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ABSTRACT OF THE DISCLOSURE 
A_ superalloy article based on at least one of the ele 

ments from the group iron, cobalt and nickel is provided 
with improved mechanical strength properties, partic 
ularly at about 1400" F. or above, through an improved 
powder metallurgical method. Such a method includes 
?rst preparing relatively large particles of the alloy in 
the size range of about —20 to about --400 mesh. The 
particles are then treated in an atmosphere which provides 
on the particle a ?lm of from a small but elfective amount 
up to about 6 volume percent of the particle of a com 
pound of the alloy selected from the compounds, nitrides, 
carbides and oxides. The particles so treated are then 
consolidated into an article, which can be a mill form, 
during which the ‘?lm is fragmented and the fragments are 
dispersed throughout the matrix of the article. Further 
improved properties are obtained by additional working 
such as by ordinary means as rolling, forming, swaging, 
etc. to provide a deformation texture while preferably 
avoiding recrystallization during working. 

Gas turbine engine designers, during improvement of 
their product, seek higher temperature capabilities 
throughout their engines. There are many refractory metal 
alloys which have structural capabilities at elevated tem 
peratures, for example above 2000° F. However, in gas 
turbine engines designed to operate in air, the poor sur 
face stability of such refractory metal alloys has prevented 
their use. Therefore, designers continue to rely on super 
alloys based on the elements from the group iron, cobalt 
and nickel. 

In particularly wide use are the nickel base superalloys 
because they can be made to have good surface stability 
and high strength to temperatures up to about 80% of 
their absolute melting temperature. Iron and cobalt alloys 
continue to be used because of their excellent surface 
stability or hot corrosion resistance, although they are 
somewhat weaker than the nickel base superalloys. In any 
event, to meet various advancing design requirements, 
met-allurgists not only are seeking to ?nd new composi 
tions for such superalloys to provide them with improved 
mechanical ‘properties along with surface stability but 
also they are seeking to improve the mechanical proper 
ties of known alloys by thermomechanical processing 
techniques. 

It is a principal object of this invention to provide an 
improved powder metallurgical dispersion strengthening 
method for enhancing the mechanical strength properties 
for these superalloys particularly at temperatures of about 
1400“ F. and above. 
Another object is to provide such a method for making 

a gamma prime strengthened nickel base superalloy article, 
the mechanical strength properties of which are enhanced 
through improved dispersion strengthening. 

These and other objects and advantages will be more 
clearly understood from the following detailed description 
and examples which are typical of rather than limitations 
on the present invention. 
Work reported during the last decade on the powder 

metallurgy dispersion strengthening at various metals has 

01 

15 

25 

35 

40 

45 

55 

60 

65 

70 

1 m 3,720,551 
Patented Mar. 13, 1973 ICC 

a 
involved primarily the dispersion of very small size mate 
rials added to a powder mixture in various ways. Such 
materials are or become dispersed refractory compounds, 
such as oxides, during subsequent processing. The em 
phasis has been on maintaining the metal particle and the 
added refractory compound particle very ?ne with very 
small interparticle spacing, for example less than about 
1 micron. 

It has now been discovered, according to the present 
invention, that major high temperature strengthening 
elfects can be accomplished without ultra ?ne dispersons 
of refractory compounds, for example, oxides, carbides, 
nitrides or their combinations. Increases in certain high 
temperature strength properties of at least about 3 times 
the normal cast or wrought value can be achieved in alloys 
produced from prealloyed powders in the size range of 
about 0.001 up to about 0.03" average diameter corre— 
sponding generally to about ~400 mesh up to about —20 
mesh. Such improvements have been accomplished through 
powder metallurgy processing of alloys to include rela 
tively coarse, widely separated refractory compounds pro 
duced from the alloy particle itself. A result was stress 
rupture behavior that was as much as 10 parameters on 
the Larsen-Miller scale better than the ordinary cast or 
wrought forms of such alloys. In one form of the inven 
tion, such improvement is attained through the combina 
tion of the use of relatively large particle sizes in com 
bination with careful control over recrystallization 
behavior during processing to maintain sharp textures 
and strong deformation structures either with ?ne elon 
gated grains or large interlocking grains. 
The present invention includes ?rst treating the surface 

of an alloy particle, in the size range of about 0.0015 
0.03” and of the alloy to be strengthened, to provide a 
?lm, of a compound of elements of the alloy and selected 
from the compounds, oxides, nitrides, carbides and their 
combinations. For example, particles can be oxidized, 
nitrided or carburized by methods currently used and 
known in the art. The amount of such ?lm produced is an 
effective amount of about 0.1-6 volume percent of the 
particle. Above about 6 volume percent, the resulting alloy 
is too brittle whereas below about 0.1 volume percent 
microstructural control is more difficult and insu?icient 
strengthening is achieved. 

After treatment of the alloy particle to provide the 
surface described above, the particles are consolidated 
into an article, which as used herein can be a mill stock 
form or shape, in a manner well known in the art. In one 
example, they were placed in a steel container which 
then was provided with a vacuum. Thevcontainer was 
heated and then worked by extrusion to consolidate the 
particles into a bar. One type of container which has been 
used successfully is about 5" in diameter and about 18" 
long of mild steel having a wall thickness of about 0.1". 

EXAMPLE 1 

One alloy used in the evaluation of the present invention 
was an iron base alloy consisting norminally of, by 
weight, 25% Cr, 4% Al, 1% Y with the balance essen 
tially iron and incidental impurities. Such an alloy has 
good ductility and excellent oxidation resistance to tem 
peratures as high as 2600° F. However, it has relatively 
low tensile and creep properties at temperatures above 
about 50% of its absolute melting temperature. There 
fore, it was considered an excellent example with which to 
show the improvement obtainable through the present 
invention without degradation of the excellent surface 
stability of this alloy system. 
Vacuum melted ingots of such iron base alloy were 

argon atomized and screened under argon to —60 mesh 
powder. The atomized powder was provided with a thin 
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skin of oxide by heating in air in the range of from 1100 
1600° ‘F. The resulting oxide was predominantly A1203 
but also included small amounts of such oxides as Fe, 
A1204 and Cr2O3. The volume fraction of oxide skin on 
the powder particle in this example was about 1 volume 
percent. 
The preoxidized powder particles were placed in a mild 

steel extrusion jacket which was sealed under vacuum. 
Extrusion was conducted at about 1800° F. to produce 
a ?nal billet 1.6" by 0.5" by 8'. 

Additional preoxidized powders were vacuum hot 
pressed at 2000° F. under 10,000 p.s.i. for 15 minutes to 
provide samples for oxidation comparison studies between 
the oxidized powder and the powder in the as-received 
condition. Oxidation tests conducted in static air at 2000° 
F. for 100 hours (cycled to a room temperature every 20 
hours) showed very little change in the oxidation char 
acteristics, and hence surface stability, from that of the 
original alloy. As shown by these data presented in Table 
I, any difference is predominantly in favor of the greater 
stability of the oxidized powder. 

TABLE I.—OXIDATION COMPARISON 
[Weight gain (mg./crn.2)] 

Exposure time (hrs) 

Alloy powder condition 20 40 60 80 100 

As-received ................... __ . 2 . 2 . 6 . 6 .6 

Oxidized ..................... __ . 1 . 3 . 3 . 4 .5 

Similar oxidation testing of the extruded material yielded 
substantially identical data. 
The surface stability characteristics of the alloy powder 

was substantially unaffected by its being oxidized prior to 
compaction and extrusion. However, its mechanical pron 
erties were greatly improved as a result of the combina 
tion of such preliminary oxidation and subsequent ther 
momechanical processing. The data of Table II compares 
the ordinary cast and wrought form of the alloy listed as 
Condition A with the alloy resulting from the present 
invention listed as Condition B and Condition C. The 
condition of Example B is the alloy in the as-extruded 
form previously described. The condition of Example C 
is the alloy after extrusion (primary working) and rolling 
(secondary working) at 18000 F. with multiple passes 
and intermediate soaks at 1200" F. until a total reduction 
from secondary working of at least 75% had been at 
tained. The tensile specimens were heat treated in air at 
2200° F. for 2 hours prior to testing. 

TABLE II 

[2,000° F. testing] 

Tensile Stress rupture 

Alloy Ultimate 0.2 yield Elong. Stress Life 
condition (p.s.i.) (p.s.i.) (percent) (p.s.i.) (hrs) 

2, 000 1, 250 150 750 9 
4, 350 3, 970 43 750 >113 
5, 290 4, 690 81 2, 500 31 

As was mentioned before, the present invention very 
signi?cantly improves the mechanical strength character 
istics of a resulting alloy article. It is easily seen from 
Table II by comparison between the ordinary wrought 
or cast form of the alloy, represented by Condition A, 
with other forms of the alloy resulting from the practice 
of the present invention. In its preferred form in which 
sharp textures and strong deformation structures are pro 
vided as a result of working, either with ?ne elongated 
grains or large interlocking grains, signi?cant additional 
improvement in the mechanical properties can be attained. 
This is shown by a comparison between alloy Conditions 
B and C in Table ‘II. Condition C provides such a structure 
as a result of rolling up to a total of about 88% reduction 
whereas Condition B represented the as-extruded form. 
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EXAMPLE 2 

The present invention was evaluated with a gamma 
prime strengthened nickel base superalloy having a nom 
inal composition, by weight, of 0.1% C, 14.6% Cr, 15% 
Co, 4.3% A1, 3.4% Ti, 4.2% Mo, 0.015% B, with the 
balance essentially nickel and incidental impurities. Test 
specimens were prepared from preoxidized powders as 
described in Example 1 and were submitted to secondary 
working at about 1900-2000" F. The results of tensile 
testing of this alloy with variations in oxide and carbide 
content at 1800° F. are tabulated in Table III. 

TABLE III 

[1,800° F. tensile testing] 

Volume percent 1,800° F. data 

Alloy _ Ultimate 0.2% yield Elong. 
condition Oxide Carbide (K .s.i.) (K.s.i.) (percent) 

D ________ -- 0 1.0 55 35 __________ __ 

E ________ ._ 2.0 1. 0 149 137 7 
F ......... _. 0 1. 5 165 142 16 

NOTE: “K.s.i.” means “1,000 lbs/in?. 

The ordinary condition and tensile properties for this 
alloy in its wrought condition is shown as Condition D. 
The alloy was worked at about 2050° F. to reduce it, with 
out control of recrystallization. Therefore, the alloy was 
generally recrystallized between working steps. 
The alloy conditions resulting from practice of the pres 

ent invention are shown by wrought forms E and F. These 
forms were extruded in steps to a 128/1 ratio in the 
range of 1900-20000 F., taking care during steps not to 
recrystallize. Then, after working, these forms were re 
crystallized at about 2200° F. Thus, aside from such care 
during working, the heat treatments for all conditions of 
Table III were the same. 
As can be seen from the data of Table III, this Example 

2 alloy is greatly improved by the combination of oxides 
or carbides or both, included through pretreatment, with 
thermomechanical processing which avoids recrystalliza 
tion during working. Both the ultimate and 0.2% yield 
strengths are improved at least about 3 times. 
The alloy of this example, currently used in production 

parts for gas turbine engines, is typical of the gamma 
prime strengthened, nickel base superalloys which are sen 
sitive to recrystallization during working. Thus, a preferred 
form of this invention, particularly as it relates to such 
Ni-base superalloys, includes the combination of com 
pound addition and control of recrystallization during 
working. 
What is claimed is: 
1. In a method for making an article from an alloy 

useful at least at about 1400° F. and based on at least 
one element selected from the group consisting of Fe, Co, 
and Ni, the steps of: 

(a) preparing from the alloy a plurality of particles in 
the size range of about 0001-003" average diameter; 

(b) heating the particles in an atmosphere for a time 
su?icient to provide on surfaces of the particles, from 
elements of the alloy, a ?lm of a refractory com 
pound selected from the group consisting of carbides, 
nitrides, oxides and their combinations, the ?lm be 
ing from a small but effective amount of about 0.1 
up to about 6 volume percent of the particles; 

(c) hot consolidating the particles into an article dur 
ing which substantially no recrystallization occurs, 
while fragmenting the ?lm and dispersing fragments 
of the ?lm through the article; and then 

((1) recrystallizing the alloy. 
2. The method of claim 1 in which the heating of the 

particles is conducted in the range of about 1100-1600° 
F. and consolidation is conducted in the range of about 
1800-2000" F. 

3. The method of claim 1 in which the alloy is second 
arily worked, after consolidating and before recrystalliza 
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tion, in an amount equal to that attained by a total reduc 
tion of at least about 75%. 

4. The method of claim 3 for making a gamma prime 
strengthened nickel base alloy article which: 

heating of the particles is conducted in the range of 
about 1100~1600° F.; 

the ?lm is in an amount of about 1-3 volume percent; 
the consolidation is conducted in the range of about 
1800-2000° F.; 
the article is secondarily worked in the range of about 

1900-2000° F.; and 
recrystallization is conducted in the range of about 

2200° F. 
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