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NOTICE

This report was prepared as an account of Government-sponsored work. Neither the
United States nor the National Aeronautics and Space Administration (NASA), nor any

person acting on behalf of NASA:

A) Makes any warranty or representation, expressed or implied, with respect to the
accuracy, completeness, or usefulness of the information contained in this report,
or that the use of any information, apparatus, method, or process disclosed in this
report may not infringe privately-owned rights; or

B) Assumes any liabilities with respect to the use of, or for damages resulting from the
use of any information, apparatus, method or process disclosed in this report.

As used above, "person acting on behalf of NASA" includes any employee or contractor
of NASA, or employee of such contractor, to the extent that such employee or contractor
of NASA or employee of such contractor prepares, disseminates, or provides access to,
any information pursuant to his employment or contract with NASA, or his employment

with such contractor.
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ABSTRACT

3o{éé

Development of dispersion strengthened tantalum base alloys for use in advanced space
power systems continued with selection of the sheet and tubing alloy composition Ta-8W-1Re
~0.7 Hf -0.025C for detailed evaluation. Scale-up of this composition to a four-inch diam-
eter ingot was initiated. Selection of seven additional compositions in the Ta-Mo-~Re-W-Hf-
Zr-C-N system were made to further optimize the Ta-5.7 W-1.56 Re-0.7 Mo-0.25 Hf-0.13
Zr-0.015C-0.015N alloy. Response to heat treatment investigation continued and carbides
and nitrides were shown to be stable in the tantalum alloy matrix at temperatures up to

1250°C and at pressures of 10710 torr for 500 hours. M\J
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FOREWORD

This report was prepared by the Astronuclear Laboratory of the Westinghouse Electric
Corporation under Contract NAS 3-2542, This work is administered under the direction of
the Nuclear Power Technology Branch of the National Aeronautics and Space Administration
with Mr. P. E. Moorhead acting as Technical Manager.

This work is being administered at the Astronuclear Laboratory by R. T. Begley, with
R. W. Buckman, Jr. serving as principal investigator. This report covers the work performed
during the period November 20, 1965 to February 19, 1965.
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. INTRODUCTION

This, the fifth quarterly progress report on the NASA sponsored program, "Development
of a Dispersion Strengthened Tantalum Base Alloy", describes the work accomplished during
the period November 20, 1964 to February 20, 1965. This program is a continuation of the
tantalum alloy investigation initiated under Contract NAS 3-2542.

The primary objective during this phase of work is the double vacuum arc melting of
three compositions as 60 pound, 4 inch diameter ingots. Two compositions will be selected
on the basis of a combination of weldability, creep resistance and fabricability. The third
composition will be selected for optimum strength and fabricability for possible turbine
applications.

During the Phase | invesﬁgaﬁon“) several promising tantalum alloy compositions were
developed which exhibited good resistance to creep deformation at 1315°C (2400°F) and stil!
retained adequate fabricability and weldability. Improvement in creep resistance was achieved
by a combination of solid solution and dispersed phase strengthening.

During this quarter, a weldable, carbide strengthened composition, NASV-20 (Ta-8W-
1Re-0. 7Hf-0.025C) was selected for scale-up and melting as a 4 inch diameter ingot. Seven
compositions were selected for additional investigation of the strengthening resulting from the
combination reactive metal carbide-nitride dispersion. They will be evaluated before compo-
sition selection and melting of the remaining two 4 inch diameter ingots. Weldability and
creep strength under ultra-high vacuum conditions are the main evaluation criteria for sheet
and/or tubing material, while creep strength and forgeability are the characteristics of

interest for alloys for potential application in turbine components.
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Il. PROGRAM STATUS

A. OPTIMIZATION INVESTIGATION

Composition NAS-36 (Ta-5.7W-1. 56Re-0. 7Mo-0. 25Hf-0. 132r-—0 O]SC 0.015N)
developed during Phase | exhibited the highest creep strength at 1315°C (2400°F) of any of
the tantalum alloys evaluated, and still retained good fabricability and weldability character-
istics. Prior to melting this alloy as a 4 inch diameter ingot, the heats listed below were
selected for investigation in order to optimize the composition.

NASV-12 (Ta-7. 5W-1. 5Re-0. 5Hf-0. 015C-0. 015N)
NASV-13 (Ta-6. 5W-2, 5Re-0. 3Hf-0. 01C-0.01N)
NASV-14 (Ta-4W-1Mo-2Re-0. 3Zr-0. 015C-0. 015N)
NASV-15 (Ta-9W-1. 5Re~-1Hf-0. 06N)

NASV-16 (Ta-9. 5W-0. 5Re-0. 25Zr-0.02C-0. 01N}
NASV-17 (Ta-4W-3Re-0. 75Hf-0. 01C-0. 02N)
NASV-18 (Ta-6W-1Mo-1Re-1Hf-0. 01C-0. 04N)

The above compositions will be double vacuum A. C. arc-melted into 2 inch diameter
ingots weighing 7 pounds and then processed to 0.04 inch sheet via the schedule outlined in
Figure 1. Evaluation will follow the schedule outlined in Figure 2.

Melting - First melt electrodes of compositions NASV-12, NASV-13, and NASV-14
were assembled using the sandwich technique which has been described previously(2 . The
first melt was made into a 1-5/16 inch diameter mold. The first melt ingot was subsequently
melted into a 2 inch diameter mold. All melting was accomplished using A. C. power. All
the as-melted ingots had excellent sidewalls.

Primary Breakdown - A 3/4 inch section was removed from 'rhe bottom portion of each
ingot and coated with an Al-12Si alloy and then upset forged at 1300 °C (2372°F) on the
Dynapak. All three compositions forged satisfactorily and the results are reported in Table 1.
The balance of each ingot will be plasma sprayed with unalloyed molybdenum and extruded
to sheet bar.

Secondary Working - The as-forged sheet bar was lathe conditioned, annealed for
1 hour at 1650° C (3000 F§ and then processed to 0. 04 inch sheet using the established

practice. Excellent quality strip was produced from all three compositions.

Mechanical Property Evaluation - Creep testing under ultra-high vacuum conditions
was initiated on heat NASV-14 and the results obtained during this period are reported in
Table 2. A total of 4 creep tests will be run for each composition. The two temperatures at
whnch each sheet and tubing composition will be evaluated are 1315°C (2400°F) and 1427°C

(2600°F).




Double Vacuum
A.C. Arc Melted
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Roll To
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FIGURE 1 - Processing Schedule for Optimized Two Inch Diameter Ingot Compositions



As-Rolled
0. 04 inch
Sheet

Specimen

Preparation

Anneal for One

Hour at 1650°C(3000°F)
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Tensile Tests
R.T., 2200°F
2400°F, 2600°F, and
2800°F

Creep Tests
4 Tests Per Alloy
Over 2200-2800°F
Temperature Range
at 1 x 10-8 Torr

or less

Electron Beam

and

TIG Welds

Ductile-Brittle
Transition Temperature
in Bending Over
1. 8t Bend Radius

Minimum Bend
Radius at Room

Temperature

FIGURE 2 - Test Schedule for 0. 04 Inch Sheet Processed from Optimized

Two Inch Diameter Ingot Compositions
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TABLE 2 ~ Creep Results on NASV-14 (Ta-4W-1Mo-2Re-0. 3Zr-0. 015C-0. 015N)
at 1315°C (2400°F) and 1 x 1078 Torr

Applied Stress Test Duration Total Plastic Strain Creep Rate
(psi) (hrs.) (%) (% per hour)
15,000 230 0.41 0.0018
12,810 211 0.09 0. 00043
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B. FOUR INCH DIAMETER INGOT SCALE-UP

The composition NASV-20 (Ta-8W-1Re-0. 7Hf-0. 025C) was selected as a carbide
dispersion-strengthened sheet and tubing alloy which should exhibit a good combination of
strength, fabricability, and creep resistance based on the results of the Phase | investigation!!
However, prior to melting as a 4 inch ingot, the cognizant NASA project personnel directed
that the composition be first melted as an 800 gram non-consumable melted ingot, processed
to 0. 04 inch sheet and that weldability and creep strength characteristics be verified.

A summary of room temperature tensile and weld bend transition data are reported in
Table 3 for these button heats (NAS-56 and 57). Also in Table 3 are similar data for NASV-9
(Ta-9W=-1Hf-0. 025C) which show that replacement of 1 w/oW with 1% w/oRe did not signifi-
cantly change either room temperature tensile properties or weldability characteristics. However,
the data plotted in Flgure 3 show thcf the rhenium modification significantly improved the
creep resistance at 1315 °C (2400°F). After 40 hours of test on the specimen loaded at 15,000
psi, a malfunction m the temperature controller resulted in a temperature disturbance to
approximately 2800°F, at which time the test was interrupted by a pressure limiting device.
There was no apparent damage to the specimen and thus the test was resumed and continued
for an additional 261 hours without further incident.

After verification of the weldability and creep properties of the Ta-8W-1Re-0. 7Hf-
0.025C, two first melt electrodes for the 4 inch diameter ingots each weighing 42. 8 pounds
were fabricated using the sandwich construction technique which has been proven successful
with the 2 inch diameter ingots. The configuration of the first melt electrodes is shown in
Figure 4. First melts are being melted into 2-1/2 inch diameter water cooled copper molds
using A. C. vacuum arc-melting practice. Melting data are reported in Table 4 and the first
melt ingot is shown in Figure 5. The length limitation of the available 2-1/2 inch diameter
molds necessitated that two ingots be produced per electrode.

At the completion of the first melts, the 2-1/2 inch diameter ingots will be assembled
to form the second melt electrode which will be melted into a 4 inch diameter ingot using
D. C. vacuum arc melting.

C. TURBINE COMPOSITIONS

Two compositions, NASV-10 (Ta-7. 1W-1. 56Re-0. 25Hf-0. 12Zr-0. 03N) and NASV-1]
(Ta-9W-1. 5Re-1Hf-0. 015Hf-0. 015N), selected as material suitable for turbine applications
were processed to 3/8 inch diameter rod. Melting and extrusion to round bar were described
in the 4th quarterly report(3).

Secondary Working - NASV- 10 exfruded bar was conditioned, annealed for 1 hour
at 1650°C (3000°F) and swaged at 500°C (932°F) to 0. 4 inch diameter rod. The total reduc-
tion was 76%. NASV-11 exfruded bor was conditioned, then coated with Al-12Si, and
swaged satisfactorily at 1100°C (2000°F) to 0. 4 inch diameter rod for a reduction of 82%.
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TABLE 3 - Mechanical Property Data for Ta-8W-1Re-0. 7Hf-0. 025C
(NAS-56 and 57) and Ta-9W-1Hf-0. 025C (NASV-9)

Ta-8W-1Re-0. 7Hf-0. 025C*

Ta-9W-1Hf-0. 025C*

U.T.S. (Room Temperature)

Y.S.

Elongation

Uniform
Total

Weld Bend Transition Temp.

105,000 psi

78,000

16. 7%

28

-100 to -125°F

106,800 psi

78,600

14. 8%
24

-125 to -175°F

*Annealed for 1 hour at 1650°C (3000°F) prior to testing.

TABLE 4 - Melting Data for NASV-20

Voltage | A.C. Power| Melt Rate Ingot

Electrode (volts) (kw) (Ibs/min.) | Condition
NASV-20 Al 29 95 6.12 Good
NASV-20 A2 28-29 95 6.35 Good
NASV-20 B1 28-29 95-100 6. 45 Good
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FIGURE 4 - First Melt Electrode Configuration for NASV-20
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Chemical Analysis ~ Chemical analysis results obtained on the as-cast ingot for
metallics and on as-swaged bar for interstitials are reported below:
Analysis, weight percent

w Re Hf Zy C N @)
NASV-10 7.3 1.63 0.28 0.12 0.0029 0.024 0.0022
NASV-11 9.7 1.62 0.92 -- 0.016 0.013 0.0063

Recrystallization Temperature - The 1 hour recrystallization temperature was determined
on samples cut from the as-swaged rod. The effect of 1 hour at temperature on the microstructure
and room temperature hardness is summarized in Table 5 Both alloys formed a single phase
equiaxed microstructure after heating for 1 hour at 1600°C (29]0 F).

TABLE 5 - Effect on One Hour Annealing Treatment on Microstructure and Room
Temperature Hardness of As-Swaged Rod of Compositions NASV-10 & 11

Room Temperature Hardness(c) andoMicrosfrucfure(b) After 1 Hour at Temp.
Cc/oR)
1200 1300 1400 1500 1600 1800
Heat No.| As-Swaged 2190 2370 2550 2730 2910 3270
NASV-10 367 373 380 345 327 310 310
W W w W Rp R R
NASV-11 463 424 390 318 - 338 353 353
W W w Rb RP R R

(a) Diamond Pyramid Hardness, 30 Kg Load
(b) Microstructure:

w Wrought

1]

b £ 50% equiaxed grains

R
Rp = >50% equiaxed grains
R = 2>98% equiaxed grains

Mechanical Property Evaluation - Tensile properties for NASV - 10 are reported in
Table 6. The test specimens were annealed for 1 hour at 1650 °C (3000°F) prior to test. For
a K; =3, the notched-unnotched tensile strength ratio at room temperature was 1.5, which
is indicative of excellent notch ductility. Creep tests in ultra~high vacuum conditions

12
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for NASV-10 were conducted using roundobar test %pecimens. The round bar grips and test
specimen are shown in Figure 6. At 1315°C (2400 F) under an applied stress of 16,600 psi,
The minimum creep rate

15. 61% total plastic strain occurred during 140 hours of testing.

was 0.04% per hour. This same composition non-consumable arc melted durin%

Phase 1(1)

and designated NAS-39, was processed to 0.04 sheet, annealed 1 hour at 1650°C (3000°F)

and then tested at 1315

C (24OOOF), elongated 0. 2% in 197 hours under an applied stress of
g pp

20,000 psi. Chemical analyses showed both compositions were essentially identical although

NASV-10 analyzed approximately 60 ppm less nitrogen than NAS-39 (240 vs 300).
differences in prior thermal mechanical history have been shown

However,

1 o cause wider differences

in creep behavior than minor chemistry variations. Metallographic investigation is underway
to determine any metallurgical differences existing as a result of variations in prior processing
history.

TABLE 6 - Tensile Properties of NASV-10

0. 2% Yield Ultimate Elongation Reduction
Strength Tensile Strength (%) In Area
(psi) (psi) Uniform  Total (%)
R.T. @ 116,500 129,200 16.8 37.5| 83
2000(b) 45,200 66,600 - 28 --
F{IRY

2400\’ 33,600 48,600 - 28 --
3000(b) 23,300 23,500 -- 63 -
R. T. (Nofched—Kf=3)(b) - 193,000 - - 67.3

(a) Strain rate 0.005 in/in/min through 0. 6% yield and then 0. 05 in/in/min for
balance of test.

(b) Strain rate of 0.05 in/in/min throughout test.
During the creep test of NASV-10, diffusion bonding occurred between the thoriated
tungsten inserts, the specimen, and grips rendering the inserts non-reuseable. Additional

thoriated tungsten inserts are being procured and round bar tests will be started again when
the new inserts are received.

D. NITROGEN ADDITIONS TO TANTALUM ALLOYS

Chemical analysis results for nitrogen content performed during this period show good
agreement with the weight gain measurements which were reported in the 4th Quarterly
Progress Reporf(3). A comparison of the nitrogen content obtained by weight gain and

13
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chemical analysis are given below:

Weight Gain Chemical Analysis
0.17% 0.16%
0.13% 0.12%

Oxygen pickup during nitridation at 1500°C was minimal. Analysis of nitrided
tantalum strips containing 0. 13% N_ showed an oxygen content of 0.009%. The ingot from
which this strip was processed analyzed 0. 005% 02.

The first 2 inch ingot to which the nitrogen addition was made with nitrided tantalum
strips was NASV-11.  The addition was 0.015% and the ingot analyzed 0.013% N2.

E. RESPONSE TO HEAT TREATMENT

1. Effect on Hardness - Thermal treatment investigation of the following composi-
tions was continued.

NAS-36 (Ta-5.7W-1. 56Re-0.7Mo-0. 25Hf-0. 13Zr-0. 015C-0. 015N)

NAS-39 (Ta-7. IW-1. 56Re-0. 25Hf-0. 13Zr-0. 03N)
NAS-42 (Ta-5.3W-0, 45Mo-1. 56Re-0. 52Zr-0. 06N)

Samples of each of the above composmons, in varlous initial mefa||urg|cc|| conditions, were
exposed for 500 hours at 1150 C (2100 F) and 1250 °c (2280 F). Room temperature hardness
measurements taken before and after the thermal treatment are reported in Table 7. Essen-
tially none of the stored energy from the prior cold reduction was retained in the NAS-36
sheet after the 500 hour aging treatment at either temperature. A dispersed second phase

was observed in all samples ofter the aging treatment with a relahvely coarse non-continuous
grain boundary precipitate observed in the specimens aged at 1150 °C (2100°F). This precipi-
tate is presumed to be the dimetal carbide of tantalum and was too large (>5p) to be an
effective dispersion strengthener.

The NAS 39 specimens had essentially the same room temperature hardness after the
1250°C (2280 F) age irrespective of the initial metallurgical condition. A two-phase micro-
structure with K finely dispersed Zr and/or Hf nitride was observed in the sample aged at
1250°C (2280 Fg Nitro gen solubility in pure tantalum has been reported to be 0. 44 weight
percent at 1200 C (2190 F) . However, the amount of precipitate observed in the micro-
structure of the aged NAS-39 sheet specimens would cerfcmly indicate that the nitrogen
solubility in this tantalum alloy matrix at 1250°C (2280°F) is less than 0.03 weight percent.

A 1 hour aging treatment over the range of 1000-1600°C (1830-2910°F) of solution

15
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annealed NAS-39 did not cause any significant change in room temperature hardness nor was
any precipitate observed when the aged samples were examined metallographically at 1500X.
Thus, low nitrogen supersaturation in the fcntolum ollog matrix apparently retards the kinetics
of the precipitation reaction. After the 1150° C (2100°°F), 500 hour age, the hardness values
obtained would indicate that part of the stored energy of the prior cold work was retained,
although the strengthening contribution from nitride precipitation cannot be separated.

The data plotted in Figure 7 for NAS-42 show that the effect of the prior cold work
of the solution annealed material was to increase the precipitation kinetics during the subse-
quent aging treatments. The effects of cold work on precipitation from a supersaturated solid
solution is complex. A number of competing processes, such as rate of zone formation and
rate of nucleation and precipitation of an intermediate phase are two mechanisms that are
affected by prior cold work. The atomic mismatch between ZrN and the matrix is approxi-
mately +39%*. Atomic mismatch between the matrix and the precipitating phase F?g)common
alloy precipitation hardening alloy systems is generally on the order of 10% or less The
mechanism of hardening observed in the high nitrogen bearing alloys will have to be investi-
gated in more detail before more meaningful discussion is possible.

Chemical extraction of the precipitates is in process. ldentification will be made by
x-ray diffraction analysis and particle size and distribution will be determined by electron
microscopy.

The changes in properties caused by the various thermal treatment are being followed
primarily by indentation hardness measurements. Indentation hardness values, while useful,
do not show changes in work hardening rates which does change significantly in age hardening
systems. Also, room temperature hardness changes do not necessarily reflect changes in the
elevated temperature properties. Heat NAS-49 (Ta-8. 1W-0. 52Z¢-0. 08N) responded to
solution annealing and aging treatments similar to NAS-42, and maximum room temperature
hardness of solution annealed material occurred after oglng 1 hour at approximately 1100 °c
(2100°F), with overaging occurring after 1 hour at 1600° C (2910° 33) NAS-49 sheet,
0. 06 inch thick, was solution annealed for 1 hour at 2000°C (3630°F) and cooled rapidly
by admitting helium gas into the furnace chcmber A sample of the solution annealed material
was then aged for 1 hour at 1100 °c (2100 F) to produce maximum hardness while another sample
was overaged by heating for 1 hour at 1600°C (2410°F). Changes in elevated temperature
properties were determined using hof hardness measurements and the values obtained over the
temperature range of R. T. to 1204°C (2200°F) are given in Table 8. The hot hardness values
obtained were in the same order as the room temperature hardness with the overaged specimen
exhibiting the lowest values at all test temperature. A difference in tensile strength of
approximately 20,000 psi at 1204°C (2200°F) is represented by the hardness difference between
the aged and overaged specimen. The hardness values obtained on the solution annealed

*With respect to the alloy matrix.
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FIGURE 7 - Room Temperature Hardness of NAS-42 (Ta-5. 3W-0. 65Mo-1. 56Re-

0.52Zr-0. 06N) After Aging for 500 Hours at 10~10 Torr
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TABLE 8 - Effect of Prior Treatment on the Hot Hardness
of Ta-8. 1W=0.52Zr-0. 08N Alloy
(DPH at Tempercture (OC/OF)
R.T.| 760/1500 | 982/1800 {1093/2000 | 1204/2200
A. Annealed 1 hr. af 2000°C, | 383 194 171 155 126
Helium quenched
B. +1hr. at 1100°C 417 217 184 161 149
C. + 1 hr. at 1600°C 365 203 156 141 112
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specimen fall between the aged and overaged specimen, as was expected. Aging of the
solution annealed specimen during hot hardness testing no doubt occurred, but time at test
temperature for all tests were held to a minimum, i.e., 10 minutes or less.

Chemlccl analyses were made on samples taken from the 500 hour aging treatments
at 1250°C (2280°F) and 10710 torr to determine the extent if any of contamination or loss of

carbon and/or nitrogen. These results are reported as follows:

Post-Test Analysis

Specimen Pre-Test Analysis (w/0)
NASV-1(Ta-8W-2Hf) 0. 0044 (02) 0.0043 (02)
NASV-2(Ta-8W-2H§-0. 05C) 0.051 (C) 0.051(C)
NASV-42(Ta-5. 3W-1. 56Re 0. 049 (N2) 0.061 (N2)

-0.65Mo-0.52Zr~0. 08N)

The difference in nitrogen content for NAS-42 is attributed to non-homogeneities
in the sheet material which was processed from a non-consumable electrode melted ingot.

2. Effect on Creep Resistance - The initial mefollurgicc| condition has been shown

, . e e ()
to have o more significant effect on creep resistance than minor compositional variationst /.

Two compositions, NASV-7 (Ta=5. 7W-1. 56Re-0. 7Mo-0. 25Hf-0. 13Zr-0. 015N-0. 015C)
and NASV-9 (Ta-9W-1Hf-0. 025C) were selected to defermlne the effecf of final annealing
temperature on the creep resistance at 1315°C (2400°F) and 1 x 1078 torr under an

applied stress of 15,000 psi. The results obtained are summarized in Table 9. Samples were
also taken from the gage length of each specimen for metallographic examination. The
higher final annealing temperature resulted in an apprenf increase in resistance to creep
deformation under the conditions of test. The gram size c&)proxnmcfely doubled when the
final annealing temperature was raised from 1650°C (30007°F) to 1800°C (3270 F). The
grain size in both instances is still relatively fine (ASTM-7 or finer) with the NASV-9
having a finer grain size than NASV-7 for the same annealing temperature. Also,
metallographic examination at 1500X did not show any apparent difference in the distribu-
tion or morphology of the dispersed second phase in the gage section of the test specimen.
Examples of the microstructure of NASV=9 are shown in Figure 8. Other than the slight
grain size difference the distribution of the second phase particles appear identical.

Second phase particles were chemically extracted from the gage length of NASV-7
and NASV-9 test specimens. The bulk extracted residues were identified using x-ray
diffraction techniques. X-ray diffraction data reported in Table ]0 are for the residues
extracted from the specimens annealed one hour at 1650°C (3000 F) prior to creep testing
as sum||cr patterns were obtained from the specimens which had been annealed at 1800°C
(3270°F) prior to test. Traces of monoclinic HfO2 were found in all four specimens.
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(a) Annealed 1 Hour at 1610°C (3000°F) Test
Duration 209 Hours

(b) Annealed 1 Hour at 1800°C (3270°F) Test
Duration 501 Hours

FIGURE 8 - Microstructure of NASV-9 Gage Length After Creep Testing at 1315°C
1 x 10-8 Torr and an Applied Stress of 15,000 psi Mag. - 1500X
Etchant - HF—HNO3—G|ycerine
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NASV-9 (Ta-9W-1Hf-0.025C) NASV-7 (Ta=-5.7W-1. 56Re~0. 7Mo-
0. 25Hf-0. 13Zr-0.015C~0. 015N)
Annealed 1 hour at 1650 C (3000 F) Annealed |1 hour at 1650 C (3000 F)
plus 210 hours at 1316°C (2400°F) ot plus 190 hours at 1316°C (2400 Fg
I =15000andp = 1x 1078 torr I =15000psiandp = 1 x 107° torr
d Intensity Phase d Intensity Phase
315 Ww HFO, 3.15 VW iePy
2.95 VVW N. 1. 2.92 w N. 1.
2.82 VW HfO 2.82 vw HfO
2.68 M MzC2 2.68 S (.2
2.62 w HfO, 2.63 M M
2.47 M MoC 2.52 VW HfO,
2.37 VS MoC 2.47 S MoC
2.32 VVW HfO9 2.36 VS M, C
1.98 VVW HfO, 2.29 M MZ:
1.82 M MaC 1.82 MS M,C
1.72 VW N. L 1.64 vVw HtO,
1.64 VVvw HfOz 1.62 MW MC
1.55 M M,C 1.55 MS MoC
1. 41 M M,C 1.40 MS M,C
1.34 w MoC 1.38 w MC
1.32 M MaC 1.34 Mw MoC
1.30 M MoC 1.32 MS M,C
1.24 w M,C 1.30 M M2C
118 w MoC 1.24 MW - MC
1.12 W MoC 1.18 MW M2C
1.04 MW M2C 1.12 Mw M5C
1.02 w M2C 1.05 \AA%) N. I.
.997 MS MoC 1.04 M M2C
.970 MW MoC 1.025 vw
.942 MW MoC 1.015 w M%
.930 MW M2C .995 MS M2C
.912 w MoC . 965 M M,C
. 898 w MoC . 940 MW M2C
88 M MoC 928 M MoC
. 844 MW MsC .910 w M C
800 W M,C 866 M M3C
788 W MoC 844 M MoC
.778 w MoC .797 vw M,C
Note:
o
(0) M,C is HCP with o =3.12 A (b) MC is FCC with o_=4.60 A
S~ =4.96 A (¢) NI - Not Indexed
c/a=1,593

assumed to be (To,WHf)2C‘

23



Astronuciear
Laboratory

Only the HCP dimetal carbide phase, (Ta, W, Hf)7 Cy.x, was observed in the residues
extracted from the NASV-9 specimens. However, both a HCP phase and a FCC phase |
were found in the residue from the NASV-7 specimens. The ag = 3. 12 A and co =4.96 A
for the HCP phase found in both compositions compares very close to that reported for

TapC (ap =3.106 A and ¢y = 4. 945 ,&) suggesting that Ta is the primary metallic component
of the compound with very minor substitutions of W and/or Hf. The FCC phase found in
NASV-7 had g lattice parameter ag, = 4.60 A which is close to the values reported for

HfC_ g (4. 61 A) and ZrN_ g (4.58 A). The absence of a FCC monocarbide phase in
NASV-9 would indicate that the FCC phase is ZrN with probably some substitution of C

for N. There is a dearth of published data on the ZrC ZrN system, probably because of

the instability of the ZrN at temperatures above 2000°C (3630°F). The decrease in creep
rate observed when the final annealing temperature was increased can thus far only be
attributed to the grain size difference. However, changes in the dispersed phase morphology
could also be a possible cause for the observed change in creep rate.

The extended test on NASV-7-5C was conducted to determine if massive grain
boundary carbides formed during testing would affect the creep resistance. The shape of
the creep curve obtained was typical to that obtained previously 1) and no discontinuities
in the creep elongation curve were observed. A section from the gage length of this
specimen is also being analyzed by electron beam microprobe techniques to determine if a
varying compositional distribution exists across the specimen thickness.
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lil.  FUTURE WORK

During the next quarterly period it is planned to accomplish the following:

1.

2.

Complete melting of the optimized 2 inch diameter ingot compositions.
Complete melting of the first 4 inch ingot composition NASV-20.
Creep testing evaluation under ultra-high vacuum conditions will continue.

Phase identification and morphology investigation of dispersed second phases
will continue.
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APPENDIX |
Compositions of alloys discussed in this report are listed below:
Heat Number Composition Weight Per cent
Consumable Electrode Melted
NASV-7 Ta-5. 7W-1. 56Re-0. 7Mo~0. 25Hf-0. 13Zr-
0.015N-0.015C
NASV-9 Ta-9W-1Hf-0.025C
NASV-10 Ta-7. 1W=1. 56Re-0. 25Hf-0. 12Zr-0. 03N
NASV-11 Ta-9W-1. 5Re~1Hf-0. 015C-0. 015N
NASV-12 Ta-7.5W-1. 5Re~0. 5Hf-0.015C-0. 015N
NASV-13 Ta-6. 5W-2. 5Re-0. 3Hf-0.01C-0. 01N
NASV-14 Ta=4W-1Mo-2Re-0.3Zr~0.015C-0. 015N
NASV-15 Ta-9W-1. 5Re-1Hf-0. 06N
NASV-16 Ta-9. 5W-0. 5Re~0. 25Zr-0. 02C-0. 01N
NASV-17 Ta-4W-3Re~0. 75Hf-0. 01C-0. 02N
NASV-18 Ta-6 W-1Mo-1Re-0. 7Hf-0.025C
NASV-20 Ta-8W-1Re-0. 7Hf-0. 025C
Non-Consumable Electrode Melted
NAS-36 Ta=5.7W-1. 56Re=0. 7Mo-0. 25Hf~0. 13Zr-
0.015C-0.015N
NAS-39 Ta~7. 1W-1. 56Re-0. 25Hf-0. 13Zr-0. 03N
NAS-42 Ta-5. 3W-0. 65Mo-1. 56Re-0.52Zr-0. 06N

NAS-56, 57 Ta-8W-1Re-0. 7Hf-0. 025C
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