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group consisting of iron, cobalt, nickel and nickel 
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THERMAL BARRIER CoATING FOR NICKEL 
AND COBALT BASE SUPER ALLOYS 

Matter enclosed in heavy brackets I appears in the 5 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

This is a reissue of U.S. Pat. No. 4,248,980, which is a 10 
division of application Ser. No. 612,439, filed Sept. 11, 
1975, now abandoned. 

BACKGROUND OF THE INVENTION 

Plasma-sprayed metallic/ceramic thermal barrier 1 
coatings utilizing stabilized zirconium oxide are widely 
used to protect metal components exposed to high tem 
perature conditions and, in general, reduce both the 
temperature of the base metal and the effects of thermal 
transients. Such systems are commonly used in combi 
nation chambers, transition ducts and after burner liners 
in gas turbine engines and may also be used in protect 
ing the vane platforms and air foils in various stages. 
The most important feature of these coatings is their 

thermal insulating properties, since the magnitude of 2 
reduction in base metal temperature and transient ther 
mal stress is related to the low thermal conductivity of 
the oxide component and the thickness of the coatings. 
In general, the desired properties of a practical thermal 3 barrier coating are as follows: 

(a) low thermal conductivity; 
(b) adequate, adherence for resistance to thermal 

stress spalling, i.e., good interparticle and substrate 
bonding is required; 

(c) maximum metallurgic integrity and oxidative/hot 
corrosion resistance of the metallic constituent; 

(d) closest possible thermal expansion match between 
the ceramic and the substrate alloy; 

(e) adequate stabilization of the desired (cubic zirco 
nia) crystal structure to minimize effects of the 
non-linear thermal expansion caused by structural 
transformation; and, 

(f) repairability during manufacturing and after field 
service. 

The current state-of-the-art employs several ceramic 
metal systems based on magnesia stabilized zirconia. In 
general, the base metal is a nickel or cobalt-base superal 
loy such as Hastelloy X, TD-nickel, or Haynes 188 
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which is coated with a bond layer of nickel-5% Al or 50 
nickel-20% chromium alloy, an intermediate metallic, 
stabilized zirconia ceramic layer and a top layer of stabi 
lized zirconia. These layers are plasma-sprayed onto the 
base and the art now recognizes that improved perfor 
mance and lower application costs can be achieved with 5 
nominally continuous grading processing methods by 
which the concentration of the zirconia is continuously 
increased from 0, at the interface between the bond 
layer and the base metal, to substantially 100 percent at 
the outer surface. Generally, these coatings are applied 
to a thickness of about 15 mils. 

Detailed discussions representative of these various 
techniques can be found in U.S. Pat. Nos. 3,006,782 
dated Oct. 31, 1961, to Wheidon for Oxide Coated 
Articles With Metal Undercoatings; 2,937,102 dated 6 
May 17, 1960, to Wagner for Zirconia Stabilization 
Control; 3,091,548 dated May 28, 1963, to Dillon for 
High Temperature Coatings; and 3,522,064 dated July 
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28, 1970, to Valdsaar for Stabilized Zirconia Containing 
Niobia and Calcium Oxide, 
At present, one of the favored ceramic components is 

zirconia which can be used either alone or admixed 
with a material such as magnesium oxide, calcium ox 
ide, yttrium oxide, La2O3, Ce2O3, which are known to 
stabilize the zirconia in the more desirable cubic form. 
Accordingly, one of the best means for protecting 
nickel and cobalt-base superalloys from high tempera 
ture environments now known to the art, consists of a 
zirconia-based ceramic coating which is bonded to the 
base coating by a nickel-chromium or nickel-aluminum 
alloy in which the concentration of the ceramic in 
creases either gradually or in discreet increments from 
the substrate to the outer coating. 
While these advanced systems have been found to 

give good service, failures, when they did occur, were 
observed to be caused by oxidative degradation of the 
metallic constituent followed by exfoliation of the outer 
ceramic layers. Further, when failures did occur, repair 
of the items has been difficult because of the resistance 
of the metallic constituent to available acid-stripping 
solutions. According to this invention, we have found 
that proper selection of the bond coat metal produces 
substantial improvements in the performance of the 
thermal barrier as well as in the ease of repairability of 
the article. 

It is, accordingly, an object of this invention to pro 
vide an improved ceramic/metallic thermal barrier 
coating for nickel and cobalt-base superalloys. This, and 
other objects of this invention, will be readily apparent 
from the following description: 

DESCRIPTION OF THE INVENTION 

According to this invention we have found that the 
use of an alloy of 10-25% chromium, 10-18% alumi 
num and less than 1% yttrium with materials selected 
from the group consisting of cobalt, iron, nickel, and 
nickel-cobalt as the bond coat and grading metal for a 
zirconia-base ceramic, produces an unexpected im 
provement in the thermal resistance of the barrier. 
These materials are known as MCrAliY alloys and are 
described in detail in U.S. Pat, Nos, 3,542,530; 
3,676,085; 3,754,903 and co-pending application for 
NiCoCrAliY Ser. No. 469,186 filed May 13, 1974 now 
U.S. Pat. No. 3,928,026. The concentration of the bond 
coat and the zirconia is preferably continuously graded 
from zero percent ceramic at the interface between the 
base material and the bond coat to 100 percent ceramic 
at the exposed surface. It should be recognized that 
while the continuous gradation is clearly the preferred 
embodiment, one or more layers of discretely increas 
ingly concentrations of zirconia can also be employed if 
equipment for continuous gradation is not available. 
The zirconia used in this coating is preferably stabi 

lized in the cubic form by the use of amounts of calcium 
oxide or magnesium oxide, as known to the art. In addi 
tion, the zirconia can also contain other oxides, such as 
Y2O3 and La2O3, which are also known to be perma 
nent cubic stabilizers for zirconia or metastabilizers 
such as CEO3. It is also possible to add antistabilizers 
such as nickel oxide, zinc oxide and cobalt oxide in 
admixture with the cubic stabilized zirconia to tailor the 
characteristics of the ceramic portions with respect to 
thermal shock resistance by selecting compressive 
strengths and thermal coefficients of expansion corre 
sponding to the characteristics of the metal substrate. 
These specific techniques, per se, do not form a part of 



Re. 33,876 
3 

the applicants' invention and it should be recognized 
that the use of the term "zirconia," as hereinafter en 
ployed, includes zirconia-based ceramic materials 
which may be either pure zirconia or zirconia-admixed 
with one or more additives of which the above are 
exemplary. 
The thermal barrier coatings of this invention can be 

applied by techniques known to the art using commer 
cially available equipment. With respect to the follow 
ing examples, the coatings were applied from a Plas 
madyne model 1068 minigun using a 106 F45H-1 noz 
zle, a Plasmadyne model PS-61M 40 kilowatt power 
supply unit and two Plasmadyne model 1008A powder 
feeders. One powder feeder contained the bond coat 
alloy while the other power feeder contained the zirco 
nia, with both feeders being pressurized with argon. By 
varying the flow rate of the individual power feeders, 
continuous gradation of the thermal barrier coating was 
obtained. The choice of the powder size of the materials 
is not critical and with the equipment used, it was found 
that the particle size of the metal bond coat alloy was 
preferably in the range of -270-400. This was not 
critical but merely idiosyncratic to the equipment used 
in that smaller particle sizes tended to melt too quickly 
and clog the nozzle of the spray gun. 

EXAMPLE 1. 

Hastelloy X panels were coated with continuous 
graded nickel chromium plus MgO stabilized zirconia 
and were subjected to 100 hour and 200 hour static 
oxidation tests at 1800' F. Metallographic testing of the 
coating structures after test indicated that the nickel 
chronium component has substantially oxidized after 
100 hours. Another sample was subjected to an oxida 
tion test for one hour at 2000' F. followed by a water 
quench. Metallographic examination of the coating 
structure after these treatments showed degraded nickel 
almost completely oxidized, with cracks running verti 
cally toward the base metal through the coating. Corre 
sponding tests were also performed with Hastelloy X 
panels coated with 67.5% cobalt, 20% chromium, 12% 
aluminum, 0.5% yttrium plus 17% MgO stabilized zir 
conia with coating thicknesses varying between 0.009 to 
0.014 inches. Metallographic examination of these sam 
ples after completion of the tests corresponding to the 
above, indicated substantially less oxidation of the bond 
coat which necessarily leads to a longer expected coat 
ing life. Fluidized bed testing of the various samples was 
also performed in which the specimens were exposed 
for two minutes at 1800' F. followed by two minutes 
cooling at room temperature. Using the cobalt, chro 
mium aluminum, yttrium-containing samples, testing 
was discontinued after 100 cycles with satisfactory ad 
herence of the coating to the substrate alloy and upon 
metallographic examination, the components showed 
only partial oxidation. The nickel chromium samples, 
however, had been completely oxidized. 

EXAMPLE 2 
The inner surfaces of several full-scale Hastelloy X 

burner cans from a JT8D-17 gas turbine engine were 
coated with the continuously graded MgO/ZrO2 
cobalt/chromium/aluminum/yttrium alloy noted 
above and subjected to experimental engine testing. In 
an 150 hour endurance test this alloy was substantially 
better with respect to edge spallation than the conven 
tional 17% MgO/ZrO2. Ni-20% coating run on another 
burner in the same test. w 
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4. 
While this invention has been described with respect 

to several specific examples thereof, it should not be 
construed as being limited thereto. For example, while 
the preferred embodiment of the invention employs the 
cobalt, chromium, aluminum, yttrium alloy set forth 
above, and 17% MgO stabilized ZrO2, other composi 
tions can be employed by workers skilled-in-the-art. 
The specific cobalt, chromium, aluminum, yttrium alloy 
employed in the examples is representative of the broad 
class of materials consisting of 15-40% chromium, 
10-25% aluminum and less than 1% yttrium alloyed 
with iron, cobalt, nickel, or nickel-cobalt. This general 
class of materials is described, for example, in U.S. pa 
tents cited above. Accordingly, various modifications 
of this invention may be made by workers skilled-in-the 
art without departing from the scope of this invention 
which is limited only by the following claims, wherein: 
We claim: 
1. In a A thermally protected superalloy struc 

ture gas turbine engine combustion chamber which 
comprises a substrate of a material selected from the 
group consisting of nickel and cobalt-base superalloys, a 
metal bond coat on said substrate and an oxide stabilized 
zirconia-base ceramic thermal barrier coating on said 
bond coat, the improvement wherein said bond coat 
is an alloy of chromium, aluminum and yttrium with a 
metal selected from the group consisting of iron, co 
balt, nickel and a mixture of nickel and cobalt. 

2. The structure combustion chamber of claim 1 
wherein said ceramic thermal barrier material is ad 
mixed with the bond coat alloy in a manner such that 
the concentration of the ceramic material increases 
continuously from the substrate to the finished surface, 

3. The structure of claim 1 A thermally protected 
gas turbine engine combustion chamber which comprises a 
substrate of a material selected from the group consisting of 
nickel and cobalt-base superalloys, a metal bond coat on 
said substrate and an oxide stabilized zirconia-base ce 
ranic thernal barrier coating on said bond coat, wherein 
said bond coat is an alloy of chronium, aluminum and 
yttrium with a metal selected from the group consisting of 
iron, cobalt, nickel and a mixture of nickel and cobalt, and 
wherein said bond coat alloy is 15-40 percent chro 
mium, 10-25 percent aluminum and 0.01-1 percent yt 
trium. 

4. The structure combustion chamber of claim 3 
wherein said alloy is a nickel, chromium, aluminum 
and yttrium alloy, with the balance a mixture of nickel 
and cobalt. 

5. The structure combustion chamber of claim 1 
wherein said alloy is a nickel, chromium, aluminum 
and yttrium alloy, with the balance a mixture of nickel 
and cobalt. 

6. A coated article of manufacture having a thermal 
barrier coating system comprising 

a substrate selected from the group consisting of nick 
el-base alloys and cobalt-base alloys, 

a bond coating consisting essentially of a material 
selected from the group consisting of NiCrAY, 
CoCrAliY and mixtures thereof covering said sub 
strate, and 

a thermal barrier coating consisting essentially of 
zirconia stabilized with another oxide. 
7. The thermal barrier coating system of claim 6 

wherein said oxide is selected from the group consisting 
of ZrO2-Y2O3 and ZrO2-MgO. 
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8. The article of claim 6 wherein said bond coating 
is 15 to 40 percent chromium, 10 to 25 percent alumi 
num, and 0.01 to 1 percent yttrium. 

9. A method of coating surfaces of nickel-base and 
cobalt-base alloys comprising: 

a. coating said surfaces with a bond coating consisting 
essentially of a material selected from the group 
consisting of NiCrAIY and CoCrAl Y and mixtures 
thereof; and 

coating the coated surfaces formed in step (a) with a 
thermal barrier coating consisting essentially of an 
oxide stabilized zirconia. 
10. The method of coating a metal surface as 

claimed in claim 9 where said oxide is selected from the 
group consisting of ZrO-Y2O3 and ZrO2-MgO, 

11. The method of claim 9 wherein said bond coat 
ing is 15 to 40 percent chromium, 10 to 25 percent alu 
minum and 0.01 to 1 percent yttrium. 

2. A thernally protected gas turbine engine component 
which comprises a substrate of a nickel base superalloy, a 
metal bond coat on said substrate and an oxide stabilized 
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6 
zirconia-base ceramic thernal barrier coating on said bond 
coat, wherein said bond coat is an alloy of chromium, 
aluminum and yttrium, with the balance of a mixture of 
nickel and cobalt, and wherein said engine component is 
selected from the group consisting of combustion chambers, 
transition ducts, after burner liners, vane platforms and 
airfoils. 

13. The component of claim 12 wherein said bond coat is 
15-40 percent chronium, 10-25 percent aluminum, 
0.01-1 percent yttrium, with the balance a mixture of 
nickel and cobalt. 

14. The component of claim 13 wherein the concentra 
tion of bond coat and zirconia is continuously graded. 

15. The component of claim 13 wherein the concentra 
tion of bond coat and zirconia is graded such that the 
engine component is characterized by more than one layer 
of discretely increasing concentrations of zirconia. 

16. The component of claim 13 comprising one layer of 
100 percent ceramic of the bond coat. 

s Sh 
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Column 1 lines 20 to 21, delete "combination" and 
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Column 3 line 15, delete "power" and 
replace it with --powder--. 
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replace it with --powder--. 
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Claim 12, column 6 line 3, delete "of". 
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