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This invention relates to alloys of copper, zinc
and silicon, and particularly to alloys of this
group of metals containing relatively large pro-
portions of copper and silicon. That is, it relates

5 more especially to alpha brasses containing rela-

10

tively large amounts of silicon.

The chief object of the invention is to provide a
series of copper, zine, silicon alloys which will pro-
duce strong, sound alloys which can be readily
cast, worked either hot or cold, and which are
highly resistant to the corrosion of certain min-
eral acids, organic acids, alkalies and other cor-

- rosive liquids.
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It is also an object of the invention to produce
‘g, series of alloys which are harder, stronger,
tougher and more elastic than the common
brasses.

Zinc forms homogeneous solid alpha solutions
with copper in amounts up to about 30 percent
of zine, and we have discovered after extended
research that by adding relatively large amounts
of silicon (from about 1, percent to about 6 per-
cent) to these alpha brasses, particularly those
with the higher copper contents, very material
improvements in certain characteristics and prop-
erties are secured.

The exact properties of the alloys depend upon

the composition. Alloys high in copper and rela-
tively low in zinc and silicon are hard malleable
ductile and tough. As an alloy of this type we
may mention an alloy composed of about 88 per-
cent copper, 10 percent zinc and 2 percent silicon.
Such an alloyhas a Brinell hardnessof 80,a tensile
strength of about 38,000 pounds per square inch
and an elongation-of about 32 percent. .
We have found that by increasing the zinc and
silicon contents, alloys are obtained which are
harder, stronger and more elastic butf less malle-
able. Thus for example an alloy containing
about 82 percent copper, 15 percent zinc and 3
percent slicon has a Brinell hardness of 135, a ten-
sile strength of about 42,000 pounds per square
inch with an elongation of about 10 percent.
When the amount of slicon is increased to about

4 percent with about 12 percent zinc and 84 per-,

cent copper the alloys are unusually hard and
strong but are much less malleable. Their Brinell
hardness isabout 185, tensilestrength about 60,000
pounds per square inch with about 8 percent
elongation. ) .

Alloys with much higher zinc and lower copper
contents are also valuable for certain purposes.
For example, an alloy of copper about 75 per-
cent, zinc 23.5 percent and silicon 1.5 percent is
hard, strong and somewhat malleable, Its

(CL 15—1)

Brinell hardness is about 140, its tensile strength
about 40,000 pounds per square inch, and its
elongation about 12 percent. .

When the silicon content is increased above
about 3 percent the alloys become quite brittle 60
unless the proportion of copper is made quite
high. Thus if 6 percent of silicon were added to
a brass containing 80 percent copper and 20 per-
cent zine that would be too much and the result-
ant alloy would probably not be practical as it 65
would. be too brittle and unworkable. However,

* by increasing the copper content of the brass to
. about 93 percent the silicon content can be in-

creased to as high as about 6 percent, the percent-
age of zinc being correspondingly decreased, and 70
valuable alloys can be obtained which are strong,
and may be readily worked. This represents
about the maximum solubility for siicon. With
the 80 percent copper a silicon content of from
about 0.5 percent to about 4.0 percent and the 76
balance zinc, would be a reasonable addition of
silicon, and would produce strong workable alloys.

With a copper content above 93 percent we can
secure easily workable alloys which are very val-
uable for certain purposes. Thus with a copper 80
content as high as 98 percent, silicon about 1.0
percent and zinc about 1.0 percent we secure a
very useful alloy. The proportions can be varied
considerably without getting out of the useful
alloy range. 'Thus as indicated above, the copper 85
can vary down to about 80 percent, the silicon
ranging from about 0.5 percent to about 6.0 per-
cent and the zinc from about 1.0 percent to about
20 percent.

We have found that silicon forms solid alpha 90
solutions (alloys) with 85—15 brass (about 85
percent copper and about 15 percent zine) up to
at least about 2.8 percent silicon. At somewhat
above this percentage of silicon a beta phase

“appears so that from about 2.8 percent silicon up 95

to about 5.2 percent we have mixed alpha and
beta phases for 85—15 brass. These are all use-
ful alloys. Further, as intimated above, with
an increase in copper silicon forms solid alpha
solutions or mixed alpha and beta solutions up 100
to about 6 percent silicon. These are also very
useful alloys.

Thus we have discovered that a valuable series
of strong, workable, corrosion resistant alloys can
be produced with copper ranging from about 80 103
percent to about 98 percent, silicon from about 0.5
percent to about 6 percent, and the balance zine,
or that is, from about 19 percent to about 1 per-
cent. The higher the percentage of copper in the
alloy the greater is the amount of silicon it is 110
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possible to use to secure & solid, homogeneous
alloy, and one which meay be worked, but as the
silicon is increased the zine should be decreased.
However small amounts of tin, aluminum, chro-
mium, manganese, or other metals may also be
present.

The silicon increases the usefulness ¥ the cop-
per zinc alloys by giving them & lower melting
poing, and by making them easier to cast. The
cestings produced are cleaner and scunder than
those produced without the use of silicon, and
the alloys formed have greater strength, hardness,
toughness, and elasticity than the common
brasses, and are much more resistant to the cor-
rosive action of certain corrosive liquids.

The slloys may be prepared by first melting the
copper and silicon together in a crucible, and
then adding the zine. Suitable deoxidizers may
be used, and a suitable flux cover of such as
sodium chloride and borax in about equal
amounts.

These alloys may be worked hot or cold, and
when worked cold may be softened at certain
stages by annealing at suitable temperatures and
for the proper length of time. For example they
may be annealed by heating from about 650 to
800° C. at from one to twelve hours, with which
treatment they become practically homogeneous
and attain a condition of equilibrium. After such
anneals the cold working may be continued.

1,088,800

Having thus set forth the nature of our inven-
tion, what we claim is: .

i. A copper base alloy composed of copper, sili-
con and zinc in substantially the following pro-
portions, from 0.5% to 6% silicon, from 5.5% to
19% zinc, and balance substantiaily copper and
at least 80.5% in amount.

2. A copper base alloy comprising from sbout
10% to about 15% zine, from sbout 2% to eboui
4% silicon, and bslance substantially copper.

3. A copper base alloy comprising epproxi-
mately 88% copper, 2% silicon and balance sub-
stantially.all zine.

4. A copper base alioy comprising epproxi-
mately 82% copper, 3% silicon and balance sub-
stantially all zine,

5. A copper base salioy comprising approxi-
mately 84% copper, 4% silicon and balance sub-
stantially all zine,

5. A copper base alloy composed of copper,
silicon and zine in substantially the following
proportions, from 0.5% to 3.5% silicon, from 1%
to 19% zinc, and balance substantially copper and
at least 80.5% in amount.

7. A copper base alloy comprising approxi-
mately 0.5% to 2.8% silicon, from 1% to 19%
zine and balance substantially all copper.

KENNETH W. RAY.
HOWARD W. GOULD.
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