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[57] ABSTRACT -

An improved phosphor-bronze copper alloy having
good hot workability and mechanical properties, and
method of processing same. A preferred alloy contains
from 2 to 11 percent tin, from 0.01 to 0.3 percent
phosphorus, from 0.2 to 0.8 percent chromium and
from 0.3 to 2.0 percent each of iron and/or cobalt.

8 Claims, No Drawings
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» COPPER BASE ALLOY
BACKGROUND OF THE INVENTION

The phosphor-bronzes are copper base alloys con-
taining phosphorus and tin. In this alloy system, alloys
with phosphorus levels in excess of about 0.07 percent
and tin contents in excess of about 4 percent exhibit
poor hot workability. This is made manifest by rather
pronounced cracking during hot rolling at moderately
elevated temperatures. This ‘“‘hot-shortness” is even
more pronounced ‘with increasing amounts of tin and
phosphorus. Accordingly, alloys of this sytém are im-
practical to hot roll at normal commercial hot rolling
temperatures.

Accordingly, it is a principal object of the present in-
vention to provide improved copper base alloys of the
phosphor-bronze type.

It is a particular object of the present invéntion to
provide alloys as aforesaid -which are hot workable at
normal commercial hot working temperatures.

It is a still further object of the present invention to
provide improved copper base alloys as aforesaid hav-
ing good hot rollability combined with improved me-
chanical properties.

Further objects and advantages of the present inven-
tion will appear from the ensuing specification.

SUMMARY OF THE INVENTION

In accordance with the present invention it has been
found that the foregoing objects and advantages may
be readily achieved. The copper base alloy of the pres-
ent invention consists essentially of: tin, from 2 to 11
percent; phosphorus, from 0.01 to 0.3 percent; a transi-
tion metal selected from the group consisting of zirco-
nium, titanium, vanadium, chromium and mixtures
thereof in an amount from 0.2 to 0.8 percent each; a
material selected from the group consisting of cobalt,
from 0.3 to 2.0 percent; iron, from 0.3 to 2.0 percent
and mixtures thereof; balance copper, wherein the total
of iron plus cobalt must be at least 0.8 percent. The
grain size of the alloy is less than 0.010. mm and the
alloy contains particulate phases uniformly dispersed
throughout the matrix.

The present invention also represents an improved
method of processing the aforesaid copper base alloys.
The process of the present invention consists essen-
tially of: casting a copper base alloy of the foregoing
composition; homogenizing said alloy at a temperature
of between 700°C and the solidus temperature of the
alloy for at least 15 minutes; hot rolling said alloy at a
starting temperature in excess of 650°C and up to
within 50°C of the solidus temperature of the alloy, and
at a finishing temperature in excess of 400°C; and cold
rolling the alloy at a temperature below 200°C. Prefera-
bly the resultant material is subjected to a final heat
treatment at a temperature between 100°C and 850°C
for from 10 seconds to 8 hours. If desired, the cold roll-
ing step may be conducted with or without intermedi-
ate annealing steps.

DETAILED DESCRIPTION

The composition of the copper base alloy of the pres-
ent invention is as set forth hereinabove. Throughout
the instant specification percentages of components
are weight percentages.

The tin component.is present in an amount from 2 to
11 percent. Greatest improvement is found in those al-
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2
loys containing in excess of 4 percent tin since these ai-
loys presented the most difficulty heretofore. The phos-
phorus content should vary between 0.01 and 0.3 per-
cent, and preferably between. 0.02 and 0.1 percent.

The alloy of the present invention contains a transi-
tion metal which may be either zirconium, titanium, va-
nadium and/or chromium in an amount from 0.2 to 0.8
percent each and preferably from 0.2 to 0.5 percent
each, with chromium being preferred. In addition, the
alloy of the present invention contains either iron or
cobalt or both of these materials in.an amount from 0.3
to 2.0 percent each, preferably from 1 to 2 percent
each, with the minimum iron plus cobalt content being
0.8 percent. That is, either alone or in combination one
must have at least 0.8 percent iron plus cobalt. This is
necessary in order to obtain the proper cast structure
for hot rolling. Iron and/or cobalt, together with the
above transition metal, especially chromium, refines
the cast grain structure and minimizes the formation of
low melting Cu-P or Cu-P-Sn phases which normally
impede hot rollability.

The balance of the alloy is essentially copper. Natu-
rally, the present invention contemplates the inclusion
of.particular additional alloying ingredients in order to
obtain particularly desired results. For example, one
may include small but effective amounts of other ele-
ments such as beryllium, magnesium, silicon, alumi-
num, arsenic, antimony or lead in order to improve
such properties as mechanical properties, corrosion re-
sistance, processing characteristics, and machinability.
Naturally, conventional impurities are also contem-
plated.’

As indicated hereinabove, the alloy of the present in-
vention has a fine grain size less than 0.010 mm which
is obtained by the process of the present invention. This
fine grain size greatly contributes to the improved
properties obtained thereby. In addition, the micro-
structure is characterized by the presence of particu-
late phases uniformly dispersed throughout the matrix,
the presence of which are insured by the processing of
the present invention. One of these phases contains an
iron and/or cobalt — transition metal (e.g., chromium)
intermediate phase comprising a solid solution of iron
and/or cobalt and transition metal. A second of said
phases contains iron and/or cobalt — transition metal
(e.g., chromium) phosphides. The phosphides could be
stoichiometric or non-stoichiometric compounds.
These phases are essential in obtaining the improved
properties of the present invention.

The copper base alloy of the present invention may
be cast in any convenient manner. The particular
method of casting is not especially critical and any con-
venient commercial method may be employed, such as
direct chill or continuous casting. The alloy should be
homogenized following casting at a temperature be-
tween 700°C and the solidus temperature of the partic-
ular alloy associated with the particular composition.
For example, an alloy containing 5 percent tin and 0.05
percent phosphorus which represents a particularly
preferred composition has a solidus temperature of
950°C. The homogenizing procedure should be con-
ducted for at least 15 minutes and generally less than
24 hours. The preferred homogenization temperature
for the 5 percent tin alloy is from 800°C to 900°C for
from 15 minutes to 4 hours.

The alloy is then hot rolled at a starting temperature
in excess of 650°C and up to within 50°C of the solidus
temperature of the particular composition. The finish-
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ing hot rolling temperature should be in excess of
400°C. It is a particular advantage of the present inven-
tion that the alloys may be conveniently hot rolled on a
commercial basis. It is possible to hot roll the alloys of
the present invention on a commercial basis without
the formation of a liquid phase which often character-
izes prior art phosphor-bronzes and which causes hot
shortness.

The preferred hot rolling temperature range de-
creases with increasing tin contents. For example, an
alloy of the present invention containing about 6 per-
cent tin finds a preferred hot rolling temperature range
of between 750°C and 900°C. This is particularly sur-
prising since conventional phosphor-bronzes cannot be
hot rolled practically above 800°C without cracking
apart and being rendered useless. Furthermore, hot
rolling these conventional materials at lower tempera-
tures results in large scrap losses as well as high mill en-
ergy requirements.

The material is cold rolled following hot rolling to the
desired final gage. One may cold roll directly to final
gage with or without interannealing. If an intermediate
annealing step is used between cold rolling passes, the
material may be subjected. to either strip or batch an-
nealing techniques. Thus, for example, holding times of
from 10 seconds to 24 hours may be used and tempera-
tures of from 250°C to 850°C may be used. The final
condition of the thus treated material may be either as
temper rolled strip-or heat treated strip.

The alloy of the present invention may be subjected
to a final heat treatment step of from 10 seconds to 8
hours at temperatures between 100°C and 850°C in
order to improve the yield strength and ductility char-
acteristics. :

It has been found in accordance with the present in-
vention that the alloy of the present invention is char-
acterized by ease of hot rollability, as stated herein-
above. In addition, the modified phosphor-bronze alloy
of the present invention has mechanical properties su-
perior to those of the base phosphorus-tin-copper com-
position. This strengthening effect apparent in the alloy
of the present invention is a direct result of the solid so-
lution strengthening, dispersion strengthening and pre-
cipitation strengthening which occur when the addi-
tives of the alloy of the present invention are added to
the base composition. In addition to the foregoing, the
iron and/or cobalt particles which are formed through-
out the matrix of the alloy provide for grain refinement.
Still further, these strengthening modifications in grain
refinement are achieved with little or no detrimental
effects in the bend formability or electrical conductiv-
ity of the base composition.

In addition to the foregoing, the alloy has improved
stress corrosion resistance in ammoniacal environ-
ments over the standard phosphor-bronzes. For exam-
ple, a representative alloy of the present invention in a
U-bend, stress corrosion sample, was tested by expo-
sure to moist ammonia and exhibited a life of 180
hours; whereas, a commercial phosphor-bronze Alloy
510 was tested under the same conditions and exhib-
ited a life of 60 hours. This is an important property
since these alloys find use in electrical applications
where insulating materials tend to decompose to am-
moniacal compounds.

The alloy and process of the present invention, as
well as the improvements resulting therefrom, will be
more readily apparent from a consideration of the fol-
lowing illustrative examples.
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4
EXAMPLE I

An alloy of the present invention Alloy A, and a com-
parative, conventional commercial phosphor-bronze
Alloy 510 were prepared having the compositions
shown in Table IA, below. The alloys were cast from
1,200°C into a steel mold with a water cooled copper
base. The ingot of Alloy A was homogenized at 900°C
for 2 hours followed by hot rolling at a starting temper-
ature of 870°C and at a finishing temperature in excess
of 400°C to 0.375 inch gage with a total reduction in
the hot rolling pass of 79 percent. Alloy B was homoge-
nized at 750°C for 2 hours and hot rolled from 725°C to
0.375 inch gage with a total reduction in the hot rolling
pass of 79 percent. The alloys were then cold rolled to
0.120 inch gage. The tensile properties of the resultant
materials are shown in Table IB below after annealing
at 500°C for 2% hours and as cold rolled using various
reductions as shown in Table IB. For comparison pur-
poses, the corresponding tensile properties of conven-
tional phosphor-bronze Alloy B are shown in Table IB.
As a further comparison another conventional compar-
ative phosphor-bronze Alloy 510, Alloy C, was pro-
cessed by cold rolling and annealing only since at the
phosphorus-tin levels of Alloy C the material is not hot
rollable. Table IB also shows the properties of Alloy C.

TABLE IA — Compositions

Alloy Cu% Sn% P% Fe% Cr%
A Balance 5.8 0.1 1.0 0.5
B Balance 4.4 0.07 — —
C Balance 5.2 0.08 — —

TABLE IB — Properties
Alloy % 0.2% Ultimate Elongation
Cold Yield Tensile (%)
Reduction Strength Strength
(ksi) (ksi)

A 0 54 74 38
B [ 27 48 48
C 0 24 51 51
A 20.8 93 96 14
B 20.8 67 80 17
C 20.8 56 64 22
A 37.5 102 104 5.8
B 375 84 87 7.5
C 37.5 80 84 10
A 60.8 119 122 2.7
B 60.8 103 107 2.0
C 60.8 101 106 3.0
A 80.0 128 132 1.7
B 80.0 113 120 1.5
(o4 80.0 108 114 1.0
A 90.0 134 138 1.5
B 90.0 117 123 1.0
C 90.0 112 i16 0.5

The foregoing tables clearly demonstrate the signifi-
cant advantages obtained in accordance with the alloys
of the present invention. In addition to the foregoing,
Alloy A had a grain size of less than 0.005 mm;
whereas, the grain sizes of commerical Alloys 510
ranged from 0.010 mm to 0.030 mm. Also, Alloy A was
characterized by particulate phases uniformly distrib-
uted throughout the matrix as defined above.

EXAM.PLE II

Alloys A and C were provided in the cold rolled form
processed as in Example I. The bend characteristics of
these alloys were compared at equivalent yield
strengths and the results shown in Table 1, below. The
data compares the bend characteristics of each sample
bent around mandrels of differing radii to determine
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the minimum bend radius of each sample for various
yield strengths without failure by cracking of the sam-
ple. The values are reported in terms of the sharpest ra-
dius “R” which does not crack divided by the thickness
“t” of the strip. The larger value of R/t would signify
poorer bend characteristics. The terms “longitudinal”
and “‘transverse” refer to the relationship of the bend
axis to the rolling direction. Longitudinal is the good
way since the rolling direction is perpendicular to the
bend axis, i.e., better bend characteristics are obtained.
Transverse is the bad way since the rolling is parallel to
the bend axis.

Alloy A of the present invention obtains substantially
better bad way bends, while retaining acceptable good
way bends. This is significant since phosphor-bronzes
have notoriously poor bad way bends, while having ex-
cellent good way bends. The instant alloy retains ac-
ceptable good way bends, while surprisingly improving
the bad way bends.

Note that no bend data is given for Alloy 510 at 120
ksi yield strength since this alloy cannot generally be
processed to so high a yield strength.

TABLE II

Alloy 0.2% Yield Longitudinal R/t Transverse R/t
Strength
(ksi)
A 70 0.4 0.6
C 70 0.3 0.8
A 80 0.8 1.0
C 80 0.4 2.4
A 90 1.4 1.8
C 90 0.4 4.4
A 100 2.4 34
C 100 0.6 8.0
A 110 4.0 7.0
C 110 2.0 15.0
A 120 5.6 12.0
C 120 — —

EXAMPLE IlI

An alloy of the present invention, Alloy D, was pre-
pared having a composition as follows: iron — 07 per-
cent; cobalt — 04 percent; tin — 55 percent; chromium
— 04 percent; phosphorus — 01 percent; copper —
balance. The alloy was processed in a manner after Ex-
ample I and was characterized by comparable proper-
ties and characteristics.

This invention may be embodied in other forms or
carried out in other ways without departing from the
spirit or essential characteristics thereof. The present
embodiment is therefore to be considered as in all re-
spects illustrative and not restrictive, the scope of the
invention being indicated by the appended claims, and
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all changes which come within the meaning and range
of equivalency are intended to be embraced therein.

What is claimed is:

1. A copper base alloy in the wrought condition char-
acterized by good hot rollability, good stress corrosion
resistance, good strength properties and good bend
characteristics consisting essentially of: tin from 2 to 11
percent; phosphorus from 0.01 to 0.3 percent; a transi-
tion metal selected from the group consisting of chro-
mium, zirconium, titanium, vanadium and mixtures
thereof in an amount from 0.2 to 0.8 percent each; and
a material selected from the group consisting of iron
and cobalt and mixtures thereof in an amount from 0.3
to 2.0 percent each, wherein the total of iron plus co-
balt must be at least 0.8 percent; balance copper, said
alloy having a grain size less than 0.010 mm, said alloy
containing particulate phases uniformly dispersed
throughout the matrix thereof wherein a first of said
phases contains an iron and/or cobalt-transition metal
intermediate phase comprising a solid solution of said
iron and/or cobalt plus transition metal and wherein a
second of said phases contains iron and/or cobalt-tran-
sition metal phosphides.

2. A copper base alloy in the wrought condition char-
acterized by good hot rollability, good stress corrosion
resistance, good strength properties and good bend
characteristics consisting essentially of: tin from 2 to 11
percent; phosphorus from 0.01 to 0.3 percent; chro-
mium from 0.2 to 0.8 percent; and a material selected
from the group consisting of iron and cobalt and mix-
tures thereof in an amount from 0.3 to 2.0 percent
each, wherein the total of iron plus cobalt must be at
least 0.8 percent; balance copper, said alloy having a
grain size less than 0.010 mm, said alloy containing par-
ticulate phases uniformly dispersed throughout the ma-
trix thereof wherein a first of said phases contains an
iron and/or cobalt-chromium intermediate phase com-
prising a solid solution of said iron and/or cobalt plus
chromium and wherein a second of said phases con-
tains iron and/or cobalt-chromium phosphides.

3. A copper base alloy according to claim 2 wherein
said phosphorus is present in an amount from 0.02 to
0.1 percent.

4. A copper alloy according to claim 2 containing
from 4 to 11 percent tin.

5. A copper alloy according to claim 2 containing
from 0.2 to 0.5 percent chromium.

6. A copper alloy according to claim 2 wherein said
iron and cobalt contents are from 1 to 2 percent each.

7. A copper alloy according to claim 2 wherein said
alloy is in the cold rolled temper.

8. A copper alloy according to claim 7 wherein said

alloy is in the cold rolled and annealed temper.
% * * * *



