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B — APPLICATION BY ASSIGNEE OF INVENTOR

COMMONWEALTH OF AUSTRALIA
PATENTS ACT 1952

DECLARATION IN SUPPORT OFF AN APPLICATION FOR A PATENT

(Name of In support of an application made by: .Nippon Steel Corporation =~ e

applicant)

(Title) for a patent for an invention entitled: ,Method of Continuously Casting
Iead-Bearing . Steel .

(Full name and 1, Hiroshi Salto . . . . . . . . o

address of
Ky I'g na I 0 I'y } .................................................. 0

............

do solemnly and sincerely declare as follows:

1. I am authorised by the above mentioned applicant for the patent to make this
declaration on its behalf.

(Full name and 2. The name and address of each actual inventor of the invention is

address of . . Hidemaro Takeuchi,Shci;o Matsumura,llarumi Tsuboi
Lnventor(s)) as follows: Som=ann 20T S FERATE SR eI P

and Masao Yamamiya

....................................................................

....................................................................

(State whether and the facts upon which the applicant is entitled to make this application are

by assignment as follows: ) ) )

or contract of The applicant is the assignee of the

employment) T said 'invention from the 'said inventors "'

(Delete 3. The basic application(s) as defined by Section 141 of the Act was (were) made

paragraphs 3 as follows: )

and 4 for Country ..... dJapan L on .....!. 6. March 1987

non-Convention . , \1 .

anplication) in the name(s) . NiRPOR Steel Corporation .. ... . . . . . . .. ...... .
and In ... e (o) o PP
in the name(s) ......oviiiiiiii i i i e e
and in ... Lo
IN the NAME(S) ..\ttt et ettt e e e e e e

4. The basic application(s) referred tn in the preceding paragraph was(were) the
first application(s) made in a Convention country in respect of the invention the
subject of this application.

(Place and Declared at .7okyo .. ... this .12t
date of

(
signing) Signed: . %%{ A

Position: .President.

GRIFFITH HASSEL & FRAZER
G.P.0. BOX 4164 SYDNEY, AUSTRALIA
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International Patent Classification(s)
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(43) Publication Date : 08.09.88
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(56) Prior Art Documents
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{57) Claim

1, A method of continuously casting lead-bearirng

steel comprising the steps of:

providing a tundish having a barrage therein for
dividing said tundish into at least a melt-receiving chamber
and an immersed nozzle chamber, an immersed nozzle opening
in said immersed nozzle chamber for passing molten
lead-bearing steel therethrough into a mold, and an upwardly
inclined opening in an upper portion of said Farrage for
leading a lead-in-melt suspension of lead-bearing steel
upwardly therethrough from at least said melt-receiving
chamber intc said immersed nozzle chamber;

supplying molten steel into at least said
melt-receiving chamber;

supplying Jead into one of the said chambers other
than said immersed nozzle chamber for forming a lead
sediment layer at the bottom of the said other chamber for
forming a lead-bearing molten steel; and
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causing the lead-bearing molten steel to pass
through said upwardly inclined opening from said at least
said melt-receiving chamber into said immersed nozzle
chamber for passing through said immersed nozzle opening for
pouring into a mold.

2. A method as in claim 1, further comprising the
step of directing the supplying of molten steel in the
molten steel supplying step toward the lead sediment layer
at the bottom of the said other chamber for agitating the
lead sediment layer for facilitating the forming of the
lead-bearing steel.

3. A method of continuously casting lead-bearing
stainless steel comprising the steps of:

providing a tundish having a barrage therein for
dividing said tundish into at least a melt-receiving chamber
and an immersed nozzle chamber, an immersed nozzle opening
in said immersed nozzle chamber for passing molten ;
lead-bearing stainless steel therethrough into a mold, and F
an upwardly inclined opening in an upper portion of said
barrage for leading a small particle lead-in-melt suspension
of lead-bearing stainless steel having in excess of the
soluble amount of lead in the molten stainless steel 3
therethrough upwardly from at least said melt-receiving '
chamber into said immersed nozzle chamber;

supplying molten stainless steel into at least f
said melt~receiving chamber;

supplying a sufficient quantity of lead into one
of the said chambers other than said immersed nozzle chamber B
for forming a lead sediment layer at the bottom of the said
other chamber for forming a small particle lead suspension
in excess of the soluble amount of lead in the stainless
steel for forming a lead-bearing molten stainless steel; and

causing the lead-bearing molten stainless steel to
pass through said opening from said at least said
melt-receiving chamber into said immersed nozzle chamber for
pouring into a mold.
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English Specification

METHOD OF CONTINUOUSLY CASTING LEAD-BEARING STEEL
BACKGROUND OF THE INVENTION
Field of the Invention

This invention relates to a method of continuously
casting lead-bearing steel and more particularly to a method
of continuously casting lead-bearing steel which enables
lead to be uniformly and stably incorporated into a
continuously cast steel strand.

Description of the Prior Art

The improved machinability of free-cutting steels
is the result of the addition to such steels of an element
such as S, Pb or Bi. Among these elements, Pb is found
particularly difffcult to incorporate into the steel
uniformly and stably. This is because Pb has a high
specific gravity and poor solubility in steel.

The amount of Pb required to be added to a Pb-
bearing free ‘cutting steel falls in the range of 0.1 - 0.4X.
In contrast, the solubility of Pb in steel is said to be
0.17% in 18Cr-8Ni stainless steel and 0.08% in 13Cr stain-
less steel at 1550°C (Denki-Seiko (Electric Furnace Steel),
34(1963)2, pl28), figures which show that Pb solubility is
especially low in ferritic stainless steel. Because of
this, it is necessary to add small particles of metallic Pb
to the molten steel in excess of the soluble amount to get a
dispersion.

In the past, the most commonly used method of
producing lead-bearing stee! has been that of adding Pb to

meltin

the melt in the ladle and then casting thaftﬁtt tnto ingots.
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With this method, however, the Pb undergoes gravity
segregation in the ladle and, as a result, the chemical
composition of the steel varies with the passage of casting
time. Moreover, the distribution of lead varies between the
top and bottom of the individual ingots.

On the other hand, there have been atttewpts in
recent years to carry out the addition of Pb by the
continuous casting method. In this case, it is conceivable
to add the Pb to the steel in the ladle, in the mold or in
the tundish. Each of these methods has some drawbacks.

When the addition is carried out in the ladle, the
lead distribution varies between the top and bottom of the
strand, similarly to what was mentioned above.

In the case of adding the lead in the mold, the
added lead becoses trapped by the powder layer when passing
therethrough and also escapes from the melt by evaporation.
The addition yield is thus low and it is therefore difficult
to realize a Pb content within the prescribed range.
Another problem arises in that coarse particles of Pb formed
in the mold settle out, resulting in the formation of coarse
Pb grains in the strand as well as uneven lead distribution.

Where the addition is carried out in the tundish,
the Pb precipitating at the bottom of the tundish is
entrained by the flow of melt intoc the mold, as are the
coarse Pb particles which settle out. Coarse grains of Pb
are thus formed in the strand and the lead distribution

becomes uneven.
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As ways for preventing the Pb precipitated at the
bottom of the tundish from being entrained by the flow of
melt into the mold, Japanese unexamined Patent Publication
58(1383)-154446 proposes a method in which the inlet of the
nozzle is positioned at a high level, wiride Japanese unexam-
ined Patent Publication 61(1986)-144250 proposes a method
wherein the precipitated Pb is recovered by being passed
through porous brick provided at the bottom of the tundish,
thus preventing the formation of a precipitated layer of
lead at the bottom of the tundish. However, neither method
is able to prevent the formation of Pb grains in the strand
that is caused when sedimenting coarse Pb grains are entrained
by the melt flow into the mold or to overcome the problem of
uneven lead distributions.

SUMMARY OF THE INVENTION

One object of the present invention is to provide
a method of continuously casting lead-bearing steel which
overcomes the aforesaid drawbacks of the prior art.

A more specific object of the invention is to .
provide a method of continuously casting lead bearing steel
which prevents variation in Pb content over the time course
of the casting operation and enables production of a contin-
uously cast strand which exhibits uniform Pb distribution
ard is free froe coarse Pb grains.

Upon comparing the conventional methods of adding
lead to steel in the production lead-bearing steel, the

inventor discovered that where the lead-bearing steel is

e a2 S A




=

T o e
Loy

produced by continuous casting, the wethod of addition of
the lead to the molten steel in the tundish gives relatively
good results as regards both uniform Pb addition over the
time course of the casting operation and uniform addition
over the strand cross-section. In view of this finding, the
inventor carried out a detailed study concerning addition of
lead to the molten steel in the tundish and as a result
achieved the present invention.

For achieving the aforesaid object, the present
invention provides a method of continuously casting lead-
bearing steel by adding lead to molten steel in a tundish
wherein the tundish is divided into a plurality of chambers
including a melt receiving chamber and an immersed nozzle
chamber, Pb is supplied to molten steel in a chamber other
than the immersed nozzle chamber so as to form a lead
sediment layer at the bottom thereof, and molten steel con-
taining suspended Pb is passed to the immersed nozzle
chamber from where it is poured intec a =mold of the contin-
uous caster.

The above and other features of the present inven-
tion will become apparent from the following description
made with reference to the drawings.

BIEF DESCRIPTICN OF THE DRAWINGS

Figures 1 - 3 are sectional side views of
apparatuses for carrying out the method of the present
invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT
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Figure 1 shows an example in which a tundish 1 is
pravided with a barrage or barrier 2 which divides it into an immersed
nozzle chamber 4 prov{ﬁed ¥ith an immersed nozzle 3 and a
melt receiving chamber 8 which receives melt from a long
nozzle 5.

Lead (Pb) is supplied to the chawmber other than
the immersed nozzle chamber 4, namely to the melt receiving
chamber 8, via a supply apparatus 7. The so-supplied Pb
forms a Pb sediment layer 8 at the bottom of the melt receiv-
ing chamber 6, while the agitating action of a melt flaw
from the long nozzle 5 causes fine particles of Pb at the
upper part of the sediment layer 8 to assume a suspended
state but leaves the coarser particles of the Pb at the
bottom of the melt receiving chamber 6.

The barrage 2 prevents lateral fow of the melt at
the bottom region of the melt receiving chamber 6 but
peraits the melt to flow through an opening 11 at the upper
region thereof. Thus flow of the sediment layer 8 is
prevented by the barrage or barrier 2. The melt with the suspended
fine particles of Pb flows through the opening 11 into the
immersed nozzle chamber 4 and thenm passes through the
immersed nozzle 3 into a mold 12. i

The barrage or barrier 2 causes a suspension of fine Pb
particles in the melt to be formed above the sediment layer
8 and further functions to separate the melt receiving
chamber 6, which has a sediment of coarse Pb particles at
the bottom thereof, from the immersed nozzle chamber 4 for

feeding fine Pb particles to the mold 12.
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To ensure that the coarse Pb particles will be
prevented from flowing into the immersed nozzle chamber 4,
the opening 1! must be located above the sediment layer 8
and should preferably be located as high as possible . On
the other hand, for preventing undissolved Pb on the surface
of the melt from passing into the immersed nozzle chamber 4,
the opening 11 should be located below the surface of the
melt.

Figure 2 shows an example in which two barrage 2
are provided to partition the tundish into three chambers,
with an intermediate chamber 8 being formed between an
immersed nozzle chamber 4 and a melt receiving chamber 6.
The advantage of this arrangement is that the lead-in-melt
suspension can be formed by blowing in Ar gas through a gas
injection inlet 10 in the bottom of the tundish 1. Im this
case, for preventing coarse particles of Pb floated up by
blown-in Ar gas from passing into the immersed nozzle
chamber 4, it is preferable to provide a plurality of
oapenings 11 on the side of the immersed noczzle chamber 4 and
to make each opening of such a small diameter that any
effect of the upcurrent caused by the blown-in Ar gas is
precluded.

Figure 3 shows a case where the tundish 1 is
divided into two chambers, a melt receiving chamber 6 and an
immersed nozzle chamber 4, and special consideration is
given to facilitating the formation of a lead-in-melt

suspension by the agitating action that a stream of

¢
'
}
}




AN T T

inflowing melt from a long nozzle 5 has on a Pb sediment
layer 8.

More specifically, the area of the sediment layer
8 on the floor of the tundish is narrowed to within the
range to which the effect of the stream of melt from the
long nozzle 5 extends. Further, the floor of the tundish is
provided with a sloped portion so as to facilitate fermation
of 2 Pb suspension and obtain an upcurrrent.

While the above examples relate toc production of a
single strand, it should be noted that a plurality of
strands of lead-bearing steel can be produced by a similar
method.

Comperative Example 1

In production of SUS 304 loom in a square of 150
mm by continuous casting, Pb was added to the tundish so as
to obtain stainless steel containing 0.2% Pb. The tundish
used was box-shaped and flat-bottomed. It had a capacity of
4.2 tons and was not provided with a barrage.

After 2 tons of melt had been introduced into the
tundish, Pb was continuously supplied to the metal surface
by injection type feeder. The rate of Pb addition was five
times that of the target value of 0.2% for the strand.
Namely, while molten steel was poured from the long nozzle
at the rate of 280 kg/min, lead was added at the rate of 1.0
% of this amount, i.e. at the rate of 2.8 kg/min.

When the contents of the tundish had reached the
normal ievel of 4.2 tons, drawing was begun to obtain a

casting speed of 1.6 m/min (280 kg/min). The mean Pb
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content of the strand at a point corresponding to 5 minutes
after the start of casting was 0.05%, while that at a point
corresponding to 30 minutes after the start of casting was
0.14%.

A 30 mm-thick cross-sectional sample was cut fram
the strand at a point corresponding to 30 minutes after the
start of casting. Examination of this sample by x-ray
photography showed that its center region contained coarse
grains of Pb measureing 0.1 wm or more in diameter, with the
largest of the grains measuring 7 mm in diameter.

Example 1

In continuous casting of SUS 304 bloom, there was
produced 0.2% lead-bearing steel. In accordance with the
arrangement shown in Figure 1, the tundish 1 was divided by
the barrage 2 into the immersed nozzle chamber 4 and the
melt receiving chamber 6, and Pb was supplied from the
vicinity of the long nozzle 5.

To easure that the Pb content of the strand would
fall within the prescribed range at the start of continuous
casting, a large amount of Pb was added immediately after
pouring of melt into the tundish was started so as to form
an adequate initial Pb sediment layer. The amount of Pb
that had to be added in order to obtain a strand with a Pb
content falling within the prescribed range was determmined
experimentally beforehand taking into consideration the
shape of the tundish, the thicknzss of the Pb sediment layer
and the flow of melt in the tundish.

T

R




More specifically, after 2 tons of melt had been
poured into the tundish, 48 kg of Pb was divided into
batches and supplied to the melt receiving chamber, thereby
forming the Pb sediment layer 8 on the floor of the tundish.
The flow of melt from the long nozzle 5 caused a lead-in-
melt suspension to be formed above the sediment layer.

When the amount of melt in the tundish had reached
4 tons, drawing was ‘commenced to obtain a casting speed of
1.6 m/min. Simultaneously with the start of casting,
injection of Pb to the surface of the melt in the melt
receiving chamber was commenced at the rate of 1.4 kg/min.
This supply of lead was continued throughout the continuous
casting operatéfféh Pvok

Stnee when Pb is supplied by injection type feeder
it is possible to avoid the flow of coarse b particles
directly into the mold, it is preferable to carry out the
injection of lead at a point somewhat removed from the
opening and to make the area of the sediment layer large so
that the coarse Pb particles can settle to the bottom.

The mean Pb content of the strand at a point
corresponding to 5 minutes after the start of casting was
found to be 0.22%, while that at a point corresponding to 30
minutes after the start of casting was 0.19%. It was thus
possible to produce lead-bearing bloom with a lead content
close to the target value of 0.20%. Examination of the
distribution of coarse Pb grains by X—rﬁy photography showed
that no coarse grains of a diameter of 0.1lmm or larger were

formed at any part of the strand.
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Example 2

SUS 304 bhloom containing 0.3% Pb was produced by
continuous casting using an arrangement like that shown in
Figure 2. That is to say, two barrages 2 were provided to
divide the interior of the tundish into three compartments.
Pb was supplied to the intermediate chamber 3 while Ar gas
was also blown into the same chamber from below through
porous brick 10 at the bottom of the tundish. After 3 tons
of melt had been poured into the tundish, 108 kg of Pb was
added thereto in batches to form a Pb sediment layer 8 on
the floor of the tundish. At the same time, blowing-in of
Ar through the porous brick was begun so as to form a lead-
in-melt suspension above the sediment layer 8.

When the amount of melt in the tundish had reached
5.4 tons, drawing was started to obtain a continuous casting
speed of 1.6 a/min. At the same time, injection of Pb to
the intermediate chamber was begun and continued at the rate
of 2.5 kg/min. The Pb content of the resulting strand was
found to fall in the range of 0.28 - 0.33% in both the
longitudinal and transverse directions of the strand.
Moreover, no formation of coarse Pb grains was observed
under examination by X-ray photography.
Example 3

To SUS 420 steel, in which lead exhibits lower
solubility as compared with SUS 304 steel, lead was added to
obtain a target content of 0.15%. The tuzdish had a single

barrage of the type shown in Figure 3, and tne tundish was
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arranged such that the Pb sediment layer 8 was positioned
directly below the long nozzle 5, whereby a lead-in-melt
suspension was formed above the Pb sediment layer 8.

When the amount of melt in the tundish had reached
1.5 ton, 27 kg of Pb was added thereto batchwise. Then when
the amount of melt had reached 2.3 tons, continunus addition
of Pb at 1.3 kg/min was begun and, at the same time, drawing
was started to obtain a casting speed of 1.6 m/min. The Pb
content of the so-produced strand was 0.12 - 0.16% in both
the longitudinal and cross-sectional directions. Thus the
Pb content of the strand was close to the target value of
0.15%. No formation of coarse Pb grains was observed.

By the method of the present invention it is thus
possible to carry out continuous casting of ]lead-bearing
steel in such manner that only slight variation in Pb
content arises over the course of the casting operation and
that the strand so obtained exhibits uniform Pb content

without the presence of coarse Pb grains.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of continuously casting lead-bearing

steel comprising the steps of:

providing a tundish having a barrage therein for
dividing said tundish into at least a melt-receiving chamber
and an immersed nozzle chamber, an immersed nozzle opening
in said immersed nozzle chamber for passing molten
lead-bearing steel therethrough into a mold, and an upwardly
inclined opening in an upper portion of said barrage for
leading a lead-in-melt suspension of lead-bearing steel
upwardly therethrough from at least said melt-receiving
chamber into said immersed nozzle chamber;

supplying molten steel into at least said
melt-receiving chamber;

supplying lead into one of the said chambers other
than said immersed nozzle chamber for forming a lead
sediment layer at the bottom of the said other chamber for
forming a lead-bearing molten steel; and

causing the lead-bearing molten steel to pass
through said upwardly inclined opening from said at least
said melt-receiving chamber into said immersed nozzle
chamber for passing through said immersed nozzle opening for
pouring into a mold.

2. A method as in claim 1, further comprising the
step of directing the supplying of molten steel in the
molten steel supplying step toward the lead sediment layer
at the bottom of the said other chamber for agitating the
lead sediment layer for facilitating the forming of the
lead-bearing steel.

3. A method of continuously casting lead-bearing
stainless steel comprising the steps of:

providing a tundish having a barrage therein for
dividing said tundish into at least a melt-receiving chamber
and an immersed nozzle chamber, an immersed nozzle opening
in said immersed nozzle chamber for passing molten
lead-bearing stainless steel therethrough into a mold, and

an upwardly inclined opening in an upper portion of said
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barrage for leading a small particle lead-in-melt suspension
of lead-bearing stainless steel having in excess of the
soluble amount of lead in the molten stainless st=eal
therethrough upwardly from at least said melt-receiving
chamber into said immersed nozzle chamber;

supplying molten stainless steel into at least
said melt-receiving chamber;

supplying a sufficient quantity of lead into one
of the said chambers other than said immersed nozzle chamber
for forming a lead sediment layer at the bottom of the said
other chamber for forming a small particle lead suspension
in excess of the soluble amount of lead in the stainless
steel for forming a lead-bearing molten stainless steel; and

causing the lead-bearing molten stainless steel to
pass through said opening from said at least said
melt-receiving chamber into said immersed nozzle chamber for

pouring into a mold.

DATED this 1lst day of August, 1989
NIPPON STEEL CORPORATION

By their Patent Attorneys
GRIFFITH HACK & CO.
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