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Une tched

Etched: 15V% HpS04 - 15VE HF - BVX HNO3 - H,0

Figure 1 Microstructure of Vanadium Diffusion Coating on Columbium
Alloy Cb-752 - Pure Vanadium Pack Run No. 11 500X







Figure 2

Vacuwum Pack Deposited (Run
Cb-752: (a) Microstructure
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Figure 7 Molybdermm Coating by Hydrogen Reduction of Molybdenum
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Figure 11 Molybdenum (L4 to 6 Microns) - 5w/o TiH, Slurry Sintered
on Columbium Alloy Cb-752 in Vacuum at the Indicated
Temperatures for Two Hours, 250 X
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10 Hours Mo + 10 w/o Ag 2400 °F
C129Y
Figure 12 Photomicrographs of 0.2 Micron Slurry Applied
Molybdenum with Titanium Hydride and Silver
250X

Additives.







Hours 25400 °F
10 w/o Cu + L w/o Al + Mo

10 Hours 2400 °F
10 w/o Cu + Mo

Figure 13 Molybdenum Slurries on Cb-752 Fired at 2L00°F in Vacuun.
250 X
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Figure 14 Photomicrograochs showing Chemically Vapor Deposite
250 X

Columbium Alloy Cb-752
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M Or T4 -Si
(CVD102 + 55 + 58)

Mo-V- Cr Ti -S5i
(CVD103 + SL + 55 + 58)

Figure 18 Microstructures of Silicide Coating Systems on Cb-752
Alloy. Run Numbers in Parenthesis. 250 X
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Chromizing Run 92
After Diffusion Anneal

Figure 20 Chromizing Microstructures of Ti-Mo Precoated CH-752, 250X,
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Mo Run CVD 100 (10 mg/cm?)
T4 Run 99 (6.6 ng/cm2)
Si Run 102 (17.6 mg/cm?)

V Run L9 (6.1 mg/em?)
T4 Run 99 (9.7 mg/em?)
Si Run 102 ( 15.1 mg/cm?)

Figure 22 Microstructures of Silcide Coating Systems on
Columbium Alloy Cb-752.
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27Ti-7Al

> 998 Hr at 1600°F
(D-43 Alloy)

-KHN: 168

l II l | ! . 1yTi-5.551

> 1337 Hr at 1600°F

-KHN: 185

27741-7A1-20S1

583 Hr at 1600°F

-KHN: 165

Figure 26 Photomicrographs of Exposed Phase I Coatings on
Cb-752 and D-L3. 100 X
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Run Nos. 5+ 7 + 8

4.6 mg/cm< Titanium
5.6 mg/em® A)uminum

49 mg/c:m2 Silicon

-~
Run Nos. 6 + 7 + 8

16.8 mg/ em? Titanium

4ot mg/cm? Aluminum

13,8 mg/em? Silicon
Figure 29 Microstructure of Ti-Al-Si Diffusion Coatings on Columbium
Alloy Cb-752 as a Function of Prior Titanium and Aluminum
Contents 250X
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Figure 41

V Run 104, 105

V Run 104

Al Run 106

V Run 104
Al Run 106

CrT4 Run 119

Microstructures of Columbium Alloy Cb-752 after
V, Al and Cr-Ti Coating. 100 X
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6V-8A1-17CrTi-1651

> 22l Hr at 2L00°F

2V~-7A1-20CrTi-1651

6V10A1-15CrTi-1651

- 238 Hr at 2400°F

Figure 43 Photomicrographs of Phase II Exposed V-Al-CrTi-S5i System
Coatings on Cb=752, 100 X









2V-21CrTi-2351

—238 Hr at 2LOO°F

-KHN: 196

7V-21CrTi-1LSi

> 238 Hr at 2L4OO°F

-KEN: 196
Figure 44 Photomicrographs of Phase II Exposed V-CrTi-Si System
Coatings on Cb-752, 100 X
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Figure 47

CVD Deposited Molybdemum on Cb-752.
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Figure 439

14Mo-18CrTi-125i

-193 KHN

> 305 Hr at 2L00°F

14Mo-18CrTi-125i

-19 KHN

= 574 Hr at 1600°F

Photomicrographs of Exposed Phase II Mo-UrTi-5i Coatings
on Cb-752, 100 X
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Figure 52

Mo: 11.6 mg/cm?
V Run 152, 153
Cr-Ti Run 158, 160

Mo: L.2 mg/em?
V Run 152, 153
Cr-T4 Run 158, 160

KHN:

=1160 Mo: 11,7 mg/cm2

-1220

-500 V Run 152

=415

-220 CrT4 Run 158, 160

-210 5i Run 162

=200

Microstructures of Mo-V-CrTi and Mo-V-CrTi-Si Coated

%'7520
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Figure 53

o e

=305 Hr at 2L00°F

Photomicrograph of Exposed Phase II
Coating on Cb=-752,
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12Mo-10V=-21CrTi-1251

~190KHN

Mo-V-CrTi-5Si







T4 Run 120

Ti Run 122

Al Run 128

Figure 54 Microstructures of Ti and Ti-Al Coated Cb-752.
250 X
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ELECTRON MICROPROBE ANALYSIS OF m8~9v-18cn;-|25i COATING SYSTEM ON Cb752 AFTER
A 300 HOUR CYCLIC EXPOSURE AT 2400°F.
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Rear Front

7V-21CrTi-1l4Si 20Ti=-2A1~351

Front Rear
Figure 67 Surfaces of Coated Cb-752 after Ballistic Impact at Roonm
Temperature, 5X
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Front Front

Uncoated 10Mo~1iCrTi-1251

Rear Rear

Figure 68 Surfaces of Coated Cb-752 after Ballistic Impact at Room
Temperature, 5X
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Rear Rear

6V-BA1-12CrTi-1651 7V-21CrTi-145i

Front Front

Figure 69 Surfaces of Coated Cb-752 after Ballistic Impact at
2000°F. 5X
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Front Front

14Mo-18CrT1-18,851 TMo-18CrTi-1251

Rear Rear

Figure 70 Surfaces of Coated Cb-752 after Ballistic Impact at
2000°F, oX
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Mo
CVD Run 136, 139

Cb 132M

Mo
CVD Run 136, 139

Figure 76 Microstructures after Molybdenizing. 250X
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Mo-CrTi: Run Nos. 197 and 198

Figure 78 Microstructure Mo-CrTi Coated Columbium Alloy
C129Y. Molybdenum applied as Mo-10 w/oAg Slurry.
250X
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Figure

i=Si _gdz'“gs on

79 Microstructures of

Columbium Alloys C129Y and Ct Molybdenum
Mo-10 w/o Ag Slurry. Run Nos. 197,

;9‘ 250X
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gure 86 Columbium Alloy Bars Coated with the 18CrTi-15Si
System after Oxidation-Erosion Testing at 2200°F

for the Indicated Tines 1.25X
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Microstructures of Coated Columbium Alloys Erosion
Bars after Exposures for the Indicated Times at
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Figure 109

2000°F

2200°F

Microstructures of V-CrTi-Si Coated XB-88
Columbium Alloy Thermal Shock Specimens after

1000 Cycles at the

211

Indicated Temperatures.
250X



2400°F

Figure 110 Microstructures of V-CrTi-Si Coated Cb752
Columbium Alloy Thermal Shock Specimens after
1000 Cycles at the Indicated Temperatures. 250X
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Rear

Front

Ballistic Impact Tested V-CrTi-Si System on
Columbium Alloy D-43 at (a) Room Temperature
and (b) 1600°F. 2-1/2 X
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XB88

104 Hr

Cbl132M

> 104 Hr

V-CrTi-Si Coated Columbium Alloy Bars after

Oxidation-Erosion Testing at 2000°F for the
1X
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Indicated Times.




Cbl32M:
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> 103 Hr
Cb752:
103 Hr

i

103 Hr
X888 :

> 208 Hr
208 Hr
D43:

> 103 Hr

:’208 Hr

Figure 115 V-CrTi-Si Coated Columbium Alloy Bars

after Oxidation-Erosion Testing at 2200°F
for the Indicated Times. 1X
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— . Cb752: 106
043: 106 Hr
D43: 106 Hr

Figure 116 V-CrTi-Si Coated Columbium Alloy Bars after
Oxidation-Erosion Testing at 2400°F for the
Indicated Times. 1X
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