-1- DI RECT CASTING OF METALLI C W RE PRODUCTS This invention ré@étes to a
met hod and apparatus for manufacturing netallic wire products y%ib%ﬁ?i%%
casting. In conventional netal w re nmanufacturing nethods, where e
termwire is understood to refer to a product having relatively snal
cross-sectional area and substantial length, a bath of the netal - is cast
batchwi se to ingots or continuously to strands, which are divided
transversely to their longitudinal direction into wire billets. The 10

ingots and billets have a cross-sectionat~area of about 10,000 nm2 or npt e
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state. The manuf uring ne schenma y descri ove 1S very
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equi pnent are extensive, because the difference between the cross-sectional
area of the 2fh séorivemgiomdErmetal iwtrei mgnifactubihdg evsthadsl, tWwieexms 0ss-
sectional area of the hot-rolled wire is great and requires a great nunber
of passe$. Tike nbexmiwire bisivrdersteedhbeergbed bechiPredudt \hawiriach
primarily depends on the analysis of the material and, therefore, inplies
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net hod of dirgect w re cast.in ere relatively small cross-section is -
cast subst ant &9 td%f??ﬁ&néky, ?H@?E?gré? ﬁ%§¥ BRYERvLSY ey ingots or .-
~ continuously to strands, which are divided transversely to

their longitudinal direction into wire billets. The
10 ingots and billets have a croésfsectional area of about
10,000 mm2 or more and are hot rolled in rolling mills to
suitable cross-sections, which for steel normally are
round with a diameter of 5 to 9 mm. The wire thus
produced is subjected to further treatment by being drawn
1S in the cold staté. | '

The manufacturing method schematically described above
is very expensive and involves matérial losses. The ('
rolling mill and other equipment are extensive, because
the difference between the cross-sectional area of the

20 starting material, i.e. ingots or billets, and the cross-
sectional area of the hot-rolled wire is great and
requires a great number of passes. The material, besides,
must have good machinability, which primarily depends on
the analysis of the material and, therefore, implies

25 restrictions from a material point of view.

A satisfactorily operating method of direct wire
casting where a relatively small cross-sezzion is cast

substantially continuously, therefore, must offer a great



-2- nunber. of obvi ous technical and econonic advant ages. At present no

met hod exi st.s by “whi ch the consi derabl e t echni cal problenms involved in suc
a direct’ casting process have been solved, and, therefore, no nethod is 5
applied-in comercial production, either. One knomn tested method of direct
casting is the Mchelin process, in which a jet of nolten netal is pressed
out at high pressure through a small aperture nozzle, whereby under
favourabl e conditions a wire of 10 about 0,2 nm di aneter can be forned. By
nalntagmlng a high silicon content in the<bath and by surrounding the jet
wi th an oxygen gas atnosphere, according to Mchelin an oxide shell is
formed which haumbethefjebvxegetteghnxnni|and dranagdld didviaedag€se nathod,

15 which so far has been tested only on a | ab-oratory scale, is very:
difficult to cBREFBRE NP MELRRAAXiger MY Shiutdhe sonsiderrpleery t hin

d hi h I t ent th re material. Other direct
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tenperature of commencing solidification. 25 Due to the small dimensions,

however, these nmettwelskmswn iésted NI faicect Rasdyayi 98 espect for
"nornal" products and material types. Methods for the manufacture
L Michelin process, in which a jet of molten metal is

~ pressed out at high ptessure-through-a.small aperture
nozzle, whereby under favourable conditions a wire of
10 about 0,2 mm dlameter can be formed.

By maintaining a high silicon content in the bath and
by surroundlng the jet with an oxygen gas atmosphere,
according to Mlchelln an oxide shell is formed which holds
the Jjet together until it has so;idified, The method,

15 which so far has been_tested only on a laboratory scale,
is very difficult to control.  It, further, permits
Y - production of only very thin wire and requires high
silicon contents in the wire material.
Other_direct_casting methods have been tested, in
20 which primarily a rapidly solidifying structure of the
. - wire'is_desired. In these cases very small dimensions are
endeavoured, and promising results have been obtained on a
laboratory scale with alloys having a low_liquidus
temperature, i.e. temperature of commencing solidification,
25 Due to the small dimensions, however, these methods are
without interest from a production aspect for "normal®
products and material types., Methods for the manufacture

of steel fibres from a molten'bath are known and have been



of steel fibres froma nolten bath are known and have been

cl ose to conmercial production. In these nethods a wheel is rot¥ted so

that a portion of its periphery is inmrersed in the bath.. It was, however,

found -unf-easi bl e to manufacture in this way a coherent wire with 5

accept abl e cross-section. A further nmethod known is dip forming", which
is used foor applying a very pure outer coat of copper on copper wre.

was found possible by this nmethod to "freeze on" a coat on a wire by

For technical

“dipping the wire into a nolten bath of ttBe sanme material as the mﬁre;'IQ;;

reasons, however, this nethod is not adapted for use on

It

- devel oped

steel . The netdeek logiddeicliozet aobeomagarcdad pgoduaeibnd ofnsthésee coating, :
Concl usively one may say, that in spite of the obvious technical and- o
economni ¢ advameddesis @pibedl ist rotdtedcsolshatast bagtbensefeitsire

products, no working nmethod is yet available. In principleg,
net hod of nan@Pexdpheryy if Aameysgdr dBt thesbakp . shélil Hage BoWeveKe found -
molten nmetal to flow qut throug@ an openi

cont ai ner and W&ASHP 1 t0o

a so-call ed noz

wire. It involy

jet to sol
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tension of thgs¥hfiflg»,a whlichnd st %@@an%roapswahif;ng-;uerir.hﬁuﬁé ol@rinto
dropl ets ari ses, because from an energetic aspec : _
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coat of copper on copper wire. It was found possible by

this method to "freeze on" a coat on a wire by dipping the

‘wire into a molten bath of the same material as the wire. -

For technical reasoné, however, this-method-is.not“adapted
for use on‘steel.:.The method rathef_is-tp be-regatded as-
a method of surface coating.’ N |
COncluSiVeiy one.may Say, that in spite of the obvious
technical and economic advantéges implied in:the ‘direct
casting of steel-wire=prdeCts, no working ﬁethod~is yet
available,.

'In principle, the simplésf’méthod of manufacturing
wire byldirect casting shéuld'be to cause the molten metal
to flow out through an opening, a so~célled?nozzle, of a -

container and thereby to form a coherent*jet?intendedf

' to solidify to a wire. It involves, however, problems

25

unsolved so far how to cause such a jet to solidify to
wire of desired diménsions. Due -to the high surface -

tension of the steel, a strong tendenCy_ofTbreakingQup the

~jet into droplets arises, because from"an;énergétic'aspect'

the form of droplets is more favourable for Ehé*béth.

This tendency further is favoured by requirements on

' decreasiné'diametersi owing to the-accelerating'effect of.
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the formof droplets is nore favourable for the bath. This tendency furthéf}
is favoured by requirenents on decreasing dianeters, owing to the

accel erating effect of. -4- gravity on the jet in conbination with _
requigfements on constant volune. The present invention relates to a sinple
solution of the aforesaid problens in connection with the outflow of 5
molten-nmetal, where a wire continuously runs out through said opening or
nozzl e. The wire tends to be enclosed by_jhe netal -in the jet and
stabiliizes the jet for so long a period as required by the nolten netal to
sol i diTY, wher ghyy@tGOBhI BHEUSeW {§ donitHa Nl vilthe rdiguTolepienet 58 whi ch
exceeds the dianeter of the wire running-out, supplied. The process can be
controll ed, e.gonBYadl) Weiiumg.the height of the nolten nmetal, i.e. the bath
depth, the running-out rate of the wire and the tenperature of the bath. 15
In one aspect the Phespnésenveinvemtjvrowaletes et Rodiopleasolation af
.metallic wire products by direct casting of nolten netal, the nmethod

conpri sing: A) tpeoefaragaidberebbemspin pnachiqm W dokthe REEIRRYI R an
outlet hole in the bottomthereof through which 20 the netal c B flow B)
passi ng a wi r e™BdEeRrnPEEYh  t KRBt F e"(“ﬁ%l?'}tﬁ'lwsx}é’t trd‘r?lsofwtthg,r E8RESi ner,

the vire being gt ;a,0gtalsayi NGz 210! i RIS Dol Bk185"By
nmol ten netal , Eals _ _ _ _
o® the metal in the jet and stabilizes the jet for so long a’
L_j period aé required by the molten metal to solidify,
whereby'a-continudus wire is qbtained, the diéméter of
10 which_exceeds the-diameter.éf the wire runnihg-out,
supplied. The process can be controlled, e.g. by
~adjusting the height of the molten metal, i.e. the bath
depth, the running-out rate of the wire and the '
temperature éf the bath. ) _
15 In one,aspect.the-pfesent invention provides a method

of manufacturing metallic wire products by direct casting

of molten metal, the method comprising:

A) providing a bath of molten metal in a container'
having an outlet hole in the bottom;ﬁhereof through which
~ 20 the metal can flow;

__B) passing a wire out through the outlet hole in the
. botﬁom_of the container, the wire being of a metal having 
a melting point close to. that of the molten metal, and
.having a diameter substantially smaller than that of the
25 outlet; |
C) flowing freely a jet of said molten metal out of
said outlet hole, thereby forming an unbroken wire shaped

body of said jet that is stabilized by said wire; the rate



having_a diameter substantially smaller than that of the 25 ouﬁ%ﬁt; (@)
flowing freely a jet of said nolten nmetal out of said outlet hole, thereby
form ng an unbroken wire shaped body of said jet that is stabilized by said
wire;. the rate -5- at which the wire passes out through the outlet hole
bei ng substantially the sanme as or greater than the rate at which said jet
flows out of the outl et hole; D) cooling the unbroken jet of nolten neta
5 ~surrounding the wire and causing if to solidify around the wire; and
E) collecting the wire and solidifieﬂséurrounding molten metal . In aj_j -

d tt 1 ' ' 0 t fary facturing
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located above theelat wﬁpeﬁa'safa,?é-@_rfwldwgaﬂ/vime tdytadh nrAiegd bath and
outlet hole, the supply nmeans including wire having a nelting point close

to that of the noltph necadlingdtie dintvbdicen sjdsStaninalien sreddler than t hat
of the outlet hole, so that the nolten netal of said bath can flow 20 ©
freely as 5 jesurhoungibngatiecuiretamdlcawsinmditsdial solkislifwariovpdreans .
for cooling sakgenegig? gﬁéal_ —_— : _ I _
E) collecting the wire and solidified r«f _
surrounding molten metal. - | ;J;
In a secoﬁd aspect the*invention provides aan
10 apparatus for'manufacturiné metallic wire products’by
direct casting of molten metal, séid.apparatus
comprising: a bath of said-moiten.metal in a container
including a bottom in which is formed an outlet hole;
wire supply means at least partially located above the
15 container, for supplying wire through said bath_and |
outlet hole, the supply means including wire having a
melting point close to that of the molten metal, and a
diameter éubstantially smaller than that of the outlet

hole, so that the molten metal of said'bath.Cah'flbw

0

20 freely as a jet through said outlet hole around siid'
" wire; cooling means for coblingfsaid molﬁeﬁ metal
flowing out of said outlet hole"to-SOIidify a_coatiﬁg-
on said wire; and wire take-up reel meénS“fOr'céiIing.
the wire with said solidified coat. |
25 Some embodiments of the- invention will now be
deséribéd in greater detail with reference to the

' accompanying drawings, in whichi-



flow ng out of said outlet hole to solidify a coating on said wre; and qq
W re take-up reel means for coiling the wire with said solidified coat. 25
Sonme enbodi ments of the- invention will now be described in greater det ai
“with reference to.the acconpanying drawi ngs, in which: -ba- Fig. 1is a
vertical section through a schematically shown first enbodi nent of an
apparatus for carrying out the invention, Fig. 2 is a vertical section
through an outlet hole 5 (nozzl e) of the apparatus according to Fig. 1

shoWnyp greater detail, Fig. 3is a vertical section through a
schenatlcally shown portlon of a second bodi ment of an apparatus for
carrying out the nethod according to the invention, 10 Fig. 4is a

vertical section through a schematically shown portion of.a third

enbodi ment of an appagatsi$oa eertigal sratide thetdugh acschemagitelile
invention, and Filg. 5 is a vertical section through a schematically - 6-
shown portion ofhawpofii ¥ ft coed Heent AIf AN ARPRTRALNS £or €ALTYILAG BUE t he

met hod accordlnghéolgggnégggntlon 5
'’

N Fig. 2 is a vertical section through an outlet hole

5 (nozzle) of the apparatus according to Fig. 1, shown in
greater detail, |

Fig. 3 is a verticai section through a schematically

shown portion of a second embodiment bf an apparatus for’
carrying out the method according to the invention,'

10 Fig. 4 is a vertical section through a schematically
shown portion of a third embodiment of an apparatus for

carrying out the method'according to the invention, and

Fig. 5 is a vertical section through a schematically



In Fig. .1 the numeral 1 designates an uncoiling reel or the ke, from
which a nmetal wire 2 is to run off. The uncoiling reel 1 may be a wre
magazi ne, but may also be a block, to which wire froma nmagazine is taken
and“i ntended 10 to run off. fromthe block. Preferably beneath or on the
sanme | evel as the uncoiling reel 1 a container 3, a so-called casting box 3
or the like, is located which is intended to hold a bath 4 of nolten netal
to be applied on the wire 2. In the 15%.bottom5 of the container 3 an
outlet hole 6 for nolten netal is located, for exanple in a so-called
nozzle 7 or kRewhi 6xrt1bh COE n@zebEr o NEMI i nd ofx i lappacfataspEokor at'ed
ceranmic insert 7 in the bottom5 of the container 3. 20 " The wire. 2 is
i ntended to barryingdogedthetmetinad btdording tHre ghes seyenitdoat-hr ough and
out of the bath 4 and container 3 through the outlet hole 6, which has a

di amet er exceedi ng substantially the dianmeter of the wire 2. Thus, nolten
nmetal is intended to flow out of the bath 4 through 25 the outlet hole 6
along the wire 2 and to forma coat 8 about the wire 2. Preferably beneath.
the container 3 a cooling device is -7- provided which substantially
conprises a container 9 or the like with a coolant 10, such as a liquid or

mel t. Through saigl goglaftcdd hlifetds & Zdlidhddis %Qﬁmn%oqfllml tgaimetal

fl own-out is intended fo be passe many "~
- or the like, from Wthh a metal wire 2 is to run off The -
uncoiling reel 1 ‘may be a w1re'maga21ne, but may also be a 1_j'

block, to whlch W1re from a maga21ne is taken and intended-
10 to ‘run off from the block. A
 Preferably beneath or on ‘the same level aé'fﬁé'
unc0111ng reel 1l a contalner 3, a so-called castlng box 3
or the like, is located which is intended to hold a bath 4
of molten mefal to_be applied on the wire 2. In the
'15 bottom 5 of the container 3 an outlet hole 6 fof molten
‘metal is located, for exémple infa'so?called nozéle 7 or
the like, which nozzle consists, fdr'example,.of a
perforated ceramic.insert 7 in the bottom 5 of the
container 3. |
20 The wire 2 is intended to be introduced into the bath .. 2
4, to be passed therethrough and out of the bath 4 and
container_3 through the outlet hole 6, which.has-a diametef'
exceeding'substantially'the diameter of the wire 2. Thus,
- molten metal is intended to flow out of the bath 4 ghréugh
25 the outlet hole 6 along the wire 2 and to form a-cc;t 8
about the wire 2,

Preferably beneath the container 3 a.cooling device is.



5 cases_a cooldnt is preferred which at the contact with the coat does
not vapori-ze. The container 9 is arranged in a way suitable for the - lO
purpose, for exanple upwardly open and having a hole 11 in its bottom 12
where preferably a sealing 13 of a suitable 10 kind is |located in
connection to the hole 11 for sealing against the wire 2 with the coat 8,
as appears fromFig. 1. The cooling device 9,10 preferably is designed for
cifculation of coolant 10 by neans of a collecting container 14 and a
retufp conduit 16 provided with a punp 15 15, as schematically indicated
in Figs 1. The wire 2 with said coat 8, afTer havi ng passed through the

cool g devi ce Setdnck® (hebheulRepfPAL 1 PUEREL LIy o Modfiihdd P e cox

8 is supposed £0." 'have soO e 0 et hole 6,

nozzle 7 and wiehg 3 iWe! Gi€R2h BoBi&nENEYN sdcH'£81£71 HAIA lor k1.0 3,
which refers t-o a second enbodi nent of an apparatus according to the

i nventi-on and whgbtghh8ai@okbblafdevidetRe 1Wite Doishoywe ddur e al 18
designates a pipe 25 or the like of, for exanple, ceramc material, which
pi pe 18 is i Mmmodeen metadafdobatbud D imtemdedretalbe padwseil.pe IS many

| ocated -so that its upper nmouth 19 preferably is | ocated above the upper
surface 205f rcBaseSaghcoolant isspreferyed woieh 24 the |epnhagt with the
connection to the outlet hole 6 in the bottom5 of the container 3. .
Through sai d pFRat18°€FenRfr ¥aPOFL2€nt ended to be introduced into the bath
4.

U The container 9 is arranged in a way suitable for the

purpose; for example upwardly'open and having a hole ll_in
its bottom 12 where preferably a sealing 13 of a suitable.
10 kind is.located in conneétion to the hole 11 for sealing
agaihst'the wire 2 with the coat 8, as appears from Fig. 1.
Thé c6o1ing device 9,10 preferably is designed for
circulation of cooclant 10 by means of a COllecting
"containef 14 and_a return conduit 16 provided with a pump
15 15, as schematically indicated in Fig. 1.
The wire 2 with said coat 8, after having passed -

A o through the cooling device 9,10, is coiled on a coiling
reel ;7; At this time the coat 8 is supposed Eo.have .
solidified. | |

20 In Fig. 2 the outlet hole 6, noézle 7 and wire 2 with
coat 8 are shown.in.greater detail.

In Fig. 3;.which refers to a second embodiment of an
apparatus accbrding to the invention and where thé cooling
device 9,10 is not shown, the numeral 18 designates a pipe

25 or the like of, for examplé,.ceramic material, which pipe
18 is immersed into said bath 4 of molten metal. The pipe
18 is.located so that its upper mouth 19 preferably is

located above the upper surface 20 of the bath 4, and its



« af

The pipe 18 preferably can be |lifted and |owered, and its 5\0310mer nmout h-
- 21 preferably is designed and intended for sealing against t‘he container 3
-on the inside 22 thereof at said outflow hole 6, so that.the outflow of,
nmolten nmetal fromthe bath 4 through the outlet hole 6 can be adjusted
and/or shut off conpletely by nmeans of said pipe 10 18. The pipe 18 can be
di sposed and designed as shown in Fig. 4 where a coolant 23, such as liquid
argon, is to be introduced into the pipe 18 and intended to cool the wire 2
at its passage through the pipe 18. The pgpe 18 here is 15 forned, for: =
exanple, with an opening 24-close to its upper nouth 19, through mhicht?’f
openi ng the codlosetr adutan2beisupptatedundecopnessive o athe faddl etoidiliet
25. It is, of course, possible to provide several openings 24 and feed -
condui ts 25. Tlfe inukbeaborgomecsi ghaths gontaingy bet VERFPYIN $3H& WiRE and
. the pipe 18 at _the upper uth 19 of the pipe where the wire 2 is intended
“to be introducéd. thRe ﬁFﬁggnéﬁ 68t8§§F6n58_ggléﬂBﬁﬂd??Féﬁtﬂ§QiEﬂﬁHQ?th 4.
radially directed hales,27 are |located, sligh %o t % r Rt of -
the pipe, thro il ﬁHPSh?ﬁoPES%ﬁﬁﬁﬁi%-ﬁ%PaF92§£¥¥§ n¥§%¢ﬂ§%7ﬁ¥§915 Lﬁgé%ded
10 be suppld ed Qe GoltRe 23N Ar WeLEabLy 18- abBi §REROLA Onidnddd Gt | et
hole 6, irrespective of Its specific si gn, means -of known kind can be
provided for thealener aga@hsel thAegBehelYAEPdYNEAT €hé MABidOTTR thereof
_at said outflow hole 6, so that the.outflow_q§ mo1ten’
.metal.from the bath 4 through the_outlet,hole §;can be
adjusted and/dr shut off completely byvmeahs Qf.said-pipe'
10 18.
.~ The pipe 18 can be disposed and designed as_shown in
Fig. 4 where'a.ccolant'23, such as liquid a:gon,'is to be
introduced into the pipe 18 and intended to cool the wire
2 at its passage through the pipe 18. The pipe:18 here is
15 formed, for example, with an opening 24 close Eo'its.upper'
mouth 19, through which opening  the coolant 23 can be
- supplied under pressure via a feed conduit.zs._-lt is, of
coursé, possible to provide several openings 24 and feed
conduits 25. The numeral 26 designates a sealing between
20 the wire and the pipe 18 at the upper mouth 19 of the.
pipe where the wire 2 is intended to be introduced.

The pipe may be designed_as_shpwn in Fig. 5 where
radially directed holes 27 are located slightly above the
lower mouth of the_pipe, through which holes molten metal

25 from the bath 4 is intended to be supplied to the pipe and

wire.

.o



fields, for exanple as shown .n Fig. 2, which neans are 5 desi gnat ed Bﬁ;
31.- . The*MHD neans are arranged so that the nolten netal flow ng out
through the outlet hole 6 can be braked, and that generated braking force
can be vari.ed. The MHD neans further contrlbute to quiet solidification and
a uni-formsurface of the solidified coat. 10 - The appar at us enbodyi.ng
the invention operates as follows. The wire 2 for stabilising the cast
metal is passed fromthe uncoiling reel 1 down into the bath 4 of nolten
netal ‘in the container 3, which netal is-Brtended to be 15 applied on the
wiresmd The wire 2 thereafter is passed out of the bath 4 through the
outlet hole 6 in the bottom5 of the container 3. The outlet-hole 6 has a
di anet er -whi ch subg{ alfdfld i X tReda iliheudilarehen 06, t Der¥kpecRivdbbt en
metal flows out through the outlet hole and along 20 the wre, which acts
coherently on ity $mdcilict MeaMient,s means) of khown kihai 6gnbbekgrevpiéedit o
droplets. The said jet constituting a coat of nolten netal, thus, is
appl i ed on t hefaw rehevganersdiidnc oft magnethaydradyhavke (MEB) dEpeeeli ng e. g.
on the dianeter of the outlet hole in 5 relation to the dianeter of the
wire. The net HoeRidRd RS etw&l@ ia§ Fheuni 4n Bidsafd WBEERNMPRRE| AXDat ,

and, th f the te t f th | t t al | ed,, -
preferaglrs g;e‘%%sr’é&ftce% rﬁ& ‘at ré‘&%ng‘ﬁ'ﬁa%gt ngﬁéﬁggfs’g?gr?t?gﬁéfaﬁe

Qplld'flcatlcnhofégﬁ metal flowing out th;ough the outlet hole 6 can be
W ‘ braked, and that geﬁerated braking force can be varied.
The MHD means further contribute to quiet solidification
and a uniform surface of the solidified coat.
10 'The apparatus embodying the invention operates as
follows. |
The wire 2 for stabilising the cast metal is passed
from the uncoiling reel 1 down into the bath 4 of molten
metal in the container 3, which metal is intended to be
15 applied bn the wire 2. The wire'Z thereafter is passed

out of the bath 4 through the outlet hole 6 in the bottom

e 5 of the container 3. The outlet -hole 6 has a diameter
which substantially exceeds the diameter of the wire 2.
- _ Molten metal flows out through the outlet hole and along

20 the wire, which acts coherently on the jet andiprevents

the jet from



10 so-called liquidus tenperature, and then below the tenperajgye for
conplete 'solidification, the so-called solidus tenperature. Thetcooling is
effected in several ways. The nolten netal coat is cooled partly "from
-inside” the wire, 15 provided that the wire has a | ower tenperature than
the coat, and partly by surrounding nmedium for exanple air, after. the
outflow out of the outlet hole. The main cooling, however, takes place
forcedly when the wire is passed through the container 9 with cool ant 10,.
where the 2.0 coolant is a liquid, for=&Ranple water or nelt. The wire z
with applied solidified coat sse t hrough a hole provided with ™7
sealing in th%ebﬁﬁtgfﬂ%$“fﬁﬁt{5h vékﬂékﬁ $r the wire with the coat is

led b h I _
ol 1 ectod and 257a¢ (FaE8 185 bfEe e LY Wad U Dt AT ' Enys,
possible. The; 18°655E Ped &.QOéﬁé'gwﬁfé evme&f éaﬁ% %c&e RQ 19eWavR WakhESKW th -

the volune to be tooled per tinme unit the coat thickness and

rate of the vwhé&s ddpénding & @xoqiuélgafafnfeafetr Coerndm JYtustedoaecendi ng

to demand e.g. by varyindg the ath depth in the container, where said = .
ef fect incseasebavdion tdetibatdiamptdr dft tden whlren be |nag|ned to pass the .
wire in some formof |oop through the container 5 whereby the staying time

in the bath and tTBeechgthod tﬁﬁﬂudﬁfe#ﬁ%xﬁOLhﬁﬂﬂ§2§§§°“T @@Gﬁlﬁgltgﬁ

course, also can be carried_out in ' .
: " metal coat, and, therefore, the temperature of the molten o

_metal must be lowered, preferably by forced coollng, at
- first below the temperature to start solldlflcatlon, the
10 so-called liquidus temperature, and. then below the
temperature for complete solidification, the-So-caliede
solidus temperature} o _
The cooling is effected in several ways. The molten:"
metal coat is cooled partly "from inside“ithe-wire;'
15 provided that the wire has a lower temperature than the
coat, and partly by surrounding medium, for example air,
after the outflow out of the outlet hole., The main

- cooling, however, takes place forcedly when the wire is
passed through the container 9 with coolant 10, Qﬁere the

20 coolant is a liquig, for~example.water‘orlmelt. 'The”wire.
with applied solidified coat passes out through a hole.
provided with sealing in the container bottom, whereafter:
the wire with the coat is coiled by means of-the3coilihg
reel 17.  Coolant possibly leaking is collected and

25 returned to the container 9 when deemed_suitable.and
possible. The necessary cooling effect of the cooling
device-varies with the volume to be cooled: per time unit, -

i.e. with the coat thickness and rate of the wire. The



several other ways. Liquid or gas, for exanple, may be sprayed agai nst m5e
wi re. ‘Al so. contact cooling can be 10 i magi ned where the wire with the coat

i s passed between cooled rolls or the like. It is, of course,
conbi ne several cooling nmethods. Cenerally applies that the cooling nust be
adjusted so that the coat of nolten netal has solidified substantially.-15
conpletely prior to the coiling. At a definite cooling effect,
Certain
conditions or restrictions also are involkygd with the passage of the wire
throdﬁﬁﬁthe bath 4 of nolten 20 netal prior to the application of said
coat of nolten acebhingTaEfect ecard dve adiydted ciccomding mostemahdbe.gaused
to melt on passage through the bath. Wen the nmaterial in the nolten metal
is the same as Varyhegdurhe bathk dsgidsune thensomtainerwi woerd shédbaffieatst
be so short 25 _that the tenperature of_the wire cannot increase to the

sol i dus tenper atBFESREFS Wikt ?QﬁiQQ?h'ﬂﬁ?qgwpoéﬁrQaPLﬁés@aHebémFQHGEth%y
i n¢l [ h ' < but.th ' l into_.
Const der ati on. BagS, 688 S ¥ id Jiohe M50 B Hdal Shrglicho kR, RbFatner

restrictions with respect to coat thickness and wire rate.

~Cqoling ar E?%hi gbﬁérét?]f %éJh&Ead{ﬂf‘g W ifnfe. "534 the® bat-éﬂgpﬁ)éﬂﬂgau.éﬁy

-be reduced by shortenlng the stance t hroug

whi W T e

possi ble to

this inplies

tng al so may
s passed

through the batkeoollih§ #fede¥ At rdasey, brought about by introducing the

-Wsre into the bath

&,/

The cooling, of course, also can be carried out in

* several other ways. Liquid or gas, for example, may be

sprayed~agéinst the wire.. Aalso contaét cooling can be

10 imagined where the wire with the coat is paséed between

cooled rolls or the like., It is, of course, possible'to'

combine several cooling methods.

_Génerally applies that the cooling must be adjhstéd so

that the coat of molten metal has SOlidifiedvsubstantially

15 completely prior to the coiling. At a definite cooling

effect, this implies restrictions with respect to coat

thickness and wire rate.

Certain conditions or restrictions also are involved

with the passége of the wire through the bath 4 of molten

20 metal prior to the application of said coat of molten

. _ metal. The wire, for example, of course must not be

caused to melt on passage through the bath. When the

material in the molten metal is the same as in the wire,

- the exposure time of the wire in the bath must be so short

25" that the temperature of the wire cannot increase to the

solidus-temperature for the material. The exposure time

can be reduced by increasing the wire rate, but then the

cooling must be taken into consideration, because as



beneath its surface and close to the outlet hole. This is t@ function of
the pipe 18 at the embodi ment shown in Fig. 3 where the |ower“nouth of the
pipe is intended to be held close to the outlet hole, and the inner

dianmeter of 10 the pipe only insignificantly exceeds the diameter of the
wire, so that nolten netal does not rise in the pipe due to the small space
between the wire and the inner wall of the pipe and due to the novenent -of
the wire. This is also the main function of the pipe 18 at the enbodi nent
15 shown in Fig. 4. According to this enbpglinent the wire i's al so coeted by_
the cool ant 23, which for exanple consists of liquid argon. The cool an

i's introduced meheibhedpbpLopadene prensitementcs pydwerdls mpldren highealr from
rising in the pipe. The cooling of the wire reduces the.risk of 20 nelting.
This is also thbenhigheéuntheowing rake ebhodiThmietreying rfgmeo alisg. mgywher e -

the pipe slightly above its |ower nmouth is $FOVIded with the radially
“directed hol esbet FedugAdwRY cAhAbF RNkl %ﬁﬂQQﬂEQRﬁQPQQ;%hhﬁH t&& to the

d L t the 25 di t h
i G 4 the coBtER: LFoPaRRPRoHHEGHSR nTEe (HEERA pe Peva?" LUREIN
ted f _ | ed.
D5 he i ndh capEaUahByaboyt oFy LEC Bu iy "UF JAIF BRd The ‘?;o'si.ﬁf’é’ o

conbi nati ons ohes@REA! hegssuyaseé 4d L S k¢ 0e Putmid qn;maet alphgan be
applied and caused to solidify on the wire. Inportant paraneters include

the tenperaturés the function of the pipe 18 at the embodiment shown in _}wf
Fig. 3 where the lower mouth of the pipe is intended to be ng
held_close'to the out1et hole} and the inner.diameter of
10 the pipe only insignificantly exceeds the diameter of;the
wire, so thét_molten metal_doés not-risg ih:thegpipé due
to the small space between the wire-and the inner wall of
the pipe and due to the movement of the wire. Thié.is_
also the main function of the pipe 18 at the embodiment
15 shown in Fig. 4. Aécor@ing to this embodiment the wire-is.~:
also cooled by the coolant 23, which for example consists
of liquid argoh. The coolant 23 is introduced into the
pipe qnder pressure and prevents molten meggl from rising
in the pipe. The'cooling of the wire reduces the risk of
20 meiting..'This-is also the main function of.the.embédiment

according to Fig. ’S-Where-the-pipé slightly ab0ve its

lower mouth is prov1ded w1th the: radlally directed: holes, -
through which molten metal from the bath is’ supplled to
the pipe and wire. 1In a corresponding:manner as at the

25 émbodiment shown in Fig. 4, the coolant=isgintzoduced;into
the pipe whereby molten metal is-prevented-frdﬁ_arisiné'in

the-pipe.at.tﬁe same time as the wire is .cooled.



5 of the wire, the liquidus and solidus tenperatures of the wire, the (@%
tenperature of the nolten metal in the bath, the |iquidus and solidus
tenperatures of the nmolten nmetal, the thernmal diffusivity of the nolten
-nmetal, the diameter of the outlet hole in relation to the wire dianeter,
the 10 tenperature of possible coolant and the heat transfer coefficient

Wi th respect to heat transfer between the coat and the coolant. O great

i mport ance, of course, is also the rate at which the wire is passed through
the bath and outlet hole, and the exposurgsztinme of the wire in the bath. 15
Her e~e¥so the height or depth of the bath has sonme effect under certain
conditions. O great. inportance for the function of the process, of course,
is the dianmeter or corresponding of the outlet hole 6 in relation to the

di aneter or correspondi ng 20 di mension of the wire 2. The thickness of the
coat of -14- nolten netal being applied, nanmely, corresponds
substantially to the difference between the radius of the outlet hole and
the wire radius. Under definite conditions in general, there exists, of
course, alimt for the thick- 5 ness of the coat to be applied. In the
Tabl e. bel ow exanpl es of condition conbi nati ons are shown, under which the
nmet hod can be carried out. It is characteristic of said conbinations, that
the tenperature of the nolten netal is held only slightly 10 hi gher than
the liquidus tenperature of the nolten netal, :

: As indicated above, there exist, thus, a gréa£ number
of possible combinations of conditiohs, under which said
coat of molten metal can be applied and caused to solidify
on the wire. Important parameters include the'température

5 of the wire, the ‘liquidus énd solidus temperatures of the
wire, the teméerature of the molten metal in the bath, the
liquidus and solidus-temperatures of the molten metal, the
thermal diffusivity'of the molten metal, the diameter of
the outlet hole in relation to the ﬁire.diameter, the

' 16 temperature of possible coolant and the heat transfer -
coefficient with respect to heat transfer between the coat
and the coolané. Of great importance,of course, is also
?. ‘ " the rate at which the wire is passed Ehrough the bath and
outlet hole, and the exposure time of the wire in the bath.
15 Here also the height or depth of the bath has some effect
under certain conditions. |
| Of great importance for the function of the process;
ofICOurse, is the diameter or corresponding of the outlet
hole 6 in relation to the diameter or corrésponding

20 dimension of the wire 2. The thickness of the coat of



which facilitates the solidification, and that the wire rat $nd.the

t hi ckness of the coat applied have been. adjusted so that reasonable

requi renents are raised on cooling after they have left the bath. 15 .. In
the -Table the terns as follows apply. = wre dianmeter (m) [err] =
outlet hole dianeter (M) v = wirerate (ms) Ts = tenperature of
nolten netal in the bath ([err]C 20 T1 = 1liquidus tenperature of the
nolten netal ([err]C) Wre material Mol t en [err]t [err]u

Y Ts T1 netal materi al ~ (mm)-2gm) (m's) ([err]C) ([err]Q ~ 4 ~
| . Carbon st eel Carbon steel 0,5 1,0 10 1535 1515 SIS 2114 _’3?J'
SIS 2114 2 Rolaehomesakbadbeing Sipplileshs namely,1 @rr2sponds 1450 1420 SIS
2114 - steel SIS 2343.3. Stainl ess Stainless .. 0,2 0,4 30
| 450 1405 stewbstantially e dthe Qiffeypnce betweey hesgadius. efsthehe rate

of the wire 2 can be higher than the rate of the nolten netal 8 th[ough-the

outlet hol e BuUthperkple 209 e ifodridivss ofindere deEAad ter CORELFAPRS of

th i 2 | d dto th t f 1 | t . | . . The

e L 2 VB SaRRFAE R Sl oS T SRR efe ensoiIh®
5 ness of the coat to be appligd. ' '

In the Table below examples of condition combinations--x

ére shown, under which the method can be carried od;.7'It -

is charécteristic of éaid combinations, that the
temperatﬁre of the molten metal is held only slightly

10 higher than the liquidus temperature of the molten metal,
which facilitatgs-the solidification, and that the wire_
rate and the thickness of the coat applied have_beem.
adjusted so that reasonable requirements are raised on

cooling after they have left the ‘bath.,

15 In the Table the terms as follows apply.
g, = wire diameter (mm)
.gu = outlet hole diameter (mm) ' ' ;\‘)
v = wire rate (m/s)
Ig = temperature of molten metal in the bath (°C)"
ZO_Tl = liquidus temperature;of-thé molten metal. (°C) -
‘Wire material Molten.. o 4 .-ﬂ v .Tﬁ-. T =
: metal _ t “ _ s 1 :
material - (mm) (mm) (m/s) (°C) (°C)
l.carbon steel  Carbon steel 0,5 1,0 10 1535 1515 .
SIS 2114 SIS 2114 S -
,5 2.Carbon steel  Stainless 1,0 2,0 5 . 1450 1420
SIS 2114 . steel c _
| SIS 2343 ) | o
3.Stainless  Stainless. 0,2 0,4 30 1450 1405
steel -~ . steel L ' '

SIS 2562 SIS 2562

[ 1]

w



2 tinmes greater than the wire dianeter. The proportions, however, canlxﬂq
varied within wide limts by varying the remaining paraneters (so |ong as
the hole dianmeter is mich the larger). As will have becone apparent from
the aforesaid, the 10 nethod according to the invention offers a solution
of theé problens involved with the direct casting of wire. The nethod

provi des excel lent possibilities of controlling the casting process where

t he process conditions can be varied withsno wide limits. 15 It is.
appaneﬁt that several variants of the nmethod and enbodi nents of the
appare®Pfis accor di ngrHe0 date iofveaniel @irean beni paghhgRemi thant tisbardtaniory t he
I nvention idea. The material in the wire, for exanple, can be 20 selected
so that it has thesalalden tmergadr &t Ghepughi thei sutlesehobe (& gvhextehght | y
greater than) the tenperature of the nolten netal, whereby the risk of wire
nelting is elird rdtiodesr prOfwedd isTrbtappedt thandifferenfa®utet iHls in the
wire and in 25 the bath also may be to give the outer coat of the caonpleted
Wwire better .prdpéd iedouls C&Fgﬁﬁlpenﬂ/i f—% FBEpERFS( BF cbiE o’g‘?gﬁeq é%‘?tsﬁolahce,_

L of LNephhr® L angl e B b BANE B EBEBL E Pt g
or low alloyed Stigles YHREIHN itRahY cHel (ELENRiRAOPEE LT EPndfpidol {dhd, and
o | however, can be varied within wide limits by varying the remaining
R ' parameters (so long as the hole diameter is much the larger).
_ As will have become apparent ffom the_afbresaid, the
10 method according to the iﬁvention offérs a solution of
the'problems.involved with the direct césting of wire.
The method provides'excellent possibilities of controliing
the casting process whéré the process conditions can be
varied within wide limits. |
15 It is apparent that seyeral Qariants of Ehe_ﬁethod
and-embodiments.of the apparatus accbrdiﬁg to the

invention can be imagined without abandoning'the

invention idea.
The material in the wire, for example, can be
- 20 selected so that it has a solidus temperature, which is

close to (e.g. slightly greater than) the temperature
of the holtén-metal,.ﬁhefebj the risk of wife_melting is
eliminated or reduced.
The object of different materials in the wire and in
25 the bath also may be to give the outer coat of the
completed wire better properties, for example with respect
to corrosion resistance, than of the wire interior. This

is a way of reducing material costs. A stainless steel,



‘the cast coat also can be obtained by adjusting the coat 5 kness and
cooling so that the solidification proceeds extrenely rapldl Her eby an
anor phous or substantially anorphous structure can be obt ai ned whi ¢h has
extrenely good strength properties. In order to control the outflow of

mol ten nmetal 10 through the outlet hole, the nolten netal bath, :can be

subj ected to pressure, whereby the outflow can be controlled by controlling
the pressure. The uncoiling reel can be placed on the sane | evel as or
bel ow t he container for the bath, .in stbfra manner 15 that the wire iss>
passed down into the bath via puIIeys or the like. This is-a way of T?gg’
hol di ng short foneekanpleexcansbenapPilicd ttead wire@f dmaklayed Hxpdest us.

In a corresponding way the wire, via pulleys or the like, can.be passed out.

hori zontal I'y PélPHEdcﬁF??hg reel where at 20 |east a part of the cooling
d f t k

ke Smhe” nvent | ShBSERpEES 01 o} BEekif? BN AnARE P
embodi ment s OE ehgaggC?QQtanlséfaﬁ abéjsob@agné:@&xeaﬁ{sﬁqig the t6atCLA MB:

1. A nethod of nanu urirng ne ic wre prod rect casting of
mol ten netal, thhekasgsodnsoeaéwwgsoA)théh: il s8I 7 Bitda tifonMirioe et -al

in a container 5 - having an outlet hole in the bottom thereof through
whi ch extremely rap1dly. 'Hereby an amorphous or substantlally
amorphous structure can be obtalned whlch has extremely -
good strength propertles | | |
In oxder to control the outflow of molten metal o
10 through the outlet hole, the molten metal bath, can be
subjected to pressure, whereby the outflow can be
" controlled by controlling the pressure.' | o
- The uncoiling reel can be placed'on the same level as
or below the container for the bath,,in:such a manner
15 that the wire is'passed-down into the bath'via.pulleysh
or the like.:.This is a way of'holding.short.the'total
extension in'vertical'direction of the apparatus; In a
corresponding way the wire,.via pulleys or the like, can
be passed out horizontally to the c0111ng reel, where at_.
20 least a part of the cooling dev1ce may con51st of a bath'
or the 11ke in a horlzontal groove or the llke.'
| The invention, thus, must not be regarded restr1cted
to the above_embodlments_of the method and apparatus,-

but'can be varied.

W



the nmetal can flow, B) passing a wire out through the outl et hole in the _HQ.'”
bottom of the container, the wire being of a nmetal having a nelting poi nt
close to that of the nolten netal, and 10 havi ng a dianetsr sygstartlally
smal l er. than that of the outlet; O ' mma jet of said nolten .
metal out of said outlet hole, therum"rmllmﬂgﬂmnmmoken wire shaped body
of said jet that is stabilized by safd Wire; "thé& 15 rate at which the

Wi re passes out through the outlet hole being substantially the same as or
greater than the rate at which said jet flows out of the outlet hole; D)
cool i@t he unbroken jet of nolten netal surrounding the wire and causing
it to solidify apQymd.20 the wire; and E) collecting the wire and
solidified surroungrmg nolten netal. 2. A method according to claim1l
wherein sai d di anet ar mekhbleotUinhBl£HOL €riSg SHOSE BNEd atide igrdditsange 1.5
‘to 2 25 times greater than the dinension of the wire. 3. ‘A nethod
according to cl diimettocagtihgr eEnmeaten wheéeal, sthetmanhneddniig dilkg :bat h
‘through a pi pe whose upper nouth is |ocated above the upper surface of the
bat h, and -18- whdsePrevéfdinsuehbash| of anelt enljreteilt igmiad comttladnelrol e.

” ording to claim3 wherein said pipe is of ceramic material.
4s A "Ethqg aC%annggan outlet hole in the boté%é)thereof through which

. the metal can flow;
K,/ B) passing a wire oﬁt through the outlet hole in the
bottom of the cdntainer, the wire being 6f_a metal having
a mélting-point close to that of'the'moiﬁén metal, and
10 having a diameter
substantially smaller than that of the outlet;

C) flowing fréely a jet of said molten metal out of
said outlet hole, thereby forming'én unbroken wire shaped
body of said jet that is stabilized by said wire; the -

15 fate at which thé wire passes out through the outlet hole
being $ubstantially the same as or greater'than the rate
e at whiqh said jet flows out of the outlet hole;
D) cooling the unbroken jet of molten metal

surrounding the wire and causing it to solidify around

g

20 the wire; and
> _ E) collecting ﬁhe wire and solidified surrounding'
molten metal. |
2. A method according to claim 1 wherein said diaﬁeter
of the outlet hole is substantially in the range 1.5 to 2
25 times éreater than the dimension of the wire.
3. A method according tp claim 1 or 2 wherein said wire
is introduced into the bath through a pi?e whose upper

méuth is located above the upper surface of the bath, and



S.:A.nethod according.to cl ai ring 5 pas agg of the
.wire through the pipe it .is cooled by a co%gg‘“wthln the p

met hod according to claim5 vvhe(ﬁlmlﬂ‘ rl s liqui-d argon. 7.' : A.-
metthod. of manuf acturing netalli substantially as herein

described with reference to the acconpanylng drawi ngs. 8. An apparatus for
manuf acturing netallic wre products by direct casting of nolten netal,

sai d apparatus conprising: a bath of. sahg nolten netal in a 15 contalner
including a bottomin which is formed an“outlet hole; wire supply

means at 'eaSR,, “'1 ek }m%t?:%e‘lsa'%ﬁgtteﬁe gQEShEeEaLSOS éPQP'%P& w r”’"

t hrough said ba out hol"e ficl Ud wite having a

mel ting point gl Oﬂenre%fouatac%ruhagn%t e@am%t 3l whapdiad ¢i ﬁse is -df-
substantial ly sna er than that of "the outlet hole, so that the nolten

met al of saiddeatamicamaftle@wafir.eely as a jet through said outlet hole around
said wire; cooling neans for cooling said nolten netal 5 fl ow ng out of.
said outlet hd.e tomeghiodi Bgcardéagi hg chasai @ vrré; waedeiw réut ake- up reel
means for coiling the wire with said solidified coat. 9. Apparatus.
accordi ngS o FaSSHIS WﬁeﬁéﬁnwﬁﬁﬁdtarﬁﬁﬁhthSfPiﬁé éEtF%tc ediky a

substantialty in_the
oolant within the pipe.

6. A method-according to claim 5 wherein the{cooiant is
liquid argon. . S U
7. A method of manufacturing metallic wire products]
10 substantially as herein described with reference:to
the accompanying drawings. _
8. An apparatus for manufacturing metallic uirc products .
by dlrect castlng of molten. metal, said apparatus
- comprising: a bath of said molten metal in a
15 container including a bottom in which_;s formed an
outlet.hole: wire supply . - means at least partialiy
located above the container, for supplylng wire through
~ said bath and outlet hole, the supply means lncludlng
wire having a melting point ciqse to that of the molten

metal, and a diameter.




10 range 1.5 to 2 tines greater than the dinmension of the wire. 10. . _
Appar atus according to claim8 or 9 in which said cooling neans are.locatdﬁg
beneat h said container,, and include a cooling container for containing

coolant in 15 liquid formthe co ' ' ' upward opening and a
sealing hole inits bottomto al “‘ﬂmumumuuwuﬂ“e wre with nolten netal

t hrough said cool ant; and further *i n€l udi iy rfearis for recirculating said
cool ant.. 11. Apparatus according to any of clains 8 to 10 further 20

i ncludi ng. a pipe arranged so that its upper nouth is |ocated above the
upper st ace of the bath and its lower nouth is inmmersed in the bath

adj acent the OlEdb%ttaWi%lilg thai1bett eRuRf thhe §ONERé NAic180 HAA, tdae wire
can be introduced into said bath through said pipe; and wherein 25 the pipe
'is rai seabl e anthdtowsieakiod taRdmehall 6fesa pdubath Scseaf Idw VE rsedag esblae

agai nst the container bottomso that the outflow of nolten netal through
the outl et hol getarthreugbntsedll edtiat boleodfoundpsai@ly by the | ower

-20- nouth sealing against the container bottom  12. Apparatus according to

claim 11 wher eiirx$s FoGili@di degnscEPEnFeokbRerFald malten Betal s according
t laim 11 2 i.n which the 5. pi ' : d tal . | ant f
col i ng saitl wiewidd SubaozoSarh, BhBiel nablf pEItol il § g "
Iéést_one Opemé%ié”wi QENGnlgt S YRBCELARBULD FREPUREaNE £8r coiling the

wire with said solidified coat.

L
~ 9. Apparatus according to claim 8 wherein said
diaméter of the outlet hole is substantially in the
10 rangé 1.5 to 2 times gfeater than the dimension of the
wire,
10. Apparatus according to claim 8 or 9 in which said
cooling means are;located'beneéth said countainer, and
" include a cooling céntainer for containing coolant in
15 liquid'form the container having an upward opening and a
séaling hole in its'bottom to allow passage of'tﬁe wire
LJJ' with'molten metal through said coolant; and further
inciuding means for reci:culaﬁing séid coolant.
11. Apparatus according to any of claims 8 to 10 further
20 including a pipe arranged so that its upper mouth is
located above the upper surface of the bath and its lower
mouth is immersed in the bath adjacent the outlet hole in
the bottom of the container, so that the wire can be
introduced into said bath through said pipe; and wherein
25 the pipe is raiseable and lowerable and the lower mouth
is sealably engageable against the container bottom so

that the outflow of molten metal through the outlet hole

can be controlled and cut off completely by the lower



t he cool ant can be supplied unoELngiigigigﬂ_gnd,aeseal for 1ﬂ$|n|ng the

coolant in the pipe while admt passage of said wre

Apparatus according to any of cl aj ‘m“lher i ncl udi ng neans for

gener.ati ng magnet o- hydr odynam c qﬁ “i‘ ent said outlet hole to
control the rate at which nDIten ots dut” through the outiet hole.

15 15. Apparatus according to cIa|n1 8 substantially as described

herein with reference to and/or as illustrated in Figs. 1 and 2 or Fig. 1
as nodified by any of Figs. 3 to 5 of t _Oécconpanying dr awi ngs. "”j§¥H;
mouth sealing against the container bottom. fﬁf*'

12, Apparatus according to claim 11 wherein said oipe is
of ceramic material.
13, Apparatus according to claim 11 or 12 in which the

wire as 1t passes through the pipe, the.plpe 1nclud1ng at

\

b e

Jeast one openlng adjacent xts.upper mouth_throoghawhich
the coolant can be suoplied undet_pressure, énd:a seal Y
for reteining the coolant in the pipe while edmitting

10 passage of said wire, : | - _
14, Apparatus according to any of ciaime 8 to-i3.£urther
including means for generatihg magnetofhydrodYnamic force
fields adjacent said outlet hole to control the rate at |
which molten metal flows out through the outlet hole.

15 15, Apparatus according to c1a1m 8
substantially -as described herein with reference to ahd/or
~as illustrated in Figs. l and 2 or Fig. 1 as modlfled by

any of Figs. 3 to 5 of the accompanying draw1ngs.

4
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