WD 2008/ 150661PCT/ US2008/ 063716 CONVERSI ON OF CO FED METHANE AND
HYDROCARBON FEEDSTOCKS | NTO HI GHER VALUE HYDROCARBONS FI ELD OF THE

| NVENTI ON 5[ 0001] Thi s invention pertains to conversion of hydrocarbons
usi ng regener #AV®}PPol ysis reactors. The invention rel®&@S20Y4 Br ocess
for cracking hydrocarbons present in hydrocarbon feedstocks containing
nonvol atiles, in a regenerative pyrol SIS reactor The nonvol atiles are
removed from tHNYEBSIONOFCQIRL) METIANE AND.HYDROCARBG N QfeKS
pyrolysis. Mre parti cuI arﬂNyr(j h%H@WALQ@ H@@@@gmp@ pr ocess and
apparatus for inproving 10the qualitty of nonvolatile-containing feedstocks
to a regenerative pyrolysis reactor systemor a plurality of such pyrolysis
react or systema.p aﬁm%ﬁHE | NVENTI ON [ 0002] Conventi onal steam
crackers are Known as an efftective tool for cracking high- quality

f eedst ocks t W491conthay Anvgnticwr gertdinsadq i c@pvasfiony off alvidrasathgetr geiag begpscragvech as
ethane, gas ooyl feoc@dd 1RARRENRN riihill LA bocst SACARKAL hYGoAWOAL ¥l in
reactors are known and conventional [y used for converting cracki ng
and to exec UI%Yémyr@Pfi deedsipalh comipipiar aouvodatiddse i & reggnasdivh m@IXSho@ectcvreath ons
that may be &%Célﬁ’chélﬁgre%mB SR AR AL flAR tg/%c ?Jsa&'dé( ben 1%1“ or med
in conventional steam crackers. Regenerative reactor cycles ty ically are
ei t her synmmemrelysiy s dpse phdgrlaslyrthe grentiem eddterio jarprdsotsting iapmeetttisdnlsynpmvmg
asymmet r 1) ,

A R R e

cheni stry, expwpli@of hehngolysigenepatsvms.t her mal oxi dation ("RTO') and

aut ot her nal Iﬁ&éﬂﬁﬂd‘lﬂ\uﬁ'&-ﬂﬁ{ﬁ INQENTT kric cycles are typically used to
execut e endotrfiermc chemstry, and the desired endothermc chemstry is
paired with [Q0QRf f eGoemanwémeseraCKﬁatarei lsoex ot heraffiective ttgqdi fomatthekirgoimblust i on)
to provide f neot, r ti Ies of
asymmet i o e dhEAG P ork o o MIRoRE L IR ok B s SOAELEY rr
regener ati vevilpysnd| yeihshar e aBitolprlypr mge@psae@c ﬂeglenerraaqtate Py r d$oy kingwn e@glt or s
are general | bei n artin cr.acking
hydr ocar bonscxnﬁggm“?f ub%dlr:%r é\v%?nr%o?r &ﬂ&%’i?c&} goo%%@glcﬁ hgﬂ%g er?téugd use
for hydr ocarOb@rnIStl:ymupérasnmsﬂ rchqe’ormtthdteaesft bGI prrfoandzd ettdemltrﬁedtﬁra@hlghd:rethart te@y have

not scal ed wel |l .t eco Qi ¢ Th| ure i in.lar art
due to the 1t B §PorTit E SEREMAR v b S i, Bref el T B

W th the veray Ritigi iyanmanat(aamsclannttwhe' \mytld:nhat bbthel:hr@ridlsmxdrdalymmrre
conbi nec& dur(chcgnstt or réag enecrharg Icgr\}vug stchea‘t ! &9 %t trlg ctlgsear OCG@/S 8 a_ e hi gh
t enper atir es SFEj frfr U P oL o hrarn ot &t i'Bds of

ti me and | eadatively mild cxothcrmlc chemistry, gxamplus bung rcgcncratlvc 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. Regenerative pyrolysis

reactors are generally known in the art as being capable of converting or cracking

hydrocarbons. However, thcy have not achicved commercial or widespread usc for

hydrocarbon conversion, due at least in part to the fact that they have not scaled well to an

30  economical size. This failure is in large part due 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. The high

temperatures are difficult to position and contain for extended periods of time and lead to
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WO 2008/ 150661PCT/ US2008/ 063716 premature equi pnent failure. A solution was
proposed in US Patent Application No. 11/643,541 filed in the USPTO on
Decenber 21, 2006, entitled "Methane Conversion to Hi gher drocar bons,

rel ated pri maMAX%15 et hane feedstocks for pyrolysis sySTBRRSYBI0] 2i ng an
i nventive deferred conbustion process. 5[0003] As with steam cr ackers,
regenerative pyrolysis reactors alsq are well suit.e or vol atlzed or

vol ati zabl e P@éﬁ@{%%ﬂy&qcﬂg ailypeq guﬁ‘g’t'téﬂ?t V& PipPesFedn gfg Vo aplicpien No.

conponent S 511ﬁh,5&$ fet al tﬁ% asdTof g@bDeéeiﬁgjeﬂQlﬁhO% hd’iﬁﬂl'éﬂo'h\@éthahémoﬂvcﬁﬂﬂipwent s,
i ch wou t her wi ay down and. bui up in the reactor as as
Pyrol ysis reghgthbrr gy?%‘?fﬁ‘ B yelglse r Retreariby t%l”@ﬂ‘@?" teseparkst é‘}F YA ¥35n S1stcBEmM

crackers. Nomaln@tahhrﬁsntwaydcmeaiecfmm%n%&@w y to nean any resid, netal,
m ner al 10 ash-formn asphaltenic, tar, coke, or other conponent or

cont ani nant WP9Hi n ‘f%%(“gé@%@t%%kcrt HEESDGRIE RYERY NPaisaHets @lsp arcowelh swist dett ed

boi I'i ng poi Nolfized QRBRKAL BedRiBks Wit &l sultltbinliflG fRE oRASRE1aBY LOhYohkfts, sTBY
| eave an undesirable residue or ash within thé reactor system The

nonvol ati | e BdRShENEhesfesipdor aonveHFrbIgrcempensats. Wikel werdpedrmvisgdayadowvnni t hi n

the reactor SystdhARdLCARMMR s R @@wb}s rEa‘%FE‘Pé’t?%CQM JpEIRNEH gﬁdr%pcl\éaﬂy
hydr ocar bon coke conponents nmay ner el urned out of the bed at the

hi gh t enper afidly ¥eamg5ieken vowéaalqbﬁww? 8efipsd brorl@la&@?ans%ﬁé#smaqa@nwwé t end

to be of |J esghERRGR! agphh@ﬂlcsmo@t ble&hér%fng&@ht &%ﬁ%ﬁaﬁt%m@m@ ranyQl atile
feed conmponents, such as netal's and/or mnerals, may | eave an ash conponent

behi nd t hat @Yl 8ot vepraizR pepw pgfesisbetling momberiumreraivre and whigh, ffieg frafrerg

renove from@rdlﬁﬁch% 1eatORQRELHRIIE AL Yo o QPERRR Blelr¥tof SRELO e haslude a
reactor bed or zone, typically 20 conprising sonme tl%/pe of refractory
1

materi al, WEPBORRE ¢faBrst coseaiehost Huwe deiosihinn athhwithip deq espctery sisiem and
Convent i onalcaﬁ@o@%e%a@v rxﬁo&ea%t Igge%e;am C@ialny hg&alo&avl%rn &LkS LhRARab e

oxi dant, or a suppleméntal anmoun one of these reactants, di rectk’J ly to a
| ocat i onlSsorfesielerberngs ohi of thaded labibephigh teaenhee peisellorsedt pymhsisdetdtarer ed

reactants thegesl &d%ﬁ@@qd Qoobeeépktsego%&@hﬂax saﬁ@%thei &@fdﬁmoﬁl%eﬁ@atsc,hg and

reactor media or bed. Thereafter, the reacted reactants are exhauste
25 a pyr ol ygsvoliagfedennposenth sach a3 hefels ackarbeincrilearaysiereaam asi cehinal| y

vapori zed, ipSpihfink pcdk‘r??tdhé lﬂ%kpﬁggh%r H&%&gemﬁ% Rrhlfﬁfsul{ tla?erﬁcggpy g o, i a or

bed, and exposed to the hea la to cause heatin ysis of the
react or feed8®0dtk iTspiealk, pymmtmd reagtpet onclideed. reTier [yt olry zed. rtpeictigr f eed

i's then ye ”Q&%gnsfu{g%}n% Pe%&t&@ 0@%1 Ve DR LRAGE Qtf(ebgﬂi(ée %EﬂQtFE rgdc%r

cooled, such as Iinmaq regl the reactor syst
pyrol ysi s readdn. oﬁomdtlwleﬂeéenaraam)wmly$ypscaﬁy ddurst 2 sfQa0E] fHdwenidmi, oas with

steam cr aCk' len?eﬁ%p %Lﬁl% p@&’e Jfad\( 5 re"éajﬁxﬂg Jlrg&fyr ta %g?éafl{)l? ?ql?etw%%xléswﬁfﬁ? nxeas by

way of non- I ting exanp crude ol ’hea e cut
cont am nat edlopaphtdids mavthbr (bgqh dershtiessd mmtngt thospheausal tp esitidspicaldy react

feedst ocks ftﬁ%'?ein and heat the reactor media or bed. Thereafter, the reacted reactants arc exhausted and
25 apyrolysis feedstock, such as a hydrocarbon feed stream, preferably vaporized, is introduced
into the heated region of the reactor 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 a quench region of the reactor system, to halt the pyrolysis reaction and yicld a
30 pyrolysis product.
[0005] However, as with steam cracking, economics may favor using lower cost
feedstocks such as, by way of non-limiting examples, crude oil, heavy distillate cuts,
contaminated naphthas and condensates, and atmospheric resids, as feedstocks for
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WD 2008/ 150661PCT/ US2008/ 063716 regenerative pyrolysis reactors.
Unfortunately, these economcally favored feedstocks typically cont ai n
undesi rabl e agpunts_of nonvol atile conmponents and have heretofore b

unaccept abl e 48 T€JeK€rative reactor feedstocks. The norﬂ%f%ﬂ%’%@”lﬁead to
fouling of the reactor through deposition of materials such as ash, netals,
and/ or coke. enerat i rol s re rs do not e the_f |Iity
to process sﬁ%ﬁlgﬁf‘neeﬂ’\ﬁoy lse’i??)‘lr? ﬁ?lf"?“%aﬁ%%k@f%v%“roaw&l yegadg’ie ke Sf%%ause
al t hough cokgpicaly doyifinc@ldbyirable abid’ﬁrﬂ@df ﬁtfnfvolat(ﬂe[a@f&pdn&n@léncbhldvledlldfétdﬁcfre asd and
metals within the reactor cannot eas be burned or .re ritical
Concent  at i OHATEP BRI ST B0 St Hospaint | L0 S SUBS LR g &f e

dependi ng up@fctotathioah asposmhl oaSne&émlsl ftendeach, pregessd/of esdst a6 na@m&l tions
or type, reactor desi 10 paraneters, etc.. General

pe
nonvol at i1 e REHEEhERLET &ﬁgw '@avg the” %awlhtm Biogess suehjoffaerwisg ecoylomﬁa%xe%% of 2

ppmw (ppm byfavghightekdseeks mddbe&qihaigmam daf tfpQIlY BABERd OM, Idlepo@me)mldup
significant foulg aﬁg in a ?( ysi s reactor. Some econom cally desirable

| ower cost Y’ A yILHh v té}f) rgagton gael sy bﬁjﬂ%ﬁaﬁtrcmveﬁonw gtticples,

while still @hh@fafRess noRBlaaRAt M \@ebiméunhreféa@ﬁ)sk qﬁaylodrwedega{du@ew&mt of
nonvol atil es. Since nonvolatiles do not vapori ze, ecor$ose to 15 form

ash, metal s, vaiahes syefipsdhe intspsd\prrepsshisadstogk %’69‘@“%1‘561&6 SeRse degaseperpting an

oxi di zi ngy erbékafnfbﬂiﬁs‘?r&c) GeR@al0 YR otkild é‘cﬁw&ﬁr@ﬁ&@t(cﬁ oS, SRANANLAgE dic.) in
f eedst ocks lay down or build up.as a foulant in the reaction section of

pyrol ysis re&etdP52 PRAFRPT b r“é%@é)s"fo?“e%‘éj plecagy 9 phs KrGRIght Fesersigaéftcant and

l eads to pl ug@idRan @-Bﬁ‘o%@@ k&S e ddfefdoGlogiicty d@ereaé RlvleY cosPREY hWoh@Malps Of
nonvol atil es and pref erabl mv) or nore specifically

| ow | evel s dP (lawcao by g mf@anwtmwlmé ofgr Eﬁ%% gpan: wilon pxearethe

tolerated i mothgett _T[éﬁtaﬁroffn%ﬁﬂﬁatﬂémWﬁﬂe%hl/&a%ﬂ@sr&) &ﬁ%{:‘&izk Yol QE&LFbfed i n
accordance vvlth M D6560. [0006] Various tech nwgues ave been enpl oyed for

t r eat i nglpetPH elininBylr 8t arborrokewlen hegted pheve b wAP TP 1 Hbh (b raPKidEgS

contai ned t rb’ﬁr/l%n&ehl‘? tﬁ@ﬂﬂ@élat@l@ssfgre@ﬁit\ﬁﬁ@Is@@@ﬁtaée@@&ﬁst@éﬂstle@ftao@/n o@[)mﬁﬁ[f)vﬁ Rti onal
st eam cracker feeds. These processes tend to i nprove the quality 25

hydr ocar bon fPéd@tdn E,*Grf'?aafl?ﬁ prR§tipTopRRIrelY iy eactorsy wiigh pefseice Respsust @amltf?%kl ng.

However, in (@ghothlalLEeSo bhRigeiRE Q&ﬁée%?eﬁse%%ffﬁ&énc&r Qﬁéh&&l%f %Bl'yrlgwqg%ﬁ' Jf' on
Ilmtatlons space limtations for retrofit high capit costs, and high

oper at i ng cospwlatifigée-£.0< £ REmpyead piskiahly si @mwmre@pre Pﬁegllﬁc%lb(di’\tv Hvelsgpeshse of
the requir GngélHﬂe?:IJ{?“ASTI@@M%ON&SEU 6*4%%099%45%%?&4% il 402 Tr@atc!op'?e%dk n the

amount of nonvol atiles renoved fromthe For exanple, it e quite
costly to edignpolatdes ssxgdnciglly ddteminsg &y agbordansaite AREM e Pur naces |n a st eam

cracki ng Cogﬁl{(%f( W\/tanoﬁlt%j:gﬂguébmﬁvee&% E}fﬂ@[}{?ed%ﬁ %ﬁﬁg{ %/ %Pl@é??l%gagb&n%edbow

cost feedst S to provi n accepta nonvo Into the
cracki ng sedeitonreopvaat onyoletlny contidicd thercBi foi rirgter mﬁﬁadav@meéi@ggemtabledn

2008/ 150661R c §)§1910§{cc-g§3 ;c@cmpff&lag emf’h c(lﬁoccmg téhd" ﬁg?ﬁﬁxro% 'tIYC éﬁé’lft}p si's

reactor conple ue to their eed req ui renents and i ncrease
t enper atZr e hs@vwbmyfccdmm@mmermwgtém fou nvreznntwonl firaov Prdesnga Hevolcutinonar y

process for n!o@ﬂﬁ&é’r{c&%é cheg%gls&ftfe\{ 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
amount of nonvolatiles removed from the feeds. For example, it may be quite costly to equip
30  cach of the several stcam cracking furnaccs in a stcam cracking complex with all of the
cquipment nceessary 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{%enti on provides a conmercially useful and cost effective

t echni que for "PSHBUTBY t he ash-forming nonvol atiles frohtHe YEEIEeock
before the feedstock undergoes pyrolysis in a regenerative pyrolysis
reactor. SU Y OF THE | NVENTI 10[,0008] The present invention relates to
pyrol ysis of i W%@ﬁltsrbgﬁsa é?%n?r%Sn@“gWo&laW%f&flﬁE’i’ ‘§st°at%fj‘F de& s§“31lhf¥r
reduci ng ashref@ifcimhis amd @treast Oteppbrduyezdengita hydr ocar bon feedst ock cont ai ni ng
nonvol atil es _n a igegener ative (ggr olysis reactor system In one aspect,

t he inventi v@oé)r oc ed 8 REIRT PERLO, PIgYIg TS VS IBHONPIY R JOREH v Eiertht 1 BHYF r om
pyrol yzi {19 aoﬂhbdh?maé-b&ﬂfhiﬁiﬁ%dﬁdr&ﬁ%toﬁQédethd‘kk m%dﬁ@avgabmaea 86itabl} fBr usc a(s a)
regeneratjve_pyrolysis reactor system e process conprising;, (a
heat i ng t%e %E‘T\%Wﬂ t'P1 &- CBHCRHH rPdmﬁ’s?H’r SEEPh oY FBedst§c KVEIOR r BRMIET 4
regenerat i vecopitic@iy5i efuPa@t @kt SitalvemRcomgef BF Alloying theMBES Ty R dIMpg Of
regenerative reactger§ syst e 0 a tenEerature sufficient to forma vapor

m t | . :
phase (pref efdbIhe Eediisk befqrs ther dstck HBAYSICAIYIOBS)S Bt Fgeri i PYptiase
cont ai ni ng nenve! atiles; (b) separating said vapor phase fromsaid |iquid
phase; (c) transferring or feeding at |east a portion of the separated
vapor 20 prRis¥NHRY QI EURINVENTI@NG o] ysis reactor system and (d)
converting ([@ods], Cihdpksdi®lnvaitioh@asts B pPRLLis 8PhREochdEnSARY Mcetho¥@Res: phase
in the regenerative pyrolysis reactor systemto forma pyrol )éSI s product.
The net hane eyl Rigrgedfof sodupias HydRERAIBOHC e 8usbBiER dahirastbeh&cddsdr at ed
vapor phase @hkRaR Afnvslthed antd alobitr@RY pPRIRE(RctdrNsykBB. PIOERS SspestUGR as
upstream of the separation process, within the separation process, in the
separ at ed vapBtiyhaDEcs rengfies a popisnlr PhicegasshelEpgionofon eyrelsdes or
system and/iRfroeR58 Baklotn SontEhER/nvo IS BLNRAG TR Y yAIRA rDEF QRET higd to
pyrol ysis product within the reactor system and/ or nmay “conpl enent
conver si Bn droeHeeoswEPsit@dhopagsoe prrsetilcsnigiimydrosibenfcadtnck upsgam
pyrolysis reaGlQfnsM&HLPNEIONPEdSHS s@len § &ralgl%’/@ BYrQ! A Fypk GRGLLRhrSKRL €MB
and the separated vapor i1s cracked in at |east two of the at |east two
pyrol ysis reatoppyssyntiemicmpriErs gpagient ddfovaporrdrphisepeivedlyzosopiially frest hane.
The net hane iy, ReiRgAsd aoll;qumaﬁa_@@%oaﬁmﬁngs%%@m%%)' YpBRkL saﬁﬁya@?ﬁph%r eam

or associated with or included wthin another hydrocarbon’fee eam

cont ai ni ng reMhateliqud epsascatransieathey drediardd dnastsy pasiaan oft thp bepatateyt vapor
conprising ah.dkg [ S . - 1 of tream
e Bt - e e e e i (4R e PR TRk Ef flead

2008/ 150661 POPItigs26 08/sesB ey apomithaseni ity regoneraiyermyoline reetdsisngadn tpform eam of
the separati i it hy ; Lty it , eactor,
T S R o SR e LR SNy
al so be addewatardpiaporphescetseant ¢ salfsfagtallytang paiek) iethe olvesrs stielyas upkecagiortbi ned
met hane and tl*ﬁ:esgg‘e[rgtﬁo%q)r%%&?(ﬁtmﬂatﬁg sef gﬁ%goﬂ ogegg\{r? "Eﬁeesg e{rﬁedave{ %9?&% ﬁgﬂs\fe?
reactor system 5 preferably in at 1 east Two or nore readto systens by

f eedi ng 26he livapye 2 iqactpaeizhd whetdrspyient.and/or combbrtiontticaddly Thd methanamegusby) to
the at |easf.t . t Q. ide for MELE f
guantities %? C\ggvr &%{r}g{) g‘%@%ﬁ?@“‘fto‘gg@&ﬁ# g%c?{o er gtg'nbogl%ﬁealjﬁ%%/ C%&ﬁée#%ln\}ent ion
i ncl udes t heonytejpnoff theecharagedavagpt pleast. dn agothérppiiedinzgeribe pwabybis asactor

hydrogen, t %s&e%co%%&i%s%% iegst qv@@ﬁ}r&@rsé %ﬁét&r@ygtang 8@] tH&bCeE)cjerth %ptopistcg%ked in

at lcast two of the at least two pyrolysis reactor systems. The scparated vapor is combined

30 with methane. The methane may be added or co-fed as a substantially neat methane stream
or associated with or included within another hydrocarbon feed stream containing methane,
such as a mixed hydrocarbon stream, typically comprising at least 10 weight percent
methane, based upon the total stream weight. The separated vapor stream and the methane-
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10 separated vapor phase and net hane feed, for cracking the m xed vapor
phase and nethane in the presence of the diluent or stripping agent, within
t he regenerat|yve rolysis reactor system Hydrogen nay typically be a
preferred di Ih’g)nzf](%f’%%%/ri ppi ng agent. Steam may be used Pﬁ%ézodf"?%@ﬁt or
stripping agent for sone alternative processes. However, steam may not be
preferred in nmany processes, in.that, unli st eam cracking, at pyrolysis
reactor 15 foélr?p”é?gg?tff?@sl?aysltf’c‘f?nﬁ’?cgHBV@aT Stif SCRYTAH L VI (ﬁe P rﬁnory

hydr ocar bon it ipstigars af {he meadton axihdietha Rectby dsReemd/dricvayieitiond epebt i 0geupon

t he anount of. nmet hane present, the need for hydroge iluent may be reduced
or elimnat e‘é]'%ucﬁxﬁém?é‘éﬁ?tqecjar‘ilg%ff toctp%lBT?f’?f@ Q Ccﬁé?ﬁg%écqtcgcﬁﬁa'yITB?\émW“P‘Td yield
free hydr ogemethticChdCaparsied Weparphae Sttéd BPENGerkgeinta edgebrdtiventactof NL@hHOr €,
the need for ,.aflgpida%{yi.onallﬂh drogen may be reduced as the ratio of nethane to
separ at ed® vapFea0phAS s §v9 HpRREAder PEeroY iediat the yeronar rasadlselyw (dgve
invention codpsihdi@By Sfulte@RLy) KEhP LAEBEEvof redctol BRIABNUTHRGH L Br @fnnRercially

hydr ocar bon ‘yéffl (si.s‘pf]oducjt., s&(;h as olefins, aromatics, and/or

acetyl ene, {15 THEHsChRAYShoWshori zed hydrocarbon feed using a

reverse-fl owobogpe rigdenesddnbéinRT, Aymlstibeaeh@ls SYSBBr MBI fidh€or
reactor systemincludes (i) a first reactor conprising a 25 first end and

a second endRRHE FEENY sugh a8 bydrasite o the PY BRI IESTA Y HTT i fuwstonawHh ghe

secondar yy endparftBevdpbf sHascidd nf@EANHed, SRCL Rk Sig Hel RIRE LA b IAsSHE infthahd AW
relationship with respect to each other such that the secondary end of the
second reactBF PresesE Okithratiicpher sEPURE &G Whip Kl Fagprsrative FeTobsis 1epeieine

aspect, the JyQuaNtiMR B RELSDIGRTBE b $RTertdeiStR RS s@bping 8JenhC8lehA%nd be
nonvol ati | e-cont ai ni n% hydr ocar bon_ f eedst ock upstream of the regenérative
pyrol ysi s reietdre dikentop sifippmg seeat Peipmerdeur® cPicrIses dMvers stegmnimay veipor

phase that i peraed iRl hhyf pRees@ls, RONNA! aliteefeNdrRkhb AN dyBRAS Sreactor
containing the nonvol atiles; (b) separating the vapor phase fromthe Iiquid
phase; () JEUBRIYTARY SHClF py kove ALY AnttepHr@ugprch “ith riydrostrheinéd farm qaphont i r st

reactor and mrapihyLmlya;ogé@qﬁwe@msge?@mng%@gu@%omro%gma& 6&&@&% ghannel
inthe first reactor, such WO 2008/ 150661PCT/ US2008/ 063716 that the first

and second rieddssesdibicnl maypisi Pdied & dipénatsdr Jhe regtionof opelons haciiprs end
of the fir Stycdi@aed il ;yieﬁ(dﬁequlm'ggﬁ Weich BB SEI!VE 8l e% ﬁi@ﬂ)l@ﬁ%@tﬁ@r GRAGE AR AL T he

second end of the first reactor and reacting e conbi ned reactants to
produce a hél egd fasadditiong! pydseuge may (be yedyesslsis ey et ofaghand e eeperiedryaparoduct
through Hhe sacandcLgactor to transfer heat fromthe reaction product to
the 5 second reactor to produce a heated second reactor; (f) transferring
at | east a p¥HPl onlibiyet mothee parcat dbic viveeronppraresistsr aminveetye( ppceandomtiehane

to the pyrolyshEchR3¢h AYdSdhof N roWig ?)ﬁ)ta}fct:[s Enh 2ER ﬁfn@,ta? éﬁ%ﬁgﬁd/&! %gt?lef?@d
met hane conmi ngl ed (e.g., conbined or mxed) wth each other w thin the
g g., ) ;

react or systi@m the gyctifase dichyepohecdstydmcarbed fopdpoing phasescelod et hanecratheough
the heated soGRAML (LERAFLAI AUEGRUEL kalilSy SERIAARL Y ARRE RUGSE ARG hane
into a pyr o?;%sig;s] 10pr od)g’ct 7 zlh5 quenchi n&/ trﬂe py_r.op;sl S pr o%ﬁctm?) an (i)
recoveriZag e ceflrd @lrecdnpynd kys(ig a peconidicstetdramptisies prraay ond @ylstseenndary

end, the first and second reactors 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. In one aspect, the inventive process comprises the steps of: (a) heating a

nonvolatile-containing hydrocarbon feedstock upstream of the regenerative pyrolysis reactor

30 system to a temperaturc sufficient to form a vapor phasc that is cssentially free of
nonvolatiles and a liquid phase containing the nonvolatiles; (b) separating the vapor phase
from the liquid phase; (¢) supplying a first reactant through a first channel in the first reactor

and supplying at least a second reactant through a second channel in the first reactor, such
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BRI EF DESCRI PTI ON OF THE DRAW NGS [0011] Figures 1(a) and 1(b) are a

sinplified, diagrammatic illustration of the two steps in a regenerating
reverse flow Qyr éys's reactor system according to the present invention.
15 [0012] Fi98¥gﬁ ]f@ﬁhnother di agrammati c i |lustration & ﬁ?ﬁ“@%@ﬁﬁlary

regenerative bed reactor systemthat defers conmbustion, controls the

| ocation of the,exotherm c,reaction, and adequat el uenches the
recuperation&?@%%I%rmﬁéapnfﬁﬁ%gfﬁgﬁﬁwgﬂ?tPﬂFggtfﬁT%éﬁ%ﬂgﬁ&ﬁ%ﬁ“@?@ﬁ?%?tan
exenpl ary ga&mdﬁsnnk@ﬁMngﬂk&ﬁ&4hfkguﬁea&umhﬁu&k@?befmﬂ<ﬁﬂﬁssm$$ﬁ&k@mal
vi ew of an exenpl ar s/ yapor nm xer, and,K2Qchannels for contr.olle
Corbuot i on. CEraR 3ol ARG oG h il § p R B E P ot D aSey € heatca
100151Fi gur erebetios peodadtibidhi thelsasiC essof o aandéragitaion hb ust it jréo@icew the
enbodi menf of the invention. TAI LED EESCRLP ICNf@50016]The terms ...
"conver t "> antfCOE ORI (P REPAUSE Bl Shregd 58RI ) HENETHE eblepth @l rgEenglyhe 25

mol ecul ar degp#es iipoPphasCh@f K@) aldf 0akinB e RPPYrblysic QAMEN Lo, widsehy Qe
reformation of organiq | ecules in the Qyﬂ%ocarbon eedJﬁfy; ans of at

| east pyr ol yEPEAREYPOr B eﬁﬂgm*%FFdﬁﬁﬁmﬂgld Bugemiy Wéﬂ%_)éFF h9thgihe or
nore of cat alyish $he RYWrAgaBat (od focd il [thtefhsrate@REH0R Hh&E fah @ RicHPn AGEALS the

[ 0017] As used hgrein, the expression "essentially free of nonvol ati |l es”

means that SOCESAOBHITELT ShCUF R IVEPHLFT &@or RhiHeng dpdrnpHie 8 VElydduced
to an extg enmbyuct QW hexehing TROSRoISKS bloglt] Mhdt BErRberikpany §athell tpyttysis
difficult to qgga%n a conpl ete separation of nonvolatiles froma

hydr ocar bon BREGEFUR CLTERT H8fr ude oil. As a result, the vapor phase may

contain a treREEF DESCRIPTION OF THE DRAWINGS

[0011] Figures 1(a) and 1(b) are a simplified, diagrammatic illustration of the two steps in

a regenerating reverse flow pyrolysis reactor system according to the present invention.

15 [0012] Figure 2 is another diagrammatic illustration of an exemplary regenerative bed
reactor system that defers combustion, controls the location of the exothermic reaction, and
adequately quenches the recuperation reactor bed.

[0013] Figure 3 illustrates an axial view of an exemplary gas distributor.
[0014] Figure 4 illustratcs a cross scctional view of an cxemplary gas/vapor mixer and

20 channcls for controlled combustion. Figure 4a is a cutout view of a portion of Figurc 4.
[0015] Figure 5 is a simplified process flow diagram illustrating an embodiment of the
invention.

DETAILED DESCRIPTION

[0016] The terms "convert" and "converting” are defined broadly herein to include any

25  molecular decomposition, cracking, breaking apart, conversion, and/or reformation of organic
molecules in the hydrocarbon feed, by means of at least pyrolysis heat, and may optionally
include supplementation by one or more of catalysis, hydrogenation, diluents, and/or
stripping agents.

[0017] As used herein, the expression "essentially free of nonvolatiles” means that

30  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

a hydrocarbon feedstock such as crude oil. As a result, the vapor phase may contain a trace
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WD 2008/ 150661PCT/ US2008/ 063716 anmpunt of nonvol atiles. Therefore, in the
context of the present invention, while it is the objective that the vapor
phase cont ai n@ no nonvol atiles, it is recognized that the vapor Ehase may
contain an ac &}f’(gﬁtoé"ltrace anount of nonvol atiles, /tU§ YYPT

anount of 2 ppnw or less, but still be considered essentl ally free of

nonvol atiles. The separated apar phase referably .contains.less than 1
ppmw of nonv3I4et ?é‘é nVRIBYIES pilleell?‘%?rﬁbllntf,ﬁef ex@&gﬁ‘? Pﬁ%&éé“&&%‘%“al rsti%le le§ &t han
0.5 ppmw of stgaviad tbd theSapoMptabdiineisns S Gbn@tatitddait BYERLYSddtha @idhiabbiQitescand
react or demgn will dict at an éF)dqrog ate threshol d cg(t of f faor _nonvol atile
carryover in %fé’n%{’pad‘racﬁql? s rapg, ‘ﬁm%tj PYQliles ot WRICE RN 2R9BYST BiPgtVe 5,

il lustrates @& Isdshpltistiil &d Cs&tlﬁfwtels&ntﬁdl@vﬁeé|0&@6MaﬂfesaTB@BcﬂaiadetdaB& phi&d
i nvention, includin ransf erring nmethane (2)

enbodi ne 0
and a hyd# oc%?%@ﬁlyfcé’éﬁg’t’ JER haal PBYit |“ﬁ§"‘ﬂ‘"’6‘ﬂﬁ70lf\4f"i‘3 Reteghgolie ROt iate n

via inlet |igatand)est hai 0B3eBIwUSH dohvddiRes( @drlaﬁéseofu@f isafk pRbRNANEordRions and
hydr ocar bon feed c{%l arélagtl os may range from about 1 to about 5. That is,
t

the anount oF3GRS BHie gt tﬂ?&’Pﬁﬁﬁr‘H&%‘P%Wt‘tf@@aélP%Wt% cyyoyghdn the

separ at ed va@%r@Q@S@r@g@tlﬁeaiwwdtmsul ts in a nethane to separated vapor
phase nolar 15 ratio of from about 1I: to about 5:1, upon entering the

heat ed, pyrdPyW8ls rFdaes iSonllusaees éns”é‘f’thGHeS‘ﬁh%‘a%ftcoﬂo‘ﬁy@t?é%ﬁl o 4.non-iptERi ng

the regi an amtolgrch€IELBE WORFE, tﬂ@u&ﬁ%%yﬁﬂgs of et%&ﬂe@ﬂﬂgc%mn%t’( Md a
conversion occurs, Substantjally, llydr ocar bon feedstock containing a

m xture of BYARCyBRicrdsiask £ C%ﬁ%P%&‘P pils cemponsay dhrreip esusley lipe (Mtp 3 zed

in the process. ufiXaMP(HSs tqtfcﬁwhlafheed@tmt@cwat pde nQne Igﬁosrml}ﬁrdg%e gbgam
cracked gas oil and residues, gas oi'ls, heating oi ue di esel,

kerosene, ga&oftilde 2beupRel s apﬂte Haloulgpé Aitheeadieto ﬂadwéwadr{’@ateaﬂswk enpl y

cracked naphtdigpadied rv%r%lfet&@faraatqmat & a MRIGAORE &4 BEQVARE Bhase molar
Fi scher - Tropsch | i qui ds, Fischer-Tropsch gases, natural gasoli ne,

distillat, At aboupidd toppout étlnﬁ@ﬁweterleg P peaded, PyTolyss resston spaia AR
pipestill streamsol BalHdidNg HaLhgNRe réé'ld‘ngétnthgqpﬁtopawhew ge RAsiNgaLRAge
napht has, heavy non-virgin hydrocarbon streanms fromrefineries, vacuum gas
oi |, 25 hedl§migas obicPnversiophichersc obaiARtily- edhywibdFecaibor dxedsipthoeqpkning ar esi d,
heavy resi duhd,CéF sk @§lhﬂ9\earﬁfjmr?%l'dﬁl@q C&OMQ&%B&W GON R Q@tﬂ%d roCess.
condensat e, naphtha residue adm xture and m xtures thereof. The hydrocarbon
feedst ock nayremBlgeofupl FredrIck dnvdids ot PhgOS &I Hiear Cragleed| cas gl ammpdwoz@@
(e.g.. gheal,gL t{egﬁ”h@ d?lr Je@%@-ldl&g #4805 ene %’é&)hn@%ok@ n@ﬁqﬁﬁds §te:9tct cxjaglgeg fheven

in excess of 1500 w 'l conmonly 'have a nomi nal énd l'i ng pol nt of
at | east 3@%@0@“{/2@9‘@? naﬂﬁhﬁehmfefrweedet@ymﬂm@ff b@wetﬁéed@t Ibeqhsr Trnnstchde

crude oil, atpms Hh&ﬁérCTrS&% Ies, ﬁgﬂta@rgagtﬁtf%%ﬂﬂge@ﬂ%g cr@dtdn gagnR 1er1c

dlstlllates tars, fu | S and cycle ol ane and vapori zed
hydr ocar bon pinegtl I?Pétymls ﬂ@Pl&tﬁeplﬂ?Eﬁbﬁtbaﬁ'ctrlilSalMlydlemyot@tlﬁewrmly denbdhar bk beding eed

material that,, gQe o as JLQuAC ne,
i ncl udi ng \?%6 gg‘% /1%0%%1%2% ?Q%g (r}g’;ioégrl;ﬁfgfsﬁg%ramgggg%@sxt %ér:hegl g&sy F

pet r ol ed alhkadiess bt raphibymodiaginalcdavils Cﬂlld@r @@@ﬁehmj? giesidl, umawflnfetiuum, :
heating oil ¢ Q're‘?l%ﬁé éan%Lrea&‘Hd&@ﬁe% Ltamgx%% &{?i@nsa@ ﬁtﬁtg%@ﬂhéadrﬁxﬁ&%ﬁﬁ’r red
ydroogen

co-feed may be a ocarbon conponent tion as a
donor di | uemlxm@uéhreaﬁ et hsailmqal‘boarﬁ@dﬁwkym}om hrramewé enhyatiapyeiend, at or

hydr ot r eat eq,, St8/P @h g»%ge@ ghgtea@t i oF % aﬁtogz@b%» sids fogtemfhb d@% ahl @

vapor or gaseous st eratu pressure I'ntroduction into
t he react or eepgt exgesy ‘ﬂ"olfQQﬁHydmewat omaety kaps nohnatal baleilreerwipodeessed

through 38 I’%d p%ﬁé’OOC? gSom@%&?ctuga 'hydrocarbon feedstocks include crude oil, atmospheric

resids, contaminated condensate, and gas oil distillates, tars, fucl oils and cycle oils. The
methane and vaporized hydrocarbon feed may include substantially any other hydrocarbon
co-feed material that undergoes the endothermic reforming, such as to acetylene, including
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gas oils, etc., may be suitable reactor feeds. The inventive process wll
cleanse the feeds if the sanme becone contam nated with ash-form ng
conponents in_their transport to the 10 pyrolysis facility. However,
of typical IiJR*"PefiNer streans may linit the attracti \ygﬁé@%""?ﬁ?"y{lﬁe
process due to the reI atively high cost of the feeds, as conpared to other
heavi er feeds nor.e aronat i eeds t.ypi cal | ower cost, per
AL o T TR S R RN s Pl
carbon or t asil, yibeingsil, ddel fud ahdﬂgasmnggasamt@mtdlacrcoﬁamtﬁrptefafedtcbeedaeﬁayit@ra

feeds, the feeds have | ower dro en.content and. durj ol the 15
hydr ogen defPEfg2 %%ﬂﬂ?ﬁvltf%r C“"&f‘Ré yé)frog@cﬂﬁ’ or ‘Eﬁg‘i}eﬁ)‘/’ 6%“6? iny
met hane co- f @rdiréhuthirddend Ejd@dpmdig ot drotRiaM is@em aekditdditanak. Pyt OYe hetied
facilitate better. conversion of the q%e par at ed vapor phase ftom the heavier

feeds. [0D20THHE Bo{RYT Breaitom diart e LmprpiEn e l?feib}‘fé &‘H‘PSE%‘PMH“ ©
feedst ock widehctdragsyteriependi ng upon the feedstock source and quality. For
exanpl e, contam nates, full range 20 vacuum gas oils, and petr ol eum crude

oil's often cOM%in ThErosibonsiraps drt hargdred BpcssHIPa 4 EiiRgY ecen Behthp.or

exanmpl e, up g9 0290 cREMEGMe shyabWakafdr f@fis NORY Rl atil ¢ Eﬁccsgwh@ﬂczfr@@gﬁtf&@kﬁf may
contain even hi gher concentrations of nonvol atil es. ﬁﬁl cal hydrocarbon

feedst ock usiBel SR PR eruEEEnTd ik sh-Evepe ?W@W%w  EORR0KS fp the

nonvol at id eSyykdlystradiuHowRlerf :Q0F AL light wn@fbﬁeémﬁ%y\@mg e ReIEeNMEsspased
upon the wei %ht of the total hydrocarbon feed. Feeding a 25hydrogen dil uent

or strippi ngtayenecestitye It(dthﬁ@ﬂ%l"%lf/ fighicoy i e ferly. @3 gonpared A ptherthsedcrdreddiuct i on

of preferredified %ﬁ@arox%h@chfe@eﬁ 81 Byilanaowacy h&ngit Wyl 0g9eRay Fod 1BLhane.
[ 002111 n heat uni t the h drocar bon feedstock is heated to a
t enper at ur e 4HHENG énds?}'ilﬁfl?rk?lbéﬁ s g Wighomegrbompokr pidlse Rirdioathe hisi aopiisse.

The heating cgﬁteﬁth,etﬂay@m&aéelapmhcff@@oq%mqgwér%y@@genl doflch@dd Wit W ARG teul ar
technlque For exanpl e, the heating can be "30 conducted by neans Such as,

but not 13 mf‘l?’é‘@g?’bdeﬁ&‘tkf@@? gy B 8t cokst @iapaot njCeBYToRT, ofsiBrestigedl chréeed coi |
or a fired hgat 'iefoﬂrrﬂngs‘%nf? gmdddﬁﬁﬂﬁaﬁ hyt:hlaﬁeth%a-?acﬂﬂfﬂté b@@ey c@@veﬁl&ep@fh@t e

use

unit, such as illustrated element (3) in Figure 5, i n other
embodi ment s bﬁlh’éatffi’e‘ﬁt?ormhﬁe ﬁr?ﬁyth%@arlﬁlt%@kat ed with or i nt er naI to separation
unit (7). ”p%@taﬁfoﬁntt oF m{vGﬂtlltcb%ré]é{rgrlﬁctﬁé th?i@rocé%?)n feedstock will va

2008/ 150661 CT/ 82008/ 063716 feedstock 1s heated'w || vary dependi ngryupon
conposi ti on defendine g theclagdsionk ﬁ@é@sqf’édwdhtﬁet%aﬁéaf@m@llcﬁﬁtaﬁyw@@gfeh range

concent rat | Q/chuﬁﬂr@s bhe ag@ﬁétlrof%‘Jm%d' Qfif oﬁé?xl &Btarn%la%e?}t fu?g %@l@ lOP&)nTVgllgtlle

vaporized fraction ano’l 1 quid fr action
nonvol at i | eedaslas, rfprnfgwmpldr wariRridarsrdeetddsvosik Oé@wpioia@ées Qther dreddogdhave and

the feedstogk, ks e&%%@gr LRctb RN GE AMilbfitiles. A typical hydrocarbon feedstock used in

the process of the present invention may contain nonvolatiles in an amount of from about 5 to
about 40 wcight percent based upon the weight of the total hydrocarbon feced.  Feeding a
25  hydrogen diluent or stripping agent should help offset this deficit to facilitate production of
preferred products, such as ethylene, acetylene, hydrogen, and methane.
[0021] In heat unit (3), the hydrocarbon feedstock is heated to a temperature that is
sufficient to form a vapor phase and a liquid phase. The heating of the hydrocarbon
feedstock is not limited to any particular technique. For example, the heating can be
30 conducted by means such as, but not limited to, a heat exchanger, steam injection, submerged
heat coil, or a fired heater. In some embodiments, the heat unit may be a separate unit, such
as illustrated by element (3) in Figure 5, and in other embodiments the heat unit may be
integrated with or internal to separation unit (7). The temperature to which the hydrocarbon
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5 at which at least 50 percent of the liquid phase hydrocarbon feedstock is
converted to a vapor phase, preferably greater than 90 wei ght percent, and
nor e preferablé/ ﬁ ﬁater t han 98 wei ght percent of the feedstock is

vapori zed. Ex éﬁ% v*eparation tenperatures may range fEOMCAYEEITS 1200F
(200C to 650C). Preferably, the hydrocarbon feedstock is heated to a

terrperature 450 1000F (,230C to 540C), .and ref
SOoE T 16 hBiBel Babutdlord e Saertd SetecbhyBitael Pedy Brt BBk he
hydr ocar bon xfnetﬁdﬁtaﬁa/kn By deoges Sefttitatiby, aRO mealeatet [cai-oft Pallt fof BBfinkubhinBie t he
nonvol ati zed "ggg fr hase. The fracti.on. of nonvolatiles in E?fh of  the

S

vapor/ | i qui d" bR <ion #dn b diuide FRTHOR t NeP MR ¢ b BRATYS ‘%SEPtaBF’@ssur e

and the tenpgidaiciben feodswak chmprives HygliOpREDMA theRESI0E ks Holte R @flperature
Deswably abouyt 50 toﬁ(zgout 98P$ercent by wei ght of the heat ed Teedstock

will be ih tHidNrhgbleasatawcenselths liaudpity ydpeupyr Keispek scopessd ogoapgi ght

percent of thesd %Q%%eﬂr'tﬂan@@ wedhahdré@l ahdinbretpi@erVBip QfcaleN@aLos WapRr i zi ng
substantially all f eedst ock may becone nore difficult with heavier

feedst ocks. TE&FEM %fé[ﬁ }eﬁ sk b PRFHo mplﬁ%{es%ﬂm.t%f%rerra&lrewwﬁng%érom

fraction of 4ooer sepavat @dO‘fCe@Ct%t@)eaFfbﬂ%ﬁmyb&eV@H@Elr% f-8dshRK & Reatd tb Re
separ ated vapor phase, even if raction is wholly or fuIIy condensed,

partial |y coOPRUHFE f%hﬂ%‘hgé%lw@t%r(@@ C&natbr)- 1288 &g é“\‘i&fﬁ?yi e, S00%0topr i or

to feeding igber e Y 50HYSI Smf:élﬂleﬁgﬁfoldﬂc@fc&ftzﬁﬁﬂd)ﬁnttﬂ%@ly&%@ﬁff)@ﬂi Reis\APH. phase
is fed to the pyrolysis furnace in a vag}gr gas phase. [0022] Referring still

to Figure 5, 05%08 ally OB MR YA PRI gV BhgtieRyrdgtizet ligdd ahase o The dactpad

separ ati on Uhidtatildshe chaakred f.pedRtRGHadeS isdd ﬁlﬂéfoﬁro"f%G'tthh@thkd%@rbé@%arﬁQ a
separation unit (7), where the vapor phase is separated fromthe |iquid

phase. For iHts4f atdehe Bmp?rﬁ&u@rtﬁmhlqhéls&hyd@sarmﬂ fegdstock & hpaipdr Dpalde abaut

separ ated frsom bhsut ok Gebiceht B awgsh afa«le\ﬁe@&ffekdsmékdvmmm%l '-I'Jﬁés% sefanpl es
of equi pnent suitable for separating the va ase fromthe |iquid phase

i ncl ude ¥nod®ere piefegblima{ lsash 90 W§@b§ﬁ%ﬂﬁ‘éﬁthi/lpeéwcl?%‘bbe Volgired ide pararesr) , a
flash drum dpdhs%t Mab&fzh%@u&%nkﬂﬁﬂ}l é{'erftthe ffccl:cﬁt%@k BEHBDAY gk @ffﬂﬁﬁ-WuHQans
within the drum a knock-out drum having heating neans w thin the known-out
drum and cdrRpAEEi SAsidekiiceion nEsnepss! B yanesagd igolagerdniaghen ofee paeteisde

direct fired.aatsl shay St 83N dGOAYEML s AR s@ﬁeﬁ'&tkcpgapop?@ be, S¥GNRBYR BiciidAdi ant
heating, electric-resistance heating, or other source. |In man

embodi ment s Yibellyay s cordseredapirtisly @picder corndensedeprad medmn kispzrvandreed. st ep
2,4 e RO Ao bt ALY RIp T AL oV
2008/ 150661 PEPIUSIODS8L 0686/ phasat ed vapor phase, based upon the total

wei ght of t h@ysepakahef%an9s th]@sﬁe foﬂ@rﬁlﬁameﬂs oS $h %ﬁ%h& (%rysegaﬁatgﬂea@ear
the exit of the separation ves herw se, onvolatiles entrained in
t he vapor phaseEpyilion ynis.dhy hjated fFagptock lhérdpsfqncﬂdysa kner @atstorepanicbnmayt (€ause
coking and/ Qhc@Sh, PIBPLEAB s %99@@%8% ‘ﬁgﬁ&i shibk. 300 iRERALAL ARrlihly ( 1)
are | ocated upst ream respect to t ysi s rea or system pst ream
mer el y déangnifshire viaper thysrio senatatnd fame thei lgjufd phesc wepearat-kqhid siperatiepanit. and

l'i quid phas r |s
L, PR L PSS SRRy, LA LB DR
exanpl e, i nkraskeus ﬁlgﬂhgpmaofgléﬁdntlﬁtljo apsheappaauid phizesatorard flash chyrdr dlg@haatm on of
the vapor phasifhel o %&%gﬂgah@;{ A ROUIR RSDEAL L b A SERAL 2TT 0N
unit are depicted I'n Figure S 'Separate units, ey can be conbi ned into
a singl e unheatitg heats/ widpa that inowneni dt’uyr\ a@(@ﬂn]d:llmousf thenaoft albtcenplary heating

ety SeRr kA Dl LSkl 0 YL R 500 SO 2 B0,

Wit hin the biating, Cblctrheamtangc hmng\ymrod@ahbﬁ(bmdrecedblt ook. anwammhest mﬁy bcw t abl e

techni ques In%’ortgﬁ% hiQ 91 féeraestrgexg e%gxa i nosrfepf f(‘)etge?ttt cC\lf(dpgrOpqltasaé 1Q%gsun 1ah)h free
of nonvolatiles, ¢.g., having less than 1 weight percent of nonvolatiles carried into the
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15 the heat/separation unit include injecting hydrogen into the hydrocarbon
feedstock present in the heat/separation unit, heating in a hydrogenation
uni t/process, and heaters inmmersed into the I|qU| d hydrocar bon feedstock
present in t h¥OHE%(P%Eharation unit. Additionally and pr&RASEBFYSTIE [ ed
heaters may be used to heat the hydrocarbon feedstock. Heating of the

nonvol ati |l e- contalnln drocar bon_feedst ock be carrie out such as by
fired heat ersPar3gd Pﬁ‘é”é??p@%ﬁésﬁ 4P iag § ?”eigﬁ‘t @Tﬁ%ﬁepgptegxquy ° dptREpipRti ng

but not Ii mi mdaﬂt@umn\oemu[omalexhw theXGHaNBearesses DR GRE, ihBt @h kil | S
or elenents, conve on or radi ant heatin ind ctl on heating, and/or heat
fromthe rea?ﬂhld‘(?ﬁ LRGP Phapey l?crﬁagif’flll’ag thegyy 3@?’5 TR PG IRY FRISE FRYEOf |

Al t hough theanlaﬁ;aﬁshtymmen(@) and separation unit (7) are each shown in Figure
5 as resp ctlve sin and separate units, each of these units can

al t er nat i Vel Y9&8npr 3&?@ upib{3) and pepgragen wHi {73 are bogated wpstreamn wilh Apsaedt ¢ theni t

can incl ude d;WB(Sl?‘sli R@for@RLenk n@ﬂﬁ’e&h"ﬁneﬂzl}uﬂ@a’m §ePas RiddcaborRed Rrirftlsdmbutdr uns.
be

As di scusse t he heat unit 3% and separation unit (7) may al so be
conbi ned or PiraRR AR AT phssesandithgittheayapyr f&la@dwﬁ%ﬁ fegrpd to.thy pE2stFsretes e

process enboﬂicﬂ?ﬁfa?:aldot bdTBYcrREdiRE etk TR thrb Qs TR RERIAE, ﬁ)rct@ﬁrﬁfilm nedacapst ant
rati o of vapor to uid within the separation unit (7) as the case may

be, the 30 HEQEPS é’&af@tww Ri#pe andithydigegnarion P%th%’aﬁﬁrfﬁ‘hia@ulP@tfor? Gragkiagur e
and cont [l . AHRWENVEE hed DSt LRTAREALH LS d&ﬁ)&em&ﬁ@?e § gedsdae Kmt%etfh%v &n

separatl on can be used as an indirect paraneter to neasure, control, and
mai ntai n an XSEARBREHEEe: Yugowyt Ghetseapaiion it} duraplenefiseitdbis ienéseppiption

| deal I'y, themhi ghfke Tdhﬁ' 1488 At QL Ko LRIBEF b Bsbrdal&s s GRAT s REEGERE 886 sOF
hydrocarbons that will - 10 - WD 2008/ 150661PCT/ US2008/ 063716 be vapori zed

and becone a\?éuﬂdéb#@maéwblagtd Bfang pathipgthe drysh &g epigie Be ArdpsigbonHewksper., when

t he feedst O%af(n?l &f ﬁﬁtﬂﬁl@técﬁm&&@ £H 13kkin rtQRNé)ﬂn%?dchx%?m FUER RS oRQKET RERGUr SOT'S
coul d be ﬁ;ﬁ)jresen he vapor phase an§ cani €éd over to the convection

react or tubdhe heéwé‘mferm Lvltemmdﬁgu%ﬂ*mg Bydregen it thefadroeaskes. feciyeckpraseaigian
di l uent and/iQs hé@&pﬁf%n%ltf %QM Boa WeMifd g ena\%xll lunlb pes§ URPhER3s mﬁn&%Qnto

precursor formation or at ieast make |t | at ab since the additi onal
free hydrogdif Preddudgcirbon F?édﬁt@écm@%enwm 1heffe?éfrﬂei>&tr§10@ Wity nipdditiofalytand coke

in the react %fcralﬁ? hi;Rg hbﬂerg %yrb%%gcpfo thPYH% drocéb&ykegds“%ckl lH%ﬁngaXP{hged A

primary obj ectlve ‘of the feed separation ste renmove as
precur sor s. Nopasifosenipininef hxdﬁl@dlﬂﬂemrpﬁ@ﬂa?%r@a)o ¢ F‘ﬁ"éech@ét%l@h ﬁ‘ebﬁdﬁtﬁ@ch@dies t 00

l'ow, thig C%@atre@%héer Gty n(?é%zfl %tr 'the 1, \{ Iﬂf?ﬁngt‘t%t nbgHtln e(f/\fot&n{;agﬁneﬂ?laﬁ“ le

hydr ocarbons 10remalning 1 n i qui se "and not be avai
cracking. [ GBIBpestdisHRynerdsd mfélmhlacméb @oﬂﬁ@e@s andyegtiorhyrdrdgwrhedinguaductioo t he

separ at or p%@emnrg Sunfi Bt ﬁéapﬁ‘mhhﬁe ETBE E}%‘ie gi sté?ifm 1 J%gth Q‘@/c@tcblg&n?&oﬁp %@gf

vessel as conpar e to suc separatlon ep 1n sence O rogen
and/ or et hawéoughibs bdsy unif Ge divhgepataonmetith@herc srchothhen ircBighineéfdas ICSpectwe

single and separate units, cach of these units can alternatively comprise a plurality of units,
25 c.g., a separation unit can include more than onc knock-out drums, separators, and/or flash
drums. As discussed below, the heat unit (3) and separation unit (7) may also be combined or
integrated into substantially a common unit.
[0024] For some process embodiments, it may be preferred to maintain a determined
constant ratio of vapor to liquid within the scparation unit (7) or, as the case may be, the
30  hecat/scparation unit, but such ratio is difficult to measurc and control. However, the
temperature of the heated feedstock before separation can be used as an indirect parameter to
measure, control, and maintain an approximately constant vapor to liquid ratio in the unit.
Ideally, the higher the feedstock temperature, the higher percentage of hydrocarbons that will
- 10 -



and optionally hydrogen diluent or another hydrogen donor diluent (e.g.,
napht hal ene), into 15 the separator may enable volatizing a hi gher

per cent age of the h¥drocar bon feed without formation of unmanageab

ash/ coke preclPPLYs conpared to the absence of hydr 3§&Sg ?f’éﬁ? with
the feed. However, the nmethane, steam hydrogen or other additives may

al so be intr ducedlnt droc on stre m at bst ntially any |location in
the process Ph4POT%dd @Pﬁ%@ﬁf@?la%ﬁé* PEGRIdtF VYRS onrRkingt HOGY X itor

For exanpl e, ths lﬁ&hst@cﬂidbrhpe‘{eﬁﬁre ngamo B%h%ﬂn%lﬁtﬂéﬂ&@lﬁaﬂ%ﬁ& pRamRS cduEbsgRRRAat i on
step, during.t er separation in the separated vapor

n ,
phase, into PH Yaéﬁ @3&“8 %‘f’fﬂf"o © pURrBHRRTPERS P HeTER A YRR ATHY upon

the specifi CashIh@GRIEHS. hema BldFopeh §BRnt HPRF AbihAG GABG hdvRRSr, walgki a@gr%gsoc k
properti es [ 026] The maxi mum seﬁaratl on terrperature of the heated

f eedst ock® mayP QPSS AU IAPSh 2t est Etkp AsPAABIF 61ct Hie aidPee dicp didrogen

feedstock. |frodiRed fre@dstRek vaOMAINS bMGREST 1R ToRIBUME SeRlor! 1BRNENn the
hydr ocar bons, the separation tenperature of the feedstock may be | ower

whi | e vapor i SRSRY> Bervederc #igpldistith bpayaidsdy AgerieFy phigctive ebthe ffyed spraratigp sk ek

contains a hbghesvealRHD breBfrsdr€SCod@tsal] if eheQbmprae o BRI Hohd® fRAIE K is too
hydr ocarbons, the tenperature of the eedst oc may be heated to a higher

val ue for self®r 4ty 68 syl Hhﬁylo‘éu @t pbadrare [yl vk valehile. hydicabgEnpl e,

W th respect ch@inMaGiiigas piRisd addeeds avhill@lctsnRakaLuUr e of the heated
f eedstream may 30typi cally be maintained in the range of from 400F (200C)

to 1200F (658¢35] [ oubie the asdians eerfacd andapbydegspediluprt th dhe,sapatatoy parnaity

desirabl e t 0@k Meakhpfardd Q@&l@@éﬂdﬁh&m@pﬂﬁma hy@rasad te)o,ﬂckp@ef,;u@dn sppessure
to maintain a substantially constant ratio of 8(E)or to urd 1 n the
1

separ at i on ViBdsetbsenyy pf kydrdeen andis nipfhene c Bhdsdy feading i Hﬁf@é%ﬁ?@berfceﬁeqdhe
heated - 11 g4 o%n%@@?dl&é%@%ﬁ&? HURRARBAARREA Bof R RERLE RAM AL RmAERSNAGNT

upon the anmount rogen or other stripplng agent present in of m xed
wi th t hel edbe quﬁla@ﬁ@aasﬁﬁé‘d? velptizipgea jhighenpdreeatapy oF B ydiogarhery fogé withefter r ed

to combi ne. tHenTEt DRDSmMLLLL NG INETRGAKRANA! AaSHNERE RLLREL, YpRbLGAM Of

the separation step or directly into the separation step.
hydr ogen naydllg_q:rgou éhea@@;édH@\@ev[ehéhq-gy@b@@aq{@gh hydrogen, or other addmves may dlso

be introduced into hydrocarbon stream at substantially any location in the process that is
upstream of the heated reaction area of the reactor. For example, such additives may be
20 introduced upstream of the separation step, during the separation step, after separation in the
separated vapor phase, into the reactor system and/or combinations thereof, depending upon
the specific process chemistry used, operating conditions, and feedstock properties.
[0026] The maximum separation temperature of the heated feedstock may also depend
upon the composition of the hydrocarbon feedstock. If the feedstock contains higher
25  amounts of lighter hydrocarbons, the separation temperature of the feedstock may be lower
while vaporizing an acceptable percentage of the feed. If the feedstock contains a higher
amount of less-volatile or higher boiling point hydrocarbons, the temperature of the feedstock
may be heated to a higher value for separation, but may also need the hydrogen diluent. For
cxample, with respect to vacuum gas oil feeds, the temperature of the heated feedstrcam may
30 typically be maintained in the range of from 400°F (200°C) to 1200°F (650°C).
[0027] In addition to temperature, it is usually also desirable to maintain a substantially
constant hydrocarbon partial pressure to maintain a substantially constant ratio of vapor to
liquid in the separation vessel. Typically, the hydrocarbon partial pressures for the heated

-11 -



5 stream upstream of or in the separation step. The nethane added into the
stream nmay assi st inproved vaporization and separation of the hydrocarbon
feed in the heated separation step. Additional nethane and h dro en nmay

al so be added“P3'BHY g‘epar ated vapor stream and/or di re(?FITS}’S%/OH’E’ ¥3the
pyrolysis reactor. 100281The anmount of vapor phase produced in the

Fobdstock i b u deipdisk Sty TOHSE RIS B P e YapOr phite
flow rate nmayixae wah\vigpesd. fihowe 5@5@ of thatinvRasycPRdc¥ssait BAY bk Blefddet @ YowiiSne
react or Ioad,h while in t&i gr applicatjons, the vapor flow rate may

si mul t aneousi§ YRS F1H1 e QY drPsFriepwEcbtrABr @hcy TPSBV%P Eticss"?aé%?&?t“oﬁt@ OISt j | |

further, in &Ry ARPHE Sl OnSstEESIMARDS, hpHE&Ea ofdy Ao A ke Ry RGeSk tdhe
react or(s% Ioad capacity for a particular_installation, whereby the excess

15 vapor tutSUiER) UBECRBREen ks %?ﬁ%fa%‘%ncﬁe@d Tihg metapsalded o s étrfiaﬁ‘ @Rt HEF st eam

cracking and{n@fova& vgm,@dmsﬁ bid Sepashd offREFdrREHSERED OAhOhHeH BRR]Hos afchons or
uses. For exarq) the condensed material can be stored for at |east a day,

week, or evehddigmgemethaigand dudmpgentmgycadsopbe aidprbio e srPagdveryetreim gpd/dent as
feed to ot he({,re@ﬂ[}o@@,s{% rolviErcheder m nati on of total pyrolysis reactor |oad
oxarpl &, | 20088l Gatnembabr iy Mg DEECUl ' 6o PFioT ehevhEy Wide.
exanpl e, a ely,
requir et”ﬁﬂt SdeFéddﬁx\tg’ L@éxpé\@ 'thlcat'i(ﬁtaa%H 'fétéﬂbtdtS&%Bu'% gﬂélen[io? ,exefr‘ﬁﬁf?e tnﬁé/dh%' %ﬁ%&n&%pgm ty
m r r an
G 1 o1 oncy viht FMGRPER JAEAERY bF § JORIITonleAMY VY PRI GUMFP T HEHct or
syst Iem I'n aemf w%ﬂ@(ﬁgbﬂ?{%niﬁhc%ub& &H&;’@?&ﬂ NS 9Jt9%§ 31&%}'1(%{6@@? ldéaltdnlgurm-hlyt iple
pyrolysis reactors, such as at |eas yrol ysis reactor” systens
i ncl udi ng at(Creeishory) hipyEysipyeasiops i Hill fzathelac@Im appligttiony thavepor RBasadewnt of
separ at ed VapRhmAphased i réﬁto@(%ﬁl%%sca@gmﬁ/hﬁr d ﬁ@%@a& isBARARN! Yh@oytReedcbsSt
pyrol ysis reactor system Thereby, additional reactors nay be used to
handl e tRe t'@pdIcucapaka qoyde@fedtaﬁéstmeérﬁ@rfsébsrcwnv&pmelf;bpra%@mé@djmg@nd/or as
pyrolysis. FQERxaIR& fe&! ok 0gh % b@at ﬁ{phé&%@@sf &I&Eb SK&t &%}%ﬁ%m@%@&%&% or
nore reactor “systens, such as a bank react or systens 291Referring
still to Fi guatdiabcan prestorshier tlsaslea duntklioigven h?ug% plhkge imtpkder oty
Va1 e () R T R e B R P L P e
e.g., subjectastr fagd chngcigh zeiéte@a@@llw p,er@maelﬂlilngnGmceswqrhg%r@mﬂmx to
prodice A gl L UEAHOANE ey Ehe ORI Uk S GBRELTTG Wiy, ncion
nonvol at i | egcquResEMS c@i ﬂ’f}’@r}ysfbrcémctthé spoptirotsdintited Dy pire hmfrqumylt capabilivésg | ower
nydr ocar bone ad”| Sy Pt A PR fo R R el LBl e
may be wit hdy#son fln s epwpditicoln, Uaiinveije procan indhdoy esing adiltgty gawlyyisa | i ne
Such a5 i 11 crrny e blond (Bh fh A A LR PR YL BUbBRE Cor
syst ems 2017 ycagindsys o) anthIhe ET=T )| p‘ém@tamd apor phad ishy dxm&aw%@samycapmif ude
A kanos. Tna” LRt 0@ e BBP QRlAL PR a P RS IR0 AN R,
and/ or nitr ¢yd rwap@momtrmfemwmsmfeécbﬁoepsffeleds nigprtegentie arb@gbth@ater— 10
eystem Vet bl el iR, AT} DANE BRI AUDG. L Softuok R IRY B8 Xed,
separ at ed vdﬂﬂ@?l phasferringrsallam &gtb"stfanha abdvy»laamcopiammg lﬁcrtmmpham maycbedi ng,

the sepgpat g to the un| t veni | ace
for int ?gducttlhc(q)rﬁ of" feﬁnovecpﬁ rélnsepdé‘bﬁ) &' i ﬁé} 48 %ttém t’bem sutcf\]aﬁ'lé”fde}‘nel(F?
(11), such ?a"hmrdatamsltaaabesbldbys fiwelt dilandurfleeptotdssvd, éﬁ)subje'étedl tmeﬂun@tddamalysour ce

comr i %e. ot CFodb LD RRGRE: bR e AP RE RGRE PR ity 2t ' BREL S0 hei ght

per cent mnet hane, and nDre preferably at | east 50 melght per cent rmet hane.

O her al kanes, such as et hane, may alsgzbe present. Although two pyrolysis
reactors are illustrated, three or pyrolysis reactors also may be used
in sonme applications. Alternatively, the vapor phase essentially free of
nonvol atil es can be renoved

S



20 via line (21), cooled to a liquid in cooling unit (23), and then
transferred via line (25) to storage unit (27). Al though the cooling unit
and storage upit are each depicted in Figure 5 as separate units, in other

appl i cations PRA®HY conprise a comon (e.g., substantit&H 42 0EHPat ed or
conbi ned) heat - separator unit. A comon heater-separator unit may incl ude,

for example, one or e. of a djistillation col a flash m havi a
heating mean¥OEN{Y [F'n“ﬂs ‘flﬁgdlﬂ?%tﬁm&“ﬂ%%sk %?Pqﬁ]hﬁl ey ﬁ‘iﬁtﬁ”ﬁ@“ﬁ‘eans
within the kiﬂdﬁikm@ﬂ&wﬁrmbﬁcu&ﬂd/e{gﬁﬂbésﬁl@bﬂyﬁlfb&af hemewds, mSen®lubns al Alghit@ns may
al so incl ude %Ipl rality of ommpn units to serve one or nore reactor

syst ens. [00@’f 'S8 ﬂﬁ%ﬁwﬁ?nFﬁt 8 ©8%6I"i ng and unit and/or the storage unit

nmay conpri se[ooswg o rTH%DJeﬁar&Ed SWRR ph@s Pest by &itditbénm f@nUsopadtiét a@e (Bistancan

conpri se pl ur al of tank The liquid 30 ortion thereof) can be
transf erred ‘PVFEW‘LF%/?P < ffs f“ 97) Pt tP.Oﬁ%O(mfur%v BWHé’T(“lOE) AriyrFisn

passed or t rl@ﬁlﬁ(fre rsﬁ@ldielllﬂlsﬁ&tgcﬁp @ﬂ’é |Saadp%t1$§fv@)| re@hor{ ésQWrol%@kCIJ@ac@& sYstcnsl (i1 HES

(13) and (15), ¥ro|y5|s reactors and (19). The, cracked reaction
product may %ﬂﬁéﬁ% b sepateishy WOt d oy Yé‘iﬂ’ﬁft‘fli’o"ééﬁaé(rléﬁlP‘é)‘"‘n”ﬁiOB%é%é@m“%%c‘Pf as

via outlet |ispRmtdd499csanch £s2anc andlcﬁha alkiifds 2008{heRRa kR gdnm%/ iPaRic16

[0032] As illustrated in exenplary gure 5, the vapori zed £&ase or cut from
the separ at i SRUTHFSt Heh %“e[ﬁérd&f‘ |°h§‘tr8%f|ﬂt andzyay( s Wﬁ@?n%bﬁff‘?‘%ﬁcc & Réla repgitter i m

storage (®7)dsefd t hgcmthanfud) « MBMaRobhdMsT REL ) BH Yol Rfxelild)g. t O One
or nore pyrolysis reactor systems, such as illustrated by reactor systens

(17) and ( 1PPmpgded, méodyegd, If"i‘dnlé‘é’ rogherisgicqmpg)ed) mrgdhsrspHaAG vapst phaye Iiisg
separ at ed vapgibsPhase J@?&n@ fSRUGHA hdnes, {h%%pqu/@rm(tﬂéayraw Mit9duped

into the respectlve feactor systen(s) and heated to a ternperature
sufficient @& CbREFEFYRlaE f%ﬁ‘é@l@%‘@“@f the prethepe-praaniag ed BgH Pe diieedtn to a

m x of hi ghafeyalhUuach¥dnReaEPONScthSGted@se @Setf%ﬁ@ﬂéﬁane%ﬁr% i Q%%r&géa}t"bont he
co-fed nmethane may be introduced directly into the second reac each

of the r'éacthFdr%y@tté’ﬁ@P'(’*f?)meé%e(tiJQ)btreaé.‘l' ShrydriceRPTisp et degstar Atvesighy dssentphase.

10[ 0033] Accafding glgfe@b@raeﬁ&{s{ &6l Wrargm: B&Sont hﬁ&af@tan@%r@%f&@o@@a@fe% sgapor
feed are exposed to thé previously heated hot spot or reacti'on zone wthi

t he reactor Wé%%me@a@et@h?ﬁaﬂ‘éﬂe%ﬁﬁh epethaeempedsodesriveserti fethovghgiveal | y

| ess than 1. Qr&ﬁgqegmcgmmrxed s $m&e 9&1@%9&@@& d@r}gdﬁet&@d [n83 et han
0.1 seconds, preferred range ms 1s preferred) and t

quenched to dgmlwpﬂqnhe Alterativetin ﬂwdmr@bme%teh@llmé@ﬁ péaongella@lese Fapi heyem@ved

20 wvia 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 each depicted in Figure 5 as
separate units, in other applications they may comprise a common (e.g., substantially
integrated or combined) heat-separator unit. A common heater-separator unit may include,
for cxample, one or more of a distillation column, a flash drum having a hcating means

25 within the drum, a knock-out drum having a hcating mcans within the knock-out drum, and
combinations thercof. Some installations may also include a plurality of common units to
serve one or more reactor systems.

[0031] Also, each of the cooling and unit and/or the storage unit may comprise one or
more of such respective unit, ¢.g., storage unit can comprise a plurality of tanks. The liquid

30 (or a portion thereof) can be transferred from storage unit (27) via line (29) to linc (11) and
then passed or transferred in substantially parallel flow, such as via lines (13) and (15), to
pyrolysis reactors (17) and (19). The cracked reaction product may then be transferred to
product-separation processes, such as via outlet lines (49) and (51).
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15 preferred hydrocarbon product m x or pyrolysis product within the
cracked product stream Longer reaction tines tend to favor the formation
of coke. ”Wf?%' &Fle'j red applications, the reaction will be allowed to
proceed for sUTF 1 C time to crack the vapor phase hyd*deSFB¥HE ™ nt o
smal | er corrponents such as net hyl groups (e.g., CH4, CH3, and CH2) and

hydri de radi }5 : Z@a g Eortr on t he thane‘.i onverted to an
acetyl ene py 2y§|5| s %rrag u texrelﬂplflﬁe IBGct o SPRYTERT PAESS| Yot bt i on
of the introgipeedoon thetkennEal aiuem (pitiRe ued dr FEhbanawcamn a@bdyl27nadical s are
converted to ag}ety%ene %r Olé ‘Z ducﬁ in the react or. system Aromatic
mol ecul es maleLiHH (Pa iy dhgangs FGF% ng (3 18 QS PIRUS PYPLYSS SREPYIERBS SFEYi cal s
pyrol ysi s pr mu&ﬁtrdte&\bmaaﬂ@/sl@f% fesehd@y), buntah e hed @3F M )y dhi dRthane

radi cal s, 2; cgrxa%/ heldp sup res goke help the reaction proceed to

for mat i on® of CA&RY ytraR VRP? agafee ‘tﬁ?‘elfr@r Ll 3BY8E 698 iniyrodicsd ntpdheude a

rel atively hthﬂcﬁi@r%fdr Wste}h(()?m@@eav&ﬁ|t<9men@@1fa§1%l¢u)‘ﬁcﬁéﬁf fo@@&{vyrlsﬁﬂ%r Whikhtign the
final cracked E tgct stream m x. Ot her exenpl ar roducts that nmay result

froma prefe¥r Hedad VIRLY STRY A ddnin Pl bR Y 4R By HreeHene “Wé?l BRECFIH some

ot her conmpongd:satistI¢th@so-Fe@ hcthaal mgp KeinuSU¥BY &mpmedm sQ@bnd Q@m&@%&dhz ed
feed stream t\{ be converted within the reactor syste directly to

acetyl ene. Frasseiensil g apd i) slopepith fhe S%‘ar“é‘g}éﬂé PatFve reactor, the

hi gh tenper a[‘DUJCﬂ? Wi Adco@itngl o DHRADDréREDANS methad LAY bephadi C\@{zlcﬁ QLS al%f
al i phatic or nonaromatic chains, while the aromatics within the feed may be

ref ormed di rEEPY @ BeDeaispplsieded potapefcitrgicaoregone pridhireihg spagtor sysam &I ent
quenchi ng OCd’ewirﬁle biprépriuhaeli@RA6L Bne W?&ﬁm 1S4GRunt h@lec%@d)%ﬁh%n@qgé tgpnal
guench st ep@r heat exchangers, are not_ -

2008/ 150661 Q@OS‘?%B@W@S# @afeju‘)r‘eﬁrcer@bsw&? # méef%ﬁvrér@r anl f ri@fmsuisni ng

beyond the pireeldsh iR tiRh @ickbheh (S QbR eRd Mhdidn 19 pRAAIYHENERY sOLYR phoduct .
The cracked product m x may include gaseous hydrocarbons of great” variety,

e.g., froom mstisdeydrcubredodyrd magr Pelyttrrodist withingbe craghsd urmslaetutrennad,
pol yunsat ur ate@gsr réRfoPiQEREhECH fatd? HIROBEnADREE Eke, thlﬂﬁlaf?y E)IQ% S §pﬂ?108g>|ﬂ§ t
produced is a dilute 5 acetylene stream (primarily acetyl ene, sone
hydrogen and'usieeer &l hetdaie] e tsceedafprbe fiast I“)Vﬂehgﬂd P@g‘"em@t éd?oi: cwhem

ol efin, suchyadcREdY iRNEmallcNcdul}end@PAlch ROASEy Yrodpl Gl AP s dnghﬁz)aﬁgt yl ene
hydr ogenatr on reactor could be, for exanple, a standard i xed process
usi ng_known Migiiedpdienies st Hgstearaatiapse tha 0ntan i camstthio axenploar wlpl’y@@ess a
vaporized strf@eih fh@nédt:tla?sy%QQP-rA@tléaQtrk IQHR)%%??!}G rﬁﬁﬁ)ducjeg opﬁ%&ﬁzﬁel? mgffceQ

hydr ocar bons, such as aliphatic, naphthenic, aromatic corrpoB

vapor str ear@?%?e I98 mecrdl shriiesds arAcbosYasiE@do fagetylbit eyrolygiediravigctt i e roactor
regenerativey %&@Ct%m%fcs%mcﬁéb Bﬁ? stnﬁ'ﬂeﬁgebg EAGLRL RY Rk g@ Bp(a}ﬁ%_?’%ylenes
substanti al | y goi ng through an internediate condensati st e

regener at i védi@hoymlysigayodvel. Heaebihcaedox diavdutier belp @g@ﬂﬂedratcrrmcariﬂr pbiks

wher eby exoiheri, C Xi ar e

15 int roduced§ar1mdCsraﬂt)aﬂz;%:@tS gg&r %?'d'?l %lgqg(ér}z}g?g)gtp?(’gc%“at t (tal&?g%%t@‘ggng éd[gm

t he resdPti ngfaredarecess prode tncludersvweldtivehohigh eleqtiobir (0150 Wﬁ@mptﬂqelw@?porl zed
feed and net, 81 r S h zone
within the r%g}}g‘%ce)r Mnrlo@leQ%ycg%i:éa ﬂg%ﬁ%%sﬁ%ﬂ@&mﬁgﬁr e%rﬁfg%ﬁgrhggrsgﬁngﬂg time
from 0.001 tesulg frgms@el@refﬁru piiecespranpy tingbide éalydhygqnmnri wekghang, gllongwetiploene cgher
pressure fr ( Pa) < ment s,

t he reactor Q%Hérﬁjg?#% ?)Lﬁlsl Ta%éeg&gg%gée a§0vacun%ré%ernlte%sogtﬁlree\La%grﬁca fgeg m%gn 15
psia (103 kPEtl)VCm@r\a@kledleWtﬂr)%Sﬂtﬁsn plirgetlycto cmtylcmre Feerparee.fin erhighhevergmct or
system jguch..¢ a9 e 0gesses
for recg\élergb ggxﬁld\{ﬂvgré\?g@ﬁe?ﬁgﬁ% n’rgtﬁlfé\g?logd {hg)gb(:§lar8§hﬂ pcrlga uc The
react or syselestipheiyc e rsmanon@tmdlemaddhtkr dmadrorﬁeéed vxrmhrmethe (fwdtm@hbamforslad:h as

fuel and OXHL%%: tJ ch‘c@m%t {)1l Ergéeﬂgen%genlgretfe%%g sr%mgrlﬂ ench&%so’ccurs within the

reactor system such that separate additional quench steps (e.g., heat exchangers, etc.) are not

- 14 -



25 [0036] The regenerative pyrolysis reactor systemaccording to this
invention is generally a higher tenperature hydrocarbon pyrolysis reactor
systemthan typical _steam cracki ng type hydrocarbon systens that are
convent i onal | YOREGS N commerci al st eam cracki ng oper at i¥67&S2€96388 anpl e,
commer ci al naphtha steam cracki ng operations typically operate at furnace
radi ant coil outlet tenperatures_ of |ess than about 815C (1500F). However,
the terms 3FMFEGRAGP dt% PRVEYPLIYErenfhey tagapdietion gia igh sty o t he
subj ect i nveidkiytic bpbBES plodu@y Thd Gadked pREGN BliakmbP Gl BLEaRE hisrea%as bon
pyrolysis systens that heat the hydrocarbon streamto be converted (e.g.,
the separ at edf°YafofYphgsdiont cthapip &y stkGr 8% By diclyds geturaioslp gronpywwyyrpated,
preferably ipolancRssic@land 4006255 Wnhe as?&ftb@ Ryl a8 ees & «Ofiludkd00C -
15- WD 2008/ 150661PCT/ US2008/ 063716 (2732F), or for sone applications,
even nor e pr¥FEIADPYFaM{PRadE scesfleneyBiesqydiogen pl wisigted Bgthene Mgt cany  pay
even be stilbe daBilyenyRfogéRfald & RN af OBy IEREHAINS RboMBRY 08 NG phdsiBThe
duration, such as less than 0.1 seconds, to a tenperature in excess of
2000C ( 3632F)Cetyisys Bydegeaationdeactos seuld fhat foperiamic 2 prafard 8aet besrpresiesscwinger si on
of the co-fedoMBthhangoétisigtddidjson S5 to the hydrocarbon vapor, typically
require reactor tenperatures in excess of 1400C (2552C) for the nethane to
react or cond&Hl. AR aesthsrproaeryPesess redrebasam fag thyseotryten proressieeyd
stream W hi R § GACHLOhydrSUARINAS BT ad ﬁfﬁﬁﬁfo?k%fhﬁx%ni@,f arld" £5h ARWpdnA0 tO
about 1900C, and nore pr e¥er ably from about 1600 to about 1700C. "Exenplary
resi dency tiTHs vposFEseEbINgY heagoridenseherid stored) o leey freding tpame@etiveisenels and
preferably logsmthaps @bt reotor st hiREEC %géntiah? STERRIPEEH SnteddBiate
conversion of cracking of the methane and separated vapor phase may tbe

per f or ned i rfopdfasysipe sipc el tsf repspgiabyre Fracthsy ey de hewehascorjnlr thcantaspesatioand/ or
other dil uenscQr witihPRkBYAUEN SreaclilE GRPYRLEI %chofast#ag YRR YxidhhiaGhk! ON
into higher val ue hydrocarbons such as acetylene typically requires a high
r ef or mat }%on tEdyeadand reactedin gy resstar He heraghe fh@fémbé@?*/ﬁa avigi thh repiltemteatsinr i er
to comer ci gl &tk RAMnEhE LGEEN Obhen kX abADRd feefbnd £8Inc A e A rl&d.

i nvention of the present inventors Is the recognition that the requisite

hi gh t enper attgpepasy thyeughdhd wged zinyg vathigth¢ wacter- hi gh-t enper at ure heat bubbl e
in the mddl a Rac! SY.St: This: : ‘ ted via a
two-step pr 0[206321; m@?g%ﬁ%gﬁgg(?m?%&(lg@%cdid]}ee%d?%@%ﬁg%agp gfr%bgg sgqrogﬁ Zl ayed,

i n-situ contusttyerlly anpdudehion eXapiple; epreseue freorbont théd pvin 434 to-3H tkBa). In

endot herygi ¢ fiid. . O e ion.ds . 20 t ibkity to
consi ot ot 1 30 paamanten SR R op b B BB BB AP bS BRI  0 )
in a react omsinéfi3dlik )Cradkad pyakysis plodua may $ecmoverhfiom itterrsackan ngptdne smh a¥he

I nventive PLACHR M Ql){d/&e& faﬁ’J .tr%ns%fpe%t t‘gn&hg‘l érXce%?entflo{w&H%dg O?F)[ﬁé %-'i rhg’

| arge-scal e, cyclic, regenerative reactor sy temthat 1S erul” and’

oper abl e on cempormereiual of thalceckdadperdably Tiw evaciombyngmt ey dlonmm¢ladd @idgiondl t he
prior art. [ O kVe. r tQr. system or nNrocess Iy e

descri bed gg%g(ri}lg%ﬁg/[&as{s&ﬂl?g]rgccrl)%gglgg%ndg)gggﬁf%c?’sﬁ?@m§ argggef%(e&f %x??u\ggpfr}cg’ﬁéct or or
nmore speéi f ilWabl y Thercgomwasrsponlyss reactviodysitinzedrdiygoabanibontiostis garratip
acetyl ene or h ViSi S od via. ther mal rol.ysis of the

hydr ocar bons h|9 elgtrerflgég/rgetﬁ%rhifi ﬁOS%E?neéj?’g?elﬁsrb gseflcsf?reﬁqg%lg e%pelér(r% PEFY FEYIREPSt i ve
pyrol ysi s r éatro@rbosygit@m thatckucheserftibnaly vanidinsenonrdial et onskiancbecoiopy. i ses a

reverse flowt f r;u%re enerative pyrolysis reactor, system such as
illustrated ?Inx}%?lﬁgef e 1{a)" ar ?fghf(%(ia.m %Ckén ORSTEPEY rg'glc?a%?’r ?4%?6‘3%%%?&?’?“? he
first and sedondcoibagtcotsnpemyurdseoforisethireaboun 8 B5°S el E@SFY | Huweel,aht anski p
wth ea other, Wth respect to a caommon flow path, and .nore preferably

al ong a%QomTrggenglg%\éfeePylg flg AL SX%%HTSDnaSa&elrté“nHﬁyt%b%e ﬁB@FngH‘fe&ﬁ?fp \r/eg?rf i‘Cal | or
ot herw se. #yclicdl Gregenerating) thermal hydrocarbon pyrolysis systems that heat the hydrocarbon

stream to be converted (e.g., the separated vapor phase) to temperatures of at least 1200°C
(2192°F), preferably in excess of 1400°C (2552°F), more preferably in excess of 1500°C
- 15 -



WO 2008/ 150661PCT/ US2008/ 063716 regenerative pyrolysis reactor is a
cyclical reactor whereby in a first part of the cycle materials may fl ow
and react for_a period of time in one direction through the reactor, such
as to gener atgoazﬁ P¥hsfer heat to the reactor nedia, drd"'CHEH'GHa second

part of the cycle the same and/or other materials may be fed through the

reactor tor .ol N response to. the heat 5 _a t her eby e a pyrolysis
broduct . T GIFEEL e BT R PER Y RionT YagaHE PRI ByRGryeT CDSactBrFIa | vg
the second peinie @#xtiohs, ith@ayCyeh ctshe nitad prefadb® ol IRW he fads @RPRSI {Brtdinect i on

as conpared to the d}lreqtiogq o(i material flowin the firgﬁg0 ortion of the
cycle. The r&gutfgr dorva oy ronySt soqoadictbr SPRTEHT dbitarne’ 20daéte3dn)zone
t hat I ncl udeyrblpgs h:@@':lfoﬁdth@t_r beh@tt ﬁ@frﬁ@acﬂfm &ﬂ@n‘fe@ﬁ&{Wthé’\d%%@m%t'ﬂ@ndlﬁja@(ﬁtiiény of
t he high ;engerature reaction chem stry takes place, and a 10 guencohl ng
zone t hat” sePvi§ PErosHEg} yamesatyPRAIGMIGHES rerstor deMpRrEGt it snersyeenéh0and

hal t the reagbip0) Pf BRESSh.AE GBRAHSIhYerDYALORMbRY ﬁr%rrécﬁﬁ@ée@ss%a;pﬁ}ﬁ?&?&t- At
| east a portlor} of the separated vapor d (and preferably at 1east a

> p fee and p
portion of t¥e [6-YEH metHale)cackat SUFL 2t raiteperies of drogt ahasg [p0f & 2R
reactor systgmpics ,an(gﬁlaﬁ;p_%_ Mbly filoh Ho@CIOS 1ol %o&theoaoea@xb@@a@q@s@qewy fii@ésm t he
pyrolysis product, and (ii) t%at cracked reacti og%@roduc is tinmely
quenched i n RUAErably sy b dlifirtn guhondesdhar Bp serady axcpielrrbht lepnibary @qut &d

pyrolysi sy pragiisetondd e tdind ABERDYhY iR EsibNer BYERhY 8F theRhALAE tand Isfpata@l
reaction is not tinely quenched, the reaction may continue breaking the

mol ecul es i nfABCTeRtfemay: Bk ecriammed in GF grpsicalol Rytipdshehrdside, grthr dgdrognskanp.abl e

product conmpeBenber diRERILT RepMhERLAL. TRV BRI JIGAUUBS: RadibRGRS fighkier ei n
first and second in-situ 20 conbustion reactants are both separately, but

preferably s@bstiydtocabey wrivgs peatdengsipicallyasswess tanpigh gefomnagor femicrgre.eact or

bed (e.g., awfitd filhe RADLOFcPE EhnifiVin@b 4RSS Mth&LibivzlitgRendgnt, f 1 ow pat hs
(channel s), to obtain the quenching (cooling) benefits of the total

conbi ned' Wweil§h¥’l of AtHeast parisaf thmigvensien v theaueserrivgntopsab thsoefienisinn yhat thest  and
second reactgffise &lc8 tQﬁp%%%@ ﬁlgy bd mie(fﬁgﬁi@\{aﬁhﬂf g Hi)gﬁ-%%ﬁ’;ﬁl'agﬂe RBY L 3pRqn iHac! ude

addi tional reactants and reactant flow channe 25 reactants are
al so concur reifidlf pf Reatked e systan. hdhis dgertuhblp ety Usefresiad tiheywoeiap trragess

desi gnat ed l\aeatd %W(tlhidameaf&gtﬂe%&wbemdt&mg@@qn.';ﬁ@@&nsm&a, %facmerpyaer in

an exotherm c reaction zone (e.qg., a conbustion zone). This deferre

conbusti on ¢fmev§e fiopr t§e bethda sedrradotbermicaivfosmiper i key Ysaefittof diviingpniion &i at i on
W thin the ream by LR LBasa0T RhEme s rberlre BRI G700 6 ne
or mix in tHkercreeicteROn(sk ek ctrb idunbuseh eonslitionn lonigntemi.t (Theaingensreatosesa hi gh
B e T e N S
t he react antsstapthpigis poful anopsrdbt carn Goaintoyeiad oeald, dteecby ondrestinothe digdtetisnon  at
the desired bgealibon, - 17- WO 2008/ 150661PCT/ US2008/ 063716
25 [0038] 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 produce via thermal pyrolysis of
the hydrocarbons in a regenerative reactor system. One exemplary regenerative pyrolysis
rcactor system includes first and second reactors and compriscs a reverse flow type of
30  regenerative pyrolysis rcactor 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
relationship with each other, with respect to a common flow path, and more preferably along

a common center axis. The common axis may be horizontal, vertical, or otherwise. A

- 16 -



with the mxer preferably | ocated between the first and second reactors.
The conbustion process takes place over a |ong enough duration that the
flow of first_and second reactants through the first reactor al so serves to
di spl ace a suBSZARFYP! portion, (as desired) of the heat'PrEYIVE By t he
reaction (e.g., the heat bubbl e) into and at |east partially through the
second 5 reactor,. but preferably not all of t t hpough the second
eactor to arOrErKEPEeBE BT b d SHRhasEioR I JbCoRal PERC o1 Stho 1 ue
gas may be exhatigs ﬁidy 5w Wa&hﬁd@amrtdtma@mrdm@m tipb@heraRlyorn®@st a0f the
heat is retained wt e secogd reacto amount of he%t di spl aced

into the sec@rﬁﬁﬂﬁf%tae?%ﬁrana GF PG o e rPEg e %ﬁ%ﬁwgtﬂeapschndaq |tfr°rﬁyfléahcor

det er mi ned byinich@d/desthératat@lRossr & fol Mo tBPRAERoVEB! g nlyresr,pb@ere t& R heat
vol ati zed hydrogarbon 10 feed gas WI | I have to the reformng, hig

t enper at ut e ¥E¢BHEPY HadtHP FWE%IY“& Rpcniet tevepe o Itge Oféﬁgeﬁ‘ifﬁ%c?éff%@l‘? and

ot her hydroc&ad@&n&mg tiecRtink PaRion OO L Af t}@rmd&&g@%mmd%p sith @iddclilDast he
second reactor nedia, in the next/reverse step or c e net hane and

vol ati zed hy @SR fofie diitctior ghntaa! gewvr Sgdirs paiﬂg& Gg@éﬁycéf‘epg}%f‘?%eéﬁa‘é‘feep are

fed or fl owesdiNiotahiod et REANHs § RAIRA zonPMEH BEI1RKs Ynef KBl b Eot Alda@F HicOoN
opposite the 15 direction of flow during the heating step. The nethane and

vol ati zed hy@FSEarisehthe coueay of tifehiph tenysrgie rseian SPmishy ek elcoedi s, in

t he heat 1pubplniRGofNihat Rrics ANSEEH htNrohedl rdated PEdNPLA 128G MMELRERN bon
for reaction energy. In addition to not wasting heat, substantl al | gth
(5]

over heat i ng 'CHEOR EFGFTTEY /CheBistn by saelingrthg eactipayPradisbr S&1ISps aertips

prol onged re@agdrt@N viatre&r a6k HriBEoIDYANOLAE BRRARNPES thetddCed methanc) that s
acetyl ene- gener ation paint, breaking it down into its 20 el enental

conponent s. UPRfETed tﬁé’r fetato thintsagier FFeTR daeeselEd( Gadkpb g By redeongne e

regenerati orpst R pSRRtshitRkt, 8XCEE that bRt MLliod A8dRe Rl indiPalendlc8 ik @QUI red
(a) to sustal n the reformng reaction for the endot herm c conversion of the

suppl i ed!hy dUsREMEFANG 19 Sie élﬁeyqe%én fighe dessed pyagyes predicheicof thrphy, vigd the

determ ned Ry JRWrdREL QP §16 r QBTN @S0t HEREBL REnHEEL Ghe @dc%ﬂﬁbf@ﬁﬂm\’e@&km@ ow
rates, tenperatures used, desired contact tinme, CyC e duration, etc, nd

(b) for heatthe pmlqcplss drofoiden e9ke. Sipat @lﬁmwtlhcoagﬁowﬁd@étlmndqsm@%fqudmtough
reactor wal lgm ?&e\ﬁ\@ll as convective losses with the exiting products. The
total anmount of heat stored in the reactor systemthough is generally nuch
more heat t H&B%oulThe buessptninyertiop ineladrsda frspcessomienclsi Gt ond atsgondi inglite

cycle. Howevshpusibn teSctb@Sik @&h%egagdt /@l DRV %uﬁs}%tlﬁlm @atnwu@xsfﬂdmhe SO

| arge that the residence tine at yer at ur e ecorres ong
comonl y doronghra queachingrreasios beds, .. 30 r#dracior beddpds M‘?étmtalﬂv ovdeppndent 86Wni ng

adj ust ment s aid ABASKY STBOLS 1&AheRGi 115@ &t 8@@%?#%3&%%0 L %éﬁ%tfa' n

t he optinmum set of redctor condition I'n pre nts, the
react or systimiinedndisecoe seacfaed (zélshoeﬁnprrly é‘msmgnct moxzdowe@dmtsea@ﬂm¢tssud( thy a

heat t n 18 -
V\%aZ 0 6 g;: ligng 1%5%%0(082 %(Iisr; %%%{;é%/ ih&&@fk a851t10r@a'ﬂg:a(§t%)ts Ad" & Qﬁmo@gch(aﬁr?c‘fﬁ ggth

25  reactants arc 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
(c.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
within the reactor system.

30  [0040] 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 system. Preferably the combining is enhanced by a reactant mixer that mixes
the reactants to facilitate substantially complete combustion/reaction at the desired location,
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zone/reactor. As a catalyst is preferably not required to facilitate
reform ng the hydrocarbon vapor to acetylene, so in nost preferred

enbodi ments, no _cat al is present in the reactor beds. Cfpmever 7ther may
be some appllggﬁwgﬂ“w]hat benefit fromthe presence of ACEEPRPYEIS o
achieve a certain range of reforning performance and such enbodi nents are

Cycle of a rEGOME ST HRRY rRet R (Mo gt e dbroion U ER T nand | b
in ternms of Iﬁod’e@ﬁﬁk@"p &Y ste@m Bay bddggit waﬁ@ﬁﬁﬁ/theea@vf/ of Siist andf debcﬁid r&dctants

recu erator/ zone and a second or actjon one (1).
Both the 1 caliorehits Jas T ditreriie U Else P at Bl RareR) (o s i et

regenerati Veprbnﬁld&d byRﬁg eRGI0ANE.Y ethbaes bubbld), ia® a6 &delIefeiany tlﬁ&[mrthese%cond
materials that are effective In storln%_and transferrin gﬁ The term

regeneraiqvéﬁ?@ﬁt?ﬁﬁﬁﬁﬁﬂﬂ%“%zWéﬁ@W@W%f {reehigisseoph s3cihh Vsl Gdedt for

carrying outana cﬁméﬂnﬁglther a6dd &EbtorThﬂler SEens Mty yeee;&ea@ednmwuglo ORI Je&hd
beddi ng or packi erial suc gl ass or ceram c heads or spheres,

metal beads fa?rct%g%?@ﬁemb&e%ﬁ%the At waiaﬁl@d yithig S 55008 reasist- al HoMEY b

materials, GREABkSadHDES, theXkédidedadi@N@lrink NG reRferhit® btbKe aRE Qi@ dhrt hey
15 are conpetent to maintain integrity, functionality, and w thstand | ong

term ex posurdétefrﬁmf"éHibé}ea‘feéff‘?élsoxp?fuhﬁx‘t‘:‘é% 8r %Cﬂ?@?féy(tﬂQl?q:)(OIatHF‘éflé‘#a‘HW“| n
excess ofy 158QGk B Ao toM RfRmey ern%p lidmichin@X 6@88d Rictd/ A8 (B heand

even nore preferably in excess of 2000C (3632F) for operatlng nargln
[ 0044] As shd%ﬁ“?ﬁ*?ﬂ@&?@”%méOﬂ%imﬁﬁﬁmﬁgﬁﬁ%ﬁFﬁénﬁf the "reaction" step of

the cycle, 300AP seGRPAZENrLBE ol RUifY tht BRod RSN AR dAOMEhd dek/feRerle Fep Jr€r €1 N
as the reforner or second reactor) is at an el evated tenperature as

conpared to YHe Bt MRERIF BAdoRgFeddrdrREbeneat fioBnthpatrvic)ly difitscdtscperion a
portion (i ngterlqkengd bhgoddd BlougN@e (Rbdd @Qa&hﬁefe%wpf%namrdl@énog WeRKRe dene

(7), is at a lower tenperature than the reaction zone (1) t rovi de a
quenchi ng efdfregionfopflov Hriag e hexing sigas Theasthpismndrotitizad hyxdmﬁaf S EarBEN

contai ni ng rtﬁeal% @&Bnc{ REGor A0 thiR: &lghafl e @dﬁ&b@leQééléﬁe'&; tr@fer & hdttd BRI NY
agent, such as hydrogen or steam is introduced via a conduit(s) (15), into

a primary endlafizyl hyproesbor EF gpasiion cusEeyr elictdddionzemet pasting hegr aubytantaty one

preferred erasbaqédﬁﬁgme rEBEnd RLBAPYE QbR $nal AH MBS AN L OPUERLY HaSrion[RP45] The
feed streamfrominlet(s) (15) absorbs heat fromthe reformer bed (1) and

endot her mi c&rdcks pheglestdsocrigonsr prstiche adslyaegireadiondwiny Bieking dddptn ing itbhj s

step progeedfmestal 30n dﬁdﬂb&tb Ik Nhet SEPERRLMT & REPTdh& (Plhe B h&}ﬁgcfﬁ%ed by
the arrow, is created based on the heat transfer properties of thé system

Wien the bedegeéer@t@gusgnehpw 19Y caeked thetsampnddhe haatyrikat gve regyyadi(@)ite yustairhihg
profile has gh&halehdtsh YorThAL ot ETRE b M B OF BdisESHiied WH:6R: 18R RTALHien | |

nove
for a suitable period of time, as determined by many factors, such as reactor size, dimensions,

vapor flow rates, temperatures used, desired contact time, cycle duration, etc, and (b) for heat
25 losses from the system both as conduction losscs 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 time at temperature becomes too long. As is commonly done for reactor systems,
30 normal cxpcrimentation and refining adjustments and mecasurements can be made to the
reactor system to obtain the optimum sct of reactor conditions.
[0042] In preferred embodiments, the reactor system may be described as comprising two
zones/reactors: (1) a heat recuperating (first) zone/reactor, and (2) a reforming (second)
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WD 2008/ 150661PCT/ US2008/ 063716 across the reaction zone (1) as the step
proceeds. The sharper the tenperature gradient profile, the better the
reaction may R@ @gﬁtrolled [ 00461The reaction gas exits the reaction zone
(1) through a"Sét8HYsty end (5) at an el evated tenperat dF&AHEYid8es

t hrough t he recuperator reactor (7), entering through a 5 second end (11),

Come” unconvel PR Ty €t R BYEHO. e f SeafBrarre s e RRERR 1y

a | ower tenpepait mraeaplb@m sb e mb@gedfeedad ezlwaem(em); noASatcﬂ}hse isspredefreis itZefadt@act i on
gas passes through the recu Eator zone é ﬁgs i S quenched or,K cool ed
2 ot onper aiir oA ek HEY PREIocRBaRAL bt HFRBoP (R aCar S2gs
substanti al |t aame\tel"wcdcmafnsttan@rﬂf ré®)mingpbrEdimbdte SQMBuch kbh e ek AR Bhih She

pr ef er abl ap |natel the sane tenperature as the regeneration feed

i ntroduce HHH?Ym% into the recuperator (7) during the second step

of the cycl e[oom thBler&ﬁetttv@ntegaa‘éymrﬁctﬁ@fékﬁél off A ﬁcg@xefaﬁ%lB&f Aa&br Z}Qf&:& {s7), a
tenperature gradlent is created in the zone' regeneratlve ed(s and

NDVEeS across epﬁ@dflé&&bre% & gy Ppderpypt @t?ﬁ?tﬂrgwtﬁméw%%avo ZPRE GRS R THY heat s

the recuper agratcupdihtor/fdthind kst (PLan@QOlRshda@atattibilrdidiRingeoand)stepn iR 15
| at er provi de anot her quenching service and to prevent the size and

| ocati on of FHEOMEAE (BRI FFUBHAGE BIRF AY CPRiBIY FESEsYEr Pedsh RsegRtatiHebtrench

reactor (o7) .asAkéCher€lbREDHRImaltAs HRAGLIABctBaSn S8HAS afdBank REHBSEAL OFheat (9)
via conduit (17) and .is processed for separation and recovery of

t he
vari ous conpgoeESCaGOETIOr I *eeCERACEt Wpmeta Piend i &° u»reéf”wﬁlénng pilds t he
regener at i onchshRR redche DRFERGerWivelbeds2fay &)&@hc&&u@mgr&npd%ng hgtefihifsgdn And

second regeneration reactants via conduit(s) he first and second
reactants padds §bEAIEIC RYston Bl ﬁ%@IV@éUﬁ@ﬂ’PB%‘f@?m%%MﬁWd%PW€m§@d6nd end

(11) of the hQ@QUBRELREAE maillials WRARKE: tb&Y eﬁﬁﬁe&@ﬁ@dlﬁﬁsdarfaothe ﬁ%@wﬁfd&h Ghey
reacti on or conbustion in or near_ a cent ral gl on of the reactor

system [0048] THEPSBh & S12ENT AN EY ﬁuéctioml@starn t‘@éhsiaﬂd Iﬁi”@u‘ie'é“ |epposure to

Regener at i onerﬁmamkssmte&@emferzrob@p@é:'»[:i; %@é?é&%l?% &@&%Iobhmh@@mfﬂpg Mhblae
recuperator zone (7) to the reaction zone (1) hermal |y regenérate the

reaction bed&eerayly fi exqepreots |98 Eq (ROHE Fp- e@étq‘?}hm@Sﬁcﬂ’féferaRb’glérf‘é?eaﬁ HR000°C

gas/ r eact ant($530t)e6Sph@GHReLaHhor zone (7) such as via conduit(s) (19), and
flows through the recuperator zone (7) and into the reaction zone (1). In

doi ng so, tA¥4knpésabare yFiadicers 3t e pegiming 8f theayeapie steerobshy e beds as

il1lustr aztoed s i AP RS (5 PYEH ORalifdR z%em){a%y L RRD e rbFofrhed bF ScomiTeddd?) is
simlar to but in opposite directions to the graphs of the tenperature

gradi ents dével dpetrd dumiicrgire ecompatst itoiic pyiepr o (Pioftheecartien) bed ke ndaid
oxi dant r eaqga%tp%ltwmgmangaﬂ R ofd RN chruB%(tjaﬂgP&eq]l_JE&htzB& (Zmb%famr( 13)

of the recuperator zone and the r'eaction zone éat recovered
from the reduwpsragirothap cslrfperoa@géch@r (lwita hroyide ar@amchmfg erﬁ@@ibfgs thcomnthesis-gag0 -

WO 2008/ 150@@1@:@@&5@%9 08/ hgrgx%zaj.rﬁon containing rcactant feed, and preferably also a diluent or

25  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.

[0045] The feed stream from inlet(s) (15) absorbs heat from the reformer bed (1) and
endothermically reacts to produce the desired acetylene product. As this step proceeds, a

30  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

capability, this profile has a relatively sharp temperature gradient, which gradient will move
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transferred to the reaction zone, thermally regenerating the regenerative
reaction beds (1) disposed therein. 100491In a preferred enbodi nent of the
present invention, a first reactant, such as a hydrocarbon fuel

directed down"Qe!P4i'channel's (each channel preferably'%%ﬂ%??@%ﬁ@6a 5
reactant flow path that includes multiple conduits) in the first reactor
bed (7). In one nbodlnent Lpe cﬂgnnels i %g Fne o nore honeyconb
nonol i th typ& ¥t cFﬁ?@Ezoﬁﬁ A& d “W%HHF? RETURRE "B T BaRY p&HOY
structures agofilhgeMer @t feyctloR g b BordtbRed: eactl on industry, such as in
catalytic co ter etc. The term "honeyconh"” is used broadly herein to
refer to a p@i‘%{ﬁ ﬁ‘@srg“cg%‘bﬁ?“oﬁ%ﬂ’ theprgprdion Kege ﬁlh&‘?}@gsd Yeerdpy) @ d £ by fBat hs

or conduits cidQtet NEaptgdiuk @ d Gy decuNOMO | rtdufer@Bd rdasonl), ENLERAGEULD ol | M t
the structure or shaPe to any partlcular shape. The honeyconb nonolith

enabl es |dw HrEd<if d1Dodd eipg arlavcad Pl 150 prRdvHzdngs CBmpARtE 1Getisnand

heat transf QJochnm)ﬁ(f@fted meyRf endBldogtnedTRE LW at&rh@]) zQNLgallye o . loPEL WEEN
or within a nedium between the first and second reactors) to enable or

assi st combuSTPLEHURIhaR the HaeHo8roautd e 48 dift SypBeYaTd reRcliy 34s pashs Bfoughéhef j r st

channel and thgceReebst (ASiehannglqubgndebi @&chofooadb &Quﬁ%emtamn the
respective conductive conduit(s) or flow path & one of
F

react ant s aﬁﬁng?ﬁWﬁé§]@Cgé%W?P@W§°WhP6ﬁb%“¥Wemf “r@@cﬁ@r“ﬁ@@1€?$ﬂﬁnd may

include g S'dﬂ%’o@mﬁ@t@qyﬁﬁef&ﬁblﬁ‘aﬁﬁoﬂﬁl@{e@r @B Y@ JIRE e b iR ¥eger@tikibh BLB
conduits (e.g., tens undr eds, or evén thousands of substantially parall el

condui ts or e iheandpiptld) yeo e arFupasten(7hdurmedhs sedsivabdic wrst Asbut or

nozzl e or degl caliBH o5 E868ANL 1n PRI Eeup 2LPARO -@Bhg teﬁ@&qfﬂket ad?EHe l(‘4) Byhava
general ly agébcross sect i onal Hgﬁ althougr a generally circular or
ape

regul ar pol YRfofPIE P IS aE k@) 2 S REEPSHBC prcapesspieepne EAchiries Ann&kp. may
preferably Wh@\éﬂl%hlﬁ % lﬁ@eft@ﬂ% 'r&lul)éf'atgxa@@l Wigh mBg 'B@ 8dibdy ag%gxm% Jelc&\@f &{\5 gugh

t he reactor first channel may be nerely a single dui t,
but nore'dl i kesryPRKids alﬂfé*l%ﬁ%&@ﬁd@ﬁ% and de pEsventribe sipoand Eaetionrofsthe dcatf | ow

rate, conduipbisté #8m %B@m}; pr(fg%ssﬁé‘lﬁmbl?gh ﬁUQ}Gerﬁl? realdr ??Se rg?t}térfdu%hlng E'l!egur e

2. A channel preferably rncludes multiple conduits that each receirve and
conduct a ré%@%%h&we§&dheé@W&@#@V@E%d%bvnénhGka@w»mma%gégbﬁwskumumér The

condui ts naymggﬂy§ghgpggu &ﬁgb&%gh other in terms of cross flow along the
flow path (e.g. not in fluid communication), or they may be substantially

i sol at ed, s&@H7lhaﬂ“?%ﬁ@ﬂ&ﬁmCﬁéﬁﬂﬁdﬁwdhﬁﬂﬁp@&@hﬁaﬁmmﬁwuwﬁpWémﬂwgmswﬂhhe
ad acentzocomﬁu&du&t%n%m%maﬁ@gewﬁ géé‘%ﬁ)qqga!a{ah@lwa%%ﬁ i TPRGCT Byt g

reactant flow separation. pre err reactor enbo
mul tiple segﬁ@ﬁigﬂdWM%P@b§QE@€h’@é@@bhmﬂﬁﬂmm@@eéﬂaOWmﬂ$he%h@hnmﬂ(wnwfa

second changgl %H&& (hatnat tt@eg SX LSk e J{ %ﬁh?rreacm?oxr ceo%@@c& hViff o1 7St

reactant is mxed wth'the respective second reactant in
2008/ 150661 PETAUSPEDSLIOBEIA] 6f thetcattedysitmer segnent. Multiple segnents are

| nel uded 1 0,qigV! donR0MNRAE ol SYLLMLL R ARL %S%aeg&%mg& em&rb%ﬁbfa%cg' onal

area of the reactor sy ten1 erringto Fi
(45), fa@p e%awwh@‘ﬁmﬂyehwxﬂmh@h¢eauwan01ﬂmo%@tbﬂ@mﬁmmbnz@wdlhwnbynmhb

monol i t hs aFergQL{éga%jthMetam&ﬂ b@dsp({il{ %01' Y 's&%ecﬁ;%&r{?a@ﬁm 5@1%“ 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)

may move across the beds as illustrated by the arrows on the exemplary graphs in Figure

30 1(b), similar to but in opposite directions to the graphs of the temperature gradients

developed during the reaction cycle in Figure 1(a). Fuel and oxidant reactants may combust

at a region proximate to the interface (13) of the recuperator zone (7) and the reaction zone

(1). The heat recovered from the recuperator zone together with the heat of combustion is
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5 nonolith preferably conprises a plurality (nore than one) of conduits.
The collective group of conduits that transmt the first reactant may be
considered the first channel and a particul ar reactor segnent may include
mul tipl e col | 8P Y oups of nonoliths and/or conduits Sﬂﬁﬂ@W?ﬁB6the
first reactant, whereby the segment conprising a channel for the first
reactant. Likewi.se, the second reacta al so fIOM/throu h.on nor e
monol i t hs wi FHPITE tol@eggaﬁﬂ‘éthfone R er@gﬁ%{?“&‘@n@? e HYC & %@%ﬁ b(gh)annel
Thus, the t edisposahaseael " |s used broadly to include the conduit(s) or

col l ecti ve ar of cond t hat conyeys at |east a first or second
reactant. A DB orlnﬁgﬁé £4 RRYOIHC PGSROMFIIRIF IR BHE 8BRS KRt el or

mul tiple chamaicgrb&o FuellWd Birgele@ devaermt bsanf Q¥ (@aChadicl bherfoly sdm@RGgsecond
reactants., A mxer_segnent (45) hen col | ect the reactant as from both

or multiple EiEhdlow, path éffaér%rdfn “&‘“iﬁle)(%?“d&@%é’gr‘r@nﬁrbf awytoibed (R xIng pre

ef fluent fromuaRnchi, "6 GhaBREhcIAMND oANQr SBRELNdnERBAREhenoliOBAL dtfuchufes.
recogni zed that in some preferred enbodi nents, sonme or even several of the

condui ts wi tlﬁ‘i"}’?y‘é’né’h%lﬂ‘ﬁ’é‘f‘h‘mﬂl}‘dq s %ﬂ%ymam?ﬁw FFesdrratly kapwin iy theecond
reactants, dugtigh ild@ASt such aPidichtalyBc &RV, ¥ NPhdernt MBnéychsb" lemd(b;l&amyof the
first reactor. However, the nunbérs of conduits conveyi ng conbusti bl e

M xtures of HFEsi raiRBoSOENE cHoestcetitng share thaificfudpemplfipic figyy pate Oéﬁ’élﬁmfshat
the maj org t yin@fgh AR &bQiBnhe¥BI indak ln¥t eAgiAR| Bnit @RCHABLE W dhkpd Rt adyeact
until after eX|t|n the second end of the first reactor. The axi al Iocatlon
of initiatiolrisplag é‘%ﬁﬁastThé fopgycRRl neEp i Enihbadp GHeSHITE Hosh HeRdeEnE ol t s
conveying a grwdiHg Sorlct 8@ %G1 Srahfe:C QIR s SELrOYLIAuCOBRRAL 1O (c.¢
tenperature, tine, and fluid dynam cs. Fuel and oxygen usuallz reqU|re a

t enper at ur e- bypsem @6 ritithig rﬁﬁd%trrwbéma@péﬁd@h& anguteePgnicesten 1o PreblecPrctiust .

Still thoughombdsios WRinB86E LBk ko thi Kty PEGWE thM firlti a8l A1tk scRAE T ON
of the conduits conveying a m xture of reactants. However, this reaction is

accept abl%e Eeugse dehiecdriuendlr togpeap Sirdginealivs £ondugthe ordriéaer iflon nagh(s) by
sufficientl y@iRdde of k}ﬁtrce;caﬁ{seanéi %n%gly E%W%Q%Eﬁ%g fifst 1&&&%?%"@1@%&@'
| evel of effect upon the overall” heat "bal ance within the reactor.
desi gn detaHP%mBﬁ‘ﬂﬂ%%ﬁ@ﬁéﬁNaﬂmﬁé@@&ﬁﬁbsyg&@W?éﬁéui@u%éhd@§¢@%é@gsﬁﬂas to
avoi d m xi ngypfreds€C LRARouHIOP sﬁﬂ‘%m%ﬂ@%htu%l RN BRs PRLERSQNARLY
possi bl e. [00531The process according t present invention requires no
| ar ge pressGP@hé@PﬁU§¥vﬁﬂﬁvé&@mﬁmémﬂéaet@ﬁ#@méﬁﬁﬁﬁﬁoamcts t hrough t he
reactor gystgo | N 1ROEnREET Q&Jﬁgy%gﬁpg&gﬁﬂ§%n CH%SE&LQ%ﬂb %ffamRM@Phys's
of volatize hydrocarbon step occurs at rel R
2008/ 15066 1 RIRIAISXO0SA0G 3T IPolwepy @qup@mnwhwealsaw t@sagef@rhmin FEabloohandd psi a,
ol . less (han apany i Ly RIAlE Be g P PO R Bn ThiT hRLEPTERSHET o)
Low pr essur esiis dbhsashebsmhan bboatl2Bgngis baduitrhuboms léﬁﬁ@f‘@ﬂrbednany
ressure of "7 {EeREERAIARALR G IR ke TP BT R ot 15
psi a t o Zabowtergsifipd iraligRarg e’ clianagrhpadioatly ?ncpsipfamtlbplabommtsﬁlapsaf:h repeyef rom
about 15 ps'aﬁld EOQldI%QQH%d&é?L B.ﬁth 3s @c!h%cr%h 3 a%gﬁe 1%&%& Egmbﬂ}xe TR tbncﬁ&t?ﬁw Cal
range may be determ ne nore than routire experinmentation by’ one of
ordi nary skibt lisojatedt fiem gnth q>thcrpost§ressqf crosefllowvhaongr s élmv whitls G o swt @, fluid
thoy may be T amin S iph Pk AR b B N e R O
obt ai ned fr@nm&&nWH@MHMQth¢@mmangaEMBMbeMmmmMMydﬁwnbaupﬁ@ﬁeﬂhb@wcmao
| SGSTT ] Okl 0y 08T Ot e Bl ERRY 8Bl Pl PUATRL Byl B fPOU
process is MmmEMe@@hsnmcaﬂmw»&hadhmcmbm@inﬂdwmumdhanmebmwbhbmaﬂ@%thg
[egener At OBk ReLE AL Al (L. USRI BT SRENCR SUEN, B8PSl 2 L1
one enbodi nent esent 1 nven ressur e pyrolysis
and regeneration steps are essentially the sane, the dlfference bet ween t he
pressures of the two steps being Iess_%hgn about 10 psi a.



[0054] 1t is understood that some nethod of flow control (e.g. valves,
rotating reactor beds, check valves, louvers, flowrestrictors, timng
syst ens, etc.é,oi gsHsoed to control gas flow, actuation, tim ng, and to

al ternate phydPlAY ' 08Ys between the two flow systems. | A Hg?0%H3716
regeneration step, air and fuel nust be noved through the reactor system
and conbi ned r, conbustion.. Ai.r, can be noved such as via ¢ ressor,

bl ower, or f1§a,edcfg’ﬁgnsﬁgﬁl&tgoﬂwﬁﬂ@e&ﬁ%?e S HG “%?g‘f}&‘rf"l Brﬂ?d%lﬁﬁodplg%FfiiS% U§Bsi r ed
for the reacimdss theffulhérghgectiphe ssbethalkdactbisystsed, it may be desirable to
expand the f gas, t hrough_an expansion turbine to recover npechani cal
energy. In a@gﬁli on%efgfi%%f FIZUE; sy ségfﬂ%é%)’g§§e ?%én‘”’rye‘?}?c 2&%ERY mi xed
with the 25fldwkCabiNGulaHIE -hofdycexh artmbliASriRey &liin( E@Rticshil @%%MYE%
supplied %Nith atl_ Ie%?t one of the Sui%pl ied first reactant and second
reactant 1n PHEH preferaplyamppises ¢pjugalipiopgnPabenc) SeePniyisy bt cdleehe B%Pgen

content of téreokRgemnesr tﬂiﬁlktﬁﬂﬂthfemrea}ﬂ@ﬁt@lﬁhy%@@oﬂs@i@ﬂé@%e@?ﬁ c%kl%%g%kiﬁhﬁti c
flame tenperature of the regeneration feed, In the absence of EGR CH4/air

mi xt ur es havE*& nieRmATnay e multiplsneollegdivpetratnir . BPndisutndiggeeduiyy/ aj r
m xtures areoadQuhg B fidCrcactd), Witkhy 1R%ESEMdnt cANREAGE chAARE AhYFiBt deSctant.
controlled by limting the flowrate of_ fuel, poor diluting could

any . Ou
result in | ockiVikotths prspd fRefentappt 3ke Hlowh Eirengli 4 At Merfemenonpe ruthin 8. Use

of ECR can reguar tdnectie)i odmdnaly $RQond @ARBLAL BhQ, M Rf eetdnda Ys used
i ncreasing the anount of diluent such as N2 (and conbustion products) that
acconpany tHﬁoaﬁgﬁf@é‘}?l%Fk@GW%‘g(s) orpgllectivipgiopmyefgradigs B PeTy Ws2des! Dbsre

[ 0055] For  exasml @eacthte s RAtHEIERE: nfa¥ GRERIe BhI ol fisiUSEdecbY cHaRiPUShLPPI t he
maxi nrum adi abatic flame tenperature for H2-fuel/air conbustion decreases

from about Il (@pdigle flaw apbtifor sgBf the festory scomdgeianty Yheixexyrgmpnt
content of the siPRéd &fllcdi the LA frdnd LBEI FeRLHNOHtndIBKERAPBHL 2 2984 F

(1640C) the maxi num adi abatic flame 5 ter’rEerat ure, regardl ess of |ocal
m xi ng eff ectamentifd) vkmixAbargTesnt e ang/lipichangling ape feraw ciemele i s

iI'lustrated [pok2fi 9ui€ rebb@nized ThH itV RRR praNEIC Db dit B SERALAEI B R al LRfhe
hydr ocarbon feed streamis transferred to the reactor systeminlet,

preferably FPxBHs Withl dothagisppill Beelnsanmeshy aidgewt GFst ankesgendacfcomnishfer dgen as

a diluent orestik &)E%piorkgm@%ﬂﬁg at%etfli]@treny\i(ltﬁ)"i)ﬂhé h&t S8GANEIHEAGLRE nibeRIJrOr tO
entry into the second reactor, and is pyrolyzed in the high tenperature
heat 10 bulsPiduity cewne sgmbusible eyjenesp of iieh 28¢ sgrondifeaeipnts dsauiffimientlidosecond

react or nd stdenanhd ARk BAES solhEmPHEMyHELDOR QAR &mrrf%@mam&ih%cool ed
or quenched to halt the conversion process at the acetyl ene or other

appropri at e cxitiag e squqad erchefihe fiot reatips Breapial citiop of indrtion et ennswstios orhe
reaction is ifkerh|dTBlKoREhRHRRELd My RUSRAGHRT - SR oqi@e%btaﬁp isRLARHEH gmsuch

as acetylene, wl| be passed by the reaction and the pyrolysis pro t will
not have t heoeigatioa@f temperature, time, and fluid dynamics. Fucl and oxygen usually require a

temperature-dependent and mixturc-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  rcasonably possible.
[0053] 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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15 selectivity to the valuable or desired products. Some pyrolysis
products, however, are still rarely a desired final material for process
export. Rather referred use for the produced pyrolysis ucts, such
as acetyl ene, Wbﬁmgg(gﬂ‘internedlate product in a fIOM/pigggggm&ﬂ?ﬂfn a

chem cal plant in route to other preferred products, such as vinyl esters,

et hyl ene, taldeh a /. r opangl acry l.ic acid So on.
Tyl cal dea PEAPTPEI 5 B IBS HRisuuRRe Py naREn R refirirar St itk SPidne.
Sone COHﬂDnlyxﬂﬁﬁaﬂﬁdnmbemhﬂﬁnﬂﬁyglHﬁdWQEaﬁmhyb@maunpm@mgﬁ@ﬂﬁywﬁmdiﬂm

butyl ene. Song .c nly desir es. nma ncl ude acet 561Aft er
ouench ng, URBSHIORT S G s S o) Pty st perter amaP e
process fj hat2 th8 e&a{;@ﬂ asjdrbgneboaq@mm@rwgp irptdamed atlrw%efg@e f fdmdabolhepsigases.
Recovere nel nane a rogen rec e or rocessi n ain in
the reactdr é?%?@dﬁ”s@ﬁ%ﬁ@gégﬁ?g@%%g?gﬁﬁﬁﬁﬁfgggdﬁ? é@ﬂ@PFFmI§@“%%%¥§ fPene to
other final poedichSa addadm QboltN8SBiapb QG6IGI4S JRRYardelsd 'dbﬂt&'tﬁﬁlat@c[ 0qessRE to

provi de yet additiqgnal useful, product acet al dehyde is typically an
nt er modi at <PHPTHIFR "SR AFAE GFETERCEY Vs bt bt o g ﬂﬂ&fﬁtﬂ&%& Onea?fjd/ or

butanol s. Et &Mih@ﬁl%killsmahebﬁﬁ irCpdastisdiél HOthblpasdat @fsclasupd. epﬂagsm@b afghd @sbives, and
may typicallé b&% &ferred 30 use for the creﬂ z yl ene, fromthe
per spective Bt ﬁl‘h‘éosﬁ GOR¥E 1 T, PEPYSSH HiheUghstheo AR AF et 1 cﬁ&huﬁéﬁc"t’adr%fd from
acetyl engy byexhygle Ogestatbu§dn din isS obBInQIMAeRI SRt Ofrorh N gdsMueIIRd, AN maly thcMBY

al so be a coproduct of the inventive vol atized hydrocarbon conver5|on
process. AndtHERPISIYAGEICBHOhIOG Gartcdrus et 4 E‘C%P‘ﬁafﬁoﬁor XRRPeh figgyabgat 100

conveni ent | Ypsia @4about Y69 3008/HRREGE]L df W22 008/uARS3 TekBmpmN it aabdised Ryref i 1 st
hydrating the acet¥lene to acetaldehy e and then hydr.ogenati ng acet al dehyde

to ethanol . EPMIRGE W& 4 oftpihedy wa tany & dlravers, the geaiatipn, mpy B Spisicd @4t #r om a

renote |OCan@&jﬂﬂdﬂbﬁm@ﬁﬁUBMﬁ@%ﬁyﬂf&&%ﬂ&@&m&h%ym@@%ﬁmEhh&ﬂﬁhtﬂ@%e@h@o be
suitable for use as a notor fuel, if the manufacturing can be sufficiently

low in cbst .ofORBTYEHIASEEIIEHIT steps\ig axpqnially 1y dtdt ArpBHersrde datneps the

acetyl ene Iq@%gﬁegﬁ@%ngbgémgkugygggg@@mmAn)#ﬂﬁal|zed reaction is to crack
the aliphatic chains into various neth groups and continue the pyrolysis

reaction vi d0¥tt hdt scoAvEred Hat Wetfﬁ‘éx‘??e?fh@q“é ceriroh e YR e TOINSSRETIRI| ar y

reaction f OlbeQ Bk $MQ€Q @ﬁve@h@@nﬁtrlcﬂs & %yst?m@gﬁg s usg‘d !d%oﬁt@(n%'ém&ﬂ about
+45 kcal /ol e of converted ested by the above

reaction, hy@uiian tipgnga dvcbrtmalmr@tqoy %Ké’d b@T‘Veﬁ%@epfr“@s@?W spideesd thro a

l'esser theQEcn&&h%h&ﬁemﬁgﬂiﬁEMHMﬁ%@ﬁm@&ﬁh%h@?ﬂ%%&M%@kﬁuﬁ{9@%%%%nm@ﬁ9duced
as a result of incomplete reduction of volatrzed hydrocarbon to higher

hydr ocar bon.cotystiant & §0|batoved stidr odarditticssy, Blpwey. ar (2l depprdingebidct f or

recovery. AQ&Q%ﬂkﬂﬂhMumﬁ%ﬂﬁﬂ%Hbﬁ@m@@@ﬂ&%%9&§&¥ H%1@&Qﬁ&9ﬁ@mr%%@&fﬂ%ﬁ9n and
recovery of olefins such as ethylene and propf1ene nd separation and

recovery of barfeermbler pextpand he |ﬂ21@cgawmttgéaanb@<mammdwar@éd rac?oefere@écrhamcal
i ndi vi dual | Béné}E% G0l.l &G4, \éGJné/ ﬁ@Et%fnler &ﬂa&t g&smhﬁ bk @&yﬂE@QﬁP&x&ﬁ%’Etﬂlh@g to

the invention. hconvert éd vol ati zed hydr oCarbon 1 s Ere erab returned to
t he hydri8py rgsopgiesit ecexbrussenstesaelc (EGhpsfrcte map ho sy %ﬂwﬁl@tl@@c@ﬁ@f fpass. An

amount of th A5:R08 Rrs? RALA ﬁh%@co‘ﬂ@ r&aClabf 1'8‘%% ?‘%r FJ&&oPy‘f‘ﬁ@@g’ 5 b8 uELAGT or
that is sufficient to control the selectivit
reduce the oxygen content of the regeneration feed, Wthh can reduce the max1mum adiabatic

flame temperature of the regeneration feed. In the absence of EGR, CH4/air mixtures have a
maximum adiabatic flame temperature of about 1980°C; Hy/air mixtures are about 2175°C.

30 Thus, cven 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. Usc 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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20di stri bution. [0059] Since hydrogen is created (not consuned) in the
reform ng pyrolysis reaction, it will be necessary to purge hydrogen from

t he process. conversion of nethane to acetyl e i th
subsequent hygggggﬁqggon to ethylene, will generate aboﬁFTgﬁ@méﬁn?gr every
CH4 converted. FWdrogen has a heat of conbustion of about 57 Kcal/nole H2,
so the 25 h ge fro rocess .has a, heati valye that is in
The range of DAFIL ik dedtits “HEn PDJerB Gt ont dertd BF ifeed BY medie §s' an
al t ernat e, hidgvatialflaec Uﬁﬁipérﬁmxct he Hﬁft&@lﬁl‘corhytdﬁ@gelﬂcrcdsbbeIﬁxoﬂﬁhbﬂum399&’53 coul d
be used for rt t tion fuel. But th | ef t over dr ogen
is likely toﬁﬂ)Jé5 gg/éf{) I?bé’B Zggﬁtlp F@ﬁﬁ%ﬁeg@a e OFERT FBUST A )}hecﬁlrlfi’léﬁd a“rrét hane
or ij helr di | aent $3 pEhws, wose Iﬁikehml)mlogegnoasa6zﬂ)geﬁ@freatﬂa@ﬂmfmednamfﬁy &0 be
an i dea i sposition 30 enot.e | ocat wever vi er

not make g %ﬂ&?{até’i?cée%rdl??’d‘?afo@%@ﬁ MIYRE TS o b E‘Plaﬁé’égyﬁ?&?‘b aﬁg&i@wany
appr eci abl e ypdESIIBraeX Qﬁﬁgurmddif)ogﬁ@wap-ghﬁha@mt]mb s@faraBi¥ € 68 He myai{)@@m
generated w rogen to carbon rati o of

end stron on the overall h
WO 2008/ 1506 ifb@‘?? 9[6 %gfm%e %ehféOffbé%ﬁgf%@kprs%@buwﬁe%Wéh erewprlisd Yitht | mat e
pr oduct . FOthﬁi@%HrDbﬁa scRccEbN)dedien BY @dueht v Juhppr@sagbﬁt bithot %ftﬁm@h@@@&ld
hydr ogen than an ethyne (acetyl ene) product, 00601Flgure illustrates

anot her exenSiH YT PEH ‘Eﬂ“ys‘gltgtﬂgrﬁc‘f%étmaﬁtﬁﬂr apbis pyofyats 18 hahighRBPHRHIciNeat i ons

for contrel | iubBle andicdaf erd ﬂe@cgleiahsh Q@iﬁbldl&&ﬂ eV thé YebnaRdctoXindand oftRnachi eve
5 efficient regeneration heat. gure 2 depicts a single reactor system

oper at i ng |ﬁnFﬁbth@@ﬂéFﬁﬂF@hwb?E?@*nTﬁ@eﬁﬁ%@%PF@émW@%b?dP“§§%F@HF66ﬁpr|ses

two react or réRRes A adeWient @RGHRF Spprdftic! @pUPaMatiing &f )ihik Steh NE kRSNt
primarily where quenching takes place and provides substantially isolated

f1 ow pat hs diEcaUpaitil Saqtigp it poh Harkrang ﬁ@j’PBré% fircashet Hemg JeHERAIPIRYUFR 484 H9n

gases thr ougiaetpllaﬁe WeIRGE PlssddBA tho redtfoR @it thie @%fyrsib@ﬁ)dﬁ&rmu%t)i PRe Witdebirdihe
gases arrive ximate or within the reactor core (13) in Flgure 1 The

pro
r ef or mer 1Y 2)@%@%“%*% do theaeltughle Rhdsstcd pigdirsy AAaMSrPYRIKYS Rgdustia hereivat et

hydrocar bon (£@f0f Rk Ofinab a MRkl oY pRESH E%porta%t}{@ﬁ)’a Rer&aNSd6r &6 pRRuse
second reactor for purposes herein. Although the first and second reactors

in the reactLe{Parehrtarsach BarttyliFicelf anan yiparditePydyt &g fryupesmapvehin a

reactors, i tepbicsNpigkSt0aduang Mrhpﬂefehla@ ;ﬁ&&@@ Qlichl e vRyE GBI, Ie{w@ﬂél on
that the first and second reactors may b manuf act ur éd, provi ded, or

ot herwi se coft#lAdyds. ﬁfw@lwﬁﬁbﬁrogmgld@vh‘éa%@ ohd pedn M?%S?*Wﬁéylioé’abt or

syst em nipght,:pcd %? b Qﬁ@léﬁ% aﬁ@’ﬂpﬁﬂ . rgéﬁ]%lc};m%oﬁ'yrlﬂ&lf%d fofafnl Alay 1m}de
|ntegrates both cycles within the reactor. The terins "first reactor” and

"second r eacthylene.n@gepylgney @ﬂ@/@r tbetyten@ r Sgpse comyen!y offsiscdniikpion mive et or
systen1mher%gylgﬁph of the regeneration, reformation, quenching, etc.

st eps take place and do not require that separate conponents be utilized
for [0056] After quenching, the synthesized gas stream may be provided to a separation

process that scparates the acetylene, methane, hydrogen, and other gascs. Recovered
25  methane and hydrogen may be recycled for processing again in the reactor system. Separate
process sequences may convert the acetylene to other final products. Each of these products
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 acctylene, from the perspective of volume and valuc. 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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20 the two reactors. However, nost preferred enbodinents will conprise a
reactor system whereby the recuperator reactor includes conduits and
channel s as deg)crl bed herein, and the reforner reactor

simlarly
possess condulPS'®¢rREr preferred enbodi ments may i ncl ud’ﬁﬁjsr"“@’f’?ﬁ’ﬁér
reactor bed that is arranged different fromand may even include different

materials fro er er at.or ctor bed. The beddi n enment of the
ref ormer or %‘fascg’é%ingy %ﬁ%{c%raﬂﬁ%y DEDHGi Betrerlichy §|ar“gdt% %ﬁ‘g“’%ﬁn@%ﬂ bed
by the appl i ataidoiydandetRmop athdnoUis dF inttest gsmaass it eHdily @shsp@te@iffonof retlde
reformer reactor, %fftota%ﬁerfor ce %{ e inventive reactor system
Routi ne expefaahentis shilnAdvirbhiedyectss Eivrolmsy alse bedprila @ uss tgrnotor

pyr ol ysi s arftuerrrgyhebﬂanuﬁerdnﬁg)cadeggrfmraeryakrw efdgcti ve reformer/second reactor
desi gn. previ ously, the first reactor or recuperator

[Oggl%iAs di scusseg

(27) i ncludée ri deEvysen @ ﬁoralafléed(wocrrsvn SEAR ' rosFy RN AT 14 YW or
nore gases figldtdpwd. NBn eddhlid irddb@ondis kd Erddk tﬁ@ﬁll PN c@fngﬁxh@vrlﬁﬁuaerhg«rgr) 927)
and through %Qe regeneratl ve bed(s). dis t herein. first

enters a firdf capiupfhepyRlyscpqtign gyt C%"ﬁ‘él’tﬂ“t%f “(‘32‘87thylf> i %gﬁ'@ﬂ? or‘r“t 0

provi ding a JXL@F\(W réftion fo¥¥3ndQ8A dDAGRLEET/ US2008/ 063716 channel , the
conduits (28) also conprise effective flow barriers (e. whi ch

effectively functioffsaehatls %Hhmﬂm%rﬁ%+4Sd<cﬁrr%<r}%?ﬁcoewét§%<¥ir ow or m Xi ng
bet ween the [bbsspt andsRERAGY BAGEAR L SacANT HBPIAIN AliBIOBy f¥dRE of bf
reactants effectively separated fromeach other until mxing is permtted.
In a pref er MEGCEBOETRAP DIFSChEXHregBIENG HfeMPPOHe ahals selupde ardkcths 5
conpri sed ofy:@8ed0fs 2 FRLR oemgarﬁrd&slreh%exepr@dtﬁpmldr&c%on{6hs}gr@r byt RAGHRT My
include a single nonolith, while a | arger reactor can include a nunber of
monol i t hs, \filrFasted pofatizqdahygarcaroam it akko payrlushlesuipdich fiti tasavgryf | Areetinglt.h an
arrangenent (efardiBRYndRBE¥SUTRyIBRA! ichligtionlHQ @e%gveww&ﬁ@ucmag%wemand
preferred in the present invention (which arc adjacent a first end (9) of
the first r @agwlpe ey jeregtomadserarar pbyicowgriehvaaizphiy dssamon vamt &kd arcea (or
10 geonetri Céaé'fpﬂn@wfﬁ%lm cgﬁcw RReYY sAmand, 804 a&&qnﬁaﬁg 'tﬁegmgéﬂﬂgrw t

density between about 50 and 2000 pores per square inch, nore preferably
bet ween aboul{ncangrietherazed hysbewsopdy pistrrbberciuiesd. o (rRokydegparepisis, redctprone

embodi ment, hg @9@@%4@@&% AR Pasd] @rr%rnermgf hyRRtlo¥n alohevxrsmgla LdffReAhS. and
preferably on the order of about one mllineter.) Reactor Ia conponents,

such as the titoRpdrprytidydy regetor rthrdt is viarffiveit rie dioatrolpthef skeatbitiyy pf dhei dedficr at

| east 19 onpgff.ihe first and second channel s and preferably both channel s
to include a packing with an average wetted surface area per unit vol une

t hat ranges [#458In abwat hBoden s ¢reateth@at c®GODd in the reformangpyadlasiabiagtiohr vm

about 100 f Lrid bl Qccggg t(g })%r}ﬁme ﬂ%lg?%‘hgllo%]ftﬂ? hrg)c%gg e{:&r &ern lcfcrog{qqﬁ(?xo&tmc?tgagaf E 01

to 2000 ft-1, based upon _ irst reactor IS use
convey a reécicantene, Phdsebsaeteney degertivalosty leapptilf gersrathabostranhle fe cfay bot h

of the fi rsb@%n%ﬁgggq{a’dﬁﬁﬁ %ggme 2%%91%3@056&%5&% bl ﬁrfecrﬁ ar ea

per unit vol une va erre |rrent toad
achi evi 2§ ahydbgenipuetley fiqui tbﬁkpr@bﬁang«e ¢ hcdtimvditer‘rimenamuh@rdngwafwght ismecdedact or,

such as gengr ?éékﬁ’creitloh USET 35L L% Ef*‘tﬁfrre(?é gh! ﬁgjnytc Sﬁrﬁﬁ@al&é E?&le:é)r tr{‘e LRE, 5

exenpl ary tenperature gradi ent pfofi ures
1(b), and 6hydrbgengibec katmerrp@ercatﬂldrle Lzsbraﬁgellrcs pprtef elrcrreglentzmthneﬁm t Botethat i vel y

qui ck and C?e@t%{/e%tlﬁﬂggeqrq? ngcm Qgse%t*ai}agl% 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 inaremote 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

excess hydrogen generated will depend strongly on the overall hydrogen to carbon ratio of

05 .



25reaction to prevent the reaction fromcontinuing and creating coke.

[ 00631Preferred reactor nedia conponents al so provide for at |east one of
the first and_second channels in the first reactor and nore ef erably for
bot h channel sVO%"%{'¥¢fude a packing that includes a hi gﬁcffﬁsﬁ’%?ﬁf’flé heat
transfer coefficient (e.g., greater than or equal to 0.02 cal/cm sC,
preferably g e han abo 0.05 cal/cn no f er abl ater
B0t han 0 1008 BeRdoae) uDHeye (R PERHERRRE: a5 P FhRHrEaRte oD |
have oper at i Rgultig MRESRE hedrb@NIRin GO Bl St (REttylatle] frodike hi ghest tenperatures
encount er ed dlél’l ng regene{atl on, have high resi stancg to ther}r’%l .shock, and
have high bullRHeatFighpadipyapsangher exemplrxdsaciopsiieryhat day e FukBle in sous
preferably g I%ﬁ@a@ﬁnbtfb@réoﬁhﬂlﬂfg D428 15add BEBGhbusfiSn b ikl tahe oRidah tsta&mleofee - 27
- WD 2008/ 150661PCT/ US2008/ 063716 area val ues, these relatively

vol umetrit heafcH serapaion Seatf  [pwnt? Japidhe atelofHepr &bﬁﬁér%’@gnh#‘é%ﬁl S0

l'i kely prefefs@@rfif cfanY TRFRARLIRN S Osyicth EdhpAGEl & ﬂ:gct@rs r8hat érV@Joy
qui ck change in the t enper at ur e t hrough the reactor, such as generally

i |l ustrated B5he Thelgeurgioy (SDeleghs F@ﬁe@mﬁﬂsﬁ Ry @iepthine kenplaseatidr e

gradi ent  pr ofrbli€esGLERAGallySHOARe@Bol Path Lol dndicBFoldcabtorrhg bbih FMEE Qrenchilg qui Ck
tenperature change is preferred to permt relatively quick_and consi stent

quenchi ng of °igHan pathioyrh the reey BRdiatHEOFIARETBFOMOBIHOR SAE tRUSHY 4166 | ong

and creajg Ng,6Qk8te OF werBh RN R GRI13)IREikid BATMALRERAD Fis ANGEAARSVHBRS ed
upon the volume of reactor used for conveyance of a reactant.

[ 00641A t er nagFRLEN PRIt ©lathrgd HrdogEbep trefpropptigh RUBFME OCEHa g ey be

descri bed and,d@:ff ik Ie@&ldr}@ﬁ%}’@&%lp@@?(%ﬂehh%Ith%&%hhh@ﬁrs%ﬁrs@&%dtlél@toﬁhannel
conduits/flow paths may include a nore tortuous convol ut ed

conpl ex, wi n@ififgeash st P dieaificd ar sameptclyi chélasuwblte GgsGioky 9t 8 1tnﬁ%rht0@(h@d

previ ousl y deal idRedcdiPrt it NReschtNhMBoR AhR UG MLt hidThdeBsl tQc o%b}ﬁr%rrﬂeh' ne,
vari egated fl ow paths, conduits, tubes, slots, and/or a pore structure

havi ng chan rednsfeiyred uRRVidedn OF Phestiss Combinechiator ieermipn wrade Teasjot heed vitksetar r i er

portion, such. AScg SGmah afightln &%ﬁgd ULy @%@n@ﬁne@el? Qgﬁgl@treagfor maE mte%l rates
sub- segment s, havi ng SUbSFantl al y no effecti ve per nmeabi | y gases,

and/ or ot herbofelkss §l§hlﬂz¥kﬂ rgactsr The syentiirs geagion %dfqewvdﬁé%cmeﬁerﬁhéefﬁ@act ant

gases and ”Bché‘ie@}!e&ﬁd%%ﬂ@%a&lnrtﬁé re@iigh ?&&9Q@le&%ﬁ&kﬁﬂfthgfé%&%m%&l?%f@f}ﬁa'u@ﬂl' Y
separated from each other while axia transiting the recuperator (27).

For such enbsenciimgt &c. fitps take mjice gnd dcnwt rauite Palscosralg cempoenerip §¢ Hidlirad for
effectivg flow k&tdﬂ%ﬁ@e%@;d ) é@ﬁéﬁccﬁ%ﬁﬁodnﬂ&% wilP e n%rﬂﬁ}k%e[@aéﬁﬁ stem

transfer. Suc esign may be preferred for reactor enbodi nents having a
rel atively sthsraby ghei ra¢up¢reﬁ¢gtqqct@mm@iu@a comiity andoghamnclsagidacrihed heraijeand thact or

I engt hs rmay r@t’é@zﬁeﬁ L EBGE mh %h%%%fﬁm%@%%‘dﬁ@s J}?Qﬁ)réf@;&l o&'ih%n %9t119cjiude

However for su embodi | nts € porous an per nea dia may
i ncl ude, fora wkunpl ecactat bedosht ipaEanged diffpzank dignbeetl maw qamr arrf@élm1€fer@ft

tiles, a perfRafl Q! hddlBflkAor Ractdtih ANl ALddin'ARBYGRIEP oF URERERYCUT e, a

25 sccond reactor may be provided as desired or as prescribed by the application and no
particular design is required herein of the reformer reactor, as to the performance of the
inventive reactor system. Routine experimentation and knowledge of the volatized
hydrocarbon pyrolysis art may be used to determine an effective reformer/second reactor
design.

30 [0061] 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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25 fibrous arrangenent, and a nesh-type lattice structure. It may be
preferred that the nedia matrix provides high surface area to facilitate
good heat exc with the reactant and produced gases.

h zges it 5006 % be
preferred to DA/ bne type of equipnent or method t &<dfUSER m"é”lﬁl ow
stream of one of the reactants into a selected portion of the conduits. In

t he exenpl ar nbo of Figure 2, . a distributor (31) directs a
second gas s%{*%%& ‘?@f}m Ugs 2%880%%’ FEPISt Fg%%V%E@anéﬁr‘%erf i ét#“t@ﬁ %ﬁ?&tva t| ally
ih sol at |e|d fr Of’(magml’mcth aﬁmotdultmdmg)qammrﬁatowﬂ?mt rhtxtrfgﬁ)eﬁ\*eéﬁthegﬁl& abaReel s, f
ere illustrated as channels esu i.s . that east a ortlon o]
gas stream (@%taqtbsa"ﬁélﬂ?ﬂntgléﬂartaéftr%; ?@tgﬂcéﬁént%tf%cé%‘fﬁw §8§rat8é1 frP‘ﬂg“d‘aB(‘?t ruptilansi t

of the recupar@icok péraltted. -In a%rderle\d\@n‘%a&lﬁfeﬂtwwﬁﬁtu&%@f}& @3 édBetidr &
preferred_enbodi nent, the reg ener%tl ve bed(s t he recuperator. zone

conpri se thaBNEHAANRGr FofaE e tanY&O%an%ttht hféﬁﬂtdgdtaa%wn@ yderag

react ant chagmng sohdlNwhie 1 386aN6hcioe el RBLdChAMRE 8f m&ttattgbmumﬁthd@tr the
at | east two reactant %ses t at transit the channel nmeans may fully

transit the FREREAEY PSRy ficd vih i uREEIRE P@@éh@%@é@qwg@&m&absorb

heat into th@o@n eaqttae;cogasrgammgfpwfarcaqmtcnpteant RvERBE (wMith BreefgRetaner in
t he conbusti on zone, éOOG keeping the reactants (30) and (32)

subst anti al | §rs@ddPheethe ftfﬁem*tﬁoés@r)ntca‘i‘ ke shiricsizere pehayingr orsp dtopsl arce e

| ocati onj®f $b@eGioWBMSIAR) 86w @ouRB) afet®AS8d bty QRAME SendiebdiQeen
exotherm c reaction. -Substantially separated’” neans that at |east 50

percent, pr ePaYt9a)d 20 |p@5t§t°el‘rsua§eewe'érwme arﬁ@r%r'@tvm%fi@uam%nétw@m% 90

per cent of tREsuBRGEANIFR @Ydntik, inldhethBo&RBAt! B Lor@biits thd Hali OB diameter of onl

stoi chionetrica Iy react abl e anpunt of reactant, as between the f |rsty and
second reactafty Silimeay, aareREPlypEC Brwrdes 96 dhet oBy mHliEEter-bnResgiof medigoi nt
at whi ch th%apaeeaassutm@m@mb@ﬁ@a tlttﬁtat.vea%d%edtar %ﬂ:?ér&bl)p%rowa@ fEr&E WRGH at or
(27). Inthls manner, the nrtg;forlt}/ e first reactant kept

i sol at ed! r o¥f A FiEst ghd pagonsk chapns Ssa@é@rtéerfbéabtthﬁtdncégjo inglpdp & h@klﬁawhu ty of

the heat relgasgade Wl @@rfarc@afet bamngfvoamhalragegﬁaﬁt@dtt 50 €309 230085 (32)
wi Il not take place until the reactants begin exiting the recuperator (27).

Pref erably tfhe MoEsaeefambly fiapebgad e [t 2508 direandesl mert mretralydmmprhose208

liquid, m xtairg.2008 fVaRMd PHRASR vol ARG ln TS PRIL &L i REEFLH! c%ﬂvefyodrreaclf'a%§e
regener ation streans is neant the per cent of reaction that Is possib

based on t helh§teov&tsil gret ielicorpnihe by shangls fesdwth Fothe ik repd eccop regasnt( 30)

conpri seg 16§c30lH o} 8 UBS 0
(32) 20 corrprle %séec? ggé}\’/ofggfr%lga% Qcyg%ro envmt%ﬁ%ggtl gbear%r/g{?gmfg%%q f(;oﬁl orrgt ric

reacti on wogmgogiaentydo @&nﬁf@@ﬁnérﬁ mﬂaﬁydymtqun@gn@f mht;belrt@g@rﬁﬂ(rﬁzyrowtt thes
vol unes of %@?ns&gzc)s &éﬁuWQl at\é&) TR atttgg stce sll e§ iTaRe cxénfl

!
vol unmes of hydrogen were actua y CO uste ecuperat or zone (27),
this woul d repcEsEn el Bidohs. obclt e it digrasr b(@), ob)sepedm Thhigwicks

despite the t&ﬁsd%ﬁ%res@hatc Fesbdya to%brﬁ?%atﬁglygtiﬁm C Idgggsts@dtt ﬁucrn@l‘?ttx% Hﬁfhteact ed

oxygen was resent | n ‘anounts above t ric requitenent
Thus, tHe hy@@@g’éﬂpiwguttﬁér@tcmrbﬂmr@ﬂfétﬂrliueamd;mtﬁilm ¢dkag conponent. Using this

definition, S PlAdRfl h&bhof H@%‘ia'c&% n%ﬂ?‘?lg??r%fd@%rtdtq)&stdttgro?tl{%g_fg‘ lehged

than | ess than 5% r eacti on, that |ess than A)reactlon
of the regeneprad channgs fre thesfirsicksatordandi mgetm@”elabdryabr bethrebarnelof tot melude a

recuperator pgc%@g'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 opcrating
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/cm™C, and preferably greater than about 0.20 cal/em™C). As with the high surface
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30100681In a preferred enbodi ment, the channels (28) and (33) conprise
materials that provide adequate heat transfer capacity to create the
tenperature proflles ﬁ£4) and (8) illustrated in Figure 1 at the space
vel oci ty cond'Pi®8R4¥61" operation. Adequate heat transferl g9
2008/ 150661PCT/ US2008/ 063716 rate is characterized by a heat transfer

paranmeter ATIIT, below ab 0 ferabl y bel t 100C, and
nost pref er aBfy V?Jl}éffsmﬁ‘cé%d t“?g' g‘fvlfh‘g’? lg%g?aértra/& ,Coeg e?ngl Hheti s t he
ratio of theplogghicd\ues agelivgy piekicd eforhﬁaiy dnfbafisdeats tdS afdantablaéx 1h§a m@ad@@ f or

recuperation, .to the volunetric heat nsfer co ffici en{] o[ E‘f

The vol uret r{¥ckhepee & he fprgempurs Jre é Qreagigy PE asgrgsratly dus r3§°ds CI ent
f(r)rlr re)CUper ﬁ[teldﬁmy Stegaklopdsaih e @ﬁenﬁd(lk&y pmsiuﬁﬁre %ftad;ielﬁe pgﬁge gllapwd rs@(ﬂlgas(ﬁ gd
gnsec) with the gas heat cap y. (e.g and desired end-toen
tenperat ut e %ﬁl&ﬁbg@{ éi@ i thg Tgwu%&&pﬁ@wm éha@ge Eyprefard PrieiE FiEgant i ty

di vi ded by thgckval omsidet guenefrrﬁg omhe b daBtine6 YREERTEY reZ Qe f(ozxnonhﬁ@ﬂgfo%ed by
the gas. The ATHT i n channel IS conghted u5| ng gas (30 channel (33)
n

with gas (3298 é*r?dcrﬁdé&nwlfee%ru‘aé%oatlwrl YonEhe( iyl valyes HF aKcrigss &Pwéé@on e

vol umet ri ¢ heaimddranshenseg artéiveimpd ofafredchat. bed, hv, Is typl cally
cal cul ated as the product of a area-based coeffl Ci ent (e.g. cal/cn2sC) and

a specific slifhce arleRafiscrphodimeps pys e reagter nedy, Otwwn%y dessfipegnand

referredigo ;ﬁ@fe&é&ﬁh&%&&oﬁfﬂ) AbEAIS stdasPRRéETIihe &%@Bkoddﬂxtsﬁﬂm hBS Moy
enbodi nent , channel S (t28 and (33 ) conprise ceram c_(including but not

limted to ZRFedsr BYre tgfuams Ri’&‘“’aéf? et Repvoluistly @&p&XyW%tné@P%Pl AU Q) f

wi t hst andi NQinedSort GPRSH, 2 8% I\géﬁ&ﬁﬁﬂ 89 18 Qfono 1S e1n8ﬁ<ﬁfx€rbﬁibh& #pAGo and
still nore preferably 1700C. terials having a working tenperature of up

to and in exXeWsathge, 2@5@@@6%#1%1)% Pty fubes: ey and/Pret @oTesSipeHEehaYIng t h

reachi ng t henbedisHBaGhi R riRAlpORRE fallBdn WY §RITRE bail J,%nfoqrsu%w%@éﬁgeaq
periods of time, to prevent reactor bed danage, provi t he proj ect

econoni c¥ arﬂyteééﬁtf@qeu Pnd SEREK TS withiar whiscaiaasohay g KubpnEs[yane cficeiivg

preferred erfpgi.pEAtw LEANRRIS d188)meadOs2itle Q@%re%ﬂﬂ@g Wl gdly aEGRePalween
50 ft' 3000 ft-1, nore preferably between 100 ft-1 and 2500 ft-1, and nost

preferably Bechgesmseomd naintaimig hodiost fand secopbsacippiegasisayPyfantigha ppelaicdeans

(28) conpri sRnfedkfoaldt thh@Qﬁ)(l‘;p{mnltffﬂg‘{ﬁé‘&cﬁﬁﬁw‘?bﬁ rEsR LG iRindsksalne! €ngt h
of the recuperator reactor ]Referring again briefly to Figures

1(a) and 1(pmpiendow w@rﬁl#}'\/@eqﬁeaé@p@hm@?ﬁfmw Fewipal tgesgsed spface prep.amet or
(7) COM@' murﬂgm@edf hda baRRE S3dn %%n%%ﬁ@p@fe%&l f((rjégctoraeﬂ%ogim%ﬁtg end, dé gactor

(1) containing a primary end (3 a secondary end (5). The enbodi nents
i 11 ustrat ed r¢lpivelygshogts axiglalength (t ugfartm? Zagple r?eiiréll}’yloggqme@tqu leogfby atayons

provi ded forexgl anakOl &é&&?@ﬁr%ﬁsc néh ﬁl@‘ijea%ﬁ I@c% 5&%@&9@%&%&1&@ ggent a

conprehen3|ve enbodi nment ere to an a reactor nerely
refers to abdiogs aid/qsaemsble gfediahpay @de@%tforwxmhplsmt daapfese of @ pagked kpdlan

m d-poi nt of,.§ NeLAAGLRL: aggﬂ('%gbl& 901ﬁ%c<fli‘%tsu§st §11>¢Ekh1%§c%m%rtwgcxét&§tuﬁc” ‘end”

of the reactor, such as nmeans ner el at t enter or
exit sulst arﬁﬂsroaqs kayangementyand a mesh-type lattice stmcturc It may be prcfcrrcd that the media

matrix provides high surface arca to facilitate good heat exchange with the reactant and
produced gases.
[0065] It may be preferred to utilize some type of equipment or method to direct a flow
stream of onc of the rcactants into a sclected 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
stream (33) is kept separate from gas stream (30) during axial transit of the recuperator (27).

-28 -



WO 2008/ 150661PCT/ US2008/ 063716 of the various points along an axis between
the respective end face of the reactor and a m dpoi nt of the reactor, but
nor e preferabl§ closer to the end face than to the m d- p0|nt 100711 Wth
regard to the" V2P0t exenplified enbodi ments, Figure 3 PCHUGPFUEEE an
axi al view of an exenplary gas distributor (31) havi ng apertures (36).
Referring to, bot gure and 3,. a ures (36 direct the second
react ant gashT§§$%$¥%?@P@HFW %Fﬁ*FﬁxﬁgFg%ﬂéeﬁgﬁH%F@%¥%§%“e?WmQ“H#@F?Sred
enbodi nent, epRRItauRes: ﬂla@)aara&ethaalwowﬂ@dhe/\mtsh,eadmt clRh&1NPém SRakafd t@ctahthe

AR AT BRI AN PRGN
direct the fiquthI@flbltt fne r@g@@@meg@%x 32 hupkcrfier 8Rdnkalily bddNbBsobNBeal &li6 Ge
channel s not "sealin a%as di stributor apertures 10 (36) (or

nozzl es/.i, e‘@t‘ $a5¢%y DEpYE C%féﬁ’lé’éﬁ Qe Hah §acp 8T IndhirombUQRAMs may be

utilized durjopgst hegy @y@i@em%l@wmq (m%u qnz)cymsﬁmamgacafega@wgm& heeemer al |
ef ficiency of the system " i stributor preferred

ch
for many appPYeHen 6%»%%%05 fhechoeaéléa of g’;?é’?@Pﬁ“‘f“bOlT%&qu(hﬁtd?léabé&&b?%ﬁon to

nul tiple reagkob SHELENS . reHGN aSubRBLAI RPakRRC LRk BaURLIA050 bads: may
rotate or otherwise nove in relation to the | ocation of the gas stream for

proce53|ng,Igd&ﬂuyf5§ﬁﬁﬁsQ@“%ﬁﬂﬁdé“WbWﬁ@Wﬁ@”ﬁéﬁ“ﬁ@ﬁ@mgéééﬂﬁﬂ“§?@t@Wﬂ%

[ 0072] Vhen anh@afal @b TikdieQlioilaad Gcally rAPEHIE BhBurk 36)calthntBly beRREN theSHsit €M
directs a stream of reactant gas (32) toward the associated inlet channel

and associ at¥®d SeERd (Facant sirephe hpset thsponepgoasuancd BIyyreasting B heopint at which

nmonol i t h(s) )thest R Q%%Bﬁle&fd tﬁQ@-Bmaﬁttﬁﬁﬁ%%e rQAFEAN 29RSIn(BR)mMhbr the
typically occupy a | arge nunmber of honeyconb conduits (33) as it traverses

the 20 recupHy 6f theTptrewstine 61 1 kephisglatsidiop the muagint ofothe serend repgansf t he

reactor seg tmafnmngfm@wtwme%t RIS fr(fr@h@tréééﬁm{S)fctohl%lrﬁ;dgzlgac@afntbt@@) ggnol i th
honeyconb conduits honeyconb conduits occu by

accordi ng t d3% ‘16Héf’tetﬁ'ﬁeel&]af@rvﬁbki‘ihwﬂambéeg@h@‘r‘takgttgﬁr 162@@1‘% (%V)bﬁr@réﬂsofhe

condui ts, tyRickalsh Q8ds edi‘& Qﬂl@qg&aﬂtsnﬁ!@ c8d e%)fﬂq§1dar§1x¥u|?é3 oPRBLL k. (36) and
its issuing streamof gas (32). Conduits |ocated near the center of this

bundl e/ chand@67hi | [The 28rcemnicaitian dohihghe FEetTsjionfsigams (s3Ppamribe Phaent wif] |

l'i kel'y not %é’deﬁ)&{ tthdth ?& ﬁfemdgedro%q{:[é Lth@hlorg&P}d&F thS ov 28k Ifb?%kdntqh@ iPyker
edge of the bund be in close proximty to conduits (28) carrying the

ot her react &#b. comﬁr!%@ﬁ Mg peaipmaes yodt adind S@svodiaras rihend b yokimes Gk amil xdan@320f t he
first gag ( %Qﬁwp&@&l 18 b&uﬁ@scdmﬂ/dg)%gn (ﬂ%%)the%é%]mgﬁ sﬁ&ﬁﬁ%megﬁ%a@tlm uld B€the

peri pheral edges of each streamof gas I ssues fromthe apertures
(36). Thus, cewbustigopdifi velupesyf et 8)) netr S veleme30F Quitzen (@dde nwke tifie

bundl e wi | l v&%ﬁﬁﬁlofsﬁguqm %QflftP@Rrglufngfoff%}ggﬁgegﬁgreg g%\%llc%%gﬁd ﬁle&lgnd gas

(32). Reaction or co stion €t ween gases ( ( appen in
t hese conduirtcypdsddione b tigasedd cprpénet @1%y raactinef de regeeugmnatrom. (yis Such

gases voul d gabiil lndf-CARSLARL Al AR AU LA LbALLY g RALALES ox AR |ADO as

t he resultlng reaction of regenerati o str
25  present in amounts above the stmchlomemc requirement. Thus, the hydrogen is the

stoichiometrically limiting component. Using this definition, it is preferred than less than
50% reaction, more preferred than less than 25% reaction, and most preferred that less than
10% reaction of the regeneration streams occur during the axial transit of the recuperator
27).

30 |0068] In a preferred embodiment, the channels (28) and (33) comprise materials that
provide adequate heat transfer capacity to create the temperature profiles (4) and (8)

illustrated in Figure 1 at the space velocity conditions of operation. Adequate heat transfer
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WD 2008/ 150661PCT/ US2008/ 063716 within the recuperator (27) is less than
50% preferably than |l ess than 25% and nost preferably | ess than 10% of
t he stoichiongtr.i caI |y reactive reactant having the snmallest or reactio
liniting pres&fc&® f%é?B] In sone alternative enbodi ment SCTHHY¥EUper at or
reactor (27) may include, for 5 exanple, packed bed or foam nonolith
mat erials (not shown% that permt pore mX|nTg or dispersion of reactants

before ful | yferisgy eﬁaedt%d hept eynstepprepiicr 4Tyribsloy d@a%téooéaam oRErably

reaction may,@&e Hout fode h%nﬁ?&ﬂpﬁ%é}a%fy Hefok) athE 56, Minel RSl T, TR G sed
recuperator that is due t he axi al "di spersion of gases (30) and (32) as

they pass t hesuRih. isTthe §dtm9f %H}eld -ap@ragen veeBEne Abitdraasiea e thtis asedbqbrfq as

the m xing and,sUhseu Gt oLAREL HER tﬁﬁsfmgef?&gﬁ%%@tuee?m 1ﬁle%L th' n
the recuperator (27) 1S | ess than 50% preferably than'l ess t and

most pr efer alinyfef etpde. Emﬁml@%) thvs isrsatisichiolor wedpeatien is grlcwited @dhtalbmdilcs‘pfer sion
and m xi ng ' tﬂe Ea’% mfezie %%gnl%%@)"@n% ﬂﬂe %gk%egtrctd}gaﬁ t}Q B:ecu%r Lt aﬁc?&@ﬁlgdr jtg)-Ci at he

first gas (30) an second gas ansi t r zone (
channel s (28nd&deebe(®8Y change (%Cmdlk@yn}a@pﬂé@n, af. °Chiesd thnlw ént quentity Katiddddat |,

stored in ltﬁe (g CUPJ%}‘)%IF e rezc?ln?atgrrz%r% &g?trgl%%}édugy t%eg in ¢h nnesl

transferred to econd gases i ng The regé‘nera t"on
cycl e. The Hé&lledorgla&@Bu%&llg%dﬂi tii@p] chMblqam)Cxeldl gdqt(iﬁ)mnmamtal(réamerafﬁheor@e(s7)m' xer

(44), te he recu e. react.o 2 tions
o tix the raynElER I Sl SRR LN PlnaOY st e iR T S s iBR o
or near the asnbepbace ot‘)ﬁ atehéaseé&:%f'ﬁﬂantl@g(&ca(/&ﬁs (?:l)rmhdtal‘@ecnﬁcxarrfaééld{)ea for

20[ 0075] The h@ae(tr%ylsfgrzkd' £ d‘[‘h;/ ﬁerhx%ferr%gts agt %tweeg[e(? area (?ft%léldg:at%‘l’éed of a

material abl'€ t0 W th Ur'eseXpett "$ie experi enced
in the react[d&9] zona rdpreﬁcngi Mniboatmemedhhmdls ((JZ&rabab(B:SD edraprive Rgradtc (hicgiding
selectivity ,a I gh .conversion rates ercent referred
enbodi nent bmpxoetpl‘r%%g)to Zércocné‘ﬂsg}’”%’f‘ ed ¢ CdrﬁC%\‘% éf?] %?B?QC Péwﬁﬁﬁtﬁg’fnﬁnd

t enper at ur estcrepmaemds ﬂgccﬂiir%O]EOQ‘TZGﬁG) prcﬂfmbl@ lﬁO@’tearalbﬂny 20k 3 P ferdbHO 0@NeC. and

25 nost pref rabI 3090F (,1700C) . rred enhqdi ngnt., xer ans
(34) is consYitidt l@vg\gawoﬁém ¢ f‘téFe’O I ?é al dﬁﬁxcﬁ?n‘;gl‘§Wé“1%l?tT§|pﬁ e

car bi de for ve»ea:mpére s b&ﬁ&rﬁ]wﬁﬁl ngwhe]gékhe bddushdtiah a&alaama»dxahunvitcﬁwemfur@ﬁe
conflguratlon of with ac g V|ewFlg

o one. exemP PSP BB hERe 'SFreLe FRepy e sy PoR AR xor
(44) conpri sesditiinX etheSegRnhis ude4d puchavitdiglsS M £ prefiké@ embotimhent, @G ained (¥)t hi n

30 th | f S
Subst antial 1Y Sabiir b GellBudt S P o a il Tonbo e Tw b FORFRERL T 479 ar o

general |y censto @l layd o atctdably bddveenRhe S eed 20005 ( 4kt priersBly, SeGHTERESSs ( 45)
are pomhorz% vmth respect. to the reactor S iemto segnent the gas flow
[

of a plural GIPHSEs @ HTHIRHE INgnqy sHy0: Jiyng sokyine r”&mﬁgé’i’eetaf“é]dl%%o Bent,

-32 recuperator reactor (27).
[0070] 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), 1(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
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WO 2008/ 150661PCT/ US2008/ 063716 segnents (45) may each have substantially
equal cross sectional area to facilitate intercepting gas flow froma
substantial ly eqzual nunber of gas channel neans (28) and % % Al so in
preferred embd@ABA*t he gas channel's (28) and (33) ar &dISEPHHITEd W|th| n
recuperator reactor (27) such that each of the segrrents (45) intercepts gas
flowfroma s Bstantl aII qual 5 fraction of. bot &sﬁé 1gas channel means
(28) and secdn &aé‘é)u%ﬁ‘ﬁ?f o s hegssen theypipadive gn g feacen apd agd- can
define fA apoiiithe tractot, oot lﬁ(ﬂtebﬁf@blﬁé’l@o’éﬁtoi’e%&lﬁ(ﬂi&athdﬁifcﬁtﬁe &mﬁzﬂmassed by
section i, fﬁ?ﬁl as he fréctlon of total channel neans (28) iIntercepted by
section i, TH13 E“{gﬁ ip thecRig csFmRIed empetiedy. st lipsimyesiappirlc ept ed

by section |v1e\|v|6f@n PepbRIY d@ﬂm@t (Bemavu{g%crﬁa&hs@e%fe@mg to bb&ipAdsues
f 231, and f33, will be within ab percent of bet ween 10 about

0.8 and 1°2 tidredncriss (3pamas diseet thbccawar%@é sﬁﬂé@>é%r%1f5qevlwttwe#?caﬁﬁm61510%

One can furtpey ﬂ@fﬁre@rrémmmmséae aBérﬁﬁés'(%) B A10AS Wi, 8AME30) schirll &, Grpt ed
by section i, and f32, as the fractiagn o%gas stream (32) interce by

te
the section ‘?pcmrl&s/%?e%%ofﬁ? &5t &hangels Eih oIPZAERPL IneefPrs 3t Bhagw fiap Ae #d e‘ﬂ‘?e

val ues of fnile ap0erds334) Wal Iarcbﬁut)%l%hi'cﬂ gRRAVikE Rerfeanbs afe fbond Q&@Cb
preferably within about 10% 15[00771Figure 4a illustrates an exenpl ary cut

out section HFfC%YH“ei“ﬁdPWlt%%lccbé@nﬁ‘il%@ﬁ) s@@]rﬁ?ht%(‘l@ the 35 dsiltrutor psBres( 47)

Wil e they pr@sp@t ndAMEHdcRIk) 1BMhe Wbikdt icBMinds 8RS, tﬁ@sé@ﬁan}ﬂ@@% bOukiNed dlidgl ed
artisan to combine gases fromthe plurality of gas channel neans (28) and

(33), a pref'8f FYase By BB LYY hilkcranpa by oyeral Hiinpacsofghrepysiesl ufechof t he

gas mixer (4gheithial §iskBibi @Uﬁhﬁ'}gbegf%fch@d ﬁ)mmdﬂ%]%ﬁ[ngdtﬁﬂs od&sdt iUl QiR the
m xed gases. The termopen 20 volune neans the total volunme of the swrl

mioxers (47) ‘arryiliEgadipiion sy redm)sysigas sich kewless ecaer/cheeritar pdsal

structure Ofmzlyhgtdgz%? offrBle- mAE GOFttiBPloYhe BaFioNbIXBE RYGEN for ﬁ%@ésmﬂ@q S rl
are preferably configured to m nimze open vol une whi

m xer (4
concur reh% | yushictitharipiatna ksd prrsvsader s1s8% ant i al gas ni xi ng of the gases
exiting gas [@@ﬁ?ne|\ﬁhe@2§};asam%§§§r) nozz@ A aBEx%Ir@r(f(ﬁqn Qﬁa‘aﬁé Egémtohx%cts a

i nvention, gas m xer segnent (45) dinensions L and D, are 5 tallored to
achi eve suf firedment rosdiagt &y (Ahdowird thejapigeiis inddt chpasdsing gskyciziedicqn@@ys imHicl e

mi ni mi zi ng Q0RD: YRLUABLy d%fﬁ@éh@&oﬁ(ﬁttﬂ(% kﬁ&ohéntpa%%na@cwofI@dm?gxs% c of

0.1 to 5.0, and nore preferably in the range of O. . 9. For gene
segnent s of vaHepigellyaoqshat acha@m@mber af dnegveemiD corlvith d3Dorrpiit teayeraes theA/ n)

[0078]don agd L ign. Tﬁbsm& géow@@ﬁars&lﬁ'ofmea&%eeoft&e seQa%xgs%gmmtmd/&M) Is

preferably 30 tailored atlvetot e total volune of irst reactor
bed (27) andpyafopiag, rrglatb\@dw(tﬁq)sme Ch shemngradith( Hatiey qombf eonddbitsy Hmshoaetcomal

vol une of I%&%duhbg&t @p@w ga%gf/zp ,dacsmalﬁggz) %r@freﬁﬁj ntlo §,§en£ Bam, :2%:914 Lhe

conbi ned volunme o e recuperator zone ere orrratl on zone (21),
and the gas anfuréle of 4ahduits, V@?l?ﬂ@&i@ﬁ@@@1@@1!1@8@1@20@11:0683@@13[:@@&7%@@hénﬂs| ng

again to Fi ﬂlﬁ%gtrcatnhgf Qab ) ( 6(2duﬂ§ %Qt@(fi ng\# tﬁéj ﬁ}D 3§1§ bgﬁcﬁg&aixﬁc?%il

channel s (33 (28) Istri ut es e co gas across and into
reacti oﬂszoﬁ@nt(@ ) high punty 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, somc conduits (28) and (33) near the
30 outer cdge 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 separated, as long as the resulting reaction of the regeneration streams
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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 nay conprise
hydr ogen, carbon nonoxi de, 5hydrocar bons, oxygenates, petrochem c

streanms, or m'PdY%hereof . Oxi dant typical |y conprlsésTamﬂﬂgmﬁHﬁtalnlng
oxygen, connDnIy m xed with n|trogen such as air. Upon m xing, the fuel
and oxi dant at xer C ust a sub ortion
of the conbugiwﬁd &E W?%ﬂb g ﬁﬁ %@p W§£§W%¥a EQeF gg%eé% YA zone
(21). [0080] gibRratBNbYsShiroMWbHF tmatélwmmllpwm r@e&%ﬁhiﬂld'ggthl@ﬁalwsﬂb(ﬂ mat e
to the entrance %0 of the reformer or reaction zone (21) creates a hot
flue gas that*@alQiiIgPIseChaat s) the reaction zone (21) as the flue gas

travel s acr opg73dhatinzeme altdhfive QEBOGtAQNhOfecl ROV GN(EONhAI AL, gas/ f uel
adjusted o provi de the desi red tenperature of the reaction

m Xt ure
zo)r(leu :és coTpBEict Pasiedbrd Hepre moaalih ingrriol {pArsae WP 3reiF The MOENRPHE ¥d by

adjust|ng thﬁq@ﬁﬁﬂ&ﬁtkammﬁib&@@bM§§k@b&mﬁ@ﬂﬁoﬂmﬁﬂﬁ&&Stmbhﬁq@&Ep&wﬁmhﬁ in
the m xture. For exanple, non-conbustible 15gases _or other fluids such as

H2O, CCR, anf@Non APE8CHal hrereawgsir () f%mrﬂéaeg Fithinfhedeerpearaiop thapig eeto

combust i on t@eRekRHWFSsion Bf 08s PI0sTa8d (ed LrRedhatoughONFEORRY St bl engases
conprise steam flue gas, or oxygen-depleted air as at |east one conponent

of the mi xt GEPLLFOTBIFIRNERT PAG “alaiT g spdgersttirarstim glihe ragepyrationhe

react ed, (hotsueQRPVSHih 0 rQLAGMST (zm§ &eqsthgrhfm ?)Pefér@cf@fh@ﬁ Tes{ dhdn 2924, 0 HR3&
secondary end (5 to the p rlnaré@ﬂ & ore bein 20 exhausted via
b T

condui t ( 18)Prefyrblyflesyhags Ot ni¥ls ?ladﬁ@p Oég%da%dlb@?re@n an¢ eyvpeg Bt bade

gradi ent, sughiias khdwdiustcated generally by exanple graph (8), within the
reformation zone, which gradient nmoves axially through the reformation

reaction zorl@974nt  (Theing egrrsItieg. B¢ 1 irsheas(@Yene Fupnbens 18 pranyittine regunerar

t enper at ur e JRY 2Py Gh ehARLY (RAYFK @B). | istd @Y REUS 1BV RSEARG ik b¥at QWA in
(typlcalty within 25C) to the inlet tenpefature of the reformng feed of
di rt

the prec b recomratet wperfion. the tregyiouagiuensh cyegeindreatiprend otofh E!i‘ﬁ(ﬁiféte@é this

outlet t errp%@&%d' l’g@sey\ﬂdrlng'tﬁ&%g&%ﬁ cgﬁe’hﬂle ASiddNGsel g@%n@kwaﬁcéarlﬂg'nluﬁermves
toward the outlet, an C to 200C above the initial outlet

tenperature(¢@rgﬁ%&awwvﬂ(%ﬁéﬂﬁﬁﬁﬂﬁdf@éﬁéﬂwamﬁﬁmddﬂéﬂdﬂﬁfwﬁ@r@%gé%@ﬁ@blon

step heats af ie@astcotnd bl f a f
secondary endn15 fﬁ?hengg%gﬁgu¥ég§?§$%9qgm{§ F%&%gﬁ%égéfgggh%#h%?weeast

about 1500C0fﬁﬁdﬁﬁﬁﬁémp¢Gméﬁébe“W9d4fb a tenperature of at |east about
1600C ang) StipdAs) MOFg. RE;eeluaPly pie ra%gy"F C}B{nﬁ)& &SSERbH A &@Epﬁgtuﬁ;ayiaﬁle qf, at

| east about 170 C. Tenperature an ency time are evant to
cont r ol | i ng withetarde et liighn togpertirandpgatedgctc. cxpydnced in the reaction zone during

2008/ 150661P%{1%§%991% egﬁc?hﬁl:ﬁnmmg at high sclectivity and high conversion rates (>50 weight

percent). In a preferred embodiment, mixer (44) is constructed from a material able to
withstand temperatures exceeding 2190°F (1200°C), more preferably 2730°F (1500°C), and
25  most preferably 3090°F (1700°C). In a preferred embodiment, mixer means (34) is
constructed of ceramic material(s) such as alumina or silicon carbide for example.
[0076] Figure 4 illustrates an axial view of one configuration of the mixer (44), together
with a cut-away vicw 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 sections (45). In a preferred embodiment, mixer segments (45) are substantially equal in
cross sectional 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,
-32.



[ 0082] 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 nmay be the
substanti al | y%?%ggsﬁ P&’ spent only on regeneration, or tﬁng"%émQS/%"B@ d on

reformation. A conplete cycle includes heat| ng the bed, 5 feeding the
reaction

vol ati zed hydroc and, guenchin cetyl ene contai.nin

pr oduct . TypTeggFI% 43?@%( ?aﬁjégavfed}‘bsbapg?l e C‘@ﬁ% g tﬁﬁqhita% BE 9By conb
monol i t hs mayasi®wbiednive 8 tbstan8a5adal anehb &4 caeenntls meadst(b@);@b (leqng?go ffnlaEES
may be desired.in sope.alternative enbodi ments. More er y for the
preferred moWSEitHh R el S28 SV@P‘gb?%:)r@gd Pe dﬁgﬁ\% g‘”’sé‘i‘%‘?ﬁ’é and 60
seconds. |t ﬂeScthQ]Zﬂ@@&nge&@ﬁdﬁ oﬁfhﬁfslegnkb@tsr(%erﬂ@&@ftd gmﬂamroﬁ@‘@wfmﬁm{leqwﬁt eps
to have egua inawell-refjne ication it i kel y that

t hese two tléﬁ’t@go’%\i’ﬁsk?m}h@'f t g C%&ﬂ‘&lmed’["oé gé %%fﬁsc %‘Hle'a‘B‘E?\?é?”? nEggsed
preferred asp@Bimaticdly, biv@AldeNR: R BORS FadtiBe bERRS cRsPERERSBarkDENcEMPBIZI Ng A
hydr ocar bon feedst oc con i ni ng. non oI atl | es enerative npdyrol ysi s

re
reactor syst @R dupsdheiastiony ?t?]s‘i Ayl mepns h?éétﬂfeﬁ@pgﬂgy section 1, and fiy; as

nonvol ati | e-@@Rt@ibRbN@tal danhY H-AGABPARCIERESEORKIJANS I £31THEd BmbRUROLr at i ve
pyrolysis reactor systemto a tenperature sufficient to forma vapor phase

that is essefit F4MISGEIPR éveth%f’alﬂ?inﬂ?ﬁolaaﬁ! tpidlldgavithin phout 0 prsdb otBst ‘é‘it‘f‘ﬁ’%g t he

nonvol at ig essbodin).8 HRPBL &lrc)GhS A1k HAROEnPNGS %rd‘férﬁlﬂ%%@thﬁi dob@uiodh, POASEn (C)
feeding the se argﬁ&ﬂpd vapor phase and net hane to rolysis reactor
system and fpd)er dpieeia f‘%@c tﬁlal%“ol‘?é’tfﬁé%%mé‘ﬁ&@ébtéi’fcéﬁt@’dbw%ﬁ%‘?n bRE& B2k thsai d

pyrol ysis reagcti@f oﬁgw&t@amt(@z)méﬂ&@eda@m{é Qs iS hpa AHCHre felrQ0SMolim AN @cher
aspect, the invention includ rocess for the manufacture of a

hydr ocar bon B §EY s ﬂ}?ﬂ@&lﬁtf’f fs Plofr‘ﬁdafﬂwépr beuithsribered nyeergidar demerrat i ve
pyrol ysi s reqagt@bly syhin@BbutWogr ei n the reactor systemincludes (i) a first

reactor Coer[{’)(l]7S7I] no FlagufreI Elas Ellugt?gcs an exemplary cut out section of an individual gas mixer
segment (45) with swirl mixer (47). While the present invention may utilize a gas mixer
known to the skilled artisan to combine gases from the plurality of gas channel means (28)
and (33), a preferred embodiment of this invention minimizes open volume of the gas mixer
(44) while maintaining sufficient mixing and distribution of the mixed gases. The term open
20 volume means the total volume of the swirl mixers (47) and gas mixer segment (45), less the
volume of the material structure of the gas mixer. Accordingly, gas mixer segment (45) and
swirl mixer (47) are preferably configured to minimize open volume while concurrently
functioning to provide substantial gas mixing of the gases exiting gas channels (28) and (33).
In a preferred practice of the invention, gas mixer scgment (45) dimensions L and D, are
25  tailored to achicve 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 arca A, a characteristic
diameter D can be computed as 2(A/t)*.
[0078] In addition, the total volume attributable to thc 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%, and more preferably less
than 10% of the combined volume of the recuperator zone (27), the reformation zone (21),
and the gas mixer (44).
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and a second end, and (ii) a second reactor conprising primary end and a
secondary end, and 25 the first and second reactors are oriented in a
series flowrelationship with respect to each other such that the secondary
end of the sel&fd"%'8%t or is proxi mate the second end offTHE2¥¥%dTe; eact or |
the process conprises the steps of: (a) heating a nonvol atil e-cont ai ni ng

hydr ocar bon stogk upstream of the regenerative pyrolysis reactor system
to a tenper a{()ﬁ?g sufg(%%?rgﬁ%ﬁ%a"f & I(f)lé‘r“ﬁ:}aﬂk?a{glé?l % a‘ébecoflﬁé{req{ é”&’é@éﬁﬁ%%‘)ﬂﬁ free
of nonvol ati tasndnd3 )amti] gy afld piaa&%utcla_@m @_@fﬁroiaéhcrga@ gcr&siaandlmrbvlleioﬁbﬁ ks ];@ 1H0)
separating the vapor phase fromthe liquid phase; (c) supplying a first
react ant thrE“u@hPr erpqdy %‘?boéﬁ%ﬁ% ISt Fragtid aflgr%‘fonfieré a(5‘% A ECE i By g Ot

| east a SecoaﬂmmgﬁQﬁﬁﬂhm&h&QMgﬁa@oﬁ@&@ngmﬁﬂﬁ?Q@%pﬁﬁ}Qm@g&iEﬁﬁm{ﬁ&ﬁ&ﬁﬁy such
that the girst and second reactants are supplied to the first reactor from
the first® endIBUPHY PrYESRalGSe BRtfOSRemigadstreagiep Phmgures igreot. (Fpydant typically

2008/ 150661 PHpis 00 84:0&3hdkngt B6/okd, rShndAY SREPNGLI BasdANduSh At alrheusgcond
end of the first reactor and reactlng nbi ned reactants to produce a

. the co . .
heat ed react PEH MG pad pYanpaiduixe*n e pakt sembush dtith rivpradsictoriugh

the second r&akd @mblifioh bansfghrdx@adic iR ieactdannRbRduet to the second
reactor to produce a heated second reactor; (f) transferring at |east a

portion of tH88Mepakhsrcanbupbpne! ths fyshandeoxypadimoatemng g9y PinEnaieeHbhenitercet he

pyrol ysi 8 r egehQtosN§ e Pactth 6007 1 drGtes S ReV Bl 86k HAMRSs RPASK8NEe HELRANE
comm ngle with each other within the reactor systenjngg) feeding the

separ at ed vaoes (Phasse Brroeadtamsrashihaiaghe t e Qerpirnsd dismiysdersiningo

convert the SRRl a8tk VARG RNBSBoANRHEREHRA Gerh b Burd oPWeObYSbS -B00HEt 5 (h)
guenching the pyrolysis product; and (i) recovering the quenched pyrolysis

product fr orfPPRRSIHHAE §pcs jrsttiom terpperafge Blapbe eudpyeddiysidivsisnedhe prapastienef( f)

the comm ngldoRBu@ibicth BoBSNARE @R RARAS ALEIMKURARE! FRNASEp B NREmb R i.at ed
within the reactor systemor at substantially any desired point upstream of

t he reactor 2288 €hoHe fiidstseh 4srHefs £ dnil Ak alsp ey de pédded tothe resetaptvintugmiot r eam

of the sepanah -comblHO8mptRRuPr eRehle bRYERY T MbodhRR:, MG HHRRHAD ARRAr at us
for pyrolyzing a hydrocarbon feedstock containing nonvolatiles Ina

regener at i veORPTGIsiEamsilcean rppx gy dentptedsidiad ablpphenstcompontst afdieprikeging: (a) a
heater to hﬁf@émf_ n_cmvem@taghﬁ-t&%gs@erﬂfoﬂ%g%wr@g@ﬁebr%&téd,eﬁ@lscfoﬁlséfﬁﬁwp duct
i f ase that ally

terrper ature suf cilent toforma vapormr IS essent| r_ee of
nonvol at i | edagpdtheuih gifrachiadencibaseapiianoendi® tadrvuingty ¢ndg3), pefpredeing

separ at ofy t QuSRRAY 3f.Ccdnbiit ¥?&9.OrThg v é)% &9\?(%5[&211 Il}ﬂoqmtdes{mﬁ‘s%gs a(tgr}lﬁ)e?atﬁ@ thane

feed to provide a nethane feédstock; egenerative pyrolysis
react or systadiong speicesi Vestiaird eseqyellvalheckavafsogragih@s ewigdnin thcheformativarvenc,

feedstock, LaAQNRRN ABE SOONPhIouf o IEBAALL L URRWud NASK 1?0@@@?5%@9 in

said pyrolysis reactor systemto forma pyrolysis product. [0 I'n"yet

anot her enbawicras#ion stehethpredeintmpergterstmaonprfacblydese amindppanlat sibstugrally he
equal (typically within 25°C) to the inlet 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
temperature of at least about 1700°C. Temperature and residency time are both relevant to

controlling the reaction speed and product.
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manuf acture of a hydrocarbon pyrolysis product froma hydrocarbon feed
using a regenerative pyrol ysis reactor system wherein the reactor system
conpri ses: gla heater to 25 heat a nonvolatil e- containi8%¥h dr ocar bon
feedstock to &%2MHer8t ure sufficient to forma vapor pHEIASEiEPo3TIS
essentially free of nonvolatlles and aliquid phase contai ning the

nonvol atil es arator t arate the va phase fromthe liquid
phase; (c) a“Wéﬂhan e@“FH‘ﬁF . mﬂ?th%ﬂ@eﬁ B &% GRIACTatipiy plug fhegime
regener at i vesgeyt 0lryBiging, ARGt Q¢ nﬁlys&c@nbd ® HaeRibEcthegsRRALRLEM f@RAloPhase

and the nethane feedstock and convert the separated vapor 30 phase and
met hane in s#9V5y S%QSfﬁmﬁeééPB}q@VsT~ %Fdh?éWﬁPﬁ@%WT@Pvgméﬂﬁﬁbﬂﬁﬁtmlthe

regener at i vercpytekiysios tHeatd PendySletihbital Udiddhled byclcdinéilides hedtRaeheOded,
conpr|S|ng a_first end and a second end; and (ii) a second reactor

conprisi ng pRrdiag (e &pldtizeA dydogshonidrayerichine “i@r?éetf’ RS EongHINSISRGAY PTOdEgt or s

are orientedrjgicad Q¢ itBRs ffbtogfefe@ﬂe@-tdn%(i&ﬁk@ts Wilibing @9RELEmB nRBGHs Hahele - 36
- WO 2008/150661PCT/U82008/ 63716 wherein the first reactor conprises a
first channePstWesh [eeipd i laconds plthosglelongsr iRy Bgbe doreedrin pasre dlismetsy  and

a second chagmelidars. W&Sﬂéfo%lﬁoﬁ%@@&%xfc@%%@ﬂﬁ c&b&%&hs fc e HR&GHhAS be
100871Wi | e the present invention has been descri bed lustrateéd with
respect to c@?%&Pﬁb@ﬁﬁéﬁwﬁéﬁﬁgmnW%If§“PU“B@&HhH@F@P6§Em¥%@Paﬁh@ﬁFﬁWEWt|on

i's not |ign t@&ghst@ndR&qRARCS, %am%@m&dn@& egb@mmq%gqm@@ the? 13kl neAhyal ents
within the scope of the clains. is claimed’is: 1. A process for

pyrol yzi ng aWWyHF%%ﬁHﬁon feedstock contalnlng nonvol atiles in a
[0083] As discussed above, in one preferred aspect, the inventive process includes a

process for pyrolyzing a hydrocarbon feedstock containing nonvolatiles in a regenerative
pyrolysis reactor system, said process comprising: (a) heating the nonvolatile-containing
15 hydrocarbon feedstock upstream of a 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 said vapor phase from said liquid phase; (c)
feeding the separated vapor phase and methane to the pyrolysis reactor system; and (d)
converting the methane and separated vapor phase in said pyrolysis reactor system to form a
20 pyrolysis product.
[0084] In another aspect, the invention includes a process for the manufacturc of a
hydrocarbon pyrolysis product from a hydrocarbon feed using a rcgenerative 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
25  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, 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
30  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 reactant 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
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regenerative pyrolysis reactor system said process conprising: (a) heating
t he nonvol atil e-contai ni ng hydrocarbon feedstock upstream of a regenerative

pyrol ysis reagtor stemto a tenperature sufficient to forma vapor phase
and a nonvola?ﬁﬂ%@%%ﬁTbining li qui d phase; (b) separati d§TER*YENSr phase
fromsaid |iquid phase; (c) feeding the separated vapor phase and net hane

to the regengrative pyraolysis reactor st nd (d) converting the

separ at ed vaﬁ%?ﬁ%ﬁ§£§&WWréﬁﬁa“FE%@ﬁﬁPﬂf%@ésg%ﬁgﬂﬁgé?zWEQE%@ngng@RPWhat
heats the sepagatet papare phasel Bdad(ij&hﬁodi@t;frﬁﬁgas&iﬁg atfld asaRar aahwolﬁ @bdudt

| east 1400C to cpnvert the separat vapor ase to forma pyrolysis

pr oduct . 2Thé’r 8@5§§”§ 68?&?%@“?1Ctyﬁfﬁ@ﬁﬂgﬁﬁ??ﬂbwoﬁﬁhﬁﬁV@FH&dﬂﬁﬁugFbp of
quenchi ng t hgrot@o\eelichRd ssRpaiatLt (NaROkfcPRNASe 1da§ f piridd BethDYEREYS& Sapor
product . ?. The groces to Claim1, wherein said hydrocarbon

.accordin )
feedst ock’ i sPHe% %Stﬂha%ﬁf&bm%taf)ne?%thap¥f8w§éfeaftafr%stﬁ%_ ety dbigEpasticd Yage 200C
to 650C. 4. Jhe pdosesmeaer@ighiNGith Qadd dthdP vhichibRIBckhbrlshfem; (g) feeding the
nonvol ati | e-cont ai ni ng hydrocarbon feedstock conprises a liquid phase and
at |east 50 WBMYRE PR cRite 8t fEaps QipeeiphasisaRy drEedrBiiP T Cethr st KNS s
converted i NsepiriRd (a@or ipAks@ ahdinckinaad Hio Bh?’%ysj@proaﬂl@, (Y QEBSHnAL o yeliNgs t O
Caiml, further conprising the step of feeding at |east one of another
hydr ocar bon F88t" Y dP SN MG SEasinc byrelysit sipdrct Singr BF reacjoravefit Ashat
performsi@t heasisiyadiRaisktd, o stef %h‘@ RERAA AN ORthi thetafParkiRhparAQOvabbi phathe
pyrolysis reactor system . 6. e process according to Claim 1, wherein the
mol ar wei ght ™Pabg BitBied retiHale 1605 skratred sihafpiallsiay éosired poigpsiren ¢f 5: 1,
entering thehbratsedsRY bPhYE BinSBCtdc0fe Qifparta!%?, of ERG LPdireS¥ BF BB %eparator.
[0085] The present invention also includes an apparatus for pyrolyzing a hydrocarbon
feedstock containing nonvolatiles in a regenerative pyrolysis reactor system, said apparatus
15 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; (c) a methane feed to provide a methane feedstock; and (d) a regenerative
pyrolysis reactor system to receive the separated vapor phase and the methane feedstock, to
20 heat and convert the separated vapor phase and methane in said pyrolysis reactor system to
form a pyrolysis product.
[0086] In yet another embodiment, the present invention includes an apparatus for the
manufacture of a hydrocarbon pyrolysis product from a hydrocarbon feed using a
regencrative pyrolysis rcactor system, whercin the reactor system comprises: (a) a heater to
25 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; (¢) a methane
feed to provide a methane feedstock; and (d) a regenerative pyrolysis reactor system to
receive the separated vapor phasc and the methane feedstock and convert the separated vapor
30 phase and mcthanc in said pyrolysis rcactor system to form a pyrolysis product, the
regenerative pyrolysis 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,
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7. The process according to Claim1l, perfornmed using a regenerative

pyrol ysis reactor system wherein the reactor systemincludes (i) a first
react or corrpr{v??én /laufl rst end and a second end, and (ii a second reactor
conpri sing pr P@ et and a secondary end, and the firdt and " ¥¥dhd
reactors are oriented in a series flow rel atlonshlp wth respect to each

ot her such th ht} fsecong end of ’i? gcond reacto Behthe
second end of (’Erﬂg T rege Oéc? BPiscs &Mt SPBREdY” ©BREIESe rbttrﬁ% élé‘?g 3¢ (a)
heating a nOﬂMQieﬁitdl latd € Qb ohbihgl fbydm@@&i[{gbwaaneedSﬁaﬁlﬁkmhgl??éﬁ@dibxﬂf thfe
regenerative r stemto a te rature sufficient to forma
vapor phase 'toﬁ%‘{' ®h’i%gﬁtﬂr§F?tyn PHen g5 }?‘Fﬁﬁ\%ﬁngg‘?dl uy @Hﬂraﬁ d)igulePeshigs e
cont ai nl ng n&mﬁ@e&ﬂabdlﬁ‘@ms (i} tcs&p@mattb&gthtame MO RS Bt tdRrdufts d
phase; s(gg:ﬁ) %i %aflrst reac é Eflrst e%of the first reactor
and thro h PHPFEderisRRde alf Fug mfslwl‘l {0 heseeRt e BYippl yving at | east a
second reactant to the first end of the first reactor and through a second
channel in the first reactor; (d) conbining the first and second reactants
at the second end of the first reactor and reacting the conbined first and
second reactants to produce a heated reaction product; (e) passing the

heat ed reaction product into and through the second reactor to transfer
heat fromthe reaction product to the second reactor to produce a heated
second reactor; (Ofeeding the separated vapor phase and net hane through the
heat ed second reactor whereby the separated vapor phase and nethane are
comm ngled with each other within the reactor systemto thermally convert

t he separated vapor phase into a pyrolysis product; (g) quenching the
pyrolysis product; and (h) recovering the quenched pyrolysis product from
the reactor system 8. The process of Claim7, further conprising the step
of quenching the pyrolysis product in the first reactor to cool the

pyrol ysis product and heat the first reactor. 9. The process of Claim?7,
further conprising the step of preventing at least a majority of the first
reactant fromreacting with the second reactant wwthin the first reactor.
10. The process according to any of the preceding Cains perforned using an
apparatus conpri sing:
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(a) a heater to heat a nonvol atil e-containing hydrocarbon feedstock to a
tenperature sufficient to forma vapor phase that is essentially free of
nonvol atiles and a |iquid phase containing the nonvolatiles; (b) a
separator to separate the vapor phase fromthe |iquid phase; (c) a nethane
feed to provide a nethane feedstock; and (d) a regenerative pyrolysis
reactor s recei ve the separated vapor phase and the net hane
feedstock, to heat and convert the separated vapor phase and nethane in
sai d pyr ol Kkalgs clodmadis: systemto forma pyrolysis product. 1 1 .The
apparatus of Claim 10, wherein the pyrolysis reactor conprises (i) a
reaction zione f@praesvier pitodyzirea Balracabaoicedpouk jhadtng@AontdigileEinhane to
the pyrolysis product, within the reaction zone, and (ii) a quenching zone
to quench the p§EFEIAEVE PHIOSHHICactansystPHl Saf PEICEPLLOMEBEIEI ng to O ai m 10,

wherein the pyrg| ysiis,.,& ar mr, | & enerative
pyrol ysis reac#gi s;%?gﬁ?&%%kn?%gﬁg?%@g%gﬁgggﬁpg?ﬁgﬁt%ﬁgﬁgﬁgﬁﬁﬁﬁgl%ﬁeceding
Cl ai ns perfornmed usianggererappapyadlysisceanpor gistegr to aterapdratatesufficichett a
nonvolatiIe-containgﬂg?gxproc rbon feedstocﬁ to a .tenperature sufficient to

forma vapor phase t I"8PYUR 4113 3oy plaglegtonpipipe igtid paseing a 1 quid
phase contai ni ng) t heehRWR @ld VHor phddd f@@mﬁg&i@rphas%; separate the vapor
phase fromthe |iquid phase; (c) a nmethane feed t0 provide a nethane
f eedst ock; and (¢) 40 feeding the separated vapor phase and methane to the regencrative
pyrolysis reactor system; and
(d) converting the separated vapor phase in said regenerative pyrolysis
reactor system that heats the separated vapor phase and the methane to
a temperature of at least 1400°C to convert the separated vapor phase

to form a pyrolysis product.

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

the 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 200°C to 650°C.

4. The process according to Claim 1, wherein the nonvolatile-containing
hydrocarbon feedstock comprises a liquid phase and at least S0 weight percent
of the liquid phase hydrocarbon feedstock is converted in step (a) into said

vapor phase.

5. The process according to Claim 1, further comprising the step of feeding at
least one of another hydrocarbon feed, hydrogen, and steam to at least one of
(1) a unit that performs at least a portion of the separation in step (b), and (ii)

the pyrolysis reactor system.
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(d)a regenerative pyrolysis reactor systemto receive the separated vapor
phase and the nethane feedstock and convert the separated vapor phase and
nmet hane in said pyrolysis reactor systemto forma pyrolysis product, the
regenerative pyrolysis reactor systemincluding; (i) a first reactor

conprising a first end and second enpd;, and ii) a second reactor

conpri si ng>pri r{@wpfgﬁifsaﬁ%?@ngé%%&r ‘@F&?lnpthFemP¥aF§Yeléﬁﬂat§b%€W8t Bactors
are oriented i noasepgale@SvddoPWha&! At &S hi pto%:ﬁbeﬁt@ﬁi??%e BQaté‘@%@rd?H?@rg
wherein the first reactor conprises a first channel for conveying a first
react ant t hrouglectidreoffthe stactoeagtam. and a second channel for conveying a

second reactant through the reactor. 14. The apparatus of Caim 13, wherein
at | east one of the first channel and the second channel are separated by a

barrier that prexweplosesdtact@amy B ORIN@M pYrfGimddnesist @irﬁgﬂn@fﬁﬁbé ip?ailws _
reactable first reactant fromreacting with the second reactant wthin the
first reactor. IE&WK pygems sviieseinpiheoksagiongsystany dneledeshdh £ eBess t wagor

orocess compri Serrephe fBsPd SR RSEAL B AU Bl PR s i e on ¢

f eedst ock upst rganareferdl aed@nsscahdarg @Ml @hysths fisaahdrsesytrlt esictods are
tenperature suffjcient to forma vapor .phase and a nonvol ati | e-cont ai ni ng

liquid phase; (BFnSdpariateriay ey rﬁla\t/igaﬂwg PHEISESRACHI SN PRIrurl thikdke; (c)
feeding the separsfdaf YAPOF thRNRASSARY:BRINABLInRe 1A LGALBRT BF tnkerRy T ol ysi's

reactor, said 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 nonvolatiles;

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

(©) supplying a first reactant to a first end of the first reactor and through a
first channel in the first reactor and supplying at least a second reactant
to the first end of the first reactor and through a second channel in 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 into and through the second reactor
to transfer heat from the reaction product to the second reactor to
produce a heated second reactor;

§3) feeding the separated vapor phase and methane through the heated
second reactor whereby the separated vapor phase and methane are
commingled with each other within the reactor system 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.
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reactor system wherein the nolar ratio of nethane to separated vapor phase
is from1l:1 to 5:1; and (d) converting the separated vapor phase in said
regenerative pyrolysis reactor systemto forma pyrolysis product. 16. The
process according to claim15, wherein the separated vapor phase is
substantially free of nonvolatiles. 17. The process according to claim 15,
further coBpri SiTRE pkdaessFeNaitf 7, 0MARGNIRDrisiAE tRORYE bF §nSRRA R BFoNGROT
phase to formthe pyrolysis product. 18. The process accor ing to clai m15,
wher ei n sai d hy8iogedinis firs senstos xcqokthe @xrobisisi nsodickeind heyt thefigst reasipler at ur e
in the range of from 200C to 650C. 19. The process according to claim 15,
wherein the pyrolysis reactor systemconprise a reverse flow regenerative
pyrol ysi s Peact &he ppstsent C2in 7Thghgreomessingthestegiongreventimkat lenst, wher ei n

t he nonvol atil e-cont.aifin [ rbon_feeds Kk rises a.liquid phase
and at | east soTaRr bR eRe L gRHoRE e G SRS SO SRR vl Pl L ook i s
converted in stepctpa) into said vapor phase. 21. The process according to
cl aim 15, wherein said hydrocarbon feedstock containing nonvol atiles has a
nom nal end boiling point of at |east 200C. 22. The process according to
claim15, fartheke gespds sdcb@lidd1® SheRfohe filReRUng ahihepstodtd &ingapt her
hydr ocar bon f eed, h¥drogen“ and steamto at |east one of (i) a unit that
perforns at | eadtPRFSPYPHHST the separation in step (b), and (ii) the
pyrolysis react @? SY$eMkr 23 hedN® RhANKS-HR&AMNI! AirdArohafeBistrk foUft her
conprising the step of maintaining a tenperature of the vapor phase within
t he separation vessetemgeiaiu) stffieicslelvafoan o manst phasedthgtaisorssqutialbe frg¢ ofai d

liquid phase, at a copRbRffes hEIPELAL PiSe PERNRRE ardRin d1Ri820C.

(b) a separator to separate the vapor phase from the liquid phase;
(©) a methane feed to provide a methane feedstock; and
(d) a regenerative pyrolysis reactor system to receive the separated vapor

phase and the methane feedstock, to heat and convert the separated vapor
phase and methane in said pyrolysis reactor system to form a pyrolysis

product.

I1. The apparatus of Claim 10, wherein the pyrolysis reactor comprises (i) a reaction
zone for converting the separated vapor phase and the methane to the pyrolysis
product within the reaction zone, and (ii) a quenching zone to quench the

pyrolysis product.

12. The apparatus according to Claim 10, wherein the pyrolysis reactor system

comprises a reverse flow regenerative pyrolysis reactor system.

13. 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;

©) a methane feed to provide a methane feedstock; and
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14.

15.

16.

(d)

a regenerative pyrolysis reactor system to receive the separated vapor phase
and the methane feedstock and convert the separated vapor phase and methane
in said pyrolysis reactor system to form a pyrolysis product, the regenerative
pyrolysis reactor system including;

(i) a first reactor comprising a first end and a second end; and

(i)  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.

The apparatus of Claim 13, wherein at least one of the first channel and the second

channel are separated by a barrier that prevents at least a majority of the

stoichiometrically reactable first reactant from reacting with the second reactant

within the first reactor.

A process for pyrolyzing a hydrocarbon feedstock containing nonvolatiles in a

regenerative pyrolysis reactor system, said process comprising:

(a)

(b)
(©)

(d)

heating the nonvolatile-containing hydrocarbon feedstock upstream of a
regenerative pyrolysis reactor system to a temperature sufficient to form a
vapor phase and a nonvolatile-containing liquid phase;

separating said vapor phase from said liquid phase;

feeding the separated vapor phase and methane to the regenerative pyrolysis
reactor system; wherein the molar ratio of methane to separated vapor phase is
from 1:1 to 5:1; and

converting the separated vapor phase in said regenerative pyrolysis reactor

system to form a pyrolysis product.

The process according to claim 15, wherein the separated vapor phase is substantially

free of nonvolatiles.

-41 -



17.

18.

19.

20.

21.

22.

23.

The process according to claim 15, further comprising the step of quenching the

converted separated vapor phase to form the pyrolysis product.

The process according to claim 15, wherein said hydrocarbon feedstock is heated in

step (a) to a temperature in the range of from 200°C to 650°C.

The process according to claim 15, wherein the pyrolysis reactor system comprise a

reverse flow regenerative pyrolysis reactor system.

The process according to claim 15, wherein the nonvolatile-containing hydrocarbon
feedstock comprises a liquid phase and at least 50 weight percent of the liquid phase

hydrocarbon feedstock is converted in step (a) into said vapor phase.

The process according to claim 15, wherein said hydrocarbon feedstock containing

nonvolatiles has a nominal end boiling point of at least 200°C.

The process according to claim 15, further comprising the step of feeding at least one
of another hydrocarbon feed, hydrogen, and steam to at least one of (i) a unit that
performs at least a portion of the separation in step (b), and (ii) the pyrolysis reactor

system.

The process according to claim 15, further comprising the step of maintaining a
temperature of the vapor phase within the separation vessel during the separation of

said vapor phase of said liquid phase, at a constant temperature between 200°C to

650°C.
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