WO 02/ a8ddxs400CT/ US02/ 08701 Tl TLE OF THE | NVENTI ON OXY- FUEL coVBUSTT &K
SYSTEM AND USES THEREFOR BACKGROUND OF THE | NVENTI ON [P§3('SP2/987e1 pr esent
invention pertains to an oxygen fuel ed conbustion system More
particularly, the present invention pertains to an oxy-fuel ed conbustion
systemin which the production of green-house gases is reduced and in which
fossil fuel consunption is reduced. [0002) Oxygen fuel ed burner systens
are known, however, their j i jmted. Oxy-fuel ed burner systens
are generally only used inﬂ?ﬁ%ggﬂrggm{io&s in which extrenely high
flame tenper aturQ?gY'EHELQ@b@lUBEmNmTMANpILBESMREF@ystems may be used in
the glass nmaking industry in order to achieve the tenperatures necessary to
nmelt silica to a fusion tenperature. herwise, it is comonly accepted
that structural and nmat¥GKSGRQUNR ORTHERVENTION e t he upper tenperatures to
whi ch many i 0] ri al Thy/StekSnvedidn B&aS Y this .end, air fueled or
air fired conbysti %icm%sfrerrs ar e uged i ?“ﬁg%’%g‘}%?@?‘ij’%‘%seg% and the |ike
t hr oughout” DSt EVBFY " (S PrEpeat invegtion Regajas topn axprdbeled icorgbustionuf act ur i ng,
el ectric pwieyin ghinetheprohgticund grétitisdaes AS&ucea R E%&Lﬁ,@sﬁ- [ 00031 In

eatl

parti cul ake] @hdum %Iiggd&‘gdjbusti on systens or electric ng systens are
used throughout the steel and al um num nmaki ng i ndustries, as well as the

" power gener at il#92}; ndus ©xygen firlad binive sysiemelars kiawashokwewk, the@h¥e i5PON car bon

based. f uebie limited, ORy-fueledBnRdsys St ' ' i.s_conprised of about 79%
" R s ?ngﬁh i g‘?lﬁétlosﬁ‘ﬁl’ P03 yrnace. The air

nitrogen and.21 %o , 1s fed,

fuel m xt g’r@ﬁ%sﬂqegﬁﬁ‘%ﬁ%ﬁ‘éﬁf‘m" Eyiegyirediolies cxXamplepthesT kystednk ane t r ansf er s

ener gy i nmishte ubcdrimthe glads eaking indwiry h&rcfeb'@ag}ﬁévgthe!@,ﬂ%}dﬁ{%si nto the furnace.
uel'e

[ 0004] | npdchsarsts m num i ndustries, air d furnaces and
electric fur %ie?ﬁhg@%q%ggﬁmﬁggyr&%’et ﬁé“‘ﬁ‘?%eﬁﬁ??%y ssgptede for creating

nol ten nBRtgRstughpqdmatesial]imintions digiate thewpper cbmiptHitiRE @ whichnahys Conventional |y
accept ed intairial sPRemsR@REECMbiEcfed UT - ne aj nst the thernal
limtati ongmagc t he .Bh%[:?esj equ?%fn%ﬁ%'?ﬂnﬂgﬁggﬁ%'e‘%?&g?’hﬁﬂ@ y support the use
of these PypasToiedd By upces gndithatike thronghquomesheverysmdustfialel ect ri ¢ f ur naces
in the alamliienténmixichrdimgmwacagﬁg,kctﬁ@ﬁb%ﬂ&&&%'gan&’@é&ﬂ?@supports this type of
ener gy SOippiicidng® achi eve the tenperatures necessary for

[0003] In particular, air fueled combustion systems or electric heating
- systems are used throughout the steel and aluminum making industries, as well as the
puwer generation industry, and other industries that rely upon carbon based. fuels, In
air fueled systems, air which is comprised of about 79% nitrogen and 21% oxygen, is
fed, along with fuel into a furnace. The air fuel mixture is ignited creating a
continuous flame. The flame transfers energy in the form of heat from the fuel air
mixture into the furnace.

[0004] In the steel and aluminum industries, air fueled fumnaces and
electric furnaces have been used as the primary heat source for creating molten
metals. With respect to air fueled furnaces, it is conventionally acceptea that the
energy requirements, balanced against the thermal limitations of the process
equipment, mandate or strongly support the use of these types of combustion systems.
As to the use of electric furnaces in the aluminum industry, again, conventional

wisdom supports this type of energy source to achieve the temperatures necessary for
aluminum processing. .
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al um num processing. 1 *@&0002* WO 02/ 088400 PCT/ US02/ 08701 16 FEB 2004
[OOOSYVQ??ZOSWQV\/oack to the use of air fuel ed conbust PERUSYHEAN: 1 6 FEEZP
t hese systens produce NOx and ot her green-house gases such as carbon

di oxi de, sulfur dioxide and the like, as an inherent result of the
conbustion process. NOx and other green-house gases are a |arge
contributor tgmggVi r oNORNEAbadkb the'hdeQPair fubled deibiGon sylbths, ROt limited to acid
rain. As such, the reduction in emssion of NOx and other green-house
gases is Hhudhepepystems pgduceOxand atben sreepshoysegpsts such g carkon diokide,i ons, emission is

greatly |gulfutdskide LR thé ke, £ Blinhereti feRlliisof Bh8 VoSO PikesREND NSl | ed on these
conbusti on eJrE%stem; in Ordﬁ%ﬁﬂto limt and/or reduce the | evels of NOx and

ot her gre ERsouss.pases are A jareg qontibutor o sRTonmERYl Relfution. glydiak wi th respect to
ai r fuel eght hatlimitedrs adidrainh Ak suchythdredubtidnlicersision@yNOS briia@ieel from t he
conbusti of, pr | : r [ S . .the gaseous nitrogen
present i%eet%hhg_&sg?% e{x%%c??fbg, ?‘ggs ?r.ocs#ﬁgggﬂé}% E%&c%"f'sem%ﬁ‘é Gy is essentially
wast ed i ngreafadimitede Tadhis end, vatiqus deyicas muss b installpdorcthest yombussior| y exhaust ed from
the heat §QuheR order 18 limit hilid? &Q8ce theQevleld bPNGLShd omepé}eeafhoﬁsbgasgﬁer gy costs are
directed into  the environnment, through an off-gas stack or the like. O her
dr awbacksPBfctdhe air fed conbustion systenms known will be recognized by
skilled arti sgoee6] [ 000AjotHet dravbatlcwith respadt Gsaid fudicMintiediathet t hei r dr awbacks.
For exanpl e lLnherent inthese systens as .well,is th eed for a source of
el ectrici PR RE cqeLey éﬁ}?lsﬁ%afi?f“e °°8W¥‘§B%Wﬁ°ﬁd%§°’geg§f 'és,eg@g?ént ially wthout

i nt er r upt the gasedusnitrbgen priesentjethe pip thatisfed fo thecfumader This pewgyis are required to

Joper at e el SdnlifilyQvabitd i BGEKe hehtba nitrSheh YR isalilad MefePSRied fomNave these
el ectric furnaCes located i n proxinty to el’ect i ¢ gener ating plants and/ or

| ar ge el el Peesopres. e 4m Eimagss T shisendy muych of the epergy epstsiatsifiressddrter i ¢ f ur naces
requi r e athe erdirernibat, bdugh avositgas stack ofithe liltee DERE@aACIA DS thE Gr feRat t he fur naces
are opera t ' ef flel .. Mbreover, inherent in the use
of el ectrlzogﬁf’%rmﬁ été’@giﬁ{sow{l%@“ﬁq%& c#”gsnkgfy%gé?'s%nverti ng a fuel into

el ectrical poW987( nost Elecwicfurnfass ikelvisé bayt thdir growbacks. Fordxarople, t hat use st eam

turbines QR&LARINGnAL syﬁéxﬁd&mmﬁimeaffoﬂaessmmeﬁg@a%&mﬂqvmn ent, and
general ly | ess than about 3 ercent). In addition, these large fossil

a .30 p : .
fuel ed bt oBtRuoYsbats, esgentiglly withaut interiyption. I that feraciameug¥of NOx and ot her
gr een- houdectripa@cr.ard rEfd€] to bpptatesietiolfigmacesit ishypicallyweasdy B ocessi ng i ndustry,
and more  SORElHOAL ool b8 iR b B RS Berk B Fonts VST Y-
conventi onal “wsdom I's a
" large electrical transmission services. In addition, electric furnaces require a

considerable amount of maintenance to assure that the furnaces are operated at or near
optimum efficiency. Moreover, inherent in the use of electric furnaces is the
inefficiency of converting a fuel into electrical power (most large fossil fueled power
stations that use steam turbines operate at efficiencies of less than about 40 percent,
and generally less than about 30 percent). In addition, these large fossil fueled
stations produce extremely large quantities of NOx and other green-house gases.
[0008] For example, in the aluminum processing industry, and more
specifically in the aluminum scrap recovery industry, conventional wisdom is that
flame temperatures in furnaces should be maintained between about 2500°F and
3000°F. This range is thought to achieve a balance between the energy necessary for
providing sufficient heat for melting the scrap aluminum, and maintaining adequate
metal temperatures in the molten bath at about 1450°F. Known furnaces utilize a



' o
flame tenperatures in furnaces should be maintai ned between about DZEBBFZO%d
3000F. W@1/8884nge i s thought to achieve a bal ance bet MEBHSQI87@ENer gy
necessary for providing sufficient heat for nelting the scrap al um num
and mai ntai ni ng adequate netal tenperatures in the nolten bath at about
1450F. Known furnaces utilize a 2 WD 02/088400 PCT/US02/ 08701 design in
which flanme tenperatures typically do not exceed 3000'F to assure

mai nt ai ni deyigh mevisdhrilage tempkrafures Bgicillyydoobt extred 200D Utpassers. That is, it is

t hought taﬁmﬁégg%%mﬂm&ﬁs&mmcw ernhdi{litism&RR dgaken the support

structure o ur nace possibly resulting_ in catastrophic
acci dent s excpeding dhepe tpraperatuse Lirpits %Wﬁé?‘&f‘ﬁ?"é@qwcmﬁm%nal furnaces are

general | ywabg&&&m%&&’ﬁl?g mImb&opmJ&ama&&pﬂfﬂamm sdiiftéBpetiirdsdr bet ween the
flame andtheeﬂap s onl ab ul (&0 F Thsresgﬂt tgJ1|nefficient
ener gy us&PEH °°86’ﬁ‘§ff§’f Iy ppopt SRRE s Thustigpyryniss difigeatsl o) i eved t hat
heat Iosseaw&adxenhﬁxemtdnmlexﬂaﬁtﬁg@ﬁytaboutewmnﬁﬁntremmxﬂeﬁimmces in which flane
tenperat ur es excef\.or about 3000*%5 far outwei gh any operating efficiency

t hat may BE & eveH’°6° “Suoﬁ ‘ane tenperatures. Thus, again conventional
wi sdom ful ly d0898brts ith@lvé’ellwﬁthathea!bedee@dpﬁmtnh@esgqth whi ch flane

t enper at Ul83n@hErdat fuffced! RRGich! flaftk Eenﬂgmﬁﬁp%eeaqg& EOO()qyfarf | ame

stoi chionetry) which assures furnace int egrl ty reduces energy | osses.
100101 ACGB‘?”G‘B%WVW‘E%F@”@%Y%“‘%Y Recaehieve Py‘ag@bﬁﬂfst i on system t hat
provi des Hﬁ@eﬁﬂiéamﬁgaﬁauoéonﬁdﬁdm\ngdo&fﬁmy’smpmﬂﬁhscMhﬁﬁltélbd)n (attributable

) to NOx an ot herblgrbﬁenebcg“gquersa ase; W}()]érllu%nn% F‘%o&j’z daﬁ(@ provi di ng

efficient Y, A TChRPE "ED i"0n° Syatem can be used in a
‘Wi de vari @toychsgtherrymwhlsh sshuaés furngsp fntegrityiapdesducesangrientysss-om t he power

gener at i ng/ Ut ifhirpy | ndUsiarotuds dpmete%mh&aheed%qe&ﬁwsmsymtrl es, netal
pr oducti on an rocessin on syst em can be

co
used in mPfoyjdes the agvantage EﬁﬁgeﬂY‘@E’é‘g‘g‘?‘ﬁ@ ‘Qﬁbﬁaf“&\‘l“g@ ’ha'“ whi ch the
conmbust i Omﬂﬁm‘s&cﬁm\m paséshlovhild a0 the emmeaithe@ruatding eéficfentenapyyseand pol | ution

T Cocsss mpesfily Sl SOnEilsy s@m@aen%@useala.e(:«lf%%' ey brhaliui Scrap al uminum

processi ng cess equl pnent y furnaces) that are
desi gned amllcatlemfangm@mﬁlepwq Benerating/utiligninduety 1o F*&mﬂt enper at ur es

associ at eGygadstify ﬁa&&aeﬁﬂwﬁf frbdukdntand srodkitglah®ihe BReSiSBINaAND tO i nCrease energy
efficiency and, reduce aﬁ)ge é |on b r od ct | on. BRI EF SUNO4ARY OF THE | NVENTI ON
combustion system ¢ used in me ummum, processing applications in
which the combustion system provides mcreased energy efficiency and pollution
reduction. There also exists a need, specifically in the scrap aluminum processing
industry for process equipment (specifically furnaces) that are designed and
configured to withstand elevated flame temperatures associated with such an efficient

combustion system and to increase energy efficiency and reduce pollution production.

BRIEF SUMMARY OF THE INVENTION _
[0011] An oxygen fueled combustion system includes a furmace having
a controlled environment, and includes at least one burner. The combustion systefn
includes an oxygen supply for supplying oxygen having a predetermined purity anda
carbon based fuel supply for supplying a carbon based fuel. The present oxy fuel
combustion system increases the efficiency of fuel consumed (i.e., requires less fuel),
produces zero NOx (other than from fuel-borne sources) and significantly less other

green-house gases.



[00111 n fuel ed conbustion systemincludes a furnace heagi 2604
control"%ﬂ(;0 %%‘@?ronmnt, and includes at |east one bur F&T/USPR@SsT l‘gnﬂi;%%ti on
system includes an oxygen supply for supplying oxygen having a

predeterm ned purity and a carbon based fuel supply for supplying a carbon
based fuel. The present oxy fuel conbustion systemincreases the
efficiency of f cons i..e requires.|less,. fuel), produces zero NOx
(other than frébniﬁ?]uel -bgﬁoey °86“r‘dc%%5£bg’ﬂ8“§‘?8ﬁ’iaﬁf%WH furaace ot her

gr een- hous & agtpichipme@ic WOpHRIr(8 8AODOtRE 10 IUHID R R8RS eitifer REBxygét [ 0012] The
oxygen and Shle gm;nuﬂ i rpace in a

st oi chi one?%:afbpro oﬁe?%zégto Ongrcglgtgﬁx;;ﬁgs%o%h%;n%qﬁ?pr%ﬁorﬁé%c s of either the
oxygen or CSPRYstoR piBncarhen Besed fyel|pravisies aflameitéensrairgio cxcessiof heatr t he

st oi chi oMeys0oeF, pideRexHalis? as stdam froaRHOMRhERVRS  RBerGat hA: Rgged fuel

provi des a_f ge 1&& erature in excess of about  4500F, and an exhaust gas
streamfroma?ﬁé?mf 'ce having a tenperature of not nore than about 1100F.

[ 0013] I ;I'_he contjoms] on sy?ddbmbgsﬁ&fgﬁt&bg&f&a&fylmuig%@oﬁmws@hl ls_ystemh for I
controllin arho el a or controlling the supply
of oxygen%tr%&t% ﬁ%@ﬁ% %ug@é.o Pﬁarr?o? aescd(a:%cﬁta?‘{fllér?%‘?%‘?ﬁﬂmtsﬂ@?’éﬁppl y of fuel
fol | ows t hexygerpgithy fishace.olp jhyspntiobsystire, thasupply ef fuel Fodlowsthpsupplebf oxygen and f uel
is control l,%e,mgd{erﬁg,mgrﬁggﬁpﬂﬁ[yrgfg,@gemhh@ﬁs@Anugl?eg?ghgenperat ure. In this

0 e

arrangenent, -a sensor,_senses the tenperature nol ten al um num

[0014] TheP‘Eﬁﬁ’%'B’r?“ﬁ‘a%‘Ea alupigum tempergiure, In thisamengeynent, g s¢nsorjsensesne  enbodi nent |
‘the fuel | thezenpaaturedfite mdkennfimiiu@l. gas, net hane and the |like. Alternately,

( the fuel is a b fue such, as al ,or coal dust. Alternately still, the
fuel is a quui&i@ilhfuel , L”§°u°éﬁ’°‘éb¥i?éf‘88ﬁ‘{"i‘yn‘¥i’%ﬁ3ﬁg A% e oils. [0015] In
one exenpl gmbodimeat, the fire! ig 8 pds ucti asmatarglgas methgnelsnd dhe like. Alw@stalp, al uni num

recovery syshalish QiR Akl 88 @ bUMhRL IELA0 S6T 8 nefliEllady SyStem 1 ncl udes
a furnace [!uO{ cont aj ni gg nol ten al um num at prede er m ned t enper at ur e,

that has afueh&4he Pdigg wastells. r ecovery systemincludes an oxygen supply
for. supplyingomsyygen Inbnt EBRmblifytae; the hhUHIA sf s i¢ MIRISIEARS System To

achi eve i 1.CJ t he .oxygen s | v has_an oxygen purity of at
| east abog? h@ p°§zr“jc°§ﬁ#§9'%’bﬁ?8‘]v°§l{‘gc“§’§‘5‘w %&E?&pf whasyesl v supplies a
car bon basglugesa fumagfor containing molten aluminum at a predetermined temperature,

that has at least one bumer. The recovery system includes an oxygen supply for-

supplying oxygen to the furnace through the combustion system. To achieve

maximum efficiency, the oxygen supply has an oxygen purity of at least about 85
percent,

[0016) A carbon based fuel supply supplies a carbon based fuel. The
oxygen and the carbon based fuel are fed into the furnace in a stoichiometric
proportion to one another to limit an excess of either the oxygen or the carbon based
fuel to less than 5 percent over the stoichiometric proportion. The combustion of the
carbon based fuel provides a flame temperature in excess of about 4500°F, and an
exhaust gas stream from the furnace having a temperature of not more than about
1100°F.

[0017] In such a recovery system, the combustion of oxygen and fuel
creates energy that is used for recovering aluminum from the scrap at a rate of about

1083 BTU per pound of aluminum recovered. The fuel can be a gas, such as natural
gas, or it can be a.solid fuel or a liquid fuel.



oxygen and the carbon based fuel are fed into the furnace in a g 200k
st oi chWOH2{8%480 proportion to one another to linit anPEYAISOH0RIN ei i er the
oxygen or the carbon based fuel to |ess than 5 percent over the
stoichionetric proportion. The conmbustion of the carbon based fuel
provides a flane tenperature in excess of about 4500F, and an exhaust gas
stream fromthe furnace having a ture of not nore than about 1100F.
[0017] In such[%%larecov p the g6 ’é{rﬁ's rrg g%ﬂ@tf'frﬁﬂﬁeﬁi’l" byregeyersdand f uel

creat es enes gastethearecovenisyaen.f THe récovspaddiedt 0gh ba lcoHvertudd fléc@iEnlt he scrap at a
rate of a ouéy 1083 BTU per pound of alum numrecovered. The fuel can be a
gas, such as™natural gas, or it can be a solid fuel or a liquid fuel. 4 WO
02/ 088400 PCT/[0BOR/ 087 (d d Hodtpriefefresystfri)QlicBpmbustiodwgstere molédsy syst em heat
fromthe f c overy system The
recovered égﬁﬁgpa{ @%@e?%{i%wsg&rﬁs%trl C‘Jnf Ja CEE‘% [0019] In a nost

pr ef er r ed NiiPgeReteh eﬁéryesqmsnaraaw %’Meﬁthfﬁkﬁ%e@hée ms»ybmpm for providing

oxygen. Oa@aﬁmsmslmmgmrcamﬁbabfowum@d%yﬁ&ﬂomateﬂinw ogen, such as a
cryogenic s th %rllg y@t e%m Ochetﬁ\ stens, i ncl yde nenbrane separation and
the [ike. 655 CHPER SO gwaﬂ?fé‘%@:j}%fr“é’t?s&ﬁedﬁq water into
oxygen and)ﬂlrey&?mgemkrlawnS‘orcohygsg/gdnmmm/seﬂmnmxygen can be stored for use as.

ded. Qh t f t t 0020
The. oxygen.  adP ol conp 8k Ffidled G BiNARSASHT RNGERE i 00 any

f ur nace th‘a‘hW&%@h@el@@dﬂﬁmmmmﬂmWmﬂlamsﬁmwetﬂmthasy f urnace t hat

_has  substsatanally ¥o ﬁ@eakﬁe I8 4R &erhd] BV rBiIneRY ISREH WomBMMbd GREENT - Such a

~ conbustion stem incl an oxygen- sup |y for S I'ng oxygen having a
pr edet er niHEGeS 5 PEGSY yg”s"(?all"’ﬂéﬂ’%ﬁ EIE'F f&méﬂﬂgﬁppl ying a carbon

based f uelcarb¢n(}3i2d Fuelldupply oy gpplying a tdibondused el suppl y and t he carbon based
fuel are fed blﬁth theﬁxé‘&@ge?ﬁnWoﬁg%sﬂhﬁﬂnﬁ%%%&ﬁ%qﬁ%‘it'On to one

anot her to I|mt an excess e” OXygen ofr &¥bon based fuel
to | ess t Kesrintgthsfirnagein agtpichiompdc eqomr@qw@mmth,er irlimitantekesss.of | n such a

furnace, armeeﬂahwgénc@aﬁc&wﬁ&mfﬁmﬁu&smaﬁwe%ﬁ%vams substantially zero
ni trogen- cont.al ni.n conbu t| ﬁ roduce aseous coogﬁounds That is, because

there i s ASHPPFH Geanehapst 835 sfreamdframpthe fumaee ¢ 0| - hor ne
ni t r ogen, hastyabstantindly edro gaegenomnamn@costmmamdwwgﬁseﬂﬁs cBimpdueigsen cont-ai ni ng

conbust gﬁg‘(gatps;%ggﬁ;tﬁeré ts 06 nitro Pt in WS R LS BOR iV QUGL €0 | evel's of other
g mtrogen, the exhaust gas contains substantially no nitrogen containing combustion

products (i.e., NOXx), and significantly lowered levels of other green-house gases.

[0022] This combustion system can use any carbon based fuel
including gas, such as natural gas or methane, any solid fuel such as coal or coal dust
or any liquid fuel, such as oil, including waste and refined oils. In such a combustion
system, any nitrogen-containing combustion produced gaseous compounds are
formed from the fuel-bormne nitrogen.

[0023] A method for recovering aluminum from scrap includes feeding
aluminum scrap into a melting furnace and combusting oxygen and a carbon based
fuel in the furnace. In the combustion of the oxygen and fuel, the oxygen and fuel are
fed into the furnace in a stoichiometric proportion to one another to limit an excess of
either the oxygen or the carbon based fuel to less than 5 percent over the

stoichiometric proportion. The combustion provides a flame temperature in excess of




[0022] wWbiosngaggoust i on system can use any carbon based fuel incl48iFE® Fds,
such as natural gas or nethane, any solid fuel such asPCD@bo2mg70qoal dust

or any liquid fuel, such as oil, including waste and refined oils. In such
a conbustion system any nitrogen-containing conbustion produced gaseous
compounds are fornmed fromthe fuel-borne nitrogen. [0023] A nethod for
recoveri ng asdubd§obutMk"; I ncl.udes feeding alum numscrap into a
nel ting furnag{egoan('j 339%{%8“8%98%%&%“%&%%@#%@@@ofmel in the
furnace. | MoreanebewidFon of the oxygen and fuel, the oxygen and fuel are

fed into the fyomare i nT1Re SlQhdi A roportion to one another to limt
an excess gf . either the oxygen or t%e"ligléear © foptagnaptjadent o | ess than 5

percent ov&T{oHR is remexed fiom Hi e indsyhstantially purd inelted @lihiriiinijon  provi des a

flame t enpiscemgedsrinithe Meess T mdhol CurQRh B RAR, JGe B, 20U4  PCT/ US02/ 08701
about 4500 e TurtaBe having a

n.exhaust streamfromt
t enper at uremgl?'m?io m%?%@%ﬁﬁ%w‘mmdqsampﬂmm uminumis nelted in
t he f ur nackcoversdalaminmm iirtto thafikenace. al umi num i s renoved fromthe furnace and

substantially pjgpg nolt Lnumi.s discharged fromthe furnace. The
met hod can, i ncim‘?aa t he ??é’%k%?]“r“e%l‘k%f%wgmawva'ﬁﬁmﬁmmm t he contami nant

| aden al urifisF; Tpe waste hegt spsavered aah beloenveiedgo dlirgicity.ecover ed al umi numinto the
furnace. [0025]0036)e et R aghacddr feldGl overin ste heat fromthe

f ur nace. Tingua@ggg}heat reco,v'e?gd crg‘gglb‘féﬁg%’nﬁ‘\?’g}sf’ga BPectricity. [0026] A
furnace for  F'6coVvEHTHER &I RRIHRAMOles pluminumat a predstenmized | ncl udes a bat h regi on

~f.or cont aitemprepture laodom leadt e btaeR. Ah odyg &Y BEHHY ﬁlmepgggmt,ﬁcg&eg ature, and at

-l east one REht leastA n.supply supplles oxygén having a purity of at
| east abouﬂtaHQS peg:rasgeaﬂ??gyrfg%gntéléd?%&#%gfgg’cﬁﬁl6W1Y§Wb¢mumbl i es fuel, such
as nat ur al® gAwal gag, sqal, oihprd theriket he | i ke. [0027] The oxygen in the oxygen
supply and thefobargl ar emné éth Be b i.a stqichionetric
proportiop,ta %rlest anot her&?(g) |, i m'etggﬁn%%g%gq}gfﬁ’%ﬁﬁ‘é’r‘m?ﬁé oxygen or the
fuel to |ess than EeHSmeTis propgstinto pisanathes fodmitametaessof githenthe t i on. The

conbustioﬁxxspnernleefwm1eqsm5ﬁeaneovsﬂmimz§rc§k§&ﬁ%,{ mexcess of about
ur nace

4500F, an ; eam fromthe f as a tenperature of not
nor @ thanf:é?i&og)&?.%g%&’, pg@?deﬂ {lamerpemperamemexcess of about 4500°F, and "

ust gas stream from the furnace has a temperature of not more than about
1100°F, ' |

[0028] In one embodiment, the furm;cc is formed from steel plate, steel
beams and refractory materials. The furnace walls are configured having a steel beam
and plate shell, at least one layer of a crushable insulating material, at least one layer
of a refractory brick, and at least one layer of a castable refractory material. The
furnace floor is configured having a steel beam and plate shell and at Jeast two layers
of refractory material, at least one of the layers being a castable refractory material,

[0029] A salt-less method for separating aluminum from dross-laden
aluminum is also disclosed that includes the steps of introducing the dross-laden
aluminum into a furnace. The furnace has an oxygen fuel combustion system
producing a flame temperature of about 5000°F » and having substantially no excess
oxygen. The dross-laden aluminum melts within the furnace.

[0030) An upper portion of the melted dross-laden aluminum is -
skimmed to produce a heavily dross-laden product. The heavily dross-laden product

is pressed in & mechanical press to separate the aluminum from the heavily dross-

6



T e e

[ 0028] wigv20880600di ment, the furnace is fornmed fromsteel plate, steel
beans and refractory materials. The furnace wal | s are P&3l#S0¢0878H havi ng a
steel beam and plate shell, at |east one |l ayer of a crushable insulating
material, at |east one layer of a refractory brick, and at |east one |ayer
of a castable refractory material. The furnace floor is configured having
a steel b nd.at |east two |layers of refractory
mat eri al , Q%??, F’g‘g’sct Lgﬁgu% %‘Hﬁeen ftéglgeraglybdg?sﬁ'&d%f”lf adhemsthadeart ory materi al .
[0029] A daglude the step ofsetirping the consenarcdheayily dadssHiiden produttasnher 0ss- | aden
al umi nuM ifSmatk. SRwrHuston @B @E dofRahdch Q%HQ_?_EM& @@ﬁﬁﬁa‘é‘e"%ﬁ%e& ntroducing the

e

dross- 1 aden al_u&gn{mm_l nto a furnace. urnace a?ﬂ“ﬁxygen fuel
conbust i 0% JLietiiameimpingrepijo rrlopse shpeoxides foam the dross. of about 5000F, and havi ng

subst anti al | y [0681EXCeS SThes¥ydier fedtif@s Q{d%&h&éé;%ﬂh@{%r%}tnum melts within the
fur nace. LDQ,Q%% ﬁgbugﬁaze&b?or &lia?og&gof the nelted dross-laden alum numis
skimmed t o proadte’ s " wing detailsd doseréntien. in cppjandiomyi | y dr oss- | aden
product withthegpmedtdiclaing. nechani cal press to separate the alum numfromthe
heavily dross 6 WD 02/ 088400 PCT/ US02/08701 | aden product to produce a

concentrated_heavily dross-laden product. The nmethod can include the step
of ret ur ni ngBRIFE RESEREFFION OF THESEMERALNIBYS-ORTHEDRAWINGS to the furnace.

I ntroduction qgbospe drq'ﬁ&bén@fﬂ%d@bméwg?thmr&eﬁtg\%e&#éﬁQﬁfe is carried out in
1 des Tro

new di recgecflarre |§len&emsnt zgo rel ease the ox the dross. [0031]
These and Ot RePOaRELY TRareh Ip Qaose of frdivpesskalt in theaelgyaetenmfler i nvention will be
appar ent tw@mmféxmmmmddﬁc@:immmph%%wm Q wheRjpunction with the
appended cl ai "o 3FRI EF%?%%IA%OG: THE SEVERAL \§| EWS OF THE DRAW NGS
[0032] The berefits and Advantagos ot cPIRs o pLemplay AvBINRoN wil | becone
nor e r eadPirP reROpAY RrAtess havingowelting fumradiwitiay oxyiged fueledeotmbastisel evant art after

revi ew ngsysikm, hWhich\ieBOhdied @b hredhefGiSal 'ﬁg“o .o%a%gg&g%anyi ng draw ngs,

wher ei n: etLl(,)SS.S% Fl G, } i(shhan over al | ow schene © exenpl ary al um num
scrap recSUERYE e rEsiple o he pressntinvertiong f ur nace with an oxygen fuel ed
combustion sye#3dm i NFIthR2 tdangveeRIHondeme®8s dBispebgtihon and fuel

consunpt i gRraRbEcohRYE R > rRagy the.principles of the present

i nventi on;Q&: 003c4] FI'G g’éFIl.dsalan _(g\/f’g%aoﬁry ?’F’B@ﬁ%&‘ﬁ%ﬂ’é’x&eng‘elﬁloss processi ng
oper at i on°HHTtoR sxstmrembedyng the pringiples of the areseatiovestion; f ur nace havi ng an oxygen
f_uel ed [0035] FIG. 3 is an exemplary natural gas supply train and oxygen

supply train for use with the oxygen fueled combustion system;

[0036] FIG. 4 is an overall plant scheme showing the oxygen supply,
from a cryogenic plant, and flow to the furnaces, and further illustrating an exemplary
waste heat recovery plant;

[0037) FIG. 5 is a schematic illustration of an aluminum melting
furnace for use with an oxygen fueled combustion system in accordance with the
principles of the present invention;

[0038] FIG. 6 is a side view of the furnace of FIG. 5;
[0039] FIG. 7 is a front view of the melting furnace of FIG. 6;
[0040] FIGS. 8 and 9 are partial cross-sectional illustrations of a side

wall and the floor of the furnace, respectively:

[0041) F1G.10 illustrates a burner assembly for use with the oxygen.
fueled combustion system;



combusty@pysgafoeM enbodyi ng the principles of the present inventy@egB[085]
FIG 3 is an exenplary natural gas supply train and oxBgeuUso2@epRly train
for use with the oxygen fuel ed conbustion system [0036] FIG 4 is an
overall plant scheme showi ng the oxygen supply, froma cryogenic plant,
and flowto the furnaces, and further illustrating an exenplary waste heat
recovery plant; 50037 FIG 5is a schematic illustration of an al um num
mel ting furnad84br us&lGli I+ aashemtiegitstritiond @dn eREHRISLLRR SYSt em i n

accor dance systetd Yot \3€witlPdnl REdeR hiRRd béfgﬁ i nvention; [0038] FIG 6 is
a side view Ofé 'ﬂ‘ﬁl fur ngcgéco FI G QJm 8%%5’]°r}|&—11°§°“)‘“}“§°“8°‘¥ ront view of the

mel ting furnac FI G GGA@‘F“‘FICGSWfga!amdmala.arpewaavbﬂdra} cross-secti onal
i |l ustrati Smmcofonawall xﬂestramlalbma&qna Wﬁg%m%gmg%%ng yr nac respectively:
or

0041] FI nbl
1[uel eL co%%%‘%x%dr?ugi/s%&ﬁ]ﬁw ﬁ%{g%%%%ig’ﬁeT)é@bPIHISMHCIWUSSEy82901

[0042] FI e!!‘fser“sm‘&n%@h@#at ic illustrations of an exenplary control system

for use with ampgeayygen fpgel fon .3 em of the present invention
[0043] FIG, 12 |sna sch emtf‘ga%%e%%(%) "ﬁfﬁm ‘éft ApYaste incigeraer - boi | er or  furnace

front wal l H"W’EQ’FF&P‘P?@““&Wvﬁmmﬁémwusuoheﬁ&nwxﬂbamwt and showi ng
t he i ncorpociples ahheQiresétit inPentiof U€! conbusti on system therei n enbodyi ng the
principles of the present invention; and [0044] FIG 13 is a schematic

rllustration of a waste incinerator showi ng the incorporation therein of

an oxy fuel conbust iDETASLED DESCRIPDION OXTIE NVENTFIBRI P! s of the present
invention. DETfgkdfD DE THE | NVENT] ON [ 0045] Wi le the present
i nvention | s s stﬁ ti blsgﬁtl)eftﬂ;ep%leng: nfsﬁ“s"?P&PlFB{@bP@}Pﬂlﬁm there is shown in

t he draw ng% ﬂI"F" ifbewn indlicidsawings antiowithirsinshienbe dab@sar | Y preferred

enmbodi rrentprm:tﬂh tefetrediistRtisdlemt J’,@gtan sent closure is to be
" Wi o Helﬁkhg epé?fﬁmgga?fﬁ'ie ¥ ntended to limt

fﬁ 28 ' ?ﬁ{/gﬁ? ﬁgcnﬁ{%aeeﬁ@ %Eaégg@éﬁcﬁt{‘oe%‘éwggﬁgﬁmpq oy intended eallimit the shoul d be furt her
under st oodPYeption to the specific embodiment illustrated. It should be further understood that
the title of this section of this specification, namely, "Detailed Description Of The
Invention”, relates to a requirement of the United States Patent Office, and does not
imply, nor should be inferred to limit the subject matter disclosed herein. :
[0046] An oxy-fuel combustion system uses essentially pure oxygen,
in combination with a fuel source to produce heat, by flame production (ie.,
combustion), in an efficient, environmentally non-adverse manner, Oxygen, which is
supplied by an oxidizing agent, in concentrations of about 85 percent to about 99+
percent can be used, however, it is preferable to have oXygen concentration (i.e.,
oxygen supply purity) as high as possible. In such a system, high-purity oxygen is
fed, along with the fuel source in stoichiometric proportions, into a burner in a
furnace. The oxygen and fuel is ignited to release the energy stored in the fuel, For
purposes of the present disclosure, reference to furnace is to be broadly interpreted to
include any industrial or commercial heat generator that combusts fossil (carbon-
based) fuels. In a preferred system, oXygen concentration or purity is as high asg
practicable to reduce green-house gas production.
[0047) It is contemplated that essentially any fuel source can be used.
For example, in a present application, as will be described in more detail below,
oxygen is fed along with natural gas, for combustion jn a furnace. Other fuel sources



the title of this section of th| s specification, nanely, "Detal A SHFEB 2004
Descri MQ 848840 The |nvention", relates to a requi r enerctT/S02/08m1 Uni t ed
States Patent O fice, and does not imply, nor should be inferred to limt
the subject matter disclosed herein. [0046] An oxy-fuel conmbustion system
uses essentially pure oxygen, in conbination with a fuel source to produce
heat, by flane production (i.e., conbustion), in an efficient,
envi r onmentoatemplabincladhods eludipgmesred aﬁeglmmasw\blisc\hoddscoalswppl ied by an
oxi di zi Ny AgeRkuse | gﬁb&‘q\g%ﬁa%@ﬁ\émsﬁéseﬂ{h ‘?9 ercent .t o about 99+

erab

percent can be Uus owever, It Muﬁ%\\?% gen concentration

(i.e., ox‘“?lj@ﬁﬁéﬂﬁ?ﬂﬂ%%ﬂ“@}“ﬁ@‘hﬂ’gnmmtwimlBﬂsem In such a system
hi gh- pur Ly oxymen |5 f&%res@k@%m%ﬁahs&&}Ecénv%ox&?%&?se%ﬂ{éé of chi orretri ¢
proportlo uel isignited to

gto a_burner in furnace gen an
rel ease t WECERE A SF&CQBVT?P“PJW@‘D?‘HE‘P“ prgcgises “ﬁﬁ?‘b%%@s"x&imshe pr esent
di scl osur eagented mpEyI©Fgén), rither nﬁﬁ&sdnsalty(pub%x&y’e@,&ﬂdmbﬁﬁ&{ mheted to include

any i ndust eat ener at or at c usts fossil. (carbon-
based) fue{é@nlcg&%&&ggferre FEE "%'sﬁxé’é‘é’ﬁm%‘ﬁmf‘eﬁ i8S on or purity is as
hi gh as prle'eetnheem:enm@(%wwen@omhuhmxmsewawmm [0047] It is
cont enpl at ﬁﬂxa&hgécofﬁﬁlggkkeﬂ{ ﬂrXce&Wes 3@%“ b%g&:ﬁxo&%cgr%a%rﬁon For exanple, in

a present ‘ﬁ gﬁ;catl on I n nor bel ow, oxygen
is fed al dAy t""hatﬁa?ﬂémwu@aévseverfcdcenvemfmdmﬂrﬁwatofa@smace Ot her fuel

sources 8 AMpli/cOBiRER of the file A hdd) el exddosP/olhaern (s@&14kd aeONt enpl at ed i ncl ude
oils incl u%l AlepRgS efined as well as waste oils, wood, coal, coal dust,

(refuse (gar a e°vve¥stfe) and the |ike. Those skilled in the art will \
recogni ze the [084li ad fMsiy adGunages snd HeadfitsCanchieved Siiflg thé preseiithe pr esent:

0xy- T el sosib@bn A0 Ok ralhEenRb &SRR ns SHEAERARRRLLS, fu Q) Convent i onal

processes I n twy rnci paI ar eas I rs convent ronal conbusti on processes

use air (a‘é"“‘é‘ﬂ‘%‘i&QP?FF&&‘m&yeﬁknWO%ewewxWéﬁyeduwémwmmhan essentially
pure oxygeapphcfaﬁrrns(bpadm&hla@mpc%m Si@iﬁﬁgﬂﬁly N RApRGHeREaai r (about 21

per cent) conb stl on e emai hi hg conmponents
(essenti aI y%ﬁﬁ’ rrgég;ugn émﬁ% %f%‘ﬁm%\h‘ﬁ g‘?’!ﬂh the furnace.
Second, t heeplireéme the epissiorefNQrs®s boxedugaito stentialiy 2to; RidakeRinission Pr OPOrti on to

the fuel Faat: h&UH Yas&h ' n orti o the fuel to
assure co:rgpogﬁgrtdeégonbués/atsl on o b?ﬁs\e'gﬁgg%&oﬁtﬁ,g rcenpg‘ggggf:“eeé’ sz)xygen is fed

into the e

An Exemplary Scrap Aluminum Recovery Process
[0050] In one specific use, the oxygen fueled combustion system (also
referred to as oxy-fuel or oxy-fueled) is used in a scrap aluminum recovery plant 10.
( A flow process for an exemplary plant is illustrated in FIGS. 1-2. Scrap aluminum,
o generally indicated at 12 is fed into a melting furnace 14, and is liquefied. The plant
10 can include multiple furnaces operated in parallel 14, one of which is illustrated.
The liquefied or molten aluminum is drawn from the melting furnace 14 and is fed
into a smaller holding furnace or holder 16. The holding furnace 16 is also an oxy-
fueled furnace. The molten aluminum is drawn from the melting furnace 14 as
necessary, to maintain a certain, predetermined level in the holding furnace 16. This
can resqlt in continuously drawing down from the melting furnace 14 or drawing
down in “batches” as required.



[0049] Wangesdyant ages and benefits are achieved using the pr esdnf FEB 200%
combustion system |t has been observed, as will be degcriusegodel ow, that
fuel consunption, to produce an equi val ent amount of power or heat is
reduced, in certain applications, by as much as 70 percent. Significantly,
this can provide for a trenmendous reduction in the anmount of pollution
that results. @553 in C&eltm% ap Ilcatlons the em ssion of NOx can be
reduced to, ess al | y zero | 18rf &deg%ﬂﬁam,@seen house gases
r educed bym§§a¥ﬁﬂ§h8ﬁ§2§beﬂnctﬂﬂy.psrfmmo tlwﬁrdmﬁg@tﬂi{&é‘id tQ'?&lhmEa' r-fuel ed

conmbust i Ondﬁwﬁgg% WBiResRES R [a m num Recovery Process [0050] In
one specif e %xy%gﬁ Blyfl%gm%ng W%?‘é‘tnéf?ﬁ‘(“al so referred to as

C _use,
oxy- f uel ,F'"’?B?ﬂ}%W@Hﬁﬂwgﬂg@ﬂtﬂldmwahﬂmpmeaﬁmﬂmemmnﬁﬁﬁomgy plant 10. A

| e st i L M i L2

al um num %sn all?{ ri ‘g ted at 12
is |iquefie 5plate ﬁngmgmmmpbrmekaﬂumen@per ated in

paral | el 1ipldepifas Muvdylh@hdhﬂdpbrhﬁ§$tﬁ%ﬁ5hmetﬁ$& LhQuekigd or nolten al um num
is drawn ffﬁﬁt@ﬁeari?g&ﬁl g fUI‘I’l 14 and | s 1ed Into 3%maller hol di ng
furnace or hol der @“f]lfl‘ﬁ%‘é’é"ymhﬂs al so an oxy- fuel ed
furnace. The nif$dn al uﬁemﬁWndwdnammm@m&dl@r&a{aMm nace 14 as

necessary, pat—tiaul&aﬁli!érfz!z&@edc@l’b@v@w} p | eveI ' n-the hol di ng
furnace 1 n resu w?gbhg{ uoﬁéslP]?aff 9\)“}1@‘6 fromthe nmelting

furnace 1 WB 5\5&’ m°&ammﬂ¥m'lbasrtﬁq@§ﬂoualsndeemmed 9 WD 02/088400 1 6
'FEB 2004 PCT/IQM/087aﬁu{ea9g6ishi4naﬂmgug¢nql o dlihace (]%%chl ori ne and

nitrogen ( t 18 and 20 resp e are fed into
s gﬁ%sed g'dlfﬂedf gg%)llsl ff‘g{"@ themolten Alyminke. il'hmmhem es fromthe

t he hol din urnace€
nol ten al Lﬁ%“"l“l’ﬁ’l‘ﬁ is qRiiated; spobras byea mevtlantidat stiergeas and MO ALIGRA02¢ 9aseous fluxing

agent to dmsmsmbeud tlhEkth&SahH&m Thi's™ can also be carried
out in the nelting ?ﬁrnaoes 14 to {O%Vgagmnﬁglﬁnf”ﬁ@“quﬁ’?y and dirty

scrap. O her é'mhterrpl ated fluxing agents include gaseous argon
hexaf | uori de. (W8] hol amemm&nummly&wfchlﬁﬁh%m 2035 3Le @ a molten

metal tenpRlatdlse FI%% . The air tenperature l'n"the holder 16 is
) [‘}QO% I: cas“fnf’fg?fm&\“ﬁ‘ﬁ?lﬁ'ﬁnﬂ@‘&‘ Higkndss ¢apbe ed. Presently, a

slightly higher.
bag-t ype “&gm‘?’ r°c,ft9rlhplé’lmhptwo 730 inghesierabre. HHsRNRInUMQhABEn Hey PES Of filters
ar e knownraledlin@atoilQs indicated at 32, for use or further processing. In a present

method, the aluminum proceeds from the caster 30 through a pair of hot milling

machines 34 where the plate is milled to a final thickness or gauge, presently about
0.082 inches (82 mils) and is then rolled to form the coil 32. Those skilled in the art

will understand and appreciate the va.nous end forming and finishing processes that
can be carried out on the metal, Al such forming and finishing processes are within
the scope and spmt of the present invention.

[0055) Returning to the melting furnace 14, as stated above, it is an
oxy-fuel furnace. It is fed with a carbon based fuel, such as natural gas, in
stoichiometric proportion with oxygen. This is unlike known furnaces which use fuel
and air mixtures. The fuel/air mixtures feed nitrogen as well as oxygen into the
furnace to support the combustion process. This results in the production of
undesirable NOx off-gases. In addition, the nitrogen also absorbs energy from the
molten aluminum, thus reducing the overall efficiency of the process. That is,



used. The daiggsqgs €d, nolten alum numis then fed through a degasse £2
[0053] In the degasser 24, a fluxing agent, such as anPiCrIﬂIShZ/mﬁl? géﬁﬁi,ﬁﬂﬂ#
nitrogen is used, as indicated at 26) is fed into the nolten alum num The
nolten alumnumis agitated, such-as by. a nechanical stirrer 28 and the
fluxing agent 26 bubbles up through the nolten alum numto draw inpurities
(e.g., oxi q,g&)lsewegg;cgnr&e l.um num [ 0054] The nolten alumnumis then fed
into an in-line caster e38 ™TI§en PR issa geara 1g@e amduet cllenbigyad | S cast into
cont i nuous ¢ bredng tRr@askthtthalitakmiga) be anywhere from.010 inches up

to . 750 inches (ggsgpor e. | ym num can then be rolled into a coil, as
i ndi cat ed ﬁt - fic;ﬂr) usgi%(rg‘ygeﬁyﬁ%rgaﬁ%wH’g‘henrﬁeamhﬁg&m met hod, the

3
al um num p ?Jﬁ'@é@gmf"ﬁé‘inlﬁHéabmisz.zﬁl.aﬂiishhfoaﬂmbar@d@@,l&gq&omg mlling
hi"ckn

machi nes 3gurishenie dk [ ' t final t esS or gauge,
presently glll)nﬁé?d%lgap} ?%3 ipgrgﬁgdsé?%Lénﬁﬁ%%fgeéﬁ@rieﬂ%wdﬁfcﬂeﬁm to formthe coil
|

32. Those s PEYGRAL Bire oxyggny, the ratiol BrtlebanchlpntbuBRAEGI at e the various

end for ni ng0%snid Hoiveves iervgygeh $&habd\Blte aGan be carried out on the netal .
ini '%Sﬁr ocest\g’sto3br°§e}ﬁv%ipf‘f‘if'ﬁ“°"t"ﬁ‘ég“§cope and spirit

Al such fgpgi A fLpi.shin

of the present _?t?\ven l|fuléapng.as[s(5’6 ByREAO Pereeni gure.oAs $ueh, mebd skiigd four nace 14, as

st at ed abo'\?é?“\“ﬂlaPm'edmpand)uqdcfstmiuﬁtufeﬂﬁﬁ?maﬁar}sﬁilgﬂtgﬂb eRad carbon based
' opor

fuel, SUChfoﬁ&lcmaﬁdérﬂ@mtg,gS_hv%is oicﬁé@é£€%ﬁp@%g%$¢%%yl She t h oxygen. This

is unlike rknown f ur naces I C genes. The fuel/air
m Xt ures fglgﬂmrﬁ“f'rogen as well as oxygen into the furnace to support the

‘conbustion profes®. ThiThish i ' roduction of _undesirabl e NOx
of f - gases. adbﬁmﬁ‘eq.di?'t i %ﬁ %f u%? pgﬁﬁ:uth?%ﬁé’gyr#b gﬁ’sfgel gﬁgﬁfwu@hg t°§1y fromthe rolten
|

al um num thus®re i MG Prayiflessemplese combpstivh of hefupl §GESS. That is, to
WO 02/ 0884eBltipgiN legSmpton 8ikkideNGERd 3@%&8&%‘:&3& &H.?siooego%ﬁ“t age of nitrogen
oes n

in air ismﬂ.gglg@é dedl] e ANt of energy es- 1 Bating the
ni t rogen radt he agerﬁﬁf ﬁe l%l um nﬁ?ﬂ'%ﬁ%Bﬁled'Pﬁégeeingmmr al gas

t
pr oportioﬁ?s uf°H£°[°H’é’“’ﬁ!°§%"é4?§Pm1§hﬁiﬁﬁlngMdM\ﬁi. Misf MEBRGRRkd 16 are about
2.36: 1. Th@ermwimﬂmﬁoﬂﬁpﬁﬂwﬁ%o&&%%hgm rity of the oxygen
or exa

suppl y andpdeRianie sl of . t he fuel. & perfect conditions
of 100 percent g%gg%)%%@ﬁ"fs't he ratio is theoretically calculated to be

2.056: 1. HoweJ¥S8l t he Bis;ﬁguamu@pﬂtg/maa&u&ea@ecomlﬁ,{g@b,%t 15 percent
non-oxygenxygema!ifel&H@d@%&xﬁ%xﬁ%ﬂﬁ{e%el.gﬁﬁsi'usnsntarolzcogm\gﬁzsfmﬁo percent ‘pure. As

such, th 0§,8m%|l§,' floslsi?g.lellcg power plants (e.g., utility po

. wer plants), that struggle with LOI
(loss on ignition). Essentially,

LOI equates to an incomplete burn of the fuel. In the
present method, on the other hand, substantially pure oxygen, in tightly controlled
stoichiometric proportion to the fuel, minimizes ahd possibly eliminates these iosses
In addition, in the present method, the only theoretical NOx available is from fue]- .
borne NOx, rather than that which could otherwise result from combustion using air,
Thus, NOx, if not completely eliminated is reduced to an insignificant amount
compared to conventional combustion systems.

[0059] Oxides in aluminum come from two major sources. First, from

the combustion process; second, from oxides that reside in the aluminum. This is
panxf:ularly so with poor grade scrap or primary metal. The present process takes into
consideration both of these sources of oxides and reduces or eliminates their impact
on the final aluminum product, First, the present process reduces oxides that could

form as a result of the oxygen fed for the combustion of the fuel. This is achieved by

11



the art will appreciate and understand that the ratios may vary) $lfE{5hQR00%;
but t WO ®488490 for calculating the ratios, that is strETzbSoenEDII C
proportions of fuel and oxygen, remains true. [00571 This proportion of
oxygen to fuel provides a nunmber of advantages. First, this stoichionetry
provi des conpl ete conbustion of the fuel, thus resulting in |ess carbon
nonoxi de, NOx and ot her noxi ous off-gas em ssions (other green-house gases
gener al | ygghtly conaalittigtoxggen fdeth @ oniynhat ndcksedly bxytgetionptrpevpbitioifer al S0 reduce the
anount ofcoﬁ\x{eg%gm s o%%?ﬁxek‘nﬂlthe nmolten alum num This, in turn, provides a
hi gher qua F y Tinal al um num product, and | ess processing to renove these
undesi rabl e o068 contEheipresent procedsGae8ibtol donsiderationzbe teaomtl sduecesnot e t hat
accur at el o oA Adsidh it B8 b, Hd re BSXDBR bRLHELir@OG LS COmPl et e burn
h Kk t t fcor exanpl e,

of the fuel. This Is I'n stark_contrast to, ; fossil fuel ed
power pl afsesipgang filtering processes.n Thchenebitsarn twy fold. nkhe fisstisthgess with LO (1 oss on
I gni ti on)byplodseinitiedbrimyof dkosd D RFbkale® Sedofid, e qudle TRl BhBnddprodu@f the fuel. In
the present thoda on the other hand, substantially pure oxygen, in
tightly claﬁ??tg% st oi chi ometric proportion to the fuel, nininzes and
possi bly el i m0féx]les t Hebms alsobee found that usidgla fuelinrygeh mixnlie(agdiesent net hod, the
only theo lcal ' | r fuel - born rat her than that

h' oL arte skl Akho R s Bpic e

X iperatures.in the meltin .
whi ch coul d otherw se resu IOh using arr-8 Thus, NOx, if not

conpl et el fumesei Fpingexydfudleilame thmperdtures inthe fumede@fiatiotc@PA’F smount  conpared to
convent i Oftfileved OTHRLIS hight?, 5368412 1500°F10 0%, R GIRS, knbwiPduthicl 4 cone from two

maj or sources.. First, from the_copbustiqn process; second, from oxides
that resi H82snbeehbseryed thanvsing oxyfuel, meonjpncrion with these bishepflgma h poor grade scrap
or pri nmartgmpepdtabs, resulte inmnestentelyhighlyefivichograassi e med@sbfler ati on bot h of

t hese sou | . Ln.nates.their inmpact on the
final al uﬁﬁﬁ%ﬁf %}egggﬁ%ﬁﬁm@%(gg %&?pﬁgédsgﬁfompsﬁ%ggﬁn "Péluces oxides that
coul d f omeasued. dn ¢ known progess, thecenesgyraquired is @boub3620 BEUBmfbust i on of the fuel .
This i's agbiegeesiodist. I th¥GeRR (RE40R dBpaHbiSHRLRART Ohuikdeftifs by cont rol 1ing
oxygen feed . to fr}lg thai n%ﬁ_ﬁzsar Wgy stolchiomgtric proportion for

conpl et e ?PBf’r‘ifﬂg’yi?? apgqut {084 P‘?f’%/ BrodesseA et should @lse beiosd et ¢ akes i nto
consi der adlihough the &fusl® discudsed shove 3eferarice thaliResert nfdthbd & asurdligag i n the -

al um num : . QX A rtye aof the assing and
filteri ngmg?%&é@é@ff@@%&bﬁgﬁ%ﬁﬁugﬁg?@% Av/\'/% c]p%i‘ c&ﬂ téndfq’erg‘? is that |ess
bypr oduct@rbe¥spe form of dross D is forned; second, the quality of the
fini shed prodos) For purposes of understanding the thermodynamics of the

process, the theoretical energy required to melt a pound of aluminum is 504 BTUs.

o —

However, because specific process inefficiencies are inherent, the actual energy
required was found to be about 3620 BTU/Ib when using an air fired combustion

B ' system. These inefficiencies include, for example, actual pmcessing periods being

' less than the actual time that the farnace is "fired”, and other downstream process
changes, such as caster width increases or decreases. In addition, other "losses" such
as stack (heat) losses, and heat losses through the furnace walls, add to this energy
difference.

[0063] Moreover, the value of 1083 BTU/b is an average energy
requirement, even taking into account these "losses". It has been found that when the
process is running at a high efficiency rate, that is when aluminum is processed
almost continuously, rather than keeping the furnace “fired" without processing, the
"average" energy requirement can be reduced to about 750BTU/Ib to 900BTU/1b.
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is gr ew(%ixizoiph%nced. [00611 It has al so been found that using a fuel/oxygen
m xt ure é 9 rather than a fuel/air mxture) r esul peiygoduissier 1 61REE 2004
tenperatures in the nelting furnace. Using oxy-fuel, flame tenperatures in
the furnace of about 50000F are achieved. This is higher, by about 1500*F
to 2000*F, than other, known furnaces. It has al so been observed that
using oxy-fuel, in conjunction with these higher flane tenperatures,
results in an extrenmely highly efficient process. In one neasure of

ef fici encyrnd g ¥R ¥e required (in BM per pound of processed alum numis
measured. I n a known process, the energy required is about 3620 BTU I b of

processed prod 4l In pﬁé"%?‘é@élﬁﬂsfymwdsésanmuamﬁﬂﬁw&fswe ener gy
requi r enmendre reffabtory Gidissield CReFbHMg 1o FHGS., @bﬁ%“’;ﬂ?eﬁ%fl?‘%%&@e met al processed.

It should @Jﬂgos. be n teg Lhat _al though’t Sed above.in
reference 10 %}?gwg,a@@é Q fectln wigth by 40 feat in leaith §n &2 feetambeight gaei ¢ based f uel |
such as . oi {tee] sheit$tuctied2 VsfsrinR d&brg):latcﬁﬂﬂljheaﬁs@ﬂhateg beﬁﬂsgwih e i kef Cﬂ.n be
used. 1006gdn:EQd B h%if"?ndq rgsgeﬁ%% tg&é&n‘%@z&cﬁgh@ er nodyn cs of the

process, the theoretical energ 48 sstirdexoéptal uni num i s 504
BTUs.  Hovigdicated clhs fleer 48 incfalirichted fomparesisichitkielf flitc4enG] €5 ;ar € | nherent, the

actual enewqded tdg@thidy] ESH weRSs {3tind about 3620 BTU/ | b when using an air
fired COM)H%QZ?“ system T?1ese |ﬁ%€f‘?%i%s ciﬂé°s'mf%’(ffdléﬁﬂ“1"w exanpl e, act ual

pr ocessi ngs ods. being less than the actual tine that the furnace is

"fired", and ofoB€] doWNEdditRATbEYNMEAE S brovid b AS,caster wdth
gg[ohegd‘@ oss%gﬁ)orﬁ HPPo%s stack (heat)

i ncreases I | g.addifion,
| osses, an %lgelg‘tg 4?@%@??2#’8&5’#@%#‘?%&@@ 1§dnches on genter.t All 0hi s ener gy
di f f er encdhe begmets {exchisisoafahe joining beamb whickpire M RerdBT ddoih bhelagy @fe @ver age ener gy

requi r enemtitched e Boinplhe J0¢ &,QH{H these "l osses". It "has been found
t hat when the, @E%cess?’is rug.lr‘]ilgﬁg a gﬁo“&' dﬁméf‘i"iﬁg?"éﬂﬂ‘)?"%te, that is when

al um num ie§paB‘?‘ U8 most continuously, rather than keeping the furnace
“fired" w t houDoGs} oces Jh&Beamb BEproklie Vs R‘;n@@qﬁgx%g ui rement can be reduced
t o about %%DEB#/ R g%pB‘[U/.I glé 16 B 200 8400 PCT/ US02/ 08701
18 F E B 2004 The i}éigl YPETFRA St fpase bhisichto seduercfiexingdiring ng f ur nace 14 i s
const r uct dd'aihtionefithd rpfrasforysand ding-temn diser Thé Bin®4¢/aldBH R de Hpon Kef €7 i NG tO

FI GS. 5- Othat dt€ind %ﬁa&ﬁ)fﬂl%acé 24 ﬂ@ﬁec%éa!l f(i)gding on the refractory

materials is minimized. The beams 46 alsé) elevate the furnace bottom 52 from the
floor on which the furnace 14 is mounted. This allows heat, which builds up under
the furnace 14, to escape.

[0067) The furnace side walls 54 are likewise made of steel plate and
beam construction. Two wall regions are recognized, above metal line and below

metal line. This distinction is made for both strength and thermal value
considerations.

[0068] Below metal line, the plate is % inch thick. Above metal line,
the plate is 5/8 inch thick. In the present fumace, the first eight feet are considered
(for design purposes) below metal line and the upper four feet are considered (for
design purposes) above metal line.

[0069] Beams 46 are used to support the side walls 54 of the furnace
14, The beams 46 are set on 18 inch centerlines running vertically along the fumace
14. Horizontal beams 46 are placed at 18 inch centers below metal line and 24 inch

centers above metal line. Although the metal line in the furnace 14 varies, i is, for
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di nensi wsomksapout 20 feet in width by 40 feet in length by 12 f&8tFEB 2004
height. The steel shell structure 42 is formed from plrtrassedgghepeans.
Plates and beans will be identified through as 44 and 46, respectively,
for the furnace shell 42 structure, except as indicated. The floor 48 is
fabricated fromone-inch thick plate 44 steel that is welded together.
Each wel d ig; bc%ﬁ’s?d a.beam 46 to assure the integrity of the furnace shell
42. [0065] émpitloﬁ%?fm'ﬁ (rHE0E leyelof pretalthal edll Becis e WrABE &4 dukRPT 48 support.
Each beam & epeieties AdlditiGnal factbrs Wia u very 18 1 nches on

75 Lnahee, Bt i e

center. Al lmedf inele ms, 46 (excl usive | i sits which are
conpl etel y sean“;ewemﬁ)cfgg 5drt8%°é‘f‘?P@ﬁé&PWb‘hmemmﬂmmfaRce 50. This permts

"grow h" i fr9a5el4t eel due to ther mal expansi on during heating. [0066] The
beans 46 provi deyrguppor igidity to the furnace bottom52. The beans
46 mai nt ai p th% fu}rjnacehi?a?fi%iogmf otfdee hanging refactry design, i nstal | ation of
the refractory 8%°P6§§9Q@Fmab&m€hﬁmhﬁmem_s,(adgirQa\ﬂeq_% support so that
during opef@re weldaito bdagis ExknBRE Rordsd %bﬁ—‘ me%@ﬁmi lcal | 0adi ng 08 the refractory
material s s,k Qb0 zed. Tot}e beant. 46 ey Bal bepnstager nace bot t om 52
fromthe floor o PR YRS f47pcR i Clibs ark smonmiedd €4 beakhdi 8 witlch OWS heat, whi ch
bui | ds up Prf@#refracthry blagksneeamouhidd, t 0 escape. [0067] The furnace side walls

54 are |ikew s@oppde of tee | ate and beam construction. Two wall
regions ar recomr%li zed n%ﬁ%?/ae“ #r%{’)"éFWQ’P%dQ&M%eﬂmﬁmmhiad 54 ine. This

di sti ncti oh'ge meédtﬁasopemﬁmefogﬂmamgimtcw-, consi derations.

. L - Ul 7] .
[0068] Bel lwat chaiitad orlbhth @rea §0Y0d By el flrSqcop NCH LN cf<_. ove netal line, the
plate is I n tEAer preﬂé%‘ﬁ’ cl?aﬁ’ﬁﬁéeé-?af&% Piossd eight feet are

iﬁﬁ %x&“h thilck.

consi dered( oF“"&ggﬂgﬁﬂmbGMé@ywwmmmmmqm upper four feet

. | MdiGip @

are consi dhq'@ga((cflepndxd,sshggua@ulbmgﬁﬂoﬁpg)%?tget.al. Line. g 669] Beans 46 are
used to SURBOMThe &8 DSk fRovalkl S 54 of the Ur WAGEN fopt transker heans 46 are set

on 18 ian‘Fece terlines runni NGPHEstedasrs §8 aa skigmingehefsufiease 14. Hori zont al
beams 46 ai e PRy Pael 18 inch centers bel ow metal |ine and 24 inch

e e gl e
consi der at ieo'ns, teﬁe wodisa el meligd andwansfetréniatb theffilrhacHRead N t he furnace 14

during chamber 60, some types of scrap, such as sows or ingot, are better placed directly in
the main heat chamber 60. The doors 58 can be opened to transfe

loads to the heat chamber 60,
[0073]

r these types of

The doors 60 are of steel and refractory construction. The
doors 60 are hung on a mechanical pulley system (not shown) and are protected by
safety chains to prevent them from falling to the ground in the event that the pulley
system fails. Powered winches are used to operate the doors. The doors 60 are hung
from a common cross member, which is supported from the side 54 of the furnace 14

[0074) The main charge well 62 is located on the front 64 of the |
furnace 14. The well 62 is partitioned from the fumnace heat chamber 60 and is

partitioned into two areas: a charging area 66; and a circulation pump area 68. A

circulation pump 70 circulates metal from the hot pool of molten aluminum ix; the

main chamber 60 to the scrap charging area 62.

[0075] There are three openings, indicated at 72, 74 and 76, bétween

the chambers 60, 66 and 68, The first opening 72 is in the partition between the main
chamber 60 and the pump wgll 68. The second opening 74 is in the partition between
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nor mal \p(pﬁ{&tahﬁg. Additional factors may be considered, in whi 4§ FEBR00%
exanpl e, e tal"line can be assuned to be nine i ngh@ushRyRH;t he maxi num
fill line of the furnace 14. [0070] The roof 56 of the furnace 14 is a
hangi ng refractory design. Beans 46 are on 18 inch centers along the w dth
of the furnace 14. Additional beans 46 are wel ded to beans extending
across theth\ém' dt h, vziai c£ addi tional beans are oriented along the |ength of
the furnace® 14°P ¥l \PESCHP GhATRiRE ares 66h Ehebbiahapenitig7oabin@  pr ecast

refract orypanitbnhawah@eréwgﬂ»@ﬂ-mm%aﬂﬂ&Jh%@"%‘g& 14 has two nmain doors 58
on the furnace He 54. .. The doqrs 58 are used aur | ng operation for

ski mmi ng or cl éa?n ng t hell AePePPPRings 42,24 andiftarephenrber fombelbate ar ea 60 and f or

mai n furndﬂ’éSi@h@m:ﬂrr&&lﬁ:iear@éﬂgmcﬂw&'ﬁe&ﬁmjﬁgsbg ﬁ%g&%menbaept slag that forns
of the Sur!ﬁ@ﬂﬁn&Bn@MﬁPeﬁek{m}i ?érp buildlis u&{ﬁ‘; nsi de the tUrnace 14 and
must be cleaalre)ed out at 1|eas ONCE " fAgmben o0rand 1o prerennibefow ofansfer  rat es.
The dross THFEbePsb e sartionedrens ofyhd fneacd 00 bisl b HaiAth ki 39, t he surface of

t he nol t enighel.Q)mddgh a cdn@611ed Lnviibd P{B durkng typical operation, netal or
scrap is F]L%{é&% i n qtﬁl}e chargne we _“‘gigi*“‘ﬁ%ﬁmﬁ&“éﬁb%awemw mel ted and
transferred to tHEYRAIER & mevart excessiveBamacBirbage rekd v 8%ssGonSCr ap, Such as
sows or i rigdinuladmgsn eltaiadhd Bk pezodi rectly in  the main heat chanmber 60. The

doors 58 can 8@ ened tog#aéansfer .these types of |oads to the heat
chanber 60, G f The ‘B8PS BePIB és Rofitioped eoveiheichargs raibarsg, const r uct i on.

0
The door db% °ﬁ|7&*5ﬁ1h'igat@rﬁoa:mmaninwmml&ays@gﬁﬁi%m&t shown) and are

-prot ect ed flaph whschtitside GRAN 9ASrel s Rl EVENL, them from falling to the ground in
the event jthat the ull ey syfﬁshtng%eedf g‘lﬂftée.am%%?%"dmﬁﬁ%%é@mare used to

operate t & FEB} L€ i wall pS ghe el ossantialinespming if of6 e he@MEREHOSS NMEMDEr, whi ch
I's suppor mai fimoerhahbersd deodH a Ghckish fred HGNAC ejsﬁckio(%%ﬂ The mai n charge

vell 62 i goh@edhs he front 64 of the  fuUrnace SSwel | 62 is
partiti oned from% gp t&rc?lna%cé’%ﬁ‘él R RARBIB Presuredmthe fignacpbir t i t i oned i nto two

areas: a char 4?8l ar eaE@Bust gaves cait die fionsbatd QO NPMIEL BHRAGS: A Circul ation

punp 70 C{RIGU).aMe SaghBilsdd2 it LREL N QL. .poal of ol ten al ufrinumin the main
chanber 6 .ttso?%he schaf@ clhasrgg}’ng ?:}glﬁf@'f.m'[?f@?@]m#%‘foe&ame t hree openi ngs,
i ndi cat ed” At 9% gt g tregike berops iyscrap Keminiva ploedssins0, 66 and 68. The fir st

opening 72 i st he pPletfinhics ™ RELIE &Ry 4 Gud Bidkrs N3P0ET 60 and the punp
vel | 68. g AgaARIGh PREVNY4 JA the furnace 15,@%;,0'335 tthol:.ctlolo(r)sns.s.bgt%cel is 14
constructed surrounding the burners 84 to allow for mounting the burners 84 and
maintaining the surrounding wall rigid. .
[0080) The fumace 14 is lined with refractory materials. The floor 48
is fabricated from two different refractory materials. The first material 86 is a poured
slab, about six inches thick, of a high strength, castable refractory, such as AP Green
KS-4, that forms a sub hearth. A floor material 88 is poured above the sub hearth 86
in monolithic fashion having a thickness of about thirteen to fourteen inches. The
floor material 88 is an AP Green 70AR refractory. It is a 70 percent alumina,
aluminum resistant castable refractory.
[0081) The walls 54, 64 and 65 are fabricated from two layers of
insulation 90 followed by the 70 AR castable or monolithic, phosphate bonded 85
percent alumina (MONO P85) plastic ramming refractory 92, The alumina content of
this material is 85 percent. The backing insulation 90 is insulating board, about two
inches thick in the side walls 54 of the furnace and about three inches thick on the
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4 6 FEB 20t
WO 02/ 088400 18 FEB 2004 PCT/ US02/ 08701 the punp well 68 and the scrap

char @ @2/efs¢® 66. The third opening 76 is in the pa?¢TPSBH8HAt ween t he
charge well 66 and the nain heat chanber 60. [0076] All of the openings 72,
74 and 76 are about one foot below the physical or actual netal |ine of
the furnace 14. The openings 72, 74 and 76 are below netal line to

mai ntain the heat inside the main chanber 60, and to prevent the fl ow of
oxi des bdiomeadireirvenllp6a; 63 ofitprfemiacar Baegliffdrencéio ifsulptirade ticknesn t o mai ntain the
furnace g §ccor£'%o%ma{ehm§8cpadmhe%@é CANTEOLEA WBIYE4, Nt Wi thin the

furnace 'ocated 1 n an evated area to prevent

excessi véSMkﬂa\tebogaWbla@}@“WW@‘aﬁEﬁ&b@erému eV @ERRB e ng i n and ar ound

the punp 4390(»fe%ﬂmﬁ‘@fﬁ&ﬁl@q&%esh%tﬁﬁrd1§s1i3£h81ie§bm@&h bove the charge
chanber 66. The hood 78 is fa rlcate asé’roms eel nount ed on beans

46 siml é?su{a6°“t9ﬂé"s‘9‘ the frofpRgTFAS Res e i8 ‘5‘h9°a‘1“ ricated. The beans
46 are pcmamoa,rracgr&nhawmm4,wessszdmm¢m<se the wel |,

essenti al Lé @appi ng it off. The hood 78 vents the main furnace chanber 60
through & l[ tk 80 (see FIG 4). The stack 80 exhausts gases fromthe
furnace 14 ani#08in be Jodubgegbriok $4 is positiohedtbaivaenghesushable i n t he furnace 14.
[00781 EXRAHGL 183595 uithd caly P&m&mﬁtc&e%m@gfsbh&wdtﬁqmaqobaghouse 82 (FIG

The baghouse 'S use primari | | ecti on of unburned carbon

from paumtcsmalanwCMWMGtWaW@%ﬂlfWHH%%WP 618 r ap al umi num
processi rmﬂ&@i%ﬁwmﬂme@ﬁmwp&mlmmwmmy fuel burners 84. The
burners 84 a nstal a opposite the
doors 58. St e@ﬁsgﬂ §?‘f“'ﬁ°€f§4 urors?)uﬁ{fa N nﬁtrsﬁlllemg gﬁeto al l ow for
mount i ng ﬁrhtesethmposneorsdeﬂmamomrﬁapfmgﬁmmgm@ Wegum&hdfsng wal | rigid. [0080]
The fur ngsg&fn&éa bfsolclclagggosmoﬁ&l stxiebs ACHeOfdm mehe&loeihs furnbBanfi | OO 48 is

fabri cat romtwo ferent_refractory materjals, TE&1 first material 86
i s a pouretyes asp ypnsfes prbpfblacksc ThﬁE‘H’é@ Rlogk.gre seppn the oiside ok ¥F ongt h, cast abl e

ref ract or gima&\sritas of AflademeRN Theiimidt.of the Rimatois Itméd Adithe bloekst h. A f | oor
material 88 is oure ahove, .t h sulb hearth 86 in monolithic fashion having

a thi ckne‘ggseb?“ AWM PIEHE B ) i nches. The floor material 88 is
an AP Geen 7M|r ef ra'ﬂtccrapetwt!tanips(natsmwp@rtbefwnaed,Qmiamch ofal unm num

resi Sta”t%ﬁ?ﬁ.ﬁx %BﬁS@%@F&érpwﬂQﬁﬂ&déE rki@madhg dds @nd 65 are
fabricate rom a

ers _insulatio fQ|| he 70 AR castabl e
or nonol |§'9ngemﬁm§¥ﬁtpé forplionsing ssepp al ununumtoshdemtotgv‘gmmy‘l{m

ramps are composed of two materials. The base is a low grade aluminum resistant
brick, stacked to form a ramp. The brick is covered with a castable refractory (about
18 inches thick), such as the 70AR material. The ramp extends from the edge of the
sill into the furnace.

[0085] The wall 96 that separates the main furnace chamber 60 and the
charge well 62 is about 22 inches thick and is formed from 70AR material. The wall
96 is cast as a single monolithic structure,

[0086] The furnace 14 can operate in several modes from empty to
holding and maintaining molten aluminum. When the furnace 14 is at peak operation
it is about 80 percent to 90 percent full. The molten metal is at about 1400°F and the
air temperature in the furnace is about 1800°F. The stack (exhaust) temperature is
about 1000°F. Air temperature is measured by a thermocouple 98 in the upper side
wall 54 of the furnace 14. Metal temperature is measured at the base of the
circulating pump 70.
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percenkv@bmﬁ,@ (MONO P85) plastic ramm ng refractory 92. The al u‘r#rfé':B
content of I's material is 85 percent. The backi ng iRFSUU$/08T0190 i S

i nsul ating board, about two inches thick in the side walls 54 of the
furnace and about three inches thick on the 15 16 FEB 2004 WD 02/ 088400
PCT/ US02/ 08701 front and rear walls 64, 65 of the furnace. The difference
I n insulation ﬁ)(a_;hl ck SS .i to accommpdate thermal expansion of the
furnace 14. Th “rnace RIS S?”B‘&m%%ﬁﬁfiw%f\%lfp#*%hb‘?b&abwlﬁ 1/ 8 inch per

| i near f o00f2 in ibrements df ebdutiy,o08peuntis lillmgﬁ&wtdoamme glg,q, Jfoot length) a
total of afput, there is.six. inches oOf DACKI ng insul ation
90 (each the fru%%l%cg‘gﬁgﬁrwgg%&]geﬁdﬁ%%m‘?fc,s}‘?éé‘} d capagity ofithq fumageon 90 wi |l | crush
and al | ow ¥or growh in the furnace walls 54, 64 and 65 w t hout damagi ng

the furnace sfasd; 42. N FALIU brlc 94 s positioned between the
crushabl e |nstubl atll on boargg%%l and ?ﬁm’g f’?%‘&%‘?‘%‘@? The roof 56 is

fabri cat edPhRsH gheree by ?leerﬂulaaqqm@castmmmmmommﬂhe material is

pour ed i ntcondnbtivity,d0the SERCHERARBarge. Eﬁ@ﬁhaf}_? bricated from 70
percent alunmn ﬁ{en’?u?tﬂgce 1JZT§H1§ "two sets of tap

@@ﬁ r ef r_[%ct ord\;¥ L&O% Jhe

out bl ocks (no own) . "TREDAY | hest trqngferte hechasgrd @luminumiie bot t om 52 of

t he furna@écwﬂdcnser%lwtdﬂamhphhdm«ytho‘hulﬁﬂﬁ&%ﬂhﬁ;@ésdﬁi bl ocks is
p05|t|onedﬁ§dn¥g,g | t he furnace and serves as a
transfer set of %dogﬁaﬁ%ﬁe traepﬁ‘efrﬁ"ﬁ" ép‘ﬁf"@t‘géﬁpﬁﬁni‘ﬁe outsi de of the
furnace f GPPagiydhere;s ahout 720,000 nopads ofithelten nbmdmm&i abolne 4609F."wE&h i s formed and
t he bl ock3cra;ﬁlsa1ai:‘ge&mw1hémllh§ie@ﬂh ?%ﬁgﬂm 4 wt}'ias?thgl astic ram [0084]

There are a ot shown) int urnace ach of the main
char ge doo%c'\gpsgﬁ %epm’é E"E&”@Hg?ddwﬁe@agguﬂggmlesskﬂ‘m ng dross D
fromthe ﬁmmwmmacwﬂﬁedﬁmﬁblwma@d@%%s@,w@ ﬂar&gn%sgg ,de into the
furnace. e rmm& r ase is a |l ow grade
al um num r)kekgfst ant ula&n @E‘QW elael %@?Wg"?’& ng hgtwokei ck i s covered
with a calf 3‘°FE‘F$‘6Y@!‘(§?§?°’(‘§EMDW|CMSGG; i eid)tionsWch as the 70AR

mat eri al . ciihitisgaiigmeieh IREE hdat dtifidBGoneSShnal lg into the furnace.
[ 0085] Th |d196 t hat separates the gn’nglhn tﬁﬁlr%ﬁ%%ghé: fanber 60 and the

charge we i S about 22 inches thick and is formed from 70AR nateri al .
The wal| 96 i[@98last al hes teénfoind tavbyQlumpliip 6r Gichlbtelp WeSnok086] The fur nace

14 can opgesal Be teRipsar dMfere i Getwdeh metoprmé the bStom of the furnace 14 (a
height difference of about 42 inches) is only a few degrees Fahrenheit. Thus, the

furnace 14 acts as a stable heat sink to provide a consistent heat source for conduction
heat transfer to the charge metal.

[0091]) Heat is input to the furnace 14 by the burners 84. It is believed
that the principal mode of heat transfer to the furnace 14 is radiation, with some
convective heat transfer. Because of the high flame temperatures, the oxy fuel
combustion system provides efficient radiative heat transfer. The geometry of the
furnace 14 is further designed to increase the heat transfer rate by maximizing the
metal surface area over which heat transfer from the flame to the metal occurs,

[0092] In addition, the refractory materials above the metal line are
made of a high alumina content material. These materials reflect the heat from the
burners back into the molten metal. This is in contrast to conventional furnace
designs which, rather than reflecting heat back into the molten metal pool, permit
much of the heat to escape from the furnace.
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hol di\PB 2/19 mai nt ai ni ng nolten al um num Wen the furnace 14 |§%fEBe239<"
oper at PIA"8*0 i s about 80 percent to 90 percent ful | PCTEOHBMen netal is
at about 1400F and the air tenperature in the furnace is about 1800F. The
stack (exhaust) tenperature is about 1000F. Air tenperature is nmeasured by
a thernmocouple 98 in the upper side wall 54 of the furnace 14. Metal
tenperature is neasured at the base of the <circulating punp 70. 16 WO

02/ 088400 PCTAY8D2/ 08 Forexamule, rEgitiopbitmpas B2 refSetorgs thaghaghar ged or i nt r oduced

to the fyhRRAEminkcdniE: 87 higher WahihtionGalud oh thd & IRB WL TRADOUL 3, 000 pounds.
It wll be understood that the sjze Or'\ABnggqe of the 1ntroduced scrap wll

vary dep@Hahefsighon theihertiand, uses fighes glyming go freewrigs inqederto14. [ 0088] Mol ten
met al fr eeflettiirdoTithe redisin®ieat foddn the biheipBido 48 bah k8960, AQah tiet al charge by the
circul ati.on pu 70. The _nol ten. al .tLransfers heat, by conductivity, to
Che col d PSR guont et el TrapaholBngls o Bt 1 s [ 008Y] The
primary ifdefisedas bdievametallmpoisehighcoalithina cifractgrizsl fon btrengtinulincomrrastp)y conduct i on.
The larg ' laeﬁﬂn:ma I ces, this effective
met hod o?w%gég'%m_(t?éfigggggf?% en t %ﬁt}%&%%g%cg#%gﬁﬁﬁorp%%gifﬁ%do 90 percent of
capaci t y andheap ghigher insdeting ysiue. Joosepsn therresedt designigees campletelnum at  about 1400F.

Wien  sChygdinst the €daniodf dpplibdien biterdctbrigace 14 the bath acts as a heat sink and
provi des the [B‘fbggessar ener for heat transfer tq the charged netal. This

is true regar s of M{ieevery &HERS ngatrogensedtp thy fumact e fur nace, as
adapt ed Y{@hdr then faeldtmenetnitgsn) the eblumeofhiosgases e.g. SexRdughgoingigoghr cul ati ng punp 70
~assists I r.ap, L ovy. di t lt.en netal. to the charge well
62 fromt eFI”_nrréws‘ll'lL # S’?’ﬁ?&‘g {%‘}ﬁéﬁ%ﬁ?{ﬁ%‘.‘ﬂ?“ﬁ%&%ﬁ?f°8§?"°% °°§ﬂ’cul ating the
nol t en msaswes in thedizrnace #4 providing eddjtional opnogunjty dertheat lrensfectonlece 14 is  mai nt ai ned

| ow. [ 00@Qdkted rhetd1280dve&iNe heltthilstbr)Rhiled¥atid bW G dre gﬂigigxﬁ'{hﬂﬁng the nolten
netal, the te,o Eatue:se d+4‘ferent|al tgetwee the top and the bottom of the

furnace fPVEW - [ tpat the bt gases i Wﬁfﬁ“‘g‘?"‘f“ﬁ%@g’)"‘ﬁhs only a few degrees
Fahr enhei5000°FTand gvetaheativély tang essiddnte ent,Snuals ofthsHemld embveapricadlk t 0 provi de a
consi st egfy heat source for conduction heat transfer to the charge netal.
[0091] Heat Is input to the furnace 14 by the burners 84. It is believed
that the pri 8498kl noderresent fuspace {4 eperateaat ap gnergydoputpequiredtol14 i s radi ati on,

Wi th SOoMgnelt 6RUBMR TOSIMBTURApouhd. AN infkimuBSeaUS Rt Biheltlachigh 1 ame
tenperat i Sitao Silln R (Io'ﬁtmm per hour, and typical heat input is about 10 to 12
MMBTU per hour. The heat input will, of course, depend upon the scrap being

melted and the production requirements. The furnace is capable of melting up to
40,000 pounds per hour.

The Combustion System

{0096] The combustion system, indicated in FIG. 3, generally at 100,
is a dual combustion train that operates on a fuel, such as natural gas, fuel oil, waste
oil, coal (pulverized, dust and liquefied), and an oxygen source. The system is
designed as two complete combustion systems to facilitate maintenance, as well as to
conserve energy during low use periods. One oxygen train 102 and one exemplary
natura] gas fuel train 104 are shown in FIG. 3.

[0097] The combustion system 100 is controlled by a control system
(illustrated in FIG. 11, indicated generally at 120) that includes a central processing
unit (“CPU”) 106 that monitors all data inputs from metal temperature, air
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‘i'ncreases

conmbusti on system provides efficient radiative heat transfer. TﬂeB Eggn@‘ry
of thAVOeR8BHBe 14 is further designed to increase t HECHENBI Y nsfer rate
by maxim zing the nmetal surface area over which heat transfer fromthe
flame to the nmetal occurs. [0092] In addition, the refractory materials
above the netal line are nmade of a high alumna content material. These
materials reflect the heat fromthe burners back into the nolten netal.
This is i eenfperatufepfit] shdoxygenfloni amdipadvidesanoperator idedicgnBacthi ch, rat her than
reflectin eat back into th | ' . ' much of the heat
to escapeg?q;md‘%qqf‘%@“fcﬁ“r??ﬁ cé;w@?ér'&f)&aggf g‘ﬁﬁhﬁ%ﬁ%&%& PCT/ US02/ 08701

[ 0093] Foronditiangsnérequiresdnts.i onal furnaces use refractories that have a

| ower al um na ent o8 hmit PerthbR ked Ro Matrd] the @Bmb pper side
wal I s. The pr[g(gg t de??ﬁﬂ;ﬁng}r?g{;hepét herﬁ%nd, uisrdeis chi h%?ongl um na cont ent

r ef r act or s¥stem 490 isthpapetal fath fepperature appeasured by gthermgepuple 198 heat from t he

burners 84AtQatvd Fro@éii fpa k@ableOincld@aighals fréth Sne df Severdiniriiaipératuge CONvent i onal
furnace design {bué_éadi ti orLaI Maaces the ] ower lﬁi ?e |1s. (defined as
bel ow met &7259F e} 10 Jae eanpptarheme ingiudcs ruts M TPeeRG (VB Kength. 1n -
contrast, lochiainHediFfite upteBwal) exhadsstack anidmace!roof) indicaed gtrafalle refractory,
which is nore anced. and has | | ' e,_1n a sense the
pr esent dé‘ss‘lnﬁuﬁsagé'egﬁec%lr%fy@ L ?/coué&gqaﬁgﬁ&t‘éﬁg’? {ﬂrL' g’é%‘{&?%#g}”l&‘a%& i cation of
r ef r act or i6@sThe[ap@@rhochinles diZare shoathed vt aluminaer like materipls tamelest fed to the
furnace 14he_xﬁé3§uhﬁ§elémpﬁ&b'§&aﬂ%Eﬂ%@rc.nﬂJ@@ﬁ&}mwa@plé/ﬁhﬁot&&dhOt gases (e.g.,
Vv

exhaust) %{%l ng through the furnace, 14, is ver}/ |.ow, ant ageously, this

Fgnqlien metal by @ cerppig shpathithabis resistaptto heat and fo the ComRiYe 14 pr ovi di ng
addi t i onalcomiitjpas fourdiifi Jokenrmelnk aThetbath e fntacodpte 108 & configived torsizngll . Convecti ve
heat transf.er. | | ' ' I L.Cd an in
conventi or%%’ﬁg ﬁ%cbglg{;%y%&?é@& ﬁh%n%%%&é)gﬁsl éegn p?%%ﬁgﬁg% lgé'gnt furnace 14
approach Pff{m_dweland have a relatively long residence tine, nmuch of the heat
is renoved prig@hgef 0 exmabtad thenR&3sle & uR6FAMRmdcbipRAdgisl4 operates at an
energy input required to nelt of about 1083 BT%J_ per pound. The maxi num
heat i nputdetigned REOVEY \epagIRre Rrofegtion, s themmpcoyple 116 js conpeptedinannBTU) per hour,
and typi calverhéageratufgddiicuit that ks dowh thetcomthidtion\thdiik W0Z) €04 th pistect tHehe heat i nput .
Wil O SOHCAS a BRAAAMROR RACLR RaAS 0 erlfEhbinaf the production
requirenen sl.‘d he turnace I's capaeble of nmelting up to

reacned.

{0100] The upper wall thermocouple 98 is primarily used to monitor
the furnace 14 air temperature. It can also be used to operate the furnace 14 in the
absence of the molten bath thermocouple 108. The upper wall thermocouple 112 is
also used as the process input variable when metal is first being chargcd in the furnace
14 or when the level of molten metal drops below the molten bath thermocouple 108.

[0101) An operator has full control over individual temperature set
points. A control panel 118 includes temperature indicators for all of the
thermocouples 92, 108, 110, 112, 114, 116, The operator can adjust each
thermocouple set point until operation limits are achieved. The operational set point
limits can be internally set within the CPU so that any desired temperature range can
be established.

{0102] The combustion system control system 120 is configured in
two parts. The first part 122 includes hard wired safety devices, such as relays, limit

switches and the like, as will be recognized by those skilled in the art. These include
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108 is protecte romnplten ne ceramc s

40, 000_pounds per hour. The Conbustion System (0096] The conbusti t
i ndi camo%/%sﬁﬂﬁe 3, generally at 100, is a dual contRGWUSN/0BYAI (r;]'rq Egﬁ il

operates on a fuel, such as natural gas, fuel oil, waste oil, coal

(pul veri zed, dust and liquefied), and an oxygen source. The systemis
designed as two conpl ete conbustion systens to facilitate nmaintenance, as
well as to  conserve ,ener%y during | ow use periods. One oxygen train 102
and one ex®h§ Besswre Efchssaftuipiiand hlackingvalves, ang flame detectpssadhen” FI G 3. [ 0097]
The C&ﬂbUSicE(ﬁxﬂ g&ymeglh&%trbl&yfdﬁmzoed &xzégijiioimhg aad &Q&l}iartigkon‘&)(ﬁt em (: I l'ustrated
in Fl 11, indi cat ener at 1 that includes a central processing
unit (" Cptﬁ’?ct‘ffféa'f’ﬁ‘g?mﬁ%ﬁlepgbé&all data inputs fromnetal tenperature, air
is 16 FEB 2004 [0a03]02/ 08Bx%@as thns/| UE02LaBgi0dd ih paiRes abtbherraih tigl and oxygen
flow, and Qrovi j nter JEach conbustion train can be
oper at ed |%rd1|? gﬁ%ﬁ@gmg?ﬁfnﬁﬁ @gt?lcfgtrﬁ% %gg% eé??“g?)glragﬁ’f‘w& ord¥idi ti ons and
requi r emenload/use pryiods} Egtheeasriadim] 04 irppropriatatypeited viasivistoixggended t o control the

combust i onrequistiNNELHkat Saih IR ckadceLRh Bali-ﬁfg%ﬁﬁt%we R, measured by a
t her rmcoup% Al ter n‘;‘%"lﬂﬁ\i‘gﬁ Er,ocess I nput vari abl es 1 nclude signals from

e _108. ¢ .

one of seveP'a$ P3§i’?“t°tsé‘}ﬁ§ésr 574 31 1 rempve anylebrispeesenpiattheol  scheme

i ncl udes i lpuigas pilontine 36 exead fvnese fipikd B321Rer thedgah@d3d.n the furnace upper
wal |, exhaust k and nace roqf. i.pdicate enerally. as inputs 112.
The prinmary th@?‘%coupl‘AéLa%’@iﬂslg%“3 °5‘§5‘9’e‘89f5r¥5?a“r}%%»§1¥%’?f tal bath are 60.

The air th@?%cﬁ!ﬁh%,@qmm@mmﬂsmdabﬁuttﬁmlundsipaaqweihdme materials to

protect t@ﬁg)masﬁ&t][omﬁv@i?'iﬁdQafei}{['&[%{)l%fﬂfom&ﬂﬂ?ke iffetdi@a0at N thermocoupl e

al by a ea

X that is resistant
to heat an®I*SFe Hotemeseslfdisilorated daymetrepm ghihe safainplven 14 Theflowret al . The bat h
t her mocouphéer1§8measuresahe tergpeiatile ird diffegtndl prebsitfelor Ak kAR Rfohy1€ burner system
only when h,te ature |1g bel ow a set level. 100991
The stack %{ég%hﬁr%égﬁcﬁﬁg&o?p&e%gtiogo'?et’trﬁéﬁﬁﬁ%ﬁwgtTf%‘l?@9 desi gned for over
t enper at ur &ffgengalpresiursrflowrhites. t her rocoupl e 116 is connected to an

over -t enper at Ufogosi I CUifnrd, ese AdhsirefioMDa hmra&qme&%ngmm&gai ns 102, 104 to

protect the refractory . and furnace 14 structure 1n the event that an over
t enper at ur ixma[nsquged tp gxaewgal system 120. A control valve 148 is in line

following the flow meter 144, In a present arrangement, a modulating control valve is
used that receives an output signal from the control system 120. The valve 148
transmits a signal to the control system 120, and specifically, the CPU 106, indicating

the actual valve 148 position.

[0106] The gas train 104 then splits into two separate lines 104a,b each
having a valve 150a,b. The valves 150a,b are used to balance each burner 84 so that
the gas flow is evenly distributed.

[0107] The oxygen train 102 is similar to the gas train 104, except that
the line sizes and components are larger to accommodate the larger flow rate of
oxygen. An exemplary oxygen train 102 is illustrated in FIG. 3, in which those
components corresponding to fuel train 104 components are indicated by 200 series
number identifiers.

[0108] Referring to FIG. 10, the burners 84 are a fairly straight
forward design. Each of the four burners 84 includes a main inlet nozzle body 152
that extends into the furnace 14. A fuel gas inlet 154 extends to the main inlet body
152 external of the furnace wall 54. Oxygen is input io the main inlet nozzle body
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[ 01001 Blhe upper wall thernmocouple 98 is primarily used to nonitor the
furnac® %/03& Otenperature. It can also be used to opq,r&h?so&/&%{,\;ﬂrﬁiEEB.Zﬁ%
in the absence of the nolten bath thernocoupl e -108. The upper |

t hernocouple 112 is also used as the process input variable when netal is
first being charged in the furnace 14 or when the |level of nolten netal

dr ops bel 3§?t e nolten bath thernocouple 108. [0101] An operator has full
control ovef “1riirsverdie fcbarseAnieniter (wethowplixidhds thrbughQRldl Panel 118

I ncl udes topenirprias inre: rhadtlinle of the thernocouples 92, 108, 110,
112, 114, o136, The oper at o?goggﬁszfégjﬁ’ﬁ%%"Jtcéﬁ%’ﬁldestaﬁ?r"hf%@w@fset poi nt unti |
operation ['1Tm e | eved. The operational set point |imts can be
internal |y setl0M9} hin tdp&aﬁﬁléf&@c&&ﬁ&ﬁdﬁ@}’sxcqle%risedméxelgerature range can be

est abl i shegdg i he nmbustj on system cont rof 420 is configured
in two p%??g T%%Jnf‘]}?%etmq a{?‘f‘a@fiﬂqnﬁéﬁﬁﬁ‘&wHMOWymmﬂfo&ty devi ces, such

as rel ays/ OV ifipovidsdiottherpsteracubtrble @hich k@ibleAie Mﬁﬂlioé%ﬁ%{f,?&%%m zed by those

skilled i wirtdWfefdstonidh EH6] 2 / 088400 T 2/ 08701 16 FEB
2004 al |l gas rests?ur,le SW t%ﬁgént&ggﬁxéfm% BhiG8cindiiatey val ves, and flame

det ectorsimﬁ’l cat?é@BﬂéPeﬁafft{dlms,dfenmrpeummnaﬁﬂlaﬁm&taﬁ‘e?a& js monitoring and
aut omat i chasdwiredshfetidsipoibn IS THAGA | the CPU 106. [01031 The gas
trains 10&&5%&99&{'&9”{-%(1 i n ﬁ“ﬁ?@?ﬁ#ﬁ&{%ﬁgﬁéw §Hefadualpe in service
whil e the other |s Ut Uf EBISREEWReyis a pagmaliyciosegl signalviiilihgnance or | ow

| oad/ use }&FPrewuse sigeis mnaymallyt opar ignhl) Arhi EPBRDE AR AL IS ZEd VI S- A Vi S

-oxygen f sroper Si@ELE b h gas train 104 cgmmnce%'aé'?" a ball-type shut
of f valve 130. . Pi gi\ng %‘35"°§’§§1°8@8faﬁ’é°§°a1§mtehﬂf@agm@ewwimer 134 to renove

any debr i S°IFPECEAbIERNG Yimal dlinmeare fonged. Phd Bhtrd! idiemedad6 nixhEnds from the

0 it B el P 1251

used to |Qug h ressure. Pr
at about 4’%8 B%%Rﬁ‘écsgzgg@cfﬂ%‘éheipfﬂ?ﬁwﬂmg;igm}ﬁisgkmﬁﬂrmaﬁmval ve 140 and safety
val ves 1480Wghs aonirgl systeimi@0 tookinkié 0 QkipRrocedd SRY, [ | OW TBLE! 144 1S

| ocat ed demyefstkBmhGust G valves 142. The flow neter 144 neasures
the tenpgpature egnd duisfferbgﬁ]t;?zg%lmﬁ‘rv&ess{ﬁ"é“ A0 19 sostinpgshrenghthe f | ows  t hr ough

an orifice 1380 ""Br esent flow neter 144 is a Rosenpunt nodel 3095
differential [prlejs\sureWHe@mm&hmﬂ%Qxﬂmmr&ggh.these measurenments a flow

rate is ' d .2 : o buse
‘éﬁtl@iE m&q@&{ N:'}Qogen 1s used to purge the furnace 14 of any combustible gases

that may be remaining in the furnace 14. The nitrogen purge is timed so that the

volume of nitrogen through the furnace 14 is about 2.5 times the volume of the
furnace 14.

‘ [0111] After the purge is complete, one or both of the combustion
trm‘ns is started. A control switch Places either a pair of burners or all of the burners
84 into operation. A flame controller opens the pilot solenoids. The pilot solenoids
are normally closed, however, upon starting, the solenoids are opened and gas and
oxygen flow through a pilot assembly.,

[0112] At the tip of the pilot assembly the gases mix and are ignited by
a spark emitted controlled by the flame controller. Upon ignition, a flame detector
126 detects the presence or absence of flame and transmits a signal to the control

system 120. Once a flame is detected, the control system 120 opens the main
blocking valves for both the gas and oxygen.
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Si gna\jv i? Wnsrﬁtted to the control system 120. A control val vggIrEB 284 n
line WPSHPEM g the flow meter 144. I1n"a present arr26EAIHBH8T0R nodul at i ng
control valve is wused that receives an output signal fromthe control
system 120. The valve 148 transmts a signal to the control system 120,
and specifically, the CPU 106, indicating the actual valve 148 position.
[0106] The gas train 104 then splits into two separate |ines 104ab each
a val ve 150ad91%he valThemain Giokad grxgenSupihvelvenul4ars opaaash bur ner 84 so t hat
the gas fddependesith Ve sufedivabdsi192 Desard ShAdled SHG: 1R WA pal SaRien 102 is similar
to the g Od%&real n 104, except tll?t Bhe I ne_sizes and conponents are |arger
to acco £Rof pReny the sgtety Valves 142262 dq0t onsR- Whep themai gasiyaiver y oxygen train
102 is i N#Quepensaheghsiand dxlygan sdfety ivilvaslopenh 42, B4gs eWitlcargieHeemtns cor r espondi ng to

fuel trai C re.indicated.by 20 rie nupber identifiers.
[ 01081 R(Lé'g‘ée}??er?’gao{gggwggéﬁi%f % leﬁfrﬁﬁsearnsm %%égﬁh%g’rfﬁﬁlgmrai ght forward
desi gn. E&é‘hcwokmaclﬂtﬁarAmbtmgna&stnmiudéxagremtimepmoé,t nozzl e body 152
t hat ext gafie3d sBdofdst bﬁcétﬂ!%?s@ﬁ%e u&gwkl\ﬁf’ﬁe’“ﬂhﬁ&@%@tends to the nmain

inlet body 152 external urnace o4. "(xygenis input to the
mai n i nl &kergizsd sndshepaamally gloged splogoibalvetarpicTnessed, Getrine tepilbER 2004 152 and
m xes W faf3erhlRs dnd @e pd@Sndicidor light fok Bdch bidfdr r@ROWN) extends through a central

openi ng 156 ip..the main [nlet bod 52, The igpiter_provides a spark for
"ignition of [Pﬂépf uel ﬁ&%ﬁﬁeﬁtﬁé é?“%‘i‘ﬁ’g]m?%i‘éfr‘%&qa&’ﬁ' HPon he conbusti on
syst em 1(0®Bs fflame mdichtion,zaplamesignalis trarspittad wobeCRLAI06@nd thé conpdlr at ed i nitiated -
caction aRfaAYRiEihk fasGRs ol 9o ' ovided to the
‘'system caontrol s whi gaﬁ ené‘g&gssm%{ﬁg %88? 0% angbﬁﬁﬁvédrvggﬁ\?\l red safeties
“portion 2% of the control system 120. The CPU 106 initiates conmuni cation

wi th the contjonk) val vemce thdWlotiReddhdfized Fidade@hBNBicldpahialie part of the
hard-w red saf.eties rtio . The gas . and oxygen. pressure switches are
of a dualassmﬂ'?‘?]ﬂyglvflcg n%? ?ﬁwﬁggqléﬁl.“leﬁ‘féyg%} r‘%?&tﬂrg’w}ﬁp t g‘ﬁ is a normally

cl osed siogrgst contuollvalvesi?és arbingihtajnedis theclesedlipdsitidnegardieay ofptdeyss open si gnal . The
CPU 106 q&d &f M%m &Y coftedi Dltves E’:{soapeer(otﬁfhﬂé&%'. ki raRESEE0T and all ows the
programto continue. It "an I nproper si ?na _I's recognized, audible and

vi sual - algatfiow foljowvs auieemflowy The pentrelshittenn 20anaintains the spatthsrrasgr s whet her t he
gas and aeatiggen control valves 148, 248 are in the "lowfire" position. If

g

[0116] When operating in the automatic mode, the control system 120
responds to deviations from the process and set point values. Furnace temperature is
monitored and matched to the temperature set point. When the process temperature
deviates from the set point temperature, an error signal is generated, and the control
system 120 transmits a signal to the oxygen contro! valve 248. The gas control valve
148'is also controlled by the control system 120; the set point variable follows the
(stoichiometrically correlated) flow rate of oxygen as established by the oxygen flow
meter. The control system 120 is configured to limit the control valves 148, 248 that,
in tumn, limit the output power of the burners 84.

[0117] The combustion system 100, and specifically the control
system 120 can be configured to meet any desired application for and in any industry
that relies on carbon based fuels. For example, in the present scrap aluminum
process jng plant 10, there are three applications or uses of the oxygen fueled
combuition system 100. The first is for melting aluminum in a high production
environqi:nent (i.e., in the melting furnace 14). Second, the system 100 is present in the

22



t he cowbrog)s\‘/‘ﬁ\{ ves 148, 248 are in the proper position, a si gﬂaﬂ'FEB Qe
transm tt6d t hat ‘allows the control system 120 to comcirnisesbgys; St art up
procedure. An over- tenperature signal mnust also be clear to allow the
system 120 to continue through the start up procedure. 101101 Wen all of
the startup conditions are nmet, a nitrogen purge cycle is initiated.

Ni trogen iwgd L fhe furnace 14 of any conbustible gases that may

be renai ni nqdﬂli%n t’hglfﬂrnale‘grlsﬁe.ag"rﬁaéeﬁin?‘?%‘géﬁ“ pxyaixing ofthered so that the

vg| ure of ’Pﬁ‘FH‘H@‘E?W-W@M&Pplhaidnﬁwiﬂamsslxﬂelﬁ@fﬁﬂ?&'%@na’h&ﬂ : bt hﬁ V}?' ue of

t he urn fafthr urge .is.conplete, one 0O oth of the
sl Wil Lt S AL g

conbustion trains is starte ﬁf“ﬁ}é%!@bei ther a pair of
bur ners or*Qraredder rrequction) frrsy the digss D) nteb byypeduer) byohormél shdRNE, control | er opens
' re,normal ly closed, however,

the pilot estlues ok SsmerTHEinRhledlorsH i
upon starti ng;lmhllag sol enoj. ds ar e cr)%g(r%e 218 2L @vignmentglreasens. f | ow t hr ough a
. 1

pi l ot assenbl 12] @RP““P}’%“Pf‘beH?Se'élmmlpistﬁ@tsymmbhryby he gases mni x and
are i gni t dirmha)output Greasuked, i fiitihad mmtmpérh:&ﬁ'),%mwnhﬁgfogg@g;gg' |Ofer]-c I Upon

i gnition, panid MR GGt r 126 detects the presence 0 ane
and transmts a’sfgéri\:léig&%omtpﬁ%m%ﬁ‘t the fyragcani4g b6 1 66@rrodesigneti] ane i s

det ect ed, 2 WerateoFraseskillsd intthenrtviD raopgnivs thal Bechmidal aifal &Q&iég 7vaI ves for both

T
the gas anfi sy G8 e liR EB.2004 PCT/ U 08701 [0113] The
mai n fuel - lés)ﬁ}ué?e%?é Q@g‘f&\glgg%%%&seg%tg%;d&t@d thptthependent | y. ~ The

and oxygen
saf ety vafp\?‘é'g‘”i'ﬂ MBI OLRGCoR®H Systpy 20 amh @HU 106atay Wiry.t he gas val ve 140 does
.-not open, the [&asjety Vﬂdﬁ&exﬁé@nbn&f’ﬁsﬂﬁnﬂ%bpgpﬁg-af%gggéhe mai n gas val ve

140 opensyy 0 en saf ety val ves  open 2. Wth all of the
mai n  val 3g§?%5%%?r %Q‘g%m)&ﬁ%fm%?‘ﬁgc‘{@“&%F@P@édF%sxavwlel iths an i ndi cat or

|i ght f or b3 Ehewe thsough egeratiomthatitive: is ansidedble savingd-usig k! Ot tiner remains

ener gi zedprésiit comBUsnSYstdnt 158, [, Q¢ about 30 seconds. Once the preset tine
duration has Eﬁ'ﬂ? sed,&the@ol F(ﬁ;{dxg??e(l:h emﬁé%ﬁ“&‘ﬁé“r"(j“&‘é@tand the nornmal ly

cl osed sof BR&t Spayentonal fymacen cFhys, thort is dncbbeatedl igredsB@ thd | Ot  assenbl i es
and the picktovailabielfos mED(in bthe Midufe@i aﬁpﬁeﬁoxg%ﬂ%{cm%%é‘he”f %3114] The flane
i [ane. opon ™ §

det ect or Spgli Qvafisid QUS| V. moni t or 't he re. Up % of flane
i ndi catiop, an gﬁgaé?ﬁ]%é Xmale» steam generatign ¢refuse ingingratippandMelik€)5 and t he cont r ol

This provides a reduction in the amount of fuel required to operate the furnaces 14,
16, 166. In practice of the present invention, it has been observed that the average
(and estimated) thermal input required per pound of aluminum melted is decreased
from about 3620 BTU per pound (in a conventional furnace) to about 1083 BTU per
pound in the melting furnace 14. This is a decrease of about 70 percent. In addition,
the fuel needed to maintain temperature in the holding furnace 16 has been shown to
be about one-half of that of a conventional furnace,

[0120]

It is believed that the fuel savings is attributed to three principal
factors, First, the increased heat of the combustion system 100 permits complete .bum
of all fuel without excess oxygen. Second, being held to theory, it is believed that the

combustion system 100 operates within a radiative (or radiant) heat transfer zone
with some heat transfer by conduction.

[0121) The system 100 is designed to take advantage of the radiant
heat transfer within the furnaces 14, 16, 166 to transfer heat effectively to the metal
baths. Third, because there is no nitrogen in the combustion process,
gas flowing through the furnaces 14,16, 166 is low. Thus,

the amount of

an increased residence
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circuit |sol at es the gas and oxygen shut off valves 140, 240 andl EIF&,@Z?%
val ves V80884005 [0115] Once the pilots are de-ener giXgdysokosmace
automatic operation is assuned by the control system 120. Wiile the system
120 is set to "low fire", the oxygen control valves 248 are nmintained in
the cl osed position regardless of process and set point values. The gas
control valves,l imted.in their range since gas flow follows
oxygen fI%\f!'v] Q?'H' ﬁqéaﬁe %efms etrglﬁ?si%fo“ BB RICRPTHEN AtRRergy A& the forme preset rati o.
[0116] V\h@ﬁhm)@nertwngausrfmm&eﬁmmuud wede, the control system 120
responds to de I ons n t val ues. Furnace

t enper at ure |smh%in|tor &t?%ﬁgl 'S% %3"”?8?1‘8 fograist point. \Wen

t he proced¥nicesie lha‘t‘bﬂf@Sa@e&ﬂoa’msltfesmesbaemally;henilﬂbgctnenperature an error
si gnal 'Sc&%&&ﬁb%) uﬁﬂ@xﬁ ﬁx@le@ﬂlmageol:ombﬂﬁgﬁgﬁ‘k%?m%% Sm ts a signal to the

oxygen contr ol ve 248 he gas contro Yis also controll ed by
the cont r &1ere@sFdy E‘rﬁ"‘i‘?B‘m fumases the pifrpgen gemponest of airabjothamnutingt

(st oi chi onetenergydabain, drthe foinRbfRegr) frdndite Mmatt, Gn M pRYMOGbESIoESt @bl i shed by the

oxygen fl r 20 is configured to limt the

control qﬂvce ?4‘@‘”’%2’5‘“?%%“ O;ﬂnﬁx't‘fﬁﬁ? Pl‘?ﬁ@"’f"ﬁ%“o pékandower of the

bur ners S&WEMNPCWUGMU%IBcsmarsgcsrtuemﬂfbﬂ(hxceami(yme%ﬁsl cally the control

system 12@, i.rred application for and in any
e%@n%eﬁ? MsbrBdd bqu nﬁﬁﬁasfo& ?e?AY d%\%&nﬂ%? g gg

industry that relies on uel's FOPEES n the present
scrap al uﬁf?fﬁ?ﬁe“)proce55| ng plant 10, there are three applications or uses

of the oxygen [pws| ed qgmgtlcg,gb@y&tsmmlfbg sg’gfgwﬁésrf&t céscgor mel ting

(al um num i nd\?.thl %@t H‘ﬁ %ﬂﬁ enV| r onnent nel ti ng furnace
14). SecoRdUTRE R PRt of 3mslting furnage, Pﬁ@ew;zswm/oosmoo 1 6 FEB 2004
PCT/ US02/ 083@hputof thk fagadewilhbeciGerdaSedp ThisrBainliy/artriiitedsth @RWpidndt € t enperature
and al | oy emc‘vmammgggm%g&mahng&fsmht%dlll%€ atgg ication is in a

dross-nel ting furnace i n whic rs are used to
rel ease t R BfseRpustion sygen hQOGPPPﬁGﬁW)HIYé%pre‘a# Hees to meltibe fed eneital Or pr oduct i on)

fromthe dmmmaam(maea@mamommmﬁmmmmoakm sfach use, the

burners a | eq*ﬂ‘a%e sﬁﬁé@ conservat i on and environnental reasons.

[01181 ApplT ca pm"ls "0 FW‘&PF%‘%&%‘%D&%W by thermal

out put ( mezegigtieechestisoyreexi mum MVBTU per hour), size and ori.entation of the

[0124] Perhaps most importantly, is the reduced environmental impact

of the present combustion system 100, compared to presently known and used

combustion systems. The present system 100 advaniageously uses no nitrogen (from

air) in the combustion process. Typically, NOx production occurs in a furnace as a

reaction product of the heated air that is fed by the combustion system. However, in

that the present system 100 uses oxygen, rather than air, any NOx produced by the

present combustion system i3 due solely to the amount of elemental nitrogen that is in

the fuel (i.e., fuel-borne nitrogen). In that fuel-borne nitrogen levels are extremely
low (compared to that contributed by air in conventional furnaces), the NOx levels of
the present combustion system are well below any industry standards and
governmental limitations. In addition to reducing NOx production, the production of
other green-house gases, such as carbon monoxide, is also greatly reduced.

[0125) In addition, to the reduced environmental impact, the present
oxy fuel combustion system conserves energy because significantly more aluminum

can be processed at considerably less fuel input (any carbon based fuel, including
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burners 84, as well as the tenperatures at which the furnaces 14, 16 10?6
are OUPYMBHO o operate. Those skilled in the art weCTUsemsyni ¥ B REE
mechani cal differences (e.g., |line sizes and the like) are needed to
acconmodat e these differing needs, and that the specific programm ng of
the control system 120 and CPU 106 may vary. [01191 The present combustion
system 100 provides a number of advantages over known and presently used
conbust i0#: @glgussmgturalgas opgibmdisa resplt ofipaesessing with lesofa] usdas.ough oper ati on t hat

there i SofseRitod 8f Aklr&o@bAIChisvY] Basntidlly, e A% usRIig8R/Nt conbustion system
100. The 034/ fuel burners 84 tc;zﬁerate at .a rruch,og ﬁ;]\ﬁ&sr tenperature than
e

convent i SREes ¥ A3 @ peRpRLnd basis faproduceslumpipum, ase in the heat
avai | ablpeockssing (ead., tfuef)icosts) bdweell as thdl wexing iued of &gl fudlat i ons, this increased heat
can be nmade available for, for exanple, steam generation, refuse
incineration and the like). This provides a reduction in the anount of
fuel recddgaadunply operate the furnaces 14, 16, 166. In practice of the

present i nve{gtu@n | tANAR bpg%ggﬁ?rﬂﬁgsﬁlnghﬁ% A Gkaae (and estimated)

thermal input required per pound al um num ne I'S decreased from
about 362‘13“'84‘19‘55%& %ﬁﬁﬁc?q‘h?s%?“émwplcﬂ%q“‘ﬂhd%aeﬁui@dabout 1083 BTU per

pound |m&lmhas&b&doagba‘w@m%eu%&a&nmoﬁdM%w@sﬁ&mabout 70 percent. In
addi tion E 9\# needed to ncg‘ %rl lEe)e;‘\yperatﬂllj‘[(rf? in the hol ding furnace
16 has BeBArSHSae P javesn oxygen production tacility TSP entional furnace.
101201 |combustibredystem,suchtah tie excimplafy sefap glaminag processiag plantbut ed to three

__princi pal quiﬁrs ﬁié?éx%nngP‘??FI@CE% gsﬂa@gg @L%h%la&qg@ust I on system 100

‘permts co te burn uel W|t out exc en. Second, being
held to Pﬂébwvh the presest compystiensysterm 190. (The illuggie exemplany gy@p@m 100 oper at es

Wi t hi n gplinathogtddic@s (3rtods ek daybat RS perR By o%@Beand sWbdoN some heat
transfer ' e3|g'ned to take advant age

0 stem.,100 is g
of the ré“&?‘%ﬁ%“%‘%@\?ﬂF?“éhs’?‘é‘fg%“tvﬁr!%ﬁ‘h‘e‘@%&&’é&‘ﬁww 8- 166 to transfer
heat ef f'BeplantdBintlodes hé850dbmépowtrabrnsstagblhomptessdyd8ndbe t here is no nitrogen

in th h the f
71 CORBISH 1 g BB b, R LY B 0101 (e U

02/ 0884084 BEPrassrf 68 Peis and atgmporatyreef -PRFFF, GeLBETACHIRMS t he rel ease of a

| ar ger misﬁﬂﬂfohbﬂiﬂmof%enﬂhggbhﬂnﬂ% R id separated listiNedtlinto Pdséolts t 0 exhaust from
t he furn ces 166. ‘L“‘EY‘E'HSP’H&f“t ust gas volune is fractional

of that 0 f:nc)n ?m%fﬁnlgas"? °|’5?'sz EFETEYBTut 80 percent |ess
gases (dndieated gajeta.&}y 2t1188, i fed dixgetly to the combustion system 100 and the liquid

oxygen, indicated generally at 190, is stored for example in tanks 191, for later use for
in the combustion system 100. The oxygen pressure from the cryogenic plant 180
may be lower than that required for the combustion system 100. As such, an oxygen
blower 192 is positioned between the oxygen discharge from the column 186 and the
combustion system 100 feed to raise the pressure to that need for the combustion
system 100,

[0128] The gaseous nitrogen, indicated generally at 194, is fedto a
downstream annealing/stress relieving system (not shown) within the plant 10. These
systems, which use nitrogen to treat aluminum to relieve stresses in the metal and to
anneal the metal, will be recognized by those skilled in the art. In addition, the
nitrogen 194 is used in the degassing units i4. The plant 10 also includes a back up
supply of oxygen and nitrogen 191, 196, respectively, in liquid form in the event of,

for example, maintenance or other situations in which the cryogenic plant 180 cannot
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conpo ir) in an oxy-fueled furnace, combustion efficiencyliGFEB 200
gr eat {1’585?/?28@f0§ased. I n conventional furnaces, the nitPEe§®8028Monent of air
absorbs much of the energy (again, in the for m of heat) fromthe nelt. In
the present conmbustion system 100, oxygen (rather than air) and fuel are
fed to the furnaces 14, 16, 166 and burned in a stochionetric ratio. This
is carried olut i t hout, exce?‘?s1 ox]\(/gg Thus, there is no energy absorbed by
non- conbu PP e PEPPRTeTEse The Pack-Bp gy stems 10 196 agppBfagiredd® nitrogen). [0123]

The pr esesttontindly Supplyroxgaes telor hidGgdalas feqyifed)\suctns whed te Rgsgeased  producti on.

When i nst t fur the ltin apacity or
throughpu?lﬂktg ¥ %gﬁ‘?u‘ﬁ nEé‘géé's @\AUF%L% e Siofed: é’ﬁlﬁd mfﬁf’lgngﬁsé‘i"ﬁgﬁ‘ attributed to

t he rapi dasahq;carecermqrwie ayediable froramsfoesmmmfabtlusrst suchadeaxdid, Indds new netal is

i nt r oducegk paabidy,Iddgnekstunace 14, the conbustion system 100 responds rapidly
to provide heat to nelt the fed netal and to maintain the heat

(tenperature) of the nolten netal in the pool 60 at the set point
t enper at uHeat Rkdovdtas been found that al um num accepts heat very efficiently

from a radiat} heat rGe. 24] Perhaps nmpst inportantly, is the
reduced envi rgé#r'@nt al ﬁﬁfg‘ﬁ‘l‘“““b£r°‘ieﬁ§]gﬁysé"§b alsodaket agdvaniage of st em 100,

conpar ed westghegdonithyvakno\processd. Seeificallyhdipiodelsiig pRySL0RES - TEe prtraﬂs)ent
system 100 .l Q in the conbustion
process. Tf}gl&cﬂﬁs %‘M?gg&&f :ﬂ‘g'r‘f%% u?@p"a&fz@ %*@é‘c xhaust 2t eacti on
product oga’t‘l‘@c%a{?@a fmnrthme!tmafymmdmgdmw@htmﬂmmman system However, in

that the mﬁ@ﬂbn§y§$&ma9hdd§€&v&§¥&9&chaﬁ§éa@f h H\ﬁﬂh@éxﬁaus any NOx pr oduced
' to e amount of el enment al

by the e t canbusti on. ye sol el

( ni trogen %“ﬁ?ﬁﬁfé L8 'ePeraEe ¢ Gé‘?{“ Eq%mézj 3‘°‘FEP€I°°%‘61‘W£‘°|%PP%@@H7’BYI n t hat
f uel - bor nbatean beaeroreredz Iiphdditian, @nepyt das helegoveredfor e BRALLEbov® t hat contri but ed
by air 'nthGHHin dc‘ggﬂ"ug ghaces), the NOx levels of the present conbustion
system are wel ow any industry standards and governnental limitations.
In addition td)“lP@dum ngheNaheusssas A0 isi dirpcteditt the pregicieat éxciangef ot her
gr een- houzga, gamangﬁaua;Iihdﬁ&m&ﬁab@&cmmmeeﬂowmhmhwaﬁ%w reduced. [0125]

I n addltl to the réazg?\%g envi ronpent al resent oxy fuel
conbusti o %}‘5 P RS '@F@W&f‘ﬁéﬁ%@dg’i‘wlﬂ BfaMeP‘y nore al umi num can
be pr ocesexekhngear ocapiaé-gralrtalizitype hem exchangér is begtustited doryhicapplhi@oddased fuel ,

| ol uch noridds RO RARARR L RISLAET G LR, ARG 00l O dust,

nat ur al gas P oi l) resu % ess l*cuel usage,
ed for the present waste heat recovery systcm, as well as the heat exchange systems

that are used with these types of working fluids. All such systems are within the
scope and spirit of the present invention.

[0131] The heated fluid 206 is then directed to a vaporizer 208 where
the fluid 206 is allowed to expand into vapor. The vapor 206 is directed to a turbine-
generator set 210 to produce electricity. The vapor is then condensed, in a condenser
212, and returned to the heat exchanger 204. It is anticipated that sufficient energy to
produce about 1.5 to 2.0 megawatts of power in the form of electricity can be
recovered from the exhaust gas 202 from the above-described scrap processing plant
10.

[0132] Although a wide variety of working fluids 206 can be
employed for use in such a waste heat or waster energy recovery system 200, in a
presently contemplated system, pentane is used as the working fluid 206. Such an

organic based system provides a number of advantages over, for example, steam-
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conservation of fuel resources is achieved. Essentially, |less fue GiﬁEﬂ%Ui
in tNE0 ¥ ¥yate, as well as on a per pound basis t ®CEusdyeEor! umi num
This reduces processing (e.g., fuel) costs, as well as the taxing use of
fossil fuels. Oxygen Supply [0126] As will|l be recognized by those skilled
in the art, the oxygen requirenents for the present conbustion system 100
can be quite high. To this end, although oxygen can be purchased and

del i ver edased sitess.olt sdnticipated thet 4 pentairebasadsioeking fidid 206Sin ARGl S| r abl e to have
an oxyge : I | Lant ..as_part of an oxy. fuel conbustion
system suc %@9‘%#3&8§<@p@#¥°‘2§°?§%’%?urh“ﬁaﬂ?ﬁs pﬁ?’c’ggrgf"ﬁ Wol ant. [0127]

Ref er ri ndhat@wererbmpdsystam. Indhat the heat gitpwfrom tierfmgresn(neiting a0ind180 for use with
t he presaepidingq L (Xne) : i npl ary cryogenic

pl ant 180 rg,dﬂjtgiej%&)ixg%“?%oﬁs pe%’gggng%%ﬂgtt%gécgcégk%dgﬁeent purity oxygen
and 60, 068 ’gys‘f‘%{%ﬁ’éhﬂewméﬁfe@e%ooﬁé&elm@mwdMltbedmnmvigng |l ess then 0.1

part per chircériet foopo@erprodudiida. Ab aidh, a kR 208 SlcH AERndne R e @E SEPOVET

t hr ee- st nessor. 182.  The conpressed ajr, at 71 psig enters a
purifier %%E%gﬁ%g’?]ﬁy&ﬂt.ls ‘fﬂ’é’°%?‘;{5‘§§f‘%¥°‘teﬁe“y%§{‘bg‘5?der 184 at a pressure of 6.9
psi g and a t eldpBi at ur eAsofill bBddgnizeiy st silkd i the arQ@e Bledricatli Sti | | ation
colum 1 | oBnetai &Pl T-IREN ratedm_gi tilled) into gaseous
nit rogenfi"é‘l"?r(%uiedl nict r_(fq'ga.r?,tg a§‘é’%%§‘°8§‘y“§§§9‘éﬁ%feﬁsl g"l‘g‘e&&"gen. The gaseous
oxygen, Prasefsiagplen lgyéﬁfgmsw caogengplant KR0f Boiwedifar epstrdtipg the platre conbust i on
syst em 100 catd pioved byiofly fu@%a'&ﬁrlbusdoﬂg}s&ﬂateﬂﬁ’;lo??dlﬁﬁr?éléo\éicat 190, is stored

e

for exanple in tanks1 13:#{: for later use for int conmbusti on system 100.
(" The oxyg@A™pEESEPEP!HY Fﬁg"'&ﬁcil?fd’@ﬂ‘?'}z'%°&‘rﬁ‘°§wf°’rﬂa‘§“@e | ower than that
r equi r ed tirbine-gdneratonseh Us bich in &yeajeditht] ORen thpoSCitneradd cR¥¥@EN bl ower 192 is

iti [ f t | yym 186 and th
Combust Snmog et ER S ILAF Bl SR v bRt A5l i noed for 1 he

conbustidmhwsysten1100, [0128] The gaseous nitrogen, indicated generally at
194, is fed to a downstream annealing/stress relieving system (not shown)
Wi thin thlplant 10. These systens, which use nitrogen to treat alum num

. oSS {’ro eSS
to relieve sir

Y% in the metal and to anneal the nmetal, wll be
recogni zed byl0t¥Mbse siRicfetring now tdt H16. 23 the cortaimingheiok 4:08,D frdiethe Ni t rogen 194 is

used i N LRRiInHRGRASSIANIRHR so i ngl udes a back up
suppl y of oxggen ar?ggni tf%‘%@%&fgs}@?g%’?%ﬂé%& FUHPG ARG o hid formin the

event ~ of Fecoyehyin adrossnregovenyprogessyindicated genexaliniatr164; i ThadtosIP® i n whi ch t he

Cryogeni eenfilved)is by Shmeiip@ém 8ie 10pf e MdRAAA iR jiEdah 8701
melting furnace 14. The dross D is pressed in a sieve-like bowl 168 by mechanical
means. Pressing pushes the aluminum A from the dross D, through openings 170 in
the bowl 168. The aluminum A that is pressed from the dross D is recovered and is
returned to the melting furnace 14.

[0135] The oxide laden dross is fed into the recovery furnace 166 for

reheating. The recovery fumnace 166 is of a similar design to the melting furnace 14
in that it uses an oxy-fuel combustion system 100 design. In operation, however, the
recovery furnace 166 “shocks” the dross laden material by using near direct flame
impingement of about 5000°F to release the aluminum metal from the dross D. The
molten bath 172 temperature in the recovery furnace 166 is also considerably higher,
about 1450°F-1500°F, with a furnace air temperature of about 2000°F-2200°F. In

addition, the “shocking” process is carried out in a highly reduced atmosphere with
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supply the plant requirenents. The back-up systens 191, 19 re configured
to WMAYPEs408al |y supply oxygen and/or nitrogen as rp&ﬁjfﬁ(’é/?]?%éuch as when
the cryogenic plant 180 is off-line. Excess nitrogen can be stored,
bottl ed and sold. Systens such as these are commercially available from
vari ous manufacturers, such as Praxair, Inc. of Danbury, Connecticut. Heat
Recovery [01291 .The al um num pr.ocessi ng. s 10,9l 5090 2kes advant age of
wast e he 5‘?‘?’6‘?%Wﬁécwgﬂy%(%ﬁg%se.l%gcgl}ltﬁgga%ny,&?ﬁﬁe processi ng pl ant

10 can fuGbdsdiar cpetnrst excéseatygerdeisof gbouldstp 8 mercsnfidi cat ed general ly at 200 in
FIG 4. Exha &t“ gas, ﬂ%@&o@@r}‘ﬁgm@é 168QQiikeivsORikh& sf®lnei Ng furnace 14 and the
cé l16 irected to i

hol di ng furn IS one side of a waste, heat recovery heat
exchangeres@iing.drdsmisipreased.t Fhs respyraadtuminpasA ssamnstered;jo the peltngor at ure of about

1000F, t REKsCe 145 The FeRiARInG @FRPDEs BER skt foPProcEsdig@ff-sitd, ked drean be recovered. In
addi ti on, ener can be recovered fromtpog%delgﬁrl\&ust apove the main furnace
I

bat h ar earogsor[ferfuther Aymiowm FooNepy. Jthas Brgn SETET R0 the wast e heat
exchangeincludidd the Arogdedoivérg plokess, grovidesc sigatfieaht aicre20 8 these@iernef pent ane, fl ows

through the qther si .of .t he he , A ShacREEssure. It is
anti ci paf”éﬁl'?lh‘égmés%qd‘gftés-'fl%%&%seap?%%ﬁ%&g‘% %Ees%% 2 pl at é-and-tube type heat
exchangepf thsodyirsd quaotity eftirgso P, this redugipg progessingoasts andiseeasingci | [ ed in the art

Wil rec%mrgag l,%ari ous types of working fluids that can be used for
t he present waste figat recovery system as well a 6‘#.he heat exchange
systens thatl0B% usedmhﬁ’ffaﬁﬂibf‘\’%@s‘t“%%sé'ﬁ?quﬁﬁg ‘Fﬁ?'&‘gl. Al such systens

are Wit higg wilkSut tCRO6F sfChr &3 ottiei addftivish Rathérpbemil shaidegisiugd to [ 0131] The
~-heated fluid 206 is. then diregted to a v I r the fluid 206
(is all oméﬂ“ﬁ'b‘%'é%ﬁ‘élr‘f&’"? f?)’“éf&g%r’o.wnf:ﬁcé’v%ffg%r%gsﬁ%)'églgaé@%%%? ed to a turbine-
gener at oroxiied fraxi (e tnetalp Todietls seltsgernain inithooxidey, whigth#sein tf18 t hen condensed, in a
condensery gl @lﬁﬂatEl?,tthUﬁﬁﬁaréﬂcc(vﬁ@seh@ﬁidi%&%hm%rsaﬁ@&bel t is anticipated

t hat suf fdlls@] en?f’ energ(%/ to produce, apout to 6%"0 megawatts of power in
t he for meovirasmerselhpzards gnd/os fpXise As SUeBFG RIEFETPESESE 18 'oxhaust gas 202 fromthe

above- desgiidARentaf R fBRkOA Gatit €lhife e nddd for[tiric3alts sAll thootigih a Wi de variety
of worKi % fluids 206 can be enployed for use in such a waste heat or
waster e ?p@vﬂrecovery system 200, in a presently contenplated system
pentane i s us{@3gs t heAsworticiomesalf prodessingaehemslédnegaim it bas§efRi ¢ based system

provi des g DUIDEE pRlenAPURBY AGHTe. £V Rhble profsin Wi Rkemedsdteam 1 6 FEB 2004
reheating) result in aluminum recovery rates that are significantly improved over
those of known processes, depending upon the grade of the scrap. Multi-percent

increases in the amount of metal recovered from the dross D have been achieved.

Other Applications for the Combustion :9ystem

[0139] As discussed above, it is apparent that increased efficiencies
from the use of oxygen in all continuous processes can be achieved. For example,
power generating plants can increase flame temperature or reduce LOI in boilers by
introducing oxygen to the burning formula (rather than air). This can increase
efficiencies in operation. Essentially, burning of any carbon based fuels can be
enhanced by the introduction of oxygen. The benefits are both economical and
environmental. To date no industry other than glass-making has embraced oxy fuel
technology. In the glass making industry this technology is used not for the
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26 WD 02/088400 1 6 FEB 2004 PCT/US02/08701 based systenms. It is

antici P2ABH%M%t a pent ane-based working fluid 206, i rpcr/ssoansmid

Ranki ne-cycl e arrangenent will allow for variations in vapor supp'l §Frﬁﬁr 04
readily than a steam based system In that the heat output fromthe
furnaces (nelting 14 and holding 16) is dependent upon netal production,
rather than electrical needs, the energy input to the recovery system 200
is |ikely ¢ffciemieythamesulnibui betsetolf the QIR trieRing ieagemm%qaggﬂﬁm e i for power
producti on lmégmg%ﬁghpr&ezisl uid 206 such as pentane provides the greater
fl exi biIit%/ that 1s required for such a recovery system 200. [0133] As w ||
be recogni zed B4@hose Neveitieless, iise of buy-faeléd conbwdtied watmdiaah power gener at ed

can be usedddsSialdheNd cess for the scrap

processi ng gl ant 18%%%%%%&%%%@%&3@?Eeggﬁegﬁ’glT%%‘?’pi“-%\/\er for operating
t he pl ant qpixa{ent Bovsr gupw achepygererption yRedwest 8l wosupsdn, alongsy st em enpl oyed
in an el eC‘W-H@ﬁ(ﬁ@&%bf@@ﬁﬁr@é,'eﬁﬁ_iem&BBus(iHﬁ{pH)gidgs eg{rééﬁf‘i%&?ce%?r £0| ler), to
generate ssglgs%miguor aaﬁ eam . turhine-generator set. 1n su A*n arrangement,
when the power GeRer: miSSoRLANd siepificant redugtions in the emissinof othére excess power
can be solgiecpdpust gasesexanpl e, a local electric utility. Dross Processing
[0134] Referri now t I 2.. the. contam nants or dross D fromthe

mel ti ng furnaclewwl i s %‘l;tt?"c%?vgﬁf%’@i?é‘?&?a?g@bg‘?%b%fﬁﬁﬁ' $5BPt fromthe

i n-1ine alQ MM 2ascvaniousioi)s (henting ahdowste pidcwacdrayd @l eRfled waddd, Cat ed general |y

at 164. Thuong ik the Pariolis métRINR) eEiSknt 3 plbos il the top of the nolten
al um num p ' nel ti né1 fur})%ge 'i%%ﬁ%oyﬁg@goﬁ Is pressed in a

sg@Ld-Gg,fln tc,e 14 1he dre

“si eve- | i ke DOV &R VI FerAsipehF engrmouspotensial, vig-ayisindgstmialishes t he al umi num A
from t he dppisebility, of the pragpht combusti sy stdnf OF ieNselebtitd cROMM malibBaseat N€ @l UM NuM A
that is pressReiabi ? is. recovered and is returned to the

nel ting fu@nacefﬁ%&{@g fa%ﬁ%“%xﬁ"&@"fn&%ﬁm&f’%s ug np aee fuelisy t he recovery
furnace 168eciisd: rathes p mymisdaend imfaet, sl boebaged fuslnae mpatbld witahe @ Si i | ar desi gn
t o the nelpkdsé@sybreth NBGBditéh, therd afehhny b xy-.f uel conbustion system
100 design.  In gl&ﬁrati n, however,ytf{%ee#{a%ﬁ%cg{?/oéér)gff\é{"ﬁPrr?g‘écéngl% "shocks" the
dross | adéN &Rt 8\‘"%&"?]&%‘\‘&"ﬁ?%‘a?b@fsr%ltdeﬂrmmﬁwimpilhn@errent of about 5000F
to rel eas@ysdns, ahborprion s ytiralysit e ke, AN OR il usdd}8d gkt €N bath 172

tenper at Ulsgpplidy a;ehﬁlhfn%os\‘.&{eXf t&:gﬁt@gﬁtemv]égt?onl. sl'hgslessl?illecdoixrll Ie aﬁ rmalP 'y higher,

recognize that the other gases produced, such as hydrogen and nitrogen, can be stored, '
bottled and sold.

[0142] As discussed in detail above, one application for the present
combustion is scrap aluminum processing or recovery. Other exemplary applications,
as will be discussed below, include industrial power generation boilers and
incinerators. These exemplary applications focus on the flexibility and applicability
of this technology for broad industrial uses.

[0143] In general, the use of oxygen fuel fired combustion over current
or traditional air fuel systems offers significant advantages in many areas. First is the
ability to run at precise stoichiometric levels without the hindrance of nitrogen in the
combustion envelope. This allows for greater efficiency of the fuel usage, while
greatly reducing the NOX levels in the burn application, Significantly, less fuel is
required to achieve the same levels of energy output, which in turn, reduces the

overall operating costs. In using less fuel to render the same power output, a natural
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anticipated flame temperatures for varying degrees of oxygen supplementation can be
interpolated (it is believed linearly) between these temperatures,
[0146]

Oxygen can also be used in conjunction with over-fired air
systems or lox NOx burners to reduce NOx and other green-house gases while
ensuring stable flame at stoichiometry. Typical low NOx burners often increase LOI,
This requires operators to burn more fuel. By adding enriched oxygen to the
combustion process complete burn becomes available for fuel while at stoichiometry
without additional nitrogen present (by additional air input) to create NOx.

[0147)] It is anticipated that boilers will be designed around oxygen
fueled combustion systems to take full advantage of the benefits of these systems. It
is also antlclpated that retrofits or modifications to existing equipment wil] also

provide many of these benefits both to the operator (e. 8., utility) and to the
environment.
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| evel s Wlt ut" t he hindrance of nrtrogen I n
gh purity oxygen can be used in place of any or all of the primary 310, secondary

314 and tertiary air 312 that is used in these known combustion systems. Those
skilled in the art will recognize the benefits that can be obtained using the present oxy
fuel combustion system (or as in certain applications oxygen supplementation system)
in power boilers or furnaces that use other fossil fuels, such as oil or gas.

[0151) Use of the present combustion system is also contemplated for
use in connection with industrial waste incinerators. Typical waste incinerators
operate on the basis of resonant time, temperature and excess oxygen. An oxy-fuel
system will allow for greater efficiency in the operation.

[0152] Resonant time is dependent upon the physical size of the heated
chamber or stack, and the velocity and volume of gases passing through the chamber
or stack. As nitrogen is taken out of the mix the resonant time naturally increases
because the volume of gas used in the combustion process is less (by about 80

percent). When an incinerator is specifically designed with an oxy-fuel combustion
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high, addmona] air is fed to the burner 406. Optionally, air can be fed into the stack

from a location 414 apart from the burner 406 to provide the additional air.

[0155] There are a number of drawbacks to this method of operation,

As discussed above, the two controlling factors in waste incineration are time and

temperature. That is, higher temperatures and greater resonant times increase the

incineration of the waste. However, the addition of air (to reduce CO levels)
increases the flow rate through the stack 404 thus reducing the resonant time. In

addition, although the increased air flow reduces flame temperatures (which in turn

reduces NOx production), it also introduces high levels of nitrogen, which tends to

increase NOx production and offset the cooling (and reduced NOx production) effect

Moreover, because of the cooling effect of the air, the efficiency of the incineration
process is reduced.
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that use other fossil fulé %uﬂ, %I?%ﬁmn also D’mﬁ S8 quite weil
to incinerator applications in wluch the fuel is unbumed carbon or VOCs Likewise

since there is no nitrogen present in the flame envelope the development of NOx is
kept to a minimum, relegated to NOx formed from fuel-borne nitrogen only.
[0159] The industries described above are only a few exemplary

industries that can benefit from the use of the present oxy fuel combustion system.
Those skilled in the art will recognize the applicability of this system in the chemical

and petro-chemical industries, the power generation industry, plastics industries, the
transportation industry and the like.

Oxy Fuel Combustion - The Benefits and Advantages

{0160) The benefits and advantages of oxy fuel combustion will be
appreciated by those skilled in the art. Nevertheless, in an exemplary aluminum scrap
processing facility, using an air-fired furnace outfitted for natural gas, it was found
that the energy required to process or melt one pound of scrap aluminum (as

determined by the cubic feet of natural gas used), was 3,620 BTUs (presented as
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oil, shown as "OXY-OIL") combustion system. The pollutants shown are carbon
monoxide (CO), gaseous nitrogen compounds (INOx), particulate matter under 10
microns in size (PM10), total particulate matter (PT), sulfur containing gaseous
compounds (SOx) and volatile organic carbon compounds (VOC).

' [0164) The data is shown in two forms, namely, tons per year
produced (TPY) and pounds produced per million BTUs used (Ibsy MMBTU). The
parentheticals following the OXY-GAS and OXY-OIL data represent pollutant

reductions over those of the air-fired, gas fueled combustion system.
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flame rmne the level of COin the exhaust gas. \Wen the
COis tﬁg’;&/oﬁiﬁ@ﬁ, additional air is fed to the burner mwsmmsnmadeﬂzg ?&"'

can be fed into the stack froma |ocation 414 apart fromthe burner 406 to
provi de the additional air. [0155] There are a nunber of drawbacks to this
met hod of operation. As discussed above, the two controlling factors in

wast e i nci td 0 i rature. That is, higher tenperatures
and greateT@golﬁg%@gﬁ%sgﬁ?&%gﬁWMQWNMe wast e.

However, the addition of aIr o're | evel s) increases the flowrate
t hrough trhe—stackT g ishts—eduei5gr | dition,
a|th0ugh@ﬁ_inr‘r pased air flowlreduces flane ténperatures (which in turn
reduces NOX BPoducfion) | PMMATYG 7Pt r Jd@BEBTRM GFPY e eloAMBTUN | r ogen, whi ch
tends to|_increase NOX groductii gn and [of fSetr tje cogHng—tand reduced NOX
producti oRP ef f ecf. 488brjeoX@E3 qea-aluse - e Togz g aelfect—of the air,
the ef fi ¢4 yoflthe incineratijon pridésBs is| redu¢ed.o)32 W) 02/ 088400
PCT/ US02 8 240alE-h156] Fhe [p0e€e0d oM\D4T Li04C qRBYSt | on

t he unbut Frret-er ' E-tRe 4/ d of*: gr green-house
gases an ﬁ!%%t‘hou‘t--cgég—ff 53 19849 | 139\ | S7EC ’temgt hus

T S o TR S em |
af f ords Séveral advantages over—cotvetit “r.;e(tq s, 3‘3.' diE26A%) i nci ner at or

systems. In t sy he prﬁmuysfawmo?ﬁr,as@xiaﬂ&w@%ﬁ&h%fox}@ﬁgg burn VCCs and
ot her confam I a}:nltﬁg before they reach the atnosphere, pr esent
combustion Sy3 U fYEm thqw incrrates (8 pegativededuetions)  Bénis dw in n r educed
product | opergh uo "pbﬁ%mh?am&mr?@fsaggqmmexa@&asmmasgﬁ?@s,&@ﬂyfed volume of .)
ue gasef jJEREha Jln.addition the’installation (e.g., capita
and oper at ilng&?%st St thILE%I PEHRrReEe L Bclns bagbayeRs (Ptiel ed conbust i on
Eyst e:jn; \gf:“l::“'lﬁ@ "gﬁﬁihﬂdycr&@eaéfet?lﬁmﬁhmimap%aesb ardo®ldaésult e | nci ner at ordvm' N
e reducemdiban It 1dafl 8boiRIs I BeRdnt SRS Sercds Vel 15 emdssh,&M | S expected to
be nuch | gwe ovi ded above. becgﬁrge't;ﬁ%gmfehjf?lgﬁﬁ%sﬁlﬁ‘f’ of gas is nuch

[. f
l ess, t hequgr\’/t"at\lf%lﬁ?“’ E’Thieéat&f""? ReFARTE nusrebaged wpentheyedustiorsindwt abl y | ess t han
convent i oeatumpyatobmsved/aid veerdienhinédih B@oidiRe SANRCRAVRA tinme. Thus, the

| o ner at Sl abedelishinkl XoSIAUSEEA ARG E DG, BATE vaste | 0ad, and

t he requi redP support systens a °®nd systens can
li kewi se BREFSThIqs&P42 (apatlmis from theISEPA svebsitely - f uel ed combusti on systens are

general Iy cofuségjer abl ymobenckkiiabin@iové fiids GORUGNEHPNA! | NCi ner at or
systens .acggtrorll?ng ld{erexef\vira‘onment within the furnace in which the oxy fueled combustion

system is used. That is, the values shown above that indicate reductions in pollutants

for the OXY-GAS and OXY-OIL combustion systems require that the furnace in
which the combustion systems are installed is designed to limit to negligible air in-
leakage (i.c., nitrogen in the combustion atmosphere).

[0167] Thus, as will be appreciated by those skilled in the art, the use
of high purity oxygen (or highly oxygen-enriched air) and any carbon based fuel is
highly adaptive to many existing industrial systems. It is anticipated that the. uses for
such a system in standard and conventional industrial applications will provide
myriad advantages and benefits over known, presently used air fired and air over-fired
systems. Although many present physical plants may require redesign and
modification to incorporate the present oxy-fueled combustion systems to enhance
performance and production, it is contemplated that the benefits gained by making
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fractional amount of the required energy input. The system al so §&FEB 2004
it selWOQuIBEOWwel | to incinerator applications in \/\hFéF(UW?é“F?}eI is
unburned carbon or VOCs. Likew se since there is no nitrogen present in
the flame envel ope the devel opnent of NOx is kept to a mninmum relegated
to NOx fornmed fromfuel-borne nitrogen only. [0159] The industries

descri bed above are only a few exenplary industries that can benefit from
the use gksetch@gpnedsigh asyruduelsuchaniowsied operaiystosw) e.g., Thined skilled in the
art will .recogni ze .the applicability.aof thi ' chem cal and
pet r o- chgﬁf"eﬂ‘g "i"ﬁ&‘&&"ﬁ‘f"e“ggs ?"ﬁée% %‘&éér{"s%%'hse‘r‘“gff Fﬁé‘{e' us?{l ‘r)s&i{}gpl astics

i ndust r i make thdsechabgeansportati on i ndustry and the |ike. Oxy Fuel Conbustion
- The Benefit d Ad e if.8 nt ages of oxy
fuel combust 8l | E’g‘g‘gg'gs?‘edi@?%%g%“%?gf oSk #%ﬁg?he art .

Never t hetodineudepeth the S@K‘éﬁ}ﬂﬂﬁg‘gyplmrﬁ°ﬁ!ﬁﬁ°§'c¥f’é{|5°f°’ﬁf}°66°é§‘§?lh‘§'“¥ acility, using an
ai r-firedf|UHRRGEpEpHalel inbigst hedingtat Ural gas, it was found that the energy
required to process or ma&% one _outmwg)g scrg’g al umi num (as determ ned by
the cubic fedPl68F nat Erom theforepneiyy segved Bt IFEROYY pr esent ed as 33 16 FEB
2004 WO @R4BeR4A AP aatiénd 2408 éffdcnudted 2AhdaTddparify) frond thatrud spirit about 3. 45
standard cpbic et CF)_of . nat ur al. e t each pound of

al uni num'm‘llJ'Er‘ioep °é’¥1§? a"yvg‘;%é’a‘)d}"rga‘%‘g" rgs(g'?‘ %&%@BV\@%}) P%&q%rgtgoe tpon each SCF of
nat ur al galimhatien with eespeetde the epstifin embplinien Hinstgadds infegied o shewdd cont r ast, usi ng
the presgpineky THiQls88urediRtigded oS Dy Hdlappehded WREnsAWd that only 1.03 SCF
of natural gas, (or 1083, BTUs) w needed to nelt each pound of alum num
Thus, théog @P&“&WM°SEQR?VB%§‘FFWssyStem used 1083BTU 3620BTU or 29.9
percent of the fuel required for an air-fired furnace. This 1is a reduction
of 1.0 less 0.299 or about 70 percent in the fuel consunption. 101621
Simlar though not quite as drastic reductions is fuel consunption have
been observed wi'th an oxy fuel ed conmbustion systemthat uses waste oil as
a fuel. It was found that the heat content of the waste oil fuel need to
melt each pound of alum numwas 1218 BTUs. Thus, the reduction observed
with waste oil was 1218/ 3620 or 33.6 percent, resulting in a reduction in
fuel consuned of about 66 percent. As such, even before considering the
reduction in pollutants produced, the present oxy fuel conbustion system
exhi bited reductions in fuel consunption of about 70 percent and 66
percent using natural gas and waste oil,
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: . , fired furnace. [0163] TTBBEg gy

i ‘an air-fired, natural gas ) an
respec_t: Yﬁls%/’ra?\égra comparison of the p0'|'| utant s PrOdgcg'?elrJnSI 2% OoXy
bel oT ! d as fueled, shown as "Al R GAS") conbustion sy oxy fueled (waste
arr-fired (9 hown as’"OXY-GAS") conbusti on system and an Komn are carbon
fuel ed (gas, sf " B yatem The pollutants s a
oi |, shownlas " @¢6xPhen fuiege‘raoglél'ﬁ %‘g’ﬁﬁgl}% SOMBERNE: particul ate matter un

' aseous n ! ; . fur

nonoxi de E]g %rha(gq }Elé(ir(gm/ﬂ_ﬁ@;t,oﬂedmaier,rhaﬂﬁ:bﬁﬁ%tﬁ‘&?to@lﬁgt%tia&l??r%vggg{pﬁ conpounds
10 mcro conpounds (SOx) and vol atile orga er year
((:s/ggj?mm[ogg%g?ﬁ%g’sdata is shown in two forms, nanely, tons p

i he
illion BTUs used (| bs/MVBTU). T
o enthet i cal b rol | ont ra P RO fod Yoy Mgy o wdeast st 65 petcopol | utant
\ . :
Pgéﬁgt ihgﬁllsggﬁf PN g@f@@@&bﬁunﬂlwfomisupﬁlyihgd,calg,aﬁ bggégl . conmbustion sy

ki VS, MYBHEPY! b/ MVBTU
(F;%|4| ggﬁg?;gw?m OE-?E%{ZS.OE% NOx 24.38 1.E-1 0 (68.9) 10.04 (73.0) PM
. . 516 0]

10 . 028 1. 'BEEns or)imuing AN ERESOPI Eithbdthe OxPdeh driBe &hbon based fuel to less than 5
percent over the stoichiometric proportion; and

means for controlling the combustion of the carbon based fuel to produce a flame

temperature in excess of about 4500°F, and to produce an exhaust gas stream from the furnace
having a temperature of not more than about 1100°F,

2. The oxygen fueled combustion system in accordance

with claim 1 wherein the
carbon based fuel is a gas.

3. The oxygen fueled combustion system in accordance with claim 2 wherein the gas

is natural gas,

4. The oxygen fueled combustion system in accordance with claj

m 1 including a
cryogenic plant for producing the oxygen.

5. The oxygen fueled combustion system in accordanc

¢ with claim 1 wherein the
carbon based fuel is a solid fuel.

6. The oxygen fueled combustion system in accordance w

ith claim 1 wherein the
carbon based fuel is a liquid fuel,

An oxygen fueled combustion system comprising:
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FEB 2004
PT .028 1.0E-4 .0023 9.4E-6(92) 0.169 6.0E-4 (-410) SOx 0. 146 6.0E—64 4. 5E- 2

9.4E-6 (92) 1.39 6.9E-4 (-490) VOCO.5822.4E-34.0E-11.9E-4 (69) 3.335.7E-3
~(-848) 1.6E-3 (31)1.4E-2 (-471) [01651 The values for PMLO, PT, SOx and VOC
for the oxy fueled waste oil conbusti on system show i ncr eases (as negative
reductions). This is due in part to no 'post-burn” Eﬁtea.t esses

used i n thierecehpiiog ¢ C@l@jfﬁ“gtgtepblﬁorw Jhe furp{lcel@vgnlgtsp %‘la Y n?llu ?%per
"posgbur Eéﬁgwg@%ﬁ?@g@“@%h&* ¢ uvé%ﬁogagstmgéﬁgﬁre(vfegﬁhe RidduarAiraiTRL t or)

and for-con ni ng gases result in reductions

of at |eagf oﬁ@i@hﬁfg a?&at%ﬁp;ﬂ?lf@@ﬂpplgn@ AXygaehadng a predstoaningd piyty; i n eni ssi ons
quantities. The values attained in TABLE 1 were %ased upon the reduction in

fuel con@cﬂ‘rborlbaﬁ?ed)ﬁyeﬁw Eﬁduli)@)"ﬁgéé‘? Ribaset TR accor dance with accept ed

United States E Vil O
det er ni neBSPFIAY eﬁgﬁﬁ E‘kgﬁlgg%%gglbﬁ&bPﬁeé{lflétgiﬁﬁlﬁe—n%%%%%r :/\gbs?ts e).

[ 016&hichtontaigs %goﬁ@h%‘loﬁéwtotﬁdﬂe above val ues are based upon control ling
t he enV|ronnen¥

hin the furnace jn which the nbus
sylslt em i sm;gmjforhrmtnng@extcﬁ% of githerdh %W&?“Qb%&aﬁ?ﬁtbaﬁﬁﬁﬁa@ &P uc | ons in
pol | ut ant s OGO L combustion systens require that the
fur nQEée’i‘tﬁ)ve eé{? %GQ%(%B%%&[I gon s@(st ens are installed is designed to limt
to negli gigkdags ﬂirl’conhtfblhhgaﬁaleagmb(xsnmqf thrd ¢arbxgebasﬂd1fltehe) produne it flame

at nosphere 0167] Thus, as wl '
art, tgmger@f.)gge 1[n exces]s of about 4500°F and to prc%o Re eCIe)g\a%st gba\é s{rhosﬁoﬁl&he hﬁ'gaéen the
having substantially zero nitrogen-containing combustion produced gaseous compounds from the

oxidizing agent.

8. The oxygen fueled combustion system in accordance with claim 7 wherein the

carbon based fuel is a gas.

9. The oxygen fueled combustion system in accordance with claim 8 wherein the gas

is natural gas.

10.  The oxygen fueled combustion system in accordance with claim 7 including an

oxygen producing plant.

11.  The oxygen fueled combustion system in accordance with claim 7 wherein the
carbon based fuel is a solid fuel, and wherein any nitrogen-containing combustion produced
gaseous compounds are formed from the solid fuel.

12

.

The oxygen fueled combustion system in accordance with claim 7 wherein the
carbon based fuel is a liquid fuel, and wherein any nitrogen-containing combustion produced

gaseous compounds are formed from the liquid fuel.
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of high purity oxygen (or highly oxygen-enriched air) and any carbontlgasggd zps
fuel is highly adaptive to many existing industrial systenms. It is
anticipated that the uses for such a systemin standard and conventi onal
industrial applications will provide nyriad advantages and benefits over
known, predént!| YTheoR4oa i d air over-fired systens. Al though nmany
present gfléal cal pl ag%s %‘%H ?‘Z‘gﬁ?ﬁ‘é’“ﬁéﬁ%@ﬂ@ﬁccammw i/lfCilaimt] where the
incor§8?“i CREIPRBeH has subytahiialyad KiGEP4St i on systems to enhance
performance and production, it is contéenplated that the benefits gained by
maki ng 35 WO 02/ 088400 PCT/ US02/08701 16 FEB 2004 these changes in design
and struct lde, &Uﬁtha%cbxﬁﬁﬁﬁg% operating, costs, e.g., reduced fuel costs,
| ower ed cagital costs and redtced em ssions, will far outweigh the costs to
make t hese? EPBABLEION (EPOBS1 I n the present disclosure, the words "a" or "an"
are to be gken. to include both the singular and the plural. Conversely,
any reference to plural itens shall, where appropriate, include the

singul ar. #§ 04684 bigeam, ing.it wll be observed that nunerous

modi fjcations and var i%??p rllgfoggﬁb@gmgfafcéﬁoﬁé’@&ﬂi ek intsuthe depaudtiongedibpm t he
true SHP4en eé‘l*me%cope of the novel concepts of the present invention. It
is to be “zﬂ{j&fiﬁitz dathtat é}o limtation with respect to the specific

enbodi ment's 11T Gstr &t o PRYifpk Sinabineexygtoal apredeeinnhas pasly ik scl.osur e
i s i nforperabustion sithethe BarbbiBasRRGHded clains all such nodi {iCat1ons25E fal |
W t hin thﬁ“g@?‘g?&m%gg%g'e Ctlxai mslill 6 16 FEB 2004 1 . An oxygen fuel ed
conmbusti o mgdheepmbustion ofuhe oRvokn t, one_.burner, and
conf im@teﬁ%eﬁﬁ%%‘?%}ré"l I ﬁ ﬁr e\éﬁnt0 t he ?éﬁ %gﬁ%%agﬁ&o‘?as ﬁ?f‘fellj%l:’rﬁﬂwen
supplfy for suppl ying oxyé’@ AU 80§%dﬁ¢pgpda¢eate>dhaa§§a§§t%h BemARE cent

a carB@acobaveng 4 teedpesatpilof nbQf, ' garbon based fuel; neans for
and t he car%%#ﬂig‘laésﬂggg*ﬂ)&ﬁi nto the furnace in a

f eedi ng th%ﬁoxx en t

st oi chi omet ¢ g’}ﬂofﬁa}aﬁ ireonfigume tasubkiantially et fh%rin#,(m Eg{gg an excess of
ei ther the oxygen or the carbon based fuel to |ess than ré?&ent over the
stoichionetric proportion; and neans for controlling the conbustion of the

carbon badéd f dée faraaqerin do@edahct WK 1aim 14 including an air supply for supplying air

containi i i
Ing oxygen to the combustion region for combustion with the carbon based fuel and the
OXygen at a predetermined purity.

16. : . .
The furnace in accordance with claim 14 including a fuel conduit for supplying

the i
cafrbon based fuel to the burner, and wherein the oxygen at the predetermined purity is
supplied to the furnace through the fuel conduit.

17. i i i
The furnace in accordance with claim 14 wherein the oXygen at the predetermined

purity 1s supplied to the furnace separate and apart from the carbon based fuel

18 : : :
The furnace in accordance with claim 14 wherein the OXygen purity is at least

about 85 percent.

19. An oxygen fueled combustion svstem comprising:
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tenperature in excess of about 4500F, and to produce an exhaust gas 'stf&#&nfuvs
fromthe furnace having a tenperature of not nore than about 1100F. 2. The
oxygen fuel ed conbustion systemin accordance with claiml wherein the
carbon based fuel is a gas. 3. The oxygen fuel ed conbusti on systemin

accor dance aviitBceChadi g 2 [0SR e gas i s natural gas. 4. The oxygen

f uel ed %)?inbuSti on syﬂsgt emin acﬂggﬁgé’aaﬁ’gézoﬂﬁgwe [xPupstanfigllyl preveng tie  cryogeni c
pl ant PO SRIGEmg t he oxygen. 5. The oxygen fuel ed combustion systemin
accor dance laiml. wherein the carbon based fuel is a solid fuel. 6.
The oxygena%%)&gg Su%ﬁrl%ﬁgtsi“BWY 2 ae af mcdmdﬁriﬁ@pmtf/ Bratedinlnl 2 MisL&En the
car bon basedarbugbaded f@ellsgﬂiﬂ'@r?rfsﬂ vi 7. A o%gen fuel ed conbusti’on system
conpri si ngin637 f16)&;15_8 20 a 1 urnaceeRsef Sechfvekol | ed environment, the
furnace halFA% luissdiagttheadrygemand thelca@oa®gsed {,0) ternal environment,
and canbbahed 1@ st antial ly prevent the int %%&8??%“8?”&?‘?‘{01%1

oxi di zi ng agent suppﬁ ya or supplying oxygen having a predeterm ned purity;
a carbon basad fhuednt®SURR the £ | yi,n carbon based fuel; neans for
feedi'{‘}“ﬁ?&t he oxygen andmt%hee c%p%%ﬁeﬁgigﬁ%ﬁﬁ’éﬂ“ asdfueiie prafuaedlane a

st oi ciTTREYE &0 ¥cepsnftl080°R o one another; means for liniting an excess of
ei ther the oxygen or the carbon based fuel to less than 5 percent over the
stoichionetric proportion; and nmeans for controlling the conbustion of the
car bon bas2il f UBe dx¥ger ARG of enperatyre in excess of about '4500F,
and tQ 2[)rg‘duce an exfaust gas s@%@%ﬁ%ﬁ‘t%&oraﬂﬁdﬂﬂlClhlavi%'glchldlixg antially
zer o F¢ %réﬂg@éﬂ‘\‘%ﬁa‘i ﬂﬁmgtampdoatanteiiﬁewa@dMﬁﬁfﬂaseOUS conpounds fromthe

oxi di zing agent. 8. The oxygen fuel ed conbustion systemin accordance with
claim?7 wrr:?elrei n the carbon based fuel is a gas. 9. The oxygen fuel ed
conbust i o lsystBmaxggacfeled2658ul I wherein the gas is natural
gas. naéagls frhe oxygen fuel ed coml:])usohrgg%@fg]tag?ﬂrﬂwcﬁw@r%%@ Wwherhinghai m 7

i ncl udi'ng ar?"“%@ﬁ%ﬁm&#%qugaw gant stredrh. frob eheoPMBEE hiviR) £kt TRYST ifon

syst et mdre@e®! fege With claim7 wherein the perature o

22.  The oxygen fueled combustion system in accordance with claim 19 wherein an

. i
xhaust gas stream from the furnace exhibits a reduction of at least 20 percent of nitrogen-

all’.

23. A combustion method comprising the steps of:

providing a furnace having at least one burner, and configured to substantiall

| | revent the
introduction of air; "

supplying oxygen having a purity of at least about 85 percent;

supplying a carbon based fuel;

feeding the oxygen and the carbon based fuel into the furnace in a stoichiometric
proportion to one another;

-
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; : . . . to l"il'.D pav iy
carbon based fuel is a solid fuel, and wherein any nitrogen-contai ning

conbustion produced gaseous conpounds are formed fromthe solid fuel. 12.
The oxygen fuel ed conbustion systemin accordance with claim7 wherein the
carbon based fuel is a liquid fuel, and wherein any nitrogen-containing

conbust i onimpitieg 4hRcesd BEEMEE tHVUXNLUNES f tquid fuel. 38
16 FEB 2004 13.g The oxygen fue%gcomﬂggﬁgﬁp éﬁ)}g{?gfn%l ?‘{r?egasgg%’lé SRR 1 h

cl ai AR REstachiomptsic prepertiat; laedi envi ronment has substantial ly no nitrogen.
14. A fur omprising: . a combustion region, a burner; a carbon based
f uel supplnc?l’% 81?1“%31&%?%%"%“ St;‘gﬁﬁ?f ) %ﬁdgﬁf’élto Produca hiarae ipmnstatens inegi on

thr ougbess o oot AS00°F2ndH) ibdicRn 38R SHRBLI FOR SURRLN(IA, pygen at

predeterm ned purity into the furnace conmbusti on w ar bon based
f uel ;'CRBAAYITE pF nat gpare Yhaniabgutt IHEOWonbust i on of the oxygen and the carbon

based fuel to produce a flanme tenperature of nore than about 3000F and to
produce an exhaust gas streamfromthe furnace having a tenperature of not

more t han ZhoutTHIOMEGsuheheiBd i E:cHERACSI S1a6RDS EANAS, he ybstantial Ly

prevent the introduction of air. 15. The furnace In acc ance with claim
14 i ridpRiyingghe parhpr baseg e it thesfupploy atrayrat that is deyicatlerit ngow Ygetatk @ f ke
conb%’gglp region for conbustion with the carbon based fuel and the oxygen
at ap eétermned purity. 16. The furnace in accordance with claim 14
including a fuel conduit for supplying the carbon based fuel to the
burner, and wherein the oxygen at the predetermned purity is supplied to
the furnac®-t hr Biegrembustion methed injadcordande Whieclaim Badrehidingthe glegaf¢ednig h

| ai e h d i ned [ [ | i ed h
Fur nans CSREIEb Ind e NP Ry Pt S ReBePR iR adeey it helurbonsirdisbce i n

accordance wth claim 14 wherein the oxygen purity is at |east about 85
fuel ed conmbustjon systemconprising: 39 a furnace

percent. , Anr o%ggﬁ C ! _
havi ng at 4%east s sy methad) incanepidgngeeayith elaiy B3 inchiding thy sepefent t he
controlling at least one of the fuel supply and the oxygen supply so as to maintain one or more

temperatures in the furnace at or below one or more desired temperatures.

27. The combustion method in accordance with claim 26 wherein the one or more

desired temperatures are based, in part, upon the heat transfer as affected by a geometry of the

furnace.

28. A combustion method comprising the steps of:

providing a furnace having a controlled environment, the furnace having substantially no
in-leakage from an external environment, and configured to substantially prevent the
introduction of air;

supplying oxygen having a predetermined purity;

supplying a carbon based fuel;

feeding the oxygen and the carbon based fuel into the furnace in a stoichiometric

proportion to one another;
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introduction of air; an oxygen supply for supplying oxygen at a 18 FEp 2004
predeterm ne purity greater than 21 percent; a carbon based fuel supply
for supplying a carbon based fuel; nmeans for feeding the oxygen and the
carbon based fuel into the furnace in controlled proportion to each other;
and neans fiifitig@Rh Exdekd i nbustign of the carbon based fuel to
produce a fla_meg terrpergg:lﬂtpgﬁpggwgé’éa}f‘fm sediyel tpHessshangeperterel ed
combuSFidhe sipirhinmatric poportdanagl wi th claim 19 including neans for

pr oduci ng enperature in excess of 4500F. 21. The oxygen fuel ed
conmbust i on%(s){]/i(f}gﬁg fhﬁ@E@B?tﬂ’éh{g@%a{bﬁn&a&dﬁuﬁDtomneah&'bla flanee teﬂ?@ﬁ&rém

cont r ekéesngf gHoAH4SIBSF Ahd]Y stream fromthe furnace having a
te”perﬁya% ure of not nore tﬁfgl)lr(llﬁ el%ﬁ%hapséﬁgs FHramoikgy dbe fugeacedaviogbust i on

syst eftstrngalhvzeramiteoganchniainiignaok@udhied ol s, stream fromthe
fur ”a%?id%;l;" g);etﬁ a reduction Og;ﬂ at | easﬁozté&gegﬁgeéﬂggg P%L?qdlsir@ghﬂxecom ai ni ng
conbust i on %)I’EOB ced gaseous conpounds relative to an oxidi zi ng agent of

anbient air. 23. A conbustion nmethod conprising the steps of: providing a
furnace having at |east one burner, and configured to substantially prevent

the introdficti dhe odmbistipn mepidyih BEcoRANGE Wit‘ﬂ%&’di@_gz@gggﬁfﬁgl{ﬁgée@g'g:ﬁs;n g

about ; uppl ying a carbon based fuel;

t he céﬁéﬁﬁ%g”%ﬂf bfoﬂiﬁag‘?%#sl lgﬁ‘?éhq firpace ot p mtathet isidehéraiert ujon afeePRd b ORe t O
one anpigear: 40 |imting an excess of either the oxygen or the carbon
based fuel to less than 5 percent over the stoichionetric proportion; and
controlling the conbustion of the carbon based fuel to produce a flane

tenperaturgyin essusf . about .4500F, and to produce an exhaust gas stream
fromthe fur nac£E§§OV| ngspl%\n mte&‘?ﬂé‘? ageqrdanes withclaim 28 indlading testepldf0fedding? 4

The caibuzgdndntorthé Artadent AEHOH i | ai.m 23 including the step of
suppl yi ng the carbon based fuéﬁaﬁgﬁggﬂd}%@@gr ﬁ;%%ds@fe %‘Jtﬁ%l?*’ég‘?fhh‘!sediuel-

dependent upon a feed rate of the oxygen. 25. The conbustion nmethod in
accordances i t hrigd @b, 2@ Hgthgggnngccgr o P OF it Sedi ng

ance with claim 28 including the step of

controlling at least one of the fuel supply and the oxygen supply so as to maintain one or more

temperatures in the furnace at or below one or more desired temperatures.
" . .
32. The combustion method in accordance with claim 31 wherein the one or more

desired temperatures are based, in part, upon the heat transfer as affected by a geometry of the
furnace,

33, A method for operating a furnace comprising the steps of:

providing a furnace having a combustion region and having a burner, the furnace
configured to substantially prevent the introduction of air;

supplying a carbon based fuel into the combustion region through the burner:

supplying oxygen at a predetermined purity into the furnace for combustion with the
carbon based fuel; and
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the oxygen into the furnace at a rate that is dependent upon a feed rbBdF EH 2004
t he carbon based fuel. 26. The conbustion nethod in accordance with claim

23 including the step of controlling at |east one of the fuel supply and

t he oxygen supply so as to nmaintain one or nore tenperatures in the

furnace atcotroldipb N QAghiRS; ired tenperatures, 27. The conbustion
nmet hod in accordgnce Wth o aﬁ%g%ﬁﬁﬁ@%h}?@ﬁ@“&?@ ehigrnsodute gi fragmk

t enpefAPEIRBIC al motsabatiaboun3EF andipasodlie aeal afifected by a
georrq%‘(,% %ftex%xhe furﬂ&%e. 28. A cotrar?gsoti OI’? netat%gigdgﬁr;gérpg?oﬁbmeﬁﬁ”@feeps of .
pr ovi in& a P HrRREEONR} imRge thap shewtdIID&F. envi r onnent, the furnace having
substantially no in-1leakage froman external environnent, and configured

to substantially prevent the introduction of air; supplying oxygen having
. pr edet erh ned heunsthad for sparpting @ Qurdac a BoBrdaagedidh Whm 195010, e oxygen
and tstyﬁ 0%§{‘Iﬁ:9£i E sed gu I %860 the furnace in a stoic OmeLY }1‘3’ g;51?5'0p0rti on
to one anotier A1 H§ sethiye! infonthe ifirgacerat exate stsmt of depehdigit u%(f}?a fxygen or
t he carebbthehrgpeh.fuel to less than 5 percent over the stoichionetric
proportion; and controlling the conbustion of the carbon based fuel to
produce a flame tenperature in excess of about 4500F, and to produce an
exhaust gag st Fgam ftr%t he furnace having substantially zero

ni t r ogen- cont ai ni- M h feRaTRfings inase in arsorionee withphimds inﬁd]@dih%'&%
oxi dstep of feegigithe 82yge L thod i.n accordance with claim 28

i ncl udib”xﬁ thgigstep’gyogf h@ﬁgﬁ@ﬁﬁgé ?ﬂdeggeat}rﬂgtdﬁd%éﬁltf%@!‘ aifepdyaternd thair nace at
a raf@&op Qﬁseﬂ@‘ﬂependent upon a feed rate of the oxygen. 30. The
conmbustion nmethod in accordance with claim 28 including the step of feeding
. the oxygen into the furnace at a rate that is dependent upon a feed rate of

t he car boB6.bas@He f¢tHod oo QRASE | hod i.n accordance with claim

28 ig{gl ugi r}gr Bheest ep? of pCe;ll)-ehnl_t%rgo%l Il nsé lé‘t%F‘g@éqceo‘Wéh ¢lpim élqclkﬂlr.lg;tbppl y and

]Ehe' o5y § LP @ ngipf@d)rag)r@ of thmﬁmlgupplpmi t{hé onpge@tsubﬁ%g%gwfpﬁgn%g ﬁ%g&_ o
ur NRGE: (e, r..no esi reqd tenperatures. . i

met hod in g%&rgaﬁggq@m%?% aépéf’ﬁ{)gfnﬁﬁéa%ﬁ"ﬁdﬁ@%ﬁéwér more desired

tenperatures are based, in part, upon the heat transfer as affected by a
nmp . ; p p
geonetry ur nace. ) .
o . hFhe méthod (f:or operating a furnace in accordance with claim 36 wherein the one

or more desired temperatures are based, in part, upon the heat transfer as affected b
of the furnace.

Yy a geometry
38. A combustion method comprising the steps of:

providing a furnace having at least one burner, and configured to substantially prevent the
introduction of air;

supplying oxygen at a predetermine purity greater than 21 percent;

supplying a carbon based fuel;

feeding the okygen and the carbon based fuel into the furnace in controlled proportion to
each other; and

controlling the combustion of the carbon based fuel to produce a flame temperature in
excess of 3000°F.
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33. A nethod for operating a furnace conprising the steps of. providﬂﬁbFEB 2004
~furnace having a conbustion region and having a burner, the furnace '
configured to substantially prevent the introduction of air; supplying a
carbon based fuel into the conbustion region through the burner; supplying

oxygen at &9pr edék ebmbifidnMkihdin! t he f.yrnace_ for conmbustion with the
car bon Pgﬁs'ed fuel : and 42 26 B m’f%%dﬁlbcﬁtwlth ‘fqillﬁb-”g weludingtbe sicpof of t he

oxygeR"HY E Hi @ehasdimseshBiebinfoutat firpagy ady erature of nore
t han gk, 3000F and to produce an exhausft@ggastws%gg%dn‘%wgg%? &d 1a1¢ phibe
havi ng @ tenperature of not nore than about 1100F. 34. The nethod for
operating a furnace in accordance with claim33 including the step of
suppl yi ng %ge carbon based fuel into the furnace at a rate that is

dependent {gon Ah¢ eerbustian enetfodtin@c@¥YFRB widZla; et hod .for operating a
fur naﬁ@-dx?g@}mwt?{grp&% wth cl 6\%{‘“ 33 i ncl udi ng %‘}52333 @?@?ﬂnsftﬂ? ﬂ@agﬁéefélﬁé

oxygen into the furnace e rafe that is depandent upterefede nite umecérbﬁﬁ%gseﬁqgg of the
carbon based fuel. 36. The nethod for operating a furnace in accordance’

W th clairr}1 3 i1§cl uding the step of controlling one or nore of the fuel
suppl y and’the &% gpmbustippmetied inacdopdii Miichifng ik R Stten&ﬁrature in
t he fwnﬁ@gﬁlgaéne%t}npo%gﬁ oge or desired tenperatures. gf}' 'Fhe ethod for
operating a furnace in he {95! uprie and the oxygenmsupplywoes e Mainffin @R€or Qb0 €

desi rtétperahpe imths femady £ 0P 8818 orf upgon the heat transfer as affected
by a geonetry of the furnace. °é*§?’r 5%9%%‘%&‘%%%{1 conprising the steps

of : providing a furnace having at |east one burner, and configured to

substanti &y prgy, e introduction of air, supplying oxygen at a
predet er ni ne puri t@%bruég fLpethipd i accordapeasyith clajsn dpiwtiersin theaueRPhdiased

f uel ;depissiemgeraheeary hasedain atth @pdiAhP fuel into the furnace in
cont rfglln%géj proportion to ezcabch ot her;ﬂgﬁﬁﬁﬁsoﬁﬁefﬁa ReBceBsbbof then of t he
carbon based fuel to produce a flane tenperature in excess of 3000F. 43 16

FEB 2004

43, i i
A method for recovering aluminum from aluminum mixed with other than

aluminum materials including the steps of:

feeding aluminum mixed with other than aluminum materials into a melting furnace, the
furnace configured to substantially prevent the introduction of air;

feeding oxygen at a predetermined purity greater than 21 percent into the furnace-

feeding a carbon based fuel into the furnace; |

combusting the oxygen and the carbon based fuel in the furnace, the oxygen and carbon
based fuel combusted in the furnace wherein the oxygen in the oxygen supply and the carbon
base.:d fuel are fed into the furnace in a stoichiometric proportion to one another to limit an excess
of either the oxygen or the carbon based fuel to less than 5 percent over the stoichiometric
proportion. and wherein the combustion of the carbon based fuel provides a flame temperature in
excess of about 4500°F, and wherein an exhaust gas stream from the furnace has a temperature
of not more than about | 100°F;
melting the aluminum in the furnace;

removing contaminant laden aluminum from the furnace; and
i b
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39. The conbustion nethod in accordance with claim38 including the-gtse'btgf‘w’

Suppgl yi ng the carbon based fuel into the furnace at a rate.that is
dependent upon a feed rate of the oxygen. 40. The conbustion nmethod in
accordance with claim38 including the step of feeding the oxygen into the
furnace at ,a ﬁate that i s dependent upon a feed rate of the carbon based
fuel. 41. FHENENSSubSalE PRSI lenadeninganienuhd furgdcai m 38 i ncl udi ng t he
step of controlling one or nore of the fuel supply and the oxygen supply
SO0 as to maintain one or nore tenperature in the furnace at or bel ow one

or more ded#r ed Thempérodtfor esoveding aﬂiﬁinﬁﬂﬂhHé&dr%c@%ﬂ%@ai}nmﬂﬁcpr%ar{ e wth
in the one nore desired tenperatures are ba%éla, & “ part,

cl ai ere r

uponn%ﬁéOn/{e]eﬁ?vetr%n‘gqséﬁrheéégaﬁfth%f%ﬂaqu a geonetry of the furnace. 43. A
met hod for recovering alum numfrom al um num m xed wi th ot her than

alum num materials including the steps of: feeding alum numm xed with

ot her t han4al unThemettwildoi @tovering @liniiBntih A8 o @G Sth cgati'x% 43fiHrln§ce
confi&gégfi to subsli antial |y prevent the introduction of air, fe '(ﬁ'gﬁ}ée oxygen
at a predet®e? i N4 BnHm/rep i cantanniaent dadep ehoeintimiladen dnb@hirdipase;

f eedi rgoeereslnainRR 886 tlcduginaft © the furnace; combusting the oxygen and the
carbon based fuel in the furnace, the oxygen and carbon based f uel
conmbusted in the furnace wherein the oxygen in the oxygen supply and the
car bon bagﬁd fgxgel a{he ffed into the furnace in a stoichionetric proportion
t o .one anot her method farrecoyerag aluginmiin aecordracowjthehimrd4tingludiagign based
fuel step bPsenvchin} the MR he stoichiometric proportion, and
wherein the conb&lrjgsti on %?@%tﬁg\é%gtrrg% " based fuel provides a flane
tenperature in excess of about 4500'F, and wherein an exhaust gas stream
fromthe fwnathehl%sha tfe erature of not nore than about | | 00'F;
melting the al um hum o 197 CQVSTRG emIREHEY aqegrdanen with nlaith 4B antdndiag v num

f r om stéyeof faeding ehe cartbndAseorubil ' ' tantial ly pure nolten
al urritnuci? f ré)‘ﬁ]t he furnace. 44. %%g@ﬁngﬁ@gﬁ grgé ?tgac%\%;ete)tﬁ?tdﬁd%qeﬂﬂ?rﬁd‘ﬁpi‘ﬁ

accor d5hta o 'f 0¥Y&Pm 43 i ncl udi ng the step of recovering waste heat from
the furnace. 45. The nethod for recovering alum numin accordance wth
claim43 including the step of recovering alum numfromthe contam nant

| aden al uri®um Thedsethad fbr ey @iiiigalbihunk BERYGIERALMTLINT,S Bip,dlie  Lur nace.

step of feeding the oxygen into the melting furnace at a rate that is dependent upon a feed rate of
the carbon based fuel.

49.  The method for recovering aluminum in accordance with claim 43 including the

step of controlling at least one of the feeding the carbon-based fuel and feeding the oxygen so as

to maintain one or more temperatures in the furnace at or below one or more desired
temperatures.

50. The method for recovering aluminum in accordance with claim 49 wherein the

one or more desired temperatures are based, in part, upon the heat transfer as affected by a
geometry of the melting furnace.
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46. The nethod for recovering alum numin accordance with claim 44 16 FEB 2004
including the step of converting the waste heat to electricity. 47. The

met hod for recovering alum numin accordance with claim 43 including the
step of feeding the carbon based fuel into the nelting furnace at a rate
that is deggndent pon a feed rate of the oxygen. 48. The nethod for
recover i ngal unnignTless methest (pasenaratingralummialim 18n droskladien gluntieumst ep  of

f eedi pgLbh ihpto the nelting furnace at a rate that is dependent
upon a f%eﬁngg%ég’?%F Op't he carbon based fuel. 49. The nethod for recovering

al um num i 'mtaxdudhg&r&cﬁowlhdibxﬁdlathuﬁﬁinid\é?hﬂﬁﬁc@?lh& *ﬁﬁnac%tc%ﬂﬁg&reg?&t rolling at
e aof the feeding the carbon-based fuel and feeding the oxygen so as

| east qgn , _

to na?ﬁi%nﬂa]&h%reﬁ?mr%ﬁ’é‘?@@ﬂﬁé@ﬂ&f airethe fyrnadedhavingracsygn foel doattomtiane or nore

desir - B0, T aod for recovering al um numin accordance

i eh o o G o ke bV R R Gl oP R bl ab by Seggbn |
cking

part, 2liperetihe pheiite b flangfiahpasual fRbbecs 00H° R and RATRS §%sﬁﬁtiﬁlgﬁn({@
furnace. 45 16 FEB 2004 51. A salt-less nmethod for separating al umnum from

dr oss OFEfEnths diesstiaden abumiprmanelting wathing thp furadeei nt r oduci ng t he dross- | aden

l um I Qf:0 2 , fi t bstantially . t
N S R e L T R R S R e

syst edrdsedadenpbadsici;on of a carbon-based fuel with oxygen at a predeterm ned

purity greater, t%}]agl? 2# %er cent to produce a flane tenperature of about
5000T, andPIFSVPaedisRLarossladen produstdn g snechanjepd press toeseparateghe aldarinwh uni num
mel t i BYmMhE RbaVitNBodst ' ko rtion.of the nelted

dross- 1 aden al dtr% n?ﬁr%qtEi @3&8@%%@%&%@8‘%{%@?‘3 ‘gyd%rﬁssﬁfag%@'to,d”ﬁr essi ng
the heavily dross-1aden product in a nechanical press to separate the

al um num om the heavily dragss-1aden product to produce a concentrat ed
heavi | y drg s5- igaﬁgbﬁawewd%% separgting %Jamtnur!bﬁgmrﬁgmdademlummm aning

al um pebdrdaneEweth @&Sm! AdeAudihy T | ' ' R fAcl udi ng
the step of returning theuco%ceﬂ%ﬂérpaét)ﬂggtuﬂgggﬁ%gg%ggg{epgg;‘e‘ﬁiﬂﬁgﬁdﬂg‘?r‘ to the
f ur naP®@dug3o therfdrnaget - | ess met hod for separating al uni num from dross- | aden

alum numin accordance with claim 51 including near, direct flanme
i mpi ngenent introduction of the dross- |aden alumnuminto the furnace.

53. The salt-less method for separating aluminum from dross-laden aluminum in
accordance withelaim 51 including near direct flame impingement introduction of the dross-

laden aluminum into the furnace.

54.  The salt-less method for separating aluminum in accordance with claim 51

including the step of supplying the carbon based fuel into the furnace at a rate that is dependent

upon a feed rate of the oxygen.

55.  The salt-less method for separating aluminum in accordance with claim §1

including the step of feeding bxygen into the furnace at a rate that is dependent upon a feed rate

of the carbon based fuel.

56. The salt-less method for separating aluminum in accordance with claim 51

including the step of controlling at least one of a carbon-based fuel supply and an 6;<ygen supply
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54. .The salt-less nmethod for separating alum numin accordance wtht glpﬁién 0
51" including the step of supplying the carbon based fuel into the furnacé y
at arate that is dependent wupon a feed rate of the oxygen. 55. The
salt-less nethod for separating alum numin accordance with claim51

i ncl ugh aﬂgtotrhrﬁmatnecp]eq;rn{&@%{bg' en, into the furnace at a rate that is
dependent upon a feed rate Op?l%(rﬁ%mgg? E‘Hﬂaoﬁé’é@Hbfflgwlo.neBGmoTé]éesﬁGﬂt-I ess

met ho@”m’ifat‘érébar ating alum numin accordance with claim51 including the
step of controlling at | east one of a carbon-based fuel supply and an
oxygen supplv 46 16 FEB 2004 so as to nmaintain one or nore tenperatures in
the furnac&’.at Dhe HELIOYW RAOE re desired tenperatures. 57. The

salt-| ﬁss. thod for separ a?aff;?ég%amnﬁ@ TMRURIB Geeradanse withrclgilrasén 56

wher el erf"r‘i‘gﬁ%ﬁ’éﬁ Yrmeng desichdsermn petatueIREs Bls dy . in rt, upon the
heat 4ff@[@fh§raﬁﬁ%me ff?g{ﬁefd by a geOmgtrye%ﬁﬁfa%g*%?iﬁgecg‘?atgggs?ﬂ Fur nace for
recovering al oy YI"86§-num mi xed with other than al uminum materials
conprising: a conbustion region; a region for accunulating nolten al um num
a burner; carbon based fuel supply for supplying a carbon based fuel into

t he combust® on 4 &gnase for tecoveging taheniRuh TS : i.zing.agent supply for

: supplaylinﬂgmgf(%gtgn @2 lPr.ed_eterﬁ‘i ned pu?ﬂ%a&m@%%&x?({]gﬁgg@erfw conbusti on
with the carbon DaseyP 18§ means for controlling the combustion of the
oxygen anch dotbusidrdRpiogased fuel to produce a flame tenperature of nore

t han about 3000F and to produce an exhaust gas streamfromthe furnace
havi ng a taerﬁ%)‘éi‘&rW@mﬂlaMmmtealhmﬂmnﬂbout 1100F, wherein the furnace is
confi gur ed gyphesubstantially prevent the introduction of air. 59. The
furnace for recovering aluminumin accordance with claim58 including an

ai r suppl y chxbon baged| fiélRgpsli Ml oxygen Lo fhe conbustion region for
Conbﬂﬁgféath‘é\i]?t h t_ﬁg fycarg%%%%gsggé}ﬂng&n&ébr? l{%ﬁ%d %&b%thatcoralbmtme‘egiogi ned
purity. JCPHEFur nace for recoveri ng al um numin accordance with claim58
i ncl udi ngagoxitiye Wi for suppl ying the carbon based fuel to the
bur n?r, and y\,her_é ?ﬁ%bé}%;@eﬁ?pag'ﬂ}%@‘ygﬁ‘? alchepredete mededopurity Yntb SheStpRlck €d t O
t he TACAROEStoRrvwitigthe thrbod beded ERMAUI t .
m fi : :
] cans for controlling the combustion of the oxygen and the carbon based fuel to produce
a flame t
e temperature of more than about 3000°F and to produce an exhaust gas stream from the

furnace having a temperature of not more than about ] 100°F

where: . .
erein the furnace is configured to substantially prevent the introduction of air

59, . . .
The furnace for recovering aluminum in accordance with clajm 58 including an

air s ing ai ini
upply for supplying air containing oxygen to the combustion region for combustion with the
carbon based fuel and the OXygen at a predetermined purity. |

60. T ' i i
he furnace for recovering aluminum in accordance with claim 58 including a

fuel conduit for supplying the carbon based fuel to the burner, and wherein the oxygen at the

predetermined purity is supplied to the furnace through the fuel conduit.
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47 16 FEB 2004 61, The furnace for recovering alumnumin accordaﬂd%ngt¥P“
¢l aim58 wherein the oxygen at the predetermned purity is supplied to the
f.urnace separate and apart fromthe carbon based fuel. 62. The furnace for
recovering alum numin accordance with claim58 wherein the oxygen purity
is at |east about 85 percent. 63. A waste incinerator con‘gri sing:. a
combust i @, r egii furrack Breecovarifigiaimsnump inyactordasaeppitly ¢laign 48 fhetein the

oxi di zi ng agent supply for supplyin Xxygen at a predeternpine urity; and
a meewg& predoieERiEed PR 1A e#?ﬂ&é@%ﬁ‘t@ée?% €28 B@f FP8W tﬂ%g?r@ﬂ“ and
wher.ei n f\-‘hf fuel and oxygen are conbusted at the burner to produce a flane
for t?aﬁ%q &tat | ng the waste, and wherein the flane has a tenperature in

excess of about 4500T. 64, The waste incinerator in accordance with claim
63 wherein the oxidizing agent, has an oxygen conce n .of .at, | east

. trati
about 85 @&r cehhe fusBace forareqRieriag PHEHAYP AR Wor%na%ggﬁa[gﬁeégmqeﬁela bS m 63

i ncludi ng a.further iLnj.ector for injecting oxygen into the
conbﬁ’é’i%egr?upéyg\sgﬂga%gl&‘%?eg pv?/g%bg incinerator in accordance with claim63

wherein the incinerator is configured so as to substantially prevent the
introduction of air. 67. A method for incinerating waste conprising the
st eps of : 63r oviAIWAYC HICWEEY GOMATHEEAt or havi ng a conbustion region, a

burner, a_fuel ...and an oxidizing agent supply; supplying a fuel to
t he burrer?cﬁg‘bﬁf%ﬁ%g5%%04 suppl yi ng oxygen at a predeterm ned purity to the
burner; samppleyj Ng waste supply to the conbustion region; and controlling

conbustion of the oxygen and EEF fuel to incinerate the waste, controlling

conbust i 0@ fielisypply e fupBlYaRE 2 M55t hat the fuel and oxygen are conbusted at
the burner, to:ph | BFRubSYink R%Y @A hiph@letchined pugty; andl wherein the
flame has ‘3 0? éo(r?r%gg ggﬁ’rt (Saa?r{’lly excg}gﬁs&lgg a%g& E P

out 500F.
a waste supply,

wherein the waste is fed into the combustion region and wherein the fuel and oxygen are
combusted at the burner to produce a flame for incinerating the waste, and wherein the flame has

a temperature in excess of about 4500°F.

64, The waste incinerator in accordance with claim 63 wherein the oxidizing agent

has an oxygen concentration of at least about 85 percent.

65.  The waste incinerator in accordance with claim 63 including a further oxygen

injector for injecting oxygen into the combustion region.

66. The waste incinerator in accordance with claim 63 wherein the incinerator is

configured so as to substantially prevent the introduction of air.

67. A method for incinerating waste comprising the steps of:

providing a waste incinerator having a combustion region, a burner, a fuel supply, and an
oxidizing agent supply;

supplying a fuel to the burner;
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68. The method for incinerating waste in accordance with claim 67'&55@&“‘"9
the step of supplying oxygen to the burner havi ng an oxygen concentration
of at least about 85 percent. 69. The nethod for incinerating waste in
accordance with claim 67 includi ng the step of injecting oxygen into the

conbusti o t he I Nng oxygen at a
or edet er mghﬁégg% %ﬁ Pfﬁgépﬁﬁ?i“ﬂ‘é puLjly to the%%m I;
supplying waste supply to the combustion region; and
controlling combustion of the uxygen and the fuel to incinerate the waste, controlling
combustion being carried out so that the fuel and oxygen are combusted at the burner to produce

a flame for incinerating the waste, and wherein the flame has a temperature in excess of about
4500°F.

68.  The method for incinerating waste in accordance with claim 67 including the step

of supplying oxygen to the burner having an oxygen concentration of at least about 85 percent,

69.  The method for incinerating waste in accordance with claim 67 including the step
of injecting oxygen into the combustion region apart from the step of supplying oxygen at a

predetermined purity to the burner.
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