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generally to steel making, and particularly carbon
steels forned by continuous algting of thin strip
Thin steel strip may be fornmed by continuous
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pool of molten metal supported on the casting surfaces of
the rolls and extending along the length of the nip. This
casting pool is usually confined between side plates or
dams held in sliding engagement with end surfaces of the
rolls so as to dam the two ends of the casting pool
against outflow.

When casting thin strip with a twin roll caster,
the molten metal in the casting pool will generally be at
a temperature of the order of 1500°C, and usually 1600°C
and above. A high heat flux and extensive nucleation on
initial solidification of the metal shells on the casting
surfaces is needed to form the steel strip. U.S. Patent
No. 5,720,336 describes how the heat flux on initial
solidification can be increased by adjusting the steel
melt chemistry such that a substantial portion of the

metal oxides formed are liquid at the initial



-2 solidification tenperature. As disclosed in U S
Patent Nos. 5,934,359 and 6, 059,014 and I nternati onal
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00/ 07753), nucleation of the steel on initial
solidification can be influenced 5 by the texture of
the casting surface. In particular, |International
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killed molten steel having a sulfur content of less than
0.02% by weight for casting. Finally, in U.S. Patent
Application SN 11/622,754, filed January 12, 2007
(publication No. U.S. 2007/0175608), a thin cast strip
with reduced microcracks and a method of making the same
is disclosed by controlling the sulfur content of the cast
strip to between about 0.003% and about 0.008% by weight,
along with the carbon content to between about 0.010% and
about 0.065% by weight.

In these prior disclosures, the teachings are
generally to have low sulfur levels, such as less than
0.025 or 0.02%. See, e.g, International Application
PCT/AU99/00641 and U.S. Patent 6,547,849. There is no

suggestion of purposely providing very low levels of
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been no suggestion to our know edge of controlling
the ratios of manganese/sul fur_or 5 nanganese/silicon
for any reason in the casting of thin strip, or any

ot h steel making. Generally, sulfur has been an :
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deoxidation and then desulphurization in the ladle
metallurgy, prior to casting. One such method involves
stirring the molten steel by injecting inert gases, such
as argon or nitrogen, while the molten metal is in contact
with slag having a high calcium content. See U.S. Patent

No. 6,547,849.

On the other hand, thin cast strip formed by twin
roll casting has been known to have a tendency to form
microcracks in the strip surface. One cause has been the
formation of an oxide layer on the surface of the casting
rolls that acts as a thermal barrier causing irregular
solidification of the cast strip and formation of

microcracks in the strip surface.

The above discussion is not to be taken as an

admission of the common general knowledge in Australia or



adm ssion of the common general know edge in Australia
or WD 2009/ 021280 PCT/ AU2008/ 001164 -4- el sewhere.
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to the steel chemstry and certain process 5
paraneters affect solidificatiop and that newly formned
shel I's can be made resistant to the formation of
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the nip between the casting rolls. WO 2009/021280
PCT/ AU2008/ 001164
a) assembling a pair of internally cooled

casting rolls having a nip therebetween and with confining

closures adjacent the ends of the nip;

b) introducing molten low carbon steel having
a carbon content of between 0.010% and 0.065% by weight,
less than 5.0% by weight chromium, at least 70 ppm of
total oxygen and between 20 and 70 ppm of free oxygen, and
an average manganese to sulfur ratio at least 250:1
between the pair of casting rolls to form a casting pool

supported on the casting surfaces of the casting rolls;

c) counter rotating the casting rolls to form
solidified metal shells on the casting surfaces of the

casting rolls; and

d) forming from said solidified shells thin
steel strip downwardly through the nip between the casting

rolls.
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strip produced by continuous casting nmay have a

carbon content between 0.025%and 0.065% by wei ght, or
alternatively, a carbon content” bel ow 0.035% by

wei ght. 10 The thin cast strip may have a chrom um
content less than 1.5% by weight or less than 0.5% by
wei ght and/Tre tave ragen naagjansisel taremilizon trattzdo uim the
Cc l'ian 0
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The thin steel strip may be less than 5 mm in

thickness, or less than 2.5 mm in thickness.

The molten metal in the casting pool may have a
total oxygen content of at least 100 ppm and a free oxygen
content between 30 and 50 ppm. Alternatively or in
,addition, the thin steel strip produced by continuous
casting may be from the molten metal in the casting pool
having a nitrogen content less than about 52 ppm.
Alternatively, or in addition, the sum of the partial
pressures of the hydrogen and nitrogen is less than 1.15

atmospheres.

Alternatively, disclosed is a method of casting

thin steel strip comprising:

a) assembling a pair of internally cooled
casting rolls having a nip therebetween and with confining

closures adjacent the ends of the nip;

b) introducing molten carbon steel having a
carbon content of between 0.010% and 0.065% by weight,



| ess than 5.0% by weight chromum at |east 70 ppm of
total oxygen and between 20 and 70 ppm of free oxygen,

w@omo/nznsaver age manganese to sul fur ratio at PEBAU2008/001164

10

15

20

25

30

35

250:1 between the pair of casting rolls to forma
casting pool 5 supported on the casting surfaces of
the casting rolls; c¢) counter rotating the casting
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produced by the nethod casting 20 steel strip may
have a carbon content between 0.010% and 0.065% by

wei ght. The d)hi n eaudtedt rigeagtiany age ad tingaidkis Ny form
have a,chrom um cont.e | ess ,than 1..5% by weight or
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wei ght. The thin steel strip may be less than 5 nmin
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t htedl foEdil ddwhwdXdly Athrsitgh He HilE) bewddif the casting
new.y. forned shells are the tenperature of the nolten
rTEr(°a1?/1?‘n the tundi sh and casting speed. Reduced 35
tenperature of the nolten netal in a tundi sh and cast

speeds al | O\Qﬁa | P e %lt and QM) 19 1iU 38 atio in the
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that the thin steel strip produced by conti nuous
casting may be
A thin steel strip produced by the method casting

steel strip may have a carbon content between 0.010% an.d
0.065% by weight.

The thin cast strip produced by the method may
have a chromium content less than 1.5% by weight or less
than 0.5% by weight and/or the thin cast strip may have
titanium content less than 0.005% by weight.

The thin steel strip may be less than 5 mm in

thickness, or less than 2.5 mm in thickness.

The applicant has also found that additional
variables that affect solidification and ‘strength’ of the
newly formed shells are the temperature of the molten
metal in the tundish and casting speed. Reduced
temperature of the molten metal in a tundish and cast
speeds allows time for shell growth to larger thickness

and more strength reducing microcracking adjacent to the
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are relevant to both the thin cast strip produced as
well as the method by which the thin cast strip is
produced. BRI EF DESCRI PTION OF THE DRAWNGS 10 FIG 1

| rSefa e e Rt S B B L I At Rins g fpund that

setheé odlain ys'aebfs*armrpr@ducéss by c¢dreticnsivs cHstEng may be
of STHE 35t v Sedife SEELLO Wy Joal' s (ool e bolow

r ebert? 1 D (2983 TrBk rardki cas ting mmel#q c-hanp {16 - 88

f&iéﬁ@rs?ltisé/ﬁ whilitle | MTHesd 6£ddi CLOMOS I vd N hHBAS 428 Grelevant
cast strlp%hé/%lcaster sim]ar to, that sho in FIGS.
2
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1 thrkRigh H $2%F HohP 1BRed 39§t as the method
My ochiieli the iHin ey asiesip tis ptddiscedit | 0s above
250:1 in a second steel conposition made into cast
strip by a caster simlar to that shown in FIGS. 1
through 3; 30 MBRIEK RERGRIRTEON QRICIHE PRAWINGS
m crocracking with nanganese to silicon ratios above
3.51in a steel conposition nmade into cast strip by a

caster siniEhCtd itha SEfrmriGIife wlaygtipn ygew of

Fldn i1 Bhowvesative reetip i @dstdr 1 crocracking with

manganese to silicon ratios above 3.5:1 in a second
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Shogeid cﬂsq% r of hjﬁygml% FIG 8 shows the reduction

in mcrocracking wt carbon content bel ow 0. 035% by
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by a caster Figl |AHd QGn ldilaGJuaMsddtilngd. view '@ portion
3 flt%e casmevﬁ cEPeFIrGeSdUCt 'ang '3, meroct acking wi th

FIG. 4 shows the reduction in microcracking with
manganese to sulfur ratios above 250:1 in a steel
composition made into cast strip by a caster similar to
that shown in FIGS. 1 through 3;

FIG. 5 shows the reduction in microcracking with
manganese to sulfur ratios above 250:1 in a second steel
composition made into cast strip by a caster similar to
that shown in FIGS. 1 through 3;

FIG. 6 shows the reduction in microcracking with
manganese to silicon ratios above 3.5 in a steel
composition made into cast strip by a caster similar to
that shown in FIGS.1l through 3;

FIG. 7 shows the reduction in microcracking with
manganese to silicon ratios above 3.5:1 in a second steel

composition made into cast strip by a caster similar to
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shows the reduction in mcrocracking with nitrogen
| evel s below 52 ppmin the moltgen nmetal prior to 15
casting in a steel conposition nade into cast strip by

a  caster simnl that. sho [n FIGS. 1 through 3;
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to 20 castipgs | LR e (Rl fOTRP S Wl ABB DAY with
cast strip bé/ a caster simlar to that shown in FIGS
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second; FIG 13 shows the reduction in mcrocracking

in a secon e 0S L I Nt. I B .
a caster B%Is%ltm as‘rﬂhootru(% t ha sd(%ﬁ:%ior?nﬁq@%f%sﬁ%ag%@w% with
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14 Sy €160 IRdie 11 08b | dh 48 GRS N0 ddséer Sé:ﬁzlﬁillar to

conposition nmade into cast strip by a caster simlar
35Ehat thewn R F 168 Fiiethzeugh otigh 3 at a tundi sh
tenperature bel ow 1612C (2933. 7F); WD 2009/ 021280

PCT/ AU2008/ 6 -9 FIG,,15 sh the .reduction in. .

M or 00 acki FdGn 19 “shews-the s IOl i S Mddking witn
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1 ' Alr .
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strip by a caster simlar to that shown in FIGS. 1

through 3 at_five differe casj i speeds;. 10 FI . .
oot nETG s 4oy Y A HA D S, M croczacking with

nitrogen levels below 52 ppm in the molten metal prior to

casting in a second steel composition made into cast strip

by a caster similar to that shown in FIGS. 1 through 3;

FIG. 12 shows the reduction in microcracking in a
steel composition made into cast strip by a caster similar
to that shown in FIGS. 1 through 3 at casting speeds below

71.8 meters per second;

FIG. 13 shows the reduction in microcracking in a
second steel composition made into cast strip by a caster
similar to that shown in FIGS. 1 through 3 at casting

speeds below 71.8 meters per second;

FIG. 14 shows the reduction in microcracking in a
steel composition made into cast strip by a caster similar
to that shown in FIGS. 1 through 3 at a tundish
temperature below 1612°C (2933.7°F);
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shows the reduction in mcrocracking in a steel
conposition made into cast strigp by a caster simlar
to that shown in FIGS. 1 throu 3 at five different

casting speeds. w nganese to sulfur .ratios abov
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’?3 R e MRt Tc%’st ihdFRaadhs hitth b?ﬁ’i“e
ccmimtdiﬂm:ﬁt Oddting vepedds; FI G 23 shows the
reduction in mcrocracking in a second steel
conposition nmade into cast strip by a caster 10
simlar to tB¥&. sifowhaws Rh@S refudhicomgling milcrddaracking in a

d'éé&éﬂ%ﬁﬁé&i%éﬁ%@ :IWHJ‘ %@%ﬁ@tﬁ]t t@é%r similar
0.035% by wei ght; and GS.. 24 and 25 shows t

m %2 o@'}%%[éma}p JeLGS . 1 through 3 at five dJ.fferent
casting speeds with manganese to sulfur ratios above

250:1;

FIG. 19 shows the reduction in microcracking in a
second steel composition made into cast strip by a caster
similar to that shown in FIGS. 1 through 3 at five
different casting speeds with manganese to sulfur ratios
above 250:1;

FIG. 20 shows the reduction in microcracking in a
steel composition made into cast strip by a caster similar
to that shown in FIGS. 1 through 3 at five different
casting speeds with manganese to silicon ratios above
3.5:1;

FIG. 21 shows the reduction in microcracking in a
second steel composition made into cast strip by a caster
similar to that shown in FIGS. 1 through 3 at five

different casting speeds with manganese to silicon ratios



15 turned off and on depending on the ratio of M/ S
and WMh/Si reported in Heat Nos. 175406 and 175408 in
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M crocracking (generally referred to as "cracking")

is a defect that nmay appear in bhe surface portions

of thin cast strip. Cracking may result fromthe

fogbrratl 0 f_voids, surface cavities or depressions,

or2PP¥R| Bs? ohs adj acent the surface of the strip.

Cracki ng may 25 occur during the formatl on and cool i ng
process. R ri .ﬂgn

cast stri p,elﬁ%d érr%t%]ﬁ%rf%fcéin%kl J]cho sarre mava&Cklng in a
magteahdcompesition mafé@nmhqoqssttasmmabxea mtmr similar
FI &5. that NER&GHD £n3P1és ! Uﬁtéﬁ-téégﬁ 3o £004 &ﬁﬁféfent

denoted generally as 11 which produces. a cast_ste
st?*P 1*2%%%?%%.3%%11.ﬁaabo%rmv?nba%l% cP3R% %Y weight;
gui.de table 13 to a pinch roll stand 14 conprising

inch rolls date af t exiting the pingh .
Pl st and” EACT A8 O e Aadietiop dhhidrodtdtiting in a
r osecomd mtéel&mlslm maqbal intd casiticstxip rhy |s caster
16&&9&9%&‘% b% &8 V\? Q&A&?ﬁ%@é £0}d ed

ness r ol str

reduce 1ts t asses onto
a aﬁfw%o'g?@izamosmammlmqm coqqermtbqleeﬁeo 035%

ﬁnw%lﬁb |indray be cool ed by convection by contact
wat er supplied via water jets 18 (or other

swtabl e nmeans) and by radiation. In any event, the :
roI |l ed strigIGmy 24 end &S $H!:va,lglihéi ml:mdt:fazilduﬁ; auh be

2OE-ARETELE i o lahgly PAL S €0RE RS v/
st¥¢m°¥h¢<@sm pleat Nes t he7 3406 cand A7 54Q8vin T3 1GES, I 2

and 3, twin roll caster 11 10 corrprises a main

machi ne frane_21 which supports a cool ed
Tastino 1ol | SDEFAILEP RESRRPRIONOPE THE RESUINSR

assenbl ed side-by-side with a nip between them I\/blten

nmetal of pl carbon stee su i ed rin

casting opeﬁjgtcfr%crfa} laﬁﬁ e}/”fgl‘e"% é)\é% ‘g%

t Y ocagkiltg’s) rio$ raode)ch'shtlwd @aly tappealr sin i the oFuFace
aqgof£¥35§50f thin cast strip. Cracking may result from the

formation of voids, surface cavities or depressions, or

inclusions adjacent the surface of the strip. Cracking may

occur during the formation and cooling process.

Referring to FIGS. 1 through 3, the thin cast
strip, and method of making the same, may be made and used
in the continuous strip caster shown. FIGS. 1 through 3
illustrates a twin roll caster denoted generally as 11
which produces a cast steel strip 12 that passes in a
transit path 10 across a guide table 13 to a pinch roll
stand 14 comprising pinch rolls 14A. Immediately after
exiting the pinch roll stand 14, the strip may pass into a
hot rolling mill 16 comprising a pair of reduction rolls
16A and backing rolls 16B by in which it is hot rolled to

reduce its thickness. The rolled strip passes onto a run-



through a netal delivery nozzle 26 generally able the
nip 27 between the casting rolls 22. The nolten netal
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supported on the casting roll surfaces 22A above the
nip and this pool is 20 confingd at the ends of the
rolls by a pair of side closures, dans or plates (not

B

C ofguti t &d 0 gwinltirwatexr sypplided vid twatdorjetsiel8 (or other
suj CO d to. the si P e
ho+%€?ésﬁl he %%%)er%ﬁlgc%a%fa%o%rf' % (%&eer‘g%g/’ the rolled
r e$eripdnay othen (prss nthwangls "a [riveth 7l rsandiidfVe
tr@bﬁﬁyfﬁiﬁgm%r#gifrﬁfckﬁﬂéﬁ”ﬁbil%ﬁ@dhsgh&r@%ﬁﬁ$§5to a

0

| ower_ end he _delivery nozzle is imersed within,

t rﬁ’%ﬂp%'c')l 19 3Fmat i"ﬁ‘g°1r’d?9 s(¥® ngcessaryh o yt%t%’fnp takes
cosise son thatcsimdd s solidify the noving casting

surfaces of the rolls. The shells are then brought

together at the nip 27 between the casting rolls

sonmeti ne w tAs maHdvan iTetFAGS .b& \eah 3 heewsieldall taaster 11

rgugg- i di fi St | £ | Sugisd T :
Soﬁn rd% %f%%ﬁﬁeﬁfﬁg%rfgﬁ%%is%ﬁoﬁs ca%%lslenag%au of
r cfPoked r¢agelngi 2l 3D 28 (B U SR FERARDUR/ fiares 224,

- t%s}émkm% Zﬁu@lﬁg-_m@tm;?ub@ Wt&_ﬁtwﬂf&f lmt.ﬂé&% . Molten
stat|] O a . casti.n station. Stin ro ma

e th o R Ri SRTH RAPOL HAY he GHHRed dacaTiA
dreastimy cperdeidn i from\arladlie 28 rtpneuwmidissing®; through
a ] SSi O I ave. ) i phe

o | RERIRISN OO0 24 2o 18R SR o 44 RO Anence
exthreligh ametak dediveny ind3dsle R aenenakly ablegthe nip

PSP AUCEw S RS L dd € ih g A1 1Y Al 6fhe WA i e tBY thihis
typically be about 500 mmin dianmeter. and up to about
2

1YRE DR i Hh iR 40 §R70tuc RA9Y PHrIRRATAd on the

ahsng t 20P0rdll sMEifacdsI MBS abtrd StHE i \aid | €Hi8 pool is

S TS TS QRSO B RE TR e R

oxesyigg) .dane of gelatfes hrot shown), which may be
positioned adjacent the ends of the rolls by a pair of
thrusters (not shown) comprising hydraulic cylinder units
(or other suitable means) connected to the side plate
holders. The upper surface of pool 30 (generally referred
to as the “meniscus” level) may rise above the lower end
of the delivery nozzle so that the lower end of the

delivery nozzle is immersed within this pool.

Casting rolls 22 are internally water cooled so
that shells solidify the moving casting surfaces of the
rolls. The shells are then brought together at the nip 27
between the casting rolls sometime with molten metal
between the shells, to produce the solidified strip 12
which is delivered downwardly from the nip.

Frame 21 supports a casting roll carriage which



tundi sh receives nolten netal fromthe |ladle. Delivery
nozzle 26 is forned as an el ongate body 20 nade of a

wo mip/ezigry materi al such as for exanpl e al unmi FGEI/AU2008/001164
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graphite. Its lower part is tapered so as to converge
i nwardly and downwardly above_the nip between casting
rolls 22. 25 Nozzle 26 may have a series of

hori zont.al | aced eral vertl cal Xt e
R, ik entta 1B HfuHTE i trnart e, esp i SIS and a

di cacdtaimge sﬁamnen rret aI throughout the wi dt h of t he
rolls and to deliver the nolten netal between the
rolls onto the roll surfaces 30 where initial

sol i di fi cat iCafaEPlln 22 may Pe Founterngeiatedgrhrough
hawsi v SIHMH s CaiEd r&m&#&;ﬁ'&ﬂn‘eﬂ Iyt drd ARddsalc, Qq}d}.\’&ullc
veIOC|t%0E%l¥taln of rA._i]en netal directly .intQ H‘

niqF FE IH &R g FARSHEHEF | & %’-&f ave copper
i pearigdrb el ﬁdﬁﬂsnfdnmedﬁﬁiﬂh[HNﬂeriﬁi'Hﬂanunﬁlﬂuﬂlnally

cQ f ne i of sid

cleg‘s uerneéji an@tcﬁ 'tdcsa?éeegae fté'cagh gy T 8% 9°7°(?2f%’§0
P@Hsﬁm}s/md -witth tcetd:agmmﬁterst dhee dodrds may

t hﬁgﬂl@dﬂgﬂ\'fw dH¥ut Bdo oefi Wmeted drdif JPSd Hout 2000

station ide closure plates are illustrativel
o iy "’f%ﬂg‘ r_Rdertte }Prﬁ%ﬁ‘iﬁq Atrig é>rr°é%l’a’r15pl 2°°° mm

niwildegle, and have scal | oped side edges 5 to natch the
curvature of the stepped ends of the rolls. The side
pl ates can be nounted in plate holders which are

rmveabl e at Tumelicdst23ng sstoelt icom vien tdonadt ic@msdcfcua:tyia;inr It is

' e t:ﬂ_kel $gr&§) 0
br| ng tchgasg?gd qﬁttc&g}% E‘t%ﬂénoga%enent W t zg!t st é'al dﬂmc’h
10 %fer @rxamelq;arﬁgwﬂr\m |oxidle | Mg c&ns mgde o "the

OR&IrAfil M) reldifi va Ind10dn GRSEAr fFn ad haddiend
illustrated and described in sonme detail in, for

exanple, U S. Patent Nos. 5,184,6668; 5,277, 243;
5, 488, 988; M./J.Oirez’.ir N4 z1e02613 sUfSrmidl @st an elongate body

436 336 (.Publ | t|on ; .
Ag%ﬁeo%é& dg 'ﬁﬁ eran%a l"l(lc')-"nlfl'al %{ &t Rppl |loen alumina
graphite. Its lower part is tapered so as to converge
inwardly and downwardly above the nip between casting
rolls 22.

Nozzle 26 may have a series of horizontally
spaced generally vertically extending flow passages to
produce a suitably low velocity discharge of molten metal
throughout the width of the rolls and to deliver the
molten metal between the rolls onto the roll surfaces
where initial solidification occurs. Alternatively, the
nozzle may have a single continuous slot outlet to deliver
a low velocity curtain of molten metal directly into the
nip between the rolls and/or the nozzle may be immersed in

the molten metal pool.

35

The pool is confined at the ends of the rolls by

a pair of side closure plates that are adjacent to and
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appropriate 20 constructional details but fornms no
part of the present inventionjsReferring to FIGS. 4
and 5, the result of the nean rate of m crocracking

(" in .t fac S cast strl
EED POt et Sitln Th e s e (U
m@m tios aﬁt fhe r@tsunqr Imta;tm S osiaswres pliates
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Sidpd#of Othd st 0¢5556181tsecadﬂfg} @.cds it L&ﬁb&u\éﬁ
2009/ 021280 PCT/ AU2008/ 001164 -14 During crack

assessnent the top and bottom surfaces of the strip
are each di whiedwin Gollalc@astdrl hayRAtHed kihdiiddustrated

and rack..ra |n an for. each 5 area., Th a
[ d I&E: g& SCT eé’fc: somr% a/ anzlgle Jfl},o Qxb..exa(n}p&r %Cg cg(atent
eslmu%,ll%A.cﬁa&&a:ctS,fa'b'b,&Q&a |d§ 488,988 ; wWrat/or B',934,359;

I t r Yo | ¢k S
| 9555 %&m@ﬁq Son 10 (B - C?{auon No.

crocr en 24 an 42 M Cr ocr a 4"
12004 UALEIS)60 and riRtarnational ‘Batent Prpligation
t rmm,&mgs)/oosysacmmg&da&ichﬁ NS I wm 9T4ye1m)al lexd ack

i e s A A AR B e

i IRéfdience aray e e neArtimge @atvmctsoddac Iﬁppnfoﬁﬂifate
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10g5eentignl. was 20. 78 for the grade 1005-

Referring to FIGS. 4 and 5, the result of the
mean rate of microcracking (“mean sum CR”) in the surfaces
of cast thin strip of two grades of steel show the
response of the manganese to sulfur ratio. The steel
‘compositions are of grade designation 1005-S4 having
0.035% carbon, 0.68% manganese, 0.20% silicon and 0.015%
chromium, and grade designation 1005-S2 having 0.035%
carbon, 0.85% manganese, 0.25% silicon and 0.015%
chromium. The total oxygen content of the steel
composition was >100ppm and free oxygen content was 43
Ppm, and the nitrogen content was 43 ppm as measured in
the tundish 23 for convenience. And the partial pressures
of hydrogen and nitrogen was <1.15 atmospheres. The steel
strip produced was made by a twin roll caster similar to
that illustrated in FIGS. 1 through 3.
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hand colums in FIGS. 4 and 5, the nean sum of
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sul fur ratio above 250:1 was 10.15 and 11. 39,
respectively, in the two gradg?49f 20 steel in FIGS. 4
and 5. This analysis verified that the m crocracking
in the cast thin strip, and the nethod of making the
same, was mnmuch reduced in different steel

conposi ti onPuatiny cratk rmsgEsted/tsithec diop a&nd balithom

tkac@é 'Eige ;r df:‘tﬁﬁf S 4 7 cfédnllrﬁ-fo anal V&S (14

one W e sane COITpOSI tions of
grabmaa:le@ngr%ts N ool mlqmlsﬁg ke given fHr 3mch

MLFOLT affd NErd cHBADE SN £d3 Jeait Qf@é‘gﬁiﬁsﬁﬂéé from wo”

silicon ratios. above_ and bel ow 3 qun I.n S
5 (ARF ESSSRELAELn SRFACH has BN AP 1 nahere V17 is
smréses:aaaaﬁ 8 heiddtddradiast ‘21 iis thtvaeémrxgameu 0

S|I|conrat|oh o) wer e 20. 37 .and ,,,

TSRS, S PNS et JEARS U iedoe ol e is
s_thﬂ;twﬁenniﬂ candichkQ ngumocix&csﬂs Aarhd TYh'31§ rgztemtet:wd:han 60
d'nj'f aé&@ein glfl?éjesstﬂ hm%e I%!l.ng “CR"” 1is

rati os above 3.5:1. Here al n neflt of

20w oy RF F’é"ﬁ MB/MIM of gl HA argay inf the strip.
Stzgéhréhcfmd mtmtmfﬂ&lﬁl ) dJlQmﬁx%’T&b n vna%;s vef idiced, the
W a nan ese O SlIijgdconr | O appve
N T SR Rt rAThS oy e TiARRs T WIS (fhin strip
prlﬁsarng Gaglarsfangse atul suMdm&aﬁm”rﬂldwq;: tthears @60 :1 was
t t 7 75

848§r epo‘#’t%%é ?%1&% b%he 4}%0 v{gesa 2%} n%agéérjoéren ebyﬁadae”q.oos-
V\é"’g,htresm%lwlanm Rih (Poraees- ;pras ljhen siredtheyinight hand
S W Bfth 41 If OFF @S Ksq alith e atenly MG %ﬁﬁt&e%ﬁ&&éz@a%ks in

wi thout surface mcrocracks. TABLE | Heat Carb

Ginr Gas s 4P I & Manaasesel Ao GRIE TR PR AREve 25011
042425 0. T8 lsh ). BO23 ), Xebidpelbtiife 13 0056 thid thdl Zrades of

(]).7%%% %_rgg%gsgé%ﬁggQZQG 0.0015 0.7786 0.2634

This analysis verified that the microcracking in

the cast thin strip, and the method of making the same,
was much reduced in different steel compositions with a

manganese/silicon ratio above 250:1.

Referring to FIGS. 6 and 7, a similar analysis
was done with regard to the same steel compositions of
grade designations 1005-S4 and 1005-S2 on effect of
microcracking (“mean sum CR’”) with manganese to silicon
ratios above and below 3.5. As shown in FIGS. 6 and 7,
the mean sum of microcracking in the surfaces of the thin
cast strip for a manganese to silicon ratio below 3.5 were
mean sums of 20.37 and 18.51 in the two steel grades,

- compared to the mean sums of microcracking of 13.57 and
14.31 in the two different steel grades with manganese to

silicon ratios above 3.5:1. Here again, the benefit of



175408 0. 0303 0. 0555 0.0231 0.0016 0.9198 0.2265
0. 0029 0.0043 316 4.06 15 The values given in Table |

wazpEegent by wei ght, as are other val ues ofPEl/&euEN$/001164
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content given this application unless otherw se
stated. As shown by Table I, cqgsiderably inproved 20
results in mcrocrackl ng of the surfaces of the thin

str 175408 vver obt al th nese
Lng sat Wilin STEE S e rred o, diiald S (RS Seas
rammf/:esdmm; a'ﬁmqme&m s:slﬂdcm mihicidhawmn, 3. 5 1l in

&@ﬂ bove, were neasured in
the tundl s %é/{i Si&géméi‘gg&%%chm gues. From Heats
175404, 1754406, and 175408 the applicant found it

was possi bl erHed HeHE s ¥ MK prabedtd cadftf éiﬁ:t:.\ﬁﬁe%nd

varving the ratios of. Mh/ S _and 30 /'Si.
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W| -ﬁtdﬂebfwxﬂe srfacegmitraeracksiand heatTHe S4fnproduced
WSt &b PREREESL P Ys P d e Il Srs@lyisd s 1o assist in
identifying the mcrocracks. TD and BD are the mddle
of top and bottomof the strip, DS are top and bottom
of 5 drive side edge of the ™Bim,1 and CS are the top
and bottom operator side edge of the strip. Three

sections were also i ndependepntl v analvsed-on—hoth the
were—al-so0—1-ha H—y—ahaySsea—oh o+A—t+He

oottt

e anchrbdiof t @y SJrf@ce; ofi themmatr| psbetiwean tlhen Mn/S | Mn/
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I dentifyi ng the m crocracks. 15 Referrin:q to FIGS. 8

and 9, the same Ju0.&l edlvedraietude ¥ e GURRSIY Y
were studie or
weight, as are other values of element content given this

application unless otherwise stated.

As shown by Table I, considerably improved

results in microcracking of the surfaces of the thin strip

in heat 175408 were obtained when the manganese to sulfur

ratio was 316 and the manganese to silicon ratio was 4.06.

The manganese, sulfur and silicon, like oxygen levels
described above, were measured in the tundish 23 by known

techniques.

From Heats 175404, 1754406, and 175408 the

applicant found it was possible to turn microcracks on and

off between campaigns by varying the ratios of Mn/S and
Mn/Si. When the ratio of Mn/S was below 250:1 and the
ratio of Mn/Si was below 3.5:1, both the bottom and top

surfaces of the cast strip showed microcracks across of




carbon content in the relationship to mcrocracking
("mean sum CR') of the surfaces of the thin strip. As
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was markedly inproved in both steel grades with nean
sums of mcrocracking rates of; 13.9 and 13. 29,
respectively, with the carbon content bel ow 0.035% by

we] ght pnpar e n sung of m.crocrac raf es

ort8e enERTR NEGHR ok B SHR BH AP oY, (Fke, The
[ ns&hpleesqnsecélamga;t&lbggr@%ﬂm tm eanalugsiw 9 Gssildk in
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the m crocrackl was rmrke%_lt%) roved when t he
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2gEton Fideacds (JF MO Se8 S GRIINANE Wnt eages
ni¢f otke steiplas V‘!il@"abUVGFIGOCEQ%W m;hﬁ) tiwightMn/S

| Ny Qea.ﬁw? 5508 HMAdEse 1}/&2&0&%} was above 3.5:1,
PCT/ AU2008/ 001164 -17 Referring to FIGS. 12 and 13,

t Heoth 1Ehe Rpttem and | tap i FHetatenPE Rl eAst Hitrip were
M &1 &&F a&klﬂﬂcﬁécfm.e,sa&fm ofn tiEG ! 2%, ofIsd ﬁﬂplé was

SrehePapted & A0 IR 0TS ARRLTRTR tR 2eRiRG imcdentifying

rmtlkedh:ycrdaqarmlwl showi ng nean suns of m crocracking
rates of 13.99 and 13. 32, respectively, when the

casting speed was below 71.7 neters per nnute,
conpar ed nedefemming ta FIKS adkiangd rt ctheyfsame dvonmteel

10g:9§d§§ yhegrdde é@ﬁﬁééﬁtﬁ&?%ﬂ@%m& oY dPffdrfent
mnute. Referring to FIGS. 14 and 15, the effect

p W

ofca%?’i‘ 2EPRteRt ’c‘énﬁ?}é‘? ZeAatiAnshiP ke (RicTREZACkipg (“mean

tlwu:iEcn'andmshtﬂé S £ e 311 F Ol e Ch g @éri;he szwfm by
da h|n c&st Stri vvas st |ed|nth

gra €S’ o

tﬁe mean Croc. ? markedly

ee1 enper at We D Was

rn%mpqubdrumrhpth steel grades w1th mean sums of
microcracking rates of 13.9 and 13.29, respectively, with
the carbon content below 0.035% by weight, compared to
mean sums of microcracking rates of 21.7 and 19.00 when

the carbon exceeded 0.035% in the respective steel grades.

Referring to FIGS. 10 and 11, the same two grades
of steel compositions were studied for different the
levels of nitrogen in the thin cast strip on the
microcracking in the surfaces (“mean sum CR”). As shown
by FIGS. 10 and 11, the microcracking was markedly
improved when the nitrogen was below 0.0052% (52 ppm) by
weight with the mean sum of microcracking rates 13.89 and
14.45, respectively, in the two steel grades, compared to
microcracking rates of 19.11 and 16.59 when the nitrogen
levels were above 0.0052% (52 ppm) by weight in the two

steel grades.



tundi sh by a tenperature probe. As shown by FIGS. 14
and 15, the m crocracking was inproved, show ng nean
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respectively, when cast at a tundish tenperature of
mol ten netal below 1612C (293377F) in both steel
conposition, conpared nean suns of m crocracking
rates of 16.88 and 16.97 when the tundish tenperature
of the nmolten netal was above 1612C 25 (2933.7-F).
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i ﬁ“’dH‘IfrF'grades of steel _conpositions, while
m crocracki ng markedly increased to 24.9 and 26.9 in

the mean suBl, N GAGIACKIAY 1Al gy aMien Jble Gastinge

speed was above ifeters per fofut e’ eferring
t RIGEici8 Imdteperdtund faf ttheomoltiesy mtmlklnng the
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when cast at a tundlsh temperature of molten metal below
1612°C (2933.7°F) in both steel composition, compared mean
sums of microcracking rates of 16.88 and 16.97 when the
tundish temperature of the molten metal was above 1612°C
(2933.7°F) .

Referring to FIGS. 16 and 17, the applicant
further analysed the data more detail on the effect of
casting speed on the degree of microcracking in the
surfaces of thin cast strip of the same composition. In
this analysis, the mean sum of microcracking rates on
strip were categorized at speeds below 67.8 meters per
minute, between 67.8 and 70.92 meters per minute, between
70.92 and 73.44 meters per minute, between 73.44 and 76.68
meters per minute and 76.68 and higher meters per minute.
As shown in FIGS. 16 and 17, the mean sum of microcracking

rates was improved when the casting speed was maintained
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of the manganese/silicon ratios above and below 3.5:1
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with the sane different casting speeds was anal yzed.
As shown in FIGS. 20 and 21, there was a marked
i nprovenent in the nean suns of m crocracking rates at
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THEREES o PG L TG © THo% R (=41 AHRe was below
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ifically, colum 1 is the variable
DS TR

colum 2 (type 3 sum of.squares) is
a nunber that expl ains the anmount of error in

vari ations igpfdieiMRy i@PIErdd o WHa ]Bl Cnegm 3 (df)
is, 10 the degre§ of " freedom col um (rrean squar e)
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the o{gﬁb: | 4.t nggpeaut__sagﬁ_\eﬂggful t s nqt Si %]éef |c{:ant
analyzed As shown in FIGS. 20 and 21, there was a marked
improvement in the mean sums of microcracking rates at all
casting speeds, when the manganese/silicon ratios were
above 3.5, and particularly when it was above 3.5:1 with a

casting speed below 76.68 meters per minute.

Referring to FIGS. 22 and 23, the
interrelationship of carbon levels and casting speed for
the two different designations of steel composition was
studied for effect on the microcracking rates of the thin
cast strip. As shown in FIGS. 22 and 23, there was a
marked improvement in microcracking rates when the carbon
level was below 0.035% at all casting speeds in both
grades of steel compositions, and particularly when the

casting speed was below 76.68 meters per minute.

The applicant also did statistical tests on the



Dependent Variable: Sum-C Type IIl Sum Source if can
Square Sig. of Squares orrected Mddel 195668. 130 62
wW@B1HY03® 2. 115 . 000 Intercept 698373.579 1 GHSBXB2089/601164
4893.905 . 000 Nom 2 Tundi shTenp 3211.298 1 3211. 298
2.503 .000 Nom 2 Nitrogen 2889082 1 2886.082 0.224
.000 Nom 2 Cast Speed 9880. 504 1 9880.504 69.238 .000
' [10: { 7 Q57 000
NI Tl o S, 1 S BA 2R 000
MPEF RV IABIG 43 Cuehda SIS e aa tggy, mpowansse) silicon
TMQ‘T%% %éd 6Larddh tchittentd? hitr ?content
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MVa¥iations v X ,ﬁﬂgﬂgﬁ%ﬁ)ln column 1, column 3 (df) is

10 the degrees of freedom, column 4 (mean square) is the sum

of squares (column 2) divided by the degrees of freedom
(column 3), and column 5 (sig.) is the probability that
the result is not significant.

15 TABLE II

TESTS OF BETWEEN-SUBJECTS EFFECTS

Dependent Variable: Sum C
Type III Sum
Source df Mean SquarelF Sig.
of Squares

Corrected Model 195668.130 62 3155.938 22.115 .000
Intercept 698373.579 1 698373.579 [4893.905 .000
Nom 2 TundishTemp 3211.298 1 3211.298 22.503 .000
Nom 2 Nitrogen 2886.082 1 2886.082 20.224 .000
Nom 2 CastSpeed 9880.504 1 9880.504 69.238 .000
Nom 2 Mn Si ratio 17924.057 1 17924.057 [125.604 .000
Nom 2 Carbon 19607.330 1 19607.330 [137.400 .000
Nom 2 Mn S Ratio 51643.646 1 51643.646 [361.897 .000
Nom 2 TundishTemp

- 695.302 1 695.302 4.872 . 027
* Nom 2 Nitrogen
Nom 2 TundishTemp

- 1205.539 1 1205.538 8.448 .004
* Nom 2 CastSpeed
Nom 2 Nitrogen *

- T 739.559 1 739.559 5.183 .023
Nom 2 CastSpeed
Nam 2 T undishTemp 326.054 1 326.054 2185 .131
* Nom 2 Nitrogen *




* Nom 2-Nitrogen * 50.546 1 50.546 .354 .552 Nom 2 Mn
1307.667 1 1307.667 9.164
ratio om 2 Tundi shTenp * NopGCEAU2008/001164
Cast Speed * 1442.565 1 1442.565 10.109 .001
ratio om2 Nitrogen om2 Ca
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Nom 2 TundishTemp
* Nom 2 Nitrogen * 50.546 1 50.546 .354 .552
Nom 2 Mn Si ratio
Nom 2 CastSpeed
- 1307.667 1 1307.667 9.164 .002
Nom 2 Mn Si ratio '
Nom 2 TundishTemp
* Nom_ 2 CastSpeed * 1442.565 1 1442.565 10.109 .001
Nom 2 Mn Si ratio
Nom 2 Nitrogen *
Nom 2 CastSpeed * 2236.165 1 2236.165 15.670 .000
Nom 2 Mn Si ratio
Nom 2 TundishTemp
* Nom 2 Nitrogen *
- 1,389 1 1.389 .010 .921
Nom 2 CastSpeed
Nom 2 Mn Si ratio
Nom 2 TundishTemp
- 609.876 1 609.876 4.274 .039
* Nom 2 Carbon
Nom 2 Nitrogen *
- 3714.569 1 3714.569 26.030 .000
Nom 2 Carbon
Nom 2 TundishTemp
* Nom_2 Nitrogen * 152.133 1 152.133 1,066 .302
Nom 2 Carbon
Nom 2 CastSpeed
1692.383 1 1692.383 11.660 001
Nom 2 Carbon
Nom 2 TundishTemp
* Nom 2 CastSpeed * 1095.570 1 1095.570 7.677 .006
Nom 2 Carbon
Nom 2 Nitrogen *
Nom 2 CastSpeed * .982 1 . 982 .007 .934
Nom 2 Carbon




Type Il Sum Source if 4can Square Siqgq. of Squares

2 Tundi shTenp * Nom2-Nitrogen 1.259 1 1.259 .009
WO 889021080 2 Cast Speed Nom 2 Carbon om 2 Mh Si FGE/AD2008/001164
19.373 1 19.373 .136 .713 Nom 2 Carbon om 2
Tundi shTenp * Nom 2 Mh Si ratig,368.798 1 368.798 .584

1= . .
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- 815.529 1 815.529 5.715 .017
Nom_ 2 Mn Si_ ratio
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Nom 2 Nitrogen
Nom 2 CastSpeed *
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Nom 2 TundishTemp
* Nom 2 Nitrogen *
Nom 2 CastSpeed * 200.957 1 200.957 1.408 .235
Nom 2 Mn Si ratio
Nom 2 Carbon
Nom 2 TundishTemp
- 146.236 1 146.236 1.025 .311
* Nom 2 Mn S Ratio
Nom 2 Nitrogen * 387.696 1 387.696 2.717 .099
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686. 005 1 686. 005 4,807 .028
Mom 2- Car bon *

o
242.113 1
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194178 1 194.178 1.361 . 243

* Nom 2 Nitrogen -
Nom 2- Car bon *
Nom 2- Car bon *

Mom 2 Mh S Rati

-86-
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om 2 TundishTenp * Nom2-Nitregen om2 M Si ratio *
138.327 1 138.327 .969 .325 Nom 2-Carbon Nom 2 Mh S
Ratio om 2 CastSpeed Tom2 M1 Si ratio - - - -
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501171. 975 3512 142. 70% Ll'%q%al 626271. 000 3575
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PCT/ AU2008/ 001164 -25 As shown in Table I,

statistical fﬁgré%&%iﬁughsly thin cast strip may be of low

" carbon steel, which may include 2.5% or less silicon, 0.5%
or less chromium, less than 0.005% by weight titanium,
2.0% or less manganese, 0.5% or less nickel, 0.25% or less
molybdenum, and 1.0% or less aluminum, together with
sulfur between 0.003 and 0.008% and phosphorus and other
impurities at levels that normally occur in making carbon
steel by electric arc furnace. Low carbon steel, for
example, may vary to have manganese content in the range
0.01% to 2.0% by weight, and silicon content in the range
0.01% to 2.5% by weight. In any event, the steel may have
aluminum content of the order of 0.1% or less by weight,
and may be 0.06% or less by wéight. In addition to or in
the alternative, the steel may have a vanadium content of
the order of 0.02% or less and a niobium content on the

order of 0.01% or less.

While this invention has been described and
illustrated with reference to various embodiments, it
shall be understood that such description is by way of
illustration and not by way of limitation. Accordingly,
the scope and content of the present invention are to be

defined only by the terms of the appended claims.
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carbon content, nitrogen content, and tundish
tenperature. The continuously bpin cast strip may be
of low carbon steel, which may include 2.5%or |ess
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AceenghAngge , to tswl Bpopma b adorteast &S50 He htoeant the pair

i i on: i | h
{ e XA, d D o) i LR Hodt SR op the
- xastang yrfaces ff thaatashing zaklsy produced by

continuous casting by steps conprising: 5 a)

assenbl ing a pair of internal cool.ed casting. ralls
ha%i ng a ni ;‘f"?"lﬂ‘éﬁ%é&%@é‘ﬁ%&% RS Fotd s EPoforms
adgalciehit £ itdtk netsl ofheillies rorp;thk) da)s titig clinfaup s ift dhe

Caéil&'hﬁj 9:%11*1%“4191 a carbon

d) forming from said solidified shells thin steel
strip downwardly through the nip between the casting
rolls.

2. The thin cast steel strip as claimed in claim 1
having a carbon content between 0.025% and 0.065% by
weight and produced by a molten steel having this carbon

content.

3. The thin cast steel strip as claimed in claim 1
or claim 2 having a carbon content below 0.035% by weight

and produced by a molten steel having this carbon content.

4. The thin cast steel strip as claimed in any one
of the preceding claims having a titanium content less

than 0.005% by weight and produced by a molten steel



content of between 0.010% and 0. 065% by wei ght, |ess
than 5.0% by wei ght chromum at |east 70 ppm of

wa giogh21030/gen  and between 20 and 70 ppm of f rE®r/AU2008/001164
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oxygen, and an average nmanganese to sulfur ratio at
| east 250:1 between the pair _1§7Qf casting rolls to
forma casting pool supported on the casting surfaces

f_ th ti rolls; t tati th ti
HTERE Pradt LR SRR snel 1< on he casti ng

surfaces of the 20 casting rolls; and d) formng from

sa d soli di fgyed [ i teel, .St rip I
CArough the Thh Batusart ﬁ&%&éﬁﬁf 2sy A4 Sl any one
t It tPraqeding qlaims @Eraduaed PYc|amaltemateal having

Ca hie L0188 erD ddiftah 0 2% ard & Qo AR Hifree

and produce a nolten steel having this_carbon
c SHRER? %‘U“"ﬁ‘}/‘iﬂ%‘i‘ﬁ%ﬁ‘ Skand oY rol iR fhe caskipg pool.

claim1 or claim2 having a carbon content bel ow

0..035% by haht, . .and _produced by _a mol ten _steel .
ha6\(/)'i ng thi ﬁg%r t%ﬁ'ncgr?tsé:nts. e??‘ Z?*'r'f'ﬁe hicﬁaé'zﬁnset% Y one
stafl thes pregdedichg relaipsopgrodsicedh dyprae oediten o teiads having

hayifid Abddd VUABAONEY dHats 52 Q0G5 e MEIHY bool .
and produced by a nolten steel WD 2009/021280
PCT/ AU2008/ 001164 -27 having this titanium content.

5.7.The thi n eRsStthintast sitReds sthrdpRE icladléed0i® adly one

th recedi ng ¢l ai roduced, b nol t en .steel. havin
5 SF [ PRSERATE: GHeRe S oRmech Y BT SRR P & Eoet
f rederip @y gereastninn tspestdvders s3Ghand 780 8 me tershgper
Castdyi pool . 6. The thin cast steel strip as clained

in any one of the preceding clains produced by a
nol ten steel having 10 a nitrogen content |ess than 52

pN in the agyd ithdnPRAlst steelh8tilipNasaelaiied idt Ank one
as clainmed in any one , of the precedi ng clains .
pro(ﬁj I:B:S;a q,]g:lﬁ:ltg%lpé:'gduced by maintaining a tundish

temperature of the molten steel below 1612°C (2933.7°F).

9. The thin cast steel strip as claimed in any one
of the preceding claims having a chromium content below
1.5% by weight and produced by a molten steel having this

chromium content.

10. The thin cast steel strip as claimed in any one
of the preceding claims having a chromium content below
0.5% by weight and produced by a molten steel having this

chromium content.

11. The thin cast steel strip as claimed in any one
of the preceding claims having, by weight, less than 0.1%
aluminium, less than 0.005% titanium, less than 0.01%

niobium, and less than 0.02% vanadium.

12. The thin cast steel strip as claimed in any one

of the preceding claims produced by maintaining the sum of



strip at a casting speed | ess than 76.68 neters per 15
m nute. 8. The thin cast steel strip as clained in any

wome/onkst he precedi ng clai ns produced by nmai ntGI/AUTYS/001164

10

15

20

25

30

35

tundi sh tenperature of the nolten steel below 1612C
(2933.7F). 20 9. The thin caspgsteel strip as clained
in any one of the preceding clains having a chrom um

cont ent_ bel aw_ 1. 5% by wei ght . and prodyuced by a nol t.en
S PS Ban i plasats W6 Ro el SR GTRech Ty 1
caeAs Girap | pank i to dwe dlessietham larhs Grisnospherws .

precedi ng clains having a chrom um content below 0.5%
by wei ght and produced by a nolten steel having this

chkdni um coft &hin FRsh) stpad shnik fRoducad byt qoptdauous
C|¢§&§'@'§h?‘ by B P c&iﬁpﬁm,{gﬁcedi ng cl ai ns havi ng, by

wei ght, less than 0.1% alumnium |ess than 0.005%
titanium less than 0.01% niobium and |ess than

0.42% vanadiassendl ihy allpailrhicf datiersiaddly siocledasasting
cl al ' one. cedi al

oy SR Y £ 15 AR, A% S oA
PGHoRRGEs/Bllaent -tee tendpaf ithe mdas'sur es of

hydrogen and nitrogen in the casting pool to be |ess

than 1.15 atnospheres. 13.. A thin_cast steel strip
prlb)duced by idFHIMMGTRY melten iGaFhop stesd bavindsiangarbon
a)capsard|dM petwadd ©f010% eimild Y068 A werAGHYJ less than

rall avi ng. g .ni Q therebet n.and i th confinin

o B i Shactiine A T, e B S0 oxygen
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t(ﬂ%ﬂQQBﬁﬁﬁﬂF° silicon ratio in the strip produced is
greater than 3.5:1 between the pair of casting rolls to

form a casting pool supported on the casting surfaces of

the casting rolls;

c) counter rotating the casting rolls to form
solidified metal shells on the casting surfaces of the

casting rolls; and

d) forming from said solidified shells thin steel
strip downwardly through the nip between the casting

rolls.

14. The thin cast steel strip as claimed iﬁ claim 13
having a carbon content between 0.025% and 0.065% by
weight and produced by a molten steel having this carbon

content.

15. The thin cast steel strip as claimed in claim 13
or claim 14 having a carbon content less than 0.035% by
weight and produced by a molten steel having this carbon

content.



and between 20 and 70 ppm of free oxygen, an average
15 manganese to sulfur ratio at |east 250:1, and an
w@ep/eziesd manganese to silicon ratio in the strRiTAU2008/001164
produced is greater than 3.5:1 between the pair of
casting rolls to forma castipg_pool supported on the
casting surfaces of the casting rolls; 20 c) counter
rotating the casting rolls to form solidified netal
shells on the casting surfaces of the casting rolls;
andé 25 d) f dthe rithifty castaistesdl istifipechss ledldiseichiim any one
st egel ' 4 . . i
ook et S VU Qo dalh LR RIS than
cl Qi Q\%%% ibY Wedght Rnderadugrd b & el amtstael having

5 betiee e Pe H2ndh adsh€afi65% by  wei ght and produced by a
nolten steel having this carbon content. 15. The thin

cast steel strip as clainmed in claim13 35 or claim
14 'havi ng a Thay dinc @astnisterds stidp DI Wilmed @i @y one

and. prpduced, by, a qwl ten. steel. having this .carbgn_ .

Ht AL Lo TR RSB0 b D S Hevipg, bas
t mitxegen stentent rligssasthamiSkppm ianytlenecastfing giovsl -

10 13 to 15 having a titaniumcontent |ess than 0.005%

by wei ght and produced by a nolten steel having 5 this

t it&ni um corffentthipy capie steed EiRips@Afe/claimed 4o any one
Cloff néxhinls AW €617 Prodwid® bha M nltta G0 GE bundish
m)tl:ten stéeel qg\w rlgﬂgga%o% %g content |ess than
52 PRRS TR RS . g, "Phee thin cast steel
strip as clainmed in any one of clains 13 to 17
progluced by ' ini [ L enner | o

15 DS (2035 Y e 3 G UL Ser P U Al B liny ome
cleff rrekpims ohy Emel8 gireduged bys mai g inincetafpl oxygen
MekdH St NGE aat Qs O bpm and a free oxygen content

between 30 and 50 ppm in the casting pool.

20 20. The thin cast steel strip as claimed in any one
of claims 13 to 19 having a chromium content below 1.5% by
weight and produced by a molten steel having this chromium

content.

25 21. The thin cast steel strip as claimed in any one
of claims 13 to 20 having a chromium content below 0.5% by
weight and produced by a molten steel having this chromium

content.

30 22. The thin cast steel strip as claimed in any one
of claims 13 to 21 having, by weight, less than 0.06%
aluminium, less than 0.005% titanium, less than 0.01%

niobium, and less than 0.02% vanadium.

35 23, The thin cast steel strip as claimed in any one
of claims 13 to 22 produced by maintaining the sum of the

partial pressures of hydrogen and nitrogen in the casting



content of at |east 100 ppm and a free oxygen content
bet ween 30 and 50 ppmin the casting pool. 20 20. The

wa topvoziast steel strip as clainmed in any one ®BIT/&U2008/801164
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13 to 19 having a chrom um content bel ow 1.5% by
wei ght and produced by a rmltc_a? steel having this
chromum content. 25 21. The ?ﬂn cast steel strip as

CHSTR LR RIS s b EeRPoRRRe and produced by

a nmol ten steel having this chronmium content 30 22.

They t hi t | g
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cast steel strip as clained in any one of clains 13

to 22 produced by maintaining the sumof the partial
prassur es ofa meihegkrofinthgtingddtin Btded caAMiph@oMPrising:
2009/ 021280 PCT/ AU2008/ 001164 -30 pool to be less

than 1.15 atnospheres. 24. The thin cast steel strip

agfakl ai ned iassemplomg afpagimiofs indermald yprowdlest dasting
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than 76. 68 ers per. mnute. . met hod of casti ng
t IFkPIRRS aﬁlﬁ‘ﬁ?’b‘bnﬁ? Ssnde °fa)thé§§b1rﬁil ing a pair of
internally cooled casting 10 roIIs haV|ng a nip

t her ebet ween q:p: <%\%th conf.i.nin osur hacent the

entds of the i SiiE AhIE™ Qt"eﬁ (’? &?&l"@ela carbon
rundntgnt(nfkhntwegnnﬁuﬂlQﬁ dnﬁ\ﬂ%ﬂﬁﬂk(bMYh&mghﬂ)(ﬂﬁﬁb than

b tgi.ﬁ_[]1 5. at
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I dddriyatledLasrd APEdr DR{vREE R A 2501 tasthidih the pair
roI S to form C&Stl% ool su orted n the cascilng

FAREIRI (RS 1% £2 tBPRAFERY (R the
tluhsxxﬁgrgpfﬁ&déstdffthéncastlng rolls;

c) counter rotating the casting rolls to form
solidified metal shells on the casting surfaces of the

casting rolls; and

d) forming from said solidified shells thin steel
strip downwardly through the nip between the casting

rolls.
26. A method of casting thin steel strip comprising:
a) assembling a pair of internally cooled casting

rolls having a nip therebetween and with confining

closures adjacent the ends of the nip;

b) introducing molten carbon steel having a carbon
content of between 0.010% and 0.065% by weight, less than
5.0% by weight chromium, less than 0.005% by weight



solidified nmetal shells on the casting surfaces of the
casting rolls; and 25 d) formng fromsaid solidified

wostved/h=280hi n steel strip downwardly through tHGE/AU08/001164
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between the casting rolls. 26. A nethod of casting

thin steel strip conprising: 3§ a) assenbling a pair

of internally cooled casting rolls having a nip

t hes eRgt wheNagngdeik 7608510 NLRY S dj t.the

ends cof -1 hé ﬁ?g; Bt O R b e rEde R bRS e rpugtn 20
ha#Pflg79 eERLEE frefteKYIen, banverarage l0snganese066%sulfur

by raeighht hésstt250:1§-Qﬁébxvﬁﬁkgatmsﬁ QRLYD) ¢ e§§i' on
than, 0. ooso/ﬁé V\?Ight \WD_2009/ 021280 PCl] AU20087 001164

- 3TStEP AR hHP 8EF BaBFOBCBHnt 81 IFBREPT 0khaRn3 aPdPetween
betheepa2® ofindagbipgnrellsree Ssygea, castdNglpe6l supported

magga e f 0 at, Jeast 250:1 e aver age
s LG §ehb! Hlrelbl 0o ‘ﬁi’?h‘éa’?fﬁ% ﬁ?%ﬂﬁéed i s
greater than 3.5 between 5 the pair of casting rolls

togforma c [ r '
su?g ces _of ﬁ%%ﬁ?%]% roI%s%ﬁ%)c%%%ﬁrfﬁ%%U@%gf?%
ca§?£h§1f-b?1’sm?53¥ offlls| PR thedcasting stierfaces eficthe

casasbingurdBTes sdthe 10 casting rolls; and d)

formng fromsaid solidified shells thin steel strip
downwar dly through the nip between the casting rolls.
15dP7. A thifeige ftom saiddskidifiddeslsdEps thin steel

COPPELSI ' t L4l | ten steel .
havi n ﬁa&&g ar g o% oﬁ%gﬁg% eﬂ'/\% elIr‘f[% r%él%ﬁ/é Fhd=f FERREIRE
wet S-less than 5.0% by weight chromium at |east

70 ppm of total 20 oxygen and between 20 and 70 ppm of
aver age manganese to sulfur ratio

orihtor Uha 236 mbcoih s Grim Eaboas B e @temred

| cotpris Xy cderiig) dtweSteetisifidn itol @8f )l hd¥ing a

irbiiﬂé*wggﬁient between 0.010% and 0.065% by weight, less
than 5.0% by weight chromium, at least 70 ppm of total
oxygen and between 20 and 70 ppm of free oxygen, and an

average manganese to sulfur ratio greater than 250.

28. The thin steel strip as claimed in claim 27
wherein the steel strip is less than 5 mm in thickness.

29. The thin steel strip as claimed in claim 27 or
claim 28 wherein the steel strip is less than 2.5 mm in
thickness.

30. The thin steel strip as claimed in any one of
claims 27 to 29 wherein the average manganese to silicon

ratio in the strip produced is greater than 3.5:1.

31. The thin steel strip as claimed in claim 30

wherein the steel strip is less than 5 mm in thickness.

32. The thin steel strip as claimed in claim 30 or



25 29. The thin steel strip as clainmed in claim27 or
claim28 wherein the steel stripis less than 2.5 mm

wo moovtieekness. 30 30. The thin steel strip aspcl/avresioo1164
in any one of clains 27 to 29 wherein the average
nmanganese to silicon ratio insbhe strip produced is
greater than 3.5:1. 31. The thin steel strip as
claj ned j | ai m 30, 35 wherein the steel stripj .
| SRR FHRTIR (TR S0P B 197% CHHbi2 & A 1o
astldckmessis i n cl aim 30 or WO 2009/ 021280

PCT/ AU2008/ 001164 -32 claim 31 wherein the stee
stripis less than 2.5 nmin thickness.



