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1o LIgonucrion

Possibilities of producing larze tonnages of pure oxygen at a low cost
explain the apeetaculny develomment observed asinee n few years on the new basie
okyze: steclaaking processea aund especially of those of the 1D type.

The LD process whieh has been for the first time applied in Austrin, twelve
yoars u’o, on an industei:l seale, has been mainly used for hot metal with low
vhosphorus content, vasy to rc’ine, ixperisnce gained in meny steelworks all
over thc world has moreover ecorfirmed thet the "ideal” hot metal for the refining
itsell 1» nn LD eonverter corresponds to a maximum phosphorus content of Ce2% and

3 to 2 silicon content of about Sefisy il we monsider only these two elements, :
However, for different ruvnsons (for instance proximity of important ore ﬂe.‘hﬁ},
o eomnerci-l halenee with foreiin countrics ,,) a new stegl plent may be led to uge

v rww anterl.lis (ore, coul, coke ees) Of Buch compositions and such qu:zlities thot
{’ the produced hot metnl devi-tes mare or less from the idesl oconditions for the
: LD process cuoted above, .

This is edpeeially the cnse of the phosphorua 4iron are fields in Europe;
8teclinakors wepe therefore led to look for pozsibilities of 'refining‘ the resulting
phoarhioryd E}ot metal of the Thomns type by means of pure oxyger.,

: Thus, 1irferont solutions wepe found, either in tilting converters of the

~ LD tyw or in retary furnuoes (Kaldo, Rotor) or in modified open heerth furnaces
; {AJex)s  Coustderinp the 8eop. of the tople, we will limit ourselves t0 disouss
* the solulior ~iven by tie tiltine converters, "

T 1D type procusses developed in this way may be of two main kindss
= on tii¢ onc hund, the ‘)LP{l) and LD—&C(]') progesses using lime powder in
auspensio. in oxy.un;
= on buo other lond, thu Lm”(l} tnd the Lﬁ((l) processes, using progressive
adaitic. of Idwe by mesn: of n spout,

S S - ———

1) VXY ren=lime-Fowder) - duvcloped by IGID, in France
Lowsi? Tl b =Cun.] developed by these Soeiotics in Luxemburg and Belgium
LY \io Pompey! dovelord by tne Prench Socidté des Aciéries de Pompey

Lopurp develonod by the Krupp Socicty in western Germany .
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These processes have becn nov setisfactorily tested on an industrizl sealo.
Several million tons of stoel were produced through them. They will be described
briefly and it will be shown how they cun 3olve some of the problems which may arise

for new steelworks in developing countriea.

The OLP, LD=AC, LDP, LIK processus usc tilting converters with a full bottom,
e basic lining and en smerged vertieal lunce for refining.

Thoy ore, however, of two kinds, according to the wey the limo is introduced:
{(a) In the case of the OLF and LD=aC processna, lime as & powder is put in
suspension in pure oxygen end injected idreetly through the rofining lunce.

Mse 1 shows tho principle of these processes,

First, lime powder is prepared in erushing pl nt which gives o product of a

aize lowor then 2 mm,  Then, the powdcr is puoumatienlly transported to the stoel-80

where it is put into a powdur dispanser. This npperctus which works at high prussur
in oxyzen, delivers a reguler cnd sontrolled lime flow, The mixturce oxygen-lime
powder iz lcd to vertical water-cooled lance and injected into the metallie bath,

Meny tochmologicel detalls hove been fully workcd out through sever.l yecurs of
roseeroh ond industriol experiencos {n the field of limc powder injection in pure
oxygen. It 1s therefore essenticl to adapt, in = new steel shop, 8 delivery and
pregulotion equipment whieh has already boen {ndustrially tested.

The LDw.C and OLP proeccsses differ, of coursc, in some respects, sush as povder
disponsors, regulstion of the limc flow in OXygen, movoble connexions of the lime
line, rccomnended lunce types, but as thay ary bascd upon tho srme prineiple, we shcll
avoid to distinguish them below and we shiell neme them a8 n1imc powdor processes''.
() For the 1LDP e.sl well ns for the LIK procoss, lime i3 previously erushed to n
sizc lower then 40 mm, cven 20 mr. It is then discharged by suceessive additions
nt differont stages of the blowlng, by means of n fueding spout arpangcd through
the gos ceptation hood, with n suitnolc orientation.

Jelszhing systems permit to control in on accurctc wWey tho quontity ndded,

Although a few diffcrences exist between the 1DF and LIK processcs, cepoelnlly
as fer o8 the hoat operction 13 soncerncd, wo shell not distinguish them ond sholl

nome then both as mgmall lumps lime processes" .,

e

e e e
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Durin: the last ycors, many industrial ronliz-tions of the processes have been
mado in western kuropc, The renge of unit capneity of the corrcsponding converters
18 extremely lorge, since it ineludes vessels of 2, 5, 16, 20, 30, 40, 50, 60, 120
and 140 t, ‘ '

Fi.,, 2 prescnts the cross seotion of o 30 t, converter designed for intemmediate
deslocging::  this deslagging which tonkes place by tilting on the side opposite to the
topping lhiole 18 made conster by the funnol-shoped upper part of the lining,

Fi;. 3 shows u croup of twe 5 t. convortors usinz limc powdor injection for
refinin. hi & phosphorus piz iron,

Pic, 4 i3 n pieturc of the control room common to two 30 t. converters usine
also limc powder injeetion, It shows obviously the simpliecity of the eontrol of the
whole oporatlion, which is donc by onc men,

3.

During, the rofining with pure oxysorn, low phosphorus piz iron (0,2%4) whieh has
a silicon contunt of about 0,6 to 1, raiscs no perticular problom, oven when limo is
added at the beginning of tho hent: in fuct, silicon is oxidizcd in tho Pirst
minutcs of rofining proctically in any conditions of sl-y formntion,

This is elewrly shown by tho chemicrd .volution curvea in fig, 5,

On thc contrary, difficultics oceur wion the piosphorus eontont of the hot metal
inercnsce and pocs beyonu De5se

<8 distinet from silicon, phosphorus c-n be romoved only in preseneo of o liquid
8lug, bomic and suffieicntly oxidizine, Juring the rolatively short time of e hent,
a sl waount more important than in the ensc of hemotite pie iron with normad
silico. co.tunt should be formod -nd th: t in o eontrollcd wey, In order to assure
thids uler wnd econtrollud form: tion of - busie al .- for Thom~3 piz iron with n
phospuomis contont of 1,35, Idme i3 : 0 ted in amall lumps durin- the blow, in
suee.cvive clops woll dotemdned cecor’ing to the procross of the hont,

dids e nloso e sehdiowd inoo 50411 mor prtion wry throwsh lime powaor
Injretoo it suspenston with pur oxy-ua:  lime powicr is . xtromely roretive and
red s LS e Petn it b oxyeorn itaoll of ti Joty "nd spoads up the alng

Sameoil Fioodly, v dntrnt noow rlow ret., roaily controlld, enn be

Codr g vaiue ccorddr to the porlod of the hent.
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An important conclusion {s thnt thc limc powdor procesius ore very much loss
dopondent on tho 1lime quality then the lime lumps procesSses.

Watle the lime lumps moy pr.3cnt very difforant phystcal and chemical propertics.
which has n great influcnoc on their dissolution process, econscquently on the
conditions of slag formation, the- vory. sucll size of the lime powder gives on the
contrary « recetivity nlways nigh, whatover the noture of the initiel lumps.

These advantages appuarcd sufficient to justify {ndustricl trials now in
progross with lime powdor processcs for rofining hemetite pig iron.

hctover thoe procuss used, as soon n8 the phosphorus eontont becomos too high,
far instaaco higher then Jeb%, it beooomos ndvantagoous to oliminate a part of the
formod slos during the opcrotion, whilc it is not rich in iron oxide, and to finish
tho heat with » limitod ~nount of oxidized finnl slog. It follows that the Fo yleld
of the hcat ineruasus, which ecn still be improved by the rocovery of tho finel slez
for the followini hent. This tcehniqus 18 now olessieal for rofining hieh
phosphorus pig iron of thu Thames type (with & phosphorus comtont of about 1.8%)
nnd sho _raph of fig, & gives tn oxemple of the evolution of the rofining of such o
pig iron, Blowing is atopped rt © earbon contont of nbout O.7%, whioh allows tho
oliminntion of » slig with low iron contont {only %%) ond high phosphorus contont,
which 15 uscd o8 n furtilizer.

Gonorally, tho rofining method should bo adapted to cach type of pig irom.
Thorcforc, trinls in s pilot converter of n fow tons capacity give vory uscful
{nformation boforc the starting of a plent and purmit to datemnine o rofining
goehnicuc suitable to the pie iron whick will bo produced. Sovernl firme epd
roscarch contres in Lurope arc now well cquipped for those preliminary studios
. which foeilitete the desien of - new stocl plent, and thu starting of its
instellotions,. ,

 An on oxample, WO shn1l mention the triels donu with 1limc powder injoction in
the 5 t. pilot converter of IA3ID in France, at the roquost of a foreign fim.
The irosn Tfor this new pleit w8 eomplex 'nd rich in silicon (morc than 2%), rich in
phosphorus (1.4%) but poor in cnrbor (2.57) o

Tor such o piz irdn, the Acslewglan of one intermodiatc slog is not sufficiant
sinec too lergu rmount of silicon iives a too neid glrg, which dous not pommit, latar
on, o suiiiclunt dephosphorizotion.

s st S,
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The total lime consumption is ~bout 150 kz rer ton of pie irom und the
nd¥antase of injceting in situ limo powder in suspension in oxygon is the pussibility
of formin: 1 sleg in o concrolled way durineg a very short time m.? at thoe desirod
moments  Thrt would bo impossible with cdditions of 1limu lumps,

4e  Hanl BALANCE 4
(a)  Heat balange

Althouch many fnetors rro¢ involved, such as composition and tamporaturc of the
pig iron, limc eomposition, convertor sinps, production roatc ... , it is possidlc to
know with n good rpproximction the hount uxoess which will be swaileble durine she
rofinin~ of o given mctol in n tor blown converter nnd to eomprre this velue with

knowm induztrial results,

dmon(; the fnetors on which the stoclmokers ern ret, the silicon eontant comes

first,

rleul-tions show th~t ~n inercvasc of 0,1% of thu ailiocon content givos a
supplement of 5.6 thormics cvailable in the converter, which oorrvsponds to «
cupplomentory melting of 17 ke of sernp per tor of pig iron,

This cenleulrnted value iz eonfimacd by the results obtnined in difforent LD
stcolsliops, n8 it moy bo deducod from fig, 8 roprescnting thoe porecntaze of serap in
the motallie cherge 23 o funetion of the pig iroa silieon,

Thus, while @28 for os the roefindne its lf is econcurned, the most favourablo
h.motite 4o iror has n silicon contunt of L.64, somc works mofur t0 inercosc this
content up 10 14 in ordor t0 bo ably to mult 70 kg of supplementary serap and roach
330 ki of serap per ton of pis iron,

It is nlso posaible to deturmmin. th- influunee of the physieal tumporature of
th. pil. iron whun ehargud into thoe vosscl; ealeulntions, eonfirmed by oxporicnea,
show tu~t on lnereas. of 20% of the pis iron tampurntur. inercasus thc meltod serap
woloht por ton of pig dron by 11 ko, |

Thus, th. intorost of rodueing na muek #8 possibl. hunt losaus botwoon the ple
fron ¢ stin md its eherriw irto the vessel 17 scon. Use of torpudo ladles,

ik evolt the mixer, luads to . noticuebl. inercasc of the multed serap weight,

Ui Lot the expense of the rocularity of the charsing.
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T, 9 is onc of the porsible representations of tho bont salence of the
sofinin operntion, This cxomplo refurs to n Thomus plg i.on (C = 3.7%, P = 1.9%,
Si = 0,6%) rofincd with lime powdor with an {ntermcdinte doslugging and reoupcration
of the fincl slog,

Tho ostablishmont of similor balenecs onablcs to determine in eash parsicular
ongo tho ciount of sorap which may bo moltod,

It should bo £ianlly motd thot it is possiblc to imorcase this amount with
somc ortificos such as serep prchusting, coal or oil addition, but thesc procosscs
pave not yot reecivod sufficicnt confimation om on {ndustrial sealc in ondor tc jwdgv
their advantagos, '

o hoat oxecss resulting from the provious balensc is gonerally oalled "sorap
oquivalont”, indicating thet oooling may bo sohieved shrough thu addition of
difforont cooling ngontst ‘

- sorap: :

Toir charging should be quiek and thoy should not oooupy an oxgessive velumo
{nsido tho vcssel in order to ovoid difficultics in sterting thu heat, Espcelclly,
it is not possiblc to chargu tie scmo sorap as in an Open Boarth oven znd a provious
proparation is often nogossary, Onc should bo earcful too with tho oxidigntion ratic;
the numddity end, in somc 60803, with the residual clamunts oontent,

« {iron oros:

Rich orcs should be omrlusivoly usvd; othorwiac refining is morc complicatud
a8 n rosult ot tho gonEWe. Chapging cannot bc domc in only on. timc et tho
poginning of tho hoat, booeamso violesnt ronctions with pig irom npd even cxplosions
onn 0oOUr,

Pollots of irem oru, with a diemcbur of lcss thap 20 mm arc quito woll suitable,
boecusc of the lack of fiuus and thoir upiform sizc ollows o rogular ond controllod
oharging during tho blow. For orc with & 33: contont of Po (ns Fuy0, thu thormal
cquivnaloneo 18 vory 0loso to 4) i,u. o kg of orc 123 oquivalunt to & kg of serap.

By taking o procoding cxaplo of mn nddition of 330 kz of sernp p.-T ton of hot
metnl, ouc obtaina 83 kg of pullots, corr.sponding to o wolght of 52 kg of Fu. 50
thet tho consumption of grseous oxyeen ia loworud from 50 to 33 Nm3,

- Proroduccd orcsi
Th. possibilitivs ¢f produoing proreduced or.3 with costa closc to thosc of
sercp must bo crrofully considered for usc in oxysun &tuclplents, The advantngos
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- wasy hindling;

- econtrollcd additvions during the blow;

- quick nnd rogular mclting down;

- ro residual oluamonts other thin thosc in th: orc itsclf,

Thisc ore8 enn bo only partisliy rodueod, rcsultine in a more advantageous oost;
howuver, cn adjustmont of the thormel of “ieicney must bu introduced (for oxemple 1 ki
of preroduccd orc with 20/ PuO fs uquivolont to 1.4 kg serap), It is thon noccssary
that tho oxidizetiou lovel dous not vury insido o givon buth, if one wents to avoid o
larec senttor in the finel tunperoturcs of the hents,

Those ndditions as pullits, prercduced or not, arc espuelelly well adapted to
the sutomntion problems which will be discussed loter. |

4, COBILERATIONS LBOUT CUSTS = ANGE uF AUTOM.TION

It is not within thu secope of this conference to discuss the investmont ecosts
of stucliinizing plents usin: Uac ID process or similar procosses, since the figurcs
stronsly dopend on the loeal conditions, speeific to each plent, and also on the
tuehnienl solution chosun,  For cxnmple, onc knows the importent cost cloments
related to the hood -mid grs elosning equipment., The new proceescs of gns eolleetinpk
without co "urtion whieh hrg been letely developed mey thus lead to a deerenso in
the favestiunt cost of an oxyeon stueslplent,

(a)

ab e as Investmonts aro concerned, onc hns to campare!
- ¢n tie on¢ hend, o plrnt for cruching lime into powder, a pneumntic trap~portation

to the at.olplant, lime disponsors with thelr rogulation;

- on ti. other hand, n plrat for erushing lime into small lumps (40 or 2C mm) with
serocnin, , lumps trrnaportntion to the steclplomnt rnd the removing of fines, the
stor:-u i bins ~t the stualshop, nnd the distribution of limc gonorally by belt,

. et thrt 1im powacr behoves like o fluid mokes cnsior to draw up lime
flow civeunits, nnd nllows ~ gronter floexibility as for o8 the losation of the
Haponours 1o coneerned,  TEin 13 not the ensu of bins snd belts whiel must be above
the eorverber vbhen lime lumps oro uscd,

Gvoowlnts eosta nre preoetienlly alike in both enses, when campared to tho

tot- L oot ot vbole st Llylont,
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Considaring the comparison of, costa of operction, difforent points must be
mentionod:

- onerzy consumption:

Crushing of limc into powder and its transportation requircs o gnall amount of
cnorgy: for uxamplc, for an addition of 100 kg af lime pur ton of steul, this
consunption is 1 kwh per ton of stcel, i,e. of about the samc ordor rs for thu
orushing, sorecning amd transport to the plent of lime in small lunps.

- obrosion:

If limc i3 not too high in siliea, limc p@vdor is not nbrasivo and coats due
to woer of pipes are low whun tho lime flow hos been adequately designod,
- maintonanoce:

Iimc dispensers with thoir ragulaum noed a periodic mrintenancc by a
speciclizod toohnician,
- oxyecon ocongsumption:

It is higher by 1 or < m3 per ton of stuul in tho omsc of lims ;mﬁ&' eompeyud
to limc lups, bocnuse thu dispenscrs are undor an oxygen prossure whieh hes to be
roluascd whon the eonvortor is filled up agein,

-~ limc oconsumption:

Crushing of lime i-‘o small lmps mekos fincs, thu propartion of whish runshos
10 to 155 of tho lime weight, It is not ruecommended to add thusc finc partieles
into tho converter through the nosc during tho blow, at least as frr .8 (ODVerturs
bigeor thon about 20 t. arc concernud, beerusc o large part of thcese fincs arc blown
out ond orrricd over in tho fumcs stroam, To tcke the carlicr cxrmple of o
consunption of 100 kg of limc per ton of stcul, 10 to 15 kg any thus bo lo#t whon
using limo in amell lumps,

This 1nst olemont is suffiziont to eounterbalrnce most of the other itums
mentionod, so that from tho point of view of operating costs, thu two typ.s of
processos aro practically cquivalont,

(b) Influance of Who type of hot metad to bo Refinud

LD stuclplonts rofining hot mctal low in phosphorus orn ronch high outputs,
a8 is soon from graph 10, drown from actunl plint rosults.

This graph shows, os o function of tho tonnage of the convertur, tho annual
output of o stoolplant composed of 2 econvertors, onc im opuration, tho othor in
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rylinin or in I't43\.:r’9'uo Onc etn suc, for cxemplc, thrt such : stoulplant with 2
eanv.rtors of 50 tons is sufficiont to produec canuelly a littlc more than holf -
aillion ton of stucl.

Thiz cstonishing rosult crunot, howover, be obtrinud without &1ivun conditions, i..
= u8u of hot metrl of favoursblc somposition (low phosphorus contunt of 0,2% max,
end 8ilicon contunt of ~bout Oubs) g
« fitting of r11 cuxilinyy cquipmont 50 as to roduse to a minimum tho opurntion
8cqucnocs tutwoon blowsg
= econtinuous fight against dund times,

Ti. refining of hot motcl of mot so fovourasble composition or of nn irregulnr
nsburc ern lund to o shrrp doerersc in rroductivity: thus in the easc of o high
ausntity ol sleg pur blow, rujuiring on intopmedintc deslapeing, onc oun ostimate nt
3, tic dro. in the enpueity of the plrnt, eomupercd with the figurvs of eraph 9,

<7 0 oeonscquunec, deproeirtion ©8 woll rs opcrnting costs inercas. in the seme
proportion inismuch ©s th.y are rroportionnl to output {(part of labour, cnorgy se.).

Niorc inportent sl ws 1.4 in ronep~l to an inercasc in oonsuaption of
rofroctorics; but 1t rppenrs diffiocult to mrovidc regurate date tn thet ficld whieh
ehrnggus ronddly, for in the ecau of low phosphorus hot mctal, lining consumption may
nlpoody /from 5 to 10 ko por ton of sto.l, Morcover, the way limo is aducd ond
8lut 45 wiood play on _saatd -l role which 1t hos not yot boun possible to detummin
quentit-tivily,

T ooerotine rosults of nn oxyson 8tuclehop dupend in larce port on the sontrol
meLowrosy Loveel 11y durdne the blowe  wWith - © proevss whioh 18 20 to 30 timus fastur
th r t:. ouon hooeth woc.sa, »nd wirieh doug not uive the poasibllity of sempling
th ot diroetly, the blower ¢ follow only spproximetcly tho uvolution of the
rofindic p ca0d 48 oftn holpl 5 when the blow dous not buhnve normally,

A calians the dmrortanec of r.scireh on nutomrtion or merc proeiscly on thu

Xtonoivo control of th blow by =n .luetronie computur,

S T thows b priaeitlos of the diffupcent (lomonts to be considorod; tho

anor ovond Moo, bobovine ag oo fluld, nppucrs ns u favourabls Caetor for

Ty U stuil s on c utometion would bo o failure, {f thuy werc not
Cord PR by ot dve poscerel on the difforont monsurumonts whose dotr

memrut o pr acl, b quelity of thuad measuroments enn provido the

R N R | corputor,

.
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Fig., 12 shows diffurcnt mocrs of continuous control of tho rufining procoss:
may it bo montioned for instonco that from mossurements of th¢ fumus from the
convortor, it is now possidlc to know ot any time during thc blow thu carbon content
of thc bath without sompling it.

Tho moasuremcnts ure fod into tho cloetronic coamputor which instantancously mekos
tho necessery calculstions, and thus provides the blower with datn allowing it to
reast mothodically during tho blow,

Tho problem of reeruiting ond troining stoclmekor foramen wos formerly of utmost
importensos it is thus much simplificd clthough men of above average will always
e noudod for this job,

SONOISRJON.

Duc to the largc ficld covered by this eonforonsc, it wos impossidblo to go lnto
tho detnils of its differomt ports, We have tricd nbove nll to show the great
flexibility doriving from tho uss of amrll grein sizod lime, ond moinly from lime
powdcr blowm with the oxygun stroem,

Tho knowlodgo nequirud in thut ficld mekos i possible, for ovory individual
easo Of u now plant, to mokc 2 datailod motallurgienl study, possibly comploted by
somo pilot plent trials, thorobdy peving the ground for o mare aceuprate corrcsponding
coonamic study.

Finrlly, wo have undorlincd the grort intorest attaching vo tho proscnt studies
on procoas control with tho holp of clootronic computars, connootod with moosurament
apperatus spooially doeignod to this und.
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