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The objective of a program at Westinghouse
Astronuclear Laboratory was to develop a columbium-
base alloy wiu{:lo for application as a gas-turbine-
bucket material.ll) Mechanical-property target
values selected were a 100-hour, 2400-F stress-
rupture strength/density parameter of 70,000 inches,
with a minimum of 5 percent tensile elongation over
the entire operating temperature range. Other re-
quirements were (1) that the alloy be capable of
being forged into a complex ai:foil shape, (2) that
it be resistant to thermal shock and themmal cyclic
loading, (3) that it possess good fatigue character-
istics and (4) that it display good coatability and
tolerance for minor coating defects. The alloy de-
veloped on this program, XB-88 (Cb~28W-2Hf-0,067C)
was reported to offer a 600 to 800-F temperature
advantage over the best available superalloy and a
300 to 400~F advantage over the current generation
of columbium-base alloys. The best combination of
low-temperature cuctility and high-temperature creep
strength was exhibited by material annealed 1 hour
at 1700 C (3090 F) following extrusion and warm
swaging. The 100~hour ture strength at 2400 F
was 25,500 psi (strength/density parameter of
68,500 inches). Room-temperature elongation was
11 percent. Rupture-life comparisons of this new
alloy with other gas-turbine-bucket materials are
showr in Figure 1.
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FIGURE 1. 100-HOUK RUPTURE STRENGTH VERSUS TEMPERA-
TURE FOR XB-88 AND OTHER GAS~-TURBINE BUCKET

MaTER1ALS(1)

The Astronuclear Laboratory of Westinghouse
also recently concluded a comparative evaluation
of the mechanical properties of the B-88 (Cb-28W-
2Hf-0,067C) and Cb~1 (Cb~30W-1Zr-0.06C-0.032N)
alloys.\2) The creep resistance of Cb-1 alloy was
not significantly different from B-88 alloy at
1315 C (2400 F). The ductile-to-brittle transition
temperature of Cb-1 was 80 to 100-F higher than
was that of B-88. The nitrogen-containing Cb-1 alloy
experienced a potent l-hour aging peak at 1200 C
(2190 F). According to the investigators, this
aging reaction apparently does not affect the creep
resistance of Cb~1 at 1315 C, but would be expected
to make a positive contribution to creep resistance
at lower temperatures. Moreover, the phase relation-
ships of the nitrogen-containing Cb~1 alloy were
very similar to B-88, but the precipitates were
much finer in the solution-plus aged conditions.

COLUMBIUM AND TANTALUM

Investigators at the RAI Research Corporation
completed a study exploring the usefulness of easily
deformable metals in diffusion-bonding columbium
and tantalum to themselves and to each other.(3)
Filler-metal foils of aluminum, zinc, indium, tin,
lead, and titanium were evaluated in various bonding
experiments conducted in an argon atmosphere, using
pressures to 2000 psi and temperatures to 500 C
(930 F). Of the filler metals evaluated, best re-
sults were achieved with aluminum foil. Thus, at
2000 psi and 419 C (785 F), all three combinations
of tantalum and columbium produced lap-bonds in 1/2
hour with aluminum foil between the faying surfaces.
Under the same conditions when no foil was used,
no bonds were obtained in 2 hours. Butt-bonded
joints made under the same conditions exhibited
tensile strengths of 12,000 psi for columbium and
19,850 psi for tantalum, even though, after rupture,
poor joint efficiency was noted by the small fraction
of contacts on the overall area.

The Bureau of Mines has issued another re~
port(‘) in a series of three* which detail the re-
sults of a broad experimental program on evaluating
the properties of columbium-hafnium- and tantalum-
hafnium-based alloys. On this latest investigation
over 30 alloys were prepared as button-type ingots
and fabricated to sheet. The properties evaluated
included hardness, electrical resistivity, elevated-
temperature tensile properties, weldability, and
oxidation behavior at 1000 C (1830 F) and 1400 C

* US Bureau of Mines Report of Investigation 6988
and 6777 were previously summarized in the Reviews
of Recent Developments dated November 3, 1968, and
July 28, 1967, respectively.
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TABLE 2. SELECTED CREEP-RUPTURE DATA'®) FOR (1)
TUNGSTEN-RHENTUM- MOLYBOENUM ALLOYS

-£.000-ps4 Stxess at 1600 C (2012 F)
Time to Indicated Rupture Linear Time to Indicated Rupture Linear
Time, Cnopl Rete ___Strain, hours  Time, Creep Rate

—sizadn, hours
0.5% JOX __ hours

0.5% J0¥  hours  min.~
0.65 18.0 18,0 6.0 x 10> 3.2 - 48,1 1.6 x 107°
0.07 - 1.34 - 0.33 4.18 4,34 2,1 x 1074
0.26 1.67 1.73 -- 0.32 3.46 3.94 2.6 x 1074
1.5 13.9 14,8 6.1 x 105 0.%0 19.2 28.8 8.1 x 1075
0.08 4.7 10.0 3.0 x 10 0,43 9.7 22.0 1.6 x 1074
2.0 35.8 45.4 3.9 x 107 0.61 13.8 0.6 1.1 x 1074

o i

(a) All alloys tested as 0,020-in. sheet in a hydrogen atmosphere. Prior to testing, each alloy was

annesled 2 hours at the test tempersture used,

The extrusion o!“h-:un at relatively low
temperatures ;noa ective of a Soviet
mun.nu-:ﬁ& luceoufel extrusion (reductions
of l-inch-~diameter rod stock of 77 to 80 percent in
area) was carried out in the 500 to 600 C (530 to
1110 F) temperature range by the use of Armco iron
sheaths. For smooth as-extruded tungsten surfaces,
starting billets must not have coarse grains., Con-
siderably better die life as compared with die life
in the hot-extrusion procedure was reported.

Tungsten and tungsten-alloy tubing have been
extruded successfully from arc-cast and powder-
metallurgy billets by use of the fiocating mandrel
technique, with 1ly forming tungsten oxide
as the lubricant.\17) Figure Z illustrates scheme-
tically the technique employed. Extrusion tempers-
tures ranged from 1650 to 2250 C (3000 to 4100 F)
at extrusion ratios in the range of 4 to 9. Satis-
factory service was obtained from zirconia-protected
dies and mandrels, but surface melting of the con~-
tainer sleeve began when billet temperatures exceeded
18% C (3360 F). Rapid extrusion speeds were nec-
essary to minimize heat loss and reduce contact time
with the tooling. Thin-walled ten tubing
(sizes not disc ) has been pr: with the
floating-mandrel technique by reextruding a section
of tube shell in @ duplex billet.

A novel process for rk,ng tungsten shapes
has been patented recently.!18) In the process,
metal powder is fluidized with a meltable binder
(e.g., paraffin plus oleic acid), and then cast at
low pressure into a shape. After removal of the
fluidizing medium, by vaporization for example,
sintering is carried out to densities of at least
18.0 g/cm®. Surface finishes in the 30 to 60 » in.,
s range are produced. The process is said to be
adaptable at low cost to the production of complex
shapes. the applications reported are pre-
forms for machine finishing or forging, molds, pro-
cessing crucibles, and missile hardware.

The tungsten-hafnium-carbon alloys, previously
mum-nw-mm.muoamr-’»
characterized and shown to be heat treatable.(19

T

FIGURE 2. FLOATING-MANDREL TECHNIQUE USED TO PRO-
DUCE TUNGSTEN TUBI ‘f OMK RIDGE
NATIONAL LABORATORY!17

The minimum solution temperature of hefnium carbide
in tungsten is approximately 4600 F, and ] hour at
2500 F is an effective aging tempersture. A tensile
specimen heat treated in this way displayed a strength
at 3500 F of 69,000 psi, i.e., spproximately a
sevenfold improvement over unalloyed tungsten. One
solution treated and aged specimen at 3500 F showed
2 minimum creep rete of second™! under a stress
of 23,000 psi. For high-strength applications at
3500 F, compositions containing equiatomic amounts

of carbon and hafnium, approximately 0.3 to 0.4
percent, are recommended.

Further determinations of elastic moduli in
tungsten from room temperature to 1480 C (2700 F),
have been made by an ultrasonic pulse-echo method,
and with recent data from other investiga-
tlonmf“

Radial heat-flow measurements of the thermal
conductivity of W-26 wt X Re have been made over the
temperature range 300 to 2200 C (570 to 3990 F).(21)
Data indicate a small positive temperature coefficient
on conductivity, ﬂ&h conductivity values ranging
from about 56.0 Wm~! deg~! at 300 C to about 69.0










