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‘METHOD.OF FORMING PARTICULATE 

MATERIAL 
‘ Alexander T. Deutseh, Washington, D.C. 

-' ~Appli‘cation'Septembe‘r 19,‘1957,'Serial No. 684,959 
‘ ‘5 Claims. 1 (Cl. 75—"-214) 

This invention relates to a process for forming ma 
“terials' which are in a powdered, particulate or generally 
'- subdivided state. 

' During the past twenty years'the technology of powder 
‘ metallurgy has undergone a rapid ‘and increasingly ac 

celerated growth until, at‘ the present date, a large 
volume of metal parts is ‘manufactured by powder metal 
lurgy techniques. Sintering is undoubtedly the most 
widely used‘ of these techniques and is based upon two 
basic phenomena.‘ The ?rst is that ?nely ‘divided metal 

' powders will‘bond together weakly when compounded at 
“ high “pressure; and the second is that such compacted 
powders will bond together strongly when heated to 

" relatively high temperatures under controlled conditions. 
'=-In‘ a conventional sintering process of this type, the 

\ metal powders are blended ormixed in a tumbling barrel 
‘ and‘ then transferred to either a briquetting or a con 

' tinuous extrusion press. 
‘ ess; the powder is introduced into a die and is com 
'\ pacted therein‘ at a pressure ‘on the order of 30 tons 
*per square inch. ‘The formed object is then removed 
i'i-?rom the press'more or less in a fragile state and is in 

‘ troduced into a'sintering furnace which may operate at 
t a1 temperature of around >2000° F. under a reducing 
“atmosphere to reduce the‘oxides present in the compact 

was-wellvas prevent‘their formation. ’ In addition to being 
> applicable to-metals, such. sintering processes are also 
useful with ‘the so-called- cermets which are aggregate 

' "structures of hard ‘and refractory substances bonded with 
- "metal. 

In a typical impact press proc 

. A‘ sintering- processof‘the foregoing type is disclosed 
in United States Patent No. 2,289,787 which utilizes a 

> combined compacting and‘ extruding ram for forming a r 
- l‘solid,‘ self-sustaining ‘rod which is thence fed to some 
~ ‘suitable-‘heating device for producing the desired sinter 

1 .iings temperature. 
shows :aprocess of a- similar typewherein the compacting 
‘and extruding pressures ‘are separately applied. 

United States Patent No. 2,447,129 

T heidensity of the articles which can be produced by 
the foregoing s‘intering process is limited and any im 
I‘provement in this density necessitates additional method 
~-steps such as re-pressing or coining. Some metals, how 
ever,‘fsuch as uranium, {are not improved by these addi 

~-.-tional*steps and thus cannot be conveniently handled by 
\ isintering'processes of the foregoing general type. 

I. have now found that it is possible to produce im 
\ tprove'dmetal and ceramic objects from powders, pellets, 

. chips or other particles without the aforementioned addi 
‘ tio'nal steps in a basically different manner. According 
‘ to my invention, the, material particles are compacted or 
~ compressed in the same general manner as is customary 
P in-the conventional powdered metal forming and sinter 

. ing processes, except that the extremely high pressures 
used in those- processes are not necessary. That is to 

‘ 1 say, my process does not depend upon the initial weak 
‘ bond produced by the high pressures of previous proc 

. esses, and I only desire to secure a reduction in volume 
of about 1/6 at this stage of my process. Instead of then 
extruding and/ or sintering, I subject the compacted par 

‘ ticles in an unheated state to a forging or pounding action 
' to cause a reduction or re?nement of particle size. Sub 
sequent to the start of this particle reduction step, I 

\ direct radiant energy, such as heat or high frequency 
‘ ‘radiation, into the mass of particles which causes diffu 
sion to occur at the individual particle interfaces. The 
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‘2 
material then assumes an extremely dense, condition and 
may be extruded or molded to form metaland ceramic 
objects having qualities of a vastly improved nature. By 
diffusion I refer to the diffusion of atoms from one par 
ticle into its adjacent particle as that term is understood 
by those skilled in the art and as is explained, for exam 
ple, in Scienti?c American,'May 1957, pages’, l03—110. 

It is accordingly a primary object of the present inven 
tion to provide an improved process for producing metal 
or ceramic parts from subdivided or particulate materials. 

It is another object of the invention to, provideqan 
improved process for producing metal or ,CQramicparts 
from subdivided or particulate materialsrwhich includes 
the steps of compacting the subdivided material, reducing 
the size of the particles of such material, and causing 
diffusion at the contacting interfaces of adjacent, particles 
of the material. 
These and further objects and advantages of the inven 

tion will become more apparent upon referenceto the 
following speci?cation and claims and appended draw 
ings wherein: 

Figure 1 is a vertical cross section showing ‘one. em 
bodiment of a device for performingthe process of the 
invention; 

Figure 2 is a vertical section of another, embodiment 
of an apparatus for performing the process» of the. in 
vention; 

Figure 3 is a vertical elevation of still another embodi 
ment of an apparatus for performing the process of. the 
invention; 

Figure 4 is a photomicrograph of a compacted metal; 
and 

Figure 5 is a photomicrograph of a metaLcompacted, 
forged and diffused according to the invention. 

' The particles used in the. process of the invention may 
be particles of metals, mixtures of metals, ceramics, mix 
tures of ceramics or cermets, and may be in the form of 
?ne powders, chips or pellets. The particles are cleaned 
in any suitable manner to remove oxidation or other im 
purities upon their surfaces and this may conveniently 
be accomplished with hydrogen at a temperature‘ of about 
10009 F. in a known manner. The particles are there 
after preferably maintained in a controlled atmosphere 
such as inert gases or a vacuum to prevent further oxida 
tion as is understood by those skilled in the art. This 
controlled atmosphere may be advantageously main 
tained throughout the process. The compacting step is 
then carried out by a light hammering to produce a re 
duction in volume of about 1/6.‘ The precise manner of 
pressure application and the speci?c pressures used are 
not critical so long as the initial reduction in volume 
of about 1/6 is obtained. This compaction causesgthe 
?nely divided metal powders to bond together weakly in 
the same general manner as does the compaction step in 
conventional sintering processes and produces a structure 
illustrated in the photomicrograph shown in Figure 4. 
This photomicrograph is also illustrative of, the type 
structure obtained in the compacting step of conventional 
sintering processes. It is to be noted that this. structure 
is relatively porous and, generally speaking, it is im 
possible to completelyv eliminate this porosity through 
the application of practical amounts of increased pressure. 

According to the next step of the process of my in 
vention, the crystals or particles are re?ned or subdivided 
along their glide lines and I have found that this may be 
e?ectively accomplished by hammering. The desired 
re?ning or subdivision of the particles may be obtained 
by hammering the compacted material with a 250 lb. 
hammer with a face of about 1 square inch which achieves 
a maximum velocity of 30 ft. per second and is recip 
rocated at about 5-30 hammer strokes per minute. Each 
stroke produces a maximum energy of approximately 
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3460 ft.-lbs. and produces a new structure which is il 
lustrated in the photomicrograph of Figure 5. It is to 
be noted that the particle size has been greatly reduced 
from that which existed in the compacted structure of 
Figure 4 and that the individual particles are in much 
more intimate and close contact with one another. 
The temperature of the mass undergoing the hammer 

ing is now raised to a value several hundred degrees 
below the melting point of the powder having the lowest 
melting point in the material and the hammering con 
tinued. The heat causes an accelerated di?usion at the 
interfaces of the particles and the volume of the mass is 
reduced to about 1/20 of its original volume. The heat 
may be applied through combustion, heated ?uids, in 
duction heating, or other radiated types of energy such 
as infra-red or ultrasonic sound. In its broadest aspect 
my invention comprehends the introduction of energy 
into the material to cause this accelerated diffusion re 
gardless of the manner in which such energy is introduced 
or its precise nature. When the material reaches a vol 
ume about 1/20 of its original volume, it is cooled to form 
a high quality dense product with excellent physical 
characteristics. The initial compaction and at least the 
beginning of the forging step are carried out with the 
material unheated. In order to prevent the material from 
welding to the die, the internal surface of the die may be 
coated with resin as shellac. 
As one example of a metal extrusion produced accord 

ing to the process of the invention, high quality steel 
parts have been formed having a yield strength of 200,000 
p.s.i. These parts were formed using 37.5% Hoeganes 
W/428 sponge iron powder, Tyler mesh plus 62 to plus 
200, density 2.8 gms. per cc.; 3% ?ne mesh copper; 1.5% 
oxygen absorbing aluminum, 20% nickel, 20% chro 
mium, 18% cobalt. This material was compacted in a die 
under relatively light hammer blows until the volume of 
the material was reduced by 1/6. Hammering then was 
commenced at a rate of 10 strokes per minute at ap 
proximately 3,000 ft. lbs. of energy per stroke. The 
temperature of the mass in the die was raised to 1100" 
F. through induction heating and the volume of the mass 
?nally reduced to about 1/20 of its original volume in 
between two and three minutes. The material was then 
air-cooled and removed from the die and exhibited a 
yield strength of 200,000 p.s.i. 

According to another example of the process of the 
invention, a powder consisting of 35% electrolytic iron, 
15% aluminum, 30% nickel, 10% manganese, 5% cop 
per and 5% zinc was subjected to the same process and 
also produced excellent specimens. 
According to still another example, small chips pro 

duced in the milling of structural steel and aluminum 
were shaped into high density parts, having strengths 
equal to the original strengths of the material, at tem 
peratures of 1100° F. and 800° F. respectively, the other 
steps in the process being the same as set out herein 
before. 

Referring to Figure 1 of the drawing, there is shown a 
vertical section of an extrusion press which may be used 
in carrying out the process of the invention. An ex 
trusion press chamber 10 having a nozzle 12 at one end 
thereof is abutted by a movable stop plate or gate 14 
having a suitable actuating rod 16. The stop plate or 
gate 14 is backed up by an aperture plate 18 which is 
stationarily mounted to hold the stop plate or gate against 
pressure created within the extrusion chamber. An inlet 
hopper 20 is provided at the top of the extrusion chamber 
and suitable heating passages 22 are provided within the 
chamber and nozzle walls. The extrusion chamber is 
mounted on a suitable standard 24 on a base 26. 
The other end of the base 26 carries an extrusion cylin 

der 28 in which an extrusion piston 30 is received. The 
extrusion piston 30 is reciprocable in cylinder 28 and may 
be moved leftward by means of a suitable ?uid introduced 
in the cylinder through an inlet aperture 32 at the right 
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4 
end of the cylinder. The left end of the extrusion piston 
is bored at 34 and receives a forging piston 36 which is 
mounted for reciprocation. Fluid passages 38 and 40 
provide communication between the bore and a three-way 
valve 42 which connects these passages to a ?uid supply 
44. By suitable actuation of the valve 42 the piston 36 
may be made to oscillate in a known manner. The out 
ward end of the piston 34 carries a piston head 46 which 
may be made heavy enough to provide the hammering 
energy desired. 
Mounted parallel to the extrusion piston 30 are a pair 

of return cylinders 48 and 50 which carry pistons'52 and 
54 and which are connected to the extrusion piston 30 
by means of piston rods 56 and 58 and cars 60 and 62. 
Suitable ?uid connections for the return cylinders are 
provided at 64 and 66, 68 and 70. 
The operation of this embodiment of the invention is 

as follows: The stop plate or gate 14 is closed and a 
clean powdered material such as powdered metal is in 
troduced into the extrusion chamber 12 through the hop 
per 20. Fluid passage 40 leading to bore 34 in extrusion 
piston 30 is opened and ?uid introduced into the ex 
trusion cylinder 28 through the inlet 32. This causes 
the extrusion piston 30 to move to the left thereby com 
pressing the powdered metal introduced through the 
hopper 20. The piston head 46 moves to the right until 
the rear end of the forging piston 36 strikes the end of 
the bore 34. Since the stop plate or gate 14 is closed it 
is possible to compact the powdered metal under the de 
sired high pressure. After this has been accomplished, 
the extrusion piston 30 may be withdrawn to the right 
for a slight distance through actuation of cylinders 48 
and 50 and ?uid pressure applied to the back of forging 
piston 36. By repetitive actuation of the forging piston 
control valve 42, the piston head 46 is caused to strike 
repeated blows against the compacted powder. By con 
trolling the weight of the piston head 46 and its piston 36 
and the pressure of the ?uid introduced into the forging 
piston bore 34, it is possible to obtain the desired energy 
in the impact of the hammer in order to reduce and re 
?ne the size of the particles of material. 

After forging has been commenced heat is introduced 
into the extrusion chamber through the heating conduits 
22 and the temperature of the mass raised until the dif 
fusion occurs at the particle interfaces. After this state 
of the material has been reached, the stop plate or gate 
14 may be raised and the material extruded through the 
nozzle 12 by introducing further ?uid behind the ex 
trusion piston 30. It will be understood that once the 
process has been performed the nozzle 12 will contain 
cold hard metal which will seal the press for the next 
compaction so that the gate 14 is thereafter unnecessary. 

Referring to Figure 2, there is shown another embodi 
ment of the invention in which the compacting and ham 
mering or forging may be effected by means of the same 
piston. In this embodiment of the invention the extrusion 
chamber, nozzle, stop plate and hopper are the same as 
in the preceding embodiment of the invention and thus 
bear the same reference numerals. Induction heating 
may be used with this embodiment of the invention and 
thus the heating channel 22 of Figure 1 has been elimi 
nated. According to this embodiment an extrusion piston 
cylinder 72 is connected to the extrusion chamber 10 by 
means of suitable ?anges and bolts, indicated at 74, and 
carries a piston 76. The piston 76 is milled away at 78 to 
form a reduced diameter section and this communicates 
with a ?uid supply conduit 80 through an aperture 81 in 
the piston cylinder wall. A second conduit 82 is con 
nected to the back of the cylinder 72 through an aper 
ture 84, and conduits 80 and ‘82 are connected to a suit 
;able control valve 86. ' 

A further inlet 88 is provided at the rear of the cylin 
der 72 for supplying the ?uid which applies the high 
compacting and extrusion pressure. A suitable guide 
rod 790 extends through the rear of the cylinder 72 through 
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suitable packing means. It will be apparent to those 
skilled in the art that hydraulic ?uid can enter the cylin 
der 72 through conduit 88 to force the piston 76 to the 
left to compact the powdered material; that this hydraulic 
?uid can then be exhausted from the cylinder by moving 
the piston to the right under control of ?uid from con 
duit 80; and that the piston 76 can be oscillated or recip 
rocated through suitable actuation of the valve 86 to 
cause a hammering of the compacted material. Hydrau 
lic ?uid can then be reintroduced through conduit 88 to 
extrude the material from the extrusion compartment 10. 

Referring to Figure 3, there is shown a ‘further embodi 
ment of the invention comprising a vertical press suitable 
for carrying out the process. According to this embodi 
ment of the invention, the lower cylinder 96 is mounted 
in a stand 98 having an upper ?ange 100. The cylinder 
96 carries a back-up piston 102 which extends through 
(the ?ange 100 into an extrusion die 104 and which is 
supported by ?uid which enters through a port 105. The 
extrusion ldie 104 is secured to the ?ange 100 by means 
of a [?ange 106 and contains an extrusion chamber 108 
which receives the upper end of the piston 102. The 
die may be of the split type which is openable to permit 
removal of the piece formed therein. A suitable induc 
tion heating coil 110 is mounted about the extrusion 
die cavity and is connected to a suitable source of high 
frequency induction heating power. A smaller bore 112 
extends out of the top of the extrusion die and receives 
the end of an upper piston 114. Suitable packing 116 
and 118 is provided in the die in a conventional manner. 
The upper piston 114 is carried by the upper piston 

assembly 120 which rests upon standards 118 on ?ange 
100. Assembly 120 is mounted on standards 118 by 
means of a lower ?ange 122 through which a hollow ram 
124 extends. The ram 124 passes through packing 126 
in the ?ange 122 and through packing 128 at the upper 
end of a cylinder 130 which is mounted on the ?ange 122. 
A piston head 132 is provided about the ram 124 in the 
cylinder 130 for movement of the ram under the in 
?uence of ?uids introduced into the cylinder 130 through 
apertures 134 and 135. A pair of return cylinders 136 
and 138 are mounted at either side of the cylinder 130 and 
have pistons 130 and 132 mounted therein and connected 
to the ram by brackets 144. Apertures 145 in cylinders 
136 and 138 provide hydraulic connections for raising the 
cam 124. 
The upper piston 114 extends into the ram 124 and 

carries a stop ?ange 146 whichvabuts the lower end of 
the ram 124. The upper end of the piston 114 is con 
nected to a piston head 148 which is received within a 
cylinder 150 mounted atop the upper piston assembly 120. 
Conduits 152 and 154 connect this piston to a valve 156 
and ?uid supply 158 for reciprocating the piston head 
148 and piston 114. 
The operation of this embodiment of the invention is 

as follows: A suitable powdered material is introduced in 
to the split die 104 on top of the lower piston 102. The 
upper ram 124 is then moved downwardly by ?uid pres 
sure introduced in back of piston head 132 and this 
carries the piston 114 downwardly by reason of the abut 
ment of flange 146 against the lower end of the ram 124. 
Compaction of the powdered material is carried out in 
this manner to the desired degree. The upper ram may 
then be maintained in this position by means of ?uid 
pressure in cylinder 130, or other positive locking means, 
and the piston 114 caused to reciprocate by means of 
actuation of the valve 156. This creates the desired 
hammering or forging and heat may be introduced by the 
induction heating coil 110. When the forging step 1s 
completed, the piston 114 may be withdrawn from ‘the 
die by appropriate actuation of valve 156, and the piece 
removed from the die. _ . . 

While speci?c presses have been described herein, rt 
be understood that this has been by way of illus 

tration only and is not meant to be limiting in any re 
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6 
spect. That is to say, the process of my invention may 
be carried out in conventional presses or may be car 
ried out with the newer presses designed to handle the 
newer high temperature alloys. Since my process in 
volves heating the material to within a few hundred de 
grees of its melting temperature, it is obvious that the 
presses utilized must be capable of withstanding such 
temperatures. Similarly while the process of the inven 
tion has been described in terms of forming speci?c ar 
ticles, it is not limited to this but may be used for other 
purposes, such as forming a layer of one type of metal 
upon another, or similar uses. Again, while the injec 
tion of energy into the material in order to cause ac 
celerated di?usion has been primarily discussed in terms 
of heat, it is to be understood that the invention also en 
compasses and includes the addition or injection of atomic 
or nuclear energy derived from radiative isotopes or 
other sources in order to accelerate di?usion. The ac 
celeration of di?usion is one of the basic steps of my 
process and the invention comprehends all methods of 
energy addition or injection which have this effect. 
The invention may be embodied in other speci?c forms 

without departing from the spirit or essential characteris 
tics thereof. The present embodiments are therefore to 
be considered in all respects as illustrative and not re 
strictive, the scope of the invention being indicated by 
the appended claims rather than by the foregoing descrip 
tion, and all changes which come within the meaning and 
range of equivalency of the claims are therefore intended 
to be embraced therein. 

This application is a continuation in part of my co 
pending application Ser. No. 603,421, ?led August 10, 
1956, now abandoned. 
What is claimed and desired to be secured by United 

States Letters Patent is: 
1. The method of forming particulate metallic material 

comprising compacting said material and performing on 
said compacted material the continuous sequential steps 
of impacting said material in a substantially cold state to 
cause a re?ning of the particle size, introducing into said 
material as said impacting continues controlled heat energy 
other than friction heat, and continuing said impacting 
and the introduction of said heat energy to cause acceler 
ated solid di?usion at the interfaces of the re?ned particles 
and a reduction of the volume of the material, the intro 
duction of said heat being controlled to maintain the tem 
perature of the mass below the melting temperature. 

2. The method of forming particulate material accord 
ing to claim 1 including the additional continuous sequen 
tial steps of extruding said material. 

3. The method of forming particulate material accord 
ing to claim 1 wherein said impacting is carried out while 
said material is maintained in a con?ned space. 

4. The method of forming particulate metallic mate 
rial according to claim 3 including the additional con 
tinuous sequential step of extruding said material from 
said con?ned space. 

5. The method of forming particulate metallic mate 
rial according to claim 4 wherein said material is ex 
truded through a die. 
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