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[571 ABSTRACT 
An oxidation resistant coating is produced on carbon- 
base materials, and the same processing step effects an 
infiltration of the substrate with silicon containing mate- 
rial. The process comprises making a slurry of nickel 
and silicon powders in a nitrocellulose lacquer, spraying 
onto the graphite or carbon-carbon substrate, and sin- 
tering in vacuum to form a fused coating that wets and 
covers the surface as well as penetrates into the pores of 
the substrate. 
Optimum wetting and infiltration occurs in the range of 
Ni-60 w/o Si to Ni-90 w/o Si with deposited thick- 
nesses of 25-100 mg/cm2. Sintering temperatures of 
about 1200" C. to about 1400" C. are used, depending on 
the melting point of the specific coating composition. 

ses and Sic, both of which are highly oxidation resis- 
tant. The final coating composition can be further con- 
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trolled by the length of the sintering time. 



U.S. Patent Aug. 13,1985 Sheet 1 of 2 4,535,035 

SiC+Si,Ni-Si 

C,(Si) no Ni 

. UNREACTED 
GRAPH I TE 

Si C 



U.S. Patent Aug. 13,1985 Sheet 2 of 2 4,535,035 

I 

X 
0 



4,53 5,035 
1 2 

BACKGROUND ART 
US.  Pat. No. 3,375,471 to Lowell et al. discloses a 

method of preparing an oxidation resistant article. A 
5 Si+SiC coating is produced on graphite by slurry coat- 

ing or dipping. The coating is then fast-fired at 1415" C. 
to 1500" C. 

DISCLOSURE OF INVENTION 
The present invention is directed to an improved 

method of producing an oxidation resistant coating on a 
carbon-based substrate. The same processing step ef- 
fects an infiltration of the substrate with silicon-contain- This invention is directed to inhibiting the decompo- ing material and provides a fused coating. The process sition of carbon-base materials during high temperature 15 utilizes a slurry of nickel and silicon powders in a nitro- 
cellulose lacquer. This slurry is applied to a carbon-car- exposure to air. The invention is particularly concerned 

After drying in air the coated substrate is fired in a als. 
Coated carbon composite materials are used as heat single operation below 14000 c. Vacuum sintering be- 

shields for the space shuttle nose cap and wing leading 2o tween about 1200" c. and about 14000 c. at torr 
edges. These carbon-carbon composites are also being has been successful in producing a coating which 
considered for various high temperature components of melted, wet, and infiltrated the substrate. 
aircraft turbine engines, such as turbine blades, vanes, 
and nozzle liners. The major advantage of these materi- BRIEF DESCRIPTION OF THE DRAWING 
als is their very high strength-to-weight ratios at tem- 25 The objects, advantages and novel features of the 

invention will be more fully apparent from the follow- peratures between 1200" C. to 2000" C. 
One major disadvantage of carbon-base materials is ing detailed description when read in connection with 

their extremely high oxidation rate. Conventional meth- the accompanying drawing wherein 
ods of protecting graphite and carbon-carbon compos- micrograph showing 

silicon carbide by chemical vapor deposition Or Pack graphite substrate coated with a Ni-70 Si fused slurry; 
cementation processes. A second step or series of steps FIG. 2 is a 3000 magnification micrograph from a 
may follow in which the coating cracks are infiltrated scanning electron microscope showing s i c  crystallites 
with an organic liquid containing silicon, such as tetrae- in a ~ i - 7 0  si coating sintered by a two-step process of 
thylorthosilicate, and fired to form a crack sealing silica 35 12000 c. for one hour followed by 13250 c. for one 
glass. Other processes, referred to as inhibition, are used hour; and 
to impregnate the carbon material with silicon contain- FIG. 3 is a graph showing cornpositiona~ effects on 
ing materials and provide some measure Of oxidation 12000 c. oxidation behavior of coatings sintered 
resistance to the base material itself prior to overcoating by a two-step process of 1200" C. for one hour followed 
with Sic. 

At high temperatures the silicon carbide coating re- 
acts with oxygen in air to form a protective film of BEST MODE FOR CARRYING OUT THE 
silicon dioxide. Therefore, the purpose of the overcoat INVENTION 
is to provide silicon to take part in this reaction and In order to illustrate the beneficial technical effect of 
Protect the exterior of the engine component. Such 45 the improved coating, a number of ATJ graphite cou- 
coatings provide adequate protection above 1200" c. pons were coated in accordance with the present inven- 
where a fluid Si02 glass is formed as a protective oxide. tion. Each coupon was 0.25 x 1.25 x 2.50 cm. The 

At lower temperatures, cracks are formed in the S ic  graphite of the coupon substrates was about 73% dense 
coating by thermal cycling and thermal expansion mis- and exhibited a substantial amount of large porosity. 
match with the carbon. Direct oxygen attack of the 50 A slurry of nickel and silicon powders in a nitrocellu- 
interior of the component results because of a lack of lose lacquer was prepared. The powders were about 
sealing ability of the Si02 glass due to its high viscosity. - 325 mesh. 

Catastrophic lower temperature oxidation of these The slurry was sprayed onto the surface of each cou- 
substrates is common. Therefore, some additional pro- pon. Optimum coverage and infiltration occurred in the 
tection is required from the silicon infiltrated during 55 range of Ni-60 w/o Si to Ni-90 w/o Si. The coatings 
processing. This is especially true at intermediate tem- were deposited to thicknesses of about 25-100 mg/cm2. 
peratures from 800" C. to 1200" C. where the Si02 film The slurry was sprayed using a conventional paint 
cannot flow to seal the coating cracks. sprayer in air, and the coated coupons were air dried. 

It is apparent that prior art methods are not totally The coated coupons were placed in a furnace which 
satisfactory because the cracks in the coating eventually 60 was evacuated to 10-5 torr. The coupons were then 
result in a direct attack of the component interior. Also, vacuum-sintered between about 1200" C. to about 1400" 
two separate processes are required to provide exterior C. for a time period of up to three hours. The coupons 
and some interior protection. were sintered either while resting on an aluminum oxide 

It is, therefore, an object of the present invention to plate or while suspended from aluminum oxide hangar 
provide an improved process for producing an oxida- 65 rods. 
tion resistant coating on a carbon-based material and, in The sintered coatings produced Ni-Si intermetallic 
the same processing steps, effect an infiltration of the phases and Sic, both of which are highly oxidation 
material with silicon-containing material. resistant. A cross section of a SiC+Si reaction zone of 

OXIDATION RESISTANT SLURRY COATING FOR 
CARBON-BASED MATERIALS 

ORIGIN OF THE INVENTION 
The invention described herein was made by employ- 

ees of the U.S. Government and may be manufactured 
and used by or for the Government for governmental 
purposes without the payment of any royalties thereon 
or therefor. 

TECHNICAL FIELD 

10 

with an improved coating for protecting these maten- bon or graphite substrate in a single spraying operation. 

FIG. 1 is a 500 
ites generally consist of coating the materia1 with a 30 the distribution of phases in the cross section of an ATJ 

40 by 1325" C. for one hour. 
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a coating that was processed at 1325" C. for five minutes 
is shown in FIG. 1. This micrograph shows an intact 
area of the coating after oxidation at 1200" C. for five 
hours. The coating has penetrated pores, and the outer 
layer has protected the unreacted graphite. FIG. 1 illus- 
trates the assintered coating structure and phases as 
well. 

Referring to FIG. 1 in greater detail, an outer 10 pm 
layer of substantially continuous and uniform Sic, Ni- 
Si, and Si coating is apparent. The pores near the sur- 
face have been filled with a liquid Ni-Si phase to a depth 
of about 180 pm. The external layer and the filled pores 
of both these areas show some internal structures which 
are probably S i c  precipitates. A microprobe study of 
these areas showed high levels of Ni in the penetrated 
pores with amounts of Si consistent with the formula for 
NizSi. In this phase the carbon content was very low. In 
adjacent phases the Si and C contents were more consis- 
tent with Sic, and the Ni content was low. The dark 
areas between the filled pores showed only C with a 
trace of Si and no Ni. 

A two-step sintering process produced optimum re- 
sults in terms of wetting, flow, and uniformity. A 1200" 
C./1 hrS.1200" C./1 hr sample contained a relatively 
large amount of the Ni-Si compounds compared to 
coatings sintered in a single step. A 1200" C./1 
hr+ 1325" C./1 hr sample indicated a major decrease in 
the amount of the metallic phase, and a corresponding 
increase in the S i c  phase. A 1200" C./1 hr+ 1450" C./1 
hr sample indicated again a large amount of Ni-Si com- 
pounds which is consistent with the observed remelting 
and lack of S i c  crystallites at the surface. 

The surfaces of the Ni-70 Si coating sintered by a 
1200" C./1 hr +1325" C./1 hr two-step process is 
shown in FIG. 2. These sintering temperatures pro- 
duced a fused outer coating of Ni-Si compounds deco- 
rated with small crystals of Sic. The sample shown in 
FIG. 2 appeared rough at low magnifications, and it had 
the highest concentration of S i c  crystals at the surface 
of any sample. This coating did not exhibit any cracks, 
as opposed to two other coupons that were sintered at 
1200" C./1 hr+ 1200" C./1 hr and 1200" C./1 hr+ 1450" 
C./1 hr which had numerous cracks, spaced 100 pm 
apart. 

It is apparent from the micrographs in FIGS. 1 and 2 
that superior protection of the component is achieved at 
intermediate temperatures. The process is less costly 
than conventional methods inasmuch as it requires only 
a paint sprayer and a vacuum furnace. Conventional 
systems require a chemical vapor deposition reaction 
chamber, or pack cementation, often followed by a 
multistep impregnation process. 

The oxidation behavior graph of FIG. 3 shows the 
high Si content coatings to be the most protective. The 
uniform appearance of these specimens indicated that 
they did not degrade in the localized defect mode as did 
other coatings. The 75 percent Si coating was generally 
yellow-gray throughout the oxidation test. The 80 per- 
cent Si began as blue-gray and became slightly tan at 10 
hours. The 85 percent Si began as a very dark charcoal 
grey, changing to a slightly blue-green tint at 10 hours. 

It is apparent from FIG. 3 that the 70 percent Si 
coating, the 80 percent Si coating, and the 85 percent Si 
coating exhibited the best protection. The reason for the 
behavior of the 75 percent Si coating is not known, 
although the major difference in microstructure from a 
fused metallic luster to a matte sintered surface occurs 
at about 70 percent to about 75 percent Si. 

The improved results obtained by the coating of the 
present invention for carbon components are achieved 

4 
because the Ni-Si alloys have good melting, flow, and 
wetting characteristics on carbon. These characteristics 
were not previously recognized. Therefore, the fused 
coatings of the present invention provide both infiltra- 

5 tion as well as surface coverage. The coatings also react 
with the carbon substrate to form S i c  which is oxida- 
tion resistant, as are the Ni-Si intermetallic compounds 
that are in the sintered coating. It is also apparent that 
the coatings of the present invention do not crack as 
extensively as chemically vapor deposited, or pack 
cementation S i c  coatings. Therefore, the coatings of 
the present invention have the potential for greater 
protection from oxidation. 

While the preferred embodiment of the invention has 
15 been disclosed it will be appreciated that various modi- 

fications may be made to the invention without depart- 
ing from the spirit thereof or the scope of the subjoined 
claims. For example, glass powders may be easily incor- 
porated into the slurry. These powders have the poten- 
tial for melting and sealing any cracks subsequently 

2o formed in the coating. Other transition elements besides 
or in addition to Ni can be used to form eutectic melts 
with Si to produce fused coatings on carbon-base mate- 
rials. Examples would be Fe, Cr, Co, etc. which could 
operate according to the same principles described 

It is contemplated that the process may also be al- 
tered to include other metallic elements, such as chro- 
mium and aluminum, which together have been found 
to form protective A1203 scales on NiCrAl alloys. 

30 Therefore, by the application of a fused NiCrAlSi alloy 
slurry coating, a carbon substrate may be protected by 
other oxide films, even though the low melting Ni-Si 
eutectic temperature is still utilized. 

25 above for Ni-Si coatings. 

We claim: 
1. A method of inhibiting the decomposition of a 

carbon-base material during high temperature exposure 
to air comprising the steps of 

preparing a slurry of nickel powders and silicon pow- 
ders containing about 60 w/o to about 90 w/o 
silicon in a nitrocellulose lacquer, 

spraying said slurry onto a surface of the carbon-base 
material to a thickness between about 25 mg/cm* 
to about 100 mg/cm2 in an air environment to coat 
the same, 

35 

40 

45 drying the coated carbon-base material in air, and 
vacuum-sintering the coated carbon-base material at 

1200" C. for one hour and then vacuum sintering at 
1325" C. for one hour. 

2. A method of coating a carbon-base material com- 

spraying a slurry containing nickel powders and sili- 
con powders onto said carbon-base material in an 
air environment, 

placing said slurry covered carbon-base material in a 
vacuum, and 

sintering said slurry covered carbon-base material in 
said vacuum by heating the same to 1200" C. for 
one hour and then heating said slurry covered 
carbon-base material to 1325" C. for one hour. 

3. A method as claimed in claim 2 wherein the slurry 
60 contains about 60 w/o to about 90 w/o silicon in a 

nitrocellulose lacquer. 
4. A method as claimed in claim 2 wherein the car- 

bon-base material is covered with the nickel-silicon 
slurry to a thickness between about 25 mg/cm2 to about 

5. A carbon-base material coated in accordance with 

prising the steps of 
50 

55  

65 100 mg/cm2. 

the method of claim 2. * * * * *  


