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COATING'OF TITANIUM ALLOYS 

BACKGROUND OF THE INVENTION 

The present invention relates to the coating of titanium and 
the titanium alloys, particularly to the coating of those high 
strength, titanium alloy components having particular utility 
in gas turbine engine components. 

Because of their favorable strength-to-weight ratio, the 
titanium alloys are extensively used in certain gas turbine en 
gines, particularly in various compressor components. Unfor 
tunately, however, principally because of the high reactivity of 
titanium at elevated temperatures, the full potential of these 
alloys is seldom reached. While the attainment of operating 
temperatures in the 750°— ° F. range would be ad 
vantageous in many instances, and this temperature level is at 
tainable strengthwise in titanium alloy systems, the current 
practical limitations are nevertheless on the order of 650° F. 
Inasmuch as the material de?ciencies are largely manifesta 
tions of a high surface reactivity, it is evident that if the full 
potential of the titanium alloys is to be reached, surface pro 
tection or a coating will be required. 
While a number of coating techniques for the titanium al 

loys have been proposed, none are completely satisfactory in 
solving the surface reactivity problem with respect to the 
highly stressed alloy components in the 750°—900° F.~tempera 
ture range. Most often the particular prior art technique has 
been directed toward providing improvement to one particu 
lar property of titanium, such as galling or corrosion re 
sistance. In most instances, however, the speci?c improve 
ment is attained only at the expense of some other charac 
teristic of the coated alloy. In the case of the metallic or 
ceramic coatings wherein the process results in diffusion or in 
an alloying reaction with the substrate metal, an intermetallic 
is generally formed and it is well known that the majority of 
the intermetallics formed with titanium are characteristically 
brittle. > 

The establishment of corrosion protection of various metals 
has also been provided in the past through the use of certain 
paints or enamels, including the pigmented silicone resins. 
However, as utilized, these paints, while effective in promot 
ing corrosion resistance without the formation of brittle inter 
metallics or other, detrimental compounds with the basis 
metal, do not usually possess either the necessary adherence 
to the substrate or su?icient temperature capabilities to result 
in substantial utility in the highly stressed high-performance 
applications. The silicone resins, for example, are usually 
limited interms of temperature to 650° F. 
What is really neededin terms of surface protection for the 

titanium alloys is a coating whichis chemically bonded to the 
substratethrough a chemical reaction therewith but which 
does not lead-to detrimental losses in mechanical properties as 
a result of such interaction, particularly through the formation 
of brittle intermetallics, and which is capable of extending the 
operatingconditionsfor the titanium alloys to the 750°—950° 
F. temperaturerange. 

SUMMARY OF THE INVENTION 

' It is the primaryobject of the present invention to provide 
an adherentcoating for titanium and its alloys which is capa 
ble of extending the usable operating range of certain of these 
alloys to temperatures of 750°-900° F. or higher. 

It is a further object of the invention to provide asmooth ox 
idation and corrosion resistant coating for the titanium alloys, 
particularly as utilizedin connection with gas turbine engine 
components, which does not result in the formation of detri 
mental compounds or phases with the basis metal. 
The above ‘objects and other objects and advantages: are 

achieved by a process which results in an impervious coating 
which consists of the decomposition products of an aluminum 
pigmented silicone resin, formed in situ on thesurface to be 
protected, by partial oxidation thereof at high temperature 
and chemical reaction with the basis metal. Inasmuch as titani 

, urn participates in the reaction and thus contributes to its own 
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2 
protection in the formation of what is'thought to be an alu 
minum-titanium-carbon-silicon-oxygen- quasi-organic 
polymer, the coating achieved is chemically bonded to the 
substrate. Furthermore, its temperature capabilities are syner 
gistically extended to temperatures of 900° F. or higher. 
The process involves coating the surface to be protected 

with a mixture comprising a nonreactive, polydimethyl silox 
ane binder and aluminum in a weight ratio of about l/1-3/ 1, 
preferably about 2, together with sufficient solvents for con 
venient application, and subsequently reacting and partially 
oxidizing the coating at temperatures in excess of 650° F. 

In the particularly preferred process, the alloy is cleaned 
and deoxidiaed; coated with a mixture comprising a nonreac 
tive polydimethyl siloxane binder and aluminum in a weight 
ratio of about 2; cured at 450°~550° F. for at least 15 minutes; 
and reacted for about 1-8 hours at a temperature of 6S0°~950 
° F. in an inert atmosphere containing about 10-40 percent 
oxygen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawing is a graph comparing the smooth fatigue capa 
bility of the titanium—8 weight percent aluminum --1 percent 
molybdenum-l percent vanadium alloy in both an uncoated 
condition and as coated according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Stress corrosion of the titanium alloys is dependent upon 
three primary factors: the presence of corroding elements, 
elevated temperatures and applied or residual tensile stresses. 
In gas turbine engines, titanium parts are often stressed in ten 
sion above their so-called s/c level. Similarly, elevated tem 
peratures are unavoidably present in engine operation. There 
fore, under these conditions, either the corroding elements 
must be removed or parts must be otherwise protected before 
the engine operating temperatures are reached. Various 
schemes are and have been employed for reducing the 
presence of corroding elements, and various techniques, such 
as peening, stress relief by heat treatment and design 
techniques, are employed for reducing the effects of stress. 
However, it is apparent that metallurgical immunity to stress 
corrosion is far from a reality and that with today’s designs 
utilizing available titanium alloys, coatings of some type are 
required for surface protection if maximum utility of these al 
loys is to be achieved. And, previously discussed, there is 
presently no coating available which affords the desired sur 
face protection. 

Concurrently with improvements in terms of stress corro 
sion, a truly suitable coating will also provide protection 
against oxidation and afford improvement with respects to 
those phenomena associated with surface related effects, in 
cluding fatigue and creep stability, up to the limits of the 
titanium alloys in terms of their physical properties. 

It has been found that a properly balanced formulation of 
particular silicone resins with appropriate metallic pigments, 
particularly aluminum ?akes, typically with compatible 
diluents when applied to and cured in the right thickness on a 
clean, nonscaled titanium alloy surface, may be partially ox 
idized, employing proper controlled conditions, to provide a 
complex matrix of aluminum-titanium-silicon-carbon- and ox 
ygen with sufficient integrity, adherence and imperviousness 
to inhibit oxidative and/or corrosive action on the titanium 
alloy-basis metal which thereby becomes both a participant in 
and bene?ciary of the coatings system. Synergistically, 
whereas the silicone paints are normally temperature limited 
at about 650° F., the present coating affords protection to the 
substrate to temperatures of 750°—900° F. or higher. Further, 
inasmuch as the titanium alloy is a participant in the reaction a 
chemical bond with the substrate is thus achieved. 
The measured and observed bene?cial effects of the coating 

and the apparent interaction of the basis metal as a partial 
contributor to its own protection, and the absence of any de 
tectable diffusion or metallurgical (solid solution) reaction 
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between the substrate and the coating, is in contrast to and 
thus not comparable to the other silicon or silicon-aluminum 
coatings whose bond is achieved during or by vapor deposition 
or by other coating techniques which depend upon metallurgi 
cal diffusion or physical bonding for adequate adhesion. The 
chemical ionic bonding of the present invention, as opposed to 
the diffused coating for titanium, does not result in any dilu 
tion of mechanical properties such as fatigue resistance. 
The two titanium alloys currently receiving the major atten 

tion are those identi?ed in the industry as MST-811 which 
consists of, by weight, 8 percent aluminum, 1 percent molyb 
denum, l percent vanadium, balance titanium; and the Ti 6-4 
alloy which consists of, by weight, 6 percent aluminum, 4 per 
cent vanadium, balance titanium. 

In the most preferred coating process, the coating mixture 
consists of, by weight, 57.8 percent nonreactive dimethyl 
siloxanes, such as Dow Corning 805 and 806 silicone resins; 
28.9 percent aluminum pigment, lining grade or ?ake alu 
minum; and 13.3 percent inert ingredients such as xylene. This 
basic formulation is available from Product Techniques Co. as 
PT 332. 

This mixture is further diluted just prior to use with solvents 
such as xylene or toluene in a ratio of 4 parts pigmented resin 
to 1 part thinner and applied by conventional paint spraying 
techniques to a predetermined thickness to yield a ?nished 
coating of 0.0005—0.004 inch or more preferably 
00015-00025 inch. it must be applied to the titanium after 
cleaning and deoxidation and before a substantial reoxidation 
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The above process results in a smooth, adherent coating of 

good appearance and handling durability which signi?cantly 
increases the useful life, strength and reliability of the high 
strength titanium alloys such as MST-8l 1 in nonbeaning appli 
cations to 'stress and temperature levels appreciably higher 
than those currently established. 

FATIGUE TESTING. _ 
Apropos of an airfoil application, a smooth bar Krouse 

fatigue test was employed in several ways in comparing coated 
with noncoated MST-81 1 alloy specimens at (a) 900° F., and 
(b) at room temperature 50-hour exposure in air at 500°, 750° 
and l,000° F. These were compared with uncoated specimens 
tested at room temperature after 50-hour exposure in vacuum 
at l,000° F. 

in the smooth bar Krouse tests at 900° F ., the 
specimens showed superior mechanical properties. 
The results of smooth fatigue testing of the alloy is set forth 

in the drawing. 

. STRESS 908395.191! 

Salted Creep 
In these tests, the time to failure at 900° F. of peened and 

coated specimens were established in excess of 150 hours at 
the stress rupture stress of 65,000 p.s.i., compared with a 150 
hour life at 55,000 p.s.i. for nonpeened coated articles and less 
than 55,000 p.s.i. for peened only or noncoated specimens. 
Thisslata isswsmarizsdin Tablet . V V , - 

coated 

TABLE I.—-SALTED CREEP TESTING 

Salted creep (900 F.) Tensile (RT) 

Time to Elonga 
Creep, failure, Strength, tion, per 

Prior treatment percent hours p.s.i. cent 

9. 6 0. 5 (1) (1) 
15. 9 . 0. 3 (1) (1) 
2. 7 3. 4 (1) (1) 
2. 5 3. 9 (l) (1) 
0.4 11.0 (1) (1) 
0. 6 12. 0 (l) (1) 
2. 2 41. 5 (X) (1) 
1. 6 29. 0 (0 (1) 

14. 4 0. 9 (1) (1) 
10. 7 0. 85 (1) (1) 
10. 1 1. 25 (l) (l) 
7. 14 3. 65 (l) (l) 
1. 43 1. 5 (l) (1) 
1, 37 0.9 (1) (l) 

, . 42 14. 2 (1) (1) 
, . B7 34. 8 (1) (l) 
. 8. 12 0. 6 (l) (l) 
. 8. 7 0. 3 (1) 0) 
000 8. 2 4. 7 (1) (1) 
000 9. t) 2. 9 (l) (1) 
.000 5. 4 105. 6 (1) (‘) 
, 000 2. 9 49. 4 » (l) (1) 

. ,000 2,12 150.0 122,300 2. 7 
Do.. .-_ 55, 000 2. 20 150.0 120, 800 2.0 

Glass bead peened 5N2/15N2 plus Al- ' 
silicone complex coating ........... _ . 85. 000 7. 86 2. 7 (0 0) 
D 85. 000 8. 78 2. 3 (1) (l) 

75, 000 13. 40 45. 1 (l) (1) 
75,000 10.60 32.2 (1) (l) 
65 000 9. 80 150.0 130, 900 2. 7 
65 000 6. 85 150.0 136, 200 6. 0 

1. 76 150. 0 144, 200 17. 3 
1. 71 150. 0 141. 800 4. 0 

‘r {jailed in creep. 

has occurred inasmuch as a chemical reaction with the basis 
metal is required. Typically, the surface is chemically and/or 
abrasively cleaned and coated within 1 hour, or preferably 10 
minutes of cleaning. 
The as-sprayed coating is then allowed to air-dry usually for 

no less than 15 minutes or no longer than 8 hours whereat it is 
cured in air free of contaminants, particularly dust, moisture, 
halogens, and other reactive materials. The preferred curing 
conditions consist of 15 minutes to 2 hours at a temperature of 
450°—550° F. 

Following the curing step, partial oxidation and decomposi~ 
tion resulting in the formation of the ?nished coating is ac 

l 

Bent Beam 
This test entailed stressing of l-inch wideS-inch long sheet 

stock specimens of approximately 0.050-inch thickness in the 
range of plastic deformation. At 900° F. it was found that the 

65 present coating provided complete protection against sea salt 

complished by heat treating the coating at 650°—950° F. for _, 
1-8 hours in an atmosphere of nitrogen containing 10-40 
volume percent oxygen. H 

for at least 150 hours. 
. . .. .. . . 

Tested near its stress rupture capability at 900° F. and 
1,000° E, coated MST-81 1 showed no detrimental effects in 

i 70 Icident to the coating. 

V ' Coated ?rst-stage compressor blades subjected to 7 
engine testing under 800° F. inlet condition showed that, 

75 although the coating was abraded away from those areas sub 
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jected to severe abrasive conditions, the coating remained in 
tact on all areas not subject to severe abrasion. 

‘The durability of the coating is both a function of the abra 
sive conditions and the temperatures to which the coating is 
exposed. For long-term protection, exposures to temperatures 
up to about 750° F. would be specified although signi?cant im 
provements are evident up to at least about 900° F. Even with 
a 750° F. temperature limitation, however, the operating 
range of the alloy is increased by 75°-l00° F. over conven 
tional systems, with no detrimental effects on mechanical pro 
perties, and wide temperature excursions are readily accom 
modated. ' 

While the invention has been described in detail with 
reference to certain examples and preferred embodiments, 
these are intended to be illustrative only. lt will be understood 
that the invention is not to be limited to the exact details 
described, for obvious modi?cations will occur to those skilled 
in the art. 
What is claimed is: 
l. The method of imparting surface protection to titanium 

and the titanium alloys which comprises: 
cleaning and deoxidizing the surface to be protected; 
prior to a substantial reoxidation, coating the surface to a 
.thickn¢§s.9f about 0005-0004 inch Fill! a mixture con-1. 
slsting eaentially of a nonreactive polydimethyl siloxane 
and aluminum pigment in weight ratio of about 1/ 1-3/ 1 ; 

curing and coating in the absence of contaminants; 
and heat treating the coating in the presence of oxygen at a 

temperature in excess of about 650° F. for a period of 
time sufficient to achieve partial oxidation thereof and 
reaction with the substrate metal. 
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6 
2. The method according to claim 1 wherein: 
the ?nal heat treatment is conducted at a temperature of 

about 650°-950° F. 
3. The method according to claim 2 wherein: 
the ?nal heat treatment is conducted in an inert atmosphere 

containing about 10-40 volume percent oxygen. 
4. The method according to claim 2 wherein: 
the ?nal heat treatment is conducted in a nitrogen at 
mosphere containing about 10-40 volume percent ox 
ygen. 

5. The method according to claim 4 wherein: 
the weight ratio of dimethyl siloxane to aluminum is about 

2. ' 

6. The method according to claim 4 wherein: 
curing is effected at a temperature of about 450°-$50° F. 
7. The method of coating the high-strength titanium alloys 

which comprises: 
cleaning and deoxidizing the surface to be protected; 
within about 1 hour, coating the surface to a thickness of 

about 00005-0004 inch with a pigmented silicone resin 
mixture consisting essentially of a nonreactive dimethyl 
siloxane and aluminum pigment in a weight ratio of about 
2, and sufficient inert dispersant to permit convenient ap 
plication; 

within about 8 hours, curing the coating in an uncon 
taminated air atmosphere at 450°-550° F. for at least 15 
minutes; 

and heat treating the coating for about 1-8 hours at a tem 
perature of 650°-950° F. in an inert atmosphere contain 
ing about 10-40 volume percent oxygen. 
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