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This invention is directed to a high damping alloy suit 
able for use over a wide range of temperatures and mem 
bers prepared therefrom. 
The problems associated with vibration and its reduc 

tion are becoming increasingly important as the demands 
made on modern machinery and materials increase. For 
example, in the ?elds of rotating and reciprocating ma 
chinery, the suppression of vibration is necessary for the 
prevention or drastic reduction of fatigue failure of ma 
chine elements stemming from vibration. Members which 
must be designed to resist fatigue failure could undoubt 
edly be made much lighter if vibration could be sup 
pressed. Another bene?t which would accrue from con 
trolled vibration would be the reduction of noise which 
reaches objectionable levels in the larger apparatus. 

In the past, in attempts to reduce the deleterious ef 
fects of vibration on members, there have been devel 
oped various mechanical devices for attachment to the 
members subject to vibration for vibration control. Sat 
isfactory mechanical damping devices have not been de 
veloped for all applications, and at any rate, even in those 
cases where they are generally successful in reducing vi 
bration, additional weight, bulk, and expense is involved 
in providing such damping devices. 
A solution much more satisfactory than mechanical 

damping members is the provision of materials having in 
herent damping properties, and which have the other 
physical properties required by the member which is 
to be subjected to vibration. It is with this concept of 
providing high inherent damping properties in metals that 
this invention is concerned. 
One of the critical problems in building turbines that 

must operate satisfactorily with inlet steam temperatures 
of from 1000° F. to 1200” F. has been the lack of al 
loys that have both high damping propertiesv and high 
strength ductility .at such steam temperatures. These prob 
lems are even more severe when turbine operation at 
proposed temperature levels of up to 1300° F. are con 
sidered. In particular, the ?rst rows of blades upon which 
the high temperature steam impinges are subjected to 
extreme vibration and shock, especially in turbines op 
erating at partial steam admission, This may cause rapid 
fatigue of the blades unless adequately self-damping ma 
terials are employed for the blades. 
Another critical problem which faces the designers of 

steam turbines is obtaining a material suitable for use 
in the manufacture of large, low temperature blades. The 
blades now being produced are as long as 25 inches, while 
the designs for future machines contemplate blades of 
almost twice that length. It is readily seen that blades 
of such extreme length present serious vibration problems. 
On rare occasions, metallurgists have observed in pho 

tomicrographs small areas having a structure known as 
“cellular precipitate.” This cellular precipitate structure 
has been regularly regarded as being nndesirabel and ef 
forts have been made to suppress it. Accordingly, no al 
loy having any signi?cant amount of cellular precipitate 
has been produced or employed commercially. Further, 
there has been no understanding of What metallurgical 
phenomena gave rise to the formation of the cellular 
precipitate. According to the present invention it has been 
discovered how to produce certain alloys with relatively 
large amounts of the cellular precipitate. More im 
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2 
portantly, contrary to the prior art knowledge, it has been 
found that shaped and hardened members of certain al 
loys having substantial amounts of cellular precipitate 
possess not only excellent physical properties, but are fur 
ther characterized by outstanding high temperature 
damping properties. 
The cellular precipitate comprises a plurality of lamel 

lar colonies which consist of areas of relatively depleted 
matrix continuous with itself and the alloy matrix proper, 
and spaced strips of precipitate disposed in the depleted 
matrix. The spaced strips of precipitate in the depleted 
matrix resemble the pearlite structure inviron alloys. It 
is clearly observed in certain alloy sections etched with 
Frye’s etch or electrolytically etched in a 10% chromic 
acid solution at a magni?cation of 5 00X . . 
One of the best available alloys for steam turbine blad 

ing presently employed is a 12% chromium-iron alloy 
corresponding to A181 403. This alloy, however, cannot 
be safely employed above 1050° F. and ordinarily its 
practical operating temperature limit is approximately 
1000° F. The creep-rupture strength of this widely used 
alloy is relatively poor above 1000° F. 
Recent efforts to provide alloys having good inherent 

damping properties are embodied in US. Patent No. 
2,829,048, issued April 1, 1958, to A. W. Cochardt et al., 
entitled, “High Damping Alloy and Members Prepared 

' Therefrom,” and in US. application Serial No. 721,275, 
?led March 13, 1958, by A. W. Cochardt et al., entitled, 
“High Damping High Temperature Alloy,” now aban 
cloned. The alloys disclosed therein posess a combination 
of damping properties and good mechanical properties 
at elevated temperatures unequaled in the prior art. 

In ‘determining the relative damping characteristics of 
the alloy of this invention, the vibration tests described 
in the following publication were employed: “Foppl 
Pertz Damping Machines,” Metals and Alloys, New 
Products Section, February 1931, page 28. 
The logarithmic decrement, as generally de?ned, was 

determined for the alloys at various vibratory surface 
shear strain values. 
The primary object of this invention is to provide an 

alloy having high damping characteristics, the alloy com 
prising essentially predetermined critical amounts of nickel 
and at least one element selected from the group consist 
ing of chromium, iron, and cobalt, and hardening con 
stituents, the alloy structurally comprising a matrix with 
a substantial proportion of lamellar colonies distributed 
therein. 

Another object of this invention is to provide a process 
for preparing high damping structural members from a 
hardenable alloy, the alloy containing as its essential com~ 
ponents critical amounts of nickel and at least one ele 
ment selected from the group consisting of chromium, 
iron and cobalt, and hardening constituents, the process 
developing in the alloy a structure comprising a matrix 
and a high proportion of lamellar colonies distributed 
therein. 

It is a further object of this invention to provide mem 
bers prepared from an alloy which is hardenable, the 
alloy base including predetermined amounts of nickel 
and at least one element selected from the group con 
sisting of chromium, iron, and cobalt, and hardening con 
stituents, wherein the alloy structurally comprises from 
3% to 95% by area as measured at any cross section of 
the member of lamellar colonies or cellular precipitate. 

Still another object of this invention is to provide a 
precipitation hardenable cobalt-nickel base alloy having 
high damping properties, the alloy structurally consisting 
of lamellar colonies or a cellular precipitate in the cobalt 
nickel matrix. 

7 It is still another object of this invention to provide a 
precipitation hardenable ferrous base alloy having ex 
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celle'nt damping properties, the alloy comprising predeter 
mined critical amounts of iron, a proportion of nickel, 
and two or more elements selected from the group con 
sisting of chromium, cobalt, titanium, copper and man 
ganese, in which lamellar colonies or a cellular precipitate 
are distributed in an essentially ferrous matrix. 

Other objects of the invention will, in part, be obvious 
and,’ in part, will appear hereinafter. 
For a better understanding of the nature and objects of 

the invention, reference should be made to the following 
detailed description and drawings, in which: 3 
FIGURE 1 is a graph plotting damping in terms of the 

logarithmic decrement against maximum surface shear 
stress at 1200° F. for two alloy structures; . 
FIGS. 2 through 5 are idealized representations of the 

microstructures of certain of the alloys of this invention; 
FIGS. 6 through 11 are graphs of damping capacity 

similar to FIG. 1, for various of the alloys of this inven 
tion;' ' ' 

FIGS. 12 and 13 are idealized representations of the 
microstructures of an alloy consistuting another embodi 
ment of this invention; 

- FIG. 14 is a graph of the damping capacities of the 
alloys of FIGS. 12 and 13;_and ' 
FIGS. 15 through 20 are actual photomicrographs of 

' the alloys for which idealized representations are pre 
sented in FIGS. 2 through 5, 12 and 13. 

It has been discovered that certain alloy microstruc 
tures, which can be developed in a range of certain hard 
ena'ble alloy compositions by suitable heat treatment and 
aging applied to shaped members of the alloy, confer out 
standing damping properties on the alloys. The micro 
structure which is so outstandingly effective is that of 
lamellar colonies comprising areas of a cellular pre 

- cipitate distributed in a matrix of the alloy which was 
described in detail hereinbefore. The lamellar colonies 
are similar to pearlite in appearance. By proper selection 
of the alloy constituents, the alloys will have, in addition 
to high damping properties, high creep rupture strength 
at temperatures of the order of 1200° F. and higher, and 
also reasonably high ductility at such elevated temper 
atures. 

Broadly, the alloys of the present invention'include at 
‘least 3% of the element nickel and at least one element 
selected from the group consisting ‘of chromium, iron, 
and cobalt, the total of nickel and ‘these elements being 
at least 80%, and at least one additional precipitation 

V hardening constituent such as titanium, aluminum, copper 
and beryllium. In’ addition, there may be’ present other 
alloying components" such as molybdenum and tungsten 
and other additives and impurities. The worked and hard 
ened alloy when suitably heat-treated as will be described 
herein, is particularly characterized by a microstructure 
imparting high damping properties, which microstructure 
consists of lamellar coloniesv or- cellular precipitate dis 
tributed in a matrix, the lamellar colonies .constituting‘ 
from 3% to 95% and, in some cases, all of the observable 
area of the alloy as measured at'any cross section. 
vThe desired cellular precipitate microstructure is ob 

tained by a heat treatment involving a solid solution treat 
ment for from 1/2 to 4 hours at a temperature of from 
1700° F. to 2000“ F. followed by an aging treatment for. 
from 1/2 to 2500 hours at a temperature of 1100° F. to 
'1650" F. The cellular precipitate microstructure may be 
developed concurrently 'with hardening of the alloy 
members or subsequently thereto. . 
More particularly; a series of cobalt-nickel base alloys. 

incorporating the present invention have been prepared 
comprising, by weight, from 65% to 88% cobalt, at’ 

' least 8% nickel, the cobalt and nickel totaling at least 
' 90%, up to 4% titanium, up to 1.5% aluminum, up to 
1% beryllium which can replace the titanium and the‘ 
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1%. The alloys of this particular composition develop 37 
a cellular structure comprising lamellar colonies includ 
ing titanium or beryllium-rich strips of precipitate dis 
tributed in an essentially cobalt-nickel matrix when solu 
tion treated for from 1/2 to 4 hours at a temperature from 
1700” F. to 2000“ F. followed by aging from about 200' 
to 2500 hours at a temperature of from 1100° F. to‘v 
14500 F. 
A more restricted preferred’ composition range for 

cobalt-nickel base alloys in accordance with this invention 
comprises, by weight, from 70% to 75% cobalt, 25% to 
20% nickel, the total of cobalt and nickel amounting to 
from 94% to 96%,‘ from .1% to 2% zirconium equiv- ' 
alent of at least one element selected from the group‘ con 
sisting of zirconium and hafnium, the Weight of hafnium 
‘being divided by 2 in calculating the effective zirconium 
equivalent, from 1% to 3% titanium, from 0.1% to 1.5% 
of aluminum, the total of titanium and aluminum not 
exceeding 3.5%, with the balance incidental impurities. 
Good results have also been obtained employing fer 

rous-base alloys in which iron comprises from 50% to 
80%, nickel from 3% to 12%, up to 18% chromium, up 
to 35% cobalt, and a precipitation hardening element 
selected from the group consisting of titanium and cop 
per, titanium, when present, amounting to from 1% to 
4% and copper, when present, amounting to from 3% to 
5%, up to 3% manganese, up to 2% silicon, and up to 
27% columbium. Members of the ferrous base alloy when 
solution treated for from 1/2 to 4 hours at a temperature 
of from 1700°'F. to 2000° F., and aged for from 1/2 to, 
2500 hours at a temperature of from 1100“ F. to 1650° 
F. develop a‘ structure comprising lamellar colonies or a 
cellular precipitate distributed in a matrix, the lamellar 
colonies comprising from 3% to 95% by area as meas-. 
ured at any cross section of the alloy. ' ~ 

FIGS. 2 and 15 show an alloy having good damping 
properties and should be lconsideredptogether, for. FIG. 2 
is an idealized representation of the microstructure of the 

- alloy. shown in the photomicrograph of FIG. 15. These 
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aluminum or it can be employed in combination with '7 
them, up to’ 5% molybdenum, up to 3% zirconium, car 
bon not exceeding 7.05%, with impurities not exceeding 

?gures show a typical cobalt-nickel alloy of this inven 
tion after appropriate heat treatment and an electrolytic 
polish in a 10% chromic acid solution. The bulk of the 
alloy area as shown is occupied by the matrix, which ap 
pears as an extensive grey-colored area in the photo 
micrograph. Randomly dispersed in the matrix are nu-, 
merous small black particles constituting the precipitate 
formed in the initial aging period. It is this precipitate 
Which confers increased hardness on the alloy. The ir 
regular uniformly white bodies'in the ?gures are zir 
conium-rich second phase particles. Along the grain 
boundaries of the matrix lamellar colonies or cellular 
precipitate can be clearly seen. The black strips within the ' 
lamellar colonies‘ are precipitate, while the continuous 
white mass separating and surrounding the black strips is 
depleted matrix. ' a V 

The lamellar colonies, which resemble'the well-known 
pearlitic structure of ferrous metallurgy, originate at the 
grain boundaries and grow inwardly into the grains. , 

In examining photomicrographs of the properly heat 
treated titanium or beryllium bearing cobalt-nickel al 
loys, the dark strips or ‘lamellae in the cellular bodies are 
the precipitate. This precipitate is titanium- or beryllium-, 
rich, as the case may be. The ‘alloy material lying between‘ 
the precipitate lamellae and forming the alternate lamellae. " 
is a matrix-like. alloy which is» depleted with respect to ' 
titanium or beryllium as compared with the matrix itself.‘ 

In alloys whichare heat treated to reach an advanced 
stage of aging, the lamellar colonies progress'in their 
growth to a point where many of the separate colonies’; v 
lose their individuality, and the lamellar colonies may ~ 
occupyfrom upwards of'one-half to substantially all of 
the’ observed ?eld. A structure having this amount of 
cellular precipitate ‘is one which’ possesses outstanding 
high damping properties. 
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In alloys made in accordance with this invention for 
high temperature employment, the required high tem 
perature properties are obtained in part by precipitation 
hardening formed and shaped members of the alloys by 
applying suitable aging treatment. Titanium in an amount 
ranging up to 4%, up to 1.5% aluminum, up to 1% 
beryllium, and up to 5% copper, are the constituents 
which are particularly used in various of the alloys to 
produce the desired hardness through precipitation phe 
nomena. 

Molybdenum and/ or tungsten may be present in the al 
loy in amounts up to 5% as a solid solution hardener. 
Columbium and tantalum may also be used for this pur 
pose, the total amount of these latter elements not ex 
ceeding 1.5%. 

In alloys intended for service at elevated temperature, 
zirconium may be present in amounts up to 2%, in order 
to improve the stress-rupture ductility in the alloy. Haf 
nium may replace all or a part of the zirconium, how 
ever, the weight of the hafnium should be twice the 
amount of zirconium replaced. Expressed in terms of zir 
conium equivalent, then, the weight of hafnium is di 
vided by 2, since hafnium is one-half as effective as zir 
conium in improving the stress-rupture ductility. 
Chromium may also be present in certain of the al 

loys in amounts up to as much as 30% to impart im 
proved corrosion resistance. 

In the cobalt-nickel base alloys, boron has been found 
to be detrimental when present in amounts exceeding 
about 0.002%, since it appears to inhibit or prevent the 
development of the cellular precipitate. Other elements 
which may be present in the alloy are silicon, manganese, 
and carbon as minor additives, and impurities such as 
sulfur, phosphorus, nitrogen, and oxygen. 

In the preparation of the alloys of this invention, both ~ 
vacuum melting and air melting techniques have been 
used with satisfactory results. The molten alloy may be 
cast directly into members of desired shape by precision 
casting or shell molding techniques. For most applica 
tions, however, it is desirable to cast an ingot of the alloy, 
which is then subjected to suitable forging or rolling or 
other working treatment to re?ne the grain structure and 
to produce homogeneous forgings, wrought members, or 
bar stock. The ingots may be heated to a temperature in 
the range from 1800° to 2200” F. and hot rolled or 
forged to shape with suitable heating if necessary. 

Castings or wrought alloy members of the order of an 
inch or so in thickness are solution heat treated, ordi 
narily at temperatures in the range of from 1700° F. to 
2000° F., for a period of approximately an hour. A half 
hour at temperature may be added for every additional 
inch of thickness. Thereafter, the solution heat treated 
member is aged at a temperature from approximately 
1100° F. to 1650° F., and preferably, for some alloys, 
at about 1200° F., for a period of from 1/2 to 2500 hours. 
On very thin sections the aging time may be reduced to 
?fteen minutes or even less. The hardening of the alloy 
during this aging treatment occurs during the initial por 
tion of the aging period. Thereafter, the additional ,aging 
is required to form the cellular precipitate which is es 
sential to confer the excellent damping properties upon 
this alloy. It is an important characteristic of the alloys 
of this invention that the hardness acquired by aging is 
not materially affected by prolonged overaging. Thus, for 
example, the hardness of cobalt-nickel alloys aged for 
2500 hours is not materially different from that of such 
alloys aged for a period at little as 16 hours at 1200° F. 
The following examples are illustrative of the practice 

of the present invention. 

EXAMPLE I 

In an air induction furnace, there was melted an alloy 
hereinafter designated as ML72. The chemical analysis 
of ML72 indicated cobalt 73%, nickel 22.9%, manga 
nese .45%, carbon .01%, titanium 1.87%, aluminum 
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6 
.26%, zirconium 1.09%, iron 23%, silicon .2l%, phos 
phorus .008%, and sulfur .0l%. The zirconium addition 
was commercial grade containing about 2% hafnium 
therein. The ingot was fabricated to a 4.5 inch square 
billet by hammer and press forging at a temperature of 
from 2000” F. to 2100° F. Thereafter, the billets were 
rolled into % inch square bars. The bars were solution 
treated at 1900° F. for one hour. Thereafter, one of the 
bars was aged at 1200° F. for 2500 hours. When etched 
cross sections of the bar were examined under the micro‘ 
scope, it was observed that from 10% to 30% of the 
area under observation was occupied by lamellar colonies 
forming a cellular precipitate. In FIG. 1, in which damp 
ing in terms of the log decrement is plotted against maxi 
mum sheer stress, the extremely good damping properties 
of the alloy treated as described are shown in curve A. 

In this same FIG. 1, by way of contrast, is plotted 
curve B of the damping characteristics of another sample 
in every respect similar to that of the ?rst sample of the 
alloy except that this sample was aged at 1200° F. for 
only 16 hours. It will be noted that in the range from 
6,000 to 14,000 psi. shear stress, the stress range which 
is of particular interest for high temperature steam tur~ 
bine blades, the damping capacity of the ?rst sample is 
from 2 to 7 times better than the damping capacity of 
the second alloy. When observed under the microscope 
the second sample contained no observable cellular pre 
cipitate. 

EXAMPLE II 

The alloy in this example was of the same composi 
tion as that of Example I, and it was fabricated into 
bars in the same manner as Example I. The bars were 
then solution treated at a temperature of 17.50" F. for 1 
hour. The solution treatment was followed by an aging 
treatment at 1200" F. for 1300 hours. Specimens treated 
with this lower solution temperature had a high propor 
tion of cellular precipitate, from 10% to 30% of the area, 
and retained all the desirable mechanical properties, as 
well as a high damping capacity corresponding to the 
specimen of Example I. 

EXAMPLE III 

A series of specimens was prepared having the same 
composition as the specimens of Example I except that 
the element molybdenum was added in a different amount 
to each one. Specimens having 1%, 2%, 3%, and 4% 
molybdenum were prepared. Fabrication of bars from the 
ingot was carried out as indicated in Example I. The 
bars were solution treated at 1900" F. for 1 hour. Each 
of the bars was then aged at 1200“ F. for 500 hours. The 
specimens were examined under the microscope with the 
result that the 1% molybdenum-containing specimen was 
found to have 3% by area of lamellar colonies, the speci 
men containing 2% molybdenum had 20% by area of 
lamellar colonies, that containing 3% molybdenum had 
30% ‘by area of lamellar colonies, and the specimen con 
taining 4% molybdenum had between 50% and 60% 
by area of lamellar colonies. 
The microstructures of the alloys having 1%, 3%, and 

4% molybdenum are shown in idealized representation 
in FIGS. 3 to 5 in order to emphasize the novel micro 
structure characteristic of the alloys of this invention. 
FIGS. 16 to 18 are photomigrographs showing actual 
structures corresponding to FIGS. 3 to 5, respectively. 
The lamellar colonies which are clearly indicated in 
FIGS. 3 to 5, appear as dark, somewhat poorly resolved 
masses in FIGS. 16 to 18. The solid black areas are voids 
created by removal of a second phase during etching and 
polishing. It will'be observed in FIGS. 5 to 18 (4% 
molybdenum) that the original grain boundaries are ill 
de?ned and the cellular precipitate has become the dom 
inant structural feature of the alloy. 
The damping properties of this last series of alloys is 

closely related to the area of lamellar colonies present, 
and hence to the amount of molybdenum, in the alloy. 
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In this connection, FiGS. 6-9 show the damping ca 
pacity of the series of alloys containing 1%, 2%, 3%, 
and 4% molybdenum. In the range from 6,000 to 14,000 
p.s.i. shear stress, the damping capacity. at elevated tem 
peratures is strikingly improved as the amount of molyb 
denum increases. Comparison of the curves for 1200“ F. 
damping reveals that while the damping capacity of the 
v1% and 2% molybdenum alloys ranges from a log decre 
ment of .02 to .03 over the stress range of interest with . 
the 2% molybdenum alloy considerably lbetter than the 
‘1% molybdenum alloy, the damping capacity of the 3% 
molybdenum alloy covers the range from .028 to .048, 

3 and the damping capacity of the 4% molybdenum alloy 
ranges from .03 to nearly 0.10. It is especially interesting 
to note that in the 4% molybdenum alloy the damping 
capacity at 1200° F. is very nearly equal to the damping 
capacity of the alloy at room temperature. 
A damping capacity represented by a structure in which 

50% to 60% of the observed area of alloy is occupied 
by lamellar colonies, as was attained in the 4% molyb 
denum-containing alloy, is so great that it exceeds all 
present day requirements for damping capability. 

It is thus observed that molybdenum is a cellular pre— 
7 cipitate promoter of great potency and is highly desirable 

in amounts of from 1% to 5%. 
The question naturally arises as to whether tungsten 

maybe substituted for all or part of the molybdenum in 
the alloys of this invention. Both molybdenum and tung 
sten are solid solution hardeners, and since the function of 
hardening is an important aspect of the molybdenum addi 
tion, tungsten may be substituted for the molybdenum to 
the extent that solid solution bardening is the desired 
result. ' , 

Tugsten is not, however, a promoter of _cellular pre 
cipitate in the alloys of this invention. This is shown in 
FIGS. 10 and 111 which are damping curves for a ?rst 
alloy containing 2% tungsten, and another alloy contain 

' ing 1% molybdenum and 1% tungsten; The 2% tungsten 
alloy has a generally lower damping capacity than the 
1% molybdenum alloy v(FIG. 6). The 1% molyb 
denum-1% tungsten alloy does not quite have the damp 
ing capacity of the 1% molybdenum alloy. It is clear, 
therefore, that no bene?cial effect on the damping capacity 
of the alloy may be expected from additions of tungsten. 

Example IV 
An alloy falling in the following composition range 

was cast, forged, and fabricated to bar-stock. 

Wt. percent 
Chromium _ 15.5—17.5 

' Nickel ___-_ ___________________________ __ 3-5 

Copper .. ___- 3-5 ' 

Columbium _ _ V 0-.45 

Silicon 1 Max. 
Manganese _____________________________ .. 1 Max. 

Carbon _ .07 Max. 
Iron _________________________________ _- Balance 

The specimen bars were solution treated at 1900“ F. 
for 1 hour and then quenched in oil. The aging treatment 
which followed involved heating thev specimen bars to a 
temperature of 1400° F. for'a period of one hour. 
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When examined under a microscope, the ferrous-base ‘ 
alloy of this example exhibited from 80% to ‘95% of 

, the observed area occupied by lamellar colonies. It will 
be understood that the specimens containing lamellar 
colonies to this extent exhibited greatly improved damp 

FIGS. 12 and 13 are idealized representations of the 
microstructure of the alloy of Example IV in two con 
ditions of heat treatment, while FIGS. 19 and 20 are 
actual photomicrographs of this alloy'and correspond to 
FIGS. 12 and 13, respectively. FIGS. 12 and 19 show 
the microstructure of the alloy after solution treatment 
_at 1900° F. for one hour followed by anroil quench. The 

8 
predominant structure visible is a low carbon martensite. 
The second phase present is delta ferrite which is inherent 
to the base composition and remains unchanged by heat 
treatment. , 3 

FIGS. 13 and 20 show the same alloy after the same 
solution heat treatment and quench, and an aging treat 
ment at 1400° F. for one hour. The alloy structure con 
sists of the matrix which appears relatively light, and the 

precipitate which appears darkerand is arranged in 
lamellar fashion. The white areas are the second phase. 
The alloy structures illustrated in FIGS. 12, 19 and 

13, 20 have identical hardness, but the difference in the 
damping capacity of the two structures is very great as 
indicated in FIG. 14, which shows the results of damping 
tests. Initially, at low stresses, both materials have the 
same rather low damping capacity; however, the curves 
begin to separate, and in the range of stress from 15,000 
p.s.i to 35,000 p.-s.i., which is the, range of interest at room 
‘temperature, the specimen with the cellular precipitate ' 
has two to four times the damping capacity of the speci 
men with the normal structure. ‘ 1 

The alloy of Example IV is a moderately priced ma 
terial being about as expensive as the materials’ of low 
damping capacity presently used for the low temperature 
exhaust'blades of steam turbines. For that reason, the 
discovery that a high damping capacity structure can be 
developed in the ‘alloy is extremely important. A superior 
product without substantial increase in cost is thus made 
available to the art. ' , 

The four examples given above indicate that cellular 
precipitate which is capable of imparting high damping 
capacity can be made to appear in alloys of widely vary- . 9 
ing composition. Thus, the damping capacities of cobalt 
nickel base alloys and of ferrous-base alloys can be im 
proved. Further, the aging treatment which develops the 
desired structure in the alloy may be varied both as to 
temperature and time within limits to produce the struc 
ture. 

Another alloy in which a substantial proportion of cel 
lular precipitate may be' obtained by aging treatment, ' 
and which thus may have its damping capacity substan 
tially improved, comprises 30% cobalt, 10% nickel,'3% 
titanium, and the balance approximately 55% iron with ~ 
small amounts of additives and incidental impurities. 
While considerable emphasis has been placed in this 

discussion upon alloys useful at elevated temperatures of 
say, 1200° F. and up, it should be understood that many 
low temperature applications are available for high damp 
ing capacity alloys. One such application is found in the 
exhaust blades in steam turbines which generally operate 
in the temperature range between 70° F. and 450° F. 
Materials of the type disclosed herein might also be used 
in marine turbines which are frequently subjected to 
rather severe vibrational stresses due to the variable speed 
of these machines. These alloys can also be used to 
fabricate tool holders for lathes and drill presses, as a 
gear material, and for springs in certain vehicles. , 
Although the present invention has been described 

with reference to preferred embodiments, it will be ap.» 
parent to those skilled in the art that variationsand modi 
?cations may be made without departing from the essen- . 
tialrspirit and scope of the invention. It is intended to in 
clude all such variations and modi?cations. 
We claim as our invention: '7 ' 

1. A heat-treated alloy having excellent damping ca 
pacity at elevated temperatures under stress, the‘ alloy 
comprising as its essential components at least 3% and 
not in excess of 25% by weight of nickel, and at least 

. one element selected from the group consisting of chro 
70 

75 

mium, iron, and cobalt, chromium, when present, not 
exceeding 30%,. these components totaling at least 80%,, . 
and also contaming at least one precipitation hardening 3 
constituent in eifective amounts up to 5%, and the bal 
ance bemg small amounts of additives and impurities, 
the alloy microstructurally characterized by a matrix 
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having lamellar colonies forming a cellular precipitate 
distributed therein, the lamellar colonies constituting at 
least 3% of any cross section of the alloy. 

2. In a process for producing a heat-treated alloy 
having excellent damping capacity at elevated tempera 
tures under stress, the alloy comprising as its essential 
components, of at least 3% and not in excess of 25%, 
by weight, of nickel and at least one element selected 
from the group consisting of chromium, iron, and cobalt, 
chromium, when present, not exceeding 30%, these com 
ponents totaling at least 80%, and also containing at 
least one precipitation hardening constituent in effective 
amounts up to 5% selected ‘from the group consisting of 
titanium, aluminum, beryllium, and copper, and effective 
amounts not in excess of 5% of at least one element of 
the group consisting of molybdenum and tungsten, and 
the balance being small amounts of additives and im 
purities, the steps comprising, solution treating the alloy 
for from 1/2 to 4 hours at a temperature of from 1700" 
F. to 2000“ F., and aging the alloy for from 1/2 to 2500 
hours at a temperature of 1100° F. to 1650° F. until 
the alloy is microstructurally characterized by a matrix 
and lamellar colonies forming a cellular precipitate dis 
tributed therein, the lamellar colonies constituting at 
least 3% of any cross section of the alloy. 

3. A precipitation hardened cobalt-nickel base alloy 
member having good elevated temperature properties 
and outstanding damping capability, the alloy micro 
structurally characterized by lamellar colonies forming 
a cellular precipitate distributed in an essentially cobalt 
nickel matrix, the area occupied by the lamellar colonies 
constituting at least 3% of any cross section of the mem 
ber, the amount of cobalt in the alloy being at least 
twice the amount of nickel therein, the cobalt and nickel 
totaling at least 90%, and at least one precipitation 
hardening component in an effective amount of up to 
4% from the group consisting of titanium, aluminum 
and beryllium, the balance being small amounts of addi 
tives and impurities. 

4. A precipitation hardened cobalt-nickel base alloy 
member having good elevated temperature properties 
and outstanding damping capability, the alloy micro 
structurally characterized by an essentially cobalt-nickel 
matrix in which lamellar colonies forming a cellular 
precipitate are distributed, the lamellar colonies con 
stituting at least 3% of any cross section of the member, 
and the amount of cobalt in the alloy Ibeing at least twice 
the amount of nickel therein, precipitation hardening 
components in effective amounts up to 4%, the precipi 
tation hardening components being selected from at least 
one of the ‘group consisting of aluminum, titanium, and 
beryllium, at least one element from the group consist 
ing of molybdenum and tungsten in an amount of up 
to 5 %, up to 3% zirconium, up to 2% silicon, up to 2% 
manganese, up to 2% chromium, and carbon not ex 
ceeding .05%, the balance not exceeding 1% compris 
ing small amounts of impurities. 

5. A heat-treated member comprising an alloy com 
posed of from 65% to 88% cobalt, effective amounts of 
up to 4% of at least one precipitation hardening con 
stituent selected from the group consisting of titanium, 
aluminum, and beryllium, up to 5% molybdenum, up 
to 3% zirconium, carbon not exceeding .05% and the 
balance, at least 8%, being nickel, with impurities not 
exceeding 1%, the alloy characterized by an essentially 
cobalt-nickel matrix with lamellar colonies forming a 
cellular precipitate distributed therein, the cellular pre 
cipitate comprising at least 3% of any cross section 
through the alloy, the alloy characterized in exhibiting 
exceptionally high damping properties. 

6. In a process for producing a member comprising 
an alloy having exceptional damping properties com 
posed of from 65% to 188% cobalt, precipitation harden 
ing components in effective amounts of up to 4% select 
ed from at least one of the group consisting of titanium, 
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10 
aluminum, and beryllium, up to 5% molybdenum, up to 
3% zirconium, carbon not exceeding .05%, and the bal 
ance, at least 8%, being nickel, with impurities not ex 
ceeding 1%, and boron not exceeding 0.002%, the steps 
comprising, solution treating the member for from 1/2 
to 4 hours at a temperature of from‘ 1700° F. to 2000° 
F., aging the member for :from 200 to 2500 hours at a 
temperature of 1100° F. to 1450° P. so that the alloy 
develops a structure characterized by lamellar colonies 
distributed in a matrix, the lamellar colonies including a 
cellular precipitate and comprising in area at least 3% 
of the alloy as measured at any cross section through 
the member. 

7. In a process for producing a member comprising an 
alloy composed of, by weight, from 70% to 75% cobalt, 
25% to 20% nickel, the total of cobalt and nickel being 
from 94% to 96%, a total of from .1% to 2% zirconium 
equivalent of at least one element selected from the 
group consisting of zirconium and hafnium, the weight 
of the hafnium present being divided by 2 in calculating 
the effective zirconium equivalent, from 1% to 3% ti~ 
tanium, from 0.1% to 1.5% of aluminum, the total of 
titanium and aluminum not exceeding 3.5%, and the 
balance being incidental impurities, the steps compris 
ing solution treating the member for from 1/2 to 4 
hours at a temperature of from 1700° F. to 2000" F., 
and then aging for from 200 to 2500 hours at a tem 
perature of 1100“ F. to 1450" F. until the alloy develops 
a structure characterized ‘by lamellar colonies distributed 
in the alloy matrix, the lamellar colonies comprising from 
about 10% to 30% of the alloy as ‘measured at any cross 
section through the member, the alloy characterized by 
exceptionally high damping properties. 

8. A ferrous base alloy member having good prop 
erties at elevated temperatures and characterized by out 
standing damping properties at elevated temperatures 
while stressed, the alloy microstructurally characterized 
by lamellar colonies distributed in an essentially ferrous 
matrix, the lamellar colonies forming a cellular precipi 
tate and occupying from about 60% to 95% at any ob 
served cross section of the member, the alloy comprising, 
by Weight, from 10% to 201% chromium, 3% to 5% 
nickel, an effective amount of up to 5% copper as a 
precipitation hardener, up to 1.5 % columbium as a solid 
solution hardener, up to 1.5% manganese, up to 1.5% 
silicon, and up to .15% carbon, and the balance iron 
with small amounts of additives and incidental im 
purities. 

9. A ferrous base alloy member having good prop 
erties at elevated temperatures and characterized by out 
standing damping properties at elevated temperatures 
While stressed, the alloy microstructurally characterized 
by lamellar colonies distributed in an essentially ferrous 
matrix, the lamellar colonies occupying at least 3% of 
any observed cross section of the member, the alloy 
comprising up to 35% cobalt, 3% to 12% nickel, an 
eifective amount of up to 4% titanium as a precipitation 
hardener, and the balance, of at least 50%, iron, with 
incidental impurities. 

10. A member suitable for use as a turbine blade com 
prising an alloy having exceptional damping properties 
composed of, by weight, from 65 % to 88% cobalt, pre 
cipitation hardening components in effective amounts of 
up to 4% selected from at least one of the group con 
sisting of titanium, aluminum, and beryllium, up to 5% 
molybdenum, up to 3% zirconium, carbon not exceed 
ing .05%, and the balance, at least 8%, being nickel, 
with impurities not exceeding 1% and boron not exceed 
ing 0.002%, the alloy characterized by lamellar colonies 
distributed in a matrix, the lamellar colonies including 
a cellular precipitate and comprising in area at least 3% 
of the alloy as measured at any cross-section through 
the member. 

11. A turbine blade comprising an alloy composed of, 
by weight, from 70% to 75 % cobalt, 25% to 20% nickel, 



1 1 . 
the total of cobalt and nickel being from 94% to 96%, 
from 0.1% to 2% zirconium, ‘from 1% to 3% titanium, 
from 0.1% to 1.5% of aluminum, the total of titanium 
and aluminum not exceeding 3.5%, and the balance‘ 
being incidental impurities, the alloy structurally char‘ 
acterized by lamellar colonies distributed in the alloy 
matrix, the lamellar colonies comprising from about 
10% to 30% of the alloy as measured at any cross-sec; 

, tion through the member whereby the member is dis 
tinguished by exceptionally high damping properties. 
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