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ABSTRACT OF THE DISCLOSURE 
A method for depositing a carbide compound such as 

silicon carbide on a heated wire through the use of a ?lm 
boiling technique. The reinforced ?lament product is 
useful in reinforced ?lament-wound missile and aircraft 
structures. 

‘BACKGROUND OF THE INVENTION ‘' 

The invention described herein may be manufactured, 
used, and licensed by or for the ‘Government for govern 
mental purposes without the payment to me of any royalty 
thereon. 

This invention relates to an improved method for de 
positing a carbide compound such as silicon carbide on a 
wire. 

Although most of the continuous ceramic ?lament re 
search has been in the area of boron ?laments, some work 
has been done with silicon carbide (and similar materials). 
However, in all cases vapor deposition has been used to 
make these ?laments. Normally a very ?ne tungsten wire is 
drawn through a tube, or series of tubes, which contain 
vapors that will react at elevated temperatures. These 
vapors are typically SiCl4+H2i+RH, HSiCla-l-Hz-l-RH, 
or CH3SiCl3, where R represents a monovalent organic 
radical. 
The ?rst two vapors give trouble by forming hot spots 

on the ?lament during the vapor deposition. These 
troubles are thought to be the result of the organic com 
pound decomposing and preferentially forming WC or 
W2C with the tungsten wire substrate, rather than uni 
formly depositing SiC. The hot spots, of course, soon 
cause the wire substrate to break before completion of 
deposition. 
The third vapor, while being an improvement over the 

other two, still forms hot spots on the very ?nest tungsten 
wlre. - 

Accordingly, it is the principal object of this inven 
tion to provide an improved method for depositing a 
carbide compound such as silicon carbide on‘ a wire. 

It is a particular object of this invention to provide 
such a method that avoids the formation of hot spots. 

SUMMARY OF THE INVENTION 

A ?lm-boiling technique, rather than conventional 
vapor plating, is used in the method of this invention to 
deposit silicon carbide on a heated wire. The term ?lm 
boiling is de?ned herein to mean that stage of boiling 
wherein a submerged object does nob-directly contact 
the surrounding liquid, but is totally encased in a thin 
vapor sheath which is formed from the surrounding 
liquid being heated to boiling. In this invention, a ?ne 
tungsten or similar wire is submerged in a liquid whch 
includes the two elements silicon and carbon, preferably 
(CI-I3)3SiCl, and is then heated to cause the liquid to 
boil. Other carbide compounds than silicon car-bide may 
also be deposited on the wire. 

BRIEF DESCRIPTION OF THE DRAWING 

These and other objects and advantages of the method 
of this invention will become more readily understood by 
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reference to the following detailed description, of which 
the accompanying drawing forms an integral part. 

In the drawing, the single ?gure is a cross-sectional 
view of an apparatus used in the method of this inven 
tion. 

DESCRIPTION OF THE PREFERRED‘ 
EMBODIMENT 

Silicon carbide may be deposited on a ?ne tungsten (or 
other suitable metal) wire submerged in a liquid which 
chemically includes the elements silicon and carbon by 
heating the wire to cause the liquid to boil. The preferred 
liquid is (CH3)3SiCl, trimethyl chlorosilane. Other satis 
factory liquids include (CH3)2SiClz, CH3SiCl3, or 
SiCh-i-RH. 

Referring now to the ?gure, a water-jacketed cell 12 
for use in accordance with this invention is shown. Cell 12 
includes a water jacket 14 (containing water 13) in the 
outer portion thereof. Inside water-jacket ‘14 is a quartz 
reactor tube portion 16 having a wire 10 therein sur 
rounded by plating ?uid 8. Electrical contacts 11 are con 
nected to wire 10. Plating liquid 8‘ in quartz reactor tube 
portion 16 is vented to surge tank 18. A conduit 7 is used 
for introducing or removing plating liquid into or from 
quartz reactor tube portion 16, while a conduit 9 is used 
to pass the gaseous 'byproducts into surge tank 18. 

In operation, plating liquid 8 is introduced into quartz 
reactor tube portion 16 through conduit 7 to a level above 
wire 10. Conduit 7 is then closed ‘by conventional valve 
means 6'. Any excess of plating liquid 10 is allowed to 
?ow out conduit 7 before closing conduit 7 by valve 
means 61. Thus, a small space is left in the top of the 
quartz reactor tube portion ‘16. The submerged wire 10 is 
then heated electrically to incandescence (through elec 
trical contacts .11). The plating liquid L1) is caused to be 
heated. At a sufficiently high temperature, nucleate boil 
ing on the wire 10 surface stops and ?lm ‘boiling begins. 
In the stage of ?lm boiling, the wire 10 is encased in a 
sheath of plating vapor which pyrolyzes to deposit silicon 
carbide on the hot wire 10 substrate. Water-jacket 14 
merely causes vapors of the boiling liquid 8‘ to condense 
in the quartz reactor tube portion 16 of cell :12. rather 
than in a condenser. This feature is optional, however. 
The helium-?lled surge tank 18 allows boiling to take 
place without a pressure buildup of the plating vapor and 
gaseous byproducts and without the danger of contami 
nating the plating liquid with humid air (Excess gas 
passes as exhaust out of the system.) After a speci?ed 
length of time the electricity through contacts 11 is turned 
off and the coated tungsten wire is removed. X-ray dif 
fraction analysis shows the coating to be alpha-Sic, type 
VI. 

Typical conditions and deposit rates involve the use of 
(CH3)3SiCl as a plating liquid, a wire diameter of 2 mils, 
a heating current of 1.2~2.4 amperes, a wire tempera 
ture of about 925 to about 1050° C., a plating time of 30 
seconds (for undiluted liquid), and a ?nished wire diam 
eter of 4—l1 mils. The liquid used to plate a given car 
bide compound may, in general, be any organic liquid 
containing that particular compound. Although certain 
organic liquids containing the particular compound will 
not work, the choice of such a liquid is easily made by 
those skilled in the art. - 

Using a tungsten wire, (CH3)3SiCl as the plating 
liquid and 30 seconds as the plating time, a heating cur-1 
rent of 1.8 amperes AC produced a wire temperature of 
925° C. and a ?nished wire diameter of 4 mils; a heating 
current of 2.2 amperes produced a wire temperature of 
995° C. and a ?nished wire diameter of 7 mils; and a 
heating current of 2.4 amperes produced a wire tem 
perature of 1050° C. and a ?nished wire diameter of 11 
mils. 



3,554,782 
3 

It has been found that the presence of iodine in the 
plating liquid improves the quality of the deposit some 
what. It has also been found that AC is superior to DC 
for resistive heating, provided the wire substrate is no 
?ner than 2 mils (for tungsten). Smaller diameters are 
adversely affected by AC vibration. Furthermore, placing 
the system under positive pressures of 10, 20, 40, 80, 
and 160 mm. Hg has no eifect on the process or on the 
?nished wire. 
The wire 10 may also be graphite as well as other 

metals such as titanium, their carbides or alloys of the 
metal. In general, the wire 10 may be made up of any 
electrically conductive material that does not decompose 
except at relatively high temperatures. 

It has been found experimentally that, for best results, 
the liquid should be diluted with an inert organic liquid, 
preferably cyclohexane. The inert organic liquid must 
be able to survive the extremely high temperatures en 
countered. The diluted solution normally contains about 
80% by weight of the inert organic liquid. The use of 
such a diluted solution produces a ?lament product of 
greatly improved mechanical properties although, of 
course, slower deposit rates are obtained thereby. 
The wire and carbide compound deposited thereon 

should have approximately matching coef?cients of 
thermal expansion. This presents the occurrence of cracks 
upon cooling of the ?lament product. 
The advantages of the method of this invention over 

previous methods are: 
(1) very rapid plating rates are possible; 
(2) no hot spots are formed; 
(3) alternating current can be used for resistance 

heating (Vapor deposition requires D.C. because of the 
excess vibration caused by AC); and, 

(4) the plating medium is conserved. (With vapor 
deposition, although only a small fraction of the vapor 
is consumed, all of the vapor must be replenished since 
the used vapor is lost to the exhaust or reclaimed.) 
The method of this invention is not limited to the par 

ticular apparatus disclosed herein, which is merely illus 
trative of an apparatus used in the method of this inven 
tion. Some basic modi?cations and variations of the 
method of this invention are: 

(a) wire need not be the only shaped article to be 
used in ?lm-boiling deposition. Graphite, or other types 
of rocket nozzles, can be coated with silicon carbide to 
any desired thickness by the method of this invention; 

(b) resistance heating is only one type of suitable 
heating. RF induction heating, radiant, nuclear, or any 
other heating process will also work; 

(c) the method of this invention is not limited to 
atmospheric pressure; 

(d) the ?lm-boiling method of this invention will also 
work for depositing carbides other than silicon carbide 
(e.g., wc, BC, or TiC). Thus, 'rici, plus a suitable 5 
organic compound will deposit TiC. Also, organic liquids 
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with one or more metal atoms in the molecule will de 
posit the metal carbide on a hot substrate; and, 

(e) the batch process described herein lends itself 
very well to continuous operations, such as those used 
in the manufacture of other ?bers, where wire is reeled 
off at one end of the equipment and the composite ?ber 
is taken up at the other end. 

Various other modi?cations and variations of this 
invention will become readily apparent to those skilled 
in the art in the light of the above teachings, which 
modi?cations and variations are within the spirit and 
scope of this invention. 

I claim: 
‘1. A method of depositing silicon carbide on a wire 

comprising the steps of immersing a wire in an organic 
liquid chemically including silicon and carbon, heating 
said wire until said liquid boils vigorously and ?lm boiling 
is achieved, and maintaining said ?lm boiling for a period 
of time thereafter, said wire being an electrically conduc 
tive wire and having a melting point such that said ?lm 
boiling can be maintained for a period of time suffi 
cient to deposit a desired coating of said silicon carbide 
on said wire, said organic liquid containing a compound 
selected from the group consisting of methyl chlorosilane, 
dimethyl chlorosilane and trimethyl chlorosilane. 

2. The method of claim 1 wherein said heating is 
effected by passing an electrical current through said wire. 

3. The method of claim 2 wherein said wire is a metal, 
metal carbide, metal alloy or graphite. 

4. The method of claim 3 wherein said wire is tung 
sten. 

5. The method of claim 4 wherein said selected organic 
liquid is trimethyl chlorosilane. 

6. The method of claim 5 wherein said organic liquid 
is diluted with an inert organic liquid. 

7. The method of claim 6 wherein said inert organic 
liquid is cyclohexane. 
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