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METHOD GF COATIRG CARBONACECUS BASE
TO PREVENT OXIDATION DESTRUCTION AND
COATED BASE :

Noel T. Wakelyn and Robert A. Jewell, Hamplon, Va,,
assionors o the United Siates of Amerfea as represented
by the Admi ator of the National Aevenautics and
Space Administration '

Filed Nov., 28, 1962, Ser. No. 240,760
9 Claims. {(ClL 117—69)

The invention described herein may be manufactured
and used by or for the Government of the United States
of America for governmental purposes without the pay-
ment of any royalties thereon or therefor.

This invention relates generally to the protection of sur-
faces against erosion. and oxidation by applying a protec-
tive coating thereto. More particularly, this invention
relates to the protection of carbon and Qmphit" bodies
from oxidation damage, when in an oxidizing environ-
ment, by applying
that will undergo partial oxidation and. form an imper-
meable protective barrier for-the carbonaceous base.

Carbon and graphite base articles have been proven to
possess excepti ionally good mechanical strength properties
when used in the manufaciuring of leading edges for high-
speed aerial vehicles, rocket nozzies, and protective nose
cones for payloads launched into the upper aimosphere
by rockets. Graphite, although having good high-tem-
perature strength in comparison with other matevials, and
having the characteristic that its strength increases with
increasing temperature up to about 2,800° K. is, never-
theless, subject to erosion and oxidation damage caused
by temperatures ubove 1,250° K. in the presencs of high-
velocity steams of oxidizing fluids, such ag air, and meth-
ods need be devised to protect the graphite from such
oxidation damage.  Since it is known that s melas,
such for example as nickel and aluminum, form thair own
protective oxide or scale when subjected to an exidaiion
environment, it is logical to assume that graphite could be
similarly protected. However, since graphiie
cnly gaseous oxides at femperatures at w‘mc.l it rapidly
reacts with ox cyeen end therefore cannot form iis own
protective scale or oxide, a protective coating must be
applied to graphite bodies to permit full utilization of
their inherent strength properties in various high-temper-
ature applications. Thus, if phite could be coated
with an oxidation-resistant nonporous barrier, ‘fis high-
temperature properties would be more capable of utili-
zation. :
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It is, therefore, an obhject of the present invention to
provide a new carbonaceous article of manufacture which
will be profected from oxidation damages by oxiéizéng
Buids at high femperatures.

Ancther object of this invention is to pravide a car-
bopaceous. article ‘having an oxidation protective lami-

nated- coating thereon,

A further object of the present invention is to provide

a lamjnated protec: ive goating thereon -

produces-
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a carbonaceous article substantially resistant to oxidation
damage during high-speed aerial flight.

Still .another object of the present invention is to pro-
vide .a ‘method for protecting graphite articles that are

’sub ected to an oxidation environment.

A still further object of the instant inveniion is to pro-

'_vzde a method of preventing the oxidation destruction of

a-carbonacepus body.

An additional object of the present invention is to pro-
vide a ‘proteciive coating for carbon articles which: wiil
form impermeable barrier proteciion for the carbon wheoa
subjected 1o high temperatures.

According to the present invention, the forcgoing and
other objects are obiained by applying a protective coat
of nitride onto the surface of a carbon base by the vapor
deposition process, and then applying a layer of silicon
onto the nitride coating by a conventional process, such
as vapor deposition.

A more complete appreciation of the present inverntion
and many .of the attendapgt adventages thereof will be
readily appreciated. as the same becomes better under-
stood by reference to the iollowing detailed description
when considered in connection with the accompanying
drawing wherein:.

FIG. 1 is a partial sectional view of a carbonaceous
body having a laminated coating thereon in accordance

‘with the present invention;

FIG. 2 is a view similar to FIG, 1 showing one lami.
nated coating of the present invention after being sub-
jected to high temperature, high velocity, oxidizing fluid

flow. -
F1G. 3 is a sectional view of a carbonaceous body illus-
trating a modification of the laminated coating of the

present invention.

Referring now to the drawings and.more particularly
to FIG. 1, there is shown a carbon or graphite article 11
having a prolective coat of nitride 13 integrally applied
theveto with a further lamination of silicon 15 applied to
the coating of nitride. FIG. 2 shows the results of the
chemical reaction that occurs when the coated graphite
article 11 having a titanium nitride layer 17 is subjected
to high velocity, high temperature, {luid flow, such for
example, as the conditions encountered during high veloc-
ity aerial flight, or as encountered in the nozzles of rockets
When article 11 is subjectzd to the aforementioned envi-
ronmental conditions, the layer of silicon 15 is oxidized to
form a protective layer of silicon dioxide 18 on the-ex-
ternal surface of article 11 with an infermediate layer
19, consisting of Utaninm dioxide and silicon dioxide
being formed adjacent the external surface of the titanium
nitride coating 13.

It is thus seen that the graphite or carbon material 11
can be protected from ssvere oxidation damage by the
application of a protective laminated coating as in the
present invention 1o ther form an oxidation-resistant
noaporous barrier of nitnde and silicon dioxide,

ed over ths he(stau car-
-n-hued titaniom nitride
of the graphite. The
ed in the present invention
fent pitrogen as an Impuricy,
for example 200-500 parts per million, to make a separate
addition of nitrogen unmrecessary although it is readily
apparent to those skilled in the art that additional nitro-
gen may be added to the rezciion in the form of nitrogen
or ammonia gas, when reaumd or if so desired, The
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3
mixing of the reactant gases is achieved by passing hy-
drogen through the volatile liquid, sitanium tetrachloride,
at room iemperature.

‘This gaseous mixture is then passed over the surface
of carbon body 11 contained in a suitable reaction ves-
sel which has previously been heated by snitable appara-
tus, such for example as an induction furnace, {0 the de-
sired ter‘peratuw. An inert gas, such for example as
argon, is used ta purge the reaction vessel system before
coating to remove any impurities therein. Coating times
of approximately twelve minutes produces roughly 20
mg. of titanium nitride per square centimeter of graphife
substrate surface in the form of a thin coating of one-two
mils thickness,. The rate of hydrogen Sow emplovad in
the present example was spp rouma;c}y 1.6 liters per
minute, although this is not considered critical to the re-
action. Free silicon is readily deposited onio titanium
nitride by the hydrogen reduction of silicon tetrachiornide,
the latter being held at room temperature, while the tem-
perature of the titanium nitride coated carbon base is main-
tained at approximately 1,100-1,400° C.

The hydrogen reduction of silicon tetrachloride is very
sensitive to the presence of irapurities and it is essential
to employ a carefully purified hydrogen gas source, that
is, a hydrogen gas essentially free from any oxygen, when
obtaining substantially pure silicon coatings. A rejative-

high hydrogen flow vaie, 100--200 liters per hour, ap-
phed transverse {o the longitudinal axis of the substrate
being coated produced the desired corting in the present
invention, although obviously this sate can vary within
the scope of this invention. The quantity of silicon coat-
ing applied in the present example is in the range of 20—
30 mg. weight per unit area while that of titapium nitride
is 140-210 mg. weight per unit area or a ratio of approxi-
mately 7:1 of titanium nitride to silicon.
be varied within limits without departing from the scope

of the invention.

It'is apparent 1o *hose skilled in the art that the titanium
nitride coating 17 when useu‘ alone would be oxidized
by bigh temperature gaseouns fHow and wouid rewh noa
titaniurg dioxide coating, modification of titani-
um, which would act as 2 barrier to the
der some circumstances. However, for nse in er =<«°n’—day
aertal vehicles, spacecraft and rocket nozzles, 1t Is neces-
sary to provide a much thicker ¢ of txmmum nitride
than that discussed hereinbefore for adeguate protection
during long period exposures o

oxidation environment.
Since total inass is a eritical facter in the design and con-
struction of these articles, the advantages of the prewnt
invention are therefore ';,pa*cm That is, by appt} ing
a thin protective coat of silicon 15 over the Htanium ni iride
coating 17 ths same of better degree of protection can be
obtained for a graphite substraiz as that from-a relative-
1y thick titanium nitride coat alone, but with 2 much less
tofal weight of the titanium nitride-silicon deposit being
regured.

As s}m\hs more p,;
article des
temperatures in 1‘1n
riod of tme, Ls‘m?‘“ a

ﬁar}y in PIG. 2, when the coated
hefore is subiscted to heat with
¢ 2.6030°-3,200° F. for a pe-
nutes of r*ore, the

aﬂd serves 1o pm vent the oxic
graphite substrate and thereby en zhles
grapbite in exiremely high temperaiure app uzcamss where
it would otherwise be readily oxidized, eroded, and made

substantially worthless.
Example i

As shown in FIG. 3 an aliernate embodiment of the
present mwntron involves applying a thm coating of

This ratio can-
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11 by any conven-

nitride 23 onto the graphite substrate
tional ?T@SF\\, such for example a fi;h2 discussed herein-
before for titanivm nitride, and thereafter co-depositing a

matrix 21 ¢f titanium and silicon onto the nitride layer.
The titanivm and silicon matrix 21 is readily deposited
onto the nitride layer 23 by the hydrogen reduction of a
silicon tetrachloride-titanium tetrachloride solution in the
presence of nitrogen. Commercial grade hydrogen gas,
as mentioned heretofore, normally-contains 200-500 parts
per million of nitrogen which is an adegnate amount for
this process.  The most uniform coating results are ob-
taincd by maintaining the silicon tetrachloride-titanium
tetrachloride solution concentration essentially inversely
proportional fo the respective vapor pressures of the in-
gredients, that is, approximately two parts titanium letra-
chloride to one part silicon tetrachloride are used when
the mairix consists of tifanium and silicon. In this Ex-
ample, the titanium-siicon matr’x 21 penetrates into the
lattice network of the nitride coating 23 as formed and,
upon being subjected, to oxidizing heat for a period of
time, in the temperature range of 2,600°-3,200° F,, readily
converts into a gascous impermeable layer of tituniom di-
oxide and silicon dioxide to thereby protect the graphite
substrate 131 from oxidation. The coating temperature
range and the ratio of nitride to the titaninm-silicon matrix
employed 5 this e‘(am;ne are essentially the same as those
described in Example L.

Tests in a resistance heating facility have also indicated
that the fitanium nitride plus silicon formulation coatings
of the present invention undergo cyclic heating without
spalling, whereas plain tifaniuvm nitride spalls after one
or two cveles of being heated to approximately 1,300° C.
and withdrawn from the furnace and exposed without de-
lay te a blast of cold air. .

It is o be understood that the above described proc-
esses and coated articles are piven by way of example only
and that numerous modifications are readily apparent {o
those skilled in the art., For example, although the
above coating exampies hwe fof’en des 1bed with refer-

ence 1o a graphite &uostmtc t is obvious to those skilled
in the art that other st ack. substrates mav bo coated

by the nitride and silicon laminations when desirable to
present oxidation-resistant protecticn therefor.
Also, the use of other high melting point-high stability

pitrides as substrate coatings to which the Jamination of
silicon may be applied are within the scope of this inven-

tion. The nitrides of zirconium, hafnium, niobium,
tantalum and herylilum omvouwy fall within this cate-
gory. Each of these nitrides is capable of being formed
on a graphite or other suitable substrate by the herein-
above described hydrogen reduction variation of the vapor
deposition process; with obivdus variations in the sub-
strate tempe mploved for the in-

ures and the halides ¢

dividual processes. Each of these nitrides also reacts
with silicon when iccted to a high femperature oxida-
S £25C0US ;m permeable omde

tion environme
barrier i
ing
nium m
cap

b Oher me!t'

y ,zmd the it,mpera—
eded,
wm form relative-

fure

ighly unst ei £ or excess ve?y reactive
jum, magnesium, cerium, lantha-

i’izv rare eanth mnetals, lithium,

TN, 1,
chrominm, tungsien and manganese are
Likewise for use in the present invention

not reatt with silicon to form the needed
rvious pl"{;{tCqu oxide barrier.

ere to be understood that within the scopeé
of the appended claims; the invention may be pracuce,d
otherwise than as specifically described.
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What is claimed and desired to be secured by Letters
Patent of the United Stafes is:

1. A coated base having an oxidation protective coat-
ing thereon cemprising: a carbonaceous member, a-coat
of a high melting point high stability nitride integrally
formed on an exposed surface of sa:d carbonadeous mem-
ber, said wnitride coating -being selected from the group
consisting of the nitrides of titanium, zirconiom, hafnium,
niobium, tantalum and beryilium, and an overcoat of sili-
con covering said nitride -coating.

2. A coated base according to <laim 1 wherein t}'e ratio
of nitride coating to the silicon cojgime per unif area is

approximately 7 to 1.

3. A coated base having an axidation protection coat-
ing thereon, comprising: a carbonaceous base, a lami-
nated coating for said carbonaceous base, said coaling
including a first layer of nitride of about one-two mils
thickness intimately secured to said carboraceous base
and a sécond layer of silicon spaced from said base a dis-
tance equal to the thickness of said first layer and in
intimate coniact with said first layer and wherein said
nitride is selected from the group consisting of the nitrides
of titanium, zirconitm, hafnium, niobium, tantalum and
berylliam.

4. An oxidation protected coated base comprising: a
base surface, a laminated coaiing for said surface, said
laminated coating including at least one—two mils thick-
ness layer of a metal nitride and a layer of silicon covering
said nitride layer, said laminated cealing having the in-
herent chemical property characteristic of undergoing

oxidation to form a protective oxide layer for said sur--

face when subjected to oxidizing fluid flow zad metal
nitride being titanium nitride.
5. An oxidation protected coated base comprising: a

base surface, a laminated coating for said surface, said

laminated coating including at least a one-two mils thick-
ness layer of a meial nitride and a layver of silicon cover-
ing said nitride layer, said laminated coating baving the
inherent chemical property characteristic of undergoing
oxidation 1o form a protective oxide layer for sawd surface
when subjected to oxidizing fluid fow and -said” metal
nitride being zirconium nitride.

6. A coated base having an oxidation protective coating
thereon comprising: - a base surface, a laminated coating
for said surface, said laminated coating including a one—
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two mzis thickness metal nitride fayer and a composite
layer said nitride layer Jbeing selected from the group
consisting of the nitrides of titanium, zirconjum, hafnium, -
niobium, tantalum and beryilium and said composite”
layer consisting of silicon and titanium.

7. An oxidation protective coating for a c'arbonaceous
base cemprising, ina combination: a carbonaceous base,
a laminated coating for said base, said laminated coating
including a nitride laver and a composite layer, said

nitride layer being sefected from the group consisting of
the mitrides of titznium, zirconium, hafnium, niobium,
tantalum and bervilium and having the ph)’5l§d1 property
characteristic of presenting a lattice network surface area,
said composite laver consisting esseniially of two parts
titanium and one rart siticon and having the physical
property characterisiic of penetration o distance into said
lattice network of said nitride layer, said composite layer
alsg having the chemical property characteristic of form-
ing a gaseous impermeable barrier when subjected to an
oxidizing fluid environment to thereby protect said car-
bonaceous base from the oxidizing fluid action.

8. A method of preventing oxidation destruction of a
graphite base member comprising the steps of: providing
a graphite base member, vapor deposifing a one—two miis
thickness layer of a metal nitride onto the surface area
of said graphite base and vapor depositing a layer of
silicon onto said nitride layer, said metal nitride being
selected from ihe group consisting of titanium, zirconium,
hafnium, niobium, tantalum and beryliium.

9. A method according to claim 8 wherein the ratio
of said nitride coating layer to said silicon layer per unit
area is approxunately 7 to 1.
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