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1
METHOD OF GROWING SILICON CARBIDE WHISKERS

BACKGROUND OF THE INVENTION

length, hairlike, g -silicon carbide material in an economical
process is desired,

SUMMARY OF INVENTION

percent by volume hydrogen, 0.4—4 percent by volume
hydrocarbon g8as, 0.3-15 percent by volume carbon monox-
ide, and 3-10 percent by volume of an inert carrier gas, and
then contacting the mixture with silicon monoxide vapor at an
elevated temperature.

DESCRIPTION OF DRAWINGS

FIG. 1 shows a cutaway elevation of an apparatus including
a growth module for growing silicon carbide whiskers accord-
ing to the present invention.

FIG. 2is 2 half-sectional view taken along section 1—1 of
FIG. 1.

APPARATUS AND SYSTEM

a. General Procedure

FIGS. 1 and 2 illustrate the essential part of the apparatus
and method employed for growing the silicon carbide
whiskers. The whiskers are grown in a resistance-heated fur-

the furnace,
b. Growth Module
The growth module 2 is a channel-type structure open at
both ends, whisker growth forms on the interior surfaces of
the module. The silicon carbide whiskers grow both on the
brick and the graphite slabs. The geometrical structure of the
module confines whisker growth to the interior surfaces of the
module. )
The graphite plates 4 have exposed interior surfaces which
are coated with metallic flake which serves as a nucleating

¢. Growth Cycle
The silicon carbide whiskers are grown using generally a 6-
hour cycle.
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minutes, The purged gas is turned
are admitted into the furnace for
A typical gas flow rate and concentration is ag

per minute for 15
the reactant gases
whisker growth,
follows:

15 liters
off and

Typical Gas Flow Rates and Concentration

Flow Concentration of Gas
Gas (cc./min.)  Mole Fraction (% by vol.)
H,* 7,800 8238
co 710 7.6
CH, 108 1.1
N, 800 85
Total Flow 9415 (cc./min.) 100.0

*The cylinder hydrogen is passed through a Deox dryer and
the resulting gas has a dew point of <~80°F.

The furnace is allowed to remain at full power for about 30
minutes so that the furnace will reach growth temperature as
rapidly as possible. The furnace temperature then is adjusted
to climb from 2,530° to 2,630°F. during the course of the run,
with a level temperature profile over the length of the muffle.
gradient over the length of the
mufile should exceed about 150°F.

new module inserted.
d. Whisker Product

The module is cooled, disassembled and the mats of silicon
carbide wool are separated from the brick and graphite sub-
Strates. The silicon carbide product is present principally in
the form of long-length, hairlike whiskers,

Some of the parameters in the
yield, quality and physical characteristics of the silicon car-

(a) composition of the reactant gas mixture,
(c) growth temperature, (d) na-
ture of the substrate surface, (e) run time, and (f) growth
character; effect of Vapor concentration. Each of these will be
discussed in detail below.

PARAMETERS IN PROCESS

a. Reactant Gas Composition
The basic feed system in the process comprises a reducing
8as, such as hydrogen, carbon monoxide, a hydrocarbon gas,

invention reference will be made to
the four component system, H,, CO, CH,, N,, although it will
be understood that variations in accordance with the
teachings of the invention any be made.

Preferably the 8as constituents are present in the reaction
chamber in the following concentration;

Reactant Gas Concentration (% by Vol.y

Suitable Preferred Optimum

H, 80-95 82-85 82.8

co 0.3-15 5-10 7.6
CH, 0.4-4 0.7-2 11
N, 3-10 7-9 8.5

It has been found generally that concentrations of gas reac-
tants outside of the suitable ranges provide small yields,
present oxidizing conditions or result in an excess carbon
deposit in the reactor. For these reasons it is desirable to
operate within the ranges specified.
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b. Silicon Monoxide Generation

The walls of the growth module are formed of slabs of insu-
lating high-silica brick which serves both as a structural part of
the module and as a source of SiO vapor. The silicon monox-
ide is generated when the feed gases react with the silica in the
brick.

The reduction of the silica to silicon monoxide takes place
under reducing conditions provided by the gaseous at-
mosphere and the presence of solids on the surface of the sil-
ica brick. For this reduction a reducing atmosphere of
hydrogen is usually provided although actual reduction of the
silica may take place by reaction with the hydrocarbon con-
stituent of the feed gases, or carbon deposited on the brick by
pyrolysis of the hydrocarbon. The silicon monoxide may be
generated by reduction of the silica with such solids in which
case a more neutral at atmosphere may be used, i.e., one con-
taining a higher concentration of an inert carrier gas.

The kind of brick material used in the module influences the
uniformity of release of $i0 vapor.

Although any silica brick has been found to be generally
suitable for SiO generation, it has been found that silica bricks
solid by Babcock Wilcox and designated K30 appear to be
preferred in relation to the yield and quality of the whisker
product obtained. The silica content of the brick does not ap-
pear to be a critical variable in respect to yield of whiskers.
However the degree of porosity of the brick is a more signifi-
cant parameter because the reducing gases must permeate
into the brick in order to contact the silicon dioxide, and, in
turn, the SiO vapor must be vented into the reaction chamber.
Usually about 3.3 kg. of K30 brick was used per module. The
used brick is reused for several additional runs with a resultant
increase in whiskers from used bricks,
¢. Growth Temperature

The furnace temperature is programmed and controlled
over the entire growth cycle. The gas reactants are introduced
at 2,400° F. while the growing zone usuaily varies from about
2,550° t0 2,750° F. although reactions may occur as high as
3,000° F. The waste gases leave the reactor at about } SO00°F.
These temperatures provide the range of primary interest to
whisker growth; however, the primary growth temperature
range is believed to reside at about 2,550° to 2,750° F., and
probably more particularly at 2,650° to 2,750°F.

d. Characteristics of the Substrate Surface

The yield and quality of the silicon carbide whiskers grown
herein varied according to the nature of the growth substrate
and, in particular, its surface treatment. In addition to total
yield of whiskers the size (diameter) and concentration
(whiskers per unit surface area) was influenced by the charac-
teristics at the surface of the substrate. In some initial studies
with bare graphite as the growth substrate, the whisker growth
was observed to clustered in random areas on the graphite,
and the runs produced a wide variety of sizes and types of
whiskers. These whiskers ranged from white submicron wool
to dark green, blue or even black large needles. It was also ob-
served that the whiskers has small metallic ball-like growths
on their tips and that the whisker diameter was related to the
ball size. The balls on the tips of this whiskers are observed to
be magnetic. As a consequence of this observation, iron
powder was applied to the surface of the graphite surface and
a greatly increased yield of whiskers was obtained. Sub-
sequently it was discovered that powdered metal coatings of
various types and compositions could be applied to the gra-
phite surface to promote the formation of active growth sites
for controlling the size and concentration of the SiC whiskers
produced. The powdered metal also was suspended in a liquid
vehicle and applied in a brushing-type application.

Generally surface nucleation with powdered metal coatings
of iron, manganese, nickel, aluminum and stainless steel was
more beneficial to the process than with such metals as titani-
um, magnesium silicon, copper or silver. For the formation of
whiskers in the 1-10 micron range, for example, a graphite
surface coated with stainless steel is a preferred, and iron and
iron alloys are rmore likely to produce larger diameter
whiskers.

10

15

20

25

30

35

40

45

50

55

60

65

70

75

4

A particularly useful nucleating agent is flakes of stainless
steel such as sold by the Metal Disintegrating Corp. as
“MD?750" of “MD756.” Iron powder sold by Glidden Co. as
“A-130" of minus 325 mesh is a useful agent for making
whiskers of medium diameter, i.e., 2-12 microns, while iron
powder sold by Glidden Co. as “A-283" of minus 100 mesh is
better for large diameter whiskers, about 6-30 microns. In
general iron and iron alloys produce whiskers of larger diame-
ter than the stainless steel powders. Preferably the nucleating
metal particles should be small and of uniform size and mass.

As mentioned, the metal powders also may be applied from
a liquid suspension in a carrier vehicle, such as isoproprophyl
alcohol. For this type application it is customary also to in-
clude a resin binder such as acryloid resin sold by Rohm and
Haas Co. as “A-10,” “F-10" or “B§2" resins. A suitable
suspension comprises about 1 gram metal in 100 cc., of a vehi-
cle made up of equal volume mixture of resin and carrier.
More concentrated suspensions, of up to about 5 percent or
mote, also may be used.

e. Run Time

The yield of whisker product is a function not only of the
several parameters described above but also of the total time
of the run. The yield of prime SiC wool was observed to be
about 0.5 grams per hour over a 6-hour run period and about
0.35 grams per hour over a 15-hour period using optimum
growth conditions. A lesser yield of less than prime material
also is produced.

f. Growth Characterization; Effect of Vapor Concentration

The silicon carbide whiskers made by the process of the in-
vention are of the 8-(beta) crystalline structure, and of high-
quality single crystal material. The prime whiskers are long-
haired and woollike in appearance. The average diameter of
the whiskers are about 1-10 microns, the average length is
about 0.2-1 inch, and the maximum length is about 1-4
inches. These whiskers exhibit a tensile strength of about 1-3x
20°p.s.i., and an elastic modulus of about 80108 p.s.i.

Such whiskers are produced under optimum growth condi-
tions particularly with respect to the concentration of reac-
tants. It has been observed that a mixture of wool and ball
cluster whiskers are produced at an excess concentration of
vapor reactants while whiskers in the form of needles having a
diameter of about 10-30 microns are grown at a relatively low
vapor concentration.

a. Optimum Conditions

H, 82.8% by vol. (dew point —80°F.)

CH, 1.1% by vol. (93% methane)

[a(¢] 7.6% by vol. (dew point —60° F.)

N, 8.5% by vel. (dew point —60°F.,)

Silica Brick Babcock-Wilcox K-30—Reused
(51.4% SiOy; 45.3% AlOy)

Substrate Graphite—National Carbon AGSX

Coating Stainless Steel Flakes—M D750 Alcan
Metal Powders Type 204 Stainiess 3
8./100 ml. of ene part F-10 Resin
Rohm and Haas to one part
isopropyl alcohol

Temp. 2,700° F.

Time of Run 6 hours

Whiskers 1-10 micron diameter, 1-4 inch length
silicon carbide wool,

Yield 3 grams

While the invention has been described with reference to
the more suitable growth conditions, it will be understood that
variations and changes may be made without departing from
the principles and spirit of the invention. For example, a
secondary stream of methane-hydrogen gas may be injected
into the muffle past the deposition zone to remove any water
produced in the growth reaction. Metals alloys may be used as
nucleating powders for the substrate surface. Elemental sil-
icon also may be added to the silica brick to produce a more
reactive brick. While hydrogen gas is a preferred reducing gas
atmosphere, inert gases. such as arcan masv ha swend —a



5
reducing conditions are sufficient to form silicon monoxide
from silica. For example reducing carbon may be used for this
purpose in which case a more neutral or inert atmosphere may
be employed.

What is claimed is: ‘

1. A method of growing silicon carbide whiskers which
comprises contacting a silica brick and graphite growth
module with a reactant gas comprising 80 to 95 percent by
volume of hydrogen, 0.3 to 15 percent by volume of carbon
monoxide, 0.4 to 4 percent by volume of a hydrocarbon gas
and 3 to 10 percent by volume of an inert carrier gas at an
elevated temperature of from 2,400° to about 3,000°F. for a
period sufficient to form the desired whiskers, and removing a
silicon carbide whisker product therefrom.

2. A method according to claim 1 in which the silica brick
comprises porous silica.

3. A method according to claim 1 wherein said hydrocarbon
is methane.

4. A method according to claim 1 wherein said inert carrier
gas is nitrogen.

5. A method according to claim 1 wherein said growth oc-
curs on a graphite substrate which is coated with an iron, man-
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ganese, nickel or aluminum powder.

6. A method according to claim 1 wherein
concentration is 81-85 percent by volume, the hydrocarbon
gas is 0.7-2.0 percent by volume, the carbon monoxide is
5-10 percent and the inert carrier gas is about 7-9 percent by
volume,

7. A method according to claim 1 wherein the hydrogen
concentration is about 82.8 percent by volume, the carbon
monoxide is 7.6 percent by volume, the hydrocarbon is
methane having a concentration of about 1.1 percent by
volume, and the inert gas is nitrogen having a concentration of
about 8.5 percent by volume, the temperature is about
2,650°-2,750° F., the substrate is graphite coated with stain-
less steel flake powder, and the hydrogen is dried to a dew
point of —80°F.

8. A method according to claim 1 wherein said temperature
is between 2,530°-2,750°F.,

9. A method according to claim 1 wherein said hydrogen
and hydrocarbon gases on one hand, and said carbon monox-
ide and inert carrier gases on the other hand, are admitted in
separate streams into a channel through said growth module.

* * * L I

the hydrogen
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