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Figure 8. Concentration Profiles for Remodified TRW TiCr-8i (Vacuum) Pack

Coated Cb-132M Alloy as Determined by Electron Microprobe

Analyses

Weight percentage figures are given at representative points on traces.
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SCALE APPROXIMATE

Figure 9. Erosion Bar Specimen Configuration for ( )xidation-Erosion Tests

Figure 10, Burner Test Rig for Oxidation-Erosion Studies







AFTER 60 HOURS AT 2500°F AFTER 100 HOURS AT 2400°F

MAG: 1.6X

Figure 12, 'vpical Localized Oxidation-Erosion Failures (Arrows) on
Remodified TRW TiCr-Si (Vacuum) Pack Coated Cb-132M Alloy













Figure 1. TRW TiCr-8Si (Vacuum) Pack Coated Cb-132M Alloy Specimen
(Convex Surface) After Thermal Fatigue Testing for 1000 Cycles

T

to 2200°F

Note areas of localized oxidation on leading edge surface.
















Ni PLATE

ETCH: 33° HYDROFLUORIC ACID, 33% NITRIC ACID, 33% WATER MAG: 200X

Figure 18, Microstructure of the Transition Area Between the Specimen
Surface and Impact Depression for Remodified TRW TiCr-Si
(Vacuum) Pack Coated Cb-132M Alloy Showing Coating Integrity

The specimen was impacted at 500 feet per second at 2400°F and subsequently
exposed to oxidation at 2200°F for 20 hours with no failure. The specimen
surface outside the impact-affected zone continues to the left of photograph; the
surface of the impact depression continues down and to the right.

33












MAG: 10X

Figure 21, Fracture Surtace of Remodified TRW TiCr-Si (Vacuum) Pack
Coated Ch-132M Alloy After Fatigue Testing in Air at 2200°F

Fracture occurred at a stress level of 40,000 psi after 0.47 x 107 cycles. Note
area of fracture initiation (arrow) and region of fatigue wear (bracket). Remain-
ing fracture area is extremely granular.




































MAG: 2X

Figure 27. Radiograph (Positive Print) of XB-88 Columbium Alloy Bars
Showing Typical Stringers (Arrows)
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ETCH: 20% HYDROFLUORIC ACID, 20°% NITRIC ACID, 60% WATER MAG: 500X

ETCH: ANODIZED MAG: 500X

Figure 28. Typical Microstructure of the As-Applied Sylvania SiCrTi Slurry
Coating on B-66 Alloy
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Figure 33. 'hermal Fatigue Bow Rig Showing Position of Specimens in

Relation to Burner Nozzles
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SCALE APPROXIMATE

Figure 34. Vane Airfoil Specimen Configuration for Thermal Fatigue

«

Figure 35. Single-Vane Thermal Fatigue Test Rig




MAG: 2X
Figure 36. Sylvania SiCrTi Slurry Coated B-66 Alloy Bar After Oxidation-Erosion
I'esting for 100 Hours at 2200°F Plus 100 Hours at 2400°F Plus 20

Hours at 2500°F

Localized failure after 20 hours at 2500°F is indicated by arrow.
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MAG. 1.25X
-
37. Sylvania SiCrTi Slurry Coated B-66 Alloy Bar After Oxidation-E rosion

Testing for 100 Hours at 2200°F Plus 60 Hours at 2400°F

Figure

Failure occurred after 140 hours in area at which specimen was supported during

coating application (arrow).




ETCH: 20% HYDROFLUORIC ACID, 20% NITRIC ACID, 60°% WATER MAG: 500X

Figure 38. Oxide Penetration Through the Outer Coating Layers of Sylvania
SiCrTi Slurry Coated B-66 Alloy Specimen After Oxidation-Erosion
Testing for 100 Hours at 2200°F Plus 60 Hours at 2400°F










MAG: 2X

Figure 41. Typical Solar V-CrTi-Si Coated Cb-132M Alloy Erosion Bars

After 80 Hours of Oxidation-Erosion Testing at 2200°F
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ETCH: 20% HYDROFLUORIC ACID, 20% NITRIC ACID, 60% WATER MAG: 500X

Figure 42, Typical Microstructure of Solar V-CrTi-Si Coated Ch-132M Alloy
After 80 Hours of Oxidation-Erosion Testing at 2200°F

No external failure was noted in this area.




ETCH: 20% HYDROFLUORIC ACID, 20% NITRIC ACID, 60% WATER MAG: 500X

Figure 42, Typical Microstructure of Solar V-CrTi-Si Coated Ch-132M Alloy
After 80 Hours of Oxidation-Erosion Testing at 2200°F

No external failure was noted in this area.







MAG: 1.6X

Figure 45. Solar MoTi-Si Coated Cb-132M Alloy Bar After Oxidation-Erosion
Testing for 100 Hours at 2200°F Plus 60 Hours at 2400°F

Note small dark glassy beads, some of which have turned a milky-white color
(arrows).
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MAG: 1.75X

Figure 46. Solar MoTi-Si Coated Cb-132M Alloy Bar After Oxidation-Erosion
Testing for 100 Hours at 2200°F Plus 100 Hours at 2400°F Plus
40 Hours at 2500°F

Note oxidation along trailing edge surface (bracket).
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MAG: 4X

Figure 47. Solar MoTi-Si Coated Ch-132M Alloy Bar After Oxidation-Erosion
Testing for 100 Hours at 2200°F Plus 100 Hours at 2400°F Plus 40
Hours at 2500°F

Note area of apparent subcoating oxidation (arrows).







Ni PLATE

ETCH: 20° HYDROFLUORIC ACID, 20° NITRIC ACID, 60°- WATER MAG: 200X

POLARIZED LIGHT MAG: 200X

Figure 49. Microstructure of Solar MoTi-Si Coated Cbh-132M Alloy Showing
Formation of Amorphous and Devitrified Glassy Structures
During Oxidation-Erosion Testing
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MAG: 100X

ETCH: 20% HYDROFLUORIC ACID, 20°% NITRIC ACID, 60° WATER
Figure 50. Microstructure of Solar MoTi-Si Coated Cb-132M Alloy Showing
Oxidation Beneath Bisque-Colored Glassy Arcas After

Substrate
Oxidation-Erosion Testing




SPECIMEN 1 SPECIMEN 2

MAG: 1X

Figure &1, Sylvania SiCrTi Slurry Coated B-66 Alloy Vane Airfoils After 600

I'hermal FFatigue Cvceles to 2200°]




SPECIMEN 2

SPECIMEN 1
MAG: 1X

Figure 52. Sylvania SiCrTi Slurry Coated B-66 Alloy Vane Airfoils After 600
Thermal Fatigue Cycles to 2200°F Plus 400 Cycles to 2400°F




SPECIMEN 1

MAG: 0.9X

Figure 53. Sylvania SiCrTi Slurry Coated B-66 Alloy Vane Airfoil After 600
Thermal Fatigue Cycles to 2200°F Plus 400 Cyeles to 2400°F
Plus a 30-Minute Exposure at 2500°F

Note localized coating and specimen damage (arrow). Bracket denotes location
of a hairline crack.




ETCH: 20% HYDROFLUORIC ACID, 20%NITRIC ACID, 60% WATER MAG: 500X

Figure 54. Craze Cracking and Oxide Penetration Through Outer Coating Layers
of Sylvania SiCrTi Slurry Coated B-66 Alloy After 600 Thermal Fatigue
Cveles to 2200°F Plus 400 Cyceles to 2400°F Plus a 30-Minute Expo-

sure at 2500°F
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SPECIMEN 2

MAG: 0.9X

Figure 55. Sylvania SiCrTi Slurry Coated B-66 Alloy Vane Airfoil Convex
Surface After 600 Thermal Fatigue Cycles to 2200°F Plus 400
Cveles to 2400° F Plus 500 Cyeles to 2500°F; No Coating Failure

Bracket locates hairline crack.




Ly
a4
v,
CONVEX AIRFCIL SURFACE CONCAVE AIRFOIL SURFACE
MAG: 1.2X

SPECIMEN 2

Figure 56. Sylvania SiCrTi Slurry Coated B-66 Alloy Vane Airfoil After 600
Thermal Fatigue Cycles to 2200°F Plus 400 Cvcles to 2400°F
Plus 700 Cycles to No Coating Failure

2500°F

Brackets locate hairline cracks.







SPECIMEN 1 SPECIMEN 2

MAG: 1.3X

Figure 58, Solar V-CrTi-Si Coated Cbh-132M Alloy Thermal Fatigue Specimens

(Convex Surfaces) Alter 200 Cycles to 2200°]




SPECIMEN 1 SPECIMEN 2
CONVEX SURFACE CONCAVE SURFACE

MAG: 1.3X

Figure 59. Solar V-CrTi-Si Coated Ch-132M Alloy Thermal Fatigue Specin
After 400 Cycles to 22007]

el

1S
















CONVEX AIRFOIL SURFACE CONCAVE AIRFOIL SURFACE
MAG: 1.5X

Figure 63. Solar MoTi-Si Coated Cb-132M Alloy Specimen After 600 Thermal

Fatigue Cyeles to 2200°F Plus 400 Cycles to 2400°F Plus 1200
Cyceles to 2500°F
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MAG: 1.6X

Figure 67, Solar (WMoV Ti)-Si ('NV-=7SE1) Coated Cbh=-132M Alloy Bar Aflter

Oxidation-Erosion Testing for 100 Hours at 2200°F Plus 10 Hour:

at 210071











































































MAG: 4X

Figure 85. PtRh Coated Cb-132M Alloy Specimen After 8 Hours Oxidation
Exposure at 1300°F
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MAG: APPROX. 1.2X
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Figure 91. Dovetail Specimen Configuration Used for Wear-Galling Test

























































MAG: 1.4X MAG: 3X

Figure 103. Modified Sylvania SiCrTi Slurry Coated B-66 Alloy After Oxidation-
Erosion Testing for 100 Hours at 2200°F Plus 100 Hours at 2400°F

Plus 20 Hours at 2500°F

Note areas of local oxidation (arrows).
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MAG: 1.75X
Figure 105, Sylvania SiCrV Slurry Coated Cb-132M Alloy Bar Showing Edge
Oxidation After Oxidation-Erosion Testing for 100 Hours at 2200°F
Plus 60 Hours at 2400°F
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CONCAVE AIRFOIL SURFACE CONVEX AIRFOIL SURFACE

MAG: 1X

Figure 106. Modified Sylvania SiCrTi Slurry Coated B-66 Alloy Vane Airfoil
After Thermal Fatigue Testing for 600 Cycles to 2200°F Plus
400 Cyrles to 2400°F Plus 300 Cycles to 2500°F

Arrow locates area of coating failure on leading edge.
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CONCAVE AIRFOIL SURFACE LEADING EDGE SURFACE

MAG: 1X MAG: 2X

Figure 107. Modified Sylvania SiCrTi Slurry Coated B-66 Alloy Vane Airfoil
(Same Airfoil Shown in Figure 106) After 300 Additional Thermal
Fatigue Cycles to 2200°F (Total Cycles in Order: 600 to 2200°F,
100 to 2400°F, 300 to 2500°F, and 300 to 2200°F)

Note that substrate oxidation has progressed but has not penetrated the 0, 050-

inch-thick airfoil wall,
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MAG: 2X MAG: 4X

Figure 111. Convex Airfoil Surface of Sylvania SiCrV Slurry Coated Ch-132M
Alloy Specimen Showing Progression of Spot Failure Deterioration
(Arrows) After 600 Additional Cycles to 2500°F

Spot failure occurred initially after 600 cycles to 2200°F plus 400 cycles to 2400°F
plus 600 cycles to 2500°F (see Figure 110),



MAG: 4X

Figure 112, Sylvania SiCrV Slurry Coated Cb-132M Alloy Thermal Fatigue
Specimen Showing Handle Defect

Defect was present prior to coating,
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MAG: 18,000X

REPLICA: CHROMIUM-CARBON

Figure 118. Electron Micrograph of As-Applied Phase VII Sylvania SiCrTi
Slurry Coating on B-66 Alloy Showing Regions of Diffusion
Surrounding Precipitated Particles in the Outer Coating Region
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Figure 126. Phase VII Sylvania SiCrTi Slurry Coated B-66 Alloy Bar After
Oxidation-Erosion Testing for 220 Hours at 2200°F

Failure resulted from oxidation along airfoil edge surfaces.









SPECIMEN 1 SPECIMEN 4

MAG: 1.6X

Figure 129. Phase VII Sylvania SiCrTi Slurry Coated B-66 Alloy Bars After
200 Hours Total Time at 2200°F Plus 50 Minutes Total Transient
Time to 2600°F
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POINTS OF IMPACT

SURFACE BEHIND IMPACT POINTS

Figure 132. Surfaces of Phase VII Sylvania SiCrTi Slurry Coated B-66 Alloy
After 2200°F Impacting at 500 Feet Per Second and Subsequent
Static Oxidation Exposure for 3 Hours at 2200°F

Oxidation surrounding impact depressions (upper photograph) were first observed
after 1 hour at 2200°F oxidation exposure.















MAG: 1.8X

Figure 136. Typical Surface Appearance of Phase VII Sylvania SiCrTj Slurry
Coated XB-88 Alloy Bar Aiter Oxidation-Erosion Testing for
180 Hours at 2200°F

Note coating erosion and failure (arrow) along airfoil edge surfaces.






MAG: 1.8X

Figure 138. Surface Appearance of Phase VII Sylvania SiCrTi Slurry Coated
XB-88 Alloy Bar After Oxidation-Erosion Testing for 60 Hours

at 2500°F
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MAG: 1.8X

Figure 139. Typical Surface Appearance of Phase VII Sylvania SiCrTi Slurry
Coated XB-88 Alloy Bar After Melting (Transient I‘omp('ruturc'
Overshoot) Testing for 160 Hours at 2200°F Plus 40 Minutes
Total Transient Time to 2600°F

195


















MAG: 10X

Figure 142. Fracture Surfaces of Phase VII Sylvania SiCrTi Slurry Coated
XB-88 Allov After Fatigue Testing at 50, 000 Psi Stress in
Air at 2200°F

Failure occurred after 0,54 x 10' cycles for the specimen in the upper photo-
| Pl |

graph and after 0.81 x 10 cycles for the lower specimen.





















MAG: 3X

Figure 146, Sylvania SiCrFe Slurry Coated XB-88 Alloy Specimen Showing Edge
Failure After 571 Hours Static Oxidation Exposure at 1600°F
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MAG: 3X

Figure 147. TRW TiAl (Vacuum) Pack Coated XB-88 Alloy Specimen Showing
Edge Failure After 77 Hours Sta tic Oxidation Exposure at 1600°F
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Ni PLATE Ni PLATE

ETCH: 33% HYDROFLUORIC ACID, 33% NITRIC ACID, 33% WATER  MAG: 500X

Figure 149. Typical Microstructure of As-Applied (Left) and Exposed (Right)
Sylvania SiCrFe Slurry Coated XB-88 Alloy

Exposure was for 1176 hours in air at 1600°F,
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MAG: 3X

Figure 152. TRW TiAl (Vacuum) Pack Coated XB-88 Alloy Specimens Showing
Typical Edge and Surface Failures After Posteyclic Exposure at
1600°F

The specimen at top failed after 168 hours exposure; the specimen at bottom

failed after 48 hours exposure.
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MAG: 10X

Figure 154, Syl—ania SiCrFe Slurry Coated XB-88 Alloy Notched (K; = 3.2) Fatigue
Specimens Showing Room Temperature Fracture Surface After Testing
in Air at 1250°F

Neither specimen had failed after 1.0 x 10’ cycles. The specimen at top ran at a
stress of 49, 000 psi; the specimen at bottom ran at a stress of 42, 500 psi.









MAG: 10X

Figure 157. TRW TiAl (Vacuum) Pack Coated XB-88 Alloy Smooth Fatigue Speci-
men Showing Room Temperature Fracture Surface After Testing at
52, 500 Psi Stress in Air at 1600°F

Failure occurred after 6.1 x 10” cycles. Dark areas are the areas of fatigue.



MAG: 10X

Figure 156. Sylvania SiCrFe Slurry Coated XB-88 Alloy Smooth Fatigue Specimen

Showing Room Temperature Fracture Surface After Testing at 55, 000
Psi Stress in Air at 1600°F

Failure occurred after 3.8 x 10" eycles. Arrows indicate areas of fatigue.



MAG: 1X

Figure 158. TRW TiAl (Vacuum) Pack Plus Sylvania SiCrTi Slurry Coated Com-
patibility Fatigue Specimens After Testing in Air at 1250°F

The specimen at top was tested at a stress of 50, 000 psi and failed after 3.0 x 10”
cycles. The specimen at bottom was tested at a stress of 54, 000 psi and failed
after 3.5 x 10° eyeles.



MAG: 1X

Figure 159. Sylvania SiCrFe Slurry Plus Sylvania SiCrTi Slurry Coated Compatibility
Fatigue Specimens After Testing in Air

The specimen at top was tested at a stress of 54, 000 psi at 1600°F and had not

failed after 1.0 x 10! cycles. The specimen at bottom was tested at a stress of
59, 000 psi at 1250°F and failed after 1.3 x 107 cycles.
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MAG: 10X

Figure 160. Sylvania SiCrFe Slurry Plus Sylvania SiCrTi Slurry Coated Compatibility
. . s p -
Fatigue Specimen Showing Room Temperature Fracture Surface After
Testing at 59, 000 Psi Stress in Air at 1250°F

Failure occurred after 1.3 x 10?2 cycles. Dark areas are the areas of fatigue.
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