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This invention is concerned with the powder 
metallurgy of brass and contemplates the manu 
facture of improved brass objects by powder 
metallurgical methods. The invention provides 
improvements in such methods and contemplates 
the production of improved brass objects of accu 
rate configuration having physical properties su 
perior to those heretofore obtainable in brass 
objects formed by COmpression and heat-treat 
ment of metal powders. 

It has been proposed heretofore to form brass 
objects by powder metallurgical methods. Thus, 
it has been proposed to form metal compacts by 
compressing pre-alloyed powders of brass or inti 
mate mixtures of the powders of the constituent 
elements, i. e., copper and zinc, and to heat the 
Compact to Weld together the particles thereof. . 
However, the physical properties of the resulting 
brass objects have been inferior to the properties 
of braSS objects made by casting, forging and the 
like. The use of brass objects formed by powder 
metallurgical methods has, therefore, been much 
restricted. Moreover, the metal compacts have 
manifested a tendency to Swell or puff during 
heat-treatment (especially when the compacts 
were unconfined) so that the resulting brass ob 
jects frequently have been distorted or porous. 
In many instances, the final object has been dis 
torted almost beyond recognition. Thus, com 
pacts of pre-alloyed brass powders or of mixtures 
of copper and Zinc powders in the form of rec 
tangular slugs have been distorted into pillow 
shapes during heat-treatment. Moreover, even 
When serious distortion did not occur, the brass 
objects formed heretofore by powder metallurgi 
cal methods have compared unfavorably with 
cast or forged brass with respect to tensile 
strength, impact strength, and, especially, duc 
tility. 
As a result of my investigations, I have dis 

COvered that the difficulties described above may 
be overcome in large measure by including in the 
powder compacts from which the brass objects 
are made a small proportion of phosphorus, i.e., 

0.1% to about 1% on the weight of the powder. 
Thus, I have found that: 

(1) The tendency of "brass' Compacts (i. e., 
compacts made by compressing unalloyed or pre 
alloyed powders of copper and Zinc), to puff dur 
ing heat-treatment increases as the zinc content 
of the compact is raised; 

(2) This tendency to puff can be combated 
successfully (even when the compact is uncon 
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fined during heat-treatment) by including in a 
brass compact (consisting predominantly of cop 
per and zinc and containing from 90% to 55% 
copper, with the balance predominantly Zinc) 
a small proportion of phosphorus, say, 0.1-1% by 
weight, which small proportion prevents distor 
tion during heat-treatment and permits the pro 
duction of small brass particles of accurate con 
figuration; 

(3) The incorporation in such compacts of 
phosphorus in the aforementioned proportions 
not only prevents puffing of the compacts during 
heat-treatment but also improves the physical 
properties of the resulting brass objects and espe 
cially the ductility and "twistability'.thereof; 

(4) The presence of lead in “brass' compacts 
containing no phosphorus tends to reduceduc 
tility and results in the production of objects with 
black surfaces and heterogeneous structure due 
to sweating and segregation of the lead, but the 
inclusion of small proportions of phosphorus in 
the compact permits the lead to be included 
therein in substantial proportions, i. e., up to 
about 6%, without bringing about Sweating and 
segregation and with resultant increases not only 
in the ductility of the brass object, but also in its 
machinability. Generally. Speaking, the higher 
the copper content of the compact the greater 
is the proportion of lead that can be included 
therein advantageously; 

(5) When the compact is unconfined during 
heat-treatment, the Surface of the resulting brass 
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object becomes rougher as the phosphorus con 
tent is raised. But, as the copper content of the 
compact is raised the greater is the proportion of 
phosphorus that can be included without causing 

. 
  



2 
the surface of the resulting object to be rough 
ened excessively during heat-treatment; 

(6) As the phosphorus content of the compact 
is raised, the temperature of heat-treatment of 
the compact to give optimum physical properties 
in the resulting braSS object decreases; 

(7). In general, the presence of aluminum in 
the compacts is undesirable whether or not such 
compacts contain phosphorus; 

(8) The effect of Small proportions of man 
ganese (say, up to about 1%) in the compacts 
is beneficial under certain circumstances, but 
harmful in others and depends upon the nature 
of the brass powder employed to form the com 
pact. If the compact is formed of 'diffused' 
braSS powders (i.e., braSS powder formed by heat 
ing a mixture of copper and zinc powders to bring 
about the formation of brass powder by diffusion) 
manganese brings about a slight increase in duc 
tility if no phosphorus is present, but decreases 
ductility Substantially while improving surface 
characteristics of the heat-treated object if phos 
phorus is present. If the compact is made of 
atomized braSS (i. e., powder produced by atomiz 
ing and chilling molten brass), the presence of 
Small proportions of manganese in the compact 
decreases tensile strength of the heat-treated ob 
ject without improving the surface characteris 
tics thereof or curing puffing when no phosphorus 
is present. If phosphorus is present in such com 
pacts, the manganese brings about a marked 
decrease in strength and does not improve the 
Surface of the resulting heat-treated object; 

(9) Atomized brass powders give best results 
With compacts containing a large proportion of 
copper, say, 90%. For compacts containing a 
Smaller proportion of copper, say, 70% or less, it 
is preferable to employ diffused brass powders. 
To summarize, my invention contemplates the 

production of brass objects by compression of 
metal powders containing copper and zinc (the 
copper content of the powder ranging from about 
90% to about 55%, and the balance being pre 
dominantly zinc) to form a compact, and the 
heat-treatment of the compact to bring about a 
welding together of the powder particles therein, 
phOSphorus in proportions ranging from about 
0.1% to about 1% or the weight of the powder 
being included in the metal powders, in order to 
prevent puffing of the compact during heat 
treatment and to improve the physical properties 
(particularly ductility) of the resulting brass ob 
ject. Puffing of "brass' Compacts tends to be 
most pronounced when they are subjected to 
heat-treatment in a relatively unconfined state, 
i. e., outside of the mold. Hence, the above-de 
Scribed proceSS offers its greatest advantages 
when the compact is heat-treated in a relatively 
unconfined state. 
In order to improve the machinability of the 

resulting brass object, the above-described proc 
ess may be modified by including in the Compact 
substantial proportions of lead, but not exceed 
ing 6% by weight. When the phosphorus is pres 
ent, such incorporation of lead may be effected 
without sweating and segregation and with an 
increase in ductility as well as in the machina 
bility of the resulting braSS object. 

If the copper and zinc employed in making 
the compact are in the form of 'diffused' brass 
powder, i. e., powder formed by heating an in 
timate mixture of copper powder and zinc powder 
to bring about alloying of the copper and zinc 
while the powder form is maintained, up to 1% 
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manganese may be included in the compact with 
improvement in the Surface characteristics of the 
heat-treated object but with sacrifice of a con 
siderable degree of ductility, 
The presence of aluminum (even in propor 

tions as low as 1% or less) should be avoided, 
for aluminum tends to cause the compact to be 
come fused and distorted at very low tempera 
tures. 
These and other features of my invention will 

be more thoroughly understood in the light of 
the following detailed description of presently 
preferred practices thereof, taken in conjunction 
with the comparative test data which illustrate 
the advantages obtainable in the practice of my 
invention as compared with heretofore custom 
alry practices. 
The compacts may be prepared from a mixture 

of the elements included therein, or from pre 
alloyed powders. Thus, the copper and zinc may 
be employed as an intimate mixture of the re 
Spective powders, or as powdered brass. I prefer 
to employ the copper and zinc in a pre-alloyed 
form. Brass powder may be prepared for use in 
the invention by atomizing molten brass or by 
Subjecting a mixture of copper and zinc powders 
to a preliminary heat-treatment to bring about 
diffusion and alloying of the copper and zinc 
with each other while maintaining these metals 
in the powdered condition. As indicated here 
in before, atomized powder is superior to diffused 
powder in certain instances and vice versa. 
The phosphorus may be added in elemental 

form as powdered red phosphorus, or as phos 
phor-copper or other combination of phosphorus 
and metal. In any case, the phosphorus should 
be in finely-divided form and should be inti 
mately incorporated in the powder mixture prior 
to the formation of the compact. 
In the tests reported hereinafter, the phos 

phorus was Sometimes added as finely-divided 
phosphor-copper containing 7.55% by weight 
phosphorus, and in other instances the phos 
phorus was included with the copper and zinc in 
a pre-alloyed brass powder produced either by 
atomization or diffusion. Both Systems of adding 
the phosphorus are satisfactory and neither offers 
Outstanding advantages over the other, so far as 
the character of the final product is concerned. 
In all of the tests reported hereinafter, the 

Compacts were made by compreSSion in a ring 
shaped mold under a force of 50 tons per square 
inch. The brass powders employed were all fine 
enough to pass through a 200 mesh screen. 
Phosphor-copper employed was of -325 mesh 
and the lead powder use Was likewise all through 
-325 mesh. 
The powders, preparatory to compression in 

the mold, were mixed in a non-oxidizing atmos 
phere for three hours. Thorough mixing is re 
quired and a rotary mixer turning at about 100 
R. P. M. (i. e., relatively rapidly), produces the 
necessary degree of homogeneity of the powder 
in the three hour period. 
The compacts were sintered for two hours in 

an atmosphere of hydrogen and were thereafter 
cooled in such atmosphere prior to exposure to 
the air. The temperature of heat-treatment val 
ied from 800° C. to 900 C. Specific treatment 
temperatures for the various compacts and data 
as to the character of the resulting brass objects 
are given in the following table. 

Ductility was determined by twisting the brass 
objects until fracture occurred and measuring 
the degree of twist. 
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Composition, treatment and properties of brass 
objects made in accordance with the invention 

E. Kind of brass powder parts by we Temp., Nature of surface of sintered 
No. used. oC object Ductility 

CuZn P Pb 

Degrees 1 Atomized.-------------- 90 10 4------ 890 Excellent.--------------------- tar 300 
2 ----- do------------------ 90 10 2-----. 875 Good.------------........... 350 
3 90 10 1------ 860 Good, slight roughness- - 380 
4 90 10 1 6 820 ----- do-- 360 
5 90 10 1 - 830 ---- do 380 
6 90 10 8 870 ----- do 225 
7 70 30 4------ 890 G30d.--------------- 250 
8 -----do------ 70 30 4----- 875 Good, slight roughness-----...- 200 
9 ----- do---- 70 30 ------ 820 Fair, medium rough 300 
10 Diffused 70 30 1. ----- 860 Fair, slight roughness 400 
11 Atomized 70 30 1. 1. 820 Rough.-------------- 270 
12 Diffused.-- 70 30 820 -----do----- 200 
13 ----- do------------ 70 30 ------ 860 ----- do--- 270 
14. ----- do------------------ 70 30 1 31 870 Good.------------------------- 180 

1 As measured by angular degrees twist beforefracture. Parts by weight manganese. 

A series of comparative tests were run in Order the case of the 70-30 brasses, it is desirable to 
to demonstrate the effect of no phosphorus and 25 use diffused powder rather than atomized powder, various percentages of phosphorus (with and 
without lead) in 90-10 brasses and 70-30 brasses. 
The results of these tests are given in Table II 
as follows: 

because a higher ductility is thus attained, 
With the 70-30 brasses (if lead is included with 

a view toward improving machinability), it is de 
sirable to use less than 6%. Good results are ob 

TABLE I 

Constituents, D egrees N. Kind of brass powder parts by weight E. Nature of surface of sintered twist 0. eat treat used ment, C object before 
CuZn P Pb we fracture 

A Atomized 20 
300 
350 
380 
360 
00 

890 God.------------------- 250 
875 Good, slight roughness. 200 
820 Gbod, Inedium rough.-- 300 
820 i. -- - - - - 270 
900 Snooth, but compact puffed 60 
860 Fair, slight roughness...----. 400 
820 Rough.------------------------ 200 s 

It will be observed that in the case of the 90-10 
brasses it is unnecessary to include phosphorus 
in order to prevent puffing of the compacts, dur 
ing heat-treatment. However, inclusion of vari 
ous proportions of phosphorus up to 1% in Such 
compacts brings about a marked improvement 
in the ductility of the brasses giving a serious 
roughness to the surface. Moreover, if phos 
phorus in proportions of 1% is incorporated in 
the compact, it is possible to incorporate as much 
as 6% by Weight of lead, thus improving the 
machinability of the product while at the same 
time maintaining high ductility. 
As shown from the data in Table I, atomized 

brass is to be preferred when manufacturing 
brasses in the 90-10 range, since higher ductility, 
generally speaking, is obtained with this ma 
terial. 
When manufacturing 70-30 brasses in accord 

ance with my invention, the optimum proportion 
of phosphorus to include is somewhat less than 
1%, since such a proportion of phosphorus tends 
to bring about considerable roughening of the 
Surface. However, in cases where an absolutely 
Smooth Surface is not desired, it is practicable 
even with the 70-30 brasses to use as much as 1% 
phosphorus, for this permits a substantial in 
crease in the ductility of the resulting object. In 
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tained employing approximately 1% lead and 1% 
phOSphorus. 
As shown by the data of Table II, the optimum 

temperature of heat-treatment depends upon the 
ratio of copper to Zinc present and also upon the 
proportion of phosphorus. Thus, the higher the 
zinc content and the higher the phosphorus con 
tent, the lower should be the treatment tempera 
ture. With 90-10 brasses containing about 4% 
phosphorus, optimum results are obtained at a 
treatment temperature of about 890° C. The 
treatment temperature for such brasses drops to 
about 870° C. when the phosphorus content is 
raised to 2% and to 860 C. when the phosphorus 
Content is raised to 1%. With 70-30 brasses, op 
timum results are obtained at about 890° C. when 
A% phosphorus is present, at about 850° C. 
when the phosphorus content is raised to A% 
and about 840 C. When the phosphorus content 
is raised to 1%. Generally speaking, the treat 
ment temperature for the various brasses will 
range from about 900 C. to about 800° C. Tem 
peratures in excess of 900 C. should be avoided. 
AS indicated hereinbefore, aluminum is an un 

desirable ingredient in the compacts made and 
treated in accordance with my invention. Thus, 
a 70-30 brass containing no phosphorus but with 
1% aluminum had good surface characteristics 

  



4. 
but was fused during heat-treatment at 900' C. 
and badly distorted. Under similar circum 
stances, except that the 70-30 brass containing 
1% aluminum also contained 1% phosphorus, the 
resulting brass object had a powdery surface and 
was brittle and weak after heat-treatment at 
860° C. 
My preferred practice in the case of 90-10 

brasses, when both high ductility and good sur 
face is required, is to use 90-10 "atomized' brass 
powder mixed with A% phosphorus as finely-di 
vided phosphor-copper. This mixture is con 
pressed under high pressure, say, 50 to 75 tons 
per square inch, and is thereafter sintered in 
hydrogen for two hours at about 875 C. If a 
slight roughness of surface can be tolerated, the 
phosphorus content may be raised to 1% in which 
case the optimum heat-treatment temperature is 
about 830-860 C. 
In producing brasses of the 70-30 type, I prefer 

to employ "diffused' brass powders containing 
about 4% to A2% phosphorus. The heat-treat 
ment conditions are the same as those for the 
90-10 brasses, except that the treatment tem 
peratures should be about 10 less. If a rela 
tively rough surface can be tolerated in the final 
object, the phosphorus content can be raised to 
%-1% and Such increase in phosphorus content 
brings about a substantial increase in ductility. 
Any non-oxidizing atmosphere can be em 

ployed in heat-treatment but a hydrogen atmos 
phere appears to be most suitable in that it per 
mits a higher ductility to be obtained. 
The invention may be applied to the manu 

facture of a variety of brass forms, but offers 
particular advantages in the manufacture of 
brass objects that must be accurately shaped and 
of high ductility and machinability, for example, 
cartridge cases, rivets, slide fastener parts, etc. . 
The high ductility of brass objects produced in 

accordance with my invention is illustrated by 
the fact that they can be repeatedly cold rolled 
without intermediate annealing until a reduction 
in thickness of 87-97% is attained, without de 
veloping edge cracks or other defects. Thus, 
brass objects made in accordance with my in 
vention containing about 70 parts of Copper, 30 
parts of brass, and 4 to 2 part of phosphorus 
are extremely ductile as indicated by the follow 
ing results of cold rolling tests, in which the 
samples were rolled as many as eighteen times 
without intermediate annealing and without the 
development of cracks even at the edges of the 
samples: 

TABLE 

Per cent 
Initial Final Sample No. tiss Res Passes this is: 
I. In. 

X------------------ : 104 14 .009 91 
Y------------------ 104 15 ,006 94 
Z------------------ ... 104 18 .003 97 

claim: 
1. In the production of brass objects by Con 

pression of metal powders containing copper and 
zinc, the copper content of the powder ranging 
from about 90% to 55%, to form a compact and 
the heat-treatment of the compact to bring about 
a welding together of the powder particles there 
in, the improvement which comprises including 
in the metal powders employed to form the Com 
pact phosphorus in proportions ranging from 
about 0.1% to 1% of the Weight of the powder. 
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2. In the production of brass objects by pow 

der metallurgical methods, the improvement 
which comprises forming a compact by compress 
ing a loose mass of metal powders having dis 
persed therein about 0.1% to 1% phosphorus and 
about 90% to 55% copper, the balance being sub 
stantially all zinc, and heat-treating the com 
pact to bring about diffusion welding of the pow 
der particles of the compact. 

3. In the production of brass objects by pow 
der metallurgical methods, the improvement 
which comprises forming a compact by compress 
ing a loose mass of metal powder having dis 
persed therein about 0.1% to 1% phosphorus and 
about 90% to 55% copper, the balance being 
substantially all zinc, and heat-treating the com 
pact in a relatively unconfined state to bring 
about diffusion welding of the powder particles 
of the compact. 

4. In the production of brass objects by powder 
metallurgical methods, the improvement which 
comprises forming a compact by compressing a 
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loose mass of metal powder having dispersed 
therein about 0.1% to 1% phosphorus, about 
90% to 55% copper, and lead in Substantial pro 
portions but not exceeding 6%, the balance being 
substantially all zinc, and heat-treating the com 
pact to bring about diffusion welding of the pow 
der particles thereof. 

5. In the production of brass objects by powder 
metallurgical methods, the improvement which 
comprises forming brass powder by heating an 
intinate mixture of copper powder and Zinc pow 
der to bring about diffusion of the copper and zinc 
with resultant formation of brass powder, form 
ing a compact by compressing the resultant brass 
powder together with phosphort is in proportions 
ranging from about 0.1% to 1% and manganese 
in substantial proportions but in it exceeding about 
1%, the copper content of the coimpact being about 
90% to 55%, and heat-treating the compact to 
bring about diffusion welding of the powder par 
ticles thereof. 

6. In the production of brass objects by powder 
metallurgical methods, the improvement which 
comprises forming a compact by compressing a 
loose mass of metal powders containing about 
0.1% to 1% phosphorus, about 90% to 55% cop 
per, the balance being substantially all zinc, and 
heat-treating the compact in a non-oxidizing at 
mosphere at a temperature ranging from about 
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800° C. to 900° C. to bring about diffusion welding 
of the powder particles. 

7. In the production of brass objects by powder 
metallurgical methods, the improvement which 
comprises compressing into a compact a loose 
mass of brass powder containing of the Order of 
90% copper and 10% zinc, the said brass powder 
having been formed by atomizing molten brass, 
and the loose mass containing about 0.1% to 1% 
phosphorus, and heat-treating the compact to 
bring about diffusion welding of the powder par 
ticles thereof. 

8. In the production of brass objects by powder 
metallurgical methods, the improvement which 
comprises compressing into a compact a loose 
mass consisting predominantly of brass powder 
made by heat-treatment of a mixture of copper 
and zinc powder to bring about diffusion in the 
formation of the brass powder, the copper and 
zinc contents of the resulting diffused powder be 
ing of the order of 70% and 30%, respectively, 
said loose mass of powder containing about 0.1% 
to 1% phosphorus, and heat-treating the comr 
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pact to bring about diffusion welding of the pow 
der particles thereof. 

9. In the production of brass objects by powder 
metallurgical methods, the improvement which 
comprises forming a compact by compressing a 
loose mass of metal powder containing about 0.1% 
to 1% phosphorus initially combined with Copper 
and about 90% to about 55% copper, the balance 
being substantially all zinc, and heat-treating the 
compact to bring about diffusion welding of the 10 
powder particles thereof. 

10. A ductile brass, article of accurate Con 
figuration comprising a compressed and sintered 
mass of metal powders containing from 90% to 

11. A ductile brass article of accurate con-. 
figuration Comprising a compressed mass of metal 
powder particles sintered together and containing 
from 90% to 55% copper, 0.1% to 1.0% phosphorus 
and lead in Substantial proportions but not to ex 
ceed 6%, the balance being substantially all zinc. 

12. A ductile brass article of accurate con 
figuration comprising a compressed mass of metal 
powder particles sintered together and composed 
of a mixture of about 90 parts of copper, 10 parts 
of zinc, and 0.1 to 1.0 part of phosphorus, 

13. A ductile brass article of accurate con 
figuration comprising a sintered mixture of metal 
powder particles containing about 70 parts copper, 

55% copper and 0.1% to 1.0% phosphorus, the 15 about 30 parts zinc, and 0.1 to 1.0 part phosphorus. 
balance being substantially all zinc. RAYMOND L. PATTERSON. 
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