WD 2008/ 150658PCT/ US2008/ 063600 A PROCESS FO PYROLYZI NG A HYDROCARBON
FEEDSTOCK PYROLYSI S REACTOR SYSTEM FI ELD OF THE | NVENTI ON 5[ 0001] Thi s

i nvention pertalns t o_converting hydrocarbons using regenerative rol ysis
reactors. The"PAVER®¥n relates to a process for cracki ﬁSTW%?P%Q?éq%ons
present in hydrocarbon feedstocks contalnlng nonvolatlles in a
regenerative pyrolysis reactor. nonvol ati |l es are rem)ved fromthe

f eedst ocks before t%@%%ﬁ:ﬁ?@&@kﬁﬂ%@@@ﬂﬂgpﬁﬁﬁ%B‘F@Q$EO

particularly the invention rel RXNRGLYSISREAGIRR SY&MBMappar at us for i mprovi ng
10 the quality of nonvol atile-containing feedstocks to a regenerative

pyrol ysis reactor systemor a plurality of such pyrolysis reactor systens.
BACKGROUND OF THE | NVENTI ON [ 0002] Conventi onal steam crackers are known as

an effective Wgh quality feedstocks that contain a

| ar ge fracét ﬁ % drocar.baons uch,as et nd
naphtha, -9 mapd DR el POBSR Eer ol R R 3 lBiesRE pltys™

conventi onal Ilyacwsed Tlor icomicar tahng» @r ac packss nigr amatking Eydmuttbenfy)mlsem,mm gh

tenperature as_thaose d .at

t enper at ur es ﬁdr% 'ﬁ?ﬁ&%(:cgnc%nﬁa}l E %Inonvlg&t“le% for F%dw?ﬁ?% ﬁmgyﬁltblr% fal sfhgam
crackers. Regﬁneﬂzaﬂaswee rremmrfromyd{ee&edsmpkcaéfbtye e ehydamdnlmns Syidared rcliesz(lsame
chem stry or ctlo in %Otpld'trec“ %ﬁg ) % ri¢ (S% em str
reaction charP@f ysv?nt O RFIRTI I ‘3‘56“ T ‘?% r"“'%sls %Prp‘“a“ pr APy s

for rel atiovelthe qualigy oénmivhmlmcmn«aimem fsddstysc;kseo( arqghmativepytglymeg@n@r Sisicineor

t hermal oxi dat |10n“}(7"f€| q%jyaln et'rmal reformng ("ATR'). Asymmetric
cycl es are tydi¢afty Use 193“%5?3%?,&%5 €Rtot herni c chenistry, and the desired
endot her m ¢ @reOKSROUND OFIHEINVENTIONi fferent chem stry that is

exothermc (t aII conbu tion) to ovi de heat qf reaction for 25 the
endot ner o 1EGRE Poi e SeTbErsGhHetPEn &5 ah sdtab € Nipreu ey
Pressure Swi rqgalRyamﬂmomgthdaMtam hafgerfexgemedstatolaﬁe; IBMfookyGisssuckacttine, gas

processes, ener, atl pyr s reactars ar enerally known in the art
P her g Sapdh oy ribiiger (IThr EPAGEHG My OCArEBRS 5 Gy &Pt 8§ have

not achi eved ceprmmimailalsdar foceospmngast a&&mgoxndhtysddfxe@@d bﬁH&cCﬁl@HQérﬁpd&ﬁuredue
at least in p rt. to the fact that they ve not heen successfully

scal ed wel | f%t?frye% Sirithose reeptioes tﬁﬂﬁ.r%an 3i DofPrncd At (PRTEANE pSapigher t%ﬂ&ecaat

least in |ar g@uapsfrﬁc Iicﬁmm@ m BaRtdtiohy s@hmichRk&§ UR Q¥R htivk QeRbe gethddselpicationt 1 Ol
and contend with the ver gh tenperatures and, tg V\%y that fuel and
oxi dant are CENBIIFESYHIE rlr?g (SP‘F}é PEGIHEr Gt FBHIBr M 8| HEFCL YT Gy PRETic

process. 2phi g$crd@fseglor F@Sbntchaigds WAREBRIn Sery.adahhanc ajcld aeOiypRiIS Bkd feal e.

relatively mild exothermic chemistry, examples being regenerative thermal oxidation

(“RTO”) and autothermal reforming (“ATR”). Asymmetric cycles are typically used to
execute endothermic chemistry, and the desired endothermic chemistry is paired with a
different chemistry that is exothermic (typically combustion) to provide heat of reaction for
25  the endothermic reaction. Examples of asymmetric cycles are Wulff cracking, Pressure
Swing Reforming, and other regenerative pyrolysis reactor processes. Regencrative pyrolysis
reactors are gencrally known in the art as being capable of converting or cracking
hydrocarbons. However, they have not achieved commercial or widespread use for
hydrocarbon conversion, due at least in part to the fact that they have not been successfully
30 scaled well to an economical size. This failure is commercially, due at least in large part to
the inability of the equipment to adequately control and contend with the very high
temperatures and the way that fuel and oxidant are combined during the regeneration or

heating stage of the process. This defect results in thermal degradation at a commercial scale.



WO 20081150658PCT/ US2008/ 063600 The hi gh tenperatures are difficult to
position and contain for extended periods of tinme and lead to premature
equi pnent f ai ol ution was proposed in US Patent

11/ 643, 541 flkg&ﬁpﬁe?%% USPTO, on Decenber 21, 2006, enfﬁ?ﬁkgﬁg%%@ﬁane
Conversion to H gher Hydrocarbons," rel ated prlnarlly to met hane feedst ocks
for pyrolysis systens, 5utilizing an inventive deferred conbustion process.
[0003] As with_steam crackers, regeneratlve pyrolysis reactors al so are wel |
suited for vollsthigle@mppratyiss atei GiiiBwEtornoaitien pickeontaindler aitedsdprstodnef ting §adk r ee

of nonvol ati | g, LQHRODEAL &ulﬁﬁ&hfaﬁﬁenﬁt RlusioRRds f%wséd {nﬁﬁs pa AQPlication No.
nonvol ati zabl e conponents, which would otherwi se lay down and build up in

the reactor asl/G84! Badgnylkg QS?B%:CQ%%CW@ Elal209p. @B@Feélt'é/leéhan%icgh@fswn to
tenperatures gt naloSHRalr c‘rél%éfeﬂrﬁlanwo RY lcdhhd @e%dg&)h bs; %?Ifo'lwﬁdsﬂtreﬁ@dl y
to nean any resid, nmetal, mineral, ash-formng, asphaltenic; tar, ‘coke, or
ot her conﬁ%néﬁﬁzméﬁné@ﬁﬁ@ﬁﬂh@ﬁ?dﬁﬁmﬁﬂﬁmmﬁéb$eedstock that will not vaporize
bel ow a sel ecjgigh) bOi Ad PG RALRraLler o %Q%ﬁér?twé“g ARG Pé@t&g als&YE D1 Qite@ e e
pyrolysis, may |eave an undesirabl é residue or ‘ash In the reactor
system The noMiatdairivplatizablependetntks thef arsgistagicailo dicn obiroavelds eonivaentg epdsi t

as ash wthi rhs%‘?aﬁ :ﬁﬂ% wf 1e§M§aﬁ %icﬁa%'laﬂébfé%@ﬁ?&ne&? uﬂﬁ&' Vuid H%@ IJ& Yown
regeneration. rocar bon coke conponents nay be nere burned out of
the bed at t hﬂ@d hu%unlerﬁverwqy reashy Bywhisisycagoedynisallyppeahty oi lsgheemm@watwst ens
and thus fendyf0,d6 Ol eSRoRANARS Bl PARAOBLOLDImlShIlal: SATPAREN S,
Sone nonvol at | d conponents, such as netals” an mnerals, may ’| eave
an ash conpo rﬁ@lirrform@hl mdhalteit, tev erkeaar oflive chmpphent eyendranponvitientpe Fatyedss i s
difficult to th Wﬂygot v a‘(%%@‘b{)&)?‘gge%ded b%gln% 8&95&&%{;&%&&& Ln}ﬁ’ wﬁl&ggﬁ%{ aott a%{e?
reactors |ncIu eare d or zone plcalﬁ one 1
refractory mayedlissl maykewcanuhéesradctside drakesitiph tie ecapiot miﬁmt H‘éae n@rezotaoke
system Conv Wl I c l Y [t

fuel, OX|dan?g&ggggLéﬁggﬁgﬁéﬁ%gl a%@%%pg{gq%ﬁg o?’ gg§t$E§c ﬁk&%dﬂ%ectly
to a | ocatsi orugombnkele rnevel byt lgentlaoee. pitahy bdrodaeboneake mmﬂmdnts Thg be
delivered re e G t herei n and
heat the rea %ﬁ?% %ég%utgF%C%%¥%§g§a $1§B$€§ @g Péawgga%@5%38bruwor
exhaust ed andy@mmyﬂdhysﬂsndeewﬁobbksawuanassanhydmocammdmoma@dmstﬁemm

of

e, “and oxp o i Terk SRR AR HEG A PO MR AR S Dot TS ERG, he
r eact or feedémmakﬂmmWQJatmynghygﬂdmn@atmpﬁmﬁeeddﬁfhﬁnpyﬂmhyﬁeduneamﬂor f eed
is then reno ro reaction area of .t react n quenc d.or

cool ed, szﬁc h\fm“( épéw lﬁe T T R s el ﬁné:tl]uredgactlg?c% g £ B H A Ko

pyrolysi s reachpiymeanoe Wpebﬂre&d@wmia}@nas wpemdwcéactldﬂ)t@%blémm\tmh thea‘SacWrt h
stean1crack|n ecgnom cs

way of non-| N it s ngonev)%xén nfll rggengratw reacﬁ?ts %Wlecél% de&“vgs;[ Ftr %Ifo ox1 ant or gs by

supplemental amount of one of these reactants, directly to a lOC&thIl somewhcrc within the
flow path of the reactor bed. The delivered reactants then are caused to exothermically react

25  therein and heat the reactor media or bed. Thereafter, the reacted reactants are exhausted and
a pyrolysis feedstock, such as a hydrocarbon feed stream, preferably vaporized, is introduced
into the heated region of the media or bed, and exposed to the heated media to cause heating
and pyrolysis of the reactor feedstock into a pyrolyzed reactor feed. The pyrolyzed reactor
feed is then removed from the reaction area of the reactor and quenched or cooled, such as in

30  a quench region of the reactor system, to halt the pyrolysis reaction and yield a pyrolysis
product.
[0005] However, as with stcam cracking, cconomics may favor using lower cost
feedstocks such as, by way of non-limiting examples, crude oil, heavy distillate cuts,
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WO 2008/ 150658PCT/ 1JS2008/ 063600 cont am nat ed napht has and condensat es,
and atnnspheric resids, as feedstocks for regenerative pyrolysis reactors.
Unf or t unat el y, (ﬁﬁemepononlcally favored feedstocks tkaﬁﬁk&%w&B& ain
undesi rabl e annun nonvol ati |l e conponents and have heretorore been
unaccept abl e as regenerative reactor feedstocks. The nonvolatiles lead to
fouling of the 5 reactor through deposition of materials such as ash,
netal s, and/or coke. Regenerative pyrolysis reactors do not have the

flexibility tOBPREds nglidns otie FAidsrsaisl o A dEBASPYETEr Eeldsf 4t ofecsiogks for
feedst ocks begaisfiivalplRNENcAke CcoRfolRidaAl dhé'beb&opéiﬁl@eﬁg’ @dfvsred deRRRLLs or
bui | dup of ash and netals within the reactor cannot easil &1 bur ned or
renoved. The f@?lpetlinCézptaedwéw?latamewbﬁf rEMUdilacomrgews el frva hesofqre Gpear

f eedst ock ”HYmﬁakﬁaQQQﬁQQ&H&MHBQ@am§Qb&@%Héb|f&:&MQ&M%§,EQ?uiﬁhﬁﬂg%ﬁdm
process, feedstock conditions or type, reactor design, operating
paraneters’ evtclorghiqegtaldprpsitinn ni sraarielsesuelo e et metdloriadioe ogke;  Bsgeneraéteal s,
resids, etc.),jdly ‘?sxx%%&s % N6t mme(ﬂ?eqmuﬁy td"ﬁ'ogem lucﬁfotﬁe%sé &%ﬁorﬁﬁcél%&o the
reactor wll cause Sl frcant fouling in a Si s reactor.

economi cal | y fdesitiafse tqcbmmcdtbwﬂthmedekermy ts@mqtl}a bugpedtadt, ﬂ@w@wémldq;yy
vei ght of - NOMYGlALhY G ik AL ildioP Lifbr ERANDe T ARAREHE! ol difxCeSS
of 15 10 wei ght percent nonvol at I | Si nce nonvol ati | do not

vapori ze, butcodesiposel nervbiriles agihin rﬁremﬂ@ldrtfa@dbtoalﬁdmadrV%k@pwﬁm hieoat ed
above abOHi Qggﬁal&%%él@s élﬂte %ﬁcggs e&gt @Példn'a%g%e tt) e, 1%9&01"'2@&? bt n%s
present in dlsadvantage f eedst ocks 1 ay down or J’up as a ant

t he reacti on wotcicon ctst é@m@ﬂbsmgm@éa@t@m@mﬂWhméﬁegn@ﬂeaeédspﬁ%@S@K@ mrop
t hr ough the r t r i

General |y, gf ?Erg &g%yt\@c n)g%gfg{qg{x?ﬁ%agletg .tﬁcaégc%zre\)iflil c%hs%@gg\ﬁlﬂcant
preferably < fQulmsrww pzrplysmrcectstpe"@nfwcc(morrycallmmsueb}eIosvemosaf@brlb(mfefapgmledlpby
ASTM D482- 03 gt 4 t t : -
Nonvol at ] es ‘S PIEEBEREHERoRARS Al ALAG Iohu S ARG B ERGS o

[ 0006] VariSous Ot waghipguey diawevdiridsy. ehpleoyerbldtdes dor edtvepgizpetut db@mpose to
hydr ocar bon fe f | ati.l I

ronder cost alubauaasb S AETE Bk Bhol R BHe oFR RRFIAEE RS Sllebl

f eeds. Theseepmames@@ﬁhimmddmdmnnpmmvedbhbaquaﬂﬁﬁy%mﬁshydbwcarerlmeeds
contai ni ng n?&ﬁ&nt% lchc%?am r¥ 0%8&%/ gfg& 10 étgrgnx)\l%ha%kﬂcggs I.H(S-)SU ro%tﬂr(pugHDSt

i nstances the processes i % era |ng condi ti on “a space
limtations ftlor rcacecbtramﬂlltesi$ tchpkgggm@pnct @Icre@@gt%ﬁwalnyj Iﬁ]cgctlaltypenlatlmmgu@bsifs
due to t proce st eps._used capi t al f e req

caui prent addrarngsdi SPRetE R pRat b phi FARRDRE R I (GBS ne o
nonvolatlIes(memmwedwf$$ﬁﬂﬂh@2ﬂ§aﬂgsOF@MS@Q&anelmnbwmﬁwIbahqmwm@rdﬂﬁ$ly to
equi p each o st ea cking.furnaces i cracki ng conpl ex
b arof DGR srek R AL LA IBEEE P A3 ARt °F cedat ocks ©o
provi de an ad¢empl abIVel;loLmanmhmslhhe—lfemeenlﬁleﬁd formtaatitdy@eto kaokyhgceseot fealn  of

2008/ 150656PC URBBBEH 06000 B oY RS SRSt o B B SRHUISES i BYE % o
reactor conpkewentitnel Bt@drﬁ heidkef é@ds.qualhdst yrocegpes nement Smpnd: itc nedse tbf
E?g‘ég;g‘t ]lc'l L? }/T%er I toﬁ gfe%dg 7J6%Pniegt nvcﬁathes tlop \égnrlfteﬁt%?ul I‘teczi\r/r{ 9r§§1<mg ﬁ\ol&)/!cvl'e@ Ilrcxmar y
most instances the processes suffer from operating condition limitations, space limitations for
retrofits, high capital costs, and high operating costs, due to the processing steps used, high
capital expense of the required equipment, and/or unsatisfactory reduction limitations in the
30  amount of nonvolatiles removed from the feeds. For example, it may be quite costly to equip
cach of several steam cracking furnaces in a steam cracking complex with all of the
equipment necessary to process the low cost feedstocks to provide an acceptable, nonvolatile-

free feed into the cracking section of each steam cracker. Similar and even exaggerated
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of nonvol atil e-cont ai ni ng hydrocarbon feedstocks to render such feed
suitable for use as a 5 feedstreamto a regenerative pyrolysis reactor
system The i QyelshQRsProvi des a commercially useful angGRR5&ésa6t1 ve
techni que for renoving the ash-form ng nonvolatiles fromthe ?eedstock
before the feedstock undergoes pyrolysis in a regenerative pyrolysis
reactor. SUMVARY OF THE | NVENTI ON 10[ 0008] The present invention relates to
pyrol ysis of hydrocarbons and in one enbodi nent |ncludes a process for
reduci ng ash HablRmRt icHi Biet f%eW’dFy‘é’f%““ar@ﬁ?ﬂr 803 Bo rflup éédgflbé?@dc‘b‘mlféfl ni ng
nonvol ati | es, reliiretcht® SIRNBEBIbY BmPYh@IYSIcSity, eact or system [n one aspect,

the inventive process conprises a process for pyrolyzing a hydrocarbon

f eedst ock conﬁ“g‘? Thi ngThoMeSMERTINEY RAYISSSTGEQIHEPNHY RIFee et MBIV ks Skl
process, in aofrd%g@dwn@sdnvd%p@/ﬁﬁryca}bén fastb &GS Rnd&Yshdeed LORLRMOCEISis a
conprising: (a) heating the nonvol atil e-containing hydrocarbon feedstock
upstream of acrdsieneriat ¢ VEsE9iRBYYy SYPsBacweepr $yHtmm tiocalnveiosr aovide a
sufficient to,fQf.midi RRAN .iRNBS &l @echx‘n&l&@ - RARSAe %%ﬁ"fd?hﬂ% ntoh&‘olanleb
nonvol atiles; (b) separating said vapor phase fromsaid |iqui hase;
transferring fom ﬁ'@e&ﬁ%@chtbe sndte Eeqstock jupderges tpﬁ@lﬁédaraafﬁ‘é@lﬂ%lﬁémym%‘&?e t 0
the regeneratiy, pyrolysis reactor system and (d) converting (e.g.
cracking) 20 at least a portion of the separated vapor phase in t he
regener ati ve SHYMMARY OF BEEANVENTONM t 0 form a pyrol ysi s product.

Pr ef er abl 4 ep f tiles
when Suchb’ovapg(fbs? a?glé‘#;r%gefﬁég‘%’r{tmﬂﬁéég et{gi 2@&92%2%%&% ns a'h&&‘—h S CHI%E(YQI[%I?[

pref erabl e t hHagludehe nreqgesnier atducieg ﬂéla&)rrmtlogyiyt: éqpyrelyaing @vlyld@@arb@rowetigﬁpé of
egenerative geachar,aysham i AGkNAL. SRR T S0EnPYLObYSLSLLRR! Of
system conpri ses a 1east two pyr SI S ystens and he

separ at ed vapowniis ppesk eaniriveat ptm;astfoxt mol@ims udﬁd@y@mry@@méa@gm@mmg
systens. The § ed ;v i St r rAGKE r
Svatem prof dPapyr A &p CARTLETEGR 0B, BECTR BHleByiPs PFRRAR

si nul t anelBus|ryactyy syseedithggprotres vaposingn(ap deaing dic Ifdnw.at(lecgltalms@bxctrmthoal |y
si mul t aneousl e :

enbodi nment , f e)g t%%v&edgﬁ?aﬁloé anc?%ngl:ea\éw? hﬁé@% e%eag%{?%y%{ggl R [aQQrQ@& %t%'rg% tClt;lgtrtg.o
stri ppi ng age”mn a sapohplase zlrryidrldxglfghghas@mhenrggyth@hwpbtmEéb)t‘mparsyxgtselmvramvr

conj unction t stem
for cracki ng\%%]e vapbd?({aﬁﬁué(gégdse tgdnﬁggg%ncefg egi gtdlt'uﬁ% % (ﬁq (E)f‘retﬁés:%e frﬁﬁ?{ ng
agent, W t hi rvapdighasege the redenaretiveypyollyssirsactoe apstar, dsysd)enmvekﬁy@r(ogemdcm%)

typlcally be ferred |Iuen Qr st as a
W0 20081 28064BEHF a8BEH) B0 s Fra b g M AP rAgERy- FLERM Ftobg RS
alternati ve mm:espsmﬂ.ymsl-jwémer Preféraayn uh’ayem@ttedb@ppn' gﬁm msixbbtantmﬁmﬁee of
processes, in th

1;[ unli ke, st ea cractk ng react
nonvo 1165 Whe Such v, i% (5) Se igfed t t?he reac E’y 5% it sza/ referable
tenperatures SUC as OVE St éam can T eact Mﬂt car on 0 form

car bon nonoxitiche tha megehaydrv@ gentor 55[5&&1@? IrafVe;selﬂownmRhén‘emsﬁpawb I‘eaUhEb}ISf@VE Ati on

conprlses an i VentIV%HB&OﬁFSS for t ufacture o

pyrol ysis pr SdueY Cmé) e Ilf’é/fohﬁSls rcﬁcﬁ%ﬁﬁg%scomgnsﬁf Sr lc%%et%( Ipém? 3 m‘mt 't he

hydr ocar B6n tpethsusd g saparesevaper & Icmmketdypet leﬁgmnecrfa,um/@zrqdynoﬂeymrsmam:t or
System wher ghr. e ISRESSL RIS S 058 L) LAl SRELRL QPRI 10
end and a secondactyr §oens tdbetaﬁtlaﬂlstslmne@eﬂy)hﬁl feeding the vapor in parallel flow (e.g.,
substantially simultaneously) to the at least two reactor systems.
[0009] In another embodiment, the invention includes the step of feeding a diluent or
30  stripping agent, such as hydrogen, to the pyrolysis reactor system in conjunction with the
scparated vapor phasc to the pyrolysis reactor system for cracking the vapor phase in the
presence of the diluent or stripping agent, within the regencrative pyrolysis reactor systcm.
Hydrogen may typically be a preferred diluent or stripping agent. Steam may be used as a
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10 reactors oriented in a series flowrelationship with respect to each
ot her such that the secondary end of the second reactor is proxinmate the

second end of  phe f Lk $§ reactor. In one aspect, the |nv$Q&[M§ﬁQ%9%§ss

conpri ses the steps o (a) heating a nonvol atil e-containing rocar bon
f eedst ock upstrean1of the regenerative pyrolysis reactor systemto a
tenperature sufficient to forma vapor phase that is essentially free of

nonvol atiles and a |liquid phase 15 containing the nonvolatiles;
separating t hE GRS SRS 4P o I tRBC | 4G B ( é}o“seﬁ‘ﬁpﬁtﬁfﬂgmé[ mtrtset

reactant throyena hidaa} pebatneh mad uhiie ddafShack@aCH BYroBRd rabBPEMbOGuRS,
| east a second react ant F roug h a second channel in the first reactor, such

that the firstchat2kaedrbo” Feae%rar% regele Wil Bpirp@Ebondo i £rbat megaredeornds r om
the first endy@f,the first reactor; (d) conbining the first and second
reactants at the second end of the first reactor and reacting the conbined
20 reactants 080r oducet anetlest BacceBe tiNGALPY SRFURISES e@e)m‘ﬁa@@ Agceshdohégt ed

reaction prqu&xtufaHﬁFcoderh yHBERHCGHAA FEGRREY o af SIBARI GEmacs] dﬁ%;a g&%tl on
of the heat fromthe reactlon product to the second reactor to uce a

heat ed secondinegethyarocgroon feethusing 4 remgyseatiow &as treganqsesiveipyielists r?%@r%m at ed
vapor phase f&l%?@ﬁihspedé@%]by@ém%ma@g H?Qﬁ@ﬂ@acft&%&ngﬁéﬁ% aOfE%Et'eQ&IQM Vse nq'ehalent

or stripping agent e pyrolysis reactor systemand through t heat ed
second react ond(ip) & ypeond2sackqrcgmprigrcprapary el drpvseenday chéghe figt mquei:@ﬁ of

the separgf e%&éﬁi?s%n&f&%sﬁl ﬁgﬁ%s 0 ﬂ §h% mﬂhsmgﬁégtr BC@arcfPQ)ﬁlc?er&Uﬁltan tte9)

quenchi ng the pyrolysis product in t irst rea recoveri ng
the quenched spynéiry sikofphoshuerd factanis bremrret?dbmccegdsqnémf thedost 13acter.aloriger

aspect, the [ﬁ%&%fg Me HOME0L LR @Tbt Lé?ltﬂglgb 's% S (E)%gtﬁ{ésd RhvbBBleconERRAT at ed

vapor phase 'S essent ati’l es, storing the condensed
30hydrocarbomsmnanuneh%EQQuenﬁuylwehm@s¢Meneunménge@Mhydv@%@ﬁhﬁn&p@@M$eed

DR e v SB08) ek it BBk L3600 D0t o rgar aeey ) SHTITES are

a si npl i fised codbiageatreraioielitildsush)r eepiratingofhet vagort Wenss thewps thenliquid egenefat i ng
fl
[ ever se Ongé(ngL%§ Pt Ec%é’t tQHtoﬁ%tﬁ{% &%ﬁf di 6 G R réa B{des%g@%mi; VRN Lon.

10013] Fi gure not I agra ustration an e
regenerative8beddnea@m0mos§s¢emvmhdmmdeﬁemsﬁemnbusbmmmih@dhiﬁ®1gmbhemd

location of t &%‘taﬁ% g}e@%}é@eg to t%g%}st Peactmafrr"(gn ﬁ%%ﬂ%ﬁ‘& gfl e ﬂ%‘?{‘eﬁﬁgﬁ (cf) ngbmmg

recuper at ion r eac
the first and second reactants at the second end of the first reactor and reacting the combined

20 reactants to produce a heated reaction product; (¢) passing the heated reaction product
through the second reactor to transfer at least a portion of the heat from the reaction product
to the second reactor to produce a heated second reactor; (f) transferring at least a portion of
the separated vapor phase from step (b) as a hydrocarbon feed, and optionally a diluent or
stripping agent, to the pyrolysis reactor system and through the heated second reactor to the

25  first reactor, to convert at least a portion of the separated vapor phase feed into a pyrolysis
hydrocarbon product; (g) quenching the pyrolysis product in the first reactor; and (h)
recovering the quenched pyrolysis product from the reactor system.

[0011] In another aspect, the present invention further comprises condensing the
separated vapor phase that is essentially free of nonvolatiles, storing the condensed

30  hydrocarbons, and subsequently using the condensed hydrocarbons as feed to a regenerative
pyrolysis reactor system.

BRIEF DESCRIPTION OF THE DRAWINGS




[0014] Figure 3 illustrates an axial view of an exenplary gas distributor.
[0015] Figure 4 illustrates a cross sectional view of an exenplary gas/vapor

m xer and ch foL, control led conbustion. Figure 4a vi ew of
a portion of aﬁ?éﬁ“?’e‘“ [0016] Figure 5 is a sinplified pr"gz/éﬁz;sf’&?‘f"g"lv‘%ﬁdu agr am

illustrating an enbodi nent of the 10i nventi on. DETAI LED DESCRI PTI ON
[0017] The terns "convert" and "converting" are defined broadly herein to

i ncl ude any nol ecul ar deconposition, cracking, breaking apart, conversion,
and/ or reforndP1%n diigwisgénieed Hb) we ariawlifiv. dRg RpaiolRBHM FidkstvosFriBans

of at |east pyk@n¥aiis A6l AR RY; @&&dr@y@érﬂ YocdralnB &d e BreSMPRL&MBAL at i on by
one or nore of catalysis, hydrogenation, diluents, and/or stripping agents.

[0018] As usedOW ei figwne ierpnilss siagrammsss éltsirgionyof fap sacrmplam gRRFEFAHY] kod”

means t hat C%é"c%‘d?ts%%dl 520 Qd‘fchQ&MﬁL@&d k@rﬁrols”ch f&@at%ﬁl%@'EthbQét‘ﬁ@mthwa&QHCﬁﬁ to
an extrenely |ow level. Those skilled in the art know that it is difficult

to obtaina caéma@tyaug@bamreewe@rlorn@wmbadl les from 20 a hydrocarbon
feedst ock Suc[ﬁgﬁl Fe 9{11hstra4%§ af’i‘aﬁﬁ%’r&xﬁofaﬁ@%nﬁﬁa‘?ﬁ hasREVBRRJIBY contain a

trace anount nonv atiles. Therefore, in th ntext of the present
i nvention, wiD9lit Hgirg théllustjtesce pme» schizamal view VA po exopintise sesorapei miscmand

nonvol at i | es, ey buel%or LGRANPL EEH AL 1A NIPPL.RRIRE RKLAARLAINLAR

accept abl e trace anount nonvo g., typicalfy an anbunt of
ppnw or | ess,[0B6l sthigure fbl@ d@Uﬂéiﬁd@precbseﬂmma;ramlﬂwsfrm@g apfmhehmelt af thk es. The

separ at ed;vapgr..pigse 25 preferably contains |ess than 1 ppnw of
nonvol atlll NDr e preferably, the vapor phase contains |less than 0.5 ppnmw

of nonvol atl IW as the pyrolysis conditions and reactor
design wi | {J(ﬁle]at € @40 te%ﬁP"QoBv ta%dtcon€§r9§’"'d rggéfﬁl 8 b{o?%lx%%}’n bahdil® any

carryover in vapor ase, for Speci
molecular decompounon, cracking, breakmg apart, conversion, and/or reformation of organic

molecules in the hydrocarbon feed, by means of at least pyrolysis heat, and may optionally
15 include supplementation by one or more of catalysis, hydrogenation, diluents, and/or
stripping agents.
[0018] As used herein, the expression "essentially free of nonvolatiles" means that
concentration of nonvolatiles in the vapor phase is reduced to an extremely low level. Those
skilled in the art know that it is difficult to obtain a complete separation of nonvolatiles from
20 a hydrocarbon feedstock such as crude oil. As a result, the vapor phasc may contain a trace
amount of nonvolatiles. Therefore, in the context of the present invention, while it is the
objective that the vapor phase contains no nonvolatiles, it is recognized that the vapor phase
may contain an acceptable trace amount of nonvolatiles, ¢.g., typically an amount of 2 ppmw
or less, but still be considered essentially free of nonvolatiles. The separated vapor phase
25  preferably contains less than 1 ppmw of nonvolatiles. More preferably, the vapor phase
contains less than 0.5 ppmw of nonvolatiles. Variables such as the pyrolysis conditions and
reactor design will dictate an appropriate threshold cutoff for nonvolatile carryover in the
vapor phase, for a specific application.
[0019] Figure 3, illustrates a simplified schematic flow diagram of a non-limiting
30  embodiment of the invention, including feeding or transferring a hydrocarbon feedstock that
contains nonvolatile components therein via inlet line (1) to a heat unit/zone (3). Preferred

diluent to hydrocarbon feed molar ratios may range from about 1:1 to about 5:1. Upon

-6-



[0019] Figure 5, illustrates a sinplified schematic flow di agram of a
non-limting 30 enbodi nent of the invention, including feeding or
transferring g Q&gﬁgﬁa;bon feedst ock that contains nonv&ka&g ﬁgponents
therein via inlet Iine (1) to a heat unit/zone (3). Pre erred uent to
hydr ocarbon feed nolar ratios may range fromabout 1:1 to about 5:1. Upon
WO 2008/ 150658PCT/ US2008/ 063600 entering the heated, pyrolysis reaction
section of the reactor system ., entering the reglon of the reactor
where the pyr@i5eedehisae |PéSW1Yéﬁé?ﬁC§?“r3?Ct6’r“ E GHVERLT ORI S STk ihe gegion

differently, &fhaeammt wﬁ&edth& L{@/Fﬁys@d%al&ocﬁehﬁst@ygtr Q6RERRA sRAUSt 8alegor to
t he separated vapor phase pre erably results in diluent to separated

vapor phase n‘Bff%antlfyalﬂ}eoa“ES’Fmtf‘? otfualgidied & @@ TYQFBCa%BJFedSm&k orsiopEE aeneraad y

any hydr ocar bagod @edshasks¢ antial mrdguat ws&sa%a kortzﬂhsfa - akeldl &%mout
nonvol ati |l es can advant ageously be utilized in t rocess. Exanpl es of

such feedst ock! ifhebaiie:lo n%ulman%lwn&sfh%qoeaa\aﬁncfcaer@éh cgagmew apdue o vatlies,
gas oils, healjiitksQhd nodvlatifeli€ln ddQérﬁ(%%(l)uslykl%rlQﬁ%&ﬁm t92HOLds N CE < H QKR of ReRht ha,
stean1cracked napht ha, catalytically crack apht ha,” hydrocrackat e,
reformate, rapfdsiog Eclids gepamere cmsseelnérm%bs eﬁ anq geiflus, sapide hesting ol et
Tropsch gasesy NG, abrofds Qlabdife, Sk&taapliRE §tearﬁ' @Qbﬁeﬁan’apﬁlﬁéj gﬁal?ﬁéally cracked

at mospheric pi pesti 'l bottons, vacuum pipeéstill streans includi ng bottons,
vi rgi n napht Hapht. diydiserarary refarTegee. rafine® arsforrnféav@sqh@rnﬂvmcgu liquidy.dFisdar-bon
streams fy (pml';r@gs'clp E&sb@ %amﬁéﬁgé{glmegﬁﬁﬂfa'tel na %V%u&a(ﬁl Qﬂnllo’spl{&ﬁpg%dﬁlll bottoms
contam nated wth ¢rude, atnrospheric resid, heavy residuum s/ resi due
admi xture, coeesapestill cgatamingladieg bé@?i@engalﬂelaplﬁaﬂ”ph’flﬁﬁab@lé@ thaee aghhibes,ur e

and m xtures Hc!sc}?f RO wrgTrh%ydrE‘;élrﬁMd{nQ%ﬁs‘T ro fr&ﬁ@x%so%&uﬂﬁy RAYE @avepga snal, end

boi | i ng poi nt | east 00), (e.g., greater t an or equ to 400F
(200C), such flashthwoesa@e@@d cyvrlthlcz@iem(l%@@)c repict heay iesidnue xessg esidik a8,
(815Q)) and %nden&%'@aﬁlrﬁn?n@&"&n thaerrégdlk%ozld vﬂgreggél R tﬁ)rga ?Agre(l)feaﬁhte S00F
(260C). Sone preferred hydrocarbo stocks i nclude crude ol

at nospheriisc rigdioeasbondenisiash mait kede een@en@aﬂ goiliamppigfapd aoipdst HI0SK (200%Dels.gt ar s,
fuel oils an%é % 'tﬁ?m% al TJ@OOZE YRPEY. lsg s NY AL Q6 Stb%PJEeﬁgo Ji aglufde as

a co-feed, stant| a any ot hydrocarbon materi a ergoes t he
endot her mi ¢ reafesy o W@O"Fs(@d:ﬂw Céa)santiovﬂé@ermyxb@méaveu gedoytiiliegd beitieg mmtgésﬂ least

m xtures, ot @ﬁéon %6“@%&“@5 I@%&?c’d Poc%lo cg§t§ctk§ y x}c%dgsciu lée&lo %ﬁﬁb%%he‘n@t

fuel, fuel oil, g 0| dlese gas oi gasoli né
al cohol s. C)rlerp#Seq?Oetalﬂe@thOGOﬁéf@ddtmd lges ail Hydﬂ%arabiorﬁl%onq)mdecrmbtdﬂat Ty

function 25 %4 ngnggao CgI%QI? rfeeg rnagqgél%de l:iqdhcoaf%?c{ gﬁl{s%lx i1 aﬁg%f(herzﬁ)fdrocarhop

di hydroant hra o pyr ene drotreca St ea
Preferably, mecn@bﬁlﬁteedemftsl th@eldotheamvaquolmnmg sgdissousiceylatee inmtudingenatural

tenperature %%Hﬂt&r%sl’gﬂ%r t%&lﬁ}rﬂaveﬁ%eggrél&gno dlshﬁ L e%&rto%%% J¥§ %u%P] fuel 011

[ 0020] Hydr oc on streans rocesse are
e.g., naphthagsatigasilodits) fuet @d ganaly gaeahswmablcehqiea@mcopmﬂmeu@ feamemy havent ive

process Wl | \GAEaNSs SNSLAEHR Al FRAADS, PATRAESIIR dfiont Bl 11
ash-form ng ég ponent (Fa%neﬁth M Yransport” ﬁy e ol I§/es S tacili {m and
However, 2Gse drblfydrbyrplhr@@:he,lhiyghpyrcref anderydxstrcmanegvddkednat oitsh é’rca¢ratrlachq aeness
of the pr OCE% fiduﬁ" bct: 911 EE 05%0; 811 gaatseo\{lg Lt)c{te alt %Ig té:rr?[;setratL?r]; artl prezbgl%do% mtro%u&lco)m?n 5 ed to
ot her heavier

the reactor system.

[0020] Hydrocarbon streams that have been processed through a refinery, e.g., naphtha,

gas oils, etc., may be suitable reactor feeds. The inventive process will cleanse the feeds if

30 the same become contaminated with ash-forming components in their transport to the

pyrolysis facility. However, use of typical light refiner streams may limit the attractiveness

of the process due to the relatively high cost of the feeds, as compared to other heavier feeds.

Heavier, more aromatic feeds are typically lower cost, per unit weight, but may yield lower
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Heavier, nore aromatic feeds are typically |ower cost, per unit weight, but
may yield |ower WO 2008/ 150658PCT/ US2008/ 063600 acetyl ene and et hyl ene
yi el ds and hig on or tar yields. Due to the high i.c.content of
t he heavi er fegg&mﬁaLg feeds have | ower hydrogen contenf%gﬁgaﬁﬁﬁﬁﬁg
pyrolysis, the hydrogen deficit feeds may formtar, coke, or soot.
Conversion in the presence of hydrogen diluent or hydrogen donor co-feed

wi |l provide addijtional hydrogen available in the reformer 5 to facilitate

better conver&FBlnopng fHBYIEHp!dt abf Yghs bR OB o st NRuhRalF Sishpsehitsn of

the heavy feegscn 80&ING BABUR f6fs AN QLTS RIhRSERY dufind Rolysis, the
hydrocarbon feedstock will varg{dependlng upon the feedstock source and
I

qual i ty. For Wxepn delick Sisdaminiradar sQke] orsagig & o EEifmt diesPreenes of p¢ogen

petrol eum cr uggeQiok ﬁycf?(‘;%tcﬁ Rokd? '3& @ée@ vxrﬂ@ batiay @Jld(mﬂh g{}dffo‘éé’rﬁzl@llébﬁe HQIEWIQfo%érl €
10 nol ecul es, for exa up 0 percent nonvol ati |

Q her feedst dekecilify bé%tcalil‘ﬁfbé\?‘éﬁ thy ¥pRepted GpROE rﬁf‘%sat%ﬁoﬁh@e HFaViFd ﬂ??’éllomof Fi@s A
typi cal hydrqgg%ggghfeedstock used in the process of the present invention
may contain nonvolatiles in an amount of from about 5 to about 40 wei ght

percent based0dén tTe awdughef apnvokéles atresenthindine cadissbere dudspdoRd] Marvheat

unit (3), t hedePéﬁan%%BP% fe€ tﬁs%%k %&l‘rcd %dh&éh%d 1509 e%a&lﬁgpc%ﬁﬁhﬂ{a?ebtﬂﬂtraﬁg%e 15

sufficient to forma vapor ase and |t qurd phase. The heating of
hydr ocar bon fyeedst gisleilp,gneé mthlt‘rurﬁ tredp qﬂé 0§ﬁycq§@m jekativ ey high ddvals @fiaonvpigtile

exanpl e, fhe paaki0g,can, Ebdét%&&npbfy @@gﬁ‘tsof%ﬁ%lﬂécbb@thﬁ?#cdktb{!@sﬁﬁ

a heat exchanger, steam jec ion, subnmerged heat coil, or a fired ter.
In some embodPnietitcssn hipker hersentaps ofagnvobalites s & pemied Bydieriatbon &sdttockgiscd in

illustrated t{b{ O&F&@Jﬁthéﬁésehﬂn\%ﬁ% rﬁﬁﬁconéﬁﬁqxoh%lgfl&qﬂa &P&Hlm abtot'tej tlaeat

unit may be ntegrated with separation unit .
t enperat ure wbm%HD@h%hh@MNdes@amboﬁeM@@bgﬁbhwom§nﬁéamé@1ﬁwd| vary

dependi ng Upﬁﬂ?ﬁf”p%% It Qfdit ) tﬁ'ee W@a?o%ﬁ{fﬁé?i@to&?ﬁdﬁéd{%g Kt? %“féﬁ&@mf&e@

cut-of f poin di st1nguis etmeen e vapori ze raction an
l'i quid fr@btw@ﬁbmcbﬁnﬁwhwitherm@ﬁwwﬂatmhedqmmmalﬁhmgahyﬂwédbﬁbmh0®@@dstock

heat ed t 0 f 11 qui h
Is heated to g §§%§L§&tq{r§1 con\% e&tgc ltg&gﬂl\c}gﬁc RS CEIM é)l@o thd ??aﬂh%l%h%ep ase

hydr ocar bon fee apor phas preferably greater
t han about 9®0mbm@hbypemcemﬂummqhnmhmﬂpiefemabhyhgmeawgmlmhamMQQﬂmghght

per cent of g (ERUTL AR lficl ARAhE EdnodmGHP AN SRR ?;88 p%?a%egggduch

t enper at ures may range rom about
Pref erably, wh@hhydmbuaﬁbmmﬁﬂébdsfgmm:ﬁsnmeeﬂmd%mﬂmQHWewphrmm0n$thmwﬂmabout

450F to out. .1 0 r f It Fto
Sooet Soal s 09R6 £30fshg RO Tg T SAPSIRASRL O EReHS TR0
hydr ocar bon ffedsistkae hca@ademészsefntepfaid[ng upomuah@bitibeof thé bydrqxertmn rﬁeevlj;wcfki emdt he

nonvol ati zed t}lm‘l (gbbued urg-ao omt Iilt;t?‘ncu E %% rf]:gnn Ol at (l‘mzeé‘g ﬁlagtlo%ac ﬁc llq 1
vapor/liquid phases Is unc hott gear pressure

and the tenpémakmrermnwhbchm1h@thdmaomnhum maadmmmmwammnheaihdmm to a
Desirably, a e%lfly;[era ure a at leaqt 50 percent of the liquid phase hydrocarbon feedstock is
25 converted to a vapor phase, preferably greater than about 90 weight percent and more

preferably greater than 98 weight percent of the feedstock is vaporized. Exemplary

separation vessel temperatures may range from about 400°F to about 1200°F (200°C to

650°C). Preferably, the hydrocarbon feedstock is heated to a temperature from about 450°F

to about 1000°F (230°C to 540°C), and more preferably from about S00°F to about 950°F

30 (260 to 510°C). Since the nonvolatiles contained in the hydrocarbon feedstock are essentially

nonvolatile, they remain within the nonvolatized liquid phase. The fraction of nonvolatiles in

cach of the vapor/liquid phascs is a function of both the hydrocarbon partial pressure and the

temperature to which the hydrocarbon feedstock is heated. Desirably, about 50 to about 98
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WO 2008/ 150658PCT/ 1JS2008/ 063600 percent by wei ght of the heated feedstock
will be in the vapor phase. Still nore preferably, at |east 90 wei ght
percent of thgoferdskack wWill be volatized into the vapeerRRasEes3gPOr i zi ng
substantial ly aII of the feedst ock nay becone nore difficult wth heavier
feedst ocks. For identification purposes, the vaporized or vol atized
fraction of the separated feed streammy 5 be referred to herein as the
separated vap ase, f fraction LS whol ul ensed
ot al 1y cooteon cHabrGs b Sk GRuat TR B b g e, SRR 1o
feeding into kheopyehyssh@nf dTtRALEdstdck evtteta@bcttynztmeu@ﬂﬁpaza@tredasvap@pormse is
fed to the pyrolysis furnace in a vapor/gas phg?g gI[ZQJRef rr|n still to
Figure 5, forsUdHBbaibmaheshrdtadngciamaeRicamn41ore Aifiiulay Sy eapsn eed”i‘l‘j Singer

separation unitSificithe ph@ateedheé ee8EAeK vbistided &R&TArIF el sipadattd fRE £t&hmtrﬁhya
separat i on uni t ere the vapor phase is separated fromth

u
phase. For? i nt%ﬁgcaﬁétp brreip gt Q’Frtéll’“raﬁ?éja‘t’ap%i’kta%e ey et GushdFacpomserto y§é§ﬁ\'yat ed
fromthe |i qtuoqctem:@s BartifllyBcob BRQF vhrddited ERRARLAY OBt viporiEea RGeS f8dding
equi prent suitable for separating the vapor phase fromthe |iquid phase
i ncl ude knocki@uthe d’if’iﬁ’r‘ﬁ*’(‘efp uggace. sﬁif@ﬁtr%hlﬁ thsl 109‘“‘&?%/ VWﬁ@PdSFllﬁé?ddtOS@E)ﬁg{b@fb) a
flash drum tpRRNASSapokRassRAr ator, distillation unit, flash drum having a
heating means within the drum a knock- out drum havi ng heating neans within

t he known- outl0883hm Refrariegotdi tadtigiens. fonepbesimensdriiesnye et PhifPiasdstnay

i nclude dig ecatndfs&ﬂa%oﬁlﬁﬁtse{h% hetERMstoeRWVEMLARN NEBhE .0 he @,tuae&s:mﬂ?er

radi ant heating, electric-resistance heating, or other heat source

enbodi nent s, ‘f’ftcrihﬁly vBROTi DS TiE atverated et éft?thqtlhiephlaéfedls%ft‘t“é@ﬁﬁc%@béﬁ%‘ilé‘ﬁdtst ep
so that the viaporme ¢oPPRI€is SpLasERbhahd qult 9@%% Qcatpeetlatlulbe@ratlen @nit.
having |l ess than 1 weight per cent of nonvolatiles carried into

separ at ed vapormpliagiecquipaseiculighémior prpatetigahe vigogplasofiom e lléilébid)rhafteéﬁdv@por
phase, deter mnaaﬁoﬁ%ﬁt%@gl Quﬂsbﬁn@éﬂyoc[nyn\ea@{)r-ﬁtﬁﬁi ¥L%E}Qfor)pﬂaf§ﬁh &rt, Qb-phlae
separation vessel.). hefrw se, thé nonvolatiles entrained in the vapor
phase wi |15 becrsster éldtﬂidﬁ@@umhéhﬁermﬁV@g £ BN AMCARSAW Y ﬂ@é’tﬁ@e lglergut

and/ or ash prphl, efg;,.2BL.902 4} Heaty it ttht( $ho?1utS BRAT. &nki OB btiMaioks” dhoPlo®

| ocated upstreamwth respect to the p Ify5| s reactor system Upstream
merel y nmeans Exlq@xplamﬂ@atm}gdmw@amnnqh@e fp@ frpd batosse plasat @HvVIChebhspépb hegind
liquid phasesexctﬁ n% ataxtm%ary DYookt ASGtdnde HEARS! 6T bAG: h bbﬁc@ynglmys
reactors. There ternmedi ate steps Or processes, such as,

exanpl e, int m@g@mqs,hymﬁbgfewppmré tq fécctdp baed pﬁ%e*eaﬁé#@rbtqﬁyérf@géﬁaﬁmn of
t h.e vapor, C?ph%ﬁgsebgf &E%ﬂ%&ﬁcﬁ%gr& non"égldfatgt *89%9%%95 1 Q%dﬂ"q' ei%ﬂtd @Q@r(ﬁt' on
unit are depicted in as separ at nits ey can be conbined into
a single uni tmofvousidts/ caepérla@l ba samirctté“d) thﬁxahtppeéd%ef upayi thaptel weight of the
heat/ separat | d cL Lar

Vi obr oakor o, *Gariily ok BENECE: Gkl LA APEE S GERhEIRLS' St B
within the drmemrdion vtseett)t Bgheriee. tyedroora et onenfraiedb inglk vapoyhase Wl I be carried
2008/ 150658P¢]/ Fﬁggp i ques for heating of
the hydrocar gngﬁég tbgc%gggn al Jgﬁ 8lﬁln%wdﬁloqgllﬁhepr%1?§£%ar ation unit include
injecti ng25hyd0(lig]en i Hto Ltnhe{3hzyrdr@pautbmrunﬁte(éhistedcctatqdr@ste@am with trdypect to the
heat/ separ at i on heat | 1.t/ 4 1d, heaters
i mersed intd ]tollﬂ?’ ' rédcm“ > ef/ndr 8{;? orﬁé{r? lggl%% b%%ﬁ%rkg;sa{é}ﬁ%&{;rgﬁt&ﬁ% ﬁr&g&dﬂ%ﬁ

heat / separ at iign vamr and libni[]ﬂl 1tha®n,ahdi yhealtmt vaporphet év tednbipired o tledpydpi-erstaray be
used to heat .t he hydrocarbo in . -
nonvol ati | e- Jg%tea?lr?’ ng f\b dlrnc%nélt? aoen St%éetﬁ'stp X e“esg 89 hetdgafrof .eé%i“%t"jt mtsrﬁ%uﬁmés by
fired heat er hydeain mboctthawg;mr p@eﬂetdmé/ror |hndregematﬂtono¢f textvewomaplhgisem@ﬁjrudianlgng)ut
not Ilmt dt conv eat xch ers or

el enent s, %corfl\?temc“t% o%n%er“1 ltnadL P RPURERT PH age IR t(ifltlfl'[}?u%esd bbrctga?atpu a7 ‘%yh%“t
fromthe readt r:mbtse}dshtem)s;ng&ttelam hemtyw}wrat@n unahd/Emm[demf smaibledrst/sepresteof . 10
Al'though the h sait lu %Mgﬁ 0 g‘crttagclttotg E%ill bged%eraragwee Cab k oc% out !in Figure
5 as respecti'Vi orlHd d%é)ﬁ'g GRT'S, E Al vRese dnits

al ternati vel ynd €@inghr drs@s aaxpﬂlgmaﬂlddhywaﬁmum teym 6ordicating tbe padradarton fuetisttoclcan

i nclude nore than one knock-out drunms, separators, and/or flash druns. As
di scussed bel ow, the heat unit (3) and séigarati on unit (7) may al so be
conbined or integrated into substantially a common unit.



15[ 0025] For sone process enbodi nents, it may be preferred to nmaintain a
determ ned constant ratio of vapor to liquid within the separation unit (7)
or, as the cagghRMsRg the heat/separation unit, but syehkahd®Rzdos
difficult to nmeasure and control. However, the tenperature of the heated
feedst ock before separation can be used as an indirect paraneter to
nmeasure, control, and mai ntain an approxi mately constant vapor to liquid

Tt bl o By ki e i b St PSR pG B et ™

avai | abl e as pandat/@hatatien Mﬁpwuc@h@s@mg Q?dx@ée@@ﬂftblﬂ@ hy HOWEYEN feedsldeNplektt in
f eedst ock terrg Lature i.s too , honvol atjles such as ﬁoke precursors
coul d be pres8nteaf ?fp‘t“ﬁ%‘“\/‘é{bfoPeaﬁﬁ%g‘ea BY{EPSCIP 4BIVBVETS128d PRCTE SRRIER 1B
reactor tubeste em@latmwcyrb&p Iféeﬂgo@(nﬁyeﬂsﬁt as hieNigat/Rparktivaesit. TRRIRYENIQo8RQ
di luent, however, w |l suppr ess coke precursor 25 formation or at

| east nake i tpr?fé‘laglﬁ'aﬁlleé h“%tFrhd]éaYt‘??eusa‘Héq fiab g 131‘11”0@%‘1’?1‘%/59&6%%1? prgdeEetten t he

reactor will foaedidtiid- @Jnedubﬁg ﬁj(di»&dﬂa‘oh ftdagoQOkEy b8 chiied bRAGEIPL LATIIEEalch t he
reactor, however, should sti be avoided. A pri margbob jective of the feed

separation sty §% %elr@mént%@ﬁ.%g%ﬂ@bu?%W% byt de2 Bmeteshipetogrqnjionyl fhegthe

tenperature okcitaigereabRdgdiegldataPedisios cleBRnts AtnvdchbiS oCRBahteRWidg, ifductdd 2
towratio of vapor to liquid with nore volatile hééjrocarbons r enmai ni ng in
n

the |iquid pHsaEead/ ¥ et HEMADarpeion sYFER): Lrat KicREen AR rgmPHatiany ficsg

di luent t@ t hamseRAmahLek AR )Qhd Laﬁraayﬂ ohiy & §1ere‘ﬁép§h@5vn9§[3?ﬁ655 IAle§lehgct he
terrper ature of the separ ation ste vessel as conpare to a separation
step in the abBelnd seras Hisgeah o ‘gﬁéﬁeéﬁvs CHGHEMA HetoRRAE DPlUBliFf uty. WD
2008/ 150658PC/, LJS%QQ@M%@QQH Q&qud@ abramdh oRt krf?;@l@l)utYdrMéj rsag@d%rgildh%masﬁr

hydr ogen donor ‘diluent, into the separator may even further enable
vol ati zi ng a ¥ighe}s dp%w@@hlt%@ thethepthgit () dpdreappiem WESD Uivtahode combipgdtdron of
unmanageabl elﬁgé}étg@&%sg{,@%r { Smrfsh m@mpared to the absence of hydrogen
diluent with the feed. 5[0027] The maxi num separation tenperature of the
heat ed f elédst[@i&él mayorbasts prependmbphncithdt BermbesTafeed BfmaitainHy detedicdon
feedstock. If. idg¢ fa%gc&’tv%‘ﬂ'f t&ﬂ[}&lé'wt}@nm!hg h&i’ara@igﬁ)'dﬁ'E JQ}} dsl tgpke%E may be, the
hydr ocar bons the separation tenperature of st ock be”’l ower
whi | e vapori ﬁpﬁ@cwwﬂa@c@pt by mich eptive it é@fécubfmtrn@asme@d qorltr(t'lherJéveﬂ%,t ek
contains a h't&ﬂﬁ{auﬁ‘@fjﬂé h&iedlfge%gtom&%ré Le%argﬁormagrﬂgﬁseQQL 51'1 H)gn&({’gﬁgmetext .
hydrocarbons, the tenperature o he feedstock heated to a .ﬂl gher
val ue for sepzeard eantrobund meajntain 9o aprredmatsly m@wrtsqepprdp ligeiftratioFortherahpl e,
W th respgct 149, EflSoraci DG eratuk. h t
f eedst re%?% rnatéiye tl%%ﬁﬁegﬁgé&?rﬁ?%ﬁ al ne %Tl&rl@nh% ﬁgﬂ&; EQJQ t%? gr%?n&ﬁ gﬁsttﬁgwu
(200Q) to abdevabre@FndGE@T)K. avhiGORS) phih 0§d|1é|vmoamhctso farsrpgkingt Hpwever.twhies
usual l'y al Sotﬁ%édbt%gl Bm Qra{ﬁpe' 1Qttd%l H”‘n§ﬁ%§rnr&gtsﬁc@1|abéol&%@ctu?sms claqurbg ?erbgh(?n
partial pressure to naintain a su Stanti al constant ratio o or to
liquid in thé depamoaphanandewyad ovafycpmabh\gﬁcthnrreddtwdmmwwmllpa@ltlnaetnd/or
pressures for e d m e n
hydr ogen or o?hhrg:r thtséltf?[lhgspl E‘égagwo é}, fig‘gegh |%O%r %n]il )‘g@@ M}ppﬁ é Irsofn one
aspect of25t hémnmmmrlavéeaﬂrm@@sspalat@blwaaywbehepadéﬁlencrlef@ethadmmnbprn@wt:mei bo-f eed
with the hyd | X o) 1| ep or
directly int (%gl?tﬁegggfdgﬁgdgﬁ %‘Iﬁglgg %feth%?ﬁ{e 1%'9\? Ireg(ﬁdpdr%bélgl o %ep%y%r og(gxr]]e% onor
di l uent may dlosb! Wié bezmlémﬂde‘tl ptlmarb/r@éjehty\draf(ﬂa;rfbmemrmemmempstorrerameafbhlog in
the separati BIQ ‘gt . The co-feed diluent stream may assi st inproved

vapori zati on"and separation of the hydrocarbon feed in the heated
separ ati on s{®po] AdGotvieoela) if the kangrtaturayf heparcdtfeddytodris addow.itbinadd rysulyen added

to the sgpar a‘tlow ratio 09(/ap%1t* {oel?qulda wﬁ{ r%g)rcdvlo fafif llyﬁrocﬂ%onstrpxgaiﬁ)% %l % iliau,lgl p a%é or.

and not be available for cracking. Adding the hydrogen diluent to the separator and/or the

15

pyrolysis reactor permits raising the temperature of the separation step and vessel, as
comparcd to a scparation step in the abscnce of hydrogen. Thereby, feeding methane or other
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[ 0029] The anobunt of vapor phase produced in the separation step can vary

w dely, 25 dependi ng upon the application and feedstock input rate. For
exanple, in sg,gg RRRlications the vapor phase flow rate  pay heasygror flow
rate that has Fy apartlal pyrolysis reactor |oad, while In ot?] er

appl i cations, the vapor flow rate may sinmultaneously load a plurality (two

or nore) of pyrolysis reactors. Still further, in some applications the
vapor phase flow rate may exceed the reactor(s O(f capacity for a
particul ar i ri€riafd Yl wHOaHk &y EByen Hlycrpe 8x4 05D % {ughit IR PR A& s ed

and stored fofyesHRREGUIN vOISLidgh @%&h%c&k@@@t%@@%c%o@ﬁ% thh@sfdmtmnym S
reactor feed, or sent to other a i cations or uses. For._ exanp

condensed nat¥rnEPNAEEbIRs §‘{’1?§rﬁé?fuf58’fb’ arcompasd togthgy afpenciead Ik‘ydr%enél&lé?f“ I“d‘ﬁg er,
such as in tapkgepr other storage vessels, or sent as feed to ot her

processes. The determ nation of total pyr ol ysis -11-
2008/ 150658Pd#2796200%F 0538000 bcrpeee%fcmperaalr%efptae iheajed %C%f@%m?vr?é%md@pw

persons skill,gdy itk (OEpdRI:BF &TShO Gy@obarbdiOfcc RXRRP! §: thi %@Lto&koeqn&@soﬁ@héry may
be cal culated fromthe heat requifenments, flow capacity, reaction
requi r ement s, amOUats Oﬁyg*mrwld@cehmcﬁhﬁ yeﬁaeﬂerbwgtpprﬁeée ofiths foagpiasy maeberensr
out put capab IVl’HlF@'V%ﬁOI&EH ech Ee%’eré%ﬁgg@gtf fh@'f@e'acyif Yﬂetf@ed‘é\@blg pontténl?st H?ﬁér
utilized and noved throu react or stem In sone enbodi nen
i nventive prc@®gat of frss- mietée ershlghgr pailing poling hnij/mr%m gherteraperasyrs of g éqqd%%ckat
I east twoypyrgp) Mj%'lrr%dt&?ﬁ')cat HEhe? ycﬁtrlceims scphﬂaﬁérygﬂlt%y%qso n@@cﬁtjnc ﬁycfrbé’cﬁtdllﬁ)éﬁ'i Ob SIS
reactor syst em and the anbunt of separated vapor phase i's in excess of the
react or capackeyplefwithrespbétrie vacpyn ghys| Scdsethe tegpegipas drhc Irped &sgstreamaiayi onal
reactors may B9 ek AnRIN B kg §QtAl aSARAGIH ool bNBelnaNPE s, vapor
phase feed fégﬁca ? ?gls?ltsa For eexaa%*p e, ad s?tlr[l% (hea ()er - ‘io sepa(r%at g@ system
may feed two [@028imr én pdlaiecmop taystadyTs, it sulcwllaglsa dparRle 6 memgnat o pubsipstisbiss .
[ 0030] R.ef err 51r;'sgdn§h§rcl1l)0d}b%n algfeff eéure tQ%laﬂf?ﬂlY 9'5%& b’\ﬁ 1&0&5&' rg}g, (.Lﬂ \qgé)rdtophase
may be wi t hdrawn or” removed f separation zone as a o tons Stream
such as visa Ilignid it Se. soifmtsmnvm@k i &iricdn the hgtipadrtay pﬁtmlell pregsires for ftgr dated
processed, e i.di (4N Gkihng 4 ¢ ng,
or PDX'to pro u%tgﬁﬁ%ﬁgckgﬂé{lt&gg'lbylg h%?lg,o(ﬁg}%&e@é n Otﬁ&% lﬂg g gsg&) r%?ﬁg1 91% al so
cont ai n resi mex¢dwigdddie faedn It wlervepmbd)féthfr 1nee1tivRes>ms 1‘dnnf1>f by prefened tolpembine
nonvol atil es jpr YN e I ear
aromati cs, rml;rPeMsT(P;e %t‘ﬁx |t'ltﬂ§/ ?é{ﬂoé"a?? atl ¢ %/Ild(ré%ﬂggr %ﬁg&@f tgé %‘%ﬁraﬂ% )é{%ﬁedtral
cont ent. [ 003i}cTlyents dpar@tadn v@posmpllaasélydmyenber haitolgelr @mr dilem ngepdodti on
unit (7) Rs n ) t
pluralit y2% (t \?I\gdcgrg Eh@%g?ro%r{;onastrc%{m %Pstll‘ecng é)@?}é)ar} thll gQI%&(ﬁl er, thl%lréﬁufge{drcg‘.ltuee
Figure 5, depirehi ngy tawistrimpovet sa@sizpipn ohy stigratieact dhe Sydea@rten (&) inathd
(19). The se ed, . vapori z S i
concentrati oﬁ%‘rt%# Seg%“sit\éo?ﬁ %{ dﬁﬁ'%?%ngf 8gu%éﬁ%gys S%?%éelrl?re]&]a ﬁ“’%{‘ﬂé)r ?s dg%teost.he The
vapori zed framaramdvamysaéasmnﬂ/@eﬂmtéymmpmcbymb'sip regtloh as H2S and/ or
nit rOgen ?003-&% h%%l%tllne(no V&%Oel.'r 1as I'Og CbQQHé‘P tC aexatlioena épogans dSt en%c
Al t hough two'pyrol ysi's Teactors ar @ ﬁP rated,” thre nor e ro f'Sls
react or s 2al sdepcaaingwagonbec a@eciatuom ascbfeedsaapp liipo@taico er e)dé\hmEtr madoing ebmlcatndme
vapor phase essenti onvo atile emoved via 1),
cobled Lo a TRGard THecisst gttt e v now e FRCNRErLAERERT sl Bl TR s,
to storage uldat, ¢RK)in thetrhpplglancmethe@erdrrf@wumet ma;neirr&ttmealg;@ lond & Imrreﬂlteach
depicted in Ftiﬁ%&re 5)a§ S ﬁlara . Stnﬁ i.n ot here a alﬂcrzflt Lons they ma
conprise a coMmShPE) Gt Pye B‘%feﬁﬁ{)lbal ) e Y S PBP e ety P
heat - separ at aite tiy txced 0o rEADION(Y) e@idaiapacB() S@ patagicolar mstamatmwheF@b/mhiﬁexcésm
exanpl e, 38nevapor glR[}ne‘ety%e cghdgrllsseé Iatllcl saﬂ;rlec? R)r (szt%lselfquxgﬁt ug'e ifnleﬁl?er} sgegnqrcr:]racking and/or as
pyrolysis rcactor feed, or sent to other applications or uscs. For example, the condensed
material can be stored for at Icast a day, week, or even longer, such as in tanks or other
storage vessels, or sent as feed to other processes. The determination of total pyrolysis
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havi ng a heating nmeans within the drum a knock-out drum having a heating
means within W) 2008/ 150658PCT/ US2008/ 063600 t he knock-out drum and

conbi nations {BefRALssSOME i nstallations may al so |ncIu§ ,%SRRMRQ% y of
comon units to serve one or nore reactor systens. [003 ?KI eac of the

cooling and unit and/or the storage unit may conprise one or nDre of such
respective unit, e.g., storage unit can conprise a plurality of tanks. The
liquid 5 (or a portlon t hereof ) can be transferred fronrstoraﬁg un|t (27)

via |ine (29)°%YrI94eRatty ‘*aﬂ’?&“flﬁetﬂe pasgays drilled ig fly peestng He sk stamrleal |y

paral l el fl oworablaeh cgﬁmw fal bBRBIc(1d3d B3R hedt redu@ eyt 6% @pa@@cmé@n( 17)
and (19). The cracked reaction product nay then be transferred
1y

pr oduct - separ‘é“ﬁ“@ﬁlelﬁ? 68 SYEUYSISGIBHFI & SP1g eﬁt1rrefedWﬁ%ﬁ‘she@h@r%ﬁaﬁabe&lys of

100331As il 1 ust ratedaddneraXem! &ty whicS Wia heut if MRiNVARRS e BRASE 1Rl refdddr from
the 10 segaratlon in the separating unit (7) (either with or wi t hout

i nteri m stor ayaen27n) somgggmigdingeitin ey @ vES gtoResadnaidss pisigg mylide Pxysto one

or more pyrolygiss, EACHOL redytsmrrﬁ,mrwcred@& JiLtlcwt;ﬁ&&ﬂig DVedsERAGH R HyRYRELENS
(17) and (19), such as via lines . The separated vapor ‘phase

feed through YF"}CF?ésY*(ﬁelTB)dn%H@/dé‘romUP%)‘eﬁd’sﬂeﬁW?P%d’ e nrprerst plethy BspateiPyety

reactor syst %Fﬁl&)ﬁr@t'}}}rd‘ﬁ%tr@%& Qyséent. %%b?t &&B&o%!fréa'cﬁélserﬂéy ﬁe%cc?@ﬁl\éﬁc{l&r@n or
cracki ng of the vapor streanr%o a mx hi gher val ue "hydrocar bons, such

as acet yl enedota] QuB#y Aﬁ&\e Frapsfrgret gangr phase @ﬁql B Pypbsias Eor cxpeple epaietn r@dﬂf&rapor

feed are gxpqggehidQylidie nﬁ§ Bl AHBAAIEREEY HQLmS RRY 20X bdRRE 1 QB SQRGs W Thi n
the reactor systenr? determ ned appropiiate residence tine (typically

| ess than 1. dmﬁébonﬁﬁﬁemmmﬁﬁﬂy>FeB@ 1. e nonwlagieceongininga habid fthepe [regs behan
0.1 seconds, M'cﬂa@naor%rﬁgv%ﬁ rﬁ%ﬁ\ ge@ﬁgtﬁmo;oné' ég % Q00 m§ %r%{neg 'hragq a R 95 hen

20 quenched to stop the reaction to provi the desired selectivity
preferred hydhsoettpheqrbsdeldis frickoiber fpyirco bypsésscdpe-pelenbiccia rmﬂlndltzehieca@mle ked

product st r eamhondqs LEAGLPON bIRGLANh CulAa ke, FRLTRELGR.Ohcoke:

I n many preferre |ca ons, react on w | d for
sufficients tMbecmdmcmacknlw@ﬂuap@nmphhgesh?dm@ch%@éhel@ﬂnmﬂehaksenﬂwnw

;ﬁgpgjlg;]t Z’n d%rlrjﬁg\/h?gslog/rele ﬁl%leglgart \Dgglﬁl f&/sl ﬁol}n@rcl@cﬁta'?(yr}latgg,%&§ sélgbigty’ ingﬁ%hatig_lg’

hydrocarbons, and lower in metal content.
[0031] The separated vapor phase may be withdrawn from separation unit (7) as an
overhead stream via line (11) and passed to one or a plurality (two or more) of pyrolysis

20 reactors, such as illustrated Figure 5, depicting two reactors as pyrolysis reactor systems (17)
and (19). The separated, vaporized hydrocarbons may include various concentrations of
associated gasces, such as cthane and other alkanes. The vaporized fraction may also include
impurities, such as H2S and/or nitrogen, and may be swectened before feeding to the reactor
system. Although two pyrolysis reactors are illustrated, three or more pyrolysis reactors also

25 may be used in some applications. Alternatively, the vapor phase essentially free of
nonvolatiles can be removed via line (21), cooled to a liquid in cooling unit (23), and then
transferred via line (25) to storage unit (27). Although the cooling unit and storage unit are
cach depicted in Figure 5 as scparatc units, in othcr applications they may comprise a
common (c.g., substantially integrated or combined) heat-separator unit. A common heater-

30 separator unit may include, for example, one or more of a distillation column, a tlagsh drum

having a heating means within the drum, a knock-out drum having a heating means within
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25 hydride radicals. At least a portion of the introduced or internmediately
produced nethane or nethyl radicals are converted to acetyl ene pyrolysis
product in th@ 2? RGLRL, system Aromati c nol ecul es may S%%&h@&$§%§$o
converted to ace ylenes or di acetyl enes radicals pyrolysis produc A

met hane co-feed may further help formhydride radicals, which may help
suppress coke and help the reaction proceed to fornation of acetylene A

typi cal preferred 30 process mayb1E al.so include a relatively hig
selectivity (%9 Qhtirerdd gHongcBergfengomi infeHaltone n?aiyn%ﬁ’o HFREk éd
pyrol ysis pr ols:lwaﬁ %rrﬁxﬁm[rnnz&sm@en@en@areraaéesarorgyrt@ws' s products that may
result froma E') erred process may incl ude hydro en and net hane, al ong
with some ot hi8P32% onpdprered afibheopling a Wiiaandios kis. SloSeep K RPOTIEHIISS BF° Uhe
vapori zed feed,z %@mah\!@&@@@ﬁ&ﬁ@?%@ éW%WOQQ%QQO;}ML‘%M&%@MWH@qumd

converted within the reactor sys irectly to acety enegg ysi s
product. For (@xanpgtien thoygol cpy @htr@éﬁrerd frymroegeeﬁerlaQ?\)/élarleaé% o hr%@lmﬂgh
tenperature whld p3Lard: t@ﬁﬁ?@dqg sagrap@r? ]ﬁfallgeﬁdwlsudhaéi'&@l@es(ﬁj) Qf (Pl Bhati c
or nonaromati c chai ns, aromafics with may be réforned
directly to avet Iysiseisectors f 1 liand €Oy é"hegraclradéraémbprydu% rrfarut'&q“émtfanscemﬁetﬁchr ng
occurs W thi 336 ft-de Qr&t‘io% ro%¥3%EseEﬂcﬁ‘d§€iaBDt?cftrl§e§g @fid' tional quench steps
(e.g., heat exc ang & are not required to s op the conversion from
runni ng beyori@033he pM)dlllltStfilthh ipfexemiiry Figwt Settheyivenpriees aksee yr ene frohéhe
cracked pyy ol Y5 ioR i YL R cyp@nu@rewﬁ@aeeuﬁouhmr%% g@gm{ nidly Rt
variety, e.g. from met ha § coke, may i nclude satura
nonounsaturaﬁedﬁdpeﬂy@h@&ﬂurﬁ@@dneaﬁdtepeﬂatﬂwgipﬁﬁwgbmﬁc@spe€m§;Nwheb
pyrol ysis 10 HERE s $13 aflh {145 SuALRIYA RIR (34N HPAIER ataed
acetyl ene, mf?ﬁﬂggﬁéyﬁ%%goégg > )ﬂﬁhégaétg %ane( Rﬁetqun be ggﬁ l'y
hydrogenated\@Hﬂdﬂhyﬂ@ﬁeﬂmm%hﬁewwaﬁOWHWWa@é)@rHmvﬁwﬁ@Hﬁhd@@fﬁmﬁe@aeeﬁylene
hydr ogenati on_[ | e X Landal d gﬁﬁgﬂ bed.RLOGESS
usi ng known E%ﬁ?gﬁi%%%§%%%q° mm%&tu%‘?gggéfﬁ%(ﬁnot her %xénp ary Bré ess, a
vaporizedH%tm&anmbmomeHEgEEpdnahﬂbnm@pmnesbamaywkm® conprise a mx of
hydrocarbons ni r uch
vapor strean#ﬁ%ﬁfbe Cg%@ﬂﬁ érﬁ¢ Q%ggbfg?b 2@%? ?gﬁd%&1&8QR§ﬂ&gﬁj&§
regener ati ve preagcsigrhesyd thehsmr of edactlml tdre wigae tlor resgtet eyytewi fdyoutictermined
substantlally Qi n r t n 3

regenerative P@?%? e&mﬂmm%ﬁnhgg?w %%%ngﬁ Fog%oggggg&éﬁgfgt?%%0§p%%gg§

wher eby exothednﬁ@ab$ymmehbkrmgmcdnb@neﬂ%gqhsmﬁhﬁaslﬂﬁehlamdﬁoxﬁdadﬂware

20 int ro%f:edugl% d[ 1%as%[petﬂe Irrc]lcttobletor?o%? t¥1 Eiemrhrﬁ lcortlvl(te {oeaa ﬁerre drg‘c rbon

t he resul reaction‘product re f om the react or. en e vaporlzed
feed may be mnﬁmddme&dpwmbds®KMpaseed1mhmmu@ﬁ;ﬁ@hchﬁ@&Bdannenmmtmnmmﬁhe
{gait 8r SeE:gg Sn]dlﬁgév%lalthc opgét;[ I F)% C?Iﬁec%ll&ﬁgny?&gferre .':HQS:hca 1%1(1:se tﬁcl r%gctlfogo rlg)rcnOOl
about 5 to SGM@Wﬂ&mX§ﬁ%e&bﬁB46ﬁkE%©unrm<x&&weewmxembmdumemtahn$hmDmemmﬁor
condi tions na t a yvac ress t hgan

kPa). Crac kedXXBWnS? SJOEh B rdz% & r’rﬁyﬂ%’ﬁ tIQ e&mr”P ofn gﬁr ecégt grOf ?ﬁx‘é ¢

such as wsa hidées rd@ca&ﬂd&tdéaqﬁalpcﬁmh dfrtmfrmtubedortmxemteherelypprom&scsmsthﬁraror

Feact o syst SR AT g RO TaL Caly P PRbo T RC ERe efSlin el as
fuel and oxrd&mkuﬁeeﬂw ﬁmnmnpbagma@ﬁﬁdtéeedymethUSMmﬁﬁmesrmﬁhm;pwagmb0037]
The regeneratrve pyro s in entrg

ac to thi i's
goner al |y a FIGHSY  {CRuGH Rt Gr ehgd duarbos pyrol yards rulalsor ey ateitt han
typi cal st eam@r@c&mgna wEe tﬁbyldﬁmeer)bﬁ&dsysfdmod di’taicet@l’cﬁie canyesut mﬁaﬂeay
used in mTer ci a anrcr i ons. [ £xa
napht ha SDeaRoEracRITEoBGPa FORL oM GANFp 5 45" SETT Grsraador nechone

within the final cracked pyrolysis product stream mix. Other exemplary pyrolysis products
that may result from a preferred process may include hydrogen and methane, along with

some other components such as residual coke. Some components of the vaporized feed
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-14- WD 2008/ 150658PCT/ US2008/ 063600 r adi ant coiI outl et tenperatures of
| ess than about 815C (1500F). However, the terns "regenerative pyrolysis

reactor systegg,@isRE taining to the subject |nventlonP@@ﬁgﬁﬁw&gmgycl|ca
(regenerating) thermal hydrocarbon pyrolysis systens that heat

hydr ocarbon streamto be converted (e.g., the separated vapor phase) to
tenperatures of at |east 1200C 5 (2192F) preferably i n excess of 1500C

(2732F), or for sone applica nore prefer in excess of .170
(3092F). In s%rﬁémﬁ”‘@é{é’ﬁc{%‘h@mé Wltﬁ‘ﬁﬁhee‘%%o%é“ﬁ?e‘? eyl Hip P ‘éC&s for

very short tipg etutipdd, 0N high USRriBSede8SStivchadtdd, the HEIE RAPSratutOwll st-LNReIkaguUr e
i n excess of 2000C (3632F An exenpl ary preferregpprocess may pyrolyze the
feed stream vid¥Phot Ry edfiqalsoft of gliphate Oa%one@%%@r teeehilsihg ¢ RetIeh Biiffin1 500

to about 1900 f@AUndYORE rdb6BEE @B tolletylchd @Rty IR0 t BecRROYL sIffibRk:

Exempl ary residency tinmes preferably may be short, such as less than 0.1
seconds and p@élﬁfélr%mcw LS mtﬂﬁf‘aﬁa%wmters swahy thyt serapvrrdditional sy preh aspeltss, the

conversi on orpeqf aekindersOkich RE SR NBGRLEdo (RPOR: REASRI BN 0P Sulddlyf BBRA tHen t he
presence of hydrogen, hydride, other hydrocarbons, and/or other iluents or

stripping agehpductions: @eﬁmlﬁ%qvefﬁ ipfeetyleie. vB}fc?de#?dafzymlbw nrefust mixgringfetieue

hydr ocar bons sUGhs &5diB6EMb eteortd Nagiddy! ¥ g1 QAU RSe 80 oD &R RhyBhdIQR
tenperature, which in the past has been a significant barrier to

commer ci al i zasﬁiu@ﬁﬁda}?@n‘é‘t“fﬁt‘éfiﬁé%d‘?lyu{‘%@‘%ﬁdAﬁ“q HBicHafR SAFFC PSS g PHOlBH of

the present iRYERLAbSuckPistahBlufcecQIRAd It t(!ﬂﬁﬁarﬁyt‘@cefy@e@lb“ Wit &Ritghrogen and
tenperature may be achieved by creatin -tenperature heat bubble in

the m ddl e ofuniapia¢ mé@a@é&laéwtbérwlvmygma@meg%ﬁbﬂ@leﬂwheb@p@r@a%eéd ligpid a

two-step procgss AR WOSIRE myé}sgéhaﬁoa edotoraddRd el RrtdEmpIB AL LR daREfx il Bd
del ayed, in- S|tu conbusti on, then (2) rempved fromthe bed via in-situ

endot her ni ¢ H@@@WW&ﬁﬁkﬂ¢Mk@V“wéﬁ@$m€C@ﬂyﬁhe invention is the ability to
consistently | M?gexﬁ%t&sﬂea‘ehgw&@cem gbdgoﬁ%e&@;mr@mw%ﬁmoﬁ peheess T§000)

in a reactor region(s) n tolerate such conditions long term The
i nvent i veldpr cemgdsepr Ny dleBydreserbanss et wrtliphaticy napbiherinuad stomabp €pRPogs-

| arge-scal e, S‘M‘P'vé fr st sca?ct éo\ﬁﬁ%efcg&xtd%or&ﬁﬁﬁ/%érﬁédﬂ@tto asrc%&gﬁﬁﬁkk @b

operable on a comtre rC|a overcom ng t tions of the
prior art. [G989hAr rf@cgéhénrcamom sw@@mtvmhoswtb@tmt@ﬂy EPE éBiughayn becrgediatci bed

general ly as condensation step. The regenerative reactor may be heated according to a regeneration
process whereby exothermically reacting components, such as fuel and oxidant are
20  introduced and reacted in the reactor to heat the reactor media, with the resulting reaction
product removed from the reactor. Then the vaporized feed may be introduced into or passed
through the heated zone within the reactor.
[0036] Typical conditions may include a residence time from 0.001 to 1.0 seconds and
may typically include, for example, a pressure from about 5 to 50 psia (34 to 345 kPa). In
25  some embodiments, the reactor conditions may be at a vacuum pressure, such as less than 15
psia (103 kPa). Cracked pyrolysis product may be removed from the reactor system, such as
via lines 49 and/or 51 and transferred to other processes for recovery of the various
component products of the cracked product. The reactor system may also include additional
feed lines (not shown) such as fuel and oxidant feed, stripping agent feed, exhaust lines, etc.
30 [0037] The regenerative pyrolysis reactor system according to this invention is generally
a higher temperature hydrocarbon pyrolysis reactor system than typical steam cracking type
hydrocarbon systems that arc conventionally used in commercial steam cracking opcrations.
For example, commercial naphtha steam cracking operations typically operate at furnace

-14-



hydr ocarbon pyrolysis in a regenerative reactor or nore specifically the
conversion of a volatized hydrocarbon streamto acetyl ene or ot her

pyrol ysis progWGhisMksst hermal pyrolysis of 30 the hydrg@@&@@@gwkéﬂo
regenerative reactor system One exenplary regenerative pyrolysis reactor
systemincludes first and second reactors and conprises a reverse flow type
of regenerative pyrol ysis reactor system such as illustrated in Figures

1(a) and 1(b) referred arrangenent, the first and second reactors
may be ori entréerartnco BFH ELPSRBIRS 05%5‘9 f%%%a*ﬁ?ﬁ%é‘é@@é% 581 56380

rel ationship wgeher@agpyadiiey reattbt Byste@SPAE hertbnife @@Eﬁ@ﬁbj‘eb@lﬂv&ﬂﬁ)ﬁ,re@ﬂdtomr e
preferably al ong conmon ceg%er axis. The c?mmn ax e horizontal,

vertical, or efrréf\rre%f‘@efdw&)é Pal Bydreratbgy myrosis syrteatf*&fmre the aydrpgaghon

reactor wher edarh o Be Ednkzéicdr{@fgt tHRf sepd@e LYHbEPHIR) €5 tedlpSrafiiB off|a9wa§rlgod°€aCt
for a period of time in Irection through the reactor, such as

generat e ahd €+%n%¥ erferrémlnﬁ%fetbr@?@aer%iﬁz" it &or Safﬁaamlré%wmn@r%efe%Wpart

of the cycle mraﬁcessadrm@md/(mzqt)hersomtrerchelsslt Hﬁye&éﬁ vk BE kY O ARt e Egact or
to react in response to the heat and there produce a pyrol ysis product.

In a reverse I 5 thpbtine dpsgeherdt ?*vlé“rﬂ)‘r“og § SFeonflse & # GFOPCERIET iy Stk Fecond
portion of theoechehe ARLRMbRNSyEkAWM erce@ﬁmﬁ’)pPﬁ&b/EeethgF&@Qﬁ*éaﬂﬂw@ﬁn the
conpared to the direction of material flowin fi rstﬁportl on of the

cycl e. The r E&EHErBEl 9ot OPGHFRGEY Pisiram abeyé t 600 @fé’f"én‘ﬁe% anheor refaebliyon
zone that g nalgdasut o Reao8d 06 AN AikeRP 8 rSfiddhBEihQaRLBhLIVRARE Se LRS:, BRKOr i ty
of the high tenperature reaction chem stry takes place, and a quenching
zone that serdyéss thgn QHsséroﬁd%@étP“ff?fé‘ﬁVﬂ%ethla%a'&uéél npMigRgaeds: AhePmesPEEy thhal t

the reaction cBﬁ&%@cﬁlsorOJrac‘RB@erSﬂcr % Qz{tc&?%ﬂolr Blast %yrb%?)‘éﬁb@d’édﬁﬁ alduslsenddof! €ast
a portion of the separated vapor F is transferred to or fed into

the reactor gy4io8H |h§dr1<{}eﬁér€ralhr«}rocarlr0}m %/Oér%r@kéidur%s PhEPRIAE tA2HS- zohe t o

formthe pyrQbygiSonirAtuehor AREof itd hih@tvaGl 86&ED T8 GIch A9 R AGUG pidadty
timely quenched in the quenching zoneto stop the reaction at the desi red
pyr ol ysi slopr defluEes shigh reformatien egsipeipiuad, dvhidhdn gher Ryl depr peiguticant pargigrelo
reaction i s nghnblMBLyicAYaNGHR&eyt he reaction may continue breaking the
nol ecul es into either coke, thelr el emental conponents, or |ess desirable
product conpd¥BAt s. Aztbﬁ[ae(mapﬂﬁ@ ipyasempf thapeasent etrvcntﬁellué@sma)gpm@eé@sthc
wherein first.and.gek C, t 1, ely,
but preferabl ?/(ﬁg u%slga%?&gﬁ P’;éllg%yrr%e %g?i{é@u“ I%% drng}%glglg}p eﬁlﬁ?%%é%%%@%c ?‘%g
reactor bed @@dde of a phtkedtbed eatsor Thiedyat bublde sub e araicd| via/a |twetplem!>ems flow
pat hs (chgnnegl e t t al
conbi nedr}\?/er h%)emfﬁegrﬁ%r rds?lte(li goﬁ%'ggg%%gggre%gaggk%d;% ik E‘Iblugt qd tﬂ%§ t and
second react am@/eerfremdhebqsrlseedl-slmrvedoﬂz@nrceg@rremat Adrryrbemﬁtt pﬁﬁle mynfams@
i ncl ude addi h ts
are al'so condirnn fARLAMS rRLeRREhAR oL WA GHERRE BbiRRLI-TERRR,
desi gnated | @cra@qmrregm(h) Fhat h@ rowm ouchsycs@emsarmhgrtemt Thietihveetich pocéser in
an exot herm )e i
conmbustion o m’[V ﬁjggﬁr(ra&tu t7’sgn [ e%(%%uo(rabelg%pa %t?{gl %%e%%%]g 8@th %8%?%5’%5%??’5 ation
of the exbt heystrncthptogeirdd and eperabamta commeram! sqaleuthee:by D‘rﬁecocie@ thetimiteloms i on
30w thin the ft%ggltugr System [00411The reactants are permtted to conbine
or mx in there i on zone to conbust

[0039] A regenerative reactor system or process may be described generally as

hydrocarbon pyrolysis in a regenerative reactor or more specifically the conversion of a
volatized hydrocarbon stream to acetylene or other pyrolysis product via thermal pyrolysis of
30  the hydrocarbons in a regenerative reactor system. One exemplary regenerative pyrolysis
reactor system includes first and second reactors and comprises a reverse flow type of
regenerative pyrolysis reactor system, such as illustrated in Figures 1(a) and 1(b). In one
preferred arrangement, the first and second reactors may be oriented in a series flow
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therein, in-situ, and create a high tenperature zone or heat bubble (e.qg.,
1500- 1700C) inside of the reactor system Preferably the conbining is
enhanced by auheakhaRls M xer that mxes -16- WO T/ y

5008/ 150658Pe P eBlA R 063600 t ho ronctants o facilitat SCTGEHEMY | y
conpl ete conmbustion/reaction at the desired | ocation, with the m xer
preferably | ocated betmeen the first and second reactors. The conbustion

process takes Iace oV, Ion enough duration _that the flow of first and
Second T eact AL SLIGGIHRAT ¥ FeprBaidp 6O IR LB PR 61 iRl adong

substanti al poeh@sh cdds ARSI TIRWonRont K& AGAbe horiRhAIUCRRaDY:r bikerwi®aCAI On
(e.g., the heat bubble), into and at | east partlally through t he second

reactor, but rﬁgeélF‘@P‘é?oPXf‘”ﬁfb‘t refcior ¢f atqyslisrhyear Ry SiigRbY B asEelopit Pl st welet o

avoi d wast e qﬁataﬂ@gm@nﬂwa&ﬂrr&@atotalgcrtoh%fﬁﬁ@mem@@&t@thm@a%ef Ldprdas fxay be
exhausted through the second reactor, but preferably nost of the heat is

retai ned w t HPECIREC suliEmefer keatiodhe reqaiey masduatd BN Hetareodlid ATt 26 Big chele 8t he

second react ofymdUhd/B%bthenASARNES Al N hSERR theSre@ct o kdabl it 86kpSHse tolﬁle heat
determ ned by the desired exposure tinme or space velocity ﬁ
vol ati zed hyd¥8ekrdgeded 2 guliisnrodysly entaorer e o Mﬁwﬁgegetﬁrﬁwe tpéWb’éhat ure
second react %ac'fﬂ%ddtﬁn% gtecg,%\t@ gtm&hsf HOLald e chaRVEE %@rtmxmo@;a@te%tt@ﬁon as
hydr ocarbons to acetyl ene. After Tegeneration or heating the second
react or nedi &ompied F?ethhé‘ii@@il?rb‘?fé?%@%ﬂ@‘ﬁ inpfhe digse pertion pigthe ecky i Fededsydttyear bon
cut from fhe Rravsodahor stiise H&ﬁﬁﬁjs SRRMA LA IR RE Breli8LlePbr hot Brch bpyed
t hrough the sécond reactor, preferably fromthe direction opposite the
direction of 'FacEw gk e marsith ek licrlyels feaperatrerogeioat shomistrh jakeo Blagd ¢hd a
contact the hﬁ%ncﬁﬁ%%% e cd-Qk t@‘@gbom Y&k ft%ﬁﬂ{h@wcdc{&dtﬂ?@du@te@&d PR Baif 891 ON,
to transfer the heat to the volatized hydrocarbon for reaction €nergy. In
addi ti on to ABCtYRBIOFTY oh shamistyubis cenhini alhd \pagipe riekies ngt e o pdrBemer fhsecond
reactor bed ey, AdVenLSei¥d lttﬁ?'% &Rl @ AN BRCLLQS stybt@ztn Qr%ﬁéﬁtl} QS 20
hydr ocar bons past the acetyl ene-generation point, breaking it downinto its
el enent al l5corppekesntnsthe Taagion sone tq izl thempighsis mFOdqetatandaddé@attC@CWereb@@n
during the r%%nan@tmap q§én€1%d§!?%'c@ed8% XREEGod S rAUB-OK 1 NERERL S, LAl
are required ( to sudtain the reformRg reaction for the endother
conver si on ofprq het sten ppibprell Yigld thsardhos pt@uatc éf the @ﬁ‘émwnoau@dmamd@dp@m od
of tine, as Q&tcﬁ(gt{%%’e%nmfucr@%m afd BbRe 11&39113 c‘?tﬁc cgl?&ttﬁ%’[r c%c!n?cﬁtal gdn&%?&lto ns,
vapor flow rates enperatuﬁes used, desired contact
dur ati on, et@Ib&nﬂwaynﬁ@hMMEamomm%ses fromthe systentboth as conduction
| osses t hrou ac I 0 0S W tE tlng
productsz gm?gf ﬁﬂg g%%hohéﬁggglggggg &%Q% e%ﬁgg@t§§§§§%fgahﬁﬁg h
general |y nuchnhnh@1he@mﬁthahﬁh@nhdwbebnmnﬂh@bmymneedéﬂ8ﬁmﬂwc@mvgn@w@m on
any single c r,. si_rahl I, ature
bubbi ¢ 201 afeity R reddon kot A3 TR ok Po @R HIGHRAPRLR 10
As is connnnhyhdéhemﬁb}ur@a@ndwcwwsmmgﬁ%Mhmydahdéx@@htWEmEQDMGmiuﬂdnof
refining ad H}%tﬁtﬁ%ﬁ %’88'? ?‘?18%&%% {IB P%t TRO& A LDGnkERE I RYSHEM L O
obt ai n the optinum se reac con

regeneration reaction may also include dddltlondl reactants and reactant flow channels.) Both

reactants are also concurrently heated by the hot quench bed, before they reach a designated
location within the reactor system and react with each other in an exothermic reaction zone
(e.g., a combustion zone). This deferred combustion of the first and second reactants permits
positioning initiation of the exothermic regeneration reaction, in-situ, at the desired location
30  within the reactor system.
[0041] The reactants are permitted to combine or mix in the reaction zone to combust
therein, in-situ, and create a high temperature zone or heat bubble (e.g., 1500-1700°C) inside
of the reactor systcm. Preferably the combining is enhanced by a rcactant mixer that mixes
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WO 2008/ 150658PCT/ 1JS2008/ 063600 [0043]In preferred enbodi nents, the
reactor system nay be described as conprising two zones/reactors: (1) a

heat recuper afi)nghsfldsisSt) zone/reactor, and (2) a reforgk@?géﬁﬁﬁgﬁg)

zone/reactor. As a catalyst is preferably not required to tate
reform ng the hydrocarbon vapor to acetylene, so in nost preferred

enbodi nents, no catalyst is present in the reactor 5 beds. However, there
may be sone applications that pbenefit fromth resence of a, catalyst to
achi eve a cer@gfeﬁ“?ﬁmj’eéﬁ}“a?eéfl “F“Wfl'ﬁ%’ ‘i?é‘rp?%er CeoOREAFCUqRH entssisidnartietar e
wi thin the scopetheimikfieriBveRtibard tERR44 1N AT CcdnWleRtotd ARy BFlstios
cycle of a regenerative bed reactor systemis depicted_.in Figures la and | b
in terms of aTPEECEES PAFE PENALE Fitpuelveirsiiaaist taallew p firshand yeeqnd reastagys
recuper at or / gH@0eMhB Girst Astof Ao RRLs & SHIRBME sMstahBAGLIBA/ GLIQNH) RO 1R (1) .
Both the reaction zone (1) and the recuperator zone (7). contain

regener at i Ve Bedised ingherrartioni(ve, hedet bubblahdprg apdptdeat Pasiiy Hireush i sepqnd) s

that are effagickoteout BreidrVly ARG BN thd RRSHRUER Y SRR readBol K5I W LASITGEAL | Ve
reactor bed(s) nmeans a regenerative bed that may al so be used for carrying

out a cheni calnd agEedtisy theTtreondagisir athovbicosdsndyale edapiadsBropetdicngcase

packi ng mat ertabor, thop SR AR IbLASS hQk | GEHAR GitRB LS cQnd SABBF EFhe AMRLAI orbeads
or spheres, ceram c (including 2|rcon|ag or netal honeyconb material s,

cerani ¢ t ubedicaleditilpfge dnifolin | P, ety duine | thi sceepirgfipndde {shalyo dimdted or

conpet entyd O JRNMFh& By I REFd dposhighd ONGabd yelo@tgcihwﬂtémﬁa@ld hQScafeh M
exposure to tenperatures in excess of 1200C (2192F), preferably in excess

of 1500C (273%3)gas el daysrtaftes whirpingnhigh coysragie 3ropOEaUIREa toasdvayBa nor e

preferably i Wo%ﬁ&%%%dr%gdrmn £000& l_(ygﬁyéza'@nsft&écc@pﬁé.a? ing margin. 100451As
shown in Figure la, at the beginning of the "reaction" step of the cycle, a

secondary end043) ofAfichisgensreed eihcaigredhy sepondacdeton medigr igithe nest/rerssersédoex ner
or second reaGlonhe JodatBly RRARhBYRER Froh QAP HLAbWIPHiS s L0 TR &tﬂa FDRaR) T Mary
end (3) of thée reaction bed (1), and at least & portion (including the
first end3(9)wed thrprehrte sqserdatcastorp preguighc Fomahe difgeyion prpogite de|dgwgion of
flow during the heating step. The volatized hydrocarbons contact the hot second rcactor and
mixer media, in the heat bubble region, to transfer the heat to the volatized hydrocarbon for
reaction energy. In addition to not wasting heat, substantially overheating the
reformer/second reactor bed may adversely lead to a prolonged reaction that cracks the

20 hydrocarbons past the acetylene-generation point, breaking it down into its clemental
components. Thus, the total amount of heat added to the bed during the regeneration step
should not exceed the sum of the heats that are required (a) to sustain the reforming reaction
for the endothermic conversion of the supplied hydrocarbon to acetylene for a suitable period
of time, as determined by many factors, such as reactor size, dimensions, vapor flow rates,

25  temperatures used, desired contact time, cycle duration, ctc, and (b) for heat losses from the
system both as conduction losses through reactor walls as well as convective losses with the
exiting products. The total amount of heat stored in the reactor system though is generally
much more heat than would be minimally needed for conversion on any single cycle.
However, it is desirable to avoid having the temperature bubble so large that the residence

30  time at temperature becomes too long. As is commonly done for reactor systems, normal

experimentation and refining adjustments and measurements can be made to the reactor

system to obtain the optimum set of reactor conditions.
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25 tenperature than the reaction zone (1) to provide a quenching effect for
the synthesis gas reacti on product. A hydrocarbon containing reactant f eed,
and preferabl Jiluent or stripping agent, such

steam is |nt%c§ucedﬁvra a conduit(s) (15), into a prrngiy en&&%§¥ of the
reformng or reaction zone (1). Thereby, in one preferred enbodi nent, the
term pyrol ysis includes hydropyrolysis. 30100461The feed streantfrom
inlet(s) (15) absorbs heat fromthe reformer bed (1) and endothernlcally

reacts to proddd t Ha rerésicd spbedimensy disacqsiop st maxsberdssesibed WEoPPETREHS,  a

shift in the jgoperalyr®) RrRhd febupedling % ?Qgt&@t&& V&Z'?ea f%'fdrﬁ’t‘i’ﬂg, Gs&oﬁc‘f)eat ed
based on the heat transfer properties en the

st
desi gned wi t FPoaefesgeiat edyrestalyst amstesbly me-rethsi écfeertieeesepwheeztbew@eseoo

capability, tﬂbér tBraQétirlkt?c h@‘%l ﬁo&%t@&tcﬁ%h%o@h@ﬁt@ Joeﬁgr%fsafs%frc%cﬂrtﬁ%cepﬁotorm' ch
gradient will nove across the reaction zone (1) as the step proceeds. The

sharper the thefperlawaiee hyrammebr someapplicetions feat etct‘letrortl e nresgeceion cralystbe

control | ed. 319%7 LENE L ERAGLARML AT A% b Sk %@&Edc%m%@dﬂ%e&t})aretmw% a
secondary end (5) at an 5 el evat ed tenperature and passes through the

recuper at or rserstodthe(impentiasnt eri ng t hrough a second end (11), and exiting at
a first end (@S amsylibashie %&rzmreréwg ,@gataé €160 RQME: YacaNyert ed

met hyl s, and hydr ogen e recuperator IS ini
t enper at ur e tdeaigted eFigeaetd oW bonéorpg i a mecterrestey rh@\heetv@e@nrsé"a@tqrm fysds

passes t hf(P UQJ? rcéi't g?}t@gzggﬁ{]h%gofonc ?@np(i@ scccgrtaeorgr@a%ubr?tc%ﬁ g%gc ?Jr %‘?A ﬁlg to a

t enperat ure appro erature of the recupérator ‘zone
subst ant i al | yreation fpae Ki)rasd themebup@ytor e €h chmais eagenasityo dedye Regenewtipr esfler abl y

appr oxi mat el y, .t g &rﬁﬁt%aﬁfs %)ﬁt %Q%ff*éé%%”ﬁt%ﬁgo t&%?fc}rﬁ% thﬂUGt%@ vi a

conduit (19) Thto t rec pera or urin he secon step o e cycle.
As the reactn@nlgagwm@vm@awHwewh)mnesaem@peﬁa@bwiwenew@%pbea%ﬂehpemamere

gradient (4) js, %ﬁc%ﬁ&?gcjd'crgbut hﬁw%@ ﬁofﬁtr&e%ﬁ@ﬁ%%‘%&mﬁs?%%ﬁ?% cﬁggﬁleﬁgé’x%te ﬁross

the recuperator zone |s ste uenc
recuper at or Cﬂwlam@hehmnusmmbéRQDOMedmagannaﬂnhﬁWeosew@nﬂ,S¥GWCKGwmamer

provi de anot *}Fréon?a eo'?‘hlﬁéreﬂqloﬁééf e Graflidls! E’r{/}ﬁtgﬁx?og%g{qxﬁﬁﬁ' :ﬁ&oﬁ[cx‘xg Jn‘actﬁt% Lign of

t he heat bubb om gr ow n progreSS|V e quen reactor (7).
Af t er quenchmng#wdHEQreacommmmgasnemﬂmeuﬁﬁwﬁrémupemawonmavmb®¢mwpag@undurt

(17) and is ) r J-e riou o

Component s. 2010031 AL SASnT BleaS R BTy i ST e

regener at i on (313&%), mére prffeging excdshofr léO@f’tOr(édﬁtﬂéF) @rrd em‘sn the piréfersbly anckessecond

regeneracgon ga%ga§%§%%kﬁ¥con urt %n(19) The first and second reactants
y

pass separate t hr O?aduﬁerator (7) toward the second end (11) of
t he recuperaﬂﬁMR(?)AbwhemmutH@ymaMemcmabemmﬂmjormeXGmhemnmepnéamith or

combustion | Qec%EdarPfg‘r{d ({5‘) &R e[ {cg‘cltlotl %grileo(rll) ((ajk:ga) hg'gin ﬁle " &8 %e? br & gr%dergf]ictor) 18
at an elevated temperature as compared to the primary end (3) of the reaction bed (1), and at
lcast a portion (including the first end (9)) of the recuperator or quench zonc (7), is at a lower

25  temperature than the reaction zone (1) to provide a quenching effect for the synthesis gas
reaction product. A hydrocarbon containing reactant feed, and preferably also a diluent or
stripping agent, such as hydrogen or steam, is introduced via a conduit(s) (15), into a primary
end (3) of the reforming or reaction zone (1). Thereby, in one preferred embodiment, the
term pyrolysis includes hydropyrolysis.

30 [0046] The feed strcam from inlet(s) (15) absorbs heat from the rcformer bed (1) and
cndothermically reacts to produce the desired acctylene product.  As this step proceeds, a
shift in the temperature profile (2), as indicated by the arrow, is created based on the heat
transfer properties of the system. When the bed is designed with adequate heat transfer
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25100491The regeneration step is illustrated in Figure |b. Regeneration
entails transferring recovered sensible heat fromthe recuperator zone (7)
to the react|?6 (1) to thermally regenerate the regelbjiRRodRds, (1) for
t he subsequen reactron cycle. Regeneration gas/reactants enters
recuperator zone (7) such as via conduit(s) (19), and flows through the
recuperator zone (7) and into the reaction zone (1). In doing so t he
tenperature gradients (6) nove across the b(%
i |lustrated b‘iﬁp‘t‘bﬁ‘éyatr“r‘@Waﬁlf‘ol??*@H@a%%?évwﬁﬁr&rt?“@r%‘ﬁﬁ§r“F‘ﬁntFiWBlffP@r (esswﬂlsrr*?ﬁer ar
to but in oppRejst enclichih 78RS (1Y Qs tﬂteestarg PB&dOf ThhighdRAMEY Bhipt@ngs adiient s
devel oped durrA% the reaction cycle in Figure 1(a). Fuel and oxi dant
reactants mayP® ﬁﬁﬁ?@“ﬁﬂh%m?%@ﬂéﬁybr8¥Wﬁﬂ¥% to the interface (13) of the
recuperat or ZéT é( 7)1HaNEhcLNE gdseaal 'tthcmc‘ﬁB@ zork91) th¥¥gh a scconddry end (5) at an
2008/ 150658PCT/ US2008/ 063600 (1). The heat recovere§ fromthe recuperator
zone toget%erC%PFﬁt@ﬂ@“%@ﬁﬁméﬂméﬁﬁﬁﬁgﬁﬁdﬁcﬁ%mP¢§WéﬁéWPb6”t@ﬁﬂﬁg theoneh j2on
zone, t her mal J.yonf A8 Nen akddnGith & L &F&NSH q@r a&ea m%tlkéar%a@%gép&%tg gi.shased
therein. 100501In a preferred énbodi ment resent invention, a first
reactant, suchmgsungonverigsy gethelsr pish hydiegen. Ehf‘drqcew,er?é@ dovih eidtlbarind devsinel s
(each Channe'tetﬁfe%t{?r@t@n%h&%[oh%ﬁkg(t? A@%s@%euée@%a@%d"ga’s *ﬁ@&ses‘ fAdupdas
mul ti pl e condul inthe first reactor . I'n one enbodi nent, the
channel s i nclraw@eretqé z00e (or @eh@ﬁeycfm%hwbﬁblcmlw foy p o it LAPERacifsn e onb
monol i t hsyj nolyde, ext sudedcRREANS Shd UokHheayas @k Sidenar g_d)l WhkRAWohR the
reactron I ndustry, such as I n catalytic convérters, etc. term
"honeyconb” iabadigwniyrin atHfyably epimexiarilyt G sane lonnsTairy 8F dirsramsEssios diadi onal
shape that ingludes Jtyténhmtg E n%Ath@tctrfcrasr @98&91' tffe eb&fa%% dJeg &rikr uded
nmonolith and Is not Intende ructure or shape to any
particul ar sHbpiactiPhgashio peyjedonitharenobriichzandbl esmpen upy Easdu é@l@)@”@dmd in
transference jyhile s%gttrt thoea@pt@actmtasm@ odNfle b&a{;ertt&arb%t ?9) dtfﬁngltﬁtse(teﬁ S
preferably used between the zones ) bet ween or with um bet ween
t he firstlSandhsepensbing deatt @psgcupwtem@bl whigy mag i §poled1ad@ou¢ﬁh$t@p@n\ri S0t tAi N
and/ or subse t, f t nd
channel is dggﬁﬂgﬁégrogﬁtgkﬁgkhmEQQR”gf?ggg %%F@éh%%%@ﬁ%%Fggﬂhoﬂeﬂ??%ﬁ) or
f1 ow pat h(s) bbyblvxrﬁtiomhgrow@gotrogr%ewrleahm@gtt e anehchyrrcvedls Y dubehgst Beough
the first re (S d
oref er abl y a?{g Bdn gag%mks t%l ﬁe@%?ﬁypa:t @C%h%&?ltlg ?glln% 15;91%gér$§etd xrse [at? n and
even thousandswoﬁysﬂ%SVme$amnyngaraIIeI conduits or tubes) that recelve
f eed, 20 ﬁoirsL A, I5% po?‘ihe%kaE rLRKLLY dt‘pé%é %ne%noq%%bctﬁé o {n‘?%ha”t
port. |ts eac gener al 5% crosstsect! 6na
al t hough a geﬂeurcailul:t}pnmf rl@dirarandﬂeccrrdgegeaﬂatpml ry@g@ntsormsdtsté&)tf]%nﬁhe @h@pé may
pe preferred g R.a0annsk s TR R [SLARGYrcBIRAT7 URE AN LB erBT A dre!

general |y conmon
the recuperator (7) where they are combined for exothermic reaction or combustion in or

near a central region (13) of the reactor system.

25 10049] The regeneration step is illustrated in Figure 1b. Regeneration entails transferring
recovered sensible heat from the recuperator zone (7) to the reaction zone (1) to thermally
regenerate the reaction beds (1) for the subsequent reaction cycle. Regeneration gas/reactants
enters recuperator zone (7) such as via conduit(s) (19), and flows through the recuperator
zone (7) and into the reaction zone (1). In doing so, the temperature gradients (6) and (8)

30  may move across the beds as illustrated by the arrows on the exemplary graphs in Figure
1(b), similar to but in oppositc dircctions to the graphs of the temperaturc gradicnts
developed during the reaction cycle in Figure 1(a). Fucl and oxidant reactants may combust
at a region proximate to the interface (13) of the recuperator zone (7) and the reaction zone
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medi a. Thus, a first channel may be nerely a single conduit, but nore
likely will be many 75 conduits, (depending upon reactor size, flowrate,
condui t si ze, wobbiehsostPr exanpl e, such as exenplified in Fi@iSose00”

channel preferab y includes nultiple conduits that each receive and conduct
a reactant, such as delivered by a nozzle in a gas distributor. The
conduits may be isolated from each other in ternms of cross flow along the

fl ow path (e.(ﬁ. not in fluid conmunication), or they % be substantially
i sol ated, such)t Rt h%aee?vgmd%@%éfﬁuaﬁa@h%%@%ﬁhwal i & CRRPYSiPhiso t he
adj acent condgdnbfelr&d ®UMS treidtidrabdn¥, thBGRANS eSPRNIting! thdMdobhck L5 &ktidnObddg ot ant
fl ow separatign. One preferred reactor enbodi nent includes multi pl e
segnent s, vvhe‘P%?By" ddbssfinsegment i ncludes a first channel and a second
channel , suchgpdigt afiteefrc@Xid LABdRG LAt REsent 1|ﬂecn'f1§1§ paeﬁttbl Yeethie! §ifch fagact ant
is mxed W|th t he I’ESRSCUVE second reactant in a -20-
2008/ 150658 PATAISZHOBIOb F6dTFCicd |dat e doifik elanady it Chawl ?HC&@%@@%WS aar e
included to pLRYind¢o.go0sh Reatndids mumlstel QN ARES @S Shel B8t fddbiby GELEB: SRCsd.onal
area of the reactor system [0052]Referring to Figure 4, m xer segnent
(45), for exaodimermyhericRanmple ipgadst art of IBUE MOPYRPHYITINGIE AEReyEEHISS
monol i ths ar rghaedmy HhbidhtR 19&{1&0' &'ﬂju@erd ?&&Mﬂlcmﬁ@%@ arégéﬁ@x’&% ihbwPieter abl y
conprises a plurality (nore than one) condui ts he col |l ective group of
condui ts t hatregctiahgdistry fyeh g9 ip sptalyigeonagitcrsnely b tehdiogicarbd tihaser bragdly
channel and &R&[ {i&! @l foRAE QL RSEHTENhag BYat iRELMUARIIME bR GehS 81 doR&lilsV e
groups of nonoliths and/or conduits conducting the first reactant, whereby
the segnment cbiepel $irrireded Haenebith ndris mpleinfongast tor limik thentiruciuickesyihars, tof #
second react %I‘tlcm%y b}ﬁhéo ’[fhl; q’i‘éﬁéyb&ﬁ%’%n&ﬂf’ eszbleerB\? pﬁ’BE\R‘l: '1(§sbst1aﬁ\§f$rgﬂcg v?hllclo
segnent col l'ectively constituting a second channel. Thu t he
"channel " i s nieednbheasedl tmg andibget|igader wemwwamefe(r@)ly wed é@WP@dbi? V@Cbgﬁe@up of
condui ts thatbe&%@e/%mﬁh | Gt ol aRrgehAnd s aaei AN toAsn@ Uisist
segnent may i ncl ude onl rst and second channel, or e channe S
for nultiple cf)mbwtlpmmhmfdml’mewbwwffm fontbe fiyest Egph@f ﬁ@cf@ﬁ&h¢r@9lcmémes»ecmdm xer
segnment (45) | Ik 0 r t
channel's. Prefera IF%?ﬁ%gm cgdg{y %%&g%ﬁ%q’?%g)g%\?\ﬂugwg &‘Etég OF?P!Vedam(b b%m one
first channelwfmhobne@étl@e@a@wdtmh@méicm BOUB3)s throughsthy Bsbryadtordnd  hiand imay some
preferred em?[ﬁ d@%nglégle o8Nk Of m%}{ee ofR Fﬁlrﬁxld r%retlga Crgglqgl c%n(WltEIIq g Rns
channel wll ely convey a mxture of "first an fecond react a due at
| east in par thundsedsopeevei xhaygands of hbstitragly peraticl( comYuitsfor ttides)f fheistecaiealedr .
However, 4,he A8 O m xtures of first
and seconzg regégl{]gﬁ{ogl |%W%P ? ?lick:t%lglrllttg Mﬁ%p&%&g&ﬁ& rﬁgﬁtt he majority of the
st oi chi onet ril¢®ll] y Teactabite eucéaamaﬁrhtu@ winktallnany rcemesectional Ishapkt dthomghi £ ng
t he second en I IR ni of
conmbustion o gneeg% ﬁg(?%grjcgl? at%%&g %rgll%e gzgebh %ﬁ%%ibt eg%ﬁé\ﬁie ]%aﬁﬂ%mr?ﬁlxture
of reactant s mag me;fmabl@Ipll@»ddcbwbaarmamomralﬁal,ogﬁnafallst emmaﬂuwehrotlgme regeebr f | ui d
dynam cs. Fu nd..0 equi r.e te r.at - ndent
i ur o deportSdnt 0k g AR o ARG Sl FEREHE o RS TRED s 30y
reacti on 2 | Icoﬂdmkel(gvcpemmg upmtrbucmra'rze a&dvatatqg@omdubmzaf ett. héoccmdlplet smch as
conveying a rc@(eXt W& %fFlr ea‘it az{‘c dnnel e rl?{l mcnld &Sl?ﬁfe'c&d i3 (13F eacF recelve
because the runber of conddits havi rli) Such 'react FSOSUTTIC 'y smal |
t hat there i sndwingucan r@ctamtpxmh)Ia&d@nvenemby)msemeentalgai dibteirgbr. dlfheebrﬁcem mgpon
e overall BeabLRal A06 . LNy B0, 9ack o, TS ARSI S8R S0Pk fyc
particul ar r éactdr ssems ul'a 'pe” desi gne a0|d of
reactants w tdsmmumd:mon:)omdhwma;als: subitdntialby Lsolated,_ such that leactant permeatmn through

30 a conduit wall into the adjacent conduit is substantially inconsequential with respect to
reactant flow separation. One preferred reactor embodiment includes multiple segments,
whereby each segment includes a first channel and a second channel, such that after exiting
the reactor, the respective first reactant is mixed with the respective sccond reactant in a
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30r easonabl y possible. 100541The process according to the present invention
requires no |arge pressure swings to cycle the reactants and products

through the rgachRhssystem In some preferred enbodi ments, the 56%?09rm ng or
pyrol ysis of volatl zec hydr ocarbon step occurs at relatively %

2008/150658PCT/U82008/063600 | ow pressure, such as |ess than about 50
psia, while the regeneration step nmay al so be perforned at simlar
pressures, e.g., less than about 50 psia, or at slightly higher, but stil
relatively | oWwalsddaiser semendy dulijple w%%enfmﬁ inglygert tozlsrewé% popd gt digiipution

preferred enb&ﬁkﬂﬁ@?@imﬁﬁ%a%@&ﬁhhéQﬂh@MQ&&Qﬁﬁgﬁn pyrolysis step is
perfornmed at aﬂgressure of fromabout 5 psia to 5 about 45 psia,

preferably fr@MZAbodtelrsngs Risvs bt s85n§3si(4). RamyewLs mm mBdlE Acgati a t o

about 35 psi aﬂ(ﬁ%dfrf)r‘hormﬂéﬂ@%hnéy@om 'nﬁm&@h@ggéﬂgcé@ltﬂﬁ' 2 pakituld! %mcm Each
contenpl at ed. The npst econom cal range may be determ ned without nore than

routine experPprtthatplpfblzyoppescyt P@F%‘FW SR r10) pheonfidtsarihe polepibssawi on

of the presengs gifh f?ﬁ%tl)tfa‘ﬁsmll?fh%%ét' Fe%&d&ln&p%@ cOsidb QU rsmnanma%d d ;p%méed
above may be used, although t may ess efficient.

exanpl e, if COWRISEEDANAMEY |ugcl t ailHeld ‘fqllé?ﬁvéﬁf@l&’étqfoWOW‘@m @pdgcascomwbu ne,
it may be pr %ﬁ&&%@h& QFst fegaﬁ{%%?e‘fébg? B¢ bQ%rPé%n Ehristg a%;nnatfoﬂhgﬁl%é&tftﬁ of

for exanple, from about psia to abou psi a. However y way o
further exanphkewise ﬂnqwéecgmbe@stgntl mayrake o HerHzt aineviirt horaj onskithai wigdn wi a

fans or Db|pwegsned, h&)ll'é&gf@lgego?%glt&ﬂl ”@écc@ﬁd %ﬁ‘a[n'h!:ledT%t ey tch{?""‘éﬁanH&"‘ﬁ HEC‘BS

such as 15-45 psia. In on of the present Invention,
pressure 15 byfadbtie l@W@W@p@uaﬁﬁere@@ﬁé? grovoef conduys thak eonesys etrit:élbail fuyt arhe

sanme, the di fE@orng'Péé@taPcetA"‘Egﬁoxl Qggt O%?H{]Rﬁe By b *f&t%%@g%&xﬁ&??&%f Blgmhl‘ﬁgtl% than

about 10 psia. 100551It 1s un at  sofre ow’contr
(e.g. val ves,chpgelatiormoulidadowmathets cachlogdie fiyslaydsecondgeastants, A fnpwr segment

restrictors, (%5)'11@%&)’§&11@&ﬁhe 1%58?& geggr&g%gthto‘? nﬁ.@tﬁ;lé OGS Hef%YXbl}ﬂ%thQ%Ti on,

timng, and t t'ernat e sl ca et ween ‘ow syst'éns n the
20 regeneﬁhtwgmn%¢é@)Wéhnmahﬂﬁﬂmwtﬁmmgmeﬁniqmumehmﬂhwnwghﬂmhemﬁbactor system

and conbi ned A&ﬁBGCO@H%CBQ&Cd%at m%'ﬂqcﬁ»‘?cf@??cdec b HFR RS oMk g r SUREGEPR BF the.

bl ower, or f ependi ng~on the operdting con |t|ons and position desired
for the reactconduith fthhlngih@lanq@t edk Ukoedy einvey & mirded of ifitst amd/schenddesitamablie 4to

expand the f'%&??@&rt LY at‘%mgtsehgglﬁggf L Hl‘%neﬁ’ct&e%‘év%&er'?ﬁf@%%e& f i ed

energy. In a SOone t|on of ust gas may be recycle
with the conduits conveying combusnblc mixtures of first dnd second reactants 18 sufficiently low

20 such that the majority of the stoichiometrically reactable reactants will not react until after
exiting the second end of the first reactor. The axial location of initiation of combustion or
exothermic reaction within those conduits conveying a mixture of reactants is controlled by a
combination of temperature, time, and fluid dynamics. Fuel and oxygen usually require a
temperature-dependent and mixture-dependent autoignition time to combust. Still though,

25 some reaction will likely occur within an axial portion of the conduits conveying a mixture of
reactants. However, this reaction is acceptable because the number of conduits having such
reaction is sufficiently small that there is only an acceptable or inconsequential level of effect
upon the overall heat balance within the reactor. The design details of a particular reactor
system should be designed so as to avoid mixing of reactants within the conduits as much as

30 reasonably possible.

[0054] The process according to the present invention requires no large pressure swings
to cycle the reactants and products through the reactor system. In some preferred
embodiments, the reforming or pyrolysis of volatized hydrocarbon step occurs at relatively
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25 incomng air. An exhaust gas recycle (EGR) stream nmay be supplied with
at | east one,of the supplied first reactant and second reactant in the

first reactor < may be used to reduce the oxyge : t he
regeneration ?Eeﬂkﬁ()lch can reduce the HHX|nunladlabat?c?€$gﬁgkfgiperature

of the regeneration feed. In the absence of EGR, CH4/air m xtures have a
maxi mum adi abatic flane tenperature of about 1980C, H2/air m xtures are

about 2175C. 30 Thus, even if average tenperature is controlled bY
limting the 'PVOWPYHEeSUSH af desp tha&n%}’ob‘o%q P Whileni§e deRsPIedstiEn MEh 2881 hot

spots that apRIEAC di ReniARyiImsfd @aMRsd @OPSIAL 50 Bsia, U2 @t HghBEERIGAN bIEGHUCE
t he maxi mum hot spot tenperature by effectively. |ncreaS|n t he anmpunt of

di | uent such ra@tlwﬂzy loamIese Wb G40 S ACsp FoB abus 754 P lcemRpEiRyet KRbedpgYh
ol ecul es. - 2Rs volM@e@Q%&&%ﬁ%??%[s%qu&ﬂ)%&pg o HORGL %@Fmﬁ%@ip'se}?ma%en 50

percent excess air is used for conb ion, the maxi mum adi abati c

t enper at ure fABPUt4S PPigeMEiaTAplydEmbponl bhpyfelorbad 83 Ppino Rragss om3vaTty RSty C)

to about 298%0&13@41%@“@%%%&9 15 BGia QX YESR 4§ %ed@at al cdiEnpIHRP! rRdn@lr to
about 13 percent woul d nake about 2984F (1640 t he maxi num adi abatic flame

5 tenper at ur €COM0EHHY Hines Biakbe eeratinadi withag! BeT deapgoutipg expesimspiiegbiopne of

pyrolysis stegpqRpd sltlll(ZIWﬂ%CJ??ﬂepo'sésélclnl 3shd ﬁ‘tte?e% BB 1SRN Bk () highbh&r YRRQT
phase of the separation of hydr ocarbon feed streamis transferred to

the reactor gt @ph displased a?ﬂ*éﬁwdlﬂ yrogy aktbenai they Bry Seppt cE@icH t By Wyirdgen

or a sourge feQﬁm;tlé{ df QQ&Budn a;digl SedthedOfrorit KRRIA % RY %néab t%fbtn{%e it Wa§f hen the
second reactor prior to entry into the second reactof, and I's pyrol yzed

in the high U’éqfﬁél?latqurfégeﬁ@a‘tmﬂl‘vﬂlﬁb’ml@d OHledtacricsyrc oheor xamisr Spmorowt (9.
[0057] Af ter g@év&)“&oﬁth%osf?&&“%%@&t 8y v@al;ldoff ﬂﬁh&p&a&?@' Iffﬂhé%occéshﬁ morc

pyrol yzed product stream nust be cooled or quenched halt 't he conversion
process at t lveongeedal wethairorbtagtdderia &pp oo plowatse thstragpacratitiemay ke geritdputt 4 s

step is inpo léwgrégﬁﬁ:&%&&l tsh? 45 gﬁ&tln%e lefib(nf?r}l nttbf‘i‘ﬁle ¥re§éﬁgm9£n‘&8§rtﬂxeypr&l4&‘é'ched
sone desired products, suc cetylene, w b passed by the reaction
15  of the pyrolysls and regenerdtlon steps are essennally the samc the difference between the

pressures of the two steps being less than about 10 psia.
[0055] It is understood that somc method of flow control (e.g. valves, rotating reactor
beds, check valves, louvers, flow restrictors, timing systems, etc.) is used to control gas flow,
actuation, timing, and to alternate physical beds between the two flow systems. In the
20 regeneration step, air and fuel must be moved through the reactor system and combined for
combustion. Air can be moved such as via compressor, blower, or fan, depending on the
operating conditions and position desired for the reactor. If higher pressure air is used, it may
be desirable to expand the flue gas through an expansion turbine to recover mechanical
energy. In addition, some fraction of exhaust gas may be recycled and mixed with the
25  incoming air. An exhaust gas recycle (EGR) stream may be supplied with at least one of the
supplied first reactant and second reactant in the first reactor. This EGR may be used to
reduce the oxygen content of the regeneration feed, which can reduce the maximum adiabatic
flame temperature of the regeneration feed. In the absence of EGR, CHa/air mixtures have a
maximum adiabatic flame temperature of about 1980°C; Hy/air mixtures are about 2175°C.
30  Thus, even if average temperature is controlled by limiting the flow rate of fuel, any poor
diluting could result in local hot spots that approach the maximum flame temperature. Use of
EGR can reduce the maximum hot spot temperature by effectively increasing the amount of
diluent such as N; (and combustion products) that accompany the oxygen molecules.
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15 and the pyrolysis product will not have the desired selectivity to the
val uabl e or desired products. Sone pyrolysis products, however, arc stil
rarely a desi&% m&hQﬁ% material for process export. Rather..a.058fgrred use
for the produced pyrolysis products, such as acetylene, IS as an
internedi ate product in a flow process wwthin a chemcal plant, in route to
ot her preferred products, such as vinyl esters, ethylene, acetal dehyde,
propanal, and/or 20 propanol, acrylic acid, and so _on. Typical desired
pyrol ysis prod%s ey chEnnih vece ) merged cosesant Bl WyhEr caphstien oRpyMEdsi r ed

ol efins may ipglwge nghbYkapGatuRl RRPYHEREY iR RS HYERE: FORNBLEP MTRMRY
desired al kynes ma¥ i ncl ude acetyl ene. %0058 After quenching, the

synt hesi zed ¢@475¢€} Barhona3PSAd PV CdeRetesing Bepurear icoHe] rod dissgipplipgtalr to
separates theuagetiyl 8nen FEHINARG: Il 088PF @UH-Of AR' ndARRR: IRGAVETRE 25
met hane and hydrogen nmay be recycled for processing again in the reactor
system Sebarlamecripiscesydsegidnte siixieg sy efhe eheniag et prieheistsisp ophélewt i na
products. Eachpfc hl@%ﬁatpcf RAMELS 17Y TQ@V%M bREE oPIOCERREG bPHPMONbARoMet
addi tional useful products, e g., acetaldehyde is typically an internediate
in the manuf detdustisarnfis anbfaned to thecrsrdter sagerd inlgsunrefaebly misetdw b obypRlisd vgth
Ethyl ene is a,RasheobiLdudicng: BlRGE of o BilRhes NAE il o B ASILCRitniA e XBdhd
typically be eﬁe%prgferPE§ _gglggén of 't he éregﬁg%zgqeiylenef ?ron1t e
per spect i ve ofaciasloupioranehtyantadhe sEtohy reapier, prd i onpbaseinthohighataupaetigrhed from
acetyl ene,py qelo[=Tal-t ol PN o =Y nbodi ments of the invention, it may
al so be a‘goda%gggt oi-%ﬁeﬁﬁnvéniﬁggﬁvolatized hydr ocar bon conversi on
process. AnotlBei7] pr ddise teapihg Wicg$econat reratatanil sheeeriand | mixevh the lpyredyzed @roduct
conveni entl'y 423 BOGABRET 1520084 A8R6A0, JROUL AR HESRADY, SihSt
hydr ati ng thgngcepvygﬁégggéécggéﬁggﬁyhg.ang t hen ﬁ?%?ogénaﬁ#n gpéiaréehyde
to ethanol . EBEphapadte stesgeofThé ninegdertthis sepisgmportani kecans iheyeactiams portinety fodom a
renote | ocati ' asily WLieaethvi.ene, Bt hanol, lsq be
sui tabl e forIﬁggﬁggugéﬁgf%&kfﬁgﬁg%g%ﬁgﬁguﬁgﬁﬁ%g%fufiﬁg cEﬁQ%eygﬁ¥F%é?Ently
| ow i n cost. a5dABSHTPsiv erodiiwnvibfnon hwnel e idzsedd hglditotarid e wivablamrtdgsired
acetylene le rqal . ) gen..  An . i.zaed re i i ack
t he aIiphati?M%ﬁg?négﬁﬁﬁﬁavﬁ%i@ég&%ﬁﬁﬁyfﬁ%f%gg@lgﬁﬁgébﬁﬁﬁﬁtg&¥ﬁgn%§+gﬁysis
reaction vi a rieesshempogonRehgi enprefrrec esamir it pradocaic ptiylyenerodarts.exshpisar y
reaction for ver sion_ of net.hane . s: --=-+ . CIE- + 3 - um ng
about + 45 k@%%ﬂ%%’ge% n%%%%%%ggag%ﬁﬁUl%Sg%gﬁﬁgf\V&hgnééggﬁgﬁgﬁﬁggﬁgthove
reacti on, hyadtlegenfirssdapvdictiabla by vipyoduas, ofiylinee agtddbpde, prapesssandiao a
| esser ex{.ent, ethyl ene and propyl.ene are al sg,val I [ roduced
ne a reauthdrrihtuan e dtrafbORY oG S A PSR aRh 35t E b Bl
hydr ocar bon. abdilgact eSorvolcahimzelg dvyitkdo okfilxo may sindlhido cthylvad, yadgy&npr odidet f or
recovery. According separatjon .apd recovery, of drogen, separation and
recovery of %Péf?%sgﬁﬁﬁo g?”@?ﬁ?Gﬁﬁgygﬁ&wyf§h%$3%§ﬂéﬁe, and separation and
recovery of yosenventfied quakldhg, zed shyldsiaahpdsonrewapoay beeabviaed teeachparation
i ndi vidual ly and ggulgptiyel%rpngﬂgrr%gtgﬁg S hﬁcghgmp&j&essﬁgc arding to
the i nvent i oR O DcOMVEPFEE® v A9 MYHRAE PR T s 8 SPer &8y FSIUFNEd to
t he hydr apyr edeyimhsSardandiogen may bdratycicdd fomprodessipoipriarii ed rentoasseaorfdppass. An
anount of hydrogen should al so returned to the hydropyrol ysis reactor
That | s suf T PR e TR R T o eh g e BT g BT pRISY bipt Bt el o
may be further processed to provide yet additional useful products, e.g., acetaldehyde is
typically an intermediate in the manufacture of ethanol, acetic acid, butanals, and/or butanols.
Ethylene is a basic building block of a plethora of plastics, and may typically be the preferred
30  usc for the created acetylene, from the perspective of volume and value. Ethylene is
conveniently manufactured from acetylene by hydrogenation. In some embodiments of the
invention, it may also be a coproduct of the inventive volatized hydrocarbon conversion
process.  Another product of high interest is ethanol, which may be conveniently
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20di stri bution. [0061] Since hydrogen is created (not consuned) in the
reform ng pyrolysis reaction, it will be necessary to purge hydrogen from
the process. Egh,&xaRl €. conversion of nethane to acet y-8p80Mssdlo
subsequent hydrogenation to ethylene, will generate about one H2 for every
CH4 converted. Hydrogen has a heat of conbustion of about 57 Kcal/nole H2,
so the 25 hydrogen purged fromthe process has a heating value that is in
the range of what is needed as regeneration fuel. course, if there is an
alternate, higHWRsIURd bis dirY dyydieHRe |t ?Wé?“eﬁﬁ)o‘ar‘:{i’@l@%yd‘f HE tﬁ%{‘t h¥d5?ge§%f§1gcoul d

be used for alchaREnyRatd ctfnol HehIEIGE BEMARLsORchMELt-is Buily fdipdrRll fiomer rehiydr ogen
is likely to be available at | ow pressure_and nmay @ogsi bly contai n nethane
A

or ot her  di | Uesitign angipgasily,ddydrptehingtodn SLancd §eharaps SHHeEr vitdy e 814y be

an ideal di spagifriRMa3Rrabli a8 BOLLiQERTdOR coddonever, heavier feeds may
not make as nuch excess hydrogen, and in sonme instances nmay not nmake any

appr eci abl® V80 ¥hes (Onvesersesa nyaresgddomHonssant o 3retaees e e pdutsret

gener at ed wi If,4Qenengn $hiDR@ kbR it BEcrRkahahitph a8 thid Careal Byl @biR of
WO 2008/ 15065§/P /' US2008/ 063600 t he feedstock and upon the desired ultinmate

product. For assappines therpyerlyws eprsiopvisducher wpmversioasiithe pethylp isaceiyleags An

hydrogen t han.ah, gt RyREod BF&hYLERSIr REQAMGE - [0062] Figure 2 illustrates
anot her exenplary reactor systemthat nay be suitable in sone ai)pl i cations
4

for controlling and @éferng3the cewwbiustbaht 47 kqalfapleh gonyxitd to achi eve

5 efficien rgegener all é?l@gc@f_%@tby il gbHe rgdCQ(ﬁQihQ}gr%g@i ﬁian@h?abfcel%ﬁér%ucﬁéﬁﬁl%m
operating in the regeneration cycie. The invéntive reactor system

preferably canpeitswecesino [p datsssor sxignsnelBylere andoPrPRA¥E gire ksnedluablpgroducts,
recuperat or (Sptgc@ucédsastab’%uﬁ gﬂﬂ%(gﬁaﬂlé{@f&hMiO%%ﬁatﬁWchQoﬁ f% eplll)@%a@&g

provides substantially isola | ow paths or channels for transferring
both of the diesehil nglatieschidoragas és alsh roudgiablehsodush & gecayadi adcsprdimbut
i ncurring conplisk Veryt PRy didnI@B &8 Al YEoRE-PHH JTBES sQh Wb AR dibe
reactor cor e%%ﬂoﬁﬁnd#gdufgdf ydll'%%n’rse or }nsrd (2) O‘i%?'pt he rneact Sr ere

r egener at iSon phaatenagnd saaibdnaand zecd vty df wsamisted YadEehidrasarbpr vipar fopg are

occurs, and nay, he i dar . e . ol herel n.

Al though the T S T PR iR RO BRCh B Ay RHERIREMNEES 1 e
as separ at el Wndpsriteuilgrab hedrpagon oy greferably wtumder shobdiremdlyist hictprishe
scope of the [ i he.fi y be
manuf act ur ed ,tlp%fﬁgr?/dp %8 8@1\(%{%&0%5%%%2 ggbébﬁ%ia{]ﬂégﬁ ?ﬂ?yo&gggg %Q,m% ‘rsf@sgltbg é‘?g&%etgg tor
bed, wher eby thchdydregcolpyis sgestoerthyti ightuffieend gg coontveld thasselegiyityi of ity mededty a
single repct %ri&trgbpl% integrates both cycles within the reactor. The terns
"first reactor” and "second reactor” nerel y refer to the respective zones
within the rdemtibr Systeyirudveriebrpatehoht afnstrhal) irethe nefpatinppyrolysf ovstami on,

quenchi ng, etvs%ﬂ be %ft)C%PS%'yttg i;()grgg Ih}%%ggc% r}l%mdt(ﬂe gl%tcesré.e 98'1] Jx%n{’ﬂ@%on%@ﬂa{ &t fethane
to acetylene, with subsequent hydrogenation to ethylene, will generate about one H; for every

CH4 converted. Hydrogen has a hcat of combustion of about 57 Kcal/mole Ha, so the

25  hydrogen purged from the process has a heating value that is in the range of what is needed

as regeneration fuel. Of course, if there is an alternate, high-value use for the leftover

hydrogen, then natural gas could be used for all or part of the regeneration fuel. But the

leftover hydrogen is likely to be available at low pressure and may possibly contain methane

or other diluents. Thus, use of hydrogen as regeneration fuel may also be an ideal disposition

30  in aremote location. However, heavier feeds may not make as much excess hydrogen, and in

some instances may not make any appreciable volumes of excess hydrogen. The amount of

cxcess hydrogen generated will depend strongly on the overall hydrogen to carbon ratio of
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20 components be utilized for the two reactors. However, nost preferred
enbodi nents w II conprise a reactor system whereby the recuperator reactor
i ncl udes condy ﬁosﬂrbg Lhannel s as described herein, andthgg} ggl(g,g()rmr
reactor may sim arTy possess conduits. O her pref erred errboc?| ments may
include a reformer reactor bed that is arranged different fromand may even
include different materials from the recuperator reactor bed. The beddi ng
arrangenent 25 of the reformer or second reactor may be p ‘(l)gw ded as

desired or asPpfEdeerBaY B PhecHpbY IRaE PE dnd O‘n‘B‘aB‘QIret edharne dadugvills
required her elcf@Qf b &cEShREGRN HaB 3k EBYne (Bt @) f6dueer f or mance of the

i nventive reactor system Routine experinentation and know edge of the

vol ati zed hydi®8%r bdheyss? Blugtedtes agether pagmmay geelgr totendhat iy H%S%ﬁﬁbléfrf VE ve
reformer/ secopd;f.eaGt QF c&ﬁl%mg@ and U-ROG3] AS HinBGHSS 6 RN aYd BMIAnY to bBge ki 1 St
reactor or recuperator (27) includes various gas conduits (28) for

separ at el V5 chrdffielti pgpneraiieno heahp riaguga e derfasi p oIy "@HP WsicHY oparafing & thend
(29) of the rl%géﬂpl%ﬁ&ht le( 4% mQ‘BgIVE WaQtUtg@bt%H‘jnéf&QﬁQ%&%dsé’@t&%@%‘é}s ghinspgsed
therein. Afirst gas 3) enters a first lurality of

condui ts (28)twolrgactpsdenck.omhe tepIcEar d? hgs ﬁ\efZPWfl%UY wingre quenching takeb place
2008/ 150658PC4; Use 008/ %?{99911393 %ﬁ%' flow NS W Ahh A 1s( BB)irafdiSPing BB bS e
effective flow barriers (e.qg. h effectively function such as conduit
wal I's) to preerhingrepsgort pases férougrh sheﬁgac@etnwé@nwﬁ%t ficyrsing serabuséiopyl the

[ eact ant s, And,,(RIGA! lofmfMBloP hlihi B bl LEAABAR FipGt h Gl (Ghincs eNAL dlked
fromeach other until" mXxing is permt a preferred enbodi nent of the
present i nveredcen whetsacgoaerator epigne 4ng Vglaémﬁkﬂlryii@é%ﬂb@f reraation pprdlyeeeraded
honeyconb m)rh?lh 'nlia Se d%rﬁ??éd as’ GAGLBAd PBYiol ﬂ)?l H’%@b@@‘ h§1'cﬂ19| ﬁltﬁ&?lplt etdlst Wi e a
| arger reactor can iInc a nunber of nonol |t le still l|arger

react or may becosdbzptantin dilrgactop Mb@dla\mI@h‘ﬂtﬁlﬁda&&eaﬁyélb{éimm@ﬁhhlﬁmﬁaﬁ@frﬁe‘yﬁonb
monol i ths. Y, A That BE REGHEN h&‘}’e%&Bﬂ on
(which are aglggélgﬂ(%_&)%%f‘?@@)tﬂgﬁ &J 9(§fh§e l%% fmﬁlg? redac tor t( )) C((:)an ;
char act erisz ednca/sbehamuﬁxgtumdenrwud@htoabthamw <(om’om2® ijesrremmor sméiedwtﬂr lbﬁda)

bet ween about C ree i t ween
about 50 and %ggpgl%rlgg&%e %%8%?@ t%\cndcyﬁmb%(rélse pre ?ﬂg%%@qyasu%e%écrt otgdtgE 100
and 1000 por estcgers sefhayeed nohin tiFonctexahé écrmp nﬁ@h@a@ﬂlﬁmﬂd eqspnd toheor”
condui ts may i I t r r on
the order of ngwgtrgfgﬁetgnq‘?% %Sr[')rgcmg Oxeﬂeagﬁ}glrmné%c?? S%Ert%%lngﬁggg gjﬁgh&gls t he
monol i t hs or redeb@ntmat iefembiédh, mediclang. proefsepabky pihee prdolpl e rdqoire Hint depastt one
of the flf st cg‘mgonegtg% utl?lz %nf%I h% t@;?s%&'io?l e'ﬁ%weyer brqg)sji' %&Geén%oﬁﬁhehﬁ%ﬁde a
packi ng W|th an av wet t e ace ar me that ranges
from about 5®orrnpms£ atw&c&alnsy:»’tenﬁ@@@c&ytthet recmmm@l pq:aetfoemabﬂv cononts alybehanteGosf t - |
to 2500 ft- dstlll er 0 1 t-1,
based upon t ﬁigsc{/lo 4 }}%el%fanwe Fior rrg{r r?%g)é%(n & ?ﬂla?l Q%ggbﬁéeg %tbcgtll%ré%%qreg
react ant. Thesgodietite thagriedudeal mé}smaprphcyort@dtthﬁe i€ raamged diffeont ot hndimay he

fl rst 20 and Seencioa dercF Cg‘gnqnt er1aﬂ}e1 '[hrCeI‘!)C%t érgt% Cﬁ%&)&%ds&lﬁ{ @e%gmglégﬁwgﬁgntumt
vol une val ues are ik pre erred ﬁ iments to ard achieving a
rel ativel2y qufche mlﬁamgeor secbhré r¢aemperaathmr mrotlhecbagkiesurh@ oF @aqtrorribeg thyhthas

generallylllutrated t.ivel o]
Conperature P e g PREF B! eGSRl BPER b Sy RAET ¥

The qui ck t eppdsratnref dfeamgetwesrcmcefsﬂtmdenmmpexmnmerrtaloatanwéﬂlo;wlqlgle okthand
consi stent qlilfglggzhad r?gdrocarbon pyrolysis art may be used to determine an effective reformer/second
reactor design.
30 [0063] As discussed previously, the first reactor or recuperator (27) includes various gas
conduits (28) for separately channeling two or more gases following entry into a first end
(29) of the recuperator (27) and through the regenerative bed(s) disposed therein. A first gas
(30) enters a first end of a plurality of flow conduits (28). In addition to providing a flow
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25t he reaction to prevent the reaction fromcontinuing and creating coke.
[ 0065] Preferred reactor nedia conponents al so provide for at |east one of
the first an hannels in the first reactor and bly for
bot h channel gwﬁt%go?{fﬂ)gﬁude a packing that includes a hi gﬁ@@?%‘éfﬁz{ﬁ%@ heat
transfer coefficient (e.g., greater than or equal to 0.02 cal/cnBs0C,
preferably greater than about 0.05 cal/cnBsC, and nost preferably greater
30 than 0.10 cal/cnB8sC), have |ow resistance tag flow (|l ow pressure drop)

have oper ati rasishpby sengpes (B GEO OIS eftctiv ﬂﬁwméﬂ% @%srvh%r?ﬁféw%l@fr es

encount ered dulfdiRE sk @IS BB WAlls) t&) ﬁﬁé@enhbrgﬂ ﬁcﬁ@é&ﬁ&fﬁg BethvRed t'ﬂ@ rifRhnsRAGK, and
have hi gh bul k heat capacity (e.g., | east about 10 cal/cnBC, and

preferably griextass a@lﬁaﬁm&mwa@r@mfél@ﬂ FRHBIE) efTeptevclyi seprratebirem grehatiior 46@ - 26-
WO 2008/ 15065{%@&? %@éﬁoﬁggggf@{eggm\ﬁ&ht’ﬂ% of M&‘?ﬁé’seﬁt%lw%hﬁdﬁehﬁé Biu@ator is

vol unetric heat fransfer coefficient value and other properties are also
| i kel y pref erqomrifedrof wangr eptscdinded thengygorah anopelitise hi sWph geagior BRw i1olrep

qui ck change s’u&let a&oﬁlﬁmﬁn@a wrgertr&wapgia ihd1&c" SRAGIRY of rﬁaﬁhthasmm@n%g
illustrated by the relatively Steep slopes in the exenp ngerature

gradi ent pr ofl’PciCé)r greaphsibstgurisHy d8ed wiith 8 4riapgemest of ()Y h@(eb‘)omb ths.The qui ck
tenmperature C[tiﬂﬂ@e IR G e dihe n:%?e{r tn '&?cl extelwenqyﬁ ekniang.capsistent

quenching of the reacti'on to preve e reac |on from continuing too |ong
and creating foskeaddp) efathbdimst sedctod (P) cathbe eharastrived welyvageoray dealgearebied

upon the ypl mQ[LC rg@@&lgﬁlc)%%cﬁ %o&&ﬁ%?&éﬂﬂa%ﬁ 88horlent, %ﬁ&fleﬁfﬂ COIldLUt dCIlSlty

[ 0066] Al ternative enbodi nents nay use reactor ia other t
descri bed andctr@eprisfues? ed! HOA@pso wbx mmlm@h@orcmfﬁa@s bwrWe@IeWUt H@ aHannel

condui t S/ 1 0oRRhHS: FBYACHIIS @olRLR,OGIHRUAIBALINENR Gfiafl RNKOL Ut e

conpl ex, tw sted but no I near or tubular
previously deswredyed ondyreofeim maliméters| andipgfetobly onche pidai efeabotiooncanyimarhi ne,

variegated flou.panng, csgggl%hﬁssuc% cﬁa e By of AREARLL RANEBLIMELAEE

havi ng chann hrough "a“ portion e reactor an nclu
portion, Buc h)rca@deaﬂoongleam ond Bf thet fast @dr@feamé cbfnnalssied meerﬁ«tld'@}f bv«ﬂltcthmmels to

sub-segment s 1nch% Iaq)gcl& Fha’ﬂlt V@ljd SwllRd ?&r@a%g !nlcey § Srpt)lﬁ L U8 !: hatIIXIrgé ?ﬁgl?lsdgéut

and/ or ot her rreans Sul e for preventing cro e reactant
gases and naisAtfal wi acbguttw@offt rstoreamdfcwaofn@inraé«atttlaﬁtft gtas2é§0 §lbstdasi]] la¢rby

separat ed 11 mea6h o180, b ko XUA A LLANRIT H090LE of REYPETALAT 120

For such enb e conpl ex Crea ene
ef fective fl (uwdpabdmvey mma@aﬂeahﬁu w&midelr@zwealps ?épmd' tQﬂlelcmpmdv@d bh@altf thefansf er .

Such, o4 TRy D LG CLOL LS00 SRR TERL S POHLE APl Y
experience i moafmseﬁbr pness ambzocﬁtnﬂms td rund)wgme\tlmg ar mwdly qthbwekmugc flOI’thS uch
ool IO, R 0L PSR MR Bt DR R [ o S
nedi a, a submmbm@lbﬁyycrhlwmexyregmwhymef‘ ilstgraptyd, wuad,as an F]gulcs 1(a), 1(b), and 6. The
quick temperature change is preferred to permit relatively quick and consistent quenching of
25 the reaction to prevent the reaction from continuing and creating coke.
[0065] Preferred reactor media components also provide for at least one of the first and
second channels in the first reactor and more preferably for both channels, to include a
packing that includes a high volumetric heat transfer coefficient (e.g., greater than or equal to
0.02 cal/cm’s°C, preferably greater than about 0.05 cal/cm’s°C, and most preferably greater
30  than 0.10 cal/cm3s°C), have low resistance to flow (low pressure drop), have operating
temperature range consistent with the highest temperatures encountered during regeneration,
have high resistance to thermal shock, and have high bulk heat capacity (e.g., at least about
0.10 cal/em™C, and preferably greater than about 0.20 cal/em™C). As with the high surface
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25 fibrous arrangenent, and a nesh-type lattice structure. It may be
prefened that the nedia matrix provides high surface area to facilitate
good heat exc M th the reactant and produced gases v y be
preferred to ﬂﬁiqﬁﬂslz%&gorre type of equi prment or nethod tgc irgg)(z:}{/d(’gémmiow
stream of one of the reactants into a selected portion of the conduits. In
the exenplary 30 enbodi nent of Figure 2, a gas distributor (31) directs a
second gas stream (32) to second gas stream channels that are substantially
i sol ated from&r VHBE: Ifese Irelitretyo gt niolBrairen het tirneFe cqaiidiant gale cdnorets,
here illustralgd @3 &NAWELSy br3flred TG Mbbdibnd Rabidah Jbig&3lg & rPRRLRON Of

gas stream (33) is kept separate fromgasS stream (30) during axial transit
of the recupetiékothagge7ip the femperatyy thopsh 150 EBEPTTY S@WB%@@S%W@W By the
preferred emhodiif®nteed 06,dsSIGRE LAY Ly REHeRhurOforddif HREWPEHAMOEuAONREIn
conprise channels ‘having a gas or fluid barrier that isolates the first
reactant chanfigi® Hebr{Whedsecdhdvidasrmpatatishelithed s profierdelpyperpibrdiatiyrlyt he
at | east tvo §RACHANL AR uhHy b A0RlLidiS pRABANA! IRRRSHYonlitih oo
transit the regenerative cf s), to guench the regenerative bed, absorb
heat into thdosr gulctreating gelsed, cagen dudduponblienditeg veloey gaeverydes hassdahomthiser in
the combusti apNereachOREPl: KSRl gId tiigaf eactants (30) and (32)
substantially separated, the present invention defers or controls the

| ocati on of t[Aes6t onbdditinaiyeommbotliments et use atastes enctllaatthes dleanr te dessribag and

exot herm G, r aGt | QNpon t EIN € ad" o i g

percent, g)r efer a']ﬁq{yhcgltc g%s['?x&%l 5é¥%§nétg%ggﬁ%?n%l?§ﬂ%§%f gérqi thll@s;f/ﬂ(Jgt? %?%?ASI%YQO
percent of t Heclydsagnantortyans mgiwag(cteh eonypfaicl etnpbr, Winding japdjor twisted but not

st oi chi omet r '1&@11«'%4 %E&&S,atﬁéneth%g@w%us F adsGR%H HMngli@S iﬁahd}ﬁ%e'ﬂué {g& Jdﬁ&%tto?”d
second reactant streans, has n become consuned by reactton by the point
at whi ch t hedéygades, haeatcbiiph giethd, tondiirs, akislslots amdprt a pbretdrectpgchapeeat or
(27). In this nn ] [.Qr] f.th Lrst,r : 0)..4 s. . t,

ool ated  rontTRa BkoushidoRhR] ke ety bk BEnEBEEF oo B ek B lfn
t he heat ‘el @ase siffom ¢the segaotti @nwiliin cobdségnienty, hednd antsen(i8Q) naredectvd (32)
wll not tak , until the,re LS. heglr t he recuperat or,. (27).
Pref erabl y. t RSN AaNP AR e s ST RE Wbl AREE i IS ARPRALE T
l'iquid, nxtuceanogaswapormphaseg hOGESlandheopbreantt gaeactbamiiigr siphesd
e At o b SRR T e R RS PRk Nt I pRRTLOLE
conpri sed 10@omplxiffes poth radyrcr¢aBOa leogtheres chixtiandoR Patioinuresd é@fegce ard gds
(32), 20 OPARSEhaL Rt BRHEES oB0, IANSR g HABRe4 IS RCTHR AL SL S HLOPL T ©
vol unes of Oxsigenly( 8id)t $:0alnfekeh kbroudl tiwesagbr. H2Kallynlobdyr sregaselengths i@y
e o L OE MRS AR ISR S L IS EHPE PLRagiRE 2T
i s despite tlperopy @slénpemahble esddualy ucude &eteednox g énst doeofiupeckethatd, an

un-reacted oxygen 25 . was present in. anounts above the stoichionetric

requi rement . aéfl’%lﬁzg?w”t% ﬁé%\{ﬁeﬁﬁgga@ﬁ‘%ﬁ% M{Lﬁemes%aoiacsﬁﬁbgar%ﬁ P RRf ¥C>9mllblﬁ?ﬁ°t g @
conponent2s Usibrogs bfdrngerdadt,i anidtal mesh-tifde latsicpstalcard. el ndpdle prefssed thanhdoedier cent
reaction, nore referredthat | ess than ent reactig

br of erred t hAE B8 thae 07t BB Or B oL PR tra PN TR s B dT s
occur duri ngptodecedaxh@b. transit of the recuperator (27).
[0067] It may be preferred to utilize some type of equipment or method to direct a flow
stream of one of the reactants into a selected portion of the conduits. In the exemplary
30  embodiment of Figure 2, a gas distributor (31) directs a second gas stream (32) to second gas
stream channels that are substantially isolated from or not in fluid communication with the
first gas channels, here illustrated as channels (33). The result is that at least a portion of gas
strcam (33) is kept scparate from gas stream (30) during axial transit of the recupcerator (27).
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30[0070]In a preferred enbodi ment, the channels (28) and (33) conprise
mat eri al s that provi de adequate heat transfer capacity to create the

tenperature profile 4) and (8) illustrated in Figure space
vel ocity Condwgzgoﬁ operation. Adequate heat transfeEPC%(goi&’%(’§"%81

2008/ 150658PCT/ U82008/ 063600 rate is characterized by a heat transfer
paraneter ATHl, bel ow about 500C, nore preferably bel ow about 100C and nost
preferably bel ow about 50C. The paraneter ATHT, as used herein, is the
ratio of the Ibadreivedsgdodipruntbe ragenchsise badfA AL e FeoyReraor ZhRg compTipfedaraglsf or

recuperation, hatvﬁé d@gs g@ﬁdﬂ@?&g;&%ﬂ %%Eate% rt}?enﬁtt?gac@agﬁéﬁahﬂ% Qlfe SE(Q)ﬁd l?e%gtanthy

The vol unetric trans rate g I /cnB sec) that is sufficient
for recuperat qh@mlelSs Thetkloubeth efithast letse twer iothtent gases thidragaished shapnol areens (eayg.

gm sec) with ﬁjh}? B tng ?é&gﬁe@&@glbtcg(r)( ?0 uengl"la‘tt(egt%eg&a@vrédb%e§ s'bﬁ;dhe%p%'té %nd

tenperature change exc eact’| on en this quantity
di vi ded by5 t hreactent gases, patorg Corolmtﬁl)ig tsf reachwith e&slhpélleamélre Cz@hestl(JQ?qnet raver sed by

wihgas (320t ARG e cPkeGR DORRH 3% SORERG itk I8 Wik >
vol umet ri ¢ heaatentipradeére pr m&’blfsmm leertion bf thagobdtiorher, othes heatpélemb khpt occurs
cal cul ated as; %)htg eo;)%gl%]% O gh ar. & gﬂﬁgg %ggfagehch%g&sn%% % 158! 40cggr§eg)[ and

a specific surface area R&at rans
referred to aseftlhlywneletsedS acrecalt oid trivee prafciebiygt 19 Q0P Pprepm Oétlprredc@nt leding

enbodi ITEI’I}O, Ctpoa g]nrll%ﬁlcs 0(‘ %?gtmg S méh%o%)lctr?chnfll‘clel(? ?l?lg g{.&ﬂt Sf gc &grlt aglbggvclgrg%hcr}ﬂ%

limted to zirconia ory materia

wi t hst andi ng andScdoeqlrmptamtwltrean%h@sead|bng)nl>2@>®®,m0dﬂ1yecqrraeri &y &isl erﬂtfﬁ@@@chand
still nore preferably 1700 erial,s._ hayvi e f up
fo and 1 n exdbes SBr SoBGe et oo BHaray Mt Rt BHARY PIPEE AL B,
reachi ng the dne@«)hty eAdtci fost Iazubtaab(ﬂOD & eaxisohatel fiemptbe atajoriey 6fothe serotdiisaetant

peri ods of t hGioR0 ftEeah Pleledsedfr AIBIE;. lgr{ S (!ﬁ)gn%g'ltl r%a an%l (?@tand

economi cs and> ol |tP Ongt(hervm Lo BE T TS &6t
pr ef er r ed! Senydz)i wit mbt, tabm;ﬁmeﬂnel t(la &)actarﬁ@b@ﬂdex(tﬂ&)thdqawem t(é7d areéadlibsetmee n

50 ft-1 and 300 t-1- bl y between. 00 ft-1, and
nost prefer aﬁfa§88t§ ﬁcs’g‘ébsqf’& “iacgmfa %66111? T hqwgsffnx it ef’e Vaﬁ%ﬁ fi/ *hannel

means (28) cqoqm9j se Tae q;emazm adtion eyc drrky 1dgamrmgnahammelssmeumnhmgext:m xi al
| ength of the recuper.ator ct or

fer rin n_brief. to
Fi gures 1(a) "S5E°MER)S p?sﬁl(g et g}%bt%lélék?gﬁ é ft‘%‘/eréuztg I ncIr eaa%é‘e 1# ‘%/ar’ st
react or (7) ((m)tcamphmg H)Of‘lrdhﬁﬁesaﬁchu( QD andna Iszeamin?.i) ®otin(ed 1),), @add:aa ($Ze)cond
react or cont ai ni and a seco nda
Crbod: mers ePTOeeD 4D deitrhy ssTBtosn fetyte iy SRERBRRY bt Shud fofs
il lustrati onsopt@vbrledd oﬁluﬁwaal@altagrery (ﬂ@grvpmsesmembyofa@dygaﬁ €opab niakt anded
to represent nsi ve enb nce
react gr ner el*§ uF“Sir’TB{ @rlf SIB Br 51 1‘%'6@%? R f;hﬁdh(’@e? &5E ac%ua% f?{n%t,?ggbg‘& to
an aX| al  m d+@@pdtitoofont (0F) @ GloRId. rerbdest, 1 00Cpek@iyt rkdvdibn af Yascgemir@ios spsaneXi t S
an "end" of actor, such a ans nerel Xscttlt]a?t t hetegas nay

enter or exit %gd% £SB1G hﬁml%?ergﬁ ogﬁeglrgi(aal(u%)-r’eacte oxygen, beca un-reacted oxygen

25  was present in amounts above the stoichiometric requirement. Thus, the hydrogen is the
stoichiometrically limiting component. Using this definition, it is preferred that less than 50
percent reaction, more preferred that less than 25 percent reaction, and most preferred that
less than 10 percent reaction of the regeneration streams occur during the axial transit of the
recuperator (27).

30 [0070] In a preferred embodiment, the channels (28) and (33) comprise materials that
provide adequate heat transfer capacity to create the temperaturc profiles (4) and (8)

illustrated in Figurc 1 at the space velocity conditions of operation. Adequate heat transfer
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WO 2008/ 150658PCT/ US2008/ 063600 of the various points along an axis between
the respective end face of the reactor and a m dpoi nt of the reactor, but

nore pref erably ,6lsAsgss to the end face than to the m d- Q%}rﬂl"szoos[/&ga%g’] Wth
regard to the various exenplified enbodinents, Figure 3 illustrates an

axi al view of an exenplary gas distributor (31) havi ng apertures (36).
Referring to both Figures 2 5 and 3, apertures (36) may di rect t he second
reactant gas (32) preferentially to select channels (33). a preferred
embodi ment, apEnt eEsienzshbyay kealirangierpranass Alhutoelap bt 08, &all‘r@éF preferaplye

openi ngs/ aperﬁcw“eaé,qf 1&eEeRH @?@ﬂ@@}aﬁl (R adélglzgd °8S Al pafihfkt ml,w%d

shown) may be ad to the apertures (36) that are suitably designed
direct the fllwinfistthe r@eccfntlile dus- d(/@@)e pleharie hedt dranyfer rato thahes Q@Ide(ttfor

channel s ( 33)I‘ec ¥ ap(q{[ to g@l)liu{ﬂgtrlc th@ AT r(%b%fgékrg%rf ﬁlre b@@ t ulrh%svoluilngtrl(c‘?h@lt (or

nozzl es/inj ecto s to the select c annel ese anne S may
utilized duritrgsfeheicleyenken’'fseouhais snaisti forreespetation is ndctéasd arsghﬁtmedlmvfefr al |

efficiency of, 5%% ﬂ%%%t‘ég%/.%%%gilg) '\?leletlﬂc gg%%atQEﬁ]tc{t# %lgr Qc{./igfnl : .élt i kllPSEi fngd.erred

for many applications osed ad aptation to
multiple r eaoetndn@t&}@&tt&mhdﬂ&@@hcla@g\h&rl@aqﬂhm a@dCl ond the tpeqatd@y dbe?d:tsl byay
rotate or otherw se nove in. ocat | t S st for
processi ng, et ooe i ar e ed B0 GRERH BlloP ko s AEG R LhFRE

[ 00741Vhen a (@8iSis Mmﬁmddhutngrgaﬂ@i)x lcBan@el (Apevittugas (f(ZBGB)ndItdftalchupap‘(anorﬁ)(S'I)em

directs a tre of reagta Late C nel
and assoc]OZt ed t8FilL%ﬁb ?ﬁ %n? E‘%zf %)I}Sge( 6?%?%?“ f@ gcﬁone gBﬁglyCdlwg?g
nmonol i th(s)) ,dsttﬂfteptﬁmt efnt Sre@-ﬂawteh&befﬁhér&é(ﬂ'g ofal/creatd)amt ag@@c:lﬁaﬁ)rfam hiea for
typically ocqupy a e nu of. hopeyconb condu ) it traverses
Lhe 50 T coutbr B R ¢ Bh e o e b P bt 1R Rk <i e ot ¢he
react or segngodd] andl/anl’prafBEde ¢ dShcae cherrﬂblai(:t&)and (331) b@nﬁibzeemlct(heluﬁmol ith
honeyconb co dUI ts condui

hocording o bt il g "GHEVA RIS, Beb i GettDy Fieit SRR B ki pine
condui ts, 14t ypérﬁ@lrdtme@mcedai@dl2ad)°0‘ngloteneefslame 1380°8, &Rl stnhema@@fefdumy (B®)C.and
its issuing rea as (3 Condui ts | ocat.ed nea 8¢ r of t

bundl o7 chann QTGN visd Sowhial ARG Jaie ) o G CAIC e o g e
Iijkel yf noth Sgﬂﬁg&:‘thele)iftdiﬁérmvﬁthhieaﬁhﬂgmib béaoliaddﬂﬂoh&dlb&alatrﬁilmmerﬁﬁam@ufcﬁ:r ]
edge of the bundle w e in close prox to col 28 carr t he
ot her react afts®i vaﬂmlwgawe 8 pw%%&t%‘é@éﬁ%ﬁ@dmab@vﬁtkc B %&P@anﬂa t he

first gas (3Q@pndadssbhervs@qRAtl GR%F 6@ )mdtdrials. Dea pR&vied eakdd@ndtahatnbl (28)

peri pheral ed of each stream of that iss es from the ertures
(36). Thu?, TR LB 5? gts)dgié@ oGty beiyger BY

bundle W Il ©agy ' sdBod FRERMDLIPbetP&NR0Y he aﬁd e300 ftgamdsﬁﬁéfelan@ cthiaﬁles@le&@d gas
(32). Reaction or caonbustion between gases (30) and SZE?)COU gcr“ ppen in

t hese condui (&9 OB £HETAGHS dnYepl-etaing thruiesy sunipgdinaria g@z@/f) thegych
gases woul d $@Chf,drat@[emgcm§17der ed to be substantially separated, as |ong as

the resultin reactlon of the regeneration streans - 30-
Referring again briefly to Figures 1(a) and 1(b), ‘the inventive reactor system

25  includes a first reactor (7) containing a first end (9) and a second end (11), and a second
reactor (1) containing a primary end (3) and a secondary end (5). The embodiments
illustrated in Figures 1(a), I(b), and 2 are merely simple illustrations provided for
explanatory purposes only and are not intended to represent a comprehensive embodiment.
Reference made to an "end" of a reactor merely refers to a distal portion of the reactor with

30  respect to an axial mid-point of the reactor. Thus, to say that a gas enters or exits an "end" of

the reactor, such as end (9), means merely that the gas may enter or exit substantially at any

29.



WO 2008/ 150658PCT/ US2008/ 063600 wi t hin the recuperator (27) is less than 50
percent, preferably than | ess than 25 percent, and nost preferably | ess
than 10 percei, Qs kfag stoichiometrical ly reactive reactaplyshavis@ot he
smal | est or reaction 1|n1t|ng presence. 100751In sone alternatlve

enbodi nents, the recuperator reactor (27) may include, for 5 exanple,
packed bed or foamnonolith materials (not shown) that permt nore nixing
or dispersion of reactants before fully traversin e first reac

this case, addfiltsBHAYS PELTHPAFEP BSBEE? ﬂseﬁe*mfm%&fg Ay regezeryan Elé“‘ﬂo

M Xi ng W t hi Mydier iheedPeF, BhtQkort PdterdbB QU4er th eheleh@fa8Xihad todh@lﬁﬁlﬁﬁ)‘u@n of gases
(30) and (32) as they pass though. This nay still be an accepta

arrangement a€07%ng Wih foEed i Mergriamna 1@%%‘9@@%?1&5@ 304111%%3 an axial

regeneration éQ»§F&ﬁ§ﬂ§pM&ﬂ§ﬁHh&ﬁ@of%@ﬁ&@h@%@ﬁu&ggémlﬁckﬁﬁét&B&HFéﬁms7
per cent, preferably than I'ess than er cent nost preferably |ess

than 10 pet cel 3. NEIHEUSOF By eiscetip actCPfephrceﬁtanf i () P&if%fﬁlé‘raéllf EnseRiEhARelsng i n
bed media is g)ovm al [ﬁ'effellﬂ&l &%M&DZ&%& i(3Y) aF LORRGT R, % ark A6t LhikSlo, @RS

(30) and secon transit the recuperator zone (27) via channels
(28) and (33)0pemlﬂg8(a§elan1’éé>f selegh eltanneds (3P hi Nozzlsy @rRPGers ieathon@amay B sideditoi n 15

the recuperat,pf aﬁ&ﬁﬁasf('f%@mh%th%e%ﬁéﬂhﬁﬂ@m@i&@ NG ey che ﬂo\»vsoft fh@@%&%ﬁ r?ﬁ‘ é@ﬁ bot h
the first and second gases durin e régeneration cycle. gases

are then i nt riseferceéplly iete the sedaet %M‘ZP}GIS @ﬁb Bagotseding( dg) gas Idﬁ%rﬁ?cu@d aPpEtRSen
the r ecupgy at(@é) &?Zc)zzl@b“ﬁhc%?s) FLRELQLct (:@d]‘l)l@ls {3@%@1%89%&1&5 Hh)xbut Mized during

regenerating reaction gas streans (30) referably at or near the
interface oftb%éW@@a@PWdﬁf%@ﬁ@leﬂi)I%W@Mﬂ&émh@%éﬂl%ﬁ%?wyzéﬂb0¥@the whxer

(44) is pref e‘roﬁé\l’ % CQARRbEHCE BPmA bd ﬁ@f%h&%?ﬁmﬁ&f apliERb&, 'oaér aa*el()@edt Qystem,

wi t hstand the i t enper at ur'es "expect ed be experienced in the reactlon
zone during v@ﬁ@tﬂ%@@mﬁ?@md@awb@hﬂﬁﬁﬂﬁﬁwﬁﬁq sch b lersBp eeetpr/iceypertod befisgh

conversion rafges ot(i?%? Mfa&no%m%paan to tﬁl: BeRbELERE B EIROML PRRLindter

(44) is constructe roma nmateria to wthstand tenperatures
exceedlnd5219@¢hﬁyﬂm@cpwﬁmﬁxéﬁ@ﬁéﬁ@ﬁéﬁ&@ﬂQ730F (1500C), and 25 nost

pref erably 39 (11006, and1@191§ffﬁaz£1@%r%gaqge [t oSG 1803 ] ol S

constructed ceramcC ma eria such as alumna or silicon carhbi
exanpl e. [00$8¢anmfga¢c@nﬂgabl($ii)$wmé@daﬂqmatxd allet ghaapel ghd avjecidehdonduiisan thon of

t he m xer (4?&mm} aﬁ$§§r§?§@%mﬁ@ﬁ§)Y&ﬁ%ﬁ@%ngﬁmﬁﬁanféféﬁﬁaléﬁqyéary

£
enbodi nent o exenpl ary m xer npri's
m xer segnenWsUOwﬁyﬂhammmgfszgbrmnw@rOfbﬁmwhvdapeumﬁﬁ(ﬁﬂn%SGthh®Osé@t|ons

(45). In R P gcﬁlgé’rgtgp ?MPQQMIEJ‘R’ toﬁlg c%gg [Pttl% s(z%ﬁ%f % I%d&&bs% ner a?ridl/&f

equal in’cross Sectional "area an € SWTr m Xers are g
central ly | oepdreidt wed, hitlativtchie thesizé ofi she(@&)olithvhongycogdgrraditits. (%)hoaﬁse:omb

et L) one L TERRRRL b S LGS Sy BL AR PEITII e paac bt <
a bundle of conduits, typically oriented along the same axis as the aperture (36) and its
issuing stream of gas (32). Conduits located near the center of this bundle/channel will
25  contain a high purity of gas (32) and thus will likely not support exothermic reaction.
Conduits located near the outer edge of the bundle will be in close proximity to conduits (28)
carrying the other reactant. In an “open” system as described above, some mixing of the first
gas (30) and the second gas (32) will be unavoidable near the peripheral edges of each stream
of gas (32) that issues from the apertures (36). Thus, some conduits (28) and (33) near the
30 outer edge of the bundle will carry some amount of both the first gas (30) and the second gas
(32). Reaction or combustion between gases (30) and (32) could happen in these conduits
before the gases completely traverse recuperator (27). Such gases would still be considered
to be substantially scparated, as long as the resulting rcaction of the regeneration strcams
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WO 2008/ 150658PCT/ US2008/ 063600 segnents (45) may each have substantially
equal cross sectional area to facilitate intercepting gas flow froma
substanti al |y, < er of gas channel neans (28) an in a
preferred enboggh‘n‘gr%tda%e gas channels (28) and (33) ar %Cg%%%ww@g@gd Wi t hin
recuperator reactor (27) such that each of the segnments (45) intercepts gas
flow froma substantially equal 5 fracti on of both first gas channel neans
(28) and second gas channel neans ﬁ pressed mat hematically, one can
define fA asViHetherepsaiar Gf) tSdesa ha8r58§§10%dtr?falﬁalw thindess dHE gRPASSE dey
section i, f2gbsdstlgy (dathh a0 RfcediQrahe g&@m&ﬁém&ﬂ?r}&c{l%kaam%\qg@%d by
section i, and f33; as the fraction of total channel neans (33) intercepted
by section i m}aHeSéorer%GFléﬂl@dméﬁf%@P%nt for each section i, the val ues
f2si, and f33[00-yy]| | 1R&ot Eﬁérﬂdtﬁpgﬁ%od?thmRsertﬁcerr&%u&f‘dt(fr'rca@tor l‘()ﬁ)\’}@cgrnmcl&& ghout
0.8 and 1.2 tines) the value of fA', and nmore preferably w'thi'n about 10
percent. OChe ¥amnpfupackesl bodetjfpran fopplith snatcpals (pshvon that p@a@t §10FeH RNE3D)
i ntercepted by %@%Imcman@sngef&%uy v i threaf%ﬂ QA gaauéub@amd(t%azl
intercepted by "The section i. Ih a more preferred enbodi nent, for each
section i, tHeoual wesowhr inde recugadior @71 dw tpImities witkinithy ratyperetoptape et  of
fki, and nor GhdtL ﬁfﬂe{i ksYonV\’bft Eis& @la?lelﬁd %Q) ?rtf'}(%nf)ass %gﬂ)?gﬂhﬁ glgy %txl‘f]’%e an
illustrates an exenplary cut out section’'of an 1ndividual gas T xer segment
(45) with swiaefepibikerratgrment atippgas the ninpered rpsemrgnt uedctionzef he gessnaritionr
known to fhe nU@qh b R C@APIsNEss 5t NercRbi! @hd | 93s
channel meansS ) lgt : %Qpca %r(g ersrga ﬂﬁ%% ment’ ?fct hfl}lls I nv%bn?{d%ng
mnimzes opemloolﬁl @mfb ﬂ@bt pieécrabis lovs stean [Upyreousi | Methadanfai swionlgtisufof iradidnt
m xi ng and digtripution. of .t I xed, 85 the i€ termopen vol ume 20 means
the total vol ui@ebgy (ﬁ FSV T P&rrryg)(d)ga?g 1%%&5 ; eg gas m xer segnent (45), less
t he vol une ofl087%6k ndtueng sdgemsrationtthy érsbgd%t(m% agd secpidxgs (32A¢I@mtdhmg>lcn}perdgas
m xer segnment ndy SV, L ] ( f er
i i i 2o operCUarial Pt Lo At E il SUBTINRANAPHEE LR o
the gaseslSexithd rgugertorclanfiemsth¢ 28)vioan du<r@l3)cycl¢ nis drapyfefedrtp dethpthadirbtcamd of
t he |nvent|o 5 i to
achi eve 25 ScrP o e TRACRAL e, TRPRRAGp MR Rt S 7
mnim zi ng om@h Vid gﬁmnXi(%risqa@d betateerotht feupesatqyr(&f) @ndthk yeartnr he funatige of
0.1 to 5.0, f
segrent s of o B FogPlsRu e Aatder iy WG ERPER o Bustrgnfune R ipedRSER) )
1008011 n addlot"thomacmdmezotl@(&a]dndoﬂlelmera(ﬂ4)r| butable to the gas mixer (44) is
pr ef er abl ilored.rel atjve._t e tota voI t eflrs eact or
bed (27) %.Snd ?gr mcf'hg aneé (? 1 S pr craﬁar| conbtx kf& %g?car?ab?fha r%aéena alglF3
vol unme of | esssthsthminthabmglt teﬁmeqaemmbecteantd bme@emnneédemathb yedcee;rs zbrkeadurib )
ng][ gre%t ?Lnt Qolﬁg zc?gx%nr%garl\)logll UEE mmé d¥lgn %;s?elgé(%r?&g/ %;[1 iof 0%ve slon)rateb r(LE\SO weight
2008/ 150658 P@dictds?2 0084 6360 e{tﬁﬁaﬂ:}eﬂeﬁﬁkm G exg@hmmtc@d Hrogu rendgrial hkle b xer
(44) as configured conbines ga h nd
fedi stribut egvgt andt 91} ciratgas &7& cFr%’gr gg‘[pﬁ @dgﬁf oy grc%clé% 2’/(3§§) %léq(;lg), and

25  most preferably 3090°F (1700°C). In a preferred embodlment, mixer means (34) is

constructed of ceramic material(s) such as alumina or silicon carbide for example.
[0078] Figure 4 illustrates an axial view of one configuration of the mixer (44), together
with a cut-away view Figure 4a, of one exemplary embodiment of swirl-type mixer (47). The
exemplary mixer (44) comprises mixer segments (45) having swirl mixer (47) located within
30  the scctions (45). In a preferred embodiment, mixer scgments (45) are substantially equal in
cross scctional arca and the swirl mixers (47) are generally centrally located within the
sections (45). Mixer segments (45) are positioned with respect to the reactor system to
segment the gas flow of a plurality of gas channels (28) and (33). In a preferred embodiment,
31-



In a preferred enbodi nent, first reactant and second reactant are each a
gas and one conprises a fuel and the other an oxidant. Fuel may conprise
hydr ogen, car&ggmﬁng§lde 5hydr ocar bons, oxygenat es, p%%%R&R%ﬂk&ﬁ&
streans, or m xtures thereof. Oxidant typically conprises a gas contai ning
oxygen, commonly m xed with nitrogen, such as air. Upon m xing, the fuel
and oxidant at mxer (44), the gases combust, with a substantial proportion
of the conbustion occurring proximate to the entrance to the reaction zone
(21). [0082] TeMIBHYSsPHICHIaVE RdSRIEY St Ry PeHoBY Hicaiih i paatcerignmat e

to the entrange fod Qi o LhRtah&fl eH@arl nﬁ’rﬁb&%@%&s‘ &Qnrépﬂl@an@ %@9) aﬁﬁ ?ﬁt)e%lsﬁ ihat
flue gas that heats (or re-heats he reaction zone (21) he flue gas

travel s acr ossefetih cbpdanentrbe @M@Qﬁl@ﬂﬁ &%) ¢nrd (He awgi’g@huté@m\ﬂféimreﬁ@e@é@/ f uel
mxture is adpyalesh L&hwﬁd@&c%fﬁ@@eg%ﬁas (289 ik GERRIAL HE® 68 . tbtl@stzfnﬁagléqgﬁ

zone. The conposition and hence reaction tenperature may be controll by
adj ust i ng % hdrasriopdrbeioirsiahs elwrpl stepts| (@8)tapd h@ﬁn%zﬂﬁﬁh@mﬂbﬁf@%@ﬁboﬁf@h@ﬁ%ﬁdl n

the mxture. dﬁﬁgm%m' Sie ARMEA uﬁttllleb%&naég@t%%? ci3ls s%nﬁal frbldSnaNeh as

H20, CO2, an al so d to the reactant m xture to reduce
combust i on t énypestian irfsi as Iﬂw f@n@qﬁféﬂftéﬂhmelén@w@ﬁtmﬂceﬁeﬁbicmﬁmlslt 419lfei gyases

conprise steam fr{ ggﬁgﬁs@ i EARN AGRERLAG Bl Lot i aﬁniﬁ@éhe@gﬁgo%ﬁg”em

of the m xture. ] Re errlng again to regeneration Figure 1(Db),
reacted, hot feoslustdionighodles fpageess thill baghthmesborngl pqreent off @.onbateen

secondar Y1 n%&;ﬁ S]Ee}?xdtlh?et%rg %umu%@'fé 2hd mgr%fp%fgalg?l in AQutCNARELE DU @

condui t (18) st on product "est es a tenperature
gradi ent, suchn Bsthérd defist batsabe getier af gtaysttﬁ,%me(ﬁ%)n’{ntbl@qm@m»e@@)ll apfl Ghiapthehe

reformation ZAO, dn o 'as @Ere%ﬁm) ﬁrﬂ&rc C\éq)z tfffl@(sc@tllclnx tlrb!i Rlldwbréfhﬁcdhc%{b%[h%fl s

reaction zone. regeneration ste
t enper at ure agh q@pteq‘nenr dhlvyluhavéfz&mmd rfkat wall bovalthie abmb@ﬂamcplaldffme ore

(typically h t tenperature of the reform ng feed of
t he precedi ng&&ér%?%ﬁ%ma@outt @pér{:@n‘? the regeneration step proceeds, this

outl et tedper@7dl e Wgule #mdmaacsca @ommaty as Quheecttxenrwérdatlumeldpﬂ (62283 méxaTOV €s
toward the ou% Zc%le?ﬁgrltflm %(HF m xcr 7?%&11169 11%(1)1(1) %nf% da{%y[ 1zc %Iast }n%(cr BH) netE)

t enper at ure Feacton reg eneratr on
step heats athd ssdst aamqwbtcpmhmogasbhéorse@mﬁdaluteaﬁgzmcharmcleh@amat%yartch(é3) a

secondary end the se nd. re 1 0 rature of east
about 1500 C re(f &)e%nelmgocﬂ ?ﬂbT mvexglﬁn mlmgn %es Q] eélrvao Lﬂrll,egg%g € %ats 1xe é44§} V\bholu i

1600C, and Sﬁ’ndllﬂtdlmfﬂg eufﬁmerftemaingylnd mbsxbumonpmfdhcesmezs ghepsa The mepmrc@bm velumE at
Lgﬁts'lt‘ O?P%ﬂé} gr"rgegr?scgge %)F&rfrgoq % 8{(:5‘ tge gwg nrng%s)rla ?éﬁn CLYd %@%xe?geegnpe% (QS)r ?elsse ’[Ylggglu;[n(o)
2008/ 150658 PGT tHdS2:0681 RER6BOS the gas mixer. Accordmgly, gas mixer segment (45) and swirl
mixer (47) are preferably configured to minimize open volume while concurrently providing
substantial gas mixing of the gases exiting gas channels (28) and (33). In a preferred practice
of the invention, gas mixer segment (45) dimensions L and D, are tailored to achieve
25  sufficient mixing and distribution of gases (31) and (32) while minimizing open volume.
Dimension ratio L/D is preferably in the range of 0.1 to 5.0, and more preferably in the range
of 0.3 to 2.5. For general segments of area A, a characteristic diameter D can be computed as
2(A/m)
[0080] In addition, the total volume attributable to the gas mixer (44) is preferably
30 tailored relative to the total volume of the first reactor bed (27) and reforming bed (21). Gas
mixer (44) preferably has a total volume of less than about 20 percent, and more preferably
less than 10 percent of the combined volume of the recuperator zone (27), the reformation

zone (21), and the gas mixer (44).
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[ 0084] Reactor systemcycle tine includes the tinme spent at regeneration
plus the time spent at reformng, plus the time required to swtch between
regeneration formati on and vice versa. Thus, a hal be the
substanti al | y\%p%%osf P spent only on regeneration, or tﬁgTﬁllgir;rOesg%’g@%d on
reformation. A conplete cycle includes heating the bed, 5 feeding the
vol ati zed hydrocarbon, and quenching the acetyl ene containing reaction
product. Typical cycle tinmes for preferred enbodi nents ut|I|2|ng honeyconb
monol i t hs mayl0B#l] betResesting ageciontzund. hemiseddhcs, corfigusupmbinghgeses fipftes
mey be desire WAL XEIbREDE LSt gaMRERs BEEHS"aRLY SRt (e
preferred nnﬁgf??ﬁ§gﬂggéf%gn se IcycﬁtgP ?hggﬂﬁgfa ' é meeﬁ %Qééééhdg znd 60
seconds. It ils mrefﬁn@dee@@dwenhaﬁmt Isectang gah speanil csﬁicanﬁ ajcefagh rfagdsornd 10t eps
to have equal i nes, i n Stk @04 [ at
these two tines v[ﬁi dfﬁgﬁn%gmg)aﬁgg% {gggS%ﬁlg?d) uﬁssggp [lﬁoc\?eédr]%dﬁlKgAl%thp
preferred %sde@ﬁwmpwovbdﬁﬂmﬁ®,aﬁmﬂ@me@%bﬁ@mwpyw@mVQﬁmQNQOEy@%@@QHMQﬁMY
f eedst ock con ny, I ' Y, react
system sai d prisasac BRURLAHS Sk Bk BATIRRAL WIE BN ARLP oL 202 Bhon
hydr ocar bon freistgt e luel 4! expdnt gamxaf(44, ﬂlegemepmhwewpymehwnsalrmﬁw
systemto at r
essentially #ﬁg%cg ﬁ%ﬁ@%#L%h%ggﬁg%Ethf &%@%¥ﬁﬁ§£39§%§?g%g?lg t he
nonvol ati | es;[0082) séparcanbusgorsa e fmpard qathg@@omammg%b droki tdt nee( ¢

( gy (c)
feedi ng tnﬁ 0%%&@%01@9 ﬂ%%tloghgtﬁ, %Iéall?aBé!t JRIC Eg tﬁatrhgﬁsg#opyc f?cXt%} t%!ﬂca@tﬂ)q (d)
converting the separa '8d vapor e in sal SI's reactor” systemt
forma pyrol yzsn@(zm odbcflue @@p@e&eﬂcm ammoherTfa&pemsmctnrvéthcrwxemlfoomammgl udes
ﬁyg:: 823?;020;%1 /glel nrrxliaxr‘gtlﬂ"fc 611& S%us?ed to é)?‘(l)v&n}e/e he %gﬁlrgg @enpﬂélja?u% %% ?neR %%9319 Eo ;?f;ﬂen t he
react or syst @mnpmnthandaes h(ncy reactfant@nper@ae ey be: otmpnil@ll hygidmstlingrtlset prepigtiand a
second end, and a_seco act or ri Sin r n
secondary encf o S %e 18 S qmmb sedone %gge{!& or's rgr ieggeixixnelﬁt qld)%r%gmgusgglf
flow rel ats O@his |Dr wherrﬂmcespe% Pﬂz@ efe)e,rundBSabb ey bs added théit r¢abentseigndiar y
end of the second re roxinpte the.se he first reactor,
t he process cdﬁﬁ?ﬁggﬁbélntb Mmc nP(df HCﬁchﬁngoﬁgﬁg%fg ?%h%g%f a?f’sng
hydr ocar bon foemdsiecs&kmufm&tgaeammgert—kh@mteeigaemelaeltaawmemympdn},esu o thegaistuor. Syst em
to a tenperat suff cient t form S £33 entially free
of nonvor at ; 1083 hng Relerii s dn SSe R Bt A PR v B FFREbp Pt
sepa{ at ![ n?ht fpessﬁﬂmﬁ):cugtpfbfcﬁeﬁf(rmrﬁohhtee kdﬁqmlicaﬁy @ldasEep tl(eq)mmdﬁ}Oerﬁil{@plbgfbmg)emgf irst
react an rou a first c the fir reactor
| east a s€cord at“etﬁ%tvé?n?onfi?ﬂ‘g éh H‘esfe%%r?& C8W§WH%‘? Pfggugt eépa hb?‘%ﬂg téﬁ%‘%%ﬁm such
that the fir stadand ss@canduiaadt@ndrslyabeeadppl reth (80 \t/ilt’t&n fifier form&@atone,f r om
the first end of the first nin and second
reactants at ‘fHd & %‘ejéeélﬁﬁm‘é%&x%ﬁy Ehﬁoélg]f‘ ghreﬁfc?‘eaélf?? ot 5)3&0?6 a’%%itle ]fgegtnﬂe‘gé?g%ﬁi ned

regeneration step, this outlet temperature may preferably have an initial value substantially
cqual (typically within 25°C) to the inlct temperature of the reforming feed of the preceding,
25  reforming, step. As the regeneration step proceeds, this outlet temperature will increase
somewhat as the temperature profile moves toward the outlet, and may end up 50°C to 200°C
above the initial outlet temperature. Preferably, the heated reaction product in the
regeneration step heats at least a portion of the second reactor, preferably the secondary end
(5) of the second reactor (1), to a temperature of at least about 1500°C, and more preferably
30 to a temperature of at least about 1600°C, and still more preferably in some processes to a
temperaturc of at least about 1700°C. Temperature and residency time are both relevant to

controlling the reaction speed and product.
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-34- WD 2008/ 150658PCT/ US2008/ 063600 reactants to produce a heated
reaction product; (e) passing the heated reaction product through the
second reaCtohgz&m Q%Q§fer heat fromthe reaction produq%Thgﬂ%Q&?aﬁcond
reactor to produce a heat ed second reactor; (f) transferring at Teast a
portion of the separated vapor phase from step (b), and including any
co-feed such as hydrogen, hydrogen donor, diluent, 5 stripping agent,
nmet hane, etc., to the pyrolysis reactor systen1 and t hrough 't he heat ed
second react ol0034 cdhrrePt system @glstting ipelrdas dbr WPe et Ydpercridr!tnthe tine
pyrolysis progigtat réfgx}mﬁ’%: SNEHhNGmE REuRY Bl HgkS b&(»v@éiﬂfc%@neﬂh@rf e BRFFmhdbnt he
first reactor, to halt the conversion reaction; recovering the
quenched pyroﬂ?swgfﬁﬂ&ﬁuéﬁm$r%ﬁ@¥hédﬁéﬁ®tb?t@y@#hhwlIEGQWFWWeﬂﬁ?%Qﬁhﬂm
i nvention al s@ dn@&h&{ﬂ%th@r@lnﬁ%a{daén%fof&e&m[?y r/&%o)%!ﬂc;@lchb(& R6 LR the b,
f eedst ock cont al ning nonvolatiles in a regenerative ‘pyrolysis reactor
system sald %%%E’rtﬁ? M@ldtezg%yqxgqap@n e(né)qucalc athsracetylcppegpptaging reaction product.
nonvol ati | e- capka @%&9 nmégrfw%%ﬂ@d &@9@9&5 ufifeifls WETBESY WoSo R t-aaglb%nt to
forma vapor phase s essenti al ree of nonvolatiles and a liquid
phase cont ai nieiigren hecarahonsl Histaesds, ¢l )DU@ lgegsuimesona by dsepsdimscencrafierngiaysor
phase from t Neydolitithdl. RRASEARE hChe el AITARHANR YELAIRGHY Sk ERAGHE"
systemto recr:'eglfl1 ve the sepa gtcegg’valpo?_ 15 pﬁase, eat anﬁkcgghveert t%h . © _
separ at ed vapusFvashdseconds anHé0 pyaondsy di is nplemetsery dyisthernsensrdtion mdarepynaiopsi s
product. [p08g] h'&) Y&k o 'Da‘?fnhx%b aﬁ@'ﬂq AR Mncd G IPLRTSNE kY Sk dﬂ%El: haciddes an
apparatus for e manu acture 0 hydr ocar bon pyrol ysis” product froma
hydroc?rbon ﬂ@édougﬂﬂ%iaaregﬁneratl{efgyroly5|; reactoL syftenl t he
apparatus co i I Il ni.ng
hydr ocar bon ﬁg‘éc?i 21 tsg babt@dt eggetéﬁg%nu e %ﬁe?fd?pgfte £ ?%hvl? ?&Cabg\};oggglﬁo%%gge
that is esseryidakdrhorf feedstagk cnninmmgatonvmilamd aarek¢rguatide pyralysis congtoaisyitany t he
nonvol atil es; ﬁb%mé‘eé%@% [%91 ({)8 %%Bgrﬁé %B%%Mé’ﬂpo%nﬁl%a%gdlfoéa?mnt E%%gaﬁd gui d
phase; and (csfl a regener iS reactor syste receive
separ at ed!vapopstrphase azgdiewaeymlysiheeaswpaymr@@ va@mﬂerq@hawff icrnts@i idrm a
Bg;gl ﬁ:g regz%éoqr t %cfﬁhg‘sﬁ g%“c@%@( % d@&f%%%%lﬁtu@f %QAJ%t h@&‘?h&%%@ﬁ%@?&é ﬁlg a
first end andwoavaeidond) @hd*gtlr@whd(wapc)r paassét@mmdldrl@adtpbusec(@h’mdlsg thg bq@amwdr y
gg:’jl Z‘gd f laosveﬁlg]i)oq?:h%bﬁgnﬁw p‘)ll\io bfslrga%%or ge{no?u%) Qdﬁ c%t{%gxglglg bR Sgéd?dte \{aﬁ abel 1? a
react or COthMQ@&n&&ﬁk&&brQh@mneRHMGmym@mmqmnmq a first react ant through
the first,re and a second, channel . f or nve cond ctapt
t hrough tile ig@g[ or." §E)([t%‘682§ Whi't FC ”}Vﬁrénoﬁrlg(s:lg&rl) k ’%n %gn fas" ugaéﬁmdegcrl bed
and |IIuspramsdomth,me@pﬁsmHM0acﬁmhaihy@ﬂ@ﬁﬂnmkmts$ngm.mgmmmnbEpundemstood
that the i .nvernaté :,% (1)1 ren tgé redd[ I Sy, trbqel (‘Bl?'e Ié?a 1rst 1eac o?gon?pnesmg a rstee)l(lglends
to all equivaf'ent &t R t'hé® §e¢6pe™d

and a second end, and (ii) a second reactor comprising primary end and a secondary end, and

the first and sccond rcactors arc oriented in a serics flow rclationship with respect to cach
25  other such that the secondary end of the second reactor is proximate the second end of the
first reactor, the process comprises the steps of: (a) heating a nonvolatile-containing
hydrocarbon feedstock upstream of the regenerative pyrolysis reactor system to a temperature
sufficient to form a vapor phase that is essentially free of nonvolatiles and a liquid phase
containing the nonvolatiles; (b) separating the vapor phase from the liquid phase; (c)
30 supplying a first reactant through a first channel in the first reactor and supplying at least a
second reactant through a sccond channel in the first rcactor, such that the first and sccond
rcactants arc supplied to the first reactor from the first end of the first reactor; (d) combining
the first and second reactants at the second end of the first reactor and reacting the combined
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CLAIMS: 1. A process for pyrol zing a hydrocarbon feedstock containing
nonvol atiles in a regenerative pyrolysis reactor system said process

conpri si ng: (Q%zpsﬂgkgg t he nonvol ati | e- cont ai ni ng hydrqg@&ggﬂw%i&gstock to
a tenperature suftficient to forma vapor phase that is essentially free of

nonvol atiles and a |iquid phase containing nonvolatiles; (b) separating
sai d vapor phase fromsaid liquid phase in a separator conprising at |east
one of a flash drum a knock-out drum a flash drum having a heating neans
within the drigitans lenbefucsut hemtadnichaion myodich dat Pasyngneigncalfrlt mpchop meoduct

knock-out dr uif}ouginfhe GBI PALILPRSh MR fronl B} rdaBEH JAGILENS 1ReP@NAL&EoVRPOT
phase to said regenerative pyrolysis reactor systemwherein the

regenerative P9 ypdicaied sxerdreagys Britanearias thisad apparianedf Wapdrrasiasect o a
tenperature ofp.al rdR38H (H20RGhcIAREL L) coSRAVELE Ia@ﬂ}"fd‘i’&h%n,%@%rgé{ &sho¥ AR Phase

in said regenerative pyrolysis reactor systemto forma pyrolysis product.

2. The processSapEsrageigneteang & rip the ryrplyshepactos ystans ppdythidyah S dpatest second
quenchi ng sai g, N=Th JRCT=Te , intoQ A At b i

o oduct 03 THa hR oy St B8 uaeRel ﬁ%ﬁ%oy%‘?ﬁmgﬂi?@%deéﬁ&?;i ARG S
feedstock is thenyrelsis produeprefalpblydn thetfsrpeactor.up dali thetcheycrsipageacspn:fapd about
200C to abOUtre&QQ%gté}eﬂEﬁchgé AL §s@%ﬁ@&ﬂblﬂ%41@aﬁ-%’f@n{h further conprising

the step of feeding at |east one of a diluent and a stripping agent to the
pyrol ysis red8®i syldeaonmsowiiihentionapist mchiesgpnt dpparatus fergyrolgzigos hiydacagfont he

cepar e edgrenaty syl il kol SLERROp 1Sk LB CineH b
strippi ng agexmpyikiedii @) tshbcagpyriol §esi 3 neaelpdie-coyginiam hygrotirbop Aepdsigek to a
according to tgnf%rmr%’su%%h@éonfoﬁ@iaq/a[}&%hg&%gqg e&%&f&ﬁ& %E of nonvolatiles and a
liquid phase containing the nonvolatiles; (b) a separator to separate the vapor phase from the
liquid phase; and (c) a regenerative pyrolysis reactor system to receive the separated vapor
15 phase, heat and convert the separated vapor phase in the pyrolysis reactor system to form a
pyrolysis product.
[0088] In yet another embodiment, the present invention includes an apparatus for the
manufacture of a hydrocarbon pyrolysis product from a hydrocarbon feed using a
regenerative pyrolysis reactor system, the apparatus comprising: (a) a heater to heat a
20 nonvolatile-containing hydrocarbon feedstock to a temperature sufficient to form a vapor
phase that is essentially free of nonvolatiles and a liquid phase containing the nonvolatiles;
(b) a separator to separate the vapor phase from the liquid phase; and (c) a regenerative
pyrolysis reactor system to receive the separated vapor phase and convert the separated vapor
phase in said pyrolysis reactor system to form a pyrolysis product, the regenerative pyrolysis
25  reactor system including; (i) a first reactor comprising a first end and a second end; and (ii) a
second reactor comprising primary end and a secondary end, the first and second reactors are
oriented in a series flow relationship with respect to each other; wherein the first reactor
comprises a first channel for conveying a first reactant through the first reactor and a second
channel for conveying a second reactant through the reactor.
30  [0089] While the present invention has been described and illustrated with respect to
certain embodiments, it is to be understood that the invention is not limited to the particulars

disclosed and extends to all equivalents within the scope of the claims.
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- 36 - containing nonvolatiles has a nom nal end boiling point of at |east
about 200C. 6. The process according to Claim1, further conprising the step
of feeding at | east one of another hydrocarbon feed, hydrogen, and steamto
at least one of (i) a unit that perforns at |east a portion of the
separatio {n ep (b), and (ii) the pyrolysis reactor system 7. The
process a &é&ghg to daim1l, perfornmed using a regenerative pyrolysis
react or system wherein the reactor systemincludes (i) a first reactor
conprising a first end and a second end, and (ii) a second reactor

conpri si ng-pri nhPyocesidioa pHrodzise e drydencgrben deedstogk chetamiitgsponyalptidesda rd
reactors are orj i ri w rel.atio i jth.respect to each

ot her such thafééﬁégggégwglF%Ig%%m%¥8?ﬁégég%gﬁgﬁggﬁg%%%@is proxi mate the
second end of t(he fibesting edet @bnvdaild-cohRBeSS Balrpdarses febdstsdkeps of @ (a)
heati ng a nonvol atil e-contai ni ng hydrocarbon feedstock to a tenperature
sufficient to form deBgauresHEelentigiforn acwpanphase thats esepffallydiieotlat i | es
and a liquid phase I i i ; rating the vapor
phase fromthe Iiqu?@ﬂ%ﬂgg%?gvi{ﬁggg%F%%ﬁ%h%ﬁﬁ?%é@%ngggént through a first
channel in the () rstsepaatcteosaidndipsupbbye frgmasaitl elaptid phssconed sepact@r

t hrough a second channel. in tqe first reactor, sucﬂ»tgﬁg hge first and
second reactants ar &OURHRPES P35t ORE A% 8PS daEb ot Kpo Gt HERy Astlating of
the first reactor; _(d@lamqmgnwgsaﬁi(@jg thédns twidld BECROE, LeRIRIS Blmt he
second end of the first reactor and reacting the conbined first and second
reactants to producéa@nﬁédﬁﬁﬁngeaﬁnﬁbﬁhbwﬁﬁgﬁpﬁéQ@gﬁpﬁg9ﬂ®gmnh@wh@§ted
reaction product tthggﬂ,the second reactor to transfer heat fromthe
reaction product to ?%e second reactor to produce a heated second reactor;
feedi ng the sepgrat esbdianBe seaaged vdpod piaketd eaill eicaetatieepidlysBacdctsr t 0

thermally convert the separated vapor phase into a pyrolysis product;
system wherein the regenerative pyrolysis reacCtor system heats the

separated vapor phase to a temperature of at least 1200°C; and
(d) converting the separated vapor phase in said regenerative pyrolysis

reactor system to form a pyrolysis product.

2. The process according to Claim 1, further comprising the step of quenching

said converted separated vapor phase to form the pyrolysis product.

3. The process according to Claim 1, wherein said hydrocarbon feedstock is
heated in step (a) to a temperature in the range of from about 200°C to about

650°C.

4. The process according to Claim 1, further comprising the step of feeding at
least one of a diluent and a stripping agent to the pyrolysis reactor system
while transferring the at least a portion of the separated vapor phase to the
pyrolysis reactor system for cracking the vapor phase in the presence of the at
least one of the diluent and the stripping agent within the pyrolysis reactor

system.

5. The process according to Claim 1, wherein said hydrocarbon feedstock
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(g) quenching the pyrolysis product; and (h) recovering the quenched
pyrol ysis product fromthe reactor system 8. The process of Claim7,
further conprising the step of further supplying at | east one of a diluent
and a stripping agent in the second reactor, substantially sinmultaneously

with step (f) of transferri t.he separ at ed, vapor phase .t hr gugh heat ed
second react or SYLIEE MRS adEREHA S pRBE bR PER R AL 2DEE:
reaction product heats at |east a portion of the second reactor to a

tenperature of at |east about 1200C. 10. The process according to Claim?7,
wher ei n sdl-d hykheoeragass meeasdingtio (daing 1h&ythsy cpmpysiag thaytep of deqdingpat at ur e

in the range of) {4 om %b%tthe%%gfﬁ: otcgrb%gcfgéd, %g&)rg et hnd Q?e R)H%%?%%S?&&%fj' ng to
any of the preceélng ains p Fformed ust ng R appara?us conpfising: (a) a
heater to heat (9 sauivtlaapédi@nsaniaisna portioy dif cleasdparntibe édstep k), tand i)
tenperature suféécie t.to forma vapor phase that is essentially free of
nonvol ati | es arft® BYIPIY§iTeRHNS¥E®ont ai ni ng t he nonvol atiles; (b) a
separator to separate the vapor phase fromthe |iquid phase; and (c) a
regenerative pyrolysis reactor systemto receive the separated vapor

7. The process according to Claim 1, performed using a regenerative pyrolysis

reactor system, wherein the reactor system includes (i) a first reactor
comprising a first end and a second end, and (ii) a second reactor comprising
primary end and a secondary end, and the first and second reactors are
oriented in a series flow relationship with respect to each other such that the
secondary end of the second reactor is proximate the second end of the first
reactor, said process comprises the steps of:

(a) heating a nonvolatile-containing hydrocarbon feedstock to a
temperature sufficient to form a vapor phase that is essentially free of
nonvolatiles and a liquid phase containing the nonvolatiles;

(b) separating the vapor phase from the liquid phase;

(c) supplying a first reactant through a first channel in the first reactor and
supplying at least a second reactor through a second channel in the first
reactor, such that the first and second reactants are supplied to the first
reactor from the first end of the first reactor;

(d) combining the first and second reactants at the second end of the first
reactor and reacting the combined first and second reactants to produce
a heated reaction product;

(e) passing the heated reaction product through the second reactor to
transfer heat from the reaction product to the second reactor to produce
a heated second reactor;

() feeding the separated vapor phase through the heated second reactor to
thermally convert the separated vapor phase into a pyrolysis product;

(2) quenching the pyrolysis product; and

(h) recovering the quenched pyrolysis product from the reactor system.

-37 -



phase, heat and convert the separated vapor phase in said pyrolysis reactor
systemto forma pyrolysis product. 12. The process of Caim 11, wherein the
pyrolysis reactor conprises (i) a reaction zone for converting the
separated vapor phase to the pyrolysis product within the reaction zone,

and (ii) gue | n th | y81 The ocess

accor di ngati'o aggﬁ%o‘?l% Sg Ogr(télglé%:&ﬁggc Qi \/\7?11 rtgéf Ete quf{dﬁb%rl i)lp %a{:t or

system conpr i sesasd oh€uLs diuddt @nd a@gm&rga&gememnhé etaval $eefcﬁﬁC§L(sztaﬁbi§lI}e m
simultaneously with step (f) of transferring the separated vapor phase through

the heated second reactor system.

9. The process of Claim 7, wherein the heated reaction product heats at least a

portion of the second reactor to a temperature of at least about 1200°C.

10.  The process according to Claim 7, wherein said hydrocarbon feedstock is

heated in step (a) to a temperature in the range of from about 200°C to about

650°C.

11.  The process according to any of the preceding Claims performed using an
apparatus comprising:

(a) a heater to heat a nonvolatile-containing hydrocarbon feedstock to a
temperature sufficient to form a vapor phase that is essentially free of
nonvolatiles and a liquid phase containing the nonvolatiles;

(b) a separator to separate the vapor phase from the liquid phase; and

(c) a regenerative pyrolysis reactor system to receive the separated vapor
phase, heat and convert the separated vapor phase in said pyrolysis

reactor system to form a pyrolysis product.

12.  The process of Claim 11, wherein the pyrolysis reactor comprises (i) a
reaction zone for converting the separated vapor phase to the pyrolysis product
within the reaction zone, and (ii) a quenching zone to quench the pyrolysis

product.

13.  The process according to any of the preceding claims, wherein the pyrolysis

reactor system comprises a reverse flow regenerative pyrolysis reactor system.
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