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[5 7] ABSTRACT 

A method of forming ?lamentary material by rotating 
the outer circumferential edge of a disk-like heat 
extracting member in contact with an uncon?ned drop 
of molten material. An apparatus for carrying out the 
method comprising a disk-like heat-extracting member 
having a V-shaped circumferential edge which 
contacts a drop of molten material produced by the 
local heating of an elongated solid member advanced 
toward the edge of the rotating member. 

13 Claims, 5 Drawing Figures 
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CENTRIFUGAL METHOD OF FORMING 
FILAMENTS FROM AN UNCONFINED SOURCE OF 

MOLTEN MATERIAL 

BACKGROUND OF THE INVENTION 

The present invention relates to the art of making 
elongated ?lamentary articles by rotating a heat 
extracting member in contact with a source of molten 
material and solidifying a portion of the molten mate 
rial as a ?lamentary product on the surface of the rotat 
ing member from where it spontaneously releases and 
is subsequently collected. 
The prior art is replete with methods and apparatus 

disposed to produce ?lamentary material directly from 
a source of molten material. Most prior art methods are 
limited to metal products and use some type of forming 
orifice to control the size of the ?lament. Typical of 
such teachings is US. Pat. No. 2,825,108, Pond, where 
the molten material (a metal) is formed into a ?lamen 
tary form by forcing it through an ori?ce so as to form 
a free standing stream of molten material subsequently 
solidi?ed into ?lamentary form on a rotating heat 
extracting member. The rate of production is deter 
mined by the rate at which the molten material is ex 
pelled from the ori?ce and for continuous ?lament this 
rate must be at least roughly synchronous with the rate 
of movement of the heat-extracting member at the 
point of impingement. Techniques of this type are trou 
bled by the relative complexity of process control and 
the inherent dif?culty in passing molten material 
through small ori?ces. The ori?ces must be of an exotic 
material if the molten material has a relatively high 
melting point and the ori?ces have a tendency to erode 
or clog. A successful solution to the problem of forming 
ori?ces is taught in US. patent application Ser. No. 
251 v9E5, Maringer et al. assigned to a common as 
signee. where a disk-like heat-extracting member forms 
the ?lamentary product by solidifying the product on 
the outer edge of the disk as it rotates in contact with 
the surface of a pool-like source of molten material. In 
this manner a ?lamentary product is formed without 
the use of a forming ori?ce. This teaching, however, is 
limited to the use of a pool-like source of molten mate 
rial. Such a source of molten material necessitates the 
melting and holding of signi?cant quantities of mate 
rial. While the amount of heat needed to melt a given 
mass of a solid is the same regardless of its future dispo 
sition, the holding of quantities of molten material in 
troduces several problems. The ?rst is simply the en 
ergy required to maintain the molten material at high 
temperature. Second is the exposure of the molten ma 
terial to the atmosphere. Without isolating the pool 
like source of molten material from the atmosphere, it 
is dif?cult to maintain constant chemical compositions 
in the molten material due to oxidation at the surface 
of the melt or the loss of volatile materials from the 
melt. 
The present invention alleviates both oxidation and 

material evaporation problems since only a small por 
tion of molten material is exposed to the atmosphere at 
any one time. Furthermore, since the molten material 
is localized it can be easily protected by a local inert gas 
shield. 
A further advantage of the present invention is that 

the location of ?lament formation relative to the cir 
cumference of the rotating member is variable and can 
be manipulated to enable ?lament trajectories not pos 
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2 
sible where the con?guration of ?lament formation in 
relation to the rotating member is dictated by the use 
of an open pool-like source of molten material. 
The present invention produces a ?lamentary prod 

uct without the use of a forming ori?ce or the need for 
a pool-like source of molten material thereby improv 
ing the prospects of making low-cost ?lamentary mate 
rial directly from molten material. 
The present invention ?nds signi?cant utility in form 

ing ?lamentary products from materials that are diffi 
cult to mechanically form. The advent of ?ber rein 
forced composites has created a demand for ?lamen 
tary material of refractory metals and alloys yet those 
materials are extremely difficult to mechanically form 
into ?lament. The present invention is known to be op 
erable in forming such materials into both continuous 
and discontinuous ?lament in sizes down to l5 microns 
in effective diameter. With the present invention pro 
viding ?lamentary materials heretofore only available 
through expensive and dif?cult mechanical forming the 
potential usefulness of ?ber reinforced materials is 
greatly enhanced. 

SUMMARY OF THE lNVENTlON 

The present invention is a method of forming ?la 
mentary material directly from a source of molten ma 
terial. The present invention is not con?ned to metallic 
?ber but will form ?lament from any material having 
properties in the molten state similar to those of metals. 
The source of molten material for the present invention 
is a portion of molten material adherent in a drop-like 
form to a solid with its shape determined by the surface 
tension of the molten material. The circumferential 
edge of a rotating disk-like heat-extracting member is 
brought into contact with the molten material and a ?l 
amentary product is formed adherent to the rotating 
member. Ultimately the ?lament spontaneously sepa 
rates from the rotating member to be collected. 
The crux of the present invention is the fact that the 

edge of the heat-extracting member having a signi?cant 
velocity can contact a small uncon?ned portion of mol 
ten material and extract from it a solid formed into a 
?lament without materially disturbing the stability of 
the drop-like form of the molten material. The present 
invention is capable of producing both continuous and 
controlled length discontinuous ?lament. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is the side view of a rotating heat-extracting 
member forming a ?lament from a drop of molten ma 
terial pendant on a rod-like source of material. 
FIG. 2 is the same embodiment as FIG. 1 turned 90° 

so as to show the shape of the molten material in rela 
tion to the heat-extracting member. 
FIG. 3 is an enlarged cross section of the embodi 

ments of FIGS. 1 and 2 showing the molten material 
and the con?guration of the circumferential edge of the 
rotating heat-extracting member. 
FIG. 4 is an enlarged cross section of the present in 

vention in which the pendant drop is produced by hav 
ing a drop pendant from an ori?ce leading to a supply 
of molten material. 
FIG. 5 is a side view of a prior art rotating member 

that produces controlled length discontinuous ?lament 
when used with the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

One embodiment of the present invention is shown in 
the FIGS. 1 through 3 where a rotating disk-like heat 
extracting member 30 has a V-shaped edge 32 on a cir 
cumferential projection 31. The member 30 is rotated 
in a direction indicated by the arrow in FIG. I so as to 
contact a molten portion of the member 20. The mem 
ber 20 is the material supply for the process with the 
portion 51 of the member 20 being melted by some 
means of local heating at 50. The local heating of the 
portion 50 creates a molten zone adherent to the mem 
ber 20 but in contact with the moving edge 32. Surpris 
ingly the surface tension of the material in the portion 
51 is suf?cient to maintain stability even with the edge 
32 entering and inducing a shear flow within the liquid 
portion 51. For purposes of de?nition the uncon?ned 
molten material adherent to a solid member will be 
termed a pendant drop irrespective of the geometric 
con?guration of the drop to the solid member or the 
force of gravity. By uncon?ned it is meant that the drop 
is not restrained by any member disposed to oppose the 
shear forces generated by the forming member passing 
through the drop. The drop may be supported against 
the effect of gravity by the presence of the solid mem 
ber from which the drop is formed by local heating or 
the presence of an ori?ce may support the drop but no 
attempt is made to restrain the drop from the motion 
induced by the forming member. When the circumfer 
ential edge 32 passes through the pendant drop 51, a 
portion 10' of the molten material solidi?es on the edge 
32. Further rotation of the member 30 draws this (so 
lidi?ed) ?lamentary portion 10' out of the pendant 
drop 51. The ?lament 10', still adherent to the edge 32, 
ultimately spontaneously separates from the edge 32 at 
point 12 to become a collectable solid ?lament 10. 
FIG. 4 shows the present invention in a different em 

bodiment where the pendant drop 51 is not produced 
by the local heating of a solid but is instead produced 
by forming a pendant drop adherent to an ori?ce 40 
leading to a supply of molten material 22. The pendant 
drop need to be spherical in cross section but may be 
elongated, formed by an elongated ori?ce so as to per 
mit a plurality of edges to pass through the elongated 
pendant drop. 

FIG. 5 illustrates a rotating heat-extracting member 
30 having, in this embodiment, semi-circular indenta 
tions 33 on the edge 32 of the rotating member. The in 
dentations 33 on the edge attenuate the ?lament 10 
into discrete ?bers 11 equal in length to the distance 
between the indentations. Surprisingly the passage of 
the edge 32 containing indentations therein through an 
uncon?ned drop 51 of molten material does not mate» 
rially disturb the stability of the drop. For most embodi 
ments of the invention utilizing the indented rotating 
member th edge 32 appears to protrude into the drop 
a distance of less than 10 mils. The use of high rota 
tional speeds for the rotating member (and hence high 
linear velocities at the edge 32) are preferred for this 
embodiment and discontinuous ?ber having: a length in 
the range of from 0.18 to 0.24 inches, an effective di 
ameter in the range of from I to l0 mils has been most 
effectively produced at linear edge velocities in the 
range of from 5 to 60 feet/second. The invention is, of 
course, operable in this embodiment outside the afore 
mentioned preferred range. 
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4 
The source material must have certain properties so 

as to be operable with the heat-extracting member to 
form a ?lament. The molten material should have. at a 
temperature within 25 percent of its equilibrium melt 
ing point in °K, the following properties: a surface ten 
sion in the range of from l0 to 2,500 dynes/cm, a vis 
cosity in the range of from 10'3 to l poise and a reason 
ably discrete melting point (Le, a discontinuous tem 
perature versus viscosity curve). The present invention 
is known to be operable with most metals as well as 
chemical compounds. and elements meeting the above 
criteria. In addition, the present invention is operable 
with metal alloys even where such alloys display a wide 
temperature range between the ?rst solidification of 
any component within the alloy (the liquidus tempera 
ture) and the temperature at which the lowest melting 
point compositions solidify (the solidus temperature) 
yielding a completely solid material. For purposes of 
de?nition, such an alloy would be “molten" only above 
the liquidus temperature even though there is some 
molten material present at a temperature between the 
liquidus and solidus temperatures. 
Because of the limited exposure of the molten mate» 

rial to the surrounding atmosphere and the ease in pro 
viding local gas shielding of the pendant drop, the oxi 
dation characteristics of many metals and alloys do not 
limit their operability with the present invention as de 
picted in FIGS. 1 through 5. Materials known to be op 
erable without the need for complete oxidation protec 
tion include the metals consisting essentially of iron, 
aluminum, copper, nickel, tin, and zinc. Where it is de 
sired to totally isolate the process from the surrounding 
atmosphere, the entire apparatus may be confined 
within a gas tight sealed closure. The process could 
then be carried out in a vacuum or in inert gas. If the 
source material has a signi?cant vapor pressure, the 
composition and pressure of the gas within the enclo 
sure could be manipulated so as to reduce evaporation 
from the molten material. Such an enclosure would 
also facilitate the use of local heating means that are 
inoperable in the atmosphere (e.g., electron beam 
heating). Metals operable with means to reduce oxida 
tion include those consisting essentially of chromium, 
titanium, columbium, tantalum, zirconium, magne 
sium, and molybdenum. 
The means used to locally heat the material so as to 

form an adherent pendant drop is not critical to the in 
vention. There are numerous means available in the art 
to locally heat a member and one skilled in the art can 
arrrive at an operable embodiment of the invention 
without the need for excessive experimentation. For 
example, an oxygen-acetylene torch may be used with 
many materials and is an acetylene rich ?ame is used 
would have the advantage of providing a shielding at 
mosphere to the pendant drop to reduce oxidation of 
the molten material. Various heating means may be 
used including resistance heating, induction heating, 
electron beam heating etc. The means used for local 
heating of a solid source would be determined by con 
sidering the melting point of the material to be melted, 
the mass of material to be molten at a given time and 
the rate at which the source material is to be heated to 
its melting point. If the heat supplied the source mate 
rial is excessive, then the pendant drop may become 
too large to remain stable. If the heat is insufficient, 
then the rotating ?lament forming member will not 
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have suf?cient molten material to produce a ?lament 
of controlled dimension. 

In the embodiment of FIG. 4 the means used to cre 
ate the molten metal supply may be of any conven 
tional type. Some means of heating the material at the 
ori?ce may be needed if the con?guration of the mol 
ten supply is such that the ori?ce is at a signi?cantly 
lower operating temperature than the remainder of the 
molten metal supply. 
Within the operable range of heat input to the source 

material the size of the ?lamentary product may be 
controlled by the amount of molten material available 
to the edge of the rotating member. By limiting the vol 
ume of the molten source material and rotating the 
heat-extracting member at high rates of speed ?lamen 
tary products of very small cross section can be pro 
duced. Since the cross section of the ?lamentary prod 
uct is normally non-circular the size of the ?lament is 
de?ned in terms of its effective diameter. The effective 
diameter ofa ?lament having an irregular cross section 
is equal to the diameter of a ?lament having a circular 
cross section and equal in cross-sectional area to the 
cross section of the non-circular ?lament. The present 
invention is known to be capable of producing ?lament 
having an effective diameter in the range of from 
0.0004 to 0.030 in. 
The present invention can produce both continuous 

and discontinuous ?lament. FIG. 5 illustrates an em 
bodiment disposed to produce discontinuous ?ber of 
controlled length. The edge of the rotating heat 
extracting member is indented at the interval desired to 
be the ?lament length. The shape of the indentations is 
not known to be critical and a semi-circular indentation 
of a depth greater than the thickness of the ?lament 
will produce controlled length discontinuous ?lament. 
FIGS. 1 through 4 show three embodiments of the 

present invention. The circumferential edge of the ro 
tating heat-extracting member in those embodiments 
has a V-shape so as to limit the area of the circumferen— 
tial edge in contact with the pendant drop. The area 
may also be limited by using an edge having a circular 
cross section if the radius of that cross section is less 
than 0.5 inch. A dimensionally inferior product will re 
sult from rotating a member in contact with the pen 
dant drop without limiting the area in contact with the 
molten material. Such a process would not produce a 
dimensionally consistent product as does the present 
invention since such a surface generates larger shear 
forces within the pendant drop that degrade its stabil 
ity. To produce dimensionally consistent ?lamentary 
material the pendant drop should be as stable as possi 
ble during the process. The stability of the pendant 
drop as utilized in the present invention is due to the 
fact the edge of the rotating member passed through 
the pendant drop is extremely narrow in relation to the 
width of the drop. This minimizes the disturbance of 
the drop‘s surface which through surface tension is re 
sponsible for the stability of the drop form. 
The V‘shaped member depicted in the ?gures is a 

preferred embodiment of the invention and such an 
embodiment would have a radius of curvature at the tip 
of the V in the range of from 0.0005 to 0.10 inch. Such 
a member will produce dimensionally consistent ?la 
ment having a cross-sectional area of less than 0.003 

square inches. 
The diameter of the rotating heat-extracting member 

is not critical to the invention but a preferred embodi 

6 
ment would have a diameter in the range of from I to 
30 inches. The heat-extracting member need not be of 
any special material but must simply have the capacity 
to remove heat from the molten material at a rate so as 

5 to solidify the material in the form of a ?lament on the 
circumferential edge. The heat-extracting member 
should have either a high intrinsic heat capacity or have 
good thermal conductivity so as to extract heat from 
the molten material. Even materials not having either 
a high heat capacity or thermal conductivity can he 
used if they are subjected to some means of internal 
cooling. The present invention is known to be operable 
with heat-extracting members composed of the metals 
copper, aluminum, nickel, molybdenum, and iron. 
There is no indication a metal member is needed and 
a nonmetal (as for example, graphite) may be used as 
the material for the heat-extracting member. The mem 
ber may also be composed of several different materials 
so as to combine the properties of each to optimize the 
performance of the rotating heat-extracting member. 
The geometric con?guration of the various elements 

of the embodiment shown in the ?gures is not the only 
operable con?guration. However. with the pendant 
drop being uncon?ned, the force of gravity must always 
be considered. The shape of the pendant drop is deter 
mined by gravity, the surface tension of the molten ma 
terial and the viscous drag induced by the contact of 
the rotating member. Where the pendant drop is con 
tacting the rotating member in the upper l80° of its eir» 
cumferenec, the drop is also supported to some degree 
by the edge of the wheel and the stability of the pen‘ 
dant drop in that preferred embodiment is improved 
over other con?gurations. 
While the term pendant drop is used throughout the 

speci?cation and the term is clearly applicable for the 
embodiments having the drop on the upper 180° of the 
forming member it should be understood that the in 
vention is also operable with what is termed a sessile 
drop. Looking at FIG. 1 if the location of the drop were 
l80° from its indicated location (i.e., if the member 20 
were inverted and contacted the member 30 at its 
lower extremity) the drop would properly be called a 
sessile drop. The invention is operable in both con?gu» 
rations and the drop is referred to as a pendant drop in 
this speci?cation. 
The ultimate size of the ?lamentary product is deter 

mined by the amount of molten material available at 
the circumferential edge of the heat-extracting mem 
her, the shape of the edge introduced to the pendant 
drop, the viscosity of the molten material and the speed 
at which the edge is passed through the pendant drop. 
The invention is known to be operable where the linear 
velocity of the circumferential edge is in the range of 
from 3 to 100 feet per second. The upper limit does not 
appear to be a limitation of the invention but merely 
the effect equipment limitations made apparent by the 
high rotational speeds required to generate that linear 
rate of the edge of the rotating member. 

MODE OF OPERATION OF THE INVENTION 

The present invention was utilized in the following 
illustrative examples: 

EXAMPLE I 

A drop of liquid tin was formed on the end of a solid 
bar of tin by locally heating the end with a propane 
torch. The drop was adherent to the l inch by V4 inch 
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cross section of the bar and was manually brought into 
contact with the circumferential edge of a rotating 
heat-extracting member. The rotating member was a 
water cooled copper disk 1/2 inch thick, 8 inches in di 
ameter having a V-shaped peripheral edge. The angle 
between the faces of the V was 90° and the radius of 
curvature at the circumferential edge of the V was ap 
proximately 0.005 inch. Upon contacting the drop to 
the upper portion of the rotating member semi 
continuous tin ?bers were formed and spontaneously 
released from the forming edge. The heat-extracting 
member was rotated at various speeds in the range of 
from 100 to l .500 rpm (yelding linear velocities at the 
circumferential edge of from 3.9 to 59 feet/second). 
The cross-sectional area of the ?ber generally de 
creased with increasing rotational speed of the heat 
extracting member. 

EXAMPLE 11 

The same heat-extracting member as was used in Ex 
ample l was rotated at 250 rpm (9.8 feet/second at the 
circumferential edge) in contact with a drop of molten 
A1203 formed by locally melting the end on an alumina 
rod with an oxyacethylene torch. Short lengths of A1201 
?ber approximately 1 inch long were produced. 

EXAMPLE Ill 

The same heat-extracting member as used in the pre 
vious examples was rotated at 1,500 rpm (59 
feet/second at the circumferential edge) in contact 
with a drop of molten 304 stainless steel (18.0—20.0 
chromium, 8.0-1 1.0 nickel, 2.0 oxjacetylene maximum 
of manganese and 0.08 maximum carbon, all in weight 
percentages with the balance iron). The drop was 
formed by locally melting the end of a 3/16 inch diame 
ter rod using an acetylene-rich oyacetylene torch. The 
?ame of the torch was intentionally acetylene rich so 
as to provide an oxygen de?cient gas surrounding the 
molten drop. There was no protective atmosphere 
other than the oxygen de?cient ?ame and the melting 
was carried out in air. Fiber lengths in excess of 10 feet 
were produced with a cross-sectional area of 8 X 10‘6 
square inches and an approximate effective diameter of 
3.1 X 10‘3 inches. 

EXAMPLE IV 

The same heat-extracting member as used in the pre— 
vious examples was rotated at speeds in the range of 
from 500 to 1,500 rpm in contact with a drop of a heat 
resistant alloy N- l 55 (.15 carbon, 1.50 manganese, .50 
silicon, 21.0 chromium, 20.0 nickel, 3.0 cobalt, 2.5 
tungsten, 1.0 columbium. in nominal weight percent 
with the balance iron). The drop was formed adherent 
to a solid rod of the alloy by locally melting the end of 
the rod with an acetylene rich oxyacetylene ?ame. Fi 
bers having lengths of several feet, cross'sectional areas 
of approximately 1.5 X 10-5 square inches and effective 
diameters ofapproximately 4.3 X 10-3 inches were pro 
duced. 

EXAMPLE V 

A cold rolled steel heat-extracting member of the 
same general shape as that used in the previous exam 
ples was used to produce pure chromium ?ber. The 
heat-extracting member was water cooled and had a 
radius at its circumferential edge of 0.005 inch. The 
heat-extracting member was rotated at speeds in the 
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8 
range of from 200 to 1,500 rpm in contact with a drop 
of molten chromium produced by locally heating the 
end of a commercially pure chromium rod with an oxy 
acetylene torch. Fiber having lengths up to several 
inches, effective diameters of approximately 3 X 10'“ 
inches and cross-sectional areas of approximately 7 X 
10-6 square inches were produced. 

EXAMPLE VI 

A cold rolled steel heat-extracting member of the 
same general dimensions as those used in the previous 
examples was used to produce controlled length dis 
continuous ?ber. The circumferential edge of the mem 
ber (having a radius of 0.005 inch) included semi 
circular indentations approximately 0.010 inch deep 
and spaced approximately 0.25 inch along the circum 
ference. The indentations were disposed to attenuate 
the ?lament into ?bers of a length equal to that of the 
distance between indentations (.20 inch). The top of 
the water cooled heat-extracting member was brought 
into contact with a drop of molten 304 stainless steel 
adherent to the lower extremity of a vertically sus 
pended solid rod of the same material. The drop was 
produced by locally heating the stainless steel rod with 
an oxyacetylene torch. The heat-extracting member 
was rotated at a speed in the range of from 200 to 1,000 
rpm and discontinuous ?ber approximately 0.20 inch in 
length and 5 X 10-6 square inches in cross-sectional 
area were produced. 

EXAMPLE VII 

A copper heat-extracting member having dimensions 
similar to the member used in Example 1 through [V 
was used to form ?lament of commercially pure tita 
nium. The ?laments were formed in a bell jar vacuum 
system at a pressure of approximately 10"1 mm of mer 
cury. A vertically suspended .25 inch diameter rod of 
titanium was locally melted at its lower extremity by an 
electron beam. The molten drop of titanium was con 
tacted by the circumferential edge of the heat 
extracting member rotating at 350 rpm (linear velocity 
at the edge was 13.7 feet/second) without the use of in 
ternal water cooling. Titanium ?ber in lengths ranging 
from one to several feet were produced. The cross 
sectional area of the ?ber ranged from 5.5 X 10"‘5 to 1.2 
X 10-3 square inches. 

EXAMPLE VIII 

The same system as was used in Example Vll was 
used with two different heat-extracting members to 
produce commercially pure columbium (niobium) ?la 
ment. The rotating heat-extracting members were of 
the same dimensions as that of Example Vll one being 
copper and the other molybdenum. The columbium 
rod was melted in the same manner as the titanium rod 
of the previous example. Approximately the same rota 
tional speeds were used in two separate runs. With the 
copper heat-extracting member ?lament having a 
cross-sectional area of 8 X 10-6 square inches was pro 
duced. The molybdenum member produced ?lament 
having an area of 2 X 10‘6 square inches. Both heat 
extracting members produced ?lament of lengths up to 
1 foot. 
The present invention has been disclosed by way of 

general discussion and speci?c examples. While the 
general discussion of the invention sets out the opera 
ble range of the invention the speci?c examples may 
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not in all cases be the preferred embodiments. The spe 
eifie examples illustrate embodiments of the invention 
known to be operable and are merely to indicate to one 
skilled in the art how the invention can be utilized. One 
skilled in the art may devise operating parameters 
within these general teachings with some bene?cial re 
sult. however. the scope of this invention is de?ned 
solely by the appended claims. 
We claim: 
1. A method of making ?lamentary material compris 

ing the steps of: 
a. heating a solid material so as to form an adherent 

pendant drop; 
b. rotating a heat-extracting member at a rate so as 

to yield a velocity on its circumferential edge in ex 
cess of 3 feet per second; 

c. limiting the area on said edge by constructing said 
member with at least one circumferential projec 
tion; and 

d. contacting the surface of said pendant drop of mol 
ten material with said edge. 

2. The method of claim 1 where said molten material 
has_ at a temperature within 25 percent of its equilib 
rium melting point in degrees Kelvin; a surface tension 
in the range of 10 to 2,500 dynes per centimeter, a vis 
cosity in the range of If)” to l poise and a reasonably 
discrete melting point. 

3. The method of claim 2 where said material is a 
metal. 

4. The method of claim 3 wherein said metal is an 
alloy having a base metal selected from the group con 
sisting of: iron. aluminum, copper, and nickel. 

5. The method of claim 3 wherein said molten metal 
is protected from oxidation and where said metal is an 
alloy having a base metal selected from the group con 
sisting of: chromium, titanium. columbium, tantalum. 
zirconium, molybdenum and magnesium. 

6. The method of claim 5 wherein the means of pro 
tecting said molten metal comprises an evacuated en 
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10 
closure surrounding the molten metal and the rotating 
heat-extracting member. 

7. The method of claim 2 wherein said molten mate 
rial is an inorganic compound. 

8. The method of claim 7 wherein said inorganic 
compound is Algoa. 

9. The method of claim 2 wherein said drop is formed 
by melting one end of a rod of solid material. 

I0. The method of claim 9 wherein said drop is posi 
tioned adjacent the upper l80° of a cylindrical rotating 
heat-extracting member. 

11. The method of claim 1 wherein said projections 
are V-shaped and have a radus of curvature at the tip 
of said V in the range of from 0.0005 inch to 0. l 0 inch 
and said filament has a cross-sectional area less than 3 
X l0‘a square inches. 

12. The method of claim 11 where said V-shaped 
projections include a plurality of indentations disposed 
to attenuate said ?lament into discontinuous ?ber hav 
ing a length approximating the circumferential distance 
along the tip of said V-shaped projection between said 
indentations. 

13. A method of making ?lamentary material com 
prising the steps of: 

a. providing a pendant drop of molten material pro 
truding from an ori?ce; said drop having a shape 
determined by the surface tension of said molten 
material; 

b. rotating a disk-like heat extracting member having 
at least one tapered circumferential projection at a 
rate so as to yield a velocity on its circumferential 
edge in excess of 3 feet per second; 

c. contacting the surface of said pendant drop of mol< 
ten material with said projection; and 

d. withdrawing a solidifying ?lament from the drop 
on said projection while maintaining the form and 
stability of the pendant drop and without con?ning 
said drop. 

***** 


