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[57] ABSTRACT

A method of treating a nickel base alloy so as to pro-
duce an alloy having a structure characterized by dis-
persed discrete fine spherical carbides. The method
comprises the steps of casting an ingot of nickel base
alloy, homogenizing the ingot at a temperature of
from 2,200° to 2,400° F so as to.dissolve primary car-
bides present in the alloy and increase the chemical
homogeneity thereof, cooling the alloy at a rate which
substantially precludes the precipitation of coarse and
film-like carbides at temperatures above 1,900° F and
at a second rate in which dispersed fine spherical car-
bides precipitate at temperatures below 1,900° F; and
hot working the alloy at a temperature lower than that
at which the primary carbides dissolve.

17 Claims, 4 Drawing 'Figures
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1
| TREATING NICKEL BASE ALLOYS
The outstanding high temperature properties of
nickel base superalloys have made their use in turbines

and other high temperature applications quite exten-
sive. However, as in all areas of technology, metallur-

gists and other scientists and engineers are constantly
striving to develop improved alloys. This work has pri-
marily centered around new alloys with dissimilar
chemistries, but has also embraced new heat treat-

ments for those already developed, and it is this latter
type of work which led to the present invention.

It has commonly been observed that fracture in
nickel base superalloys (particularly in the direction
‘normal to metal flow) occurs by crack propagation
along carbide stringers, and this is especially true when
the stringers are associated with remnant dendritic seg-
regation. The stringers which include large elongated
carbide particles and aligned discrete carbide particles
or a combination of both, provide paths which facilitate
fracture. |

The present invention provides a sophisticated heat
treatment which decreases dendritic segregation and
minimizes the formation of carbide stringers. Instead of
coarse and/or film-like carbides, it produces a structure
characterized by dispersed discrete fine spherical car-
bides and an alloy with a high degree of chemical ho-
mogeneity. As a result the alloy has improved tensile
strength and/or tensile ductility and/or stress rupture
properties, and particularly in the direction transverse
to metal solidification and/or metal flow. More speciti-
cally, the invention involves a high homogenization
temperature and critically controlled cooling rates, as
well as casting and hot working. Moreover, it is in part
based upon processing which was previously consid-
ered detrimental. Previous technical reports have indi-
cated that so called “high” homogenization tempera-
tures cause a subsequent formation of carbide films and
thereby decrease ductility.

It is accordingly an object of this invention to prowde
a method of treating nickel base superalloys, so as to
improve their properties. |

The foregoing and other objects of the invention will
be best understood from the following description, ref-
erence being had to the accompanying photomicro-
| graphs wherein:

FIG. 1i1sa photomlcrograph at 50>< of an ingot pro-

cessed in accordance with the present invention.
FIG. 2 is a photomicrograph at 50X of a billet pro-

cessed in accordance with the present invention;
" FIG.3 isa photomlcrograph at- 50X of an ingot pro-
cessed in accordance with prior art techniques; and
FIG. 4 is a photomlcrograph at 50X of a billet pro-
cessed in accordance with prior art techniques.
 Nickel base alloys, having a structure characterized
by dispersed discrete fine spherical carbides, are pro-
duced, in accordance with the present invention, by a
method which comprises the steps of: casting an ingot
of nickel base alloy; homogenizing the ingot at a tem-
perature of from 2,200° to 2,400° F, and preferably at
a temperature of from 2,250° to 2, 400“ F, thereby dis-
solvmg primary carbides present in the alloy and in-
creasing the chemical homogeneity thereof; cooling the
alloy at a rate which substantially precludes the precipi-
tation of coarse and film-like carbides at temperatures
above 1,900° F and at a rate in which dispersed fine
spherical carbides precipitate at temperatures below
1,900° F; and hot working the alloy at a temperature
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lower than that at which the primary carbides dissolve.
The primary carbides which form during the solidifi-
cation of the ingot and/or during the cooling thereof
are generally MC or MgC carbides. MC carbides are
comprised of titanium with optional amounts of molyb-
denum, nickel, chromium and zirconium, and M¢C car-
bides are comprised of molybdenum with optional
amounts of tungsten, chromium, iron and cobalt. It is
essential to dissolve the primary carbides in order for
the desired dispersed discrete fine spherical carbides to
form during cooling, and in order to do so homogeni-
zation must be at a temperature of at least 2,200° F. A
maximum homogenization temperature of 2,400° F is,
however, imposed as carbides melt at higher tempera-
tures. Prior to the present invention, it was generally
accepted that carbide films would subsequently form
following homogenization at temperatures as high as
2.200° F, and that these fiims would detrimentally af-
fect the alloy’s ductility. For homogenization, a suffi-
cient period of time is preferably allowed for the pri-
mary carbides to dissolve and to permit carbon and
other elements to diffuse over a distance at least ap-
proaching one half the local dendrite-arm spacing. As
a general rule the required period for homogenization
is in excess of 4 hours, although no specific time period
can be set as it is dependent upon the homogenization
temperature and the thickness of the ingot. To obtain
the desired carbide structure cooling from the homoge-
nization temperature to 1,900° F must be conducted at
a rate fast enough to preclude the precipitation of
coarse and film-like carbides. The cooling rate to
1,900° F must be in excess of 25° F per hour, and is
preferably in excess of 70° F per hour. The cooling rate
at temperatures below 1,900° F and during the period
at which precipitation occurs is, on the other hand, one
which is intentionally kept down. More specifically, it
is maintained below 125° F per hour and preferably
below 60° F per hour. Of course, the cooling rate to
1,900° F is in excess of that employed during the period
of precipitation at temperatures below 1,900° F. No
specific numerical range can, however, be placed upon
the period of time at which precipitation occurs, as the -
period is dependent upon both the cooling rate and the
thickness of the ingot. Moreover, the cooling rate dur-
ing the period at which precipitation occurs often en-
compasses holding periods, as the desired carbide
structure can be obtained by holding the alloy at a par-

- ticular temperature for a period of time. For example,
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if the alloy is heid at 1,200° F for 1 hour the 1 hour is
included in calculating its cooling rate from 1,900° to
1,200° F. With regard to this, a preferred holding tem-
perature is from 950° to 1,350° F. After cooling the
alloy is hot worked; e.g., forged, swaged, extruded,
rolled, drawn or pressed, within a temperature range of
from 1,750° to 2,185° F and preferably within a tem-
perature range of from 1,800° to 2,150° F. At lower
temperatures alloys tend to excessively crack and at
higher temperatures they cannot uniformly deform
without cracking. The hot working temperatures and
all other temperatures referred to herein, as well as
rates involving temperatures, are based upon furnace
temperatures rather than metal temperatures, as it is
more practical to talk about furnace temperatures
when discussing production size ingots and billets. Fur-
nace temperatures are lower than metal temperatures
during cooling, and cooling as discussed above is a crit-
ical part of the present invention. Metal temperatures
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do, however, reach furnace temperatures during ho-
mogenization due to the prolonged exposure at temper-

ature.
The nickel base alloy being treated is most often a

4

of 87.5° F per hour. Cooling was performed at a rate
sufficiently fast to substantially preclude the precipita-
tion of coarse and film-like carbides. From 1,900°F the
ingot was cooled at a slower rate of 33.3° F per hour,

gamma prime strengthened alloy and generally, butnot 5 to 900° F. Dispersed discrete fine spherical carbides
necessarily, consists essentially of, in weight percent: precipitated during the cooling from 1,900° F. This de-
up to 0.2 percent carbon, up to 2.0 percent manganese, sirable carbide morphology and distribution is seen in
up to 2 percentsilicon, from 3 to 25 percent chromium, F1G. 1 which is a photomicrograph of the cooled ingot
up to 20 percent cobalt, up to 10 percent molybdenum, at 50X, The composition of the ingot was, in weight
up to 10.0 percent titanium, up to 5 percent aluminum, 10 percent, 0.06 percent carbon, less than 0.10 percent
up to 0.05 percent boron, up to 0.5 percent zirconium, manganese, less than 0.10 percent silicon, 19.1 percent
up to 40.0 percent iron, up to 8.0 percent of metal from chromium, 13.4 percent cobalt, 4.15 percent molybde-
the group consisting of columbium, tantalum and haf- num, 3.15 percent titanium, 1.34 percent aluminum,
nium, up to 2.0 percent vanadium, up to 10 percent 0.005 percent boron, 0.06 percent zirconium, 0.9 per-
tungsten, up to 0.5 percent rhenium, up to 0.02 percent 15 cent iron, balance essentially nickel.
of metal from Group II A of the periodic table, up to The ingot was subsequently hot worked from 2,125°
(0.5 percent of rare earth metal, balance essentially F and then ground. More specifically, the ingot was
nickel, said percentage of nickel being at least 40 per- worked from a 20 inch ingot to a 14% inch octagon bil-
cent. Within this broad range an alloy which has proven let and then ground to a 13%-inch octagon billet. FIG.
to be particularly well suited for the treatment of the 20 2 is a photomicrograph of the hot worked and ground
present invention consists essentially of, in weight per- billet at 50X. Note that the billet is still characterized
cent, up to 0.15 percent carbon, up to 1.0 percent man- by dispersed discrete fine spherical carbides.
ganese, up to 1.0 percent silicon, from 15-23 percent A number of ingots having a composition, in weight
chromium, from 10 to 18 percent cobalt, from 3 to 6 percent, of from 0.035 to 0.07 percent carbon, less than
percent molybdenum, from 2 to 3.5 percent titanium, 25 (.10 percent manganese, less than 0.10 percent silicon,
from 1.0 to 2.0 percent aluminum, from 0.0025 to 18.7 to 19.7 percent chromium, 13.0 to 14.5 percent
0.0125 percent boron, from (.02 to 0.2 percent zirco- cobalt, 3.75 to 4.5 percent molybdenum, 2.9 to 3.2 per-
nium, up to 2 percent iron, up to 4.0 percent of metal cent titanium, 1.30 - 1.38 percent aluminum, 0.0040 to
from the group consisting of columbium, tantalum and 0.0055 percent boron, 0.055 to 0.075 percent zirco-
hafnium, up to 0.5 percent vanadium, up to 0.02 per- 3V nium, less than 1.50 percent iron, balance essentially
cent of metal from Group Il A of the periodic table, up nickel, were processed in accordance with prior art
to 0.5 percent of rare earth metal, balance essentially techniques. The ingots were homogenized at a maxi-
nickel. Another alloy within the broad range, for which mum temperature of 2,175° F, subjected to haphazard
there 1s reason to believe that it is particularly well furnace cooling to a temperature of from 1,500° to
suited for the treatment of the present invention, con- 32 1,700° F, air cooled to room temperature therefrom
sists essentially of, in weight percent, up to 0.15 per- and hot worked from 2,125° F into 14%-inch octagon
cent carbon, up to 2.0 percent manganese, up to 1.0 billets which were subsequently ground to 13%-inch
percent silicon, from 5.0 to 15.0 percent chromium, up octagon billets. FIGS. 3 and 4 respectively show photo-
to 10.0 percent cobalt, from 2 to 7 percent molybde- micrographs at 50X of one of these typical prior art in-
num, from 1.0 to 3.75 percent titanium, up to 2 percent 40 oots and billets. Note that the carbides in FIG. 3 are
aluminum, up to 0.05 percent boron, from 25 to 40 large and angular, and that the carbides in FIG. 4 are
percent iron, balance essentially nickel. For purposes concentrated in bands.
of definition gamma prime is defined, and believed to Pancake property data for both the alloy treated in
have, the general composition M; (Al and/or Ti and accordance with the present invention and for the aver-
possibly one or more additional metals from the group 45 age of the prior art billets is set forth below in Table 1.
comprised of tantalum, columbium, molybdenum and- The data which is more indicative of transverse proper-
[or chromium). As used herein, the “M” portion of the ties than longitudinal properties clearly shows the value
gamma prime is regarded as consisting mainly of nickel of the heat treatment of the present invention.
TABLE 1

il

ROOM TEMPERATURE
TENSILE PROPERTIES

1000°F TENSILE PROPERTIES

STRESS RUPTURE
-PROPERTIES 1350°F/80ksi

| , "NOTCH
U.T.S. Y.S.  Elongation Reduction =~ UT.S. Y.S. Elongation Reduction Life Elongation
(ksi) (ksi) (%) Of (ksi) (ksi) (%) Of (hrs) (9%)
Area Area
() (%) |
Present 201.0 148.0 24.3 29.7 183.0 138.0 21.2 25.9 47.3 28.4
invention
Prior art 190.4 137.5 18.3 22.0 170.8 125.0 16.4 43.0 25.0

19.9

with one or more metals from the group comprised of
chromium, cobalt, molybdenum and iron.

The following examples are illustrative of the inven-
tion.

A nickel base alloy ingot was cast and homogenized
for 48 hours at 2,250° F. From the homogenization
temperature the ingot was cooled to 1,900° F at a rate

65

It will be apparent to those skilled in the art that the
novel principles of the invention disclosed herein in
connection with specific examples thereof will suggest
various other modifications and applications of the:
same. It is accordingly desired that in construing the
breadth of the appended claims they shall not be lim-
ited to the specific examples-of the invention described
herein.
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[ claim:

1. A method of treating a nickel base alloy so as to
produce an alloy having a structure characterized by
dispersed discrete fine spherical carbides, which com-
prises the steps of: casting an ingot of nickel base alloy;
homogenizing said ingot at a temperature of from
2,200° to 2,400° F, thereby dissolving primary carbides
present in said alloy and increasing the chemical homo-
geneity thereof; cooling said alloy at a rate which sub-
stantially precludes the precipitation of coarse and
film-like carbides at temperatures above 1,900° F and

at a rate at which discrete fine spherical carbides pre-

cipitate at temperatures below 1,900° F, said cooling
from said homogenizing temperature to 1,900° F being
at a first cooling rate, said cooling at temperatures
below 1,900° F and during the period at which precipi-
tation occurs being at a second cooling rate, said first
cooling rate being in excess of said second cooling rate,
said first cooling rate being in excess of 25° F per hour,
saild second cooling rate being less than 125° F per
hour; and hot working said alloy at a temperature lower
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than that at which said primary carbides dissolve, said

hot working occurring within a temperature range of
from 1,750° to 2,185° F.

2. A method according to claim 1 wherein said nickel
base alloy consists essentially of, in weight percent, up

to 0.2 percent carbon, up to 2.0 percent manganese, up

to 2.0 percent silicon, from 5.0 to 25.0 percent chro-
mium, up to 23 percent cobalt, up to 10 percent molyb-
denum, up to 10.0 percent titanium, up to 5 percent
aluminum, up to 0.05 percent boron, up to 0.5 percent
zirconium, up to 40 percent iron, up to 8.0 percent of
metal from the group consisting of columbium, tanta-
lum and hafnium, up to 2.0 percent vanadium, up to 10
percent tungsten, up to 0.5 percent rhenium, up to 0.02
percent of metal from Group II A of the periodic table,
up to 0.5 percent of rare earth metal, balance essen-
tially nickel, said percentage of nickel being at least 40
percent.

3. A method according to claim 1 wherein said nickel
base alloy consists essentially of, in weight percent, up
to 0.15 percent carbon, up to 1.0 percent manganese,
up to 1.0 percent silicon, from 15-23 percent chro-
mium, from 10 to 18 percent cobalt, from 3 to 6 per-
cent molybdenum, from 2 to 3.5 percent titanium, from
1.0 to 2.0 percent aluminum, from 0.0025 to 0.0125
percent boron, from 0,02 to 0.2 percent zirconium, up
to 2 percent iron, up to 4.0 percent of metal from the
group consisting of columbium, tantalum and hafnium,
up to-0.5 percent vanadium, up to 0.02 percent of
metal from Group II A of the periodic table, up to 0.5
percent of rare earth metal, balance essentially nickel.

4. A method according to claim 1 wherein said nickel

base alloy consists essentially of, in weight percent, up

to 0.15 percent carbon, up to 2.0 percent manganese,
up to 1.0 percent silicon, from 5.0 to 15.0 percent
chromium, up to 10.0 percent cobalt, from 2 to 7 per-
cent molybdenum, from 1.0 to 3.75 percent titanium,
up to 2 percent aluminum, up to 0.05 percent boron,
from 25 to 40 percent iron, balance essentially nickel.

5. A method according to claim 1 wherein said nickel
base alloy 1s a gamma prime strengthened alloy.

6. A method according to claim 1 wherein said first
cooling rate is in excess of 70° F per hour and said sec-
ond cooling rate is less than 60° F per hour.

7. A method according to claim & wherein said nickel
base alloy consists essentially of, in weight percent, up
to 0.2 percent carbon, up to 2.0 percent manganese, up
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6

to 2.0 percent silicon, from 5.0 to 25.0 percent chro-
mium, up to 23 percent cobalt, up to 10 percent molyb-
denum, up to 10.0 percent titanium, up to 5 percent
aluminum, up to 0.05 percent boron, up to 0.5 percent
zirconium, up to 40.0 percent iron, up to 8.0 percent
of metal from the group consisting of columbium, tan-
talum and hafnium, up to 2.0 percent vanadium, up to
10 percent tungsten, up to 0.5 percent rhenium, up to
0.02 percent of metal from Group II A of the periodic
table, up to 0.5 percent of rare earth metal, balance es-
Sentially nickel, said percentage of nickel being at least
40 percent.

8. A method according to claim 6, wherein said
nickel base alloy consists essentially of, in weight per-
cent, up to 0.15 percent carbon, up to 1.0 percent man-
ganese, up to 1.0 percent silicon, from 15-23 percent
chromium, from 10 to 18 percent cobalt, from 3 to 6
percent molybdenum, from 2 to 3.5 percent titanium,

from 1.0 to 2.0 percent aluminum, from 0.0025 to

0.0125 percent boron, from 0.02 to 0.2 percent zirco-
nium, up to 2 percent iron, up to 4.0 percent of metal
from the group consisting of columbium, tantalum and
hafnium, up to 0.5 percent vanadium, up to 0.02 per-
cent of metal from Group Il A of the periodic table, up
to 0.5 percent of rare earth metal, balance essentially
nickel, |

9. A method according to claim 6 wherein said nickel
base alloy consists essentially of, in weight percent, up
to 0.15 percent carbon, up to 2.0 percent manganese,

-up to 1.0 percent silicon, from 5.0 to 15.0 percent

chromium, up to 10.0 percent cobalt, from 2 to 7 per-
cent molybdenum, from 1.0 to 3.75 percent titanium,
up to 2 percent aluminum, up to 0.05 percent boron,
from 25 to 40 percent iron, balance essentially nickel.

10. A method according to claim 6 wherein said
nickel base alloy is a gamma prime strengthened alloy.

11. A method according to claim 1 wherein said hot
working occurs within a temperature range of from
1,800° to 2,150° F.

12. A method according to claim 1 wherein said ingot
is homogenized for a period of time in excess of 4
hours.

13. A method according to claim 1 wherein said Ingot
18 homogenized at a temperature of at least 2,250° F.

14. A method according to claim 13 wherein said
nickel base alloy consists essentially of, in weight per-
cent, up to 0.2 percent carbon, up to 2.0 percent man-
ganese, up to 2.0 percent silicon, from 5.0 to 25.0 per-
cent chromium, up to 23 percent cobalt, up to 10 per-
cent molybdenum, up to 10.0 percent titanium, up to
5 percent aluminum, up to 0.05 percent boron, up to
0.5 percent zirconium, up to 40.0 percent iron, up to
8.0 percent of metal frem the group consisting of co-
lumbium, tantalum and hafnium, up to 2.0 percent va-
nadium, up to 10 percent tungsten, up to 0.5 percent
rhenium, up to 0.02 percent of metal from Group Il A
of the periodic table, up to 0.5 percent of rare earth
metal, balance essentially nickel, said percentage of
nickel being at least 40 percent.

15. A method according to claim 13 wherein said
nickel base alloy consists essentially of, in weight per-
cent, up to 0.15 percent carbon, up to 1.0 percent man-
ganese, up to 1.0 percent silicon, from 15-23 percent
chromium, from 10 to 18 percent cobalt, from 3 to 6
percent molybdenum, from 2 to 3.5 percent titanium,
from 1.0 to 2.0 percent aluminum, from 0.0025 to
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0.0125 percent boron, from 0.02 to 0.2 percent zirco-
nium, up to 2 percent iron, up to 4.0 percent of metal
from the group consisting of columbium, tantalum and
hafnium, up to 0.5 percent vanadium, up to 0.02 per-
cent of metal from Group II A of the periodic table, up
to 0.5 percent of rare earth metal, balance essentially
nickel.

16. A method according to claim 13 wherein said
nickel base alloy consists essentially of, in weight per-

cent, up to 0.15 percent carbon, up to 2.0 percent man- 10

15

20

235

30

35

40

45

50

55

60

65

8

ganese, up to 1.0 percent silicon, from 5.0 to 15.0 per-
cent chromium, up to 10.0 percent cobalt, from 2 to 7
percent molybdenum, from 1.0 to 3.75 percent tita-
nium, up to 2 percent aluminum, up to 0.05 percent bo-
ron, from 25 to 40 percent iron, balance essentially
nickel.

17. A method according to claim 13 wherein said

nickel base alloy is a gamma prime strengthened alloy.
¥ * * * %
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