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ABSTRACT OF THE DISCLOSURE 
Ferrous base copper alloys are provided consisting 

essentially of 3.0% to about 8.0% copper, an addition 
agent in the amount of 0.2% to 1.0% consisting of at 
least. one element of the group of aluminum, silicon, 
titanium and zirconium, an incidental amount to 1.0% 
manganese, a trace to 0.1% each of carbon, sulphur, and 
phosphorus, and the balance iron, and also a method 
and treated products are provided wherein the alloy 
composition is solution heat treated and aged to attain 
a high strength level with retention of ductility. 

This application is a continuation-in-part of our co 
pending application Ser. No. 393,756, filed Sept. 1, 1964, 
now abandoned and the invention relates to alloy com 
positions, more particularly to age hardenable ferrous 
base copper alloys as well as to a method for producing 
the hardened alloys, and to the alloy products both prior 
to hardening and after hardening. 
An object of this invention is the provision of copper 

alloys having a ferrous base and an alloy content which 
is appreciably low, the alloys being amenable to age 
hardening and moreover capable of developing as an 
incident to the hardening a yield strength and ultimate 
tensile strength which are remarkably improved. 

Another object of the present invention is the provision 
of alloys of the character indicated which respond favor 
ably to hot working at temperatures within the solution 
temperature range and retain ductility which is adequate 
for any of a variety of purposes after being age hardened. 
A further object of this invention is that of providing 

alloys of the character indicated which quite satisfactorily 
lend themselves to being enhanced in hardness and 
strength and which exhibit these improvements after an 
aging heat treatment conducted much below solution 
temperature. 
A still further object of the invention is to provide 

alloys having a relatively low alloy content and which 
nevertheless are highly responsive to aging and which 
produce commensurately an increase in tensile strength. 

Other objects of the present invention and advantages 
of the same will be obvious and in part more fully pointed 
out during the course of the following disclosures. 
The invention therefore resides in the combination 

of elements, in the compositions of materials, in the 
several operational steps, and in the relation of each 
of the same to one or more of the others as described 
herein, the scope of the application of which is indicated 
in the claims at the end of this specification. 
As conducive to a clearer understanding of certain 

features of the present invention various ferrous base 
alloys in the prior art depend for hardening and enhance 
ment of strength upon a carbon content and the ability 
to form martensite. Among these alloys are ferrous base 
alloys taken from existing groups of Well known stain 
less steels and lower alloy steels. The hardening is ac 
complished by heating to a solubilizing temperature to 
effect solution of carbon and other alloying elements in 
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austenite followed by sufficiently rapidly cooling to 
achieve martensite. There are well known difficulties, 
however, that are incident to the carbon martensite mode 
of hardening. For example, any fashioning of the alloys 
in the relatively soft condition at room temperature prior 
to hardening must be followed by a high temperature 
solubilizing treatment, and hardening thereafter is ac 
complished by quenching. In the foregoing sequence of 
operational steps, the high temperature at which the 
solubilizing treatment is maintained demands the pre 
vention of high temperature oxidation and the preven 
tion of warping or of other deviations away from desired 
form of the alloy product at these high temperatures or 
when the alloys are being quenched from these tempera 
tures, if an erasure of certain advantageous results of hav 
ing worked the metal while the metal still was relatively 
soft is to be avoided. 

Other known alloys, including certain of the heretofore 
known stainless steels, are age hardenable. This mode 
of hardening involves preliminarily heating the alloy at 
solution temperature until solid solution is obtained, 
and following with cooling and aging at a temperature 
considerably below the solution temperature. Hardness 
develops from the aging and accordingly one great ad 
vantage of certain of the age hardening alloys is that 
forming or machining operations are practical before 
aging, and therefore may be availed upon at a time when 
the alloy is relatively soft after cooling from Solution 
temperature and is without need for being reheated to 
anywhere approaching this high temperature again for 
hardening. However, many of the age hardening alloys, 
such as the particular stainless steels which heretofore 
have been available for the purpose, are of high alloy 
content and thus are relatively expensive as compared 
with ordinary steels, or though having a ferrous base, 
or a base which is other than ferrous, still lack the 
asset of high response to aging with or without other 
supplemental advantages. 
An outstanding object of this invention accordingly is 

the provision of industrially practical ferrous base copper 
age hardenable alloys which are highly competitive com 
mercially for such reasons as having a relatively low alloy 
content coupled with quite favorable age hardening re 
sponse characteristics and worthwhile physical properties 
before and after the alloys are age hardened. 

Referring now more particularly to the practice of the 
present invention, it is found that by combining proper 
amounts of iron and copper with a proper quantity of 
one or more of aluminum, silicon, titanium and zirconium 
and controlling the alloy composition to maintain small 
amounts of any other constituents, a ferrous base copper 
alloy is obtained which very effectively responds to a 
simple aging treatment at satisfactorily low temperatures 
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and thus increases in strength by an indeed Worthwhile 
eXtent. 

This invention accordingly introduces ferrous base al 
loys which contain about 3.0% to 8.0% copper, an addi 
tive in the amount of approximately 0.2% to about 1.0% 
with the additive being at least one element of the group 
consisting of aluminum, silicon and titanium, and the re 
mainder of the alloy substantially all iron except for Small 
supplemental amounts of other tolerable constituents, 
among these being manganese from incidental amounts 
up to about 1.0% maximum, and phosphorus, Sulphur and 
carbon each from a trace up to about 0.1% maximum. 
Zirconium may be present as a substituent in the alloys 
and, where present, may be anywhere from an amount 
of zirconium of about 0.2% to 1.0% in substantially full 
absence of titanium, silicon and aluminum from the alloy, 
to an amount of zirconium having therewith in the alloy 
an additive of at least one element of the group con 
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sisting of titanium, aluminum and silicon, with the Zir 
conium plus the additive totaling about 0.2% to 1.0%. 
More generally, therefore, the ferrous base, 3.0% to 8.0% 
copper alloys herein contain an addition agent in the 
amount of approximately 0.2% to 1.0% with the addition 
agent being at least one element of the group consisting 
of titanium, zirconium, aluminum and silicon. Manganese, 
tends to maintain hardness of the alloys and counteracts 
adverse effects of such elements as sulphur, but in replace 
ment of copper detracts from the amount of copper which 
otherwise would be available to go into solution. The 
phosphorous, sulphur and carbon are regarded as in 
purities and, though permissible each up to about 0.1%, 
preferably are each from a trace up to about 0.04% 
maximum. 
The foregoing quantities of copper and of addition 

agent of the group consisting of aluminum, titanium, Zir 
conium and silicon, are regarded as being critical to 
achieving such worthwhile properties in the alloys as ac 
ceptable freedom from hot shortness, high aging response, 
and the retention of worthwhile ductility after aging. 
These properties, while tending to disappear toward the 
outside of the aforementioned limits on copper and addi 
tion agent from the group consisting of aluminum, titan 
ium, zirconium and silicon, become all the more favor 
ably pronounced in a preferred alloy composition which 
in accordance with the present invention contains about 
4.5% to 7.0% copper, an additive in the amount of ap 
proximately 0.3% to 0.75% with the additive being at 
least one element of the group consisting of aluminum, 
titanium and silicon, and the remainder substantially all 
iron except for small amounts of other tolerable constitu 
tuents, among these being manganese from incidental 
amounts up to about 1.0% maximum, and phosphorus, 
sulphur and carbon each from a trace up to about 0.04% 
maximum. The latter alloys are sometimes modified with 
respect to the additive by having aluminum, titanium and 
silicon all substantially fully absent, and replaced by Zir 
conium as a substituent in amount of about 0.3% to 
0.75%, or by having the zirconium in the alloy with the 
additive and the zirconium plus the additive totalling about 
0.3% to 0.75%. The preferred ferrous base, 4.5% to 7.0% 
copper alloys therefore may be further and more generally 
categorized as those which contain an addition agent in 
the amount of approximately 0.3% to 0.75% with the 
addition agent being at least one element of the group 
consisting of titanium, zirconium, aluminum and silicon. 
Any one or more of the alloying additions of aluminum, 

silicon, titanium and zirconium promote hot working prop 
erties and freedom from hot shortness and moreover in 
the presence of copper share with copper by going into 
solution at the solution temperatures and ultimately co 
operate with this copper so as to produce the age harden 
ing effect and stengthening of the alloys. As the amount 
of addition agent from the group consisting of aluminum, 
silicon, titanium and zirconium is decreased to amounts 
appreciably outside the more general composition limits 
herein hot shortness is encountered and high response to 
aging is sacrificed, while an increase in the addition agent 
appreciably upward from these same limits is conducive 
to excessive brittleness after age hardening. Substantially 
smaller amounts of copper outside the more general com 
position limits referred to promote reduced ductility and 
lower the aging response, while substantially larger 
amounts of copper outside these same limits lead to hot 
shortness. 
To harden the present alloys by aging, the alloys first 

are heated at solution temperature until solid solution 
saturated with copper and addition agent of at least one 
of the group consisting of aluminum, silicon, titanium and 
zirconium is achieved, the heating being in a range of 
about 1500 F. to about 1850° F. and for a period of 
time which usually is about one-quarter of an hour to 
about two hours or more depending upon such factors as 
the temperature selected and the particular shape and 
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4. 
size of the alloy metal body which is being treated. As 
solution treating temperature is increased in the range the 
solubility of copper and addition agent from the group 
consisting of titanium, zirconium, aluminum and silicon 
commensurately increases with temperature. Accordingly 
through relying upon a proper solution temperature and 
the corresponding solubility factor, hardness, yield strength 
and ultimate tensile strength of the alloys are readily con 
trolled, bearing in mind that hardness and strength of 
the alloys in the as solutioned and cooled condition, prior 
to aging, increase with increase in the amounts of cop 
per and addition agent of the group consisting of alumi 
num, silicon, titanium and zirconium which are then in 
solid solution. Should carbon be present in the alloys in 
quantity toward the upper tolerable limit of about 0.1% 
carbon, the solution temperature is best maintained on the 
low side in the aforementioned solution temperature range 
for otherwise the aging response characteristics tend to 
suffer. 
The alloys of the present invention, being amenable to 

hot rolling and to any of a host of other forms of hot 
working at elevated temperatures, are so worked as oc 
casion may demand, thus producing any such products 
as forgings, sheet, strip, tubing, rods, bars, I-beams, chan 
nels, rails, or the like. The optimum hot working tem 
peratures fall within the solution temperature range, and 
are about 1600 F. to about 1800 F. Following the 
solution heat treating stage, the alloys are quenched prefer 
ably to about room temperature in a liquid coolant such 
as oil or water, or in a gaseous coolant such as air. In 
accordance with preferred practice the alloys are hot 
worked, then solution heat treated, and the Solution heat 
treatment is followed by a rapid quench of the heat 
treated alloys as in oil or water to about room tempera 
ture. An appreciably more rapid quench than cooling in 
air at usual room temperature is preferred, for the amounts 
of copper and addition agent from the group consisting 
of aluminum, titanium, zirconium and silicon in Solid 
solution from the solution heat treatment tend to be less 
effectively retained in solution through slowly cooling the 
alloy in air. Nevertheless, in practices still in accordance 
with the present invention, adequately favorable results 
for certain purposes are had through heating the alloys 
to hot working temperature and concurrently achieving 
solution treatment, the solution heat treated alloys then 
being hot worked and cooled through hot working and in 
ordinary air or more rapidly until room temperature is 
reached. 
When the alloys within the more general composition 

limits hereinbefore set forth are in the solution heat 
treated and quenched condition, they have ductility, and 
hardness which is considerably short of their full poten 
tial on hardness, and accordingly the alloys are usually 
subjected to forming or fabricating steps at this stage, 
thereby producing articles and products of the alloys by 
any one or more such operations as cutting, punching, 
machining, or the like under the advantage of the then 
existing favorable properties of the alloys. These opera 
tions of course may be performed at room temperature 
or at other low temperatures which do not materially 
alter the solution heat treated and quenched condition 
of the alloys. Thereafter, to harden the alloys, such as 
the alloy metal in the aforementioned articles and prod 
ucts, the metal is brought up to aging temperature in an 
aging heat which endures long enough to bring copper 
and addition agent from the group consisting of alumi 
num, titanium, zirconium and silicon out of solution and 
into dispersed fine form throughout the alloy. The heat 
ing for aging is conducted at a temperature in the ap 
proximate range of 500 F. to 1000 F. for a length of 
time depending on the particular aging temperature used. 
Within this approximate range the particular temperature 
therefore is not extremely critical, though as temperature 
within the range is increased the corresponding period 
of aging time is decreased. There is moreover a tolerable 
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latitude with respect to length of aging time correspond 
ing to the temperature selected, though this latitude di 
minishes as the temperature within the range is increased. 
Size and shape of the articles and products also may 
cause adjustments to be made in length of the aging 
period; however, average duration of the aging treatment 
at about 500 F. is usually somewhere in the vicinity of 
about 25 hours and a like average period of time for 
aging the alloys at approximately 1000 F. is somewhere 
about 42 hour. For example, either aging at 700' F. for 
about 2 to 8 hours or at 900' F. for 4 hour to 2 hours 
are typical temperature-time relations which are ob 
served. The aging treatment is terminated by bringing 
the aged alloys down to the environs of room tempera 
ture from the aging temperature. This for example is 
either by air cooling or by more rapidly quenching such 
as in oil or water. 
The alloys with adequate amounts of copper and addi 

tion agent of the group consisting of aluminum, silicon, 
titanium and zirconium in solution are highly responsive 
to the foregoing aging treatment in the sense that the 
aged alloys display a yield strength and an ultimate ten 
sile strength enhanced by amounts, each exceeding about 
20,000 p.s. i. and sometimes exceeding about 60,000 p.s.i. 
or more, correspondingly over yield strength and ultimate 
tensile strength of the alloy in the solutioned and cooled 
condition before aging. Further, the aged alloys have a 
ductility, represented by an elongation in two inches, 
which is upward of at least about 4% and sometimes 
closely approaching 20% or more. Of further consequence 
it will be noted that the highly worthwhile properties 
relating to ductility and enhanced strength through aging 
add to the fact that the alloys are hot workable in the 
solution temperature range and display adequate freedom 
from hot shortness. Certain of the alloys, however, through 
having been treated for solubilizing at temperatures which 
are relatively high within the hereinbefore described more 
general range of solution heat treating temperatures may, 
because of the foregoing relatively high treating tem 
perature as an attribute, be characterized by more than 
a tolerable loss of ductility through aging if ductility 
which is upward of at least about 4% on 2-inch elonga 
tion after aging is to be retained, and to remedy this 
situation those alloys are best solution heat treated at 
the lower solubilizing temperatures within the more gen 
eral range and then are cooled and aged through the 
re-heat as hereinbefore set forth. Retention of ductility 
through aging or thus exceeding any particular minimum 
on ductility, though, is of course not always an essential 
objective, the other properties of the aged alloys, includ 
ing remarkably increased strength brought about by the 
aging, being quite adequate sometimes for the alloys to 
serve specialized needs. 
An open hearth furnace is often utilized for producing 

the present alloys in order to meet large tonnage demands, 
though other furnacing equipment instead is also satis 
factory, as for example an electric arc furnace especially 
where smaller tonnage production is to be accomplished. 
For maintaining carbon level within the limits desired in 
the alloy, an oxygen process is found to be advantageous 
particularly if high-carbon charging stock is used and thus 
initially introduces very considerable quantities of carbon 
in the melt. Thus, for example, if need be the electric arc 
furnace process is adapted to an oxy-process for adjust 
ing the carbon content to within tolerable amounts as by 
use of an oxygen lance during refining. 
As illustrative of a production technique employed, a 

Herault type direct-arc furnace of about 50,000 pound 
rated capacity and having a basic lining is employed. 
Usually an initial charge of somewhere in the general vi 
cinity of 40,000 pounds is introduced in the furnace, 
electrolytic copper for example being present in amount 
of about 2,280 pounds and there additionally being about 
37,340 pounds of low-carbon, low alloy steel scrap with 
sufficient iron ore to reduce the carbon content appreci 
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6 
ably during carbon boil. If the alloy content of the steel 
scrap is relatively high, the quantity of steel scrap in 
the charge is diminished in favor of adding ingot iron 
in replacement of the scrap. The amount of iron ore pres 
ent is varied and depends upon such factors as the initial 
carbon content of the scrap and the characteristics of 
the particular furnace used. Upon completion of the ini 
tial charging, the arcs of the furnace are struck and 
melting of that portion of the charge next to the electrodes 
is promoted under relatively lower power. After a pool 
of molten metal is obtained near the electrodes, the power 
then is increased to accomplish very rapid melt down 
of the charge. During melt down and during a period im 
mediately following melt down, oxidation of the carbon 
and other reactive alloying elements occurs. In order to 
prevent "phosphorus reversion” during the oxidation or 
refining period, it is helpful to make additions of CaO, 
which material maintains a basic slag over the melt. The 
copper charge is largely unaffected by the bath reactions, 
and virtually no copper loss is to be expected. This is 
notable in taking first samples for analysis, though mainly 
the analysis is made to determine carbon, manganese and 
"oxidizible elements' contents. 
The refining process sometimes is carried out as a 

double slagging operation, in which event the slag without 
any initial additions of CaO is first allowed to become oxi 
dizing, and then the furnace power is turned off, the elec 
trodes raised, and the slag is thoroughly raked out. There 
after, another charge is made, this consisting of about 
5 parts CaO, 1 part fluorspar, and 1 part sand, which 
becomes the second slag and of course is basic. If the 
sulphur content is found to be above say about 0.04 an 
addition of ferromanganese is advantageously made to 
tie up sulphur as manganese sulfide. The electrodes are 
lowered, the power turned to a high setting for rapid re 
heating and a short refining period at high temperature 
of about 2900 F. to 3000 F. ensues. At this point a 
Second sample is taken for analysis, mainly to determine 
Whether carbon, sulphur and phosphorus contents are 
within tolerable limits. A satisfactory determination in 
this respect is followed by making final additions. For 
an alloy in which a silicon content of about 0.4% and 
an aluminum content of about 0.3% are for example 
desired, the melt is first deoxidized preferably with ap 
proximately 100 pounds of high-purity aluminum, and 
then about 208 pounds of low-carbon ferrosilicon (76% 
Si) and 120 pounds more of high-purity aluminum are 
added. Within about 10 minutes from making these addi 
tions, the furnace is tapped into the ladle and during 
tapping still another 100 pounds of high purity aluminum 
is added, this to the metal stream for final deoxidation, 
and to adjust the desired aluminum content. This total 
charge in the furnace thus illustratively yields an alloy 
containing about 5.7% copper, 0.4% silicon, 0.3% alu 
minum, 92.6% iron, and other tolerable elements up to 
about 1% total, among which are carbon, phosphorus 
and Sulphur each not exceeding about 0.04% and the 
remainder mainly being manganese, chromium and nickel 
from the steel scrap of the charge. About 200 pounds 
of aluminum are added for purposes of deoxidation. The 
ladle is next moved into pouring position, and the melt is 
introduced into molds which in size and shape may de 
pend upon the particular product which is to be produced 
from the ingot. 
As further illustrative of the practice of this inven 

tion an electric induction furnace having a magnesia 
crucible is charged with ingot iron having a low enough 
carbon content in view of any other carbon additions 
for the charge to yield a melt containing about 0.01% 
carbon. Electrolytic copper in proper amounts is also 
charged into the induction furnace, this being followed 
by a melt-down under air. On completion of this opera 
tion the melt is deoxidized as for example with calcium 
manganese-silicon or with aluminum, the aluminum being 
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preferred. After deoxidation has been completed, the 
melt is finally adjusted in alloy content, at which time 
an addition is made from the group consisting of alumi 
num, titanium, zirconium and silicon. Should aluminum 

8 
ture of about 1600 F. to 1800 F. and samples eventually 
were cut from the strips for test purposes. It will be 
understood that the carbon content of all of the tabulated 
alloys is about 0.01% except for alloy G, wherein the 

be desired either or both for deoxidizing or as a further 5 carbon content is substantially 0.1%. Some few of the 
additive this conveniently takes the form of the pure alloys were hot worked beginning at temperatures within 
metal. Where one or more of silicon, titanium and Zir- the solution temperature range without any further solu 
conium are to be used from the group they may for tion heat treatment prior to cooling in air to room tem 
example be of low carbon ferroalloys thus added to the perature. In the main, however, the tabulated alloys were 
melt. Carbon is neither necessary nor desirable in the 10 given solution heat treatments at the temperatures and 
age hardenable alloys being produced in the furnace, for the periods of time indicated and then were immedi 
though it occurs but within tolerable limits as a con- ately quenched from the solution temperature to room 
taminant such as through having in certain instances high temperature. Also it will be seen that aging treatments 
carbon pig iron present in the charge not to exceed about were then applied, this through heating alloys as solu 
0.1% carbon finally in the melt. The finally adjusted melt tioned and quenched up to the given aging temperatures 
is cast into billet form, the cast metal thereafter being by aging for any of a variety of aging periods of time. 
allowed to cool and solidify as billets. The hardness values noted are respectively those of the 

Continuing still further by way of illustration, a variety alloys in the as solutioned and cooled pre-aged condition 
of billets were produced each having a different alloy and in the aged condition. In most instances yield strengths 
composition within the general ranges set forth herein, 20 and ultimate tensile strengths are indicated corresponding 
this by providing corresponding melts and casting in the ly for the as solutioned quenched alloy and for the alloy 
manner just described. Test results based on various en- after the aging heat treatment. In some cases, though, these 
suing treatments in keeping with the practice of this values on strength have been omitted with reliance upon 
invention are indicated in Table I. Billets of all of the the hardness values before and after aging as being in 
alloys noted were hot rolled producing strip at tempera- 25 dicative. 

TABLE I 

As-Solu 
tioned Aged 0.2% 
hard- hard- offset 
neSS, Aging ness, yld. Ultimate Elong. 
Rock- treatment, Rock- Str., tens. in 2 in., Alloy Composition Solution Eleat Treatment well F. Wel p.s.l. Str., p.s. i. percent 

Alloy: 
1,650 F.--2 hr., water quenched.--- B90 90013 hr. C28 -------------------------------- 
1,650 F-1 hr., water quenched.---- B96 ------------------------ 77,900 84,800 6 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 90012 hr. B102 101,100 109,200 14 

1,750 F-4 hr., water quenched.--- B100 90012 hr. C32 -------------------------------- 
A------- 5.7% Cu, 0.25% Al-------------------do- 97,000 9 

- - W - - 139,000 147,000 13 
1,850 F.--3 hr., water quenched.--- C25 9001 hr. C38 ------------------- ------------- 
----do-. 112,300 10.5 
- - - - - - - - y 161,300 1.3 

l,650 F.-45 hr., water quenched.--- B94 ------------------------ 88,800 95,400 9.3 
- a - - - - - - 3: E. S. a - - - - - - B------- 7.2% Cu, 0.33% Al--------------- 1,750 F.-6 hr., water quenched.--- C24 900/1 hr. C34 

90012 hr. C33 
o hed 900/1 hr. C38 .. C------- 7.0% Cu, 0.89% All--------------- (16 F-4hr water quenched. Bs2. --goojhr. C27 

- - - - -g002 hr., C28 

D------- 6.8%, Cu, 0.72%. Ti 1..............., uv "22 it wave quilvittu --- Dvo -----g00/ihr. C36 - - - - - 
90012 hr. C36 147,000 153,000 8 

i,650°F.5% hr., water quenched BS5 : E. 83. 139,300 145,300 7 65 - r., Water quenched- . E------- 5.75% Cu, 0.89%. Til--------------(:::::A; Yate. Sinched: B85 C25 
1.65 F.-4 hr., water quenched 
----00--------------------------------------- 

F------- 6.40% Cu, 0.75% Si--------------- 1759F-4hr water quenched. 47,000 
116,666 7 

- - - - - - 156,000 10.5 

93,300 15 
119,000 9 

G------- 6.7% Cu, 0.10%, C, 0.55% Al 2 

J-------- 6.55% Cu, 0.46%. Si, 0.24% Ti 1---- { 1,65. F-4 hr., water quenche 
K------- 6.05% Cu, 0.23% Al, 0.18% Tii---- 1,650 F.-4 hr., water quenched ----do--------------------------------------- 
L------- 5.60% Cu, 0.30% All-------------- {1,6EF-34 hr, water quenched. B93 
M------- 5.4% Cu, 0.33% Zr --------------- 109F-4hr water quenched. BS 
N... 6.10% cu, 0.27% si, 0.29% z 1...{...F-3 hr water quenched: BS 
O------- 5.75% cu, 0.57% Ti, 0.25%z 1...{105F-4hr water quenched. By 
P------- 6.85% cu, 0.32% A, 0.24% zr 1...(63F-4hr water quenched: 33 

128,000 131,500 
50, 700 59,200 17.5 
89,800 94,500 7 
65,600 77,800 5 
118,000 121,500 8 

91,000 99, 600 10 
118,500 129,000 
103,500 109,000 4, 5 
154,000 160,000 4.5 

9002 hr. C8489 -------------------------------- 
- - - - - - - - - - - - - - - - - - - - - - - - 67,200 84,300 17 

90012 hr. C32 121,000 132,300 2.5 
- - - - - - - - - - - - - - - - - - - - - - - - 65,700 85,500 16.5 

90012 hr. C32 122,000 131,500 9.5 
- - - - - - - - - - - - - - - - - - - - - - - - 85,500 93,500 0.5 

900f2 hr. C30 123,000 131,300 
- - - - - - - - - - - - - - - - - - - - - - - - 62,250 79,500 11.5 

90012 hr. C32 117,750 128,750 8.0 

90012 hr. C88 -------------------------------- 
- - - - - - - - - - - - - - - - - - - - - - - - 68,300 80,300 13.5 

900f2 hr. C33 128,800 137,500 0. 
- - - - - - - - - - - - - - - - - - - - - - - - - 59,500 75, 700 0.5 

90012 hr. C31 109, 500 120,000 9.0 

And Mn less than about 1% maximum, C about 0.01%, S and P each less than about 0.04% maximum, remainder substantially all iron. 
*And Mn less than about 1% maximum, C about 0.1%, S and P each less than about 0.04% maximum, remainder substantially all iron. 
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It will be observed from the preceding tabulated data 

that hardness values are increased through aging and 
that the increases in yield strength and ultimate tensile 
strength are extraordinarily large as a highly important 
result of aging. Ductility of the aged alloys, moreover, 
comes to within a thoroughly acceptable range, this re 
membering too that each of the alloys represented was 
satisfactorily hot worked prior to being water quenched 
or air cooled to be in readiness for the aging treatment. 

Accordingly it will be appreciated that in the present 
invention ferrous base copper alloys and a method are 
provided wherein the various objects noted together with 
many thoroughly practical advantages are successfully 
achieved. The alloys are in fact of relatively low alloy 
content and yet offer such important advantages as being 
capable of being remarkably enhanced in yield strength 
and ultimate tensile strength through being Solution heat 
treated and then aged at temperatures which sensibly 
are far below solution temperatures, and further it will 
be appreciated that prior to being aged the alloys are 
hot workable by rolling, forging, or the like, and indeed 
are workable and capable of being fabricated at or near 
room temperatures, with a view toward the resulting 
articles and products subsequently being hardened by 
heating at aging temperatures if the intended purpose 
of the products and articles so demands that strength thus 
is to be enhanced. The alloys held at aging temperature 
for strength enhancement and hardening, accordingly, 
are at relatively mild temperature as compared with 
solution temperatures, and so products and articles which 
are produced from the as solutioned alloys by such steps 
as those which include cold working and fabricating are 
on many occasions types which are spared a re-heat to 
the more rigorous solution temperature and a re-cooling 
prior to being aged. 
Inasmuch as many embodiments may be made of this 

invention, and as many changes and modifications may 
be made of the disclosed embodiments, it will distinctly 
be understood that the foregoing disclosure is to be con 
sidered as illustrative, and not as a limitation. 
We claim: 
1. A ferrous base copper alloy consisting essentially 

of 3.0% to 8.0% copper, an addition agent in the amount 
of 0.2% to 1.0% consisting of at least one element of 
the group of aluminum, silicon, titanium and Zirconium, 
an incidental amount to 1.0% manganese, a trace to 
0.1% each of carbon, sulfur and phosphorus, and the 
balance iron, said alloy being in a precipitation hardened 
condition, thus having been solution heat treated for a 
period of time of at least about 4-hour to 2 hours with 
in the approximate temperature range of 1500 F. to 
1850° F., with said temperature substantially low in 
said range for at least said alloy having carbon most 
proximate to 0.1%, and said solution heat treated alloy 
aged within the approximate temperature range of 500 
F. to 1000 F. for a period of time consistent with 
average duration of said aging period being a variable in 
inverse order with temperature from about 72-hour for 
the highest temperature in said aging temperature range 
to about 25 hours for the lowest temperature in said 
aging temperature range. 

2. A precipitation hardened ferrous base copper alloy 
of claim 1, characterized by having said addition agent 
in the amount of 0.2% to 1.0% consist of silicon and 
at least one element of the group of aluminum, titanium 
and zirconium. 
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10. 
3. A precipitation hardened ferrous base copper alloy 

of claim 1, characterized by said carbon being from 
face to an amount more proximate to 0.04% than to 

O. 

4. A precipitation hardened ferrous base copper alloy 
of claim 1, characterized wherein the amount of said 
addition agent is 0.30% to 0.75%. 

5. A precipitation hardened ferrous base copper alloy 
of slaim 4, characterized by said copper being 4.5% to 
7.0%. 

6. A precipitation hardened ferrous base copper alloy 
f claim 1, characterized by said copper being at least 
.5%. 
7. A precipitation hardened ferrous base copper alloy 

of claim i, characterized by said carbon being from a 
trace to substantially 0.04% maximum. 

8. A precipitation hardened ferrous base copper alloy 
of claim 2, characterized by said copper being 4.5% to 
7.0% and said addition agent being in amount of 0.30% 
to 0.75%. 

9. A ferrous base copper alloy consisting essentially of 
3.0% to 8.0% copper, an addition agent in the amount 
of 0.2% to 1.0% consisting of at least one element of 
the group of aluminum, silicon and titanium, an incidental 
amount to 1.0% magnanese, a trace to 0.1% each of 
carbon, sulfur and phosphorus and the balance iron, said 
alloy being in a precipitation hardened condition, thus 
having been solution heat treated for a period of time of 
at least about 4-hour to 2 hours within the approximate 
temperature range of 1500 F. to 1850 F., with said tem 
perature substantially low in said range for at least said 
alloy having carbon most proximate to 0.1%, and said 
solution heat treated alloy aged within the approximate 
temperature range of 500 F. to 1000 F. for a period of 
time consistent with average duration of said aging period 
being a variable in inverse order with temperature from 
about 1/2-hour for the highest temperature in said aging 
temperature range to about 25 hours for the lowest tem 
perature in said aging temperature range. 

10. A precipitation hardened ferrous base copper alloy 
of claim 9, characterized by having said addition agent in 
amount of 0.2% to 1.0% consist of silicon and at least 
one element of the group of aluminum and titanium. 

1. A precipitation hardened ferrous base copper alloy 
of claim 9, characterized by said carbon being from a 
E. to an amount more proximate to 0.04% than to 
0.1%. 

12. A precipitation hardened ferrous base copper alloy 
of claim 11, characterized by said copper being 4.5% 
to 7.0% and said agent being 0.30% to 0.75%. 

13. A precipitation hardened ferrous base copper alloy 
of claim 9, characterized by said carbon being from a 
trace to substantially 0.04% maximum. 
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