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ABSTRACT OF THE DISCLOSURE

Dispersion strengthened materials containing ultra-fine
dispersoids from mechanically produced blends of matrix
and dispersoid powders. Microstructural stability is
achieved by carefully controlling the cleaning and densi-
fication of partially consolidated thin shapes.

ORIGIN OF THE INVENTION

The invention described herein was made by em-
ployees of the United States Government and may be
manufactured and used by or for the Government for
governmental purposes without the payment of any
royalties thereon or therefor.

BACKGROUND OF THE INVENTION

This invention is concerned with improved materials
comprising metallic matrices in which are imbedded
oxides or other compounds in a very fine form, The in-
vention is particularly directed to a process for pro-
ducing such materials in which the matrix is cleaned
without appreciably agglomerating the added dispersoid.

Metals and alloys with fine dispersoids have high
strength properties at elevated temperatures close to the
melting point of the matrix material. These properties
increase as the particle size and spacing decrease. The
starting particle size should be less than one micron.

Submicron particles of both metal and oxide are com-
mercially available or can be obtained by adding ma-
terials to a grinding media that tend to reduce fine par-
ticles close to the colloidal state. In using ultra-fine pow-
ders of metals with large surface areas problems of
achieving high purity in a final product are encountered.

The use of a reduction-type cleaning process has been
utilized in an attempt to solve these problems. In such a
process, matrix metal powder is cleaned in hydrogen,
before or after blending with an oxide, at relatively low
temperatures to avoid sintering. The cleaned powder is
then consolidated into a billet- by hot pressing or cold
pressing and sintering,.

The efficiency and completeness of this process is
limited because in cleaning fine powders, some powder
may be sintered at the cleaning temperature and tirap
reaction products such as water vapor and carbonaceous
gasses. The cleaning gas may not reach all the powder
at the interior when cleaning cold compacted billets or
deep beds of powder, and reaction products may re-
combine with clean material before reaching the sur-
face. In cleaning partially densified billets or large speci-
mens, the surface may sinter so that the cleaning gases
cannot enter or the reaction products escape. Even well-
cleaned materials may be recontaminated during sub-
sequent processing before they are completely densified
in the final product. As a result of these problems and
difficulties encountered in cleaning, fine powder disper-
sion strengthened materials produced by mechanical
methods have exhibited microstructural instabilities.

These problems have been solved by the present in-
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vention in which a compact of partialy densified powder
has a cross section sufficiently thin to permit easy access
of the cleaning gases. These powders are partially densi-
fied into configurations in which one or more dimensions
are limited so that the cleaning gas readily moves to the
interior of the compact and the reaction products easily
escape. Also, a slow heating rate is utilized to permit
elimination of the impurities prior to final and complete
densification. Careful control of cleaning and densifica-
tion rates is utilized, and the clean dense product is not
readily recontaminated.

OBJECTS OF THE INVENTION

It is, therefore, an object of the present invention to
provide a stable dispersion strengthened product by using
a compact having a thin cross section so that all of the
material is readily accessible to cleaning gases.

Another object of the invention is to provide a stable,
mechanically blended, dispersion strengthened material
having an ultra-fine dispersoid of a highly stable oxide
by careful control of cleaning and densification rates.

A still further obect of the invention is to provide dis-
persion strengthened materials containing ultra-fine dis-
persoids by mechanically blending powders followed by
consolidation to a suitable density and careful cleaning
so that the resulting microstructures are stable.

These and other obects of the invention will be ap-
parent from the specification which follows and from
the drawing wherein like numerals are used throughout
to identify like parts.

DESCRIPTION OF THE DRAWING

The drawing is a perspective view showing coins made
from powder blends stacked in a rack for cleaning in
accordance with the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Powder blends are wet ball milled, washed, and
pressed into compacts in the form of coins 10 shown

‘in the drawing. The coins 10 are placed on discs 12 in

a rack 14 and heated in hydrogen at a programmed rate.
The cleaned and sintered coins 10 are then annealed in
hydrogen.

To illustrate the features of the invention nickel pow-
der having a particle size of 2.5 microns and five volume
percent of 0.03 micron alumina were ground for 72
hours in heptane under an argon blanket. The grinding
balls, stirrers, and mill container were all made of nickel
to avoid contamination. As the grinding proceeded, grad-
val additions of oleic acid were made in the blend so
that the total at the end of the grinding was 20 percent
by weight of powder. The ground material was then
washed ten times with heptane and two times with ace-
tone by decantation in an air atmosphere using a centri-
fuge to accelerate the settling of the powder. The average
pa.rticle size of the ground material was 0.02 to 0.05
micron.

One half of the slurry was dried in air, and the powder
transferred to a cleaning tube. The powder was first
maintained at a reduced pressure of about 25 torr and
600° F. for one day and then cooled to room tempera-
ture. The temperature was then raised slowly to 1000°
F. while maintaining a flow of 10 cubic feet of hydro-
gen per hour through the powder. The hydrogen was
purified in a palladium diffuser, and the moisture level
of the effluent hydrogen was monitored. Imcreases of
temperature were controlled so that the moisture evolu-
tion was maintained below 1000 p.p.m. The tempera-
ture and the flow of hydrogen was maintained for about
three days until the moisture reading in the effluent gas
fell below 10 p.p.m.
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The powder was pressed into two inch diameter coins
10 shown in the drawing. The pressing was done in air
using a 20,000 pound load, and each coin 10 had a thick-
ness of 1% inch. The coins 18 were then placed on porous
discs 12 mounted on the rack 14. All the coins 1¢ on
the rack 14 were simultaneously processed through the
cleaning and densification steps.

The rack 14 comprises arms 16, 18, and 20 mounted
on a circular base 22. A circular top plate 24 is mounted
at the opposite end of the arms from the base 22. The
arms 16, 18, and 20 extend vertically between the base
22 and the top plate 24. Both the base 22 and the top
plate 24 contain a plurality of holes through which
cleaning gases pass.

A plurality of supports 26 are fastened on each of
the arms. Each support 26 has a long leg 28 which
engages a lower surface of one of the discs 12 and a
short leg 3¢ which engages the outer peripheral surface
of an adjacent disc 12. The discs 12 are of zirconia and
are porous which facilitates the passage of cleaning gases
to the coins 10. In this manner, each of the coins 10
has all of its surfaces exposed to the surrounding atmos-
phere to promote entrance and exit of gases.

The entire rack 14 was placed in a hydrogen tower,
and the coins 18 were recleaned using the same schedule
as for the powder. The rack 14 and the coins 10 were
then sealed in plastic under argon and transferred to a
sintering furnace. After removing the plastic under an
argon blanket, the coins 10 were slowly heated to
2000° F. in hydrogen at a rate of less than 200° F.
per hour. A two hour hold at 800° F. and a two hour
hold at 2000° F. in hydrogen was followed by six hours
in vacuum at 2000° F
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per million. The rate of heating was controlled by either
the outgassing or moisture evolution and did not exceed
200° F. per hour,

Small pellets were also prepared by cartridge-actuated
compaction pressing. These pellets had a diameter of
% inch and a thickness of 3§ inch. Each pellet was made
at  room temperature by explosive compaction in a
specially constructed die using a .45 caliber cartridge.
The pellets were annealed for one hour at 160C° F. in
a vacuum of 10~* torr to eliminate the worked back-
ground and improve the detail of the oxide particles
in electron micrographs. The powder used for the pellets
was cleaned in hydrogen at 800° F. prior to compaction.
The particle sizes and interparticle spacings of the com-

5 pacted and annealed pellets were close to that of the

initial blend.

The microstructural parameters of blended, cleaned,
and annealed nickel-alumina coins are shown in the table.
The standard stability anneals of the cleaned and densi-
fied coins were conducted-in hydrogen. These anneals
were 24 hours at 2300° F. and 11 hours at 2300° F.
followed by 11 hours at 2600° F. as set forth in the left
column of the table.

The parameters, such as volume percent of particles,
interparticle spacing, and particle size listed in the table
were determined by using measurements taken from
electron micrographs. Representative electron micro-
graphs were selected and area analyses were made of
them. A particle size analyzer was used to determine the
numbers of particles of given diameter in each electron
micrograph.

Referring again to the table, the measured interparticle

Inter-
i particle
Particle size, Volume, spacing,
Specimen condition micron  (percent) micron
Blend: i
Cartridge actuated compaction_....___.__________ 0. 010-0. 19 } 344 1. 04
Stress anneal 1,600° F., 1 hr. vacuum....____._._. 50%-<0. 022 . .
\\'ctcnlletho((;l:ﬂ h 2,000° F f 0, 017-0. 31 |
‘leaned throug e e - ,
1, 1. s S,
Stability annealed, Hoo oo oo oo 0.0 3 .
2,300° F., 24 hr b 50%-<0. 13 } 414 .40
btdblllty anneale! - 5 . 60 aq N
2,300° F., 11 hr., 2,600° ool B 6.03
Dry method:
Cleaned through 2,000° ¥ .. ... ____ { 0. 617-0, 73 } 266 3
Stabil led, H oo s N
tabi. 1ty anneale 2 m e eemaeem—menam———— 5 . 66 .
23081 24 I '1"(1"f1'" R ' 3.48 4,67
tabi 1ty anneale - X
2,300° F., 11 hr.; 2,600° ¥, 11 % 509%-0. 23 2.78 7.96

A number of coins 16 ranging in thickness between
140 inch to 3, inch were produced to determine the
optimum thickness. The thinnest coins were found to
warp on processing while the thicker coins were not
completely cleaned and densified at the center. The
1% inch thick coins retained their shape, were readily and
uniformly cleaned and densified, and contained a good
distribution of fine particles of the added oxide.

Wet compacted nickel-alumina coins were also cleaned
and densified. To produce these coins the remaining half
of the powder slurry made in the manner previously
described was washed with alcohol followed by water
to eliminate the organic solvent. The wet powder was
pressed directly into coins having a diameter of two
inches and a thickness of 1% inch using a 20,000 pound
load.

These coins were likewise placed on porous zirconia
discs 12, stacked on the rack 14 and transferred to a
sintering furnace. The coins were then heated slowly
and held successively for two hours in a vacuum at
600° F., two hours in purified hydrogen at 800° F., two
hours in hydrogen at 2000° F., and six hours in vacuum
at 2000° F. The hydrogen was purified with a palladium
diffuser, and the moisture content of the hydrogen enit-
ting from the purifier was measured to be 2 to 3 parts
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spacing of the “as-blended” material was 1.04 microns
and the median particle size was 0.022 micron. The
cleaning of the wet material at a temperature of 2000° F.
increased the interparticle spacings to 1.8 microns and
the median particle size to 0.042 micron which is almost
double that of the initial size. A 2300° F. stability anneal
increased the median particle size to 0.13 micron and
the interparticle spacing to 3.4 microns. In this case,
there was a relatively large amount of growth of the
oxide.

Annealing at 2600° F. resulted in a further growth of
the oxide particles to a median size of 0.19 micron and
increased the interparticle spacing to 6.03 microns. How-
ever, some oxide particles as small as 0.05 micron were
still present. In all cases, the volume percent oxide
measured was lower relative to the nominal quantity
added to the ball milled.

The dry coins cleaned at 2000° F. exhibited a larger
interparticle spacing than did the wet coins, but the
median particle sizes were the same for both. Annealing
at 2300° F. increased the interparticle spacing to 4.67
microns. Again, the median particle size was approxi-
mately the same as for the wet coins. Increasing the
annealing temperature to 2600° F. resulted in a further
increase in both particle size and interparticle spacing.
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The parameters listed in the table show that the pre-
liminary partial densification of the coins 10 traps the
added oxides in place in the presence of impurities but
permits thorough cleaning to occur before densification is
complete. A major portion of the cleaning is believed to
occur at the low temperature, and. the remaining impuri-
ties are eliminated as the temperature is raised in suc-
cessive steps. Final complete cleaning of the traces of
impurities is accomplished at the elevated temperatures,

After the coins 10 have been cleaned in accordance
with the invention, larger articles are made by stacking
the coins 10 together, sintering these coins or isostatical-
ly hot pressing them, and subsequently canning and ex-
truding the product. It is also contemplated that similar
articles can be produced by balls or pellets rather than
coins. It is important that the cross section of the pellets
or balls be sufficiently small to enable them to be cleaned
in the aforementioned manner.

Other dispersioned strengthened materlals that can be
made in accordance with the invention. Nickel powder,
200 to 300 angstroms in size and contaminated with 0.25
percent by weight sulphur was wet-mixed with 8 volume
percent thoria. The resulting mixture was dried, the
powder cleaned in hydrogen at 100° F. for 80 hours, and
then sintered at 1900° F. in hydrogen.

This same mixture was processed into coins 10 shown
in the drawing of both the wet and dry types by the
methods previously described in ‘connection with the
nickel-alumina blends. Photomicrographs showed the
thoria particles in the coins to be much finer than those
in the sintered powder.

Pure thorium oxide powders of an ultra-fine size of 50
to 150 angstroms were blended with nickel by ball mill-
ing. The blend was cleaned and annealed at 2000° F.
and further annealed at 2300° F. in the manner previ-
ously described. The particle sizes range from 0.018 to
0.382 micron with the median being 0.059 micron. The
interparticle spacing was 2.26 microns.

A fine grind of a chromium bearing nickel alloy hav-
ing a composition of 55Ni-20Cr-25W. without stable
oxide particles added to the material was compacted by
a cartridge-actuated compaction press. This material had
large quantities of impurity oxides in the consolidated
powder. Then this same ground chromium bearing ma-
terial was compacted in the previously described manner,
and cleaned in accordance with the invention at a tem-
perature as high as 2300° F. in hydrogen. Photomicro-
graphs showed that the majority of the oxide was re-
moved. When repeated with the addition of submicron
thoria a fine distribution of the added oxide was re-
tained.

While several embodiments of the invention have been
described, it will be appreciated that various changes and
modifications can be made without departing from the
spirit of the invention or the scope of the subjoined
claims.

What is claimed is:

1. A method of making a dispersion strengthened
material from powders of a nickel matrix and an alu-
mina dispersoid comprising the steps of:
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mixing the nickel matrix powders with the alumina

dispersoid powders,

pressing the mixed powders into a plurality of coins,

each having a thickness between 14 inch and %
inch,

stacking said coins in spaced relationship so that each

coin has all of its surfaces exposed to the sur-
rounding atmosphere,

heating said spaced coins in a vacuum to stress anneal

the same,

passing hydrogen through said spaced coins to clean

the same,

monitoring the moisture level of the effluent hydrogen,

heating said coins to 2000° F. at a rate that main-

tains the moisture evolution below 1000 parts per
million,

interrupting said hydrogen flow and said heating when

said moisture content of the effluent hydrogen is
below 1¢ parts per million, and

heating said cleaned coins in hydrogen to at least

2300° F. for at least 11 hours to stability anneal
the same.

2. A method of making a dispersion strengthened
material as claimed in claim 1 including the step of heat-
ing the cleaned coins in hydrogen to at least 2300° F.
for 24 hours to stability anneal the same.

3. A method of making a dispersion strengthened ma-
terial as claimed in claim 1 including the step of heating
the cleaned coins in hydrogen to 2300° F. for 11 hours
and then heating said coins to 2600° F. for 11 hours
to stability anneal the same.

4. A method of making a dispersion strengthened ma-
terial as claimed in claim 1 including pressing the pow-
ders into coins having a thickness of about 18 inch.

5. A method of making a dispersion strengthened arti-
cle as claimed in claim 1 including the step of working
a plurality of consolidated and cleaned coins into a pre-
determined configuration.

6. A method of making a dispersion strengthened ma-
terial as claimed in claim 1 wherein the mixed powders
are dried prior to pressing.
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