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FIGURE 5 - Three Inch Diameter Ingot of XB-88 (Cb-28W-2Hf-0. 067C)







FIGURE 6 - As-Extruded XB-88. Extruded at |930°C(3500°F) and 5.5:1 Extrusion Ratio

15


































(a) Longitudinal Section

«(b) Transverse Section

FIGURE 10- Microstructure of XB-88 Extruded at 5. 5:1
Reduction Ratio at 1930°C (3500°F) 100X
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() 1500X

FIGURE 11- Microstructure of XB-88 Extruded at 1930°C(3500°F),9:1 Extrusion Ratio
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FIGURE 12- Microstructure of XB-88 Extruded at 2040°C(3700°F) 9:1 Extrusion Ratio




(a) 100X

FIGURE 13- Microstructure of XB-88 Extruded ot 2040°C, 9:1 Reduction Ratio,
Re-extruded at 2040 C(3700°F) 2:1 Reduction Ratio, 89% Total
Reduction
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(a) 100X

(b) 1500X

FIGURE 14 - Microstructure of XB-88 Double Extruded at 1930°C (3500°F).
Conventional Extrusion at 5:1 Reduction Plus Dynapak Extrusion

at 8:1 Reduction.
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400X
FIGURE 16 - Microstructure of XB-88 Annealed 2 Hrs. at 2000°C

FIGURE 17 - Microstructure of XB-88 Annealed 2 Hrs. at 2000°C Plus 1 Hr. ot 1800°C
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400X
FIGURE 18 - Microstructure of XB-88 Annealed 2 Hrs. at 2000°C
Plus 1 Hr. ot 1600°C

400X

FIGURE 19 - Microstructure of XB-88 Annealed 2 Hrs. ot 2000°C
Plus 1 Hr. ot 1500°C
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1500°C

Anneals 100X

1 Hr.

FIGURE 23 - Effect of Annealing on the Microstructure of Extruded
Plus Swaged (92% R. A.) XB-88.

39




PRS-

(@) 1400°C (b) 1500°C

(c) 1600°C (d) 1700°C

(e) 1800°C

FIGURE 24 - Effect of Annealing Temperature on Substructure
Development in Extruded Plus Swaged (92% R. A.)
XB-88. 1 Hr. Anneals 1500X



(b) 1500°C

(c) 1600°C (d) 1700°C

(e) 1800°C

FIGURE 25 - Effect of 1 Hour Annealing Temperature on Recrystallization
Behavior of Swaged XB-88. Back Reflection Photographs of
(321) Planes.
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FIGURE 27 - Variation of Microstructure of Extruded Plus Swaged XB-88
as a Function of Annealing Time at 1800°C






P ———

D

240 Second Anneals

’ - ”
<
N\ '\
\\ -
. < /
. 7
. .
- - h .
’ ye
. S

FIGURE 28 - Variation of Microstructure of Extru%ed Plus Swaged (92% R. A.)
XB-88 with Annealing Time at 2200°C






















(Cb,W) Hf

(a) Phase diagram of the (Cb,W)-Hf-C system based on
the metastable existence of zeta in carbon dilute alloys.

4 \
’ \
/ \ B = bcc motrix
\ 8 = hep M2C
y + Graphite ¥ = fec MC]
et
{ = zeta

(Cb,W) Hf

(b) Required reinterpretation of (Cb,W)-Hf-C phase
diagram if zeta is an equilibrium phase in carbon

dilute alloys.

FIGURE 30 - Possible Interpretations of the (Cb,W)~Hf-C Phase Diagram os a
Result of Observations of the Zeta Phase in Carbon Dilute Alloys
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(a) 3200X (b) 8000X

(c) 20,000X (d) 50,000X

(e) SAED () SAED

FIGURE 31 - Electron Micrographs and Selected Area Electron Diffraction Patterns
of Extracted ondoRedispersed Zeta Phasoe (Specimen Heat Treatment:
2 Hours at 2000 C Plus 1 Hour at 1800 C)

59



















() 1750°C (b) 1700°C

(e) 1500°C

FIGURE 35 - Microstructures of XB-88 Annealed 2 Hrs. at zooo°c Plus
1 Hr. ot Indicated Temperatures and Brine Quenched 1500X
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(e) 1900°C ) 1900°F

FIGURE 36 - Microstructures of VAM-78 (Cb-22W~-2Hf-0.13C) Annealed
2 Hrs. at 2000°C Plus 1 Hr. ot Indicated Temperature and

Brine Quenched
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(a) Annealed 2 hrs. at 2000°C plus 1 hr. at 1800°C and Brine Quenched
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(b) Annealed 2 hrs. at 2000°C and Brine Quenched

FIGURE 37 - Microstructures of VAM-81 (Cb-22W~-2Hf-0.167C)
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5
Stress Axes

(b) Head Section 1500X (c) Gauge Section Near Fracture 1500X

FIGURE 43 - Microsféucture of XB-88 Creep Specimen (T-4) Annealed 1 Hr.
at 2000°C. Failed after 18.8 Hrs. at 30,000 psi (1315°C(2400°F)



Head Section Gauge Section

.

Stress Axes

(a) 100X (b) 100X

(c) 1500X (d) 1500X

FIGURE 44 - Microstructure of XB-88 Creep Specimen (T-27) Annealed 1 Hr. at
1700°C. Failed ofter 26.9 Hrs. at 30,000 psi (1315°C(2400°F)



Head Section Gauge Section
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(c) 1500X (d) 1500X

FIGURE 45 - Mncrostructure of XB-88 Creep Specumen (T-96). Anneoled 1 Hr. at
1400°C. Failed after 40. 8 Hrs. at 1315°C (2400°F), 25,000 psi
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(b) Gauge Section 100X (c) Gauge Section 1500X

FIGURE 49 - Microstructure of XB-88 Creep Spgcimen (T-11). Extruded at
1930°C and Creep Tasted at 1315°C and 27,000 psi. Failed
After 127. 8 Hours.
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(a) 100X

1500X ()

(b)

FIGURE 50 - Microstructure of°XB-88 greep Specimen Head Section. DynccPok
Exrruded ot 1930 C(3500°F). Failed After 41.7 Hours at 1315 C

(2400°F), 30,000 psi.
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(c) 1500X  (d)

FI?URE 51 - Microstructure of XB-88 Creep Specumen Gouge Section.
Dynapak Extruded at 1930 °C(3500°F). Creep Tested at 1315°C
and 30,000 psi. Failed After 41.7 Hours.
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(a) 100X (b) 100X

(e) 1500X (d) 1500X
FIGURE 52 - Mncrosfructure of XB-88 Creep Specumen Double Extruded at

2040°C(3700°F). Creep Tested at 1315°C(2400°F) and 27,000 psi.
Failed After 48. 5 Hours.
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Head Section

() 1500X (d) 1500X
FIGURE 53 - Microstructure of XB-88 Creep Specimen (T-93) Annealed 1 Hr, at

1700°C, Aged 88 Hrs. at 1315°C. Failed after 117.6 Hrs. ot 1315°C
(2400°F), 25,000 psi.
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(a) 3200X (b) 3200X

(c) 10,000X (d)

(e) 20,000X (f

FIGURE 54 - Electron Micrographs (Surface and Dispersed Phase Rephcosg of
XB-88 in the Reference Condition (Annealed 1 Hr. at 1700°C)

103






(a) 10,000X (b) 16,000

(e) 10,000X () 16,000X

FIGURE 55 - Transmission Electron Micrographs of XB-88 in the
Reference Condition (Annealed 1 Hr. at 1700°C)
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FIGURE 56 - Transmission Electron Micrograph of XB-88 in the Reference
Condition (Annealed 1 Hr. at 1700 C 40,000X
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(a) 7,000X (b) 3,600X

(c) 3,600X (d) 8,500X

FIGURE 57 - Transmission Electron Micrographs of XB-88 Specimen T-87 Creep
Tested to End of Primary Creep at 1315°C (2400°F) (1. 6 Hrs. /
25,000 psi/0. 2% ¢)

107






(e) 30,000X (U]

FIGURE 58 - Electron Micrographs of XB-88 Specimen T 87 Creep
Tested to End of Secondary Creep at 1315°C(2400°F)
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(a) 10,000X (b) 3700X

(¢) 3700X

(e) 40,000X

FIGURE 59 - Transmission Electron Micrographs of XB-88 Specimen T-87
Creep Tested to End of Secondary Creep at 1315°C(2400°F)
(42 Hrs. /25,000 psi/1. 3%¢)
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As Coated XB-88 Specimens

e

Gauge Section Flaw

Shoulder Flaws

FIGURE 61 - Typical Coating Flaws in XB-88 Test Specimens
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(a) 4 Hrs., 197 Hrs.,

XB-88 Specimen Tested in Air at 1315°C(2400°F

(b) As Coated XB-88 (c) Coated XB-88 Exposed to %lowly
Moving Air 4 Hrs. at 1315°C

FIGURE 62 - Micrographs of Cr=Ti-Si Coated XB-88 Specimens
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