2 May 2005 1 Method and device for preventing slag fromflow ng al ong when
tapping .nmol ten steel The invention relates to a nethod for preventMagmtag

| ~fromflowng along when tapping a nolten steel out of a vessel for

produci ng steel. These vessels can be vessels such as those used for steel
production, in other words a converter, or preferably the vessel of an
el ectric furnace. In the followi ng, theltinvention will be presented using
the exanple of an electric furnace. Such a vessel has an approxi mately
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t he nor I.€. before tapping, the level of the nelt |s
apprOX|nater 1 mto 1.5 mabove the tap opening. This tap opening is
plugged up with a fill material and is closed off by nmeans of a slide at
the bottom The fill material fornms a hill that projects into the
container interior, above the tap opening. For tapping, i.e. for filling

the nelt 'into the pan in which the steel is subjected to secondary
netallu%%y,grocesses t he vessel is
T vention relates to a method for preventing slag from flowing
along when tapping a molten steel out of a Vessel for producing

steel.

These vessels can be vessels such as those used for steel
production, in other words a converter, or preferably the vessel of

an electric furnace.

In the following, the invention will be presented uéing the example

of an electric furnace.

Such a vessel has an approx1mately oval or pear-shaped shape when
v1ewed from the top, whereby the tap opening is provided in the
front bottom region that comes to a point. In the normal position,
i.e. before tapping, the level of the melt is approximately 1 m to

1.5 m above the tap opening.

This tap opening is plugged up with a fill material and is closed
off by means of a slide at the bottom. The fill material forms a

hill that projects into the container interior, above the tap

opening.

For tapping, i.e. for filling the melt into the pan in which the
steel is subjected to secondary metallurgy processes, the vessel is

pivoted into the tapping position, so that the tap opening now




"
pivoted into the tapping position, so that the tap opening now 2 May 2005 2
frorms the | owest region of the vessel. In this position, the sli ®eMay 2005
opened and the fill material in the tap opening is renoved. The outfl ow ng
melt fornms a vortex (vortex effect) above the tap opening, which vortex
entrains the slag floating on the nelt, by neans of the suction effect,
and this is undesirable for netallurgical reasons. Methods known until now
for preventing or reducing this vortex effect have not proven to be useful
up to the present. The invention is therefore based on the task of
conducting a nethod of the type stated initially, in such a may t hat
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manner.” Ano her nven lon 1S ndic V|de

i mpl eneid igp@enidde aﬁﬂt had. fThe naveniadnimcaongds hesriiler fisr stampaéa. of the
task using the follow ng process steps: a) pivoting the vessel into the
t appi ng position b) bl owi ng gas through the channels that surround the tap
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“the melt 1ocated € vesse eni ng the tap opening;
opening, Whlch vortex entrains the slag fleoating on the melt, by
means of the suction effect, and this is undesirable for

metallurgical reasons.

Methods known until now for preventing or reducing this vortex

effect have not proven to be useful up toc the present.

The invention is therefore based on the task of conducting a method
of the type stated initially, in such a way that elimination of the

vortex effect as discussed is possible in simple manner.

Another task of the invention is to indicate a device for

implementing the method.

The inventicon accomplishes the first part of the task using the

following process steps:

a) piveting the vessel into the tapping position;

b) blowing gas through the channels that surround the tap
opening, counter to the flow direction of the.liquid metal,
when tapping the melt located in the vessel;

c) opening the tap opening;

ey pivoting the vessel back, until the tap opening is no longer
covered by the melt;

e) ending the blowing in of gas.




.d) pivoting the vessel back, until the tap opening is no | onger covered
‘hy 'the nelt; e) ending the blowing in of gas. 2 May 2005 3 It is 2MaxwP050
blow gas into a nelt. In the secondary netallurgical treatnent of the stee
being produced, gas is blown into the nelt from bel ow, through the bottom
of the pan, in order to produce a circulation process in the nelt, so that
honogeni zation of the nelt tenperature as well as of the alloy conponents
di ssolved in the nelt is achieved. In such gas flushing systens, square or
round nozzl e blocks are set into the ?ottonrof the pan, with conically
shaped scouring blocks set into them™ which are designed in such a way
that t as, can nrlnto t melt through them Several types are
112 o Biics, o ot

known, 5?8WBI % 598 otltih BT s, slotted scourers, star

scourers, etc. In order to prevent the gas fromexiting out of the
scouring blocks on the side, these scouring blocks are surrounded with a
met al  Imanthe. smearw@irght netalhergieel Ite:\ﬁeatrriemtt hefparhe abbteelt feedr®uri ng
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of the pan, in order to produce a circulation process in the melt,
‘so that homogenization of the melt temperature as well as of the

alloy compeonents dissolved in the melt is achieved.

In such gas flushing systems, square or round nozzle blocks are set
into the bottom of the pan, with conically shaped scouring blocks

set into them, which are designed in such a way that the gas can

stream into the melt through them. Several types are known, for
example porous scouring blocks, slotted scourers, star scourers,

etc.

In order to prevent the gas from exiting out of the scouring blocks
on the side, these scouring blocks are surrounded with a metal

mantle.

The height of the steel level in the pan, above the scouring

blocks, is up to 4 m.

When the gas is blown into the melt from below, a so-called "bald
head" is observed at the surface ¢of the melt. As the name allows
cne to presume, the melt surface is absolutely free of foreign

bodies at this locatiocn.

The invention takes advantage of this effect.




head" is observed at the surface of the nelt. As the nane allows one to

.'présune, the nelt surface is absolutely free of foreign bodies @&Mah2®5

“Wth a gas

| ocation. The invention takes advantage of this effect. 2 May 2005 4 The.
tap opening in the vessel of an electric furnace (analogous to a
converter) is formed by so-called interchangeabl e pi pes, several of which
on top of one another, formthe opening, which becones narrower towards
the bottom Such interchangeabl e pi pes consist of magnesite, corundum
concrete, or simlar refractory materials. These interchangeabl e pipes are
surrounded by tap franing bl ocks, wheteby a join exists between the

i nt er changeabl e pi pes and the tap _fram ng_blocks, which join is filled
with aTher t3e: oPfniadet? athe VESERldo Tt BB Boeebric tiagpst(annilegerdsed of f
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cup by ek oryRrtRe) Ot Bnfp ) Aeeanl o AL ERARE e bTEeh Prid- 1
I nvent iodn whiilchi, S oRowopr o\fl deed hathern Fatnt @hthepefCOY/ | WP Sh OH@SohdkSt
mentioned, axially extending channels are provided in the wall of the
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posi ti @hese interchangeable pipes are surrounded by tap framing blocks,
whereby a join exists between the interchangeable pipes and the tap
framing blocks, which join is filled with a refractory material.
Towards the bottom, this system is closed off by means of a so-

called cup block. In this connection, the opening of the cup block

can be closed off by means of a slide.

According to the invention, it is now provided that similar to‘the
scouring stones just mentioned, axially extending channels are
provided in the wall of the interchangeable pipes (at least the top
one or the top two)}, which channels open into the interior of the

vessel. The channels are connected with a gas supply.

As soon as the vessel has been tilted into the tapping position,
the supply of gas is started. The gas that exits from the channels
removes the hill formed of fill material above the tapping opening.
‘Then the slide is pivoted away below the cup block, and the fill
material within the tap opening is removed. The melt can now flow
out into the pan, whereby the aforementioned vortex forms above the
tap opening. The gas thaf flows into the melt forms the "bald
head" as described, above the channel opehings, similar to the
scouring process, which means that in this region, the slag is
pressed away towards the outside and prevented from flowing into

the pan through the tap opening.




t he supply of gas is started. The gas that exits fromthe channels renoves
‘tthe, hi'l.| formed of fill material above the tapping opening. TheaMdy2085ide
is pivoted away bel ow the cup block, and the fill material within the tap
opening is renoved. The nelt can now flow out into the pan, whereby the
aforenenti oned vortex forns above the tap opening. The gas that flows into
the nelt fornms the "bald head" as described, above the channel openings,
simlar to the scouring process, which neans that in this region, the slag
is pressed away towards the outside d prevented fromflowing into the
pan through the tap opening. 5 Blowing the gas in is continued until the

vessel _has .bee ivoted back and t t ap .open iS.Nno Ionger covered with
nel t. gowgngngggs?%%dl%s A Tt a’ﬁ edjfe"g’%&vl ggﬁhg sgedalafsherrPivritedoes
not di phkbahhetABt ek UsShcaly pimﬁ-,rtllo%eef cbberiBl {ithnpeigder for the gas

to be able to exit fromthe |nterchangeab e pipes on the side, these are
~surrounded on the outside by a steel nmantle made of rust-free material.
Al t hough it is osskgie t hat %p channel s pass t hrough all the

i rit er cA&ngEabie &% BnlBHOh YoFBrsEnERahot RS Lt used E?%?é?éﬁiy
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~interchangeabl e pi pes w th channels. ese two top |nterchangeable pi pes
can also be fornmed in one piece and therefore

In order for the gas to be able to exit from the interchangeable

pipes on the side, these are surrounded on the outside by a steel

mantle made of rust-free material.

Although it is possible that the channels pass through all the
interchangeable pipes arranged on top of one another, it is.
preferably provided, however, to furnish only the top one or the
top two interchangeable pipes with. channels. These two top
interchangeable pipes can also be formed in one piece and therefore

form a unit.

The arrangement and the geometry of the channels result from the
application requirements in each instance.
In the production and the geometry of the channels, it is possible

to draw on the experience gained in the field of scouring blocks.

In order to be able to apply the gas uniformly to all the gas-
ca;rying channels, the bottom channel-carrying interchangeable pipe
is provided with an annular chamber at its bottom, into which all
the channels open, and into which the gas supply pipe opens, which
pipe is arranged, for example, in the region between the
interchangeable pipes and the tap framing blocks that surround

them. The already existing joint between the two elements can be



forma unit. The arrangenent and the geonetry of the channels result from
the application requirenents in each instance. In the production and the
geonetry of the channels, it is possible to draw on the experience gained.
inthe field of scouring blocks. In order to be able to apply thevgaso0s
uniformy to all the gas- carrying channels, the bottom channel-carrying

i nterchangeabl e pipe is provided wi th an annul ar chanber at its bottom

|nt ich t.he channels op and |nto mhlch S p
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I ntgfec hangeablhagpbbes phged hehdtapld mai ngvblaﬁySCm@@meBmuround them The
al ready existing joint between the two el enents can be 2 May 2005 S
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i nt erchangeabl e pi pes that do not have any channels. In accordance with an
aspevtcef folfe inprenensanat heeemeshpdotrderraeenténpoplpaplepenfiaginte

met hod for preventing slag fromflowi ng along when tapping a nolten steel
outlohgawhehakbvpdngak medseh ateal netabfurginedblViesgébaflorveproduging
steel, wherein the tap opening is forned by interchangeabl e pipes forned
of meeaniesgishanyeseblaghber promatehyakreal | angede0n thp ehkpobpeannyhes,

whi ch are enclosed by tap fram ng bl ocks, whereby the |lower end of the tap

I Nt pRAaNgeaRLe e rchangeable pipes formed of wear-resistant refractory
material, arranged on top of one another, which are enclosed by tap
framing blocks, whereby the lower end of the tap interchangeable
system formed in this way is formed by a cup block, against which a
slide that closes off the opening rests, wherein axially extending
channels (11} that are open at both ends of the pipe (7'} are
provided in the pipe wall of at least the interchangeable pipe (71)
that opens into the interior of the vessel, which channels are
connected with a gas supply (13} at the pipe end facing away from the
interior of the vessel.
The invention will be presented below, wusing drawings, and
explained in greater detail.
The drawings show:

Fig. 1: a vessel of an electric furnace in cross-—section;

Fig. 2: the tapping system of a vessel according to Fig. 1 in a

perspective view, and in cross-section;

Fig. 3 a special embodiment of an interchangeable pipe, in
cross-section;

Fig. 4a to 4c: three possible channel gecometries in the interchangeable

pipes.




systemforned in this way is forned by a cup bl ock, against which a slide
that closes off the opening rests, wherein axially extending channels (11)
that are open at both ends of the pipe (7') are provided in the pipe wall
of at |east the interchangeable pipe (71) that opens into the inueyixnsof
the vessel, which channels are connected with a gas supply (13) at the
pipe end facing away fromthe interigr of the vessel. The invention wll
be presented bel ow, using drawings, and explained in greater detail. The
drawi ngs show. Fig. 1: a vessel of an electric furnace in cross-section;

Fi gig2: 1t howappiheg westemodf aa veémlrlaccf@n:dang ﬁfOIFISQee]L pmoduction in
perspective view, and in, cross-section;_Fi ecl? nbodi nent of . an
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shows the vessel of an electric furnace for steel production in |engt hW| se
cr ag:@reemam,petaheshe@e,elwlmahng i:uentai];ﬁlcgde,nmlg deherkdcated tih tthe reference

nupber 1. view, the ves h n ., a rOXInate ear Shape,
WhEPEST fleSEaphBpERFag alis Fochiedrq fnghat CoReX! £5 HEEL
point. The anode 5 is arranged in the approximately central region of

the bottom 3. The cathode and the lid of the wvessel are not shown.

The vessel 1 can be tilted about an axis that passes perpendicular

through the plane of the paper. Scrap is primarily melted in this




bottom 3 of the vessel 1, at the end 2 that cones to a sharper point. The
‘anode ‘5. is arranged in the approximately central region of the bdMapaP®.
The cathode and the |lid of the vessel are not shown. The vessel 1-can be
tilted about an dxis that passes perpendicular through the plane of the
paper. Scrap is primarily nmelted in this 2 May 2005 7 vessel 1, whereby the
nmelt achieves the level indicated with 6 after the nelting process. Fig. 2
shows the tapping systemwith the tap opening 4, on a larger scale. In the
present case, this tapping systemis conposed of five interchangeable
pipes 7, 7', arranged on top of one andbther, the opening dianeters of

whi ch beco spal | er towards the _bottaom The i nterchangeabl e pipes, 7, .7
are sur¥ dpgngﬁﬁﬁg%IFQe ?Fﬁﬁcfﬁ%@ﬁvﬁip aﬁ%ﬁﬁg%l%%i%?%ﬁé%W¥ﬁ§%y6the
join 9€§§&%p3ﬂm;h@ltﬁﬁ?eﬁggagggable pipes 7, 7' and the tap fram ng bl ocks
8is filled wth a refractory material. The tapping systemis closed off

at the bottom by neans of a cup block 10, the opening of which can be

closed with_a slide, not shown. The top,t i nt erchangeab] e pi pes 7' have
channel®&91 % Qﬂﬁeﬁh? ot FYSXFR| ’f‘gtli‘ \rll\gl%é‘raﬁi PEEWARY | < Wt i i%ﬁﬁél S
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chanber 12, which is provided at the bottom of the bottom
five interchangeable pipes 7, 7', arranged on top of one another,
the opening diameters of which become smaller towards the bottom.
The interchangeable pipes 7, 7' are surrounded by cubically
structured tap framing blocks 8, whereby the join 9 between the
interchangeable pipes 7, 7' and the tap framing blocks 8 is filled
with a refractory material. The tapping system is closed off at

the bottom by means of a cup block 10, the opening of which can be

~closed with a slide, not shown.

. The top two interchangeable pipes 7' have channels 11 arranged to
eitend_ axially in the pipe wall, which channels produce a
connection between the interior of the wvessel 1 and an annular
chamber 12, which is provided at the bottom of the bottom
interchangeable pipe 7'. A gas supply line 13 that leads to the
bottom between the interchangeable pipes 7 and the tap framing
blocks 8 and is passed at a slant towards the outside between the
bottom tap framing block 8 and the cup block opens into the annular

chamber 12.

Fig. 3 shows a possible embodiment of an interchangeable pipe 7'.
This interchangeable pipe 7' is composed of two parts, namely of an
inside part 14, which has a conical structure, whereby the outside
mantle of this cone narrows towards the top. This inside cone 14

is inserted into an outside part 15, the inside surface of which is




“interchangeable pipe 7' A gas supply line 13 that |leads to the bottom
‘between .t he interchangeable pipes 7 and the tap fram ng bl ocks & Mmnd00s
passed at a slant towards the outside between the bottomtap fram ng bl ock
8 and the cup block opens into the annular chanber 12. Fig. 3 shows a
possi bl e enbodi nent of an interchangeable pipe 7. This interchangeabl e
pipe 7' is conposed of two parts, nanely of an inside part 14, which has a
coni cal structure, whereby the outside nmnantle of this cone narrows towards
the top. This inside cone 14 is inserfed into an outside part 15, the
inside surface of which is 2 May 2005 structured to be conplenentary te
the outside surface of the .inside copne 14. A tqp view_of s an, .

|t er CIRBTGEAET BpE e TP ITERTEF PP o OOt TBPe o FECR s 195388t he
gas supplne aue forned by the grooves nDIded into the outside surface of
the inside cone 14. O her possible fornms of the channels can be seen in
Fig. 4a and Fig. 4b. In Fig. 4a, the channels 11 are structured as

radi al |y .arran slits, while the chapnels, are formeq by a plurality of
o ea. P ke TIBHaR BUT 3 g tR CRrABR G EoRET | b ot ReREg- ofCt he

channel g.ake PRESERASelOM1 for the gas supply are formed by the grooves

molded into the outside surface of the inside cone 14.

Other possible forms of the channels can be seen in Fig. 4a and

Fig. 4b.

In Fig. 4a, the channels 11 are structured as radially arranged

slits, while the channels are formed by a plurality of bores in the

example of Fig. 4b.

Other geometries or embodiments of the channels are possible, for

example channels in star shape or the like.

The method according to the invention will be briefly presented in

the following:

After the melting process, the vessel 1 is tipped forward, so that

the tap opening 4 forms the lowest part of the vessel 1.

As éoon as the vessel is in this position, the process of blowing
gas into the melt by way of the channels 11 is started. Only then
is the tapping system opened, so that the melt can flow down
through the tap opening 4 into a pan that is placed underneath it
(not shown). Blowing gas into the melt by way of the channels 11

has the result that the formation of a vortex above the tap opening



- exanpl e channels in star shape or the |ike. The nethod according to the
invehtion will be briefly presented in the follow ng: After the2medtioog
process, the vessel 1 is tipped forward, so that the tap opening 4 forns
the | owest part of the vessel 1. As soon as the vessel is in this position,
the process of blowng gas into the nelt by way of the. channels 11 is
started. Only then is the tapping system opened, so that the nelt can flow
down through the tap opening 4 into a pan that is placed underneath it

(not shown). Blowi ng gas into the neltgby way of the channels 11 has the
~result that the formation of a vortex above the tap opening 9 4 is

counteracted, sq tha o slag,can _be entrained into the pan , through the
t ap opéhfﬁbcﬁnﬁﬁefﬁfie§0rF@xghﬂ%SBPCﬁﬁﬁgdcaBagﬁ g Hal?%gn%ngﬁo CtREt ap
openinghﬁogggang @gp gggngﬁé 4r5§ fsi bl dn, i.e. this is aregion in

- which the sl'ag is forced away to the side. Wen the fill level in the pan
has reached the desired value, the vessel 1 is pivoted back. Wen the tap

opening 4 is l.ongetr .covered by nmelf, th as suppl is shut off. Ma
2805 1%.so—c£T3ed mga&d eade forms ove ghg %ap 8Beging 4 because og y
the gas that is blown in, i.e. this is a region in which the slag

is forced away to the side.

When the fill level in the pan has reached the desired value, the

vessel 1 is pivoted back.

When the tap opening 4 is no longer covered by melt, the gas supply
is shut off. '




CLAIMS: 1. Device for inplenenting the nethod for preventing slag from
fl1owi ng along when tapping a nolten steel out of a netall urgical2MesX®b at
a nmetallurgical vessel for producing steel, wherein the tap opening is
formed by interchangeabl e pi pes formad of wear-resistant refractory
material, arranged on top of one another, which are enclosed by tap fram ng
bl ocksg Xfaps.eby the lower end of the tap interchangeable systemformed in
this way 1s formed by a cup bl ock, against which a slide that closes off

t he opening rests, wherein axially extending channels (11) that are open

at botfi endseple fﬁhﬁnd?érﬁéntﬁglltﬁe RABMoBTVErEGhhG sl GronPiidndBlohg Wheat | east

the i nterchangeabl e pipe (71) that opens into the interior of the vessel,

whi ch tsmﬁ@ﬁg%o@h%tée?awtaeﬁlﬂm@ca \/|é§§e2| %H%g{exalmg?éal bsdelr p'{)o@(ﬁjciﬁad facing

away from Interior of the vessel. 2. vi ce "accordi ng aim 1,

char ached)] wirdleinihd Btopehfg idHoRhEd B HecBhdhdehbis/ pilddgrmiet df wealredi@st

wal | /wall's the gas-carrying channels (11) "are arranged, 1s/are surrounded

by a  ghegbrTRitlalBRdgRd oh t& & dHeStoth SRhich dre é?f’cl@s@@b?%p%éﬂﬁiﬁ@ to daiml

or 2, characterized in-“that the channels (11) are radially arranged slits
that %J@Hﬂﬁbrbbﬁtrlé'l&ﬁe%rﬁf%taf}intQ%m)aﬁgeeané%/Fs@rm&rmé’d (A thisWalyis 2 Or 3,

characterized in that the channels (11) are uniformy distributed bores
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one of the preceding clains, characterized in that the channels (11) are
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conposed of a conhically structured inside pipe ( an out si de pipe
(15) sfigdrwhilbrest Id4at the interchangeable pipe (71) that opens into the interior of the vessel,

which channels are connected with a gas supply (13} at the pipe end facing away from the

interior of the vessel.

2. Device according to Claim 1, characterized in that the interchangeable pipe/pipes (7°)
in whose wall/walls the gas-carrying channels (11} are arranged, is/are surrounded by a

sheet-metal mantle of stainless steel.

3. Device according to Claim 1 or 2, characterized in that the channels (11) are radially

arranged slits that surround the pipe opening.

4, Device according to Claim 1, 2 or 3, characterized in that the channels (11) are

uniformly distributed bores that surround the pipe opening.




be conplenentary to it, and when channel -form ng grooves are provided
either in the outside surface of the inside cone (14) or in the 2Msi2085
surface of the outside cone (15). 6. Device according to one of any one of
the preceding clains, characterized i that the gas supply (13) to the

I nt er changeabl e pi pe/ pi pes that have the channels opens into an annul ar

chanbeg  (1)eviddcchbriiyf tbaa'ﬁg%ﬂe lé?lh‘é%ré&@hrlg%@ﬂs &E@élﬂ&izeefﬁ fr e

i nt erchangeabl e pi pe and inpacts all the channels. 7. Device according to

any ortqaaﬁﬁergm)m&mé@gyﬂ{eﬁht@%ncéheaﬁae&% meﬁtnamter@fan@éw@?%ewpal y (13)
consists of a pipe that opens above the cup bl ock Into e join (

bet weeddnigd8ed bf £ E6hIdNgeaLEEreR PSRe (pide 314 BACak Qﬁjt&fid@ﬁ?@@h? | SflcturéSio and

is guided axially fromthere to the annul ar chanb Devi ce

accor didéniflerRditafs it0and NRePEIRMALLBEMIRY 3rdBves ﬁh?ﬁr@ﬁ&&! é@%ﬂ i i?:etdﬂ@éidet he
I nt erchangeabl e pipes (7') that have the channels (11) forma unit.

Devi cesupfa6®bithBihside ok (PNrif theesidy aaebRYtHe utdide corfelfaspct eri zed I n that
the netallic sheath of the netallic sheath of the netallurgical vessel

lies at the sane electrical potential as the gas supply pipes. 10. Device
according to any one of the preceding clains , characterized in that the

gas suppl y mdvRRSacdbRiiigts Wnalof GinYiohb of #@dirécddid dMmBOéRIMdiehzetidthat tes at
the netal lurgical vessel.

gas supply (13) to the interchangeable pipe/pipes that have the channels opens into an

annular chamber (12) that is arranged below the lowest channel-carrying interchangeable

pipe and impacts all the channels.

7. Device according to any one of the preceding claims, characterized in that
the gas supply (13) consists of a pipe that opens above the cup block {10) into the join (9}
between the interchangeable pipes (7) and the tap framing blocks (8) , and is guided axially

from there to the annular chamber (12).

8. Device according to any one of the preceding claims, characterized in that the

interchangeable pipes (7') that have the channels (11) form a unit.

9. Device according to any one of the preceding claims , characterized in that the
metallic sheath of the metallic sheath of the metallurgical vessel lies at the same electrical

potential as the gas supply pipes.

10. Device according to any one of the preceding claims , characterized in that the gas

~ supply pipes are insulated with regard to the potential that lies at the metallurgical vessel.




