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€9 Method of minimizing slag carryover.
@ The method relates to minimizing slag carryover when
draining molten metal from a furnace. A polyhedral-shaped N \\\
body (22} having density intermediate that of the slag (20) and NN
metal (18) is thrown onto the surface of the slag within a \\
restricted area over the furnace taphole (14). The body will \
float at the slag-metal interface, and tend to lodge with one of /'
its corners projecting into the taphole as the final portion of
remaining metal drains out of the furnace. The shape of the
body and its dimensions are selected so as to only partially
block the taphole opening, causing flaring of the stream so as |6
to signal a furnace operator of the impending flow of slag from
the furnace. The operator then shuts off flow to prevent |8 24) f22 )/20 \
carryover of slag onto the molten metal already tapped. Since N
only the edges of the body contact the taphole, of the body |2 . £ N \\
does not become welded to the wall of the taphole and NN, N \\ WM

therefore is easily dislodged without loss of time between
heats.
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"DESCRIPTION . ' o

METHOD OF MINIMIZING SLAG CARRYOVER

This invention relates to a method of
minimizing slag carryover during tapping of molten
metal from a furnace.

It is desirable in order to imprové ladle -
addition recoveries and deoxidation control in
steelmaking to minimize carfyover of slag with the
molten metal asAit is tapped from the furnace.
Various stopper devices havé been used for plug-
iﬁg the taphole of BOP aﬁd Q-BOP furnaces to prevént_
drainage of slag at the beginning of the tap when
the furnace is first tilﬁed downward to drain fhe
metal out. However; most of the slag gets into the
ladle as a result of becoming entfained with the
metal in a vortex which forms at the taphole en-

trance as the final portion of metal is drained from

—

the furnace.

Two different approaches haﬁe been made
toward solving this lattef problem. in one, a.
device located on the exterior of the furnace is
actuated to physically cut off the stream as slag
begins to flow out of the taphole. A second

approach has been to insert into the furnace a
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floatablé stopper which floats at the slag-metal -
interface and becomes lodged in the taphole.
However, these floatable étoppers have the
Qisadvantage that they tend tb weld to the wall of
the taphole and are difficult to dislodge, requiring
burning with an oxygen lance. This also increases
wear in the taphgle itself. Examples of prior
fioatable stoppers are shown in Stahl Und Eisen,
Volume'go, pages 257-263 and Japanese Patent
Application 47-20803.

According to the present invention, there .
is provided a method of minimizing slag carryover
upon draining molten metal from a furnace through a
taphole, comprising dropping onto the surface of
molten slag and metal in said furnace, within an
area abgée said taphole, a body having é densitf
intermediate that of the molten metal and slag in
said furnace and having'a cross-section of minimum

dimension greater than the maximum dimension of the

e

cross—-section of the opening of said taphole,
draining molten metal from the furnace through the

taphole opening, and then shutting off flow through

'said taphole so as to prevent carryover of slag onto

the molten metal already tapped from the furnace,
characterized in that said body has equilateral

generally planar faces, the intersections of which
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are adapted to lodge in the taphole so that said
body blocks 20 to 80 percent of the taphole opening
when said body becomes lodged in said taphole
opening, and the method include; monitoring the
condition of the stream emerging from said taphole
so as to obtain an indication of flaring of said
stream when said‘body lodges in the taphole.

For use in steelmaking a body haﬁing'a

denéity of .12 to .22 pounds per cubic inch (3320 to

6090 kg/m3) is preferred. The body is of a

material substantially indissoluble in the moltén
metal and slag; . |

The body preferably has a maximum dimension
in any direction of five to twelve inches.(l3 to
30cm) and is adapted to block 20 and 80 percent of a
round taphole opening having a diameter of four to
ten indhgs (10 to 25cm.) when an intersection of the
faces of the body is lodged centrally therein.
Thus, when fhe final portion of metal starts to flow
out of the furnace, thevbody will tend to lodge in
the taphole, causing the stream to flare since the
hole is only partially blocked. The flaring stream
acts as a signal to a furnace operator that slag
will start to flow soon. Thus, the operator may
shut off flow, preventing slag carryover onto the

metal in the ladle. A primary advantage of the



10

15

20

25

0084241
.;_- 4 - ' '
polyhedral-shaped device is that it does not become
- permanently lodged in the taphole and does not
require burning with an oxygen lance in order to
remove it from the taphole.

The body may have faces ail of the same
shape and size. A cuboid shape is preferred. The
body may be of refractory material having solid

metal particles distributed therein to increase its

.density. The metal particles may be shot or fibers

or both, the latter serving to increase cohesiveness
of the body. Preferably, carbon steel éhot is used
whereas the fibérs are of stainless sieel
composition. |

The invention is further deséribed, by way
of example, with reference to the accompanying
.draﬁings, in which:-

'jﬁgure 1l is a cfoss—sectioh of a furnace

tilted into tapping position for draining molten

-’ggtal through a taphole of the furnace and showing

the location of a floating stopper, and
Figure 2 is a schematic illustration of how
the floating stopper lodges in the taphole.
Referring to Figure 1, a steelmaking
converter 10 is shown having a refractory lining 12
and a taphéie 14 located near the mouth 16‘of the

converter vessel. The vessel is shown tilted
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downwardly from its normal_upright position, so that

- molten metal 18 and slag 20 will drain therefrom.

A cube 22, having been dropped into the furnace contents
above the taphole, is shown floating at the slag-metal
interface during the tap and before being drawn into
dotted position 24 by vortex action towards the end

of the tap. Referring to Figure 2, which is an
enlarged section taken along the line II-IT of Figure 1,
the cube 22 is shown lodged in the taphole 14 and

only partially blocking the taphole opening. For a
six-inch (15cm.) diameter taphole, a cube 7 or 8

inches (18 or 20cm.) on each face has been found to
work satisfactorily. A seven inch (18cm.) cube is
preferred. It will block about 40 percent of the
cross-section of a six-inch (15cm.) diameter taphole.

The cube may be of any refractory material resistant
to dissolution in the metal and slag, at least
sufficiently to maintain the minimum dimensions
nécessary_for lodging in the taphole. Castable refractory
is preferred. Seven-inch (18cm.) cubes having a density
of from 0.15 to 0.17 1bs/in.”2, (4150 to 4710 kg/m’)
have been used although any density between that of the
slag and metal should suffice. For example, molten
steel has a density of about 0,25 lbs/in.3 (6920 kg/ms},
whereas steelmaking slags have density of about 0.10
lbs/in.3 (2770 kg/mB). Shown below are examplés of
mixtures used for making typical cubes:
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TABLE 1

"CUBE A 7 inches (18 cm.) on each side with density

of 0.15 1bs/in.>(4150 kg/m>)

Weight
1bs. kg.
Refracgory Cement 7.6 3.4
i Fine IronfOrévConcentrate 15.2 6.9
Steel Shot 28.6  13.0
Water | 2.5 1.1
Stainless Steel Fibers 1.5. 0.7

CUBE B 7 inches (18cm.) on each side with density

of 0.17 1bs/in.3 (4710 kg/m3)

Weight
1bs. kgf
Refractory Cement 5.3 2.4
Fine Iron-Ore Concentrate  10.4 4.7
Steel Shot . 42.7  19.4
Water 2.5 1.1
Stainléss Steel Fibers 1.5 0.7

The steel shot is of a type readily avail-
lable and is used for increasing the density of the
cﬁbe. Iron ore is used since it reacts with carbon
in the steel bath énd indicates where the submerged
cube is located. The stainless steel fibers tehd to
bind the refractory preventing the cube from

breaking apart prematurely. Of course, it is
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desirable to completely dry the cubes in order to

remove moisture which reacts with the metal, causing
the cubes to crack and break. | -
It is important that the cube be dropped
into a restricted area over the taphole so as to
assure its being carried by fluid currents in the
ﬁetal during tap into an area directly over the
taphole so that it will lodge therein. It has been -
found that the angle of downward tilt of BOP or
Q-BOP furnace at the end of tgp, if tilted so as to

obtain the maximum rate of draining metal, varies

- from about 88° to 103° from vertical. The

range of angles is due to various factors such as
erosion of the furnace lining and solid slag or
metal buildup at the furnace mouth. It has been
found that reasonable estimates of the location of
the taphole can be made by calculating the
horizontal distance of the taphole fiom the furnace
~trunnions for various angles of tilt of the
furnace. The location of the taphole from the
trunnions at the end of tap will vary over about
four feet (1.2m). Thus it has been found best to
insert the cube in the middle of the calculated
four-foot (l.2m) distance. This can be accomplished
by various means from floor level af a location.

adjacent the furnace mouth.
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The cube should also be inserted into the

- furnace just before a vortex forms as the final

portion of metal starts to drain out. This time may
be calculated from the estimated tonnage of metal
contained in the furnace, the size and shape of the
taphole'in relation to metal bath so as to arrive at

a-critical tonnage.of metal left in the furnace when

.vortexing will begin to occur. This critical

. tonnage may be calculated for conventional

steelmaking BOP or Q-BOP vessels from a formula.
Normally, it is preferred to add the cube within a
calculated time of one to two minutes before all of

the metal has drained from the furnace.

...............Ql.....‘...............T.C..O‘..‘....
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1. A method of minimizing slag carryover
upon draining molten metal from a furnace through a
taphole therein, said methdd comprising dropping
onto the surface of molten slag and metal in said
furnace, within an area above said taphole, a body
having a density inﬁermediate that of the molten
metal and slag in said furnace and having a
cross-section of minimum dimension greater than the
maximum dimension of the cross-section of the
oéening of said taphole, drainingAmolten metal from
the furnacé through the taphole opening, énd then
shutting off flow through said taphole so és to
prevent carryover of slaé onto the molten metal
already tagped from the furnace, characterized in
that said body has equilateral generally planar
faces, thé intersections of which are adapted to

lodge in the taphole so that said body blocks 20 to

80 percent of the taphole opening when said body

becomes lodged in.said taphole opening, and the
method includes monitoring the condition of the
stream emerging from said taphole so as to obtain an
indication of flaring of said stream when said body
lodges in the taphole.

2. A method as claimed in claimil,

characterized in that said body is polyhedral.
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3. A method as claimed in claim 2,
characterized in that said body is cuboidal.
4. A method as claimed in claim 3,

characterized in that said body is a cube.

.._.........O....‘....I‘I.'......I..0.0....00..‘.
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FIGURE |

FIGURE 2
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