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‘This invention relates 10 an :aluminum 'bronze alloy
and more -particularly -to -an :@luminum bronze alloy
having rmproved corrosion resistance, ‘toughness and
wear Tesistance. i
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Aluminum ‘bronze -alloys ‘have for -years been used -as =

dies for forming and drawing operations for a large
group of sheet and plate alloys, such as stainless -steel,
dluminum, nickel, -titariium, miild ste¢l and -some copper
‘base alloys. ~Aluniinum "bronze alloys used ‘in die appli-
cations possess-the properties of good. corrosion resistance,
wear resmtance and non—gallmg against many ‘wrought
matenals

* The aluminum ‘bronze alloys -which in the ‘past “have
shown the ‘optimum preperties for deep drawing dies -are
those that contain approximately 14% aluminum, a small
-amount 'of ‘iron and the bdlance copper. An dlloy of ‘this
type ‘has good ‘corrosion resistance and non-galling prop-
-erties. ‘However, under heavy use in die application, this
‘alloy -sometimes ' wears -undesirably fast so that close
-dimensional tolerances ‘cannot be maintained because -of
the wear that occurs-on the die surface. ‘

“The ‘present ‘invention is -directed to an -aluminum
‘bronze alloy having the non-galling -properties character-
4stic of -dluminum ‘bronze alloys but having greatly ‘im-
proved corrosion resistance, wear resistance -and tough-
ness. This is accomplished by the addition of a small
amount -6f ¢hroniium to'the -alloy which renders the alloy
less susceptible to eutectoid transformation and its em-
brittling structure.

. The. dlloy .of the invention has the following general
composition by weight:

Percent
Alum‘inum _____________________________ 13.0-20.0
Iron . i -- 1.0-8.0
Chromitm  pemeccccceem e mem e 0.5-3.0
Copper ‘Balance

A specific illustration of the composition falling within

the above range is as follows in weight percent:
Percent
Aluminoum ... e ———————— 13.01
Iron - 4.13
Chromium - 1.51
COPPEr e 81.35

The wear resistance of the alloy of the invention is sub-
stantially improved over that of aluminum bronze alloys
which do not contain the chromium. The data contained

_in the following table shows the improved wear re-
sistance of the alloy of the invention over similar alumi-
num bronze alloys which do not contain the chromium
addition:

Number of

Alloy Al Fe Cr Cu |[Hardness,| Draws Be-
: Re fore Die

‘Redressing

4,14 0 8LT2 37 77,000

7.42 0| 78.88 35 93,190

4.13 151 8135 32 134,493
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chroniium, as shown in the table.
‘hardness, it wotld ‘be expected that the wear resistance
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“The draws set forth in the above table ‘were made
on production -presses .drawing staitless -steel parts for
barrels and the results clearly show the superiority  of
the present dlloy in regard to wear -resistance over that
-of the -other alloys ‘which do not contain the chromium
addition. :Asshown in the table, 134,493 draws were made
with the die fabricated from the :present alloy before ‘it
‘was necessary to-redress the die due to loss of dimensional

‘tolerance caused by wear, -while ‘the alloy samples 1

and 2, -which did not -contain ‘the ¢hromium -addition,
thad to be tedressed after only 77;000 and 93,190 draws,
respectivély.

‘The ‘increase in the -wear -resistance of ‘the alloy with
the -addition of chromium :is particularly surprising since

the ‘hardness of the alloy -containing chromium ‘is less

than the hardness of the dlloys -which .do ‘not -contain
‘With -the decrease in

of the alloy would ‘be correspondingly decreased; how-
ever, the opposite is true with respect to the alloy of the
invention.

The alloy of the invention containing about 13% alumi-
num, 4% iron, 1.5% chromium and the balance :copper
can be cast statically or centrifugally to produce a fine
grain tough structure having a‘hardness of approximatély
32 Rockwell C. The hardness of the alloy can be varied
within the -range of 25 Rockwell C to 55 Rockwell C
depending upon the specific aluminum and chromium con-
tent in the alloy.

The alloy with the above -composition has unusual

.compressive-strength and test specimens have been as:high

as 200,000 p.si. in tltimate compression. A centrifugally
cast alloy of the dbove composition has a tensile strength
of about 100,000 p.s.i., while a statlcally cast -alloy ‘has
a tensile strength of about 80,000 ps.i.

The ‘metallographic structure of the alloy consists -es-
sentially of gamma two phase which is -uniformly dis-
tributed in a matrix of beta. 'An intermetallic compound

,composed of iron, aluminum, copper and chromium eXxists
in rosette and spheroid particles and is uniformly dis-

tributed throughout the cast section.”
In addition to substantially mcreasmg the wear re-

sistance of the alloy, the chromium improves the corrosion
resistance and -also makes the -dlloy less susceptible :to

the eutectoid transformaftion.. The eutectoid structure
consists of alpha phase plus ‘gamma two phase formed
from the transformation-decomposition of the beta phase.
This transformation occurs at -temperatures bélow 1050°
F. in aluminum bronze alloys and the resultant eutectoid
structure is brittle and possesses low ductility and poor
machinability.

The chromium also provides a finer grain structure
which enables the alloy to be machined to a better finish.

In order to obtain optimum properties, the metals used
with the alloy should be of high quality. Electrolytic
or wrought fire refined copper, high purity aluminum, low
carbon iron and high purity chromium are preferred to
be used. Tt has been found that a very satisfactory
method of obtaining the desired uniformity in the alloy is
by using a double melting procedure whereby a pre-alloy
is made. The most satisfactory pre-alloy is one that has
approximately 50% aluminum, 20% copper, 20% iron
and 10% chromium. The chromium can be added to the
pre-alloy in the form of powdered briquets containing .
35% chromium and the balance copper. - °

The melting procedure employed in making the pre-
alloy is such that some copper, -along with the iron and
chromium, is placed into the crucible and melting begun.
When the copper starts to melt, the iron and other addi-
tives are slowly dissolved into the copper during the peri-
od when aluminum is added to form an exothermic re-

~ action which- helps to dissolve the higher melting point
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chromium addition. * This pre-alloy is then cast into ingot .

form and is ready to use for the final alloy.

Alternately, instead of adding the chromium to the
pre-alloy, the chromium can bé addéd to the final alloy.
In: this case, an alloy of 10% chromium and 90% -copper
is.added to the final alloy. -

To. establish complete umformtty of the micro-struc-

ture and hardness, the alloy is heat treated at an elevated -

temperature in the range of 1050° F. to 1400° F., such
as about 1150° F. Small castings of simple shapes of
this alloy can be placed directly into the heat treating
furnace at temperature. Large massive castings or im-

tricate shapes are preheated in the furnace at about 400° 7

F. until the section reaches uniform temperature and then
are heated directly to the elevated temperature. ‘The
castings are held at a temperature in the range of 1050°
F. to 1400° F. for-one hour plus one-half hour per inch
of section thickness greater than one inch, up to. 2 maxx-
mum of two and one-half hours.

After the requxred soaking time at- the elevated tem-
perature, the alloy is cooled at a rate faster than about
20° F. per hour per one inch of section thickness.
rate is conveniently obtained by fan air cooling. -

Internal stresses created within castings during ‘ma-
chining. or. other finishing operations, during weldments,
or from metal overlays on base metals, are usually- re-
moved depending on the future application of the part.
These ‘stresses 'are removed by a stress relief heat treat-
‘ment.

To stress relieve the alloy, the alloy is heated ;to a
temperature below 600° F. and maintained at this tem-
perature for a period up to 3 hours per one inch of
'section thickness. The article is' then cooled .to- room
temperature. More specifically, to stress relieve the alloy,
the alloy is heated to a temperature of 500° F. and main-
tained at this temperature for approximately 2 hours per
one inch of section thickness.
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The alloy of this invention can be used to produce * -

articles that require corrosion resistance, toughness and
exceptiondl wearing properties.
the form of deep drawing dles, wear guxdes forming
rolls, etc.

The articles may take

40

The alloy can also be extruded-into weldrods or weld -

wire. The alloy in the form of coated or-uncoated weld-
rod can be overlaid on a base metal by metal spraying
or other welding methods, such as heli-arc, metal-arc,
carbon-arc, etc. to obtain a corrosion resistant wear sur-
face. The metal overlay can be ‘given a stress relief
treatment at temperatures -in the range of 650° F. to
1150° F. and cooled to room temperature.

It has been found that the addition of chromium to
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the copper aluminum iron alloy to be used as die materi-
als greatly improves the resistance to surface oxidation,
improves the toughness and.wear resistance of the alloy
and makes it less susceptible to eutectoid embrittiement.

Various modes of carrying .out the invention are con-
templated as being within the scope of the following
claims particularly’ ‘pomtmg ‘out “dnd distinctly: claiming
the subject matter which is regarded as the’ mventlon

I claim:

1. An aluminum bronze alloy conswtmg essentxally of
13.0% to 20.0% aluminum, from 1.0% to 8.0% iron,
from 0.5% to 3.0% chrommm and thebalarice being sub-
stantially copper, said alloy being characterized by having
excellent corrosion resistaii¢e and having improved tough-
ness and wear resistance.

2. An aluminum bronze: alloy consisting essentially of

13.0% to 20.0% aluminum, from:1.0% .to 8.0% iron,
from 0.5 to 3.0% chromium and the balance being sub-

stantially copper, said alloy having a hardness in the
range of 25 to 55 Rockwell C and being characterized by
havmg improved corrosion res1stance, toughness and wear
resistance.

3. An aluminum bronze alloy havmg nnproved cor-
rosion resistance, toughness and wear reszstance, consisting
essentially of 13.01% aluminum, 4.13% 1ron, 1.51%
chromium and the balance copper.

4. An aluminum bronze alloy welding electrode,..con-
sisting essentially: of 13.0% - t0--20.0% - aluminum, :from

1.0% to 8.0% iron, from 0.5% to 3% chromium and the
'balance being substantlally copper..:

5. A die for use in working a metal selected from
the group consisting of stainless steel, aluminum, nickel,
titanium, mild steel and copper base alloys, saxd die
being fabricated from an aluminum bronze alloy- con-
sisting- essentxally of 13.0% to-20.0% alummum, from
1.0% to 8.0% iron, from 0.5% to 3.0% chromium and
the balance being substantially copper, said alloy having
a hardness in the range of 25 to 55 Rockwell C and being
characterized by having improved corrosion resistance,
toughness and wear resistance. .
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