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Abstract

A process for renewing the refractory lining of
a ladle for casting steel and of similar metallurgical
vessels. While the ladle (10) is still hot, the slag (S)
still adhering to the inner surface (26) is melted off
from thé remaining lining (2) with the aid of a high-
temperature burner (9) operating under reducing con-

ditions and allowed to run out of the ladle (10) in the

molten condition. After cooling, the glassy surface of

the remaining lining (2) is roughened. The new refractory

lining (30) is then applied by casting, with the aid of

a template.

(Fig. C)
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This invention relates to a process for renewing the
refractory lining of a steel-casting ladle or the 1lilke
metallurgical vessel, and to an apparatus or installation for
carrying out this process.

To an increasing extent nowadays, metallurgical
vessels are no longer being lined (faced) with refractory
bricks. Instead, a casting technique is used 1n which a
refractory casting material, generally a thixotropically
acting casting material, 1s introduced into the 1interspace
between a template or mold which determines the desired clear
interior space of the ladle or other type of metallurgical
vesgel and the vessel wall to be lined. Due to 1ts
thixotropic behavior, the material flows very well under the
action of vibrations (generally of the template or mold), even
in the case of low water contents, and fills every cavity.

German Offenlegungsschrift 3,741,073 has already
disclosed a process 1n which, at the end of the life of a
metallufgical vegssel, that is8s to say after the inner layers of
the casting material which have been exposed to the molten
metal have worn away, 1lnstead of breaking out completely the
remainder of the refractory lining, which 1s of course still
serviceable, only the remaining slag residues and the slag-
penetrated surface layers of the old 1lining are superficially
removed. This does not involve the production of a
geometrically regular surface but an operation in which a so-
called slag-stripping robot with tools mounted on movable

arms, rolling on the surface and having projecting sintered-
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carblde studs acts on the surface under the action of
vibrations and removes or at least roughens it to the desired
eXtent. During this operation, however, the tools follow the
largely existing contour of the old lining. The template 1s
reintroduced into the metallurgical vessel having the old
lining cleaned in this way, and the interspace between the
template and the o0ld lining is then filled again with
thixotropic casting material under the action of vibrations.
In thlis way, 1t 1s possible to save up to 50% of the expensive
lining material. The preceding machining of the surface of
the old lining results in a good bond with the newly applied
refractory material.

The known process, however, proves to be too
expensive 1n certaln cases. This is the case when the skull,
l.e. the slag layer, 1s so thick that the time involved 1in
removing it and assoclated wear of the tools are too great to
keep the process cost-effective. 1In addition, the remaining
portion of the refractory lining 1s subjected to high mech-

anlical stresses by the prolonged action of the tools and

20 cracks can thus arise.

The object on which the invention is based is to
allow the refractory lining of metallurgical vessels to be
renewed in an economical manner even in such cases.

The invention provides a process for renewing the
refractory lining of a ladle for casting steel and of similar
metallurgical vessels, in which, after a ladle campaign, the

adhering slag and, 1f required, also the slag-impregnated
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uppermost layers of the old lining are removed and a new

3

refractory replenishment lining 1s applied to the old lining
by casting the replenishment lining, together with the old
lining, giving an overall refractory lining with the original
wall thickness, while the ladle is sti1ll hot, the ladle is
arranged on its side sloping slightly downwards towards its
open end, and the slag still adhering to the inner surface and
the slag-impregnated uppermost layer of the old lining melted
off from the remaining lining with the aid of a high-
temperature burner operated with pure oxygen under reducing
conditions and allowed to run out of the ladle in molten
condition, and in that, after cooling, the glassy surface of
the remaining lining is roughened and the new refractory
lining 1s then applied.

The invention also provides an installation for
carrying out the above process and comprising: (a) a stand on
which the ladle can be laid down on its side but with a slight
downward slope towards its open end; (b) a high-temperature
burner which can be 1nserted into the ladle and guided over
the inner surface of the ladle on a lance which can be
pivoted, rotated and displaced in the vertical direction of
the ladle; (c) a device for receiving molten slag running out
of the ladle opening; (d) a roughening apparatus which can be
inserted into the ladle and actuated for roughening the

surface of the remaining lining; (e) a template which can be
lowered 1into the ladle when upright, for the inner shape of

the lining, and a feed device, by means of which lining
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4
materlal can be introduced into the interspace between the
inner surface of the old lining and the template.

At the end of a ladle campaign, i.e. when the
renewal of the refractory lining is due, the ladle is 1laid on
the stand as quickly as possible, immediately after the
tipping of the slag, while still at the full, casting
temperature, in such a way that 1t slopes slightly outwards
and downwards. The retention of the heat contained in the
ladle 1s important for the economic efficiency of the process.
A high-temperature burner with a water-cooled lance which can
pbe moved up and down and rotated can be displaced on rails in
front of the ladle in the vertical direction of the ladle, it
thereby being possible to guide the burner in a spiral and
hellx over and at a sultable spacing from the inner surface of
the ladle. The burner operates with gas or oil and oxygen and
can be operated under reducing conditions, i.e. does not
develop any brown fumes. Beginning in the region of the
bottom, the burner lance can be guided in a circle in such a
way that the adhering slag, slag steel mixtures or steel
reslidues 1n the region of the bottom and walls become highly
fluid and flow outwards out of the inclined lower region of
the ladle, out of the outlet of the latter and pass into a
slag pot or into a sand bed. In this way, the ladle is
Ccleaned within a few minutes. All that remains on the old
refractory lining is a thin, glassy, smooth slag covering
which, after the ladle has cooled, 18 mechanically roughened

iln order to achlieve a good adhesion base for the new lining
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4a
material. Roughening can be carried out by the abovement ioned
slag-stripping robot, which partially or completely removes
the slag layer and, 1n either case, leaves behind a rough
surface on the old l1lining.

The template 1is then reintroduced into the ladle by
the method known per se and described above and the interspace
petween the template and the surface of the lining which
remalns 1s filled with new casting material.

By means of the new process, the renewal of the
lining can be carried out in the shortest possible time
without high mechanical stresses on the permanent lining and
wlthout extensive break-out work.

The melting off of surface layers of the refractory
lining of a tundish 1s known per se from JP-A-60-261653 and
JP-A-61-137656. However, what 1is concerned here is purely the
removal of layers, not an overall process with subsequent
roughening and replacement of the material removed by new
refractory material.

A burner operated with oxygen has flame temperatures
in the region of 3000°C.

The materials which remain in the ladle and are to
be removed, such as slag, slag steel mixtures or steel
residues have melting points in the range of about 1000° -
1500°. The temperature of the ladle is in any case still very
high from the last casting and the burner does not for
instance have to heat up the ladle from ambient temperature.

On the contrary, the burner has only to produce the final
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temperature peak 1n order to liquefy all the unwanted con-

4b

stituents adhering to the surface, and this is achieved in a
short time. Suitable burners, particularly with regards to
the burner nozzle, are those which have the features of German
Patents 1,529,201 and 3,151,479.

To avold heat losses, 1t 1s advisable to provide a

heat shleld which closes off the interior of the ladle
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from the outside during the operation of the burner.

In the preferred illustrative embodiment of the
installation, the roughening apparatus known per se from
German Offenleqgungsschrift 3,741,073 is used. It is,
however, also possible to use different roughening
apparatuses, for example sand blast blowers or similar
particle blowers.

In the drawing, the various phases of the
treatment of a foundry ladle for steel are shown
schematically in vertical section and designated by
capital letters.

A shows a freshly-lined foundry ladle 10, which
- comprises a pot-shaped sheet-steel housing 1 with a
slight downward taper, to the inside of which is applied
a so-called lining or facing of refractory material with
an essentially uniform thickness of some 10 centimeters.
The ladle 10 can be grasped and moved around by the shop
crane by means of lateral projections 3.

In the ladle 10, the steel is subjected to a
metallurgical treatment, for example by the blowing in of
oxygen, argon or the like, and then poured off. After a
number of such treatment or pouring operations, i.e.
after such a ladle campaign, the slag is poured off and
the lining of the ladle 10 has the appearance shown in B.
There are regions 2’ in which the wall thickness of the
lining 2 has decreased considerably. In other regions
2'", the lining exhibits skulls, i.e. thick slag layers

or beads have attached themselves, as indicated by the
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cross hatching representing the slag S. Steel residues or
steel slag mixtures may also be present. Thinner slag
layers also adhere in the regions 2’ or the surface
regions of the lining 2 have been penetrated to a certain
depth by slag, reducing their refractoriness. The coarse
beads at the upper edge of the ladle are broken out using
a suitable apparatus and the ladle is then immediately
(1L.e. while the lining 2 is still glowing bright red from
the last cast) laid down on its side on a stand 4 situa-
ted in the vicinity, using the shop crane, such that the
wall of the lining 2 assumes an angle 5 of about 5 to 30°
to the horizontal in its essentially cylindrical region,
the inclination being greatly exaggerated in the schema-
tic representation of the illustrative embodiment. The
opening 6 of the ladle 10 faces downwards.

A carriage or car 7 is now brought up on rails,
the said carriage or car carrying a lance 8 with a high-
temperature burner at the free end, which burner can be
inserted into the interior of the ladle 10 and can be
both pivoted in accordance with arrow 11 and rotated in
accordance with arrow 12 and can be displaced into the
ladle 10 in the longitudinal direction of the lance in
accordance with arrow 13. The carriage or car 7 further-
more carries a heat shield 14, which covers the opening
6 of the ladle 10.

The high-temperature burner 9 is operated with a
suitable gaseous or liquid fuel and pure oxygen and

produces flame temperatures in the region of 3000°C,
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which melt the still red-hot slag, the melting point of
which is in the range from 1000 - 1500°C, the heat shield
14 preventing heat losses and excessive radiation of heat
onto the car 7.

The slag which has been melted out flows down-
wards out of the opening 6 of the ladle 10 in accordance
with arrow 15, into the slag pot 16.

Between phase C and phase D, the ladle 10 has the
chance to cool down. The ladle is placed in a pit 17 by
means of the shop crane. There is now no longer a slag
layer of any appreciable thickness present, for which
reason the cross-hatching (see B) has been omitted.
However, there is still a thin, glassy, very smooth slag
layer, arising from the process of melting the slag out,
on the surface of the lining 2 left behind, this layer
being at least partially removed and, at the very least,
roughened by means of the slag robot 20 in phase D. The
slag robot 20 comprises a machine frame 18 which projects
over the ladle 10 and on which a vertical column 19 is
mounted in such a way that it can be raised and lowered
in accordance with arrow 21 and rotated about its lon-
gitudinal axis in accordance with arrow 25. Attached to
the lower end of the column 19 are pivotable arms 22, on
the free ends of which rotatable tools 23 in the form of
rollers equipped with sintered-carbide studs 24 are
provided which follow the contour of the inner surface of
the lining 2 and under the action of vibrators, exert a

hammering action on the slag layer and remove or at least
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roughen it without significantly changing the relief of
the inner surface 26 or removing much of the sound
material of the lining 2.

In phase E, the slag robot is removed and,
instead, a slightly conical template 27 is introduced
into the interior of the ladle 10 on a supporting device
28. The template 27 determines the shape of the inner
surface of the 1lining 2, as can be seen from A.
Thixotropic refractory lining material 30 is introduced
into the interspace between the surface 26 and the
template 27 by means of a feed device 29, the said
material essentially having the consistency of slightly
moist sand but becoming more or less fluid under the
action of the vibrators 31 acting on the template 27 and
filling the entire interspace 32 between the template 27
and the inner surface 26 homogeneously.

After the removal of the template 27, the
refractory material introduced into the interspace 32 is
dried by means of a ladle heating device 33 and bonds to
the old lining to form a new, compact and homogeneous
lining 2, the ladle 10 thus returning to phase A and
being able to start a new ladle campaign.

In tests in a 95 tonne steel ladle with an inside
diameter of about 2600 mm and an internal height of about
3440 mm, the high-temperature burner 9 used had, as
regards, 1in particular, the design of the nozzle,
features of German Patents 1,529,201 and 3,151,479' and

was arranged with the outlet of the nozzle approximately
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in the center of the clear interior space of the ladle,

as depicted in C. The high-temperature burner 9 was |
operated with about 280 Nm’/h of propane and 900 Nm®/h of
oxygen without the addition of air. It was in operation
for about 15 minutes, until the slag had been melted out

to a sufficient extent.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

10
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. Process for renewing the refractory lining of a
ladle for casting steel and of similar metallurgilcal vegsels,
in which, after a ladle campaign, the adhering slag and , if
required, also the slag-impregnated uppermost layers of the
ocld lining are removed and a new refractory replenishment
lining 1is applied to the o0ld lining by casting the replenish-
ment lining, together with the old lining, giving an overall
refractory lining with the original wall thickness, character-
iZzed 1n that while the ladle is still hot, the ladle is
arranged on 1ts side sloping slightly downwards towards its
open end, and the slag still adhering to the 1nner surface and

the slag-impregnated upper- most layer of the old lining

melted off from the remaining

lining with the aid of a high-temperature burner operated with
pure oxygen under reducing conditions and allowed to run out
of the ladle 1n molten condition, and in that,.after cooling,
the glassy surface of the remaining lining is roughened and

the new refractory lining is then applied.

2. Installation for renewing the refractory lining of
ladles for casting steel and of similar metallurgical vessels

according to the process of Claim 1, characterized by the

following installation components;

(a) a stand on which the ladle can be laid down on its
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Slde but with a slight downward slope towards 1its open end:

(b) a high-temperature burner which can be inserted into
the ladle and guilded over the inner surface of the ladle on a
lance which can be pivoted, rotated and displaced in the
vertical direction of the ladle;

(c) a device for recelving molten slag running out of
the ladle opening;

(d) a roughening apparatus which can be inserted into
the ladle and actuated for roughening the surface of the
remaining lining;

(e) a template which can be lowered into the ladle when
upright, for the 1nner shape of the lining, and a feed device,
by means of which lining material can be introduced into the
interspace between the inner surface of the old lining and the

template.

3. Installation according to Claim 2, including a heat
shield for closing off the interior of the ladle from the

cutside when the high-temperature burner is inserted.

4. Installation according to Claim 2 or 3,
characterized in that the roughening apparatus comprises
rollers which are equipped with sintered-carbide studs, are
subJected to vibration and, roll on holding arms, said rollers
beling operative to roll over the inner surface of the old

lining, faithfully following the contour of the latter.
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5. A process for renewing a refractory lining of a
ladle, the refractory lining having a predetermined thickness,
and the ladle containing at least one of: 1) a slag which is
adhered to the refractory lining, and 2) a slag-impregnated
surface layer of the refractory lining, the process comprising
the steps of:

(a) heating the ladle;

(b) tilting the ladle on a slide thereof such that the
ladle 1s sloped relative to a horizontal plane wherein an
opening of the ladle 1s located proximate a lower end of the
sloped ladle;

(c) melting at least one of the slag and the slag-
impregnated surface layer via a high-temperature burner that
utlilizes pure oxygen and allowing the melted at least one of
the slag and the slag-impregnated surface layer to runout of
the opening so that after melting has ended, the refractory
lining has an exposed glassy surface;

(d) cooling the ladle;

(e) roughening the exposed glassy surface; then

(f) casting a refractory lining material against the
roughened exposed glassy surface to form a renewed refractory
lining adhered to the roughened exposed glassy surface of the
refractory lining such that a thickness of the renewed
refractory lining combined with the refractory lining is
approximately the same as the predetermined thickness of the

refractory lining.
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6. An apparatus for renewing a refractory lining of a
ladle used for casting metallurgical material, the apparatus
comprising:

‘ a stand upon which the ladle 1s removably supported
to lle at an angle relative to a horizontal plane so that an
opening of the ladle 1s located proximate a lower end of the
angled ladle;

a movable high-temperature burner being removably
disposed in the ladle and guidable along an inner surface of
the ladle, the high-temperature burner being pivotable,
rotatable and displaceable along a longitudinal axis of the
ladle, the high-temperature burner melting at least one of a
slag adhered to the refractory lining and a slag-impregnated
surface layer of the refractory lining so that the melted at
least one of the slag and the slag-impregnated surface layer
exlts the ladle via the opening;

a device which receives the melted at least one of
the slag and the slag-impregnated surface layer exiting the
opening;

a roughening device for roughening an exposed glassy
surface of the refractory lining which exists after the melted
at least one of the slag and the slag-impregnated surface
layer has exited via the opening;

a template lowerable into the ladle such that at
times when the template is in the ladle, a space 1is defined
between the template and a portion of the refractory lining

which remains after the melted at least one of the slag and
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the slag-impregnated surface layer exits the opening and the
roughening device has roughened the exposed glassy surface;

and

a feed device for feeding lining material in the

space for renewal of the refractory lining.

7. An apparatus as set forth in Claim 6, further
comprigsing a heat shield which covers substantially all of the
opening and through which heat shield the high-temperature

burner passes when disposed in the ladle.

8. An apparatus as set forth in Claim 6, wherein the
roughening device includes holding arms each having a roller
rotatably mounted thereon, and means for vibrating the
rollers, the rollers are each equipped with sintered-carbide
studs extending therefrom, and means for guiding the rollers

along the exposed glassy surface.

9. An apparatus as set forth in Claim 6, further
comprising a lance upon which the high-temperature burner 1is
mounted, the lance beling plvotable, rotatable and movable

along the longitudinal axis of the ladle.

10. A process for renewing a refractory lining of a
ladle, the refractory lining having a predetermined thickness,
and the ladle contalining at least one of: 1) a slag which 1is

adhered to the refractory lining, and 2) a slag-impregnated
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opening of the ladle 1s located proximate a lower end of the
angled ladle; then

(c) melting at least one of the slag and the slag-
ilmpregnated surface layer via a high-temperature burner that
utilizes pure oxygen and allowing the melted at least one of
the slag and the slag-impregnated surface layer to run out of
the opening so that after melting has ended, the refractory
1ining has an exposed glassy surface; then

(d}) cooling the ladle; then

() roughening the exposed glassy surface; then

(f) casting a refractory lining material against the
roughened exposed glassy surface to form a renewed refractory
lining adhered to the roughened exposed glassy surface of the
refractory lining.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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