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thin layer of chemically formed tantalum carbide. The
METHOD OF FORMING SIICON CARBIDE tantalum substrates may be mono or poly crystalline.

FILMS ON TANTALUM CONTAINING Furthermore, a coating of silicon carbide may be ap-
SUBSTRATES plied over very thick layers of tantalum carbide, if de-

5 sired, or to articles made only of tantalum carbide.
BACKGROUND OF THE INVENTION Coated articles produced by the disclosed process

The present invention relates generally to a method have significant practical value in several applications.
of applying protective coatings to metals and more These include use as selective thermal radiators, oxida-
particularly to a method of applying smooth, continu- tion-resistant tantalum heating elements, tantalum con-
ous and firmly-adherin layers of silicon carbide on tan- t0 tainers (e.g. crucibles or beakers) which are resistant to
talum carbide treated tantalum substrates. chemical attack (by e.g. hydrofluoric acid or molten

Silicon carbide coatings are useful in many applica- fluoride), tantalum susceptors, and tantalum capacitors.
tions which require either stability at high temperatures Many other applications exist.
or corrossion resistance. SiC is virtually inert to strong Thin even layers of SiC are extremely resistant to
acids. Furthermore, it is electroluminescent, and it is a 15attack by acids, including hydrofluoric acid. Tantalum.
non-blackbody selective radiator. This makes it desir- on the other hand, is readily dissolved by HF, even at
able for use in high temperature semiconductor devices room temperature. In one experiment, a 0.004-inch-
and as a coating for incandescent bulb filaments. thick polycrystalline Ta substrate whose upper surface

However, pure SiC, in the perfect crystalline form
required for many of these applications, is difficult to 20 had been coated as described above with a SiC layer

about ten micrometers thick was used. It was deter-manufacture. Furthermore, SiC crystals have poor mined spectroscopically that the lower surface of suchstructural properties. a Ta substrate, which rests during the deposition pro-

OBJECTS OF THE INVENTION cess on the graphite susceptor, is also partically coated.
Accordingly, it is an object of this invention to form 25 but with a much thinner, nonuniform layer of SiC.

a coating of silicon carbide upon a substrate with desir- Thick silicon carbide coatings will be preferred where
able structural properties. protection from chemical attack is needed. Thin layers

It is a further object of this invention to create a of SiC are most suitable for use as selective thermal
material useful in semiconducting electrical and elec- radiators and for fabrication of capacitors. The varia-
tronic devices which operate at incandescent tempera- 30 tions in thickness can be accomplished by changing the
tures. SiC deposition time.

It is a further object of this invention to protect tanta- The desired layer of silicon carbide is obtained upon
lum metal articles by providing them with an outer a tantalum article by a two-step process. In the first step,
layer of silicon carbide which is resistant to corrosion. a thin surface layer of tantalum carbide is formed upon

It is yet a further object of this invention to produce 35 the tantalum. In the second step, the layer of tantalum
a layered material suitable for use in incandescent bulb carbide acts as the substrate for silicon carbide deposi-
filaments, such that desired energy emission is en- tion from a high temperature reaction between silane,
hanced. propane and hydrogen. Other suitable silicon or carbon

Other objects, advantages, and novel features of the containing reactants may be used.
present invention will become apparent from the fol- 40 The invention having been generally described, the
lowing detailed description of the invention, following examples are given as particular embodi-

SUMMARY OF THE INVENTION ments of the invention and to demonstrate the practice
and advantages thereof. It is understood that the exam-Briefly, these and other objects are achieved by coat- pies are given by way of illustration and are not in-

ing a tantalum or tantalum alloy substrate with a layer 45 tended to limit the specification or the claims to follow
of tantalum carbide and coating the layer of tantalum in any manner.
carbide with a layer of silicon carbide. In a preferred Examples I and 11 establish how the tantalum carbide
embodiment the substrate is essentially pure tantalum. and silicon carbide layers of this invention may be

DETAILED DESCRIPTION OF THE 50 formed. Example I utilizes a slice of tantalum as a sub-
PREFERRED EMBODIMENT strate. Example II utilizes a flat tantalum ribbon sub-

The limitations of the prior art are overcome with the strate.
present invention by applying SiC as a coating upon a EXAMPLE I
substrate of a material with more desirable structural
properties. The substrate material must have properties 55 A polished slice of tantalum. 10 mm in diameter was
such that SiC will firmly bond. The thermal expansivity chemically etched at room temperature in a H20:H-
of the substrate must be such that it is compatible with NO 3 HF mixture, the volumes being 100:50:10 respec-
SiC. Furthermore, the substrite material must itself be tively. After 5 minutes, the tantalum was rinsed in H20,
thermally and chemically compatible with the desired dried, and put on a support of graphite, which was used
use. In addition, the substrate material must not diffuse 6o as the susceptor of an induction-heating system. The
into the SiC coating, and thereby cause the coating to graphite and tantalum assembly was inserted in a quartz
lose its desirable qualities, tube connected to a manifold that supplied several high-

It has been discovered that a substrate of tantalum purity gases. The quartz tube was exhausted, flushed
carbide, or tantalum carbide over tantalum metal, will with high purity H2 (from a hydrogen purifier), then
act as a suitable substrate for silicon carbide. Smooth, 65 brought to 110"-1I150" C. in a flow of 1.0 liter per
continuous, and firmly adhering layers of silicon car- minute of H2 plus 100 mi/min of 1% C 3Hg in H2. After
bide of defined thickness can be obtained on tantalum 2 hrs the power was cut off. A smooth, adherent layer
substrates which have been previously coated with a of tantalum carbide, having a yellowish appearance.
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had formed. This tantalum-carbide-coated tantalum was acid at 25' C., at 62' C., and at 72' C. At room tempera-
used as substrate for the deposition of silicon carbide. ture. the bare Ta lost nearly 500 times as much weight

Deposition of SiC occurred preferentially at 1400" C. in 94 minutes of exposure of HF as did the SCC Ta
in a flow of 1.4 liters per minute of hydrogen plus 42 piece (3.94% vs 0.0083%). Weight loss of the uncoated
ml/minute of 1% silane in hydrogen plus 20 ml/minute 5 Ta during an hour in HF at 62' C. was almost 1.5 times
of 1% propane in hydrogen. The deposition time al- as great as was the case for SCC Ta (16.5% lost from
lowed was 2 hours, a time sufficient to deposit a layer of the uncoated piece, 11.1% lost from the SCC piece).
SiC about 10 micrometers thick. The layer was smooth, After an additional 50 minutes at 72* C.. the bare speci-
crystalline, and adhered well to the substrate. men had completely disappeared, while about 30% of

EXAMPLE 11 10 the SCC Ta remained.
Obviously, numerous (additional) modifications andA tantalum ribbon 0.004 inch in thickness was chemi- variations of the present invention are possible in light

cally etched at room temperature in a H20:HNO3:HF of the above teachings. It is therefore to be understood
mixture, the volumes being 100:50:10 respectively, that within the scope of the appended claims, the inven-
After 5 minutes, the tantalum was rinsed in HZO, dried, 15 tion may be practiced otherwise than as specifically
and put on a formed tantalum vessel support, which was described herein.
used as the susceptor of an induction-heating system. What is claimed and desired to be secured by Letters
The tantalum vessel and tantalum assembly was inserted Patent of the United States is:
in a quartz tube connected to a manifold that supplied 1. A method for forming smooth and adherent SiC
several high-purity gase,. The quartz tube was ex- 20
hausted, flushed with high purity H2 (from a hydrogen films on tantalum or tantalum alloy substrates comprs-
purifier), then brought to I 100'-1150* C. in a flow of 1.0 ing the steps of:
liter per minute of H2 plus 100 ml/min of I% C 3Hs in coating a tantalum or tantalum alloy substrate with a
Hz. After 2 hr the power was cut off. A smooth, adher- layer of tantalum carbide; and
ent layer of tantalum carbide, having a yellowish ap- 25 coating the said layer of tantalum carbide with a layer
pearance, had formed. This tantalum-carbide-coated of silicon carbide.
tantalum was used as substrate for the deposition of 2. The method of claim 1 wherein the substrate coat-
silicon carbide. ing step comprises coating a substrate of essentially pure

Deposition of SiC occurred preferentially at 1400" C. tantalum.
in a flow of 1.4 liters per minute of hydrogen plus 42 30 3. The method of claim 2 wherein the said essentially
nil/minute of 1% silane in hydrogen plus 20 ml/minute pure tantalum in said substrate coating step (a) is mono-
of 1% propane in hydrogen. The deposition time al- crystalline tantalum.
lowed was 2 hours, a time sufficient to deposit a layer of 4. The method of claim 2 wherein the substrate coat-
SiC about 10 micrometers thick. The layer was smooth, ing step (a) comprises the steps of-
crystalline, and adhered well to the substrate. 35 heating the substrate to a temperature sufficient to

Great increases in durability of SCC Ta can be ex- cause the tantalum to react with propane; and
pected if both surfaces of the piece are coated with exposing the substrate to a flow of carboncontaining
about 10 micrometers of SiC. Thin ribbons could be gas.
coated on both sides simultaneously, if they were suit- 5. The method of claim 4 wherein the tantalum car-
ably clamped, held in tension, and heated by passage of 40 bide layer coating step (b) comprises the steps of:
an electric current through them. heating the said tantalum carbide layer; and

To verify the protection afforded the Ta by the pres- exposing the tantalum carbide layer to a flow of gas
ent coating a coated piece of Ta was exposed along with containing both silicon and carbon.
a bare piece with nearly identical area, to hydrofluoric ' S * * *
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