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[ 5 7 ] I ABSTRACT 

A unidirectionally solidi?ed anisotropic metallic com 
posite body of improved stability and high tempera 
ture properties is provided with a solid solution matrix 
of a superalloy of the nickel-base or cobalt-base type 
and comprising, by weight, at least about 2% Re and 
less than about 0.8% Ti. Embedded in the matrix is an 
aligned carbide reinforcing ?brous phase, preferably 
one selected from carbides of Ta, V or their alloys and 
mixtures. 

14 Claims, 3 Drawing Figures 
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COMPOSITE EUTECTIC ALLOY AND ARTICLE 

The invention herein described was made in the 
course of or under a contract, or a subcontract there 

under, with the United States Department of the Air 
Force. 

BACKGROUND OF THE INVENTION 

The present invention relates to eutectic superalloy 
articles and compositions and, more particularly, to 
such articles and compositions which include a superal 
loy matrix reinforced with embedded aligned carbide 
?bers. 
The performance requirements for gas turbine en 

gines such as those which power aircraft are constantly 
increasing with advanced designs. Hence, there is a 
continuing need for improved materials such as for tur 
bine components which operate under strenuous high 
temperature environmental conditions. Materials used 
in such components can be critical in affecting over~all 
engine performance and can allow a designer to in 
crease either power generated, operating temperatures, 
component life or combinations of these. 
Development of the superalloys based on nickel or 

on cobalt, and widely used for many years in the gas 
turbine engine art, has now reached a point at which 
advances are based not only on the superalloy itself but 
also on orientation of the phases of the superalloy or 
inclusion of reinforcing members, such as ?bers, which 
can be formed in situ during solidi?cation of the alloy. 
One form of such solidification which has been used 
and has been widely reported is generally referred to as 
unidirectional solidi?cation. 

lt was recognized that such unidirectional solidi?ca 
tion of eutectic alloys was a feasible method for pro 
ducing metallic composites including aligned ?bers as a 
reinforcement in a matrix. Such eutectic composites 
offered the possibility of achieving high strength in at 
least one of the aligned eutectic phases and also offered 
the possibility of achieving a strong bond between pha 
ses. Previously reported as composites consisting of a 
nickel-base superalloy including a TaC carbide rein 
forced eutectic aligned within the nickel-base matrix as 
a result of unidirectional solidi?cation. A problem 
which can exist with such a structure involves degrada 
tion of the aligned carbide ?bers resulting in loss of 
high temperature strength. Such degradation can occur 
from formation at the ?ber matrix interface of undesir 
able structures, for example related to gamma prime 
and to the effect of various elements on the formation 
of the ?bers themselves or on adjacent phases or struc 
tures. Thus the stability and high temperature proper 
ties of the alloy and the article made therefrom were 
affected. 

SUMMARY OF THE INVENTION 

It is a principal object of the present invention to pro 
vide an improved composite eutectic alloy having a su 
peralloy matrix strengthened with an aligned carbide 
reinforcing ?brous phase which has improved resis 
tance to degradation which can occur from interaction 
between the ?brous phase and the matrix. 
Another object is to provide such an alloy which can 

be used in unidirectional solidi?cation to provide an 
improved article. 
A more speci?c object is to provide an improved 

composite eutectic alloy and article having a predomi 
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2 
nantly TaC reinforcing ?brous phase embedded in an 
improved nickel base superalloy matrix, the composi 
tion of which has been adjusted to inhibit formation of 
phases or compounds which tend to degrade the car 
bide reinforcing ?brous phase. 
These and other objects and advantages of the pres 

ent invention will be more fully appreciated and under 
stood from the following detailed description, its exam 
ples and the drawings, all of which are presented as rep 
resentative of rather than limiting on the present inven 
tion. 

Briefly, the present invention provides an article hav 
ing a unidirectionally solidi?ed anisotropic metallic 
composite body which includes a solid solution matrix 
and an aligned carbide reinforcing ?brous phase em 
bedded in the matrix. The matrix is of a superalloy 
based on Ni or C0 and includes, by weight, at least 
about 2% Re to strengthen the matrix along with less 
than 0.8% Ti to avoid generation of phases or com 
pounds which would tend to degrade the carbide rein 
forcing ?brous phaseflt is preferred that such carbide 
reinforcing ?brous phase be predominantly TaC or VC 
or their combinations, particularly when the superalloy 
is based on Ni. 

In a preferred form of the present invention having a 
Ni-base, the alloy composition comprises, by weight, 3 
to less than 10% Cr, 2 to less than 8.6% Al, less than 
about 0.8% Ti, 3-15% Ta, 0.1 to about 1% C, at least 
about 2% Re, up to about 10% of each of Co, W and V, 
up to 3% Mo, less than about 3% Ch with the balance 
essentially nickel and incidental impurities. An exam 
ple of one preferred form of the alloy within that range 
consists essentially of, by weight, 3-8% Cr, 4-7% Al, 
less than 0.8% Ti, 5-1 1% Ta, 0.4-0.8% C, 2—7% Re, up 
to about 5% Co, up to about 4% W, 2-7% V, with the 
balance essentially Ni and incidental impurities. 

In a preferred form of the invention having a C0 
base, the alloy composition comprises, by weight, up to 
20% Cr, 5-20% Ni, up to 8% W, 7—20% Ta, 0.5-1 .3% 
C, 2-9% Re with the balance essentially Co and inci~ 
dental impurities. An example of a preferred form 
within that range consists essentially of, by weight, 
10-16% Cr, 7—15% Ni, 1-6% W, 10-15% Ta, 0.5-1% 
C, 2—6% Re with the balance Co and incidental impuri 
ties. 

Thus, the alloy of the present invention, which is ca 
pable of developing an improved combination of stabil 
ity and high temperature properties through unidirec 
tional solidi?cation, comprises either a Ni-base or a 
Co-base superalloy which includes, by weight, at least 
2% Re, less than about 0.8% Ti, 0.1 to about 1.3% C 
and about 3-20% Ta. 

BRIEF DESCRITPION OF THE DRAWlNGS 

FIG. 1 is a graphical comparison of stress rupture 
data of the present invention with another TaC ?ber 
strengthened alloy structure and with a very strong or 
dinary superalloy; 
FIG. 2 is a graphical comparison of ultimate tensile 

strength data of the present invention with another TaC 
?ber strengthened alloy structure and with a very 
strong ordinary superalloy; and 
FlG. 3 is a graphical Comparison of 0.2% yield 

strength data of the present invention with another TaC 
?ber strengthened alloy structure and with a very 
strong ordinary superalloy. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Although thee combination of a nickel-base or co 
balt-base superalloy in which is embedded aligned car 
bide ?bers have great potential for improved proper— 
ties, a careful compositional balance must be attained 
between the matrix and the ?ber in order to strengthen 
the matrix while avoiding detrimental interaction be 
tween the matrix and the ?ber. If such an alloy system 
is to be made into an article for use in the turbine sec 
tion of advanced jet engines, it must have stability'and 
good high temperature properties, particularly stress 
rupture properties which are one of the limits to airfoil 
metal temperature and stress. 
During the evaluation of some nickel-base eutectic 

alloys strengthened by TaC ?bers, it was observed that 
a large drop in high temperature strength seemed to 
occur as a result of gamma prime ?lm formation about 
the TaC ?bers. Also, it appeared that the precipitation 
of chromium-rich M23C6 needles at the TaC ?ber/ma 
trix interface not only degraded the ?ber but also acted 
as stress risers, thereby contributing to reduced high 
temperature rupture strength. 
During an analysis in the development of the present 

invention on such nickel-base carbide reinforced eu 
tectic superalloy, it was recognized that the inclusion of 
the element Re had a signi?cant effect in strengthening 
the matrix, particularly to dramatically increase high 
temperature stress rupture life. In addition, it was also 
seen that the presence of even relatively small amounts 
of titanium, for example as low as about 1 weight per 
cent, while desirable for effective gamma prime precip 
itation formation, severely reduced the amount of TaC 
?bers which could form. The presence of Ti resulted in 
less desirable ?ber morphology, apparently as a result 
of a strong thermodynamic driving force to form TiC as 
compared with the formation of TaC and the apparent 
tendency for the Ti-rich monocarbide to have a den 
dritic rather than rod morphology. 
Thus an important characteristic of the present in 

vention is that the superalloy matrix, in which the 
aligned carbide reinforcing ?brous phase is formed and 
embedded, includes less than about 0.8% Ti and at 
least about 2% Re in the presence, in the Ni—base form, 
of relatively low amounts of Cr. In one Ni-base form, 
the alloy of the present invention consists essentially of, 
by weight, 3 to less than 10% Cr, 2 to less than 8.6% A1, 
less than 0.8% Ti, 3—15% Ta, 0.1 to about 1% C, at 
least about 2% Re, up to about 10% of each of Co, W 
and V, up to 3% Mo, less than about 3% Cb with the 
balance essentially nickel and incidental impurities. As 
will be described in more detail in connection with the 
examples, another form of the present invention selects 
such composition to be, by weight, about 3-8‘70 Cr, 
about 4—7% Al, less than about 0.8% Ti, 5-11% Ta, 
O.4—O.8% C, 2—7% Re, 2—7% V, up to about 5% Co, up 
to about 4% W with the balance essentially Ni and inci~ 
dental impurities. A more speci?cally preferred form 
by weight is 3-6% Cr, 4—7% Al, less than about 0.8% 
Ti, 7-1 1% Ta, O.5—O.7% C, 5—7% Re, 2-4% Co, 2—4% 
W, 4—7% V with the balance essentially Ni and inciden 
ta] impurities. 
As was mentioned before, the composition of the 

alloy of the present invention, which can be unidirec 
tionally solidi?ed to form the present invention’s article 
of manufacture, includes a careful balance of elements 
to strengthen the matrix and to provide the capability 
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4 
of producing a higher volume fraction of carbide ?bers. 
One of the important matrix strengtheners included in 
the alloy of the present invention is Re which also has 
a tendency to force hardeners such as Ta and V into 
gamma prime in the Ni-base form. This increases the 
stress rupture properties dramatically, as will be shown 
in more detail later. Unlike the element W, Re is not a 
carbide former. Similarly, it has been found through 
evaluation that such elements as Os, Ru, Hf, Mo and 
W, some of which are included in the alloy of the pres 
ent invention, are not equivalent to Re in that they do 
not have the same effect. It has been found that the in 
clusion of less than about 2 weight percent Re does not 
improve stress rupture strength appreciably. Therefore 
the present invention includes the element Re in the 
amount of at least about 2 weight percent. From a prac 
tical viewpoint, based on the high cost of Re and the 
decreasing bene?t in greater amounts, it is less practi 
cal to include greater than about 9% Re. 
As has been discussed, Ti interfers with the formation 

of the carbide ?bers. It has been found that as low as 
0.8 weight percent Ti disrupts carbide ?ber formation. 
Therefore the alloy of the present invention speci?es 
that at most only a trace of Ti should be present and in 
any event less than 0.8 weight percent. 
Although the inclusion of the element Cr is bene?cial 

from the standpoint of improving oxidation resistance, 
in the Ni-base form of the present invention it is main 
tained relatively low because of an instability it can in 
troduce in the carbide ?ber. At 10% or greater Cr, the 
Ni-base product is metallurgically unstable and causes 
the precipitation of MHCG re?ecting the degeneration 
of the MC ?ber, principally TaC ?ber. At about 8% Cr, 
approaching the upper limit of allowable Cr in the Ni 
base form of the present invention, the strength is only 
somewhat better than that of an ordinary, good super 
alloy. However, lower within the range of 3—8 weight 
percent Cr, and more speci?cally within the range of 
about 3—6 weight percent, the properties are signifi 
cantly improved, as will be shown by the following ex 
amples. It has been recognized, however, that less than 
about 3 weight percent Cr in the Ni-base form is insuffi 
cient to provide meaningful bene?t either from an oxi 
dation resistance or a strength viewpoint. 
The principal carbide ?ber former in the present in 

vention is the element Ta. In the Ni-base form, it can be 
included within the range of about 3-15 weight percent 
and preferably in the range of 5—10% along with a bal 
ance of other elements so as not to deplete the gamma 
prime content in the alloy. In addition to its acting as a 
carbide ?ber former, the element Ta also is a gamma 
prime former in the Ni-base form. Amounts of Ta less 
than about 3 weight percent in the Ni-base form and 
about 7% in the Co-base form are insuf?cient to react 
with carbon in the formation of TaC. In the Ni-base 
form, greater than about 15 weight percent Ta, in com 
bination with Al, V and W levels included within the 
scope of this invention, exceeds matrix solubility result 
ing in undesirable phases or carbide morphologies. 
The element Cb, which is sometimes associated with 

Ta, is not a full substitute for Ta and tends to weaken 
the alloy structure when included. Even as little as 1.6 
weight percent Cb has been seen to have a weakening 
effect when substituted directly for an equivalent 
amount of Ta. The present invention speci?es that less 
than 3 weight percent Cb be included in the alloy and 
article of the present invention provided the balance of 
the composition is adjusted to accommodate Cb. 
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An element which can react along with Ta to form a 
carbide ?ber is V. In addition, it also reacts with Ni in 
the Ni—base form to form gamma prime and thus can 
replace Ti which is substantially removed from the 
composition of the alloy of the present invention. Thus, 
V is speci?cally preferred to be included in the Ni-base 
form of the present invention and in the range of about 
4-7 weight percent. Below about 4 weight percent V 
the alloy tends to become somewhat weaker though 
still an imprc't ed composition, for example at 2.3 
weight percent as will be shown in the subsequent ex 
amples. In excess of about 7 weight percent, oxidation 
resistance tends to decrease progressively so that at 
about 10 weight percent V oxidation resistance is re 
duced to an undesirable level. Thus, although V can be 
detrimental to oxidation resistance, it can be included 
in the Ni-base alloy of the present invention up to about 
10 weight percent and preferably in the range of 4-—7 
weight percent to provide additional reaction with Ta 
and C to fonn carbide ?ber as well as to provide addi 
tional gamma prime for matrix strengthening. 
Another of the gamma prime formers included in the 

composition of the Ni-base form of the present inven 
tion is Al in the range of 2 to less than 8.6 weight per 
cent. Amounts of 8.6% A1 or more approaches too 
closely to a full gamma prime matrix. Such a matrix is 
different from that of the present invention which is a 
solid solution reinforced with gamma prime and car 
bide ?bers. As will be shown, an 8.6% A1 content 
places the composition past the eutectic point, intro 
ducing primary gamma prime dendrites in the matrix. 
Thus aluminum at about 8.6 weight percent causes seri 
ous loss of stress rupture strength. However, although 
A1 is needed for gamma prime strengthening in the 
carefully balanced composition of the present inven 
tion, it has been recognized that less than about 2 
weight percent is insuf?cient for such purposes. In a 
preferred Ni—base form of the present invention, the 
sum of the gamma prime formers Ta, V and Al should 
be no greater than about 25 weight percent when Ta is 
in the range of 3-15 weight percent. 
Required in the composition of the present invention 

is the element C which is needed to combine with Ta or 
with Ta and V to produce the carbide ?ber which 
strengthens the matrix. Less than 0.1 weight percent C 
is insuf?cient to form the carbide ?ber. Greater than 
about 1 weight percent C produces free carbon be 
cause there are not enough desirable carbide formers in 
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the present composition to react with more than about 
1% C. However, any such free carbon will slag off or 
will collect in the sorting-out portion of the casting 
which is adjacent the chill and which is later removed 
from the cast article. The amount of C included in the 
composition of this invention is a function of the 
amount of Ta, and of V, when included, sufficient to 
form a monocarbide of one or both of such elements. 
An element which is preferred to be omitted from the 

composition but which can be tolerated up to about 3 
weight percent is Mo. Like Cb, it tends to degrade the 
carbide ?ber structure and reduce properties. 
An element which can be included in the composi 

tion, in the range of up to about 10 weight percent, is 
W. It functions principally as a solid solution strength 
ener although it contributes somewhat to gamma prime 
formation. In excess of about 10 weight percent, it in 
terfers with carbide ?ber formation. Its preferred con 
tribution occurs in the range up to about 4% and pref 
erably in the range of about 2—4% in Ni-base and up to 
about 6% and preferably 146% in Co-base. 

In nickel-base forms of the present invention, the ele 
ment Co substitutes for nickel up to about 10 weight 
percent and contributes to the solubility relationship. 
In such smaller amounts, for example up to about 5 
weight percent and preferably 2-4 weight percent, Co 
increases the melting point. However, at the higher 
amounts, for example greater than about 10 weight 
percent, it tends to result in matrix instabilities. 
As was mentioned before, in order to provide the ar 

ticle of the present invention, the alloy having the 
above-described careful balance of elements must be 
unidirectionally solidi?ed to enable the carbide eutec 
tic ?bers to form integrally within and be bonded to the 
reinforced solid solution matrix. Such unidirectional 
solidi?cation can be conducted in one or more of the 

many methods and using apparatus Well-known and 
widely reported in the art. 
During the evaluation of- the present invention, a 

large number of alloy compositions were evaluated. 
The following Table I lists the composition of some of 
such alloys. A11 percentages in this Table and elsewhere 
in this speci?cation are percent by weight unless other 
wise stated. The alloy examples in Table I have been 
grouped to facilitate reference to the discussion which 
follows and to the comparative data of other tables or 
FIGURES of the drawings. 

TABLE I 

COMPOSITIONS( WTf/r ) 
Balance Ni and incidental impurities 

Alloy 
Example Cr C o W Al Tu ’ C Re V Ti Mo C b 

3 4.7 3.5 3.3 4.3 6.6 0.44 0 6.0 - — _ 

6 4.6 3.4 3.2 4.2 6.3 0.43 3.2 5.9 — — — 

9 4.4 3.3 3.1 4.0 6.1 0.41 6.2 5.7 — — — 

1 4.1 3.3 3.1 4.0 12.0 0.77 — — 5.7 — — 

4 4.7 3.5 3.3 4.3 6.5 0.44 — 6.0 0.84 — — 

13 4.4 3.3 3.1 5.4 8.1 0.54 6.2 5.6 — — — 

14 6.0 3.2 3.0 5.3 7.8 0.53 6.0 5.5 — — — 

15 7.8 3.2 3.0 5.3 7.9 0.53 6.0 5.5 — — - 

30 4.1 3.5 2.8 5.2 7.8 0.56 5.9 5.3 — — — 

9A 4.3 3.2 9.0 3.9 6.0 0.40 3.0 5.5 — —- — 

19 4.5 3.4 3.2 4.1 3.2 0.43 6.3 5.8 — —- 1.6 

20 4.6 3.4 3.2 4.2 0 0.43 6.4 5.8 -— — 3.3 

18 4.5 3.4 3.2 7.2 6.3 0.43 6.3 0 — — — 

21 4.3 3.3 3.0 5.4 9.1 0.60 6.1 5.6 — — — 

24 4.4 3.3 3.1 5.4 11.1 0.54 3.0 5.6 -— — — 

25 4.4 3.3 3.1 5.4 14.1 0.54 5.6 0 _ — — 

26 4.4 3.3 3.1 6.4 8.1 0.54 6.2 4.0 — — — 

27 4.5 3.3 3.2 7.4 8.2 0.55 6.2 2.3 — — — 

28 4.5 3.4 3.2 8.6 8.3 0.55 6.1 0 - — _ 
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TABLE l-continued 

COMPOSlTlONS(WT‘/r ) 
Balance Ni and incidental impurities 

Alloy . 
Example Cr Co W Al Ta C Re V Ti Mo Ch 

913 4.4 3.3 3.1 4.0 6 7 0.42 3.1 5.7 - 3.2 — 

Specimens of the alloys listed in Table l were melted 
in argon in alumina crucibles and then chill~cast into 
copper bar molds. Specimen castings were planar front 
solidi?ed to provide the unidirectional article speci 
mens used for subsequent testing. Mechanical test 
specimens for longitudinal properties were machined 
from the ingots parallel to the growth direction. To ob 
tain transverse properties, test specimen blanks were 
electro-discharge machined normal to the growth di 
rection. These blanks were then assembled between 
specimen grips and the entire assembly was ground into 
a mechanical test specimen configuration. 
One of the essential features of the present invention 

is the inclusion of the element Re principally to 
strengthen the alloy matrix. Such strength improve 
ment is particularly evident in the stress rupture prop 
erties of the unidirectionally solidi?ed specimens made 
from the alloy composition. The following Table 11 
shows the dramatic effect on stress rupture strength of 
the inclusion of Re within the range of the present in 
vention on alloy compositions which otherwise are sub 
stantially the same as shown by Table l. The data pres 
ented in Table ll resulted from stress rupture testing in 
air. 

TABLE ll 

Effect of Re on Stress Rupture Data 
Alloy 
Ex- Temp. Stress Life R.A. Elong. PM, 

ample "/rRe (“15) (ksi) (hrs.) ('7r) (7!) (C=20) 

3 0 1720 30 56.9 29.3 21.8 47.4 
6 3.2 1720 34 448.9 35.8 23.1 49.4 
9 6.2 1720 34 860.6 39.8 15.4 50.0 
3 0 1800 22.5 71.3 41.6 35.5 49.4 
6 3.2 1832 22.5 404.7 57.7 26.6 51.9 
9 6.2 1832 22.5 408.0 50.8 21.5 51.9 

As used in the tables, “ksi” means thousands of 
pounds per square inch, the term “RA" means reduc 
tion in area, the term “Elong.” means elongation and 
“PM,” means the well-known and widely used metallur 
gical stress rupture relationship known as the Larson 
Miller parameter PM, = T(C Log t) X l0~3 where C = 
20, described in more detail in American Society of En 
gineers Transactions, 1952, Volume 74, at pages 
765-771. Use of such a parameter allows a wide variety 
of comparisons between stress rupture lives at various 
temperatures and at selected stress levels. 

It should be noted from the data of Table ll that even 
though there was a very signi?cant improvement in 
high temperature stress rupture life, it was not made at 
a sacri?ce of ductility. 
During the evaluation of the present invention, alloys 

1 and 4 were prepared to study the effect of Ti on the 
cast structure. After preparation and unidirectionally 
solidifying alloy 1, it was noted from photomicrographs 
that the structure was unsatisfactory: it included few 
aligned ?bers and predominantly a dendrite structure. 
Thus it was recognized that the carbide ?ber reinforce 
ment desired in the article of the present invention 
could not be attained through alloy 1. Similarly, a mi— 
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crographic evaluation of alloy 4 showed that the as-cast 
structure was a solid solution matrix with gamma prime 
and equiaxed carbide particles which are known not to 
form the desired aligned carbide ?ber structure. Thus, 
even as little as 0.8% Ti is detrimental to the composi 
tion of the present invention. 
The speci?cally preferred Ni-base form of the pres 

ent invention includes the optional elements Co, W and 
V along with the other required elements. Typical of 
such specifically preferred form is alloy example 13 
which was selected for more extensive evaluation as 

represented not only by the data of Table 111 but also 
the comparative data shown in the drawings. As can be 
seen from the following Table III the stress rupture 
properties of alloy example 13 are better than other 
forms of the alloy of the present invention presented 
here and dramatically better than known alloys or cast 
articles of a type similar to that to which the present in 
vention relates. 

TABLE Ill 

Stress Rupture Data 
Alloy Temp. Stress Life PM, 

Example (°F) (ksi) (hrs) (C=20) 

13 1800 40 158.0 50.3 
14 1800 40 98.1 49.7 
15 1800 40 54.5 49.1 
19 1800 45 3.5 46.5 
20 1800 45 2.7 46.2 
18 1765 50 19.0 47.4 
21 1765 50 74.8 48.7 
24 1765 50 50.3 48.3 
25 1765 50 14.3 47.1 
26 1765 50 55.4 48.4 
27 1765 50 23.3 47.6 
28 1765 50 2.1 45.3 

Comparison of the data in Table lll for alloy exam‘ 
ples 13, 14 and 15 shows principally the effect of in~ 
creasing amounts of Cr on the strength of the alloy. vAt 
about 8% Cr, the strength is reduced so that it begins to 
approach that of an ordinary, good superalloy without 
carbide ?ber strengthening. Based on an evaluation of 
these and similar alloys, the present invention has‘de 
?ned the Cr range to be 3 to less than 10%, preferably 
3—8% Cr and more speci?cally 3—-6% Cr. 
The effect of Cb is shown by examples 19 and 20 

wherein even as little as 1.6% Cb in a direct, equivalent 
substitution for Ta, without other adjustment in the 
composition to accommodate Cb, results in dramatic 
reduction in stress rupture life. Therefore, the pre— 
ferred form of the present invention excludes Cb from 
the composition. 
Examples 18, 21 and 24 through 28 show the effect 

of varying amounts of Al and V along with variation in 
the level of TaC. For example, comparison of examples 
l8 and 28 shows that at an Al level of 8.6%, there is too 
much aluminum thus forcing the Ni-base alloy past the 
eutectic point and introducing primary gamma prime 
dendrites into the matrix. This has been observed from 
photomicrographic evaluations. This comparison, 
along with consideration of example 27 which shows 
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good strength properties and is within the scope of the 
present invention, indicates'that the maximum allow 
able Al content within the scope of the Ni-base form of 
the present invention lies at a point between 7.4% and 
less than 8.6%. From these considerations, the present 
invention has been de?ned as having an Al content of 
less than 8.6% and preferably in the range of about 
4-7%. ~ 

In a comparison of examples 26 and 27, a substitu 
tion of Al for V resulted in a slight loss in stress rupture 
propertiesv However, there was an improvement in oxi 
dation resistance. Thus the alloy composition within 
the scope of the present invention can be selected and 
adjusted according to the intended application. 
As was stated before and as is indicated by the data in 

Table III, one of the speci?cally preferred forms of the 
present invention is represented by example 13. Article 
specimens of this alloy form were prepared for evalua 
tion in a variety of stress rupture and tensile tests, both 
in the longitudinal and transverse direction in respect 
to the unidirectionally solidi?ed structure. Comparison 
of example 13 test data with data for the strongest TaC 
?ber strengthened structures and with the best re 
ported equiaxed cast superalloy are shown in FlGS. l, 
2 and 3. These ?gures, respectively, compare the longi 
tudinal and transverse stress rupture strength, the lon 
gitudinal and transverse ultimate tensile strength and 
the longitudinal and transverse 0.2% yield strengths of 
the unidirectionally solidi?ed TaC structures and those 
same properties for the ordinary cast superalloy. Alloy 
C in the drawing was in the form of a unidirectionally 
solidi?ed structure the composition of which consisted 
nominally, by weight, of 9.5% Ni, 15.7% Cr, 3.0% W, 
12.0% Ta, 0.77% C with the balance essentially Co and 
incidental impurities. Alloy R, sometimes referred to as 
Rene’ 120 alloy, was an ordinary superalloy with an 
equiaxed structure and consisted nominally, by weight, 
of 0.17% C, 9% Cr, 4% Ti, 0.015% B, 4.3% A1, 7% W, 
2% Mo, 10% Co, 3.8% Ta, 0,08% Zr, with the balance 
essentially Ni and incidental impurities. Review of the 
data presented in the drawings shows clearly the advan 
tage of the present invention as represented by example 
13. 
During the evaluation of the present invention, Co 

base forms as well as Ni-base alloys were evaluated. 
The following Tables IV and V list the composition and 
stress rupture properties of two of such alloys evaluated 
within the broad range of up to 20% Cr, 5—20% Ni, up 
to 8% W, 7—20% Ta, 0.5—1.3% C and 2—9% Re in a C0 
base. As in the case of the Ni-base alloy form, the speci 
mens were prepared by unidirectional solidi?cation. 

TABLE IV 

Balance Co and incidental impurities 
Alloy 

Example Cr Ni W Ta C Re 

C-3 15.3 9.2 2.9 11.6 0.75 2.9 
C-6 14.8 9.0 2.9 11.3 0.73 5.8 

TABLE V 

Stress Rupture Data 
Alloy Temp. Stress PM, 

Example (°F) (ksi) C=20) 

C—3 1600 50 40.6 
1650 42.5 42.3 
1780 36 46.3 
1980 25 50.0 
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TABLE V-continued 

Stress Rupture Data 
Alloy Temp. Stress PM, 

Example (°F) (ksi) C=20) 

' 06 I 1600 50 42.3 

1650 42.5 45.1 
1780 36 48.3 
1980 25 52.2 

Because Co-base alloys of the type to which the pres 
ent invention relates are not gamma prime strength 
ened, they depend solely on solution strengthening 
within the matrix. In the present invention, the high 
strength properties are achieved from the combination 
of improved matrix strength through the presence of 
Re and reinforcement strengthening from aligned car 
bide ?bers predominantly TaC. The composition, par 
ticularly the preferred range of 10-1 6% Cr, 7—15% Ni, 
1—6% W, 10-15% Ta, 0.7—1% C and 2—6% Re in the 
Co-base, is selected to avoid detrimental interaction 
between the matrix and the aligned ?bers and to assure 
matrix stability for example to avoid allotropic trans 
formation. 
The present invention has been described in connec 

tion with speci?c examples and forms. However, it will 
be understood by those skilled in the metallurgical art 
that the invention involving the inclusion of Re and the 
limitation of Ti in a superalloy matrix further streng 
thenable through aligned carbide ?bers is capable of a 
wide variety of modi?cations within its scope. 
What is claimed is: 
1. An article of manufacture having an improved 

combination of stability and high temperature proper 
ties comprising a unidirectionally solidi?ed anisotropic 
metallic composite body comprising: 
a matrix of a Ni-base or Co-base superalloy consist 

ing essentially of, by weight, about 2- 9% Re and 
less than about 0.8% Ti, along with elements se 
lected from the group consisting of Cr, Al, Ta, C, 
Ni, Co, W, V, Mo, Cb, Hf, Zr and B, the matrix 
being a solid solution; and 

an aligned eutectic reinforcing ?brous phase selected 
from carbides of the group consisting of Ta, V and 
their alloys and mixtures embedded in the matrix. 

2. The article of claim 1 in which the eutectic carbide 
reinforcing ?brous phase is predominantly TaC. 

3. The article of claim 1 in which the superalloy is Ni 
base consisting essentially of by weight, 3 to less than 
10% Cr, 2 to less than 8.6% A1, less than about 0.8% Ti, 
3—15% Ta, 0.1 to about 1% C, about 2—7% Re, up to 
about 10% Co, up to about 10% W, up to about 10% V, 
up to 3% Mo and less than about 3% Cb. 

4. The article of claim 3 in which the superalloy con 
sists essentially of, by weight, about 3—8% Cr, about 
4-7% Al, less than about 0.8% Ti, 5-1 1% Ta, O.4—O.8% 
C, 2—7% Re, up to about 5% Co, up to about 4% W, 
2—7% V with the balance essentially Ni and incidental 
impurities. 

5. The article of claim 4 in which the eutectic carbide 
reinforcing ?brous phase is predominantly TaVC. 

6. The article of claim 4 in which the superalloy con 
sists essentially of, by weight, 3-6% Cr, 4—7% Al, less 
than about 0.8% Ti, 7-11% Ta, 0.5—0.7% C. 5—7% Re, 
24% Co, 2-4% W, 4-7% V with the balance essen~ 
tially Ni and incidental impurities. 

7. The article of claim 1 in which the superalloy is 
Co-base and consists essentially of, by weight, up to 
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20% Cr, 5-20% Ni, up to 8% W, 7-207: Ta, 0.5-1.3% 
C and 2-9% Re. 

8. The article of claim 7 in which the superalloy con 
sists essentially of, by weight, lO-l6% Cr, 7-1570 Ni, 
l—6% W, 10-15% Ta, 0.5—1% C, 2—6% Re, with the 
balance Co and incidental impurities. 

9. An alloy capable of developing in a unidirection 
ally solidified anisotropic article an improved combina 
tion of stability and high temperature properties, the 
alloy comprising a Ni-base or Co-base superalloy con 
sisting essentially of, by weight, about 2-9% Re, less 
than about 0.8% Ti, 0.4t0 about 1.3% C and about 
3-20% Ta, along with elements selected from the group 
consisting of Cr, Al, Ni, Co, W, V, Mo, Cb, Hf, Zr and 
B. i 

10. The alloy of claim 9 in which the superalloy is Ni 
base consisting essentially of, by weight, 3 to less than 
10% Cr, 2 to less than 8.6% A1, less than about 0.8% Ti, 
3-l5% Ta, 0.4 to about 1% C, about 2-7% Re, up to 
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about 10% Co, up to about 10% W, up to about 10% V, 
up to 3% Mo and less than about 3% Cb. 

l l. The alloy of claim 10 consisting essentially of, by 
weight, about 3—8% Cr, about 4—7% A], less than about 
0.8% Ti, 5-1 1% Ta, 0.4-0.8% C, 2-7% Re, up to about 
5% Co, up to about 4% W, 2—7% V with the balance es 
sentially Ni and incidental impurities. 

12. The alloy of claim 11 consisting essentially of, by 
weight, 3-6% Cr, 4—7% Al, less than about 0.8% Ti, 
7-] 1% Ta, 05-07% C, 5—7% Re, 2-4% Co, 2-4% W, 
4-7% V with the balance essentially Ni and incidental 
impurities. 

13. The alloy of claim 9 in which the superalloy is Co 
base consisting essentially of, by weight, up to 20% Cr, 
5-20% Ni, up to 8% W, 7-20% Ta, O.5-l.3% C and 
2-9% Re. 

14. The alloy of claim 13 consisting essentially of, by 
weight, lO-l6% Cr, 7—l5% Ni, l—6% W, 10-15% Ta, 
0.5-l% C, 2—6% Re, with the balance essentially Co 
and incidental impurities. 

* * * >l< * 


