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Abgtract

The miven abstrnet gives o reader nn information nhont
the prasent situntion arnd nersrectiver trends in secondrry
atoolmnking and continuous steel caating.

The first nort deals with the zteel refinine 1~dle
procasses. The rain detrimental immurities infTlinence on
steel aunlity and the renernrl reans of preventines them nre
annlrned ‘there. The principle secondnry steelinkine :othods
are orenined in detnil: vacuwnm processing, inert sos blowving,
nowdnred mnterinls injection, conbired sicel precennin-.
Jeononic ngpects of the problem are considered thero.

The gecend pnrt pgives the analysis of the nresent
continuous steel ensting situation. Continuous castin
principlies, seprrnte installation units povpose and on ﬂtion
nre investisrnted. Tconomic ndvontares of continuous cn sting
conprrated with periodical insot costing into moulds are
demongirated. Varionts of continnous casting units rrrange-
rent in gteelunliing shops are piven. Jgpecinl nttentinn is
devatad to continuous co - ting auto.ntination problerns.
Recormendotions townrds continuous crsting npnlication in
dcnlonirs conntries nre piven.

he provlens discussed in ohotroect nre riven in appendi-
certe The nrinciple secondary steclimking ethods definitiong
Al their briefl charocteristics are miven first of »11.
Infernntion nhout vrineciple continnons castine snd nieal
1ad1» procesaing 'mits havirg beon inntnlled within rocent
tao-three ronrs or which ~re roing to hnve hean conntrnected
thin wenr is -iven.

“"he specific charnctoristics of horizontnl conbinuons
crgiing mmits contruckionsg nd oneration nre shorm.
Conti-mnus conting peranoctive trondn: "hot chror~e", Jdiroct
raliing, agheot (atrip) vraduction, ecle. are oronmined,

The a«icting cvroblems molution ot ' [indte Iron ond
Sheel ploibag are oorppained.

chebvrnnt i1l be hiel ofal Lo doberadine atealinldios

nrodnection dnvalaptent trendns in dovaloning countbries.




Introduction

1. Even though many alternntive materinls appear, steel will
still rermain the basic material for industrial development for
mony venars. This fact mny be proved by almost simultaneous deve-
lopment of the world.steclmnking and industrial development indi-
ces for the last century, Fig. 1, LI].

2+ lodern steelmoking production is being developed in two
trends:

- creation highly productive oxygen converters at the nlants with
a complete metallurgical cycle, equipped with sccondarygteelmsking
and continuous steel casting departments. l'ainly liquid iron

with o smnll aquantity of scrap additions i used as a charre in
such shops;

- by means of mini steel-plants construction, equipped with
electric orc furnnces using scrap or direct reduction preducts ns
a chorroe.

3. In industrialized countries both trends are realized in most
. llowvever, lately construction of larse plants with a complete
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lursical cycle has been slowed dovn in industrialized count-
5. At the sone time technicnl pro;ress in elaboration of
elactric nrc furnndes,sccondary steelmaking systems ond continuous
casting units have turned out smnll plants into an effcctive menns
of sorted rolling, rods and smnll sectiong productions. If there

s sufficient scrap quantity and cheap clectric nower, then mini

e

gteel plants pet wide application.

4. In developing countries ways of development in metnllurey
denends on local conditions. In such cases, when a country posse-
ses ita owmn ore resources, the construction of ploants with a com-
plete netallurpical cycle in economicnlly expedient.

5. l'ini gteel plant is the plant which produces steel from
gernp or irntallized pellets in electric nre furnaces. liini plant
has continuous casting instnllntions, seccondnry steelmnking sec-
tiona, amrll seaction rolling mills end wire rolling mills. These
plants produce nmostly commercinl sorted rolling, roda and gsmnll

gections. Their annunl production ecapacity usunlly rances from
100.000 nn to 500.000 tong, but in gome cages it mnry reach 1 nln.

t. In ~ mmber of cnses plants with annual cnpneity leas than

100,000 t. are ealled miao plants.
e Aceordipg to the way of production mini ntecl plonts mny bhe
of twn trras: nlarts producing one tvpe of production (.. for




rainforced bars ) or plants producing a wide variety of steel
rrndes to provide a region with the required production. hesides,
these plants are distinpguished by the canacity and technoloficnl
schemo.

Te 'odern Iron and Steel production scheme in all coses
includes a steelmaking unit proper (oxyren converter or clectric
arc furnnce ; one or a number of secondary steelmeking installa-
tions and continucus coasting). The steelmaking unit problem is
charre 1elting, its portial refining and heating up to the desi-
red temrerature. But final refining, deoxidetion and, if necessa-
Ty, steel alloying is done at secondary steclmnking instalistions.
That provides n considerable steclmaking units capacity increase
at o simltaneous steel quality increase. Continuous casting
provides a considerable nictnl saving (increnses the yield) while
decreansine production coste.

8¢ Lntely steel qunlity is paid decigsive attention

to service propertics and rejection quantitye.
It is determined by steel composition detrimental impurities con-
tent ~n1 their presence form in o metal at items operational £°.
In other vords, steel quaiity nostly depends on refining degree
and solidification conditions.

9. The Selection of secondary steelmnking methods and continu-
ous cnsting instollations for each specific case depends on a lot
of fnctors: production nssortment, the desired level of service
propertics, raw mnterials resources, political and cconomic situa-
tion in the givmregion (in the given country). Only taking into
account n comhination of thege and o number of other factors,
steelmnling production development methods may be chosen.

10. The main facturs determining steel quality and also techni-
cnl and technological characteristics of the installations,secon-
dary steclmaking and continuous casting steel methods will be

examined holow.




rart A. Secondary Steelmnking
n) Short historic development

Te A modern period of ‘ron and Steel production develonment ic
chnrncteriz ed by constant incrense of steelmaking units outnut, the
produced steel srade improvement and their qualitotive characteris-
tics incressee That provides the decrease of specific metal consun-—
ption, enersry resonrces nand labour expenditures during production,
netnl procencing and metel application.

?. Ouvtnhut increase of modern steelmnking units (converters and,
especinlly, clectric arc furnaces) is achieved by the perforned ope-
rations decrensc. The mnin objectives of such units include chare-
ing materinls melting, bringing the wmelt to the desired £° and par-
tinl refining, nainly from corbon. Dasic steel refining and alaso
deoxidntion and alloying is dene in ladles by secondary steelmaking
methods. Thnat enables, for e:xomple, to ecxclude a reduction period
from a clossieccl electric furnace processe.

3. The most important factors chrnracterizing steel quality in-
crense ore detrirental impurities contents decrease and rroviding
netal melting with atill narrower composition and t° variatiens 1i-
mitse In combination with micro ~nd rncro nlloying methods and
hont treantient of steel it will provide strenpgth chorocterinstics
end placticity properties increase. Secondery steelianking ic con-
sidered to be n persnective wry of developuent.

Ae In 50~ continuous costing wns introdured intc steelmnliing
production aad then extended its developuent. This method renders
hi~n roquirements to the produced cteel quoality: it must contnin ons
little dotrimentnl impurities anc possible, it must bhe hormogencousn
in compnsition and °. Optimum secondnry steelmnking technoloryy is
the necensery condition for the hish quality continuous casting
production.

5¢ Steel refininm in o ladle has been applied by metallursists
for ¢ lons tinn. And steel deoridation in a 1ndle has alrecdy rot
its apnliention. Lven before VW JI lerren method for metnl desulphu-
rization 0t its apnlication. In late 30-40-5 voncuun steel proces-
ains strrted its industrinl developuent. !lowever, nll these techno-
lorical variants (eoxcluding deoxidntion in a ladle) hon » particn-
1ar chnarnctér and were used for solving certain problems.

e 00y continuons canting develon..ont nade netollurgistis pny
~pneinl attention to steel refining in o lndle. brom that moment




practicnlly o new technological method in steel production storited
jits forimiion - steel preocessing in a 1ndle. At oresent, these ne-
thods ot wide npplication in retallurry ond are colled "socondery

Te 3 -1
stesluniiing”.




D) Cloaanification of technologicnl wrocesses

1. The roin purpose of secondary stealmokine is aquiclk ~nd ef-
fective inmplementation of a number of technolosical opcrations 28
coumnnred with conventionn steelrieltins units: The secendary strel-
mnking 1~ke 1t possible to do the following:
-~ nomornnoous netnl to

horio~nnoous chermicnl cormpositions

- o1llovine and bringing chemical componition precisely to the
desired opog
- finnl dooxidntion;
- non=-04a1lic inclucions rerovnl;
- notal Aesulplhurization:
- matnl deensing (hydropen and nitrosen removal);
- decrensn of undesgirahle non-ferrcus impurities content;
- mntnl t7 reculation;
- daep 2ol decarburisntion;
and nlan o nunber of other particular nroblems.

o, T rolve nll the abovementioned problens ot o tine is rather

9

Aiffienlt. Az o rule, only port of them i solved simultoncously.

)]

Sowatines only one of the above meontioned methods is used, nnd so-

mobimon novernl ot o time.
3. 1% nresent, secondary steolmnkine methods sre nsed for the
prodiction of hundreds of millions tons of mnss production aotenl,
acondnarr aheal mking unita being available ot 211 quelitative ne-
tallurer plonts. etel vroduced both in electric furnnces, in con-
vorter ~ad in onen-nenrth furnnces is asubjected to ladle refining.
4. Panid neecondary steelnniiivg sprending 1is erplained by the

followinrg fnctors:

- continvons slerl centing method ot wide application that requi-
res procise(~nd standard from heat to hert)t° and metal chenienl
cormnnition resulation, and it also requires a standard hirh quali-
tr metnl for costing; ns o veiult procticnlly all the steel enst ot
continunug easting nnits ig proceszed by secondnry stealrnliing ro-
thodngs

- clnnmienl donble-nlar technologsy in electric furnnces us inm on-
condary abeelialiing 1y be substituted by o single=slas vrocesn
without =lap pwninm=off (hent bine, eclectric power coronnditure,
1abony nwnendifure efe ore redunad);

- conunrlor or opan-=hanrth hent teebnolory ond their opevntion
contral in ainplificd, i.ce thare opneors o ponsoibility to blow

metal i th oxrron townrds low corbon content with fmrther corburi-




‘motion ~nd tenmperature correction in o ladle;
- the ncone of special purpose steel grandes is constantly increas-

inm (neme, for thoroushfare pin pelinas) which are fenerally diffi-
cvlt te be produced with conventional hent technwologsy;

v

the reape sininless steels and other lowr cnrbon steel ond nlloys
nroduction has increcosed;
- seconinry gteelualing processes opplicntion ennable to chre ro-
dicolly the strvcture ~nd the “yne of the applied ferronlloys ond
deozridiners towrnrds esgsentinl reauirenonts decrease according to
their compogition nand their corrcsponding to the reduction of
prices.

5. The follo&iug methods of secondary steelraking ot wider
applicntbion:

- vacuun meotnl procescing

~ inert ~ng metal blowing;
po”ﬂorforncd nterinls injection into a metal;

ctrl nrocessing with artificinl slogs or with specinlly vrepor-

od alln"ing comnusitions
- simlitnncous application of several technologicel nethods.

6. At present, there ia o rent number of varionts of each of

the ancondnry netallursy uethods. Only the moin nmethods will be

opinion vill be shovm in fis. 2 .

7. Tho list of the existing loadle processing methods is quite
bir, and in a number of cnses the srme letter identifications cor-
resmd to different nrocesszing methods. "o mnke the possibility to
use the literature easy, there ic o list of obriviations of diffe-
rent processes adopted in periodicals in Appendix 1 .




¢) Description, review and appraizal of the

technological process and equipment/foci-
lities.
I. Vacuum metal processinge.

1. "Then the pressure above the metollic melt is decreaszed the
course of 2il the reactions, carried out at gas phnse formation is
facilitnted:

— carbon affinity to oxysen is incr-ased ns a result the recction
(c] +Ce ) = {co} is facilitated;

- gaq_solubility in steel is decyeansed, accompanied by the rcacti-
on |G]) = 4G, . '

2« During vacnum steel processing:

—- oxveen content dissolved in a metal is decreosed;

-~ dissolved hydrogen and nitrogen content is decreased;

- oxide non-metallic inclusions content in o metal decrecses;

- a netnl ig®¥ITCdn000mes homogeneous in t° and composition as a
result of a large number of gas bubles emission. Yhen a metal con-
tains an increased nuber of non-ferrous metalls additicns (lead,
ontimony, tin, zink etc.) a noticable part of them evaporates dur-
ing vacuum  processinge.

3. At present hundreds of various design ladle vacuumation units
worlk scccessfully in steelmaking shops in the world. The most wide-
1y, uged nethods are shovwn in fige 3 .

A. ™he simpliest method is vacuum processing in a ladle located
in n vncuum chamber. However, this method is less effective, narti-
cularly during vacuumat. processing in relztion to quite large met-
al masses (£ 40 - 50 t). This is connected with the fact that only
surface 1ctnl layers are subjected to vacuum effects. The pressure
in bulk will depend on o metal column height:

P = Po + I’f + Pc
where P - pregsure in a gas buble; Po - pregsurec in a vacuum cham-
ber; Pf ~ ferrostatic metal and slag pressure; Pc - capillary pres-
sure.

iloreover, a necessnry uniformity in a metal composition after
deoxidizers and alloying elements introduction is not reached be-
cruse of wenk tlr}ln‘of the whole metal bulk during ladle degoss-—
inms nccording to the above mentioned equations a r~aforining pro-
cens i hning developed only in surface metal layerse.

;leanr
De effoctivenens increases only during inert rac metnl




II

-blowing in 2 ladle or electromnsnetic Stlrrlnﬁn.uscd. It should be
taken into consideration that during inert gas blowing heat losses
may be ndded to usual ones as a result of the blovm gas heating du-
ring ladle soaking and tapping. During electromagnetic S¥iTTing.,q
is no such a drawback but it requires more complex and expensive
equiprnent. Lately inert gas blowing in vacuum has got wide applica-
tion for smell capacity ladles (15-30 t). In this cnse deoxiders
and alloying elements are added - into a ladle from o~ bunkes
also plaacd in a vacuum chamber.

6. Dernsing processes taking place during steel vacuum proces-
sing have o diffusion or absorbtion-kinetic character. That wmeens
thot n decasing'speed depends either on o pns mass-transfer in n
metal in bulk townrds its surface or on the transfer through thot
surfnce. In both cases a relative surfoce of a metal-vocuun con-
toct influences the process speed in both cases. Thus, metn)lur-
rists!' desire to increose a specific surfoce is quite clear .

Te A npecific surface during teeming from o lndle into o ladle
or from a ladle directly into the insot mould hns rot congiderable
developiont. In this case a stream, falling into 2 vacuum chonmber,
disperres into small dropse. Therefore, a specific surface metal-
Vacuum contact increases several times and that provides high de-
rasing effectivenesss Due to a nuimber of difficulties of an orpani-
sation character this vacuum processing method hasn't found wide
applicniion in industry. It is used oas 2 rule only during larre
inrot crnting.

8¢ NIl and RH methods have got wider application. There is no
data nvnilable so far to give preference to this or thnat rniethod.
And they nre olmost equal in application: a number of .these or tho-
ge units in the world is almost the some.

9. During DI method under a ferrostatic pressure effect o metnl
is sucled into n vacunm chamber (nenrly 1,5 m). The chamber is
raised in certain periods of. time (but the end of the refractory
pipe should remnin sink in a metal in the ladle), ond a metnl
Tlows into o ladle. Then the chamber goes dowin and a new metoel por-
tion in sucked in arnin - thus this nethod is called "eyeling de-
rasaing”. In sowe varinnts of this method the chamber reining im-
movable ~md a netal with a Jadle males a motion. Pip. 4 .

10. Dnrine circulation depsasing o vacuwvm chamber has two refrac-
tory pipen throush where a portion of metel is sucked into the
chonmhor. ™en inert ras astarted to be blown throurh one of the
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refractory pipes. As o result the mwetal is raised upwards through

the refrnctery pipes and through thie second cne the metal flows

pip
into the lndle. Thus, metal circulation through the unit begins,*ig,

11« Dernsing conditions auring vacuum processing with various
rmethods are different and thus the level of gases content is dif-
ferent which cnn be reached as a result of wvacuumntion. The bes
results oy be reached during non-deoxidized metal vacuwn proces-
sing as rmuch of the dissolved oxygen is nresent there, that inten-
sifies crrbon oxidation reaction[C]+[b]= {CO} « The obgserved in-
tennive boiling makes caiculate the ladle volume so thoat to pre-
vent o posnsible retal splashing from it.

12+ Lxnerience has shown that hydrogen removal poes intensive
enougn, having the pressure in a vocuum chomber lower 50 Fo. odern
double-steam pumps may provide pressure of 10 Ta.

13. liirsh qunlity refractories are required to produce cyeling
and circulntion derasing chambers erpecinlly for refractory pipen
production. Increnced processing to, a lourer pressure in o lndle

h) 24 - . -
‘tlrrantyplcal for ladle de~aginsg made it possible

~nd intensive
to use conventional ladle stonpers lined with chamotte. Stopprers
turncd out to be substituted for slide +ntes and chamotte lining
for o more resistant dolomite or macnecite.

14. 1% zhould be tolen into consideration that a noticnble steoel
tompernture fall in a lndle woy occur. It requires certoin motnl
reheating; (b 40-50°) in a steelualzing unite The reche ings iy be
rodueced %t the expense of good vacuum chambers lining heating,

Durine their prehecting to 1500°C metal t° fall during vacuum nro-

'3

cesccing does not e:iceed one dersree per min.
15 If DI ond RIl methods are ecqual in the degree of hydrogen

removnl, then there is another pO:ulbIJJtV to influence the inpuri-
ties removel process in RII method by means of intensive trangforn-
inm inert ras supply. 1t is of gpecinl 1mportance during, steelmok-~
ing with ertremely lowr carbon content.

The recearch has shown that metal circulnation intensity in-
crennncs dnun to the rag erpenditure incrense up to 1500 1/min and
Auring further increase it doesn't practicnlly change. Decarburina-
tion of the melt occurs on a free retal surface in o~ cemera, on the
dronn auirface of the spouting metal in o chamber and on the ras
bubles aurface in o sucking tube. At the increase of the ~an cxpen-
diture sunplied into o sucling pipe decarburization intcnnit& noti-~

cably inerenses, cnrhon portion (up to 30-4071) being increnzed,and
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t
o

}
\,

o

o:Xidized on the drops surface of the spouting metal ond al-

%]

o)

n the o5 bubles surface. In 13 min. of processing at the
transported gas cipenditure 5000 1/min, corbon content decrease
to 0.0017.

16+ According to deota (27 during lowr carbon steel production
vacuun nrocnﬂrinr rrovides standard carbon content decrerse in a
finighed metal (Pige 6 ). lydrogen removel derree in vncuum pro-
cessing irles up 35-T72% (1ncreqneu with its initial content srowth)
in avernre avter degesing 1.32 sm’/100 &or less hydrogsen than con-
ventionl steel. Titrosen content in a netnl during vocuwna treant-
ment doesn't chanse practically but during cnsting it increases due
to steel contnct with air. In general in desnsing stecl 1ngots nit-
roren content is 0.00267" less than in conventional steel inrcota.

17. 1% in stoted in nnny research works that even expenditures
decrense (onerrsy, firat of all), commected with metal henting ne-
ossity after hot deforimition aimed at hydromen content decrease in

(¢]

it cover vocuum processing expensers.

18. To intensify a decarburization process vacuum units are sup-
plemented in a number of cases with simultoncously ren motnl
blowringe !ligh desree decarburization can be achieved 2t such units,
oxyren blowing cauces a further decarburization. It is this method
that h~s mode the bosis of the so-coalled "vacuum oxyrmen decorburizo- -
tion" (VOD-process). A typical unit for VOD-process is shown in
Mo 7.

19, Aa Tar os circuletion degosing units is concerned <decoarburi-
zation nrocess is nccelernted when oxyren is introduced for metal
blovwiin;/: or forced air cooling directly in o circulation chnmber.
Such n nrocess (Fim. 8 ) worked out by Jananese companies, is

allal RU-07. Usunlly one of the two methodsa of oxysen supply is
used: -subinrred osyren supply throuch one or Uwo tuyuerc, cach con-
sigtin~ of two concentric pipes between which protective rnn i
supnlied (Ar,ﬂp or CO?);
~ oxryren ~upply throuéh onc or two tuyuers into the space nbove the
bath in ~ chomber or throush the top (under the angle) to the metanl
surface coaning to the vecuum chomber.

Nocnrurization sneed is higher in cane of submerged oxyren
supply, ovrocessing tiwe beine considerably shortened. It ic estnb-
lished thnt CO, in bettar used ag n protective pas. In crne of

2
hirh ehronitwa melt procensing chromium oxydation decrease is ob-

aerved [ 3]
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20. 7o ret very low carbon concentrantion is especiazlly important
for hich chromium stainless steel and also for some specinl steels
ard nallorys. The problem of getting low carbon concentration without
notic~ble chromium losses is solved in vacuum, together with decoar-
burization the processes of r~as and non-nmetnllic inclusiens removn
from the bath toke ploce.

21e To ret low carbon content during vacuum processirs it ig ne-
cessory to nrovide a metal with oxyrgen. As o decerburination process

-y

takes plnce mostly on the phese lboundary, it is desirable to bove

stirring, .
good bath ” >Por thi

s 2im inert gas blowing method throush a

porous brick in the ladle bottom is more often used for this pur-

pose. Howrever, in this case the operation lasts lons enoush, espe-~
s

cinlly when a semiproduct with n comparatively low carbon content

He

3 procenscd.

22. As an exnmple the data of Krupp Sudwrestfrlen AG Plant mny be
civen, where heats from two arc furnnces, one with 30-40 t n~nd the
other £0-90 t copacity are treated by VOD-process. A vacuum unit is
located in a teeming bay. It consists of tiwro chambers eauinped witn
tuyuers for oxyren melt blowing. The unit is equipped with o trons-
port system of ~lloying nnterinls supply from bunkers to the lndle
throush ~ vocuum gate. In 907 cases a final carbon content less
than 0.015¢ is achieved. Oxyren content in the process of oxyren
blowing soes up to 0.05% but in the end of blowing it goes down to
0.005¢: and in a finished metal - un to 0.0020%. Hydrogen content
decreasces from 3.8 to 1.8 cm3/100 cre. Sulphur content in cogse of a
lime slar and fluorspar presence in a ladle nnay be decreased to
0.005. lLead (up to 0.0010-C,0020.), zink (up to  0.0010)1) ctc are
removed fduring vacuum processing.

?23. VYocuum steel procesaing methods are constnntly improved, new
more sirple methods are being found to solve new problems. Fil method
vorked ont by one of the Japanese planta, mey serve an example. A
method ccheme is ghown in Pige 9 . 100-t heat of the converter metdl
is processed at o unit of such a type. The possibility of highly ef-
foctive work without deep vocuum iz mentioned as an advantere. The
main Pii-process parameters are: cylinder - 300 mm internnal dinmeter,
600 mm -~ ezternal dicmeter, lensth - 3000 mm, working gns argon,
pressure ~ 10 atm; vacuum pumping-off intensity 1Om3/mip; pumping;
duration ~1 sec; pumpinh-off duration < 5 sec; submerging depth
- 500 mm; operating pressure 0.5 - 1.5 atm.

The nsaence of the method is alternative arson and. vacunm




IS5

runp switching on and switching off, a netal in a cylinder (or in
a lndle) starts extrerely pulsating as a result, providins a hich
refininr degree.

24. Thus, vacuvun processing "in a pure state" graduvally rsives
vay to wvacuum processing in combination with other ladle processing
methods (arron blowing, slag processing ctc.). Hew varinnts of
vacuuin processing orfnanization are beins irorked out, particularly
continuonus processins; variants. Japanese company lisshin Steel K.K.
proposnl of continuous vacuum rietal treatwent in o tundish on the
way from n steel teening ladle to CC mould is shown as ~n exrmple
in ®i~. I0

» & Stream vacuum processing unit at the plant in Li-
petsk (1'33R) is showm in Fig. II .
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II. Inert Gas I‘etal Blowing

1. The transfer of refining, deoxidotion ond alloying prncesses
from n steelmaking unit into o ladle has reaquired elaborotions of
effective metnl stirring methods. It is provided by inert fos blow-
ing. In cases when goodS1%8 is formed onto the metal surface, stir-
ring facilitetes an assimilation proc.zs with such non-metallic in-
clusions slage. The inert gas bubbles mass facilitates s emiasion
procenses as in this case surfece metal-gas interaction is being
considerably developed.

2. From a technicel point of wview, lorge metal masces blowing
process with inert fases in a 1ladle are simpler and cheaper than va-
cuum processing, that's why inert gas blowing is substituted for va-
cuun nrocessing where necessary; however inert sas blowing should
be considered to be cccompanied by metal {emperature decrense.

3. In n general case during inert gases netal blowing:

) poses content in 2 metal decreases;

) enerretic melt stirring occurs, non-metallic inclusions removal
3

-~

ar rrocesses are facilitated; metzl composition is mnde homo-

3) conditions of carbon oxidation renction are facilitnted;
4) 1et~) temperature decreases
4. iitroren is often used for metal blowing contnining no nitri-
nents (chronlun, titanium, vanadium, etc). In tempne--
ratrre intervel 1550-1600°C the process of nitrogen dissolution in
linuid e tnl does not ret noticable development.

5. Inorvt rns expenditure usunlly mnkes up to 0.5 m3/t of steel.
Dependins; on liquid stecl quantity in o 1adle with the some orgon
expenditure stecl temporature mnkes up to 2.5 OC/min. (without blow-
ins o metnl in 2 1ladle is cooled with 0.5-1.0°C/nin. )

6. T™in selection of a blowing method is of sfreat importnonce.
Inert rns bhlowing in ladles is dintinguished as top and hottom blow'
ing, fir. 12 .

7. One of the important operations in n technologicel line of
gaterl processing with 2 neutral pas in ladles is oxidized " furncce"
slay enttin~-off with apecial units. The precence of oxidized slap
comnlicnten nomorencous steel chemical composition and increnses de

oridiners loss. Aluminium onidizes more intensively: within 5-8min.
of blowine itn content in steel dnaecrenses twice s nuehe Sler cou-
pnzition in chansed (iron oxides content decrenses) and steel re-

phosphorizntion in developed: phosnhorus content iz incrverzed by
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0.002 - 0.005 < .

& The refining processes degree depends on blowing intensity
and duration (i.e. finally, on inert gas expenditure).

Nlowring with gas expenditure up to 0.5 m3/t of steel 1is
enoush for chemical composition and metnl temperature averoging,
blowins with the intensity up to 1.0 m3/t influences netnl refin-
ing from non-metanllic inclusiong; to achieve ¢ pprec1qb1e results in
desasing it is necescary to use inert fas ~ 2-3 m /t of metal.

9, Zoubining inert sos blowing with artificinl slag processing
ennbles to increrse abruptly the effectiveness of slag ennlication,
a5 ener~ectic stirrlnv during blowing increases with a surfece con-
done, is covered with a
cover, inert ~as atmosnhere betireen a cover ond o slag surface pre-

tact value. If 2 ladle where processing ic

0

vent o ;wetnl from oXidation, and heat losses value enatlez to lens-
then the time of a retal contoct with liquid slase. The so-cnlled
CAB-procnss technolory worked out by IISC cornpany (Japan) is based
on this principle. A3 shown in sir. 13 the given technelogry provide
the nreocence of the desired composition of ertificial slag on the
netal surface in n ladle.

The no-colled 3AR-process is used by the compnany when o certain
aqunntity of the oridized finnl slaz vasses into a ladle from a rel-
ting Lan,{- 4,

10, If n rntﬂl is overheated in n ”tO\lmclting furnace there are
three rnthods of nchieving a2 reauired t® (cooling) L47 :

- arron hlowing if necessary, temperature decrease does not excend
1OOC;

- heipht scrap addition if necessary to decreanse teuneratmre by 10-
20°C; '

- slab application for cooling by 20°C and more.

11, "hile introducins microalloying and correcting additions it
in necennary to toke into accouat retal tenmnerature change (+ "in-
cronne”, - "dccreane") for 1 l; of the introduced ~dditions [57]:

“errovonadium 357 V. - 0.39
Terrotitanium 3070 Ti - 0.68
Terrotitoanium 65¢° i + 0.29

“arrosillizima 457 3i ~ 0.76
“arrosillisiwa 657 3i + 0,62
Silicornincium -~ 0.61
Terrononsanene - 1.77
Silienenleinn 307 Ca o+ 0.99
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- Secondnry alwninium - 9.96
(pis)
Trinary aluminium + 2.22
(wrire)
Graphite . _ = 5.04
12. vhen it ic necessary tohtlrzinmtal under slag for a long

period cf time, electrodes are plunzed into the 1lid which covers
the lodle nnd the batn is heated. In these cases the use of conven-
tionnl chamotte as a ladle refractory matericl is ercluded, s a
long centact of liquid mobile, high basicity slag wwithe chamotte
linins, conzisting of gilica and alumina quickly brings lining out
of order. It is-ncmssary to line ladles with basic hirh refracto-
ry "wntorinls (dolomite OF marnezite).

13. Cnubining inert pas blowing with ladle lining replacenent
for the honic one enzhles to achieve a considerable decrense of me-
tnl nollution with oxygen. If during conventional tec‘noloh; Afé 03

in Adeoridized aluminium steel has reoched values 107 --10"9
then the product recched value 10-11while nsing bngic lining lndl-
eg durins arfon blowinr. The results received durinsg ste:l vacuun
procensing cyc = derassing at Yawnta viorks (Japan) are shown as
n exomple in :is. I5

14. 4 vrocessing schene enlled AIS is shovn in fige I6 . Accord-
ine to this method in the course of vacuum processing the nmetnl ic
ahifsed YHoih under elactromnsretic stirring ~nd under ecroon blow-
inr aciion. iLccordins to this principle vacnum processing is done
at ASSA-STT type nnitse It is necessary to congider thet arpon or-
forns two purpos.szstlrringand intens f“CﬂLJOH of goas enission apd '
decarburizntion processes due to nartion pressure decrease of cnr-
bon oxidr in bubhles poing throush the hoth.

15. During top blowing cylindrierl nozzle iz usunlly o2nnlied. In
recent ren~rs blewing through slit nozzles han rot wido
annlication. 3uch a blowing method intensifies metal geirring and
provides deeper melt degassing nt the expense of cavitntions phe-
nomena forrniion. The special depasasing effectiveness is reached
while corhining crevice nozzles blowing with further voacuum proces-
gine by DI oand R methodse

16. The influence of inert ras metal blowing on partinl carbon

wide prezsure formed during carbon oxidation is uvged while working
ont such a process oz ~rron-oxyren decerburizntion (AOD-process).

AOD methed is widely used in gstninlens steels ond other chromiun-
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bearing steel srades production. (Cr,04 ) + 3[c] = 2 {cr] + 3&0{
£og renction equilibrium during carbon oxide partial pressure
pCO decrenge is shifted to the rigsht and, as o result, good cyren
nasinilation is rrovided. During blowing misiture composition is
chnan~ed, decreasing oxysen corcumption and increasing armon cos-
surmpvion. Thus, z2lloys with very low carbon content are produced
vithout noticable chromium losses.

17. ¥Yarious units constructions for AOD-rrocess nre given in
fir.I7 . Comparative AOD-process simplicity and econoriy promoted
its ropid opplication. By the beginning of 1982 a nurber of AOD-
converters exzceeded 100, including 24 - in casting shops[:Gl].
Providine low carbon content level, corcentration decrense of sul-
phur, oxyren, nitrogen and hydrogen dissolved in steel, ACD-process
become known not only for stainless steel production but also for
heat resistant clloys, tool and elcctercnnlcalstcels. In reny
cnzes carbon steels after refinine by A0D method have the level of
plasticity 1.5-2.0 times higher than the soume types of sicel during
conventionnl heating within the whole trinl temperature range. The
larrest AOD-converter (160 t capacity) onerates in steelimaking shons
ot Armeco Plant in Dutler (U3A), a larre AOD-converter (65 t) onerat-
e3 in cnating shops at George Fisher UD plant in Switzerln r@.[G]

15+ Intensive inert gas blowing as well o~z vocuun vrocess
change essontially physical proverties of the melt. In its turn in
this case teeming moy be done at temneratures 10 - 20°C lower then

a metal, undergoing no processing of the type.
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I1I. lowdered Yaterinls Fetzal Blowing

1. Fordered mnterials metal blowing (or poirdered materinlc in-
jection into a metal) is aimed at providing raxirum contoact of
blowinz-in solid reagents with a metal, warimun speed of rengents
interaction with a metal and high degree of blovm reecents apnlica-
tion,

This method also has such an advantare that a rearent is blown
into a wetal by a fas-carrier stream, which influences o metal to
n certain extente A gas-carrier may be oxidizer (e.g., oxvgen or
air); reducing arent {e.g., notural gas), neutral gas (e.. argon).
Slag mixtures and also metals or metal alloys arc used ~s blowm
recsehts.

2. interinls injection method mny be used for volatite rengents
introduction (calcium, masgnesium) into a meirl (in o necutral or re-
ducing ~ns stream) or elements introduction, which pairs have hisgh
toxicity (lerd, selenium, tollurium). Among the existing variety of
rnetnl proc2ssing methods with powdered materials a method cof strong
deoxidizers ond desulphurisers injection into a metal in a ladle
ot wider application.

3. e essence of tne technology lies in various miztures in-
jection in aa inert gas stream into a rmetal in a ladle (covered with
a 1id or without o 1id throurh an additionnl “stopper" at the side,
at the bottom, etc.) Powders of different comnosition .re used for
injection: gilicocalciunm, CaS* + Ca0 + CaF2 nixture , Cal + Can
nixture, i'r + Ca0 + CQF? mixture, cilicocalciurmagnesium 2lloy in
o mixture with line, Ca-+ CaF2 + Al mi:zture, etc. Depending on the
purposes, the technolosy mey ve used for desulphurization, carburi-
zation (during sraphite injection), incrensing of nitrosen content,
alloving, deoxidizing etce There is various equipment available for
the opecrotion, and the process veriations are differently called.

£, In Svueceden the method was called "Injection ifletnllursy”, nnd
the eanipinent for injection is to be indicated by OL (PigoI8 ).Thus
for e:xxmple, Uddcholm Company epplies a powder injection unit for
gtoel desuvlphurization intended for hydraulic pipe production, de--
sulphurisation and deoxidation periods in electric arc furnaces are
reduced. Dosulphurization is done by injecting silicocnlcium powder
deep into the metnl (617 31, 327" Ca). Vithin 6 min of injection §
content deerenses from 0.020)° to 0.008;:, non-mntallic inclunions
content in also decrenaed. iietnl fluidity conaiderably increnses,
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" teeming conditions being improved.

5. Lining composition renders considerable influence on refin-
ing effectiveness. It was established that for steel desulphurina-
tion nand deoxidation basic lining should be used. Chamotte lining
does not rrotwote rietol refining.

6. In Test Germany the method of powdered reangents injection in-
to o nnetnl is celled TH-processe. Tiie method is aimed at powdered
nlkalinc-ecarth metal introduction by inert sos blowring stream into
steel throuzh n tuyuer into 2 ladle. The tuyuer is scubmerged very
deep into stecl[: 7 1. Alkaline-corth metnls are introduced as con-
mercinl Ca-5i alloys, Ca and Lig carbides in a sronulor forme Steel -
with ecxtremely lowr inclusions content, uniformally distributed,of
lobular form, wthich are not deformed in o hot rolling nrocesns, is
produced as a result of processing. fAlkaline-earth metels introduc-
tion into the relt in a ladle with basic lining provides high'mclt
deoxidntion degree and creates favourable conditions for sulphur
removnl up to values 0.002%.. Oxycen content is within the level
0.0005 - 0.0008". The given method application enahles to transfer
the refining nrocess completely into the ladle. In o number of
cnges tiiore is no necesnsity to use vacuwn proceszing. Allinline-
earth retnls consumption makes up 0.97 I Co/t or 0.38 ks I/t of
sterl. There is available data that Til-method enabling to ret

0.000253 is of specinl interest to the shop using scrap.

7. In the USA, Conndn and in some other countries o nethod of
cnlciuvm~-besring vaterials injection into a metnl is called CAN-pro-
cess. Ligquid stenl is topped into the ladle, covered with a lid
aftervnrds, throush which the tuyuer for calcium injection (and
sonetires magnesium) by argon stream blowing is introduced [-8 ].
Cnlcium is evaporated and rising torether with argon bubbles binds
sulphur into sulphide Ca3, cssimilated with slage. The produced

steel innot, therefore, contnins 0.0107.5 ~ns solid spherical noa-
defor:ind Aurineg rolling non-metnllic inclusions 10 mim in sina,
uniformnlly distributed along the ingot crons-sectione In conven-
tinnal ntenl risidual non-netallic inclusions 100 mkm in size have
loveer mnlting t° and are ctronsly drazm in the direction of roll-
inc. Ao oo reacont, nroviding desulvhurizetion and droxidation,
rnnesima is used.

2 “horouﬁh investiration of netnl auplity received Aduring Co
and '~ injection into n metal, cnrrlnﬂ out ot Duderns Al (V.0~ron-
nr) a0t hing shotm thot achievine 3% 0.0047 concontrotion nlrosy

(24




cormlets nteel igotrony is provided. To et ol

1nhi
tely ~lobular form mnd srnll aize less than £ 0.00

to be »reeived. NResulphurisotion deq~ree increnses ag Tar o the t
n

2% wnieh hrocensing is done and calciuvm consumption is dincrenned
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(up to 1.5 k=/E). Unenosiun injection rclkes it o le to produce
a mebkal of hicher puritvy than during caleiun injection, it bheing
connaectaed with vetter removal of the forned oxide inclusions. The
Aifference in deoxidizing calcium effect, injected as CQC? nnd nno
silicocnleium is not observed. .

9,."hne nowder injection into the metal in a ladle nethied is als
used vo rroduce stecl with o vegulated nitrogen content and also
nlloyings with silicon, nickel, molibdenum, tuncsten. Thvn, a2t Smed-
jebaclen plant (Sweeden) a new method of low sulphur nitrosen-benr-
ing steel produvction wos introduced for retrl blowing in o ladie
with nmizztares contnining coleimn cyonanide CaCH?.

I'etnd is topped into o 1ladle lined with hién alvaminn refracto=

ry. Contiliver rotary crone lowers o tuyuer lined with melted hifh
aluire lining naterinl) into thie ladle. The depth of the subpyersed

tuyuer 2.5 m. The injected minture content (in 7): CaCii, 55,
Ca0 33, C 12. dxture denscity io 0 kr/rme The gnn eorrier = 1.
During mizzture injection besides nitrogen soturntion such nrocennes

as corburisntion, deoridation and dasulphurization take ploce.
Nlewing nlso influences both non-iet2llic inclusions content nnd
forn. ﬁwoh o mothod of nitrosen introduction into a metel o.nbles
to exnminn nitrocon increrent with o satisfactory accurocy depend-
insg on its quantity with the introduced cnleiunm cyonomide. Accord-
ing to dnhn[.9 ]xritrogen assimilation when introduced as Celil,
mnles un 7% =~ 1007,

10. Yludspnr nddition to calcium beariung naterinls (for

inelugions nreines) does not alvays rive a desirable eoffects. For
low carton stcoln rarnegium nixzturea + Tluospor oand nagnesiun o+ enl
3 . o

ciunm 4+ TInnzpor injections turned out to be more effective. I'7400
nizture appliention enables to increane the totcl materinls cipen-
diturn nnd 4o nrovide getting hich purity uetal. To prevent csecon-
davy ovwilntion steel, processed in suech n wny, could be canst in n
nentrnl atenapnere (or wnder vocuiun).
Yroenasing with nowders in o 1adle while blowing writhout o 1id
londn comnbines o a-eortain nitromen content incrnnse in o onafnl.
11. Urperionece han ghowm that enleium nlloys injectinn combined

i

~”

vith olar nrocenaing and arcon blowing decronses 5 eontent to




23

0.001," =nd lends to spheric form CaAl inclusing fo””ntwonLIOj]
During the injection process conleium inseracts not only writh
sulphar but both with oxygen and oizides. The result of these rerc-

tions ~vr ba subdivided into 3 siates, depending on coleiuvm quon-

]

tity, ivtroduced into a metal T In the first strre (up to
1.0 '"’5 Cn C?) though denulphuriintion oes in proonortion to the
introduced cnleiwm quantity, onstiium values are not renched. Tesid-
e, Uns inclrsions preasence is ohserved. On the other hond, enlecium

interocts with _-\1?03 inclusions, being forrmed during AL reinl deo-
hofore powder injection. At this stnge nur2 \~q '

incluginms in nieel gquickly disarvecr ond tronsfer into mCnC

-3 " pre
n Al?(‘3 inclusion tynes. These inclusions are distributed nlong

the incot cross-sccetion and don't for curmulations. D the end

of the aoiare m/n proportion reaches value 2 and the inclusions nre
cnlled 12 C20 - 7 Al?O3 type inclusions. Colcium content in liquid
steel don't chonre and remnin at 0.003%" level.

At the sccond stare (up to 2.5 ko/t CaC?) desulphurization
continunas but its speed decrerces abruptly. éulphur content in
lignid steel decreases up to 0.003¢". inS inclugsions rorely occur
in on iﬂﬁot. Pirst gstoge inclusions 12 €0 - 7 A]203 type alnrost
disr~ppenrr and Ca (0,5) type inclusions are forrmed. Thene incluniens
are very amnll in gize and quantity. Calcium content in metnl in--
crensoen »nd reaches 0.005¢. If Chqq ig continued to bhe injectcd,thd
third ctore with CnC? 2,4 g/t consunotion atorts. It is charrcte-
rizmed by practically constant sulphur content in n uetal. Cnlcium
conten® in liquid steel constantly increases Co (0,3) type inclu-
giong aunntity in a billet increases in proportion to the introdu-
coed caleium quentitye.

12. falcium renders poz itive influence not only ac desulnhuri-
sayr and deoridizer but also as e reament, affecting the speed of
inelunions removal. It iz explained by the fact thot crleium pre-
annee promotes aluminn inclusions shift into liquid caleium ~lunmi-
nateg, for different gteel nrades cn Teium chanres a2luninn accurmlo-
tiong ovnr liqnid aluninates, if calciun auantity is 3 tines nore
then the total oxyren content in bath. This process in its turn
promo te:s nccclurntion of inclusions removnl from a met~l.

Ye Sncondary mcbinl oxidntion processed in o ladle decrenses
nrocessing effectivenens conaiderably end decrensern the otobility
of the achieved quality lndJoo,. l'orrover, it in stated that aneh
aurlnae-nctive impurities, botn oxyren and gulphur content decrenne
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in metrl results in noticable nitromen content increase in metnl,
wvhen contncted with air. The addition of fluospar into the injec-
ted mixture cen prevent nitrogen concentration incrense.

14. Venides the injection method strong deoxidizers or deoxidi-
=ing mirtures (as a powder) introduction in the metal has rmot wide
apnlicntion. Deoxidizers and deoxidizing mixtures are placed into
a siteel shell as a wiree This method is called Vire-feeder-procecs.
In ecase of aluminium application an aluninium wire can be used. The
wire mmy be introduced both into a ladle and into the mould (during
contirons casting) or directly into the ingot meuld. Special equi-
ment[ll]ﬂosigned for wire application of square, triangle, multi-
fned and round cross gsection with 3 - 20 mn diameter and automn-
tic control of wire introduction speed are used for this method
anpplicntion.

15« In Japon Iiitachi Cables Ltd company produces 50~102 kg wire
coils, called Merrokal. The wirc core concists of calcium or Ca +
Al, the protective housing content: 0.105 C, 0.25-0.45% In, the
surface iz nrotected with special coating from atmospheric effects
wire dinunter 4.6 - 7.0 mm. Protective housing thickness 0.2 mm.
Ca/Al proportion chanres from 10 : O to 10 : 10 fIZS.

16. The other new aluminium introduction methods into steel are
the processes first epplied by (US Steel Corp., USA) LiA-REK proces-
c3. Thece nre nrocesses of producing completely deoxidized and par
tly deo:idized (semikilled) steel by means of liquid aluminiunm.

The cquipment for the process includes 2 gac furnace for aluminiun
melting, numps for liquid aluminium introduction into a2 metal,into
ingot mould, an approprinte branch pipe and control devices. Al
consumption in I'A-RI method is 0.75 - 1.0 kg/t, in AR5 method is
two times less. Applying FA-R3 method the yield from an ingot to
slabh 1makes up 86-887%, hislier than in conventional technolosy (32-
345 ). Az A1 is introduced in a liquid state, it practicclly dic-
solves immidiately and uniformly is distributed olons the whole in
rot crosn-nection, as o result ito locses during secondory oxida-

tion ~nd non-netnllic inclusions auantity in metel are decrenzed.
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IV. Combined Secondary Steelraking !athods
1. The main drawbacks of some metal processing methods are:
- the neocessity to overheat liquid metal in a melting unit to com-
pensate the metal 1% rall during processing in a ladle;
- limited interaction on a metal (only desulphurization or only
dernsnin~ etc. )

The best interaction results in metnl quality are achicved
while nning combined nethods. Illovever, it is necessary to conpli-
cate units decign and to use a more sophisticated equiprment for
their ivplementation.

2s Lndle metnl processing mry be produced by combined rethods:
- in a conventional stecltecming ladle with chamotte lining and
with o vertical stopner;
- in a gieelteeming ladle with hich refractory materinls lining
and sliding rsote type stopper;
- in a gsteelteening ladle equipped with o 1id;

- in steoelteeming lndle equipped for bottom jas blowing or fos-

)

powder mirxture injection throush the fixed devices in the botton
- in 2 wnit-ladle with 2 1id (arc) throursh which electrodes are
submersed, heating the metal during processing

~ in n converier type unit with oxygen, nrgon, vanour etc. metal
blowrins.

3. T™e erample of secondary steelmoking riethods, enobling to
heat n 1ot2l during processcing ASEA-SEF nrocesa, whicen nppeared in
Sueednn in 1964 and a simpler Pinkl-process vorked out later in "o
the 154. The first mgthod is o -voecuum nrocensing method vihore be-
sides inductionﬂtlrrlngthe metnl is top hented with elcetric aren.
“etel mny be hold in vacuum for o long time neriod. Thot provides
high refining degree from detrimentnl impurities. In soie cases o
certain slagforming quantity is also added | under metal induc-
tor stirrinre Such o method ig sophisticated nnd e:pensive, but
hirh metnl qunlity approves crpenditurcs. Due to thot factor the
rriven nethod has ot wide application, FJ%hIQ,

4. In Minkl-process stirring is done by an eacier nethod - arson
blowinsg. Denides, a ladle is in gtationary rosition in Miukl-pro-
cenn, thot malies metnl procencing while nroducing it in Jorre
auntiticn ensziecr. There in quite o number of such n tyve of pro-
conn varintionn\i3—I5].

5. LI'=nrocesn woriied out in Jopon

1
f

ine ot quite wide npnlicnti~

on. Mhe nrocess in such o agtate an it hes heen susrested includes
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rixing vith arcon retnl blowing in a ladle, m'c heating and e tnl

- . ir
woceesine with aynthetic slag, being arcon® red'“ho c

apncity of

mito-1~dles in different pleonis ronres from 30 to 150 t. The nro-

cess nrovides not only getting the decirrble chamical composjtinn

ond metnl to, but mise non-metnllic inclusions quantity decrense

a5 2 rermlt of sulphur and oxyeen removal thoat has led o consi-

derable mechnnicnl properties impnrovement. Such o unit 1y be in-
21led in any steelielting shop.

b, In many coses the technolosy is orsmniszed in such o woy that

metnl heating should be avoided in ladle processing. Aliguippn,
Jones ond Loughin Steel (USA) plant exnerience moy serve an eronple-
“he following chnuges have been introduced into the tecimology to
increase metal purity ond surface quolitys tapping retal £% increas
by 10“0, chamnotte ladle lining substitution for high alumina

(=2 70,A1?O ); porous bottom tuyuers ecpplication instead of sub-
merred (chqnotto) for flowing purnoses; slog mixture addition
(Cal/lal, = 2 ¢ 1) 9 kr/t in quantity; intensive crron rmetal blow-
ing througn botton tuyuers during tapping and lese intensive with-
in 3-5 min ofter tappins is over; metal custln" into insot rmoulds
having thoroushly clenned internnl surfoce without Iubrication
protection from secondory oxidation by materinl gos. Such n tech-
nology wns called "pure steel production technolony". The portien
of the firgt srode nroduction has grown fron 20 to 307 waen apply-
in~ thnt technelogy.

Te “tninlecs steel production in cormbination with omyren conver
ter and vacuun procescing rethod elnaboration may scrve nn ezonple
thic methed wng called ID=NION-process as it combires Id-converter
anplication, lodle circulation desnssing (Rll-nrocess) ond oxygen
blowing (Ob-proceas).

The process includes the follewing stnces (fig. 20):
- 1ndle iron desulphnrinntion in ladles by mixine the cunplied onto
desulpimirizer iron surfoce with o apecinl stirring device;
- ivon blowing in oxyren converier (derhocphorization and decnrbu-

ination); v

- atal tapping from converter, its senaration frem slas during
tonpine ol metal reteening inbo the converter, the ret 1 non the
contont: < 0,107 C, 0.010; P and 0.0107° 5; metal temnernture 16°0-
170070 (starme n);
- hish enrhon ferrachromium  addition and ite dincolntion in n
matnl durine secondary omypen blowing (melt conponition becoren the
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i 0.035 ¢ I, £ 0.009" 5 ~nd
2> 16.573r; relt ° 1710-1710 C (stnme b);
atr]

= nmeinl tarrning into o loadle and M vocuurntion with sinulicneons
surnly o=rren into chamber for decarburis-tion. After thnt opera-
tion netnal content bocomes: 0.04 - .06 C, 0.020 - Q. n357" P,

c
0.0007 3, 16.30 - 16.50" Cr, metal %% 1590°¢C (utareC ).
The new process advantares are:
- high vroductivity;

- low chromiwia Josses;

enzily controllable chonicel nmetal coiposition and low detrimen-
2l immurities conceniration;

ct

= possibility to et quite lowr corbon and nitrocen concentration
in the produced gteel.

£. VAl-nrocess niay be on exnmple of the combined proceass with

vacuun rracessing, ~rson blowing and synthotic sle & mizzbiares injiee
tion. The unit comnists of the chomber, movnted on the self-novable
platforn, ~nd o vocuum pineline in s stationary arce (bui not in o
chamber).

Tiie nerforued operation technolory iz the folléwing:

- ladle leention in Vid-chrmber and ar-on blowing (writhout vacuun)
- metnl oonple gselection for chemicnl annlysis and chamber with
1ndle chiltin~ to the slag (with Pe0 and -QO content) pumping-off
sector; chanber with a ladle position ch"n"c to YAD-unit, arc co-
vering and vacuwm rrocessing with heating (or without it). Menting
is done =with electrodes subnerred throusht the arc:
- Ca0, Cn?? and new slas Al ere introduced by ~dding i ultonconsly
with vacunn rrocessing and arcon blowing iz continued;
= 20-25 nin ~fier such a nrocessing chenicnl composition nnd +°
(electric heating) correction iz done in vacuum;
- after renuired resulta hove been achieved vacuun procesring is
censed ol a chruiber with a ladle are trensported to the teoming
site.
“hen it ig necesanry to et 5K 0.0040 or cilicocnrlcinm

is n4ditinn11]y injected into the retal. Tie produccd steel rmy bhe
intended for larme canacities for fluidized rns, rcctive ninelines,
borins of (shore sites, nuclear power stations, specinl vnits for
chemienl ~nd o0il chemical indugtiry ete nroduction.

% There occur some difficulties in phosphorus removal in ladle
metnllursy wmethodn However, this orobleir ean be solved of 1etnl
reterning methnd is used. The technolory epnlied at one of the
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Suriitero (Japan) Company plonts r be mentioned as an exanple.
The lrdle with non-deoxidized convcrtnr cteel is placed into VAD-
chamber. To decrecse dephosphorising slag capacity CeaO, Pﬁbq and
scnle resrectively 15 ; 3 and 3 kr/t of steel are introduced,

nmalzing €20 content in slag up to 60~ and. ”etotal to 127°. Arcon

is botiom blown into the ladle; 20 min later phosphorus contient
decronses to  0.0057 (2t metal temperature 1630°C), slag is pumn-
ed off and usual operation is performed [IG].

10. & more sorchisticated tecihmology iz adopted o Tipnon hok~n
Company Flant (Jnpan) vhere metal iz poured into the ladle and
12-20 L/t of lime and 2-15 kg/t CaF? is odded, then steel is
heated in YAD-unit nnd dephosphorized in VAD-unit, then dephospho-

rizing ~lop is poured out and a new 40-50 7. Ca0 comnogition is.
poure Hy
olso added ond nmain is argon and oxygen blown in VAD-units. Such
r technolory enables to get 0.00057 P in some coces and conventio-
nally 0.0011 - 0.0015¢ p [ I7].

11. The technology of producting - - "axtrapure” neinl for
specinl rurnoges wns called LFR. Thig process has been widely uced
in Japan[I87. The technology description, adopted by electric
steelimaking shop at i'uroran Co Steel Works, Jopan is given helow
as on exnample. The eauipment of LFR unit mnkes it possible to per-
form prrctically 211 technological onex rations on super deep removal
of such impurities as oxygen, nitrogen, h; ydrogen, carbon, sodiun.
The orc heating stond and two ladle vacuum preces gsing stancs nre

ed; 35-55¢ (FeO + !in0), produced in 2 apecizl furnoce. Cﬂl? is

included into a unit set.
Imlle processing effectiveness is rroatly increased by argon

metal blowing throuch porous stopperse.
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1) Pield of aprlication
1. “odern steel vroducticn techrnolesy in converiarsg and
eloctric steeclmnliing furnnces reaquire ateel refinin~ in loadle
metheds to be anrlied. It ensures steslpnling unite production
ineranea, enerpy and mterinl resources consumption dacrenne,
ste~l nunlity increanse. Vithout tinese nethods applicntion

continuous steel cnsting doveloprment is impossibhle.

2. Lecondary steelmn.ing uethods applicntion ia one of the
rin fachnolosicnl appronches in netnl quality iunroverent in
modern steelmnking shonse Inmdle steel processing has becoie
an irdisnensible part of n technolorsical process desisnnted
for hish qunlity steel production. Tesides a number of techno-
lorsier1 orerations such ns depsnssing, deoxidation, bringing to
perfection nccording to clienical composition nnd termverature
iz eorried ont by ladle wrocessinge. Thet brincs to the required
conditions to produce a wide ranse of steel mrades with a
linited nlloying ndditions content, it being extremely inmport-
ant tn ensure stable nronerties of wtnl prodnction.

3. it presant ~ wide rance of secondary steelmnliing ethods
are nvniloble in retnllursy. iethods or their combirntions
choice to solve certain problew=s is determined by their purnosesn
and Adapends on locnl conditions. The principle gecondary steel-
melise mothods nogaibilities nre piven in Table .

A. It is5 shown below what problems suould be solved by ladle

processing due to steel purpose and :rade.

Furmno, steel General procescing Gonernl influciice on
rrode aim steel qunlity
plnte Hydroren renoval,oxide  purity improvencnt,
inclunionsg nnount thernl procensine
decrease sinplification, rechn-

nicnl properiies
improveirent

shinn Docoarburization,oride surfoce defeclhs dnecreann,
inclusions nrount plasticity inerenae
decrecse
Bloc bratochni- Decrrburinabion to anenling Auration
cnl shent corbon content lesn decrensn, warinbic pro-

than 0,01 ,deoxidntion, perties innrnrennnt
~11nying aboorbbion
increnace




Struactarnl
carion

Strucinral
low nllcy

Sprin-

Corronion
reonintont

For contineg

and pacliinegs

Cvide iicluscions anount
decrense

the snie
Fedroren rewoval

Cride inclugsions quanti-
ty decrense

Deoxidntion,non-matallic
inclusions decrense,
hydrosen removal

Cxide inclusions aquanti-
ty decreose

C(zide inelunzions aunnti-
ty decrense,nydrorsen
romovnl.

the some

Decarburization,chronmiun
nhsorntion inerens

rdroren removal

30

:nerodefects auontity
decrense

Thermnl processing
simplificntion

Tlagticity increncsn,
macrodefects aunnt. -
decrens

Inerodefects quantity
decrense, r~rain sizes
resnlation, frequoncy
increase witen uvliraso-
nic control,
stabilization

lenstn of nservice:
incrense nt ogeilln-
tion, mncerodefccts
auontity decrease

Yooy resgiskance increansns

v Y
tite anio

Surface defects auvanti~
ty decrence

Blovis foriniion
nrevention
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fablel
Tochnolonicnl onerations iadvsirinal arnlication »nd 1adle
rrocessing nnthods for solvin: definite matnl
vrohlans ("+"— the problen iz nolved;"-" — the prohler is

not solved; 0" - the problen is portlr selved),

Toenralorienl orerntions TosteelThoroTehieriVdeowi in s T Tinglul !
nnd Tadle cotallursy I'nroceltreni! cnld !1dnti !pmri-loionn !
o thodsg !énivr!:ati!conno! on iy intiprongron!
nethoda! on:!zition(rithleranne mntian !

! ! correec cut ! ! !

! ! Ttion ! A1) L !

! ! e 14 ! ! !

! ! nlloy-! ! ! !

! ! t in~ ! ! ! !

! ! Tnddit! ! ! !

! ! Tiong ! ! ! !

1 P2 o v 3t At 5ty 1 T !

Inort cng roatal bHlovins T ! ! ! i r r
fovyr ~tirrine: ! ! ! ! ! ! !
blowrive nroper for stirving P+ o+t -t 0 0 !
Wavines refines slamen ! DAL+ 1 2 1 0 ! o0t Q !
ret~1 ' I 3 ! ! ! ! !
I CrS! ! ! ! ! !

! ! ! ! ! ! !

Fracensines hy iniection ! ! ! ! ! ! !
o thad (vhan vefined slag!SI, T + v+ v 4t 4 + !
is prrecent on nntnl) ! ! ! ! ! ! !
! ! ! ! ! ! !

Aleiay wire introduction!SCAT P 4+ ! 4 1 4+ 1 0 ! + !

! ! ! ! ! ! !

Ghnel “n"**Nﬁ (Inilo=Tur-! ! ! ! ! ! !
nneo,viiare moinl honting ! ! ! ! ! ! !
ig dona vhen refined nlﬂ ILELAPY + 4+ 1 4 s ! 0 !
is nresont or in inert _'7.'1., ! ! ! ! ! !
presence in atmospheore) ! ! ! ! ! ! !
! ! ! ! ! ! !

Vocinm nroconaing: ! ! ! ! ! ! !
ir streon ' LIS AN SR R T A R D t

! ! ! ! ! ! !

in Iadle rrvanred in a ! ! ! ! ! ! !
vria chamber: ! ! ! ! ! ! !
dnrngeine nrorer ! L L I T R O T - !

! ! ! ! ! ! !

Adoransineg with hontings VAD ! ! ! ! ! !
“han rcfinod nlan is TATRA-! + 1 4+ 1 4 1 4 1t 0 !
rrnnont on retnl IGKEP 1 ! ! ! ! !

' ! ! ! ! ! ! !
ratnl daeasainge worith ! ! ! ! ! ! !
nzyvron hlowing ren ot et gt - !

! ! ! ! ! ! !

Fertionnl: ! ! ! ! ! ! !
decesing nroper IDHGRVL 0 b b byt - !

! ! ! ! ! ! !

daceemine with orryrmeon INT-0D! ! ! ! ! !
reaftal bhloving ME-0 !+ !ty - !
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Fart B
Continuous Steel Casting

a) short historic development

1. :othod of continuous steel casting is one of the consider-
able achievements in retallurgy of steel. Continuous casting in-
stallations application makes it possible to receive all advanta-
ges typical for continuous units: high productivity, yield and
quality production increase, production erxpenditure decrease, raw
materinls and energy reserves economy. Therefore, labour condi-
tions are improved,air and water basins pollution is reduced and
conditions for complete mechanization and automatization of steel
cagting are created.

2. 'odern c~ntinuous casting unit . represents a sophia-
ticated technological, mechanical, hydraulic and electronic equip-
ment complex, including: a steelmelting stand
- tundish;

- mould;

- oscillation mould mechanism;

= supporting elements and secondary cooling zone unitg;

~ inpot tronsportation unit;

- n dwmay-bar with the mechanism for its introduction and
cleaning-un;

- unit for continuous casting ingot shearing into equal length;

- equipment for wiater supply into the mould and secondary cooling
zone;

-~ clectric cquipment;

- control nnd nut matization devices.

3. Continuous steel casting units are tre installations which
provide n finighed billet or slab production from liquid steel.
These inrots directly go to the rolling millg without hlooming
and slabince. As shovm on fig. 21 liquid steel from steelmelting
ladle mo to ~ tundish nnd then to n watercooled mould. The solid
ateel shell is formed in the mould nnd occcordine to its form and
section corresponds to a finished inrot. Partinlly a solidified
inrot (with liquid core) by means of transport system -pulling
atand-roea to a secondary cooling zone where complete solidifica-
tion occurs. The solidified ingot iz sheared into equal length
peces nnd by meana of the movable table or other transport
neans the finiched inrots are directed into the rolling shop or

stornre department.
4. Nafore pouring a dummy-bar with the section of the cnst
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"inrot is introduced into the lower part of the mould. A dummy-bar

forms n rovable bottom in the mould ond provides cohesion with
the solidifying; ingot. In the course of netal filling the mould
and the strong metol cohesion with the dummy-bor a drawing unit
starts operating and a partially solidified metal (a solid shell
with a liquid core) is drawn into a secondary cooling zone.

5. To form a strons shell mould walls are mnde of the materinl
possessing high thermal conductivity (e.ge copper) and are inten-
sively winter cooled. To reduce friction between the solidified
metnl shell and the mould wolls colid or liquid lubrication such
an oils, carbonhydrites or exotliermal and thermoisolating miztu-
res nre ndded onto the metal awface. In addition, to prevent
the breal: of the shell the mould makes occilated motion by menns
of snrecinl mechaninms.

6. From the mould the solidified ingot nartinlly occurs in the
secondnry cooling zone. It concists of suppnorting elements oand
units providing ingot cooling. Supporting elements muct pravent
inrot shell deformnation and its breakthrouch under ferrostatic
prescure action. Cooling is usually carried out by water spraying
the inrot surface. Viater expenditure depends on ingot drawing
speed nnd casting steel rrade.

7. T™ws, the whole heat is produced in o single continuous
inrot. At some plants the %echnology "melt per nelt" is perf{orm-
ed throngsh the some tundish unit. According such a technolosy up
to 10 melts one by onc is poured.

8. As nany continuoua process from orgonizational point of view
continuous cnsting ig extremely simpler nnd economically more
advantnareous thon periodical cnsting into ingota. It follows from

vhere the two casting processes are compnred according to
operation and time. The main advantorse of the continuous casting
are aa followa:
- n much higher vield at the expense of top and bottom pnarts of
the inrot,
- absence of invot mold preporction chop,
- atrip department absence,
- ahaence of cquipment for infrot preheating before blooming or
slabinge,
- bloomin~/alabing shop nbsence,
- considerable capital investment reduction,

the rranired orea rcduction nn compnred with the oaren necensory

for neriodicnl caating,
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- manpover requirements reduction, lobour conditions improvement,
1abour productivity increase,

- a hirher quality insot achievement,

- ponnibility to cast ingots according to the section.opprocching
the finished product section,

- continuous casting process can be easily cutonntically control-
led.

9. Mese advantoses have shovm thot continuous cacting to a
rreat erxtent has already seized the sphere of slab production for
widestrip ond plate mills and it is widely used for billets and
bars. It has pot exclusive rights 2t mini gteelplants with the
caracity up to 1 mln.t., which operate azcording to the technolo-
ry of electric arc furnnce - continuous casting - small capacity
rolling mille.

10. Intely n constant growvth of the amount of steel produced
by continuous cnsting have been observed in the world. The higher
rates of rrowth of continuous steel costing ond capital investuents
are observed in Italy and Japan. First in FRG and France the rates
of rrowth were not high but then raised to the level of Itnly and
Jopan. And s5till USA, Cnnade and especially USSR fail to keep
poce with them. The reason lies in the limited number of new
“lorkg vhae CCs could be immedintely constructed. At the existing
plants the fact when closeing and billet mills are turned out of
operation or substituted for CCsz is not alwnys justified.

11. Acaording to the International Iron and Steel Inastitute
dnta the overnll number of installations in the world igs approoa-
chins 120C: the total number of installations suitable for ulcb
nnd PLOOM chnting makes up neorly 300, for blooms and round billets
castines - nbout 250, for small sections about 650. Vithin a peo-
riod since 1980 10 slab and 5 bloom CC have been constructed and

put into operation annually.
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') Clasgificntion of Continuous Costing Instrnllations
1« At present o lorre nunmber of verious continuous costine
installationa have becn put into oneration. This depends en the

requirenents towards steel grades, infot quality and instnllatiomn
capncityre. The installations are cloassified according to o number
of charncteristics: inmot {type, installation composition, mould
moverant chnracter, technologicnal azis locotion.

2¢ According to the ingot tyne the instnllations nre classi-
fied on slabs, blooms and billets. The slab units have rectan—u-
lar section with the side propoertion more thon 3-4. Inrots in
the form of o rourd, n sauare or o reciancular with a smell side
proportion mny be cast at bloom and billet strndse

3. According to the composition the instellations core clansi-
fied into one ztrand ~nd multi strand uanits. The capocity incrense
ig achieved by metal pouring from n siveel ladle into gsevernl

3

stronds gsirultoneously. Usually sorted billets units hove 4-8
strands, slab units two strands. Tintely 4 sirand slab units hove
been concirncted.

4. Inntnllations are clagsified into continuous ~nd semicon-
tinuous crsting. At continuous casting units ingots are shenred
into equnl length pieces that enables to perform melts by menns
of "melt ver melt" method. During scemicontinuous easting the ingot
lensth in mnde for construction characteristics which are sclected
to rcimplify and cheapen devices in certnin production conditionse.
In this cnne, if necessary, ingot shenring ig done outside the
device.

5. Accordins to the mould movement the following unit types
mny be distinmuished:

- with oncilleotion motion. A dafinite period of time the mould
nmoven torether with the inmot or even takes the lend over it
and then returns to its initinl stote. The main number of con-
tinmous steel castinr inatallations refer to this type;

- with uninovable monld. Illorizontal units refer to this type;

- itk A nonld novine at an inrot speed. That provides the incot
ahell aliding abaence in relation with the mould and thus,
fyjelion absenece hatween theme T™hat veduces the shell break
nrohnbility ~t hiph cnating speeds. Rotors, where casting apeed
in ?=3 Limes hirher than at conventionnl unitn, refer to this
tyn.

6o heeordins to the technoloricnl azis locntion contimuoug
aqubting installations are classificd into the units with the




38

constant oxzis curve up to the final infot solidification and units
with the variable technological nrxis at a golidification section,
Fir.22 .

T. The following units with constant technological axis curve
refer to these installations:
- verticnl and verticeal with bending. Ingot bending is done after

complete solidification to put a technolorical axis into a ho-
r. .ontal position. For the wnits like theyv casting speed and
therefor their productivity is limited. As 2 result along with the
casting speed growth the so-called metallurgical length increases
(liquid phase depth). The increcse of vertical units metallurgi-
cnl lenth causes ferrostatic pressure growth of the liquid phas
and load incrense on back up clements of the secondary cooling
zore. That results in a considerable increase of the equipment
quantity, units heipght rmrowth and, consequently, deap pits or
high tovers congitruction. The experience of vertical units opera-
tion has shown it is rensonable to use them at a2 metallurgical
length up to 12-14 m;
- radinl, having congtant curve rodius ot metal solidification
particirntion. In this case the metallurgical length having the
gane ferrostatic preassure increases and correspondingly the cnas-
ting sneed and units cnapacity incrensce;
- inclined-rectilinecar or inclined-radial. Easential unit heicht
decrense and, thug ferrostatic pressure enables to reduce equip-
ment s to a lerse extent and thercfore units costs

- horisontal units. Their technolorical n~xis is located ot 7-12°
ongle townrds the horizon. The units hnve the same advantnges os
the inclined.

8. The units with a tachnological anis of the variable roadius
include:
- curvelinenr units with radial mould. In this case the mould ond
the gecondnary cooling zone part has constnnt curvature, and ano-
ther part - a variable one. In this part of gsecondary cooling
noft strairhtening of the ingot with liquid core takes place.
The units like that at the same vertical and radial heisht can
have quite a large metallurgical length and thus, a higher produc-
tivity;
-~ curvnlinear units with verticnl mould. In these units nffer o
amall gection of a gsecondary cooling zone the inpot bending starts.
Inrot ntraightening may ocuur after complete solidification or

vith liquid core.
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9. At present radial and curvelinear units have got
advantareous cpplication. In converter shops, as a rule, curve-
linecar units are installed, in electric steelmelting shops -
rodial unis. In the shops with little capacity horizontal units

have rot wide application.
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c)

Dasic Equipment for Continuous Steel Casting and Their
. Technological Purpose

1e Steeleasting stonds are an integral nart of modern instal-
lation technological equinment. They provide metal supply in
ladles to the unit, weighing and lndle setting in a required posi-
tion, pouring process, ladle abstitution ~At the speed ennbling
to inke pouring by a "melt per melt"™ method. They also provide
the vnits operation independent of the orsanization situntions
toking place in the shope. According to the construction and opern-
tion principle two types of stands - bridee and rotary. They 211
are considered to mount two ladles.

?¢ Dridre stands more along the working site providings ladle
cshifting from the reserved position into the operating one. At
“present atandg lile that nare not installed. Stands lile
thnt are cumbercone, necd big location sites and powerful supnort-
ing constructions. In general they e:xist in old shops.

3. Rotary stonds ere desisned as supporting rotary towers, fixed
nt individynl boses. They are equipped with the rotary mechanisms
and a plate for ladles, fif.23. The stands like that provide steel
pouring ladle transfer from the reserved nosition into o working
one by »otating two plates round their common nzise At present
there is o rreat variety of such units distinsuished by arransement
schemes, construction methods of rotating mechonisms, elevating me-~
chonisrs ~nd other elements.

4. Tron the steeltecening ladle the metol poes into a tundish.
The tundish misaion is powring conditions stabilizatione. The in-
vestirators have shown lately that to improve netol quality tundigsh
capncity should be incrensed. (it nlso facilitates seria% pourins)
Az 2 result tundish canacity of modern instollations has grown up
to 10-70 t.

5. Due to the lining type ~nd its preheating temperature before
pouring tundishes are classified into 3 catesories:

- conventional tundishes with the heating £° 1100-1200°C. As ~ rule
their liningm consicts of 3 lnyers: thermnl isolating, ermnture ~nd
oneratingg

- hirh termerature tundishes with the preheating £° up to 1600°¢C.
The anplicntion of tundiches like that enables to decrensne metal
townorature during topning from the melting unit at SOOC;

- unhented, where thermel isolating nlates are u?cd n the operatineg
lnyer of lining. Silica and a fiber materinls wake up the contentn
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of the rlntes possessing extreiely low thermal conductivity and
therinl capacity.

5. The stability of the continuous coastins process is to o
lorre etent determined by the operation of the dozing devices.
Today the killed steel pouring is performed with the met~l feed
into the nould by neans of submerged shrouds, Fig.24, operating
in combinntion with the slasforming miztures laid onto the metal
meniscus surfoce. The general requirements to the shrouds nnte-
rial brousht to thermnl resistnnce, errosion resistance under
slep and metal nction, and sufficient strensth at high temnerature.
One of the mnterials is amerphous quarts. Frecquently uscd
shrouds nre made of prophite,high aluminn refractories hnve low
thermnl »ecscistance.

T. Th2 mould nerforms the functions of tha primery refregirn--
ter end formbuilder, providing the desired form of the ingfot
cross-section. According to the operation principle it ic a heat
exchanser which rain mission is to create necessary conditions for
intensive convective hieat exchanse from a liquid metal. The obli-
ratory condition for the mould operation iz to provide o golid
shell with the strensth exceeding ferrostatic pressure of the
coming retrl from the mould and drawing forces. [ould may be
block, built-up and tobular.

8. Mock moulds are made of forred or cast conper blocks with
the thickness up to 200 mm. lloles are drilled in the walls to let
the cooling water go throughe The produced copper block iz fired
to increrse atrength in a steel shell, fir.25. The moulds like
that cause wall deformation that nematively affecta the ingot
quality. l'orcover, such moulds are ecxzpensive.

9. Tobulor moulds are made of weldless copper pipes with the
wall thickness 5-20 mme. The mnade tobules: of the given cross-sec-
tion profile nre inserted and packed top-dovm in a stecl shell.
The cooling wnter is circulated in the spoce between the tobule
rnd the shell. One of the variants of the tobular mould construc-
tion is shovn on fim.26. Tobular moulds are widely used when
billets, rods, hollow smnll section inpots are cest. They are
quite chenp and anable to acheive fant pouring speed and are con-
venient in production and operation.

10. “uilt-up moulds nre made of four separate conper pleleg.

They mey be thinwalled (5-20 ma) and thick walled (up to 100nn).
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Assembled and tight together by bolts the plates form o construc-
tion with the copper working surface. Such noulds are used for
recton~ulor sheets and large blooms casting es strong wnll herd-

?]

ness en~hles to stand ferrostatic pressure considerably without
def rmntion,#*ﬁ 27.

o
11. The built-up moulds constructions ennble to chance quickly

[9

the width of the crst ingot.e That is achieved by the nnrrow wnlls
shift, inserted betiwreen the wide ones. Such 2 shift iz performed
by neans of different mechanical or electromechanicnl drives. The
exigsting constructions provide the mould profile chonges without
o continvous casgting breal.

12. e oscillation mechanism is designed for making conditions
preventing liquid metal breck-throush from the mould. The ingot
ghell formed during pouring in the mould adheres to the walls in
severel points. Thus, the ingot stops moving towards the mould.
Due to the efforts drawing the inmot the shell break may occur.

If the new shell of sufficient gstrength fails to be formed a2t the
brenl plaa, the liquid metal break-through will occur ot the
mould ountlet. Therefore the conditions providing complete "heal-
ing" of the break place or it occurance prevention chould be mode.

13. To solve the raized problem it is necessary to stop the
ingot shell movement towards the mould for a while. It is achiev-
ed by imparting reciprocated motion or oscillation to the mould.
During movement twher the mould is lowered at the infot drawing
speced the solidified layer width and its strength increnses. Th

]

return to the initial position takes place at the gpeed 2-3 times
highier the ingot drawing speed. However at such oscillation modes
the shell breaks cannot be prevent:d completely.

14. The mould movement modes according to trapezium end sinu-
s0id lows. In this cone the movement gswneed chanses: at o certain
fraction of time the mould lowerins speed increases, toling the
lend over the drawing insot apeed. The so-cnlled negative sliding
oceurs vnhder the action of which the ingot gshell underroes contraca'
tion deformation. Thug, in case of the crust break occurings at the
movemont upwards, its broken edges ore shifted and packed,henling

heing incrensed.

15. "hile gelecting this or thnat movement mode the possibility
to rchisve nazimwn canting speed, its stability, characterized by
the cruat break absence and the ingot surfoce quality,nvre valued.
Trapeniwm law providing casting stability is preferable from these
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points of view. Sinusoid law enables to sinmplify a drive const-
ruction nnd increases an ascillation mechanism service life.
Hovrever costing gtability worsens.

16. It should be stated that reciprocnted mould moverent riodes
envisering ingot foréstalling, are characterized by the surface
qunlity worsening. It cnn be seen in transverse foldn formotion
on the inrot surface with the depth 0.1-0.5 rm. Fold forinction
occurs nt the morment when the mould stnrts to be ahead of the
ingot due to the movement speed. The formed thin crust contracts,
n liquid metal is poured between the crust and the mould wnlls
ond the fold is formed. In the fold area aglomeration of non-me-
tallic inclusions is formed,@ls 28.

17. The folds character is determined by the adopted low of
the mould oscillation. According to the trapezium low they are
roucher thon at sine lawe And s5till in all cases there is surface
quality dependence on the ingot drawing speed, frequency and
mould osciliation amplitude. Thus to receive the required suri.ce
quality casting conditions optimizntion is necessary: oscillation
frequencies and amplitudes depending on the drawing speed.

18. The cooling mode in a seccondary cooling zone must provide
a minimum complete solidification duration and the surface nnd
internn] dcfects abgence. The following requirements ore put to
the secondary cooling system:

- monotonous ingot surface tenperature decrecse till the complete
golidification;

~ plonr the entire zone the aurface termperature must be in the
plastic deformation temperature resgion of the given steel;

- uniform temperature distribution slong the infot surface;

- the ponsibility of cooling intensity and secondary cooling zone
length resulation depending on the steel grades, speed and liquid
phase depth;

- svgtem operation reliability within o long period of time.

19. Seccondnry cooling intensity iz reauired to be mninfained
nt the snme level so thnt o complete solidification finished at the
zone end at the given output, but the ingot surface temperature was
not lownr than 800°C. It should be trken into sccount thnt n consi-.
derable coonling intengity increansze doesn't cause ~ noticable soli-
difiention increase. That promotes only surfnce overcooling nnd
Aifferent dafects occurance. The gecondary cooling mode dependa on
the steel rrade, profile and ingot sizme, casting speede Steels
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ne; high strength and plasticity at temperatures close to
solidification temperatures and undersoing no phase transformn-
tion during cooling are cooled wwith iwciimum intensity. Steels rore
cornplex in composition, possessing phase transformations are cool-
ed less intensively.

20. ‘"he rnin technologfiical function of the secondnary cooling
zone is creation of optimum conditions for complete continuous
casting inmot solidificntion. The liquid phase duration ~t modern
units rrkes up 15-40 m depending on the ingot section and casting
speed. Cooling is accompained by:

- thermnl tension depending on cooling conditions;
- stretch tension caused by friction and drawing firces;
- tension under ferrostatic pressure of the liquid melt;
- forces connected with the ingot bending and its further straigh-
tenings,
The jcint influence of these factors determines tension de-
formntion cast inrot state and, as a result, its quality.

21. The seccondnry cooling zZone conctruction must respond the
followings reaquirenents:
~ to nrovide a thorough ingot support ot the mould outlet, where
the shell thiclness and its mechanical strength is minimum;

- to exclude distorted ingot forins under ferrostatic pressure
action;g

- to reduce stretch tension in an insot shell. arizing from the
pullins forces action;

- to rrovide optiium heat removel and its resulation depending on
drazing sneced and cast steel frades;

~ to provide a rapid substitution of the sccondary cooling zone
unitse.

22, Inrot draving is done by menns of 10lls system. The rolls
are pressed to the dreym ingot by meons of hydraulic or sorine
mochaninns. Denides rolls asystenm of ingot drawring there is n~loo 2
Punlliing beons" system vhere drawing and cooling is done by means
of flat noulds, elterately presdng the ingot coming from the
mould nand noving it dovmwards.

23, "he lencth of the secondary cooling zone is determined byr
the Arssing spoed and the cont inpot section sizee The nolidificn-
tion procness must be finished by the mnovenent of inrot sheoring
for ecurvelines~r units, by the moment of its straightening for




radial »nd for wvertical nnd horicontal units by the morient of
coming into the pulling stond.

24. There nre two cooling methods in a secondary coolineg zone:
water and mict. During wnter cooling water cprayins is done by
re~ns of specinl "mechanical" sprayers. In this case wnter supn-
lied at 0.25-0.35 I'Ta  pressure pasges throush the nozzle of a
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certoin configuration. At the emnense of pressure chances it

o
H

thus devided into the drops of 0.2-1.0 nm size and as o flame
a flant , oval or round form it oes onto the cooled surface.
I'orover, the liquid dernsity along such o flame section varies and
is mecomnnnied by cooling inhomogeneity. . a-uit inrot =ones lo-
coted algne the flaome axis are overcooled. It may-cayse thermnl
craclks formntion.

25. ist cooling dees not have cuch dravbacls. It allows to
achieve n soft nand rerulated cooling n~ccording to the required
mode for the given steel srodes and casting sneeds. At nrecent
there in o rrent nuitber of mist cooline. (Pig.29 ) They include:

- nist mizture formation in specinl senarately located nizers with
the further nixture transportontion to the insotg

- mist mirture forintion directly before its suprly onto the infot
by a ceprrote vater and air supplys

- 1nigt mizture is foried directly before the gprayer.

Foen of the nethods have its advantases and draviboclis. The
Intter ic lilely to e o miore perspective irrespective of its re-
lative complexity: it is more relisble in oreration and provides
procti:nlly any cooling intensity.

26. One of the main technolorical units of nny continuous steel
costins installation is the unit for incot sheoaring into ecunl
lensth piccese Such o unit is instnlled at the end of the techno-
lorical line at its horizontal (vertical) scctor. The insot t° in
thot plnceconstitutes abonut 500°C thot limitntes a musber of shen-
ring vothodn. Taking into account that in 2ll cases inrmot shearings:
must be produced without itz movement stopn, all shearing devices
are wnrovided with the certoin transportation riechaninms. Gas-oxyren
cutting, hrdraulic chenrs and impulsive cutting are usunlly nnplied
for alinorine.

27. Gn3 cutling iz distinsuished by n relative zimplicity ond
relinhility. Usually acetylene or a pronone=butane mixture is uned
as technolorical pases. '“ro cubting torches are usually usned on

alab units ~nd on bloom units - one cutiing-out Imife. In snite of
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its wide nvpplicntion gas cutting results in 1-2% decrease of the
yield, reauires great techinologicnl rases e:penditure, scnle re-
rmoval srrtems, pellutes the enviromment and occupies a rather
larre nreon.

28. Tetnl shearing . with hydraulic shears doen't have woastes
and doeasn't pollute the environment. A hirh shearing speed cnables
to 1lncnte the equipnent compact and that to a large extent reduces
a totnl nrea occupied by the shearing sector and reduces ~ techno-
losicnl unit line. Besides this method application is limited by
o larce equinment body, its cost and considerable onerational
expenditnres. lorecover, the equipment complexity and hard opero-
tion conditions decrease its operntional reliability degree.
That's by the hydraulic shenrs is more reasonnble while casting
exnensive complex alloring steel grades and alloyse.

29, Impulgive cutting is based on the blast enersy application
principle cousing simultaneous two cutting-out knives rmovernent,
directed one townrds the other. llatural ~as nixed with cir is
used, nn a blosting nrent.e The imnulce shearing devices are che-
roctoerined by wastlens retal shearing, device compoctness, hich
siearine sneed, smnll noass and relatively inerpensive in opera-
tion. ™eir large disodvantage is a hipgh noise level, vibration
and pollution. i'ore often they nre used on multistrand sorting

device cooting sm2ll ingots sectionse.




47

d) Specific charncteristics of horizontal CC

1« In the whole, horizontzl CCs consiast of the same elewents nn
other vnits types, but there are some principrsl distinctions thnt
mrle o technological "exis important as far as general arrangement
and conatruction of certain assemblies is concerned, Fig. 30
Thus, o tundish i3 replaced by a snecial metol receiver, which in
its twrn is connected directly with the mould. The mould arrapnsed
horizontally ralies the moul? less cumbersome, as its construction
operates in conditions of relatively low and constrnt in value fer-
roctatic pressure. The same renson mnkes the construction of the
whole secondary cooling zone suprorting systerm simplere. At the soire
time in spite of o lot of incontestable horizontal units advantazges
they pnosoess a number of serious constructive problems, determining
bothh their opernting obility and cast netnl quality. The mnin prob-
loems ore: resistane of the metal receiver assenbly connection with
the mould oand incot drowing rerirme sclection. The attempts to zolve
this problem ftoday hove led to the vroduction of a sufficient num-
ber of various CCs types, that con be mrouped according to ingot
draving nethod:

-~ poriodical drowing from the motionless mould;

- conatont draving of two billots in onposite directions of the
cillnteod mould;

- connkant draving from the mould oscillated independently from the

rnietal remiver or in combination when connected rigidly to each

other;

~ motionlass billet formntion by menns of the monld, periodically

goingr nlong the n~xisz, building up the ingot face.

A1l these unit types nave their adveninges ond drnuwbaclis which
dntermine their npnlication to s larger or less extent. At present,
the firast nnd the seccond types hove got wider application.

?. I'’ntal receiver nrovide stable metal supply into the rmould
irrespective of its level in it ond in a steelteeming lodle, non-
metallic inclusions flonting-up, melt protection from sccondary
oxidation, motnl distribution along tho mould if there are severnl
atrands ~vnilable. ictal receivers may be anplied by vorious unit

.

for nininl heating with inductors, inert rnses metal processing,

sliding #ates for metnrd consumption ronu]atlon, cte. The principnl
petnl receiver difference from a tundish is protective steclteeming

ghrouldns  and dozimeter units as stonpers or sliding rates cbaence
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a3 netal entera the mould which is closely linked with » netal re-
ceiver hr o snecinl metal pipe.

iver agseombly connection with a nould in the wnin
nents as 1t deterrniines not only its onerating nbi-
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nfluences the seclection of an inrot drawing method to

ity but it i
erztent, thus, the whole unit construction. The asnombly
4]

n cortain

mist ba dense enonsh to exclude metal pnnntr 1tion ~nad solidificnuion
in the joirt betwreen then.
4. The above mentioned nipe operatcs in complicated conditions.

It iz subjected to obrur. temperature voariatior

,3

s as a result of peo-
rindicnal »oplacement of the solidified crust by ligquid el during

drawrine ereles. Resides, a very dense wmetal freezing oficn occurs
at the rmotnl gurface. During drozianf the crust used to sonrmrate with

the refr-ciory.
S5 Teriodicnl inmot dirawing from irmmovable mould has 0t wride
roplication.s It solves the prohlem of connection pipe resistonce,
o

ronld rewsing irmovable wien rigidly connected with the

5. Yoritive results have been reached in traditionnl] o~nnlication
of recinrocnting mould motion. In this case 2 metnl doesn't ro to
the ould face but into the middle through the hole in the upner
well, Suveh a nethod nalies it nosnible to draw sirmltaneously two
inzotzs in ornosite directions.

Te Good results have been reached in insot drawving from the
would, riridly connected with o netal receiver and mnking jointly
reciprocnting rotion according *c sine lastre However, such o schenn
realization iz possible when smnll metel receiver cnpacities ore
available.

8. In o nunber of constructions continuously cnst billet is
drarm in opposite direcctions, . A round billet 120 rm in
dinnntar or bloormes with 150:2150 crosz-section at a drowing apeed

m/iin wey be produced at the unite. As there is no linking anoemb-
1y betwans » tundish end a nould, larse cection bhillels oy bn cont
nt such » mnit.

0, nuldn of the horizontal mits operate in conditions diztinct
from other GC 4ypes moulds operationse. Primnrily it coneerns in-
crnnsad Tevengtiatic vressure in the zone of the initinl cruat for-
mtion. The incrensed ferrostotic prescoure promotes contret inten-
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sifiention of the solidifying crust with thie mould wells nt the
ontnct nlnce of metnl supplys Thus hent is abstracted hore nuch
intensively thon in vertical and curve lined woulds.

10. fceording to the construction horizontal moulds as n rule,
are of cinell typen as ot present cast billet cross-sections hinve
relatively omall cross-sections. Turther on, it will be poznible to

nge nszenbly constructions when transversal inrot sizes are inerenn
0510

11. Conined mould constructions where shell lensth donsn't o=
ed 100-250 mm nnd the remnined vart iz nade of either oraphite or

cnrinfp-londed copper stock .coolers hnve pot wide applicntiona.hen
round innotg are cast, cowner-sgrophite moulds where one evi of the

=58

graphite nipe is in the metal receiver ~nd the other is in the wmn-
0li

tercooling rould, sood rezulis have been received. In this coge

metn

such a construction overnies ng pipe for ut to nrotect a rro-

pnite pire surfoce from weor it should be conted with protective
lnyers.

12+ Goenndary cooling mone construction of CC ig imuch simpler
than in other units types as it generally performes onlr coolin~
functionn. Relatively low and constent ferrosgtntic pressure level
in o comadory: coolins mone as coumpoared with other CC +rues 1mnles
it poszitle to refuse complex supporting systems, subshitubing them
by conveontional rolls for inesot shift. Coolia~ methods and intensiz
ty ore delermined by both gizes and zections of the cast inroit
crosc-sections, and ietnal mroades. Then smell croso-sections billets
are cnnt ~ir cooling nny be only used, writh largse cross-cections
- vnter or mist coolinr.

12« At nresent ac it hng heen clrendy mentioned work on conatruc
ting and introducing new horizontcl CCs types cre still in nronress
21l) over the world. Tow units type end i tt1c cauipnent 1nsa anle
them innzensnsible in price an comnarced with other wnits trres.Thun,
nmotnl conncity coefficient ratin of equiprent mncs in ko to annunl
production in tonra for horizontal units nnkes up 3-4, for curve-
lined 5-6, for verticnl 7-12. Linuid metnl heisht decrense and fer-
roctntic presmre decrense for an ingot crust pmives and onportunity
tn oreluin Hilleod deofects such as Aifferent interarl erac's, wrhich
may nceny in on gncondary cooling mone of the curve-lined nnitn,
socondnrr oridation processes dnvelopnent decrennes abruntly.

14+ Towr heisht horisnontnl CCz enablas to construct guch units

in aboele~lding shopa buildines without hirsh constructions ~nd pit
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vithout s~pecinl cranes ~nd hoists. It decrenses capital invest-

"ments per wnit by 36 - 4450 and specific copitel investrients in
continuons cagting dennrtment by 12-20001917.
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c) A lavout of = steelmaking shoo wi-h continuous
casting units
1. It is difficult to draw the nin principles of CC locntion
n the shong wviere & nortion of steel is cact into infot molds nnd

1
continmoun casting is used siiwltnncously. Ther ray e lacntbed in
t

c
e end of the hnys where ceosting into inrot nolds s done bhoth
perpendicular and parnllel to their ates; in the boy adjusted to
the

cocting only by continuous riethods a special departnent, which may

casting one, Tige 31 ; separste buildinga, ete. During steel

be cither loc-oted in o separate building or vy be included into
the nin shon building, can be introduced.

2. While desirning continuous casting departments, the crention
of the ontinum eargo streams system, providing minimun denortment
capncity ond oren, ~nd the necessity to locnte not only CC but the
following equipnent and sections should be talien into corcideration
- rethods ~nd equipnient for sunnlying ladles with liquid steel to
5Cs
- equinment for o quick stecltceming lndles ond tundishes chonses
- rmainten~nece section and tundishes preporntions
- secondary netallurgsy cquipnent for steel refiningg
- syatens for cast billets transportatio. to the astorehouses and
to the rolling shop;

- eauinnent mnintenance and storase sections.

3. At mresent, two systems of equipment locotion in the shop ore
used: linenr and block. The block system hos got applicetion fene-
rally in converter ahops with high output. CCs are uvsually locoted
in 2 linenr syoten in the main building bays; where clectrosteel-
making sheng have considerably lovr outpute. Thnt decrenses cnpital
outlnys ~nd provides rational labour orynnisntion, ﬁi% 32,33.

4. The chop nlan with 1.0-1.2 mln ton annunl output is shovn ag
an erx~nnle in Mire 31 . The diatinruishing features of the shop are
a nopecinl bay for gronnlar materinls sunply, steel costing cimulte-
neously into ingnt moldn ond at CG, scrap charging into discharse
bagteta directly f{rom the van.

The shop has the following bays:
- char~inr~ (A)
- rronulor poteriala (B)
- furnnce ()
- teemin~ (D) with the lndle naintenanee dapartuent (1)

- shortenecd bay () whare one CC (12) in locnted.
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“toctric furnnces (4) with tronsformors (5) are locnted
r §

at the hordeor of fHiemace and toeowing bargs ot the ond of tho

frurmnan hay in cectbions arcs mritennnce is done.

Ce Tn thig shop steel serop is tronsported in vans nlons the

J e

~

() and is charred on standa (9) into dinchnreoe basltots

vhicl ~re further cunnlied nlons railvnys (11) dinto the furnnce

bor. trenular materinls mo into hunlers (10} and then in inrot
told-~ directly into the furncce. A 1ndln with steel is troncpor-
ted fromn electric furnaces to n vacuumator (13) and to the
tenpine nites (2) or it is arransed on the *oeming 12d1e enr
that trensported o 1edle inte the CC Iny. Por mrintennnce
ateoltonning Inadles are tronsported to the departument (1).

He Thop Anpartuent layout where contine ia done only conti-
mounty in showm nn an ernmple in £ig.39 . The depoartment is
conanted with the pnin bnildins br teamine lodle car —rrs (1).
e bnr I is desirned for ladle nrocessine. A wvncunmpntor (2)

(

and ~rion e bnl blewing unit (3) is loented there. The bay 11

ig fer ateel distribution nlons CO. In the bnxy I11 00n with

rotntine stoands (4) nre leoeated in one line. The boy IV ig

derirnnd for billet shenring; the bny ¥V - for their transpor-

tation.
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1. "Me moest fmportant elerwnts of modarn continuous steel
*

£) lutowntic Irocess Control

o]

antine smits ore nutorntic control srystems. Couputer devices
aorve o arfe reasnre for stable fecimolormicnl enuinmont wori.

7. Oomruter devices in the CC control arastens perform still

10

1ot

more commnlicnted quCulons that mny be renerally concluded
the folioring:
- norinnl eastine narnmeters dnta cnlculation cnd printing Tor

the persoannels

<k

- Loghunlosical inforintion collection, procesning nnd i
nresenti~tion to the rerzomnel Tor nnlking control aool

- contro¥ nnd sisnnlization of the mnin teechnolosical cnniing
novarators devintions from the gtnnd-xd;
- 10al Lime yecorv-ondntions calculntion and nrinting for naintein-
ine eoninct sehiedule, providing stnble joint operation of steel
pnlins and conbinuous costing denortnent;

- infermtion ncoumulation of costing moden for further cualyois
nnl Lechnolory imnroverents

L)
]

-~ cnnbin~ amsary docwents cerbificntion ~nd nrinting

- geconlary enoliny; node coutrol;

— nrintioe recom endntions for infot shooring.

3, At nresent GU nutometization unholds tha followines ranarsl

cnntine nrocens resuviation and control arstonm

- tundisi and sould level stobilizntion control;

- in~ot coanlins mode control in the mould ond in n ceocondnry
copline arntoms

- inrot ahenrin-~ into siondard lensth process control;

nto
- TipnY enating phase control.
4. 08 sutorntizntion flow-chart is shown in fif.36.

5. "0 renoral meitnl level rernlntion pethods in the rould
hovn rot wide anplicentione

i uned viile conting wrdth

’

- 1etnl evpenditure chovce widch foen into the nnuld ~t n
coralant Arnavine nneed, This rethod

» atonner or with a oliding rote;

- n dyrocine aoned ehnee at connhnat sietel arpenditnrs which

. L]

ronn it the ponld. Thin vethod in uned i le easting withond

n ohoprer thronsh the auerred shroudsn.
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0o nlionisotone gsencor ond holoron uneler arce often uged nn
~ matel level detector. The eiecutive uiechnnism clinnges the
atonner nogition in the first co 0[20] Tn the second chnansine
the bhillet drawing speed. Automntinntion enables to keen the
ratnl Tevel stobility in the mould within X5 mn from the
requirnd one,

Te e arstens of gecondnry cooling mode cutorotic resulnatieon
solve the prroblem of ontimun distribution of the coolin~ wrter
crnenditures o~lonr the 'mit technologicrl nmis, denending on
the croting aspecds Conmputer srstems apnlicntion en~ble to ~uto-
matine comnletely the CC seocondary cooling syoten. The ciipe--
riexge bog sbown that computer r~pnlication ensures to liecp
billet curface tornerature occenrocy witnin 40°C.

Re A% nrosent there iz no opvortunity to sive certnin recom-
rendationg on any control and nnnarenent menns and methods Tor
consinuong gieel costing in definite conditionsz. Iractiecnlly
every conpany orks out ond reecoivends its control oand rrnnon-
rent etheda. Therefore, only sonme exnmples of golvings thic

proble:n nre riven helow.
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9. *utomntic control srystem with wide computer ~pnlication for
curve line CC type, J-strand for slabs aind 4-gtrond for blooingc,
andstrin hot rolling mill heating furn-ces at 5in uwnvo"Satatsdzl}
Sycten functions are traditionnl:

- bille® casting speed reculation;

- gsecondary cooling profrarme provision

- inrot stondnrd lennth coalculation;
- providing billet herting reqime jin the furnnce -~nd drnt~ collec-
tion dve to the mnin nroduction indices.

Centrnl computer performs general production control and is
linked with sepoarate »roduction gsectors computers, which receive
comrnnds nccording to continuous cansting schedule and send curront
oparation deota of this or thnt cauipment grouns to the central com-
puter. Corrmunicntion channels bebween separate sectors computers
nre usnd for technological onerations coordinntion.

Onc processor controls CC and heating furnace operntien, the
other - circulntion steel derncsins system operation, fir.37 Any
of the two procesgsors rnny serve two sectors at a time. At the upper
level) a coxputer controlling CO operation is connected with the
centrnl computere. At the lowrer level 2 moin equipment is controll -
ed by a microproceansor and programre logical control units, deter-
nining operntlons sequence. Optimum cooling resime for ench gteel
rrade is achieved by a methenntical model.

Contral computer rokes data collection from nll subsrstems for
overntion quality of the whole technclorical line estimntion. 33
parameters are introduced by the aystem, 53 - by an operator nnd
30 - are calculated out of the whole detn arrey. Centrrnl computer

mnkes up production outlay ~nd give approprirte comzonds to produc-
tion control subsystems

The described system application has promoted technological
processes astability increase, defects aquantity decrease and eners)
TeIOoUrces eCONOmMy.

10« Structure scheme control of G-strand bloom CC Dernr-CPELL for
Sncilar (France) is given in Fis. 38 . This system is equipped by:
loricnl cnntrol units for technoloricnl process operations
sequence;
- atrands automntic control units;
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- controlling computer;
- conmputer for display and printer units control;
- a set of neasurement and regulation devices.

Automatic control system operates on bloon georetry data base,
steel mass in a steelteeming lndle, drawing speed and cooling in-
tensity. It enables to transfer to distance control of both one
strand n~nd the vhole CC tedmmological rejime. A comnle: of six in-
dependent ~utomntic regulation subsystems is used for distiet ove-
ration of each strand:

- strand control on controlling computer instructions haze;
- location determination and signels of electromechanical equiprent
operation rhythm violation;
- dnta collection and processing of the whole gstrend equipient one-
ration;
~ CC inrot standard length control.
Controlling computer functions include:

- corrunication vith an operator;
- onerated phase selection at cach strand (sced elevation oxr
teenins);
- casting parameters calculation (speed, cooling remime);
- starinrd lenpsth calculation for billet shenring
cfects dnta determination and collectiong

strond rerulation avtomatic control systems and the received
datn procogsingg

diclosue with display and printer computer control units.

The wwhole comple:r imnlements the following functions:

- functional curves dynamics control;

curves printing;

- datn ctorape ~nd cooling characterisntics alterntion;

- insot curface defects determinntion and eiwrpency signols appli-
ance;

- drowing, up casting prosress report, indicoting metallursical nro-
duction dnfects occurnice and billets in renl time mode coding;
—optimization of ghéaring in a riven length function and the rennin
ed metnl rass in o tundish;

-~ casting dnta collection (mnss , heat number);

= cruinnent operation autonntic tracking;

- cormmmiecntion with intrashop system information.




1 . fecording to "continuous casting - direct rollina" processes
uitnbility

infrodinetion, quolity slab cloczification nnd their
b

for dircet rolling decision rmunt talken at the Hi11a{ shonrine
rig is given

thAakas The syoten introduced ot Sin Tippon lataggyloris

STNrNe

in ?ij. 39 . The system is built due to hiercrchical principle ond

it incluvdes central computer, controlling computer, executive re-
Central computer performn genernl cauipent operestion

fulntor.
resimes crleulation ond gives instructions to the contirollines con-
nuter on nlab costing and sneoring prodvuction progronmre bosis for

e~ch strondes The controlling computer collects deotn on billet
1le

nd on thet brsis cnlculnte bi

J

riode

0
~

quality in o renl tin

len~the.




£) Techno-econonic effectiveness

1. Techno-ecconomic effectiveness of continuous casting applica-
tion as compared with periodicnal inrot cesting is a rezult of its
advantases formulated in previous items. The ndvantores are so si-
znble that infot casting shops are being built novihiere with an en-
ception of gspecial cases. lioreover, practically all cormpanies,hnv-
inz ingot cesting shops are aimed at their CCs reconstruction
building.

2. Thicre is quite little information about contin.ous steel
casting units construction at Iron and Steel Plonts. It iz specinl-
1v concorned with the construction price and the staff number. Be-
sides, it is difficult to find out from the avnilable dain whnt i3
included into the construction price. In spite of the relinble cco
nomic dntn it is necemary to stote a constant growth of the con-
tinuoun stecl casting units nunber.

3. In “ppe 3 there is data cbout the construction of 131 con-
tinuous cncters for the last three rearse. The ziven datn show that
more thon § of all the constructed instnllationc are put into ope-
raotion in developing countries. Among the industriclized countries
U3A a1l Italy more intensively construct C2s (ns it was mentioned
nbove iy industrinlized couniries,e.r. Jdonan, nave nlmast comple-
tely rone over to continuous casting). CC are mainly constructed
at mini-vrorks,.

4. “hon mini-steelplant is constructed low capitnl investmentn
is a distinguishing fenture. For ecxample, constructineg two mini-
steelpnlonts by 'ucor Company capital investments per liquid steel
ton mnke up 275 U3 3 while for the works with o complete rmetnllur-
~icnl creln the outlays make up 1000-1600 Us S/t [ 2171 . The com-
paricon of cupital investmnents ctructure at the plant of diffe-
rent tyne in ohorm in table, _

5e Acecordin~ Lo "Sociecte TFrancnise deo nminore preduits” Compony
cnleulntions [22] 1obour expenditures at ['ini-Jorks with 1 mln t/yr
capoeity are 2,8 times lons at scrop operation and 2,0 lower while
using speon-e iron, ftable 3 o Accordins to "Rormiton River Steel”
Compriy data Inhour crpenditures nt ini-Jorls nroduction consti-
tutes 1,9 mn hour/ton as compared with 6,1 wan.hour/ton nt orks
with o cornlete cycle[.23].

6. Mhus, Pini-steelplant developrniont which are to comprise
necondary atnal mnliineg xnd continuous cnstinclinntaluntions,

in eonnrcted with the following ccononic ndvantnres:
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Capitnl Investments structure, Pable 2
dol./t. cast steecl

Outloys items Works type
with complete ! nini-plants 'mini-ploants
cycle working on serap working on di-
! ! rect reduction
! ! iron
Jarehouse nreni-
ses, transport,etce. 200 50 50-100
Arlonerantion,coke,
and plnst Twrnace 250-300 - -
nroduction
Direct reduction - - 150-200
Steolmakine
nroduction 15C-250 150-250 150-250
Total 600-700 200-300 352-550
Anortizotion and
finnneisl ependi-
tures,! ‘rom billet 36 i3 24
price
Inbour ixnenditures on Stecl Table 3
Troduction ot iiini-lorls nnd
at Torks with 2 Comnlete Cryelo
works trype steel cepacity personnel num- labour evpendi- -
mln t/yr ber =) tures,mrn. hour/
t steel
nini-plent working 0e? 170 1.530
oh nerop 0.5 240 « 210
1.0 450 0.705
on direct reiuction 0.5 320 1.156
basis 1.0 500 1.020
I'lant with o complete 1.0 1,250 2.125
cycle 2.0 1.0650 1.403
4.0 2.300 7O

¥ ) without 2 rolling shop personnel
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snecific capitel investmentis make up about 207 ;
runnin~ costs meoke up 5057

Inbour nproductivity is 3-4 tines higher than for the works with
a corplete metnllursical creles
short desipgn and construction periods and o quick cover of ex-
nenditnres;
hirh profits per item of production due to low specific capitel
investrents, minimum transport exrnenditures, simple production
nrocens, flexible technolozical schemes ennbling to react quiclk-
“ly on n state of the market;
a hirher ecolosical cleanleness.

7. A more detniled estimetion and selection of any method and

continuous casting inntallations depends on local region conditi-

ons and -~ deflinite prod uction aim,
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£) Prospects and treuds for future development

1. At the initial stames of continuous casting developirent the
cquipment was relatively cimple; the nececsity to incrense relin-
bility ~nd orerational units flexibility has resulted in denirn
complicntion and capital outpays increase. Lately the cquipnent
has storted to be simplified and CCs are required to be cheaper.
The investigation of capital investrienis on "Pritish Steel" UK,
continuous casting equipment has shown that speocific canitol out-
s per ton of rated cnapacity increases with the cost billet
ction vnlue nnd moderately decrenses with the output incrense.
Further CCs develépment will result in their considerable heirht
and ennitnl outlays decrease. A low consiruction heisht will pro-
mote billet homorenity increase 2os a result of ferrostatic pres-
sure decrenre and equipment maintenance will be simplified.

2. Continuous steel casting processes and cauiprment inprove-
nment is developed in several trends siimultanecously, the following
ones bein~ the ninin:

- steel refining methods elaboration and their introduction in
the course of continuous casting;

- elrborntion of hot charged methods without ingot cooling or
direct rollins, i.e. combination of coittinuous casting with a
rolline ;mill;

- on in~ot cross-cection approximation townrds a final product

n

- horisontal CC develonnent;

- sennrnte units conatructions improvement.

3. At »resent, worl has been carried out on the opnlication of
a tundish as o refining device where metnl can be refined fromn
non-metnllic inclusions and corrected on chenicerl composition,
con be deo:idized and it can even regulate 2 grain gizme in o con-
tinuous canting billet. Intely tundish capocity hias increoned from
the initinl (6-10) to 20-25, then to 40-50 t and at presont it lies
reached 70-00 t.

To ontimize nmetallurpical processes in a tundich it in
neceannyry:

- to decrernne metal gsecondnry oxidation;

- to nreveant crater fornation on 2 netnl surface;

~ {to nrolongs liquid steel preacnce in o tundish as nuch o
poasible;

- to provide metal homorenity supplied into each mould.

It in provided by snpecial desirsn lodles opvlicntion, strenn
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aieldine fror the contact with the atienphere dnring nouring
fiom n atealbecming lrdle into o tundinh, fim. 40 nwainn
nortiona in a tundish, o~rson Ylowing, refining hy enns of
cornric filinrse.

L

A. ‘olorn steelrmnking production is oriented ot eneyrsy ooving
of diract rolling or "hot chnrsed! rollin~ into nrehenting
faprarcen. In these enses bloons or slobs are supplied into
rollinr nills either immedintely (nftor little heniin~ in re-

' satine frynacen), or after heating in conventionnl furnnces
“here hillats ~re gunnlied in » ctill hok state. A techinologicnl

arhern maconr ended by "ranresinn Denng™ Co is chowmn in fir. 41

-

-

L ¥a] fren
rnd o

it rives o view of a low congirnction hei=t CC, heine
n torrine mmit. Similor evimpnles of the units are agiven on

fir. 42,43 -
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5. Joining continuous caztineg procesaes ond the continuoun rol-
lins nrocesses into a sinsle technologsicnl ethod 15 one of the
mjor techmolonicnl rroblems of iron and steel production inmprove-
nent nnd effectiveness. In generazl, solving thic problen ennbles to
exxclude cronital investrents for eauiprent oriented at monipulation

with etehing and also for separoted cooling, transport, storne nnd
incot feeding into preheating furnaces, and to reduce erpendiiures
on ecsuin.ient for heating before rolling, to reduce fuel and enersyr
consunntion for neating initinl insots before rollinsg ot the ervanse
of sgrent uze of continuous casting inmots heat after ceasting, to
inerense the rield due to the rolling insots tts and metal waste
reduction during nenting before rolling, to incrense lobour produc-
b

tivity due to o snnller personnel and the nossibility of complete

production process auvtomntization.

6o Inn 1263 "Jeost-Alnine" Co, Austrio consiructed a ralinl £C
for 140140 ruy ingot costing, which having passed the sccondnry
coolins mane nnd izolation chamber wiere +° is cqualined cceording
to the

tion o

in~ot gcetion, it moes to the four hish strand rolling zec-
ceording to IV scheone (alterantive horinontal-verticenl) nositi-
on). ifter squeesing to 80230 mim size the incot is sheored into the
decired leon~th,

7. Imiinetmesh, USSR hins built an experimental insinllation for
continuoun casting and ingot rollins. One stirond radial CC, ig in-
cluded into a2 technological line with induction heatin~ instrllation
contimiovs conting mill witnh four-hish strands and o flying. In~ot
vith 10500 me seetion wos cast at 2-3 r/min sneed and veo rolled

otelly into 34 nm dinne, the output speed maliing up 5-6 11/nine.

n, In 1958 "Nadische Stahlwerks" Co, *AG consuructcd on ingtolln-
tion for c~sting nnd 1olling 1002100 1w in~ot. Initinl insots 130 = '
14 mm are cast at 2,9 13/nin speecd nt four-strand radial €C. In cnch

rand with 20-22 t/h conncity ingets ro to the due strand with
FPOOVﬂT rooln without hentings where theyr are sauecned to 100:2100 e
nction, then cre shenyed into the denired length,

Ye The rinilar instsllation wng built by "Jeorjetown Sieel" in
155, In nnch of the fonr otrands 130:0145 1w ingot from the »ndinl CC
nroaes Bhiroush the henting firnnce and duo stirnnd where it in anie-
ened to 100::100 mm and then sheoared. The anmnunl productivily mnlo:n
up 135,000 ¢,
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10.1515 Sehleoman-3immg", FRG its broneh US comnany "5I5 Hnpi-
ne- 3

nenrinz" cnd "GiS5 Conceost", Switzelond, worked out CC for strip

casting directly (in the sarme line) comiected with the wide strinned

i10t rolled mille. The first such a comple:r of equipment ic beinr
built nt "iewcor" Uorks, U3A. CC capacity imkes up 820,000 t/yr nt

a worimum costing sveed 6 w/min. A strip (thin slabs) 50 wn thick

and rmendoum widths up to 1350 mm will e cast at the instn~llation

with sctotionary nould; the strip in a hot charged will he fed into

o wide sitripped rolling wmill. Suech o gehwene reduces essentinlly o

teciinolosiicnl line from steel melting to rolled strip. Furnaces for

slah heptingm and the whole froup of roughing sirands are not neces-
ery, witich were inevitable during hot rolling at o wide stripped
1111 bhefore.

Continuous casting strip moesc throush n simple equelizing (tem-
pernture) furrnce with the rolled bottom and is rolled directly in
forf strende of the quarto finishing sctrands up to the minimum 2,5mn

thickness. The hvdraulic instnllotion of CYC rolls.
The mill is designed in such a way that the fifth may be added for
rolline o still thinner strip (band). Murther ~ unit for leminar
coolins ~ind o winder for a ctrip 12.7 imm wide is included into the
cauinrent. Casting copacity corresponds to the traditionnal slab €7.
11« 531ab CC 5 ot Tukujama Works, Tis. 44 , reached 200,000 t ner
nmonth outnut. Tore than 100,000 t per month is produced by direct
rolling inthod, the record heing 134,000 t/month. Specific fuel
consumpntion in heating furnoces reduced to 672,000 and lens
At vrosent, owing to hirh quality refractories apnlication long
canting crcles (more than 6-8 hours) without tundishes remlacenent

can he nchieved.
12. Douin ernmnles of thin billets continuous costing rethods
nre riven below.
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13. ifewr techinolory of thin insotn continuous ensting should cor-
responds Lo a nuriber of conditioru;[24:]. It is most important that
the product should not be worse in qunlity th-n the rinterinl pro-
duced by clngaicnl continuous cactins. & very food continuwous cost-
ing;, incot wrface quality should be especinlly tnken into nccount
a5 surface procesasing would be unnccepiable from the point of work-
ing capacity oand naterinl losses. The internal aquality of the inrot
sizne and dendrites form, segsresations, inclusions, porosity ete -
nuct be aprroprinte so thnt after further deformntion the desired
nroperties of the finisnhed product should be achieved. If o thin

trip (foil) up to 0,1 mnm thickness may be produced with the amnz-
in~ly hirh surfnce quality and edites accuracy due to the incrense of
the cost strip thiclness, there still occur mony problems connected
with the surface uneveness ond oxidation, mirco ond macro frequency,

size vrocision and in a thick strip - even with central (nxial) blow
holes ~nd porosity. As a result of hish solidificntion soneed thin

inrots hove finer cast atruvcture (ﬁhe digstance betiucen dondrites,

Sesresation .
T.0¢ in roncrnl

5ilphide inelusions size) and lower macro
fovonrable initinl structure is »roduced aud the imentioned conditi-
ons a7 be omxnected fto be natisfied.

14. The new CC to be cast for nnss consumption must have the sone

b]

nroductivity ngs clonaical CCse. This menns that thin continuoun enst-
ing inrots must be cast nt high sneed. At equal productivity (t/h)
casting apeed for slaba with the same width is inversely rroportio-
nal to thickness,for billets and rods thiclness is inversely pro-
portional fo the second rrade of casting speed.

Casting apeed of continuously cnst inrots corresponding to hot
rolled strip should e up 20 n/min and nore.

15.In 1984 "5 3chloemnn=Simas” company, 10 finished bthe elnbo-

rotion of the continwous canting trin) inatallntion for producing
sheet in~ota. fowever, there hasn been slreondy preocticsl eperience
in solvins aneh o nroblem ot the crperinentnl "Tyason" installation.

™ea pronosed construction diflers from the nlrendy Inown but it
palinn 1t ponzible to uvne noue olab CCs wnibs, suveh ng tundishes with
Jiquid atenl feeding into the nould thronah abrong, stobional monld,
nncilintion monld inchanimna, bac't un rolls system and secondnry
wator conline. Tha btochnolopy of in~ot ensting with low Chiclnesns

and hirh oonnda oy be renlinzed inon abort nerind of tine without




rfrent offorts. The experimental installation has the following

paraneter:

strip width, mm 1200-1600 (is regulnted)
thiclness, rm 30-50

crating speed,m/min 6,0

gsteel grade n1l ordinary steel rrndes

A

for hot sheet rollins
CC tyne vertical with bending

ha roceived erperience of the flat ingot castings nt
Tuchhuttene han shomm that there are prent opportunities for
further development of the clansical continuous castine,.
Combinin~ directly liquid steel prrocessing with hot rolling
production, the iron and steel production structures so far
ndonted underro certain chongess In the nenr future cnpitnl
inventmont growth necessary for the hot rolling strip mills
construction is expected to tnle place. Thus, todny new alternn-
tive ﬁechnoiogicnl nrocesses are sure to be vorked out.

1

1C. The'Haselete: 13, continuous casting dinntellation hetw

two bendn reprencnts one of the fow hishly prodnctive inntnlle
tionn with n movable mould for steel castirs into ingots close
to the finighed product cizes.

(10 wadel is shovmn schematicnlly on fire 45,
Ple some ~eneral nrineiple ds used for thin slabs ~nd rods
asting.

A number of proprammes of thin slab cesting on the llaselete”

type €7 have beon worked out cnd put into operation.

17. Since 1904 "United States Steel Corporntion” - "U5 Steel
and "Patlihem Steel’, 134 have been corrying out joint

inventisrntion in the £° 1A of thin nlabs easting
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Y

the »rosranme hos bpeen plamed for .
a five-rorny Doriod."Haselete'company (C2 proner), "lnarlison - "ial-
or Refroctories”,USd (refroctery elewments for feeding linnid steel
into the ronld) and "lestenhouse®, USA (masnetodyrnomic drives) -
jeined the presraormmc.
Tho oratems of feeding liquid oteel into the mould which nmus
ce hirh quality are poid ~reat cttention to. At

the firct cnoting stoze ingots will have 252430 m transverse sec-
tion.

10.For the "lewcor Steel” company, USA CC with 370 mm length,
1320 »m1 width mould and 38 mm thickness incot. CC is suppnosed to
opernte in complex with compeact rolling mill which is to be put into
operntion in the end of 1933 or 1909 and will produce steel shects
for rollin~, liningm and other purposec. )

19.3ince 1923 at "Sunitomo Kirdsury Loge" Jorks, Casinmn, Jnpan,
CC with bond mould where slabs with meximwa 600 nm width
hns been workineg. The mnin technologicol instnllotion pornneters

nre riven below.

7 trpe "iaselete"
instnllation lensth,n 69
cnoting apeed, n/min rare15 (in practice 4-5)

thickiness 20-60
00

Ch

wridth
wionld ongle of inclination,

dernrees 6-15

ronld length 7,9

band cooling with water spray at high speed
seocondayry cooling with water shower

pouring, t°C 1550-1530

~oting oteels low carbon killed AI and

ronsanese killed AT
Tha rnzimun copacity of the ponring ladle is 50 t, of the bir

tundish - 2 t; from the big tundish steel roes throush shrouds,
nabling to rerulate pouring speed, into the amnll) tundish with

2 4 eonncity and then throngh the nouring refractory chute pnones
to thn hand mould. The oulling rolls are moved from asynchronous
driver, s:nchronized with the drive motor by CC proper. 5lab shenr-
inc in done by o burner with the wosinun gpecd 2 n/niine 53labn nre
atornticnlly nached into gtack with the heisht up to 800 rut and
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writh the lensth 10.000 nm.

Steel feeding into the movable rould is rersulated cuiomotical-
1y n~ccording to the resulis of the stream gneed mecsurerment between
the big ~ud the smell tundishes and due to the steel ninss in the
sanll tundish (by means of special sensors). The reauired band spccd.
of the movnble mould is calculated from these data. During work
brecks pouring unit filling is controlled-by the optical method and
pouring n~nd drawving speed is contralled correspvondingly. The nccuro-
cy of the movable mould filling rnlkes up 10 mm.

20+ The varinnt which has got the symbol RCC (rotationnl continu-
ous casting) seems to be perspective and since 1975 it has been
worked out by "Hitati", Japocn; since 1983 "lorf Engineering";FRG has
been working in this field. At present two industrinl instnllations
hos been in operztions-one "Tokoynma"connqn‘ln Magoya, Japon, the
other -~ "5tahl und Valzwerk linvienthutte", Austria.

The ensential difference of RCC process from the classical CC
iz the intensive cteel cooling in the mould. That can be achieved
both 25 o result of o longer (2,5 times) contact (and a larser con-
tnct surfnce) between the incot and the nmould, and due %o the rela-
tive irrcot nnd nmould nmovement (there occurs no friction between the
mould and the ingot during drﬂwln" nf the latter).

Steel enters the mould from the tundish. The bend linking the
traclk-strond along the wheel perimeter (rotor) is pressed to the
wheel hy the two rolls and drawm by the third roll. The bond is
1,6 =mm thick and ic mnde of low carbon steel and is wnter cooled
outside fron the sprayers. The cesting wheel crown is made of a cop-
per nlloys and is cooled by the running water from ingside. To faci-
litate irrot dvawing from the casting wheel, the strand in the viheel
hes tropesiform profile (the internnl side is shorter than the exn-
ternal). Tne casting infpot partially solidified ic squeezed ont from
the wheel by the roll mounted on its lower nart. The wiater cooled
plate cooling the ingjot is located bhetween the rcll nand the wheel.
Drawving is nerformed by the wheel and pulling rolla (simultaneously
regular) with the synchronized drive. The verticnl stand fransform-
ing tropeniform section ingot into the rectangular is located at the
outlet of the installation then goecs horizontal stand where the
in~ot is i'nlled into bhillets.

21. ™Mo CC gehera where steel passes betwrenn the rolls uandernenth

in chowm on fin.46 . The rolls are made of the hirh conductivity
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material, e.s. copper, and is water cooled inside. The butt ends of

0

the rolls are secled. The cast strip oes throush a nair of repuler
rolls then is rolled into the desired taiclness in the subsequent

2. The other castiﬁg varinant is shown on fig. 47 . The pncle
may be chonzed here from 30 to GO desrees. Liquid steel passes bet-
ween the rolls along the chute. The vater cooled ro 13 arce lubricat~-
ed, for ciample, with graphite, molibden desulphide, glacs, cetc.
Directly nfter casting the strip is cocled by air then by water. The
cant'strip also passes through regular rolls and then it is rolled
into the decired -thickness in the following pair of rolls.

23. The main problen of ceosting between the rotating rells is
vithdrawing of lorge amount of heat from the mould. For enample, low
carbon steel strip 1,27 mwm thick is cast, therinl stream 5 ?T.'.’t/m2 is
required to he withdravn. The sclection of the cooling nethod is
impeaded by a great temnerature overfall between the cooling environ
ment and the infot, that causes a considerable therinal tenscion. It
is olzo imnortant to realize optimum melt supply according to the
rolls rot~tion speed, rap betwecen the rolls and the length of the
ingot uvannlidified core (for instances, at siall gap between the
rolls ovd ~reat soueezing strensth on the rolls in the inrmot core,n
considernhle reverse liquation iy occur).

According to the wnry of the melt cupply there oy be distinrui-
shed the se-called flat sprey casting, casting with nelt diraring,die
chgting, melt casting by spraying.

24, 1
roll "Alleceny Ladlan Steel" nokes o strip from corrosion resistont

steel with 30622 mm gectione. Another CC which will produce o strip

n tie USA by wmenns of costing on quickly rotating cooling

with 600:? mm section ia exzpected to be put into operation. "Jesten-
housne" and "Avrmco Gteel”, USA, have started joint castins process

elabvoration of the strip 75 mm wide nnd from 0,7 to 3 rm thiclk,rmnde
of low carvon steel at the speed up to 400 m/mine. Similar investi-
rations nre carried out by "ilationnl Steel" Co, USA. Tour U3 steel
producers - "Armco Jteel","Detlihem Stecl","Inland Steel” and "Uir-
ton Steel”™ cooper~te in strip costing teciimnlopsy celaborntion fer
direct enld rollinf.

20, In Japan "linpon Kindzoku Kolie" ersts o~ atrip 300 mm wide
and 1-3 :r: thiecll, mnde of corronion rosfn&nnt ahoel 10-6 type nt
the insitnllation, sciemntically shovm on firn. 48 (el tine ronn
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300 kg). Mhie lower steinless steel roll is 1020 mm in diam., the
unver soft cteel roll of stianderd qunlity 200 mm in dinm., both
1olls rre victer cooled from the inside. The pouring chute mouth,
made of aluwmogrraphite with ceramic coating, is nrofiled due to the
lovier roll curve. The procnss may be also perforrmed without the up-
per roll which in this case is raised upwerds. The cast strip is
coiled writhout tension. The circumferencial rolls speed nnkes up
20-30 n/min, cooling speed 104 O¢/min. The strip undergoes etching,
tim cold rolling (507 squeezing) and annecling (1150°C, 2 min).
Temnorary regsistance 575 II/mm2 fluidity limitation 259 H/mm2 and
relative elonsntion 506,25 have been reached.

20, Mat-shnped innots are susrested to be coast on CC, consisting
of innnive water cooled wheel (rotor), located ncross the insot fron
ite dnnor nide; smooth "infinite™ band, coming into controct with the
in~ot from the erternal side which by menns of rolls system tales
the shape of o cylinder (round); two segment bands located on the
wheel and limiting the ingot from the sides (they nll form the monld)
and then the boack up rolls systen, secondnry cooling cystem, stroin
roll of the gserment bends, the mechanisn for ,olldlflcd inrot sepn-

ation from the wieel and the system of the segment bands back up
0lls. The snooth bend notion speed is synchronized with the viheel
spead. The regcribed CC must ollowr to cast ingots from 6 to 80 rm
thichk and fron 10 to 1500 1m wide ot high speed and without defects.
2Te There is nn installation scheme for a thin metnllic band cos-
ting (fire 49 ). Liquid metal is supplied onto the internnl surface
of the rointing hollow cylinder with larsne radius. Cooling system
(s1oter snroyers) are locnted on the externnl cylinder side. The so-
lidifies hond is recommended to be deformed with rolls before coil-

.
ing.
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23, The possibility of direet insot cnstine with little sections
that mnl» direct continuous castine insots rolling apnlication nore
proboble nnd economicnlly advantnreous, open new perspectives before
horizountrl CCs first while casting sorted infots with little sec-
tions »nd thinner slabs.

2%. "Technik Guss" company e—ports horizontal ©Cs for crsting
2lloy steel and cobalt alloy infots with 5-15 :m in disaneter or cor-
bon and alloy steels with 35-75 mm in diameter [25].

At such installations continuous cnstinm of hisih 2alloy rods
vith 3-12 rm in diame is carried out for further drawing or for rol-
ling round or square section rods with 25-60 mm dian. Semiin-
dustrinl six strond horizontal CC (Stecl Cnasting Engineering)Orince,
U3A for rod continuous casting has acquired productivity 1,5 t/h for
one strond ~nd annual produvctivity reanches 50.000 t.

30.The method of producing thin slabs by horizontal continuous
casting is worked out within an internntional research prosraume hy
"Pritish Stecl" E36] The method is based on the principle of re-
torted uppner and lewer nmetnl larers solidification that provides
mood surface quality nnd inclusions flontation. The inst~llation - h
with n d-tonn 1ndle for slab costing with 75 x 500 mm section in
dinrmnter, nt nbout 10 m/min casting speed has been built nt ove of
the worls. liovable mould made up of iron semments iz mounted on

ranils. 'ieat isolating facility is introduced inte o niould before
cnoting and the bottom and the strand wnlls are closed. Fouringe is
done throu~h the tundish chute, metal 1eve1 height in the monld is
controlled in the course of the process and cteel consumption is re-
rulated br the sliding rnte.

31."Donieli"”, Italy, posseasing a ten yeat experience in const-
ructing and opernting horizontal Cus has deaisned a specicl
ingtollation with electromepnetic mixing for simnll section insot
casting. The distinguishing feature of the ingtnllation thnt has

rot the name EBIT in n little conntruction heipght thus riving o num-
ber of ndvantogres.

The combined electromngnetic mixing, provides pood metrl nand

The :*ain 1nstn11ntion parametere are the following:
I'achine type "Danieli" LD 502
Inrot section, mm from 2080 to 140:x140




v

Costing speed, m/uin

’

Steel nnss, t
Steel type
Strand nunmber

from 0,5 to 6

30

quite and alloy killed
2

37. lintil recently the developiient of classicnl CCs has been ac-

conpanied by copital investments growth which has been in genernl

camnensnted oy the incrensing installotions productivity. Later cer-

tnin hopen were set on horizontal CCs that demand less crpital in-

vestuwentsn. At present conitinuous casting processes are believed to

be perspeoctive where the tundish and the mould are combined; snuch

instnllations are attractive for producers of specinl and alloy

steels. CC with very low height, beins & compromise betvicen verti-

cal and horizontnl inctallations, roy serve alternntive solution.
33. Intoly notohle success ing teen nchieved in:

- timdi~h linine eloborasion;

- srysterw of netnl supnly into a nould;

- nonld comztructions oand their mntexinlsg

- gacondnr: coolirst oynters;

- othnds of ortornnl eflfects on o criystnllizing rnetnl;

500} o3 o

hese muestions ore deseribed in detnil below.
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34. llewr wearresistant refractory types have been worked out for
tundish Jining on the basis of zirconium oxide, borum nitride, si-
licon carbide and their nmixztures; new heat isolating concrete mas-
es, including double-layer with an operating and hent isolating
lagyer; dry dolomite mnterials of special gronular metric compositi-
on on hent resistant resin basis; refractory materinls reinforce-
ment, preventing their deoxidation, etc.[27] It enables to decrease
refractory consumption, to lengthen their survice life and to pro-
vide longer operection during "heat per heat" operation within niore
than 12 hours.

35. 31~ forming mizture selection for each certain case and cas-
ting conditions promotes billet surface quality increase. ilixtures
consist of a number of natural materianls. then they are supplied
onto the wotal surface in the mould they are melted at 1100-1200°C
and form nn isolating lubrication film between the crust of the
cast billet being formed and the mould wall. The film prevents steel
cohesion with the ceopper mould and decreases friction between them.
Tesides, cnst mixzture reduces heat losses by radiation, absorbs and
digsolves flooting non-metalliec inclugions, prevents oxypen and nit-
roren sunnly into the metal from the air.

36, i'odern slasforning mixtures consist of smelted calcium 2nd
other addibional silicntes: fluorspar, petelite, graphite mate- -~
‘rials a5 cole dust or so0o0t , soda etce. Basicity, viscosity,
ternerature and mixtures melting speed ore regulated by these addi-
tions.

37, In ~ nwiber of cases the possibility to change mould width
in the eanting nrocess 2t new CCs, ee.re in Japan, cast infots sizes
are chan-ad sbout 250 tines a weelk, that promotes dircet inrot hot
rotlins teeimolocsy bo be widely apnlieds Ccobined inrot ensting
npabilen Lo nroduce o wide olaby two olabs of surller widin or seve--
1l nareas ineatbs din one shtrand; A1 CCxoof the type ~re hoior conn-
Ernekod oo onoenods One of the advontases of tha coanbvined
contine i pieh productivitye.

o bt e cnneg woor vesistonee of the conper plates Tor the

rould e iacrepaod by colvonined carominn (50=00 wnn) or niclel




(0.5 - 4.0 1) contings. Such contims exnenditures are rather high
~nd their econony must be estimnted for ench case geparately.
38. At "Rogornnck Steel”, USA plant the mould with lance coolinrg

c beine onerated, . that increases cnsting speed consider-

ably (1.3 times) at tiie expense of hent abstraction iatensity in-

2]

rease. 'nreover, such o congtruction provides slab gsurface aquelity
imnroverent nas a result of the possibility to regulate cooling along
vride 3lnls fnces . ‘

3% Troctically all new CCs nre equipred by clectromnynetic stir-
rin~ devicese. That ensures billet macrostructure improverent, narti-
culerly mixitures segresation decrease and also surface quality im-
proverent. Steel grades cnst at CC expand in quantitye 1Ny the tesin-
ning of 1987 ahout 400 CC strands were equippcd by electronn~netic
stirring wnitse. )

A0. Tlectromarnetic units have stoarted to be apnlied,

he speed of the metnl stream leaving the submerged shroud hole, be-
corices slower as o result. To retard the strean, stotionary electro-
rnosnetic field directed perpendiculesr to the nietal strecm is used.
lising the device it is possible to decrease twice metal motion speed

in the mould, to incrense ingot shell solidification ond to decrense

narroy inrot faces

e reason for relallurzists constont interest tow-rds continu-
ous inrnt casting cloge to the finished producta by its sismes lies

in essontinl nroduction process simplificntion and enersy saving

41,  T'ewr 1ethods of o mechanical part - CC with multipoint bending
~roadunl) incot atrnishtening decirease tengion that takes place in the
inrot during bending, nany CCs having built lately have ncquired ver
ticol moulds which increnses the stability of casting, increane con-
ting speed ond ensure insot quality improvement;

Tundish copacity increase nt powrerful CCz; minimnl steel nasz

in tundich makes up 30 t which provides continuous costing within
6 min.

A12. Dnforrntion ot o secondary cooling sector at prenent rigid
syaters with the low atep of back up rolls and their low dinmeter
(un to 300 m1) is optimized.

43, Trstrunents and control deviceg, including microcomputers;
they are conntantly improved and has become the vital necensity of
procesn stnbility, casting ingota hish quality ot hisgh ensting

speedsn .
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h) Tields of application

Te In prrirciple there may be diffcrent limitations in continu-
ous casting avplication, viz.:
- economic
- due to steel grades;

-~ due to 2 cast section;
~ due to the product quality.

2. Frocticnlly, in all cases continuous casting is cconomically
rore effective thon periodical insot casting. Yorks with low out-
put mnlie an exclusion: in this cese, if annual steel outnut nerkes
up less thon 25-35,000 t., adiitional pgrounds for CC construction
cffectiveness should be p;iven. '

3. Thare are no principle limitations for different purposes
continuous steel castinge First, s.ecl for only mass production
was cant at CCsy then continuous casting of low alloy steels was
develoned and now high alloy steels are also coste Iotely special
steel continuous casting has got wide opplication. For eorample,
"Steel Crstling Engineering” Co has worked out a horizontal CC for
continuons casting of nickel, copper-nickel and chromium alloy
wires and rods . .

4. There are no principle limitations from the stondpoint of o
cnst billet scection. At present, a sheet 20-60 mm thick, » gtrip
1.0-1.5 1m thick, rods and wires from 3 to 60 mm dia. etc., slabs
and bhloomrs of practically any desired Cross-section are cast at CCs

5« The stecl qunlity produced during continuous cngsting is higher
than durings cacting into insots. There are defects or they are
rather wveek being connected with the impurities segreration,shrin-
lznrFe ete o Typicnl defects of a continuous cnsting billet may be
removed by sccondary metallurpgy refining netbods and by external
effects on a solidifying netal.

6. The selection of the unit constructions, separate co-struc-
tion units and continuous casting technolo~ies ig determined first
by row ~terinls and enersy resourges cost, requircments to pro-

duction nunlity and commodity noriet.
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i) Recommendations for industriol implementation
in developing countiies

T. Prom all points of view - economic, productive, qualitotive,
ecoloricnl, industrial safety - continuous steel casting is sure
to have ementiad . ndvantarzes as compared with a periodical steel
casting into insots. liewly constructed or reconstructed shops hoth
at mini-plants and at plants with a complete metallurgical cycle
h ave continuous steel casting departuents. -

2. The selection of the unit constructions and continuons cog-
ting teclmologien is determined by the local conditions and depends
on certnin rowr moterials and enersy resources aveilable, on the
rmetnllurrical production character requirements towards production -
quality ond commodity market.

3. The most widely used unit type at modern Iron and Steel
dorks in o radial type unit with a larse curve radius (imore thon
6 m). Tnrot and slab units make o larre portion among newrly in-
troduced and designed arresates. Optimum secondary steelinmking
technolorsy and nrodern continuous costing technology ore considered
to be the necessary methods for high quality continuous costing
production nnde by CC.

4. Por developing countries unitsc with low constructive height
horizontnl type nand traditional type units with ingot bending
(curve vndiug 3-6 m), being worled out ~nd introduced, nt nrecent
nre considercc to be the most perspective ones. Units like that
are charncerizsed by low copital outlays on construction, congide-
roble %technological fle:ibility, rreat snfety and convenience in
operation o3 comnored with traditionnl CCs.

5. Z1lnboration of CC constructions, providing semiproduct pro-
duction rith sections approaching the finished products neclions
is o nersnoctive trend in the field of continuous sieel casting.
Mot enableas to carry out further vrocessing of such 2 product
only at n {inishings mille.

6. At oresent, only encrrsy saving techmolopies such as "hot
chnareadt onnvation and direct vrolling are being developed. In this
cone Cin ore vesavded ns an integral part of a technolorsicnl line
vhich e¢lnnoly i5 connected with the previoun 1ladle ecquipnent »nd
sunequont rollings eauivment. Casting process automntiznlion enab-
line to nraduce o netal with o hish and stable surfoce quality is

A oblirntory condition for such teehnoloriecse In this cone an

interundinte surince clenninm (in the intarval between o continuous
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crotins o caeors sl s oralling 1il11) is not oneded,
Te TP cacking nnitn, the rompivod

s . ceryen 3 T vy . pom . M >
votn b e T by Tobour nnd pover ennimunntion navine: wayr o osendioverd
onl: when o havduare components ~nd eawnilbor eoudn enth g iviro-

drrend cridong the ceontrol fuietinng of fne mnin Seatmotosicnl nn-

[ .

vt bev s ooy, ] BN 1 3 . o N t ;
T Pey v the aradnckinn narocens conirol, nodern U ~utoirtic

i

P T P L veres > [ I, 3 . . . .
oo voavUorme cirulinncounly the dinswontien of thoe whiole nenine

—

J . .

~vehe et leevaonan non-nrodne tive Line lonnon

Al gatien ooy

.




79

Thus hish quality of continuons costing billets is
ensypred b the following factorn:
- weinl preparntion for castines, includingm argon and vocuum
-wrocenting, thoronsh temperature control, quantity ~nd non-

netallic inclusions form regulntion:

- nirict CC adjustuent and srystenmntic would position ~nd
conandary ceoling rolls control relative to a CC technologicnl

pxiog

- 1okl protection meacures from secondary oxidnotion and
coolinve along the entire process: siecclteeming 1lrdle - tundish
- monlds

- hishly reaistant refractories application for a teeming
1adle ond tundish linins and metnl nrotection mensures;

- autarntic metnl level repulation in a tundish and a nould,
mechrnized syatem mixture supply into the mould;

- 5lr~ mixtures application providing surfoce high qunlity
requiring practically no cast ingot cleo~ninr;

- secondnry cooling method excluding interrnl defects
occurance in billets

- alpetromarnetic mizing aprlication nined at cnst billed
interral structure improvement and casting temperature intervnl

onardine;

- roitinnal or-anication of cant billets control and rating..
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Pige 2

Sacondary steclmrking general procecssese.

1 = steelmaking it

2 - 1ladle rrocessing (decarburismation, desulphurizotion,
desnssing, deoxidation)

3 - steel treantment in a ladle swrithout vacuun
4 - vocuum processing

- ~rron bloving

refining in a ladle

~N o A
!

— atream vacuum procesdns ond in a ladle

8 - vocuum processing (DI and RII nmethods)

9 — nrocessing without preheating

10 - processing with steel prehenting in n ladle
11 - special rethods

1?7 - Il-nmethod

13 - RIF-0B nmethod

14

AGV—method
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Wire 3

1 = lionid gtoel wocuns nronesninsg nethoed:s;

2 = whiapn Sanned and Laomndg

3 - Ve onartiongg

A= e nonred Prom Iedlo o 1ndlo;

5 « v nheel dn teenadg

6 = vhon tapped;

T - ciren¥ation Jernsains

O = ereliyr derrnsingg

9 = Iadls nrocoaringgg

10 — hentine aprng

11 - ciineiienls

17 = nhrodianl;

13 = din Toadla dn cocirr chnohor;

14 ~ dn meanm 1ad o

15 = oo hlowine in rooming

15 = nrrenn aed prenn hiowine in oo coTTnTEnrg
17 = = baobine in vacinng

17 - i btion sbivrives on o wocunn oo nve tnphineg

17 = im0 e ey abhongel vaom s Carinon,
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Fig. 7 YOD - process unit.
1 - oreon supply;

2 - obkservation window;
3 - to vacuum pumnps;
2 4 - ladle cover;
g 5 - oxygen lance;
8 =~ 6 - vater cooling compression;
] = 7 - ladle flange;
< 8 - steelteeming ladle;
- o
El = 9 - slide gate.
- o
e
/
1

H rig. 8
i RII-0OB process schene.
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Pii-nrocess schenec.
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Fige I0

Trrnceas ncheme of continuvoun vacuul

nrocnasing Tien cant nd 003

rhonltonming 1ndlog

Lundishg

vactir ehvinbers

Ea wacuum punns;

device for deoridizers introduction;
ahy sr-ed aghrond;

rinnld.
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Converter types for AGh-procense.
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-3
!

dnrice for are liftingg
i =~ conrmpresaion;

9 - water coolins cnisnsong
10 = »re rinrg

11 - obarryation windowrg

12 = t~leepmerng

13 = =oennnm gsratem with dust collector;
14

hinler for allnying additionn introduction under wncirn.
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ASEA=-SIE unit at vacuum

oot

yrocensing stands.
I s

8

- davice for eleectromasnetic stirring;
2 - ear;

- vnbor cooling cables;

<

!
S

rancformer;

~

Torntrodes holder;

- bunlker-—dozermeter for nlloys;

EN N o W
L}
D

- device for arc lifting;
1 - comprengion;
9 - vnter cooling caissong
10 = arc rinsg
11 - observation windov;
12,= teleocnnnras
3 = sacunm system with dnat collector;
141

bunzer for alloying additions introduction mnder vacuiume




Fige 20

3tainlens stenl production by LD-FPH-0B proces

{ - ivon deaulphurization;
9 - rlar geprration from metals;

A - hirh enrbo ‘o Cr.
3 - hig bon FeC
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Yrincinle €C schemes.

verticnl trpe;

vertienl trpe with bending;

with verticnl mould,; short verticnl part and
further benninm;

radinl type

with bent mould and srowing bonding radius
(curve-line type);

horizontal t¥pe (or inclined);

builet shenrinr zone;

solidification end.
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Scheme of metal protection irom secondary

oxidation on the way to steeltceming ladle
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Overflow Overflow + Remelting Meniscus bent back

F% 28 Three main mechanisms for the formation of oscillation mariks.
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CC horizontnl acheme.

with single ingot drawing
with double infot drawing

metal receiver
feeder

mould

infot

secd
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oscillnting car
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b

Schene of mould filling
nt horizontal n~nd
inclined CC.

- nteelteeming ladle
- netalreceiver
protective ring

- rraphite mould
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1

- noed
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Final teeming
gchene.

- metnlreceiver
- nould
- onod

- hillet
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Ioyout of electric steelrmnking shop with casting
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into inrots nnd ~t CC.

Nerartments: A - charge; D - granular mnaterials;

C - furnace; D - teeming vith department 1

for ladles preparntion; T - shortened for CC; .
2 - teeming sites; 3 - railways; 4 - eclectric
furnaces; 5 - transformers; 6 - barys in furnace
sites for baskets with screp transportntion to

the operating site; 7 - elecihric furnaces arcs
maintenance departument; 8 -~ railwveys; ¢ - stands
for charging baskets; 10 - bunkers; 11 -railwnys;
12 - CC; 13 - vacuumator; 14,15 - transversnl wnrs.
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Fis. 32

(utley and section of continuous casting departiment

with black units location.
s Ty 11 - transversal roilvaya

1
2 - apnroach table - carj
- 7 taening ladle car;

Y

4,5,12,20 - crane;

6 - cnry

8 - atond for vacuun processing;
10 - rotnting stond;

172 - approach table;

13 - push cnrt;

14,22 - railury;

15 - unit for stenl blowing in o 1lndle;
17 - teoming ladle car;

11 - nlab carg

19 - Cf overating cite;

P14727 - crone NV
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Ourlay and section of continuous casting
block units locntion.
1,7,9,11 - transversal railways:

2 - opnroach table -~ car;

3 - CC teening ladle cars
4,5,15,20 - cranc;

6 - car;

9 ~ gtand for vecuum proceasing;
10 - rotating stand;

12 - approach table;

13 -~ push cart;

14,23 = railvny;

16 - unit for ateel blowing in a ladle;
17 - teeming ladle carsg

18 - glab cor;

19 - CC operating site;

21422 = crane viayss

department




Lovout and gection of continuous cnstirs denortrent
linear uvnits arrangement.

1 -

e

fic. 34

eaquipnmont maintenance departinent;

2,43 - transversal ways;:

3 -
4 -

QO N & W

9 -

f2)
sUy

cars:
¢ operating site:
12,15,17 = eranes;

units for argon blowing:
teeminge ladle car wavs:
crnne:

vacuiunn tor:

10 = rotating standa:

11 ~ €C appronch table;

14 - apnronch {nble;

15

- cnr,

w
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Fig. 36
CC ~utemotization flow-chart

rotnl mass in a tundish

motal level in a mould

- vnter expenditure in a mould

- vnter dicstrihution in a secondary cooling 2zone

water expenditure

- vnter turn-off in a secondary cooling zone

alne forming mivture supply
n tundigh
a pouring ladle

n computer

n controllins computer
automatic ~ystem regulator
dravring speed

~tondnrd lensth

~ng cutting device

rmrking programnme

marking device

113




—

~d

s B AR A

10

17

14

o
J

10

Fim, 37

Contol systenm hardware.

racuum nrecessing syatem
central corputer

CC and heatings furnace
externnl memory on disks
8 - input-ontout device
displays ’
console

printer

16 - console
shops

by fuvrnace

vacuum chamber
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Fig. 38

Structural scheme of sutormntic control system

oend hloom CC control.

- nloctric feeding
- ox¥ren supply unit

- probe selection unit

1
?

3

4 - markinre device
5 - stronda control

6 - pnriping device

7 = hydranlic caquipment

£ ~ anriliary eccuiprent

9 ~ control computer

10 -~ dinplny and printer control computer

11 = dntn from nteeclteeming ledle

12 - conaunption, pressure and temperature nensurement
13 - wvenkilation control

14 - drvians for auntomntic control

19 = 1nin] dnfects control

16-20 = ~onanles (19- quality servicen; 17 = by shearineg;
16 - CC3 16 = maater; 20 - finltenance serviees)
21 - orinter ,

27 « enlonred displayas 2?3 - black-and-white displayn

P4~ i bora.
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Fir.39

Jtructure of "continuous casting-direct rolling”

automatic control system.

hirh temperature slabs prodvction
nocondnry cooling renﬁlation

rmakal linuid zone end position rervlation
alab faces heating

raucezing forces in billet rersulation
hillet aquality control

clnngification according to billet quality
0o antomatizetion

a0 automntization mode (start/stop)

<1ab width change

technoloricnl process pare »r3 control and resulntion

amete
oryren converter process "continuous castinm-direct
rolling" coordinntion with hot rolling process
process coordinntion with every slab rolling

production prosrammes coordination
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Fig. 41
Sheet production technologicnal line recommended

by "i'anesmann Demag"

-

- orc furnace

- ladle processing

Cce

4 - henot system

-~ temperanture equilizing furnace
- coiler

mill

2 3 &R
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Strip continuous cesting unit

liquid metnl
temperature sonsor
tundiah

Jower roll

vupper roll

cast ingot
ghearing unit

pyrormeter

So\,\'\’\\ WO!.KS
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0C 15 techrolorical line 2t Fucujome.

v

1 - three oxygen converters

ARE AN |

3 - 1adle preparation sector

1 = two circulation dernnsins uni ke

5 - two vacuum vnroceasing wmits with slae introduction
6 - nteelteeming ladles transportntion line

7 - roverse water supply circulation degassing unita

a9 - 0215

9 ~ olnbbing 103

10 - reverse wnter supply CC 0I5 section
11 - slab storehonse

17 - vertical desclaler

13 - rourhing otand 112 nnd 13

14 - hot rollings wide strip mill 72

15 = aespments preparation sector
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Fig. 45
Iingelete unit scheme

1 - liquid metal supply

2 - wvater supply for cooling

3 - ateel strip

4 - rolls i

5 - water output

‘6 - densing from narrow [ncec sides
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Gteel plate cemtivcimn
casting uri .

1 = upner hat' 777 Tionid.
retnl

- liguid -7 oapply

~d

'
(

lower vnth

- rointing rolls

- 1¢c PLs

- rollins nill rolln
- ¢cnst billet

~] TV o

Strip conti

nuous costing vnit
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“ippon [indzoku loge unit for strip

continuous casting

liquid metal lignid
tenperature soncor
trindish

laver roll

upner roll

cnst billet

cutter

nyroneter
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rige 49
isehone of metnllic strip coasting onto roteting
cylinder internnl surface

total cylinder

drivine rolls

liquid metrl injection unit
injected liquid metnl
nolidified cruat

sanueszed and back-un rolls
¢0lP s

thin strin

coiler

i - wntier cooling sprayvers
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Avpendix 1
L1 of indicntions of different processes,
nteel wrocessing methods etc., adopted by

teciinical liternture

}de
CI

ARS - (Aluminium “ullets Shooting) - steel deoridation in steel
rethod by "shooting" with cluminium "bullets" in the metal in o
lndle.

AIS - (Ar-on Induction 8tirring) - orrson metal blowing in o
ledle in combinntion with induction mizing.

ACD - (Arpon Oxycen Decarburization) - metal blowing (usunlly
in a converter) with o mizture consisting of oxyren and ar~on (in
sone cnzes crgon is completely or partially substituted by nitrosen

AOD-CT - (Counter Nlow) - metrl botton blowin~ in » converter
7ith nn nr~on-onygen mixture at sirmlioneous top oxygern supply into
the convarter nimed at partinl carbon oxide reburning. '

ASEA-ZEF (ASTRA and JEP conmpany) - e unit for ladle mntal proces-
sint in n ndle, including eauipirent for vacuum metal processing
when tihie Indle is covered with n vacuuia-donse arc-lid, with equip-
ment for covering a ladle with another nrc throush which eclecirodes
for notrl heating during its processing pass, ond alco with the in-
ductor loc~ted round the ladle, ensuringy metal stirring during i4s
rrocensing (vacuum procecsing or preheating). Vacuum processing ~nd
nrehenting are carried out in turn. Pesides induction stirrins ar-
ron bottom blowing in o ladle is to bhe done. Hish bagicity refining
slag i5 dorogited onto the rmetnl surface.

357 (Pohler Zlectro Jloz Toppingz) - the process of clectroslng
billet production mnde hy Tohler method at Vereinipte Tdelsbahlver-
ke AG (iu"t*iﬂ). ifter vocuum nrocessing ond top teemins; into water
coole n"tnn"lon top ~ pnrtion of liquid retal is supnlicd where o
consured electrede (elecirode consunption 6.4£ from the inrot
introduced and clectroslas replenishnent is done. Reples -

mane) i

Q

nishnent avocens lasts 24 hours, sesresntion content and pronerti-
es helere-onity are practically rewoved, lorse maas insois ere
ni3te

DY=athold (Nochmier Vercin, lest Gerrnny) - steel casting into
inrot movld located in o voacuum chomher (netnl shrerin roon throurh
vacnum spnee).

OL% (Canped Argon Dubbling) - etal stirring with areon blowine
the wetn) heins under ortificinl cles loyer in o ledle, covered

with o Vid,
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CAD (“tasputer Aider Denmign) - desinn with computber.

cas (lavnocition Adjustment by Senled Arcon) - procescing method
rrovided ~rith crson botton hWlowins unit, refractory chamber 1is lo
nrnd Tra the top (nbove the plnce where nrson is introadnced), od-
ditions ~re introduced throush it into 2 -watnl inside the chomber,
o tel anieiace is clean fron the final frrnece olos.

1 {7rousoi-loire rench Company.and Swodisch Uddeholrs Cowmpany)
- low erv+han steel »roduction by oxyren + seminroduct vopour nizttu-

»a, rencivad in a conventional electric furnace, in o converier

Cd
py

i
=
o e

ottam tuwmers.
CPP (“ambined I'rocesc Purnace) - electric arc sieclmniiing Tur-
nace with bhatitom iapping (throush the potiont) by intensive nrc and
w113 corling, oprovided with porrerful transforiers and ron bMorners
and iznlnied from the media by ~ chomber shell.

D-:3i10 (Demny: Zlectro Slap ileod Purnace) - revrocessing in a
sitation~»r electiric arc furnace (rntnl tonping throuch the bottom)
by mntnllized chorge wide warintions on cnrben content and petalins
tion do~roe with continmous motnlcharse, by the operntion with n
1arre Jnror of formed slag and by specianl slegtanping bole in the
furnnce, wiich guarantees conztrnt sles laver, by intensive vells
~ad nre cooling. The process Suy eSS the production of aon iten
vhijizh in subjected to ladle nrocnssing.

i (iortrwnd-order, ‘estern Gormany) - o unit where vncuwui
chrmbayr hags A refractory nipe leowered throush the top into the
1adle: veenum chnnber (or 1ndle) is periodicnlly lowered ond rrised
then hr poriions netal is charred and teewed back into n 1adle. In
¥lp 11357 the unit is vsunlly celled cycling deqnssing unite

23R (Glectro Slog Renelting) .

puonenal, - wrire, containing enleiun or gilicocnlciunm or Ca + Al,
covored wilth the shell or apecial conting, preoventing oxidntion
~hon storad for a lons neriode Jire is introduced into ~ liquid me-
tal with » dnfinite zpeed and deroxidizes it.

a0 nT, (Goz, Freneh conprny LTALr Tiquide) - o meothod worked out
and liernced in 1248 in Pronce. ft ic n refinine wothod by Liquid
e tnl ron blowing throuph gas pemenble refractory, nmounted in the
hotion af the w»fining vessel (1ndle, crucible, eice ). The defini-

Einn e he naunlly found in ] iterature in French.
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Finlzl, sometiwes Finkl-llohr (¥ink ond Sons Plant, U3A) - unit,
including » 1adle with o porous steprer for bottom inert ;s netnl

blowing (ond stirrineg). A loadle with o meinl is niaced into o vo-

cumt ch=ber, where voacuun proceansing of n metnl being stirred with
inert rns soins from the bottor. iethod Jﬂrjety: a ladle with o e
tal is eonvered with o 1id (arc), throurh which electrodes for re-

tnl henting ore introduced onto which asurfoce sles of the required
coupnsition iz denosited. A metnl (with 2 slng) is stirred by the
irert r~n supnlied from the botitom (in this variant the rrocess ic
often ecnlled Finkl-VAD-process).

Injection Ietr1lurry, Injection (Ij) Trentment - o nethod of
rovdered mnterirls injection into metnl.

HAT=Cn (lobe frron Treatment - rowidered celcium-benring mnteri-

nls CaC,) injection in the argon stream into n ladle with hasic
Las

lininge. T"nile injecting Ca consumntion is inercased fron 1.9 %o
3.5 L=/t and mnles up 2.5 ko/t in average; on the nmetal surioce in

n 1ndle slom with CaC o+ "ﬂ“? or Co0 + Al O3 + CnF? nmirxtures oddi-
tions are depogsited (interinl con"u*ntnon 4.5-11 ke/t).

ID-R"-00 (O:zrren BDlowing) - vacuum converter stecl processing
in BRI nnit (circulation dersassing) with o situltaneous oxygoen sun-—
ply into a wvacuum-cheuber, providing decerburization intensity nand
nlso partinl CO to CO? nnd metal henting during procescing.

LF (I~dle Yurnoce) - a vnit, desisned for meteal blowing during
bottom ~r~on (or nitrogen) blowing; a ladle is covered with o ref-
ractory 1id (arc) throurh which electrodes are lowered for reheat-
inge Hizsh boasieity low oxidation refining slng is deposited on the
rnetal surface-in a ladle.

17-1Ij (LPIj) - metal processing in o unit of a ladle-Inrinee
type ith powrrdered renments blowing into 2 metnl.

LRF (Jndle Refining Furince) - o process wvorlked out by o Jape-
nese conn~ny "ilippon Seikodze” for nueclear reactors steel produc-
tion. Thne nrocess includes neinl snmelting with o low phosphorus
content (N.NN37" ) in ~ steelmelting nrce furnnce, metal tapping in-
to n 1lndle, reteeming (with furnnce slag separntion) from a lndle
into ~ unit like a 1ndle with o 1id throush which three electrodes
are inneried into slar for bath rcheating. Dy means of line and
fluospor ~ddition (tctal consumption 30-35 kr/t) hirsh basicity
alar in deposited, o neotnl din arson botton blown nand is rchented

simml tanenisly. Then lid-arc with electlrodes iz tnlien awny nnd {hen
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iz covered by o 1id with vacuun-punp, aiterr that it is vrcunm nro-
cesaed whan intensively arson stirred sinmltencously. fetel is

tapned into o tundish and is pourcd into inmot moulds locnted in a
vacnun clianthere Il o teecming procecs o metal is arson hlovm in a
tanlisiie )

1A= (Iolten Al-Rimmed killed) - o process of liquid Al cunply
(by imona of n punin) turoush the pine into an incot mould for
si2rel oxidation requlation during its teeminge It is woried cut by
5 Steel Corn. (U3A).

iA=L (Colten Al-Riiraed Semilkilled) - liquid Al sunply throush
the nine into the infot mould to nroduce scenikilled stenl. It is
worzed ont br US Steel Corn. (U3A).

I = tionnd Re:enrch Ingtiture for einls, Jropan) -nrocesse

wrorked out by MR

Perron iethod (worked by a french ensireer Terren) - wetal pro-
cesaing by liquid basiec slass for desulohurization. In the 11355R

01 is celled a method of metal processing with ~rtilicinsl
1n7:5. Thin netnl processing method with slog tapping was first
nronosed in 1925 by o soviet ensineer J.0.Tochinsky.

aUn (Pneific Letals Co,Lid; ot Alley) itrchnolonical schewes of
gtoinlens cicels nroduction on the bngis of liquid initinl hich
enahon 10lts of ferrcnickel (13-15 fi; 2-235 ¢ C) and ferrocirone
(A4=16" Srs 6=-T.° €). Chenper scminroducts with the increcsed cnr-
hon and calnhur content nre usunlly used. Defining is done in the

nre siteeluaking fnrance or in LD-converter, finnl re

d‘> r-"

AOD—convertar (in souwe ennes in ASEA-CEDL type un:t)
metnl in annt at CC with electiromnsnetic stirving und
(imlnntion ~and Viring method) - rofractory pipes nre plunmed

into o 1ntal, provided with o vaterinls chorpe srstem in its upper
pars and connected (in the upper part) with nnses muping-off oo
toms ~nd inert cos wouringg connccting connequently a pinn cavity
gith the eontioned sratens, chanre pransure ond correspondingly n
matnl Taval (and its auentity) which is obsorbed into o pine, nro-
viding intensive wintnd stivring in n lndle.

Nonid 21 Fander (Gonid Feed) - o nethod of affecting o netal in

roan aluminiun inget into o linnid e tnd (the

,

n Iadln b osmbonrain
defini bion in sue-~nsited by Lawaneki Dteel Corn.,dnnnin.
o (dratah) Mernens, Yestorn Geviong) - o nnit uhere wnenom

hoapthnr b 2 pefrachtory ninea, plmead iito n lrdle thronsh one
c . N i y [ ) :



of which netnl is raised from o lndle into a vecwra chomber,

torovsh the othwer flo hack into o Indle (s if "eirenlatin~m).

s resulnted by inert nns supnlr into nn
3 ~1l

i
racent rafroctory vines In the USSR it is led circulntion de-

RN-07 nrocess (R, Cxyrmen Tlowing) - metel bHlowing in ~ wocumn

R
chamber U1 - wnits with oryrmen; sonetinmes is colled RNQ-rrocens.

SAT (Tenled Ar Dubbling) - bottom arron met~l blowine in a
Indle, » rafractory chanber is lowered fron the ton inte the 1nadle
the w11 of the chanber protec’ ("cover") srtificirl slnr from the
coninet with finnl furinnce oidized slog, the forinr beins on the
notnl onriface diroctly nbove the blowing zone. As o result noretal
stirred by the bottoir supnlied nipon intonsively coninets with nr-
tifici~l nlop of n denired coimosition.

v

metnod in o ladle by "shooting" nictal bullets from colciws=hearineg

SCAT (Byastem of Caleium Addins Yechniaque) - metnl processing
a

(nsunlir silicocnleiwn) wnterisle deep into o etel.

Seendinovian Inmucers - system or Sh-nrocess (Lionce Senndinavian
craten) - uwetal bHlowing in o ladle throush n lance lowered nearl:
to the 1o1le botbtom with nowdered wirtures (uzunlly CoQ + Can).
frg=novrinry mixture pnsses throngh ~ lnnce tin into horinontnliy
locrte? linles. '

So=Y0n (Dtrong Stireing VOD) = vocuum onvaen decrrbuvizntion
with intennive voinl bottonm crron blowing in o ladle (vsunlly
throush ~ norons sionrer).

T (Whrnsen Viederrhein AG plont) ~ coleiwn=beoaring interinls
in n powdared aotode injection into a wetnl by nernn of o lonee dos-
cenrdad fiom the ton.

UNTDACOT (Swedish Corne Uddeholm and ASHA Converter) - ros-powde
red agorer oinjecbkion into o wetnl in o unit of a converter ityne,
cquinnesd with o chnnnel higsh frequency inductor for rehecting nnd
stirripro; steel topning is done throungsh the hole leacnted in tin
it w1l directly into the contre of the inrot ould plate (for
nreIndine aonbnet with the abioasnrhere).

YAD (Yoo Are Degnascing) - o ounid dneluding a charber on
anlT=rovnhln cnrrinse il o vacuun wire in o sfationnry ~rece A

.

1rd2e dic tronsported dnto o chnuber, notal i arcon blowm din a

1ndle (vibthoul vacwur), vrobes are selected, nle~ in pumnnd of Ty~

chintther widh o 1ndle i covoered wvith on e and oo omebnl dn o roewm
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nrocessad. Jlectrodes rerforiins o nednl heotine« cire loverad
i

throva™ tha arc. HMish bngicit:r non-omidi

1y Jdevanited ond ar-on ploviines i

J
po
Q
3
L ]
o]
3
+
1=t
5
<
]
.
b]
o
3
9
[¢]
7
td
’_J
Q
jo

-~ - . . )
SAnlSTID undds, an thery ronerle nnit tvne:.

T S . . sy -
SATUUTY (Urluumn Vitlhovice vocmuy tmit i ‘itlovice nlant i

SO0N) = arrren blowing of the sieal gurface in a ladle nlrcad into

o

2 ovretrv: ennnber neinl is hotlhom orcon blovmn; to protect o lodle

o abkal anlanl ; < E X
Do wntnl anloshes o ohiedl i Fitod.

werty . . " IR - Y .
7D (Ve Corbon leoxnidotion) - corroanendinsgly ViaPrazic
i3 T,
VODenracanging, atc.

VIR (Vrewri Intuetion

Tclting). In the U330 4t is dalined nao
VI = wnewe Andvetion remel
YO (Yocnun Nnroon Decarburization) - orrren metel hlewine (or

top tlowing), ~ aetnl hoing under vacwu in o lagle (in »~ wvoecun
chnrher).

YODE (Tacu (yron Decnrhurisation Converter) - o mi% for oy-
ren el blowing in o converter, covernd with a vacuum Lid with
o Lo racwun pumng, nroviding an opnortuniiy 4o e
vacuut it o couverier shna above snial (Ausing sirmlianeous nIr—

men hlacine),

T8 (Uirefuder nroceng, Tire Pocd) - droctidiszing mizttures injeoc-
tion inln n netnl, their being loerted into » shell nn o wria




Appendix 2

InAle Jteelinling Units

i 1 i 1 r '

conuttyr, ooandt type pwulb into jcontrtie- | notes ¢ Sourge '
i N joperation,tion cont, : .
" 1 Fear palne dol ' i » '

1 ! > ro 3 o4 o2 ! O !
Orant ' ladle- 119658 ! - VP 24,000 ! Total Tnlle
Tritrin t furnace ! ! I t/weels Ihin Jonthly.
! ! ! ! P{an7.71%4, !

! ! ! ! A OO !

! 1ndle nteclt qo037 1 - 11ndle cn=13trhl md Ti-

!' hlowing ! ! I'mncity laen. 1207, 04 !

! ! ! 1200 ¢ 1107.10265,25 1

! ! ! ! 153.15

! ! ! ! tetallurpicsy

! ! ! ! IPlont snd !

! ! ! ! ITach-olosr. |

! ! ! ! 11A00.,71.7. 11!
! ! ! ! 7. 05 !
! Steel 11983 1 - 124,000 15400l Pives !
' Refinin~ ! ! ' t/wreek 110051112, FG42

! ! ! ! tintnls I'nio-!
! ! ! ! Irinln.7.4. !
! ! ! ! VAL 7210 !
Tndin ! vocuun- ' 1985 ! - ' Indle 1ID6vinlens !
SATL ! oxrren ! ! ! eapocity!5toel Totnl !
'decorburi- ! ! 1 607 % Mulletin !
'z=ation ! ! ! Ndrinlean !
! ! ! ! Vurvey. 1075 !
! ! ! ! !P.G" 61,083,504
Spain ' CoS unit ! 19087 ! - ! output ! ‘rchberichte
AUISIDESA ! ! ! 1310, 000 !utteonnrois!
! ! ! ' t/yr Hetnllvedtor-
! ! ! ! Prororibeitung!
! ! ! ! 11998.,7d D4, !
! ! ! ! !FG.S.‘“G !
Ttnlx ' RIF-CHB unit! - 15,0 ! - ISteelMine !
Tiove ! tio) ! ! ! 11a%5 . 1a, !
Itrlnider" ! ! ! ! 1. 500-304 !
! ! ! ! ! !
! ! ! ! ! !
'ASTA ' 1987 ! - Ytreatnent!fachherichtn !

! ! ! !ajmo Pruttenprarin!
! ! ! 190-95111n Tatnllinitor-

N ! ! ! ! 'vorarheituns,
! ! ! ! 11927,7%1 25, !
! ! ! ! 18.53.6A7 !
! ! ! ! ! !

Conndn 117d1e stool- 1980 ! 36 ! Pinerican o=
"Apnnn Danledns anit ! ! ! Pal Tiarlint
Shoaly v ! ! ! 1Mann, Y,05 !
! ! ! ! Lifde Dol !
L A 1908 ! 20 ! ! !
! ! ! ! ! !
! ! ! ! ! !
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D
:

continungs

T - T . r - T p T

1 1 : 2 v 8 o0 ! o !

NOTASC0 I roiining int 1907 ' 11, T welt  Lotallurain!

1 n 1ndle ! (15 uln ' weicht ! an5,v.53. !

! ! teonadedol) 300 ., !ID.P0102 1

! ! ! ! outout ! !

! ! ! V2,5 nmln ! !

! ! ! ' £/ ! !

: ! ! ! ! !

3TITA0 DRI~/ ' 1989 ' 41,5 ! 15tcel Miren!

' unit ! (5L min ! ITnternnte !

! ! 'cannd.dol) 11908, V.7 !

) ! ! ! 2, 7.7 !

! ! ! ! ! !

Im ' RIT unig LI RS 1544 ! - ' output !''otnl Mulle-

than etal-! ! ! Mmln t/yr!tin Jonthly!

Irrienl ! ! ! ! 11900, 11201 !

Corks ! ! ! ! '7.97 !

! ! ! ! ! !

Noland ! RH-OD unit ! - ! - ! canzcity tlleview Jefnl

"leogovens" ! type ! ! ' 310 t Ilurcie.1960 1

! ! ! ! 1v.683 14, !

! ! ! ! 'r.3723-231 !

! ! ! ! ! !

US4 ' vocuum da-! 1989 ! - 1 315.000 !St-~nl wmnd !

"Potlihom lecorhvrization ! ' t/yr IMi50n.1000 !

S5toel” 'ownit ! ! ! Ma103.70. !

! ! ! ! !:"1314—0

! ! ! ! ""adnl Tnlle-

! ! ! ! Itin onthly!

! ! ! ! 11an7.:in03 !

! ! ! ! re111 !

! ! ! ! 153 iletrl I'ro.

! ! ! ! due *n" 19351

! ! ! ! 1V,23.710 !

! ! ! ! W ./‘()—/1 2 !

! ! ! ! ! !

"ationnl  !ladle stoel-! 19806 ! 16 ' 2 min 133 i'etal Pro

steel” Imnking cornplex ! ' t/yr lducing. 19331

! ! ! ! 10.0,22 !

! ! ! ! ! !

Tadvon ! RII vacuum~ ! ! - ! ladle 1I5tah) und !

"Chinn, lator type ! ! 'capacity !'Disen.19d5 !

Dtoel” ! ! ! ! 250 £, 1B4105.722. !

! ! ! ' output 15.12 !

! ! ! ! 2,4 nin ! !

! ! ! ! t/yr ! !

! ! ! ! ! !

RG ! RI! vaccumn~! 1986 ! - ! 1 Pachborichte
"Erupn ! tor type ! ! ! HMuttonnrazis

S5tahl” ! ! ! ! !uotullw01tor

! ! ! ! Iverarbeituny

! ! ! ! 11056, 7124, !

! ! ! ! 15,5.473 !

"Zand und ! vacunm- ! ! - !cr*,pﬂ,ci't:,v 101,...1 Tulle-

Lo hdalatrhl inductor de-~ ! for ao- tin onthly

vorlo! trongsine unit! ! 'condﬂ*v r1oa7,1104 !

(i a ! ! o finine .03 !
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continuntion

! ! ! ! ! - !

1 ! 2 ¢ 3y 4 R 6 :
South ! furnnce- ! 1968 1! - ! Jadle t7achterichte!
Loren !' 1ndle ! ! ' copocity Hiuttenproasiic!
PO3CO 1 20 ! ! ' 110 % Nntnllveitor-
! ! ! ! 'vorarbeitunes!

! ! ! ! "Mon7. »d 25 !

! ! ! ! 13 5.735 !




137

Appendix

Gontinuous Steel Coagtine Ingtallations

country 'muabertype of !steel-!totallconstr. !cons-!notes! source !
£firm ! « lHustall!teeming out-!starts !truct! ! !
o ! » ! firm . 'ladle ! put,! put ! cost! ! !
LI g ! lecapacidthous! into ! mln.! ! !

'y ! 'ty,t. !'t./yrloperat.! dol.! ! !

! Tt ! ! ' yr. ! ! ! !
vy ! ! 1 ! ! ! !

1 12 3t 4 ! 5 ! 6 ! 7 r 8§ 1 9 !t 10 !

. 4 ! B ! ! 000 T 1935 ! 64 ! T Stoel !
Aua?rﬂm! 1 4 1 100m, ! - !2 !I’lld- 1987 ] - ! o tee '
lia ,"'Kobe ‘ ' T 1 ' . Timeg,

1 ,oelko 1 1 1 ] ;go;.;ii13.

! !- ! ! ! ! ! ! !

t2 1 ! Slab, ! 300 12500 ! }925 !' 104 5200— ;Fetal Buégi

! t"Shlemnnt ! ! ho 1300x !'1letin, 19851

! {Ziman" ! ! ! ! 11250~ 1116962, F. 29!

! ! ! ! ! ! 12200 ' Steel !

! ! ' ! ! ! '"rm ! Times Ind

! ! ! ! ! ! ! !ternation. !

z ! ] ! ! ' ! 11987.v. 11 !

! ! ! ! ! ! ' 3. 7.4 '

1 ! ' ! t - ! '
fysteiny 14 Dillets =y 004 gg ¢ - et Boreen-
werk E !!hcilht : s E i 180 :Chermeflnf:
Preiten, "Test~ ! : : 188“ (1967 5er.
feldqn i 'Alpllll'le ! ! ! 1 O 'n)teel ond 1
! ] ' ! ] ( (12 yFerronlloy, .

. " ' . ' X '1?Omm Production,

] ' ' 1 ' 1 i !hcfractgrv_

' ' ' 1 1 ! f !Frodgctlon!

' ' ' ' 1 ' 1 jand Ferrous

! ! ! ! ! 1t o

! 1 ! ! ! ! I !i.etal n%CI:p.p

' ! I ' ! ' ! Freparation

; ! i ! ! ! ! (23.P.5

Armen- 1 1 2 t 3lab, .t - 1 - 1 T%?g t ~ tthin tiletal Bul-!
tina, ! ! ! ! RS tslab 1letin,1937!
"Asin= ! : ! ! ! ! !prod.!nzoz,f.115§
dar" ! ' ! ! ! ! 51?8x ! !
! ' ! ! . ! 1150, ! '

! ! ! ! ! ! 1220% ! !

i ! ! ! ! ! 1290, ! !

! ' ! ! ! ! 122000 !

4 2 ! DBloom | ! Dot ; lotal Bul-

! g Bloom y =y = v 1 T ! -

1 ! ! ! ! 1 ! ,]et1n.19(.7,

1 ! 1 1 1 ! ! 17153, P, 191
Pangla=! 1 1 IBillet ! 6 ! - ' o= 1 - ICarboit Catnlogud!
desh ! 1-bloom ! ' p 1936 Isteel! 110184, !
"Rohim ! I"Contnct" ! ! ! feagt-! 1.6 !
Steel ! ! ! ! ! ! ting ! !
[ii1asm™! ! ! ! ! ! ! ! !
! ! ! ! ! ! ! ! !
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continu~tion

r T e 1T 1 ! T ! r
T 23,4 5 7T 8,9, 10 !

! ! ! ro. T 19855 t ! 1 !
Belriumy1 1 ,Curve- ; - ; 600 T§§5 ro— 1 pietal Indusy
"Usines, ; line | ' ' " '  bry lievs.
Gustave, "Shlemn : 1 ' ' ;1985.V.2, '
Doel" (=aiman", » ' ' 1 1713, '
Prozil !1 3 [Redial ! - 1 400 ! sgme ! - 'bloon !Express-datd
"I'nnnesd 'bhloom ! ! RS ! 'squard/In-t Cher-!
pann" ! I"iannest ! ! ! 170, !metinform."!

! I'man-De-! ! ! ! ! 194, 11937.5er. !

! Hng® ! ! ! ! 1 230 !'Steel and !

1 ' ! ! ! ! ! "Ferronlloy !

! ! ! ! ! ! ! 'Froduction !

! i ! ! ! ! ! '"Refractory !

! ! ! ! ! ! ! 'T'roduction !

! ! ! ! ! ! ! !nnd Ferrous!

! ! ! ! ! ! ! etal Scrap!

! ! ! ! ! ! ! !Frepnrntion'

! ! ! ! ! ! ! '"93 r.5

! I ! 1 - l f
"Losipat 1 i"SIab i" 130 g 600 1 1987, ! 250 slab ,Concw~t Te-

1 ! Contac! ' Lo !31nst 200x !cunology

' 1 ] ] 1 i ] 1QOO IYO\’ 01q(18.

' j i i i i i !’1 VelTepe2

2 1 !the ! 130 11200 ! 1958 ! 151nb !

! ! snme ! ! P ! 1100x !

! ! ! ! ! ! 11000 !

! ! ! ! ! ! 1300 !

! ! ! ! ! ! 11990

! ! ! ! ! ! 'from !

! ! ! ! ! ! lenrbon

! ! ! ! ! ! Iand low

! ! ! ! ! ! 'alloy!

' 1 1 1 ! ! I'stoels

4 ) ] ] 1 - t 1 ]

"Compnny1 2 y slab ¢y - 12000 1969 1150~ 1intal Pulle
Siderurs ' . g . 1170 ;tin. 1906,
drica ! ! ! ! . i IT127.0.23

di ' ! ! ! ! ! ! !

Tubﬂrﬂn' : : ; ! : ; '
uKOan1?1 At billct: 80 ! 300 ! o7 |- :;O{yp% npzrﬁoxs
! !' bloom ! ! ! 'billet ‘intals”.
! InContnct ! !fOb’uorI 11005 ti111.F./4
! ! ! ! ! ! 11005 'Contnlorue
! ! ! ! ! ! 1005 10184 D0
! ! ! ! ! ! 1160 !
! ! ! ! ! ! from !
! ! ! ! ! ! learhon
! ! ! ! ! ! 'stenls
! ! ! ! ! ! ! !
"Side- !'1 A ! billet! S5O0 ! - ! Tgﬂn ' — lenrbon Cntnloruce
rurdsica ! bloom ! ! ! MO U ond ! 11101084, 1.81
I.1. ! "Contnct” ! ! ! ! low !
A11por11" ! ! ! ! ! !nlloy!
! ! ! ! ! ! Intoel!
! ! ! ! ! ! ! !

Gme t tmm tma fms tma tem T=a Ve tem fee tum =8 m® um Ve (s 1S tme sew .-4...... v tma 1= tme tew 1me tme tem s tew v e e e g
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i : continuation
i ? T 1 T T T
T 23, 4 4 5,6, 7T 8,9, 10
"Compa-1 1 - ! - r - 1400 ' 1987 ' 350-! 'Perrous le!
ny Sicde- ! ! ! ! - ' 400 ! !tnlu,19”7o!
rurdzicn ! ! ! ! '(total 1m4.r.38 !
Pelpu- ! ! ! ! ! !capital ! !
[inera"! ! -1 ! ! linvest- ! !
! ! ! ! ! ! ment! ! !
! ! ! ! ! !'progr! ! !
! ! ! ! ! ! ! ! !
Great ' 1 3 ! radial! 80 ! 300 ! T§3? ! -— I!round! Express- !
Rritain! ! ! ! ! 20 'billet data !
R3C ! ! ! ! ! ! 'dinm. !/In-t Cher!
! ! ! ! ! ! 1310, 'metinform.!
! ! ! ! ! ! 1370, '1987. Ser.!
! ! ! ! ! ! '1430m2!5teel and !
! ! ! ! ! ! ! !Ferroalloy!
! ! ! ! ! ! ! '"roduction!
! ! ! ! ! ! ! 'Refractory!
! ! ! ! ! ! ! 'Troduction!
! ! ! ! ! ! ! Tand Ferrous
! ! ! ! ! ! ! 'I'etal Scrap
! ! ! ! ! ! ! 'Propﬂrqtion
! ) ! ! ! ! ! 'P23 P.5 !
! ! ! ! ! ! ! !
"Ilany-!''1 2 ! slab ! 130 ' - ! 19-— 1~ IP54x 'bcrvons ['e!
arn" ! ! B3C ! ! ! re 11550mm tals.19506!
! ! ! ! t april from !1M12.F.46 1
! ! ! ! ! ! lcarbon Stahl und!
! ! ! ! ! ! Isteel! Bisen.1953
! ! ! ! ! ! ! ' M11.P.12 !
! ! ! ! ! R ! ! !
"lante~" 1 3 ! billet! 19 ! 40 ! 13;5 {  7,5!round! #errous !
! I"Enmine - ! ! S (e 3 ! and !etals.1937°
! lering ! ! ! ! !'square .Y.41 !
! !'controc- ! ! ! 'billet Steel !
! ting" ! ! ! ! ! ! Tiries. 1936
! ! ! ! ! ! ! 11112, F. 642 !
! ! ! ! ! ! ! ! : !
Venezu-! 1 4 !bhillet ! 75 ! -~ ! Tagg ! -~ Igquare Catolosne!
ela ! "Contact" ! R ! 1100~ !1i10184.7.3!
"Side tur” ! ! ! ! ! 1150rm! !
! ! ! ! ! ! 'from !
! ! ! ! ! ! !carbon
! ! ! ! ! ! lgteel!
! ! ! ! ! 198 ! ! !
Brypt '3 4 ! billet! - 1800 ! 1254 1 - I5tcel Times
"Aloc- ! ! ! ! p 1980 ! Tntornnt. !
gondrin! ! ! ! ! ! ! 11986.v.10 !
nationnl ! ! ! ! ! ! 13.r.38 !
Steel" ! 1 ! ! ! ! 1 ! !
! ! ! ! ! ! ! ! !
"Beypti- 1 4 !hillet ! 50 ! - ! 15“0 !' = lcarbon Cnt:n 1ogue'
an Copper ! bloon ! ! RS stoo]'H10184 F.8!
Uorlonh! I"Contact" ! ! ! ! !
! ! ! ! ! ! ! ! !
"Leypti- 1 = ! slab ! - 1500 ! === ! - ! stahl und !
nnvggon! I"Fent- ! ! ¢ 1990 ! 'Lluon.19 !
and Sknel™ 'Alpine™! ! ! ! ! 'pa 105,119 !
1 r ! ! ! ! ! ! .18 !

cmm tem s =
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conitinuation

] 1 ] 1 ! [ ] 1 ]

1§23, 4 4, 5 {6, 7 ;8,9 10

India T 1 2 Tbhillet ! 17 ¢t - ' _ - I - Tcarbon Cntaloguc!

"Steel ! ! bloom ! ! ' 1950 ! I and 1i110184.7.6!

Strips"! "GContact" ! ! ! ! Jow ! !

! ! -1 ! ! ! talloy! !

! ! ! ! t ! Isteel! '

! ! ! ! T ! ! ! !

"Surren- 1 2 ! bhillet! 1C ' - ! T5”7 !' < lcerbon Catalogcue!

dra" ! ! bloom ! ! LG I5teel 111101684, F. ov

! I"Contoct" ! ! ! ! ! !

! ! ! t ! ! ! ! !

"Somani! 1 2 !billet ! 15 ! -~ ! 1;37 I ~ lecarbon Cntnlogue!

Ferro ! 'bloom ! ! P ! ! and !'i[10134.7.6!

Allowvs™! "Contact" ! ! ! ' Jow ! !

T 1 ! ! ! ! 1alloy! !

! ! ! ! ! ! 'steel! |

1o ! ! ! ! ! ! !

"Indian! 1 1 'billet ! 7 ¢} - I T§“7 ! - lcarbon Catnlorue!

Steel ! 'hloom ! ! IR AL Istcel HI10184.F.6!

Rolling! I"Contact” ! ! ! ! ! !

Iills" ! ! ! ! ! ! ! ! !

! ! ! ! ! ! ! ! !

"Chundi- 1 2 !billet ! 17 ' - 1! 75W7 !' -~ tearbon P"tﬂlovue'

vnla ! 'bloom ! ! [ ! ! and "11u184.P.6!

Steels"! "Contact" ! ! ! Mow ! !

! ! ! ! ! ! Inllov! !

! ! ! ! ! ! 'steel! !

! ! ! ! ! ! ! ! !

"Shri ' 1 3 '™illet ! 40 ! - ! Tgrg ' -~ Isquare Gteel !

Johoyr ! "Contact" ! ! J ! !130- ! Tines Int.

Alloy ! ' ! ! ! ! 1200, '1950.v.12 !

Steels"! ! ! ! ! ! lcarbon H1.P.11 [

! ! ! ! ! ! 'anlloy! !

! ! ! ! ! ! !corrocion !

! ! ! ! ! ! !-resistont !

! ! ' ! ! ! Istools !

! ! ! ! ! ! ! ! !

"Partar! 1 2 thillet ! 25 ' - ! Tﬁﬂa ! ~ learbon Zontnlorue!

Rapasthan '"Fontact ! 7o ! low- M110134.7.6!

Specinl! ! ! ! ! ! 'nlloy! !

Steecls"! ! ! ! ! ! Istecels !

! ! ! ! ! ! ! ! !

"Dhushen 1 2 !hillet ! 23 ! -« | — ! - !square Cntnloruc!
Industrinl "Contact" ! 1986 180 11101844 P10

! ! ! ! ! ! '130mm! !

! ! ! ! ! ! fearbon !

! ! ! ! ! ! 'stecls !

! ! ! ! ! ! ! ! !

''1 1 thillet ! 25 ¢t - ! 7635 ! - !billet Concant !

! I"Contnct" ! ! : ! 1130: 'Techno]ohy'

! ! ! ! ! ! '140mnm!ilews . 1908, !

! ! ! ! ! ! corbon ve.?27T.12., !

! ! ! ! ! ! Intecls 1.8 !

! ! ! ! ! ! ! ! !

"Allied! 1 2 !hillet ! 24 1 - ! T%FU ! - lecarbon Catalogue!

Steeln™! "MContnet" ! ! ’ ! Now- '1110104.17.06!

! ! ! ! ! ! 'nlloy! !

! ! ! ! ! ! tateels !
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Continuntion
1 ! 2 3 ! N ! 5 ! 6 ! 7T ! 8 ! 9 ! 10 !
T ! j ! ! ! ! ! ! !
"Phatrin 1 2 'billet ! 14 T = T = I~ Tcorbon Catalogue!
Electric 'bloom ! ! ' 1986 ! low- !1110184.7.6!
Steel" ! I"Contact" ! ! ! !Inlloy! !
! ! ! ! ! ! Isteels !
! ! ! ! ! ! ! ! !
Indone-! 1 4 'billet ! 36 ' - ! —= ! - lzquare the same !
gin ! 1"Contact" ' p 1988 ibillet '
"P.Ts ! ! ! ! ! ! ! with! t
Uaster ! ! ' ! ' ! ! side! !
Steel™ ! ' ' ! ! ! 180, 140me !
! ! ' ! ! ! !mass ! !
! ! ! ! ! ! lup to! L
! ! ! ! ! ! 30 t.! !
! r ! ! ! ! ! ! !
Spain ' 1 6 ! slab-! 80 ! - ! — 1 - 1 ! Catalosue!
Wnrcia ! bloom ! z ¢ 1936 ' 11110184, F
Usin" ! I"Contact" ! ! ! ! ! !
! ' ' ! ! ! ! ! !
"Eche- ' 1 6 !'billet ! 100 ! - ! Tﬁgg ! ~ lalloy!Catalorue !
varria"! 'bloom ! ' ! ! !steel!NN10184.P.10
! I"Contact" ! ! ! ! ! !
! ! ! ! ! ! ! ! !
"Olsa™ ' 1 1 thorizon. -~ ! 120 ! 7986 !' - Ibillet Express- !
! 'billet ! ! ! ! '“rom ! dnta.
! I"Hippon! ! ! ! 'corro- /In-t Cher
! 'Kokan" ! ! ! ! !'sion 'metinform.!
! ! ! ! ! ! f-resis 1987.Ser.!
! ! ! ! ! ! 'tant !5tecl and !
! ! ! ! ! ! Isteel!Ferroalloy!
! ! ! ! ! ! !'squareProduction!
! ! ! ! ! ! ! 145, 'Refractory!
! ! ! ! ! ! '125mn!Production!
! ! ! ! ! ! ! !and Ferrous
! ! ! ! ! ! ! 'Tietal Scrap-
! ! ! ! ! ! ! 'Freparation
! ! ! ! ! ! ! 171123.P.6 !
! ! ! ! ! 86 ! ! ! !
"Enzi- ! 2 2 I!biliet ! 250 12400 ! %%#5 ' 128 ! !Stahl und !
desa”" ! !"Demag" ! ! ! ’ ! ! '"1"0n.1“88'
! ! ! ! ! ! ! 'Nd 108.11.
! ! ! ! ! ! ! ! P.14 '
! ! ! ! ! ! ! ! !
Seatano ' 1 - 1! 3glab ' - ! 0! qug ! 62 ! 'T.otal Bul-!
Seatao ! ! ! ! ™ ! t ! ! letin Pon—.
! ! ! ! ! ! ! 'thlr 1986, !
! ! ! ! ! ! ! 181 P.7- 19'
! ! ! ! ! ! ! !
"AT ! ! 51 ' 11 ! 600' = 162 ! "etﬂl Bul-!
omaog 10 1 ttar 10 20000555786 ! etin fion-!
de ! ! ! ! ! i ! fthly.1986 !
Vizecovn" ! ! ! ! ! ! 'U181 Pe7~ 19
! ! ! ! ! ! !
"Pedro ' 1 4 !hillet ' 75 ' -~ ! —:—3 ! - aIJOJ'Cﬂtqlo"ue !
Orberoso” 'bloom ! ! ! 198 ! Inteel 1110184, P. 8'
! "Contact” ! ! ! 'b11]ct !
! ! ! ! ! ! 1220x ! !
! ! ! ! ! ! 1180mm! !
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- r , , cont%nuati?n , .
1
T ,2 3, 4 ,5 6 7T ;8 ;9 , 10 :
"Tatri-' 1 2 ! bloom ! - t 110 ! 1286 ' 22 !'bloonliietal Bul-!
cic Eche "Krupp"! ! r 19 (35 1!'240x !'letin.1288!
varria"! ! ! ! ' (hes ! mln !1310mn!ii7263.P.25!
! ! ! ! ! been ! m.) ! from! !
! ! ! ! ! built ! !special !
! ! ! ! for 13 ! Isteels !
! ! 1 ! ! mo. ) ! ! !
! ! ! ! ! ! ! ! !
Italy ' 1 5 !sorted ! 100 ' - ! T%ﬁﬁ ! - !billet Ferrous !
"Imcchi- 'billet ! ! ! ! 1940x !'lietnls.1987
ni Sider- ! ! ! ! ! 1140 !H11.7.45 !
urgica'! ! ! ! ! ! 1160 ! !
! ! ! ! ! ! '300mm! !
! I- ! ! ! ! 'from ! !
! ! ! ! ! ! learbon !
t ' ! ! ! ! !steels !
! ! ! ! ! ! ' ! !
Breshin! 1 4 !sorted ! 80 ! - ! T:Rg !' -~ 1160x !Ferrous !
! 'bloom ! ! RS 1160- !lietals.1987
! I"Contact" ! ! ! 1160x 'H11.P.45 !
! ! ! ! ! ! 1300mm! !
! ! ! ! ! ! 'from ! !
! ! ! ! ! ! 'alloy! !
! ! ! ! ! ! Isteels !
! ! ! ! ! ! ! ! !
"Coren"! 1 & !'billet ! - T - ! 7333 ' = I'billet Stahl und!
) 'bloom ! ! 1 1eY vryith !'Eiscn.1986!
! MContact" ! ! ! !square Dd.106. P19
! ! ! ! ! ! ! side! P.26
! ! ! ! ! ! 1127, ! !
! ! ! ! ! ! " 0, ! !
! ! ! ! ! ! '160rm! !
! ! ! ! ! ! ! ! !
"Ttal- 11 - !glab ! - & - I ]9?. I 126 Islab !Stahl und !
sider" ! ! ! ! 1 1790 'thick- Eiseni .
! ! ! ! ' ! 'ness '1986.Bd1.106-
! ! ! ! ! ! 'up to!ii21.P.14 !
! ! ! ! ! ! 1240:ma! !
! ! ! ! ! ! ! ! !
SETA  '1 5 !bloom ! - 150013128 1 oy IExpregs- !
! I"Fest- ! ! r - ! ! ldanta./In-t!
! 'Alpine*! ! ! ! ! !Chermetinf.
! ! ! ! ! ! ! 11987. Ser.!
! ! ! ! ! ! ! 1Steel rnd !
! ! ! ! ! ! ! T'erroalloy!
! ! ! ! ! ! ! 'Production!
! ! ! ! ! ! ! Refractory!
! ! ! ! ! ! ! 'Production!-
! ! ! ! ! ! ! trnd I‘errous
! ! ! ! ! ! ! etnl Scrap
! ! ! ! ! ! ! !Treparation
! ! ! ! ! ! ! 11123.P.5 !
! 1! ! ! ! ! ! ! !
"Torni”! 1 1 ! slab | 150 ! 450 ! 7657 ! 15 !3lab !Ferrous Fo-
! MPost- ! ! ! ! Iyidth!talo.1937.
! 'Alpnno"' ! ! ! 1700~ !1124.7. 3)-40
! ! ! ! ! ! 1600mn!
! ! ! ! ! ! 165=250mm !
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continuation
! 1 T LM ! r ! 0
1 ' 2 3, 4 ' 5 O T . 8 . 9 ' 10 '
"Doltr-! 1 6 !radinl ! - 1500:! - !' - !round!Express-da-
sider" ! "Fegt- ! ! ' 7906 ! billet ta. /In- !
! fAlpine"! ! ! ! 'diam. 'Chermetinf.d
! ! ! ! ! ! '1°Omm'1987. Ser. !
! ! ! ! ! ! ! Steel ond !
! ! ! ! ! ! ! !bcrroalloy!
H ! ! ! ! ! ! 'Production!
! ! ! ! ! ! ! !'Refractory!
! ! ! ! ! ! ! 'Production!
! ! ! ! ! ! ! 'nnd Ferrous
! ! ! ! ! ! ! '""atal Scrap
! ! ! ! ! ! ! 'Preporation
! ! ! ! ! ! ! M23.P.6 !
' t ! ! ! ! ! ! !
Canndn ' 1 3 thillet ! 80 !270-! T§§7 ! 9,2!square Steel !
"Atlas ! "Darieli” 1360 ! 1(12 billet Times Int.
Steels"! ! ! ! ! ! mln !with !'1937.v.7.
! ! ! ! ! tcanad.side !'12.P.18 !
! ! ! ! ! 'dol.)!100, ! !
! ! ! ! ! ! '?OOmn' !
' ! ' ! ' gan ! ! ! !
DOFASCO! 1 2 ! slab ! 272~ 12000 ! %%ﬁ% ! 150 ! !Stahl und !
! tvertical 325 ! ! ! ! Bicen.1983!
! "Demas™! ! ,dccenber ! md.1083.18 !
! Mifitati! ! ! ! ! 1P, 12 !
! 'Josen” ! ! ! ! ! Iron and !
! ! ! ! ! ! ! !5teel Eng.!
! ' ! ! ! ! ' 11986.v.63 !
! ! ! ! ! ! ! 1118.P.17-23"1
! ! ! ! ! ! ! ! !
STELEO ' 2 2 !'hloom ! - 11900-! T%ﬁﬁ ! 350 ! ! !
! l-glab ! 12200 ! YO ! ! !
! ! ! ! ! 190 ! ! ! !
IFSCO '1 1 ! 35lab ! - 1 800 ! §4 ra2s 1t 'Iron rnd !
! ! ! ! p 1987 v '5tecl Eng. !
! ! ! ! ! ! ! 11982, v. 05 !
! ! ! ! ! ! ! 'H? P.D-14 !
! ! ! ! ! ! ! !
KITE '1 4 'billet ' -~ 1 400 !V ooer ! - ! n°t11 Bul-!-
! I"Rocop™" ! ! p 1980 ! 'letin. 195!
! ! ! ! ! ! ! 1117002.P0.27!}
! ! ! ! ! ! ! ! !
"Svydner! 1 3 !"Contact" 125 ! - ! -q ! = Igquare Concnst !
Steel™ t: 1 ! ! t 1989 1292, !rechnology!
! ! ! ! ! ! 1381, !Mews.1988.!
! ! ! ! ! ! '43?"\1‘1 Ve 70; 1 . })-7
! ! ! ! ! ! ! !
Colombin 1 2 !billet ! 15 ! - ! T;ﬁﬁ 'o- !squnre Concant !
"Fundente" I"Contnct" ! P ! 1100- !Technolopry!
! ! ! z ! ! 1130mn iews . 1908, !
! ! ! ! ! ! lcarbon v.27.12 !
! ! ! ! ! ! Inteels r.o !
! ! ! ! ! ! ! ! !
Kilm 1 1 !slab ! -~ 1280 ! o5 !~ ! slob! the snwe !
! " Doring" ! ! p 1986 frridth! ;
! ! T ! ! I 700-1200mm !
! ! ! ! ! ! 180mm thiclkness !
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Continuation
r r ! 1 r ! ! T
V723 4 5 0y 7T 8,9, 10 s
[landen T 1 1 ! slab ! ~ 1240 ! - ro- 1 slab'"*prenu !
! "Demag" ! ! ! 1386 ! 1650- !datn./In-%!
! ! ! ! ! ! 11200 !Chermetinfd
! ! ! ! ! ! '150wn'19“7. cr. !
! ! ! ! ! ! 700~ !Stcel and !
! ! ! ! ! ! '1200“'“err0ﬂ1lo"'
! ! ! ! ! ! !180m¢!Product10n'
! ! ! ! ! ! ! 'Refractory!
! ! ! ! ! ! ! !Production!
! ! ! ! ! ! ! !nnd Ferrous
! ! ! ! ! ! ! Ii"etal Scerap
! ! ! ! ! ! ! 'Preparation
! ! ! ! ! ! ! "n23.r.7-8 !
! ! ! ! ! o | ! ! !
orks 12 B8 Isorted ! 210- 11500 ! 12321 12 Isquare Tool and !
Shoudu ! 'hillet ! 235 ! ! 220 'b1110t Alloy !
! I"Contact" ! ! ! with !5teel.1936!
! ! ! ! ! ! !side 'v,20. If 3.!
! ! ! ! ! ! 1100- ! P.23 !
! ! ! ! ! ! "120mtiet. Bulletd
! ! ! ! ! ! lensth 1938. !
! ! ! ! ! ! '14 14m ii7246.Y. ?3
! ! ! ! ! !
Torks ! 1 2 ! glab 120-30 ! 400 ! 1;“0 1 - ! 'mynro"°- '
Shanhai! Iradial ! ! RS ! ldata./In-t!
! Mlest- ! ! ! ! ! !Chernetinf,
! 'Alpine"! ! ! i ! 11987% Ser.!
! ! ! ! ! ! ! 1Steel ond !
! ! ! ! ! ! ! 'Rerrorlloy!
! ! ! ! ! ! ! !Production!
! ! ! ! ! ! ! Refractory!
! ! ! ! ! ! ! !'Production!
! ! ! ! ! ! ! 'and Perrous
! ! ! ! ! ! ! etal Scrop
! ! ! ! ! ! ! 'Freparation
! ! ! ! ! ! ! 11123.P.7 !
! ! ! ! ! ! ! ! !
orks ! 1 3 Ihillet ' - ! 80 ! 7657 ' -~ Ibillet Sumitomo !
Yok ! 1" Sumitomo” ! 1A ! 1140 !'etnls.1996
! ' ! ! jilovembey 1140; 11118.7.7 !
! ! ! ! ! ! 1140x ! '
! ! ! ! ! ! 11805 ! !
! ! ! ! ! ! 150x?00nn !
! ! ! ! ! ! !
Works ' 1 4 hillet ! 40 ! - ! 1570 LI quqrn Steel !
Chanda ! "Contact" ! ! R 'bl]lot Times !
! ! ! ! ! ! writh !'Int.1900. !
! ! ! ! ! ! Inide !'v.12.111.P11
! ! ! ! ! ! 300-120
! ! ! ! ! ! 1from ! !
! ! ! ! ! ! carbon! !
! ] 1 ! ! ! lowr alloy !
! ! ! ! ! ! tsteels !
! ! ! ! ! ! ! ! !
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contiz;.ua bior:. : r
T T r 4 3 . 9 10 X
1§23, 4 ;5 ;6 ;T ;8 ;9 !
! : 12000 ! j924 [t - 1 Total Dul-!
texico 13 2 ! gslab P - ;2( ¢ 1 el 1 etin. 19051
"Sider-! I"Domash ! LS 1 1376984 . I p3|
-Llliﬁ'? cn 1 !"Hit(’.ti ! g ; ; ; ! .
Locoro ! ! Jogen"! : : X N ' I
2 Cnrdc~m~" ! : X ; ; ' 1 1
! ! ! s 19585 ' 1 1-1
: . 1 = 1140 !round!i'etnl Dul-!
Tamsa®™ 115 ;ulllet ,.5 - : 600 ¢ 1987 '} with!billet letin.1935
! . Demag ' 1 ! lelects for !116998.P.27!
! : ; : . fup— ! t¥nchberich-
! H 1 1 1 nace)! 'te lutten-
; ' . ' 1 ! ' tachnik, !
; ' 1 ' ! ! ! etalleiter
! : : f 1 1 ! ! lverarbeit-!
! . : ! ? ! ! lung. 1937 !
f ; ! Co to IT7.P.609 !
. . . . K 1
! ! ; ; L1935 b Liq |
: . : ! =222 1 159 !5lab !Steel Times
Tether-! 1 2 ! slab ! 100 52:,100 1935 109 'thlcl».n 1907 v. 215
londs ! IMDemngh ! 1 1 ! 1250mm! I1.P.2 !
"Hocgovens" ! ; ; ! ' hoidth ! !
: ! ; : ; g 1950~ ! !
! 5 ; i P ! 12700 !
- . . H Jio 1 - n Cntqlorvl]c
12 6 !'billet ! 110 11000 ; T§§% . nliﬁi 11110184, P. "
! !"Contaci':" : ; ; 1stoelsConcnnt !
! ; " " . l ! ITechnolory !
! ; ; ; | ! . o, 1997 !
5 5 ! ! ! ! ! 1v.26.113.Fa 1
: : it . 1 ! !
! ! ! ! ! ! - '
: - 1 ! !5tahl und !
Aimaden! 2 2 Isorted ! - %2600 : 907 | ?-7,4' !Iflisen.1987!
! "Demag! ! ; : : ! Rd.,107.11 !
! ; f ; ; ' ! 7. 115 !
. . M : p 1 1
1 ! ! ! ! ! ! . ;
i 5 103 R 'cnrbon (,ntﬂlo"uc
Zealand ! t"Contact " " ' allo"'
"itewr Zonloand ! ; ; : : Istools !‘
Develonnent” : : ' ' Y ! ! '!
! . . . - : ~
1he ' = ! —=—= | ~ lecarbon Cntalosue!
Pokistorn 1 3 !billet 5' 40 X ¢ 1960 Iatoels 1110184, !
"Itterflns: I"Contact' ; ; ; lanunra P.0 !
Foundries™ 5 i ' f ! Ihillet !
! ' ; | : ! lwith ! o
! : s | ; ' Izide ! !
: { ; ! i t  150mn ! !
: . : f ! ! .
1 1 ! ! ! . ' 1 !
: e —_— -1 154201 und !
"Tnliston 16 Ibillet ! - 1500 ! gqns ! ! iBinen.1978 !
Stec) ! et ; ; ; ' 11,107,719 !
iills" ! tAlpine™ ! ; } ! ! ! 1.20. !
! ! : : : p 1 ' !
1 ! ! ! ! : . .' . ™
. 4 b — 1 - 1 1intnl Dul-!
Parnsuny 2 2 thillet : - : 240 . 7956 ’ otin. 1906 !
"ASEPAﬁt 5 i i : " ] 117055. .22 1
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' . : : - conti?pﬂtiq¥r ,
—r
T .23, 4 5 6 ., 7T 8,9, 10 :
Fortur11 3 6 tbhillet T 130 11100 ' - ' - fearbon Cntnlosue !
"Sider- t-bloom ! ! 1 79858 1 'steels 110184 !
urgican ! MZontact’ ! ! ! ! L A !
Motional” ! -1 ! ! ! ! ! !
! ! ! ! ! ! ! ! !
USA 11 31t - r 18 1 - 1 195G ' ~ legarbon 33lietal !
"Dirmin- ! ! ! ! ) ! !stecls Troducing!
rhan Steel” ! ! ! ! ! ! 11957 ve25 !
! ' ' ! ! ! ! 1P,38-42 !
! ! ! ! ! ! ' ' !
"Tetlech 2 1 ! s5lab- ! 250 12500 ! ngg ! 250 !perso- Iron and !
em Steel" 'bloom ! ! ! ! Innel 'Steel DEng,.!
! Miest- ! ! ! ! 1100 11985.v.062.!
! 'Alpine"! ! ! ! ! 114 .7.62 !
! ! ! ! ! ! ! ! !
"Burng ' 1 2 ! 5lab ! 270 12000 ! === ! - Iperso- 33iletnl !
~Harbor" ! ! ! 1 1986 4 Innel !Producing.!
! ! ! ! ! ! 1100 !'1987.v.25 !
! ! ! ! ! ! ! 'P 38-42 !
! ' ! ! ! ! ! !
"Connec! 1 2 !radial !127-30 ! 225 ! 7988 LI 'cqrbon lietal Pro-
ticut ! I"Contact" ! ! “ ! low- 'ducing. 1987
Steel" ! ! ! ! ! ! falloylv.25.11.2 !
! ¢ ! ! ! ! Istecls 39-42 !
! ! ! ! ! ! ! T'etal Prod.
! ! ! ! ! ! ! 119837.v.25 !
! ! ! ! ! ! ! "5 P.38-421
! ! ! ! ! ! ! ! !
"iorth ! 1 3 !billet ! £1 ! 360 ! 4% r - ! 133/ictal !
Star ! z ! ! ¢ 1980 ! tFroducing !
Steel"™ ! ! ! ! ! ! ! 11987.v.25 !
! ! ! ! ! ! ! m5.1.33-421!
! ! ! ! ! ! ! ! ' !
"Inland! ! 9lab ! 220 11290 ! — ! -~ learbon Amerikan !
uEP%TH AL ! {1790 | 1986 Tow- !ietnl lor-!
! ! ! ! ! ! Jolloy tket.19856. !
! ! ! ! ! ! 'sfce]ﬂ ve94.12P, 1
! ! ! ! ! ! ! !33lietol Fro
! ! ! ! ! ! ! 11997.v.25 !
! ! ! ! ! ! ! '"5.P. 38-42 !
! ! ! ! ! ! ! ! !
"Chappa- 1 2 'horizon- 135 ! 180 ! T987 ro- ! 'Iron and !
rral ! tal ! ! oot 1 ! ISteel Bng. !
Steel" ! ! ! ! iDecembey ! 11908.v.65 1
! ! ! ! ! ! ! m».r.n-21 !
i ! ! ! ! ! ! ! !
"iiilton! 1 3 !hillet ! 20 ! 180 ! 7oy !' = learbon 33, etnl !
Ilanufac- ! ! ! 1 AOY 'nteela Iroducing!
turing"! ! ! ! ! ! ! 11987 eve?25, !
U ! ! ! ! ! ! 115.0.38-421
! ! ! ! ! ! ! ! !
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continuntion
T i o ! ) ! ! !
uktlo‘"l 12 T'slab ! - 1223001 - " - lalab !Concost 1
Steel" ! I"Contact" ! ! 1987 ! 'thickn "echnolory
! M Sumi tomo" ! ! ! '?AOﬂm'Pcr".1988 !
! ! ! ! ! ! 'width!ve27.11.P. 3
! ! ! ! ! ! lover !
' ! ! ! ! ! 1880 rm !
! ! ! ! ! ! length! !
! ! ! ! ! ! 5,9-9,0m !
! ! ! ! ! ! pouring
! ! ! ! ! ! rate ! t
! ! ! ! ! ! 1,8m/min !
! ! ! ! ! ' ! ! !
! 2 ! slndb !163,?13 2000! —— ! - ! 'Tron and !
! - ! ! 1 1987 ' 1Stenl Enr.!
' ! ! ! ! r ! 11983.v.65 !
1 ! ! ! ! ! ! '"“.P.DZ-A’!
! | ! ' ! 1 l l
"Ileweor! 3 'billet ! 100 ! 594 ! Tgﬁw 1o~ 1331atnl Pr.
Steel" ! ! ! ! ! OY ! 11987.51.5 !
! ! ! ! ! ! ! !P.38-42 !
! ! ! ! : ! ! !
ilorfoll! 3 thillet ! 45 ! Z70-! 1"00 ro- 'cnruon Iron and !
! '-bloon ! 1 360 1 1986 Isteels Steel Eng.
! ! ! ! ! ! ! 11988.v.065 !
! ! ! ! ! 236 ! ! no2,p.nD-21 1
Frofor-! 1 !'"I'annes- - 13820 ! %§%§ ! - hyidth! Ferrous !
dovill ! 'nan" ! ! ! © ! '1350nn l'etals. !
! ! ! ! ! ! 11987. H1.
! ! ! ! ! ! ! !' P.AT !
! ! ! ! ! ! ! Tronmaking !
! ! ! ! ! ! ! lnnd Steel-!
! ! ! ! ! ! ! Imaking. 1988
! ! ! ! ! ! ! 'vo15 I'3. !
! ! ! ! ! ! ! ' P.119. !
: ! ! ! ! ! ! ! ! !
"oure ! 1 2 ! slab ! 232 11600 ! %%%% 1 130 ! 'atal Prod.
Steel” ! "NDomas"! ! ! ‘ ! ! 11937.1i5. !
! Iniitati! ! ! ! i 1. 35-41 !
! I Joden™"! ! ! ! ! ! !
f ! ! ! 1 1 ] ! f
! ! ! ! ' yang ! !
UsX ! - !35lab ¢ - 12300 ! —— ! 200 ! PFerrous i
! ! ! ! ! - ! ! 11987 124, !
! ' ! ! ! ! ' ' P.40-41 !
! ! ! ! ! ! ' ! !
Ferfild! 2 ! 5lab ! - 117700 ! === ! 200 ! "Tron and !
! ' ' ! 1 1989 ' 3teel Bnr. !
! ! ! ! ! ! ! 11988, v. 65 !
! ! ! ! ! ! ! 2. P D=4 !
! ! ! ! U, ! ! ! !
Gary ! 2 2 tslab ! ~ 12970 ! }934 I 20C !perso!Sumitomo !
! lcurve- ! ! P ! mnel !Liatals Tews
! ! Jine ! ! ! ! 1156 11986. 1115, !
! "Contnct ! ! Zrith ' PL? !
! ! ! ! ! "adle!Iron nndl !
! ! ! ! ! tatenlisteel Fnoe !
! ! ! ! ! ! ntocez.11986.v.63. !
! ! ! ! ! ! péraoon. B P.D2A-29
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continuatior
e, ! ' ! e I ! ! ! ! 1
23y 4y 5y Ty 839, 10 !
leMaivan 1 2 ! slab ! 250 12400 ! 1935 ! 34 !pour-!Concns !
"Chino ! Iradicl ! ! 1 1987 ! !ing  !Technolory !
Steel™! !'Cont ct" ! ! ! Irate fllows.1908 !
! ! ! ! ! ! 12,0 Ww.27.111.P.4
! ! ! ! ! ! 'm/mln! Stanl und !
! ! ! ! ! ! ! 'Bisen.1283!
! ! ! ! ! ! ! 'R 108 IfM11 !
! ! ! ! ! ! ! 15315 !
! ! ! ! ! ! ! ! !
hoiland 1 2 !'billet ! 20 ! - ! — ! - learbon Catnlogue!
"G5 Steel! I-bloom ! ! r 1987 Isteels 1110184 !
! "Contact" ! ! ! ! ! P.O !
! ! ! ! ! ! ! 'Rerrous le.
! ! ! ! ! ! ! 1a857.12 !
! ! ! ! ! ! ! IP. 25-26 !
! ! ! ! ! ! ! ! !
Turkey ! 1 4/5!'radi"1 ! 75 ! 450 ! T5"7 ! 90 !billet Perrous le
"Izmir ! 'prillet ! ! ! © 'vshole vrith !11987.1118 !
Deriir ! "Contact" ! ! complex! side! T.40 !
Chelil"! ! ! ! ! ! 1100~ ! !
! ! ! ! ! ! '1.10mn! !
! ! ! ! ! Jon ! ! ! !
"Chebi-! 1 thillet ! - 1310 ¢ 287 ¢+ _ I etal Dul-!
tog® ! ! ! ! ! ! ! "Metin. 1923 !
! ! ! ! ! ! 1 177265, P.26 !
! ! ! ! ! ! ! ! !
"Kukburo- 2 6 !'billet ! 90 ! -~ 1} —q' ! = lfearbon Catnlosue !
va Chelil '-bloom ! ! ! 1986 ! !steel'"101uA F.1!
Idagtrici® "Contact” ! ! ! ! ! !
! ! ! ! ! ! ! ! !
! ! ! ! ! ! ! ! !
"Akinsi- 1 - !sorted ! - 1 400 ! TEGW ' 30 !'100x !'etal Dul-!
lerh ! ! ! ! PR 1 (writh1120mn e tin. 1997 !
! ! ! ! ! lelect. Mmr7174.7.211
! ! ! ! ! 'furnﬂce ! !
! ! ! ! ! ! ! !
"[inbrs ! 2 5/6!billet ! S0 ! 600 ! —mmm ! - !100x 1Cntnlorue !
Tndus t-! I-bloom ! ) 1 1987 1100, !110194.7.11
riszi" ! "Contact" ! ! ! 1120 'Perrous lio.
! ! ! ! ! ! 1120mm 119371167 !
! ! ! ! ! ! 'eorbon P.3G !
! ! ! ! ! ! Inteecl! !
! ! ! ! ! ! ! ! !
"Sivag ! 1 5/61billet ! 90 ! 450 1 TgWG !' - Isouare Coneast !
Domir ! I"Contnct" ! ! ’ ! 'villet Tochnolory
Chelik"! ! ! ! ! ! Lyith !Hiews. 19233 !
! ! ! ! ! ! !'nide !'I1.T.4 !
! ! ! ! ! ! 100~ ! !
! ! ! ! ! ! 1160mn! !
! ! ! ! ! ! ! ! !
Fhilip-t 1 2 ! bhillet! 12 ! -~ ! 1;07 ' = learbon Oatnlosue!
pine ! '-hloom ! ! L ! Istonls 110104.76 !
"Aruotron~ ! ! ! ! ! ! ! !
Industrins" ! ! ! ! ! ! ! !
! ! ! ! ! ! ! !
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continuation
! 1 ] 1 ! ] 1 ! []
1423, 4 ¢ 5 4 6 4 T 4 8 9y 10
"ShK ' 1 2 hillet V 25 ! - 1 - ' - laoquare 5teel !
Stoel" ! I"Contact" ! 1 1989 ! 'hillet Tines Int.
! ! ! ! ! ! writh 11988.ve12 !}
! ! ! ! ! ! laide !II1. Fe11 !
! ! t ! ! ! 1130vu! !
! ! ! ! ! ! 'from ! !
! ! ! ! ! ! lcarbon !
! ! ! ! ! ! !steels !
! ! ! ! ! ! ! ! !
Finlond! 1 2 ! bloom ! - ! 350 ! Tan ! 120 1230z !'Fachberich-
"Ovalo ! lcurve- ! ! r (600 '3q0nn'to Imtton-
Steel" ¢ Mine ! ! ! nln ! 'tcchn*“,
! ""Demng™! ! ! 'fin.em. 11957.v.25 !
! ! ! ! ! ! ! 113.,5.744 1
! ! ! ! ! ! ! ! !
Prance ' 1 4/5!hillet ! 80 ! -~ ! 1—qb !' -~ lcarbon Catnlosue!
"Sociecte '-bloon ! St LIRS ! '1n1loy!iT10184.P.8!
ietallur "Gontoct” ! ! ! 'steels !
rique de ! ! ! ! ! ! ! !
1'Beenut” ! ! ! ! ! ! ! !
! ! ! ! ! ! ! ! !
FRG '1 6 1 glab ! 125 ! 720 ! 1(',07 ' -~ 1165z !'Stahl und !
"Kloclner I-bloon ! ! L ! 1165; !'Eisen.1997!
Stahl™ ! "Contoct" ! ! ! 1200z !'Bd.107.119,. !
! ! ! ! ! ! 1240ma!  TF.12 !
! ! ! ! ! ! ! IConcas !
! ! ! ! ! ! ! Mechnolory !
! ! ! ! ! ! ! Hews.1987 !
! ! ! ! ! ! ! Tve? .HB.P.B
! ! ! o ! 1974 ! ! !
"fesh ' 1 1 ! slab ! 175 12000 ! —£5+ ! 29 ! IPachhorich-
Stahl" ! leurve- ! ! r 1986 ! Ite Hutton-
! ine ! ! ! 1t ! 'technik ie-
! "Shlemen ! ! ! ! Itnllvaiter!
! 1-Zimon"! ! ! ! ! 11987.117 !
! ! ! ! ! ! ! ' 3.611 !
Swoeden ' 1 1 ! glob ! - ! 300 ! 7969 ' 95 I3lab 'Ronstoff !
S5AR ! "Denng" ! ! ! ! 1(150 !width!Rundschou. !
! ! ! ! ! 'min m)1700mm 19837.11 27!
! ! ! ! ! ! ! 15.738 !
! ! ! ! ! Ae ! ! ! !
RSA '1 2 U glalb ! 155 11700 ! 1 - t 062 ! "atnl Dal-!
15C0p ! lcurve- ! ! et (120 110tin.1997!
! 1ine ! ! ! ' mln ! H71987.029 !
! IMpPogt- ! ! ! ! ! ! !
! 'Alpine™! ! ! 1004 ! ! ! !
S.lorent! 2 2 1 alab ! 250 12700 ! === ! 119!ialnh I3teel Times
POSCO ! feurve- ! ! r 1987 1230 1Int.1907. -
! ine ! ! ! ! 18920 1112.P.20-21 1
! M"Domoe' ! ! ! ! ! 'RGPT‘OU o !
! Imitati! ! ! ! ! '1987-L11¢ !
! 'Jozen" ! ! ! ! ! ' Po4AS !
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continuntion

1 1 1 T 1 1 1 1 i

T 2 3, 4 5 & v 7T & ;9 10 '
Fohones 11 2 ! s1lab ' 330 12000 ! 1984 ' 29 ! '15tahl und !
! lcurve—~ ! ! ' 1986 ! 1 '3isen.1957!
! line ! ! ! ! ! IM1.107.'3. 1.

! I"Pest~ ! ! ! ! ! ! 5.12,14 !

! 'Alpine"! ! ! ! ! ! !

! ! ! ! ! 937 ! ! ! !

"Sarei D11 Ibillet ! 30 1150 ! qggl 1o 15tcel Times
Steel of '-bloom ! ! ! R ! 'Tnt.1906 !
Seul" ! MErupp™! ! ! ! ! 'v.10.113.7.7
! ! ! ! ! ! ! ! !

"Eans Yfon 1 5 'hillet ! - ' 450 ! 1500 ' 13 !square lietal Bul-
Industrinl "Erupp"! ! 1YY (20 !'billet letin.llon-
! ' ! ! ! Ialnem) with!thly.1987 !

! ! ! ! ! ! ! side!li12.P.11 !

! ! ! ! ! ! 1120- 1 !

! ! ! ! ! ! 1200mm! !

! ! ! ! ! o ! ! ! !

Jopom !'1 1 isglab ! 80 11200 ! J,-%,,% I 138 Ialab !5teel times
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