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- 1 - CASTING STEEL STRIP TECHNI CAL FI ELD Thi s
invention relates to the casting of steel 5 stripin
atwinroll caster. In atwin roll caster nolten netal
is introduced between a pair of contra-rotated
hori zontal casting rolls whichjare cool ed so that
nmetal shells solidify on the noving roll surfaces and
are brought together a [ 0. b n themto
produce a solidified s??%ﬁfﬁgugz%] gtﬁ%gered
domnmardly fromthe nip between the rolls. The term
nTECHN§cHﬁe§Iﬁéﬁein to refer to the general region
at which the rolls are closest together. The nolten
metal may thb%u¥%ﬂe$FBﬂ$a¥$%ﬁF%slﬁ?ot%ﬁsﬁﬁﬁF%@g of steel

Vegﬁghpfiﬁnhléwmﬁlleltcﬁg@éﬁ through a et al dellvery
i rect '

nozzl e | ocat ed ove nt

the nip betwt®n® tﬁ rﬁ?f% ?Brﬂ? be%.%%g?}nhspb%Froduced
of bablreen aepairsuppovhtda-pathhedchstingnsalfaasting rolls
th I e d n

a|§ﬁ£8 ér%”Hggké L%hQRQE méggl QéglggS?SfRSEQg Qn Sthe
ustVFygcﬁﬁllnéﬂrﬁéFﬂEeﬁnélééeprPﬂghbrtOGthehePH Fhe nip

sl bgtwgeﬁngﬁgﬁnﬁstp%aﬂcsng syifacescaf sua@p ﬁegaﬁcﬁo
as to damthe two ends of the castin al nst

outiel beraft AStgY2 At &r AEPTVENRERHE gﬁgﬂeﬁg the rolls. The
e|E§km0ﬁngetL§ baedi ReSebAVecalaocbees pRePgeREralSregion

casti RBLEBobs FrLbenerd) FioBeth: PabPthst: at ihe fiften metal

exmggsbefpéﬁﬁéd:ﬁndm!a Lsdheceksbar ¢ Smahthrevesselyfrom
raghdonand @ SQsceﬂkbﬁﬁhOL #?ﬁaﬂnhéf ?ehog¥fé {8Eated
casting surfaces of the rolls in or

sofPEVei EBei BiP| AC3BSt he §h6¢9tpéF|bﬂt@ftbﬁpﬁénr%ebween the

eaEBlPQ'nEo°EoEﬂ§n§a§tbﬁgtlﬁgrﬁé@fsofoméhﬁeﬂnhéﬁﬁl supported
steel castin ooI urlng each revolution of th
e

CaSPi HBSr GRPELRESSHESRFPRCET| HenFPols APapelapalyngbove the
5, d2p, 338 éhEehdﬂhgthGngntEé|ldhétﬁabEOﬂheCﬂﬂpbe This

drana |caII§ fected ¥ t he atureb t he netal f
c O usua % con erween S}?e plates or
oxra are dep03| d°BR-the%cas Ing ro

sudﬁueebelﬁr@nwshedsngeenghggmehtchitbrﬁBdOﬁutﬁeces of the

Ca§8iﬂ9 nggsdﬁéiagm the two ends of the casting pool
against outfleow, although alternative means such as
electromagnetic barriers have also been proposed.

When casting steel strip in a twin roll caster
the casting pool will generally be at a temperature in
excess of 1550°C and it is necessary to achieve very rapid
and even cooling of the molten steel over the casting
surfaces of the rells in order to cbtain sclidification in
the short period of exposure of each point on the casting
surfaces to the molten steel casting pool during each
revolution of the casting rolls. As described in United
States Patent 5,720,336 the heat flux on seclidification
can be dramatically affected by the nature of the metal
oxides which are deposited on the casting roll surfaces
from the steel slag which forms on the casting poel during

the casting process. Specifically heat flux on
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the casting process. Specifically heat flux on - 2
solidification can be greatly enhanced if the netal

oxi des thus deposited on the casting surfaces are in
liquid form at the casting tenperature thus ensuring
that the casting surfaces are each covered by a | ayer
of material which is 5 at least partially liquid at

thg i?h& Lfl ?&hog?ﬁ e&%&# ¥ ?nﬁ ncg&egk tﬂgemetal oxides
oxi des 5ol T e’ St éee TOFm oxi dé

inthusidﬁposnteﬂeoetbbe sastpngusurfacegs apstin liquid form
'nHErEﬁQtCBE§£n§h€¥mﬁég§tﬂrénthhguégsﬁgiﬂbakhgﬁethe casting

initial solidification tenperature of the steel
t hERriaceRepraocnsh aepesetd A¥ §01PEGEan|@PE@rbﬂltﬁﬁlch is

Ca&tiﬁ@asﬁupgﬂﬁﬁﬁlpfiDiqﬁ@dsﬁtiﬁhéi§§1£ﬁﬂfﬂé?tﬂén3tee|

t here in t_transfer tqQ the ten |

o EeTOSEr BAFBCRECEE TERST NVERIT CR1 GoBaSBRLgHEY with the
expéeemnte formaskidg iowlcaibos $neehe steep shraép but it
t W, dy I g xi de u S

f ot BeltBsk  LABLEARECCARE) KRED ISR UAC L LREL BBt ene
meihavéaau§@bw@1éacaha@nthemh@aatﬂraxeg hhetﬁbe@hsspnghat

SuﬁﬁéﬁeéoaﬁStgaéﬁégﬁg by nglaebgkﬂgcpéén&noﬁhezgastlng
i ncl usi ons pro uced fromtwo sources, name a t hose

prﬁﬂﬁgéﬂeauPFﬁﬁrSBPlﬁ?%%éhﬁ%ﬁﬁth?ntﬂg HBﬁ|§€ﬁ§l opnd thereby

I nihhabitsnkhdi £treatfep 86 the mbeeknostédeE. casting
surfaces and (b) those produced during deoxidation of
liquid steel in the ladle. 25 In the solidification
of DTEGLEEVRP OF THB EHEENﬂQONroIIs the solidification

i ncl usi ons aégsé C@ﬁ'éé?%f& §u5£§Ef§ o{o&hgarbon steel

strip. On the ot Te deoxi dation® i ncl usions
foﬁﬁﬁﬁplhntﬁetwaﬂléobieca$§PF|BuﬂeanPhYéBgﬁthe PHéde

Stih@lagﬂoﬁéefaﬁhgadkueﬁ0é5§€in§héﬂeéh§ é@'&ﬂfféﬁﬂhgon
O i nclusions. Both sources of inclusion

|nﬁBWPaﬁ%t%anth%ecﬁgY?n316F°YﬁEe§tFPﬁt EHG Fﬁ?th%Fﬁ?s at
CaﬁhengasﬁmﬂdlBuﬁﬂacekhErﬁEQbVanédlBystﬁé méEtlng point of
|ncIu |ons rodu df£on1b th squrces shoulg ;

%323 giiose

The 8|sc osur%ro TRt 86°%t Y SPat eht 5n756

maprgdncednéurenglaglwéiylmﬂthonhetlhhéumennscus on initial
geQSi%&fgication of the steel on the casting surfaces and

(b) those produced during deoxidation of liquid steel in
the ladle.

In the sclidification of the strip on the casting
rolls, the solidification inclusions are localized at the
surfaces of the strip. On the other hand, the deoxidation
inclusions formed in the ladle are distributed throughout
the strip and are markedly coarser than the solidification
inclusions. Both sources of inclusions are important to
the casting of the strip, and for better casting
conditions, the melting points of the inclusions produced
from both sources should be low.

The disclosure of United States Patent 5,720,336
was concerned exclusively with the inclusions generated
during the solidification. It was assumed in that

disclosure that the presence of Al,0; in the slag is



during the solidification. It was assunmed in that

di scl osure that the presence of A1203 in the slag is -
3 necessarily detrinmental and should be m nimzed or
counteracted by calciumtreatnent. However, we have
now found, to the contrary, that_the presence of
controlled anmounts of A1203 in the deoxidation

‘”Eégégogéiia”dgﬁr§m2592£ 8”e£ #8' Lh.SnsaELag Lhat
t he crusi ons renarn  noi ten unt B2 PSR 'ng

steeunherachag byl cdl tied tUaatmgnbasthgevvvthwe have now
naagaﬂaseéélkheoeohtkgfg SEEQL tﬁerréEéhHé'QE HSLEkBQled

point 1§ very sensitive to changes Th_ the ratio
maRAganesE 8% fzOx ér’SItlhecgl?oé‘ﬂ-ld@@,onaH@cfl&Slf@ssm be

5ﬁyﬁﬁghayisénerhalhBCiﬁSéﬂ?%ggﬁgieﬂaﬁgtﬁé ﬂﬁ&lbgiaﬂéaﬁemain
| e. ., e er than | C revent .t .
o rentenr L BhE! srreturatre ol aet PR b he s cspLifh Fyea

r odhrsungf aassingd nuythemdnganebeggihgcoﬁ kidhed steel, the

onpgigsbh nblEY bEInE £E,vO8y ghdyersheld Mencos on
inéhasréhsOSQfa@anganpsgdgﬁedQSth@eélbhage oxides, and for

10Syééﬁﬁ1SﬁaﬁrkﬁtﬂgsNhgheS&ﬁglaggonAﬁgﬂglﬁén?éﬁgﬁCﬁa§hSe quite
sensitivity of the inclusion_nelting nt to chan

i nPiHB M Sy (BTPaEPEsthandt éaf SctﬁﬁFFb CRRJBEEVERE the
nekbrmgtpehnbfoﬁ_khelsﬂﬁbﬂﬁrgnﬁlqﬁha piemesh €Re casting

d I f L I b .
ST EREL A EPrarn PO ¥eRePerauRe R aPFONE Tor TIRE Pactages in
f othat mohtenf stleeki dalivarynsyabenns Thel ddingeAdR63
15 AC&8£Q£:Q91£fIO PeAfL der:ltn' Q et Ia%rogclld%tﬁr %Vllﬁ%q.u% grlrx‘gt I%Q)d as to

castin w carbon stee strip mpri1 si ng
asﬁéﬁéupﬁgaatbaee Eha§93P$h§er§Yﬁ§emo¢ﬁwﬂﬁlalﬂ9pMn0 S$i0; and

behmn ctalihe reiulcss ther @e’i‘l%l%lmilttye RS el 1'91@1'11@9.0@1 mel ting
sl a i ron manganese, silicon and al um num oxid

pngﬁEFnE°|ﬁhﬁng§§eéP EP?l%n%é€}@?c£9§&%ﬁxa%W&I%ﬁﬂcﬁﬁ?“ally
hareagca théi nedtildg ﬁhfﬁﬁlﬁﬁ thetbﬂclﬁﬁgenéf OTﬁetpresent
50 1. Qnggd f%%OS gongent . | ess 596cas . nt 89”0'
t he"Holten sfeef % ?ﬁe%np¥ e palr 0 cas |ﬂg Fol F&*
f oetealcast angwpoorodl apbten shéeh allows for the formation

of deoxidation inclusions including Al,0;.
According to the invention there is provided a
method of casting low carbon steel strip comprising:
25 assembling a pair of casting rolls forming a nip
between the rells;
forming a molten steel having a slag of iron,
manganese, silicon and aluminum oxides producing in a
steel strip MnO.Si0O,;.Al,0; inclusions having a ratio of
30 MnO/Si0, in the range of 0.2 to 1.6 and Al,O; content less
than 45%; and
introeducing the molten steel between the pair of
casting rolls to form a casting pool of molten steel
supported on casting surfaces of the rolls above the nip;
35 and
counter rotating the casting reolls to produce a

solidified steel strip delivered downwardly from the nip.
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supported on casting surfaces of the rolls above the
nip; 35 and counter rotating the casting rolls to
produce a solidified steel strip delivered downwardly
fromthe nip. - 4 The Al12Q3 content in the inclusions
in the nolten steel is such as;to permt the
formation of liquid inclusions. The resulting A1203

content in the s formed fromthe |ten steel y
range up to ghnﬁé#%ﬁnfgnter%enpagg o%nggufl?P§ ifi the/molten
(Rsteg), ishenehRasstohpeMOESEIR feamabioh ofeliquid

'thHﬁhQEénsTheTﬁé2£§sﬁPE£ﬁ tAP&k}%%ntf%%”h%!Q&e?%%ﬂap

HH%P e in the range 10%to 30% over a w de range of
oregd r frpBsthengol henustens May EoRfai HPate feR3kimum

3‘;{ éi‘&ﬁ!&taé@ dhespnel ES%OQE Uaz) pewﬂéﬁeensgg graenadb) ¥io,
t hr oughou e str and the |ty range.in a |ze
frEAEES ph tBS TarRetONRe | RUBHEHY SCh 0N toe
caseShDMAngrbbnlpsmeglbetinptbé Fasget hakh BaNBO% over a wide
th SSC n [

i EEBOBSSLCABT LRGN A GO tine PhSLFSoRIAED Bllitasn ac
Nhtﬁ85€23ﬁléggh ncl usions having an MnO'Si2 ratio in
the range 0.gnhd olﬂcﬁu&[@nér}naﬁllg@df Fé‘éd'&eﬁ@ﬁally

range 3% to 45% The deoxi datl on usi ons” may have

a sk E@ugaﬁﬂE BheZSFﬁlﬁzaﬁﬁcFBﬁsmaQErﬁFﬁoP%PgPo%Pc%rBbﬁe from
st getostpi pidBynbe produced descrlbed by the above

nmet hod by ch it is F DESCRI

tfrodeed PT. i b
THE DRAW BR ERETRACTRR ?’ﬁ‘%‘éﬁ $3n* nBY° be %r%ar on
fubktgel25texpl af nkdssr tbaht Smof thipknesentainpwhskng

t t d ' it
¢ obbpEs Bl uelf Sndbly, BAadAPCELPRH:uL Bohetai BpO2
ol Bhrongiont AheoREFHRORSLAEH FhedcMBPeiGhiaknsinclusions

0pﬁ&@bh§ laﬂ RAGPEHBNCEA N d hird Nend Nvadd ay2 ]9 1F|63Ua(r§i an
is a Side elevation of the trlp caster  shown

F| Blr® LONEREr d™3 HRE T3PS PEaltocAdds - &l S on

inclusions may have a size range of 2 to 12 microns.
A novel low carbon steel strip may be produced

described by the above method by which it is produced.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention may be more fully
explained, results of experimental work carried out to
date will be described with reference to the accompanying
drawings in which:

Figure 1 is a plan view of a continuous strip
caster which is operable in accordance with the invention;

Figure 2 is a side elevation of the strip caster
shown in Figure 1;

Figure 3 is a wvertical cross-section on the
line 3-3 in Figure 1;

Figure 4 is a wvertical cross-section on the
line 4-4 in Figure 1;

Figure 5 is a vertical cross-section on the

line 5-5 in Figure 1;
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line 3-3 in Figure 1; Figure 4 is a vertica
cross-section on the 35 line 4-4 in Figure 1; Figure
5 is a vertical cross-section on the line 5-5in
Figure 1; - 5 Figure 6 illustrates the effect of

MO SiO2 ratios on inclusion_nelting point; Figure 7
illustrates MnO SiQ2 ratios obtained frominclusion

anal ysi s carﬁled Qut op, sa %géstégen E% ngQ 6?#?0

| ocations in rip cas Thet tast i ng of
carbbmosteel1sc1uploﬁugalblﬁglprBtrates the effect on

|nC|US|°n %ﬁﬂg @Oifiugﬁrﬁagsaﬂgbyé %(Haﬁ¥gglgﬁﬂalned

varyi conte and 10 Figure 9 ill rates
AlQBSmIEOEFESﬁﬁ9 B@alﬁﬂfﬁsﬁéﬁr&F@hPHta°§a§ém6béﬁaFPH@n from

r egheNowBeNogasibng iAWa S8rbPNcabeet HArohgethéockS8EPng of
hi neltig po gnt of the oxide inclusions below a
PYngat €GeS Bbout 1580C.; 15 Figure 10 is
a nicrographFD@una 8lilubtsttaves M SE£RcH ABinclusion

B

ofaBd6 microns in dianeter; Figure 12 is a mcrograph

of an 'llUStfﬁéﬁfé QZQifﬁgkéiégsﬁﬁg&BAiﬁglﬂéb@msoﬁa§ %e

mcrons in diameter; Figure 13 is an x-ray spectrum of
t hadJpeEgdt vathie ﬁh%ﬁ@?CEP%FQEBngnEPGéPBnWBFnFFﬁﬁFéng low

10zarbbgusecdd if aﬁdérraa Bééﬁttﬂ€1ﬂélthﬁg point of the
illustrativ Iu5|gn of

anfi L8 FRUTPEL 75| oMV S 2y Chidt FORSOFSPREC of about
ilLegoratiive MO Si 2. Al 238 i ncl usi on of Flgure 12.

DETA LD CESTUET b Ty S EESSED S0 Ml e
StMPﬁ-@&@teﬁlﬂ%Iéﬁchﬂ§19@eﬂfoﬁeﬁaméﬁrpﬁsaéﬁoﬂﬁaﬁﬁéerf
with the presgitei DVeNsi 9MnidRb§rE88tsf £OPIiS86rAtive
MHO.SiOZ.A1203 inclusion of 5.6 microns in diameter;
Figure 12 is a micrograph of an illustrative
MnoO.Si0-;.Al1,0; inclusion of 4.1 microns in diameter;
Figure 13 is an x-ray spectrum of the
illustrative MnO.Si0,.Al,0;3 inclusion of Figure 10;
Figure 14 is an x-ray spectrum of the
illustrative MnO.Si0,.Al,0;3 inclusicon of Figure 11; and
Figure 15 is an x-ray spectrum of the

illustrative Mn0O.Si0,.Al,0; inclusion of Figure 12.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Figures 1 to 5 illustrate a twin roll continuous
strip caster which has been operated in accordance with
the present invention. This caster comprises a main
machine frame 11 which stands up from the factory
floor 12. Frame 11 supports a casting roll carriage 13
which is horizontally movable between an assembly
station 14 and a casting station 15. Carriage 13 carries
a pair of parallel casting rolls 16 to which molten metal

is supplied during a casting operation from a 35 ladle 17
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machi ne franme 11 which stands up fromthe factory

floor 12. Frame 11 supports a casting roll carriage 13

whi ch is horizontally novabl e between an assenbly 35
station 14 and a casting station 15. Carriage 13

carries a pair of parallel casging rolls 16 to which
nmolten netal s supplied during a casting operation
froma_3 dl a_a tundish 1 d del i

nozzfe®1 “P%léﬁeég ané %%% TRg” poof gﬁ §%a i AgTT L) &
l6castingt protodPed @@stihgtrehéSIsGSaredwayenncohéed so
MYhag LAbL1SULEEased08naBfle A6G1REOUON LADPLBEL £ba and

he nlg bet ween Ero uce a b solidified strip
préaﬁc rowght FﬁﬁeFBPF att Fae. n#ﬁl%etﬁﬁﬁﬁuEPGQOtPsPF@ﬁuce a

t 0sa1st@pflandsepipepraduand2oByt EHESEHUENLLY1BE. This
transfergegPto a sacgnd cojl e tacle 23 is

RRRRCE 20 nEs aEe A 7r Shendard.ehi1eR ot catn gy

st attbsaqaadthpl bentaehafecaadbtodavseteddi abbléhi 8210 A

' 2
SSERMAELELY Fo2PoHBLLE 5ROtk 00 PeTL R S Ghont tho
{ heastingi shabtonhand RolioBeweral naafobadivarbed into this

pr9@5@5t9&1e0§f§raﬁag®égfibﬁnsﬂaﬁtn§4aoﬁaﬁﬁéngundlsh or by
operati_on. Rol carri age 13 conpri ses a Carrlaa frane

1W1E5dﬁﬁﬁﬁ%eafb§nmﬁ@%Fge%2Yoﬂng|?é 38 eRfefiliffiget the
al engdapant ief théhe 18I 8 sBcEieemhl a6emitivhesebyreghbt or

1 , t t I
CnethafuatsiRelihidutibg B S1oEp RRTREIRR of rof
cradl es 34 iRclWhezhrihgerbR | cofirises rata@inblyge frame 31
nDHBLﬁgedRB lwﬁégg%e§236n 291f£e3§D8§£89?9ﬁ%L$§?9g part of

carriage fr I nter-engagi n i
sl Fhe W@ﬁﬂem§095n§6fF@mﬁllbmWhﬁée@YaEPé earrpagaoyddas 2

OnthEeCEErhaﬂﬁtéadﬁértHSvéﬂéhHeQESantﬁédfaﬂibcss
cylLinder units 37 to adjust the nip between di

caQﬁFﬁbag?oFFgmﬁ63£nﬂaF61EﬁaBIEa%ﬁe°FoFP§1t8rB@1es 34 in
raphdby theedodpar162aréorotashbly mbuRtedt errallvwbeadles 34

k8 RSIHLERCOROCHr IRy LEaNSNER3CL 1 05 O deakices: ,
acr oss as w F % g exp?alne nore de?g g g

bebgmpléhentarY|agedesmﬁmbaDSe35a§6at0halboulbhg thadles to
rabésmsseayoﬁckﬂétbQPnggé gﬂ&@kethécihfgugﬂgéaak'ﬁydraullc

pi ston and cylinder unit~39, connected
cylinder units 37,38 to adjust the nip between die casting

rolls 16 and to enable the reolls to be rapidly moved apart
for a short time interval when it is required to form a
transverse line of weakness across the strip as will be
explained in more detail below. The carriage is movable
as a whole along the rails 33 by actuation of a double
acting hydrauliec piston and cylinder unit 39, connected
between a drive bracket 40 on the reoll carriage and the
main machine frame sco as to be actuabkle to move the roll
carriage between the assembly station 14 and casting
station 15 and vice wversa.

Casting rolls 16 are contra rotated through drive
shafts 41 from an electric motor and transmission mounted
on carriage frame 31. Rolls 16 have copper peripheral

walls formed with a series of longitudinally extending and



30 between a drive bracket 40 on the roll carriage and
the main machine frame so as to be actuable to nove
the roll carriage between the assenbly station 14 and
casting station 15 and vice versa. Casting rolls 16
are contra rotated through drive _35 shafts 41 from an
el ectric notor and transm ssion nounted on carriage
frame 31_ Rol have cqp e eripheral_ _wall .
P e e e e e et SRR
7 wigthcaabéingt vatey SbaeedhmaherrebblenQSpﬁseageeter supply
SuBRLEECinvhD £89LT 801Y8! ShatBEONGMNANENT Ok EBfifected to

fromwater supply ducts in the roll drive shaft
wh¥ehedr 8UEBhHekPEESt §2 RBF@PGQUEBF?rﬁo§é§n@2 Fﬁrouﬁhe roll

5f0h§§¥t§bﬂgﬁ§1§§beTBBoﬁ@|B?O5mﬂHYnt&ﬂhﬁété¥ Qﬁdagﬁuto
I N ahet er u 0 n rdae
> Rl 00 S cBrdet o B odtce. 2oaf e fE CgErtS

enprbehytconventlonal construction and is supported

via a yoke 4E?8feaf7Ofgrgfagn819%%¥m@éﬁ&%ﬁté&héi 83Hstructlon

be brought 0 position froma recel vi
st anflohs Fhppputed viafatyvedewtbhon anopperhead qsane whence

1oaCiHaE£ﬁ B¥ Br§§§H9 §M£6n9851E90ﬁ|k9$hn9|E89 RAELRL Lch1v1ng
flow fromt hrough an outlet nozzle 47 and

r ePFaELBRY ?Hﬁohadh% 1At B1tbRdi €hthga $5°nPRE EAA186
| SaakGabOE Bgnaeﬁéreaabym@ﬁaéfuabl@nlowlmolﬁeﬁomaedlaﬁo flow

d . : !
TabREt: EhEokraLs(Foep chnator R aF pRE=Fr 47 s Serractory
r esbroed AB| irhonbuadifhoh8the | adle and is provided

with the afqQp erfl 4 _an
15 k20" ey PSAELA P SLL| D13 oS OB, Lty Eaction.

seFFeéSoform@ﬁgﬁFualﬁaﬂﬁydéﬁbc@adﬁePﬁlaoﬁ?féﬁcbﬁéﬁlﬁg§6rlal

52gudheakong negﬂﬁﬁ 8&1&@9(ﬂ§6ﬂ|3h0ﬁér§i8§ Bﬁuﬂﬁéngundlsh
brackets 53 nDuntlngBthe tundi sh onto the rol

caFPPEUEF: BROESR BRGRLp QF“dE]aevv?'f‘ﬂlﬁp%PTiu?EspFB"lded with
reenévafbﬂdsxhﬂgoﬁegslsﬁ pa ahe éﬁeﬁgéhc9gplﬁgaﬁﬂ SOThe

20 asokﬁea"%%at SEYLh8C tﬁcﬁhﬁ ‘“”dkél}lgege LYgry pozzle ¢
1971's as an e onga d? a refractory
nalengatugunhlhs abanedamgtaphpublet openings 52. The lower

part of the tundish carries mounting brackets 53 for
mounting the tundish onte the roll carriage frame 31 and
provided with apertures to receive indexing pegs 54 on the
25 carriage frame so as to accurately locate the tundish.
Delivery nozzle 19 is formed as an elongate body
made of a refractory material such as alumina graphite.
Its lower part is tapered so as to converge inwardly and
downwardly so that it can project into the nip between
30 casting rolls 16. It is provided with a mounting bracket
60 whereby to support it on the roll carriage frame and
its upper part is formed with outwardly projecting side
flanges 55 which locate on the mounting bracket.
Neozzle 19 may have a series of horizontally
35 spaced generally wvertically extending flow passages to
produce a suitably low veloecity discharge of metal
throughout the width of the rolls and to deliver the
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Its lower part is tapered so as to converge inwardly
and downwardly so that it can project into the nip
bet ween 30 casting rolls 16. It is provided with a
nmounti ng bracket 60 whereby to support it on the rol
carriage frame and its upper_part is fornmed wth
outwardly projecting side flanges 55 which |ocate on

holPIERb by BN e snR RER APy TR PN Cafp S8 kP ik ga rect

space erally-ver Tca ext én
f | omepagemget o theodaté ausfiacebl gtlvhieh| doityal

d'§8E§&9f185tﬂgﬁabccﬁ9§quﬂ?ﬁérﬁﬁ€1%@ﬁ§h eﬂetﬁﬁfgfélﬁay have

to deliver ten_net al .
berééﬂgiﬁecPBF¥§uﬂP§h%h?thPE%?t Fﬁpﬁﬁbéﬁﬁﬁtao%OWhE61001tY

Lfbﬁrﬁﬂiﬁaﬁfsméltéﬁiﬁéthniaiﬂéct§9|iﬂt&iﬁﬁéiﬂﬂpoﬁéﬂﬁéen the

terpativ , the noz e

orLhaoabdds, LEonrerBe o fBtroar wn! barvipEEep,metal pool.

curtain of nThe eponkths comfined antthe hends pobetmeerolls by
I a r e t

rofaPaBb,Pr B8 chbsUBY BEALOUEES Sin i fhn A8a REl & against

roEFGPE?daepéﬁr56f°§|HEECFGéhﬁeWbeatb5656°hhi@hralége is at

hetfdeagaikpshg stePPEA. en§§dé7c965ﬁ98 %95£ésm@§nakgemade of a
roll carrla?e is at 10 the_casting station. Sid

cl 85tPRIpFafEacEBrY B2hatLabf 5°§t?ﬁﬁﬁpiﬁfPaﬁ?Brvltrlde and
nahavéabcaimbpeaaﬁphe bages Blttbdﬁataﬁdthéa&ﬂrvature of the

| { t
R e e S I
nnmnuadednlplplathohdbderszsahwhhchraranmabhblatathbhe

g&h&gsﬁkﬂigg”bgy%éEBHERER”oEf ag?%krOthgégaéﬂibc

uni t e side
engﬁééﬁéﬁ? upiiEf ﬁﬁetgthﬁbéﬁ thassefetpbatast inforengagement

t0w£€ﬁ”tﬁedstéb§éafSﬁdéoéftEﬁe”@hé@ﬂn@oeblﬂé g8t 8brm end
forped on the castlngtro s durlngga cas

opErSEPERS 58T DEPFNYCLtERsPPRY Bhe F?%nf?ﬁ%gPaGPethe
st eppelingr 86146 deranguat edstongl bparaviérn netal to

pour fromt |adle to he tundi sh. t hrgugh. t he ne
del i very n02§ e %n%%sl%ngl%ﬁsr%gl eg%%s ?%ger%%?%Per
Th90dleénlheadtenuedotOthblgWrmplpendmetalotospgurdédom the

?%égg%%aEbOEhgftéﬁg%@ﬁOEhgéu%ﬂbkﬁegﬁeEQltaéli@@§yoﬁozzle
whence it fio££ to the casting rolls. The clean head end

of the strip product 20 is gquided by actuation of an apron
table 96 to the jaws of the coiler 21. Apron table 96
hangs from pivot mountings 97 on the main frame and can be
swung toward the coiler by actuation of an hydraulic
cylinder unit 98 after the clean head end has been formed.
Table 96 may operate against an upper strip guide flap 99
actuated by a piston and a cylinder unit 101 and the strip
product 20 may be confined between a pair of wvertical side
rollers 102. After the head end has been guided in to the
Jaws of the coiler, the coiler is rotated to coil the
strip product 20 and the apron table is allowed to swing
back to its inoperative position where it simply hangs
from the machine frame clear of the product which is taken

directly onto the ceoiler 21. The resulting strip
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hangs from pivot nountings 97 on the main frame and
can be swung toward the coiler by actuation of an
hydraulic cylinder unit 98 after the clean head end
has been fornmed. Table 96 nmay operate agai nst an
upper strip guide flap 99 30 actuated by a piston and
a cylinder unit 101 and the strip product 20 may be

confl between pal of ve lLers 1
i PepBRRs PR Y Behdhbadm B yCEhahplerkd L Ralfe 22 o
t heredinter 2 £hwatofbet fgrrbranenorb awvay fhem Ehei paster.

product 20 apghinhg, PO 4RI &F1 S @&iﬁ“@gli é&t@ﬂ 3P the

back to its |nogerat|ve EOSItlon where it i hangs
fr bidehélBehracedr el LP8arl F°tﬁeaﬁﬁoﬁﬂéﬁ ﬁhi K gﬁscrlbed

takﬁnoueivegtlvaentngghesgpehesgélanah§|Qesythsngnd ;

m seqguen rre
torhBerartsBhel Buraan Rt frabros crenyare s BRBRS!

away from t hexctasseve cizstingasfinahguisesd sulﬂmanrkdlled low
ca f k illustr i | t

rofafhofl sbHELLPAL! LU BB HT! Shstdpiflad BhEum that

5, tBe Be8tind BeRnk of3dgpyidahiennanebnaiopat dat very
ApRLhsatioa E’QT éﬁgﬁéég%%thgxltxﬁaﬁsy@z Cﬁ‘é&i&g fr those

manganese silicon kil | ow carbon steel Strl in a
t RS BPEOREst eFPhEsighdbhhuehbptedne? nBEF1RE 60VH%chP1°ts
deoxiriatioensi DRl UAEDASibA MELYiA§ peﬂﬁttagslhgtchnege51evant

S @ rati for those .inc i ons
BT sABe s puntert Mg Al AR Pt rstiip the
i nchasing htemlmpengtpoenisagabntt 158@°Cel evhnvil MESEERNn from

fa%&gﬁreV%eEhsésébQQ L°$’5959§ §§%§8' Etﬁfﬁ/%ESQ ratios the
castrn erature 1Is a out 5 e seen
frbﬁPlESFPQumélBlﬂﬁaPobV§r1§ @E?hathhﬁﬁgéhéﬂ Whoe Seapting

fa&éﬂﬁekﬁ&urénﬁhasmgﬁ BE'ihngxeébgtofslﬂQthhlgﬁfﬁh such
than this_castin erature and e in excess of

| 7B0eh PR SHCROLRE G hetbi MGt P RELEIE P AOkLSEy Ehe
pOBéﬁhiEeménSabfSéusﬁhEngrEﬂélm&ﬂﬁﬂénﬁﬁcenéﬂrhngiﬁhEd film

LAt epance o g Lhoyl dutEhiL20 ongthe.casting L gl |
surfaces, 8¥eeP of SPhT 8 conposSi Tron nmay ot >be
caspmbbeltﬁgntMeynnoe belgggtnglef Fuobhhpamsagescliagging of

thflgﬁlbXEEX?gnghetﬂadd8199ér93£5§zgé aﬁaeoﬁﬂéflparts of
del |ver¥ XS em can becone pro
the steel delivery system can become a problem.

Although manganese and silicon levels in the
steel can be adjusted with a wview to producing the desired
MnO/Si0, ratios, experience has shown that it is wvery
difficult to ensure that the desired Mn0O/Si0O; ratios are in
fact achieved and maintained in practice in a commercial
plant. For example, we have determined that a steel
composition having a manganese content of 0.6% and a
silicon content of 0.3% is a desirable chemistry and based
on equilibrium calculations should produce a Mn0O/Si0O, ratio
greater than 1.2. However, our experience in operating a
commercial roll casting plant has shown that much lower
MnO/S8i0, ratios are obtained. This is illustrated by
Figure 7 in which Mno0/8i0, ratios obtained from inclusion

analysis carried out on steel samples taken at wvarious
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Al t hough manganese and silicon levels in the 25 stee
can be adjusted with a view to producing the desired
MhQ' Si Q2 ratios, experience has shown that it is very
difficult to ensure that the desired v\nQ SiQ2 rati os
are in fact achieved and maintjgj ned in practice in a
comercial plant. For exanple, me have deternined
thft a,steel . 130,¢9 sitio? hav gan ont ent
e

BRbERAE 4% & PrBRTEhA cRESLF BE59b) E-a ks PABNY

cheﬂsttng afdMBasetecbnsbygiprl | bheuracabual aetahions being

shoylLfepEPdHCEsarMfhps 2 ratio greater than 1.2
However, our experience in operating a comercia

roll casting pl ant has shown that nuch | ower 35

MO Si Q2 ratips are obtai nedagilis is illustrated by
Figure 7 in ich,MQSi Q2 rafio

i ncl usi on éﬁglyg?s tArri ed® o%?naﬁsgtg%?cgaﬁﬁFﬁﬁv?ﬁk@ﬁtal

at various - 10 |locations fanom tbankadlal scale strip

caster duri c ng of 6 | [ | O
| ocati ons bQ?ng af%%ntlflegga§§%§?#5§é£ @if&ge?ég§g the
Ti, T2, T3: a tundish whi chtnedéghes netal fromthe

|ad|¢- TP2, dP3j aQtranS't'QﬂcEéggﬁerbQEEEth the formed
t undi sh. 10 5, successive parts of the forned

strip. It wll be seen frofiFFiBure 7 that the
neasured MO SiQ2 ratios are aII conS|derany | ower
than the 15 @I h£ t.ed ex ec%g tio of

1.2. Noreove 1P hER %?%f?27 Q?%rmeasured
exEnpl 8ie; rexhuicts care falim @ords idethigly clawemctm ethidne

”EELiﬂglgﬁéﬁtex gngL4eraply 88 ®E6F0 hﬂaﬁ gube Gy ALS er

durln% st ee ansfer operation fromthe [adle to t
no&hgllsebanges ERpﬁggfﬁl@o ratiqy |for grumple a reductlon

ref@éhdétboﬁombléh whh! ihepdaka tﬁéfhéfﬁlﬁgdﬁéfnthe
MO SIiO2 ratios % has nore affinity _for

coﬁBﬁ?éGeFabkﬁ 2Br SBRY gA, Féﬂﬂr?héref%¥§° nﬂPégngiﬁﬁeel
W tkaheféer spératovrr FAgmt BRer BAdDE. tdhtBeehbaTd, cabeel

exposure to air will cause re-oxidation which will tend to
further reduce the Mn0O/Si0, ratios (Si has more affinity
for oxygen compared to Mn for oxygen, and therefore, more
Si0O; will be formed, lowering the ratio). This effect can
clearly be seen in Figure 7 where the Mn0O/Si0O, ratios in
the tundish (T1l, T2, T3), transition piece (TP2, TP3) and
strip (S, 1, 2) are lower than in the ladle (L1).

We have found that by introducing controlled
alumina levels, MnO.Si0,.Al,0; based inclusions can produce
the following benefits: lower inclusion melting point
(particularly at lower wvalues of MnO/Si0O, ratios); and
reduced sensitivity of inclusion melting point to changes
in MnoO/8i0, ratios.

These benefits are illustrated by Figure 8, which
pPlots measured values of inclusion melting point for
differing Mn0O/Si0, ratios with wvarying Al,0; content in the
inclusions. These results show that low carbon steel of

varying MnO/Si0O, ratios can be made castable with proper
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clearly be seen in Figure 7 where the MO Si Q2 rati os
in 25 the tundish (Ti, T2, T3), transition piece (TP2,
TP3) and strip (S, 1, 2) are lower than in the ladle
(L1). We have found that by introducing controlled
alum na levels, MO Si Q2. Al 23 jhased i ncl usi ons can
produce the follow ng benefits: |ower inclusion

rreltl t O(artlcula ; at. | Quer . val ues_of
ot SPBRrLF T AR b Ll s MRS ol by pigure o
i nehiishoshaekt Ehg pange ¢6 dhzhgeontentsh@o8 @2rying

raﬁh@?slbrpeﬁa@tﬁ?é‘%ﬂf& abh-.eli léﬁ’scﬁf@teﬁg :m/cfd%z‘? felting

p ots neasured val ues of 1 nclusion mel
poPﬁiLnFon 3begsf FRARNgORAICE si ¢hifht i'-%sav\FfFllgaiL yFﬁ@tlng
AJEQﬁpéQBtﬁBE fartae511ﬂ@bﬂ8h9ﬁ§an5563211géal1§wsbgwbon

th b t | of
peoHRRD calFalt bLvPereprBpER=t Ghe BBREF of 1B EAPS0RLA0:
Ieuehsen’cfhrangesfflrbinea.behbv\as%nyrgpmeMﬁo/whogh:sltmsof 0.2
th%or QL'BQ t %9@1?& 28”&88%16 5\(1?{(3]'@@ :I[ '\@Ol S.f'h(g increase of
Wi hcl t1hg il

rati os ensure an |1 usi on ne
of the§smaﬁamumSSelapprmhl@hteéYal!-ypacahnda?,hengPEer limit

teSPeﬁleHﬁlﬁmfﬂi & onite@t RAJARRIL AU B 2 ?fr%%rské@" as
st eel . It wi |l _be seen that the upper limt o

coAP&At 9 réﬁg@sz?rom about 35% for an MO’ Si 2 ratio of
0.2 to abOLIFoB%(b)O&h@{l M’c@o‘.‘d @ natdd tfanl dboulh®.9 it is

| nEEEERE 2D, by SeTBR TR AR P edor B eing
t heoehor debs tkpnet§ed’ds AB5Sm2nOmaR- Of 23bokbr 3% Al,0; is

Nhgé§éﬁg fthﬁa ?fﬁggﬁéaégfg ﬂ?ﬂyﬁug Qohid. e of the order

essentla to I nc to ensure an I nc
mePfi h9% PiQw- | Fox MY SLO0TAtACH APAYM 6f9ab3313tm3% be

Al@ﬁéokéti—éa@ﬁ?%éb@ib.@@dté 61§é§98éblvftﬁ1 Hé&ymji\ﬁyédAle3
be of the order of 10% A1203. For MnQ Si 2 ratio

abGOBEENS; | HOKEY ke a’FhBB?‘éiLPEﬁWyeﬁB%%%BF@ tBhe “Mno/s10,
OpEé.ﬁli.Gs\Nia.bhuﬂEgi/I gbbhendd203 acesimmatci HDWBYEhEt 8Sn vary

Vi ou | ai t he S ratl sact aIIy
oo EPRethE  EHBeBLRESa S R Sheh GEPLLERaR TR and can
t hebregecak, veaicus aledabxpeet burvagbeshanatcan caster.

ChiBP8oBLrVRALOHS1 LPRGL H8THL BARUBA B8y SLLLR: €29LCEo minor

changes in this ratio. Accordingly it is desirable to
control the Al,0; level to produce an Al,0;3 content of at
least 3% for all silicon manganese killed low carbon
steels.

The seclidification inclusions formed at the
meniscus level of the pool on initial solidification
become localized on the surface of the final strip product
and can be removed by scaling or pickling. The
deoxidation inclusions on the other hand are distributed
generally throughout the strip. They are coarser than the
solidification inclusions and are geherally in the size
range 2 to 12 microns. They can readily be detected by
SEM or other techniques.

FIGS. 10-12 are SEM micrographs of illustrative

Mn0O.Si0,.Al,0; inclusions from one heat showing the
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Moreover the nelting point can be very sensitive to
m nor changes in this ratio. Accordingly it is
desirable to control the A1203 |evel to produce an
A1203 content of at 25 least 3% for all silicon
manganese killed | ow carbon _stieels. The
solidification inclusions formed at the neniscus

| exeh gt bhepool on LALLI alesali diLLCaLLON (BeeOlEn.s o
| ocar zéed e surface of ?ﬁe finaf Cett p pr ? 56
an@lcan5pe uenaeeu1by sfastngpokOpnaghi AgedThe show
dexbdaibOT Of! UEPRS10Ast Ae 81 NghaNgNtrgieactively. The
distributed génerally througholt the Stri They are
corrgeififahiPReandopral i eht Foa Wh@FGgFéﬂg hﬁdsgPEn on each

geﬁegﬁkéy ignbhslegagac%gﬂggifsien1? thrgﬂalaﬁéeércaﬂ
readi e_detecte ot her_techni es

-+ about 873 Bl ER6ERy VP T anial 66 Lhrhesran; §eRss a
thisméﬂeﬂlaEBabcutuslenmléronsonenhennoshmﬂmr&ﬁgiﬁa-
12. dgi u c . Cr 99

ouplEARIGHTS! ROl S BlaRLES: BRCROLE 20 Sigrons.
nagnified t 0BY Hoemb ki 187 (Pha1PDBu$ hed bEve dng ; SBO2 -#dd O3

,1ﬁeie§95h¥eby gThe wﬂEﬂnhﬁ'éﬂéb990ﬁn9e§Ea|§ o5 ghsre
mcro is Sh omn on each 5 Fi gure. vhQO. S Aﬁ

|n€WﬁgF6ﬁ fragsthe inaLyaiops tﬁﬁﬁﬁPYQCBGﬁFEFSn§esPGCt1VE
NhgpébEBaAéaoahbﬁﬁlyﬁlEnGB has- as dl@ﬁatﬁFaﬁisaBﬂUthe
5.6 nigronsh Qho . A1203 S|on g Fﬁ
di 8Refetr?of 8%8uF XnF%¥oﬁ§er%¥ bB %Yd?ﬂ g Y-axis
iIbhsWsatheenumﬁhﬁléﬂ #¢208s mOasncedsabnth&, d8fférent

F ehSG%ignggggnkhéT§§¥§ aéﬁer§€1gﬁggt£50nhégguse each
i nc t hereby creating rospect Pve ectra as
sh@ﬁmdﬁanIEEﬁ gclgslqnehasa§|§lgnath§e §pééYrﬁméﬁ§MBn
t henXrha¥eenst oy bﬁegfﬂhéngpéaﬁrﬁmaxtﬁe 88AMEsiB€on of each
nunber of counts measured at the di fferent 15 ene

| eVBFIVEYER ' heBx- ?aWaEnB?g9GEEEE%Pﬁd B%EEﬁ§et%%tﬂg into
oxhdeoluntt Aeomnthtsrasthes Gosrgodidhe FamAYiLAl 861 BHose
chapacteri sti Qver the spectrum the conposition of

eac% ER%@|§§,%H E 9 may be determ ned, after

taking into Fanc@mﬂhtswz)mlizﬁh eirciusiorof reCtFbAs 10 of 2.3

faﬂihkaﬁstgntgfﬁﬁeter, the corresponding histogram FIG. 13
shows the oxide composition and oxide distribution of the

inclusion to be:

Oxide Measured Percent by Wt. Normalised Percent by Wt.
Mgo 1.06 1.11

Al,0, 41.13 43.19

8io, 26.91 28.26

50 0.82 0.886

Cao 1.61 1.69

TiO, 1.17 1.23

Mno 21.19 22.25

FeO 1.30 1.37

Total 99.96
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20 skilled in the art. For MO Si Q2. A1203 inclusion 7
of FIG 10 of 9.3 mcrons in dianmeter, the
correspondi ng histogram FIG 13 shows the oxide
conposition and oxide distribution of the inclusion
to be: 25 Oxide Measured Percent; by W. Nornmalised
Percent by W. MO 1.06 1.11 A1203 41.13 43.19 Si02

26.91 28. 26 SO 1 1. 69 T

1.23 MO 21.59° z‘g“‘g 1%‘%‘% g"fs“f%t 3 581'25% ]1 Pt 5.6
FomifmonsSi 0. ¢¢2@€tenelubeoqoerSPGhd;nQ1h@stsgsam FIG 14
”1E£8Q§ tﬂedbﬁﬂaéeéombgglEQ&ﬁeéﬂaanﬂaeha§£99£BHEE$Sito be:

14 shows the oxide conposition and oxide distribution

be: Oxide Measured Percent by W. Normalised
ebert by W.| udBEdd 8ordln€8/AK203 BRofd13%d2erdddZpy wt.

7. 32 2869 SO 0. 73 0.77 Ca0O 0. 32 pD. 36 1102 1. 15
MIC MO 25 11998 37 EeO 1.70 1. 79/ %1% al 99 79 5§

g{OﬂS In digneter, the COTTESpOﬂdIWg nl stogram FI G

t
P
2
1
Foa1LMO. Si 2. Al30821 ncl usion 9 of FlGeelk2 of 4.1
m
1
0

nd distribution
fsd he inclugicansto be: 10 0.77
cao 0.34 0.36
Tio, 1.15 1.21
Mno 25.11 26.37
FeO 1.70 1.79
Total 99.79

For MnoO.Si0;.Al-03 inclusion 9 of FIG. 12 of 4.1
microns in diameter, the corresponding histogram FIG. 14
shows the oxide composition and oxide distribution of the

inclusion to be:

Oxide Measured Percent by Wt. Normalised Percent by Wt.
Mgo 0.35 0.38
Al,0, 32.54 35.14
8io, 28.26 30.52
50 0.70 0.76
Cao 0.56 0.60
TiO2 1.07 1.16
Mno 26.35 28.46
FeO 2.69 2.91
Total 99.93

These measurements show that inclusions 7, 8 and
9 have Al,03; content less than about 45 % and are of
different sizes between 2 and 12 microns in diameter.

Also, the measured ratios of these MnO/Si0O., illustrative
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Oxi de Measured Percent by W. Nornmalised Percent by

W. MO O0.35 0.38 A1203 32.54 35.14 Si02 28.26 30.52
SO 0.70 0.76 CaO0 0.56 0.60 TiO2 1.07 1.16 MO 26.35
28.46 FeO0 2.69 2.91 Total 99.93 These neasurenents
show that inclusions 7, 8 and 9 jhave A1203 content

| ess than about 45 % and are of different si zes

be e 12 microns_in dia th
noHGRA6, Aol FhELREToRD FIDYE! rar Pnfli8ioh]], 0,92
MhEr 8 DReM1208n| Achngi On83| 0B, i@clbslon09u5|on 7,

0.92 for i nﬁif:'ﬁé@?h 8tﬁé]d119v§§t:f.<91r1 ﬁgglﬂéeﬁnlflustrated and
Al t hough the invention has been illustrated and
degﬁﬁFﬁéHeﬁnlﬂeﬂﬁFﬁlinlﬂhEhFof@ﬁﬁgﬁbnarﬁﬁﬁﬂb@gﬁnanﬂ

dﬁaéébaibamoﬂﬂﬁhtﬁeféféﬁéﬁcéOtsegévakagnbﬂsbaﬁméﬁtsitlt
sSNo

der.st opd th he. descri
e po e aRERoRSea, Bhe e RSk LR R oRS s 1 pstrative
t hathdt heti prgshtiohivéesinothhratcted, tanﬂhEhdtStheSEdventlon
embadl,gENt 51, FRLNEE. c.0Cq; DEESEON LAMERLHANECOVERSLALL  tne
varl atl ons, flca | ONS an e ul va SfrUC UreS
t heregent mthnhlpheGQEGBE ahd veplat%oos imedifications and

i n&&awgzmenédgtkheeakeéeaﬁgﬁeéoﬁé &:hehlhnuﬁet 588p¥ hhg
becone apparent to those skilled in the art upon

coﬁEFHéFaPFoﬁh%f1?H%“Eé?%rIeﬁdﬂéEE?Pﬁ%lgﬁatHﬁ?§h°f the
exenpehties ﬁhﬂlbsé&omadgppﬁréﬁtrybnghagé bRB€lled in the art
i nvention as . 15 prese ercely
ol aPnResRabt e R itnBoasEnt Ehn SRR iRt LRR: obien
deesempédfabsvbhmﬁbhsbtmdépacflngrrﬁ;ngwohb tpheritventiion as
SQBFS.% 8%&8” Mar]rg mo%ﬂ%tléns%%t%dm%e to
t|n % on st eel nprisin
the present 1nvent10n as descrlbed a.bove without departing

from the spirit and scope of the inwvention.
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5 assenbling a pair of casting rolls formng a nip
between the rolls; formng a nolten steel having a
slag of iron, nmanganese, silicon and al um num oxi des
producing in a steel strip MO Si Q2. Al 2033 i ncl usi ons
having a ratio of 10 MhQ Si O2 ijn, tthe range of 0.2 to
1.6 and A1203 content of at |east 3% and | ess than
45 roducing the nolten steel between the pair of
é/ H'}Erolls to forma casting pool of nolten stee
supported on casting surfaces of the rolls above the
nip, 15 andaGRUBRSEN $AtALLEMnG ok ASLLBEN T OLLS toerip
produce the solidified steel Strip delivered
doGRRRFUFYEFiom the nip between the castlng rolls. 20

2. The net hogs&émid ahdn 4 POEF ebH 0t M 0BoLDAt £/EMih§ a nip
up tg a gegﬁenta?f of 35 + 2.9 (R0.2), where Ris the

MhEFEI 88 5PFor8f 1fhe i nclusions. 3. The method of

Caim1l whergormihg AlROBtewnsestl Roviigtdieslag of iron,

ey R B DEOHE LR o) Sy Bl 80870 2000 End 0%,
i neFesl oASTAPEMIP sEPs il Onr bughushenst haping0asrathe of

maﬂh@?s@f)i‘lq@'ifﬁél J’:’%@'& the n@:l; of 'é Yarti Z19®. content of at
i nclusions range in size from2 to 12

m LEBAE PR andnkeds. tBane45%k/ cast | ow carbon stee

strip Inrade by/ners®t b8 ﬂ@@ﬁhd)]:‘»tl:f@ ?h@eﬁt]ﬁ@ﬁw@éfn thdfpair of
asse i ng aif of castin olls fo g

ot BErnd raLFal Fo EpfRnt ni et hby  RROL BB mRLERR gsteet

sl agppbrtednon casgangssursatesonfahbleakail auaboxedsbe nip;
prgﬂHC|ng ina 5 steel strip MmO Si 2. Al 233

i nclusions having a ratio of MiO SiQ2 in the range of

0.2 to 1.6 apeuRAIPD3rebnttry Fesscashbpd4504ls to produce the

solidified steel strip delivered downwardly from the nip

between the casting rolls.

2. The method of Claim 1 wherein the Al,0; content
is up to a percentage of 35 + 2.9 (R-0.2), where R is the

Mno/8i0, ratio of the inclusions.

3. The method of Claim 1 wherein the Al,0; content
of the Mn0.Si0O,.Al,0; inclusions is in the range 10%
to 30%.

4, The method of Claim 1 wherein MnO.SiQ;.2Al,0;

inclusions are dispersed through the strip.

5. The method of Claim 1 wherein the majority of the
Mno.Si0,.Al,0; inclusions range in size from 2 to 12

microns in diameter.

6. A cast low carbon steel strip made by a method

comprising the steps of:
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introducing the nolten steel between the pair of the
casting rolls to forma casting pool of noblten stee
10 supported on casting surfaces of the rolls above
the nip; and counter rotating the casting rolls to
produce a solidified steel stnigp delivered downwardly
fromthe nip between the casting rolls. 15 7. The
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and
counter rotating the casting rolls to produce a
solidified steel strip delivered downwardly from the nip

between the casting rolls.

7. The cast low carbon steel strip of Claim 6
wherein the Al,03 content is up to a percentage of 35 + 2.9
(R-0.2), where R is the Mn0O/Si0O, ratioc of the inclusions.

8. The cast low carbon steel strip of Claim 6
wherein the Mn0.Si0,.Al,0; inclusions may contain at

least 3% Al,0;3.

9. The cast low carbon steel strip of Claim 6
wherein the Al,0;3 content of the Mn0.8i0..Al,03 inclusions

is in the range 10% to 30%.

10. The cast low carbon steel strip of Claim 6
wherein Mn0.Si0O,.Al,0; inclusions are dispersed through the

strip.

11. The cast low carbon steel strip of Claim 6
wherein the majeority of Mn0.S8i0,.Al,0; inclusions range in

size from 2 to 12 microns in diameter.



