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an immersed nozzle opening 
for passing molten 
into a mold, and an upwardly

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, 
in said immersed nozzle chamber 
lead-bearing steel therethrough
inclined opening in an upper portion of said barrage for 
leading a lead-in-melt suspension of lead-bearing steel 
upwardly therethrough from 
chamber into said immersed

supplying molten
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

at least said melt-receiving 
nozzle chamber;
steel into at least said

.../2



(11) AU-B-12380/88
(10) 601918

-2-

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 
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 
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.
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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 inproved 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
< f <

4 « 4

particularly difficult to incorporate into the steel
I «

uniformly and stably. This is because Pb has a high

, ,, specific gravity and poor solubility in steel.
β 0 <

β t i
. ,, The amount of Pb required to be added to a Pb-

β < <
0 4 <

bearing free cutting steel falls in the range of 0.1 - 0.4%. 
β « <

*« '· 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 1550Ό (Denki-Seiko (Electric Furnace Steel),
<4 4

,", ί 34(1963)2, pl28), figures which show that Pb solubility is * t S
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 

d i spe rs i on.

In the past, the most commonly used method of 

producing lead-bearing steel has been that of adding Pb to 

the melt in the ladle and then casting thej m-Bd± into ingots.

1Λ



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 atttempts in 

recent years to carry out the addition of Pb by the 

continuous casting method. In this case, it is conceivable

o <r « «
0 t

4 4 « f

1 4 «
β « Γ

4 4 4

9 « It
0 9 *
« 1

0 9 1
0 9 4

« fl 9

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
(

9 0 0 C I 1 
0 fl

strand, similarly to what was mentioned above.

In the case of adding the lead in the mold, the

9 9 fl
0 0 f

0 8 <

0 < <
0 9 f

0 <t

added lead becomes trapped by the powder layer when passing 

therethrough and also escapes from the melt by evaporation.

β β ;
• « t

9 t :

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
< ft fl *

< ft t
« ft ft

fl ft 9
9 « 9

9 ft 9

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 into 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.

2



As ways for preventing the Pb precipitated at the

bottom of the tundish fro· being entrained hy the flow of

Belt into the Bold, Japanese unexamined Patent Publication 

58(1983)-154446 proposes a wethod in which the inlet of the 

nozzle is positioned at a high level, wtettse Japanese unexaB­

ined Patent Publication 81(1986)-144250 proposes a method 

wherein the precipitated Pb is recovered by being passed 

through porous brick provided at the bottow of the tundish, 

thus preventing the formation of a precipitated layer of 

lead at the bottciB of the tundish. However, neither Bethod 

is able to prevent the formation of Pb grains in the strand

,, . that is caused when sedimenting coarse Pb grains are entrainedβ (β ‘·· I
by the melt flow into the mold or to overcame the problem ofC β J '·« 
uneven lead distributions.

SUMMARY OF THE INVENTION1 4 '• < 1
* ‘ One object of the present invention is to provide

0 tβ '
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
t < «

,··, ; which prevents variation in Pb content over the time course< 4 ί
of the casting operation and enables production of a contin­

uously cast strand which exhibits unifora Pb distribution 

and is free from 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

3



produced by continuous casting, the aethod of addition of 

the lead to the aolten steel in the tundish gives relatively 

good results as regards both unifor· Pb addition over the 

tiae course of the casting operation and unifor· addition 

over the strand cross-section. In view of this finding, the 

inventor carried out a detailed study concerning addition of 

lead to the aolten steel in the tundish and as a result 

achieved the present invention.

For achieving the aforesaid object, the present 

invention provides a aethod of continuously casting lead- 

bearing steel by adding lead to aolten steel in a tundish 

wherein the tundish is divided into a plurality of chaabers 

including a aelt receiving chaaber and an iaaersed nozzle 

chaaber, Pb is supplied to aolten steel in a chaaber other 

than the iaaersed nozzle chaaber so as to fora a lead 

sedinent layer at the bottoa thereof, and aolten steel con­

taining suspended Pb is passed to the iaaersed nozzle 

chaaber from where it is poured into a sold of the contin­

uous caster.

The above and other features of the present inven­

tion will becoae apparent froa the following description 

aade with reference to the drawings.

BIEF DESCRIPTION OF THE DRAWINGS

Figures 1-3 are sectional side views of 

apparatuses for carrying out the aethod of the present 

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

4
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Figure 1 shows an example in which a tundish 1 is 

provided with a barrage or barrier 2 which divides it into an immersed 
nozzle chaaber 4 provided with an iaaersed nozzle 3 and a 

nelt receiving chaaber 8 which receives aelt fro· a lang 

nozzle 5 .

Lead (Pb) is supplied to the chaaber other than 

the iaaersed nozzle chaaber 4, naaely to the aelt receiving 

chaaber 8, via a supply apparatus 7. The so-supplied Pb 

fores a Pb sediaent layer 8 at the battoa of the aelt receiv­

ing chaaber 6, while the agitating action of a aelt flow 

fraa the long nozzle 5 causes fine particles of Pb at the 

upper part of the sediaent layer 8 to assuae a suspended 

state but leaves the coarser particles of the Pb at the 

bottoa of the aelt receiving chaaber 8.

a The barrage 2 prevents lateral fow of the melt at
a

the bottoa region of the aelt receiving chaaber 6 but
0 «

ΰ 0 C

peraits the aelt to flow through an opening 11 at the upper
a

region thereof. Thus flow of the sediaent 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

0
9 0 0 0

„„„ ° iaaersed nozzle chaaber 4 and then passes through the
Ο Ο Ο ο V
O 0

iaaersed nozzle 3 into a Bold 12.

The barrage or barrier 2 causes a suspension of fine Pb 
particles in the aelt to be foraed above the sediaent layer 

8 and further functions to separate the aelt receiving 

chaaber 8, which has a sediaent of coarse Pb particles at 

the bottoa thereof, froa the iaaersed nozzle chaaber 4 far 

feeding fine Pb particles to the Bold 12.

5



To ensure that the coarse Pb particles will be

prevented fro· flowing into the immersed nozzle chamber 4,

the opening 11 must be located above the sediment layer 8

and should preferably be located as high as possible . On

j the other hand, for preventing undissolved Pb on the surface

I of the aelt fro· passing into the immersed nozzle chamber 4,
iJ the opening 11 should be located below the surface of the

nelt.

Figure 2 shows an example in which two barrage 2

are provided to partition the tundish into three chambers,

• with an intermediate chamber 9 being formed between anβ I

,· immersed nozzle chamber 4 and a Belt receiving chamber 8.
t . ;

,,.. 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 botto· of the tundish 1. In thisβ Ϊ
n'_ case, for preventing coarse particles of Pb floated up by

f

blown-in Ar gas fro· passing into the immersed nozzle
ί I it t
‘ chamber 4, it is preferable to provide a plurality of

openings 11 on the side of the immersed nozzle chamber 4 and ’

<“i « to make each opening of such a small diameter that any !t I « t
| <‘*‘J effect of the upcurrent caused by the blown-in Ar gas is i

j precluded. |

J Figure 3 shows a case where the tundish 1 is i
Ί T

* . i
divided’into two chambers, a melt receiving chamber 6 and an

i 
immersed nozzle chamber 4, and special consideration is ji

given to facilitating the formation of a lead-in-melt

suspension by the agitating action that a stream of

6



I

inflowing welt fro· a long nozzle 5 has on a Pb sediaent 

layer 8 .

More specifically, the area of the sedieent layer

8 on the floor of the tundish is narrowed to within the 

range to which the effect of the strea· of «elt fro· the 

long nozzle 5 extends. Further, the floor of the tundish is 

provided with a sloped portion so as to facilitate formation 

of a Pb suspension and obtain an upcurrrent.

While the above examples relate to production of a 

j single strand, it should be noted that a plurality of
ί
’<t strands of lead-bearing steel can be produced by a similar

.; ■ e thod .

Cooperative Exaeple 1

In production of SUS 304 loo· in a square of 150 

·■ by continuous casting, Pb was added to the tundish so as 

/, to obtain stainless steel containing 0.2X Pb. The tundishs ■ ■
used was box-shaped and flat-botto«ed. It had a capacity of 

s >a ·
4.2 tons and was not provided with a barrage.

After 2 tons of «elt had been introduced into the

«*‘1 i tundish, Pb was continuously supplied to the «etal surface

«’4'J by injection type feeder. The rate of Pb addition was five 

ti«es that of the target value of 0.2X for the strand. 

Naeely, while eolten steel was poured fro· the long nozzle 

at the rate of 280 kg/ein, lead was added at the rate of 1.0 

X of this amount, i.e. at the rate of 2.8 kg/ein.

When the contents of the tundish had reached the 

normal level of 4.2 tons, drawing was begun to obtain a 

casting speed of 1.6 u/ein (280 kg/ein). The eean Pb

Ϊ

j

c
£
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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 

0.14X.

A 30 βι-thick cross-sectiona1 saeple was cut from 

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 mm or More in diaMeter, with the
C ' ■
// largest of the grains Measuring 7 mm in diaMeter.

« e

·’/ ExaMple 1

; In continuous casting of SUS 304 blooM, there was
β 5 9

produced 0.2X lead-bearing steel. In accordance with the 

arrangeMent shown in Figure 1, the tundish 1 was divided by 

// the barrage 2 into the iiiersed nozzle chaMber 4 and the
a e ·

// melt receiving chaMber 6, and Pb was supplied froM the
a

vicinity of the long nozzle 5.
β c

< 5

’ To ensure 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
< * 4
\ ”/ 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 thickness of the Pb sediMent layer 

and the flow of Melt in the tundish.

8



More specifically, after 2 tons of aelt had been 

poured into the tundish, 48 kg of Pb was divided into 

batches and supplied to the welt receiving chamber, thereby

foraing the Pb sediaent layer 8 on the floor of the tundish. 

The flow of welt frow the long nozzle 5 caused a lead-in- 

aelt suspension to be foraed above the sediaent layer.

When the aaount of Belt in the tundish had reached 

4 tons, drawing was'cowaenced to obtain a casting speed of 

1.6 a/ain. Siau1taneous1y with the start of casting, 

injection of Pb to the surface of the welt in the aelt 

receiving chaaber was coaaenced at the rate of 1.4 kg/win. 

This supply of Tead was continued throughout the continuous 

casting operation.

Stmce^when Pb is supplied by injection type feeder 

it is possible to avoid the flow of coarse Pb particles 

directly into the wold, it is preferable to carry out the 

injection of lead at a point soaewhat rewoved frow the 

opening and to wake the area of the sediaent layer large so 

that the coarse Pb particles can settle to the bottow.

The aean Pb content of the strand at a point 

corresponding to 5 ainutes after the start of casting wa,s 

found to be 0.22Z, while that at a point corresponding to 30 

ainutes after the start of casting was 0.19%. It was thus 

possible to produce lead-bearing bloow with a lead content

close to the target value of 0.20Z. Exaaination of the

distribution of coarse Pb grains by X-ray photography showed

that no coarse grains of a diaaeter of O.lww or larger were

9



Exaap 1 e 2

SUS 304 bloo· containing 0.3% Pb was produced by 

continuous casting using an arrangeaent like that shown in 

Figure 2. That is to say, two barrages 2 were provided to 

divide the interior of the tundish into three coapartaents. 

Pb was supplied to the interaediate chaaber 3 while Ar gas 

was also blown into the saae chaaber froa below through

OOH 
9 tο ο ο ΰ

o c a 
0 0 ίO 0 fl
0 0 0 0 on oo G

oo o0 0 c0 0 c
0 ο ο o fl o « ο β

0 0 0 0 0 c0 0 <J
O 0 00 O 0O 0 0

0 0 fl 0 0 flο 0 fl

ο ο o a 0 0 G
0 0 0

oo aa ooe oo

porous brick 10 at the bottoa of the tundish. After 3 tons 

of aelt had been poured into the tundish, 108 kg of Pb was 

added thereto in batches to fora a Pb sediaent layer 8 on 

the floor of the tundish. At the saae tiae, blowing-in of 

Ar through the porous brick was begun so as to fora a lead- 

in-aelt suspension above the sediaent layer 8.

When the aaount of aelt in the tundish had reached 

5.4 tons, drawing was started to obtain a continuous casting 

speed of 1.6 a/win. At the saae tiae, injection of Pb to 

the interaediate chaaber was begun and continued at the rate 

of 2.5 kg/ain. 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 foraation of coarse Pb grains was observed 

under exaaination by X-ray photography.

Exaaple 3

To SUS 420 steel, in which lead exhibits lower

solubility as coapared with SUS 304 steel, lead was added to

obtain a target content of 0.15%. The tundish had a single

barrage of the type shown in Figure 3, and the tundish was

1 0



ί

arranged such that the Pb sediaent layer 8 was positioned 

directly below the long nozzle 5, whereby a lead-in-welt 

suspension was foraed above the Pb sediaent layer 8.

When the aaount of Belt in the tundish had reached 

1.5 ton, 27 kg of Pb was added thereto batchwise. Then when 

the aaount of Belt had reached 2.9 tons, continuous addition 

□f Pb at 1.3 kg/ain was begun and, at the sawe tiae, drawing 

was started to obtain a casting speed of 1.8 w/win. 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 foraatian 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 wanner that only slight variation in Pb 

content arises over the course of the casting operation and 

that the strand so obtained exhibits unifor· IPb (content 

without the presence of coarse Pb grains..
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at least said melt-receiving 
nozzle chamber;
steel into at least said
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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 
chamber into said immersed

supplying molten
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 
chamber 
pouring

2 .

said immersed nozzle 
immersedfor passing through said 

into a mold.
A method as in claim 1,

directing the supplying of molten

nozzle opening for

further comprising the 
steel in thestep of

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 

I

I
I

ΐ 
a
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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 steel 
therethrough upwardly from at least said melt-receiving

5 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
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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 1st day of August, 1989
20 NIPPON STEEL CORPORATION

By their Patent Attorneys
GRIFFITH HACK & CO.
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FIG. 3
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