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This invention relates to aluminum alloys and 
is concerned principally with the production of 
such alloys from finely divided metal powders 
containing a relatively large proportion of alumi 
num and a relatively small proportion of one or 
more metals that are alloyable. With aluminum. 
The invention aims to produce improved alumi 
num alloy metal objects in a dense form or with 
controlled porosity. 
Aluminum oxidizes very readily, particularly 

when it is finely divided. Particles of aluminum 
or aluminum alloys do not bond together when 
subjected to ordinary sintering operations, even 
when they have been compressed together under 

attribute this to the presence 
of a thin film of aluminum oxide or other alumi 
nun compound upon the surface of the metal 
particles which prevents the particles from Stick 
ing together. However, as a result of my investi 
gations I have discovered that powders of alumi 
num or aluminum alloy may be bound together 
by compressing them into a coherent mass, heat 
ing the coherent mass in a desiccated non-Oxidiz 
ing atmosphere and maintaining the coherent 

S. mass in said atmosphere for a relatively long 
period of time at a temperature below the melt 
ing point of aluminum but at which diffusion of 
aluminum occurs between the particles. Thus by 
diffusion welding the particles become bound to 
gether, despite the presence of relatively Small 
amounts of oxidation products on the surface of 
the powder particles. A reducing atmosphere is 
preferable, but oddly enough, any non-oxidizing 
atmosphere is suitable provided that it is sub 
stantially desiccated. 

If copper, nickel, manganese, silicon, iron, 
chromium, zinc or other metal which alloys with 
aluminum is included with the finely divided 
aluminum that is Subjected to the compression 
and heat treatment operation described above, 
the resulting alloy mass may be tempered or age 
hardened provided that the mass is quenched 
fron an elevated temperature prior to the ten 
pering or age-hardening Operation. 
The aluminum alloys which result from the 

practice of my invention may be produced in any 
desired density ranging from slightly above the 
density of the unconsolidated powders to the 
density of Wrought aluminum alloys. A porous 
aluminum alloy may be produced in the process of 
my invention by employing a pressure such that 
the resulting coherent mass contains voids or by 
including in the mixture of finely divided metals 
volatile Substances Such as camphor or a volatile 
salt. If such a volatile substance is employed, 

(C. 5-22) 
high pressures may be used and a dense mass 
formed. Thereafter, the volatile material is 
driven off during the heating operation so that 
the desired porous structure results. 
The powders employed should be very finely 

divided. Preferably, they should pass through 
325 mesh, although the presence of some minus 
200 mesh material may be tolerated. Moreover, 
they should be employed in a fresh condition 
with a minimum of oxidation productions on 
their surfaces. The aluminum and the alloy in 
gredients such as magnesium, copper, nickel, 
manganese, silicon, iron, chromium and zinc may 
be employed as powders of the elements or as 
alloy powders. Thus I have found it convenient 
to form a master alloy of aluminum arid silicon 
in powdered form by atomizing the molten alloy 
in an atmosphere of hydrogen or city gas. 

In forming an alloy metal object, there may be 
added to the master alloy such proportions of 
magnesium or other metals in finely divided form 
as may be required for the particular product. 
In all cases the powders employed must be 
thoroughly mixed prior to compression. The 
powders should be retained in a dry condition 
during and prior to compression in order to avoid 
the formation of excessive amounts of oxidation 
products. 
The powdered mixture formed as described 

above is subjected to compression employing 
pressures of from 5 to 100 tons per square inch. 
No binding material is necessary, although the 
presence of camphor or a volatile salt or the like 
is desirable when an alloy of controlled porosity 
is required. 

Better results are obtained when the powders 
are compressed into a coherent mass in a rela 
tively cold condition. Compression of hot pow 
del's into a coherent mass is not recommended. 
The slugs or other consolidated pieces which 

are formed in the compression operation are sub 
jected to heat treatment. The treatment tem 
perature should be approximately two-thirds of 
the weighted average of the melting points of the 
elements present in the mass. Generally, the 
heat treatment should take place at tempera 
tures ranging from 450 to 650° C., and should en 
dure from 30 minutes to 24 hours. The heating 
must be carried out in a non-oxidizing atmos 
phere from which substantially all water has been 
removed. Thus the heating may be conducted 
in a vacuum or in a desiccated atmosphere of 
hydrogen, city gas, natural gas, carbon monoxide 
or carbon dioxide. 
After heat treatment the resulting alloy should 
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2 
be subjected to quenching in Order to render it 
amenable to hardening by Subsequent heating ?hr 
aging. This quenching may take place immedi 
ately after heat treatment, in which case the hot 
alloy is removed from the furnace and plunged 
directly into a quenching bath, (preferably of 
Water at about 20° C.) or the heat treated object 
may be allowed to cool down slowly to-atmos 
pheric temperatures or thereabouts and later re 
heated and quenched. In this latter procedure 
the heat treated alloys should not be allowed to 
cool at a rate greater than 600° C. per hour. The 
cooling should take place in the non-oxidizing 
atmosphere. The cooled object should be re 
heated to a temperature ranging from 450° C. to 
550° C. and held at this temperature for one 
half to two hours in a non-oxidizing atmosphere 
prior to quenching (preferably in Water at about 
20° C.). 
The quenched alloys formed from aluminum 

powders as hereinbefore described may be ten." 
pered and hardened by heating them to and 
maintaining them at a temperature ranging from 
100 to 200° C. for a time ranging from 15 minutes 
to 24 hours. They may also be age-hardened 
(precipitation hardening) at room temperature 
by retaining them at this temperature for a 
period ranging from one hour to thirty dayS. 

If it is desired to produce a very dense or hard 
aluminum alloy the heat treated alloy should be 
subjected to a second pressing or repressing Op." 
eration either before or after quenching. 
Aluminum alloys prepared in the manner de 

Scribed briefly above possess physical properties 
considerably superior to those of corresponding 
alloys prepared by heretofore customary methods, 
for example, casting. Moreover, my invention 
possesses an advantage in that it permits the 
manufacture of alloys of any desired degree of 
porosity and also permits the production of alloys 
of uniform porosity. A further advantage resides 
in the fact that alloys may be prepared in ac 
cordance with the invention with proportions of 
ingredients that would not be possible or prac 
tical in cast alloys. Fourthly, porous alloys may 
be prepared according to my invention which 
possess a hardness and malleability Correspond 
ing to dense cast alloyS. 
My invention will be more thoroughly under 

stood in the light of the following detailed de 
scription of the preparation of an aluminum sili 
con alloy according to the process of my in 
vention. 
Aluminum and Silicon powders in a relatively 

clean condition and advantageously of sufficient 
fineness to pass 200 to 325 nesh Screens are 
thoroughly mixed. If a porous alloy is desired 
non-metallic volatile ingredients such as cam 
phor may also be added and thoroughly incor 
porated. 
of time mixture Should be as finely divided as the 
metallic powders. 
The aluminum may constitute from 70 to 97% 

by weight of the metallic constituents of the 
mixture and the Silicon from 3 to 30% by Weight. 
Preferably, the aluminum should constitute from 
85 to 95% by weight of the mixture, the balance 
being made up of silicon. 
The powders after thorough mixing are placed 

in a mold and Subjected to compression un ice 
a piston or the like. AS indicated hereinbefore 
the powders subjected to compression should be 
in a relatively cold condition. The pressure en 
ployed will vary depending upon the desired den 
sity of the final product. If a very porous struc 

he volatile non-metallic ingredients . 

2,155,651 
ture is desired the pressure may well be as low 
as five tons per square inch (or even less pro 
Wided that a coherent mass is formed). When 
very dense objects are desired, the pressure em 
ployed may be as high as 100 tons per square 
inch. For objects having a density comparable 
with the density of cast or forged aluminum 
alloys, a pressure of 45 to 65 tons per square inch 
is generally satisfactory. 
The object produced in the compression op 

eration is relatively fragile but sufficiently co 
herent to stand considerable handling and to 
hold together during the heating operation. 
The heating operation is designed to bind the 

particles of metal powder securely together by 
diffusion welding or alloying. A closed furnace 
is employed. Reducing or inert atmosphere is 
maintained within the furnace by passing a cur 
rent of hydrogen gas or the like through it. 
In order to assure that the atmosphere within 
the furnace is completely desiccated the hydro 
gen or other gas supplied to the furnace should 
first be passed over a desiccating agent such as 
metallic calcium. It is desirable to maintain 
a boat of metallic calcium within the furnace 
during the sintering operation as a further safe 
guard against the presence of moisture. 
In the case of the aluminum silicon alloy de 

scribed hereinbefore, the temperature of treat 
inent Should be in the neighborhood of 500° C. 
This temperature is high enough to permit dif 
fusion welding without melting either the silicon 

. Or the aluminum and is also high enough to 
expel any volatile material which has been in 
cluded in the maSS for purposes of developing 
porosity. The volatile matter escapes as vapors 
and in escaping forms minute channels through 
the product. 

In the event that an absorptive porous struc 
ture is desired, it is better to form a porous alloy 
by including volatile material in the primary mix 
ture, as contrasted with employing no volatile 
material and relying upon a low pressure of con 
Solidation to give the required porosity. This 
is because the volatile material in escaping as 
Sures the presence of channels to the outside 
Surface of the alloy object, whereas the other 
method may result in blind pores which cannot 
absorb. 
The coherent maSS is held at the elevated tem 

perature for about 8 hours. Thereafter, it is 
either quenched immediately in water or per 
mitted to cool down to room temperature at a 
rate not to exceed 600° C. per hour. In case the 
alloy is allowed to cool, it is then heated up to : 
from 450 to 550° C., held at this temperature 
for from one-half to two hours in a non-oxidiz 
ing atmosphere, and then quenched in water at 
room temperature. 
A Silicon aluminum or other aluminum alloy 

produced as described hereinbefore is satisfac 
tory for many uses without further treatment. 
However, it may be desirable to increase its 
strength by a Second pressing or repressing op 
eration which may occur either before or after 
quenching and with the material in a substan 
tially cold condition. The repressing operation 
may increase the strength of the product but 
its principal function is to increase its density. 
The repressing operation should be carried out 
in Substantially the Same manner as the original 
preSSing Operation. If the original pressing op 
eration has been conducted with the metal pow 
der in Suitable dies, the same dies or dies of 
Virtually the same size and shape may be em 
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ployed in the repressing operation. In general 
the pressures employed in the repressing opera 
tion range from 45 to 65 tons per Square inch. 
The kind and proportion of the metal alloying 

ingredients employed with the aluminum vary 
depending upon the intended use. The following 
proportions are intended to be illustrative and 
not restrictive. 
When a binary alloy of silicon and aluminum is 

desired the aluminum content should range fron 
70 to 97% and preferably from 85 to 95% by 
Weight, with silicon making up the balance. 

30 

40 

When aluminum-silicon-copper-magnesium al 
loys are desired the following are satisfactory 
Composition ranges: 

Per cent 
Aluminum---------------------------- 83 to 96 
Silicon--------------------------------- 3 to 10 
Copper---------------------------------- 1 to 5 
Magnesium---------------------------- 0.1 to 2 
Aluminum - silicon-copper-nickel - magnesium 

alloys should correspond to the following compo 
Sition: 

Per cent 
Aluminum---------------------------- 61 to 94 
Silicon--------------------------------- 5 to 25 
Copper------------------'a- - - - - - - - - - - - m an 0.5 to 5 

Nickel--------------------------------- 0.5 to 5 
Magnesium---------------------------- 0... to 4 
When binary alloys of copper and aluminum 

are desired the aluminum should range from 80 
to 98% by weight, and the copper from 2 to 20% 
by weight. 
The function of the magnesium, copper, nickel, 

manganese, silicon, iron, chromium or zinc in 
cluded in the alloy is to increase the hardness 
and to form an alloy which is susceptible to age 
hardening and tempering. 
The invention provides a method for producing 

alloy products that heretofore have been made 
only by forging, by die-casting operations or by 
complicated machining processes. The method 
of the invention achieves substantially the sim 
plicity and high output rate of die-casting opera 

3. 
tions while permitting the use of alloy composi 
tions that cannot be die-cast and hence have 
been fabricated heretofore largely by complex 
machining operations. Alloy products prepared 
in accordance With the invention are especially 
suited for use wherever a combination of 
strength, lightness and accuracy of configuration 
is important. 

I claim: 
1. In a process for producing a porous mass of 

aluminum alloy, the improvement which com 
prises compressing into a coherent mass a mix 
ture of a solid substance that is volatile at a rela 
tively low temperature and finely-divided metal 
powders containing a relatively large proportion 
of aluminum and a relatively small proportion of 
a metal alloyable with aluminum and heating 
Said coherent mass for a considerable period of 
tine at a temperature below the melting point of 
aluminum but at which diffusion of aluminum oc 
curs between the metal powder particles while 
Said particles remain in a substantially solid con 
dition, said temperature being above the volatiliz 
ing temperature of the Wolatile substance and said 
heating taking place in a desiccated non-oxidiz 
ing atmosphere, whereby the metal powder parti 
cles become welded together and the volatile sub 
stance is expelled to produce a porous mass. 

2. A process for producing aluminum alloys 
which comprises compressing into a coherent 
mass finely-divided metal powders containing a 
relatively large proportion of aluminum powder 
particles having relatively small amounts of oxi 
dation products on the surface thereof and a rel 
atively Small proportion of a metallic alloying in 
gredient, and heating said coherent mass for a, 
considerable period of time at a temperature at 
which the metal powder particles remain in a 
Solid condition but at which diffusion of alumi 
num occurs between the metal powder particles, 
said heating taking place in the presence of me 
tallic calcium in an atmosphere that is desiccated 
and inert With respect to metallic aluminum. 

CLAUS GUENER, COEZE, 
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