsded)
25 Ti - 6Al -4V (Extruded) Ti odised
24 Ti - 6Al - 2S5n4Zr - 2Mb (Cast)
28 _ Ti - 6Al -2Sn-4Zr-2M> (Cast) Ti odi sed
24 20 Ti-0.2 Pd (Extruded)
14 Ti-0.2 Pd (Extruded) Ti odised
16 . Tri bocor 532 N
6 Tri bocor 532 CN
6
N
Q
|
J » ,-E*
N
| LY
N q/
k N
N
N E\Q
N
\ \ *
) I
) \
IR
N
N-
i .| N \
‘> : a"\_\ k
(P R
L-_:_. e . ST |
b= i e i - e =
= TRp | Selriniuais ey S
_ @
8 LA
== S X

heet Has Been Reﬁaced _

T e seroeas



" of the alumn

25 7 ' TABLE 2: Corrosion/Erosion Rate El even Hour Testing of
~ Ti and Nb-all oys. By exam ning the mcrostructures of the
* sanples after the test, it was revealed that all of the Ti sanpl es
. fornmed an al “Wﬂﬁsﬂ@yer when exposed to the alum num nelt. ddgudohnelness
_ ide " | ayer varied between 30[err]mand 60[err]m at
. different locations and between the different alloys. An oxide |ayer
- was not present even in the tiodised sanples and it was therefore concl uded
that tiodising does not inprove 30 the protective |ayer against attack
by nolten al um num The m crostructure ofgfshe Nb-all oys renmai ned
unchanged near the surface after exposure to nolten alum num The exposure
to nolten al um num therefore did not result in the formation of an
al um ni de layer on the Nb-alloys. Fromthe test, it can be seen
that: the Nb-alloys gave dissolution rates substantially |ower than the
Ti-alloys; the dissolution rates of tiodi 9%@ Ti-alloys were

Qys: A he Ti-Pd all oy

~exhibited the | owest

SUBSTITUTE SHEET (RULE 26)



‘ absol ute mel ti

- stable than a Ti-allo

S5 dissolution rate for the Ti-alloys; and the two different surface
treatments of the Nb-alloys yielded no significant difference in
di ssol ution rates. In addition to showi ng that the surface
treated Nb-all ) \a/?gz §uperi or tothe Ti-alloy in resisting pcT/usy110229
di ssol ution by TR al umi num it is noted that the bul k hardness af the
Nb-al | oys is approxi mately 600HV (50kg) conpared to approxi mately
- 300HV (50Kg) for the Ti-alloys. In a conbined wear-dissolution situation,
10 the relative bul k hardnesses result in the Nb-alloys out perform ng the
 Ti-alloys. Furthernore, if the g{qm ni de layer which formed on the
~Ti-alloys is continuously renoved by wear, the dissolution rates of the
- Ti-alloys would increase over tinme during use of the apparatus.
- In conparing the effect of the present apparatus's operating tenperatures
“on the different alloys, the absolute nelting tenperatures of the
base netals were used as a guide. For Nb this is 2740K (2467[err] C 15
and for Ti this is 1950K (1677[err] C). The operating tenperature of the
~apparatus 10 of the present invention is approgémately 900K and
this is 33% of the absol 8@, nelti tenperature forgb’and 46% for the

of B2 Fromthifs it was concl uded that
Iy ahd macrostructural nore

rati at ur

SN

- the Nb based alloy w

52’
458’

Fig- 5

T

/////////’;)\/////////
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[Fig - 6
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Wi l'e thée above tests yielded an alloy which was heretofore not known to

- exhibit a good dissolution 20 resistance to nolten alum num it remained
. to be seen whether or not an apparatus 10 constructed accordi ng to
. the present inw&g?ﬁgﬁfxnnd be constructed fromthis material popusoriozze

. In attenpting to fabricate a full size barrel according to the present

L invention and utilizing the Nb- all oy nentioned above, a barrel 12
. was constructed with an outer portion or |ayer 40 of alloy 718. The outer
~layer 14 was 76 inches (1.93 m) long, 7 inches in outer dianmeter, and 2 1/2
inches (6.36 cnm) in inner dianeter. 25 Nb- based alloy liner or |ayer
42 having a thickness of at least 0.2 inches is desired. Because of the
significantly different coefficients of expansion between the Nb-based
alloy (about 5/[err]F or 9/[err]C) and all oy 718 (about 8.3/[err]F
or 14.9/[err]C), it was thought that shrink fitting the liner 42 within the

I nner dianeter of the \ ractical .
Wth no guidance bei ng provide eNgl evant arp t he
processi ng of alum num an 3 N~ N2
N NS ;
\
\‘ -
N
N /
PN
8

NN\

N
R N
_ '
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iatferrpt was made to H P _bond a 0.2inch (0.5 cm, Nb b Iayer
42 ot liner directly to the inner di anet er %ﬁﬁﬁﬂ@ﬁﬁ%ﬁe

Ditect bonding of the inner layer 16 to the outer- Iayer 14 of all oy 718
failed patenusalsomporpd'ataébamfmamept abl e adhesi on at “the material interface.

This was due yisieluy d5Bld éaﬂshgx Wz@wa%r &%&ﬂ@n alloys, It :s:%is&tb&foﬂusfefm ibriale
interfacge. Insertlng alha er 4 ween ,ase allo'?/ dtt
L oy 5 T pie e S Pk RISV, 4o 33 AT AT 028 A7 206 Ay o1

met al | urdgies abt doemirké anydguisienns abclo dowrsseisan arpardtéa mighbberednstructed for wpeprihghwe
bet wen cbheswEbhaédah. Whehltiséd Wit 1HdE sorloawe Fafbialk i ik b@énluyat HeMdtarialsl uﬁfnn&%@

teel (0Q.26
Sy PR g e e Sl P BB Rapled sl el
‘brittl e pRicEysedimateriah Shisalsocesullminithegiepoadion oHthe progessed matetial phig rheckistreliper aa¢
;thPelrﬁondbr@@ fadthg NJEe BigsRihg %hh@uhe} ﬁfﬂ%}cglcg) material 1.43 trle rdc@é%teé(!a gll@ﬁ%ogfgm?s%s nLerI» gg
R e AR S T e
bei nth S attatm a@tcbanamymgmféma majenahaubadduently farging molded pad erg decinpaes ti@useful life
AS seen gk e Bkifade3, the H P bondi ng of the Nb-based alloy was nore

Shect el APt 5190 il ayewp elRbAie B0 el e L] 80, e
vesssl i3 mada of a high melting soint metal or metal alloy which has & higher melting point than that of the
matarial forming the billet. One disclosad high melting point metal is niobium.
GB-A-2253213 discloses an injection part for die casting machines which is resistant to melt-erosion.
Tne part is formed by sintering from a three component mix{ure (the first companent being a metal cr alloy,
the second being Ti er Ti-alloy and third being a ceramic.
in view of the foregaing limitations and shoricomings of the prior art methads and apparatus, as weil
as other disadvantages not specifically meniioned above, it is apparent that there still exists a need in the
20 art for an improved apparatus which is capable of further exploiting the molding benefits of th:xotroplc
materials in injection moiding, die cashng, forging and other processaes. .
it is therefore a primary object of this invention to fulfil that nead by providing an apparatus and
components which are specifically adapted for processing materials which are highly corrosive and erosive
when in a molten or semi-molten stute and at the relevant temperature ranges.
25 It i2 aiso an object of the present invention to provide an apparatus and components which are
particularly adapted for the processing of moiten, semi-solid aluminum, aiuminum él!ow and 2inc alloys.
A further object of the present invantion is to provide an apparatus and components which exhibit
high creep strength, erosion resistance, corrosion resistance, thermal fatigue resistance (ie withstand
thousands of freeze, thaw and heat to 1200° F (850°C) cycles), matched coefficients of expansion and
30 sufficient material layer bonding to withstand the rigors of processing the above malerisls in a molten or
semi.malten state.

w

SUMMARY QF THE INVENTION

Brieﬂy' described, these and other objects are accomplished according to the present invention by

36 providing an apparatus and componenté which are capable of processing or conditioning the above metallic

materiais ints a semi-solid thixotropic state. in this state, the metaillc materials with which the present

invention ie applicable are highty corrosive and erosive and can be subsequently formed Into a mclded
article. _

The apparatus of the pregent invention is specifically intended o process materials 'which ars highly

40 corrosive and erosive while in a liquid or semi-golid state. As used in the present context, these highly

«2a
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pomder formon the can surface. The can 46 was then punped down under
vacuum seéaled and HPPED 15 (hot isostatic alloy psl-‘}&s-edTUKE SHE& err ] F
(1127[err] C). After H PPING the conp03|te barrel was subjected to

heat “t t 14 d
15001 er 7419818 SRt e ol BT afeto bt hoicust HalaFlid bfa caliigRafi ek ey o
cool ed. molgn mmsimg ipfothenwomndp giealecttiam1 g ywhbfﬂepmentame Pracesping ragterialy incfude,

al 1 oy 7ot/ kdation; athé féhow?r% materials and)chemdyst @umm @iminum of0yet HiRd allavk\eRE EREIEOUS

T consBPORYT RPEEH, ns Evﬁ%"‘*sz@"ﬁé (Pl Gy b e i o syl ¥

cl osely matching that of 't he Nb- based alloy. In conparison to all oy
1718, alloy 909 has a coeff|C|ent of expansion which is closer to t hat
‘of the Nb-based alloy (See Table 3). _ MATERI AL
,CTE (In/[err]F x ﬂﬂew])[cM[eH] C x 10[err]] -

‘Al'loy 718 _ 8.3 [14.9]

‘Al'l oy 909 : 5.7 [10.3] 25

‘Al l oy 783 7.0 [12.6]

‘Nb-al | oy (TRl BOCOR) 5.0 [9.0] .
TABLE 3; Coefficient of Thermal Expansion at 1200[err] F. 30 In -

‘one attenpt to bond the Nb-based alloy directly to an alloy 909 outer |ayer
40 of the barrel, direct

«2a-
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H PPI NG of | oose Nb-based alloy powder did not result In the bonding of the
Nb- based alloy to the inner di amet er of the out SUBaWdTUFE.SHEEITS
therefore believed that a bonding | ayer could be utilized as discussed
.above. However,-hecause of the.relative coefficients of thermal expansion
et ween B T2 PRNGHTFERSAC 2Rf) Molded, it being updergtood that quch cafergnopa preopix feing meaden

| i ner - 42hehtardst ofNive'dty lany cladip ahdbars i aonkeayf intendent to rédiret ouitrdtr the agape oflfle present
utilizi 3 ; | , ' ~coefficient of thermal expansion of
al | oy 98%3%%% ble)é%nd I.?aﬁgsgN%-ggH%w _ rigﬁgrrémhz in. conBr essi.on. . Such a
barrel 12 i s GAe(Rly:R eRparefisiapdscompanents Sl invention inckge 3 RATiagMeleh I igapted fo
Nb- al § oyedsivadre allininvarsthuobogheandnletdocaied gereralin kowiard drieregd aifitle eateel. diheenataial can be
advant ageQuahih either a solid Srfidbdededt? AakeSHEWiaES SMER or 3 RIS BbGd of 445 S3kET

T eai St G R ASBERRPURY o e UL QA Tl TR P oA ERARS
't 0 resi ot menpvokd slacdredetermined empsratte appoiintately 800 Qe iragitbar Bltiation, the processing
Addi ti onghleyatulell® abivle heélinddridr8 BoildEs GRipbiaRFe 8AH bl @ﬁlﬂidhi RinfoefdRirébd Bt RGBT LS
_ qorrponer{%i %@s,“ gl _;scues',ssegltJli eslaomv‘\zﬁan%r&ﬁg h“?e &uﬁ " 42 after shrink fitting or on
the 19 p RSHEEA! PT R seys _ 9 .
Also while within the barrel, the aluminum is subjjected to shearing. The rate of shearing is such that -
it is sufficient to prevent the completa formation of dendritic shaped solid particles in the semi-sclid melt,
Thig condition:s the melt into is thixotropic state. The shearing action is inducad by a rotating acrew located
withir the barrsi passageway and la.further invigorated by a helical vane ot serewflights formed on the body
& of the scrsw. Enhanced shearing i3 ganérated in the annular space between the barrel and tha screwflight
tips. Rotation of the screw alzo causas the thixolropic aluminum to generally fravel from the inlet of the barre!
toward the barrel’s nozzle, where itis discharged. To further enhance sheaﬁng, an impeller with vanes can
ke used in conjunction with or in place of the acrew. ' -
in its sami-solid, thixotropic state, the aluminum is highly corrosive and erosive, Exlsting malerials

20  of construction, such as Stellite 12 as mentioned in connection with the prior art, exhibit high dissolution rates
when exposed o moiten alicys cohtaining aluminum. Accordingly, the previcusly discussed devica cannot
be used to process aluminum. In trigls, the aluminum caused the screw to weld to the barrel. By way of
example, current apparatuses and methads for die casting molten aluminum use gteel and ceramic shot
sieeves. Tne shot sieeves are periodically coaled and cosaied in an effort to minimize the pick-up and erosion

25 of the steel sleeve by the melten aluminum, Corrosive and erosion are limited by “cold chamber” die casting
techniques which limit exposure' times. Thase processes however have proven to be less than ideal in
production siiuations. Ceramic materiais have bean used but cracking has restricted their application in
components ihat experienca high impsots.

The interior barrel enviranment is also a high wear environment. This is a result of the close fit

30 between the barrel and the rotating screw as well as the shearing movement of the melt through the barrel.

In addition to erosion resistance and corrvsion resigtance, a suitable barel or other compaonant must axhibit
high creep strength (pressures up to 20,000 psi (137,895 kPa)) and high thermal fatigue resistance
(thousands of refreeze/thaw and heat to 1200° F cycies (E60° C)).

Molten metal corrasion can cccur by several different mechanisms, These include, without limitation,

35 chemical dissowtion, interfacial reaction, reduction, and soldering. In performing the above trials, studies
were not designed te differentiata batween the different mechanisms, but o obtain an approximate overali
corrosion and ercsion rate which could generally Je expressed as a dissolution rate which neecs to be
withstood in order to be commercially accepiable. The actual corrosion and erosion mechanisms involvad
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10 Conditions for nitridi ng the Nb-alloy are set out in Table 4

TIME " NI TROGEN VEI GHT GAI N DSt OITUTE AHEET AYER
(Hr) © ng/ cnf err] : mls and
im ¢rons

0. 44 1T he shot sleeve ?4 cons.stiniﬁf a second barrel 28’ or sleeve with a%w inlet passpgeway and an
0. 88 outlet-npzzie; 30, receives the material from the outlet 20’ of the exiruder barrerigs| Mounted\or xiali ng
‘Nb- a: | ?ync%m&QWﬁm the shot sie]gve 14’ i & hydraulidaiy a&l@bdetédjiaﬂ :ifzfztggm}' lbg Steléaablyaaccelerated d
|mr)1tngr Inalry‘ %&cﬂ%?%ﬂ%é?&fcﬁ%eg %as?génggs %M gf‘? be fabricated as a nonolithic
‘Nb- al$ oy st r deederdo petena pfedetemmt‘! #eoupkal Sre sei-4elid hitgropic 4Ty inlgshesshotraieeys Hed
i Nt o t heroti il @iktidRr 1 S a BEnticl 22 BREIPRAILE Be feRicd22 kPl Bk dive FREGINRA 367 which

sheat hcggg%a PR3tk Gl et beRbsonkog Ui s Lt ftaflh e L
148 to ameided duingregisher cysleohibayam B0hasenn FRseived wingl the #not sleevdis nerew ratation
. Creep r gsihtirgiiéCardintk édneciznds’ Mittes AGUAIRS obha Fene32: idvward\Re alitledNozzie 3bli, P bonded
on aI ! oy %L%ergw %%&Eﬂf%ﬁe\(ngg con &E 34’ a;soc:ags%?%r gﬁg SSQ‘ %\{hgcﬂgéans tthﬁ glet

char acteristics {
- appar at o the ghqt é‘Pe"e 14’ during reovegiget o6 e am \Bie 28! eP“ @!B@ﬁé baﬁkﬂomsféhmetﬁr'

- di scovelrashhe Btiuder 111 03urifd Brwaky rAdvemisn 308e RIFEsAAr Addaiendiy ehd valve 38’ prevents e inflbinJ
‘Lhe cor f a{nﬁﬁiﬂ R 9%%&93@28“&-\88{90&%%% B 22 NEnRARRAGR 445 s T ekl BERe d\RL T
in et and the outlet nozzie 30’ of the shat sieeve 14’. The vaive 38’ may ba.one of a known varlely of slide
:§ gate vaives, :

In the following discussion which datails the specific construstion of various components, reference
will cnly be made to the apparatus 10 seen in FIG. 2. It will be understcod however, that the construction
outlined herebeiow is aqually appkcable to the corresponding features and components of the apparatus 10
seen in FIG, 2, where similar components have been given the (') designaiion. The described construction

20 is sceordingly not intended tc be limited Lo the specific context in which it is oeing described and shouid not
be so interpreted. _ )

It arriving at the specliic construction of the present invention, numerqus studies were conducted
to determine what materials represented likely candidates for forming the barrai 12, scraw 28, vaives 38,
nozzie 20 and other compenents capable of processing a highly corrosive material. An obvious initial

25 dstermination was that the construction material must have a high melting temperature and resistance to
dissolution by tha processed mate_ﬁal. as well as good fabricabilily, strength and toughness. The initial alloys
tested for dissolution in aluminum were accordingly based or Fe, Ni, Ti and Co. The gensral industry
knowledge on the dissolution of materials by molten aluminum is minimal, Most <nowledge of iiquid metal
corrosion and erosion is specific to corrosion and erosion by Na and Li which are somstimes used as

30 coolants in huciear reactors. Ihformation on those materials is not directly applicable to molten aluminum
because of differing phase reiationships. :

In evaluating the dissolution of the above materials, a strip of each of the propossd construction
materials was used as one blade of a titanium (T) stirrer. The stirrer was used to agitaie an aluminum alloy
being maintained in its two phase regicn al 800° C. The stiming speed was kept conatant at 200 rm. Ailter

35 stirring for several hours, the strips were removed, sectioned, poliéhéd and their ¢hange in thickness
determined using an optical microscope having a micrometer stage, The results of the test are set out in
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are about 30, 000 psi (206 842 kPa) for a 10,000 hour useful life at
1200[.err] F (650[err] C), quite superior to tool SUBSTIHUTE SHEBT
sttengths for alloy 718 and .alloy 909 at 1200[err] F (650[err] O are

| Kk

LESDoCt i mtedfend 8 R S8R5 ok LR, 1A% RBRRE o BB AT
38 wer e yilskie did not resuflt WARERRHA of 2 AORHES @9&% Nt 1892 Fronhifd {&s:na Ba[n' uiesde@nd
‘non-nitrided versions, and put into sinulated service Oferr] C

for tweggy uhembhndyh)ga#waissuuumm [seivdian0aIlyJowdraia- the T-alloyss thaf dlésblahmaiab @b

30, it was found that no
12- tiogised Ti-alloys ware simijgntaing epppsc@nding untlodnsed Ti-alleys: the Ti-Pd alloy exhibited the lowest

PCT/ lgSQ Z:/s% uztl%g rate for the Ti-glloys; and the two dnﬁerent surface treaiments of the MNb-alloys yueldad na
significant difference in dissolution rates, ' '

in addition to showing that the surface. treated Nb-alloy was superior to the Ti-alioy in resisting
dissoiution by moiten aluminum, it is noted that the bulk harcness of the Nb-alloys is approximately edOHV
{5CKkg) compared to approximately 300HY (80Kg) fcr' the Ti-alloys. In a combined wear-dissclution situaticn,

. 10 the relative bulk hardnesses _reSult in the Nb-ailoys out performing the Ti-glioys. Furthermore, if the
aluminide layer which formed on the _Ti-auoys is continuously removed by wear, the dissolution rates of the
Ti-alloys weuld increzes over time during use of tha apparatus.

In comparing the effect ¢f the prasent apparatus's operating temperatures on the diffarent alloys,

the absclute meiting temperatures of the base metais were used as a guide. For Nb this is 2740K (2487°C)

18 and for Ti this is 1960K (1877° ¢} The operating ‘emperature of the apparatus 10 of the present invention
‘s approximataly 900K and this is 33%' ¢f the absolute melting temperature for Nb and 46% for the absolute
melting temperature of TI. From this it was concluded that the Nb based alioy will be mechanically and
macrostructural more stable than a Ti-alloy at the relevant operating temperatures.

While ihe above tests yielded an alioy which was heretofore not known ta exhibit a good dissciution

20 resistance to molten aluminum, i émined to be seen whether or not an apparatus 10 constructed according
5 the present invention could be constructed from this material,

In attempling to fabricate a full size barrel according 'o the present invention and utilizing the Nb--
alioy mentioned ébove, a 'njafrei-j"z was constructed with an outar partion or layer 40 of alloy 718. The outer
layer 14 was 76 inches (1.93 m)long, 7 inches in outer diameter, and 2 ¥4 inchas (8.36 cm} in inner diametar.

25 An Nb-based ailoy liner or layer 42 having a thickness of at least 0.2 inches i3 desired. Because of the
significantly different coelficients of sxpansion between the Nb-based 'énoy (about 5/°F or 9/°C) and ailoy
718 (about 8.3/°F or 14.8/° C), it was thought that shrink fitting the linar 42 within the inner diameter of the
outer portion 14 would prove impractical,

With no guidance being provided by the relevant art regarding the processing of aluminum, an

30

«-10-
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appr eC| abl e dissolution of the Nb-alloy occurred. Sone mnor reactions did
occur between the nozzle 30 and the nolten al unSlkswTIMUTEBSKREET
r.eactions predom nantly appear to be an inward mgration of silicon (the
potllne metal ) into out ward diffusiqn of tug%gten

Into t hlea«mm ot HE o &0-Gneh 0.8 5. P Brter iy et eyer 42 Riwﬂ%r|drf6‘§‘¥  er
O I I g R G- T O S

di.scovery ﬁloasbetah Qed2pRBIe Blnesian at thé MYHM Rteifade) TR WG tetsto mahnah faea:#&aera bhﬁés
could withstand the rigors of processing corrosive and erosive nolten

mat er i alapthe difiusion interface. lnseﬁtings@emimﬂaym@bemeembe Hb@&ﬁeg@’o}‘&nd!hﬂeﬂbalf tifollowsad.
were al so constructed such that |liners 33 and of Nb-allo

pr odukedYBYPRING yas hensiamiptaddn snhapesstie ﬁ@&?"'&ﬁ’&ﬂé"’f‘ $8nq Rievide %Fa'vﬂs%ég@ﬁﬁv' 54.
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a carbi B ek
5 A1 S el ) U S s By

hl gh t emsptie FCUwEsthetirben coming from 1hg steal, A furlhegiiteanpt 4t 07 bunding an Sibdass dicy layai-t s
-or sem -solids of Al, and Zn. The carbide phase is of a sufficient

vol ume pgéreiainnersligmetse phiheaiitel inyer$0atiizete Wwﬁbﬁﬂﬁ?"é}rﬁéﬁem'@w Yeah{fetOpaipen), aphe s
als 01 OverbXnJlngqayer 24? +hrg) ﬂsumac%i ml?ﬁ/e No-based slioy layer 42 being satiafactorily honded to the alloy 718

outer layer 40.

As geen in FIG. 3, the HIP obonding of the Nb-based ailey was more specifically carried out by
placing the alloy 748 outer layer 40 in an iron can 48 with a sheet steel interface and the Nb-based allay in
powder form on the can surface. The tan 46 was then pumped down un&er vacuum, sealed and HIPPED

18  (hot isostatic alloy pressed) at Z.OSQ'F (11277 C). After HIPPING, the composite barrel wes subjected to
heat treating involving aging for ten hours at 1400°F, cooled 10 1200°F (650" C) and hekd for twenty hours,
and then air cooled. The bonding of the Nb-basad alloy of the inner layer 42 {0 the alioy 718 outer barrel 40
proved to be good, Another advantageous approach for constructing the barrel 12 involves the use of
an aliay in constructing the outer layer 40 having a coefficient of expansion more clasely matching that of

20 the Nb-based alloy. In comparison to alloy 718, alloy 809 has éoeﬂicient of expansion which is closer to

that of the Nb-based alioy (See Tabia 3).

MATERIAL CTE (In/*F x 10 [om/* C x40 "]
Alioy 718 8.3 [149)
Alioy 809 . 57 [10.3]
25 Alloy 783 7.0 [12.6]
Nb-elloy (TRIBOCOR) 5.0 [9.0]

TABLE 3: Coefficient of Thermal Expansion at 1200° F.
30 In ane attempt to bond the Nb-based alioy directly to an alioy 809 cuter Iayer 40 of the barrel, dirsct
| HIPPING of loose Ni-based alloy powder did not resuit in the bonding of the Nb-based siloy to the inner

diameter of the outer layer 40, It is therefore believed that a bonding layer could be utilized as. discussed

-{1-
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i 15 powder netallurgy, so as to not degrade toughnes Pr rafnl
-carbi.de will be WC. TiC, NbC, TaC, or al | oyed i%%rﬁﬁ”’ge #}H%E'?
- aforenentioned carbides. It is anticipated that other hard carbides, as
vel'l  asgpldd. Howaver, bebaisk dftfie refulivd dhefibierils BrendémBIbxpansion between alioy 5063 the Nb-
preferred alloy conposition of the above type has a matrix conposition of
55 Nb (aliby.ht ipelbebelieved thatalliesrd@ofthe Nblicylnan &8 sbraok it indeihb outer leyen 8@ nfilizing the
10-50% by vol ume of WC, which is w dely comercial | 20 available as a
Car bi deslghthdiahercaospienl ohibermsiiexnansics el aloy SO0 Rsre tagftyaiox fnes 2 reqompipssion.
conposijipns t I, i tabl e components for the processing of
hi-ghl y %ﬁf%ﬁ@é&iﬁ{ﬂs@rgtsq ?’5‘%% nolten netals include: 1) matrix

powdgr at omi g _ \ i defiti ' ' '
Conmor ci al |y eandiét B N8ARoRnef 2 Al i Bich 5 AR g ehd W Uhe) il anidgepugy
HI. PPl NGregtd2 hadd|sonfacemiveri atoughropes ihe iooter layanl4d. This prokidagithe dptitresh wear fesistance,

monol i t hic . formor as a cladding for conponents in apparatuses for
hand| i rf™RLAN fEpistanceAnrerasion ragisiance wijle setaining thejneeqsgam tpushness logesinsimaselandy ed

5 TGESRRRAH ot el b RS AR AR BB L
e G RirBEndri tos dutaa SRR n the 42 42 Rk ok SufipS) on 8HIR Dopddin@l 4ET
Q_f- ide GuAGIHEHRAEHItAdng the NBTRiloy are set aut in Table 4.

TIME : NITROGEN WEIGHT GAIN DEPTH OF NITRIDE LAYER
(hr) mglicm? mils and microns

25 1 0.44 11
10 2 0.88 22

T
TABLE 4; Nitriding Nb-afioy at 1850° F.

For barrels of amail size, a monelithic construction of Nb-alloy couid be utiized.

20 The internal screw 26 for the apparatus 10 can be fabricated as a menolithic Nb-alloy structure with
the vares 50 having flat tps 51 machined Into the structure; as having a mechanical (e.g. keyed or screwed)
shaath 48 (with vanes 50) attached to an alloy 718, an alloy 909 or a tool sieel core 52 (as seen in FIG, 5);
or HIP bonding an Nb-alloy layer 48 to a core 52 having the vanes §0 machined thersinto. Prefarably, for

" creep resistance and thermal cycling resistance, the Nb-alloy is HIP bonded on an alloy 809 core 52 or 52.

25 (S00d creep strength cnaracteristics at 1200¢ F (650° C) are a prerequisite for the apparatus’ barrel
12 and screw 26, From the abova, it has been discover'ed that ailcy 718 or alloy 809 are preferable for
forming the core of these load bearing components of the apparaius 10 since ihair stress-rupture strengths
ara about 20,000 psi (206,842 kPa) for 3 10,000 hour useful life &t 1200° F (§60° C), quite superior to tool
steels, Yield strengths for alloy 718 and alloy 808 at 1200° F (650° C)-ré respectively 140,000 psi (965,268

30  kPa)and 125,000 psi (884,845 kPa), |

A monolithic Nb-alloy (Nb-30Ti-20W) nozzle 30 (seen in FIG. 8) and valves 38 were alsc
successfully consiructed and tested, bo.th nitrided and non-nitrided versions, and pul into simuiated service

at 850° C for twenty to thirty hours. Upon raviewing cross-sections of the nozzles 30, it was found that no

«12 -
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1:- . A conponent for processifnyig SHEETGWAS”B nql_t%HLHJﬂ'ﬁUTE@HﬁEEH al
havi ng a corjr osli V%EEE‘\%E st eel s greater-—-than—
10[err] t 1200 [err] F (050kex qaud

red by
a surface of an Nb-based all oy’ ‘for contacti ng sai d m” imm”ﬂg

resistantcdn® corrosion by said material,
1, A component for processing a molten or semi-molten metallic matsrial having a
corrosivenass with tool steels greater than 10um/hr at 1200° F (650° C), said component characterized by:
] & surface of one in the serles of Nb-30Ti-20W, 55 Nb-Ti and an Nb-zased matrix having a carbide

~ hardening phase for contacting said matenal and being resistant to corrosion by szid material.

2. A componant as set forth in Claim 1 characterized by said surface having carrosive

resistance to at least ona in tha series of aluminum, aluminum zlloys and zinc alioys.

1Q &
3. A component as set forth in Claim 1 characierized by said companent baing of a menglithic

construction.
4, A component for prccessing 2 moltan or semi-molten matallic material having a

15  correaveness with too! steels grester than 10um/hr at 1200° F (850° C), said component characterized by

a surface of an Nb-basad alloy for contactng said material ahd baing resistant 1o corrosion by said material.~

5. A carmponent as set forth in Claim 4 characterized by said Nb-based alioy being

mechanically bonded to said core,

8. A componant as set ferth in Claim 4 characterized by gsid Nb-based alloy being

metallurgically bonded to aaid core.

7. A component as set forth in Claim § characterized by said Nb-tased alloy being HIPPED

- 25 %o said cora.

8. A component for processing a molten or semi-molten metallic material having a
corrosiveness with ioal steels greater than 10.m/hr at 1200 ° F (650° C), said component characterized by
a surfaca of an Nb-based alloy for contacting said material and being resistant to corrosion by said material,

30 said component being one in the series of an exiruder barrel, an extruder screw, an extruder nozzle and a

-44 -
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gsald conponent being one in the series of an extruder barrel, an extruder
'screw, an extruder nozzle and ‘_“S EEN non-SUsTITWEE SHEET
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250 A conmponent as set fortk

havi ng corrasi ve

ara St eri zed—by -sai-d-surface—

b A g
ing

‘A conponent as set forthin daiml characterl zed by isat

-of a nonolithic construction,

4, A conpaent msconpehert 85 dettoitiin Claim Sehirtiaazeacy edid mﬂaebymamdavwgalemael
-al | oy being nmechani cal I'y bonded to a core.

5. A auotptovitbintthexgngseaf 10-80% by velur®®.ai m 1 characteri zed by sai d Nb-based

“al | oy5 bei ng . nmetal lurgically bonded to a core.

10. A component as set forth in Claim 8 characterized by said carbide being WC.

11. Apparaius for processing a melten or sermi-molisn metallic materigl into a thixotropic state,

said metallic material being corrosive whan in & melten or semi-moltan state, said apparatus comprising:

10 a barrel having opposing ends, saia barrel having an outlel at one of said ends and having an iniet

toward the other of said ends, said inlet located 3 distanca frorn said out'et, said harrel

having an inner surface, said inner surface defining a passageway through said barral and

adapiad to contact the metallic material as it passes through

8aid apparatus, said inner

surface being resigtant to corrosion and erosion by metallic matarial and said passageway

18 cemmunicating sald inlet with said outlet;

N

a screw located within said passageway for rotation relative thereto, said screw including a body”

having at least one vana thereon, said vane at least partially defining a helix around said

body to propei the meiallic materlal through said barrel, said

screw including an outer

slirface, said outer surface being adapted to contact the metaliic material as it passes

20 through said apparatus and bein_g resistant o corrosion and ercsion by metallic material;

drive means for rotating said screw anc shearing said metallic material at a rate sufficient to Inhibit

complete formation of dendritic structures thérein while said metallic rriateria! i& in 8 semi-

moiten state, rotation of said screw by said drive means further causing said metallic

material to be digcharged in a thixotropic state from said barrel and through aaid outiet for

25 forming into a pradetermined article;

feeder means for intraducing sald metalic material into said barrel through said inlet;

heaiing means for transferring heat to said barrel and seid metallic material therein such that said

metailic material is in 2 semi~molten state and at a tsmperature between the liquidus and

solidus temperatures of said metallic material; and

30 said apparatus characterized by said inner surface of said barre! and said outer surface of sald

T ——
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A component as set fo

3 :ltWIIS H@EF"HNS%W acterizgd, by.sal b- ed
al | oy being H PPED ISR h@rgai d chre. __‘__ggL Tﬁ'ﬁT% gHéﬁaF
‘7 Fact eri zed by sai-d—Nb--based

A conponent as set fo

LARE R A EE RS and RS B ZOWberGD IR
LI i 1)

al | oy havi ng a cakgbie#t®sin of an No-based alloy. content wi 10- 50%
by vol une. v 8. A corrponimmw Em ﬂﬂ”“l n Claim

1 characterized by said carbide content being of V\C

10

20

25

30

12, An apparatus as set forth in Claim 11 further characierized by 2 nozzle in said outlet having

~ an interior surface defining a passageway ‘herethrough, said interior surface being formed of allgy Nb-30Ti-

20w.

13. An apparatus as set forth in Claim 11 characterized by all surfaces of said appafatus which

contact the semi-moiten state of said metallic material veing formed of allcy Nb-30Ti-20WV.

14, An apparatus as set forth in Claim 11 characterized by said barrel inciuding an inner core
of a second material, said inner surface being a portion of an inner layer metallurgicslly borided to said outer

layer of said barrel.

186, An apparatus as set forth in Claim 14 characterized by said innet; layer of said barret being

HIFPED to said outer layer of said barrel,

16. An apparatfus as set forth in Claim 14 characterized by said outer layer of said barre! being

alioy 748.

17.  An apparatus as set forth in Claim 16 characterized by a bonding layer being positioned

between said inner and outer layers of said barrai.

i8. An apparatus as sat forth in Claim 14 characterized by said inner layer of said barre! being

mechanically bonded to said outer layer of said barrel.

18, An appératus as set forth in Claim 18 characterized by said inner layer of said barrel being

shrunk fit into sald outer layer.

20. An apperatus as set forth in Claim 18 characterized by said outer layer of said barrel being

alloy 909,

\\\I\I\\ \m\\ il
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9. Appar atus for processingra—f8 Dl t e
nto a thixotropic state, sa dHISe BHERT P | Wﬁﬁb&% nin
a holten or sem -nolten state, jsaid &Eﬂmﬁéﬁus co r|S| ng;

barrel havi n@10pp@aiapgerstosias sebioRRindaEn 1 cﬂiamgemwmbtécﬁw.aaumean@fnesmd
ends and havi ng an inl et toward the other of said ends,
isai-d i nioba seconsimateriah said outensudace being & partipnaYi en ewter laver whishismsttaliurgically bonded to
‘havi ng an i nner surface, said inner surface defining a passageway through
lsai d baPfi8IF%ngd adapted to contact the netallic materi al
‘as it passes through said apparatus, said inner ' surface
being resistant to corrosion and erosion by netallic material and said
passageway 22, An apparatus as seCIOM I QiaRed 1 ohgratieiiAbdib b corridyesdisald et Béing

'a screw located within said passageway for rotation relative thereto, said
‘screw i metaliaiginglly dobdedyto said core by HIPPING. havi ng at | east one vane thereon,
‘said vane at least partially.defining a helix around said

‘body to propel the netallic material through said barrel, said screw

‘including an,gut e%ﬁntaﬁgaratu? 2§ pet forth Gt @&Sru}%ﬁi&b@%ﬁ%ﬁg a5t B HoRhtrie

;adapted to contac IC materi a
gthroughcgﬁhwm,a}uga@ngg\hel ng resistant to corrosion and erosion by
;metallic material;

’ 10

- 24, An apparatus as set forth in Claim 11 further being characierized by a shot sleeve adapted
to receive said metallic material from said barrel, said shot sleeve having interior surfaces of alloy

Nb-30Ti-20W deiining a passageway therethrough.

15 25. An apparatus a3 sef forth in Claim 24 further being characterized by an injection mold for

receiving said metallic material from said shot sleeve. .

286. An apparatus as set forth in Claim 11 further being characterized by a casting die for
receiving said metaliic matedal from sald shot sleeve,

20
27. An apparatus as set forth in Claim 11 characterized by said inner surface of said barrel being

nitrided.

28. An apparatus as set forth in Claim 11 characterized by said outer surface of said screw

25 being nitrided.

29.  An apparatus as set forth in Claim 11 characterized by said Nb-based alloy being 55 Nb-
Ti.
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drive neans for rotating said sg¢r r sai d | at
ia rate sufficient to inhibit THIS %WE-PW@@ BEEN npl etﬁﬁim%m-glggﬁt&a
‘déndritic structures therein whillLe anFPM¥¢QII.p- terial is in a sen-
mol ten stat ezq Ot ah afifhratlis SethoRhOMRN1 seardc:&rzgag]ar e SrPMsoddl &ﬁwaefaauﬁne.q

said netallic material to be dis in a thixotropic
st at e f basa sairit cbaposition aavdng dvaetidginasdahidg phesket f or form ng
into a predeterm ned article; feeder means for introducing said
nmetallic material into said barrel through said inlet; heating

for f
T O LA oAl % bk RS0 Sl oo Glin
Sem 5 dyR aabide BMEntalini tﬁe@ﬁﬂf‘erﬁaﬂ«k‘)@o (Mg the liquidus and

sol i dus tenperatures of “said lic material: and sai d appar at us
characterized by at | east one of said inner surface of said barrel- and said
out er surface of said screw being of an Nb-based all oy.

10. An apPar at &8 appsratustasfserforth i Slain &1 ehateceiirediarsaidrartidetteing 6 by a
nozzle in said outlet having an interior surface defining a passageway

t heret hrough, said interior surface being fornmed of aI | oy Nb-30Ti- 20W

summu.y'...“,.,,.l.i,,g.,
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16 11. An apparatus as set forth in d ragl.erized by

..all surfaces of said apparatus which contact the se %b%'f&%ssgﬁgg Tof said

~“netal lic naterial being forned of alloy Nb-30Ti-20W An

appar at us;. .as set forth in daim9 char agserized by said barrel |nclud|ng an

. inner coré of a second material, said inner surface being a portion of an
i nner Iayer metal lurgical |y bonded to said outer |ayer of said barrel.

- 13. An:dpparatus as set forth in Caim12 characterlzed by said inner
-layer of:-gaid barrel being
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H PPED to said outer |layer of said barrel. 14. An appar g

- as set forth in C ai m 12 charact eri zed by sai'd outer |ayer of said barr
"~ being alloy 71 —— An apparatus as set forth ip (aim.l
_charact eummun g Iayer bei ng p03|t|0ne§EpQRCMNTSSﬂEE’ESnn§G and
out er ”ml D . 1% ,&{ Upagd Fab faged i, iin
Claim 12 &haf actt erm z@&c 'sai d inner | ayer of reI pggédrig to paged ...
mechani cal |y bonded to said outer |ayer of sai -4 ﬁgd ..... AN
. . i (ﬂj pa %ed o to pa
apparatus as set forth in daim 16 characteri|z d ‘9”% ) ]l%yﬁrged)j:'
said barrel being shrunk fit into said outer tract
© . clams DATE OF RECEIPT Aeq
[ claim:
1. A component for processing a molten or semi-molten metallic material having a

corrosiveness with tool steels greater than 10.m/hr at 1200 ° F (650° C), said component characterized by
a surface of an Nb-based alloy for contacting sald material and being resistant to corrosion by said material,
said component being one in the series of an extruder barrel, an extruder screw, an extruder nozzle and a

non-retum valve.

2, A component as set forth in Claim 1 characterized by said surface having corrosive

resistance to at least one in the series of aluminum, aluminum alloys and zinc alloys.

3. Ac_:omponent as set forth in Claim 1 characterized by said component being of a monolithic
construction.
4. A component as set forth in Claim 1 characterized by said Nb-based alloy being

mechanically bonded to a core.

S. A component as set forth in Claim 1 characterized by said Nb-based alloy being

metallurgically bonded to a core.

6. A component as set forth in Claim 5 characterized by said Nb-based alloy being HIPPED
to said core, |
7. A component as set forth in Claim 1 characterized by said Nb-based alloy having a carbide

sontent within the range of 10-50% by volume.

8. A component as set forth in Claim 1 characterized by said carbide content being of WC.

| 2.9 NOY 1000
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18. An apparatus as set forth in Caim116 characterized by said outer

' layer of MI being alloy 909. 19. An apparatus as set
“forth ing m 9 char%t‘eﬁ—zed by said screw including an inner core of a
second ng “;qfr 1omier surface bei ng1 a portion of an outer l|ayer which
is metal |'¢l [ 'to said core. 20. An apparatus as
set forth in CI ai m 19 characterized by said outer |ayer of said screw being

17

9. Apparatus for processing a molten or semi-molten metallic material into a thixotropic state,

sald metallic material being corrosive when in a molten or semi-molten state, said apparatus comprising:

a barrel having opposing ends, said barrel having an outlet at one of said ends and having an inlet
toward the other of sald ends, said inlet located a distance from said outlét, said barrel
having an inner surface, said inner surface defining a passageway through said barrel and
adapted to contact the metallic material as it passes through sald apparatus, said inner
surface being resistant to corrosion and erosion by metallic material and said passageway
communicating said inlet with said outlet; _

8 screw located within said passageway for rotation relative :ﬁereto. said screw including a body
having at least one vane thereon, said vane at least partially defining a helix around said
body to propel the metallic material through said barrel, said screw including an outer

- suiface, said outer surface being adapted to contact the metallic material as it passes
through said apparatus and being resistant to corrosion and erosion by metallic material;
drive means for rotating said screw and shearing said metallic material at a rate sufficient to inhibit
complete formation of dendritic structures therein while said metallic material is in a8 semi-
molten state, rotation of said screw by said drive means further causing said metallic
material to be discharged in a thixotropic state from said barrel and through said outiet for

forming into a predetermined article;

feeder means for introducing said metallic material into said barre! through said inlet;

heating means for transferring heat to said barrel and said metallic material therein such that said
metallic material is in a semi-molten state and at a temperature between the liquidus and
solidus temperatures of said metallic material; and

said apparatus characterized by at least one of sald inner surface of said barrel and said outer

surface of said screw being of an Nb-based alloy.

10. An apparatus as set forth in Claim @ further characterized by 2 nozzle in said outlet having

an interior surface defining a passageway therethrough, said interior surface being formed of alloy Nb-30Ti-

2o | 2 9 NOV 1909
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i cally bonded to said core by H PPl NG 21. An
apparH Hlﬂ L' H”m in Claim18 characterized by said nozzle being of a
nonol ! ion of alloy Nb-30Ti-20W 22. An

apparatus as set orth in CQaim9 further being characterized by a shot
sl eeve adapted to receive said netalliclémterial fromsaid barrel, said
shot sl eeve having interior surfaces of alloy Nb-30Ti-20Wdefining a
passageway theret hrough. 23. An apparatus as set forth in

A aim 22 furthgr b% #%\gémgsga 3Hﬁﬁ%la%{ WhradidS&d ﬁﬂh smécqiéfgaid %&E&%&ug Whigh

said netallic materla ot s eeve. arat us
as set f ovdtctihe semmbited state biseri nixalizgnatdnial g Grnngd of diyy Mb-8aE-20Wg di e for
receiving said netallic material fromsaid shot sleeve.

12. An apparatus as set forth in Claim 9 characterized by said barrel including an inner core of
a second material, said inner surface being a portion of an inner layer metallurgically bonded to said outer

layer of said barrel.

13. An apparatus as set forth in Claim 12 characterized by said inner layer of said barrel being

HIPPED to said outer layer of said barrel.

b
14. An apparatus as set forth in Claim 12 characterized by said outer layer of said barrel being

alloy 718.

15. An apparatus as set forth in Claim 14 characterized by a bonding layer being positioned

between said inner and outer tayers of said barrel.

16. An apparatus as set forth in Claim 12 characterized by said inner layer of said barrel being

mechanically bonded to said outer layer of said barrel.

17. An apparatus as set forth in Claim 16 characterized by said inner layer of said barrel being

\

shrunk fit into said outer layer.

18. An apparalus as set forth in Claim 16 characterized by said outer layer of said barrel being

alloy 909.

19. An apparatus as set forth in Claim @ characterized by said screw including an inner core of
a second material, said outer surface being a portion of an outer layer which is metallurgically bonded to said

care,

20. An apparatus as set forth in Claim 19 characterized by said outer layer of said screw being

2 9 NOV 1990
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25. _An-apparatus as set forth in Caim9 characterized by said inner
surface of . .Sai mam being nitrided. 26. An apparatus as -
set f(‘\“\\‘\&\)‘ﬁml n aracterized by said outer surface of said screw

bei ng 1MW T adedn S i 27. An apparatus as set forth In Caim?9

' characterized by said Nb-based alloy beirdd 55 No- Ti. 28. An
. apparatus as set forth in Caim9 characterized by said Nb-based all oy
being an Nb- based matrix gonposition having a carbide hardening phase.
29.  An app&Rlitrgisaliy dorded g taid gore by HIPBING- 28 characteri zed by said Nb-based

matri x conposition

»

21. An apparatus as set forth in Claim 18 characterized by said nozzle being of a monolithic

construction of alloy Nb-30Ti-20W.

22. An apparatus as set forth in Claim 9 further being characterized by a shot sleeve adapted

to receive said metallic material from said barrel, said shot sleeve having interior surfaces of alloy

Nb-30Ti-20W defining a passageway therethrough.

23. An apparatus as set forth in Claim 22 further being characterized by an injection mold for

v
receiving said metallic material fcom said shot sleeve.

24, An apparatus as set forth in Claim 9 further being characterized by a casting die for receiving

said metallic material from said shot sleeve.

25. An apparatus as set forth in Claim 9 characterized by said inner surface of said barrel being |

nitrided.

26. An apparatus as set forth in Claim 9 characterized by said outer surface of said screw being

nitrided.

27. An apparatus as set forth in Claim 8 characterized by said Nb-based alloy being 55 Nb-

TL

28, An apparatus as set forth in Claim 9 characterized by said Nb-based alloy being an Nb-

based matrix composition having a carbide hardening phase.

29. An apparatus as set forth in Claim 28 characterized by said Nb-based matrix composition

having a carbide content within the range of 30-50% by volume.

2 9 NOV 1999
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haV| ng a carbrde*cv‘renf’vmthl n the range of 30-50% by vol une.

clzgrb| gg belnﬁmmn‘m \““m\ set forth in daim?29 characterized by said

18

30. An apparatus as set forth in Claim 29 characterized b;_-said carbide being WC

2 9 NoV 1999
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| (87) Abstract

An apparatus for processing materials which are highly corosive while in a.thixotropxc state, for example aluminum. The apparatus

| includes a barre! which is adapted to receive the material through an inlet. In the bamrel, the material is heated and subjected to shearing,

forming a highly corrosive, semi-solid slurry which is discharged from the bartel thicugh a nozzle. The barre) is constructed with an outer
layer of a first material and an invier layer of an Nb-based alloy which is bonded to the outer layer. Positioned within the passageway of

7" | the barrel is a screw, the rotation of which operates to subject the material to shicaring and mave the material through the barrel. The screw

. { is constructed iwith an outer layer of the Nb-based alloy that is molecularly bondzd to an inner core of a different material. The Nb-based
alloy is resistant to the corrosive- effects of the material being processed.




