June 22, 1965 H. A. LONGDEN 3,189,956
PRODUCTION OF EFFERVESCING STEEL
Filed May 8, 1962 3 Sheets-Sheet 1

ST YN

‘., |l0u’ "3' :

’u\l\ hun ]\‘t Il i

‘”‘I Hl \"l

T W / H” all

"“ l
R XV PR AT Y JFTRY 1O

—

Sae I ) e s o,
’ N { .

I

_—--
..—

"///3‘ h'l' ';)J h | m \\\.




June 22, 1965

Filed May 8, 1962

H. A. LONGDEN 3,189,956
PRODUCTION OF EFFERVESCING STEEL
38 Sheets-Sheet 2

¢

¢ O
& S
l
+—9 _/"\9
e e

0 0



June 22, 1965 H. A. LONGDEN 3,189,956
PRODUCTION OF EFFERVESCING STEEL
Filed May 8, 1962 3 Sheets-Sheet 3

/2

73

79—

il
r =l

T

ki
Ly =




United States Patent O

)

3,189,956
Patented June 22, 1865

CcC

1

3,189,956
PRODUCTION OF EFF ERVESCING STEEL
Harold A. Longden, Dore, Shefficld, England, assignior to
‘Concast A.G., Zurich, watzerland, a Swiss company
Filed May 8, 1962 Ser. No, 193,243
Claims priority, apphcahon Great Britain, May 9, 1961,
16,908/61
7 Claires,  (Cl, 22--208.1)

This" invention relates to the continuous casting of
effervescing steel.

Effervescing steel is steel that has deliberately not been
completely killed by the addition. of one or more de-
oxidants. It is well known that ‘the steel effervesces in
the molds into which it is poured; and in consequence
contains ‘blow holes, and it is essential that these should
be deep in the steel. If they are at the surface, the steel
cannot be rolled saisfactorily.

T have found that the production of effervescing steel
by continnous casting gives rise to special problems. -In
continuous casting processes the molten steel is normaily
poured from a ladle through a launder into a tundish,
from which it flows through a nozzle as a vertical stream
into. the top of an open-ended mold.  This mold is ex-
ternally cooled so that the metal leaving it at the bottom
is solidified at least to the extent that it has a solid skin.
The whole operation must be so  comntrolled that liquid
metal can never break out through the skin at the bottom
of the mold or overflow from the top, and the effervescence
that occurs considerably increases the risk of such over-
flow. from the top.

Now the molds used in continuous casting may be of
small cross-sectional area and the casting rate for produc-
tion reasons may be high. In consequence of both these
factors, the free liquid surface of mietal in-the mold
through which the gases must escape is low in relation
to the volume of gases evolved and the metal becomies
very turbulent and thus particularly liable to overflow.

The principal object of this invention is so to cast ef-
fervescing steel continuously as to ensure that the blow
holes are buried deep in the steel.

Another object is to provide improved control of the
production of continuously cast effervescing steel.

I have found that in continuously cast effervescing steel
the blow holes will be formed at a suitable distance from
the surface of the casting only if the product of the car-
bon and oxygen content (C x O) ‘is controlled so-that at
the time of solidification-it is close to a critical value that
depends on the composition of the steel and particularly
on the carbon and manganes¢ contents. It is also. strongly
affected by the casting conditions, such as the size of the
mold and the tdté of pouring. My invention broadly in-
volves coatrolling this C x O product.

Types of blow holes are shown in the accompanying
drawings,” which also diagrammatically -show apparatus
in which the invention iiay be carried out. In these draw-
ings:

FIGURE 1 is a section through . a casting with blow
holes that prevent satisfactory rolling;

FIGURE 2 is a part-section through another such
casting;

FIGURE 3 is a part-section through a casting with blow
holes that permit satisfactory rolling;

FIGURES 4 and 5 illustrate the change in the blow-
hole formation produced in a casting by means of the
invention;

FIGURE 6 shows part of one continuous casting ma-
chine;

FIGURE .7 illustrates one method of automatic con-
trol of the C x O product; and

FIGURES 8 and 9 are enlarged sections on the line
VHI—VHI in FIGURE 7.
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FIGURES 1 to 3 show blow holes obtained in castings
of large section from three melts A, B and C intended to
vield - products containing 0.05% carbon "and 0.30%
manganese. Details of the three steels and the ¢asting
conditions (including the cross-sectional size of the mold
and therefore of the casting) are given in the following
table:

Table 1
A B C

Casting temperature, ° F___...____ 2,885 2,912 2,903
Casting speed in inches peér

minute ool oo il 25 30 28
Sizé¢ofmold. . _____l_l. ... 9x9” | 35Max5" 3514 2 5
Pereent C at moment of casting. .. 0.035 0.05 0.04
Percent Mn at moment of casting:| - 0.38 0.24 0.38
Percent O at momeiit of casting._- 0. 0455 0. 0605 0. 0475
[ O P S 0..0016 0. 0031 0.0019

- Jn each case ferromanganese was added to the melt in
the ladle before it was cast, ~ In such low-carbon' steels
T have found that manganese has a pronounced effect on
the oxygen content. in the absence of any stronger deox-
idising agent.  Table T illustrates the difficulty of control-
ling the manganese content and therefore the oxygen
content accurately.

The C x O product of Steel A was too low with the
tesult that there were blow holes of moderate elonga-
tion at or close to the surface of the solidified steel, as
shown in FIGURE 1. The C x O product of Steel B
was too high with the result that there were even more
blow. holes remarkably elongated and extending right to
the surface, as shown in FIGURE 2. As shown by FIG-
URE 3 the blow holes in Stezl C were buried well below
the surface and were not elongated. In this steel, there-
fore, the C x O product (0.0019) was correct for the
casting conditions.

In smaller 'molds, e.g.. 7 x 3’ in cross-sectlonal size,
the right value of C x O for steel of nominal composi-
tion 0.11% carbon and 0.35% manganese -is ‘between
0.0040 to 0.0045.

It is a ‘simple matter of experiment to:determine. the
critical C x O figure for any steel under any given casting
conditions.

In practice it is difficult to add a deoxidant to the
metal in a furnace, a launder or a ladle so as to ensure
that the € x O product is dlways right at the moment
of solidification. To avoid this difficulty there must be
control at some subsequent stage. ' In adding a deoxidant
to the steel in, say, the ‘tundish, launder or mold there
is a very grave risk that at some time in the course of
continuous casting: there will be slight over-addition and
in consequence the level of the metal in the mold will
suddenly fall to such an extent that there is not énough
depth of metal left in the mold to ensure solidification.

As a result, metal runs out of the bottom of the mold.

In producing a steel with a predetermined value of the
C x O product according to the invention, the steel is
deliberately over-deoxidized before being poured, with the
result that the C x O product is reduced to less than the
predetermined value and the blow holes would reach the
surface of the casting, and then the C x O product is
raised to the desired value at which the blow holes are
formed at a suitable depth below the surface by adding
an oxidant, - The oxidant may be a solid, e.g., iron
ore, which may be added as powder in a carrier gas
blown against a-stream of the molten metal or into
the molten metal. I much prefer, however, to.use oxygen,
which may convemently be commercial oxygen or may
even be in the form of air, and to direct one or more jets
of this at the metal. This may be done as the metal
enters the mold, but it is preferred to direct the jet or
jets at the metal leaving the ladle, so that in effect one
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has in a launder or tundish a small reservoir of properly
treated metal which is poured through the nozzle into
the mold.

In practice an operator can watch the degree of effer-
vescence in the mold and control the oxygen supply
appropriately.

The initial slight over-deoxidation may be effected by
any convenient deoxidant or deoxidants. Although the
deoxidant most commonly used with effervescing steel,
namely aluminum, may be used, it is undesirable as a
general rule in the process of the invention because when
it is used alumina tends to build up in the nozzle through
which the steel is poured and may actually clog it. The
preferred decxidant used in the invention is silicon,
conveniently in the form of ferro silicon.

As an example of a process according to the invention
and of the way in which the structure of the metal may
be controlled, steel tapped from a basic arc furnace at
3981° F. had the following composition: 0.10% carbon,
0.11% manganese and 0.0040% oxygen. The desired
C x O product was about 0.0042. 12 lbs. per ton of
manganese in the form of 78% manganese ferro-alloy
was added to the steel in the ladle. The steel was then
cast at 2912° F. into a mold 7 x 3 inches in cross-section,
the average casting speed speed being 60 inches per
minute, At the time of casting the carbon content was
0.11%, the manganese content. 0.36% and the oxygen
content 0.033%. The structure of the steel initially cast
is shown in FIGURE 4, the C x O product being only
0.0036, i.e. too low. After enough steel had been cast
to obtain the specimen from which FIGURE 4 was made,
oxygen was blown against the stream of steel leaving
the ladle, the oxygen being blown at a rate of 8 cubic
feet per minute. The C x O product of the steel rose to
0.0042 and the structure of the resultant slab became
that shown in FIGURE 3.

The invention may be carried out in the apparatus
shown diagrammatically in FIGURE 6. In this apparatus
molten steel is brought to the casting machine from a
furnace in a ladle 1 having a pouring lip 2 from which
a stream of metal runs as shown at 3. ‘The casting machine
comprises a cross-launder 4 from which streams 5 flow
to two tundishes 6 having nozzles 7 through which the
molten metal flows as streams 8 into open-ended water-
cooled molds $ to emerge as strands 18. The steel in the
ladle has been deoxidized, and oxygen is blown against
the stream 3. As shown, oxygen is blown in this way
through two pipes 11 which barnch from a single pipe
12 controlled by a valve 13. Oxygen jets may, however,
be directed not at the stream 3 but at the streams 5 leaving
the launder, or at the streams & entering the mold, or
onto the molten metal in the launder 4 or the tundishes 6.

The control may be made automatic. For instance
use may be made of the fact that in the solidified metal
below the mold there should be a rim substantially fres
from blow holes. Gamma rays will be intercepted by
this rim to a greater extent than by metal containing blow
holes. Accordingly, as shown in FIGURES 7 t0 9, I
may provide a source of gamma rays 16 and a detector
17 on opposite sides of the solidified metal I8 and so
obtain a signal. This signal may be transmitted to an
instrument 18 connected to control the setting of the
valve 13. The source and detector are placed so that
if the blow holes are adequately buried as shown in
FIGURE 8§ the instrument 18 does not respond, but if
the blow holes approach the skin as shown in FIGURE 9
the amount of the rays passing through the billet will

10

20

30

40

50

60

4

increase, and the resultant signal will cause increased
opening of the valve 13.

In comparison with processes in which control is
effected by a deoxidant, the process according to the pres-
ent invention presents the advantage that if there should
be any failure in the supply of -oxidant the casting proc-
ess will still continue safely.

The process according to the invention gives the ex-
tremely close control of C x O product which is essential
to the successful continuwous casting of all effervescing
steels over a wide section range, and enables a satisfactory
product to be obtained even in steels with a carbon content
below 0.07%.

1 claim:

1. ‘A process for the continuous casting of effervescent
steel to produce sound rimmed steel comprising

‘(1) over-deoxidizing molten steel and

(2) reoxidizing said molten steel by directing at least

one jet of oxygen on said molten steel and supplying
an amount of oxygen sufficient to correct the over-
deoxidized condition, and then"

(3) pouring said steel into a continuous casting mold

wherein said steel effervesces and solidifiies forming
a sound rimmed steel.

2. The process of claim 1 wherein the amount of
oxygen added is controlled by an operator to obtain the
desired degree of effervescence inthe mold.

3. The process of claim 2 wherein a deoxidant selected
from the group consisting of silicon and ferrosilicon
is added to effect said over-deoxidation.

4. A process according to claim 3 wherein the metal
is poured from a ladle to a tundish and then to the open
mold, and wherein the oxygen is directed at the metal as
it flows from said ladle. :

5. The process of claim 1 ‘wherein the amount of
oxygen supplied is controlled by an electric signal ob-
tained from a density determining instrument comprising
a source of gamma rays positioned on one side of the
solidified steel product of the casting process and directed
through the rim portion side of said steel, and a de-
tector on the opposite side of said steel, whereby differ-
ences in the apparént density of said steel are detected
and then correlated to provide an electric signal to control
the amount of oxidant supplied.

6. The process of claim 5 wherein a deoxidant selected
from the group consisting of silicon and ferrosilicon is
added to effect said over-deoxidation.

7. The process of claim 1 wherein a deoxidant selected
from the group consisting of silicon and ferrosilicon is
added to effect said over-deoxidation.
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