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This invention relates to a powdered metal article and 
a method of making the same and more particularly to a 
sintered iron-carbon article which has been infiltrated with 
copper, or a copper base alloy. 

In powder metallurgy it is well known that articles 
made with powdered pure iron, after compacting and 
sintering, have a strength in the order of 15,000 p.S.i. 
When such a pure iron article is infiltrated with copper 
the strength goes to the neighborhood of 60,000 p.S.i. 
When a powdered metal article is made with about 1% of 
carbon (where the carbon is in combined form), the 
article has a strength of around 26,000 p.s. i. and, when 
such an iron-carbon article is infiltrated with copper, the 
strength goes to the neighborhood of 90,000 p.s. i. The 
last-named alloy, therefore, is a very desirable product. 
Alloys produced by powder metallurgy infiltration tech 
niques are described in ASTM specification B-303-58T 
and they account for a large tonnage of structural parts 
produced by the industry. Class B and C alloys con 
taining definite percentages of carbon exhibit mechanical 
properties that are as good as those produced by any 
of the other powder metallurgy techniques, even as good 
as those techniques using double pressing and double 
sintering. 

In many cases the economics of the process for pro 
ducing iron-carbon parts that have been copper-alloy in 
filtrated precludes its use. One factor that contributes 
considerably to the expense of the processing is the need 
for a double furnace operation. The common method 
of manufacture is to mix the appropriate amount of 
graphite powder with pure iron powder. This mixture is 
compacted and then sintered to diffuse the graphite and 
iron. The resulting iron and iron-carbide skeleton is then 
infiltrated with the copper-base alloy in a second furnace 
operation. Infiltration is impossible until all or substan 
tially all of the free graphite has been transformed to 
the iron-carbide phase by the initial sintering operation; 
the poor wettability of graphite by molten copper or its 
alloys is responsible for this condition. These and other 
difficulties experienced with the prior art articles and 
methods have been obviated in a novel manner by the 
present invention. 

It is, therefore, an outstanding object of the invention 
to provide a powdered metal article and a method of 
making it, wherein the article has a very high strength and 
is economical to manufacture. 

Another object of this invention is the provision of an 
iron-carbon powdered metal article which is infiltrated 
with copper and which makes use of inexpensive ma 
terials. 
A further object of the present invention is the provision 

of an iron-carbon powdered metal article, copper in 
filtrated, which is produced by a single-pass furnace treat 
ment, thus omitting a handling operation, making the 
first piece emerging from the furnace immediately avail 
able for inspection, and saving fuel in the operation. 

It is another object of the instant invention to provide 
a method of producing an iron-carbide powdered metal 
article with copper infiltration by a process which is less 
likely to decarburize in a furnace having a marginal at 
mosphere. 

Although the novel features which are believed to be 
characteristic of this invention will be particularly pointed 
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out in the claims appended hereto, the invention itself, 
as to its objects and advantages, the mode of its operation 
and the manner of its organization may be better under 
stood by referring to the following description taken in 
connection with the accompanying drawing forming a 
part thereof, in which: 
The single figure is a flow chart illustrating the method 

of producing a powdered metal article using the principles 
of the present invention. 

In a general way, the present invention accomplishes 
the sintering and infiltration operation in one furnace 
pass. This is accomplished by the use of a cast iron 
powder containing 4% carbon in the form of iron car 
bide, rather than using a graphite powder for the carbon 
addition as was the practice in the past. This cast iron 
(4% carbon) powder is diluted with commercially pure 
iron powder in the proper amount to obtain a mix that 
will result in the total carbon content desired in the 
finished product, Articles pressed from this mix can 
be infiltrated and sintered in one furnace operation inas 
much as there is no free graphite to reduce wettability 
of the molten copper phase. Diffusion of carbon is quite 
rapid and the end product is entirely homogeneous with 
respect to the iron carbide phase. 
An example of the use of the method of the invention 

involved mixing a powder of white cast iron powder (hav 
ing 4% carbon in combined form and no free carbon) 
with a powder of commercially pure iron to give an over 
all carbon content of 1% which resulted in around 0.8% 
carbon in the finished article. This powder was formed 
and pressed at 30 tons per square inch to form a compact 
article. Then, the article was passed through a furnace. 
The furnace is provided with a pre-heating zone in which 
the temperature gradually increased to 1200 F. This 
had the effect of expelling the zinc stearate which was 
used as a die lubricant in the initial mix. The article 
was then passed into a first Zone of the furnace in which 
the temperature was at 1650 F., which temperature was 
below the melting point of the copper alloy. It should 
be pointed out that before passing the article through the 
furnace it was placed in intimate contact with a copper 
alloy piece of sufficient volume to substantially infiltrate 
the powdered metal article, so that the molten copper or 
alloy would substantially fill the interstices of the iron 
skeleton. In any case, this first zone pre-sintered the iron 
part of the compact to provide a strong skeleton. This 
served to resist the forces of disintegration which normally 
takes place when liquid copper soaks into an unsintered 
skeleton. This effect of attempting to infiltrate an un 
sintered iron skeleton with copper is similar to the effect 
that one has when a fairly substantial cake of mud is 
dropped into a pail of water; the water causes the cake to 
disintegrate. The article is next passed into and through 
a second Zone of the furnace at 2,000 F., which tempera 
ture is above the melting point of the copper alloy. The 
molten copper is drawn into the article and infiltrates it 
by capillary action. The finished article Was then re 
moved from the furnace. In the example, the article re 
mained in the first Zone for eight minutes and in the sec 
ond zone for eight minutes. The ultimate tensile strength 
was 83,400 p.s.i. 

It should be pointed out that experience has shown that 
the white cast iron powder may contain from 3/29% to 
4%% carbon in combined form. Furthermore, the 
pressing operation may take place from 15 to 50 tons 
per square inch, although it is usually in the range of from 
25 to 30 tons per square inch. The first zone of the fur 
nace in which the pre-sintering operation takes place may 
have a temperature from 1600 to 1850 F.; of course, 
the temperature of this zone depends on the melting point 
of the particular copper alloy. If pure copper is used, it 
would be higher than an alloy of, say, Zinc or tin. The 
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temperature in the second Zone may lie in the range of 
from 1750 to 2050 F.; in any case, it is above the melt 
ing point of the copper or its alloy. 
The advantages of the process of the invention are 

many. First of all, the white cast iron powder is less 
expensive than commercially pure iron powder, so that 
the initial material used in producing the article are less 
expensive. The use of a single pass furnace treatment has 
Several advantages. First of all, the handling operation 
used in a two-pass furnace operation adds considerably 
to the cost in the form of labor expense; with a two-pass 
operation it is necessary to cool the articles and then to 
carry them back to be passed through the furnace for the 
second time. Of course, the furnace temperatures and 
everything have to be changed between the two passes. 
Another advantage is that, if the operation is not going 
properly, this fact becomes evident as Soon as the first 
piece comes through the furnace. With the old methods 
it was necessary to completely process all of the articles in 
a first furnace pass and then to start them passing through 
the second furnace pass; only then was the article com 
pletely finished and available for inspection. With the 
present method changes can be made in the operation on 
the batch before the batch has completely passed through 
the furnace. Another advantage is that it has been noted 
that an article made according to the present method is 
less likely to de-carburize in a furnace atmosphere which 
is marginal with respect to carbon potential. Since it is 
expensive to regulate the furnace very carefully to avoid 
a marginal atmosphere, the fact that the present article 
is less susceptible to decarburization in such an atmos 
phere is a decided advantage in operating commercially. 

While certain novel features of the invention have been 
shown and described and pointed out in the annexed 
claims, it will be understood that various omissions, sub 
stitutions and changes in the forms and details of the 
invention illustrated and in the operation of the method 
may be made by those skilled in the art without departing 
from the spirit of the invention. 
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4. 
The invention having been thus described, what is 

claimed as new and desired to secure by Letters Patent is: 
1. A method of forming a powdered metal article, com 

prising the steps of mixing white cast iron powder with 
pure iron powder, pressing the resulting powder mixture to 
obtain a formed article, placing the formed article in con 
tact with a quantity of copper in the solid state, and 
passing the article and copper through a furnace having 
a first zone at a temperature below the melting point of 
the copper and a second Zone at a temperature above the 
melting point of the copper. 

2. A method of forming a powdered metal article, 
comprising the steps of mixing an iron powder having 
4% by weight of carbon in combined form with pure 
iron powder in an amount sufficient to give between 0.2% 
to 1.25% by weight of carbon in the article, pressing the 
mixture of powders at a pressure in the range of from 
15 to 50 tons per square inch to obtain a formed article, 
placing the formed article in physical contact with a 
quantity of copper in the solid State, and passing the 
formed article and the copper in contact therewith through 
a furnace having a first Zone at a temperature in the range 
from 1600 to 1850 F., to produce at least partial sin 
tering of the formed article, and a second Zone at a tem 
perature in the range from 1750 to 2050 F., to cause 
infiltration of the copper into the formed article. 
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