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ABSTRACT OF THE DISCLOSURE 
A process for making nickel base precipitation harden 

able alloys, and alloys made thereby, which includes 
treating the metal while in a molten state under vacuum 
or an inert gas at low pressure with a reactive element 
selected from the group consisting of magnesium, calcium, 
neodymium, and the rare earth elements having a melting 
point greater than neodymium. 

This invention relates to precipitation hardenable nickel 
base alloys and, more particularly, to such an alloy and 
a method for making the same which facilitates fabrica 
tion of relatively thick parts with consistently good prop 
erties. 
An alloy that hitherto has been made and sold under 

the designation 718 alloy for use where an outstanding 
combination of strength and ductility was required from 
below room temperature up to about 1400 F. has the 
following composition in percent by weight in keeping 
with good commercial metallurgical practice except for 
incidental impurities: 

Percent 
Carbon -------------------------. 0.10 maximum. 
Manganese ------------ a m -- - - - - - m 0.35 maximum. 

Silicon -------------------------- 0.35 maximum. 
Phosphorus ---------------------- 0.015 maximum. 
Sulfur --------------------------. 0.015 maximum. 
Chromium ----------------------- 17,00-21.00. 
Nickel (-|-cobalt) --------------- 50.00-55.00. 
Molybdenum --------------------. 2.80-3.30. 
Columbium (--?tantalum) -------- 4.75-5.50. 
Titanium ------------------------ 0.65-1.15. 
Aluminum ----------------------- 0.35-0.85. 
Boron --------------------------- 0.001-0.010. 
Copper -------------------------- 0.15 maximum. 
Iron ----------------------------. (3). 

Cobalt is present only as an incidental impurity with nickel 
and usually in an amount not exceeding 1%. 

2 Some tantalum is normally present with commercially ac 
ceptable columbium alloys, approximately 10% of the amount 
stated usually being tantallum. 

3 Balance except for incidental impurities. 
Because of the high yield strength and good ductility at 
room temperature and the high stress rupture strength and 
notch ductility at an elevated temperature of about 1200 
F. to 1400 F. that it can provide, the 718 type alloy 
has been in demand for and has been successfully used 
to provide forgings for jet engine and high-speed airframe 
parts. 
That alloy can be readily hot worked from ingots of 

the usually small size made in laboratories for test pur 
poses. However, in the carrying out of commercial forg 
ing operations in the field, the results left much to be 
desired. An excessively high proportion of the larger, 
more intricately shaped parts had to be scrapped because 
of inadequate stress rupture ductility and a concomitant 
tendency to being notch sensitive. 
We have determined that there is a definite correlation 

between the stress rupture ductility of such forgings and 
their tendency to being notch sensitive on the one hand 
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and their grain size. When the grain size of the forgings 
as heretofore made are in the range of about ASTM 6-8, 
no difficulties are encountered in realizing fully the high 
notch rupture life and stress rupture ductility character 
istic of the alloy. When the grain size becomes finer than 
ASTM 8, there is an accompanying decrease in stress 
rupture life, but useful properties are still attainable with 
grain sizes ranging as fine as about ASTM 9. With grain 
sizes finer than about ASTM 9.5, the forgings usually 
have an unacceptably low stress rupture life. We have 
also found that the stress rupture properties of the forg 
ing were also adversely affected as the grain size became 
coarser than ASTM 6. With grain size ranging finer than 
ASTM 4, but coarser than ASTM 6, the results attained 
were increasingly erratic as the size became more closely 
that of ASTM 4 until with a grain size of ASTM 4 or 
coarser, the stress rupture properties were entirely un 
acceptable. That is, the minimum required elongation 
under a stress of 100,000 p.s. i. at 1200 F. could not be 
attained, or combination notch-smooth test specimens 
failed at the notch, thereby indicating they were notch 
sensitive. 

In commercial practice, the inability to achieve the 
required properties with the coarser grain sizes has proven 
to be particularly troublesome. Because of equipment 
limitations coupled with the large size and the intricacy 
of the shape being forged, the grain size necessarily was 
limited to sizes coarser than ASTM 6, and often fell to 
a grain size of ASTM 3-4 and even coarser in the thicker 
sections of the forgings. 
We have found that the drawbacks hitherto associated 

with the presence of the relatively coarse grain size in 
nickel base alloy forgings can be minimized, if not elimi 
nated, by means of a carefully controlled use of the reac 
tive elements magnesium, calcium, and neodymium. From 
our experiments, we conclude that, when one or more re 
active elements such as magnesium, calcium, and the 
rare earth elements neodymium and those of higher melt 
ing point, is utilized in accordance with our invention, the 
elevated temperature stress rupture ductility or notch rup 
ture properties of large and even intricate forgings formed 
of a nickel base alloy such as the 718 alloy are not 
adversely affected as heretofore by the presence of grain 
sizes coarser than ASTM 6. Indeed, in many instances, 
the properties attainable with the coarser grained forg 
ings, e.g., coarser than ASTM 6, if not equal to those 
attainable with the optimum fine grain size, are not sig 
nificantly lower. The improvement achieved by the pres 
ent invention substantially eliminates the erratic results 
hitherto caused, as we have found, when the grain size 
present in a forging was not substantially uniform and 
within the grain size range of ASTM 6-8, but also in 
cluded in its cross section areas of coarser grain size below 
ASTM 6 to as coarse as ASTM 4. Furthermore, in ac 
cordance with the present invention, the required proper 
ties can be attained in forgings having a grain size of 
ASTM 4 or coarser. Thus, the present invention makes 
possible the manufacture and heat treatment of forgings 
of relatively large cross-sectional thickness and/or intri 
cate shape by commercial producers without the need for 
special, expensive equipment. 

Further advantages as well as objects of the present 
invention will be apparent from the following detailed 
description thereof and the accompanying drawing in 
which 

FIG. 1 is a view showing a photomicrograph of the 
grain structure enlarged 100 times of a test specimen 

- of Heat A which was treated in accordance with the 
70 present invention in which the grain size is about ASTM 3; 

FIG. 2 is a similar view of a test specimen of Heat B 
having a composition which differs in no material way 
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from the composition of Heat A from which the specimen 
of FIG. 1 was prepared; the specimen shown in this fig 
ure has a grain size of about ASTM 7-8, and was not 
treated in accordance with the present invention; and 

FIG. 3 is a similar view of a test specimen prepared 
from Heat B as was the specimen of FIG. 2 but treated 
so as to have a grain size of about ASTM 3, and which 
also was not treated in accordance with the present in 
vention. 
The foregoing problems are solved, and the objects of 

the present invention are attained by treating the molten 
metal, after it has been deoxidized, with from about 0.01 
to 0.2%, preferably with no more than about 0.1%, of 
a reactive element selected from the group consisting of 
magnesium, calcium, neodymium and the rare earth ele 
ments having a melting point higher than that of neo 
dymium. The reactive element can be added and the treat 
ment carried out in the crucible or ladle, but if that is 
done, then care must be exercised in introducing the re 
active element to carry it well below the surface of the 
melt so as to ensure a thorough treatment. If desired, the 
reactive element can be placed at the bottom of the ladle 
before the heat is tapped into the ladle or the reactive 
element can be encapsulated in a metal which melts when 
the molten heat is added to the ladle. 
To consistently achieve the overall properties required 

in high temperature nickel base alloys such as type 718 
alloy, it is preferred to utilize at least a double melting 
technique in making the alloy. That is to say, a first heat 
is melted and then cast into one or more intermediate 
ingots which are then remelted. When such a multiple 
melting practice is utilized in making the alloy, the treat 
ment with the reactive element in accordance with the 
present invention is carried out during the melting of the 
initial heat in a given series and preferably just before 
completion of melting of the initial heat. Any remelting 
technique suitable for the alloy and its intended use may 
be utilized, e.g. flux submerged or electroslag remelting 
under atmospheric pressure, and consumable electrode 
melting under vacuum. 
While the treatment of the present invention can be 

effective in improving a wide variety of nickel base alloys, 
uniquely outstanding results have been attained in the 
treatment of nickel base alloys having the following analy 
sis in weight percent within the tolerances of good com 
mercial practice: 

Broad ranges Narrow range 

Carbon------------------- Up to 0.i--- Up to 0.1----- 0.04 to 0.08. 
Manganese--- ---- Up to 1.0- - - Up to 1.0----- Up to 0.35. 
Silicon.------ ---- Up to 0.5- - - Un to 0.5----- Do. 
Phosphorus. ---- Up to 0.015. Up to 0.015--- Up to 0.015. 
Sulfur------------------------- do------------ do--------- DO. 
Phosphorus-- Up to 0.015. Up to 0.015--- Up to 0.015. 
Sulfur------------------------- do------------ do--------- Do. 
Chromium ---- i5.0 to 23.0-- 15.0 to 23.0 - 7.0 to 21.0. 
Nickel----- ---- 30 to 60----- 45 to 60. ------ 50.0 to 55.0. 
Cobalt------- ---- Up to 30---- ()------------- (1). 
Molybdenun).------- 2.0 to 4.0---- 2.0 to 4.0------ 2.80 to 3.30. 
Columbium (--Ta) 4.0 to 8.0---- 4.0 to 6,0------ 4.75 to 5.50. 
Titanium- 0.65 to 15. 
Aluminum 0.35 to 0.85. 
Ti-Al... 
Boron--- 0.004 to 0.008. 
Reactive element 3 
added. 0.01 to 0.2--- 0.0 to 0.1----- 0.03 to 0.1 

Reactive elcinct 3 
retained. Up to 0.01-- Up to 0.01---- Up to 0.005. 

Iron---------------------- Balatnce --- Balance i-----. Balance. 

1 Cobalt is present only as an incidental impurity with nickel and 
usually in an amount not exceeding 2. 

2 Some tantalum is lorinally present With commercially acceptable 
columbium alloys, approximately 10% of the amount stated usually 
being taintalum. 

3. By reactive element is meant an element selected from the group 
consisting of maglesium, calciulm, alld the rare earth clements neody 
mium and those having a meltitg point higher tihall 10odynium. 

4 The balance is iron cxcept for incidental impurities or other additions 
which do not materially detract from the effectiwcIless of the treatnellt 
of the present invention. 

In the foregoing table and throughout this application, 
the expression “up to' is used to mean from Zero to no 
more than the annount Stated. 

In carrying out the present invention, if the properties 
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4. 
of the alloy required for its intended use can be provided 
when the alloy is prepared by a single melting procedure, 
remelting of the alloy may be dispensed with as was 
pointed out hereinabove. In that event, care is to be exer 
cised in refining the melt under subatmospheric pressure 
after the reactive element has been added to ensure that 
the treatment is continued long enough for the reactive 
element to have its desired effect. To avoid poor surface 
appearance that occurs when larger amounts of the reac 
tive element are retained in the composition, the treat 
ment under low pressure should be long enough so that 
the amount of the reactive element retained in the com 
position is no more than about 0.01%. Preferably, the 
amount of the reactive element retained in the composi 
tion is no more than about 0.005%. 

In the case of alloys melted in the conventional basic 
electric furnace, just before or just after the addition of 
the reactive element, the melt is transferred to a vacuum 
treating vessel where refinement of the melt is completed 
while it is subjected to subatmospheric pressure less than 
100 mm. Hg, preferably about 100 microns Hg or less. 
When, as is preferred in the preparation of high tem 

perature alloys, multiple melting techniques are utilized, 
the initial heat can be melted using any commercially ac 
ceptable melting technique. Final melting is preferably 
carried out by utilizing an intermediate ingot as a con 
sumable electrode which is remelted under vacuum by 
means of an electric arc. 
As an example of a preferred embodiment of the pres 

ent invention, Heat A of type 718 alloy was prepared 
having the following composition in weight percent: 

0.052 
0.08 
0.11 

0.002 
0.006 
18.13 
53.67 

Carbon ----------------------------------- 
Manganese -------------------------------- 
Silicon ----------------------------------- 
Phosphorus ------------------------------- 
Sulfur ------------------------------------ 
Chromium --------- as w - as as as a at w y . . . . . . . . 

Nickel ------------------------------------ 
Molybdenum ------------------------------ 3.05 
Titanium 1.05 
Boron ----------------- war war - male - w - w - - - 0.0035 

Aluminum ------------ 0.46 
Columbium ----------- 5.26 
Magnesium ------------------------------- 0.003 

The balance was iron except for incidental impurities 
which in this instance included 0.02% copper, 0.08% 
cobalt and 14 parts per million oxygen. 

Heat A was prepared using a conventional double melt 
ing practice except for the treatment with magnesium. 
A charge of about 9,300 pounds made up of type 718 
revert Scrap plus virgin alloying elements was placed in 
a vacuum induction furnace which was then pumped 
down, whereupon the charge was melted and refined. 
After about two hours, the pressure in the furnace was 
raised to about 150 mm. Hg by the introduction of argon 
although other inert gases such as helium could also be 
used. With the pressure in the furnace at about 150 mm. 
Hg, magnesium in the form of a nickel-magnesium alloy 
containing 15% magnesium was added in an amount to 
provide a magnesium addition equal to about 0.05% by 
Weight of the melt. The furnace was then again pumped 
down, this time to about 20 mm. Hg, and the heat was 
refined further, about 10 minutes, for the purpose of 
reducing the amount of magnesium retained in the ingots 
poured from the heat. After a sample was withdrawn 
for analysis, the finished heat was teemed under vacuum 
into molds shaped to provide 3 ingots for use as con 
Sumable electrodes having a diameter of about 10 inches 
and each weighing about 3,000 pounds. After removal 
of Scale and trimming of ends, the ingots were ready 
for remelting as consumable electrodes. At this stage, the 
magnesium content was determined and found to be 
0.04%. 
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Heat A was then remelted at the rate of about 295 
pounds per hour using the ingots produced by the vacuum 
induction furnace as consumable electrodes under a 
vacuum of about 4 microns Hg by means of an electric 
arc to provide the final ingots having the analysis noted 
above, 
A pilot bar, sometimes called a capability bar, was 

formed by hotworking a length of one 14-inch round 
ingot to an 8-inch rough forged round from which a 2 
inch section was cut which was in turn cut to provide 
a 2-inch square, 8-inch long bar, and this bar was forged 
from a furnace temperature of 2000 F. first to a 1.75 
inch square cross section, reheated and then forged to 
form the pilot bar having a 1.5-inch by 1.5-inch cross 
section. Smooth bar room temperature tensile test speci 
mens were formed from the pilot bar, each having a gage 
diameter of 0.252 inch and a gage length 4 times its 
diameter. For testing at 1200 F., smooth bar test speci 
mens were formed, each having a gage diameter of 0.357 
inch and a gage length 4 times the diameter. Combination 
smooth-notch stress rupture specimens were also made, 
each having a smooth section 0.178 inch in diameter with 
a gage length 4 times the diameter; and a notched section 
having a major gage diameter of 0.252 inch, a notch di 
ameter of 0.178 inch, and a notch root radius of 0.005 
inch to provide a stress concentration factor of 3.8. 

All specimens were heat treated by heating at 1750 F. 
for one hour, cooling in air to room temperature, then 
heating at 1325 F. for eight hours, then cooling at the 
rate of 100° F. per hour to 1150 F. at which tempera 
ture they were held for eight hours followed by cooling 
a. 
At room temperature the .2% yield strength (.2% 

YS) was 184,000 p.s. i. The ultimate tensile strength 
(UTS) was 202,000 p.si. with an elongation (percent 
El.) of 14.2% and a 29.3% reduction in area (percent 
RA). At 1200 F. the .2% YS was 152,000 p.s. i., and the 
UTS was 163,000 p.s. i. with 12.2% E1. and 20.6% RA. 
The stress rupture tests were carried out at 1200 F. 
under a load of 100,000 p.s. i. One specimen failed in the 
smooth section after 305.4 hours under load with 9.0% 
El. and 14.0% RA. A second specimen also failed in its 
smooth section, this time after 262.2 hours under load, 
with 8.8% El and 16.0% RA. 
Shown in FIG. 1 is a photomicrograph having a magni 

fication of 100X prepared from the threaded section of 
one of the broken tensile specimens formed from Heat A. 
The microstructure shown is believed to be representative 
of the test specimens formed from Heat A, and has a grain 
size of about ASTM 3 accompanied by an insignificant 
amount of smaller grains having a size about ASTM 8. 
To facilitate comparison, the foregoing test data of 

Heat A is included hereinbelow in Table I in which is 
also listed data from the same tests carried out on two 
different groups of specimens formed from Heat B. Heat 
B was prepared in essentially the same way as Heat A 
except that the charge weighed about 12,000 pounds, and 
it was not treated with magnesium or any other reactive 
element in accordance with the present invention. In the 
case of Heat B, the remelting was at a rate of about 345 
pounds per hour under a vacuum of about 5 microns Hg, 
which rate and pressure were considered to be the same 
as that for Heat A fo rall practical purposes. Two pilot 
bars were prepared from which were made two different 
groups of test specimens. One pilot bar was formed from 
a billet as was described in connection with Heat A ex 
cept that after having been hot worked to a cross section 
of 3 inches by 2 inches, it was forged to 1% inches Square 
at 2000 F., air cooled, then heated at 1800 F. for one 
hour, and then flattened to 14 inches by 1% inches. 
From this pilot bar the same type of test specimens were 
formed as was described in connection with Heat A, and 
the results of the corresponding tests are set out in Table 
I after the designation Heat B1. The grain size of the 
Heat B specimens was measured and found to be pri 
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6 
marily ASTM 7-8. Shown in FIG. 2 is a photomicrograph 
prepared in the same way and corresponding to that shown 
in FIG. 1 with a magnification of 100X showing the grain 
structure of the thread section from one of the broken 
tensile specimens of Heat B1. The microstructure shown 
in FIG. 2 is believed to be representative of the specimens 
formed from the pilot bar and making up the group 
designated as Heat B. 
The second pilot bar made from Heat B was prepared 

in the same way as was described in connection with 
the pilot bar made from Heat A. Similarly, test specimens 
corresponding in every way to those formed and tested 
in the case of Heat A were prepared from the second pilot 
bar and tested in the same way. The results of these tests 
are also set out in Table I and are designated Heat B. 
AS in the case of Heat A and the Heat B specimens, 

a photomicrograph, magnification 100X, was prepared 
from the thread section of one of the broken tensile 
specimens formed from the second pilot bar, Heat B2, and 
is reproduced in FIG. 3. The microstructure shown in 
FIG. 3 is believed to be representative of the microstruc 
ture of the specimens forming the group Heat B and was 
found to be primarily ASTM 3 with an insignificant 
amount of grain of a smaller size ranging about ASTM 8. 
The composition of Heat B, in weight percent, was 

as follows: 

Carbon --------------- - - - - - - - - - - - - - - - - - - - - 0.052 

Manganese -------------------------------- 0.08 
Silicon --------------------------- - - - - - - - - - 0.10 

Phosphorus ------------------------------ 0.003 
Sulfur ------------------------------------ 0.009 
Chromium -------------------------------- 18.27 
Nickel ------------------------------------ 52.77 
Molybdenum ------------------------------ 3.04 
Titanium ---------------------------------- 1.01 
Boron ------------------------------------ 0.004 
Aluminum -------------------------------- 0.50 
Columbium -------------------------------- 5.22 
Magnesium -------------------------------- 0.001 
The balance was iron except for incidental impurities 
which included 0.01% copper, 0.08% cobalt, and 33 parts 
per million oxygen. It is to be noted that the 0.001% 
magnesium did not result from any intended addition of 
magnesium. 

TABLE I 

Cur. 
Heat Heat Beat Spec. 

A. B1 B2 reqs. 

R00m temperature: 
2% YS'---------------------------- 184 181 183 i50 
UTS'------------------------------ 202 209 203 185 
Percent El-------------------------- 14.2 18.0 15.0 12 
Percent R.A.------------------------ 29, 3 32.7 29.3 15 

200°F.: 
.2% YS.-- - 152 157 56 125 
UST -- 163 74 166 145 
Percent El - 12.2 14.2 0.5 2 
Percent R.A.------------------------- 20.6 36.0 31.3 18 

Stress rupture, 1200° F./100,000 p.s.i.: 3 
05.4 -------- 204.1 -------- Hours to fail------------------------ { 2.380.8. 29, 2.0 

- M - - - - - - - - .9 -------- Percent El-------------------------- { 8.8 14.0 1.4 5.0 
Percent R.A.------------------------ { i. 8 - - - - - - - - g s - - - - - - - - 

ASTM grain size----------------------...- 3 78 "3 III 
*1,000 p.s.l. 

Included in the right hand column of Table I under 
the heading "Cur. Spec. Regs.” are the latest specification 
requirements of which we are aware published by Gen 
eral Electric Company, Cincinnati, Ohio, Flight Propul 
sion Division under No. C50TF6-S3 dated Mar. 31, 1967, 
to which type 718 alloy is currently being manufactured 
and sold. Except for a little more lenient stress rupture 
ductility of 4% elongation, AMS 5662B published by the 
Society of Automotive Engineers, Inc., Sept. 1, 1965 
(revised Nov. 1, 1967) calls for the same or equivalent 
tensile and stress rupture properties. 
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The test data and specification requirements shown in 
Table I demonstrate the problem that has hitherto trou 
bled parts fabricators working with 718 alloy. In practice, 
erratic results were attained, particularly in the area 
of stress rupture ductility and a susceptibility to notch 
failure. Up to now, the fabricator discovered the short 
coming of his product and its inability to meet the 
minimum required elongation of 5% under a load of 
100,000 p.s. i. at 1200 F. only after an expensive invest 
ment of time and labor. Though the B1 and B2 specimens 
were prepared from the same melt of steel and thus had, 
for all practical purposes, identical compositions, their 
stress rupture ductility is significantly different. 

It was our discovery that the significant difference be 
tween Satisfactory and unsatisfactory parts under stress at 
1200 F. was their grain size which led us to make our 
present invention. The test results clearly demonstrate that 
without the treatment with the reactive element mag 
nesium, the B1 specimens having the finer grain size 
of ASTM 7-8 are entirely satisfactory, but that the B 
Specimens having the coarser grain size of ASTM 3 are 
unsatisfactory and fail to meet the specification require 
ments for rupture ductility of 5% or even 4% elongation 
at 1200° F. under 100,000 p.s. i. On the other hand, when 
essentially the same composition is treated with mag 
nesium in accordance with the present invention, as dem 
onstrated by the Heat A specimens, the specification re 
quirements are satisfied even though the test specimens 
had the coarse grain size of ASTM 3. The importance of 
our discovery may be better appreciated when it is under 
stood, as was pointed out hereinabove, that the equip 
ment used by many fabricators does not lend itself to 
maintaining the fine grain structure throughout relatively 
thick cross sections that is required if their products are 
to be capable of successfully meeting all of the specifica 
tion requirements without the benefit of our invention. 

In addition to magnesium, there are other reactive ele 
ments that can be used in accordance with our inven 
tion to make fabricated parts capable of demonstrating 
the required stress rupture ductility independent of whether 
its grain size is fine or coarse within the range of sizes 
stated hereinabove. Such other reactive elements include 
neodymium and those rare earth elements having a melt 
ing point higher than neodymium. Lower melting point 
rare earth elements including the mixture commonly desig 
nated as misch metal will not provide the benefit of our 
invention. 
While Heats A and B were commercial scale produc 

tion heats, Heats C and D were 17 pound experimental 
heats prepared for the purpose of demonstrating the 
use of neodymium in carrying out the present invention 
and had the following composition in weight percent: 

Heat C Heat D 
re-mammasaxsmm mmH 

Carbon------------ 0,043 0.046 
Manganese 0.1 0.11 
Silicon.-- 0.12 0.5 
Phophor 0.005 0.005 
Sulfur--- 0.005 0.003 
Chromium -- 18.35 18, 57 
Nickel------------- 52.64 53.04 
Molybdenum.------- 3, 11 3.19 
Columbium.------- 5,35 5, 16 
Boroll----- 0.0032 0.0032 
Titanium 0,96 0.97 
Aluminum 0, 54 0.46 
Neodymiu (*) 

"None could be detected spectrographically. 
The balance of Heats C and D was iron and the usual 
incidental impurities which included 19 and 16 parts per 
million oxygen respectively for Heats C and D. Heats C 
and D were each prepared using the same techniques in 
a vacuum induction furnace except that in the case of 
Heat D 0.05% neodymium was added when the heat 
would otherwise have been ready for tapping. After the 
addition of the neodymium, the heat was held under 
vacuum for 5 minutes before it was cast as an ingot. As 
was described in connection with Heat A, test specimens 
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8 
were prepared from Heats C and D and were subjected 
to the same tests with the results indicated in Table II. 
In the same manner as was done in connection with the 
Heat A, B1 and B specimens, the grain size was meas 
ured and found to be ASTM 3-4 with an insignificant 
amount of about ASTM 7.5 in the case of both Heat C 
and Heat D. 

TABLE II 

eat C Heat D 

Room temperature: 
.2% YS* 186 84 
US*- 205 206 
Percent E 16.9 14.6 
Percent R.A.-------- 38.3 34.6 

1200° F.: 
.2% YS"----------- 150 153 
UTS'-------------- 171 168 
Percent El---- 13, 9 14.0 
Percent R.A.-------- 35.8 32.8 

Stress rupture, 1200° 
F./100,000 p.s. i.: 
Hours to fail------- { E. is: 
Percent El---- - i: 5. 
Percent R.A.-------- * : 

ASTM grain size. ------ 3-4 3-4 

*1,000 p.s. i. 

The marked improvement in stress rupture ductility 
under a load of 100,000 p.s. i. at 1200° F. is demonstrated 
by the results of the tests in which Heat C, which was 
not treated with neodymium, had only an 11.2 and 10.5% 
elongation as compared to the 27.6 and 23.5% elonga 
tion demonstrated by Heat D which was treated with 
neodymium in accordance with the present invention. 

It is to be noted, as is well known, the tensile and 
stress rupture test results obtained from the small, 17 
pound, Heats C and D cannot be compared directly with 
the much larger, commercial scale heats, Heats A and 
B. It has long been recognized in the art that when a 
small ingot such as one weighing 17 pounds is hot worked, 
the effect is much more homogeneously distributed 
throughout the metal than when an ingot of the same 
composition but having a much thicked cross section 
is hot worked. This effect can be seen by comparing the 
mechanical properties of Heat C with the Heat B2 
specimens having essentially the same composition and 
a comparable grain size. The deterioration in stress 
rupture ductility with the larger sized nickel base ingot 
is demonstrated by the values of 3.9 and 1.4% elonga 
elongation for the small Heat C. However, it is evident 
from the improved rupture ductility of Heat D com 
pared to that of Heat C, that large heats treated with 
ductility characteristic of our invention over heats of 
corresponding size and composition not treated in ac 
cordance with this invention. 

Calcium also was found to be effective as a reactive 
element in accordance with the present invention. As 
was described in connection with Heat D, a 17-pound 
experimental heat was prepared which had the follow 
ing composition in weight percent: 

Heat E 
Carbon --------------------------------- 0.052 
Manganese ----------------------------- 0.05 
Silicon --------------------------------- 0.16 
Phosphorus ----------------------------- 0.001 
Sulfur ---------------------------------- 0.002 
Chromium ------------------------------ 18.38 
Nickel --------------------------------- 52.93 
Molybdenum --------'re as re- m an an - - - - - -- - - - 3.09 

Columbium ----------------------------- 5.28 
Boron ---------------------------------- 0.0042 
Titanium ------------------------------- 1.00 
Aluminum ------------------------------ 0.41 
Calcium -------------------------------- <0.001 
The balance of Heat E was iron and the usual incidental 
inpurities. Heat E was prepared in a vacuum induction 
furnace in the same way as was Heat D except that 
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0.05% calcium was added when the heat would otherwise 
have been ready for tapping. After the addition of the 
calcium, the heat was held under vacuum for 5 minutes 
before it was cast as an ingot. As was described in con 
nection with Heat A, test specimens were prepared from 
Heat E and were subjected to the same tests. At room 
temperature, the .2% yield strength was 178,000 p.s. i., 
the ultimate tensile strength was 205,000 p.s. i. with an 
elongation of 16.9% and a reduction in area of 39.6%. 
At 1200° F. the .2% YS was 154,000 p.s. i., and the UTS 
was 169,000 p.s. i. with 18.7% El. and 54.9% RA. Stress 
rupture tests were also carried out at 1200' F. under a 
load of 100,000 p.si. One specimen failed in the smooth 
section after 208 hours with 21.1% El... and 56.2% RA. 
The second specimen also failed in the smooth section, 
this time after 262.5 hours with 21.9% El, and 57.3% 
RA. In the same manner as was done in connection with 
the other heath, the grain size of Heat E was measured 
and it was found to have a mixed grain size made up of 
about 50% ASTM 4 and about 50% ASTM 8. 

Because of its small size, Heat E cannot be compared 
directly with Heat A for the reasons pointed out herein 
above in connection with Heat C and D, but the results 
from the tests carried out on Heat E can be compared 
with the test results from Heat C. The improvement in 
stress rupture ductility is apparent from the 21.1% and 
21.9% elongation obtained under a load of 100,000 p.s.i. 
at 1200 F. as compared to the 11.2% and 10.5% elonga 
tion under the same conditions obtained with the test 
specimens of Heat C. 
The alloys produced in accordance with the present in 

vention differ significantly from those hitherto available. 
However, careful chemical analysis as well as examination 
of the microstructure of our alloy by means of X-ray 
diffraction and electron microprobe techniques have 
failed to provide any quantitative basis for distinguishing 
our alloy from the prior alloy. The alloy of our in 
vention demonstrates its improved properties independent 
of the amount of the reactive element with which it is 
treated and is retained in the composition so long as the 
amount retained does not exceed the maximum of about 
0.01%. The amount retained may be less than can be 
detected spectrographically. No significant differences 
could be found in the amount of oxygen, sulfur or nitro 
gen present, or in the form in which those elements were 
present, which could be correlated with whether or not 
the alloy had been prepared in accordance with the pres 
ent invention except that in the case of the heats treated 
with magnesium, the electron microphobe results suggest 
that the mechanism involved may be the formation of 
magnesium sulfide (MgS) at the expense of titanium 
sulfide (TiS) since MgS was found throughout the matrix, 
but no TiS could be detected. However, this is offered 
only as a tentative explanation. At the present time, the 
analytic techniques available do not permit quantitative 
measurement of the amounts of the specific sulfides pres 
ent in the alloy with meaningful precision. 
We have definitely established that the effect of the 

reactive element is not that of a deoxidizing agent. For 
example, with more or less oxygen present than the 
amounts in Heats A, B, C, and D, the improved stress 
rupture ductility of our alloy is not obtained unless it is 
treated with a reactive element in accordance with the 
present invention and, when so treated, variations in the 
amount of oxygen over a range of about 50 parts per 
million do not appear to affect the stress rupture ductility 
of the alloy. Furthermore, though zirconium is a Well 
known deoxidizing agent for a wide variety of compo 
sitions including an alloy such as type 718, it does not 
provide the effect of a reactive element of the present 
invention. 
As was described in connection with Heat A, the better 

practice in accordance with our invention when a double 
melting practice is used, is to re-evacuate the furnace 
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the heat for about 5 to 20 minutes or longer, depending 
upon the size of the heat, at a low pressure, below about 
100 mm. Hg and preferably below about 100 microns 
Hg. While such a practice is not essential to obtaining the 
improved rupture ductility characteristic of our invention, 
it does result in a better surface appearance on the ingots 
obtained from remelting the initial ingots using vacuum 
consumable electrode techniques. However, it is an es 
sential feature of our invention that the metal be sub 
jected to a low pressure while in the molten state after 
the addition of the reactive element for a time long 
enough for it to take effect. When, as was described 
hereinabove, the alloy is remelted as a consumable elec 
trode under vacuum, no additional treatment under vac 
uum is required. In that event, the initial heat to which 
the reactive element is added can be teemed immediately 
after the addition of the reactive element is made. How 
ever, when only a single melting practice is used, or a 
multiple melting practice such as flux submerged con 
sumable electrode remelting which is not carried out at 
low pressure, then after the addition of the reactive 
element it is essential that the heat, if not already in a 
vacuum vessel, be transferred to a vacuum vessel where 
it is subjected to a pressure below about 100 mm. Hg and 
preferably below about 100 microns Hg. 
The terms and expressions which have been employed 

are used as terms of description and not of limitation, 
and there is no intention, in the use of such terms and 
expressions, of excluding any equivalents of the features 
described or portions thereof, but it is recognized that 
various modifications are possible within the scope of the 
invention claimed. 
What is claimed is: 
1. In a process for making a precipitation hardened 

part from a nickel base alloy which in its hardened con 
dition is characterized by good stress rupture ductility 
under load at a temperature of about 1200 F. while 
having a grain size a major portion of which is coarser 
than ASTM 6, the steps of forming a melt of a nickel 
base alloy under subatmospheric pressure, at least par 
tially refining the melt, then while said melt is under sub 
atmospheric pressure adding a reactive element selected 
from the group consisting of magnesium, calcium, neo 
dymium and the rare earth elements having a melting 
point higher than that of neodymium in an amount rang 
ing from about 0.01 to 0.2% of the weight of said melt, 
thereafter subjecting the alloy while in a molten state to 
subamospheric pressure below about 100 mm. Hg for at 
least 5 minutes, followed by casting said melt, and then 
forming said alloy to provide a part having a grain size 
a major portion of which is coarser than ASTM 6 and 
which contains up to about 0.01% by weight of said re 
active element. 

2. The process of claim 1 in which said melt consists 
in weight percent essentially of up to about 0.1% car 
bon, up to about 1% manganese, up to about 0.5% silicon, 
up to about 0.015% phosphorus, up to about 0.015% 
sulfur, about 15 to 23% chromium, about 30 to 60% 
nickel, up to about 30% cobalt, about 2 to 4% molyb 
denum, about 4 to 8% columbium, about 0.2 to 2% ti 
tanium, about 0.2 to 2% aluminum, the sum of the ti 
tanium and aluminum being no more than about 2%, up 
to 0.15% boron, and the balance consisting essentially 
of iron, and said part formed therefrom having in its 
hardened condition a stress rupture ductility of at least 
5% elongation under a load of 100,000 p.s. i. at a tem 
perature of 1200° F. when tested in accordance with 
AMS 5662B. 

3. The process of claim 2 in which the reactive ele 
ment is magnesium. 

4. The process of claim 2 in which the reactive ele 
ment is calcium. 

5. The process of claim 2 in which the reactive ele 
after the addition is made to the first melt and then hold 75 ment is neodymium. 
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6. A process for making a precipitation hardened part 
from a nickel base alloy which in its hardened condition 
is characterized by a stress rupture ductility of at least 
5% elongation under a load of 100,000 p.s. i. at a tem 
perature of 1200 F. when tested in accordance with 
AMS 5662B while having a grain size the majority of 
which is coarser than ASTM 6; comprising forming under 
subatmospheric pressure a melt of a nickel base alloy 
consisting in weight percent essentially of up to about 
0.1% carbon, up to about 1% manganese, up to about 
0.5% silicon, up to about 0.015% phosphorus, up to 
about 0.015% sulfur, 15 to 23% chromium, 45 to 60% 
nickel, 2 to 4% molybdenum, 4 to 6% columbium, 0.65 
to 1.15% titanium, 0.35 to 0.85% aluminum, 0.002 to 
0.015% boron, and the balance essentially iron; at least 
partially refining the melt; then while said melt is under 
subatmospheric pressure adding a reactive element se 
lected from the group consisting of magnesium, calcium, 
neodymium and the rare earth elements having a melting 
point higher than that of neodymium in an amount rang 
ing from about 0.01 to 0.2% of the weight of said melt; 
thereafter subjecting the alloy while in a molten state to 
subatmospheric pressure below about 100 mm. Hg for at 
least 5 minutes, followed by casting said melt, and then 
forming said alloy to provide a part having a grain size 
a major portion of which is coarser than ASTM 6 and 
which contains up to about 0.01% by weight of said re 
active element. 

7. The process of claim 6 in which said reactive ele 
ment is magnesium. 

8. The process of claim 6 in which said reactive ele 
ment is calcium. 

9. The process of claim 6 in which said reactive ele 
ment is neodymium. 

10. A process for making a precipitation hardened 
part from a nickel base alloy which in its hardened con 
dition is characterized by a stress rupture ductility of at 
least 5% elongation under a load of 100,000 p.s. i. at a 
temperature of 1200 F. when tested in accordance with 
AMS 5662B while having a grain size the majority of 
which is coarser than ASTM 6; comprising forming under 
subatmospheric pressure a melt of a nickel base alloy 
consisting in weight percent essentially of about 0.04 to 
0.08% carbon, up to about 0.35% manganese, up to 
about 0.35% silicon, up to about 0.015% phosphorus, up 
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to about 0.015% sulfur, about 17 to 21% chromium, 
about 50 to 55% nickel, about 2.8 to 3.3% molybdenum, 
about 4.75 to 5.50% columbium, about 0.65 to 1.15% 
titanium, about 0.3 to 0.87 aluminum, about 0.004 to 
0.008% boron, and the balance essentially iron; at least 
partially refining the melt; then while said melt is under 
subatmospheric pressure adding a reactive element Se 
lected from the group consisting of magnesium, calcium, 
neodymium and the rare earth elements having a melting 
point higher than that of neodymium in an amount rang 
ing from about 0.03 to 0.1% of the weight of said melt; 
thereafter subjecting the alloy while in a molten state to 
subatmospheric pressure below about 100 mm. Hg for 
at least 5 minutes, followed by casting said melt, and 
then forming said alloy to provide a part having a grain 
size a major portion of which is coarser than ASTM 6 
and which contains up to about 0.01% by Weight of Said 
reactive element. 

11. The process of claim 10 in which the melt after 
the addition of said reactive element and while in a 
molten state is subjected to subatmospheric pressure be 
low about 100 microns Hg for at least 5 minutes, and 
said part contains no more than about 0.005% by weight 
of said reactive element. 

12. The process of claim 11 in which said reactive 
element is magnesium. 

13. The process of claim 11 in which said reactive 
element is calcium. 

14. The process of claim 11 in which said reactive 
element is neodymium. 
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