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Abatr:-i.ct 

Th0 ;;ivcn o.b:-:trr>.ct r:ivcs a. :-.·en.ct!~::.· ri.n intorr1:-i.tion ri..hout 

t.h0 r'r00cnt ::;itttf'.tion nnrl !H'~r::;poctive··. trench: :i.n scco'1clri.r~· 

~ tc~~l!::~.?dnt:; f'.Ud co!1tj_nuous !Jt0C?l ca~ tin[:• 

'111te fir::;t !)o.rt do~.ls r:i th the ::: tc:~l re fj_ni!1~ lrirH0. 

procn.r:~e:-;. ·r11c n:i.in rle tri!;!on t'l.l i1.1mn·i tie!1 in fl n<:?ne0 on 

s+.coJ_ 0.H".li ty n~irl the r:c:ncrri.l ;·1c[1_11G of pr0.ventinr; t:1r:m ri.rc 

r>l1".l:,c~acl tltcrc. 1r!1e pr:i.!1ei plc nc-~ornl "T;f ~; tc01:'1~.~:in,:. : ·c t 1tods 

ri.r0 a::r.uined in detr>.il: >ro.e1n.tn procc~:r:i2i:;, i!Iert ;-_ri8 blo•:rin:::, 

nrr::d•~rcd n:-i. torir!.lG in;j CC ti on, C0i 1b:!_:ie ·l_ ::; tc ~ 1 pI'CH~C?~:r: in r: • 
:~r.ono:iic ri.crccts of the !•rohlcr11 :0..1·0 con::;idorea. tll0~·0. 

'l'he cccond pn.rt t~iver; t:iw r.11alysi::; oi the prc~0i1!; 

cont:imton::; r:tcn.l cn.Gti11r; r:it11.~tio:n. C·,ntinuou::; cr.nti11,ri; 

!n·ii!eipler:, !10prir ..... to inst."lJ_Jntion tini ts v 1rronc :-i.nrl oner[! U.rm 

(10 1-:r:P•-;trri.tccl. V~_ri~.ntr; or contj_nnou~ cn.~tinr.; uni ts :-._rrr~nr:~

r"'C'""!t in ct0eL 1n.i:inr: Ghops n.re 1:iv0n. :;pcein.l n.tt0ntion ia 

r1e•rn ~'.•; 1 1 to cnn tim1.0us c~ - tine nnto .. :..". ';i.·.~r. ti on pr0hlcr 1s. 

Pc co· !' 0 ~1dr>. tionr: to•:r~.!·rl tJ con ti ~mon::: er•.::; tj 11:-0: :-i. p n l j_cn. ti on in 

<le ·:01. o ni n.n; <!O! i.;1 tr:Le::: .,_re 1~i ve n. 

f"tnr• 
""...,.I•. 

'~ho pro ~;1_01'\0 d i:::cu;;r;ed j n r-.:ia tn:~c t :i.r0 c:i vc:1 in ~·.pi'0ldi.

·p~l(! r.::.·:!.nciplc !10.C01Hhr;r ~; t~0h!".1-:in;:: "t0t!10(1_:-; ~le fj_n:i. tJona 

t!~e:i.r l;r:i.0.f cliri.r.".ctcri:::tic:-: n.rc !'"iven fir:::t of ri.lJ.. 

1ri.r11 '~ nrocr.?:-:;::i.nr: •m:.i.tr-; h.'l.'finc: b0c11 :in:; tnJ.10<1 ·:ri f;Jlin rc~ccnt 

t·::o-·tl1:rP.P. ;','C'~rr, o:r ':!11icl! '1.1'0 COi.i1.': to !tn.V0. hn~n co11~:~1·:1ci;crl 

··11 !0 r;pcci fie cllnr."lc tcr:i.:-ftic:-: of ]JCjri:rn11·b.l con tii~uo11::: 

c~~t:i.1v: 11 :ij_t~: co11trui::!;i0n:: •nrl. on0rn.tion :i.re :-:bo•:m. 

(!-mti'\llf)~l{j c;i.r:t:.i.n.-: rcr~:p~r.t:i.110 tr011rl::: "hot chrr~~", r1i1-..~ct 

!'-•1 •};1,··, n: 10nt (r:b:.ip) pr0rl11cf;:i.on, ct.c. :iy0 n:·:ir·1inccl. 

":!10 0·~:!.::ti11r: '. ro1J 1.0w: r:ol11tirrn r-.t ' i':i;1itc I:ron .,_nrl 

:;tn('l pl:-i:,!;:i r1rn ,. .. fl.r,1in0rl. 

1'J1~: !:rrH~;; •::j_ l l iir> ilC!] ,1f11l. l;o rl.,~t0.1·: i:i.i10 ::tn~~l!•,,,_Jd r•''. 

prorlnr, t:.ion rlr"r0 l0:1·10n t t 1·~11r1~: in rJ~!nJ l''!~inc, conn !;r:i.c:-:. 



4. 

Intronuction 

1. Even thour;h m'lny altcrn~tive m.'1.terinln nppcn.r, steel \·!ill 

still re1c1in the basic material for industrial dcveloprricnt for 

mr.n:r yc'l..r~. This fact rn:i.y be proved by alrnont simul tar..eous deve

lopment of the world steelm.'1.kine; nnd indu!Jtrinl dcvelo 1Jmcnt ·indi
ces for the last century, Fig. 1 , [I ] _ 

2. r:orlcrn steclJTl[l_kin[; production is bcinr; developed in trro 
trends: 

- crention hir.;hly productive oxy6en converters at the pl:]..nts with 

a complete metalJ.urGicnl cycle, equipped with sccontlnr:1steelmaking 

and continuous steel cnstinr; dcpn.rtments. Fainly liquid iron 

\"Ii th n. m:i..,_11 'lUP..nti ty of scrt'.l.p additions i~ used as a ch::tr'::e in 

::mch shopG; 

- by I:lCnns of mini stcel-pl::i.nts construction, equipped \·Ii th 

electric ri.rc furn!'l.ces usin[; scrap or direct reduction products ns 

n chri.rr:r.. 

3. In industrialized co11ntries both trends n.re reo.li7:ed in most 

cri.sco. Tionever, lately conntruction of lnrr;e pl~.ntn rd.th n. complete 

metnllurr:icnl cycle lw.s been sloned do•:m in industrialh~ed coimt

rie:J. t\ t the sri.r:1c time technicnl pro:-rcss in elnbora tion of 

el~ctric nrc furn:i.c.es,a~condo.ry nteclmo.kinr:; cyaterru:; l"'.ml conl:inuoun 

cn.:Jtinr; uni ts have turned out sm"tll pl:111t:J into nn cficctive men.ns 

of sorted rollinr;, roda and nm.,_ll nee tionn production3. If there 

in aufficicnt ccrnp qu~ntity and cheap electric ponnr, tl~n mini 

:-:tr.el pl.~.ntn r;et r1ide ri.pplic::ttion. 

4. In <l0vclopin~ countrieG wn.ys of development in m<:!tn.J.l11rr:y 

<l0.!1Cl1<k"l on locn.l conditionn. In ::mch cn.ccn, rrhcn n country por.:Je

nec it:-: 0rrn ore re3ources, the construction of plnnta uith n com

plete 110 tn l lurr:icnl cycle iri economicn.lly c;~pedient. 

5. n.ni atcnl plr-.nt in the pJ.n.nt which prodUCP.G steel fror.1 

acrnp or- n'n.tn.lU~ed pellets jn 0lcctric nrc furnn.cec. riini pln.nt 

hnn continuoua c:i.r: tinr: in:1 tnJ. lri. ti on::;, r,0conrhry n tee lr~1:1l~i.nr·: c0c

tionn, r:r1.,_ll r;0ction rollinr: mill:1 P.tVl rlir0 rolJ.inr; mill!1. 'r.hP.r;c 

pln.ntc prcvl11ce 1:1or,tly corm1erci:i.l r:ort0rl rolU.nr:, rorla nn<l mnn.11 

:v:!ctj.on~'.. ·p!J"ir nnnun.l production c.".prtci t;r uaun.lly r.1.nr:c:-: fror.1 
100.000 11 n to 50().000 tonn, but in r.:omr. cri.ac::J it mny r0ri.ch 1 1:1J.n. 

t. In ri. 11111:1hcr of cri.r:c!l pJ.nntn rrith nnnu:1l cnpn.ci.ty lcn~i th11.n 

100.0'JO t. r1rr:? C:"l . .l.lcd micro· pln.nt:-i. 
1.). :·1:·~ • .,,·<llN': to the rm~.r of r"·orl11r.U.<m m:i.ni r;tcr!] pl~.1 1t~ mn.;r hf? 

of trm t:,rr,~r:: '.1J.,.rt:J producinr; one t~,rpc cf pro.l1wtinn (r..,r·. for 
• 
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reinforced bars ) or plri.nts producinr; n. rr:i.de va.riet;r of ::;tecl 
.~rnrlcs to provide a recion rri th the required production. T:e!":ides, 

these pl['_nts are dis tinr;uished by the ca.pn.ci ty n.nd technolor,icc.l 
schem(?. 

7. r·odcrn Iron n.ml. Steel production scheme in [l.11 c:->.~r?:J 

includea a steeJ.mD.tillf: unit proper (o:cy;::en converter or electric 

nrc furn~.ce ; one or n. number of second[l.ry stcclmn.kin[', instri.lla

tionr; ri.ncl continuous cnstincJ. The steclmakiIIG unit problem i::; 

ch:i.rr;e 11cJ. tine, j_ ts pa.rtinl refining ri.nd hea tinr; up to the dc::d.

recl tem!'Cr[l.turc. nut fin<l.l refinint:;, dco:::idr>.tion nnd, if necc::;~~

ry, ::;tecl ~lloyinr; is done nt seconcbry ::;tee?ln'"l.kinr; in::;t ... J_Jf!.tiona. 

Tho. t providen ~- co!"l!1iclerrtble ::;tecl1:1nkir1G uni ts cnpnci ty incrense 

::it ~ ai!:ml tn.neous steel quality increase. Continuous cnstinr; 
providen n considerable metnl mtvinr; (incren.sea the yield) \7hile 

decre~::i. 1 1"; production cost. 
8. L~.tely steel quri.li ty is paid deci::dve t'l.ttention 

to service properties and rejection qunntity. 
It is d~tcrmined by steel composition dctrimcnto.l impuritie::; con

tent .~.n,1. their presence form in n nctnl at i terns opera. tional t 0
• 

In oth~r r:ords, steel quo.ii ty r·10stly dcpcndr, on refininr; der,ree 

nnd solidificntion conditions. 
9. 'T'hc :'.;election of ~econdnry ~tcclm..-i.kinr; rrtcthoda nnd continu

ous cr-.stinc instrillntion::; for en.ch specific cane depends on o. lot 

of fnctor~: production nncortment, the desired level of service 

propcrticn, rnr: mnteria.ls resources, pol:i. ticnl nnd economic :Ji tun

tion in the r,:i. vm reci.on (in the r;i vcn country). Only tnk:i.nc; in to 

:l.ccoun t n comhinn tion of thcae n.nd n numhcr of other fn.c tor:J, 

ntccl1:n!:inr: production development mctilodn may be choncn. 

10. The main factc.,rn determining steel qun.li ty nnd o.lno techni

cnl and tcchnolo~ical chnrncteristics of the installationn,gecon

dnry ctcclmn.kinr, nnd continuouc ca.atinr, ateel methoclo rdl.l he 

e:i::aminecl l1~l<m• 
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1. A i:!r(lcrn period of :=ran nnd :.Jteel production dcveJ.opmcnt is 

ch:'"l:rn.ctcri7. ed by cone tan t incrc~:::e of :-:; tccl1:1~kinc uni tn output, the 

produced r:tcel r:ra.de improvement and their quo.lito.tive chnrn~:crir;

ticn inc~·cr>.:::c. Thnt provides the decrencc of f:pecific me t.o.l cornmra

ption, cn~rt-:;r reaonrces :i.nd labour expendi turea rlurin.c pro(lt1ctio11, 

m0.t!l.l rroc0:::r;i1v~ rmd mctn.l npplicn. tion. 

?. Outrmt incren.m~ of modern stcelm:1kinr; units (converters c.ncl, 

cr:pcci!l.lly, cl.cc tric arc furna.ce:J) iz achieved by tlie perforncd ope

r:i. tiom: rl~crc::i.ae .. The ;:in.in objecti vec of r:uch uni ts inclur1c chflrr;

inr~ 1: 1~ terirtlr: mel tine;, hrinr:;in~ the 111el t to the deairecl t 0 nnd re-r
tic.J. refin.i•1r,, nninly from C:'.rbon. Dasie r:tcel rcfininc :'l.ncl rtlao 

dco::-::irh ti on ci.ml ~.lloyinc in done in J.ndlcc by Gcconc.lnry c tee lrn.'l!i:inr; 

method:-;. 'i~hri.t enables, for e;:rJnple, to c:zclude G rcduc tion period 

froM a cl~~3ic~l electric furnace proccac. 

J. '!'he mo:::t h1portnnt fn.ctorz chr?.r~.cteri:--;inc; atecl qu~lity in

crc~.~!:? ~'.}1C d0trir·~nt:i..l inpuri tieG contents dccrenne and nroYid.inr: 

metc.l ncl.ti;1c ·.-;~th 11till nnrrm'!cr compo:..dtion a.nd t 0 v~.r:i.ntinnr: li

!"'.li tc. In c~Dbinn ti on rd. th r,dcro l".nd r:•:i.cro r.llo:-,·inc FIC thorlr, ~.nd 

h~:i.t trcnti1cnt of ctcel it rlill provide :Jtren~th cl1.".rr>.ct0rint:icr, 

f'.nd pl~.~t:i_ci ty propertier. incrence. 3ccom1n.ry a tecl1r1.".kinr~ i::: con

r:ir:lcrc(l. to he :i. perspective \7.".:f of devclopi,1ent. 

4. 111 ')0-G continuoun C[l.GU.!1£; 1.7".3 introcl.u~e<l intc ctc~lr:1:-t.l:inr. 

p:rorJuctJ.on r'..:H.l. then C'::tcndcrl itc d.0Yclop1.ient. Thin ricthod rcml<~r::: 

ld.r;h r0rpdrc!1cntn to the produced etc cl qunli ty: it rmn t con tri.in n::: 

J.ittlc r10t'·ir.1cntri.l ir.ipurities n.G poc:-:j_ble, it must he ho11or~~ncou~ 

in coP1pnniti.on nnd t 0 • Optinmm :::econrln.ry :1 tc0lmnl-:in0 tcclmolor;:r in 

the n"!c0.r:n;.~.r~' conrli tion for the hi;;h qua.Ii ty contim1oua C:"l.~:tin,r_; 

prorlnc tion. 

~. ~tc0J. :rcfinin.r: in .-:i. lnrllc h~1:} been o.rulicd b7 m~t~llurr:i:-:tG 

for r·. 1.nn;~ i::i:0~ •. \nrJ atccl d0o::jchtion inn lrv11P. hnn nlrf.?[l.dy r:ot 

i tc ri.prl:i.~r1• f;·i on. f·:vcn 1Jcforc ~:r11 JI rcrrP.n r.1ethod for r.1ct:->.l de::mJ.phu

ri~ntion !~nt i t:-i n.pr1U.c0.t:i.on. Jn lri.te J0-40-:1 i.·n.curn1 ntccl rrocen-
:i inr; rrl:~ r l:n.d :i. tr. inrl.ur. trir.l de im lop·:~cn t. r!orn~ 11cr, nll th0c0. tn.chno

lor~icn.J. V'.lr.i.n.ntn (cxcluclinr, dno::idn !;ion in n J.n.rllc) hri.:i n. p.'J.r bcn

lri.r cl! ...... rric tar nn<l ·.mrc nnccl for r:olvinc; ce:rtri.in prohlcmn. 

G. 0:1J.;.' con l:im1011:J cn.ntinr; cl.n.vcln:• ,._:int 1nrl0 m0 tnllurr;.i.r1t:> pr-.:,' 

~ pr>cj nl i'.t tr>11 tion t;o rJ !;en 1 re fininr~ Jn ·· 1.n.rl le. f.• rom tlln. t r:rw.·~n t 



? 

pr~ctic~.~-ly p_ nc-.-: tcch!1olocicn.l :ric thod in :-:tccl production str>.rtc(l 

its forn~.tion - stcC?l procc:::;r.:inr: in ~ l:v.n~. :\t !1rc:-:cnt, these n~

thod:::; r:ot •.-rid.e ri.pplj_co.tion in r 1et~llurr7 ri.nd P.re cnJ.J.ed. "~ccorn!('.l'Y 

• 
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· ) "l · r · ... · .. t · 1 · 1 1i \J ~·.=~~~1.1c0.111on O.t ,ccr:no_o[::1co._ !n·oce:-:8C!1 

1. •_riy-. 1:·~.in p1..trposc of second.ci.:.·~c ::;tc,-;l:v.l:inr; iG quicl: ..,_nd ci

fec ti vc i' 1plf!i;1-:?H b ti on of n nun be.,_· of tee hnolo;;icnl or ere. tionr: .-:i.~ 

co:npr'.rc~l ·::i th convcnt:Lo::r~l stc0lncl tin;; unit~: ·~'he 0ec0nrl:-i..r:,· Gtc~l

:,i~l:inr, : ...... ~:c '. J. t po:J3i ~1lc to do t!1c foll o~::in~: 
0 

- ho1::or:0r1nou::; uc t~l t ; 

- hofl(1'::~~1cmw che:,:ic~l conpor.i t.ion; 

~-l l_,"l~.'i;"!r~ :!ml hrinr;ins chc1'1ic~l conr~~ i. ti on prcci::;c ly to the 

c1c~ired nnr?; 

fin~l fl0o~idntion; 

n011-· :0 ·t··l lic i•1c l u~ J.on:1 rcr:·ov.'l.l; 

- : ~(' tf'.l rl0:;nlr~1t~ri~.:i. tion; 

;:-:ct~·.l rl-:.'.71.:;inc (h:,:rlror,cr~ ri.ricl ~1itr1y:;cn removal); 

- rlccrc~_;;~ of unrlc:-;irnhlc non-fcrpo··1G ir:imn-i tics content; 

nn.t'1.l t 0 rc.~;uln tion; 

<ln.cp 1:::i ~:-i.l clcc~rburi~~-tion; 

..,11'l :-iJ:;r) ~ !tnr1hcr of other po.~~ticulP.r nroi)le;,1:~. 

;>. 'i'o ;~ol1:0 ::1.ll the ::-i.bov01:1cntionc11 prohl0::1:J .'."'.t ri. t1.r:~ j_:-; r:it1!er 

rliffic~1J.t4 /,~ n. rule, only }Y'.rt of tr1Clrl i:; ;ioJvcd r.i:mtlt['.!1C01J8Jy. 

:";o·::r> tj ! :c:-:: onl~' one of t1!C r.h('nre 11~n tio:1ccl 1,1c thodr: i~ ur,ccl, :-i.!:1rl. r.o-

J. .'. t nr0.r.•.~:1 t, r:cco•1d~.ry ::: tc0 lri.'."'l:in·· rite thoclr; r.rc n~crl for thr> 

procli:cti_rm of 111.1.wlrcrl::: of r:1illion::i ton::: or t:ln.::::.:; prodncti0n ::itn.n.l, 

:::cconrl~1·.'' ~tn.r-J: !''.!:in,~: nn:i.t::: b0j_;1f: <'.'frij_1.-:.l1lc :~.t ~.11 <Jll[l.lito.t:i.vc ur>

tr..llurc:; pl_;>.ntr;. ;.n.tri.J. !>rorluccd both :i.n 0.J .. ~ctric furnri.cc:::, 5.n con

vcr tcr ~''1'1 in 0rcn-i1c~~.r th fm·nri.ccc: j_~ :-;11bjcc ted to J.0.dlc )''(' rirdn;~. 

4. :~··.:~H- ;:0~oiHlri.r;1 :::l;0.0.ln"..~:i•1::; :::prervJ.inr; iG c:~pla.incd b;;r Vic 

foll.o·:d·1r; f{l_ctorr.: 

- cont:i.m1ou~ r: Lc(\l cri.:-:tinr; :·10tl!0d ;;ot r:idc r>..ppJicn.tion tlin.t requi-

re::: prc:c:L;:c c~·ll·.l. !1 tnnrln.i'd fror'.1 Jica.t to hcr.t )t
0 

n.nrl J::ctal ch011j_c::l 

COT"por:j l;:i.on rc';ul.f.'.tion, n.nd it ;i_J:rn rcriu:i.re:--: .'1. nto.nrl . ..,.rrJ hJ.{~h rp.trili-

1;y 1'.lctriJ. for cri.r.ting; r~r: n. r!" :ult pr'.1.cticn.lly n.11 the :-:tn.01 c:-i.:-;t o.t 

cont.i.1111011:-: r~r.:-: l;inr~ w1:i t:-: in pr0c0r:::r.rl h;/ :Jcco11rl:-i.ry :-:t00lrn!:inr; n0-

thodr:; 
- cJri.r::-::ir!n.l rlo·iblc-:-:ln.r; t0chnolnr:;r in f'ln.c tric furnt'_ccr1 urdnr: :;c-

c0;irlr1:r:r r: :;r~n.1?1:-1.~=inr; r•n.y 110 r:ubr~ Utut0d by :-i. :-:iw) !'.!-r.ln .. ': 11roc0r::-: 

·;;j_ t;:1011 I; :-:Jr.r; prn1pi11":-0 ff (JlN'.t !;:i.1;10, C J.0r, tr:i.C p0",'.'0J:' c;~ n('!Hl :i. ttt:rC, 

l:".li<Jnr ~·:;.01111::. f;urrJ 0 i;r: r'.rC' r0rlv~f'<l); 
- <~n· 1 ·10 r !,0 r nr o nc n-i 10:i.i:· l;h J 10n t l;r~ r. 11 110 l o.rr;;r : 1 nrl ti 1 cir 0 pr. •·ri. t :!. on 

co·1tr01 i~: rdr,1pl.i f:i.crl, :i..c. tl1r>rc :-i.:rn0ri.1:r; n. pn:;:-::i.bil:Lt;: h hlor: ri. 

:itr' t~<l .,.::i !:h o:-:;;':·:(~n tm·r:irrl n lrw1 c:-i,rhoil co11 t0n I; rd. th r'l:rt!•0r r.r.rbn r i.-
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- t!ie ~cn:1c of ~ricci0.l IJurpo:::e ntccl r:~·:vlcs j_~ com: tt"!.n tl:.· i:icrcn.n

in:-: (0.;:., for t!loroll.;:hf[lrc pipelin-:?::::) '.7hich ~.re r:cnc:·~lJy dif fi

cvl t to be produced r:i th convc~1tionn.l he~ t tcc'.Elolo:_::;y; 

- the !":r.n:~c :-;t::i..inlc:-;n :Jtccl:::: ::-i_nd ot!1er lorr c~1·bon steel ~-nd. n.~_lo~r:::: 

pro~~ction har. incrc~scd; 

- ::::cc0 1 1·l~1 ry ::::tcelH'.1.l:inc; proccs~e:-: opplicn.tion c11~_hlc tn ch'.~n1:c r~

d.ic:".ll;: the ntrtt.cturc ri_nd the -~y11c of the a.pplied ::crro::lloys nnd 

dco::irli~:•."'1'8 tm·::i.rd:-: c:rncnti~l 1·criuiren0nt::: dccrc:lsc ~.ccorclin;, to 

their c0r:1!)n~i tion :"..!Hl their corre:spon-:lin;-: to the reduction of 

nrice.!1. 

5. T~l':' folJo'.-:L~L~ nethodr. of nccondr!ry ::: tcclr11.l~inrr, r;ot nirlcr 

npplic:: tio!l: 

1.rn.cm1:1 ·::c tn.l proce~::::inr;; 

in~rt .'"·:i.:J i''et;i_l blm7inr;; 

po•::~l<'rforncd i!tn.teri~l3 injection into n nctn.l; 

- i :c t~J. nroccz:-:inr: \-:i.th n.rtifici~l ::::l~..r;s or r:i th nr.cci~.n.~· !H'cpn.r

C!1. :1.l. 1.0:·5.nr; conflu:1i tion; 

::::i:'.~uJ.t~.ncou~ n.pplicntion of :::everr!.l teclmoJ.o;:;ic:i.l nc thod!"..:. 

G. :\i; rre:1cnt, there i!'I c. r~rc~t number of vnric.ntn of ench of 

the ::i0co1~rlri.ry ueta.ll'J.r:~y i:etl!orln. Only the :1r.in 1;1ethod:::: r;jJ_J_ be 

c:::i.:'1in0cl further and the moct intcre:::tinr: e::r-.1,1plc:J to :i.utltor ·~ 

opinion •::ill he nhm·:n in fi.r;. 2 • 
7. 'r! 10 lint of the e:d.ntinr; l~.tllc proccr.:iinr; ;;:ethocb in qui tc 

bic, nn.r1 in ri.. mu·1hcr of cr.acn the Gr-.1:1c letter idcntificr..t:i.on::: cor

rcsrmc1 to cli ffcrcnt rroccn~inr; mnthod:i. ~o iin.l~c the po!"::JihiU ty to 

unc t!lc literr.turc en:-;y, there ir.: n lint of l'.briv:Ln.tion!'1 of rliffc-

rcnt procc:J~HHJ rvloptcd in periocU.c~.J.::: in Aprcndi:: 1 • 

. ! 



c) Description, rcvier; nnd appraizal of the 

technoloeicnl process aud equipment/fc.ci

li ties. 

I. Vacuum metal proce~sinc. 

IO 

1. '.7hnn the prensure nbove the mcto.llic melt is decreo.sed the 

cour~c of c.11 the rcn.ct ions, carried out at cas phn.::ie for11a tion is 

fD.cili tr?.tcd: 

- cnrbon nffinity to oxyecn is incr~ased ~s n result the re~ction 

re J + [.e] -:: { c..c} i::; facilitated; 

- r;an solubility in steel is decrensed, nccompo.nied by the rencti

on CGJ -= X Gz: 
2. D11rin{j vacuum steel procen::iinr;: 

o;::.r::;en content dissolved in o. metal is dccreo.sed; 

- dis~ol 1:ed hydroc;en t1nd ni +,roeen content is dccrea::icd; 

oxide non-metallic inclusions content in o. metal decrco.acs; 

- o. 1:10tfl.l is s tirred'lJecomes hom.:>gcneous in t 0 nnd composition aa a 
rcnul t of n Jn.rec number of cas bubles eMission. 1.7hen a metnl con

t1:1.ins rm incrcn.sed nm1ber of non-f errouo me tr1.llc adcli tions (lend, 
~.ntimon~·, tin, zinlc etc.) o. noticable part of them evaporates dur

inc; vncnum proccs:::inrr,. 

3. ;\ t present hundreds of vn.rious de:::ic;n ladle vncuuma tion uni to 

r10rk sccccanfuJ.Jy in ateelmakinc: ahopn in the world. The most \·ricle

ljr. uo~d ucthod.s nrc shovm in fir;. 3 • 
4. ''~he simplicst method fr; vacuum proccs::dnc; in a ladle locntcci 

in ~ v·n.cuum chn.mbcr. Hor:cver, thia method is len~ effective, !Jart:i.

culnrl;r cl urine vncuumn. t. proce:::;~dnG in re lu. ti on to <1Ui te lo.r~c l:!C t

nl rn:i.:::ncn ( ~ 40 - 50 t). This i~ connected with the fa.ct tho.t only 

aurfnce 1.1ctf!.l ln.ycra a.re oubjected to vacuum effectn. The prcmmrc 

in bulk \'/ill <l0pend on o. metnl column heic;ht! 

P = Po + Pr + Pc 

vrhcre I1 - 11rcmmrc in n gns buble; P 
0 

- premmrc in a. vncuum chnm

ber; Pr - forroatntic metal and olo.r, prcrinurc; Pc - cnpilJ.nry pre:J

oure. 
i1orcover, ::i. necen::mry uniformity in n. me tnl compoai ti on after 

d.eoxicli~0rn and nlloyinr, elemcntG introduction i3 not rcn.checl bc-

1 :1 tirrinr f tl h 1 t 1 b 1 k d . 1 a] 1 ... cr.ur.:e of i:rcn.-:: b 1c rr o e me n u_. urine; n .. e c cir:::i.n.J-

inr;' :i.ccor.clin{j to the n.bovc mentioned equationa n r;-.:::forrninc; pro

CC:j:J ~n ,1,rd,n,n; clcvelopcd only in r:urfncf! mctn.l lnyr.:r.a. 
> t1yr1ng . . . 

~. ef.f.cctiver~eno 1ncrcnaca only dtn"Lnr, inert r:n.c mctn.l 
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· blorrinc in f.'. lndle or electrom.'"!.c;netic 9 tirrinq_n used. It should be 

taken into considerntion that durinc inert Gns blo\';inc heat loaner. 

mny be ::i.dr1ed to usual ones as n result of the blorm Gao hen.tine du
rinc; lnrlle ooaking nnd ta.ppinc;. During electromacnetic s{;irrinftherc 

is no nnch n. drawback but it requires more complex: and expcmdve 

cciuipr:1cnt. Lately inert can blonill['; in vncuum hno r;ot '.-:idc applica

tion for :-:11['.ll co.po.city lndles (1~-)0 t). In this cnse dco:ddcrc 

n.nd nlloyine clenents arc added · into n ln.dlc from ['. bunkes 

nlr:o plrt(l)d in n vacmun chamber. 

G. Dcc~-~inr; processes ta.kine pln.ce clurinr; steel vacuum proccs

ninG lmvc ri. diffusion or nbsorbtion-ldnetic cllarnctcr. T!m.t I!1Nma 

tim t n clcr:nainr; a peed <le pends either on [). r:;r:>.r: i:'l."!.Gs-trnnn fer in n. 

mct[l.1 in bulk tono.rds its surfnce or on tl11~ tr::i.n.nfer throuch th~.t 

nurfn.cc. In both caner, n. rcl[l.tive r:urfo.cc of n r-1ctn.l-V['.cuum con

t::-.ct infl11enccs the proces.n cpcecl in both caoca. Thun, rnct:-J.lur

Giotn' de~ire to incren~e n specific aurfacc is ciuite clcnr. 

7. A :1pccific aurface durinG tccminc from n lncllc into n lntllc 

or fron n J.a.dlc directly into the inr:;ot mould hn;; f':Ot con:::idcra.hle 

d0vclorn:1nnt. In thin co.;;c a strcnm, ·fnllinr:; into e. vncunm chr'.!":1h'}r, 

diGperr;0fl into nmall clroprl. Therefore, a specific nurfnce me tnl

vncuum contact incren.:::es flcveral timen and thn. t proviclcr: hir;h dc

r;n.ninr: c r rec ti veness. Due to a number of difficul ticrn of ::i.n orr.nni

zn ti on clin.r[l.C ter thia vacHum process inc; method ha.:1n' t found 1·:ide 

np}'1icn. ~ion in induntry. It is usccl r'.:J ri. rule only rlurinr: lnr,-:i:c 

ingot c ...... ~: tinr;. 

r,. n!l r.nci JUI 1:11~thodn have r;ot r!idcr npplicn.tion. There is no 

d.n ta. r.vni lnhlc no far to ci ve pref ere nee to thin or th~. t method. 

And th~y nre nlmo:1 t c:tur:i.l in n.ppU.cn.tion: n. number of .th(' Ge or tllo

r:e un:i. tri in the rrorld ir1 nlmost the fl['l.me. 

9. Durin.r; DH uethod untlcr n. ferroctCl.tic prcr:aure effect 8. 1r:ctr.l 

in flucl:crl :i.nto ri. Wl.CUltP.1 chrtrnbcr (nc['.rly 1 , 5 ?ri). The chnr:1b~r i3 

rn.icc<l in c0rtn.in ncr:i.odn of. time (but the end of the refrnctory .. . . ' 

pi re rilionl(l rcr11n.fn n ink in tJ. me tnl in tha ln.dl~), rmd n. r.1n b.l 

f:Jnrm in to n lr.vll0. 'P.lwn the chamhcr r.000 do•:m nncl n ne·:: r:1c tc.l f)or

tion ir: :-:11cl:nd in n.r,[1.in - thuc thin r.1c thod io cn.11 ed. "c;,·clinr.: rlc

r~n.nr-d.nr-:". In co1n0 vn.rin.ntn of thin r1cthod tile ch:i.mhcr rc1·1r.ina j_m

mo•m.hl~ r1,,.rl n r.10.tn.l \'d.th n J.o.dla t!'!akc::i n. motion. Pit:• 4 • 
1 o. I>11rinr~ circuln.U.nn rlc;~o.r:inr; n v:i.cuum ch::uriber ha.r; trio re .frn.c

tory pip0r: tlrroud1 rrhcrc n port:i.on of 1·10tr:i.l ia nuckcd :1.nto the 

chr.1:1hm ... ':'llen inert en.ri ritr.irtccl to he blor:n t!1rour,h ono of the 
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refr~ctor;>· pipes. Ar; ~ recult the rret[l.l is rc.ised upt·mrcls throur;h 

the refrfl.ctory pip~s ri.nd throuGh tlle second one the metal fJ.o'.7S 

into the J::-.dle. Thua, netal circul::i.tion throuc;h the unit hec:ins,..fi~. 5. 
11. Dcr:r-.Ginc; conditions ciur;nc vacuum procem;ing Y!i th v:i.rious 

r:ie·~hodr.; nrc different and thuc the level of r;:i.ccs content in dif

ferent r;h5.ch c~n be reached as n result of ~.racuumn.tion. The bcr;t 

rcGttl tr; ::!~.~,.. he rertched durinr; non-deo~idized r·1ctri.l vncuw1 procc:::

Ginr; ns nnch of the di~solved o:;::yGen is nresent there, t!tt".t int2n

:1ifics cri.rl'o!l o~idn tion rc~ction [C1+ (o] = {co 1 . The obser'l.·cd in

tenriivc hoj_linc r11nkes cnJculate the lndle volur:1e so th~.t to pre

vent :i. po:--;.:1ible r•.et::ll nplnchinr; froP.1 it. 
1?.. B::!Jerience has shonn thP.t h:fdroc:en removal ~ocs inten!:!ivc 

cnou~h, hn.vinr: the prc::rnurc in n V[l.cuur:i ch:-'..r,1ber lom~r 50 F~.. r:odcrn 

double-st en.m punps r:i....'1.~' provide prcs~ure of 10 ro.. 

13. Eir:l1 qu~lity refrnctorics are required to produce c;:cJ.inC 

rmd circuJ~_tion dc:;nsinr~ ch:imbcr:::i e~:pecinlly for refrri.ctor:: pip0~ 

produc tinn. Incrc~aed proccnsin[> t 0
, o. lonr:er prc:::i!rnr~ in c. J.r>.tlle 

rnd intcn~iV<~!1tirriiir;typicnl for lndlc de;'>;c.cin.r, 1;-1n.dc it po~niblc 
to wrn r.m1v0ntionnJ. ladle :::itopperr; lined 1:ri th chc.motte • Stoppcr:J 

tur~1cd out to be :mhsti tuted for slide 7•. tc::: and chnr10ttc J.ininc 

for ri. r:lor0. rcGi:";t~nt dolomite or mrv:;nezi te. 

14. It ~hould be t~.J.:cn into con:::iidcrnt"i.o!~ tll:'].t ~ notic~,_hle r;t0cl 

t0.mner:i.tnrr. fn.ll in n. l~.dlr.? rno.y occur. It :;.~e'p.dres certc.:i.n r:r-tnl 

rchc~tinr: (h:r 40-50°) inn ntcclr1n.tinr:; unit. 'l.'lte rchc in0 :·r.;r he 

r~duc~cl f'. ': the e~·:rv:m.Ge of coed vn.cuun c!1:).111berc lininc; hen tii1r;. 

Durinr-; tl1n.ir prP.hr.?c. tine to 1500°c m~tnl t 0 fall durinr; v:-i.clll1n pJ.,a

ce.G~inr; <lnc~ not c::ccec.1. one clc,r;rec per min. 

15. If fff c>.nd mr r:lethod::: c.re cqunl in the dcr,rec of hydrogen 

rc:r:ovnl, then there in [1.J:1.0ther por,r,ibility to influence the inpuri

ticc :t·e111ov::-.l nrocc>r::~: in rm method by r.1~c.113 of intennivc trc.nsfor::1-

in,i; in~J~t ni.n nuppJ.y. It i::: of npeciri.l importr.ncc durinr.: n tc0J.:rt[1.l:

inr; '.7i th c~· trcr1e ly 101:: cn.rbon content. 

'l'h~ r0:-:c::i.rch hn.3 :-:hm·:n thn.t me tn.l circulr>..tion intend. ty in

cr0.-1.r.cr.: clw~ to th0 r~o.r.: c::pcncli ture incrco.r.c up to 1500 l/!:1in :i.nd 

'.1.urinr: f111·tr1!"?r incrcnnc it <lo0nn 't prncticr.lly ck1.11r;c. Dccr:.-.rhuri7.n.

tJon of t::r. r1:clt ()Ccurr, on n. free 1:1ctnl nurrncc in f'I. Cfl.mcrn., on the 

clronr. r:i11.· rri.r.i:? or the :::pou tin;~ 1nc tn.l j n n chn:lfhcr nml on the r:nn 

1J11hlc:i :-:111· rn.cc in r•. nuc'.:i11r; tube. At the inc1·e:i.:1c of the ."'.~:i exp0n-. 
,li t1.1rc :-:1111p1_:i.r?d :!nto n. nuc:::i.n;, pipe <lccn.rbnri~~ntion :i.ntc 11:-r:it;/ noti-

c:.:i.hly ·i.nc1·•'r>.:icn, cm· hon portion (up to 30-40';'.) he inr: inc:rcn.:::c<l, r.?vl 
' 



it i~ o:·:;·':i.~ccl on the dropa surr~.ce of the r.poutin~ rnct:i.l ri.nd a.1-

!:;0 on t11c ;:n::; b~tbles ::;urfncc. In 13 min. of proc!"::;::;int:; ~ t the 

tra.n::;portccl r.n::; c::pcntli turc 5000 l/uin, cr>.rbon content <focre:i:;c::; 
to o. 001;··. 

!3 

1G. Ac~orclinc; to dc.t:i [2] durin.:ti; lm-r cnrbon Gtecl production 

VPC 1
.1.n!'?1 !11·oc0s:::in~ providen nt::mdnrd cc.rhon content decrcri.8e in n 

fini[:hcd :,·ctnl (?ir;. 6 ) • Hydroc;cn rer;1ovr-.l clc[':rcc in Yacuun pro

ccr>~inr: !l."!·c;.; up 35-72% (incrcn::;en ~-:ith itn initin.1 content r;'.l':'m7th) 

in ~.ve:t•flr;c n:ttr~r dc~C"-sinr; 1. 82 ::;m3 /100 r;r le::;s hy!lror.;cn thnn -con

ventim1-i.! !': tecl. T~i tror;cn content in n ne tnl dnrinri; Y:lctm11 trc:.:i.t

m~nt do0!]n't chr>._n;:e prnctic~.11:1 but durinr; cn..stin;: it incrcri.sc::; rJur 

to ntccl co"ltnct rrith :i.ir. In r,encrn.l in dec:i.r:in:: steel inr;ot:: nit

!'orcn CO!ltcnt is o.002Gt les!'.1 thn.11 in cortvcntionril steel jnr-;ot!'J. 

17. It i3 nt~.tecl in. n'!.ny resenrch rror1:r: that even e::pcnrli.ttJrc~ 

decrcr>.::;e hner:-:·:r, fir::it of ::i.11), connected ~7i th met~.l he:i.tinr: nc

cc:::::-;i t:t ::-_f ter hot <lefori1.'l tion ni1:1cd :'lt hyclroc;en content rl0-cren:-:e in 
it cover ~r[l_cuum proce~rninr:; e;:pe11ser,. 

1 r:. To intensify n dccarbu.ri:>;n. tion proccnn vacuum nni t::-: ~.r0 ::rnp

plc!1e!1te1l in r>. nur.1hcr of cn.ses ~-.:i th .ainul t~.ncoual:r o:;.:yGcn ir.c tr•.l 

hlo•:!in~. r:i,.-;h <lc;'";rec decn.rhurizn tion cc.n bl'.? o.chievcd. r>.t nuch 1mi tn, 

o:i:yr:cn hJ.nr;inc; cn.u~er.: a. further dccn.rburi:m tion. It in thi:-J :nethod 

thn t h"s :;~r>.clc the bnsi!1 of the :::o-c[l.llcd "vn.cuum ox;r;-;en tlcc:i.rhuri7.r'..- · 

tion" (VOD-procer:s). A typj.cnl unit for VOD-proccr:n in ~ho•:m j_n 

Fi,n;. 7 
19. ,\!1 f,...r ::i.n cj_rcul.o.tion dcc::.sin~ un:i. t::; iG concerned '.l".?c:->.rhuri-

7.n ti on !1roccn:-; in ncce l.erfl.. ted •:rhcn o:::yc;cn ir.: introduced .for r:~e t.'11 

hlo•.-;in:~ o:r forci:cl nir conlinr; directly in ::. circul~tion Ch:"l.Elhcr. 

:Juch fl. flJ'oc0:-;:-; (Fir:• 8 ) ?:orke(l ont by .T.'1.p~ncnc compnnie!1, is 

c~lli~ 1 R!l-OB. Cnu:i.lly one of the trro r1e thod:i of o:~ycen nupply in 

u:-;ed: -nuh1·1nrr:ed o:~.r~en nupply throu.~h one or ~·.-ro tuyucrG, cfl..ch con

:Jiat5.P.": of t~"IO CO!"lCCntric pipen betr:ecn rrhich rirotcctive {:".n i:J 

nuppliccl (Ar,fT~ or CO?.); 

- o::::rr:i:-n ~Hpply t~n·ou..n;h nnc or tr:o tu:nJP.rr: into the ~p:i.cc n.bove the 

bn th in r' c11:"l.1:1h0.r or tlirour.;h the top ( und0r the ci.n~lc) to the nc tnl 

mtr f:"..cc t";n.itin;'; to the VP.cuum ch<11:1hr.r. 

Dr:c:"'.r~•tn':i.7.n. t:lnn :ipccd io ld,n;hr.r in cn:-;r. of auhmcrr;cd o;~yr;0n 

nuppl~r, riroccr:r:inr; th«.:? he inr: conn idcrn. hly allorten~cl. It in e:J tr.h

l ini1rcl t~1...,.t CO?. :i.:J bctt~r ur:e<l "-~l I". protect:ivc r;::ir;. In c:--.~c of n. 

h:i.;,h cl1rn!1i.1U:1 Melt prncer.r:inr, chrorn:i.um oxydn.tion dccrea.:;r. io ob

ncrvrrl l 3 J . 



14 

20. ·~·o r:et very 101.-: ec.rhon conccn tr~ tion is especin.11:~.r import:i.nt 

for hiri:h chromiur.1 sto.inlcss steel n.nrl ctl:3o for some spccinl steels 

n.ri.d r-..l..l0::G. The problem of cetti110 lor1 cn.rhcn co~ccntrat:i_on ~;ithout 

no tic:" ble chromium losses is sol 1red in vncuun, toce ther r:i th decnr

buriz~ tion the procesoes oi :~r>:..s and non-1!1et~llic inclusions rcmoY:'.l 

fror.1 th~ hr.. th tnkc plc.ce. 

21. 'fo :-:et lo•.7 cn.rhon content durinr, 1:n.cuur:1 processiP.": it i3 ne

cen:1c.r:» to provide a metal with o:~~'t;en. As ~- decC'.rburi;:ri.tion procc:rn 

tc.kcs pl:i.cc montl:r on the ph~.se boundn.ry, it is dcsir~hlc to ii~_ve 
s tirrin.-r;ood lm th - '"'i-'or this a.im inert t:;n.s blm-:ing ;:iethod tllrouch :'!. 

porottn bric!c in the ln.dle bottom is more often 1.1scd for this pur-

po~e. rTor!ever, in this cnse the operation last::; lon~ cnour.h, cGpe

cinlly ~;hen~ neniproduct \"Iith n. compn.rntively lm-; c~rhon content 

is procc~~ed. 

~2. A~ a.n c:-~::i.mple the data of Krupp Sud~-rcstfr.len AG Plnnt r:ny b~ 

:;i vcn, ~;here hen tn from t\-ro arc furnn.ces, one ~7i th 30-40 t r.nd the · 

other G0-90 t cc.pnci t:.r c.re tren ted by VOD-proceas. A vacuum unit is 

locntcd in a tecminG b:i.y. It con:1int3 of t;·:o clmmbern Cf!Ui!Jpcd ~-ri ti1 

tuyucrr: for o::yr:cn r:iel t blm7inr:. The unit is e'1uippcd rli th ~- trc.ns

port !1y!1tem of ~lloyin~ ~nterinls supply from bunkern to the l~tlle 

throur;h ~ ;:ecuum otte. In 9a;: cases n final c~rbon content lc3!1 

th:i.n 0.015: i!1 achieved. O;:yr;en content in the process of o:~yr;en 

blo~-:}_nr; roer. up to O. O~~:. but in the end of blowinc; it r;oc::: clo..-m to 

0.005~:. ~.nrl_ in :i. fininhed metal - U!J to o.002a;:::. Hydrocen content 

dccrcn.r:cr, from J.8 to 1.8 cmJ/100 r.;r. ::>ulphur content in cr-se of n 

lime cl~r: ~.ml fluorr;pnr prcncnce in n. lndle ri.~;y be dccrcnsed to 

o.005r.. Lead (up to 0.0010-C'.OO?.CY;-~), zink (up to 0.0010;~) etc nrc 

rt?mOYed. rlnrint; V:1.C\1Ur.l procescinr;. 
?.J. 1!:".cuum ntcel procesninr; 1:mthod:-:: o.rc conat:"'.ntly ir-!provcd, 11cr: 

more :-:inplP. 1~~ethodn nr~ beinc found to nolve mm problcrm. Fi~ r.icthod 

\"rorkerl Oil t by one of the Jn.panc::;e pln.nt:-i, rnny nerve rtn e;,:~mplc. .\ 

me thorl ccbem~ ia shorrn in Pir.;. 9 • 100-t heo. t of the conv!:'rter me tdl 

is proccr::-:cd n. t n unit of r-mch r. type. The poa:::ibili ty of hiGhly cf

fec ti ve •;:()rk r!i thout d0cp vr.cuum is mentioned n.n a.n advn.ntnr:e • The 

m'l.in ri~-p1·ocen~ pnrrnne tero urE!: cylinder - JOO mm intcrnn.l din.meter, 

600 rnr.1 - 0:~ tcrn:il d:tP.mctcr, lcn~th - )000 mm, norldnr, r;n.n nrr,on, 

prc~nurc ~ 10 n.tm; vn.cuum rumpinr,-off intcn::::ity 10m3/mi~; pumpinr; 

du:rn.tion ~ 1 ~C!C; pumping-off du:r.:--.tion < 5 CCC; riubnerr;;i 11(:; dC!pth 

- 500 r.11:1; oper:i.tinlj prc::::-mre O.) - 1. 5 n. tm. 
'!'he 0~:-:0nce of the method :i.o n.J. tcrnntivc nrcon n.nd, vncu11m 
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~u~p snitchinc on nnd snitching off, a r~tnl in n cylinder (or in 

n ln~lr) st~rts eztrcrooly pul3ntinG ~s ~ rc~ult, providin~ n hi~h 

rcfin5nr <l~~ree. 

:?4. Thu:;' Vt'!.Cllt1r.1 processinr: "in n pure :::t~.te" crndu.~lly cive::: 

rm.y to ir~cumn procc.,!1ine in combination •:;i th other lndl!? proc~n::;inc 

method~ (flr,n:on blm>'ine;, :::Ing proccsniri..r; etc.). llmv vra.ri:>nts of 

vncum:i p!'occs:-;ine orr,rmizn ti on arc bcinr; norked out, prtrticulflrly 

continumm p!'occssinr, ·vo..rinnts. J:1pn.ne!":e comp~ny I!in:Jhin 3tccl I~.K. 

propo!';:>..l of continuous v:>.cnum nctnl trc~.t1iicnt in {'. tumlish on the 

".":'1::- fror1 r-. r;t~el tcc11inG ladle to CC mould is shm7n ar: '1.n ~::~.rnple 

in :?i ~· IO , a 3trenn vncuum processinr; unit n.t the plant in J,i

pct:::k (!'.)'.~~) is 3hmm in Fie. II . 
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II. Inert Gas r:e t~l Blo·::inc 

1. T!1c trQnsfcr of refininr,, cleo:-::idri.tion ['.nd ~.lloyin[; pr0ccn~e!1 

from n ~teel!.1..'lkinr~ unit into £'. ladle lm.s required elabor~tionn of 

cf fecti vc 1!!et(l.l ntirrinr, method3. It is provided by i!'lcrt r;c.s hlow
inr,. In cases when good nl~g is f0rnmd onto the meto.l surface, stir

rinc; f~cilitntes n.n a::rnir.tila.tjon pro•.:.:s \7ith such non-metallic in

c lusiona Glac. The inert e;as bubbles '.'.!USS fn.cili tP.. tes r.::a.s cmi!lsion 

proccnscs ns in this cnse surfe.ce me tul-pis interaction is beinr; 

connid~r:-i.hl~r developed. 

2. Fron a. technicP.l point of v-iei:r, J.n.rge metal J:t..'l.SGcs blmdnc 

procc~:> rd th inert 1;ases in a lnrllf! a.re simpler and chea.per than vn.

cuur'!l proccn3inr;, that's why inert c;as blo•:!in(j is substituted. for vn

cuun nrocc::min~ where necemmrJ; hocrevcr inert 1:nn blor:inr.; should 

be considered to be c.ccompanied by r.1et:-?.l teMpcrature dccre:i.cc. 

J. ln n. cenero.l case durinr; inert r;use::.; ::1e tn.l blm·rinr;: 

1) n~G~G content in a m0tn.l decreases; 

2) c•~0!~;:ctic r.ml t stirrinG occurs, non-metallic incl unions rco:10Y~l 

in r-1<1..r: p.roccGne:J nre f::a.cil i ta tcd; i:!e t~l compo::>i ti on i~ ~~de hor~10-

r;rmcou::: ; 

3) cm1rJ .i ti on::: of carbon o::ido. tion rc[l.C ti on a.re fncili tr!. tccl; 

4) nct~J. tcnper~turc dccrea~es • 

.-i. I:i tror,en in often uncd for 1r.ct::il hlo~;:i_n;:: cont~ininc no ni tri

dc for7·,!inr: clc:-:lcntn (chror.iium, ti tnniurn, vu1w.dium, etc). In tcrnr>c- · 

r~.t,;rc intervc.l 1550-1600°C the proceGG of nitror;cn ciincolntion in 

li'!1.iicl r1c t~l doc:> not r.et noticable dc•1clop::.ent. 

5. I:10.1·t r:r..c c::penditure unuri.lly rnn.kc:; up to 0.5 m3/t of :::tccl. 

DP.pend in~: on liquid ::; tccl qur..nti ty in n lr1.<1J.c rri th the G.".8C r'.rr;on 

e::pcndi t11rc n tee 1 tcr:'lp~rnturc r:i:i.kcc up to ?. • s0 c/min. ('::i thont hlo•-:

in~ n rn!"t~l inn lndle is cooled ~ith o.5-1.0°c/~in.) 
6. ~h,.., nclcction of n. hlo·;Tin.n; !~?ethod i::: of r;rcnt im11ortri.ncc. 

Inert r:r'.n hlor:inr: in J.:vlles in <li:itincui5hed an top nnd hottor.l hl.o·:r 

inr,, fir:. 12. 
7. 0!10 of the h1portr.nt oper:i. ti on~ Jn :1. tcchnolor~icr".1 line of 

nt0f'l prnc0r.ninr: ~·;i ti1 n ne?utrr.\l 1.nn in lt".dlC?G in o:d.d.izcd "furn~!.CC" 

aln.r: en!: tin:-;-of f rri th :Jpecinl unit::;. The prcccnce of oxi,U.:i;ccl nl~r. 

co~npl ir,r• ~~n homn;~cnco11r, ntcel ci1C??1ico.l coi:1po:::i ti on rmrl incrcr.r:C[: de

o:drl:i.~;l"!rf: lor::::. Al umi.n iui.I o::icl i,;c:> more in tcnn Jvc ly: ~·:i thin 5-B::iin. 

of hln·::jw: it~ eontcnt 5.n ntccl cl~crcr.~:cn trd.ce r.c r.111ch. rn.:•.r. co:1-

pl)::;i tJon :i:1 d1.'1n,':P.d (iron 0xi<l0::: content cl0crc.'1~~n) rmrl n t~cl rC'

phonpllo:t·i.7.".'.tion :i.:1 rlcvclopcrl: phor:!1horu::: content i3 incrf"r•::0d h;' 
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R. 'l'he refininc proccsaca decree d~pcndr: on blm·7inc; intcn~d ty 
~!v1 rl_m·~_tion (i.e. finnlly, on inert r;::ts e;i::penditure). 

T~lor.inc: •·dth r,us expenditure up to 0.5 m3/t of 3teel in 
cnouc,h for chc1:lic~l c1;mposi tion nnd I!!Ct::'.l tcmper:1.turc nvern:_;in,:-:, 

blm7in~ •·:ith the intensity up to 1.0 m3/t influences met~l refin

inr, fro!11 non-:·1etnllic incltmion::;; to achieve appreciable re~ul t~ in 

der,aninr, it in n~ce3~ary to use inert r:ns ,......, 2-) m3 /t of !.1etul. 

9. Co!.!~>ininc; inert ~o.s blonine ..-ri th artifici~l nlaG procensin;~ 

ennhlcn to incre:>.~e abruptly the effectiveness of r.lar; npnlicn.tion, 

a::; ener--:ctic ctirrin::; durinc bloninr; incrcn~es rli th n surface con

tact ·.:rl.l nc. If ~- ladle where proccs::;inc i:::; clo!!e, is cov~rcd r!i th a 

covc1·, j !lert .r:a::; n tmocr.here bet-.-Ieen a cover ~.i:d r.. nla6 nurfc.ce pre

vent ::'.. : 1e t:"..l fr011 oXida tion, and !lea t lonn~n value en...'1.ble~ to 10n::;

t~1cn the t:i.!:i.c of n r:!ct~l contr1.C t r:i th liquid slu.~. 'rhe r;o-c['.lled 

CATI-pr0c0!13 technoJ.oc:r rmrkcd out by r~sc conpany (Jf"..pn.n) i~ 'bn.~ed · 
orr tld:--: principle. A3 nhorm in 1ilir;. I3 the cj_vcn tcch:10lor:y· proY:i.rle~ 

!.mtnl ~ur face j n '."'.. lndlc. 

The ~n-c~llcd :JAB-rroccH~G ic uacd b~r the cor.!pany ~-.hen c. certain 

'1ttri.nti ty of the o;:idi7.cd firui.l nlP.t:~ nar:~es into a lndle frm:i o. r!cJ_-

tinr: unit, f~~. 14. 
10. If ri. n~t~l ia ovci·henterl in :-i. ~t<'"'lrr.clti!l[; fnrno.cc tr1crc nrc 

three :--10 P1od::: of :-i.chicvint; a re<1ui.red t
0 (coolinr;) [ 4] : 

- ['_:r~on hl.o·.-rinr: if nccea:::nry, te1!1pcrn. tt1r0 dccren~e doc~ not c:-:cc~<l 

10°C; 
- !1c5.t,h t :::crap :ulrl i tion if ncccr:::;n:ry to clecrcP..::;c t0.!.1!1cro. tnr0 hjr 10-

"00C · .. ' 
- ~l:-t.b npf)J.icntion for coolinr; by 20°c ~:vl more. 

11. ··.'h:i.l.c int:rod.ucin:. micro~J.lo~:-inc r.ncl correctinc; ndtl i tion:J it 

i~ nc~c~~:lr;/ to tn~·:e into nccou:1t ;•etv.l tcnricrnturc chf"..nc;c (+ "in

cr~:'"l.~C"' - II rJecrcc.~e") for 1 l:r: 0 r the in trorluced f"..(l.di tionc [ 5 ] : 
1·'r. rro 'lf'l.nn.d i ur,1 35~".' v - o.n9 
:,r.rroti t:-iniun 30';~ 'T' • .. l. - o.Gr. 
T'crrot:i. t:"..ni.11r.i 65~·'. ~,. l. + o.?.') 

·:-~rro~illi~irn.1 4•y·. :::a - O. 76 

!'0)·ro::i l li:iiu:n G5·:· :a + o. G2 

--: :i U. cov.nr:~: '1.:~ i um - O. r, 1 

:,0rro:1r-.n:'.n:1e~:c - 1. 77 

~:i.licl')C".lc:L11n JO~·. Cn ·• o. 99 
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r.:tir 12. ·::hen it i~ nccec:::;nry to a r.!ctal under olng for a. lonr; 

pcrio1l cf time, electrodes are plun,~ed into the lid r1hich covers 

the l:>.rl.l~ :i..!ld the bath in heated. In these case~ the u~e of convcn

tion:i.l c1!nmotte us n ladle refractory r:nt~ri['.l is c:::clurlcd, r\S n. 

lon:; con t:lct of liquid no bile, hiGh bn~dci ty f:lo.c rri the ch:::.Botte 

linin;::, co!1~istin:: of ::dlicn. n.nd aluriinn. quickl;r brin;:;n lininr, out 

of orc_lf!r. It i:::i ne~ssary to line ladles nith ba.~;ic hir:h refracto

ry ·.'[l.t~rj~_l:-; (d.olor:ii te or ?!'.nr:nc7.i tc ). 

1 J. <:0:.~bininc; inert [;ns blor:in:; \7i th J.r>.dle lininc replacc;:1cnt 

for t!JP. :~c.!1ic one en~blea to <1.chieve a concidcr~ble dcc:r.·ennc of :-;1e

tal pol i ution r:i th o~:yr:cm. If dnri!lC convcn tionnl tec1:nolor;:r Af:·: o3 

· l · i · d i · · .... 1 I 1 cl i - 3 o-9 l.11 ( 00~:1r. 1ZC Q. u:mnJ.um G 1,QC l::'.3 :>.~cc.c !C' YC. UCO 10 -1 ' 

then the product re['.c:!ed vnlue 10-1 \.!hilc nninr; h~.cic l1.!1in['.; lntll

c~ dHri!1"; nrr,on blo»7inc. The rc~ml ts rcct'ivcd clurin::-; ate ~1 Vrl.CUT'I 

procc~:-;inc; c;,;cli!JG dwi;nn:::in['; at YnrI:-:'. ta 'Jork::; (Jrtp~n) nrc r:ho~-;n ~r: 

nn c~~~rle in Fi~. 15 • 
1 Ii. A !):t'oc0~:-;inc :::chr?ne cn.lled AI:l ir: :-;ho·~·.'n in .!_i'j~. !6 . Acco!"d

in'i to th~::; ::1c~hod in the conrcc of V:lcuu:-.1 proce!1rdn:; tiw 1-1ct:iJ ic 

::ihi.ftc<l ha t!1 und0r el2ctrm1.,,_;:r.~tic n ti:r:rinr: r.nd t1.! 1.dcr :>r.r:on b] n-::

inr; r>.c t:i.011. l.ccorrlin;: to this principle vncnur.1 proccr:~inr, fr: rl.on~ 

nt A>>:A-'ii'!~ typC! 1mi t:-:. It i~ ni:?c0n:1nry to conn:i.clcr thr.t :i.:rron ::er-

for:~ t·:·n pnrpoce:::: ::tirrinc;,_nd intcn:..:ific~.tion nf f./!.G eni~:r;ion .'lil'l 

rl.<?C:-t.rbm~i:>;f'.tion proCC!1:1e!1 clUC! to !_10.rtion fll'C!::~Ure decrc~r:c of C:->..r

bO!l o;:idr- in lmhhlr.!1 [~Oinc; throur;h th0 i1c.th. 

15. Durin~ top bloi;dnr, cylinrlricr.l nm;~~J.0 i:-; ur:u~.lly ~.:)r, ied. In 

rccr?nt ::·cn.r~ blm·:i:nr~ throur;h :::lit nozzJ.c:::: 

~-r>r>licntion. ;:.>uc]1 n bl<)';:inc r:tP.thon intcnr:iiic~ mct:i.l :Jtirrinr:; nnd 

provirlc~ tlcC!pcr :::el t rlecnr:nine; :i.t the cx~cnae of cnvi tntionr. phc

noncnri. fnnj~1.t:ion. The !1pccinl rl0r:-".l.ar:inr: cffccti vcncza in rcnched 

•:1hi l.c co11h:!.ninr: crevice noz~leG blorlinr; rri th further vr>.cuuM procc:-:

r.inr~ b~.r !!E :-i.nn. I?!! rnc thoclr.. 

1 G. rr1u~ in Otte nee of inert f'/\G i:tc t:i.l blonine on p:'1r tir.l cr..rhon 

o:~trlc rrc~nurc forni:?d rlurinr, cn.rhon ox:idntion io 11ncd \·:hj le r10rl:in.r.: 

011t r:11ch rl procc:-::1 :.1.::: r-.r;:on-oxyr:cn <lccr.rburi7.ri.tion (AOD-proc0;.r:). 

AOD !:'C thnd 5.:1 rd.<l0l.y i.1~0cl in at:i.J.nlc:-:r: r: ~cclo ::'.nrl other cln·o~~iun-



bcri.rinc ntet:?l t':!"tvlcs !lroduction. (cr2o3 ) + ) Le] = 2 (er) + JPO~ 
r,['.G rcr:c tj_on cquili briu:n durinc carbon o::idc po.rtinl pressure 
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pCO d~c~·c~.::;c is nhifted to the rirr,ht nnd, f\.S n re~ml t, r,ood c::yr:cn 

~~:::iniJ~. ti on is rrovided. Durin~ blo·:iin:; mi::ture co!1po~i tion is 

ch~n,-,.crl, decrca!linr; oxygen corrr:umption and incrcn.sing nrr:on cos

sunp-'don. Thus, L'.lloys \7i th very lm-r carbon content arc produced 

wi t!1out no ticable chromitun losses. 

17. '!~riOlm uni ts constructions for AOD-proce::m ~ .... re t,ivcn in 

fir;.!? • Gor.1p~r:>..tive AOD-proccss ~implicit~! rtnd cconor.iy promoted 

its r:>.pi<l c.pp).ic~.tion. Ry the becim1inc of 1982 n nu:-ibcr of AOD

conve::i:-tcrs ezci:?~dcd 100, includinc; 24 - tn cr?.stinr, shop::; [ 6]. 
Proviclin.:, lo~., cnrbon content level, cor•.ccntra tion dccree:::e of nul

plwr, o:-~y:::cn, ni tror;cn and hydror:en dissolved in steel, AO!>-proc<"!n::; 

bccnmc kno·:m not only for ::;tninle:Js stPel production but n1so for 
. technical 

heat rcsJ:-:tr?.nt r'.lloys, tool r:mcl electro steel;,. In r!.. .... ny 

cn3cs c~rbon ~tccls after refininr; by !\.OD r:icthotl haxe th~ level of 

pl::t!Jticity 1.s-2.0 tir.1e~ hiGher thn.n the :::L>.1:~c typen of ~tccl du!'inr; 

conv0n tionnl hen. tine ni thin the whole tri::>.l terapern. turc rP.nGc. Ti1c 

l~rr;0.Gt AOD-convcrter (1GO t cnp~.city) oricr:i.te::; in ~tcclrnkinr; 3hO!J3 

r. t ,\rr.1co Plnnt in Dutlcr (U3A), a la.rr.;c AOD-convertcr ( 65 t) oncrn t

en in c~.!1tinD ~hop::; at Geor0e Fir: her UD pJ.::mt in :k:i tzcrlr>..nd [ 6 J· 
1L. Intcn:;ive inert 1,a:-3 blorrinr; ns rrell r>.:> vo.cuun !>roc~n::dnr; 

clmnr,c e~:::~ntinlly phy::!icr'.l propertiar.: of the r.el t. In i tG turn in 

thiH cn:-;c tccMinr; nw.~r he clone r?.t tm1!Jcraturc3 10 - 20°c lor1cr th;m 

n metn.l, t1!1dcrr,oinr: no proce:rninr, of the type. 
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III. I'm·1dcred ::·ntcri~.ls r~~ct~l Dlm·;·inr 
~· 

1. Fo-:!<lercrl ::n tcri~lz met~l blo-.·rinr; (or pom:lercd m'l tcrir>..l~ in-

jcc ti0!1 into n. metnl) in n.in:cd at providinr: 1:::L':i:.rur1 cont:".ct of 

blo'.·:in;:-i n ~oJ.id re~c~nts ":Ii th n mrJt~l, 1:·x~i1:1ut:1 speed of r~n.c:ents 

in ter:J.r. ti on -:ri th n r;:r> tal '.1..nd hir,h de Gree of blor:n rcc.::;f'.'ntG np!,1licn.

tion. 

Thi~ !".le thod nlso hc.s such an adY::mtnce that n re~r:P.nt in blorm 

into n '.;·ct~.l by n r;::i:::;-cnrrier ntream, \"Thich influences 'Y. rnetn.l to 

['.. cPrt('.in e:;:tcnt. A cas-carrier rny be oJCidizer (e.r.;., o:·::r0cn or 

:i.ir); r0dncin:; nrent {e.c;., nc.turn.l r~nn), ncutr~l [':['.S (e.'~· nrr.on). 

Sl<l.C: mL:turc3 i=tfld alno 1:ietnls or octal ='.lloys f'..rC used :>..s blo·;m 

rcc.r,cfl t:::;. 
2. r·r:>.terir..ln injection method :nny be used for volo.ti te rc:-i.r,ents 

introrluction (c'llcium, !X1r;ncnium) into n r::c:?t:".l (in n. neutrnl or rc
ducinr; ~fl.~ ntrenm) or cleraents introduction, \7hich p.~irs hnve hi.c;h 

to::.:ici t~· (leul, :::;elenium, t~llurium). Ar.tone the c:Y::intin~ 1TD.riety of 
r.Lctnl proc"'?GGinc methods ,.,i th po..-rclered na. teriala a method of :Jtronc 

deo:-:idi~cro end dcaulphurisers ir'.jection into n. netal in n. ladle 

~ot ~idcr application. 

J. 'i'r1c er.:r:ence of the technolor,y lier; in various mizturcs in

jection jyt rL1 inert r;a.::: ntrco.m into n rn~t:il in a. lndle (covered rlith 

n lid or ·:fitl1out n lid throur,h nn ndditionr•.l "stopper" at the nide, 

nt the bottom, etc.) ro~ders or different comnocition ~re u~cd for 

injectj.on: ailicoco.lciurn, CnS-i. + Co.O + Ca.F 2 r,1ixture. , CnO + CuP2 
r.?ixturc, i'.G + Co.O + C::'.F,, r.lixture, cilicocn.J.ciul1f,'Jar;nc.Gium ::i.J.loy in ,_ 

~-mixture rlith lime, Co.+ CuF2 +Al mi;:ture, etc. Depcndinr; on the 

purpoGcn, the tcchnolo~y 1my be unctl for tlcculphuri~ation, cnrhuri

zn tion (rlurinr, ;:ro.phi te injection), incre::i.::iine of ni. troc011 content, 

nllo~:inr:, clcoxidizinc etc. There in vnriou::: equipment nvniJ.<1..blc for 

the opcr::i.tion, nnd the proccn:J vc.riationn a.re differently cn.J.lcd. 

Ir• In Sr;ccd0.n the J1!Cthod \Tac cnlJ.cd "Injection i:etnllnrr:y", nnd 

the ccptipi:!f'?llt for injf?ction is to be indica.tcd hy :JJ, (Pig.IS ).'l?lmn 

for e:.~mr. le, UcVieholm Cor.ip~ny nppJ.icr; n pcmtlcr injcc ti on unit for 

atccl dc::u.l.phurizntion j_ntcnded for hydrnulic pipe production, d~- · 

r-ul phuri ~~l".. ti on n.ncl dno:;:idn. ti on periods in e lee tric fl.re furnn.ccr: n.r0 

rcdt1C(''1. D0:-:ul phuri7.::i.f;ion ic done b~f in;jcct:i.nr.: nilicoc0.lc:i.um pornlcr 

<lccp tnto the 1:ictnl (61~·. ::a, )?.~~ Cn). r!ithin G min of J11;j0ction 3 

con t~n ~ rlr>cr0.n~c:-: frorn o. O?.O~,'. to o. 008~~, non-!110 tnll:i.c inc 1.u:-d.on:J 

co~t~nt J~ nl~o ~0.cren3cd. i~t~l fluidity con3idcrnbly incrc~~e~, 
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- tetC"minc conditions be inc; improv~d. 

5. I.i•1inr; conposi tion renders considerable influence on refin

inc cf fecti vcness. It vm.s esta.blished thn t for steel dcsulphuri~a

tion !".'..nd dco:-::ida tion ha.sic lininc should be used. Cha.mottc linint; 

docs not r.ror:otc :i~tri.l refininr.;. 

6. In ·::c:;t GQrn~n:.r the method of pondercn. reacents inj~ction in

to a Ell? b.l is cr-.lled TH-proces:::. The method is aimed n t pm·1t:lered 

:i.lkali!1~-earth metc.l introduction by inert r:,o.3 blo·:rinc :::trec.m into 

steel ti1rou0h rt. tuyucr into n. ladle. The tuyuer is :::uhmf!rr;ed very 

deep into ntec~_[ 7 ]. All~alinc-E·r1.rth i'lct::>.1::: are introduced as con

r~!erci~l Cn.-Si alloyn, Co. and Ee carbides in a crL1.nulc.r forr:i. 3tccl 

rrith c::trencly lor! inclusions content, uniforrin.lly dJstrihuted,of 

r;lobv.l~r form, ·;:hich :ire not deformed in ::>.. hot roll inc procc~::;, i::: 

produced n:::; rt rcsul t of proce:::;::dn~. All:alinc-carth !TIC to.l:; introrl.uc

tion into the r:~elt in a ladJ_e i:;ith ho..:dc l~.ninc; provides hic,h rnclt 

dcoxid~.tion decree n.nd creo.tes fuirouro.1.Jlc co?ldi tions for nulphur 

re11ov0.l up to values o. 002%. O;cyccn content in rd thin the level 

0.0006 - 0.0008;-'-. The given rr.ethofl applicatj_on enoJ>lc.n to trnnafer 

the r0. fininc procc::rn conple tely into the ladle. In fl. nu'.:1b0r of 

cri.::icG t,;;;->re ic no ncce~ni ty to um~ vacurn1 proccs~dnc;. ~n!:oJ.inc

Cr?rth :·P.tri.1a consur•1ption makea up 0.?7 tc Cfl./t or O.JS I=c r:;/t of 

atc~l. ~i1cre in 0.vnilable dry.to. that 'rE-r~cthod emtblin[; to r:ct 
0.0002;·;:; ic of cpccir'..l interest to the ::;hop u:::;inc acr'.:'.p. 

7. Jn the U3A, Cr.nmb. nnd in none other countricri :'.. !.1e t!iod of 

cr.lciui:i-hc:.~rin,:: 1.10. teri.'J.lD inj cc ti on into n. me t.'.".l i:-:: called CJ\P.-rro

c·e:::;c. I.:i.r1uid r.:t.e~l j_n tc.ppccl into the lndlc, covered \7i th a lid 

nfteri:!ri.1~<1::.:, thro11r.;h \7ldch the tuyuC"?r for calcium in;jcction (n.nd 

:Jor.ictir~c::; m:i.r:nc~ium) b;/ nrGon ::itre~.m bloi::inc; ir; introduced [ 8 ]. 
Calcium in evn.porrtted nnd rj.::::i1'!c; tor:ctller rd.th arc;on buhhlcn bincl:J 

nnlphur :i.nto r;ulrihidc Cn3, nr.:::d.mi ln. tccl 1·:i th slnr:,. The produced 

:j tccl j_n;:0t' there fore' cont~:i.nn o. 01 o~. G .".G :::olid nph0ricnl l10.1-

dc for!·i0fl rlurin~ rol.linr; non-rnet::.lJ.ic jnclur.dona 10 ml:n in :::i~;r~, 

untforr'!n.lly (l:tnt1·ihuted nlonr, the inr:ot cro:rn-r.ection. In ~onvcn

tirm:i.l ntc0.l rJ:~id11nl n0n-r.1~?tnl.U.c incln:-::iona 100 r.i!:m i'1 r;:i~e ~'~-·:c 

lor:cr 1·~01.tin;, t 0 r.nrl n.rc ~tronr:lY cJ:r:'.1.rm in the d.i.rcction of roll.

in.~. :\r: fl. r'i:?::'.'~0.nt, !°)rO'lidin;'~ cl0.Gltl!1hur:i.~~ri.tiol1 0.nd d0o:~:i.ch t"i.rm, 

! n'""ncninr:t j r: uncd. 

n. ·:i11or')11{;i1 invcr1tir~n.tion () r : :c t~·.l rpli'.l:i.t:,r rcr-n:i.•rcrl rJ1.1:d.nr~ (;n. 

nnrl i·;-: i•1;j0ction i.nto :1. mctn.l, cr.rr:i.cr_l (')1.lt n.t nudcrnr: A(; c:.r, .... ,. .. ,,, __ 
n;;) ~,,..,.,~ 1:r.:J ~:ho•.7n tllr.t ri.chic~rin.n; ::;!;. o.no~~·. conc0ntri'.ti011 :-i.lno::t 
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co;:1:) 1.0 i;n :; l:ecl i;::ot::o:)? fr; !~::.·ovirled. ?o ···ct Gulrhidcs of :-:li:::olu

tril:,r ~1_(~In_i..1.ri.r for:n ~·nd m::"'..ll :-:iv~ le~:: f;!1n~1 ~ 0.003;·~ j::: !'C·--:v:i::~c'.1 

to 1'0 ;·:_:-c:n.i•;crl. l:c}~ulp!mri~~.tion <lC,";l'C'.? :i:.nC).'C~.~es :-i..n f:•.r ~~ the t 0 

~i.t T.-!ilic'.1 ;i!'occ~:Jinr: iG done n.!ll1. c~tlciun con~nnIJtion is :i.:1cr0 .... _:-:!"rl 

(up to 1.~ l::-;/t). I'.f'.r;n:.. .... 8;_u;n injection r:!:'.!:c3 it pon~iblc to prcH!Hcr: 

~ :--:~ 1;..,_J. o ~ lli.r:hcr puri t~:;; thn.n cl urine c~.lci1.u·1 injcc tj_on, it bciw~ 

com~cctr:rl •.-d.th better rei:!OV:->.l of the forr::erl o:-:idc incht~don:::. '?i10 

rliff.'crcnce in rlco;:i<1izing CL'-lCitUJ effect, in;iec ted n::; C~C.., fl.'1d n.::: 
(. 

ailicoc~!ciun ia not observed. 

9. '''110 !Jo-.-:d.0r inj ec ti on in to the r.1c to.l in a la.rile nc t11ocl ic al co 

u:::cd to r·rod.ucc_ r,tccl '.7ith n rcr;nlo.tcd nitroren content and n.lno 

.'1.llnyi•1c 1.-:ith Gilicon, nickel, mol:.U.>clcnum, tuncsten. '11im~, o.t S::icd

;jchncl:cn nl_.""!,nt (::Jm~ccli::n) G ne·:1 :r.cthod o.f lo·:: rrnJ.phur !1i t!'O[;c!1-b0ri.r

in;: Gtccl production ·::o.~ introciuccrl for n~trJ_ blor:i11r; in ri. J.o..cU0 

~·d th td~: l 111·0 a con t:1.ini1v~ c:i..J_c i 1u1 C~·-r'.ll'lnid0 Cncn2 • 

r:0trJ. i:> t~.prcd into n. lr.d.:.c li!!Cd r;.ith hiGh c..1.u:nin~ :rcfrr.cto~ 

r~·· Cr.r!tili '!er rotciry cr::.ne l0'.70.r::: o.. tu:rucr J :i.nerl Yd_ t1l rilcl tecJ hi;-::h 

n.lu:::i~r l:i.ninr, ;:1~. tcrj_r:J. in to tllc lndlc. ~lie clcpth of t!10 rmlH,v:~rr:ccl 

tu;;-m?l' 

Gn.O 33, 

') r: mi • • t l . t .... t (. r") c r·-· 5r. . •:; m. L_lC 111,J CC "CC. Fll:: llTC COi1 uCn 111 , · : O,,_,, :.., J, 

C 12. );i~:tnrc denGity :i.:-_; '.?.O k,~/r,r.i3 • 'i;hc c;:-i..::: cn.;~;·ier - : z· 
Dur:i_n;-; ?-::i.::turc injection be;;itlc::: ni tror;cn :J:•.turn tion :::uch !Jr.oce;:;:c~ 

na cri.r'i111ri:::'1.tion, d~o::id.n.tion ond dr~::mlphurizntion t:'.'!.l~c pl.ri.cc. 

m.o·.-!i?1:, :~.J.ao :i.nfl ucncc::: both non-:.~e bJJ_:Lc incltwionr. con f:cnt n.nrl 

forn. :incl!['. :::0.thorl of nitror;cn introcluci;ion into [:I_ mctr .... 1 c.,'. 1.hl0a 

:i.n~ on 5 t;:-:; ri1t:i.nti ty rri th the introduc:crl c;1.1ciuu cyo.na.mirl0.. Accorrl

i.11;: to rlr1.l.ri.[ 9 )n:i. troc~cn a:::r:hdlntion ~-,hen jntrorluccd [l.8 GP.C!'2 

i::ri. l:c :-; 1) !) 7) - 100','A. 

1 o. :·'lud:-:pr.r ri.drli ti.on to cnlcimn bcn.ri11;; n-:. tc~·irtla ( f 0r i)~~ ttor 

incJ.ur~inn0 r:Jnr:;;inr,) dOC:J not ~ 1.r;[l.jrG r;i vc n. (lcairo.hlc c f'f'cctG. Por 

lm-i cnr"r:on atc0l:i ria:-:;n0::::i.urn mi~~turcn + .f.luo~JfJf'.r r.i.n<" r:nc):caiun + cr.l 

ciu.11 + f'l.110:-:pr.r in,jection::: tnrn~d out to b0. norc cf rcctivc. 7'.3-1.(;ri. 

Mi:~tnro r1.prJ.icn.-!;ion 0.nc..h1cn to .incrcn~:c the tntc.l r1:-?.tcr.i.r.l::: c::pcn

(l:i.tur0 r1 :irl to rirovidc [~0.tt:i.nc: hi,r-;)1 rurit:t ur:tnl. 'ro rrcv0nt :::0.con

rl.ri.r:r O'::i.-1'.".t:i.on r: f;ccl, proccr.::-:0rl in r:nch n. •::n.:·t, coulrl be r.:1.at in n. 
ncittrn.l .1. t'."0r:prwrc (or nrnlcr vr.cw11r1). 

1'rr1r~~:-:;;;~: rJ(; •;;j_tJ1 !l()i"!fl0.rG ill [I. J.:1.<1.10. \'!ll:i.J.c 1Jl.or;J.n.t, 1;fl tilOlJt :"l J j rl 

11. ~:··1 1 n1~:i.0nC:r! hn.r: :ilJO'.;;n thri.t C,...,_Jcitll:l r1JJ.0~.':1 in;jPct:lnr: r.n1:1ld.llf"'] 

•:Ti th ::l.ri.,': nJ'f)CPr:r:in;~ n.nrl. !"l.rr"'.on hlor:.i.n;: rlPcrc:i.:-icG :.J c011t0 11t to 
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o. '1C't · ··:!J J.0:-i.d::-: to :::pllcric fo~·r:1 Co.Al .i.rrcJ.113i •nr: for!.!ft t:i.on[IO J. 
ll•_i;~:L~,-:-; the injection !1roccn~ c~,_lcinm i:~tcr~.c ts not o!lly •:::i. t:1 

;,11].~):l'.tr b:1t both ~·ri. th o:c;:;ccn ~''d o::irJ.c~. 'rI1c rc:~uJ t of thc!1c rc:•c

ticP!J :· .... :.~ b·.) :-:ubrlivicled into J ::;t:!.teG, depcndinr: on c~lc:i.1.1~:i qa~.n-

In ~IC fir3t ~t~~c c~n to 

1. ') ::r~! t Cn.C,,) tliour:h de:mlphn~·i~f".tion D0£~!1 :i.n prori0rtion. to 
'· 

ir! tro~luccrl cri..lciun qu~nti t;.r, ; 1~.::il!UI:l ·.r~lucn n.rc not i·c~.clled. 

er:, ::n~; ::.ncl1'._~d O!l!'J prc:"!encc i!1 oh~crved. 0;1 the other }1'."'.11<1, c~ lcin.:·,! 

i11tcro.ct:-: ·;:f th Al
2
o

3 
i:'!clu::-:ion::-:, bcin.r, forrx~cl durin.<: Al E:ct~l (ko

::irl~ti\n !1roccna before pomler in;jcction. ~\t this ~t~1.r;':' 1mr:: Al:~o3 
inclu::-::l.0~1!1 in ::-:_tccl quickly cUac.r!1ef'.r r>.nd trr.~1:::;fcr 5.nto mC:!O ::: 

n Al"(I) i:1clu:-:ion t:;nes. These inclu::;ion::; ['.re dintriliutccl rilon,"" · < , 

the inr:0t cro::;.:;-ncction rmd don 1 t form accumulationn. n:· th.0 0nc.l 

of th~ ~trt~;c 11/n proportion rc[l.chc::: v:i.luc 2 nncl the i.nclu:-:iolla ['.!'C 

cnllcd 12 C~O - 7 Al
2
o

3 
type inclu~ionn. C~lci~1 content in liouid 

a tccl don't ch~nr':c mid rcr!'l~in at O. 003~~ level. 

:\t the nccond ctc..r:e (up to 2.5 k,r:/t G::i..G2 ) dcGulp!mrizn.tion 

co:1tin110:1 hut it:-: speed dcc!'cri~eG n.bruptl~r· Sulrhur content in 

liqn.:i.cl ~ti:-01 dccre:".nca up to 0.003~·:. ;:n3 inclnr:ionr, re.rely occur 

in ~n in~ot. ?irr,t ct~ce inclu:-:ion~ 12 CnO - 7 Al2o3 type alr~ost 

diar>.pJ'cri.r ['.ml Cn ( 0, S) type inclnaiona r..rc f orr:1cd. Thc:}c i!1r.l~ 1.r. icm:J 

r>.1·c ~:02.·~· :::n~.11 in n:i.zc nnrl rJ.11.f"..ntit:r· C:i.lciu!!l. content in rnctri.l :in-· 

cren.::;cr: r>rnl rcc.c:1c:--.: o. 005~~. If Cr.'.C...., in continued to he :Lnj0ctcd, t;1c 
~-

third ~t~'.:'.C r:ith C:'l.G
2 

2,4 kr;/t cornmnption :Jt~.rt:i. It iri c~1::trr'.ctc-

ri7.cd b;; prncticn.J.ly conr,tn.nt nul!1hur content in n. !:v:~tnJ .• Cr'.lcium 

contcn~ in li1uid steel conatantly incrcn~ca. Ca (O,~) type inclu

niona r~11n.ntit;r in n hil lct increc.:::cn in proportion to thn. introrlu-

ccd cn1cium quf'.nti ty. 
1?. !'!n.ld.tu:1 rcndcrr: po:-..: itive infJHcnc~ not onl;,' r..:-1 rl.0!"mlrhuri-

7.'?r f"'.n:l rl_co;:icli?.cr but nJ.ao nr: e. ren.r:c:1t, n.ffectinr; tl1c np0crl of 

incl11::-::i.nna rer:1ov ...... J.. It i::: cxpla.inc:ri b:.r the fa.ct thr.t cr.lciur.1 prc

!10ncc rrnmotc!1 r.lumin;i. incJ.uaion:i r.hift into liquid cnJc:i.m:t ~.l.m1i

nn.tca, _l'or rliffP.rcnt atccl ,r;:r-~rlerJ cr.lcium chn.nr;c::: nlm1:i.n:1. nccurn1.lr.

tionn o•.·0r li'111:i.d n.lur.1inn.tc!'.:, if C;"1.lc:i.1J.1.1 ~un.nti ty i!1 3 t:i.nc:J 11orc 

tllr.n tl!n. tot:i.~. o;:yr:cn content in b~th. 'Ph:L:J proce::::-: in j_tn turn 

promo to~; n.ccc:J.t~rn.tion of inclv~d.on::: rcmov·r.J. from r>.. rnct .... J.. 

1 J. ~>r:cnnrlnY;! :;1c b.l o-::idn. ti?n p:rocrG:-:crl. :i.n n 1f'.r11a rlr~cr·cn.~C?:i 

yirocc~~:::l.nr~ c Ucc Uvcncr.r: connirlcrr.hly :•.nrl <l.0crcrr:Q:-: tJ 1c :-; 1::-!.bi l:!. ~;:,' 

of tli0 nr-'.!icv0<l ciun.1.ity inrUcc~:. i.·nr0ovcr, it i!1 :-:tn.t0r3 thri.t r:11r-h 

::-:1.1:r fn.r,c-:'.c t:i:1c :ir~p11r:L t:i.0ri, ho th ozy~~0n ~nrl ~uJ.pl1ur content cl.r.r.rc" :-:r 
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i'l n~t:i.l rcGu1. tn in noticnble ni troc,en content incrensc in me tn.l, 

~·:h0n ~on ~~.ctcd rri th o.ir. The addition of fluospnr into the injcc

tC'!'l r.~j:~ tnrC: cr.n prevent ni trocen concentration incrcn.nc. 

14. Pf'::i•Jcn th0 injection r'.1cthod stronc; deoxidizcrs or deo.:cidi-

7-inr, ni:~tu.rcs (~s n. p()r:der) introduction in the uetul ho.r, ~ot '."fir.le 

~-P!Jlicri.tion. Dco::itli:.ers and dem-:idi3inc, 11i:xtu.res nre plnccrl into 

n ~tccl ;.hell nn n wire. This 1:1cthod is cnlled 'Jire-feedcr-proce::rn. 

In C['!.:1f' or n.luminiw-:i. applico. tion en alunininm v:ire co.n be used. ".'he 

rrire ~i'!;f be introduced both into n lndle and into j;he mould (durinr; 

con ti '1non~ ens tin:;) or directly into the inr;ot mould. Special equi:
r!cnt [II] ·lc:Jic;ncq for wire a::iplicn tion of square, trio..nr,lc, multi

frvrd n.n1l. round. cro::;s section r-!i th 3 - 20 mn diameter and nutomrt

tic control of nire ii:troduction cpeed are used for th:l'.c 11cthod 

~[)pl ic:i. tinn. 

15. In .hpnn Eita.chi Cables Ltd company produces 50-100 l~G \7irc 

coiln, cnlled J.~erroka.l. The Yiirc core concists of calcium or Ca + 
Al, the 11rotective hom::ine content: 0.1CY;~ c, 0.25-0.45~~ Ln, the 

curf<:?.cc ir: !)rotected rrith special coa.tin(i from ntr.iocpheric effcctn 

:;,'ire (li0.'..!~tcr 4.6 - 7.0 mm. rrotective housinc thickness 0.2 rmn. 

Cn/1U proportion chanr~cs frou 1 O : O to 10 : 10 [I?]. 
1G. 'l.'h0. other new n.luminium introduction mcthodn into ::;tccl r.>.rc 

the procc~ncn fir:Jt nppJ.j_ed by (US Steel Corp., USA) Iill.-RK procc::;

ca. Tlwr:e ~.re proccocco of producinr.; completely dco:ddized nnd pnr 

tly clco;::i.cl.izcd (ccr1ikilled) steel by merinc of liquid o.lur.d.niuu. 

The crpdp!1ont for the proccr.:::: includen n c,n.a furnace for n.l11r1iniur:1 

1ncltin.r:, 11umpa for liriuid n.luminiurn introduction into o. r:ictnl,into 

incot :noqJ.d, n.n n.pnroprfo. tc branch pipe and control device::;. Al 

conr.urr:ption in i7A-11K method is o. 75 - 1. O kr:/t, in r:A-RC ;ncthod ic 

trro ti:nc~: ]_esc. l.ppl;yinc LIA-RS EJcthocl the yield from an incot to 

cln.h l~r:l.!~CG Up 06-fH"l:'~, hit;hcr than in COnventionr-.1 tcchnolor~r (r12-

84r). AG Al i8 introduced in n liquid st~tc, it pr~ctic~lly di~

aol vcn :i.n.riidiri. ta ly nrnl unif orml~r i::: rlin tr:i. bu tetl o.lonr:; the '.7hole i& 

~ot cro~~-~cction, no ~ rc~ult ita locaca durinG Gccond~ry oxirlQ

tion ~n~ non-motnlJ.ic incluaiona qu~11tity in ~etnl arc dccrcn~cd. 
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IV. Combined Secondary S tee lriakin_: I;~ thods 

1. 'l'lle main drar:bn.cks of nome metal procecsill['; r~e thods n.rc: 

- the n~cc[rnity to overhe:i.t liquid rtetn.l in a ineltinG unit to com

penGr>.te the nctnl t 0 fall durine procc::rninc in a ladle; 

- lirni tcrl interaction on a meta.l (only desulphurizntion or only 

tl n.-..,.-~-in·~ "'tC ) 
\.;-~ ,t .. U• • -· - , \:.,: e 

'i:'hc best intcrn.ction resul tn in met~l qun.li ty n.re nchicved 

•;;hile 11~in0 combined methods. rro~·1cver, it i"1 nccesnr>.ry to cor:ipli

ca tc uni ts dcsicn and to m::e a more sophisticri.ted equip1~;ent for 

th(;ir ir iplcracnto.tion. 

~. L~':Jlc r1ct?.l procen::dnc; mr-_y he produced by combined_ :::ethotlc: 

- in c. cnnventionn.l s tecl tecmine ln.dle r:i th chc.:·:1otte l:Lnint; c.nd 

uitl1 n vertical stop~er; 

- in a ~tccl tccr!1inc lf'.dlc ni th hir,h refractory r.nterinln lininr; 

and nlidine cntc type stopper; 

- in n ntceltecmine lntlle equipped uith n lid; 

- in n ~t~eltc~minc lndle equipped for bottom ens blowinc or ~Qn-

pm-:rlcr ri.i::'::ture injection thronc;h the fixed dcvicez in the bottom; 

- :in r-. 11n:L t-lo.dle ni th n. lid (c.rc) throuc;h rihich electrodr.:-; are 

rmh~crc;orl '1 hen tins the ccto.l durinr; proceGsinc; 

- jn n. converter type unit rrith o:-::yc;Gn, :i.rt,on, vn!_')our etc. 1.:ctal 

bl0•.7in.r:. 

J. '~'.- 1 c c::n.r:iplc of accondnry ::;teclrr1.'.'.'..ki11r; ricthodn, Cll'1,bJ_:lnr, to 

hen t ~ r.~0 tcJ_ durinc pro cc rm inc; AS~A-3I·:p Drocc::::J, whici1 :'.ppe~.r0cl in 

~;".7C<:><l0!~ in 1964 ::>.nd n_ simpler Finl:J-procec3 1:i0rl~ed out la tc:r in P 

the U.'.iA. 'l'hc firct method is n ·vt'.cuum !1roccr:::dnc nctllod r:h0r0 he- · 

:Jj_r10n iwluct:i_nnr-tirrinc;the mctnl in top hcnted with c1cctric [l.J'C~. 
'.'ctnl rw·w he holrl in vacuura for p_ lone; ti:'lc ricriod. ~rho.t provider. 

hir;h ref :Lning dc,n;ree from de tril!'lent::i.l j_r1pu:?:'ities. In r.or:c caner: n. 

ccrt~.in :-:1.ri_r:forminc qw:mtity is e.lao o.dclcd . under webi.l induc-

tor :::tirPinr,. Such n. r.1C?thocl in nophinticntcd :'1.nd c::pcnnive, but 

11:ir:h ::10 f:~l qtu1J.i t~f :i.pprovc~ c::pcnrli turc:::. Due to th::-.t fnc tor the 

r~ivcn r1n ti10d h~:w c;ot rr~_rb .'l.ppl:icr..tion 1 ~; ~· I9. 
4. Jn Finli::l-procN:a atirrinc ir: done h:;,r n.n er'.:::icr 110thod - r_:r·:on 

bl0•:!J!1;'~· r~c;;i.rl.c::;' [1. ln.dlc :Ln in r..:tat:ion['.r~r por.dtion in 1''inl:l-pro

ccr::-:, t!1~'.t r1nJ~c:; '.::ctn_l proccr:r::i.nr: r1!d.lc ~irorJuc:i.nr; it in lnrfl'.<? 

qu.n11 t:.i. (;.i.0r~ cn~01cr. ~Pil<?ro :in '1Ui te ct. nu.:11b01· of ai..tch r. t:r~)C nf pr·o-

C0. r; ~ v . ., . .,. i ri_ t :i.on~: [!3-I 5] • 
'.). I.F-~1roccr:r: r:orLr!<l. out in .Tapri.n ;in.~ r~ot rttti tc rrir'lP. ri.pnl.icri.U

on. 111 i1c nroccr::i j.n auch n. ::J ta tc n~ :it hr.::-: hccn :-rn1~~'~e;;tnrJ_ :includrr: 
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imi t::-1 ~·llcG in different plo..ntG rr>.nr:('s f:.o;-, JO to 150 t. 'l'h0 nro

cc!:~ :i~·ovi rlc::: not onJ.;.r r,e t tiri.c the cl<?~-: ir:·.blc c lw..;"!!icnl cor.tpo~:>i tinn 
0 . 

rmrl r!ct'!l t , but n..i.!1C non-rr.ot ..... llic inclu~ion3 !"!llnn ti t:r <l~cn~:->.~c 

~n ~ :"'('~~1.tJ t of ~nlphur :-.nd o:{yf~e?1 reriovnl th::?.t h~s led 

dcrf!.bJ e :':cch~.nic~.l properties im~roverncnt. :-Juch n. unit 

a t:"'..llcd in n.ny f;teeli:1cl tine shop. 

... . 
;,Q C0!1:1l-

I"'.':'.y he in-

6. J;1 !'~::'.ny Cr'.GCG the technoJ.o:-;y is orr;~ni~cd in Guch o.. ·::::i.y th~ t · 
-:et'."'.l l~eo. ti11r; s~1ould be o.voided in l~dle proceG~in~. AliQ.lippn., 

Jones P.nd L~ur;hin Steel (U3A) plant e::!1erience l!'P.y ner're ['.11 e:~r-.nple

·.:.'he fol lo~·tin~ ch~.ncea hn.vc been introduced into the tcc1:nolocy to 

inc!~e~c0 1:1ctc..l purity c.nd nurfacc qucJ.ityi t[.1.ppinc; r:ct~J. t 0 incrcnce 

b~r 1 o0 c, ch[!.r;10t te lnclle lininc nubs ti tut ion for hich ::i..lu~:dnn. 

( 4' 70;.,u?.oJ); riorous bottom tuyucra r.ppl:5.c:i tion instec.'1 of cub

!'.!Cr[:ed ( ch:.11:10 t tc) for floi:iinr; purpoces; n le.~ :mb::tu-re nrl~l i ti on 

(C['.0/8~1·'? = 3 : 1) 9 kr;/t :in qunntity; intc!lnivc ~rr,on ii:etal blo•:;

inr; throur;h bottom tuyuc1·a durinr, t~ppin.r; n~1d lee~ intc11Give ·;;i th-

in J-5 ::in c.fter tnppinr; is over; r1ct~l C::?.~1tinG into in:-.;ot r~ouJ.clr. 

!Jnvi.n;: t!~orouchly clcri.ncd internal aurfr.?.cc r;i thout lubric::t tion; 

pro t0c ti.on fro?:'l nccondo.ry o::ido. ti on by nn. teri:".l g::i.n. Cuch rt tcc!1-

noloc: •• ,,...("'9 ., . _..., co.J.lcd "pure ntcel production teclmolo.:-;y". 'l.'1:0 portion 

0 f th0 !'i}~Gt 1,rci.d~ -production }1n3 c;rorill fJ:Ol:l ?.0 to 80:· \7;1Cll P.ppJ.y

inri; th:"..t tcchnolor:,y. 

7. ~;t,.,_5_!1lc!:::1 ntecl production :in cm1bina..tion rrith o:::r'.":cn co:!1v·0r 

tcr c.rl'l \'.".cm1n procecnin~; r-:cthod elr.born ~1on 11.:"...Y serve :"..n c::c.r.ipJ.e; 

t!Iic :-:c tho<l •;r:".rJ cnllccl J,Jl-IUiOP.-proccr::"l c.~ it coH:binca J,D-convcr tcr 

npplicri. t:i.on, lP.rllc circulnt:i.on clcr;n.r.:"Jinc; (I?TI-11roceca) o.rnl o::;:,rr;en 

blo•:iinr:: (Oli-procc:ir:). 
'i'~11~ p:r.oc0:::n :i.ncludcr, the foll.0·;:i~1,r; :-;t.~.c~er: (fi1,. 20): 

lf'.(11.".' iron 1lcrmlphn.ri7.r'. tion ~.n l:-i.11lca hy :1d.:·:in,n; the ~u!rnlicd on to 

rlcr.:111.pinu·i:~cr iron :.m.rfr.i.cc rri th f'. :ipcc.L~l r; tir:d.n;:; cl0v:i.cc; 

- .:i.ron lJ:1 or::i.n::; in o;:~·ccn conYci:-1.cr (rl.cf'llo::rbori7.ntion .'l.!ld cl0cn.rbt1-

r1. ';' .... -t· .•l'J11) • . "' . , . •. . ' 
- 1··~ t ..... J. t.".ppi~1c from convcrtP.r, i t:1 :::c::x'.rn t:Lon frcrn r:l:i.~ cl.11rin,"'; 

tr-.pr:i :i."'. n·v.l. 1·:0 !:n.l re t0C!r:linr:. :i.n ~o the converter, the nc t"l. }~~.:-: tllry 

co!1~.~nt: -4:.. 0.10~." c, o.<)10~'.· P ::.ml O.OFX·· ;;; n~ct:i.l tc1'.1;ic~·.".tv.rc 1Gr:~
·1 7rv)O (' (,.. ~.,, ,.,... ~ ) • 

' I· , . , (,, .. 1 •• t • t 

- Jt:i.r~11 r,f•r11ori rc~·1·'1chror1:i.rn1 rtd.(li tion nnrl :i.t:~ d:i.:-;:~ol11t:i.on :i.11 ri. 

~,.,~t ..... l rl111·.inr~ :-;0co11•l~r;1 o:~;r:cn hJry;fil1[: (1·101.t conpo~:ition hc~or1cr: th0 



2? 

ro110···1·.,,_. ('\ 50 - o ~a·· c o r...,o - o 03c: ,-
- ·- • • .I. •• , • ,.•. e I • • ' ' e \ 1.;_ ,,_ e -:; I 

4- 1G.5:·:;:!:; ~~lt t 0 11.io-1110°c (st~r;~ iJ); 

- r.:~t~l b.!1rinr.: into ~.,_ l~cllc ::?.ni J!i VQCm1n:.tion rrith ci.r.mlt~.neoit~ 

m.t!~nJ.~~ ri-::·r0n into ch~r::J'iJcr for dcc:i.rburi~ ..... tio!1. ;~itcr l:h:--_ t opcr~

tion :?c~ ..... l content h0.concc: O.OJ!. - o.oG;· G, 0.020 - o.n35~- P, 

O.Oo~:· :;, 16.JO - 1G.50;~ Cr, oetoJ. t 0 1:J')0°C (.:..:tr?.r;cC ). 

hir;h f.•l':vJuc ti Yi ty; 

1 ' . J or! C;l,..01:!!.Un .OG:1CC; 

- e ...... :-;ily controJJ.ablc ch.':'.r.1ic~l !'.'lctaJ. COi'tpoci tion :i..::1<l lff."I clctrir:lc~-
t~ l i: !~1nr.i tic~ concc!l-:r:i tion; 

- po:;:-;ih:U.ity to !~ct quite lor: ct:.rbon ~.nd nitror.:cn concc!1trr?.t:i.on 
in t!:c produced o~ccl. 

e. \'A~-!'rocc~~ r:i~y be ~!1 c:::'.r:!plc of t11c cor1bincd proc0.[;:J r:i th 

Yc.cun!'.1 ~-rocc.r;.:1inr;, '."!.r;::on blm-:inr: nnrl Gynt~10tic clr-.c r.ti::t1ircc in;icc 

tion. ~h0 u:1i t co~1r:ist~ of the ch~.i:1bcr, :i1onntccl on the ccJ.f-!:Jovri.hJ.c 
pl~tforn~ ::-.nd ::i. v::i.cn11.!:1 pip~linc in G ::::tn.tj_onnry nrc (but !lot j_n ri. 

ch~!:1bcr). 

T~ic :'0r f o:r.::1~c1 ope re. ti on tcchnolory i:J the folle~·:int;: 

- lr>..d.1.0 J.0c~.tion :in V"";,::1-ch~.mber <"1..nd c.r~on blm·tinc (rli thout •;ncuff:l) 

ln.dlc ::;id. ft in-: to the r.l[".['; (·:ri th 1'100 c..nd P ~o5 content) pu::ipinr.-of f 

r;cctor; c!ndJ!'!r rd.th :i. J.~clle po!":ition ch~i.r1r:c to VAD-unit, ~re co

vcri!1r:, ~:i_d ~:n.cun:n ~roco~::iinc rlita hc'>.tinc (or r:ithout it). JTc'.".tinr: 
ia clone '.7:i th c J.cc trodc~ nubncrr:cd throur-h the n.rc; 

- Cc.O, c~1.?? :i.nrl mm nlnr; Al ~.re introduced h;;· ~.cl1U.nr, ::ii· ·ul t:i.ncon~ l~.r 
rr:i.th vncm1n !1rocc~:::in.~ nntl ::i.rcon blo·:rinr. ic continued; 

- ~0-2) r.1in r-.f tcr ~uch n rrocc:1:Jinr, chcmic~.1 compo~:L ti on :i.ml t 0 

(clectr:i.c !!c:'ltinr,) correction is dm1c j.n i:n.cuur.t; 

ccn.:::i:?cl ~nvl. n. chn1.ihcr •;r:i. th a. J.ndJ.a n.rc trr•.nnportcd to the tcnminr: 

ai tc. 

·::11cn it in 11~ccc::::i.ry to r_:ct :J~ o. 00'1-~· CoG..., or cili coc:i.1.ci11m 
'· 

ir. r!.'lclft:i.,..,11,.,.J.ly in.j0ctcd into the r.•cb .. l. ~ilc r>rodu~ccl r-t0r.l rn:r h0 

intcn~c~ rnr lnr~c cn~~citica for fluidi~ctl ~n~, ~ctivc pipeline~, 

borinr~ off:1hnrc :iitcr:, nuclcr.r powf'r r:tn.tjon:J, r:pcciri.l 1111.i.tr: for 

ch0r.iic~J .. ,_nd oil chcr.licn.l intluntry ~tc production. 

C). 'i'hC.l'C OCCllr r;or1C (U f ricul t:i.C~ Jn flhOi:phorttr. 1'0MOVetl :i.ll l.:vl lr. 
!:i0t,.,.IJ.11rr-;; ,,:r. t!1o<l:--. f!or:cvcr, thir; pr11blN1 r.n.n he colvcrl of 1'1ct~.1. 

~·c tc0rrin;: :· 1n. thnd in nr:cd. 1 ;1 11~ tN:hnolor,y r.rpJ :iccl n. t m~c of the 
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~nrli-f;c:.~o (.T~.p:....n) Comp~ny pln.ntG H'1.Y be ::tcntion~d n!:: nn e:·:nnpJ_e. 

The lr.d!c •:!i th non-dem:idized convcrt~r :::tC?el is plC'.CC(l j_nto \':\D

ch~r1bcr. 'l'o d.ecrc~cse clephosphorisinr; sl~,~ cn.pr?.ci ty Cc.O, Cr_l"::? nnd 

:::er.le rer::icctively 15; 3 and J !cr;/t of ::;teed n!"e i:.1trot1.ttc~d, 

n~!:inr; c ... o content in· slnc up to GO:~- c.nd Fe toto.l to 12~·. Arr;on 

is bottnn blm111 into the ladle; 20 J!'lin l[l.ter phosphoru~ content 

dec:r-c~sc::; to 0.005~--~ (c.t r:1etal temper~_tt1re 1G30°c), sl~[': is pur:1p

ed off ~;1•l '..tGual ope re. tion is per forin.ed (16 ]. 
10. A more flO!~histic::>..ted tcc1molor.;y is :!dopted ~t i!ipnon l~ok~.n 

CoMp~n:f rJ.~nt (._Tri.pan) r:here r:.et:=tl j_::;: riourcd into the lnd.lP nml 

12-20 !:r,/t of li~e and 2-15 !·:e/t Co.F2 is c.ddcd, then steel ir. 

hea tcd :!.n '!AD-unit n.nd dephosphorized in VAD-u.ni t, then dephonpho

ri~inc ~} ri.r: is poured out n.nrl n neu 40-50 ~:- Cn.O comnoai t:!.on in. 

poured; 35-55~'.: (F'eO + rinO), produced in ::i. apcc:i.c.l furnr.ce. CnP~ ic 

nlno n<Herl ~.nd :?.;i;.'1.in in arcon [?.nd o:::y[;en blo;-m in VAD-uni tr;. !Juch 

r.. tcclmnlccy eno.blc:::: to cet o. 0005f.· P in none c~ces and convcntio

n11llJ-- 0.0011 - 0.0015~-·· P [ 17]. 
11. '!?he tcchnolog:r of productinr; .·· "e:-'.:trapure" ne t[?.1 for 

~;pecinl rur!Joces •.1r.s c~lled J,FH. This procc:::G ho.~ been \·::i.rlcly uccd 

in J[tpr!.n [!8]. The tc'?lmoloGy der;cription, ndopted by electric 

3teel!:-'..."'..l:inr, :Jhop nt i.\1.ror['.n Co St·;cl -::orks, Jr'.pn.n iG ~iven helo\7 

~G r>..n c:-:ri.!··1plc. The equipr'len t of Ti!!'rl unit !n.'"'.kes it posGiblc to per

form prr.ctic~lly nll tcclrnolor,ic:i.l op0ra tions on super d~cp rcmovnl 

of nuch Jmpuri tiec a.c o::~'G~n, ni troc;en, hydroGen, c~.rbon, ::iodiun. 

'rhe c.rc hen tin~ stc.nd :i_ncl two ladle vacuum precess inc G t::mc.~-~ P..rc 

inclu~cd into n unit Get. 
J,~.:llc procci;:-iinc e f fee ti vcne~:J is ere a tly incrca:JCd by nrr;on 

r.ic tnl hJ orrine throur:h porouo o toppcra. 
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,1_) t·'icld of r>.pr'lic'1 tion 

1. ~:o•fo:rn stct!l Froducticn tcclmolor::.: in co:17cr:0!·n -".'1'l 

cl.nc ~!·:le !1teclrn~.!:inr: furn..".ces reoui.re 01tr~~1 rcfinit"! . ..- in J.~_:llc 

r~ie tl1e•'n to be !>.pr.lied. It ensur~c cter:l1·~·:d::in,~ unit~ proilnction 

incr~~~~c-, enn.rr::r :lnd r:t."lteri::.1 :;·c~on1·c~c cor.:>nr::ption d"!cr~~1.:10, 

nt~".'l '111:',.lit~r increnne. ·:;ithout th<i>se u~thods cppli.c~tion 

con t:l_p_1ious ~ tccl C!>.S tinr; d·~velop:•tent is ir:ipo::mihlc. 

:i. ·;~cond'lry steel!ili: .. inr; !:icthod!": :-i.ppl5.c::.tion in one of the 

n"1in t~chnoJ.or':ic~l npr.ron.chc.G i!1 : !~ t~tl f!U"'.li t_v ir.lproYer:ent in 

modc•-r. !1 tn.n.lnr~l:inr; nhops. J.....-,dlc s tc~l proccG~inr; h'.'lt~ bcco;::c 

n!l i! 1 :'1i:--:ncn::;ihle p:->.rt of ::. tcclmolo;;ic~l procemJ de!1i~n.'?. tc<l 

for hir:h riunli ty :-;tccl proclucbon. T~cr.iclcs a nur.iber of tP.clmo

J.orJ c: l_ oner!l. tion!J such ri.:> nc;-:ri.!1ninr;, dco:·:id~. tion, hrinr;inr; to 

p<~rfnc tlon n.~corrlinr, to cllcriicr!l cor.mo~i tion f'.nd tenner:iturc 
:.. ... 

i::; c~n->·:!c~l <:''lt lJ~· lndlc !iroce:Jsinr;. '.Chr.t iirint:G to the rer1uired 

con 1li tionr: to prod nee n nide ra.n;::e of ~tee 1 ~1 .. n.clcs '.-:i th n 

li!d -f:c:l ril lo_yinr, f'.ddi tions content, it heii,t; c7tl·c:,1c ly iuport

'1nt t0 cnmu·e :Jtnble rirorcrtics of ;·;e l:!>l proclnc tion. 

3. ,\t prc~ent f'. ·;ride rnnr-c of :::;cco•1do.ry ~tcelr:1."'.1.l~jJ!('; :'.".cthod!J 

n.rc ~· •:nil.r>.blc in ;-;~ tf'.~.l nrr:y. I"c thod~ or th·! ir conbi!'lrt. tionn 

cho:l.e~ to r:ol ve ccrtn.in prohle·n3 iG rle tcrminccl by ti10ir purpor:c!": 

f'!1'1 r1npnn'l.!1 on locnl condition::;. 'ehe priilciple !JCCO:!~l~!·;; :1tc0J.-

1-:r.l::i :·;~ :·1c thoclG noG:~j_hili tj_cr: !>TC r,i Yen in 'l'able 

'1. 1. t ir: r:ho·::n be lorr ·;1lin. t rro hlcr:1r: :::houlcl be :ml vc:rl hy l:vlle 

proc"r:r:]nr; due to r:te?C?l pnrpor:e nnrl !:r:-i.rlc. 

I'11rrr1~~, !>tr!el 
',Yf'.c1c 

Eli:-r ~r') tcdn1 :i. -
Crll r:Jir,01; 

G0ncrnl procc~:::ins 
ni 1r1 

H;;rJror:cn rc1:1ov:"l.l ,o:drl~ 
inc J. urd.0'.13 :'.l'1:'1ll.!1 t 
decrcn.r:c 

Dcc0rbul'i:~n.tio11, o··:l.cl0 
incl 1.10:!.nn::: 1.1·1nunt 
clr. c rr. r.:-.:c 

Ge n0rri.l inf J 1.1011c<' on 
::; tee 1 <].U~l it~: 

purj_ t;,• i111p!'(W0.ricn t, 
thc1·1 J:-).1 procG:-::1inr: 
r:J.npl ificrl tj_():1, r~ech~·-
nic~l nrnp~rLicG 
j rnprnvca:~n t 

:>ur!"o.c~ d!~ f0r. ~~ ,,_,~crcnr:0, 

pl.n.Gt.ic:i. t;,' j_;1r.~·c---:-::c 

Dr~(:~.rhnri~r· !;inn i;o :1 n'10:'1J.].nr~ rl11rr ti nn 
r.r.!.·l,rn1 coil tent 10:~:·: <10c:1:0:•:;"!, ::• ...... '::ir~ tic ttl'n-
t;hr"'.11 o, 01 '. .. , rlr.n·~i rlr tinn' p~1~ t;]_!\r: Jr:m~·')·rnr:rr>nt 

rJ.1 ri:/i?1::~ n.k:orb Uon 
:i.ncrcn.:ic 



Fnr ··:5.re 

~; t.r:1c titr:-i.l 
c~rl~n'l 

:; trt~c ti 1r~l 
lo>-: :illcy 

Go!'rc~i_on 
r~~i:-; t~?1t 

For c·>::~;i'1 ":~; 
r.nr1 p~c l: .i.n:'::; 

C·d.de j_~1clu:-::ic!l::: -:inrnmt 
dr'cre:rt3e 

the ~,...; 1e 

F~dro:,cn re!:iov~l 

C:~id~ in·clu3ion:; ciuanti
ty decrc~~c 

Dco:~iclr!. tion, non-r:!-~ tnllic 
j_nclusion~ rlecrc~.~e, 
hydror:cn rcDo•:al 
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;·~cro(fofec t::; 11t1.rinti t.;,r 
tl£>cre~r;c 

'i'hera."!l p·0ccs;;inr: 
~ir:iplific::.tinn 

fln::;ticity jncrc':'~". 
rncrod~fect:; nn""'.llt.· 
dccrcri.se · 

~ ~.cro<l~fcc t~ flt::i.nti t'! 
dcc!·c:rtne, ·-rn:ln !': i~e~ 
rer,nln ti on, frequ~ncy 
inerc~~e ~i1cn ultrn~o
nic co!1trol, 
~tabiliz~tion 

C:-:irlf? j r~clwdon!1 'l1~:,_!1ti- J.cnr;t'il of ~~r,:icc · 
ty dccre~3e j_,.1crcri.~e ~.t 03ci 1.lr-.

tion, r~:..,_crode f cc t:J 
C!U~nti ty dec!·c~~c 

C'::-·:id0 inc1n!";5_oil~ c:u,..,_;.1ti- ·::cm~ rc:;i!1 t;:"_nce incre'.1:-;~ 
t~· rlccrcri..nc, hyrlrocen 
rC!:lOVr'.J. 

DP.c'."'_rhuri7.~ ~io~~, clironiuu 
n.hr.orhtion i 'tcrl'.!:--.~C? 

Surra.cc r-10.f~ct~ nt~·:i.;1ti""" 
t:r decren~P. 

:norm for:.~. ti on 
!1rC7~ntion 
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·;•cc hno lo,--:ic .... 1 0~r:?r~. tion~ i n·!P.:. tri "'.l r'.'!":!)l ic..,_ ti on '."" ~v:l l~.::!lc 

f'"Y"oC~~~in;: r:c t!~on.~ for 301 vi:1:-: rlc f:i ni tc '.·1n.t .... ll11:!.''".i-:l 
i ,.. -·· 

'·~·~C:, .. ~' 1.o;".iC~'.l 0 !'e !'[1 f iO!l!J 

:'-'''' ,,.,,1 lc ··0~:~11.,.lr~:·· 
• ;0 ': ~10-:t::; 

hte~T!11or:o !chcni !Cl~o:d '110FT!l.11ch1:..--! 
!!1rocn.!r,0::.1i! C'."J. !cl.~_ti rnri_-!~5on:-: ! 
!::;:-:i!1""!~~ti!co::~o! on t::· in!tr!n1~fo:::-! 
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Continuous Steel C~stin~ 
a) Ghort hfr;to.-:ic development 
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1. :·".? tho<l of cont:.nuous ntecl cnstin~ is one of the con::dder
nblc nchievements in :-ietallurey of steel. Continuous cnstinr; in

otnll~tions npplicntion makes it pu:rniblc to receive nll ndvnntn

r,es typicnl for continuous units: hiGh productivity, yield :md 

quality production increase, production e::r::pcnditurc decrease, ra\7 

ITL..'1. tcri:'.1.1~ and enerr;y reserves economy. Therefore, labour condi

tiouo arc irnproved,o.ir and uater basins pollution is reduced nncl 
conditions for complete mechanization and nutomn.tizn.tion of steel 

cnstin~ are created. 
2. I"odcrn cnntinuous cnstinc w1it 

ticn. tcd technolor;icnl, nechanical, hydr~.ulic 
ment comple~, includinc: a steelmaltine stnnd 

tundish; 

- mould; 

- oscilJ.ntion mould mechaninm; 

represents a sophi:.i

~.nd el cc tron ic eriu~·p-

- !3Upportin,~ elements a.ml secomlnrj cooling zone uni ts; 

- ine;ot tro.n::;portntion unit; 
- n. dur!luy-bnr rri th the mechnnism for its introduction n.nd 

clc:.:i.nin~-up; 

- unit for continuoun caotine ineot shenrinc.: into equal lcnr;th; 

- equipnr~nt for \7a.ter supply into the mould and neconda.ry coolinr; 

zone; 

- electric equipment; 
- control n.nd··nut rnntizntion devices. 

3. Continuous str?el ca:Jtinc units arc tb:? inntnlln.tiona which 

provide n finiohed billet or clnb production from liquid Gtcel. 

Thccc in~ota directly co to the rollinc milla ITithout hloorninG 
nnd :Jl:i.hin~. Ao nhm·m on fir,. 21 liquid ntecl from atcclrn0.l tinr, 

lndle r:o to r". tundinh nnd then to n. t,·m tercooled mould. The aolid 

:Jtecl nhr:?ll ia formed in the mould nnd i'.Ccordinr: to itr. form :i.nd 

acction corrcaponda to n finish~d in~ot. rartinlly n aolidificd 

in~ot (nith liquid core) by menns of trnnnport system -pullin~ 

CTtn.nd-r:o0.f! to n aeconrlnry coolinc; 7.one 1·1hcre complete nolidificn

tion occurn. The aoU.dificd inr;ot j_c nhcarcd ].nto equnl lcnr;th 

pi.ceca nn(l by T'lcnnn of the movnhlri tn.ble or other trnnr:port 

mcnnn th0 finj r.hcd in~otr: n.re direc tcd :i.nto . the rollinr; chop or 

n tornr:0 rl0.p:i.rtmcnt. 
4. 1~0ff)rc ponrinr, n. durnnw-bri.r with the acction of tha cnnt 
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· inr:ot in introduced into the lorrcr pnrt of the mould. A duJ'l111~r-bnr 

fornn n novn.ble bottom in the mould c.nd providcn cohenion with 

the colirlifyinc~ incot. In the cource of nct:i.l fillin~ the mould 

nnd the atronc; met{'.l cohesion \":ith the dununy-hnr a dra::Iinr: unit 

stnrtr; operntinr: and .n partinlly so) idified netnl (:i solid ahell 

\7i th n J.i11uid core) is drnrm into n secondnry coolinr; 7.one. 

5. To form n stronG shell moulc.l wnlls nre r.iac.le of the 1nntcrinl 

ponner:~in{"; hir;h thcrmn.l conductivity (e.r;. copper) and arc inten

si vcly rr.". tcr cooled. To reduce friction bctm~en the solidified 

metnl ~11011 nnd the mould 'iTc.lls nolid or liquid lubrication nuch 

n.n oiln, c:u-bonhydri ten or c::otlicrrn..'l.l and thermoisoln tinr:: r.1i:::tu

res r1.re n.rl<lcd onto the metal nrrl"ace. In addition, to prevent 

the hre~.l: of the r:hell the mould rnn.kcn oacilr.i..ted motion by mcr-.nn 

of sncc:i:i.l mccJ1anir:ms. 

6. Frorr1 the mould t!1e nolidified ingot n::i.rtinlly occur::: in the 

r:econd~.r:r coolinr; zone. It connir:tn of rmpportinr; eJ.em0;1tr: ~.nd 

units providinc; inGot cooline. Strpportinr: clement::: muct prevent 

inr;ot ~;l1~ll deform..'l.tion :-i.nd itri hrenkl;hrour:;h under ferro.stntic· 

prear:urc nction. Coolinr: is umm.lly cnrried out bJr rmtcr spr:i.yine: 

the i!lr;ot ~urfn.ce. \7a. tcr c::pcndi turc dcncn<l::: on inc;ot drn.r:inc; 

apeod ~nd cnatinG nteel ~radc. 

7. '~lmr.:, the rrhole hen t ic produce cl in o. r:inr,le continuous 

iw~ot. At :::one pln.ntn the tcchnoloc;y "melt per ncl t" ia perform

ed thro11r:h the r:r'..mc tundiah unit. Accordinr; r;uch n technoloc:Y up 

to 10 ncltn one hy one in poured. 

8. Ar: nny continuoua procemi from orc;:-i.ni7.:J. tionnl point of vier1 

contim1ou!1 en.:::: tinr, ia e::trcmcly r.h1plcr ri.ml economically more 

ndvnnt:v"<~oua thri.n periodicn.l cn.atinG into inr~ota. It follorm from 
1::here the trro cm; ting procc::::ncn nrc comp . .,_rcd nccordinc; to 

opcrn tion n.nd time. 'fhc main o.rlvnnto.r,e of the continuoua co.::: tine 

n.rc n:i follorm: 
- n mnch ldr,hcr yield n t the e::pcnse of top ri.ncl bottom p.'1.rta of 

the i 11r~o t , 
- nhru,ncc of in':ot mold prepo.rc.tion r;hop, 

- :J trip rl0pn.rtrr1ent nhccncc, 

- n.hr.0.ncc of cqnip111cn t for inr:o t prch0n.tinr; before bJ.001ri:i11g or 

r,J.(l.binr~, 

- hloornin-:/:i.lnhinr~ :Jhop nbrwncc, 

- conr.:i.rln.rnblc co.pi t~.l invcntrncnt rccluction, 

- the r~r111.Lrcd (l.rco. rcrluc tion fl.r: comp~.rcrl. •:ri th the nrcr. ncccr:nn.r:: 

for p~riodic~l cnntin~, 
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- 1::nnpo·::C"?r rcriuircmcnts reduction, l::?.bour condi tionn inprovcmcnt, 

l:i..hom· produc ti vi ty incre~wc, 

- n hir:;1cr qu~_J.i ty in:-;ot nchicvcm~nt, 

- po:~:d.hili ty to en.ct inr;ot::; accordin,s to tll~ ::;ccti,.,n •c.ppror.chinc 

the finished product section, 

- continuous cnstin0 proce~rn cnn be e::i..sily r>.utOR"..ticalJ.y c01:trol

len. 
9. 'l'ltc!":c ndvnntr.r;ea have shorm tho.t continuous c~atinr; to a 

r;ren. t e::tcnt hni:J o..lrer>.dy seized the sphere of slri.b prodnc tion for 

nidc:-;trip ~ntl plate mills and it is uidely used for billets nnd 

bo.r3. It hf.'.fi got exclusive riGhts nt mini ntcelpl::mts ni th the 

o:irnci t:r up to 1 mln. t., \"thich opcrnte a~cordint:; to the technolo

~y of electric 2.rc furn~cc - continuous castin~ - nmall C[l.pacity 

rollinr; nill. 

10. J,.,_ tely ~ conat~nt 1;ro\7th of th0 nmount of steel produced 

by contimtou:-; cn:-::tinG have been ohm~rved in the \"rorld. 'rhe hir;hcr 

rn.tc:J of (':rorrth of continuoua ntcel en::: tin::: c.nd capj_ tnl investr.1enm 

o.re obscrYcd in Italy nnd Jri.pnn. l•'irGt in Ji'HG o.nd France the rntes 

of ,.-;ror;th r10re not hir;h but then rained to the level of Itnly nnd 

.fo.pn.n. !\n<l atill USA, C:-i.na.dri. nnd especially USSR fail to keep 

p~.cc rri th thcr:i. 'rhe rcn.:::on lie::; in the limited number of new 

'.'lorbJ r!l1crc CCa could he inuncd:i.:i.tcly con:Jtructed. At the c;·:ist;_n,r, 

pl::i.nt::: the fnct \7hcn cloGr:inr; o.'!'ld billet miJls a.re turned out of 

operri.tion or auhnti tuted for CCo j_c not o.lw.'"'.Y3 ;jus tificcl. 

11. Ar :~orclinc to the Intcrnationnl Iron n.nd Steel Inr:ti tu-tc 

cl::-.tc. th0 ovcrri.11 number of inntc.llntiona jn the r/Orld ia nppron

chinr; 1~00: the ·totnl number of inr;tn.llntions nuitn.blc for ul~.b 

r.nd hloor.i c~.atinr, 11111.!ccr.; up ncci.rly 300, for blooms nnd round billets 

cnntinr~ - n.bout 250, for ar;~all nection::: n.bout G50. '::i -1;11_:.n n pe

riod :::i11c0 19no 10 nJ.n.b rmd 5 bloo1i1 CC ltri.vc hccn con!"!tru.cted :i.rnl 

put into op0.rri.tion :innu~J.J.y. 
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'. ) Clfl.n:-:ifj_c:i. tion of Conti1mou:::; C[".:::; tint; Instr>.lln tionr, 

1. At i·rc:-:cnt :".. l::>.r,r;e nu:·1b0r of V['.rioun continuou:::; C[l.ctinr: 

j_nr, tnlln. tion:1 hnvc been pn t into 0~1cr~ ti on. Thi:1 depend:-; on the 

rcquirc?1(.~ntn to·::r.rdn :-;tccl r,r::i.cl~c, inr,ot •1un.lit:r c.nd in;1f;nllfl.tio:rro 

cr-~rn.ci t;.·. '~he inGb.lJ.~.t:i.on:::; nrc cl[l.:::;r,ifictl nccordin.:, to r-. nunbcr 

of cJ1.'l.r ...... cterir,tica: in{';ot t:.rpe, inctn..ll:!t:i.on conpo:-:ition, mnnld 

!'10V0.F1n.nt cl 1 ·,.rr-.c ter, tccl 1nolocicn.l ri::is locC'. tion. 

;? •• \cr.0J:-<li1l:'': to the ingot ty!1C the inctr-.llntionr, o.rc clnr::Ji

fiecl f\.~ :-:l~hG, hloorr...'J ri.nd biJ.l~tc. The r-1:-i.b uni ts hnvc rec tm1~n

lr..r ::0c ti on \·d. th the cidc proportion r.1orc tl1fl.n J-11-. Inr:otc in 

the forn of P. rouri.d, [!. :Jf!ua.re or f\. rcct~1.i1r~uln.r \7ith n. :::;r.i~.11 :::idr. 

proportion 111ri.;:r b0. en.at o. t bloom r-.i1d hi llc t c t ...... ndc. 

J. Accordin~ to thc compocition the in~t~.llntjonr, c.rc clr.::::-:i

ficrl j_nto one :Jtrrmd :'.nd 11mlti ::;tr[l..rnl 1mit::::. 'J~:w c~'.flr>.cit~' incrcf\.:JC 

in nchi~vcd hy rnctnl pourin0 f:.rom ri. m,ccl J.ri.rllc into ::;cvcr::i.l 

:Jtr[l.l1d:1 ah;ultr>.neonaJ.y. lbua.J.ly cortccl hillcta unit:::: hri.vc 4-fl 

:::tr:-i.ml:1, :-;J.n.h nn:f.t3 trro :::;tr:->.ndc. I.'.".tcl:; 4 s1;rn.nd Glri.b lmita hf\.VC 

heen con~tr11ctcd. 

11,. ln:-~tr>.llntionr, nrc cl::i.snif:Led into continuou::; ['.nd :1C1!1icon

ti'l"lnoun c.".fltin~. At continuou:::; cn:-Jtinc units inr;ot:::: c.rc :-;hcri.rcd 

into cqur..J. lcnr,th piecer. th[l.t C!1'':1.blc::i to pcrfor111 r11cl tCT hy I!lCr>.nn 

of "r:icJ.t per melt" r11cthod. Durinr: :::;cmj.continuou:::; cri.::::tinr; the j.1wot 

lc!1r;th :i_:-: nndc for conntruction chnrn.ctcri3ticn rrhii::h n:rc ncl0ctcd 

to ~im,!)J.:i.fy ::ind. chcnpcn tlcviccn j_n cr;rtr-.in prorluc tion con<li t:i.om:. 

In tii:i_G C".!°:(?, :i.f ncccr.r:nry, in;;ot r,hcm·in:-.; j_a done ou tr.itlc the 

dc·.ricr?. 

5. Acc0rcU.n-; to the rnouJ.d movcr.1cnt the> follord.n~ unit t~rpec 

mn.:1 he d:i.r. tinr:ui:::hed: 
- rd th o:-:ciJ.J.P..tion motion. A rlc'C:i.nitc pcr:i.ocl. of time the uonlrl 

noYc:-: f:or:cth0r ".:;i th tlw inr:ot or even b.kc~ tho lcn.<l over j_ t 
n.nd ti1011 rcturnn to ita in:i.tj .. ".l ~tntc. 'i.'h0 rn:i.i.n nuP1her of con

t:i.mioll:-: :-Jtcr.l cn.::;tinc; in'Jtnllr.i.t"i.onn refer to thin t:rr0; 
- i:d. th 1111i 1ovn.blc monlrl. IIari7:on tn.l unj. t:-: ref er to thin t~rpi:; 

- ~·Ji. tl' ri. 1.10111.d noviw·: ...... t n.n inr:ot n}1Cc<l. '~lint proviclo::i the inr:ot 

nh0J.l :-:J.:i.(U JV~ r1.hncnci: :i.n rcl::i.t:i.on rr:i. t;h the mould nivl t;lmn, 

fric U.nn :"'..hr,cncc hn.tr1r:cn t11c111. 'rhn.t 1.·0cl11.c0:J the r::h0ll. hrr:n.k 

!"'roliri.l.d.1.:i.ty r>.t hi[~li cn.:iU.n,r:: c.pe0d:-:. Hotorn, r:ltr.rc cnr.:U.n,r~ npco<l 

j:-; ?-) L:i.mc:J ld.,ri;l1cr t11nn nt convcntionri.l unit:-:, r0fcr to thin 

G. t1cr~n:rrl:i.n;; to the tcclmolor;:i.cr•.J. rcJ.n locri.t:i.on cont:inn011r; 

<mUnr: :i.nr:t ..... 11. . ..,.t:i.on:-: n.:rc c.1.nr:r::Lficcl into tltc unitr: \'Tith the 
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cons tf'..nt ~.:::is curve up to the fino.l inr;ot solidificn tion c.nd uni ts 
with the vn.rio.ble technolocicnl m:in n t n nolidifico.tion ncction, 

Fir;. 22 • 
7. The follorlin-e uni ta with corn::tnnt teclmol.J~ical n:d.s curve 

refer to these inst~llntions: 
- verticri.l nnd verticri.l i;·ri th bendinr;. Inr:ot bendinG ia done nftcr 

comp le tc sol j_dificn ti on to put n tcclmolor:icnl nxis in to n ho
r. ont::i.l position. Ji'or the units like tk··i; c::i.stine speed and 

therefor ti1eir productivity is 1~1itcd. As n reault alone Tiith ti1e 

cnntinr: r,peecl r;rowth the so-cnlled rnetnllurc;ic;ci..l lcnr;th inc!'enr,es 

(liquid rllr.ne d<;?pth). The increC".ne of vertical uni ts metnllurr;i
cn.l lenth cnuses ferrosto.tic pressure grovrth of the liquid phase 

C".nd lorvl incrcri.sc on hnck up clements of the scconclary coolinr: 
zoEe. 'L'hn t renul ts in n conaidernblc incr2a~e of the equipment 

qunntity, unita heir,ht r;rorrth nnd, consequently, denp pits or 
hir;h toners conntruction. Th"' e~perience of verticnl units opera

tion !in:-.: shorrn it is reri.sonable to use ther.1 o.t 2. meto.llurr;icnl 

lcn~th up to 12-14 m; 
- rndinl, hn.vinr; conatnnt curve rn.diun c.t metal solidification 

partici!'n.tion. In this caoe the rnctnllurc;icnl lenc;th hr.i.vinG the 

::rn.1i1e fcrror.: tn. tic prcr::-iurc in~rcrnrn:J nnd c.orreopondingly the cn.c

tinr; G!JCc<l n.ncl uni tn cn.pnci ty incre::we; 

- incJin~rJ-rcctilinenr or inclined-rndinl. E:-;sentinl unit heir:ht 

decrcn~:c ri.nd, tlmr-., ferror.tatic prcr::.ure cnnblea to reduce equip·· 

ment r:l":J.'.J to n lnrr;c cY.:tent nnd therefore uni ts cost; 

- hori:.ontnl unitn. '~heir technolo[':ic:i..l r!::fr: is loco.tccl c.t 7-12° 

nnt;lc tor::i.r<ls the horizon. 'fhe uni ta hri.vc the no.me ndvnntf'l.r;e::; o.n 

the inclined. 
8. The uni ta rd. th n t 2chnolo,sicnl a;:ir.: of the variable ro.ditw 

include: 
- curvclincnr unitn nith radial mould. In this caoc the mould ~nd 
the secondary cooling zone po.rt ho.a conntri.nt curvature, nnd n.no

ther pn.rt - n vnriablc one. In thin part of secondary coolinc 
nof t a trrd.r,h tening of the inr;ot rli th 1 iquicl core to.!rno plo.cc. 

The uni ta U.kc thn t n t the nnmc vcrticn.l n.nd rndinl heir.ht cnn 

hnvc qu:i. tc n. lnrr~c me tn.llurc;icnl lcnc;th n.nd thus, n hir;hcr produc-

tivity; 
- curv0lincn.r unj.tn rdth vcrticn.l mould. In thccc unitn n.ftcr n 

nmnll nc~tion of n aocondnry coolinc zone the in~ot bcntlin~ ntnrta. 

Inr~ot :; t1·n.ir;h tenine; m::i.y ocuur n. ftcr complct0 r:olidificn ti on or 

rtith l:i.r11ti.d core. 
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9. At present radial nnd curvelineca.r uni ts hnve cot 

o.dvnntnr:eous c.pplica tion. In converter shops, an a rule, curve

linec.r nni ts nre ins tnlled, in electric nteelmal ting aho1m -

rn.din.l unis. In the shops \'ri th little cnpnci ty horizontal uni ts 

have r;ot wide application. 
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c) n:-i.t";ic Equipment for Continuous Steel C~:::;tinr, nnd Their 

Teclmoloeico.l Purpone 

1. S tcclca:Jtinr: stt).ndn nre nn intccral part of mod~rn instnl

ln tion tcchnolor,ical equipment. 1rh0y provide metal nupply in 

lncllec to the unit, \7ei:r:;hine n.nd. lncl.le cettin0 in a required po:::;i

tion, pourin;'"'; procenn, lndle mbsti tution t.H the speed en .. 'tblinr; 

to i·!ake ponrin6 by a "melt per I:1Cl t" method. They nlso provide 

the unite opcrntion independent of the or,~::miz~tion nitu[l.tions 

tnkinr; pJ.:-i.c:c in the shop. Accordinc to the construction nnd oper~

t:lon principle two typen of ntc.nds - bridr:e :i.ml rot!lry. '~hey e.J.l 

r".re con~i<lC?red to mount t\-ro ladles. 

?.. n~.·ir1;.e st[l.nda more alonr; the \7orkinr; ni te providinr; ladle 

r:hiftinr: from the reserved position into the opera..tL.1c on~. At 

· prNv'!nt r.t~nds lil:e th::i.. t ~.re not instf).lled. Stands lil:e 

thnt nre cnnbercone, need bir, location :::;ite:-: c.nd. powerful nupport

inc; corn; t1·uc ti one. In [';encrnl they e::is t in old nhops. 

3. notr'..ry stnndn r.re dccir:ned as supportinc; rotnry tm7ern, fi:::ed 

ri.t inclivich,tri.l bo.ses. They n.re equipped with the rotary rnechnnimru:: 

nnd n plo.tc for l['.clles, fir;.23. The atrmds like thnt provide r.teel 

pourinG lndle ·trnnsfcr fron the ren~rved position into a Tio~:in~ 

one b:r ~·otntinr; t\·10 plntcs round their corrunon n::ic. At prcacnt 

there i:1 r. r~rcn t vnricty of nuch uni to dis tinguiohed b~· C'.rrc.ncenent 

achenca, conGtruction ::1cthods of rotntinr: 1.1cclw.nin111.~, elcvri.tinr; me

Ch['.ni::m.'J ~·.ml other elements. 

~ .• Fro11 the ntccl tee:.iinr; lndlc the 111et[1.l c;ocs into n tundinh. 

'l'hc tun<Ur:h r,liar:ion is pourinc comU. tionc s tabili::-:n tion. 'J~hc i.n

ves tir,a. torc hn.vc charm J.n.tcly thri.t to improve nC?tQ.J. qunlity tunrli:::ih 

cnpn.city :-;hou.ld be incr0.n.nccl.. (it l"l.lco f::i.cilita.tea scrio.J. pou:?:"ir.[';) 

Ar:, n. renuJ. t tundinh cnri0.r, i ty of modern inr.:tri.lln tion:::i Ima r;rorm up 

to '10-70 t. 
5. Due to the J.ininc; type n.nrl itr.: prchcn.tinr; tcmpcrnturc before 

pourinr; tt11Hlir.:hc::; n.rc cJ.esnific·d into J co.t0r~orier.:: 

- conircnU.nnri..l tundichc:::: •:Tith the hcn.t:i.11,n; t 0 1100-1200°c. Ar.. n. rule 

their 1:1.ninr~ conr.ifr:ts of 3 J.r.~rcrr.:: thcrmn.l ir.olnti:::ic;, e.rmri.turc r-.nd 

opcrri.tin,r:; 

- hir;h t0nn0rnturc tunrl:i.~hc~~ 1.·titll th0 prc?llcntinr; t 0 up to 1600°c. 

'~he ri.~>pl ·i c:.". l;ion of tunrlir.;hcc l:L!:c thn.t cnn.hlcr. to clccrcr.r.c me tri.J. 
0 

tc1:1ncl.'ri.tuw~ fl.urinr; tri.pninr; frorn thc me J. t:i.11t: JJ.n:i. t n.t 50 C; 

- unlt0n.tcrl, nhcre thcrm0.l icoJntin{'; nl.n.tcG n.rr~ u:;ccl ri.c the opcr:J.Unr; 
' J.~ycr of J:in:inr~· 0:i.J.icn nn<l n. filler 1rint0r:i.:i.l::; i.1:i.l:c up the content:-: 



of the :·l:i.tcs posne=;ninr; e::treuely loi:r thcrr..nl conductivity ~nd 
ther1:1ri.l c::tp~ci ty. 
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6. ?he ntn.bili ty 0f the continuow:: c~.ntinr; process is to ['. 

l~.rr.c c~:tcnt detc:rmined by the opern tion of the do7.iJIG clcvices. 

Toclri.y ti1~ killed ::: teel pourinr, i::: pcrf ormed ni th t!1e 1.1c t .... l f P.cd 

into th~ nould b:r nc:1.n::: of subr.ICrGed shroudn, ~'ir,.24, opera tine 

in cor!lbin:i. tion ~._,.i th the ~lo.~forminr; mi::tures lo.id onto the mctr.i.l 

rienincun nurfnce. Th') r,cncrn.l requirements to the :::hroudn r:iate

rinl bl'ou,r,ht to thermri.l resi:::t~nce, crro::;ion resist:i.?1ce under 
slr.r; and nt?t[tl ~.ction, o.nd sufficient strcn.r:th :i.t hich tem!JCr~turc. 

One of the ma terinls is nraorphoun qu~.rts. Preri.quently uncd 
shroudr, ri.re n.."lde of cr:'.phi te ,hi~h :i.lumina rcfrrictories ilr1.ve low 

tl1crrtt"'.l 1·csi:::t~.nce. 

1. '!?h~ mould !)Crforn::: the fnnc tions of th~ prim':".ry re frcr;ir'!- -

tcr end formbuilder, providinc; the dc:::ircd forr:i of the inr,ot 
cross-section. Accorrli110 to the operation princiµle it iG n heat 

exch:i..nc.cr nhich rniii mis rd.on i::: to crca te necea:;n.ry condi tiona for 
intcn:::ivc convective hc~t e::chn.nce froM n liquid metal. The ohli

r;ri.tory condition for the mould operation ia to provide ri. :::ol:!.d 

:::hell \7.i.th the :::trenr;th e.:rnccdinc fcrro::::tntic prc:::r;urc of the 

cor.:inc 1:ct~.l from the 1:1ould nnd dra"."'TinG forccD. r:ould nny be 

blocl:, huiJ. t-up nnd tobulnr. 

8. nlock 111ould::: arc r.ie.de of forr;cd or cu:::t CO!Jper blocks ni th 

t~1e thickne:::a up to 200 mm. Holes arc drilled in the \'!nlls to let 

the coolinc '.'m.tP.r co throur,h. The produced copper blocl~ i3 fi:;:cd 

to inc::i'.'0r.:-:c ntrcn.'.:;th inn. steel :-::hell, fj-[>25. The mould:J J.i~~c 

thri.t cri.u:-:c r10.ll deformntion tho.t ner;n.tively o.ffccta the inr;ot 

qunlity. rorcover, such moulds :!re c:~pcn:-;ive. 

9. Tohult:'.r mouldn nre made of wcldle::::n copper pipe:-:: rri th the 
rmll thicl:necs 5-20 nm. The mnde tobules c' of the given croa::;-:-:cc

tion profile nre inacrtcd n..nd p1.cl:ed top-dorm in n steel nheJ.l. 

'r.he cooling w:-r.ter is circulc.ted in the :JpC'.ce bct..-1een the tohule 

r..nd the :":hell. On~ of the vnrir.mta of the tabular mould conctruc

tion j_:J :-:horm on fi~. 26. 'fobulo.r mould::: n.rc rlidcly uacd rrhen 

billct:J, rod a, hoJ.lo•.7 ::rni~.11 :::cc tion inr::o t:::: n.rc CP..::: t. The~' :i.rc 

quite c!ic:i.p n.nd tmnl>le to ri.chci ve fnn t pourJ.nr: ~peed n.nd n.rc con

venient jn pro~uction nnd operation. 
1 o. ''.uil t-up mould:i n.rc 11n<l~ of four r:cpn.rn.tc CO!)JH~r pl.f'I. 1;0::;. 

'rh~:r 1'1:';! he th:i.nrmllccl (5-20 mu) an1l thick rmll~cl (up to 100r.un). 
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AGcemlJl01l ::>.nd tir:ht tor;eth~r by bolts the plntes form n CO!:~~ tru~

tion '.7i t!i the copper ~-rorkinr; r.mrf :i.ce. Such moulds r'.rc m~cd for 

rectr-.n,r:Hlr>r rihect:J and lnrGe bloo:1111 c:i.:J ting es strong w~ll hcrd

ncn3 cn.,_hlc3 to stc..nd fcrrostatic pre:Jnure con~>ider['.bly rri thout 

dcforti.". tion, t~~ 27. 
11. 'rile built-up mould3 eon3 true tions en:lble to clw .. n.r-:e quickly 

the nirl th of the cri.ot inr;ot. That is achieved by the nn.rrow rmlln 

shift, :i.l1~crted bet\lccn the ;-ride oneo. Such R shift i3 performed 

by nc~?1~ of different nmch~.nicnl or electronechnnic.,.l rJrivea. The 

e~intinc construction3 provide the mould profile chc.nt;cn '.7i thout 

:'.'.. cm1 tinuou3 ca$tine breal:. 

12. 'i'he oscilln tion mechanism in d0nicncd for makinG conditions 

prevcntinri; liquid P.Ietal brec.k-throu~h from the mould. The incot 

shell for!:1ed durinr; potu·ing in the mould adheres to the '.7~lls in 

scver['.l point::;. •rims, the ine;ot stops movinc torm.rds the mould. 

Due to the efforts drm·ring the inr,ot the shell break m~y occur. 

If the ne~-: shell of m1fficient strcrIGth fn.iJs to be formed at the 

brer>J: pl::.<r-, ~he liquid Metal brea.k-throuch \7ill occur r.t the 

mould ontlet. 'rhcreforc the concl.i tionn providin~ complete 11henl

in:;" of the bren.k pln.ce or it occurn.nce prevention 811ou.ld be mr'.dc. 

13. 1'o solve the r::d.zed. problem it in neceG::mry to atop the 

inr;ot r:hr.J.J. uovement torro.rds the mould for a while. It i:J ncldev

cd hy ir1pn.rtinc reciprocated motion or occill~tion to the mould.. 

Durin['.: I:lovr.rncnt \7hc11 the mould is lor:ercd nt the inr,ot drnrrinr:; 

~peed the ::;olidificd lnycr width ~nd itri Gtrcnr,th increnccs. The 

return to the ini tinl po~li tion tn.kea plncc a.t the apeed 2-3 tim0.:1 

hi,n;her the incot clra•:rin{': speed. IIorrnver at ouch oscillo.tion rnoc.lcn 

the nhcJ.l brecJ:ri cn.m~ot be preYent !d completely. 

14. ~~he mould movement rnodcc n.c~ord.inr; to tro.pezium nnd. sinu

soid lr.rr~. In thic co.r:c the movement G!JCed chn.nr;ea: nt ~. certn.in 

frr.c ti on of tir1e the rnonld lorr~1·in,r; speed increase:::, to.ldnr, the 

lend nvcr the drn:;rinr, j_nr;ot npecd. 'rhe r.o-cr.J.led ncr:;a ti ve slidinr; 

occur::; under the n.ction of rrhich the inr;ot nhcll underr:o03 contrnc• 

tion <1..e fo:rr.1n. tion. 'i'hw:i, in canP. of the crust break occurinr; n.t the 

movc1~0nt ti.prm.rda, it::: broken ed.r~c:-: nrc nhiftcd rmd pn.ckccl, hc:i.linr, 

bcinr; incrc::i.nccl. 
15. '."/ltile ~cJcc tinr: thia or thri.t movcincnt mode the porJrdhili ty 

to r.chi.nv·c 1:1n.x:imurn cn.:itinr; npecd, it:-; nto.hility, chri.rn.ctcrizcd hy 

the c1·u11 t hrenl: n.br.;encc n.nd t!tc inr;ot curfri.cc CJ.llf.1.li t~/ ,nr0 v:i.lucd. 

TrP.pC7.illl'I ln.w providinr~ cn.:-Jtinr; nt:i.hj.J.i ty is rrP.fern.blc from thnr:c 



point::; of vien. Sinu0oid lPxr cnr>.bles to nir:1plify n. driYc co~t

rnction ~nd incrc:-?.SCG n.n vscilletion :~~echnnism service life. 

IIor!cvcr c~.:Jtin['; stnbility uorscns. 
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1G. It should be .ntntcd thnt reciprocated mould movcr:~nt !toclcs 

cnvisr-.,":in['; inr;ot fores to.llinr;, nrc charnc tcrized b~t the :::u:c ir.i..ce 

qu~.li t:r ~7orseninr,. It c~n be seen in trancvcrse folclG forr~n tion 

on the :!nr:ot surface with the depth 0.1-0.5 mm. Fold form. . .,_tj_on 

occurs n t. the rnor!1ent \7hen the mould st!'l_rto to be ahend of the 

inr;ot due to the mover:ient speed. The forr:1ecl thin crust contrncts, 

n liqni<l r1e tnl is poured bct·.7ccn the crust ancl the r.iould w:-i.lJ_s 

n.nd the fold io. formed. In the fold area ac:lomern tion of non-me

tallic inclu::;io~:J ia forncd, t·· ~ 28. 
17. '~he folds clmr~.cter in determined by the ndopted lr>.~r of 

the mould oscillo. tion. Accordine to the tra.pezium l~:rr they arc 

:rottGhcr th::i.n n t sine ln"IT. And :-;till in all co.m~s there i:::: surfnce 

qunlity rt.0pendcnce on the inc;ot clro.winr; speed, frequency nnd 

mould o:::cilln.tion nmplj_tude. ~Phus to receive the requj_rcd surL>;.cc 

quality cnatinc; conditions optimiz::i.tion is necessary: oscillntion 

frequencies nnd nmpli tucles depenclinc on the dra;:Tinc :=:peed. 

18. •r11c cooli!l{j mode in a nccond~ry cooU.nc; zone mu~ t provide 

n. minirmm complete nolidificution durn tion nnd the surf nee 0.nd 

internri.l defect::: aboenc0. The follm7inr; rer{llircmcnto ~.re put to 

the ::iecondnry cooJinr, nystem: 

- monotonoun inr,ot aurfnce tcr,1!1ern ture dccrec.ne till the c0mplcte 

nol icU.f icn. ti on; 

- nlon_,-.; the entire zone the :nrface tenpcra.ture must be in the 

plP.:Jtic clc.forri11tion temperature rcr:;ion of the f,ivcn ntccl; 

- uniform temperature distribution n.lonc; the inr.:ot surfo.ce; 

- tl1c po:-::-:ibili ty of coolinr; intcnni t::r a.ncl oecondary cool inc zone 

lcnr,th rP-r;uln tion depcncline on the atecl r;rn.deo, npced r-.nd liquid 

phn11e d0pth; 
- ayntel"l operation rclinhility within n J.on,'j period of tirrtc. 

19. !~cconctn.ry coolinr; intenni ty ic refJ.nired. to be m".Jnt.n.ined 

nt th<? r.ru:1e level 110 tkd o. complete r:oliclific::i..tion finiahctl nt the 

?.one rmrl nt the r;ivcn output, but the inc;ot rrnrfncc tcmpcrnturc rrr.>.:J 

not lort0.r thnn noo0 c. It nhould be t11.kcn into r.ccount thr'.t n co1111i-. 

dcrr:i.bl<? coolinr; int0~rdty incrc:i.:::c doe~m 't cnunc ri. noticnble noli

cU fj en ti on incrcn.ne. 'Ph:i. t promo ten only nurf n.cc ovcrcool inr; ri.nd 

cli f fercn 1; di"! fee ta occurance. 'rlte acconrl.".rY coolinr: mode clcp~ndo on 

the atc0l ~rndn, profi~c and inGot ai~o, cnGtiPG cpc~d. Stccla 



pos~es~inr: hich ntrcn:;th rtnd plasticity nt terapcra.tures close to 

solidific~tion temperatures n.nd und-r?rr,oinr. no phc.se tram;fornin

tion durinr. cooline arc cooled ::i th i:1~:.;;:ir.1Um intemd ty. ~tcelG nore 

conple::: in conposi tion, posses a inc ph~.ne trnnsforli~ tions ~re cool

ed less intensively. 

20. 1~he rnin technolor,icn.l function of the necond~y cool in~ 

zone i:J crention of optinurn conditions for complete continuous 

cnstinr: jn~ot solidificf'.tion. The liquid phase clurntion ri.t modern 

uni ts r~~J~en up 15-40 m dependinc on the incot section ~ncl. cn.stinr:; 

spaed. Coolin~ is n.ccompa.ined by: 

- thcrrnn.l tension dependin~ on coolin:; concli tions; 

stretch tension cnm:ed by friction :i..nd drrmine f:rce:::; 

- tenrdon under fcrrostntic pressur~ of the liquid rael t; 

forcl!s connected ';"Ti th the inr~ot bcmdin1; n.nd its further str::tir;h

tcnin[:. 
1rh~ joint influence of these fri.ctors determines tension dc

forn""l_ tion C[l.nt inr:ot stnte and, an a re::mlt, jts quality. 

21. The sccmid::-.ry coolinr:; zone con~truction mu.at rcspo?1d the 

follo·:1j_nf. re'1uircuents: 

- to :•ro•.ride :'.'I. thorouch inc;ot r:upport c.t the r:lould outlet, rrhcr~ 

the sheJ.l thicl:ncss nnd i tn nechnnic:!l stren5th iG r.1inir:mm; 

- to e~:cJ.rnle diGtortcd inr;ot fornm under fcrro3tc.. tic prcs~ure 

r>.c ti on; 

- to rc(lncc atretch tension in an inr:;ot ahcll. arizinc fr0111 the 

pullin~ forces action; 

- to rroY:i.clc optil:1um hc:1 t re1nov~.1 a.ncl i ta rer~ula tion dcp0ndinr, on 

tlr:i:::inr: r:!lCe 1l ::i.nd cn:-.:t ntecl r;r:--..deo; 

- to provide n rC'.pid nubati tution of the necondc.ry cool inc zone 

uni to. 
~2. Inr:ot dr:'.1.'.'!inr: fr; done by r:ic:i.nn of roll fl sy::i tern. The rolla 

:'.l.rc prcr:~ccl to the drr-xm inc:ot by 1;1cr>.m: of hydraulic or nprinr; 

mcci1r:.nir:nr.. nc.r::i.clca roll:-; a.;.rat<n1 of inr;ot dro.rrinG there i:-; ."'.lno fl. 

"•:r['.ll:inr hcr.r11G" r:~r:-.: t0m r:here drr~rd.nr: and cool inc; in done h::r 1ricc.n:-: 

of flri. t; ! 10ulcl:-.:, t:'.l tcrl:'.tc ly prc:r:rin!'; the inr_:o t cominr; from the 

moulrl ri.1111 1;1ov:i.nr~ it dorrnrmrdn. 

~ J. r.'hc l.c:nr:th of the r:ccoridC'.r:: cool:i.n:: zone 5_n (lr. tc:t·1riincd b~r 

the d1·r':.--i11r~ Gp0.0tl r>.nd the? co.r:t ~.nr:ot :-:cction ~:i/~c. ~he r:oli<li.fic{'l.

tion procc::~:-.: Mllr:t he finir;hcrl h;.r t11c move:1cnt of inr:ot Gl1cri..rinc: 

for C:t!"t'V~U.nc."'.r u;litr:, by the r.iomcnt of itn ;;trri.ightcninr, for 
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r::a.di::i 1 :-i11cl for vcrtic:tl r-.nd hori~ontal tmi t:J by th~ mm :c'1t of 

cominc i!~to the pullint; sb.nd. 

'15 

~~-· ':l~crc :!.re two coolinc r.1cthod~ in a ccconrJ~r~r cool:5.n::; ?.on~: 

\7:>.t~r a.ml nist. Durinr, ;:r.'.'.tcr coolinr; nn ter spr~.yin-: is done by 

rr.c:"'l.n.3 of ~peci"l "r.1cchn.nical" ~pr:!.ycrn. In this case •:r .... t~r nup!)

lied nt 0.25-0.35 Frn prcn:Jure p:-!..r:m:~a throw;h the no:->;~Je of a. 

cert~.in confic;urn tion. At the c::pcru::;e of pre~:J11re chnn-:c~ it in 

thu~ cle'li~lcd into the drop3 of O. 2-1. 0 mra nize n.nd as n. fl~r:ic of 

n fln..t , ovn.l or round form it r;oca onto the cooled surfn.ce. 

Po'-:0v-cr, t1!~ liquid <lcr.si t~r ::>.lO!l[; nuch a .flame ncction v~.ricn :-i.11d 
is acco;:i!rnied b:r cool in:; inhomogenei t:t.s o.. re cult j_nso t ~~ones lo

cn. tcd ~lqnc the flo.::te rl.::is o.re overcooled. It may - ca.yse therr,1'll 

crnc~:s f o~ri.,_ tion. 

~5. ~-int coolinG doc:-; not h~ne such drn..-:bc.cb:;. It nJJ.o:-::J to 

~chievc rt ::.oft n.nd re,ri:ulfl. ted coolin[; ::>.ccordinr, to the required 

1!1odc for the r;j.vcn ntcel cr~.clcr.: ~.nd cn.stin.{'; zpcedn. At prcr.:ent 

there i!1 n f:!'C:->.t nunbcr of mint coolin!";. (Fir:;. 29 ) T:11e:,r include: 

- nt3t n:l::turc for!nation in r,pccin.l 3c~:i.r~.tely locntcd 11:5.::crs ,-:j.th 

the fnrtl!cr mi:~ ture tr::msport:-i.tj_on to the incot4 

- mj_:::t r·!i.~~turc forin.".tion directly heiorc its 3uprly onto the in~ot 

b:,r n. ~c pr.r:-1. tc wn ter n.nrl_ nir supply; 

- rd.st n:!.:: turc is forucd clircc tly before the spr::>.ycr. 

fr!.cl1 of the ucthods have itn [l_rlv::i.ntn.,r,ca c.nd clrrwthr.cl::::. ~rhc 

l~.ttcr ~-~ li!:cly to l;e c. more per:::pcctive irrespective of :i.tG rc
lntive conrJ.e:-:i.ty: it i:J more rclj_~ble in orcr~.tion nnd provides 

prr'_cti.:~.l~.~~ n.ny coolint; intcnsi ty. 

~G. 0110 of the mn.in technolor:ical units of ri.:-;y continuous ctecl 

cri.::: Un~ ·i~1:-;talJ.a.tion i:::: the unit for in,~ot 3hcnrinc into C<!U:1J. 

lenr:th p:i.ecc::;. Such fl. unit in i;1::::tnllcd at the end. of the tcchno

:i.oc;ic:i.J. J5nc at ito horJzontal (vcrtic::'.l) :-:cctor. The iw:ot t 0 in 
thfl.t pl~'.CC cons ti tntc::: nhout 800°C tho.t li11li tr>.. tea ::i. mw1b~r of :i!?ea

rinr, 1. 1c t!!od:-;. ~n.l:inr:, into n.ccount that in ::i.11 C:'!.:::en in,n;ot nllc:i.rinr; 

r.m:-:t he procluccrl r:i thout its 1:1ovcmcnt stop:1, nll !111c::tri.11r~ d~vicr.:-; 

n.rc !)rovirlcd rli th the ccrt[l.in trn.n:::port:i. tion ncch~nir:r:!:J. r.ri:-:-o:~y;:~n 

cuttinr:, li;'rl:rnulic ah0~.r:-.: rtncl ir.1pul:Jivc cuttJnr:; ::i.rc uctt~.ll:; n.!Jplicrl 

for ril10ri.,.in.":• 

':'.'{. <~:" .. ; <mttjn[~ iz cU~:l;inr:n:i.:ihcc.1 hy P. r0J.n.U:..r0 ::::irripJ.jc:i.l;y 0.ncl 

r~liri.hil:i.t:,r. Tbt1.'1.lly :i.c0 t:rJ.cnc or n propc.n0-1mtnnc nd.:~turc ia ur:cd 

n::-: tech no 1.o;,J cn.l r:rt:::c:i. '_i\-:o cu I; tint: torcllc::: ::i.rc u:-.:unlly w1crl on 

:-.:l:i.b un:i.t~ r•.nd on hloom unit~ - on0 cnttinr:-out l:nife. In r:r:i.t0 of 
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i tr: \:icli:> ."1pplic~ tion r,aa cutti:nt; rc:>ul t~ in 1-2;: dccreo.~~ of the 

yic ld, rc1uirc3 r;1·cn t teclmolocicr1.l r:~ccG c::pcncli ttu·e, ~caJ.c re

noval 3:'r. tcn!n, pollute:J the environ!ncnt t"..nd occupiec n r::i.. thcr 

28. : 0t:1.l 3he:1.rinr;.rdth hydr:".ulic shc~r~ doen't hnvc ·:::t.:Jtcs 

~.ml tloe~n' t pollute the cnviron;~1cnt. A hir;h 3hearinc; Gpccd cnnhJ.c3 

to lnc'.". t0 the cquipnent cor:rpuct n.nd th[).t to a lnrr;c e::tcnt reducer, 

n tot::tl :-1.rcn occupied by the ahe~rint; ace tor nnd rcduccc r?. tcc!mo

loc;5.cn.l m1it line. Bcr,idcs tlds method [J.ppljc:ition i3 l:i.mitcd h;; 

n larr:c 0<1U:!.~mt:'nt body, i t3 cost nnd con::;iderr'.blc opc:i.:-::o.tionnJ. 

exp0.ndi ti1rcs. L'oreover, the equipment complc::i ty n.nd lm1·'1 opcr~.

tion cm1rJ.i tions decrease i tc oper['.tionnl relinbili ty der:;rce. 

'fha t '::; t::!1y the h~rdrrJ..nl ic she:->.rs fr; r.1.ore reasonr.blc vrhile enc tine 

e::penr.i v0 conplc:::: allo:,rinG a tee l cr~clcs c.nd c.lJ.oys. 
;?$'. Ir:!pulci vc cutti11['; is bc.sed on the blo.nt enerr;y uppJ.j_ca tion 

principJ.c cc.u::dnc; cirrml tnneouc two cuttinr;-out knive3 riovcncnt, 

dircctN! one torn1rds the other. I:a.turnl r:rw ni::cd rri th Q.ir iG 

U!::P.d, r>.r. :i. hlc..ctinc ~.c:cnt. The imrmlce chcnrinr; device.a nrc chc..

:r:-o.c t0ri:::crl by rmn tlena r-!C tn.l nhcarinr,, device compo.c tncnr;, hi,~h 

c!1~'.".ri:1': r.y>ccd, :-;r:i.:"'.lJ. r~.G:J :'.nd :i:·el~tivcly inc::pcnnive in ope:?..·a

tion. '~1lcir l~rcc di:-:ndvnntri.r;c ic n hir;h noise level, vibrn.tion 

nnrl pollut5.on. ror0 often they :'l.rP. mwd on r:ml tistr~.nd :-:ortinr; 

device C:"' . .:-:tinr; :-:n?.ll inr;ots ncctions. 
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d) Specific chnrncteristics of horizontQl CC 

1. In the whole, horizontc.l CCs consint of the r.nme clerr.e!ltr; ar: 

other ti..,its types, but there are 3ome princip~.l dintinctions th:->.t 

m:'"'.l:e :-i. tec!molocical ·r>.:ds import[lnt cu:: fri.r ::?.S r,enernl ri.rr~.n0c:r.~nt 

nnd conGtruction of certn.in ns!1emblies is concerned, Fir. 30 . 
Thus, ~ tw1dish is replaced by n. special r.!etnl rccci ver, ~-rhich in 

its tm·n is connected directly \7i th the mould. The ;iould. :-i.rrr.ric-:cd 

hori:rnnt~lly r.1n!:cs the moulr 1 esn cur1bernomc, m,; its conn true ti on 

operntc:-: in co1vlitions of relatively low n.nd const~.nt in '![l.lue fer

roGtr>.t:i.c pres~u_re. ~he s::i.:ne rcr-.son 1n..'1kc~ the cornitruction of tl'ie 

\·,hole ~ecw!dnry coolint; zone supportin~ s;y-stcM simpler. At the sm:!c 

time in r:pi te of a lot of incontcstnble hori~ontal unit::; ndv::?.ntn.r;cn. 

they p0r:~css n nm:iber of serious conn true ti ve problerr:s, dcterminin::: 

both tht:>5_r operfl tine; o.bili ty and cunt r:ietnl qunli ty. The r!lain prob

lems ~re: rc~is ta.nee of the metnl receiircr c_::;:::;ern.bl~? connection ~.-ri th 

t~1c li!Ol'-1.<1 :i.rnl in.r:ot dr~>.1."linc rcr:ir:ie nclection. 'rh~ attempts to :::olvc 

thi:::; !'Jrnhlcr:t tori~y hc.vc led to the !:roduc tion of a ~ufficicnt nvm

be:r of •:n.rioua GGs typen, thn t cc.n be crouped ri.ccordinG to inr,o t 

tlrn~·rinr: :!e thod: 

- p0rio<licrtl dr::-.rrinc; from the motionlc::;n mould; 

- con.[:t;•nt dr:i.:.nEG of trro bill~tn in O!)poni te direction:::; of th0 

o:::ciJ.1 n tc<l mould; 

- con:-:tri.Yit dr::i:.-:inc fro~ the rnould oncilln tcd indcpcnden tl;r fro::i the 

T.l(?to.l rcmi ver or in combination r:h~n connected rigidl:,• to each 

other; 

- rnotio!1!~r:a hilJ et f0rnk,,.tion by r:icn!1.s of the no11ld, pcriodicnlly 

r,oinr~ nlonc the r.:::i3, buildin?.; up t:1e incot f0.ce. 

All th0ne unit typen hn.ire their rt!lvnnt:i.r~e!1 r'.nd drn::rbe!.cl:r; r:hi ch 

r1.0tcrm:i.n0 their npplicntion to o. lP.r;~er or leas c;:tent. At p:i:·er.:cnt, 

the fir:-: t r..n(l t1 tc :::econd t~rpes hil.VC r;ot r:id~r up pl ice. t5.on. 

?. • ;·0 tnl rccr!i ver provide n tn.hlc rnctnl supply into the noulrl 

irrcapnctivc of ita l~vcl in it anrl inn ntcclteomin~ lndlo, non-

r·1c t~.l. l ic inc lt1r;j_onn flor'. tinr:-ur, 11c 1 t pro tee ti on fror1 r.cconrinry 

o:::icln. t:i.nn, ;:10 tn.J. cl in tri lmtion o.lol1;, the mould if there n.ra n0vcr:1.l 

:-: tr.,,_!Hl!i r-_,,~1.i lri.blP.. i:c tn.1 r.ccc ivcrr; m:i.~r he n.ppU.cd by 11nl'iou::; un:i_ t 

for :.i0. tr•.l ltP.atinr r:i th :i.nduc torn, i11cr t '/l.r-:JCIJ metal proccn:-::!. 111;, 

r:li.dj.!1,r·; :":i.t.r.:-: for. 1net0l i::oi1:;umpt:i.on rcr-;ul[l.t:i.on, etc. 'rile princ:i.pn.l 

r~0.t-i.1 :r0r:0J.1rnr rlirfcrcncc from:"'. trnvl:i.nh in protccU110 ntcr.lt0r.r:1inr~ 

ahrowl :-: 1.nrl dozimo tcr un:i.tn n.r.: r.; l;oppcrr: or nlidinr~ r·~.tc::: r.b:iencr. 
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n.=:; netnl r.nt0r:i the mould rrhich in closely linked \7i th :-'.. I.JI? t~.l r0-

.). · ~bJ_ :receiver ns~cml,ly connect~on rri th a. ;::iouJ.d i::1 t;10 ~nin 

hori'.~0!1t:"'.l ~C clcncntn n.3 it deterro1:!.!1es not o!1l_y i tn 0!1c·~~.ti!"!C :-thi

li t:;r but :it influcnce:J tl!e Gclection of 2.n in;:ot drnr:inG ·:~ctlrn<l to 

:i_ ccrt:->.i:1 e::tent, tlmn, the •;.rho le unit co113 true ti on. The ::i_:-;:-;cr!hl;r 

in lib~ :i pipe ri .... '1.de of n refractory rn.'ltcrin.1 rrith conncctin::; n :::n.t:--.1 

recei 7c1· ·:;i th the r:1ould. ?he connaction of the r.1oulcl copnor nhcll 

nunt L~ rlr~n!"le cnon;::h to n:'::cludr.:> r:icto.J. p0nctra.tion ::'.'l"Hl_ :JoJirlifjcnt:i.on 

in t~1c ;joirit be t·:r0en then. 

·t• '~he ro.bOVC -:;K~lltioncrl !Jipe OlJCr~.ten in Cor:lplicated conrl:.i.tion3. 

It in nuh.i0.ctcrl to nbrur . ., tez-:tpero. ture vrtrin t:.i.ons a~ n re:ml t of p~

ri0rJic'."'.l ,..~pJ.ncemcnt of the solirlificd cru:Jt by lirp.dd r 1?J.t durin.r: 

nt t'1c r:!~~.~1 ::rn.,..facc. Durin,:i; drri:::iaf th0 crur:t ua~d to f::"!>['.l:'.'.".tc r:it!1 

t!1~ r~ ""T".~ tory. 

5. !0~·~_-vl:.i.c:i.l in~ot drn.•:dn,:i; f1~01:1 i11.!::o-..-ri.blc 1:iould hrr::: ~~o t ':;fir.le 

r-Pplic~d;_i.on. It rrnlver: the problem of connection pipe re:-Ji~t['.nce, 

n.:-> th0 1·:0nld re!:rin3 irl!:lovnblc '.7hen rj_gitlly connected \"litll the 

nc tr! l •:::i. ')'·~ • 

G. 2'o'.'"'_i t:i.v~ :r-crrnltn kwe been reri.chccl in t:r-rid.itionc•J . .'."~nlica.tion 

of rcci!!!'Oc:-i.tinr·: ~,touJ.rl r,1ntio11. In thin ca3e n met.'.".l doe rm' t co to 

tJw ~ ~onld f:J.cc but into the mia.d1e throuch tl1G }1ole in the ttpfH~r 

•::r'.lJ_. Sllc}1 n. uethocl 1,1·d:c3 it pon:-;ible to ~Jr::m r:j_r:1ultaneot1:ily tr:o 

inr;ot::: in O!:!:o:::i tc cl.ircctionc. 

7. Goocl rer;ul t::: li<we been reached in :i n:~ot rlrardnr, fro1•1 the 

mould, r:i.r··idly connected ·;rith :-:i. net<~J. receiver and 1:irddnr, ;jointly 

rcciprocr.ti.!l,'~ riotion n.ccorrling 1:n cine lo:>!· Hor:evcr, avch r1• ccl!~r~~ 

rc.'1.l:i_zo.t:.Lnn j_3 poG::.:iblr. '.71lcn :::r.iri.11 rnetr.l receiver c::.p'.lciti.c:-; r.r~ 

~v:ij_l.'.lblc. 

B. In r•. nv.r.1bc:r of con:1tructj_on3 conU.nuou:::l~~ c~_;Jt billet ic 

(lr:-i;:m in op!;o:::i te rli:r.ec t:Lo:13. A rourn1 bill0 t 1 ;?O 1:1J.1 in 

rUn.ui:-t~r 01' bloor:'.~ r::i tl1 150;:::150 cro:::::.:-cccU.on nt a. c1rrx:i;1~~ :-;pncd 

1 m/11:i.n t:'".:; li0 !'~or1ucer1 n. t ti1c unit. A::: tlicrc in no l:i.nU.nr'. n.;.::::0.~h

ly 1>0 t·:;r~i;'1 0 t11nd !.:-:11 nnrJ ·"- uoulcJ, l::...rr;a :::cct:i.on hiJ.J.c t:::i r.1:-i.y hf'! c:-i.:::t 

nt s11c11 :•. 111d. t. 

'). :·•)!•lrl;: of tltC }10ri~rnr:.tnJ. llllit::.: ornr~i.te tn COPcl:i. t:i.Oll:J (1. i.r~tJ.nct 

f!'O''i ot'10~· r;r_: t;jpca r:101.1lrlr; operation:-;. PrJP:'.rily it cnnci::rn:-; in

C'.'0.:'1.f'lC'l r'"'"'.'.lrJ Ln. U.c r:rr.;;~;u:r·c in tlw ~~on~ of th0 jnJ U.ri.l cr1_i:1 t fo~

.r!n. t1.nn. "':1f'! :i.:1crnf•.r~c(l. forror;tr.tic 1rrc:-;rmrr rro;1;otr.r; cont~·~t intnn-
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-:-; ificri. !::i.('~l of. the nol::difyinc; cru::;t ·:ii th the nould rt:"J.J s '."'.t tl!e 

co!!t:".Ct n1.:".ce of r~etri..l 0vpply. Thtm l1e:-it i::; nbntro..cted :1n.rc r.n1c!1 

i:1tcn:::i':~ly tkm in vertical :"'.nd curve li;1cd y,·ou1_dG. 

10. !·.c~ordinr, to the construction llori7.ont['_l nonJ.<l:-:: :1.:-; ::. rv1_c, 
.L • 

crom~-GCC .. Jon~~ 

,,,..n 
-· •• J ...... rt 1·c 
c:l. 

11. 8a· 1i1incd rnould conatructiorn~ '::here :::hell lcnr:-th cl0n.::;n' t c~:

cn.crl 100-250 ~m1 r>.nd tlic re!nt'.inctl n:"l.rt i3 !·1~.c1.e of cj_th0r .':r:->.;Jldtc or 

~n.i-•·i Pr-l •J'° 1 (1Cd COnper '"'t'."'Cl" COQl !"'}',... }l..,VC rro·t •·r1' rln ._ :_ --L~~ -·' • • .!: t..") ._,. \, - -·- a...J t., ~ lr •• ...... 

roul!d :i?:'";Ot~ :".re er-.::; t, CO!)!)Cr-[~i_·::i.phi tc P:oulcb ·:rhcr.e one c·1(1 of. t?1c 

::;r[lpl1 Jtc I1i~Je in in t'.ic ::ictnl receiver :".m1 t11c otlln.r ir. ::in tJ:c ·:;:~

tcrcooJ.:i.~1;'": :-!ouJ.d, ::;ood rc~ul ta ho.ve bcr.n :.·r:e0i vcd. In th:i ~ C['.G~ 
• 1c -'-ri'lJ 

} .L t · -'- ... niI1e for i· i.'. tit t ~ .L !":UC l :1. cn••r, 1..rUC lOll op0ro. v~G n3 0 !1TO 1:cc •, ~- r!''.~.-

phi tc !'~-'.''? :mrf~.cc f:i.:-0111 ·;m~r it n!1oul<l bo coo. tcd .-:i th p:::-o tee ti v~ 
J.:iyer~. 

12. ~;--.~~0·1dnry coolin,:: 7.one cmmtructio:1 of CC is l!\UCh :-:fr1plcr 

th:->..n in o t!1P.r U!!i ta t:n1c:: nc it r;cn~rnll;j• performer.; onl:.· cooli~l'."; 

fm1c t io~~. ~o lo. t:i.vc l::· lo~-: r:i.nrl conn to.:nt f c~·:i:-03 t:i. tic pre :::;[;1.lrc> l<?vc l 

j_t no0~:i.:·.J.c to r0.f.unc conplc:-: rmpportinc; :-:;:Gtcr1:::, auh:::t:i.tntinr: thcJ11 

b;y co~w011tionr:iJ. rolln for inr;ot 3l1ift. Cooli:-1.~ mcthocb ~-~1<1 :i.n~;!'nni.O:: 

ty r'!'C <lr~ ~c~·mined hy both aizer! c.nd :::cction:; of the cr>.n t inr;ot 

:"r~ cr>:i t ri.ir coo line r.:~.y he onl:r uncd, r.'i th lnrr:r-! C'.'.'o:i:i-c0c t:i.onr: 

- u~ter or ~iat coolin~. 

1J. /,t 1n·c~ent r.c ~-t l!r!.:1 hcr!n .-.lr0r.rl.~· r: 1n.Etioncd r:ork on conr:tr11c 

tinr: n:irl in trochtcinr; llcrr hori7:onk.l CCr. t~~ric:-: r.re ntill in r-ro,r-:rc:-::-: 

::i.ll OV"'r t:10 •;:orld. Lo..-1 uni tc t;rpe c.nd li ttJ.c C•:"!Uipr:1ent l ~".:J~ :i 1:i_'~0 

th0!:1 in~(~ci::::nihlc :i.n price o.n cnmpn.rccl ·:ri ~Ji other 11.ni tr: t;:~1c:-;. 'rim~:, 

!71Ctr.J. C~1l'~.C:i.ty COQff:i.cicnt rr:vt:i.0 of 0f1.U:i.pr:~011t r.J:1.G!"J in J:."'; to O.n!11J~1.J. 

prn<lucU.nn :in to~u1:i for hori:::rnntal uni f;r: 11 . .,_b~r: up 3-4, f'or cnrvc

l:ilH?rl 'j-r», for v0rt:i.cn.l 7-12. L:i riu:i.cl IilC t~.l hci:::;h t dccrcr'..r:c nnrJ. fcr.

roct.'."'. Uc pr0r::i1rc rlccrcn.:Jc fo-r rm :i.nr;ot cru:-:t r::ivc:1 0.nd o;irortunit:; 

to r.·i:r.J11rln. bill.ct cli;fcctc ::mcl1 r.c rUffcr0nt :i.nb~:rnrl cni.r~ 1 ~~:, ':Illich 

!i1 • .,:f 1'1CC'1l' :i.!1 o. :::n.con<lnry cool:i.n;~ 7.onc ()f t'.1c curw~-1. :i.ncr1 11n:i. ~~, 

ncr.ol\rln.1'~· n~~:Lrl~.t:i.nn procc::rnc?c d0vclor1~cnt rlcci:'cr1.:-;c:-; r.brn.: 1 tl.:i'• 

14. J,r,•:: l1c.i.,~h t Jiori~;ontriJ. GCc cn..,.hln.~: to con;;trvc t m1.cl1 1mi. '~~ 

in ;i t0" 1_:·'.". 1 ~inr: r:hop:'.I huiJ.rU.!1.":G rd f;l1out Jd.r:h cone true tion:: r.nrl pi tr: 



r:i t:!o1_1_t :-: rcc:i.r-.1 crni:.cn :'"'.ml hoia t3. It tlGcrcn3eG er>. pi tal invc:-; t

- n~nt:1 r!c~· tmit by 36 - 1i4~-~ and ::;pccific cr-.pi tE'.l invcst~·1c:ntn in 

co:1tinuon:; c~Gti~10 dc!°)r>.rtmcnt b:r 12-2o:"[I9]. 
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c) A lnvout of "' steelrnakinr~ r:hoo >Tt.·J1 contLmour: 

cas tin~: uni tr:: 

5I 

1. It :i.!J difficult to 'lro::; t!lc ;i10.in priricipl·~:::; of GC loc~.tion 

in t~!C ;;~vrn3 rrllc1·0 f'. ~iortion of ~tcel is c.~.st :i_nto in.';ot r:!oJ.(b [l.11'1 

cont:!.!Pt.O~J:-: C::'.:::::tinr, i::.1·u:::r:d :::iimlt~.n"ov:::l~'· 'J.'hc;,r r:-:i~r be l0c:'.~cri. :!.n 

th~ ei'!.cl 0f the h:-i.y:::; nhcre c~·3tinr; j_nto :incot r,1old::: ;_:::; done both 

pcrpcnrlicnl.n.r [I.ml pn..rr'.llel to thc:i.r n.:e:::;; in the b[l.:J' n..clju:::tcrl to 
the C['..~t:Lnr: one, 7ir;. 31 ; scp:J.re.te 1.Juildinr,n, etc. Duriqr-: ~tccl 

c:ic. ti!1~: nnly by contLmou:J riethod:J a. :::pccio.l rlopri.rtucnt, dli.ch i:ny 

be ei tl!c:t· loc..-P. ted in ::i. Gep.,.rL>. te hu:i.lcU.nc; or :.1:-i.y be i!!c lrnlcrl into 

the u:i.in :11l0!1 bn.i.lrlinr::;, can be :i.ntrodvced. 

?. • ':ihilc de~:i.,r.:ninr_: continuow:; c~:-;tin::: nep:-i..:rtncntn, thn. crcn. tion 

oi t11c onth1un mrr::o ctrc~rns sy!1tem, proi.ri.-lin~ minir:mm d0!12.rtncnt 

c:.:i.pncity ~'.nd nre.-:i., ri.nd the necesaity to J.ocr>..te not only CC but the 

follo•;,·in.r-; equip1:10nt :ind ccctiona r:!!oulcl he tn!:cn into co;,:::j.<lern. t:i on 

- 1 ~cthocl:': ri.nd cquip1.1cnt for GU[)IJl~rinr, J.ci . .-Uc:::; Hi th liquid atcel to 

'~C; 

- 0q1d.p::1<?nt for r. quic!: ntccl tcr.minc l:vllN: r.ncl tuncli:::lier. chri.nc:;c; 

- r:nintcn".nce 3cction an<l. tundichea prcpnrr.tion; 

f;CCOP.rl:i.r:r uctn.llurr:;y equipment for atGcl refining; 

- s;rntcEJa for cnnt billets trr.naportntio!l to the r:torehonr:es and 

to the rollinG ah0p; 

- e11ui!)! i0nt r!ri.intern:i.nce n.nd r, torar:c acct:i.ons. 

3. At T1J.•c::-;cnt, t':!O c:r:1tem::: of cquipwent 10cntion in t11c shop o.rc 

used.: U.110 ..... r 0.>1d hJ.oc!~. The block sy:J tem hr.a ~ot 11.pplic0. t:i.on r:cnc

r::tlly in convert<?r ahopn \7i t1 1. hit~h output. CC:::; :ire uaunJ.ly loco.tccl 

inn. lin0::-.r n~'ntN.1 in the r;i..-i.in buiJ.din,'.:, bn.yrJ; r:hcrc olcctroct0el-

1·1ri.J~j nr; nh.npr: kwc conr.idernbl2r J.or.' output. 'rllri.t d~cre?::UJCG cri.pi tal 

1rntl:-i.;rr. r.YJ<l provi(len 1·ri.tionnl labour or;;r.!1:i.~n.tion, ~-;~ 32,33. 
4. ~~110 ~hop !)lnn rd.th 1.0-1.?. ml.n ton n.nnu."J. output :i.::.: :1horm :>.:J 

n.n c~:.".nrJ.0 :i.n Fj_r;. 31 . ·r11c din l;in.-:u:i.:Jh:i.n;; fer.turc::; of tllc nhop n.ra 

n :-:pcci~i.l. ho.y for r;r:i.nnlri.r inntcr:i.r.l!'J ~U!)Pl~', :-::tr.cl cr.r;tj_nr: Gimul tc

ncott.!":l:/ :in~o inr;0t molrlr: c.nn. ri.t er,, :-:crn.p chare:i.n:'.; into rU.r.:ch:i.rr:c 

h~at!:~t,:i rU.r0ctly from the vm1. 

'Phr n'1op l1n:"': tl1c folJ.0t."/in[; lJr1:,rn: 

- ch~rr;:i.Jl,"'. (A) 

- "1'"ll1Jl•']' l·l"i·nr·in]" (1') I I t. • ··•'' I•'"' . . ._1.,.1,.,t.i J 

r (r,,•) - . 1.1rn:i.r.0 

- t0crnin.--: ( D) rli th 1;111"! lr'..<llc i:ird.n tcn~.ncc rl.0 pri.rt1:10n t ( 1 ) 

- :-:hoJ."t0n0rl lm.;r (n) r1h0rc one CC (12) :i.r: locr'.tcd. 
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:12etric fnrnn.ce~; (4) ~-:ith tr:u1afo:rw:~rs (5) c:!.rc loc~'..tc:d 

~+,.,,1,.1,... (C)) 
..J .JI .. ! ~· I.•. l · ; j_nto 

·:r1d c!1 f'.l'I"! furV1er :.~u:)r1licrl ri.lo21:-: rfl.:iJT:".~.-:--:; ( 11 ) into t!:0 furn,,_ce 

:'"·.~'· r::r; 1 !mln.r n".tc:rj_n.l!i r;o into hunl:r>r'J (10) '!r1rl t11cn ;n ~'1r:ot 

r•olrl-~ ·Urcctl:,- into the ftn:-n.-:-ce •. \ l_ri.dJ-: ~-:it'.! c;tcol l
. -~ 

•) tr~~.n~ por-

tcrl "~·on "'l_cc h·ic fv.r11..,_cec to ri.. vr:.crnrn:~.tor ( 1 J) ::nii to tho 

tcnr•:!.~ 1.r ~i te:J (?) or it is ~rrri.n.'·:f!d on th0 -':,-:-<:?:~1ine: l~.rl Jc ~ri..r 

t11".t f:r"'1-!1p0rt0c1 ri. l.rdJ.e into t11c CC Jn~.'· [·'or rnn.iEtcnn.ncr> 

~t00l {;o•'t Ii 11("': l ,,rllc:--:: n.re trr.'1:::port0tl to t 11c r.l.0.I'n.rt:nent ( 1). 

G. :·;!iop r1.r:rn:rt1::c;it l~.:,'out '7k-:re cnn i;;,,f". if: rlonc onl~t c0nti-

mtnn'."'.l 7" i:1 !iho·::n n.:-: ri.n c:~n_;•1rle in fir:.35 'i1iw rl.r."p:1ri; 1::r:nt :i.G 

cocr1:;~ '.:er'! ·.-,-; tl1 the :Y:.in hnilr1ii:.r~ b;: b:~r::•1in:·; lr.r1lc cn.r ,-.-:-i~_':-i ( 1 ) • 

'"~1hc i1r>.:,' I ia cl.c:Jir:n0rl for J_rvllc proc0s~dr~r:. A '!f!ct1rn·1:-i.t0r (?.) 

0.11~1 :,1~· :0 11 >!"' b.l blff·:j_nc unj_ t (3) in locn.tcrl there. '~hr: i1ri.;,- II 

ia frr ::tc0l rli::tributj_on r1 lonr::; G(~. ·:ri th 

rotri ~~_,,,~ Gt-:!.ndG (4) ri.rr: loc;'ltc;l. jr, on0. l:L!1c. '~h~ bci.:.r Pf j_:i 

rl~~j_, .. ·, 1 -:rl. for bi~.1.r.t !i~•r:i.1:-inr;; the 1'-".~: V - for +.11cir t1:-fl..n:;por-



f') 'it tot·'" -'-1· c r1~ocr><"'"' r~on+1·"l - -'-- - i.J.4\1. -·- ~.:.•..J•J .._, u \_J 

1. r.:~·~ 110:->t i·1port'."'.nt 0lc1~~'1t~ of 110cl_,;r:n contirntou~ Gt00l 

c:'"'.r;t:i.i:_r· nni tc: :-ire .".uto::n.tic control 8~"c:tcns. Go1.:rntcr rkv-ice::; 

- ~;cc~'::.0J.o;:ic'.l.l j_ilfor;ir.t:i.on collection, ):rocc·.1~dnr; '.1:,1cl. i tG 

nr0:-;0n t..,_ti on to thG 1·cr:-:on.ncl :f."m:- i 1:-i.!~in.r:: control ::;al u-t:i sn::;; 

- cont'·ol· :-i!ld ~i~~;1nli::::.'."'.tion of t1 1 c n 1.in tce11n.oJ_0r:jcoJ_ cr-~ti:,~ 

i:1r~ cn11.t'.l.ct :-:cl·1.0r'.11le, in.·ovi<l:Lnr; ~t'."1.bl12 jo:i.nt opc:i.·o.tion of ::;t0~l 

: "i.".~~5. n~ r.nrl con l;:i.!1uou:-_: cr.s tinr: dr: :1'."'.:".'·l;ri0:1. t; 

- :i_p_-f'riJ·: i.,_ ti on :-i.ccn~'.1ttJ.f'- tj on of co::: tin':; r10'.1.cr: for f~1.rthcr ;_'.n~ 1.J ;.-:-: :i.;: 

C:'"'.~: !;:i.;i--: !"111: ~ :~.r~· clocu1 tent::; ccrl;:iJicn.t:i.on r--.11.rl !H'i·1tinr:; 

::;c(~0'·-1.,_r~r cooLL11r_~ 11ocl.c co11trol; 

~1r:L:1ti''.': rcc0::1 !f")ilrl:i.tionG for j_nr:ot r:' 10r.rin.r;;. 

tt1.11rl:i'.;h ,.,rvl Mould 10.~.rcl r:tri.11iU~~.tion control; 

~.n'·o t co0J.i~1r; 1·1odc control ~-n tl1c monlrl nnd in ri.. :~cc0;1Jr--.ry 

-f'·i "'" 1 ..t....:...1. ·- C:'"'.:~tin:-:: !1h~.:;c control • 

4. (:r; '.'.'c'.to1 r.ti~~ .. t:i.on flo•:r-c~~:i.rt :i.rJ r.;ho·:;n in fir;. 36. 

5. •:'·:m ;-c!101:ri.l ::K!tn.J. level rr!::11J.ri.tion 11ct!1orlr: i~1. t!,c r~onl<l 

h"V~ ':ot •:r:i.rl.0 '.1.nnlicn.t:i.rm: 

- 1•0tri.J. c··pr.nrUtnrn. c:1'.'''".C~ ·;r;i:Lch r:00:: into t110 1111•1lrl. rit fl 

ri. :-:t0n:~rq• o:r 1·:itl1 fl ~~Jj.rl:i.n.r: r.'1t0.; 

:-i. (li''.•·.::i.nr-: :-:~i0.0'1 cl1n.· ':··0 n.t corn: !;P. lt : 10 l:r.l c~·pc1irl :i tnJ:-·~ ·.·:hich 

.'~()t;:": ~ l' l;n t:1c 1.1011J.(l. •r1 :1:i.~: l :0 t.liorl. :i.:-: 1.1!":•'(1 ·:r;d le C'l.~: U.n~ rrit11ont 

,,_ r.;J;0p1·cr i;1iron:::1 tl-10 :-:ul111c:rr:r.rl :-:Jiy-01_111:-:. 



G. :~~1:·lioi:Jotope acn=-:or ri.n1J h~lor:211 !:I~ t-:~r n.re oiten ll~;c-rl .-..~ 

r. :•c+.l"'J. level detector. Tlw c::ccntive :tcc1 1 1.ni~Jr;1 ci!r>.!1;._-:0~ t~ 1 c 

r: tonn~r nod. tj.on in the fir::;t cr>.Ge (20]. :rn the ::::0cond c~~!"l.~1r:i:.1r.; 
t1 10 hi 1.1.0 t rlr<:>.•:;i::-1~ G·pc~d. Auto;::::i t5.~.'.1. tj_on CIJ.':'.1'~.cr: to J~rr p t 11c 

:··0tr.l 1 r':cl st~.hilit:r in tl•c nouJ.d ·::itl1in + 5 nn·: fron the 

re 111.5 1·r: n. n nc • 

Golve tl1c p!'oblen o.f ontimnn {l.i~trihution of t1 1 c cool:i.:\r: ·.-!~tcr 

c:,:~JcrnU.tllrc:i rlon~ the ·1ni t tec>nolor;ic:-i.J. :i.::i:J, d.C!)C 1Hlj.nr~ o!l 

t!1c C:'"'~~ !;inc; r-pccrl., Gm1puter a;."stclilS r.p!1J.icr>:L:ion c~".hlc to flV.to

;!1a t::!:.c con!)~l.ctcl;:.-· the CC a0condo.ry coolinr. r.;;rotcu. I'hc c::rc-

ri.e~ce Ji·~-~ ~} 1 o·;:n tlw.t computer :-i.pt)J.ic~tion cnaurcc to !:ccp 
v billet ::'.1.IJ'ff"l.Ce tn:-· 1 ~c:r:-i.tv.rc c..cc11ro.c:r \7it!1.:i.n JlrO C. 

n. ,'. t nrc::::cnt there i:> no op;~orhmit:r to civc c<:?rtr.~-~1 r~com

t:cn,1 . .,_ tJ':'n:-1 on <'.J1y control f.1.rnl_ ?<r.:1~r:0n0nt ncr~.n::: n..n:'l. :•'.0thrnlr; for 

co:1 ~i. ~,11".'nr; r, tee 1 co.::: tinr; in r.l.e f:Lni te conrl~. tiona. fr'.?.c tic::iJ.l:r 

pro bJ.0:.; r>.rc r:,i. VC!l be lorr. 
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9. '.uf;o;:i..'ltic control :7:::ter.1 r;ith nide compute"!.' r>.pr11icri..t~_01:. ior 

c· . ..trYc l:i !le CC t:•p0., :?-:-;trnnd fo!' clnb::: nnd -1-~tr['l_rnl fer bl om~~, 

~ml~ t!'i!'J hot rollinri; ·mill hen tine furn..,_ce::; :-t t 3in ~;iP!'O!i. S'itatsul_ZfJ 
3y~te::1 .fu:1ction::; r!.rc trac.l.i "!;ionr'..l: 

- hilJ.ct cn.:::ti!"IG spe0d reo1Jntion; 

- ::mco:~'.1.:".ry coolinc prot,rnrn:tc provicion; 

- in~ot !1t~.i1d::rcl l~n;~th C['.lcuJ_r..tion; 

- rroYi'linc hill_et he:•.tinr, rer;h~e j_n t11e f1Jrn['l.CC c.n.d d'."'.t'"' collec-

tion rlv~ to the ~~in production indicc::;. 

Cc!! tr'."!l co:nputer perforl71S ccnera.l proa.uction control n.n<l i~ 

lin?:e<l •:;:~th scpnrn tc production nee tor::: computers, •rhich recci vc 

co::rr!n.nrl.!1 -'"lccorrHnc to continuous cns tin~ :::chedule :>..ml :::0nd. currcn t . 

op~rntion rl~.t[l of thi::: or thn.t cquip!:i~nt r,rouric to thl.! cP.ntr:-tl com

puter. Co!'.nutd.Cr1.tion cllanncls bet·wcen oepr..rntc sectors cor.iputcr!1 

ri.re u:::~1l for technolor,ic['.l opern. tionn coorclinr.. ti on. 

On':! proce:::cor controls CC and hefl..tin:; furn8.ce oper:--.tion, t~H~ 

other - circulf'.tion ~tcel cler;~:Jnin.r: s:rnte11 operation, fir;.37 1\ny 

of th0. t·.7o proc~~nora m:i.y serve trrn :Jee tors a. t ::i.. tir1e. .'\. t the upper 

la·rcl n co;~puter controllinr:; CG operation iG connected \·:i th tlle 

ccntr['l.l co;:iputer. At the lm70r level CC J~f.l.in equipment i::: controll

ed by n. !·!icroproccncor rind pror,r:->.r.t11e lo,r:,icrtl control unit:::, deter

nininr; 0!10r:>..tiona cequcncc. Optimum coolj.n[, regime for e[!ch atcel 

r;raclc ir: ,.,_chicv-ed hy o. r.:~ thcrnn. tic:11 model. 

Ccntra.t conrmter nnkea rb. t~ colJ.ec tion from nll suiic;.rntcr:i8 for 

opern ti on qunli t~.r of the r;holc tcc!molor:icn.l line c::: tir:'1. ti on. JJ 
p:i.rar1et0rG nrc introduced h;r i;lie n:,r3tern, 63 - hy nn opcrntor r..!'ld 

JO - nrc c::i.lculn.ted out of the whole clr.t,'1. nrrny. Ccntr~.l computer 

rr:i.kec 11p procl.uc U.on outlny ri.nd 13i ve ri..ppropriP.te com!·1a.ndn to produc

tion con t:!"'ol nu irnyn tr.ma. 
The dcncri bed nyr::tem npplicn. ti on hr.'.:-: promoted teclrnolor.:ical 

proce:-;nc:-; stal>ility increaaa, defect::: qunntity dccrcnGc nnd cncr~y 

re!.lon:rcer. economy. 

1 O. ~)true tu re nchcne control of G-s trnnd bloom CC Der~:i.r:-GPm.: .for 

31'.'r:ilfl.r O'rn.ncc) j_c r-;ivcn in l~ir,. 38 • 'rhin r.yctcr.1 in equipped by: 

- lo.r~J.cf'.l crmtrol uni tn for tech no lor;icnl proccc~: orcrntion~ 

:":CC!l1011C0; 

- ~trr.ndn .'l.utor.1:-i.tic control unitn; 



controllinc computer; 

- conpute~ for displny a.nd printer units control; 

a ~et of nea.surement and ret;ul:-?.tion devices. 
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Auto:.!atic control ::;ystem operates on bloor.i Geor~ctry ch.ta bn.nc, 

~teel :10.~s in n. Gtcei teemin~ lndlc, U.rn.r:inc; speed ::>.nd coolinc in

tern-Ji ty. It enables to trnn:Jfer to clistance control of both one 

~tr~.nd ~-n~l the V!hole CC tedmoloc;icnl rE....:-:imc • .'\. cor.19le:: of nix in

dependent ~utor:l.'1 tic re~uln. tion subsyntcru; i:::; used for dis tir.t o~,e

t·n tion of ec.ch strtmd: 

- strand control on c'mtrollinP, cor.1puter in:::;tructions kt~c; 

- locQtion determination nnd siGnnls of electrornechnnical equipncnt 

operation rhythm violn.tion; 

- d:: b. collection nnd proces:::inG of the '.7holc .::; trend c1ui1~i';.~nt o;ic

r~ tion; 

- CC in.r:ot sto.ndnrd lenr;th control. 

Co~trolJ.inc cor:1puter fu11ctio1m include: 

- co::i~·~u~ica.tion rd.th rm operator; 

- O!JCr[!ted phase selection at each strand (seed clcvD.tion or 

teer;-ii~:::); 

- c:'!.stin;, p:iro.r!letcrs calculation (:1pcecl, coolinr; ret~ine); 

- c t,,.ri 1['.'!.~d lcnr:th cnlcula. tion for hill ct chc~rinr;; 

- defect:~ d~ta !10.tcrm:i.nntion and collection; 

- ztr~ncl 1·cr;ulation n.utone.tic control r;;rntcr.m ancl t!1e r0ccived 

dat~ proc~::::::inc; 

- dir'.lo,r:nf'! ;7ith cU.:::play o.ncl printer coP.Jputer control unit:::. 

'l'hc ·;:hole comp le::: impler.1en ts the f ollo'::inc; func ti one: 

- fm1ctionn.l curve::: cl:;rnnr.iicn control; 

- ct1.rv~G printinr~; 

- d:-ttfl. r:tor:i.r:c ....... nd coolinG chn.r~.ctcri:-:t:i.cn nltcrc.tion; 

- inGot r:urfncc dcfect:::i tlcterrninn.tion ::md Cilerr~cncy r.ir,no.l::: nppli-

o.nco; 

- dJ•[l:;n!1;~ up cci.8 tin.r; pror;rcaa report, in,lico. tinr, me tn.ll11r.r.;.i.cri.l pro

duction <li:.foct::: occur:1.ncc nnd hj.J.lctr; in rc:nl tiric 11ocl.0 cnclinr~; 

-optimi7..'1. ti on of ohea.rinG in n r~i vcn J.cnr;th function nnrl tl!c rcr.1rdn 

ed metal 1 :r1.r.:r: j_n r.t tuncliah; 

- cn.:;ti.n.'~ rl:i.tri. collection (r.in.r::-.: , l!en.t number); 

- crp.dpi1r_,11t oporn.tion a11to1:~~tj.c tr[l.ckinr~; 

- corn'11.m:i.~n.tion rd.th intrn.nhop ~::1r:tcm i11for111~. tion. 
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1 • t.cc:orrlinr; to "con tinuauG C<'.G ti!1.C, - tl.ircc t :rolU.n·~" !'rocc:::;:-:cn 

tntror1rn~ ~:i.on, CJ.ll''J.i ty ~lnb cJ.r.r.:;ific~ tion r>..il'' their rad t:-i.bili. t:-,-· 

for !lirr~~ t rnlJ.iP.[, c.lcci3ion rr..u:-: t be t[1.::c11 at th" '':i.11 r:< :3h·~f'..ri:1r: 

~~t:"".r,0. '~!·c~ ::;y~t0t1 inb·o<l.uced o.t S:i.n :;ippon ::['.tntsu'::orl::-: j_r; [.:i.vcn 

in :?:i .. --;. 39 • 'I'he ~;:.::;tcr:1 in built d.ue to hicrt·.rchico.l p!'i'."'!ciple r.nr:l 

it inclt• 1.l.n:-: central co~putcr, controllin;~ conpHtcr, c:-::~cntivc rc

ptln tor. r,,,ntr.'ll. cor:1rmtcr 11crforr:~:i r:cner:-i.l cr:u:l.p:.:cnt or(>).'r.tion 

re;:fr~c:-: c ..... .J.cul.[l.tion r.rnl. cives irn~t:ructionc to the control.li!i.£: cor~1-

pute:i:- 0 11 :-:l~b cr.0tinr: r.~nd r.i!u:!~~rinr: prorlnction procr:-i..r:1Ee bc.::::j_:::; for 

c"ch ~ti..·~'.!11l. '.lhc controllin_r; comput0r col J.ect::; dr.t::-. ·on billet 

qnr-.lit~;· ·i?1 r>. rc~.l tir·1C r:iode ['.nc1. on thr-.t hr-.c:i_:-: C['.lct:.lr>..t0 billet 

len--:th. 
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c;) Techno-ccono1:1ic cf fee ti v~nc:rn 

1. T!~cimo-cconomic cf fee ti vcnes::i of continuoun CL!.::; tin'., npplicn

tion a~ co1npnred ~ith pcriodicnl in~ot castin~ in a re8ult of its 

:vlvnntn~c!1 for;,1ula ted in prcvioun item::;. The ~a.van t~.r-;es nrc cu si

zri.blc thnt inr:ot cnstinc: shops are bcin['; built nowhere r;ith an e.::

ception of :Jpcci'1.l cnr,cs. IIoreovcr, pr~.cticnlly a.Jl conp.".nie::;,hrtv

in~ inr:ot Ct:'.stinr, :Jhops nre air:icd at their CC::; recom;truction 

huildin;r,. 

2. There in quite little inforr.ntion about contin .. .:>un Btccl 

cnnti!l.f: nni tr. co:!'lc;truc tion at Iron n.nd Steel Plant::;• It i!1 r.peci:i.1-

ly conco1~ed uiti1 the construction price nnd the staff number. ~c

ciclc!j, j_ t i!1 difficult to find out frorn tl1c nvr.ilP.llle cl~ t~. ' ... :!1n t i3 

incltvl~rl into the com-;truction price. In ::;pi te of ti1e rcli~hlc cc~ 

nomic '~.nt~. it in nccerr.:o.ry to ::itntc a. con!1tnnt crorrth of the con

tinuou!1 !":tccl Crl.ntin& unitr; nunbcr. 

3. In :'.pp. 3 th<=:?rc i::J clnt~ r>.bout the con.!1truction of 131 con

tim.1011::; c~.::; tcr::; for the lun t thrc~ :.~ear::;. The ci vcn dn tri. !":hO'.'! tlm t 

More thn.n -!;- of all the constructed inntrtlln ti one nre put ::!_n to opr:!

rn. tion in rlcvclopinr, countrien. A1:10nc the indm;tri~lizccl coi.mtrinn 

H3A rnl Jt~lly norc intcnnivcJ.y con:-;truct GG::; (n.s it wn.c rn~ntioncrl 

n.ho·-1c v~;y indm:trin.lizcrl cou:1+.riec ,c.[;. Jr.p2.n, ll[l.Ve n.lr10nt co11plc

tc J y r:o110 oYer to con tinuoun crir; tinr;). CC r.rc n'l.inly con~ true tcd 

n t f:'l:i.n1-·::orl:c. 

4. ·.-:1v~n 1aini-::;te0lpln.nt in conntructed lm7 en.pi t:-il i!1Yc::;ti11cnt~ 

ir. n rlintin,r,uir.hinr: fcr.ture. For c:::::i.nplc, con:::tructinc; trro mini

::;tenlnln.nt::: by Fncor Company capital invc:-;tm<:!nta per li'!ui.d :::t0cl 
Tl" "' ton r·1~l:c ur 275 · .J ·.J rrhilc for the •;mrkc rd th c. cor1plctc r:0triJ_lur-

~icnl c;.~cJ 0 the outlo.;;rn mnkc up 1000-1 GOO US ~/t [ 211 • '1'!10 con-

11nricon nf. anp:i.tnl in•rentr.mnt:-> ;.tr~1cture nt the pl::mt of rJiffc

rcnt t~"!1!"' i~ [: 11 n•::n in tc.hle. . 
) • Acr.nr. l in,~ l;0 "Soc ic te T•'rc.ncn.i!"lc <le ninorc prcdui tr:" Compr.ny 

C .... lcuJ.::-i. tio!l:J [22] 1.n.bour c;:pcn<J.i turc:; n t I"ini--:iork:-: i'ii th 1 11J.n thrr 
cap~~ity ~rn ~,n ti~G:1 l~~~ nt ocr~p npnrntinn nn<l ?,O ln~cr ~J1ilc 

u~inr~ :-:pr)w:o iron, tn.hlc 3 • Accorrtinr: to "ltn.1.it:i.n !\ivP.r iac0l" 

Go1'.!p:i.1i· rh tri. 1.n.hour c::pnnrli tu.re:! n. t : ~ini-".:01~J:~ nrorl.uc tinn con:-> ti

tu tc:-; 1,rj :"l' ... n.~10ur/ton ~~: C0!'1p:i.rccl •;;:i. th G, 1 1.1.'1.n.hour/ton :-i.t ·::or!~:1 

i'd.th n. cn:·pJf?tc c.yclc ( 23]. 
6 • ~'hu~:, ! 'ini-0tC0.lpJ.nn t fl.0.VC lnpu•mt rth:i.ch :-i.rc 'to c0r:iprj ;;n 

~nd conti1111ow1 C[l.atinr: ',in~t~l.J.('.tinn~;, 

ir; r.nnn"r. !;Nl r:ith tile folJor:ing ncnnnnic n.rlvn.nt~.r:n:;: 



C'"tpit:-i..l In1!er.:tr.1cnt::; :-::tructure, 

dol./t. cnnt steel 

Outl~_yn i ter:1s 

60 

T~ble 2 

\7i th couple tc 
cycle 

r.dni-pl~nts mini-nlri.n t.s 
!\7orl:inc on ccrap rrorl:inc on di
! ! rcct reduction 

! iron 

'."!nrchou~c nrcr:li
scn, tra.n::;port, etc. 

i\_;:lor11:~:r:".. ~ion, col:c, 
ri.Ell bl:"..::; t furnnce 
prod.uction 

Direct r0~uctioi 

200 50 

250-300 

S t~c b·:-.)~inr: 
prorl_uc ti on 150-250 150-250 

Tot~l Goo-100 200-300 

Anorti::::>. t:i.on ::-~nd 
fin:'"'_ncic.1 c~:p0ncli-

ture:-;,; r!.'Om billet 
price 

36 

J.-.:i.hour !~·:ncnrli ture::; on Steel 

frnrl.uction o.t IIini--.!or1:r: n.nd 

(l.t ·."forks ni th n. Connlctc C-rclc 

13 

50-100 

150-:?00 

150-~50 

350-550 

24 

Tn.blc 3 

::;tccl cc.pnci ty pcrnonncl nurn- lnbonr c7:ncncli
r:1l11 t/yr ber :::) ture:-::,:::..,_n~'iour/ 

nin:i.-pl.".il t \·torU.n0 
on :-::crc.p 

on rlircct :rc-~uc tion 

n :1.?1 t ·,·:i t~l r. coriplc te 
c:rclc 

0.2 
0.5 
1.0 

0.5 
1. 0 

1. 0 
2.0 
~-· 0 

;.i:) '."Iit!~a11t ."! rollinr; r.:hop per.:rn:rncl 

F~O 

2/1/) 
450 

380 
Goo 
1,250 
1.G::;o 
~.JOO 

t :-;tceJ. __ _ 

1.~30 
o. ~~1 G 
o. 7.:;5 

1.15G 
1 • O?. () 

2 .125 
1. 40) 
o.97r. 



- G~ccifj_c capit~l investr.1cnto r:l.."tl:e up '1.bout 2CY,""; 

- runninr: costs rn...'"'.kc up 505'; 

- l:""thour procluc ti vi ty is 3-4 tfr1e:J hicher th~n for the '.-:or!-:s •:ri th 

n cor-:plf' tc r-:.e t:""tll urr;icnl c:fc le; 

- nhort clt~~ir:n r.nri co!.13 truction periods t:'..nd ~ quicl: cover of e:::

pencU tnre3; 

- hir,h profits per i tern of production due to lorr specific Ct'l.pi tr-.1 

1mrc3t:::0nts, nli"'limwa tr::msport n:·:ncnditurcs, sirtple production 

proc~r::-:;, flc:-:j_ble technolo.:;ical r:chcmes enabling to renct quicl::-

· 1y on ~>. state of the r.:n.r!-::ct; 

- n hi~!cr ecolo~ical clennleness. 

7. A more rfotniled e.stimction Cl.nd nclcction of any method n.nd 

contimmu3 cnotinG in~tallations d0pcnds on local recion conditi

ons ~nd ~ defj_nite production aim~ 

GI 
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r;) Pro~pectn r?.nd tre1,dn for future <l·~velopnent 

1. At the ini tinl r.i tnt~e::; of continuous cnntin0 develop; ient the 

cquip:rtcn t r:ri.3 re ln ti vely Gimple; the ncccG3i ty to incre:lnc rcli~

bili t:r '."'!Hl 0:1era. tional uni ts fle:dbili ty lw.::: renal ted in rJ.e:-:j_r_;n 

co:>1plic[l_tion and c~.pi tal outpa.ys incrcn3e. Lo. tely th~ cquip:1ent 

h:i.s 3t[l.rterl ta he simplified and CG::; nrc required to be chco.per. 

'.rhe invc:-; tic;n ti on of cnpi to..l inventrn~nt3 on "P.ri ti sh Stec l" TJI~, 

contim1onn cn~tinc equipr:ient han nhm7n thn..t npccific cc-.ni t[l.l out

lr.!.~;'3 per to'l of rated C:l.pn.city incrct:'..nes rlith the cost bilJct 

nection ~-"nlue r>.nd modcrntel:t dccrefl.:Jes '::i th the outpnt incren0e. 

Fnrther GC!] dcvGli!>pFJent nil! renul t in their considcr0.bl(? he5.r:ht 

r..nd cr.!1ib.l outl~.:;s decrease. ~\. lorr conntruction heic;l1t ;,-:ill pro

!l!otc billet homo,r;eni ty increase ns a renul t o~ ferros tn. tic pre~

sure dccr~r.:'!e nncl ery_uipment nnintenancc \7ill be simplified. 

2. Conti11uous steel c~stin~ proceGoer.i nnd cquip~cnt inprovc

ment is rlcv0lopcr.l in G".''/Gl'[l.l trcnda ai1ml t(l.ncou:-;ly, the follo·.-:inr; 

one:-:: be :t n:: the nr>.in: 

n t~el rcfinin.~ meti1od::: clnbor:::i.tion c.nd th0ir introrluction j_n 

the coi..J.r:Jc of conti!.mous co.:>tin.:;; 

- elr.hor['. t:ion of hot chnrr,ed r;1cthodr.: rri thout inr,ot coolinr; or 

clircct roll ill;'':, i. c. co1;1bina. ti on of coatinuou:J c~.:::tinr; rii t11 n. 

rolJ. in,<; n:i.11; 

- o.n in.r:ot c:':'o!"!:-:-:::cct:i.on o.pprm:imr!.tion tor:r.1~tls a. finnl product 

hori:-:ont'.1.l CC clcvclop11cnt; 

- :::H~!"lfl.r~t~ 11nitr: constructions improvement. 

J. At ~)Y'c:-::cnt, rJOrl~ ha.::; been r-o.rriccl 011.t on the c.pplicn.tion of 

o. turnl:inh :-w n rcfinin;.~ dc~ricc \"There 1,1ctnl cnn be refined .fro11 

non-mct~l,ic inclunioils and. corrcc tcd on chcnicr.J. conpo:-::i. tion, 

crm be deo:idizi:?d nnd :i. t C[\n €.:Ven rcr;uJ.o. tc n p·nin si~e in ri. con-

tinu01rn cri.:-:tinr.; billet. k1.tcly tundi:>h crq1[1.ci ty hfl.G incr<>r'.r;crl frm·; 

the :i.ni.t·i.:"'.l (G-10) to 20-25, then to 40-50 t nnd n.t prcr:0.nf; :i.t iir>.r: 

rcri.chcrl. 10-no t. 
To o:,ti111i7,c 1;1cto.lJ urgicn.J. procc:-:::-:cr: in n tundi:::h it i:-: 

nccc~r:n.ry: 

- to clccl'<'~:-:0 w~tnl sc~ond.'J.l'Y o;-:idation; 

to nrrvrn t cl'n tcr .forr.1~ tion on ::i. ne i;nl :1ur:fn.ce; 

- to n:roJ.rrnr; liquid ntecl prc~"ncc in n tundir.h n:-: r.mch n.:-: 

po:ir:ibln; 

to provide me t0.l homoro;cni ty :-::uppJ. icd into cnch m0itl<l. 

It; i.r. prov:i<lcd by r.pccia.l d0.:1jr;n lo.rllc::: r'.pplicn.tion, :-:tn~fl.1:1 



!101.'tioP!"; :i.n :1. ti.1.ndfr:h, ~.r;~oE. i11o·:rin,":, r0fi!1ir~r: 1~::r ;·~cri.E!J of 

cr.r:-i..nic rn_ t~rr:. 
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, .. ...,~,; ll'~ 
~.· . -· ·~. 1i. 

of ,1i:rP.ct roJ_1i11[': or "hot chr.r;-:cd" rollinc: into :irc~wr>.t:i_n.r: 

fnr:1r-.cc:-:. In the Ge c~.::;e:.:: hloo! 1:J or :JJ.~.bs n.rc :-:uppliP.d into 

roll.:i.P'.. ll:i.lJ.G either fr!J·le<lin.t0l:; (~1.fter Ji ttlc hen tin;': il! re-. 

, . ~f':';j::-:..r: fp1_·n~~c~), or f'..ftcr hen. tin;: in co:1v011tj_onr.l furn~cc!J 

·.7~'~:t:e hiJ_Jct!1 rrc Gnn~ll:i_c<l in r. ~ti1J. !1ot; :-;t:i.tc. :'-.. t0c:1;:0J.or,:ic..,l 

' 

fi;;. 42,43 
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5 •• ..To:in.inc continuouc C[.l.::;tin,.: procccr:cG fl.ml the cont:i.nnou~ rel.

lint: !:"Jl'Oc-?:-;ccr> into n ::;in;;lc tcdmoJ.or,ic~l ~.~c thorl i::; m~c of t:ic 

n'ljor tcc:molor:ic~.l ~roblc:En of irori_ 0.n<l :-:;tccl prodnctim! ::i.nr1rO'!f'

ucnt ri.n1l pffcctivcne;.:~.;. In r:·~rn)r<:~l, zolving tl.1ic prohlcn cn:'.hJ_e!': to 

e::clwlc C'."'.!}::i_ t'.11 invc~tnentc for enuip;:~cnt orie!:.ted 2.. t Jr:'."'.n:i.pul~ ti on 

~.-:i th ctc'dnr; nnd nlao for ::;cp~ro.tccl. coolin;-;, tro.n:-;port, ~tor[~;_:c ~.nci. 

in~ot fc0dinr, into prchca tinr, furnaces, ~::i.d to i·cduce e::pc:1d i. tm:c::; 

on c-:_n:i.!). :c:1t for ;1cntinr; be.fore rollinc, to rerluce fuel rmd e".1cr[7 

conr:rn1!1tion for he~ tine ini tiri..l in.";ots before rolli:nG c. t the c:··n~nac 

of r;rcr.t ~t~c of continuous ca.ctin;; incot:-:: hcr..t after ca3tin:;, to 

inc:rcr'..Gl' t!H~ :;iclcl due to thr:? i~olli:-it, in,";ot::; bnttn nnd !:1Ct~l '.-:n:-;t0 

rerluc tio:1 rlrn:inc 11.c!"l.. tine: he fore roJ.linr:, to incrennc lo.iJ~U!' procluc

ti\·i ty du0 to o. !::~1.':t.llcr pcr~rn1m.cl o.rnl t~lC po:-;::dbili ty of conplcte 

pro:lnctio~1 p1:occ:::c nnto1:ic. tizn. tion. 

G Tll 1n,'ri n·•no ...... t\.lnJ·11n" Co ' 1 t'"'t-~1·,, e __ .. .,U1) IL •-' 1.,,-.. ... .• .;:,... t 1\. ... • _, l l. co~:::tructcd n r~~::i~l CC 
for 1.~n::11iO rll·! inr;ot cr.atin;::, r:h::i.ch ;10.~rin;; p~'.GDcd the ~ccon<.1-r>.r;! 

1 • l . Ol t. l1 • lb . , .. •1n.1•n .1..0 • r• 'l'l l . "erl " · 1~•l · ,. ~ co:L.l:,~: '.":()!lC r>.m l:J . ['.. '].0. Cll:l.l: c1~ ... ~ . ~ u l.__, cqL ....... L. '.CCO .... L1; .. 

to t~:~ in·--:ot 3cctio:1, it c,oc::; to t11c fo'.J.r hi;-;h :::t1·r'.:i.(l i·olJ.:i.!lf'.: :-:;0c

tio11 :•.r,c0r,1:L11~ to !!V :::cJ10r,1c (nJ tc1·l1ri. ti-;e ho1~i~ontnl-•..rc1~ticr>J. :io:::i t::i.

on) •. H t~r r~riucc~i~1r: to f10:·:!'30 n--:: ci~~c tlw ::i.n~ot in r;licarccl into the 

dcd r0<.l :i.011 .. '."': th. 

7. Vn:ii:.1ct1:r.r;h, US3R lm::: built rm c::pcriilental in:::tn.lJ.'1.tion fo!' 

contim.tan~ c:-i.a tine nnd. inr;ot rollin;-:. One ::: t·ri.nd rc.ca::i.l CC, fr: :h

cluii.cd :i. n to n. t~c!molor:ic'.J.l line rri th in due t:i.on Ilea ti~1.-: j_n:-; tr>.11.n ~ion 

cont:L1111op::; cn~t:i.n0 1aill ':Ii t!J. four-!1i.r;h Gtrri.ncl::: nnd n fl~'inr,. I~1,"';0t 

·,·:i th 10500 :::r.? r:cction \"lc.z Cr>..~3t n.t ?.-3 n/min :::!1ced anrl r;o.:-; rolled 

totr'..lly jnto ~4 r.1!!1 cli:->.u., tll0 output :-;pcr.d L!C'.!:ing up 5-6 r.1/rd.n. 

r,. Jn 1').J8 11 rkvli~chc :Jtn.hJ . ..-:erl~n" Co, i•1:1rr corn:::tructcd r-.21 inr,t[•.llfl.

tion for C'°'.:J t:i.nr; ri.nd rolling 100;:100 H'.!il :!n,";ot. In:i. ti~1.l in::ot:-: 1 JO :·: 

11 ?:lr:l n.r0 C[l.r~t nt ?,8 1:i/rd.n r.pecrl nt four-.9tr~.nd radial GC. In er.ch 

r.trri..n<l ':::i.t1i ?.0-2? t/h cnr1[1.c:i.ty inr:ct;: :,o tn t;ll} due r,trn.n<l •:d.tl! 

r,rOOVNl I'()() 1_r, r:i t!iout !1c.". t:f.nr; r:hnrc t}1c:· a.re :1'!_11.CC':~crl to 100::100 r.1:1 

ncctJ.0:1, :;'•r.11 r.rr. :-;11cr•.rcd into t:1e rlc;;j_rc(l l0.11r~th. 

9. 'P:1~ ~;:i.:liJ.~1.r in:-:tr•.J.Jn.tion •;;~1.G l>uilt hy "Jcor;jcto·;;n :;tr.cl" in 

w;:· .• In ~".r.h of the ronr r.trri.:-HlG 1J0~:-11~5 1.u1 :i.n;:nt fror:1 t11e 1·:--.(l:i..".l '~G 

nr>.r::-:0::: l;'1rour::1 tl,0 ]10r~.tin.'.': fm·nncc n.nrl cluo r::tr:"':nd •;1h0rP. :i.t ir~ r:r;.11~

c~~C'd. to 1nn;~100 mm fl.ll<l then a:icr.rccl. 'rlw ri.nnn~.l prorl.uctiv:i t:r 111~h:~:; 

up n::;,on'l t. 
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~lG0.rin::" ~.ncl "S;.:s Concc>.at", Sr!itzclri.nd, worl:cd out CC for ::;trip 

co.::;ti_t!f: directl~r (in the c~n~ line) corr:1cctcd t.-ri th the •:d_rlc ~triprwd 

hot rolJ_ecJ nill. The firct ~uch fl. co1nplc:: of eqtdp::icnt j:-; hcinr; 

built [1.t "i'.errcor" :.7orl:c, U3.A. CC c~p.:1city L~'l.~:c:::: i.tp 820,000 t/yr ~i.t 

~ r::~~~i:::1ll:i! cri.r. tinr: r:!1ccd G r.1/r.1in. A :::trin (thin nl::i.b:::) 50 F:n th:!_cl: 

'.".ml n.".::L :n:!l ~-!id th::; up to 1350 m::i \-:ill be Cr!.3t nt the in.;. t:~.ll:i.tion 

'::i th ::;t:-i. tion::i.ry r:iould; the strip in a. hot chnrccd rriJ.l he fe~ into 

t'. rridc :-: t:»ippccl roll inc mill. .3uch ['. ::::chcnc rccl.ucer. cs:::~mtia.lly ri. 

tecimolot:ic'.".l line fron r:tecl r:tcl tin0 to rolled ntrip. ?urnn.cc:::: for 

cr"..ry, •::it:!ch ncre inevitn.hle duriil['; hot rollinc C'.t ~ r!ide ::::tripped 

r.1iil be .~ore. 

Cont:! nuour; en.a tin;: strip r;oe::; throur,h :i. ninplc c1u:->J.i~;inr, ( tc:':'l

pC!'[l.turc) furr?ncc 1·fi th the rolled bottom c..nd i::: rolled directly in 

for .. ::; t1·:-i.ntlc of the qun.rto finishinr:; :::: trandn Uil to the minir.mm 2, 5r:uJ 

thicknca:-:. 'l'he h~rdrri.ulic in:::; tn.lln ti on of CVC roJ.Is. 

The l"!'li11 j_:::; dc:=dr;ncd in such rt '."!a.~~ th:-i.. t t!1c fifth may bP. nddccl for 

rollin;i; ·o. :::till thinner a trip (he.ml). 1"u.rt!1(0?r n. unit fo:t.· lc.min~r 

coolinr: :".nrl r>. •:;i11der for n. ::;trir 1?..7 ;c1:1 rd.de ir; included into the 

cqui~~cnt. C~:::tinR c~p~city corre~powlo to ~m traditionnl nl~b C~. 

11. !";l:-i.h CC ;;5 c.t Pul~ujc.r.n ~.7orl;:n, Pie. 44 , reo.chcd 200, 000 t ~icr 

lilonth outrn1.t. r:orc than 100, 000 t per no:ith ic proclnced h;,r direct 

roJ.J. in;, ; '0.tllod, the record hc:i.nt, 13/lrt 000 t/mo~1th. 0pecific fnC' J_ 

co?1:::1u:iptj.on in lw<~ tine; furnci.cen reduced to 672, 000 o.nd J.enn 

At nr0:-::0nt, or:inr, to hir:h qun.li ty re frn.c toricr.: ~p!Jl:tc:J. ti on lonr; 

cnr. tine c:·clc:-: (:nore thn..n G-8 hourr;) rlithout tundi[Jllcr: rcnJ.~.ceucnt 

cnn he :-i.cld cvcd. 

1?. • :;o; ;:: t):::~f'l.ffi!llc:-:: o.f thin billet:::: continnour: cc.::; tin:--; :'.·cthod::: 
:-i.rc r~i. ·:0u he J_oi:r. 
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13 • ;r0·-r ~cc!molori;y of thin in;:ot:-: Cf)'l t i.n 1_1ou:-; c:'.r, tinc; ~ho~Jld co!·

r~~ponrJ~ !.o n nunbcr of conditions [24]. It i~ rno::i t i 1:1portn.nt thn. t 
thr.> pr(vl::c t should not .he \-:ors~~ in cp1:1.lj t.v th ..... n the nn. terin.l pro

duced h;r c 1 :"'.0r:ic'."1.l continuous cn~tj_n;:. A -very r;ootl con tinuou::i C['.:::: t

inr; i.n ...... ot ~llrfr>.cc quality should be er:pcci~lly t:-i.l<en into ~ccount 

['_~ r;nr.fn.c-:: riroc0a:-;inc: r:ould he un~cccp table frOI;l the point of -.·:orl~

in,n; cn.pn.ci. ty :->.n'.1 i:ntcri~l lonr.:er;. The j_nternn.l o_u[tli ty of the inr:ot 

r.:i:.~e [l.n•J <1_,.,""!<lri ten form, s~r;rcc;c-.. tions, inclw:dons, porosity etc -

r:1rn~t be ~1wropri . .'l tc so thri. t n.fter further dcforr'.n tion the ::l_N::irerl 

nropcrt).cr; of the i'ini::::hcd product i::houlcl be ~chieYed. If :l th)n 

;1trip (foil) up to 0,1 r·1r.1 thickn~s~ 1.1a.y he produced i-rith the nmn.~

in.n;l~,r 115.t.h surfr..cc qu~li ty a.nd c<l;~ea o.ccuracy due to the incrcri..n~ of 

the cr-.r.: t :-;td p thicl:nc:::!J, there Gtill occur 1.r.ny problerri~: coir1ec tcd 

ui !:11 the r:nr-f~cc unevene~rn nnd o::ida. tion, mirco ~nrl 1w1cro frerirn~ncy, 

nisc prcci~ion ~nd inn thick atrip - even ~ith ccntrnl (n~inl) bl0~ 

liolca n.wl poroai ty. Ji.a n rcnul t of ld.r;h solicl:.i.ficr.. ti on npcca thi!l 

:Ln;:ot:::: h:i.'.~~~ finer cf!nt r:trv.cture (-l;hc diat~.ncc b0~'.::cen d·"nrlritc:1, 
. J 

1 
• 1 . 1 . . ) 1 1 ac;-rc;-o.tionr . 1 n!. .ru1•. e J.~!~_q::::.i.ona :::J.~c ['.W o·:!cr na~r.o -· ' :_. c. J.n r:cncr'.1. 

fr..vonr~.hlt: initjnl [;tructure jr: ·--ro~luccd o.11d tile i'!entionecl conrliti-

one ~"n.~f 1'0 c:~pect~d to :1c :-;ntifJfiecl. 

1 '1-. 'l~!10 ncr: CC to be en.~ t for 1::i.:::0 con:::t1r.1ption r.nrn t h~.vc the ao.r:1c 

nrorluctivj L;; rt::: clri.r:rdco.l CCr,. Thir1 neri.ns th::i.t thin conti!111ou:-: cn.:::t

:inr: inr:ot::: n 1.wt be cnst .-..t hich cpced. i\t cqu:i.l pronuctivity (t/h) 

c~1.~ tinr: npcecJ for nlnb.'1 1::i th the i:rn.1,1c '.7).<l th i:J invcr:::c ly Pr0port:i.o

n~l to til:.i.c!rncnr:, for billet::; nnrl ro'.la thicl:ncnn is inv0rc:cl;r pro

port:ionnJ. to the necond rrrvlc of cn.r:tinr~ r:rcerJ.. 

C:l.~ f;inr: nnf"'crl. of continuo,1:::;ly cn.n t }.n:-~ot=i correnponcl:i nti; to hot 

rol.J.ed r:tri.p 8lloulrl ~~~'."'.!:e up 20 r:1/r.dn and nor0. 

15. Jn 1 <18'1- ":');'~; Schloemr•.n-:-;j_1!'!~.;; 11 comp~n;;, •;:(; Uni:ihcd t;he e lnho

r:1. ti on n f -!;110 con l;:i_n,";u:-: cn.r: t:i.n~ tr:i.~>.J. in:1b.J.1 ~·.ti on f 0r procl11.c:i.n:~ 

~.:hcP.t :i w~n t:1. :ror:cv0r, tl1crc h::i.:1 hccn :-•.J.rci'.dy prr.ctic.,J. r:~pP.ricnc0 

in r.01.vi.11:~ ;:11cl1 ri. '.•.rohl0r'l ri.t tllP. c:~pcri:•1c!1tri.l "'l'yr:non" -Lnr:to.lln.U.011. 

'Pll~ riror)O:;nrl conn tr1.1c t:i.on cU r ;'er~ frori the n 1.rf'r1.rly l:no·:m bu+, it 

liriui'l :~l;0i:l. f0c"l:Ln,-:; jnto the 11')1Jl.rl tl•ro11.r:h :-:hronr:, r:tr'.l;jnwtl !'1011.Jrl, 

0r:r.ill.n.t:i011 1•10111.rl ::cchrir1i:1tn, h:-.c 1: v;1 roll.;; r:~·r~tcrn r'.nrl ncconrln.ry 

'"!ri. tcr con1:i11'> 'l'i1n t0cl1nolor;:r of :Ln·~ot r:--:::t:i.11;; ·:1.i th lo'.;/ Ui:i.cl:rn')n~: 

:i.!1r] }ij_ ,~Ji :-: "''"rl:-: . . ri.:f bn l'C.'1.J.:i :~cd :i 11 n. :-:11nr I; ! 101·j rv'I of tir.10 r::i thou t 



67 

creri. t cf f ort:i. 'L'he e:-:perimcntnl inGtnlln. ti on h::i.s the fol lo::dnr: 

p'.1.:rr.nc tc !': 

thicl~ness, Pl'Tl 

Cf1r:tinr; spced,1;-i/min 

n tee 1 r::rnrle 

1200-1600 (in recul~t~~) 

30-50 
6,o 
r.11 ordina.ry steel n:-~de::i 

for hot s}1cct rolJ_inr: 

vertical rd.th bcndi!l;'"; 

~~110 :racci"te<l e~~pcrie11ce of the flnt j.nr;ot cn.atinr~ ri.t 

nu:::11lmttene h~n sho·.'!n thn.t there arc r: 1:-e~. t opportuni tier: for 

furthe1· rl~Yelonncmt of the clri.n:.'dC:'.l.l continuou.:J cnati~1'"':. 

Co::1hinin;, :lircctly lirp.1.:!-d steel f':!'OC0snii1G rrith hot ro}J.j_!lf, 

procl.nc tion, the iron and steel proi:.luct5-on r.:trncturc::; ~rn fnr 

ri.rl or.ten u•1dcrco certrtin cho.n;i;e:-r. In the neo.r future c:-i.r5- t:i.l 

i~111c~t'.•1n'1t r;rorrth r>.cccr:nary for the hot rollin.s strip mill:J 

con::; +,-,.•1Jc ti on i::; n.~·:pcc ted to tr.l:c pJ.nce. ·~:rim::, todn.;,r ne•;r r..l tcrr.n

ti n' ~;0chnol_oc;icn.l Drocc:::::::er: r.rc rmrc to l1e ':Ior1:Nl. out. 
II II 

1 G. ·:'~H~ Haselete, 1 l" . 
. I)'\ continuouG ca:::;tiP~ in~t~lJ.ntion hctuocn 

t·:!o hr.n•lf1 rcnrcr.n.ntr: one of the f~r; hit:hl~f proclnctiYe i:1~tr.l_lr.

tion::: •::i tll n J'lovri.blc :!lould for etc ·el cri.:::;tir..r, j_nto inr;otri clo:Jc 

to th0. rininhcrl p:roduc t d.zcc. 

1: 1; 1rirvl.cl i:J ::;ho~-m ~ch0rm.ticr.lJ.~r on fir:. 45. 
'l~}c :::·P·tr: r-:cncr~l !Jrinciplc :i.s 1w0rl for thin Gln.bn ·1.nrl rorla 

" A nnnhcr of pro,n;rri.1:t'l1c :J of thin n J.ci.h er.;; tinr; on tl.1c Tb.ri c le tc" 

type r;•; lm.ve be0.n wnrkn.d out c.ncl put into operation. 

17. <:incc 1904 "tTnitNl ;~tnt0n .';tccl Corpo:rri.tion" - "Wj 8tccl" 

nnrJ. ''lk~tl.jhcm :Jtcel", 11.)•\ :mvc lJccn r.:r.rry:Lnr~ ont joint 

invcr;t:i.r:ri.·Uon jn the .f' 1r1 of th:i.n :::ln.b:J cr.stinr,; 
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t:1c :'rO{~rn.;.:no lw.~ h:~cn I'l~Hn~d for . 

n f'i '!C-~"("'~T pi:riod • nHaselete 1 co::1~Jf•.ny ( C~; j)l'O!lC!'), "E~rli~on - .. io.l

!:cr Hcrr~·.ctories",TJSA (rcfr~·.ctcry clct·:cnt::; for fccdin.ri; LL~11.1id Gtccl 

:into the no1tld) c.nrl "'."fc!1t0nhouGQ 11
, 

joinNl t 1!c prcr;r~.r.or:1c. · 

Tl~·\ ( "'"' ~-·, 1 0~·ocl,.,.,.,1·1i c cl1·i 1 r'"' •· ) -"' v.. . .... 1., • - - u u .L ~l. ... • -- -· .. - .... 

The 0;·~tc!:lG of fee cl.in;; lirp.1.:'..d ~tecl into the 11oulcl ·:!hich 111..lG t 

pr0Yi.rlc ; n.r:0t ~urf~ce hir;i1 f1Un.li ty o.re p~·.id ,,...!'ec.. t o. ttcntion to. At 

t!IC! fir~t C".~ tinr: sto.~c incots ~-:ill ktve 25:~~)0 nn tra.nsvcr::ie GCC

tio!1. 
18.J;'or c!1c 11 re·scor Steel" cor:lpnny, US:\. CG ·;;ith 370 1m7! lencth, 

1320 :1•:.1 ·::iclth r:1ould n.nn 38 r.u:1 tl1icl~:!1ecs iw_:ot. CC iG ~mppoGcd to 

oper~.t~~ in comnlc::: r!i th cor:1p:::i.ct rollinr; r.dJ.l ·.-:hich is to he put into 

opt?rr.tio:1 i!l t!1c 0nc! of 1988 or 1989 o.nd ·;;jll nroducc ctccl sheet::; 

for ro] Ji::;.--:, li~1i!1{': ['..11Cl othor purpoGe:J. 

19. :Jincc 1983 P.. t "3u: 1:i. ton~o I~irtl~~ury Loi;c" ':/orl:s, C:J.Gir:n, Jnr~.n, 

GC rdth 1r!1d mould. r:l1crc ::::lnba ~·!ith m~.::ir:1rnJ 600 ran ~7idth 

h~.a bc0n ~:!Or!:inr:. The 1t. ...... i11 tcch11olor~5.cnJ.. inat~llo.tion po.rro.n0t~rr: 

r.r~ r;i Ye 11 b0 lm::. 

:i.:1:-::t~j_ln.i:ion le·1~th,1:1 

cri.c t:i.nc rlp!"i:)d.' r 1/min 

:~ l.:J. h c i~cr:, rrin: 

tlticki.1C:';G 

11 JT~.sc le te" 

G9 
r:;~::. 15 (in prnc ti cc 4-5 ) 

?.0-GO 

Goo 
:.:011.J.d [l.~1r:;lc of incl inn. tion, 

~0~rccn G-15 

nnnld lenr~th :-1, 9 
l)rt!1d cooJ.inL; •;:ith rmtcr array o.t hich ::::pcerl 

~ccond~ry coolinG 

povrinc, t 0 c 
c.~.~:tinr; Gtccl:::: 

ITith IT~tcr :::honer 

1550-15r10 

J.01.7 cnrbon l:illcd AI ~.nd 

r~n~nno::::~ killed AI 

Tllc n...,_::ir:iun CP.pncity of th0 po1J.rj_1,r; ladl0 ia 50 t, of the hi": 

tuncli:Jh - i~ t; fro1:1 the hir:; tuncU.sh ntccl r~occ thrm1r:h ~:hroud:::, 

c:nnhlinr~ to rcr;uln.tc pourinr; :::peed, into tile c.mn.ll tund:ich \·rith 

?. t c~.!)r>.r::i.t;r ri.rrl ti10:'1 t111.·n11.r;ll the !>onr:i.nr; rP.rrn.ctory clmtc prir.;ic:-: 

to 1:h0 k•.nrl i:1onlr1. 'rl10 pnJ.lin.r-, rnl lr: r>re r.1ovcd tro1:1 n.r:~rnchronour: 

rld.Y0.r, :-:~,rnchror.i?.cd ·.rL th tl10. d.rivc notor hy Cf! proper. ~n.r>.h :::11c~.r

:i. nr: i~; r.l o nc b:r r~~·.:J lm r.110 r n:i. tl 1 t:10 1,1r ·:: :i. r:mn r.; pc c cJ ? r.!/r.1i n. :-nn. i1~: .... r0 

.'i.nto1·1~·.t:i.c-i.l.J:t pri.c110r1 :i.nto ritri.cl: ..-d.-1:11 tlie l10ir~J1t up to 800 r1n n.nd 
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i;Ji th th0 10.?li,th 1O.000 I:llile 

0tccl fee din~ into the movnble r.10uld in rcr:ul~ tecl r'.U to::n ticnl

l:r ~.cco:rdi?~C: to tne re::ml t3 of the ntrec..m ~peed r1ec..~ti.rer:0nt bt::?t·:rP.cn 

t!1c bir, :--.~•!"! the m:i.'lll turnlinhes nnd due to the steel n"..nc in t:le 

r;;,:~11 tmvU~h (by I!:cn.nd of npecial sencorn). The rcq_uircd bn.nd ~peed 

of the m~r:::.ble mould is c~.lcuJa tcd from these tla tn.. Dti.rinc ,·1ork 

brer'.!~n pourin0 unit fillin~ in controlled. by the opticnl 1;1e thod ~nd 

pourin::; ri.!1d drm7inc speed in contr:>lled correspondinr,ly. 'Ehe :>.ccur:-..-
"'" c;,r of the !:10Yo.ble iilould fil linr, makes up .:. 10 mn. 

2 0. 'l'h0 Y~ri~nt rThich ha[. [iOt the :JYI~lbol nCC (rofal tion..-:1 continu

QU!) c~c tine) seem.'.:: to be perapecthre c.nd :1:i.nce 1975 it Im~ been 

norl:c<l out by ''Hitati", Japo.n; r~1nce 1983 11 rorf Enr;ineerinG"jii'RG kt!> 

hc0n r10rl~inr; in this fielcl. At prenent t~-.o indu.ntrinl inst:-i.llc.tionc 
com11::i..n·; 

ho.:J been :i.n opcr~t:i.on& ·one "Tokoya.ma" - ·· in I!n.r;oyn., Jnp::>.n, the 

other - "'.".ar'.hl und \7a.lz·,·:crk i.hvienthutte", Au:::tria. 

The e~ncntinl ~iffcrence of RCC procecs from the cln:::;cicnl CC 

in the intc~::;ive steel coolinG in the mould. Th(".t cnn be a.chicvcd 

both c-.n r-. rc~ul t of r.i. lonr;er (2, 5 tir1es) contact (::md a lnr(':cr con

tr.tc t ::mrfr!.cc) betm~en the inc;ot n.nd the nould, nnd due to the rclc.

ti vc ir.;:ot r!.nrl r.1ould r:10vc1 11ent (there occu:r.:J no friction b0. tnccn the 

r.10uld o.nd the in0ot durinr, drarrin0 of the l~ tter). 

~:itccl enters the r.10uld from the tundiah. The hnnd l:i.nkinr, the 

trncl:-ntrr'.nd a.lonr: the r:heel per:i.?ncter (rotor) i::; prcrrned to the 

•.ihccl hy the t\'10 rolls :md d:~a.wn b:r the third roll. '!?he b~.nd ia 

1,6 :.1..11 thicl~ nnd i::: :n."..de of low ca.rhon r.tcel n.nd is ':r.,,_ter cooled 

out!Ji<le fron the npraycr:::;. 'rhe CP.:Jting rrhcel crm7n i:::; made of ['. cop

per allo~·n n.nd in cooled by the r11nnin0 unter fror.l in~:i.rlc. 'fo fn.ci

li tnte i1 1r:ot dl·nninr, from th~ canting rrhccl, the strrtnd in the t7hccl 

hp_:J trf'.pc::;iform profile (the internn.l aide i::; ~horter thn.n the e"

tcrnri.l). 'ri1e en.a ting inr;ot pnrtio.lly aolidif:i.cd i:::; nqucczcd out from 

the wheel by the roll mounted on i tn lower nart. 'rltc v1n.ter cooled 

pla.tc cooU.nr: the in~;ot :i.n locntcd hctrreen th(' rcll fl.nd th0. ;·1hecl. 

TJrn.rrinr; :i.:-: !>nr.for1:v~d by tl1c rrhccl :i.nd pull:i.nr, roll3 (~i::-i.ul t~ncounly 

rccnlri.r) ·.-ri th the r.ynchroni 7.cd drive. 'Phc vcrtic::>.l n tnnrl trnnn form

inr, t:rflp0~iform ncctj_on lnr;ot :i.nto the rcctnncul::i.r :i.n loc::i.tctl nt the 

ontl~t of tlln j_nntallntion then r;oca hor:i.:•rnntnl ::itund rrl!crc the 

in:-:ot :i.:-: j··nllerl into h:i.llcto. 
?.1. '~}10 er; nr.:101:0 r1!11~rc atccl r:i.rrncr: b0trn:~nn the roll:-; i.mdc~rnc~ 1.t~1 

l.:-: ::;harm on fir~· 46 • The rollr. o.re mn.dc of the hich co:wl.11c tivity 
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1:1::-.teri~l~ !'·C':· copper, ci.ml i3 \7:.>.tcr cooled in::>idc. 'che butt endG of 

the roll:1 ~re nee.led.. The ~~st ::;trip coca throur;h a. nn..ir of rcr;!llr.r 

rolJ.n th!?n i.s rolled into the dc:;ircd. t;1icl:nc::;s in t:1c subsequent 

p:->..ir of 2·01.l::;. 

?2 • 1'11c other castinr, vo.ri:-i.nt in ~horm on fie. 47 • The r.nr:le 

r.1[ly be ch:'"'.'l·:ed here from JO t..:> Go c.lc.r-:reer:. Liquid ::; tccl pri.:rner; bet

rrcen the :roll~ alo!l0 the chute. 'i:hc \-:~ter cooled ro 13 arc lubricat

ed, for c:~mple, \:ith crL?.phite, mob.bden dcnulphide, r;lnr:::;, etc. 

Diri:>c tl;r :"..f ti:?r c::.::;tinc the ::;trip in cooled by nir then b~" ·.-:~ ter. 'fllc 

ca~ t ·.::;trip ~J.r,o pn!;:;e::; throvch rer;u.lar rolln c.nd then it is rolled 

in to the !lc~:ired ·thickne:-:;::; in the ~ollo':;inc pair of rolls. 

2J. The :,nin problcr.1 cJf cc.ntinc betm~en the rotntinc rolla is 

r:i thtlr~·::i·~,r: of l['.rce nr:;ount of hcc. t fron the mould. For e;::1.11plc, lm-r 
') 

C[l.rbon r:tcel ::;trip 1,27 Tilfrl thick is cant, theri:l[!.l strcar:i 5 ;~:~t/r:i£. in 

re11uircd to he ~-ri thrlrnrm. 'fhe selection of the cooling 1.:ethon i::; 

ir1pc!:dcd h;';" n r,rca t ten!')era ture over fall hct•.·recn the cool inc: environ 

ment nnrl tl!c in;:;ot, thn.t caur;r?s ~ consiclcrn.hle ther;;nl tenaion. It 

iz r.l=1o ir1!1ort~nt to rcnli::e optimum ncl t :-mpply accordinc to the 

rolls rot".~ion ~pecj, r:~p betr1c0n the rollr; nnd the J.encth of the 

inr;ot u~1:v1Jidified core (for inatanccr., nt :::uall cap 'bct:r:0en the 

roll;; c·1rl ;·re~ t s~uec15n~ strcn(';th on the rollr: in the in~"'.Ot core ,c. 

conrd(l~r['.!'1.c re':(!r:"Jc lifl.UO. tion r 1r-.y occur). 

Accorrlin[; to t'.-10. ·::r'.y of the ITiel t ::mpply triere r.r...y he cli:::; tin.r~ui

r.hcd t:10 ~;t"'-cc..llcrl flo.t apra.y ca.atinc, cu::itin;; with i.:clt drn::!inr;,clic 

C•'Gti!"l[';, :·•clt cn.stinr: b~' :1!)rri.yinr;. 

?11.. I!1 t;!c u:;1~ h;{ :.1c·'.na of cn~tjnr; on (1u5.ckly rot~tinc coolinc 

roJ.l "AlJ.r'';eny I"".dlnn ::itccl" 1:nkc~ a ntrip fro!"'.l corro::;ion rc~i.ato.nt 

ntccl r;i th 300:-:?. t:L""'l ccction. Another CC r:hich •.;ill produce ::-. ::;trip 

·;Ti th GOO:-:? 1i.rn ::ice ti on i:i c::pec tccl to b0 put into opc!'fl ti on. ""."/er, tcn

hour:C'!" c.nd. "Arrico [~tcel", ll:JA, h:"'..VC ::;t:-~rtcrl joi!'lt ce.Gtin;: proce~:1 

cln.hornti.r:m of the :::trip 75 1rin \"fide nn1 from O, 1 to ) nr1 thick,r'?:"'.'1t: 

of J.orr cri.r"i10n :itccl nt t11c cpc~d up to 400 m/r.1in. 8ir.1iln.:~ invc:~ti

r:~tto~1c ['TC cri.rr:!cd out hy 11 I:ri.t:i.nn0.l ::>tcol" Go, U3A. )'01.tr U:J :;tr;cl 

pro;lnccr~; - "Ar11co Stccl'',"Detlihcm :"]tecl","Inl11.nd Ct00l 11 i'.rnl .,.~.iir

ton ;jtccl" coop0r'"'.te in :;trip co.:;ttn0 tcchP0lor~Y cl:'.horr.t:i.on fer 

cl:ircct cnlrl rolll;1r,. 

?) •. ln .r~~.prrn 11 :fi!)!'Oll l~indzoht l:ol:c" er-.:~!;:; r. r.t1•ip JOO r.~m ·:drJ.c 

Gn:l 1-3 :.r1 t.l!ic:·:, i:in.dc nf corro:-::i.011 l't:::d::~0.nt ::';·~·r.l 18-f; t:,rpc i'.t 

t~1c in:;r;:,lln_l;ion, cci•c:·?n.t.:Lc:i.ll~,r :;horm on fJr;. 48 (!'1c1.ti!l.'~ r1r-.n;; 
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JOO l:r;). 'flhc lorrer sto.inless steel roll j_s 1020 mn in diar:1., the 

upper soft steel roll of ctnnd:!rd qur!.lity ~00 mm in dima., both 

:..-u:!. l::. f".re ·•ro.tcr cooled fron the inside. ?he pouri:nc chute mouth, 

r:~~lc of :'.ltE:1ot:rnphi te rii th cernmic con til'l..t., is !1rofiled due to the 

lormr roJ_l curve. The proccs8 r.i...'ly be o.lso per ferried r!i thout the up

per roll nhich in this ca.se ic rn.ised upn:--.rds. 1rhc ens t a trip in 

co:i.lcd r!i thout tcn::don. The circurnferencin.l rolJs speed r.1~Jrnc up 

20-)0 n/min, coolinc speed 104 0 c/min. The ntrip undcrGocs etchint;, 

tlm cold roll inc; (SW squee7.int;) arnl o.nne~.linr, ( 1150°c, ?. min). 

Tcm~Jornry rcsisto.nce 575 II/mm2 , fluidity limi to.tion 259 IT/:ru12 nnd 

rel[lti·.pc clonr:ntion 56,2~.'. imvc been renchc!l.. 

2G. ~,, o.t-:1hn.pccl in;,ots o.rc su:-;cc~ted to be cf.l.r;t on CC, consictinr, 

of i:!..'1.;,;:i v0 ..-r~ tcr cooled riilcel (rotor), loco.tcd n.cro:::ir. th~ in:-;ot fror:: 

itr~ j_nnrir :-:1.tlc; r;1'looth "infinite!' bo.nd, comin0 5.nto cont~.ct rrith the 

inr,ot frou the c;:tern<l.l cid.e which by me:"..nG of rolls nystem tnker. 

t•1c G!w.pe of o. c;:rU.ndcr (rouncl); t·.rn :Jer;raent bnnds loca tcd on the 

·::heel ['.nrl J.iml tiEr, the j_nr;ot frori1 the :>ides ( t 11CY nll for1:1 the mould) 

n!'!d then t~ic bci.c!~ up roJ.ln a~·ntcn, ::;ccoil<fo.ry coolinG :::ystcm, strri.in 

!'all of ti1<:? Ger::,!cnt hP.ncl3, the i·1cc]1::!.ninr:I for ::rnlidified inr,ot 11cp::.

rn tion f)•o::1 the r:i1ecl o.nrl the s~r:-:tcu of the ncr,rncnt b:i.ntlc bnck up 

ro11G. '~h0 :-:nooth h2.!1d 1::otion spcecl ic cynchronized ·:ri th the nllcel 

npe0rl. 'r.'hr> 1'"1'.'~;c1·ibcd CC mu:::t o.llor1 to cn.:>t incots from G to 80 r.u1 

tldch n.rnl fTm·1 10 to 1500 r:im nide nt hir;h ::Jpeecl and r!ithout defects. 

27 • ~110:;·(' ic rm irn~talla ti on 11chcr1e for ~ thin me tn.J.lic b~nd. cc.::;

tinr: (fir-. 49 ). J,j_quid metal i:J supplied onto the intcrnn.l nurfacc 

of the ro t:i. tine hollow c:rlindcr r!i th lo.r;,e radius. Cool inc syfl tcm 

(~.7ct~r ~m·rr.:tcrn) r..rc lOCQ.ted. 011 tho c;:tcrn~l cylinder nic.1.e. The GO

J.:Ld:i_fie::: br'.nd in rcco1,1rricnded to be rkfornerl •::i th roll:-.: before coil-
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2n. '~'hn. pos~ibili ty of direct i~;;ot C'l.:Jtin:: •:Ii ti.1 little ~~r.t:i.on~ 

th~ t 1:;~_,.:.., rlirec t continuous cnn tint~ in~ots roll in:'!. r>_ppl:i.c~ tion r10re 

pro b~.hlt? ~~nd econor:iicr":lly advc.ntn;.cou:>, open ne;-: per::;pec ti ven he! fore 

horh~oi1tl".l CCs firnt \·1hile c:-i.Gtinr: :>ortcd jn,r;ots with li ttl.e ::;cc

tionn :m~l tl1inner slabs. 

29· "1'eclmik Gu3s" comp~.ny e··ports ll0ri?.0:1t~l r:cn for cr>.s tinr; 

alloy !;tQel and cobnlt alloy inr:ots ~·-rith 5-15 ::r1 in !l:i_.<"l_Uet~r or c::-..r

bon P.nrl ~1lloy nt~els nith )5-75 r.l!il in dirtmcter [25]. 
At r.uch inat~llations continuous Cr!Gtin::i; of hi~il P..llo;r rocls 

with 3-1?. r·1.:i1 in iii:-i.m. is cnrried out for further rlrnxrinr; or for rol-

linr; round or nriun.re section rods with ?.5-60 mn dinu. Scniin-

dnn trir'.l ni-x: ntr~_nd horizontal CC (Steel Cri.atinc; Enr.;ineerinc)Orin,--:e, 

U!:i/\. for rod continuous cas tine lw.3 ncquire<l prociuc ti vi ty 1, 5 t/h for 

one str~nd r-..rnl rtnnual productivity renchcs 50.000 t. 

J O•Tirn rne thorl of proaucinc thin cl'lbr. by horizontnl continuou!J 

en::; tinr; i:J l·:orJ.:c~l rmt rri thin c.n internation3.l renenrch pro;,rni.1me hy 

"Bri ti:1h Stec l" [a6] . The r:iethod is b::u:~ed on the prJnciple of rP.

tr1.rt0.d upr~r ri.;!~1 lo-::-:?r rict:--..1 ln;:ern colidificg,tion that provides 

{'.'.OOd :::urf~.CC f!Wl.lit:r f'l.lld inclusions flon.tntion. 1rhe i!1:Jt'>.lln.tion . h 

rd.th n 4-tonn lri.dle for sln.b C['>.GtinG with 75 x 500 mm m~ction in 

dir-.r.1'~T.cr, ~.t n.bout 10 m/min ca.stint; :Jpced hna been built nt o:•c of 

the rro1·!:!1. :iov::i.ble r11oulrl 111ade up of iron ncn;!llents j_:1 mounted on 

rniln. TtC!n. t icol::!. tinG fncili ty i:-; in traduced in ti'.' ri. !>Jould before 

cri.c tinr; r.nd the bottom r.nd the s trn.nd >r·tllc r.re clom:!d. Po11rinr; ic 

rlonc throw~h the tundinh chute, metnl level heir;ht in the rrionld in 

con trolJC!rl in -the conrne of the process :i.nd r, tecl consur.1ption is rc

~ulnte~ b~ the slidinc ~nte. 

)1."Dr.nicli", Itn.ly, pocrie!J:Jinr, :i. ten yeat c::-::pe2·i~ncc i.n conat-

ructinr: nnrl operatinr; hori7.ont~.l CU::; ho.a derJicnecl n r.ped.['>.l 

inn b.lln ti on rli th el cc tro1;1.~.ri;netic rnixinr; for m:1:i.ll G0.C tion j_nr;o t 

cn.3 tine. ·r11c dis tin;;uiahinr, .~en turc of the ins tri.lln.tion thri_ t ha.3 

r:ot the! n~11nc EDI.l in n li ttlc con:1truction heir.;ht thuG r:ivinr:: n num

her of n. 11 vri.n b.r~c~. · 

Th0 r.or:ihincd c le~ tromn.1;n~ tic Mi;:inr~ provirlca r,ood rw~ tf'.1 ri.nd 

inr,ot !"!1rr.r~ .. c~ qnn.lity. 

'rhc !'rt.in in!"1tnllntion pn.r:-u10t~rc n.rc the follo..-!in[j: 

l'nr!}1ino typ0 "D~nicli" J·;m: 502 

Jh~ot !"1cction, nm from ooxno to 140x140 
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3~. tint5.l recently tltc dcvclop:1ent of cln:;~icnl CCs ha::; been ac

cor.1pnnie1l hy c~.pi tnl invcstl:lcnts ~ro\"!th ":rhich lm.s been in r;P.ner:-tl 

co~!'en!1~tcrl by thr? increri.sin0 instalJ_Cl.tions productivity. J,.__'1.ter ccr

tnin hope:-: 1:!1".'re set on hori?..:>ntal CCs th['. t demand less c~.pi tnl in

vc:; t:!!i:?n t~. At prese?nt continuous cnsting processes nre believed to 

be per~p0ctive t,·;here the tundish and the mould :\re combined; ~nch 

instn.11~ ticms ~re. a ttrr-.cti ~!e for producers of speciri.l nnd ri.lloy 

:; tee ls. CC •:!i th very lm·r heir;ht, be in~ r-. compromise bP.twecn vcrti

cnJ_ nnd hari~ontr.l inct~llations, r':Y.y serv·e nltcrn~tive ::;elution. 

33. T:". t~ l;r not:->.bJ.c succc~~ h~.!1 i~c~1: ~c hicvcd in: 

- bPt<li"'Ji J.i.:"!.i~c; cl~.bo::i:r.tj.0!1; 

~ystcr"!.-'1 of :1r? tr..l sup"!_1l:.· into a ;1ould; 

- r.onln ca·~~ true tions ['.~ri their !::'.1.te:::~.r-J.c; 

':~hc~c r'.lte!>tion:> ['.re cl.c::;crihed in <lctr..il bclo~:. 
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34. !!0·.-r ·::carrc~d:::tant refrnctory type::: hnvc been rrorked out for 

tundish Jining on the bn.sis of zirconiua o:-::ide, borum nitride, ci

licon cn:.rbide and their r.tixtures; ne-:1 hca t isola tinr; concrete Iil...'1.S

~cs, inc.l udinr; double-lnyer \7i th nn operntinr; {'.nd hen. t ia•Jlf:l. tinr, 

layer; dry dolomi tc mnterinln of special r:r~.nular metric componi ti

on on he~ t rcnistm1t I'cnin ban in; refrnc+,n:r;r r;;:--~ teri.al::: reinforce

ment, prevcntinG their deoxidn.tion, etc.[27] It enables to decre:?.:Je 

rcfrncto:ry cornnmption, to lenr;then their aurvice life nnd to pro

vide lon;:0r operation (lurinG "hen t per hen t" operation r:i thin r.10re 

th:1.n 1? hours. 

)5. 3lr>r:. forminG rrii::-::ture :::election for each certain c:rnc nnd ca:::

tinr; c01;rli tions promotes billet surface qunli ty increo.se. I.:i:rturea 

connist of a number of natural ma tcrio.ln. ~:then they are aupplied 

onto the 1:~ctal surface in the mould they arc melted nt 1100-1~oo0c 

~.nrl forr,1 :111 isola tine lubrication filr.t be tween the crust of the 

c:i.st billet hcinr, fornerl and the nould m1ll. The film prevent::: :Jteel 

cohcr;ion •::i th the copper mould n.ncl decreases friction betr1een thcr.:. 

re~idca, cnGt mi~ture reduce~ hcnt loacea by radiation, nboorbn ~nd 

c!i~~ol ve::: flo:i.ting non-mctnllic incluaionn, prevent~ o;{y~cn nnd nit

rocen n1.l!:!1ly into the nctal from the air. 

)6. i·odi:rn clnr;forninc r.!ixture3 conaist of nmel ted calcium ~.nd 

other adrlil;ionnl cilicntea: fluorspn.r, petelite, graphite mn.te-

· ri('.J.S f'.!1 cob.? <lunt or ~oot , nodn etc. Dm;icity, vincor,i.t;r, 

tcn!1ern turc n.nd mixtures mcl tine; r.pecd r..rc rer;ulated by thcne ::ulcU.

tionn. 
37. Jn .,_ mm her of co.:Jca -!;he po:rni bi] i ty to chn.nr;e mould rlid th 

in the c~r.tin~ proccnn at new CCn, c.~. in Jnpnn, cant in~otc ai~en 

:-i.rc cl1::.n--0.d f'.bout ~')O t:i.!1cr: rt r1Cel:, th::.t p1·0r:1oten direct in,n:ot h0t 

rn.Llj.!1; .. fr·r·!q1n1.n.'~:.' to br. rricl0ly i"'.pnl:i.Nl. Cr :ih:inecl inr:ot r.~.:-:tin;-; 

r.w•Ll 0~: ',n 111•nr1•1cr. ~·. •;:frl.0 ::1.n.h, t•:to :1l:i.1J::. of r:r:1r•.ll0r i:d.rl ~;11 or r.c~vc

J'"J •1r1J."·,;:; :i11r•nt:-: :i.n 0110 :~b·r•n(l; fl,.1 CC:-i of f-.lrf~ t;_,•pc r'r<' ~y~j:1 r~ c-:011:;-
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(0.5 - :J.O i1!·1) contirli,!1• Such cori.ti.·.'":::: e;:pcnditure::: n.rc r~t!v~r hic;il 

.·~nrl thn.jr cconony r:m:::t be e:::ti!71'1tcd for cri.ch c~se !1('!J:".r~t0ly. 

Jn. At "R~13orb:i.c!: ~Heel", US.\ pla.nt the 11ould ·::ith lr.ncc cooJ.in.n; 

t!1:-i.t incrcn:::c3 c:.--.:::tinc r;pecrl con:::idcr-

n.hly (1.J tines) at tl";e ~::pen:::e of hent nb:::trnctio!1 intcn~it::,r in

crc3~c. ·~rcovcr, :::uch n con~truction provide::: :::lnb aurf~ce q't~lity 

re~ml t of the possibility to re,::ulr-!. tc cooli~r: nlonr: 

• 
J~. rr:1 ctic~lly n.11 ne\7 CCs ::>.re cqttiP!'Cd hy clectrouar:m'!tic r:tir

rin:"; dcYiccn. Thn t cn:rnrc::; billet r.acro3tructure ir;1provc1·c11t, )1:".rti

culr-.rly ::::i.:·:turc::t :::ccrcr;:i. tion clccrco.:::e nnd :il:::o surf:lcc qu~.li t~r im

m'ovcr~0r:i t. Steel ,n;rn.de::: cn.:::t nt CC e::p:'!.nd in qu::>.nt:i_ty. ny the bccin

ni:ns of 1?87 ::tbout l!-00 CC :::tr:J.nds rrcrc equipncd by clcctror,1r!.:::nctic 

:-; tirrin.:. 11ni t:::. 

11,0. ;ncctror:'!:::i.r:;netic unit::: 11'.:tvc :::tr-..rted to he O.fJ!ll.ictl, 

the :::p0crl of the iact~l :::trcno lcnvinr; the ::mbmcrGcd shrourl hole, bc

conc~ r:J.o•.7cr as ~1 rc::mlt. To retard ti1e strco.m, nto.tionn.ry clcctro

n~.c,nctic field directed perpcnrJiculr.r to the mete.I strc~.m is F::;cd. 

tr~inc t!10. device it i::; po:::niblc to rlccre:-i.nc t·;Tice r:1c tnl motion npccrl 

in the 11ould, to in.crcn.r.ie j_ncot ahe 11 :::ol idificn tion r-.nd to dccrc~.ne 

n~rro::r inr:ot fncc::: 

'~!10. rcn.:::on foJ:• ncto.llurr:;istn con:::t.'l.nt intcrcat torr».rcl::: continu

ouG j_nr;nt c:i.r;tinr; cloac to the fininhcd pl'odnc ta by j. ta ::;i?.ca lie::: 

in csacntir.l '."lrod.uction proccas si:r!plif:tcri.tion nrirl cncrr::y a:winr; 

41. Pc•:! 1·1cthodn of o. mechnnica.l pnrt - CC r:i th multipoint bcndinr, 

r:rncl.ur>J. :i.PGOt a trri.ir,h tcninc; dcc1·eo.ae tension thn. t tnkc8 f'ln.ce in the 

h1r:ot (lt1rinr, bcndinr;, r:1ri.ny CC::; }1avinr; built lo.tcly have ri.cquired \'er 

ticri.l uonl.rln nllich incrcri.sc::: the ntri.hili ty of caatinG, :i.;1crcn~c r.r.r:

tin~ npe<'rl. ri.ml cn;;urc in::;ot qunli ty irnprovcMcnt; 

~unrl.:inh Cr'..par,j_ty incren::;c n.t pm·tcrful CGa; minirnl atccl rn~::: 

in tundiah :·nl:ca up JO t r1hich provider; continuous er.::: tin;; ..-:i thin 

6 min. 

~2. D0forrin.tion o.t fl. nccondnry coolinr; r:0ctor nt prcr:cnt rir,j.rl 

s:;ntcr-:r; •::i th the 101;1 at.cp of he.ck up roll::; o.nd their ln\·: di<>.mr.tcr 

(up to J;irJ P111) j~ opti111i7,cd. 

'1-3. J·,r; trw 1c11t:i nn<l control device:::, inclwlinr; m:i.croco1ilputcr!1; 

t:wy n.rc conr:tn.ntl;r improved n.nrl 11.".'.r; become the vi tn.l ncce:iai t~r of 

rrocr.:::r: :: tr•.hili t:r, cn.ntinr; iricot:J Jdr:o;h riun.li t:r o.t hi,n;h c,.,_:Jtinr; 
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h) Fields of application 

l. Jn !'ri1"!ciple there rnny be different lirni tntiono in continu

ous cn.stinr, applic~tion, viz.: 

- economic; 

- due to ::;tee! ~rndea; 

due to n cast aection; 

- due to the product qun.lity. 

2. Frri.c ticnlly, in all co.sea continuoua en::; tin!; is economicnlly 

r.?.ore effect:i.ve thr?.n periodical inr,ot co.stinc;. ~7orks nith lo~., out

put 11:-.1~~ :".n e:·:clw1ion: in this cns1_~, if nnnun.l stQel outnut n:".kcn 

up 1~:1s l;h:'Jl 25-)5, 000 t., ::i.d· l.i tion~l t:ronnds for CC cono truction 

cf rec ti v~net;s should he ci ven. 

). ·r110re ~.re no principle lirni tationr; for different purposes 

continuour: r; tccl c~ntinr;. First, s, eel for only rnm:::; pro<htction 

m:rn C[>.~ at CCs, then continuous Cat; tint; of lm1 alloy ::; tee la rm.a 

clevelo!le<l nnd now hic:h alloy steels arc also cc.at. J,r?.tely specinl 

steel continuous cn.stinr, has r,ot niC!c npplication. For 0:~nmple, 

"Steel C:".:1 tin[; Enr;ineerinr.;" Co has worked out n hori~ont:-tl CC for 

contim1011::; co.atinp; of nickel, copper-nickel o.nd chromium nlloy 

r:i:ri:?a r'.nrl rods 

4. '!.1hf!re ::i.re no principle liai tations from the stc.ncl!1oj_nt of [!. 

c~.ot billet section. At prc:::icnt, n chcet 20-60 mm thick, ri. a trip 

1.0-1.5 111·1 thick, rod!1 n.nd r:ires from J to 60 nun din. etc., slnbr: 

n.nd hloor'1n of prn.c tic~lly o.ny rleoired. Crons-oection nre en.at n t GCs 

5. The !1 tecl qun.li ty procl.uced durinG continuouo cnn tinr; in hir;hcr 

than durin.rr; cn.~tin[; jnto in.r:otn. '!?here [l.rc defects or they n.re 

rather m~ck bcinr: connected with the impurities scc;re:;n.tion,:Jhrin-

1::".f':e etc • Typic::i.l d0fectr: of n. continuous cri.stint; bi llct P1:i.y he 

removed hy :-Jccond::i.ry 1;ietnllurcy refininr-; I1ct11odc a.nd by e::ternnl 

cffcctn nn a nolirlifyinc ~etnl. 

G. '1111~ r,0.lection nf the unit con:1trnct:i..onn, ::;cpn.rate co· 1ntruc

tion uni tn ancl continuou:J cnr, tin.~ tcchnolo";ieo in cfotcrmincd fir!1 t 

hy rnr: '"'· t.~r:i.n.l::: nrnl cncr,r;y rcr:nnrocr. co::: t, r0quircr:lcn t!1 to pro

cluc ti on rp tn.l :i t:r nnrl co1;irnodi ty J.!ri.r!:c t. 
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1. :~ro!:1 ~11 pointG of vie•1 - economic, productj_vc, f!ll['.litri.tive, 

ecolo.r;:!.c::l, indu!'1trial .:mfety - continuoua ntc~l cnstinr~ i:::; nurc 

to h~Yc ercential _, r.ulvo.nto.;~eG r-.~ compared r!i th a periodical Gtccl 

c~:;tin::: into inr:ota. Iic\-rly conatruct!?d or reconntrnctcd shopa hoth 

at r.iini-pl~nts ~nd r-:t pla..nts rlith n complete mcta..lJ.ur0ic~l c;:,rclc 

h nve contj_nuoua stc~l ca..stinr: dcpartucnts. 

2. T~1c !'1clcction of the unit conotructions a.nd continuonn er.a-

. tin,r; tccl 1T'lolor:ier: is dctcrrained hy the locr'.l condi tion!'1 and d'=pcncb 

on cert:-'5n rn•7 nn. terio.ls nnn e;1e-y~,r-.:y rcrrnnrces nvniln.ble, on the 

r1ctr.lln~~_r·:ic~l production ch::rncter rerllli.rcmcnts tormrdo production 

qun.l i ty ~.ncl c01;u:10di ty 1;1nrkc t. 

3. '!?he 1.1on t nide ly uncd unit t:;rpe a. t Nodern Iron and 3tee1 

'.7prkn j_!'1 n rnrlinl type unit \"Ii th n lo.rec curve rnclius (111orc tlmn 

6 ra). Inr;ot nnd nl~b uni ts mn!~c n lrrrr:c portion amonG rn?r:J.y in

troduced nnd rle:>ir;ned r.r.rc::~ntes. Optir:mm nccondnry ntccln-:i..ldnr; 

tcchnoJ.o;:y :-tnrl 1•1odcrn continuou:-i cri.stin_s technoJ.ocy o.rc comd de::.·cd 

to be th~ ncce3:-;~_ry r:ictllod.s for hir;h r1un.li ty continuous C'.".r.::tinr; 

production ~n~c by CC. 

4. For d~vclopinG countricc unj_ts r:ith J.orr constructive l1cicht 

hori~ont~.l t;:pc r'..nd tr[l.ditiono.l type unitr; r:ith incot h0ndinr; 

(curY!~ r~_(lj_1m J-6 m), beinc; rrorl:cd out r.ncl introduced, ri.t !1rc::::cnt 

:i.rc CO!l:li'l~rcr~ to be the moat perspective onca. Units lil-:c th~t 

nrc ch~r~.~ri?.cd hy lo·:r co.pi tn.l ou tlnys on con3 true tion, conr;iclc

r:-'.blc t.0.clinoJ.or;ical flc::j_b:i.li ty, r;rcn t ari.fcty and convenience i.n 

opcrntinn ~3 corn~nrea with trndition~l ccn. 

5. :~lf'.born. ti on of CC co!1.G true tion8, provj_dinr: acuiprorluc t pro

duction ·:r:i. th r,~~c tions nprroo.ch:i.•1c the f ini::::hca. pro(luc t:J r:cc t:Lonc 

:i.n ri. rc:r:-:ncct::f.vc trend in the f icld of cont:i.nuoua r.tccl cri.ntins. 
1J:!1r.t cn'1_lilr.ri to C2.rry out furt!•cr !H'occ:-:r.iinr, of cnch a p1·oc.1uct 

only rit .,. f ininhinr; r!1ill. 

6. :\t ··r~:-:cnt, only enar;::y r;o.vinr; tccimolocicr: ::::uch rm "hot 

cil:·n'.';0rl" oprn·r~.tion :-ui.cl rJi.rQct roll.i1v: n.r<"! l>ci11r: clcvPlorv·111. In tl'i::: 

cr-.~c ci::: :->.re rcr:.,.rrlcd ri.;J n.n int(!{';ro.l pnrt of :'.l. tP.chnolo,"::!.c.'1.l line 

1::1lich cl n;:aly i::: conYJn.c tcrl_ r:i th the pr0vim;.r: lrvlla C(pd.p: 1cnt nnd 

mu;cr1uc~n:; rollinr~ oc1_u:i p!H0.nt. Gn:::tinr~ procc::r: rtutorn:i.ti:-~.'1. !;ion cn::i.b

J.inr~ to 11)·0r111c0. :" 1.:ntn.J. rrith o. ldr;h n.nd ;1tn.hlc r:ur.f:->.ce qu.nU.ty :i.:1 

n.'1 ohlir:.". tory corvU.tion for nuch t0~l1nolo,--;i.o.'J. In thi::: c~ 1 ;in r.n 

in l;cr::l''rl :! ·'"'· tc :rnr fn.cc cleri.nin.ri: (in tllr~ :i.nt~rvrtl he !;•;rccr. :'. co11 U.nunt,J:J 
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1';1u:::: hic:11 qn.,_lity of continuo118 C[':::;tin,n; billet:; ir: 

C!"'~t1,.~rl h;' t11e fol) 0·.-;j n,r; fo.C tor~: 

- ·::~1.;."l rircpn.rri.tion for C[l.::::tinr>:, incl11di!1r: ~!'i:on ~rd ·c·.r-.Cllll.!'.l 

-proc~~:-:inr;, thoro)1,r:;h tcr1pcr.,.turc cont]·ol, l"J.U'1.nt1t:,r ,,nd non-

?.10t~l lic inclu::::ion:1 form re(,'.lln.tion; 

- :-:t!'ic t CC ndju:-.;t1cnt .'1.ml 0:,cr: te:,:~tic :~1onlcl por.i tion r'nd 

- :'0+.·~l nrotection :nc:i.::::urc:J f2·or!l r:ccol~'Jn.r:r o::irl~.tion .,_nd 

c0ol:i 1 :r: nlonr: the entire procer:3: r.:~;0cl tc~rninf~ lrdlc - tuncliah 

monld; 

ld.r:'1l~r re::d.a tP.nt re frnc tori ca o.ppli.cn ti on for n tcei:iinG 

lr.r110. ri11rl tunclir:h lininri: fl.ml r1etnJ_ liroteetion rr:Cfl.GUrGr;; 

- ::i~t t011n. tic !':ctn 1 J.cvel rcr;uln tion in n. tundi::::h n.nd n nould, 

mcc11ri.ni:>;ed a~.mtcm 1.1 ixtnre ::rnpply into the i:;onld; 

- al~~ n5xtures nrplicntion providin~ aurface l1i~h ~u~lity 

reri1_1ir:tng prnctic1J.lly no cn::::t inr;ot clef'l.nin.";; 

- r:~c11:1rlrt.ry coolinr; rncthorl c:::cluclinr; int0rr1fl.l rlctn.ct.::i 

oc~1P'rt.:~c~ in hil le t::i; 

- 0, N~ t1·0'.'~.,;:nc tic !:1i;~inr, n.p~ U.cn. ti on ri i! 1ecl n. t C~'.fl t ld. 11.c t 
intP.~'r'".l s trnctur0 inp:rovc;;10nt nrnl cn~tinr: tP.r:pcrf'l.tnro :i.ntC"rv~.l 
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~econd~ry stecln~kin~ ~encrnl proccc;;cG. 

1 ;; tee lrn::i.kinr: nni t 

2 ln1le procesnin~ (decnrburi~ntion, doaulphuriz~tion, 
de~~o.aain[;, dco:dclntion) 

3 - ~teel trcn.tment in a lndle vri thout v::-.cmm 

11 - -.·f"'.cuum proccssinc; 

5 - ~rr:on blorrinr; 

G - rofininG in n ladle 

7 :::itreo.m '.':'l.cuun proceamn~ pnd inn lndJe 

f3 - vncunm proccsd.nr; (DI! n.ncl TUI nc t!1oclG) 

<) - nroc0r,;;inr; rd thout proher>.tin~ 

10 - proces~:dnc r:ith r.tecl pr0heo.tin:_: in n. ln.dle 

11 - f!!'ccinl nctllon:J 

p - n:-:1e tho cl 

13 - !~F-on r~c thorJ. 

1·1 - ,~.~V-mcthod 
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[i' i,.,. 5 -·t 1 • 

mr-metllod 

n - conventionnl_varinnt 

b - vri th o:;:ycen blor:inr; 

c - uith ~lne procescinr; 
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d - ~7i th ~,.rr:on blowinr; throur:h lJottom 

c - rli th o.rr.:on blo•::inr, thro11r,h lnn~e 

f - with po~der blonin~ 

~ - ~ith blowine nt incren~ed lndle 
pre~::rnre 

h - with electrorrnr;netic p1.111p 
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0 L---'-~--' 
.f Z-l lt-5 1-7 

!C), f0-11/e 

l·'rcqucncy cc~r1Jon content U.i:-:trihntion jn OG10 ::; t.-~1~J. 

1 - vncurn:1 procc~~::-:ecl steel; 

2 non-vn.cunE'l procc~sed :-; tc~ 1. 
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Pir;. 7 von - proccr:s unit. 

1 - P.rr;on r:npply; 

2 - o'hnervri.tion windo'.'!; 

) -:- to vncuum pur:ips; 

4 - lnclle cover; 

5 o~~y~en lnncc; 

G ~~ter coolinc con~rcar:ion; 

7 - lndle flnn~e; 

8 - ~tcclteeminG ladle; 
9 - :::lidc r.nte. 
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':l. 8 '-' J.{~. 

IHI-OB process r.chew~. 
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Ji'jr;. IO 

rr0ce8:: 0cltcnc of ~ontj_np_Qll~ v~_cmu.1 

1 - ~-'~'.c,_111n c1in~hcr; 

1i - t;') vn.c1.1u::1 punp;~; 

5 - 1J0v:i.c~ for dC?o~rj_c.i.:i znr!i introduc "tj_on; 

7 - 1 :rrnl.rl_. 
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ri.:rti ficinl ... 1 .... ,.. -- •> --~•u 

z 

:: ::r \' •' .. 
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li'i,r:. 14 
CAI'-r'roc':'r·s ~chor::i:.' 

1 - poroun ~ topr1~:!' 

~ - lo.enc 

. 
1t - ;,~ 1.n rc·rno"rp_l ~!olc 

5 - ~rtificial ~1~~ 

G - o~idizin~ ~lr~ 

7 - n 1 icle r:::ra. t0 

1 
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•::!10:--i ; ... ~oc0r:!1cd by DF-nc tho(1. 
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inrlucb.on coj l; 

lrdle; 

to vncm11;1 f)Url'.)• 
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lo'];:. !8' 
Schc1:1c of 81 unit for !10'."/CTt"re<l u . .,. ter5.· l:: j n,i ec tj on 

:i.nto lnnlc. 

1 J.ndle ~ith ~tccl; 
0 - r0 frnc tory lance 
... 
' 4 

~ -
1mn!:ern 

:;.·ncl: 

;::::; tcr.1 of r:1~'11P.f'.0;i:cnt 

tl0o~:i:i i?.cr.:; <ml r'.110:;j_;1"': '."'.c1·1 i tj o~;::; 
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~;_ .... ~~~o.:.:.L.:-.:.:..L .. 
~.: .. 
I• ... . -.. . , . 
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. •· 

: ... ~ ~-~ •.:....,.....~..,.,.---,,..,...-,~ . 
....i::;:;:;:;:~~==t==~~il!l.~,~;~:::-~_;j:;~:-~;r~. ;..:-:~~!;-~~: •"~·~ ~~-:~·:.-~ .. --·· :-~-~.;~--~_=_;: ... ~._;-,:::·l-i=::-

Ura111JD$ilaml~·;. 
···~·=··--~- ":'.:-•;-~_.;.:·" 

a. 
l.~;,. IO , ~1..• ... c, 

A~!~'-:>l~i·' unit nt pr0.h0rl.t:i.nr: st~_nrls {n) 

J ~~t~r coolin~ cnhlen; 

'1- b·:i.n~ f or?TJcr; 

) 01 ~r. tro<lc:-:i hol<l0.r; 

G rJ•tnh~r-'1.o~c; 1".'ter for nl.loy~; 

7 rl~~ric~ for ri..rc J.:i. ftjnr:; 

P. cn'.~!n·c~:Hd.on; 

9 ~"tcr coolin~ c~1~~on; 

10 r-1:c rinr,; 

11 oli~:nr~m.t.i.on •::5n<l.0~:1; 

1) - ~·~·c11 1 1111 r..~rnt0.r.1 1·dth dur-t collector; 

1 ·1 - '•1111!'.cr for .-i.11.riyJ nr: n.rlrl i ti0n!':l in tr0rl11c tinn urnlcr ·:,,.r,n11::1. 
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Pir:. IS h 
•.) 

ASEA-Sl~Ii' unit n. t yn~utun 

procer.~inc stands. 

1 - dr-vjcc for clcGtrorn::i.r;netic stirrinr;; 

2 - cnr; 
3 u~t~r cooiin~ cahlcs; 

) e 1."~ trorl~s holdP.:r; 

G - hu11l:cr-(loz0r·1c tcr for 11.l lny:::; 

1 rlr:•.ricc for nrc liftinr;; 

9 - •:r'•.t.r.r· co11linr, cr'.i11::10n; 

1 () nrc rj n;~; 

11 nl1 r.0rva tion vrindov:; 

13 - ·;->cwim r;:t:1tr"?r:1 rd.th rl11:it col.10~tor; 
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1~ - b1P1 1:!?r for nlloyinr; rvlrlitjnnr.: in1;rodncti(Jn iv1•l0r Yn.cmuri. 



li'ir,. ?O 

~>t::iinleGr; G to:~:'."!l produc tton by J,D-PH-OD proccna ~cher-:c. 

i - i-rnn dc:-;ul.phu:rizn.tion; 

.i - ~J-"'.r: r;cn,.rntion fror.i i•1ct::i.lo; 

.~ - h5.r,i1 c~.rbon .FeGr. 

9? 
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Fir;. 2! 
CC princip~l scheme. 

1 - tun(lfr:lJ; 

2 - mould; 
) - nccnnd~ry coolin~; 

~ - dr~~in~ rolln; 
~ - hillet ah~arin~. 

98 
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Fir,. 22 
Fr ind. nle CC nchcmen. 

1 - vertic~l type; 
:-:> - v0r ticn.l t;rpe rri-th bendinr.; 
3 - uith vertic~l mouldi ahort vcrticnl part a~d 

further benrdnri:; 

I~ - rrtdJ.n.1 t;TpP 
5 - •:Ii th hent mould :incl r,ro•:rin.-; h~ndinr; rnd ius 

( cnrYc-line type); 
6 - hori~ontRl type (or inclined); 

,. 
·' -

bullet r.hcn.rinr; zone; 
colirtification en~. 

99 
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Fi~. 24 
Scheme of mei.al protection from r.econdnry 

oxidation on the nay to steelteernine lndle 

IOI 
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''i,... 25 
I -, ~. 



Flg. 26 
Tobul a 't 1n0Ltfti 

{-carper 
2-sfeRI 

z 

Fzq. 21 

Bai! d·- up 171011 ! r1 
I- C {If /J{' 7 

~-ste.e/ 
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:/;,:,~:-:.'/~·~1-:.-/. 

Mold 

/, 

, ' 

A 
Overflow 

liquid rteel 

Shell 

B C 
Overflow+ Remelting Meniscus bent back 

7hrec main mechanisms for the formation of oscillation marks. 
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Fic.30 
CC hori7.onb.l sche111c. 

fl - rli th r:int:,le inl~Ot drawing 

b - with double incot drr'1.xring 

1 - metal receiver 
? - f~eder 
., - fl!Ottld .) 

11 - inr,ot 

5 - GeC'd 

G - rolla 

7 oscillntinr; cn.r 

!06 



a. 

b. 

Co 

c<; ho .. i .. •"'\ll ta.l type 
~c11c1.1e 

1 - n0t~lrcccivcr 

?. - nnr011n r.tonp('r 
f nr Jn!'rt 1,n.r. 
r:n t:"t.l blcminr; 

3 - l11()1Jl<l 

~ - :i 11rl 11c tnr 

-·' 

" 

Fir:. 30 
b 

:-:chenc of moul<l fiJ.Unr: 
nt hori~ontnl nnd 

inclined CG. 

1 - ntceltccminG ln~l.c 

?. - mctnlrc~"ivcr 

3 - protectiv0 rin~ 
~ - r:r::i.ph:i. tc mnuld 
) - r,nr.d 

--, 

Ifl6a...· 

c 
fi'ina.l t0'?mi nr; 

rJchcne. 

1 - nctnlrec"iv~r 

? - mool d 

~· - hj 1.1 ct 
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:,•:i.r;. J 1 

k~yout of electric s teclnnking shop with c~stinr, 

:i.nto inr:ots ri.nrl r- t CC. 

!)cr~r 1:!~~0nts: A - chnrt:;"; D - r:rnnul::>.r ?:1!1. teri~ls; 

c furnnce; n - tcemin~ ·:ri th dcpnrtracnt 1 

for ladles prepnr~.tion; g - shor tP.ned for CC; . 

2 - tecminr; sites; 3 - rr..ilrr.'.1:;s; 4 - electric 

furnnccs; 5 - transforner:>; 6 - b::t;,rs in furnnce 

8i tes for hnah~ts rri th scrc.p tr::msport~.tj_on to 

the oper:i.tinr; site; 7 - elccl;ric fnrnn.ccs P.rcs 

m..'l.intc:mn.ncc clepo.rt1rrent; e - rnih7r.ys; 9 - 3 t::i.nds 

for ch::-.rr;ine bas1::ets; 1 O - bunkers; 11 -rnil•,-;n~r::;; 

12 - CC; 1) - vacuumSI.tor; 14,15 - trnns•:crs~l ·.-:n::~. 

7 c 

d 

""'1Z 
e 
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11 11 ,.-o 11 rs· ,,, + tJ 1Z 

T'. J" .' J_[": • r_ 

Ontlny n.ncl ~ection of continuour; C[lntin~ dcpGrt:•:cnt 

·:::i. th bl0ck unit~ locn. tirm. 

:: - ~.•·nron.ch trihlc - c~r; 

) - r;:"! t.~ening lndl!'.'! car; 

4,5,1~,~0 - cr~ne; 

G - c ..... r; 
<) - ~';fl.net for vr.cum;1 proccn~:inr;; 

10 - rot~tin~ ctand; 

1? - n.pproc.ch tn.ble; 

13 punh er.rt; 
1.-1,?J - rnil•.'lry; 
1:~ nnit fnr r:tr.r~l hlorrin0 in n. larlJc; 

17 tr.0?ninr~ l:':vllc cnr; 

Fl - ~ 1.n. b cri.r; 
1') - er; op~rn.tin;; r:ite; 
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Zf/JOO + ftJ 21/000 3211000 
19 

ZllOOO 
22 

_110{}() II 2'1000 

Fie;. 33 
Cul.lay nnd ocction of continuoua cnoting dcpnrt.r.IDnt 

block unitu locntion. 
1,7,8,11 - tran~vcrnal railrr~yn: 

2 - npnronch table - cnr; 
J - CC teer.line lndle cnr; 
4,5,15,20 - crnnc; 
6 cnr; 

9 - ntnnd for vncuum proca!lnine; 
10 - rotntin~ at~nd; 

1?. - nppronch tn.blC!; 
13 - pUDh cnrt; 
11,?.J - rniluny; 
1G unit for atonl blouin~ in n lndle; 
17 - tacminr, ladle cnr; 
10 nlnb cctr; 

19 - CC oparnt.ill('; oite; 
?.1 1 2?. - crnnc uayaf 
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;.'i;. 34 
L~yout ~n~ o~ction of continuouc c~~tin~ d~p~rtnent ~itl1 

linear tmi tG nrra.nccment. 

1 - crmiprncnt maintena.ncc departri1cnt; 

?. ,lJ - tro.rn:::vcr:J11l "In.YD; 

J cnrr;: 

11 - r.c.; opcra.tinr: :Jitc: 

5, 0, 1?, 1i;,17 - r.rnncn; 

G - unit!J for nrr:on blowinP.: 
7 - tcmnilll! la.<lle car w:wc: 

e - crnne: 

9 - vncumnntor: 

10 rota.tin~ ntnndn: 

11 r.c.; appronch tnblc; 

14 n Ollronr.h tribln; 

1 fl - r.n-r. 
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F; ~ ~ S". CC -+ 't.ot ~; ,.~ \u; QQ : 
t --c..c · ~2- ~"-'t..~o..ce · 3 - t.~ee~IA.<t 
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Fi[;. 36 
CC ::mtr.mo.ti:mtion flo\7-chart 

1 - 1~0.tn.l ~nn~ in n tuncli~h 

2 - 111ct~l le 1rel jn n nouln 

J - ~nter expen~iture in n mould 

4 - •::ri. t~r di~ tri hut ion in n necondary coolin~ zone 
5 - ~~ter Pxpcnditure 

6 - inri. tPr turn-off in n. cecond.nry cool inc: zone 
1 - ~l r.r:: forrd nr; miYture supply 

fl - n turnli ~h 

9 - ~ ronri n~ 1 a~ne 

10 - n cnrnputer 

11 - n controllin~ computer 

1? - 'l.11 tnl'1:i. tic ~yr; tern rer;uln tor 

1J - drrxTinr; ~p~cd 

14 - --:t;rinrl:i.rd l~nr:th 

15 - pnn cuttjn~ d0vice 

16 - ri·1rkinr: pror~:r:-omrr.e 

17 ~~rkinr: rlevicc 

!!3 

• 



Fi,n;. 37 
Cnntol n;:nter'l hnrdvrare. 

1 - 'mcuum rrocPG:~ine ny~tem 

~ centrnl corputer 

3 - CC A.nd hP.ntinr; furnnce 
4 - P.!:t~rnnl l'l~Mory on cli~b:; 

G - A - input-011t!1ut device 

q cliaplri.yn 

10 - console 

11 - printer 

1? - 1G - consolP. 

1 '1 - ~hopn 

15 by furnnce 

1 G - im.cuum chrimher 

II4 



Fir;. 38 
'."itruc turn.l nch~m~ of nuto!"i~ tic control rJys tcm 

nnd bloom CC control. 

1 - n l 0C tric ff>erlin{. 

?. - O:;{;!f".c>n :rnpply unit 

3 prohc ~election unit 

4 - r"rkin~ device 

5 - ntrnn~n control 

6 - Pll' 1pinr: device 

7 - h:;r1r:i.11U.c <"riuip!'10nt 

n - n1c-ilinry 0quipr·1(>nt 

9 - conl:rol computl)r 

10 - clj[:plri.~r nnrl printC"r control COl'lfl1Jt<'r 

11 - df'. tn from r. teed. tr!r:>1:1inr.: lprlle 
1? - cn!1:iw1r ti on, pr<'~:-mre n.nrl t0r11per.'1 tur<' r.!i::>n:-:11rf"1>10n t. 

1) W"'·';Jl:i.tJon control 

14 - '''"'\·i~cr: for rrntomf'.t:'..c control 

II5 

• 

1') - r'"i.".l rl,.,fn.ct:-J control 
16-?0 - ~nnr.n 1.cr. ( 10- 111.,.li ty 

1 G - Gr.; 1 n 
;,~rvi.cc:1; 

- ::nr:tcr; 
17 hv r.hca.:rj nr; 
?O - f!1~.J. tcnrinr:0 ;;01·v:i en:;) 

?.1 - n1•.i !l f:0 r 

".'>'." - r,r, l.1111rcd rl:i.;; plny:i; 

?~ - j·1ni1; f;0rr:. 
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Fir:.39 
'.ltrncture of "continuoun c::i_ntinc-·:iircct rollinr," 

~ nutonntic control aystcm. 

1 - ld r:h tempcrri tnre n lrth!J pron Pc tion 

? - ~N!ond,._ry coolinr; rcr;1.1ln. tion 

J - r-:n t.fl.l li'lttirl 7.0ne eml position rcr;tilntion 

4 - nl~b-rnc~n hcntinc 

5 - ~nucc~in~ forcen in billet re~ulntjon 

(j - hillet rptnU.ty control 

1 - ~lf':-:sificntion nc~ordinc to billet qunlity 

f1 - r:c; fl.It toilt'.'. ti7.n t.ion 
<) - r.r, ~.uto1m.tizf"ltion morlc (stnrt/ctop) 

10 - ~:lab vd.d th chnnce 

116 

11 - t,0chnolor;j_cnl proco:1a pn.r::tM0tP.r:-: control nnd rc:~uln. tion 

13 - o;:yr;(!n conYcrler proccns "contim1ou~ cn.ntinr;-dh·cct 
rollinr," coorrLi.r1ntion ,·:i th hot roll inc proccnn 

12 - procenn coordinntinn with every nlnb rolljn~ 

14 - prorluc ti on pror:rn.rnm~n conrrlinn ti on 



Fig. l/O 

Sf'£ ea 11; f! t_O t e ct io11 /;e twe~n st /'t'! -

teaming ta ti!/?. an LI tun dis '7. 

II? 
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Fir;. 4! 
~heet production technolo~icnl line recornnended 

by 11
: '.nnerimnnn Dcm~r;" 

1 - f'.rc f urnn.<E 

? - lndle proce~aing 

J - cc 
'~ - heri.t :::;ystcm 

5 - temperature equilizin,n; furnace 
G - co.5.lP.r 

7 - mill 
n -

II8 
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11Jtarnmrr:c.:::::~~in===·=r ~ 

FJ.<'" 42 .. _ .. 
~:trip cont i.nuonG C['.r> tine unit 

- liriuid r11~tri.l 

~ - t~mpcrnturn ncnnor 

~ - tuncJj ~~h 

·~ - l o•;:cr roll 

I) - upnr~r :ro 11 

6 - c::i.:1t inr;ot 

7 - oh"?n.rinr; unit 

IT9 
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Fic;.43 •t 
t · n,.,. unJ. ,... c~s .,J_. r., .. ontinuou.. ,._,, '""trip c -•) . 



p; ..... 44 -o 

CC II) tcch!lolor,icnl line ~i.t Fucu~[lmr>.• 

1 - thrc0 o;~;yr:cn_ conver:tcrs 

3 1-nc,'1.le prcpnrntion :-:r?ctor 

~ - t·:ro circuln.tion ucr~n.:-::-::i•1:~ 1.11\j 1::-: 

'.) - two '/'1.cuum nroco·~:-:int~ 1-1!litr: -,-;j t11 ~;lnt: introduction 

G - ntccltc0min~ lndlcn t~nnapartntion line 

7 - r0,:cr:-:c \'mb:-r ~11prly circul_ntion ncr:o.:rninr; uni t:i 

n - c'~ i!5 

<) - ~lrihhirir; Tr3 
10 rcvcr:-:c •::ntcr supply CC i:5 r;P.r.tion 

11 - ~J.p_h ::; torclion~c 

1~ - verticRl d0:-:r.lnlcr 

1 J - rour:h inr~ :-~ tarnl F;? ri.nrl rr3 
111 - hot rollinr: •:!irlc :itrip r11.i.ll TT;? 

1~j - a0r:rri0ntr. pr(?prl.:r:i.tion r;r:-ctor 

I2I 



F'iC• 45 
t unit scheme l!n.3ele e 

ln . . r.ietal mtpr. J • ,.. 
liquid cool in,, 

1 - ··~ ter supply for 
2 - ~·t-eel atrip -3 - •. 
A _ rolls 

'' t 'dc
0 

outpu ~. CP~ si . ~ 5 
- gntcr nRrrow l~ ·-V 

. from ·· .G - dernnne; 

• 

122 
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"!;IJ" r: 4n 
' - . , • I 

123 

~Jteel p1.rtt~ cr"'t ~-; '1!:r1tt!1 

C~:J tin{~ llP ; 
1 
•• 

1 - upP~r hr>.. t' · · · · ·. 1 : !•11i ,: 
r..,P. tnl 

:1 U.o_nid · .. :;.-:: .:nrrJ:r 
~ lor:er >•1th 

4 ro i;n.. ti nr; ro 1 l!": 

5 - 1.c P~s 
6 - rollin~ cill rolln 

1 ~'."'.~t billet 

~:trip c<m tinuou!i c:-i.c tinr~ 11nit 
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., . 48 
i' J.C:. 

~'.ippon [indzoku I:or;e unit for :1trip 

continuou~ c~stinc 

1 - U cp_iid n~tnl li!1,nid 

? - t~nrernture ~~n~or 

} - t•t!ld fr':h 

4 - J_,.,·:!er roll 

5 up!1cr roll 

6 - Cfl.!Jt hillet 

7 cutter 

124 
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?ir;. 49 
:;r.h~ne of r?Ctr!.llic ~trip C[>.~tinr; onto rottt.tine 

cylind~r intcrnnl ourf~ce 

total c~rl indcr 

? - rlrivin~ rollo 

1 - lif!ui1l mp tr>l i~jec tion unit 

·t - in.i er. tcd U.quicl mP. tn.l 

:_:; - r:o 1 irli fierl crn~ t 

I°) - ~f'lllP(-)~cd rincl bri.ck-v.n rollG 

7 - "t.Off S 
n - thin r:trin 
,, - coil.Pr 

1(' - ~·:ri_t('r coolin;, r.prn.~rcr:::; 

!25 





Appendi:c 1 

i lint of in1icntionG of different proccGccc, 

~tee! !Jrocc:>sin,'.': !:!ethodn etc., adopted b:l 

technical li tcr:>.tur':? 

128 

AB3 - (Aluninium ~ullet~ 3hootinc) - ntcel dco::id~tion in ctccl 

M~thod b;i· "::;hootin~" ~1ith ~.lu.'!li!liu.'11 "bullets" in the Met~l in c. 
l~dlc. 

AIS L\r.-::on Induction ~tirrin::,) - ri.:r;:on metn.l blm1inr, in c. 

l.!1.(lle iz! conbirt."l. ti on v:i th induction r.ti::inr;. 

AOD - ( A1·r;on O::y::;!?n Decnrburiz~. tion) - L1e tal blordnr, ( m::u."'.lly 

in a co~YP..!'tcr) ·\·:i th e r.1i::turc con~ic tinr; of o:·:yr;cm ~mrl a.r;';on (in 

~on~ cr3i:-c r-.rr;on in cor.1pJ.ctcly or pn.rtinlly subnti tutcd l~y ni tro~en 

~.on-c~ - (Counter Blocr) - Met:".l bot ton blo•.iin::: in :'."!. converter 

'.7i th :in ~.:>'.'.r:on-o:::~.rt;cn ~:!i::ture at sfrr.11 t~.n<~ouc top o:::rr;en supply into 

the cnn'l:!!:'ter :".incrl nt IJ::lrtir.l cc.rhon o~ide reburninc. 

A3!;;..-··;rp (AS~A a.nd ;:;i:_p conprmy) - n unit for lc.cile r::~ tnl proce3-

:Jill.": :i.n :--~ 1.ndle, inclu<.15.nc cqui rment for v-~cum:i me tnl procc~sir"!.;-; 

•·:!10n t:;c 1.:--.tllc j_c covcre~1. cri th :->. vacnu;.1-d~11::;e arc-lid, ·::i th equip

r·'.en t fn~· covP.~in:, rt J.rvlle "::i th nnot:1cr r>..rc thronr;h r:hich clcctroC.c~ 

for ;·1~ t" J. hen tii~[: durin;-: it~ prOCP.G!1iBC p~:::;n, ~.!ld. a.lco ~·:i th the in

<luc to!· l"c ..... tcrl_ rou!1d t!1c J::ul.lc, en:rnrin:-: :':et~l stirrinc clurin.:-:; i "!:~ 

r.roc~~~i.?~r'..: (\r~cuur.1 procc~~;inr; or prchcatinr,). V::tcum:1 procc::::r::i.nc r-.ml 

!°lr<'hC:"'. t~.:1r; n:!:"<? C[l.l'ried out in turn. LC3ider: induction ::::tirrin[: Cl!'

[.O!l hottri~ hlor..'inc in c. ln.rllc ir: to he dor..c. Hich bn.::::ici ty :re fj_ninr, 

::::l::..r, i:> rl0nor:i tcd onto the r.:ct:1l ::::u.r.fo.cc. 

DE~T (1'.ohJer .i!:lcctro ::Jlr.G 'l'oppin;:;) - the proce::::a of cl_~ctl·o~lr..;: 

billet i1~·nrl.l1ctio:1 r~'l.rJ.c h;y !1ohlcr !'!"'~thod nt Vcrcinic,ti:? Bclcl:-:k~.hJ.·,·1cr

l:c AG (k.t~t:r-i...,). After vncmtr.1 procc::;:-:in;j ri.nd top tecMinr: tnto na.tcr , 
cooler! 0~-tr?n::::ion top .". p0rtion of J.iriuitl n~t:i.l j_r, ::mrrilic:J ·.-:!1crc ~-

concur~~ rJ0ctro~0 (clnctrod0 conGumption 
n-:i.:;r,) i!"! :i.ntrorlu.ccrl nnrl clectro:::J.0 . .c r.cpl~ni::;h1:!C!lt ic done. P.nplP.-: -

n:i:-;Ji: :~tt t ;n·ocr.~::: ln!":t:1 ?Ii- hm1r::i, r:c,r:rer:~. tion cont~nt rs.nd rro'.~crt:i.-

0:-; !tr.? :;0ro·:0ni ty n.rc prn.ctic:1J.l~· r0•,1ov,~d, lr'.rfc r:n:::::: inr-:ot:-: r.rc 

cri.:-;t. 

TW- :0t:1orl (rochm1cr Vcrcin, ·.!c::;t r.0r1-1r-.n:;) - :Jtccl cr1.:::tin;: into 

inr~o t :'."'.otil.rl loc~ tnd in ~ ·1:i.cuum ch ..... mhnr ( r:in t:>.l a t1·i:?~.n r,00r: th:ron;.i1 

'.'r\Cll. 1.11:1 !":J''l.r.C) • 

i;:.!1 ( G·1 rircd Arcon !~uhhlinc:) - 1 ·c tnl :-; tir.rinr: •.Ti. th ri.rr:o:1 hJ.o-:::i.!"'"'. 

t:'~ •;~ct:-•.J. ~dnr: under ~·.rtific:i.:".ll ~lr.r: l~.;ycr Jn ~ lcvllc, cow•rc<l 

·;:i th n 1. :i rl .• 
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'J"!·, ,,:' .. c11.!n h!·~on ,,_Q".71l1C - ~lf!t.:". :> a·:n.nc, rr0c0:-:~ :!!1 ~ l::dlc (" • ., ( r• l · • 'Tl l · ) -'- 1 • 1 · · 

·.-:it~ r~)" :.-l_nr0.cl C.:->.lciU!1-1)C~!·inc l '~ t~ri:--.lz ( 0. C• [;ilicac·>.lci1~1~) hJ 

CAD ( ''.n.:::mtcr Aider De:-:i:,n) - nc:-::iG11 \"Ii tl1 CO!!!pU t0r. 

CA~i ( ·.:0:·:!l0~ i ti on A:! j:w t:'"!cn t by ~jc~.lc•l Ar;,on) - proc~G~ inc; me th.otl 

!'rovi~1.er1 --:i th r>r.son ho ttor:i hJ.m·:in:: unit, re fr:-'..c tory ch~!:1:,~r is lo-.7-

".'l'C'~l fro-~ t!!e top (f1..bovc the pJ.~cc ;·;l!c~rc :'.:t.·r;o!l i=:: i:!i;rn 1lncN1.), r>t!

ll.i !;io11:-; .,~r. in-t:t·od'..1.Cecl t}1r·ou;-:h it into ~ ::~t:-i.l incidc t>c ci10.i~hcr, 

n~t·:.l ;,!_,,.,.,_cc i!1 cJc~n fron the fin~i_l ft'.rn~·c~ ~lr'~· 

CJ,r_r ( Srct:~ot-I.oirr: ~:'re!1ch CoF1r.::i.:1y ir>.wl 3·;;c~ti~h Udd~!1ol: ';; Conp::i.n:;) 

J.o~·r c-~~·r,0n =::t~cl :i:-o<luctio~ by o::yr;cn + ::;c:ninrodnct >t~.pm.~r ni::tu-

1·0, rc~!!i '>'"P-<l in·:->.. comrcntion2.l ~lcctric fur1~r'.cc, in r~. co:wcrt0r 

\!i th he tt-'.)::1 tu:.n1e:::.·~. 

CP~ (';0!11.Jirred rroccs~ Purrm.cc) - electric n;:-c af;c('b'~.::i!~;, fn:r-

•m.cc '.7:i th h0"ttor.: t~!)r.inr-; (throu;-;h t.!•c botton) by inte;:~;ive ~re a:""!d 

·.-r .... _ll~ cor.Jinr;, fl!'OVir~~d •:ri th po~:rerful tr1.n:>fori 1:~r::: ~.i~d 

~.!1d i~01~'.tcd frcm t!1c r.:eclio. by:". chr>.:nber :::hcJ.l. 

,-,... r• . ·.· _,, 

in ~ 

:::~:"'.t~m1":"':,· cle~t!'ic t'.rc furn~cc ([~0t~l t~.rnins ti1rour:h the botto·:t) 

by F'.~ t~'.n.:i:.0cl ch~.rr;e nid0 •:c.!'i:-i_tio!1!1 on c~_rhon content :'.ll'l ;.:etali7.-:::. 

ti on 11·~--1·00 ·:ri th contJ. •111011!1 r=•ct~lch~J·;,c, h:r th~ opcrr. tiori. ·:;i-!;h :>.. 

1 ".i":c J .,:·0r of for~:1erJ :::l::lC ~.nrl hy :::pccial ~J.r-.r:;tr'-pr>in;:, 1101 e in t~~e 
~m'!l~.c<', ·::ilici1 r,t:~xri.n tcc;, con:.. t:-1.P.. t ::: lr-.;; lnyer, by in tcn:-1 i vc 1·:r>.l lG 

~.'vl ~.re r.001.:i.n:-;. 'rhc procc:J3 ~u.n:r:c:::t:1 the procluction of c'.11 it0n 

:i ~ :-:ub~jectr!•l to lr'.<1lc !1roc0.J;,inr;. 
nrr - ,, ( i i0"t~Hnirl-Hord~r, :en tern ~crr:nn;;) - ra. unj_ t ·::her0 '!r!.CllUl:~ 

ch".::i1v'r '."l~J f1.. rrJ rro.c tor;: !)ipc 10•:;0rctl t!~ron;:h the top :!.n ~o tl 1~ 
l:i.dl0.; ·:~.c1nr: c>r'.nhcr (or lr..rl.J.e) in pcrio~1 icl"'.lly lo':!~re~l c.n'~- !':"'.i:1c<1 

tbcn ~;r 1Jn:rtion~ !lCt~J. ir. c!!r:i..rr~cd. o.nd tcc·:•cd b:i.ck ;nto ri. 1:1.clJ.c. In 

f;lc tf:)'i'1 t:-~c nni t ir. u.Gunlly cnllc~l c.vcli~1r; 1.1.c;~ra.G:::in;. unj t. 

~~:-;H (":1.i:ct~~o ~J.:-i.r; i'.crn")l tin;,) 

p:.;;'';('!: i J, - '."!ire, cont:i.:i.nin,-i; c:--.lciu.r.1 or rJilicocf'.J.ciun or Cn + Al, 

c0•:nrcd ·.·.·.i.th th~ ~hell or :Jfl~Cin.l coo.tine, nrcventinr; o::iorttion 

·::l1cn !1tor·1~(l for n lonr: rcriocl. Jirc in introducccl into :->.. lic'J.llid nc

tn.l r::i.1:h ~. ri.~r:i.nil;c ~n·eccl :i.nrl clcn;-:5rLi.7.CG it. 
r..-·\::~u. ((;~·.:~, i-'rr.nc1! co·:·•!lr-.ny .I.' /dr J,j CJ.tddc) - ~!. ::10 thoc1 ·::orl:t:·J out 

ri.1vl l:i.~~"1ercl in 1')1li1 in ;.•r:i.n~0. J·~ :i.r, n. rcf:i.ninr; '.1'.0.thod h~;' l:i.rp1:ir.l 

!:l~t~J. ;,:,~; iil.(1.,·:j11;: titro11r~h t,a:-i pr.!ncr•.hlc rcf!'actory, 1.10w1t0.d jn i;!
1
0. 

lv>t~,(H.1 ril' !;11(' "r'"f°in:i.n:; ~/C:";:JCl (ln11J.0, ~rucibJ.0, C~C• ). 'T'l10 rlcfini

f; i '1!'1 r, "· • 1 ! '0 11~:1n11.::; '. ou nrl :i.n l J tn. ~~~. tur0 in !·'re nc h. 



130 

Fin'.:J., r:or::eti::!e~ Fin1:1-L:ohr C'.''i!1l: ~.?1d Son:> Pl:~nt, n;;A) - :mi~, 

incJ.ucli::;: "· lr.·iJ.i:: ·::ith a porou~ 0tc;-Ie1· for bottom inc:rt :·::•_::; r.ict .... l 

hlo'.·!inr: (:--nrl ~tirrinr::}. A l~.dle \·:ith ~ :!:Ct:"?.l in pl:>..ccd :i.nto ~ ~r-:i.

cum1 c~!"':;~·cr, ·:;here ·.·:"'..ctt'cll:l proce:-::->i:v; of r>. !:1et:!l he in,:': Gti!.·rcrl ·::i th 

i!l'~l't [:'"'.f: i,Oin['. frO::l the bottor:;.. i.:ethod V:'.'!.rj.ety: ~ J.Cl.<lJ.C r:ith ~~ i:i~ 

t~l in crn.•cred t.·!i th ri. lid (nrc), throur)1 ;;;hich electrod~::; for r-1n

t:"1.l he:". tin.~ c-.re intro<luced onto nhich :::urf['.C~ Glrr; of t!1c 2·eqt1_j_red 

co:.!pn:-:5-tion i::: tlC!JOGited. A r·:.et'."1.l (\"."ith ~- Zl:".[;) i:-; :-:tirretl e:: th{? 

i2•crt ;--..... ::: Gll!1!Jliecl from the bottom (in thi::; -:aric.nt tl1e r.roce:-::-:: :!c 

oftc!1 c~:.J.li::cl Finkl--IAD-proceGn). 

Injectj_on r:~t~_llur{'".Y, Injection (Ij) rl're:"?.ti:i0nt - ~ :~:cthocl of 

pm-:dcrecl :.~".tr:?rir.l::: i!'l.;jection into !r!ct:-i.l. 

KA~-~r. (i~obe :~rr:on Tree. tsent - !-or;clcred cr-.lcit1m-bcl'"'.ri:1!'; ::11. tcri

~1:-; G:i.C...,) injection in the ~r1,on :.trc:-.n iri.to :-1. l~<lJ.P. r1i th h:l~j.c .. 
1.5 to 

3 I') b-/-t: "ll1~ 1-,,,:-".-. tll> 'l 5 l·n-/t in "l""'r"'r··n• on t11n r·1n .... ..,l ,...Jr-~"C"' ..... -- .• ~ '·-·· 1, ____ .., ... '-• ... ::..--..: -· ,_ .. \.-: \-r .. \:, ·-'- ot;I,,. __ ,_ ... t_ J\.. ~=- in 
" l'l(lln ,..,,,_. •·•1".L.lt C.,O + (!.,T~ or C..,Q + ~1 0 + ,-._,•-;t r,.!,..i.Ul'C,.. 'l(_l..11" • . ...:..: ... •.-.\; .. , .. t...r,. .. , t,, .. "''""' u,.:_2 - ,_,. i- 2 J . .,, . .__L,:~ •'•.J..J .. t,, . .- •J ..__ .(J -

tion:-; ri-r~ d0n0Gitcd (;~:-i.terin.l con:::~_u:~ntion •1-·5-11 kr:/t). 

ID n•~ 0" (O·r•-,.nn "rlo···1"nr) - '~""'CllU'"l cn11vnrt'"'I' "tnn) .,,..OC"'"' ... J·-1··· · : ~ - , \, - j) ~ • .._ ,j ;.. • ._ ~ ) • • '. • ~ ) \ft,_,;.. J j ....., ~ a...I ~ ... - • ! .• ..-. I - *' ,# •J • r w . 

jn P.H n!1:!.t (c:i.):-culntion dct::n:1ninrd \-;itlt C'. cj_;.;ult:inP-on::: o;:yr:;C!n ~u!1-

Fl:,· j nto r. 1::'"1.ct:.11m-ch~.!.1bcr, prov:!.dj_n::; dcc:--.rlmri~:'l ti on in ten:-; i ty r-.wl 

r'.l:JO p'?.rtinl CO to CO;? n.nd met::-.1 he~tinr; duri!1[: procc~cin,~. 

LF (J "~ne ~··urn['_cc) - n unit, clc:-:ic;ncd for ::ic t[l_l hlor:ir~r: durin[~ 

botton :-'.1··~0~:1 (or nitror;cn) blo·;rinc; rt ln.dle in covr.retl rrith c. rcf

rnc tor~_r U.tl (n.rc) throur,h '.7hich electrode~ axe lorrcrcd for re hen t

inr,. IIir:l1 h~.aici ty lor1 oxid:i.tion rcfininr; :-!ln.:; in dcr)Osi tcd on t!1c 

nctn.l r,11l"' r:~cc - in n lncllc. 

J.:--·-Ij ( J,l•'Ij) - Etetn.l procca:dn:~ in I"'. unit nf ri lrvllc-fm·i1:~cc 

type ·::it!1 po..-:~lcrccl rc'.1.;·:cntr, hlo·:finc: into n. 1·1ct~Ll• 

LHF (J •. .-..1lJ.e Hcfjninr~ Fur11nce) - f'. procc:-;:-: \rnrl:0<1 out by n .fapr'.

nc;,c co:-:1:i~.n~r "i'.ippon ;jcikodze" for nucJ.cm:- rcri.ctor;, ~tcel produc

tion. r;~iJ.; r1rocc11r: incltul0!J r.1c'.;;.1J. :-;;,K!ltinr; •:!i th fl. low pho:-:phorU:1 

content (n.003;· r) in:"". :-:t0ch1cltinr; arc fnrnr:>.c0., r:Jctrl.l t ..... rrinr: in

to n. lri.rllc, retccrn:i.nc: (rrith furnn.ce nl0.;; ncpr.rntion) frol'! n :!.n.dJc 

into !". 1.1:1 i_ t lib? n. lrvUc \"d th r. lid throur;h •;1ldch three c lcctro<lcr. 

r?TC i?1:-:r.~·!;0rl into :Jln.r: for bo.th rchnn.t:i.nt.:• ny r1~::i.n:J of J.ir.:c n.nd 

fluor;pr.r :"'JlrJj_t:i.on (tctn.l conr:mnrtion J0-35 !u~/t) hir·;h h:"'.:Jj_city 

:-:Jn;~ i:1 rlr!io:"lit(?cl, ri. r:1r.t:l.l in P.rr:on bnttor1 blo·;m n.nrl i::; rchN1.t~<l 

r;in1J.'l.t['l.'1ror>·1.:-:J.y. 'ri1cn licl-n.rc '1Ti.1:h r!lcr.troclcr. i:-1 t[1.~:0n ri.r1.-..y r..nd 1;h0n 
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i~ co':c:i·c'l by~ lid ·::ith vncnur:1-pur:1p, ~.fte: .. : tlmt it is •r· 1.c>.rnm !11'0-

ceG~cri ·::!!~!l inter~c.j_vcl:r ~rr;on ~tirred ~i!.il.ll tr'..ncour:l~r. I'.ct~·.l i.8 

~~~P!"e!l j !1"to :"'~ tun!lish ~nr1 j_:-: poured into inr;ot :-:10ulcb loc~ tccl in n 

'i".c~1nr1 c~::1.1:1ber. Ii. c.. tcc::ii?:r: p:!:occ::;n :-i. nct~.l i::; :'..l'~on hlorm in rt 

t~J!l'li:-: ii. 

f:!i.-~'.~ U.~01 ten Al-Ri:x:tccl !:ille<.l) - :-i. proce::;r: of lirp.t:i.d .1\.1 ~'-tn!1l_y 

Ci>y ; 1~~! 1 ~ of :-1. pu:.:r) t!n·ow~h t!ic pi~e j_nto ::i.n j_nr:ot noald for 

::;t~el o::~.rhtiQ!l rc.:;ulo.tion durinc i tn tccninc;. It is ~7n!·!:ed cv.t h~t 

U, • .., 
i:A-m: (: ·01. ten Al-Rii r,1ed 0er:d.!:iJ.led) - l:i.quicl Al ~u~>pl:,." thron0h 

the !1ine :i.nto th~ inr;ot ;:i.ould to pro~b.1.ce ::;cnil::ilJ.cd ntcf"!l. It ir: 

·::or~:c(1 0·1t b;! US ~teel Corp. (U3A). 

7J!E~ -("'. tion"..l rrc~~~rch In::;tj_ture for ::et[l.lG, .J~!_Jn.!1) -11rocc:-;~~::; 

l'i.:-~·r0n ;_:ethod (•::orl:erl b;;· n french cn~;i1·0cr I'crren) - :.l':?t::>.l p:ro

C0.~~i!1t: h:· li'!Ui<l hn~ic :>1~.r:~ for d!"!~llJ.~11rnri7'C'.tion. In the ns:-:;H 
thi:> 110 ~~'O'J. ir: crJ.lc·l a ;,1~thnd of f:'!~tnl rroc~G~in,n; ·::i th :--.rtifj_c:i.r.l 

,.. l '1 r-,.. 
"-~ ·! •• •,. 

prO!)O:>e(l j_n 1925 by ~ r,0·1ic t cnr~ii1~er ,· •• :~.To chine l~:{. 

..... ...,_ 
.. •. .,,.,J f:!.J.'Gt 

~'.7/, (l ':->.c if ic Le tnlr; Co, IJtd; :Iot li.J.loy) ti:c~:noJ.o.~;icnl ~c!1i;;:-.03 of 

:-:t~.in).<:>:-:~ ~tecJ.0 !lroduction on th~ ll:-1.Gi!~ of liquid :ini ti:-•.l !lir;l! 

( 1 J 1 c· . . • . • 'J 'J • .... r• C ) - :;: • ; :J_; (_ -,_.,, J ' I 

~1011 nwl ~:·.1J_~,111.1J.• conti::?nt :->.re usun.11;; twccl. I:.efini:nr; fr.: don~ in th0 

fl.re ~;t~~01.:.•ri.~:in~: .rn.r!lfl.CC or in J,D-co~wcrtcr, fin:-1.l r0finii1r; - in 

t~rpc unit). A fin:i~.:i1f\rJ. 

rr: (}'11.!~~.t,inn :-1.rnl ;:i::inr, methocl) - 1'[ 1.fr~'.c~;or::r pipe~; arc pJ.unri;ccl 

into:--. i;"t.,_l., !n·ovirlcrl r!it!1 i'. :.'i'.to:-:i.:""'.l:J c!!~>.r;:e c;"stc;:1 in it~ upper 

n~rt ~t·i·l com~c~ tcrl (in tl1c urir1c:t· p~1.rt) ·;ri th ,71.r;cr, :>n:1p:i.:1;~-off :J:.~:-:

tc~:i~ r.?~·1 :inort ··~.::-; prrnrine;; co 11!1ccti·:v~ con:~cqw:ntl:r ~ pi110 Cr-1.vit;; 

·;/j tlt tll'~ r·:n!1t.i0JlP.(l. ~;:r:tm1:-., ch:v1r·0 n:r.i;~;:":11!'0 i'.nd CO).'J"C:":pOn~1.5.11r:J.y t'. 

~:~ti'l lr:'r:J. (r11vl. it~ r~u:-i.nt:i.ty) rth:i.cl• :i.:-: <1.il:rn:rhi:d into r. p:i.:,c, nrn-

vi'l.:i.Y\r: :i·~t01.1~i'-r0 1•i0tr•). :-:tirJ•i11c.: :i.n r'. lr.•lJ.i:. 

n:-i'.•icl \l ~~00'lnr C!"·.n:i.a Ji'!!cd) - ri. ·,:cl;;incJ. o.f '1.ffcct:i.n:.: i'. 11r~t"'.l in 

i' J.~.cll0 1,:,- ;:nli·10~:-.';i:1r~ i'.n :->J.rn~).n:Lur.i :i.nr~0t :i_nto :->. l:i.r~n:i.<l i'!f!~i'.l (t;Jw 

rl.0 nn:. !;:!n'l i:-: :;11··-0~tc1i h~· 1:8.~·:ri.:-:r.J::L :anr'l r;0r0. ,.ii'.n'."'.;1. 

!Z't (':q: 1r:-:trJi.1. 1lcrr>en:-;, ':l(!::t0~·n r;(\;·;·t!'.n;,r) - '1. 1m:i.t ·.1!ic~:c ·:.".r-11.11'.n 

cl1."f.1iH"!1' i1:',:~ ~ 1''' rrr1c :;01:-:i rd.pc~:' pl 1111";crl Ll t:o n. lri.ri.J.c t!·~·r)11(':1i one 
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or: ·:;~15~:1 :·10tr•J. i8 rri.ir;ed f:!:0t:1 ~- l~.rnc i.nto r>.. vr.cu'J.:n ch~1 ;nhcr, 

t: 1 2·0~':·: 1 ~ t.hc ot;'C''-' fJ.o'.7:-> h~c!~ :i.!1to ~'- J~.:nc (:'..:-: if "circ11J.:>.ti•1.-:"). 

"'.J:i.rcn 1
" tio:i'' i:1tenr:i t:/" in ror:ul:'.tcd 1~:: i~1c:·t ;-:r.~ ::m~>pJ.::" 5.nto f"l.~l 

r-.!1c0 1 1..t. 1·0f1·~_ctor:,r nipc. J:n the tr.~:~;;. it i~ C[!.Ll_~(l c:Ll·cul_ . .,_tion rlc-

C~l . .,_nt~C''.'.' ::-:_:: - leli t::: •::i th 0:7,~e:n; 00!:!0 tililf?G :i.G ~~.J.lcrl_ i!n0-~-:rccc;:~. 

r;A7' (~:0 ..... _l0.rl !~r ~~uhhlinr;) - bottor.1 o.i.·;~on nC?t~.l bJ.orr:i.w~ in ~ 

J:-i.:U~, .. "!"'~fr~>.ctor:/ clt.,_•.1hcr i.r: lo'.7cred. f1·011 th0 ton :i.uto th~ lr>.'Uc 

t ~ !C '."."". l_ 1 ( II "Q'r»;'ll) \. .. 11>t .. _ 

c.t:!.rr0rl h~· tlu~ hotto;:1 :->up;'licd _r>_r;:on jntcn!Ji.~rcl::r coni;~·.ci:::-: '.7:i.ti1 ri..r

t i. f i.c :i ··_1_ :1 J.[lr: 0 f. :i. c1.e ~ j J'C d COLl!)O:J it i Oil. 

;;r;A~ (:;;,·:-it0::: of C'."!.1-ciur.: :~rl<F1i;: ~-'cc!lilj_C!ll.C) - rnct_r>J_ ri·ncn:-::ant, 

:~0tho'l :i_n :·. lr'Jllc h;! "0lloot:l:1r;" i:1ct~.l hul.lnt~; fro::1 cr.lci.n!:,-1:c::E·inr, 

(rnm".J.l~.r :~il.i.coc:-'.lc:i.mri.) J:'.[l.t01·i~'.l!J rl_0cp i;i_to r.'. :-;0trl. 

':c~-.,~rl:i."2.vic1.n Irn.uccr:-; - G~~:::tcm or 8J,-•1:::o~c::;~ (Li.nee ~c.".H'U:lri.vj_:i.n 

~~:::;t~11) - '.:0b.l hJ.or:i!-i_;:; j_n :i. lr?.cll~ tl1ronr;!i. ~- ln.?JGC? lnwnrcd ~lC["l_rJ.~' 

to the l_:--_rUc bot~om r::.i.th po~::dcrcrl mi.::h1rc:-: (tt8U["l.ll~~ GaO + G~.I'..,). 

r.":::-nrr::·1_0!.' mi:~tu:re p::i.:>;;c:; thro11r;11 "- l:i.:1ce ti!1 J.~to horj_::o21t[•.lJ.;: 

Joe." tc·~ '.!0lr.:::. 

~~:;-~mr; U:t!.'OP[; s U.rrinr~ von) - V[l.CUtl.rll o::~·:-;cn r1ccr-.rh1n::i.7.~·.tion 

•:!it!i :in'_:nn~ivc i 1ctril h0ttor·1 c.:;:-_,.0:1 bJ.ordJ!(: :i.n ri lci.(Uc (u!";tir>.11.:r 

t!-irow::i ., '.'0!'0 1 1_:-: ~: tor-rcr). 

·~1 ·: ('._•:·~~:-men :ricclerrl!r.in AC1 pl~.~1t) - crJ.cirn:1-licr'.rin,": 1 U'.. !;cr:.i~1.J r: 

iri. r>. p0·.-;.10rcd r:t~ 1.tc :i.n~icc-U.on into n :.:ct:i.l b;;- uc~'.nr: of :--1. lr.n<'!r:: d0::;

ccl!'l0.'l :f>o:·: t!.10 top. 
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ci1[l:.:11r.1· ·:::i.ti1 ''. 1.·1rll0 :i:-: coV('l'Crl r;:i_t:1 r•.n :•.re ri.11rl n lil(!l;.-•J. i.:-: ·r>.~1r111 
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Appendix 2 
J.'.".'llc ~tecl::.::!:i:!f~ !'.nits 

I I ---. 
i-:.1ut i:1to icoritr·:_,··- 1 note:.~ 
;orcrntion;tion co~t; 
· :~~crs.1.. ;ralr1. (lol. · 

3 i :1-

i .... dlc- 19nn 
furnr!.cc 

l~~le ~teol! 1~87 
1Jlor!i!1r: ! 

0 tee l 
nc J:"ininr:: 

Vr'.C'!..llll'J-

o::yt_~cn 

!decl:'rburi
?.n t:.i.on 

c .... ~j unit 
I .• 

r.:: -C n nnI t ! 
( trio) ! 

! lr·.dlc :Jtr:cl-
! ::1:'.!:i l'l.,'·: 1 mi t ! 
! !r 1 I 

rr "') ,_ 

1985 

1987 

1987 

1 ~P,(1 

1 ~inn 

J(.i 

::?O 

?·~-. 000 

t/···n Cl 1-·'" \.. : . 

\J 

! ~:j.!1 :~0~1t!tl:.r. 
! F1 ~7. :'1 ?11. 
I i' C\ ,-
. ... • -· 0 

!J:vU0 cn.-!::a ..... !~l :1·1r1 :~i-
!;~:-tcit~/ !n011.1')~7.1"'.rl ! 
! ?.00 t !107.~:2~.?.J 

!2:1. ()()() 
I +./,·rn I"\ J·· • 'J •. \.,;\.:;'"' 

L:; .1 G 
: i r. t{l.11 u.rr,j.cr1!. 
!rl ..... nt r'.ncl r 
! 'T'r- c h···o lo:·::;. ! 
! 1 ~1 C18 • 7T1 • ·;. 11 ! 
! r. ~:i I 

!S:~t:-i.l~ ;·rite-! 
! rj_n.l~. ~1. '1-. 
!:~1:.:·.210 

I 

' 
lr>.rllc !:-;{; ij_nlc:::r, 
c~nQcitv!3t00l r~t .... 1 
Go· t L !:iul.J.rtin 

output 
!J10.000 
! t./yr 

! ~;.t~.111le::~:1 
! :~urvcy. 1 ()'~5 ! 
r J' r;n r.1 :~3 ;JA • •_.,..,v ';..;' ' 
! :_,·~.ci1bcrichtc 

rnuttcnnr[l::i~ ! 
! [:0 tn.11;-:c:L t0!'

! ~:i:ro.1~h: i tu!1r: ! 
! 1 ?16. lid :'11 •. ! 
!7~:;.:-;.,~~;) 

! S t00 J. 'i'i 1:1er:. 
! 1 (~~1r:. ~~8. 
!r:J;~,G-J~,1-
! 

! trcnt:.10.nt ! l'.-,.c}lli~ricl!tc ! 
! time ! ;·n l:tcnp):ri.::i;; ! 
!90-')'.)n:i.n r· . ..,t.--1 llr:0i ter
r 

! 
! ':(' J''l rric i tm1;: • 
!1~JG'{.;r) ::>). ! 
n:n.~.G,.~7 
! 
!.'.·!10J~~.C ..... ~l ;·c-! 
! ~ .... 1 : ':i.rb·, t 
! 1 ~):~r~. 4!/. ')G ,.'. .. ' 
• I. I '• • 
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J~~IJ/!O 

rr>.f ini!l.,n; 
f!. ln.rllc 

I ., .. l)"/P"' • l,J 1- ' J_, 
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. I in. 
! 

r:T.. rm nni t 
Hh'.1n :·!~ ~r.1- ! 
J?rr:icri.l ! 
.. , l .. o:r.~~ 

!7olri.n.(l rm-o~ unit 
11 :icoc;ovcn;:" ! t~rpc 

u.~;;. 

"Fctlil!c:'! 
:H.:icl:' 

! 
! 

vo.cuu.m de-! 
!cc.rh~1ri7.o. ti on 
! unit ! 
I 

J 
19t~7 

1989 

19sn 

1909 

''T:~tio1!r:t.l 
;;tee l" 

!Jn.enc :-; t·~ e i,- ! 190G 
!r:r.1dne cor:mlc:-: 
! . I 

~::. i n.~.n 
"Chinn. 
~Hn.c 1 fl 

l•1HG 
fl I~rnr!1 

~j t~hJ. II 

! 
! RiI vn.cuum
! rl tor type 

! 
Irn V.'1.C C Ul<tl- ! 
tor type 

"!~:i.nrl 111 11 1. vo.cu.11.:q-
I~o !·:~101.~tr>.lll incluctor <1c
·.·:C"!r!:o fl ! r;r.r:ri :i. n;, nni t ! 

I ! 

1~nG 
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co!1 tinn~ t:!.nn --·--r ----r 
5 6 

! 11 ''.) 
! ( 15 !:!Jn ! 

!~0b.fi. m·:~r..;:-r 
! 1 9 ~\(j • '.' • 5 J . ! 
!T'.:J~r.10~ .l !c~1.H~1.d. dol) 

! ! I 

! 

11-1 '5 ! :i tee l 'l'fr:(' ~ ! 
! ( 5-~ nJ.!1 
! c:i..nn.d. dol ) 
! ! 

! ] .. n.tcJ~n~ t.- ! 
!1988. i,'.?. 
!n:?.P.2 
I 

! outnut !~'0b.J. :·uJ.lc
! 1 i:1ln' t/yr !tin !~or..thl:v ! 
! !19r\:1. !!201 ! 

! l'. 97 
I 

C'.1!J~~ci ty !~>::vier: : ·ct~. l 
310 t !l urr:ie. 1 9r.G ! 

!V.f.) l'.'1-. ! 
!I'.J~J-331 
I 

315. 000 ! ::tri.i1l nn~ 
t/~.~1~ ! ~~].:10!1.1 ')8:1 

!nd 1 OG. '.'.i.>. 

2 r:1ln 
t/yr 

! lo.ell() 
!cn.pnci ty 
! ?.50 t, 

output 
~, 1i f;tln 

t/:rr 

! ~) • 3 1t . 
! >~ t'."'. l r:n 1 l. c -
!tin ;~onthly! 
! 1907. ;'203 ! 
!r.111 
! 3 J ; :r. tr-.1 Pro· 
!(1 ucin,'3.1 ':.J2"5 ! 
!V.::?}.~!10 ! 
! } .• 1] 0-1].J 
I 

!33 j'!:?tn.l Pro 
!rlucinr;.1 <]8.:1 ! 
!::?..P.22 ! 
! ! 
! ::; t~.hl und 
!T::ir:cn.1<)[3'.j 
rnd 105. r:?.~. 

! '.~f"l.chb0ricl1 tc 
! ::ut 1;onprri::irJ 
! : ·0 tn.J. J.rm i tc r 
! vr.rn.r.b0 i t;w11: 
!F'nG.T'.rl?tJ.. ! 
!1:5.;j.423 ! 

!r.r-.p'.l.cit;,' !l.ct~.J. T~u11.c
!5t for r.10.- t:i.n r:onthl:r 
! conch.Y.';)' ! 19ff7. ~ :1 r:-in ! 

_1 _____ _j_r·0J'.Jnin;~ ! 1 · ._r-""i.., __ _ 
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Appendi:: 3 

l!m1t:i_nuoun Steel C~r.:tinr; Inntflllntions 

cuuntr;.• !nunber ! t~rpe of !steel-! totnl !corn::tr. !cons-!notes ! aource 
firm 

!~ ' . _, . t 
! ::J 

' 
1 ' ;:> 

Austrn-·; 1 
lin. . 

2 

! 

' Aus tr in; 1 
"Sicen- j 
•··e 1•lr • .. . ' 
Brei ten j 
f P.ld" ; 

Arr;en- 1 
tino., 

"A:::in
do.r" 

1 

r.nnr;J.:i.- ! 1 
dcr:h I 

"Jfo.hirn I 

3tccl 1 

r.a n.:::" ! 
! 

,~ !insb.lJ.!teemint; out-!st:i.rtn !truct! 
~ ! firm !ladle ! put,! put 1 cost! 
:; ! !capo.ci~thous ! into ! mln. ! 
2 !ty,t. !t./yr!operat. ! dol. ! 

'-t f I I JT' • I ! 
1.1 

3 
I 

4 , Bloom, ; 

i ~~~i~~GC 1i 
I. 

5 

1 ! Slnb, ' )00 
! II 3hlefil'1.J! 
!-Zimnn"! 
I ! 

! 

' 
' ' 4 jDillet, j 

1 ; lor: j • 
· jhci,n;ht j 
""Fent- · 
' L• I 
!Alphine'! 

2 :nub,.! 
I 

! 

2 Dloom 

! 
1 !Billet G 

!-bloom ! 
! "Contnc t" 
! ! 

! 
6 

! 
!2500 
! 

80 

7 8 9 10 
19n5 64 !mid.1901 , Stoel 1 

; Timco, ; 
;1988.v.213; 
!ITS.l'.234 . 

I I 

' ! 

1985 
19B7 104 !?.00- !retnl Dul-! 

!J00x !l~tin,1985J 
! 1250- !Ii6962. P. 29 ! 
!2200 ' Steel r 
' mm 1 Tim~::: In+ 

! terrui ti on. ! 
! 1987. v.11 
! I!). P. 4 

f I I 
;hille~ E-:::press- i 
j 140::: j rln tn./In-t j 
; 100, ; Cherme tinf; 
;1oox ;1901.sc:r. ; 
;100, j3teel c.nd i. 
j 120;:: ; Fcrronlloy; 
; 120nrrn; rrml.uc ti on; 
1 jRcfrnctoryj 
1 jfroductionj 
· jand Fcrrouri 

ji."etal Scrnp 
jFrcpa.rcition 

I j I!2) • P • 5 
! thin n:c tnl Eul- ! 
!alab !letin,1907! 
! prod. rn2 02 , r. 11 5 ! 
!150x ! ! 
! 150, I 

!220x ! 
!290, I 

!2200mr' 
I I 
j r;0 tn.l Dul- j 
; le tin. 19n7 j 

' ! If 71 5 3 ' p. 1 9 i 
!Cnrbo1~ 
!ntcel ! 
!cnr.it-! 
! inr; ! 
! 

Cn. talor;ud ! 
H1 OHH, ! 
LG ! 
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con tintt:'\. ti on 

1 . ') J 4 5 6 7 8 9 10 I,.. 

I I 1 qn5 I 
Delr:iunj1 1 ;curve- 600 1 §!jG ; ; :0. t~J. Indun-j 
"H ... in°'"' · . line ·trv Iier;r; • " ~. ·> r I I I u 

Gttf; ta Ye j j"S!1lcm:1~ i 1985. v. 2, 
Doel" • rr· 11• ;:'.J. I I -u 1r.k'1.Il · r ! 
nr[lt.il ! 1 3 m~.cli~l ! 400 19Gu ! bloor.i ! r~::prc ~~-<ln ta 
"r:::i.nnc::: ~ !bloom r !squnrd/In-t Cher-! 

un.nn" I '".. ..L . i,.nnne:::;. ! 170, !n~tin.forn." ! 
!man-De-! I 194, ! 19:~7. Ser. r 

! 1·1:tr;" r ! 230 !~..itcel <:'.ml r 
I ! ! F0.rronJ.loy 

!rroduction 
! Re frrtc tor:r 
!!'reduction I 

! ~nc.l Fcrrou~ ! 
!T'ctal 3crnp! 
! rrep:i.rrt. tion ! 
1r12J.r.5 r 

I r Goo I r r 
"I:o :1 i pri. '' 1 1 ~no.h 

. 130 j 250 j:::;lab Conc~.:::t Te-j r r '1987, 
j"Contnc~" hur;un t j)inst j2GOx clmolor:y . . . 

!1900 Hew:::;. 198ll • I I 

) I I ' !!1.v.?.7.p.2! 

:1 1 !the r 130 1200 19f1fl !:-:l~b 
Cf'l.I:lC ! ! 180;c 

!1000 
noo:-: I 

! 1990::r i 
! fron I 

!c:i.rbon 
!nnd lorr 
!alloy! 
!ctl']elr; 

I I I I I 
"Cm'.lpri. n~,' 1 2 alnb ! ! ;2000 19e9 j150- ;r:.-.b.l Dullc-f 
Sidcrur1 j 170 . t. ri 1°0 6 . 

I .I .. ·• -'" " I 
rJr;icn · j E71 ? 7 • P • ?. 3 . 

tl i I 

Tu hn.rri.n '! I I 

"I~o f [l. vi'! 1 ~- billet! 80 )00 I !aort0d " I•'0 rr01 • n ! 
! hl0om ! ' 1 ')1'17 I !billet : :0 tn l :J " • ! 

!"Contact ;rchrunr~ ! 100;~ ! :i 11 • r. ~ ·1 
! I ! 100; ! Gri trr lor:uc 

! 160:~ rn101n4. r.n 
! 1 (>Omu ! 
! fro1:i ! 
!~nT·hon 

I ! ! [J t0.0 ln 

' ! ! I 

"Side- ! 1 ~- bil1ct! 50 mrr ! crrxbon Cn. tn.lor:uc 
rurrlr:ic0. ! hloom ! I pnd I il10HH. l'.n ! 
I• J,. I ! "Contact" ! lcm I ! 
AJ.iperti" ! ! !n.J.J.oy ! 

! !.": tnc 1 ! 
' ! 
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continun.tion 

6 
I 

1 2 3 4 5 1 8 9 10 

"GO!:lJKl.- ! 1 400 1'1D7 350-! ! F'errou~ r~c ! 
ny Sic1.P-- ~00 ! ! tr>.lS t 19f17 • I 

:rurd,~icri. ! ( totnl !E24.P.J8 
P.~lr,u- !capital I 

I. :inc rn II !invest-
I mcnt! 
!procr! 
I I 

Gre~.t 1 3 ro.dinl ! 80 JOO 19Bo 
_, !round! E;:prens- I 

Dri t~.in ! ! !billet dnta I 

f.3G ! !di~m. !/In-t Cher! 
! 31 o, !T:tetinforEl. ! 
!JrJO, ! 1987. ::icr. ! 
M)Onm !'.Heel ~nd ! 
I ! Fcrroalloy ! 

!rroduction! 
!Tiefrnctory! 
!I'roduction! 
!a.nd Fcrrou~ 
! L:e t::i.1 Scrap 
! Pr~p.~rn tion 

) !IT2J. P. 5 ! 
! ! 

II J,ln,n~{- ! 1 2 :-.; ln.b 1)0 19n.'J !?.51}.x ! l"crrous re! 
nrn" I DSC ! 1550w-1 tnl:::. 19r,6 ! 

! april !from nr12.r.~G ! 
!cnrbon 3tnhl unti ! 
!steel! i·:inen.19D~ 
I I i!11.P.12 ! 

I ! I 

"Han te :"'" 1 J billet! 19 40 1985 ! 7 5!round! ~errou::: ! 
! ! '' J~nc;ine - 19nn ! (£1 ~ ! n.nd We tnl::: .19.~7 · 
! I . .erint; ' ! !riqu[lrc IT'). r. ft..1 ! 

!contrr>.c- !billet Steel 
!tin~" ! ! ! TL•lCG .1 ')36 
I !Ii12. r. G1i2 ! 

I ! I ! ! 
Venezu-! 1 L'I, !billet 75 Tgrm !square Ca. tnlo;::ue ! 

0. lel. I !"Contnct" !100- ! If 1 01 84 • p. r1 ! 
"!J i<l e tur" ! I ! 15 Or.u:1 ! ! 

I ! ! .fr01n ! 
!cr.i.rhon 
! s tee J. ! 

l2Ql 
! ! 

Er;ypt J 4 billet! 800 !Gtccl Timen 
"Alt:?c- ! ! 198G !Intcrnnt. 
ao.ncfrin. ! ! 1986. v.10 
nation:". l. !HJ.F.38 
Steel" ! ! I 

I ! 
II Er,;yp t :i. - 1 ~- !hilJJ:~t 50 198G !cn.rbon c~. t~.loguc ! 
r.m Copper I hloorn ! n t~c J. !II1OHM.I-'.0 ! 
'1"/ orb~ ~i" ! !"Conto.c t" ! I ! 

! I ! 
"Er;ypti- 1 - ! r:ln.b 500 1990 

!~jtnltl unrl 
rm Jrrm ! !''Ji'cnt- ! !Eincn.19nr.3! 
r>.n<l ,r; t~, n 1. II !Alpine"! !Piel 108,JJ<) I 

I I ! ! l' .18 '. 
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continuntion 

6 
r I 

1 ? ) 4 5 7 B r 9 I 10 

lndi~ 1 2 !billet 17 !cn.rbon C:i.. t~.lor_:;uc ! 
"Steel ! bJ.oom ! T9r.u r ::md m101r .. i.r.6 ! 
Stripe"! ! "Contact" I 10·.1 r 

I ! ! !alloy! 
! !st~cl ! 
r r r 

"3urrcn- 1 2 hillet! 1C ~ 
!c['.rbon C~tc.locuc 

dra11 bloom ! !ntceJ. !H10184.l'.6 
! "Contri.c t" ! ! 
r ! 

11 So:;1anj_ ! 1 2 !hillct ! 15 19fJ7 
!carbon Cr>. tn.locuc ! 

I•'cr-ro I !bloom I ::i.nd !Ir101s4.r.G ! 
Allo:rn" ! ! 11 Contact" r lOYT r I 

! r ! blloy ! ' ! !atccl ! ! ! 
! I ! 

11 l.:1dinn ! 1 1 !billet 7 19r37 !cn.rbon C:?. t::i.lor:uc ! 
Steel r ! hloom !ntcel !if10Hl4.:F.6 ! 
Rollin,-;! ! 11 Contri.c t" I I I 

i.:illn" ' r ! ! ' r ! ! r 

"Chundi- 1 2 !billet 17 WJ7 !c~rbon C..., to.lO{;lte ! 
m1ln !bloom r [l.nd !IT1u1134. P. G ! 
3teeln" ! !"Contact" !low ! ! 

r ! r !o.llo;r ! 
r r !n tccl ! 

! ! 
"Shri 1 ) !billet 40 T9TI9" !nquc.rc ~.>tee l 
.Jnh::i.r ! "Con tC1.C t" !1GO- r 'rin0c Int. 
.'\l lo:r r ! !200, !19f1G.v.1? r 

Steele"! ! !cnrbon I!1 • P. 11 r 
I !alloy! 
r ' . . corror:ion 

!-resin trmt 
! !stecln 
! r r r 

" Fri.r tc.r ! 1 2 !billet 25 ' - !cri.rbon Cn. tr>. l.or:uc ! 
Rn~nnth·ln ! ''Con ta.ct" ! . T911G" !lorr- ! !! 1 () 1 ~·1 • p • 6 ! 
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!Dd 1on.1r1 • ! 
I P.14 ! 
! ! 
!r.:ctnl nul- ! 
!le tin f!on- ! 
!thly.1986. ! 
m1s1.1,.1-19· 

I 

!L:cto.l Dul-! 
! le tin r:on- ! 
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!ntecla 39-42 I 

! !Lctul Prod. 
! 1937. v. 25 ! 
!F5 P. 38-42 ! 
! I 
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