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This invention relates to a copper base alloy containing 
nickel and silicon and having. high hardness and improved 
electrical conductivity over the common copper-nickel 
silicon alloys. 

. In electrical applications it is often desirable to use 
alloys having a combination of high hardness and high 
electrical conductivity. Alloys of this type are generally 
copper base alloys having additions of metals such as 

Alloys of this 

‘quenched and. then aged to obtain the maximum physical 
properties. ‘For example, the patent to Corson, 1,658,186, 
describes a copper base alloy hardened by the precipita 
tion of silicides of chromium, nickel and cobalt. In the 
Corson patent the alloy is initially heated to a solution 
temperature in the range of 750 to 975° C. or 1382 to 
1787” F., and subsequently quenched to hold the bulk of 
the silicide in solid solution. After quenching, the Cor 
son alloy is aged. at a temperature in the range of 250 to 
600° C. or 482 to 1112° F. to cause the silicide precipi 
fate. 
The present invention is directed to a copper base alloy 

having improved hardness and electrical conductivity over 
the prior alloys. In general, the copper base alloy con 
tains additions of silicon, nickel and chromium and the 
alloy is heat treated by heating to a temperature in the 
range of 850 to 1025 ° F., and subsequently furnace cooled 
to a temperature in the range of 750 to 900° F. The al 
loy is held at a temperature inthis range for a period of 
time sufficient to obtain the optimum precipitation of 
nickel and chromium silicides. After this holding period, 
the alloy is quenched to room temperature to complete 

‘ the heat treatment. 

The alloy heat treated in accordance with this pro 
cedure has improved electrical conductivity over prior 
materials and has high hardness.v Furthermore, the alloy 
is not hot short and will not crack at elevated tempera— 
tures as used in electrical applications. 
As no solution quench is employed in the heat treat 

ment, the problem of warping is eliminated and the cast 
article can more readily hold a critical dimension because 
there is no scale formation during the draw or age and 
subsequent quench. 

The alloy to be heat treated in accordance with the 
invention has the following composition in weight percent: 

‘Nickel _______________________ __percent__ 0.75—2.0 
Silicon _________________________ __do____ 0.25—1.0 

“ Chromium _____________________ __do____ 0.25-1.25 

Copper ______________________________ __ Balance 

A specific analysis of the alloy falling within the above 
range is as follows in Weight percent: 

2 
It has been found that the most desirable mechanical 

properties can be achieved if there is a ratio of silicon to 
chromium to nickel of about 1:15:35. 

In preparing the alloy of the invention the preferred 
practice is- to use high conductivity copper, either of the 

‘ electrolytic or cathode type, and to deoxidize the copper 
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completely so that a minimum amount of oxides are pres 
ent in the‘ melt. The nickel is usually introduced into the 
melt in the form of a 50-50 nickel-copper alloy and the 
silicon is employed in the form of a 10% silicon-copper 
master alloy, while the chromium-is used in the form 
of a 5% chromium-copper master alloy. 
The sequence of melting for best results is to ?rst 

charge the copper and the copper-nickel alloy. After 
melting down, lithium-copper is added‘ for deoxidation of 
the melt and the silicon-copper master alloy is subsequent 
ly added for further deoxidation. The chromium-copper 
alloy is then added to the melt. This procedure is used 
so that a minimum of time elapses from the time the 
chromium is added to the time the alloy is poured. The 
chromium tends to oxidize more easily than does the sili 
con or nickel and consequently it is preferred to add‘ the 
chromium in the last stage of the sequence. 

, After the alloy has been compounded, it is brought to 
a pouring temperature in the range of 2150 to 22000 F. 
for average size castings. After casting, the cooling rate 
is normal with no water quench being used. 
The heat treatment which is employed to bring about 

the improved hardness and electrical conductivity con 
sists of initially heating the alloy to a temperature in the 
range of 850 to 1025° F., with a temperature of about 
950°‘ F. being preferred. The rate of heating to this tem 
perature is not critical and the alloy is held at the tem~ 
perature within this range for a period of time sutiicient 
to obtain a uniform distribution of temperature. 

After obtaining the uniform distribution of temperature, 
the alloy is furnace cooled to a temperature in the range 
of 750 to 900° F., and preferably about 850° F. The 
cooling to this range should be slower than 500° F. per 
hour per one inch of section thickness. 

After the alloy has been slowiy cooled to this tempera 
ture range, it is held at this temperature for a time sufii~ 

'cient to obtain the optimum precipitation of the nickel and 
chromium silicides. The object is to have a minimum 
amount of nickel and chromium silicides in solution for 
it is desirable to have copper alone in the matrix so as 
to improve the conductivity of the alloy. 
The alioy is held at this aging temperature for a period 

of at least one hour and generally for about two hours 
per one inch of section thickness of the alloy. 

After the aging at this temperature range, the alloy is 
preferably quenched in oil, water or any similar quench 
ing media to room temperature. The quenching rate is 
generally faster than 1000“ F. per 5 minutes per one inch 
of section thickness. While quenching from the aging 
temperature is preferred, the alloy can be air or furnace 
cooled, but with the use of air or furnace cooling, a por 

. tion of the precipitated silicides may migrate or go back 
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Nickel ____________________________ _.percent__ 1.25 1 
Chromium _____________ _; ___________ __do____ 0.55 

Silicon _____________ __' ______________ __do____ 0.35 

Copper _________________ _‘_ _____________ __ Balance 

In addition to the above metals, the normal impurities 
that are associated with copper, silicon and nickel can be 
tolerated up to an amount of 0.35% Without altering the 
characteristics of thev alloy. he elements which can be 
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present as impurities are cobalt, beryllium, phosphorus, ~ 
lithium, iron, Zirconium and titanium. 

into solution in the matrix with a possible decrease in the 
electrical conductivity of the alloy. 

This type of heat treatment eliminates the solution 
quench which is generally employed with alloys of this 
type and employs instead a drifting treatment on aging 
in which the alloy is cooled slowly from a temperature 
in the range of 850 to 1025 ° F. to a temperature in the 
range of 750 to 900° F. 
The heat treatment as described above provides the . 

alloy with an electrical conductivity in the range of 40 to 
45% of pure copper, as compared with a conductivity of 
30 to 35% achieved in similar alloys subjected to a solu 
tion quench and subsequent aging treatment. Further 
more, the alloy heat treated in accordance with the in 
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vention has a Rockwell B hardness in the range of 75 to 
85, while alloys heat treated with the solution quench and 
aged generally have a hardness of about 70 Rockwell B. 
The alloy of the present invention can be statically cast, 

centrifugally cast, extruded, forged and welded and can 
be fabricated into articles of various shapes and sizes, par 
ticularly for use in electrical applications. 
The alloy can be welded by using Weld rods of similar 

composition with either a heliarc or consumable elec 
trode process. The weld deposits are then treated in the 
manner described above with the drifting age treatment 
followed by the quench to obtain the improved physical 
properties. 
As the heat treatment of the invention eliminates the 

solution quench, the problem of warping of the article is 
eliminated and similarly, scale formation is reduced which 
thereby results in the article maintaining critical dimen 
sions. Furthermore, with the use of the heat treatment 
and alloy composition of the present invention, the alloy 
has no hot shortness and will not crack at elevated tem 
peratures. * 

Various modes of carrying out the invention are con 
templated as being within the scope of the following 
claims particularly pointing out and distinctly claiming the 
subject matter which is regarded as the invention. 
We claim: 
1. A method of heat treating a copper base alloy con 

taining from 0.75 to 2.0% nickel, 0.25 to 1.0% silicon, 
0.25 to 1.25% chromium and the balance copper, com 
prising the steps of heating the alloy to a temperature in 
the range of 850 to 1025 ° F., holding the alloy at said 
temperature to obtain an even distribution of heat, furnace 
cooling the alloy to a temperature in the range of 750 to 
900° F., holding the alloy at said last named temperature 
range for a period of time suf?cient to obtain an optimum 
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precipitation of nickel silicide and chromium silicide, and 
subsequently cooling the alloy to room temperature. 

2. A method of heat treating an age hardenable copper 
and an electrical conductivity of 40% to 50% of pure 
base alloy having small additions of silicon, nickel and 
chromium to obtain a hardness of 75 to 85 Rockwell B 
copper, comprising the steps of heating the alloy to a 
temperature in the range of 850 to 1025° F., holding the 
alloy at said temperature to obtain an even distribution 
of heat, furnace cooling the alloy to a temperature in the 
range of 750 to 900° F. at a rate slower than 500° F. per 
hour per one inch of section thickness, holding the alloy at 
a temperature in the last named range for a period of time 
sut?cient to obtain an optimum precipitation of nickel 
silicide and chromium silicide, and subsequently cooling 
the alloy at a rate faster than 1000“ F. per 5 minutes per 
one inch of section thickness. 

3. A method of heat treating a copper base alloy con 
taining from 0.75 to 2.0% nickel, 0.25 to 1.0% silicon, 
0.25 to 1.25% chromium and the balance copper, com 
prising the steps of heating the alloy to a temperature 
of about 950° F., furnace cooling the alloy to a tempera 
ture of about 850° F., maintaining the alloy at said last 
named temperature for a period of time sufficient to ob 
tain the maximum precipitation of nickel silicide and 
chromium silicide, and subsequently quenching the alloy. 
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