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Michael Turkat, Bayside, N.Y., assignor, by mesne assign-

ments, to Space Age Materials Corp., Weodside, N.Y., a

corporation of Delaware

Filed Apr. 21, 1964, Ser. No. 361,521
6 Claims. (CL 264—29)

The present application is a continuation-in-part of
applicant’s co-pending U.S. patent application, Serial No.
130,153, filed August 8, 1961 and entitled High Purity
and Non-melting Ablative Filaments; applicant’s co-pend-
ing U.S. patent application, Serial No. 143,634, filed
October 9, 1561, and entitled Apparatus and Continuous
Method of Manufacturing Ablative and Refractory Metal
Filaments; and applicant’s co-pending U.S. patent appli-
cation, Serial No. 361,492 filed April 21, 1964, and en-
titled Method of Making High Purity and Non-Melting
Filaments; and applicant’s co-pending U.S. patent appli-
cation, Serial No. 361,480, filed April 21, 1964 and en-
titled High Purity and Non-Melting Filaments.

This invention relates to filaments and, more particu-
larly, to an apparatus and method of manufacturing abla-
tive and refractory filaments.

An object of the present invention is to manufacture
high temperature resistant, high strength filaments in
lengths of 1 to 1000 feet or more from refractory or
ablative materials by means of a continuous process in a
high vacuum furnace.

Another object of the invention is to manufacture re-
fractory or ablative filaments of varied shapes and cross-
sections by a continuous process in contradistinction to a
batch process.

An object of the invention is a continuous method of
manufacturing refractory and ablative materials by means
of a rotating mandrel in a high vacuum furnace to pro-
vide unlimited filament lengths of controlled thickness
and uniformity.

A feature of the invention is a filament formed of the
class of ablative materials including pyrolytic graphite,
carbides, and combinations of these with refractory metals
and alloys thereof, in continuous lengths by a continuously
operating process in a high vacuum furnace.

Another feature of the invention is the fabrication of
high purity non-melting crystalline filaments of ablative
materials by the process of cracking or decomposing suit-
able gases or mixtures of gases under extremely high tem-
peratures in a high vacuum furnace, and depositing the
same on a continually rotating mandrel or wheel.

Another feature of the invention is the fabrication of
high purity, non-melting, non-porous refractory filaments
of appreciable length by the process of cracking or de-
composing suitable gases or mixtures of gases under ex-
tremely high temperatures and depositing carbon and

carbides on continually rotating mandrels having multi- .

shaped grooves therein.

In accordance with the invention, high temperature,
high strength ablative refractory materials such as pyro-
Iytic graphite by hydrocarbon gas cracking techniques, or
for example, to provide by metallic vapor decomposition
pure crystalline refractory metals, carbides, silicides and
borides, in a variety of shapes, cross-sections and coat-
ings by a continuous process involving a rotating mandrel
with threads and filament lifters for scooping up the fila-
ments from the mandrel during its rotation.

A variety of filament shapes and cross-sections are fab-
ricated thereby from ablative refractory materials con-
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tinually deposited on the rotating mandrel or wheel in a
continuous process. The resulting filaments are char-
acterized by high purity, unlimited lengths, controlled uni-
form thickness, non-porosity, crystallinity and operabil-
ity at superhigh temperatures in the range from 5000° to
10,000° F.

For example, starting with a hydrocarbon gas such as
methane, predetermined amounts of refractory metal
halide vapors can be mixed therewith, along with hydro-
gen carrier gas, in a vacuum furnace to produce a com-
posite material of pyrolytic graphite with refractory metal
carbide. An alternative procedure would end with a mix-
ture of refractory metal halide and hydrogen, yielding a
coating of pure metal. Further heat treatment would
vield an adherent coating by diffusion bonding to the
graphite composite substrate through the formation of an
intermediate carbide layer.

The various materials provided in accordance with the
invention have special properties, among which are that
they will not melt at superhigh temperatures in the range
of 5000-7000° Fahrenheit, that heat is dissipated there-
from primarily by radiation and by evaporation of ma-
terial through sublimation.

Pyrolytic carbon and refractory metal carbides with
their high strength at superhigh temperatures, can be used
in combination with a ceramic or glass filament for high
strength at low temperatures and provides an ideal high
strength, light weight missile component.

The materials provided in accordance with the inven-
tion have properties and characteristics suitable for ap-
plication to missile cones, rocket nozzles, missile body
sections, extremely high temperature furnace linings and
for high temperature piping, filament wound containers
for solid fuel in missiles and the like.

Other objects and features will become apparent to
those skiiled in the art when the following disclosure is
read in connection with the accompanying -drawings,
wiherein: :

FIGURE 1 is an elevational view partially broken
away of a high temperature furnace and a stationery
tiireaded mandrel therein.

FIGURE 1A is a perspective view of the threaded
mandrel shown in FIGURE 1.

FIGURE 1B shows an elevational view of a modified
mandrel having the form of a flat surface or disc with
spiral grooves machined therein.

FIGURE 1C is a side view of the disc mandrel shown
in FIGURE 1B.

FIGURE 2 is an elevational view of a modification of
a high vacuum furnace with a continuously rotating man-
drel therein in accordance with the invention. ’

FIGURE 3 is a front view of the rotatable mandrel
illustrated in FIGURE 2 showing a variety of shaped
grooves therein.

FIGURE 3A shows cross-sections of varied shaped fila-
ments derived from the rotatable mandre] illustrated in
FIGURE 3.

FIGURE 4 is an elevational view of a filament lifter
or scooper utilized in conjunction with the rotating man-
drel of FIGURE 3.

Referring to FIGURE 1, a hydrocarbon gas, such as
methane, propane, benzeme, butane, acetylene, ethane
or toluene and hydrogen are mixed with a metered
amount of refractory metal halide in a high vacuum
furnace 28. The furnace 28, which is water cooled has
its inner walls 21 coated with or insulated with ceramic
material. It is electrically heated by a graphite resist-
ance element 22 to a high temperature, sufficient to crack
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the various gas vapors, such as refractory metal halide,
methane and the like, which enter the furnace 20 under
conirolled heat.

Pure refractory metal and ablative carbide material
deposits on the threads of the stationary mandrel 26
from the original decomposed gases, which provide the
-metallic and/or carbon vapors for deposition in the
threads 27 of the mandrel base.

As the decomposed gases and vapors are deposited on
the stationary mandrel 26, the helical threads thereof
are built up and filled with ablative or refractory de-
posits, until a smooth, uniform coating over the entire
mandrel 26 is produced.

After a smooth coating has been laid down in the
-threads 27 of the mandrel 26, the vacuum furnace 20 is
shut down, the mandrel 26 is removed therefrom and
machined by a sharp cutting tool down to the top surface
of the mandrel thread 27 Then the wire filament 29,
as illustrated in FIGURE 1A, which is embedded in the
mandrel threads 27, is removed freely therefrom to be
subsequently utilized for any desired purpose.

Referring to FIGURES 1B and 1C, an alternative
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form of mandrel is shown, wherein a flat disc 7 is pro- .

vided with a spiral groove 8 machined in its. bottom
surface, starting from the center of the disc and contin-
uously expanding in diameter until it reaches the outer
edge. The size of the flat disc 7 can be varied as de-
sired, namely, its external optimal diameter being limited
only by the size of the furnace 28. With the disc mandrel
7, a simpler furnace feed is feasible, and a more uni-
form deposition of ablative materials and coating of the
mandrel for forming the filament, is provided. The fila-
ments of ablative materials can be removed from the
“disc 7 by a suitable machining tool 9. i

Pure crystalline filaments of materials formed by the
process described in connection with FIGURES 1, 1B,
as well as filaments formed from a combination of pure
refractory metals, pyrolytic graphite, refractory metal
carbides or silica, may be manufactured in accordance
with the aforementioned processes for depositing ablative
materials from metallic vapors and hydrocarbon gases
cracked in high temperature vacuum furnaces. The
length, diameter, shape and combination of .refractory
and ablative materials may be proportioned in accord-
ance with a particular use desired and may encompass
coiled lengths of a thousand feet or more, a}thoug:h the
various filaments per se, or combined with various b-mders
as described herein may be utilized for spiral wu.ldm.g to
form rocket body structures as well as various intricate
shapes capable of withstanding very high temperatures
and pressures. . :

The data for an actual run, in ’ghl
pure pyrolytic graphite filaments, 18
following charts: .

Chart I shows filament density as a function of de-
position temperature wherein, the chamber pressure was
4 mm. Hg and the gas flow which was adjusted to main-
tain this pressure was 6 Lp.m. (liters per minute). The
hydrocarbon source gas used was chemically pure meth-

ane.

s case to produce
illustrated by the

Chart 1
‘Density (gm./cc.): Temperature, ° C.
. 195 e - 1900
215 .. - — 2000
D2 o i 2100
D2 e —————— 2200
B2 o —————— 2300

Chart II shows the deposition rate, of the pyrolytic
graphite filaments, as a function of deposition tempera-
ture; the chamber pressure being 4 mm. Hg and the gas
flow being 6 1.p.m. The hydrocarbon source gas used was
chemically pure methane.
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Chart II
Deposition rate (mils/hour): Temperature, ° C.
10 e 1900
15 e 2000
18 2100
2 2200
B 2300

Although hydrocarbon gas dilution with hydrogen or
argon can be used, as previously described, the preferred
method is to use only chemically pure hydrocarbon
gases.

When it is desired to produce a filament containing
refractory metals, metallic vapor is introduced into the
process as hereinbefore described.  The proportion of
metailic vapor to hydrocarbon gas can be varied from
0 to 10 or more; the more parts of metallic vapor em-
ployed, the more closely the filament will approach that
of a pure refractory metal. The amount of hydrogen gas
used can be varied from zero to one part and the pressure
can be varied from 2 mm.—10 mm. Hg. The preferred
relationship of the gases used can be expressed as fol-
lows:

Parts
Metallic vapor oo 0-10
Hydrocarbon o 1
Hydrogen oo e 0-1

Utilizing the foregoing ablative filament manufactur-
ing processes, various types of refractory and refractory
alioy filament combinations can be produced. For ex-
ample, a pyrolytic carbon filament can be made incorpo-
rating boron or other refractory materials such as tung-
sten, tantalum, niobium, molybdenum, zirconium, vana-
dium, titanium, thorium and chromium. The metals are
obtained by vaporizing various decomposable compounds
containing said metals; for example, halides, oxides and
various organo-metallic materials, such as carbonyls and
dicumene compounds. Typical of refractory alloy fila-
ment combinations would be, tantalum-niobium, tita-
nium-tantalum and molybdenum-tungsten.

A pyrolytic carbon filament incorporating boron or
other refractory materials offers the characteristic prop-
erties of higher strength at low temperatures, as well as
at high temperatures. For example, additions of boron
in the vapor phase during the deposition process in the
fabrication of bulk pyrolytic carbon will increase the
Toom temperature tensile strength of this material from
18,000 p.s.i. to 30,000 psi. In the deposition process,
various metal and known metal combinations may be
produced, such as boron carbide, niobium carbide, fanta-
lum carbide, tungsten carbide, and the like.

Referring to the schematic diagram of FIGURE 2, a
high vacuum furnace 31 corresponding to the furnace
shown in FIGURE 1 is similarly provided with an inlet
source 32 of methane, hydrogen and metal halide. These
gases in various combinations are heated to a high tem-
perature sufficient to crack the various gas vapors. At
such high temperatures, the cracked gases and decomposi-
tion products provide a variety of controllable media in
the cracking area 33, from which novel refractory metals
and ablative filament materials will deposit therefrom

on a continuously rotating mandrel 34. The rotating

mandrel 34 is provided with a variety of grooves of differ-

% ent shapes cut thereinto (like threads) as illustrated in

FIGURE 3. The deposited filaments will correspond
in shape and cross-section with the contours of the grooves
in the rotating mandrel 34, coated by refractory metal and
ablative material deposited thereon from the original de-

-composition products containing metallic and/or carbon

vapors.

_As the mandrel 34 rotates and the grooves thereof are
filled with filamentary material, a filament lifter 35 en-
gages that flat surfack of the mandrel 34. The flat lifter
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35 lifts off or shaves away the filaments from the surface
coating on the mandrel 34. Peeled, flat filaments 38 come
off the mandrel 34 as it rotates under the lifter 35. Fur-
ther along in the rotation of the mandrel 34, as illustrated
in FIGURE 2, groove lifters 37 operate on the mandrel by
means of fingers 37, have varying shapes conforming to
the shapes of the grooves 36 illustrated in FIGURE 3.
The filament lifters 37 ride within the grooves 36 and in
turn lift out the filaments, which continue to pass down
and away from the rotating mandrel 34 to settle on the
bottom of the furnace 31.

Thereby a continuous process of forming ablative and
refractory metal filaments is provided by the rotating
mandrel 34 in contradistinction to the batch process char-
acteristic of the stationary mandrels 26 and 7 shown in
FIGURES 1 and 1C respectively.

Pyrolytic graphite, carbide, refractory or carbide refrac-
tory alloy filaments are feasible with this continuous ro-
tating method of manufacturing ablative filaments.
These basic ablative type filaments can be later processed
by various means of bonding in order to make structures
useful in missile applications and the like. Basic filaments
in continuous long lengths, in accordance with the present
invention, can be protectively coated with ceramics, sili-
cides or refractory metals by means of a flame spray tech-
nique. Such filaments can be subjected to the flame spray
because of their superhigh temperature resistance prop-
erties. The basic ablative materials contemplated or
provided herein will not melt at 5000° F. and higher and
can thus be subjected to the most severe environmental
high temperatures for preprocessing the filamentary ma-
terials for subsequent production techniques. Uniform
coatings of the aforementioned protective materials in
extremely long filamentary lengths are made feasible in
the aforementioned processes.

With respect to the arc type flame spray technique, it
should be understood that gases under high pressure are
ignited in a spray gun to drive metal, glass, plastics or
ceramics fed into the gun in powdered form. The high
pressure flame from the gun immediately melts these pow-
dered materials and spurts them out in a2 manner similar
to an air spray gun. In the persent utilization of the arc
flame technique, the basic ablative materials coated have
to be able to withstand the heat and pressure developed
in the spray gun, as well as to offer excellent bonding
properties for the desired coating. .

In order to coat carbides, it is desirable to have a metal-
lic bonding agent within the carbide that will bind to the
arc flame sprayed metal. Fine filaments of carbide can be
controlled so as to have the bonding materials formed
therewithin. The aforementioned vapor deposition tech-
nique may also be utilized to deposit a metal coating ex-
ternally around the carbide filaments, which will permit
the arc flame spraying of metals and refractories thereon,
thereby resulting in a stronger and more positive bond
throughout the filament structure.

For example, tantalum carbide filaments can be manu-
factured with a tantalum vapor coating deposited thereon.
This filament in turn can be wound onto a spool as in

the filament wire technique of applicant’s copending ap-

plication Serial No. 130,153, filed August 8, 1961, and can
then have an overall spray of tantalum, providing a uni-
form bonded coating between filaments and layers of
filaments. In this connection, a structure of carbide with-
in, and tantalum without, would resuit. Such a combina-
tion of carbide, tantalum layer laminate has the desirable
property of offering a high stress to weight ratio as com-
pared to solid tantalum. In missile design where weight
is of extreme importance, such a material, is most de-
sirable inasmuch as it is able to withstand extreme tem-
peratures beyond 5000° F., superhigh pressure and heat,
but is extremely light in weight. The value of such a
material can be appreciated when it is realized that enor-
mous quantities of fuel can be saved in the operation
of missiles. A similar arc flame spraying technique can
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be still further applied in similar respects utilizing ceramics
as the overall coating or silica glass formed as an outer
shell or surface of the laminate structure.

Various carbide refractory alloys and refractory ma-
terials can be thus combined in various proportions and
structures to permit superior body structures for applica-
tions to fields requiring extreme ranges of physical and
thermal properties and specifications.

It should be apparent to those skilled in the art that
various modifications may be made in the process and
methods disclosed herein or in the resultant products
thereof without departing from the spirit and scope of the
invention.

What is claimed is:

. 1. A method of forming continuous lengths of a pure
crystalline filament of pyrolytic graphite, pyrolytic car-
bides and combinations thereof, comprising the steps of
cracking hydrocarbon gases in a vacuum furnace at tem-
peratures in the range of about 1900°-2300° C., depos-
iting the decomposition products therecf on a rotating
mandrel having filament peeling means in engagement
therewith and continuously peeling said decomposition
products from said rotating mandrel in the form of a
continuous filament said mandrel having helical grooves
formed thereon.

2. A method of forming continuous lengths of a pure
crystalline filament of refractory metals and alloys, and
combinations thereof with pyrolytic graphite and pyro-
Iytic carbides, comprising the steps of cracking hydro-
carbon gas and decomposable metallic compounds in a
vacuum furnace at temperatures in the range of about
1900°-2300° C., depositing the decomposition products
thereof on a rotating mandrel having filament pecling
means in engagement therewith and continuously peel-
ing said decomposition products from said rotating man-
drel in the form of a continuous filament said mandrel
having helical grooves formed thereon.

3. A method of forming continuous lengths of a pure
crystalline filament of pyrolytic graphite, pyroiytic car-
bides and combinations thereof, comprising the steps of
cracking hydrocarbon gases in a vacuum furnace at tem-
peratures in the range of about 1990°-2300° C., deposit-
ing the decomposition products thereof on a rotating
mandrel having a helical groove formed therein and fur-
ther having peeling means disposed within said groove,
thereby forming a continuous coating of said decomposi-
tion products on said mandrel, removing, by cutting
means, so much of said coating as was deposited outside
of said helical groove, thereby leaving a helical filament
of said coating material on said mandrel, and finally peel-
ing said coating material from said groove, by said peeling
means, in the form of a continuous filament.

4. A method of forming continuous lengths of a pure
crystalline filament of refractory metals and alloys, and
combinations thereof with pyrolytic graphite and pyro-
lytic carbides, comprising the steps of cracking hydro-
carbon gas and decomposable metallic compounds in a
vacuum furnace at temperatures in the range of about
1900°-2300° C., depositing the decomposition products
thereof on a rotating mandrel having a helical groove
formed therein and further having peeling means dis-
posed within said groove, thereby forming a continuous
coating of said decomposition products on said mandrel,
removing, by cutting means, so much of said coating as
was deposited outside of said helical groove, thereby leav-
ing a helical filament of said coating material on said
mandrel, and finally peeling said coating material from
said groove, by said peeling means, in the form of a con-
tinuous filament.

5. A method of forming continuous lengths of a pure
crystalline filament of pyrolytic graphite, pyrolytic car-
bides and combinations thereof, comprising the steps of
cracking hydrocarbon gases in a vacuum furnace at tem-
peratures in the range of about 1900°-2300° C., deposit-
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ing the decomposition products thereof on a rotating man-
drel having a spiral groove formed therein and further
having peeling means disposed within said groove, there-
. by forming a continuous coating of said decomposition
products on said mandrel, removing by cutting means, so
much of said. coating as was deposited outside of said
spiral groove, thereby leaving a spiral filament of said
material on said mandrel, and finally peeling said coating
material from said groove, by said peeling means, in the
form of a continuous filament.

6. A method of forming continuous lengths of a pure
crystalline filament of refractory metals and alloys, and
combinations thereof with pyrolytic graphite and pyro-
Iytic carbides, comprising the steps of cracking hydrocar-
bon gas and decomposable metallic compounds in a
vacuum furnace at temperatures in the range of about
1900°-2300° C., depositing the decomposition products
thereof on a rotating mandrel having a spiral groove
formed therein and further having peeling means dis-
posed within said groove, thereby forming a continuous
coating of said decomposition products on said mandrel,
removing, by cutting means, so much of said coating as
was deposited outside of said spiral groove, thereby leav-
ing a spiral filament of said material on said mandrel,
and finally peeling said coating material from said groove,
by said peeling means, in the form of a continuous fila-
ment.
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