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-1 CASTI NG STEEL STRI P Background and Surrrrarl,__uje_,/-

Di sclosure This invention rel ates
cont i nuous casting of thi n st eel ol ‘gaf o ::;;rrrrrrrrrr\\\ru\uurmr
inthickness 5 in aroll caster. In a roll caster, «¢76m*

nmolten netal is cooled on casting surfaces of at Ieast
one casting roll and forned ilm to thin cast strip. In

roll casting with a ¢astNG'STEERESTRIP ol ten netal is
i ntroduced between a palt of counter rotated casting

BadtKgrouimat and 8 unvmagyl of he &lisclosur s solidify on the

2 i e o SR T g1 TR co B O RES Rhticuiar
aﬁﬂilrbgiréﬁ fist copiRBOUPEASHITRS ol yl%eﬁgtrréqwe’\ﬂfaﬂ § nimamthickness
the nip. The term"nip" 1s used herein to refer to

inl@erofjeastesl regi on in which the casting rolls are

o2 SRERRY e R T oo ko ot s

drieccsaiRy Il dnd FormddinCiedthird cast stripdehi noirgastisig tviith aawin roll
di stributive nozzles 15 | ocated general Ify above the
C

qaster maoltan mielslsOmtrpﬁéc%gﬁtwgem cﬁ p@lr ofncqupter Fipted casting

RISl oL, Sige et dctipfy o Bl Aopil einG Kytaces and
aremugﬁﬂtd@}etﬁér&atcaﬁip betveasr ﬂrmsastfng todisrtol preduce a solidified
adj acent to the nip and extendi Bg along the | ength of

&h‘?@t Rrosluctdeivaraddonmwargiy from the .| yﬁe&r%rrn n@B is used herein
BGENE90 tﬁ{e nBré’}trg iofifin Sh@fegﬁéﬁhgsrdl@'ar@ c?(?srest together In

engagenent “ad) acen to en e casting ro
&y cased dne h’rrﬂteinvmetaha:hsusxiallytpmrredﬁonmg lpdiel mto\MemalIer vessel,
cast i t hi stri h n roll
o eheisdalonn Trowdh cdntal Usdp ey iegh A8 rapipubs frozztes
Iécét@HF@érﬂirHll)ﬁ an)vé hge Walfifg @urﬁh@@@@f&ﬁd ca%ﬂﬁ &ollét Ih 2win roll
t heref'ore necessary to achieve very 8 (of0]0} rates
€i

Qﬁﬁélﬂgt fifee zaokterstmg Isardeiwe@dorbet\ﬁeerté %Stlner rOsUS g form a
sl 41 PR TREIFRRERL0h L, Syp8 s Mcsobr e rots

aﬁaé@ﬁeta fhe nipeated] eitendirny mdrlgethd @igﬂstorfltpe nifs I&ncéntastrng
5,760,336 in o orated her ref erence

micrs u&y BwoPRinarh oetrega Sife rr?'@f/e&r oo daA1S iheld i iy sliding
éﬁ%ﬁe tP¥nd 8 dF Hid bé‘&rﬁg{ﬁ%l@t@&bs & dbm the two ends of
chiem stry s C

that a substanti portr on of the netal
161G caxstrdg:sobbrrred are liquid at the initial
sol i i cat i era ur.e,

s ubst Whefidia he BT Serbyp wif Aeiwinol Rash tbermelien metal in

thet¥REAg CEJ?)%I Rl béﬁer‘%?eﬁe ang te @hatgr'@bf frﬁa Stdlelr 3Fe1.5003C and
di scl osé n US Pat en 4 359 and - 2-

0B, Hiis thatefora eeneasa@yraw aq@rﬂwecmrydmgmcmﬂgdetﬁ_s over the

cas‘ta’nglssuC acas of the fca¥\ttHgC l:blls. 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. US Patent No. 5,760,336 incorporated herein by reference
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 solidification temperature, and in turn, a
substantially liquid layer formed at the interface between the molten metal and
each casting surface. As disclosed in US Patent Nos. 5,934,359 and
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are incorporated herein by reference, nucleation of
the steel on initial solidification can be influenced
by the texture of the casting surface. In particular,
I nternational Application AU 99/00641 di scl oses that a
random 5 texture of peaks and troughs in the casting
surfaces can enhance initial _solidification by
provi di ng substanti al nucl eatd on sites distributed

G’MSQ dﬁeand? ArbidaGioRHr Ap Iﬁ:%t|oﬁtAl9'§9/(§’(§BLf‘1a9(h@%‘P§tlc%df8§‘ of which
I'n past to the steel chemstry of the nel

aver umm:paratgdu henetire by drefenencel |muc¢gatfan micéwebestaeb on initial

SlighicRlioh PestE e thuaical iR B ieAaE" of shEntedlig BufidSe. 1n

pareicalaeelnteRiadionan Jﬁdﬁ@afon nmacbo@osuhedeRisetYythat 4 heindom
steel strip produce have now found that the

iguturet 9f preakpeard deaughsr ip taﬂdcw@gplsua‘ams dianoenhpece initial

%‘I{]fglﬁ §L§ﬁ| g%e[%rrgl\/%ﬁlﬁ)& &{b%g | eve?s 1 n%?@%r H’StﬁUtég‘eover the

sdgtiph-sudaksol | i ng hydrogen and nitrogen | evel s has | n

the past been 15 the subject of investigation in sla
cast i Agentian has beep siveminedife PRSI NEe Bleeh caeWSéwu@f the melt,

@%IIH?L?I%\ I?E? 'tﬁgfﬁl\%ﬂl@ F@Efa’llﬂ gcylaﬁfnb%% Bgﬂfreetﬁﬁnajr@a%%%ﬁﬁa. We have

rmva nt 1 nuous

dibeh cttehtio.in Has pastkio thedoXide Sadusiohy anthBQ(bxygen levels in the
St eel maki n%dConf erence Proceedin 253-

259;
qggglemmq{ @l” hel irgpraet ythe g%ltbp?m gtpe{,%tggrproguced We have
Tk S 3 g0 A0 468, g b Poaopi ok i sl
stdp .is B ebhari@d Macohtroll 6Bthe. hﬁtregemle\aew ymdmﬁragen levels in
BB Reehe CEBRlI P BrodgH A Bl UEDIFLC 5 Mg R PPt been

theesubjételof wﬂ)e%tl@at‘i‘éh" Maﬁb@@ﬂlnq Hut td olNhEGledhe Gi48 not been a
conpoSition and production ities can be produc

ed
fsyuszcs’ ammtl%m ithig. strmepestirw prioef @é@malwerﬁad?caftrol of Heat
ﬁ{o'vggmst ?[‘IF){I&U& @H&H’)? 'I\Wguld' ?gr@dﬂ%éw?l{f‘%{ﬁoep Sosinsky,
on steel 0 ut |'eas

a n-car n cast ces one
wml Sb@elnxdking/\nbhférbacmﬂrbeeedngal 25&268p aadf Defermination and

ﬁWL‘ffg’ Bt SRl BfieR i %ﬁﬁé@&/@ Sapy D. Sosinsky,

BhE A RRIANE Maaflurditat airbAbddtions, wle 1@5' 63066 (March
stee to formnetal shells on the casting rol

1286)ng mtrogen and hydrogen | evels reflect ed by t he

conte [ | ten st to,f thin .
ot ee SheciieAl e Wik WSund Bt B Crdiin e dbirhgb grgytrogen
legelean the dtcdlmdly, WillElow RIVEIs 60SWfUrSh fige el f Sihino\Wartsbn steel
assenbling a pair of cooled casting rolls haV|ng a nip

$epveving bieigugneompegitioniang priegustion lﬂl@étl%ﬁjpaﬁé?ﬂ prasiuced by

Bl Bsfha: ABpRnBEqeRA Pettod 3 SRHEIfEe R ESBleing:

introducing molten plain carbon steel on castlng surfaces of at least one
casting roll with the molten steel having a free nitrogen content below about
120 ppm and a free hydrogen content below about 6.5 ppm measured at
atmospheric pressure; and

solidifying the molten steel to form metal shells on the casting rolls
having nitrogen and hydrogen levels reflected by the content thereof in the

molten steel to form thin steel strip.
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forma casting pool on casting surfaces of the casting
rolls wwth the end closures confining the pool, with

the nolten steel having a free nitrogen content bel ow
about 120 ppm and a free hydrogen content bel ow about

6.5 ppm neasured at atnospheric pressure; 10
counter-rotating the casting roI s and solidifying the
nolten steel to form nmetal shells on the casti ng

rol | syRavihBghdy BLQ%%H érQeQKgfr%‘?ﬁ‘a)l DEelcs rfe?f o L e steps
by the content thereof~in t 'ten stee to pro
¢compn$mgftknfrﬂbmng of thin steel strip; and form ng

lidif t hi t th h t h t
The casteriyinaA pair o sopled ParinGaOle bavinars RiedSehEen them and
Srifinthglehd ¥RIsBfesIadBreRttdbYerids BT thd %agﬂlrlib roIIs

Alternatively, there is provided a neth of casting
st eel inodugingaoeiten plairy:carpen steet bﬁtyveﬂn tr@rqur af gasting rolls to
gar baon st.eel on, casting surfaces st 0 .
E% with the end

85'§‘t PnGatBId PRPL T} faSTRE X ag?ﬁe‘? H‘aﬁncﬁa g P
AlbliredddnfifMgeRb JHR)l ANt noltéR slé¥) HaRTAgatred Hifr8§en content

hydr ogen content bel ow about 6.5 ppm neasured at
belaws phewt d20r ppmuped arfes dlydeds) ggntamé brlpweabeute€15 ppm

I 0 e casting rolls having
r&'%ta%‘g'lg’ge?n 4@1%9 %éﬁeﬁg&}/‘gl s reflected by the content
t her eeduritdr-tdigting'tHe eastiige®llls tamdf srnmfyimgrthetmelterstsfeem to form
25 The met hod of casting steel strip may be carried

m@talahe!lﬁ@ns&h@p%astlegrfﬁ% HaNigat rw&rog@'n |a<5% yroger densils rrflected
Pr?é Eoﬁtfen %r%EIf R ﬁ% t]'éﬂl dise@y Swaer\‘bptﬁ’@?czl‘?r%? ion of thin
em an con C 0O ends O

I'ning en osures adj acent 't
$thel steipfamd) rol I's; introducing nolten plain car bon

oLl R bl o i) R bRy g ros

o 5rBth§ a%ﬁ)‘ﬁdlfl%%?é!él%‘fn& aefivered %oWMd?@@' frorW'tﬁé‘ nkhe
nol ten steel having a free nitrogen content -4- bel ow

about At@mappely anthhete f iseeprayidedgen methasht ofbetastingbtgel strip

%dﬁ {Jgrpré measured at at nospheric pressure;
Rt rotating the casting rolls and solidifying the

ol t eiptretiaeihgtraolten malrﬂeéﬂionséteél 6n eastimesodaddsor at Ieast one
rol ] s having n|tro?en and hydrogen |l evels refl ected

%@ﬁtmeroélo\ﬁmﬁhem@ e ptaeh h@{@%| fres nitfeggn P%”‘@PB\PFH%N about
S(g(f iﬂéflﬁ?i I %ﬁfr’e@nhﬁr?bgh ncorﬁéﬁte'beﬁ)w ouils f rﬁ‘ﬁ‘n@asured at

n steel “strip throug e nip bet
atmospheric pgessalrésand o pr oduce a sol [ d| fied st eeI st rip

ai tersalitvias i riotes SRR ieBTE MetRodnel® Siciegasting rolls
ARG rﬁttrégéh ahd RYdYBGEA| IBJels reflected by the content thereof in the
molten steel to form thin steel strip.

The method of casting steel strip may be carried out by the steps
comprising the following:

assembling a pair of cooled casting rolls having a nip between them and
confining end closures adjacent to ends of the casting rolls;

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
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i ntroduci ng nolten plain carbon steel on casting
surfaces of at least one <casting roll with the nolten
steel having a free nitrogen content bel ow about 85
ppm and a free hydrogen content bel ow about 6.5 ppm
measured at atnospheric pressure; and 15 solidifying
the nolten steel to forn1neta| shells on the casting
rolls having nltrogen and h Fogen levels reflected

LAt e
BYioh"8pBa B0, pheHRE e 1RoroTt FBnEHERelbR pBOR 6.5 ppm
nmsbedcairath@pbatic byesslmee steps conprising the

"o | SCien otafng 56 cesthe R And S R R R steel to form

s WHaHs /¥ ﬂféeéﬁsth@ PN haQingt Hlﬁo?éﬁtdrfdlgh)?d?bbén levels reflected
I ntroduci ng nolten plain carbon s between the pair

by thesontent thetesf i the oralten stast tngprpuide fon th@sﬁwrmajlon of thin
surIatﬁes of the casting rolls with the end closures
ﬁtgﬁ? Pna he pool, with the nolten steel having a

free firfimPscidiist B s Eﬁ‘inWrcﬁiywﬂhe&ﬁp PRtvaer tHe tagtidg rolls

hydr ogen content bel ow about 6. pm mneasured at

it prodppe g sphgﬁ@gﬁe@l stdp detivered cﬂomnwajdwéoreébe iRy
roll SAQ%{L&'&I&H’ %{I}%Eﬂlaﬁger Eh%rg?%gﬁ&lc%oe Sl méfﬁo{joéf@ésﬂﬁb %lteel strip

shel I's ving nrtrogen
boepagieg: | evel s reflected by the content thereof in

the nolten steel to provide for the formation of thin
30 st@érpdgpmanomp rﬁ%ﬁ@o%étqeélPﬂlCé’&t'E‘%SH"@F%%Pf at Ieast one

ééétié@ foll VtPhe neg %tc%)e?‘r\‘é‘%ﬁ@r Crﬂf-“r& 86§ie|n$ be[ogY about 85

proddce a so °d eI|v ownwar
ppromanide anifpee t‘fydrbguemnqordént rtrﬁlwnabhotjsﬁ 5t ppnt rnaeasured at
njtrogen content nmay be 60 ppmor less, and the free

ayne ICABRERHE ABY be 1.0 to 6.5 ppm The free

hy dr og@Iify N RN tmdsh stéél t@Xﬂﬁﬁi fnetBE sheflgwmnte @astifg rolls
6.5 ppmoi between 3.0 an 5 Pl ain carbon

bweg mtzseg@m@cm'iséy@nogeneleyebs@fleCFQWbmﬁhenccp@eabthef@gf in the
on, less than 2.5 %silicon,
Itgﬁtssa %Hg?%n&hirﬁg,t({@rﬁqggﬁ ‘less than 2.0 % rr(;anganese,

| ess ThammetHodohicdstihg $teeb stipamay e Yamddy lderbymthe steps
and |l ess than 1.0 % al um num together with of other
ePBRESING tae fofloxdng:y| f ur oxygen and phosphorus whi ch

re rarserfitiy o ﬁ@%ﬁf?#‘%@“ﬁ@%@ﬁ Hig fleehthem and
ocanfinints ehd\clcrsgxreaadjacbnnomdserftthe castieg ralisge 0. 001 %

t 0.1% wei gh { t th

001" BiiealsiigonBlenaldh cortansieeCPrisn b are! SatRgaols to
formda CadtihdpobP oh 2Yaiyg RIrGlbs GMthd @AsRg ReNs C\@Iﬂ" the end

strip may be nmade by the nethod. The steel may have
elnsaresrdondimingotheeraol osith the molten steelhayinga fieel nitsegesy content

%Iio htabout 85 ppm and a free hydrogen content below about 6.5 ppm
measured at atmospheric pressure;

counter-rotating the casting rolls and solidifying the molten steel to form
metal shells on the casting rolls having nitrogen and hydrogen levels reflected
by the content thereof in the molten steel to provide for the formation of thin
steel 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.
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15 The al um num may, for exanple, be as little as
0.008% or | ess by weight. The nolten steel may be a
silicon/ manganese killed steel. In these nethods, the
sul fur content of the steel may be 0.01 % or |ess;
and the sul fur content of the steel may be 0.007% by
weight. In these nethods, the free nitrogen nay be
nmeasured by optical 20 em sl on spectronetry,

cali Qhaérgsﬂggﬂgéﬁés%%ﬁ@dé hAE TRie AR tbdﬁltbht ﬁﬁyh@é’ 60 ppm or

descri be free hydr ogen 71 evel s may
ldes,cand thedfrésy hud negenagmtentmaxe be Re 4elBrfy ppmreTbﬁatree hydrogen

RIS R el b eBRoRh 20 4 G pﬁ?ﬁéé”h@%%@ 3.0 and

é.evppsm.may be for total pressure not to exceed 1.
at nospheres. Hi gher pressures may be 25 utilized |n
cer t drlairceardoni foanurnow@ qféb%|p§e$ﬁntﬂm\@é1tlﬁntl$ gglined as less

tgixgréjﬁge% cgaqé&g %s%%aﬁg %Q/”ors“? %nﬁiéégt]’tk{gl %h% gﬁrromlum less

than2.0 3% rmangaritse! Rssfthan 015 % egskel | Ies§ftl$ar&0(25‘ %emolybdenum
hydrogen | evel s to be higher as shown i n Fig

and lerssrthpn ripd Se alyninumy teae%n%wv\sofo@thﬁh@ler@@@geﬁwh as sulfur,
ﬂdﬁndtéﬁoé{f@gu _\&ﬁleﬁeﬂom 9/; B%Smhwr gRn LE%ﬁﬁJg?\ steel by

ar’e measur nmospheres éven t rou
élettiel arc dumlazeof waeearbbhrstgelrmayd)e‘ us= irihdssegaathiods having

the nolten mstal are hi e h t hod
%Pa@qf‘c%’t%‘tt'ﬁ thoygias 0905 K 8 1ok RupREN.& mRBgeRess content
.nfthﬁ 9&6%@/% bryes sywﬁ. R, OéHod§%lli%6ﬁtcoﬁ§é°rﬁ|m %Hé Fdhge 0.01%

gque propertie t are described by t
tn;eﬂ E%dby lipightti and law carboadeast Shipsmayde medei by ﬁhg pethiod. The

on steel. B f De f
SRRDRY AV ap HirbioT SAnteRD SRand orddifond 1o B Isksidly weight.
Thé afinfialinfay! fFWxiatn &, 5 penitheas @.008% lordéss bpiveigtit. The
to date will be described with reference to the

melbenstas) may e avilitgs/manganese kiledsleel1 is a
di agr %"EPREE ggs Fih%vam omeﬁwoqftpé%téé 'rHéyz "b@td ¥f9% o less;
Strlp cas ure IS an enl ar e

a‘m&%h@%uﬁurpmﬁtemh‘ofdﬁetst&lm be OdiOP/ogJyrwelght Fl gur e 3
[ bl e nitrogen |levels and

h show
Ihf/d‘l?olg"'ea}ﬁ) Ser\ig?tahoaﬁ Itégvm%%‘? pRitfogeReMay, Pe, measured Ry optical
%Hésgm %ée&%rﬁb{ cQﬂﬁSfédobbglﬂstthé e AVéoHaRichligr resthod a

[ustra e atwn roll continuous stri p caster
dwsomibedatzelomérmeoinee aydwden levelsrmaynbe deterningd by a Hydrogen

QTR P bR S381ea (SRR BHILhY Bordus Bttt

cast i Tige $hHEMURT éllcﬂNaltSIbrfﬁae-?lnttffMg%nfaHd freaHyalFegeevels may be
gr ?gt%?tprésns\aerg tr:o?riolesxcggfj 1|.|Orgtﬁn%qspheres. Higher pressures may be
utilized in certain conditions, and the levels of free nitrogen and free hydrogen
can be corresponding higher. For example, as explained below, a ferrostatic
head may be 1.15, causing the free nitrogen levels and free hydrogen levels to
be higher as shown in Figure 3. But for purposes of the parameters of the
present methods, the free nitrogen and free hydrogen levels are measured a
1.0 atmospheres even through the actual levels of free nitrogen and free
hydrogen in the molten metal are higher when the methods are practiced with

higher positive atmospheric pressure.
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20 however, to the use of twin roll casters and

extends to other types of continuous strip casters.

Figure 1 shows successive parts of an illustrative
production |ine whereby steel strip can be produced

in accordance with the present invention. Figures 1

and 2 illustrate a twin rolléfaster denot ed generally

as 11 which 25 produces a cast™ steel strip 12 that

passepné  Brés th"’IH\?'érﬁtlo‘?\a Fovides2 €86 Ste Qs'ﬂ‘l;ﬂ‘%wtﬁ ﬁhiq@elﬁropertles

to a stand 14 conprising pinch roll
thamram desir;bedf lbyethe methadsgby wéhigh itds madea. 'Ehl&lstﬁei&tﬂp is plain

stgqe!?r may pass into a hot rolling mlIl 16
ﬁ‘b g a pair of reducti on rolls 16A and backi ng

Bt DedbR ﬂysnldﬂw@mw,h hot rolled to reduce its
I CKNness. ero S I‘Ip passes onto a run-ou
t abl dn30rdey that vﬂﬁectmventlmynw ke dnete kﬁyllxt@m@md)nlllbytratlve

r%gwgl 8@ etJEp éﬁh@\gﬂ@f@% H&S dciy\f |1§ aia!@&vﬁlr bé ﬁ%g%rgltgeoé \\%h reference

tbhRe ab@bﬂngdnyhgld@awmgstmwmss through a pinch roll
stand_20 conprising a pair of -7- pinch rolls 20A and

t henddguee 4 tsop| dingregnmetie Aide aigvatign( viewhet @gsilpglyative strip
c,t_dl?er strip takes place on the coiler. As shown in
ure 2, twin roll caster 11 conprises a nmain machine
f r aneFigareniichn suigrged seetigr! view of aqlostibre efthengaster dfsFigure
22 having a casting 5 surfaces 22A, assenbl ed
Li de- by-side wth a nip between them Mlten netal of
pl ai n e t
oper g?gafeb ‘ oméaﬁﬂagg’i%&?mg \Aé:?mﬂe dr%frbggrt'l "Jﬁgeﬁg héﬁtg hydrogen
lebels iy lova carionasieelrfpr amaetjslteeusurlp a distributor 25
and thence through a netal delivery nozzle 26
generally above the nip 27 between the casting rolls
BetailEaeD &8¢ risti ﬁ%‘f@hemuﬁn ivered to the nip 27 10
orns_a poo ported on the casting roll surfaces
22A alﬁguees»t heang B mﬁjraterﬁ dwisomll q:@twwéap Lastaiegwhich has
I da 0
S8 Pesite8, I actollaribe” Sl the higSefit 3tin, C2TRe following

dﬁschb&om oofl ﬁheb)deacﬂbed @ﬁbodlhrerﬁi; assm(mﬁ coimbent) of continuous
draulic cylinder t her suita

conmprising. h &f LF _
SABHRG e i i & SOl GAtert TS pisasal veryion s det fimited.
ot dee 8f trTegQJse?’%f ik gﬂleegéﬂeys reﬁ'faeré)@&wdé’ tésoih‘é‘? types of

meni scus' may rise above the | ower end of
ctmitlnueuysttmzczaﬁe@o that the | ower end of the dellvery

I thi.n thi . ' | .
e U chones Tt chrds 31 el MTRRITRSagetgn tine
WRéreb %téélrgtﬁﬁ%‘énocfe Rducel!ifi-adcBRidHe! Wish & pkddiht invention.
brought to er at the nip 27 20 between the casti ng

Elgu:e§ 3 iZnilusitateh anbrvinerelineasier ilenaiash generallyeds <11 which
i
BAHRES B S RIS 2 B pBEeE T 2 thliitiodth HEabieRs 4 quide

traalel 1386 &l Fiaeh WOl stands1 hesmpeisingl pivichpyiadl 2A. heimediately after
an assenbly station and a casting station

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-out table
17 on which it may be cooled by convection by contact with water supplied via
water jets 18 (or other suitable means) and by radiation. In any event, the

rolled strip may then pass through a pinch roll stand 20 comprising a pair of
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Casting rolls 22 may be counter-rotated through drive
shafts (not shown) 25 driven by an electric,

hydraul i c or pneumatic notor and transm ssion. Rolls

22 have copper peripheral walls formed with a series

of longitudinally extending and circunferentially

spaced water cooling passages, supplied with cooling

water. The rolls nmay typi cal'lz/ be about 500 mmin

SiheBbRs 28RMamP théhc@PRbh cofiBPY Qm"'Fin%P%ob d@'(lf’%%Cé@Sary) of the
produce strip product of about 2000

Stiip dakgs place ondhe coilerent i onal constr uct ion. It is

fornmed as a wide.dis de of Al e actor I .
such a3 5?‘8?””&*3{5 E%(g%glrl?ﬂw e E '¥ %ag 8‘}' machine
pade 2f WHieh tslwﬁsbﬁtg 4 pafti ofeBodTBl t @AstiBg abué Qthé\hﬁg k casting
| adl e and is provided wth an overfl ow spout 24

surfanesrh dssemided sidechy-sider yith @zpipebeteees th@'inrreMO!iQn metal

G4 S5 S B 3 o) S 16 a 1t

(rePehewn$ @ astuhdish®23;ahrighea Iréfﬂ@tbtdi‘Wsl&Mddlem/@rdibeutor 25
above the nip bet ween cast | ng rolls 22. Nozzle may
Méh%nc‘seeﬁhreygbfa nae'iaimllawyyn%aee%ﬁ generally 9b0ve thé nip 27

\ f
$ERhel castiioilh 2. Y, ABREAdStel X BEHGGeR to the nip 27
foh}nela}boult 30 Iseppomiedh onftrt]wtahﬁas:ulnglrell aud‘ages delA: alanrvefc the nip and
mol t en .net al ween the ro to the ro urface
thsepeol; lﬁ.cpnﬁ'nei af T endsmof e wlls hysa PaIn QiR PfPéPWS- ms or
n e ;
p/afes 28 WRicAal Dbt SafERoht BOMAAS bPIne [BilsBy Bbair of
thrusteis Ynotnslmown)e cnn‘pprlse‘[g/vdaeydrau%ie cyinder aurdtsofort bther suitable
nozzl e dint ermt met al _poql . The
Beanef coltneddn B S wAtet AGER.o The bRy Bafhge Blaoot 30
(@ed@razly%t&rﬁed 1 as @se ABenReayr l@Vel) ath\AaAse abboe anel Idvedrdend of
gai nst stepped ends of the rolls 15 when the roll

t@art#elty@@/ nezge sminatabe leyestend ehthesdglivey Juagze is immersed

re illustratively nade of a strong
@bg@tséj%f?naterl al, for exanple boron nitride, and

have Gastingpopsld 22 me avates cboledasa thathehalisr salidify eorothe moving

t he stepped ends of the he de Iat be .
SRS NAces 4 Be Kefdhe il fre fhen-Bioiiert tSaeihenal the nip 27
eRYhE lAkliRG rbls 5hEfhe Wit m%lt@ﬁ'rﬁel‘éf M@éH'thé shells, to

cyl |nQer units (or other 20 suitab means) to bring
priodusé the pcblwufwi stnipcl kwgw@emﬁtlveveﬁrdquwtdhrpfp@m the dp.

of t cas rolls to form,end .closur.es.for .th

ol ChTatE P GLRRerts: = PasIHEL Pl EatiaS SGSR i, Rprfoifally movable
sbtiieBl oh SSsEMY seRRINANPA cadtify bwdtionr ol | caster nay

be of the kind illustrated and described in sone

det ai Casting follp 22xmajibe, cayiiterswtaeditaepughtdrivesshafts (not shown)

Gyt s S PSR 2

hatee ogberop@iipHraewalld\iptmed iwithna %F(eé%lbﬁ@&%naﬂw extending
di scl osures of which are incorporated herein
and sirsHaderentialy spasednyales srAliag: BassRIss §'dPIé'fﬂds Wit cooling

o] tein|

\ggl%?h?Hgécglgnrfmgpﬁg@g?wo%@aibo‘iff 500! AP ol PhE®r BRAPFS to about

2000 mm long in order to produce strip product of about 2000 mm wide.
Tundish 25 is of conventional construction. It is formed as a wide dish

made of a refractory material such as for example magnesium oxide (MgO).
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Results of the control of the free nitrogen and

hydrogen levels in thin 30 cast sheets of plain

carbon steel are set out in Table 1 and in Figure 3.

As Figure 3 shows, where the free nitrogen |evel was

bel ow about 85 ppm and the free hydrogen | evel was

bel ow about 6.5 ppmthe thin cast strip produced was

-9- of premium "cold-rolled™ &1 eel quality. The

@ﬁé‘t 8 oM Surdigh FE&Sved MdM@R metal fFdf@hEYSdIB%AY is provided
evel were above about 85 ppm or about 6.5 ppm

witis pe civerfidw spouti 24 and apresolergenthiplugcast strip of

premuymcol d-rol l ed.steel quality. W hav f oun

Pove R IVEP P ZAT i IPTIssor R0 SApSdiegiidy B o a refractory
AateHEPE8EN ﬁg%rt&@aﬁplﬁ'dhﬁrﬁﬁﬁ”?ﬂa%ﬁé. 2B gy'rgbetépe@dtsb as to
100 ppmor 120 ppm The results shown in Figure 3 are

danverdeninwardiytand dewnwarsily sbiove the nip beiween Tastng rolls 22.

Fi quniose 28°mey tia B, S8R5 B HololiY RepeBhebraly, vorticaly

Shenting Floapaskaesas!rotiased sumably [barvelbsityedisehia@rge wienolten
of partial nitrogen and partial hydrogen equal to 1.

0
metabdpeegbout the Width ef the s androgirliver theymotienvpetal between

BRI o IS5 ol ot g ptomatvon

the 1fo 21 49ay) hate 2 sl cOnfidsuD sl 2ulleD 1d delivél0890w velocity
1057* 0.0622 0.2818 0.4894 0.008 0,013 0. 0(19%2 0. OO%
aurtain pharpiten. mstal direstigénto thedup betywren theotpds andiargine nozzle

g 5amngasd 1 e MR HERhBId 0. 2080 0. 5551 0. 0042
0. 008 podH & Oodred aBthd @nds df. hea®IIS.IBLa2pdr 616&e closure

0.0081 0.0092 0.0155 0.0018 6. 1079 .0.0572,0. 3368
@a@fz%f*d.v@eevare. asept fﬁdohéalap%w stepped %?O?%sg&the rolls

WheR Q8e Goh 6&Brifgd 48 At &hB 1ddhtidg0dthtiOn 003ide’ cldsurOBRites 28 are
0. 0606 0.2777 0.5603 0.0084 0.0094 0.0131 0.0016 7.4

ilogrativeyomade @f 27y shgctqy poaterial, iwexampederon odride, and

B s34y 0 e 8 B SRR of e

rgllg.ggTz r%oeig%%lstgesl&@’ﬁgg. Mddbted. ir3gldtedhoidess Whidh afe GiB@ble at
. - 0.001 .5 1098* 0Q.0567 0.3831 0.4559 0.0Q8
theoaasding. gfatian pyogatation pgggpaw.qfst@rﬂzr@%%“r&%gﬂts (or other

S48 R BRIl S 8 s o

¢f.the Taslng 16l ©. fodmlerdd Olbs6res. 01 thed nadted pool of meigkformed on
t%. 054, .0, 27@9 0.6771 0.0067 0.008 0.0114 0.0024 7.4
eEaeting polle durnga CasiRdereaieBs 0. 01 0. 0104 0. 0028

7.6 The twin roll caster may be of the kind illustrated and described in some
detail in, for example, United States Patents 5,184,668; 5,277,243, 5,488,988,
and/or 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 level was below about 6.5 ppm the thin cast strip produced was
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1110* 0.0434 0.3068 0.6848 0.0046 0.006 0.0111 0.0014
.4 1111 0.0414 0.3002 0.5669 0.005 0.0089 0.0163
0019 5.6 1113* 0.0289 0.0798 0.4376 0.0044 0.0053
0101 0.0182 4.6 1113 0.0416 0.2212 0.5914 0. 0053
0067 0.0119 0.0025 6.2 1114* 0.0489 0.3034 0.5943
0055 0.0058 0.008 0.0017 3.9 1115* 0.0594 0. 3404
6565 0.0053 0.0064 0.0129 0?0021 4.7 1116 O. 0507

3 8} . 0: 1.
& el TR rolielld Stecl iR, O The ol Wilerg th&fide nitrogen or
fidd Bydfbget2devel. 8érd abo w3 aboud88 ppm o0 abo0t 6:64[3pm oespectively,
.7 112 0.0486 0.2935_0.5384 0. 77, 0. 0063 0. 007
édd&ﬁtao@gvce iﬁlﬁleasg sirmf Premin t&%ioll?doﬁ?g?’sua@@ssd"ve have
6 2 9 5
Ul hehlel” slat hydrbgen 18P33 theZ sihifbond ardnithéd and the
|G)itrogé|8 l&ved88a be. righlrer ap GDJZ@J Bpm orl 120 geon.1 D LI\/F C LM

0. 3228 18415 BNBYBINor BHES HotRAY BiaboSAEoR g Jalied steel.

?al%oﬁ st forth ﬂﬁe's%ﬂﬁly@tsogﬁegcr@%?th@ t%%sﬂo%]& Fidure 3. As
0.0378 0. 3219 627 0.0073 0.0087 0172 0023

seqn erusEngor@smeoleﬁa‘wd)cme MoYrBis b}aa@@lsmn gabgmed basis for

BB ss AAOEED §EalArAae GHBE: Biposmnee

cooocop

0. 0125ABLE1H1 0.0015 4.6 1144* 0.0554 0.3702 0.6315
0. 0077 0. 0098 0.0108 0. 0027 6.7 1160* 0448 0. 33138
kpst LME Chemsss 0 0055 0 0078 0. 004 4 4 1161 01057
BedPg 2 LFe®) 93 LHF G05ULMF Moad-MT MoodMb Soon'sMaPo | LMFgY | H, ppm
0822199 §.04998 (0-2%33 ©629653 0P0GDH56 ©Otiora0-8118026-W42 7.3
1182 Q. 089529 0. 20882 0. 66123, 093859 | 008812 0BT 3Q. GFPL° 7
3.067* 11670602 048.2818 330439.602008 | 00641 0OT®2Q. OFREs 8.3
0100024 3.0541 1163985 051.5540. 2840080 | 5897840, 0DG®7Q. OU32 7.3
0100059 ©.038718 8.1939 [1178610.0368%56 | 2889760, 5HHW8(Q. OF29 5.6
0100054 ©.030F7 0.208918 @553117D.004D458.00873040.014986 0.00D7 6.3
000853 ©.03693 0.3203[1 @l6165 |1 DAV80. 08.92920| 2®A155.|6 DPH018 6.5
010705 (0.001332 0. 08868 0. WOLZ (3.09062178.0090DH3AY 01017304014 8.9
0108671 @.03821 026038 ®563836 008014051 | 1108010. @DH17 7.3
0108204 0.08885 0.2005P ©560869 0boBHE 0.008L| 40.016182 00oB&EA3 7.4
0872908 ©.0568% 020867 §)538382 olboP®P40006/0[130.d168 | Dlid29 8.4
U081 §.08808 G30P2D $6dXd49 oboBVD 700168)P%0.0158010.0628 8.3
T3 0. @aT0 U ¢855h 0. #4858 [0-08ey | Uo80ss2[ U.dB38 1 ©.000PP 9
91005 1190448 V452343 ¥ 195063 628%07 ] 088asd’} O¥8c72U- 0893 8.5
098" 1 O.0%67 | 0.3831 | 0.4559 0.008 | 0.0119| 0.0111 | 0.0017 7
1099* | 00532 | 02718 | 05324 | 0.0071| 0.0109] 0.0129 | 0.0015 6.8
1100* 0.0533 | 0.2685| 0.5658 | 0.0074 | 0.0088 | 0.0108 | 0.0022 7.7
1103* 0.0548 | 0.2997 | 0.6137 | 0.0071 | 0.0115 0.012 | 0.0016 71
1104* 0.054 | 02799 | 06771 | 0.0067 0.008 | 0.0114 ] 0.0024 74
1106* 0.047 | 0.3229 | 0.6281 | 0.0058 0.01 | 0.0104 | 0.0028 7.6
1110* 0.0434 | 0.3068 | 0.6848 | 0.0046 0.006 | 0.0111 | 0.0014 4.4
1111 0.0414 | 0.3002 | 0.5669 0.005| 0.0089 | 0.0163| 0.0019 5.6
1113* | 00289 | 00798 | 0.4376 | 0.0044 | 0.0053| 0.0101 | 0.0182 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 | 0.0058 0.008 | 0.0017 39
1115* 0.0594 | 0.3404 | 0.6565| 0.0053 | 0.0064 | 0.0129 | 0.0021 47
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 0.633 | 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 | 06371 | 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 75
1123 0.0578 | 0.3238 | 0.5966 | 0.0058 | 0.0082 | 0.0124 | 0.0023 5.2




0 0124 0. 0006 4.6 1705 248296 0. 048 0 5767 0.0054
0. 008¥hQ c3hpfbsHioRlof - RS irf T ble 1 are in percent by weight, and are

shown in Figure 3. The heats were measured for a heat flux index of + 0.7

1188 0.0511 0.3076 0.6298 0.0073 0.0042 0.0076 0.0048
4.4 1189 0.0562 0.3133 0.646 0.0063 0.0031 0.0083
0.0085 3.2 1189 0.0452 0.3536 0.6902 0.0049 0.0014
0.0079 0.0132 4.1 1193* 0.0556 0.2864 0.6116 0.0059
0. 0063 0.0084 0.0017 3.7 1196 0.0103 0.2989 0.6053
0. 0052 0.0018 0.0082 0.0171 A} 1198 0. 0531 0. 2643
0.6123 0.007 0.0064 0.0079 O. 903 5 1200* 0.0534
GedY T UMFBE IMPEI/OLWF AT 7 (FAVT OmMPGLS ivFP [1EMB’AI | H, ppm
G1954%4 §.06880 G P87 §5786 S 0oy Y 70503806 0.60e8U 1 B.060% 47
118" Q10488 | S0 94560 "635395” UB 085 IUE066S 0'0b95 | 0.0016 5.1
3! ‘0'0‘3'7'8 P 0.9219 heglep7T ”ob@% °_8.08879 Tdo 2T o028y 5.1
WWEI? 3 %;ya ' 52899 V)" 0.574. "'A(»bfdsltj 20,0084 TB:oB92 [0 0833 5.2
e Cm5§8 S0 2815 | 0815900055  0odo | TCOMAEY 00838 | 59
o3b. 1, 0086¢ | b2085 | 6493 " 0:0052 ] "0.0125 - 00151 150005 4.6
B8 00067 §, 0AM2 |y % P le OOTE L, 0U0NE | Liot0k 1 00087 | 67
JABXY |; 0-048 Lo 83338 k 95 90084 [ 00085 " Q0078 T ¢ 09H4 4.4
wEdr 4/ AOB7 hn31823 Q6P9R+ 00054 p PRP66], 49993 QII_QA)D Sof 42
65168et| e OLA9r n0-3198 |r 36038 |h 01083 | n0-937G lo 090744 00926 4.2
heigt ]l @03PAdeR 2083 hi n 948 |add9p% abP 80580 dROGTF |g 0025 3.6
nE@anat 094pt ¢ 088f%ar 0-6A26ar 08954 hoAMA0TS - H.003he 35
curede |i 9.061 5 ur 8.2841sh owsB9maxiofeAs 1008040mabPe9||eWdl0d8 of 3.9
f1ge ni torasgen aaesd r eb5993dr A2 § 0P.00%e| sUPATE] 9013 al 4
priEssyr @464 |t h@3d4 ee 0rE86r0g@00aNdoPPEe| MeN78ger®.0031 4.7
tof7al 1|n@.aB7D | at esipherossistjo 0005 | pr@oece 4.0087 | 0.0017 35
atepiablos3héad.3bdoux 0.6nda@x010.0057 | negesaat tGOgaer| Doa4s ¢ 5.2
Teiger .| A9s50omn7een| Fo.ersse 3,00851] obodohe hemmbs t bad1 4
Ne@2a [TT1oR48 T 08988 Te83¥6 [D@lopse #b0bs2 B50.¢09a |amdoas 45
[H%Q YHBIEN bBYS | Debope [aloako 6. b.obsM) Nabgd [Neajn1s 4.2
(783 W oHsHo | T 09s8ES 4.6 77| a0dR6€ ¥ C 6Bbs21E28.608% 11 caos! 37
T3 JA6ET 833 | (416245T[€® .06y J€0.0854 EVEDGB5YET0R007 3.8
L‘PH;S' MY olgdW | TEBH X %2@8 HhoPPTT 08b4b | To. 6681 blosas 4.4
LR80T Wl gse2 TTEBHH3Y d'o dABLU'o%Ew Molob% C268de3Y 0.0085 3.2
8P =16/0452Y" §.3536- g 6902 d‘b‘ﬁohg o 'ooihed[@od’f'é € 8 4.1
Y5 Y 0lbs58' Y 2864 0618 dhdd‘é}gf'y GRS 0'96@4' Y 0.0017 3.7
“T196 7" 0,0103] 00, 985 1 o 6053 [€ opo5Z TCplabte. H(bedz'cvfﬁ.mn 4
RS O 1o b o BT byt B8HEPECGl0078 7S 9 003 5
RN 0B Ih T H2bsr [ ol6ads | o078 Y a b0y | ¢ Upot IR 67
—C 2y T O 54 T ~ v T P TC, T
R IESRAC r‘%s:p 4b% u@:}’-Z-re,O\‘t.Z..‘,! ‘Eﬁ)guo tO- 06? 0.00T+ 6.8
atnospheres _las shown by the right-hand curvein
gﬂ jertes raducgd\Hedt FAIXSEQ | D HEAT | D] C NSS RBALH |p
eHG¢§/I 248991 0 0502 0 59653—00042—0—0079—6-2645

megawatt per square meter from the desired level, i.e., range about a standard

heat flux for a given casting speed. Examples of standard heat flux for a given

casting speed is 15 megawatts/ m? for a casting speed of 80 meters/ min and

13 megawatts/ 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
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1701 142523 0. 0461 0.5798 0. 0053 0. 0051 0.2729 0.0112
0.0008 5.1 1696 248237 0.0513 0.5793 0. 0055 0. 0052
0.2902 0.0112 0.0014 5 1695 248227 0.0559 0.5701

0. 0066 0.0039 0.2436 0.0115 0.0006 6 1694 248207

0. 0487 0.5763 0.0059 0.0081 0.2643 0.0172 0.0007 4.3
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0.0006 4.4 1690 142250 0.050%

odiz b doEpiapodst fugy

%8P 7

e

“0. 5928 0. 0058 0.007
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001 4.37 1689 2480
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001 3.8 1687
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1684 2
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cd) polegiining s33tido GaRgiert:

0064 0.248 0.012
6 0.0052 0.0031

0.2743 0.0122 0.0007 4.5 1683 247968 0.0488 0.5782
0. 0069ofb RREALY,. ddidortal Bikats I%@B&e@nﬂade]ﬁmlowm@@en and

0. 0533 0.5753 0. 0069

0.0081 0.2744 0.0183 0. 0008

logdydragershagng somppsiions shoyosie takled: U\ezn@g@ncbq\@i range

Bordtgtog! iRt Ty eadE el H0sd g b d5dom.

RoWeesr, thedRydroged S\l 0f 6.BFpM. IO WIfh a feridSIRiCHFAL6f more than

0. 0496

0. 5266

1 gtraosphese pressisa.cnamely

BrEEhoBEe (BT

N A04

0. 0063 0. 0065, 0.

wtde

88 0.

AMeRP

121 0.0Q07 3.3
res, QY ghe

917 0.0562 0.572 0.0052 0.0064
.7 1678 247915 0.0499 0.6139

0. 0052 0.0073 0.2789 0.0134 0.0009 3.3 1677 247910
0. 054BABLEZ21 0. 0055 0.0088 0.2444 0.0163 0.0008 3.3
-12- SEQ ID HEAT ID C WNW N S Sl

P AL H m 1677 247907
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SR iDL HERY 78 [ 00 Oitr, 00BN 0. 238 O Q%1 078004 Ha®  TH, ppm
o dduE | 2asgot LI botls bpabSd] 0la0dz0.a07d 1 h2g % £opfadl 4.6
o 4205 248296 ~ 1 0048 [ 05767t G005 [ obpz 10 3Thrt Olat7-] 60019 4.6
o déon | 2523 [ 0:0481 508798, 1LG,0053 D405 1 0.27 Lthot1Z 2,008 5.1
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1676951748857 o | QP5a9 0 840! 0088400038 99236 H BH1T5,6,3008 6
0. (B9 | 248207 1 490487 bRBASY) 6290 100084 026AR9.-0472)1@G007 4.3
0. 2691| 4803172 |9.04805038% | 4.0068 |0:0068 | 0P6% 58.041%E@6006 4.4
0_06eD| t4286%1 |§.0985 1308928 50005800 PO | 02582 | §.833)30.0009 3.2
0. (8901 t4284R2 |9.0564 | 0.586%530.00797/d10057 ) H2p83 | 098174] 10.001 4.3
1671881748008 0| O3 ) 05P472| QOTHIG0.0P40()0AL6! » 466140 4T 2.9
0. 06897 | $8007 16120528 787.575| QEUH |(0.8468 02600 001 2EF.0007 3.6
0. 2883%/| 24180046 |©.03099048CR | 0.0053 | 0.0038 | 0.2629 | 0.0127 | 0.0008 4.6
1687 | 247994 0.0467 | 0.5974 | 0.0055 | 0.0045 | 0.2653 | 0.0129 | 0.001 3.8
1687 | 247992 0.0497 | 0.5791 | 0.0049 | 0.0056 | 0.2541 | 0.0114 | 0.0009 3.7
1684 | 247975 0.0498 | 0.5839 | 0.0061 | 0.0064 | 0.248 | 0.012 | 0.0007 3.7
1684 | 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 | 0.2774 | 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 44
1679 | 247927 0.0524 | 0.5325 | 0.0063 | 0.0074 | 0.2521 | 0.0139 | 0.0007 4
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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
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0. OBta| &478%4 1 10p4%s LY 508 1005 E@?%:,‘GE‘* 258057 P X005 3.3
0 38%5 47800 [9.047 | 4.5845,60060] 00007 19284 GV QI 00007 | 41
0. (B8] 7686400589 | 8600200 POGIAL00BT 3 0.2p4% ) 003 Asgh0022 | 3.3
0. (886 276884 | @.0588.80.868P059.00922 3084 | Q2§23 00 Qe Ql00715 4
165679U142493 0 | Q0471 00558 P.007q 0088 38.239D 58820y 003 4.1
0. 0673 1247874 650.0549 695262 0%A@620 050049 | 9.246% | 0.08@15p0.0007 5.4
0. 2670| 2478008 | 0.0503 805458] 5 400074 105®E7 () OP34% | 0.081H150.0009 4.4
0. 06B5| 2478685 | 0.02755 0551 DBOTE30IDWS52 | B.209%4.68.024274210012 5.2
0. ABD2| 24785919 | 00085 7 06840100592 ADB50. 0P8F6 (0 00TR| BOePS5 5
1648702 47473%8 0. 04665 005838 Qo4 0.@600 D402 2688070, @AMD7 47
0. QB&B| M47817 1646484 7430210, @452 |0.68332 0.269600140037.0013 35
0. 2663| 2u78959 [0.0304 204723 | 4.66% |10ddca4 1 0s5@dl D 70.01690 5001 5.6
0. G844 2478954 (003443 (b.£0b20oéksl0blbod. 60.280450.87/A10 o 4.8
0. G572 | 8478781 [00@9P L (b £P0 Bo774°®.d34 008348 { 08016 B. 8 0o 5.8
1644628744985 0. Qnatt PHE%6d)| 82 [b.607683 0BagP 4 6.09190d go07 3.3
Y. Yg56 é‘47;513; 1049446 [ 635650} Hoo53 L. 1 0lbo¥d P b.06e Y Uedoos 42
J. 4 % A7 ST B 20477 | 46658 |4Fd0334 02689 B 6.0¥1729d.8oos 4.3
V. Ykss P2, ) %g% 5897 §od83 odeos1 [ 62263 £6.097| 0.0008 6.9
V. Jgse| 2. S 1% gﬁ%&ﬁ 0o Hosb0Gade “6’26 y1{gebs4 P-oloo1 4.2
~OARs X ["247484 | 0 Dade P 0 3877 (10064~D.0De 1£9:5139; Q6009 5.3
o 650 Ta1ha3 ~ D066 [ 8h6as’ G %, b1 4 0&6 é"\f.o 94- 90008 4.7
o ABSO L 247ABT - | 00487 T p 5739 |, “B0t% |0,0038 1 0:2683 f 6.05a5- (001 4.2
o d9ehl MIEZS A 0ARIS | B548/0], (:005-10,0052 n@ézﬁ)gbﬁdiod;oms 5
o6, TEe o bl Ut ot oogte 01 (WtDoe dow |02
0 (B#s| #7411 1 4905627 0864%| G057 100 00492 OP7HE SHOROLRR008 | 3.4
0. 2568 874395 0.04896 05018 | Q8047 | 00H13g OS8R 34 0415,64008 2.2
0 d668| 276806 | §.0483 5 05972 009060 JHRP37 | ©.264% 5 8.0969; 52,8012 4.2
018461 tA16407 | 9.0487 60895 RE-.00H4 43054 | §13P43 (0BG 0.00111 36
163840247140 0 | 049482 | 9673 N0.60F11| (9-0987 OR456)04.068%)19.9007 3.8
0. 0648| 247803 16330.0478.504D| OAGAS |(P.0053 () ORAFA7 () 0QAER| 0.0007 4.2
0. 265%| 2470998 |0.0509204801 | 0.6351 |oMG0633 0R40% 1 9.0075% 766012 4.9
0. A6&67| M70605 (.025231 | 050003 OIBO0B0ME69 0.2651 | 0.009 | 0.001 35
1642 | 247390 0.0499 | 0.5788 0.005 | 0.0066 | 0.2669 | 0.0077 | 0.0008 31
1640 | 247377 0.0519 | 0.5601 | 0.0055 | 0.0085 | 0.2511 | 0.0099 | 0.0026 3.7
1639 | 247362 0.0507 | 0.5192 | 0.0069 | 0.0054 | 0.2132 | 0.0096 | 0.0005 3.7
1639 | 247360 0.0492 | 0.5146 0.006 | 0.0058 | 0.1896 | 0.0094 | 0.0004 4.5
1638 | 247352 0.0492 0.587 | 0.0065 | 0.0084 | 0.2734 0.009 | 0.0006 3.7
1638 | 141578 0.0517 | 0.5727 | 0.0067 | 0.0111 | 0.2632 | 0.0155 | 0.0006 4.5
1637 | 247337 0.0484 | 0.5415 | 0.0059 | 0.0069 | 0.2201 | 0.0115 | 0.0006 4.4
1637 | 247335 0.0531 | 0.5491 | 0.0068 | 0.0076 | 0.2374 | 0.0102 | 0.0009 4.5
1636 | 141557 0.0504 | 0.5592 | 0.0076 | 0.0087 | 0.2491 | 0.0114 | 0.0005 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




1632 247130 0. 0461 0.5733 0. 0058 0.0043 0.2421 0. 0091

0.0004 4 -13- SEQ ID HEAT ID C MN N S Sl

PAL H m

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
0.0006 3.9 1630 341342 0.0521 0.5775
0.2387 0.0133 00,0005 4.6 1624 141300
0.005 0.0068 012586 0.0086 0.0006 4

0.2798 0.0098
0. 0075 0.0077
0. 0456 0.5921

§EQ2ID,{'4&EE'F |H' lé)l U mﬁltﬁ L‘)E.)bb 5) UUb/s| U. Z/pb 0. UA.LU/ H, ppm
V- UR3e] 1348 19905 08720 Qo793 | 8. 3454 B0 Bo $0007 3.5
" a65] Ya1447-2 [1:0463, D388, | (056 | 006E P 0:27594 6009870006 3.9
o Ae3n | Xa13er | 0:082% Foares wodrs | L0077 1 0.2387 £B.0433 0,005 4.6
F AR T T A R
o 0B23| t1g88 1418051 O RITE] 00068 10:0058 ) 02760 0. 0K07,0.0012 3.5
0. 36273] 2478483 [ o0 8pA | 85613 710,003, 00066 19.2423h08T12500.0005 | 3.5
0._(D27| 24788677 | 804980 5%81 0010048 0062 | 82546} 9.01057110.9006 3.9
0. 48207| 24763637 | §.088 1 059%805%08532 40088 | 2463 H0HH% 30.4008 35
16161DUHISTE 0| 09506 H0E93| (P.09P1|] 0POA)HL589 PBANSY) GEOAS 36
0. 00097| Bi1352 160D48% 6957820, ©o¥3 |(D.WEA | 9.236F 60013807 .001 3.9
0. 26%L] 170151 | 0.058D4 @580 | 0.6057 |M®IZ 2 0@369! 69.000458%,0004 4.3
0. 0663] 2170085 | 0.026080676¥1/10.0050J 70053 3 0.2667 () 0.24E0U (.00 33
0. Q685 2169926 | 0.0506580619081.00.8258840 | 02384 00.000%| 20007 33
160861114346967 0. 05393 0. ®FBB| Qo&B54H.@768(0 02261 22815 0004 4.2
0. Q67| 246442 1604849 L4450 0668 |b.60884 02668 690.0110080007 3.3

480P| £ue0P3 | ©.0889 D 0492610080634 81 (.02489 | 0.0668950.0006 4
0. Q860 0183945 0.| 36839 008P5H3| Qo0 abr4 | 8007 | 841d11/0.0007 3.4
0. Ubso/| Ya124P6 [Q.d347 | B.55547|70 666941 9.0 052468 ] 08693 [B30.6005 4
ToUBosl 346915 U Bkdo Vo3850 U 85é37 olboP V2781 £o8dod)| dddos 3.4
V. Pl 141917 199054706 57567} Wao7 [0.80727 0249 | 8.0 V98007 3.4
V. 4806 | Ya1987 < ‘Q:o‘sH}é’”o%g%ﬂf@&@ 418857 02582 Y §.0¥Y15°P@ 005 3.6
V- P| Yasgr7 < [9:0677 P 08154 K¢ obred Bi5056 | B,256P 1 0.0690°°06009 3.5
0 GRE5| Pasa70°0 | B:0457F 0 3o Po Hosedod?, 0834 1871 8141 ©aong 3.1
~ONRL 2Aeg62 -l 0ag3 P B33k | (10453 0,00k 1 02634 F8 7088 L D- 4.6
o 1607 Z46854 100572 PO RT57, [.0.0053 [ 0.0068 ] 02587 T 0.010320.0011 3.2
o 808, | 246852 5 | 0.0536, 10 3455, > (005 1 0057 102288 | 0,00 50,0011 3.8
oGRS A" o i R OR O b o 1T PRI oot | as
15980y aie8d o 100057 p08RI 00044, 00/034 02490 L 0R1E ooo0s | 4.8
0 (59| 246806 1 490459 5B480%| G004 |o 0098 OOBHEL 05Gp0,q006 | 4.4
0. JBPM| 246894 ( Of4BY | B.5295 1 &60531 D07 { | 92899 | 00-8Flg)0.0005 5.2
0_d6%7 | 14168053 |0 0PE4KE 0§66 b 0s 10068 | §.263% o 05265,6:006 5.3
0. 0499 | 2463378 | §.046% 043/ ED08y 20 010053 | 2447 (0 8hH3| %0603 4.5
159595 4049980 O | 049428 (0581477 ©)0CRIS-D36 () Be2589 p8HH3 10| 930D 43
0. 069%| 140888 1599494008880 QA2 |(P.60I43 0PORH T 9.0M070NFA004 4.6
0. 2694 | P463397 1000684 0453%5 | 0.0064 0.009 | 0.2218 | 0.0094 | 0.0005 5.1

1594 | 140978 0.0479 | 0.5645 | 0.0065 | 0.0068 0.228 | 0.0157 | 0.0005 5.6

1593 | 140976 0.0541 | 0.5799 | 0.0066 | 0.0074 | 0.2485 | 0.0143 0.001 45

1592 | 246741 0.047 | 0.5652 | 0.0053 | 0.0055 | 0.2348 | 0.0127 | 0.0009 49

1591 | 246739 0.0549 | 0.5755 | 0.0075 | 0.0041 | 0.2343 0.016 0.001 46

1590 | 246725 0.0404 0.575 | 0.0045 | 0.0079 | 0.2505 | 0.0109 | 0.0002 4

1589 | 140941 0.0524 | 0.5793 | 0.0053 | 0.0057 | 0.2414 | 0.0127 | 0.0011 49

1588 | 246565 0.0477 | 0.6328 | 0.0078 | 0.0065 | 0.2361 | 0.0166 | 0.0012 4

1587 | 246559 0.0457 | 0.5635 | 0.0055 | 0.0055 | 0.2446 | 0.0218 | 0.0002 3.8

1586 | 246546 0.0573 | 0.5793 | 0.0059 | 0.0094 | 0.2237 | 0.0134 | 0.0003 34

1585 | 246544 0.0601 | 0.5434 0.007 | 0.0067 | 0.2672 | 0.0198 0.001 35

1584 | 246536 0.0538 | 0.5664 | 0.0064 | 0.0061 | 0.2087 | 0.0161 | 0.0008 3.8

1584 | 246528 0.0488 0.559 | 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




1594 246759 0. 048 0.5355 0.0064 0.009 0.2218 0.0094
0.0005 5.1 1594 140978 0.0479 0.5645 0.0065 0.0068
0.228 0.0157 0.0005 5.6 1593 140976 0.0541 0.5799
0. 0066 0.0074 0.2485 0.0143 0.001 4.5 1592 246741
0. 047 0.5652 0.0053 0.0055 0.2348 0.0127 0.0009 4.9
1591 246739 0.0549 0.5755 0.0075 0.0041 0.2343 0.016
0.001 4.6 1590 246725 0. 040440. 575 0.0045 0.0079

Pa¥ o ]

OO0

§$ ,b’\) E UUUﬁ f. ‘41. U éfbé‘l- *5 o/Y AL H, ppm
TR YaediR ! (Vo877 06y £d ofbed b diod- Eb*zﬁtm%ﬁoos 38
14379, 246d8F  [0.05%4 10,5964 PRof3s Adosa 102585 Lo 9135 | ggar 3.3
o AEEE 226359 - | D 0486 Fp58as| (p0ss0.0058 1 0258 & ~0.017. . 0.§005 3.1
o, 2585 Hedsr 100488 185845 | JOC00 10,0047 7 W2AX LD.0f56], 0,007 3.4
0. 087 pZ46ady { Onade [ oDBARL0 0G0 003 | 0,d4g9 10,9400,500003 | 3.1
0 (58R| 346433 4 |9.0988 4 059N 590849118054 |$:12844 1 093%S QO%OG 3.2
15987Dhas6484 0 | 00584 (8,606 n0-804T1 H0q8A 0-26399 80108 n9.AR05 3.2
0. 0608 | 246412 159472695915 | BG4S [0 OpPS 3 0P667 4 P.0h44HB.H006 38
0. 2573| 2463933 |0.03@57 04955 5800814/650072() 0P8 | .04 | 0.0005 4.3
0. 0658 | 2463898 |®.05985 054981 370.00600D%73 .| @.2494 4 0922 | ©)0005 4.3
HEAT69 D24B3WN N 09588 | P.5A63 H, 0.906 158141062328 | 0.006% | 0.0006 3.4
0. 5689 | 43668 |@.d3004 0572314 10.0060/120063.|00239 3 09127 57.9003 3.6
246484 | 4d354.4 |@.da863 03400 68.005800b&82. | 25334 () 0@13H| 0.0026 3
0. OBBY | 246354 15 6042946459640 | 0466 (00.6845 0243055001008.6013 3.3
0. 2588 044337 0.00285 | 3.5859 [l 50/doe2ibddad |®. 22483 00150480002 3.3
0. 0867 V144388 0.0489 0. 0556 | 0.06610//0.8069 | 01166 | 3490374 50.0004 35
0. 0266 946239 U.08483 | ©.5898 L0 Bos4%PPods60 0200 | 00420 - 1 o 27
O Red 1946399 U- [ W5483 U 02372 | §.085%*%0.6b742UtsH4 $04424)| 0édes 3.4
U. UBED T 946318 1 1 ofcaéﬁ*%ib*s%ﬂ;’ Heddr [Jo.6368 (U044 001 ¥8bLl ¢ 3.8
V. 498y | Ja 1G.08459 03768 | 6.9d3B G074 02548 %0‘119“’515 0 3.1
O QRS TVaddD U orBa2 | 857427 Fod00000738 0.2584 % 044> ﬂéoooz 35
O 0262 Va3 39S [ 453P T HoBPT & ofhe?Sthe] | D574 0 o898P [ 4 S0 36
I T £ TR O 4rDhhg T 2888 | Hplaid] W dfe T 3208198 ots 012270 37
o ABBT | 2262720 100485 105774 | B0 0,051 2428 T 00147 0 3.9
" IBB0 120502 | 00497 f 05885, | ~0°005.50'0081 ] 0-2626 | 90427 |.0.0004 3.2
1560 | 440200 o | 0 feBe £ 0558 L 8.0051,10,403¢ | 0,258T 10,0454 70,0001 3.9
156856 ) 245242 ¢ [0/040 § 00085 T 08055 ‘0008 L3586 ) p.OIZH fpope | 3.9
0. 048% [ 826240 1 400443 49,5867 BRG%? |y G008d 9.2454 09190540004 | 45
Q. 2560 | 3409263 |(D.05332 8.667 | 98062 h0¥Ad 42632 59.098%536.0006 3.6
00364 | (492569 |(P.0554d 05569 86-08610R0059 |.2594 4 8.030% 58,9003 4.3
0. (0650 | 845974 4 |(9.9538 1 OF8ABRA.007 721108064 |($12736 () 09128 | 1556 4
246350 | 2499683 |(9.0556 2 05781 £2.00780F005d | BPHA5 () 0127 0 3.9
0. 0666 | 345963 156126 EF59) | 0907 (060574 AR68642.0030068 0 4
0. 2419 0245048 ( (30539 | 05636 A.6GTHM| MOTEISD. 7498 70D108 D0.9002 36
0. 0G4 | 2459389 |(M.0528 9 0039 10.0064 | 0.0059 0.273 | 0.0142 | 0.0002 3.7
1548 | 245936 0.0525 0.602 | 0.0067 | 0.0051 | 0.2828 | 0.0145 | 0.0001 3.7
1547 | 245925 0.0516 0.585 | 0.0069 | 0.0061 | 0.2543 | 0.0163 | 0.0003 34

" 1547 | 445923 0.0593 | 0.5902 | 0.0087 | 0.0087 0.244 | 0.0195 | 0.0004 3.6
1545 | 245912 0.0509 0.567 | 0.0061 | 0.0076 | 0.2583 | 0.0171 | 0.0004 39
1544 | 245900 0.0535 | 0.5995 | 0.0055 | 0.0085 | 0.2546 | 0.0124 | 0.0007 34
1544 | 245898 0.0468 | 0.5968 | 0.0058 | 0.0086 | 0.2499 | 0.0143 0.001 3.4
1543 | 140119 0.0492 | 0.5673 | 0.0062 | 0.0081 | 0.2386 | 0.0093 0 49
1540 | 245864 0.0518 | 0.5756 | 0.0054 0.009 | 0.2595 | 0.0163 | 0.0004 3.6
1540 | 245863 0.0499 0.569 | 0.0055 | 0.0087 | 0.2646 0.015 | 0.0002 3.9
1539 | 245850 0.0544 | 0.5864 0.005 | 0.0082 | 0.2566 | 0.0125 | 0.0005 3.7
1538 | 245837 0.0542 | 0.5554 | 0.0057 0.007 | 0.2291 0.012 | 0.0002 4
1537 | 245825 0.0522 | 0.5892 | 0.0052 | 0.0051 | 0.2694 | 0.0098 | 0.0005 29
1537 | 245824 0.0505 | 0.5761 0.006 | 0.0065 | 0.2778 | 0.0134 | 0.0004 34
1536 | 140056 0.0512 | 0.5926 | 0.0065 | 0.0087 | 0.2416 | 0.0125 | 0.0002 35




5

1564 246302 0. 0502 0.5742 0.005 0.0073 0.2563 0.0121

0.0002 3.5 1563 140529 0.0537 0.582 0.0066 0.0061
0.2574 0.0131 0 3.6 1561 140516 0.0546 0.5888 0.0048
0.006 0.2504 0.014 0 3.7 1561 246272 0.0495 0.5774
0. 0051 0.0051 0.2423 0.0142 0 3.9 1560 140502 0. 0497
0. 5865 0. 005 0.0061 0.2626 O. 9122 0.0004 3.2 1560

140500 0.0494 0.5902 0.0051" 0

0037 0.2591 0.0154

& Uib’l: ERI_!QL‘@ ZADEARE U.”4/9 UstQbsﬁ). 00 p0. 00baL H, ppm
V- Ol brsg1£ 7 10,0378 P 03835 | daora [<00e8Y 02485 [ 6.0¥210P0d002 3.7
OB aodse Toras, Vo @i | §0839% GosB | 0 “(0Q12°1-0.0003 3.8
1501835 |, 24577 100507 LU 5n ? ' 0.80757 [d'o087 102408 | H.01 13 Po 8003 4.1
Sl isibo O §Pds Dnuater| 0ot .0 T O2oia LoV D Aty | 29
o_35%| eA5388,5 100521 [ BEEIS T, 0D | 0.0 [ 02573 40.0852,,0.0007 | 3.9
0. 38&u| #5723 |9.0599 5 05858 10 0067 00BE 4 026R2 Q814 U4 | 3.2
04633 2453h57 | §.05B5 4087051 20.099, 0.0082d 5,288} B0F431E0,8008 4.1
0_H83%| 2453695 | @-048%008§7261080065010:¢078 | 9338 308143 50,8001 3.6
24983R| 536D 8 | 0.0575 0 054 F2.005205e058 | £2320 | 89437 n_ood2 3.8
3. 715301 524555959 960488 059.662)| 1050 MeE3 | §.2438% 1 0019183p@ 0005 3.2
0. 052%| 2455691 |D.0641 1846780160072 |0.,00996 0PS6RS Q0THHKG0004 3.7
0. 0678 | 453513 |0.03063 065600 DB0®64 0.0192 71 0245302 8.0070508003 3
0. 5902 | 1568687 000087 063231140.00631/9B00B60OR413 | 6.01715160003 472
249942 | 93599 |©.0567 | 0.5608610.00620 /60038 293399 | 00741 D0.0G(N4| 3.6
3. 95271 b44b78459@WM506 053540 56@H |(0.60755 02509 86.005425d.6005 4.4
0. Q32A] 492897 | I.0456 1046221585 [(0.6b668 02665 68.00490D 088006 29
0. 088H| 9454699 |0.d3d4 3 08840 8038 | dldoF¥3 | b4Bd4 9 001865 PE.0003 3.3
- 5873| YadeB® 2 |}.dAP81 0Bo@BB6.06540096080 |4.%797 104922468605 3.6
0. U33P| D452450 [G.d198 4 0838PPo BeeddTPodéa U 052348 | 097 Bo.0oo4 3.6
154, 2858054 U- [ Fod1 Vo238t Mo BYAY Hodddd 6. 23680689115 Vd.0003 3.7
0. %%ml_ﬁss 939 041 P8 80ed| §0deh [b.85784 0%78VP 081 B 0004 35
Y. 4 4 1%, 4548 08079 | d.8985 [<0'0033 | 026897 6.0Y16°PO6004 3.5
O qrd T T o281 [ H.2562] § 0fH0%0. dhas 19206 £ 189687 Do BvA2 35
O 9092 [ asdin 2 |0 008y 06 £ 00 abba00Pths7 [$527 £ 09109 P6 fo01 3.9
21553 hg0672 - [ 0.0348 T 0526 P odeg’ 09385 | 45347 1108004 3.2
o A543 A0e10. . 100537 § B5647-1.0.pdbs, [0,00821 024 i'g pot3e "> 35
o 1512245323 - 15 9051 1~ B5857 00058 | D086 { 02582 1 0:0717], 0005 2.8
o dbiar drggno T atalr yESLLLERH [T Gt Mo EE s ol — 4
0_0Bbh| 4453535 [0.0498 1 8582150 8065 | 6,00637.0,2384 - 09160 1G0001 | 35
05589 | #53h 5 | 9.0832 7 08981 h0.0¢65))10,0063 | 9:633 } 00119 EGgo01 | 38
245909 | 2453894 |(9.0584 5 0@y 197899 008137 10-80037 29
2 _d508 5246393 57189P561 (159591 8.884d |P-0A182 0R54hH48.041956.8003 3.6
0. 056D | 245308)7 |9.0514 19338416,0958 |(0.60469 02388+ 9.0418 0@ §001 3.6
0. 0665 | 2452892 [®.0354 | 0.567%110.8058 | 0.005 | 0.2488 | 0.0095 | 0.0004 3.6

1506 | 245294 | 0.0521 | 0.6418 | 0.006 | 0.0063 | 0.2718 | 0.0116 | 0.0005 2.9

1504 | 245287 | 0.0524 | 0.5863 | 0.0055 | 0.0042 | 0.2609 | 0.0127 | 0.0012 3.6

1503 | 245274 0.044 | 0.5684 | 0.0053 | 0.0068 | 0.2509 | 0.0096 | 0.0002 3.1

1503 | 149504 | 0.0485 | 0.5695 | 0.0057 | 0.0066 | 0.2449 | 0.0097 | 0.0002 35

1502 | 245262 | 0.0512 | 0.5974 | 0.004 | 0.0088 | 0.269 | 0.0091 | 0.0002 2.8

1502 | 245261 | 0.0475 | 0.579 | 0.0045 | 0.0068 | 0.256 | 0.0107 | 0.0008 4

1500 | 245082 0.052 | 0.5876 | 0.0062 | 0.0106 | 0.2418 | 0.0107 | 0.0003 2.7

From the heats reported in Table 2, it is seen that the levels of nitrogen

can be up to 120 ppm, and the levels of hydrogen are between 1.0, 2.0 or 3.0

and 6.5 ppm at atmospheric pressure. Moreover, the hydrogen level of 6.9 ppm

in heat 1655 is with a ferrostatic head of more than 1 atmosphere pressure,

namely about 1.15 atmospheres, as shown in Figure 3
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Sphesbdtndin0UOES)) calisatedaginst. the Anermal @ondactvity(5EG”) method

o 8 6Beduigd b, Onion] 08 5P6C 5 RS R gre and

%a%ﬁ @xcitatibHi3 the g@&@rr%d%etﬁﬁa 3o %%ﬁﬂn@ tf%@ﬁerﬂm’éﬁéé‘mposutlon
0058 0.0077 0.2664 0.0153 0003 3. 1521 149

of roatzdicosas0pies 0T l0is o0 sx0is videly Asrdan cbnesl&jakmalsmg Iadustrles

Bebise Bmanapaiees, Hihirds,dR e Hhanaitpcihh Bue to
% ?ggﬁgaﬁalgéléftm@e 8A8 nkFerént é&iﬁaéﬁ%@% rROED sGS8fs are most

_ 076 0.2751 0.0119 0.0004 3. 1515 149634
effexdive ip caotrolling tusprazessing Qf allgys B\@ﬂ@q@tr@me@ mpay be

01T Pt ashiedf 01 B S furdicl” e A ng i S SPection o

Datribls, né&ta0Prdte8sing, quility tbatolldfehai-fihisHedBafd fifidhed goods
0. 0057 0.0068 0.2585 0.0147 0.0004 3.2 1513 149610

andrRnyetheuarriicatisns whersa ahemied eompcsition af the mefagic

5857 0.0058 0.0086 0.2512 0.0117 0.0005
ééyéiggrf%gg{gg'?l 0. 0507 0.5571 0.0071 0.0075 0. 2447
0.0117 0 4 1511 245353 0. 0498 0.5823 0. 0065 0.0063
O 238Thée ThaodalcConduct®ity (TA b r@tired 3sRddo @abbrate MQES

0065 0. 63 0..2623 0.011 01, 3.8 150
el eginles B Mg R0 SEEEage SBUETE pontiied Hbment that
deﬁpﬁme%éﬁﬁﬁﬁltr@g h6ds el At dkyder linda MiF3vAYicth 41 nbtalt]19
0.0003 3 07 245308 0.0514 0.5784 0.0053 0.0046
rgfragtesies anchether monaanic materals. JhsybG methedemplgyy the inert

o bRarEp @i, 2R e geolited i e ioRPyfIR8y e

drbdiblel 46 Aeduriter 4 ovaagheliufDgas Strédh2atGedpetatordditificient
0.0012 3.6 1503 245274 O 044 0. i684 0. 0053 0: 0068 .
9. relagsePXygen. Bitrgesn agdihyd{agen.1 186 exveen sthessaiaels. in all
%rrqg%?e&rﬁo&ﬁngm%@%trpth%oc%bgn GRALthe erucibrd %mbon

. 0.5974 0.004 0.0088 269 0. 0091 0.0002 2.
rhb0oaxides Ide ritroge poeEnd mtrm)mrmpleoemsesmencle@mtw nitrogen
O.CSZ)OO8h4d 1500 245082, 0, %y% 0, 5876 0.0062 0.0106
9 30% hYdREEH 1§ relsased a5 WAMHN 8 eat s reported in

Table 2, it is seen that the |evels of nitrogen can

be Uplnttﬁemnfmm)d %)%gtah&s hraesused by infelired @bserption (IR).

bet ween 1. 0 or

Sample gases ﬁrst enter the IR module and pass through CO and CO;
detectors. Oxygen present as either CO or CO; is detected. Following this,
sample gas is passed through heated rare-earth copper oxide to convert CO to

CO, and any hydrogen to water. Gases then re-enter the IR module and pass

| through a separate CO, detector for total oxygen measurement. This

configuration maximizes performance and accuracy for both low and high

range.
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and 6.5 ppm at atnospheric pressure. Moreover, the
hydrogen level of 6.9 ppm5 in heat 1655 is wth a
ferrostatic head of nore than 1 atnosphere pressure,
nanmely about 1.15 atnospheres, as shown in Figure 3

-16- The free nitrogen was determ ned by analysis wth
optical em ssion spectronet ri (" CES") cal i brated

agai nst the thermal conducti 7fy ("TC") nethod on a
scheqyligd T'@:aﬁfe%\ociq?ttké”gf(én RThesdHad BYdds §ér)ip(e(§a®es to be
using arc and spar Itation is the preferred
meahnddttbroahghdmate@ rar‘eeeartremmar cn@dqowblchu aamvertsfCO to CO;

Y !
ik Bydrde B el < 0r Bl VAR st el Bt S prothtt ftection
tfyot‘h@dTG Ra|l. U AP RIS é’éﬁésﬁﬁfbﬂg@ﬂhéﬂ@@ell Fésr&mtr@gen Hétectlon.

rapid analysis tine and i nherent” accuracy, Arc/ par
CES zzgterrs are nost effective in controllin
pr oc A3 slatedabaye, dhe freeHusisogernist measuredsb wogggéhrect

SRR AR SRR YL, 7 A e, T

UHios erstieved tcﬂb@ldlebdrlwtrfmb fOIiowmgireférerh@dnfUSqmients u.s.
finished goods and many ot her ap70I i cati ons where a

Ratenrt Nap 40‘291%36%215 on8. o8 1tand S84 material is

requi red. The Thernmal Conductivity (TC) nmet hod, used

to cafhs He&irkB tlgﬁﬁas b H'lﬁ?étlla\fecfgﬂb @é%cﬁ'bed |n detail j in the

m cr opr ocessor - ase tware controlled I nstrunent
folegoind 8rawingsraad ldescnpmcm:) die@ sase iBdd Ibeamrmwe@ asiillustrative

- airepRrcibe 1 elvector i boteandRseoRrae, &y Alustratys

%ﬁﬁocﬁﬁﬁérﬁ@trﬁré@ﬁhﬂeﬁ‘be% ¥ROWA SRdEBRlBed Bhadrat ainctanges
Igh purity graphite crucible, is fused under a

ricomiodificationsithaj soms: withimthe spiiheéihe investieuare desirad to be

a

R AR RNttt S MR RuH RAPEEbmd AP IR fhose
ddiledaarthe art upon ¢dresidaration betheodésurmtloar Mmdifia:a:tiwsirday be

The nltro res in the sanple re} ases
TR SAPRIT APRAHGR O HiP SRt AJAREGRAOT 1 Breas

hydrogen gas. In the TC net hod, oxygen is neasured by
infrared absorption (IR). Sanple gases first enter
the IR nodul e and pass through CO and CO2 25
detectors. Oxygen present as either COor CQ2 is
detected. Following this, sanple gas is passed
through heated rare-earth copper oxide to convert CO
to 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 performance and accuracy for
both I ow and high 30 range. -17- In the TC nethod,
nitrogen i s nmeasured by passing sanple gases to be
measur ed through heated rare-earth copper oxide which
converts COto CO2
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and hydrogen to water. CO2 and water are then renoved
to prevent detection by the TCcell. Gas flow then
passes through the TC cell for nitrogen detection. 5
As stated above, the free hydrogen is neasured by a
Hydrogen Direct Reading |Inmersed System ("Hydris")
unit, nmade by Hereaus Electronite. This wunit is
believed to be descri bed in-the fol | ow ng referenced

\@ﬁ g%t %gﬁe Pat ent Nos 4, 998, 432; 5,518,931 and
5 |Iethe|nvent|on has been illustrated
and described in detail in the 10 foregoi ng draw ngs
and d‘esArrheilﬁodrqf cakting steel stript corbprigingsi der ed as

I h
bei nghduTes sdtarn B EpoN gt gl Sffdes dfatieast one
6d%ﬁh§%ll fwm? trb@%blfé?@%e@'h@vﬁ@sﬁ rfe ditrdént Earitedt below about

changes nodi fications that come within the spirit
120 ppho |amdeat free hirdsogensicontentobelew pboutiedpm measured at
Addi tbonal features, of the invention will becone

%{H}?&P ﬁf'cf){)eﬁﬁ%%ea% skilled in the art upon

ConSIaﬁaﬁym?mh@f nidiendsel ithtfofi. midesli Ehelrt bﬁnﬁ\e”@dsthfg rolls
made wi t hout departing fromthe spirit and scop

hawing rwtmerbﬁnd hiroppatleyels aefiered by the contes m@eqff in the
,ﬁﬁg,%ﬁ Q%e tﬁ.,{ri Ete‘épgfiﬂ@' sing introducing nolten
n-car

on CasSting surfaces of at |east one

cast i;ngrrreadnletrmd of dlaien navhiers thé érele Hyaivogen eoriiteatis between
nitrogen content bel ow about 5 120 ppm and a free
ho@ngden ReoMBEAIMBMNSRICAUBEEUE: 5 ppm neasured at

at nosphgr, the nolten steel

to fgsfmgngg gﬁ%{égﬁn%g{g&hgﬁy St Ehé]H%l I s having

nitr cq;;senmhdlgra/damgénodﬂede:lastm@fdﬂksdnaamg)g nih betvweeeretiniem and
ten formthin steel strinp.

I €0 t he t
%‘?'Q'“Grﬁﬁﬁsm?@ Ja%q;rgsf dWEF'Ee EARNG ©UShy dr ogen
cont gAtrodSciRg MYSIRM plainCczAben Gtdel BREWEEn tHeBSsiPBrEAdting rolls to
fpressure 3. A nethod of casting steel strip
e

B ¢asting: papd oartbe icagting palisrwith tr@o@ncbalow@a sapfingg the pool,

VI AR pnBh BT hGG, 4 HET St Eb At BloR bk 420t and
mﬂbéeiydﬁdgi;'rmmﬂenbtohselew%odoet&pm dthetmopsphend prssstie)g
rolls to forma castin t he. cast

|
W t h QBT AecAIBaTONS G0 SaiSGaP the dnalfen pige! to form
rﬂEout 1‘%' ©6h g@éﬁn@gsarfééé‘se dii fl’\reoﬁﬁgtlr%?%ﬁ’g‘t%e gP"Hltbogen and

ppm and free hydrogen content 'ow a
rﬁjcﬁomeatelsateﬂm:mmbydhprMMGqf theumokden staehtd pgovide for the

ast n d solidifying the nolten steel to form
ﬂ@?’gf’{&% ﬁegﬁ]ﬁ“ Pc38%i ng surfaces of the casting
r 0' | Sohain %naifreaqaﬁnstéenstnbmrro@gﬁnhé R betwerdn t‘ﬁ@tc%@tlng rolls
by the content of the nolten steel to provide for th
topreducera sofidifiag steal strip deliveped dawnwardly from the nip.
4. The method of claim 3 where the free hydrogen content is between

1.0 and 6.5 ppm at atmospheric pressure.

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.
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formng solidified thin steel strip through the nip
between the casting rolls to produce a solidified

steel strip delivered downwardly fromthe nip. 25 4.

The nethod of claim 3 where the free hydrogen content

IS between 1.0 and 6.5 ppm at atnospheric pressure.

5. A steel strip produced by: continuously casting

steel strip fromnolten plaf k9 carbon steel havi ng a
free i JPoK I (%gn &
hydrodgcjnﬁeg%ﬁghent iﬁﬁﬂg%ﬁﬁ%ﬁ oSt}g@.r pp?n&ﬂggts%rt%gween
1.0 anded. fplpneat aimedphesCq@ressiaet i ng at  at nospheric

presspre. -19- 6. The t hod of clai.m5 where the free
hvar de reeoe e cpstie SRl Ao orinIal S pom o

at NDSRREALENG MESIEW Slain’carfoABitEQbrotastmgt $UHhceksest at least one
strip conprisSing introducing nolten plain carbon steel

aastingsoll mgths the auatenosteat hawiagt a dree niragest ¢ongenbbelow about

i et = T8e ifivath G tord R AbhNC B G Tlrayrec

ARRIbhEFS pPIYBUFB Ry ed at  at nospheric pressure; and
solidifying the nolten steel to formnetal shells on

t he codidifyiparibel molteavsteg! e tfooygemetaldshslisr egeivel eaeting rolls

T Uy ahO G0 gR 5 BRecreB 1l T bofBRl; Fbreof in the
mMoléesel frefonhetBinmsteebgep. cont ent is between 1.0 and
6.5 pé:m at atnospheric_pressure. nmet hod of

9. A
cast i thd ha methost of glaigp fywhese dbe fragdurERgamcantsrl s katween
£8%Eh TR AP R 8t den’ P between them and 15
con en Cl osur

I'ni'n es adjacent to ends of the casting
rol | 9 . iAtretithd ohcastingtsteelEtap somprisimg: st eel bet ween
the pair of casting.rollg to, forma castin ool on
the GRSEMRYnGa b i eopIef cagliee BIGSIHVER & gl PRMRSN Hem and
doRfRhing dhd BloblifesBjA&sht 36 @Als bR HBagtinyf 19isni t r ogen
content bel ow about 100 ppmand a free hydrogen

cont gntrogetiogymaitent plains cathanasteal bﬁlﬁwpne ithe ppired sapting rolls to
O SHER RLEH 08 P RAEL A GRLT BRI e poot

With freceslteh stdet haaidigi affee dlitrcgdrasintgntbélowgsouan00 ppm and

hydrogen | evels refl ected by the content of the nolten
afreeIVAB AN bRIOWRBOU B %BRM G BNOosAReriS praseUre;

ST 1 Roo i TRt H hes iS¢ appisrbngrfﬁﬁ% thé htdrNEREPD form
the nip between e casting roll's 25 t0 produce a
raetal dsHellsdost eadtingt supgackes iof ethed cdstimgrvaoll$ yhavingnnithegen and

Bshoas b el o S Yo Hd A8 bor e
fBFRafidH 6f thin steel 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.

~10. The method of claim 9 where the free hydrogen content is between

1.0 and 6.5 ppm at atmospheric pressure.

11. 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 100 ppm
and a free hydrogen content below about 6.5 ppm measured in the molten

metal before casting at atmospheric pressure..
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11. A steel strip produced by: continuously casting
steel strip of less than 5 mmin thickness from 30
nol ten plain carbon steel having a free nitrogen
content bel ow about 100 ppm and a free hydrogen
content bel ow about 6.5 ppm neasured in the nolten
netal before casting at atno n&gheric pressure.. -20-

12. The steel strip of clai 1 where the free

hydr ogerHeOdte gmtnb%f chftheeWhérdthfedhydrdBBh chitentlis
steel strip claim 1l where the strip thlckness 'S
beiweenﬁa(haﬁd Glﬁrppm 14. A nethod of casting steel strip

castity i deelotdp R BB o 00 RIPHsR 54 than 2

mhe nolten steel having a free nitrogen content bel ow
about 85 ppmand a free hydrogen content bel ow about
6.5 phin Awaetodf gasting Btsip GOrpPESiBAr e; and 10 . .

2oL S od 5o b G455 8t R & st e

¢aRfting Gk dithythehBoksm bRl haviagepfreé mitrdgen eBhteAnbslbachbout 85
to formthin steel strip. 15. The nmethod of claim 14

RiBr andha fiiege hydmasierraieiitebelaw aeeWe S5 RPM aiepsured at
ﬁn%sﬂﬂg}lcéf’es]s%ren@dmt hod of casting steel strip
conprisin €

Ing a pair of cooled casting rolls

havi nglidifping thet waxtent bieel aod‘ormonfetam sigelzndncihes sasting rolls
adj,acent to ends of the casting rolls; jntroducin

'?ﬁﬁ"ﬂgsr’i"tmgﬁrh apdr pysifoger develatk @ﬁtefthY 65@ reaprenty Ql%’lr‘?@ in the
'ﬁeit‘%]ﬁstﬁ%l 'écfngfrfﬁ‘ltﬂlri:%bl &qﬁpoo! on the casting rolls

osures cohfining the pool, 20 with the
m)I t eth. Stheainetteod oficlaint 1 4evhere thg e dydregen mitent is between
out ptﬁga%pm and a free hydrogen content bel ow about
"4t nospheric pressure; counter-rotating the

castl'rw erHeﬁw@mdfééatﬂngls‘wemms Bempeikingn steel to form
metal shells on castlggl surfaces of the casting rolls

havi rapsembliegenpainef coglad sgeting ealis Raving p&tip be rt them and
(Pﬁlhﬁﬁ e cl%)gﬁhégoédﬁ rftttg %lndts%f mé)?%é{ﬁ}%f st he

orrra on 0 strip; and SO|IdIerd
thin |atre@|hcmg mgltenhplaing batbon steel Hsat/veeerthe ipaircdsasting rolls to

roIIs produce a solidified steel strip delivered
eamsaa%iw m@ﬁm the casting rofls withet thecenebaloshrest caniining the pool,

\)M}?frfe ltnBﬁ%ﬁ SRS 'Pﬁé@fng‘?&ﬂeé‘?m‘@dgn b O}eﬁf wsw abb? 88" ¥bm and a

foemhydmgas Icpntmmheioyst/ :geeﬂsé Ir§Itpprp abﬁ?ﬂ?SWanapfessm in
thi Ckcno(ijsn er-ro?eﬁ] ing the casting rolls and solidifying the molten steel to form
metal shells on casting surfaces of the casting rolls having nitrogen and
hydrogen levels reflected by the content of the molten steel to provide for the
formation of thin steel 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.

17. The method of claim 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 pla'in carbon steel having a free nitrogen content below about 85 ppm
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nol ten plain carbon steel having a free nitrogen

content bel ow about 85 ppm -21- and a free hydrogen
content is below 6.5 ppm neasured in the nolten netal
before casting at atnospheric pressure. 19. The steel
strip of claim18 where the free hydrogen content is
between 3 and 6.5 ppm at atng}sjpheri Cc pressure. 5 20.

The steel strip of claim 18 twnhéere the strip thickness

ardl h9Re ﬁg&ﬁgan dotertlis bfélthG'f@%lpﬁT mdabired iR!tAB/molten metal
strip conpriSing: introducing nolten plain carbon

beiferel castingaad atmgsphericapressofe.at | east one casting roll

o TS et oS BB S PR
Beelvesh 3bme 6% SorARMaAREsShERE plaabuidhe sum of parti al

pressure of nitrogen and partial pressure of hydrogen

i s n@odbetstegl strin 6f alaim IGhuhere; thefstimihieknessds tassghan 2
pool of ten netal on the casting surfaces of the
casting 1ls; and solidifying the nolten steel to

for mamet ah nsethbd of @astirtgest@ésstiriag:drmisﬁsn%hmfcbcm:ing molten plain
nitrogen and hydrogen l'evel s reflected by the content
[

qaeer Stesl ANGAsting shdpeesokatdeastene ersingHPH withdbe molten
s?éél'f%ving a free nitrogen content below about 120 ppm and a free hydrogen

content below about 6.9 ppm and such that the sum of partial pressure of
nitrogen and partial pressure of hydrogen is no more than 1.15 atmospheres;
forming a casting pool of molten metal on the casting surfaces of the casﬁng
rolls; and solidifying the molten steel to form metal shells on the casting rolls
having nitrogen and hydrogen levels reflected by the content thereof in the
molten steel to form thin steel strip.



