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(57) ABSTRACT 

An apparatus for producing controlled length discon 
tinuous products having a small cross-sectional area 
such as filaments or wire directly from a pool-like 
Source of molten metal or a molten inorganic com 
pound having a surface tension and viscosity similar to 
that of a molten metal by the application of a rotating 
heat-extracting member to the surface of the pool of 
molten material so as to form the material into the de 
sired shape by extracting a filamentary form of mate 
rial from the supply of molten material having a length 
equal the distance between indentations on the outer 
edge of the narrow circumferential edge of the heat 
extracting member. 

8 Clains, 7 Drawing Figures 
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APPARATS FOR THE FORMATION OF 
DISCONTINUOUS FAMENTS DIRECTLY FROM 

MOLTEN MATERIA 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This is a divisional application of copending U.S. Pat. 
application Ser. No. 251,985, filed May 10, 1972, now 
U.S. Pat. No. 3,838, 185 which is a continuation-in-part 
of U.S. patent application Ser. No. 147,39), filcd May 
27, 1971, now abandoned and, to the extcnt necessary 
for an adequate understanding of the present applica 
tion, such patent is incorporated by reference. 

BACKGROUND OF THE INVENTION 

This invention relates to an apparatus capable of pro 
duction of discontinuous controlled length filament di. 
rectly from a pool-like supply of molten material by the 
use of an indented rotating disk in contact with that 
molten material and without thc use of a forming ori 
fice. 
The conventional method of producing metal prod 

ucts of small cross section such as wire involves the 
casting of billets and their subsequent formation into 
the final product by mechanical working that may in 
clude extrusion, drawing, rolling, and other normal me 
chanical-forming techniques. In addition to these nu 
merous post-casting mechanical operations there may 
be the necessity of intermittent heat treatment before 
the intermediate product can be further mechanically 
worked. The cost of these subsequent operations has 
created a long standing search for a means to form 
Small cross-section discontinuous products directly 
from the note metal. 
The prior art methods used to make such products as 

filament or wire from inorganic compounds are sub 
stantially different since incrganic compounds do not 
have the mechanical properties to withstand forming 
processes as used on metallic naterials The formation 
of compounds into final shapes is usually carried out 
while the material is molten such as casting directly 
into a forming mold. The subject invention forms the 
desired product directly from the molten state, and 
therefore, inorganic compounds having properties in 
the molte State similar to that of molten met is and 
retal alioys inay be formed in substantially the same 
manner. The properties that must be similar to that of 
melten metal are the viscosity and surface tension in 
the molten State as well as the compound having a stb. 
stantially discrete melting point rather than a broad 
continuous range of viscositics characteristic of molten 
glasses. 
Materials conforming to the class having such prop 

erties will have a viscosity in the molten state when at SS 
a temperature less than 25 percent of their melting 
point in degrees Kelvin in the range from O to 
poise as well as having surface tension values in that 
same tenperature range in the order of from 1 () to 
2500 dynes/cn. 

Prior art patents and publications show various 
means for producing metallic wire using a Totating disk 
like surface. The processes typically have molten nictal 
flowing out an orifice determining the size of the final 
product. U.S. Pat. No. 745,786, Cole, is typical of the 
prior art devices where the disk-like surface is a rotat 
ing metallic wheel upon which nolten metal is im 
pinged hy way of an orifice. The prior art nethods of 

1) 

4) 

as 

() 

2 
producing wire products use flow conditions varying 
from thc removal of thc metal from a stable meniscus 
disclosed in U.S. Pat. No. 3,522,836, King, to the forc 
ing of molten metal in a free-standing stream through 
thc (rifice directly on a rotating heat-extracting surface 
as disclosed by U.S. Pat. No. 2,825, 108, Pond. The 
prior art means of direct formation of a filament or 
wire-like product all have one feature in common-the 
use of an orifice to control the size and flow of the mol 
ton metal. 
The use of an orifice has several attendant difficulties 

in that it must function in the severe environment of 
flowing molten metal. Where the metal product desired 
is composed of low melting point alloys such as lead, 
tin, zinc, etc., the problems with the orifice are not sc 
were. However, due to the commercial demand to make 
a continuous product out of materials having relatively 
high mclting points, processes using orifices are 
plagued with several difficult problems. 
At higher temperatures, orifice materials begin to 

react with the molten metal or the surrounding atmo 
sphere degrading the properties of the orifice matcrial 
as well as its physical dimensions. Consequently, thc 
orifice tends to erode and "wash,' becoming larger, 
and providing 'out of gage' products. Further, insolu 
ble materials such as silicates or refractory particles 
from the refractory container tend to clog orifices par 
ticularly where finc gage products are involved. As a 
consequence, the usual materials for orifices which re 
sist erosion are expensive and difficult to form into the 
shape nceded for the application, and, once formed, 
the erosion due to the flowing metal makes the size of 
the final product difficult to control. 
The use of an orifice usually requires additional heat 

ing to insure that metal does not solic lify in the orifice 
and thereby change the shape of the product formed. 
The use of small orifices requires extremely clean melts 
to prevent intermittent plugging or restriction of the or 
ifice, 
The present invention forms a filamentary product 

without the use of any type of orifice and, therefore, is 
frce of all problems attendant the flow of molten metal 
through an orifice. The size of the final product is con 
trollable and is primarily affected by the shape and 
properties of the rotating disk applied to the surface of 
:l notcin pool, its heat-cxtracting properties, its depth 
of entry into the melt, its velocity in contact with the 
inclit, the melt Superheat, and the melt material. 

BRIEF SUMMARY OF THE INVENTION 

The invention as herein disclosed is a means for pro 
ducing controlled length discontinuous filaments di 
rectly from a pool-like supply of molten material. The 
invention consists of a rotating disk-shaped member 
having an axis of rotation substantially parallel to the 
surface of a molten pool of the material and having in 
dentations on the circumferential edge of the disk. 
Broadly stated, the invention provides an apparatus 

for producing a solici discontinuous filament from mol 
ten material nor nully solid at ambient temperature 
having properties in the molten state at their conven 
tional casting temperatures substantially similar to mol 
ten metals by introducing the indented outer edge of a 
rotating disk-shaped member to the surface of a pool 
of molten material, removing heat at the circumferen 
tial extremity of saic member to cause solidification of 
said material in filament form on said member between 

tax saxw: : a z. Iaukhati that this rewoxytrix 
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the indentations und allowing said final filamentary 
product to spontaneously release from said member. 
For the purposes of this invention a pool or pool like 

source of molten material is one that is not confined by 
a limiting crifice and has a free surface relatively free 
of turbulence. Turbulence does not prevent operation 
but makes the quality of the product somewhat irregu 
lar. As the invention is practiced, flow induced by in 
duction heating of the melt does not detrimentally af. 
fect operation. In fact, the productivity of the process 
may be enhanced by flowing molten material parallcl 
to the direction of rotation of the rotating member and 
increasing the speed of rotation of the member. Gener 
ally, flow directed across the member will disturb the 
filament formation if thc magnitude of the flow is suffi 
ciently large. 
When the periphery if the rotating disk is introduced 

to the surface of the nuclt, a portion of the melt solidi 
fies in the neber and is carricki through the melt by 
the rotation. his 'tation also initiates a buildup of 

It lien material alk', the equilibrium level of the melt 
immediately accent the point where the member exits 
the melt, Molten material from this buildup is at a 
slightly lower temperature than the melt and adheres to 
the previously fourned material on the edge of the rotat 
ing member and exiting the melt through this buildup. 
Thc ferri (f the final product is determined by the por 
tion of material initially solidified on the member as 
well as the liquiti portion deposited on the solidified 
portion as it passes through the buildup of material 
upon exiting frt in the poil of molten material and the 
kistance hetween intentations on the edge. 
The css Inc. of the present invention resides in the 

cx acting of Tiklt. In literial from the surface of a mol 
ten pool by contacting such surface with the edge of a 
riating disk. Although the disk may act at least in part 
as a heat-extracting member or chill block, its essential 
function is cxtracting the molten material from the 
molten in pool semicontinuous fashion into the sur 
rouncing : it sphere for controlled gaseous environ 
rent where cluenching occurs. It is our belicf that a 
film of molten material initially wets the surface of the 
rotating lisk aiki thus clings to such surface as it passes 
from contact with the molten metal. As cooling pro 
gresses the tin filment contracts, separates from the 
disk surface, and is ejected into the surrounding gase 
ous environment by the uninhibited centrifugal force of 
the ki:iig (iisk where solidification of any liquid por 
tion with the film is completed. Since the disk presents 
a limited contact area and Totates at relatively high 
speed, the product is thin gage wire or filament rather 
than heavy gage 1 material attained in prior art pro 
(SSS 

The shape of the final product is dependent in part 
on the shape of the rotating disk introduced to the melt 
surface. In the progluction of discontinuous filaments 
the periphery of the shell is preferably V-shaped or ra 
diused with only the tip of the member being intro 
duced to the suffice of the molten material. 
For the purpose of this invention, filament shall be 

definec as it in congated member having a cross 
sectional area less than 3.020 in. and a width measure 
rhet (ess th: ), 2.() inch. 

BRIEF ESCRPON OF THE DRAWINGS 

FIG. 1 is an isotetric view of the apparatus produc 
ing a discontinuous filamentary product. 
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FIG. 2 is a vertical cross section of the apparatus of 

FIG. 1 showing the shape of the disk-like member used 
to produce fiber or filament. 

FIG. 3 shows an enlarged cross section of the tip of 
a lisk-like member in a melt illustrating the physical 
dimensions that effect the properties of filamentary 
products. 

FIG. 4 is a cross-sectional view of a disk-like member 
that is kept at substantially constant temperature by the 
internal circulation of a liquid coolant. 

FIG. 5 shows a side view of a disk-like member that 
produces filaments having a controlled length. 
FIG. 6 shows the disk-like member of FIG. S turned 

90. 
FiG. 7 shows a cross section of a radiused disk-like 

member in a melt showing such a member as used for 
the production of filament. 
DETALED DESCRIPTION OF THE INVENTION 

The means by which the discontinuous filamentary 
product is produced is illustrated in one configuration 
in FIG. 1. For the forming of a filamentary discontinu 
ous product, a disk 30 is rotated by its attachment 
through some type of power transmission dc vice such 
as the shaft 35 to a rotating motor herein disclosed as 
an elcctric motor 40. The motor 40 is mounted on a 
platform 41 that is capable of being adjusted vertically 
through the use of a jack 45. This vertical adjustment 
should not be accomplished by any substantial rotation 
around the axis of the jack 45 since this would affect 
the direction of the emission of the filaments 20. The 
placement of the jack base 47 is not critical and the 
process is not adversely affected by minor misalign 
ments or deviations from thc true vertical. While minor 
natural vibrations from the rotation of the apparatus do 
not secm to adversely affect the formation process, and 
the process has been successfully employed without 
using damping materials under the base 47, the quality 
of the filament is enhanced by the elimination of vibra 
tion. The electric motor 40 should have some method 
of controlling its rotational speed and, as illustrated, 
the apparatus is equipped with a rheostat-type control 
42. The motor support plate 41 may be extended 
toward the disk 30 to provide a support for a shaft bear 
ing (not shown) if the length of the shaft 35 and the size 
of the disk 30 pose alignment or vibrational problems. 
It would also be possible to extend the shaft 35 through 
the disk 30 to the other side to another support bearing 
(not shown). For most applications the shaft 35 is sub 
stantially parallel to the surface 15 of the melt. 10; how 
ever, this angle may be acute with no substantial detri 
ment to the formation process. For the formation of 
discontinuous fiber, it may be advantageous since cen 
trifugal force would then eject the fibers away from the 
melt rather than straight up above the melt only to fall 
back in and possibly disturb the process. The disk 30 
must introduce a relatively narrow surface to the melt 
10 to form a filamentary product 20, but the exact 
shape of the surface will be discussed with other param 
eters; however, in general nonreplicating filaments 20 
will emanate from a disk 30 that rotationally introduces 
a small area 32 of its circumference having substan 
tially line contact between the indentations 34 with the 
surface of the melt 10 or to a buildup of molten mate 
rial above the surface. When the disk-shaped member 
introduces only a small chord length of its peripheral 
edge its contact with the melt is narrow and elongated 



3,904,344 
S 

in the direction of the filament length and is best de 
scribed as a line contact. This line contact promotes so 
lidification on a narrow area 32 on the menber 30 and 
the direction of heat removal solidifies filamentary 
form that is not simply a female replica of the periph 
eral edge introduced to the surface of the melt 10. The 
process will become unstable when the melt 10 raises 
the temperature of the area 32 to a degree where the 
solidification rate is significantly retarded and the area 
32 is removed from the melt 10 before any significant 
solidification can form a filament 20' on thc area 32 as 
shown in FIGS. 2, 3, and 4. We have found that surpris 
ingly the rotating member can pass through the melt at 
speeds up to 200 ft/sec and still promote solidification. 
It has been found that the preferred range of operating 
speeds is from 5 to 100 ft/sec. 
Normally filament is formed in the melt by control 

ling the area of contact of the rotating member as well 
as its contact time with the molten matcrial so that the 
typical cross-sectional dimension of the filamentary 
product is less than ().060 inch but greater than the 
width of the cross section of the edge introduced to the 
molten material as measured parallel to the axis of rota 
tion of the member at the average depth of immersion 
of the edge of the rotating member. Referring to FIG. 
3, the width of 20', and subsequently 20, will be greater . 
than the width of the radiused portion of the member 
30 at ". 
The supply of molten material referred to as the melt 

10 may be composed of an elemental metal, metal al 
loy, or an inorganic compound heatcd and contained 
by a vessel 11 having elements 12 to heat the material 
contained to a temperature above its melting point. 
While the amount of superheat (number of degrees in 
excess of the material's equilibrium melting point) will 
affect the size or gage of the filament 20, we have found 
that substantially constant diameter filaments 20 can 
be produced with a melt at a temperature less than 125 
percent of the equilibrium melting point (in K) of the 
material used with no need for the precisc control of 
the met temperature during operations. While this 
quantitative definition of the preferred temperature 
will normally encompass the desired melt temperature, 
it should be understood that the formation process does 
not require unusual melt temperatures. Therefore, the 
present invention is known to be operable with metals 
and metal alloys at conventional casting tomperatures 
that represent a compromise between the cost of heat 
ing versus fluidity of the molten material. The melt 10 
may have a thin protcctive flux coating to prevent ex 
cessive reaction with the surrounding atmospherc with 
out substantially disturbing the formation of the fila 
ment 20. The filament is initially formed, as illustrated 
in F.G. 3, below a surface of the melt 10 and will pass 
through most surface fluxes without any adverse ef 
fects. Where it is desired or necessary, the simplicity of 
the apparatus lends itself to the use of a simple con 
tainer (not shown) for the process where the atmo 
sphere surrounding the melt 10 and the filament 20 
while it is still at high temperatures can be kept inert. 
Filamentary material has been successfully produced 

from several metals and metal alloys including tin, zinc, 
copper, nickel, aluminum, aluminum alloys, aluminum 
bronze, cast iron, ductile iron, high and low carbon 
steel, 8-8 stainless steel, and Hadfield steel. While 
these materials are known to be readily formed into fil 
aments by the subject invention, the present invention 
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is obviously applicable it : wider range of molten ma 
terials. The present in', c.tion may be used with any ma 
terial having scveral specific properties siniilar to those 
of a molten metal, i.e., having a low viscosity in the 
range of from 10 to 1 poise, a high surface tension in 
the range of from () to 2,500 dynesfen, a reasonably 
discrete melting point, and being at least momentarily 
compatible with a solid material having sufficient heat 
capacity of thermal conciuctivity to initiatic solidifi 
cation on the outer edge 32 of the disk 3) made of that 
solid material. For the purposes of this invention, a rea 
sonably discrete melting point shall be defined as one 
exhibited by materials changing state from liquid to 
solid, changing state of one alloy component passing 
through a liquidus line on a temperature-composition 
phase diagram, or any change in state exhibiting a dis 
continuous viscosity increase upon reduction of melt 
temperature. Filamentary products have been pro 
duced from a molten alkali nitrate heat treating salt 
known commercially as Houghton's Draw Temp 43 () 
available from E. F. Houghton & Company, Philadel 
phia, Pa., which is typical of inorganic compounds hav 
ing the aforementioneci properties in the molten state. 
The disk 30 as shown in the Figures has a configura 

tion that produces discontinuous metallic filaments 20 
from the melt 10. FIG. 2 shows a different orientation 
of thic disk 30 with relation to the melt () while FEG. 
3 illustrates the dimensions of the outcrportions 31 of 
the disk 30. Referring now to FIGS. 1 and 2, the disk 
30 is rotated within the met 10 just below its surface 
5, and subsequent to its entry into the neit 10 it 3 

the disk 30 nucleates solid metal on the edge 32 of the 
disk 30 not necessarily at point 13 by removing the su 
perheat and the heat of fusion of the mett 10. During 
the rotation of the disk 30 the melt iO continues to so 
lidify on the disk edge 32 forming the filament 20'. The 
size of the final filament 20 is determined by the size 
and shape of the imposed disk surface 32 and the 
amount of heat removed by the disk 30. The amount of 
heat removed, therefore, depends on several controlled 
variables, one of which is the residence time of a point 
of the disk edge 32 within the melt () which is a func 
tion of the distance along the disk edge 32 from point 

to 14 and the speed of rotation of the disk 30. The 
size of the final filament 20 is determined by the 
amount of molten material 10 that is deposited on 20' 
when it passes through the buildup of molten material 
16. 

Another variable affecting heat removal is the shape 
of the disk edge 32. It must nucleate and grow a fila 
mentary product yet dissipate enough heat to maintain 
it at a temperature below that of the melt (). The 
amount of this temperature differential will be dis 
cussed in a subsequent portion of the disclosure. The 
shape of the disk 30 as illustrated in FIG. 3 shows the 
physical dimensions that affect the rate of heat re 
moval. The disk 30 is inserted into the melt () at a 
depth shown in the figure as d. Filamentary products 
are most efficiently produced when the value of all is less 
than 0.060 inch and yields a filamentary product less 
than 0.010 in in cross-sectional areas. 
The radius of curvature r at the disk edge 32 will af 

foci the final form of the filament 20 since it is essen 
tially a mold for one side of the filament 20' as well as 
providing the site for initial nucleation of 20'. Fila 
ments have successfully been produced with r ranging 
fron O.015 inch to oc (i.e., a narrow, flat projection into 
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the melt 10). A preferred embodiment would have r 
within the range of from ().OO) to O. O inch. In addition 
to the V-shaped configuration, a member 30 having a 
radiused peripheral edge may also be used. A filamen 
tary product is formed with such a member if the depth 
of insertion is less than 0.020 and the radius of curva 
ture is less than 0.5O inch. All of edges 32 of the mem 
ber 30 have a common characteristic in that they are 
all rounded or in some way relieved and a change in 
cross-sectional direction so as to freely release any 
product solidified thercon. The variables 6, T, and D as 
shown in FIG. 3 affect the conductivity of the heat em 
anating from 32 to the cooler portions of the disk. 30. 
These variables arc controlled by the chill material and 
any form of external cooling of thc disk 30. The manip 
ulation of these variables is not critical and one skilled 
in the art can successfully arrive at a workable configu 
ration without excessive trial and error. The value of R 
affects the proccss in two ways, one of which is affect 
ing the mass of the member 30 and hence its thermal 
capacity. The thermal capacity of the disk 30 can be 
controlled by material selection, external cooling, and 
the manipulation of the variables 6, T, and D; there 
fore, variation of R is not primarily used to control the 
total thermal capacity of the disk 30. R docs, however, 
directly affect several important variables; namely, the 
aforementioned residence time of a point on the disk 
edge 32 within the melt 10 and the generation of cen 
trifugal forces that affect the spontaneous removal of 
the filament 20 from the disk 30 at point 25. 

it is felt that the process is not inherently limited as 
to the maximum size of thc disk, but a practical limit 
would seem to be a disk having a radius greater than 20 
inches. With disks having a radius greater than this 
value, the residence time in the melt becomes excessive 
as well as reducing the centrifugal force critical for 
spontancous product removal. The temperature differ 
ence between the disk cdge 32 and the melt 10 affects 
the formation process; however, substantial variations 
in that temperature difference may be tolerated before 
the effect is noticeable. During operation the disk 30 
may start initially at room temperature and after sev 
eral minutes of operation immersed in molten iron still 
produce continuous filaments of substantially the same 
diameter. Eventually the limited thermal capacity of 
the disk 30 allows the temperature at the disk edge 32 
to increase to the point the process is no longer forming 
a continuous fiber. FIG. 4 shows a disk 30 having the 
means to circulate a coolant within the disk 30 thereby 
keeping the disk 30 and the disk edge 32 at a constant 
temperture once thermal equilibrium is established. 
The means by which the coolant flow rate is deter 
mined is readily discernible to one skilled in the art 
since thc invention is operable within a broad range of 
disk temperatures. 
The product as it leaves the disk 30 in some cases will 

not be completely solid and will consist of a solid film 
that was formerly adjacent to the disk 30 and a liquid 
portion that is carried out of the source of molten mate 
rial by this solid portion. Depending on the thermal ca 
pacity of the disk 30 and the point where the filament 
leaves contact with the disk, the product may continue 
to solidify or if its liquid portion possesses enough mass 
and superheat, it may remelt the entire filament after 
it leaves the thermal influence of the disk 30. Proper 
adjustment of parameters may result in this fully mol 
ten condition long enough to reform the filament into 
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a circular cross section by the effect of the material's 
high surface tension. The gaseous environment of the 
filament 20 is important to this type of process since 
the filament cannot be completely molten for a signifi 
cant period of time without breaking down into glob 
ules. Gaseous coolants such as air or non-oxidizing 
gases such as nitrogen or argon may be used either 
solely or in conjunction with a fog or mist of liquid 
coolant. 
FIGS. 5 and 6 illustrate a disk 30 having a plurality 

of indentations 34 along the disk edge 32. The function 
of these indentations is to disturb the formation of the 
filament 20 on the disk edge 32 sufficiently to produce 
a discontinuous product of a length equal to the dis 
tance along the disk edge 32 between successive inden 
tations 34. The shape of the indentations 34 that has 
successfully produced a discontinuous filament is es 
sentially in the form of a slanted V as shown in FIGS. 
5 and 6. Undoubtedly other indentation shapes would 
also work. The slanted V-shape has proved to limit ef 
fectively the length of the filament while not accumu 
lating solidified metal in the indentations 34 that would 
eventually affect the intended function of the indenta 
tions 34. Since the distance along the disk edge 32 be 
tween successive indentations 34 controls the length of 
the filaments produced, the spacing of these indenta 
tions can be controlled to product short filaments of 
equal length, a controlled distribution of filament 
lengths, or a series of longer filaments with a length lim 
ited to the circumference of the disk 30 by the use of 
a single indentation 34. The presence of the indenta 
tions 34 enables the disk to be rotated at higher speeds 
and at a smaller insertion into the melt. 
The parameters that are herein disclosed to affect the 

filament production need not be controlled precisely 
and the production of a discontinuous filamentary 
metal product 20 will result from the introduction of a 
relatively small area 32 on the periphery of a rotating 
disk 30 with indentations thereon to a pool of molten 
metal 10 when the disk 30 has a peripheral speed in the 
range of 3 ft/sec to 200 ft/sec and has sufficient temper 
ature difference to solidify at least a rudimentary fila 
ment 20' on the disk edge 32. To start the formation of 
filament, the disk 30 is rotated above the met 10 at the 
desired speed to give a peripheral speed within the de 
sired range. The jack 45 is adjusted to lower the disk 
30 into the melt 10 where initially a fragmented fila 
ment is formed upon contact with the surface 15. The 
disk 30 is lowered into the melt 10 and upon the disk 
30 reaching sufficient depth within the melt 10 a dis 
continuous product 20 will emanate from the met 10 
in substantially the manner illustrated in FIG. 1. 

FIG. 7 illustrates another embodiment of the present 
invention where the disk edge 32 is radiused and in 
serted into the molten material at a depth less than 
O.020 inch so as to form a filamentary product. If the 
product to be formed by this embodiment is to be fila 
mentary, then the radius of curvature at the edge 32 
should be less than ().50 inch. 
The present invention was used in several configura 

tions to form discontinuous filamentary products from 
various materials. In the folloiwng examples the surface 
of the disk that contacts the melt consistently has a 16 
to 20 micro-inch CLA (center line average) surface 
finish produced by 600 grit paper, and, except where 
noted, the depth of insertion of the disk within the melt 
was approximately 10 mils. 
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EXAMPLE ll 

The present invention was used to produce a discon 
tinuous filament of controlled length by using a copper 
disk having indentations on its V-shaped peripheral 
edgc. The disk has the following physical dimensions: 

Diameter of the disk 4 inches 
Thickncss R 47 inch 
Radius at the tip 

of the W R () 5 inch 
Angle of the V. 9 At g() 

The disk also had indentations on its peripheral edge 
substantially the same as those shown in FIG. 6 with the 
depth of the indentations being approximately 0.03 
inch and having a length along the circumference of the 
disk of O. 15 inch. Thc disk was rotated at 700 rpm 
yielding a peripheral speed of 12.1 ft/sec. It was intro 
duced to the surface of a pool of molten zinc at 890°F 
and the disk opcratcd within a temperature range of 
120 to 200F. A filamentary product having a cross 
section 8 mils by 16 mils and consistent lengths of ap 
proximately inch was formed. 

EXAMPLE 2 

The same disk and melt material were used with the 
melt temperature and disk temperature substantially 
the same as Example 1. The rotational speed of the disk 
was increased to 1, 190 rpm giving a peripheral velocity 
of 20.6 ft/sec and the depth of insertion into the melt 
was reduced to 2 mils. The filament produced had a 
cross section of approximately 2 mils X 12 mils and a 
length of 0.9 inch. 

EXAMPLE 3 

The samc disk was used as in Example and 2 to pro 
duce filament of nodular cast iron. The disk was ro 
tated at 3,200 rpm yielding a periphcral surface veloc 
ity of 55.5 ft/sec 2 mils below the surfacc of a molten 
pool of nodular cast iron at 2,700F. The disk operated 
at a temperature initially of 75F and still produced fila 
ment at a temperature of 600F. The filament had the 
dimensions of 10 mils by 35 mils and was approxi 
mately 1 inch in length. 

EXAMPLE 4 

Discontinuous fibers have also been produced using 
a disk of different dimensions. A copper disk having the 
following dimensions was used to produce discontinu 
ous fiber of Manganese Steel ( 12.4 Mn, 1.3 C, balance 
Fe: 

Diameter of the lisk - 8 inches 
Thickness - 1 inch 
Radius at the tip 
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Thc disk's V-shaped peripheral edge had the same 
type of indentations as Examples l, 2, and 3 placed 
every inch along the circumference of thc disk. It was 
rotated at 550 rpm yielding a peripheral vclocity of 
19.2 ft/sec and operated in the temperature range from 
50 to 440F. The manganesc steel melt was at ap 

proximatcly 2,900°F and thc filaments produced had a 
V-shaped cross section with a 10 mil height and a 40 
mil width with a length of 1 inch. 

It is herein understood that although the present in 
vention has been specifically disclosed with preferred 
embodiments and examples, modification and variation 
of the concepts herein disclosed may be resorted to by 
those skilled in the art and such modifications and vari 
ations are considered to be within the spirit and scope 
of the invention and the appended claims. 
We claim: 
1. An apparatus for the production of solid filaments 

from molten material which is at a temperature within 
25 percent of its equilibrium melting point in K, said 
molten material having a viscosity of 0.001 to 1.0 poise 
and a surface tension of 10 to 2,500 dynesi cm at said 
tempcrature, which apparatus comprises: 

a. a pool-like source of said molten material; 
b. a heat-extracting disk having at least one circum 
ferentially extending peripheral edge upon which 
said filaments at least partially solidify, with said 
edge tapering to a narrow peripheral surface; 

c. at least one indentation on said edge disposed to 
limit the length of said filaments to the distance be 
tween said indentations; 

d. means of rotating said disk about its axis of rota 
tion, and 

e. means of raising and lowering said disk relative to 
said pool of molten material. 

2. The apparatus of claim 1 wherein said peripheral 
cdge is substantially V-shaped in cross-section with the 
apex of said V being the outermost circumference of 
said disk. 

3. The apparatus of claim 2 wherein the angle be 
tween the legs of said V-shape is in the range of 60 to 
120 and the radius of curvature at the tip of said V is 
in the range from 0.001 to 0. 1 () inch. 

4. The apparatus of claim 1 wherein the taper of said 
peripheral colge results solely from its having a radius 
of curvature. 

5. The apparatus of claim 1 wherein said radius of 
curvature of said peripheral edge is less than 0.50 inch. 

6. The apparatus of claim 3 wherein said heat 
extracting member is comprised of copper. 

7. The apparatus of claim 6 wherein said edge has a 
surface finish in the range of from 16 to 20 microinch 
CIA. 

8. The apparatus of claim 1 including means for cool 
iing the disk during the filament forming process. 

sk : k k sk 

real sasairst: un a...sugassistak shtelulme if a vess: "an-"New" 


