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[5 7] ABSTRACT 

Unidirectionally solidi?ed cobalt-base carbide 
reinforcéd cast superalloy bodies having high strength 
and high resistance to creep, particularly at elevated 
temperatures, and having an approximate nominal 
(melt) composition range which consists essentially, 
by weight, of a trace to 26.0 percent‘chromium, 13.5 
to 19.0 percent tantalum, a trace “to 14.5. percent 
nickel, a trace to 6.5 percent tungsten, a'trace to 1.0 
percent iron and 1.2 to 1.4 percent carbon, balance 
essentially cobalt. A preferred composition contains 
the nominallmelt) percentages: 15.0 w/o chromium, 
8.5 w/o nickel, 6.0 w/o tungsten, 18.67 w/o total tan 
talum, 1.33 w/o carbon, forla total of 20.0 w/o' TaC. 
The resulting article, after trimming, contains from 
11.5 to 12.5 wt. percent tantalum. The tantalum and 
carbon, primarily as an aligned dispersion of TaC ? 
bers in the matrix of the composite structure, consti 
tutes about 5 to 15 volume percent of the body. 

2 Claims, 3 Drawing Figures 
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COBALT-BASE TANTALUM CARBIDE EUTECTIC 
ALLOYS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part ‘of co 
pending application Ser. No. 134,235, ?led Apr. 15, 
1971, of Harvey E. Cline and John L. Walter, entitled 
COBALT-BASE TANTALUM CARBIDE EUTECTIC 
ALLOYS, assigned to the same assignee, and now 
abandoned. ‘ 

This application is also related to co-pending applica 
tion Ser. No. 138,555, ?led Apr. 29, 1971, of John L. 
Walter and Harvey E. Cline, entitled NICKEL-BASE 
TANTALUM CARBIDE EUTECTIC ALLOYS, as 
signed to the same assignee as the present invention, 
and now abandoned. 

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

base eutectic superalloy compositions, and more par 
ticularly to bodies of such compositions containing, as 
reinforcements of their structure, aligned ?bers of a 
carbide. 

In particular embodiments of this invention, these a1 
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 1,900°F, under highly oxidizing conditions. 
Although unidirectional solidification of a number of 
eutectic superalloys is known to achieve increased 
strength, heretofore there have been no cobalt-base su 
peralloy compositions developed which can be unidi 
rectionally solidified to have a good combination of 
properties of high strength, high resistance to creep or 
stress-rupture at elevated temperature and good resis 
tance to high temperature oxidation,a1l while retaining 
adequate ductility. 
Among the commercially available cast cobalt-base 

superalloys used for gas turbine engine blades is the fol 
lowing: - 

COMPOSITION DESIGNATION 
X-45 

Weight Percent 

Cobalt balance 
Chromium 25.0 
Nickel 10.0 
Tungsten 7.5 
Iron I .0 

0.25 

However, the stress-rupture properties of this and 
similar alloys at high temperatures leave much to be de 
sired. 

SUMMARY OF THE INVENTION 
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2 
lidified superalloys which have excellent tensile proper 
ties, at room temperature and at temperatures up to 
2,000°F. 
Another object of the invention is to provide cast ? 

ber-strengthened bodies useful as components for tur 
bias 21.243925 wbiqhhave .8 sombina?on of Properties 
including high yield and tensile strength combined with 
good creep resistance under static stress at elevated 
temperatures, together with good high-temperature ox 
idation resistance, 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 
?bers in the matrix of the alloy. 
Other objects and advantages of the invention will 

become apparent from the following description and 
appended claims. 

In accordance with the objects of the invention, a 
range of cobalt-base superalloy compositions is pro 
vided which form a composite structure comprising a 
matrix reinforced with aligned ?bers essentially of tan 
talum carbide. The range of nominal (melt) composi 
tions of the unidirectionally solidi?ed castings, accord 
ing to the invention is approximately, in weight per 
cent, a trace to 26.0 percent chromium, 13.5 to 19.0 
percent tantalum, a trace to 10.0 percent nickel, a 
trace to 6.5 percent tungsten, a trace to 1.0 percent 
iron and 1.2 to 1.5 percent carbon, balance essentially 

' cobalt. 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

A preferred embodiment has the nominal (or melt) 
composition: 50.5 w/o cobalt, 15.0 w/o chromium, 8.5 
w/o nickel, 6.0 w/o tungsten, 18.67 w/o tantalum, and 
1.33 w/o carbon (for a total of 20.0 w/o TaC). The tan 
talum and carbon are present in this embodiment to 
form TaC, which makes up about 12 volume percent of 

V the alloy. 
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It is therefore an object of the present invention to' 60 
provide a range of compositions for unidirectionallyso 

The resulting articles after trimming off redundant 
. portions not having the uniformly aligned TaC ?bers, 
have the preferred composition range: 14.0 to 18.0 w/o 
Cr, 11.5 to 12.5 w/o Ta, 8.0 to 10.0 w/o nickel, 6.0 to 
8.5 w/o W, and 0.8 to 1.5 w/o carbon, balance substan 
tially cobalt. 

In order to obtain the most desirable metallographic 
structures and properties disclosed herein, the alloys 
were unidirectionally cast at a solidi?cation rate of ‘A 
inch/hr. in a temperature gradient of about 250° per 
inch. 
The alloys of the present invention contain carbide 

?bers, essentially of tantalum carbide in amounts of 
from 5 to 15 volume percent of the alloy, with the pre 
ferred composition containing at least about 12 vol 
ume percent. The tantalum carbide ?bers are prefera 
bly dispersed throughout the composite structure, but 
beyond about 12 volume percent the carbide tends to 
precipitate out as particles at the bottom of the cast 
body. 
Typical compositions according to the invention are 

shown below in Table I. 
TABLE I 

Cobalt Base —— Carbide Alloys 
Composition -wt. % 

Designation Co Cr Ni W Ta C Fe Ta(M)* 

A) TaC-C045 I 45.0 25.5 8.5 6.0 13.8 |.2 
B) 'l‘uC-Co50 50.5 20.0 11.5 6.0 | 3.8 1.2 
c) TaC-C056 56.5 20.0 14.5 13. 1.2 
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Cobalt Base — Carbide Alloys 
Composition —wt. % 

Designation Co Cr Ni W Ta C Fe Ta(M)' 

D) TaC-C051 51.5 20.0 8.5 18.67 1.33 
E) TaC'Co55 55.5 15.0 8.5 6.0 13.8 1.2 
F) TaC-CoSOB 50.5 15.0 8.5 6.0 18.67 1.33 
G) TaC-CoSUTa 50.0 17.5 8.5 6.0 13.8 1.2 3 0 
H) TaC-C049 49.04 20.0 8.5 6.4 13.8 1.2 0.85 
I) TaC-C050Ni 50.5 15.0 14.5 0.0 18.67 1.33 
F-l) (Article 54.8 16.4 9.3 8.2 12.2 0.8 

portion) 

of TaC. 

The composition designated in Table I as TaC-CoSOB, 
corresponding to melt composition F and article por 
tion composition F-l (after trimming) is a preferred 
embodiment of the invention because of its excellent 
properties, as shown in Tables 11, Ill and IV. The tanta 
lum carbide in the melt composition of this alloy is 20.0 
wt. percent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be better understood from the fol 
lowing description, taken in conjunction with the ac— 
companying drawings, wherein: ' 
FIG. 1 is a photomicrograph (250X) of a longitudinal 

section of a specimen of composition designated TaC 
50B, according to a preferred embodiment of the in 
vention; 
FIG. 2 is a photomicrograph (250X) of a transverse 

section of a specimen corresponding to that of FIG. 1; 
and 

FIG. 3 is a chart illustrating stress-rupture properties 
under stress at high temperature, as compared to a 
known superalloy, Ren‘é 80. plotting the life at tem 
perature as the Larson-Miller parameter vs. stress. 

In order to illustrate more completely the substantial 
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,'Ta(M) refers to the wt. percent of tantalum in the matrix, as distinguished from and in addition to the tantalum present in stoichiometric proportions with carbon as ?bers 

improvements in physical properties which are 
achieved by the alloys of the present invention, Tables 
11 and III below respectively list the tensile properties 
at room temperature and at elevated temperature of 
1,832°F (1,000°C). Table IV lists the high temperature 
stress-rupture properties of the alloys at the various 
designated temperatures. 

EXAMPLE I 

lngots of the melt composition designated in Table l 
as F), TaC-—Co50B, were prepared and directionally 
solidified from molten condition at 141 inch/hr. and in a 
temperature gradient of about 250°C/inch. After cus 
tomary trimming off of redundant segregated portions. 
the resulting microstructure, as may be seen in FIGS. 
1 and 2, comprised aligned carbide ?bers essentially 
single crystal tantalum carbide, in a cobalt-base alloy 
matrix. The mechanical properties of the uniform ? 
brous portion of the preferred alloy TaC-CoSOB, had 
the article composition designated F1 in Table _I. The 
results of specimens of each of the alloys of Table I, 
tested at a strain rate of 2 X l0'2/min. are listed in 
Table II for room temperature and in Tables Ill and IV 
at the elevated temperature of 1,832°F. 

. TABLE 11 

Room Temperature Tensile Properties 

Ult. Stress 
Composition Description (psi) % elong. 

A) TaC-C045 Cobalt superalloy with TaC 1 11,300 1.0 
B) TaC-C050 Cobalt superalloy with TaC 1 18,400 8.0 
C) TaC-C056 Cobalt superalloy with TaC 1 15,300 7.5 
D) TaC-C051 Cobalt superalloy + TaC ' 134,700 16.8 
E) TaC-C055 Cobalt superalloy + TaC 108,600 4.8 
F) TaC-C0508 Cobalt superalloy + TaC 149,000 30.0 
G) TaC-CoSOTa Cobalt superalloy + Ta & TaC 96,700 5.0 

TABLE III 

Tensile Properties at High Temperature (1832°F) 
Ult.Stress 

Composition Description (psi) % Elong. 

B) TaC-C050 Cobalt superalloy + TaC 25,300 2l.2 
C) TaC-C056 Cobalt superalloy + TaC 31,200 9.4 
D) TaC-C051 Cobalt superalloy + TaC 33,600 10.2 
E) TaC-C055 Cobalt superalloy + TaC 28,000 10.4 
F) TaC-C0503 Cobalt superalloy + TaC 54,900 7.0 
G) TaC-CoSOTa 25,700 26.0 Cobalt superalloy + Ta & TaC 
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TABLE 1V 

V High Temperature Stress~Rupture Properties 

_ Stress(psi) Life(hrs) 
Composition Description & Temp. to rupture % Elong. 

A) TaC~Co45 Cobalt superalloy 17,000 276.3 18.7 
with TaC (I800°F) 

B) TaC-C050 > Cobalt superalloy 17,000 5.42. 22.1 
with TaC (1960”F) 

C) TaC-C056 Cobalt superalloy 17,000 5.09 10.9 
with TaC (2000°F) 

F) Cobalt superalloy 17,000 1000 >5 
.TaC-CoSOB with TaC (2012”F) 

at 20,000 + 146‘ 
F) Cobalt superalloy 35,000 93.12 5.1 
TaC-C0508 with EC (1832°F) 

‘Test discontinued — no vrupture (see explanation below). 

The specimen TaC—COSOB was tested at 2,0l2°F 
and 17,000 psi for 1,000 hours with no rupture, at 
which time the stress was increased to 20,000 psi. After 
an additional 146 hours at the higher stress, the test 
was terminated to preserve the specimen intact for 
further examirgtLnLnw ‘ 
FIG. 1 is a photomicrograph (250ilof-adoiigitudinal 

section of a cobalt-base superalloy with tantalum car 
bide‘ ?bers and having the nominal composition F of 
Table I. In FIG. 1 it may be seen that the tantalum car 
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bide ?bers are relatively long and mutually aligned, 1 
thus contributing to maximum strength of the alloy in 
the direction of their alignment. Transmission electron 
microscopy results show that these ?bers 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 tantalum carbide ?bers are generally uniformly 
distributed throughout the alloy matrix. The ?bers of 
tantalum carbide form a high volume fraction of the al 
loy, namely about 5 to 15 volume percent of the total 
alloy, and preferably about 12 volume percent. 
The unusually high strength and resistance-to-creep 

properties of the alloys of the present invention may be 
seen from the curves and data of FIG. 3. In FIG. 3, the 
curves compare the stress rupture properties, ex 
pressed as the Larson-Miller parameter, of the same 
alloy as in FIGS. 1 and 2, with those of Rene’ 80, a com~ 
mon alloy with relatively‘ high creep resistance. This 
well known alloy was selected for the comparison be 
cause its creep—resistance properties, expressed as the 
Larson-Miller parameter, are known. 
The Larson-Miller parameter mentioned above is dis 

cussed in the book “High-Temperature Materials and 
Technology” by Campbell and Sherwood, John Wiley 
and Sons, pages 857-858; and in Transactions ASME, 
74, Page 765 (19.5.2)). . . . 
As may be seen from the curves and data of FIG. 3, 

the typical nominal (melt) composition F of the tanta 
lum carbide reinforced cobalt-base alloy of the present 
invention has superior high temperature creep resis 
tance, and thus is capable of achieving a longer life 
under stress at elevated temperatures. For example, at 
a temperature of l,832°F (1,000°C) and 35,000 psi 
stress, the Rene' 80 alloy of the prior art withstood the 
stress for only 2 hours before rupture; whereas under 
the same conditions the cobalt-base alloy with tantalum 
carbide of the invention withstood the stress for 93 
hours before rupture. 

30 

35 

40 

45 

-50 

55 

65 

At a higher temperature of 2,012°F (1,100°C) and 
17,000 psi, with Rene’ 80 alloy withstood the applied 
stress for only 5 hours before rupture; whereas under 
the same conditions the cobalt-base alloy with tantalum 
carbide ?ber reinforcement (identi?ed as TaC-50B) 
withstood the stress in excess of 1,146 hours life, i.e., 
1,000 hours at 17,000 psi, plus 146 hours at 20,000 psi 
stress. At this point, no rupture had yet taken place. 
The results of High Temperature Stress-Rupture tests 
are listed above in Table vIV and plotted as Larson 
Miller parameters in FIG. 3. It is thus evident that the 
compositions and TaC ?bers have a marked effect on 
the stress-rupture properties, particularly at higher 
temperatures and lower stress levels. 
Thus, the alloys of the present invention exhibit a 

combination of desirable properties. As shown in Ta 
bles II and III, both at room temperature and at ele 
vated temperatures, the unidirectionally solidi?ed TaC 
reinforced cobalt-base alloys have good tensile strength 
and elongation. They also have good oxidation and cor 
rosion resistance at high temperatures (not shown); 
and, as set forth in Table IV, they have excellent stress 
rupture properties at elevated temperatures as high as 
2,012°F, with ductility in excess of 5 percent total elon 
gation. 

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

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

tionally solidi?ed casting of a nominal composition 
consisting essentially in weight percent of about 15.0 
percent chromium, 8.5 percent nickel, 6.0 percent 
tungsten, 18.67 percent tantalum, 1.33 percent carbon, ' 
and the balance cobalt, said casting having the cobalt 
base alloy matrix reinforced with a ?brous phase of tan 
talum monocarbide. 

2. A cast article according to claim 1, said ?brous 
phase forming at least 12 volume percent of the article. 

* * * * Il' 


