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heat flux on
against outflow, although alternative means such as

electromagnetic barriers have also been proposed.

25 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 rolls in order to obtain solidification in

30 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 solidification
can be dramatically affected by the nature of the metal

35 oxides which are deposited on the casting roll surfaces
from the steel slag which forms on the éasting pool during

the casting process. Specifically heat flux on
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generated during the solidification. It was assuned

i n (Phafthose produced during deoxidation of liquid steel in
the ladle.

25 In the solidification 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

30 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

35 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
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method of casting low carbon steel strip comprising:

25 assembling a pair of casting rolls forming a nip
between the rolls;

forming a molten steel having a slag of iron,
manganese, silicon and aluminum oxides producing in a
steel strip MnO0.Si0,.Al,0; inclusions having a ratio of
30 MnO/SiO, in the range of 0.2 to 1.6 and Al,0; content less
than 45%; and

introducing 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 rolls to produce a

solidified steel strip delivered downwardly from the nip.
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35 and counter rotating the casting rolls to produce a

solidified steel strip delivered downwardly fromthe
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20 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
25 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;
30 Figure 2 is a side elevation of the strip caster
shown in Figure 1;
Figure 3 is a vertical cross-section on the
line 3-3 in Figure 1;
Figure 4 is a vertical cross-section on the
35 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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Figure 4 is a vertical cross-section on the 35 line
4-4 in Figure 1; Figure 5is a vertical cross-section

wo@roottheso3s i ne 5-5 in Figure 1; SUBSTI TUTE SHEERCT/RURE4/000085
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strip caster palghclh R3S ;Reen QRSIRHADH HAGEPAAN R rative
with the present, invention. This caster conprjses a

e MRO - FdCar Ad2Fy AREIUEigR Gf &-MALLGKEPRS G (Flameter;

factory Figure 12 is a micrograph of an illustrative
Mno.Si0,.Al,0; inclusion of 4.1 microns in diameter;
Figure 13 is an x-ray spectrum of the
illustrative MnO.Si0,.Al,0; inclusion of Figure 10;
Figure 14 is an x-ray spectrum of the
illustrative Mn0O.Si0,.A1,0; inclusion of Figure 11l; and
Figure 15 is an x-ray spectrum of the

illustrative Mn0O.Si0,.A1,0; 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 1l supports a casting roll carriage 13
which is horizontally movable between an assembly
station 14 and a casting station 15. Carriage 13 carries
a palir of parallel casting rolls 16 to which molten metal

is supplied during a casting operation from a 35 ladle 17
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floor 12. Frame 11 supports a casting roll carriage 13
which is horizontally novabl e between an assenbly 35

w@r@bioei3gl4 and a casting station 15. Carri agePdBAU2004/000085

carries a pair of parallel casting rolls 16 to which
nolten netal 1is supplied during a casting operation
froma 35 |adle 17 SUBSTI TUTE SHEET (RULE 26) WO ;
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rolls 16 and to enable the rolls 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 hydraulic piston and cylinder unit 39, connected
between a drive bracket 40 on the roll carriage and the
main machine frame so as to be actuable to move the roll
carriage between the assembly station 14 and casting
station 15 and vice versa.

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
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mai n nachine frame so as to be actuable to nove the
roll carriage between the assenbly station 14 and

W@ a®bioery38 st ati on 15 and vice versa. Casting rpti/aU2094/000085

are contra rotated through drive 35 shafts 41 from an
electric motor and transm ssi.onzounted on carriage
frame 31. Rolls 16 have copper peri pheral malls
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provided with apertures to receive indexing pegs 54 on the
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
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.

Nozzle 19 may have a series of horizontally
spaced generally vertically extending flow passages to
produce a suitably low velocity discharge of metal
throughout the width of the rolls and to deliver the
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downwardly so that it can project into the nip between
30 casting rolls 16. it is provided with a nounting
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mhe%aecaﬁqepeaargal& Ry B i gnat tﬂ@\kﬂarvature of the
scallo egn ges 83}‘%0 tch the curyat e of the

st §55ERSE 2 &7 597 St e, el sThe edé‘&%t tef R be
rmmuml:eﬂn ipl plletleohddder? &mmﬂicﬂr arewibtablad dtheche
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e Sidé
engar@ené#x umttls @B3e tS?t équm dings sgider IPé-édaBﬁ iinfo sngagement
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formed on the "casti rég. rolls during a castin
opELRENSRS FOrDiMEn ol teBs O Gfemattiadn quacﬂre the

St epBeing’ 26146 durdeigual ehstindy |loperaEilean netal to
pour fromth he tundi sh.thr net al

Ladl e t h.t
ol T very mor DRELEG, B, cB=FLAe SRETRE Lo, SR oS Gioper
Theod d&nikecadtmatedofta lad lstwr molead oettad) tics mmimletkom the

by 12‘&‘1@3%0 af 91&*1%&10%1&% 89 Gt 1t *h%ﬂﬁ)’t@rf nozzle
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the coil ron table hangs frompivo
rmUhFFlﬁ@s 197 féﬁ’wﬁh@%ﬁ-lh? forged ngh & odedys -be The C1ean head end

of the strip product 20 is guided 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 vertical 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 coiler 21. The resulting strip
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cylinder unit 98 after the cl ean head end has been
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guide flap 99 30 actuated by a piston and a cylinder
unit 101 and the strip productg 20 nay be confined
between a pair of vertical side rollers 102. After

coPFERacEnATCHRT P, SPRPSPERtEy B5oForRE Lt 9 Cotler 22 to
pr pdeduc@laafiiinahecepiloforabirenspoatt ewed tn‘ic;ﬂ:*s:n./vlt:ﬂm;f= c@ster.
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fromthe nmachine Trane cl ear uct which
t aképd éIF-F-E§FF?t§ﬁt ént FEGEoj feito2 b a‘%‘ﬁeWﬁJIfﬂiW descrlbed

st ihpoﬁyBﬁT’sTUEEtSI-EEE (BL,JELE42%)53V\Qn&0@4/2%5Q%& and
PCT/ AU2004/ 000085 - ubse%uent Iy
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tr 5ﬁ§FEPPEEi°PBlcBPF@P*:ZQ%P&“BF&&EPC é’Cﬁ“/ﬁUr?Zﬁ/ 08533 +f or
transpo:rlt amaxtéﬁsfvtegeasashgr of hahbapask silldesnofcidled low
twinro as of. the |nd|IIu r iin.Fl 1t
5 "eRebfh, ERRL hefie; 1R 5, Wik Kdin SRRl ral tnotd Ehat
5, 13_4;, ﬁegtand Po2i¥, 243 depctidattieonndnicduslioRst dit very
AppLLEaLEoR F ﬁygafegoggﬁth@h%s/'s\i%z09§£189 @by those
rranganese SII1con ow carbon Steel stri p.tn
t wiRclyEiongst eFhhgs ishddduskaatede ire Fligigep & mhmh plots

degykdatiensi el HﬁbQﬁ%lb& meumgopwml teigad st the relevant
chang(l;s in the, MO Si.O2 rati os V\j‘l?‘ghose i ncl us

ThHBS7§1Pr | fRT IO oo ORI GEFELRS WhP¥HOpFBPR Steel SErip the
vaeastiags tempefakusieod smabbiutg 1|5¢a|0mc agdtnstililhde seen from
re [ ati n

[CERpALL, sUUERE' Shebitl 08 MNET £afse B2 WA/ MRORacion cae
t 1mﬂusnensmehtﬁn9rrppsnm der musht higherethanc &ltis wasting

r apgepRkaMICEShER hall 8e he exdcREsUSIFOR 7HRleld ngW@@H“Such
i s_nmuch higher than this casting tenperature and

behigheRedkings PP}DEeE. 1l dF S0thPoFsdHPLPeto ﬁg’*‘:ﬁrﬁﬁ% §he

| t reguiiebmpAgsSolll enkardiali the hﬁ&ntbﬁﬁ.hhldeemmfa Afiquid film
the nminte UIde| nthe

f I
caSh KB, GRFCLhE! KO0L SHRGoSPEel SHF AReST S3miB fon
magompbsheioasmall a_pthlet kestabde .cl G‘g@tﬂn@rmforef,l @dogging of
pa%iggreéﬁbga%QQ gﬁl Ehe' &GEQ.%II‘%e%BQZQ.%h%&I p%rtﬁéxotparts of

ste rvery system can cone a pro

‘Al theughemngardveringystenc 6an besrys g m@blem

Although manganese and silicon levels in the
steel can be adjusted with a view to producing the desired
MnO/Si0, ratios, experience has shown that it is very
difficult to ensure that the desired MnO/Si0, 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/SiO, ratio
greater than 1.2. However, our experience in operating a
commercial roll casting plant has shown that much lower
MnO/Si0, ratios are obtained. This is illustrated by
Figure 7 in which MnO/SiO, ratios obtained from inclusion

analysis carried out on steel samples taken at various
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25 steel can be adjusted with a view to producing the
desired MO SI Q2 ratios, experience has shown that it

wo 2004@63938 di fficult to ensure that the desiredP®MBUBI0OR00085

ratios are in fact achieved and nmaintained in
practice in a comercial plant. For exanple', we have
determ' ned that a steel 30 conposition having a f

an se content of 0.6% and a. silicon content_o
I Dr A 2o PR T PR IRUAP GRLSE avring
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r atjiRned'f Qe L d A 1 . However, our experience in
operatl ng a comercial roll casting plant has shown
that much [ower 35 VMO SiQ2 ratios are obtained. This
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obtai ned frominclusion analysis_carried_out on steel

sanpl es takeftat Wfar Tdis SUBSHURIFSESHAECR Rigte s Wetal
2004/ 065038 PCT/ AU2004/ 0000&From tHe laiasj ons in a

commercial s .p caster during. castin

steel strip, E’?ké &%ﬁl ous | ofatt% &%S:"g:é'i %‘9?13??]:\%6 the
as follows: .5 L1: ladle T1tuldisE3:. a tund| sh whi ch

recei ves net gl frgmthe Ia%‘e%e'g%% T%?art_as tcf@ﬂﬁié'@&med

pi ece bel ow t ﬁe "t Undi sh. successi ve
parts of the forned strip. sStrig| be seen from
Figure 7 that the neasured MQ S Q2 ratios are all

consi derably_| an the 15 cal qul ated expected
ratio of nor&%t W&ﬁrlllg SHEPebdFor Figyme Jnihges the measured
Vh@hSi/G3.0p atabios oarexanml eofslddrabilenloiveemchad h:he

0. [ r N 0| nt Mefel] der abl
0, EpiAtia SRR T 00 el LS o
opémaililoghpngest ha Ma@l/§ iCa rhblmaufqr ekswpl@0a reduction

eXgoSH ©.00tal . W, ! L:asalﬁ%xre%s@ut@@ b2 L4 £ %g@nid

tend tQ_ further reducet e rati os

moFensifierpb)y RSy seefgdm @Wﬁe&-t oAI‘J‘FFcfrord‘-B-‘%ﬁ?erﬁteel

angrbhefetobperation Erch Whd 1RQ10EENd W10 Sl

&ﬁé: Fﬁghl gﬁ%ﬁh}&?ngggkﬁarl ox1d§%?gﬂl%ﬂiéﬁjw1ll tend to
further reduce the MnO/Si0O, ratios (Si has more affinity
for oxygen compared to Mn for oxygen, and therefore, more
Si0, will be formed, lowering the ratio). This effect can
clearly be seen in Figure 7 where the Mn0O/SiO, ratios in
the tundish (T1, T2, T3), transition piece (TP2, TP3) and
strip (S, 1, 2) are lower than in the ladle (Ll).

We have found that by introducing controlledA
alumina levels, MnO.Si0,.Al;0; based inclusions can produce
the following benefits: lower inclusion melting point
(particularly at lower values of Mn0O/SiO, ratios); and
reduced sensitivity of inclusion melting point to changes
in Mn0O/SiO; ratios.

These benefits are illustrated by Figure 8, which
plots measured values of inclusion melting point for
differirig MnO/SiO, ratios with varying Al,0; content in the
inclusions. These results show that low carbon steel of

varying MnO/SiO, ratios can be made castable with proper
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25 the tundish (T1, T2, T3), transition piece (TP2,
TP3) and strip (S, 1, 2) are lower than in the ladle

W@ k063088 have found that by introduci ng cont rptT/at2004/000085

alum na levels, Mo.Si Q. A 2G3 based inclusions can
produce the follow ng benefit g [.ower inclusion
nmel ting point 30 (particularly at Iovver val ues of

Vh r a duc nS| )
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point, for 35 differin rati os yi Ng

R BBneo e Fets thian LR v ChrH e il shmting

5t h&bnip@\ﬂam&@rfcﬁ:t %6|51Qf1cdiﬂ&rléi ¥l RiF BRI R E&bon

h STI TUTE SHEET (RULE
)S% 200 %abl Wbtﬁcﬂ%ﬁﬂg ipper fimddn | Aly0s
AlEO&tlem'-em:ig“élﬂ £ riom faﬂuch:iteessdﬂm kyn M@K raichof 0.2
ShQWS abgﬁtr gggsef\%‘% ?%‘12%' toeng_,gtf 3f %aﬁ.yl ng Thﬁl t:|.in.f:|:6ease of

Si2 ratios duré-an P i"on
poFHt"-SoF'aF‘éE'?“t R&n apms@mmwh ligieart ygid athec agipety limit

105 be e
A 4 R U e

15

20

25

30

35

carpo
Egﬁg 8 eﬂt‘ banges from about 35% for an MO Si Q2
ratio of 0.2Fotromabpsio3Wat s abE MEES €Rah aibOuef 0.9 it is

1. crea f XImeI roximately
T %gg%ﬁ@léﬁ] Eg igcgudﬁ %;L?oarfg: q.n%f wépﬁltlng
caﬁ°%h§réﬁsﬁetbaneiﬁﬂégsed asm:.ﬂimi&on(ERa&oﬁ): 3B0R1,0; is
MessbiRihat bAg Qf LSS égig A2RYEd Fobli g of the order
ess ntial to incl Tude AL203 to enstre BRulcP8siPsn

i hg% Pbi%st- | £OF MpQ Si9BoTatiosi abeum Of 9abdtt ma% be

AlEHBotétiEaESfeﬁb!sathEdta BﬁéerEéb%?tﬂ‘ ﬂleg‘ﬂ?%% A1,05
becgjlt g orgo vgf 10% A1203. For 1 0S o
above O Haybe aﬁh@ﬁ?‘éi?&ﬁilvyeﬁeégmﬁé't5 e MnO/Sio,

opmhifes Vm¢tmalbyjrl gbbhinédd2ig aCobinm8icibloWBY8ht 88n vary

AL SLBLET LIS offh- SRl et oo
HeRARgS caf , vaniews al@@abmpvest'eljrmlaeshandtrap caster.
CﬂMﬁ&EbﬁﬁrV@ﬁéQﬂéléﬂﬁélbgﬂﬁttgégugg $oe Sééﬁgl %eEo minor

Mor.eover the me]ting point can be very eRaITiv

rn?h)nges in this ratio. Accordingly it is de51rab1e to
control the Al,0; level to produce an Al,0; content of at
least 3% for all silicon manganese killed low carbon
steels.

The solidification 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 generally 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
MnO.Si0,.A1,0; inclusions from one heat showing the
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changes in this ratio. Accordingly it is desirable to

control the A1203 |l evel to produce an A1203 content of
w@roo2dedoamst 3% for all silicon manganese kil | BGI/AG2004/000085

carbon steels. The solidification inclusions forned

at the neniscus level of the pgpl-on initia
solidification becone |ocalized on the surface of the
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5t eFHgiugess. Nﬁimlcﬂgomgoﬁrmﬁm:mmmmaﬁfﬁhs &iamet-her of
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sheRio 4 milided Thedd (g0be . RL 02 SRS g i e
PCPAANZGSL GF0GEDuL 51.25 mirasmsad ami:erm.csncgn ad,ofach
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strip 20 nagnlfled to sh ‘ons
7, 8, and. 9BY¥y %EEFFleesyth?hellﬁﬁgmamm Mm@ .&H®, . A1,0;

10 scdhelakibhs 7i,CBYIDARA LIS ath@We ¥ RAH anD, H-GULA: grs

Mh ALL2O8 | clus 7 has di aneter of about
n1§?§3§%dw569§ ?E@uﬁﬁ8P§S| rehy, sreatingnnespesttive

ab&pecsre n:scstmvp and FiVES. SiGR 14l.2 Ofh B&Jal:lﬁ_is{)rbfgtlh%s
a r b 4 cr b ar di

| Bo8ELE Sl B0RHs Lok Bl A R S G G- axis
MAFH°Hﬁ EP@CPP@heEeQ#1c%unaysmaasuredlBte@hhrdmﬂﬂ@&ent

15 i nehdsgPnserbeLebyeer €8k 24 ra
99 e TS fel Xrg.%s%ﬁ%%bi{rﬁ SP\%%%%C”aBgéﬁuse each

shown
¢ ngRyap a§7ne%Fg§rnFﬁ“Ré9natht Resjonatyres HowsY! mission
Puqberaoterbsﬁie oeagUERd abebheuﬂlfEﬁ%®&bm$%s§E§BﬂYof each
e eoX- A rg ectra. Because eagh
o ae e R Oh! ey 8 HATnEe HoERERAPARe #iray sARTRoRnto
ch%?%@?%F|%t¢m tnberatbiepecoruertibascAapidihiroBoOthose

20 eaghi1188! 481 PRe 7axrf, 9 My be determ ned, after
taking into _account atom.interaction corrections

fam | iar to ¥odEnQ0StQi-Alefs i inekesion.7 of FIG. 10 of 9.3

microns in diameter, the corresponding histogram FIG. 13

shows the .oxide composition and oxide distribution of the
inclusion to be:

25

Oxide Measured Percent by Wt. Normalised Percent by Wt.
MgO 1.06 1.11
Al,O; 41.13 43.19
Sio, 26.91 28.26
S0 0.82 0.86
Cao l1.61 1.69
Tio, 1.17 1.23
MnoO 21.19 22.25
FeO 1.30 : 1.37
Total 99.96
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For Mho. Si02. Al2G3 inclusion 7 of FIG 10 of 9.3
mcrons in dianmeter, the correspondi ng hi stogramFI G

WA 200406509% t he oxi de conposition and oxi de di sPCT/BULG08000085
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15

of the inclusion to be: 25 Oxide Measured Percent by
W. Normalised Percent by W~ 1590 1.06 1.11 A1203
41.13 43.19 si02 26.91 28.26 sO0 0.82 0. 86 CaO 1.61

Total 99. 96 ECBSTPCAAtErkEP: Refdudion & sk, ighsddg of 5.6
PCPLEBODS4 ADoddemetery 3 thﬁoncomssoe@mc@smm FIG. 14

8 gholkGrndlogfide GomPoaieAdn Bndl MBI qildisi utlon to be:
correspondi ng histogram FIG 14 shows the oxXl|
composi-tion and oxide distributiaon to he: Cklde

pasideed Per cent| iyss\ifea MOEdERki SEHEPEr Coilmbi Ml - perMBR by we.

Ca0 034 4. %85 Tig2 1.15 1 21 MAB-58 11 26 37

M

0[ 65 0.68 AIZ20338. 072 39. 972 SI0Z 27.34 28.69 SO 073
0

F

L., 70 1.79 Teb299.79 5 For NhO. $i:g2eA1203

'ngldJsmn 9 of Fz@‘a 2 of 4.1 mcrons|in di aneter,

arrocnandi Stoegram l:l (‘ 1/] QP{%ﬁRsﬁ he oxide
|C \J\Jl T COPUIIUI T oYt

[
t
cpé®osi ti on and ch.|7de di stribution of the77inclusion
tpche: 10 Oxide |Npggured Percent by W.| Normalised

4+ Iay s \AY
rcemt—ouy Vi

Tio, 1.15 1.21
Mno 25.11 26.37
FeO 1.70 1.79
Total 99.79

For MnO.Si0,.Al,0; 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

sio, 28.26 30.52

so 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,0; content less than about 45 % and are of
different sizes between 2 and 12 microns in diameter.

Also, the measured ratios of these Mno/8i0, illustrative
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MyO 0. 35 0.38 A1203 32.54 35.14 Si02 28.26 30.52 SO
0.70 0.76 CaO0 0.56 0.60 Ti02 1.07 1.16 MO 26.35

W@ 30046650880 2. 69 2.91 Total 99.93 These neasPCBAB10$/000085
show that inclusions 7, 8 and 9 have A1203 cont ent
| ess than about 45 % and are-ofta di fferent sizes
between 2 and 12 mcrons in dianeter. 15 Al so, the
e amiey. @4 of, 2k § ofs S id | r:af | .
SUST! Ture %HFE%T (1%21%36 vﬁ%%‘fﬂo%%gﬂ&ﬁ%mn 7, 0.92
PCFPRUZBG A Sdows S and | Gawp imedgsiar|Usi ons i s

0.79 for inchushetgh tBedinvbokioRChusi Preh aN4VLtddited and
foregnghﬁsion 9.d Alt, oggg heg nvent,i on has been
| FosPEARRE Tnaachaddy Hib e, Sanemtin, Srpnarimsre gichg
5 dr desrydpaddnSwledc riefleremncs tHo sefrerallc enbbERe e, it

e L ARNLS, ] I e.understood .that the ' .
STOBATATLS: chier MO O AL 1% sagpecracive
chardchek, rartringivehdn whespicter,i sndotthaitnitied ittrention
thesdhse! o3adeeabedi whA! 3 : i t

sdhy t di pRat g1 sBablel ng&??flg%{e?ﬁ:%n Rather, the

invention covers all variations, nodif 'ons a

eqBFFSPBhHt 1BVPRELGRSOVRAE edde Virdntionse vodidimations and
10 spequivalehbestpuesures. tAdei topBalrit82AhULER Yode ana

in%ﬁf%i@”o%‘%& becone agg?rené to.those skilled in the

ar t2 - tpon°conaf d&PYPRER t igdaEigrpdq fgatures: ofn the

whinventienpiillebetbmebapparerde eb ehbkwpi BEidUld A8 the art

i Ny [ enkl e Lved, ny . .. \

nnd??%cg??gﬁgéﬁ%yigé ﬁ%déhgoagg éisgeggﬁ¥rFR5éﬁﬁ'oWh&§h

deSXPTRELE HPD VLG bastt madparEi ngrriinm bhe Spier ihvention as

15 scopes@htiNepdryeiHrLan. T, i
20 4/566503%6%@ AU2004/ 0000 5M§JI‘%%§%E§T‘%/5R%&§1?’@A“‘EQ€ to

met PR PoPSTRE t RS PEiPRarBofessEdbed pbpve without departing

from the spirit and scope of the invention.
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al um num oxi des producing in a steel strip
MO, Si Q2. Al 2A3 i ncl usi ons haviqy a ratio of 10

MO SiQ2 in the range of 0.2 to 1.6 and A1203 content
less _than 45% introducing the nolten steel between
ttﬁﬁ#ﬁﬂﬁ'of casting rolls to forma casting pool of
nol ten st eel supported on casting surfaces of the

| s above t r [ e
ro o procﬁjce %}‘91 U{BV? cd A& | BfedCstrip

castlng roIIs dified steel strip
detommaristiinpiwnwardly fromthe nip between the casting

rolls. 20 2. asg'é?nﬂfﬁiﬂ‘&’da Ya i b dagbibi®i Folhe Ad2REng a nip
content is up percentage of 35 + 2.9 (R-0.2),

V\kh‘?"ew??l?stli‘?ler°m Si2 ratio of the inclusions. 3.

The method oforGhirignd nibEten nstdel Nk Shgla AAPAG of5iron,
i ncl usi ons cont 1 n_at as % Al2 T.

iRt crhitfiet anf ot hunihan Ot dog [HECRELIRG £h o
M@;&Dzswtmmmmei Gﬂ&%slnﬁltlﬁwnanbéviﬁ% gorabde of

3 0L onzs o hﬂ’% Q;fargél Io Whergin, ¢ddi £2.A g%.tent less

sperse through the strip. 6.
neth@m 4%%Claim 1 wherein the majority of the 35

MO Si Q2. A1203 # OBl &EhS NEhé aGELén St3€1 fbebwdehotAd pair of
mcrons in d¥§geter SUBSTI TUTE SHEET (RgL gé WDE 1
208RFBEB9 380 bk BenEeRP0B0BREE 1R 1800 © Poftee
Caéﬁpﬁoﬁtealoﬁtéagtﬂngeshyfacenthﬁdtheonp115|agthethe nip;
ste % assenbling a pair of casting rolls fornmng a

etween the rolls; 5 formng a nolten stee
haV|ng a sIa@pwmtexomotaham@ahb%eca%FiF@oﬁoéﬁﬁ to produce the

al ygy DyPE DX d§1§eQi odpeipogkidered downwardly £rom 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/Si0O, ratio of the inclusions.

3. The method of Claim 1 wherein the Mn0.Si0,.Al1,0;

inclusions contain at least 3% Al,0;.

4. The method of Claim 1 wherein the Al,0; content
of the Mn0.Si0,.Al1l,0; inclusions is in the range 10%
to 30%.

5. The method of Claim 1 wherein Mn0.Si0,.Al,0;

inclusions are dispersed through the strip.
6. The method of Claim 1 wherein the majority of the

MnoO.Si0,.A1,0; inclusions range in size from 2 to 12

microns in diameter.
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steel strip MO Si Q2. A1233 inclusions having a ratio
of MMOSIQ2 inthe range of 0.2 to 1.6 and A1203

w@ovieeto3s ess than 45% 10 introduci ng the noPCEAU2004/000085

steel between the pair of the casting rolls to forma
casting pool of nolten steel . syported on casting
surfaces of the rolls above the nip; and counlt e[}l i od
rotating theCasideng dipldas i RQAUCE .3 13 hadfe 1
steel strip delivered downwar dl %%romttqﬁ' Ve dipthod
t hEWRGIESIRG dhes stepsTiaf cast Iow car bon st eeI tr| p
of adsrimB1dngiie Rt (e ARG E VYUY #Sriihd & J.ep between
per nta of 35 + 2.9 20 (R0.2), where Ris

&io of the inclusions. 9. The cast Iow

SCarbon SteelfstmungOh ﬁb&t@hYst@Eﬂrﬂd%ﬂﬂyEa slag of iron,
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2 I nt ai n. t 3%
N Jp5saeRE Ra1 1R P TG Bl s mmeioimgin =
7 skieedeistriipe MAORE3 0z 0AL 0 Mcndmdmoha'stl@; aA%o of
'nﬂh@$bﬁﬁé ihSehd £B éag§e01$9%%013g9gnﬁo iﬁ??? Yontent less

cast | ow _carbon st ee strl wher'e
MERBROE5%i 208 i ncl usi ons are di spersed through the

strlp 12. Thateaatichay Eﬁébﬁaléhﬁegt§hﬁ'Be@%@@k@%@e pair of
ere| the jority of MiO S Al 2 I ncl usi ons
ﬁg‘g PIoPLaR 50 SOTR i CAGRARGn RFcdreemolten steel
SUBSED$UEEdSHEEEa$RHbE 2akfaces of the rolls above the nip;
and
counter rotating the casting rolls to produce a
solidified steel strip delivered downwardly from the nip

between the casting rolls.

8. The cast low carbon steel strip of Claim 7
wherein the Al;0; content is up to a percentage of 35 + 2.9
(R-0.2), where R is the Mn0/SiO, ratio of the inclusions.

9. The cast low carbon steel strip of Claim 7
wherein the Mn0.Si0,.A1,0; inclusions may contain at
least 3% A1203 .

10. The cast low carbon steel strip of Claim 7
wherein the Al,0; content of the MnoO.Si0,.A1,0; inclusions

is in the range 10% to 30%.

11. The cast low carbon steel strip of Claim 7
wherein MnO.Si0,.Al1,0; inclusions are dispersed through the
strip.

12. The cast low carbon steel strip of Claim 7

wherein the majority of MnoO. $i0,.Al1,0; inclusions range in

size from 2 to 12 microns in diameter.

SUBSTITUTE SHEET (RULE 26)



