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57 ABSTRACT 

A wire product and method of manufacture particu 
larly adaptable for wire wrapping termination wherein 
wiring conductors are wrapped around connection ter 
minals of electrical and electronic machines and appli 
ances. The wire product is made from a four-element 
alloy comprising mostly copper and the remainder 
cadmium, silver and chromium which is first subjected 
to a solution heat treatment consecutively followed by 
rapid cooling, cold working to produce a fine wire and 
aging treatment. The wire product made within the 
confines of the present invention will produce a wire 
that has high releasing force from a terminal connec 
tion in excess of EIA standards and low electric 
contact resistance. 

2 Claims, 11 Drawing Figures 
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WIRE PRODUCT AND METHOD OF 
MANUFACTURE 

CROSS REFERENCE TO RELATED PATENT 
APPLICATION 

This is a continuation-in-part of patent application 
Ser. No. 879,102 filed Nov. 24, 1969, and now aban 
doned, 

BACKGROUND OF THE INVENTION 

This invention relates to a wire product and a method 
of manufacturing the same from a copper-base alloy. 
With regard to copper alloys for electric conductors 

heretofore in use, there are copper-base alloys made by 
adding silver or chromium as a second element to pure 
copper or oxygen-free copper and processing it for 
strain hardening, and copper-base alloys made by add 
ing chromium, zirconium, etc., to such copper and giv 
ing it processing and heat treatment for precipitation 
hardening. However, any and all of these alloys have 
both merits and demerits with respect to their proper 
ties, such as strength, heat-resistance, elongation, flexi 
bility, thermal and electrical conductivity, etc., so that 
they cannot be said to be electroconductive materials 
which are satisfactory in all respects. 
The alloys of copper containing silver or cadmium 

are known in the prior art to have a great strength, but 
are inferior to alloys of the heat treatment type with re 
spect to flexibility, heat-resistance, and elongation. The 
alloys of copper containing cadmium, chromium or zir 
conium are satisfactory with respect to the above 
mentioned properties if compared with worked-on al 
loys, but do not possess satisfactory properties to meet 
various practical requirements for wires, such as the re 
quirements that have to be met when employed on peg 
wire terminals in electric machines and appliances. In 
this connection, reference is made to U.S. Pat. No. 
3, 172,762 (75-153) which is directed to a copper-base 
alloy containing chromium and cadmium in the propor 
tions claimed to produce a wire product having high 
mechanical strength and electrical conductivity even 
after exposure to high temperatures in electrical wire 
installations in machines and appliances. However, it 
has been discovered by us that if the addition of silver 
is made to such an alloy in accordance with the method 
disclosed and claimed herein, a wire product is pro 
duced having better adaptability for post or peg con 
nection such as found on wiring boards in computers, 
in that the wire has much higher releasing force be 
cause of its better "gripping" ability on such peg termi 
nals due to its improved mechanical properties as well 
as having low electrical contact resistance. The addi 
tion of silver improves the wire characteristics for wire 
wrapping connections and it is believed that the small 
addition of silver has the effect of increasing the solu 
bility limit of chromium in copper, as well as bringing 
about a more uniform distribution of the cadmium in 
copper due to the affinity of silver for both copper and 
cadmium. Also, the addition of the silver improves the 
tensile strength as compared to the prior art copper 
base wire products. 
Alloys of high reliability which offer no difficulty in 

connecting and bending are now in high demand espe 
cially for parts of such electronic machines and appli 
ances as electronic computers, electronic exchange, 
etc., and for wirings in and between such machines and 
appliances. None of the copper alloys heretofore in use 
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2 
are, however, of a reliability which is entirely satisfac 
tory, 
Generally speaking, when wiring is made in such an 

electronic machine or appliance as an electronic com 
puter, electronic exchange, etc., a technique is em 
ployed in which electric connection is effected by 
wrapping the wiring conductor around the connecting 
terminal conductor with a wrapping force applied 
thereto. In order to have the wiring conductor squeeze 
itself into the connecting terminal conductor to de 
crease the electric contact resistance between the two, 
it is required that the wiring conductor have great 
strength and great local elongation; it is also required 
that it have conductivity of 85 percent or more in order 
to have a large current capacity. 

In view of what has been mentioned, this invention 
aims at the method of treating and cold working a cop 
per-base alloy for electrical conduction whose proper 
ties fully satisfy the requirements of strength, heat 
resistance, elongation, flexibility and thermal and elec 
trical conductivity, releasing force required by EIA 
standards (Electronic Industries Association Stan 
dards), and is characterized by four-element alloys 
consisting of copper, cadmium, silver and chromium. 
This four-element alloy is disclosed in U.S. Pat. No. 

2,049,500 but not in the same quantities of composi 
tion as herein disclosed nor is the method employed in 
this Patent the same as herein disclosed, as we have 
found that the elements should be added in a named or 
der. Further, U.S. Pat. No. 2,049,500 does not provide 
an alloy for a wire product having going wire wrapping 
characteristics and, in fact, is directed to the produc 
tion of castings. U.S. Pat. No. 2,049,500 further re 
quires an intermediate heat treatment prior to a cold 
working which cannot be employed in the method 
herein disclosed. For better understanding of the na 
ture of the method of manufacture of the present dis 
closure, reference will be made later on a comparative 
basis between the methods of this disclosure and that 
of U.S. Pat, No. 2,049,500. 

SUMMARY OF THE INVENTION 

This invention relates to a method of manufacturing 
heat-resistant copper alloys for electric conductors 
which is characterized in that a four-element alloy con 
sisting of cadmium, silver, chromium and copper mak 
ing up the remainder of the alloy is subjected to solu 
tion heat treatment for 0.5 - 2 hours at a temperature 
of 900°C - 1000°C and is then rapidly cooled for cold 
working to give it a cold draft of 50 percent or more. 
An aging treatment is thereafter applied to prevent 
gradual precipitation hardening. Wiring conductors 
made by the method of this invention satisfy the afore 
mentioned requirements which have not been satisfied 
by the electric wires and conductors which have here 
tofore been made known to the public. The copper 
base alloy, if made into wire in accordance with the dis 
closure, provides for a wire of high ductility adaptable 
for wire wrapping connections and yet having all the 
other wire properties desirable in good electrical wires 
such as high conductivity, tensile strength and excellent 
elongation properties. 
The copper alloy composition of the wire product 

disclosed is a four-element alloy consisting of 
0.2-0.5 wt-percent cadmium 
0.03 - 0.2 wt-percent silver 
0.2-0.7 wt-percent chromium 
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with the balance made up of copper. The method of 
manufacturing the alloy and for production of the wire 
is very important in order to obtain a wire highly desir 
able for wire wrapping installation because of its high 
ductility, tensile and yield strength, and electrical con 
ductivity after aging. 

Briefly, the four-element alloy as defined by the 
above set forth ranges is believed to be highly success 
ful for wire wrapping connections for some of the fol 
lowing reasons. 
The silver added to the alloy in the quantity range of 

0.03 to 0.2 wt-percent has the effect of increasing the 
solid-solubility limit of chromium in copper from 0.65 
wt-percent to as high as 0.92 wt-percent. As a conse 
quence, the content of chromium can be increased by 
the addition of silver thereby effectively increasing the 
adaptability of the alloy for heat treatment hardening. 
Like cadmium, silver itself has an action to strengthen 
the copper matrix and increase the tensile strength of 
the wire produced from the alloy without lowering its 
ductility. 

It is known that it is very difficult to obtain a uniform 
solid solution of cadmium in a copper alloy. However, 
if cadmium and silver are added simultaneously, a uni 
form distribution of cadmium in copper is obtained and 
the copper alloy is overall strengthened because silver 
has good affinity for both copper and cadmium. 
The surprising result of following precisely the 

method of manufacturing of wires with the copper-base 
alloy disclosed is the excellent resistance to release 
from a wire terminal connection. The EIA standards 
specify that for wire diameters of 0.51 1 mm, 0.405 mm 
and 0.254 mm, the releasing force necessary to remove 
the wrapped wire from a terminal peg should respec 
tively be 2.95 kg or more, 2.27 kg or more, and 40 
kg or more. The employment of the alloy and method 
as taught in this disclosure has shown on the average 
that for a 0.254 mm diameter wire, the releasing force 
is 9 kg and for a 0.455 mm diameter wire, the releasing 
force is 6.5 kg. These values exceed to a great extent 
the EIA imposed standards. 
Other objects and advantages appear hereinafter in 

the following description and claims. 
The accompanying drawings show, for the purpose of 

exemplification, without limiting the invention or the 
claims thereto, certain practical embodiments illustrat 
ing the principles of this invention wherein: 
FIG. 1 illustrates the relationship between the cold 

draft given by the manufacturing method of this inven 
tion and the tensile strength obtained as a result. 
FIG. 2 illustrates the relationship between the heat 

ing temperature of the aging treatment in accordance 
with the manufacturing method of this invention and 
the resultant tensile strength and electroconductivity. 
FIG. 3 illustrates the relationship between the tem 

perature of the aging treatment and the elongation of 
the alloy obtained. 
FIG. 4 illustrates the relationship between the length 

of time of the aging treatment and the hardness. 
FIG. 5 is a metaliographic illustration of copper chro 

mium alloy. 
FIGS. 6 through 9 graphically illustrate the variations 

in tensile strength for varying amounts of cadmium in 
the alloys of this invention. In FIGS. 6 through 9, the 
silver content is the same, but in FIG. 6, the chronium 
content is 0. 7 wt-percent; in FIG. 7, 0.3 wt-percent; 
in FIG. 8, 0.5 wt-percent and in FIG. 9, 0.7 wt-percent. 
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4 
FIG. 10 is a graphic illustration of the relationship of 

draft and electrical conductivity between the wire 
product made in accordance with the alloy and method 
herein disclosed as compared to a wire product made 
from the alloy and method of U.S. Pat. No. 2,049,500. 
FIG. 1 is a graphic illustration of the relationship of 

draft, tensile strength and elongation between a wire 
product made in accordance with the alloy and method 
herein disclosed as compared to a wire product made 
from the alloy and method of U.S. Pat. No. 2,049,500. 
The manufacturing processes of this invention are 

not radically different from the manufacturing pro 
cesses of the alloys of the ordinary heat treatment type. 
With respect to the processing conditions in individual 
processes, however, there are specifically fixed allow 
able ranges which must be maintained. Only where 
such conditions are satisfied, the wire product of this 
invention will be obtained in accordance with the 
method of manufacture disclosed and claimed. 

First, as copper for use in this invention, both phos 
phor deoxidized copper and oxygen-free copper may 
be used. Cadmium and chromium, as additional ele 
ments in the copper-base alloy, products of commercial 
purity are sufficient, and it is preferable to add them in 
the form of a mother alloy. For example, mother alloys, 
such as Cu - 5-15 wt-percent Cr, or Cu - 50 wt-percent 
Cod, or the like, may be used. Silver is added in the form 
of a single element. The sequence of adding is this: 
Chromium is added to molten copper prepared by 
heating oxygen-free copper to 1200°C - 1300°C to 
make a chromium-copper alloy, and then silver and 
cadmium are added in the named order. If this named 
order of additions is not observed, the four-element 
alloy of the prescribed constitution cannot be properly 
obtained to produce a wire product having the desired 
characteristics as previously discussed. 
The alloy as constituted is placed into a water cooled 

copper mold or the like, and is then heat processed, 
being heated to a temperature of 800°C - 900°C. What 
is meant by heat processing here has reference to roll 
ing and extrusion at a high temperature. Both tech 
niques produce favorable workability, but tempera 
tures exceeding 800C are not favorable because 
cracking would take place when rolling is done at such 
high temperatures, while cracking due to gross crystal 
grains would take place at temperatures above 98.0°C. 
The alloy is then subjected to a solution heat treat 

ment for 0.5 - 2 hours at 900C - 1000'C. The reason 
why the solution heat treatment is restricted to these 
conditions is to prevent uneven precipitation of chro 
mium. In order to effect solid solution of chromium as 
far as possible, at least 30 minutes within the tempera 
ture range of 900°C - 1000°C is necessary. If the length 
of time exceeds 2 hours, however, it is not favorable be 
cause the crystals become gross and large, although 
there is no difference in the solid solution effect. 
After the solution heat treatment is over, cooling is 

effected rapidly in order to maintain at room tempera 
ture the solid solution state of chromium obtained by 
the solution heat treatment. 
Rapid cooling may be effected by methods already 

well known, such as quenching. Unless rapid cooling is 
done, the rate of precipitation aging, which will be dis 
cussed later, becomes low. 
After the cooling, cold processing of the copper alloy 

is accomplished always before the aging treatment. It 
is preferable to give a cold draft of 50 percent or more. 
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The reason why the cold draft is made 50 percent or 
more is that it is desirable to make the tensile strength 
of the wiring conductor greater than 46 kg/mm which 
is the tensile strength of the hard copper wire hereto 
fore manufactured. The tensile strength of the wire 
product is influenced at that point in the manufacturing 
process wherein the aging treatment is accomplished. 
The curve (a) and curve (b) of FIG. 1 represent the 

relationship between cold draft and tensile strength of 
a wire product subjected to solution heat treatment, 
rapid cooling and thereafter cold worked (curve a), 
and a wire product subjected to solution heat treat 
ment, rapid cooling, cold working and then aging 
treated (curve b), respectively. The copper-base alloy 
used is that of the present invention. It is clear that 
transfer from curve (a) to curve (b) is brought about 
by the aging treatment made after the cold working. It 
may be seen that from the consideration of tensile 
strength only, a tensile strength property of a wire 
product of the present invention similar to that of a 
hard copper wire upon employing a cold draft of about 
40 percent or more, that is, a tensile strength above 45 
kg/mm. 
The aging treatment made after the cold working is 

accomplished by a heat treatment for 0.5 - 2.5 hours 
at a temperature of 450°C - 550°C. This aging treat 
ment temperature is a means for the recovery of elec 
trical properties and the production of the property of 
elongation, and is at the same time necessary for the 
improvement of mechanical properties, the precipita 
tion hardening of chromium being added to the 
strength maintained by cadmium and silver solid 
dissolved in the material. 

In order to see the effect of this aging treatment, the 
properties after 1 hour's heating of materials which 
have been given draft of 50 percent or more are shown 
in FIG. 2 and FIG. 3. The relationship between the 
heating temperature and the tensile strength is repre 
sented by the curve (d) in FIG. 2, the relationship be 
tween the heating temperature of the aging treatment 
and the specific conductivity by the curve (b), and the 
relationship between the heating temperature and the 
elongation for a gauge length of 250 mm by the curve 
in FIG. 3. From the results of FIGS. 2 and 3, it can 
readily be seen why the aging temperature preferably 
does not exceed 550'C. 
As can be seen from FIG. 4, a duration of heating 

which does not exceed 0.5 hour cannot produce the de 
sired hardness, that is, acceptable strength, and elonga 
tion. On the other hand, a duration of 2.5 hours or 
more results in a decrease in hardness as shown by the 
curve (f). The hardness properties of the wire or con 
ductor after a 1 hour heating is fairly representative of 
the necessary duration of heat treatment, as shown in 
FIG. 4, wherein the curve (f) peaks at this point. 
While these copper-base alloys are subjected to the 

cold working and may still be useful even where the 
aging treatment is not made, the aging treatment is 
highly desirable where the wire product is subjected for 
long periods of time at a high temperature when in 
stalled in electrical machines and appliances, so as to 
prevent precipitation hardening from gradually taking 
place. 
The Vickers hardness of the alloy employed in this 

invention at an aging treatment temperature of 490C 
is shown in FIG. 4 for various time lengths of aging 
treatment and it can be seen that for best results, it is 
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6 
preferable to carry out the aging treatment within a 
range of 0.5 - 2.5 hours. 
The appropriate ranges of the components making 

up the copper-base alloy of this invention are 0.2 - 0.5 
wt-percent for cadmium, 0.03 - 0.2 wt-percent for sil 
ver and 0.2 - 0.7 wt-percent for chromium, as may be 
seen from a comparison with copper-chromium alloy 
shown in FIG. 5. Where the chromium content is 0.2 
wt-percent or less, the solubility is too small and the 
electrical properties of the alloy for a wire product are 
not improved; while where the chromium content is 0.7 
wt-percent or more, the maximum solid solution limit 
is approached and the solution heat treatment becomes 
difficult to perform. If the solution heat treatment tem 
perature is 1000°C or higher, there is a tendency that 
the cadmium content of 0.5 wt-percent or more pro 
duces crystallization of liquids. This is not at all desir 
able, because it greatly affects the ability to easily per 
form any subsequent cold working operation. 
FIGS. 6, 7, 8 and 9 are graphs illustrating tensile 

strength after aging treatment. From a study of these 
figures, it can be seen that the tensile strength property 
of the alloy is by no means improved where the cad 
mium content is 0.2 wt-percent or less of the alloy com 
position. 
Like cadmium, silver is an element which improves 

the strength of the copper-base alloy, and makes a very 
important contribution to the alloy make up especially 
in connection with the property of hardening by cold 
working. Furthermore, the addition of silver causes the 
chromium precipitate to take on a fine needle shape, so 
that it makes it possible to work upon an alloy contain 
ing a maximum of 0.7 wt-percent chromium. Especially 
for providing cold workability of a draft of 50 percent 
or more, it is necessary to add silver. 
The reason why the addition of silver is restricted to 

0.03 - 0.2 wt-percent in this invention is that a quantity 
not exceeding 0.03 wt-percent does not produce the 
desired tensile strength and elongation, while a quan 
tity not less than 0.2 wt-percent results in a lower un 
suitable electrical conductivity. 
The electrical and mechanical properties of electric 

wire or conductor of a diameter of 0.26 mm made of 
an alloy obtained according to this invention are com 
pared with those of other electric wires having alloy 
compositions known or in previous use in Table 1. The 
alloy of this invention shown in Table 1 is one of a 90 
percent draft, subjected to aging treatment at 490°C for 
1 hour after cold working. 

TABLE 1 

Alloys Tensile Elonga- Electric Releasing Electric 
Strength tion at conduc- force from contact 

gauge tivity wrapping resist 
length (%) connection aCe 
250 m ACS 

Kg/mm. Kg m) 

Oxygen 
free 
copper 24 24.0 10 5 0.8 
Copper 
zircon 
ium 45 5.4 90 5 0.5 
alloy 
Copper 
chro 
mium 
alloy 46 6.0 80 6 0.4 
Alloy 
of this 
inven- 52 9.2 88 9 0. 
tion 
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From the above Table , it may be seen how great the 
wrapping force of the alloy of this invention is and how 
low its electric contact resistance is as compared to 
copper per se and other copper-base alloys. This ade 
quately shows that the electric wire product of the pres 
ent invention by squeezing itself upon or being pressed 
into the terminal conductor or peg for connection 
there with has a sufficient strength and adaptability for 
that particular purpose. 

Table 2 shows the experimental values indicating the 
flexibility of the electric wires of Table 1 (0.26 mm in 
diameter) bent alternately to 90 under a specific iden 
tical load. If the curvature is twice the diameter of the 
electric wire product when bending to 90 under a load 
which is 25 percent of the tensile load of the electric 
wire, it is evident that the wire product of this invention 
can withstand the most severe conditions. 

TABLE 2 

Alloys Bending Values 
Times 

Oxygen-free copper 6 
Copper-zirconium alloy 18 
Copper-chromium alloy 20 
Alloy of this invention 26 

In order to more fully understand the method of man 
ufacturing of this application to produce a fine wire 
product, in particular a wire of 0.018 inch diameter, 
reference is made to Table 3 and the example identified 
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element alloy of the above-prescribed constitution can 
not be properly obtained. 
The alloy as formed is then cast into a water cooled 

copper mold capable of producing an ingot 4% inches 
in diameter. The ingot is then heated to a temperature 
of 800°C to 900C and thereafter hot-rolled to a wire 
rod of 5/16 inch diameter. Because of the prescribed 
constitution of the alloy, the copper alloy as hot-rolled 
does not contain any cracks and can be rolled very 
smoothly. 
The method for manufacturing the wire product from 

this wire rod is as follows. 
The wire rod is subjected to a solid solution heat 

treatment at a temperature of 950°C for 1.5 hours. The 
rod is then quickly cooled in a quenching medium of 
Water. 
The wire rod is then subjected to cold working on a 

continuous drawing machine where it is cold-drawn 
into a fine wire having a diameter of 0.018 inch. The 
working reduction through cold drawing in this particu 
lar example was 96.8 percent. 
The wire, as drawn, was then subjected to a final heat 

treatment for the purposes of aging to a finished wire 
product. The aging treatment is a heat treatment at a 
temperature of 500°C for 1 hour and 40 minutes and, 
in this case, in an inert atmosphere of nitrogen gas. This 
aging treatment is important as it recovers the desirable 
electrical conductivity and elongation characteristics 
without affecting in a real sense the ductility and tensile 
strength of the wire product. This is because of the in 
creased addition of chromium bringing about precipita 
tion hardening thereby adding to and maintaining the 
desired tensile strength in the finished wire product 
even in face of the original heat treatments performed 
on the alloy. 

TABLE 3 

Alloy Composition wt-% Tensile Elonga- Conduc- Flexi- Releasing Electrical 
Strength tion tivity bility force from contact 
Kg/min % ACS (times) wrapping resistance 

Cod Ad C Cu Connection m 
Kg 

Test ().2 O8 0.58 remainder 53 9 88 
Test 0.25 0.2 ().5O remainder 5 85 89 25 9 O. 

(0.254 mm) 
st ().25 O. 12 0.50 remainder S6 1.0 84 3 nearly 0.5 

Zeo 

Test W ().25 ().2 O5() remainder 53 8.5 89 26 6.5 (). 
{{455 mm) 

Test W O.25 (). 12 0.50 remainder 63 O 77 5 nearly 0.3 
Zero 

as Test I. The copper employed in this test was phos 
phor deoxidized copper. Cadmium and chromium as 
additional elements in the copper-base alloy for the 
wire product may be of ordinary commercial purity. 
However, it is preferable to add these two elements in 
the form of another alloy, such as, copper - 5 wt 
percent. However, silver is added in the form of a single 
element. 
The sequence for adding these elements is as follows: 

Chromium is added to molten copper prepared by 
heating the phosphor deoxidized copper from 1200°C 
to 1300°C to produce a chromium-copper alloy. Then 
silver and cadmium are added in the named order. If 
this named order of additions is not observed, the four 
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65 

The resulting final wire product was tested as to ten 
sile strength, elongation and conductivity and these re 
subts are shown in attached Table 3. 
The results expressed in Table 3 for Test II and Test 

III were conducted in connection with a wire having a 
diameter of 0.254 mm (0.01 inch) respectively manu 
factured by the manufacturing method as described 
herein and also by the manufacturing method as de 
scribed in U.S. Pat. No. 2,049,500, as particularly set 
forth beginning at Page 1, column 1, line 48 and ending 
at Page 2, column 1, line 22 thereof. The purpose for 
comparison of copper alloys having identical composi 
tion produced under these different methods is to illus 
trate that not only is the method disclosed by U.S. Pat. 
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No. 2,049,500 not the same as the method disclosed 
herein, but also if followed for the purpose of produc 
ing wire highly adaptable for wrapping connections, the 
desired wire characteristics are not obtained by follow 
ing the method of that Patent for a wire having the 
composition as precisely claimed herein. These tests 
illustrate, therefore, that it is not just the alloy constitu 
tion that is important, but rather the method of manu 
facturing to obtain the finished wire product having the 
desired characteristics for electrical wiring, particularly 
where the wire connections are made by wire wrapping 
on electrical terminals. In this regard, it should be 
noted that the upper limits of the ranges for cadmium, 
silver and chromium disclosed in U.S. Pat. No. 
2,049,500 are higher than those described in the 
method of the present application, 
Reference is made to Table 3 where the alloy consti 

tution for Tests II and II is shown to be the same. The 
copper alloy in both cases consists of 0.25 wt-percent 
cadmium, 0.12 wt-percent silver, 0.50 wt-percent chro 
mium and the remainder is copper. These percentages 
are well within the limits we prescribed. 

In applying the method of the present invention in 
Test II in Table 3, the step of solution heat treatment 
after hot rolling of the formed alloy to a rod diameter 
of 8 mm, was carried out at a temperature of 960°C for 
1.5 hours. The rod as heat treated was quenched and 
thereafter cold drawn to a diameter of 0.254 mm. The 
wire product then received a final treatment for 1 hour 
at 450°C. The results of Test II are shown in Table 3 in 
cluding the wire flexibility characteristic as a means to 
show durability measured by the number of times the 
wire may be bent at a single point before it breaks. 

In applying the method of U.S. Pat. No. 2,049,500, 
as disclosed on Page 1, column 2, and at the top of col 
umn i on Page 3, Test III, the solution heat treatment 
of the 8 mm. diameter rod was also carried out at 
960°C for 1.5 hours. This is within the prescribed range 
of 600°C to 1000°C, indicated preferably above 700°C. 
The rod was then rapidly cooled by quenching. Then 
the aging treatment was applied for one hour at 450°C, 
which temperature is within the range of 350°C to 
600°C prescribed at the top of column 2 on Page 2 of 
U.S. Pat. No. 2,049,500. 
Cold drawing was then carried out, but drawing was 

difficult at a diameter of 0.8 mm so that aging treat 
ment was again carried out for one hour at 450°C, after 
which cold drawing was accomplished to a diameter of 
0.254 mm. The properties of the final wire product thus 
produced are shown in Table 3 under Test III. It should 
be noted that flexibility of Test II is more than eight 
times that of Test III. Note further that conductivity is 
relatively higher. There is no comparison as to releas 
ing force, as the wire of Test III would not hold at all 
under a pulling force, while the wire product of the 
present invention held to 9 kg., far in excess of EIA 
standards. 
Test IV was the employment of the same alloy follow 

ing the method of the present application but where the 
final wire product during the cold drawing step was 
cold drawn to 0.455 mm. Test V was the employment 
of the same alloy following the method of U.S. Pat. No, 
2,049,500 as in the case of Test II, but where the final 
wire product during the cold drawing step was also cold 
drawn to 0.455 mm as in the case of Test III. 
Before further referring to any of the results from 

Tests II through V, it should be noted that in following 
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10 
the method of U.S. Pat. No. 2,049,500, the initial solu 
tion heat treatment has been conducted at 1.5 hours, 
rather than in the range prescribed therein, that is, 10 
to 30 minutes. Such a short duration of time is not suffi 
cient heating, since this heating period is too short so 
that the central portion of the wire rod does not reach 
the temperature of 960°C, or if it does, it is maintained 
at that temperature for a short duration. Thus, the solid 
solution treatment of the alloy components is not ef 
fected thoroughly enough so that the final wire product 
has a lower tensile strength. For example, portions of 
the 8 mm diameter rod of Test V were treated within 
the time interval defined by the method of U.S. Pat. 
No. 2,049,500, wherein solution heat treatment was 
conducted at 960C in one case for 10 minutes and in 
a second case at 960°C for 30 minutes. As a result, the 
tensile strength in the case of the 10 minute duration 
heating time was 55 kg/mm', and in the case of the 30 
minute duration was 62 kg/mm. The electrical con 
ductivity in the case of the 10 minute duration was 80 
percent, whereas in the case of the 30 minute duration 
it was 77 percent. Upon examination of Table 3 with 
regard to the results for Test V, it will be seen that the 
tensile strength is improved where the solution heat 
treatment period of time is 1.5 hours without any fur 
ther decrease in the percentage of electrical conductiv 
ity level. From these results, it can be seen that the pe 
riod of time for solution heat treatment from 0.5 to 2 
hours prescribed for in the method herein defined and 
claimed is quite appropriate as a condition for the solu 
tion heat treatment. 
From Table 3, it can be seen that the wire products 

of Tests I, II and IV are superior to those of Tests III 
and V, and this has been found to be particularly true 
where these wires are cold drawn to diameters less than 
1.0 mm. Also, it should be noted the differences ob 
tained in Tests II and IV as compared to Tests II and 
V with regard to wire flexibility wherein, for example, 
the wire of Test II could withstand flexures up to 25 
times whereas the wire of Test III broke after only 3 
flexures, and the wire of Test IV could withstand 26 
flexures, whereas the wire of Test V failed after 5 flex 
ures. Further, it should be noted upon examination of 
the releasing force from wrapping connections mea 
sured in kilograms, the releasing force of the wire of the 
present invention is quite extensive as compared to any 
releasing force provided by the wire manufactured in 
accordance with the U.S. Pat. No. 2,049,500 method. 
in the case of the wire product made according to this 
Patent, the releasing force is nearly zero. It should be 
noted that the releasing force is where the specimen 
wire is taken and wound eight turns around a bronze 
terminal post which in this particular case was 0.8 mm 
square in cross-sectional area. The force to pull the 
wire off the post is measured to determine the strength 
of the connection made. It is quite evident from the re 
sults shown in Table 3, that the wire products made 
from following the method of U.S. Pat. No. 2,049,500 
have practically no engaging strength at all on such ter 
minal posts used frequently today in the electrical and 
electronic industry. 

Also, mention should be made of the electrical 
contact resistance as measured in millimeters-ohms. In 
this connection, it will be noted that the contact resis 
tance is less with respect to the wire product made from 
the method herein disclosed and claimed as compared 
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to the wire made by following the method disclosed in 
U.S. Pat. No. 2,049,500. 
The foregoing reveals that the wires produced by the 

method of U.S. Pat. No. 2,049,500 have no adaptability 
and, therefore, desirability for wire wrapping termina 
tion which is the important and desired function of the 
wire product of the present invention. 

In order to demonstrate the importance of the upper 
limits of the metal constituents making up the wire 
product used in practicing the method, further tests, 
Tests VI and VII, were conducted as follows. The alloy 
of Test VI contains constituents near the upper limits 
as defined in the specification of the application. In the 
case of Test VI, the constituents were 0.70 wt-percent 
chromium, 0.15 wt-percent silver, 0.45 wt-percent cad 
mium, and the remainder copper. In the case of Test 
Wil, the alloy constituents were 0.75 wt-percent chro 
mium, 0.50 wt-percent silver, 0.90 wt-percent cad 
mium, and the remainder copper. It will be noted upon 
examination of U.S. Pat. No. 2,049,500, particularly at 
the bottom of the first column on Page l, as well as an 
examination of, for example, claim 2, these latter con 
stituents constitute the near upper limits as designated. 

In connection with the alloy of Test VI, the alloy was 
first melted and cast into an ingot having a diameter of 
00 mm and a length of 1,500 mm. Then the ingot was 

heated to approximately 900°C and rolled to a wire rod 
through the use of a hot rolling machine and was rolled 
to a diameter of 8 mm. During this rolling, no cracks 
occurred on the surface of the wire rod of Test VI, and 
a good wire rod was obtained. In the case of the alloy 
of Test VII, however, when the hot rolling was con 
ducted to produce a wire rod of 8 mm, a series of 
cracks occurred in the surface of the wire rod after the 
hot rolling operation. 
The wire rod of 8 mm diameter of Test VI was then 

given a solution heat treatment at 960°C for 1.5 hours 
and, after rapid cooling, was cold drawn to a diameter 
of 0.455 mm. Then aging treatment was effected at 
450°C for 1 hour. The electrical conductivity level 
(IACS percent) of this wire was found to be 84 percent. 
The wire rod of 8 mm diameter of Test VII was tested 

according to the teachings of the present invention. A 
section of the wire rod was picked that was compara 
tively free from surface cracks as compared to the 
other portions of the same rod and this section was 
taken and given a solution heat treatment at 960°C for 
30 minutes. After rapid cooling, an aging treatment was 
performed at 450° C for 1 hour and then the wire rod 
was cold drawn to a diameter of only 7 mm, being only 
a draft of 23 percent. A greater draft was not per 
formed on the wire rod because drawing the wire rod 
to a smaller size was impossible on account of the de 
velopment of surface cracks in the wire produced. The 
electrical conductivity level (IACS percent) of this 7 
mm diameter wire was 78 percent. 
From the foregoing, it can be readily seen that where 

an alloy within the upper limits of the constituents de 
fined by U.S. Pat. No. 2,049,500 is employed and is 
compared to an alloy made from the constituents 
within the upper limits disclosed herein, there is diffi 
culty in obtaining good workability of the alloy particu 
larly in the cold drawing operation to produce a fine 
wire and also the conductivity level is under 80 per 
cent, which is not very satisfactory wherein the fine 
wire is going to be employed in wiring installations, par 
ticularly where a large current capacity is necessary. In 
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such cases, the conductivity level should be at least 80 
percent or more. 
Reference is now made to two graphic illustrations 

identified as FIG. 10 and FIG. 11, wherein there is 
shown the various properties such as electrical conduc 
tivity, tensile strength and elongation measured at vari 
ous diameters of wire products produced from the cop 
per-base alloy as manufactured in accordance with the 
method herein disclosed in comparison with the 
method taught in U.S. Pat. No. 2,049,500. The copper 
base alloy employed consisted of 0.25 wt-percent cad 
mium, 0.12 wt-percent silver, 0.50 wt-percent chro 
mium and the balance copper. The results in FIGS. 10 
and 11 may be identified in particular by 'wire product 
of present invention before aging treatment; ' 'wire 
product of the present invention,' of course, after the 
aging treatment, and "wire product of the prior art,' 
which is made in accordance with U.S. Pat. No. 
2,049,500. 

In following the method described herein, solution 
heat treatment was made to the alloy which had been 
hot rolled to a diameter of 8 mm for 1.5 hours at 960°C. 
Then after rapid cooling, the alloy was cold drawn to 
various diameters as indicated by the percent draft 
both in FIGS. 10 and 1 1. Thereafter, the final wire 
product was age treated. In each case in FIGS. 10 and 
11, where information is designated as "before aging," 
the final aging treatment was not made in accordance 
with the present invention to illustrate the importance 
of aging to produce the wire of the present invention 
having the desirable electrical characteristics particu 
larly in connection with wire wrapping installation. 
Thereafter, aging treatment was conducted for that 
particular wire and the information as shown in FIGS. 
10 and 11 designated as "wire product of present in 
vention.' 

In connection with the test results of 'wire product 
of prior art,' the process of U.S. Pat. No. 2,049,500 
was followed. Solution heat treatment was made at a 
diameter of 8 mm of the alloy, thus produced, for 1.5 
hours at 960°C. Then after rapid cooling, aging treat 
ment was made for one hour at 450°C. Then the prod 
uct was cold drawn to the prescribed sizes indicated by 
the percent draft in connection with information desig 
nated as the prior art wire as shown in FIGS. 10 and 11. 
From the results shown in FIG. 10, it can be seen that 

the fine wire product produced by the method of the 
present invention has a low electrical conductivity be 
fore aging but shows a remarkable improvement in 
conductivity upon final aging treatment in that aging 
brings about an increase in electrical conductivity of 
almost two times that of the alloy before aging. 

In connection with FIG. 11, it should be noted that 
in connection with tensile strength curves identified as 
OR, the tensile strength of the wire produced in accor 
dance with the present invention before aging has a 
higher tensile strength than compared to the following 
of the method of the present invention wherein final 
aging treatment is employed. In connection with Test 
IX involving the 'H (Hensel Process), an increase in 
tensile strength is observed upon an increase in the per 
cent draft. However, it should be noted that the high 
value in tensile strength is not a necessary requirement 
for wiring conductors, whereas the properties concern 
ing conductivity, flexibility, releasing force and electri 
cal contact resistance are very important in view of the 
particular application to which these wires are em 
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ployed, that is, wire wrapping termination. It is of suffi 
cient tensile strength if the fine wire made in accor 
dance with the method of the present invention has a 
tensile strength of 50 kg/mm or more. 
As to elongation as shown in FIG. 11, it can be seen 

that the method of the present invention before aging 
has an elongation characteristic approximately equal to 
the wire product made in accordance with a wire prod 
uct made in accordance with the prior art. However, as 
shown in the results of FIG. 11, a remarkable improve 
ment is obtained in elongation after the aging treatment 
wherein there is shown a value in increased elongation 
characteristic of 8 percent or more. 

In summary, in following the method disclosed by 
U.S. Pat. No. 2,049,500, the copper alloy having con 
stituents within the ranges disclosed in that Patent 
could not be readily cold worked to be drawn into a 
fine wire of less than 1.0 mm without additional heat 
treatment. After cold working, the flexibility, elonga 
tion, releasing force, and conductivity characteristics 
were found not as good as in wire products by our 
method, although the tensile strength remained about 
the same. 

In summary, a four-element alloy consisting of 0.2 - 
0.5 wt-percent cadmium, 0.05 - 0.2 wt-percent silver, 
0.2 - 0.7 wt-percent chromium, and copper which 
makes up the remainder, is subjected to solution heat 
treatment for 0.5 - 2 hours at a temperature of 900C 
- 1000C, is then rapidly cooled and is given a combi 
nation of cold working which gives a cold draft of 50 
percent or more to produce a fine electric wire and a 
heat treatment of aging treatment for 0.5 - 2.5 hours 
at a temperature of 450°C-550°C. It makes it possible 
to obtain heat-resistant copper alloys for electric con 
duction suitable for electric wires used for wiring con 
nections which have a great wrapping force and low 
electric contact resistance. 
We claim: 
1. A method of manufacturing heat-resistant copper 

alloy of high ductility to provide for the production of 
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electrical wire therefrom adaptable for electrical wiring 
and wire wrapping connections characterized by the 
steps of providing a four-element alloy consisting of 0.2 
- 0.5 wt-percent cadmium, 0.03 - 0.2 wt-percent silver, 
0.2 - 0.7 wt-percent chromium and the remainder cop 
per wherein in producing the alloy, chromium, then sil 
ver, and then cadmium are added in the named order 
to the molten copper, subjecting the copper alloy to a 
solution heat treatment for 0.5 to 2 hours at a tempera 
ture of 900C to 1000°C and thereafter rapidly cooling 
the alloy, cold working the copper alloy to provide a 
cold draft of 50 percent or more to draw the same into 
a fine wire, and thereafter age treating the wire for 0.5 
to 2.5 hours at a temperature of 450°C to 550°C. 

2. A method of manufacturing heat-resistant copper 
alloy of high ductility to produce electrical wire adapt 
able for wire wrapping connections because of im 
proved wrapping force characterized by the steps of 
first preparing a chromium copper alloy by heating 
oxygen-free copper in excess of 1000°C and thereafter 
adding chromium to the molten copper, secondly, add 
ing silver to the molten chromium copper alloy and 
thirdly, adding cadmium to the molten alloy, all of 
these constituents added to produce a four-element 
alloy consisting of 0.2 - 0.5 wt-percent cadmium, 0.03 
- 0.2 wt-percent silver, 0.2 - 0.7 wt-percent chromium, 
and the remainder copper, molding the produced cop 
per alloy ingot, heating and hot rolling the copper alloy 
ingot at a temperature of 800°C to 980°C, subjecting 
the copper alloy to a solution heat treatment for 0.5 to 
2 hours at a temperature of 900°C to 1000°C, rapidly 
cooling the copper alloy to maintain at room tempera 
ture the solid solution state of chromium in the alloy 
obtained by solution heat treatment, cold working the 
copper alloy to provide a cold draft of 50 percent or 
more to draw the alloy into a fine electrical wire, and 
thereafter aging by heat treating the wire for 0.5 to 2.5 
hours at a temperature of 450°C to 550°C. 
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