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Introduction 

Advanced designs for gas turbines emphasize higher performance standards which 
usually require higher operating temperatures and longer lives for turbine hardware. 
Several advanced nickel-base, single crystal, superalloys have been developed for such 
turbines. Oxidation and hot corrosion studies [1,2] have been performed on such su­
peralloys. The oxidation resistance of the single crystal alloys is approximately twice 
that of the contemporary polycrystalline nickel-base superalloys. The better oxidation 
resistance of the single crystal alloys result from the compositional differences that 
are possible compared to polycrys'talline superalloys since grain boundary strengthening 
elements are no longer required. The hot corrosion resistance of the single crystal 
alloys is not significantly different from the polycrystalline versions. 

While the single crystal nickel-base superalloys do have improved oxidation resis­
tance, coatings will be necessary to achieve the desired useful lives under operating 
conditions. It is therefore necessary to compare the behavior of coatings on the 
different single crystal alloys, as well as on polycrystalline alloys. The present 
program is concerned with comparing the lives of several diffusion aluminide coatings 
on some single crystal alloys and on a polycrystalline alloy when such systems are 
exposed to oxidizing or hot corrosive conditions. Another objective of this program 
is to examine the effect of platinum on the lives of diffusion aluminide coatings. 

Experimental 

Characterization of Materials Used in This Program 

Specimens of two single crystal alloys and one polycrystalline alloy were obtained 
from different sources in the heat treated condition. One of the single crystal alloys, 
PWA 1480 (Ni-9.8Cr-5.1Al-1.5Ti-4.7Co-11.9Ta-4.0W)*, was obtained from Pratt and 
Whitney. The other single crystal alloy, CMSX-3 (Ni-7.7Cr-5.5Al-0.9Ti-4.86Co-5.8Ta-
7.8W-0.6Mo-0.1Hf), was obtained from Garrett Turbine Engine Company. Rene 80 
(Ni-14Cr-3.0AI-5.0Ti-9.5Co-4.0W-4.0Mo-0.015B-0.32Zr-0.17C)**, which was supplied by 
General Electric Company, was used as the polycrystalline alloy. All three of 
these alloys had been solutionized and aged to produce y' precipitates in a y matrix. 
Both of the single crystal alloys consisted of y' particles distributed in a y matrix. 
Some larger globules of y' were also evident. The observed microstructures were 
consistent with the microstructures reported for such alloys [1.2]. The Rene 80 alloy 
also exhibited y' particles in a polycrystalline matrix of y along with carbide particles. 

The alloys were· coated by two state-of-the-art aluminizing processes; namely, 
PWA 73 [3] and Co-Dep [4], and by two different procedures for incorporating 
platinum into diffusion aluminide coatings. The principal method used to incorporate 
platinum into the coating was that used by Turbine Components, Incorporated; how­
ever, near the end of this program platinum modified coatings prepared by Howmet 

* Percentages are given in weight percent 
** EDX analysis indicated the presence of Hf in Rene 80 
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Corporation were also used. In the case of the· platinum modified coating prepared 
by Turbine Components. Incorporated, the specimens were coated with 5 ,urn Lo 

10 ,urn of platinum using an electrolytic plating proeess. In order to deposit the 
platinum layer on the coupons, a thin platinum wire was spot-welded to each coupon: 
This wire was cut from the specimen after the aluminizing process. The 
platinum-coated specimens were then aluminized (out of the pack) by exposing them 
to AICI3 at 1080°C for four hours. This vapor was produced by using NH4Cl and a 
50% mixture of nickel and aluminum powders. The Howmet process for preparing 
the platinum-modified coating is proprietary and probably consists of the same 
essential steps but uses different procedures to obtain them. 

The as-processed coatings had structures typical of diffusion aluminides, as shown 
in Figures 1 and 2. WI;ten platinum was added to the coating, a platinum-rich phase 
was evident in the outer portions of the coating (see Figure 3) which was identified 
as PtAlz. This phase was discontinuous in the coatings formed upon PW A 1480 and 
CMSX-3 but was continuous on Rene 80. Such results show that the diffusion charac­
teristics of the substrate influence the coating microstructure even when the condi­
tions to develop the coating are the same. 

Figure 1. SEM depicting the typical microstructure of a diffusion 
aluminide coating produced by the Co-Oep process on PWA 1480. 
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Figure 2. SEM of a diffusion aluminide coating (PWA 73) on PWA 1480 . 

• 

Figure 3. SEM of a platinum-modified diffusion aluminide coating on PWA 1480. 
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The Experimental Tests 

A number of different test~ were performed on the coated specimens in order to 
compare oxidation and hot corrosion properties. All of these tests consisted of 
laboratory tube furnace tests using coated coupons about 1.5 em x 1.5 em x 0.3 em. 
Weight change measurements as a function of time were performed during the test as 
were visual examinations of specimen surfaces upon the conclusion of testing. The 
exposed specimens were examined using standard metallographic techniques, scanning 
electron microscopy (SEM), and X-ray diffraction (XRD) to characterize the amounts 
and types of degradation. The following specific tests are described. 

Cyclic Oxidation 

An important property of coatings on superalloys is their ability to protect the 
substrate from oxidation degradation. Very often such tests are performed in dynamic 
burner rigs. Such tests usually involve high temperature and cyclic conditions to 
produce thermally..:induced stresses. It has been shown [2] that cyclic tube furnace 
tests can also be used to compare alloys in cyclic oxidation. The same ranking as the 
burner rig was obtained but with different total exposure lives for the alloys. In this 
program cyclic oxidation was done at 1135°C in air. Each cycle consisted of 45 
minutes of specimen exposure to the hot zone of the furnace (1135°C) followed by 15 
minutes in the cold zone which was close to room temperature. The cycling was per­
formed automatically and the exposed specimens were examined and weighed at time 
intervals that were selected based upon the amount of attack observed in the initial 
tests. Typical weight change versus time data are presented in Figure 4. It can be 
seen that the coating systems all exhibit weight changes that are initially small, but 
eventually much larger weight changes are observed. The onset of the larger weight 
changes indicates the beginning of failure of the coatings as confirmed by metallo­
graphic examination of cross sections of the exposed specimens. Usually these weight 
changes are weight losses, but if the oxidation products do not spall weight increases 
can occur. It is always necessary to confirm the onset of coating failure as indicated 
by the onset of abrupt changes in the slopes of the weight change curves by XRD of 
corrosion products and metallographic examination of the specimens. 

In attempting to study the effects of platinum on the properties of diffusion 
aluminide coatings, it is necessary to examine the diffusional stability of the coatings. 
Experiments were, therefore, performed where coated specimens were annealed in argon 
and the amount of interdiffusion between the coating and substrate was determined 
using metallographic techniques. 

Cyclic Hot Corrosion 

It is now well established [5] that there are two important forms of hot corrosion; 
namely, low and high temperature hot corrosion. To cause these two forms of degrada­
tion, different test conditions are required. In the case of high temperature hot corrosion, 
it is important to apply a NazS04 deposit regularly to the specimen surface and to cycle 
the specimen between the test temperature and room temperature. The gas composition 
is not a critical factor when the temperature is at 1000°C and testing can be performed 
in air. The data obtained are quite similar to those obtained in cyclic oxidation in that 
similar shaped curves are obtained. Typical results are presented in. Figure 5. The 
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time required to obtain increased rates of degradation are used to compare the high 

temperature hot corrosion resistance of the coating systems. 

CYCLIC OXIDATION 1n AIR at 1135°C 
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Figure 4. Weight change ·versus time curves for various coating 
substrate combinations during cyclic oxidation in air at 1135°C. 
(one hour cycles). 
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Figure 5. Weight change versus time curves for various coating substrate 
combinations exposed to cyclic hot corrosion conditions in 1000°C. 
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Low Temperature Hot Corrosion 

In the case of low temperature hot corrosion it is necessary to have S03 present 
in the gas phase and to apply deposits that are liquid at the test temperature which 
usually is 700°C. In the present program, deposits of Na2S04-SO mole percent NiS04 
were used in gases with an initial room temperature composition of 02 with 100 ppm 
S02. These gas mixtures were passed over a platinum catalyst which established an 
S03 pressure at 700°C of about 10·4 atm. This test is very severe and it usually is 
not necessary to cycle the specimens from the test temperature. Isothermal tests 
are, therefore, usually performed in continuous recording balances to obtain weight 
changes as a function of time. The magnitude of the weight changes are used to 
compare the amount of low temperature hot corrosion attack. It is important to 
emphasize that the amount of attack of these coatings at 700°C in the absence of 
hot corrosion attack is extremely small and usually not detectable by the current 
state-of-the-art microbalances. Hence, the observation of weight changes of 0.2 
mg/cm2 or more indicate that hot corrosion attack is occurring. As in the case of 
the other tests, it is also imperative that the results from all these tests be cor­
roborated by metallographic examination of polished cross sections of the exposed 
specimens. Typical weight change data obtained from the low temperature hot 
corrosion test are presented in Figure 6. 
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Figure 6. Weight change versus time curves for various coating substrate 
combinations exposed to low temperature hot corrosion conditions at 700°C. 
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Other Experimental Tests Used in This Program 

It has been shown [6] that alumina scales formed on Pt-Al alloys are very 
resistant to spalling in a cyclic oxidation test. In order to examine the affects of 
platinum on the adherence of alumina to the coatings, acoustic emission tests were 
performed. These tests [7] have been described previously and consisted of oxidizing 
specimens for 24 hours at 1100°C and then using a wave guide and transducer along 
with other equipment [7] to measure the energy released upon cooling the oxidized 
specimens to room temperature. The number of counts above a threshold level was 
used to estimate the temperatures at which cracking began to occur and to compare 
the amount of cracking and spalling on different coating systems. 

In some applications of gas turbines hot corrosion conditions are not present for 
long periods of time and failure via this process is not an important factor; however, 
it is possible that coatings may be subjected intermittently to hot corrosion conditions 
and the exposure could affect the oxidation lives of the coatings. In order to 
examine the influence of short exposures to hot corrosion conditions on oxidation, a 
few specimens were exposed to low temperature hot corrosion conditions and high 
temperature hot corrosion conditions, and then tested in cyclic oxidation. 

Results and Discussion 

Cyclic Oxidation 

The uncoated alloys were oxidized isothermally at 1093°C to examine their 
oxidation behavior. Typical weight change data are presented in Figure 7, and photo­
graphs showing typical microstructures after oxidation are presented in Figure 8. The 
weight changes are small and consistent with the Al20 3 scales that were confirmed to 
have been formed on these alloys. The aluminum depleted zones, the acicular 
precipitates in these zones, and the coarsened y' are all features reported pre­
viously for the oxidation of the single crystal alloys [1,2]. 
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Figure 7. Weight changes versus time data for the 
oxidation of the single cr-Ystal superalloys in air at 1093°C. 
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(a) 

(b) 

Figure 8. Photographs of (a) PWA 1480 (top), and (b) CMSX-3 (bottom) after 
24 hours of oxidation in air at 1 093°C. Depleted zones are evident along with 
an acicular phase in PWA 1480 and coarsened in CMSX-3. 
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The results obtained in the cyclic oxidation tests are summarized in Figures 4 
and 9. These data show clearly that the incorporation of platinum into the coating 
extends the lives of the coatings. These data also permit some additional significant 
results to be identified. First, the compositions of the substrates definitely affect the 
lives of the coatings. The elements in the substrates that exert the most substantial 
effects on coatings lives are evidently the elements which affect the adherence of 
alumina, such as hafnium (Hf) [8]. Secondly, the aluminizing process influences coat­
ing lives. Co-Dep appeared to outperform PWA 73. 

CYCLIC OXIDATION in AIR at 1100° C 

10 

A[N( 80. Pt-Howmet 

0 

N 
E 
u - ·10 
Ol 
E 
cti 
Ol 
c: ·20 
co 
.t: 
u -.£:. 
Ol ·30 

'G) 

3: 
·40 

·60 ' 
0 600 

I 

HN( 50 1 S,O..Q!!__ \ 

1000 1600 2000 

Hours 
2600 

" ' \ 

' \ 

3000 

\ 

Figure 9. Weight change versus time data for several coatin~ 
substrate combinations during cyclic oxidation in air at 11 00 C. 
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Every coating that contained platinum performed better on all of the substrates 
than coatings without platinum. There is no question platinum extends the cyclic 
oxidation lives of coatings. The reason that platinum produces such effects is not 
fully understood. As can be seen in Figure 4, CMSX-3 and Rene 80 with platinum­
modified coatings have not failed after 3000 hours of testing at ll35°C, whereas 
failure of the other coatings on these substrates did occur at shorter times. Figure 
10 shows the degradation microstructures for a Pt-modified coating and PWA 73 on 
CMSX-3. The corrosion of the alloy with PWA 73 has penetrated well into the 
substrate in 1000 cycles, whereas the substrate of the alloy with the Pt-modified 
coating is only starting to be degraded after 3400 cycles. The platinum-modified 
coating was least effective in extending coatings lives on PWA 1480 but, as can be 
seen in Figure 4, this coating on PWA 1480 was better than PW A 73 and as good 
as Co-Dep. The data presented in Figure 9 are for a slightly lower temperature than 
those in Figure 4, but the same general results are evident; namely, the platinum­
modified coatings provide the longest coating lives, and this type of coating is 
most effective on substrates containing elements such as Hf. 
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(a) 

(b) 

Figure 10. Cross sections of coated CMSX-3 after cyclic oxidation in air at 
1135°C. (a) Pt-modified aluminide after 3414 cycles, (b) PWA 73 after 1007 
cycles. 
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There are data in the literature which indicate that platinum can cause the 
adherence of alumina formed upon alloys to be improved [6,9]. The adherence of 
alumina on some of the coatings used in the program was compared using acoustic 
emtsston. As can be seen in Figure 11, cracking of the alumina scale was detected 
on coatings with and without the platinum modification. Moreover, the amount of 
cracking and spalling was sometimes greater on the platinum modified coatings, as 
shown in Figures 11 and 12. While more extensive testing may have shown that the 
platinum-modified coatings generally exhibited better adherence of the alumina scales1 

the observed cracking and spalling was after only one exposure for 24 hours at 
1100°C. It is not reasonable to propose that the improvement of oxide scale 
adherence is a major reason for the extended lives of the platinum modified coatings. 
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Figure 11. Acoustic emission data obtained during cooling of the coated 
specimens after 24 hours oxidation in air at 1 093°C. 

Schaeffer [10] has compared the performances of diffusion aluminide coatings 
with and without platinum during cyclic oxidation of IN 738 and MAR M200. The 

' major effects of platinum were found to be related to the growth rates of the 
alumina scales and with the selective oxidation of aluminum in these coatings. 
Platinum in the aluminide coatings resulted in the formation of a more pure alumina 
with parabolic rate constants significantly. smaller than those for the unmodified 

· coatings. Furthermore, the platinum modified coatings were capable of continuing to 
have alumina scales reform after cracking and spalling of the alumina. This latter 
condition was believed to result from a higher concentration of aluminum in the 
platinum-modified coatings and less competition from other elements in the coatings 
for oxygen. Coated specimens were oxidized isothermally to compare the weight 
changes of the coatings with and without platinum. The data for all of the 
specimens fell in the band indicated in Figure 13. Most of the Pt-modified coatings 
fell in the lower region of this band, but the results are not conclusive because some 
of the Pt-free coatings also showed very small weight mcreases. 
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(a) 

(b) 

Figure 12. SEM of the surfaces of CMSX-3 (a) with a platinum-modified 
aluminide coating (top), and (b) a diffusion aluminide coating (bottom). 
After the acoustic emission tests. 
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Isothermal Oxidation in Air at 1100°C 
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Figure 13. Weight change versus time curves showing the range of behavior 
observed for the various coating substrate combinations during isothermal 
oxidation in air at 11 00°C. 

Coated specimens were annealed for various times in argon and hydrogen to com­
pare the amount of interdiffusion between the coating and the substrate in the 
absence of large oxidative components. The resulting microstructures did not indicate a 
substantial difference between the amount of interdiffusion of coatings with and without 
platinum. The results obtained in this program show very conclusively that platinum 
extends the lives of diffusion aluminide coatings on nickel-base superalloy substrates. 
The reason that this occurs has not been conclusively established. The results are in 
agreement with those of Schaeffer which show the most important effect of plati­
num is to establish conditions whereby the selective oxidation of aluminum from the coat­
ings can continue to relatively low aluminum concentrations. It is important to 
emphasize that the lives of the platinum-modified coatings are especially long on sub­
strates that contain approximately 1% Hf. The Hf evidently improves the adherence of 
the alumina to these coatings and extends the coatings' lives. The effects of Hf may 
not be apparent during the initial exposure of the coatings, but it becomes apparent 
after longer times when interdiffusion between the coating and the substrates is more 
extensive. There does not appear to be a large difference between PW A 73 on 
CMSX-3 and PWA 1480, but a substantial difference exists for Co-Dep in these two 
substrates. This difference is illustr~ted in Figure 14 where it is seen that a Co-Dcp 
coating on CMSX-3 is still intact after 2800 cycles while the·. degradation has penetrated 
into the PW A 1480 substrate after 1700 cycles. One may propose that hafnium does 
not enter the coating to a substantial amount for PWA 73 but it does for Co-Dep 
(see Figure 4). However, the Co-Dep coating on PWA 1480 has been found to have 
a longer life than PW A 73. The Co-Dep process does result in some titanium being 
added to the coating. Titanium has been found to improve the adherence of alumina to 
FeCrAl substrates [11 ]. Titanium did not, however, improve the adherence of alumina 
to NiCrAl [11 ]. In the present program, it is not possible to state why Co-Dep pro­
vides more protection than PW A 73. In fact, the results are such that it has not been 
shown conclusively why one coating is better than the other. 
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(a) 

(b) 

Figure 14. Cross sections of Co-Dep coated alloys after cyclic oxidation in air 
at 1135°C. (a) CMSX-3 substrate after 2806 cycles, (b) PWA-1480 substrate 
after 1706 cycles. 
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Cyclic Hot Corrosion (High Temperature Hot Corrosion) 

Results obtained from the high temperature hot corrosion tests are presented in 
Figure 5. These data show conclusively that the platinum-modified coatings are 
better than coatings that do not contain platinum. Typical microstructures of speci­
mens exposed to cyclic hot corrosion conditions are presented in Figures 15 through 
17. Even though the platinum-modified coatings have been exposed for longer times, 
the amount of degradation is much more extensive in the coatings that do not con" 
tain any platinum. In this program it has not been possible to determine why the 
platinum-modified coatings perform better. In this test, alumina formation and the 
capability to reform after spalling is an important parameter. It, therefore, is proposed 
that good cyclic oxidation properties also result in good high temperature hot 
corrosion resistance. 

Examination of the data presented in Figure 5 shows that there is also an effect 
of substrate composition. As can be seen in Figure 5, coatings have shorter lives on 
Rene 80 compared to CMSX-3 which, in turn, are not as good as coatings on PW A 
1480. The significant difference between these substrates is the amount and type of 
refractory elements. Rene 80 contains both Mo and W. CMSX-3 contains mainly 
W, whereas PWA 1480 contains predominantly Ta. In the hot corrosion literature 
[12] it is well documented that refractory elements such as Mo and W can 
have a profound effect upon hot corrosion behavior. The results obtained for the 
high temperature hot corrosion test show that platinum extends the lives of diffu­
sion aluminide coatings, but for optimum lives the composition of the superalloy 
substrate is also an important factor. 

Low Temperature Hot Corrosion 

The weight change data for coatings systems exposed to low temperature hot 
corrosion conditions are presented in Figure 6. The weight changes are not as large 
as those of the high temperature hot corrosion test but still very much larger than 
would have been observed in the absence of a deposit and without any so3 in the 
gas phase. Examination of these results show that the weight changes for the 
coatings which contain platinum are usually significantly less than those which do not 
contain any platinum. This observation is also supported by metallographic 
examination of the exposed specimens. As can be seen in Figure 18, less attack of 
the coating on CMSX-3 with platinum has occurred than that of the coating with 
no platinum. The lower magnification micrograph in Figure 19, when compared 
with Figure 18 (a), also indicates substantially more degradation of Co-Dep than the 
Pt-modified coating in CMSX-3. 

It has not been possible to determine why the platinum-modified coatings perform 
better than conventional diffusional aluminides in the low temperature hot corrosion 
test in this program. It has been proposed [13] that the PtAlz phase is more resis­
tant to hot corrosion than phases such as NiAl which is the major phase 
in conventional diffusion aluminides. The low temperature hot corrosion mechanism 
[14] apparently involves fluxing reactions for both aluminum and nickel. In the platinum­
modified coatings the replacement of nickel by platinum may cause the nickel fluxing 
reaction to be decreased and thereby, due to coupling of fluxing reactions, the fluxing 
of aluminum may be inhibited. 
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(a) 

(b) 

Figure 15. Cross sections of coated PWA 1480 after 300 hours cyclic hot corro­
sion in air at 1000°C. (a) Pt-modified aluminide, (b) PWA 73. 
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(a) 

(b) 

Figure 16. Cross sections of coated CMSX-3 after 300 hours cyclic hot corro­

sion in air at 1000°C. (a) Pt-modified aluminide, (b) PWA 73. 

17 



(a) 

(b) 

Figure 17. Cross sections of coated Rene 80 after cyclic hot corrosion in air at 

1000°C. {a) Pt-modified aluminide after 150 hours, (b) PWA 73 after 100 hours. 
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(a) 

(b) 

Figure 18. Cross sections of CMSX-3 after 24 hours isothermal exposure to 
low temperature hot corrosion conditions at 700°C. (a) Pt-modified aluminide, 
(b) PWA 73. 
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Figure 19. Cross section of Co-Dep coated CMSX-3 after 24 hours exposure to 
low temperature hot corrosion conditions at 700°C. 

Effects of Intermittent Hot Corrosion on Cyclic Oxidation Behavior 

The effect of temporary exposure to hot corrosion conditions on the subsequent 
high temperature oxidation characteristics of Pt-modified aluminide coatings was 
investigated in a limited number of experiments. The coatings applied by Turbine 
Components, Incorporated on PWA 1480 were exposed either to low temperature hot 
corrosion conditions isothermally for 20 hours, or to cyclic hot corrosion conditions 
for 60 cycles and then put into a cyclic oxidation test in air at 1100°C. The results 
of this test are presented in Figure 20 which includes the weight changes during both 
hot corrosion (indicated by arrows) and cyclic oxidation. The shape of the curves is 
similar for both specimens but weight loss is somewhat more rapid after the low 
temperature hot corrosion. Unfortunately, the same coating was not tested at 1100°C 
in the absence of hot corrosion. However, comparison with the data in Figure 9 !'or 
the cyclic oxidation of the Pt-modified coating produced by Howmet Corporation 
suggests that the exposure to either low or high temperature hot corrosion has 
greatly decreased the cyclic oxidation resistance of the coatings. This phenomenon 
should be investigated in greater detail since it appears likely that exposure to only in­
termittent hot corrosion conditions is a rather common occurrence for turbine hardware. 

Effects of Other Precious Metals and Variation of Amount of Platinum in Coatings 

Specimens which have been plated with different thicknesses of platinum and one 
thickness of rhodium prior to aluminizing arc currently being procured. However, 
these are not yet available and no comment on the effect of these variables can be 
made at this time. 
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Figure 20. Weight change versus time data indicating the effect of prior 
exposure to hot corrosion conditions on the cyclic oxidation behavior of 
aPt-modified aluminide coating on PWA 1480. 

Selection of Coating System for Burner Rig Testing 

The results obtained in this program show that platinum in coatings very signifi­
cantly extends the lives of coatings when exposed to cyclic oxidation and to high 
temperature hot corrosion conditions. Furthermore, while the effect is less substan­
tial, the platinum-modified coatings also perform better in low temperature hot 
corrosion conditions. It has not been possible in this program to show that 
improvements in platinum-modified coatings can be obtained by changing the amount 
or the type of precious metal. It also has been determined that the substrate com­
position plays a significant role in determining coating lives. Elements such as 
Hf extend cyclic oxidation lives, and refractory elements such as Ta are preferable to 
Mo or W. Pratt and Whitney have modified PWA 1480 considering such factors. It 
is, therefore, proposed that the burner rig tests be performed using modified PW A 
1480 and using Turbine Components, Incorporated's platinum-modified diffusion 
aluminide coating. 

Conclusions 

Conventional and platinum-modified diffusion coatings on some state-of-the-art 
nickel-base superalloys have been compared in tests designed to establish high 
temperature oxidation conditions, high temperature hot corrosion conditions, and low 
temperature hot corrosion conditions which are representative of those encountered 
in gas turbines operating in a wide range of applications. The platinum-modified 
coatings have been found to be superior to the conventional aluminidcs in all of 
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these tests. Significant remarks with regard to the performance of the platinum­
modified coatings are as follows: 

• The platinum-modified coatings always performed better in cyclic oxidation 
than the conventional aluminide, and the magnitude of the increase in life 
due to platinum was greater when ilf was present in the superalloy substrate. 

• Platinum in the diffusion aluminides improves resistance to high temperature 
oxidation, apparently because it causes the aluminum in the coatings to be 
selectively oxidized for longer periods of time. 

• Platinum in coatings improves their resistance to high temperature hot 
corrosion. The magnitude of this effect is also dependent on substrate 
composition; namely, the type and amounts of refractory elements. 

• The means by which platinum extends high temperature hot corrosion lives 
has not been clearly established, but it is proposed that it results in part from 
the improved resistance to high temperature oxidation. 

• Platinum-modified coatings are more resistant to low temperature hot corro­
sion, but difference in lives is not as great as the improvement produced by 
platinum in high temperature oxidation and high temperature hot corrosion. 

• Limited data indicate that intermittent exposure to either low or high 
temperature hot corrosion conditions degrades the subsequent resistance of 
Pt-aluminide coatings to cyclic oxidation. The mechanism and extent of this 
degradation should be investigated further. 

• More work is required to determine if other precious metals, different 
amounts of precious metals, or combinations of certain precious metals, and 
other elements such as Hf, can be used to obtain coatings superior to the 
current platinum-modified coatings. 
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