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The Steel, ‘ngincorin, pd ‘cusin, Divisicn,
Uadted ations lccac le Cos.ission {cy Zurepe
~ detailed cecnoic eompnrison of e results obtoined by ieans of various steel-

o tin, proeesses ~idely used in indusizy euld 2pseur to show tnat, wnen new steel

lanis are built in the next few yeurs, prceference will be given to the installation

¢S onypen eomverters of the L) and Lilco Yypes,  There will alse ve a considerable

ereasion in the production o c¢lectric steel. (a the basis of the zvailable data
concerning lomi-ter: olans {foi the develon. ent of steel production tiroughout the sorld,

il "ry be estirated that tuc tctal copeeily of oxysen converters of various types will

rise to 1CC cillion tons by 1365 and, reecriing to some forecosis, to 2¢C million tons

2y 197¢, the fellowing conelusions . 7 -c¢ drawn fror these pPlans for the developuent
of oxygen eonverter steel procuetions

(2) o mew acid Bussener shoos will be suilt;

(3) <here is little probability that new Lottousblown Thoias converter shops will be
built, even for blowin; with nit.o cnefrec “ixturea} ’

(¢) (nly in speeial circuistances will i e eonstruetion of nevw onen-hearth shops with
fixed furnaces be possible; the conscruction of tilting open-icarth furnaces and
of shops based on coldecaarped, olci-iearth furnaces is unli.celys

(&) Cxygen converters of different tyous ond electric-are furnaces will be built in
new steel shopsj

(¢) 7The construction of new ~otor instecllations in the near future is not envisaged,

(f the two tyves of roteting stecl- a':ing vesscls, only aldo furnaces are likely
to be erected.

-hese forecasts of the future develos.ent of steel production zre based on techmieal

enc econcriie data wnich are given in iie¢ report.

0631 379 /
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ot the end of 1762 the United iavicns publisied a study entitled "Coaparjsen of
i rocosscs", by tie Seeretorizi of the Zeonomie Coriission for Jurope,

e ECE Steel Com:ittec considered v:e study =t eaeh sueccssive stage in its
sreperation, ana pertineni comments were iade by the Corrdttec itself, by rost
sovernzents of States ‘orbers of the Uniteod Netions) by individuel representatives and
Dy oiaer experts.  Accordingly the study refleets the prevalent, if net the unaninous
view of the ceconozie nspects of the furticr developrent of various nethods of steel
Jrocuction, '

Further, the study is = by virtue ol its date of publication - the ost &’-ﬁ*ﬁo
work in the technieal literature of tic problen: of seleeting steeleprodueing ms;
ond its wain ideas and ccnclusions saould therefore be diseussed at our Symposiun im
order that they may be used for seleciin, ihe rost eeonoriecal metiaod of producing steel

in ony given set of circui stences.

The study consists of a »reface on' six ehaptcrse The first ehapter briefly
reviews the developient of steel-producin, ethods freu the middle of the eighteenth
ceniury to the cresent dey. The various vhascs in the developuent of steel metallurpy
in the past are eritically anclyzed frc— iic stund-noint of presenteday knowledge, and
+1 recount is given of the varicus sto (< in the development of different nethods of
svcel nroduetion in Luropecn countries ~a’ tic United States of iserica at different

ti-es in the period under censiderations Cheoter I prevides, in coneise form,
everything necdful for ~n understandin; cof the tecinie~l and cconciie factors which

eve led to the developaent cor deelinc of articular riethods of stecl production im

“ifferent puricas.

fne second chapter 2eseribes the role of oxysen and eleetricity in their
sa3licction to vorious ethods of stuel-urcduction., By quoting extensively fron the
weelnienl literuture, the aut'.ors denonsirete convineingly th-l inndequate broductioa

ane iz costs were the ~nin reasons wiy elietrieity nnd oxygen were not generally

usvi until long after it hnd been cstrnblisied therretieally taut to.cy ought to be used
il sleeleproduction precesses were to o soeeded up and better=quility steels produced.
“Avsc two facters = the high cost of oxy n and the high cost cf electricity -

seiriously retarded the epplication of eleciricity and oxyuen in stecl-naking, and also
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2eld up the desisn of lurge=capaeity steel-.akin. plrats using cicetrieity cr oxygen
or Jothe This is quito natural consicerin: tiot seiontists, teeinclogists and
designers always concentrote thedr ationtion cn .cre i . edisto nrobleris rather than on
tiose whieh inay arise at so ¢ indefinitc Heriod ia1 the futurc.

" ke disgrans reprocduced ‘n chanter I show toe direet relutions:ip between the
tecinical and econor.ic incicetors of elecirielity and ovxygen nrc.uction and tie extent
to waich they nre used in setollurgy.

The rapid progress =rde in recent years in tie produetion of crysen - and, even
uore 80, of electricity - s opene’ us vost possibilities for t1c use of both in
uetallurgy; and the current increase in tho acovnt oi steel produced in electric-are
fumoaces and oxygen converters would -rve been i .pesaidle without the valunble efforts
of o large nunber of speeialicts in vlceiricity, ~echanics, cner:istry, industrial
design, econonics und cther ficlds. *

Tho third charter ceserides the nronerties and qualities cf sieel produced by
Cizrierent methods. The preprration of i:is chapter involved [wueir ' ore work than any
ol e others, and expert rdviec was s.u ¢ fror. large nurbev of specialists in
cifferent countrios. loreover, the v-ricus ideas sev fortu in the chapter did not
weet with umaniccus aceeptunec, and an ¢ eetive sssessiont of tie.. will orly be
rossible in the lighit o1 >racifeal exnerience gaincd in the production and use of steol
in the next fow years.

the rain reason for tnis differcnce of views is that = as the suthors quite
ri__.tly point cui in the pruofix to the study « "Ceo.paring steel- aizing processcs is an
oitronely difficult task, s i% is nci yet Icaminls te ,ive ahy ¢oplete assesmrent
of tie quality of steel producod by difl.rent .t cds. ihe .uin point is that the
quality of steel cannot Lo elirracterize’ by the rasults of any single test, as it eon
ezyress itself in many difforent eaar-ciuristies. inother difficulty is that the
quantitative figures of sorc of these ciaracteristiecs are not yeti xnown, even for
icentiecal grades oi' steel nroduced by vnricus ~cilods. soreover, in the rmethods of
sveel production coprising different sic- cs of whole technology, it is frequently
possible to obtain the seae luevel of & porticular property « c.. ol = given tensile

sirength or notech toughnuss - in one cese by cae eoubination of various stages nnd in
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encther by a different combination. Yc simplify the problem in the present enquiry,
e i onc hand oaly the ..ost eoru.on charancteristies of steel are considerod, and on
“he other, subsequent stages of tae r.w*:v. lurgical processcs aftor stceleuaking itself -
6s.:s rolling concitions or hint treatient = are assured to be 4 sane for ell
yrocusses, sinec bhey ure not ncecsssrily connected with a givon stecleiating procuss."

“he eomparison rede in tiw study is confined do steelenaking nrocessos which are

“lready in Yargueseale dndusiricl use cr likely to be develeped cxtunsively in tho
next deecande. Jhese include -
(i) The basic openslearth procuss;

(ii) The basie eleetric-are fumaces open induetion and vaeuw. fumaces (both are
and induction) cnd scid arc furnaees arc not iaeluded, as their share in
totnl steel output is insigrificanty

(iii) Thc Thoras (or basie Besse.cr) drocessy

(iv) Top-blown oxyyci ecnverter processes (LD, LD=AC end CLF processes))

(v) The Knldo proccss}
(vi) The Rotor proccss, *

2:¢ study does not contain any detailed -nolysis of the duplex processes (the converter-
¢leetric furnace, convertereopeneheart: furnace and open=heartheclectrie furnace).

The study is concerncd only with iic st eorxon eharasteristios of stecl qualitys
c.c.iecl eorposition, the inain weehnnienl propertics, and the responsc of these
arcocrties to toperature ehonpes, npeins ireatrent or eold defcruation, weldability
a1l eontent of nonelictollie substanees.

48 no established dnta are yet svoilable evon for these choracteristios, it was
ned rossible to inelude in toe study ~cre tien a few representetive oxanpless

(ne of tl;e undoubted erits of this clopter is the extrea.e enre with which it has
beon prepared, relvronce being nade to .cny works by outstandin;, netallurgists in
severel countrics, In & surzary of tic lnirly detailed oxposivion of the available
f~ctual infor ation and tie conclusicns inscd upon it, the author pcints ocui thati

"Purcly fror the technienl noint cf view, all stecl= cking proccsses offer
wide possidilitivs of iiproving the quility of stocl produced. Sut this is
srequently not feasible ceonordenllys all thce conclusicons set
cut in this chapter are based on Whe specific propertics neturlly attolned in
different types of stecle  There is yot castlicr point to 3¢ stressed in this
connexicl. It is cutrenely difficult te give any conernl assesseont of the
quality of stecl, sinec the services venditions :mnd, accordingly, the requiretents
for difforent cacrnetoristies of stecl quality differ so widoly. Thus one
custoncr wy orphasize oae charactesistie wwd o sceond another. The situation is

o
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further eo:pliented sincy”" = 08 <o.e von der Tcon has quize ri, litly mointud out =
"apparently insufficient coizen lnouloedse exists adou® tie correlation between
test eriteria ond sorviso bdebavicus. fesrin, in wind 211 davsc roscrvaticns, it
would seer: possible ie evaclude .15 steod soeduesd by cny ciylon ecoavertor
rocoss is at least ~s vcod as cionerenrth steel”,

“iis ds u very irportcat .d-issica. Yo cc o stare furti_cry 1% saould be netod
thedy with the jcneral ineriese in the -rodueticr cf cxygen ind tlhc deercase in oxygzen
costs, this ndrission nlene is o suffieicat :rru-ont for adveecting the produetion of
steel in oxygen eonverters us o scrious ~liumative ¢ the welledi veloped and welle
estoblished open=hearth :cthod, this is clear Froc 3 eorprrisea o2 all cutlays for
ecell of the two tynes of productions 1 is now ec.t:on iowled..¢y indeed, that
frotcrs such as tie cost of cquipping all nlante for preducing steel in oxygen
converters, the cost of the stecl so vroduecd, labcur sroduetivity, speeific converter
nroduetivity .ad cther converter produciion indiestcrs .re econoiically mere favourable
v the corrusponding fijures for open " carth predueticn.

Thoras steol blown witl rn oxygen=crn:hon dioxide nixture 12y be identical with
open—fmarth stecl, and rry nctunlly hrve n lower nitrogen contunt, The snize is true
of scit boiling Thorns steel blown wit. = steu =sxygen rixturce )

Converter steol blown with atocspherie air hes ee.tain adventnges of its own; but,
2ltl:ough it contains less of the othes od Axtures, it has n high eontent of soue
coniriinating elerents (plhicsyiicrus, nivreien, and scictimes cxyruen)e  For some puiposes

ivs reehaniecal e .nrceteristics ~re lose s-tisfretory,

thoins steel blown with unriehed rir ceeupics an internedietc acsition between
Joues steel blown with aticsanierie als and stee! olown with '.ixtures not containing
nii{rogen,

One pesitive faet whicl. ovrerges is to~t in Jkcant=doy steel elnssifieation :cre
ctvention is paid ve seeluticel prepustivs van to the steeler Juine j,wrcceés used.,

The eontents of ebnpter IIT were t.ic subject of sore hi;hly=:nirnted »nd extrencly
voluable discussion when the ehspter w2 beins nrevarcd.

There is an cld proverd which seye i nt, whore there is dirccrd, truth will out;
*nd it is tc be hoped thet perfodiesl ciscussions based on exicnsiszc, farersnging and
up=tc-date practical experience in the srcduetion nd use of siccls of diffurent types,
togetoor with the vast a.cuat of rese~re™ veing ucne in this ficld, «ill socn producc

ur juiveeal answurs to .inny problems lie’. are still unsolved wudaye
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e whole cf ehanter IV is devoted wo a et oarctive study of toe ndaoptability or
21¢-ivility of cvxisting indussrial steel=isking oethods in ruistion to the raw

-

vruericls nreecssed nod tootoo product=i i of the ateel preduccd, nnd to a compariscn
of sicoifie fucl consu ptica, due allcicuee being ode for thae different conposition
ef e ehnrge tad for tae nsount of loot =ieh ean oo suved with caeh vthod in shops
Cove nssoeiatud preecsses e eprrice (e This ~opreaeh o tiw ~ssuss.ent of the
cecnc e advantines ond cisedvantapgus oo Ve varicus stucleprotuein;, retheds is in
{tself evidenoce ¢f an endenveur tc produce €c ploetely objeetive results, unaffected
Uy ¢ cuthor's perscnal prefurene.s for ~ay partieular producticn othode  {he nuthor
%as occun obliged to introduce a nuber o uypothetienl clenents = fer instance, the
1.o~t eontent of serap, or the specilic fuvl consw ation in blasi furnaces and for the
srvduetion of tue fuses and eluetric encriy ccasued in steclermking. But the
~gsu sticns increasc, ratier than frpair, the rolicbility of . calculations, which
~re¢ of nueeessity only rpproexiictes
The swe ehnpter includes = conpuvisse of existing stecel=.clting plants fro: the
it of view «f their ecavertibility cebrnization nad ~ut. otion, at least at the
prosint tine.
; It alsc cont-ins inforcation on & . suceifie eonsurption cf rov waterials and
refs ctories, yield, lnbour produetivity icr sinnle worker, the :xd?:“:ntf‘.gel and
discdventages of the continuous smeliin of stecl »nd the heating of ingots in soaking
2i%s, and the mnnuz’ cutout o stuele - in, plants ;;;:r ten ef instrlled enpreity.
~s wit1 the precuding, ci pters, 1. L. infur ~tion pdven in clapter IV is bascd
o creduetion date froo oay Cotallur del plontgin difforent couniricsy «nd this
fuforr ation in turn sorves s - basis fov ddeus "ieuw are developed dn sreater detail
i Toeoater Yy decling wiio dnvestooni c:als for th. construction of steclennking plant
20 nee ssory equipmont { 1lovenee boil de for cecnc.ienlly interrclated production
ciec oseB), and orodueticn costs vhen U ricvs 0 row cotoriils cad the waturial
eoatent of the e v e cre o parables
[1 is appreprinte hore to copansice one prrticular featur. whicn is widely known
<ioeitlists.  whis is t.nt ceencnie ecleulaticas witian b 1i its of onc
e rise op creus of e roriscs wortis, in siviler cireu ‘atonces in v given area du
L iv. rise to ony vartieulor difvicv!i’os, largely beeruse -, root denl of expericned
« - Lre iy boen weew ulatod inrakin coteulntions of tivis kind, and alsc becausc in

(oo o oox rolatively seall nuwber o voritbles o involved ia wie ealeulations.
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But, as scon s there is on incrosrse in tic nuiber of production rethods, types of
rew noterial and dower roscurees to oo 2o pared, ond as soen os allownnec has to be
velc for different prices ia different cie s, veono ae corparisin teciniques beeoiw
aercnsingly cornlicated, ad itore 2nd Lorc ayactiotical cloents and sicplifications have
to e dntroduecds 48 o oresult thoe degoce of recuscey of the exleul tions is
cousiderably roduccd, wid t-¢ »osults are ercly o roxivuations,

Tuis ~akes it cxeecdingly diffiecult o seleet objective ecleulntion conditions
for teoimicnl and ceonomic co-mnrisons suiinble Ior use dn various countries in which
rescurces for thc develon int of drun "nd stocl Hroduetion are Dy no tevans the stie.

Jais is cbvicusly the iadn reascn iy so fuw conperisons of tlis kind are to be
found in the existin, toeanicnl literature, The study under ccnsidoration to sone
e¢xtent fills this scricus zop, and introduces scie new elemonts into the technique of
ceonoiic comparisons,

fhe study contuins o teeinieal sid ceononie annlysis cf all steclwiiaking plants,
except cold=charged cpea=hearth furnaccs, (homas converters blown with atmcspherie
eir, and totor inastallations.

Ihe first twe types of plant were ercluded froo. the comparison cn the ground that
it is very unlikely that any ncw plants besed on these processes will over be
constructed agnin,

The Rotor process wns excluded prrtly beenuse no plants of this type are « as far
28 is kncwn = likely t¢ be ccastructed in the near future, and partly bechuse there is
virtunlly no inforation on eapital cutlay ~nd cpex:.ting costs for il.is production
rietacde

ller dees the study eontain any reforence tc tic duplex proccsscs, sinec, although
tiese produetion :ethods (poriicularly bhu oxypen cenverter-cluctric furnaceo process)
ray ¢ used in the future, 4ihicir share in tctnl stcel  utput is snll,

It is eomiion knowledge that one of the west i-pcortent chorzeteristics of o stuecl-
.ﬂl;i!'.'g process is the nessibility of using iv with wide variitisng in the conpesition
of tle rav matu_riz‘.ls preceesscd and in the oreductecix of the stecl sroduced.  Becnuse
¢l toe very linited adoptability of tuc¢ .ucoes and Zcessencr precusscs, the fermer enn
we ooolied enly to the processing of aizgh=shoesphorus, the latter to thet of very low

niacsprerus hot dron, Ffurther, the qurativy of seraw which cnil ho srocessed in cunverters

olewn with atuospherie air rarely execueds 3-6 per cent of the tctal charse.  These
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sanehneks have led to the very ndvanecd and extensive develuynont of open=hearth steel
wreduetion, whieh is rueh rore flexiblc frorm tho point of view bote of the wide
vari~ticons tolurated in the conpeeition 2 the iren to be proccsscd (this may be
ehrrsed cither liquid or in pius) and of iho proportion cof sercp uscd, whiech may vary
fro: 20 to BL por cent.

The use of oxygen hes cnde it possible to inerease the preportion of serap to-
2C wor cent of the total charge dn butic «olown ocnverters, and ns :uch as 4C=5U per eent
in lorge topeblown converterse Im tuc latter, too, iron of alnost sny phosphorus
content can be wroecssed quite sucecsslully.

Yleetrie furnnces exn bo vorked on virtually 1CC por gent of scrapj ond modern
$opmenrfied eloctric are furncecs ean be canrged with cither bulky or light and
velw.incus serade

In regdens wiere o considurable : .unt of ser:p is availacle but pigeiren
seoGuction vithor dees not omist at =11 o is insuificient, opon=hezrth ond elwetrie
cwe furnnecs are oore flexidle ond rotion~l than e:nverters, ineluding oxygen converters.
17y nmever, oxy.en ecnverters are ectbined with Lot wind ocupclas, they alsc mey be
sucecssiully used in sueh ropiins.

Louph ealeulstions hove shewn tant e invesitent costs fur 2 eypolaeoxygen
converter shep with an annucl e~pnedty «2 .CC,C00 tcns are only slizghtly higher than
baose for an eleetric furnaee shep of 410 sae eapaeity, and morkedly iower than those
for sn opunehenrt:: shos working on o e.ll eharpc.  7ith charges 2t vquel priecs, the
cost of the stevl rcduced in wn eleetric~furiicce shop is apprexdnately the saiw as
tint of stecl preduced in o cupclreecnverter shope '

In recent yeoors oxtensive w vk hoo been done in different eountiries cn the use of
et iren in cleetrie furnccese In scic ciuntrics tne process of elcetric steel
oredueticn using up to 25 cr 3C por eont i liquid ircn +nd with, oxidation of the
¢oorets foouritics by grscous cxygen, is new being cdepted fairly widelye At the

Ceven- steel werss in the United Linodoo, tio precess of pre=treationt of het irenm,

+

St -xidation o irguritics oy geserus cryren in 2 specinl install:tion, is applicd to
ioon owinc v puacspherus cendoat dnter-oddcte betecen those of open-hearth ond cf
s iren (betwoen Cov ond (o8 per eeni).,  Ouring this pre=treatint the silicon is

! oo rully exidized, wnd the phespicrus contont is deercuscd to between 1 per cent and
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2.5 per centy, depending cn the earbon ccntent in the findshivd stecl, Pre=tirected in
tais way, the motal is subsequently conr_cl tc cloetrie stecl-rziiin; furncevs, in
gucnivities usually zbout 50 9er cent hut rising expexrirentally e &0 cr 90 per cent of
the votal charge. The usc of pre=treated liquid @ etal ia eleetric furnaces considerably
aderecses thelr produetivity and neccrdingly decrcnses the specific consunption of

eleciric power and eleetrodes.

Ironworks (Gerlafingen, Switzerland), “.ere the liquid irom produccd in vlcetrie
s:elting furnaccs, without ony intemeli:te trentrent, ix dircetly charged into the
electiric steelencking furnacc and the prucess of ecxidaticn of ijurities is fully
recounlished in tais furnoces C(ne fe~ture of this proecss is that, for the cxidaticn
of piy=iron irmpurities, not . cseous oxygoen but the drcneore oxygen is used.

In both these nproecvsscs the transfor cr enprcity of eluetrie furnaces ean be
utilized mueh wore fully than with dircet cherging of hot iron snd oxddation of its
irzuritivs by grsccus oxygen.

Zlectrice=arc furnaces -re generclly reecgnized as ceeupying tic oest pesition fron

vae point of view of flexribility cf the _rcduetenis cf stecels  Culy for the produetion

P

¢ vory soft stculs cre ticy slightly inlordcr to ecuverters. (coneinearth fumaees
ero clso suitable fur produecing net aly eorbon stecls but ~lsc - wide range of alley

toels, In tho early yoors of the industrial apzlicaticn of the W procuss, it was

s
thonght that thds drcecss eculd be sucevssiully used enly for nacduction of the er wion

« geades of enrbon stecl.e  During receny yours, however, certain cdific-ticns have
cacdled LD vesscls to produce nct only cvery srade of earben staecl, out nls. a wide
renge of alloy steel having not ricre thon 5§ to 6 per eent of ~lleying clerents « d,.¢.
virtunlly any srode of allcey steel whie™ con be produced in za coHen=ihearth furnace,
4nléc vessels have a floxipility in relotion te the productenix of steel whieh is at
luast vqual to, ond perhars even betior tiwm, that of cpun=iearth furneevs.

incther dmportant point in comparing different stcecleprocucins wtiicds is the

sgoeifie preduectivity of stoulernking instillations,  According ¢ approximate
caleulations, and taking inio aceount cideeted ir proverents in nroecssces, differunt
stevl-tnking installaticns uny show tic Collewing annunl productivity per ton of

instcllod capacity:
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Chonmleorth fumaec with oxy ea

C limearr;ed vlictrie=nre furnaed

et feenre furncev with pre-refined ool
Necirie=are furn-ce with 5(-70. of liguid irep 2,5CC - 3,0CC

L e.nverder
wamlac

B TFy

LXg e 3ho

“ilting G'pen-huc.rth ‘furnaec with Qxygen

“octriesore fumnce with preerefined etol

Clectricesre fumncc with 5C=TC% dircet liquid ir. 2,0CC - 2,500
Tim~s ecaverter blown with cxypeneenrie’.nd nir 8,00C « 3,00C

Toons ecunverter with steuwoxygen or rysene=sarbonedioxide

alxture

Pape.lown cxycen ecnvertor (CLPy LD=wly o3 Lb=Porpey prcecss) 6,CCC - 7,00C

Zalde

his neans tint tc ~ticdn » ecnat i level of oanual productivity of, say, iac,cac
tong pef year per wcity, steclesoking dosicllaticns ¢f the heat sizes listed in the

fcllowkng table amve to be ouilts

L]

(x) seevrding to prelimincry data, cpen=learth fumnces with cxye=fuel jots can attain
wrcduetivity of 1,500 - 2,000 tcas o

3o

ar yuar pur ton of capacity.

ions (
1,006 = 1,20c(®)
1,50C = 2,000
2,500 = 3,0CC

5,5CC = Ty540
E,CGC - 6,006

isna
9043 - i,GﬁC
2,50C = 3,000

7,G6CC - 8,CCC

4,0(“; - 5,0&
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rocesses viere steel is tapped in suall batcles, and in shorter periods of time,
are .ore suitable for the a.lication o. continuous casting then processes producing
steel in large heats with lon, intervals Detween. Furtherpore, the cost of continuous-
casiin, installations will be iueh lover, .nd tie coeordinution of steeleproducing and
sieel=casting iastallations wueh easicr in the firs: case than in tae second.

a1l modern steeleproducing units are characterized by a high ievel of rechanization
and Ly the application of different mccas of auto :..tion. aowever, some processes are
evideutly better suited to & high level of ~eehaniration and auto-~uiion than others,

It is quite elecr, for exaple, that the level of -echanization of scrapecharging of
top~charged eleetric furnaces is highor than that of open=hearth furnoces, In the
wodern converter installations it is possiLle to attain, at the sase expeuse, a higher
level of mechanization and autowation of ¢ erginhot metal, fluxes and irom ore. It
adeers fren tll the date available that eleetric furnaces, eitaer cold=charged or with
direct hot iron, give tihe highest yield; <ihen follow, in the case of lowe-phosphorus
hot iron, the Kaldo prooess, open~heart: {urnaces e ploying stendiri processes, and LD
converters whose yield is considerably lowered by brown fune formatien. Cpen=hearth
furnaces with oxy-fuel seer to pive a still lower yield owing to higher iron losses.
“men treating highephosphorus iron witli the recuperation of the sesond slag, a better
yield can be expeeted fror oxygen eonveriers, partioularly frow Zalde vessels, than
fro: open~hearth furnaces, and often = fri better yield = with the sare phosphorus
content - than fron botto wblown conveiters, the direet processing of high=phosphorus
wot iron in electrie furn~ecs results in - aigher yield than that attained by any other
steeleraking procvss.  wowever, this coaclusien is bascd on 1 very linited amount of
daine '

The eonsurption of row ~aterials in different steelemakin; processes depends on tiw
tyne of process and on the coiposition of the ~aterials used. approxirate figures on
tae specifie consunption of tre main i terials used in differeat processes are presented
in tne following table:







1
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(1) Exeluding finishings
(b) Limestone
(e¢) Using dolomitet

somovh~t lover with m~gnosite,

Tot-l lime or Carbon
Steclmnl:ing process met~111cs(0) ' Ironmore limostone |Refractories | :?:r h{fm dioxide @ Steam
" (kg) () (ke) () | (a3) (»3) () | (xg)
Ovenahenrthi I
Coldwch rge R T T PP 1,086 20 30 a3 - 13 - -
Bot-ch rges
St-ndrrd proctices
M tren, 30% serap R T Y T T T Ty Ry T I 1,070 30 1”‘“ 40 - j 0+ ] - -
$0% iren, sok gerep LR R S E T T R T T e e 1,078 55 90 40 - F 4. - -
Vith onyfuel jots L Y Ry e Y T T L, 20 120 50 - 50 [ | - -
i ok iron, sox serap SESIBERNENIN VAR A RREN LR CUNNINS 1,128 - i 50 3") - 50 - -
9% iron, 2% sersy L Y Y Y Y T T I T R IITT 1,130 -» | 5% gle) - 50 ' - -
E-ldos TO% iron, W sorap A R R Y PR A A YR I L] 1,083 5y b 13 - 60 - -
99t iron, 4% serep 2y R N N T R L N I ) 1,111 - 40 15 - 50 - -
Tlectrios 7 ,
Cold.ch:rge N T L i L LTI TT T r e e 1,0 10 a3 10 - 10 - -
Rotech~rges o L i
Vith direct hot irem T e T T Iy 3§933 2* 50 13 - - - e
Tith ore.rofining Y T Oy PP PP S Y 1,13 20 80 15 - 3 - - |
Thomnat .
Atmosph ‘ric air AL R R e P e T ‘1139 - 130 gﬁ 300 - - - }
Enriched -ir R R A Y Py TR T ST Paurrr ey 1,138 - 110 12 200 23 » - |
Oxygonwstenm AL T T Iy P P PO T T R Yy T 1,149 - 1% 13 - 50 - %0
Oryrenwearbon=dionide yoiesserecsseassrnsssnsesntoetessnessntere 1,149 - 130 12 - 43 30 1 -
| Ovenshonrth X Y TN Y RN Nt L Ty Ty 1;“‘ 90 !&1‘} 0 - 3 - -
Debomprys’ 708 s 1 10 ) !
mm‘ irvon E R R T Y R I AR R Rt 1;11'7 - 100 , - . - - .
m iron PEBE BRI NI NI RIOIISINIPERER 0Ol 19316 - 100 10 - 5" - -
Kaldot M tm, }9! BOYCD et s datetot et tonsosssrssosdisees 1,0?5 55 110 2 - 60 - -
59% iron, 8% BOY™D secsesvotrrnnessenerrssnarsssnonses 1,103 - 90 18 - ” - -
Electrict ,
Pirect hot iron Ly N Y N N R AT 1,031 140 80 20 - - Lod -
Pre-refining 808308000000 EPR L PLBIBRRRRRINRNLIEITIINRRBIRRRY 1'13{’ 20 100 3 - 3’ - -~
Sourcet Scerctarint e-leulations, .
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Two groups of stocleninking processes are clearly disfinguishuble fron the puint
of view of encrgy consuiptions  in the first HTeup (Q}lefl-‘-hedl‘th und eleetric furnace
processes), onergy exturnal t. the steelenaking process has to be delivered, while in
the other, vhich includes 411 tynes of éunvurters, the intern.l cherdeal cneryy
evolved durin, transformation of' the iiquid iron into steel is sufficient to cover the
total heat dewand, In the latter yroup, tho use of oxXygen reloases A vust anount of
excess heat which cun he utilized edther for reemclting serun, or for redueing iron
fronr iron ure, or for deccrposing stews or earbon dicxide, In the Kaldo and Rotor
processes, whore wliost nll the heat tro- the earbon sxidation eun be usefully
absorbed, the potentiul proportion of serap or ir.n ore is partieularly ccnsideralile.
Kaldo vessels, oving t. their most officiont heat utiligation, give the luvest heat
consunmption of gl) steelemaking utilizations using o eunsideralle proportion of iron;
that is particularly true if in the .aldo process cnly serup is used for cooling,
Steel=rmaking proeccsses using; a large proporticn of scrap show a relatively luwer heat
consumption than those offoetod with 70 to 95 ner eent of hot irone It should be
mentioned that the spocific heat cvnsw:ption of waldo vessels working on 55 per cent
iron and <5 per cent serap is lower than in openehearth furnaces reemelting 70 per
¢env serap, and very near to that of electrie aurc fu.mnces wherv the proportion of
serap is as high as 95 per cent, Sur.arizing the figures on specifie consumption of
Lnter.ia.ls and fuel in different steelenuking processcs, it is casily seen that the
oxygen=blown convert:r prucessos re-ricltin, 25 tu 45 per cont scrap give the best
results, while the specific consunption of materials, exeluding refractory naterials,
is lowes' in electric furnaces,

A major characteristie .. f any steelennking process is its labour productivity
and eorresponding nanepover requirements. labour productivity is naturally higher
in processes wi‘th 8 high level of mechanization an- automation = a trend whieh is
bound to develop in the future witn the inherent pumsibilities f5r fuller
rechanization, particularly for oxy.en~ecnverter prucesses,

It has been ealculated that the ran=pcer requirements for a shep of one million
tuns annunl eapacity are as follows y tuking coanepower consumption of an open~hearth
sliop as 100 per cents

§
;
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Eexgentage
Electric furnace shop es IR EN RO RN IO SO OBOIIRIIRIEIRIRIIRY 129
Thomas lhOp T Y X R RN N PR R NS A A AL AR A AR A 51
Kaldo process SEsEEsRINNRNG S ABEOIO RN RERNIINOIRIIRIGEINEITS 76
ml)rpﬂaﬁl £ S80S RENIR IS REI IR RNRIRINIINENIIIRIIENTS 63
LD=AC steelemaking lhop Y L T R P R R R R R L A AL A T2

On this basis, and taking annual ecapacity at a level of three nillion tons of
steel, the following figures tmy be reasonably cesued?
Nahchovee Rub toR Indes
Openehearth (fixed; low-phosphorus

iron) 0.5 00
Opon-hoarth (tilting; high-phosphorus '

iron) Ue kY ‘ﬂ
Electrie furnaces, coldechoryed 0.4 80
Electric furnaces using hot pre-refined

metal - 0.3 70
Electric furnaces using direet hot irom e 5]
Thomas . 0.2% %0
| #¢) C.28 5%
LDeAC, OL?, LD=Pompey 0N ' 62
K&ldﬂ Q’ 33 . “

Chapter V contains certain considerations on investuent and produstion costs,
There is extensive literature on the investment costa of different steel-making
processes, but mos> of it deals with a combination of two processes, usually opette
hearth and eleetric or open-hearth and LD, deliable ecomparisuns of different
processes are infrequent, and even vostricted figures differ widely., Thus, if the
{nvestment cost per ton of onnual capacity of an openshearth furnace shop is taken as
100, the figures for the LD process are variously fixed at hbetween 28 and 90, for the
Kaldo process at between 35 and 100, and for eleotrie furnaces ot between 50 and 100,
It is evident that this wide range can be explained only tc a 1imited extent by
varying loeal conditions, The major methodolozieal point, therefore, is what exaotly
should be ineluded in the comparison, Some argue that only investment costs
incurred in the steel-making prucess itself should be considered, and that investment
in ancillary shups and other related industries should be disroyarded. The majority

consider that useful ecmparis ns ore Jossible .n o mere comprehensive basis, ineluding

associnted qepartanents anid installeations,
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average figures on the investient cost for vpen=hearth and oxygen=converter
shops in the USS.., caleculuted by the Coentrnl Irun and Steol Desi ning Institute of
the USSR, are .iven in the folloving tables

(in porcentuges)

R T
Iten : Upen=hearth furnaces i Coaverters
Steel shups alone 100 58«67
Including cther shops of {rone

and stecle-works ' 160 62=69
Including alsc related industries 100 82-86

! -

! Soufeet Information supplied by the USSR authorities

o

1t may be seen from these figures that, while caleulating only capital
dnvestrent in the steol-shop, the LD process is 33 to 42 per cent cheaper than the
vpen~hearth procuss, und this difference is reduced to only 14 per cent to 18 per
cent if other stayes are included, . similar point arises for eloetric stoel -
1s0.) whether or not tc include the investment required for adding tc eleetrie power
station eapacity,

Comparative caleculations based on the figures for steel=shops with annual
eapaeities of 500,000 tons, 1 rillion tons and 1.5 million tons, have been prepared
by one eumpany having a wide experience in the oxygen-converter process, ‘herc
capacity is 1 million tons, the make~up is as follows

Icns

6 openehoarths, each of L A 250
8 electrie furnaces, eueh of A, 150
4 Thores cunverters, each of S Y 50
3 Kuldo vessels, sach of X A U 100
3 LD vessels, each of L T O PN | 45

3 LD=AC 00!1\'9!“8!‘8, Oéﬁh of $00000s00000000000s00000000 0000000 60
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It wculd appear fron these calculations that the differences in capital costs
of different types of shop are smcller then one would expect from the various
publications referred to previously, For example, an sleetric furnace shop with a
capacity of 1.5 million tons came to 98 per eent of the cost of an open=hearth shop
of the same capacity. The eorresponding fiyure for Kaldo is 92 per cent, for LD=AC
78 per cent, and for LD TO'pér ecent, ;r:the.éé;t»;f an opeé-h§¥r§h'-hop. These
figures appear to be too high compared with those found in many other publieations.

 Dato are also availoble on the inveatment costs of different types of steelw
making shop in the United Kingdom. These ostimates are hased on the capital ocsts
of a new intograted steelworks of at least the minimum size required for effieient
operation under modern conditions. If the investnent cost per ton of steel ina
steeleshop with fixed open~henrth furnaces using oxygen is taken at 100, the
investment costs of other types can be expressed as followsy

. ‘ ‘; o
Fixed open=hearth furnaces without

oxyyen 145 . 123 i
Tilting open=hearth furnaces 156, 146 =« 180{a) j
Ajax furnaces 101 118 - 152(s)

Thomas converters with oxygen-

enriched air ‘ 95 160

Thomas converters, steam

oxygen=blowm ' ' 9 ' ‘ 162

LD _ ' 93 - 120

WD=AC 93 120 - 199(s)

Kaldo 124 129 - 164(a)

Electric furnaces "~~~ X 83 ~ -

To make a valid ccrparison of investment costs of different steelemaking
processes, it is essential to'include investment, not only in the steel shops
thenselves, Lut alsc in aneillary processes anl related industries. In each case it
is assuned that one stecletuking process only is used, j.e. that there is no duplexing
and no combination of different steel-making processes in the same iron and steel

(a) Depending, on the quality of the ir-n oruve.
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works. The besic composition .f the charge for open=hearth furnaces, all types of
oxygen converter and hot-charged electric furnace hus heen taken ns 70 per eent hot
metal and 30 per ocent 13 ST

The celeulaticns have Leen based on Swiss francs per ton cof annual capaeity,
iLverage Annunl steel-nakin, cupacity <f steel shops is assume! to he approximately
3 million tons; and ii is also assuied that ncdern steel=iaking equipment is
instolled in each ease, which implies the following approximnte heat sizes

Ions

Open~hearth furnuces 50C
sottome=blowvn c:nverters 80
LD, LD=iC, OLF, LD=Poupey ond Kaldo 150-200
Zleetrie furnaces 150-200

Furnace productivity and capital costs of openehearth furnaces, depending on
their capacities, are ns follows;

(in tons and percentages)

}
|
{

Purnace capacity  Annual furnace Chrital costa \1 \ Capitil eosts -
i productivity { per ton of : per ton of
; ! furnace annual
‘ ] enpaocity production
(tons) (») , () 7
0 100 w0 100
130 160 70 81
185 181 50 73
250 220 40 65
370 290 30 53
50¢C 330 25 ! 52

- : - m—m

Scurce: Information supilied by the USSR authorities,

M

From o comparison of o wide range of data it enn Le seen that in all proocesses
invelving the production of stecl from charges containing a considerable portion
(7070 = 95%) of pig-iron the oxyyon converter in its verious forms, and Thonas
converters with enriched air, are the cheapest; bottu=blown prucesses employing
steam-oxygen or oxy,en=carbon diuxide mixiures sre nore expensive owing to a higher
éonsumption of plg=iron ond n luwer yiold of steel, Quite logically, total
investient cost vwithin each process is bigg.er, the higher the share of iron in the

charge.  The ecld=char.cd clectric furnace has clearly the lowest investment cost
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when caleulated on the hasis of both iron and steel works and on the basis of the
entire econcny. However, it is clear that these figures are not wholly comparable
with those for cther processocs, since the charge is almost entirely in the form of
scrap, to which nc investment c-st was ascribed.

Sunmarizing the consideratiors e;xmainee‘. in chapter V on the cost of steel, it
wmay Le concluded that in all comparable conditions oxygen converters oan secure the
most econonical results from the puint of view of stcel production costs and of
capital investment, whether at the sole level of steei-shops or including also
rclated branches of the ircn nd steel and othor industrices. As for investnent
costs, it is not yet possible to rake roliable caleulations cf production costs of
stoel made from the products of direct reduction, although such caleulations would be
oxtremely valunble es a hasis £.r a proper assessoent of the econcnic advantages of
direetereduction processes,

CONCLUSIONS

On the basis of this 'compcrison of the econonmic rosults obtained from verious
stoelemakin, nethods which are in larye-scale industricl use, it moy be said that,
whenever nex steelennking plant is to be constructed in the next few years, thorough
study and preference will usually be given to oxygen converters of the LD and Kaldo
types, Production of electric steel is elso likely to inorease considerably.
Information available on long=tern ploans for the development of steel=production
throughout the werld sug.ests that the total capacity of oxygen converters of
different types will have inereased to 100 nillion tons by 1965; and, asccording to
sope foreeasts, it will reach the figure of 200 million tons by 197C. In the light
of these nlans fcr developing the production of steel in oxygen converters, it is
pussible to draw the follewinyg oonclusions with a reasvnable amount of cenfidencet
(a) No novw Dessomer shops i1l Lo built; ,

(L) There is little probability thet new Thomas converter shops will be built,
even for hlowing vwith nitrogen=free nixtures,
(¢) Execept in certain specific circunstunces, it is unlikely that any new open=

hearth shops will be Luilt with fixed furnoces; the construction of new tilting

apen=hearti furnuces and cuvldecharyed furnaces is alsc unlikely;
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(2) New steel shops will e equipped with oXygen convertors of different types and
electric-arc Turnaccs;

(e) New Rotor instellations will not be built in the nenr futurec. Of the twe typus
of rotating steel-makin, vessels, only Kaldo converters are likely to be ervcted,

“hat is far less certain is whieh of these twe processes = oxypen eonverters
and electric furnaces - will be used and to what extent, and in whet conditions uno
or the other will Le preferred. .Another interosting question is to what extont the
two different types of oxygen converter = LD and Felds « will be used, The
following general cunclusions would apnear reasonabloes

(a) If serap is chundant and generclly chennd, cold=charped electric furnaces are
the most ccononical, alwoys assuning thot the price of eleetricity is sufficiently
attraetive. Zvon in such conditicns, however, oxypen converters together with hot
cupclas misht be prefersile;

(b) With o hot ehar,e ccnsisting cainly of lowephosphorus iron, the classical
LD process at prosent arpears to be the nost attractive for eormon steel. DBut it is
quite possible that, even in this case, powdered materinls such as lime and irom ore
will be delivered intc the vessel with the uxygen strearyy this is the main feature
of the OLP and LD=AC processese On the other hand it is also possible that, owing.
tc their higher yield and better heat utilizetion, Kaldo vessels will be applied even
for the transformmtion cf low=phosphorus iron, If o sufficiently rolisble and
economically sound 2leetric-furnzee process using a hot charge is finally evolved, it
will undoubtedly find a wide use, porticularly in regions and eountries with cheap
eleetric power;

(¢) A combination cf ¢oldecharyel electric furnacos working almost entirely on
scrap, and oxygen converters vith their rather linited possibilities to reemelt
serap, might be attractive, since it ¢nables the use of a charge of any pig-iron
serap retio and is at the sane tine sufficiently flexible from the point of view both
of the productenix f steel znd of thc vossille fluctuations of the proportion of
serap in the totnl steol-roking eharge;

(d) For the transformation of n hot charge with highephosphorus iron, three

steel-riaking processes ars rost likely t. Le used in the future:
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(i) Kaldo, with its higher yield and more satisfactory heat utilisation and,
consequently, with wider possibilities of using serapy and/or iron ores
It is not yet sufficiently clear, hcvever, whether or mot this process can

achieve the same ccunomde results, in terns of investuent cost per unit of

annual capacity, as the “op=blown converters of the LD type.

(4i) The OIP and LD=iC processes seen to be porticularly ettractive, both
technically ~nd eccnonically. thile their applicetion gives rise to sonw
additional expenses for the preparation and transportation of povdered
line, the utilization of line in this forn -ffers possibilities of a more
precise regulation of the processecs the iselves,

The W=Pompey process scems also tc he attractive since, with the
recuperation of the second slag, the forrction of the first slag is easily
attoined even witi: the use of lumpy live and, on the other hand, the amount
of 1is¢ to be charged is relatively smelle .t the same tiuo, however, it
soems that the oquipnent for erushing, sereenin; and transportation of lime
in lupps costs practically tie same or only slightly less than in the casc
of utilization of powdered lime, but the accuraecy of eumtrol of the physieal
and ehemicnl conditions of steelemnking is, of course, greater in the latter
LY TN

(4v) Eleetric furnaces with or vithout pre-refiners will be uscd for the
transforrativn of high=phcsphorus hot charges only if and when o suitadble
process for such charges has heen worked out.

It would e wrong, however, to use thesc conelusions as an argument for
condemning the cpen-hearili furnace and other steel-making processes to pramture
extinction., The i reat advances mede in upenehearth production technique over the
uast ten years, and the larie share of open=hearth steel in total world output,
indicate that this process will retain its present importance at least for several
decades to come, and there is a possibility too that further technical improvements
nay bring abuut substantial changes in the relative technicel and aconomiec efficiency

of different steelemaoking processcs.
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It should be rowenlered that the production of killed carbon steel in lorge=
¢apacity natur:l usefuellod hut=char; +d opene=hesrth furnnces is at the present tice
more econonical than the urocuetion of the so.e type of steel in eleetrie furnaces.
The cost oi vluetric steel is Ycwer than that of open=huarth steel only un the rare
oceasions when the cost of the hot dron is unusuclly hi h and there is a ccasiderable
difference Lotwecn the cost of iron and seray.

In the USSR investriont costs fcr the constructicn of n stecl s8hop with 180-ton
electric furncces nre about 30 ver cent lover than for o shop with 250-ton el 7
hearth furnaces. On the ctier hand, if -ne ineludes capital outlay on related é
industrics (vower, transport, coal), invastment costs for the two tyjes of shop are
about the same,  Hitherto electric furnuces have been used moinly for the productig
of high-qmlity alluy steols. Further, the diftorent nethods evolved to improve )
the cperation of convertors hottormblown with oxygen=enriched air have als- prcducéd
satisfoectory technieal and economic results in severcl cases; ond o nunber of firns -
in different countries hive acecordingly decided that there are no grounds for doing 5

£

awny with converters ~f this tye during tho next few years, v
Yhen o new steelemaking plant is to be construeted, a corperiscn of steel-makhé
PTocosses ensures o correct ussessiwnt of all the oeonoidc factors involved in i

selocting the nwst suita'le type of installation; and the most effective way of ﬁz'
oaking existing plant nore eeonouiecal is to inprove its aperating toclnique in averyf i
possi.le way, The replaccient of bottom=blown converters Ly tup=blown oxygen t
converters is o striking oxample of the results that can be obtained by technical ig

nodifications and improverents,









