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PATENT OFFICE.

KAARE SVAAR SELJESAETER, OF CHICAGO, ILLINOIS, ASSIGNOR TO WESTERN ELEC-
TRIC COMPANY, INCORPORATED, OF NEW YORK, N. Y., A CORPORATION OF NEW

TOREK.

Application filed July 6,

This invention relates generally to alloys
and methods of making alloys, and more par-
ticularly to improved ternary alloys having
lead and antimony as their principal constit-

5 uents and methods of making such alloys.

Objects of the invention are to provide im-
proved alloys containing lead and antimony
and having increased hardness and tensile
strength as compared with pure lead or bi-

10 nary alloys of lead and antimony, and to pro-
vide an improved method of making such
alloys. ) )

" In accomplishing the objects of the inven-
tion, antimony and a small amount of another

15 material, such as arsenic, are alloyed with

lead and the alloy allowed to solidify. The
solidified material is then treated in a man-
ner similar to that described in Patents Nos.
1,674,954 and 1,674,958, issued June 26, 1928
20 to R. S. Dean and W. E. Hudson, for treating
Linary alloys. Briefly stated, the treatment
consists in heating the alloy to produce a sat-
urated solid solution of the antimony in the
lead (quenching the alloy to produce a super-
5 saturated solid solution, and then aging the
alloy.
03t7her features and objects of the invention
will be apparent from the following detailed
description taken in connection with the at-
tached drawing and will be particularly indi-
cated in the appended claims.
In the drawing, , o
Fig. 1 is a graph showing the relationship
between the Brinell hardness of ‘a ternary
alloy produced in accordance with the in-
vention after being age-hardened at 25 to
30° C. for various periods of time and the
Brinell hardness of a binary alloy of lead and
antimony age-hardened under like condi-
tions . .
Tig. 2 is a similar graph illustrating a like
relationship between the same alloys age-
hardened for various periods at 48 to 50° C.;
Fig. 3 is a graph showing the Brinell hard-
5 ness of a ternary alloy of another composition
age-hardened at 25 to 30° C. for various
periods, and _ : )
Fig. 4 is a graph similar to that shown 1n
Fig. 1 showing a like relationship between
still another ternary alloy and another bi-
nary alloy age-hardened at 25 to 30° C.
The aforementioned patents disclose a
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method whereby binary alloys composed of

materials, such as lead and antimony, one of
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which has a solid solubility in the other
which varies with temperature, may be treat-
ed to produce improvements, such as in-
creased hardness and tensile strength, in such
alloys. Alloys so treated not only have prop-
erties superior to those of pure lead but also
superior to similar alloys which had not been
subjected to the. treatment outlined therein.
Those patents-also disclose the fact that the
optimum perceéntage of the material alloyed
with the major ingredient in order to produce
improvement in the binary alloy is the max-
imum amount which will form a solid solu-
tion with the major constituent at any tem-
perature.
maximum percentage of antimony soluble in
solid lead is approximately 2.5%. ‘
Experiments have shown that if a small
amount of a third ingredient which. is sub-
stantially insoluble in lead, but which com-
bines with antimony, is alloyed with a binary
lead-antimony alloy of the type disclosed in
the aforementioned application and the re-
sulting ternary alloy is subjected to a treat-
ment consisting of heating, quenching and
aging, the resulting alloy will have enhanced
properties superior to those of similar binary
alloys. Among the materials which have
been found to have the above described char-
acteristics and to produce a noticeable im-
provement when alloyed with lead and anti-

mony and subjected to proper treatment are -

cadmium, sulphur, arsenie, tellurium, thal-
lium and bismuth. In order to enable a per-
son skilled in the art to practice the invention,
the process embodying the invention will be
described as employed with ternary alloys
consisting of lead, antimony and arsenic. I%
is to be understood, of course, that the inven-
tion may be.practiced with alloys containing
lead, antimony and another material, such as
one of those listed above, and satisfactory
results be obtained. ' ;
In practicing the invention, in one specific
embodiment thereof, lead, antimony and arse-
nic are melted together in the proportions of
not more than 214 % antimony, not more than
1% arsenic, and the remainder lead, and the
resulting alloy is allowed to solidify. The
alloy is then heated at a temperature of ap-
proximately 240° C. for a period of time
sufficient to cause the antimony to form a
homogeneous solid solution in the lead. The
material is then quenched or suddenly cooled

For lead-antimony alloys, the-
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to room temperature to produce a supersatu-
rated solid solution of the antimony in the
lead, and the alloy is then aged at a tempera-
ture below 100° C. in order to permit the
alloy to assume a substantially stable condi-
tion.

The beneficial results obtained by makin;
lead-antimony-arsenic alloys of the above de.
seribed constituents and subjecting them to
the above outlined treatment are apparent
from the graphs shown in the accompanying
drawing. In Fig. 1 of the drawing, the
curve A indicates the variation in Brinell
hardness of a ternary alloy comprising 2%
antimony, .05% arsenic, and the remainder
lead, which has been subjected to the heating
and quencing steps outlined above, with vari-
ation in time of aging, at a temperature of
25 to 30° C., while curve B indicates the
variation in Brinell hardness of a binary alloy
containing 2% antimony and the remainder
lead, which has been subjected to a similar
treatment, with variation in time of aging
at the same temperature. In Fig. 2 the curve
C indicates the variation in Brinell hardness
of the same alloy as indicated in curve A
with time of aging at a temperature of 48
to 50° C., while curve D indicates the Brinell
hardness of the alloy indicated in curve B
when subjected to the same treatment as the
alloy indicated in curve C. The curve E in
Fig. 8 indicates variations in Brinell hard-
ness of a ternary alloy containing 2% anti-
mony, 1% arsenate, and the remainder lead
with time of age-hardening at a temperature
of 25 to 30° C. after hawing been heated and
quenched as described above. - In Fig. 4,
curves ¥ and G show the relationship between
the Brinell hardness of a ternary alloy com-
prising 1% antimony, .15% arsenic, and the
remainder lead, and a binary alloy composed
of 1% antimony and the remainder lead
when subjected to a similar heating and
quenching treatment and age-hardened at a
temperature of 25 to 30° C,

An examination of the above described
curves will show that in every instance a
tenary alloy containing a small amount of
arsenic has superior hardness to a similar
alloy in which the arsenic is absent and when
the age-hardening step is carried out at a
sufficiently low temperature. For example,
after aging for thirty days at 25 to 80° C.
an alloy containing 29 antimony and .059%
arsenic had a Brinell hardness of approxi-
mately 24, while an alloy containing 29 anti-
mony and no arsenic which had aged at the
same temperature for thirty days had a Bri-
nell hardness of approximately 17. The
hardness curves for the other alloys illus-
trated show similar results. It has been
found by experiments, however, that when
the aging step is performed at a temperature
above 100° Cp substantially no beneficial re-
sults are obtained and consequently the aging
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step should be carried out
not exceeding 100°
that other properties, such as tensile strength,
of ternary alloys of the above described class,
are also superior to those of the ‘correspond-
ing binary alloy and also that improvements

at a temperature

g in hardness and tensile strength result when

materials other than arsenic, such as those
listed hereinbefore, are alloyed with lead and
antimony,

The improved properties of the alloy are
believed to be due primarily to the presence
of finely divided, dispersed particles of anti-
mony in amatrix of lead. The i mprovements
resulting from employing the above outlined
treatment upon ternary alloys of the class de-
scribed seem to result from'the fact that the
antimony which separates out in finely divid-
ed particles throughout the lead when the
supersaturated solution of antimony in lead
is aged is prevented by the third ingredient
which is present from agglomerating or form-
ing large particles and thereby rendering the
material unsatisfactory. It is believed that
the explanation of this phenomenon lies in
the fact that the third ingredient alloyed with
the lead and antimony is practically insolu-
ble or only slightly soluble in solid lead while
it combines with the antimony to form either
a true solid solution or else a compound there-
with. When
antimony in lead is permitted to age, the
antimony tends to slowly separate out of the
lead in minute particles and the third con.
stituent, which is dispersed throughout the
lead since it is insoluble therein, either by
forming a protective film around the finely
divided, widely dispersed particles of anti-
mony, or by some other means, prevents ag-
glomeration of the antimony particles,

It has also been found by experiment that
enhanced properties result when percentages
of antimony greater than 2.5%, the maximum
percentage which enters solid solution in lead.
are employed and that an improvement re-
sults when a third constituent of the type de-
scribed above is alloyed with a lead-antimony
alloy of any composition up to 4% antimony.
It is believed that when alloys containing
more than 2.5% antimony are heated at a
temperature ‘of approximately 240° C. only
2.5% of the antimony enters solid solution in
the lead and the remainder of the antimony
is present in the form of dispersed particles.
When this material is quenched and aged, the
small antimony particles which separate out
of the resulting supersaturated solid solution
are prevented, as in the case of alloys contain-
ing 2.5% antimony or less, by the third ingre-
dient from agglomerating with the undis-
solved dispersed particles and with each other
to form large particles. It seems then that in
lead alloys containing from 2.5 to 4% anti-
mony and a small amount of a third ingre-
dient which is substantially insoluble in lead,

C. Experiments indicate -
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. but which comibines with antimony, which

10

15

have been heated, quenched and aged in the
manner outlined above the resulting product
consists of 8 matrix of lead throughout which
finely divided particles which separate out
from the supersaturated solution produced by
the quenching step are widely dispersed and
throughout which matrix are also dispersed
larger particles of antimony or antimony
combined with the third ingredient.
Experiments conducted upon alloys of com-
positions other than those hereinbefore de-
scribed showed an alloy containing approxi-
mately 2.5% antimony, about .18% arsenic
and the remainder lead, after heat treatment
and aging, to have a Brinell hardness of 27,

“while a binary lead alloy containing approxi-

mately-2.5% antimony and no arsenic had a

~ Brinell hardness of 21.6. Also an alloy com-

20

25

prising approximately 4% antimony, about
.12% arsenic and the remainder lead after
being subjected to the above described treat-
ment exhibited a Brinell hardness of 29, while
a lead alloy containing approximately 4%
antimony and no arsenic exhibited a Brinell
hardness of 21.6. One 4% antimény alloy
contalning a small amount of arsenic had a
Brinell hardness of 83.5. Experiments also

. show that no appreciable improvements re-
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sult when more than 1% of the third ingre-
dient is alloyed with lead and antimony
alloys of any composition up to 4% anti-
mony and consequently the use of more than
1% of the third ingredient is unnecessary in
order to obtain the desired results. o
A material of the type produced by prac-
ticing this invention is especially useful in
the production of articles which are usually
made of lead or lead alloys and in which in-
creased hardness and tengsile strength are de-

sirable. Among such articles are battery:

grids, bearings and sheaths” for electrical
cables. Since a desirable metal for use in
bearings is one in which there is a hard ingre-
dient dispersed throughout a matrix of a
softer material, it is evident that alloys of the
type produced by practicing this invention
which comprise a matrix of lead throughout
which the antimony and the third ingredient
are dispersed are especially applicable to the

-manufacture of bearings.

What is claimed is: .
1. A process for improving the properties
of an alloy composed of a plurality of con-

-stituents with which is alloyed another con-

stituent which: is substantially insoluble in

one of the first mentioned constituents and -

which combines with another one of said con-
stituents, consisting in reducing the alloy to
a super-saturated solid solution, and causing
the alloy to-assume a more stable state.

2. A process for making an improved ter-
nary alloy, which consists in alloying with a
constituent thereof a constituent which has a
verying solid solubility in said constituent

3

2 - L .
and another constituent which is substantial-

ly insoluble.in said first mentioned constitu-
ent and which combines with said second
mentioned constituent, reducing the resulting
alloy to & super-saturated solid solution, and
aélzwing" the alloy to assume a more stable
state.

8. A process for producing an improved

ternary alloy, which consists in alloying with -

lead and antimony a small amount of another
material which is substantially in soluble in
lead and which combines with antimony,
forming the resulting alloy into a substan-
tially homogeneous solid solution, reducing
the alloy to a super-saturated solid solution,
and aging the alloy. o

4. A process for making an improved ter-
nary lead-antimony containing alloy, which
consists in alloying therewith a small amount
of a third ingredient which is soluble in anti-
mony and ‘substantially insoluble’in lead, re-
ducing the resulting alloy to a supersatur-
ated solid solution, and allowing the alloy to
assume a more stable state. : '

5. A process for making an improved tér-
nary alloy, which consists in alloying with
lead not more than 4% antimony and a small
amount of another material which is soluble
in antimony and substantially insoluble in
lead, reducing the resulting alloy to a super-
saturated solid solution, and allowing the al-
loy.to assume a more stable state.

6. A process for making an improved ter-
nary alloy, which consists in alloying with
lead antimony and not more than 1% of an--
other ‘material which is seluble in antimony
and substantially insoluble in lead, reducing
the resulting alloy to a supersaturated solid

-solution, and allowing the alloy to assume
"a more stable state.

7. A process for making an improved ter-
nary alloy, which consists. in alloying with
lead not more than 2.5% antimony and
not more than 1% of another material which
is solubl®in antimony and substantially in-
soluble in lead, reducing the resulting alloy
to a supersaturated solid solution, and allow-
ing the alloy to assume a more stable state.

8. A process for making an improved ter-
nary lead-antimony alloy, which consists in
alloying a small amount of arsenic therewith,
reducing the resulting alloy to a supersatur-
ated solid solution, said solution containing
the major portion of the antimony and sub-
stantially all of the arsenic, and allowing the
alloy to assume a more stable state. '

9. A process for making an improved ter-
nary alloy, which consists in alloying not
more than 4% antimony and a small amount
of arsenic with lead, reducing the resulting
alloy to a supersaturated solid solution, said
solution containing the major portion of the
antimony and substantially all of the arsenic,
and allowing the alloy to asusme a more sta-
ble state. S
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10. A process for making an improved ter-
nary alloy, which consists in alloying anti-
mony and not more than 1% of arsenic with
lead. reducing the vesulting alloy to a super-
saturated solid solution, said solution con-
taining the major portion of the antimony
and substantially all of the arsenic, and allow-
ing the alloy to assume a more stable state.
11. A process for making an improved ter-
nary alloy. which consists in alloying not
more than 2.5% antimony and a small amount
of avsenic with lead, heating the resulting al-
loy until a substantially homogeneous solid

solution is formed, said solution containing -

the major portion of the antimony and sub-
stantially all of the arsenic; quenching ‘the
alloy, and aging.

12, A process for making an improved

ternary alloy, which consists in alloying not
antimony and not more than
1% of arsenic with lead. reducing the result-
ing alloy to a supersaturated solid solution,
and allowing the atloy to assume amore stable
state. .
13. An improved ternary alloy comprising
Tead, antimony and a small amount of a third
material which is substantially insoluble in
Iead and which combines with antimony, and
characterized by the presence of minute par-
ticles of the antimony and the third ingre-
dient  dispersed  substantailly uniformly
throughout the lead.

14 An improved ternary alloy comprising
lead. antimony and a third ingredient in
which minute particles of the antimony and
the thivd ingredient ave dispersed substan-
tially uniform throughout the lead.

15. Animproved ternary alloy comprising
Tead. antimony and a small amount of a third
material chardvterized by the presence of
nminute particles of the antimony and the
third ingredient dispersed substantially uni-
formly throughout.the lead.

16. An improved ternary alloy comprising
not more than 2.5% antimony, a small
anmount of another material and the remain-
der Iead, and characterized by the presence
of the minute particles of the antimony and
the third ingredient dispersed substantially
uniformly throughout the lead. :
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17. Animproved ternary alloy comprising
lead, antimony and not more than 1% of
another material, and cliaracterized by the
presence of the minute particles of the anti-
mony and the third ingredient dispersed sub-
stantially uniformly throughout the lead.

18. An improved ternary alloy comprising
not more than 4% antimony, not more than
1% of another material, and the remainder
lead, and characterized by the presence of the
miniute particlés of the antimony and ‘the
third ingredient dispersed substantially uni-
formly throughout the lead. '

19. An improved ternary alloy comprising
lead,antimony and a small amount of arsenic,
characterized by the presence of minute par-
ticles of antimony and arsenic dispersed sub-
stantially uniformly throughout the lead.

20. An improved ternary alloy comprising
not more than 4% antimony, a small amount
of arsenie, and the remainder lead, and char-

“acterized Dy the presence of minute particles

of antimony and arsenic dispersed substan-
tially uniformly throughout the lead.

21. A process for improving the properties
of a ternary alloy composed of not more than
4% antimony, not more than 1% arsenic and
the remainder lead, which consists in forming
the alloy into a substantially homogeneous
solid solution, quenching the alloy to pro-
duce a super-saturated solid solution, and
aging the alloy to cause the separation of
minute particles of antimony and arsenic
substantially uniformly throughout the lead.

22. A process for improving the proper-
ties of a ternary alloy composed of not more
than2.5% antimony,notmorethan1%4 arsenic
and the remainder lead, which consists in re-

cicing the alloy to a super-saturated solid so--

lution. and causing the alloy to assume a more
stable state.

23. An improved ternary alloy comprising
not more than 2.5% antimony, not more than
1% arsenic, and the remainder lead.

24. An improved ternary alloy comprising
not more than 4% antimony, not more than
1% arsenic, and the remainder lead.

In-witness whereof, I hereunto subscribe
my name this 23d day of June A. D., 1997,

KAARE SVAAR SELJESAETER.
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