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This invention relates to improvements in the 
heat treatment of silicon copper-base alloys, that 
is, Copper-base alloys containing silicon, with the 
silicon in amount from about 1.5% to about 3.5%. 

It is an object of this invention to provide an 
improved heat treatment for silicon copper-base 
alloys, and to produce improved articles of manu 
facture made of such alloys. 
With the above and other objects in view, as 

Will appear to those skilled in the art from the 
present disclosure, this invention includes all fea 
tureS of the Said disclosure which are novel over 
the prior art. 
Where silicon copper-base alloys, or copper 

base alloys containing silicon, are referred to in 
this application, it is intended to include such 
alloys as may consist substantially entirely of 
copper and silicon in an amount from about 
i.5% to about 3.5%, and also copper-base alloys 
containing the before Stated amount of Silicon 
plus One or more additional elements such as 
Zinc, manganese, iron, aluminum, tin, lead, tel 
lurium, etc. While one such silicon copper-base 
alloy which contains about 1% of zinc is par 
ticulary useful, the present invention contem 
plates the treatment of silicon copper-base al 
loys in which the zinc may be as high as about 
5% or more. Where only one of the elements 
Ilanganese, iron, aluminum, tin, lead or tellurium 
is used in an alloy, they may be present respec 
tively up to about 3%, 2%, 8%, 2%, 1% and 4%. 
Of course, where more than one of these addi 
tional elements are present in the silicon copper 
base alloy, the useful upper limit of such addi 
tional elements will be lower than those herein 
given for the individual use of one of the ele 
ments only. Where an alloy consists mostly of 
silicon and copper, with or without a minor per 
centage of one or more of the added elements re 
ferred to, it is frequently referred to commercial 
ly as silicon bronze. 

Heretofore it has been usual to submit silicon 
Copper-base alloys to annealing temperatures of 
from about 1000 F. to about 1300° F. for a pe 
riod up to one hour, in Order to soften then). Suf 
ficiently to permit of further cold work. 
Over a period of years in large Scale produc 

tion of silicon copper-base alloys, repeated diffi 
culties have been encountered, the causes of 
which were quite obscure. The troubles resulted 
from a tendency toward britteness and lack of 
ductility, sometimes evident after the initial hot 
working operation and Sometimes Only after sev 
eral cold-workings and annealings and fabrica 
tion into bolts or other structures. This lack of 
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ductility has been variable both with respect to 
time and With respect to position within the rod, 
bar or other form being made. Thus, in extruded 
rod considerable difficulty has been encountered 
just after extrusion, as a result of what is called 
"extrusion pipe' which is very commonly present 
in extruded Copper-base alloys. This extrusion 
pipe is confined to the rear end of the rod which 
is the last part to come from the extrusion die. 
In general it is very pronounced right at the 
back end and becomes progressively less obvious 
toward the front. Usually it is entirely elimi 
nated by cutting off the rear 20% of the ex 
truded article. In the silicon copper-base alloys 
this extrusion pipe is usually located either at 
the surface or immediately below the surface and 
usually on a cylindrical or partially cylindrical 
plane or Surface more or less concentric with the 
outer surface of the rod itself. It is fibrous and 
is usually due to entrainment of oxides or other 
foreign matter originally present in the surface 
of the cast billet. 
I have found that considerable of the brittle 

ness or lack of ductility above referred to is due 
to causes quite, distinct from extrusion pipe, and 
a close study of its outward manifestations 
shows a distinct difference from the manifesta 
tions of extrusion pipe. For instance, the defect 
which is the cause of brittleness or lack of ductil 
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ity with which my invention is concerned, is 
never Oxidized, but the fracture is always clean 
and bright. The texture of the fracture is gran 
ular rather than fibrous. Further, the fractures 
tend to be on flat planes parallel to the axis 
of the rod but at random orientation in azimuth. 
Further, such fractures are apt to be found on a 
certain plane at one point in the rod, and on a 
plane at a considerable angle to the first, in a 
portion but slightly separated longitudinally from 
the first. Also, the occurrence of this defect is 
discontinuous lengthwise of the rod and is of as 
COnlil On OCCurrence near the front, end as hear 
the back end. In short, it appears that there is 
no connection whatever between this defect and 
the common extrusion pipe. 
Careful studies of large numbers of such de 

fective Sections failed to reveal any appreciable 
Segregation or inhomogeneity when subjected to 
the ordinarily used etching agents and micro 
Scopic examination of various sections at various 
magnifications. And even when these studies 
Were Supplemented by chemical analysis of care 
fully taken. Small samples in the vicinity of and at 
various distances from the defect no significant 
variations were found. 
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Fractures of such material exhibited a pecul 

iar, clean, granular structure very evident when 
examined at low magnification, and even visible 
to the naked eye. The brittleness causing this 
abnormal structure was obviously due to some 
intergranular condition which had not been de 
tected. 
After trial of a large number of solutions as 

etching reagents, a solution consisting of con 
Centrated ferric chloride and concentrated hy 
drochloric acid in acetone was found to show the 
presence of intergranular films of a second phase 
in the normally single phase alloy. Very care 
ful preparation and examination at high magni 
fication were necessary. Such films apparently 
Were dissolved or masked by the usual etching re 
agents and therefore were not seen. Analyses 
Were of no value because of the crudeness of any 
Sampling method in comparison with the thick 
ness of the films. Examination of many samples 
established the fact that the films were present 
in the Original castings and persisted through the 
preheating, extrusion and subsequent cold work 
ing and annealing operations. 
Prior to making my invention, I tried various 

annealing treatments and various sequences of 
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Working and annealing treatments all within the 
usual temperature range, but none of these were 
effective in overcoming the difficulty. Finally, 
however, I found that a prolonged soaking at a 
Very high temperature was fully effective in over 
coming the difficulty on sections which were 
known to be quite brittle before such treatment. 
The exact time and temperature of heat treat 
ment to overcome the effect is not too critical, 
there being a range of about 200° F. over which 
it can be suitably performed. I have found, for 
instance, that a heat treatment at as low a tem 
perature as about 1500 F. is fairly effective if 
the alloy is held at that temperature for at least 
about two hours after being heated to about 1500 
F., but better and more certain results can be 
accomplished by holding it at that temperature 
for about three to four hours. If a temperature 
of about 1600" F. is utilized, fairly satisfactory 
results are obtained in as little as about one and 
one-half hours and more certain results are ob 
tained with a two and one-half hour or more ex 
posure. If a temperature of about 1700 F. is 
utilized, fairly satisfactory results are obtained 
in as little as about one hour and more certain 
results are obtained with a two-hour or more 
expoSure. 
My improved treatment is equally effective 

When applied to the alloys in all the ordinary 
forms of material whether they be in the cast 
Condition or in the wrought, condition, and 
Whether in the form of rods, tubes, sheets or other 
forms, and whether they have been wrought by 
extrusion, hot or cold rolling or otherwise. But 
it is particularly effective when applied to ex 
truded or rolled sections or forms. 
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2,287,774 
The invention may be carried out in other spe 

cific Ways than those herein Set forth. Without 
departing from the spirit and essential character 
istics of the invention, and the present embodi 
ments are, therefore, to be considered in all re 
spects as illustrative and not restrictive, and all 
changes coming within the meaning and equiva 
lency range of the appended claims are intended 
to be embraced therein. 

I claim: 
1. The process of improving the properties of 

a copper-base alloy containing from about 1.5% 
to about 3.5% silicon, which consists in heat treat 
ing the alloy Within a temperature range of from 
about 1500 F. to about 1700°F. for a period of 
time corresponding to, at least about two hours 
at a temperature of about 1500 F. or at least 
about One and one-half hours at a temperature 
of about 1600 F. or at least about one hour at 
a temperature of about 1700 F. 

2. The process of improving the properties of a 
copper-base alloy containing from about 1.5% to 
about 3.5% Silicon, which consists in heat treat 
ing the alloy at a temperature of about 1500 F. 
for at least about two hours. 

3. The process of improving the properties of a 
copper-base alloy containing from about 1.5% to 
about 3.5% silicon, which consists in heat treat 
ing the alloy at a temperature of about 1600°F. 
for at least about one and one-half hours. 

4. The process of improving the properties of 
a copper-base, alloy containing from about 1.5% 
to about 3.5% silicon, which consists in heat treat 
ing the alloy at a temperature of about 1700° E. 
for at least about one hour. 

5. An improved article of manufacture which 
has been Wrought from a copper-base alloy con 
taining from about 1.5% to about 3.5% silicon, 
and which has been heat treated within a tem 
perature range of from about 1500 F. to about 
1700' F. for a period of time corresponding to, 
at least about two hours at a temperature of about 
1500 F. or at least about one and one-half hours 
at a temperature of about 1600°F. or at least 
about one hour at a temperature of about 1700°F. 

6. An improved article of manufacture which 
has been wrought from a copper-base alloy con 
taining from about 1.5% to about 3.5% silicon, 
and which has been heat treated at a temperature 
of about 1500 F. for at least about two hours. 

7. An improved article of manufacture which 
has been Wrought from a copper-base alloy con 
taining from about 1.5% to about 3.5% silicon, 
and which has been heat treated at a temperature 
of about 1600 F. for at least about one and one 
half hours. 

8. An improved article of manufacture which 
has been wrought from a copper-base alloy con 
taining from about 1.5% to about 3.5% silicon, 
and which has been heat treated at a tempera 
ture of about 1700°F. for at least about one hour. 
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