WO 02/ 088400 PCT/ US02/ 08701 TITLE OF THE | NVENTI ON OXY- FUEL CQOVBUSTI ON
SYSTEM AND USES THEREFOR BACKGROUND OF THE | NVENTI ON [ 0001] The present

i nvent i orwparsgdsns t o an oxygen fuel ed conmbusti on systempchrse2/08701
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 use is quite limted. Oxy-fuel ed burner systens
are generally only used in those applications in which extrenely high

flame tenperatures are requirfgy o TEAENTIONhese systens nmay be used in
t he gl ass naki ng mdus%{r}g}el n order to achieve the terngratures necessary to

nelt silicato a f &% FPMBLSTI@N SESREMANIR USES THEREERRDNI y accept ed
that structural and material linmtations dictate the upper tenperatures to
which many industrial systens can be subjected. TJo this end, air fueled or
air fired conbustion systRHeXGRAUYREF T}#B\BYE@IQN furnaces and the |ike

tlhro?ghout nost qtmnytl nd%%gie&lmhm%ﬁbﬂ&&hﬂn@ﬁahﬂila)‘g'dﬁﬁiagdﬂﬂiﬁﬂdﬁtﬁﬁtUrl ng,

el ectric power generati nd, ot her .process i cat 0Q03] In

parti cul arIo éYSFe%fﬁ‘ér%BF“é‘g‘}?aﬁ’s‘F‘i%??"%t Vte’é‘f?é‘pﬁﬁ’“‘g‘lt&ﬁ‘i?’iyg“ﬁ?;‘?wh‘&tm‘éllstems are
used t hr oughe@yktent ih vhish eRlIprodteion biigttenuiousdgkiden 3 réduckiduihd indshichafsssitel | as t he
power genera}ﬁfe?n |ndustr¥, and other industries that rely upon carbon based
fuels. In SONMMPEORLIS IS air which is conprised of about 79% nitrogen
and 21% oxygen, |[9002] ed, aOxype fudlédbutneedystemns are andven; haveeer, thtieusaiiy  f uel
mxture is i rea @, gontlnuous fl ers energy
in the form g’futeﬁlé%ﬁeg (S{g ﬂl u?“ ﬁysmms are eneaﬁ onlY nsteguithgsmlg trhﬁ%ggg [0004] In
t he steel anth whichnixiremely hndhlﬁamq terBperauIEs drueh@d:df Borreaaagle, theek sysibract ri c
furnaces hav ! ting nolten
netals. Wt h(?nra geﬁ){l}g ﬁl%ieéﬁ &Plgegl%%?ﬁr?g%g{so a%ﬁweﬁgeéﬁ’w%%’??onal l'y accepted
that the eneegssancomelr Bhigane %ﬁISIQ!alealn%retdrea@ﬁiemﬁe, ithrecomimeply@bceptedri t at i ons of
the process .o BIBYnd uﬁﬁ:ﬁg‘?}ﬂrﬁmﬁ)&sﬁfc{a@% ﬁbp§"i9ﬂ%’f§t‘m&ﬁ§vﬂ§§mﬁlﬁy these types
of combustion systens. he use of electric furnaces in the alum num
i ndustry, aga’ldhsmfééﬁtﬁéﬁlcmépbﬁ%ds@@ﬁﬁlsseaﬁﬁéfrf%edt%?‘é fireg sembiisti®her gy source
to achi eve t heud LIRGLALNbERSMERRASS BEdihd Bl thidhdhBhiiN ReQsRRSHA. WO

02/ 088400 PCT/ US02/ 08701

application including manufacturing, electric power generating and other process

applications.

[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 iuels. 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 furnaces and
electric furnaces have been used as the primary heat source for creating molten
metals. With respect to air fueled furnaces, it is conventionally accepted 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.



[ 0005] One drawback to the use of air fuel ed conbustion systens, is that

t hese systens produce NOx and ot her green-house gases such as carbon

di oxi de, weuwkhsssowi oxi de and the |ike, as an inherent resect/ush2/odrel
conbusti on process. NOx and other green-house gases are a |arge
contributor to environnental pollution, including, but not I[imted to acid
rain. As such, the reduction in em ssion of NOx and other green-house
gases is desirable, and as a result of regulatory restrictions, emssion is
greatly linmited. 0805 his ePre draphaskyohedesiasfuslindopmpustionsystems. 8d on t hese

conmbusti on S HENIBydidtnsHrdliate NGk dndBitler OGN 13hse 28484 GRh b \@rdoR ¥Rkige,0f NOX and

ot her green-house gases  produced. [0006] Another drawback with respect to

air fuel ed fwifidieside andithgilike, a3p fheppntigsult @b the eppnbpstion proesss-FNGrandn e

combusti on plgfesSenlidurkas Red 195 ddf@ButbQo BRAbnmdnf® pHRESQ URluBing 0gen
present in the arr that is fed to the furnace. This ﬁﬁg;&y{g}ﬂ% essentially
xh

wast ed in t h&WtRoRlimied te acid win Asgesh Yeredyetion ypsmissiop of austed from

Ej he heazI Sourgﬁ&n-h&lsggasedciyﬂd@ﬂ&ﬂb, an-aﬁishk’ésﬁlt ﬁﬁégu%alfﬂiylf fbstﬁétidnﬁl?mﬁhﬁieﬂi %y lcoit s arﬁ
irected into e envirannment, .throy an off-gas stac r the like. Oher
dr awbacks of SREY Gpied; dg thig ‘{&E?‘}S&ﬁw%g’t“éﬂ?ﬁ“}éﬁg‘eﬁ%f‘ﬁs?c ch“f‘t}?gogni zed by
skill ed arti sadans ih A4 lifnlt @nd/drir@iutetheidestsofINOseant sther prec-hbise gasedr awbacks.
For exanpl e, inheﬁrent in these systens as well is the need for. a source of
electricity tFFs available on a continuous basis, essentially wthout
interruption. In [ohef] | ar génaiwodratbackvith elspect wial fiptedgumaresis thequi red to
operate el ectrigp otfcﬁé é‘naecegelea'séd fhotn thy P'm%ﬂ%do}{ {L%&?%.e.sa%}‘beh%r udbGedinese

el ectric furnaced Tostdd n proxi m%y o EIeCt I C generating plants and/ or
| ar ge el ect r itixadaseonsaisoges picsent is ghewirdiasis fddro thd dirndconThisénstgyis ¢ f ur naces

requite & couala ahha RURHAL hald FELALSAGDGRIAM AR Snkidad side fur naces

are operated at or”near optinum e ncy.  Mor'eover, 1 nherent in the use
of electric fthahsetoeurcs, s.g4 fumacs. nkofthis endemush of theeaergieeosis g direqieddntoi nt o

el ectrical PQEdvitdMisht, ffugibad 6 8ds kalkif HRUKEOBEEr drsibabils@Phe hipRl USe steam
turbi nes operate at efficiencies of |ess than about 40 percent, and

general |y | esembystion sypiems kuptyn yall beigeognized by skigled 376%30S- t hese | arge fossi |

fueled stations pogguce eplesBiRinicds Ak@RschdPIthéit drBSbaoks. INoKexahiple Ot her
gr een- house gases. [ﬂ}008 For exa i
I

and nore spedierntiafhese %Y%'fe‘f‘%% wefld ﬁl"l’gﬁ’?ﬁl @2?%@2’%%@&%%@?5@%1@ ndustry,
conventional dnageRiub bhditssertiblBieitiot Txerngtitn. €1 thanlafge amamesofshoul d be
mai nt ai ned between about 2500F and 3000F. Thi.s. ran i s thought to achieve
a bal ance bete\sﬁé‘é‘ﬁ PR 2B TEIg ST RORERE 8PS g‘?‘“"ﬁ’r%\? ityé’f"%'lgy Tt Pent heat for
mel ting the davethesaktlaatiefirnace idtatedinpraximityrtg elacteac gmeratingpddngsl and/emper at ures i n
the molten bafh 38O hsrddR A eriSBO M ad ARG R 1c Huhddeé Rafre 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



2 WO 02/088400 PCT/US02/08701 design in which flanme tenperatures typically
do not exceed 3000F to assure maintaining the structural integrity of these
furnaces.woOhawss4sg) it is thought that exceeding these tempensoueszolimts
can weaken the support structure of the furnace thus, possibly resulting
in catastrophic accidents. In addition, stack tenperatures for

conventional furnaces are generally about 1600F. Thus, the tenperature
differential between the flame and the exhaust is only about 1400F. This
results in lHé&igfnlngwﬁieﬁﬂm@dlefhgafamsﬁgﬁcm@rdohmxmmmmmmmssmeocess [ 0009] It

is also beli eved that heat sses otenti ma, equi pnent from
furnaces in 'Qéﬁ'L’@ Pg‘ge%gwé é@ﬁtd aiéﬁ%ﬁlﬁgth?tg?t out wei gh any
operating ef Ek&bcﬂrgﬁb{esé haperamse ltﬁﬁtsaﬂfwmedhmpﬂmrgslnem bﬁi&reﬁhanqaer atures.

Thus, again conventional . w.sdom f 1 he ) | uel ed
furnaces in VHS@RSSIILIGRIILNG i calasqp gﬁfxcé‘f ? %‘nﬁ’bﬁtg&s T r?t@r %fogbout 3000F
(by flame staivelhtiopaldirhacys Mgm&al@sﬁ:uutGQOG"HI Tlasgahe uemggamrteydlf&mdtlaleduces
energy | osse 0010] Acc t ST f. onbusti on
system t hat %f)t?v%?ﬂ%“]éa‘? ﬁg‘?% %iseos S gurtg 19?}; ng eﬂh%?gnlﬁ{sf?l%éﬂf pol | uti on
(attributabl egérgdk@efaﬂhbcoobhﬂmngnomg house gases) while at the sanme tine
providing effici e[‘riib f”ergynﬂgﬁo elfé)‘eﬁ%'tﬂa‘?i?é }’mss%é’&'a @teﬁti%ﬁ'!?éﬁ%"guan system can be
used in a wide variety of Prla applcalo Q)ng) fromthe power
gener at i ng/ utequiprhant from fighacgs m@/hchéﬂm@mnperME@@sﬁdﬁQOM es, netal
production a A8 bt KB-be BER @by BREPHSEd ON system can be
used in net a{&%fgﬂngie{aan un%uE pfocerlg%l ﬁg a f)l Y ations in. which the
conmbusti on smmmwo%@e@mwem\@ma vasfepdil Yeﬂ?ﬁ’%‘?éﬁé‘? ofat fystd ut i on

reduction. ?}ﬁg&eﬁh%cﬁ)ﬂhﬁg &n@er@ﬁﬁ%reﬁ%%ﬁér%h'oﬁf'aﬁoﬂt 3006°FYBy fdmeal UM NuUM
processing industry f process equi pne speci furnaces) that are

desi gned and stoihiemegOréer t@%ﬁﬁ‘?@%ﬁ&g’w&%‘lﬁ@&eﬂ“ﬁ%?%?%per atures

associ ated with sggfojan eff\écﬁfdﬁigty,tth@lahbtsﬁh&Bf&)ﬂ&bxﬁmsﬂdﬁﬁkyﬁtanmacrease ener gy

efficiency and reduce ol | lﬁ:ﬁ{f%] roduction. H@FI EF %Jb E\{ < JHE | NVENTI ON

[0011] An oxyeRvifes e pdvantegshBlreticls SuopmeR4! e “Mace Aaving a

control | ed erb‘tﬂef@@diiﬁmhsegaftﬁf)wmmauﬁeﬁnﬁtnﬂe@ﬂﬁtdurgmﬁicimtmrgyuﬁﬁhe conbustion

system inclydes. an o en ply for.su l g a

pr edet er mi ne:j) F’l't V‘cgﬁgo us dgfrsﬁ%%n%aﬁggasg?u gﬁfﬁ‘%@’ ?bnlrags\sﬁljaﬁlppl ying a carbon

based fuel. 'Ebphcﬁttoﬁs,eﬁtgmg)ﬁymfthlaiowecgnﬁb‘alstgi’mihtysl}@'sw cheric@hses t he

efficiency of fuel co )such £ oduces zero NOX
Proce ss¥1§er1 usb TddE rgetgl ro%udtlogl glﬂi#é&:%?sl c?threﬁfell Suf

(ot her than o) orhe. SeUr Ces S|g I ca ess ot her
combustion system can be used in metal, €.g., alummum processing apphcatlons in

which the combustion system provides increased 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 furnace having
a controlled environment, and includes at least one burner. The combustion system
includes an oxygen supply for supplying oxygen having a predetermined purity and a '
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.



green- house gases. 3 WD 02/088400 PCT/ US02/ 08701 [0012] The oxygen and the
carbon based fuel are fed into the furnace in a stoichionetric proportion
to one armDhlenss4a | i Mt an excess of either the oxygen or pcrhmsores7bon based
fuel to |l ess than 5 percent over the stoichionetric proportion. The
conbustion of the carbon based fuel provides a flanme tenperature in excess
of about 4500F, and an exhaust gas stream fromthe furnace having a
tenperature of not nore than about 1100F. [0013] The conbustion system
preferably includgsi1zi cont Thd oxyyentafidithe taborCharddrfad] hie gl ihth eheFitpgeky of carbon
based fuel and for controlli t he supply.of oxygen to the furnace. In the
control syst em? Pl IBﬁPﬂ?p%ng'ftﬁgFe?n8&‘Prot§é‘“’ftﬁ‘ge %%é’?f/‘hﬁf&e%@‘a‘e% to the
furnace. The theipgpbon baded fiel/gdass thaxdS pareeht dver thonbickddrhende frypottiva. THer edet er m ned
nmol ten al um num,t erature. . In.this arrangenent, a sSensor nses the
tenperature o?onib Sg{ggrr%‘irtﬁeecr\arbé’flaarﬁednﬁlf%p rfvé%iﬂ]rag"ﬁq%mgg?%rgﬁn xﬁgséaﬁfoﬁlétl can be any
type of fuel .4300°Fomd an extiaud assin¢am frdwethe Girhace bavinggaempespohofmet martt ur al  gas,
nmet hane and t@%}%bimlﬁqi? ternately, the fuel is a solid fuel, such as coal
ernate

or coal dust. y still, the fuel is a liquid fuel, such a fuel

oi I, including wa$td3loi | s. Tho@mbpstionsysiem pesferaply mclpdesaeonttohsysemnbust i on
systemis us LRSS EH 2 RiopR o P Bhde 8 FRVAH Y, fiqr. gvering al um num
from scrap. gﬁé% g sfgtg‘empp?r?cﬁﬂ(}es a ?’urnacoer%%{%omégnt 5?%?}?19 nol t en

al umi num at ao¥yeade the frhase dlnttherpertral sysica, the supaly of il fellowsethesuppinef bur ner. The

recovery systgmbing HdA88.c8 NTHVMGPR ordWPARA ¥nd 41 is contdlRl ¥} @ Oxygen to the
furnace through the conbustion system To achieve maxinmmefficiency, the

oxygen suppl yPrRdsieraRedmolta lupinum tompsratyge. Indhisaranggment, g sensqssesssnt . [ 0016] A

carbon based #hel@inpstiRloy the WRRtd Ssmidukar bon based fuel . The oxygen and the
carbon based fuel are fed into th% furnace in a stqichionmetric proportion

to one another to 418kt an TheaEhor based fiekqap pe i &rs 0% 6k IB9P1et he carbon based
fuel to |ess éftadinenp@e GRNs a @¥esuch hafildd plinathak bhCthPliep Alltkingtely, The

oSt oo B AL RS A o S5t TP RIREIGM) o, 1 oo
t enper at ur e ofuelnoich afueloil, malndiapwarte 0ilt100F. [ 0017] In such a recovery
system the co nbu%dlgln of bk é’ng ee)rc]enlaprf'agy Izslél,etLe combustion system is used in a scrap
aluminum recovery system for recovering aluminum from scrap. Such a system
includes a furnace for containing molten aluminum at a predetermined temperature,
that has at least one burner. 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.



creates energy that is used for recovering alumnumfromthe scrap at a
rate of about 1083 BTU per pound of alum num recovered. The fuel can be a
gas, suchweznsg4oe al gas, or it can be a.solid fuel or apcrgsoziof7oel . 4 WO
02/ 088400 PCT/ US02/08701 [0018] In the recovery system heat fromthe
furnace can be recovered in a waste heat recovery system The recovered
heat can be converted to electrical energy. [0019] In a nost preferred
system the conbustion systemincludes a systemfor providi ng oxygen. One
such system separ[a018p air IhteGecowygenstedsieat frunt the fenace Qi bbreasvesedcr yogeni ¢
separation syste Ot her systens.d ncl ud ran S ration and the |ike.
Oxygen can a%("s%w%g BS3 55 é%syfﬁ?mt eergcéoﬁ'grrg% ?ag%nﬁ g%é’ rgeﬁ%?ef]}cgu crEhoxygen and
hydr ogen. | nesugyh systens, the oxygen can be stored for use as needed.

O her systens ar wn fqr { ﬁlgg Wela 0] The oxygen
fuel ed conbusti oﬁoél;%tem qﬁ%%é%%ﬁ#@%gggﬁﬁbghggée. ‘%ﬁ%&ﬁgghnﬁ{u?%r%nace t hat has
a control | edsystew forpravding oXpeert Ong sudhisystemasepardteprairdete oxyest atdas  substantial ly
no i n-| eakag ek AN BN soblloh SN ot Ufnd ik RADHELbAR SYSt em

i ncl udes an oxydgen suppl for s pplying oxg/egen havi ng a predeterm ned
purity and asepemiesond Badikel ‘P’EY@FH%HB%‘PFHTW Bp Bleysnation ofayassimtbased f uel .
[0021] The Oém@xnaddmyarbgenpwgansﬁeﬁme oRJHn LD GRIAF RERGHEdbael are fed
into the furnace in a stolchionmétric proportion to one another to limt an

excess of  eOtHFEIYSEREars KIRYEOIXYEIRERAAIBRPEPHAY®d fuel to | ess than 5

percent over the [§§28] Chi OMBkbkyfzePfueREdrbRARion syhtett) Géherlly, aBABed an exhaust
gas streamfromthe furnace has_substantially ,zer,tg ni { roge -gont ai ni ng
& e’n‘garI

combusti on preHaREmgsedRal e acomRYEheyironmeRt, Thatds, wy %y s no

ni th rogen f ed sibstaialliind iageakhgﬁlﬁonﬁalee&ﬁxatdﬂeiﬁeudeﬁt. Sual = dafbition §ysteinogen, the
exhaust gas coptai ns substantia .no_ni trogen cont ai ni conmhusti on
products (i .&c,udﬁ&ffygﬁﬁﬂ‘p&yﬁﬁis?ﬁpiyﬂﬁqun(.})lﬁg?%adprf’%ffme‘g‘gm&%g|a gr een- house
gases. [ 0022}arldni tased diebsipply dor sspphitigdn cebon bissed fagly car bon based f uel

i ncluding gas, s s natyral gas or nmethan i uch as coal
or coal dust or%gﬁ%}?l i qui ef)xggr,‘mstﬁec%y%%S‘é‘?pf}fmlgnwflc%g?rh%s%ﬁgg%lg%and refined
oils. In suclfcdantcdmﬁusatcbmst@@&t@ﬂicmmniohmngempﬂmomlmﬁmnmg@smfbusti on
produced gasgQipC OIRONOTR. Afts BAEIRH i [0 TdiGeluiluboRne ni trogen. [ 0023]
A method for recovering alum numfromscrap includes feeding alum num
scrap i nto astishipieigc prgpottiere la pugh e Sirbage tah pxhawsk gagsheamzorathe Hipeer based

has substantially zero nitrogen-containing combustion produced gaseous compounds.

That is, because there is no nitrogen fed in with the fuel, unless there is fuel-borne
nitrogen, the exhaust gas contains substantially no nitrogen containing combustion
products (i.e., NOx), 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-borne 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



fuel in the furnace. In the conbustion of the oxygen and fuel, the oxygen
and fuel are fed into the furnace in a stoichionetric proportion to one
anot her twolonss4omn excess of either the oxygen or the cacharsobessed f uel
to less than 5 percent over the stoichionetric proportion. The conbustion
provides a flane tenperature in excess of 5 WD 02/088400 PCT/ US02/ 08701
about 4500F, and an exhaust gas streamfromthe furnace having a
tenperature of not nore than about 1100F. [0024] The aluminumis nelted in
t he furnace, aboWus0UPFaNd an ealilst gasdraam frommthefumasetheent 4 tempersthee of antnace and
substantially pure r@l tlgpoo lum numis discharged fromthe furnace. The
met hod can i Me{"oiHae $R% eg' of recovering alum num fromthe contani nant

| aden al um num i [0624] dr oSsThe ahmndnurhiamglteign thedumace,comtemmantdddemi num i nto t he
furnace. [0025] .The. net hod. can i.ncl [ Jfromthe
furnace. The a?v\‘/lé"s’?uén‘rsié% ovf’&eif(r:%n\l/glree aég%l%ﬁg&%%a\q/%ﬁ%ﬁ@?%@%f{ity. [0026] A
furnace for rdchargdifiom thé fumaceuThef matirodser ingludel thastemofirecoveringides a bat h regi on
for cont aini gl Rl-f & UMM la0dh ALEARL S hBRbnabaARAg L Ur e, and at

| east one burner. An oxygen supply supplies oxygen having a purity of at

| east about 88coperedalymingn ihtethe based fuel supply supplies fuel, such
as natural gas, 0%55] oi | f0d,dilR chd KQudelr8Q%efing Wage RAYHGRHeN the oxygen
supply and the fuel are fed into the furnace In a stoichionetric
proportion tduwoee Apovasterheatgecpyarsdcanpe conyeEgdoslec®rither the oxygen or the

fuel to less thanigpadjer cenh faNRE fdr RRowtift ARGR HolnGedap BRRIdunon. The
conbustion of the fuel provides a flane te[rperaturg i n,excess of about

4500F, and dpchedenabash regign fog eqniaiunsa Rojien plyminupyaha prediermingd + o mer at ure of not
][mr et hanl abfi&i’hperaﬂr&%cli at[l%ﬁ%g& bdrﬁba.@ﬂ@fx?éﬁﬂ@déplﬁﬁbplieﬁ bb@flgéﬂﬂaﬂﬁg ef is for rredl |
rom steel plate, stee ms and refractory. material s. e furnace walls
are configur é’(ﬁ“ﬁé\ﬂaﬂﬁas%f‘bg‘itgg?erﬁé‘h?ﬁd agfrge tfaé"tdef“gﬁ‘é“lp[y,su%\"?lef églsiuckbne | ayer of
a crushabl e iagsathral dak\@odIpdiland ak likat | east one |ayer of a refractory brick,
and at |east one r of castable refractqr teniale T furnace
floor is confi gur@yﬁavi ng eoé‘Y%eglm%%%W%nns&p%Yad;@esﬁ‘élla% fed difle | east two

| ayers of r effunaetins stoinomeetiepropoation/tearstanathee tolimit freexkesy effesthdsdlieng a cast abl e
refractory material Q ) -le : ti al um num from
dross- | aden %AY%f rlﬁoﬁ%l%k}egt%z%s%@andf éeté‘fegtsozlgr ﬁé{laﬁ%% u°o"3§"%?‘ Logl' stlrﬁkgps of

i nt roduci ng tdembuatiosef-theefidel provides a flame temperature in excess of about 4500°F, and

an exhaust gas stream from the furnace has a temperature of not more than about
1100°F.

[0028] In one embodiment, the furnace 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 least 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 aliminumis -
skimmed to produce a heavily dross-laden product. The heavily dross-laden product

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



alumnuminto a furnace. The furnace has an oxygen fuel conbustion system
producing a flanme tenperature of about 5000F, and having substantially no
excess owggefss4dhe dross-1laden alum numnelts w thin thepcarusazaes7o]{ 0030]
An upper portion of the nelted dross-laden alum numis skimred to produce
a heavily dross-laden product. The heavily dross-laden product is pressed
in a nmechanical press to separate the alum numfromthe heavily dross 6 WO
02/ 088400 PCT/ US02/08701 |aden product to produce a concentrated heavily

dross-| aden piedsBluct bR dIRRGtemARd hedVay Udes-Tadta psddeqt. The hehdddaing t he

concentrated _heavily dross-|aden gr oduc‘%‘étol t.he {ahll’ nace. | ntroduction of
the dross- | adeshde b stepofFrrming teranqeptrated hgavily deosyladenproduet o he noar girect
fl ame i npi ng@RRt. IhBoduehi®@as teldhss-Rudnd@snifundiid thefueiaass carfi@ibddih These and

ot her features gnd advant ages of tlhe @r es&ntfr [ v%nti on will be apparent
from the fol PEACHY! HERSMPEECHES OF T BR ¥R (%lntF?J 1on wth the appended
clai ns. BRI EF DESOBRI1IPTI ON THeselnEothér\fEaRads audl BABntages diF e BBYMY NGS [ 0032] The

benefi t d .advant ft t. L on. Wil dil
apparent o CRBUBORT 6 wpwgouis pioyid (RAERLIEd it by o BERRRE LT, CURNCLY

t he fol | ow ngvitietieappendeddbddos.i pti on and acconpanyi ng draw ngs, wherein:
[0033] FIG 1 is an overall flow schene of an exenplary al um num scrap
recovery process having a nelting furnace with an oxygen fuel ed conbustion
system in whi cBRIERRESCRIBTIONGE THESEVERALYIEWS QREHE PBASNINGSi on are

reduced, enbodyi he pr4ngi 1 Qny [0034] FIG 2
y @/gézgheng 'gl?%gx&g%%n@gdv%e?&ﬁﬁ@&&seﬁt%&ﬁdn%ﬂ [ \ ]

is an overall flo ' I 0SS fprc_)cess[ ng operation continued from
FI G 1 havi ndeemearesmeadily pppereatie thess/ofefingry d3dligdhe relepspiet afl€onbust i on system

enbodyi ng t h?evﬁ)ervsjix&cthp%oﬁm% ddthiRd BEE3F0R ald ¢ ERpaBing drARR] whekdm: 3 1S an

exenpl ary natural gas supp train and oxygen supply train for use with
t he oxygen fuel ed® ustid -kgme}‘ﬁraﬂ[fbwsﬁ?mmoeimwmlaa WYRHFRI | pl ant

schenme show Rgag REovery) e Bss BEkaRY d/meltifg fMha vath)aa OLyYes flledBdmbustitd f1 ow to the
[0037] Fi G Y it SUHATE IS R A PR B s FERAREM (ng 1 ur hace
for use with eaBodykidRIprintiplest theprldamtinveirioay st em i n accordance with the
principles of t he[08£4?5 ent #Igvfpstaln 8\rzle§rall flow scheme of a dross processing
operation continued from FIG. 1 having a recovery furnace having an oxygen fueled
combustion system embodying the principles of the present invention;
[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] FIG.10 illustrates a burner assembly for use with the oxygen.

fueled combustion system;



[0038] FIG 6 is a side view of the furnace of FIG 5; [0039] FIG 7 is a
front view of the nelting furnace of FIG 6; [0040] FIGS. 8 and 9 are
partial owo9srssaeti onal illustrations of a side wall andpchmasbt/esoo1r of t he
furnace, respectively; [0041] FIG 10 illustrates a burner assenbly for use
wi th the oxygen, fueled conmbustion system 7 WO 02/088400 PCT/ US02/ 08701
[0042] FIG 11 is a schematic illustrations of an exenplary control system
for use with an oxygen fuel ed conbusti on system of the present invention
[0043] FIG 12 isg chema 1(91y1sg\§/cl.gfna@ﬁu§s>&g§galsgf%eg by BQiber or furnace
front wall illust t|n urner and an air teed arrang errent and show ng
the i ncor porbtemforase \@ﬂl @wygeaéleleém&iqnéhsmgﬁwfﬁ?@ﬂ@ehﬁ@nbody| ng the

principles of thegg§esent pidY RS madd Ve OO Ak eriify pdvir bailePorsChemat i ¢
illustration of a waste incinerator show ng the incorporation therein of

an oxy fuel cmBerstonbyalkijlesratingsyogsacd gn ﬁ‘h@ed Prangrarept aid fevipkde pr esent

i nvention. DE}rdrRAcREHaRk e (Qmblstidiiy steh\iiA Ehbddpiad Bk pMKYidie ofhe present
invention is susceptible of enbodinent in various fornms, there is shown in
the draw ngs BAPFeSiPYiPveRdneiMaf t er be described a presently preferred

enbodi ment wi t h tl[muqnder SFRN A3 rsgs&k{&alhndxnmaﬁ@&ﬁakvadtﬁlelhaswlre is to be
consi dered an_exenplification of t e Qn and i.ntended to limt
the inventi oRoVs fgdnearparaiion thereipn H%‘f’?é’fsfale %deélf’?otﬁ?d be further
under st ood t hginciple§i6f the frésentddvehtions sectl on of this specification, nanely,
"Detailed Description O The Invention", relates to a requirenent of the
United States Patent O fice, and does not inply, nor should be inferred to
limt the subject matt DETAEEDOESCRIRIONIQF THIDRMENFIONXY- f uel conbusti on
system uses essen y pu n n f.uel source to
produce heat, Ho@ﬁe pr odu c?i%ﬁl%femmvglnggq?n%c%hbggf%goﬁ%%ﬂt%ff| ci ent,

envi r onnent aI?aylowcfomadbecsehqmmélﬁdramwgendmwmrshaﬁt%be@agmﬁ@d by an

Oxi di 21 NG a98flendhy ﬁ&ﬁ%aw&he&m&fma{ Nhatlg sRERE Fllent dcRA; 99
per cent can be us owever It era ave oxygen concentration
(i.e., oxygen bseqyplrigreqo@rqxqryghﬁa@wnp@ e fyensign aidgs got lthd%ct}e%mﬁ they st em

hi gh purity OXyaigsh tbthe s{;é%gic ealbedﬁgeﬁefsltu'@uétéaen Euaﬁid be QiHhERunidftstddaqhg hi onet ri ¢
proportions, into a burner furnace. The oxy gen and fuel is ignited to

rel ease the éh%?‘&;ﬁf@%ﬁe@d’npﬁmtsﬁ@cﬁ‘ﬁlﬁ@}°n fPﬁ‘Fly’ "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 (i.e.,
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 as
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 in a furnace. Other fuel sources



pur poses of the present disclosure, reference to furnace is to be broadly
interpreted to include any industrial or comrercial heat generator that
conbust s Wosgiss4(car bon- based) fuels. In a preferred systemuSoxysgen
concentration or purity is as high as practicable to reduce green-house
gas production. [0047] It is contenplated that essentially any fuel source
can be used. For exanple, in a present application, as will be described
in nore detail below, oxygen is fed along with natural gas, for conbustion

in a furnace.cofddifired HQhdeDRY 18 SrehbddR3 WeiB BAR e BT MdS 264368 1

contenpl ated include oils including refined as well as waste oils, wood,
coal , coal dy&threfuss(gabese yargy ﬁ*ﬁxﬁ%ﬂté}l“&ﬁbllf%ﬂ}eiaﬁé@“ﬁeﬂ%% lled in the
art will recogmhdfiel Becesibat batbe istalwith Hepeient bliefuelcaftee used with the

resent oxy-fuel em 048] The present, system departs from
(F:)onventi on)altl pr oc@ﬁsis in['{Q’Wr‘JSW PRE P“‘é%’@ﬁé?ﬂvﬁf‘???fpr?%ﬁ?/séﬁf‘Y%naI

conmbusti on prpdificsd rsasl Fi2st dofivehitichabddombistich griotgses agalti(astan ogidizinky oxygen),

rat her than essenti all ure oxygen, for conbustipn. The. o en conponent
of air (aboutBPlsupmbLEen. ot B cirentBlhpHEs SRYRem. (R FRPtEiog TFrmi ni ng
conponent s ( esggentomygohsnt of dir (elgpand1 @reenthis aseddn combastdnendilatiet ed from t he
furnace. Second. .the present pragess uses en | ichionmetric
proportion téem%lrﬁneg?oﬂ%?r}erﬁﬁgf&ﬁg on gflrﬁgrﬁglg%% 3)%?/%%%%%8 8%'&%% proportion
to the fuel tionassbecend, the pyshat procesisesdxygm imé stoipldorherd¢ profdrtiantono "excess”

oxygen is fthe‘fRélP k o,&ﬂmy%{eéxg n§¥f§<§ﬁ$(&:cg%ng8§%thé\’ﬁ9ﬁ’to§s%@”t ages and

benefits are achieved usin esen ustion system It has been
observed, as coinplete bembistianral B duch Tty not‘exgesst exyken igfeddnioridei on, to produce an
equi val ent  anghpisi&syRauer or heat is reduced, in certain applications, by
as nmuch as 70 percent. Significantly, this can provide for a trenmendous!
reduction in the BWAlnt of Mpw advantages anf henehis giglaghicvedgsingthe presepter t aj n

appl i cati ons,combitidysierh On heXf beMBbs&rdd, Ravill 865 &ibed Pe1&S SRR KIR! | Y zer o, and
the em ssion of other green- housengases reduced. by as, nuch as, about 70

percent over EBHPRHAD BREduce s A ANEINUBIAS e VST SRhhed) s redneed: RSB npl ar y
fScrfipdAl um) NappIseEaY, 8y ¥s B?@ﬁesap&r&]gﬁglgx%ﬁtmrygm&mcﬁr?ﬁeﬁ fuse, thef ox|ygg;1 _
uel ed Cco usti on, system (.al so re rred t as oxy-tuel or.oXxy-tuele IS
LSed in a ST BB AEPY ST palbtoRota TR AR BERED f or

exenpl ary pl applicatsons, lieleatissidvh @NOR cdnlbeteduded 2o esGtially zatolmmdnheemissiganer al | y

ndi cated at o2l Sl Rolsf bRe ok b ol D365 1 perBifolesechl gl ed- The
air-fueled combustion systems.

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,
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 result in continuously drawing down from the melting furnace 14 or drawing

down in “batches” as required.



10 can include nmultiple furnaces operated in parallel 14, one of which is
illustrated. The liquefied or nolten alumnumis drawn fromthe nelting
furnace Moandss4s0 fed into a smaller holding furnace or Iroiramsn2/ds301 The

hol di ng furnace 16 is al so an oxy- fueled furnace. The nolten alum numis
drawn fromthe nelting furnace 14 as necessary, to maintain a certain,
predeterm ned level in the holding furnace 16. This can result in
continuously drawi ng down fromthe nelting furnace 14 or drawing down in
"bat ches" as reqt{basagi 9 \MOtHa RbHIAREG Ak POH chiGik2/ BB difkdgen[(BQash]asl N t he hol di ng

furnace 16, l o in itro a d at.. 18 and 20,
respecti vel ymt!l Ttgé (ﬂ%onrefl?'ueé ?Yré‘ c&%ﬁ#‘ﬁggﬁln%gmfa%e; LRE mfta]t e draw ng
the inmpuriti dmw[ngmlimmbmmﬁbmmea:halmaimnuﬁﬁhéh«:dhlmncndramgeml trogen

function as aseous f| uxing ' r. I e, fiam t he

al um num Thl%’sngt ogﬁaﬁfg%uségug%%glﬁg%&éﬁtﬂ& ?ﬁggﬁ&@% ajugr#“ﬁr na@gs 14 to.

i ncrease cl eamalsg botarned gt mnilek rokltingyfurnaess &oto u@‘dawrclmngeﬁmlb'au@diﬁil uxi ng
agents inclu X I srpactively

heat ed and og‘gaa?);t@egg@tgﬁp%{aten %e%eﬂglﬁcﬂﬁeg%g@a?\%%?&%%og{lé OOF The air
tenperature hﬂerHélsmﬂl‘Gb’rheét@wldomrﬁtgﬂrﬁthyloh?—rgn@ﬂ tenirgrg g of pheut npl t en al umi num
| s then 11t e5eb. ks Rhlpkncin BRUGHMPS is dighiyilent © T11ter 22 is used,

However, other types of filters are known and can be wused. The filtered,
mol ten al uni num 180%2hen fé!alem}tm@nmamaégbps@ét@reml’re{ee@ssraa-tﬁm he degasser

24, a f1uxing,AgRmd filie? YR uga. %wé%?%&eﬂ@ﬁes@ﬁﬁ@érihrekﬂ%%ra&g&ﬁbbs used, as
|nd| cated at 26) is fed into the molten_alum num The nolten alumnumis

agi t at ed, suéff’dagh“(ﬂ}“’{fdn%‘blﬁaﬁ]i“@éw"s‘fW?@?ﬂ?‘@lggﬁ&e&aﬁér% uxi ng agent 26
bubbl es up t hr ougbosspe rmlmeiadaéawa}marnmn@gam $ublDAkfah iR $ad Bgah,, OXi des)

fromthe alum num 054 The lten. mis then.fed.into an in-Iline
caster 30. Iﬁlm‘ée}’i‘és‘(‘,sg‘gta%?’ ‘?Rf"'da(tgél EEH‘%@ Een@é‘g‘fm‘f’?ﬂ eTNET nuous pl at e.

The cast thi akmmlcagmtaﬂaasu@raywmemechfmmmu&i@sandcﬂlibem:xln@agm26750 i nches or
nore. The al rolle nt o a i C ed at 32, for
use or furth '15%"2?8% g’ Renaalpr eseg Araw es(?% ?elﬁgnutrgn proceeds from
the caster 3@1umlinuough a pair of hot mlli ng machl nes 34 where the plate is
mlled to a final ckne u nches (82
mls) and is then[ :II ed ts%e o%t%\l e co?sﬁﬁg&l%ﬁg‘g%se%&g%iﬂ the art

wi | | under st atmasmeammemnmecméﬂWtuwBsmm Threast thickagseicanibai shi ng
processes t Naly yA e (8 bics o BUFs0GELE nitd. e afifrbnufiGRubRbd N9 and

finishing pr ocesses are wt
rolled into a coil, as 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 various end forming and finishing processes that
can be carried out on the metal. All sué'h forming and finishing processes are within
the scope and spirit 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,

10



t he scope and spirit of the present invention. [0055] Returning to the
nmelting furnace 14, as stated above, it is an oxy-fuel furnace. It is fed
wi th a cawbon/oksased fuel, such as natural gas, in stoi chiparAtSN2/a8701
proportion with oxygen. This is unlike known furnaces which use fuel and
air mxtures. The fuel/air m xtures feed nitrogen as well as oxygen into
the furnace to support the conbustion process. This results in the
production of wundesirable NOx off-gases. In addition, the nitrogen al so
absor bs ener %ycaﬁiemge&enmgswfmagealuumle%emu froé BAMNGI STndrEoceyer al |
efficiency of the process. That is, VO 02/ 058400 PCT/ USO g2/ 08701 Dbecause
t he percent ag‘gob?auﬁ@?@géﬁnlrﬂheémm%%%at, a |large anount of energy

goes |/nto heat i ngjobswg nltr"gge;nyg_rea/hﬁte;m @hﬁﬂpd{%s@%ﬂ%ﬁ“ﬁﬂn&é}%&lﬁ% Thef

oxygen/ nat ur a 0 ons | he present. mel ting an i ng furnaces
14, 16 are %B’Gg‘g%"g’ég %‘%"b\&'%-{l‘g‘f s oWl yary deng ﬂﬁg‘ﬂPﬁBH‘et he purity of
t he oxygen Slpﬁ@dy)éfﬁé\dxyfgélﬁsuﬁﬂyuﬂcﬁh@ﬁanhhﬁ‘tﬁdmél Foraxareplé nipdeg perfetxder per f ect
condi tions re e e rati.o.is theo ically

cal cul at ed  SoBERESHRRR G IS B bR Sl IR Breve. b to apout
15 percent ndr&S&Xygesnever; cha:akygmmppby camldwe\ai tiorabdut gﬁpemest nmn{ox%eways 100

per cent pure. A?ltiu%'%s and a? 1s nol always g%e%rﬁ%gt p%t[)et Vé'ichh @Qspe s%ﬁéq‘? L& and

under st and t K3 asi’s

cal cul ati ng thesrtrvall amme,clatekvad m@rsgmbthathhmmsnmay vpuy spgitly tunthe bdsisf ueI and

Oy 08N, ¢ TR ARolE hlR har FlcRen RERRR LA or Y B fon | €| DI OV des
nunber of vant age Fir CS1Chi gmetry provi corrpl ete
conbusti on ofremdmﬂﬁlelel thus resultl ng in | ess carbon nonoxi de, NOx and
ot her noxi ous of f em sfj L REExve H1E BRI HIBUHSE F3S6S cgeneral ly). In
addition, the con?gﬁil ed oxyﬁﬂgﬁp%r oporxtylgonts al é}o rgcuce tohe anount of

oxi des pr esefvapiageshBirsighis gpickipmenyrerides pmeplets gpmbystien ofthe {ielihys 3 hi gher

quality fi na'resﬁl'tﬂéﬁnﬁé&%a%dﬂ%&md@ﬂ@x'aﬁ‘&&h@h&ﬁ&ﬁ%&‘ﬂf@s LRisSiGRRr t hese
undesi rabl e oxi de contam nant s. It is_ inmportant to note that

accurately c8FERBIUST gasesaseersly) il a@f’f‘m“o')]i‘?/ﬁfé‘ﬁdtkﬂ OKY&SP PRHPRSASE oppl et e bur n
of the fuel. réﬁubahéﬁnduﬂt&b@ﬂ&pﬁ@&hmﬁémbmnamﬁnmexmspinemm@sdekafuel ed
le with LO (loss on

power plants I|t ants), that stru
i gnition). §‘§g§ u%HtYi).'“ lPé&dé atngﬁeé#rf’??&%f’ H‘Fsﬁ of the fuel. In
t he present undbsibit oxile coduenimdnbser hand, substantially pure oxygen, in

tightly controlle@ toickﬁometr C rtion. to the. fuel, .mpimzes and
possi bly elim nat gSﬂ?hese tlg Ui orfant &% é%g 8at accurately contrelhng Ele tatio of! :
oxygen to fuel assures complete burn of the fuel. This is in stark contrast to, for

example, fossil fueled power plants (e.g., utility power 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 and possibly eliminates these losses.
In addition, in the present method, the only theoretical NOx available is from fuel-
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
particularly 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



In addition, in the present nethod, the only theoretical NOx available is
fromfuel - borne NOx, rather than that which could otherwi se result from
conmbust i omowsissgomi r. Thus, NOx, if not conpletely elim matrasoz/es7oeduced
to an insignificant anbunt conpared to conventional conbustion systens.
[ 0059] Oxides in alum numconme fromtwo major sources. First, from the
conbustion process; second, fromoxides that reside in the alumnum This
is particularly so with poor grade scrap or primary netal. The present
process takesighti}lBntrdiHp Dk fiRh aell N onBAhA n&kesshily®F SroRAMMEES pdborfer s and
reduces or elimnates their inpact on the final alum num product. First,
the present [PBRlgSsomtugipelthgfices that could formas a result of the

82}/822 B gd fc%r g h[gycggngustmrpﬁeélmpxlaecssfweslslinthnﬁdéraioa@kbisasgﬁaisoméeslll V\ﬁ

4 PCT/ U 701 tightly conptr i ng oxyge eed tq.only that
necessary by °5tifes Fhafrsiding n FG";%PPV’S&“ Gpov ‘g‘fdgsgbﬂﬁffs"?fbﬁn of the
fuel. [00601 dddussinprafs fldring pRCESS. ThKRBefitsdromadbld] ke faktiothattide second
sources of oxides .(that residi in the alum num, .and .renoves t hese

oxi des by vi Binia “8?‘$‘f*ﬁ 0 23%%%&%@ *?W’ég%%af%Pf)%%g’é‘%@‘?ﬁ‘&tbenefi ts
are two fol disgrkedly babasded.i S t hat | ess byproduct in the formof dross Dis
fornmed; second, t ual i ty, of ., the f.inished. product is.greatly enhanced.
[00611 It has al s@&%gen fo%}rll alts?lg enlﬁoélf%%atausglgél??eg%’yégnnmm xet@%’aér}’/(agai n,

rat her than aathean@lap afuel/aii mixowa) yesulessuhigker flamériegheatufes aurtee heliqger at ures in the

nelting fur ' QXY - f . ls fhob furnace of
about 5000F Z‘?ﬁ&-a%"ﬂ%‘%%‘@é%#ﬁgl‘?@ﬁ%ﬁ’%ﬁ%“%@ﬁ‘?“%ﬁ%ﬁ%ﬁb@f & 2000F, than
ot her, known afhievedCBus is highertabert $30Hete A0XHE drap othet, keawnifsingrgs. dky- f uel , in
conj unction Wi fisotB&SBsdiled AGE usﬁdg%@-ﬁlei,%ﬁjf'\.ﬁé&g?% tHeSHireSadnft an extrenel y

highly efficient process. In one neasure o ficiency, the energy
requi red (i nt@measRsTepdindn grremelydigidyeedficieny piopasin [ngne easwepled. 1 n a known

process, the BRRHGY the Eibedy 16fhirbS (RRPUS peBpRBd BilbdeRe@umBlaGessed product. In

the present process_and apparatus, the energy requirenents are
consi der abl y meedEed. Ipgthewa gresesp g epgeoreayiesd &Y abpit ge0BEYb of t  shoul d al so be
noted that agkdchedddioduite In'thélpresenthiréessab@EhpalaaY, thd clerk P feqlifiefs ire t he present

met hod is natural gas, an r j as fuel, suc s o0il (including
waste oil), &Cgpidera qus’ ?Pé‘%lmgﬁ %(}Fjﬂg °F‘P?€‘§ Procegied, &t SE%‘Q@I 5215‘{ ?96’8'?% br pur poses
of under st andititggh the“fudl®disasyed aave & referehde@o thp pr&@c@sthédiendniraieast i cal ener gy
required to rrag}ll (Erga%i %eg(;ueifsuc%lalél r(Hl agcrpldmsg w5a9t% o1 TcL:JoSal, coal dust and the like

can be used.

[0062] For purposes of understanding the thermodynamics of the
process, the theoretical energy required to melt a pound of aluminum is 504 BTUs.
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
system. These inefficiencies include, for example, actual processing periods being
less than the actual time that the furnace 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/Ib 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/Ib.
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However, because specific process inefficiencies are inherent, the actual
energy required was found to be about 3620 BTU | b when using an air fired
conbust i oMo ozpsdt4@m These i nefficiencies include, for examphrasozes7orl
processing periods being |less than the actual tine that the furnace is
"fired", and other downstream process changes, such as caster w dth

i ncreases or decreases. In addition, other "losses" such as stack (heat)

| osses, and heat | osses through the furnace walls, add to this energy

di fference. 100631 Moreover, the value of 1083 BTLVIb IS an average energy
requi renent, even taking |nto account these "losses". It has been found

t hat when thé%emﬁﬁw@§§ﬂwgfrunnlng at a high efficiency rate, that is when

al uminumis procegggs] al MASheseR Heiring! Rtk 14 i§ Bdrbicted PAMakGSRRD the furnace
"fired" wi thout processing, the " vera%e energy requirenent can be

reduced to alf®df ﬁ'i‘%‘BﬂE‘q”BlstBef%BB‘P@/m% % she\igsness shellgid s ssIe US02/ 08701

The Mel ltl ngf Rk B kas &fQQ&f&ho fetdh RERUBy 40Ed: i:nengtwymaqaet theight. quast r uct ed
primarily of ste

| and r ctar terials. erring to GS. 5-9, the
furnace shel |Se£bsiﬁ%§““6ftﬁe4§é%fa rrped o {9“5‘5- ‘e%‘dibg*’é‘ts WIEL% dth by 40
feet in | engtiBedifiedBrofigieds 44 andws), @Eﬁectxvﬂyﬁfor tht Gghacsitel]l U2 sthuctues ekcept42 i S
formed from pl ates and be ntified through
as 44 and 46,2 ?Sg'?ﬂ{?g]% r 16&’ F‘ﬁ?‘ﬁ&%é‘agﬁ’éﬁmp E?‘B’ssfefbg?%ﬂfre except as
i ndi cat ed. TheeldeldmgeﬂlérB Easni/ad)nslabmbedeaimtﬁrmmmmcaﬂnegﬂuydkhmmhc& 44 st eel
that is weld ;f#)get her. Each weld is above a beam 46 to assure the

integrity of urnace shell 42. [0065] Additional beans 46 are provided
for furnace fl oor [0085]suppoAtditiongbihmsvifeare A6vigeddun fdmacedlvoB4d smprortwi de f | ange

about e"erynslﬁ\%ﬂ 5% ?J%d%seé}{s%c »;A;Ildc.]-:ﬂ %fa%PoFe AR oh SYf c‘lh 1y¢ of the

j 0i ni ng bea are co sea are stit tothe bottom
pl ate 50. Thitge prampriig @xcb@mwf the joiming teamsswhieh argjeampdetely spamrveglded)axgpansi on

during heati rgthmg@@LOJ&EI,&@WT&&%&V%@V@ HPRE kel A oklehgdi LY to the

furnace bottom 52. The beans 46 maintain the furnace 14 rigid to reduce
fl exi ng duri rﬂjﬁpmlﬁsﬂlﬁlngéﬁﬂé& of the refractory and | ong-termuse. The beans

46 al so provide sygppgrt sngmgmmlngquﬁjoﬁtahmgﬂtytglﬂgfﬁrggcgace 14 the

mechani cal | oadi ng on the refractory materials is mnimzed. The beans 46

al so el evat e RoHemper Fhshsaputorpptntap the figpace fbrigid FodB‘}“c‘bﬂeW% QFng he furnace 14
i's nmounted. TihitSlaféd W réR@lory anl 1dBp-tda ubed SThil Beathd @6 klso provide support so

that during operation of the furnace 14 the mechanical loading on the refractory
materials is minimized. The beams 46 also 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 a 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 furnace, 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 furnace
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, it is, for
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the furnace 14, to escape. [0067] The furnace side walls 54 are |ikew se
made of a steel plate and beam construction. Two wall regions are

recogni zewlp oabgsseo netal | ine and below netal line. This @#cstusnzed7on is
made for both strength and thermal value considerations. [0068] Bel ow
metal line, the plate is %inch thick. Above netal line, the plate is 5/8
inch thick. In the present furnace, the first eight feet are considered
(for design purposes) below netal |ine and the upper four feet are

consi dered (fgf nc@ﬁs’?deﬂaﬂox%%@?iﬁﬁ‘e%?le@e‘? el RlaPvill e REthe ERDEI14 Reags 46 are
used to support the sid 54 ot e furnace 14. The beans 46 are set

on 18 inch cé\ﬂrtrr@# preraEen. r%lmonﬁ fagtory meyanelcynssqe@ﬁgn phishsforraredle. the4. Hor i zont al
beans 46 ar e RtRAGREaRbe Afinled fdbeGAtifhSs VAN, HBAIm kill ge &gk 24 | nch

centers above netal line. Although the netal |ine in the furnace 14 varies,
it is, for fumagplt 2/ 088400 PCT/ US02/ 08701 desi gn consi derations, the

hi ghetSF Ievel OI mmo?i thathe\mdfbsbﬁh&ﬂ@@ﬂ@img@gﬂeﬁaa&glda%nnormal e th
oper ati on. di | e c [ or exanpl e, e
metal line c "s‘ﬂ‘n@ @63%%5 %P‘?‘?eﬂ“? w@ﬁ*&gﬁﬁﬁm@ tlﬁeAﬁl‘Fg‘}H“ﬁH}’ﬁ%“Pﬁ Il line of
the furnace 4354:e v{ema&’&]beaih@exteﬁmﬁg &Pos© the twidth, fwthich additiokdl HeSmﬁarElangl ng
refractory desi a 6.are on nch cente n dth of the
fur nace 1. ABGTG AR ToeRuet HSuiite Mt RS e o e R i Wi hcr ose. t he
wi dt h, whi ch pagalt tefranaly bloelane: rouatedor i ent ed al ong the I ength of the furnace
14. Cips are nDT@%ﬂg to tﬂp be%”§4pu?w¥gmﬁﬁ PEEC tﬁnm¥{§&¥ﬁry bl ocks are

nmount ed. [ 0071] ur nace aoor's ur nace side
54. The doorﬁle5®rsaﬁ‘8€armsedjdmﬁugD}wgatlopéxraltlmmmgfoocle@klgnhnmnﬁmaed eani ng the

main furnace, %Snb%hﬁ%ﬁ’tﬁ&e%o&%tf&n%fﬁm@%%eﬁ% fhkfage chamber 60

char gi ng. EXOSS e cont am nant he surface of
mol t en al umi ribagontamiinagtslagihat fosmglel ﬂl@tﬁhéacfelsrfmaktﬁ@ alumiryyg) bpaldstup fnside | eaned out

at |east oncend Mgy 1&%&%&&5@&1&%& attléaé’trb%;f.eear E&Bﬁﬁmnikh%%%s Dis
removed by op enlgg t he doors ski nm ng ﬁe surface of the nolten

nmetal pool . [BE7 séws%ﬁgfrm%ref‘rWYr@e%ﬁh%éqorWé%ﬁwmgmsaﬁ%sPf scrap is
placed in the khdhaealWol. 62, and is subsequently nelted and transferred

to the furnace heat chanber 6Q, sone types of scrap, such as, sows or
ingot, are better BT%CG d dAlﬂ@&g}] Wg]typlcal operation, metal or scrap is placed in

the charge well 62, and is subsequently melted and transferred to the furnace heat
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 transfer these types of
loads to the heat chamber 60.

[0073] 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 furnace 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 in the
main chamber 60 to the scrap charging area 62.

[0075] There are three openings, indicated at 72, 74 and 76, between
the chambers 60, 66 and 68. The first opening 72 is in the partition between the main
chamber 60 and the pump well 68. The second opening 74 is in the partition between
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the mai n heat chanber 60. The doors 58 can be opened to transfer these
types of loads to the heat chanber 60. [0073] The doors 60 are of steel
and refrawpaegssionstructi on. The doors 60 are hung on a mechmoaz/esbl pul | ey
system (not shown) and are protected by safety chains to prevent them from
falling to the ground in the event that the pulley systemfails. Powered
W nches are used to operate the doors. The doors 60 are hung froma comon
cross nmenber, which is supported fromthe side 54 of the furnace 14. [0074]
The mai n charepnplvell 38 andthd RepichRagingarkdes. fThetird 6deniiz 76 in tHeur nace 14. The

well 62 is parti.tioned fro thef rnace heat c er 60 and is partitioned
into two ar eﬁgnngn%%?ﬁﬂﬂﬁéﬁ% ub% %ﬁmﬁm 3t 88?“;% fh punp area 68. A

circul ation punp [DO7&}| rculaneﬂmmmhgsfnpmmh% hretbgnoare fadt betow then al um num

inthe main cha cr, ing are There are

t hree openin glysml n %%gﬁ&t e ‘;'ﬂg — e"tm\fée%‘2 % 4?60 esllr?‘})ers 60, 66
and 68. The fme@ﬂmﬂpemntvgxtﬁaheamwldlemhmmpa]mnbmGmaxideommtﬂlblﬁowraf chanber
60 and the pynp £ 7 ifion between
14 WO 02/ 088 emkhfgg‘ﬁlpﬁr m’iﬁ"%%%f%@%ﬂﬁﬁg ﬁ’géémhlg e scr ap char gi ng
area 66. The ttghi(rd,mqa@mnngonn@lwd@nvwnmgvp@mmqﬁwdiéb wehepunp @0 shar ge wel |
66 and the ng d Milna f] m /4 and 76
are about oneb E)egt F ﬁéatgg?/s“?%‘égw actgé; %QEE Fﬂfnl %r;bs% "The furnace
14. The openlaﬁ@@uhzngmméﬁduﬂﬂ@mpﬁél ow metal line to maintain the heat

inside the main chggger 60An@ﬂ;§us¥ﬁ’oo@ﬁ@ié%@&tx&n@@aﬁob@ﬂeQtia:ge%ehﬁ’a%ﬁsd)ﬂ ween the
partltloned areas of 'the furnace 14 a to maintain the furnace air- tight

(i.e., maintaibk %Pdaérﬁﬁam%@@ﬁ@ﬁﬁie?lmwwwqw‘ﬁ@%@ SPB‘#%&’C‘E“M) The punp

70 is locat %rd\pm@}ﬂth@h&‘é/@e{ll@@4%%m&é@edpr[ﬁélﬁéaﬁls%(ﬁ@ SshtioBed dH (r)pme gar bage,
rocks and dross from accunulating in and around_t ur’r’;é)8 0077] An
ﬁamfe}ff)"’% v

exhaust hood 18 cqvers hssideivaih bthe el esseriallv ¢apiggit € S hood 78 is
fabricated frﬂﬂﬁhﬁ@dchazﬂskrssthmgmaﬁbmo (REBITS 4Y Phsdtdtk Baexhamtstidagse from

whi ch the si I 54 A br t beans 46 e itioned on a
blate that CoRpehmE i corielS ot i Fesgs e R ppi n 1t of f
The hood 78 vent s[0o78} nuai Bxthust gaesexit e fivedce 60arddlootgh bazhsisa8k 80 (see FI G
4). The stac rom.the furnac 4 and .can be cl osed off
to maintain ?ggghﬁgg?aﬁﬁﬁuﬁg&ﬁwsﬁ% anA ffjﬁ]‘?‘ﬁf ;bﬁrél J]‘%Iabsoes?mem t the
furnace 14 arpdinfs| @ls solyerts felgediks hBent if feraBaludinunTiveceighouse 82 is used
primarily for col gg6gi ON OfycHHAMENR thefisIAR off-RIT bumers 84, The burners

84 are installed on a side wall 54 of the furnace 14, opposite the doors 58. Steel is

constructed surrounding the burners 84 to allow for mounting the burners 84 and

maintaining the surrounding wall rigid.

[0080] The furnace 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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paints, oils, solvents and the like inherent in scrap al um num processi ng.
[0079] The furnace 14 includes four oxy-fuel burners 84. The burn ers 84
are inst avbedogsaom side wall 54 of the furnace 14, opposi PeTiUse2/akoor s 58.
Steel is constructed surrounding the burners 84 to allow for nounting the
burners 84 and nmaintaining the surrounding wall rigid. [0080] The furnace
14 is lined with refractory materials. The floor 48 is fabricated fromtwo
different refractory materials. The first material 86 is a poured slab,

about si X | NGR@Sanly map&ans%ﬁ 3 b g tﬁu&{cs engtdmer&eéﬁ%hﬁnaﬁorﬁeﬁnegsys such as AP
Green KS-4, that forms a sub hearth. A floor material 88 is poured above

the sub hear tthagemmpdatehermpliexpansion ofdbe fumaceddi K Hrmassiwallnéd$489d about

thirteen to fs@uﬁm ﬁ%ﬂabcﬁﬁ|1‘/‘S&1ch¥&3mc§r|f6wrmtt&fﬂlﬁhceaawlﬁgaﬂ(ﬁgﬁg%@en 70AR
refractory. It a 70 percent alum E al um num resj stant castabl e

refractory. ?&%?Pg‘h’r?é%ﬁaqfﬂ"“ﬁmc@& tEsreds X mchss PIOCKB. from two | ayers
of insul ati Qisulod Wl (bRWed floyt ahmaearms memés;;meenmaummmltchw phosphat e

al umi na cont M S St PP P valal are G SR B PGB i ai  on 0

i s insul ati nghdibgrd, about two |nches thick in the side walls 54 of the

f urnace and about ee | h .t on the WO Q /08 0 PCT/ US02/ 08701
ophs ' BEEok Rao el BB AR 1 et

front and rear wa e fu in insulation 90
t hi ckness is Mwlaamdmandﬂdan@the testrmipdctoek §Paride anf 8 is fabecdtedrfroac® 14. The

furnace wal l . | ear foot.

Thus, the fu ﬁgéiéa%m\%@%mbg?%%v&{o? ongmtﬁgal{%%go#&ﬁq%ﬁogf eft gp total of about
5 inches. InHatladomﬁeﬁr@leiisfabﬁi%tedrﬁvhé/@Petﬁerbabllwn@Rreﬁsmrat| on 90 (each the
front and rear ﬁ,?ﬁj?r ee 'm’f*ﬁa% 1&9&&5@4&4 &ttalp%ﬂtlﬁ&k?s"(ng shS\%iS'The and al |l ow

for gromh in the nace wal out damagi'ng the furnace

shel | 42. [od®stpetispositioned agyths bptetm Bofiths fiysare endnerd apdreindlogkst he cr ushabl e

i nsul ation bQadHd Loisiid §BosdRALd Ju&éeﬁ%h&raen&ae ﬂ&bsfﬁlpﬁinaéémus fabri cat ed
from70 percent alum na castable refractory he material is poured into

Si X roof sectSFRyFes et sgplifooks Wqurél%s@fq gHandhe qusinofte per cent

al um na AR r efh@e R leXse oEQ%&}neIMhé mglaa@ﬁhe]fﬂmms,s forReds8d the Bfocsap out bl ocks
(not shown). The fjrst set E’Fd on the bottom 52 of the furnace

and serve as amsai%ﬂm%*&wgm%eyg UGPMp| ocks is positioned sixteen
i nches fromthe fjoog of therémmeﬁn;amﬂbtsmyﬁ&he&ﬁmacetdramséawoﬁet of

bl 'ocks. The ttlli anasufl c rargtg ldgtg:rls< §8. alrh% rasrx%}s ar%ralsetd}}gr cgé{aggmg or s he g dross D
from the molten metal and for allowing scrap aluminum to slide into the furnace. The
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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furnace for ease of replacenent. The inside of the furnace is forned and
the blocks are set on the outside and keyed in with a plastic ram [0084]
Ther e ar ewvoweossamps (not shown) in the furnace, one at eaedTafSo2/4d1e1 mai n
charge doors 58. The ranps are used for desl aggi ng or skimm ng dross D
fromthe nolten netal and for allowing scrap alumnumto slide into the
furnace. The ranps are conposed of two materials. The base is a | ow grade
al um numresistant brick, stacked to forma ranp. The brick is covered

Wi th a castable rgpgAct or ysctphodhhreed & ihtRRNARE td the fknace BUGIthage Wdie 70AR
material. The ranp extends fromthe e

- al ge. of the i1l into the furnace.
[0085] The wéRin wqemﬁ&%ofé@p‘h%%qoégu%eﬂmPF‘fnG?fﬁa‘&dZ&%ﬁ%ﬁ?HﬁPr% nd the
charge well 62t mrdBRud scig will ohie epbiiiupaitie bige dndlcapReinyf sfarafitdAR mat eri al .
The wall 96 is cast as a single nonolithic structure. [0086] The furnace
14 can oper at!d in several nodes from enpty to hol ding and naintaining
mol ten al um num (0bss) t he Nblkdaadeal fémits nidin ¢hamber 6P &rpatnpadontd the i s about 80
percent to 90 percent full. The nolten al i1s at about 1400F and the air
t enper at ur e icﬂ‘atn??@? 9&{%&5&8‘%"?@ 185?‘“’1%6%%&‘3 ‘Pﬁkensr?%t%l% SHEESDY t enper at ure
is about 10Q6dductiiity, tb ewpeld atetal ¢haigs. TRahargenietragidly hestsapdowltd. e 98 in t he
upper side wall f the_fur.nace 14. .N\et al r I sured at the
base of the ci rc@ﬁ%gﬁi ng g{}‘ﬁﬁ“’f‘ﬁ‘.‘f’& e@ﬁ‘eﬁﬁiaaﬁﬁ‘jgg‘%ﬁ%%%éb‘ﬁ%’@ 1 [0087]
Scrap is chambgechdoctionnThederge it sink frinadell by tedil furnacerahapieesrtje wel | 62 in
| ner ement S 0l @B hedo SR ARLIAS. Whin ML bbnabPis 40 AR B9 phbl off NE ST 28 of

weight of the i n uced scrap wi Il vary depen upon the size and
capacity of tchmcitytheratsabout 220,400 088iKs Mohaliemalpmingin af 2bous ¥ARFmithep chanber 60

i s punped ontg,f Q%?argeg(?rho the rﬁﬁ'{:l)acg DR BarlPYotd 416 ned: itk Lﬁtﬂr&m}egﬂlgp 70. The

nolten netal transters he y conductivity, to the co nmet al char ge.

The charge naeesssarsperay for heshiransteriq thpehirged meydgdhis e perdiiiM6de of heat

transfer to tifiRenGibAY & hpadity sk the Firhate, ab¥dapRMBUES frédent ok fuel @mBestibeat si nk
provi ded by the full furnace enhances this eff ctlgﬁ,‘ rrgt hod of heat
Bep¥die

transfer. hErshelhegrsiatiae punm( suse et ofthy sspyp ptmihacity there
i s about 220,40 tdxReihdEe Gkl BDIrbiE hedhait uihdéd chimisb 60/t In 24d¥n, b)hen scrap is

charged into the furnace 14 the bath_acts as .a h Si .and provides the
necessary enéfrﬁ‘gat‘lnéfhcmé’ n‘f‘?‘élnléqmeﬁt‘a?fé)cai‘?{‘eﬂ@ﬂﬂ}obté%%%ﬁ% “This is true

regar dl ess oOfmditigined low.
[0090] It has been found that by pumping or circulating the molten

metal, the temperature differential between the top and the bottom 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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di rensi ons and capacity of the furnace, as adapted to the present oxy-fuel
conbustion system The circulating punp 70 assists nelt of the scrap by
provi di ngvooer/ossabt en netal to the charge well 62 from t hecmaism/ésagonace
chanber 60. In addition, by circulating the nolten netal, heat
stratification throughout the furnace 14 is maintained |low [0090] It has
been found that by punping or circulating the nolten netal, the
tenperature differential between the top and the bottom of the furnace 14

(a height dlfferfamz of %Mm{ﬂs% e RER urhRe ORE YeraohfVidemivess Fahrenheit.
Thus, the furnace 14 acts as stable heat sink to provide a consistent

heat source floyeralbmisg e«mt@ﬁandr@é%ahert m%t%plévahteentﬂ}?éw%alﬁa walisetTh¢ . [ 0091] Heat
i's input to thgent 4H:RACR tHebkRY hdnld SusBHigHRF Surdifla conlent refr@rieeMfher lohat t he

princi pal node of héat transfer to the furnace 14 is I‘@gl atiopn, with some

convect i ve haeflectimornaitls radigiive heas Fomfhertymersidh fp the bathareadly Aeap s, t he oxy

fuel conbusty daaua@yﬁ,tcemeaﬁdm m&e%ﬁgpllﬁaidlﬁoaﬂlmmemhmr dideavegiker . The
ace 14 i desi gned. to inc t he heat

geonetry of t e

transfer rat édeg? Jzamqeﬁbh%e lése ““g%?r‘F %@“ﬁ?fgésq’f{}@ﬁaﬁbﬁ?wtheat
transfer fromfetpgen: HAMR ubds alldver mamaia catblerefracfoB) 9Rkh Isinoadaliviniceh, t he
refractory mat ri akﬁ%above t he rre al um na

al Ii&% ar e made of alhtilgh
cont ent matet"i1 é“sﬁlﬁ?’égrv%s T3 SPRSE e Pesent ASsien BPPSSATPRIREY bur ners back
into the nol h@ﬂnsﬂ'ﬁéaidmoﬁbllapplwatmnrbf@aﬁiattbmt to conventional furnace designs
whi ch, rather th flecty het back i.nto_ .t he l.t en t pool , permt
much of the heat a@%d;‘iscapeM?’g% %ﬁcau%eﬁ?eﬁedts:gom ?geﬁgﬁéﬁ%gg%@gk‘bﬁ/ US02/ 08701
[0093] For exahgkhen fiel-beotnd riiwopah) thenohswad hotgeses (g asliaust) eingthraeghhave a | ower
alum na cont glnaid 12BNl hgagag&géow uﬁ@ﬁh&@asmpé R8adhoPGhe sHiatke wal | s. The

present design, on the o uses er alumna content refractories
in order to gmiilnel@tﬁnnmeé4@f0\/tdm aﬂ@lﬂ@f&ﬁﬂ?@“@é&fﬂﬁ??@ﬁﬂﬁﬁemm ners 84 to the

bath area 60 ,/fgahdal. bbh@fnde%eﬁm?@%&pelmayw iRk effibibiapRidesi gn. In

tradi tional furnaces ower sid (defined as bel gqw netal 1ine)
use hi gher alcenyesignal dfrpaces: dn thakthe ket easey i thytpresent firpashi4 2pgtoach ¢ he present

desi gn uses ZohoMVgid hid HielAdveBAS AR @nE LR HhuH of theMehiGirembvedBfir tedvanced
and has a higher insulating value. In a sense the present design goes

conpletely &Y#Pfst the traditional application of refractories. [0094]
Moreover, becausedsgre i SAP:Qseﬂtﬁlfrﬁ@ﬂﬂ opérehed £ ah BiRrdyUfipbeguitdto (Ot her than

fuel -borne ni t t opaﬁ)n?u ltOQfB¥8 per poun ase%eét p%t to thexl{lnacetll 1ng| ng through
about 40 million BTU (40 MMBTU) 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
natural 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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the furnace 14 is very |l ow. Advantageously, this increases the residence
time of the gases in the furnace 14 providing additional opportunity for
heat tramnwber/ssaod he nolten netal. Convective heat transfecy/ush/os3o1
relatively low, is nore efficient than in conventional furnaces. In that
the hot gases in the present furnace 14 approach 5000F and have a
relatively long residence tinme, nmuch of the heat is renpved prior to
exhaust. [0095] A present furnace 14 operates at an energy input required

to melt of t. 1083 BTU per un ut to the furnace
14 is about qgf)g&rrﬁ“frf%ulw 8QW%°V{:&§S“ Beraw“gr?%aﬁ y%‘ heat input is
about 10 to mmbmmmbhmatedﬂmvxmeayonmmndem\bdséd,oxmpenamg se, depend upon
the scrap bei QohisdELIS uﬁ,&ggmhe production requirenents. The furnace is

0

capabl e of mel ti ng up , 000 pounds per hour. The Conbustion System
[ 0096] The conmbusti syst Bremainptpeessinpht variable Gsed 3 cagrpldheadompustibn 100, -is a

dual conbusti ral gas, fuel
o1, vaste ofjm i Pl bEl ARRLENFRRE: Aun®) by SRR 2 yaen
source. The W@wmqmce%mgwe@1§@@% sigeatpiram enecod adyerst digempeyatire s t o

facilitate natRLEORNGE THRToMRE &chaﬁe frxélude@%ﬁ@&%ﬁ RO DYp 19%1;,9&% | ow use
peri ods. One ox en tral n 102 and one exenp y natural uel train 104

are shown in lgsp WPPWH@IM@WBW%F@W@G@W%CMW led by a

control SyStanp(xtkhiﬂ%&?ﬁrﬁﬂyth@nﬂc@plellbs1§19&iteﬁ%§ﬁgnﬁﬁé?ﬁﬁédllb&ih% 120) that
i ncl udes a centiﬁl r ocessi ng T%‘ U') 106 that nonitors all data

i nputs from M8t P%’P@F%luﬁerm CW%EV@B‘BQDW‘WGQWB‘SQM

t enperat ure, tmwe&as@mglelemmaemfﬂmuno@me pne\bmﬁ@&na&o@m@r(mt@mtbaéder face. Each
conbustion train an be l(E)}per at ed i ndi, vi dual@g‘}é]to in.ta dem hased on

operating cdRBTS 8%‘"% % GTIG SRt that is yeg) Bertandn e SAT9¥¥S s i nput

vari abl e usedoidition®foiuidin rﬁoﬂ'ta‘l maasb Thé iaaﬁnthex&msd@mlm@& chifigufed tosignal bat h
tenperature as e t he AI ter iV rocess input
variabl es inc tl%lg)ngl ghal s yrStSIrIrllo(I)JrY é"#g%hé Sabteﬁ?vg sensors 98,
110. The contpresétlevelhene i ncl udes i nputs fromther rmcoupl es (type K

| ocated in the fu e up r eroof

i ndi cated gener al (W as Pﬂ{;&ﬁﬁ@hh?%é@ﬁ%%&h?@?ﬁeﬁ%%i Hsclgﬁ SI e 108 is

| ocated in t Hdesignsd foeﬁvmbrawmtenﬂen- Bs tharecauple lﬂﬁercm@chbes 112 are

sheat hed wi t Qvﬁ-h&ﬁ@a%@&mh{-t Gt SR BEvRhS cdnbuRiA e mt 102, 104 to protect the

refractory and furnace 14 structure in the event that an over temperature limit is

reached.

[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 charged 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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the neasuring el enent fromthe atnosphere. The bath thernocouple 108 is
protected fromnolten netal by a ceram c sheath that is resistant to heat
and to thwooonssasi ve conditions found in nolten nmetal. TireThmbios701

t hernocouple 108 is configured to signal initiation of the burner system
only when the netal bath tenperature falls below a preset |level. [0099]
The stack thernocouple or the roof thernocouple 116 is designed for over
tenperature protection. This thernocouple 116 is connected to an
over - t enper atalllgés fréshiilsviitchd3pdhusdiiung bidoking tahes, andiianstdentotsr dhens 102, 104 to
protect the refractar nd furnace .14 structure i 1e_event that an over
t enper at ur e ISF‘r?Pé p%134¥£‘§8ﬁ°é189 FITH l%ﬁlgmaéﬁlﬁ%?n \ﬁfgﬁ%fn%{a%(@rg@coupl e 98 is
primarily usdahcticnsemfied aut by thh€PUuPhace 14 air tenperature. It can al so be

used to operate t urnace. 14 in t . Qf.. eﬂgp th

t her nocoupl e 108.“?‘?132 uppefhe\ﬁﬁf?m?ﬁrg?ﬁrﬁggugl egTCI}%H%% a Jé%@%hse as the
process i nputbewaseivide vérilevire ntherss et of ssrviiderfert fobeNamglechaintgeaded ailavhe f ur nace 14
or when the | . . ol beneald t hermocoupl e
Tos. To101] At spdbalERlodh BRRpREO UG TR L RPIND | T e ool
poi nts. A cormequibmgntsn Erchigpgtriin d04 pommencenpicarbatl-type shsaff valv o9 for al |l of the

thermocoupl esfg, ; pB%,Q(ﬁrtes %I;c%as[ thichgh J-gtr%mexlll%@ 1o TEMBVEORS ﬁ&{r}f_@ breSAbin@Y USt each

t her mocoupl e set” point unti|l operation |imts are achi eved. The operati onal
set point | fingsAeesPpilpiding 3@t fom e pigingHBhafinecirg d34-hat any desired

terperature rangerisi) be £eiaBleisietkulald 1925 uEhe eaalnsich@n Syst em cont rol
system 120 is configured in two parts. The firstwﬁgrt 122 .includes hard

wired saf ety FRSSHG FEesentlycthe oy epmaresywre is)sptpf fooul\Bipowida Rer AT A | i ke, as wil |
be recogni zeqpdy. Whagerskive | #0ni Bafét} @alvds 142 FHNes & linaC huiiffereh@al WO 02/ 088400
PCT/ US02/ 08701 al vgas&rprgsiure SW t ches tI§hu O%.L agzﬂ %ogki ng val ves,
and flane detPEsPes oW mper 144 sJpgied dpynsyoam ofithe RESCBIES of* P& 120 s

moni t ori ng anfkt@uioiedsires tholnpahturefanddifferemial pragsure efithe pds abit fibhe CPU 106.
[0103] The gas trains.l are _configured. in irs s ne train can be
in service mﬁ‘f’%ghtaﬂfgn%‘ieﬂg?' ‘ixgreS?Jnf ﬁ%‘?mgtgrr {/4:465e (gf?lo%ngrrntogeigﬁl e, mai ntenance
or | ow | oad/diffezentairpreschee fldvamnbtergas train 104 is appropriately sized

Vi s-a-vi s oxygen reqguire ' i gqaences at a
bal | -type shut of Eollgézjll ve %ﬁgug@%ﬁsﬁﬁasfgg&%ou es&{eﬁée&é%%%teﬁr ough a strai ner
134 t o r enpveigaalys wbmited tortezentrol systetrhig0. 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 to the main inlet nozzle body
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line. A gas pilot line 136 extends fromthe piping 132 after the strainer
134. [0104] A backpressure regulator 138 is used to | ower the header
pressur e.wBroe®ssand y, the oxygen pressure is set at about P8TASUnGEIpeEr
square inch (psig). A shut off valve 140 and safety valves 142 follow in
line. Adifferential pressure flow nmeter 144 is | ocated downstream of the
safety valves 142. The flow neter 144 neasures the tenperature and
differential pressure of the gas as it flows through an orifice 146. A
present flow 1rsewnu&éb4m'uﬂheaﬁ18(gsermugmtenmdedhoaﬂ%tendditﬁri)@lamduai pressure
flow nmeter. [01 t e tsaflow te i s determ ned and
a signal is PF%?{JSII%I tgag‘%’#ﬁzo@nﬁ?“r @{@mli%spe& @6%8?0 alve 148 is
in line fol ltmiuelpxydes mitoow rreter 144. In a present arrangenent a

nodul ating contro | ve | hat ceiv ut_sign fromthe
control system 12@ Nﬁhe va mH‘f ?Oénr?g?n §ysaemsl|aoral a‘@ﬁc?rﬁe o ntrol system
120, and spe@b’faichablhgn,onbf‘@e@éwnﬂmd apmnniaodiauthCtdnaohh}tthaCPwm&e 148
position. [0XQGL. ;T ate |lines
104a, b each havin ‘e’algie;dzt Q{i%g}&gu&gﬁgw@a Vfgithﬁ%@ ‘E%dzﬁe&?@d to bal ance
each burner amreééaf@twapormemlét2gé@e¢¢n@wsyseralﬂ@nrr;xe@P@ﬂ@ﬁmmared [0107] The
oxygen train RguhiSaish mﬂ{ec&emt megﬁnﬂgﬁhﬂeslgﬁ’relgﬁ%p&e %]fﬁf thet N€ 1 ne
sizes and conponents are larger to accommodat I"ar ger rate of
oxygen. An exXewpyigsdyafeney gertion 123i Ahegp apdsoxyganpeqssusg witches ajofa gl | n whi ch

t hose comon@mm&@%@mﬂmpﬁe&u{ewmﬂirsah&nﬂaﬁéclsﬁmwmtﬁée i ndi cat ed
by 200 series, nunber entifiers. [0l Referring to FIG 10, the burners

84 are a fai M8PRESFSS ﬁﬁ‘saﬁmﬁeﬂﬂ%nﬁegw éﬁetFlﬁén"F(‘i@Fm"dﬂﬁ?ers 84
i ncl udes a myr@etwlsﬂeﬂda@dmmﬂﬂe%grmﬁtmﬁ&@nﬂ& &pet i@affiyir nace 14. A

fuel gas inlet 154 ex e main inlet body external of the
furnace wal | T&RengEsd éﬁ{glagd?'lﬂ’ﬁwa’f“éaﬁeﬁ@% Wﬁ‘?”(‘é’f’ St‘iB?‘i"Iaés"H%?&?or?O VO

02/ 088400 Pmm%@@zaﬂdox&gzacM1vmoee$4m4m¢hehJWf@aposm%ﬁ Ifgni ter (not
shown) ext ean? toQtrrqvgvesq4§;3E§ Fxtgéaﬁgéepgcﬁ g%]%lfﬁ%%}fl&‘?g/g]éﬁt body 152.

The igniter provides a spar m xt ure.
[0109] Operatailomstbécdnhdsmrbl%)ttomnsqashﬂnaxﬂlﬁeromlufeeamé\yr-carr| ed out by a

combination QlnRRRLALATH Hilk LMLk ABLIRD 1B L ANLAMLI fn EANDIRLY Lhe CPU

106. Power is provi e system co enap e CPU 106
and t he har d-start up procedure.

[0110] When all of the startup conditions are met, a nitrogen purge

cycle is initiated. Nitrogen is 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
trains 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.

21



wi red safeties portion 122 of the control system 120. The CPU 106 initiates
comuni cation with the control valves, thernocouples, and relays that are
part of twe ozksssoe wi red safeties portion 122. The gas andPoXyusenogIoessur e
switches are of a dual hi/low switch design. The | ow pressure switch is a
normal Iy closed signal while the high-pressure side is a normally open
signal. The CPU 106 determ nes whether a the proper signal is present and
all ows the programto continue. If an inproper signal is recognized,

audi bl e and vi suaﬂo @lar ns ﬁ{e%aam,aaﬁ@&ygémgmq,mrveﬂ 1480026 GPeraé so nmoni t ors
whet her the gas and ox en con ves 148, Zggrelnth Iowflre

position. |f ndepradengpy 338?‘12%03@%"?%‘1 tBiih5#8s VaSsi ti on,
signal is tram@meﬁa&dpénbﬁa&safawm142;e4mmof@enswaeramaaaﬁgmanent| nue the

startup proc An over - re Si be.clear to all ow
the system 138%3‘3“%%@%@”9@?% §S°¥Pg§$5m¢%@e§%}°§m’t 0110] When al |
of the start Npiv&(b@é‘h,hb(ﬁmﬁl raltayexsrmatrglzeal asiwell asparindidatog Bght oy edok ghsstraimi t i at ed.
Nitrogen is us t ur he furnace 14 of any.combhu ases that may
be remai ning Pﬁ‘etc ’§’°F ?ﬁnﬁgéé gﬁflg?ﬁler iRaReLt lz%goégpfegeﬁmrrgawgo that the

vol ume of ni tabcn:gwsetdndm@tcetﬂa@reﬁammadmaﬁm;haselqiscﬂ,lthezn@ctrctmasdet- he vol urre of
the furnace 14 01 ofm of th
combustion tra lﬁJg |ésL&1£ IISS gso[l)e%f)g%fﬂb a% Jngr%gedégsgg th'pﬁ gppal r of
burners or alaksembhelshtsitmjmhemlcat@&ghfrfooeadp‘em&rm A flanme control | er opens
the pilot sol enoi gy The p@e?&m@ﬁ’ét@c%%%%co@ﬁmﬁoxﬂ@rn’f@lt&%&ﬁa?&e@ fovever,

upon starting, | enoi ds are opened and gas-a en fl'ow through a
pi | ot assenbllgﬁsoﬁﬁmmdlqﬁ\tlomﬁeﬂﬂnﬁlwﬁh%%srﬁmla t@s@&rﬂ%ﬂgﬁéc‘y’ﬂ%s m x and
are ignited RyidscHRRiteGm &B%gybg‘éﬁ’gﬁulf%llﬁ&i‘,s Yo, biPanti bRARENE PIMeE 042 er . Upon
ignition, a flanme detector detects the presence or absence of flane
and transmt@%t signal to the control system 120. Once a flanme is
detected, the conpigy systess kdpiapeaset lieaifama&lae@mampmwﬁs for both
t he gas and oxygen. 21 WD 02/08 PCT/ USOZ/ 701 1%]: ;H%e mai n fuel
and oxygen SHEFE‘“%S ¢ by thepapial sysig | 4 Igdie sy éi)?ﬁ@e e safety

val ves 142, MQgeﬂE@lt@WHvlegMQ& xﬁaimhnédhamelcrosetdrpemgmﬁegwdleseofpi&fassdoes not
open, the saf eéé | ves 14@, 242 dg@ 1@ 91 mai n . as val ve 140
opens, the g&8 ﬁ&‘”%@lﬁ?n BFREPIRYAER paéeffloiﬂ‘ﬁledz‘ﬂ Sir{penst of the main
val ves open, gas fiwnfollovs dxggenfloivs Teaiemgolsgtkna B2 0wedintaigsthagns artte mresteor i ght for
each gas trai

rio.

[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 control 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 turn, 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
proces’ng plant 10, there are three applications or uses of the oxygen fueled
combu;tlon system 100. The first is for melting aluminum in a high production

envuonment (i-e., in the melting furnace 14). Second, the system 100 is present in the
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on the control panel 118. A pilot tiner remains energized for a preset tine
period, about 30 seconds. Once the preset tine duration has el apsed, the
pi | ot cirwoim/ossio@e- energi zed and the normal ly cl osed solpemaisd2vsmbves are
de-energi zed, isolati-ng the pilot assenblies and the pilot indicator |ight
for each burner train. [0114] The flane detectors 126 conti nuously nonitor
the flame. Upon |oss of flame indication, an alarmsignal is transmtted
to the CPU 106 and the control «circuit isolates the gas and oxygen shut
of f val ves 141€blduig4tﬁmmd6lpﬁmmifrlyﬁgswaly\smctard@;amedkﬁlau@mm&hoﬂhee the pilots

are de-energi zZ8 fur nac | control
system 120. P sys eq%%%%“sngqﬁﬁggﬁ{ﬂem&f %%ﬁ%m gen control
val ves 248 artemmatwt:humedamnseﬂmebmmme@ésmml(@wmm@gmhessbeof process and
set point val n their range
since gas fl %gvo% reﬁ%g 88\%% en 194‘ &8’513 e co tr(?tfcl)1 )%‘glfljédrar{glg%drlrﬁal ntains the
gas at the preaskyse, thedwimsrs apeQastgled quwrg’ypremmm apgenvirenregptabieont node, t he

control system 12@;4 esponq§ lkgtlo(ﬁﬁéﬁ*tﬂé;&r&@l%cB&x&ﬁh&J@st&ﬁ%@%@nd set point
val ues. Furnace terrper ature’1s nonitored and matched to thetenperature

set point. Wikermelratayt Ereased inmpupern YRMBT aerihaure size arsyarewatios of theoi nt

tenmperature, @Rinealsa0ss wall Q0AL tenperd@RE bR, the?mﬁaée‘é] ‘134 GeN6b Hle desiphed em 120
transnits a signal to the ox%g}?n control _val ve The gas control valve

148' is al so ©OR¥#S| Theer Fhijled %hwlaqcomﬁ@ﬁm%mcal Higtecates ffeg-nt vari abl e
folt I g}fvs L hg KrietsRésCld Qx@'ﬁké):caféa;bécﬂd &QM&J@T g6ljhedd @ﬁ%rﬁl@h&d@fandiﬂzi%fw as f |
est abl i she e oxygen ter. e r system is configure
to limt the %’B%Jt?cr%?g %%W%ghgﬁ@ng;iﬁst?’hh{b,”gﬁﬁ&tlg‘%ﬂa Y¥%it the output power
of the burners 84[01§9117] Thaapr&e:rtbuﬁmdsmmsgteﬁwnp‘t&@desanﬁin&pem fically the
control syst 0 ca be col |cat| on for
and in any in %u%‘%gffsovf péessgrgll’fuﬁeg Bﬁﬂeg%ségl&flﬁgséexaﬁgé ‘eXanple, in the
present scr apbean shnwmﬂmugpbpwmspthgttpdramtcorfsﬁprablbeme@yaa'engsrmslegthappI i cations or

uses of the ;{%gs?rg%o&ﬁiﬁ d&dslyst&?'ifwtl‘h?& 2 it ﬁg%éggbpeIﬂgat 'xr(u%ﬂm ferf OF MBI tiNg

alum numin 1on envir nrren ting furnace
14) . Second, temperays themedh@entiosal frmsesn Thisntherh & azzbbmed)iy:@%me

PCT] US02/ 087 Ojeqt 16l Bk nfoH A RA: ihéhushial diBhcaliohs S ibleBfiNeab ke [ eMperature

and alloy mxing o I"'t en um nu ast application is in a
dr oss- el t i ngmédgeyrilelde fosdor crampe. clgam Bgﬁfa“%ﬁfféfrea@%ﬂe@“%ﬂfiébeélka} e used to

rel ease the meliahowdis b fedi@iol HH He4MIMH FPucE RBuiRE to operate the furnaces 14,

16, 166. In practice of the present invention, it has been observed that the average

UQ

(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 burn
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, the amount of

gas flowing through the furnaces 14, 16, 166 is low. Thus, an increased residence
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recovered for production) fromthe dross D (nelt byproduct) by thernal
shock. In each use, the burners are installed for energy conservation and
envi r onmewpabk/ossgasons. [0118] Applications of the present pcormdsuxos7on system
100 vary by thermal output (nmeasured in maxi rum MVBTU per hour), size and
orientation of the burners 84, as well as the tenperatures at which the
furnaces 14, 16, 166 are designed to operate. Those skilled in the art
wi |l recognize that nmechanical differences (e.g., line sizes and the |ike)
are needed t tmacfthemn gastepetrhitssle relicéist ef 4 lagemneendgion afichetgy &in theferm speci fi c
program ng gl kg OhAL: AYPhERARQ 1anfb (RY 106 may vary. [0119] The
system 1

present conbusti prOV| es a hunber of advantages over known
and presently usdél22bnbustlypical syhaus gts. voluoe isfrashiqiabof that offragventimeln shown
through oper aii,en irl'lﬁ&ttﬁepqugooh&(ﬁﬁf&@ﬂt%é +s? E‘é}% théBiéb gs using the
present conbustion stem 1 e OXxy- Bur ne 84 operate at a nuch
hi gher  t enpeamRopmeokahim 28 oxxr Bl Srmeace, mmha@@safﬁcme:sxsgteh@re is an observed
increase in hbﬁ%e@%%o@%ﬁiohﬁ%rﬁac@@[he'ﬁﬁ#o en(doﬁ'lp&IeHlefai'r skt fudtl ofaPpl i cati ons,
this increased heat can be nade available fo for exanple, steam
generation, PEFIEY @sier H@P%@%ﬁfhﬁﬁﬂﬁ?%@elmqke}n&wHlﬁﬁeétcﬁméwlé’és a reduction

in the amoun;ysfafn 100 Qxy g8 GethbraBhntaf) &a%&&efédh@mw&ﬁ&sseﬁ ié 166208, 166. In
practice of the present inventian, been observed that the aver age

(and esti mat BUeding stpchiomenfetor éaﬁll%céﬂwsew%amx‘ififs OXVEFRi At nelted is
decreased f memﬁbﬁvﬂ&rgﬁﬁﬁ&baw P cortiivh rélhied Ratedlyes)! dxddabxybety nace) to
about 1083 BTU. pound in the nelting furnace 14. This is a decrease of
about 70 per %N °ge‘F)n addition, the fuel needed to maintain tenperature in
t he hol di ng furngerR3jL6 hasrhbpxefensdmumubmsysdaﬁ l&@ﬂkﬁpr@ﬂ&sfﬂ@-lﬁcrdﬂiedt hat of a

t I b I f
attri but ed tBOPGS BPTIEA = P STl Rral B mEUFRcPEIEh hoat of the
combusti on sihsdughpul @Ohepiamatetvall boinpleastd Thivmgaiofs aahbutédxeﬂxe\mmmm excess
oxygen. Seco&?'ecu{% le: ?&%&9 [ ’Asn% 'nr%taP Ianp\%g%m,% combust i on

system 100 operates w hinara rve (or eat franster zone,
wi th sone hedd thercambystion Syytercéﬁﬁmmondmaplcllf)m@lqwdﬂheatmeleﬂw fed@netas desi gned to

166t o 1 ancher pai® bR npr SR of hIRRLEm blhehebl 1 HESR)C0 ce ther e

i's no nitrogRynttemperaure dﬁkﬁabﬁnéﬂméﬂ@b@mmp h@emhﬂah\termfﬁmg&lg fibmowi ng

t hrough the fuaRBEAStL0urcel6, 166 is | ow. Thus, an increased residence 23
WO 02/ 088400 PCT/ US02/08701 time of the hot gases pernmits the rel ease of a
| ar ger proporti o034l ener é’ﬁrhegs,ﬁnqsﬁglp?r&nﬁy, is the reduced environmental impact

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

combustion systems. The present system 100 advantageously 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 is 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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of heat) prior to exhaust fromthe furnaces 14, 16, 166. [0122] Typi cal
exhaust gas volune is fractional of that of conventional furnaces. In that
t here i s wbaawsfdo percent | ess gases (essentially the nitrogarso2/eroponent
of air) in an oxy-fueled furnace, conbustion efficiency is greatly

i ncreased. In conventional furnaces, the nitrogen conponent of air absorbs
much of the energy (again, in the formof heat) fromthe nelt. In the
present conbustion system 100, oxygen (rather than air) and fuel are fed
to the furnagss cdddust Garurkbrs andil). lsandlt biiprécesingalithdesefuel wageati 0. This is

carried out wi thout excess oxygen.. Thu there is.n n y absorbed by
non- conbust i HST¥ALGR %t)c;f“‘ﬁﬁels%tfrf% sac}é‘.e‘{fg‘, E%—f%lg‘@%’ leosi#fglésngseglrn%ﬁgt rogen). [0123]
The present gagprdyas as @l ay/tager golfld bdsis o odwxe desinfmr Thiseede®sed producti on.

When installed as rt .of. a neltin ftgrn . Bel.ting capacity or
t hr oughput o?mf‘ﬁﬂ“é)@}gngl@&c%tﬁ’i’s%eélalgﬁhgr eagg%o iﬂlléfﬁglé'ai nis attributed to
the rapid and effective heat transfer in the furnace 14. As new netal is

i ntroduced i 0.1 be jurnace 14, the conbustion system 100 responds rapidly
to provide h To%h&It the fed metal and to maintain the heat
(tenperature) of [0126] nol t e wittbadecagnizedhey theso bkil imthe pfidhesaxygenpoi nt
tenmperature. .l b dans R frégémgon{,ﬁ&%%f&m NBAGERRE Righepd meny ef ficiently

from a radi athve heat sdurce. Perhaps nost inportantly, is the
reduced envi rigonginaxsgenicapbegiurchesed prndaielivered eand sorART &8s Bifesy¥eih 100,

conpared to %ﬂﬁo’%@ﬁ&ﬁ%lé‘tﬁﬁ% a@@@g&?ﬁgducﬁgfm&?t?h%oﬁéé%&mﬁmoﬂﬂﬁepresent

system 100 advant ageously uses no nitrogen rom air) |n the conbustion
process. TypFerauston sksm. SEchas B PHMPESCER AURIRIY RIS PR o r eact i on

product of the hegpfef air HehatngnewheHIAY, thédieischiwishyogenicyiai: €80 However, in
that the present system 100 uses oxgtgen r,@}tegfr t%an ai ]él%ang NOx produced
by the pres&itsey resgRf comeyston Jy&em | Q0. sl dfusrates FRBPRIVSIRESY el enent al

ni trogen thaplahtsi8d Prodidde1 05us péridap of at feat bs parcenepuniiyt axggranpd 60,000t hat

fuel -borne nitrogen | evel s are, extrenel law £¢Q red.t o t contributed
by air in cof B Fek RSF h%ggﬁl?ogteﬁgg’@esfg‘%ﬁsp%& r?%}al&b?’égeght conbust i on
system ar e wehé plae |1 80ineltides b hghddbrsyposeathetesddge @mgressgolér fiwent al | imitati ons.
In addition to reducin r oduct i [ OgCE | aler

gr een- house §YEBESe s"‘ﬂfc% 72& %”t%%%&%{oﬁ%%(xlp %Je&?r Ill%é g%s%eg{rasetg% V- reduced. [0125]
I'n addi tion, 18%attipessuedi6dpsigand 7 omparturlof 264 cand entbre apryegraist  oxy f uel
combust i on_ s yshfe ORIE! MBS LAREL Uil (fsEARD Lo Bl 2 Ui num  can

I de car bon

be processed at cons rably Tess fuel Input (any ased fuel,
i ncl udi ng 24 nitrogen, liquid nitrogen, gaseous oxygen and liquid oxygen. The gaseous oxygen,

indicated generally at 188, is fed directly 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 fed to 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 24. 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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WO 02/ 088400 PCT/US02/08701 coal, coal dust, natural gas or oil). As a
result of processing with | ess fuel usage, conservation of fuel resources
i s achi ewsd.o2lassgenti al ly, | ess fuel is used in the aggregace/usasosmel | as on
a per pound basis to produce alum num This reduces processing (e.g.,
fuel) costs, as well as the taxing use of fossil fuels. Oxygen Supply
[0126] As will be recogni zed by those skilled in the art, the oxygen

requi renents for the present conbustion system 100 can be quite high. To
this end, alshpppugéiplant yeggeienteand. TR tAUK-ahss@als 29101 9bakd soafigfled and stored for
usernthe system i.S nore sirable to ve an e roductron
facility near“'gpaty yps&PI?IYBVgSEha"g&?mFﬂ%qnas@S?fﬁassf‘F}bﬁ“ngg’@ gHh as the
exenpl ary sciphapt B0 ol ﬁk@@ﬁﬁ&gﬁgcqﬁlba%redlﬁa&n&&]md%fderSystéhg; saew to FIG 4,
there is shown.a cr ant. . 1 for use ese combusti on
System 100 Tt iSreRyY iR yiry SRR bR R e b B h quces 105
tons per dayoﬁbaxa:uryl@amtctﬁﬁt percent purity oxygen and 60,000 standard
cubic feet per hour of nitrogen having less then 0.1 part per mllion
oxygen. The plant 180 includes a 1850 horsepower three-stage conpressor
182. The conpfeashreaberi r, at 71 psig enters a puri fier/expander 184. The air

exits the expandefy;,9184 atpa Emgﬁéplg %ﬁg ature of
-264F, and entersr’ ryogeni c I st Fﬁegsﬁlrg% q%%%gd %ﬁ’g col um 186,
air is separ araetdhiadfr@nmelvemuspwp@segaMQallmm Preg@émg mlang U@ eknni t r ogen,
gaseous 0XyQeaBH whiitaholtg Sfbien i HRS FASIPHYBFRTFIG!A Hhsiated general ly

at 188, is fed directly to nbustion system 100 and the |iquid

oxygen, i ndi @&%’é’émg‘é‘h@ﬂ%’ If‘?meﬁle%@@ngﬁl@a@tlé%‘h?bqldlé&@ﬁﬂ%lqlﬁ tanks 191, for

later use foNiredidd t&&%sfdarsbmadtareaﬁy&b&yrhé@&chaﬁgsr 20X Y 9Kkt BE @Bt e fromthe
cryogenic plant_ 180 nmay be lgwer than that required for the conbustion

syst em 100. Ags?é)aartaérﬁmsse%eéﬁa ‘b‘Fb%@r ﬁ@‘?‘ﬁas°°ﬁﬁgﬁf%biletﬂ‘f@é}mtﬁ’é‘€‘%ﬁ€gén t he oxygen
di scharge fr i tdi®e €0bwersd. iBLIdRIBEl chddgy caf BERUSKICA from)isd kRAuddBoveeed to rai se
t he pressure to th{%ﬁan ed for the combustion system 100. [0128] The
gaseous ni tr 968ner ally at 194, is fed to a downstream
anneal i ng/ stress [0&30] evi ngl"}eyesmaamgésm 1§&h@vmto\ﬂictvbﬂsrﬁ htdnexchimget 10. These

systens, whi %4 use nit [{ﬁ%ﬁglfigfteéataﬁé B um%eglogm S‘é"ﬁl | i evrﬁ%gér esses in the

metal and to2 HrmEsIE ‘lled in the
art. In addi tOfthnheathehangextm@gmhrﬂr%umsltmnhlpmdmadletgamrhng units 24. The

pLant 10 al Sualekilas i Bastueibe b 0RbnGEl s RVASI ARG ILbcAGEN 191, 196,

respectl vel Y, OI’ min-the even ) [ mal nt enance or
ot her situat iTbess slinHed/rh ﬂ@rartt“hléree%wg theiveriqus tymes of 8Qrkingflvids that can be

used for the present waste heat recovery system, 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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25 WO 02/088400 PCT/ US02/ 08701 supply the plant requirenents. The back-up
systens 191, 196 are configured to automatically supply oxygen and/or

ni t rogen We oeegp4d0 ed, such as when the cryogeni c pl ant 18®cirassoi/és7bi ne.
Excess nitrogen can be stored, bottled and sold. Systens such as these are
commercially available fromvarious manufacturers, such as Praxair, Inc.

of Danbury, Connecticut. Heat Recovery [0129] The al um num processing
system 10 al so takes advantage of waste heat fromthe various processes.
Specifically, baLeﬁg s%gcmf eapa%daﬁﬁtawn&@@asea%h e WBSh & sty recovery
system indicated genera at 200 in FIG Exhaust gas, 1ndicated at
202, from t hekanking- mganexraqmerévqlhalwomgamﬁmvwrﬂnp}vae@eaeed% directed to
one side of ahmsg;egmmasysee&ow@mtmt&gﬁhmaﬁmeswmwm;dhe exhaust

gas 202 is at a ten;)er ature of about 10 there is a considerabl e anount

of energy t Hheldingdg) isdenepdentupprpretal modygtinn; Teer thanplaegisal gedsybe r ecover ed from
t he exhaust alg¥einplthethBRctvelybyQas eodiglikelpiotaryGld wﬁ%%&cofﬁhﬁlu@x haust gas
202 is directed to thﬁ wast e heat exchggg?l 4. A wor Ki nqu gxld

i ndi cat ed at dggcteristicior pveppRfucHen. 49y W&ﬁgﬁ‘c?ﬁé’eﬁtﬂ?&r dE® of the
heaL exchang@&ea?e?ﬂeﬂmd@ghapfsg@ﬁwdefordﬁﬁha&c@eﬁglswmmd that a pl aéeftypeh_heat
exchanger or a plate-and-tybe. type hea changer or this
application. Tho éggki | | egs P %ﬁ%cogﬁlfe °Ser83%86}ﬁt§ ﬁ‘g eégtPf us types of
wor ki ng f | ui dewelhgeheratedicah®e uﬂd&&ibré\&dle sbineothepcem nesessdre fdn@atscrapecover y
system as well as t eat hat sare th these
types of mrm“%Fﬁssf“#aP‘a‘sl I,RFIP y%ef"é tgfrig %\A % % Opsa Eg}?\,\%epand spirit
of the present0 cambegmdvided by pﬂd:@]ﬂxelaammbMDmsystfemumlomﬁnauseltscmcn directed to a
vapori zer 208 wher %gﬂg vapor. The
vapor 206 is péfwer 3 er%fhlgg’lan (#guggoalz%g{ake oéﬁlélk %eﬁe%tgé OA %%aglduce
electricity. tiﬁiheleﬂgapmtorlsg Imwmmm,Whmt@mWMmEmdeXQ@Qs and returned
to the heal efohaQalichift, dolode: Al GhBELAS! BAlailld BLpALaRNEr 0Y 1O
produce about 5 megawat t’'s of power 1 n formof electricity can
be recovered l#‘llhtb'mthe exhaust gas 202 fromthe above-described scrap
processing plant 10. [0132] Although a wide variety of working fluids 206
can be enployed for use in such a waste heat or waster energy recovery
system 200, ilros Profességnt |y contenpl ated system pentane is used as the

wor ki ng fluid 206(0184jCh anReferring now to FIG. 2, the contaminants or dross D from the

melting furnace 14 is further processed, separate and apart from the in-line aluminum

recovery in a dross recovery process, indicated generally at 164. The dross D is
removed, as by skimming, from the top of the molten aluminum pool 60 in the
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 furnace 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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organi ¢ based system provides a nunber of advantages over, for exanple,
steam 26 WO 02/ 088400 PCT/ US02/ 08701 based systens. It is anticipated that
a pent anewbasmegisoor ki ng fluid 206, in a standard Ranki nepcyaise2/as7orngenent
will allow for variations in vapor supply nore readily than a steam based
system In that the heat output fromthe furnaces (nmelting 14 and hol ding
16) is dependent upon netal production, rather than electrical needs, the
energy input to the recovery system?200 is likely to vary and will be the
control ling sclisantedlyao pxeisoxfgen wilinghe fgrmnasd Ui64 (roeentrasstogarsientianalf | ui d 206 such
as pentane pr, Y equired for such a
recovery systﬁg}r%g atoF%?Ltgg']&@etsse(\r/ﬁyan gﬂf)gigg&n%ttzgggeﬂc&d hose skilled in the
art, the el ectri cl@l36] powerThgesreyent Benaganlfblisd ‘yéelshﬂém yditkfe some of the
power necessaésmg&m;sh@présgédame &E&Eﬁ:ﬁ%ﬁuﬂﬂmﬁl @ﬁtuaﬁs@muw&yﬁke rag%t he cryogenic
pl ant 180. Power eratin ant 10 can rovi ded by an oxy

f uel ed conbuﬂlpﬁﬂléygteé?fpw %9%@2Ilhﬂ18{hseé‘lfé&f?‘ie§mgﬁ 88, tyedwisat i ng pl ant
(using a furpaeesR! foPRIh& ahimituth HENVEY att BasHeBR Sl dAhat ehePréR@ brocess,

t ur bi ne- generat or set. In such an arrangenent, when the govver g ner at ed

exceeds  pl amclulmethediigss ?ﬁ%"ﬁfysF’r"cteﬁepr%‘S&@"é@é‘gﬁ'@ﬁ%‘F ingrease PGPSt £ or

exanpl e, a |9&‘e&|1 Tle®€ds§ DS thathk uktinhaigly s%@@&oﬂﬁﬂ&@ﬁﬁtd@@g{x@&ﬁ%ﬁa&xﬁﬂrri ng now
to FIG 2, gcontamnants g{r (Haoss fromthe nelting furnace 14 is
further procé’ the griginal guantity of drqes 1y thyys e ‘f“@ﬁﬁr‘t"f‘?és“}gr?“ft?aﬁ’g i um recovery

in a dross remﬁm&yrewva@ess i ndi cated generally at 164. The dross Dis

renoved, as by skj omt num.p ol 60 in the
mel ti ng furnace 1‘18Eg9]'he dr g?’s&mp‘fg%sgrétgﬁosfWcovelglpé({%sslfﬁléc% 168 by
mechani cal reawithoutthass bf@tmmm&hmlmemmwmmﬂemcmg1sdusque D, through
openi ngs 170 i.n . t omthe
dross Dis ré%l%a\sieeé‘e %ﬁwx?égg)rud urngg#{ &gﬁﬁ&{a&u‘c‘é&#g{oﬁéce 1é [ 0135] The
oxi de | aden dridsdransthé mtal. dndlatﬂlesahecmwﬂlﬁnmdac‘ehlqlﬁ@ehoum reheating. The

recovery f U7 gagg.dG6,lisa0l @ Sk HedSsbilyBoldie HIRLLIAGIW nace 14 in

that it uses ah oxy:fue ustion system1 esign. In operation,
however, t he enyivpnemslyrazads gadier taxi Asshele 1he Prepaabpragesskd4iisaden mat eri al by

usi ng near d'eﬁﬁfohntmg%eneﬁm 1H%UEQI§:mQ£tesad?é)AéEd ROARE shie shelheass: t he al uni num
metal fromthe dross nolten bath 172 tenperature in the recovery

furnace 166 i4PeRlso consi derably higher, about 1450F-1500F, with a furnace
air tenperature oforgdpout 2AOQRe2AE probedsing scheme 164, again, it has been

found that the present recovery steps (e.g., double pressing with intermediate

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 :S'ystem

[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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addi tion, the "shocking" process is carried out in a highly reduced

at nosphere with 27 WO 02/ 088400 PCT/ US02/ 08701 substantially no excess
oxygen wwbio/ossaeo f urnace 166 (in contrast to conventi onalpcfrarsnzaeszsl t hat
operate at excess oxygen |levels of about 3 to 5 percent). [0136] The
recovery furnace 166 is |ikew se skimed and the resulting dross is
pressed. The recovered alumnum A is transferred to the nelting furnace
14. The remaining dross D2 is then sent for processing off-site, to a dross
processor, fofgbuUr i [ VI n_fou hat the
present proc esslé,léﬁc%eggﬁttf%?u ?tﬁ;gl uéef %fglge%%]c%%}%nrgeg}%e%ggesrseﬁgﬁerg g‘\)/rittb es a

si gni fi cant ig_i%sﬁelaéwtlbrnprptm&recovery of metal. The dross D2 that is
ultimately shippegyfygr fur (BREmMQGES owmeﬁed@&ﬁeﬁs&nfsg&&ﬁs'&m of the
original quantity of 'dross D, thus reducing processing costs and increasing
al umi num r ecoesyial g0d pEr genepsing apRtivafionsicpeprpyiderediceddbgisgnsmptinner y process
164. is carrigith eq@Vhlenthbiil Yhiplt!dhdsB enbrhticn@ ReSuct fulndAnBidn, AGHY L1 ves.

Rat her, thermal shocking is used to release the metal Tromthe oxides.
Known recoveryiiifiiesseef the SiekGe. officient suphuptioneprovides geailtieduced. @i t he net al .
In that the sabstmtidlRPBlo/INOR ethidfordhdEsnifioMtirsdicn inith dniidsidn oflbtRi0OSEd Of ,
ultimately, the salts are |likew se sent for disposal. These salts can be
envi ronment alSEZ2a188%8hd/ or toxic. As such, the present process 164 is
environmental | y bpaef]i ci al Didtotteakridty oahdusriRcrh@Sthitlea, magel, eh af hese sal ts
and thus their . disposal .. [0138] As to the overall processing schene 164,
again, it has°°f'}e‘?h“£\g?§u¥?d‘°{‘sn(§]tsaeﬁté“gﬁf‘g%'%ﬁtﬁ°1\g’é¥,°89é‘i‘ ﬂ%?é‘*ﬁ%‘i‘idé.g 'S, doubl e
pressi ng Wit laldngtvith the drarddue methedspaumengihd prépaskd, td genérhttl BxygeltHogcOvVery rates
that are significantly i.nproved over those.qf .known processes, depending
upon the gr atflélfu% T eea%%lﬁgeﬁf’ I eiefl%lglrpgse‘???em"iﬂhvésr%'gég’ggﬁuﬁﬁt he anount of

met al r ecov eragplichbilitn of ke poises sonDubtioney fhee rFualseleetioa dan be@ddebaséppl i cat i ons
for the Combisli RRiaBRY, elBbititlor B thatHASE SRONE THul, obBodRBGL ENt L hal

i ncreased effrciencres romthe use of oxygen Tn dll-continuous processes
can be achi eveifiefgrthenaamplad and jndegsrall gerhesy basddrigrlpiraenmpadiawitnge ease f 1 ane
tenperature Qestfdeh. 'Hhddltidn Mrd &E Shabaccd &Bofqupxgdl(gcéges?&%%ﬂciﬁ the burning
formula (rather than air). Tﬂls can increase efficiencies In operation.
Essential |y, %B¥&°righoRurigrigvelsa Strbriechaaleaiesinpides arypgeries, membransced by t he

i ntroducti on spdenX3E6Pion UARs, BEDETHid shd MeQikDOAN s ARPEELAH oRHen

environnental . To date no industry other than _[%I ass-nmaki ng has enbraced oxy
fuel supplies are within the scope of the present invention. ose skilled in the art will

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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technol ogy. In the glass making industry this technology is used not for
the 28 WO 02/088400 PCT/US02/08701 efficiencies that result, but because
of the hiwbomss4bng tenperature required for the glass preduatsomos7pr ocess.
[0140] Neverthel ess, use of oxy-fueled conmbustion systens in all

i ndustrial and power generating applications can provide reduced fuel
consunption wth equival ent power output or heat generation. Reduced fuel
consunption, along wth efficient use of the fuel (i.e., efficient
conmbusti on) pgdQMtiot @SenglEstont teyults. CRieC tlingound lessantissiocanbre &htloplyz®s of thd\NOX

em ssions and significant reductions in the em ssion of other green-house
gases. [0141?‘“&3 P{°&dﬁ‘ﬂ€>’@%§’$s§?§f g‘fm‘i ndustrial fuels that can be used, such
as coal, natural [ogm varStmemardtsrsfdnet&tp'rngct'mndfda:s‘tcey,@ig by wood and ot her
recycl ed wast the proposed, to
generate oxydt ugmatlﬁoﬁeégmws f“Fe%Pel ROth eenegei ?%%gan?{%zgen‘?eﬂg enor mus

pot enti al, viupongheii combustionsystemb to paipte mimwmnyamtbfnetgh@ermreg:eﬁhe conbustion
system Fuel I 00, AV a conomi ¢
factors and glﬁ\%lu?%n%&% e?qgoncer ngnpﬁzeﬁgemn' aw“ HL‘?!p‘,llldlrlés{ﬁpﬂéegl fied; rather
a nyriad, andoilers rtéquire an exfidizisgagdentn %agebbmcsemwxzaﬁvel comhysaion $yisiemy t h t he
present syst s Qb af MEL iR B RleSoli&oPRRLA0 es for
produci ng ﬁ@‘@n a?’g% fh purg%ty (ffeev (ﬁ urclzh ?@ﬁnoleogl es | ncludes
cryogeni cs, Wﬂtgﬁﬁgm@ng&%@b’mﬂlf@f@@hﬁ“@n hydrol ysis and the |ike.

AT such fuel US@[&M%FO' Oxmeeeneﬁgraauaﬁ%ea{]@yewl%alﬁdn&ngcwe of the present
i nvention. Those ski inthe art will_ "recognize that the other gases

produced, su éPPlla@OM%‘ﬁ@rforé]i‘FcP"WF‘t W@i’é@h Fog grpmple. e Breof oxyegtithing and sol d.

[0142] As di afeQsﬁagtléﬂ&oggénamceﬁm\éeem&ﬁan@wmieleﬁa&ivaga chifiig TdIglopy esent
conmbustion is scrap.alum num processin reco Ot her exenpl ary

appl i cati ons®n 1%“’%1:1”1’“}3@“1&%38{5%%‘@&3%‘? %9“ forge rﬂyﬁfr?aisﬁg power
generation bﬂmhefeﬁlpacmdres ighatier@lefbfRteam gditefion emm&oamymapwcml ons focus on

L% 55 e R A o AR B B,
current or twitadhwcrﬁualaiurraaues leaﬂle taryereurs wilf Beatepengeny npdhiticant  advant ages in
many areas. Flrs fic (;[fré}*e rov&éec{t(())r {olgj:ng)u 1onﬁ€e lssegd %&'n%'ao%gi’?t riclevels

Wi t hout the ﬁ?nﬁ‘&nr In ion envel This all ows
for greater ;iplemewmyl ooénnplheent (1@1 pwis aigfor canthiubteon), frmatempemtmgsiwilng t he NOx

level's in the, QUM RBRE REEHRE 0 o HBId diAoh Ywit! fafeoxlatlas tnd
oxidizing agent, the flame temperature will be about 4500°F to about 5000°F. The
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 anticipated that retrofits or modifications to existing equipment will also
provide many of these benefits both to the operator (e.g., utility) and to the

environment.
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required to achieve the sane | evels of energy output, which in turn,
reduces the overall operating costs. In using less fuel to render the sane
power outwoto2/oss4n@t ural 29 WO 02/ 088400 PCT/ US02/ 08701 r edaatsSomos7on

em ssions results. Fuel savings and | ess em ssions are but only two of the
benefits provided by the present system [0144] Steam generators for the
production of electricity, e.g., by industrial power boilers, are varied
but are nevertheless fundanmental |y dependent upon their conbustion systens

L0 produce sieam fopy s;urn o BaBlp ROFIGE N Aes, SHemadifly, achzleﬁ:dused vary

based upon the de of the st %enera ors. However of the boilers

require an o%Plésztﬁqgla@g?@ﬁ{A"@qugw is fosmedsas gtwall 304 ofitbd furmaeet?08t Aon syst em

high purity %&asa%slt&oﬁ@%&%hééaa@ﬁtrsauee@&bmemnag@m ekibi@ughout t he
boiler or is used as supgl ement_to air praovi dlg(g) t he oxygen for

conbust i on. E‘E&%P%@d%ﬁé i 18 qoRkis caznigd tp ke Sppass W Byyp cotlkidvitndust ri al
applicati ?ES 3bs)ltpﬁuﬁa§wﬁr (%pit‘nd&m DIV s sum@@{orcxﬁy tﬁeﬁoaeef@m ﬁlvehﬂ?vmuise of
oxygen within e conbusti on zone enhance erature ile
OTY It el Betshivy Sgyeh diesounh SOE g ARRRCALR sy Bp PRy T Byt | abl e
oxygen for C«pﬁbmﬁaateeat3lBy1spxr¢eﬁ1a&smgoa1fcbrmnE3msammawmscoagrseat er rates of
st eam gener ati on an bg ﬁggpl ished with the sane fuel bumrate.

a

Conver sel y, é&‘tY&Y tion or output can be recognized with |ower
fuel burn rates. [El@r]re terﬁbednﬂhryhﬁ(a&iiddﬁcah&ampﬁﬁlﬁlew‘ﬁedmmhh&d

concentration o e n.provided far Toth| nd, with no
oxygen suppl 8’&% Jgff‘ft@r‘i‘ygﬁl gﬁ'ﬁcﬁh@éﬁ{ou? re%s ors gfftoéﬁgﬁ ltsjaprgusti on),

fl ame tenper heiscesndayl3l4 aibis d&lpon@ry&@ﬂ&FofaRﬁreherqomgusnonptbesaﬂmvm di scussi on,
wi th pure ox n will be
about 4500F %G%Ea cg%tl}eg%ﬁj()@ w@h@fe&%g@%oﬁlbg%%%?{%ﬁpe%g% F((r'-,\s for varying
degr ees of omyiyawdsmm inentinffiomrthewind bex 302)y inty tho fumaeel3QUiaveritke bel i eved

l'inearly) betug a be used in
conj unction W|t over r gfpggeygﬁg‘{eg&r%]%@@ywogu?%kﬁgto reduce NOx

and ot her gr @&Yldn@@fﬁ@exgawnww COQNSGFPYHQ}IS%Q%F}@ fagl.aPasong is 9t oj chi onetry.

Typi cal |ow %Qﬁc&%ﬂﬁﬁestexﬁﬁerrﬁﬁehﬁ%&%?edbgmeprgwcﬁoﬂmﬂ es operators to bum
nore fuel. By addi ggl enriched oxygen'to the conbustion process conplete

burn becores avai [0&¥e forltﬁa@FmRﬂ}??F}@“ﬁ?P@%‘:@iC@ﬁ‘F’W pygtemeR KBla¢e addi ti onal
ni trogen presRiing(cOMbRash §ygt@fﬂsatn tdal, o, mwa)lteﬁ@l&r@ab@udé@bpr&\@cﬂe%] It is

anticipated that boi)lers wll ned ar.ou fuel ed conbustl on
systems to t &K¥E°R ﬁﬂppfe&a%%%aéus? ﬁ‘?é‘g"b‘étf?é?f ﬁPeg{}ﬁﬂPyt R Heipal
high 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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is also anticipated that retrofits or nodifications to existing equi pnent

wll also provide many of these benefits both to the operator (e.g.,
utility) wod2oss4bhe environnment. 30 WO 02/ 088400 PCT/ USO2C@aR04087p0D148]
For exanple, FIG 12 illustrates, schematically, a coal fired boiler or

furnace 300. A wind box 302 is forned at a wall 304 of the furnace 300. A
burner 306, through which the coal is introduced into the furnace 300,
extends through the wi nd box 302. The coal is carried to the furnace 300

by a coal conglém, thelR@nerdiriréRirds cBhdidefad 1¢s8 Gipiialtcesd bevhusd bOhe reflucedippl i ed to
carry the coal (from a pulverizer, not shown) through the conduit 308 and
burner 306 i nt% HehS 98P face 300. Terti aryair (as indicated at 312) is
provi ded to the c{m53]condur3tp1c3DBaxﬁeoera1wmresdfba;t-ﬁxb]laécanﬂmktioinsystmnveyed to

the burner 30&? %%él%%% tﬁeco e?edysy%:ms (I%US n%g‘%%%%%fa}eb ﬁtlﬂ&&?% r ovi ded from

the wind boxX'38 &% urnace registers 316 on
t he furnace weduire3ies$ therﬁ[ddmpstefamnﬁiaﬁlpl &Mm@gmlqssonemnmtnaﬁye afther ce of air

For Lhe, COMDUBbIAMBEAERR cofhuBF ot of SERUNEER ADG oY1 om f of

control ling an ov |re Indicated”at 318) injects
air (fromt hethatisrachitysst. @0@)0%61 Qﬁp@vpm@nﬁlwnﬁ@@r%@@e%@érge@ Baequirtdipe F. The

under|yi ng pusBOSesu I or%atﬂﬁ A&V bb?)qm@}ug buftle& catrm s dxcefsi dkpdeni S 1O

provide sufficient oxyge to assure conplete conbustion of the fuel. Second

is to reducds Pﬂq@d%;!mecﬁlézrﬁéﬁﬂ@t%@a@m of ﬁ@ké@?ferﬂ@d’éwnt(%nﬁlﬁé%ct i on of

NOx. [0150] I udegt {xr'lgﬁie%tbﬁg) df Ws%ﬂm%&boﬁom&%h APproyiddsem can
repl ace exi sti ng.co usti on SySt ens In tota in the alternati ve, Cahn

be used to prtbwea@&ahexcwwgﬁp’ §@%§3P@ﬁ’éﬁ{‘m?%5’nt“ﬁéﬂ‘ﬁi°]i‘ml]’§’eﬁ &f®Bonbust i on.
Speci fi cal | Y, nikdgeh Biantrsdubat @révitithe dibe@blonyéd) tatulty BemRase@n be used in

pl ace of any or all of the 310, secon 314 and tertiary air 312
that is used Rr?fi“FtFPéé’gNQﬁo%ﬁ‘BE@%h efS‘i‘i’s%"’;‘fs?‘@f?g %/‘ﬁtég‘ethe ERFPIRS tf| n the art

W || recogni zgher geexpmea‘gaﬁes ahma&maa&shﬁcoohhmhmﬁerumngndmabmesent oxy

fuel conbustio a i cati ons ox

suppl enent at i 8&“@5}@6{’&% 5 aﬂ‘% ‘B\ﬂg} t:l:‘? gongdr?mfonrsﬁsée@leé ofﬁrx‘gn uS& ot her fossil

fuel s, such awsoliigleffeat. gas. [0151] Use of the present combustion systemis

| I d
al so contenpl ate Pﬁ?] useFqulfﬁlH&%%% s%m‘%é&ﬁ){ Q}&Y%%q&?‘%h%gg’%s of resonant

incinerators. Typtcal' waste I'ncinerators
tinme, tenperatolr Waatn(:hsmdccets@atéﬁl?,bgselnt.roc}uppdomyafstadd 404 s e 40619 fedil | ow f or

greater f {1 GliaNGyod Rl PRI Al 0 (ashiAAERE BN Bl Mhinb  15iependent upon
Py incinerate the waste 402 A ca:bon monoxide (CO) monitor 412 is located above the

flame F to determine the level of CO in the exhaust gas. When the level of CO is too
high, additional 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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chanmber or stack, and the velocity and vol une of gases passing through the
chanber or stack. As nitrogen is taken out of the mx the resonant tine
nat ur al | ywomnengases because the vol une of gas used in thectasbuetzoon
process is less (by about 80 percent). Wien an incinerator is specifically
designed with an oxy-fuel conbustion 31 WO 02/088400 PCT/ US02/ 08701

system the incinerator requires considerably |ess capital cost because of
the reduced size that is required. [0153] Typical flanme tenperatures of
oxy-fuel ed conbugdissh systBapresear exyrfued horhbugtivrsysténg on sherothietisingd syst ens.

Thus, the efficiency.of the hur tig@ I I ermal i nput
fromthe fuefS® lr“éfsa B‘h e g?nnw?léhsﬂsg n}gk)sebr a |g§iéél%n8‘§r§§d.%{5%zal lg}%ot%hép benefits of
t he oxy-fuel podudiosofiNOx Byl othergréen-hohss gewnandoyithowtepoling efiests. Bheygen | evel s

that is achi r ' [ ACI , €excess oxygen
i's required ? %cé%qb#?'n%'{lﬁ}gtevgtﬁ%tl gggé&égfr%dg&%gk%dﬁdﬁo?%ﬁqgnd unbur ned
carbon. Thi s tredidemelsnaineyaiersystms. by hatithpergimayy dusyj ef@p ingigeraior isiimbug t he chamnber

or stack whergydshfu e SGfantihdn@Befol&h& rEakh te SmbbRfifire MEPleSh the bum of VOCs
and unburned carbon. Al'though air provides the necessary excess oxygen, it

al so per ni t s comiusigngeystgnyreduoesiae figkysprband thpg geselisdpreduced prodesiemolt hat i s

introduced (A\@OxRhO¥hGGrdehBoRE ERESafPREHRBA voRFHe!of Aud %zsés@srre%%ed production
of NOX. Addltlonalléb the excess air, overall, results in the generation of
S

h X . . : )
ot her green; houd81¥hses, laadfiton, thewstallption (s copiial) apdppeingA9EH Of Thj s
undesi rabl e ifeRlaloRGniphShe R fusld asltbubioRRRtenitasill bé HeMytrbRegoMbUSt i on
systemto overconge this,  coall ng e[ Eect. &8154% FI 13 illustrates,
schemat i cal | yhe cpiia} gost of the inejprzgtor; vl be peflueed becaygs e v 818858 i ndi cated at
403) i's ijnt rﬂd&t@ﬁﬁleis?dte]!cm ﬁleﬁﬂeaﬁd(to‘bgﬂmuclﬂogbl{ Papro¥iiied htové,®ecaussitieh ai r (as
i ndi cated at 408) an ue s j,ndicate 410 0 _pr.oduc flame F to
i nci nerate tﬁgmié%“ttg g#Hrm ﬁg’ési’ %‘83"‘?}%&5&5(’8@”(’6&“3’ ﬁ%bSFO%%?aaPlg | ocat ed
anvle t hle ]1: Ilm@ﬁohmendmatbmewmbepdimaiﬁhgﬁ&s@@ resondnin eme X Tiausshe gas.40\é\hen
the | evel of. | o] i er :
Optionally, al }ne%‘g)ﬁg%‘cebef ch%?lrlﬁsoqﬁ%{ted) g#g%ﬁl%s# %?’nasfgel?%%%fdﬁ%ﬁm%@apart from
t he burner 4@épbusysreow anfantitiary sehdpradnband|sysinys.caf ikesE bTsrealler.ar e a nunber of
drawbacks to this hod PRIy S g+ the two
controlling fact o[rogﬁﬁ n vvag%g i nei nﬂg?gﬁl?doﬁﬁ.lab{rﬂgglt?%ﬁrr%ﬁg%Igg&t\égdr%er ature. That
i's, higher teesiserblymore eifiriengthameanyentierabinginerator sygigms e ressea t he
i nci nerati on g9fiohA GmbAR bfthe QMR Shergy! it 2B /4R a1 1eUshitsdif fité Reluce CO

| evel s) increases the flowrate through the stack 404 thus reducing the
resonant ti mie ingiperator applications in which the fuel'is unburned 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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addition, although the increased air flow reduces flane tenperatures (which
in turn reduces NOx production), it also introduces high | evels of

ni t r ogen,wotwo$s4dends to increase NOx production and of f etr/ushgoszopl i ng
(and reduced NOx production) effect. Mreover, because of the cooling
effect of the air, the efficiency of the incineration process is reduced.
32 WO 02/ 088400 PCT/ US02/ 08701 [0156] The present oxy-fuel conbustion
system .on the other hand, uses high purity oxygen which permts burning
the unbur ned 31gab &TUSAL) WThh QUhboul 45 R eltiORe QK ARY ¢ P/T 9r een- house
gases and without cooling effects. The present oxy-fuel 'systemthus

af fords sever"s3d tamgh sach gerad gl alpmisgmy dibe prspey requirement affl.6208741 isi nci ner at or
systenms. |n tbaal upddad SOFRT arthdl das BAvird HetCbiigf 8f QISOIETUs0 bum VOCs and

ot her contam nanm gﬁf ore thg}/ reach the atnosphere, the present
conbusti on syst ent®®Mduces PreTagaysingdispreseny oxniyeled gaampustionsystemp iy ced

product i on ofwas fddaXtharvellyat (3ESCFQf el HasIGR 1 @83 BIs) wikGhedtied ROHIRECH Ol ume of
flue gases general.ly..[01 n additiqgn, the installation (e.g., capital)
and oper at i nd’oﬁrgsqulx‘&f“[“mi &gﬁlsn'(lgf’grtefff‘%“é%ﬁl 8‘9?%&‘0823’/5@"%“* el ed conbustion
systens wil | 108BIUEBROBTU exd90g@rcent Bhthe B@pictniited €2 3k aibfired @ndcacTer at or wi l |
be reduced because.th | u f ga thr.o he systemis expected to
be much Iovverls.arﬁéucﬁ?no?e/fi%ceiﬁfsg%%é\zoer,ag%uiggﬁeﬁéan{lﬂggqﬁi%ﬁ f- of gas is nuch

| ess, the overall[0%62ie of SimdartimmpnentgtiGras dasticheduciimsinde¢lably | ess than
conventi onal | L pt.al-pin resonant.tinme. Thus, the

i nci ner at or ég%a%é%%ﬁ%%% {Bgérgeﬁa%f‘{ll‘eafl %{(}éﬁ%lg%%ﬂné e S’ésgerl%lem%ls *e | oad, and
the requir ed wastepibaya fudy §tvasduadillatdhedickticantynt efjthe pastail facidesitst ens can

|1 kew e be SERlhpould bt At A9 g Ps, AL-ddIEaRH RGN Systens are
generally considerably nore efficient than conventional "incinerator
systenms and M@gaPy wanlZ1/P@dtr Shaereenb tavitingfin e prduetion inl fuelgomsnmedgf i nput . The
system al so |.efelgs perf. fasQithl &eNblfbre cdridbdHgitREE R ﬁg&l&&é_ﬁ ons in which
the fuel is unburned carbon or VOCs. Likewise since there is no nitrogen

present in t REIPGed-he RIpssRIORY Biek qombpsion pysisrreniibitd redestignsn feldpt to a ni ni mum
rel egat ed t o cHiMmptnBesholt Pefcti ind ¥ fRReR utihORRRIQH dhd WaQd 6] The

i ndustries descri.bed above gre only a few exenplary industries that can
benefit from“?sﬁeé?uYfi%°6€|”‘fﬂé'g{?§’é§@F%gﬁ>éedf fC€combusti on system Those

sEi N edI in tge ar[omi]lhl _reraslagni, E@ov&ﬂl_&su&tépht&ﬂhﬁidnfo?theﬁoﬂumnﬁ syst gm in the
chemical and petro-chenigc ndustri.es, the. powe neration industry,
pl astics i ndlﬁ’rsc.alrmlegg?m% %‘eau't}ar?da(:%s%ﬁéf W P10 2 r1‘§§s(l%¥\§5 gﬂx&w}?@ SY§R% an

oxy fueled (gas, shown as "OXY-GAS") combustion system and an oxy fueled (waste

oil, shown as "OXY-OIL") combustion system. The pollutants shown are carbon
monoxide (CO), gaseous nitrogen compounds (NOXx), 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 (IbssMMBTU). 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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Oxy Fuel Conbustion - The Benefits and Advantages [0160] The benefits and
advant ages of oxy fuel conbustion will be appreciated by those skilled in
the art. Wewemnsdsed ess, in an exenplary al um num scrap precedasong7bacility,
using an air-fired furnace outfitted for natural gas, it was found that
the energy required to process or nelt one pound of scrap al um num (as
determ ned by the cubic feet of natural gas used), was 3,620 BTUs
(presented as 33 WD 02/088400 PCT/US02/ 08701 3,620 BTUs/Ib). That is,
about 3. 45 st &MBLE - EUUE GASEYAL BRIB FORfAIRAGAS, X Gaa SwadD OZ&dOfo nelt each
pound of al um num The ener gy COMBUSHORRYSIEMS 620 BTU is based upon each
SCF of natural gas having a heat content of 1,050 BTUs. [0161] In contrast,
usi ng the present oxy4iRf@S%ed conbust O8KhGdystem it| OXF@Lf ound that only

1.03 SCF of rysthat Ygpy (OT T hARMB T UFPY WY HRmBaY (27 El tioiavisTo pound of
al um num Thus, the present| oxy fuel conbystion syistem gsed

1083BTU 3620BTU.-or 29, 9 @&LC—&L&?&L—I eﬂ_gar j ired
furnace. ThiSO is a fedd®tipn?8¥21. 0 fass Béut éﬁlpercent in the
fuel consunpigrer—T0316205SHH g thotgh—Tot tre— e gt o edtict i ons i n
f uel COI’]SUI%‘{‘I‘&“G_%?H ux'}li:BE:l_uvcu W%ng @1?;:0&)?| ulgloégl‘ %04_ (;;g; n syst em
that uses v@pte ortas @gfPeloEkt VaSoiz9URUELIG) [t hasdeaiormqupent of the
waste oi | fUebxTeed 10 o e €064 POUNSE-DI 1SEY@ONUIMIWES | 57E3 (B4dyS|. Thus,

t he reducti ONOQDSET VEd Vst N] PASBE Ol b.0BAVAS 1.6E-3G31P02G 38T | IHER (Jaencent ,
resulting in a reductron rn fuel consunmed of about 66 percent. As such,
even before consi[dnis] nNg t Nike vk €driPM10] BT, SOk lantt AOC for theroaglierd, t he present
oxy fuel conbusﬁ g %é tem exhibited reg%mti onqu.f et% nsunpti on of
about 70 por BT OLRPEROR SR pow B wees & prea e etction) ThiF &

respecti vel yparosas "mustlarrr‘-ufehuneld,prdcmmmsdd iy the efampéatly éombnﬁioesysteﬁleS] Tabl e 1,

arofired oke Paapui R RIS P iodRes W LSRR RUEEIER™ 00 O
fuel ed (gas, pes'h@lravpxazstei’)@ﬁ(sc@hws (foontfuspitaining gastw andanaildnesuiby f uel ed (wast e
oi |, shown ag (X Paliedst H9H12EDH kg&@en?éﬁib@ rcél;ltf"?esp& ivdly, fUndisstpown are carbon

monoxi de (CO, gaseous nitrogen ounds particulate matter under
10 nicrons nwngemﬂmaaﬁam@filalTAﬁéﬁthwm@@imﬁh@redwﬂvym@ﬂl fur

cont ai ni ng gézﬁl‘éﬁﬁb'imnS&%Q&M%eﬁ%ﬁé"&inX&bﬁ%ﬁc’e%ﬁ%&@ﬁk@uﬁéﬁbO“ conpounds
(VOC). [0164] The data is_shown in two forns, nanely, taons per year

produced ( TPYteaRerimpmenel ProtestoncaasnsyelUSEPA) srisariapss 8%‘“&%‘%5’6 flomhs/ MVBTU) . The
USEPA tables AP42 (available from the USEPA website).

[0166] It must be noted that the above values are based upon

controlling the environment 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.e., 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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parentheticals follow ng the OXY-GAS and OXY-O L data represent poll utant
reducti ons over those of the air-fired, gas fueled conbustion system 34 WO
02/ 088400wBG@1/H&$302/ 08701 TABLE 1- FLUE GAS ANALYSI S FOR ACRAGAZ)S7QXY- GAS
AND OXY- QO L COVBUSTI ON SYSTEMS Al R- GAS OXY- GAS OAT-AO L Pol lutant TPY

| b/ MVBTU TPY | b/ MVBTU TPY | b/ MMBTU CO 4.88 2.0E-2 1.51 6.0E-3 1.32 5.0E-3
(68.9) (73.0) NOx 24.38 1.E-1 0 O (100.0) 10.04 0.041 (58.8) PMLO .028
1.0E-4 .0023 9.4E-6 (92) 0.146 6.0E-4 (-410) PT .028 1.0E-4 .0023 9.4E-6

(92) 0.169 6,9E: -4 . 146 6. OF- 4 ( g:39 5.7E-3
(-848) \OC 6@%8%“%%%%“%%8@5%%’.“6E‘-"%QS(%YS’C%"%? %’éﬁze% ﬁ“%j [0165] The
val ues for Pliedcos@llowSekcapited casG@nd mduqehenissigns;‘\wélfadummm cost$ tocormbust i on
systen1shom1hﬁ&gQQQQEm%QS negative reductions). This is due in part to no
post-burn" treatnent processes used in the exenplary conbustion system

It is anticipateddid¥ht pr dpéhe prosens disthesurs, thpworde S s “and e ¢ bertakende bag
houses (for (@fitdebdtnahesinpRiat S ai ni ng
gases) and woul d resultéﬁlﬂ rggggﬁﬁgﬁs@g$Q§?§%gg%?&mﬁghﬁmggqgg$percent and
95 percent, rkadlpwhers appropriate,inchidf B isisgar. quantities. The val ues attained in

TABLE 1 were basegiéspon tfﬁorﬁqglt&fegdmMiufbu@tserve@m&cqm%fo% observed and
were determ ned _in accqordance with accepted United States Environnental

Protecti on AFeAifgaticpiosAsatippscap begftlegtuatefyighons dspagtisre fepm the spspirk abl es AP42

(avai | abl e f aachieaf USRRAI &@b@tstoe)he pEe@el@&l/enhbn st RAmB&Eesh thdfat t he above
val ues are based. upon control Spg { e environnent within the furnace in

whi ch the oxj° IRiFton Wit ResPRSt ot emppdimenigiblystrated 1yintended prsBowld| yes shown
above that i béinfeé TiediCohROSR itéhdab k&tfeﬁWtﬁe appxided AGMPOAYsdeAS and OXY- O L
conmbusti on syst .re e that the ace in which the conbustion
systems are H?g?‘g%o%‘%i%éf‘ﬁlgg‘? R &GP ﬂ? ?ﬁ“f‘ ‘to negligible air in- |eakage
(i.e., nitrogen in the conbustion atnosphere). [0167] Thus, as wll be
appreci ated by those skilled in the art, the use of high purity oxygen (or

hi ghl y oxygen-enriched air) and any carbon based fuel is highly adaptive
to many existing industrial systenms. It is anticipated that the uses for
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such a systemin standard and conventional industrial applications wl]l
provide nmyriad advantages and benefits over known, presently used air
fired andweio/osgsser -fired systens. Al though nmany present playgisozbspl ant s
may require redesign and nodification to incorporate the present

oxy-fuel ed conbustion systens to enhance performance and production, it is
contenpl ated that the benefits gai ned by making 35 WO 02/ 088400

PCT/ US02/ 08701 these changes in design and structure, such as | owered
operating. costs, e.g., reduced fuelfLADd®s, | owered capital costs and
reduced em s%hops l.wi Idll_far out wei gh the costs to nake these changes.
[0168] In the 6rlégglﬁrfe di scl osure, the words "a" or "an" are to be taken to
i ncl ude bot h the ki nguirexygendudddeombustier systap ferapsia plpminymscrapf er ence t o
plural itens | re appropriate, include the singular. [0169] From

t he foregoi néec;g{}%lwc?r?%gglgbbser ved that nunerous nodifications and

vari ati ons can bea fafnpeedorcentaidingimolien dlureiaye pt4 paeleerypgditeraperaie thepi rit  and
scope of the gnove} . GRNERRL Sne¥lumkle Present invention. It is to be
understood that no [rmtation wth respect to the specific enbodi nents
illustrated is i ranewyRsd sepplydroupRlyingecyReirhayipegpurifnef afleat pbostd%e i s i nt ended
to cover by the..gppended clainms all such nodifications as fall within the
scope of the'clainms. 36 WO 02/088400 PCI/ US02/0870Q CLAIMS What is
claimed is: 1. Ank@soppbesed fuelsupply fortnpalyinga caharbasfdi¥i: use in al umi num scrap
recovery, Cconpri SjKkekin Re bxyigbtaia eheloRygeh SppH/i aill the cirbdr aseddhdl Befidm at a
predeterm ned tenperature,  the ur nace having)maet | east one hurner; an

. f
oxygen suppl Y9 B¢ fenase ng sipichiometnc brapatiion to one gpier o ligpt agexgess ol ooyt 85
percent; and efhet Bk boypeaaBskaftor bassdifupll ty lebtharsLyeplestiongr tke car bon based f uel ,

wherein the oxygen i.n_the .ox suppl nd. th rbon _based fuel are fed
into the furﬁté% Ofnﬁmép‘é"?%’f‘%’h%efﬁ"ggﬁgoéngbggﬁnggmg gar%or?(ra{)asaeﬁglfe er to linmit an
excess of  eiptdvizes 4 fienequrypeaturein ektess abhoASIEE enll Wheedin anexhasigat han 5

percent over sl%ega.(r:eix ffoznéﬁgé %Jr}xllaggﬁa%Blte%xpgxra&peogfgll)t%ore Maﬁmeﬁ@b@. the conbustion of

t he carbon ba

2. The oxygen fueled combustion system in accordance with claim 1
including a control system for controlling the supply of carbon based fuel and for

controlling the supply of oxygen to the furnace.

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

wherein the supply of fuel follows the supply of oxygen to the furnace.
4. The oxygen fueled combustion system in accordance with claim 2
wherein the supply of oxygen and the supply of carbon based fuel is controlled by the

predetermined molten aluminum temperature.

5. The oxygen fueled combustion system in accordance with claim 2

including a sensor for sensing the temperature of the molten aluminum.

6. The oxygen fueled combustion system in accordance with claim 1

wherein the carbon based fuel is a gas.
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provides a flane tenperature in excess of about 4500F, and wherein an
exhaust gas streamfromthe furnace has a tenperature of not nore than
about 11086.02/88840(he oxygen fuel ed conbustion systemin acecrdsnzes7wi t h
claim1 including a control systemfor controlling the supply of carbon
based fuel and for <controlling the supply of oxygen to the furnace. 3. The
oxygen fuel ed conbustion systemin accordance with claim2 wherein the
supply of fuel follows the supply of oxygen to the furnace. 4.. The oxygen
fuel ed combust i on7.sysTeswiypersfodal ababustiomsyistemdh adcondznee witk cleinnl t he suppl y of
oxygen and the supply_ of carbon based fuel is controlled by the

predet er m ned" ﬁrﬁfnﬁ% a?afslﬂlﬁgxr% ag't enperature. 5. The oxygen fﬁel ed conbustion

systemin accordance with claim?2 including a sensor for sensing the

tenperature of thg nol LI : Gahpustion system
in accordance wi ;ﬁ cl g?lgn&?génmr el nb]téﬁga-%}gtreg'ﬁg‘%g&g%%gkﬁgf I's a gas. 37 WO
02/ 088400 PCWhesmic)Rmbon basgd fuglisa spkigéeh f uel ed conbustion systemin
accordance with claim1 wherein the gas is natural gas. 8. The oxygen

fuel ed combustion systemin accordance with claim1 wherein the carbon
based fuel is a s9lidTheefygefuelgdgombusiigepystemdn agordansd wath plgim syst em i n

accor dance WjnarefltRd datbbn bi¥BEREI 82 fidifd ar bon based fuel is a liquid fuel.
10. A scrap alum num recovery system for recovering alum numfrom scrap,

conprising: a furnace for containing nolten alum num at a predeterm ned

tenmperature, the ¢ ur nagapARMidG Blovér® StenoreivEmBlalunaunorgen f uel ed
conbustion systent an. oxygen supply for supplying oxygen to the furnace

t hrough the SXIRENPHIE ed conbustion system the oxygen supply having an
oxygen purity of afurdagofst confaliitigimoden ehinemtas a preditebmined thaperitasage f uel supply
for supplyin d fuel, wherein the oxygen in the oxygen supply

%ﬁfﬁ cgrvbon Easte | fuel
and the car bOW HEERPEFHEPPELFEH into the furnace in a stoichionmetric
proportion to oneaanggdndieldd@ombustibn Fgsterexcess of either the oxygen or the

carbon based fuel ant o?gyée%%&pp‘iyht%p sugpl%%é 8)8%& 3 \ﬁleerfuxtngc% through the oxygen

fueled combustion system, the oxygen supply having an oxygen purity of at least
about 85 percent; and '

a carbon based fuel supply for supplying a carbon based fuel,

wherein the oxygen in the oxygen supply 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, 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 1100°F.

11.  The scrap aluminum recovery system in accordance with claim 10
wherein the combustion of oxygen and carbon based fuel creates energy and wherein
the energy used for recovering aluminum from the scrap is about 1083 BTU per

pound of aluminum recovered.

12.  The scrap aluminum recovery system in accordance with claim 10

wherein the carbon based fuel is a gas.
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stoichionetric proportion, and wherein the conbustion of the carbon based
fuel provides a flane tenperature in excess of about 4500F, and wherein an
exhaust gae o2mssse@m from t he furnace has a tenperature of PootUSImesZ0L han
about 1100F. 11. The scrap alum numrecovery systemin accordance with
claim10 wherein the conbustion of oxygen and carbon based fuel creates
energy and wherein the energy used for recovering alum numfromthe scrap
i s about 1083 BTU per pound of alum numrecovered. 12. The scrap al um num
recovery system i - acdbe senabmjpurreeovery gystam indprepdands witkelagmibon based f uel
is a gas. 38 WQR2hd38AAM R US02/ 08701 13. The scrap al um num recovery
systemin accordance with claim 12 wherein the gas is natural gas. 14. The
scrap al um num recovery systemin accordance with claim 10 wherein the
carbon based fueli4 s ahs&tdpdiubiviim redoVery Iybeenbiaadiordahdd WithWlHih EEOVeEry system
in accordance with claiml vyhere',n trEe carbon based fuel is a liquid

fuel . 16. Thé"hgr(?’i“élﬁ?“&{bﬂm’*}'?ﬁﬂﬁ“?éﬁ%v fekystemin accordance with clai m 10
wherein heat fromthe furnace is recovered in a waste heat recovery system
17. The scrap alu 'nug.h%ecov ry systemin accordance \A%ltp.ci im1l6 wherein
t he heat recovered"frofif ¥f8 TECOVEDY IR AER PR ST8E¥T Lal energy. 18.
The scrap al whksainnhercarbow Basyd fayldt €liquidfuelccor dance with claim 10 including a
cryogeni c plant for separating oxygen and nitrogen fromair. 19. The scrap
al um num recovery systemin accordance with claim 18, wherein the oxygen
is stored. 20. A Yéet hdte fcoap ahuggomrereeavery aystem mamsofdananvathrelepn &0 um num
including th X I ] ¢ i | ting furnace;
conbusti ng o%%%%%gﬁggé%%@%gﬁqgggggg@%g&?%%htgﬁééc?te?% (s:tg?i'the oxygen and
carbon based fuel conbusted in the furnace wherein the oxygen in the oxygen

supply and the car bO&hpée%a?gl&mﬁﬁn éé&eéﬁggt{ng&;ag&%née%m%w a

stoi chionetric proportion one anot h Imt an excess of either the
oxygen or t havherginilsrhepsgeconered fqm the fyrgase is conysriedgo gle¢tieahencegyer t he
stoichionetric proportion, and wherein the conbustion of the carbon based

fuel provides a f]ane tenperature in excess of about 4500F, and
18 The scrap aluminum recovery system in accordance with claim 10

including a cryogenic plant for separating oxygen and nitrogen from air.

19.  The scrap aluminum recovery system in accordance with claim 18,

wherein the oxygen is stored.

20. A method for recovering aluminum from scrap aluminum including the
steps of:

feeding aluminum scrap into a melting furnace;

combusting oxygen and a 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 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, and wherein the combustion of the
carbon based fuel provides a flame temperature in excess of about 4500°F, and
whereiﬁ an exhaust gas stream from the furnace has a temperature of not more than
about 1100°F;

melting the aluminum in the furnace;

removing contaminant laden aluminum from the furnace; and
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wherei n an exhaust gas streamfromthe furnace has a tenperature of not
nore than about 1100F;, nelting the alum numin the furnace; renoving

cont am namo ok/agkam al um num from t he furnace; and 39 WO 0RCORSADHEB701

PCT/ US02/ 08701 di schargi ng substantially pure nolten al um numfromthe
furnace. 21. The nethod for recovering alum numfromscrap in accordance
with claim20 including the step of recovering waste heat fromthe
furnace. 22. The nethod for recovering alum numfrom scrap in accordance
with claim20 i ndibohatging subisentiile puremohenabieminnfjora khgfirnaem f r om t he

contam nant |aden alum num | aden and charging the recovered al um numinto
the furnace. 23. The nethod for recovering alum numfromscrap in
accordance with 2l ai fhetethodfouiovgringrdungiman froh seraviogeqordagcewatdt e heat from

the Turnace. cfun g REdES B0Gef HredoGaRY Sl feaPhltfiind WL OM SCrAp 1 1

accordance wit I nclu |ng he step of converting the waste heat
to electricity. 25. An oxygen fuel ed conbustion systemconprising: a

furnace having atyj ea%e&@ﬁo@ﬂf&@&wn@&%ﬂﬁﬁoﬁ@& M afRFdaddRiYi NG Oxygen
having a purity of at |east about ercent; and a carbon based fuel

supply for s&b&?@ﬁ@u@n&%%ﬁh“ﬁ%‘é’éﬁmg uHEATR iR cQuiAniRaRtIadeR i n t he oxygen

SUPP' Y and t!lﬁmﬁﬁﬁrbﬁ&n!%ﬁ@%rgﬁﬂg%eﬁé&er%@ﬂmhﬁﬁlgm&bx@ﬁfrhhfcélace in a _
stoichionetric proportion to one another to limt an excess of either the

oxygen or the carbon based fuel to |l ess than 5 percent over the
stoi chionetric pragpor Uitx@ﬂxcﬂladlﬂrwe@feﬂxilg'hlﬁdﬂﬁmﬁﬁﬁﬂau&hﬁ mncedfdahdeavithar bon based

fuel provides. a ure in excess_.of about 4500F, and wherein an
exhaust gas %PP%QWF%T&"B‘F@FNR afff?“r‘i’éﬁf}élgl‘ivége CHIOMEEATE of not nore than
about 1100F. 26. The oxygen fuel ed corrbustl on system in accordance with
claim?25 wherein .S a 2 ugen fuel ed

he arb ased
conbusti on systen%‘f %3?1 ”e\(/:\ﬁ)veﬁn%ﬁlal m ggm\/\ﬁ%’l"maccof(ﬁe gas is natural
gas. 40 WO ouanﬁamwumﬁgmwseﬁbﬁ)&m:ngz@e waékﬁehe@tmyg}eqmct‘mel ed combustion
systemin accordance with claim25

25.  An oxygen fueled combustion system comprising:

a furnace having at least one burner;

an oxygen supply for supplying oxygen having a purity of at least about 85
percent; and

a carbon based fuel supply for supplying a carbon based fuel,

wherein the oxygen in the oxygen supply 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, 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 1100°F.

26.  The oxygen fueled combustion system in accordance with claim 25

wherein the carbon based fuel is a gas.

27.  The oxygen fueled combustion system in accordance with claim 26

wherein the gas is natural gas.

40



including a cryogenic plant for producing the oxygen. 29. The oxygen fuel ed
conbustion systemin accordance with claim?25 wherein the carbon based
fuel is awembkigssdmel . 30. The oxygen fuel ed conmbusti on sygcemsozosgecor dance
with claim25 wherein the carbon based fuel is a liquid fuel. 31. A
furnace for recovering alum numfrom scrap alum num conprising: a bath
region for containing nolten alum num at a predeterm ned tenperature; at

| east one burner; an oxygen supply for supplying oxygen having a purity of
at | east about 838. pefleenrygen drtbd gorsbustimrsyfiers exhefandshceswiipllamdr suppl yi ng a
car bon based. i I oxygen supply and the carbon
based fuel a?gﬂgg%a&yﬁ%gkPﬁéngﬁgﬁﬁgggwhggkgﬁoichionetric proportion to one
another to limt an excess of either the oxygen or the carbon based fuel
to less than 5 pgpCenQy entﬁgfegc Qs QB i £cpd-QRANHH @fim 28nd wherein the
conbustion of the carbon based fuel provides a flanme tenperature in excess
of about 4506kFereinthd carbrarbased fughisasplidf4el. gas stream fromthe furnace has a
tenperature of not nore than about 1100F. 32. The furnace in accordance
with claim31l wherein the furnace is formed fromsteel plate, steel beans
and refractory nmdPer i Biegxysss fucied combystionsyste inacesdagcivith 9PR5 ¢l ai m 31
wherei n the §a&RGe c6sh baldlfhedis aalddiaeerein the walls are configured having
a steel beamand plate shell, at |east one |layer of a crushable insulating
material, at |east one layer of a refractory brick, and at |east one |ayer
of a castabl e ref;f act Qfymddetce tdcaberingddumihtia floti st BlumbuAc@Mpesinge W th claim

31 wherein the fur%ﬁce.h S a fJoorlan mheregn Hpe f.loar is configured
having a steel b&& é"r%t?ng?faff’%‘mgﬂér“}“ um pt 8 PdeRynCATRRL S r ef ract ory
material , at | easlkasose baiert he | ayers being a castable refractory

material. 41 WO 02/ 088400 .PCT/ USO2/ 08701. 35. The furn | Rcaccor dance
with claim31 i néi‘ﬁ’éﬁgﬁngs“f’%&%&‘é’y%é“ﬁ of‘{'l%efl(}al?jwé i rogg{lg,%.?ﬁ) {ﬁtrkgxygen fuel ed
conmbusti on spesteetrarcionpri si ng: a furnace having a controlled environnent,

t he furnace havi qgﬁ&p@géq&glﬂr}pw @%upﬂlﬂﬁé?%@oq%ajeﬁﬁm,an ext er nal

envi ronnent ;
wherein the oxygen in the oxygen supply 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, 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 1100°F.

32. The furnace in accordance with claim 31 wherein the furnace is formed

from steel plate, steel beams and refractory materials.

33.  The furnace in accordance with claim 31 wherein the furnace has
walls, and wherein the 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.

34.  The furnace in accordance with claim 31 wherein the furnace has a
floor and wherein the floor is configured having a steel beam and plate shell and at
least two layers of refractory material , at least one of the layers being a castable

refractory material.
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an oxidi zi ng agent supply for supplying oxygen having a predeterm ned
purity; and a carbon based fuel supply for supplying a carbon based fuel,
wherei n twe oexgsgen in the oxidi zing agent supply and the earhsnssed f uel
are fed into the furnace in a stoichionetric proportion to one another to
limt an excess of either the oxygen or the carbon based fuel to | ess than
5 percent over the stoichionetric proportion, and wherein the conbustion
of the carbon based fuel ©provides a flanme tenperature in excess of about
4500F, and wherein an exhaust gas streamfromthe furnace has

substantially zerg.nit en-co i Nl .60 k . ous
conpounds fron1thgiox{gggvﬁﬁg5%%%¥£m%%&8¥%gﬂéiyggﬁm?E%Fgg&ggﬁﬂﬁgtion system
i n accordanceuwietsh cl aim 36 wherein the carbon based fuel is a gas. 38.

The oxygen fuel ed conbustion systemui accordance with claim 37 wherein
the gas is natural gas. 39. The oxygen fuel ed conmbustion systemin
accordance with cB@&i m4gexygemdhaledcagbustonsysigasompesingci ng pl ant. 40. The

oxygen fuel ed COMpRSLLOmyvHES ool ATEHARNEE fibhdol nihdlsibsBirialphasT €i n t he
carbon based fuel s a solid fuel, and wherein any nitrogen-contai ning

combust i on pribdakass frgmee sxismE GAOOREY: are formed fromthe solid fuel. 41
The oxygen fuel eda&&mﬁgag@m_sﬁ,wﬁmubﬁslyﬁgsﬁrgm&gwpﬁehet@hmem 36 wherein
. an

t he carbon based fuel is a liquid fue wher el n any nitrogen-cont ai ni ng
conbusti on prRY¥e®d gaseous compounds are forned fromthe liquid fuel. 42

WO 02/ 088400 PCT/ WgREdn(3sed fuel digply FliSumipiitpeitaibog b/ed feilrbust i on systemin
accordance with cl aim 36 wherei tQﬁ,controh&$q8§%¥ir%n nng¥qs

substantial |y no WREFBHERXyeea n the Qidiging Jeent SURY A0 the e g'g%é‘? ¥ng al um num
from dross- | aslefd indd tHeFuRians & @RPichdingEic pldportibeP Dndinothenb liadtaai ng t he

dross-| aden al um n into a furnac he furnace _hayin n__oxygen fuel
conbust i on sﬂfeé?ﬁ’%%ed%t"i(’ﬁ&eﬁo‘f&%@%éﬁﬁ%%’ﬁ[ﬁﬁﬁs8‘?"gg%%ﬁggﬁblg?:, and havi ng
substanti al | ystoiehismeatzgsopoxipgeind whérein treosmbustaient twl carsbmbasedweélt i ng Wi thin the
furnace; skinmmn grﬂ uggrenli)frg re}[j]rlx %{Etggét&tbg& 4ggd°f:,eagd%8'§1ﬁ'ajxg)gﬁ&t Qzlsum numto

rovi
produced a HENTTY Hross raae .
stream from the furnace has substantially zero nitrogen-containing combustion

produced gaseous compounds from the oxidizing agent.

37.  The oxygen fueled combustion system in accordance with claim 36

wherein the carbon based fuel is a gas.

38.  The oxygen fueled combustion system i accordance with claim 37

wherein the gas is natural gas.

39.  The oxygen fueled combustion system in accordance with claim 36

including an oxygen producing plant.

40.  The oxygen fueled combustion system in accordance with claim 36
wherein the carbon based fuel is a solid fuel, and wherein any nitrogen-containing

combustion produced gaseous compounds are formed from the solid fuel.

41.  The oxygen fueled combustion system in accordance with claim 36
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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pressing the heavily dross-|aden product in a mechanical press to separate
the alumnumfromthe heavily dross-laden product to produce a

concentr avedzkgavi | y dross-1aden product. 44. The salt-| ess/uset/soo f or
separating al um num from dross-laden alum numin accordance with cl ai m43
including the step of returning the concentrated heavily dross-|aden
product to the furnace. 45. The salt-less nmethod for separating al um num
fromdross-laden alum numin accordance with claim43 including near
direct flane inpingenment introduction of the dross-laden alum numinto the

furnace. 46. A fugpaceryQupieh fieltd comBhusER HHsh lnMdcor@EEcOMAth i@ Ner; a carbon
based fuel supply for suEp ying a carbon based fuel into the conbustion

regi on t hr ougWherdiethe eqatraiicd eqpippnmant has ppssantiallynodwrosen, nn v for suppl yi ng
oxygen at a predeterm ned purity into the furnace for conmbustion wth the
carbon based fuel,_wherein the c usti on produces fl t enperature of
nore than about ébOOFﬁsQ@%¥S gpggﬁsﬂﬂmﬁ%ﬁgﬁg?mﬁggm"P§§H$¥r0n1the f ur nace
has a tenper ailuthigu tonfy@ising fiRrsepd dfan about 1100F. 43 WD 02/ 088400

PCT/ US02/ 08701 47. The furnpace .in accordance w t | ai m 46 i ncl uding an
air supply for sur}ﬂﬁog‘fc t@ﬁ‘ﬁ“&%ﬂf’éﬁ%&‘“b&?&ﬁ’ﬁnaf% eﬁlﬁém%cgh it on region for
conbust i on W éxygénifeel cambsusiion spsise proflucilg adflache tdngemsuyayefiabait SGOO0MH; edliet er mi ned
purity. 48. The.furnace.in rdance with i i ' f uel

conduit for %ﬁgﬁf%ﬁ%@myﬁgo%%?93%ﬂ%§§gﬁﬁﬁggﬁ§ﬁ%ﬁﬁﬁgnb@ﬁ%@g@ﬁgn wherein the
oxygen at t hefumpeepdet ermi ned purity is supplied to the furnace through the
fuel conduit. 49. Jhe. € porioRS a3 b n GlafldAAS asLgLn the
oxygen at the pré ewg%%éﬁg%?gﬁﬁ?ty S su%%?%%%n?o the Yufnace separat e and
apart from t heeadbyrdseserladgramrediict uel . 50. The furnace in accordance with claim

46 wherein the oxygen SN khVily doss-Blded ot if B HdbhaBrRalps SRR Eparartkhe A f UF Nace
for producing steamfroma I|gU|d conprising: a conbustion region, the
s-

conbusti on r eymBinue Famitea heavly Iden arogyctity Brofiycg gicpneentrated heavily
dross-laden product.

44.  The salt-less method for separating aluminum from dross-laden
aluminum in accordance with claim 43 including the step of returning the

concentrated heavily dross-laden product to the furnace.

45, The salt-less method for separating aluminum from dross-laden
aluminum in accordance with claim 43 including near direct flame impingement

introduction of the dross-laden aluminum into the furnace.

46. A furnace comprising:

a combustion region;

a burner;

a carbon based fuel supply for supplying a carbon based fuel into the
combustion region through the burner; and

an oxidizing agent supply for supplying oxygen at a predetermined purity into
the furnace for combustion with the carbon based fuel,

wherein the combustion produces a flame temperature of more than about
3000°F and wherein an exhaust gas stream from the furnace has a temperature of not

more than about 1100°F.
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to produce steam a burner; a carbon based fuel supply for supplying a
carbon based fuel into the conbustion region through the burner; and an
oxi di zi ngwegensgs4suppl y for supplying oxygen at a predeter mcmasopos7dty i nto
the furnace for conmbustion with the carbon based fuel, wherein the
conbustion produces a flane tenperature of nore than about 3000F and
wherei n an exhaust gas streamfromthe furnace has a tenperature of not
nore than about 1100F. 52. The furnace for producing steamin accordance
with claim51 including an air supply for supplying air containing oxygen

to the conbustion, region. for. conbusti o ith the.carbon b fuel and the
oxygen at a prede‘%érm&ﬁ%%“nﬁﬁerlflfl‘if%.e“?ﬁéw u?%%‘ggdl? arnaﬁ)rrsu cPflcl?ggg steamin
accor dance wistplyidgairroiidining nxyigertioniyy cambusgbn reginl for confitmstiomuypthlthei ng t he car bon

based f uel tgarggheb ee{drf&%dtgp%gﬁ‘f}fﬁ;me%&%?@% CT/ US02/ 08701 wherein the

oxygen at the pre erm ne S sup ‘o the, furnace through the
fuel conduit. 54. The furnace for producing steamin accordance with claim

51 wherein the 0xy0eRynafuff,BLE c@%@ﬁgn%&{ld{?%ifuél%gné&u&t?& to the

furnace separate and apart fromthe carbon based The furnace for
produci ng st senpbing theeamhon hesedfug)ito the buragrngnd Whegsirths oxysanigethexygen purity is

at | east abo_‘ﬁed@témfﬁfeﬁ%@x% is sﬁﬁplip&rﬁ%efﬂiﬁhﬁl&%oﬁﬁrth%&‘éb&fuﬁg steamin
accordance with claimb5l wherein the steamlis transferred to a steam

turbine for producing electricity. 57. A waste incinerator conprising: a

corrg_usti on regiton49. aI tnﬂl%ﬁ‘xﬁfaéeiﬁa{cU@hnc%WhMirﬁQ{wﬁéﬂ&Pﬁ%Bfﬁexﬂ@tftﬂé?; a_nt .
oxi di zi ng agent. supply for supplying oxygen a predeterm ned purity; an
a waste supplpﬁdewgipﬁmf'ﬁew’a%‘g‘féﬂi‘%“‘i“é‘ég?ﬂa&a& "t“ﬁépa&fﬁ’ﬁh@f F3990r egi on and
wherein the foael idnd oxygen are conbusted at the burner to produce a flane
for incinerating the waste, and wherein the flame has a tenperature in
excess of about 4500F.

50.  The furnace in accordance with claim 46 wherein the oxygen purity is

at least about 85 percent.

51. A furnace for producing steam from a liquid comprising:

a combustion region, the combustion region configured for heating the liquid
to produce steam;

a burner;

a carbon based fuel supply for supplying a carbon based fuel into the
combustion region through the burner; and

an oxidizing agent supply for supplying oxygen at a predetermined purity into
the furnace for combustion with the carbon based fuel,

wherein the combustion produces a flame temperature of more than about
3000°F and wherein an exhaust gas stream from the furnace has a temperature of not
more than about 1100°F.

52.  The furnace for producing steam in accordance with claim 51
including an air supply for supplying air containing oxygen to the combustion region

for combustion with the carbon based fuel and the oxygen at a predetermined purity.

53.  The furnace for producing steam in accordance with claim 51

including a fuel conduit for supplying the carbon based fuel to the burner, and
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58. The waste incinerator in accordance with claim57 wherein the

oxi di zi ng agent has an oxygen concentration of at |east about 85 percent.
59. The waetoe/088360 nerator in accordance with claimb57 inclpadiusgz2/es7burt her
oxygen injector for injecting oxygen into the conbustion region. 45

wherein the oxygen at the predetermined purity is supplied to the. furnace through the

fuel conduit.

54.  The fumnace for producing steam in accordance with claim 51 wherein
the oxygen at the predetermined purity is supplied to the furnace separate and apart
from the carbon based fuel.

55.  The furnace for producing steam in accordance with claim 51 wherein

the oxygen purity is at least about 85 percent.

56.  The furnace for producing steam in accordance with claim 51 wherein

the steam is transferred to a steam turbine for producing electricity.

57. A waste incinerator comprising:

a combustion region;

a burner;

a fuel supply for supplying a fuel;

an oxidizing agent supply for supplying oxygen at a predetermined purity; and

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.

58. The waste incinerator in accordance with claim 57 wherein the

oxidizing agent has an oxygen concentration of at least about 85 percent.

59.  The waste incinerator in accordance with claim 57 including a further

oxygen injector for injecting oxygen into the combustion region.
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