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57 ABSTRACT 

Unidirectionally solidified nickel-base carbide 
reinforced cast superalloy bodies having high strength 
and exceptionally high stress-rupture properties, par 
ticularly at elevated temperatures. The reinforcing fi 
bers present in the matrix comprise aligned fibers of 
single-crystal monocarbide essentially of tantalum. A 
preferred composition contains the nominal (melt) 
percentages: 6.7 who chromium, 18.25 w/o total tanta 
lum, 1.1 who carbon, 5.0 w/o aluminum, 0.84 who tita 
nium, 8.4 w/o cobalt and 5.0 w/o molybdenum, bal 
ance essentially nickel. The resulting article, after 
trimming, has the approximate composition: 7.9 who 
chromium, 7.0 w/o tantalum, 0.24 w/o carbon, 6.0 
w/o aluminum, 0.38 w/o titanium, 9.6 w/o cobalt, 4.9 
w/o molybdenum, balance essentially nickel. 

5 Claims, 2 Drawing Figures 
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NICKEL-BASE TANTALUM CARBIDE EUTECTIC 
ALLOYS 

CROSS-REFERENCE TO RELATED APPLICATION 
5 

This application is a continuation-in-part of co 
pending application Ser. No. 138,555, filed Apr. 29, 
1971, now abandoned of John L. Walter and Harvey E. 
Cline entitled NICKEL-BASE TANTALUM CAR 
BIDE EUTECTIC ALLOYS, assigned to the same as 
signee as the present invention. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates in general to nickel 

base eutectic superalloy compositions, and more par 
ticularly to bodies of such compositions containing, as 
reinforcement of their structure, aligned fibers of a car 
bide. 

In particular embodiments of this invention, these al 
loys have utility in gas turbine engine components. 

2. Description of the Prior Art 
Superalloy bodies forming components in gas turbine 

engines are often subjected to temperatures which can 
approach 1,900F, under highly oxidizing conditions. 
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Although unidirectional solidification of a number of 
eutectic superalloys is known to achieve increased 
strength, heretofore there have been no nickel-base su 
peralloy compositions developed which can be unidi 30 
rectionally solidified to have a good combination of 
properties of high strength, high resistance to creep or 
stress-rupture at room temperature and elevated tem 
peratures, all while retaining adequate ductility. 
Among the commerically available cast nickel-base 

superalloys used for gas turbine engine blades are the 
following known compositions: 

Ni-Base Superalloys 
B-900 Rene 80 

Composition wt. percent wt. percent 

Nickel 64.8 60.3 
Chromium 8.0 4.0 
Tantalum 4.0 . - 
Carbon O. O. 0.7 
Aluminum 6.0 3.0 
Titanium 1.0 5.0 
Cobalt 10.0 9.5 
Zirconium 0.10. 0.03 
Boro 0.05 0.05 
Molybdenum 6.0 4.0 
Tungsten - 4.0 

However, it would be desirable to improve the stress 
rupture properties of these and similar alloys at high 
temperatures. 
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2 
SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a range of compositions for nickel-base unidi 
rectionally solidified superalloys which have excellent 
tensile properties, at room temperature and at temper 
atures up to2,000°F. 
Another object of the invention is to provide cast fi 

ber-strengthened bodies useful as components for tur 
bine engines which have a combination of properties 
including high yield and tensile strength combined with 
good creep resistance under static stress at elevated 
temperatures, together with good engineering ductility. 

Still another object of the invention is to provide a 
cast article having a microstructure which includes a 
relatively high volume percent of aligned reinforcing 
fibers in the matrix of the alloy. 

In accordance with these and other objects of the in 
vention, a range of nickel-base superalloy compositions 
is provided which form a composite structure compris 
ing a matrix reinforced with aligned fibers essentially 
of tantalum carbide. The range of compositions of the 
unidirectionally solidified castings according to the in 
vention is approximately, in weight percent, 6.5 to 10.0 
percent chromium, 14.0 to 23.0 percent total tantalum, 
1.0 to 1.5 percent carbon, a trace to 6.0 percent alumi 
num, a trace to 1.0 percent titanium, a trace to 8.5 per 
cent cobalt, a trace to 5.0 percent molybdenum, bal 
ance essentially nickel. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A preferred embodiment has the nominal (or melt) 
composition: 6.71 w/o chromium, 18.25 w/o tantalum 
of which 16.5 w/o tantalum is present as TaC fibers and 
an additional 1.75 who tantalum may be present in solid 
solution in the matrix, 1.1 w/o carbon, 5.04 who alumi 
num, 0.84 who titanium, 8.4 w/o cobalt and 5.04 who 
molybdenum, balance essentially nickel. 
The resulting article, after trimming off portions, has 

the approximate composition: 7.9 who Cr, 7.0 w/o Ta, 
0.24 wilo C, 6.0 w/o Al, 0.38 wifo Ti, 9.6 w/o Co., 4.0 
w/o Mo, balance essentially Ni. 
The alloys of the present invention contain carbide 

fibers, essentially of tantalum carbide in amounts of 
from about 2 to about 10 volume percent of the alloy, 
with the preferred composition containing about 6 vol 
ume percent. The carbide fibers are preferably dis 
persed throughout the matrix of the composite struc 
ture, but beyond about 6 volume percent some of the 
carbide may tend to precipitate out as particles at the 
bottom of the cast body during the solidification pro 
cess, particularly in the alloys containing significant 
amounts of aluminum, molybdenum and cobalt. 
Typical compositions according to the invention are 

shown below in Table I. 

TABLE I 

Ni-base-Tac Alloys 
Alloy. 

Designation Ni Cr Ta 

A. TaC-7 4A 67.8 8. 22.6 
B. TaC-67T. 67.2 9.9 16.3 
C. TaC-60Co 60.2 8.9 16.3 
D. TaC-59a 59.2 8.9 16.3 
E. TaC-1900 54.7 6.7 18.3 

0. 
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TABLE I 

Ni-base-Tac Alloys 
Alloy 

Designation Ni Cr Ta Ta(M)* C Al Ti Co Mo 

F. TaC-9Ta 54.61 6.7 16.5 1.75 . 5.04 0.84 8.4 5.04 
F-1 (Article Bal 7.9 7.0 0.24 6.0 0.38 9,6 4.9 
Portion) 

*Ta(M) is the amount of tantalum in the matrix, in addition to the Ta as TaC. 

he nominal, or melt composition designated C. Tac-60Co 31,300 10.0 
The y pos gnate F (cor D. TaC-59Ta 32,600 20.0 

responding to the article portion F-1) in Table I is a E. TaC-900 48,800 17.4 
preferred embodiment of the invention because of its F. TaC-9Ta 54,500 7.2 
excellent properties, as shown in Tables II, III and IV. 15 

TABLE IV 

High Temperature Stress-Rupture Properties 
Alloy Life 

Designation Stress(psi) Temp. F (hrs. to rupture) % Elong. 

A. TaC-74A 20,000 2000 2.3 20.5 
B. TaC-67Ti 20,000 2000 2.9 20.2 
C. TaC-60Co 20,000 2000 0.04 24.3 
D. TaC-59Ta 17,000 2000 O 15.5 
E. TaC-1900 20,000 2000 7. 1.7 
F. TaC-9Ta 20,000 1832 32 0.4 
René 80 20,000 832 15.8 

20,000 2000 2.9 
B. 1900 20,000 1832 15.8 

2000 2.9 

The tantalum in this alloy, as indicated in Table I, is 30 BRIEF DESCRIPTION OF THE DRAWINGS 
18.25 weight percent total, of which 16.5 percent is 
present as stoichiometric carbide, plus an additional 
1.75 weight percent tantalum presumably present in 
solid solution in the matrix, where it may serve to in 
hibit the decomposition of the carbide fibers at high 
temperatures. The composition of the resulting article 
portion is that designated F-1 in Table I. 

EXAMPLE I 
Ingots of the melt composition designated in Table I 

as composition F were directionally solidified from 
molten condition at 4 inch/hr. and in a temperature 
gradient of up to 200F per inch. The resulting micro 
structure, as may be seen in FIGS. 1 and 2, comprised 
aligned carbide fibers, essentially single crystal tanta 
lum carbide, in a nickel-base alloy matrix. The mechan 
ical properties of the uniform fibrous portion of these 
alloys, after customary trimming off of redundant seg 
regated portions, had the composition F-1 of Table I, 
of which specimens tested at a strain rate of 2 X 
10/min. are listed in Table II for room temperature, 
and in Table III at the elevated temperature of 1,832F. 

TABLE II 

Mechanical Properties at Room Temperature 
Alloy 

Designation Ult. stress(psi) % Elong. 

A. TaC-74A 10,600 2.8 
B. TaC-67Ti 165,600 4.0 
C, TaC-60Co 86,000 25.4 
D. TaC-59Ta 174,500 28.0 
E. TaC-1900 132,200 6.0 
Fac-9Ta 158,600 2.4 

TABLE III 

Mecial Properties at High Temperature-1832°F (1000°C) Alloy 
Designation Ultimate stress(psi) % Elongation 

A. TaC-74A 36,000 9.0 
B. TaC-67Ti 23,800 16.4 
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FIG. 1 is a photomicrograph (250X) of a longitudinal 
section of typical nickel-base superalloy with carbide 
fibers according to the invention; and 
FIG. 2 is a photomicrograph (250X) of a transverse 

section of the alloy of FIG. 1. 
In the drawings, FIG. 1 is a photomicrograph (250X) 

of a longitudinal section of a nickel-base superalloy 
with carbide fibers and having the nominal (melt) com 
position F (corresponding to article composition F-1) 
of Table I. In FIG. 1 it may be seen that the carbide fi 
bers are relatively long and mutually aligned, thus con 
tributing to the maximum strength of the alloy in the 
direction of their alignment. Transmission electron mi 
croscopy results show that these fibers are cubic and 
single crystal. 
FIG. 2 is a photomicrograph (250X) showing a trans 

verse section of the alloy body of FIG. 1, illustrating 
that the carbide fibers are generally uniformly distrib 
uted throughout the alloy matrix. The carbide fibers 
form a high volume fraction of the alloy, namely about 
2 to 10 volume percent of the total alloy, and prefera 
bly about 6 volume percent. The TaC preferably forms 
about 15 to 20 weight percent of the alloy. 
Table IV shows the stress-rupture properties of typi 

cal alloys of the present invention at various elevated 
temperatures, as compared to the known nickel-base 
alloys René 80 and B-1900, both with relatively high 
creep resistance. 
As may be seen from the data of Table IV, the car 

bide reinforced nickel-base alloys of the present inven 
tion have comparable or superior high temperature 
creep resistance, as compared to the known nickel 
base superalloys B-1900 and René 80. For example, at 
a temperature of 1,832°F and 20,000 psi stress, the 
René 80 alloy of the prior art withstood the stress for 
only 15.8 hours before rupture; whereas under the 
same conditions the nickel-base alloy with tantalum 
carbide according to composition F withstood the 
stress for 312 hours before rupture. 
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In addition to tantalum carbide, other monocarbides 
such as zirconium carbide, titanium carbide, niobium 
carbide and hafnium carbide, or combinations of these, 
may also produce composite structures consisting of an 
aligned phase of a monocarbide in the nickel-base alloy 
matrix. Of these carbides, both ZrC and TiC form 
aligned fibrous composites in the nickel-base alloy in a 
manner similar to tantalum carbide, with consequent 
improvement in mechanical properties over the non 
reinforced matrix alloy. The TiC, NbC and ZrO mono 
carbides would be considered for their lower densities 
as compared with tantalum carbide. However, on the 
basis of the melting temperatures of the zirconium and 
titanium carbides in relation to strength, it would be ex 
pected that these latter carbides would impart less 
strength to the nickel-base alloy than does tantalum 
carbide. 

Thus, the nickel-base carbide-reinforced alloys of the 
present invention exhibit a combination of desirable properties. 

It will be obvious to those skilled in the art upon read 
ing the foregoing disclosure that many modifications 
and alterations in the specific compositions and micro 
structures disclosed as non-limiting examples may be 
made within the general context of the invention, and 
that numerous modifications, alterations and additions 
may be made thereto within the true spirit and scope 
of the invention as set forth in the appended claims. 
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6 
What we claim as new and desire to secure by Letters 

Patent of the United States is: 
1. An article of manufacture comprising a unidirec 

tionally solidified casting of a nominal composition 
consisting essentially in weight percent of about 6.7 
percent chromium, 18.3 percent tantalum, 1.1 percent 
carbon, 5.0 percent aluminum, 0.84 percent titanium, 
8.4 percent cobalt, 5.0 percent molybdenum and the 
balance nickel, said casting having a nickel base alloy 
matrix reinforced with tantalum monocarbide fibers. 
2. An article according to claim 1, said casting being 

characterized by having high strength and resistance to 
creep and a chemistry which consists essentially of a 
nickel-base alloy containing at least a portion of said 
tantalum and carbon in the form of about 15 to 20 
weight percent monocarbide of tantalum. 
3. An article according to claim 1, a major portion of 

said tantalum being present as a monocarbide of tanta 
lum comprising fibers forming from about 2 to 10 vol 
ume percent of the alloy. 
4. An article according to claim 1, a minor propor 

tion of the tantalum being present as a solid solution in 
the matrix of the alloy in addition to said tantalum pres 
ent as TaC fibers. 

5. An article according to claim 1, said carbide of 
tantalum consisting essentially of tantalum monocar 
bide and comprising aligned fibers in the form of single 
crystals of tantalum carbide of cubic form. 
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