PROCESS FOR MELTI NG A CHARGE I N AN ELECTRI CAL ARC FURNACE
The present invention relates to a process for nelting 5 a charge in a
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an oxygen is injected during at least some periods, in
order to carry out post-combustion of the combustible

gases.

15 The term “oxidant gas coﬁtaining more than 25% by
volume of oxygen” means a gas which contains at least
25% by volume of oxygen under standard temperature and
pressure cOnditions, in partlcular oxygen—-enriched air
containing preferably more than 50% by volume of

20 o=xygen, but more preferably oxygen which is
industrially pure, that is to say having at least 88% -
by volume of oxygen, including in particular oxygen
generated by adsorption equipment of the VSA (Vacuum
Switch Adsorption) type, or any other generator of

25 industrially pure  oxygen, including systems employing

membranes.

In an electrical arc furnace, in @particular an

electrical arc furnace for melting scrap with a view to
30 the production of steels, the scrap is melted essen-

tially by supplying energy of fusion to this charge

through graphite electrodes of ‘the furnace, through

which a very heavy current is passed so as to release a

sufficient amountzof'energy to melt the scrap present
35 in the said furnace.

Fossil energy is currently being used more and more to
increase the productivity of these furnaces. Hence, the
use of coals charged in baskets or injected through



el ectrical arc furnace for melting scrap with a viewto 30 the production

of steels, the scrap is nelted essen- tially by supplying energy of
fusion to this charge through graphite electrodes of the furnace,
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post - conbust Fon fqr an electrical arc furnace an
exanpl e, indepgxdbes, ustericexmmple, B 5 BIEtRY3p aH§-EP1ARS1870402. 10

Patent US 5, $8659393,i530 hedame 2o dha 9sppl i cant Conpany, .- describes a
process and an installation for melting a charge in, notably, an
electric® arc furnace for nmelting scrap and produci ng steels, by

suppl yi ng 15paeeergy USl 5066995100 t e clhegenameé Wotth phet - Apphdstnan
of the funesC%%p5w¢¥néggcgfbgéygfnﬁgggéggméﬁhggﬁifﬁé&allation for

melting a charge in, notably, an electrical arc furnace -
for melting scfap and producing steels,” by supplying

15 energy of fusion-to the charge and with post~combustion
of the fumes by injecting an oxygen-containing gas into
a space of the furnace located above the charge. In the
process described, the oxjgen injectors are used to
create rotating gas streams -turning in opposite

20 directions in the space of the furnace located above
the charge. The effect of this is to ensure effective -
mixing of the oxygeh—containing oxidant gas with the‘
combustible gases present, such as the carbon monoxide
and/or hydrogen produced by the charge, so as to cause

25 uniform post-combustion of these gases in the furnace,
which post-combustion contributes to the melting of
this charge in cooperation with the vertical electrodes
distributed around and in the wvicinity of the vertical
axis of the furnace.

30
Patenf Us 5,373,530 (as well as EP-A¥127,492) describe
an oxygen-containing gas injector passing through the
casing of the furnace in order to deliver -an oxygen-
containing gas jef which is non-radial with respect to

35 the axis of the furnace.

A post-combustion process for an electrical arc furnace
is also known from the article “Oxygen Injection for
Effective Post-Combustion in the [Electrical Arc



a space of the furnace | ocated above the charge. In the process
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which results notably from the aforementioned reac-

tions. Thus, the drawback of such a process is that it

15 does not fully use the possibility of generating energy
by employing the carbon monoxide produced in the
furnace. '

The object of the process according to the invention is

20 to improve the energy efficiency of the post-combustion
by maximizing both the energy released by this post- -
combustion and the transfer of the corresponding energy
to the metal pool, while ensuring high durability of
the refractory lining of the furnace and without

25 excessive oxidation of the electrodes. To this end, the
process according to the invention promotes as far as
possible the reaction of carbon monoxide with oxygen,
so as to form carbon dioxide, to the detriment of the
other wundesired reactions, notably the reactions

30 involving oxidation of iron with oxygen
(Fe + 3 O, = FeQ) and carbon dioxide gas with iron
(CO, + Fe = FeO + CO).

The'process for meiting a charge in a furnace accqrding
35 to the invention is characterized in that, during the
periods in which the post-combustion is carried out,
the oxidant gas is injected at low rate above the
charge, in the form of at least one oxidant gas jet,
each jet having a flow rate of between approximately 50



'5 (the slag), which causes oxidation of the iron in form of iron oxide

FeO, oxidation of the iron with the carbon di oxi de gas which is
. present, generating iron oxi de FeQ,, carbon nonoxide, as well as a
reaction of the carbon wi'th the carbon dioxide to generate carbon 10
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(Fe + derr] => FeO and carbon dioxide gas wth iron (Cx2 + Fe .
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which the PRSLeQEOUS! I A2 A QWienar o ELEKIPI0f28akS LB ect ed
at | ow rate“above the charge, 1n e formof a ast one oxi dant gas
jet, 15 oxidant gas injection into the furnace is provided, at
least during some periods in which no post-combustion
is produced in the furnace, at a speed of between
approximately 5 m/s and 20 m/s, so as to prevent or
reduce any clogging of the oxidant gas injectors.
20
According to another embodiment of the invention, the
process is characterized in that at least one oxidant
gas jet is injected tangentially with respect to the
wall of the furnace, at an angle of between 25° and

25 40°, preferably of the order of approximately 30°.

According to another embodiment of the invention, the
latter is characterized in that at least one oxidant
gas jet is injected downwards from the side wall of the

30 furnace, at an angle of between 10° and 20°, and pre-
ferably of the order of épproximately'15°, with respect
to the horizontal.

Also preferably, tﬁe'oxidant gas will be injected using
35 at least three injectors, preferably at 1least four
injectors, preferably uniformly distributed over the
lateral surface of the furnace. However, when the
requisite space is available in the furnace, it is pre-



" each jet having a flow rate of between approxi mately 50

- 4 - and 1,200 Snferr]/h and - a speed of injection into the
< furnace of between approximately 5 ntﬁlﬁnﬁ 150 m's and preferably
between 50 m's and 125 m's. 5 1n a preferred enbodinent -of the
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i njectors. 20 Accordi ng to anot her enbodi ment of the invention, the
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appr oxi mat ehdjd8ted as a function of the results of this analysis.
This means that if more combustible gases are present,

commensurately more oxygen will be injected, but With_
stepped oxygen injection so as to limit the temperature
15 in the vicinity of the injectors to a value which is
compatible with the thermal stability of the side
panels of the furnace (water-cooled panels distributed
- all around the furnace). The oxidant gas flow rate will
thus generally be variable during the casting.
20
The fume analysis will preferably consist in a
measurement of the carbon monoxide concentration in the
fumes (example: 4% of CO by volume).

25 Preferably, use will also be made of a plurality of
groups of injectors having, at their outlet, a
component which is tangential with respect to the
vertical axis of the furnace, the successive groups of
injectors being arranged at the same.level or at dif-

30 ferent levels.

"According to another alternative embodiment of the
invention, the holding flow rate in the furnace may
also be produced with air.
35

It is also possible, and sdmetimes preferable, to
preheat the oxidant gas before -injecting it into the
furnace. To do this, it may be possible to preheat the
oxidant gas which preferably contains more than 25% by



Accordi ng to anot her enbodi nent of the invention, the | atter is

characterized in that at |east one oxidant gas jet is injected
downwards fromthe side wall of the 30. furnace, at an angle of between
10[err] and 20[err], and pre- fera%l of the order of approxinmately 15,
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and the oxidant gas flow1rate will be adj usted -as a function of the
results of ddi $-eHdS the number of injectors, at least six

10 injectors will preferably be used, because as a general-
rule the more injectors are used, the better the
results. These injectors will also preferably all be
located in the upper half of the furnace and, ﬁore_'
preferably, in the upper half of the furnace with

15 respect to the level of the metal.

The invention will be better understood with the aid of

the following illustrative embodiments, given without

implying any limitation, in"conjunction with the
20 figures, in which:

- Figure 1 represents a schematic view in vertical
section of an electrical furnace for implementing

the invention,

25
- Figﬁre 2 represents a schematic view, taken in
horizontal section along the 1line II-II in
Figure 1,

30 - Figure 3 represents a more detailed wview in
longitudinal section, on a larger scale, of an
oxygen injector of the furnace,

- Figure 4 repfesents a schematic plan view of the

35 furnace,

- Figure 5 represents a schematic comparison of the
prior art combustion with that of the present
invention,



This nmeans that if nore conbustible gases are present, comensur atel y

nore oxygen will be injected, but with st epped oxygen injection so as
tolimt the tenperature 15 in the viginity of the injectors to a value
which is conpatible with the thernmal stability of the side panel s

of the furmace Figuae céol seEPpaAEnEsdi &t rewiNed °f specificunglers

furnace). The o&&q@ﬂkggagohggmbkgbgsmdgg a filscigsneicd | gpeeifdk abl e
during the casting. 2 The , fume apalysis wll _pr ﬁerabl consi st
in a meas uCEYSIRR ORI Mn TRIMDS d’enE%nﬁ‘éﬁ?P‘égi g ©i ﬁ‘ufl%gr f unes
(exanpl e: 4% of Jg0ikyjesldt®)used,2andreferably, wuse will also be nade of
a plurality of groups of injectors having, at their outlet, a '
conpone%t which is tangential with respect to the vertical axis of the
}‘ur n?ce, thedsucfdeﬁsde/e7 greppesehts an rildsrratheregenbedigeatactt he sane
evel or at dif- er | s r oy a s @ rnative
enbodi nent of ti%??ged} %53%5%2%% tﬁgtﬁgﬁgiﬁ8&€lg$§§ggéyi:?%ﬁﬁgﬁlJF?:ce may
al so be produce@diiustmgnt bzsed on tthe carhiony moppkidfe, and someti mes
]E)ref er abl e, dt,o ] preheat the oxidant gas before injecting it into the -
urnace. To do this, it may be_possible to preheat.the, xi.dant, gas
whi ch B9 ef hgoI8t &Triifas 7 oL TR C%S/?B{}ege“@eg in"Figured"172hd 9

2 is intended for melting scrap with a view to
producing steel. It includes a bottom 2, a side wall 3
with a so-called slag door 4 and a pouring spout 5 for =
the molten product as well as a roof 6 which alsc forms

15 a support for three eleétrodes 7, 8, 9 equally
distributed about a vertical axis X-X. The roof
includes an outlet conduit 10 for the fumes.

The furnace 1 is equipped with at least two stepped
20 series, respectively 11 and 12, of at least two,
typically at  1least three, injectors for oxygen—-
containing gas. The first series of injectors 11 is

located at a level N; close to halfway up the height H
between the lowest point 2’ of the bottom 2 and the

25 uppermost point 6’ of the roof 6, whereas the second
series 6f injectors 12 is located at a level N; which
represents approximately 3/4 of this same height H. The
injectors, 11 oh the one hand and 12 on the .other hand,

are therefore located in two stepped horizontal planes,

30 the vertical separation between which is of the order
-of quarter of the maximum roof height.H.'Each injector

is oriented in such a way as to have a main tangential
component and a centripetal radial component. The
outlets of the lo&er series of injectors 11, at level

35 N; = H/2, are all oriented, when viewed from above, in
the anticlockwise direction, so as to form a lower gas
stream with énticlockwise rotating circulation
(Figure 2). The outlets of the injectors 12 of the
upper series of injectors, at level N = 3 H/4, are all
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figures, represents a schematic-viewin

vertical ment congemtardrs ofSan el ectrical furnace for inplenenting

the invention, 25 Figure 2 represents a schematic view, taken
hori zontal section along the lipe II-

30 - 10 Fjw dumhagepbsentacludesore 2ps §PPEQL6, T8y thy cambordC
monoxide (CO) content in the fumes discharged through
the conduit 10, this analyser having means for
controlling the components 15 for adjusting the supply
to the injectors 11 and 12 as a function of the

15 measurements which it takes continuously in real time.

Reference is now made to Figure 3, which shows that any
one of the injectors 11, 12, for example an-injector
11, comprises a head 17 arranged through the thickness
20 of the wall 3 of the furnace and having a substantially
cylindrical gas passage of axis 18 which is inclined by -
an angle o to an axis 19 that is radial with respect to

the furnace vertical axis X-X marked in Figure 1.

25 The head 17 is formed at the end of a generally

cylindrical body 20 whose axis coincides with the axis

19 when the injector is installed on the furnace, this

body being hollowed by a gas passage which extends the

| one of axis 18 which passes through the head, the body

30 thus protruding from the outer surface 21 of the wall 3

of the furnace, which wall is conventionally supported

by a support structure 22 schematically represented in
Figure 2.

35 The body 20 of the injector is mounted so as to rotate
about the axis 19 in a support bearing 23, also
schematically represented in this figure. When the
rotational adjustment is made, according to the
particular features of the furnace, the position of the
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-7 - infegtor it r dixedenby neamsir oef eof refractory efikling

tricity con | a | | fi g onsppt i on,

taki ng int osrg%%)%%%]ftﬂ%l nuén%gglégé11 qg;e‘?‘,(;%%:lnj ée:}é?or%ei%e ,—ya(r?:lt}'l&S .

Figure 7 repeybbmisioal i ppesirgt 20eoéntbei wadd o which recepdgfenitnjection

bet ween two BELPPELesSVEES thE adjustmerdd] UsidreptoRasedcen 2ishe Lafhon

nonoxi de. 10 ' The electrical arc furgice r%ﬁﬂ:setted_ln qué{es and-

t

2 is. intE&ndeP3Pr Lfeds nPReraptiflhy afvpsh odBBPhg &K</ 1t
i ncl udes a hofteme 2wabl side wall 3 with a so-called slag door 4 and a
pouring spout 5 for the nolten product as well as a roof 6 which al so

formse 15 a support for three electrodes 7, 8, 9 -equally
di stri but ed Bbyute a3velspcakparsenksXa THeouddf 28 for circulating a .

cooling fluid such as cold water. Other characteristics
10 and advantages of such an injector are described in-
EP-A-127,492 in the name of the Applicant Company.

A diaphragm 29 containing a fixed calibrated orifice 30 -
is mounted in a countersink 31 provided in the rear end
15 of the body 20, and the supply conduit 14 is connected
to this device. The outlet diameter of the injectors is
also fixed and is very much greater than that of the
orifice 30. It is between approximately 3 and é cm, and
preferably close to 5 cm. .
20
Furthermore, as in the aforementioned European patent,‘
the front end of the conduit 14 may be equipped with a
protective non-return valve (not represented).

25 During operation, alternate charging/casting and
melting steps are carried out. During each step, the
analyser 16 compares the CO concentration in the fumes
with a low set-point value and adjusts the supply to
the injectors accordingly.

30 _
Throughout operation, the oxygen flow rate per injector
is kept between approximately 50 and 1,200 Sm’/h
(1 Sm®/h is one m® under standard temperature and
préssure conditioﬁs), and the oxygen outlet speed,

35 taking into account the dimensioning of the injectors
and the outlet pressure which is substantially
atmospheric pressure, is between approximately 5 and
150 m/s. The preferred value ranges are, for the flow
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2 ASEN FROLA | Ladhal saTPaReLe TEse Ud Chsettd

I ors oriente

| ower
when

maﬂdﬁn; tihe metaHuPanlclockwnse direction, so as to form a

stream wth anticl ockw se rotating circul ation

The outlets of the injectors 12 of the upper series
t | &g Reen 3ohservgde Lhat, w:Lth such a parameter

of

ordo@cmleﬁtwmn ﬂhevveglebmﬁbamxaztucﬁﬁyp ebaskmpBEon, fdirr ection,
orm ggvggp eg streamw th ockw se raotati. n%l i_ncul at i on.

ifi¢ ‘oxygen consump ién, "is par rly

low.

This has been confirmed by tests carried out with an
85 tonne capacity furnace of the type illustrated in
Figures 1 to 3, having six injectors of outlet diameter
50 mm, with a  maximum flow rate per injector of
700 Sm3/h displayed on the adjustment device 16 and a
small injector protection flow rate of approximately 50

to 70 Sm’/h during the periods when the stream is not -

flowing.

'The electrical consumption in this furnace proved to be
much less, when all the injectors are supplied, than
the case when four of the six injectors are supplied,
with substantially identical specific oxygen
consumption. This demonstrates the improvement in the
post-combustion performance when the injector outlet
speed of the oxygen jets is reduced.

Figure 4 represents a schematic pla'n view of an arc
furnace with a schematic representation of the flow of
the gases in the fﬁrnace. The furnace 40 includes three
electrodes 41, 42 and 43 which pass through the roof of
the furnace, and through which gases can escape. The
air essentially enters through the opening 44 or slag
door and escapes, together with the fumes, essentially
through the “fourth” hole 51. The molten metal is



5 The injectors are supplied with oxygen having a purity of at |east
90% from a source 13 (Figure 2) via respective conduits 14 fitted
with respective adjust- ment conpgnents 15. 10 The furnace al so
i ncl udes an anal yser 16 for. the carbon noNoXi dg“néCO) content in the
fumes di schbsgddngedudghrough heheongapting, haig { ysEX h&HY9¢Means for

control | ing the wamonent s4§5 oy, adjgist iqy bha SsPPlare uriGdridyi nj ectors
11 and 12 asntjaecf unction ‘of the 15 nea's,urerrents@\g’ui ch. it takes cor¥ti nuousl y

in real timstributedferdnce the noWSHRFSY Fi gifre Eh&hi RS that any
one of the dy¥admSilly 331 fon wHe@nBameanhopjiechoal pldde. cAiwises a

head 17 _arranged thro he thi ckness,?2 of th 3 f.yr nace and
having & sd‘l%‘?eé‘?‘ﬁr}tal I thecyg?‘ﬁﬁ?i A g%émﬁassséglewg#éaxfllss)grl%ggmhilc is

i nclined byrepresshtad ey [the |atwows 53X s539 $haandsSyadial with respect to
the furnace vertical axis X-X marked in Figure 1. 25 The head 17 is
formed at the end of a generally cylindrical body 20 whose axis
coi nci des Viutindie apesationt9 whbe trdimect 6F | sthast Al ahe

furnace, thy %cg)%dytllpgi ngaBak! opsd byea gggi%ags_@ge WihieCh sdeifls t he
one of axis |.c%e‘£asses t hrough the head, the Qod 30, _thus protruding
fromthe olrcrermaf¥ Py ofhehediBPY 23  STEEEhelfOPnak’® \ﬂﬁr}:tﬁ"?/vall i s

convent i onatd Ye Stie@ss e moveby tawanpsothestwalk u4@, 22henhadmmigeaitl y
ggp;gstegt regiﬁ I econtln?.ln%%rse gc‘: th?’e5 ngJe:tROqufg %fl .t h§iﬁlﬂi§fi9£ i&ém_unt ed
stream schematized by the arrow 54 moves along the wall
of the furnace and escapes through the fourth hole 51.
15 The air 55 entering through the slag door is directed
towards the “fourth hole” 51 and a stream 52 moves away
from the electrodes towards the wall, in the direction

of the-door 44 and the hole 51.

20 According to the invention, the oxygen injectors are
arranged in such- a way as to inject the oxygen
substantially in countercurrent flow with respect to
the fumes: the injector 50 in countércurrent flow with
the stream 52; 48 and 49 in countercurrent flow with

25 the gas stream 53; 46 and- 47 in countercurrent flow
with the stream 54; and 45 in countercurrent flow with

the gas stream 55.

Figure 5 is a comparative illustration of the prior art
30 (right-hand part of the figure) and of the invention
(left-hand part of the figure). According to the prior
art, the oxygen lance 73, directed at the surface of
the slag 61 above the metal pool 60, injects oxygen at
high (supersonic) speed through the gases/fumes in the

35 furnace 62.

Because of its high speed, ‘the oxygen comes into
contact with the molten steel and the following
reaction takes place:



‘about the axis 19 in a support bearing 23, also schematical ly

represented in this figure. Wen the rotational adjustnent is nmade,
.according to the parti cul ar featqﬂfs of the furnace, the position of
t he , - 9 - injector is fixed by
means of a refractory filling material 24 arranged between the head 17
and the cylindrical opening 25 of the wall 3 which receives it.

Regardl ess of the adjustnent, the front face 26 of the 5 head 17 is
substantially flush with the i nnEf TaeC27> FeOf the wall 3. Fi gure
3 also represents a circuit 28 for circulating a cooling fluid such as
-cold water. her character, sti dvant ages_ of _such an .njector
re doacsi betP T TeACEBOR s 4§SrIRERFRL\ BREAIES it ABBTERRRE CAhny.

A di aphr agm &% coxygemi g ﬂofmxsﬁagallbrated orifice 30 S nDunted in a
countersink 31 provided in the rear end 15 of the body 20, and the supply
conduit 14 is connected to this device. The outlet dianeter of the

i nj ectors i sThe irgpmoalseedeantisi yivhr fhgucaronaddoxisen quaatast e

~orifice 30. féaéﬁsl&?t\&’%e”cé‘ﬂﬂ’éﬂxkdﬁto@ﬂﬂde?’ R0eh 6 fPgend Th:.sprcﬁirﬁf&p' y
close to 5 cm Furthernore, as in the aforenentloneg ggn

pat ent, 10 4%R¥¥¢%n%seHHOHHhFhénﬁﬂuﬁﬂqt%EFrﬂ&t%etﬁﬁumﬁﬁé

oxygen at high speed, thus creating even more FeO slag
and a little carbon monoxide, according to the

reaction:
15 Fe + CO, = FeQ + CO

Unfortunately, the CO formed does not react with the

oxygen, because the latter is elsewhere consumed (see

above) unless considerable quantities of oxygen were
20 injected, some of which would be lost.

The carbon dioxide also reacts with the carbon in the

molten steel, which causes a decarburization reaction

(which is therefore detrimental) and generates CO which
25 1is itself not burnt.

It is affer having established the existence of the
various technical problems cited above and having
analysed the various detrimental reactions that the
30 Applicant Company developed the invention, in which
oxygen is injected at low speed thréugh the injector
63, creating a gaseous cloud 64 which remains above the
metal pool 60 and reacts with the CO entering the
region 65 from the pool (and exclusively only with the
35 CO) according to the reaction:

CO + 3 02 = CO2
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brotective non-return val ve (not represented). 25 During operation,
alternate chargi ng/casting and nelting steps are carried out. During
each step, the anal yser 16 conpares_the CO concentration in the funes

with a | ow set-point val ue and adjust§ tRe~supply to

the injectors

accordi ngly. A3Q the Tdarghomtnogdrat igemerdadtedxygenhél pualat s pehuknj ect or

is kept be%ﬁ%ggr %RBhoxkggtekgxgéﬁ QHQ %ﬁégo %g%éggermigioﬁg%giL]/h IS

one njerr]

Standa erature a sure

l'ons),

and the oxygeembustédonsped, W8 (GRi ngsi nttdugcc@rndudrddi néhthonkng of
t he 'nJectorénerge%@@alﬁgeo R4tiSled E%%%%HE@icﬁg'angéﬁi substantially

at nospheric

pressSure, 1s belween approxinmatély 150 m's. The

preferred val ue ranges are, for the flow
- 10 - raiguRer g ecdPresd®Pst 0 (RADLEON &yimdilesand, ther bpecouiket

S5.nis. | f the, fl i nj d ’
518255 oy 59T EHRRE | SRR  FEESEEVRa0P detPPuCt i on
of the refraspecyfpanedsygamstonsumpyivhe wilth 3fofirt Hmjectdus,naesdand/ or
oxi dation of (B&akﬁaséizf)&?eﬁ' e%rt?xdesix o@zrﬂz(ye%r §.er3?5§£, p(?ﬂll ‘other

speed, 15 to

appr oxi mat el

10

15

things being equal. Each circle represents one casting.
It is clear that the specific electricity consumption

is greatly improved with six injectors compared with

four.

On average, over a large number of castings, the
following results are obtained: ‘

6 4
INJECTORS INJECTORS

O, CONSUMPTION PER CASTING 45.6 44.2
(AVERAGE) Sm®/tonne

AVERAGE FLOW RATE (Sm3/h) - 280 425

SPEED OF INJECTED OXYGEN (m/s) 40 60

ELECTRICAL CONSUMPTION (kWh/t) 347 369

20

25

30

Figure 7 represents an example of stepped controlled
oxygen injection. When the carbon monoxide content is
2 4 vol% in the fumes, a maximum of 800 Sm3/h of oxygen
are injected into the furnace for the first 60% of the
melting time for a charge. If it is less than 4 vol$%,
then a- flow rate of 100 Sm’/h is injected. Between 60%
and 75% of the melting time, the injection levels are
adjusted in the same . way between 400 Sm’/h and
100 sm®/h, then between 75% and 100% of the time,
between 200 Sm/h and 100 Sm’/h. The curve 100 which is
followed is represented in solid lines. According to a
first variant, it is possible to remain at a step level

of between 800 and 100 sm®/n (along curve 102). It is

also possible from 60 to 100% of the time to remain
between 400 and 100 Sm®/h (curve 101).



10 It has been observed that, with such a paraneter conbi nation, the
specific electricity consunption, for a given specific oxygen
.consunption, is particularly | ow. 5 This has been confirnmed by
tests carried out with an 85 tonne]c pacity furnace of the type

i |l ustrated0f: coursegurae-‘sl 1the 3injewtews sican npectasiisisdfeduehetthit anet er
50 M with g, dEgEe MO 4l CsBELpbIRECLALLY,  for 78QamBhEr 14 Moxd sp! ayed

on the adj ust ment ce 16 and smal | 1 njector prot lon flow rate of

appr oxi mat elS£ 560 in tthercfumas n otir PRg thee Rasivdefwdddferenst safnis not

f1ow ng. pointhevgl @ssrijeak ¢aNseRdroNiA{edtbs bur 6Ace spiev et e be 25
much | ess, en all the |n%ectors ar SW%)I ] ed t han the case when four

of the sPx it LarPSUpHFPERS © ST hstantial | y i denti cal
specific oxygen consunption. This denonstrates the inprovenment in the
post - conbustd gﬂ a{)@ggﬂ@g& f_\%en the injector outlet 30 speed of the :
oxygen jets - igure 4 represents a schematic plan view of
an arc furnace with a schematic representation of the flow of t he
gases in thepfdir nagamplike fHenage 40si ngl udesmbhre8oR® WeefbéRdesftl, 42
and 43 whi ch pass. through the roof of t he Turnace, and through which -
gases caf eddifedlhgision %P?r%’é%%gltlQFF9r€ﬁPErstPhr&l}&h BFd Fpertly 44 or

sl ag doofhertsh Bisenipesfelraeet hed wd h“BURNERNESC” ese@id | BheéY same t hr ough
the "fourth’, m%éifgtlgyeoBELQEQnSE%%corﬁlng to the process of the '
invention (hereafter referred to as “INVENTION PC”).

This example shows an energy saving of 18 kW/h/tonne of

15 metal produced, which for a casting of approximately
100 t in slightly more than one hour represents a
saving of 1,800 kW/h. The installation according to the
prior art included four high-speed oxygen injections
(250 m/s), whereas the installafion according to the

20 invention included four low-speed oxygen injections
(110 m/s) according to the invention. The conditions
(apart from those described below) were substantially
identical in both cases. The results obtained can be
collated as follows:

25
_ BURNER PC | INVENTION PC

ELECTRICAL CONSUMPTION 377 359
{(kWh/t)
ELECTRICAL POWER SUPPLY 57.5 52.4
DURATION (minutes)
TOTAL O, (Sm®/t) INJECTED 33.6 . 37.1
DURING THE ENTIRE CASTING
0, (Sm’/t) INJECTED FOR THE 11.4 13.0
POST-COMBUSTION
MAXIMUM TOTAL OXYGEN FLOW 1,800 3,200
RATE (Sm>/h) .
MAXIMUM SPEED OF THE OXYGEN 252 113
INJECTED (m/s)




di scharged t hrough the casting hole 56. Six oxygen—- maw - 46,

47, 48, 49 and 50 are uniformy di stribute e eri phery .

of the furnace, substantially allgin the:sﬁlm #ﬂiﬂ@ﬂﬂﬂm}a’ne. The
5 novenent of the gases and funmes in the Turnace iss "¢ 1 by the
arrows 52, 53, 54 and 55. Duri ngCLAEMEati on, the arcing of the

el ectrodes di spl aces the gases to the periphery. The stream 10

schemati zed by the_arrow 53_st artsl fromthe _centre, (etect rodes) , . noves
towards the watl 4BTOFRER afPhg MEIting ofy SBREIued™ 02t hEYFBEFEL Rl e 51.
Simlarly, the sappigimgckesatiyzed fpstilom dara dhedhaomps, almmghide wal |

of the furnace and pes, . thr e_four o] 5 . i 5 -
ent er.i ng tthrough tﬁggég‘ﬁg% £r8#ggbd{'§eggteglé£@t %ﬁgr gzgnﬁ;est Ol??tiaﬁbl e" 51°
and a stream 52 no¥Bs @enriculay orsarkeor| cBPnoddder ondnes tHenepatedin the

di rection of t186rdRGI ¢AeaNthel?8nl0! @O thi L0 KR di Ntht OwhbEn

I nvention, the oxygen injectors are arranged in such a way_as to
i nj ect the oxygen PTocegfselntrarRRt g3so G AARish Mg o ERAR 2 ?BsB¥et to

the funes: the injeelaheSfi AN eiSULihPBELEHOGUBiKG at IdwsiStseds 52;
48 and 49 in countercurrent .flow 25 as stream o53: 46 'and 47 in

ith " th
count ercth% ent f1 oRPFLORy ¢ A1 H)er%g[’% e gﬁ?rgngu 5 RP SRRt £ 1 ow

with t he gas stheasm%8. combustible gases and, in particular, the
carbon monoxide, characterized in ﬁhat, during the
periods in which the post~combustion is carried -
out, the oxidant gas is injected at low rate above
15 the charge, in the form of at least one oxidént
gas jet, each jet having a flow rate of between
approximately 50 and 1,200 Sm*/h and a speed of
injection into the furnace of between
approximately 5 m/s and 150 m/s.
20
2. Process according to Claim 1, in which the furnace -
is an electrical arc furnace, characterized in'
that the injection direction of each combustible
gas jet coincides substantially with the main gas
25 streams generated by the arc flame.

3. Process according to one of Claims 1 or 2,
characterized in that a holding flow rate of.
oxidant gas injection into the furnace is

30 provided, at least during some periods in which no-
post-combustion is produced in this furnace, at a
speed of between approximately 5 m/s and 20 m/s,
so as to prevent or reduce any clogging of the
oxidant gas injectors. o

35

4. Process according to one of Claims 1 to 3,
characterized in that at least one oxidant gas jet
is injected tangentially with respect to the wall
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Fi gure 5 is a conparative illustration of the pr ﬁm(l \‘ “t hand
part of the figure) and of the invention m‘{“ t he
f.igure). According to the prior -art 1éhe oxygén Jarfce 73, directed at
t he surface of the slag 61 above the netal pool 60, | nj ects_oxygen- at

hi gh (super soni c) %‘%eé@et BERACE he 3aseB/ ARG | ALt Retypen 2R3 ATED.

Because of its hi gfpspeetleré PELDYYEENKENBEdEP! OF a?pﬁ@ﬁiﬁétewt Bothe
nolten steel and the fo | owi ng reaction takes ace:

- 12 - Fe + [err] CIerr] -> FeO 5 This
reaction is dgfri nEka@ésbeCau&erHﬁ.ngonterSJﬂd onof Chadimexggertct o §,0rm

sl ag. The |r al so L eac he,car Xi IRa

reaction 8f carbor® Jﬁ%?(?%lrél%\n hll\(gﬁxkgg{ﬁ & hlisegggr% on fgaa%l om%ceg |ng ti)rought
i nto contact\Mtf]iﬂelneeatq&xﬂowWwardsoiygmﬁthehsgﬁesm@%ﬂ PHusthe eat i ng
even more FeO sl afeyrn@0d 3¢l idd | snGPE POR WRAWEAE 1RCCRAA! 29 °LO drite

reaction: o
preferably of the order of approximately 15°, with
respect to the horizontal.

10
6. Process according to one of Claims 1 to 5,
characterized in that the oxidant gas is injected
with the aid of at least three injectors,
preferably four injectors, uniformly distributed

15 over the lateral surface of the furnace.

7. Process according to one of the preceding claims,
characterized in that each oxidant gas Jjet has a
flow rate of Dbetween épproximately 80 and

20 850 Sm®>/h and a gas outlet speed from the
injectors of between approximately 50 and 125 m/s, -
preferably approximately 100 m/s..

8. Process according to one of the preceding claims,
25 characterized in that the fumes from the furnace
are continuously analysed, and in that the said
oxidant gas flow rate is adjusted as a function of
the results of this analysis. -

30 9. Process according to one of the preceding claims,
characterized in that, in an electrical arc
furnace for melting scrap for the production of
steels, the fume analysis  consists in a
measurement of the carbon monoxide concentration

35 in the fumes.

10. Process according to one of the preceding claims,
characterized in that use is made of a plurality
of groups of injectors having, at their outlet, a
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15 Fe + Q0[err] -> FeO + Ccumm mu“‘g Ijﬂ“ieiy, the CO
formed does not react wth the oxygen, be s el sewhere

consuned (see above) unl ess considerpple. quantltles *of oxygen were 20
i nj ected, sone of which would be |ost. The carbon dioxi de al so reacts
with the carbon ircemRonent pyhigh dedangmntdl MikeR Reapeskb&a A4 on

reaction (whi %f&éé@r%mrse @ﬁkrlmr&]ql ) o8N e NEFFnRTCOL MhitHe 25 S
itself not burnt. is after abl i hed t he exi stence of the
various techni cal ﬁﬁ%‘b‘?%ﬁ’s"%l 958“880\&?%/ gjﬁ& Ph§ el%aﬁijgaa%ﬁ ri ous

detrinmental reactidisféieitt levdls Applj cant [sGaipangnddevei epeed tire
I nvention I n whi oxygen ed through the
o 5 63, (éi}%rnate rcﬁﬁféc+§€%§g4a%ﬁégﬁi§£§

i nj ector ing a gaseous renai ns above the
nmetal pool 60 and reacts with the CO entering the region 65 fromthe

E%OL Egpg'] eaqeyfi V@Mc%é Yabblalhg €3 dd SECERE BRekRdifg QML
characterlzed in that use is made of a series of
injectors, all arranged at the same level, some of
10 these injectors having a circumferential comﬁonent-

- in a first direction and a downward component at a
first' angle with respect to the horizontal, and
the other injectors having a circumferential -
component in opposite directions and a downward

15 component at a second angle, preferably different

from the said first angle.

12. Process according to one of the preceding claims,
characterized in that the oxygen-containing gas is
20 oxygen having a purity of least 88%.

13. Process according to one of the preceding claims,
characterized in that the oxidant gas flow rate is
variable during the casting, with stepped oxygen

25 injection.

l4. Process according to one of the preceding claims,
characterized in that a holding flow rate of
oxidant gas injection into the furnace |is
30 provided, at least during some periods in which no
post-combustion is produced in the furnace, this

gas being air.

15. Process according to one of the preceding claims,
35 characterized in that at 1least six oxidant gas
injectors are used.



13 - Al'l the carbon nonoxi de generated by m I “ bur nt
with the oxygen and true (exotherm c) post- l mlﬂm“m ml mL CO i

A hus produced, with an energetical | Y optimzed dquantity df ‘oxygen. 5
Figure 6 represents (white circles) the specific electricity

consunpt i onsl6. (lBMPagss rateergingt 5o torm@ of thecpreeedipgerrl@dmsunpti ons
with four inject %ﬁr%rlﬁea b'l%thﬁéECHﬁ% Wi BaftX QX¥08MjdYRALOrs, all

ot her 10 things belng equa h circle represents onhe cast’i ng. It is
clear that the siXS 3 é?le%‘%qqlc’rfiyt RRREE i AL of | kher ERFP3CE npr oved
With six injectors conpared with four. 15 On average, over a

I6arge _ngnbih- OfPré:caese[s' n sccorcﬁng tof oéigw ngsresql ts gre obtciunedCRS
O[ err] CONSUMPTI A AER KASHi@ant gas iAHebtors are 4R placed in

125 ) peep oIRORBRES QRN T e Turhgee POLELEETo SheoRioy

CONSUMPTI ON ( kWh/kgvel ofRgmetal. 369 Figure.7 represents an

- exanpl e of stepped controlled oxygen injection. Wen the carbon

nmonoxi de content is 20 [err] 4 vol%in th(hljeurres i,mum qQf 800

Smierr] 2R of -y dEiPcess RECPRABRTCHO! PG (G FRP nBEESFOLNENE AR 60% of

1E|he nel ]E' ngotdgﬁéﬁsﬁﬁwr de tﬁatt tise | es:s.grglmn éasold% mnﬁcdchﬁn a
owrate of 1 err is.injecte n_60% an % t e

melting tine, the' P2y gf E@h ?H@ngp °ndu??1dé %é’

bet ween 400 SrrB/ﬂurrmufe 801@(3 S’m[epr?hhat ttinen OMMnga%%em 100%
of the time, jpjection into the said furnace. :
15
19. Process according to one of the preceding claims,
characterized in that the oxidant gas is preheated
before introduction 1nto the furnace.
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bet ween 200 Snferr]/h and 100 Sn{err]/hf The curve 100 which is

followed is represented in solid |ines; “According to a first variant,
it is possible to remain at a step level, 30 of between 800 and 100
Sn{err]/h (along curve 102). It is " al So possible from60 to 100% of the
time to remain bet ween 400 BARENDOAEPEECATION (curve 101). :

- 14 - O course, all the injectors can be adjusted on the basi s
of the sane set-point value, for exanple 4 vol% = :of COin the funes, or
on the basis of different set- poi ¥®r v al ues (one val ue per injector. or
the same value 5 foprotess' FOR SEWLTINES A0 CHARIGEC IAr 8) FURNACE Conparative
Exanpl e: The “exanpl € Dbelow 1S a conparison Detween an 10
installation operating according to the prior art (hereafter
referred to as "BURNER PC') andinheéheamame ofi:nstall ation operating

ding to th t dto a
T RVENTT N poy S PR Hodtife soctdiE Ak “Po% £t ‘5 8 KW h/ t onne
! g A i 1L K Ve M

of 15 nmetal prodBEed’ EXRROIAA , , 100 t in

slightly nore than one hour represents a savi ng of 1,800 kWh. The
|nstallat|on accordlng to the rior art included_ four h: speed oxygen
inj ections InventEony sFrank, SLOTMAN jMkeelast PBRR E@c@ﬂﬁ §FEHe 20

i nvention included fowaAimmfspeed oxygen injections

ABSTRACT

This process is intended for melting a charge .in a
furnace, in particular an electrical furnace for
melting scrap for the production of steel, by supplying

~energy of fusion to the charge and with post-combustion
of the fumes by injecting an oxygen-containing gas into
the furnace space above the charge. The oxygen-
containing gas is injected in the form of a plurality
of jets, each one of which has a flow rate of between
approximately 50 and 1,200 Sm’/h and an injector (11,
12) outlet speed of between approximately 10 and
150 m/s. '

Figure 5.



'(110 m's) according to the invention. Th,_e -.b'onf'di_t I ons (apart fromthose

descri bed bel ow) were substantially ‘dentical in both cases. The
-results obtained can be collated as follows: 25

BURNER PC | NVENTI ON PC ELECTRI CAL. CONSUVPTI ON 377

359 (kWh/ t) ELECTRI CAL PONER SUPPLY ' 57.5 52. 4
DURATI ON (m nut es) TOTAL Jerr] (Snjerr]/t) | NJECTED 33.6
37.1 DURI NG THE ENTI RE CASTI NG r] (Smerr]/t) INJECTED FOR
THE 11. 4 13.0 POST-. T1 ON MAXI MUM TOTAL OXYGEN

FLOW 1, 800 3, 200 BATE (Snierr]/h) SPEED OF
THE OXYGEN 252 g 113 | NJECRgD (Arsy=== :

- 15 - . I R /1. " Prgee™%or nelting a
charge in a furnace by ; her gy oﬁcf ugion to the
|

Rl
charge, in which 5 ag N ‘@ ' ! \ | east dnes‘conbusti bl e gas,
i

in particular -carbon «RnNRRw ‘m ,siur[ng t he
melting of this ¢ M, gds contai ni ng
Y ]

more than 25% by " w}. d@¥2 ng 4t- | east sone
Pg ! .
1

DodET

4

!.'




10 periods, in order to carry out post-conbustion of the said

conbusti bl e gases and, in particular, the car bon nonoxi de,
.characterized in that, during the peri ods in which the

post - conbustion is carried out, the oxidant gas is injected at | ow
rate above 15 . the charge, in the formof at |east one oxidant

gas jet, each jet having a flow rate of between approxi mately 50
and 1,200 SnB8/h and a speed of i njection into t he furnace

of bet ween approxi mat el y izzai and 150 m's. 20 2. Process
according to Claim1l, in which the fun Is an electrical arc
furnace, characterized in that the injection direction of each
conbusti bl e gas jet coincides substantially with the main gas 25 -

streans generated by the arc flane.y 3. Process according to one
of Cains 1 or 2, chara aerized I n_that ,a holding flow rate of

oxidant gas injectfion into  the v= rnace 1is 30 provi ded, at | east
0Q post - conbustipn is produced in this

during some periodsf{in whiigh
furnace, at a spey g Tf and 20 ni's,
SO0 as to prevent or jreducqd ah¥y cl oggig of k& | gent - gas

. . /',' s a__.-»’.' Q - § to 3,

characterized if
tangential ly w}

| /
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- 16 - of the furnace, at an angle of between 25[err] and

40, preferably of the order of approximtely 30. 5. Process
.according to one of Cainm 1 to 4, 5 . characterized in that at

| east one oxi dant gas jet : Is injected downwards fromthe side wal
of the f.urnace, at an angle of between 10[err] and 20[err], and-
preferably of the order of approximately 15[err], with respect to
the horizontal. 10 6. Process rding to one of dains 1 to

5, characterized in that ;r i dant gas is injected with
the- aid of at least three injectors, preferably four

I njectors, uniformy distributed 15 - over the lateral surface of the
furnace. 7. Process according to one of the preceding clains, :
characterized in that each oxidant gas jet has a flow rate of
between approximately 80 and 20 850 Sm8/h and a gas outlet
speed from the I njectors of between approxi mtely 50 and 125
n's, preferably apprOX|nater 100 n's. 8." Process according
to one of the preceding cl ai gt cterized in that. the funes

fromthe furnace arfe contingyously ana ysed, and in that the said
oxi dant gas flowrate is adfusted a@ functig the results of
this anal ysi s. 30 9. Process acCording to pne of the preceding clains,

FUME DISCHARGE
HOLE
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characterized in that, in an electrical arc furnace for nelting
scrap for the production of steels, the fune anal ysi s ,
consists in a measur enment of the carbon.nonoxide concentration
35 in the funes. 10. Process according to one of the preceding
cl ai s, - characterized in that use is made of a plurality -

of groups of injectors having, at their ,0 et, a

- 17 - conmponent which is tang li | wi'th respect to the

vertical axis (xx [sic]) of the furnace 1, the successi ve
groups of injectors being arraRQeA. &b different levels (n[err],
nferr] [sic]) and oriented i NN\ *™ alternate circunferenti al '

\Nkﬁdino to one of the preceding clains,

N E i njectors, all
RN R i njectors having a
ANt i on and a downward
¥ 4 the horizontal, and
conmponent in
at a second angl e,
3ngl e.

di rections. 11. Process W
characterized in tIf8 SR
arranged at the sa
circunferential c

conponent at a 5
the other inject g
opposite directi o
preferably differeg

LY

F16.5




~
"12.  Process according to one of the preceding clains,

characterized in that the oxygen-containing gas is 20 oxygen having a
-purity of |east 88% 13. Process according to one of the preceding
cl ai ns, characterized in that the oxidant gas flowrate is

vari able during the casting, wth stepped oxygen 25 I nj ection.

14. Process according to one of the preceding clains,

characterized in that a holding flow rats B oxi dant gas
injection into the furnace is 30 provided, at |east during some

periods in which no - post-conbustion is produced in the furnace,
' ; one of the-

this ga e .
precedi ng clainmsy 35 characterized in that at |eadqt six oxidant gas -
i njectors are usgd. - 18 - 16.
Process according to one of the preceding clains, _ characterized in
t hat the oxidant} gas inje®tors _ are all placed ijn the upper half of
t he furnace. :
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5 17. Proce§s according to Claim16, characterized in t hat

t he oxidant gas injectors are all placed in the upper half of the
-furnace relative to the |l evel of netal. =~ 10 18. Process
according to one of the preceding clains, characterized in that

t he oxidant gas is m xed with at |east sone of the funmes produced
by the : furnace, so as to preheat the oxi dant gas before

injection into the said furnace. Process according to one of

t he preceding cl ai s, charact ed in that the oxidant gas is

pr eheat ed before I nt roduct [ orf,réo t he furnace.
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