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A TUYERE PASSI NG THROUGH A METALLURGA CAL VESSEL FREE

WA R0oA0BHEEd | Background of the invention The i nRENEPNZ/012349
relates to a process for the keeping free a tuyere
passing through a netallurgical vessel of a skull by
intermttendly passing an oxygen-containi ng gas

through the tuyere to dissolve the skull. A comon
nmet hod to neasure the tenperature of nolten netal in a
container, such as e.g. a netallurgical vessel, is by

nmeans of a pyroneter. Normally, a non-contacting type
radi ati on pyroneter is arranged at the end of a nozzle
base which is part of a gas blow ng tuyere. The
tuyere is arranged at the bottomor at the side wal
of the netal- lurgical vessel. The pyroneter can al so
be arranged at one end of a measuring channe
introduced into the nelt fromthe top of the
metal | urgi cal vessel. Such arrangenents are e.g.
di scl osed in DE-OS 964 991, DE-A-4 025 909, EP-A-O 362
577, US-A-3 161 499, EP-A-0 162 949, DE-COS-2 438 142,
US- A-4 400 097 and JP-A- 62207814. WD 2004/ 057286
PCT/ EP2003/ 012349 2 Generally non-reactive gas is
bl own through the tuyere into the inside of the nelt
to keep its opening free. Neverthel ess, skulls nay
build up in the neasuring channel since netal freezes
at the outlet of the tuyere so that the nmeasuring
channel is clogged fromtine to tine. The frozen
netal at the outlet of the tuyere may be dissol ved by
means of bl owi ng oxygen through the channel. In this
way the clogging of the tuyere may be prevented.
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pL onot es ar of the measuring channel.
Véﬁ%ﬁiﬁ?@E @gﬁgéﬁﬁu#ﬁsst be blown intermttendly

t hrough the channel. Summary of the invention

Background of the invention

The invention relates to a process for the keeping free a tuyere passing through a
metallurgical vessel of a skull by intermittendly passing an oxygen-containing gas

through the tuyere to dissolve the skull.

A common method to measure the temperature of molten metal in a container, such
as e.g. a metallurgical vessel, is by means of a pyrometer. Normally, a non-contacting
type radiation pyrometer is arranged at the end of a nozzle base which is part of a gas
blowing tuyere. The tuyere is arranged at the bottom or at the side wall of the metal-
lurgical vessel. The pyrometer can also be arranged at one end of a measuring
channel introduced into the melt from the top of the metallurgical vessel. Such
arrangements are e.g. disclosed in DE-OS 964 991, DE-A-4 025 909, EP-A-0 362
577, US-A-3 161 499, EP-A-0 162 949, DE-OS-2 438 142, US-A-4 400 097 and JP-A-
62 207 814.



The obj ect has been solved by a process for keeping a

tuyere passing through a netallurgical vessel free of
w@2ekobi28by interm ttendly passing an oxygen- CBOTL/BPIU0BIQI2349

gas through the tuyere to dissolve the skull, wherein

it is determ ned that an |nte5val for passing the

oxygen- contalnlng gas through t he tuyere needs to be

star ed by d tectln Ie etic rad

@Mnﬂa 183 w¢§a§p' W i O e tayerg; %@%\S&d%w the melt to
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ein ens ty of t pyronet er si the rat
sirafe Malptreemst at the gnallet; of athe tuyete aoi fthl@t tthe measurmg channel is
i nt er f.or S|n oxygen- cont ai
clodbed AT i By 3ree “The ra Bl 21 BiF (ISt Phane tuyere may be
dééqu f p
Ipre et ermeﬁgggf reshooé)@’g‘ and tehcz’tbhtﬁﬁeﬂgﬁgyag fhe clogging of

the heyese gref lse preventats I-k:vtmrea,mxygéh;dlsctmssttmwmeasured values conside-
Preferably the threshold value is d
raly apcsrg %wsawf PEas i A DA HGr, PgED Shdst be blown

mt@trﬂﬁ‘&ne h&Re Cﬁg,t,,li@and by setting into relation
I nt of the pyroneter signal with the inmage

of the Vi deo canmera, deciding on the basis of the

vi deo i e whether a status of clogging is reached
§¥ﬂﬁﬂﬂ%ﬁi§§%ﬂ¥¥§Lﬂhe corresponding intensity val ue of

t he conmbi ned pyroneter signals. Another object has

been sol ved by providing an apparatus whi ch incl udes:

Tt(e_apb'pctjhas b@netselngq! tbypg rpyosess _for( kdeping autuyeoz passing through a
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4/ 057286 PCT/ EP2003/ 012349 3 (d) opti onal
pa[ssiﬂgtthe odypgerecantaining mttmwgtgtt@l teyenemﬁ,eg}isdoube started by detecting

iation _emanatin om.t he int the sse
elgtsriairity Toatan SanelB8 Fioft AsPof e dderiar PEEIEI by means of
a @@M'W&e‘@ﬁg‘tﬁ?&@n{&ér %&%ﬂnpgnﬁg Beiptahsit) bf tH%:SpyrBhfétér%gnals with
of the netal I cal vesse d wherein the furth
thelgatie o the @ywmetpeegnataeta@d itistiby dhe finteatad dor ngssmg the oxygen-
co%téalgl%ogrg%gtn%dg% {2 tu‘ril/ic‘--:"reonup%nﬁthet éonr%ltl Ot tﬁe combined intensity of
the signals falls below a predetermined threshold value and that the ratio of the signais
remains substantially constant. Preferably the threshold value is determined by using a
video camera which is arranged with the pyrometer along one optical path and by
setting into relation the intensity of the pyrometer signal with the image of the video
camera, deciding on the basis of the video image whether a status of clogging is
reached and determining the corresponding intensity value of the combined pyrometer

signals.

Another object has been solved by providing an apparatus which includes:

(a) a dual wavelength pyrometer,

(b) an autofocus video camera which is aligned with the dual wavelength pyrometer
along one optical path,

(c) means for varying the orientation of the optical path, and



pl asma. More preferably, the apparatus is connected to

the interior of the nmetallurgical vessel by neans of
woe20bur28shi ch is passed through the tuyere. Datcaitrdo3/012349

description of the invention Figure 1 shows a

preferred configuration of thg apparatus of the

present invention. The apparatus | is connected to a
(dr8plicHaNgra Zusherhdé@cror Nfek ahéagﬁin?aéle&ﬁémﬁbneﬁ@ Padiatiém @manating

a nelt, preferably a nolten netal. The container 2 is

piremethatinteriar efdheaessel. A bl owi ng | ance may be

inserted into the nelt fromthe top for bl ow ng oxygen

into the nelt, thereby converting iron into steel.
Préfdrapipahé ‘é?h&ratlﬁshmrﬁhé)’ﬂ'ﬁﬂhd@”d |Rr QB suithBle foPEreating a plasma

converter rough tuyeres at the bottom and/or side
invihel terfort ak the rmetaliengical vEssel, sanghrwharein| thes further detector is a

copnected to the dnner .side of the contai. 2 via
SPERJAT BT RRPRHI] oot Aofest Rl “SiefkabiEnklF Aty “athRafhg from the
pladtha Udbre'\brctéraslye tHe ipeiaRisiis cordbabd @ tRintdrRA of tTmetallurgical
the inner side of the container may pass. The tuyere
vesael mhmeans of adubsywhich is passedihrongh theduyeret ai ner. The
second end of neasuring channel 2 faces a first
measuring unit 3 which preferably includes a dual
DevaNed 88skiriptioh 0P R ipeisth @ vi deo canera. Preferably a
spectroneier 4 and a laser generating unit 5 are al so
connected to the neasuring channel. Mst preferably

.dat a, processi ng. devi ces. 6_are nected to . .
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measuri ng channel (which indicated as Ain Figure 1).

coptaioingentghepicterablyiaamotian mestal. Jhecantainede ice@refe_rabegaqconverter.
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mélb ethbribyotoriatd irdld irtd 3| Alernatiligly Pies@ggedfmany be blown into
el ectrorra%l?etl c radiation is hindered, as

the svenatecthroyghstuyares at thediattom andler sidevwads of e aantainer 2. The

o5 AP € e B HE b A wrer. T wyer

fofrAdlizaricaRufhg tchanMé1oA eh@Lgh Whichhdlestremagheticriaglistn3emitted from
shows in detail, how the nmeasuring channel (indicated .
tha dnneriside-philieecontaigemmay pass. The tuyere has one end facing the interior of

the container. The second end of measuring channel 2 faces a first measuring unit 3
which preferably includes a dual wavelength pyrometer and a video camera.
Preferably a spectrometer 4 and a laser generating unit 5 are also connected to the
measuring channel. Most preferably data processing devices 6 are connected to the

measuring unit 3.

Figure 2 schematically shows a detailed cross sectional and bottom views of the
measuring channel (which indicated as A in Figure 1). Electromagnetic radiation may
pass unhindered through the unobstructed measuring channel 7, as schematically
shown in the bottom view 8. Once clogging occurs at the top of measuring channel 9,
the passage of electromagnetic radiation is hindered, as schematically shown in

bottom view 9. Measuring unit 3 can not anymore detect the intensity of



be fornmed. Preferably a set of two concentric tubes is

used. The neasuring channel preferably includes an
wouioensebe 11 and an i nner tube 12 such that BCT/EPI0631012349

gases or gas mxtures can blown into the container.

For exanple a gas stream 13 cgln'prl sing nitrogen-gas

and/or argon, and nethane may ‘be passed through the

cloqlr ARG 48 aion BF g e SLom SHFRIRTRR be | passec

t hrough the outer tube. Inner tube 12 also forns the
measuri ng channel. Thereby oxygen cannot affect

Figreas3ishowgs iergta’lehdwﬁlcdama:as‘uciaglohashek/\@wdicaieéfasmém:l Figure 1) can
enbodi nent, of measuring unit i ncl udes

bec{p g relBiabh 8 5t ot Mo ncetib tulles Wiinad, Thd fedStiing channel
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dete 18 for collecting a vi eo si gna
galsemsddrés icanprlewariatol the acontainerf. dausexaede an@bsj stream 1)3/ comprising

ni qgr[eg'\,-géq Saf\a{ors §%V\r'§1 2@({%/{ ?p;zr?;yc %{pg%ggta P\gthe inner tube 12,

wHEPERY G ghE &tidlPcB p?lsﬁﬂg;ﬁﬁﬁr% em@a@eé P%Ggon and oxygen may be

el ectro gnetlcra natl ng roma spot
passked ithtaughotheobutendube! inney twbent2 alisa forod tlvm\memglng channel.

rometer and c ar- ng the intensity of the
'% %YT@W%‘?%WQ?@ tt’ﬂe‘f'ﬂ’éngatl o of the pyroneter
signals. The interval for passing the

oxygen-cont ai ni ng gas through the tuyere is initiated
Figyrend sbieematicallytshowstan ptefetred eontidiment ot me@'rsu;in@uni’t t3(Fig. 1). It

inGldls et ShsTatle: Be; 180 59; SHEPEBIR. AR in eSmbRatiSh with two
pygdgﬁgféi‘r&gtéétbbé f@nﬁi‘ é‘ﬁli a d@?@ctbh"l@%%éﬁlec‘t’l?% lé%ﬂé@@fgnfap Adjustable

term ned only once visual basi s “of
lenshés impt@éerablytamautofwue lensyand dri@n bhe rhetor gnatfshoive).
image it is decided whether the status of clogging is
reached, and the corresponding intensity of the

}f@rﬁ%&%‘% W@%ﬁl‘inﬁ%%é' hitérval g6t %bgélﬁ?dtheﬂa) gen-containing gas
threshold value is then used for automafic initration

theughbeituyarevalstarteg by gategtun@ etawomqgg@ﬁc cadiatiomiemgnating from a
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|n§‘tﬁé‘¢rﬂéﬁs®%mt;ﬁﬁomb{ér%@1£$ Yitht thetrafio ion fis F?tdrﬁéter signals. The
about the’intensity of each of the two wavel engths

inteneal forr @ammee@wganmalem ags thieuahathel tuwgﬂehles igitiated upon the
con%mon tﬁag %teec%mk%dq 9\96 o%%se E’SI gf?sogélga&;agﬁl?edetermmed thresh-

old value and that the ratio of the signals remains substantially constant. The threshold
value needs to be pre-determined only once visually on the basis of the image of the
video signal. On the basis of the image it is decided whether the status of clogging is
reached, and the corresponding intensity of the combined pyrometer signals is
determined. This threshold value is then used for automatic initiation of the intervall for

passing the oxygen-containing gas through the tuyere.

The concept that resides in the use of a dual wavelength pyrometer instead of a
standard pyrometer. In addition to the information about the intensity of each of the

two wavelengths that are measured, a quotient of two wavelengths can be calculated.



5 This creates additional information, which can be

used to determne the point in tinme at which oxygen
wohast/t5esbe bl own t hrough the neasuring tuyer ePCIIfEPOOIBN12349

the intensity of one wavelength is neasured it is not

possi bl e to deci de whet her t-he& change in the

intensity is caused by a change of the tenperature of

THi$ieremed additibagiarformatisk UvhichscarPbé Ngefi 96 Heterfiind 'ﬂ’% pomt in time
end of the tuyere. By nmeasuring the intensities of

atweieh exyenshasifibe dlove Kreugh theemeasuting iuyeretifenly the intensity of
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intensities both fall but the quotient of these val ues

beirg rted atdem stdef the tuyee, chemagsurmjtheumensmae of twewavelengths
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infoeatian icandfe bistalhedralingithé @8asadrs of Bagtwathangk. Fan eREmple, if the
assuned, that the tenperature of the nelt is changing.
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bel ow a Eredet erm ned threshol d val ue.

is eRREING, hedry be gesiemed. that thet temperatyire pf ﬂ,s\etmgit iseghranging.
is also possible to adjust the optical axis of the
instrunent for neasuring el ectromagnetic radiation,

Treneforedt ishin agy4rmags of tl@@%rétft%ssé@&d!lﬁ?ﬁb%e p'F@sérﬁJ iHdéntion, that
the one or nobre neasuri nghdew ces, ,

oxyger i Agt HNpgeassafiyblown dnmugh tbgeraeawrmgechamah@nly because the
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perspective inmage of its far end is depicted in a
regul ar. fashi on accordi nghto the geonetry of the

It mgtupnﬁggwnam| out ¢haf withesychyembedimanntiitis alsepassibigto adjust the
orEALBEL o bl PRl Trtrshbie R ertlh Sogtay such as e

pyeameted anbdhe specramétepse the video canmera and the
instrunent for neasuring el ectromagnetic radiation are

arranged al ong one optical path. The adjustnent is

Tof %gfuis? $hOWBneBr WirePRbSuly Wa%icts dGRn' J8dfal Wavaingth Soyrometer
and/or a spectrometer being preferred, its/their optical axis/axes is/are moved until the
near end of the measuring channel and the perspective image of its far end is
depicted in a regular fashion according to the geometry of the measuring channel, e.g.
a regular tubular measuring channel will result in a circular image. This adjustment is
preferably performed using the video camera. For this purpose the video camera and
the instrument for measuring electromagnetic radiation are arranged along one optical

path.

The adjustment is carried out on the basis of the video image by varying the
orientation of the instrument(s) and the video camera such that the first end and

second end in the video image form concentric circles is another object of the present



orientation of the instrunent(s) and the video canera

such that the first end and second end in the video
WOi2es7i86r m concentric circles i s anot her obj ect/EPRodslve2349
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i nvention. The optinmal position of the neasuring

device(s), i.e. the dual wavel ength pyroneter and/or
invdrdiompectroneter i s reached when the geonetries of

both ends of the neasuring channel depict concentric

i mages, i.e. in case of the above nentioned (as an
THE %ﬁglln%)a pbefﬁHh EHf t ?‘E\égnéé@ﬂg q%\ﬂ%? g]%ln gtgé] Edﬁil('g? v\/é\léfélnSﬁt pyrometer

aratid’ toé sﬁm:tmelrrlmgeabmmelvhem the gb@memésofoftﬂstﬁh ends of the
measuring channel that is directed to the neasuring
MEaYINNg @')armﬁh deRist eananiric jrpages, 4@vins aaseof the @Q@eamenﬂoned (as
r [
g%érhb%g%fulﬁtﬂw ﬁt%a?{{mquqgﬁér}neésl’ tgﬁﬁé%rgﬁ cﬂél're%tvpcglléf h?@& % be obtained.

Telvisuafits thel'eartend e the enédia:ringn@iafnr@i itehehé ner 6f the measuring
passi ng through the netallurgical vessel 3. This

channgt thatip dire eﬂﬁ%éh? H?ﬁaslb'é'!?ﬂl?@é"qel(s)l andythe eRMBER iilbis advisable to
r ning of the container. The
u%?’?)rgrsm)g [ nSQ?JECéaﬁgéh%eeded for focussing the |aser
beam For this purpose, the |l ens system of the
aut of ocus VI deo canera is adjusted so that  the firs

It Bag syrPrisigly bogn qrggccpqtéh@%\g th the prasent gorfiguration it is also possible
to'ﬁleﬁgufért@ubci@b%%eéﬁ‘ﬁ tldie 4 h%é‘%gﬁ ;hrg]&h thé %t?lltﬁélgﬁgyessel 3. This

tuyere 1s determ ne t he
mfdtrmatlonus impdrtahe bebamanitie sart ingdicationt dfetheewear oé ke dihing of the
t he tuyere, W|th respect to the canmera. Wth this
cqniaipefdiedATorMRgon is@lso pegred for Toeussia edaserbeaen
way, that aintensity that is sufficient to forma
pl asma, the radiation of which can be detected by the
Fampthet ponpeSer thel lenerdygtepn ef ¢iné aatofoties sidebacamert it regdjusted so that
anal yzed or %ns ide the nmelt. but

thgﬁjg%toéoq ﬂéthgatgy \,ffaglpgft Hgan%pfttgg rg%tgll%qg&ﬁl M@sse? is in focus. The

leb%{r Ao gtot; %Z(’gétb@ﬂl_neﬂ RN ba¥i® ARG/ IRERES of the focus and the

known position of the second end of the tuyere with respect to the camera.

With this information, the laser beam can be focussed in such a way, that a intensity
that is sufficient to form a plasma, the radiation of which can be detected by the
spectrometer, is only present at the surface of the melt to be analyzed or inside the
melt, but is not inside the gas cavity formed by the gas blowing through the measuring

channel.



Cains 1 Process for keeping a tuyere passing through
a netallurgical vessel free of a skull by

WO ooensm2sd endl y passi ng an oxygen-cont ai ni ng geEGI/EP2003/012349
through the tuyere to dissolve the skull, wherein it
is determned that an intervall for passing said
oxygen-cont ai ni ng gas through the tuyere needs to be
started by detecting el ec- Crtaimmsgnetic radi ation
emanating froma spot in the interior of the nelt by
means of a dual wavel ength pyroneter and conpari ng
t he,y j it t i I | ; j
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| nisRul aly linfepmittengly pasking andoxygenecontainingi gasithrgagh the tuyere to
through the tuyere, upon the conditjon that the . .
conlisisplve the skidll,t yherein ffeiss Agtesmingdafhat @ |igigrypl for passing said
pr : ' -
PrheXpghabaSing b3S Miofo B Ruyerd Resgto biStRéd By Betecting elec
e tfpthgrietic radiation whearating Siwind at $pot s theadinteriareofitse melt by means
determi ned by using a video canera whi i arrar%

h s d
wi o & Aealpyaveiengin BYIEMetenaNed omRarngalng IRIRNSItEyP 1he pyrometer

Setti : L . . N . )
- o S e SR 3, S SO v forpas
on sirftesdia Bxygen-cohiaining gasi thrgghvthettogerea upbatthe cohdition that the
clogging is reached and determ ning the correspo (sjtlhn%

i nicomfiingd Jnfeaeitopf the: s'gealiibfa#éob%g\f/oar@{ et@F@'Hsa hreghold value
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radi ati on emanating fromthe interior of a

nmetal | urgi cal vessel through a tuyere having a. first .

2.end teaBefed RE claimet @Mief%ﬁf‘gﬁi@ thigehald: vilue d%ld_ew%%?d by using 2
ang . C
o0 ide B8 S BB SH6 WIRhRARIE e Bl pats anc

el ant settimg b irslationl trag intensity of the pargestensigngl witlke the image of the
optical path, and the ad%eust ment _is carried out on the f
basiideo gpmeie. JeeldBg; prdee BAsEPlithy e Bpagh sty a status o
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congenbinéd pyraphetel signaé. Use according to claim3
wherein said instrunment for neasuring el ectromagnetic
3. Use of a video camera for adjusting the optical axis of an instrument for
measuring electromagnetic radiation emanating from the interior of a
metallurgical vessel through a tuyere having a first end facing the interior of the
metallurgical vessel and a second end facing the instrument, wherein said video
camera and said instrument for measuring electromagnetic radiation are
arranged along one optical path, and the adjustment is carried out on the basis
of the video image by varying the orientation of the instrument and the video
camera such that the first end and second end in the video image form concen-

tric circles.

4. Use according to claim 3 wherein said instrument for measuring electromagnetic

radiation is a pyrometer.



radiation is a pyroneter. WO 2004/ 057286

PCT/ EP2003/ 012349 - 8 5. Use according to claim3
wobmresnsecai d i nstrunment for measuring el ect r OPEYREI0DE012349

radiation is a spectronmeter. 6. A nethod for measuring

the length of a tuyere passit@g through a netall urgical

vessel having a first end facing the interior of said

net al | urgi cal vessel and a second end facing the

exterior of said nmetallurgical vessel by neans of an
5aut dé@ausordirgeto daineB ayhengiarsaid instremam forsmeasuning elenttomagnetic

aut of ocus .vi deo cameiqa is adjusted so that the first
endragfationds afpeFoMeTg the interior of said netal -
| urgi cal vessel is in focus and the length of said

tuyere is determ ned on the basis of the distance of .
81 heAfmethedafod mdesukingvthe perdthiafra tdyesaipassiagdhtbughda ehetallurgical

the tuyere with res t . to.the canera. 7. A rat us

e el B BT il 0 SwEAREF s e edvessel anc 3
co ng; A AU r

CorBFAAIL g JeEh S O 0 IBORRR st pimeans of
duahutefomisendgdcapera wiezeinghe tensosysterptdf de aptafecus(\djieo camera

na i adiostssah atyhd Tl e iof e dufke oS ibadlierff of said metal-
g'f eg{q iCARRBREEI i€ iff fftuStdnAthe REFRJIROF BSIdfthperelis ,aefe;ﬁrmfédoén the basis

vessel. 8. Apparatus according to claim
f ur ohere distgmcesofrtheafotas anddbei krewsupositiore of said second end of the

creatin pl as ip the interior of said
net &lyﬁﬁﬁgm%éﬁsﬁé%me G Rherein the further
detector is a spectroneter capable of detecting
el ectromagnetic radiation emanating fromsaid plasnma.
79. Apparatisiforaacyingi o the pruicasses obelagnavhite A cognprising:
conn catgd to the interior of said netallurgical

I

ves yal payelength BYIOmIeini ch is passed through the

tuy@dean autofocus video camera which is aligned with said dual wavelength
pyrometer along one optical path,
(c) means for varying the orientation of the optical path, and
(d) optionally a further detector for measuring electromagnetic radiation

emanating from the interior of the vessel.

8. Apparatus according to claim 7 further comprising a laser device suitable for
creating a plasma in the interior of said metallurgical vessel, and wherein the
further detector is a spectrometer capable of detecting electromagnetic radiation

emanating from said plasma.

9. Apparatus according to claim 7 or 8 which is connected to the interior of said

metallurgical vessel by means of a tube which is passed through the tuyere.



