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This invention relates to a process for increas-
ing the mechanical strength properties of steel.
Tt is known that in general, the tensile strength
and elastic limit of cold worked steel continually
decrease when annealing at temperatures above
about 350° C. in proportion as the temperature

. and the period of annealing increase, whilst the
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deformation value increases at the same time.

In contradistinction to the foregoing, it has
been found that the mechanical strength proper-
ties of a steel which has been worked helow its
A:-point and preferably below 550° C., and which
contains copper preferably to the extent of 0.4 to
39, with a maximum of 5% thereof, can be in-
creased to an effective degree by annealing at tem-
peratures between about 350° and 600° C.

The progress of the tensile strength, elastic
limit and the elongation, with increasing anneal~
ing temperatures may be perceived for a carbon
steel from the attached Fig. 1 and for a chromium
copper steel from Fig. 2.

In the steel investigated in Fig. 1, it is a. ques-
tion of a steel of circular cross-section cold-
drawn to the extent of about 6% and containing
0.299% of carbon. - The curves allow the progress
of the tensile strength properties and the elonga-
tion to be perceived on annealing for two hours.
Dependent on the chemical composition and upon
the extent of the cold working, there is observed
up to an annealing temperature of about .300°
inter alia a certain small increase in tensile
strength and elastic limit in excess of the initial
values. These phenomena come under the prov-
ince of “ageing”.

Fig. 2 relates to seamless tubing consisting of
chromium copper steel containing 0.2% carbon,
0.39% silicon, 0.8% manganese, 0.4% chromium
and 0.8% copper. The tubes are cold drawn by
about 8% and are annealed for one hour at in-
creasing temperatures and are tested at room
temperature. The curves allow the progress of
the elastic limit or the 0.2 limit, the tensile
strength and the elongation to be followed in re-
lation to the annealing temperatures. As is
known, the elastic limit and tensile strength of
cold drawn carbon steels are increased by an
annealing treatment above 300° to 350° which has
been carried out for a duration of more than half
an hour. This is also to be seen from the curve
of Fig. 1. In contradistinction to this normal
behavior such steels which contain more than
0.49% copper and up to about 0.4% carbon do not
surrender a continuous decrease of their tensile
strength if they are annealed in accordance with
the present invention but they show in the rangeé

between 400 and 550° C. in accordance with the
annealing duration a distinct increase of their
strength qualities as compared with the original
state. Thus the normal decrease in the tensile
strength is superimposed between 400 and 550° C.
by a new phenomenon which results from the
precipitation of a dissolved copper excess. Simul-
taneously the elongation and toughness are great-
ly increased. If the annealing temperature and
the period of annealing are suitably adjusted,
after annealing for six hours, for example, at 450°
C., the values of 75 kilograms per sq. mm. for the
elongation limit, 84 kilograms per sq. min. for the
tensile strength and the elongation of 12% are
obtained. At the same time the resistance to os-
cillatory or vibratory stresses is considerably in-
creased by the annealing treatment.

As the experiments of the applicant have
shown, the increase in the tensile strength prop-
erties of this cold worked copper alloy steel is to
be attributed to the seraration hardening caused
by an excess of copper in solution, which is su-
perimposed over the normal decrease in the ten-
sile strerigth and the elastic limit. The maximum
annealing temperature and the maximum anneal-
ing period are determined by the amount of ex-
cess dissolved copper and by the extent of the
cold working, these two factors work in the same
sense. The higher the excess is of dissolved
copper and the greater the extent of the cold
working, then the maximum tensile strength
properties will be reached at a lower tempera-
ture given a suitable period of working. The
lower limit to this femperature may be considered
to be 350° C. and the upper limit 600° C. In
general, temperatures lying below 500° C. and an-
nealing periods which for technical reasons,
amount to from 1 to 6 hours, are preferable.
By combining different annealing temperatures
and different periods of annealing, it is possible
to get very different grades of tensile strength
properties. The particular characteristics of the
properties attained in this way are a high propor-
tion of the elastic limit and relatively high def-
ormation values.

The shaping and annealing may advantageous-
1y be effected in the same working, which entails
advantages from economical standpoint. Work-
ing the steel and effecting deposition hardening
at the same time thus leads to a very consider
able increase in the elongation limit and tensile
strength. Thus by stretching a copper alloyed
steel to the extent of 10% at 450° C., said steel
having in the rolled state an elastic limit of 38
kilograms per sq. mm. and tensile strength ot 55

60

65

70

5

80

85

90

95

100

105

110



10

15

20

25

30

35

40

45

50

55

60

65

2

kilograms per sq. mm.,, the elastic limit will in-
crease to 60 kilograms per sq. mm. and the tensile
strength to 67 kilograms per sq. mm. with excel-
lent values for the elongation and toughness.

The carbon content of the copper alloyed steels
should preferably not exceed 0.4% since the fer-
rite is the carrier of the hardness on annealing.
This implies that the ferrite content of the cop-
per alloyed steels treated according to. the in-
vention should preferably be kept high for ob-
taining the desired tempering hardness. The
steels must therefore contain as little iron-com-
bined carbon as possible; for this reason, it is
recommended to use carbon contents below 0.4%.
With increasing carbon content, the percentage
of ferrite is lowered, as is known.

Since the ferrite is regarded as the carrier of
the tempering hardness, this reduces the possi-
bility of improving the strength qualities by tem-
pering or annealing even in the case of a suffi-
cient amount of copper capable of precipitation
or separation. The limit of 0.4% must there-
fore be maintained as the upper limit. The spirit
of the invention is not altered by adding certain
amounts of other austenite formers (below 2%)
individually or in combination to the copper
alloyed steel, this being desirable in view of pro-
ducing a high toughness, such austenite formers
are, as is known by anyone skilled in the art,
chromium, manganese and silicon which are
mentioned in the above given example and fur-
thermore nickel, vanadium, molybdenum, tung-
sten and cobalt.

The cold shaping may be carried out in the
usual way and within the usual limits, for ex-
ample, by drawing, rolling, upsetting or pressing.

I claim:—

1. A process for increasing the mechanical
strength properties of steel, which comprises cold
shaping a steel containing carbon only in low
amounts lying not substantially above 0.4% and
about 0.4 to 5% of copper annealing it at tem-
peratures lying between about 350° and 600° C.
during a considerable duration of time in which
the state of equilibrium in respect to the general
strength qualities is practically reached.

2. A process for increasing the mechanical
strength properties of steel, which comprises cold
shaping a steel containing carbon only in low
amounts lying not substantially above 0.4% and
0.4 to 3% of copper and annealing it at tem-
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peratures lying between about 350 and 600° C.
during a considerable duration of time in which
the state of equilibrium in respect to the general
strength qualities is practically reached.

3. A process for increasing the mechanical
strength properties of steel, which comprises cold
shaping in a single working operation a steel con-
taining carbon only in low amounts lying not sub-
stantially above 0.4% and about 0.4% to 5% cop-
per and annealing it at temperatures lying be-
tween about 350 and 600° C. during a consider-
able duration of time in which the state of equi-
librium ‘in respect to the general strength quali-
ties is practically reached.

4, A process for increasing the mechanical
strength properties of steel, which comprises ¢old
shaping a steel containing about 0.4% to 5%
copper and 0.4% carbon, and annealing it at
temperatures lying between about 350 and
600° C. during a considerable duration of time in
which the state of equilibrium in respect to the
general strength qualities is practically reached.

5. A process for increasing the mechanical
strength properties of steel, which comprises cold
shaping a steel containing carbon only in low
amounts lying not substantially above 0.4% and
about 0.4% to 5% copper at the maximum and
2% at the maximum of austenite formers the
balance consisting substantially of iron with the
usual accompanying elements, and annealing it at
temperatures lying between about 350 and 600° C.
during a considerable duration of time in which
the state of equilibrium in respect to the general
strength qualities is practically reached.

6. A process for increasing the mechanical
strength properties of steel, which comprises cold
shaping a steel containing carbon only in low
amounts lying not substantially above 0.4% and
0.4% to 3% of copper and annealing it for a con-~
siderable duration of about 1 to 6 hours at a tem-
perature lying between about 350 and 6006° C.

7. A steel with increased mechanical strength
containing carbon in amounts not exceeding
about 0.4% and copper in an amount between
0.4% and 5% and possessing such improved
strength qualities as are caused by an annealing
treatment of considerable duration at tempera-
tures between about 350 and 600° C. earried out
after a cold shaping operation below the tempera-
ture of re-crystallization,

HERBERT BUCHHOLTZ.
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