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WD 2005/ 035169 PCT/ AU2004/ 001375 CASTI NG STEEL STRIP
Background and Summary of the Disclosure This
WO noosnsiien rel ates to the casting of steel strP@I/AUR004/001375
has particular application for continuous casting of
thin steel strip | eCGASTING STEEL STRIPckness in a roll
mol ten netal is cooled on
: PUE ot GloSUEe casting roll and
i Ofﬂﬁ?adln‘vanﬁ& ?é]hﬂes%sthe%ta%hﬁ o'f Btded 's*npﬁaﬁtHa'%g)égﬁl&ma@appllcatlon
twin roll caster, ten ne I's introdu
for @ﬂmlauousbasmotethm sneat emlpdast thﬁag! 5 oirh én thicknessdn a roll caster.
| ed. eel shells solidif n t he vin as g
st ZICEer, moled (ERt b bR OF Gty HrflBhednat least one
casfifif rélrahtBrhed i tbahii @Qs&cgnp spl kdll EagthgSWRRta twin roll caster,
product delivered 10 downwardly fromthe nip. The term
molten fretalgs iskedueadbatwaen afpair ob couetegantated castingolls that are

coo"gﬁjy ggpsﬂ{lﬁ %ﬂéfﬂ( gﬁ tﬁé&cﬁ/ ﬁigaﬁgfggﬁfl‘facg% %cpgr][er%rj%ﬂght together

at d aip Betvmem ehét’fabﬂl rolis & producemavéitidified: shéstproduct delivered
through a nmetal delivery %stemto distributive

dom&»@zﬁqurﬁm atp- gBia@f%rm y"a is\sedrhereinsto; iefprdathe @egeral region
I

n ¥l o ESIAGI0NE 3 4t gl 135 Beel 1 IR meal i

usualty pouredafscbmraglapﬂmlnt@fa smhllemvewselalfrosm wihare édflaw thl’oagh a metal

casting surface of th | | acet to th
delgly syters {aichEBHHE nerkien osated GeRpRlyiiaye hecedaigo surtaces
of ﬂﬁlé’%st'nr?g vsisal |y t\ﬁiﬁ%\lr&@tlﬁgt Wﬁoﬂbﬁ%@fﬁﬁ@%eﬁﬁer@ﬁ@etween the
hel d 1n sliding engagenenl adjacent to ends of
casting tdlisdgo fom e ca@tjng@opbOHthen metabsuppisteston the castlng surfaces

of GETRIT Gefeint (ndTHE SRF befbhebt A" e, rf e Ao suen

castirep!poui | is ugmryalcbwuh@d aAbetvebhMBRIeA plHtEs Obr tdé@ns)rHEd in sliding
of 1500C and above. It is therefore necessary

engagementadiaegnhiogendsef theycagingsrol§eso ardodasn .tla@ o ends of the
castf‘rﬁé 8§es of the casting rolls. A high heat flux and
nsive nucleation on initial solidification of the
nmeWdhers babtirg thintdteelcstepiwith auwiaael castergtiie thdlienf metal in the
e stee] US Patent 25 No. 760, 33 .
caswa:e%'ow%hg@d\%@lye% ah @ teaiRsraiiER of e, pIUsB O HEROTReand above. I
[

is th'@z‘?é’fbn{ hg%‘?éﬁ% ﬁiehgl?g\é %%é) Kigh! c@%ilgg%@gu%g@?tmé‘ééﬁﬁ@%daces of
the sa@mgamllsalA pight heat fiiix ana ewtetraiveolxtudeatldmormmtlak solidification of

the (et shes onifig!cistind s fgees i neSded o B g Rasl'Siip * US Patent
No. 56D, 836 mdéepmeéu hér'éﬁh B?'réf%?eri&t @éscﬁib@s&ﬂﬁhthéaﬁééﬂmx on initial
surf ace. di sclosed in US Patent Nos. 30 5,934, 3

soll@h@at@nosgndomlrmgawﬁ dynadjusting th@;ﬂteelamedincmmlstry such that a
sub%%ﬁﬁgl(sé%mohhff ﬁi\' Srchle?aﬁué)ﬁ es %rrﬂga %P? ﬁ]ﬁéﬁlg gf; ﬁ{%ﬂ{iﬁgleéjolidification

nce, nuc eatron o

températirel anEOIh itughin laC@IbstHhtiaﬂ? ligaid laeufmeed dthehaterface between
texture of the casting surface. In particular
the I"ﬁ?'&@ﬂwé??"@haﬁndAﬁBPh cedsting AUrfacg.008s1disclospdsins USdratgnt Nos.

5 S B 018 B TR ARl Rt R Y /00641, the disclosures

of widch earbaimcerpanatedahersin i tsli frefesénce) Myclgaton of nthe steel on initial
bst anti al nugl eat i sjtes distgibuted. over th

soliqiicatioflgear PedBlivended By ihe (HUE BLUIF GroUl SHfReR dadaricular,

IntefrfatibR8! ApSRiatioASAl Bo/00ed1 Hi3EI08BS that a random texture of peaks and
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particularly in the ladle nmetallurgy furnace before

thin strip casting. W have given 5 attention in the
w@2m5/083164 he oxi de inclusions and the oxygen | BUBAB2G0M001375

the steel netal and their inpact on the quality of the
troughsein she i gaglingd saddced\écamvenhanvef otial  solidificdtioa by providing

subglnialrarlonsifps dsupulsLafiinaashis EfRea of tne

hWK“tl@ﬁﬁBn'ﬁé’@'b%eﬁ”ﬂnv@ht 0GR PJaY abSthien stda éﬂarﬁ@n}q of the melt,
steel. Controlling™ hydrogen and nitrogen |evels

parthullarlyemriaetIadbemetailgrgwb;raece oefaravtbist stgatqaahngn \élleathﬁve given

atteffork i Past rinb Rl eI B 37 of0erR RS Fcect meta

and@ﬁéTr rmba@tf o qlRey \Giithe Btédietrigopiddudeds Wasidvednow found that
P Zasowski and D. Sosi nskg 1990
B

the g@l@lév @émmgtéebﬁﬁrlerm&\emr@e@@tmrhgfsthezt stsel stripfgialso enhanced

by c@ﬁ?rﬁ[ﬂ ﬁ%lt I'gém?g@rga%%%ﬁglngbé%\ Iggéﬁrlg\{ﬂ%%gten steEI Controlling

hydMgeree'dﬁnmgeA levdts hasin W p.hd;tLtrQ;ammIe é[rbﬂmﬂaxﬂimmsﬁgatlon in slab
15 16b, 61-66 Iﬁl\/larch 1985) @zlfl cally
castpqgjrgyttt@,aurgwo 2% Rgt been G’PHS atiqation t"? @ﬁt”p casting.
For eﬁ&ﬁlg?e, {bé EBSnibF6t HEat hen‘lWa'ﬁ IIII uls b%ﬁ%éo@.; CEdhih ng(l)LWd by P.
the steel, plain carbon steel strip having uniqu
Zasowahoamd |mnSaa|dsby otioed |Sieelmm4|mg |Cbmfemmcberoeédmd 253-259;
by roll. castin d of,
and el ittt Ahg; Prapiclisn o JVatE" Y850 SHkIfas M a@ia0-Sio:
Sladhd, Ay DC B dxsi§l EM' Medaaghd 7 M@féaﬁcehﬁetﬁflu@cdl eRahs&tRNs, vol.
casting roll with the noiten steel having a free
16bnp1-66¢MareO8h). bel ow about 120 ppm and a free

ot ESETERE W HavBCHUNCHRH by carPSTnG Rt i lian and nitrogen
levetd eihet stebmesitRithllowHevels odsulfoeircthet stegl, pldih Scm\omﬂeel strip
25 nitrogen and hydrogen | evels reflected by th

haviggrirtiage EABIPOBIoNAncharadctien avaliias 6an bp ATYFRchby roll casting.
Theid %eﬂ)roﬁd(eh% %’Ehﬁ]d;ats %H%‘im@fstééssrthﬂgoﬁ\rp?ﬁ gngt rip may be

carried out sTconprisin ol | owi ng:
ass'ﬁrdniucnm mqtbtenr plain coaan‘b@m\ stwi |ormgcastidgs shdaces) oh ati lpast one
d cl osure

casiiy Elgutth ha e staet GaVio s e ftrodRit e SR P SIbR st 120 ppm

andCar 188 Ry&BheRetNRBAt iifowadbortl 632 fﬁnmgm@agb.%ot at f &hiBspheric
a casting pool on casting surfaces of the casting

preSrS@IrG}@thh the end closures confining the pool, with

o SaloE it D6 86R08 o BellahsBRER cBois> st Rdfs having

nltrdgeﬁeaﬂi‘d’ Hyaareiencievéle reflbetedvibyatheltorfteht HureoEidsteafioRén steel to
at rmspherl C~ pressure; counter-rotating the casting

formmlm§e@h§tr%| idifying the nolten steel to f or m net al

thlest ot cca%?ih %I(gé @nb%%b@%g%éd ‘i’ﬁ‘éj steps comprising

ogen evel s re con the
thetdﬂewrrcgte_n st eel to provi de for the forrratlon of thin

SR 2,5 AR G BRI 18 o 1 e anc
conﬁ?lggleh@ dibSifes bBRIceRt {d Endiedf theredtifAgyarardiy fromthe

introducing molten plain carbon steel between the pair of casting rolls to form

a casting pool on casting surfaces of the casting rolls with the end closures confining

the pool, with the molten steel having a free nitrogen content below about 120 ppm
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Alternatively, there is provided a nethod of casting
steel strip conprising: introducing nolten plain
w@ 2005085164 eel on casting surfaces of at | east BPCOIBFAUD4/001375
casting roll with the nolten steel having a free
andnat fregehydregbrnEomehd Wweldw uabd@O 6 rppmdmaaburel at atmospheric
hydr ogen content bel ow about 6.5 ppm neasured at
PressUfhspheric pressure; and solidifying the nolten

; _ ' by :
ot EFunieP ORI TED EasPIalS A SRIGRBBInbRR S1ceftd fim meta
shellhenetife icastir roits thewingt sittogea and tiysrogemilevels eeflected by the
contegt Mesactiiehg nalive seeo BENiR S emates tdhingee! strie; and
as sithé %liéifi@é'éﬁinoéteEPQﬂriﬁdthgﬂ.?H e AR betwead e é‘z%égin@ rolls to

bet ween™t hem an confi ni ng cl osures adj acent
producgsa eflidified steet stnig dedivered downwardlylfrormthentipt en pl ai n

carhaon steel  between the pair, of casting rolls. to form

=" BBty E o oTh i€ Blhuldki, R MudinBa £ B8N aledL sipi ghiidihe

r Olrteodiiciny isitePnBlaih ARbES StOSIf bR dibtinghsumasds, oat Neast one
the nolten steel having a free nitrogen content bel ow

castifgpigll withothspmolten gtee! haviegra, tres délrogeshe@ienblelow sttt 00 ppm
6,5 t hey i - .
and 8. 1rPRTYBAEh nofknf LHW EB0f, £ T Bealiian oy eimoseherc

pressutd;eandsteel to formnetal shells on the casting
rolls having nitrogen and hydrogen |l evels reflected b .
t heolidiinia He Mmeliesoteeh to ﬁ%y%f‘ t@h shelie on e easting rolls having
; [ f j L Rj r 4
i, 40 nGF R 80 o P e S fef i ihen st
formt thin stesd stiip.rol |s to produce a solidified steel strip

delivered downwardly fromthe nip. 30 As further -

o) TP raied of gatotated) aftp oy b8 refiieshSuf by ¢ ps comprising
the flIB@ANGGt i P conprising: introducing molten plain

carbon steel on casting surfaces of at |east one

cagssemgbling |a pRrhoft Aeolad| castingt wds having@ aig hedwveen them and

conflin RBSGGABES 2bictBLN G bR BBIRAIOI Cent bel ow
abinttoducihgomaite® ptain echrbbn atesl bpinseer the pais dficastirgeblls to form

sol i difi/i ng the nolten steel tg formnetal shells on L
a casHag et PR é’aﬁbﬂ‘g §Uﬁ%ﬁﬁ%@f thﬁiqasaga ﬁo'éﬁwY!'thﬁ'al? Sggr?székF%’F gonfining

| ec il t t
o BE5H §RF e gk s Tng A%inoleh Lo LBl 100 o
andsaefree shydrpogenycdreentitelew abdutbg.5 hppnst mpasudp @t satmgpspheric

the follow ng: assenbling a pair of cooled casting
Pré§SYf®:s having a nip between them and confining end

cl esyRRP-retaliAG TE chSiR|fHs Und é’tﬁidﬁ?i%lbi tR8 rh&terSstetPto form metal

i ntroducing ndlten plain carbon steell between the pair

sheltsf onathel egsting Irells havimgnnitregeasand hysisogervdevaistreflected by the
conﬁegﬂr]aq%gﬁfgiﬁfthé rr]r(?olf:earllssttieé‘ﬂor Bll'olv?de\'\q‘otrrt]hé Srma %ncc;f?ﬁiws‘?gel strip; and

forming solidified thin steel strip through the nip between the casting rolls to
produce a solidified steel strip delivered downwardly from the nip.

As a further alternative, there is provided a method of casting steel strip
comprising:

introducing molten plain carbon steel on casting surfaces of at least one

casting roll with the molten steel having a free nitrogen content below about 85 ppm
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the pool, with the nolten steel having a free nitrogen
content bel ow about 85 ppm and a free hydrogen
wa@onsestiehel ow about 6.5 ppm neasured at at nosSpETEAUZ004/001375
pressure; 15 counter-rotating the casting rolls and
andsal freé f yydragéhecontbhe betdveedbdut 64 rppmet measaieel las atmospheric
the casting rolls having nitrogen and hydrogen | evels
pressgfe; e d by the content thereof in the nolten steel
to [ [
f o YIrE e mdileh SRETR, 1O Metel Shefls SFL ™, FaSindRéls having
nitrdgenvm'ahhydhmgeasleveig refiédtedthy ther cahient thesedfi idi theadolten steel to
st eel s ri. del i vered downwardly fromthe nip. 20 In
forrrbﬁym e nmethods, the free nitrogen content may be
60THQ%%OHQ§SOaStIﬁg%téé]%ﬂf i ey e IcasRiY 6aNbE e gﬁébsb&)mpnsmg
1.0 to 6.5 ppm free hydrogen content 'may, for
the follawisige, be between 2.0 and 6.5 ppm or between 3.0 and

or Batiitbing a5 bR ot €8]ed Gy B HARRE A hip Betwgen them and

confiriiigeRd diesisesd Bajacenbtodersdd ofans casting réllkgn 0.5 %
chromum less than 2.0 % 25 manganese, |ess than O.

% ItieReiFing raglien kN Gagonstes) hetwaamiheneair of §a$trm;1ro"s to form
5 thi !
o cahifly 8] 07 ORI LOREIEAS elchelho RIS VROEAN BioWESe contining
the booll;mkiihn@ecmr:hen smeieha\lmg al feasd;1 mutoogiamﬁtbrgtentﬁbelow_about 85 ppm
carpon stee na t hegse net hods having. a _
andcar en RpaRR FaMtERe BELAYY kP 808 SR BSRSateg Bt atmospheri
preéé’ﬁP ht, a manganese content in the range 0.01 %to

2.0% by wei ght, and a 30 silicon content in the range
0. oaumet-ootatlﬁg/dhg/caslr@nollsamd sadidifgingdbe neeltan steel {o form metal

shell b B8 Fadie folshfalRe"BiragPhoatd 3RrS8Hn, 16Vl Fefiocted by the

contéBt BidreofTiR @h@h«unerrh%em, pig¥ideeror g formionof thihtstéel&trip; and
0.008% or | ess by we ht The nol ten steel may be a

si faravng ﬁah@ﬁﬁéélémksteelean@ttbmugwmezomswmegt e casting rolls to

oo A LHALPALR bl i s e, oo+

colrt agy affthéde nsdtholls,the free Gittsyerd bynteat aidy bered beaeor less,
t hods

and Jhe dSechydragen copiR e b 1 68 bia ke fike hisoagn content
I
ey S ASipte e PENTEh BOGEES 5 PRI B Pelwogh 85nd B3, gor-

ReRttimgarbamsteekidr pumasea ¢f thig rrésent invertionnadiefingd as less than

0.65 %% FaBRN. 1R AR 508 el Jaseaian 0.8 G ErFamiuit less than 2.0 %

mad@aﬂé§é”l§s§‘iﬁar¢ 0 5e9%Cfi6Kb1 1ieds #h AP DIy EmolyddaRam and less than 1.0
ressures may be utilized in certain conditions, and

% a nuréwtaogsetber witke of ather elpmenlscucheas siiturogaigenaandphosphorus

whichop a5 BEp Bitnek R R T B spu ok B, Low carbon

steel hﬁ@ e LsSWRNtheew hethaas hﬁvmg S \cdrsgretontertingthe dahge 0.001% to
gher. as shown in Figure 3. But for purposes of the

0.1 /ﬁaé’rya‘ﬁ%'QBTr S BrRNgABese s9Bient intheoranger $81% 1@.0% byoweiaht, and a
sﬂw@r‘?@oﬁ ?lrh%fg %‘% (% ﬁY&?l t"bhﬁ?% Bg%féigl , lag\c/ig carbon cast strip may

nDsp eres eve roug
be made @gethea'ndtrfodeeThw dtexgenay havd arfmlutmnunmed:c&iteratr@f the order of

h e thods are practiced
0. 01#5% ?@qﬁ\é\@bw hdhecalgriwn reay, for example, tbe ag ittle as 0.008% or

less by weight. The molten steel may be a silicon/manganese killed steel.
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The present invention provides cast steel strip with

uni que properties that are described by the nethods
whyoosdsabw it is nmade. This steel strip is plai CDAUROW001375

steel. Brief Description of the Drawings In order

t haw thése mutiesdd, @Re Bifub@oAne of thé wtedi phay B2AD.01% or less; and
illustrative results of 20 experimental work carried

the gulfuricontentofithe stagd masske PR Py Weighter ence to t he
ac [ . .
o Y5TRORY i AERoE iLeh B B4 Frlied by, et emissin
spest%romptryasalwratedFa%lma tBe|tlaemf1\almdrmiugtmltysmthmﬂmlde\sicEibed below.
of a portion e caster of Figure 1; . Figure 3.is a .
Theg.frsﬁhggﬂmeﬁg?%ﬁ%v@eyeb%l@etsaaw%?’esw & Hdrogs 3%1@?1 Reading
lmﬂeﬁ¥€$% bfém g‘i’i))dﬁ\é' (iﬁ'ﬁlb?ﬁbcﬁ:} Het@duLERREbNREEEI Strip.
cription o aW| ngs Figures 1 and 2
i | |Tltn9t rrm(rmwmt allawahié Ifrexo nitiogeouand freiephydrogen Iaﬁelsrmay be for

tot ras been erated I&] ccor dance _'.th t he Erese be utilized

ota n(ﬁéﬁw%no gx¢e8d & %’5" 6%t HUgNeJsPrefaureggmay be utilized in

certéis €ohBRridns Ml 'ﬂ‘?é‘tlévélié b fte rfp Wg?eﬁ?(tarﬂ f%%yﬂ@éﬁ can be
ro

casting st eel stri p using a twin caster. The
corrppearging ihighatt i er example, B expiainedt batarera fersostatic head may be

11l 160 1 5L, V£ e B JVBES:Che hiaher as
showanh SFlglﬁrea(Bl iBut uusnt p@ipioges f skl pharamelers of e padtent methods, the

steel strip can be produced i n accordance with the
freeppliagen ARG chiee dwdregeqlevels aried Magspiesb 35 satmospheres even

ol LSRR o SR TAB s o oo

highetr rwl'penlmetmamopasme$>ra¢t|cedtW|ﬁnhlghep positit® atrnosplseric pressure.
guide tabl e 13 to n roll stand rising,.
o1 HBE RiBRPR it arhafiyitietf4et st eel St wihRhe raodRies that are
desér‘i’ééd s%mlmbﬂhodsh 5y whidh iPis'FY¥deaPlisishéd] s@nﬁl@pm édrBSn steel.
_m conprising a pair of reduction rolls '16A and

en bf the Brawings which it is hot rolled to

b I SRE g U BB g A B BRSO st o

expémhéﬂtatllwml@)t:aﬁﬁﬁ Lt towidate Waitl ebe stgdrived With Yéferince to the
jets 18 (or other suitable neans) and by radiation. In

aCC%’ﬁPa@W@EtdraWH@sr'BIWW 'strip may then pass through a
| ' OLACE , .
r{éol % eaﬁ@gafarﬁrgla@gl él%ggtl@ wgl@\) J(S:foégf 1"95{? i fé Shibaster;
ne &gpaaryis anfemlasgedlﬁbcsrbnabvuawkﬂa portior abthe bastepof Eigure 1;
ho in Figure 2, . twinr caster 11 co S a .
Fiolitachisna orlh ehaing,alwrati sERded leveis AnoaGeB evels in
Iow%Qﬁidn”ﬁeéPI’o"ﬁ chdt Bl Bgipa casting surfaces 22A,
assenbl ed si de-by-side W|th a nip between them Molten
nmetal of plain carbon steel may be supplied during a

DetSiis ' (irati froma |adle (not shown) to a
i?—\_:ﬁréi-Mfractory shroud 24 to a
di F‘igfdrbslhoéna@ Alstrafecaa®int PoIPBhtirudiRt thip ElRtéVRhKh has been
nozzl e 26 generally above the an 27 between the

operﬁégdulmgce@ndagcazwthm@ piesenkinvestion. tlinesfollewingzdestription of the

ool BB n DL MLBP SRR, Rl uin o

twincrofl fdastst. afhd peesentiinvehtibfds not limitdy, oweadr tothesuske of twin roll
cl osures, dans or plates 28, which may be positioned

castgss apd sxtangls ta ,qg}ger types of continuous strip casters.
Figure 1 shows successive parts of an illustrative production line whereby

steel strip can be produced in accordance with the present invention. Figures 1 and
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20 of the rolls by a pair of thrusters (not shown)
conprising hydraulic cylinder units (or other

W@ osakiied means) connected to the side pl ate hetTiaUsa04/001375
The upper surface of pool 30 (generally referred to

2 illastrateea "tWini@ic bastel QiﬂéﬂbﬁedTgEnénaﬂﬁ DOV antiible r@M@d&es?adcast steel
of the delivery nozzle so that the | ower end of

Strip 2 Rk RASSEH g 8 Vel RS SaFoski A UIR, Bbigu 10 2gpinch ol stand
14 c%?ﬁﬁl’ dé'lﬁ% pﬂ%él’f‘ﬁ)ilg %@nW@ggﬁ%g%r |ﬂr§afh &ﬁkh Yoll | stand 14, the

strig inayspeeds mtmamdtherMngrmmg‘rﬁ comgeisingra @alrtdferedupmﬁ*? rolls 16A and
nol t en

cas g rolls so t al ,
bacEpvigin 1Ry Ronhisht is hotalled 1 educs s dhipkasssa; T folled strip
pas%@s BRI rLf-difthtigr £Hof W&W‘it%éi%ftfeo&éﬁﬁ by donVeLaS® by contact

supports a casting roll carri I's
withhwater suppliey vieowatergets3t8 et uﬂ;len saﬂalalesnaabng) ancbyaadiation. In

and astjn tatio Cast |
any &yan. 68 HlGH P Ted dap 82 s d Tolah, PR oL ik 20 comprising a
paerHf'CP{ﬁéh PIsBP0 & et theAce Ifdfér@bﬂelr G 90T FiRAe uadlird- (i Lﬂﬁé@éssary) of the
transm ssion. Rolls 22 have copper peripheral
Str'ﬂ/\?@lkﬁg plagen@itha ediles. series of | ongitudinally extending

Ui IR RIOERE P byt BT ERSRRTY Gty BARgE8Re frame 2

whléPCEUﬁpB@QZbI @8&361‘5codleal agyg trylis o2l havihg aaka@etmé%ms 22A,
in d aneter and 0, about 2000 mMmlong in order to
ass?ﬂ"@lﬁﬁ’c@ gthyr%d%r"‘ﬂ@\&ﬂ%lf’emntt QUDOMWPW@I@&“ qﬁalaprgq;arbon steel

f
B gl A0 o SRR, e (o B 153, Bncion 20
throaglanqnlrefraagmye&éhmudﬂ@eo(a/gm}mbmw 25 denabfthelca hbrough a metal

t di sh i tal. f h | adl
delNSTyIQIE B, geeraly abevg e B 7 Behsen de Grehagrols 22. The

moI@nUﬁle?a'?_l th@'dbﬁ%rédﬁ@&ﬁb%@@?‘ fi)rrfngre{TBgoﬂ% %Op?bﬁéa ¥ncthe casting
body nade a refractory material such

roll @lxl‘éaqﬂseZ%ﬁ\ lahrpna the amwamdsthls ool isweanfipedtatitee eagerad dhe solls by a

pair3] e SIS S5 PRl HLABHNEY Hen Rt Bo et e ends

of tiseralRshyh gror b frtistely (riativry LoRrsiding ﬁ?ﬂfalm@|dyunder units (or
extendi ng fl ow passages to produce a swtabl | o

othey s3uiiable, MsanshsopBestechis then siter BiRte hRIdsignolhe UReer surface of
pooﬂ%@&@een r?L)h?eféﬂ'leéstoaJéC&hEO‘H%‘ﬂ ‘({%” e r"ﬁ‘égtr%% 4B the lower end

e ro onto t surfaces wnere
of thendéliveelry sokzldido that thenloser ensl. ofAheetetiaénvedzzle ishimmersed within
nozzl e may have a single continuous slot outlet to
this @8P-ver a” | ow vel ocity curtain of nolten metal 15

di C%%ilhgmblﬂi 9214 vsﬂslt@r @c%léﬁ%@ thﬁ?sﬁé“é %Im?/d?{ th‘bh%ovmg casting

nozzl e be immersed in nol ten net
surfpmﬁ of tha:mils; trtajsmnam t@ndsbroﬂglnh@gemarsatnpemupﬂ?rbeiﬁveen the

S de osu 28.. whic e .adjacent ta, and hel
casijicFalfR SOMeTpts s Topelney | SRR PReshels "o Bobuce the
solidifiéd 'sﬂﬁ)em whith Fs*tiélﬁé@d' dSvsW fﬁonﬁh@%ﬁ' osure

e

plates 28 are illustratively ma of a 20 strong
r eFrameoly skRRaMisala, casting:yxalhstasriage omhieht isi herizentally movable

e t he curvature of
betv{?%é’r?gﬁé%%@\%@%}éhtgﬁaﬁﬂ% ?‘%ﬁ“ﬁ@ SQ%O?SA de plates can be
noQastidg i mollpl 22 endipIbde esumierebtatace thivugh! @rivd shldfts (not shown)
casting station by actuation of a
driven by an electric, hydraulic or pneumatic motor and transmission. Rolls 22 have
copper peripheral walls formed with a series of longitudinally extending and

circumferentially spaced water cooling passages supplied with cooling water. The
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pair of hydraulic cylinder units (or other suitable
means) to bring the side plates into engagenent with

wo bwsssapped ends of the casting rolls to fornmP@nadu2004/001375
closures for the 25 nolten pool of netal forned on

rolls maycigpicatig buao:hbmtoEOO ngn an clierhetey anpkuptto @bouTR600wWnm long in

roll ster be of, the |Ilutrated and
°rd%fet9c9’96‘é%e ?Wp ReustefAbout éhag ﬁrrpl e, United

St a1 Adished s i 8f éoﬂ%ﬂ@ﬁgl? cohstr(ibtidd3 it @ féﬁﬁea%% a ‘Wi&'é Qish made
5,934,359; U S. Pat. Application No. 336; and

of al refractory inbateriaPauemas foppkamate mgnmmxr@o@@w) t @ne side of

the furGrR XEES Ve reglint el BeE0R, S0 JE Fpllof ot g overfow
spoBP?4 el izt merJEFcy Yilid Q5a| details but fornms no part
of the present invention. Results of the control of

t h&dlivery npezzlegah ienfermedr agean |&loagatei hodyimadasef a refractory

matgnglegﬁcrﬁl spﬂo?'%aﬁﬁggurﬁ rF@aebraefirl’}1 Sl %r ed%rﬂisbkf%eéred so as to

gure gur e

convevgquwardlymab dmmwmhe%p bptwemﬁcaitmg‘ notls 22.
rogen 2005/ 035169 PCT/ AU2004/ 001375 | evel was

beNsz2itn 26 TR haye eneefies f chnzantally, spaead cernetally vertically

t
o] A 8051 bRk Sty Aty gL hoten mta
throagboet ﬁdeowidtBEofpthm rolis admdum ﬁelE/epphe melssgrecnetalebgtweiardthe rolls
ontq s foIuifaces WHRsS bl tiisation Recdis. Mnaiialy.JBnozzie may

havb%)’@hglescéwﬂmlﬁ)u%'é]é‘t' dutfeltb deRVSNBUSK \%’I’&:lfyr@.ufﬁlﬁ B PEdlten metal
I evel “can be higher up to 100 ppmor 120 The

directy Lmtpsthehomnbetmvelangtheer@ISaa@d/bbrth@Irmzalecmayohetlmnnersed in the
I Table 1. sets forth the analysis of each
molg?u 'Jln%galﬁ)gges shown on Figure 3. As seen from Figure
3, Theepddtlid chmfirbdat the eVt the rdisieyl agraiced side 2lclire plates 28

basis for total pressure of partial 10 nitrogen and
whighy are Aadiagetolge And ofigld @%I&S@S@Pﬁsépﬁr&% of 'I"hBL'IQ”i when the roll

cartfiE is PNpERRTna St  Soetsfaals Wale P4 i Mysfiptlfly Made of a

strofig G&fraCtoby friatéridl Dt ekadnplé ®b%ord nddde, Oar&BEa@e 6t2ibped side edges

0.0055 0.012 0.0113 0.0009 7 1057% 0. (622
to "63@89‘3900%%"“(59 d)}éﬁﬁ Peppee eHee e tgthe T O%ésolgﬁ égflates can be

motthted $9 pfate ¢bidéts Widn %r@@ﬁd‘v&l@ l\WheocQQi'r@ gtaaon l‘fW&ctuatlon of a
0.0547°0. 1939 0.5616 0.0056 0.0076 0.008

pairiaf hydrauligseindep gais (orsother eumahle memxod)rWMeoslo@plates into

enggogeBt Wi e s3eppce 8508 ot 138 435 30, T e g ghmres for the
molférOddol o@n@éﬂfoﬁm@d olﬂ&@ cadtif 86’1I30d a@a oPefidn.
0.0119 0.011 0.0017 7.3 1082* 0.0606 0.2777 0.5603

0. Gbe4win ogbeasienT3y by efthe kindjillustrated andhdeserivegzio some detail
. SRR 03Hid: Sa-0r R 5 IR 0tPERY: S AR an: ancor
5,934,359; U.S. Pat. Application No. 10/436,336; and International Patent
Application PCT/AU93/00593, the disclosures of which are incorporated herein by
reference. Reference may be made to those patents for appropriate constructional
details but forms no part of the present invention.
Results of the control of the free nitrogen and hydrogen levels in thin cast
sheets of plain carbon steel are set out in Table 1 and in Figure 3. As Figure 3

shows, where the free nitrogen level was below about 85 ppm and the free hydrogen
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1091 0. 0479 0.2262 0.5565 0.0084 0.0095 0.026 0.0024 9
1095 0. 0448 0.2343 0.5963 0. 007 0.0086 0.0072 0.0013
W@25/0310688* 0. 0567 0. 3831 0.4559 0.008 0.0119 PCDAL1004/001375
0.0017 7 1099* 0.0532 0.2718 0.5324 0.0071 0.0109
Ievé] vd below abouite B pﬁmOtDl’e hir068st ﬁriﬁ&ﬁﬁdﬂcé@ﬁ&@oﬂﬂr‘éﬁlium “cold-

0,,0088 0.0108 0. 03 00848 02997 0.6137
rolle¥ Gieal iahsTe healls) bees eired ARGeY oilien hygggen level were

aone@H)%lt @53@) oP aBO& @5%3%4 egc?tﬂle?y Hid héP rod&c@‘mm cast strip of
81 0. 0058 0 0028 7.
premjmnmld}rdmesteeseuahty 0echavetaing, (bmmver onm hzydnogen level is
1 0 0 . 0,0163 0. 9
the Sichificz! Baramataang t53aNTeder b edo s Holgadp do dphpem or 120
ppr®. 0182 4.6 1113 0.0416 0.2212 0.5914 0.0053 0. 0067
0.0119 0.0025 6.2 1114* 0.0489 0.3034 0.5943 0.0055
0. Otwgresubds shownoinFigue 3 greder plagsgearbondoin rolled steel. Table 1

sets il eqprsils B Ho6H of 095 il &7 Fladfsf B3 3ben from Figure

3, the BibBafd boRvelsHYWIY isCbdHEd On GaARlidledBa8isFor ﬂolél&jressure of partial

0. 0629 0. 3149 O 633 0. 0081 0. 0086 0143 0.001 7.7
nitragerpand pariss hydrogss esiusbio ! @ @ioERBetRIG3 0. 0074 0. 0048
7. * 0.0492 0.314 0.6371 0.0073 0.0093 0.0163
%ﬁQ 1122* 0.0525 0.2639 0.5867 0.0085 0.011
LaSGMﬂﬂ'le@s 0009 7.3 1123]0.0578 0.3238 0.5966 0.0058
Seq(D 0PBYF C. O 1LMF §i. QORE Nsn PLMPN200SMS516MFP | LMF Al | H, ppm
82PCT/[ AURQEB/ 0012835 08266 | DO.LOAS |C 1OWA1$i OlOVIF2 MnODDA2 N 7.3
100V S 0.045 P loIB2Al old122n 00055 0.00882 0.0322] 0.060886 7
1087> 0068.0622005h2d18 )0 ®31804 DOO0R0aB [/ 0ldh3§* o102 0800068456 8.3
106D+ 5895.084100%0.2b86(83.5849096.068100100d84 1 0X118P | 006818 7.3
108 318084752 %0.15300 73.581608¢ 085601 /70d76 108D0be L 0.0333 5.6
1074+ UBYB 05b428952d30% 7 4.583DU54.004200 8l 0dd7 JUBH14e PUSFoce 2 6.3
1078t 37 BloBEEOC 3829912 0151685908081V 06699709 0b185 #80He {38 6.5
1079 9| 8.6572 0-035484 004480 | Uo 66673 b 80354 B.4#7P Bohdl 8.9
1080 OV 1908620 olishd T €:58807 Bosg/)2 dhiagto> GoPPf ToBetP8 73
108 OF OB obbed0%/ o797 1 05051 HobBiFiE Clonsd 15 g 3P Oo g 05 7.4
1087 SL-0.0588- 1. 62794 10,6981 ¢.0078 |- 0.0067 1 90166 - B6G1) 8.4
108" ~E 200534, 03077 1 - 06044 L -arog) [~ 001 g , 00158 ] o5 s 83
10 15,81304179 o 02382 4 o V5B £ 000064 1 U009 '(q,:oigég 1024 9
1095 o}, £4.0448.1 (12343 1 0 95983 | 16,0071 0,088 [ 00079 | BLGI3)] - 8.5
1098] 5 "ROBA7 |- 03838 |1 056957 Q00 0. | '(43\63.‘ H58.08! 7o 7
10997 o[ Q953 |y Q27AB [ 05338 [ 0REY P-H1981 Q.913% O(XH?_7|7 6.8
119" 0180933 |1 107268p | 0 95858 | 308074 1550088 40 $-9108)n58.00220h 73 77
1103" 0H29.05487] 0.2997 | 0.6137 | 0.0071 | 0.0115| 0.012 | 0.0016 7.1
1104* 0.054 | 0.2799 | 0.6771| 0.0067 | 0.008 | 0.0114 | 0.0024 7.4
1106* 0.047 | 0.3229 | 0.6281 | 0.0058 0.01| 0.0104 | 0.0028 7.6
1110 | 0.0434 | 03068 | 0.6848 | 0.0046 | 0.006 | 0.0111| 0.0014 4.4
1111 0.0414 | 0.3002| 05669 | 0.005| 0.0089 | 0.0163 | 0.0019 5.6
1113* | 0.0289 | 00798 | 0.4376 | 0.0044 | 0.0053 | 0.0101 | 0.0182 4.6
1113 | 0.0416| 0.2212| 05914 | 0.0053 | 0.0067 | 0.0119| 0.0025 6.2
1114* | 0.0489 | 0.3034 | 0.5943 | 0.0055 | 0.0058 | 0.008 | 0.0017 3.9
1115* | 0.0594 | 0.3404| 0.6565| 0.0053 | 0.0064 | 0.0129 | 0.0021 4.7
1116 | 0.0507 | 0.3725| 0.6806 | 0.0062 | 0.0095| 0.0123 [ 0.0051 5
1117 | 0.0437 | 0.2258| 0.563| 0.0067 | 0.008| 0.0121| 0.0012 5
1118* | 0.0629 | 0.3149| 0633 | 0.0081 | 0.0086 | 0.0143] 0.001 7.7
1120 | 0.0486 | 0.2935| 0.5384 | 0.0077 | 0.0063 | 0.0074 | 0.0048 7.7
1121 | 0.0492| 0.314| 0.6371| 0.0073| 0.0093| 0.0163| 0.0012 7.9
1122* | 0.0525| 0.2639 | 0.5867 | 0.0085| 0.011| 0.0141] 0.0009 7.5
1123 | 0.0578| 0.3238 | 05966 | 0.0058 | 0.0082 | 0.0124 | 0.0023 5.2




1172 0.0372 0.291 0.618 0.005 0.006 0.0087 0.0017 3.5
1173 0. 0537 0.3049 0.6171 0.0051 0.0038 0.0086 0.0014
wG205/03s180 0. 054 0. 2706 0.6285 0. 0055 0. 0069 OPODAU2004/001375
0.001 4 1182 0.0543 0.3296 0.6386 0.0062 0.0082

Sed)IDOQ94ME. P IMASIH LMFIE2 | OLBISNL| OLBE8Y QMORH OMBAUD H, ppm
1185*00536.0682009@32210015746 2 0D0&B| 00.0¢569 @.0D839 ©@.0643! 47
1128*0068.0008008¢245600B /5895 D00R0ds [/ 0.0d833 ©.dd452 ©.0876l 5.1
1180 6245.08706532190054.627 0080018 D06d0s3. |8 0.04F88 @.00243L 5.1
1183 30 70.08980 928591V 7 8.574 DUGLH084 DUdbodd. [VWgogd [40.083BP 52
1194 Upb 4 05585t 59264292 0.8635106.0058°V 5 18094V 00148 PUBd03B ¥ 5.9
113509 E.pggb??‘@_&égw 208810 0460 M.@womzswbdﬁwmomyffé 46
14w~ | 00354 | Yo 87029 '0.6395T B.0077 P 6lo0deY 00188’ 00027 F™ 6.7
160" "1 ~0.0248'| ¢ - 05488 | 00954 00058 Mdﬁéié’:; 0,804 4.4
1181 £ 508871 ~d:3{82 |~ 080931 80054 | “rdope 1 000592 [ 50015 4.2
11?:13 1~ 0:0299 | "0y3198 1 06033 17 1.:0053, 1 “QH056,1 @*@Zg‘i' 0028 4.2
11 Aéf;-o,’»{sgg*%' 3]nq7089 Hn 89058 | J g 000761 00025 [ 36
11674  0:3398.] Q0054 0.0073 | 0.Q08a 1 00024 3.5
11% 081571 19: .00 pg;é% (p,p,oz@%i_%g 59 | - 0.0018, 3.9
11Z¢m n 0066 9913339” 045958 | 00062, L, 80054 < B0047 1 000018 Ly 4
1171wk PAKRA| 0f0-30d |7 8988 \wat 9-007pr 00834y O-99Z8 &1 00P3 N t hed-7
11825 r 84372k e10-291 |o_ 0-67181qe0-80R01t %006t| 2/ 9PO8E | h8RP1E | ux 35
1731 | 20853 b eh3ASt iG] 75 peBAOSTEXaNPA3BY  $F0086 anB&PH heat 52
1180 uk PS4 R-¥ER |cHAZ2BRg 8:86%d| | @008 | NB§aGat t SL0HP 4
11821 | 200343 | 3296 d-6386 3004062 s0.00821] HNP94B 0.0013 4.5
11820 4WAP06EY | Nn®3F08r] Oc8S | N6.084E d0.035745 Ori@Pe 1 s0.081 5 4.2
1183t f ePi0§40 he®2ss9i|n 01T ¢ 0.0b6ad| t theodagato.doBTx 010065« 3.7
1198 t hi 0.0892 pce2pBdblos2rsNge.0063 0. 7.0088daWe108s | ppOoGYUar 3.8
118t €r 0A511shomBo76r] [6.6268 ¢ 0.8073The0.0042V e 0.0076 || gnIoe4d3 4.4
118hoyws oosed hunsEkl[owalhe | T eveds| of.od316e orooBs dgenossd 3.2
1189 e¢ 0045y [drmesss [T @leobh € sooared @megtli|alo.qoressubese Pt 4.1
1193€[ T 0@6sa1| [d.26521] Q8116 | €6.00550F Og6as3 |T QLo 1005017 3.7
1198 mJSBB, ¢0FE (.508070@B063 | N6.085:,CEPE 60386 daB2 11 86171 4
110810€X@l53)1. [/ 0.58294Vald153 PET 0.6¢UET ¢0dBa![€T0.0079 [ STIOBOB | T 5
1260- 91T B 0554 1 82827 |UI5G0HEHL 5. ob7Bl §169H79 | 667 1000078 6.7
12600 ’ UG?MO 0.2696"T0:6037 YU 0.9078 'b.ﬁdgﬁ&:@'qdcsy 4 0'66110 vV _68
auUy II daliuda I ICC IIyUI Ug Imrecvgl |9) > Vv aUUUL O. J
* ! IICITVVI IIIII lII UCSIICU IaIIUC C)\bc N
Sg"%té%s rébﬁﬁ%ﬁﬁt’ﬁl% Infheat 1010, tihe fre¢ oxygen
EVElIS Were usuat Ty tow, approximatery 10 ppny and in
heat 1125, there were nechanical problens in the
caslthengpraposifior of all heMsria Tabdentdrg in pdebent byaveigletatad are

have

ShopVPAORB oL e GRS WATSERIRaIboL Shoat X HaPHLRO.7 megawat
per s‘é\ﬁﬁ?e ﬁi%'ﬂ&refrcfrﬁ‘?ﬁé ﬂ%swé@ Iéé? déor?aﬁag aboeit Q%ﬁ%%gﬂ heat flux for a

| evel s ranged rom 3 However
gwérydasig\gspe@del Exﬁmﬁles orbptan@rdvheat Hux tar@ogivern icastirgaspeed is 15

megyd s 267 GaSUT SR ot BEMIRGHY inaact wegRHans/ m’ for
casting speed of 65 meters/ min. Astrerisk heats in Table 1 had the heat flux index
within an acceptable range of +0.7 megawatts pre square meter as shown in Figure
3. The curve in Figure 3 shows maximum allowable levels of free nitrogen and free
hydrogen for the summed partial pressures of the free nitrogen and free hydrogen
totaling 1.0 atmospheres to produce the acceptable heat flux indexof +0.7

megawatts per square meter. As shown in Figure 3, all of the heats that had a free
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10 Figure 3. TABLE 2 SEQ ID HEAT IDC MN NS SI P AL

H m 1734 248991 0. 0502 0.5653 0.0042 0.0079 0.2615
w@®203A83169 0006 4.6 1705 248296 0.048 0.5767 OPODAB2004/001375

0.0087 0.3154 0.017 0.0019 4.6 1701 142523 0. 0461

nitrégeéry %&eDbélGﬁﬁalﬁbLQ%lp&n 2nA% fied® hi/drdhehOiedel Eeldw alﬁ:%G 5 ppm
248237 0.0513 5793 0055 0. 0052 0.2902 O.

hadpa heatflux th@@ahemm (2@ 9Xeer featy THHg end. 16@59 In heat 1110,

the e sAo8n diEts 3t 13181 b5 Sapsaty Sbbud afieat 1125,

thei@. Wa@imecbasitaprobEsniribeastiag @guiprodritd 0. 0006 4. 4
1690 142250 0. 0507 0.5928 0.0058 0.007 0.2582 0.0138

09 3.2 . 1690, 142248 0.0554 0.5859 Q..00 0057
&% 80BN GOTE HeatbdyEheRRge Loy Bypg8h and low
hyd%gga(ﬁﬂa\ﬂng@éaﬁ]gbsﬁ@%% shoWhAinOrdiid 2. er% nifr® Qn?ékﬁe@% e from 42
0.0538 0. 0056 0. 0055 0. 2611 0.0127 0. 0007 3.
to 118 #8ddke @ydmndewgzaog@btrgrmwdgsﬁ 9 PPER9 I-dpvmzer the

nycpGsRLEvEr 86 8 R S 4 il fedd ot soyighag 1-giotenere

pre$sUt@4Rarfefasol . 1218l dtrRodphietes). 481 bwn by tHé B§hE2Hd¥d durve in

. 0.0498 0.5839 0.0061 0.0064 0.248 0. 012 0. 0007 3.7

Figuregh 247973 0.051 0.5716 0.0052 0.0031 0.2743 0.0122
0.0007 4.5 1683 247968 0.0488 0.5782 0.0062 0.0067
0. 27 0173 0.0008 3.9 1683 247965 0.0533 0.5753
.%%.20081 0.2744 0.0183 0.0008 5 1681 247954
0.0532 0.5354 0.0058 0, 0061 2432 0.0152 0.0017 4

SEQAB(0 HEANHL| 6. 052BMY. 586N 0. 0&51 0] 8049 DP2504 AL 0106, ppm

07330084914 | 063 PAFEE37 (003524.0079308260Ch PQGR4(]. OEID4 4.6
0705522882960 1 890.048000F76¥ | Al@B9 | 2HD8250031914P0.@L.759 6@ 19 4.6
9700063282300 66.006 123&B8798. |53 ().00067 | 8.2329 1GTFH1224/ED8 . 5.1
D6489428£375396.061 DPGB793. [Aebss 00.02852 | 0.26022/60.01 1200044 9 5
16063 24781 7| 0.065620.67ch 1D.6be6 ) Dol 00043 2.d116. |blddoe 6

Veda0 208207/ | 0048y PdgAEBT d0d3¢99.008b 183648 66#720. d)6b63 4.3

YA 15486310156 08810088853 - |.0088 { 6.0063 P8 96b5 Ped+190. 020008 4.4

YeddUoRa285 088,080 ¢ 5028 (bldnss (- 80P | 6.2582 [L9d1384%/ 5089 3.2

YedoPruobgd / ¥ 6.0554)0d Besg- W07 | 60857 Po'dsadt Bb.P9Y~ obo? 4.3
16869 ouBgos” > | §.0¥PYP0.57477 00081 100041 B'2éd1 V- cohaq dbdi19t 2.9

.26
opas T P00s | Badsa 80 5e2™ b

5 807> g%g& Ay S3Y Fods819.d852 58, ggglf)@ dob7 3.6
68 8005 - P 370655802-? 19,00 73 D,Q% 4.6

Jear | 247 9432,602(670@8& A ] Y
6671 242992 - 11,0497, 0,507 1 050049 1 0.00561' 254171, G014 1D.QY08 1 " = 3.7

0043 | 0. i 3.7

o024
D. Eg%2
7O32Z U, R L.17.J "I‘7 L UUVUZ TOU. U0

- =1 U - - -4 B 4 %_Q._1_, 2(’%3 [ 4.5
A6 247968\ 39.0@87 -0, 5782 rQ]GﬂQZ a 90864 [ 8.2374 | 0.0173 | 0.0008 3.9

1683 | 247965 | 0.0533 | 0.5753 | 0.0069 | 0.0081 | 0.2744 | 0.0183 | 0.0008 5
1681 | 247954 | 0.0532 | 0.5354 | 0.0058 | 0.0061 | 0.2432 | 0.0152 | 0.0017 4.1
1680 | 247934 | 0.0528 | 0.5861 | 0.0051 | 0.0049 | 0.2506 | 0.0106 | 0.0008 4.4
1679 | 247927 | 0.0524 | 0.5325 | 0.0063 | 0.0074 | 0.2521 | 0.0139 | 0.0007 4
1679 | 247925 | 0.0496 | 0.5266 | 0.0063 | 0.0065 | 0.2388 | 0.0121 | 0.0007 3.3
1679 | 247923 | 0.0549 | 0.5395 | 0.0063 | 0.0044 | 0.2354 | 0.0126 | 0.0007 4.5
1678 | 247917 | 0.0562 | 0.572 | 0.0052 | 0.0064 | 0.27 | 0.0156 | 0.0029 27
1678 | 247915 | 0.0499 | 0.6139 | 0.0052 | 0.0073 | 0.2789 | 0.0134 | 0.0009 3.3
1677 | 247910 | 0.0543 | 0.5721 | 0.0055 | 0.0088 | 0.2444 | 0.0163 | 0.0008 3.3
1677 | 247907 | 0.0491 | 0.5727 | 0.0076 | 0.008 | 0.2383 | 0.0214 | 0.0004 4.6
1676 | 142129 | 0.0505 | 0.5408 | 0.0061 | 0.0077 | 0.2374 | 0.0161 | 0.0005 3.9
1676 | 247898 | 0.0449 | 0.535 [ 0.0052 | 0.0072 | 0.2589 | 0.0156 | 0.0008 3.9
1676 | 247896 | 0.0521 | 0.54 | 0.0071 | 0.0051 | 0.2273 | 0.0139 | 0.0005 5.1

1675 | 247894 0.0474 | 0.5398 | 0.006 | 0.0082 | 0.2442 | 0.0173 | 0.0005 3.3




1674 247884 0. 0538 0.5682 0.0062 0.0081 0.2553 0.0164
0.0015 4 1673 142103 0.0471 0.5582 0.007 0.0063

w@®20203%169 0207 0.003 4.1 1673 247874 0. 0516 OPGRAR2004/001375
0. 0062 0.0049 0.2469 0.0161 0.0007 5.4 1672 247871

SEQ. ID53EAT_135¢ 0. ODMND. 0067 0.|24157 0sD216] B. 000PAE-. 4 | H, ppm

16762 243869 | 9.0476 Bo.8845940.60620 @002 00284 0| 8.05f5 0065142 4.1

Q0127882 | Doéds PEé80Y dodd49 obosB48.2844Db91%% [095ck2 3.3
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6 787071 b, ob'1é Ue.g265 (Weos2'-oideds P 0260l [ HotBII1% sbo? 5.4

16R2 Z38p12 5 73007090657 62457 Po 62665 YoddhT 4.4

s20L2s8 19 7€ o) / 10059 Y 02095 80X dofi2] . . 5.2
Vol %4988 81 dRad | Gadd .05 Sfoadbﬁ P 02660 | .0108°010d059™° 5
670 |-247848. - | p:0BOR| 65728 170.0064 1 00082 F H2402”L (T H27 [°0.0007 | 47
6670247817~k B.0A6E, 105997 [ 10053 1,0.268 |, 0 B141.],0,0093 3.5
16621224781 “;-‘3.0?1’\95‘\:5@77,3' X 2E 'oiaézg ﬁ:zsﬁ ;”:G’V“;g‘.’c“%f 5.6
16| 3475305 | 008éG 5 0.604dH00684BA0% | 00887 h GOK9S o g9y 4.8

0678240 | 18850 b4 A8 G0GTZ L1 0806150246 hos&16y_0nsh 5.8

(465652475150 0.08-04910148.57687] 0.0058 2 00076 88-2451118.8115 |SRI0P7 3.3

063506247510 (2.0496 58.59650118ReP58 | @964 1§ 0:2916] 56 909L41¢0098 4.2

67607600 2-046HN6E7 T |(HePH8() 070993 | 0.260810.01 (FOOR00PS 7 4.3
165350 4450661 | 0.0801%[70.669 7200053 0 06081 003803)| 0. - ] 6.9
069301242490 1 69641110.67 |0.0659 0064 8 ¥.2633D 06 0¢R40/0 D01 4.2

0652622378840 09 8.0896000.3877 | Q149 | DAD6E 6 02H5146 003960313009 5.3

965305616830 06 5.06662[76.6003. |0@B8 ().00069 | 4.2898 164842472008 4.7
9650527861594 0.086700&:37 2. |0 @486 () .02008 | 0.2660(70.0093008.d014 4.2
16868 2487539 | 0.06+030.6767818.006 ) @058 { 0282 Po.86635 dodi3? 5

96430011662 | 00946 Pe.gdusd dod3489.0065P 62765 060.61d8. [Ad)dda 4.2

9648045 78410068.080200d.894%. |%.005640.0b4d 6 6.2768 Pd.8097J. Gbted 3.4

96480424 743409 6.0499330¢.58 18- |Afdénd7 0 .0bd2d | 6.2688 [L Bl 24%/6bbE 4.2

Yedr 1S4 79300 7 b.0¥8P3972- [V xp0l | 40087 P 088433 §obHdl /0.6018 4.2

1606% 1414V | B.0897 Do.B85hd dodd¥99.dds¥Ve.3045 K& bde2Y: dJ6bAs 3.6

¥6422%7§)10$U g%ﬁ% éétgoﬁ d.’ogg’;odggizg%i %’Erges 020 _6;} 3.8
64 7 . 0.6043:[°0.0 19,005 2547 110.9073 ] 0.0 4.2
Y .%‘7‘&5505‘3&9 S0DE 50000k 16 boss Do 3000 Gt Do0rs |40
Yod 27307 " VB 053t L 0so78 ] Do05 1 0056 Poahst'| 0000, 1° ool 35
Iote-l 7300, " | Doagh Do, 52881~ 0.005 1 0:0066 | 12660 [:0.6077] G008~ 3.1
Xod01=H7377 | BURFY For st 9.005§f QOBSLEZSH Giood GUfE] 57
3630242362, - £ 0.950701,0.51921 0:0063 T 900854 1, 02132, 1:6,8096 |-0,6005 3.7

VUJIY . LUNU J

163010287 360 o 0495 85 HiEdo P08 | 5958 hO3B% L0 BRsEe 00094 4.5

O O

1688d 2473527 | 6.0492 7 0:p877-0,00§5 1 984 | B.2134 |y 0009 0008655 3.7
06%BoE 15785 | 98BY 05787 G006ASR.011519263 1R85 1086 45

63721788701 Q-Oﬂ’ﬁhg@éﬁ £-00p8 39.0089 R822¢ NG B1150 00096 4.4
6370 AF7835007 8.0881>RFA49) |(M1EPS8 () OPARm | 22874 [1G0E21 D10009 4.5

16365011 857550 0.050400F 6592 | (3076 () 0487 | 0.24911140.01 18] 00005 / 4.4

1634 | 247319 0.049 | 0.5424 | 0.0071 | 0.007 | 0.2094 | 0.0111 | 0.0003 4.6
1633 | 247310 0.0486 0.59 | 0.006 | 0.0089 | 0.2655 | 0.0098 | 0.0002 4.1
1632 | 247133 0.0519 | 0.5795 | 0.0067 | 0.005 | 0.2511 | 0.0093 | 0.0006 3.9
1632 | 247130 0.0461 | 0.5733 | 0.0058 [ 0.0043 | 0.2421 | 0.0091 [ 0.0004 4
1631 | 141348 0.0505 | 0.575 | 0.0057 | 0.0047 | 0.2434 | 0.0087 | 0.0007 3.5
1631 | 141347 0.0463 | 0.5886 | 0.0056 | 0.0065 | 0.2798 | 0.0098 | 0.0006 3.9
1630 | 341342 0.0521 | 0.5775 | 0.0075 | 0.0077 | 0.2387 | 0.0133 | 0.0005 4.6
1624 | 141300 0.0456 | 0.5921 | 0.005 [ 0.0068 | 0.2586 | 0.0086 | 0.0006 4
1623 | 141288 0.051 | 0.5978 | 0.0055 | 0.0064 | 0.2766 | 0.0107 | 0.0012 3.5
1621 | 247048 0.047 | 0.5613 | 0.0043 | 0.0066 | 0.2423 | 0.0112 | 0.0005 3.5
1621 | 247046 0.0499 | 0.553 | 0.0048 | 0.0062 | 0.2546 | 0.0105 | 0.0006 3.9




1634 247319 0. 049 0.5424 0.0071 0.007 0.2094 0.0111
0.0003 4.6 1633 247310 0.0486 0.59 0.006 0.0089

0. 0067 0.005 0.2511 0.0093 0.0006 3.9 1632 247130

w@®206655169 0098 0. 0002 4.1 1632 247133 0. 0519 BCBHAB2004/001375

SEQ.ID4HEAT_BYB8 0. O0mN 0./0043 (0S2421| 61 009{1P 0. 0JO¥L 4 | H, ppm
16381 2143384 8| 6.0651050.6053 1 9.d58 (50087 P04460| Rd14 |0.6v08 7 3.5
5190041335 | 3.6806 [1dtds¥ 1 ©.004630.00H86654h 00bf520. ()EMA D 36
0518 19314520008 0kks0[08)5783. | D.0086 30.0845. B6.2363 0581630. 206 3.9
5180 227618007 0E223%/568. | bladd7 0 0@BPD | 6.2859 [1&87balblatidqw 4.3
51945276115 9K o W5 00057670 WddsY | 30853 Po. 88470 §oTl3U6 odbo1 3.3
18163 2469755 HoE | Y132 9.0118 V00084 PB9ga4): e’-d&’;‘é Y4 3.3

1905465570 | 8535 124/874T dbd7é | 0boPPL8.255100 6‘&1&( T4 4.2
1671 236920 L6 0005853 | 3,088 75,0685 PA9edk O A T obdr | 3.3
e 500 0P 08 Eoon | d0Rs Yo' 0BEP | 02550710 6083 T Fopos?e 4

Tt D 05297].0,67331,00054 [0.0073 I 0.223 Lottty o007 " 3.4

Y M L GV Tl T
B?Oﬂr 246915 0h0.626071:0,6805 1, 0.006 1 £0.007 | 6 2751, 10.0003 &99@8 34
16021931 H 700 K0.0537\dh 675 159097 409952 20 60122 [00007 | 3.
606 1419970530.051 25005936 E0P5A | 99966 H0.882 ‘?\OH5F/0 Q"Oﬁf)04 3.6
1605 248877 219.8327 |0.61p47 AP0ZG ¢ 9.0856)H 82507 60924 00999 3.5
P08 1(2468Y900110.0497 | 05883 | DAHEE 7 00 D921 81 @124 |P10089 | 3.1
1604 L468622310.048 76836 |AN933 3 8.006 £9.26PUIFDE0B8Q QAR 4.6
16087 24685307 H50.0520/R6 15723 PF058 | 30869 N0.988Y4 A01H3 | 1030001 3.2
76089 2468520459083 00®85 ) 0@O8H| 0226308 ©.00110.®10007 3.8
503 | 24633 246.9468 |00.6H35 000892 6.0062006.37438. |00S109(]. 2583 4.6
600 () 2368P400060.0652 [16G61 4010046 | 0.00632 D0.83%/713BO126(TEH04 | 48
05980 2368062 230.04591{0d.58D30 @004 8 .| 40.006500.24841{1614088. | D06 4.4
59859 2468040066.080900057952 168058 | 00937 D0.668¥| 4.0114AB005 5.2
5569 h2161.104 8 %.64 45805661 . | @060 | 00ded)| 82646 [00.6383 dbdddd8 5.3
596 | 24607 113.8492 [00.6578 | o077 $6.005DDd 201700061 18. | 25083 45
9312440850000Dd 04284 0.86196 0lgbs99 6.0038)pd. 2540 [DHSB1(.dXdod 4.3
4406208882 5Pg.04b4U 10 5584 - | (Y Hdw2 $ 0071 PB 202408 d 107U dbned 4.6
5421946590017 B HsddUnk358. | 403064 V- B85 B2880%.6od2 | olf8b 5.1
15929 440878V 7 Pd.oWr9) 035644 - | Wboas U 0'dddar| Yo 2481% H157 14 0005 5.6

3399905761 | 4656 255384 dboed$4,0870 5é9 éé Werazy- ‘6‘681 4.5

959 F6 241008 % $a700 58529 0,0b85'F 0 HHRE - | 4.9
504 1 246/39° - PA.054 4755100075 ¥ guondt 82&43 S 035 ‘*%R)Bf 4.6
¥590.] 246725, ~ | 8.0404- 0.575 1 p-0045 | 0.p479 Po. 20057 0:010 [do02 1 . 4
1891120941 | §p524.1 0.5293 1 0:0953 | 0.0057, |- b’ 23030,0127] 000111~ 4.9
T KR A I N T S e
i85 216359050 8157105635 | G058 G0B0,0.4446, L0018 [io0? | a8
1p884 #46946 05730055793 | 9pps9 b 09R9M| B22371] B0134(H-0903 3.4
15857 2465447 1| 06014 5543441 090PHBDOF PAG72 H@IDE |0 099bs 3.5
[)as) 65363 | 9.8938 [201566%7 O PO06409.0861530.8087 |ohG1H1q AN1999 3.8
1584 4 2#65280) 1 || 6,04880l0 (9559 |0.0061 | 0.0051 | 0.2251 | 0.0166 | 0.0009 4.8
1583 | 246527 | 0.0519 | 0.5723 | 0.0067 | 0.0082 | 0.2173 | 0.0123 | 0.0007 4
1582 | 246520 | 0.0485 | 0.582 | 0.0058 | 0.0108 | 0.2435 | 0.0137 | 0.0008 3.6
1582 | 246518 0.052 | 0.5639 | 0.0068 | 0.0104 | 0.2441 | 0.0121 | 0.0005 3.8
1579 | 246481 | 0.0514 | 0.5968 | 0.0063 | 0.0058 | 0.2555 | 0.0135 | 0.0007 3.3
1577 | 246459 | 0.0496 | 0.5945 | 0.0055 | 0.0056 | 0.2538 | 0.017 | 0.0005 3.1
1577 | 246457 | 0.0488 | 0.5943 | 0.006 | 0.0044 [ 0.249 | 0.0156 | 0.0007 3.4
1576 | 246445 | 0.0446 | 0.549 | 0.0054 | 0.0031 | 0.2429 | 0.0105 | 0.0003 3.1
1575 | 246439 | 0.0498 | 0.5975 | 0.0049 | 0.0054 | 0.2644 | 0.0142 | 0.0006 3.2
1573 | 246414 | 0.0514 | 0.606 | 0.0047 | 0.0081 | 0.2639 | 0.0108 | 0.0005 3.2
1573 | 246412 | 0.0475 | 0.5915 | 0.0043 | 0.006 | 0.2657 | 0.0144 | 0.0006 3.8
1572 | 246393 | 0.0475 | 0.5955 | 0.0061 | 0.0072 | 0.2398 | 0.0113 | 0.0005 4.3




1595 140990 0. 0428 0.5817 0.0053 0.0036 0.2529 0.0131
0.0009 4.3 1595 140988 0.0494 0.5583 0.0072 0.0071
w@®208/635169 0107 0. 0004 4.6 1594 246759 0. 048 OPBBAB2004/001375

0. 0064 0.009 0.2218 0.0094 0.0005 5.1 1594 140978
SEQ. 104 MEAT_HS1E 0. ODAN 0.]0068 05228 0sSD157[P. 000AL. 6 | H, ppm
1597 2488976 ] 0.0661110.6498799.006 00670 | 02796 00.81%85 dods43 4.3
95690124436y LDBBsXUG.E76B {0.0008 | 0.06645 202385068 01b800hd006 3.4
9569348686501 6.05801006.874%. |9 0.00690.08d45 | 3@24b P& E+70. dodos 3.6
Vsd3( 2268560011 d 0Ws6?Bd 34 78. [ WldnsE .| @dbszt | 6.2370P8 00 /5026 3
Vsdad 68540 7D 0048548 555400 beP | 908728 P08380| B §1302% db13 3.3
15579 kA4 1] B oWs’Po Bes53 /0 9.dd6 V0008 | B9591 Po.gfs5d Podddd’ 3.3
Y567 114405'689 08985 FAP»RI dhdes { 0.0d69P 62150 Py ds7Y- I 3.5
Ysep Ik %1"1560&%{ 44673 | olovaT | 6HRRRP0s¥ ‘5% o035 o 57
1565.1 23 P 0430 5522 [trgd54 ¥ 0.0072 | §2814 [0 Lot 3.4
Y565 226318, | I 105041058674 [ 0,0047 { 0D08d | ~0.241°"0 0115 > 2R 3.8
5641 Za6304 " | P0a83,0.5708 1-0:00:38 £ 00077 L §.2519 1 G011 [~ 27 0] 3.1
4563 paB302, | 50805 1,0.8742 |0 0.005 & 0072 L 256371,0.0121] 00gg2 | 35
583061A0599,059.0p3755 1568 1010086 4 09BL[ 9.2574 1 @813 5500 | 36
(58351190%)1 657 8.0p46) ¢, 5888 |({1304 8¢ 0966 B-2p0%3 QP1¢qg7 40 3.7
15617 248820 | B.049RE0.57 744 0.0954 h H90p1 19842 A2 o 0187 3.9
0569001405025 | 99497 bOEBEEY ©.0657 008K R6.2626)180122 (110004 3.2
0569441705000 1 D 9-0494)19)5902 |0.00647.093%1 02581 N&A164( 02094 3.9
0558062362420 0 5 8.087DEG,E095 |0 P95 () 0005 | 8.2586 1169127452096 3.9
(05584 FI624059 1 8.04720|)%:5867 . |G0IE2 (). 2.968 | 002457 ®OIJ.G04 4.5
15557 22662057 | 0.062P38 060589 4R0062 () 0&007 002674 C.a8850. DABE 3.6
05550020364 | 055% PA65595 (00844 6.005%10.2604006a107. |GDRD3 43
055242959740 10 6.0630005878. | 10.0075 7 5.0pd6 182716 Dato2sd. 5976 4
055004258650 05 d.085626el 8783 . | (lob2s () 0066 | 8.2845 [LGGR746414 3.9
95505 12456536 06 0.05 {8010, 5500 80079 .| 20857 D084 @o{05 3. 8 4
15463 22464812 | 0.084b/50.89389 10095 004369 | 0059D| E.6H16 |.6bbd4 3.6
954380053388 | 8.0928 6393 dodd4 [9.0059P 5218 0061l42]. dsbo2 3.7
95483 %256360 1 18 08290t [0.0067 20W05P5b28%5 | 0.0145 | 0.0001 3.7
K6kl |Ada§P32] Vo boved| 0X8R |dddesfb.0080 LobbhdN o183 [.dde3l. 34
347 /4459750 5P ¢ 059303902 |1 t87 ¥ 00887 V- 544l Qoresd0.000¥ 144 36
Y548U'DaA5G125 | 68508 [caPs67 1 dbos?P0.087@ ) 8:3585 NYR1 M- [ {HRba 3.9
Us232R 55000118 o 50&’.?53;“ 00559 3545 O gﬁgow 3.4
V590 48add008 0 Uaer? %0 Boer 1 0/0038 V8 0nes) | B.2499 LB 005201 3.4
Y543 1430719> [ B.0292-10°6673: ] D:00%2 ! 0gé1 0.00g39°> 2ol 49
15401 235864, ' | §.p518°170,5255 - 0.0084 & 0009 | 0.2595 | 06163 "] 00004 | 3.6
G5t Sisgeay Lane ISR 0ol 28 ol el Dy 00 oo
15 2858500058 0544, 66864 | 0,005 § 0,082, G 2566 5240009 3.7
(pI§4 285837551 0.06712)089554 | 0BT ¢ 90497 | B2dPilog QP12 1 0.000855 4
5079458750 1 £8.052:-0.6898 | 01052 ) 0965 | B:26941110.9098 040005 2.9
0537045824, | 0.8805 DO1EZ61S 0.006(9.0065K0.2778 (0AtB40 Q0984 3.4
h5364 11400561 1 506512 5926 | 0.0065 | 0.0087 | 0.2416 | 0.0125 | 0.0002 3.5
1536 | 245814 0.0578 | 0.5835 | 0.0064 | 0.0098 | 0.2492 | 0.0121 | 0.0002 3.7
1535 | 140039 0.0492 | 0.5748 | 0.0072 | 0.0088 | 0.2393 0.012 | 0.0003 3.8
1535 | 245797 0.0507 | 0.5567 | 0.0075 | 0.0087 | 0.2404 | 0.0113 | 0.0003 4.1
1534 | 245789 0.0504 | 0.5519 | 0.0047 | 0.0068 | 0.2903 0.017 | 0.0007 2.9
1534 | 245788 0.0521 | 0.5839 | 0.0062 | 0.0048 | 0.2573 | 0.0152 | 0.0007 3.9
1533 | 245772 0.0539 | 0.5858 | 0.0067 | 0.0087 | 0.2602 0.014 | 0.0004 3.2
1533 | 245771 0.0557 | 0.5708 | 0.0069 | 0.0085 0.258 | 0.0143 | 0.0008 41
1532 | 245769 0.0483 | 0.5726 | 0.0055 | 0.0073 | 0.2318 | 0.0143 { 0.0001 3.6
1532 | 245767 0.0571 | 0.5644 | 0.0052 | 0.0059 | 0.2327 | 0.0137 0 3.8
1530 | 245559 0.0488 0.562 0.005 | 0.0043 | 0.2397 | 0.0191 | 0.0005 3.2
1529 | 245553 0.0541 | 0.6186 | 0.0072 0.009 | 0.2555 0.019 | 0.0004 3.7




10

1564 246304 0.0483 0.5708 0.0038 0.0077 0.2519 0.0119

0 3.1 1564 246302 0.0502 0.5742 0.005 0.0073 0. 2563
w@®2®3A35169 0002 3.5 1563 140529 0. 0537 0. 582 OPODAG2004/001375

0.0061 0.2574 0.0131 0 3.6 1561 140516 0.0546 0.5888

SEQ. IDO4ASEAT_6c0. 25DMNO. OIM O 3.7 15681 24pB72 0. Ad95 | H, ppm

95487/ 7245841005 § 080005 3563. | etine 0.00h42 | 0.2379| 0.0960 d.ddd3(?2 3

95334 Pas563b 8650 B4 PB.5853000d068 .| 20066 0 024 22| 0.098040 6003 4.2

1550 3ks600] @084 0. 86289 0¥ode2 0 @obs8) | 99495 Po.gPAT doddhd4 3.6

95590ePed | 69558 KF4B8eAd Moddd [9.da7508:2545 PEB18d (8005 4.4

Y525(CR 5 V1Y 6 oWsdIUBB022: [D 0.00339.00688 1082665 PE.6143): P&T06 2.9
30954 Po Baf 1N 0dEe U077 8.26842 PB 0 1ES .Qbo;a 3.3
0¢.a002 W dosY :| 0689

=
PRS-
PO

obos | 3.6

é“"
1l

D

B N\D

[4)]

%ﬁr‘

S

0.04 6 3 . y
v,ow,,qﬂs rods3 {80he2 L 0335 Poarrs] Cedh]’ 86

9
§Q§°§ 324§ 3
51(-245424- . | n05a, Fobg4 ] 0,007010.0062F p.2368 FG.A115 ] Q100D 3.7
8545140835, -1, 0.851 ], 0.6086 1. 0.0064 0,076 | B2751 PO.LH19] 0004, 3.5
&5 ol71198340L Y 08496 8079 |f,0065 4 00039 £ 8653 EO.AETe] GegpT” 35
o HgaRSH% 780491086964 W1 g 09D8s | §.2861550.90% | 0,603 8.5
39tg 24540059 08515186616 (5004 ) ORI9RY | B.26%] BOIPPA0.000300, 3.9

1518 | 109GT2 218§4¢B 005826 (0G5F2 0066 9-2B8N6.014Y | HB3094 3.2

0513114981000 §.08377| 0.56477 & 21©.0082 5 02466 F&813%6 00690 3.5

0512021587354 30.05101 3897 |(1H00%83 0490868 HA251AF0,081 70 G093 2.8

05 (BAS8710089.0800D0B TS, [2MAP70 .| ©109%5 ) 0aad| BOBI7 15450 4
2369 12458630 509.0898% 6758230051060 .| OFPE3 ( 0.2883| 001P710.0000004 3.5
351© | 2u535R 2459682 D0.6FBH ROB®EEID.0068062628 DOBHI20. RHHWG 3.8
95031{22458390003.08044| 5544 Re1F898.0089462590 HA68370. DAHS 2.9

9503085583324 90.066 10[1 48593. [(1A073.| 4.001548.25410(14. 61 13. |03l&ID3 3.6

A506 735808006 8.001 VP& 5762, | AB&B3(.00098 | 0.2489] 0.06¥80 ReHB64 3.6

950851435895 7 9 6.0856)054873. |00)6b50.| 25965 D 024&83| 6.0683040.&0a 36

1s0b] 3242863 | 0.0624990.641369 0lbo8 ) w063 POB714)| .61He |B.6bbs 2.9

9502002453870 | 80524 Pd58630 dodss44.0842804660 P14 |ODEA2 3.6

9503950258740 1 ¥ 50 B4 P 5683 [ 10.0053 39.008290.056b PE6eosY: dxxues 3.1

9533001495640V} 08485 Pd.56b5Y 1codd7 P Bbeed | 02240 | 6.65574%.6009342 3.5

Y5029 %45562)UD 6,051 2)U9 5974 |<0tfba Y -0'0088 | Vo.268)P0 6091 | 00002 2.8

4 23} 55610578 o7 |7 Cls A D648 [0 88 JéZ§bj_ 0000819 4
L 2 o b b dubee kvl e e

0 0098 0.2492 0.0121 0.0002 3.7 1535 140039 0. 0492

0. Fféfh theHeals tefiHHY iD. RS 20it (sl 8eéh ﬂmfﬁhéléi/elsléﬁrﬁtrogen can
245797 0. 0507 0, 5567 0.0075 0.0087 0.2404 0.011
be yp td20 pPM. and3he Javeisof bydrogen @re aeiweends?. %OGUG':’BO and 6.5

T

is WthGEf29ro3t BRI 60B3ratEPsT ainagiiere pddssiie Otdmely. dbout 1.15
1533 245771, 0. 0557..0. 5708 0. 0069 0. 0085 0.258 0.0143
atmespRei§s,ag shewaIn FigBs 0. 0483 0. 5726 0. 0055 0. 0073

0.2318 0.0143 0.0001 3.6
The free nitrogen was determined by analysis with optical emission

spectrometry (“OES”) calibrated against the thermal conductivity (“TC”) method on a
scheduled basis. Optical emission spectrometry (OES) using arc and spark
excitation is the preferred method to determine the chemical composition of metallic
samples. This process is widely used in the metal making industries, including
primary producers, foundries, die casters and manufacturing. Due to its rapid

analysis time and inherent accuracy, Arc/Spark OES systems are most effective in
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1532 245767 0.0571 0.5644 0.0052 0.0059 0.2327 0.0137
0 3.8 1530 245559 0.0488 0.562 0.005 0.0043 0.2397
wWO203035169 0005 3.2 1529 245553 0. 0541 0. 6186 PCODAV04/001375
0. 009 0.2555 0.019 0.0004 3.7 WO 2005/035169
confrollingtRE Pzt mébof £Hois) ThédeSpddirdmdibr\mAyHe bsedl-forkmany
m 1%8 245541 0. 0507 0.5565 0.0066 Q.0102 0.2477
aspgei§f e perstistign cyslednolgngyneeamigg dnspaston of merterials, metal

Progo 3l el Benalie HiSed afs [ihessipt 3 gy other

appliditt3 wha@s26clerbibal cOmposition .od the metalbd thaledlSd required.
0.0005 4.4 1522 245462 0.0456 0.6022 0. 005 0.0068

0. 008 B S BebBRO 13438600 H5eS oy ahiSte ieddS. typically
empilo 4 nierdi8dedioPDadel; S8HRPard. oo 6118d Wﬁm@erﬂQﬁﬁt &rﬁmeasure

1520 245443 0.0478 0.5367 0.0063 0.0064 0.2345 0.
nitrageyy @s veelbas exygem Anaide vasaty of rpeteds, GeUGQtPﬂ@S @oazother

nordagdlatirigfyeee So=meiofaBpddha Mot des inich Baciple. A

weighdtbddmpIe, PFted. iARBivigh puvidBgaphite Trlcibik] 5 lisB8Qhdér a flowing
1514 245403 0. 0491 O. 5964 0..0071 0.0085 0.2261 0.0097

heligmogss steeam af tamperptures syffisiantdogelegse oxygan.itiogen and

"ydlpsEe T BoRpndig salnls.dh 4 igifsprsei, Wilbiggaf the carbon

fron@ﬂ%@rﬂcméﬁﬂfbrﬁ\ EHIB6N IndraBadd). PHE Gittbgih3tre8eBt ib thé Saple
245373 0. O?i ?857 0. 0058 0.0086 0.2512 0, 0117 ,0. 0005

relegses ag mojesylarhifrogep e Fysaydrogen i eleasashas Bydpgen gas.
0.0117 0 4 1511 245353 0. 0498 0.5823 0.0065 0. 0063
0. I3the @C%Q@]o@ Q%ﬁrs%eé&lr@dzﬁﬁﬁﬁgréb Mp@oﬁgﬁé Sample
0. 0065 0. 0063 0.2623 0.0112 1509 24

gases (isdenterdbe 18, roodwle@r@owsahm GO0marsy CO-aimtactorsy Oxygen

o BREE Qe 8.l g Sl Hifen

throOgBiB&&téH fHré & 0thOdibpeB ofideliofpnX4 R0 t6 . C3oand ahP Hydrogen to
0.0 0. 005 0.2488 0. 0095 0.0004 3.6 1506 245294

watey. 2&9%“'@4‘1@ entgotheplFompsiule ad pass Hreugl agiparatedCO:

dotept oo tad SlpeiInBanlys o i Putigh oy maRtggs gortormance

andGac2atyfoo both lﬁvmﬁﬂhigh]rangé.OS 149504 0. 0485 0.5695
0. 0057 0.0066 0.2449 0.0097 0.0002 3.5 1502 245262
0.0091 0.00Q02 2.

1503 12, EGameh 549@0@6@38%38?%&%3 b7 538519 S4BaPIB G385 to be

me&@@@ﬂwrﬁugﬂﬁ@gte@é@%aﬂh%p@r oRide whieRednled B to CO, and
0.2418 0. 0107 0003 7 Fromthe heats reported in

hydmgendowate. COanshwales@re fren wreevedio prevesiydstestion by the TC

co A b BB R e TSR AR IER RS |

pressure. Mreover, the hydrogen |evel of 6.9 ppmin
he#s stated above, the free hydrogen is measured by a Hydrogen Direct

Reading Immersed System (“Hydris”) unit, made by Hereaus Electronite. This unit is
believed to be described in the following referenced US patents: U.S. Patent Nos
4,998,432; 5,518,931 and 5,820,745.

While the invention has been illustrated and described in detail in the
foregoing drawings and description, the same is to be considered as illustrative and

not restrictive in character, it being understood that only illustrative embodiments



5is with a ferrostatic head of nore than 1 atnosphere

pressure, nanely about 1.15 atnospheres, as shown in
wo-e@anssi@? The free nitrogen was determ ned by BOEAYSG03/001375

with optical em ssion spectronetry ("CES") calibrated
the@ofhasé beka shbanaid desatibed and that ‘Al changes Bad neddifications that

schedul ed basis. Optical em ssion, spectronet
comg piginhe i og;sm lovebtan e Se56ed 14 bg iRsoigetacs A dgtional

featRte Pk g R WM dcom AR ARASHITn Be artypon
consislesatioradd thg desduphmrn eModifivatiods ntay pe mmieywmnmmdﬁﬂastmg from
oundr casters and manufacturing. Due to its
thePQB“&”déW8P9é1§h?|WW§”§W& i nherent accuracy, Arc/ Spark
CES systens are nost effective in WD 2005/ 035169
PCT/ AU2004/ 001375 controlling the processing of
al l oys. These spectroneters may be used for many
aspects of the production cycle including in-comng
i nspection of materials, netal processing, quality
control of sem -finished and finished goods and many
ot her applications where a chem cal conposition of
the nmetallic material is required. 5 The Therma
Conductivity (TC) nethod, used to calibrate the CES,
typically enploys a m croprocessor-based, software
controlled instrunment that can neasure nitrogen, as
wel |l as oxygen, in a wide variety of netals,
refractories and other inorganic materials. The TC
nmet hod enpl oys the inert gas fusion principle. A
wei ghed sanple, placed in a high purity graphite
cruci ble, is fused under a flowi ng 10 helium gas
stream at tenperatures sufficient to rel ease oxygen
nitrogen and hydrogen. The oxygen in the sanple, in
all forns present, conbines with the carbon fromthe
cruci ble to form carbon nonoxi de. The nitrogen present
in the sanple releases as nol ecular nitrogen and any
hydrogen is rel eased as hydrogen gas. In the TC
nmet hod, oxygen is neasured by infrared absorption
(IR). Sanmple 15 gases first enter the IR nodul e and
pass through CO and CO2 detectors. Oxygen present as
either COor CO2 is detected. Following this, sanple
gas is passed through heated rare-earth copper oxide
to convert COto CO2 and any hydrogen to water. (Gases
then re-enter the IR nodul e and pass through a
separate CO2 detector for total oxygen neasurenent.
This configuration maxi m zes performnce 20 and
accuracy for both | ow and high range. In the TC
nmet hod, nitrogen i s neasured by passing sanpl e gases
to be neasured through heated rare-earth copper oxide
whi ch converts COto CO2 and hydrogen to water. CO2
and water are then renoved to prevent detection by the
TC cell. Gas flow then passes through the TC cell for
nitrogen detection. 25 As stated above, the free
hydrogen is nmeasured by a Hydrogen Direct Reading
| mersed System ("Hydris") unit, nade by Hereaus
El ectronite. This unit is Dbelieved to be described in
the followi ng referenced US patents: U S. Patent Nos
4,998, 432; 5,518,931 and 5, 820, 745.
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Wiile the invention has been illustrated and descri bed

in detail in the 30 foregoing draw ngs and
wa@le®snsstd on, the sane is to be considered as PCT/AU2004/001375

illustrative and not restrictive in character, it
Whheisr@laimedisst ood that only illustrative enbodi nents WO

2005/ 035169 PCT/ AU2004/ 001375 thereof have been shown

and dﬁscr' bed and that all. changes and nodi fications

t hat AdB qufWPﬁt'%éte@EW'Ptc%‘F H$9i nvention are

des; i t e ditb I h

e ciR TfipRGD s CarbON LM, Fas B KRGS R isast one
casting ralpwith the nwlwersteeldavirig a fikeedaitrogepcootent below about 120 ppm

di.fications ma e.made W t hout, departing from 5 .

and!Ac st AVt SO dPeloms BPRUL AP R MW SAHEF G4 gimospherio
pre§¥dreAaR@04/ 001375 What is Cainmed is: 1. A method of

casting steel strip conprising introducing nolten

pl aaqhd%angdhesm@@n steeldotforg metalashellsoon dihe |cagting gplis having

nitr 95 808 hsqeth Ievela FBIssEy T8 Eoplat shdhefit I e moten steet o

formyieincges! stigmt ent bel ow about 6.5 ppm neasured at
at nospheri ¢ ressure; and solidifying the nolten

st elThegnethod ofealaim tydiare tfeﬁmfr?ﬁ@yémarh@omem is hedyeeg 1.0 and

6.5%}&( Qgﬁp?%bﬁﬁgxﬂﬁ?ﬁﬁe} evel s reflected by the content

er eo steel to formthin steel strip.
10 3. Ahhethodtdficdstirig steal strip cdmeprisindre free hydr ogen

or ASSambiing el srier Bacng ol Tevish o 8if patween them and

confiRiMRdrid 885uRSSRIFRE % 8nBSbf tHY cadpigadiisasting rolls
having a nip between themand confifing end closures

adjiniteducing malies plaintdasbem steieh hetwedrsthelmir oft cantingiralls to form

2 o4eeel ol ofs E3EEITM B SRR Cehlesi@ininfla R it the

molvért StebhBading acir&s HitRYeh VdhtdNtt@Idwabbapi 20 pphhand @ free
nol ten steel having a free nitrogen content bel ow

hydgegan cantenibelpwrabait 6:%BPmAtdataesSrhede PESRSURRS| ow about
. SRR AL B RIS Sl B £IB 8 Fom meta
sheli®ton castihgssefdcesoof thastastingsiolls drainghittdyencarsd ihgdrogen levels

roll havi ng ni tr.ogen d hydrogen levels. reflected .
reflggfeg! by e AENENt A Hadnalen sieek {a drovide forthedormation s thin steel
strig; Y@@t ion of thin steel strip, and formng solidified

t'hin steel strip through the nip between the casting

r olfoening salidifi¢dcibirastes! istripf thedugh deé nip bepvern theecasting rolls to

ownwar dl.y fromthe nip. 25.,4. The t hod of. claim 3
profiidh & spiiuied 68 sitie.Belerd enr AL Eatb e hir “anc

6. 3. e ﬁietﬁéd@ﬁ@l_@ﬁﬁ Bowiké rehefree I@dr&géﬁ %@ht_e’ﬁ‘t id Petween 1.0

d?é)oduced by: continuously casting steel strip from
an

btr pt almosphesiePresWe. having a free
5. A steel strip produced by:

continuously casting steel strip from molten plain carbon steel having a free
nitrogen content below about 120 ppm and a free hydrogen content is below about
6.5 ppm measured in the molten metal before casting at atmospheric pressure.

6. The method of claim 5 where the free hydrogen content is between 1.0 and
6.5 ppm at atmospheric pressure.

7. A method of casting steel strip comprising



10

15

20

25

30

nitrogen content bel ow about 120 ppm and a free
hydr ogen content is bel ow about 30 6.5 ppm neasured

wo eooskssiapl t en nmetal before casting at at nospheCT/av2004/001375
pressure. 6. The method of claim5 where the free

hy ihtoogiueirap mbsiten ipqanberta«benn ste® andcadling pprfacds of at least one
at nospheri c pressure. thod of castin

st eel
castifng rqll W'H?r{hq mq&gn\mezdsv@yms% 68 'W@Q%E@'Mﬁgbﬁ'@%abom 100 ppm
i gt u I a { n
and &[S EVAPAER paeft UeloR2RbRR SIS Ml TRASHISE 3, gimospheri
presﬂwe,lar‘rchw ng a free nitrogen content bel ow about 100

e T L 0 e e
mtrdd'éh é‘iﬁ’d] h?ﬂro”de%eievé@, rfeﬂéét‘eﬂﬁéﬁthesbéntbﬁt ﬂferbbﬁlncﬁ‘r%t r‘n’?nﬂen steel to

having nitrogen and Hydrogen |evels reflected
fOfanmﬁ&%@HtPent thereof in the nolten steel to form

L TRb kBl Bt TREr e Lol PR Babigen 1.0 anc

6.5 ppiaifidsphefie pragsare. 10 9 . A method of casting steel
ri sing: assenmbling a pair of cool ed casting

ngg ﬁggfmgcéqaﬁpnoeteﬁéewnwaﬁag confini ng end
cl 9§§é Bn@%bﬂﬁ?ﬁéf Jo‘ﬁl&f‘géstm‘ foll§ h%@ﬁtlb'%ﬂipr t?étllv%e them and

intro anca on s ent

confiring @i clgsures Iastja:oont Wmdsaometoemgngoolls on t he
casting rolls with the ndc uresc nfinin

poditrodiicing melien prain¢ar ﬂn§f eH’&Q/‘?'ﬁ SPRIF @ C"f‘ﬁtt”fgo"é’@ﬁ to form
a ca‘“s‘ﬂﬂ? E)E’Jol Eﬁ 'ﬂ?é‘\’cé‘%g‘t# roﬁg%lmﬁbm Soblires J&\ﬁghg@ﬁﬂe pooI with the

con el ow a ppm at at nospheri essur
molteotsteelrhermgtaufmy mntregerasontmt beldwsabnul i) ppinfarichg fnelee
h dl[roleten ni etteq to forg}sﬁe 1Sk s, on. casting surfaces
ydigaentonterthelow RRASF ﬁ]TPEB'%?{'CaRE?SﬁV ogen

I ewhﬁterfr@tfatuﬁgttnét chytind RlIg (HPES|idiing e TRbRE sElef ® form metal

to provide for the formation of thin steel 20 strip
shelimeanfaasting pustaceaiafitbe qasting gele haying: pitrogen e hwérogen levels

refldtty P?Hﬁ@%n&éﬁ? R ULY ternoéteﬁl fo p;ch i eth@ fé%ﬁtgéé hﬁfhm steel

st ee [ vered ownwar d rom
stripyahbod of cI aim9 where the free hydrogen content |s

be ween 1. m at  at erjc, pressure.

11! OFIZ("%Q é@i}d@?a tB'"p$"SgB§fé'& tgyou@bﬁ}e, Hl!Pogg weerathe ?@St'ng rolls to
prodijce® sSiidifiéy Sfeel Eﬁ?ii déh@@re% h\na&ﬂ{ fOREHR n om ol t en

plai n carbon steel having rogen co tent

bell 6wl e onethdd ©f ptauneemthare‘ theefreewhytdrogen cootardns bbbvesn 1.0

ut 6.5 m asured in the nolten netal before
and &8 P et alf R TEER SIS, cour. - 30 12 The ot cel
st g p pkteel gﬂr,@&éd%@jsythe free hydrogen content is
between 1.0 i) pm 13. The steel strip of claim
&

1lcqmn@uﬂtece$tmgosm Wipeekleiss thassd mmarin2higkness from molten
plain carbon steel having a free nitrogen content below about 100 ppm and a free

hydrogen content below about 6.5 ppm measured in the molten metal before casting
at atmospheric pressure..

12. The steel strip of claim 11 where the free hydrogen content is between 1.0
and 6.5 ppm.

13. The steel strip of claim 11 where the strip thickness is less than 2 mm.

14. A method of casting steel strip comprising
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14. A nmethod of casting steel strip conprising WO
2005/ 035169 PCT/ AU2004/ 001375 introducing nolten
w@b@sn3saey bon steel on casting surfaces of at PEHRAU200M01375
casting roll with the nolten steel having a free
ni timtogucing mheltdn ipddinvcarbont st8él ppntasting suffaees of at least one

hyd bel 0 ) d
casiarIpAEn 66 mpliersied! hayld & Ea8 nIORTGPHIRE: BePweRbout 85 ppm
andS e fleel ﬂyaﬂigéh;‘gbﬁfen’f’ hedibw 8Bol®.5 ashrnNthda2ukéd MRV hftospheric

nitrogen”an rogen levels reflected by the content
pressurecaidin the nolten steel to formthin steel strip.

15. The.nethod of claim,14 where the free dr ogen ,
coroing e mher ST G ToHA “Eia) el HE 83, gglts having

nitrég;erpaﬁal rédeétflevels’ idflee @by Hthd@onfemt Edreonth thePAidlten steel to
of cooled casting rolls having a nip between them and

forng Brinisteel §trhd cl osures adj acent to ends of the casting

e oo hEARHS R FRefe HelirfE hiBR g ot Beflveen 1.0

andté18 ppasting rolls with the end closures confining the
pool, with the 15 nolten steel having a free nitrogen
corBent et elirasting stesd siriherrapPfi$iBg: hydr ogen cont ent

belQue paHG aSair BPiBCﬁéd eégﬁgy@%ih%vmﬁedé ﬁ&ﬁ?t{\]ﬁefeyi them and

counter-rotating the cast olI's a g
confihiegrarid doswiesadjacent to ende bhthe cdstinlggollsy casti ng
surfaces.of the casting,rolls haying nitrogen and
hy ERFIF T alen Hiainy SEPeR S5 BRIV 1 PaB ! cAgng rolls to form
a cd8ihg bt bR the clstPOIdEvifPthet &R E1BETRIS UhfiRing theTbool, with the
steel’ 20 strip; and formng solidified thin-steel
moltar stpet having a freecniiogeb ciontant betayw aheut 8% ppol ard adree hydrogen

confrl el PRt o 0T RL B sntiE s MePSireY 15 wner e the

f r @euhietreagingareicasting follkedmesalidifythg #Rdm6Iten BRIBI t& form metal
A steel strip produced by: continuously castin

18 .
shells @) cagtingpsusfacessef theeastingriolls haning Akegenr anpd ﬁudtgogen levels
' | ' i1 . .
oG B By RERMBICA IO Bkt A7 pIA0 5T EOR Rl of thin st

strijj@nav 6. 5 ppm neasured in the nolten netal before
b e iR EeL sPRSTA 458 b Sear i being ol to
o 8o ied Sich Al SHABARI bt BSOS, 00
i s 17e3hetrhathod ahelaim 15 where the free hydrogen content is between 1.0
and 6.5 ppm.
18 . A steel strip produced by:
continuously casting steel strip of less than 5 mm in thickness from molten
plain carbon steel having a free nitrogen content below about 85 ppm and a free
hydrogen content is below 6.5 ppm measured in the molten metal before casting at
atmospheric pressure.
19. The steel strip of claim 18 where the free hydrogen content is between 3
and 6.5 ppm at atmospheric pressure.

20. The steel strip of claim 18 where the strip thickness is less than 2 mm.



