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DESCRIPTION

Thin Cast Strip and Thin Steél Sheet of Common

Carbon Steel Containing Large Amounts of Copper and

Tin and Process for Producing the Same

TECHNICAL FIELD

The present invention relates to a thin cast strip
and a thin steel sheet of a common carbon steel produced
by using as a raw material molten steel containing large
amounts of copper and tin obtained by melting and
refining scrap iron or tin plate scrap generated, for
example, by dismantling of automobiles or electric
appliances, and a process for producing the same.

BACKGROUND ART

In the prior art, in order to reuse scrap iron, tin
plate scrap, etc., these scrap metals had to be fed in
suitable amounts into molten steel at the time of
refining of the molten steel. The molten steel
containing the scrap iron and the like was then refined
and subjected to ingot making or continuocus casting to
prepare an ingot or a slab having a thickness of not less
than 100 mm which was then rolled to prepare a thin sheet
or the like.

Particularly in recent years, however, the amount of
copper contained in scrap iron has become large. When an
ingot or a slab containing the scrap iron or tin plate
scrap is hot-rolled and, if necessary, then cold-rolled
to prepare a thin steel sheet having a thickness in the
range of from 0.1 to 15 mm, red-shortness occurs in the
ingot or cast strip in the course of the hot rolling and
hot tear frequently occurs, which makes it difficult to
conduct hot rolling, so that the production of the above-
described thin steel sheet becomes very difficult.

The red-shortness occurs as follows. When a cast
strip or the like is heated before hot rolling, since
copper (Cu) and tin (Sn) are less likely to scale, they
are enriched on the surface layer portion of the cast
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strip without being rsmoved as a scale. The enriched Cu
and Sn form a low-melting liquid film and, at the same
time, are unevenly distributed at grain boundaries, which
renders the grain boundaries fragile at a hot rolling
temperature, so that red shortness Qccurs.

Further, Cu and Sn are ingredients which are
difficult to remove from molten steel by refining.

Therefore, scrap iron and the like containing large
amounts of Cu and Sn are blended little by little in many
divided charges for use in lowered Cu and Sn
concentrations.

The above method, however, presents the problem that
the Cu and Sn concentrations of the steel product
gradually increase during a use cycle for a long period
of time. Further, the control and work associated with
the blending of the scrap iron little by little in many
divided charges are very troublesome.

In order to solve the above problem, as described in
vTekko To Gokin Genso" (volume one), 1967, pp. 381 and
385, the addition of Ni ifi 'an amount satisfying the
following formula to molten steel has been carried out in
the art. N

Ni%21.6 (Cu%+6Sn%)

It is considered that Ni added to the above-
described molten steel co-exists in a Cu-enriched layer
in the grain boundary, which is an origin of the above
cracking, and serves to increase the melting point of
that portion and to increase the solubility of Cu in the
matrix, so that it prevents the occurrence of a liquid
film.

However, for a molten metal containing large amounts
of Cu and Sn, for example, 0.3 to 10% by weight of Cu and
0.03 to 0.5% by weight of Sn, the necessary Ni
concentration amounts to 0.8 to 21% by weight, which is a
large problem from the viewpoint of cost and also from
the viewpoint of properties due to occurrence of uneven
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surface plating and poor descaling derived from intermal
oxidation.

The present invention has been made with a view to
solving the above problems, and an cbject of the present
invention is to provide a thin cast strip and a thin
steel sheet having a desired thickness and no surface
cracking from a molten metal comprising common carbon
steel ingredients, with scrap iron and tin plate scrap

. containing a large amount of Cu being added thereto.

Another object of the present invention is to
efficiently provide a thin cast strip and a thin steel
sheet having a desired thickness and no surface éracking
without conducting troublesome control and work wherein
scrap iron or tin plate scrap containing a large amount
of Cu is blended little by little.

A further object of the present invention is to
provide a thin cast strip and a thin steel sheet having a
desired thickness and no surface cracking from a molten
steel comprising common carbon steel ingredients not
containing Ni and, added thereto, scrap iron and tin
plate scfap containing a large amount of Cu being added
thereto.

A further object of the present invention is to
provide common carbon steel thin cast strip and thin
steel sheet which contain large amounts of Cu and Sn and
have excellent mechanical properties and surface quality.

DISCLOSURE OF INVENTION

In order to attain the above objects, the present
inventors have made various studies on cast strips
comprising common carbon steel ingredients and, added
thereto, sc¢rap iron containing Cu and Sn and, as a
result, have found that when the microstructure of the
cast strip is brought to a fine dendrite structure having
a primary dendrite spacing in the range of from S to
100 um, a cast strip having no significant variation in
strength and elongation and a surface cracking depth of
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not more cthan 30 um, i.e., and a very excellent surface
appearance, can be prepared without adding Ni.

A cast strip having the above-described dendrite
structure can be prepared by rapidly cooling molten steel
containing large amounts of Cu and Sn at a cooling rate '
of 1 to 10%°C/sec (heat removal rate (Q) of casting roll:
5,000,000 to 15,000,000 kcal/m?2/hr) to prepare a thin
cast strip having a sheet thickness in the range of from
0.1 to 15 mm and, if necessary, conveying the cast strip
so as not to hold the cast strip at a temperatura of
1000°C or above for 10 sec or longer.

More specifically, iron scrap is charged and
dissolved in molten steel to homogeneously disperse the
elements as ingredients, such as Cu and Sn, and in this
state, the molten steel is rapidly cooled. Since the
cast strip is rapidly solidified to form a thin sheet,
there is substantially no flow time for the molten metal
in the massy zone at the center portion of the cast
strip, so that macrosegregation does not occur in the
center portion of the cast strip.

Further, since the diffusion rate of Cu and Sn is
inversely proportional to the second power of the primary
dendrite spacing, the formation of a structure having a
small primary dendrite spacing by rapid solidification of
molten steel can increase the diffusion rate of Cu and Sn
in the primary dendrite spacing, thereby enabling the
degree of segregation between dendrites to be remarkably
lowered. Thus, a thin cast strip having a fine dendrite
structure free from segregation can be provided.

Further, since a thin cast strip corresponding to a
hot-rolled material is produced directly from a molten
metal, heat treatment such as that conducted for hot
rolling is not necessary, So that the segregation of Cu
and Sn on the surface layer of a cast strip does not
occur, which enables a cast strip having an excellent
surface appearance free from surface defects to be

produced.
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In some cases, the temperature of the cast strip
after emergence from the casting device reaches or
exceeds 1000°C due to recuperation, and if it is held at
that'temperature for 10 sec or longer, surface
segregation of Cu or the like may occur. For this
reason, in order to more stably provide a thin cast
strip, it is preferred to water-cool the cast strip in
the course of conveying to lower the cast Strip
temperature to 1000°C or below. '

The thin cast strip having a thickness of 0.1 to
15 mm thus obtained has a fine dendrite structure having
a primary dendrite spacing of 5 to 100 um, preferably S
to 70 um, at least at its surface layer portion. The
primary dendrite spacing at the center portion of a thin
cast strip having a sheet thickness of 15 mm is about 300
um. In this case, the formation of a primary dendrite

-spacing of 5 to 100 um on the surface portion thereof,

that is, at a depth of about 2 mm from the surface of one
side thereof, enables the rate of diffusion of Cu and Sn
into the matrix during solidification or immediately
after the solidification to be sufficiently accelerated,
which contributes to a reduction in microsegregation
between dendrites. Thus, since the segregation of the
surface layer into the grain boundary can be prevented,
the object of the present invention can be attained.

In the present invention, the as-cast thin cast
strip or the thin cast strip, which has been pickled
after casting, is used as a product corresponding to a
hot-rolled steel sheet. In addition, the thin cast strip
can also be pickled, cold-rolled and then amnealed to
produce a cold-rolled steel sheet product.

In this case, since the annealing is carried out at
a heating temperature of 800 to 900°C, no problem
associdted with red-shortness occurs. Further, since
enrichment of Cu, Sn and the like does not occur, surface
cracking caused by conveying or cold rolling does not

occur.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing the relationship between
the depth (mm) f£rom the surface of a cast strip and the
primary dendrite spacing (pm); and Fig. 2 is a schematic
parcially sectional front view of a twin roll continuous
casting machine.

BEST MODE FOR CARRYING OUT THE INVENTION

The best mode for carrying out the invention will
now be described. '

At the outset, the chemical ingredients constituting
the present invention will be described.

When the material of the present invention is used
as a material for hot-rolled steel sheet, the fundamental
chemical ingredients thereof are those of common carbon
steel sheets of steel product designation “SPHC"
specified in JIS G313l (corresponding to a hot-rolled
soft steel sheet for a gemeral structure: ASTM A621-82),
steel product designation "SS41" specified in JIS G3101
(corresponding to a hot-rolled soft steel sheet for a
general structure: ASTM AS569-72), steel product
designation "SPH3" specified in JIS G3132 (corresponding
to a hot-rolled carbon steel strip for a steel pipe: SAE
1026) and steel product desigmation "S48C" specified in
JIS G4051 (corresponding to a carbon material for machine
structural use; ASTM A446-85).

On the other hand, when the thin cast strip of the
present invention is cold-rolled, the fundamental
chemical ingredients of the cold-rolled steel sheet are
those of a common carbon steel sheet of steel product
designation "SPCC" specified in JIS (corresponding to a
cold-rolled steel sheet for a general structure: ASTM
A619-82).

Representative percentage compositions of a material
corresponding to a hot-rolled steel sheet and a cold- -
rolled steel sheet are as follows.

(Material corresponding to hot-rolled steel sheet)
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c . §i Mn P
0.03-0.5 0.01-0.3 0.1-2 0.001-0.05

S Fe |
0.001-0.05 Balance

(Cold-rolled steel sheet)

C Si Mn P
0.03-0.05 0.005-0.01s8 0.1-0.2 0.005-0.02
S Fe

0.002-0.01 Balance

0.3 to 10% of Cu and 0.03 to 0.5% of Sn are added to
the above fundamental chemical ingredients. Steels
having Cu and Sn contents below the above lower limits
can be produced by a conventional process, that is,
continuous casting or ingot-making — hot rolling — cold
rolling — pickling — annealing, without the use of the
process of the present invention.

In most cases, the contents of Cu and Sn contained
in scrap iron do not exceed the above upper limits. For
this reason, in the present invention, the amounts of Cu
and Sn added are limited to the above respective ranges.

The process for producing a steel according to the
present invention will now be described.

. Molten steel with scrap iron, tin plate or the like
being charged and dissolved therein in an early stage of
refining of steel is refined and cast into a thin cast
strip, for example, by a twin roll continuous machine
shown in Fig. 2.

In the drawing, numeral 2 designates a tundish which
serves as a reservoir for the molten steel 1 and, at the
same time, to pour the molten steel through a nozzle (not
shown) provided at a lower part of the tundish into a
molten steel pouring basin 5 comprising cooling rolls 3a,
3b and side we;rs 4a, 4b. The cooling rolls 3a, 3b are
each a roll having an internal cooling portion in the
inside thereof and comprising a material having a high
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heat transfer coefficient, for example, copper, and
provided horizontally‘and parallelly and further
rotatably in the direction of an arrow while leaving a
space thers between corresponding to a desired cast
strip.

The molten steel 1 poured into the pouring basin S
is cooled with the cooling rolls 3a, 3b to form a |
solidified shell S on the cooling rolls 3a, 3b. The
thickness of the solidified shells S is increased with
the rotation of the cooling rolls, and the solidified
shells S are integrated with each other at a kissing
point 6 to form a cast strip 7. The cast strip 7 is
drawn downward and conveyed to a coiler (not shown) by
means of conveying rolls 8a, 8b. Numerals 9a, 9b
represent cleaners for cleaning the surface of the
cooling rolls.

The most important feature of the present invention
resides in the primary dendrite spacing of the casting
structure. Therefore, the cooling solidification rate of
the molten steel which governs this spacing, that is, the
average rate of cooling (heat removal rate Q of casting
roll) from the liquidus line temperature to the solidus
line temperature. This cooling rate is the rate of
cooling of the molten metal from the time it is located
in the vicinity of the surface of the pouring basin 5,
where the molten steel first comes into contact with the
cooling rolls, until the molten metal reaches the kissing
point 6. In the present invention, the cooling rate
defined above is in the range of from 1 to 10%4°C/sec
(heat removal rate Q of casting roll: 5,000,000 to
15,000,000 kcal/m?/hr) when the sheet thickness of the
cast strip is in the range of from 0.1 to 15 mm.

That is, the average cooling rate of the center
portion of a cast strip having a sheet thickness of 15 mm
is specified to about 1°C/sec, and the average cooling
rate of the surface of the cast strip is specified to
about 102 to 104°C/sec. The primary dendrite spacing is
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a function of the cooling rate and, at the same time,
relaced to the chemical composition of the molten steel,
particularly its C content. In the chemical composition
range of a common carbon steel contemplated in the
present invention, the primary dendrite spacing is in the
range of from S tc 300 um when the sheet thickness of the
cast strip and the cooling rate are in the above
respective ranges. However, in order to conduct
diffusion without enrichment of Cu and Sn on the surface
layer at its grain boundary, at least the primary
dendrite spacing in a depth of 2 mm from the surface
layer (surface layer portion) may be 5 to 100 um to
reduce the microsegregation between the dendrites during
solidification. Alsoc when the sheet thickness of the
cast strip is 15 mm, the above cooling rate brings the
primary dendrite spacing on the surface layer portion to
5 to 100 pm, so that the object of the present invention
can be sufficiently attained.

When the sheet thickness exceeds 15 mm, the above
primary dendrite spacing cannot be stably provided.

The sheet thickness of 0.1 mm is the lower limit of
the sheet thickness of a cast strip which can be produced
on a commercial scale, and a cast strip having such a
thickness can be, of course, cooled at a high cooling
rate and, therefore, can have a primary dendrite spacing
of about 5 um.

The surface layer portion of the thin cast strip
having a thickness in the range of from 0.1 to 15 mm thus
obtained has a fine dendrite structure having a primary
dendrite spacing in the range of from 5 toc 100 um, and
the center portion of the cast strip is also free from
macrosegregation and has a very homogeneous quality.

Therefore, the as-cast product corresponding to a
hot-rolled material or the cold-rolled steel sheet
according to the present invention has excellent
mechanical properties and, at the same time, a good
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surzace appearance despite the fact that ic conrcains
large amounts of Cu and Sa.

- As described above, Ni serves to raise the melting
point of the Cu-enriched layer at the grain boundary or
to increase the solubility of Cu in the matrix. 2Also in
the present invention, Ni may be added in an amount in
the range of from 0.02 to 0.7%.

EXAMPLES '

Example 1

Molten steels (labeled A to E) having compositions
specified in Table 1 (comprising ingredients constituting
a hot-rolled mild steel sheet for a general structure
(corresponding to JIS-G3131l: ASTM A621-82) and, added
thereto, Cu and Sn) were cast into thin cast strips
having a sheet thickness of 3 mm and a sheet width of
350 mm and were produced at a heat removal rate (Q) of a
casting roll of 7,700,000 kcal/m2/hr by using a twin roll

continuous casting machine (comprising an internal water

cooled copper alloy casting roll (diameter: 400 mm,
width: 350 mm) shown in Fig. 2. The average primary
dendrite spacing of each thin cast strip (sample Nos. 1
to 5) was 3 to 50 um. The quality (cracking) and the
mechanical properties (strength, elongation, bending and
corrosion resistance} for each thin cast strip are given
in Table 2.

- Table 1
(wt . %)
Steel C si Mn P S Cu Sn
A 0.04 <0.02 0.17 0.012 ] 0.005 0.1 0.02
B 0.04 <0.02 0.17 0.012 | 0.005 1.1 0.04
C 0.04 <0.02 0.17 0.012 { 0.005 4.0 0.04
D 0.04 <0.02 0.17 0.012 { 0.005 6.2 0.04
BE 0.04 <0.02 0.17 0.012 | 0.Q05 8.1 0.04




10

15

Table 2
Sam- | Steel trengch Elon- Bending Corzo- Cracking of
ple (kgZ/mm2) |gation sion |{Cast Strip
No. Resis-
tance
(%) Process| Convan-
of tional
Inven- | Process
cion
sSuccess-
fully bent
1 A 30 37 to clese c None None
contacet
Success-
fully bent Occurred
2 B 30 37 to close b None
contact
Success-
fully bent Occurred
3 (o 30 36 to Close a None
contact
Success-
fully bent Occurred
4 D 30 36 to close a None
contact
Success-
fully bent Occurred
S E 30 36 to close a None
contact

In the table, "Conventional Process" means a
process wherein molten steels labeled A to E are cast by
the conventional continuous casting process into slabs
having a thickness of 250 mm and a width of 1800 mm,
which were then hot-rolled into hot-rolled sheets having
a sheet thickness of 3 mm. "“Bending" represents the
results of a 180° close-contact bending test, and
"Corrosion resistance" is expressed in corrosion
resistance scores (corrosion rate (mm/Y): c: >0.05, b:
0.01 to 0.05, a: <0.0l1). “Cracking of Cast Strip: None"
means cracking having a depth of not more than 30 um on
the surface layer of the cast strip.

As is apparent from the above tables, the thin cast
strips (sample Nos. 2 to 5) of the present invention were
excellent in both cast strip quality and mechanical
properties, whereas the comparative thin cast strip
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{sample No. 1) had poor corrosion resistance due to a low
Cu content. Further, for all the hot-rolled sheets
produced by the conventicnal process except for sample
No. 1, a surface crack having a thickness of not less
than 30 um was observed. For sample No. 1, the Cu and
Sn contents were so low that even the hot-rolled sheet
produced by the conventional process gave rise to neither
red shortness nor surface cracking.

The relationship between the depth (mm) £rom the
surface of a cast strip in each example and the primary
dendrite spacing (um) is shown in Fig. 1. In the figure,
data for the present examples are indicated by the

mark [J . When the depth from the surface of the cast
strip was 0.1 mm, the primary dendrite spacing was 13 um,
while when the depth from the cast strip was 1.5 mm
(center portion), the primary dendrite spacing was S0 um.

The thin cast strips (products corresponding to
hot-rolled materials) produced by the above passes of the
present invention were pickled, and 6 passes of cold
rolling (tandem) were carried out to prepare 0.8 mm-thick
cold-rolled sheets. Thereafter, the cold-rolled sheets
were subjected to box annealing in such a manner that
they were heated to 650°C at a temperature increase rate
of 50°C/hr, held at that temperature for 12 hr and then
cooled to room temperature over a period of 48 hr.

Subsequently, the as-annealed steel sheets were
subjected to temper rolling with a reduction ratio of 1%
to prepare cold-rolled steel sheets for a general
structure (JIS-steel product designation SPCC (ASTM A619-
82)) containing Cu and Sn.

The primary dendrite spacing for each steel sheet
(sample Nos. 6 to 10) was the same as that for the above
thin cast strips, and the surface cracking and mechanical

properties are given in Table 3.
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Table 3
Sam- | Steel| Strength | =longa- |Hard- | Bending |Coro- Suriace
ple (kgs/mm2) | tion ness sion Cracking
No. Resis-
cance
(%) (Hv) Pro- Conven-
cess tional
of Pro-
Inven-| cess
tion
Success-
fully
) A 30 39 110 | benc to c None | None
close N
contact
success-
fully Occu-
7 3 3L 38 111 |{bent to b None | rred
close
concace
sSuccess-
fully Occu-
8 C 30 37 109 |bent to a None {rred
close
contacet
Success-
fully Occu-
9 D 31 37 111 |bent to a None | rred
close
contacet
sSuccess-
fully
10 E 30 37 110 |bent to a None |9¢-
close curred
concacc

As is apparent from the above table, all steel

sheets of samples Nos. 7 to 10 had excellent mechanical
properties and a surface crack of not more than 30 um in
depth, that is, were very excellent as SPCC materials

containing Cu and Sn.

Example 2

Molten steels comprising ingredients specified in

Table 4, that is, ingredients constituting a hot-rolled
steel sheet for a general structure (corresponding to
steel product designation SS41 specified in JIS G310l:
corresponding to ASTM AS569-72) and, added thereto, Cu and
Sn were cast into thin cast strips having a sheet
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thickness of 3 mm and a sheet width of 350 mm in the same
manner as in Example 1, except that the heat removal rate
(Q) of the casting roll was 8,000,000 kcal/m?/hr. The
primary dendrite spacing of each thin cast strip (sample
Nos. 1l to 1S) was 17 to 55 um on the average, as
indicated by the mark "t" in Fig. 2. The quality
(cracking) and the mechanical properties of each thin
cast strip are given in Table 5.

Table ¢
(Wt . %)
Steel C Si Mn P S Cu Sn
¥ 0.13 0.25 0.8 0.012 | 0.005 0.1 0.02
G 0.13 0.25 0.8 0.012 } 0.005 1.1 0.04
H 0.13 0.25 0.8 0.012 | 0.005 0.1l6
I 0.13 0.25 0.8 0.012 { 0.005 6.1 0.20
J 0.13 0.25 0.8 0.012 | 0.005 0.40
Table 5
Sample] Steel | Tensile Elong-| Bending |Corro- |Cracking of
No. strength ation sion Cast Strip
(kgf /mm?) Resis-
tance
(%) Pro- Conven-
cess of| tional
Inven- | Process
tion
11 F 47 26 Acceptablel ¢ None | None
12 G 47 26 Acceptable( b None | Occurred
13 H 48 25 Acceptabl a None | Qccurred
14 I 48 25 Accentabler a None Occurred
15 J 48 25 Acceocale a None Qccurred

In Table 5, the indications were identical to those
in Table 2 showing the results of Example 1 except for
the column of "“Bending." In the column of "Bending,* the
bending was evaluated as "Acceptable" in the case of
radius/sheet thickness < 1.5.
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As 1s apparenz from the above table, the thin cast
strips (sample Nos. L2 to 15) were excellent in both the
cast strip quality and mechanical properties despite the
fact that they contained large amounts of Cu and Sn.

Thereaftsr, moltan steels comprising C and Si in the
same respective contents as the molten steels specified
in Table 4 and, added thereto, minor amounts of Ti, Nb,
B, Cr, Mo, V, 2t¢. (molten steels comprising ingredients
constituting a high-tensile, low-alloy, hot-rolled thin
sheet having an improved workability (corresponding to
steel product desigmation SPFC45 specified in JIS G3135:
ASTM A715-85) and, added thereto, Cu and Sm), that is,
molten steels specified in Table 6, were caét into thin
cast strips having a sheet thickness of 3 mm and a sheet
width of 350 mm in the same manner as described above in
connection with the steels having compositions specified
in Table 4. The primary dendrite spacing for each thin
cast strip (sample Nos. 16 to 19) was identical to that
for sample Nos. 1l to 15, and the cast strip quality and
mechanical properties were also excellent as given in
Table 7.

Table 6
(wc.% except for B in wr.ppm)
Steel| C Si | Mn P S Ti | Nb | B! Cr | MO v Zr { Cu| Sn
K 0.13]0.25]11.3}10.0L2]|0.01]0.08} -~ - - - - - 13.0]10.905
L 0.1310.25/1.310.012)0.01} - - - - - 0.03] - 3.1]0.07
M 0.13]10.25}1.3/0.012§0.01/0.08]0.04( 2 10.04] - - ]0.06/3.110.07
N 0.1310.25}1.310.012]|0.01] - 0.04} - - 10.25{ - - 3.010.07
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sam- Steel T?nsile' gi:?;n Bending g?;;o rackf?g.of
ole Sf:?n :; Resis- Cast Strip
No. (kgZ/mm<) tance
(%) Pro- Conven-
cess oI} tional
Inven- | Process
tion
Accep- Occurred
15 X 45 25 table (1) | . a None
Accep- Occurrad
17 L 45 25 table (1) a None
Accep- Occurred
13 M 55 25 table (2) a None
Accep- Occurred
19 N 58 25 table (2) a None

In the colum of "Bending" in Table 7, the bending
property was evaluated as "Acceptable (l1)" when the
bending diameter/sheet thickness value was less than 1,
while the bending property was evaluated as "Acceptable

(2)" when the bending diameter/sheet thickness value was

less than 1.5. The other indications in Table 7 were
identical to those in Table 2 showing the results of
Example 1.

Example 3

Molten steels (steels D to S} having compositions
specified in Table 8 (comprising chemical ingredients
constituting a hot-rolled carbon steel strip for a steel
pipe (corresponding to steel product No. SPHT3 specified
in JIS G3132: SAE1026) and, added thereto, Cu and Sn)
were cast into thin cast strips having a sheet thickness
of 3.5 mm and a sheet width of 350 mm in the same manner
as in Example 1, except that the heat removal rate (Q) of
the cast roll was 6,700,000 kcal/m?/hr. The primary
dendrite spacing of each thin cast strip (sample Nos. 20
to 24) was 8 to 60 um on the average, as indicated by the
mark "“O" in Fig. 2.

The quality (cracking) and the mechanical properties
of each thin cast strip are given in Table 9.
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Table 8
(Wt . %)
Steel C Si Mn B S Cu Sn
No.
o] .25 0.3 0.8 0.02 0.01 0.1 0.02
P .25 0.3 0.8 0.02 0.01 1.0 0.03
Q .25 0.3 0.8 0.02 0.01 4.1 Q.15
R .25 0.3 0.8 0.02 0.01 5.9 0.20
S .25 0.3 0.8 0.02 0.01 8.1 0.40
~ Table ©
. ceel Tensile Elon- . Corro- .
Sam- | Scee Strengch gaction Bending sion gragkggg‘of
ple (kgf/mmz) Resis-| “43 crip
No. tance
(%) Process| Conven-~
of tional
Inven- | Process
tion
Accep-
20 0 45 28 table c None |None
Accept- Occurred
21 p 45 28 able b None
Accep- Occurred
22 Q 45 27 table a None
Accep Occurred
23 R 45 27 table a None
Accep Occurred
24 S 45 27 table a None

In the column of “Bending" in Table 9, the bending
property was evaluated as "Acceptable" when the bending

radius/sheet thickness wvalue was less than 2.0.
other indications in Table 9 are identical to those in

Table 2 showing the results of Example 1.

The

As 1s apparent from the above table, the thin cast
strips (sample Nos. 21 to 24) of the present invention
were excellent in both the cast strip quality and

mechanical properties despite the fact that they

contained large amounts of Cu and Sn.
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Molten steels (steels T to X) having compositions
specified in Table 10 (comprising chemical ingredients
constituting a carbon steel material for machine
struc;ural use (corresponding to steel product No. S48C
specified in JIS G405L1: ASTM A446-85) and, added thereto,
Cu and Sn) were cast into thin cast strips having a sheet
thickness of 3 mm and a sheet width of 350 mm in the same
manner as in Example 1, except that the heat removal rate
(Q) of the casting rolls was 8,200,000 kcald/m2/hr. The
primary dendrite spacing of each thin cast strip (sample
Nos. 25 to 29) was 5 to 70 um on the average, as
indicated by the mark "A" in Fig. 2.

The cast strip quality (cast strip cracking) and the
mechanical properties for each thin cast strip are given

in Table 1l1.

Table 10
(wt.%)
Steel C - Si Mn P S Cu sSn

T 0.48 0.2 0.8 0.02 0.01 0.1 0.02
U 0.48 0.2 0.8 0.02 0.01 1.0 0.03
) 0.48 0.2 0.8 0.02 0.01 4.1 0.15
W 0.48 0.2 0.8 0.02 0.01 6.0 0.21
X 0.48 0.2 0.8 0.02 0.01 8.0 0.39
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Sam- | Steel | Tensile Elonga-| 3ending | Corro- Cracking of
ple Strangth tion sion Cast Strip
No. (kgE/mm=2) resis-
tancs
(%) Process| Conven-
of tional
Inven- | ®rocess
tion
25 . 55 20 Acceptable = None None
. Occurred
26 g 55 g0 |Pccepradle None
. 4 Occurred
27 v 55 19 Acceptable None
) Occurred
28 W 55 19 AcceptaDl% None
T Occurred
29 X 55 20 Accepcabl4 None

In the column of "Bending" in Table 11, the bending
property was evaluated as “Acceptable" when the bending
radius/sheet thickness value was less than 2.0. The
other indications in Table 11 are identical to those in
Table 2 showing the results of Example 1.

As is apparent from the above table, the thin cast
strips (sample Nos. 26 to 29) were excellent in both the
cast strip quality and mechanical properties despite the
fact that they contained large amounts of Cu and Sn.

INDUSTRIAL APPLICABILITY

According to the present invention, common carbon
thin cast strips and thin steel sheets having a good
surface appearance and excellent mechanical properties
can be produced using iron scrap and tin plate scrap
containing a large amount of Cu without adding Ni.
Therefore, since the above cast strip and steel sheet can
be used at a low cost in corrosion-resisting steel sheet,
for example, steel sheets for automobiles, the prasent
invention is very valuable from an industrial viewpoint.
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1. A thin cast strip of a common carbon steel,
characterized by comprising 0.15 to 10% by weight of Cu
and 0.03 to 0.5% by weight of Sn, the primary dendrite
spacing of the cast strip~bn its surface layer portion

being in the range of from 5 to 100 um.

2. The thin cast strip according to claim 1,
wherein the surface laver portion is a layer having a
depth of 2 mm £rom the surface of the cast strip.

3. The thin cast strip according to claim 1,
whersin the chemical ingredients of said thin cast strip
other than Cu and Sn are those of at least one common
carbon steel selected from the group consisting of steel
product designation "SPHC" specified in JIS G313l
{corresponding to ASTM A621-82), steel product .
designation "SS41" specified in JIS G310l (corresponding
to ASTM AS569-72), steel product designation "“SPH3"
specified in JIS G3132 (corresponding to SAE 1026) and
steel product designation "S48C" specified in JIS G4051
(corresponding to ASTM A446-85).

4. The thin cast strip according to claim 1, which
has a thickness in the range of from 0.1 to 15 mm.
5. A common carbon steel sheet comprising a cold-

rolled steel sheet produced by cold-rolling a thin cast
strip having a thickness in the range of from 0.1 to 15
mm, said thin cast strip comprising 0.15 to 10% by weight
of Cu and 0.03 to 0.5% by weight of Sn and having a
primary dendrite spacing of S to 100 um on a surface
layer portion in a depth of 2 mm from the surface of the
cast strip.

6. The common carbon steel sheet according to
claim 5, wherein the chemical ingredients of said cold-
rolled steel sheet other than Cu and Sn are those of
steel product designation "SPCC" specified in JIS
(corresponding to ASTM A619-82).

7. A process for producing a thin cast strip of a
common carbon steel, characterized by comprising the step

3
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CUTTINERY

of: rapidly solidifving a molten steel comprising 0.1l5 to
10% by weight of Cu and 0.03 to 0.5% by weight of Sn with
the balance consisting of ingredients constituting a
common carbon steel at a cooling rate of 1 to 104°C/sec
to cast a chia strip.

8. The process according to claim 7, wherein the
thickness of the thin cast strip is in the range of from
0.1 to 13 mm.

9. The process according to claim 7, wherein the
thin cast strip in the course of conveying after casting
is cooled in such a manner that the holding time of said
thin cast strip at a surface temperature of 1000°C or
above is not longer than 10 sec.

10. The process according to claim 7, wherein said
thin cast strip is cast by a casting device having a
movable mold.

11. The process according to claim 10, wherein said
casting device is a twin drum casting device.

12. A process for producing a common carbon steel
sheet, characterized by comprising the steps of: rapidly
solidifying a molten steel comprising 0.15 to 10% by
weight of Cu and 0.03 to 0.5% by weight of Sn with the
balance consisting of ingredients constituting a cammon
carbon steel at a cooling rate of 1L to 104°C/sec to cast
a thin cast strip having a thickness in the range of from
0.1 to 15 mm; and cold-rolling said thin cast strip to
prepare a cold-rolled steel sheet.

|



