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1. 
This invention pertains to improvements in the 

heat-treating of cobalt base alloys, and to the 
resulting heat-treated products. 
The alloys in question may contain up to about 

40% chromium, up to about 1% carbon, and up to 
about 20% molybdenum, with the balance Sub 
stantially all cobalt, except for incidental in 
purities and Small amounts of deoxidizing agentS, 
Such as manganese and silicon. Tungsten may be 
substituted for molybdenum in whole or in part. 
Up to about half the cobalt content may be re 
placed in whole or in part by nickel or iron, or 
both. In some cases, minor additions of colum 
bium, tantalum, titanium, vanadium and zirco 
nium, up to about 5% in aggregate, may be ad 
vantageous. Ordinarily, the alloys will contain 
about 15 to 25% chromium and about 0.1 to 0.5% 
carbon. 
The excellent strength at elevated temperatures 

of cobalt base alloys, such as the above, has long 
been recognized. However, the brittleness evinced 
by these alloys at elevated temperatures has been 
a serious impediment to their extended use. De 
signing engineers naturally hesitate to specify 
a brittle alloy which may fail suddenly with little 
or no warning. Heretofore, this brittleness has 
been accepted as an inherent and unavoidable 
quality of these alloys, since no treatment was 
previously known which would overcome it. 
However, I have evolved a heat-treatment which 
gives a critically higher elevated temperature 
toughness and ductility than was thought pos 
Sible With these alloys, while, at the same time, in 
troducing only a slight decrease in the elevated 
temperature strength thereof. 

In the past, it was considered that only two 
kinds of heat-treatments could be advantageously 
enployed for these alloys, Viz., a rapid cool from 
a high temperature substantially to room tem 
perature; and, optionally, a subsequent precipita 
tion-hardening treatment at a temperature 
around 1400°F. The rapid cool from a high tem 
perature of approximately 2100 to 2400°F. was be 
lieved to place the alloy in the “fully annealed' 
Or Softest and toughest condition possible. The 
Subsequent precipitation-hardening treatment at 
about 1400°F, where employed, was known to in 
Crease the hardness of the alloy appreciably, but 
generally at the expense of toughness. 

I have discovered, however, in accordance with 
the present invention, that the toughness of these 
alloys may be remarkably increased over the re 
Sults obtainable as aforesaid, either in the fully 
annealed or in the precipitation-hardened condi 
tion, by Subjecting the alloy to heat-treatment as 
follows: The alloy is first heated to a temperature 
between 2150°F. and its melting point, for a sufi 

held at this temperature for a sufficient periód, 
usually for about an hour or so, to permit the 
alloy to transform, whereupon it is air cooled to 
room temperature. This transformation is ordi 
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cient period to insure maximum homogenization 
of the alloy. It is then cooled to a temperature 
within the range of about 1650 to 2100°F., and 60 

narily effected isothermally at a particular tem 
perature; although it is sometimes advantageous 
to permit the alloy to transform by cooling it 
slowly through the aforesaid temperature of 1650 
to 2100 F, rather than by holding it at a specific 
temperature. Such slow cooling, where employed, 
should be at such rate as to hold the alloy within 
the aforesaid temperature range for about an 
hour or so, before permitting it to air cool to room 
temperature. 
The optimum temperatures for the two steps 

of the heat-treatment aforesaid may vary Within 
the ranges given, depending on the analysis of 
the particular alloy to be heat-treated, and the 
desired properties. Ordinarily, a minimum tem 
perature of about 2150 F. is required for the 
homogenization treatment, i.e., to dissolve most of 
the secondary constituents present in the alloy 
“as rolled, “as forged’ or “as cast.' Naturally, 
the alloy should not be heated above its melting 
point, since this would destroy the as-rolled or 
as-forged structure. The homogenization treat 
ment is usually best carried out in the tempera 
ture range of about 2150 to 2350 F., and for a pe 
riod of from a few minutes up to fifteen to thirty 
minutes or so, but seldom exceeding an hour. 
The higher the temperature, the shorter the heat 
ing time within these intervals. 
Numerous tests have shown that the improve 

ment in elevated temperature strength and duc 
tility is obtained only if the Second step of the 
heat-treatment is carried out within the range of 
about 1650 to 200 F. Transformation at ten 
peratures under 1650°F. tends to have a deleteri 
ous effect on the elevated temperature strength 
as Well as on the ductility; while transformation 
at temperatures over 2100°F. is ordinarily impos 
Sible. A preferred temperature range for the iso 
thermal transformation of the alloy is about 1900 
to 2000 F. The length of the isothermal treat 
ment is a function of composition of alloy and 
temperature of transformation, but in most in 
Stances one hour at temperature is sufficient, al 
though holding within the transformation period 
for longer periods, i. e., up to 16 hours or more, 
does no harm, but of course is uneconomical. 
Generally, the product of the transformation 

is a lamellar constituent, although with some 
alloys, particularly those containing OWer 
anlounts of chromium, it may be more Sphe 
roidal in form. Usually, about one-third of the 
alloy transforms during the second or isothermal 
step of the heat-treatiment according to the in 
Vention. The coarseness of the lanellar struc 
ture increases with an increase in the tempera 
ture at which it is formed. On the basis of a 
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long study of the microstructure, of these alloys, 
I believe the lamellar structure, is the result of 
an eutectoid reaction. I am not prepared to 

4. 
treatments, while tests 3, and 4 present results 
for heat-treatments according to the present in 
vention. 

Table I 
Analysis : Per cent 

Carbon------------------------------------------------------------------ 0.30 
Manganese- - 0.68 
Nickell- - 2.63 
Cironium 27.40 Molybdenum. 5.3 
Balance: cobalt. 

1500 F. Stress Rupture Tests 
-- Roon Tes Temperature No. Eleat. Treatment Applied Rupture Elong, E. Rogel C" 
stress, time, percent Hardness 
9. S. l. hrs. in 2 in. per cent 

------ 2250 F.; air cooled------------------------ 40,000 28, 9.2. 5.5 31 -32.5 
2------ 2250°F.; air cooled plus 1400°F. for 16 hrs., 40,000 3.77 | 13.9 22.5 38 -40 

then air cooled. 
3------ 2250 F. followed by an isothermal trans. 40,000 2.02 25. 34.5 35. -36. 5* 

at 1800F for 1 hr., then air cooled. - 
4.----- 2250 F., followed by an isothermal trans. . 40,000 20 24, 9: 34.7" 35.5-36.5 

at:1900 F for 1 hr., then air cooled, 

state the composition of the constituents of the 
lamellar phase. However, it may be readily dif 
ferentiated metallographically from the ex 
tremely fine precipitates formed during precipi 
tation-hardening at temperatures from about 
100 to 1500 F. Moreover, precipitation-hard 
ening always causes: a significant increase in the 
hardness of the alloy over that... obtainable by, the. 
heat-treatment of the present.in Vention. 
A short time stress:rupture: test has been found 

suitable to evaluate the strength and toughneSS 
at elevated temperatures of these alloy.S. fin this 
test, the time for rupture is determined. for a 
Specimen heated to a specific temperature and 
subjected to a predetermined stress. Either the 
rupture time for a given stress or the stress re 
quired for a given rupture: time may be used aS. 
the measure of the elevated temperature 
strength. I have. found it, most convenient in 
comparing the effects of various heat-treatments, 
to determine the difference; in rupture" time of 
samples subjected to the same stress. The 
toughness is indicated by the reduction of area. 
and the elongation of the failed Speciment. The 
lower the reduction of area, and elongation, the 
more brittle is the: alloy. The stress: Irupture 
tests Were made at 1500 F., aS this is a common 
service temperature for cobalt base: alloys. 
An example of the benefits of the present in 

vention is shown in Table I, wherein tests 1 and 
2 represent the previously known types of heat 
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Air cooling from 2250 F., per test 1, gives a 
rupture time of 2.87 hours under a load of 
40,000 pounds per square inch at 1500 F., but 
the low elongation and reduction of area figures 
ShoW that the material is very brittle in this 
condition. The precipitation-hardening treat 
ment at 1400 F. per test 2, increases the eier 
wated temperature strength, as indicated by 
the rupture time, and SomeWhat improves the: 
elevated temperature ductility. It will be noted 
that the precipitation-hardening increases the 
room temperature hardness considerably. The 
effect of the two isothermal: treatments in ac 
cordance with this invention, per tests 3 and 4, is 
startling. The strength at 1500 F. is slightly 
lower than for tests 1 and 2, but the ductility is 
much greater. The elongation values are about 
80%; higher for tests 3 and 4 according to the in 
vention, than for the best of the prior treatments 
for tests i and 2, While the reduction of area, 
figures are over 50% higher. The isothernal 
transformation at 1900 F. is to be preferred to 
the isothermal transformation at 1800° E. for 
this alloy, as it increases the strength. With prac 
tically no sacrifice of ductility. The increase 
in toughness and ductility thus obtainable ac 
cording to this invention will naturally greatly 
extend the possible uses of this alloy. 
The following Table I gives the details of 

elevated temperature tests conducted on a sim 
ilar alloy having a lower carbon content: 

File II 
Analysis: Percent 

Carbon------------------------------------------------------------------ 0.25 Manganese---------------------------------------------------------------- 0.66 
Nicket - 2,82 
Chromium. -- 27.35 
Molybdenum - 5.52 
Balance: cobalt. 

1500 F. Stress Rupture Tests 
est ROOm Ten 
est. m perature, 
No. Beat.Treatment stress, Ripture Elong Reduction Rockyell C 

p. si. Time, Per Cent of Area, ardness. 
w kys S. in 2in, Per Cent 

i------ 2250°F, air cooled plus 1400° F. for 16 
hrs., then air cooled.------------------ 45,000 95 4.1 4.3 39 -0.5 

2------ 2250°F, followed by an isothermal trans. 
r at 1700F. for 1 hr., then air cooled.---- 45,000 1,48 . 23.7 33 -34. 
3:... 2250°F, followed by an isothermal trans; 

at 1900°F. for hr., then air cooled:-- 45,000 32 20.9 28.4 35-32: 
4.----- 2400°F, air cooled plus 1400° F. for 16 40,000 3.87 2.4 2,9. } 39.5-40.5 

hrs, then air cooled.------------------- 35,000 6.97 2. 3.0 A. s 
5------ 2400F, followed by an isothermal trans; { 40,000 2,50 13, 4 18.6 } 28.5-31 

at 1700°F. for 1 hr., then air cooled.--- 35,000 4, 40 13.3 19.7 
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The beneficial effect of the isothermal treat 
ment is thus even more outstanding with this 
alloy. In the case of the first three tests made on 3. 
Specimens initially heated to 2250° F., the duc 
tility is improved 270 to 41.0% under this inven 
tion, tests 2 and 3, as judged on the basis of the 
elongation values, and 450 to 560% on the basis 
of the reduction of area figures, as compared with 
the results obtained on the specimen which had 
been precipitation-hardened at 1400 F., per test 
1. In this particular case, the 1700°F. isothermal 

Heat Treatment 

2250F., air cooled.----------------------- 
2250° F., followed by an isothermal 

6 
tionally large increase in elevated temperature 
strength of 260 to 370%, as evidenced by compari 
son of the "rupture time' results at 38,000 pounds 
per square inch. 

Table IV 
Analysis : Per cent 

Carbon----------------------------------- 0.23 
Manganese.-------------------------------- 0.72 
Nickel------. -------- 9.90 
Chromium---- -w- -------- 21.38 
Molybdenum------------------------------ 5.82 
Balance: cobalt. 

1500 F. Stress Rupture Tests 
Room Ten 

Rupt El Reduction rivatic upture ong. eduction ockwe 
St. Fife, FerCet of Area, Hardness 

a Hrs., in 2 in. Per Cent 

45,000 1.37 7.1 8.9 } 24 
38,000 3.58 4.2 4.3 
45,000 4.93 19.4 22.9 23.5 
38,000 6.83 15.1 20.0 trans at 1900 F. for 1 hr., then air 

cooled. 

treatment, test 2, gives the better strength while 
the 1900 F. isothermal treatment, test 3, gives 
the better ductility. However, even the 1700 
F. treatment gives much higher ductility values 
than the precipitation-hardening treatment, test 
i. The specimens initially heated to 2400 F., 
viz., tests 4 and 5, show a marked difference in 
ductility between those isothermally transformed, 
test 5, and those precipitation-hardened, test 4. 
The improvement in ductility resulting from the 
isothermal treatment is about 500%, aS compared 
to the precipitation-hardening treatment. While 
the 2400°F. treatments decrease the ductility rel 
ative to the corresponding 2250 F. treatments, 
nevertheless the specimens heated to 2400 F. 
and then isothermally transformed, test 5, still 
have better ductility than the Samples heated 
only to 2250 F. and then precipitation-hardened, 
test 1. 

Additional results are shown in Table II be 
low, for a still lower carbon alloy. Here the in 
crease in ductility is over 600% at the cost of a 
small drop in strength for a heat-treatment un 
der the present invention, test 2, as compared 
to those of the known precipitation-hardening 
treatment, test 1. 

Table III 
Analysis: 

Carbon---------- 
Manganese. 
Nickel------ 
Chromium 

25 

3 5 

Cobalt base alloys of the above composition, 
and heat-treated in accordance with the present 
invention, have found successful elevated tem 
perature applications for such uses as the buckets 
on turbine wheels of airplane superchargers, as 
Well as on other forms of gas turbines. Numer 
ous other applications suggest themselves where 
high strength, toughness and corrosion-resist 
ance at elevated temperature are required. 

I claim: 
1. Process for heat-treating cobalt base alloys, 

which comprises: homogenizing at temperature 
above 2150 F, but below the melting point, and 
thereupon cooling to temperature within the 
range of about 1650 to 2100 F. and transforning 
within said range into a relatively soft, ductile 
and non-aged condition. 

2. Process for heat-treating cobalt base alloys 
for increasing the elevated temperature tough 
ness and ductility thereof, comprising the steps 
of: homogenizing at temperature above 2150 F. 
but below the melting point, and thereupon cool 
ing to temperature within the range of about 
1650 to 2100° F., holding and transforming the 
alloy within said range for at least one hour, and 
thereupon rapidly cooling substantially to room 

Per cent 
0.09 

Molybdenum--------------------------------------------------------------------------------------- 
Balance: cobalt. 

1500 F. Stress Rupture Tests 
T RE est perature, 
No, Heat Treatment stress, Ripture Elong Rediction Riggkell C 

si, Time, Per Cent of Area, Hardness 
9. S. Hrs. in 2 in. Per Cent 

1-2250° F., air cooled plus 1400° F. for 35 
hrs., then air c00led-------------------- 42,000 2.30 2.7 3.3 36-38 

2------ 2250 F. followed by an isothermal trans. 
at 1700°F. for 1 hr., then air cooled.----- 42,000 1, 12 18, 9 24.2 26-27 

Table IV gives the elevated temperature prop 
erties for an alloy with about 10% nickel. The 
improved ductility resulting from the isothermal 

temperature, thereby to provide a relatively Soft 
and ductile, non-aged microstructure. 

3. Process for heat-treating cobalt base alloys 
treatment, test 2, is 175 to 260% as evaluated on 70 for increasing the elevated temperature tough 
the basis of the elongation, and 175 to 365% on 
the basis of the reduction of area, as compared 
to the previously known treatment of test 1. 
Moreover, it is especially remarkable that this 

ness and ductility thereof, which comprises: 
homogenizing at temperature within the range 
of about 2150 to 2350 F. for about two to thirty 
minutes, thereupon cooling to temperature with 

increased ductility is accompanied by an excep- in the range of about 1650 to 2100 F, and hold 
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ing and transforming therein for at least one, 
hour, and thereupon cooling substantially to 
room temperature, thereby, to provider a rela-. 
tively soft and ductile, non-aged microstructure. 

4. Process for heat-treating cobalt base alloys 
containing up to about 40% chromium, up to 
about 1% carbon, up to about 20% molybdenum, 
up to about 20% tungsten, nickel and iron up to 
about one-half the cobalt content, and the bal 
ance Substantially all cobalt, said process com 
prising the Steps of: homogenzing the alloy at 
temperature above 2150 F. but below the melt 
ing point thereof, thereupon cooling to tempera 
ture within the range of about 1650 to 2100° F. 
and holding therein for transformation into a 
relatively soft, ductile and non-aged state con 
taining a microstructure of the group consisting 
of lamellar and Spheroidal phases, and thereupon 
cooling Said; alloy substantially to room.tempera 
ture. 

5. Process for heat-treating cobalt base alloys 
containing up to about 40% chromium, up to 
about 1%. carbon, up to about 20% molybdenum, 
up to about 20% tungsten, nickel and iron up-to 
about one-half the cobalt content, and the bal 
ance. Substantially all cobalt, said process com 
prising the Steps, of: homogenizing at tempera 
ture above 2150° E. but below the melting point 
and thereupon cooling to Within the temperature 
range of about 1650 to 2100 F., holding and trans 
forming therein for at least one hour into a rela 
tively soft, ductile and non-aged state containing 
a microstructure of the group consisting of lamel 
lar and spheroidal phases, and thereupon rapidly 
COOling, Said alloy Substantially to room tempera 
ture. 

6. Process for heat-treating cobalt base alloys 
containing up to about 40% chromium, up to 
about 1% carbon, up to about 20% molybdenum, 
up to about 20% tungsten, nickel and iron up to 
about one-half the cobalt content, and the bal 
ance Substantially all cobalt, said process com 
prising the Steps of: homogenizing attemperature 
Within the range of about 2150 to 2350° E. for 
about two to thirty minutes, thereupon cooling to 
temperature within the range of about 1650 to 
2100 F. and holding and transforming thereinfor 
at least one hour into a relatively soft, ductile and 
non-aged State containing a microstructure of the 
group consisting of lamellar and spheroidal 
phases, and thereupon cooling said alloy substan 
tially to room temperature. 

7. A heat-treated cobalt base alloy, character 
ized by high elevated temperature toughness and 
ductility, Said alloy being in the relatively soft 
non-age-hardened condition resulting from 
homogenizing at temperature above 2150 F., foll 
lowed by transforming within the temperature 
range of about 1650 to 2100°F. 

8. A heat-treated cobalt base alloy containing 
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8. 
chromium from an effective amount up to about 
40%, and characterized by high toughness and 
ductility at elevated temperatures, said alloy, be-, 
ing in the non-age-hardened, relatively soft con 
dition resulting from homogenizing above. 2150 
F., followed by transforming in the temperature 
range of about 1650 to 2100 F. 

9. A heat-treated cobalt base alloy, character 
ized by high toughness and ductility at elevated 
temperatures, and containing chromium in ef 
fective amounts up to 40%, carbon up to about 
1%, metal of the group tungsten and molybde 
num up to about 20%, metal of the group nickel 
and iron up to about one-half the cobalt content, 
and the balance Substantially all cobalt, said alloy 
being in the non-age-hardened, relatively soft 
condition resulting from homogenizing at tem 
perature above 2150 F., followed by transforming 
in the temperature range of about 1650 to 2100° 
F. 

10. A heat-treated cobalt base alloy, character 
ized by high toughness, and ductility at elevated 
temperatures, and containing about 15 to 25% 
chromium, about 0.1 to 0.5% carbon, metal of 
the group tungsten and molybdenum up to about 
20%, metal of the group nickel and iron up to 
about one-half the cobalt content, and the bal 
ance substantially all cobalt, said alloy being in 
the non-age-hardened, relatively soft condition 
resulting from homogenizing at temperature 
above 2150 F., followed by transforming in the 
temperature range of about 1650 to 2100°F. 

CHARLESH. SAVAGE. 
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