. 63eJT@ 6 TJj mmmwmmﬂ MELESS COMBUSTOR PROCESS HEATER FI ELD OF THE
T NVENTI ON 3 April ention relates to a process heater for high
tenperature reacti ons westda* | nproved control of heat transfer. 5 BACKGROUND
TO THE | NVENTI ON Hi gh tenperature, typically endothermc, regacpfingoguch as
st eam net hane reform hydr ogen from st eam and hydrocarbons, and
pyrol ysis of hydrocM\“@W“\m\{“wmduce ol efiyns are typically carried out in
furnace 10 tubes wi o Ired radi ant heat transfer to the outside
surface of the tubes, al®% owi ng reactants on the inside of the tubes.
Direct fired heat is often beneficial because of the high tenperature |evel
-of heat required, high heat _flux regui re and rel ati velﬁl | ow 15 capital

d
cost of the furnace. But PtPMELEFPS Q%WST%Rn%?%%?%% Bt m heat transfer

ina fired furnace. Therefore, these furnace tube nust be operated at an
;aver age tube SH'E'% b egpef @l Uf[\ﬁ]éﬂiﬁ%i s sonmewhat bel ow t he maxi num al | owabl e
tube skin te variations in the tube skin
tenperatures. Thi sTharirnewnidn rdmiesnded abpreicesischeapeirnfreabighng t hese
tenperatures. (omnbEphihr@ FEaddRERd GRS AlrR%eles doRRPbEaBE Regause coke

wi Il generally develop nore rapidly on the tube-side at hotter spots.

Thi cker coke 25T#R$EYs increased resistance to heat transfer, and causes

t he hot 5spot tBAbrRCROBNDOT® eTHE TINVENIIFRCt snow-bal ls, and can result in
failure of the tubll?. I not dettect ed and . (i?rrect it e action taken. The
corrective action 1838 ypFRRFIF YL dSoREsSd Ipi AN EBRTBAS  oF *RGFEOBAr ners i n
30 the vicinityuoh &festbeismgpotharideoredfagimigd it fgprivhaydirogens flreat
transfer aroun %H%C n |y, [ I o] nce
of the heat er.gtggﬁgﬁélﬁgg%%c- xgéﬁ’eﬁl\a{:jt ?9011‘0%1 qq'tes'rs Oirf'ralrijl.i Fec’égfr%??l’fgcégaare
al so general | yPFPiERdoOHEELIRD HFF st caldnistqadiniesl aus dondugnagenet hane
reformupg furnagessnilthpheréevet sred HUHNAIS A RQVsERd il @hder to

di stribute radiant, heat rT?re evgnl% 5 to the tyubes, .but even with nultiple
| evel s of bur n8PF§S*PReSUBFEFRaPE df ?aﬂtbee%véarn‘t:kﬁ'i@r‘i“&?r FERS SR Sb& pr ovi ded
is limted becabseinbitibeodi the cublbes of Dipremti diingpd Unedatanid aifitethi stri buti on
with varying a d i DAGE- Hﬂéﬁ n ng. A | ath
within a furna%“??iggée%?‘frzge%%gn%fﬁ%#e pa.sstees areat\é\j{elﬁeerlgjl‘)le; g}rfoﬁg ed with
a plurality of rerBé%Redwi PhPR et ffhebosed e dansbwe latd vedins®Wpoi nts of
probl ens due teagneyenchbkevbangnt epperatalr asutr and RPsHifHea0%ioNn al ong

the inside radius. 15 Conbuystion of fuels_to provide heafté,l i nherently
generates nit rB‘Qéﬁtﬁkpdéglgaﬁb(h?a‘ést’éa’?%g‘?ﬁ t+ihf eé:‘p?fﬂjr 3¥S5it r ogen,

oxygen and freeheadifeaks aheetefateslce tube must be operated at an

average tube skin temperature that is somewhat below the

maximum allowable tube skin temperature because of

20 variations in the tube skin temperatures. This variation
is compounded by difficulty in measuring these
temperatures. Controlling maximum temperatures is
important because coke will generally develop more
rapidly on the tube-side at hotter spots. Thicker coke

25 imparts increased resistance to heat transfer, and causes
the hot spot to become hotter. This effect snow-balls,
and can result in failure of the tube if not detected and

‘ corrective action taken. The corrective action is

typically to decrease firing of one or more burners in

30 the vicinity of the hot spot. Decreasing firing then
lowers heat transfer around the hot spot, and generally

is detrimental to performance of the heater.



tenperatures. In certain areas, emssion of NOx is limted, and expensive
nmeasures such as flue gas 20 treatnents such as Sel ective Catal ytic

" Reduction DeNox systens are occasionally required. Burner systens are

avai | abl e which reduce generation of NOx by controlling conbushbArn002
tenperatures, but the combustion tenperatupes are difficult to control, and
even under ideal 25 conditions, a significant anmpbunt of NOX is generat ed.

Anot her probl em Wi G2 J\RisC el XuEbEGanEQEéésf@§§£€é§ e tdEsd IJAA&h 1)
efficiency of the radiant section of heater. Particularly 1t corrbustl on

ai r preheati ng lit&ifed &L@vlt&e&hyélééﬁsFEI@FEBH“E%DUF\’E‘ BPME hEt9ART burned i s
30 utilized tomlé%tariéﬂe:mfhu&tgl Qﬂrﬁb&e%omﬁlaﬂﬁléeﬂmﬁéﬁé Ud £Sbufiyers When
conbustion air pre i.S prowdd gﬁg ust i nar reheat t |claIIy
Go6s mot b § ng R b BERE oo e SE5RBUCE: GROAFRE1 BEREAToFT daer

t enper atiur es. TEousHeheoubrdi, abuts evenowiehf mulempleslemellsl 386 berners,

consi derably inproved wt r ff fe | rj 0] - 3 -
~ ~ 4. 14. 19997 JF o [}s{%’lg%agﬁcr% °%% i Fggél"g? ‘fﬁ’?" lﬁge‘%’}c"%&%

typi cal |y not prsadur@etbdom;vees|O§n|th|8cdnﬁfpr:eﬂa§at phgpcavidenal fu¢h coke

formation fromghe afltkeldlmumqtomdethawarpeea §HQQE§§let@.r§PPelfN tie
direct 5 flrlna of reactlon furnaces. Additives rolysis

furnaces have AropoSe "REud; rJré’“G glopppk thBElnSaSE‘?P%@%e LHd

5, 330, 9/0. Tha%mﬁmltﬁ.ﬁesqua&steﬂ aedugenamdldel pyotrlneeonejath af coke
formati on, but I, ke ] tings
and pretrearrentpg' Jutl")ﬁace altbn‘} ?&é%éﬁgtghgeé%&&%g ?hég %@%% até
effective to remmmrccp@ng:s mf frorobdemspldate Uosunganeemflmbsans 600, 051, 5,
463, 159, 5, 446, ]@9 1?]%(% : ke tlge, t pRBt 14 9; 4be

f eedst ocks, they dre raélﬁ%ﬂs%qg)flf ectflto\%lo gl rectlheé%ilgng and

el ectrical heatiafiisas aI so been suggested, in for exarrpl e, U S patent

Nos. 5,$99,510, 5, FmPdddtion 0. A483s T32kol e &@dt5mﬁﬁﬁr48&l§15 met hods
co provide mare even heat =tux into s h Nroea, t| Qn. Th es:;[grre%hods avoi d
I

the di sadvant agdSF2¥57 St TR 4L *28diEr8 api tarf "and/ or

operating cost so@heik £ re&q@e:{ lérﬂ'ﬂ ﬁwél&eenmtsera&' eGerarabl y, yields
of such reacti-ons as refor dr ocar bons to r.oduc F]édro en and
a

f
carbon oxi des, ‘Iefﬁ?"é’F?ﬁufﬁ%d ?%enr hyAdidrsi £ sﬁs?&r(? 8n$> and 25

styrene pr Oductmﬂl@ée | g4 ovesk Md b incd KA NGB URMRS FHWeCFas! t 1S
therefore generally desirable to o§)erate at suag1 i.ncreased terrperatures

These t &fper at UFERABPENERNEFE! |35 | TR Wy TRt g RSPt REM8%s of
mat eri al s that eyetem@n@frecmcﬁmha'snmomqﬁMy Bfrriehe sysatenisr azef er to

the tubes. US nalent N, inf0d, 048l solooss a.combun o, f ar,igauiing o

load fluid, such'33 3G y bo OGSt |
m xXture passes tbnougbhisAatémplé paetiess |t uinets tlHE vdtridu Sries fdemgses—act&mmt be

formed and t. | §é~d%%yﬁ8\tfovl§ O~C55tro§ Agrg I ‘?EQQ%I&I% e:ggg%rature

combustion cccuf i TTogen oxi 'deem s310n anei ess
o~ti dat Rén ~1s aosdiutiéensf Nea%gnnéee@mﬁaﬁE@Wt%ft% pr%meea@fedcl aims 1

and 8 i s known5Croa pat en 255 74 I at er
is used in a well t nPﬁF?E pﬁ%%% T dts erran%- ‘JT(JH) g%rgfh%sasgg rs
recoverioil theief tbm _Ilu'.HMaI:IdeﬁéldeencmbdDé the pr@h@l‘et asqnta@espﬂwéréteer
foruse in an e”ﬁg%@%!rm “Pa‘i@?@h‘féhpfQEeéémb@st\!\béﬁhaiﬁeé&F?éﬂﬂd& g.lsC%Iot

limtati ons cou be nore cl osel roached and the chem cal react:
prccess is opti PEOVEgHy ﬁaFﬁPéFHFﬁ@béYuﬁi“P%T’n Peatne rER¥ SHurned vIo"uI d be
30 utilized to heat the combustion air to flame

temperatures. Even when combustion air preheat is
provided, the combustion air preheat typically does not
bring the temperature of the combustion air to near flame
temperatures. Thus the radiant section efficiencies could

35 be considerably improved with a more effective preheating



-

~zurther desirable to provide such ~a heater which woul dr_ot require

_excessive capital cr ol perating costs, andl5which operates at a greater

thermal "efficiency. It woul df also be desirable to provide a process heater
Wher ei ngeneration of NOx is greatly reduced. It would al so begig%iri[]g(ma to
provi de such a prcces heater wherein theheat 'gan be provided tmf E e é)r oce~s
in a controll abl e20f ashi on. Objects of "t ﬁe'prl sent i~ ver tid&m 10. 1999
theref orei ncl ude acconplishing these resul ~s, and other objectswhich wll
becone appar €t AT SEOERT Fdthi-0R~6f PERERBFLBUZPE EascFidpt ilcr) of
[ nve~. tion. | SHMAY OngkHE JNVENELONRSTNGS e= 25l 1 hoi Qb @i achi eved
by the p=ocessheater according to claimi andJ il e_heati'ng met hodaccordi ng
to claim9. jSaMIFARHLGIRPCKS (2TmptACAEFAERDFSHERT® Y. 5 ° 3 April- 2002
The distributed cpHywldaibdy pagesHBeat e: eés'g@@ 5 esd Jirertjierccan be
utilized to provide a contraoll abl e heat f?ux inpto a_process chanber, froma

heat Source vhidHh&E FAFHAmIER3ER L uPEdikh e¥ ek ITRRS Geati on of
NOx. The uni fg@r-a:tveime rfi-Haes sCRAvRebbhl bEegos&d ) Ntieass rayv er.age

t enper at ures wi.t hout exceedi ng Ximum te riat ures, or to reduce the cost
of material s.PERYF s I'%'FID/OQI%%Z PE E)Rgg\g Fi g2 3@ SBRS"ENGartEal

sectional of smihralerredudshankOdpresenheai BNeat | Of. cdiDLorhathicaygbul are
schenatics of alternative hea%ers of the pre lentki nventi on. DESCRI PTI ON OF
A PREFERRED éﬁs@ﬂwﬁ%mﬁﬁ’@tﬁr C8sE°RBAF PR 0P T | R4 Pr esent

i nvenoi onl5el i M mairamitthedkitiahexanll prevovendnonalo pumase hedker and

provi des uniform heat %ﬁux at a cgntrol |l edtenperature |evel .. The fire box
is replaced tﬁ?,vef SreXamiiE, SEGREE te?li 8stﬁﬁé§gft%?ﬁe P e ﬁegfﬁcles,

orstrai ght. Rudimndrgxifdantexaspliexetd.5n stages Now, &, @AXOOSAper at ur e t hat
results in oxd f f ugly, W_thout duigd n fl.ane,.. t li_m nati ng
the flane as)gd?gécﬁ’g'n%tgqsosdp?es’g? 9I“ni Shgl g(/g??hg%', g'Ba"r?;td lrleﬁgggg%gtfsl amewi t h
a flow ng stramief feeghs toaiger 4heyeakevehpass r¢ireml lohddiflesrtdive .pr ocess,
this,gan result iy di.gher 20GeNRer ahur gse 0t Lk MRl ALl gigal GanaLeai nts,
thusresulting in nmany processes”in I nproved conversiors, sel ectivities

and/ or yi el dsumakategucdd Bppr edaorprodicEi oprt &bt Mamt iS00 56 Silfregul ar

t enper at ures al egduces, Iy f fai e f u t |

hot 30spot s. Fﬁ% arft” ef'f issdise:iﬁlﬁiéﬁggf ?I' g?r%fggg' c%ﬁ%uﬁﬁ%ﬁd?@of i h%%?lgdtshe
present inveritd AFrcrifalmsrshevgnedear, FeSHl thhg $WEl cnere aaTdogy

consunpt i on. Rhal®l eas RbUsI1an 1accai dhagahoh fhe F esantd nyenlsier al so
avoi ds the high tenperature |evels w thin35flames, and the free radicals

t hat 28re predBHt WIHA mddeficard. STRILE21L ATE( 3T | PP IS GoAIESy "PEduci ng
formation TMYdde LR AfrNOtucaapaURdste X | evel s of the present
invention are | ess tharlllabout,&g e hl,rmdredth off the levels of .conventional
fired heaters, aftFBifé tént K> h8%| BVl sTRR AT b ST FeRfePd usi ng

fl ames st abi |HygdEtbdaxrbmah.tb plrmdsaaehgzaﬁaghﬁrlm'x@ e reassed denyl ti pl e stages
of heaters ar %%eded icg rder to rehgat .reach ant s f or_ conpl etdg on of the
reaction to &desiteéd IRl oMTRE prés XFan?/‘elnl?Yoﬂo%aaﬁ?qﬁ‘es’aﬁﬁl ied in such
processes to Lontdrmuiqusidocadenheat imptheedeatth aimcressadlig ng in a 10
single reaction ste nd -t hat e Lng_ai n{ r.al | t enper at ure
profile. Thi e vea''%?flgreea}.’c'ar%:ttbel sugégg gggfg(gle?%%%ﬁc yéersg‘dtfcg'er %s?i dence tine

requi r enent s,opovare tate gdssmcagedsep thmpeayhities syBiewn and/ or decrease
maxi mum t enper g . t e thad i ili zi ng

fl amel ess coﬁr‘bﬂ{sgﬁ%:uo% E%I% %@?gglg'gﬁ%)g%g?ﬁr eb* er}ille' sl_l%;}glg'tbeg&t 900 Cto
about 1100 C ¥y Rt ey icfatederismshEghtt enperernari @l ¢yst such as, for
xanploe. WASRALL O JNCGONRL 61 o L NCERER s 627, 14 NG QUAOHT, HASTELL OY 235,
20 UNI MET 500 and | NCOLQY DS (WASPALLOY, | NCONEL, | NCOLOY, HASTELLOY,

UNI MET and | NCOLG¥E B3 %RE ticadé AlAkS}E M SRLTRT & SiRFRIE9Fed Oer ani ¢
material s may, o 5ed ant A RET 8hERda s LeSSE EXPONT S JIBIRIS waRKrDe
utilized in the outer conduits if i nternal refractor is used to limt the
25 t enper at ur'tt B8 ithi T IF SR totder méESﬁHEFtBaEE)BS S ®eddnic material s

with accept ablgapdtentibet ihewpecat gkes 6fafPd Lrlrbhuts k4@ Gnare
general ly high alum na content ceramcs. Qther ceramcs that nmay be useful

i ncl ude chrone oxi de, zirconia oxide, and
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resulting in

30 ‘magnesi um oxi de based ceram cs. National Refractories and M nerals,

Inc., Livernore, California, A P. Geen Industries, Inc., Mexico, Mssouri,

and' Al coa, Alcoa Center, Penn., provide such nmaterials. Generally,

fl anel ess conbustion is acconplished by ' 35 preheating conbugykﬁngbé and
fuel gas to above a 3 April 2002 tenperature at which when the two
streans are conbined the tenperature of the ni xture exceeds the

aut oi gni ti onlowt esppeattinee of oitres ot Weru dauwitt® dotveRperageheckess than
that which woul.d_result in the oxidation upon mixing ' 5 being linited by
the rate of MXIA§ “Further, the design of the fuel nozzles and oxi dation
chamber is such Fhaththe flahe ol ainidasliern tdisea aperhieghfeheaghino bl ow
of f any stabil.i l.a ecl rcul at i or. | Qw-.vel oci .t egi.ops _where a

Pl ame voul d SFEaERerGel BLchEM TS o 6 1435Radd = Pr Bhést PRGBS t he
streafs to aftrenp@rdt upetbet wen JHAR, 1850 @%&nanabuuﬁlameﬁeESand t hen

m xing the fugl,.das;LnLo.hhe, conbust Qifadenpighatipvgl y small increnents
can result in flanmeless conbustion. e’ Hcrqnents inwhich the fuel gas is
m xed with tRebiISrrandart formybiontieanqaveirerddl ghrasfFemin about a 20 C
to 100 C tenper AU Eolig%d 4416 £OTPUS lp%lvg'ageat ?Eggéggfhégtujefor

conbustion of the fuel.In nost cases, it wll! preferable to

m Xi ncrement $56f LRueh 8RdRERE IS IATER Lh P rose Spr bBes5205t Ekam t o

accofpl i sh amé@k@iﬁ}.‘&l&‘ai‘”iir&’:{iﬁ‘éi%ﬂ%erc%tu‘irdeﬁgofn%@ chibeibis is not a
necessary part of the presentinvention. For exanple, it y be desired to

have ani ncr eABFAGaBRedetr@alhf F huHialarFRE LAPSf PFESeTRedBvaREBREZ®Y t he
present invegliQRihsaiRdhqylHedpi £IREHALY & RnQfieke, 16 wbhyy B heat, may be
control l edto_bDe what is desjred. In an exothermc Erocess,'thepresent

i nventi on mayubEhaZedeEb bV tR BFVEMATeSAChr BpPEEFFE WREER YRE+Rases
faster than the adhababi epeodddwva IAitthqueh bherRkeRgNEokBYENALEN 1S
envi si oned to benost useful when maintainingia cogstant te eratuig'profile
in ah® endot hERAFE ?E%E?F%ﬁ,a?tai%F?ﬂﬁe§u§§§§g€%yFﬁ tC4°PEYct F bn¥Be
occurring. F@Léexaagéées;hsmerwﬂmus_eﬁk?ao;ﬁroieatse aﬁhasewnhaegﬂhs%h as
vapori zi ng water to35rai se_steam or in ss e _pr,ocess chanber
could _ g EaéeﬁbF%?“26%2N%xw&%n?F%fﬁxiuﬁéaﬁ%ﬁge BFoﬁgggdS?ﬁﬁﬁn?ea l'i quid
phase streamieandibleatsoptsl pimsaicit reamcckelseheangrt ehkrginltha heater of

the present j{nvention is shown in a partial dectionpal vie n, 5 oxi dation
reaction chahﬁ%# Eaﬂaefnﬁr%%ﬂ@%#g¥°fgghgrgﬁeﬁsoﬁPl5tc§n#§g%ﬁ€a%? Bet ween
the 2@l et andathécnutOefects foDwiad lprbsesitpiavededonntaeheftrexchange

relationship,with [ . fueli condyi r Qui a condui t
for transpor Fﬁ%quegc?§&§%%§$ggygﬂ§%§%2&sgﬁ&ﬁ %ggthgﬁ?Pog%;?§§i. The
nozzl es are wpachdwsdlthatomeedpnareanddaoro ea@ioRtdani o Feacti on chanber
at arate th LisqlD.L fofuel 1 h each nozzl e not

%gl?ﬁgﬁﬁgagégﬁér%%rpvréiéche\lfmgfnﬁregﬁgggki dation stream fl ow ng
t hrough the EPMMABYNhOB THRINNENMEEGNN 15 chartber. The fuel, rather than
burnjeig with a | ggLbQUSHA! 8¥ar WHedt@aGl MWaRi@¥EdaBy tReapr&katively
uni form manner throughout the vol ume of the oxidation chanper. Four sets of
fuel nozzl esh8RE2EhBRACTBLRT aFy ThidFer Gk Gére AG627FBE WAF B2 provi ded,
dependi ng onathernedyi tedc2iment flux into tihe process chanber. Vol une of
t he oxi dati on chanber between sets of nozzles is preferably enough that the
residence tinme of mxture is sufficient so that a significant portion of
the fuel flow ng through the set of nozzles iis oxidized before nore fuel is
added. 25 A process chanber 8 is in heat exchange relationship to the
oxi dation reaction chanber 1. A process stredmenters the process chanber
at the inlet 11 and exits at an outlet 12. Ajquench heat exchanger 10 is
shown to cool_the process streamexiting thelprocess chanber. A stream 30
to be heated by the quench heat exchanger entiers at quench inlet 14 and
exits through quench outlet 13. The streamto be heated by the quench heat .
exchanger nmay be, for exanple, a process inlgt stream a boiler feed water
streamthat is heated and/or vaporized. In sone

MDO7/TH1042PCT
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35 processes, such as pyrolysis of hydrocarbons to produce 3 April 2002 _
g _olefins, rapid quench is desirable to reduce reactions to byproducts. A
" coke inhibitor may be added to the fuel through an inhibitor injection
system shown as injection line 9. The 5 inhibitor injection |IA$%

include a control valve and a control systtemto ratio the |nh|b|tor to t he
flow of fuel. The fuel conduit contains a plurality of nozzles 6 (four sets

shown) al ong the |Wt&héﬁrﬂﬂ”{§:é2f“d&ﬁb|u%@1%9 peaetk9nnehagbers Jhe nozzles
provi de comruni cati on between the fuel conduit and the oxidation reaction

chanber. A pl BPEFF33¢ FPHIYAUS ﬁ?r“o\ﬂedé’tfl&r”&psfzﬁ BGPVdASofR heat rel ease

‘Wi thin the oxicattonl Y&aod itosechdndberintthe pazzkes ahambezedftemaaconpl|sh
a the desired (5. {¢€ faeial W lé[;l{ baUtu T W RLR %@StBE Ce%ﬁdct}a”beg
nearly even tenpera re profi e proce s cha I'S g%ﬁgr ?Yy
.desi red3becauser¢at kam @@Sﬁ@i |?hq(ynmeﬂaxmmwpﬁréﬁpéeatGﬁasbéoutalgzeén
heat fl ux. Becguse the mate construction 3 g Eggratus dictate
20 the WHX|nun1?eh%%§%ﬁ?ﬁeﬁyeﬁﬁﬂﬁ1E%ﬁﬁﬁﬁ%ﬁﬁﬁ%§ BH-&FeH therease the
heat rel ease possimie fenpeietsoae mat erd alesiugk cbestostct bdnmatheialaber of
nozzles is |inkted: ofdY-PYest e S s TMaisch are to be used. If nore
nozzl es are us e%—~They—ﬂnst—generaéggibe—of—a-s |l er size. Smaller 25
nozzles will plug h¥e kaxhows thaptdradersassizrasd. ofhe heaber of hAbezles is
a tradegoff be ﬁ@g@nevgﬁagﬁ§l@ﬁ the tenperature profile and the possibility
of plugging. The process anber qyd t he oxi dat,i on ha er _are shown to be
in concurrent flow *Hut %a TG TERR S PeR FRgE1i%8conbi nati on
of the two, mﬁhhat@rseaﬁnpme,pté&ﬁmndkhndnmlomhanber belng a U-tube
configuration. f QUK at ) da e to handle effects of
differential t BYERT BrEOR 0L i Cat al yst may be provided
in the process chaﬁh@rpr@@©@ﬁdh¢@ﬁQﬁ1Qﬂuﬁﬁﬁﬂﬂﬁa§@mérlpﬂ@@éQQH 3 April 2002

- to Aspreheak@imink8eshoNe (o b6ak M6 R HAMN: iHN22P AR R st %@E%@ture at
whi ch m xtures of the oxidant streamwth fuel fromthe first set of

nozzles wll é“guPFPEFéﬁFIynhB?rToh?%%Lﬁ%uﬁr??l%aﬁﬁﬁ%%&?%%ﬁdbatlon The 5
preheater may hempéeataxanpkecla bhé neirewss:eiis fregdldcedribggd feirt h some of

t he oxi dant angpgaﬁggd %8653h§§%5h€“% smgr at %%%JHF gﬁbqgnt, or the

oxi dant may be gafe exchange Wi th er o ot'h °of t he
process chambestepiphént Fé?lt h@do%H@@m‘énﬂF eictd b Gtaaatha@ndcefat! gent. A

combi natyi on OftQﬂﬁErS%QB@ngﬁaangeéﬂﬁﬂsalﬁuéiﬁﬂaﬂﬁﬁhtBElﬂHé'ﬁHﬁi without
Al ternatively, oxidant cou be staged jnto the fu%ghd%fprOV|d|ng nozzl es

in an oxi dant @6ﬁ88F%“9n§tégam8f FRES f St LRG| © cidty Boxi dant into
a fuel rich stradiahb abuacta.emﬁeha@hlreeabbvkeeatwe ares Wdpdndcas Xihe €d.ame

Referring now tQ a_Ccrqoss_sectio rnativ mbodi nt i's
shown. In this e&g glfgbflnghe r?%@egg %ﬁgﬁb %;(;%|1 §§é§55hg§ are
bundl ed t oget han ﬁnglpdéeanupngmba?ed. calsingca_rmzlresuﬂet i¥msdiiathet casi ng does

20 not pweed to thepa rRreseyr e,mﬁ_s;ﬁe}netbmuf@g@&ﬁscmra{m@sfr&mst he tubes
whi ch contain the reactlon chambers. Fuel conduits 5 are |nS|de of

oxi dation reactieSHLiERBTbes MERYWPERCASSSF eLn 6 RV R M WH LSt i on
bet ween t he tmmedh@mh@u$1e35aRdVemrymgldsmano Feducsd bypméﬁncmuternatlve

enbodi ment i 5 shOLe Lt hes GRATLIRNL e § Do DL OLESELAAANALS B A8, 11

tubes that are {oget Rer I nai de an i nsul ated ¢ si ng
i nsul at ed casi F§dIces ddiknes ﬁﬁél@éﬁ§u§f|§Hb%hﬁh®e¢ueF%%IlQQﬁkth% 5 are

30 spots. Radiant efficiency of flameless combustion
according to the present invention can also be greater,
resulting in lower energy consumption.

Flameless combustion according to the present
invention also avoids the high temperature levels within

35 flames, and the free radicals that are present within the
flame. This results in substantially reducing formation



30 inside the insul ated casing between the tubes that define the process

chanbers. The tubes defining the process chanbers and the fuel conduits are

" shown to be relatively tightly packed, but coul d be spaced as necessary to
provide a trade-off between pressure drop and the size of 35;;ﬂﬁm 2ng

required. This alternative could approachét ke appearance of a s

t ube heat exchanger with 3 April 2002 - 11 baffles to space the tubes,

and to channeloff |I\m/§ﬁ]Qjcorrtﬂlﬁ1rﬁimblﬂ®&i QBveasgseg baek Q«@Qeﬁ@rlhvéﬁﬁ%ﬁ spe
tubes that defin e process chanbers. The OXIdaFIOH chanber may al so be

provi ded with l#$S thardabicort eacalbysdretd ofi daei davedsabyst may be

provi ded on a RN AT WiaRarsOr angabad @enftheowakhé g{evébs
tubul ars. The o%)ltdatlojﬁcat%%lst may be useful to expand the eftfective

range of tenpét %are Ié.’ﬁél“@s@éﬁ‘leéafsltéﬁl@v?-FFdob@rE?t‘ehwth 10
stabiliiy. The oxiltatscore ceantcﬂ:lty&trmmypabsesbewsaﬁmltlf:mé atagastogp phase

prior to the t chi a te ure_a ich the

uncat al yzed o%&dﬁfosﬁ%%;ggl%%d’w 5?‘%(‘%5 %n&??ﬁ%??, scg?’él yst may be
effective to reuude it il e reqetied it Bhdeexrddt Lemethafther. 15
Preheating of gpalinarhpnediuidds 4 ol apB1tkATeLess fORUSLLED,Coyl d resul t

in significant generation of carbon vmt n the urt eSS a carbon
formati on suppt@ssidtousty mddidedt o faef ﬁélac;*;tlpéamre‘-lfhétéagb@n gormation

suppr essant rres&rtga_é:euréu:uuddrp@t%e staea@mthae Ex%@g%elﬁg gtxpures thereof.
Car bon di oxi de_ and Slf c{’?Eareeg‘:rﬂferred (%dﬁ &} enerally hi her cost of
hydr ogen. Car BoHi%° RFTIR “h&ETE elg afe@IVaRHaP5t GRBsPEccor di ng
to the fol | owiumed eartdiomi 25Dl y redice 2eBigehck thime regaiiremehssp
reversibl e reachian. . and il aden,din e, %23 1826000 for DRKi/gR suppr essant

by the reverse reaction e suppresses-car ormation by the
30 fol | owi ng ri&RRSaFL I@@W“Ctemmt(‘JZFSSt eam suppresses carbon fornmation

by theifoll ow ng ﬁﬁﬁﬁﬂéﬁyubfiﬁﬂé'bﬂgsénﬂan#eH%16n3ukllLZLQQ £3ahRibLs2002
2H20 + C -> Q02 + 2H2, (4) Th g carbon di oxi de and the carbon nonoxi de remain

in equilibriuffPH EiRR RUAYs TIPS EdtHG et deVRe SsRET APgYS

reaction: 5 CQoo M20to @%ut H2 005YC hep Bdrerdniel cd e SN iraldry met hane, a
nolar ratio of about 1:1 of steamto nethane will be sufficient to suppress

carbon for mat i GHRSF 3 EhFerdk iR%s BChbsut 1PF7eeample  nWPSPALEPYons of st eam
to nethane is INCQNEY es@b) YINGANEIN @lite rravogae.oaf saloerrt, HasTEQLakouBs52: 1 when

car bort 3 oxi de {0 e PR T B Rrhns, A Ea " e gheE, "aEhe0T 1 o
about 3:1 V\herﬂwlﬁd@ﬂa JRIINET sangt | INGHEPYa DSt e ec drrlacle feriat i. oAt
higher temperatures ceramic materials may be used and are
preferred. Less expensive metals may be utilized in the
outer conduits if internal refractor is used to limit the
25 temperature to which such outer conduits are exposed.
Ceramic materials with acceptable strength at
temperatures of 900 °C to about 1400 °C are generally
high alumina content ceramics. Other ceramics that may be
useful include chrome oxide, zirconia oxide, and
30 magnesium oxide based ceramics. National Refractories and
Minerals, Inc., Livermore, California, A.P. Green
Industries, Inc., Mexico, Missouri, and Alcoa, Alcoa
Center, Penn., provide such materials.
Generally, flameless combustion is accomplished by
35 preheating combustion air and fuel gas to above a



15 suppressant. The fuel preferably consists essentially of nethane due to
net hane being nore thermally stable than other |ight hydrocarbons. The

' suppressant is additionally beneficial because it |owers conbustion rates
and reduces peak tenperatures. 20 Need for the carbon formatipApsILARO2essant
may be elimnated if the fuel is not signikficantly preheated prior to
addition to the oxidant strean1 of if the residence tinme of any preheated

fuel is sufficientl short d.sta of heater of t sent
et Lo Ty (AT ZAC D s MR pRhathe ahuS' pRrear hrd etiefed b
acconpl i shed byhe njende ey ynye aiharhiec miatereakxcaadel enérauadngxgmi@t a

spark igniter, eﬁﬁgﬁ%@ﬁfe‘i%yﬂi Jsarking ap kg%tgr ml@gré‘@ﬁz

preferably rapi oate ératire a ess
conbustion is Shuzn airel vhoigh mMarlde rtersellttu ¥B paei odldatmnchp@nfmamg

exists.gThe r a&@lﬂ% DERILAW BIP diie Aaeal e Wlk%nzgp*r“ﬁi‘kwrbethé nytgdghy the

thermal gradi ent he heater "can tol erate. Fl anel ess
conmbust i on gen®t aFP§ Beehirrohias AnceXirahinBt GBERPSR 4%i A¥AR ERRBam and a
fuel is not |i¢héegudy andmaimgrartfdzltth@smaxedh&t;heaﬁbughatoableﬁpefﬁture

hi gher than the auto%l? ftio ge eratur.e ofl he moxerdL stre L This IS
acconpl i shed b?/ Yot hif ][ag%b'e Cdr&s 3 fhe 50 At &F ﬁ1§( Hg and by

m xi ng rel ati ve¢gicmal Whemraenﬁalra'm afouflgelaticach tle tbei darl. ndhelexaseence
of flapgp is ev b ' ' i r.Lace .he d fuel and

ggu é@@ﬂ%&&' ﬁr%ﬁ‘aééi &ﬁtt%e 'ltt?eaﬂgl(%% %"EERPEQQH&P

the co stion products avol e creation e fuel and
t he oxi dant arkepveéerabdyt h@% 6§ eodaabenpet400r ¥ (ﬁndoé?thﬁe'emlait;@@t 815 C

and about 1370cLePEhr 40t aty Ihealitledon Ruef erableyafhyed vipbthe

oxi dant streamin increnents to enabl e nore I‘ m Xin
For exanpl e, ehaagﬁmenéﬁ wy pesult ddudd amelass sOMOWSHL one §hab| e

combustion to f[AaLsemEREst EAPER BEMIEnOffidIe Bl MMk AP QEh2@hE tO about
100 C. The process in which the heater of the present invention nmay,

usef ul 1Pncl ude§O™BUEL{8N NGRS | FH‘E@H R%S esrtaé&rﬁ FaNdite IMefOPNENG, 28I e@l n
production, stypengn2. ni; 3 EBQdEBFnb Qtf.?%%QE%@P@ m

producti on, catal yt| C rg‘lf'or m ng of hydr ocar bons, or viny
chl ori de manuf detuke, tgbassmbuS‘Gqu!an@ﬁ: Wreodieg i on caI ci nating, reboiling

of liquids in distihl abkencaE5€00i | ngyor gee?legfgﬂg&eor&f ii& control in
reactive 25 distiliation. Referring now to Fig. rocess chanber is

wi t hi n conmbust F&ﬁréﬁéﬁﬁéroéoﬁﬂﬁhgsvﬁ?%‘h %)%f’i?i‘éo"e%(mb § Y&/ EThers 1,
and t heocondui tssrdafm mbngct:bmpmoahustr@m@haént)pnmjﬁfcwne wmddmt&dear ger
conduit, the 30 f |nS|de of the Ia_}_ga outS|de of the

e gu nece S fon }H rese T
condui ts that &&Fi |”iéf ¢ h&U5xi Béfl 58 BRanbets 1Y forz1 €5 5cated in
t he conduits sépaeatiog.t Ferf gsbmpiem Lhm@%@%ﬂdm@hﬁarﬁmr@vwaﬂh t he fuel

f1ow ng throughnfc*}%a@%@ 8% H@EQeEB?n&XtQﬁ% P&@P@%Féﬁml@e The3 April 2002

- 19 advantage of this configuration’is at _only one large conduit is
required for f@é‘l"af‘[té\ﬁe REf éPFl RGSABIFt brEpRticn ’a‘f’l N3erifti ve arrangenment
i's shovgb wher eitempledtatiret babfe0Bcedtr ETuk UDEI Rest, they Sod uBnteldwd 5 and

h d d f h d
e gondt { el 10 e RLOCRSS ocISIOEE B sLeLagaletb il g, condul

provides a rel &tassine |iavge téoosnagebei vaaf é@eiar@vw@v@ oﬁewﬂﬁfstﬁ%n
gases. This is flesinabl@il® 1@¢YeR8ses faster than the adiabatic

profile.

30 Although the present invention is envisioned to be
most useful when maintaining a constant temperature
profile in an endothermic reaction, it is not necessary
that a reaction be occurring. For example, heat may be
used to create a phase change such as vaporizing water to

35 raise steam, or making glass. The process chamber could



10 conpression costs for the conbustion gases, and also | owers the cost of

the tubul ars by having the | argest dianeter tubular also contain the | owest
" pressure. Referring nowto Fig. 6, an alternative simlar to that shown in

Fig. 5 is shown, the difference being that 15 the fuel conduij apg Zppwn as

outside of the conduit defining the conbustion chanber 1. Nozzles 6 are

t ubul ar connecti ons bet ween the fuel conduit 5 and the tubular defining the
conmbusti on chanber The_adv a e of this arrangerrﬁé_ i.s, that the fuel

t enper at ur e c%ﬂngij‘?l Bi Y%%Imiop BRI, fd h 4o PhESEoke
i nhibition addttesms, ehnm/qatedsoRei ephasy stowamo Fig. 7, an arrangenent

simlar to Fig. 5 t n ad té%ﬂ."%l f re he conbustion
chanber flow is s% 1§€3§P§?M\€t’]hwt>higl nllgtdél Ht e 2506'33%lill t(‘)yr%}t[-"cttarrber 2 being
near the cent &RVORtiAB fenghavefin e RBE Hiad o??@i&rﬂ?é-r VBQWFI &R fromthe

inlet splits bRiQa8ibhOYegOtNEni Ah&ASEY di rt&‘-&hrﬂﬁ aanllrﬂ.e?tpbl tan%'adtatl on
chanber permts g IoEger F{\ocess chanber fl o) %\(y he di ance of the
Hbeftf fohpa

conmbustion chg oWl (Be LR SRR } & R&tHEatd on
chanber by haklowpauk, 4t be pressdee ikiop heat eaimirmhdw ra Mfaadioars hifp about
elont Tor simuieh di BRBSLODSchorpLhcs CombUsl) A daipal Byl can be
benefici al because o ance of conpressi on cos ehe exnoni cs
of the processonFhits ébtetnanspertlr% el er desAzlds & Wiparced taliong

desiraple to Bﬁéefﬁoﬁﬁla%' ¥el ¥nLong, s1£8i gt Sl onnatdy frafad Hg dar agess.
3 April 2002 anot her alternative, the fuel conduit nmay be outsi de

of the oxi dat i 8AC éﬁaﬁﬁthaso?‘hdFFbon Gr?é‘F’éﬂ'?’i' P HREE & gy rag:e dhdtther

al ternative wirtbaptit ihl eneoflbhecoxfdant tist 4 egn dfcts imarlelhicgbal ternati ve
has t he OX|dant an i nsi de_pipe, .an hgi n| et. di vi |n a fee.i.nto a
flow going in eigﬂa Pectiof. E{E?@gr?%gglﬁé F‘t‘% I'—ml e% ‘Plt’}{? (%ttl&‘n t he
presenti nvent seneani Eilzwagganhoridat toa f:h@mmth h‘af/ltrt@ a)iDOr@U-tlamgul ar cross
sectiqgnr is shgggmbztle BLECERs1CNagbRES AL apl PESnidy A0 2 Hitndrbdangul ar

oxi dation cha conveni ent [y | ar ge enough, to contaln

asigni fi cant #&aBer Uﬂlér 5686§ h’hﬁﬁb@?‘l@%’és-‘-@ a THebt ool HEWRI™ t ubes

may be all pamahhek thewubHbes, thsevbeamé! oW, ¢ €R1HM tidd Ukareparal | el
and series. el ayer of %r%ﬁ s _chanpber tubeg i S shown althré)% hrul ti pl e
&- W& 8

| ayers coul d BE&YPr G e PP&GAES AFS| 2RRYDarkiaIdRY it it may
be desirable tfuehameztzlielsnhtews bandrbhédedt | éelsenmmcjneorsatrtae etrmlquamlact her eby
reducez0probl e (cayged ;Ry o ”B'ro@éﬁ@néh%bei t@@lﬁ

configuration of heat exchan ers, such ascorrugat ed r“%te heat exchangers
such as thoseoeﬁ1§é|té§@d|cﬁaebsr BatuRenNSeta, e§9neaele=t nkDryet s b her ei n
byrﬁf erence, fé&)ﬁu@'hSthléﬁl whiel iregddeWéthtline 6Ermﬂgﬁﬁﬁ§125@|ﬁgﬂff@féf lnt
exchangers, eit ue i_it _may beinsert xi dant ow,space
for appropri at®€di i\[ail lﬂg'utsll(%l (%fl PR& P gSElgntﬁF ggéefu%f ?f%“’/\}%‘i’rte}éﬁ% Hhybe
provi ded for wihteh srdzzlfenozetlwesen st belslpaeésbéﬁorélnmné fiel fuel acet f or
fl ow t he oxi dant OX} NgC r y t al
ori nc:)ilc ned, and arrAe %(r;% grsa)t‘%lhgﬁ%e(rB |8cg?n?vﬁ ﬁeth eQ?%%e ﬁﬁn%e{r]&g% Oggl ns a
fi xed bed cat éil%léitheﬂ"?é‘lﬂraééé@s rﬁé&ttépnof:htaﬁéeﬁréseﬁtplfﬁqeﬁ|%)’Ftrfé%m

beutilized in esivdrene e Qﬁl&iels%n dhAmble dehydeoganati on 9&35@@&& denzene
h_as a, ropnoted iron

to vinyl benzene(%(ast regI ver a ca xstsu

oxi de- pot assi i SHHE Tatal ysduen Biﬁral efﬁ 519161V ThP sSARAY aF D8Rt i on
can be perforndd forcescamimanheitdmgsiheCpande680camber prassureant hat
range omfo Q. ghaute i 1 0 teami s
added jt({) t he é{{"ht% benzer?gque tgleg ?u%éﬂg%?teéggrhglﬂgég e’q?éegéu?g of the
hydr ocar bons (CthﬁéTCé’b s MA rﬁjlde(ﬁ]ﬁlttlsbrtlmﬁulgé‘t Aygneh PHglﬁFoHEct@}e to act

as a heat sinksf@ededisad hféét%ﬂDnyattlHee qte@xwa&ea@uexbaahberemdpt Berm c
reaction, and to reduce coke formatian % a . wat er gag ga cti.on.
81

catal ysts requite &t %0 APV FSF&EF Y a T abBhE g%%%ﬁ to
ten. Liquid homlr:tqarspamaat vied dma't;ecbaeeﬂ’cm vape diizgdi.dIheedmes general |y

bet weeg: about r r r Lr of
yield gnd cat a%lllty, %F 1 g é%jﬁiégs é?cré éég ?geggggyégf 15
conpr essi ng the product (i ncluding capital cost of the conpression

equi pnent). This is an endothermc reaction and it is desirable to perform
the reaction nearly isothermally. As tenperatures increase, undesirable
byproducts (including coke) are produced at increasing 20 rates, and as
tenperatures are decreased, yields decrease. Thus, it is desirable to
operate the dehydrogenati on process at nearly isothermal conditions.
Benefits that could be realized by providing a nore uniformtenperature

i ncl ude reduction of the use of 25 steam operation at higher through puts,
|ncrea5|ng ylelds and select|V|ty, decrea5|ng coke nake and/or i ncreasing

o . Y b1 oy



3 April 2002 - 17 carbon dioxide. This is a highly endotherm c reaction

wi th higher tenperatures favoring equilibriumof hydrogen and carbon

" nmonoxi de from hydrocarbon feeds. Methane is the preferred feed for hydrogen
production by steam5 reform ng, but hydrocarbons ot her than mbhpz(mzcan be
utilized. The higher the nol ecul ar weightsg the greater the tendency to
form coke. Thus, when feed such as napht has are used, a hi gher ratio of
steam to carbon S5 eneraII needeg. . amto gar bon ng ratios are 10
general |y bet vveé‘r? Sut "ERrEe WRECH ¢8 gﬁ%\ﬁ% BI0Ci 1T %C%r’éeéb‘étrﬁec?’hﬁ 15 very
hi gh, in the ordgroafucB®00 to 8000 hour-l tenperatures are generally

bet ween about 800 an 0 ULes typi I t
and 2.5 MpPa (300 t% %@8‘7‘-‘ ift 1%’1&09 §?§t ég %?g %rée/ég ?ﬁ%/o%u% 1%I}I‘El (%P%I I brium
of hydrogen ovemhitittate, lnélﬁdtlltonl §Yﬁ§csmcahownra§ henheateen obinetd hyklrogen

purity to be atjmaf;diaast lent ety 0geR RYYI &MCMa@haV\%IIIQr@E F 18U dd brium
at a tenperature w thi rly F of the heate out tenperature, The catal yst

is a nickel basedTHt sstySta?IIIH %rﬁ'&ﬁocéihﬁallﬁ bBi‘E\%’él Bt EB i FHPBi ¢ coke

formati on. Hydrfagen pr oductl on by steamreform ng can be further processed

by a secondary ref oi/Eere . RIANMAS: CLAEASXATR! g1, PE] PAPOL e Ofo AyTRDI 2. Use

of the present inven on I'n ‘a steam ornmer ¢ gher
aver age tenper atigus sairs ghawred adwxigmier é&égflbnoéh‘ahﬁe@x%@ﬁpm@t ure

because; of the unidordp dirsifddt iR abzBeat b%uIaéneoQO&Q@ldhst ributed

combustion. Thus, either steamrates could reduced, or conversion could
be i ncreased fdeSiaRN drhe (e lsIGARING & éﬁﬁeFQ@uPéédaWﬁ@ﬁ FRachteBent

invention is utéiddmesk J m piheatlernt | of hberrals @&aekuegfei byStesaﬁbpdsks to
ol efin product reactlo te er, EH(rﬁlg inth raneof g 950 C and

resi dence ti mesCH' P § sec O%n WG PF 2 E§2C ?SO‘I’h‘éh?l@%‘t::fI on
t enper at ur es ar’@la/etcyzzﬁeq:mrﬂiemtsnm ttOh@CCOﬂlPAplShl a20Beadsspaedi cul ar

hydrocag bon f eedp a0 tpan aﬂecfl%tqed}pwen% thbgbt_-see%geéﬁamﬁgeh RS

et hane, can be processed at higher tenperatures and her conversi ons,
Heavi er feeds, BERRLUSCYRR THTRESIFSHA rpéiﬂ’ﬁldwﬁer“’lttéﬁ'ﬁelt fUPESCBEBause of an

5 increased t endieset Oi é ogén@ﬁdmlﬁrutsztm perdeser al eahy&é@dmet $n

Resi dence ti maslof about 5te (r)kds are. ref d Dil ug on steam

is added to the %‘%%?e’?a’ﬁwrﬁc%?%%%a\‘ Lérdast i §itt e@o e&])gf‘tl f®34R8 to

reduce the partild mpaessiaks obf t¢mnddraciambafs thEheppﬁrheasedletﬁteent IS

preferabhy quen y. ALSE, fi I I IS W i de
9b Cpengﬁgd?%g%ﬁgﬁ téﬁﬁ fg{irﬁyéﬁaégﬂbéyéﬁﬁre Pr%qgggg Q¥l§

reacti ons. e reaction ¢
contact with, f&aprceERaspleheheas wieats eseﬁﬁSJ&rlei @i &bel yasv ﬁéé?rlals

exchange. | ndi reet cguenghict sopl efigs reehddr bﬁﬂ:auﬁer_lte@e len&rlgx)it@auwllpeby
recovered at a nare geful %evel The rese t |nve coul d be.uti I | zed

in, far exanpl eSTa%dPSt FPFAtTON"RbT Ut T ® use é[ VARSI PRZLRS @
distillation feedefieatbey ﬂfhetsega!p@taxbh\rlhmgoibfat @mazaern\ﬁglme Seatleg

hydrocapBons t oy nbeIPESsaL L £5p 1h§ltm@f@ ddgiied i tlmergte%n%&%egf trhe

hydrocarbons to form coke, resent invention results in a nore
uni f orm transf ePuBPeResf PBzEhES h#ﬂr%c‘é?%%‘%ﬁ efhvestd sIridessdesi ke

maxi mum t enper a'tb!fn@ér@f:u'&:@epbﬁﬂiﬂ)éaélb@nﬁhw p b 91 A9 e d]‘ii‘fﬁl%rg@lnlc_;urt her,

advantages such as phie reduced N peneratign are also realize

er are
shown to be in concurrent flow, but may be in counter

30 current flow, or a combination of the two, with for
example, the oxidation chamber being a U-tube
configuration. Such a configuration may be desirable to
handle effects of differential thermal expansion of the
conduits.

35 Catalyst may be provided in the process chamber,

depending on the particular process.



3 April 2002 - 19 0 4. 10. 1999 C L A1 M~ 751. A process heater

conpri sing: an oxidation reaction chanber (1), the oxidation-reaction

" chanber (1 ) having an inlet (2) far oxidant, anoutlet (3) for conbustion
product, and a i _owpath (4)' Sbetween the i ni et (2)and Lhe ouj b (?@sza =uel

conduit (5) capable oytransporting a fuel HI xture to a pluralit ue

nozzles (5) withir. thQaoxidation reaction cha.~nber (1), ech nozzle (6)

provi di ngcommuni cation fromw thin the fueconduit (5) to thel.Qoxidation

chamber ( 1) , wPtBreReMeSzI e ¥S #hoYY) dify Neddt IR X IeR* BECREEN toPhe

inlet (2.) andatbempeatbetré 3t adtlDIcﬂh&ﬂT}St—tlx(e?s) dfm tQmejcr:leaattt~sftlte\Mrttth t he

oxi dati onchanber_jin e preh ca i creaS| ng the

t enperature owa‘nle %&?tﬂaﬁ%blf‘o@%iél{sgﬁm re szezgtﬁst i gﬂi the conbi i ned
oxi dant and fushffboi¢helyfuedt nozztesy ) cht dSlestad esre axpdidédtiioon The
chanber ir _1let | af er %}ﬁ@ oi I &t neqfy the
combzned ox-~. dé%%hgﬁggfgurgégr%ﬁi t%éeﬁp?ft (L)g;zz iﬁ%r{%%g&eﬁg the lo% dation
chanberinl et (R}xedheiehnsene20fechite txkAFRYy ranty fPWRahE 0 Xiadss L& section

does notcause t@ﬂpéegeezat yfetpé sheqdnxt e wd hiiddh edyddd onreaction
chanber (1) in the vicir

ch fuel. nozzl e(o cre bel ow t he
autoig jition P’éﬁlﬁ%?ﬁ?ﬁrgy #‘gt‘ﬁe‘é{) ‘?rh%% "ﬁ’rt}r}t s ts?(‘?tr t%%&ﬁhéﬁa&ﬁ‘ cham\;ver
(1) in the~~25prucebni thambethaffiweht nozztiee (&) ddaiactmracaeidn n thatt he
heat er furt her t her heat
exhangsfor el ati Sﬁgﬁgé g?ﬁgugfg?datgl %&ﬁb{rrg%g 6@2&%% e= {i g Eé{ez(‘a‘?‘lfin theh
p, : ocess heatea bﬂrnﬁamnéyf bet heiléoeri si ng a30coke | nhibitar injection

system (9), the COK@thHthuEQ?5y§£§@&ﬁ@ COMTRINL Cadd Lo g it ft@teuaéueauppl y
conduit 15)wherein an anount of_coke inhibi~or supplied can belkMe~DE

SifECT ~- 1~ DbY3PApVipipgopozz3es- &ffaktP¥edanti¢Prdiit doiesast ’Ofattlhe n at
f uel conduit (Shemrrt:ahungtteataar ebﬁwﬁgThel@ameﬁst&eaatﬁrepfn(ﬂralsmream

: wh t he fuel dui t t e~ tiall
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ormatlon suppressant may be carbon dioxide, steam,
20 hydrogen or mixtures thereof. Carbon dioxide and steam
are preferred due to the generally higher cost of
hydrogen.
Carbon is formed from methane at elevated
temperatures according to the following reaction:
25 CHy = C + 2Hp (1)
This reaction is a reversible reaction, and hydrogen
functions as carbon formation suppressant by the reverse
reaction.

Carbon dioxide suppresses carbon formation by the

30 following reaction:
Cop + C — 2CO (2)
Steam suppresses carbon formation by the following
reactions:

HoO + C = CO + Hp (3)
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The carbon dioxide and the carbon monoxide remain in
equilibrium at elevated temperatures according to the
shift gas reaction:

5 CO + Hp0 5 COp + Hp (5)

When the fuel is essentially methane, a molar ratio
of about 1:1 of steam to methane will be sufficient to
suppress carbon formation to temperatures of about

1370°C. The molar rations of steam to methane is

10 preferably within the range of about 1:1 to about 2:1
when steam is utilized as the carbon formation
suppressant. The molar ratio of carbon dioxide to methane
is preferably within the range of about 1:1 to about 3:1
when carbon dioxide is utilized as the carbon formation

15 suppressant. The fuel preferably consists essentially of
methane due to methane being more thermally stable than
other light hydrocarbons. The suppressant is additionally
beneficial because it lowers combustion rates and reduces
peak temperatures.

20 Need for the carbon formation suppressant may be
eliminated if the fuel is not significantly preheated
prior to addition to the oxidant stream, of if the
residence time of any preheated fuel is sufficiently
short.

25 Cold start-up of a heater of the present invention
may utilize combustion with a flame. Initial ignition may
be accomplished by injecting pyrophoric material, an
electrical igniter, a spark igniter, or temporarily
inserting an igniter. The heater is preferably rapidly

30 brought to a temperature at which a flameless combustion
is sustained to minimize the time period at which a flame
exists. The rate of heating up the heater will typically
be limited by the thermal gradients the heater can
tolerate.
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Flameless combustion generally occurs when a reaction
between an oxidant stream and a fuel is not limited by
mixing and the mixed stream is at a temperature higher
than the autoignition temperature of the mixed stream.

5 This is accomplished by avoiding high temperatures at the
point of mixing and by mixing relatively small increments
of fuel into the oxidant. The existence of flame is
evidenced by an illuminate interface between unburned
fuel and the combustion products. To avoid the creation

10 of a flame, the fuel and the oxidant are preferably

heated to a temperature of between about 815 °C and about

1370 °C prior to mixing. The fuel is preferably mixed
with the oxidant stream in relatively small increments to
enable more rapid mixing. For example, enough fuel may be
15 added in an increment to enable combustion to raise the
temperature of the stream by about 20 °C to about 100 °C.

The process in which the heater of the present
invention may be useful includes, but is not limited to:
steam methane reforming, olefin production, styrene

20 production, ammonia production, cyclohexane production,
catalytic reforming of hydrocarbons, and allyl or vinyl
chloride manufacture, glass or ceramic production,
calcinating, reboiling of liquids in distillation,
reboiling or temperature profile control in reactive

25 distillation.

Referring now to Fig. 4, the process chamber is
within combustion chamber conduits which define
combustion chambers 1, and the conduits defining the
combustion chambers 6 are within a larger conduit, the

30 fuel flowing inside of the large conduit and outside of
the conduits that define the cxidation chambers. Fuel
nozzles 6 are located in the conduits separating the fuel
from the oxidation chambers, with the fuel flowing
through the nozzles into the oxidation nozzles. The
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advantage of this configuration is that only one large
conduit is required for fuel flow.
Referring now to Fig. 5, an alternative arrangement
is shown wherein, rather than concentric tubulars, the
5 fuel conduit 5 and the conduit defining the process
chamber 8 are located within a conduit which defines a
oxidation chamber 1. This configuration conveniently
provides a relatively large cross sectional area r flow
of combustion gases. This is desirable to reduce
10 compression costs for the combustion gases, and also
lowers the cost of the tubulars by having the largest
diameter tubular also contain the lowest pressure.
Referring now to Fig. 6, an alternative similar to
that shown in Fig. 5 is shown, the difference being that
15 the fuel conduit is shown as outside of the conduit
defining the combustion chamber 1. Nozzles 6 are tubular
connections between the fuel conduit 5 and the tubular
defining the combustion chamber 1. The advantage of this
arrangement is that the fuel temperature can be limited
20 more readily, and the need for a coke inhibition additive
eliminated.
Referring now to Fig. 7, an arrangement similar to
Fig. 5 is shown with an additional feature that the
combustion chamber flow is split, with the inlet to the
25 oxidation chamber 2 being near the center of the length
of the oxidation chamber 8. Flow from the inlet splits
into a flow going in each direction. This split oxidation
chamber permits a longer process chamber flowpath for the
distance of the combustion chamber flowpath, and reduces
30 the flow in the oxidation chamber by half. Thus, the
pressure drop is reduced by a factor of about eight for
similar dimensions for the combustion flowpath. This can
be beneficial because of the importance of compression
costs in the exmomics of the process. This alternative
35 may be desirable where it is desirable to have a

relatively long straight flowpath for the process. As
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another alternative, the fuel conduit may be outside of
the oxidation chamber as in Fig. 6.

Referring now to Fig. 8, another alternative with

split flow of the oxidant stream is shown. This

5 alternative has the oxidant in an inside pipe, and the
inlet dividing in a tee into a flow going in each
direction.

Referring now to Fig. 9, an embodiment of the present
invention utilizing an oxidation chamber having a

10 rectangular cross section is shown. The process chambers
are pipes in a box. The rectangular oxidation chamber may
be conveniently made large enough to contain a
significant number of process chamber tubes 8. The
process chamber tubes may be all parallel flow tubes,

15 series flow, or combinations of parallel and series. One
layer of process chamber tubes is shown, although
multiple layers could be provided. When flow is at least
partially in series, it may be desirable to have the
inlets and the outlets in the same end and thereby reduce

20 problems caused by thermal expansion of the tubes.

Other configuration of heat exchangers, such as
corrugated plate heat exchangers such as those disclosed
in U.S. patent No. 4,029,146, incorporated herein by
reference, may also be utilized. With the corrugated

25 plate heat exchangers, either a fuel conduit may be
inserted in the oxidant flow space for appropriate
distribution of fuel, or a third set of flow streams may
be provided for with nozzles between the spaces for flow
of the fuel and for flow of the oxidant. )

30 The oxidation chambers may be vertical, horizontal or
inclined, and are preferably vertical when the process
chamber contains a fixed bed catalyst.

The process heater of the present invention can be
utilized in styrene production in the dehydrogenation of

35 ethyl benzene to vinyl benzene (styrene) over a catalyst

such as a promoted iron oxide-potassium oxide catalyst.
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This dehydrogenation can be performed, for example,
between 550 °C and 680 °C, at pressures that range from
four to about 20 kPa (3 psia) to 140 kPa (20 psia). Steam
is added to the ethyl benzene feed to reduce the partial
5 pressure of the hydrocarbons (thereby improving

equilibrium ratios of the products), to act as a heat
sink to reduce the temperature decrease due to the
endothermic reaction, and to reduce coke formation by a
water gas reaction. Most catalysts require steam to

10 hydrocarbon molar ratios of about seven to ten. Liquid
hourly space velocity based on the liquid feed is

generally between about 0.4 to 0.5 hour~l. Lower
pressures are desired because of yield and catalyst
stability, but higher pressures reduce the cost of

15 compressing the product (including capital cost of the
compression equipment). This is an endothermic reaction
and it is desirable to perform the reaction nearly
isothermally. As temperatures increase, undesirable
byproducts (including coke) are produced at increasing

20 rates, and as temperatures are decreased, yields
decrease. Thus, it is desirable to operate the
dehydrogenation process at nearly isothermal conditions.
Benefits that could be realized by providing a more
uniform temperature include reduction of the use of

25 steam, operation at higher through puts, increasing
yields and selectivity, decreasing coke make, and/or
increasing the pressure of operation. Application of the
present invention to dehydrogenation of ethylbenzene to
styrene could be either as a heater or as a heater before

30 the heater, although the preferred embodiment is to
utilize the present invention as a heater with
dehydrogenation catalyst in at least a portion of the
process chamber which is heated by flameless combustion.

As a steam reforming furnace, the present invention
35 utilizes a catalyzed process chamber to convert a

hydrocarbon and steam to hydrogen, carbon monoxide and
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carbon dioxide. This is a highly endothermic reaction
with higher temperatures favoring equilibrium of hydrogen
and carbon monoxide from hydrocarbon feeds. Methane is
the preferred feed for hydrogen production by steam

5 reforming, but hydrocarbons other than methane can be
utilized. The higher the molecular weights, the greater
the tendency to form coke. Thus, when feed such as
naphthas are used, a higher ratio of steam to carbon is
generally needed. Steam to carbon molar ratios are

10 generally between about three and five, space velocities
are generally very high, in the order of 5000 to

8000 hour~1l, temperatures are generally between about 800
and 870 °C, and pressures are typically between about 2
and 2.5 MPa (300 to 350 psig). Higher temperatures favor
15 the equilibrium of hydrogen over methane, and it is
typical for the heater outlet hydrogen purity to be at at
least at a hydrogen purity which would be at equilibrium
at a temperature within 25 °F of the heater outlet
temperature. The catalyst is a nickel based catalyst, and
20 may contain potassium to inhibit coke formation.

Hydrogen production by steam reforming can be further
processed by a secondary reformer to produce, for
example, methanol or ammonia.

Use of the present invention in a steam reformer can

25 result in higher average temperatures for a fixed maximum
reaction chamber temperature because of the uniform
distribution of heat resulting from the distributed
combustion. Thus, either steam rates could be reduced, or
conversion could be increased for similar tube skin

30 temperatures.

When the present invention is utilized in a heater
for thermal cracking of hydrocarbons to clefin products,
reaction temperatures in the range of 775 to 950 °C and
residence times of 0.1 to 0.8 seconds can be utilized.

35 The reaction temperatures are very dependent upon the
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1. A process heater comprising:

: @

an oxidation reaction chamber (1), the oxXidation

reaction chamber (1) having an inlet (2)

for oxidant, an

outlet (3) for combustion products, and a flowpath (4)
between the inlet (2)and the outlet (3);

a fuel conduit (5)

capable of} transporting a fuel

mixture to a plurality of fuel nozzles (8) withirn the

oxidation reaction chamber (1), each nozzle {(6) providing

communication from within the fuel conduit (5) to the

oXildation chamber (1), with each

Eozzle (6) aleong the

flowpath (4) between the inlet (2) and the outlet (3);

a preheater (7) in communicaticn with the oxidation

chamber inlet (2), the preheater

(7) capable of

increasing the temperature of the|l oxidant to a

temperature resulting in the combined oxidant and fusl

from the fuel nozzle (6) clesest
inlet (2) being greater than the
of the combined oxidant and fuel

closest to the oxidation chambez

-0 the oxidation chamber
autcignition temperatuze
from the fuel nozzle (§&)

inlet (2), wherein the

heat transferred from the oxidacion section does not

cause the temperature of the mixture within the oxidation

reaction chamber (1) in the wvicinity of each fuel nozzle

(6) to decreass below the autoigriition temperature of the

combined mixture in the oxidation chamber (1) in the

ndothermizc reaction

vicinity of that fuel nozzle (6)j characterized in that

the heater further comprises an
process chamber (8) in a heat axc

the oxidation reaction chamber (3

coke inhkibitor injection system ({

system in communication with the

hange relationship to
).

2. The process heater of claim 1 further comprising a

9), the coke inhibitoer

fuel supply conduit (3)

wherein an amount of coke inhikitior supplied can be

1
\

{
|
:
|
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