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This invention relates to a process for the pro 
duction of metal powders by carbonaceous reduc 
tion of a mixture of oxidic compounds of lead and 
oxidic compounds of one or more of the metals, 
iron, cobalt, nickel and‘ manganese. It relates 
especially to metal powders the individual par 
ticles of which consist of an aggregate of lead and 

. one or more of the foregoing high-melting-point 
metals, and to the process for producing such 
powders. 

It is an object of the invention to provide a 
process by which oxidic metal compounds may be 
reduced by means of carbon in such manner as 
to form a loosely-sintered cake of reduced metal 
which may be readily separated from the uncon 
sumed reducing agent and which may be readily 
disintegrated into ?ne particles of powder. 

It is another object to provide a process by 
which mixtures of oxidic compounds of lead and 
oxidic compounds of the high-melting-point 
metals, iron, cobalt, nickel and manganese may 
be reduced conjointly to produce ?nely divided 
metal powders, the particles of which have the 
lead intimately dispersed throughout the pores 
and over the exposed-surface of the individual 
particles of reduced high-melting-point metal. 

It is a further object to provide metal powders 
the individual particles of which consist of ag 
gregates of lead and high-melting-point metals, 
the aggregate particles being especially suitable 
for use in powder metallurgical processes. 
In the manufacture of sintered powder-metal 

articles and particularly in the manufacture of 
sintered copper friction articles such as clutch 
facings and brake linings, it is customary to add 
small amounts of iron powder and lead powder 
to the copper powder for the purpose of produc 
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ing desired frictional characteristics, rates of _ 
wear, strength, etc. Heretofore, it has been cus 
tomary to make these additions by incorporating 
the proper proportions of the separate ?nely di 
vided powders, but in manufacturing friction ar 
ticles of the classes described above, we have 
foundv that it is desirable to provide a single 

' metal powder the individual particles of which 
,- contain the iron and lead in relatively ?xed pro 
portions and which have the lead dispersed with 
moderate uniformity over the surface of the iron 
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and preferably throughout the body of the iron. > 
We have also found that powder particles of such 
character should be porous and spongy so that 
they will mat with the other powders when bri 
quetted. As will be understood, such powders 
are dimcult to make by a process which attempts 
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for the reason that the molten metals-are immis 
cible in each other in the liquid and solid states 
and hence do not alloy together. They accord 
ingly must be treated by special and intricate 
procedures which are designed to trap the molten 
lead mechanically within the solidifying iron be 
fore it has an opportunity to settle out. Even 
when such procedures are resorted to, however, 
the resulting iron-lead casting may not. be re 
duced to a powdered condition without breaking 
the ‘mechanical structure which holds the iron 
and lead particles together. The same diffi 
culties attend the production of nickel-lead, c0 
balt-lead and manganesellead powders since 
these metals are mutually immiscible in the same 
manner as iron and lead. - 
Other methods for making aggregates of the 

character described have also been tried, such as 
by sintering lead powder with powders of one or 
more of the high-melting-point. metals, or by 
mixing ?nely pulverized iron, cobalt, nickelv or 
manganese in sponge form into molten lead, 
but none of these methods results in a product 
which may be reduced to, a powdered condition 
without causing separation of the lead from the 
high-melting-point metal. , 

We have found, however, that if oxidic com 
pounds of lead, such as the oxide, nitrate, sul 
fate, carbonate or singulo-silicate of lead, are 
intimately mixed with similar oxidic compounds 
of one or more of the high-melting-point metals, 
iron, cobalt, nickel and manganese, the mixture 
may be reduced by means of carbon at a tem 
perature below the melting point of the high 

" melting-point metals with the formation of pow 
der having the desired characteristics. We have 
also found that the resulting powder may be ?ne 
ly divided without causing appreciable separation 
of the lead from the high-melting-point metal. 
Various processes have been proposed and are 

known for reducing iron oxide and the like by 
means of carbon at subfusion temperatures. In 
most of these procedures, however, the car 
bonaceous reducing agent is thoroughly mixed 
with the oxide. Such processes have the disad 
vantage that the reduced metal is contaminated 
with the excess reducing agent. ‘Now since it is 
an object of this invention to produce a moderate 
ly pure product, recourse is had to a process in 
which the carbonaceous reducing agent is segre 
gated or kept apart from the oxidic compounds of 
the charge. In accordance with our process, a 
charge is provided in which a suitable oxidic com 
pound of lead is uniformly mixedvwith a suitable 

to cast the desired composition in the molten state 55 oxidic compound of one or more of the metals 
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iron, cobalt, nickel or manganese, the proportion 
of the lead in the mixture being preferably less 
than 50%. A charge of this type ‘is introduced 
into a suitable reaction chamber preferably in 

. such manner as to form a layer of uniform thick 
ness therein. A carbonaceous reducing agent 
such as ?nely ground coal, coke, charcoal or 
other form of carbon is introduced into the cham 
ber but is kept spaced from the oxidic material. 
For example, the reducing agent may be spread 
on top of the oxidic layer, being separated there 
from by means of a sheet of paper. The cham 
ber should be heatedexternally and should be 
constructed in such manner as to permit the 
escape of gases liberated during the reduction but 
to prevent the ingress of air from outside. The 
chamber and its contained charge is heated to a 
temperature which is high enough to reduce the 
oxidic compounds of the charge but not high 
enough to melt the reduced high-melting-polnt 
metal, and is held at this temperature for a su?l 
cient length of time to cause substantially com 
plete reduction of the oxidic compounds. The 
chamber and charge are then permitted to cool, 
provision being made to protect the charge 
against reoxidation during cooling. After the 
charge has cooled substantially to room tempera 
ture, it is removed from the chamber and may be 
treated further. When the process has been 
properly conducted at an appropriate tempera 
ture and for an appropriate length of time as 
hereinafter indicated, the original layer of oxidic 
material will be found to have been reduced to 
the metallic state and~to have formed a loosely 
sintered cake or mass which may be removed 
bodily from any unconsumed reducing agent 
which remains. After any loose or adhering re 
ducing agent has been blown from the surface of 
the sintered cake by means of an air blast, or 
otherwise removed, the cake may be pulverized 
in any suitable manner such -as by merely tum 
bling in a revolving drum. The powder so ob 
tained may be used by itself, with or without sub 
sequent grinding in making sintered articles, or 
it may be mixed in any desired proportions with 
other metal powders and the resulting mixture 
made into sintered articles. 

It will be understood that the process as de 
scribed above is capable of producing a metal 
powder which is clean and uncontaminated with 
carbonaceous reducing agent. By means of this 
process, powders of desired purity may be pro 
duced by the simple expedient of providing suit— 
ably pure oxidic materials. It will be apparent, 
of course, that if impure oxidic materials are pro 
vided, the resulting powder will be contaminated 
with the impurities which are not vaporized and 
expelled from the chamber. These impurities 
will exist either in their original state or in a 
reduced state depending on whether or not they 
are affected by the reduction process. For exam 
ple, if silicates are used, the resulting powder will 
contain silica. Likewise, if the oxidic compounds 
which are used contain such materials as alu 
mina, magnesia, or the like, these materials will 
be found in the resulting powders. In general, 
the oxides or carbonates are to be preferred since 
they may be obtained commercially in a suitably 
pure condition. Whichever oxidic compounds are 
used should generally be ?nely ground where a 
?nely divided powder is desired ultimately, since 
in general, if the oxidic compound is ?nely di 
vided, a large percentage of the resulting powder 
will also be ?nely divided. The particle size of 
the reducing agent is less important and we have 
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found that a lump material is, in many cases, as 
suitable as ?nely ground material. As was 
pointed out, the reducing agent may‘ consist of 
coal, coke, charcoal, or any other form of carbon. 
Preferably, charcoal should be used since it has 
been found that this material aids in expelling, 
during the early part of the heating step, the 
oxidizing gases which are trapped within the re 
action chamber. We also believe that the char 
coal is more effective than the other forms of 
carbon in establishing the reducing atmosphere 
which is essential to the reduction, this atmos 
phere established at a lower temperature when 
charcoal is used than is the case» with the other 
forms of carbon. 
This invention will be understood more fully 

through the following example explained in con 
nection with the accompanying drawing. It will 
be understood that the process may be conducted 
in a continuous manner but for purposes of illus 
tration, a catch or intermittent process will now 

- be described. The single ?gure of the drawing 
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shows a supporting base and a reaction chamber 
which are suitable for performing the reduction, 
the base and container being especially adapted 
for use with any convenient bell-type heating 
furnace. \ 

In the figure is shown a base structure con 
sisting of an iron shell I partly ?lled with a cen 
tral column 2 of insulating or refractory material 
and having a gas outlet tube 3 and thermocouple 
tube 4 embedded therein and extending outward 
ly near the base to beyond the shell I and ex 
tending upwardly above the column for purposes 
which will be understood from the following de 
scription. The exposed end 5 of tube 3 may be 
threaded as desired for making suitable pipe con 
nections. A thermocouple junction extends be 
yond the upper end of tube 4, and the thermo 
couple leads 6, 8 pass through tube 4 and ex 
tend from its lower end to any suitable tempera 
ture indicating device not shown. The base 
structure is adapted to support a reduction con 
tainer, and, for this purpose, is surmounted with 
a metallic cup-shaped container 1. A metal ring 
8 is secured, as by welding, to the-container so as 
to be spaced inwardly from the walls of the latter. 
An annular chamber 9 is thereby formed, this 
chamber being partially ?lled with any suitable 
pulverulent sealing material In, such as sand or 
powdered Sil-O-Cel. The tubes 3 and ll pass 
through the bottom wall of the container, being 
secured to it by means of suitable ?ttings H, ii 
and l2, l2. After the tubes have been positioned 
in the container, the space enclosed by ring 8 is 
?lled in with suitable refractory material I3, such 
as ?re-clay, Sil-O-Cel, or the like. 
The reduction container consists of an outer 

shell l4 and an inner tube Hi. The tube I5 has 
an external ?ange I6 welded to its lower end. 
The outer shell i4 is open at both ends but has 
an internal ?ange l'l welded to its inner surface 
a short distance up from its bottom end. The 
shell and inner tube are‘ placed ttgether con— 
centrically with the internal ?ange I1 resting 
on top of the external ?ange I6. An annular 
plate l8 rests on top of ?ange ll. In use, the 
assembly, constituting the reduction container, 
is placed so that ?ange l6 rests on the refractory 
material l3, the assembly being centered thereon 
so that tube l5 surrounds gas outlet tube 3 and 
thermocouple tube 4. The bottom end of shell 
l4 should extend into the sealing material I0 
contained in the annular chamber 9 of the 
container 1. 
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Assuming that the reduction container is 

capable of treating about 100 pounds of mixed 
oxides, and assuming that a pure iron-lead 
‘powder containing about 12% lead is to be made 
by the conjoint reduction of iron and lead oxides, 
approximately 88 pounds of pure magnetite, a 

~ mineral which may be obtained commercially 
and which contains 72% iron and 28% oxygen, 
is preferably ground so as to pass through a 
40-mesh sieve. The ground magnetite is then 
mixed with slightly more than the stoichiometric 
weight of a suitable form of lead oxide, such 
as about 12 pounds of litharge, which preferably 
should have been ground to pass through a 
100-mesh sieve. A slight excess of lead oxide 
is provided to allow for losses due to vaporiza 
tion of the reduced lead. Mixing may be done 
by stirring the two powders together, or by 
stirring and subsequently regrinding the mixture 
in a ball-mill. In any event, the litharge and 
magnetite should be mixed in such manner as 
to provide a mixture which is as nearly uniform 
as possible. If it were desired to include a small 
amount of silica in the resulting powder, a lead 
silicate could be substituted for part of the 
oxide. 
About 25 pounds of charcoal, a weight cor 

responding to an excess of about 25% OVBI‘i 
stoichiometric proportions. is provided, and 
merely for convenience in handling, is ground 
to moderate ?neness. A portion of the charcoal 
weighing approximately 5.pounds is ?rst spread 
into a uniform layer l9 upon base plate l8. 
A disc of paper 20, having a diameter equal to 
the inner diameter of shell l4 and having a 
central'hole in it corresponding in size to the 
outer diameter of tube I5, is slipped down around 
the tube so as to cover the charcoal layer. A 
portion of the oxide charge is then spread upon 
the paper disc so as to form a layer 2| of uniform 
thickness. Anotherpaper disc 20a is then slipped 
down around the tube to cover this last layer. 
Another charcoal layer weighing about one-' 
fourth of the weight of the metal oxide layer 2| 
is then spread upon the second paper disc. This 
alternate arrangement is continued until the 
desired weight of mixed oxides and the corre 
sponding weight of charcoal have been inserted. 
Preferably the top layer should be of charcoal, 
but it is relatively immaterial whether it con 
sists of oxide or charcoal. The layers of oxide 
and charcoal should not ?ll the container com 
pletely since it is desirable to provide an expan 
sion chamber of appreciable size at the top of 
the container. 

After the charge has been inserted in the 
manner just described, the container is closed by 
means of a closely-?tting cup-shaped mantel 
22 which is slipped down over shell ll. The 
mantel should be substantially the same length 
as the shell so that its lower end will penetrate» 
into the sealing layer it). In this way, the con 
tainer is substantially closed to the escape of 
gases therefrom except through tube 3. By 
reason of this construction, it will be understood 
that as long as gases pass outwardly through 
the tube 3, the in?ux of air from outside will 
be prevented. After the mantel 22 has been 
placed over the container, any suitable bell-type 
heating furnace may be lowered around the 
assembly and brought to rest upon suitable sup 
ports which permit the lower end of the furnace 
to penetrate into a bed of sealing material 21, 
such as powdered Sil-O-Cel, ?lling the annular 
cavity 24 between column 2 and the walls of 
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shell I. The heating furnace may be then con 
nected to a suitable electric circuit ‘and the 
heating cycle begun. Shortly after the heating 
unit has been connected, it will be found that 
gases escape from tube 3. At ?rst these gases 
will be found to be of an oxidizing character, 
but after a short while, they will have changed 
su?iciently to become combustible. At that 
time, the gases issuing from the end of the tube ‘ 
may be ignited to form a pilot ?ame. To a skilled 
operator, the character and condition of the 
?ame serves as an indication of the manner 
in which the reduction is proceeding. 

It has been found that in effecting complete 
reduction of the oxides and at the same time 
sintering the reduced metal into a self-sustaining 
cake, the charge may be heated to as high a 
temperature as 2000“ F., but we have found it 
preferable to operate below about 1800" E‘. Of 
course, the minimum temperature to which the 
charge must be heated is the temperature at 
which the reduction of iron oxide takes place.v 
We have found, however, that if the tempera 
ture is lower than about 1500° F., the time re 
quired to complete the reduction is too long for 
economical operation. The preferred tempera 
ture range accordingly lies between 1500° F. and 
1800° F. With a charge containing about 100 
pounds of mixed oxide, we have found that com 
plete reduction and proper sintering may be 
eii'ected by holding the charge within this range 
of temperatures for a period of about '2 hours 
after the charge has been heated thereto. 
When reduction is complete, the heating unit 

is disconnected from the electric circuit and 
hoisted away from the base and container so 
that the charge may' cool faster. Exit tube 3 
should be connected at this time to a source 
of reducing gas, such as natural or arti?cial 
illuminating gas, so that as cooling occurs, the 
reducing gas will be drawn into the container. 

'After the charge has cooled to about room 
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temperature, mantel 22 may be removed and the 
charge emptied onto a screen, for example, 

. where the cakes of metal may be separated from 
the charcoal. The metal cakes may then be 
freed of adhering charcoal by blowing them with 
an air blast. The cakes obtained in this way 
are very clean and are practically uncontam 
inated with charcoal. 
The metal cakes which are so obtained con 

sist of line particles or grains of iron loosely 
bonded together. As previously indicated, the 
cakes ma’y be readily broken down into their 
component particles of an iron-lead aggregra 
tion. In ‘grinding the cakes we have found that 
the aggregration is of such nature that there is 
little or no separation of the lead from the iron. 
This fact, together with the other observations 
and with the fact that lead is but. slightly solu-' 
his in iron, leads us to the belief‘ that the two 
metals are retained together as a physical or 
mechanical mixture rather than as an alloy. It 
will be appreciated that many difficulties are 
involved in determining the exact nature of the 
aggregation. Our experience in treating and 
handling the material, however, leads us to be 
lieve that a large part of the lead is entrained 
in the pores of the sponge iron or is otherwise 
united in close physical union with the extensive 
surface of the porous iron particles. 
An iron-lead powder having the above men 

tioned characteristics may be pressed and sin 
tered by the usual methods so as to form strong 
dense articles from which there is little, if any, 
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liquation of the lead during the sintering step. 
Furthermore, as has been pointed out previously, 
iron-lead powder having the above mentioned 

' characteristics is particularly desirable for mix 
ing with copper powder in the manufacture of 

_,por,ous bronze friction or anti-friction articles 
such as bearings, clutch facings, brake linings. 
etc. 

It will be understood that the process just de 
scribed exempli?es also the procedure which 
may be followed in reducing lead oxide conjoint 
ly with an oxidic compound of nickel, cobalt 
or manganese. Those skilled in the art will, of 
course, recognize that the preferred temperature 
range given above for iron is not necessarily the 
preferred temperature range for these other met 
als. In the case of cobalt, a reduction temper 
ature in excess of 1800° F. is preferred except 
when iron is present. In the latter case, a small 
amount of iron oxide or other oxidic compound 
of iron aids in reducing the temperature at which 
the reduction proceeds at a commercial rate, 
temperatures of 1700° to 1800° F. being suitable. 
In the case of nickel or manganese, temperatures 
of 1800° to 1900° F. are suitable when no iron is 
present, but as in the case of cobalt, when iron 
is present, a slightly lower temperature may be 
used. It has been found that temperatures be 
low 2100° F. are suitable for reducing any of the 
above high-melting-point metals, and that the 
process may be carried out at temperatures as 
low as 1500° F. When more than one high-melt 
ing-point metal is present in the reduction mix 
ture, due regard should be given to the fact 
that the resulting powder may consist of an al 
loy of those metals and that the alloy may have 
a melting point below the melting point of each 
of the individual high-melting-point metals 
which compose it. When this feature is given 
consideration, a suitable temperature may be se 
lected which will avoid melting the high-melt 
ing-point alloy powder. Incipient melting should 
be avoided in all cases since it impairs the spon 
giness of the powder or may even destroy it. 
Furthermore, it impairs the formation of powder 
particles having the aggregate characteristics 
which are desired. 
Modi?cations of the process will occur to those 

skilled in the art since many variations are pos 
sible in the matter of temperatures, rates of 
heating, compositions, etc. It should accord 
ingly be recognized that the scope of the inven 
tion is to be determined frorm the following 
claims rather than from the illustrative example 
described above. 
Having now explained the invention, what we 

claim is: 
l. The method of making metal powder con 

sisting of grains of high-melting-point metal in 
terspersed with lead particles, said method com 
prising the steps of : providing a ?nely divided 
reduction mixture consisting substantially of a 
minor quantity of at least one oxidic compound 
of lead mixed with a major quantity of at least 
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one oxidic compound of at least one of the high 
melting-point metals selected from the group 
consisting of iron, cobalt, nickel and manganese; 
heating said reduction mixture to an elevated 
temperature in a reduction chamber in the pres 
ence of at least a stoichiometric quantity of solid 
carbonaceous reducing agent which is disposed 
adjacent said oxidic material but segregated ef 
fectively therefrom to prevent contamination of 
the oxidic material therewith, said elevated tem 
perature being su?lciently high to cause said 
carbonaceous reducing agent to reduce the oxidic 
compounds of the charge, but not high enough 
to melt the reduced hlgh-melting-point metals; 
continuing said heating at said elevated tempera-‘ 
ture for a period of time su?icient to sinter the 
reduced metal into a coherent loosely-bonded 
mass which subsequently may be removed sub 
stantially bodily from said reduction chamber; 
thereafter cooling the reduced mass while main 
taining it under conditions which substantially 
prevent its reoxidation; separating the cooled 
mass from any remaining carbonaceous reducing 
agent; and disintegrating the loosely-bonded 
mass into its component particles of lead-retain 
ing high-melting-point metal. 

2. The method as claimed in claim 1 wherein 
the elevated temperature at which said reduc 
tion is e?ected lies between about 1500° F. and 
about 2100° F. 

3. The method as claimed in claim 1 wherein 
said reduction mixture consists of iron oxide and 
lead oxide. 

4. The method as claimed in claim 1 where 
in said reduction mixture consists of about 88% 
iron oxide and about 12% lead oxide. 

5. The method as claimed in claim 1 wherein 
said vreduction mixture consists of about 88% 
high purity magnetite and about 12% litharge. 

6. The method as claimed in claim 1 wherein 
said reduction mixture consists of nickel oxide 
and lead oxide. 

7. The method as claimed in claim 1 wherein 
said reduction mixture consists of manganese 0x 
ide and lead oxide. 

8. The method as claimed in claim 1 wherein 
said reduction mixture consists of about 88% 
magnetite and about 12% litharge and wherein 
the elevated temperature at which said reduc 
tion is effected lies between about 1500° F. and 
about 1800° F. 

9. The method as claimed in claim 1 wherein 
said reduction mixture and reducing agent are 
initially separated by means of a sheet of paper. 

10. The method as claimed in claim 1 wherein 
said reduction mixture and solid carbonaceous 
reducing agent form a plurality of superimposed 
layers composed alternately of reduction mixture 
and of reducing agent, and wherein adjacent 
layers are effectively separated from contact with 
each other initially by means of a sheet of paper. 
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