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This invention relates to a process for making articles 
consisting essentially of copper and iron and having high 
tensile strength and high density, and more particularly 
to a process for making copper-iron powder, from which 
such articles may be fabricated by powder metallurgy 
methods. 

This case is related to the co-pending application of 
Marion Ernest Graham and William A. Reed entitled 
“Copper-iron Powder and Process for Making Same,” 
Serial No. 401,063, ?led December 29, 1953. This co 
pending application discloses a method for making copper 
iron powder by the reduction of certain iron and/ or copper 
compounds by hydrogen. The supplying of gaseous hy 
drogen chloride from an external source during reduc 
tion is not a necessary feature of that invention. The 
line of division between the invention of that application 
and the present invention resides in the fact that the 
present invention relates to the production of copper 
iron powder by a hydrogen reduction step effective on 
iron oxide plus a source of copper wherein HCl gas must 
be supplied from an external source during the reduction. 
High tensile strength and high density articles con 

sisting essentially of copper and iron have found 
numerous industrial applications, notably in the manufac 
ture of turbine blades and other parts subject to heavy wear 
and stress, and thusrequiring high tensile strength. In 
the past, such parts have been produced by such methods 
as in?ltration of molten copper into iron parts previous 
ly prepared by powder metallurgy methods, and/or the 
coining of parts made from mixtures of copper and iron 
powders. While such methods may be effective in produc 
ing articles having a high tensile strength, they are ob— 
jectionable in that they involve substantially more com 
plexity and expense of operation than do the relatively 
simple powder metallurgy processes. 

It is an object of this invention, therefore, to provide 
a process for making articles of high tensile strength It 
and high density consisting essentially of copper and iron 
that utilizes the relatively simple methods of powder 
metallurgy. 

It is a further object of the invention to provide 
a process for making copper-iron powder, which 
is capable of being formed into articles having a high 
tensile strength and high density, by processing and 
sintering and without the necessity of in?ltration, coining 
or similar operations. 

Other objects of the invention will be in part apparent 
and in part pointed out in the following detailed speci?ca 
tion. 

The process of the invention may be carried out by 
co-reducing iron oxide with one or both of the hydrogen 
reducible oxides of copper, such as CuO or CuzO. in~v 
stead of copper oxide, metallic copper may also be em 
ployed. The reduction is carried out by hydrogen or by 
a reducing gas containing hydrogen as its essential active 
reducing ingredient. It has been found in accordance 
with the present invention that in order to produce a 
copper-iron product having the desired physical properties, 
hydrogen chloride gas must be present while the reduc 
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tion reaction is taking place. As either copper oxide or 
metallic copper are the sole source of copper in accord 
ance with this invention, hydrogen chloride must be sup 
plied from some external source and may be introduced 
into the reducing zone mixed with the reducing gas. 

In some cases it may be desirable to produce a metal 
powder having some predetermined carbon content. To 
this end it may be necessary to add a small amount of 
carbon (e. g. about 1%) to the starting material. The 
ingredients of the starting material, namely, the iron oxide 
and the copper-containing material, i. e., copper oxide or 
metallic copper, are preferably provided in ?nely divided 
form, as this assists in attaining one object of the in 
vention, i. e. to produce a material useful in powder 
metallurgy. These ingredients are mixed together in the 
proportions that will result in the desired ratio. of iron 
to copper in the reduced product. The starting material 
is introduced in a reducing zone, wherein it is contacted 
with a reducing gas containing hydrogen. It has been 
found that a powder consisting essentially of about 85% 
iron and 15% copper is highly desirable for the produc 
tion of high strength parts. The present invention is, of 
course, equally applicable for the production of powder 
having any desired ratio of iron to copper. The solid 
starting material and the reducing gas are both main 
tained at an elevated temperature, generally in the range 
of about 1000° F. to about 1800° F. and contact between 
them is continued until the reduction of the iron oxide and 
the other hydrogen-reducible compound (if such a com 
pound be used as the copper-containing material) has 
been substantially completed. The resultant reaction 
solid products are then cooled and, in the event that they 
are in a massive or semi-sintered condition, are com 
minuted to powder, which is the desired product of the 
present process. 

This copper-iron powder may then be pressed to self 
sustaining masses of predetermined size and shape, which 
are subsequently sintered in a suitable non-oxidizing 
atmosphere at a temperature of about 2000“ F. 
The physical properties of the resultant articles will, 

naturally, be in part dependent upon the ratio of iron to 
copper contained therein, the pressure at which the 
powder was molded, the sintering temperature and other 
factors; but in all cases the product of the present inven 
tion will have higher tensile strength than conventional 
copper-iron parts of the same chemical composition which 
have been pressed and sintered under the same condi 
tions. 
Summarizing the present invention, copper-iron powder 

suitable for use in powder metallurgy for forming articles 
having high tensile strength and high density may be pro 
duced by introducing into a reducing zone a starting 
material the essential ingredients of which consist of: 
(1) iron oxide and (2) copper, in at least one form 
selected from the group consisting of (a) metallic copper 
and ( b) the oxides of copper; and contacting said starting 
material, in the presence of separately supplied hydrogen 
chloride, and at an elevated temperature, with a reducing 
gas containing hydrogen as an essential active reducing 
ingredient, for a time and under conditions su?icient to 
reduce the iron content of said iron oxide to an oxida 
tion state of zero. 
The ingredients used for the starting material must 

include a copper~containing ingredient and iron oxide. 
The copper-containing ingredient is one or more materials 
selected from the group consisting of metallic copper and 
the hydrogen-reducible oxides of copper, i. e., CuO and 
CuzO. Metallic copper may be derived from any de 
sired source, provided that it is present in a form su?‘icient 
ly ?nely divided so that it may be thoroughly mixed with 
iron oxide. In practice, it has been found that copper 
powder having an average particle size of about 10 
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microns is satisfactory, but the copper need not be this 7 
?nely divided to be useful or fully operative in the process. 
All that is required is that the copper have a particle size 
sufficiently small to insure the productionof a sub 
stantially homogeneous mixture as the starting material. 
The ‘same consideration is controlling with regard to the 
particle size of all other ingredients of the starting 
material. 

If the copper-containing ingredient of the starting ma 
terial is copper oxide, it is immaterial. insofar as the 
operation of the present invention is concerned, whether 
it be in the cupric or cuprous state. It is believed that 
when cupric oxide is reacted with an agent capable of 
reducing it, it is initially converted to cuprous oxide as 
an intermediate stage in the reduction to metallic copper. 
Whether these theories be accurate or not, it has been 
found that the cuprous and cupric forms of the oxide 
are equally effective; and as such, are the equivalents of 
one another for the purpose of the present invention. 

It is to be understood that the term “copper oxide” 
as such herein and in the appended claims is further 
meant‘ to include those copper ‘compounds which de 
compose easily under the in?uence of heat to form 
oxides. Examples of such compounds are acetates, ox 
alates, formates and similar organic salts. Since such 
compounds quickly form oxides when heated, they are 
believed to be so converted in the reducing zone before 
reduction proper actually begins, and so may be con 
sidered chemical equivalents of copper oxide. ‘ 
The iron oxide which forms'the iron-containing ingred 

ient of the starting material may be any iron oxide that 
is relatively easily reduced by the action of hydrogen. 
Either Fe2O3 or F6304 may be employed interchange 
ably, or mixtures of them may be used if desired. Fer 
rous oxide (FeO) may also be'employed as a starting 
material, although its chemical instability renders it' 
somewhat'dif‘n‘cult to preserve in this form. However, 
since all hydrogen-reducible iron oxides are equally ef 
fective, mixtures containing some FeO may be employed. 
The thoroughly mixed starting materials may be placed 

in a suitable container,’ such as a metal boat or pan, 
and introduced into a reducing zone, wherein the hydro 
gen-reducible materials present are reduced. In order 
to insure maximum yield, based on the amount of raw 
material used, it is necessary that the chemical reaction 
be carried to substantial completion. By this it is meant 
that the metallic constituents of the hydrogen-reducible 
compounds present he reduced to an oxidation state of 
zero. This phrase, as used in the description and in the 
appended claims, is meant to embrace both the produc 
tion of either a physical mixture of the elemental mate 
rials in powder form or the production of some alloy of 

In any case, the metallic con 
stituents are present in an oxidation state of zero, as op 
posed to some positive oxidation state which they had 
initially when present in the form of the respective chemi 
cal compounds, such as iron oxide, copper oxide, etc. 
The conditions of reduction are not critical to the 

success of the process, except that they must be su?icient 
as to both time and temperature‘ to insure substantially 
complete reaction between the iron oxide and the hydro 
gen-reducible copper compound (if one be employed) and 
the hydrogen-containing reducing gas. In practice it has 
been found that temperatures of at least about 1000“ F. 
are desirable to insure reduction of the iron oxide in a 
reasonable time period, namely about two or three hours. 
Lower temperatures may be employed, but only by using 
substantially longer times, which is usually considered 
economically impracticable. 
more readily reducible than is iron oxide, the reduction 
of copper to an oxidation state of zerois insured when 

' the iron content of the iron oxide is, reduced to this same 
oxidationestate. Unduly high reduction temperatures 
'may cause the production of a hardrsinter'ed product, 
which-will be di?icult to grind; and this is to be avoided, 

Since copper, oxide is much 
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4. 
since one of the objects of the present invention is the 
production of a pulverulent material, which may be used 
in conventional powder metallurgy processes. it has been 
found, however, that temperatures of up to about 1800" 
F. will result in the production of a material which is ' 
quite frangible and thus may be comminuted to powder 
without undue trouble or expense. 
An essential feature of the present invention is the 

presence, during the reduction reaction, of hydrogen 
chloride in the reducing zone. In accordance with the 
present invention metallic copper or copper oxides are 
employed, so that the hydrogen chloride must be sup 
plied to the reducing zone from some external source. 
This is generally done by mixing hydrogen chloride gas 
directly with the hydrogen-containing reducing gas. it 
has been found in practice that direct mixing of the hydro- ' 
gen chloride with the reducing gas is the most practical 
method of insuring the presence of hydrogen chloride. 
it has been found that small concentrations of hydrogen 
chloride in the reducing gas are su?icient to produce the 
desired results. A concentration of about 1% hydrogen 
chloride by volume based on the total volume of hydro 
gen and hydrogen‘ chloride present in the reducing gas 
has been found to be su?icient, although no adverse 
eifects, and in some cases slight improvements, are ob 
tained by using up to about 4% hydrogen chloride by 
volume calculated in the same way. The presence of 
inert ingredients, such as nitrogen, in the reducing gas 
may be tolerated as it is not deleterious to the process 
of the invention. The measure of what gases are “inert” 
as that term is used herein is determined by what gases 
may be present without substantially interfering with the 
desired reduction reactions as herein set forth. 
The presence of hydrogen chloride in the reduction 

zone is essential for the production of the desired copper 
iron powder. As will be pointed out in subsequent ex 
amples, copper-iron parts made from powder produced 
under conditions corresponding exactly to those required 
and herein taught in accordance with the present inven 
tion, except that hydrogen chloride is not present, are 
de?nitely inferior to those produced by the process of 
the present invention. 

After the reduction reaction has been substantially 
completed, the reduced powder is cooled in a non-oxidiz 
ing atmosphere to a temperature of about 200°F., or 
less. The resultant mass may then be comminuted to 
powder of the desired particle size or size range, this 
powder being subsequently used in various powder metal 
lurgy processes, according to standard practice. ' 

Example I . 

A mixture of Fe2O3 and ?ake copper was reduced at 
1200" F. by a reducing gas containing 1% ,HCl and 
99% hydrogen by volume. For this purpose the mate 

' rials were spread on a tray to a depth of about 1A 'inch. 
The loaded tray was sealed in an electrically heated 
mu?ie furnace. The gas having a composition as afore-_ 
said was passed through the furnace over the surface of 
the mixture and the temperature of the contents of the 
furnace was maintained at about 1200" F. The sealed ' 

' inner tube of the furnace was then removed from the 
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heating mui?e and the contents allowedto cool toa 
temperature below 200° F. The completely‘reduced 
copper-iron product which had formed into a semi-sin 

, tered, but easily frangible, cake was then ground to a 
particle size of about -—100 mesh. The powder was 
found by chemical analysis to contain 15% copper and 
85% iron. ' ' , 

This powder was mixed with 1% zinc stearate as a 
lubricant, pressed at 50,000 p. s. i. to form a standard 
test bar, which was sintered in hydrogen at 2,000° F. 
for one hour. The resulting piece had a tensile strength 
of 74,900 p. s. i. 
A test bar prepared under identical conditions of 

pressing and sintering from a mixture of ?ake copper ' 
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and Commercial iron powder (made by the reduction of 
iron oxide) in the proportion of 85% iron and 15% 
copper, had a tensile strength of only 34,300 p. s. i. A 
subsequent coining or similar reworking operation would 
be necessary to raise the strength of this latter piece to 
an acceptable value; but such strength is readily obtained 
in accordance with the process and by the use of the 
powder (product) of the present invention by the use of 
simple powder metallurgy techniques. 

This reducing, pressing and sintering procedure was 
repeated on the same starting material, except that the 
reducing gas contained 4% HCl by volume. The bar 
thus produced had a tensile strength of 69,200 p. s. i. 
and a density of 7.48 grams per cubic centimeter. Since 
the density of pure iron is only about 7.86 grams per 
cubic centimeter, it will be seen that the theoretical 
maximum density for this particular composition is ap~ 
proached by using the method of the present invention. 
When pure hydrogen, containing no hydrogen chloride, 

was employed as the reducing gas, a test bar produced 
from the identical starting material had a tensile strength 
of only 45,200 p. s. i. and a density of only 6.47 grams 
per cubic centimeter. A comparison of these results in 
dicates the novel, unexpected and highly useful results 
?owing from the presence of hydrogen chloride in the 
reducing zone during the reduction. 

Example 11 
A mixture of FezO; and copper oxide (CuO) was re 

duced, and the resulting powder pressed and sintered in 
the manner previously described to produce a test bar 
containing 15 % copper and the balance iron. 
The reducing gas contained 98% hydrogen and 2% 

HCl by volume. This test bar had a tensile strength of 
82,500 p. s. i. When the procedure was repeated on 
the same starting material using pure hydrogen (no 
HCl) as a reducing gas, the test bar produced had a ten 
sile strength of only 59,400 p. s. i. The e?ect of the pres 
ence of hydrogen chloride in the reducing gas for attain 
ing strength is again indicated. 

While there have been disclosed herein several speci?c 
process and certain variants thereof, other alternatives 
and equivalents will occur to those skilled in the art from 
the foregoing disclosure. We do not wish to be limited, 
therefore, except by the scope of the appended claims, 
which are to be construed validly as broadly as the state 
of the prior art permits. 
What is claimed is: 
1. The process of making copper-iron powder suitable 

for use in powder metallurgy for forming articles having 
high tensile strength and high density, comprising the 
steps of introducing into a reducing zone a starting mate 
rial, the essential ingredients of which consist of: (1) 
iron oxide, and (2) copper, in at least one form selected 
from the group consisting of (a) metallic copper and 
(b) the oxides of copper; and contacting said starting 
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material at an elevated temperature, with a reducing gas 
containing hydrogen as an essential active reducing ingre 
dient and for a time and under conditions su?icient to 
reduce the iron content of said iron oxide to an oxidation 
state of zero and supplying gaseous hydrogen chloride to 
said zone for contact with said starting material therein 
substantially throughout the reduction of the hydrogen 
reduceable material in said zone. 

2. The process according to claim 1, wherein the 
copper-containing ingredient of said starting material is 
metallic copper. 

3. The process according to claim 1, wherein the 
copper-containing ingredient of said starting material is 
copper oxide. 

4. The process of making copper-iron powder suitable 
for use in powder metallurgy for forming articles having 
high tensile strength and high density, comprising the 
steps of introducing into a reducing zone a starting mate 
rial the esssential ingredients of which are iron oxide 
and copper, also introducing into said zone a reducing gas 
containing hydrogen as its essential active reducing ingre 
dient and also containing at least about 1% by volume of 
hydrogen chloride (based on the total volume of hydro 
gen and hydrogen chloride) and maintaining the mate 
rials aforesaid in said zone at a temperature of at least 
about 1000° F. for a time su?icient to reduce the iron 
content of said iron oxide to an oxidation state of zero. 

5. The process of making copper-iron powder suitable 
for use in powder metallurgy for forming articles having 
high tensile strength and high density, comprising the 
steps of introducing into a reducing zone a starting mate 
rial the essential ingredients of which are iron oxide and 
copper-oxide, also introducing into said zone a reducing 
gas containing hydrogen as its essential active reducing 
ingredient and also containing at least about 1% by vol 
ume of hydrogen chloride (based on the total volume 
of hydrogen and hydrogen chloride) and maintaining 
the materials aforesaid in said zone at a temperature of 
at least about 1000° F. for a time su?icient to reduce 
the iron content of said iron oxide to an oxidation state 
of zero. 
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