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METHOD OF FORMING METALLIC FLAMENT 
CAST ON INTERIOR SURFACE OF INCLINED 

ANNULAR QUENCH ROLL 

BACKGROUND OF THE INVENTION 

I. Field of the Invention: 
This invention relates to a method and apparatus for 

the production of continuous metal filaments, particu 
larly amorphous metal filaments, by casting a molten 
stream on the inside surface of a rotating drun and 
withdrawing an untwisted filament. 
For the purposes of the invention, filament is herein 

used to represent a slender body whose transverse di 
mensions are much less than its length. In the present 
context, the filaments may be ribbons, sheets, wires or 
irregular cross-sections. 

II. Brief Description of the Prior Art: 
Methods for the formation of metal filaments have 

been developed which avoid the inherent difficulties of 
previous casting, die drawing and rolling techniques. 
One of these methods involves chill roll casting in 
which a free jet of molten metal is impinged upon a 
moving chilled quenching surface whereon it is solidi 
fied and flung away by centrifugal action. 

Chill roll casting techniques as first described by 
Strange and Pim in U.S. Pat. No. 905,758 involve cast 
ing the molten metal stream onto the outside of a rotat 
ing chill roll thus permitting ready pickup and winding 
of continuous filaments by using a nipping means as 
disclosed in my co-pending U.S. Ser. No. 348,814 filed 
4/6/73. The procedure described by Strange et al. may 
be readily employed to form filaments of many of the 
polycrystalline metals which possess sharp melting 
points, i.e. have a solidus-liquidus transition range of 
less than 5°C; however, the nature of amorphous or 
glassy metals is such that there is a transition range 
often well in excess of 400°C through which the viscos 
ity of the metal gradually increases until the critical 
glass transition temperature is reached and it is neces 
sary for the filament to be quenched to below its glass 
transition temperature before departure from the 
quench roll. 
Pond and Maddin in Trans. Met. Soc. AIME, 245 

(1969) pgs. 2475-6 describe a method for casting onto 
the inside surface of an annular chill roll where the in 
side surface is parallel to the axis of rotation. The radial 
acceleration of the roll acts to insure a good thermal 
contact of the melt with the roll due to the relative mo 
tion of the roll and the molten stream which spreads the 
liquid over a larger area resulting in a thinner layer of 
solidified material and hence a larger overall thermal 
transfer rate. 
When the inside surface of the roll is parallel to the 

axis of rotation as in the apparatus of Pond and Mad 
din, the rotation of the casting roll twists the filament 
as it is continuously withdrawn from the casting surface 
thereby greatly complicating the preparation and wind 
ing of continuous filaments. Since these twists are geo 
metric in structure, their occurrence in the production 
of ribbons or sheets prevents winding of the formed 
product into smooth rolls. Even, in the case of equiaxial 
round wire, the presence of twists creates undue tor 
sional stress which makes incorporation of the wire 
product into multifilament bundles very difficult. 
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SUMMARY OF THE INVENTION 

This invention is directed to an apparatus for the pro 
duction of continuous lengths of metal filaments, par 
ticularly amorphous metal by casting onto the inside 
surface of an annular chill roll where the inside surface 
is inclined at an acute angle to its axis of rotation. A 
nipping means is positioned at a point in contact with 
the quench (inside) surface of the chill roll beyond the 
point of solidification of the filament. Optionally, a 
guide means whose axis is skewed to the axis of the nip 
roll may be provided to direct the filament for recov 
ery. 
The invention is also directed to a process for the 

production of continuous length, untwisted metal fila 
ments from a molten stream by casting the molten 
stream on the inside surface of a rotating annular chill 
roll wherein the inside surface is inclined at an angle of 
-30 to the axis of rotation of the chill roll, exerting 

a pressure on the quenched molten stream in contact 
with the inside surface of the chill roll after solidifi 
cation of the filament and collecting the filament thus 
formed. 
This novel method and apparatus is particularly use 

ful in achieving the critical glass transition temperature 
necessary for the production of amorphous metal fila 
ments since it permits increased retention of the fila 
ment in contact with the quench surface. Moreover this 
method and apparatus is advantageous in that it pro 
vides for the production and collection of a smooth, 
uniform and untwisted product. 

BRIEF DESCRIPTION OF THE DRAWING 

The FIGURE represents a cross section of the annu 
lar chill roll of the invention showing the inside surface 
inclined in an acute angle to the axis of the rotation. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the FIGURE which is representative of the novel 
aspects of the invention, the molten stream 1 is ejected 
through a nozzle 2 onto the inner surface 3 of a rotating 
annular chill roll 4 whose inside surface 3 is inclined at 
an acute angle 5 to its axis of rotation. The molten 
stream is solidified and the resulting filament is carried 
by the rotation of the roll into the nip area 7 where it 
is contacted by nipping means 8 and the filament 9 is 
withdrawn in a direction perpendicular to the inside 
surface of the quench roll 4 so as to make a single twist 
of approximately 90' in traversing the distance to an 
optional guide roll 10 from which the filament 9 may 
be recovered. 
During start-up of the operation, the nipping means 

8 may be swivelled to a remote position 8a. Rotation of 
the chill roll 4 is initiated and the molten metal is 
ejected onto the chill surface 3 thereby commencing 
formation of the metal filament. The filament is carried 
by rotation of the roll 4 into the nip area 7 and the nip 
ping means 8 is then converged toward the quenching 
surface 3 so that the filament 9 can be withdrawn from 
the apparatus. 

It is intrinsic to the present invention that the inside 
surface of the chill roll form an angle with the axis of 
rotation. While angles of 2 to 30 are practical, best 
results are obtained when the inside surface is inclined 
at an angle of about 5-15 to the axis of rotation. 
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By increasing the angle of inclination, it becomes eas 
ier to place the required equipment within the geomet 
ric confines of the chill roll; however, this increased 
angle also causes the filament produced to be heavier 
on one side than on the other so that for angles greater 
than about 30, the production of a relatively uniform 
filament is rendered difficult. It is possible to regulate 
the centrifugal pressures on the filament so that uni 
form filaments may be produced for angles of about 
15-29 by increasing the diameter of the roll or by de 
creasing the rotational velocity or rpm. 
The chill roll 4 may comprise any of the convention 

ally used quenching materials as for example oxygen 
free high conducting copper, beryllium copper or stain 
less steel. The thickness of the roll will depend on the 
other dimensions, the cooling means and the manner in 
which the roll is driven. In general this thickness will 
vary from 4 to 1 inch. The chill roll shown in the FIG 
URE is externally driven but it is obvious that the sys 
tem could be easily adapted to any internal or other 
drive means. The chill roll may be cooled externally, as 
by passing the roll in contact with a bath or by spraying 
cooling gas or liquid on the outside of the roll. Alterna 
tively, the roll could be adapted with an internal cham 
ber through which a cooling fluid would be trans 
ported. The chill roll may be open on opposite ends or 
one end may be closed. 
The nipping means employed may be any device hav 

ing freedom of movement and capable of exerting a de 
gree of pressure on the solidifying filament. If a winder 
is used to collect the filament, it is necessary that the 
pressure exerted by the nipping means be sufficient to 
counteract the stress transmitted by th winder thereby 
establishing a tension free zone as discussed in the 
hereinabove noted co-pending application Ser. No. 
348,814. The nipping device may comprise any suit 
able arrangement, e.g., it may be in the form of a bar, 
a blunt blade or, preferably, a cold roll freely rotating 
or driven at the same velocity as the quench roll. The 
position of the nipping means, and the pressure which 
it exerts on the filament, are controlled by means of a 
pressure exerting mechanism such as an air-cylinder 
operating through a conventional connecting link be 
tween the nipping device and the quench roll. The nip 
roll may be located at any point on the inner surface of 
the roll at or beyond the point of solidification of the 
filament. It is preferred, largely for convenience, to lo 
cate the roll at a position about 180' opposed to the 
point of impingement of the molten stream on the 
quench surface. 
The optional guide means employed may be in the 

form of a bar, blade or preferably a freely rotating or 
driven roll. The guide means illustrated by roll 10 in the 
drawing may be by-passed if a winder or other collect 
ing device is located in close proximity to the quench 
ing apparatus. However, it is intrinsic to the production 
of continuous, uniform filaments that the guide means 
or winder be positioned so that its axis is skewed to the 
axis of the nipping means so as to direct the filament 
from the quench roll with only a single half-twist of ap 
proximately 90°. The filament is collected from the 
guide means in any suitable manner. A preferred col 
lecting apparatus may comprise a wind-up mechanism 
(not shown) used alone or in conjunction with a sepa 
rate tension regulating device of the kind convention 
ally utilized in the fiber spinning art. 
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This novel apparatus may be readily employed to 

produce metal filaments in the form of ribbon or 
sheets. Moreover, by machining a groove into the inner 
surface of the chill roll 4 and directing the flow of mol 
ten metal into this groove, it is readily apparent that fil 
aments having circular or irregular cross-sections can 
be produced. 

It is to be noted that the filaments, when produced in 
accordance with the present invention, contain no 
twists and consequent torsional stress in their collected 
form. 
Thus the use of the novel method and apparatus of 

the present invention facilitates the production of con 
tinuous, uniform, untwisted metal ribbons, sheets and 
wires and enables the collection of the filaments thus 
formed into smooth wound rolls. 
The invention will be further described by the follow 

ing illustrative examples. 
EXAMPLE 1. 

An alloy formulated to be amorphous upon quench 
ing was cast into filamentary form using an apparatus 
similar to that depicted schematically in the attached 
FIGURE. 
The apparatus employed herein consisted of an annu 

lar chill roll cooled by an external water spray (not 
shown). The chill roll was composed of oxygen-free 
high conductivity copper and had dimensions of 2 feet 
outer diameter and one-fourth inch in thickness with its 
inside surface inclined at an angle of 5 to the axis of 
rotation. 
The alloy to be spun consisted of 38 at.% Fe, 39 at.% 

Ni, 14 at% P, 6 at. wt.% B and 3 at, wt.%Al. The alloy 
was melted in an argon atmosphere at 1000°C. and 
ejected through a zirconia nozzle of 0.0355 inch inte 
rior diameter onto the inner surface of the chill roll 
which was rotating at 922 rpm. A solidified filament of 
0.0747 inch width and 0.0016 thickness was formed 
and carried by centrifugal force to the nip area located 
180 from the point of impingement where a rubber nip 
roller was actuated to a "closed' or converged position 
by means of an air cylinder which exerted a pressure of 
about 5 psi on the filament. The filament was then di 
rected to a hard steel ball bearing guide roll positioned 
so that its axis was skewed to that of the axis of the nip 
ping roller and wound continuously on a tension con 
trolled winder at 1 lb. tension. The resulting untwisted 
amorphous ribbon filament was collected in tight uni 
form packages. 

EXAMPLE 2 

An apparatus and procedure similar to that employed 
in Example 1 were used to produce wound packages of 
polycrystalline wire. 
A half-circular groove of 0.020 inch width was ma 

chined into the apparatus of Example 1. A grey iron 
alloy containing 3.4 wt.% C, 2.2 wt.% Si, 0.6 wt.% Mn, 
0.2 wit% P and 0.01 wt % S was melted at 1300°C and 
extruded directly into the groove of the rotating chill 
roll through a nozzle of 0.010 inch interior diameter. A 
D-shaped filament of approximate cross-sectional di 
ameter of 0.020 inch was solidified and collected as in 
Example 1. 

I claim: 
1. A process for the production of continuous length 

untwisted metal filaments from a molten stream com 
prising the steps of: 
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a. casting the molten stream on the inside surface of 
a rotating annular chill roll wherein the inside sur 
face is inclined at an angle of 2-30 to the axis of 
rotation of the chill roll; 

b. after solidification of the filament exerting pres- 5 
sure on the quenched molten stream in contact 
with the inside surface of the chill roll; to increase 
retention of the filament in contact with the 
quenching surface by nipping means applied on the 

10 

15 

25 

30 

35 

40 

45 

55 

65 

6 
inside surface of the chill roll; and 

c. collecting the filament thus formed. 
2. The method of claim 1 wherein the filament after 

solidification is oriented to remove twist by guide 
means whose axis is skewed to the axis of the nipping 
means and thereby direct the untwisted filament for 
collection. 
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