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57 ABSTRACT 

A wear-resistant spout for metallurgical vessles in 
which a pore-free material which exhibits high resis 
tance to erosion by the molten contents of the vessel is 
utilized to line the passageway in said spout, a particu 
larly preferred material is melt-cast corundum. 

10 Claims, 4 Drawing Figures 
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WEAR-RESISTANT SPOUTS FOR 
METALLURGICAL WESSELS 

This invention relates to wear-resistant spouts for 
metallurgical vessels, in particular for tundish tuyeres 
and gate-nozzles, which must be endowed with very 
high resistance to wear with respect to steel melts. 
The intermediate vessles of a continuous casting sys 

tem, also called tundish, are provided with one or sev 
eral bottom openings through which the liquid metal 
flows into the casting mold. When casting bars with 
large cross-sections, for instance slabs, the amounts of 
steel flowing from the tundish into the casting mold will 
be controlled by varying the flow cross-section, for in 
stance by means of stopper rods or sliding shutters. 
When casting small cross-sections in continuous cast 
ing facilities for rods, such control is impossible on ac 
count of space limitations. In such cases the filling 
height in the tundish will be kept approximately con 
stant so that the ferrostatic pressure remains approxi 
mately constant. Therefore the outflow rate of the melt 
into the casting mold will be determined by the cross 
sections of the outlets in the bottom, which generally 
are termed nozzles. Enlarging of the tundish nozzles' 
cross-sections leads to an increase in casting rates of 
very adverse nature. This is so because continuous cast 
ing machinery allows changing the casting rates only 
within narrow limits. If the casting rates caused by in 
creases in outflow nozzles' widths exceed those limits, 
then casting time for one sequential casting, that is for 
uninterupted casting of several steel transfer ladles one 
after the other according to the state-of-the art so far 
has been determined by the durability of the nozzles. 

Pan-like sliding shutters are advantageous not only 
for preheating the casting ladles but even more so as 
regards to their multiple applicabilities. Economical 
application is clearly improved on account of the re 
peated use of the same sliding shutter. The enlargement 
of the clear flow cross-section determines most of the 
time the frequency with which a sliding shutter may be 
used. The moment a given enlargement of the transmis 
sion channel has been reached, the sliding shutter must 
be replaced. 
A number of proposals have already been made for 

solving the problem of better resistance to wear as re 
gards the transmission channels in metallurgical ves 
sels' spouts. Thus it is known how to insert a replace 
able wearing part for pan-like sliders. It consists of a 
qualitatively high grade fire-fast material of conven 
tional ceramic manufacture or of metal-ceramic hard 
substances. 

Essentially the solutions which have been proposed 
suffer from two drawbacks. The use of wear-resistant 
inserts of conventional, highly refractory materials or 
of metal-ceramic substances have been proposed. The 
refractory materials made in the usual ceramic manner 
possess total porosities of about 15 percent or more. 
The metal-ceramic hard substances are less porous but 
also evidence a very high thermal conductivity and are 
expensive. These two drawbacks so far have prevented 
large scale applications. 
The known proposals for wear-resistant transmission 

channels are too expensive as regards their construc 
tion to allow large-scale use. They are always provided 
with support devices so as to prevent slippage, even 
when a cement layer is provided. The simplest kind of 
self-stopping is an appropriate taper. 
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2 
The present invention addresses itself to the task of 

developing a wear-resistant spout the cross-section of 
which will but slightly enlarge even after long times of 
casting and that furthermore may be mass-produced in 
simple manner. 

Surprisingly, the solution to this problem was found 
in the use of practically pore-free, oxide-ceramic, re 
fractory materials for the nozzle drain channels. Ac 
cording to the invention, melt-cast ceramic materials 
such as corundum and high-sintered, virtually pore-free 
oxide-ceramic refractory substances based on corun 
dum, spinels, zirconium oxide, mullite and magnesite 
are particularly appropriate. It has been found that 
such pore-free ceramic materials obtained from a melt, 
which are endowed with high strengths but are of low 
resistance to temperature changes, may withstand with 
out damage the temperature shock when the melt is 
first poured. Materials with porosities of less than 5 
percent may be considered as being virtually pore-free. 

The use of sleeves or of pipe sections inserted into 
the corresponding cross-sections of the spouts has par 
ticularly proved itself in practice where these conven 
tional spouts had been enlarged. Such sleeves with wall 
thickness from approximately 2 mm to 10 mm may be 
easily and simply manufactured; for instance they may 
be bored out of melt-cast corundum blocks by means 
of conventional ceramic cements and into the appro 
priately prepared die components. 
Spouts and nozzles may be manufactured as a whole 

from these virtually pore-free oxide-ceramic, refrac 
tory materials according to the invention. Further 
more, conically shaped or other blocking inserts may 
be made use of in a support body. Such inserts and 
spouts in practice have been found useful in special 
CaSCS. 

It was believed that the use of practically pore-free, 
oxide-ceramic materials was not feasible on account of 
their low resistance to temperature cycling. It is known 
that the temperature cycling resistance decreases ap 
preciably with decreasing porosity for refractory prod 
ucts, and that cracks must be expected when there are 
shock-like temperature increases. The disadvantages of 
residual porosity in conventional ceramic materials and 
the slag penetrations related thereto are also known. 
Therefore the prior art has turned to metal-ceramic 
substances, which are very pore-free and which are 
temperature-cycling resistant. 
Comprehensive testing of the practically hermetic 

oxide-ceramic materials, for instance in the form of 
melt-corundum and of hermetically-pressed as well as 
high-sintered mullite and corundum substances, has 
surprisingly shown that although fine cracks may form 
occasionally under shock-like temperature loading, but 
that such fine cracks do not lead to deterioration of the 
wear-sleeves made of such pore-free substances and in 
serted into the spouts. 
The invention will be explained in further detail in 

the description which follows and in drawings in which: 

FIG. 1 is photograph of a used continuous-casting 
nozzle, made of various materials; 
FIG. 2 is a side elevation showing a commerical, 

bored-out continuous-casting nozzle, which is ce 
mented into a wear-resistant sleeve made from a melt 
cast corundum body, according to the invention; 
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FIG. 3 illustrates a slider arrangement, wherein a co 
rundum sleeve is inserted into the bottom slide plate; 

FIG. 4 illustrates another slider-shutter arrangement 
in which a continuous wear-resistant sleeve covering 5 
the joint between stone and plate is cemented following . 
assembly of inflow body and bottom plate, and a con 
tinuous, wear-resistant sleeve covering the joint be 
tween stone and plate is cemented following assembly 
of outflow body and slider-plate. 
FIG. 1 is a photograph of an used, experimental ex 

trusion casting nozzle to 1:1 scale in which the nozzle 
holding body 30 consisted of a zirconium silicate, the 
upper part of inserted sleeve 31 consisted of melt 
corundum and the lower sleeve part 32 consisted of a 15 
high-grade zirconium oxide of conventional ceramic 
manufacture. Residual slag remains in transmission 
channel 33, which will drain upon termination of cast 
ing. Initially the nozzle support body 30, made of zirco 
nium silicate, was about 30 mm longer. After opera- 20 
tion, of about 2% hours, during which roughly 50 tons 

O 

of steel passed through this nozzle, body 30 is entirely 
eroded. Corundum sleeve.31 indicates a reaction range 
of about 1mm deep only at its contact area and else 
where is free of any penetration. The lower sleeve part 25 
32, which is made of high-grade zirconium oxide of 
conventional ceramic manufacture with a total porosity 
of about 17 percent exhibits strong penetrations and 
clearly indicates appreciable wear. It must be observed 
in this respect that it is precisely in the lower range of 30 
the nozzle that normally the least wear is to be ex 
pected. 
FIG. 2 shows a continuous-casting nozzle into which 

is cemented by means of cement layer 3, a melt-cast 
sleeve 2 made of corundum and bored-out. Fitting 4 of 35 
sleeve to the inflow funnel of the extrusion-casting may 
be effected either by finishing the corundum sleeve by 
means of diamond grinders or by means of an appropri 
ate ceramic substance or cement, as shown in FIG. 2. 
Sleeve 2 may be kept from failing out by means of an 
outer cone or by appropriate ledges. The easily fash 
ioned shape shown in FIG. 2 has proved to be reliable 
in practice as regards preventing slipping out. The wall 
thickness of the sleeve shown in FIG. 2 should exceed 
2 mm. For the sake of simpler, mechanical manufac 
ture, wall thicknesses ranging 5 to 15 mm, preferably 
8 mm, should be used. Such a sleeve also was made of 
melt-cast mullite and of the same dimensions, and in a 
further experiment, it consisted of a highly pore-free, 
sintered corundum tube section; the latter's wall thick 
ness was 3 mm. 
Sleeves of appreciable wall thickness, from 5 mm up 

wards, may also be utilized as direct nozzles in lieu of 
nozzles with cemented sleeves, when inserted into an 
appropriate opening in the bottom of a tundish. Such 
nozzles are machined as a whole from melt-cast or from 
similar nearly pore-free, sintered ceramic materials in 
mechanical manner and their cross-sectional contours 
preferably are round, although they may also be square 
or rectangular or hexagonal or polygonal. Viewed from 
above, the external shape of such nozzles, which might 
be made from melt-cast corundum stones, when sawed 
or bored out, are (preferably cylindrical) possibly with 
a flange, though most often without, or they may be 
conical. 
Continuous-casting nozzles, lined in accordance with 

the invention have been used for casting steel rods with 
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4. 
square cross-section of an edge length of 180 mm. The 
steel composition was 0.08% carbon, 0.28% silicon, 
0.5% managanese, 0.04% phosphorus, 0.03% sulfur 
and 0.006% aluminum. Casting was performed in two 
lines at rates of 1.8 to 2 meter/min. When making use 
of the conventional known nozzle materials such as zir 
conium silicate, zirconium oxide, mullite or other re 
fractory materials containing residual contaminations 
up to about 5 percent or substantial amounts of clay, 
casting rates increased to above 2% meter/min after 1,2 
hours, so that casting had to be interrupted. On the av 
erage, the clear transmission channel in the commer 
cially conventional nozzle in the process had very un 
evenly enlarged from an initial diameter of 15 mm to 
approximately 17 to 20 mm. In part there were much 
more pronounced and also unilateral erosions requiring 
premature plugging of the nozzles. When making use of 
the nozzle of the invention, where the cemented sleeve 
consisted of melt-cast-corundum, the casting rates fol 
lowing 8 hours of casting did not exceed 2 meter/min. 
The ID of the nozzle channel had been negligibly en 
larged to about 16 mm. 
The process of the invention for the economical man 

ufacture of continuous-casting nozzles starts from the 
consideration that only a minor part of the nozzle will 
be attacked by the steel flowing through and by the slag 
particles that are carried along with the steel. Accord 
ing to the invention, more wear-resistant sleeves, pref 
erably tubular sections, made of economical refractory 
materials such as fireclay, can be cemented into the 
nozzle bodies. These cemented die-bodies consist of 
materials with higher resistance to the melt flowing 
through the nozzle. 
Nozzle body 1 consists of economical refractory ma 

terial such as fireclay into which is cemented an appro 
priate tubular section 2 made of a more wear-resistant 
material such as zirconium oxide. Cement layer 3 con 
sists of the same material as mentioned in the first ex 
ample. 
Such are preferably very finely ground materials with 

a high clay content and of grain size less than 0.3 mm, 
which are made into the proper consistency by means 
of adding the appropriate amount of monoaluminum 
phosphate or by means of adding the appropriate 
amount of water with clay melt elements. Also, ce 
ments made of MgO, signal (ALOMgO), zirconium 
oxide and zirconium silicate have been found practical. 
Securing the cemented and more wear-resistant sleeve 
to the inflow cone of the nozzle may also be achieved 
by means of the same cements. The grains of this bind 
ing mixture may be larger. 
Appreciable economic advantages result from the 

combination of an economical, more wear-susceptible 
nozzle material with an inserted and more wear 
resistant sleeve. In an unfavorable case, that is, for 
small nozzle dimensions such as 15 mm channel diame 
ter, the weight ratio of economical to expensive materi 
als amounts to about 5:1 to 10:1, while for large noz 
zles, the weight ratio will be more favorable. Preferably 
the conventional materials from the system 
SiO2-Al2O3 will be used as the economical nozzlema 
terials. But others which are appropriately temperature 
resistant oxides, are also suitable. Refractory products 
based on zirconium silicates, zirconium oxides, spinel 
(Al2OMgO), magnesium oxide, mullite and other re 
fractory substances containing much clay have been 
found suitable for wear-resistant sleeve materials. 
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When manufacturing such insertion sleeves or tubular 
sections, where the required lengths will be sawed off, 
it was found that the relatively small wall thickness of 
these sleeve bodies from about 5 to 15 mm will provide 
higher freedom from porosity of the refractory sub 
stance when making use of the conventional means. 
The inner cross-sectional contours of the inserted, 

wearable nozzle components are not always circular. 
Oval and polygonal outflow cross-sections as well as 
crosslike and star-like cross-sections for quieting the 
casting jet have also been found useful. 
The sense of the invention encompasses also lining 

the conventional pan-like outflows in whole or in part, 
for instance such as rings in the outflow range, with 
meltcast or hermetic, nearly pore-free sintered ceramic 
materials. 
Such sleeves 15 for reducing wear in the bottom plate 

13 and in slider plate 14 of pan-like slider shutters as 
shown in FIG. 3 have been found practical. Thus, for 
a 40 ton steel ladle, the time of replacement of the 
slider shutters could be raised from two to five castings 
by installing sleeves made of melt-cast corundum. One 
ring with a wall thickness of 10 mm was cemented into 
each of the plates of the bottom and of the slider. The 
plate material in that case consisted of economical 
quality with about 60%. AlO content, while the plates 
of the comparison slider without sleeve consisted of a 
high grade material with about 85% AlO. 
A further increase in time of operation of the slider 

shutters and by a factor of about two and in particular 
an appreciable improvement of operational reliability 
were surprisingly obtained by making use of continu 
ous, wear-resistant sleeves 18 and 19, made for in 
stance from melt-corundum, and installed over the in 
flow stone 20 and bottom plate 21 as well as over slider 
plate 22 and outflow stone 23 as shown in FIG. 4. In 
this installation first the inflow stone 20 and the bottom 
plate 2 are installed by means of the customary assen 
bly means and adjusting means into the ladle bottom. 
Following assembly, the ceramic sleeve 18 is cemented 
in. Obviously the inner bore into the inflow stone and 
into the bottom plate corresponding to the sleeve di 
mension must be made larger. Sleeve 19 is mounted 
into the assembled unit consisting of the slider plate 22 
and outflow stone 23 in the sense of the invention. As 
sembling sleeves 18 and 19 together with the stone 
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6 
and-plate assembly is also feasible and provides the 
same results. The joint between plate 21 or 22 and 
stone 20 or 23 will be avoided by means of the continu 
ous, wear-resistant sleeves and therefore there will be 
no reinforced wear nor any steel penetration in the area 
of the joint. 
Although the more wear-resistant sleeves in the die 

components such as bottom plates, slide plates, nozzles 
and drains were glued or cemented in the examples 
above, direct ceramic sintering of the wear-resistant in 
sert with the die component has also been found practi 
cal when manufacturing large numbers of such compo 
nents. 
We claim: 
1. A wear-resistant spout for metallurgical vessles, 

particularly a tundish nozzle and slider drain, consisting 
of a vessel provided with an orifice and a highly wear 
resistant insert in said orifice exposed to the melt, 
wherein the insert consists of a practically poreless ox 
ide-ceramic refractory material. 

2. A wear-resistant spout according to claim 1, 
wherein the insert consists of a practically poreless ox 
ide-ceramic material that has been sintered at least at 
1,600°C. 
3. A wear-resistant spout according to claim i, 

wherein the insert consists of a melt-cast oxide 
ceramic. 

4. A spout according to claim 1 wherein the insert in 
the vessel is maintained positively locked thereto. 

5. A spout according to claim 1 wherein the insert is 
cemented into an orifice in the vessel. 

6. A spout according to claim 1 wherein the insert 
and the vessel are sintered together. 

7. A spout according to claim 1 wherein the insert is 
machined mechanically. 

8. A spout according to claim 1 wherein the insert 
consists of corundum. 

9. An insert according to claim 1 wherein the insert 
consists of mullite, magnesite, spinel, zirconium oxide 
individually or in combination. 

10. A spout according to claim 1 wherein the insert 
consists of a double-part sleeve, of which one part is 
mounted in the bottom of the vessel and of which the 
other part is mounted in a slider shutter which selec 
tively opens and closes the orifice in said vessel. 
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