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ABSTRACT OF THE DISCLOSURE

A method for manufacturing steel sheet having good
cold formability comprising hot roiling steel which con-
tains less than 0.10% C (less than 0.15% annealing for
decarburlzatlon) less than 0.15% Si, less than 0.25% Mn,
0.4% to 1.5% Cr, less than 0.8% Mo, less than 0.5% Al
and ‘unavoidable impurities, cold rolling at a reduction
rate of more than 30% and annealinig for recrystallization
at a temperature above 700° C.

RELATED APPLICATION

This application is a continuation-in-part of application
Ser. No. 79,685, filed Oct. 9, 1970, now abandoned.

FIELD OF INVENTION

. The present invention relates to a method for manu-
facturing low alloy steel sheet which exhibits superior
heat resistance at moderately high temperatures not ex-
ceeding 600° C. and yet withstands cold formability at an
ambient temperature,

BACKGROUND OF INVENTION

Heretofore, low alloy steels such as 0.5% Mo steel,
0.5% Cr-0.5% Mo steel, 1% Cr-0.5% Mo steel, 1.25%
Cr-0.5% Mo steel and 2.25% Cr-1% Mo steel have been
known to be usable at moderately high temperatures not
exceeding 600° C., and are suitably employed in accord-
ance with the purpose of use. It is particularly well known
that the addition of Cr is effective for the improvement
of heat resistance at higher temperatures; the higher the
temperature to which steels are subjected, the higher the
Cr content.

However, since this steel sheet made from said conven-
tional steel materials is inferior in its cold formability at
an ambient, temperature and is not capable of withstanding
intense cold rollings, it is difficult to manufacture products
in complicated shapes by what is commonly known as the
press working method.

A skin casing for a boiler (a coating made of thin
steel sheet which is used to keep the portion of a boiler
exposed to high temperature air-tight), and an expansion
joint for a duct or the like are both used at considerably
high temperatures. Steel sheets to be shaped into such
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members are treated by severe cold forming operations,
i.e., deep drawing operations or folding a steel sheet along
certain radii of curvature, Therefore, it becomes necessary,
in case steel sheets incapable of withstanding such cold
forming are employed, to make each constituent part
separately, using steel materials suitable for the extent of
working required, and assemble the parts thus prepared.
This inevitably results in a cost increase.

Steel sheets made from conventional heat-resisting low
alloy steel are not provided with good cold formablhty
sufficient for such working as mentioned above. It is,
therefore, desirable to find a method for producing steel
sheet which has excellent heat-resistance and good cold
formability.

In contrast to the aluminum-killed steels of this inven-
tion, rimmed steels are known. As explained by Rinesch
in U.S. Pat. No. 3,488,187, rimmed steels containing a
small amount of chromium have a characteristic of lessen-
ing strain aging. Rimmed steels, containing tungsten as an
essential component, are described, for example, by Naga-
shima et al. in U.S. Pat. No. 3,642,468.

As explained in the “Handbook of Iron and Steel
Stocks,” The Iron and Steel Institute of Japan and The
Metal Institute of Japan, section 12.1 at page 505: “Since
proper rimming action is required for a rimmed steel in-
got, its chemical composition is restricted; ordinarily C
content is defined as less than 0.30% and Mn content as
less than 0.50%. It is impossible to make the rimmed steel
contain a large amount of a strong deoxidizing agent, such
as Al or Si.” In section 12.2 at page 515, killed steels are
noted, viz: “In order to maintain the characteristic fea-
tures of a killed steel ingot, it is necessary that it contain
more than 0.25% of Si and more than 0.020% of acid
soluble Al in the steel ingot.”

The distinctions between rimmed and killed steels are
also provided in the text: “The Making, Shaping and
Treating of Steel;” United States Steel; 1957; 7th edition,
at pages 396, 397.

Killed steels are described in U.S. Pat. No. 3,496,032,
and a core killed steel the outside of which is a rimmed
steel and the inside of which is a killed steel is described
in U.S. Pat. No. 3,556,366.

SUMMARY OF INVENTION

In view of the circumstances as above mentioned, the
present invention was developed to provide a novel
method for manufacturing aluminum-killed steel sheet
having various characteristics required of steel, i.e, good
cold formability and heat resistance at high temperature.
The method comprises hot rolling steel which contains,
by weight, less than 0.10% of C (0.15% at the maximum
in case decarburization annealing follows the rolling),
less than 0.15% of Sl, less than 0.25% of Mn (prov1ded
the amount of Mn is such that the ratio of Mn to S is
more than 8), 0.4% to 1.5% of Cr, less than 0.8% of
Mo, less than 0.5% of Al and unavoidable impurities,
cold rolling the same under the reduction rate of more
than 30% and then annealing at a temperature above
700° C.
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The chemical compositions of steel materials prepared
for the present invention and comparative materials
thereof are shown in Table 1.

4

of the steel to the grain boundary may be measured. Upon
heating steel at a high temperature in the atmosphere for
a long time, the oxidation develops from the steel surface

TABLE 1
Chemical composition (percent)
C 8i Mn P 8 Cr Mo Al Note
0. 021 0.08 0.14 0.004 0.008 0.78 0.48 0.035
0.070 0.05 0.19 0.003 0. 007 0.92 0.51 0.028
0.073 0.07 0.22 0.003 0. 009 0.59 Tr. 0.042
0. 056 0.05 0.19 0. 003 0.008 0.60 0.16 0.040
0.094 0.12 0.25 0.011 0.013 1.46 Tr. 0.43
0.081 009 0.25 0.010 0.008 2.45 1.03 0.032 ) Outside the
0.079 0.09 0.21 0.008 0.010 3.30 Tr. 0.043 ¢ scope of the
invention.
[ S-S 0.14 0.28 0.53 0.019 0.012 0.90 0.51 0.007 Comparative
materials.
| R, 0.11 0.28 0.44 0.014 0.007 2.16 0.94 0.021 Do.
10 0.08 0.36 0.43 0.096 0.016 0.67 e 0%1; Do.

It is noted that the test pieces 6 and 7 have chemical
compositions which are outside the ranges given for the
present invention. They were prepared to determine the
appropriate ranges of the chemical composition. Test
pieces 8, 9 and 10 are conventional steels shown for com-
parison.

Generally the term “heat resistance™ denotes oxidation
resistance and strength of steel at high temperatures, and
it is widely known that Cr, Al and Si in the steel have an
effect on oxidation resistance, while Cr and Mo, especial-
ly. Mo, are effective to improve the strength at high tem-
peratures. Test pieces 8 and 9 of Table 1 are heat re-
sisting steels widely in use. Test piece 8 is STBA (or
STPA) 22 and test piece 9 is STBA (or STPA) 24 accord-
ing to the Japanese Industrial Standard (JIS), respective-
ly. These heat resisting steels are mainly used at a tem-
perature ranging between 550° C. and 600° C. The test
piece 10 of the same table is a steel which contains Cu
and P besides Cr and the like elements and is known to
be. superior in weather resistance at normal temperature;
it also has good oxidation resistance at high temperature.

The range of chemical compositions in the steels to be
used in the method of the present invention is determined
as above for the following reasons.

_ The upper limit of C content is 0.10% because the
strength of the stee! becomes so high that press working
becomes difficult when the C content exceeds this limit.
In, case decarburization annealing is included in the
schedule it is basically unnecessary to impose any limit
upon. the amount of C content, but more than 0.15% of
C in the steel is unfavorable from the standpoint of ef-
ficiency.

It is preferable in respect of the cold formability that
the Si content should be as small as possible. On the
other hand, Si addition in a very small amount is effective
to stabilize the steel in manufacture so that the upper limit
for Si content is determined at 0.15%.

It has been observed that Mn addition influences the
deep drawability as well as the strength of steel. Although
the steel of the present invention may contain as much
as 0.25% of Mn, the preferable range is between 0.10%
to 0.20%.

The upper limits of Cr, Mo and Al addition for the im-
provement of the heat resistance are 1.5%, 0.8% and
0.5%, respectively, because the steel containing these
elements in excess of the given amount results in in-
creased strength and insufficient deep drawability and
stretchability, thereby failing to serve the desired pur-
poses. As indicated hereinabove, the aluminum-killed
steel will contain more than 0.020% of aluminum.

. Usually ‘the strength of a steel at high temperature is
referred to as tensile strength. However, in the steels to
be used for the purposes as hereinabove mentioned, the
fatigue resistance at high temperatures is more relevant.
The addition of Cr shows a remarkable effect in this re-
spect, which is augmented by the presence of Mo.

As one of the indices which indicate these character-
istics in the steel, the rate of oxidation from the surface
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to the grain boundary which becomes the root of a crack
to reduce greatly the fatigue resistance.

‘The results of examination on the oxidation in the grain
boundary on the test pieces in Table 1 after they are heated
at 600° C. for 168 hours are shown in Table 2.

TABLE 2
Oxidation in the grain boundary after heating

(600° C., 168 hours)
Test piece: Results
19 Oxidation not perceived in grain
boundary.
10 o Ozxidation perceived in grain
boundary.

It is assumed that the fatigue resistance of test piece 10
at high temperature is low although the oxidation re-
sistance is excellent because of the Cu and P additions.

The test pieces are heated in the atmosphere for 500
hours at 500° C. and 600° C. to measure the total amount
of oxidation for further reference. The amount of oxida-
tion increased per every surface unit area in each test
piece as shown in Table 3.

TABLE 3

Amount of oxidation

increased (mg./cm.?)
500° C. 600° C.
1.05 7.01
1.03 6.67
1.10 7.20
1.08 7.18
0.84 2.97
0.89 3.33
0.60 2.85
1.03 6.77
9 ; 0.86 3.28
30 i 0.92 6. 99
Al-killed steel. . v miceaeeaian 1.48 13. 04

The table also shows, for comparison, the results for
the extra-soft Al-killed steel which is in wide use as steel
for deep drawing. The Table leads to the conclusion that
all of the test pieces containing Cr are far superior in oxi-
dation resistance to conventional extra-soft Al-killed steel.

One of the characteristics of the steel sheet in accord-
ance with the present invention is that it exhibits good
cold formability at a normal temperature. The mechani-
cal properties of test pieces in Table 1 are shown in Table
4. The test pieces are hot rolled to a plate thickness of 5.0
mm., cold rolled to a thickness of 1.6 mm. (a reduction
rate of 68%), and then annealéd at 750° C., the process
being the same as that for producing ordinary cold rolled
steel plate for drawing. Test pieces 6, 8 and 9 are an-
nealed at 750° C. following the hot rolling in order to re-
duce the hardness. . ‘

The average plasticity anisotropy (r), Erickéen value
and conical cup values which are considered to indicate
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the deep drawability and stretchability are shown in Table
5.

TABLE 4

Yielding Tensile Elonga- Yielding
point  strength tion ratio
(kg (kg./ (per- (per-
mm.2 mm.2) cent) cent)
Test piece:

lp 22.5 35.6 40.3 63
23.7 35.9 48.5 66
21.3 32.3 49.7 66
23.5 33.8 51,2 69
311 41.8 38.2 74
43.3 55.4 36.8 78
42,0 54,7 37.3 7
38.9 52.2 34.0 74
48.8 60.6 33.5 80
28.8 41.2 38.3 70

TABLE 5
Ericksen Conieal
. value cup value
T (mm.) (mm.)

Test plece:

——- 1.34 11.9 60.5
1,22 11.6 60.4
1.20 1.7 60.2
1.25 11.8 60.7
1.35 10.4 61.2
1.15 10.0 61.8
110 9.6 61.5
1.05 9.4 62.3
1.16 9.6 62.3
118 10.6 6L5

These two tables indicate that despite the presence of
Cr, Mo, Al and the like elements which are added to give
heat resistance, the steels in accordance of the present
invention exhibit high strength at a normal temperature

and excellent drawability. Moreover, such values as r,
Ericksen and conical cup values are of the same level as
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those of ordinary cold rolled steel sheets having low car-
bon content.

As aforementioned, a steel sheet made from a steel hav-
ing the chemical composition of the present invention by
hot rolling, cold rolling at a reduction rate of more than
30% and then annealing at a temperature above 700° C.
exhibits sufficient cold formability so that it is suitable for
press workings in complicated shapes. It also has good
heat resistance suitable for use at moderately high tem-
peratures not exceeding 600° C.

What is claimed is:

1. A method for manufacturing aluminum-killed steel
sheet having good cold formability and heat resistance
at high temperatures comprising hot rolling steel consist-
ing essentially of, by weight, up to 0.10% C, up to 0.15%
Si, up to 0.25% Mn, from 0.4% to 1.5% Cr, up to 0.8%
Mo, up to 0.5% Al and unavoidable impurities, and hav-
ing a ratio of Mn to S of more than 8, cold rolling at a
reduction rate of more than 30% and annealing for re-
crystallization at a temperature above 700° C.

2. A method for manufacturing aluminum-killed steel
sheet having good cold formability and heat resistance at
high temperatures comprising hot rolling steel consisting
essentially of, by weight, up to 0.15% C, up to 0.15% Si,
up to 0.25% Mn, from 0.4% to 1.5% Cr, up to 0.8% Mo,
up to 0.5% Al and unavoidable impurities, and having a
ratio of Mn to S of more than 8, cold rolling at a reduc-
tion rate of more than 30% and decarburizing annealing
for recrystallization at a temperature above 700° C.
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