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[57] ABSTRACT

A process and apparatus for producing continuous
length shaped metal filaments by casting a stream of
molten metal within a groove formed in the inner pe-
riphery of a cylindrical chill roll. The groove is flanked
by a tapered opening of a material which has low ther-
mal conductivity and which is not wetted when con-
tacted by the molten metal. This novel technique in-
creases the tolerance of the position in which the mol-
ten stream may be introduced into the groove while
ensuring the production of an approximately rounded
cross section by preventing the molten stream from
spreading out of the groove.

2 Claims, 2 Drawing Figures
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METHOD OF CONTINUOUS CASTING METAL
FILAMENT ON INTERIOR GROOVE OF CHILL
ROLL

'~ BACKGROUND OF THE INVENTION

1. Field Of The Invention

This invention relates to a process and apparatus for
the production of shaped continuous metallic filaments
directly from the melt by casting a stream of molten
metal into a quenching groove on the inside of a revolv-
ing annular chill roll, the groove being flanked by a
smooth inclined surface of a material which has low
thermal conductivity, is relatively non-quenching and
which is not wetted by the molten metal.

II. Description Of The Prior Art

Research in recent years has been directed toward
the development of methods of filament formation
which avoid the restrictions of die drawing or rolling.
One of the approaches under investigation involves
free casting or direct melt spinning and concerns the
formation of a free jet of molten fluid and the transfor-
mation of the jet to the solid state. This procedure may
be readily employed to form filaments of polymeric
materials and oxide glasses, i.e., materials having very
high viscosities and low surface tension in the liquid
state. In contrast, however, metals have relatively invis-
cid melts of high surface free energy. A cylindrical jet
of such a material is inherently unstable. Its surface be-
comes increasingly perturbed as it issues from the noz-
zle until at some distance the jet breaks up into drop-
lets. Accordingly, a process, if it is to be capable of pro-
ducing continuous metal filaments, must provide a fa-
vorable balance between the kinetics of jet solidifi-
cation and of jet breakup.

P. Duwez, R. H. Willens and W. Klement in *“Contin-
uous Series of Metastable Solid Solutions in Ag-Cu Al-
loys,” J. Applied Physics, 31 (1960) 1,136-7 disclose a
method for the rapid quenching of metal alloys. The
process disclosed by Duwez et al., comprises propelling
a small liquid droplet, on the order of about 25 mg. by
means of a shock wave against the inside surface of a
high speed rotating copper annular chill roll or cylin-
der. The centrifugal force aciing on the molten mate-
rial insures a good thermal contact with the chill sur-
face and the relative motion of the roll and the droplet
also helps in spreading the liquid over a larger area.
This spreading process leads to a thinner layer of solidi-
fied material and therefore a larger over-all thermal
transfer rate.

R. Pond, Jr. and R.-Maddin in “A method of Produc-
ing Rapidly Solidified Filamentary Castings,” Trans.
Met. Soc. AIME 245 (1969) 2,475-6 expands the con-
cept which Duwez et al., employed to produce metal
“splats” to encompass the production of metal fila-
ments. Pond and Maddin disclose an apparatus com-
prising a small open tube furnace, a pneumatic cage
which raises and lowers a graphite ejection mold and a
motor-driven chill roll. To operate, the ejection moid

is lowered from the furnace into the spinning roll and -

pressure is applied in the ejection mold which forces a
stream of molten alloy through a sapphire orifice onto
the inside surface of the spinning roll. The pneumatic
cage subsequently pulls the ejection mold out of the
chill roll, producing a spiraling specimen on the wall of
the chill roil.

Since the ejection mold is pulled out of the cage dur-
ing production, it is clear that this method can be used
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to produce only discontinuous lengths. Moreover, al-
though the radial acceleration of the roll induces good
thermal contact, it also spreads the stream into a flat
filament prior to solidification. Thus, the filaments so
produced are flat with blunt edges and have had maxi-
mum lengths of up to about seven meters, with thick-
nesses in the range of 5 to 50 microns and widths of
0.2-1.5 mm.

There is a need in the art for a simple method for the
production of metal filaments, particularly metal fila-
ments having generally round cross sections. More spe-
cifically there is a need for continuous lengths of such
“round” filaments, particularly those filaments having
very fine cross-sections in the range of 0.004 to 0.010
inch. Moreover, there is a need for a simple and direct
method for the production of fine diameter filaments of
amorphous and metastable alloys, which in many cases
can only be obtained by very rapid quenching from the
melt, and of metals and metal alloys which are too brit-
tle to be produced in the mormal manner.

SUMMARY OF THE INVENTION

In accordance with this invention, we have found that
a wire-like metal filament can be produced directly
from the melt by casting a stream of molten metal
within a groove formed in the inner periphery of a cy-
lindrical chill roil. In order to increase the tolerance of
the position in which the molten stream may be intro-
duced into the groove and to ensure the production of
an approximately rounded cross-section by preventing
the molten stream from spreading out of the groove,
the groove is flanked by a tapered opening of a material
which has low thermal conductivity and which is not
wetted when contacted by the molten metal. Thus, this
novel method and apparatus prevents the molten metal
from spreading over the surface of the roll and very
substantially decreases the precision needed in casting
the molten jet into the quenching groove. The velocity
and diameter of the molten jet, the frequency of rota-
tion and radius of the chill roll, and the radius of the
groove on the roll can be selected so as to give a fila-
ment having the desired cross-section. In accordance
with this invention, filaments with cross-sections of as
little as 0.004 to 0.010 inch are possible. Moreover,
since the metal is rapidly quenched, the apparatus and
method of the invention may be used to produce either
amorphous or polycrystalline filaments.

The method and apparatus of the invention may
readily be adapted to the simultaneous production of a
plurality of filaments by incorporating a series of
grooves into the quench surface and directing the flow
of melt from a central heated reservoir through a corre-
sponding series of nozzles and into the multiple
grooves.

The leading end of the filament may be removed
from the groove or grooves and directed to a collecting
device by use of vacuum devices, doctor blades, etc. or,
in the case of iron-based alloys, a radially magnetized
magnetic pick-up wheel or the like could be incorpo-
rated into this apparatus. Production of continuous
length filaments would be assured since there would be
no need to stop production to remove the filament
from the chill roll as is required in the Pond and Mad-
din technique.

There are a number of advantages to the use of the
apparatus and method disclosed herein; the primary
advantage being that this invention provides an ex-
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tremely simple and direct technique for the production
of fine filaments having a substantially uniform cross-
section and does not require the sophisticated and pre-
cise controls which were required by the extremely sen-
sitive melt spinning methods previously used. Further,
rapid quenching of the molten metal as required in the
production of totally amorphous metal filaments is pos-
sible in accordance with the present invention.

This invention thus provides a method and apparatus
for the production of fine diameter filaments of poly-
crystalline metals and also of metastable alloys, such as
amorphous metals and non-ductile or brittle alloys
which are not readily formable into filaments using
conventional processes.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 represents a side view of the novel grooved
cylinder of the present invention.

FIG. 2 shows a cross-sectional view of the cylinder
clearly indicating the inclined insulating surface flank-
ing the forming and quenching grooves.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The process and apparatus of the invention are illus-
trated in the attached FIGS. 1 and 2. For the purposes
of illustration, we will describe an embodiment wherein
a single continuous filament is produced, however, it is
understood that the apparatus could be readily modi-
fied to simultaneously produce a plurality of such fila-
ments.

The apparatus employed comprises a rotatable metal

cylinder chill roll 1, 11 having a groove 2, 12 (or
grooves) formed in the inner periphery thereof. The
groove 2, 12 is flanked by a smooth tapered opening of
a relatively insulating material 3, 13 which has low
thermal conductivity and which is not wetted when
contacted by the melt.
" The metallic material to be spun is charged in a reac-
tion vessel (not shown) composed of suitable heat tol-
erant material for the particular metal to be processed.
The charge is heated, preferably in an inert atmosphere
and at substantially atmospheric pressure. When the
temperature of the metal is approximately 50°-100°C
above the melting point, the pressure in the charged
vessel is raised 5-20 psig or until a molten stream 4 is
ejected through a nozzle (not shown) and cast into the
groove 2,12 in the chill roll. It is preferred that the noz-
zle be tapered since tapering of the nozzle enhances jet
stability.

The velocity at which the molten stream is ejected,
the rotational velocity of the roll, the diameter of the
ejected stream and the diameter of the groove are in-
terrelated quantities. The preferred surface speed of
the groove is in the range of 1.00 to 1.16 times the
speed of the ejected molten stream. If the rotational
and ejection speeds are the same, the diameter of the
groove and therefore the diameter of the resulting fila-
ment should be equal to the diameter of the molten
stream; if the rotational speed is about 16% greater
than the ejection velocity, the groove and filament di-
ameter should be about 4 percent less than the diame-
ter of the nozzle. One of the considerations involving
the velocity of ejection is the jet stability, i.e., the veloc-
ity must be sufficient to ensure a continuous, uniform
jet stream yet must not be so great as to cause break-up
of the stream at the point of impact with the cylinder.
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This jet stability varies according to alloy composition;
however, in general it has been found that ejection ve-
locities within the range of 180-260 cm/sec will result
in a satisfactorily stable jet. It is then possible to adjust
the spinning conditions according to the form of the so-
lidified filament being produced.

A feature of the present invention is that by increas-
ing the tolerance required in positioning the molten
stream it is unnecessary to deliver the filament exactly
into the narrow groove in the conductor material in
order to produce filaments of extremely fine cross-
section. However, care must be taken to deliver the
molten stream somewhere within the relatively wider
area defined by the non-wettable insulating material. It
is preferable that the molten stream be ejected at an
acute angle to the inner surface of the cylinder and in
the direction of movement of the rotating roll so that
the stream is “laid into’’ the groove with as little bend-
ing of the stream as possible. The molten stream is di-
rected down the tapered non-conducting surface 3,13
and into the extremely narrow groove 2, 12 defined in
the conducting or quenching substrate 1, 11 wherein
the filament is solidified. The tapered, non-conducting
surface prevents the molten stream from spreading out
of the groove, and the surface tension of the molten
metal is sufficient to cause the filament to be formed in
a relatively circular cross-sectional diameter.

The filament as it is being solidified will be carried by
the rotating chill roll, kept in contact with the quench
surface 1,11 by optional guide or retaining means §
until substantially solidified and then picked up from
the groove 2, 12 and subsequently collected. The re-
moval of the filament 7, 17 from the groove is initiated
by using a pick-up device 6 to remove the leading end
of the filament. The pick-up device 6 may comprise a
variety of elements: we have found that a radially mag-
netized magnetic pick-up means is particularly satisfac-
tory for removing iron-base filaments; suction or vacu-
um-creating tubes or other devices may be used in the
case of a non-magnetic filament. These devices are lo-
cated within the spinning apparatus at a point beyond
the point of solidification of the filament. The leading
end of the filament is directed from the pick-up device
6 to any conventional collection or winding mechanism
(not shown).

In order to prevent the filament from falling out of
the groove either before complete solidification or be-
fore pick-up, it may be necessary to incorporate a re-
tention or a guide device 5 into the apparatus. This de-
vice is preferably in the form of a freely rotating
smooth surface wheel.

In constructing the novel apparatus of the present in-
vention, the substrate material 1, 11 comprising the ac-
tual quench surface of the chill roll can be any metal
having high thermal conductivity. This requirement is
particularly applicable to the spinning of amorphous or
metastable filaments. Preferred materials include be-
ryllium copper, oxygen-free high conductivity copper,
or stainless steel. The insulating or non-conducting ma-
terial 3, 13, is about 10 X 1073 to about 200 X 10-3
inches in thickness, should be smooth surfaced and
may comprise aluminum oxide, fired lava, zirconium
oxide, vitrous carbon, zirconium titanate, chromium
oxide, aluminum oxide/chromium oxide blend, calcium
titanate, calcium zirconate or similar suitable material.
It is to be understood that the particular insulating ma-
terial employed must be chosen with respect to the
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metal to be cast since it is intrinsic that the insulating
material not be wetted when contacted by the molten
metal. To facilitate construction, a thin layer of the in-
sulating material 3, 13 may be coated on the interior
surface of the conducting chill surface 1, 11 by flame
spreading or sputtering techniques and then the
grooves or grooves can be created by machining with
a laser or diamond tool. Alternatively, an insert of the
insulating material may be employed. The groove 2, 12
should be formed so that the upper opening of the
groove in this insulating material is substantially larger,
i.e., on the order to about 10 times larger than the con-
ducting area of the groove wherein the fine filament is
actually formed. In general, the width of the upper
opening of the groove will be greater than about 10 X
10-3 inches and the lower groove will have a radius of
curvature in the range of about 2 X 1073 to about 12.5
X 1073 inch. By way of illustration, a thin surface film
of ceramic approximately 0.05 inch could be flame
sprayed on the inner surface of a | inch copper cylin-
der. An appropriate U-shaped diamond stylus could
then be used to machine in a groove having an upper
opening width of 50 X 1073 inch, and a groove in the
copper having a radius of curvature of 4 X 1072 inch.
Thus a filament approximately 8 X 1073 inch could be
easily produced by directing a molten stream through
the orifice of a nozzle having a diameter of about 8 X
107? inches into the substantially wider 50 X 1073 inch
area thereby assuring the production of a very fine fila-
ment with a minimum amount of precision required for
forming.

In each case, the quenching chill roll may be suffi-
ciently cooled by virtue of its own rotation or it may be
necessary to employ external means to dissipate the ex-
cess heat. Such external means may be particularly
necessary when a series of filaments are produced using
multiple grooves in the chill roll. Such external cooling
may comprise blowing gas on the inner surface of the
roll or fitting the roll with internal cooling chambers
through which a fluid can be passed.

Since the reservoir in which the metal is melted is, for
geometric reasons, most preferably located outside the
quenching roll, it may be necessary to apply resistance
or induction heating to the nozzle in order to maintain
the molten metal at a sufficiently high temperature so
as to prevent solidification within the nozzle.

The following examples are presented for illustration
and the invention is not to be considered as limited
thereto.

EXAMPLE |

An apparatus similar to that depicted in FIGS. 1 and
2 was used to produce continuous amorphous fila-
ments. The inner surface of a copper cylindrical chill
roll of 18 inches outer diameter, 17 inches inner diame-
ter was flame sprayed with.a 0.05 inch zirconium oxide
coating and a diamond stylus was used to machine a U-
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shaped groove having an upper opening width of 50 X
1073 in. and a lower radius of curvature of 2.5 X 1072

‘width. The apparatus was constructed with a rubber

guide roll and a radially magnetized pick-up wheel, lo-
cated about 180° from the point of impingement of the
melt.

An insulated quartz crucible was charged with an
ingot of an alloy composed of 38 at. percent iron, 39
at. percent nickel, 14 at. percent phosphorus, 6 at per-
cent boron and 3 at. percent aluminum. The alloy was
melted in a helium atomosphere at 1,050°C and ex-
truded into the groove through an induction heated
nozzle having an orifice 5 X 107? inc. in diameter di-
rected at an angle of 30° with the cylinder surface and
in the plane of the groove in the direction of rotation
of the cylinder. The ejection velocity of the metal and
the linear rotational velocity of the cylinder were both
approximately 200 cm/sec. The stream was quenched,
directed past the guide roll and the filament picked up
from the groove using a magnetic wheel and would
continuously on a tensiorn controlled winder. Upon ex-
amination using X-ray diffraction, the filament was
found to be amorphous in structure.

EXAMPLE 2

An apparatus similar to that employed in Example 1
but containing a series of five U-shaped grooves having
an upper surface width of 100 mils and lower radius of
curvature of 9.5 mils and adapted with a vacuum pro-
ducing pick-up device was used to produce multiple
continuous lengths of polycrystalline wire.

A stainless steel ingot was melted to 1,550°C. in an
A1,0; crucible and ejected through a series of five in-
duction heated nozzles each having an orifice of 10 X
1072 inch. The ejection velocity of the jet was about
200 cm/sec and the linear rotational velocity of the cyl-
inder about 225 cm/sec. The filaments were quenched,
picked up using a vacuum tube and collected on a se-
ries of winders.

We claim:

1. In a method of producing a shaped metal filament
from a stream of molten metal deposited in a quench-
ing groove formed in the inner periphery of a cylindri-
cal chill roll wherein said quenching groove is provided
immediately contiguous to the top thereof with a ta-
pered opening of a material which has a substantially
greater thermal insulating property than the chill roll,
the improvement which comprises introducing the mol-
ten stream within the area defined by the width of the
tapered opening afforded by said insulating material
whereby said insulating material is not wetted and
quenching said stream in said groove.

2. The method of claim 1 wherein the molten stream
is ejected into the groove at an acute angle with the
inner surface of the chill roll and in the plane of the

groove in the direction of rotation of the roll.
* %k * % %



