LOW SURFACE ROUGHNESS CAST STRI P AND METHOD AND
APPARATUS FOR MAKI NG THE SAME BACKGROUND AND SUMVARY

WOR0THES6PINVENTI ON This invention relates to caBCT/AURGI0P/000227
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made by a twin roll caster and a nethod and appar at us
for making such cast strip. Inj@atwn roll caster,
nmolten netal is introduced between a pair of counter-

r ot BORISURFACIROUGHNESS CART STRWNABID METHOD! ASDSAPPARATUS
that netal shells solidify on _the noving roll

surfaces, and are broufHR MAFINGEFHESAME ni p bet ween

themto produce a solidified strip product delivered
downwardly fromthe nip between the casting rolls. The
term"nip" | BACKGROUWNEDAND SEMAMARY ORGHIERNEVBNTION
region at which the casting rolls are cl osest
together. The nolten netal may be poured froma | adle

through a ek ahvéh@bh ¥laks S 848 SrHOARId 5L t0fn BRSS! 1 2 method
and a core nozzle | ocated above the nip to forma

cagid anpapsdest fonmalipiseeh east sttipsupport ed on the casti ng
surfaces of the rolls above the nip and extendi ng
along the length of the nip. This casting pool is

usual |y confd teig ioBtcween niodtbh aedQ iy irtlodecdd] RbWEnOd pair of counter--
danms held in sliding eng%ﬁ,errent wth the end surfaces .
of TEd hEIiPatal Pasing pllsaniichenre weolesis et Mnal shells jogidify on the

PORlov AN HurAbs b are%ﬂ FORELAG SLRENiS bliRed Trch to produce a
twn roll caster, the s H% | edves the nip at very

hi shidifexdpaipatrodes delivetdiadowvimbenrdlp firodd DO A etwednghe tastihg rolls.
exposed to normal atnosphere, it would suffer very

rapid scaling due to oxidation at such high

tenper at Ur g tefiReh@l ofsCused AR 8§ r&BCIOMYN Skl rgegi%n at which the
provi ded beneath the casting rolls to recelve the hot

st easpngnells AreoclgkesivtogsitharheThe mqitepamstas noay bhigowseyl from a ladle

fromthe stri aster. the encl.osure nt ai ni ng_an

a TRIoR Bf R st S OF 510 oot pOg pented sbove

oxthd alip @1fortH istihd Godlt STRAGIRSI BetdPYuppOrtéd 8RR aMng surfaces of the

injecting a non-oxidizing gas, for éxanple, an ) . .
rolls above the nip and extending along the length of the nip. This casting pool is
usually confined between refractory side plates or dams held in sliding engagement with

the end surfaces of the rolls so as to dam the two ends of the casting pool against outflow.

When casting steel strip in a twin roll caster, the strip leaves the nip at very
high temperatures on the order of 1400°C or higher. If exposed to normal
atmosphere, it would suffer very rapid scaling due to oxidation at such high temperatures.
Therefore, a sealed enclosure is provided beneath the casting rolls to receive the hot
strip and through which the strip passes on the way from the strip caster, the enclosure
containing an atmosphere which inhibits oxidation of the strip. The oxidation
inhibiting atmosphere may be created by injecting a non-oxidizing gas, for example, an
inert gas such as argon or nitrogen, or combustion exhaust gases which may be reducing
gases.  Alternatively, the enclosure may be sealed against ingress of oxygen
containing atmosphere during operation of the strip caster. The oxygen content of the

atmosphere within the enclosure is then reduced during an initial phase of casting by



inert gas such as argon or nitrogen, or conbustion
exhaust gases which may be reduci ng gases.

wa\edogsmbs vel y, the enclosure may be seal ed age@Tiau2007/000227
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i ngress of oxygen containing atnosphere during

operation of the strip caster..2lhe oxygen content of

the atnosphere within the enclosure is then reduced
dusllevgingnoxidatidralof pthe seripf toc esitdch oy ger Ifﬁ;mn@le shealed enclosure as
oxidation qf the strip to extract ox n fromthe
segﬁsglaseéi:lgﬁé%‘EFBeStﬁ@s Bg@ﬁ‘isés@tgﬁ% i gg@’%ﬁ%t es Patents
5,762,126 and 5, 960,855. It is known to hot roll cast

strip produced by twin roll caster in a hot rolling
m || af t ertishknoy fophot madt gass stkipquoduved bgswiar roll@astbaipen hot rolling

the.thi.n stri.p. It is generally understood fhat .a .
col(r%rj‘rl)liE ALLE g-he %tﬁp SHEBTS ﬁﬁm @ GHEN S{‘%ent%f‘ oth.n HHB¢ elt is generally
| sultkeassdthat iocoRiiIMAtiR &f & esllih@ ehill A3 Sr 8RR TbIPRAdter is necessary to
profile to the strip. However, 1t has been found that

st Piopiderilesirekcrpesesretianal paefils te thaettipd casting speed
of 80m mn and then hot rolled in a hot rolling mll
with a 16% reduction of the strip by the hot rolling

mll can HdveeeerS ¢l Rdsi beahyfdungthsustipchar Ba0beassa% 0fa standard
6 to.8 mcrong Ra wiith surface m cro-cracki g% Fi gure ,
1 §astag rFPE‘F‘gQ?ézﬁﬁl/gﬁ%\&nﬁgthﬁyﬂ}oéépu%rm acaot slljpgesil afith a 16%
S I tr .ng 0 .
”olCELARS o Mtn kg e et ol HELNATACE BiOby, figh surfoce
di ropghnessesobf bokd ingiéronsnRefwitht surfaghmicoheacking. Figure 1 is a

PGSR AP BRN R RR B YAEMIS S R Sk b hegroted s
t hérBergitiof 618 o IRHGBMRS MilEY-18R Wi arivitdrAl cdsRg. Wi’dtl( the direction of

surface caused by wel'ding of the strip to the work .
r ololling, fioge deft itorpighnt thagmistograph tsbawe meomdfunced lappikg on the strip

ro 0yt urface of the strj apd/ or

RS OPEEPRRe AL 386 SR Y b B Boagogss ey be
of shiehiéng aistheSstrtip Bulfae e bpwrldihe odPehd sBihab! tBEwdrk roll surface,
was possible to reduce m crocracking by reducing the

c BTG RE b &be terrtnre KE theewerkyiatlesusiace pafosthe isprfagetof the strip, and/or
WO MNEERRO MMdeobd, MEBIREHEENS RES e CRPALL I0PNFe QX! ¥ has been

producti on.
found to be a problem. It was possible to reduce microcracking by reducing the

casting speed and the heat rate of the strip but it was uneconomical to reproduce

these conditions during production.

The microstructure of hot strip mill products is essentially 100% equiaxed
ferrite. However, in making a cast strip with a twin roll caster, previous experience was
that microstructure was coarse grains of polygonal ferrite, acicular ferrite, and
Widmanstatten. It was typical that the microstructure was 30-60% polygonal ferrite,
70-40 % Widmanstatten and acicular ferrite. With this microstructure, the typical

surface roughness was 4-7 microns Ra.

A thin cast strip is provided having at least one microstructure selected from

the group consisting of polygonal ferrite, acicular ferrite, Widmanstatten, bainite and



The m crostructure of hot strip mll products is
essentially 100% equi axed ferrite. However, in making

W@ 2@ases6ssrip with a twin roll caster, previ oUBCT/AU2007/000227
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experi ence was that mcrostructure was coarse grains
of polygonal ferrite, acicular.sferrite, and
Wdmanstatten. It was typical that the mcrostructure
W&Bmﬁ@nsﬁft@% a0t enathnéss of 1ds€ thak Q- AR iSfo ¥ Haansd b sédl@thickness of less
cular ferrite. Wth this m crostructure, the
gaaea o} Prgiegong 81?&ﬁﬁ¥§]&e$£ﬁ§cﬂ?mpr1ﬁin€r ons Ra. A thin
cast strip is provided having at | east one
m crostructure selected fromthe group consisting of
pol ygonal d)eassemnblingai tw.ihanllf enster tha,vmgi’ bieaaldy pokitioned caster rolls
bainite aﬁ?nartenSIt

ace r SS o | ess
than 1.5 noEPBEE Al Beryee iﬁ?a} and phot ﬁ@ﬁgg & 1|1@§§1gt Wy rolls and

about 10 %a%k%%oﬁ@é’cﬁa&)ﬁt&@%wﬁh%ﬂ%aé’c@fm” sing: a)
assenmbling a twin roll caster having Fateral l'y

posi ti oned caster rolls form ng a nip between them and

a hot roII| WO s andb up rol.ls .
adj acent tl?? at char}%gfpe& ;%e PR R ?ﬁqsﬁng 5%43 of the twin
strip fI‘OFPollh;astélip bet ween the casting rolls of the

twin roll caster, c) applying a m xture of vvater and
oil on the work rolls of the hot rolling mll,

PSSl 10,8, RSB bPvdlc ok ST Ak yab 1%% hot rolling
m xture ofmdl,l and water is applied to the work rolls,

and e) shrouding the thin cast strip fromthe casting
rolls through the hot rolling mll in an atnosphere of

less than § p{féé:fff%/ GRNLIPLT Higt Ctgﬁé%lp&%ﬁﬁﬁof‘?e\éé fnd100° C through

| east one mcrostructure sel omthe group
consi st i nghehotyollingonill whids the tneixtuac oL oill and fveter ist applied to the work
deanstattﬁn gal nite and martinsite, a surface

e) shrouding the thin cast strip from the casting rolls through the hot rolling
mill in an atmosphere of less than 5 % oxygen forming a cast strip having
at least one microstructure selected from the group consisting of polygonal
ferrite, acicular ferrite, Widmanstatten, bainite and martinsite, a surface
roughness of less than 1.5 microns Ra, and a scale thickness of less than

about 10 microns.

A thin cast steel strip is also provided with a reduced surface roughness

below 1.5 microns Ra made by the steps comprising:

a) assembling a strip caster having a pair of casting rolls having a nip there

between;



roughness of less than 1.5 mcrons Ra, and a scale
t hi ckness of |ess than about 10 m crons. A thin cast

WEL@l9svFip is also provided with a reduced seet/avzn07/000227
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roughness below 1.5 microns Ra nade by the steps

conprising: a) assenbling a stiip caster having a pair

of casting rolls having a nip there between;b)

assenbl i ngbpassehblingde Ihatalr delisyst mepnpakibe of fdr@fifg Basting pool
a casting pool between the cast rol]s above the nip

with side dahgiwsel} hesast rohpakaygdheniprwish sidp dﬁmseéwwrﬁéhe ends of
sai d castinggR to &}lﬁﬁﬁﬁﬁﬁggﬁﬂ% glacent the strip
In

caster a hot ro '’k rolls with work
surfaces form ng a gap between themthrough whi ch hot

ipis rgl
oSt {1 onect aRaRUiE THEeTiobR i FiSic apasirelige mill having work rols
providing a wiftkie s \é@f&ﬁl & o bethReh BRmMHrbugh which h

rolI's; e) introducing nol it S8 g% bet ween the pag|hrW ¢h hot strip

casting rol lisreldedkorm a casting pool supported on
casting surfaces of the casting rolls confined by said
first side dans; f ) counter-rotating the casting

rolls to f@&[ﬁbé&@ﬂ)lir@ $pr@dnsBAR| poshiRink® aBfacdiIShs Wo?l@ﬁﬁl% capable of
of the casting rolls and cast steel strip through

ni p bet ween RREdEEA Mixgute of Meater podod 40 dlesmrk@olﬂs,ed

shells; g) spraying the mxture of oil and water as

the stri p enters the hot rolling mll; and h) rolling

t he cast s&)rihpoheﬂin@amltbhstwbrﬂetm‘dnl theopaii b€ casting rolls to form a
rolling mll to quceacast strip having a surface
roughness | ghastiy a SupptedRn easting surfaces of the casting rolls confined

by said first side dams;

f) counter-rotating the casting rolls to form solidified metal shells on the
surfaces of the casting rolls and cast steel strip through the nip between

the casting rolls from said solidified shells;

g) spraying the mixture of oil and water as the strip enters the hot rolling

mill; and

h) rolling the cast strip between the work rolls of the hot rolling mill to

produce a cast strip having a surface roughness less than 1 microns Ra.

A thin cast steel strip is also provided with a reduced surface roughness

below 1.5 microns Ra made by the steps comprising:

a) assembling a strip caster having a pair of casting rolls having a nip there

between,;



A thin cast steel stripis also provided with a
reduced surface roughness below 1.5 m crons Ra nade by

W0 b@7898pSs conprising: a) assenbling a strip CBSL/&02007/000227
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having a pair of casting rolls having a nip there

bet ween; b) assenbling a netal _gelivery system capable

of formng a casting pool between the cast rolls above

the nip wit)hssdntldingadrinedd] RUGHY sybRneogRbRI off Remitigda ledsting pool
confine said casting pool; c) assenbling adjacent the

strip cast erbevesatthe gpstirolly akove theawip jtihsidk darps adiegant the ends of
and work rol ' rmng a gap

bet ween t he ti\,{gPWtﬁ)glo}‘i@fl%%a?%%%ﬁ |OE:) hot strip is

roll ed; d) assenbling spray nozzl es positioned

upstream of the rk . rolls capable of sprayin )

m xt ure of°® \ﬁéfeé‘?b\fﬁﬁ&dﬁfz?m heesstin, eastes 3 h,og)?ql 1g @%l l?avmg back-up rolls

i ntroduci ng JxRIW&ER rSE€Gith RREVEGE R ?orﬁﬁhg' a%gg ??ﬁ%e'eﬂ the work rolls

rolls to forma casting pool supported onh

surfaces of thieagh adidhit siviplisradledf i ned by said first
side dans; f) counter-rotating the casting rolls to
formsolidified metal shells on the surfaces of the

casting r ol)lasseailingaptaysiceeles pbsitibnddniitghmtdfendlivdrk rolls capable
between the casting rolls fromthe solidified shells;

g) sprayi ng A sBragingapixtue obates Al o therbagk-uppellg ast
strip enters the hot rolling mll; and h) rolling the
cast strip between the work rolls of the hot rolling

mll to preydngedwingasiolist rstepl bavveeg the Spaid af @asting rolls to form a
roughness less . than_ 1.5 mc¢rons Ra. The thin cast,
strip may h&eing Rl suprorted punqstag pudaces R the) casting rolls confined

mcrons Ra by said first side dams;

f) counter-rotating the casting rolls to form solidified metal shells on the
surfaces of the casting rolls and cast steel strip through the nip between

the casting rolls from the solidified shells;

g) spraying the mixture of oil and water as the cast strip enters the hot

rolling mill; and

h) rolling the cast strip between the work rolls of the hot rolling mill to
produce a cast strip having a surface roughness less than 1.5 microns
Ra.

The thin cast strip may have a surface roughness less than 1.0 microns Ra

or less than 0.7 microns Ra or less than 0.5 microns Ra or less than 0.4 microns Ra.

The thin cast strip may have a scale thickness less than 7 microns or less

than 4 microns.



or less than 0.7 mcrons Ra or less than 0.5 mnicrons
Ra or less than 0.4 mcrons Ra. The thin cast strip

woreop7k0g86e5 a scal e t hi ckness | ess than 7 ni cr onBCDAUR®3S00227
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than 4 mcrons. The cast strip nmay be passed through
the hot rolling mll at a temegy.ature |ess than 1050 C
while the m xture of oil and water is applied to the

\Nor k rol | sThdbat Eﬁipnmﬁy’ﬂii)é patdetl phidayh faviestaolingl Mill at a temperature
lgckness l ess than m crons or |less than 4 m crons.

shibgp §Pe0°ds WéﬂP ﬂ%i’n‘ﬁlxﬂﬁt? ef oibayd wates issppHed tsythe work rolls.
sprayl ng the work rolls. The m xture of oil and water
may be applied to the back-up rolls. The m xture of
oi | and walks thimgasiestiieasmytHase aS¥aleithickeesk dess thire 7 trhicrons or less
caéjt itrjﬁ%‘:1 with a [ow surface roughness of |ess than
1. B4R SRa. A method is provided for producing
thin cast strip having at | east one mcrostructure
sel ected fromthe group consisting of polygonal
ferrite, atheuidurefofoiliand waltdrearistappliehby bemying ¢heawork rolls.
martinsite, a surface roughness of less than 1.5
m crons Ra and a scal e thickness of |ess than about 10
m crons, tTig MBiMRbIoNHAl Wakdehdy R HhE&Stohe badk-up rolls.
assenmbling a twin roll caster having laterally
positioned caster rolls formng a nip between them and
a hot roll4 rol
adj acent t ﬁ@ltnv'fgt%xler&aq\ﬂ as%@%%(mg? b]p%es%rlﬂalpg"% cHPPo fo%ln tRe thin cast
st strip withoniowherfac@rdughnese of lebetham$15i rﬁ@rcml Ra of the
twinroll caster, , c) applying a mxture of water and
oil on the work rolls of the hot rolling mll, d)
passing th i ra
Phan 1200 & TArodan iUk Por ebiBBRETCAE Rl PRBRE at least one
mi siarestrugfure s¢lecied! finer tie greupnppisistig b pblygonal ferrite, acicular ferrite,

Widmanstatten, bainite and martinsite, a surface roughness of less than 1.5 microns Ra

and a scale thickness of less than about 10 microns, the method comprising the steps of:

a) assembling a twin roll caster having laterally positioned caster rolls
forming a nip between them and a hot rolling mill having work rolls and

back-up rolls adjacent the twin roll caster,

b) forming a thin cast strip from the nip between the casting rolls of the

twin roll caster, ,

¢) applying a mixture of water and oil on the work rolls of the hot rolling

mill,

d) passing the thin cast strip at a temperature of less than 1100° C through
the hot rolling mill while the mixture of oil and water is applied to the

work rolls, and



work rolls, ande) shrouding the thin cast strip from
the casting rolls through the hot rolling mll in an

warewospises e of | ess than 5 % oxygen form ng a PEI/AUZASN00227
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strip having: at |east one microstructure sel ected

fromthe group consisting of pglygonal ferrite,

acicular ferrite, Wdmanstatten, bainite and

martinsitee) shreudifgthe thinwgdisagsirorh thesstihg ﬂﬂls]:h@ggh the hot rolling
m crons Ra3 ang. a scal e thickness of |ess than 1 . .

m crons. A n@fqﬂﬁbari atmgprbisretdessdean 3 ¢ oxiesa fming athin cast strip
thin cast stgginsStri bk i isting of
pel ow 1. 5 i o ou 2 Spt IHEBRERle SUko @ obtE MR Sonsiting o
of : a) assenmlygapahfestitej wicdatlenritd) WVidngnatafien, ibaimfite and martinsite,
casting rolls havin ni p.there hetween, )
assenbling a ﬂgfaﬁf" I ?/SéP§ie§§/élagﬁr5tc%ﬂ%£%fanflGrSFﬁl?léhl"kneSS of
a casting poes taeh \¢afictbie cast rolls above the nip

wi th side dans adj acent the ends of the nip to confine

said casting pool; c) assenbling adjacent the strip

caster a h ' L1, havin tk rol.ls with work.
sur f aces f%ﬁrrﬁtﬁgéd iasr%%(\)garglélfi %eilgoﬁ p??}cﬁ%lqghq‘ ﬁai\ﬁ}%ﬁegﬁ%w“h reduced
st gurface Soughhéss belowh) 1.8ssiehs RAGHS ﬂ{eﬂibd%ﬁﬁirﬁﬁ}g the steps of:

positi oned adjacent the work rolls capable o
providing a mxture of water and oil to the work

rolls; e) O;%)”JSEQHH | stHB lc&s%}. l'?atvﬁl‘gloa O}Pa%t Wc?a@tix{léxg)lig%ia{;in%fa nip there

casting rollls to rma casting suppor

casting surftatesempf the casting rolls confined by said
first side dans; f) counter-rotating the casting rolls
to formsolidified netal shells on the surfaces of the

gaft i ng 1 o)l ssanmslingds imetdl &Rlival " dyBteh P8I Shforfi a casting pool
et ween
between the cast rolls above the nip with side dams adjacent the ends of

the nip to confine said casting pool;

c) assembling adjacent the strip caster a hot rolling mill having work rolls
with work surfaces forming a gap between them through which hot strip

is rolled;

d) assembling spray nozzles positioned adjacent the work rolls capable of

providing a mixture of water and oil to the work rolls;

¢) introducing molten steel between the pair of casting rolls to form a
casting pool supported on casting surfaces of the casting rolls confined

by said first side dams;

) counter-rotating the casting rolls to form solidified metal shells on the
surfaces of the casting rolls and cast steel strip through the nip between

the casting rolls from said solidified shells;



the casting rolls fromsaid solidified shells;Qg)
spraying the mxture of oil and water as the strip

wenioenssephe hot rolling mll; and h) rolling tPEer/aEst7/000227
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strip between the work rolls of the hot rolling mll

to produce a cast strip havingga surface roughness

less than 1 mcrons Ra. A nethod is al so provided for

produci ng @ spaying dst mitterel ofSdit aufal Weteh af elitusieig s @cehot rolling
roughness bel 9y 1.5 microns Ra, the nethod conpri sing

the steps of M dssenbling a strip caster having a

pair of casting rolls having a nip there between; b)
assenbling a nmetal delivery system capable of form ng

a casti ng Ipovllingethpeast sttie betveen rthd veorlalvolise of ke hitprolling mill to

Sai d casting OB G LR ARBFEA e HpRhn s ek gl microns Ra

caster a hot rolling mll having back-up rolls and
work rolls with work surfaces formng a gap between
t he work ramahedisalsgpranidedfargrodicingpa thin cast bteel, stuif) with reduced

as ] Ltioned upstream the

o e g B BPE s 5o BE Ry, R AE R edhe S

oil the back-up rolls; e) introducing nolten steel
betvveent(l}S%air of casting rol]s to forma casting .

pool suppdP taseFringAstiiin adurdeymg neir efirastingsrollsdaving a nip there
rolls confingg,by.said first side dans; f)

counter-rotating the casting rolls to formsolidified

metal shells on the surfaces of the casting rolls and

cast steel_.strip,through.t ni p between the, casting )
rolls fr o taﬁ%engmnigdar f‘%&adl (gﬁg?rp'sﬂ,}’gymsgqp&yﬁen%f Ing a casting pool
m xture of CHekw@éﬁQhé!\’gés@ kolBSabob€ tHeAfp Wit dife 8h&hGjalddB the ends of

hot rolling mll; an
the nip to confine said casting pool;

c) assembling adjacent the strip caster a hot rolling mill having back-up rolls
and work rolls with work surfaces forming a gap between the work rolls

through which hot strip is rolled;

d) assembling spray nozzles positioned upstream of the work rolls capable

of spraying a mixture of water and oil the back-up rolls;

e) introducing molten steel between the pair of casting rolls to form a
casting pool supported on casting surfaces of the casting rolls confined

by said first side dams;

f) counter-rotating the casting rolls to form solidified metal shells on the
surfaces of the casting rolls and cast steel strip through the nip between

the casting rolls from the solidified shells;



h) rolling the cast strip between the work rolls of
the hot rolling mll to produce a cast strip having a

W@ 007/aew9F oughness |l ess than 1.5 mcrons Ra. TPeT/ABLM00d00227
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may conprise applying the m xture of oil and water by
spraying the work rolls, for exanple with sparay

nozzl es. The rate of spray by the nozzles nmay be

bet ween 10gasmtaydfg ghd haxtsrepef oiti andt watell ae the xbstr @ripfenters the hot

oil and water e applied to the work rolls by
appl yi ng therollllilggl}}ﬁlea‘?; oil and water to the back-up
rolls. The method nay conprise produci ng the cast
strip at a rate above 80 neters per mnute. The

rol 1ing tekpeollinguthe qastysttip|betwebt OB varrk ellowf 1@5R0tGotling mill to
bel ow 900 C._BRI EF DESCRLPTI ON OF THE DRAW NGS Th .
oper ati on ofprgﬁuﬁ ?ﬁgs?rsé?ﬁ’ QVIflﬁ/ianSUrrch relé%lmeﬁigleﬁfsgtﬂﬂ“ 1.5 microns
i n accordanceawith the present invention is described

with reference to the acconpanying draw ngs, in which:

Figure 1 is a mcrograph show ng typical surface

roughness i .ter relling: Fiqure 2
is a scherrglgei %ﬁ?ﬁjgfﬁ&;g@ﬁ I%ae ?%élgﬁlgt&]iepm@gfgﬁei ﬁg 0(3'1 gpd water by
haspraydngtheotork eblls, fig extublefwith gardyr @zdeng t he shape of

cast strip; Figure 3 is an enlarged cut-away side view
of the caster of the thin strip casting plant of

Figure 2; i ' i : ,
system f orﬁthe%iftigg IS# %Z\?’iyzﬁlg 2{59%185 nﬂya&r BERRER o has0 gallons per
minute.

The mixture of oil and water may be applied to the work rolls by applying

the mixture of oil and water to the back-up rolls.

‘The method may comprise producing the cast strip at a rate above 80 meters

per minute,
The rolling temperature may below 1100C or below 1050° C or below
900° C.
BRIEF DESCRIPTION OF THE DRAWINGS

The operation of an illustrative twin roll casting plant in accordance with

the present invention is described with reference to the accompanying drawings, in
which:

Figure 1 is a micrograph showing typical surface roughness of a cast strip after

hot rolling;



oil and water m xture to the rolls of a hot rolling
mll; and Figure 5 is a diagram showi ng the Average

weafageIRoughness for Thin Cast Steel Strip, BelABzO/000227

10

15

20

25

30

2613, made using o the present invention. DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS Tig.illustrated casting
and rolling installation conprises a twin-roll caster

denot ed geRigul 2 s BYscAdmadl BRsRADGUE En shipcdsffs phn€hving a hot
strip 12 _which passes into a transient path across a

guiodiangrail] for gantradling the plape pbPast $kiBnd 14. After exiting

the pinch roll stand 14, thin cast strip 12 passes

into and through hot rolling mll 15 conprised of

back- up roFigarel® inian eujapgxl andwapwile viewkofr thk [castdBéf the thin strip
and 16B, whefe the thickness of the strip reduced. The
St?qSBngQ}anan)ﬁlgggg %ing the rolling mill 15, passes

onto a run out table 17 where it may be forced cool ed

by water jets 18, and then through pinch roll stand 20

conpri si ngFigupad is aofchpnathdiagtahssid@®ing@adystemdor thel application of an

19... Twin-roll. caster 11 c rises a i n,machi ne frane
whiik ﬁnvgsWB%BF’t"étu%? tﬁgj?ei’ roilf O?gggﬁ'@ﬁ}n@ rﬁﬁ@?‘?ﬁl oned casting
roll's 22 having casting surfaces 22A and formng a nip
between them Modlten nmetal is supplied durin

casting caﬁﬁmegwsmrdmran|sbwi@gmvmmﬁqrfacg?@%gmaj$ ﬁira]r Thin Cast
23 : t t undi
S Nl B EE PR p P St scdy I PRRY Ton "' °

pi ece), and then through a netal delivery nozzle 28

(also called a core nozzlgl) bet ween the casti nl\% rolls
22 above t hd?FPGRINEONQF Jife PREEERRELLEVEQDIMENTS

renmovabl e tundi sh 25 fromtundish 23 via an outl et of
the refractory shroud. The tundish 23 is fitted with a
st opper r obheailoismated icaegpatandwalling ifistallatkmosum)prises a twin-roll caster

sel ecti.vel n d close the outlet of the rou ;

an%e%{eﬁe%?“%(?@gﬁjyc @EtVYlB?h PiRduessg Ibpa%}ep]sﬁtrwefgw?*%oﬂa}sses nfo a

t N@arstendbafh sk @ dulide BBRLEY to alACHPI §8nd8h alA ek @¥Ring the pinch

from renovabl e tundi sh 25 through an outlet and

opollowand 14, tthinaagt sttip ddgrassdsdntaeindvbropgh dwt kaddligg mill 15 comprised
of back-up rolls 16 and upper and lower work rolls 16A and 16B, where the thickness
of the strip reduced. The strip 12, upon exiting the rolling mill 15, passes onto a run
out table 17 where it may be forced cooled by water jets 18, and then through pinch roll

stand 20 comprising a pair of pinch rolls 20A and to a coiler 19.

Twin-roll caster 11 comprises a main machine frame which supports a pair
of laterally positioned casting rolls 22 having casting surfaces 22A and forming a nip
between them. Molten metal is supplied during a casting campaign from a ladle (not
shown) to a tundish 23, through a refractory shroud to a removable tundish 25 (also called
distributor vessel or transition piece), and then through a metal delivery nozzle 28

(also called a core nozzle) between the casting rolls 22 above the nip.

Molten steel is introduced into removable tundish 25 from tundish 23 via an

outlet of the refractory shroud. The tundish 23 is fitted with a stopper rod and a slide



Mol ten metal thus delivered to the casting rolls 22
fornms a casting pool above nip supported by casting

WO 200i7/09369F aces 22A. This casting pool is confiPEAE2007/000227
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the ends of the rolls by a pair of side danms or

plates, which are applied to t{pg_ends of the rolls by

a pair of thrusters (not shown) conprising hydraulic

cygateﬂ datveugiot Shm@nﬁﬁkﬁébﬁiv@lyt byfenSarde cld8éhe DRBetUBP e shroud and

ace of the castin ool (generally referred to as
%fr fectixely scogtel the, ey gqfrgyolimsleetab&oel éﬁetumdwle R3dadhefcaster. The

t h [ .
el iiey mELYIGRE o SO gl s, BGlatl R gRlsE it optionally (0
Camtd thgpugblths ddReay moizid 28.nal | y wat er cool ed by

cool ant supply (not shown) and driven in counter

rotational direction by drives (not shown) so that

shel I's sol Vditéy nitall (Rs BRI GARE %tlﬁ%lrél dé ff@lﬁﬁ?a casting pool
and are brought together at the ni roduce

t h@hﬁ)VQ ain suppeitpd b castimganllissriaces |2\26r eThiel ostingredol isf cromﬁned at the

R R PRERIRED oL S Sls Ol B ol Sl mppfod g B ends of the
se@llle By ensdiosiheusidts (@t@ﬁ@wﬁyécﬂﬁpﬁ@% Eycﬂtﬁuhd‘@ﬂrlﬁﬂler units connected
gui des the strip to a pinch roll stand 14 throu?
\Mﬁoéhe stdeedamss ‘Ko vpprreweliass of ﬂlel®5tlfl'g1 @ogletgenerally referred to as the
en { t r Opr
%@?S%lvﬁcl%\%tl)r%%(y Iq?e bﬁse ﬁ'J[% @%ﬁg‘? o‘ﬁﬁ\ﬁer?ﬁ 2 ﬁga so that the lower
e rend e thealelinet negde ssinpier@xdygetin the chd’ﬁﬁg ®aslt strip
within the enclosure as hereinafter described. After
exiting the seal ed enclosure 10, the strip may pass h
t hrough f r
Stand 14, 5 hOrE HRRCIP e SRR flerdoflq b BodThgh ot stovn)
101ndsil’fV@nne@om3telarq1lalmnek dmsfctlsn rbardltvces \@@dtlshewn} s@ﬂﬁxt shells solidify
that fit to e connecthons

Bt iR ChsHa 581 st afie FobinSERPRUhE B ohg pircle Broduce the
f lthﬁlt cadBbiripS L twiRBh 4s deRberbd QotvWyArdlP Iﬁlon{;ﬁ?et fif fip ﬂé?ween the casting
encl ose the casting rolls 22, and a wall encl Osure
exPBhdi ng downwardi'y beneath first wall section 4 1 to
form an

Below the twin roll caster 11, the cast steel strip 12 passes within a sealed
enclosure 10 to the guide table 13, which guides the strip to a pinch roll stand 14
through which it exits sealed enclosure 10. The seal of the enclosure 10 may not be
complete, but is appropriate to allow control of the atmosphere within the enclosure and
access of oxygen to the cast strip within the enclosure as hereinafter described. After
exiting the sealed enclosure 10, the strip may pass through further sealed enclosures

after the pinch roll stand 14, including the hot rolling mill 15.

Enclosure 10 is formed by a number of separate wall sections that fit together
at various seal connections to form a continuous enclosure wall. These sections
comprise a first wall section 41 at the twin roll caster to enclose the casting rolls 22,
and a wall enclosure 42 extending downwardly beneath first wall section 41 to form an

opening that is in sealing engagement with the upper edges of a scrap box receptacle 40.



opening that is in sealing engagenment wth the upper
edges of a scrap box receptacle 40. A seal 43 between
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may be formed by a knife and sand seal around the
opening in enclosure wall 42, .yhiLch can be established
and broken by vertical novenent of the scrap box

r eAewaB@B ebetfledretiatl sorgp box evedparly 20 Wakll thd 2nclosidde Wal 42 may be
is formed by raising the scrap box receptacle 40 to

c af?g@efi 9% addrifeeand|sang ecal aroyed dhe ereaingHa eaglogurervall?, which can be
IE)etdo %r%@i?éd ﬁ}hvérﬁgal ?r?d"ve egtmisthg @?rg 4[]5§x g%% Elgle 40 relative to
n by R e PrsH

ower | the scrap Box rece
i tm@mreabwaudmﬁaal I4B fis fqrmrldj}aﬁamin/g the seeapebmniecaptagle 40 to cause

m, t e caster to a di schar ge position (not
© BaRggio peRet raéecfg EH ﬂwh?@lei&ﬁﬁa@irslbrheaeﬁ-
carrrage 45 frtted vvrth wheel s 46 which run on rails

47, whereby the scrap box receptacle can be noved to
t he scrap thiss¢tmdGeap bs ibtaken byd?awclﬁrag;@e 46rap ok iredepticle 40 from its

power e rew able to lift
heredidpstien? BERHAReY & ReviRghy st 19 gyt discharge
wWhedsitiont (nb sisivae dS ke Bk Pééeﬁtﬁélé a8 y§ ﬁmﬁieh 0412a cdrflage 45 fitted with

rai sed Eosrtron where the knife flange penetrates the
santedotq wihihser oy milsetTnedisrabiyethe wetap Swa iseerdnlé eaube moved to

10k Y HisdiBYee cﬁ‘rt Mr géﬁ@% llS ctlkﬁ{fl L& qspo e?e screw jacks
& $Fid i

about e gul connec ed'to

pi it lbpérable tstl&ﬁtldhelécrap\ﬁbbg |’te¢dib¢‘dcltd$($ ffonpal lbw@fedppd'sﬁﬁbn where it is
rolls th| d wal | section disposed of
en%Haﬁ‘%‘ﬁ%é) £ Lnglosiieq Wl &4i t ﬁgraéséargommrswh@re e knife flange

enﬁé&&&feetw@ahﬁ%@%rhp&al Hlverdetd G0l May be lined

with fire bric scrap box receptacle 40 may be
i ned erther with fire brick or with a castable

refractory in i s, way, the c eencl sure

10 is seal'™ egirqnglros lg%g?r'lﬁ@’ raatg}ng allsqetizdisposed 61 about
| i et @kl eSand boiet@ano (e HRink of fi‘i?ﬁch%[l' Janbi2i4, Qﬁuéﬁ includes a
passes fromthe casting rolls 22 through t he pi nch

r drair ef pingh 19flsad ”Eh@ethﬁétwaﬂo‘relcmﬁgdlﬁmﬂe 4. of] erctqsmel 1Y) is sealed by
Lan take up all of the oxygen from encl osure
15'5q a%:éeggy form ng

Most of the enclosure wall sections 41, 42 and 61 may be lined with fire
brick. Also, scrap box receptacle 40 may be lined either with fire brick or with a
castable refractory lining. In this way, the complete enclosure 10 is sealed prior to a
casting operation, thereby limiting access of oxygen to thin cast strip 12, as it passes
from the casting rolls 22 through the pinch roll stand 14 and the hot rolling mill 15.
Initially the strip can take up all of the oxygen from enclosure 10 space by forming
heavy scale on an initial section of the strip. However, the sealing enclosure 10 limits
ingress of oxygen into the enclosure from the surrounding atmosphere to below the
amount of oxygen that could be taken up by the strip. Thus, after an initial start-up
period, the oxygen content in the enclosure 10 will remain depleted so limiting the
availability of oxygen for oxidation of the strip 12. In this way, the formation of scale

is controlled to a thickness less than 10 microns without the need to continuously



heavy scale on an initial section of the strip.
However, the sealing enclosure 10 limts ingress of

w@z0pgessednt o t he encl osure from the surroundi NBCT/AU2007/000227
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at mosphere to bel ow the anount of oxygen that could be

taken up by the strip. Thus, afiger an initial start-up

period, the oxygen content in the enclosure 10 wl|

r efesiln eyt et ednemomdmrtgl gy mtbeth«a\iméémb& | Oifyom‘se Qxyegeding or non-
In this way

r ol Phyche b RuShihfie oiras Salst Hioiavesan cade to avoid the
t haghviGseBlifg RSnYIHNQHE-dphSerfRe thd 810&% en osure)élglﬁ%h finmediately

redu0|ng or non- OXIdIZIng gas |nto t
c opfiefeto the rceum@anngn@n oforasiirigis engp galmcerthe immai Gmtygen level within
n ord

fa\lj%l ?Jb% pﬁ iNqieav 2 rg Illci%mﬁ]&l}wq‘]ﬁerf%ﬁ’§tt]é? wanp@?’?lo"é? stabilize in the

t hmoecsmke)sya gedillt 6BthebigteRattBACT HERAYBEE Y oﬁfd&ﬂﬁg 4% strip passing
i{commncemant of casting so as to reduce t

ough igx hus llagEatively e ceelosure mray qCOIVemIQQﬁEﬂW purged with, for
< %ﬁ?ﬁi@ rﬁaggﬁgﬁén £ hhOfedy¥ouhd @na? Xe%ﬁc?t o | S tﬁe initfhl oxygen content to

I ze OSUTG as a resu

i niceelaof badweanf 5% lvdll tixyigeie scalimgxofdhe kthig 4t hige &tit frBm the enclosure 10
it hus, illustratively, the

h
eng’ls%téqglnt eltbn‘g‘)%g' B%\Vér} e ITOnDH EV§IL AHdRE \Kﬁ puitiplpptart-up phase. In an
eXanh Emeht J111RE Efbs&?csmve#rftmﬁaﬁle RERR 2 Qund ts{rﬁ‘ﬂ{as & scale thickness less

reduction of the initial oxygen content
bethar abow ddwiidros; oi thetseeledbimknesg nofy Hehlessthan [y @t4 tnlik&ons during

ét fromthe enclosure 10 to about 10 mcrons to 17

m c?rngﬁgo‘gvcgﬁt%rl ng the initial start-up phase. In an

enbodi nent of the present invention, the thin cast
steel strip has a scale thickness less than about 10
m crons, dt theestait ifea t0h$tmgn@empamgy dshdre dengttlhh adf lﬁlperfect strip is

;" ;{:ifg@%c%a s thg%’akﬁ%n& tt%]lh%% S%\ﬁtn%foqt%%l}sfcggtﬁggﬂs reptﬁbhshed the

i s:aﬁnlrtgjmﬁe R ae Ihdm:d@lpsﬂt lsll@ltly‘@ﬁ&i tHeh @Rsught @Qéthérza%am% Eﬁ[se this lead
is est abI i shed, the casting roll

SR T b e o st
iR e L3 TSy 18 R o
6461n9f81$t strig 10ni TledinGicafeet mRtdriah tirdye 1nt5 ah, Bblrectstacle 40 located
QrJeneeah Cc':a% A ,aan g.g tglfs %131% gv(\)fyg?nvg gpron 38, which normally hangs
downwardly from a pivot 39 to one side of the caster as shown in Figure 3, is swung
across the caster outlet to guide the clean end of thin cast strip 12 onto the guide table
13 where the strip is fed to the pinch roll stand 14. Apron 38 is then retracted back to
its hanging position as shown in Figure 3 to allow the strip 12 to hang in a loop 36
beneath the caster as shown in Figures 2 and 3 before the strip passes onto the guide
table 13. The guide table 13 comprises a series of strip support rolls 37 to support
the strip before it passes to the pinch roll stand 14. The rolls 37 are disposed in an

array extending from the pinch roll stand 14 backwardly beneath the caster and curve

downwardly to smoothly receive and guide the strip from the loop 36.



thin cast strip 12. The inperfect material drops into
scrap box receptacle 40 | ocated beneath caster 11, and

W@eoorkh9®93 i ne swi ngi ng apron 38, which nor nal | RCTrAng®7/000227
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downwardly froma pivot 39 to one side of the caster
as shown in Figure 3, is swungiqcross the caster
outlet to guide the clean end of thin cast strip 12

ont 0 the gUhdevinabll easte mbyarbe of faeklﬁﬂ iticH & ﬂilﬁﬁrat&l érmedescnbed in
ch roll hen retracted

o518 i Ui Sl dieiembons, LB aRSAT S 0 Ursled Sies Patent No.
th? 488 08D, TRef; él‘én@ﬁﬂﬁ %é)g)o %?e e Sfp Lgr?stt‘ﬁ@ﬁ&? Yetails, which

as shown in Figures ore passe
onwmrmhﬁwguhhepKHHMHnm&mOEhe gui de table 13 conprlses
a series of strip support rolls 37 to support the
strip before it passes to the pinch roll stand 14. The

roll's 37 apgcklirsiPerad 1|4r‘cd’i'1'ibrﬁ‘>5§ aYpaf XS eReEn Golfy S’GnréaIEﬁve to tension
pinch roll stand 14 backwardly beneath the caster and

c udBpdied byiribahefl 1plling reiipls. hAycqr@oglyv&eaMp gsua,bdmtot]hmg in the loop 36

2 0 Rt T e ARl o2ss thaulaB it B4 e AfeRiop stand 14,

UnTheginshabls sPahenbrdVedestn 1hdioBshratdbéinedd i &eel rhangmg loop
United States Patent No. 5,488, 988. Reference may

el teBsipn @géhﬁétrmwd%wm&swaabﬁ%thmmmﬁﬁnaétn@; | Ehe mﬁph molls 50 also
arﬁaﬁlﬁz@ﬁ{ e%o%ftlotnrkﬁ" tHe Eﬁgl ncﬁg}fg{a} ] %&8[}@\}% tm%t Aot rolling

4 conpris a palr o f eac
tamﬂlﬁh applied by the hot rolling n1|| 15.
Accordingly, the strip is able to hang in the |oop 36
as it passes fromthe casting rolls 22 to the guide

table 13 angm heDihdierodl 544 18! the %ﬁlﬁerSt]ﬁlb%IEEis B’ef*ﬁé}ed to the hot

rolls 50 thus provides a tensi’on barrier
f rroding mihd$ rgmippised af]dppeenmlkrroﬂrﬂ%end:icrwm roll 16B As shown in

t f.th The. pi nch rol
PR G2 SR BRI Al ReesThr 1By nfed spravng s
t al’ﬁb@urb%f WweRfliaR@ dihen The dBwhknD QhrfARk ! dMShcRidp rolR-16. An oil
Fromthe pinch roll stand 14, the thin cast strip 12

i sresraveiy dPBds Peoviged wih arhﬁamrrﬂg)lrﬁmmalm@m &mlﬂ skappbximately 50°
UD@,eﬁutV\fPJalﬁnﬁ ql lno%%éce%gzg‘y! OYfd hee& (Ii o]‘l6 transferre%vﬁrough oil transfer

lines 103 by fixed displacement pumps 102 to static mixers 104 where the heated oil

is mixed with water.

Water is supplied from a source 110 to water strip chilling headers 111
and to mill rolls supply lines 112. A first portion of the water is supplied to spray
headers 18 to supply cooling water to cool the hot strip 12 after exiting the hot rolling
mill 15. Typically, the water pressure is reduced through pressure regulator 113 to
about 40 psi. Between about 10 and 30 gpm of water is supplied to each static mixer

104 where the water is mixed with about 4 gph of heated oil.

The mixed oil and water is then applied to the downstream surfaces (the
direction of travel of the thin cast steel strip 12 is shown by arrow 120) of back-up

rolls 16 through oil-water nozzles 71. Alternately, the oil-water mixture may be



Figure 4, a preferred enbodi nent of the present
i nvention conprises spraying a mxture of water and

wordo7os6phe downstream surfaces of back-up rol PGI/AG200A000227
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oil reservoir 100 is provided with a heater 101 to

maintain the oil at approximtesy 50 C, but heating is

not necessary. The heated oil is transferred through

oi dpplredrigfeast stiimé2 id Gl tmfl bitx adadinap baappked tothenpst&in surfaces

to atic m xers 104 ere th eat oil is mxed
Wi ?ﬁ%&?@?’?‘p\‘i@s&é?ﬁo\é@ﬁB‘fqﬂ%&o‘i}sﬁc@%’g%%ur ce 110 to
water strip chilling headers 11 1 and to mll rolls

supply lines 112. A first portion of the water is )
suppl i ed tBre&paldy, the dereperatige pHthsibin sascgedlistyp WAt the hot rolling

to_e@ool: f.h Strj afiter exiting the hot rolling

i 0 orfisr dhge 106, & i aRopT Bilerhtly; 1655 Jtp, 450° 9 and most
t hprebgiblprlesstiae 9060l aABb, plederhily alRUienpOrapste - of the thin cast steel
Bet ween about 10 and 30 gpm of water is supplied to

eatthP 4y fhehot golliag mib4 Simabever48” tat er is m xed with

about 4 gph of heated oil. The m xed oil and water is

then applied to the downstream surfaces (the direction

of travel Tlie tstatict hiixersal4 ateeetanddrdi porb@niisnAlownailiple devices.

arraw 120) of back-up.rolls 16, t{hrough oil -water ..
no§§1eé Or?zf. OfrAEPP‘é’F%%‘@ |bg usg ar%ﬁlfieﬁvsg%ﬁr%%p@blﬁ@fmd mixing of the
besipphd ®gieb 0 cast strip 12 in the roll bite area, may

be applied to the upstream surfaces of the back-up

rolls 16 or to the work rolls 16A, 16B. Preferably,

the tenperature aof the thin.cast steel strip 12 jin the

hot rolling e epibpgipnty @@é’ﬂfwﬁf yHyreas dﬁh@“ﬁ% pibetween 5 and 30
pr &freaald sl ®sthe hadtup @60s €6, ByifcdlBSthe RilekakAblixtutERSdelivered to
than 900 C. Also, preterably, the tenperature of the

t hiha bagksep zallsdp this empoidimentat lsut A6t 28 gpmi, With155 gpm a reasonable
b 4 oy ' ' dard , . .
o 8 SRR 0 A0l i PR o cmbocimen

conventi ona

m ocamsisemy faetsuskeshdbewieeie d00 hays & ¢30mpad @athk byo@dume. The oil
1 XI ft 1 ter,
m r)r(1la1}p ge ess t agl 8‘% oral%l o%e mixture. The oil is provided to be mixed with the

water generally at less than 15 gph.

Figure 5 shows the Average Surface Roughness (Ra) in microns for thin
cast strip steel strip 12 produced using the present invention. As can be seen in Figure
5, the Average Surface Roughness is noticeably lower, about 0.66 to about 1.5

microns with the addition of an oil-water mixture as described above.

In one embodiment, the present invention comprises producing thin cast
steel strip using the oil-water application described above to produce thin cast steel strip

at a rate above 80 meters per minute.

While the invention has been described with reference to certain
embodiments, it will be understood by those skilled in the art that various changes may

be made and equivalents may be substituted without departing from the scope of the



In one enbodi ment, the oil-water m xture is delivered

at between 5 and 30 gpmat 40 psi to the back-up rolls
waso7fypital ly the oil -water m xture is del i veP€dAU2007/000227

the back up rolls in this enbodi rent at about 10 to 20

gpm with 15 gpm a reasonable_ggtting. The oil-water

m xture may conprise less than 5% oil, and in one

eninoeitionntInedditiohS@any! mpdificatiOhs mayde ﬁﬁﬂ&‘@%ﬂa@@@ pBAichBr situation
to 1800 parts water by volume, The oil may be’l ess

t hSih mg6TR tpoghs tqaﬁlémﬁ@ afuthe. inyRatiosn |WIﬂ@ub depadieg from its scope.
be S

P DR 85 Tt inahe BEBRIGH A4 RS0 48 Predihut Sbodiments
m disdosedf but thhf the d@stntioh IW111 isdledd alb embpdibniy fatlligedithin the scope
usuﬂﬂ t he B éent i nvention. As can be seen in Figure

B ARFE gg 48l f ace Roughness is noticeably |ower,

about 0.66 to about 1.5 mcrons with the addition of
an oil-water m xture as descri bed above. In one
enbodi nent, the present invention conprises producing
thin cast steel strip using the oil-water application
descri bed above to produce thin cast steel strip at a
rate above 80 neters per mnute. Wile the invention
has been described with reference to certain
enbodi nents, it wll be understood by those skilled in
the art that various changes may be nmade and
equi val ents may be substituted w thout departing from
the scope of theinvention. In addition, many
nodi fi cati ons may be nade to adapt a particul ar
situation or material to the teachings of the
i nvention without departing fromits scope. Therefore,
it is intended that the invention not be limted to
the particul ar enbodi nents di scl osed, but that the
invention will include all enbodinents falling within
the scope of the appended clains. CLAIMS What is
claimed is: 1. Athin cast strip having at | east one
m crostructure selected fromthe group



consi sting of polygonal ferrite, acicular ferrite,
Wdnmanstatten, bainite and nmartinsite, a surface

wo omwgleiess of | ess than 1.5 microns Ra and a SPEi/aU2007/000227
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t hi ckness of |ess than 10 m crons nmade by the steps
conprising: a) assenbling a twyf.roll caster having

|aterally positioned caster rolls formng a nip

bet ween them and a hot rolliggAtiM$ having work rolls
angﬁfack-up rolls adjacent the twin roll caster, b)

f oriidhis clpimgsl i cast strip fromthe nip between the

casting rolls of the twin roll caster, , c) applying a

m xture of water and oil on the work rolls of the hot

rol.l i ng mi Althindpsipeiss ihaging eleabti oneanistostuctufe slected from the group

t enper at ur f le t.han .,1100_ C. .t hrough the hot . L
- TR P PolRAHRL R, i e BdmaRiRgRs Ghinfesand martnsie, o
apfirfaed r&léghheé% 0K fHah! B85 nﬁ@fd)lnlg;RatS rcPH(ibﬁlg ﬁgﬁﬁgétsg'o@ less than 10

cast strip fromthe casting ro ough t

r onidreis made byi the sispaicoropiisieg:e of | ess than 5 % oxygen
formng a thin cast strip having: at |east one
m crostructure selected fromthe group consisting of

pol ygonal d)edssdntislingaCivan kall cas@h hiviflg 1M4EMRPSiRéde@Raster rolls
bainite and martinsite, a surface roughness of |ess

than 1.5 ni dPBRNERAID hplavesn dem end phetikaking nytl hasing work rolls and
than 10 mcr g -hi . St s clained in

claim1 V\herl%'l@%up %gllﬁc@%e@%@? %‘é/{nrr?’g Cigsggrpassed t hr ough

the hot rolling mll at a tenperature |ess than 1050 C

while the mxture of, oil and water js applied to the

work rol | sbg‘é.énwnﬁmt incast sty frpp the nipy befwresa the castiag gells of the
or claim2 wagigiincafeg surface roughness is |ess than

1.0 nmicrons Ra. 7’

¢) applying a mixture of water and oil on the work rolls of the hot rolling

mill,

d) passing the thin cast strip at a temperature of less than 1100° C through
the hot rolling mill while the mixture of oil and water is applied to the

work rolls, and

¢) shrouding the thin cast strip from the casting rolls through the hot rolling
mill in an atmosphere of less than 5 % oxygen forming a thin cast strip
having: at least one microstructure selected from the group consisting of
polygonal ferrite, acicular ferrite, Widmanstatten, bainite and martinsite,
a surface roughness of less than 1.5 microns Ra, and a scale thickness of

less than 10 microns.

2. A thin cast strip as claimed in claim 1 wherein the thin cast strip is passed
through the hot rolling mill at a temperature less than 1050° C while the mixture of oil

and water is applied to the work rolls.



4. A thin cast strip as clainmed in claim3 wherein the
surface roughness is less than 0.7 mcrons Ra. 5. A

WO boon/ogsmss strip as clainmed in claim4 wherei nP€TI802007/000227
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surface roughness is less than 0.5 mcrons Ra. 6. A

thin cast strip as clainmed in_ggy one of the preceding

claims wherein the scale thickness is less than 7

mcrons. 7. Athin cast strip as clained in claim®6

wher ei n thg cale thickness is |less than 4 mcrons. 8.

A Shi n cas i‘f‘? At 4TI Iaéi“igéﬂleflrina‘ﬂ?nbﬁeolbﬁlatmez wherein the surface

Pr RAGHAEY iObA!tHEn YWO&EiEldRs RAe m xture of oil and water
is applied by spraying tﬁe work rolls. 9. Athin cast

strip as clainmed in any one of the preceding clains

wherein th ixture.of qgil and water |s applied to the .
vvo?’k rol | sgk@lnacﬁﬁtl %?/rillﬁﬁs @ﬁléﬂ BN @%Wh?ﬁe}n 'gﬁé dpughpess is less
t hah8Ckmitpods®d.s. 10. A thin cast strip as clained in

any one of the preceding clainms wherein the m xture of

oil and water is less than 5% oil and the | ow surface
roughness j .. o m.crons Ra, 11.. A thin cast .

st g’el str i%§%h?%§trse@ﬁ€se%‘al§l Lfﬁlflgc?gal?lﬁahﬁgglsthﬁé}“ J5c foughness is less
m o 0s$ deroeRaruced by the steps conprising: a)

assenbling a strip caster having a pair of casting

rolls having a nip there between; b) assenbling a netal

degivery systig 39'3‘?]? ' t] ool . .
between the ¢ aggta1 gtr 0 éfgg%r\l/édq%l %g%ng o\%lﬁ?%b Ig?e(fgn%%\lﬁ%ns wherein the
adjcaledhickndseisdasichaf 7 itierons.p t o confine said casting

pool ; c) assenbling adjacent the strip caster a hot

rolling mll having work rolls
7. A thin cast strip as claimed in claim 6 wherein the scale thickness is less

than 4 microns.

8. A thin cast strip as claimed in any one of the preceding claims wherein the

mixture of oil and water is applied by spraying the work rolls.

9. A thin cast strip as claimed in any one of the preceding claims wherein the
mixture of oil and water is applied to the work rolls by applying the mixture of oil and

water to the back-up rolls.

10. A thin cast strip as claimed in any one of the preceding claims wherein the

mixture of oil and water is less than 5% oil and the low surface roughness is less than

1.5 microns Ra.

1. A thin cast steel strip with reduced surface roughness below 1.5 microns Ra,

produced by the steps comprising:

a) assembling a strip caster having a pair of casting rolls having a nip there

between;



with work surfaces formng a gap between them through
which hot strip is rolled; d) assenbling spray nozzl es

w@eomrpiwaed adj acent the work rolls capabl e of PCT/AU2007/000227

10

15

20

25

30

providing a m xture of water and oil to the work

rolls; e) introducing nolten sy¢el between the pair of

casting rolls to forma casting pool supported on

casting surfaces of the casting rolls confined by said

first side danms; f) counter-rotating the casting rolls

to form soP) #sePblingamgtalsddivery systan carahlg aE Syming preasting pool

casting rollg.aB ashstS rd h;fm t '

bet ween t he ceagit ighngl rgftl §ﬁ$%%oﬁn;e§g?8fpso [ gflzif'3 ide%Sg ﬁ@lcfnst;the ends of

g) sprayi ng theaiprioanfiee shidaastirenmboliat er as the strip

enters the hot rolling mll; and h) rolling the cast

strip between the work rolls of the hot rolling mll

to pr Oducec]?aasﬁéﬁlslir@t ddjdehiedhb %aqfcésté&_faaﬂcﬁ rb Mg Hi8SRaving work rolls

l ess than 1.5 microns Ra. 12. The thin cast Stee

strip wth reduswdk sunfdcas ormingyhges betawen einrthulough which hot strip

claim 11v\her{§r{)11'11€ed,rat e of production of the cast strip

is above 80 Tetefrs per mnute. 13. The thin cast steel

strip with reduced surface roughness as clained in

claim1ll or Aaim12 where the rolling tenperature is

bel ow 900 O, 3sgembling smphnezzes paskisned pdjapentithe wodd ueltsdcapable of

surface rou X ' ' . Lag s 11

o 13 wher o R Euite T ol AT et

between 10 and 30 gallons per mnute. 15. The thin

cast steel strip wth reduced surface roughness_ as

claimed i rF)dHVOEWé%P?O&tFai fivei bepweepathzheate of irasting: rallseto form a

roughness bedagithdpdol Mupp SR Seasting surfaces of the casting rolls confined
by said first side dams;

f) counter-rotating the casting rolls to form solidified metal shells on the
surfaces of the casting rolls and cast steel strip through the nip between

the casting rolls from said solidified shells;

g) spraying the mixture of oil and water as the strip enters the hot rolling

mill; and

h) rolling the cast strip between the work rolls of the hot rolling mill to

produce a cast strip having a surface roughness less than 1.5 microns
Ra.

12. The thin cast steel strip with reduced surface roughness as claimed in claim

11 where the rate of production of the cast strip is above 80 meters per minute.

13. The thin cast steel strip with reduced surface roughness as claimed in claim

11 or Claim 12 where the rolling temperature is below 900 °C.



16. The thin cast steel strip wth reduced surface
roughness as clainmed in claim15 where the surface

WO ougheisss bel ow 0.4 microns Ra. 17. A thin cartT/avzmi/000227
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strip with reduced surface roughness below 1.5 m crons
Ra, produced by the steps conppgsing: a) assenbling a
strip caster having a pair of casting rolls having a
nip there between; b) assenbling a netal delivery

sysjem capapl e.of formng a casting, pogl between the . )
ca %’ rol | silg%g\}‘é cash étetrgfl E)t%ﬁn ‘Y’#_’ EEidHée‘H_ﬁffﬁacﬁdP%\%@WﬁS ghelaimed in any
endsge of clafifis M Ro 19 wihE 'tﬁhera?@bﬁ%pg?ztrb'ygﬂﬁ %?Qirlg fsi)bneéween 10 and 30

assenbl i ng adj acent the strip c

m BllangpengimEek- up rolls and work rolls with work
surfaces formng a gap between the work rolls through
which hot strip is rolled; d) assenbling spray nozzl es

POE3.t i onedThpkin eaisREl §thp Wil tedubdd SurfRBIBhEREs as claimed in any
spraying a mxture of water and oil the back-up rol‘fs;

e) °1Pet1‘i’t}°g%‘ﬁb? hip Howhete the setfagsapughuess helopd).7 muérons Ra.
casting rolls to forma casting pool supported on
casting surfaces of the casting rolls confined by said

fitet sideTlatin fopstcstuelt ariprwitatrédetet hRirkos rbighne® b$ claimed in
to .for sgﬁl [ dihfi ec% netal shells on the surfaces of the

ca¥imh > Mheresthy sirfacesioughnsst beloyi Q4 mperongRat he ni p

between the casting rolls fromthe solidified shells;

g) spraying the mxture of oil and water as the cast

stti.p ent e ¢hinkest sisel stop withgedrced sudand rbygtmesd be@w U Femicrons Ra,

Cc St etween the. work rolls of the hot rolling
maIFr dyesd %&6@%%%1’%{308%{51“& rip having a surface
roughness less than 1.5 mcrons

a) assembling a strip caster having a pair of casting rolls having a nip there

between;

b) assembling a metal delivery system capable of forming a casting pool
between the cast rolls above the nip with side dams adjacent the ends of

the nip to confine said casting pool;

c) assembling adjacent the strip caster a hot rolling mill having back-up rolls
and work rolls with work surfaces forming a gap between the work rolls

through which hot strip is rolled;

d) assembling spray nozzles positioned upstream of the work rolls capable

of spraying a mixture of water and oil the back-up rolls;

e) introducing molten steel between the pair of casting rolls to form a

casting pool supported on casting surfaces of the casting rolls confined

by said first side dams;



Ra. 18. The thin cast steel strip wth reduced surface
roughness below 1.5 mcrons Ra as clainmed in claim17

wob@rmoiche rate of production of the cast striPpCT/AU2007/000227
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above 80 neters per mnute. 19; The thin cast steel
strip with reduced surface rougpness below 1.5 m crons
Ra as claimed in claim17 or claim 18 where the

rol ling tefypeuateteatafisy thel @tingl @S0, to20rm T8t Mm&aSthells on the
steel strip with rﬁ?gﬂced surface rousghness .as, clai ned
in any one ofigres ¢fsthe pastiperollnaed east sieek wripithrgueh the nip between

tenperature e e ol0hOm(ihe Shiaifibeidhs) cast steel

strip with reduced surface roughness as tlained in
claim 20 where the rolling tenperature is bel ow 900 C

22. The thi\n cast steel strip with reduced surface
roughness HsPEPER Wtﬁﬁyoﬁﬂﬁn@g WiiSE As they cash sprip enters the hot

where the rabingmifpsiy by the nozzles is between 10
and 30 gallons per mnute. 23. The thin cast steel
strip with reduced surface roughness as clainmed in any

one of cl aj . aere the .surface roughnes . .

bel ow 0. 7%%!@%1%1%&%5%%49%& DEeRT r%ﬁec éﬁvso_tr §‘i’l§_e Pg'terel?os rolling mill to
W th reducedorsdudear east Bt hedsg assuefadé MBEkhinBssARYs G138 1.5 microns
of clainse 17.to 23 where the m xture of oil and water

is less thaR&%o0il. 25. The thin cast steel stri p

wi th reduced surface roughness below 1.5 nmicrons Ra as
claimed in any one of clainms 17 to 24 where the thin

cast steelTlst thip ¢wss steed ustfipcwith caddecdédhisaknes sowdhnees below 1.5

th bayut 7 microns. 26. t hod of producing thin o
cattr @i o e I clegna” whererne roe it Bediiogatidbe east strip in

f rpave BE nit&@dPeLAMSitSt i Ng of polygonal ferrite,
acicular ferrite, Wdnanstatten, bainite and

martinsite, a surface roughness of less than 1.5
M@ ohs Rafh%nﬂlir? Sh% Is"?eel strip with reduced surface roughness below 1.5

microns Ra as claimed in claim 17 or claim 18 where the rolling temperature is below
1100C.

20. The thin cast steel strip with reduced surface roughness as claimed in any

one of claims 17 to 19 where the rolling temperature is below 1050° C.

21. The thin cast steel strip with reduced surface roughness as claimed in

claim 20 where the rolling temperature is below 900° C.

22, The thin cast steel strip with reduced surface roughness as claimed in any
one of claims 17 to 21 where the rate of spray by the nozzles is between 10 and 30

gallons per minute.

23, The thin cast steel strip with reduced surface roughness as claimed in any

one of claims 17 to 22 where the surface roughness below 0.7 microns Ra.



thickness of |ess than about 10 microns, the nethod
conprising the steps of: a) assenbling a twin roll

w@2mvevsebavi ng | ateral ly positioned caster rolPGI/AU2007/000227
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formng a nip between themand a hot rolling mll

having work rolls and back-up.pplls adjacent the twn

roll caster, b) formng a thin cast strip fromthe nip
bet?#veen t hEhe st cmg steel bteip obith Fedubdd surfaek lrogdlesy as claimed in any

a i.n ture of water and oil on the work
Pﬁl{?g%‘ﬁ %h@tingf‘?rFr‘i%e wixtpre ofjoilapngswatgr isHesstthams% oil.

cast strip at a tenperature of |less than 1100 C .

through the hot rolling mll while the m xture of oil

andb.wat er T@ dhipl cad dteelt Steipwerith realucsd @nfdce)roughness below 1.5

shr oudi e.thin.cast strip fromthe casting rol

t h‘i%‘iﬁ&‘i‘?n}?ﬁ &s ﬁ!ﬂlm%ﬂl 2R ORF Mf faims 75t ﬁ%@#—‘e%sﬁhme%aét steel strip
t higdy Dsu6a0¥ YOO tHiW¥ NS Bss! thbf abARL7 lﬁw’rbrps. havi ng: at

| east one mcrostructure selected fromthe group

consi sting of polygonal ferrite, acicular ferrite,

W nst at [ rtlns e, a surface .

r o%fgﬁn ess %f tgé)&sl ? Fa (?du%{hg %al% FBhS rﬁaha‘ﬁﬂ% agfliaétaf’%e microstructure

t hietderegisfiornfthd @o8p bawistihg ofipelyeBhaldérité) d¥Rhule derfite, Widmanstatten,
roduC| ng athin cast steel strip with reduced surface

oll?d‘ﬂ aud gartingite, & suifageorosigheess (o6 lpst thew lcomperons Rg and a scale
t htﬁl&hgsg%f ¥ss tifh a@??tgl {cR$hsAnE Héﬂp‘%dﬁ"%%éﬁ[?“&v\é nt%psocif

palr of casting ro having’ a nip
assenbling a nmetal delivery system capable of formng
a casting ooI tween . the cast raqlls above the nip

with side fngadwin foflecaster bagpg fateralhy Bose%or@éﬁﬁst@reroﬂs
said castin Qfoﬁﬁi‘ﬁb a nip between them and a hot rolling mill having work rolls and

back-up rolls adjacent the twin roll caster,

b) forming a thin cast strip from the nip between the casting rolls of the

twin roll caster, ,

¢) applying a mixture of water and oil on the work rolls of the hot rolling

mill,

d) passing the thin cast strip at a temperature of less than 1100° C through
the hot rolling mill while the mixture of oil and water is applied to the

work rolls, and

e) shrouding the thin cast strip from the casting rolls through the hot rolling
mill in an atmosphere of less than 5 % oxygen forming a thin cast strip
having: at least one microstructure selected from the group consisting of
polygonal ferrite, acicular ferrite, Widmanstatten, bainite and martinsite,
a surface roughness of less than 1.5 microns Ra, and a scale thickness of

less than 10 microns.



c) assenbling adjacent the strip caster a hot rolling
mll having work rolls with work surfaces formng a

w@ap7oeteekeen t hem t hrough which hot strip is redT/atu200dp00227
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assenbl i ng spray nozzl es positioned adjacent the work
rolls capable of providing a mxture of water and oi
to the work rolls; e) introducing nolten steel between
the pair of casting rolls to forma casting poo

orted on casting surfaces of the casting rolls
co ined by Hwthed fimgj rodycing @athin ¢ast stashtup roithttedgeed surface
th el ls on
t ne B 9@*0‘”"%5 il RhThE Bl o E R The BB
t hrough the nip betmeen the casting rolls fronlsald
solidified shells; spraying the m xture of oQil and
wat er as taﬁeasgﬁtmblalgeqﬂtep Sagter AN & RAIT phepsting rollsdaying)a nip there
rolling the F1§tr|p between the work rolls of the
hot rolling m to produce a cast strip having a
surface roughness | ess than 1 m crons Ra.28. A nethod

of produci gat I n cast strip wt

surface r g"r?ﬁeé%@mrge"f‘ gl ‘ioe W YIS F‘Rﬁapatlg’ Erg({rﬂ’é%g a casting pool
conpri sing thewsdnSRE cBt rold alde HEAipNGitR siAk Hhﬂs @afat&Ht the ends of
having a pair of casting rolls having a nip there

bet ween; b) thesunieldonfne ssidrastingagiooliery syst em capabl e

of formi ng a casting pool between the cast rolls above

the nip with side dams adjacent the ends of the nip to

confi ne Sai)dassmﬂﬂin@gadmelht, the ktripscee b lai g rélih@Gsiflthavhigy work rolls
strip caster ahot rol | m ||l having back-up rolls

and work rol Vih Woflfﬁ%fﬁcﬁs R b@tmeﬁ@tl@ngglpough which hot strip
bet ween t he 1‘§’96ﬂ%d5°' l's

d) assembling spray nozzles positioned adjacent the work rolls capable of

providing a mixture of water and oil to the work rolls;

e) introducing molten steel between the pair of casting rolls to form a
casting pool supported on casting surfaces of the casting rolls confined

by said first side dams;

f) counter-rotating the casting rolls to form solidified metal shells on the
surfaces of the casting rolls and cast steel strip through the nip between

the casting rolls from said solidified shells;

g) spraying the mixture of oil and water as the strip enters the hot rolling

mill; and

h) rolling the cast strip between the work rolls of the hot rolling mill to

produce a cast strip having a surface roughness less than 1 microns Ra.



t hrough which hot strip is rolled; d) assenbling spray
nozzl es positioned upstream of the work rolls capable

w@boogp9smy3i ng a m xture of water and oil the baP&FAp2007/000227
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rolls; e) introducing nolten steel between the pair of
casting rolls to forma castinggpool supported on
casting surfaces of the casting rolls confined by said

fipgt sideadafBiiodt bf GaYMicig OkRhi &t L] Cdgpi WHh I RUlided surface
to formsolidified nmetal shells on the surfaces of the

c aEtuigheess plow b eiergns Ratthe methodicpmprisingdhe sthes off p

between the casting rolls fromthe solidified shells;

g) spraying the mxture of oil and water as the cast

strip enteg)sassqrablingt a stéiplchsier Wavidg a paitlohdasting kallkthatiig a nip there
cast strip between the work rolls of the hot rolling

mll to prodR¥e®hcast strip having a surface

roughness less than 1.5 mcrons Ra.

b) assembling a metal delivery system capable of forming a casting pool
between the cast rolls above the nip with side dams adjacent the ends of

the nip to confine said casting pool;

c) assembling adjacent the strip caster a hot rolling mill having back-up rolls
and work rolls with work surfaces forming a gap between the work rolls

through which hot strip is rolled;

d) assembling spray nozzles positioned upstream of the work rolls capable

of spraying a mixture of water and oil the back-up rolls;

e) introducing molten steel between the pair of casting rolls to form a
casting pool supported on casting surfaces of the casting rolls confined

by said first side dams;

f) counter-rotating the casting rolls to form solidified metal shells on the
surfaces of the casting rolls and cast steel strip through the nip between
the casting rolls from the solidified shells;

g) spraying the mixture of oil and water as the cast strip enters the hot

rolling mill; and

h) rolling the cast strip between the work rolls of the hot rolling mill to
produce a cast strip having a surface roughness less than 1.5 microns
Ra.



