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Slide gate valve made of a refractory material for metallurgical vessels.

@ The invention refers to a slide-gate shut-off de-
vice made of refractory material, of the type having a
fixed holed refractory plate (30), a sliding holed
refractory plate (40) and underneath the latter a
refractory sleeve joined to it (50), above the fixed
e=refractory plate (30) a fixed refractory sleeve (20),
<also known as the internal pouring appliance, around
which a pouring-applicance holder (11-12) is ar-
Lo ranged.
N According to the invention, these refractory
¢ plates (30,40) are holed in the centre and have a
© double symmetry; furthermore, said internal pouring
¢appliance {20) becomes gradually thinner towards
© the top, and at its lower base has a radial thickness
approximately double that of the lower sliding refrac-
L tory sleeve (50), known as the external pouring appli-
ance, the radial thickness of which is approximately
equal to the radius R of the casting holes in the

refractory plates (30, 40).
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Shut-off device made of refractory material for a slide-gate pouring appliance

Slide-gate pouring appliances for ladles and
similar devices have been commonly used for
about two decades now. They were however de-
signed far earlier, at the beginning of the last
century, and the long delay before they were ap-
plied must be blamed on the fact that to enable
them to operate properly, refractory bricks with
high mechanical, thermal and chemical properties
are required. These properties have become avail-
able only relatively recently. and since then slide-
gate pouring appliances have continued to become
increasingly widespread. First of all they were ap-
plied to smaller gates and then, graduaily, to larger
ones.

Ever since slide-gate pouring appliances were
first introduced, attempts have been made to find
solutions allowing replacement of at least some of
the firebricks from outside the ladle, thus simplify-
ing and speeding up maintenance operations.

It is well-known that the basic refractory ele-
ments of a slide-gate shut-off device consist of two
holed plates of which one fixed and one sliding, of
a sleeve below the sliding refractory plate known
as the external pouring appliance and a sleeve
above the fixed refractory plate known as the inter-
nal pouring appliance. The internal pouring appli-
ance is not directly surrounded by the refractory
lining of the ladle, but isolated from it by means of
a larger slesve, called the pouring-applicance hold-
er and which, unlike the internal pouring appliance
has to be fitted and replaced from inside the ladie.
This pouring-appliance holder is also an integral
part of the slide-gate pouring appliance.

In designing the refractory parts of slide-gate
shut-off devices, it is of the utmost importance to
achieve uniform wear of the parts so as {0 space
maintenance activities efficiently. It is however not
easy to achieve similar rates of wear for elements
working in different ways, and therefore in the past
it was found preferable to simpiify the typology of
ihe refractory elements forming the pouring appli-
ance so at least the number of parts to be stocked
was reduced.

This criterion is used in nearly all cases, but
the different wear rates of the various components
are magnified by the increased dimensions of the
shut-off devices, and it is therefore necessary to
choose between two alternatives:

(a) To reduce the number of stoppages for
maintenance activities by replacing all the parts at
the same time, even if some are only partly worn;

(b) To increase the number of stoppages for
maintenance activities, replacing sach time only
those parts which have reached the maximum per-
missible limits of wear. The first of these aiter-
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natives means a considerable wasie of materials,
and the second means interrupting the work cycle
more frequently, reducing the expioitation of the
production facilities.

The aim of this invention is to implement a
large slide-gate shut-off device. the parts of which
will wear out at the same rate. In this way it will be
possible to space maintenance activities further
apart, without the wastages caused by early re-
placement of parts which are not yet fully worn out.
According {o this invention, this aim has been fulfil-
led not only simply by increasing the dimensions
(for example the thicknesses) of the parts which
wear out more rapidly but also and above all by
correctly configuring the various parts of the shut-
off device.

The slide~-gate shut-off device according to the
invention has: (a) a fixed holed refractory plate. (b)
a sliding holed refractory plate, below i, (¢c) a
sleeve made of refractory material solidly connect-
ed to the latter, above the fixed refractory plate, (d)
a fixed refractory sieeve, also known as the internal
pouring appliance, around which a hoider {(e) is
arranged. According to this invention the refractory
plates are holed in the cenire and are doubly
symmetrical; in addition, said internal pouring appli-
ance becomes gradually thinner towards the top
and the radial thickness of its bottom base is about
double the radial thickness of the internal sliding
refractory sleeve. The radial thickness of this slid-
ing refractory sleeve is approximately equal o the
radius R of the pouring holes in the fixed and
sliding refractory plates. By adopting these dimen-
sional ratios, a practically uniform wear rate of all
the refractory parts has been achieved. lsading to a
good degree of efficiency in the explotation of the
system.

Following is a brief description of the attached
drawings:

- figure 1 is a side view. shown half as a
radial cross-section, of the shut-ofi device accord-
ing to the invention;

- figure 2 is a side view. shown half as a
radial cross-section, of the upper fixed sleeve. also
known as the internal pouring appliance;

- figure 3 is a view from below of the fixed
refractory plate, inserted in its metal container:

- figure 4 i1s a side view of the same refrac-
tory plate. shown half as a cross-section:

- figure 5 is a view from below of the fixed
refractory place, without its metal casing;

- figure 6 is a side view of the fixed refrac-
tory plate, without its metal casing, shown hatf as a
cross-section;

- figure 7 is an eniargement of the detail
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indicated by the circle VIl in figure 6 and by the
circle VI/A in figure 16 described below;

- figure 8 is a view from below of the metal
casing of the fixed refractory plate;

- figure 9 is a side view of the same casing,
shown half as a cross-section;

- figures 10, 11 and 12 are, on an enlarged
scale, the details indicated by the circles X, X! and
XNl in figure 9 above and by the circles X/A, XA
and XII’A in figure 18 described below;

- figure 13 is a view from above of the
mobile refrac tory plate, inserted in its metal con-
tainer;

- figure 14 is a side view of the same refrac-
tory plate, shown half as a cross-section;

- figure 15 is a view from above of the
mobile refractory plate, without its metal casing;

- figure 16 is a side view of the mobile
refractory plate, without its metal casing, shown
half as a cross-section;

- figure 17 is a view from above of the metal
casing of the mobile refractory plate;

- figure 18 is a side view of the same casing,
shown half as a cross-section:

- figure 19 is a side view, shown half as a
radial cross-section, of the external pouring appli-
ance, consisting of a sliding refractory sleeve fas-
tened solidly to the lower plate and inserted inside
its own metal casing.

With specific reference to the above drawings,
the shut-off device made of refractory material ac-
cording to the invention includes an internal
pouring-appliance holder made up of two superim-
posed elements indicated by 11 and 12, the mating
surface of which is fitted with a centering key 13.
These two elements have to be fitted from inside
the ladle and of course their re placement times
will be far longer than the replacement times of the
remaining refractory elements of the shut-off de-
vice, which can be disassembled and reassembled
from outside the ladle.

The inside surface of the pouring-device holder
11-12 has a first upper piece, {runcated-cone
shaped, 14, open at the top where it is shaped like
a funnel suitable for conveying the liquid metal
downwards. The height of this first part, indicated
with the number 14, is about 2-3 times the radius R
of the minimum cross-section of the duct through
which the liquid metal passes. For the purpose of
this description the value of said radius R shall be
assumed as a conventional unit of measurement.
The radius R is chosen, from time to time, depend-
ing on the dimensions of the ladle and of the
capacity of the devices downstream from the latter
which have to receive the flow of molten steel. The
tangent of the opening angle of the conical surface
14 is comprised between above 0.2-0.4; below this
first conical portion there is a second, cylindrical,
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portion 15, the height of which is equal to about 0.2
- 2 times R. Below this, the inside surface of the
pouring-appliance holder 11-12 has again a conical
shape, opening out towards the bottom, and the
angle of opening of which is about 2-6 degrees.
This angle allows the internal pouring appliance 20
to be inserted or removed from underneath.

The internal pouring appliance 20 has a height
of about 10 times R, and is passed through by a
hole 21 formed by an upper conical part 22, and a
lower cylindrical part 23. The height of the lower
cylindrical part 23 is about 3-4 times R. The tan-
gent of the angle at the vertex of the conical
surface 22 is approximately equal to 0.15-0.45. The
width of the upper ring-shaped base 24 of the
internal pouring appliance 20 is approximately
equal to R and starts just below the cylindrical part
15 of the pouring-appliance holder 11-12. In this
way a step is created which will wear out progres-
sively due to the abrasive effect of the liquid steel,
gradually transforming the conical surfaces 14 and
21 into a single surface shaped more or less like a
paraboloid of revolution. The flow of liquid steel is
now directed towards the boundary and enters the
cylindrical duct 22-23 causing less wear.

The radial thickness of the lower ring-shaped
base 25 of the internal pouring appliance 20 will be
approximately equal to 2R. The lower ring-shaped
base 25 of the internal pouring appliance 20 has a
circular rib 26 located in the vicinity of the outer
rim of the base itself. This circular rib serves as a
centering element between the lower base of the
internal pouring appliance 20 and the upper surface
of the fixed refractory plate 30 which is equipped
with a corresponding groove 31. The plate 30 is
equipped with a central hole having a radius R, and
its thickness is approximately the same; the re-
maining relative dimensions of the fixed refractory
plate 30 are described in detail below.

The underside of the fixed upper plate 30 is
accurately flattened, since it serves as a sealing
surface over which the upper surface of the under-
lying sliding refractory plate 40 slides. The sliding
plate 40 also has a central hole 42, and on its
underside a circular groove 41 which accommo-
dates a corresponding rib 51 protruding from the
upper ring-shaped base 52 of the lower slesve 50,
which slides together with the lower plate 40 and
forms the external pouring appliance. The radial
thickness of the lower sleeve 50 is approximately
equal to R, and its height HI is about 6-12 times
the radius R of the pouring hole. The hole 53 of the
lower sleeve 50 is cylindrical, and its lateral surface
54 is also cylindrical although it has at the bottom a
conically bevelled edge which makes it easier to
insert the lower end of the external pouring appli-
ance into the upper end of an underlying plunger
type pouring appliance below it.
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The fixed upper plate 20 is illusirated in detail
in figures 3 and 12: it is symmetrical in respect of
two orthogonal horizontal axes and its width is
equal to approximately 5-7 times the radius R,
while its length is approximately equal to 12-16
times the radius R. The two ends 33 of the refrac-
tory plate 30 are shaped as semicircles with cen-
tres 34. The distance between the centres 34 and
35 corresponds roughiy to double the relative travel
of the fixed and mobile plates. In this way the
distribution of the refractory material is optimized,
as its free edges are always at the same distance
from the area in contact with the molien steel,
whatever the working position of the distribution
device may be.

The fixed upper refractory plate 30 has a metal
covering B0 consisting of a sheet of lamina 61
which covers the contour of the plate 30 and has
an outer edge 62. The height of this edge 62 is
approximately equal to the thickness of the plate
30 and its upper edge 63 is curved slightly out-
wards, as shown in the close-up of figure 12, sc as
to strengthen the covering itself and allow easy
insertion of the plate 30 inside the covering 60
during assembly, without excessive clearances and
consequent excessive thickness of the layer of
refractory mortar 64 located between the piate 30
and the covering 80. Furthermore, the covering 60
also has on the bottom 61 a circular opening 65,
the rim 66 of which is folded inwards into an arch
so as to create a supporting surface for the refrac-
tory plate which is supported at a pre-estabished
height from the bottom 61 of the covering. The
height of this rim 66 also defines the thickness of
the layer of mortar. The thickness of the layer of
mortar 64 is also ensured by protrusions 67 made
by presswork and arranged on the bottom 61.

It should be noted that the circular opening 65
in the bottom of the covering 60 is larger than the
outside diameter of the internal pouring appliance
20, so that there is no interference. as shown in
figure 1. The sliding refractory piate 40 differs from
the fixed refractory plate 30 in that the circular
groove 41 has a smaller diameter in view of the
asser thickness of the lower refractory sleeve 50
as compared to the thickness of the internal pour-
ing appliance 20. This difference between the
plates 30 and 40 on the one hand and the refrac-
tory sleeves 20 and 50 on the other, is very impor-
tant for the purposes of the invention. Indeed the
internal pouring appliance 20 wears out more
quickly than the sleeve 50 in the hole of which the
flow of liquid steel is already perfectly directed
along vertical flowiines.

By keeping to the dimensions indicated for the
elements 11-12, 20, 30, 40 and 50, wear pro-
gresses at different rates but thanks to the different
thicknesses involved, in such a way that the work-
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ing life of these elemenis is approximately the
same. The maintenance activities for replacement
of the worn parts of the shut-off device can there-
fore be scheduled rationally, with no losses due to
replacement of only partly worn refractory ele-
ments.

As far as concerns the refractory sleeve 50. it
should be noted that it too has a metal casing 56,
with a double sloping truncated cone shape. The
lower part 58 supports directly the weight of the
sleeve 50, while the upper part 57 defines a
meatus with a decreasing thickness inside which
the connecting refractory mortar is placed.

Claims

1. Slide~-gate shut-off device made of refractory
material of the type having: (a) a fixed holed refrac-
tory plate, (b) a sliding holed refractory plate. below
it, (c) a sleeve made of refractory material solidly
connected io the latter, above the fixed refractory
plate, (d) a fixed refractory sleeve. aiso known as
the internal pouring appfiance, around which a
pouring-appliance holder (e) is arranged, character-
ized by the fact that said refractory plates are
holed in the centre and are doubly symmetrical; in
which said internal pouring appliance becomes
gradually thinner towards the top and the radial
thickness of its bottom base is about double the
radial thickness of the inner sliding refractory
sleeve, the radial thickness of which is approxi-
mately equal to the radius R of the pouring hole of
the fixed and sliding refractory plates.

2. Shut-off device according to the foregoing
claim, characterized in that said refractory plates
have semi-circular shaped edges on the ends: the
thickness of these plates is approximately equal {0
the radius R of the pouring hole passing through
them.

3. Slide-gate shutoff device according to claim
1. characterized in that the outer surface of the
internal pouring appliance is conical. narrowing to-
wards the top. with an opening angle of about 2-6
degrees.

4. Shut-off device according to cfaim 1, char-
acterized in that said internal pouring appliance has
a height of about ten times R:; m which the hole
passing through the internal pouring appliance has
two lengths, one on top of the other. the first or
upper one of which is conical and opens upwards
and the second or lower one of which is cylindrical
with a radius equal to R; in which, furthermore. the
height of the lower length is egual to about 3-5
times the total height of the internal pouring appli-
ance, while the tangent of the cpening angle of the
upper conical length is equal to about 0.10-0.45.

5. Shut-off device according to claim 1 above,
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characterized by the fact that the radial thickness
of the upper base of the internal pouring appliance
is approximately equai to the radius R.

6. Slide-gate shut-off device according to claim
1, characterized by the fact that the height of the
external pouring appliance is equal to about 6-12
times the radius R.

7. Slide-gate shut-off device according to claim
1, characterized by the fact that it has a pouring-
appliance holder equipped with an axial hole di-
vided up into three superimposed lengths; the first
of these lengths starting from the bottom has a
conical surface suitable for accommodating the
corresponding conical surface of the internal pour-
ing appliance; the second of these lengths is cylin-
drical and has a height of about 0.2-2 times the
radius R; the third of these lengths is again conical,
and widens out upwards, with an opening angle of
the tangent equal to about 0.2-0.4 and with a height
of about 2-4 times the radius R.

8. Slide-gate shut-off device according to claim
7, characterized by the fact that the pouring-appli-
ance holder consists of two superimposed ele-
ments, the mating surfaces of which are fitted with
corresponding centering steps.

9. Slide-gate shut-off device according to claim
1, characterized in that each of the refractory plates
has a width comprised between four and eight
times the radius R and a length of about 12-16
times said radius R.

10. Slide-gate shut-off device according to
claim 1, characterized by the fact that the internal
pouring appliance has on the outer rim of its ring-
shaped lower base a ring-shaped centering rib the
corresponding seat of which is in a ring-shaped
groove on the upper surface of the upper fixed
plate.

11. Slide-gate shut-off device according to
claim 1, characterized by the fact that the external
pouring appliance has, in the vicinity of the outer
rim of its ring-shaped upper base a ring-shaped
centering rib the corresponding seat of which is in
a ring-shaped groove on the upper surface of the
lower sliding plate.

12. Slide-gate shut-off device according to
claims 10 and 11, characterized by the fact that
said ribs and grooves in the fixed plate and internal
pouring appliance on the one hand, and in the
sliding plate and external pouring appliance on the
other hand, have different diameters.

13. Slide-gate shut-off device according to
claim 1, characterized by the fact that both the
fixed plate and the sliding plate are equipped with
a metal covering made of sheeting covering the
surface of the base opposite to the surface of
reciprocal contact and the lateral surface around
the edge.

14. Slide-gate shut-off device according to
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claim 13, characterized by the fact that the edges
of said covering are folded outwards to make it
easier to insert the refractory plate and to stiffen
the covering.

15. Slide-gate shut-off device according to
claims 13 and 14, characterized by the fact that the
flat bottom of said metal covering has a circular
opening with a diameter larger than that of the ring-
shaped groove located on the associated refractory
plate.

18. Slide-gate shut-off device according to
claim 15, characterized by the fact that the edge of
said opening is folded inwards, so as to stiffen the
bottom of the covering and so as to keep the
associated refractory plate away from said bottom
of the casing by a certain pre-established distance,
equal to the required thickness of refractory mortar.

17. Slide-gate shut-off device according to
claim 16, characterized by the fact that protrusions
are arranged on the bottom of the covering capable
of defining, together with the folded edges of said
opening, the resting surface of the refractory plate
and thus the thickness of mortar required.

18. Slide-gate shut-off device according to
claim 1, characterized by the fact that the external
pouring appliance has a metal covering extending
over its outer side surfaces. :

19. Slide-gate shut-off device according to
claims 10, 11 and 12, characterized by the fact that
the radial profile of said ring-shaped ribs and
grooves has a substantially sinusoidal shape and
preferably consisis of three alternately concave and
convex arches of a circle.
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