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-1- CASTING STEEL STRIP Background and Summary of the Disclosure
This invention relates to the casting of steel strip. It has particular
application for continuous casting of thin steel strip less than 5 mm in
thickness 5 in a roll caster. In a roll caster, molten metal is cooled on
casting surfaces of at least one casting roll and formed in to thin cast
strip. In roll casting with a twin roll castér; molten metal is introduced

between a pair of counter retateqd pastiageiollsdhpare cooled. Steel

dhE pHSEIeE W Bolidified sheet product

_ i 6'Hh@hﬁé%HF"rBP"§t%HF%‘i’rfEfre'ﬁ frgeRrticular
to the general region in which the casting rolls are closest together. In any
ERBYCEHIO M ElerPRHETHPIS CRRING BB $EiR|SIHBIEFRIPEMRANEYR N thickness
wesselll &psrewhere it flow through a metal delivery system to distributive
nozzles 15 located generally above the casting surfaces of the casting

rolls. InBwin Rl césdangMelem dnehigt&aclad ioBrea b seRfases of at least

enelingdiig tefoartarramttngPRPtahreakermstal syapeEed ) Wigh a twin roll
casting surfaces of the rolls adjacent to the nip and extending along the

RaRjal oftAkeRgNeRinS 48H0gUssdl Retwesily @ dPaihed eh ited casting
RiAke Sl Gaenedistin SidinasRRIRNgaaEReHN Adiaaenity esltinG tBarfaces and

casting rolls, so as to dam the two ends of the casting pool. When castin

% BIRMOGTIPARI ST i W Reye st R IEaTIREHPIIS tRPEALHRE BoRpTidified
wilbgeprsalichecht armpskaives Q15 therardry ebl5PREaRd AoV lisisd herein

therefore necessary to achieve very high cooling rates over the 25 castin

el R G2 RO RGBS S XRISSRE RlRSestitpgiRer- In

et astdificatiantehthrerapialsirlly poithe FaSinhIdHRCRRdSASPRAEEQessel,
form the steel strip. US Patent No. 5,760,336 incorporated herein b

8 hE Belcflnds HERMPR RedPRiat SIFIVEY SHRIRFLIBnEaHIBdlve nozzles

ineeaagegdmeradiv sitry éhehatealsmel sheadskycsuete thasansphsiantial twin roll
portion of the metal 30 oxides for%ﬂed are %%ﬁid at the initial solidifiﬁation

EFlRPartite, MRIENUREE! SipdeANGERY IRERYFEVeRG RBEILGH!IS to form a

g&gﬁfﬁgegmmgegrmmmﬁh@r%lg%?@gfwgﬁg ﬁtgagugaﬁgw@s of the rolls
ISClosed In atent Nos. 5, s anda -Z- o, , and . .
Qﬁ%ﬂbﬁ%l%ﬁﬁdﬁ'@aﬁ&q Rearine A% tasech%@gﬁso})ftmmiew-ar§uch casting

weor PRy aigsliapyeiadnfirRigreperveniclesitien pfatiss steel aarmitialeld in  sliding

engagement adjacent to ends of the casting rolls, so as to dam the two ends of
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deliver ow

sty Fomaaet

the casting pool.

When casting thin steel strip with a twin roll caster, the molten metal in
the casting pool will generally be at a temperature of the order of 1500°C and
above. It is therefore necessary to achieve very high cooling rates over the
casting surfaces of the casting rolls. 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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solidification can be influenced by the texture of the casting surface. In
particular, International Application AU 99/00641 discloses that a random
5 texture of peaks and troughs in the casting surfaces can enhance initial
solidification by providing substantial nucleation sites distributed over the
casting surfaces. Attention has been given in the past to the steel
chemistry of the melt, particularly in theladle metallurgy furnace before

B3 2351 In MR ARYSa LAY B RRIEAIPBINIGEIRETHEO dRR1B¥G%@s of which

inclusions and the oxygen levels in the steel metal and their impact on the
glRlitpeR PR aiedl diRERoMYcE §RR Ve NHERFHORd Bhallile §iRglyQst initial

stighecAforP @i 1he mraduaier dbynedinsirpb SHiPtHealsastRhasef@ce. I

by control of the hydrogen levels and nltroggen levels in the molten steel.

edrirdifng HY§regERNHd ARPY§EHABVAY h89/A0Gd o AlibslesRs Fhré @ random
sehiad (ﬁf'r\b@éﬂgaﬁﬁﬂ '%é%@aﬁﬁ'nﬂwéﬂ&é&% kupmtedoehas SMARRD initial
a focus of attention in thin strip casting. For example, see Control of Heat
RAIHEiFAtARNEYCHANIBNE CHARNURUIBYB\P IO iRk datiputed over the
o8simgK¥url¥y Steelmaking Conference Proceedings, 253-259; and
Determination and Prediction of Water Vapor Solubilities in

CaO-MYRReD BRsyBes) BVeasiRskE PO IMHISISRE Aanof the melt,
\WegHGainT tRasaatieMeerluffp rhfe (Marsie #8Drprestiraly W have

ave found that by controlling the hydrogen and nitrogen levels in t

SIEMAEIENIRA Ii&ﬁhévﬁ?ssbf%lﬁmﬂ%iﬂ?e'@,Féﬂéﬁi%r‘?‘egrﬁlﬁw %@P%ﬂ‘%e's in the

BeadNenfid 4f E ABOFHIHEAOH BTedRIRY artiieteeraibp produeed byve have
25 roll casting. There is provided a method of casting steel strip

BOM RS Nt B G R et B IR &7 B h AdelNsnRIQSHHFY Uy P dBE &in steel

atripaist aRe eaRHABCAIbyitbHirMsiteR Siotlbgeineadieantraariyen levels in
content below about 120 ppm and a free hydrogen content below about

86 FplisAcIERe LN LAHBENEHOIRERNMNITNID BYRIVIAG IRNGARS, been

shead i jErmoMmelaissioelin Anriheaersiseng suhay the RGgrRMgahas not been a
?gdrogen levels reflected by the content thereof in the molten steel to

RHS AT QEENERR, s RN SHRNGRSINGasthg sRATRIE R PO C BlRlof Heat

RérmyJheiatens comprifing adongwingiasssnblineopaikohagoedSosinsky,
castin roIIF r%%\{in a niE between them and confini%%.endfgllosures
£6f

dd¥tentee™d HRNEIGHS EIIOCE SRS oy e R BthiR igrgyRation and
stealibednes/hedpaapbeSHINBIBES i CaO-MgO-SiO; Slags, by D. Sosinsky,

M. Maeda and A. Mclean, Metallurgical Transactions, vol. 16b, 61-66 (March
1985).

Specifically we have found that by controlling the hydrogen and nitrogen
levels in the steel melt, with low levels of sulfur in the steel, plain carbon steel
strip having unique composition and production qualities can be produced by
roll casting. 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
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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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 and a free hydrogen content below about
6.5 ppm measured at atmospheric pressure; 10 counter-rotating the
casting rolls and solidifying the molten steel to form metal shells on the
casting rolls having nitrogen and hydrcg?en levels reflected by the content

thereofdhe\giplen sfeshtaimiovide fostie fREpagen Qi sieelsihe steps
and forming solidified thin steel strip through the nip between the casting
FABPLsing sheuiRiewissiidified steel strip delivered downwardly from the

nip.  Aliyeaiivsig BES8iloP OIS @ERigodIR! KasiiRPS B! tReen them and
comprising: introducing molten%EIaln carbon steel on casting surfaces of at

HRE A EHRSIERAHIacE M Endicel R/ fRPETe®Rirogen content
below Ry RMEIARRIA PR FEBHNUREPHOAMERt BRIPNiABPEASH G rolls to

pm measured at atmospheric pressure; and solidifying the molten steel
810 R reesliNthMR Ve Esdtiity FMEATRRIRG Mifogeatiit FoyeR the end
lavelsréafiestairihy the eeniitherRohiBIER JRRieRvies!darkdRitigen content

steel strip. 25 The method of casting steel strip may be carried out by the

BEW GHABRSIRD (ROTOIBIAhG: HE5 AYHFRLS PafoBi b e QU ARG HIES PP

h@m,@@igtt&wmm@@pﬁning end closures adjacent to ends
of the casting rolls; introducing molten plain carbon steel between the pair

of castifHURE oG b IRPLERR Bbo o SRl e s a6l teel to form
festin G Fells withtkee RiMngl QolEeRSARENHNGdGEerParl WiarBireMARNs reflected

steel having a free nitrogen content -4- below about 100 ppm and a free )
Rydiieg &R asHte eTeRWAARE B ABPRIGRER U UG RbLPRFEMation of thin
Btespytigp canater-rotating the casting rolls and solidifying the molten steel

to form_metal shells on the casting rolls having nitrogen and hydrogen

levels fORBNRHSBYiotb QU RIRE HLEOTOHE s alp REBVRS BibGcRaRsng rolls
tquf@kg]uat?% sﬁgﬂﬂﬂeétﬁ@ﬁfﬁtﬁ@im@ifﬁlﬂ‘é@@cﬁﬂ)h}iﬁ@@hﬁh@ﬁi_?ﬁgsﬂiﬂI _

t roug e nip tween the casting rolls to proauce a soliaite _Steel stri i
deliveraNeRRHNEDaly IR (S nBOXIStymhemaiBnthaob, fasing Steel strip

praMsiesiymethod of casting steel strip

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
100 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.

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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10 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 and a free hydrogen content below about
6.5 ppm measured at atmospheric pressure; and 15 solidifying the molten
steel to form metal shells on the casting rolls having nitrogen and
hydrogen levels reflected by the contenfthereof in the molten steel to

BV iRs36E! S0P pphe Hiﬁihﬁdf%é“'ﬁg@u%éﬁia'édﬂEémabél%\ﬁaHMjPl&s ppm

by the steps comprising the following: 20 assembling a pair of cooled
BR84S 3 IRIMAS RNSIHRIARS & hem and confining end closures

adjacegbighfsldpRitiAG ARSHIBHALSIINY HHCEWIAIRHES PlaimeRdPateEab form
between the pair of casting rolls to form a_casting pool on castin

Sptat SEVIIHRNCAGIFGTING Valls tha\eng THiERIREsHBh IS 8%8 pove svigflected

Wﬂﬁ@'%ﬁféﬁ?ltﬁér\éﬁﬁ i 88 RBRERSEUteH! §5ol9ﬁi@V‘f&b6P\‘ét forhRfbn of thin
and a free hydrogen content below about 6.5 ppm measured at

stRRISIHBrEMessure; counter-rotating the casting rolls and solidifying the

moltenfgierinHg smifiRe@isheds| iriperrasiarellsipdandctl eaetasthg rolls
hydrogen levels reflected by the content thereof in the molten steel to

K VReues thebAHSHHER! BIHP S8 LvesediHpvamprahnir s dnaifdd thin
steel stip thfoHARB ARG ERARBVARBOS G IG@ It rﬁ@@@dﬂww«sﬁﬁt@ﬁm@m strip

steel strip delivered downwardly from the nip. -5- In any of these methods,
HREMREER%ogen content may be 60 ppm or less, and the free hydrogen

contenfriftaridd@ngtielfeh prih thepbaestaeirepansERideuiasys for at least one
example, be between 2.0 and 6.5 ppm or between 3.0 and 6.5 ppm..

; : ppr . pm.. 5
PATHNIBb NvER theomalisin stest Y B8 & HEm L RERNCasFHRglqusabout 85
s ORI ecareen. Hoardham 4BriteatliansioRssiitan 056 shieniasured at

less than 2.0 % manganese, less than 0.5 % nickel, less than 0.25 %

RIOKISRERTIG PLEREIESSs 81%h 1.0 % aluminum, together with of other
elemendsIRighings fefunoREkgsteandahesphategvBisslisosmalheoeastiiy rolls

aking carbon steel by 10 electric arc furnace. L.ow carbon steel may be .
ST (008 A TS M6 Mo CURIDRURRIEA D eARBOB O ATES! N the

thbltehsiweldbtiermanaasiesesaptent in the range 0.01% to 2.0% by
weight,_l%réd %git%%ocp S?négg%i%ths?ere n%?rig'or%%;/ 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
below about 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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to 2.5% by weight, and low carbon cast strip may be made by the method.
The steel may have an aluminum content of the order of 0.01% or less by
weight. 15 The aluminum may, for example, be as little as 0.008% or less
by weight. The molten steel may be a silicon/manganese Kkilled steel. In
these methods, the sulfur content of the steel may be 0.01% or less; and
the sulfur content of the steel may be 0.907% by weight. In these

methodg, Hif ERGRE£R0RIR MGG HBEASH BBY ORISR} FRUFSIE 60 ppm or

spectrometry, calibrated against the thermal conductivity method a

RS tBRIFRSTHEIFASISR \RRBISES 18¥I5enh 58 B&dRThed sy fhee hydrogen
Eydiagemdyirest Beading, mensetRe Sty S dsis Yot Jnadesden 3.0 and

Hereaus Electronite. The maximum allowable free nitrogen and free
ﬁy@r@ﬁ@h-levels may be for total pressure not to exceed 1.0 atmospheres.

Higher prasssesIn e 18P Uizt IBasRacMiARN RIS GRNEF as less

of free nitrogen and free hydrogen can be corresponding higher. For

HhamBIed L SHiaRRJIRINRE RR 4 -IICPRalPSBE PPsYAsRTyite, less

frRlgsHiareeid fesdwskindes ey aleitel hedyahah ap 2Howmiblybdenum
Figure 3. But forogurposes of the parameters of the present methods, the

fiEd 1888 JBAMALIOANBYEN A8t sFe B LPHIPA 8§ENts Such as sulfur,

aigeRharrs eyRi3thciiah eccthatiexmls etéige initiogiihgnddreen steel by
hydrogen in the molten metal are higher when the methods are practiced

iR BEBRARR athRYARIROPrEES Ma beHaserbEe haseeRRiHods having
Brexigen eriteifahsihie Mii’ﬁ@él 0Q0A PP HO% !ﬁ}ﬁwg H’(,eécﬁiﬁﬁ‘@aﬁégé content

methods by which it is made. This steel strip is plain carbon steel. Brief

G FRIER PGS QMrYV&jSBFtﬁHPtF}esiE%'ﬂﬁ%"iﬁ%iBéhﬁé?é‘ﬂﬁl;?-()l%
explaioedyillusigativendaasulteborreaisneip waykuearmisdeoy IndaiRndd. The

be described with reference to the accompanying drawirégf in which:

EigGHTRS Raye e AEiR W c e aLGh e BNl stk OGtRsS by weight.
Reienubimiey i d/isensriaiprd secionalyigymbegvertenetthe eastgit. The

FHE G R o BOIABGPRR e U8B, 15 Dorailod
Descriptiah@fdhe &raaiasé&iguras domten? diugieatgeeiayde 0.01% or less;
A S SR SRRt OTHSE 521 may be 0.007% by weight.

In these methods, the free nitrogen may be measured by optical
emission spectrometry, calibrated against the thermal conductivity method a
described below. The free hydrogen levels may be determined by a Hydrogen
Direct Reading Immersed System (“Hydris”) unit, made by Hereaus Electronite.

The maximum allowable free nitrogen and free hydrogen levels may be
for total pressure not to exceed 1.0 atmospheres. 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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been operated in accordance with the present invention. The following
description of the described embodiments is in the context of continuous
casting steel strip using a twin roll caster. The present invention is not

limited, 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 line whereby sted] Strip can be produced in

accordapgee yYEBdhe PrRsBinpRsiaes igsrasckpagp 'mer%qu@v}amgemes
roll caster denoted generally as 11 which 25 produces a cast steel strip 1 .
that ﬁé@é&@ﬁ'&‘%ﬁhgﬁﬁbﬁtmﬁﬁ‘ﬁgﬁ)% éivalﬁﬂét tapnads«J @%ﬁﬁ%"réﬂ”p is plain
siane A 4te@mprising pinch rolls 14A. Immediately after exiting the pinch

roll stand 14, the strip pass into a hot rolling mill 16 comprising a pair

& i 181 QA HHAERY MW Bolls 16B by in which it is hot rolled to
reduceis gigknerat the rellRchabiP ﬁ?a%?%@%?b“f[]ﬂ?ubﬁmﬁr%,17fIIQ|§trative
which it may be cooled by convection by contact with water supplied via
{RstaliseRs %Oﬁﬂfﬁﬁ{gﬁ%\ﬁﬁblw%gyg%W‘?a\’&%ﬁ?&w@%%ﬂﬁé\ﬂé’ﬁﬂ féerence
telle@ SlEdoMpw ressviRERBh@RIACh roll stand 20 comprising a pair

of -7- pinch rolls 20A and thence to a coiler 19. Final coolin? (if necessary) .
of the 5ifPRKbIDIACEIBATHEESNEr SKIESRISVALURTEUGHY 2T wih HBISERb Strip
tigemprises a main machine frame 21 which supports a pair of cooled

casting rolls 22 having a casting 5 surfaces 22A, assembled side-b¥-side ,
with a miIBERFSAhEMANISHPFRHRARbY ISP taBoriQkef Hsycaster of Figure
gupplied during a casting operation from a ladle (not shown) to a tundish

23, through a refractory shroud 24 to a djstributor 25 and thence throu

h
a metal#¥iifery 231959 BePRPUIP A MRS B I PIsERE $HRN rg‘gyﬁ'“f"?le”
fARIBAT 00 2ardbe seatieametakiiuteslelygred to the nip 27 10 forms a
pool 30 supported on the casting roll surfaces 22A above the nip and this
pool is confined at the ends of the rolls by a pair of side closures, dams or
patad &8 Deich prinber pReI R agigcent the ends of the rolls by a pair
of thrusters (not shown) comprising hydraulic cylinder units (or other
cuitabIE IBHERRSY i eciLSARe SR Y RORKAYOKRSHbEASIFtabbigh has

peeh3®pbertgeneinleemuadde asithe teepsssisitieyri miay riseTdeovellowing
the lower end of the deliv so that the lower end of the d

RSSO A L2 ARRRICIE FOCRCRERAL che B R GORE oo Qiinuous
hadtbhiplscerlidily oritie A@vimgoltastitersutieegs edhe irdlistiba ghals limited,

re then brought together at the nig 27
%owever, to qpme 8se of twin r(ﬁl casters and extends to other 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 2 illustrate a twin roll caster denoted generally as 11 which
produces a cast steel strip 12 that passes in a transit path 10 across a guide
table 13 to a pinch roll stand 14 comprising pinch rolls 14A. Immediately after
exiting the pinch roll stand 14, the strip may pass into a hot rolling mill 16
comprising a pair of reduction rolls 16A and backing rolls 16B by in which it is
hot rolled to reduce its thickness. The rolled strip passes onto a run-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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20 between the casting rolls sometimes with molten metal between the
shells, to produce the solidified strip 12 which is delivered downwardly
from the nip. Frame 21 supports a casting roll carriage which is
horizontally movable between an assembly station and a casting station.
Casting rolls 22 may be counter-rotated through drive shafts (not shown)
25 driven by an electric, hydraulic or pn@umatic motor and transmission.

Fiﬂ& 2911926 CARETRGTHRN G524 Walte forgre i éo'ifﬁﬂ?s(ﬂfnecessary) of the

ongitudinally extending and circumferentially spaced water cooling
BHUEL SRIRSHIBERNVIRR 6888y water. The rolls may typically be about

500 mmdn<HBlRTes anguse 1o, ahaHt raPQAEER 19DUHNAHEEL PTRAHEEMachine
strip product of about 2000 mm wide. 30 Tundish 25 is of conventional

Hamagr etionhiels soRReH S RanRiEOtisACleRdSasiNEfaltoR2 havng) @ casting
U esSoaxaERlaBRANSRIEM REide MBC). nfy RutRside wkiRe traish metal

receives molten metal from the ladle and is provided with an overflow

GhRUIRIDACRHBLh SRR GEHCPBISHPRICS HYERI R £AS D iSRSIAERNE R 2 ladle
BHRAGHEVOL TRAER OFA B asiRINgMAtPERhEHS 35 Ton@XaMBle aluRiBator 25
g

rashite. Its lower part is tapered so as to 5 converge inwardly and

RERGS ABRHIthAnPasRIVHRIN QA TIRg #5252 IRBS A, GReNE Hkge NiP 27

pagiasofHeodaehiRyysiraced geReraiterrticalyl extiendivd@y to the nip 27
assages to produce a suitably low velgcity discharge of molten metal

RFSIR) RoRPhSARKRRITIRS Bl LRR SRS URGVEN R FRERE rPAfeBPBYRVEENNIP and

thesrpdelastedhared aurireesuheranaitialisaidificaipdPskd losures, dams or
Alternatively, 10 the nozzle may have a single continuous slot outlet to

BEReS: 2BoWNERAGY RrRAsHinsReadiRsel diRs AP R PIHE S e e gnpair of
theuisandér Shonarzie Mg imvoessed ieyhsdeoltaiaes pamdr suitable

The pool is confined at the ends of the rolls by a %air of side closure

PisRAS) amaTiad HRyjiRem'ts platReRPidpinst SReHRPEhILIGRERe AbiRoO! 30
Igenbrnyhefoltcanings ihattherasiisg sialipmayidslapuke Rlasaswdr end of

re illustratively made of a strong refractory material, for example boron
Fh6 TN A oSt R D Bl e et Peign mmersed
sirppethiensisopf the rolls. The side plates can be mounted in plate

holders which are movable at the casting station by actuation of a pajr of .
ny drauRESUIRED R BFeo RIS RlER BiDan S5 AR Silathe moving

pdERJINt0EAGageMerR! il tisesttiene chendse afihsuchstiogethisr tatfeianip 27
R o O SRk AT el il s, o
Wrstiedrangotigifistbedih BRmAich is delivered downwardly from the nip.

Frame 21 supports a casting roll carriage which is horizontally movable
between an assembly station and a casting station.

Casting rolls 22 may be counter-rotated through drive shafts (not shown)
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 rolls may typically be about 500 mm in diameter and up 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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detail in, for example, United States Patents 5,184,668; 5,277,243;
5,488,988; 25 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 coftrol of the free nitrogen and

BIEogER lov ek LU B RFh S5 6RbIBhPIREIAATBAN HEQLAIE BRI Btovided

Table 1 and in Figure 3. As Figure 3 shows, where the free nitrogen level
Wb BBIGXeABRNt SPPPP AT ANAAR SFRRTEPARYgRN %98l was below about

6.5 PPERGLRINEAN S R IFHARE UaSa? <R MyarBI wadwolthfRl8f asiefhctory
quality. The héat(s) where the free nitrogen or free hydrogen level were

A GEABIRTBE M EANRIE: H ETHPMIFBBPEE SOV PR fPdaReEssBO as to

eeﬁtvéfrrgé HHRESENHENaQISWANESSlp el W PRYR oy BEsHRWRIRS 22.

that hydrogen level is the significant parameter and the 5 nitrogen level

can be NRAFR 39 BB 0BYR B SEEEH AMNaIRORIalIMSRRSRM BERRjaY yertically
asedREpigincabesstjesabiesrstrrle 2aklrabRetsiortidbpanabmisdyd of molten

each of the heats shown on Figure 3. As seen from Fi%ure 3, the

RIRAHY usio hien oA &l dnshrelir angkte elivab e PR Siptabpetween

Brstid|RiItepAe RN famestipd e aesr € GHklosbitiAlcagiepNsEeurkd B kRtively,
1 Last LMF Chems Seg ID LMF C LMF Si LMF Mn LMF N LMF S LMF P

MARFRPEENNBY 233y DA S P65 BIBECHDEIY RBYG JQ PRINEHGH oy 3velocity

019N Of Hdfes? PSP 4iReAD IRD IR hip bathBORINe 18l aR062the nozzle
0.2818 0.4894 0.008 0.013 0.0102 0.0008 8.3 1060* 0.0541 0.2986

F8¥ AL DI F BB AN MeHeh MRABP80k071 * 0.0547 0.1939 0.5616

0.00567he0B6dD 1088 HiRed % thel @ A5 0opIRE Pel@8By0Dpak LP&de closure
0,0087 0,0149 0.002 6.3 1078* 0.0598 0.3212 0,6165 0.0081 0.0092

platess SRV SArE0 PIBGREH 219, 38655 Ih 29 6T BRNESEE 9198191 the rolls

WABA 4SO rdP& A Fedfed & Oat 3B BASBT0 A 081R0A3dPOPIte’s 328 are
éosz* 0.0606 0.2777 0.5603 0.0084 0.0094 0.0131 0.0016

4 1087*
sy SIie 515078 (P06 RDIONBIS Yol BAriBlgsbelpasilride, and
ABRY EEAAFSD RIS LD B0NRLEH AROBrEAADDE hE-SteHaAtsds of the
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the casting station by actuation of a pair of hydraulic cylinder units (or other
suitable means) to bring the side plates into engagement with the stepped ends
of the casting rolls to form end closures for the molten pool of metal formed on
the casting rolls during a casting operation.

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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1087* 0.0568 0.2794 0.5981 0.0078 0.0067 0.0166 0.0019 8.4
1088* 0.0534 0.3077 0.6044 0.0081 0.0106 0.0155 0.0025 8.3
1091 0.0479 0.2262 0.5565 0.0084 0.0095 0.026 0.0024 9
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1103* 0.0548 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
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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 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 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 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 0.5966 0.0058 0.0082 0.0124 0.0023 5.2
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ety Po 1P U 7 Fogida P U.DME Y. UK &.0U4wmE £ T8 AL | H, ppm
010562 0.33.9689.040.322063 @578 1 Ogiidesd V. eiss .2 d.d6850.04:0805 4.7
013286 (0.680208.0049436014.6809 79 (lb(0b82 4dlodsEI3" doads50h Oolihd 5.1
06106 (0.006876.00630.908406:0017 33073196 043703 0.2989|0.60633 5.1
00032 (0.000808.00824091 7157419800058 (2648 |0.6110920,0W/0033064 5.2
00349 (.00855812@0r600534.02%27 ©06632 0.0@P8 O.(LOAH.00FMFTOL8 5.9
6.17135205*M06644 002686 0.603PH 00780620097 W.ZDHE3M00BNL 1 608015 4.6
inditdtes réedaeéd HeAtRIux Sefrencd0The coAPBSItiOPBIR| HELRS N 6.7
TEHE 1 jar8- e rcdntdsg welybtdaund @RE54hoWiPMFiq-8038The hieds 4.4
weHBlmeasOr@el fbr 8 it ik GAPRK oF-Q0% MERRRAI pRPRRArd Aifer 42
fréhf3he d8AAEE |evRp1%8 | rAHfBAhodi%R Xt an PP he QIR forlPeR0en 4.2
P;Jréﬁﬂg :p9m5% aMAlES of qf;ﬁ#ﬁa d %899811x Q{QOEIS@\/A%OQ]& inq% 3.6
is1187md g A4RL/ mS 3395 c L8P o 005f 80 A3/ Aif0BRY £9022 | 35
RexL8 o 2540 6894 : Q0| 30
TALIR 4l DPSEE ol R0 ~B05eel "0.0062 1 0003 > 00077 D001 1
B O A7 L A NN A A T D
BRI 5AT S giETe oW 88 19 b ot [0 008 T | d0dt T 35
SIS AR SR ETYES O dhsT MG A1 fode YIRS 52
:gﬁ?ﬂl I IU.I‘-ﬁéhl.. alpl.(é?dél LDME@_—)LI LU%O?% IIIOI.UG@I Al I@d@;‘ IkaﬂHA@f I‘ 4
19 1_%521'3’ PHI0E208 Y "0.6386 7'0:0062 db‘dﬁé?’“'fo!d)‘.@@{' HI0TS ! 45
9-1’18.'2‘3‘90“"6’6519* I oE08E" ”‘6’67525’ S §I38%Y T N IFETE 0808y H1H0EES> 4.2
Ngfgaada irgsa i rogegsEyeios awgﬁw ) H@@/ Y o8& 3.7
levaidrelovy ahert 6 RpEn hatkabeatdlsoewithifodae (esifedsangd®TEPt 3.8
heags 1110 apth 112bzdnshEad. d1dD| Teoliee [0XyY0edR D 1eeisevere osimally 4.4
loyggapproziosate]ly 23132, ao@48 heaiodd2d, iheveiwere.oos3chamsus 3.2
pmisems in.dhe2casting3sduipreert. Moxm4ederdlyo edditmoaihpatschave 4.1
berazmade.osHs [pworgBagenoaa1de lpwologdeogen.dodaing Consaqsitores 7 3.7
shaod in Tahle| Theasdarpgendeyel rangs2 | 0.0018 | 0.0082 | 0.0171 4
1198 0.0531 | 0.2643 | 0.6123 0.007 | 0.0064 | 0.0079 0.003 5
1200* 0.0534 | 0.2627 | 0.6082 | 0.0078 | 0.0107 0.007 | 0.0018 6.7
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* indicates reduced Heat Flux
Sequences

The composition of all heats in Table 1 are in percent by weight, and are
shown in Figure 3. The heats were measured for a heat flux index of + 0.7
megawatt per square meter from the desired level, i.e., range about a standard
5 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
10 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



10

from 42 to 118 ppm and the hydrogen levels ranged from 3.0 to 6.9 ppm.
10 However, the hydrogen level of 6.9 ppm is with a ferrostatic head of
more than 1 atmosphere pressure, namely about 1.15 atmospheres, as
shown by the right-hand curve in Figure 3. TABLE 2 SEQID HEAT ID C
MN NS SIPALH, m 1734 248991 0.0502 0.5653 0.0042 0.0079 0.2615
0.0124 0.0006 4.6 1705 248296 0.04813.5767 0.0054 0.0087 0.3154

Qe /2R meter.

BHICEARERE S

P

01120

.0008 5.

4Bk Heep 2 Y iRderdl- PP MBQaRAQ
1696 248237 0.0513 0.5793 0.0055 0.0052 0.2902

69 £00\wDI igURs36LebE heaisdfrt hed 6.6666'0T0989 (eyghelow about

@@ﬁ%%ﬂ@%f@eéﬁ%
0.0172 0.0007 4.3 1691 248031 0.0481 0.5851 0.

e desteshirge exeent Nesisd blesancldess dnobsatd b8 dheskiee oxygen
94h80AhaH0E1~8.2R8R: were

RORSRRAOU Ry

1880

0.017 0.001 4.3 1689 24 _ _
fechanics! psadlemsdn the easti nosaPOtE-0.0055 0.2611 0.0127
0.0007 3.6 1688 248005 0.0493 0.5802 0.0053 0.0038 0.2629 0.0127

0.0008MdrelieBé ity AU BidHa he a8 HhUbeerDMNAade Widd FianOnx
.001 3.8 1687 247992 0.0497 0.5791 0.00

BB ECHC 68K 69T B WA S 5

QE\%PGQ%\%-%@&%@O%B

Ro0iT00

3¢'%

7 0.0051 0.0049 0.2631 0.014

obiiFoe

o

& OP0F23F 1168402 BAEIO05IIPoBEHAE/BRSAAMBAhR34Bt6.612Bpm.

0007 4.5 1683 24796
BY6Y S I

s

1680.2

Y5702

4

pLEl

B

kidaibs

57820

£E36.00

10062 0,0067.0,2774 0,0
Ebe'Sgertgts Ae
0.6008<pHG81pPATAN4 NAERNDHRRA 0.005RARPHERR432 $hohkRby the
934 0,0528 0.5861 0.0051 0.0049 0.2506 0.0106
§59%0%0524 0.5325 0.0063 0.0074 0.2521 0.0139

o
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0.0063d0|328730.23 61061816357 930083@E5 | 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
1691 | 248031 | 0.0481 | 0.5851 | 0.0063 | 0.0063 | 0.2605 | 0.0119 | 0.0006 4.4
1690 | 142250 | 0.0507 | 0.5928 | 0.0058 | 0.007 | 0.2582 | 0.0138 | 0.0009 3.2
1690 | 142248 | 0.0554 | 0.5859 | 0.0079 | 0.0057 | 0.2583 | 0.017 | 0.001 4.3
1689 | 248008 | 0.0473 | 0.5747 | 0.0051 | 0.0049 | 0.2631 | 0.014 | 0.0011 2.9
1689 | 248007 | 0.0538 | 0.575 | 0.0056 | 0.0055 | 0.2611 | 0.0127 | 0.0007 3.6
1688 | 248005 | 0.0493 | 0.5802 | 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 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 2.7
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




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 1675
247892 0.0476 0.5845 0.0062 0.0092 0.2641 0.0215 0.0007 4.1 1674
247886 0.0518 0.6002 0.0061 0.0087 0.2544 0.0178 0.0022 3.3 1674
247884 0.0538 0.5682 0.0062 0.0081-3:2553 0.0164 0.0015 4 1673
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8361247518 T (Fode | /5965 [ 000531 /610064 02818 Pg.0592 T 0:0b08 4.2
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0.003540 204298 00G0844U1¢ 5755 [L9ABs54 1406 U8 9438. P ofdd. VUG 601 4.2
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0.243300|0Q7676.00120819 16822473900 |0635H 507620 005@H050013 5
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0.00570,020843.1 | 16eHD 24 93770, 05108 0| 560149 005508. 008690, 260008 3.4
0.00998)|(232633.7 | 0.0493 | 0.5818 | 0.0047 | 0.0079 | 0.2588 0.012 | 0.0008 4.2
1647 | 247430 0.0483 | 0.5972 0.006 | 0.0037 | 0.2643 | 0.0069 | 0.0012 4.2
1646 | 141641 0.0497 | 0.5954 | 0.0044 | 0.0054 | 0.3043 | 0.0062 | 0.0011 3.6
1645 | 247410 0.0482 | 0.5731 | 0.0051 0.008 | 0.2456 | 0.0083 | 0.0007 3.8
1644 | 247403 0.05 | 0.6043 | 0.0065 | 0.0053 | 0.2547 | 0.0073 | 0.0007 4.2
1643 | 247399 0.0536 | 0.5801 | 0.0061 | 0.0054 | 0.2433 | 0.0075 | 0.0012 4.9
1642 | 247392 0.0531 | 0.5978 0.005 | 0.0056 | 0.2651 0.009 0.001 35
1642 | 247390 0.0499 | 0.5788 0.005 | 0.0066 | 0.2669 | 0.0077 | 0.0008 3.1
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 45
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




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"3:2374 0.0102 0.0009 4.5 1636

l@éb@(.”éﬂﬁ-(ﬁa‘) g4 V.00 0.Ulgy U.24% 0.UT14,0.00Up 4.4 1Gs4 H, ppm
24 (g8} 0.D4345424 8568 1 1dB08 [ §odi2?4 B.654%Y ©.088k3 4 BodP$4.0007 35
247234} 0.04520.5Pdh469 ((bEaes Pediwse DAINES 0. §8P84.4.086882 0.0006 3.9
247168 0.8b1E20.5/82432000 617809 80251 108199 30288106130933 632005 4.6
247180 0.046300.5783436 058 20043.6084 250063094 438¥004.¢bsel B (30Qb 4
ID HEZST| I 129N N &BL R Mok n0.ddB31] 40848 0.87863 0.6t 0.00612 35
0.004710|243d48.0080.04000Y58 3 1680424 182066.0218820.588612. 009605 3.5
0.006310| 249846.00980890006 358 16380484 1Ba%D.052346.50.0505.00.0606 3.9
0.00572®| 238736.01330630005¥B 1624534 1B 0.024866.592103.00%008 3.5
0.00680| 238858.00850606005%32 623.946 288 @W 05 P.0589 78 015@55).0011 3.6
0.006490| 276858.01H04830125382 [1609624 A9 47230H699138(048 001 3.9
0.006680| 247818 0110033009339 1694524 700% 0 028868 589¥9H0a&H004 4.3
0.006370] 244814 0150853005536 1698534708053 |05,2448 565405 (0BH0L 3.3
0.008750] 24835 01 Q028 B0I% 1898154108004 (53816588078 68007 | 3.3
0034 3246%5/01 49859811 4 3169807 | 0G4 208 8018004 | 4.2
0.009ADI 248 0] DPRG 0SS 405 I D R0 30E pOORPEY 0007 | 33
oa22 B8 5148330042225 4 R9963 4-FH408 L %2533 £0.0993 10,0006 4
oUBhS T ST AL ik K hder Ty AP AR OB pb0r | s
O A O R E e P B R I B e P ifboos | 4
O0RR0 IR O i 00 saoh g 109 PO e b g O0008 | 5.4
0:006,01 74949 01308000 o5 101 Ho2 4097 710709 0 D593 00007 | 5.0
‘008840t 499859-01h 8390 73636164 80870 B B0 958> D6 8 19PBDoos 3.6
V.UUe650t 228877 - U 00529Y4Pe154 000878 L 6905662569 | 9Hd2Y 0009 35
V.04 685} 248674106 94494 1054391 0§ d058 1 edo 349e2PgH158P8%009 3.1
0.0096% 2184840093 8483020%33608 44691 50 h0d 89 86029 Bd¥dq Odn 4.6
0.2 4300 008350.00030824 | 10614 bldbsd)|Uhdobd 50" 2688-00.61080 66011 3.2
0.24%89|01428850.000/0836 | 16453410905 |Ahdds P 583660.0050/03.00G11 3.8
0.258220, @h4836.00@00368 |1668:24 03044 | (hah6o.6d.2446.00.6800.006601 4.6
0.256710,026220.0009.852 | 1668124 ©3X18 4 |319i08.583%00.005%28.00.0204 4.8
0.24588), @1B8406.00@0358 | 0.5803 | 0.0041 | 0.006 | 0.2684 | 0.0086 | 0.0006 4.4
1598 | 246804 0.0499 | 0.5795 | 0.0053 | 0.0077 | 0.2609 | 0.011 | 0.0005 5.2
1597 | 141011 0.044 | 0.5661 | 0.0061 | 0.0063 | 0.2635 | 0.0125 | 0.0006 5.3
1596 | 246777 0.0492 | 0.5378 | 0.0072 | 0.0052 | 0.2417 | 0.0115 | 0.0003 4.5
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 | 0.2074 | 0.0107 | 0.0004 4.6
1594 | 246759 0.048 | 0.5355 | 0.0064 | 0.009 | 0.2218 | 0.0094 | 0.0005 51
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 0.0404 | 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 4.9
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 3.5
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




1604 246862 0.0483 0.6336 0.0053 0.006 0.2694 0.0088 0.001 4.6 1603
246854 0.0522 0.6157 0.0058 0.0069 0.2587 0.0103 0.0011 3.2 1603
246852 0.0536 0.5455 0.005 0.0057 0.2468 0.01 0.0011 3.8 1602
246836 0.0468 0.6049 0.0044 0.0062 0.2748 0.0109 0.001 4.6 1601
246824 0.052 0.5846 0.0044 0.0103 0.2392 0.0126 0.0004 4.8 1598
246806 0.0459 0.5803 0.0041 0.006 0.2684 0.0086 0.0006 4.4 1598

234680 0-AERT FEo 85 0-00R30-00y 0.2609 0.011).00055.2 1537 H, ppm
141¢5gb 0.9461550p 1ohE00 % BR6 3 Hos8 301kl E0bad2198%005 3.8
24671476 0.4 0.55d 841 D0 658580 V90634 1/08d8115 B£H03 ¢h.55 19%p07 3.3
140998 0.046284).584. 6436 0036400300585 450053133, BE¥0%h 37 19005 3.1
140988 0.24940.568343890621007 d.6030 10041070 24004.¢h.66 15dDb07 3.4
246758 (.04 455356 10064005009 O RRLE 0.0894 0.0085| H.b10%594.0003 3.1
1409986 (.9462390.564.549HD 065970 () 68048 2 3 0axk5 7/02O05H0HG4A 593006 3.2
140996 0.25:414.5/799300066.600(0) 1400424 850082143 18301040504 592005 3.2
2467478 ().246A TR 5652 G 58.600059.002348 0 WH2[/02600M0944 590006 3.8
46732 (0.281893).578940 D0 P50 (141006234800 121/60R 8181 | £611%90.0005 4.3
4698 () 2382 576 020D 49.5488 79 @060 QQYLOPORARTOP U01P2390.0005 4.3
1408960 () 45360 570858 08D (PR P-0094 1100631 0523201 9. L8 1 9506 3.4
24658 0 84220 63981902 (1h068-0093610063 16 E45H 1 9- AL 2755570003 3.6
246558 0 0379 55381800824 BoSB8 4459853213893 o9 %Lad 184526 3
> 465084 346954 576499, 1RE0AA00063 7 00878110, 4 F0n 0013 184013 | 3.3
> 465201 & 1541 5,8 B4900 S0EB L 009R 0908 002, [ D 0153 50.0002 | 3.3
246535 0.5539D.5664 11 0064 U006 120 208770 161 F000R S 15890 | 3>
k500 (228331 “E0 0452 105614 [ 00057 1.0 0085 102491 10,0029 L=~ 0 2.7
elaeh 1746339 PEg 0433 1. 5527 11,0667 2-0,2514 F 00124110006 3.4
o Dses (2ab3e Ol (do0a T Y5674 00047 (00068 1C D241 H0,01157 74 _ 0 3.8
“OPSeh 12453047 OP6 045378 57051 0.0038 10,007 7 02518 Pobrig [ 2= 3.1
IDHEMT 1518 WN NoRsab i d%7ih M d.88% [4F00A8 98630 893910 8Q%RR2 35
U.U4aq3)l 426459 U146 0837YV9 382 Lo 6ds615 006 Y [Ur 2574 -PdBedd-PUbS g 3.6
U.00881U]1 429518-U190848UW 5868 [L9 6646400308 {Ug 90094 914.0050 ¢ 3.7
0.005810[ 228870.01 6 8498053274150 6054 64Pd08104880HP431H06 ¢ 3.9
0.004400 248500156 04900 /034651b $08464450610461 660 548,699 D4 0004 3.2
0.003800, 248500.01@049A008580k (18 365246353 1.0419800.58.6254. 004901 3.9
0.005440, 264449.01 4200700066893 (157808464109 .00h2486.606 120040006 3.9
0.008%9| 288240.01@30000055367 1666524641008 .047346.50.0500.004804 45
0.006%5.263302M01440 0520206 8.407 | 0.0062 | 0.0077 | 0.2674 | 0.0085 | 0.0006 3.6
1555 | 140256 | 0.0554 | 0.5559 | 0.0061 | 0.0059 | 0.2504 | 0.0107 | 0.0003 4.3
1551 | 245974 | 0.0539 | 0.5876 | 0.0077 | 0.0064 | 0.2776 | 0.0128 0 4
1550 | 245965 | 0.0556 | 0.5781 | 0.0078 | 0.0054 | 0.2545 | 0.0127 0 3.9
1550 | 245963 | 0.0513 | 0.5759 | 0.0074 | 0.0057 | 0.2686 | 0.0131 0 4
1549 | 245948 | 0.0549 | 0.5936 | 0.0075 | 0.0069 | 0.2493 | 0.0118 | 0.0002 3.6
1548 | 245938 | 0.0528 | 0.6059 | 0.0064 | 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 3.4
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 3.9
1544 | 245900 | 0.0535 | 0.5995 | 0.0055 | 0.0085 | 0.2546 | 0.0124 | 0.0007 3.4
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 4.9
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 2.9
1537 | 245824 | 0.0505 | 0.5761 | 0.006 | 0.0065 | 0.2778 | 0.0134 | 0.0004 3.4
1536 | 140056 | 0.0512 | 0.5926 | 0.0065 | 0.0087 | 0.2416 | 0.0125 | 0.0002 35




1572 246393 0.0475 0.5955 0.0061 0.0072 0.2398 0.0113 0.0005 4.3
1570 246382 0.0501 0.5498 0.006 0.0071 0.2495 0.0122 0.0005 4.3
1569 246367 0.0563 0.5763 0.006 0.0064 0.2326 0.0108 0.0006 3.4
1569 246365 0.0501 0.5745 0.006 0.0063 0.229 0.0127 0.0003 3.6 1568
246356 0.0486 0.5478 0.0058 0.0082 0.2374 0.0129 0.0026 3 1568
246354 0.0499 0.5564 0.0062 0.0078°3:2437 0.013 0.0013 3.3 1567

Z§1§é4|_bt Héﬁ&( L|)D‘) ("39 U.0 )?AH.UU&NU.ZZU lsU.UJ.bdél).UUUZPid J.bga\( H, ppm
1409535 (.94839 ). 0B §5 20 8 58569 Hogh 3D BddE3| /0 sDA221 98%002 3.7
2462555 0.046024)-5pd 6495005 11808007 24Dlodda129 335 [ 56 24@dd9 3.8
0.0433|558200.00%/08000 282514 (P 24.608006.3464 15651 24631803 4.1
0.0564.0,568%0.004(060206853 RAT0004A 500863 (16640246304 01046607 2.9
0.57680/028888.00 1706225198 B1 10 D& 1, 66 246302 DOEE2 0 Sade 3.9
0.0053R0@4370 2563 054302 10GEEH0203066 71 56337052960 D5 37.01.H582.0004 3.2
0.0066830|@36170.25 040053113150 (®.6 01669 140828% 0.0256 DBEBI8 O ®OB 4.1
0.005%. 2584769014 0 BIF3 156724627056.02957, 5 P28 TR 00511430050001 3.6
0.24232| #4760 3.90.956D | 1016642 0.085% |(1)596% (0FIB | GUEBED,2626 0 3.8
0.01230| (386953 2 | 18188 40666200490 5008 (00239000879, 2 §PPO5 3.2
0.0154%)| (746353 0 | 1535@ DA FABE ALLTD| 669D [0DBEDNSPPBRE.0004 3.7
0.0152%| G4BR4A 0 | P9 DA B5R6%) GLP5% | SBAI0D [DB476.0BEY DA §.0003 3
0.0267%| 636339 5 |18:4® 185380, G595% | b8 2430091 6 §$003 4.2
0.008570. 348828 6 | {52051 1 §5E2% SKI0F%H | 00 1HAI98 B8R HROR04 3.6
018701938204 3| 15025 180941 GX K U B 67913 HBEAY o 94805 4.4
o198%| 235862, |,0.9456 | 060221 - D0pe ] 0.0068 1 012665 100143 L D00 2.9
o g 102 ) aanasl " ADo0 T 058Ae T O ADRA | 10y £10.2664 L0053 | 00003 3.3
D=l L $405e9” TUnars Ty Buo2 T 0:0054° hofsg. 10,27/ E a0 uT23 T 0:0005 3.6
 okaad 12aaAs P RArs | 05367 | D 00630006 [ 0,2345 16,0173 19 0004 3.6
LSSty 1 oash 0P g oAt P50 Y T o007 0062 C0-2568 Fapd15 P0D003 3.7
245936, 0- Vg3 )-60200800 § B85 G089 48 G400 0L oh {1 9% bo04 3.5
2409513 . Yaea - oPe 655998 56759 Ho6370' 9055002655 Pout16- P9 0004 3.5
A4592:3,0.9803D.5P83 43P0 685008 /08744% BdE59°0% 980 0366894 P8001 3.5
2459954 0.953d.5p 70D D 5696 {90628 0dsY /1oBHD0R 03909 PH%bo01 3.9
245993 0.05532 0.5990 905566 08F00:25 40003124 BAHD3 B147 1504 3.2
245896 0.04658 0.596853 9008 6490800684 WONTAS DL 043d543 0 3.5
140142 004220 55783006 285008100533860068098 B 29 01640 245064 2.8
0.095820,945670.00940600000G2H95000016 3 000004 BB415402456863 0 4
0.049910| 38935:005% 04965 706264600045 | (0062 [302387 | 0.0109 | 0.0001 3.5
1510 | 245352 0.0532 | 0.5931 | 0.0065 | 0.0063 | 0.2623 | 0.0112 | 0.0001 3.8
1509 | 245339 0.0504 | 0.564 | 0.0074 | 0.0089 | 0.2599 | 0.0137 | 0.0003 2.9
1508 | 245333 0.0561 | 0.591 | 0.0071 | 0.0073 | 0.2541 | 0.0119 | 0.0003 3.6
1507 | 245308 0.0514 | 0.5784 | 0.0053 | 0.0046 | 0.2385 | 0.0118 | 0.0001 3.6
1506 | 245295 0.0456 | 0.5876 | 0.0053 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 3.5
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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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 2.9 1537

245824 0.0505 0.5761 0.006 0.0065 0.2778 0.0134 0.0004 3.4 1536

140056 0.0512 0.5926 0.0065 0.0087 0.2416 0.0125 0.0002 3.5 - 15 SEQ

ID HEAT IDC MN N S SIP AL H, m 1886 245814 0.0578 0.5835 0.0064
0-0098ﬂa%4r9é’e0nﬂil&je%-Q%Zd%ierﬂfﬁﬁédlﬂg%%%é‘%tﬁ-6 I8 &% i=sion
0.0088 0.2393 0.012 0.0003 3.8 1535 245797 0.0507 0.5567 0.0075
srssiromelyd ©&H catbwiof poainat sae raermakerndussivity (6%7) method
819868 AetRASLLTSO- iEz%-%n%%r%ﬁé%ﬁ&x%‘té} gé@%é%@iﬁ &éc and
0.0048 0.2573 0.0152 0.0007 3.9 1533 245772 0.0539 0.5858 0.0067
SRATE EBCHEHOD 18 1RSI 18D MeiBeD 4o Ariennpins Alesshrnt el gomposition

Qﬂﬂéﬁaﬂ@§§ﬁ§é§3ﬁ@8&é&sﬁ§%é’é\§l@%@-i%%%%Yéﬂ@w@aﬂ industries,
0.0073 0.2318 0.0143 0.0001 3.6 1532 245767 0.0571 0.5644 0.0052

B6bEYG PEFEOYRISFECE!S, iairsiess HiP $asvsAsELBAREASHIHAS - Due to
RLAPIDLENB RS Sl ikhee?d 2R2812ER 4O EpA ORE 2 R8s are most
0,2555 0.019 0.0004 3.7 1528 245541 0.0507 0.5565 0.0066 0.0102

6Teetive nGeny olhag e BrroasiBeh Iy e. 9585 oREH6H's may be

03495 0.014] 00004 2.6, 1557 149753 0/0628 0.994T 0,008 0,007~ °

ONSEAYS OTIRA) RIRSS SN G SPRBY BT iR 016 BRI eploand ipsdhed goods

B ARy bieP 4Nk 2DnbIRR2E % BANISE BRBA4iI MRS O tallic
0.2664 0.0153 0.0003 3.3 1521 149689 0.0478 0.6002 0.0054 0.0089

FIRIEhIBI98UBB05 3.6 1520 245443 0.0478 0.5367 0.0063 0.0064
0.2345 0.0173 0.0004 3.6 1517 245424 0.0541 0.5914 0.0071 0.0062
0.2368 The1ketra3 chdud Hility (A9 I aEd, 0GaBHTaltAR 868 OES,
8’2@ 0.011%0&:0004i 35 1515 14%634 8.05 O.r6079n8r.0|8§§l>i0. 033 o
BEEO IR OIS PR32 45%55 8, 04016 5984 J 3671 'B00EE
02610008 HRrogem, 5 viEll 424540 0 06 16100064 DSB8
0.2517.0.0109 0.0001.3.9 1513 149612 0.0448.0.5826,0.0057 0.0068 .
teSaklode 90 90k o pBid At dh oRE RO G b inert
0RNBGDOBHC[ESE AS1RiIgHE8 ERMPR] HIERETYiN.a0860N0BG Grapiite
0r01@e0'9905 2.8 1512 zg153|71 81.%507 05571 0.0071,0.0075 8]2447ufficient
575 3 51T B1E5E3 TGS Y et ibastoBRs Al ETbS

@o0elda3&0xygen, nitrogen and hydrogen. The oxygen in the sample, in all

forms present, combines with the carbon from the crucible to form carbon
monoxide. The nitrogen present in the sample releases as molecular nitrogen

and any hydrogen is released as hydrogen gas.

In the TC method, oxygen is measured by infrared absorption (IR).
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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1510 245352 0.0532 0.5931 0.0065 0.0063 0.2623 0.0112 0.0001 3.8
1509 245339 0.0504 0.564 0.0074 0.0089 0.2599 0.0137 0.0003 2.9
1508 245333 0.0561 0.591 0.0071 0.0073 0.2541 0.0119 0.0003 3.6
1507 245308 0.0514 0.5784 0.0053 0.0046 0.2385 0.0118 0.0001 3.6
1506 245295 0.0456 0.5876 0.0053 0.005 0.2488 0.0095 0.0004 3.6
1506 245294 0.0521 0.6418 0.006 0.0663 0.2718 0.0116 0.0005 2.9

1504 2fipafe AOnrAtRash Oddirr %%%%r%@%g B<kird SR 3dkes to be
1503 245274 0.044 0.5684 0.0053 0.0068 0.2509 0.0096 0.0002 3.1

MRS Y esh § ORI 15695 RS (0086 2V iBb e BelS 8 to CO,

ardheARs GO WD S8 ¢, BRI4VAELPEFLRER FRIVEE RPPrRdeht Hif¥ction
245261 0.0475 0.579 0.0045 0.0068 0.256 0.0107_0.0008 4 1500 245082

880 5898/lo. GeE219\01106 0 PAESSS HBYAN 0083 & PRt sa Msqaesletection.

reported in Table 2, it is seen that the levels of nitrogen can be up to 120
ppm, ang thateyelsaid)ydeoes hyelerfpreRNmMecdisi@ar Byt #ydiogeppirect
t atmospheric pressure. Moreover, the hydrogen level of 6.9 ppm 5 in :
RARRATIISRReG Y G HRAURo LR AR EHS B Fraulle; This

naingbahewvtd ibhoatiespiissddnab siholowind-reteeedcé-Ud @ diteats: U.S.

itrogen was, determine Sis wit ical emission spectrometry
Fﬁé%?%léé%e%%ﬁs%ﬁaegﬁgﬁﬂgr %ﬂgﬁu[zcﬂaéity ("TC") method on a
scheduled basis. Optical emission spectrometry (OES) using arc and
spark ekthititreignrenpestdvasdaanh j ibednnicdétail in the

iti etallic This pr. IS, Wi in,the . .

T s o S BRI e SSRGS ustative
eastea! dasthciinefictidigcuattbeirgrapideasiagdithaherdy dlirsteridyve

aectrs aerinli
B B e A Penges

ehtheprbficetionsciieé ¢oohedwithin-tugrspy irsipdetinventiorasgediesyed to be
Q%&Méa.ce&a ﬂoﬂaﬁ%&@gg Ok é‘?ﬂ?fe%&ﬂ%ﬁﬁ%ﬁﬁf{@ﬁ%%ﬁﬁ g@'?ﬁose

any other applications where a chemical composition

slalleddnithe quirepomisesidenasico srdbetdagqaipmeModifiestions may be
j j lQys.a Rier 5 - software

D S e ot e, i
a wide variety of metals, refractories and other inorganic materials. The
TC method employs the inert gas fusion principle. A weighed sample,
placed in a high purity graphite crucible, is fused under a flowing helium
gas stream at temperatures sufficient
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to release oxygen, nitrogen and hydrogen. The oxygen in the sample, in
all 20 forms present, combines with the carbon from the crucible to form
carbon monoxide. The nitrogen present in the sample releases as
molecular nitrogen and any hydrogen is released as hydrogen gas. In the
TC method, oxygen is measured by infrared absorption (IR). Sample
gases first enter the IR module and pa§§through CO and C02 25
Jeesir e e present as either CO or CO2 is detected. Following this,
sample gas is passed through heated rare-earth copper oxide to convert

COto CO2 and argﬁ/ngdro&en to water. Gases then re-enter the IR
moduletarfd POt A G U et e Rl RUHPIREEBY for total oxygen

measuigtieniciNgasidigplaliobarsingzrs parteisiagesuaikRe@sairacieast one
for both IOYE ang h&?h 30 ran%e. - 17 In the TC method, nitroaen is | b
RS byEhsingRalileatl By BE nlaSuRtAvroLGHTEtRelow about
rexe-epith epper iddenytidyeanvente CosldvOaband Bysirppan heasured at
water. CO2 and water are then removed to prevent detection by the TC

ainasy quWﬁéﬁ‘H&é through the TC cell for nitrogen detection. 5 As
stated gbifiyithg tree hysitogestéemeasorad MemHyHugeoitkst casting rolls

eading Immersed System ("Hydris") unit, mad ereaus Electronite, .
S R G T e oy R
padiorsstéd . tdientNosteeP832; 5,518,931 and 5,820,745. While the
inventi Jg s been ill s}ra]ted dﬂesc 'beg in (]iget il in the 10 foregoin
drawings MG AEREAG8HCRID RSB es dysknge Sk iR eigen
no wesdrgh/ppmdcitesaniesphdrangessigestood that only illustrative
embodime ts%ﬁ re ffave.beeqs own and described and that all
changet AnEHHOAHLGERU IR ES ke NSk of the invention are
desirechssbmhpirgesieair Aflddupdl daatimg salisthevimgatiop Widtweeartteem and
apparent to those 15 skilled in the art upon consideration of the
B e mmice e o B T B AR TR o the spirt
and scapeooiUitiagnvelteonpldi8-carbanistERibed eeril the paithofdoalsting rolls to

GO SIEE SR SRR A NG dug alien Pt GaUbon SIRELO, e pool
casting sur SRt NeasBhe gas(%lng foll WithThe Monen Steal hav ga pool,

fndth titeogeiteanstest halongadbnee Hilr2Q @proateha bedevinadrageh?Coppentand
BN ADGISRun BB REBRI R LB A B eSS G ARS8 Fie#bressure;

counter-rotating 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.

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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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. 10 2. The method of claim 1 where the
free hydrogen content is between 1.0 and 6.5 ppm at atmospheric
pressure. 3. A method of casting steel strip comprising: assembling a pair
of cooled casting rolls having a nip bet8en them and confining end

closures ggiacaBtiaeodeiaiis frdiaatielifed hidrogerieeiEias B&iNeen

carbon steel between the pair of casting rolls to form a casting pool on
the eastii eRIVAtRIMOePEs 6 RIRSSEEfining the pool, with the molten

steel having A diRBdBrReRTicg SRRl BRI aRPYisk ppm and a free
hydrogen content below about 6.5 ppm at atmospheric pressure;

counteHYER&H G &CAGHh G I CAHRPEORERRING FRSHIIEHSAeER S FGhieast one

%Qéﬁﬁéa"éﬂ‘%ﬁrpﬁ@ﬁﬁiﬁwg%‘é}%ﬁh@ GRS ﬁﬂ“éd’@d’ iBgrIERASHNow about
and hydrogen levels reflected by the content of the molten steel to

BRRBETOrIRE PoriteRidH ErAERNsERIERb ARIYOARRY LRdiRBMMeasured at

siesd s o prekstiie nipdpetween the casting rolls to produce a solidified
steel strip delivered downwardly from the nip. 25 4. The method of claim 3

where SRIG8ANGY dhsyenisnenes! idvieEn MEahFBe$HA dhe casting rolls
ABRRPIBIIEJERSEHEE hYdfosis! Bl ieHdeestbyy Cediniiist GREHBET in the

steel strip from molten plain carbon steel having a free nitrogen content

Blgr-Ss&! 1DPPPiME88HSE Wydrogen content is 30 below about 6.5
pPPM Meagwethistioe BHodamielehbriarR Fasting &logEéM @IPRENCIs between

pressure. - 19 6. The method of claim 5 where the free hydrogen content

i5- BAULE PRIMALBBIHASIGRIRSSHEric pressure. 7. A method of

castinggsteal sieih6arBPHEaINmMNYiedusigp BoNpRgizi carbon steel on
casting surfaces of at least one 5 casting roll with the molten steel having

a free ARYEN I¥RRAEMO ORI CABH SRl ATY TR RRIRSHWR <D Meh and

eeleiningasid Saires'gapiwat & atmosphasieaieagusisand solidifying
the molten steel to form metal shells on the casting rolls having nitrogen
and hy TEGAHGGL DO RERAI D, FHR D SER! BRNEse T e-0ak diGasINg rolls to

steRl todastminpodiash stiddecasting rolls with the end closures confining the pool,
with the molten steel having a free nitrogen content below about 100 ppm and
a free hydrogen content below about 6.5 ppm at atmospheric pressure;

counter-rotating 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.

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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8. The method of claim 7 where the free hydrogen content is between 1.0
and 6.5 ppm at atmospheric pressure. 9 . A method of casting steel strip
comprising: assembling a pair of cooled casting rolls having a nip between
them and 15 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 the casting rolls 4fith the end closures confining the

pool, with fiereplaris@axiRg A VatREIPRaOHRIbBEIPKoARM S

100 ppm and a free hydrogen content below about 6.5 ppm at
REeH8BREKE BRLSUPEIRD-counter-rotating the casting rolls and solidifying

the mokign sigRl Ledersirip 8idiahR! 10N WIAFIRRINEIS FPARIEGhan 2

rolls having nitrogen and hydrogen levels reflected by the content of the
MBken steel to provide for the formation of thin steel strip; and forming

solidifiechthin s{egiirer Bueked sdheenihsbwaspidiggasting rolls 25 to
produce a solidified steel strip delivered downwardly from the nip. 10. The

method BIRAFNE MeimAire e Dar §EFELORIEABINEERRES O & deast one
B BRGral AP BRE PRSI RIS SBEE hhlirfy SR STHRBERAIESHIEM below about 85

continuously casting steel strip of less than 5 mm in thickness from 30

RiRerRBRhiricAFBEn BYSEPASDING AR riReiR)én RBAHANBsRIRPELJRERGHed at

BRMbsKbAdIeR Sydreggndcontent below about 6.5 ppm measured in the
molten metal before casting at atmospheric pressure.. -20- 12. The steel

strip of SRV HIG B R SHRRIr G elPEBNERIGS HaliRan1tBeas@eigg rolls
REIng SniTlog steaklrinyel slm L avbaishaadripyhisknesatsnessdhast in the

2 mm. 5 14, A method of casting steel strip comprising introducing molten

BIaessis QderphiRingifgsafRees of at least one casting roll with the

molten pteqiHeamiaehadree diivaen whetenteefs AbaHsFn BBM@debetween
free hydrogen content below about 6.5 ppm measured at atmospheric

BrAHS 2RPTD solidifying the molten steel to form metal shells on the

casting1®lls Ahaéird ditspegstiagdstaelregpndenfiagrftpcted by the content
thereof in the molten steel to foréajthin steel triR. 15. The,m%thod of claim
14 whe?SSRERUOR BRGEH R ERSHRENEIR 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 the casting rolls with the end closures confining the pool,
with the molten steel having a free nitrogen content below about 85 ppm and a
free hydrogen content below about 6.5 ppm at atmospheric pressure;

counter-rotating 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 plain carbon steel having a free nitrogen content below about 85 ppm
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1.0 and 6.5 ppm. 15 16 . A method of casting steel strip comprising:
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 the casting rolls with the end closures confining the pool,
20 with the molten steel having a free éogen content below about 85

Bﬁﬂ’ Anrkba IRRGYEROSSRENIE ISP, 86 - mBREARIN AR IRERen metal

essure; counter-rotating the casting rolls and solidifying the molten steel
Offh CATEAY SHAISRABERPERFPAEES of the casting rolls having

nitrogenantheEapenilPYEISIERAE SRR ML FBRIROFEA Y LR SROtisN SHRE

to provide for the 25 formation of thin steel strip; and forming solidified
freiveen) 3ApIS-GUPTI RIMaASREIE tPesadtfig rolls to produce a

solidifieghstegh stsip sledivpyef damnwarayelie mhégriprnicinkle Bedatioln 2
claim 15 where the free hydrogen content is between 1.0 and 6.5 ppm. 30
18 . A steel 8#Ip produced by: continuously casting steel strip of less than

5 mm ip thickhasstHeimomeakanpierathpresiaptismynmhadiRR Y #9en plain
content below about 85 ppm -21- and a free hydrogen content is below

63 bsiRehSeaSIN s HaESS Ricthiesstea setHRRtAWBEJRe molten
BteSFHERAS aeeSHpbgEIP Wrfiaipbiowhaseube Jegpmdpaenfred@tirogen

is between 3 and 6.5 ppm at atmospheric pressure. 5 20. The steel strip

GPBIEH RSV ERAHL A RPIMARHESYGE B the P9 Pariah pressHEER T
FRPUGErstaRl PR SOREESING dnHpdksen Mol mBlaithaarbars sierbspheres;

casting surfaces of at least one castin? roll with the molten steel having a

RS HERLBIRERD LN ALIEY e PSRy REgRQfiGe casting
eomieahbeiendapRdt O Piomeanstsalab toathtneesain fsIRAGIRIHY @SSRy dolls

nitrogen and partial pressure of hydrogen is no more than 1.1

SRNBpRErREEIARITY %l@%ﬁh'ﬂ%élrSf'ﬁ%ﬁQrP)h@lﬁl‘iﬂNﬁB‘fQ@ﬁﬁ@f in the

svsfaaestebthe eastinginalisepsdigolidifying the molten steel to form metal
shells on the casting rolls having nitrogen and hydrogen levels reflected

by the content thereof in the 15 molten steel to form thin steel strip.



