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'In the production of mouldings by powder metallurgy 
a body of desired shape is pressed from metal powder, 
said body being then sintered to obtain the necessary 
increased tensile strength. 
LThe grain size of the powder is of decisive importance 

in the'production according to this method. In general 
terms, a'small grain size improves the mechanical prop 
erties, especially the tensile strength of the ?nished 
mouldings. However, in practice one cannot operate 
with too small grain sizes for the following reasons: 
1(1) A very ?ne grain powder has a bed ?owing capac~ 

ity, i. e. it forms a coherent mass which only ‘with di?i 
culty can be caused to ?ow through narrow openings. 
For this reason the use of automatic presses is rendered 
di?icult and the powder can only with di?iculty or not 
at all be caused to ?ow down into the moulding tool. _ 

' (2) At the pressing the ?ne powder penetrates into the 
parts of the moulding tool which are movable relatively 
to each other, and causes an increased wear of the sliding 
surfaces. . 

-(3) A moulding produced from v?ne powder shrinks 
considerably at the sintering which, due to the irregular 
ity of the shrinking in various directions, causes great 
variations of the ?nal dimensions of the moulding. 

For this reason one must in practice generally use a 
relatively coarse‘grain powder (up to about 015mm.) 
and forego the advantages of the very ?ne grain powders. 
‘The present invention relates to a method for the 

production of a metal 'powder which, when‘used for 
powder metallurgical purposes, combines the good com 
pressible properties of the coarse powder with the ad 
vantageous in?uence of the ?ne grain powder upon the 
strength of the ?nished mouldings. In order to attain 
this purpose, the invention is substantially characterized 
in that the metal powder used as'starting material is ?rst 
ground to such a small grain size that the ?owing capac 
ity of this powder becomes insuf?cient for powder 
metallurgical moulding, whereafter said ?ne powder is 
agglomerated to form larger aggregates which are then 
comminuted to such a grain size that the desired ?owing 
capacity is obtaned. The agglomeration of said too ?ne 
powder to form aggregates which are too large can be 
effected either by a sintering process or by the use ofv 
organic binding agents. The ?rst crushing is preferably 
made to a grain size of 0.05 mm. at the most, while the 
?nally produced powder is preferably given a maximum 
grain size of about 0.15 mm. If the agglomeration of 
the ?ne crushed powder is'e?ecte'd by a sintering process 
and there is a risk of oxidation of the powder during 
the sintering, said sintering is preferably carried out in a 
neutral or reducing atmosphere. ‘ 
vThe method according to the invention is applicable 

not only to the production of unalloyed metal powder 
but it may also with advantage be used in the production 
of metal powder for alloyed mouldings of powder metal. 
The method nearest at hand for the production of such 
mouldings consists in producing an alloy of the desired 
composition andv converting said alloy to a metal powder 
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which is ?nally pressed and sintered to the desired 
moulding. ' 

However, this method is not very advantageous in 
practice because the alloyed powder is generally essen 
tially harder‘ than its components. For this reason the 
compressibility of the powder is reduced and ‘it will be 
necessary to use greater moulding pressure to produce a 
moulding having a certain density, which involves an in 
creased wear of the moulding tools and increased costs. 

It is also possible to mix the alloying components inv 
the desired proportions in powder form, the alloy being 
formed by diffusion during the sintering. This alloying 
takes place in the solid phase if the sintering temperature 
lies below the melting points of the components, and 
partly in the solid phase, partly in the liquid phase, if ' 
the sintering temperature lies above the melting point 
of one of the components. A good compressibility of 
the powder mixture is obtained by using this method. 
However, the diffusion rate is in many cases so low that 
acomplete alloying is not obtained within reasonable 
sintering periods. . ' 

A much ‘better result is obtained by using the method 
according to the invention, comprising ?rst producing a 
very ?ne grain metal powder ‘containing the alloying 
components and then binding, e.‘ g. sintering-this powder 
cautiously to a grindable body which is crushed to a 
powder having a greater grain size than that of the 
original powder. The starting material may be produced 
in many different ways. For example, ?ne‘grain powder ' 
of the alloying components maybe mixed in suitable 
proportions. One or more of the alloying components 
may also be chemicaly or electrolytically precipitated on 
a pulverulent alloying component. Various combina 
tions of'these methods are, of course, also possible. For 
example, two or more of the alloying components may 
be 'added in pulverulent state while components are pre 
cipitated on the powder grains.’ ' " 

The following examples for applying the invention in 
practice may be stated. 

Example 1 

Rods suitable to be subjected to tensile strength tests 
were manufactured by pressing at a pressure of 5 tons , 
per cm.2 from the following materials: 

(1) Iron powder with a grain size of maximum 0.15 
mm. 

(2) Iron powder with a grain 
mm. . ' 

(3) Iron powder produced according to the invention 
in the following manner: Material according to (2) was 
heated under reducing conditions at 950° C. for a period 
of one hour. The body obtained was then ground so 
that all powder passed through a screen having a free 
mesh width of 0.15 mm. and thus obtained about the 
same grain size as the powder according to (1). 

size of maximum 0.05 

After pressing, the rods were sintered for one hour 1 
at 1100° C. in hydrogen gas atmosphere and their tensile 
strength was then tested. The following results were 
obtained. ' Y 1 

Test number: 

1 - > ~ . 10.5 

2 ___ -_ 13.2 

3 ' ' v 1 ‘ 13.1 

It is clear from: the above-test results that the powders . 
2 and 3 have substantially the same tensile strength. 

_while the powder 1 has a'considerably lower tensile 
strength. However, as is clear from the viewpoints cited 
in the introductory part of this speci?cation the powder 
_2 cannot be used for technicalypurposes while the, p‘ow 
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ders 1 and 3 are completely equivalent from this view 
point. ‘ , ‘ 

Example 2 
A pulverulent mixture was produced from ‘7.5% cop 

per and 92.5% iron‘in the following four different ways. 
(1) Iron powder and copper powder,‘ both? having a 

‘grain size of 0.15 mm. at the most, were mixed for one 
hour in a rotating drum. ‘ . ‘ ~ 

(2) On iron powder having a grain size of 0.15 mm. 
‘ at the most copper was precipitated chemically in the 
form of a layer on the grains, whereafter the powder was 
dried and heated at 700° C. in hydrogen atmosphere to 
remove‘any hydroxide ‘formed. Only a slight sintering 
‘to small‘aggregates was obtained, which were comminuted‘ 
by a gentle crushing whereby the powder obtained sub 

L stantially the same grain size as the starting, material. 
(3) Iron powder andcopper powder‘ having a grain 

size of 0.05 mm. were mixed for one hour in‘a rotating 
drum. Thereafter the mixture was heated for one hour 
at 800° C. toasolid sintered cake which‘ was then ground 
to a powder having a grain size of 015mm. at the most. 

(4) On iron powder having a grain size of 0.05 mm.‘ 
at the most, copper was precipitated chemically where-. 
after the powder was siutered and ground inthers‘ame 
manner as according, to (3). 
The di?erent iron powders obtained according to‘ the 

above methods thus show the same‘ grain size (less-than ‘ 
0.15 mm.) and thus about the same compressible prop— 
erties (?owing capacity, wear of the moulding tools, 
shrinking and so on). In order to determine the tensile 
strength,test rods were pressed from these powders at 
a pressure ‘of 5 tons per cm}. The rods were‘ sintered 
in hydrogen atmosphere at a temperature of 1100° C. 
for one hour. When tested in a draw bench the follow 
ing results were obtained: 

Test number: Tensile strength leg/mm.2 
1 ‘ , ~ g 23.2 

2 ‘ i __ 29.0 

3 __ 33.0 

4 33.2 

The rods 3 and 4 manufactured from the powders 
according to the invention are thus considerably superior 
to the two other rods. This is a consequence of the fact 
that due to the small grain size of the powder there are 
more points of contact between the iron and the copper 
in the ?rst-mentioned rods, and therefore the molecules 
of the two substances have to travel a shorter distance 
at the alloying during the preliminary as well as during 
the ?nal sintering resulting in that the alloying takes place 
at a greater rate. Thus, the time required for a com‘ 
plete alloying is considerably reduced and at the same 
time the structure becomes much more ?ne-granular than 
would otherwise be the case, and the mechanical‘ prop 
erties are improved. 
To the metal powder, the grain size of which is so 

small that it has a ?owing capacity which is insuf?cient 
for powder metallurgical purposes, there may according 
to one embodiment of the invention be added small quan 
tities of an organic substance which by a treatment suited‘ 
to the character of the substance, agglomerates the grains 
to larger aggregates which are comminuted to the desired 
grain size which is larger than that of the starting mate 
rial, by screening or cautious crushing, for instance by 
pressing through a screen. 

In this case, as in the sintering process described‘ above, 
it is suitable to grind the original powder to a grain size 
of about 0.05 at the most, and, after its aggregation, to 
comminute the aggregate again to a grain size of up to 
0.15 mm. 
The obtained powder which possesses the desirable 

properties of a course powder, especially its ?owing ca 
pacity, is pressed and thereafter sintered in the manner 
usual in powder metallurgy. 
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The organic substance may consist of ‘a binding agent. 
which is soluble in an organic solvent, e. g. alcohol‘, ether, “ 
benzol, etc. In this case thefbinding agent is preferably 
added in solution, inorder to, be uniformly distributed 
in the powder in a subsequent mixing process. After the ‘ 
admixture the solvent is evaporated by being heated to a 
temperature‘ suited to thecharacter of‘ the solvent, pref 
erably‘ under such conditions that the solvent can be 
recovered by condensatoinand be used again. 

Cellulose‘ lacquers, e. g. nitro cellulose, shellac, colo 
phony, phenol resin and so on may be mentioned as 

‘ examples of binding agents of this type which have proved 
?t for use.‘ g 

It is, of‘ course, also possible to use a binding agent 
which is soluble in water. Yet, such ‘a binding agent 
easily causes the~iron powder to ‘be attacked by. rust 
which is not desirable. ‘ ‘ 

Another type of substances which may be used accord 
‘ ing to the invention are those which becomesoft or melt 
upon heating and thereby bind the grainstogether, e.g. 
para?in or waxy substances. These substances may be 
admixed inthe form ofta ?ne powder whereafter the 
mixture is heated to the softeningor melting temperature : 
of the admixed substances. It is, of course, also possible 
to admix these substances in the form‘of a solution. 
A class, of substances which is‘ particularly, advan 

tageous to use according to the invention, consists of the 
substances of‘the type: stearic acid, zinc stcarate and so 

powder metallurgy, these substances contributing to the 
agglomeration of the?ne powder to improve (its ?owing 
capacity andalso having a lubricating ettect at the‘ 
moulding. ‘ 

According to the invention it is, of ‘course, possibleto 
add two or more different binding. agents, one‘of‘ which 
‘at least .shouldpossess lubricating properties. In this‘ 
case it may also be suitable to add one agent in the form 
of a powder and another agent in the‘ form of ‘a solution. 
The heat treatment following the mixing should‘ be‘ 

carried out at a temperature which is lower‘ than that at 
which the metal powder begins to oxidize, if a protecting 
atmosphere is not used at the heating. 
The abovementioned possibility of ‘using a‘?ne powder 

for. powder metallurgical purposes is of particular ad 
vantage when it is the question of producing alloys‘ in 
the powder metallurgical way by pressing and‘sintering 
of mixtures of different metal powders. Of, course, one 
can also use as starting material a powder the individual 
grains of which consist of two or more metals either in 
the form of aggregates of mono-metallic powder grains 
or a core of. a‘metal‘and layers of one or more other 
metals precipitated electrolytically or chemically on said 
core. The possibility of using very ?ne grain powders 
according to the invention considerably reducesthe time 
required for the alloying at the sintering temperature. 
What I claim is: 
1. Method for the production of metal powder for 

powder metallurgy which consists essentially of agglom 
erating a metal powder having a particle size not greater 
than .05 mm.‘ to the production of aggregates having a 
size substantially greater than 0.15 mm. and disintegrat~ 
ing said aggregates to a particle size greater than .05 mm. 
but not substantially greater than 0.15 mm. 

2. Method as de?ned in claim 1 in which the agglom 
erationis effected by sintering. ‘ ‘ 

3. Method as de?ned in claim 1 in which the metal 
powder having a particle size not greater than. .05 mm. 
is a mono metallic powder. 

4. Method as de?ned in claim 1 in which the‘ metal 
powder having a particle sizenot greater than .05 mm. 
consists of at least two different metals. ‘ 

5. Method as‘ de?ned in claim 1 in which the metal 
powder‘having a particle size not greater than .05 mm. 
is a‘ mixture of at least two mono metallic metal pow 
ders and in which the agglomeration is effected by sin 



5 
tering without substantial alloying of said di?erent 
metals. 

6. Method as de?ned in claim 1 in which the metal. 
powder having a particle size not greater than .05 mm. 
comprises particles of one metal having a coating of an 
other metal precipitated thereon. 

7. Method as de?ned in claim 1 in which the metal 
powder is agglomerated by means of an organic material 
having binding properties. 

8. Method as de?ned in claim 1 in which the metal 
particles are agglomerated by means of a fusible organic 
material. 

9. Method as de?ned in claim 1 in which the metal 
particles are agglomerated by means of an organic ma 
terial dissolved in a volatile solvent. 

10. Method as de?ned in claim 1 in which the metal 
' particles are agglomerated by means of an organic ma— 

terial having lubricating properties. 
11. Method as de?ned in claim 1 in which the metal 

particles are agglomerated by means of a mixture of an 
organic substance having binding properties and a lubri 
cant. 
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12. A method of producing strongly coherent sintered 
bodies from metal powder which consists essentially of 
agglomerating a metal powder having a particle size 
not greater than 0.05 mm. to produce aggregates having 
a size substantially greater than 0.15 mm., disintegrating 
said aggregates to produce a powder having a maximum 
grain size substantially greater than 0.05 mm. but not 
greater thanvO.l5 mm., pressing the last named powder 
to a coherent body and heating said body to sintering 
temperature. 
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