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[ 0001] The present invention pertains to an oxygen fuel ed conbustion
system More particularly) the present invention pertains to an oxy-fueled
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-fueled
burner systens are gener alTITLEOEF VHESBSENTIONhose applications in which
extrenely high f eRpsh | HERE anpl e, these systens
may be used in é}xgq@féa['ss m??ﬁgﬁfsn l}gﬁ‘@q’?ﬁ%ggaer tF(;ﬂz;chi eve the
tenperatures necessary to nelt silica to a fusion tenperature. QO herw se,
it is commonly accept egaidk@rROBINDIGE tHBINGENTIORt erial limtations dictate

t he upper tenperatures_to which mang i ndustri al sc{ eﬁ can be subj ected.
To this end, dPf0lf yel edhOesshtinVERHOR B REH DS PTG é‘é‘g CREUHPY used in

boi l ers, fspsidiaQBSe pitituldle te iplesent iveatigiheniing o &t oxgifeted comipisrdinr i al  appl i cation
i ncl udi ng _manufact urin lectric ti .her process

appl i cat i 8#&"“[‘5’8’6@?‘3 P’%d‘bcg?ﬁoﬁ%hlr@%%cs% Sgﬁg% alé%ﬂnbvﬁggfog%l systens or

el ectric HWehtdnngppigsis edwedr e used t hr oughout the steel and al um num naki ng

Jindustries, asgyB|! asddifn RRICEburbl BRleas b Rndwidhiilel, thékide 9t her i ndustries
that rely upon carbon based. fuels. 1n air fueled %%’ air which is

. st ens,
conpr i sed ate It Oxy Senied PR SEHmS AT BB 251 Bi§d injtho @Bgca'é‘l"“ﬁng with fuel
into a funNages exkéeelligh flae kermpecitutes ere rquirgn Foregantple eibdengtemscont i nuous
flanme. The flanme.transfers.energy .i e fromthe fuel air
mixture i OF WES PR n_&b@ﬂ%l‘%&fiﬁgo% g‘réﬁfﬁ?"g%'a&g Um num i ndustries, air
fuel ed fumeses tamdt dicetotarfistonfiepnseatiess Qibepeisy; Bésrommenly essertade prinary heat
source Forma?En%lé’tfxiaﬁan Hi@tleztiﬁd!lmimioh A dotardiht BopbRerRRedurdso améhélﬂagl f%d fu(rjnaces) it
is conventionally accepted, that the ener equirenents al anced agai nst
the t her manduptiglsysigms papde beicftﬁ‘g @rtgéggsm‘%%é?‘{fi‘?g’ﬁf‘fegf‘fﬁﬂﬁ‘ﬁ% or strongly
support t hesda@rebedtinesiers irpess af te tkbbistion mygsivepindusktil t 0 t he use of
electric furnaces jn the alumn LN r | ngentional w sdom
supports R °%“§i“% g%’?lnélfria ﬁtilmnsgoﬂ‘rgggjecptq%z?{fg%ﬁmet%ggitd%emeﬁe}nperatures necessary
for al um rmpplcpiostessi ng. Woozi 0ssaoo rcTiuso2ios~oi ~ g FEB 20t]4 [0005]
One drawback tgadspe US@n@ifticad, aif MEl@sbnbodtion Sisleforeksitiehdatind S that these
systens produce and, ot her Q%ef?- house asedzl such as. G gbon di oxi de,
sul fur di GYS'RS asgpyepd tippnaheut the sty THME ST B A Conbust i on
process. NOxergagratédiadusty, eeivtionserigataselpu®naabartged 6oist I butor to
envi r ONMENt NeicR Oslel, o Wnich BGh R 08lor Btk 7930 binbdelbdLod Ryl rain. As such,
the reductt'én 1w em ssion of and ot her_ green-house gases is desirable,
and as a dekubrg voh frebigtol afomec. Fheoinfae mbxgnsis IBHIAEPH® A s greatly linited. To
this end, Wiy Barhe the BandMsiferP@eieh i B fofilofGRat BHBRIR BPAPUSL i On systens in
order to I'imt _and/or reduce the | evels of NOx and ot her greenhouse gases
pr oduced. fT’@B‘EH]‘“A‘h@ﬂ"fYé‘r drawback with respect to air fueled furnaces is
that much of tespner gyn helehaddivnimm ihdwriepabfusitd forvaqes @dess i s absor bed or
used to heat .the gaseous nit.rogen.pr tin e Al at is fed to the
f ur nace. fﬁ“l" °E’H@%§§aﬁe§w§§§e§n fa%rf ymggeg{]sé’am?frﬁﬁ%}'ﬁag?éxt%ﬂﬁecgheat ed nitrogen gas
i s typi calrheyals. Wthadéspecehdigted firdacesnit isigenvimsignally eesepted thasthg. . furnace. To this
end, nuch NG Va1 SO taSaief Be BbBPEESubRLPmE gnvi ronnent, through an
of f gas steg%?t%cﬁmt ﬁewl’g?a[ie. gﬁgr dra acksuof theprg‘i:c,r fed conbustion
syst ens kreavipmeat riandsie oF gropgjn Fupart 1guse RY these iPeyof PABHHE R B¥S6B¥] El ectric
furnaces |jkewi 88 o @eticttitRicks ifl i@ whagls indudtfy, @%ANFh@atisnainer ent in these

systens as well is the need for a sour electricit t{‘l’ﬁt is avail abl e
t

d f
on a cont i ST SUARARS tUf YRS USATRYOPe Wafﬁ%ﬁﬁleit‘iﬂpé??‘ffﬁ??ﬁ iy hat | arge

amount s ofanglie&igrecessippwer are required to operate electric furnaces, it is
typically necessary to




have these electric furnaces |located in proximty to electric generating

pl ant s g g s¢%kadoar ge el ectrical transm ssion services. pbmmdgb§7j}pn,1glggg pite
furnaces require a considerabl e amount of maintenance to assure that the
furnaces are operated at or near optimmefficiency. Mreover, inherent in
the use of electric furnaces is the inefficiency of converting a fuel into
el ectrical power (nost |arge fossil fuel ed power stations that use steam

t ur bi nes oper atl@0slt ef f Dod dardiedkso B upeof air fuplgthcombation sydtePeiscent , and

general Iy liesg.l 23044k 136 BROEHEFrden-hbike Bl shihQB carbdi@RRidk,ar ge f ossi |

fuel ed stations produce extrenely Iarge uantities ofrﬁy& nd ot her

gr een- hous &ilfyadiedde apdiyelie, g3 bsTaptpisWT ofithy cPRMsIgn CREI'YF B¥essi ng i ndust ry,
and nmor e s peighdefBusy/gasdd afelargd donfBUKS @V AnteaElpeiitipn iimtidiagy y) convent i onal

wi sdomis that flanme tenperatures in f.ur.n S i ntai ned between
about 2500P" ﬂ‘d“‘%‘@g%r—a?ﬁ%'é“l%%%c fegu‘%‘ no%glﬁﬁa?no#%?‘é%}egébal ance between

t he ener gy greckssanases isdesirphlo widdis pgesgtdffigoleontresyesdensf rssigplst i ng t he scrap

al um num W@&.atmggnd?@ﬁ&g e be PR bRl Smbukidane MOl ten bath at
about 14SOF. Rnown furnaces utjlize a WO 021 088400 PCT/ US02/ 08701 design
in which fisgipms fneasgss odimitapdontodypeth leyelsf NQE eodsthes gendBsE2Ed assur e

mai nt ai ni ng-dareg.structural integrity of these furnaces That is, it is

t hought that e ing these .te rature |im an ve t he support

structure of tﬁﬁﬁ'ﬁﬂr nacé‘“?‘ﬁiﬁgfawg%gyﬁhf?e?tet%ﬁf@ﬁ% M c%ﬁagtrophi c .

acci dent's. niuch efdichi enérgyrelestditdm the pqpeustion psess i rbsotyed@msad et f ur naces are

general ly %R%%w&%ﬁinf@%émtﬁéﬁtﬂa@ﬁ‘?&ﬁ@ﬁn&'ﬁﬁm@é.f’ffhﬁfeﬁéﬁi@' between the flame
I's 0 abo

and the exhaust | ut 1400F. This results in inefficient energy
usage for teprentielyisiss inghet B beated sirogmeay yPeallysmerrly B S0BY t hat heat

| 0sses and gRQeRRburd)| . A FWRGE. TOhE Ght, RERIYE thk ARy cdfnae diectediinohi ch f | ane

t enper atures exceed out 3000F r _qutwei ) i fficiency that
may be achi%féwwe%%gﬁ@a??%ﬁ% S{ag‘n%g'?egﬁr‘%gfr%ﬁ’a%??%f%iaﬁg%dgnventi onal

wi sdom f ul leymugguoystanstkheviugl befecaghizedbyskibed artisensaces i n which flane

tenperatures arguai an YRREL AlddlsikGliscdRRltheiRRRE% b¥or bkeafR, St 0i chi omet ry)

whi ch assures furnace integrity and reduces energy |osses %0010]
Accor di ngl ynherpidn hess gystems aswelldsthe pesp fo 2 squrp GEHSoBHIS PaIEM RSt provi des t he
advant ages daf céridubub Rigis,Rhtany1wtviihtepkibi tTh tat 1{rpé¢ dndubredfabl e to NOx and

ot her green: hause gases). ile at il el efficient energy
use. Desir &B5FY° BEERS gq%:’f)e%ouoé’f?%ﬁleé@g} em c’zi%lgﬁgwﬁg%de%ﬁ?go wi de variety of
i ndustri al haypheseel¢cirisfanacesiprgied ip Hroxgmitn th elegiiseperging gleatt #@F uti ity i ndustry

to cheni caly, Br QLess i ReNEHides Sin aditoR] elddfi ikdcdsoBuaesl processing and the
| i ke. Such a conpustion system can beé%ﬁygd in netal al um num

e g,
processi ng capiseiebls ppRFefnRpiniiRsnc to@pRare Rri i a’?)?g‘ltr%t?ﬂag?’ld\?frdes i ncr eased
ener gy ef f igpiueie yficiesty.Pdblesiet, dihert dunhé ise bf elcEhiefienabssothexi sts a need,

specifically in the scr m. n [ | | : rocess
equi pnent (‘gﬁ‘:ﬁ“ﬁ 02.3?’1"?%?%%3%6“ &%%3&%%?@“5%& ?\%gﬁ %lﬁé @gv nfigured to
Wi t hst and etatemtlethst ttearctubaepepeate gt dlicieasisonfiless beh abput KO BaxERb an ef fi ci ent

combusti on o0 S ASEE REdIBM orf ebeQirf Gl @4 r €duce pol | ution
product i On_&%%e}n%@l@%%%@oaz ?HE It)NV i %%Aln

3 TI'NVENTI %001 ogg%gen fuel ed
conbust i on sAjiens@redpaserarmely laserqyanitieso! NXrapotier gI5HrRosiq 8% envi r onment, and
i ncl udes at Ieafi)bos@ne b Won&ampld,i€ the @GRinGh ipfudessiyShamry, and mdtes an oxygen
supply for sup i,ng.Fo en havi ng al’.’r@r %(’j(etern}n d .ﬁgriigé{mand a carbon
based fuel ® F’i}l"F PR A O RS E8 T iel " The " Dr esent  oxy f uel
conbust i on faywteipeiaties ddsesed shoulé bd mantgngibefeerf ahort 280 aded (i.e., requires

| ess fuel), .od fl 5 urces) and
st oni 11 cant 196 Fo LS Bpfd Solhtte sAINEL LA Teldc B! Lietgy E&E\Q%ﬁﬁg’?osmo%)

providing sufficient heat gor melting the scrap aluminum, and maintaining adequate
metal temperatures in the molten bath at about 1450°F. Known furnaces utilize a




PCT/ US021 08701g FEB 2004 [0012] The oxygen and the carbon based fuel are
fed in rnace in a stoichionetric proportion tg-q er tolimt
- an excé&sgwg@s@?t her the oxygen or the carbon based fuglC {1%0 EeHs:}Bspt han 5
percent over the stoichionetric proportion. The conbustion of the carbon
based fuel provides a flane tenperature in excess of about 4500F, and an
exhaust gas streamfromthe furnace having a tenperature of not nore than

about 1100f,{ QOAR) aTheeFORRUS! AR HSIR BBbrRRlkufanc! udes a_contr ol
ntro

system for cont ing the supp of carbon based fuel and for controlling
“the suppl ymmw@ix&@ewlﬁ@g‘?%ﬁé‘é%wwst ezt 5o FQPeE et em  the supply of

fuel foll %eehih?mggégda{pymﬂfeIﬁﬁi&ﬁ@ﬁ;&aﬂn'&ﬁ&@uﬂﬁﬁﬁ\ﬁﬁﬁreo}rﬂﬂﬁﬁtﬁp@| y of oxygen and
e

fuel is controll .the predeterm ne ten al umnumtenperature. In
this arranfenaitcly ?Sé‘é‘}?é%?a%é‘é‘f?@&“fqﬁ’émﬁ@%%?o&sﬁarcﬂé%o r?%’é:s%{)l ten al umi num
(0014] Theconentinal faasesaré gratraltycahols ¢609FF; Thyp ehecdmperawie diffecntizie enbodi ment
- the fuel !&t@eegﬁ?flgﬁﬁgﬁééﬂﬁ HLAY S8R5 14008 RRRRsARGh hlifcild ke. Al ternately,

the fuel is"a so such as"coal or coal dust. Alternately still, the
fuel is a ¢nergybsied igpthe computtionrPesss oi |, including waste oils. [0015] In one

exenpl ary use, [dof§) CONDYHlalsO BeliSved RMehSoddd Q8 potential AhagPtoal UM Nnum recovery
system for recovering alum nugr\ﬂf rom scragsi Sﬁl#ﬂ’ga 3?% I_.gm i ncl udes a furnace
for cont ai FRURGEHS AEL PSR arpe 1Rl e 8T & ors}pafature, that has at
| east one butwéigany Jfeeatingabisiaicy thsynsdly dandhiveddigdigharilamgygen suppl y

f or suppl Vi g, QYO TshO ol ol WA SidiBh QY BubBif GARPHSegsy St em T

achi eve nmaXi Rum erficr cy, the oxygen suppl'y has an oxygen purity of at

| east abouﬁm@Q:sperld@rﬂmemwmaﬂbﬁmbg%ef*ﬂ’époagfpw a%qppl i es a carbon

based fuel g, Jiismdy) et Ahes ihfcSiRap adasmtkskialy 16k&. fed into the furnace
in a stoichiometric pro

porti o 0 one another to lim¢t an excess of either
the oxygen or #4Pa%ar boﬁccﬁ’élé‘gg"‘#‘fféf”?tso“feg‘ggr?ﬁgﬁu%mbgﬁtg%%?over t he
‘st oi chi onepiolidesfircapantages of rediting eirbarsiabpolotont4reibyshiboMUsased fuel provi des
a flam tCoREALIG] Aal)ifiRt: O sADOHE pllEemald cifiyashaust gas stream

fromthe furnace having a tenperature 0 U mopre than about [100F. [0017],
In such a Pede¥nsychayamsionsyencespbeiesed 83 vode vangfindisialt uel creates energy
that is usggifbns! RESNEGTo e Wi GeRdtifink AOINY Indsug ichgmiadl a rate of about 1083

BTU per pound of .al umi num recovered. The. fuel n gas, such as natural
gas, Or | tp'i‘?%\eﬁs%én‘i’f“%sr ?‘EfalfptTéPcuS? N Pﬁcasﬁllnﬁm%ﬁheﬁq.ﬁe' Q&%Qozi 0SSa00

r cT~r SONOS ewhbustion systEg cROBAs¢AiO 18], ¢-8), aldmeinynePergespine applications iheat from t he

furnace capRemt GHANEIRYsleh FoiRShGA8AhEPERMGIY adipol&@h The recovered
heat can be converted to el ectrical enien;tg 019] I'n a .nost preferred

. . . gy. [0
system t heedecgam jdeicalse exjsts agsed, prepificpiy indhessrep BIHPIRR PIRFSi ng oxygen. One
" such syst efRdsep & globds @&ipmiet (Deddiichifcmades) thr bre dgned ®dch as a cryogenic
separation syste her syst.ens include Js and the liKke.
oxygen can"?i’%g‘ﬁe‘g‘]%wg?" ?8‘8‘%’7&83&??1%“1 ee"i‘ol{.'érfsé foglifgl{egg&m%?g?{ﬁ%%poxygen and
hydr ogen. kemtsstioh spiesitapdr® incrdase eosrgypsficienanandaedycanobgion grodyssen. as needed.
O her systens are known for oxygen generation/separation. [0020] The oxygen
fuel ed conbustion syste ener al | can_be used with any furnace that has
.a controlled envi ronmﬁg}E%Wyy%WWNace that has substantially
‘no in-leakage fiigim an exhekypal fuleddoidiNiBNSysteDtizindes admmire Bivirgn syst em

i ncl udes an oxygen supply for supplying oxy: havi ng a_ pbredeterm ned
purity and a&"“(?al?eﬂﬁﬁ"mﬁggﬁ%af“g’@?l“ jgtﬁ‘%laffog?)‘?m%egp fyPRG A car bon, based fuel .

[ 0021] The iRxyganotyger sagplpfoy peplyisgykesn lanidg & predecamiboipubtysedia f uel are fed
into the furpace i st oL chi ' ¢ i NGy ther tolimt an
excess of éi“? nngse gﬁsg%ggsugggtﬁ%é%#g%%&) ais'gge%rgsgl. to?a:agss than 5 percent
over the stonlebtionmsten incrgpse thsrefficincy of frebepesnmed figs FrAEs legsfudlhaust gas
streamfro Imp HHRSthaBhind duyeed Ghdsighifich:Ay 8dds &Rt ai ni ng

conmbust i ong%?‘tc}gsu{ggr ga@ggﬁgmcorrpound? Thafg is,@ibe?ggse there is no

ni trogen f @wen-bpukige’est he fuel, unless there is fuel -borne nitrogen, the
exhaust gas contains substantially no nitrogen containing conbustion
products (i.e., NOx), and significaptly |owered | evels of other green-house
gases. [0022] This conbustion system can use any carbon based f uel

i ncl udi ng gas, such as natural gas or nethane) any solid fuel such as coal
or coal dust or any liquid fuel, such as oil, including waste and refined
oils. In such a conbustion system any nitrogen-containing conbustion
produced gaseous conpounds are fornmed fromthe fuel-borne nitrogen. (0023]
A nethod for recovering alum numfrom scrap includes feeding alum num scrap

o into a nelti ng furnace and conbusti ng oxygen and a carbon based fuel in.the

f 1

f-'qrngce_j.:__'_l n -t h_e_ 'cor_rbu;t_i on of the oxygen and fuel, the oxygen and fuel are

the furnace chionetric proportion to one-another to. limt::

o ees e ey



PP T

fur nace. The waste heat recovered can be converted to electricity ég 6] A
f ur nacavd orosgeoveri ng al um num tom scrap al um num i nqi(m@gi,z,am iﬁtﬁ*ﬁ

for contai n| ng nolten alum numat a predetermnined tenperature, and at Ieast
one burer. 'An oxygen supply supplies oxygen having a purity of at |east
about 85 percent and a carbon based fuel supply supplies fuel, such as
natural gas, coal, oil and the like. (0027] The oxygen in the oxygen supply
and the fuel ar@ofzkd iandleoﬂygenfamdmac:&bdmtmdﬁtdﬁrcfeiimmhéfuﬁm@roporti on to one
anot her to] xygen or, the fuel to | ess than 5
per cent overé%ém%%m ?ﬁ?%gﬁgﬂologé&npgi or U%n%“y Te° el%t;}‘s?to?‘yéﬁ ¥t the fuel

provi des aI‘Pﬂlcaﬂ?eﬂltaeqﬁlpf@ﬂ@titﬁﬁémﬁp@@ewsﬂbﬂfma@mm5®©ﬁmtam an exhaust gas

stream f rorsb&t\@néntwa@eﬁbmaseaﬁfeﬁﬁweaaH%@&pcm&m HRE&sd ?r.{(l.'u@bom 1100F,
el plate, - steel

[0028] In oggg (g nt thef rnac is formed fromste

beams and raf} xef %‘éi’ﬁsﬁf"’é“ Ghesing A femperafiis of M FPKur ed havi ng a
st eel beammdbqﬁnkama?Fshell at Ieast one | ayer of a crushable insulating.
material, at one | of. a.r ract gl d at | east one |ayer
of a testabl e r ?f{lﬂ orﬁ)f{ramebﬁué)flsys rl?y%gu#f%éolp%ﬂ?sﬁgghfl gured having a
st eel beamfmntpﬂlaeéegmlﬂofmné@seﬂé!alsamdfwntralmtscmﬁplyetfrac_t ory material,
at | east OQﬁ{r%Btottﬂﬁﬂn%éefrﬁh@c%hﬂﬁsﬁtehe&E ?Jgpwﬁé rfé}fathx Lgsﬁiy%F' al . [0029] A

salt-less nethod for separati ng al um num from dr oss um numis al so
di scl osed tofEEen fothg fugess: Ehrsurpbpgfoxysen adifpch ingertioledtyahedr oss- | aden al uni num
into a fur rpmetennlihembwmmasmmnﬁe(yrgeﬂsaﬁx@x@éem&&rmbk&bﬂseﬁessyst em produci ng
a flane tergljﬁrrgtelrjar eM ?te 5000F and having substantially no excess
oxygen. The RSP um Wum el ts within the furnace. [ 0030] An upper
portion of the 9814 ed dr%swb%dmd@bkmbmwsﬂ@m@hio produce a heavily
dr oss- Iade%ms&elaﬁtmeﬂmaw;{icwsrgﬁpﬁgaslm RQAY&L Al&mF[e@sse{j in a

mechani cal press to separate the alum numfromthe heavily dross .6 F.EB
2004 WO 02/ WSMW@%S%TCP%{&% Phaatrbrsitsbetdingdetid concent rat ed
heavi | y dr dsd,-shehddirl pit, adluding wdstepileet hod can i nclude the step of returning

t he concentrate avi | roduct. to the furnace. Introduction
of the dross-| a@e%?al um){?]gnﬁ%?en p"’?ﬁe’ ucroﬁgltl:seo"ls SERPPPEL DNPi n near direct
flame inpi rdjeimgm reqopery gisender recheripg dldrpiourh fromserie Sdehosssten{ 0031] These and

ot her feat Hﬁ&ﬂes@dﬂn&.@\f&% Béltch BEmRLASE redelM Ak R beitbuld De apparent
fromthe fql Iﬁ) g det escription, l'}n conjunction_w th the appended

claims. BRIUEE Bt ‘t‘Nf  FRAVeSE YRR i e AR BT PP NGS (0032] The
benef i t s. ansdppitheartgeg®shafirnide ehrugh e ndémbusicanystead) ToiatHiedecone nore readily
apparent t eE:i!ﬁﬁ@:ee i n ter review ng the
foll ow ng #cfegs&égﬁ%gffl%nn I%Laéggo%&rﬁugh%\(%r%% %Otdus?sf wherei n: {0033]
FIG 1 is @erall flow schene of an exenplary al uni num scrap recovery

process having ?ompl ti ng;d‘au}a,mefg@ m;g@pgquﬂy%bgyﬁg&%&omustl on system
in which green- n _and_fuel consunptlon are reduced,

e ctl
enmbodyi ng tHEHH %h{‘l‘ b‘% & fymrgin@SIhonei8A] FIG 2 is an
overal | fl wpmMnmomumemmglmmengdrm cabsivagpded fromFIG 1
having a r stion system
embodyi ng. (R s E#k%ﬁ°?§“k@%'°?§?§%¥9f%ﬁ o TR E 3 s an
exenpl ary rfamben baped fug Prsv#pﬁ?wﬂaﬁwﬁwdwmﬁ%pﬁ%‘ﬁfme\am for use with the
_oxygen. fuelem@uﬁgmyémmﬁyﬁ}ﬁmham@%hpﬂ&eoﬂm&aoéﬁlaempta" plant scheme
showi ng t he ox%(gen supply, froma cryogenic plant, and flow to the furnaces
and furthert!¥Fustrati ng an exenpl ary waste heat recovery plant; [0037]
FIG 5is a sch[ama]l C i I 4usH & @tdvexp s@tend the dbrkbiititk Y S bdniaRDfufiur nace for use
with an oxygen fue gg“g%gpgstl on.sys temi mticordance W}}Dh t he

ates energy T IBCOVEHIIE ummum € scrap atarate ¢ out

1083 BTU per pound of alurninum recovered. The fuel can be a gas, such as natural

gas, or it can be a.solid fuel or a liquid fuel.




principles of the present invention; [0038] FIG 6 is a si de vi ew of ég
furnacewg é%% 5; [0039] FIG 7|safront view of thg fdr% of
FIG 6; ? 8 8 FIGS. 8 and 9 are partial cross-sectional Iustratlons of a
side wall and the floor of the furnace, respectively: {0041J FI G 10
illustrates a burner assenbly for use with the oxygen. fuel ed conbustion
system 7 W) 02/088400 1 6 FEB 2004 PCT/ US02/ 08701 (0042 FIG 11 is a

schematic ill ugdoigti onsin@fe radavwgefeﬁxarem ORIk fhak ¥l RRbRFeduse Wi th an
oxygen fue|l ed copbustion s resent in (ﬁl’ltl on (0043] FIG 12 is

et b e e s TR AR AP iyt hBisR B CopteRdip Hedeel Cont wal |

illustratiegmeg burner and an air feed arrangement, and show ng the

pri ney pl os. of H8lo, cs el H FRAPRASHAD S VB HL NRRNMARIPDY 0 L TE, o

illustrati Bﬁte@ffwa?rqm%@xxgnm%ﬁ@@fsmm%msﬁg“%wgm@@ poration therein of

an oxy fuel, mah@.taw v e Diteh§ sl MOLARIn@Snbithe t he present
BRSPS SR )

i nvention. Al L ENTI ON (0045]. While the present
i nvention feBaralisa ‘? Hﬂe Ogyeens7p 8ls? M?“‘Fﬂl’x% ?"Bﬂ%““f}g??%‘e']“f Were is shown in
the draw ngggand wddgedhdn Sjcli]ﬁyfsﬁemﬁ th&xﬁbéﬁ&nlbbﬁd'eﬁfopmsﬁmcsi preferred

enbodi nent th. the der Q&t JRresent disclosure is to be
consi deredoﬁfﬁrs S)%%nﬁsp f n%g? He | mE/’en fon and is not intended to limt

the invention tH®¥2¢he sp@hqma?né\t?béehm’mmonws!e@s&cﬂ%ﬁlbdcmll’fuﬂsﬁoul d be further

under st 00dywihaly f&zﬂa%e&hztﬂa@a&i.mﬁmvﬁ@ﬁehpmﬁs,Mm&yme fnka@d i on, nanel y;
"Detail ed Descrjiption e I nventjon TT%’CE are wrerrent of the

Uni t ed St afubgans Yéﬁt‘n‘bﬂfaﬁ‘bgm%ﬂﬁmﬁ’&@“%im‘it FF# be inferred to
limt the &uljesat oxygdntsepphyfosapidegioxdg @aving a[;ﬁﬂét&}mdbﬂpmymfduel conbusti on
system uses beog% (Hualsu PB%BS%E@%X %)bohgasgﬁggl nation with a fuel source to

produce heat conbustion), in an efficient
envi ronnent al | ;W‘min adv Ehesygen vt oxyEgr gepsly andulsr egsbandasedi gl ared by an

oxi di zi ng ?I:G‘%ﬁ!&ﬂleﬁﬁa%ﬁ%&}&@cﬁdﬂ%}ﬁoﬁé&oﬁ%ﬂ&m&ﬂxeﬂ&ehﬁlﬁaﬁc:&:&satbOUt 99+ per cent

can be used, however, it is ﬁ é Ee toshave oxyﬁ&gn concentration (i.e.,

oxygen supBPﬁ? the Py e Pr the caxpog frasy g‘ﬁ psghag S pagent e system high-purity

oxygen is ﬁtexdpom&txﬁu}gopmi‘oh Inlsgh b fighacs @ul exhausi gas stteam dloingimegfumace pr oporti ons,

into a bur to rel ease the
B sl P S sm@r@e&ﬁmm Grdatieh ghsSous Bthlofiths.

ener gy stored oses of resent di scl osure,

ref erence Wtﬁtheﬁﬁa@éhqf%mﬂ%mﬁ@ﬁ%&éwtﬁﬁ’@f% Bérel-bRmeude any i ndustri al
or comrer Chl&bgcﬂ,&l@éexﬂﬂﬂ%ﬁﬂo%ﬁiﬁ%nﬁﬂﬁﬁﬂﬁh&g&@&ﬁhhnﬁ&iﬂbbﬁ&based) fuels. In a

preferred s atl rity i.s as hlgh as practicable
to reduce 5‘)1‘4 ?]‘r?ogfégﬁ%m%ﬂ%ﬁq% qwtff‘fg?ef’gﬁ?fpf%ef? SOEG ARSI at ed t hat
essential |y anyooezjel soﬁmewnﬁaﬁnomasme@usmmmeéﬁld n a present

appl i cati o gagsé% chhQ?mggﬁ &&ﬁféwaﬁgg&id%ﬁimas%hqmmwgen is fed al ong

with natura or conbustion In ur nace her fuel sources 8
or any liquid fue}, 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-bome 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
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i ncl udigWediRbdoped as well as waste oils, wood, coal, , refuse
(gar bage vvaste) and the |ike. Those skilled in the art WI| ecognl ze the
nyriad fuel sources that can be used with the present oxy-fuel system

[ 0048] The present system departs from conventional processes in two
principal areas. First, conventional combustion processes use air (as an
oxi di zi g AQEMs0¢P, SH RN EHIREIn frér@hb Rimatd aRin© s &8Pérkak bncPur € oxygen, for
conbustion. The oxygen onponent of air (about 21 percent) is used in
combust i onmOfHap abqup 0 QEmal ni ng conponents (essentially nitrogen) are
heated in and qodza]ustedTﬁeramm:ﬂuhﬁshulwdmm&mudmiaslqymsent process uses

oxygen in sIO|ch|one rt| h I only enough
oxygen is PETTRSFOPST % &s%&taﬁy s%@gncgmrr%l et’sz conbusti on of
the fuel . Tixhapedfoon bxbose! ﬂwxgvgeﬂcwsmﬂ@elﬂlﬁﬁ?mﬁtfmv@ahbustl on system

(0049] anuﬂﬂm%&%ﬁ%&?ﬁ%@uﬁuﬂﬁ eaqbussemmh@ﬂnmet he present

conmbusti on system has been observed, as will be described bel ow, that

- fuel consumﬁeﬁﬁduﬁﬁuﬁ%ﬂ} Rumace- equi val ent armunt of power or heat is
reduced, in cer[msp appirheandtion 0, inddyde povetisg wae hetd fpetteent . Signi ficantly,
this can prov for t remendous, reduct in. he amount of pollution that
resul ts. é‘ﬁ‘?"‘ﬁ eghﬁwésé? c%{ir?lcméeﬁeplcf’%s%eﬁo%ﬁged‘?ﬂ 'ssion of NOx can be reduced
to essenti aIIy[&Q;ﬁ]o) andﬁmeMWemmmgm@éhnWse gases reduced by
as_much asm%@g F @ﬁﬁ&?%ﬁwm&ewmmmlmwﬁml ed conbustion

systens. Scrap, Al um num Recovery Process (0050] In one
specific useéﬂPerﬁtH’é a5 pidesst one RS ANGRHRSE PYPBYY SEPUB etV E et erred to as
oxy-fuel obmﬁwfaimﬁkadhtssgermeﬁdanmmmxeamepdummppﬁes felpwel y plant 10. A
fl ow process for an ﬁ {’g% &ryeol ant is illustrated in FIGS. 1-2. Scrap

al i m ni um@ser}‘\1 %1 dkat 12 is fed into a-nelting furnace 14, and
is |iquefied. '[91137bl ant TheGrxpgen ini thedxyeka swplytang the fifel arifed 8% Bper at ed i n

paral | el 1%@9{3a%lc}ﬁﬁhed%ﬁr&owohwn@aﬁmfﬁmahb;gb@tafaﬂer@e mol ten al umi num

is drawn fromthe nelting furnace 14 and. is fed into a.smaller hol ding ‘
f ur nace or°W(BF'b‘§t‘h°f6’“°ﬁf‘é‘hPﬂﬁ RFFSE oV el stolehipmetrie PPty f%% v uel ed fur nace.
The m)ltencﬁl;uumonumueﬁxeldara&msémammmmramedmmgsshmbmeeommm necessary, to
mai ntain a_ce Qudpir nace 16. This can
result |n o) a‘é’s cam%r aw ng §9h45§¥e?.15 O?ﬁmplt%%e%&furunace 14 or draw ng
down in bétQﬂf‘Iés as r equi red 9 16 FEB 2G4 WO 02/ 088400 PCT/ U502/ 08701

(0051j In the g&bd] ng fledasé}@ooaﬁxen@{nl:ﬁﬁa{a&ﬁsmedrﬂowmm&selg%) as
indicated at 1

and 20, respectivel are f to.the | di ng furnace 16
to facilit ks apdielag "yt’ilf’é‘3 f‘ﬁaégw?llrsﬁﬁﬁc?’%@“ﬁ&at@ﬁa tle%ﬁ"faﬂhm The chlorine
and ni troged pﬁamml Memnmamsmwmmgxmm atdeagkromeayene | npurities
fromthe aI [nryb Jg%%mpaqflasqlo&a ;@Pot%% [ “;qe %iy'nﬂtehﬁel'ﬂ?l ting furnaces 14

to incr easg FEan ng sScrap her contenpl ated fl uxi ng
agents i ncﬁm%@semgmdj@wnhe%ﬁbmﬁémmgﬂﬁcﬂﬂfﬁ“’!Péa)i°§ actively heated

and oper at gfeflcofy HRbdaL Bt 1R loAL ft@mmwgecmma&ﬁwm )39k, The air
tenperature in the hol der 16 is Sllo? I@X her . +11The nol ten al um num

is then filter d#f2pr eseprspliiessgefiod f 8 22 i s used.
However, Oblﬂﬁhuhymdﬁﬁloieﬂthhﬁﬁﬁudwmed(mmﬁmmddcmcbas-dﬁed The filtered,
nol t en aI um numi.s then f hrough_ a_de Qg3] In the degasser
24, a fl ux%@"‘ﬁﬁ‘é’ﬁ?,&gﬁ%%ﬁ% an elli%se xwgﬁ?‘%ﬁbﬁs@on&%’g en is used, as
i ndi cat ed atodﬁbﬁ)g aifme eohpérattre of dveut FH00CH anddiaving mhmnmrlb@owmemn alum numis
agitated g aﬁh%ﬁ IR AR HotShiold & rffleand the fluxing agent 26

ou

bubbl es up ten alumnumto draw inpurities (e.g., oxides)
fromthe al um r{g{m)] An upper portion of the melted dross-laden aluminum is -

skimmed to produce a heavily dross-laden product. The heavily dross-laden product

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

6
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[ 0054] The nolten alumnumis then fed into an in-line caster 30.
cast er wdz/obdaeo al um num i s cast into continuous pl at epcThBon®sé1 thl ckness
can be any where from.010 inches up to .750 inches or nore. The al um num

can then be rolled into a coil, as indicated at 32, for use or further
processing. In a present nethod) the al um num proceeds fromthe caster 30
through a pair of hot mlling machines 34 where the plate is mlled to a

final thi qkeemsduRt o gRdge a cpicase@nl heviphipass-lder(BRiuctn ChesetfdiZzanri | s) and is

then rolled.to.formthe co Lt will understand

and appr ed’i‘é‘{dgmfﬁt&p\’fté?m’gmgth“am?ngrm}r?ﬁ&ww%?aqe m&rﬁ%@ocesses that can be

carri ed ouurnsa. mheiumwlftheﬁﬁobs-lmehim@mmtgm&ﬁmﬂﬂﬁlr%F%'mdrPngrocesses are

wi thin th%&%ﬁ&%ﬂmn@ﬁgénwteienmawxﬁ:@se@smmem&tIon [0055] Returning to
ce

the nelting furna as stated above n oxy-fuel furnace It is
fed with a carB8H) basedrwend otass fagmses andad Eﬁ“ﬁ'ﬁesdggm p‘ic?‘?“‘st oi chi onetric
proporti Orln\)%ﬁ(m»ﬁKU%BarenTlﬂ-bﬁtﬂc&‘ollb@ﬁﬂgh&ml@dfd%nﬁﬂdﬁ,ﬁﬁﬁﬁﬁm&ﬂ&hCh use fuel and
air m'xture he %rcb/alr m xtures feed nitrogen as well as oxygen into
the fur nac‘@ B‘ﬁ‘ﬂ 4PHe conbustion process. This results in the
producti on of unde5| rable NOx off gases. In addition, the nitrogen al so
absor bs ener%m% PR e overall
~efficiency o Ifeﬂg%%ﬂgg@é FEW%WIEV%%E?%%84OO PC?’/ uUs02/ 08701 ~ ~
DEB 2~~~ becaulfé@33he pe%é’?ﬂeﬁﬁé“‘b‘?dvﬁfﬂﬁ?sd’ég'ﬁpieﬁmdﬁenﬁl@"% great, a large

anount of &E’cﬁﬁaﬂﬂor@ﬂﬁﬁlyhﬁﬁa&nﬁ&%b&t@mﬂﬁ&y@hﬂlitﬂﬁeﬂalei’rﬂtsbﬁ{ﬂelt han the al uni num

[ 0056 The aq / nat ur al ort| ons_|i ese .melting and

" hol di ng fJFY‘I%%‘g%'?‘ %ﬂ"‘f[’égg?@a%%ep ??gmfc’m‘iﬁ?'s ra‘Fm%s el"fm vary dependi ng
upon the purit{038] t he KGyYisan ewpllfpwardme hfengsgmplasy dfmipde f uel . For
exanpl e, lga\fi Feoli? gﬁa&m tmmmacéaﬁhmxg&a%ewae&nm&en the ratio is

t heoretica ted to be 0S6: 1, However, the oxg,gen supply can have
up to abOLﬁYS“ELf&%EF’E]EHF“HBH“(SW"‘E’Bﬁ’é"t@flﬁ%‘ﬁl"%l’“ﬁﬁﬁfeFF&P?? gas is not

al ways 100.m04 ¢ JHiAEiples Sf3hehbnt ivirtisg skilled in the art will appreciate
and under st an t th af 1.0S I Ligh L he basis for

cal cul ati ng thé&os‘gtl %Ipha{smove'%&ogﬁ%gﬁe %%‘LSXPIS%(%R% ons of fuel and
oxygen, r evpeftien dontinged Fr@OBIG; 1 Hving apecoysor fumeqs havinganpyyaen fugled uel provi des a

nurmber of agy, ag&k@g@émeﬁb&@ﬁg&Qh&@&%ﬁ@ﬁ&ﬁﬁﬁ%ﬁ&ovn des conplete
conbustion of the fuel, thus resultin ""“@1[1 | ess carb nonoxi de, NOx and

ot her noxious $95lgas eFGs3ianecpan, RS FHPRYY il 2R yener al | y) . I n
addi tion, §ubﬂy&ﬂﬂf&ﬁéelvﬁﬂﬂ&)ﬁ)ﬁ@ﬂﬁﬁfe&ﬁiﬁbﬂlmnsysahSO reduce the- anount of

oxi des present t he { T i des a higher
quality final t}oge num”%'&ﬁﬁg%&é%l&%ﬁ?schc@e?%oc Si né&c IE)lf’pgﬁbve t hese
undesi r abl &orox frlegesio plartnind Sav i the A, apd 1 ligpeneatexqplatt e t hat
accur at el yyeofetiQlchicAgolidpe ratio of oxygen to fuel assures conplete bum of
the fuel. This is_in stark_contrast ﬁ for_ex | e, fopssil fueled power
plants (e.g., W7ty pbifer sprermac ‘FW“%&*&E‘&B\?"W €0 (I oss on
ignition). ﬁﬁﬁSﬁﬁinsaMtyandxﬁenmuamuﬁhnaymwmewiﬂlm of the fuel. In
t he present. meF e(%csemmvet%o{;. hand, substantially pure oxygen, in
tightly c oRFIEEIeF S SR RIVET 8 r i ¢ proportion to the fuel) mninizes and
possibly elim ri@(l3éls t heB&. b basids viewaf heifmategd FIG- A t he present nethod, the

only theoreti cgﬁ 03djOx av 1d qglaqiohglg‘v;&@ef,ﬂég{nggmé\@m reat her than that which
could otherw se result romco mbustion using air. Thus , i f not

conpl etely eliri?M8k ed i §Iqseﬁlﬂ@§df%%mélﬁrqsﬁ§q°'§9?@f’ﬁl‘%§§ﬁ{°%ﬁlﬁf conpared to

conventi ona,mlgrgmua@emacer}&pecﬁ%ég] xides in aI um num cone fromtwo
maj or .sources. First, E:i%moslne conhusti on F@?CGSS cond from oxi des t hat

reside in the 4P num ysggates A qumen assemply 1 §sq i he QXXgeny - ade scrap or

primary nefiled coit@stjphewent process takes into consideration both of these
~sources of oxides and reduces or elimnates their inpact on the final

al um num product. First, the present process reduces oxides that could form
as a result of the oxygen fed for the conbustion of the fuel. This is

achi eved by 11 1 6 FEB 200! 7




WO 021088400 PCT/ US02/ 08701 tightly controlling oxygen feed to rg%{
necessagy ob¥ssidoC! Chi onetric proportion for conplete c §dzﬁg70§ 'he fuel .
(0060] The present process takes into consideration the SECo ources of
oxides (that residing in the alum num, and renoves these oxides by virtue
.of the degassing and filtering processes. The benefits are two fold. The
first is that | ess byproduct in the formof dross Dis formed; second, the
quality of the finjshed uct anced 0061j It has al so
been found that [Dﬁ‘glng a {;1 fsafykﬁg’ﬁgcrﬁﬁ%ﬁ% S afﬁét‘el’flpl a’RA&Y than a fuel/air
m xriue) resersttmﬁarimWﬁlglhwgdnlfmhfscmelvqsmnaymsfthwrashemambm ng furnace. Using
oxy-fuel, flanmehpper atiges i Nclhfud ‘mﬁ ol i gﬁg;!tw F.are achieved.
This is hi gher, bgﬂgbout 1500F tcde 2‘(])06%: an o ei‘gg%m furnaces It has
al so been otseeqe\#@erwﬂ&t%mgbwy@ﬁ%wfcpﬁwmww“mmthese hi gher
flane tenpehaigsfBn ofaf Syl ek cdnibudion SyslemORBRiY enkboglhd/ihé @rrtnblgte%rt process. In
one neasure, of efﬂmeﬁég the energy required (in B per pound of
processed aPtRIFHUMRF YR8 ured. I1n a known process) the energy required is
about 3620 BTU [0B44)f pr GE@sISdwk speodticillustrhtivntofi@ wpteds@mtatgpr- ocess and

appar at us I Sox bout 1083 BTU I b
of net al pr%gggggg{nlg%{p nﬁl |l'hdr(E igﬁg% %%})%g@&guﬁr? y?tgjf%!h‘o Zﬁg "fuel"

di scussed apweiples of thegresbinyating t he present nethod is natural gas, any
organi ¢ based fuel, such as oil (including waste oil), coal, coal dust and
the |li ke can be used | Q t andi ng the

t her nrodynam cs of th?%%ﬁ%bﬁ@?@ﬁ%@gy required to nelt a
pound of al um n[#8]s S504AVIBEs:.prestainvaitiyn i eccpile sizabodihent far ocess

i neffici enc,; Su |ﬂ{gp:q“i e 36t alg & was found to be
about 3620 ﬂ{) when us%man alr g%l%'l ‘ﬁﬂ% n{%&i?&%&ﬁgegtem These

i neffici encﬁr@S“ﬂWﬁ{Ff%&&mbPé‘Fﬂe’é%&hﬂleede@aﬁ thegrtheraesent ﬁ’gﬂfperlell&)ds bei ng | ess

than the ﬁ&buatontlaeteaat1eahpnﬁteuénumgﬁﬁedusnanhhsr:edmn&ad) 194 8g dO\IantgI Sam
process changes ch th i Cr eases n addition,
other "l oss® noélﬁ%ﬁ‘ §°‘§? é@ﬁg g %‘:‘?&gzﬁg’“ﬁ f55’§€ ! t hr ough the
firmace vvalthcst;tleaﬂdhstmnodnfstuﬁperfgytwd; zfaﬁnehye‘rlileexled[m}:@ﬁiﬁpodwmever t he val ue of
1083 BT | Diod iidh, NS 80 Rq SRR Y 0l SARObaf YR, aRKidaghot Nt 0 account

t hese "l osses” been rocess Is running at a

hi gh effi C|‘E’ﬁlé’ymf%t’t’\éldb‘t‘ﬁfi’ffe‘vgl%g’ﬁs‘éhl"ﬁ?ﬁ“ﬁﬁhﬁhf%"s‘fﬁ‘rlﬁ’@@ssed al nost
conti nuously, rpmodepr thae dkpfiel dGibisien fybtbth &S esséntiflBGureWkjgagut processi ng,

t he "avera equi r ene uced .t out 750BTUAb to
000BTol | b sl S LERERL AR ng 4508 BakRedROrt 20 hort | g
Fur nace [ DO®mpusopriesncefficient brvirergneptaliypoedvedse menreo @tygancwlich isri mari |y of
steel and rgf h@&ﬂﬁhﬁémﬁﬁh@@e&xﬁmu@ﬁiﬂ%ﬂn&@ﬁ%ﬂsf ﬁ%ntu?ab%uwb]ﬂe furnace shell

42 has out si di'mensi_ons of . about feet in by 40 feet in |ength by
12 feet in H?%F"tjﬁ"t“be‘l‘??@ hoyever, xtgswéqfqrabéqtp%vpgmqump@mt@p féel from pl ates and

bearms. Pl ateggen Ribplp @aritp) avhigh aslpessiblc M sub LFsibhHkHirigoxybén RN 46, - -
respecti veI for Fh[ eoi{“}tfsomms%mem 42 %%%H%tsé{rnga ﬁr)ﬁ%e t as indicated. The

floor 48 i s quw‘ rom-one- that is wel ded

" toget her. Ehmkpemecbxysnatdmwagnb@amdh@sett@eaeswstmdxhemﬁmeRgprity of the
furnace shelyl; 42 or 0800k aifdsd ReARE r furnace floor

48 supporteﬂu‘énachobe% 46 provi cies acret 8 |ncc?4sﬁt\?m%§:lgm l)gl}{négegﬁgggoat every 18

i nches on déﬂtdéPnYWuFmﬁP'WeH@h‘%t%@Wﬂ@FWW@#Sﬂt(%é’oil-m ni ng beans which

are conpl etialey) SaaM eﬂﬁst)syaéneoﬁgbﬂ&h&dutﬂenwﬁnems Bl ate 50. This
permts "growth el due to thermal expansion during heating.

[ 0066] The %@3%’“&5%?6@?3& OUSh BASBFANCLARY rigidity to the furnace bottom 52.

- The beans 46 numjond7hi n t s éontemplated thé: eksegtially &y fiick sbuece cdnlbeéedg duri ng
installati f the use. eans 46 al so provide
support soqitlhaxt ch T 5"";‘3&%@ cf}ﬁm{?gg\“’nuq”‘ngﬁsl"ur nac Driﬂe-Lf‘hlﬁb@PneCham ‘cal | oading
on the re&axxtlzyngﬁﬁrrkﬂﬂtmgmhsaWE#sfqrmn@ealhoniﬁhefmbgan@ﬂﬂﬁuabmael evate the
furnace bottom 52 fromthe floor on which the furnace 14 is nounted. This
al l ows heat, which builds up under {he furnace 14, to escape. [0067] The
furnace side walls 54 are |likewi se trade of a steel plate and beam

construction. Two wall regions are recognized, above netal |ine and bel ow
metal line. This distinction is made for both strength and thermal val ue
considerations. [0068] Below netal line, the plate is'/, inch thick. Above

nmetal |ine,




the plate is 5/8 inch thick. In the present furnace, the first eegﬂggmmet
are co (for design purposes) below netal |ine per four

f eet a?@bggﬁggiered (for design purposes) above netallqgﬂgﬁgﬁﬁgEQ] Beans 46
are used to support the side walls 54 of the furnace 14. The beans 46 are
set on 18 inch centerlines running vertically along the furnace 14.

Hori zontal beans 46 are placed at 18 inch centers below netal |ine and 24

i nch centers. abov 0 e l,ine in the furnace 14
varies, a foém Btegfflg%&eabilsg’ @%&gfhﬁgaﬁ 6@%%&0 %&ICP%SB%/ 08701 design
consi der at fwhefust (zerbige agte)tand by like. ﬁosndnléﬂd ist theart willlrécogrezeithe t he f urnace 14

during normmmgﬁck%tcﬁdﬂuehmmfp&%%@fﬁ@wys!@ﬁ, consi dered, in which,
for exanple, the netal |ine can be assuned Be ni ne i nches above the

maxi num fill | il9088kof thehefPEﬁs?Pé&Yé‘eTﬁePa(‘&@%f‘mTW@‘”FabB’P“?GS‘BFWQ he furnace 14

i's a hangi ﬂgacfpﬁfafcaﬁtfm-&tycoﬂ&&h@mcoBB&HEnﬁ&ef&Esﬂls@ﬁr(iBaddiﬁibnn@ent ers along the
w dth of the furn i onal 0 beans extendi ng

across t he®&de PP M’fygﬁn)a{agg‘? Haﬁﬁséfnuﬁlg'é’ﬁﬁe °5¥g§“’§fr’r cg'ﬁﬁgﬂonal%%g the I ength of

t he f ur nacexyieh co@pinpg ofaie(abnutiitpedternts tdedinvembustion; whikttbch precast re&actory
bl ocks ar ercfRiik eftpok AR Tdbenfdlf nltipH3GE ndbaliha biRLARIBAQOT S 58 on 1 he
furnace side 54. The doors 58 are uSed during operation for skinmmng or

cl eani ng t feapeaiSaeopd; the FrcsentRratesyses PEgen Bya stoighipmeiie Hop@tiontel for i n f ur nace

chamber 60tehar grhﬁtgs,mﬁwamgmxfgéehefeaﬂb@mra@nbuﬁlﬁegmta&afe forns of the
surface of en m S U furnace 14 and nust be

cl eaned ou‘fonéé 85@‘%5%{%‘)2@’ egub’“f(?on%fﬁ?ﬂ‘#eﬂéggd‘f“f’é}ﬁsfer rates. The dross
D is renoveunboyionpewiang the doors 58 and skinmming the surface of the nolten

metal pool . [ O0Qysdd; Althmd%&g&%ﬁ%ﬂéf&e&ﬂﬁ%ﬁ%%fwg;g&ﬁtl or scrap is

pl aced in the charge well bsequent and transferred to

I'S
t he furnac%‘mﬁ’é%ﬂ‘m&yﬁ'ﬁﬁbe‘ﬂl%e“‘é’éﬁ?@dt“ﬁ&ékb‘-‘d\“’s%éﬁd&ﬁ°Ws‘b’éﬁ“ﬂhs sows or ingot,

are betterc@klﬁ:ﬁﬁﬁh,wﬂnﬁm&da)dcdpﬂvalehﬁm{mmmfﬂﬁ&for&hﬁrﬂ}&fuc&lgmca}m doors 58 can be
opened to trg fer t 1%5 %fesm?t S ds t the het chanber 60. [0073] The
doors 60 afi GHoms: W gr machys fopereety Sigy 5%‘H§‘ PN t‘I'f’i’t’eadoors 60 are hung on
a mechani catmqnénwwﬁucsyrsmma@nmom&imyﬂamsuas eApimpingetagd by safety chains

to prevent S hemmds i enfidloh bfiot Qb RadtePidtdedding D, @Aﬁqﬁaenmfaa the pul I ey
system fail's. Powered w nches are used to operate the doors. The doors 60

are hung f PISTHERETEIMATH BRspedicsthygamuch g phopt 0§°’§EP;SB¥?F?‘€‘H"“P?‘&‘Nthe si de 54 of
t he f ur naceair-fiéled {dabustibn dyiremsrei N charge well 62 is |located on the front 64
of the furnace 14. The well 62 is partitioned fromthe furnace heat chanber
60 and is partitioned into two areas: a charging area 66; and a circul ation
punp ar ea 88ErepplgiviSerap dbimbmmBaeyery Gragésscul ates netal fromthe hot pool of
nol ten al umi nurirouso] the m&pmm%geeﬁk@@c&%%n%émaw area 62.

[ 0075] Ther? e three o%*gl n?ﬁ i ndj cated at, 72, 74 and 76, between the
chambers 6GCBEIOAHeFY %! orpepri-fuciedlis ussiiodsrrap shuminum reeoveRrPlagbll i t i on bet ween
the main Ch&lbh@focﬁﬂfoﬂﬁfhxéﬂiﬁarptﬂﬁiﬂlmﬁﬁstrat&&nFml&emmlﬁﬁﬁm, ng 74 is in the

partition Ee l)&g(eur}dl mdat 1% fEcF‘Z%aé%c Oﬁprga{c%ﬁgMOdquCuléeHS%e/ QSZOl the punmp wel |

68 -and the SCr in the
10 can mciude mulnple ﬁxmaces operated in parallel 14, one of which is 1llustrated

The liquefied or molten aluminum is drawn from the melting furnace 14 and is fed

into a smaller holding fumace 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 main{ain 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.




partition between the charge well 66 and the main heat chanber t6. F 55 20a;

Al'l of wHeoeed Nngs 72, 74 and 76 are about one foot bﬁ{%% gophysi cal or
actual netal line of the furnace 14. The openings 72, 74 an é) are bel ow
metal line to maintain the heat inside the main chanber 60, and to prevent
the fl ow of oxides between the partitioned areas of the furnace 14 and to

~maintain the furnace airtight (i.e., nmaintain a controlled environnent

within the furnpmsy 14) Inmopmmﬁ&eilacthaedmﬁrgea@s@Jsﬁxﬁt ed area to
prevent exces I e, l.0C SS fr accurrul ating in and
around the gluste agbg give?’@g(rﬁ sl?wlf(f’Sg%Q"?%gm’?ceplgé? W& above the
charge chaﬁlb@mg%unﬁﬁhe@d@mmm@tCﬁdbmnmtéhbqhtoomssnﬁmbgeand i's nmounted on
beams 46 skmldoAks 4 s I;ggﬁ,gm dibGurfile S @L Li a fabrl cated. The
beans 46 are Sosr t'l one onIg ate relf‘ltat scoser% the Sl gm {ﬁ of the well,
essent i al | PrEEDPA Agied putd the mq*ﬁ%g Hoaws FBlosrress CF%“MPWMﬁMce chanber 60

through a &t@cbﬁxs&oﬁtsﬁaat&tﬁun@ entfehElk fkous ot MiBbedfReS from the
furnace 14 ﬁﬁ% to na ntalt{’] ressurg in the furnace [0078]

Exhaust gasg eréﬁc‘sfwutv LI °é’erfﬁsa§ﬁ&mlfw TRCRUROIROR 82 (FIG 4). The
baghouse 8B300%. ﬁh@rtpmmminyheffmrdmmhéﬂrghﬂydﬁghaf unburned carbon from
paints, oils kyents and. hhe, i num pr ocessi ng.

[ 0079] The fursrft(iaacie1 14 incl udtes ?‘“%sgge% d Iﬂ?%@%%%he burners 84 are
i nstal |l ed Bﬁ‘i“"&la§|ﬁ§%’2&/&14““5@%?“&@8‘“@?%85@‘615@6@pwomdtc@hehe doors 58. Steel

i's COI’IStrUﬁs‘c&drhsmtérauﬂﬁltdhgl&rﬂﬂnﬂblﬂﬁﬁfeaﬂﬁ&gﬁQde%us&\éhfOr nounting the burners
84 and nai nt ai Mo thenéktlﬁéroundl 51% ﬁa €éOOS The furnace 14 is
lined with reftactory FrieaRs e ﬁ“’f‘f‘%‘@? /828 21 65} 48 BRI £ 1 om t wo

di ff erent nigbgenstuerdyasimiicated &l26) is fed éntd the siblamatueddual. T86mblena pour ed sl ab,
abOUt SI X !ﬂ%ﬁ%lﬁt Eﬂm@éﬂ,’sumas@yghtg&aﬁkﬁp\ F angﬂl%tﬂﬁglliiiglélggga(:t Ory’ SUCh as AP

G een KS-4 that forns hear t oor nmater| i's poured above
the sub helybbiss updhrpygh (HsTTRAIFR HRRINYE SHirhimteatien -8 cret Rereds of about
thirteen tsauwhiautit een i nches. The floor material 88 is an AP G een 70AR
refractory. It a 70 percent al.umn unm num.r esi st ant castabl e
refractory. é@éﬂ) ThePhwarT‘f A glyming 1S °&?"§5m3?‘émfl'ﬁf)?aftﬁ‘aﬁe&f‘fromtm | ayers
of insul atfhepﬁswof@ibﬂmdnwwm@@tmm dibt easghickmessedn iehi ¢, phosphat e

bonded 85 rﬁa@boalmmdaacs(lﬁ/@\l@opﬁms&tn%&t ﬁﬁeﬁﬁﬁﬂﬁxﬁ‘&n%&f)@mory 92. The
al um na conhent of this material 1s 85 percent. The backing insulation 90

i s insul at ot B8aryh aipdesied el43- PoResas precesing k2 BPG® wal | s 54 of the
furnace anﬂetadnloihe altuhinee piooehefsort the edsteﬂ:mrhxlaeghjaﬁ;mof?hoﬁmill&blB 2004 WO 02! 085400
PCT/ US02/ O e s 65 of th The difference
in insul at Irﬁ%cﬁ&@%r 4%&:%&1& 1?Imut 0 Oa@ing Daate fhHer H"ﬁ“’“@%%%‘ﬁsr on of the
furnace 149 Os?h@hfstﬂ?ﬁa@émmﬂh@@kdtﬁﬁmaﬁﬁC@Bﬂ/\ﬂhfssegﬂmuatbom 1/ 8 inch per
linear f oo uﬂl&kﬁmd ht&ptwla@a@va}émnh kongrngwtd(fﬁ.ts%%pm@seé&tf oot |ength) a

total of abog‘f i.nches. hat -there is six 1 nches of backing insulation
90 (each t%8 ‘E“B?‘FE“&H‘PB“Fé'&fa‘ h%‘%“f"lﬁf”&%‘“ﬁfPéﬁ@b‘S“ﬂgﬁfﬂ“éWW'm on 90 will crush
and al | ow tﬂaascograﬁd\sﬂk-momhébteseﬁuﬂv&m wal | s 54, 64 and 65 wi t hout damagi ng
t he furnace sh 42. | ng br asi tioned between the
crushabl e insu a%r Yon bog% %ﬁ‘é cas ll‘?@fﬁ%g?t ?vp g‘?‘m The roof 56 is
fabri cat edOerBﬁlrﬁmacfpérlé&ﬂmthhawquabméﬁtehbhcaastaﬁzr@adsany The material is
pour ed i Nt QeistidnekR Rk it Seyednd Gl ted from 70
per cent al urrt na eAF{q)fFoepf%ractory g[008::% T %&%ﬁceiimgas%h&g sets of tap
out bl ocksadatmixgesuije Wmﬁr@tfcstbwmgsnwlmwwmmphe bottom 52 of the

furnace anfinfesyQippst HE Snfbudio® less. AhELGRRIn HEbro@ctidl gCks is positi oned
si Xxteen i nc or. .of the fur ce. and serves as a transfer set

fr
of bl ocks. Fféraltkflgﬂ%f’%lgasﬁﬁ gléﬁdéh“ﬁf’ Juoe Wsoﬂlﬁf'ﬁ%@&f % he furnace for
ease of r epblxselvmintum, thirgedunisg the ovkallieffrichey ofdtR@rocss.f Tharigd and t he bl ocks are
set on the outside and keyed in with a plastic ram (0084] There are two
ranps (not shown) in the furnace, one at each of the main charge doors 58.
The ranps are used for deslagging or skiming dross D fromthe nolten netal
and for allowing scrap alumnumtoislide into the furnace. The ranps are
conposed of two materials. The base is a | aw grade al um num resi st ant
brick, stacked to forma ranp. The brick is covered with a testable
refractory (about 18 inches thick), such as the 70AR naterial. The ranp
extends fromthe edge of the sill into the furnace.




[ 0085] The wall 96 that separates the main furnace chanber 60 and égg 00k
char ge wolghiofsdog s about 22 inches thick and is formed {;éﬁﬂg&%&ﬁ Bo400
The wall 96 is cast as a single nonolithic structure. [0086] The furnace 14
can operate in several nodes Horn enpty to hol ding and maintaining nolten
al um num Wien the furnace 14 is at peak operation it is about 80 percent
"to 90 percent full. The nolten netal is at about 1400F and the air

tenper at ur @edafke i Gekitil @G itogeriR Blls sé,é@g%ia@em%@%e( Sepaust) tenperature

is about 1Q00F. Air tenperature is nmeasured by a ther m)coupl e 98 in the
upper si de R peetinghegroqepnrether ban e BRIt o) t enperature i s measured at the
base of the ci rfonﬂsptl ng mudsmge':’aﬂ:atuﬂaﬁgaspﬂapcﬁﬂdﬁs&tﬂ@ﬁr&dént%@ltﬁ@é:%8400

PCT/ US02/ 0 7 EOO ed or .ntr duc d to the furnace in the
char ge vvelii g’f 1?§ “gﬁpﬁﬂ’t' < 3801) Va%u"r?ﬁ" gl"f’onén be under st ood
that the sm@yofthmgdnthYmhémnmrPMd Eqmaapnnh Mdemfyctdependi ng upon
the size araslnmwhécvpe%mtptﬁ@omeazafeean%m[o&%ﬁﬂy cmhm% tal fromthe main
chanber 60 Is gunpe onto'the cool netal ch ar? the ci rcuI ation punp 70.
The nol t en 2fef:hI Herexsish eI e9Raurply 985 have HRIGEPIUY fugﬁmftmwa@m d netal charge.

The charge caiehuaénmraawhﬁw g&eaﬁcﬁ aldagh 108 pdr&ent ;{uewagjsucihﬂospﬁmmaﬁry nmode of heat
i conduction.. The, |l ar.ge heat sink

transfer tq the.char S b

b ovi ded byRa" PIecRs PRUEE B SR LS g Sy Sy S RO of heat
transfer. VWrencddieg fheraties batisstdchiquerrgnipotionsaf fiigbmd expigerof capacity there is
about 220, QQQ;Raunds of nol ten al um num at about 1400F. When scrap is
charged into the furnace 14 the bath acts as a heat sink and provides the
necessary ener 0% br hedtis progedqnenf oxyger B éuckprayidisd nwaeart This is true
regardl ess aﬂsfanﬁaéle Eitsﬁ&ﬁh%cﬁﬂﬂ&nﬁ@ﬂpﬁﬁm%:ﬁﬂet@éonﬂ:hﬁioﬁbﬂtﬁlﬂﬁﬁ,ﬂzﬁs adapted to the
pr esent ox% u]lhl? fonb %tlon ? £&m T enC|(r)cu gg gn% 70 assists nelt of
the scrap BYUSFHD{S BGohS tER R PAF IPEOER gt%?’ne FESFT 62 from the main
furnace chzsmbehoumanSBemdﬂmt Inadditi¢ny the centrollediokyayn pioportiis elen et al , heat

stratificatilfn dduRusHIPMidt ﬁ@sewm@ﬁenewmuaplmk%m p£o%We340090] I't has
been found thatt‘“v\%’e‘ﬁ’ﬂﬁ%l ng or circulating the nolten nmetal, the tenperature

di fferenti &iehHa W’&%@ﬁﬁ‘éesf)?f?‘feéﬁﬁgd?r%é“ﬁ}? nace 14 (a hei ght

di fference uﬁiesﬂﬁbhdél&nmﬁm) is only a few degrees Fahrenheit. Thus, the
furnace 14 acts a st r nt heat source
for conduction Pﬁgﬁl tra%g?igﬂ Itf’ meé’ﬁé’?cugm??é%oaﬁdﬁ 288"9%’ ?—lfgat is input to
t he furnac@xﬂsﬁﬂbﬁleﬂ#e‘lrtﬂ}PmEIFtsb‘B'HOfthﬂtﬁlFlsTbeislue%’dc(tnmt°tf?e princi pal node of

heat transfeed&npﬁ@fogsh%iéa@m&ela&é elgs ufiftfl b&belr PBnts)V¥hit BrGRRBG @BYEC | Ve heat
transfer. Because, of t enper a xy fuel conbustion

ur es) t h
syst em pr oWeHea ggiten) cﬁ':ésﬁ‘fmil’g&pgfquet&s Eileta rif?‘Fé“f“E‘r Hetry of the
f ur nace 14 ptesenf misthddpen thasheghaad, stitstantiudly e@s exygerg mh@hﬂiy ctonmllsd er rate by

maxi m 2 1 o BBLAoRich 856 AU AMAL Rl Mndd BINGLS! Tom Lhe {1 ane

to the netal occurs’ n addi t1on e refrac erial s above the
metal |ine hawdémwaaeh@mresamme@nd Alhe.ondy taeoretical N availableris ﬁ¢mﬁ1ﬂ1ese mat eri al s

reflect th%mla@ﬁbx rstﬁummatmﬁda%ﬁd Sfdrifisd Rl HolfeomBlsti6 s This is in
contrast t en onal }1 ace gem gn whi.ch, rather t an refl ecti ng heat
back into t ‘é’ SPEPLlely shpmate @F‘??F‘f IAAHPSIEPICCHLAR™EE t 0 escape from t he

f ur nace. tEompaicd%mn&nMonthﬁ&{@aaﬂdJo PCT/ USOZ/ 08701 [ 0093] For exanpl e,
traditional fugp@s@ﬁs us%mrdefr ctories that have um na content and

a hi gher insul val ueé on e upﬁcel}le s?“a‘emmﬁl‘i”"“mf “ffl’hg'gnt design, on

t he ot her Hardpbustmprdvesgiveqond fgmiondesaizan tegid¢ intlefavadtwor. Thisisi n order to
reflect : ﬁ?@mﬂﬁaﬂ&g@wfﬂ?ﬁuoﬁérkéé%crgﬁ@tpnﬂmﬁr?mcﬁﬁkggfe&g{é@oa@;& igs ihige bath area 60.

Agai n, i's cont rari t® conventi onal I'n traditional
furnaces t lsensideian beth@bthyss pqueces eforidprand rdudsearslimiratestheit impes} use hi gher

al um na r efoh @ tred hR&idulIproahdt & PEit the prébe QRkésARtuces oxides that could
form as a result of the oxygen fed for the combustion of the fuel. This is achieved by

11




the present design uses a |ower alumna testable refractory, ﬁ? Flc@ %16
s?@

advanc s a higher insulating value. In a sens
goes conp?ﬂ& F@ agai nst the traditional application o%é‘gﬁsrﬂg)éfjgfl es [0094]
Mor eover, because there is no nitrogen fed to the furnace 14 (other than

fuel -borne nitrogen) the volume of hot gases (e.g., exhaust) going through
the furnace 14 is very low Advantageously, this increases the residence
time of th ases n th r,nac rQvi addltlonal ortunity for
heat tr ansgggl 7T f’lkegor’r%&tnef%d??e i ﬁH TV EE ¥‘Q&° ctpf‘?ﬁ?f“ég’p whi | e

rel ativel ycdngplvte dombustioneof deffied ent than in conventl onal furnaces In that the

hot gases in thaepy esenhgﬂsg}gﬁgcclgm&p%@&g@d&q%e abdahavgsa rel atively

| ong residence tine, much heat is renoved prior to exhaust. [0095] A
pr esent fuP#P&@é%(thw%@rla#@@w%%mgvsrhﬁﬁswdﬁsévqmr%er% nel t of about
1083 BTU peéga@mglmﬁn{ﬂn@pmwsauuhmﬂéﬁwm%f&@ THe&urs Wiatle® 14 is about 40

N 11 BTU pEE G CeEn Rae PP o0 o ety e BB Bon 1 he scrap

bei ng nel t edreathcenhdneedpr oduct i on requirenents. The furnace is capabl e of

o100, 0 Lo 800, b BRL il gt ERBT 083y AR [ 0% The

conbustion system I's a dual
conbust i on""f&}eé‘?lﬁ‘%WF@H@F@F@?‘%&“@#G@“@W@I@&WW gas, fuel oil,

waste oi l, gﬁ‘»&@é L(sﬁ@bﬁ&eﬁjblzﬁﬂxetdﬁbﬁan@d@%théﬂﬂﬂét d&ﬁﬂomtﬁtw}??:@ ]gxygle_ntS?ur ce. The
systemis designed a |onsyse o facilitate

nai ntenancé‘?u ﬁﬁ’ﬂsj’g&’ A gg;ﬁ%g(fp& gﬁ@ A ima I BEE Deri ods. One
oxygen t r ahss alk§ Been pigterosichas xemgahaifuel, matonnmdumgwshthesehxgharam 104 are shown in
G 2 L0 haclae COERHS bSOl SR04 gie%thay a control system

(illustrated cate enera i ncludes a

central pr6@&‘5@%%ﬁﬁxr%m@@@mffwa@fm%@r%mmml&ata i nputs from

met al tenpefeatuud anaﬁhmlﬁ)cess’m erfry felhirdd 1= ab¥x §626 888A0Er PCT/ US02/ 08701
tenperature d row des an %Fer ator interface. Each

0 { I ovxgi
conbust i on? ??eéseﬁp?g gﬁé%gléef'eg pé&“ s g Ry N A ased on
operating cmdmhl)dcﬂs,aamI@Q@Tllﬂbnﬁmtépr%@m]tsﬂﬁh@ahabmqmdMSs i nput
vari abl e ugg,dnQne @@ﬁ*@gkm&hm@m&&é&a&% tﬁyﬁes%ﬁpnﬂc%disaawﬁg tal bath

tenperature as measured by a thernocoupl e ternative process input
vari abl es PHOFEs8ie basedfHels Sgcquﬁﬁﬁ‘ﬂéi"@fw%%)rc&ﬂ “é’Per“EtéPﬁJ'é?lé‘teure sensors 98,
110. The cedatbe@ded.schene i ncl udes | nputs fromthernocouples (type K) |ocated
in the furnace er I xha furnace roof) indicated
generally as i rﬂ%bﬁ S 1\@% o ﬁtgoseso “nde‘ Llf’éﬁ:%rsrog‘oup Wmﬁf’ﬁ% f?hs | ocated in the

mol t en met albceb%ﬂlhﬂlaqréical@@ergﬂm@mmlommequjmum is 04 BF¥s. sheat hed with

al uni na or ghi.dtr, FRatusd 4 @é&ﬁ&&%ﬁ%ﬁ&%ﬁﬂ%&ﬁ%&%ﬁéwm from the
at mosphere. Thef"ﬁ%ﬁ F erm)co%% e 108 is protected fromnolten nmetal by a

ceram ¢ sh&gtird prefpund do heabout 6B TUAL fyhep usigg n qikfiredrombysionysi ve condi ti ons
found i n nplskanTred indfficichioies ineinde, fohexiple,acil erotfiing gericdadtingur ed t o si gnal
|n|t|at|on of e er .Sy, m onl en. the .net al bathterrperaturefalls
bel ow a prese It']]ev"b‘\m&f1 B’@tsﬁsl e sstbe{l:'fﬁ\gh er‘?m %‘ﬂ'ﬁ?egn@f(’ Pfe roof

t her mocoupthanges, Guch gs adaterivgdt incleases iereaseaniraridition, ehgriotse sichn.  Thi s

ther mocouphaadd e )%sgé's’raﬁgﬁéa?ﬂssEM%hQNe%mL&%ﬁsr d46 Sisehdiguil € that shut s

down t he conb ion trains 102 to protect 't refractory and furnace
14 st ruct ufiferiet he event that an over terrperature limt is reached. (0100]

The upper wal | [liobﬂf rmcomie@veia&elvam@éﬂ1mmﬁnbu§@¢vérsgemagyt or the furnace 14
air tenperature. can al so be ys to Ogg‘ﬂa\’ﬁﬁb} fur ace 14 in the
absence of reﬂ%mﬂﬁ’lef ﬂtofﬁgwﬁg’fﬁubfsé 1 ﬁ"g %€ t her mocoupl e
112 i s al sprotesdsiasing 4ne high effieigmy rang thiat iv @hdnabimémmbieproteededl 1S first being

charged in_th viel 0 t al drops bel ow t he
nol t en bat ﬁ;n ﬁgénun%%gﬁﬁf&éi%n Mt@‘i}%ﬁ‘?ﬁﬂa&oﬁgfl a{wct)lgB (%e%sngtth “control over

i ndi vi dual "aversgseenatey requisesentseh berreducet te ahort IPB AP 900BEUllnc| udes t enperature
indicators for all of the thernocouples 92, 108, 110, 112, 114, 116. The
operator can adjust each thernmocouple set point until operation linmts are
achi eved. The operational set point |imts can be internally set within the
CPU so that any desired tenperature range can be established. [0I02] The
conmbusti on system control system 120 is configured in two parts. The first
part 122 includes hard wired safety devices, such as relays, limt swtches
and the like, as will be recognized by those skilled in the art. These

i nclude 19




wo ozi o8saoo PCT/ US02/08701 ~ ~ FBB 2004 all gas pr essure swi t ches, shut
of f angyddRekdng val ves, and flanme detectors. The secqp {'8 6;1241c3f,r$931q0%
control system 120 is nonitoring and automatic control func 4hs carri ed
out by the CPU 106. [0103] The gas trains 104 are configured in pairs so
that one train can be in service while the other is out of service for, for
exanpl e, mai ntenance or | ow oad/ use periods. Each gas train 104 is
appropriately sized vis-a-vis oxygen flow requirenents. Each gas train 104
commences at a ball-type shut off valve 130. Piping 132 routes the gas
t hrough a ZhaMilvrgdud@de t o renove any debris present in the line. A gas
pi l ot line 136 ggpgiends té,@nntaaupgﬂahaalmoesm&tdgnbﬂgnwae per 134. [0104] A
hea

backpressure regul at or is used | ower ressure. Presently,

the oxygenrefistayanaegialscReferingig S1FS- 18, o fimace sb@tﬂé’qwseie. nch (psig). A
shut off ;/latlmtéﬁlo]aﬂ&aBdilﬁZ&ﬁEt&ﬁthd‘tb&JyWﬁgeeﬂ-xﬂ?ené‘tﬁb} m/\f];eét'ﬂlhﬂelgﬂe Thé di frer eng_lztgl h
pressure flo [ at ed downstream of the safety val ves : e
f1 ow net-er tifﬂ"nﬁe ttlﬁe‘é‘ ffst‘ene?gr E‘gf %@f‘:ﬁf"‘elrbéﬁsi‘gﬁg?)ressure of the
gas as it fdlemnﬁsdﬂltmnghgl‘%m%rm@p@eelﬂ,iﬁﬁxeﬁfumoeswmﬁmmemd:m 144 is a
Rosenount ggqg‘g‘tmﬁog@f%lfjsegﬁm&@&ﬁ&ﬁeg%ggghgmgaﬂrg&@ﬁgeg {10105] Through these

measurenents a flowrate is determn fansmitted to the
control syWeldsdtaesther. ,andﬂétb%ﬁﬁemﬂﬁmsw%wm@wmg the flow meter
144. In a fheRsENt arrangerrent a nodul ating control valve is used that
receives an ou "sign t he contr ol tem 120, The val ve 148
transnits a si é)@g#] to t%gd' 5'%5’1?‘3? 48;??@&‘1?}%’3}/?“%&%’%@%?851 ly, the CPU
106, i ndi cBachhepmt4oeravsiesim 8 iyl wide i abos eteryols. mcﬂa&lﬁ@}nteThﬁ}lgas train 104
then Spl L1 e bithi9 48 WRISREDT Gt RirklsBotns i ol SN0 RULMAY Al Ve 150a, D The
u

val ves 150a, b are used ance each e gas flowis
evenly di sitt‘?h%‘Pé‘tﬁbmetﬂﬂ’i‘fSGFﬂ@“@R%‘érﬁf?% ’ﬁ%@?elldsf@lﬂwr‘%r to the gas train
104, excepéxphdidh dirtag htdtie Si zes and conponents are | arger to accommopdat e
the | arger flowy,.ate of .0 en.. An. exenn | ar ntrain 102 is
illustrated i n‘ﬁi@f@ 3, ]“‘h"%@ﬁﬂ"ﬁ‘&%&‘“’e ﬁ%lﬁ‘t"ytg%ﬁrf?"ﬁ?ﬁondl ng to fuel
train 104 edpddehiedeansaSinpiiabethelimbse 12 0igidseries flexingbleringi denti fiers. [0108]
Ref o1 111 inGaehéh of Hdrotublry U DAY SroBile 21 ndsll Lo rSdA o of O VI d EST N,

Each of the four burpers 84 i ncludes mai n inlet” noz ody 152 t hat

ext ends i 8 9PFRS OPERteR CObthe fimage I the meghagicpl jpading omthe gRp@MYs to the main inl et
body 152 ematafam&mmzehemwemmbikva&%e@ﬁy@emdnsszmeto the main inlet
nozzl e bo 6 FB 083400 PCTI /087 152 and m xes
with the ?%%’ anmh n| tesrm t"?Zﬁlfltoa\fcljvn‘j’s tt‘elH?Lf' Ta central openi ng
156 in thethﬁﬁlmcqlﬁitepscmdy 152. The igniter provi des a spark for ignition
of the fuel/oxyg mxtwe%mt%aatap@@t@me%gltdctatgstgap@tegta on’ system 100

is readily carried. out by a conbinatiaon of operated I n ated action and
aut omat i ¢ B EPISTUCHR- 'tr?f%wébl?‘i’?fé‘“ Tesggited; abovsmstal biretnd belohe system control s
- whi ch enahhes lihd) ThisRldtiddion i3 Bedd ficboharehpt bl themfaPlad@S portion 122 of the
control syst &l Qns The CPU 106 initiates comrunication with the control

val ves, therm)coupl es, and relays that are part of the bard-wired safeties
portion 122. THE6§as arﬁtlmaygdrﬁnpﬂeemﬁe’ﬁswhﬂmheabmmemflm dual hi/l ow
switch de Voo 5 J d signal while

t he hi gh- f)drlglgastﬁ;rggmsu:l cg\gﬁ?(;%zﬁﬁ%‘?sﬁ% gﬁfé"rs]ﬁrg‘l GWFFQU%XOIEI&%%j‘elOG det er m nes
whet her - a ({qﬁéesmngwg?seg)|b§}ﬁ‘&rnetaglmﬁfx@gtgmpp§rf@n &t awepntidreedfforgr am t o conti nue.
If an i npr&ag[p@ogggpdbotesngt@gggm zed, audi ble and visual alarnms are
actuated. The fﬁ%r ol al so, noni tors whet her {he gas and oxygen

control val ves e&?‘% § 25 BSREOSYRpGR e side walls 3 pf thfumiee t he contr ol

“val ves 1484, Zﬂﬂbe&hﬁ#&amﬁemlﬁmpee‘ntqﬂbﬁsﬁuuﬁﬁgveﬁxcﬁlygwthbﬁuﬂa&eansm tted that

al ows thej,c tinue.the startu edure An
overterrperelat gfraé{()g‘]flgb%gxﬁé Mst afésaglﬁléﬂt:‘fegtﬁ?bf] aﬁme &8t em 120 to

conti nue tqqnteagb@vqmetalémarm@pghpmmunmﬂ{emmqe leaWBedebtl of the startup
conditions are nmet, a nitrogen purge i cycle is initiated. Nitrogen is used
to purge the furnace 14 of any conpustible gases that may be remaining in
the furnace 14. The nitrogen purgeis timed so that the volume of nitrogen
t hrough the furnace 14 is about 2.5 tines the volune of the furnace 14.
[0111] After the purge is conplete, one or both of the conbustion trains is
started. A control switch places either a pair of burners or all of the
burners 84 into operation. A flanme controller opens the pilot sol enoids.
The pilot solenoids are normally cl osed, however, upon starting, the

sol enoi ds are opened and gas and oxygen fl ow. through a pilot assenbly.
'-_'_,[0112] At the tip of the pllot asserrbly the gases mx and are |gn|ted by a




WD 02/ 088400 a 6: F~E~ 2004 PCT/ US02/ 08701 [0113] The main fuel arld bRHEM
shut of {yo/@lo¥kse | 40, 240 operate independently. The sabglys¥als¥fs 142, 242
are configured such that if the gas valve 140 does not open, the safety

val ves 142, 242 do not open. Wien the main gas val ve 140 opens, the gas and
oxygen saf ety val ves open 142, 242. Wth all of the main val ves open, a
control relay is energized as well as an indi cator light for each gas train
on the conty I r gi .far a preset tine
period, abocgé%%@;%cagﬁamc@&t@%l& I‘aa?Olzn4 as el apsed, the

pi | ot ci r cuiormy! apeitiom ekdgitipesd fagtars ntﬂhéc Wlmdl!ywbi@sfelcbxmleﬂm d val ves are
de- ener gi Z@aflal iftaRtbd AGurled R tRlnin® inckes SRADIE BaxiARE filiGe HigleOt i ndicator |ight
for each burner %ral n. (0114] The flame detectors 126 continuously nonitor
the fl ane. ‘oss of flanme indication, an alarmsignal is transmtted to
the CPU 106 andicotog cont’uhetooﬁseaftﬁetfurhﬁ:elte:‘sesmtgii;gr@aao@ﬁels;@xygen shut of f'
val ves 140)g d bl i V. the pilots are
de- ener gi 268 t%ea%nte)mg%FCQ% a?m%?h% %frﬁeﬁféma%g%ng%}mfwg%haé" Scontrol system
120. Wile %h@%@@rﬁe@@ﬂe@mmmﬂ '«tnétlm Whichgidditignakbeamgagen control val ves
248 are ml&;tawmgmxtnge o%pﬁ.ﬁﬂcms'chbs% ﬂa@ugéaft'mrgé JYRGESS and set

poi nt val ues as control valves 148 are not Iimted in their range
since gas fﬂ%‘f%ﬂq‘?ﬁg‘" BR9GEI%bw. The control system 120 maintains the
gas at the prespo7yat i om[:ﬁ:h%&]tﬂ&e&@aﬁf@&isﬂ&oﬂtﬂemmemti c node, the
control syspem 120 responds tp%’ra levi at onsgd(tﬁélo hﬁergarlo ess and set point

val ues. Furnace tenpera ur nonr tored. e tenperature set
poi nt . V%erhetthbmﬁhﬂwéstbmﬁe@aeﬂﬁwmﬁdwcdta@berﬁﬁdmm Rress poi nt

t enper at ur qme@&tﬁrﬁﬁaﬁfsla%'ﬂﬂf‘ﬁl‘ms‘@ﬁﬁ%ﬁﬁ@&f%!tcrﬁﬂmﬂxﬁﬁg b&ta@tqs figsyst em 120
transmts e oxygen control valve gas control valve

n
148 is al so‘h%%'%‘??cdﬁf”éjdmﬁﬁ/betcﬁé“%Bt‘haF’ﬁTs‘%’s‘t ‘é"?h“!t‘?ﬂmmf‘h@t E@tsfe’pm nt variabl e
fol | ows t herates tThe drhssaNE. tamoed|bly ypaing tieldadresh) andl kiommng kiR sfacOdtygen as

est abl i shed; by i.h t?m( n flow neter. The control system 120 is confi gured
tolimt the c%{r?t?lg g]Ieves 148, 248 that) in turn, limt the output power
of the burners 92721(0117’}@?%@5%1@&1%@@#3@}5@9#101%P ispldedsipeci fical ly the

control  syshédhrheReCe2and®s seBBdukfiiy nbted Hid BRLemad W 1d@shice e PPl i cation for

and in any that relies on carbon based fuels. For exanple, in the
present scr h‘bmdbﬁféﬂrntl’gﬂtfrﬂ'pﬁﬁfégﬁpsf‘ﬁ “spﬁ"gh?r“fgﬁt’arfﬁ%tfcéplﬁ?‘é 4R applications or

uses of thehmgnglmatdmmbee@ Cheribpst 8@m teyoptnediobfkfer Tee tfpesaft is for nelting
al um num i 'ﬂ&ﬂeﬂr%ﬁt on environnent (i.e., in the nelting furnace
14) . Secong) tﬁ )/stem 10 is present in the 22 1 B-FEB 2004 WO

02/ 088400 PCT/ U8B 0870 {hpénoss 64 grefofi pterh ans rafpeigryicapspdtign.f Bre st eady state

-t enper at ur elo&8 6o &t hy ofth iﬁhdngudafplmb,esysiahtxﬁﬂsh&bﬁa%mﬁsfbmmed gyast application
is in a dros r’r}tleltln furna in which h atyre burners are
used to rel® %‘stgé ‘t"&tﬁ“’ lﬁﬁﬂrﬁ mmlt%f H;E"d% It"’@‘t‘:”over ed for

product i on)systenpfails, th‘ewded:mscha a(rmsbdtobwmoﬂla&ﬁo)s MYie 8doesratate hatigpck. | n each
asons. Fbﬁf%?@jégé Forbdd e i e Do B L P RO £ 00 Vary by
t hermal out put ©fhsur e&"htﬁﬂﬁabérmlﬂlglqsetﬁmm#mtéﬁ@'eheand orientation of

t he bur ner suBse 108SrmeRleli m&ﬁh&&m&tﬁ%@&ﬁ&%&&bé@% furnaces 14, 16,
166 are despa‘%ged to ogerate Those gkl lled in the art wll recognize that
prgd Iipcy

mechani cal t“ﬁé“"% 6 grd aLirenigtion PRPRES2 68 & needed to
acconmmodat e;utm@emdup‘foemmsneadﬁomaadottptstat,fﬁlmnamuﬁm@m@r ogranmi ng of the
contr ol system, Zb mthe J 106 nm [0119] The present conbustion
system | 00 pI’OVI &5 a nun!bepr 01g aav a ages over known and presently used
conmbustion systi@d®] For ThsraprpHhese opéninigs dndiveedatThMnand T4, birgdenoper at i on t hat
there is copsh Is stion system
100. The ox Qﬂﬁeé%gﬁsgggcgésgimi%éfr ?‘Eﬂéab?lgg%@%uﬁ %‘t%%g%#ature t han
convent i onéﬁ@hﬁ?@é&@@em‘“‘“ﬁewﬁe@ﬂaweb‘bsé@wedh#weﬁ@ah@w@n t he heat
_available for nelt (in other industrial applications, this increased heat
can be made available for, for exanple, steam gener ation , refuse
incineration and the like). This provides a reduction in the anount of fuel
required td operate the furnaces 14, 16, 166. In practice of the present
invention, it has been observed that the average (and estinated) thernal

i nput required pet pound of alumnumnelted is decreased from about 3620
BTU per pound (in a conventional furnace) to about 1083 BTU per pound in
the nelting furnaces 14. This is a decrease of about 70 percent. In

‘addi tion; the fuel needed to nmaintain tenperature in the hol ding furnaces
'-‘:-16 has been shovvn to be about one- half of that of a convent| onal fur nace. _
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baths. Third, because there is no ni trogen in the conbustion gmz&ﬂ’e he
anount g@goﬁ@g 0f|OV\A ng through the furnaces 14, 16, 166 is | ow. Thus

i ncrea {%ence 23 1 6 FB 20D4 wo 02/ ossaoo PCTAGEIBPYBL i me of
the hot -gases permits the release of a |arger proportion of energy (in the
formof heat) prior to exhaust fromthe furnaces 14, 16, 166. [0122]

Typi cal exhaust gas vol une is fracti onal of that of conventional furnaces.
I n that thr cent a ess tlallythe ni t rogen
conponent %tﬁ al r‘f&ltgr%%dnéc X aI?'%ﬁ]” Ssrgng}(‘:eztﬁrd iR U8F fi ciency i s
greatly i nméﬁwednmhe@bmﬁmlh@ﬁmwmmh@e@amm%l trogen conponent of air
absorbs mich ofjggelie. enemxm@&émggs79&4%@76&944%91‘@4@&%&0 mthe melt. In

t he present conbustl on system10 ﬁ% rat her than air) and fuel are
fed to t hePPirHgcasalretl Hee of hefumaae 14y ﬁe&nmﬁ'fé YapePiwehda ¢ ratio. This

is carri edmemthnmtdmu&nmxﬁasmwgeﬁmhﬂab@mtah&:roerdvmmeﬂ&msr gy absorbed by
non- conbusti.on, rel a ials.e.q., ce oxyge itrogen). [0123]
The present™ %o efll mng%‘teétﬁ“fﬁt)‘g%g‘%“gr é‘?"%grftg?%%ﬁed product i on.
When i nst atighed. eammpmntacmftroacdrcemonmgumnﬁnaxcé.pn&chu)metpmgmspam ty or

t hroughput | ofeatil g dihBREE Whiel [ [ | ttributed to
the rapid z;nd effective heg%eterngc%gé I'n te' arb?@drﬁ%kgg%dgogﬁsn?new netal is

i nt r oduc ed2qcHiatng i and praupddhepamp 760 conbustl on system 100 responds rapidly

Eo provi de heatooym el t Ah Beadsehod s x@bosﬁiﬂﬁ’ed&@od@%ie%;ﬁg&h&ﬂ% fgat
t enper at u

t th t t
t enper at uriﬁ")hicf"I i ’%gB%céﬁ& F’g’ﬂrﬁr“g"l?’f‘fl&? m&‘f“ﬁf’ﬁt”ﬁg?ﬁ“égg tcffg%f?evelro;n gf ficiently
from a r adfreh wich the sitle wadla i5¢ are fibichied] ThHedeinapis armtmanaqudpdaﬁ ly, is the
reduced enyifQRRER! &e vtann@&t wgf cttteatgng@egmom;ﬁ ol 98 veak pte M 100, conpar ed

to presently known and used nbust | GY: e present system 100
advant ageolfaip fupsechapber 49 EhF‘Hg‘eihS“‘(cF BOwsedile) )i The stack 88 6XBUSSIERSA pr ocess.
Typi cal |y, frbidhe Plcfidel 04 And Ban Gldked off o 1Baifthih PaGEre@bhafuf@aqui on product of the

heated air tha fed the co on. sy ver..in that the
pr esent systemt[%é usesE %aﬁe”ng#‘ﬁé'fm é‘ﬁn‘;ﬁ?wmg?? RI&%8%r oduced by t he
present cofif@sh. |Tbﬂbas§r®§@32n$Bﬁe*ﬂprenasbflfetcylhtcoortdfenmmmboofmel enent al nitrogen

that is in zilxhseoﬁéjﬁllveﬁtkmﬂthe lﬁ(yﬁlhtergﬂfn%aﬁ'ﬁm%moces&x& that fuel-borne
ni t rogen Ieve S are extrerrel% | ow (conpared to that contributed by air in

conventional f%%8ces) . The 4F‘%‘U‘§’F§’“b“’f"ytfl’Féb‘ﬁP“é%¥nt STt i on system are
wel | bel omseam/mmrdmsﬁwdmaarsdanﬁsfumm 1g,mpmsnmaa@ts S8) sledlat i ons. In addition
to reduci ng NOx t he uction ther re house gases, such
as carbon %DHOXIJC}%%Q‘#ES& &Egum?rse%‘totf’y Teduced gng[tg Iq;ﬁ Zagdl tion, to the
reduced enmmﬁ?altﬂomﬁyw lrigde present oxy fuel conbustion system

conserves energmsdqecausm%mei419ﬁﬁktilumt@ﬁraao@|d&&£!wﬁh%90rfas processed at
consi der ab) %“Pl eiea fuel i q(_ﬁgcé_bcar on ase fu |ncI uding z4 wo

ozl oasaon ¥ ?P@é‘??)?‘ gatengly T °@5&W‘Eﬂ?§§ is mBAdal gas or oil).
As a resulﬂaboﬁboqmsmdﬂﬁﬁﬂﬁgc,matlﬁghlseagmfuﬁkbimmry @@asem&tewn of fuel
resources k& 4atRkaue gﬁbge%ﬁﬁnx&#l%rln%e 138 8 phied atofe HS Qheaﬂhgtﬂe aggregat e, as
wel | as on a per pound basi duce “&Pum huni i 8% 88lces processing
(e.g., fuelﬂ)mﬂefdsltl%fasmmﬂathlskrteheftbamlthgeeugefowemméssITlimel s. Oxygen
Supply (014&k mAskakd ik abRp GRECIANRZEELRY,. N2 %0 siklehdafithidah the art, the oxygen

requi rements for the present conbustion system 100 can be quite high. To
this end, HYEREYEHsER e BFACE pur chased and delivered, and stored for
use in the sysjessa) it |memanes4d@%aab&efabgcanaﬁemm@9@yggn producti on

exorpl ary Seieaf ol iR by B 0B Sy B monp R PR g now (0 FIG 4
there is sproent amoryMEROiRSS et rahB0ig tefifactogy @2 witiculintie: cones efit conmbust i on
syst em 100:js ek d dsphiodth Ohe EXGHR oo 86 %Rl Bh bt Ry Br 2duces 205

tons per day o perc puri n-an 00 standard cubic
feet per HB?J\CSkaW?%WIW%W%wﬂhmt@reimphﬁstluqh@nﬁm | 1i on oxygen. The
pl ant 180 includes a 1850 horsepower three-stage conpressor 182. The
conpressed air, at 71 psig enters g purifier/expander 184. The air exits

t he expander 184 at a pressure of 6.9 psig and a tenperature of -264F, and
enters a cryogenic distillation colum 186. In the columm 186, air is
separated (distilled) into gaseous nitrogen, |iquid nitrogen, gaseous
oxygen and |iquid oxygen. The gaseous oxygen, indicated generally at 188,
is fed directly to the conbustion system 100 and the |iquid oxygen,

i ndicated generally at 190, is stored for exanple in tanks 191, for |ater

- use for in the conbustion system 100. The oxygen pressure fromthe

) ‘cryo'em c pI ant 180 nmay be lower than that required for the conbustion.
S -0 such; n'; oxygen*bl; ower 192.i s. posi:tioned bet ween the oxyge-'-'-'-f-




conbustion system 100 feed to raise the pressure to that need f &6FRB 20k
combusiicid/essies em 100. [0128] The gaseous nitrogen, i pgipgRbRskreeneral ly at
194, is fed to a downstream anneal ing/stress relieving system (not shown)
within the plant 10. These systens, which use nitrogen to treat alum numto
relieve stresses in the nmetal and to anneal the nmetal, will be recognized
by those skilled in the art. In addition, the nitrogen 194 is used in the

degassi g §f bt r&fwallbie, aglomta,ﬁmcelﬁpdmeace@ﬁﬁsuﬁna?s&mm%es%wpl y of oxygen
and nitrogen 191, 196, respectively, liquid formin the event of, for

exanpl e, rr‘ﬁ@?FP@ﬁ‘ﬁﬁ‘P&‘éh"dPalét‘W°”sqlP’ﬁ§{‘T‘adﬁ§4 |Tﬁe9ﬁaﬁﬁw¥lﬁé“ &#¥geni ¢ plant 180
cannot 25 65 mll@oﬁﬁ&ﬂ&)@%cﬂ\&rﬁlaéaﬁﬁ%mumﬁ.Hﬁ&QiMﬂ@rl;wqgafjgltyc t he pl ant ¥
requirene ac 1,.196 are co ed to automatically
suppl y oxy‘gosfﬂotl ?toﬁ’ﬁ‘# gen es ‘83“‘ PGS SiE i hesggba\f\ﬁ% the cryogenic pl ant
180 is offmkulamewﬂf(x@bs}sﬁnnttan@gerhaﬁme behes)ttbtad-yanbmmwdruamd sol d. Systens
such as th&mm&g&mﬂ ik fikdaYe AYIA54, @bmssmﬁ@uv@&da acturers, such

as Praxair, Inc bury, Connecticut. Heat Rec very 29] The al um num
processi ngsh€Y 4% em 10 al so takes advantage of waste heat from the various

processes. Speggogjcal | y;}ls‘ndﬁﬁgmcﬁeaﬁ@w@n@&ﬁmﬂ@c@ragaagmcl ude a waste heat

recovery s haust gas,

i ndi cat ed éf‘ﬁ%’?m drddg ‘i‘ﬁ%ca%éfq? #u?‘tﬁ%ﬁ%%ﬂfr}gﬁ dﬁé"%ﬁxdl ng furnace 16 is
directed tpﬁr@melwumasﬁbleaefvaa@tyeThmttemmpmmdynmeatooesccﬁmnger 204. I n that
the exhaus Qﬁ&rngmﬁésﬂBn&eﬁ?rgﬁ%ﬁér&heg%mﬁkﬁ%ﬁaét there is a

consi derabl e anbunt of energy t can be recovere In addi tion, energy

can be recover W83l om t Frs Tumies i kas aurspie of rouBlosks fugt shawe- BBe h area 60.

[OIﬁO] Tpleﬁm@aayﬁdsmgﬁaoa&zut&uchzroeméﬁﬂmamabevewmbtwﬁt AﬁXChaRgfL 20:1h A
WOTr KI N a OWs r ou e o0 er
e 0F 1 nefi st SRR Beftonfiirsniftts PRu BE Aa8 e Mol 1 Palng that o

pl at e- t ypeseneais agreudfa sg) ef blapks. alhp brarster bloaks trg bt ot ipeutdiisaf thexchanger i s best
sui ted forﬁmbéf?mldf&afa&%m mgde%kmkmce@f&asdaaamemo&ﬂs recogni ze the

vari ous types o ds_that can be used for the present waste heat
recovery s%f"éﬂ'}th%l%“%m‘d%Fé"‘d(lﬁé“‘héalf‘mé%ange systens that are used with
t hese types of [wszt]kl Ng Tiett dikStwo Almlps GloCdhown) St BERmAtCondiat dbH LIt he scope and

spirit of fhe pr |on The .heated fluid 206 is then
directed t%‘ ga@ap ot E‘gﬁ%e@ Sm{e?ﬁg}%fjespagg%oé I o A ILéBWe% to expand into
vapor . Theﬁvapemomq‘%mﬂfp@élv‘@dgi@palumnumtméldgmhaﬁlmmséhe 210 to produce

el ectrici t%mp;h@co\‘rﬁsgﬂﬁ omomaeﬁaxmmds&@gq,w Dok ARAARNERIn? 12, and returned
to the heat xchan er 204. i.s .antici at ed that sufficient energy to

produce ab sfackgd °’2“’E)m’FPBg 1%“8‘1’“"6 Weh & eaabieeeicirriabiut o) ectricity can
be recovere&hnélfemﬁck)hﬂcieaslﬁmmnkga&naozhd‘rmmﬁmiai&o&ieedéesﬁ:hd bed scrap

pr ocessi glete) ?{I}L [0132] Al t hough a wide variety of working fluids 206
can be errpfoye or “use in such a waste heat or waster energy recovery
system 200, i n[®8%r esenTheywall §h thatsenarates the oypintfamgce phamben @ andtheised as t he

wor ki ng flmezﬂ@szémntn@nﬁesm&dﬁmddm AR Rkl O8S way Nunber  of

advant ages_over, for exanpl e, steam 26 FEB 2004 WO 02/ 088400
PCT/ US02 1081 iast 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 fumace 14. Metal temperature is measured at the base of the
circulating pump 70.
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based systems. It is anticipated that a pentane-based working fl §iglF286ggi n
a st anq% 8’2/&3@%@ ne-cycl e arrangenment will allow for Vaﬂ({ﬁﬁéogﬁéoi n vapor
supply noreé readily than a steam based system In that e heat output from
the furnaces (nmelting 14 and holding 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 controlling characteristic for
power producti qn., sugh, .a.fluid:. g pdes the greater
flexibility thi@’a?ﬁs r eq%‘i“l éﬁ‘“%?@ﬁ%%@%ﬁﬁ%%@?%ﬁ%ﬁ (0133] As will
be recogni t2i ikyereiosiabai 3.000qguids. kWil berunderggpd thet Ge sirg @ ¥eigower gener at ed
can be Useg b Linhidih dar\ATerd hepkRiagfiBibe 8GAS Sicty bDhe hlicssCr ap pr ocessi ng
pl ant 10, i1 ncluding the cryogenic plant 180. Power for operating the plant
10 can be ptovi ded by an oxy fuel ed combustion system enployed in an
el ectric power [g@BEr at i N@nd nddidl frérd SieRghinchhniben 6Gie panpebontbek) , to generate
steamfor a ste t ur,bi ne- erator,set. |ln su enment, when the
power genef E‘B‘%g&"t‘ e s‘fhepcl'rg'ﬁ{lmiﬁun?pe'@uﬁ#éﬁ%ln &e %Snfg%?:'geags% power can be sold
to, for exasmghaiyingtolteoald neetaddtargec Thetchirge metal Dyxpidhshems erdamaltsng [ 0134
Refer ring oW tighef} C. - 2ymd 16afy0faR 0t AHaer8o B AeDuishiih she el ti ng

er

furnace 14 is fur Process_ed, separate and apart fromthe in-line
al umi num r &K eapeyoyion. (The lapge beas sipkprongdef By Bie flfumaceiepapeesihisy general |y at 164.
The dross Bricvd idimdetheattfndit, Skt fighacd i§ B0TpekdeRt 16 Oppetkntiohe nol ten al um num

pool 60 in the nelt,i f ce 14..The draoss D Ln a sieve-like
bow |68 by*REEIEH ‘E%%mﬁgé(ﬁ@.poﬂ 53%'?"2‘5“%%%%‘ a‘ta}l?émg%idéﬁﬁﬁhhﬁhA fromthe dross
D, t hrough sogeimihagsd ibidGhe frnaca @4 the hith 4o 2 tpdsinlf andipreuidesabe hat i s pressed

fromthe dr | Sef. ANk dhSroddehdi NEids & fud RAgraRt 4y furnace 14.
[ 0135j llzgg%ﬁgﬁe?%’ﬁ%%?i S fedgi nt o theSlr ecovgéy furnace 166 for

reheating Tieensiens avceprcity ofthefumerads pdeptad to4begrsset - YESPBWHS t he nel ti ng
furnace 14 sjstent. It citcliafitp@Bman Mxists fetedf deootapiby providisyist ewkeb00 design. In

operation, however., the. recovery furnac . s the dross | aden
material by °H”é%€rw°&i5?§‘8¥‘%ﬁ“é%£‘f“rgr%?°%g'%‘e%°?H‘gﬁ%ﬁ%ﬁ 5000F to rel ease

t he al umi neiruntibgthe polemotetab heit protfi@tionThroughontihefurpzee A4 572 t enperature in the
recovery fuyrnace:iQp is also considerably higher, about 1450F-1500F) with a
furnace air tenﬁer ature_of about 2000F-2200F. .In addjti on t he "shocki ng"”
process is carriP88l out Athasbert Bindhat BypHmpinesr FiFUARRE RS WIEY 27 g FEB 204
WO 02/ 0884 QP G/ 1ddSpoRuGiTiB:dential betvagntthearbp sndiie bongresfShedumareid (@ t hi n t he

furnace 166 (in.contrast tg. L L hal.. Qrerate at excess
oxygen Ievg'f:%{“@ffﬁ’é i} g?u&%%ﬁééggggk?%wie%g?ﬁ%ﬁg recovery furnace 166 is
| i kewi se skumsee i+ zxtds » el hesnsink fangovidegsansisenifiep sauser forrpduptidBoyer ed al uni num
- A is transfiggkedet @ delRBargBhdding furnace 14. The remaining dross D2 is then
sent for processi ng off 'site, to a rosz E{H@c SSOl'es tuorbe&uvr her al um num
recovery. It ha¥®ken f&ﬁﬁdf“’f‘l?’f‘é{"wg"‘bcf & "'E‘l"%”e%s, ¥HCTE8i ng the dross
recovery pris & principhlQiwidel 6fhea tansehn tofthefambceei 1A tsrradiaion,iwithtsbree r ecovery of netal .
The dross D2 that,is uliimat {. f hel R'sagessing is only a
fraction of*F e‘%??%?%ftr'.ggcaaﬁ%i%{@@%gp%s%%w%ﬁhs Y ﬁi ng processing
costs and icmbetisi sigen pratiéayeficientradisiveiegt rapsfar3The geopemicAfe |y, the present
dross reco"iﬁlfnxceﬁﬁQm&&%ﬁd{oﬁn&@%ﬁﬂmwﬁgm&m&xmﬁn ¢ of salts or any

ot her additives. Rather, thermal shocki 9 is used tp release the nmetal from
the oxi des. ™ SWRce ROV MchhstER érsﬁ"H‘s‘g Qapetathe MeBLEEFYt e the oxi des from
the metal. In tpas2)t he SabddRion @ieRtfaciory hii@iaBubalehe matal ieagre in turn

di sposed of, ulfiinatel t he salt re likew t,f | sposal . These
salts can Héadéﬂ{ﬁmaé‘f’mﬁ" Tﬁ?’&%’ g"ﬁa‘/“&‘e %énﬁsf%fﬁ%s%?l?%h‘,&ét he present
process 164burgrséackiinoehamnlieintetal. GBsd$ inchmttastithconkeationial fumkdeni nat es t he need
for these splis Ml LhkSak RRinghaPRSthe detidieh mési dodl, e over al |

processi ng scheme 6r, again, 1t has been found that the present recovery
steps (e.g. mujofibe keapsp essare fgmpetimacstt er medi at e reheating) result in

al um numrecovery rates that are significantly inproved over those of known
processes, depending upon the grade;,of the scrap. Milti-percent increases
in the amount of netal recovered fromthe dross D have been achieved. O her
Applications for the Conbustion System[0139] As discussed above, it is
apparent that increased efficiencies fromthe use of oxygen in all

conti nuous processes can be achi eved. For exanple) power generating plants
can increase flame tenperature or reduce LO in boilers by introducing
oxygen to the burning fornmula (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 . e
.. econom-cal and ‘environmental .- To..date no.industry.other than.glass- making:. ..




ef ficienci es that result, but because of the hi gh mel ting terrper@pgg
requi r% "Ee gl ass productl on process. [0140] Nevg%};ggzz‘ﬁz use of
oxy-fuele ustion systens in all industrial and p Hat | ng
applicati ons can provi de reduced fuel consunption w th equival ent power
out put or heat generation. Reduced fuel consunption, along with efficient
use of the fuel (i.e., efficient conbustion) provides greatly reduced, and
substantial ly ze , enm ss n| ficant uctions in the

emi ssion of ot H& 3"(igr %"ﬁ&’ﬁ?@i"dﬁ‘a‘é‘gn f"ﬁ’f i C‘PB"SE‘]}? baye?i ety of

i ndust ri al loWet@lusiraleadtent aid alhghussdl,auwahe asthe uppbr, sidaaially: dhe gas, various oils

heat | th th
(heat | ng ot W8I Bl bdenPRAH BALALNREAREHEE BAR! SorcAlbONg W LN [ e

E nerate oxygen, those skilled in
the art wﬂeﬂecrle@regﬁhczr@d:@tlveh@h vmburpmé‘m' [bath giea 60, Ageis, thisdust r i al

appl i cabi Iﬂskaﬁm?io Johen@crne&emceeemumaemoeyﬁhﬁwsagweraelvemI on can be nade
based upon avai econom ¢ factors and enV|u$Lgn{[r]e:nt al concerns. Thus,
'

no one fueld %"‘;'5’618?’1‘“?6 liney use fgper glumpina refgctoniss for sire COPEh car bon based
fuels are ﬁeﬁ&aﬁndéﬂ@ ugdstallovieh luiping eRable sradi@y) which iafide sdvarieed t here are many
acceptable techno el S o] giele|V xygen .at urity levels. Such

t echnol ogi eéigzisn ghcfgl%s cr "3‘3%. @sasgm n%?a%\égtd%s@tgé)escgmgg or ption units,

hydr ol ysi sagaingl the Iredifiolesppiispionafitfradtarist. Uses and oxygen supplies are within

the scope of ttwarese%&m&*%&&e%&%%&&gedﬂe@etﬁem&@lert wi Il recognize
that the ot her gases praoduced, such &%g% gen and nitrogen, can be

stored, bdetridhengeiberag niroger) theyplume o PhausReoirg tragel e one
appl i cat i ofhe fuftacet1ngs \&fﬂﬁﬁ%d\&ﬂﬁﬁbﬂﬁsﬂy,mmﬁea&@ﬂﬂ&sﬂbmmuﬁﬂﬂm ocessi ng or

recovery. Oc her ex @I t| on ussed bel ow, include
i ndustri al poweﬂr16 generlg ?03138% ‘ﬁers Ogﬁdém%ﬁ'f:g#n}ee%tgtg%rfs iﬁiﬂhese exenpl ary
appl i cat i onglteh petals Convertine hedt mﬂs&n whilgrelaieelydpyl 5 merp efficiey thefiint hi s t echnol ogy

for broad §oRetiSdnbifihadds a8 thal RelibBasés'in 6 PRte hmbdad4 bperadf Oxygen fuel fired
conbust i on over current 0{ tradl{{l onal ai H{eL g/stena Qf fers significant
CHEG Y

advant ages”PORT ArHipvess wlgtvelyppredesiqence iime, i FERvEP Freci se
st oi chi onedxhawet. | evel s wi t hout the hindrance of nitrogen in the conbustion

envel ope. Thi Sidbions | R dhathal 18l GLANGLAE, bRk gisage. vhi | e

greatly reduci eve I'nt um a gnl ficantly, |ess

fuel is re'qfehqfe‘d’“tWS&BWWQOWwawbqaemﬂ#wlg%eéﬁtsput which in

turn, red%ﬁmﬁﬂh&l\dﬂfw@bmtpbﬂﬁuﬁﬂﬂttﬁpmalﬁksﬂiﬁﬂuﬂﬁaﬂoﬁﬁl%té1@' to render the
sanme power 1 6 FEB 2004

2/.088400 rcT/uso2/ os~ol
reducti on te‘ﬁn ‘s*i"&'hgr%? E@WY@“lkﬁ%ﬁQméﬁgfpﬁ%upﬁ%ﬁcfcﬂ “®i ssions are but
only two oheltehandhterpedduttion pruwidas T firvee preembladf meidgepto (0144] St eam
gener at or s, ction of electricity) e.g., by industrial power
boi l ers, a4r éo(aé/%&“g&&’g{)ﬁ&tqyare nevert hel ess fundanent al | y dependent upon their
corrbustl on systens to produce steamto turn a turbine-generator set. The
fuel s usedmsabypbineysapon the design of the st eam gener ators. However, all
of the boilers_require an i di zi ng the nt oxy fuel
conbustion syst g?ﬁ? hi gr{&ﬁﬁ?‘? “fl"B)?{f‘Eré‘hﬂﬁEmEf’s‘EUz*Qg ﬁeﬁeéal 8'OX| di zi ng agent
t hr oughoutis b el daaibliion G4in thet operates cas fael, ssuthkmﬂtgay;fnelaauirquteow di ng the
oxygen for .co ti ef.l t enj oyed by ot her
i ndustri al ‘gpﬁrq) 'ﬁv lﬁgdhd"[s%]n?gl"fe %}@ EH‘ {xk%ciﬁ%‘l\?\%r Tﬁeasgmgx? For exanple, the
use of oxy@eanedmﬂvmnomm@seemrbbﬂlswsewmz@rf@ﬂémweteyn@leam edAaperature while
ef fectivel y,GHE bieRd dufilg 163 08 DefRids. @Hesgyeepumo@mwh&x&quad' l'y avail able

oxygen for conbustion. By increasing flane tenmperatures, greater rates of
st eam geneteard g fechFaip 042cshonp n EHG - vmth the same fuel bumrate.

Conversel y, eq b-i powerme&ms@ﬁdn@m@nmmau&ox mmfcﬁeg@ﬁmi zed with | ower

fuel bumr | nt. upon. t he concentration
of the oxy %?Biéplab#m §saé:ﬁ’éfal FHo oxygen

suppl errent_mﬁﬂ(‘tﬂ?lb)rloslﬁratmbm@maﬂ@m mputsmmaetahtem;fmnm;dnbusti on), flane
tenperatures will be about 3000F. Referring to the above discussion, with

pure oxygen as the oxidizing agent, the flanme tenperature will be about
4500F to about 5000F. The anticipated flane tenperatures for varying

degrees of oxygen supplenentation can be interpolated (it is believed
linearly) between these tenperatures. [0146] Oxygen can al so be used in
conjunction with over-fired air_systens or | ox NOx burners to reduce NOx

and ot her green-house gases while ensuring stable flame at stoichionetry.
Typical | ow NOx burners often increase LO. This requires operators to bum
nore fuel. By adding enriched oxygen to the conbustion process conplete bun}
becomes- avallable for fuel mhlle at st0|ch|onetry mnthout addltlonal ,




provi de many of these benefits both to the operator (e.g., t|| ‘\_- gnﬁmpo

the enyih ot . 30 BFEB 200b WO 021 088400 PCT/USOZ£@§§|% ﬁﬁ ? E

exanpl e, 12 illustrates, schematically, a coal fife ol l'er or furnace
300. A wind box 302 is formed at a wail 304 of the furnace 300. A burner
306, through which the coal is introduced into the furnace 300, extends

t hrough the wi nd box 302. The coal is carried to the furnace 300 by a coal
conduit 308. Primary air (as indicated at 310) is supplied to carry the
coal (froﬁ?‘%?eﬁ’ﬂF%Bﬁe{afénygFPoqwéMﬁ‘)“ ﬁ?‘“dl?@‘ﬁm{‘ﬁ@ff%n@ﬁgt 308 and burner 306
into the foombate @Htan Bpbiad diRidually aBinitdént Blselbndberdtlng) i s provided to the
coal conduclotd3308 Lo a.ssurttsa that the coal is conveyed to the burner 306.

[ 0149] Seconcfary ai rm(cas indicated at 314) is provided fromthe w nd box
302 directly ii9098]t he flhe maic@ro8@9inphtveriagle usedge ehiolshe3dBwtiont he furnace wal |
304. The se6aNHRY, ym@&%%aﬁta@e&mawe&wabfmm Bhie ¢ for the combustion
process. In one well recognized and known system for controlling N, an
over-fi red”l'ai"?“@y%@mn("é@’iah’df welpdepiganls Bargpne of peverelairagmperaireom t he wi nd box

3g2) int ]gseﬁslsre% mrmamec&eas?m%ﬁtg&sfmﬁmoﬁm%&owéawff)ng pur poses for
the over-fire r. are two . First to pr e suffjcient oxygen to
assure cor{si‘ﬁm@éj cfﬁ‘Bffgf’Ppcﬁﬁw?}g 'g’ﬁ‘és Zan‘hs%‘é‘é‘ifﬁg) iGalsd EITLE t he 1 ane

t enper at uraemaﬂdllﬂhé‘habynanehhmecohﬁelﬁrmtdcmmmthembltdﬁ@etal batldO] It is

ant | ci pat o hak eifodlf A 01 i BERHSLHAN YA GARALER AG8 oXi Sting

conmbusti on systens, In n the alternative, e.used to

provi de anheoRe¥eEns erpast Eavethe aymesabere: E‘i‘erba@é'@ﬁnqceﬁlpl%wmﬁpsqfw Specifically,

i ItI i Sf am] lfﬁirﬂﬁ&lﬁxdm&tgllé%rahkrﬂﬁcwﬁ:%ﬁt@zéégﬁgt SRt Q@:dtﬁ@éinb%\fgl ?ﬁet of any gr

all o e secondar an i ar s at is used in

t hese knoﬁﬁpdatg’g%rﬂéi |"6ﬁ‘b]§e)'7§‘{°5ﬂs ¥’ﬁ"§ méﬁ%?‘ipfeela [55° e%ﬁ%ealn recogni ze the
benefits tlmatttlocaﬁthdjmn@maemeldyuwhcmgemhdbphmmmxgnsfoue\baconbust| on system
(or as in 9&&%@&1“ appl i cati ons oxygen suppl ementati on systen) in power

boil ers or furnaces that use other fossil firels, such as oil or gas.

[0151] Use of PRI pr eséﬁfs%ﬂﬁ%‘t@%@%me@%@@lﬁlé@ﬁterrpl ated for use in
connect i Oriie%Qﬁe@fol-Mﬂﬁihﬁdrﬂﬁ:eM&E@nl TEik thefdteibR.116 ¥ Pbtddedi@st € 1 nCi nerators

operate on S:; of era and excess oxygen. An
oxy- f uel soygpcmﬁcraﬁ‘f Ow'r‘g’af%"?bué?%%ﬁ“@ﬁn%y?%ﬁo?ﬂt@ eration. [0152]
Resonant trﬁﬁﬁetowgndj@p’e&tvdéﬁwcawnﬂteheenpthy@neadrtempzrem@ﬂmmhe heat ed chanber or
stack, andedig velocity and vol ume of gases passing through the chamber or
stack. As nitrogen is taken out of the m x the resonant tinme naturally

i ncreases beca‘ﬂg@ It he V6% vRRer vl temaocquple P8 inprmpraly useAI0 8ORiR process is | ess
(by about tBFupes cesit tmpihea Iaéhnlansbmwﬁoaperatsmsaﬁﬁbd‘lmthw desi gned with an

PNy T el SRS forth bun ¥R BRIA0 O ook winERBUE T AR02] 05700 BYStem

t he incinera requires consr dt capi %cause of the
reduced S|al§e“-‘l°¢lastﬂlq lsoqexéeﬂwv‘@dablﬂ[%ﬁsiewﬂ‘lyﬁmtuﬁngfehmmtbmtuma@t ures of
- oxy-fuel echwnﬁeu%maowsﬁcﬂm‘e smeﬁaatun%%@ﬁbMQmM oib g3l ed systens.

Thus, the eff|C|encyo umultinmately requires Iessthernal i nput from
the fuel, resuPilhg |nAP@E%“*?I@@?@%‘F?H°W§%’§¢“%‘°’BPer%“ﬁés%enef| ts of the
oxy- f uel @emhusqdomlpaﬁniemmmdslﬂampeﬁmcrmca&mbra%f,ass oxygen levels that is

achieved. n the ¢ c v i NCi nerat.ors,, excess oxygen is
required tonﬁ‘{?ﬁ?p%eﬁgfsgfi F@ g%l CErBohe h and unburned car bon.

Thi s exceslsenmcy!g:@'scuwmpmw;dedorﬂymtsra;eewww ‘Hiepdrational sdgoithanber or st ack
where the tejhﬁn% { m of VOCs and
unbur ned cgzrft %ﬂ geﬁ%‘?ﬁ%%@ﬁ%es%&@“&@@ g%rﬁgle&%cg%s oxygen, it also
permits nleF-‘(?ébﬁ“? nto the chanber. The excess :,:: nitrogen that is

ntroduced ((quanpyi de thiemBiess HsRLaR ok thd S dibghanheased production
S In € generation o

of " NOx. Addi t| 0 , thg excg ?‘?‘ﬁ overa resul

ot her gr edW2Fiftis 5%%3"’5“ 2 Frgfufics hieH dfiredsafely depicgsowyeh aspdavai@miber . Thi s

-~ undesi r ablseithednd the likd) evwill Bt dprizedtydhdsé KNRE intRad+. fThedidchage conbusti on
systemto overcone this cooling effect. [0154] FIG 13 illustrates,
schematically, a typical industrial furnace 400. Waste (as indicated at
402) is introduced into a stack 404. A burner 406 is fed with air (as

i ndi cated at 408) and fuel (as indicated at 410) to produce a flame F to
incinerate the waste 402. A carbon nonoxide (CO nonitor 4i2 is |ocated
above the flane F to determne the level of COin the exhaust gas. Wen the
| evel of COis too high, additional air is fed to the burner 406.
Optionally, air can be fed into the stack froma |ocation 414 apart from
the burner 1406 to provide the additional air.




S L e Kol ¥ et

[ 0155] There are a nunber of drawbacks to this method of operati Oﬂsng
di scussaglondamee, the two controlling factors in waste gdiedddshstli © 2Plre
and tenperature. That is, higher tenperatures and greater resonant tines

i ncrease the incineration of the waste. However, the addition of air (to
reduce CO |l evels) increases the flowrate through the stack 404 thus

reduci ng the resonant tine. In addition, although the increased air flow
reduces fl ahgs fax@ﬁﬁeﬁ\ﬂtcﬂdfseﬁml(dﬂﬂndbloﬂdmgtvulw& iddanesadds. fhoduction), it al so

i ntroduces_hi gh | whi.ch te gase NOx production
and of f set secng Fﬁ ktsne °m§lSFStggcedsWtomrgoaaﬂc§?r%ﬁfcon Pect Moreover,

because of ﬁmﬁmmuicﬂmgbﬁﬁnf:é?wl@ﬁ the air, the efficiency of the
~incineration PA6HSS | STHLAUREM 1043&: conﬁ@n%%ﬁ@@ﬂatpg{r&hs%/ 08701 s F-8

~0Q (0156] The present oxy-fue nbustion system on the other hand, uses
hi gh puri tV%Wﬁ@n”%%ﬁmﬁé??ﬁtﬁ@GWFFﬂrrf@'% S FBIRIADEE PRdT¥%r i al wi t hout t he

product i OnloﬁkﬂusB@hoasn@aﬂiéﬁﬁﬁmﬂf@%ﬁﬂﬁ%lﬂﬁ&ﬂ&s&m oaydeB@bM, cool ing effects.
The present ax f stemt us a fges over

e S v
convent i onaf e’#‘s aEﬁcsr%lqa%ﬁaaP cgmﬁ‘gr“cast%?bﬁﬁg{’es go Vﬁlaf ﬁtat the primary duty
of an inci Prematllirrout@ﬂtecgabbhrwmmaﬂd%tomnovcamdamsmmmbﬁ ore they reach

the at nDSpRErQ,, éﬁﬁtlﬂfe?@é?&e SO %ﬁggm{ﬁ% q§4t he fuel used and

thus results in uce NOx and ot her ~green-house gases, and

a reduced vol ulBOFf 11 ub DerkeesuEERURET 13 1S oS Ve B WaF L on, ¢ he

install ?t | Préssire.. ?%sm@am &ﬁhéup@d@dﬂ@iﬁﬁdﬁ&%ﬁﬂl&ﬂﬁh& p@tfsqi;di‘&héherﬁ-t ors errp: oyi ng
oxygen fue} ed combustion re uced. The capital cost
of the inctpﬁ‘éré’té““’%"r’t"“ p@yaf’ ff?@e\(llﬁ‘ﬁ%cau 1@ t"nemv “e%%"“ gases through the
systemis prypeefledmter Béistoeied fowsreamAs thy sadety vabds dfoves filvecause the
throughput ;,0f; 92 fedsfred HEHm| meaﬁdlﬁf&éﬁ%%lréssu%&&c%&ak'ﬂ?lotvpc' nerator can be

consi derably | ess than conventr onal systeéns | e "mai_nt ai ni ng the sane
r esonant tplﬁ%‘ghat’r?ﬂgce 1f6reA PRESEI A EgST lé%tﬁaﬁéseﬂt‘?%iﬂt?ﬁ‘flpwssnal ler to handl e
t he sane mﬁ‘ezaada_mdsuramuwxhhe required support systems and ancillary

equi pnrent and a ens ¢ ﬁpmnse be snmal.l er. _ n .addi tion,
I'TE ft) e3¢ measurerncnts OW 1dte l and a
oxy-fuel ed co |on systens ar e genera consr era y for e effrcrent

t han conveﬁzliaﬁna#nsmﬁedm@teaomolwwéms Pammle’efm r48 iginfipqact i onal anount of

_the_requireﬂoﬁnﬁe&gm‘rﬂwmﬂmep&xﬁ% a,tasat&uhééoetr&vgw.te vell to
ications in i S_unburned carbon or VCOCs.

i nci nerat or ue

Li kew se s\‘sﬁ‘ilggtf‘f‘félr’@“F@%“ﬁ%#’%@’ﬁ%ﬂ“@?@ﬁ?mr 12 ke veYeddd envel ope the
devel opnenﬁ-mﬁnsl\d@gnﬂ& thehtrdl Sysamni20) andispecifiellg et GRIT 106, iNRatifigor med from
fuel - home pi ﬁés: %0159] The industries descri bed above are only a
few exenpl ary n ustrr es that can benefit fromthe use of the present oxy
fuel conbust i off188lst em Theigesgmingliof femeplifsinte fyeo separatajlines 104aleeagni ze t he

appl i cabi | kg @lalfenissa, i VBt SiRes 50k RreGbTh Fdncdach Mfler 8 g cal industries,
t he power ener ation ndust pl astics industries, the transportation

i ndustry aHtiEas fevise “Fgel Combustion - The Benefits and Advantages

[ 0l 60] The ben@ldTs andfhadm&iﬁ@eﬂmﬁsuﬁﬂajtcfthﬁas&méﬂcmm |l be

appr oot at ol ik LIS HbbdRhehled MoclbnoddEUELIAPRGS e 1 a1 CxeDL AT

al um num scrap processin ? using an ai ¥ &8 % urnace outfitted
for natur a¢xygfasAnFt¢mnlaydxm&méaltlh%mtlh@ra@derlﬂ@ ¥, eyiiehgbost 0 process or nelt:
one pound &?npé&ﬁ@@orﬁ&ﬂdﬂ&ﬁg&mﬁfeﬁﬁﬁﬁﬁ%&?oﬁ% aﬁ’é’m&&?ed%gab&eifi&et of natural gas
used), was 3,620 BTUs resented as 3 6 FEB 2t % 4 WO 02/ 088400

PCT/ US02/ OBer idenfifes. BTUs/I b). That is, about 3.45 standard cubic feet

(SCF) O natur giogjas Wemeférgco FIG. mmkl{eb&xaexlaw&uﬁlchr@fsualgmm num The energy
requiremen sed each SCF of n r gas having a
heat' cont e fwa{ﬂ‘doéi‘g’b%%ﬂgsfmfg yf‘ﬂcq'ffjﬁ?ﬁ’rlﬂg etﬂ%ﬂﬁg "B’Hgﬁpresent oxy

fuel ed conbatskteals ingytsd fanmce 18. mlgasuﬂnﬂlsdfmtendsnd:meinaﬁ&ﬂﬁmyof nat ural gas

(or 1083 Bl Thus, the present
oxy fuel Egg%ﬁﬂﬁﬁﬁﬂﬂ§§§§§ﬁ&ﬁég§b%@??@tﬂ?3@9%§$ﬂ H@%ﬂaghercent of the fuel
required for an air-fired furnace. This is a reduction of 1.0 less 0.299 or
about 70 percent in the fuel consubPption. [0162] Simlar though not quite
as drastic reductions in fuel consunption have been observed wth an oxy
fuel ed conbustion systemthat uses waste oil as a fuel. It was found that
the heat content of the waste oil fuel need to nelt each pound of al um num
was 1218 BTUs. Thus, the reduction observed with waste oil was 1218/ 3620 or
33.6 percent, resulting in a reduction in fuel consuned of about 66
percent. As such, even before considering the reduction in pollutants
produced, the present axy fuel conbustion system exhibited reductions in |
. fuel consunptron of ~about 70 percent and 66 percent usrng nat ural gas and
respectrvely,; Vel ~fired; na gas: frred furnace*-“ e




1 6 FEB 2D04 WO 02/ 088400 PCT/ US02/ 08701 TABLE 1- FLUE GAS ANALYSI S FOR
Al R- GAS, OXY- GAS AND OXY-O L COVBUSTI ON SYSTEMS Pol | ut ant Al R- GASy §RER 2004
b/ M vINGRBS4M GAS TPY | bM | ~~1BTUOXY O L TPY PCT/US02/08701
b/ M vl BTUCO4. 882. OE-21. 516. CE~3 (68.9)L325.0E-3 (73. 0) NOx24. 38LE-100
100. 0) 10. 040. 041 (58.8) PMLO. 0281. 0) <4. 00239. 4E- 6 (92)0 1466. OE- 4
-41 0) PT. 0281. OE-0. 00239. 4E-6 (92)0.1696. 9E-4

490) SOx0 OE-4 1.9E-4 (69)1. 395, 7E-

848) vooo?‘ég?*g'%ﬁsi"s‘i‘.%%%iﬂaénﬂ‘%‘ﬁ%Shgg’f)%ﬂdg trough pyedl 65J The val ues
for PMLO,. @?mnﬁ%uﬂﬁdnﬁiﬁﬁld’tﬁddytlﬁﬂe Toux Yenftdt @toRide s AR fod ighiic@sOUST | On system
show i ncretﬁ é‘fé’n aglve reductions). This is due in part to no

" post - bunt rea ocesses used in the exenplary conbustion system It
is anticipated#dt pr dﬁ@raﬁbrpfafshubmwsﬁwsaﬂeswssm@i:ih/darhedaiuude bag houses
(for partnwcasnmawpzme@m@am@mac&muc%uxkéoygnﬁgeﬁ@ld%' ng gases) and

woul d result in reductions of at |east about ercent and 95 percent,
respectiv ‘9”°r’FPF°€ﬂ?ds‘%Ih6ﬁ§t°&tfa?f{°?St‘Ybé‘§leﬂf’PI‘f‘éﬂ\?QPUéQG%ﬂdtﬂéﬂhﬂ@d in TABLE 1 were
based uponwiretdeaﬂe:edpmﬁdnqmbmé@e&oieﬁ&summtmhecpubm&ds and were determ ned
i n accordap wth accept el olv St at es Envi ro;hhaent al Pr ot ecti on Agency

(USEPA) criteri g ond iy e neaesf gme drppysdhanmg st ihsi | abl e from t he

USEPA V\/ebshatde\)'lred[S@"Q_tGSpomqn 13 sThelges and beaerd ﬂ’rwsure hatchdaemfwalwes are based
upon ot kb Al A2tk IADRERL: Wil ARl UoRRSEu e the oxy fuel ed

conbust i oniu stemi s used ove that indicate
s

reduct i onsEEHPHENS %‘Eedh?@“PﬂWTWé‘MYT@@PIéM d@X‘W’Gﬂsl‘l’h&tbﬂmQ@tl on systens

I
|
(
(
(-
(-

aeqw redt hﬁbﬁefh@aﬁwﬁr&%ﬁﬁnd ﬂIoWhthebromhﬁ t@ﬂiﬂtiﬂb‘ét ifeninS¥speaiBatad € i nst al lhed is
esigned tg | imt ne le air ak nitrogen in the
conbust i onr(e)%t el ué{rgle ‘9‘?%’% sIz‘rrluscmagg f&? gﬁé&bﬁﬁr% by those
skilled i nWheﬁerthnaS andrpasyagm eongbl Vhlvgtﬂpmﬂmyuakg/‘g@hﬁ(ebposmghllfy .

oxygen- enrm@éﬁﬂolamas wmaa?ym%r tbg&p%%ga;l@sldlsb ntg.l}g Ly, adaptive to many

eX|st|ng|@g rial stens. It.iS antici e uses for such a
system i n &F%h %1?°&" wawaﬁeﬁmﬂw% a‘b‘p‘l"i"batl ons will provide

myri ad advmmpmﬂsmgﬂﬁnﬁemmebﬁarWQIOWWGm pr0es edatiy tuspHuRi 1 fired and air
over-fired, %ﬁg@ ureNl though nmany present physical plants may require

redesi gn and Ication to incorporate the present oxy-fuel ed conbustion
systens to enhﬁ’ﬂlb"é\perf%mﬂe@h%ﬁ@“wwmemmeuatmmgewmeenpl ated that the

benefits g@ua@cium.ednfml&b lﬁéedmwréézge?hﬂﬁ&%@f&%&ﬁmi% -9 s FHB 2Li 3#
t hese changes | n &n%ﬂg ﬁ"gﬂe such as | owered operating. costs,
e.g.) red "éa‘a¥ "”&‘g%‘f‘ e BioReR Puigh Bitimed sefhtdiguced eni ssi ons,

will far Omtumlog:htntdamﬂmgﬁﬁefummhésﬂbbﬁaﬁ tixlesthg eslumd 5F1@8] I n t he present
di scl osur gqwords "a" or "an" are to be taken to include both the

si ngul ar an he lural . Conversely, any reference to plural itens shall,
where appropri@iH]) i ncl%ﬁ}émfﬁﬁsﬂslﬁW‘%Oﬂe[oﬂm?ftﬁosmb@hw foregoing it wi |

~ be obser vaslink hatartsa MEdoR swid ﬁe&@mepmwﬂurxa;draﬂbﬂﬂébu?&g be ef f ect uat ed
w t hout d artln%Pfro the toﬁeosagurlt and scope of the novel concepts of

the preserft’ THOREHEHf e cpar Hﬁ@g?té?lﬁl?tfsft'ﬂ}ftpllﬂé°¢‘}°?ﬁst ation with
respect t curdvemalpeiosellj loweveh apinrening, thd doléadidskesperied anddaesded or shoul d be

i nferred. Q;E%Pﬂbﬁ%ggy gf"k&s‘!“% gnded to cover by the appended clains all

such nDdlfl ions a i'n the scope of the clains. 36
[0112] At the tip of the pilot assembly the gases mix and are ignited by

a spark emitted controlled by the flame controller. Upon ignition, a flame detector
126 detects the presence or absence of flame and transmits a signal to the control
system 120. Once a flame is detected, the control system 120 opens the main

blocking valves for both the gas and oxygen,
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's FEB 2D04 REPLACEMENT SHEET 2 9 DEC 200 CLAIMS 1. An oxygen fuel ed

conbustion system conprising: a furnace having at |east_one burﬁbﬁffghgm%
configﬂ%ﬂ@“?émgubstantialIy prevent the introduction PGH/USPT/0870%, oxygen
supply for supplying oxygen having a purity of at |east about 85 percent; a
carbon based fuel supply for supplying a carbon based fuel; means for
feedi ng the oxygen and the carbon based fuel into the furnace in a

stoichionetric proportigQn to one another; ns_for limting an excess of

ei ther the oxyg’g}f’]or th °83‘F‘tﬂ5ﬂa‘ﬁia°§&fn1§1%?i¥? Vefé@siﬁgﬁgﬁf“b percent over the
st oi chi oneihdependRitipP kit safey, vabvadl 43E20 srefconfigoredituctohitiifibe debealeonbust i on of the
carbon basgg JfHgl: cbo: BE QMG G |48 ob RIRBLAWH: ik Baf1ERRRL OF abOUL 4500F,

and to produce an exhausSt gas stréam urnace -, havi ng a tenperature
of not nor&0phran teEetand pxyperomfetyalviyapemldd fdh Witk plbef teegndust i on in.

accor danceyWel dhef |l bdRollre M 8 efilrdlzcd REwa Pels BRRdBAS I bt @hchi gais whipas. 3. The
oxygen fuel ed conbustion systemin accordance wth claimz2 wherein the gas
~.0 i's natnfpefongpl panelgl 1874 pilos gmerrropinsenergized JORA PESSH EMC e m i n accor dance
wi t h cl ai nabduti30edcordis.NOnca thd prebey GRe Biratiop hantapdedthepilodhitcuinigdd- he oxygen. 5. The
oxygen fuel ed. c stion,in accordange w.th clajm. I.n.the carbon
based fuel *F&“8 asq’g FEOI?UG'] 1 ‘frfos &: gg(‘)'%/eégrﬁ df'ﬁ%e géﬁ%%#ﬁ?é%?%ﬁtsyst emin

accor danc esswiribhesehdthapilbt intieatesilightifpreeachbutsentirabased fuel is a liquid fuel . 7.

An oxygen fuel qf;40mbusteQRms YRdcRM 128 BRMihduddPmomtbr the Alnd o 064
loss of flame indication, an alarm signal is transmitted to the CPU 106 and the control
circuit isolates the gas and oxygen shut off valves 140, 240 and blocking valves 142,
242,

[0115] Once the pilots are de-energized, furnace automatic operation is
assumed by the control system 120. While the system 120 is set to “low fire”, the
oxygen control valves 248 are maintained in the closed position regardless of process
and set point values. The gas control valves 148 are not limited in their range since
gas flow follows oxygen flow. The control system 120 maintains the gas at the preset
ratio.

[0116] When operating in the automatic mode, the control system 120
responds to deviations from the process and set point values. Furnace temperature is
meonitored 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‘fiion system 100. The first is for melting aluminum in a high production
environ"i:nent (i.e., in the melting furnace 14), Second, the system 100 is present in the
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REPL, ACE. MENT SHEET 2 9 DEC 2D03 a furnace having a control | ed 8RR f¥nent
t he fuw@qﬁﬁséggyl ng substantially no in-leakage from apcexk@idaiia
environment, and configured to substantially prevent the introduction of
air; an oxi d| zi ng agent supply for supplying oxygen having a predeterm ned
puri ty; a carbon based fuel supply for supplying a carbon based fuel;
;means for feeding the oxygen and the carbon based fuel into the furnace in
a stoi chi WQWQ@WOimaWﬁataﬁﬁﬁMEaﬂiﬂﬂﬁ}Smmgofﬂaén ting an excess of
ei ther the x en or. 1.h Qn _bhase el percent over

t he stoi chi 8 ?’mﬁm'ﬁ‘rthpgar‘o‘ apghcagoms rrgfa{’rslss'nmfmrE ont‘s'?tg)ﬁit n&ﬁé% conbusti on of
the car bontemasmteblumrsare)usgi@dﬂweetaemttdmtﬂ(ﬁu@m@ewctaf—a@bout 4500F, and to
produce an.exhasgl pdaRs i E-6:8 e lafol km b?#@ 8§ hakdaYshd&R! B

ni trogen- contai ni ng conpbusti ori - produce aseoqus_ conpounds fromthe

oxi di zi ng &geyse: thegpurmpr arednsialied for aengr ¢p R0t Gy ireRmenighiedsAtSac cor dance with
claim 7 wher ei [oiif)e car Rgpkcinosast ik gRieni @mBusgassysitin 10harybyygen fuel ed

conbustlon syste accor dance wher.ei.n .the S is natural
con 30, CThER R e R R TR, R SR o088, D DR

I ncl ud| ng umneos@ s velh nsible temprgptpbscan whick-the futiiaees b4\ 6,666 fradésipded- orbust i on
systemin ag g%@aﬁ%&sﬂxéhn‘&le%%u %ﬁ%&ﬁ%@ﬂﬁmﬁn&% d fuel is a solid

fuel, and whéerern anY nitrogen-containin ust1on prodiuced gaseous
conpounds Hresizesanerive like) argp edtgechamﬂmﬂwsedlffwsn%%%&ﬁ f uel ed

conbustiony&ﬁ&@@MMMMsMﬁhzwhﬂlomﬁomﬁhn t he carbon based fuel
s a liqui i‘h 9and erein an mtrst? Ho ontgl nin cofnbustlon pr oduced
gaseous conpourddare fOFERES FBIRCTIRR YR pan 1 8 FEB ~I O

REPL ACENVE~ddvant{gkifcivdr Kdown BE@GreShBy ds8d cofifvestiox sygtems. fHeet@upleontizsist i on systemin
accor danceﬁa@ (aw h@au emgﬂmt&e;ehgcoﬁg&}aﬁ,ﬁlehgg sgaxgsmgngapt has

substanti a no nit furnace conpri si ng: conbusti on regl on;
present com,bustlon system 100 The oxy—ﬁlei burners 84 operate at a much higher

temperature than conventional furnaces. Thus, there is an observed increase in the
heat available for melt (in other industrial applications, this increased heat can be
made available for, for example, steam generation , refuse incineration and the like).
This provides a reduction in the amount of fuel required to operate the furnaces 14,
16, 166. In practice of the preseﬁt invention, it has been observed that the average
(and estimated) therma! input required per pound of aluminum melted is decreased
from about 3620 BTU per pound (in a conventional furnace) to sbout 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 ransfer 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 1o the metal
baths. Third, because there is no nitrogen in the combustion process, the amount of

gas flowing through the fumaces 14, 16, 166 is low. Thus, an increased residence
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a burner; a carbon based fuel suppl y for suppl ying a car bon bas dlss §|20{l!ento

t he conbustlon t hrough the burner; an oxidizing agent su uppl yi ng
oxygen ™ 02083408 det er mi ned purity into the furnace for PEEE’E&%QW% with the
carbon based fuel; neans for controlling the conbustion of the oxygen and

t he carbon based fuel to produ a flame tenperature of nore than about 3000F
and to produce an exhaust gas streamfromthe furnace having a tenperature
of not nore th [ onfigured to
substantia %Qh&g%gst%eﬁggﬁtr?lo ‘5&? hg &g&) J&J&@%{%@ﬁm#}ﬁf} urnace in

accor danc@fbnat)lnﬂferlﬂmxmuﬁéﬁqu@mawg143&6éﬁﬁ supply for supplying air

cont ai ni ng oxyg@gnyto th%le@mgmomrﬁgis%nﬁwoﬁﬁumpb%me%nwth the carbon
based fuel, and the oxygen at a predeterm ne urit 16. The furnace in

accor dancd“Hh I‘EW%‘IW&“PH‘&P@HF%“%?%&@“& Eh?mgﬁﬁensuppl ying the carbon
based fuelcomgmtarhefdm)&rmroxy-ﬁaadd haceptambldtion eRMeRNisqteatne predet er m ned
purity is.su dto th rnace t hrou e ond 17. The furnace
in accordancegpvvl F"hcomienuons{'ﬂm Sé§e| %o%eﬂégncfonen??fagtagsf é“ﬁ#‘eéeterm ned purity
is suppli elctcm;gxhMmﬂmfe@lgféﬂpa}fmnethamdtdpdxmreﬁmmmtbmomar bon based fuel .
The fUr”a%f‘sténpwﬁc&%cqm&tﬂwaﬂ)aﬁhﬁiemréédW?Jﬁ%"fﬁr%&eéﬁel@’fé’&%@ purity is at

| east abou er cent xygen fuel ed combusti on system conpri sing:
39 16 EB“Q’GG&“’F@“‘"E& rgtio. [Tpdp ispargpgrpuy wishoyt exeass oXyers- Ab¥syr nace havi ng at
| east one i 0 RF enevh Bbs6ibEd by Guk-Edintustion tilddantekiak by, EQY&FLent he i ntroducti on

of air; an mu&%ﬁg supply for -supplying oxygen at a predeterm ne purity
greater t KA carbon based fuel supply for supplying a carbon based

fuel; for feedit$lt he Ghyprenntaadbistien sgaenbl(f alsapreviddsdelindeated t he furnace in
control | e%r(ﬂﬁ&BQrMMe@@%}t Sltahﬁerl F%ﬂ&cm%ltﬁag&pﬁ&@%{ ol l'ing the

conmbusti on of the_ carbon based fuel roduce a flame tenperature in
excess of WowEhput obthe frppaceyyill Beirerpased: é“alsee%agtﬁbwﬂemrquﬁ accordance with

claim19 |eﬁeduudhdagraﬂff&rmsthémhawnduemgmaalﬁd iafedude MREhafuthg | N excess of
4500F. 2. 114 en stem ance with claim

f st on
19 wherein ’tth Cm%"S%OX Stemébberfslpgrf mﬁgp ?B‘&"‘%e eatat?lmglxwgﬁg %gs stream from
t he furnaced haanmgp !?ae heatfpsaperature ol e malten meta firetht prah60lat 6@ bet

point temperature. It has been found that aluminum accepts heat very efficiently from

a radiative heat source.

[0124] Perhaps most importantly, is the reduced environmental impact
of the present combustion system 100, compared to presently known and used
combustion systems. The present system 100 advan.tageously 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-bomne 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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22. The oxygen fuel ed conbustion systemin accordance with claim19 wherein
an ex stream fromthe furnace exhibits a reduction of F%%SEOD&?O
percewgg'%m%%fﬂr ogen- w contai hing conbustion produced yyé%?"@a‘imounds
relative to an oxidizing agent of anmbient air. 23, A conbustion nethod
conprising the steps of: providing a furnace having at |east one burner,
and configured to substantially prevent the introduction of air; ~

suppl yi ng ri ) rcent; supplying a
car bon ba%ogfd(lé'{(gﬁeuls %ée]gasam %he‘&%axr&fm%%%rl)%%ﬂa#% 51b ged fuel into the
furnace i spogeratiai @ﬁlebnwm ﬂchlevedp eielly.dess fugl ipvred iaflest her; 40 ~16. F~B

200 REPLA%MEM asWERE of a SerPBifad 228 th prdltdck BEmBOmE FRIS Reduces ei ther the oxygen
or the carbon based fuel to | ess than 5 persglfnt over the stoichionetric

proport i oﬁf“%(%&n@?]bﬂs?rﬁwflhﬁwgﬁ° Tele carbon based fuel to
produce a fIarre tenperature in of about 4500F, and to produce an exhaust
gas strea ro the furnace having a tenperature of not nore than about 1
| OOF. g%ﬁbustl on nethod in accordance with claim 23 including the
step of suppl V0136 t he dawiice rdvagendd bubbseisiilied in the at,trerpaygenat a rate that is
dependent , 4pQm A Po?ﬁgpgeﬁhﬁcoﬂlgmhaﬁsy%gwl:an gg’qmtg-ﬁ h.CRIRESd on method in

accordance wth claim?23 1 ncluding the step of feedlngthe oxygen into the
f ur nace aﬁmﬁ“&he??‘léget‘PP&tbcP’émlHéeﬁ Ycr?flpﬂﬁlsﬁ’mflé‘g&“r‘ﬁfhésﬁfemt Ke carbon based
fuel. 26 E%r@@ﬁﬁumdmemb&g&dpmaucasmaﬁ@mwomstpmmaabfmaa i ncl udi ng the
step of controllin mfue nd the oxygen supply
so as to ﬁ%‘br]ffne?f‘ﬁys%ﬁ‘esugf asﬁercéerf' Scmgtm es pmte%g‘ u?tnace at or bel ow one
or nore desi rd@iuff]errperat:famesnowt@?IG?Héereﬁﬁmalmgmmwﬁon accordance wth

claim 26 M}ﬁge%m[ﬁefbﬁes&@&,ﬁﬁmsﬁwﬂmorﬁﬁllﬁmara&uslg?c AbgnRRased in part
upon the heat transter_as affected furnace. @28. A

conbust i ofleptdEheraducesh? foas I??Egdatyt‘?éaté‘iaétﬁé P‘c‘ff"“b?w W&‘F@a%[iq‘otﬁlp?]ace havi ng a
controll edmﬁﬁ:\dmpb)ﬂﬁ&lp&:,haﬁﬂlﬂnmugeaam&nﬁammgo$phsﬁeamtlluﬂxlobcygemo i n-1 eakage from
an exter N SOVONTENL: ARG EORL MLt OaRHRELAD AL Y Prevent the

i nt roduct ng" ox Ferm ned purity; :z
suppl yi ngcanmasdd@h,abalslemeh@elapurﬁf@dmm@etWé bbeyaiyenitsgheckxpdndercar bon based f uel

into the figy NAGRssh of6.FhsH b RARLAdufe oPI2BPP! dnll Offert Dcrppenignot her; 41

distillation column 186. In the column 186, air is separated (distilled) into gaseous

nitrogen, liquid nitrogen, gaseous oxygen and liquid oxygen. The paseous 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 systemn 100. As such, an oxygen
blower 192 is positioned between the oxygen discharge from the column 186 and the
combustion system 100 feed to raise the pressure to that need for the combustion
system 100,

{0128] The gaseous nitrogen, indicated generally at 194, is fedto a
downstream annealing/stress relieving system (not shown) within the plant 10. These
systems, which use nitrogen to treat aluminum to relieve stresses in the metal and to
anneal the metal, will be recognized by those skilled in the art. In addition, the
nitrogen 194 is used in the degassing units 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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18: FE8 ~~t Y~. REPLACEMENT SHEET 2 9 |jEC 2003 limting an excess afs ?t%hﬁﬁ#
t

the oxygPhoskiob Ne carbon based fuel to less than 5 pe%%ﬁ?so?ﬂs‘%ﬁ
stoichionetric proportion; and controlling the conbustion o e carbon

based fuel to produce a flane tenperature in excess of about 4500F, and to
produce an exhaust gas streamfromthe furnace having substantially zero
ni trogen-contai ni ng conbusti on produced gaseous conpounds fromthe

oxi di zi ng sﬁﬁ;ﬂ eplgareqmesammmspﬁqul '196&99&59@%@ with claim 28
-including the step of )g%gﬁmg{o t he carbon ‘based fuéel into the furnace at a
¥

rate that 3PETEEENYERY © THERECR axTeAuped. fush 2 %BPR 815 crYSgPRicThe conbust i on
met hod in }ﬂmmodﬁfsmeWEkdfessmﬁtmgmcszé médJﬁdMathﬁﬂcStsyﬁex@Jsu&Bedl ng the oxygen

|ntothefurnace at a is depend on.a ate of the carbon
based fuel™ "§T “oHE grocf%g{l%"tmflagﬁe&rre ‘ﬁ“mc)fg ‘gncor é‘ﬁ%‘é"s f(",‘Fal m 28 i ncl udi ng

the step oﬁfD@uhwr@Mnmgutat | east one of the fuel supply and t he oxygen
supply so as to naintain one or nore tenperatures in the furnace at or
bel ow one or nore desired tenperatures. 32. The conbustion nethod in
accor danceéff £499%¥ai m 31 wherein the one or nore desired tenperatures are
based, in part[on.mon thﬁehﬁﬁzﬁnuhrpadasg‘sﬁgs)aﬁmab&ﬁ&ta@éa@q&n@gmonetry of the

furnace 33 A r at nace .conprising the steps

provi di ng & Fll}“r’anac r'l}?a’%‘?"ﬁ‘apfﬁ e&%ﬁbgt?g‘%ii %&f"(ﬁf‘f“ﬁ%&gﬁaéfaﬂg a burner, the
furnace. tioclelsbsasnbeatrctoyerp pstemninditdva gemerallp 00 iOfiGof. Bxbaust suppl yi ng car bon
based fuel ak%‘i’bawﬁ26?@?8&%1&&;9&hdg%&@d&ﬁ%@@iﬁ&?%&é eE; supplying oxygen

at aprede%ermned purlty into furnace stion with the carbon
. based f uefizectefiig onperide ofrppsicbeaymaqyventeptFreharger,20d. bobpt s sxhertt| i ng t he

combust i Orga@ﬁOthm a paafired holl B0 A thadis b asederhbledmdua: BEReyCe a flane
rature of Jmre t han. %b?nadd: 000F and tocg{,eg

be rccover

xha st gas stream from
the furnace™ oA erE L PGt SieaSPL e AN %ﬁ"gﬁ%ﬁ F*¥he method for
oper at i ng te fhein fieroee bath eadBr dance with clai m 33 including the step of

suppl yi ng the ggsdjon baﬁﬁ@xﬂaﬁk@% u&imﬁ&mi&t&@%%h@&éﬁfhﬁ:r@w that is

dependent on a feed rate of the oxygen he mnet ho operating a
f ur nace |r?°§t: £ grorcngdiuidsindicated a5, 206, sysh aspenteng; s tigerek the sterrsidecedi ng t he
oxygen i ntdf tielheat bxthangar@0dinder prahiee, tihiabntcipatetpeadRitypeded a feed rate of the

carbon b as&ﬂnaﬂéé%r‘a plate-and-tube type heat exchanger is best suited for this application.
Those skilled in the art will recognize the various types of working fluids 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 condenséd, 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, ina
presently contempiated 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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_"36. The nethod for operating a furnace in accordance with claim 33
including the step of controlling one or nore of the fuel supply ahg FEBe 2004
oxygenWOURHP8I% o as to maintain one or tenperature i nPERESHVIBAMCe at or
bel ow one or desired tenperatures. 37. The nethod for operating a furnace
in accordance with claim 36 wherein the one desired tenperatures are based,
in part, upon the heat transfer as affected by a geonetry the furnace. 38.
A conbustion nethod conprising the steps of: a furnace having at | east one
bur ner. arsedeystemguhtéschoticipatsfl that & pengugbasad; wogkingdingod¥6 an 2 stapgaddet er i ne purity

great er tW&cﬁﬁ%ﬁ@Emen?Umw\bﬁﬂv&m&ﬁmﬂor spﬁgﬁ%r&&@& feeding the
oxygen and_the carbon based fuel into furnace in controlled proportion

to each ot'A®steandaedfitEs H%“FW&“‘E‘HP#B@QHW“&%“@&FW based fuel to

produce a lfollcﬂfgﬂﬁleﬁﬁﬁrﬁ@ﬁthlﬁ@ meﬂhl@xﬂﬁﬁSn eefmezmﬁoaecnr&a necdl tﬁ: FEB 200
REF1, ACEMEN i I%It:_T S oEC%e 20‘5. mé’JStl ﬁ%m accordance with
cl ai m 38 i REBUGPHG TRE“SEE 6 suppfky%y PRl Y on“B%‘?éE fuel into the

furnace atcbmnaisecﬁhmetm@equmndemchmwzﬂﬁﬁt@hebnemmvxdehéeoxygen 40. The
corrbustl o%g@&h%li,@ﬂ%ggamg%swht&bm@c@Sggt a¢gncl uding the step of the

‘oxygen into the furnace at a rate ependent ug n a feed rate of

t he carbon bas@d3Huel . ‘%ﬂm’1?ﬁ@°m§t¢@ﬁswmw geleeidhnce with claim
38 incl udlmeigmeraédaﬁnséuse@uarpfo@idbbdh@dfﬂﬂp@&erﬁ&éﬁar@formecrwel supply and the

oxygen sup S in one r erat ur t he furnace at
or bel ow o‘ﬁ%"%g‘ R@Pteltnn‘g%&&f@f%gﬁﬁﬁ?g@ % ri% &SR%t hod in

accor dancelOpet be prévidedbyldn oﬂhémbdnom&mmnﬁmremmnysi ides¢leatrit t enperatures are
based, i.n @%%en&ﬁﬁgg&{;t Eh?%nh&e@@xsﬁo% eﬁi&r@%&aﬂﬂfop si@myeometry of the

furnace. ecovering a nfaum from al um num m xed with
ot her t harfRINGBFASTHAT Pkt ’@rsvcmag arpgeRrdh w@cww%@qﬁﬂmd expegdddi ng al uni num

m xed Wi t hplak efkeqiilRaents the Bxcadd FowB e teabld 1d, Fr OxathplRRd IbdaNgleckritr Nace, the
furnace cory‘ é’gured to substantially prevent the introduction of air;

feedi ng oxygeh at a predeternmined purity greater than 21 percent into the
furnace; feeding a carbon based fuel into the furnace;

Dross Processing

[0134] Referring 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 furmace 14, The dross D is pressed in a sieve-like bow] 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
returmed to the melting furnace 14.

[0135] The oxide laden dross is fed into the recovery furnace 166 for
reheating. The recovery fumace 166 is of 2 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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FEB 206

conbusting the oxygen and the carbon based fuel in the furnace, tﬁeB oxygen
and cawipanbased fuel cormbusted in the furnace wherei BefhRoQsg¥gen in the
oxygen_ supply and the carbon based fuel are fed into the furnace in a
stoichionetric proportion to one another to limt an excess L of either the
oxygen or the carbon based fuel to |l ess than 5 percent over the
stoichionetric proportion, and wherein the conbustion of the carbon based
fuel pr ovisdegntally haemeess expger withim Ge furnaeexi©e s cafrashteoaivedtic@dF, and wherei n an
exhaust ga ure of not nore than

g éOmF§&; {nﬁﬁﬁéﬁ&%{‘ﬁg&%o&}hfeﬂ R6&s &%?o#gs go%fﬂlﬁéxﬁ)t.

about 1 10 g alum numin urnace; renoving contam nant

| aden al uni nunf®38m t helbe treprseyumags 466 is liwise simpedynd a4 REPL ACENENT
fSHEEN' 2 32 'T &Qgss;ﬁésga?aﬁ@k&gerw&ﬁ_ i %AQJ tratsfRrHbd @ HDkbiRRg al um _nuLn f er_m tzg
ur nace. : thod.for recovering.alum numJin accordance with claim

i ncl udi ng Peeedf Tecgvnine i B2 iR et oF PR TG EEORa5, The met hod | or
recover i ngpraksser foufurthen alampomdaneey. ik fakh bezh &iund %3 terpedset pragpsd, he st ep of
recoverin 9‘!#? i.nant . U n and chargi ng
the rec ovgrr1 e Id}‘ﬁ&g%{ﬁﬁ%@%cﬁs%ﬁﬁﬁgﬁ%@%%ﬂﬁ{i!he‘ e#‘{e%ﬂ}gg]vkgg?r ecovering

al. umi num imetac Ehsrdaanbe thef iy wtigately shirped fon Surtheripragessingeis enlgp frestiow onver ti ng t he
wast e heatoftne of4ifs hlidndy b¥drod D, thidveautBh bRkl colteSRVRFd G al um num in
accordance w.th claim43 including the of feeding the carbon based fuel
into the PRt NfHace at a rate that is dependent upon a feed rate of

t he oxygen. 48[01¥the netlhpartahdy, the peenedrbaa geconeryirdtedi 641is astialr dance with claim
43 incl udi ] f i h Y, i ting furnace at
arate thaopgwga e%eeuﬁ?jgi%? B’u"g%‘ﬁ ogl%giedg%v%sé?‘g&%’fﬂ% esg%r %E %as&ed fuel. 49. The
met hod f orrelease g BehpmabeptidesnKnavnascevrtepesesesyse faligiogenraahe ncl udi ng t he

fsteg_ of C;E]Hild[emdn“ﬂgm&hl. e @BlheQRes réthaid AehefoRREH, REict H€inG@k bon- based fﬁel and
eedi ng t 0X .S0 .as to maiptain o r re tenpperatures in the

f ur nace atd?s(??se%gtfgwnﬁtﬂé’%ﬁsweelﬂ‘&W?ﬁgt&gﬁ‘gﬁﬁ%ﬁﬁW S°¥P* The method for
r ecover i ngneironminial imzards areiéop roatn @6 such,tthe roésent prodSs Wér ei n the one or nore
desi red t GARERALMIGSeRERANRREG inhalOhE pecl el Wu/1fiPhud f@NST o7 as affected

by a geonetry of the nelting furnace. 4
disposal.

[0138] As to the overall processing 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'ysfem

[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 buming formula (rather than air). This can increase
efficiencies in operation. Essentially, buming 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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3 6 FFB 2004 REPLACENMENT SHEET ~ 9 DEC 2003 A salt-less nethod for

separating al um num from dross-|aden al um num conprising the steps of:

i nt rodW&‘ﬁ@aﬁ“ﬂ‘é dross-1aden aluminuminto a furnace, ﬂ’ﬁ%’lﬁﬂ%’?f‘é{%’e %o?éfb%med
toy prevent the introduction of air, the furnace having an oxygén ael
conbustion system for conbustion of a carbon-based fuel with oxygen at a
predeterm ned purity greater than 21 percent to produce a flane tenperature
of about 5000F, and havi ng substantially no excess oxygen, the dross-I|aden
al um num nefficipnsigs hattresuly buttecapserof the digh gicltingriempersture tagpied fyralit | on of t he

el ted dr ogigshAd&ReRibiatnum to produced a heavily product; pressing the
heavily dross-1|aden product in a nmechanical press to separate the al um num
from the heavi [814%r oss- Negehsless B ot exvrivelescomprstionsysemrdeml r at ed heavily

dr 0ss- | adeindptriarki powdd generating¥pplfeatidns b povidetdadd fuel cos@Rptdt | ng al um num
from dross-).aden al um ni um i rdan aim51 Iincluding the step

min acco ce W I
of returni Ng ?qﬁlé'f"lg%ﬁ%‘éeﬁf’?tﬁ'ft@r:}mﬁtegﬁ%"lr tﬂ?“'d%ﬁlg‘?g E‘ﬁg‘é’ﬁsuﬁﬁp{ﬁ%?}?ﬂ& o the furnace.
53. The saivith ¢fadent weohbdfutldic. . sfFintdombgstian) providesgrédatipredatedy asd | aden al unmi num
i n accor dageganihtivies! @b adkid ' e IN: . L opi ngenment
i ntroduction of %y}h}g ﬁss@aggﬂgﬁ%&n@gﬁ?ﬁ%ﬁﬁ?éﬂsfﬁg&?r%%s?\og%g)ﬁ%A The salt-1ess
met hod f or TEBH4YEE#AEY al uni num i n accordance with g the step of supplying

the carbon bas@dsfjuel iDieto i Oarfetif TR@EsuRL £i8ls bt @n bhALa bgnde upon a feed
| t-1ess. nmetho r se(gearating al um numin

rate of the ox n. SS. . .The sa hod . f

accor dance°°\il\n"??%‘gaglg%"r‘Fﬁ”%Tqﬂﬁ&ﬁ?&?ﬁ'ﬁhﬁﬁ%"g}rgﬁ“@d?t&idﬁcﬁ desten into the

fur nace at alengrath éhetviaddus mstholspenche atd piqyosed 2o faedlte baggen, dosd he car bon based

fuel. 36. =l s l. um.pum i n accordance with
. ;Ehﬁd &%etart it &cé@]z@ﬁl eﬁo%oﬁgp%:;t% hg—?-vfg eugig%n%f

claim51 including the step of contr ] one of a carbon-based
fuel suppl 3PPERbligPf Geprrart Cbpttipn Batem. FugtpiebercarbrnseeNT SNE~1' 2 9 D6-C
20p3 as t oupshRbvailddilily, efbRoMic fHilERind BIVRSIRhl Rfced. THS, tbWrd@QSgs at or bel ow one

i A

t enper at ur presert systepia dedidition tpeerdare magyerrcepthtde tfachadlogiesdforgheinciags af f ected by a

geonetry OfxybdAGt figh puttfySevels. Such technologies includes cryogenics, membrane
systems, absorption units, hydrolysis and the like. All such fuel uses and oxygen
supplies are within the scope of the present invention. Those skilled in the art will
recognize that the other gases produced, éuch 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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58. A furnace for recovering alum numfrom al um num m xed with other than
alumn ,al s conprising: a conbustion region; a :188.! 6 FEB 200%
accunui{gg’%gwgl ten alum num a burner; a carbon baseo‘r eﬁ(w’g{]g{ﬂ‘y for
supplying a carbon based fuel into the conbustion region through the
burner; an oxidizing agent supply for supplying oxygen at a predeterm ned
purity into the furnace for combustion with the carbon based fuel; means
for cont ro}e{idcﬂ&lisgﬁis%gma&.l AR Qlinf18d ROVGRRIANL dNGuFakLReR. Pased fuel to
produce a flane tenperature of nore than about 3000F ‘and to produce an
exhaust gauefityelides Pyike PIRERTHT¥ce having a tenperature of not nore than
about 1 | 00F, yhedein t&eud dehdase fir the pRALGMSRAHAYySERSEyant i al | y prevent

the introduction of air. 59.. The furnace for .recoyering alum numin
accor dance™ Fﬁjpc‘fl'”ﬁribﬂl%%a’ieﬁﬁ%gﬁ“ﬁée “5‘(1""%3%?? B’“gﬁlﬁ’ﬁﬁtlav ‘F*B‘fng%ppl ying air
cont ai ni ngupox theie rontbostiva kbems baseldeefsieah temoh atrirbinogeperetor et Tae pr edet er m ned

purity. ' . ' ' ' ance with claim
58 i ncl udi%gsga?ﬂ%ﬁag%%gﬁ{@g?%@&%{) yi r%gllct erpgggyﬁ%ﬁ%gggée]g fuel to the

bur ner, ankPilomeaeienoxaizagsagan Upingihedresens evet fugl semphwriopsysiemy i s supplied to
the f ur nacgglfiigilhch s dlne SN\ Gtiding e gl REGIRAA 1y LACENE- T
~NE~~' 2 ~ C 2003 61. The furnace for recovering alumnumin accordance
with clai P88 E‘F’&i’%a“tﬂﬁ%‘"‘ﬁ%}s‘e%y%ﬁnf?rﬁgm B¥et erm ned purity is supplied to
t he furnace sepassit e arthedpefits tHar @nbd dfpyediiloier hased fuel . The furnace for
recovering, al Um0 | 0 | t ' | oxygen purity
Is at | eas%pglei%%alﬁs H&%e@@%r#@%%&%' V\];g’g%gﬁ lgct?eﬁ]é%\gﬁ%féegg%i sing: a
conmbust i onthe egibusson gonpephpnses flage tamperatugs wiple pifgeiyelysuping YPhdpsa fuel ; y an

oxi di zi ng &Q?ﬁﬁom?%&ﬂﬂﬁéadﬂ}lﬁﬁil%lcﬂﬂy%}ﬁch_@&nlﬁatsﬁoﬁ. By edelen ned purity; and
a waste Slﬁ%y, wherein the wafste s Ted m%o t he ,conbuﬂ?{&l on region and
wherein t SETPeR S SRR IS RD BT U e IR RS RTE 198 produce a fl ane
f or i nci nesaat fualputzhrete W v selya tphaloeeragencrition of dugirecat besrecognized

' with lower fuel bum rates. Flame temperature will be dependent upon the

conceniration of the oxygen provided for combustion. To this end, with no oxygen
supplementation or enrichment (i.e., pure air for combustion), flame temperatures will
be about 3000°F. Referring to the above discussion, with pure oxygen as the
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 bumers ofien increase LOI

This requires operators to burn mare 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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.~ ., 64. The waste incinerator in accordance mnth clah rein
the omw@m@gﬁgg@nt has an oxygen concentration of at @@ﬁ 85 percent.
65. The waste incinerator in accordance with cIa|n163 |ncF I'ng a further
oxygen injector for injecting oxygen into the conbustion region. 66.
The waste incinerator in accordance with claim63 wherein the incinerator
is configured so as to substantially prevent the introduction of air. 67. A

met hod for i n;[vm ati ng_.n#aiﬁ Hﬁd%%rqﬁ lﬁ:sua%s Slél%m‘si c%?s’ag%‘ ﬁﬁt‘):row ding a waste

i nci nerat or a co supply, and an
oxi di zi ng beilseerfuman 504, Amdberp}iﬂy&lfnfgwaaffau@lﬂ 304ofttieiubase 360 A48 1 6 DEB

2994 REF b&rﬁ@ﬁbﬁﬂu&gﬁﬁﬁﬁﬂ-m@c&lﬂﬁﬂ&d&%‘ﬁwme%o aqpizedet ermined purity to
t he burner; waste_ sup %l%qto t he conbustiagn controlling conbustion of the

oxygen anéP"?‘ﬁ]é"bFL‘i”é‘ldbP63 cihs&pal iseamiprito e dprpace 300y 2 6pal Fepguit onbust i on bei ng

car(rj i ed 0aos. Sﬁnﬁh&h(ﬁhﬁiﬁaﬁﬁhtﬂﬂﬂsﬁlﬁmgﬂboaﬂﬁmeéﬁmd ﬁJQQJuﬁEnichhef Ibur neL to
produce a or cin ng,t he waste n rein the flame has a
tenperatuP% 'n %&%% sﬁbfog gﬁ? Bﬁmé 33§g¥ﬁ%ﬂ’ ?%n?ﬁgfneratlng wast e
in accor dém@:réwmetﬂﬂ3c2)aam'-6dkdltm¢@diqquuitﬁ@ststaspredfattsumalxyl ng oxygen to the
burner hayiRg.ah RegrPggoncentration of at |east about 85 percent. 69. The
met hod for incinerating waste in accordance with claim 67 including the
step oxygen i if¥% he corsrdeni dr{ayiadsard sbi4lis pryided fiomebeviap of suppl yi ng
oxygen at béx J00 &H&te nkd :neﬂmawalowudughieﬁﬁambermrme MBaceAallBbaNse@ . Ay. AL AY
CA(LAH )kaf [, Af?m Aél Aif £
AT . ALK R finde) ?P'K“"‘U iﬁi‘“f? A/ or RS AomRYtion RrocgssAligRE A/ A LA @ . A
AT AL AV fecoiBizedrand Riowh, spdemnaKcogrol g DX, A dveiBied ai) s@item (as
f @oMS{ vakgrhyila ) sakdcalsal febaabsrld Laahealaal fabeeheal cal cal cal cal cal ¢
a]ca]ca]ca]ca ca]ca ca]ca]caLﬂca cal ca '.~Tsz

K" ~yshb] Xrgel-\Aeaderivie pepsesdey) chity %\ﬂr%fa’pcf%!éj] %&}’é&] ca] ca] ca] ca] ca] ca] c
%] ;g]@c;{ Oc/@:]ogﬂ} ﬁm’i&{ e&ﬁdx@@e}n&@&sﬁﬁe} adpletldbRBR]sEéH dEdhe fuel. Sei:ond\ls] to Ul ca] caUl ca cay

S ())FrEx A Bl 2o ga\] cal] ca] cal] ca] cal] c

a] cal] ca] ﬁ%‘tﬁ cal ca catt'frai '}h ’%% %%TE'S%\T%MEI ca] ca] ca] ca] ca] ca] ca] caU

]calc a] ca] ca f0150] Itis antlclpated that the present combustion system can replace
79 = cxsin b MY ol EAALIALIAS Pk BT oV g\ U ca] cal cal cal
cajca

Lo ChL P25 S S e %S%%%‘Lgfggmpm g calcal ) cal
}D]<b f =} Hight gihrfrpdaypeh il begasdih plheal atyloe sl heaiw] priaha3ef, @a:bﬁ]ﬁhﬂ i:a] i:a] cay] cay g\]
calU] ca] ca lﬁs’g cahgal)] caj ca ==>>>?v?7?7?
BBW%%EM@%@%&?LQ%% 9%%’%10]18{ ca] casfca] ca] cal] ca] cal] ca{
ca] ca] ca] eslleda et ‘G’éﬂ]@&@]@é’}@?ﬁcﬁ&]@&?ﬂeaj‘- elat}lmd]u&ag beprewhtoay)] ca) ca] cal] ca
OHaHHI | J UKXIdESsbyeki LI ﬁi&}kﬁkﬁ%ﬁbﬁ}sy \ U% UU% ca]U]caU% ca]U
a] calU] ca]calf ca] ca] cal] ca] ca

i:gll]cgg% gg}‘@&% ca ca :< caU]ca ah\%ga] cal] c ¢

YYY' Y6} xr ngb\fasstic” VI gammfmeqmancamtmbﬁ@]smwmwwca] cal ca

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

31




U\/] ca] ca] ca] ca] caU] ca] caU] ca] caU] ca] caU] ca] ca] ca] ca] caU] ca] caL]] 6‘7?}5%%{ YYZ[

W] A acccc. c0Oc;

ccodef YSHRMBHRY N xsni d_ZWU| ca] ca] ca] ca] ca] ca] ca] ca] caPERUSR 83 cal] cal] ca] ¢
aU] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] ca] ca] ca] ca] ca! nm nmmpne nmmmnl nKo
“000JpppBg- rr >sEsnt ul uvwuwXwf ww~yt ni c*Y} xsni d_ZUU] ca] ca] cal] ca] cal] ca] ca] ca
Ul ca] cal] caU] ca] ca] caU] ca] cal] ca] caU] ca] ca] ca] ca] cal] ca] ca] cal] ca] cal] ca] ca

&
1;?3/\;%‘/\”\}\[/\6/\/‘}‘23 t&%‘%gﬁq&‘aﬁf%ﬂé’]‘%‘éﬂ et GPRI%) R O RAT AT #A1%d] caU] ca] ca] ca] ca
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The capital cost of the incinerator will be reduced because the volume of gases
through the system is expected to be much lower. As provided above, because the
throughput of gas is much less, the overall size of the incinerator can be considerably
less than conventional systemns while maintaining the same resonant p'me. Thus, the
incinerator can be physically smaller to handle the same waste load, and the required
support systems and ancillary equipment and systems can likewise be smaller.

{0158] In addition, oxy-fueled combustion systems are generally
considerably more efficient than conventional incinerator systems and require a
fractional amount of the required energy input. The system also lends itself quite well
to incinerator applications in which the fuel is unburned carbon or VOCs. Likewise
since there is no nitrogen present in the flame envclépc 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 prescni 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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based upon each SCF of natural gas having a heat content of 1,050 BTUs,

[0161] In contrast, using the present oxy fueled combustion system, it
was found that only 1.03 SCF of natural gas (or 1083 BTUs) was needed to melt each
pound of aluminum. Thus, the present oxy fuel combustion systern used
1083BTU/3620BTU or 29.9 percent of the fuel required for an air-fired furnace. This
is a reduction of 1.0 less 0.299 or about 70 percent in the fuel consumption.

[0162] Similar though not guite as drastic reductions in fuel
consumption have been observed with an oxy fueled combustion system that uses
waste oil as a fuel. It was found that the heat content of the waste oil fuel need to
melt each pound of aluminum was 1218 BTUs. Thus, the reduction observed with
waste oil was 1218/3620 or 33.6 percent, resulting in a reduction in fuel consumed of
about 66 percent. As such, even before considering the reduction in pollutants
produced, the present oxy fuel combustion system exhibited xeductic;ns in fuel
consumption of about 70 percent and 66 percent using natural gas and waste oil,
respectively, over an air-fired, natural gas fired firnace.

[0163] Table 1, below illustrates a comparison of the pollutants
produced using an air-fired (gas fueled, shown as "AIR-GAS ") combustion system, 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), gascous nitrogen compounds (NOx), 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 (Ibs/MMBTU). The
parentheticals following the OXY-GAS and OXY-OIL data represent pollutant

reductions over those of the air-fired, gas fueled combustion system.
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NOx 24.38 1.E-1 0 0 (100.0) 10.04 0.041 (58.8)
PMI10 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 (-490)
SOx 0.146 6.0E-4 45E-7 | IOE-4(69) | 139 | 5.7E-3 (-848)
VoC 0.582 2.4E-3 4.0E-1 | 1.6E-3 (31) 3.33 1.4E-2 (-471)
[0165} The values for PM10, PT, SOx and VOC for the oxy fueled

waste oil combustion system show increases (as negative reductions). This is due in
part to no "post-burn” treatment processes used in the exemplary combustion system.
It is anticipated that proper "post-burn” processes would include bag houses (for
particulate matter) and scrubbers (for sulfur-containing gases) and would result in
reductions of at least about 98.99 percent and 95 percent, respectively, in emissions
quantities. The values attained in TABLE 1 were based upon the reduction in fuel
consumption observed and were determined in accordance with accepted United
States Environmental Protection Agency (USEPA) criteria, as determined from
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).

[6167] 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 presént 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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to include both the singular and the plural. Conversely, any reference to plural items
shall, where appropriate, include the singular,

[0169] From the foregoing it will be observed that numerous |
modifications and variations can be effectuated without departing from the true spirit
and scope of the novel concepts of the present invention. It is to be understood that
no limitation with respect to the specific embodiments illustrated is intended or should
be inferred. The disclosure is intended to cover by the appended claims all such
modifications as fall within the scope of the ¢laims.
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a furnace having at least one burner, and configured to substantially prevent the

introduction of air;

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

a carbon based fuel supply for supplying a carbon based fuel; _
>

i means for feeding the oxygen and the carbon based fuel into the furnace in a

stoichiometric proportion to one another;

means for limiting an excess of either the oxygen or the carbon based fuel to less than 5

percent over the stoichiometric proportion; and

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

temperé'iture in excess of about 4500°F, and to produce an exhaust gas stream from the furnace

Jhaving a temperature of not more than about 1100°F,

2. The oxygen fueled combustion system in accordance with claim 1 wherein the

~, carbon based fuel is a gas.

—

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

i is natural gas.

4. The oxygen fueled combustion system in accordance with ¢laim 1 including a

il

cryogenic plant for producing the oxygen.

5. The oxygen fueled combustion system in accordance with claim 1 wherein the .
c_gr’bon based fuel is a solid fuel.

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

carbon based fuel is a liguid fuel.

7. An oxygen fueled combustion system comprising:
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a carbon based fuel supply for supplymg a carbon based fuel;

o /means for feeding the oxygen and the carbon based fuel into the furnace in a

stmchlometrlc proportion to one another;

_i-

means for limiting an excess of either the oxygen or the carbon based fuel to less than 3

percent over the stoichiometric proportion; and

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

temperature 1n excess of about 4500°F, and to produce an exhaust gas stream from the furnace

.Tllfx_avmg substantially zero nitrogen-containing combustion: produced gaseous compounds from the

“oxidizing agent.

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

carbon based fuel is a gas.

A r————

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

is natural gas. -~

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

oxygen producing plant.

/}1 The oxygen fueled"combustion system in accordance with claim 7 wherein the

o (:,beon based fuel is a solid fuel, and wherein any mtrogen-contalmng combustion produced

gaseous compounds are formed from the solid fuel.

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

carbon based fuel is a liquid fuel, and wherein any nitrogen-containing combustion produced

gaseous compounds are formed from the liquid fuel.
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14. A furnace comprising;

a combustion region,

~

:a burner;
g 7

a carbon based fuel supply for supplying a carbon based fuel into the combustion region

through the burner;

<+ —

_an oxidizing agent supply for supplying oxygen at a predetermined purity into the furnace

for combustion with the carbon based fuel;

means for controlling the combustion of the oxygen and the carbon based fuel to produce

a flame temperature of more than about 3000°F and to produce an exhaust gas stream from the

furnace having a temperature of not more than about 1100°F, o

wherein the furnace is configured to substantially prevent the introduction of air.

/15. The furnace in accordance with claim 14 including an air supply for sui)plying air

cgntaiﬁing oxygen to the combustion region for combustion with the carbon based fuel and the

oxygen at a predetermined purity.

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

the carbon based fuel to the burner, arid wherein the oxygen at the predetermined purity is

~supplied to the furnace through the fuel conduit.

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

‘purity is supplied to the furnace separate and apart from the carbon based fuel.

{1'8. The furnace in accordance with claim 14 wherein the oxygen purity is at least

- about 85 percent

g

19.  Anoxygen fueled combustion system comprising;
£ " - _

Lxa
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ehi j k9~ %@carbon based fuel supply for supplying a carbon based fuel;

aBbC

,r_neans for feeding the oxygen and the carbon based fuel into the furnace in controlled

proportion t(i_ each other; and

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

temperature in excess of 3000°F.
H\ . e

/20. The oxygen fueled combustion system in accordance with claim 19 including

 means for producing a flame temperature in excess of 4500°F.

21. - The oxygen fueled combustion system in accordance with claim 19 wherein the

means for controlling produces an exhaust gas stream from the furnace having a temperature of
, hot more than 1100°F.

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

gxhaust gas stream from the furnace exhibits a reduction of at least 20 percent of nitrogen- ™

_containing combustion produced gaseous compounds relative to an oxidizing agent of ambient

. air.
23, A combustion method comprising the steps of:
- T
providing a furnace having at least one burner, and configured to substantially prevent the
introduction of air;

p suppilying' oxygen having a purity of at least about 85 percent:
-supplying a carbon based fuel;

] f@éding the oxygen and the carbon based fuel into the furnace in a stoichiometric .

proportion to one another; -
.
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_excess of about 4500°F, and to produce an exhaust gas stream from the furnace having a

temperature of not more than about 1100°F.

EWiYNC 108 ! 1‘0 10

;24.  The combustion method in accordance with claim 23 including the step of

supplying the carbon based fuel into the furnace at a rate that is dependent upon a feed rate of the
. OXygen.

25. The combustion method in accordance with claim 23 mcludmg the step of feeding

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

?6. The combustion method in accordance with claim 23 including the step of

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

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

“

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

i[%géiired temperatures are based, in part, upon the heat transfer as affected by a geometry of the

Jfurnace.

_@.28. A combustion method comprising the steps of:

prov1d1ng a furnace having a controlled environment, the furnace having substantially no

m-[eakage from an external environment, and configured to substantially prevent the

1ntr0ductlon of air;

supplying oxygen having a predetermined purity;

supplying a carbon based fuel;

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

proportmn to one another;
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substantially zero nitrogen-containing combustion produced gaseous compounds from the

] oxidizing agent.

29.  The combustion method in accordance with claim 28 including the step of

supplying the carbon based fuel into the furnace at a rate that is dependent upon a feed rate of the -

- oxygen.

30.  The combustion method in accordance with claim 28 including the step of feeding

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

31.  The combustion method in accordance with claim 28 including the step of

———

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

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

-

32. The combustion method in accordance with claim 31 wherein the one or more

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

furnace.

-

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

providing a furnace having a combustion region and having a burner, the furnacg,

j(ig_nf’i-gured to substantially prevent the introduction of air;

supplymg A carbon based fuel into the combustion region through the burner;

supplymg oxygen at a predetermined purlty into the furnace for combustion with the

" carbon’ based fuel; and
' T
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34 The method for operating a furnace in accordance with claim 33 including the -

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

rate of the oxygen.

35.  The method for operating a furnace in accordance with claim 33 including the

step of feeding the oxygen into the furnace at arate that is dependent upon a feed rate of the

carbon based fuel.

36. The method for operating a furnace in accordance with claim 33 including the

-

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

_more temperature in the furnace at or below one or desired temperatures.

§7 The method for operating a furnace in accordance with claim 36 wherein the one

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

of the furnace,

=

38. A combustion method comprising the steps of:

p}oviding a furnace having at least one burner, and configured to substantially prevent the

' introdcfction of air;

- supplying oxygen at a predetermine purity greater than 21 percent;

supplymg a carbon based fuel;

feeding the’ oxygén anid the carbon based fuel into the furnace in controlied proportion to

each other; and

, controlling the combustion of the carbon based fuel to produce a flame temperature in
excess of 3000°F.
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jO The combustion method in accordance with claim 38 including the step of

supplying the carbon based fuel into the furnace at a rate that is dependent upon a feed rate of the

oxygen.

40. The combustion method in accordance with claim 38 including the step of feeding

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

- 4l.  The combustion method in accordance with claim 38 mcludmg the step of

N controllmg one or more of the fuel supply and the oxygen supply so as to maintain one ot more

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

)42. The combustion method in accordance with claim 41 wherein the one or more

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

furnace,

43. A method for recovering aluminum from aluminum mixed with other than

/aluminum materials including the steps of:

feeding aluminum mixed with other than aluminum materials into a melting furnace, the

furnace configured to substantially prevent the introduction of air;

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

feeding a carbon based fuel into the furnace;

~ combusting the oxygen and the carbon based fuel in the furnace, the oxygen and carbon

based fuel combusted in the furnace wherein the oxygen in the oxygen supply and the carbon

+ 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

proporiion., 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;

melting the aluminum in the furnace;

removing contaminant laden aluminum from the furnace; and -
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discharging substantially pure molten aluminum from the furnace.
Y i

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

_step of recovering waste heat from the furnace.

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

step of recovering aluminum from the contaminant laden aluminum laden and charging the

recovered aluminum into the furnace.

46.  The fnethod for recovering aluminum in accordance with claim 44 including the

-

step of converting the waste heat to electricity.

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

step of feeding the carbon based fuel into the fnelfing furnace at a rate that is dependent upon a

feed rate of the oxygen.

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

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

_49.  The method for recovering aluminum in accordance with claim 43 including the

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

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

- temperatures.

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

one or more desired temperatures are based, in part, upon the heat transfer as affected by a

geometry of the melting furnace.

—
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product to the furnace.

53. The salt-less method for separating aluminum from dross-laden aluminum in

accordance withelaim 51 including near direct flame impingement introduction of the dross-

laden aluminum into the furnace.

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

includﬁl'\g* the step of supplying the carbon based fuel into the furnace at a rate that is dependent
upon a feed rate of the oxygen.

-

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

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

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

-F

including the step of controlling at least one of a carbon-based fuel supply and an oxygen supply
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The furnace for recovering aluminum in accordance with claim 58 including a

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

predetermmed purity is supplied to the furnace through the fuel conduit.

e
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63. A waste incinerator comprising:

a combustion region;

a burner;

_a fuel supply for supplying a fuel; ~

q_-:

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

a waste supply,

wherem the waste is fed into the combustion region and wherein the fuel and oxygen are N

oo

combusted at-the burner to produce a flame for incinerating the waste, and wherein the flame has
DR LS N N :

a témpéfature-’iii_mekcess of about 4500°F

- a1 . s
[

T 64, The waste incinerator in accordance thh claim 63 whereln the oxidizing agent s

[has an oxy gen concentration of at least about 85 nercent

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

. injector for injecting oxygen into the combustion region.

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

éonﬁgured $0 as to substantially prevent the introduction of air.
L

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

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

' [o_mdlzmg agent supply;

- supplying a fuel to the burner;
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supplying oxygen at a predetermined purity to the burner;

supplying waste supply to the combustion region; and

controlling combustion of the uxygen and the fuel to incinerate the waste, controlling
.

combustion being carried out so that the fuel and oxygen are combusted at the burner to produce

a flame for incinerating the waste, and wherein the flame has a temperature in excess of about
Pt B _ .

4500°F.
‘-C_....—)._—_

-

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

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

,-'_69' " The method for incinerating waste in accordance with claim 67 including the step

‘ (of injecting oxygen into the combustion region apart from the step of supplying oxygen ata

predetermined purity to the bumner.

49



