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CONVERSI ON OF CO- FED METHANE AND HYDROCARBON

FEEDSTOCKS | NTO HI GHER VALUE HYDROCARBONS FI ELD OF THE
WO DBNRU6EN [ 0001] This invention pertains to CRC/ESRNL063716

of hydrocarbons using regenerative pyrolysis reactors.

The invention relates to a process for cracking
CONVRRSIORMOF RIGFHD METHAND AND Y DREASARBON FEEDSTOCKS
—contar ni ng nonvorl at | es, 1Tn a regenera 1 Ve pyro YST S

react or. i DCARBG

f eedst ocks before the hydrocarbons undergo t her mal

pyrolysis. Mire particularly the invention relates to

FIEBDPOPUSSE I8V NpI@gwat us for inproving the quality of
nonvol ati1 T e-cont al ni ng feedstocks to a regenerative
[0003yr ol Ties sinvermnomesyiss etm coneerpbur off ihydroshrboog husing  regenerative

t ON
Dyt OBy ik 1" HATORSi-G (r abIRERS T3F Bk KBRAYA Catbons Present in

hydi@t4r86n ifvelstoerd c&ﬁﬁmﬁfgaﬁdﬁiv@%tﬂ%sgmldaﬂegéﬁéritﬁi%d@r@%ﬁ reactor. The
that contain a large fraction of volatile

nonvpyailesc archmanved uieom abe eiebdatisks gwéoroi the lardtbcaldqohs hadergo thermal

imlarly, regenerative r reactors ,are
pyroRn Mgt PeBRO G B iR PYL B P L BRGE 3By Gor improving
the quafi§KéMNbnFORLiOcRXBRHE Felliobk Lo ﬂe@@nér@c[ﬂéq{y%l%@ reactor system or
chem stry such as those reactions that my be

a plyselity of mech mtrolysinpractor syssemhi gher t han can suitably be

BA&gb&&wﬁ% bﬁfﬁ@\iﬁ%ﬁpq IONSt eam crackers. Regenerative

actotr—Cyctr €S yprecarty ol € ei t her SymrEtrlC (Sarre

[0002eM Sddv¥nt@nal §REMI QAclicdls BRL hdid 8 bh QfSIIRY tool for cracking high-
asymetric (chem stry or reaction changes with step in

qualﬁy <f¢eei)stocls~yma’ec¢nt@n @yl@tg@sfreavtlenw;w@ald lwdn@c@dodner such as ethane, gas

. relatiyv otherm ¢ chem s es
L rye bty o SRIBHS: ket S By RATRL R e v and
conVreﬁfl@t[dM‘ynﬁlse(i ﬁ?%ohverﬁﬁ% mmxauﬁngmhets @{e@uﬁey@}cﬁal high temperature
used to execute endotherm c chem stry, and the desired

cheraingptshelr Aé thashapdosipny tha npﬁa/ i b @elsﬁmmrﬁdaatorpﬁmeﬁaéms higher than can

sultag) VAU g%lrr E i} fCIOI?\éeglzélOt I] rn cr% ggg% ra%n%) lf'e?atg ol tcgr%lﬁs typically

are [EHBED kﬁﬁn@fnoaﬁsamsetchmﬁlsﬁyCble&emlanvﬂll fobthc rdaekiidi®) or asymmetric
Pressure Swing Reform ng, and other regenerative

(chepy&tm gfsﬁegctmagﬁﬁagesw% 8iSB s Cy Fely ebanmeinigecyples org tiptrally used for

relatlve rﬁ{l& goﬁlegl%nercﬁlelln}/sh}?noe% I[%stg n r}e Q Q[‘iavenghermal oxidation

convertl ng or° Ccracking ons

“RT@’\’/)EMQI autbth@ymilangoripig acATRVEed A@?ﬂﬂ?@l’cﬁd @ﬁlcl@i are typically used to
w despread use for hydrocarbon conversion, due at

exedquiog sidoitherpag cheraistriieand e ﬂﬁ%ltedt snepthennis ehamis@aliegaired with a
dlffe\f\@tlt Chél%lsﬂ?' tE%t %”Enﬁ 1§| é{%icfa 3rnfo§§t olﬂﬁrgo insovﬁd’é ﬂe%{ dFreaction for

the aet&mbamed yeaCOdH. r @xaﬁfp@esc@m@mnmt: rbybtee A€rWulff ghacking, Pressure
tenperatures and the way that fuel and oxidant are

Wik ROIOHBEZdUId ¢fBCTtIRECNCEGN A By LY S castonacesses - Jtaggecrafive pyrolysis
reac%?se abd ogceﬁérs&lly Tﬂ%v&m gh the art as being capable of converting or cracking

hydrocarbons. However, they have not achieved commercial or widespread use for
hydrocarbon conversion, due at least in part to the fact that they have not scaled well to an
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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tenperatures are difficult to position and contain for
ext ended periods of tine and | ead topremature

weowspswent failure. A solution was proposed i nPQIBUS2008/063716
Pat ent Application No. 11/643,541 filed in the USPTQ
on Decenber 21, 2006, entitled "Mthane Conversion to

prendt@ReEquipHERCRIBRNS A sbRhiBh eFaPhbidPakdd ¥n 19 MBREGRNEpplication No.
feedst ocks for pyrolysis systens, utilizing an

11/68 B9 é htfiled ird gfee/ BRHO¢ ontddsseimbar gt .oeMés enfitddiD 3y ctheneriCohversion to

gl PRAGHTY Sk R DR B R ERASEIR R pSioRRis systems,
utilifig€eR iekSvd Qaferdd SombslboantdRld. y free of nonvolatile

conponents, such as netals and other residual or '
[0003bnv ohawiithaditasn coashenmerngsherstinecpyralysisdeattorsralios arcl wigll suited for

volaf g8l o P4 sty Bk STR a2 %S e PiglSicTomppgnes. suen
as metaBANdCEtREKESiGual NP ARV AhtiZaBR doBpoRents /HiBIe dolldoRRtideday down
mean any resid, netal, mneral, ash-formng,

and b@ilqugp tnethe ecactagiras aglpkByrokysisaedeears mmlﬁmpram at higher temperatures

contani nant wi thin.,the feedsto that , will not . )
ranGEHTT 00 Bt sdBt BERRIRE e A i Rlsepgipl mincral
ash-fohindh) ia§halteE | taf cBke, &ricficr Q_)éf‘n%!oﬁ@dt r cHRYmIRAY & i@ the feedstock

undesirabl e residue or ash within the reactor system

that whlé neforapetizg bdlew ecriseted hpiingfpoms o tasenseasvis aad evhitio during or after
roro BB s RS S STBPL B SR T B T momvola
comPyBnBCET BBt EstcernC ORFPABSN At MBYosiCagTRIhehithiduthRe@a@bit system and
of the bed at the high tenperature typically used in
canney be| apsilys rereeaeddry ssgsnerBomndMaryubydrespbarocle efmpasissts may be
oncer a ot.her r-esidual .c nent s. .
mer 015819, P20 B8R dobrSh S A SRTBRRATY S ot recor
systéthefi@tifus tBRY td BAGE 18R cdhberf ANROBRAE obiRPir&ildtah @bmPYRMts. Some
at the high regeneration tenperatures is difficult to
nonyodtiily deedr omnenetaciush as [nuxyda jandippndegrpks, mag desye ragt 4sh ¢omponent
. rs incl eact or [ Zone, icall
betih ) UG U R oA PR R AU PR gt
[0004pactTypicallgk eBgdictReWrdddions tiAClub€agt Ractdy Sb&&iMor zone, typically
Conventional regenerative reactors typically deliver a
compiiyipg pRTBE YA O retepetaa Aaterl, vehesgthsiredrsinn sakeaplsgawithin the reactor
e of S ' | cat ] .
syl b BRTS feERR R Freafb ARk friel B3BER Y dyet gpigens or e
suppl@hdntslr @ebune a€ ban bs tHebe FeadfatsC alisRlY tha Rxaidiesomadckd/ within the
react therein and heat the reactor nedia or bed.

flowmyeh ebiheapactartiedy daedetiverahicraainn’s theneare ehngs te axthermically react
I : [
Gy SEHSI L RER K, PHER, BBy OSALRATLRA, gy nd
a pyPe@diettcd@eiko Budi astdigy dreebadr fetd stranQ préfedblyaragod xgalo seidltroduced
to the heated nmedia to cause heating and pyrolysis of

into flfehqagedarsion of dersicaeiRr Mg o4 Bsgr B1dyxpasaddachohcateepedia to cause
; . i\S. h

e QSRS SRR, LSBTGS Uit paobeed

reacudbedas then sengpyved dtoni @gi @actidn drbe of @aciteactos yisd guanchal or cooled,

halt the pgr olysis reaction and tyi el d a pyrolysis. .
SuChpq;So]&LPCﬁl:leI{C aegpn 196 Wk, Esiactor sysigpnfoshadiathe A ERIKs iR geaction and yield a

pyro?}%wmi&c? may favor using | ower cost

[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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feedst ocks such as, by way of non-limting exanples,
crude oil, heavy distillate cuts, contam nated
wmapbusmslt and condensat es, and at nospheri c r esPUBEUSHE8/063716

feedstocks forregenerative pyrolysis reactors.

Unfortunately, these econom cally favored feedstocks
regehdHi 6@ JyYol G99 tr@hdlord N A& i b Rt A8 | R MRS %c@ﬁorﬁféﬁﬂ%' falde® feedstocks

conmponent s and have heret of ore” been unaccept abl e as
typicadlyenostagnt undesirelle taorouhserfstonskistilcTérenpoonnts laat iHaes herstdore been

unac:?%etélag laaisg%ggfieﬁatltg% r&é 8} géeldgtlﬁélgsugﬁ"&g 31%%%%1%@1%2 lgafd to fouling of the

reactSRABRRGRTdoYBsiRYE VrVifhtSrislSamtP a8 AR, ARtaldaMR/Irh&ke. Regenerative
flexibility to process such otherw se economcally

pyrotysgcica¢taisotabdtehdve dhig floxibdith dée ausess sichmshyissokeneaisally crack

typi cally be burned,off eposits bui | du f,ash. .
fovolgft b iertioh Sngur stebrn gl Bkinof B afPheper buildup
of ai ah@aMed. withi GEirtkhdéd cHRBERMilyabé Bl Morvdvalll | e critical

W thin a particular feedstock may vary dependi ng upon_
conogairatiyl ef mouehlatitest wehinne epattieblpr dedsiock fread stane kiepending upon

.condi tions or. type.  reactor. desi . operatin : :
varifi b 87 e HaphdManbeS GGl RO B0 TS B Bt pvignperating
parafiRteds, , et@S NGer¥RAIB], Shonl @18 kScon@b@iratiohd (€XCQSH, Bietads, HREML, etc.) in

(ppm by wei ght) of the feed streamto the reactor wll
exceganb e rpmyni(pire Pt weishi) iohghd Feed spyamlty hes rqagtae tall casisnwignificant
oG T 50 SPU e el b RCR Mo OB R
to 1@p&eentftsedsightedf moanslatiRs Wehile dthl &Ke€B8dsOhayl Boih Gl in excess of

percent of nonvol atiles. Since nonvolatiles do not
10 weighfrneresnt piitnopedlefipys Sines Fasvprlatilen, doneaetayaporiggrbut decompose to
formays%/ Bletd l%gr \9411(9& Qo%tvglg al?e%f% a%%%J tab GuQ%% °1£ %%Q) ﬁlb%n oxidizing

an OX|éﬁZ|ng enV|ronneﬁ¥5, Nenonvoratl es prese In
envifind@aiviaticagadoheRd pteektsn Ay dE@dWME O feddbtiobies 4P dawn@r build up as a

foulant in _the reaction section of pyrolysis reactors,
foulgipiiie khg Frapteis eestipn ©f PIFAYAY 519CIORY: STIHEh tsEcapesaRieEuIQAgp through

o PGP (0 AL O R FRE P T S vt
nonywl&fley @Y. ,y< Z ppmppans) proferdtidy € 15ipadi f draddre yptaficdligMewdevels of ash

of ash (nmeasured by ASTM D482-03 or | SO 6245:2001) can
(megsgradobie at e IPiHSHi of dat 6745 ¢ candieviolleipterl dg the geactor feeds.

r V. ] MNP - AM 560.
Non BB PhgeslEh Y Bt b RN PR
[0006] eatVadhupesdhal @ushdvdicos amplvycll €atscatiay ptisiclim@daicarbon feeds
of nonvol atiles contained therein to render cos

. r t .
for thejieapvabelnarvelpéiles sopiapicd thaspinds aeist Peh afvaptaggefeeds suitable for
r d The ro es. t .o i r .
con G e St ar b T SE0e BORCArhi NG nOn0Uraly g auliy of
hydrbedarbe® fiscdn tdodtailing heavolatilac KornghnveitisddE steamncragksig. However, in

i nstances the processes suffer from.operati.ng o
MOSLIgHENESS Ahe PIORTSHEY SUbiS frogpneetingsppdifips Hgnifagpns, space limitations for
Cofi L. hi g | 4o hi .' ‘
L1801 g LA A8 Bt B0l ) ORRERM My s, i
capieX pgpesge of tHehequiedudqugameauindree ninsatifidbt@y reduction limitations in the
unsati sfactory reduction limtations in the anount of i
amoy @Pa*(ﬁﬁfélgs Feanayse dron B feads. fapgeampteit @ﬁ&ﬁﬁ Auite pestly to equip

cachT&¥'t ?se%‘rifﬂ @teﬁﬁﬂs&laé’kiﬁg fﬁ‘ﬂh’éeg waf 69&1 &Q&(iﬁ éﬁ&g;e?ﬁ&zglﬁﬂl of the

crackKi ng rurnaces 1 n st eam cracki ng co
equipfetthecessary 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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equi pnent necessary to process the | ow cost feedstocks
to provide an acceptable, nonvolatilefree feed into

w0 b@sas@meki ng section of each steam cracker. SPe/U82008/063716
and even exagger at edprobl ens exist for a regenerative
pyrolysis reactor conplex, due to their feed quality

probl @R ek RIMEHE 8 AREndrVee BFRY st PRBIoAt ééﬁ@pl&@V&Id kY their feed quality
[0007] The present inventi‘on provides a revol utionary

requproeels end orcrdangt owipagturhecwgugt.i ty of

nvol ati | e- ontalnln hydr ocar bon feedst oc
10003 E e B s Rt RLAn PSR HEBowY FRESGEE imving e qualit

of n5§\g%ﬁé@5ﬁtuﬁu@/ﬁ§ﬂrw§dr§oﬂ £RA§t0EKsSH SkRIBr shBE féJAVRMabRYor use as a
provides a commercially useful and cost effective

feedsteqgimi tque fregeneratiow | mgotvhlé aglatolr osysitany nobhweoliavdnties provides a
fronu he ed to%k % L he fgfdstock Z der goes.

COMBYIEtysis ﬁm PRllE mﬂ'g}? 'YETE8VIPEadt o

fromOkheT Pl d$tOMENT e thO @QAktodi @nBERS &N pyloRMEN N @ Wegéﬂeﬁi‘cﬁfé pyrolysis
to pyrolysis of hydrocarbons and in one enbodi nent

reacioicl udes a process for reducing ash formati on due to

SUI\W’JA%%Z(I)fq}fE W%&cp{cq\?n f eedst ock cont ai ni ng

rotvoratHes,—+h enerative pyrolysis reactor
[0008Y St eMe ﬂr@seﬁﬂﬁv@ﬁt%%latets R pi POYRN dME dRSRERBS ak PSR odiment
a process for redu0|n% ash formation frompyrolyzing a
inclyslgsl raoprae¢so riof eastysingcdsh dormation dug t@omorolyamgl ediyilipcarbon feedstock

ener at i ve_ pyr act or stem
con Gy Pl S5 e KPdRgr TR raGHVAT aETirer DBHTh riingre wect, the
invehtiel @ecdehy r&ofn@ﬁ@é‘st QCkrodBst framdading 4s8IRHRIaAéN om pyrolyzing a
pyrolysis reactor system (preferably a reverse flow
hydmyybomfeed@g@ﬁ@ﬂé@mme nppylatdes Byasregageratevcapyrelivpe rector éystem, the
sufficient %’ﬁéﬁﬂn hase rab

f I
procgssssceorr]ltlﬁrgmgy ( cating J O] 11? 801}t£1gr S IR dlr?ca}{blog %F%StOCk upstream

nonvol a

of aCRp&mkdtive Q)yﬁ*éls};*ﬁ@|réddtdre@steﬁblpr§ﬁ%1§atal @Gerwﬂdwv@@@ fof regenerative
phase fromsaird |iquid phase; (c) transferring o

reacfos Syiitery) '@t a feaperatercpy i t@fomhé Vwmhawe@rwfar@bky essentially free

of n? d\SO?%% % ?E L han(g p}dé)s,etcg}el‘glc Itlglggé %at les g(t))osaepsorlflg nldldg\?a%OI‘ phase

front fed $1q9ﬁlr1§l{a€@ (‘é}lﬁ@ﬁsf&lﬁﬁg%rlfﬁedlﬂg af %@ﬁl’tﬁ @dtioM &f the separated vapor
pyrolysis reactor systemto forma p% ysi s product.
phastisad methme do Hheypyielysis sreator sysem: andddpeavbemef(ead srasklag) at least

a pog& qrth% h%a?aﬁ@cggﬁbog %l ?g) thd &%{% erg'twe Slg’gls Sr%aghor asgstern to form a

pyroliasd pedmttof ThhenaRpR @by MR Nldedasd Sthe \Wytiicarbbh efeedstock and/or the
separation process, in the separated vapor phase
scpaptethednoF PNSESICIA @b Subs @B HINYORO TR iR diecireFcssypelpg upstream of

v 0800 AR50 URLERL T 5 DG, T 136 B

line, Site@n@ntd fthe rRAYtOE @Yﬂﬁérﬁ redlor comb@ragbmtheifeof. MBhe methane may also
separ at ed vapor, phase. In another enbodi nent, the
be gopventersite RYé%lé’flé rDregugtevithiongic sestost sysieastangipy may complement
[ an Y
com%%(% )eég tf?en %tg&a S\?ig?ll V\gﬁ%g %eg eas?&{n%gntb;ﬁr?@ &y{ﬁ%sm reactor
systet’rﬁ asmpflsesxasleﬁmwomwolsﬁp adaatoe dysmp@and e copubated dapuirtihicracked in
ane. The net hane may be added or co-fed as a
at legqjﬂglpégftth%p‘q &@aﬁégp e Ipsip acastar sypiems. The separated vapor is combined

with methane. The methane may be added or co-fed as a substantially neat methane stream

volatiles

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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or associated with or included wthin another
hydr ocarbon feed stream contai ni ng net hane, such as a
WOorRoogdsteydr ocar bon stream typically conprisi NRCEUS2008/063716
| east 10 wei ght percent nethane, based upon the total
stream wei ght. The separated vapor stream and the
contiBIHPAARGANIAY HeNGnitif RAMPsIRYm R (RO T abRbnURSEL MWaHTH @fe separation
~the separation unit, within the separation unit,
unit,ypstreaa il dic tcheor, edttiothe wehethi systdne andax tcombapgornthercof. Other
...and/or conpi nations.thereof. r.diluents may al :
dllue[%s g}l&a eagsot § taﬁciedptipot&lg JIoGess 1o ]%Jé'ct% t{l?] éie%ree iéngan%ry. TRe combined
metHaR8 Nndit §paraldie vERIFPhAR fFFat RansvenRsd seRAt&BEtative reactor system,
vapor - phase feed is converted in a regenerative
preferablytinat bpsittemor prast eeaghsinysy stamaby Ifessiste thaoaper inpreallel flow (c.g.,

eact or. systens eeding the vapor jn parallel .f]ow .
subsf 51 ST EDERERATY (PR MR ety oletrsl Ry % Gy @hmerciaity
usefiMah @R&IITpyfl pdi€pfodudto provide for commercially

useful quantities of pyrolysis product. [0009] In '
[0008hot Heranethso ¢gimbediment.hidiciinvantioh onclivdes thdestept dlefostliog @fliluent or

. feeding a diluent or strjpping agent, such as o :
strlpmp&r %%gh_,sugb aiz ﬁ%&w%l@ Stkg %yreog\é*%}:eagg% tsg%r}lﬁn conjunction with the
sepafded Yok ipREke\iintl ndthehc TERA FGH @S YBPAE nPREE GaN phiRtAdREethane in

feed, for cracking the m xed vapor phase and mnmet hane
the preserse qfr bisedibisnbior tshreppding @eent, othan theppigegeragenpyrolysis reactor

within the regeneratiyve .ol ysi,S reactor syste
syl R R OB D B Ep L PR g BTG, Stcam may ve
uscdSdsra mieﬁgo@gﬁpwpin% bR M RYnDBtcHFRite plocdsset.| HBRLvET stcam may not
stripping agent for some alternative processes. )
be pefRetedr in snadapasgssawt ibdhasr ehBke etran antalkingor Bcpwobsis reactor
tem Ie?at{lrlgg,t %uc'ﬁna!lsl lé‘t?ovsét Ff’d?ibér %f:eléﬁln%ogetécto ¥vrit%| Pfsdrgcaqr‘t?o%ct[ C)rform carbon
enperat ures, sSuch ‘as above 1 \ steahXcan reac

mon¥kidb ahy 8Y@6 8¢ Mo e ek Al sdA D aporiBs axiode: crsethitdrReRAt, the need
However, dependi ng upon the anmount of nethane present,

for hydeogse dduemay iy sgaerddir| disnpatedyy Theraaetiicelocragking the methane to
Lim nated.~ The reacti.o cracking . t o
o SRR 0 ORGS0 SRS e TR o,

the reecdtfod pfditighabgedog@ mdy lboeeduced e tRf ratie of teghaneesl sépakated vapor
addi ti onal hydrogen may be reduced as the ratio of
phasgdt Warsasado separ ated vapor phase is increased. [0010]
y 0 a t,..the i nt i on. ri ..an
0010F, 23 F kP Rler BRG] o, IR b S E T RS gy for e

manPfacQry 8f Shyatrochibdn pyEuRLis dSodicgfsicttas dlefmRthiodsitic@RedoF acetylene,
acetylene, fromthe nethane and vapori zed hydrocarbon )
frony ghegmgidppgy and varasized -hydegatbpp fopd yaiRs raatavoisCHlpmotyps regencrative

PR 00540y o R ARE P s

first 28¢ afdla sbnd aRd, 4nidi()i) a ss@adnchci@avPrisHQ PPinasy BAd and a secondary
primary end and a secondary end, the first and second
end, the £ifss rad gpeaadtiertons ozicaiediipe serigwdlpw| rstationsn pyithirespect to cach

othe% %&c@letgflgt {hg s%@cﬁf&a &ﬁf oSG ré.ewh%lt rehQ6r §2{%§%‘1§%@é’n @%gﬁgc@{%emd of the

e secon reactar 1s proxinmate the
firstfresicgdr. r @aohoraspden thadnasipec tprodehe compasdsi the sppeadss(a) heating a

conprises, the steps of; (a) heating a . .
nonv%w}wa@tmn@&w%ﬁaﬁb%gfeﬁ%?%msw Pé disicarneratiystiyeelisis reactor

systéHl fohe {eﬁ%%ﬂlﬁ[r@t Lofficiby o it 4 %5610 lbhase that is essentially free of
nonvolatiles and a liquid phase containing the nonvolatiles; (b) separating the vapor phase
from the liquid phase; (c) supplying a first reactant through a first channel in the first reactor
and supplying at least a second reactant through a second channel in the first reactor, such
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systemto a tenperature sufficient to forma vapor
phase that is essentially free of nonvolatiles and a
WO c@siishephase contai ni ng the nonvol atil es; (b)PCT/US2008/063716

separating the vapor phase fromthe |iquid phase; (c)
supplying a first reactant through a first channel in

that tHR€firkd Jn%tseécﬁ@%&&atﬁﬁgre%ﬁg@iew tHtheirsl Ra&hr RoRQRONEL end of the first
reactant through a second channel in the first

reactosalc) oombimingthh dirsttahe s¢dond treagtaatssas clomsbcordendaeli the éim reactor and

ied.to the fir reactor fromthe first
rencfiiih e PG eyt FiplotBiiot Are Toae piop ) Gafippthe hoated
reacli®RpEoRANESthfugh MR §R6RNdcRMs} Bftrah bR hédt Hont BRGEA oA PRoduct to the
reacting the conbined reactants to produce a heate
sccongaectciariomrodiretz hqaegd gragrd myctome(théanderinga ti¢asha portion of the
uct t h the nd rea r to tr.ansfer
seafigfiie bPE R HOS DR PR T Mo oS B Nigh. whereby the
sepaPdt@H VR r hRQAARIMSBERNEohRAHQN (o.d f dorhtiAS bemixddy vath cach other
| east a portion of the separated vapor phase from step
w1th(1b)hean¢g|ctq1e§y$m teo f@qdeng)yheoqepgt]agdr@@gt 0 asgy@ﬂerm:thane through the

heat\é\ég rsﬁrﬁeoﬁ lrg%c gorna\lf% crilav%ﬁ%rd?h%e taﬁla erg%tﬁa% Hlé? a pyrolysis
prodott hp qhaﬁh[@aﬂieolsyrsmiseﬁfodﬁcﬁ) ah@gpi Irégoxteh@g&ﬁ@afu@ﬁ@féd pyrolysis

vapor phase and net hane through the heated second
prOdFléTaféQfDrthetl‘@a@%&b’ém t he separ ated vapor phase and

pt hane L O ‘ t; (h) quenching the
S vering the guenched

[(mmyr ol Bigises P9 dﬁu:! f) Ao m ifieR e it eMusBRIGEOF the two steps in

DESCRI PTI ON OF THE DRAW [001 Figures | (a) and
a regepipting ECVArss |ﬂm94 p}frplefdls r@ﬁcmjrsaﬁﬁmtap@ormnlgm@ thegupssat @vention.

et | n ener a verse f| ow
[OOIEEaC tligourgys e%loé%eé‘o arn o 1c 1 %stra? Ql eoﬁtanI ] ﬁay% reé/eneratlve bed

reac{o@@ﬁ&mﬁh@w&e@ cbﬁbamhh@csntﬂﬂﬁgl%amtohcbflthé siedth@hii®Feaction, and
of an exenpl ary regenerative bed reactor systemthat
adeqyatebr gucnelids e feewpcratmtiessiter kade | ocati on of the

ot ion and adequa uenc t he
1001350, Kb ERER P o i S Sl BRSSPI ot o
[001ap axfighre\d AWsPite@B RXBHRERINM] JRSY 6|f gt ekdbiplary: gdsBRAP4d mixer and
ure 4 illustrates a cross sectional view of an

char@ﬁgrfpn eonjroljed ¢araystioni Righreatds etsaimieriswiafra nostien of Figere 4.
nmbuyst i o aisacutout Vi n_of
[OOIEFQULﬁg%e% 166]?%’]11’1 led processtlg flow dla Tam 11?1%stra%n%r OCGES)OS(P nt of the

n“@ﬂm@gran1lllustrat|ng an enbodlnent of the i nventi on.
DETAI LED DESCRI PTI ON [ 0016] The terns "convert" and
DETAH A DESERIBFONef i ned br oadly herein to include any

[Oﬂlgglme/gﬂlse?t%mqse Cc()oglI/%ro i I(? ¢o n’g? 1{1:1?' o%" eql’ neﬁﬁar@%@? Bgre ol to 1nﬁlude any

moldddfir lay ftf(}ﬁncﬁﬁﬁﬂg, H@é’akﬂ%ad]ﬁrtoéorﬁrbrsicﬁla§ﬁd/6[y1feﬁlrﬁﬁt1§n of organic
heat , _&H{onally i nclude suppl enentati on by
moleskes dn tlirmhaedrgerar Beleq.sbys mepisdpfotid et Pwvelysdi hesbrang may optionally

1nchﬁf%d s@ﬂpléﬁgntzﬁp ngy AGRNGP - more of catalysis, hydrogenation, diluents, and/or
stripping agents.

[0017] As used herein, the expression "essentially free of nonvolatiles” means that
concentration of nonvolatiles in the vapor phase is reduced to an extremely low level. Those
skilled in the art know that it is difficult to obtain a complete separation of nonvolatiles from

a hydrocarbon feedstock such as crude oil. As a result, the vapor phase may contain a trace
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[0017] As used herein, the expression "essentially
free of nonvolatiles" neans that concentration of
wWosos@si | es in the vapor phase is reduced toP@EKRUS2008/063716
extrenely low | evel. Those skilled in the art know
that it is difficult to obtain a conplete separation
amo@ht GYORMRbLALildseSTHI B} il Yt 8GAER YT the eSERCHvSHIPR, dile it is the
crude oil. As a result, the vapor phase nmay contain a
objettivectbanthavep@fphashewitzing he sonvitailes, dtr ie redognizhe thao Hiceyapor phase
of the resgpﬁlinventioq{ mhilﬁ»{t S tpe.o 'ectivet £2
may QIR HLATENERIC S AQH A E VOTBM S ft WPiCR L AN oy of 2 ppmw
or 1dsgcnantinest tdmtdetdaecsyariary FRASS (5 ocARS aiThedRparated vapor phase
acceptabl e trace anount o¥ nonvol atil es, e.g.
prefergbly ceointaynsalesa thsunt ppfmv Oﬁplnwcdatille@sé\,/lorbupre%tahly, the vapor phase

onsi d tiall . latiles. The. ..
con§@R TS TG\ SpRR o plbRS, R PORS R s auhinpongiions and
reactORBigh wHOINYielatt ad ﬁ%proM?zEt@ tRieSHord aloyf fdrhPnvelRale ®RSeer in the

contains less than 0.5 ppnw of nonvol atiles. Variables

vapos pbhscaforarspeqiie apylsieorondi ti ons and reactor design

i1l dictate.an appropriate threshol d,cutoff for .
00t Jiefi e dRRIRY e il SURBHRERAEY BpgpnDor o non-timiting
emb&@i@feht | &F aRPliheatibAN indlAAS] fekdiabr 6r Irankfekivsd AdtRsned (2) and a

sinplified schematic flow diagramof a non-l1mting
hydrepdsben Aendstoek thaieoninsmanyalatijonerupinggtsfthergimyiagnlet line (1) to a

transfernin thane {2) and hydr ogarbon feedst ock

neat PRS0k e e B D e R dPleh PSR e from

abodtiIng abdit 3. OTiat g @ie dhduint 50 AR Hadd addidabend BeirdRibaNRedstock or to
hydrocarbon feed nolar ratios may range from about 1

the separabpsluyapsr pitaset pricferabiy ecsis imte Bethars Faprpagdiiedanos phase molar

. hvdr ocar.bon feedstock or to t rated.v - -

i 55T D99 R A0 o A TPE BP0l s o

the ¥APOF sphrase erm) _é"l’iteﬂi@%1 il edgidd oMtBd@¢tctok: Whér@ tBbQikolysis reaction
5:1, upon entering the heated, pyrolysis reaction o

chergisey jsncapiersion. pesaist orSubgignieally. ény. hydsrraghannfpegsieck containing a

mixl{lﬁeg bPB %f chlle?t?leg GRg Ui Ml‘&t%%? c'értl] %dgﬁ/r{gag le%a%ls qreel?t(ﬂ§£e8 M the process.
C en1s?ry of conversion oceurs .t SUbS ANt a 'y, “any

Exafiyids € siiddhoRcdwadsihoitle 00obAMdra gf seifhxkdoked ghs 6i0thd residues, gas

_volatiles and nonvol atil es can_advant ageously be
oils, hepting etl: ich fhedipiblesesenexamphings coferisehthp.edersp sedeked naphtha,
r .

cash BEUHEGO08 85 TR 5 L FARAT FLARKE R 058U, rischrTopch

liquiker PiseRe-TremsP |dans, netkergassiRt datillskeaspheiackal? oil, atmospheric

. naphtha, catalytically cracked napht ha, hydrocrackate, .

plpeﬁtelf betieibe, vapwpn inipestll sEeynhiicliding betkans, Tgpsp#phtha, wide boiling
Li gy ' Vi , r b mIRAFALLAe, i

LN e Rt A

heaviyoighOral, nephthanc@itpasiaidd! wsthr eaids, iatiedsptlemg rbgd,t dessy residuum,
vi rgi n naphtha, w de boiling range naphthas, heav

Ca's/gsilugi adgyirfursy gousieasaio rortmaated qeansais Pﬁ@ﬁh%@,sidvée@@mmre and
rmxtg?eé Jg%ﬂeof. PRY ﬁg&%%ar%bﬁ .f%lsle bk %fﬁ%%h%%%g e?gq Pglshlné UPeomt of at

at nospheric resi eavy ‘resi
leastadDOCK (R0 C) cdensatethat @ntegualnat4dd i onde as at excess of 1200°F and
napht ha resi due adm xture and m xtures thereof. The

evenippsesr Yo Weldidot Kl FRIYmARY dhaye AdiATHAR @dddpirg pergt of at least
5000@'0(2?3'0" a§oﬁug g%&f,ef]igg qﬁrdg&gﬁ)gg feedBodks 1n%%§%3'ﬁ_,[dgtn(gﬁ Mtmospheric

or equa' t SucC as I n excess of
resids, contaminated condensate, and gas oil distillates, tars, fuel 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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even in excess of 15000F) and will comonly have a
nom nal end boiling point of at |east 5000F (2600C).
w@vs/1f00ef er red hydrocar bon feedst ocks i ncl udePCF/Us®08/063716

oi |, atnospheric resids, contan nated condensate, and
gas oil distillates, tars, fuel oils and cycle oils.

natufd) GaIBHRARSE, Bikdr ﬁ@@&éﬁrﬁ%ﬂkéﬂw rREBIRANdis BRI TRYrdsBEd, F‘éiefuel, fuel
substantial iy any other hydrocarbon co-feed materia

oil, hdating or déicepd diecl tathé genoibt daeolmicc anddloolmlngA mwefctredsotfeed may be a

I I t 0t h :
nvaBEfhn Bl REREE TSR arRS B nrianatoeth dpad afigpGsushyes etatn, and
dihyd®fanfheflenc, fﬂ&@{op‘ﬁéne Seapidrdteearid stea@ﬂ @fﬁ@lledfth.‘led)llsarlqeﬂ:?a%ly, the feed

oi l, gasol’ine, and al cohols. A preferred co-feed may

will the ia ahyegov OB EbwALE siatsoridhe tanhperatpgyanidupressutmofaigtraduction into the
g¥ en donor diluent, such as tetralin, and

reac ant hr acene, hydropyrene or hydrotreated st eam

[0019] &c lq@j?’drb@arrb(ﬁi ktPoanf3rBherA8een ?ﬂ%eis@@dhlwhéﬁ aR€finddy 2¢.g., naphtha,
vapor or gaseous state at the enper ature and pressure

gas @lﬂs, ictet rioghube Pwtebinteactohécedsadhonnveptive pocpBowdl cleanse the feeds if
car bon s reans been oce sed hr o éﬁ
ﬁa&;g}ne coa ami aaB‘ilw tvw} gorg}lil% co nen qir tf sport to the
pyrobybist Abilgy. 1 EI@%O& fieesist prBEllglﬂ\t@Pﬁér\éﬁreﬂﬁQ ﬁﬁ§5hrﬁ\ﬂt kHe attractiveness
cl eanse the feeds if tﬁé same beconme contam nated with

of th@sﬁwe@& ity thorbaveht igh gostieéithe fiepdsn gbmmpatr@i torpgher heavier feeds.

AR use of typica
HeaR il Sorp 5 ket MR, S Bo Potet Bl Btight, Bt my vield tower
acetfleRE 86¢ cthyent Oyitlde aﬁ@lhaghev ehibohi @hta€ §8dlds0f DubeoftBetsah aromatic
as conpared to other heavier feeds. Heavier, nore
contgirteridhe eayies decdarthe fspgh bavd lpweohedrogesseontqsé andidyming pyrolysis, the
hydro er?géﬁcalﬁ geelql r1¥] é%/ %sla? alé,ggg{e {aog(:‘sgé;: : nver%ugt%l}ythg Nethane co-feed
durulilg géfoahi lgatvm: eondentidieibndl gy dieawi & ficaass, bdiae ct)ﬁ&ﬁlﬁon of the
have | ower g en content and during pyrolysis, the

Sﬂ”ﬁ?@iﬁﬁ@ﬁpﬁéﬁﬁ@mtt dedgeniggd$ orm tar, coke, or soot .
[GOZ%Pvefhsel grrﬁ ép %IOHE cglgﬁgg )})g?sgﬁg ?]19 ttgéj f g@gorca egaiq?ck will vary

the 5

rovi Iona

depc@@ingeilifinOthe q%edshﬁkssi)ﬂﬂfeaitﬁldqwa’ii}@jar Rehasemplco ﬁbﬁtﬁﬁmates full range
heavi er. feeds. [0020] The anount of nonvol atiles

vacuypegsils; and prir W stele vl ofter gattgimirelatively\haghylevels of nonvolatile

n F

oSSR R0, D SEHRL 6 UESE ERGIMIEL' Dl Rl my

contplatdveﬂl ﬁtgmibﬁwﬂentmtioﬁs of h&ivotaildsai A ty;ﬁctaahw@ba/rbbm @Edstock used in
| evel s of nonvaolati]le nolecules, for _exanple, up to 20

the pragcseAf thePresenigRYCIHON A AonEEn neryolatissdp ap @@@gﬂfdbfkfgom about 5 to

[ t
abodg?r(])\/\gﬁg%ta]{)é?ce%\fig%ela %althg g\%‘f%@arrfg%én% ydpca borl}sfge Feedlng a

hydiopén pileness smfppin@eagﬁﬁﬁﬁﬁmd hdly effsttahisnRYictt ad fedilitate production of
nonvol atiles in an anount of from about 5 to about 40

prefepEgdgodysds. swht aStﬁs@éﬁl%W @Iﬁ‘e hydrogeit: apd meHeng ot al
[002'11”:1r %aﬁé?iP rl‘ln hléerﬁgi'r(ﬁgr fq dhéa Eo grtelingerature that is

ripping agen |c t
sufficeat lté tfaine apl‘vﬁ)phatcpha@m adfl aprhelﬁﬁlr pl&ﬁepr afdu chfeﬁt,mg o€ hheashydrocarbon
et hyl ene, acetyl ene, hydrogen, and nethane. [0021
fecdiiggh iyl lipgifed t%énwartzf@&\rﬁé?hm@@dsf@& EXpEPie dbe e@talg can be

concﬁlc{earggl%é]atng st a@,aBut' ot 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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sufficient to forma vapor phase and a |iquid phase.
The heating of the hydrocarbon feedstock is not
WO peBts@6t o any particul ar techni que. For exanpdEUS100&063716

heati ng can be conducted by nmeans such as, but not
limted to, a heat exchanger, steaminjection,

fecdSteONTRy dedeQall vapy |de;t)é?ﬁin% ﬁlbcfnegorﬁﬁt%'itﬁfn of theSRYRocarbon feedstock,
enbodi ments, the ‘he unit may be a separate unit,

methgue ndlor hydrogen a¢rednipationl enk Hte {Bired putFoffpeimt Sor distéhguishing the

enbodi nents the.heat unit be |nt rated with . .
vapQ0F L FETHE 00 Lo BT o e ( TP dfpert pile riaining

hydfa/earsan tRAstBNIEQRRIRE ﬁflf%ﬁﬂ%lﬁ% ah® tﬂaqeécefbcwlé heat@ % a temperature
endi ng upon conposition of the hydrocarbon

at wfn@E dtlcasiol meqehmfétha hqn@rphhwhﬁ@eqar@un%edm@tls onvegadito a vapor

d t f di st
phasy s Ut B 0. R el ing e e Rt E B g fhgn o8 weieht
perchheoﬂ’lﬁé“féﬂd%bk e Gﬁﬂ)&ﬁbdﬂ' TSR SefabRidnf te@PShALK may range from
onprises a lig hase and t he feedstock i s heated

400°tFot0a1209nBé42@ﬁ°@r@ @50 “fahi cHiie%tabllmth@ hgdroparber igedstock g heated to a
temR%ﬁgredféﬁ hgll:)% lgﬁg;gb g}g ré Bf(??a 4 %819%%“ Frabfy fr8m 500°F to

950 WeR66T to ﬁHﬁCDTD Sthcbtied sl Gl @ata@iedtinane Qﬁdrw@ir&fﬁ feedstock are
percent of the feedstock is vaporized. Exenplary

esseeteadb{r ranvektie bt Wegvlm theamfge/dart@ﬂd hlg@@Fplta@e 1Je fraction of

nonx%o%eggoc L9 aclggeg Itlhe%) ¥aé)8r ]él%rg Hk?lla%/%e§ & u?cé%]ﬁl gtggﬁr_hydrocarbon partial

presh20 QR tHe238P&ratuee AVRIGH theaRdirdmEd NPl sefok b edié D NMDesirably, about
5000F to 950 F (2600C to 510 C). Since the

50 torahew %t pareant donveiehieef tha hepled Hydsoek mibrbef ineis e phase.  Still

moré éreefeefﬁﬁﬁn&t lg&%t ¥ egé/lﬁl %%eme {h%etge({sf %EI\XQHV%G V%laﬂ:lzeg $nto the vapor
honvolati ze ase. e frac

phasBON@bakin} @ﬁbsjta[htﬁﬂﬁ lamiff thd R ey Adds mhy awoﬂld&ha&ecﬁfﬂceltamth heavier
functi on of both the hydrocarbon partial pressure and

feedptpeks; eEﬁséﬁ%tttlfwetl@rbpvmp@qﬁ, thﬁévanyrd?e@lcqr‘@éﬁmﬁeé@e&l@bkf fhe separated
feedvr\kgli%%lﬁ?n%;ﬁ% hééfgﬁ ea e%q Hta %Eo %a@a@%‘% pﬂg{ ngén 11?%uch fraction is

whofifias efullBlcohdens®d, @)aﬂfaﬁﬁlafoalﬁdyor @tndb@ast stSQdV\ah(gM later revaporized,
percent of the feedstock will be vol atized into the
prioy,gfsedips e thampely pip ifigacy @gﬁ%mhlhrhewemrateéfvamfé)hase is fed to the

re difficult with heavier
pynﬁﬁ;ﬂ%ﬁ%ﬁ€1ﬂ?¥%$ﬁﬁgﬁﬁ% ‘i cation purposes, the vaporized
[0022] Vaketiribgdstillr@ctipeR Rffoi b@bs@pﬁnatteﬁlﬁgeﬁdeﬂémeam Yopyirate heat

be referred to herein as the separated vapor phase
and gepapptiop wfenthe hgeted é@?dﬁtecmurwf%?edf\u# thye é%hfeér]geearatlon unit (7),

[ I d

Whel%g{llltg Oklbl}zl g%ﬂg i§ ‘3 C}%f%t&? ?I%gg'ia% l’l(illﬁ{l ga'h?% ? 9{grét@& O internal heat

unitd, Ui aggr fhasef 8r @phmteﬁh@orﬁehanlqtﬁdphaa@m aplapsIelquad fsgghration unit.
to the pyrolysis furnace in a _vapor/gas phase. [0022]

Examgles pf P%@P@Fﬁltl suitplje I‘E‘Prg%?P@faBng ?hsrvaewgw RSt ﬁéww@phéﬁp include

rﬂﬁb S r

kno e(lialtﬁ QJ O%t gﬁ%[ai%élgltl}? gﬁg ny &l\f}?as@f)ér%fe&r)?%) h?sél gltlll%l, distillation

colummpaiiatliagndiuni havidg a Mﬁllﬁ{gemblit&; walparthpdase d knock-out drum having
separated fromthe |iquid phase. For |ntegrated or

heatmﬂtle?%wweatt fikneWn-ouh drupmad enmakipations ég‘ﬁﬁ?fat E¥crpplaty heating

mea@ﬁl n% n%ﬂld% ﬁ)ili]&% %ré@h@at&@ps"?éabn%l 'c%ﬁb&tl%ﬁ%ﬁﬁ{% %@atu%'changers radiant
anpl es of equi pnment suUit or separ at

heatingp olectpicas@asthn@nhdahieg,| orgethelr daaseurcac lludeany ernbodlrnents it may be
important to affect the feed stream separation step so that the vapor phase is essentially free
of nonvolatiles, e.g., having less than 1 weight percent of nonvolatiles carried into the
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knock-out drum (e.g., substantially any vapor- liquid
separator), a flash drum distillation colum/unit,
W0 b@shs@sum havi ng a heating nmeans within the BPET/O2088/063716
knock-out drum having heating neans within the
known-out drum and conbi nations thereof. Exenplary
sepalR&d Vadr PRARS LAY ubfi® tHeABtall et of tHeRdp418RE afor Ha8@Metermined
convection heating, heat exchangers, radi ant eatlng,
subsgngielly iat -areséast thn c%nth ehttha gepasatiant NewschedPthsuse ethe | ronvolatiles

many. enbodi ne tant . to affect th
enirIBGRincl aapiigpss i1 B beren B s BFopisd SigsSrangite cquse coling
and/65S&8HrbRbhy. free of nonvolatiles, e.g., having |ess

than 1 wei ght percent of nonvol atil es carried into
[ﬂﬂmheseﬂ&a&md (thmd S@ma@@n ek €0 axpdmattddeup&meam wigh gerpect to the

pyrogsfmsorlca?ﬁ(ireg%{e e@% AR m rﬁ@ rg%aé]g%}j&?r mne é%cé'lé Stfa Q({ is%rlstyseparated

into Ghptrant $iQuidt pHasOMPIhad 'tﬂee@l%aﬁﬁﬁﬁa@é [ket?aﬂsférﬂeb% WR[Bolysis reactors.
phase wi Il be carried into the pyrol ysis reactor "and

Thetigaiag atlse beokitargegiat/ stepag m@@lsmucl[l a@zzﬁqr rearaplen mtroducmg

HE AT T e
Althﬂﬁglf-‘ih)é hegamst dndakpdrhgoidlt e eprredfie *F‘i’gdr@ 5fak k§arate units, they can

arated into vapor and |iquid phases, and then the
be com B@lﬁd pHageige tlmaﬁ%lﬁ@tl‘ﬂewatl@ BNE) pyEramplsh of suitabtedrogt/separation

units 1n8h1%ggga§ﬁllaboré )%%%F gﬁa?crtlﬁ?gt%afh %n Vlsﬁ eﬁg%ré %O\?vgl? ?H%ck-out drums
and YREOHrha s evias &/ meaﬂsy%meﬂhatdr@m o Heh€ng/ 8ROKyREE@SEoN feedstock.
bef ore crackin Al t hough the heat unit and separation

Exampics 0§r5@1tai>é®te@g@du¢8nfon=uhgm@ of the f@éma@pé faeristosk contyned within
the hea a{)%e%?ra?%}n%hﬂ %gclu({] 1%%ectlﬁ%ggérg%umn} &16 {ocﬁl%%% rfge%dspock present in

I"es O sepa 1on uni

the hdagbdpdeutidh Siit] hedtingin aaWRIFSaendtiACE i OP@dbES Sandiddters immersed into
vi sbreakers, as well as knock-out drums and f| ash

the aﬁwﬁshw&waﬁ@ona fopdataek wiiressnin in e @ﬁ@fﬁﬁpwaﬂmamtngAﬂﬁélonally and
pref& %%{(P R&tér?q‘f?ars?lte 8% U er(g%c%gﬁg%ﬁtﬁ? 120?%120&9 Lfg%c{sgo%gghﬁga%ﬁlg of the

nonleIthd:—@oﬁtﬁﬂhﬂgeH&dr&@ﬂ@drﬁfdedﬁtocl«ﬂ infay szﬁﬁ@d o} 86dH APy fired heater,
hydrogen into the hydrocarbon feedstock present in the

heatﬁ‘éﬁhmébémﬁl@r dremal pr exeral.ngcluding iy dob dieritedi f@nconventlonal heat

LA PLIGERS N0 D55 LRI SH L5 b5 L, o

heatimlgi hnd/AdleHat fromaghk y‘ea‘itﬁdn pyedray, atehin, infectiexd ahe/@t eombiayons thereof.
ed to heat the hydrocarbon feedstock. Heating_ of

Alth?h%h H@rhf-‘ét wiif (D-Grenirationy UR §Fod s caeihsiosans %@Rren%w respective
smg?ee}nt(ah rg% 191% a%ﬁ%ﬁﬁ s@ﬁnﬁt# Cgtg aﬂ?—ﬁ%f\;neay E&?ﬁrls%xé:gﬁp?gﬁ§ of units,

I'nternal or ex er na i nc
e.g.,ld sophtioh @nitaian dndludnmordehan opis ddnacigeitsdrusidpsopagedts, and/or flash
|nternal coils or elenents, convection or radiant

drurpio g HEEUSISERAQT GhE ARRLTFIG) BAFBIA St (7 oy o be combined or
1nm%' 85“$@w%¥ﬁ%3ﬂ%ﬁc5ﬁﬁﬁq?d fj ection, and/or conbinations

er eo at unit (3) and separation
[0024Di t Hof)soafeepi@aesdy cphimaimerts,Fit gukyebd pactferred e eidimein a determined

singl e and separate units, each of these units can
consgang é‘i‘tifPan vanay te Jifyrd %thal Precrentration gpit (Al pi5 as dheycasegmay be, the

heat/g?lﬁﬁngst, | Rt Y Bt sG@n ra{t§ % lrJ gﬁflg{gﬁ &0 LHARURNEnK %Bﬁ'éfolp u tHowever, the

se par ators,
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 -



10

15

20

25

30

druns. As discussed below, the heat unit (3) and
separation unit (7) may al so be conbined or integrated
WO pi08/18gbst antially a common unit. [0024] For BOMES2008/063716

process enbodi nents, it may be preferred to nmaintain a
determned constant ratio of vapor to liquid within

be vhSiRERAH Bbéde MAilable Ak paft.ofdfe V4}Rr GRSR fHP?z’ra,@lﬁn?.t PR wever, when
heat/separation unit, but such ratio is difficult to

the fivedstenkecmperatoniy tob highowerrerlatileh sucherspokapracarsofs ol be present

. .heated .feedst ock before separation can be used as an

in g b eSS R Hited Ot GBS PeCisBiesdr ©fe Ry Hping andior

ashifRAMEAX I TR Y e R AL AN tan¥RP HetHaBe bb FHddhéwéve®, Will Kdl§ suppress
unit. ldeally, the higher the feedstock tenperature,

coka prechisgthtarmpiert entabdgasiomaky dir pdatrblonsinghdte gdditidnal free hydrogen

vapprized and be .avaj |l abl e art of .the vapor, .. .
prodifella fisreRR R R e iliebumaping fiks defis Gegdl Ashing in the
reacloRMRAFAELH sBolE stiR ®ehivBied NONY@aty di5&ctisY O tiasSfe6®K&aration step is

precursors could be present 1 n the vapor phase an

to reparvic ashingvpeecursers. h €on vyt if dlte teameraguretafiifee heated feedstock is too

eyentual | y. coki and/ or.ashi ng t.he tubes. The ..
low T SR BRSSO SRRunE LR paolapite pycpocarbons
remd1Binp i1$tlféﬂfqlﬁfcﬁplﬁt@é(anpﬁ(ﬂ%faSQMabﬂ@foﬁ’f@iaﬂcﬁﬂ or at |east

make it pal atabl e, since the additionaF free hydrogen '
[0025F odutéding rihe etlrang croofecdhiangl/of dwidrdagentdslupnt 9 Hy eefpprator permits

. .the coke in the,reactor. Ashing in.,the reactar, .

raisif fueviepe sy PRSP e SN i emERTFIdB; ek sepgration step
in thefabbdiRelof@gldRRpREAd/bOMcEHaBE ThHereBy,IREMNE tiRSkEMEnc or other co-feed

precursors. Conversely, if the tenmperature of the '
and pptierady fledmerp dilupyy argaothenhydmien gener rdélyantt (cign nephidalene), into
e b SRR HHE rPRE N BRI P gt witou
formAYiah loftinenah@gcablcasskidale phé0dots, AdoRrpatddeontBt hdB@ce of hydrogen

_ co-feed and/or hydr o%gn diluent to the separator

dilugyé prith e fegds| Hgwetrs, thermpethaicu pteamf hydiegde papticr addigyespmay also

.and [, t h ar at .St in the .
be ifEET S ATk R TR IR LR R FE Ul b0 dhat i
upsticam sRthRaiatedr re@dtivdr are® of efd ravtr O Hor @kamble, Ry agififives may be
. diluent or another hydrogen donor dil uent Séee. g., o
introgapack wratree of thentepatahien sepatutngrtheragpasiiion|secpy afteit separation in the

c e :

sereilh O pREE 5 9880t DR ORI R AL Ubpncin upon
the spedifiapesteisachchestghgenepeatingyoididets, thd fteddtooM frbpdrhies.

f eed. However, the nethane, steam hydrogen, or other
[00284di t Thremaraymasereraion; Wmpeateedf itht beaigdifsestpgomay also depend

- i n e : :

worf PSP AL ALt KABRLLED ek RRigSE R i
amolRB ®f Gightck bk d@xatphse thessphragidditémpesturayf the fealstoeluasdbe lower

upstream of the separation ste duringlthe separati.on

whilgvgporiging gp ageqpapble PefTeRtASY Hﬁﬂge;sf?ﬁﬁi-atlé o Eppdtogheqngains a higher
amogﬁlttoq” 1808 ol BREE i FF FHRIN %%t%&d&%%’oﬂ%ttfleot@ﬁl LOGLE ghhe feedstock
epen& R & th used,

I'ng upon tHe specrfic process chiems
maydpéfcatet ng abigidt vhloasor eparafieedsit ock apoaped thedtsydr¢ddD2bluent. For
The maxi num separati on tepperature of the heate
c

d
exanRledsb ERPFRAYO ARSI Ceo ot RRPE8IHso Y thedratsd feadetream may
typi‘%i)ﬂg[?g?l%m{ﬁeﬁ SR LA of'font M0-FREHFIGEK 1 5RREREAB ).

[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
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anmounts of |ighter hydrocarbons, the separation
tenperature of the feedstock nay be | ower while
WQ apsnswsng an accept abl e percentage of the ferdr/us3008/063716

the feedstock contains a higher anount of
| ess-vol atile or higher boiling point hydrocarbons,

feedﬁtP&n{ %%Féﬁd@ﬁteuﬁbfn thO 8mbea b g@%gﬁﬁﬁr bchgabFideta erﬁ present in or

hi gher val ue for separation, but nmay al so needt
mixdgyeith glanfedd| lenne adpoet axberpiventivi pmwsespe@w heoprv&a@dm combine

I he t t f th
the P3RSt rulti oy dRrbs RGOt thE: Sihsr 1DaTR hds aguetign sip or
dlreét 'ﬁ‘[&‘@i@@gpa(r@t%p@p t Sm%?a@@ro Ey&l@é&pﬁ;h?l a[sQQ)%Hddéd‘to the hydrocarbon

dition to tenperature, it is usually also desirableé
stream.u upsgifeamad frpran éluﬁbsqpamlpalstep %ﬁ@@tb@nemddc@ @ao lﬁl@mstream may assist

imo RS ihar PRI Cosvrelt 8t i pRaS SRR B SRR \Eation sep

AddibeRbCakihine bA® hDHEEEE Blah AilsoPBE hddld BIBS Séffasted Qipdrh@eam and/or
heat edf eedst ream are dependent upon the ampunt of

dlreﬁ&ydnwgtéﬁpmolmﬂf@act@n ri ppi ng agent present in or nixed
e feed. n one i nventive proces
10038 " P PERERS af Pl P REREN HE b T RRRBION Y BRES Ry widel,
depe@MﬂlﬁgQﬁ)@hbﬁ)@aﬁlﬁﬁg‘u&{ ERBIT @td dRehpitdSiel GNeRhmpREin some applications
separation step or directly into the separation step.
the Gipaf phgseylovhyade @@Q{rbermyam[r él@v&b@atgﬁ)@é Hag enly fgepartial pyrolysis reactor

ocar bon st up, f or.in the ar a
load KR R PRLRRIA OB R, Powad Pl AR REREL Rha o pluaity
(twol STPHONE BT YdBsiszahdtoR. Ml ReRed, al boe Ofplichons the vapor phase flow
hydrocar bon feed in the heated separation step.

rate gl xicendathe reackoase lepd rahyadydge a paeicubir sestddlatiggdwulaerely the excess
Vapotrlggt ﬁﬁg%é %E)I?(gen a?nrd[ %%5@?0@ %ng uentdI L § Célh}/er stegrn crac‘?{mg and/or as

i'S reac vapor

pyro%fsﬂﬁté@@ldr ifgedt lae s%ﬁ@rc&hétozippﬁ:@tiblﬁ&ﬂ 1Vs@£ Y Pok @%r)viple the condensed
endi ng upon the application and feedstock input

matqrig| €an pgrstardiey & leps s die vzﬁ?&ﬂ PE g¥¢Tolesgehsuginpoin tanks or other

stor% e%;efli QY Jeff s ?yq?e\ﬁ %eo tely ?P cess gomﬂeaae%eﬁin&%tho%agf 90%1 pyrolysis

pyrol'ysi's reac
reactp ﬂ)d)ddc@bhﬁf}&s debegm¥iRp Ry byf b@%ﬂs@kﬁleﬁ&ﬁ thd ProlctRMIROUE| For example,
load a plurality (two or nore) pyrolysis reactors.

totaldopd |capagity mapy bF rralsgtasedafpm tiat he@hgewkfém@atﬁoﬂowh@@écﬂy, reaction
a C

requgljelgl\éﬁft’s,i éctg 1 g?yollﬁsgﬁc a%lq?il{t}? gsn‘%bﬁ%ﬁl&%g %?I)l%eﬁg%gt)l(lg gg% dv :ﬁut c%abllmes of

the edttormayd RefiGargensiedviact it (héﬁdlsflﬁﬂlz&ll hs¢auert thS@ghthe reactor
ei ther steam_cracki ng and/or, as pyrolysis reactor

systgigedn smMe eHOdENGH éhe alﬁbqqtl(ygtprg%s diclpdgssusipgy multiple pyrolysis

reacﬁ)ﬁg 'Etﬂktg a(sj ;ap ?eagtoﬂxgo Bgr%@g\[}gltgg{t s?&ﬂsé EC lﬁ&lﬁé edg l{ag{ ﬁ%St pyrolysis

reactl Redteraf m&a@e aﬁﬁﬁﬁﬁbﬁsep@ﬂatéde\mboﬁphafse égdint @(ceztsl"(ﬁ‘fthe reactor capacity

processes.. The determ natign of total rol ysis

of theefgéft wﬂw&aw&ww% i Shearhve rod el éeasérwawwsed to handle the
S I g

totalEpacS il bR RIANERDL PP Food (PR BHARP FBr ekt o Ml heater

sepafdt@\/ﬂy@@pﬂﬁay feed teaot more reeciur $y8teRist sychek @.bahly bbicystios systerns

pacity is sonetines limted by the heat output

lﬂﬂléhpatﬁq Pringsstik te feweabtBe Ia)@aoléfﬁemn&ﬁ@yg vuquwi Whasg may be
withfi3dn SEfd ﬁ‘ndv%d Wl Is rréped datﬁ)'ﬁ%o'ﬁ%%?ﬂ ad Qrb%lﬂtg tsﬂ%ar{leafcﬁloa{s via line (9).
system

n sone I nventi ve pro
Thisi mgtktiglean bsisold aqdhdliopl & fpsthal predessed, e.g., subjected to ﬂuldlzed catalytic

cracking (FCC), coking, or POX to produce higher value products, etc. The liquid phase may
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reactors, such as at |east two pyrolysis reactor
systens, including at least a first pyrolysis reactor

waymBaemesand t he anount of separated vapor phaBE&I/US20081063716
excess of the reactor capacity of the first pyrolysis
reactor system Thereby, additional reactors may be

also ¥8RMint Rsinandh&itifietd MrRbl£PRAR dsihs i fféBorh BN RORITRTes primarily
vapor phase feed for pyrolysis. For exanple, a single

in hingng dosepavkteer syeighsnicsrapolfeedear wooroatiaspmere eeobibity in aliphatic

nyBEFhERT T RO o PRERaURE 5, the o oo
100301V O LgrQNYRlch! isd i B ANARRIIRYORL Yk IhANATL (7) s an

or renoved from separation“zone (7) as a bottons
overbeadeﬁmansu@rﬂnws(lxlb an{l ipassed 99 onThirsr plaradity dtwacanmoee) of pyrolysis

| d furth d . Q.
reacfign. ol o DEeirdid B & P Ring R TRely «duit iy e Bpesitoms (17)
and t(pg)pr ‘l’ﬂé’ %@jljaﬁ'!ltg@ eVapbAk& hPdReaebss nRl CincllBE vhHOW Eoncentrations of

hase mayal so contain resins in addition to
assonl@tvdcgaafm bueh., as Refwing gn@l pfhfce alkiinesm Eheevaporizagl fadtioagnay also include

imp i tich s 1B AR el At R Ry Bt S dtbiedPetpre BRing to the reactor

systd dr OCAEDARS . RNl O mdtRan®Bdoataitifft #8d, (2PRB] bEhenixed (e.g.,
separ at ed vapo&@shase may be w t hdrawn fron1separat|on

compwigled, TI}trQﬁslcqh wiheadthstwisapembiacd) inte t(le 1q@araé¢mvapor phase line

Of a
ot sESRRRIN S Butho . BALIFULG ki RpPhdld Elo,f aveotysis wics) 17)
(19)de@b§ﬁ\}eﬂ@nf cé &Gh@6Suclsdn I@Y k1) M8ihEnd-EREifngS¥&d BAF be a transfer
hnezbw Sand The separ at ed, ori zed hydrocarbons

Uﬁh Ia@ blstmpd by naglsme deadr e (8£ sIf i metharg spugep is a hydrocarbon
stlrea?ﬁl gt on pnr%ise egfégnlaeggﬁl %eaﬁlrz Sﬁrl | Céognrf&%secﬁth%agtaﬁ)@rv!zezlgﬂ percent
rnetl@ﬂg,/ cfdrthlily 0@ QBast 300wERNt PercemeatBmes alﬂﬂfrﬁ()l% preféduig at least 50

to the reactor system Methane, including
el&héphr&ﬁ@_r@@hm nPtgr plkaeps, w}l ar@ihape rnm@ldo (0@ pgesent.  Although two
yro‘f % are t1ﬁ]us %%Hgglg%?ré\ t e%ll 3%1%1?1915 ﬁé;ascgo%% \Msg ?naty be used in some
applﬁoubﬁﬁsanAlt@hhtWeay’])thepOap’Hr pﬁlﬁwﬁss@ﬂhdlly Iftéb ldiﬁhﬁﬁvolﬁﬂﬂ@s can be removed
separator (7) to the pyrolysis unlt(s) (17) (19). A
via lish(@dnhi eanicpioat diapisy ini eroligd it GA).gmdi then transferred via line (25) to

stor%tuﬂﬂr§7 . Iql&]%@t a {5 dé%?gﬁeﬁ?ﬁ gﬁg g{g%lrﬂﬁfa% f%%})&t&iﬁ% 'Figure 5 as

sepaf@é haiite, $0 Wiiee a@haarimgrme@nb@yl dhipeidgn 4 Ratn®dNy. .S 88bstantially
nethane t he stream shoul d conprise at least 10 wei ght

mtegﬁéﬁeé@ﬁtcomrwéh Beatrseparaloa By £ commep hyatejmsengritonwhit Blgy include,
for &% Cone hanerg%g r(ﬁgtﬁfa Eﬁ ycoﬁlttml eaa sh58 }ﬁﬁh%ﬁlg a heatlng means

ﬁt e her a anes, §uc as e
w1thai 81@ dvempa &aedk-outAlrtudisghgt sbeddivie Gheasik mmaadted{@cabet drurn and
illustrated, three or nore pyralysis reactors al so

compjgatiansthpisok o Sems iptialaiony ALY aliq Brchuel a/Biugality 9é cvlaatsm units to
SmV@B@§@”§§§qg%?&L%%m%{ee of nonvol atiles can be renpved
I ne

ooled to a liquid in cooling unit
[0031R3) Aladjl,deatchejf the aod frgr aneldunii and/omthe (sBirhgd omshmya@mpnse one or
uni.t Al t hqugh the cooling unit and storage uni
morg, phsyg éﬁSP&é%Yec‘t“EH ergn FP1geT BNib g CarBRyATCat RIUTAHDY &f tapks. “The liquid
£ frah fine (11
Cor b En ARRF Bl B0 B e o SRS B8 PTERITRL (2 fine (1) and
thenyrasged ok tconfonred ieaubstagfigrmatadic] o sﬁkﬁyasj wiallinde (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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for exanple, one or nore of a distillation colum, a

flash drum having a heating neans within the drum a
whawelswoet drum havi ng a heating neans withi n PEEUS2008/063716

knock-out drum and conbi nations thereof. Sone

installations may al so include a plurality of conmon
[0032]1 TS AKOi|I9GkME] AR Eex@in !ﬁ?&eﬁigﬁécg,ﬁhesié%%@fi@d gHAG3 Bl cut from the

so, each of the cooplng and unit and/or the storage

sepatation imethe csopquatinge unih €7)o(cithor withforswghoutasiseiot stweagan(i2¥)) and the

e.g., Sstorage unit.can.co ise a plurality of tanks.
et Py fiy 4 g g e dre i Dy Bors o mprgmphsharigfoieysioms, such
as ilfus@Mcd b r&@EorURbms €7) aﬁugléy, B&h(2&Via lifed qIB?aﬁd éh%?,. 386 methane

then passed or transferred in substantially parall el
(2) #ridovgpastshvaporvihasd fesdsthfa@h lared (36 pnd/oo (Byrisliggdduced into the

reactors (17 nd 9)..,The cracked regaction product .
resp Vetrﬁaéiork%s%’i‘@%‘f“i %F%&d {00 ISPEETRATS SRRt ?‘Hr’?%mersm or cracking
of tHRIMA&BSREHd V‘faﬁgf" sty icta i bEhighbn@gud Bdro@iBons, such as acetylenes.

(51).[0032] illTustrated in exenplary Figure 5, the
Alteympuely zéd cpHad ectrane mayf reomirodheced elprgetit ingn therseedral reactor of each

separ at i unj ei.,ther. wi.th or w.thout .interim
of 1RG0 T D e Dy Pl BB e P e
[003B3ged Aéddedifig kd)a pefOn@l PFoddBY, BhOWh@hMR! 8nd &Sk AEd vapor feed are

systenms, such as illustrated by reactor systems (17
expaapadl t§ 1) presigusly dsateil diok isprisor(re@tioarapng pafhin Theerageionapsem for a

2) and separated vapor phase,feed. thr h lines (13
aetclyfhe §AOpBERAL S4Hon B s BORRRY FRE LU RPscr Fampily tess than
0.5 Soh@Y(apl Mg ReatRA 0.0 ROSRRPNhALUW Prefétkdd edngbloff P 100 ms is

conversion or cracking of the nethane and vapor stream

prefereedy amidxthed querhed to atere theytaeiear Bongvidatle desired selectivity to a
acetvl enes. Alternativel t he co:-fed.nmethane pay be
preffiie Koo Pedbenisnt S kit Ml B SGpered eryp sream.
Longdt@cictian ttihiessitsd @RvOd the BRHat{ohIf cokleONE nidnfytpréfeered applications,
separ ated vapor phase. [0033] According to a preferred
the pragtiesgvillt he abetisdnte arpgeedkpear svidigiophgone fleedfagly ghe vapor phase
X d 1o [ ousl eat ot s or~f e [
nyc SERES G olet R COBURD: Yyrlag ity Lo fB T e CrLAEF R it and
hydradepfadalsat &t (st £poeRdntdMBe [dpineak lcynt@ed tbhanacktylene pyrolysis
second, commonly less than Q.5 seconds, and often |ess
produpgif the reaglee HstRaN. hiceet apostie ef the introsherd ¢fintermedigigly produced
[ r r uen 0 .1 -
metffe < BEEHYEAGH: 3 chi el B EACHPARRY Ppdyet in the reactor
systdih ef arsraghd il @oaiss basy piadatt bl condert@y td®lagstyfenpy @dudiicetylences
Wi thin the cracked product stream Longer reaction

radigalsypsgokysin pradyict. sy arcthane codeerhipp Aurgier Bplpdorm Ry drignradicals, which

. . . UL he | ‘

56 S8 9L WETPIR ol SRELLD M BLLRIR. A o

pref@hais probydrmepnBonacludé @ shmihtlgrhigorpleagritys(> SOicheigi percent) for
net hyl groups CH3, and CH2) and hydri de

| e.g,, CH4, )
acetylgpg withi thAtﬁqafe secked produstsHcyn e Gdeharanlary products that may

t i .
o TP RS TRRI BLPg BEASE i some o
compdnentyt @ichediradid@lay cplteo dS@ee compbrane of thewhporized dekbdcstteam may be

are caonverted to acetyl ene pyrolysjs product in the . .
convieggd (i hig (g wastonpysRats dirasy de ar&¥lcnay Fer pranplpyingehigh severity

regeh QAL fe%gto},(%h@‘ﬁ?gthyﬂeﬁllﬂ@tsduﬂé Wi 36EL Pftleglﬂﬁg carbons or methyl radicals off
of aliphatic or nonaromatic chains, while the aromatics within the feed may be reformed
directly to acetylenes or diacetylenes. Preferably, sufficient quenching occurs within the
reactor system such that separate additional quench steps (e.g., heat exchangers, etc.) are not
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radi cal s pyrolysis product. A nethane co-feed may
further help form hydride radicals, which may hel p
wWaappnswslt coke and hel p the reacti on proceed tBCT/US2008/063716
formati on of acetylene. A typical preferred process
may al so include a relatively high selectivity (> 50
requi¥ell @ 5toPRE BEHverd @ friBmeludhiBp SePbidinR prb@uctibA adliRE k&ektivity to
product stream m x. Qther exenplary products that may
acetylesupyrofysomradyst.eThe cradkgsk prodes nmmymdyniotlude ghsednolyahocarbons of
fnd.nethane al ong with s%ne q{her cngpneFt% uch as turated
greaf §ariehya F- 8ol BSHaNG dpnseRenttd ¥y WSS Efirded mepgpnsaturated,
polyShda@ARcABN OG0 BAANET ThedmM dsPédls, e py 1R RGsBro8YE hefluced is a dilute
directly to acetylene. For exanple, in a high Severity
acetylengesteqaat (prienardnecddylene, vatthiqyhe hedrpgeraandrenredctdd methane) that can

breaki.ng carbons qr.nethyl radi cal.s .off of .aliphati.
ve oy S ASHERSRAR B Bndbid ot SRTRESHT uinep s R ftiif ghase. The
acety 18RI h @Yo bfitibe rlchRtollid BEtbY ckfn@eed WaBfe8 fMled bed process using
di acetyl enes. Preferably, sufficient quenching occurs

know hydraprogessingaatadyst.syst em such that separate
di ti onal quench steps (e.q...heat exchangers tc.
0033 ¢ TaPalner AT sF8Rs RaeoritERbe S FORORR Sl phocess may
comPION Gnik 6T BfdestaeBdn@Nsieh & A1ibtis ela@thieNict ¥nd @romatic compounds.
acetyl ene pyrolysis product. The cracked product m x
Suclyagpar seeyd endyabe eerslchsadr aslattersa Jonfatqyrieeding & p eegencrative reactor
e. g.,.frommnmethane to cok nd_ may. {,ncl ude sat yr at ed :
BB P Bt oy iR SAT R b Y osi et iy Ttermediare
con®ANRI0ASRES T SThet RGeYEtBley RlaStoPmRPUBE hpite@ueestding @ a regeneration
dilute acetylene stream (prinmarily acetylene, wth '
procggsevieyebyo geethermticallyr eersting pasmpraels. tshel aaduddeand oxidant arc
intro%%gel(f chp }/e%gt%g St %eeg aEt%r 0 hgltetille e Eol'lerHIF{e(f}%, elttll?¥llleepe%ulti|ng reaction
the vapor “phase or 'qui d dﬁase.z$ e "acetylene
prodiyica@es@iofnthe @@t Thew itk Reorik&l feod an®hRthade may be introduced
~standard fixed bed process using known hydroprocessi ng
into eppassybthroughduhearad zone tidin direpisiatry process, a
(00347PO" 756k AESATS LMl NS4 SERATATEO N AGEIPOITN 1.0 scconds and
conpri‘se”a ‘m x of hydrocarbons, such as aliphatic,
mayn@pioilRefichide 2o cafiapR] h Gre3urp aronsl abodUCtd (PR (B4 fe3B kPa). In
may be condensed and stored for later feeding to a
somg ggepdimenisy heresteargiondijione magbeed veeuharepulp tsyeh as less than 15
- W - i;al.l ' h
poia Y PLETLACRRY pRRERLEPRAR ol b P SRR Rragior system. such as
via Heacuoranipyt be dadatrembf@eeiotod ioft@r tirodessBgfdtercadbvadn of the various
process wher eby exothernicallg reacti ng conponents, .
compeieit pEpdpess of Hivdcraskied aredust e Thhtoreian i My radwcinelydg additional
t t i i e -
feed 1385 3R A 5 S0t 08 HRASL Rl fttne Mo el bt tines, e
[0036hen THiere¥aRedtivaedrdl e rantr sRteranecorayghe thintmeduset generally
into or passed through the heated zone within the )
a highep sergperatpryopairocpyhanciyrolysis dpactas iy stean tham &inigsd stgam cracking type
i i 0 . . .
hydrpEELAERATerhs T e Uoh Detbalycky S GRS AR Bhcking operatons,
For %xdrapls0 cqamardaddnadphthdddedtPayacking smpraioanhigpicaynioperatechst furnace
.reactor conditions nqy be at a vacuum pressure. such
radiggd qogseutlef, SGMNIAtYEGS 0 (lf%th@pg)bputgbéﬁeélwr%} yHogvever, the terms

”reggl{seggtﬂ%t pﬂ%}glsgereragtgp \é%lelglg'o 0y tﬂ%ﬁaﬁﬁ%c tPkhS ¥1§‘Jj ED inSUfHdn refers to

cyclical (regenerating) 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
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via lines 49 and/or 5 1 and transferred to other
processes for recovery of the various conponent
w@e@dastest of the cracked product. The react or BYBEUS2M08/063716
may al so include additional feed Iines (not shown)
such as fuel and oxi dant feed, stripping agent feed,
(27320218 forl soRRSappBEdtionk AA3R Imolh %_rerf@fﬁﬁl@eih%&béfs@ OPMT7OONSI3992°F). In
reactor systemaccording to this invention is
somgecrstiand, yt mapi qyhe bet stitpmprset pricéerible to bastbiba fpgdsdoy yery short time

.eactor systemt typical steam cracking typ o o
oG eh oo Peb il ol T EROURERS IuRRA LR Qoo e (G632°F)
PyrdbMIRASH A 154 BRRBIR FRK FABHAPET @nlv&lfon JfPic &X<RARh&hanc in addition

commer ci al napht ha steam cracking operations typically

to thpdiydrasahonf vapeactypically arsquicoirtadsert kemparamsseriat exasss of 1400°C

gss.t han about 815 15000F) , However, the terns
(255!2r®g%)ﬁ Et}ea‘i“F AL TG é)? oMt/ eé%ﬁﬁ%%’mggeéEFQCS?SHP%PYYOIYZG
the fe@d tsf@arfURitKBiGL the M¥RMSr Qi 8 @f SerhyrMieh idFakom about 1500 to about
(regenerating) t her mal hydr ocar bon pyrol ysis systens

190@°haendawre preécrbiy fisoanboti 1600 taphaud 1 HRO°Corkrenpéaty residency times

e.d... the separated yva se) to temperatures o
ot nad W ERCS TG 0 YD Gl HEERERELMLFIShan abouc
millib4RAE (13 307k) aspBas, ethBr@hedraibh Yorl dta@ieL 66 tIRf methane and separated

15000C(2732F), or for some applications, even nore
vapqsriees B1obyboi peréxmed sn dhe pEOOBE (fIngizeEp, hydridsopther hydrocarbons,
wna RERFL Rt TRl RESHE, T B GuPTHS5 R G o s
valub @58rddaebdnd -skcls ¢ Ql!@ét[fylenb QypichlByReuadelira€high RfGBRE0® ftemperature,
.20000C (3632F). Pyrolysis reactions that benefit from
whigheig ¢l st s beom e stesifmaniohartierdo sommeeciphtarianand efficiency.
ditjo Q..t.h drocarbon vapor,  tvpically.require.
10037 2 b ok Y SARAROLEE P Gfeny TR, St Etefion e he
requisite hivet laperati@c gt aehicCONYEEicatiniila BXBABhAENture heat bubble in the
‘dﬁfeferredggrocess may pyrolyze the feed streamw thin
mi

heofraepacked bed gpyicrs Biis themplublaimay bsf crptednvibe (itvo-step process

500 to 0 C r ref ly fr ut
whegbed 3o 3EGHacd Ao S TR, B RLEL IR fu [ RILAR nd then
rem@lcdffadn lthey/ bayiaie-stt ehdoth&udd r@Brihiags A Rey bénckit € ei@Sention is

and preferably less than about 5 mlliseconds. In s

the el de sonsisntly gparags pehcarfing e kigh deramergthee W%@-,%OOT) in

. v r [ in_ th r
o el B G o R e PR TP SREEAC Tl Wi, B SRR proces
provildds ek Subdtarfiatly ohtigucagedRratibiae egnvals icoeliQfreddherative reactor
vapor fraction into higher val ue hydrocarbons such as. . .
systere dtay iereiul wpd epsrblecaguianescraioh ke, teareineter imning the limitations
ture, which in the past has been a significant
ofﬂ%iﬁ@?é@.to commerci alization and efficiency. [0037] At
[0038pastA pasgbn@itichecdoporeBystan of prb@sprasentc idRy@itedr generally as
is the recognition that the requisite high tenPerature‘
hydregarbeje PYEHYBY &y apsreetcarivenisagion ol Aare ipesiiedl e thseganversion of a
vola AR B ARtk Ao Betiofe BARKE hyRAOiS P EMEEE vk thermlPRlrolysis of
the heRécarlsonslip achgenkrhtivd factoeagdtan. b@gk exangladyanegeherative pyrolysis
in-situ combustjon, and then (2) renoved .fromthe bed
reactpy ypigns inclpdeh dBth athiecond e gandacumprisss e feversss flow type of

htgil DGR RSl QAR dchYsiRuSORY Bl ALY TRIAGELR). 1

regeaﬂglcoﬁ%ryg ?rhee Rllt te’rrp(gr ature %ﬂﬁe %e. g. ,r@)> O%)(B)) fLone
preférred 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
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a reactor region(s) that can tolerate such conditions
long term The inventive process provides for a
waawstisnsi al | y conti nuously operating, |arge- seel/E$2008/063716

cyclic, regenerative reactor systemthat is useful and
operabl e on a conmercial scale, thereby overcomning the

regehérliv @y RINKiOhedchR RBrd @fclfal reic%%het@b%qgeeﬂ?&ﬁt Iba\fﬁ of the cycle
react or “system or process nay be described generally

mateglshpaly Sowrdpdmeasy faslaysiied ohtimeregan élr@atluouéhnoeglm therreaptor, such as
nore s ifi.cally the conversj on f,a volatiz

to e b oG ain U6 SRRy TaHS R Bfnire SPEf pur of the eyele the

sam®bRBUEBthYF Matchi@lshy BY Fl Wsbizhothe tréu%td}yta FOLRATPBRPoR t8 the heat
regenerative reactor system One exenplary

and ﬂ@g@qyepradmﬁea pym(bys;&wdu@tachloa reygeseeinw mgteuefersgénargiive pyrolysis

d reacto [hses a.reverse flow
reac%lr c}u& ?r[g? 5§00 pﬁm 2 Q?qpeé c{z];g%g{eorpatgvglts aého;g)gsxg direction as
cornbiuje@z'% thatd@kclioh &f @bfeais] fl¢win 8ldhids( Portioh Bf & yRIcefBIcr 8generative
arrangenent, the first and second reactors may be
perésrsnSem@tdr bystean semtpias afteastionedoag it siflydedithhesgeshor hot area of the

reac B syl Pl R 3 b i, ERIRE Ry SRR b TR RSt and o

quen®BihghRnb @lidt z8REto absBFY h&@'ﬁon@ﬂleqt:m&d/\p@)@uct and quench and halt the
Aregenerative pyrolysis reactor is a clical reactor

reactipie PEXYSS o ghdmipisy byagaolisg thé, éea@\}l@n eor &r i/d] lgastgy portion of the

and ct for ri e directi

sepa{a}%?dg ug ea an% ter:taera%“l%Cﬁ?ggasE nglgr a?fo H 150 tfer(fa:l nse?hane) that is

trandf@@dd ioooﬁ faa ulit@«’:tﬁé efacte diaecman dehhany, (i) @a8edan (ﬂhd)i'brabtlon zone to
of the cycle the sanme and/or other materials naY

fornf tg nykelwiig radyet. mad dtibthat eraglkascrcagtipnr eperise tltm; ' meenched in the

t u I t

quet{}ggl rzggg ftc,% Q V\i; %pé/ reQE ?oqlrag[eﬂéeﬁceif%rtreg éiso p)zmpf;r%ggé s}e D! 8 ttf’i‘ereby yield the

pyrothiid pradidie 156 @d?hdtl@@ tstio® finRly §l@chyd; e eh@ionahsr ¢oakiue breaking
flowin an opposite direction as conpared to the

the golecglasoimtofeithat spkal theiroglemanteh comppaenty oot ilesh dpirglle product

com@%&: The regenerative pyrolysis reactor system

{'ai ns a reaction zone that includes the heated or

[0030pt  ariea pedseithénvieg@sd dhcluliar @ bfaﬁemm&fdiry fokt tahe dvcefd in-situ
tenperature reaction chem stry takes g@ace and a

comBussioB fiPasEnFoe boRatepaiaialis duf prostyably suhdartiafly singlfa@cously, passed

e t
thro%ag é&%cg{n%gﬁa&ttoﬂ{%g );9 g ¥ rég%s gctg'flkéd) r\l;elg C ]I%ga%lttla g JldePendent flow
pathA{cHagdt), & pottini a8 qaéndhhigy (%Sﬂafgat‘tﬁdeﬁ/tﬁbﬁ thef teeﬂzl combthed weight of
referably at |east a portion of the co-fed nethane)

the figggand @@%ﬁ%ﬂfc@pf%d@tl@%ﬁh paly fist and Préon%a%a@tﬁm%%td?éwssed the

rege?ec‘ratl&f%e&gclydr% éllsé 11%? ?1t10ﬂal ﬁ%ctérft@?% I%Qcc:;[%rg[?ﬁov& Qnannels) Both

reacta@BCdre ARo ramdmmhtly aeatbmpyhaqhmrqnbem badl, bbferathenetich@ designated
zone to stop the reaction at the desj r ed pyrol ysis

locationy wiifdin hedpratey W@%wi epe] With pechsthen lysqnsexmf@aw reaction zone

(e.g. | Il c&ﬂﬁusﬁ%ﬁ%ﬂm@r ea Hgtferr%dl 9@[{1‘%{ s‘ﬁH ¢ ﬁl%qﬁrstuﬂﬁ E@tﬁlﬁtrb%[gants permits

cont i nue ing t ecu es Into elther co
posﬁnlitﬁng ngtigiomndfathe eoohomean trsgenoratibe sactdess iinahl eatphodenited location
conponents. [0039] The present invention includes a
withif} he gestagsestenn first and second in-situ

[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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conmbustion reactants are both separately, but
preferably substantially sinultaneously, passed
wo krosasleen quenchi ng reactor bed (e.g., a firsPCTESWD063716
bed), via substantially independent flow paths
(channel s), to obtain the quenching (cooling) benefits
withOthe triiR et ﬁie?éralﬂ? NBEAEH b¥RIBM thOFirst RRd fsbEctld RABCtoRECPRI combustion
reactants. (Al though only first and second reactants
procassetaki¢ssplagseds o loag rageghedatiionthat dot flow ofdiystainslosecond reactants

i nclu addi.ti gnal reactants and.reactant .flow , .
ol o 0 ek AR B b SR Fohicoh F¥ A oviseDeqs the heat
prodi¥ed BethdGtactivg ra@.?., BRGcabBIBYI®, e¥nd fa6dHt artieBy BRGERGhe sccond
| ocation within the reactor system and react wth each
reactor.hapt prefeeahlyenest hleeinthe wayahrough the ﬁg:o(lé Teactorgo avold waste of heat

and EFPOEAgoMe SRR FERBLant's BT KL SUias] EF BTG hiough the second

react:oB,i Bdt @?éf@ﬂﬁb@zfmbﬁ &f qa%oﬁéae {s%@ix{e@%ﬂ_ﬁﬁ @ﬁd' RBokEREEtbANThe amount of
in-situ, at the desired |location within the reactor

heats¢igplaend [I00407 sPhend eeastasndwingr ehepegaenerraen tstepc snbispelimited or

or. mx. in the reaction.zone to conbust therein, ..

cerefhind) by g RO ATEEE RS SRysEP IRy SATEEPtiasg hyrocarbon

feedbal B KeeGo thd RIOMAIRRORGH témpdriRrdiecbh@ réRa%tAEdia to convert the
system Preferably the conbining is enhanced by a

volapigeglhysiracarhoneandoffzer hidlpearbensctoragetgleant s to facilitate

bst apnt i al | onpl et e. cobusti on/ reaction.at, the
10043827 5% Bt SRR PR TR b SR RETAARY 1 leyroverse st or
cycl@eth¥egithdndentlivosdtizad dy 86BN cBAELA the pIhBoBBNBSIss@Nscparation
process takes place over a |ong eno%%h duration that '
step tapreferl] agvilogtedfthrosigh shriscsertbrractopaelarably framgheHiredtion opposite the
il i 5800 BBt 455, 0 hPLACGA0 AR D hbons convc
the Ho?86don@cdcBorthind rhiker Aeadila, MUBB et bubBleGegind, @ttrdn@R8 the heat to the
Eal‘tl ally through the second reactor, but preferably )
volafigad Bydrogrberh forvwigpcticnr eniggy-t A addidiondord crasfing dicaly gibptantially
£ n v eat | t 0 e .
ove 3L AL RO ot B RSB B B ion
crackltthheli@cabbys past thef adchgedte@dnctasion ecant etlcaMiidiitn db6We into its
second reactor. The anount of heat displaced into the

clemggigbrigmnesettor  dbvs: niget el rapiméreft hem addep fosthel bed during the
reech P O SHTLRSEH X RS 550150 FAREF LR Ggsin e

reforthinp ri@vien tfer thbend&hamit Benveighof tiRpappliddr ey dse@etd to acetylene
reactor nedia to convert the vol ati zed hydrocarbon and

for agiupable pyde b ehbiimens detsrmeed\pyandy fpeforss puchfas gpactor size, dimensions,
t ] PN ia, i

v SNBSS LANARIEPLNE P HESANRL SO0 AHl e b o e

lossasak@h itzed steyrd bart ak oimduetibn 1aseen thivaighreackarusdilg as well as convective

di scussed, separation steg/are fed or flowed through
lossgsuiths Be srtingeaedusts. Hicdpiat ampyntiof §aatstascdin the fGagier system though
. [ t di i £l omy: ' j .

' QRBSI A ALERLASLAE 1 S LD R SR o sl
cyclé.heHdwadves.eit andesimbdbst @r avrid havingrthoeehperature blhileblbsatlarge that the

_bubbl.e region, to transfer the heat to the volatized
resiqePes B@S@B%W‘H%fr‘tuﬁeé%f&?m%m@nlé?%y As|1h corgEoplyogPneoR gactor systems,

S BmBG3tion SHESEARRL Al XerR¥RE BRALHOG AR Nt be made to th
1o refo?ner sec%hg reacto?%Lg§ may agversevyﬁﬁggda?ofanw'e o e
reacfor 8y g édlobtemahé optirhtnatset 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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cracks the hydrocarbons past the acetyl ene-generation
point, breaking it down into its el enental conponents.
wabws/15aehe t ot al anobunt of heat added to the bRCT/USR0081053716

t he regeneration step should not exceed the sum of the

heats that are required (a) to sustain the reformng
zond/Ra&bt. OAs h QhtalREisGRERIADES AdtGeGARVGD FhQRtaRS refd¥ing the hydrocarbon

suppl i ed hydrocarbon to acetylene for a suitable
Vapqyémaodtybhe,t som, mast prefeercdiomdwdiyentamp datadysbris prﬁwhnahe reactor

bedst 2@%\%&%{ Et:hgrg rﬂgyegE g%lgg F}?}%l&‘a@ ortg]étlt t?el\{vﬁeﬁg%rg%;;g? gresence of a catalyst
to adHiERtd 0fttaiftrsngeddTefdRhidOperfiatantOesE suchr @BJdNBeRY 3L Within the

bot h as conduction | osses through reactor walls as
scopgelf theagvadionect i ve | osses with the exiting products

unt of heat stored in the re ste
100435 s EeTEmEPaieRy = aehe o e et  UREHCTBUF defereaior system i
deplﬂﬂeﬂllﬁiéﬂesﬂﬁeﬂﬁdﬂf Bt WVEL fdabidr gﬁt@%ﬂ%a&hg Glve Z@]‘ié%/t%actorS' a first
However, it is desirable to avoid having

or rftceln@r@miquthmgbmrﬁ L) anérag@comhpr trmtlmdmf@mnng zpigrgl Jat Both the

reach GRS L BR TRk ons L Broohbit P SrvaR PorSy RepdiBtative beds

as uddli H&bine Bél’ﬁpﬁwmﬁﬁﬁﬁmrtﬁﬁﬁeﬂ%%ﬂé@ﬂv@ﬁl §BHRg bAd tffsferring heat. The
reactor systemto obtain the opti numset of reactor

termgegriicratiya scaciay@aaps p ﬁegﬁn@rﬁ@m wddierthrs anayeahtoshe usie for carrying out a

chern18$11 r§7cftlgg Sftélre gegegl%a?lge ﬁeé(gst may, S%IB%r?sgt | ﬁglng for nggljmg material such as

glas? ON@LRRAE b@lds ARNPhérdy, BethebQIdNoR Gpheres, cerarmc (1nclud1ng zirconia) or
second) zone/reactor. As a catalyst is &;e era I not

metal dgogycombt materals) ¢arams ﬁubm erirwdpdt mendlip @@éﬂlnfoh G apovided they
are Eor{lgctgntytloerrﬁ%intalg n egrqp Rétleofngflr ed % wfl?lgslt g teﬁn exposure to

yst resen reac eds.

tempoR@GRs niﬁ)éx&@s &0 mmoagr(lzumD %Téfehfw ub@rt@és &f fsroonc t(b®32°F), more
presence of a catalyst to achieve a certain range o

f
preferablyr i axgepertt b?%ﬁdéo%°£),sme@%@9rmwf@al@ly éniixeefis pf 2000°C
(36§§Q§i%9?$§mﬁf1£F§I{nvent'°n [0043] The basic two-step

asynetti ¢ Gyc

of a regenerative bed reactor system

(00445 dend gliceeh iih Fidugéln @Satl e aRdinnbhg &f ther Bactibna stepagt e cycle, a
tem having two zones/reactors; a first or
SeCOﬂé%ﬂM gﬁ

sed 4o ft éﬁf@éﬁ@rhgo@&%é(a( k3. higiein &S dhecisfamegt or sccond reactor) is
at a:{ %@\(;attéc? {%tn#%;a% u er Qr%d (tol)the (S‘g‘glﬂzteﬁﬁ ;Sg (?fcthé ?&cﬁ&?ged (1), and at

or zone n regenera

leasﬂleptﬁtloIR@gelﬂeﬁlgtthelﬁrsb eftb(9) psf the estupetei or q@@m@ Zb®e&(7), is at a lower
materials that are effective in storing a
temperapef tBpn fthegragetian zomge(ly do mr(?\é@%ﬁe}uﬁm%g ﬁﬁ%tf@f theegyméhesis gas

reac@%{? ﬁg)l%ﬂgtr aAI ﬁﬁ%r gdo% & P@atml ¥ea% aP £29, Yz f reffé}ﬁlfly also a diluent or

out ac em ca t on. e’ regenera
stripp@xgagomy suwhrip hiy 8@ gbe delstagm 0k unﬁxziklbagwaatoehdmt(s)s(u 6}) &6 a primary
| ass or ceram c beads or s?heres net al beads or
end Ehnedr b refospig & 1ereinueAnad ki Teishy) ingmensetgrred embodiment, the

- i ram c tubes, extruded
wnnﬁ§ﬁ§¥§?ﬁgyﬂ§%§§@ﬁéﬁpl % provi ded they are conpetent
[0045D nelhet fed s'treirﬁgﬂ‘rdrtl)inlef(sl)n(:lﬁ) ) @bsdrbd Ycatafashn whé efoamne bed (1) and
| ong tern1exposure to tenperatures in excess of 12000C

endocmlzqﬁ} Y 168 & amdycs heodeess ag¢ty eBp OorEluch 739 Hjs sien groceeds, a
shiftPh ;q@fté@{,éfathfb FOaES )0 § %ﬂggcggeg tyPAR2MNw, i8aRYhSOPEE the heat

preferably in
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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(3632F) for operating margin. [0044] As shown in
Figure la, at the beginning of the "reaction" step of
W@ b@saywbe, a secondary end (5) of the reacti oPCRUS08/063716

(1) (a.k.a. herein as the reformer or second reactor)
is at an elevated tenperature as conpared to the

acrofy H¥RFMcteRd zdnd) (19Tast R st@Rpiocsbethd %ﬁarpél’nfﬁeakmb@ﬁﬁfre gradient
a portion (including the first end (9)) of

profil@dhplatier the roactigunemgytbezaongoll®., is at a | ower

nperature.than the eactLon zone._ ( t r ov a
1004 eheHREid0Er PO hRacyit osr < pdtotd Lorpniy tnd ) at an
elev%@c{e&%eraﬁrmﬁa QfaliR oAt @b %aq)efa@&ctr@%rf e)edem@fﬁ@ through a
preferably also a diluent or stripping agent, such as
secohg gnddéh), and e ati s firsitend Ot esl a\dyathasieghdas eqm)rising acetylene,

sorn% égl)&i)l’ilVic?ﬁteg olﬂ%l%%”f) an%-hlgr:zié 3) Stnrggl&teg% grlt :Pé)g% 1onritially at a lower

temRIRGE HBNthe feB&idneioMeRYY. OM 9thé5 dﬁﬁl@és%@&eactlon gas passes through the
hydropyrol ysis. [0045] The feed streamfrominlet(s)

recupmyor aﬁ@g@ r%ﬂs ieagast isofuanbed of oronbxd tsed fempertute approaching the

eacts to

temRE0T B b Fenbetf e FURLPEHTE A Be Rl 55 yop, whjeh in some

embbfignchBMREprRfARY Fh'pgfdxluﬁatégr) theaganicNthnGRERG DY thReregeneration feed
arrow, is created based on the heat transfer

mtrqﬁlrl@qdewmcesdlaf (9 énte ke eaguparpien (X)rﬁblrmgdm sccgad |Stgne>cf the cycle. As

the rﬁ%ctlog gag %a$q0$%$ 1n%é%5rc§f)1$r]é§%é$tg @S) a tapﬁ)arailﬁF gr ?né IQJl)els created in

the AW RBEnMthle BEAVH AR ARSVds hi%rds@ akd tROp&AME 7649 (BSdUrh this step.
step proceeds. The sharper the tenperature gradient

The grerahing heatrethgaeeuperatore7).eulkich oristrg cheled @agingh |teisecond step to

later[ r%vgi]e ano?her réch?n 9@ 10{%)“ t %ot hr%vé etatﬁg Is %nﬁocgtlc%n of the heat

rough a se evate era
bubtﬂa droP@ EB@Sink rﬂr@%@&sntdn;e thrB Gt ﬁfeaqwncn eagtd (7§. 7)After quenchlng, the
entering throu

a second end % and exiting at a

reac‘flan ¢S en tkl@;ecageratog yjl‘h(9d 843 g@uiuge(é )3 |p§q)q§:§sed for separation and

ramv %¥M%Q%hou§g$n&ﬂ%8ﬁverted nmet hyl s, and hydrogen. The
uperat STThitially at a | ower tenperature

[004t7han THScEQRICS OO the Bﬁclé Jrkfer8 té hethe yeddnesitiaR diep, then begins with
_ reaction_gas passes through the recuperator zone (7)
reinigediichen of % ¢ 4URHER SELOFE TREHPBHOR sragtanie eeitduttes) (19). The first and
t
secogg géat%?a%'i‘é ge%[s sgéatrgitgﬁptﬂo%lggtrh%é gé u%gr)%"[orr&zf%ﬁ%?% ﬂgeogneggfd end (11) of

the RobaEAtoE ()s wihsrepwhefz aFAabdiibiapd fexexvaiicemyc tdaeti&AbE combustion in or
tenperature as the regeneration feed introduced via
near@gBtikregionf13)wf gha 1gectplewsiser at or (7) during the
congd s - ti ' : .
[004? ol gﬂwi Itﬁg%?ﬁgaftlroég?e'g e1¥ gl!d%trat?a i pf‘gﬁe’e ?tg it{g nglfﬁg’lgﬁ r%létalls transferring

recogéradisenyibl§ Arati Borarta@t@Upératol en ONEtoshe egr et atnile/el) to thermally
bed(s) and_nobves across the recuperator zone (7)
regepgrpieripe fpidonshasls (l)ﬁ%ﬂwéh&?ﬁuﬁg repsHpR cYde Regangwiign gps/reactants

entef %ewﬂ@étgp %%SQA 39 Ivﬁld ?ﬁtg) (5‘9)t Qﬁd %f(‘)%@ntgro%gﬁ Rnd 9?cuperator

er- provi er quenc Service an

zond (7@ aad detoahel rd:aaaaﬁ izome Of). tlheldivgaso, bk nepctatomn ghdivntago) and (8)
progreSS|veI throu§h t he quench reactar (7). After
may (eYrc AFTAL, ¢ FH’@di' énd lisgﬁteéd%)’ BiRi arpvshn thecersEA g erahs in Figure

l(b)’g %gm‘fa{ratoc BRAW top&a&z fe ANtlohs PHORRS Qr%ﬂhi Ut hE p@ﬁl%%faﬂﬂe 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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recovery of the various conponents. [0047] The second
step of the cycle, referred to as the regeneration
W@ e@p/15tehen begi ns with rei ntroducti on of the PCT/ES20881063716

second regeneration reactants via conduit(s) (19). The
first and second reactants pass separately through hot

trandfOGMPRY BHcOfcadtion tsneatittriniRy $85a89ti8 n%%é rég@ler@ﬁvet R&ction beds (1)
recuperator (7), where they are conbi ned f

dispescdtthereimi ¢ reacti on or conmbustion in or near a centra

gion (13). of, th eact o sten1 004
1004050 1B, TRt oA BE RPN nvangiibet it reactant, such as a
hy drB@e%B‘@'ﬁ?etl' RiReteal dotvnt AR BdnhBY (ERHHANRI @f@lsa'bﬁl Somprising a
heat fromthe recuperator zone (/) to the reactlon
reac@nhélompathothtahermhaﬁs ynulégl@necmivéS)t hletheeﬁtﬂt iresetdrebigl (D) In one

e, su ent action cle rati
emby P EatE anto ey Be WS o BF A0 JRRGCCY BURRIstipe sstructures
Hon§%@db| hfo'ﬁ})ht@lﬂrgﬁelu@@ @thn',ld%‘d’slt)drbﬁﬁ b'@ﬁtﬁﬂ%@ a% aedRBh&LIY known in the
zone (7) and into the reaction zone (1). In d0|ng'so
reactubiemdgme rsmhﬁsen@a@mﬁ@mpqurﬁ)rs atrd Ti®)temmyhansyeonale'r lsgsed broadly

herealrtgprﬁg %q,]a EPI@&F 8rqsi B%C%Ogﬁlﬁtﬁhﬁ%ef th?tr 1&101\@@% Wu{%)g Oﬁ? hs 0¥ conduits

thro6il 8fet &:xaARled Mdddeittd kAP RS nof intdiRlcl @FNBAIR LA @trﬂdtﬁ’t@' &Nikape to any
evel oped during the reaction cycle in Figure |I(a).

partiFulel sh#ng. oXheldnncycembt manglithepaelontierstpresute losgitiensference while
pro BEREL TR 4 4G EEREn B it ohrotepiul RSO R appes e

betwlee®Brt MRhihe£ WReliah WetwemetHeo8Rt RAd sobddd tdaetohgab &@fable or assist
conbustion istransferred to the reacti on zone,

compéiopayithn pediern @ﬁ@@cmgt tOhtée meigen draghiof éhe Brsk ehamnelasdsthe second
changllc? %sdde%%r&z g)gon dpl r?srlélg he re%eﬂl}fes or{r)drélgtfé o L %%uﬁﬂ? I,?glaﬂg%‘v ﬁath(s) by
whldmy&feqqah@ edaclaug) a,ndls§nt(ﬁb£1§ ghﬁﬂoxd@wﬁ}oﬁgﬂf ﬂlalfﬁsteba’tmeéeﬂ (7) and may
(each channel preferably conprising a reactant fl ow
mchpi&t t singlgt cqndeit lmé@,ormnrﬁﬁérﬂb@ aphgire dikelyn muleple jcprduits (e.g., tens,
hunc{rg Cto revgt? th;uzgndsl& %‘B?taﬁﬂ"&ir&bfoﬂ?ﬁ‘él co%nﬁul{s grapu%%g) that receive feed,
Nclrude "one or nore neyco
suchSdsrﬂtﬁﬁ b iz8Svapol AR aidY nese lok ti&ﬁcatw;fsadamq:)ow uded
5Borous structures as are generally known in_the
[0050kactThen cmﬁi@u&tqay B haves geerellit anytaresseeefiaat shape, although a
gene%lﬁy ci (Fl‘far o?r Slg]oqy%oglgggsesc eicgﬁ aq SR{P%%&}%/ RQEF@%} I Ped gEach channel

may kel e pfd\@d% @t&ishﬁm@lﬂy pandui, tegndrhilp ugﬁmdﬂeﬂ@xtthMQﬂ the reactor
monolith and is not intended to limt the structure or

medigh s & fhastychannal ingay kg merehpa simphecHighby by rpoisdikshi Wl be many
b | f
con RPN PLTERULS: Pt 208! SORMAEALIAE BDEULEDR. sch

excrugitfitdoatRigas X ha chanes pree@bly hem‘d&eﬁluhfpld\fcdiﬂduﬁts dhat each receive
nmedi um bet ween the first and second reactors)

and gopelyced Factanls pugh asotpbisicd & afazgledn sngps é*FSt%l%% q%‘h@ondults may
be 1§q(%)atgc}11 I )ég%ef)ilﬁ%fe;zb ggrrg{gg:ﬁ ér%ﬁssho& bhePAGw cdl zee.gg.olch in fluid

ann e 0 nean respe

comﬁmnﬁbuﬁdsn)yer thopn dmytb(es)lbmmtfalllgmsqmaém(sahh it wiactah]t n@cafon through
he reactants and synthesis gas flows through the

a cqnﬁpg twalb yte ghe @éitpc%ryt) copdyt n}éysubstantlally inconsequential with respect to

reactant flow separation. One preferred reactor embodiment includes multiple segments,
whereby each segment includes a first channel and a second channel, such that after exiting

the reactor, the respective first reactant is mixed with the respective second reactant in a
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include a single conduit or nore preferably and nore
likely, multiple conduits (e.g., tens, hundreds, or
wer@s/1sieousands of substantially parallel condedT/ES2908/063716
tubes) that receive feed, such as froma gas/vapor
di stri butor nozzle or dedicated reactant port. [0050]
relatdNenikONSHEnicit. e AR i PRYscB ARt A28 eh@lddd BNYrovide good heat distribution
cross-sectional shape, al though a generally circular
acrogy the &gflitrass-potigepd nrearod dhes wegot ysen. shape may be

i d. h l f i d .

10058} e 9 Bai hnixeh anePer G5 E Rira SR bunek roiighe resctant

flowk Borh €Ak HBSHRomBMSnolAhS laFEheANANAR a TV REarRLRIMt.  Each
a single conduit, but nore likely will be many

mongbthduefesably deppms aglupbty (meae than osicy ef canidoiss. r Bhegollective group

condui.t size,. et , for exanple, .such _.as.e Lified .
of cqiptup it B i B bt Py BEE sPyo Bofer e S particutar
reacfoPN@¥irleat At IRACR HREMIY CcREOREHE & hRASLHMRL and/or conduits
such as deli'vered by a nozzle in a gas distributor.
condpiring thedubtirsadiany, Wherekothatsegméntsampasing gtdhanndl fortthe frest reactant.

. of. cross flow along the fl h (e.9. not in fl ui. o
Lk catirEing R GR? kel B e e F sl within o
segnidhe NcdlRativdl§ ahditiiti e 'aMeRbh@ thhiMPUINh@, GROAétnt "Wednhel" is used

into the adjacent conduit is substantially

broagdhycte necderdsethe canduii Dot celigstive groppoé sendmts that gonveys at least a first or
separ.at i on. e preferred.reactor enbodi nent includes :

secoPRIBL *Bardfc BeRGRLPER  RE L FIRR R gl b mutiptc

chanhelsSbr SRPIEoRIER FEEERAGS eNafiRChnd Sd6hd fdastn®@f tAehmixer segment
exiting the reactor, the respective first reactant is

(45) rmapethenicpHeqt Hee reasipateasvisondwdhar madiénlaghannglsarrterabdy, a mixer
segmrgn)t(gél{% SRAMER e 4 h%:lt?{o%il éﬁﬁgﬂpsp ERanfE Gnd"y lgLsJ?cﬁogfitcRannel.

pro e gop ea I'on across t
[0052] OSSit SeeboéAld BAER sofctphefcfre@einBbdig)atseidmd 608dn several of the
Referring to Figure 4, mxer segnment (45), for

condaitanyihen arphgnnal witl Hikelyeeqmvane rixgwg of fisvhand|sepqiidercactants, duc at
o RSO Ta Bk e 350007841 BosBROL Ll e, the s o

cond¥litd radhidyind BBMBudtidENNEN8)es f fB@Nadd sScond Headtaitd ectiffiCiently low
group of conduits that transmt the first reactant may
SUChbTélabglﬁsm%léﬂ'@’dOﬁ the staiehjemetiigalive reagia@lcarcpetrnts ¢ill ot react until after
I tor j e 10| I Y .
oxid ¥ Q5P RT B (TSL B TRULL Pl R 1 BF 20RBusion o
exoth@@fit anttionvithRbfiodch@ndeig el c Eagp misiugofreaktamn ey cdndblled by a
the first reactant. Likew se, the second reactant m )
comBngort PhigmnerEWGh tiewse 2o vt dynasnes. i Fre andt giygen usually require a

temp?eﬁ%gi’%nc{eﬁg (%In{ gﬁ& 'cl;tﬁ%u}(e-ﬁc?ﬂéﬁh&{t% gﬂ%}lﬁo& Ft‘lgr?en% 8&@[&5 le'Still though,

erm anne IS use oadly to
somé¢ Pactendill likdy ootur adthigai hxiel grootpobihe comdlis icenidyaig a mixture of
conveys at least a first or second reactant. A reactor

reacBindrtWaiEy hiscrarden onpgeepiaple kecaidhe Bemhy itandals kyping such
1reacﬁ;1rle Is}s@h?ci&ﬂ%&%ﬂsthgtgﬁemg {)Ilélgltag af:é&%ﬂb?@&ﬁﬁcgngé%%ﬂﬁgé?\tel of effect

rst and second reac . m xer segme
uporveiye dveedll bedt lbakhcd héthinete trasdtorgaBhd dexsarbddthilosf a particular reactor
mul tipl e channels. Preferably, a m xer se%nent (45

).
systerp shoyldl e dpugradro asde ayeid g ¢fireagtanthwiRw) the semdiiylg as much as

reasSEh Sg@ﬁpnel. [0052] It is recognized that in sone
pre r enbodi nents, sone or even several of the

[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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conduits within a channel will likely convey a m xture
of first and second reactants, due at least in part to
W@ oive/1s66%i ng at the first end (17) of the firsSPCT/US2008/063716
reactor. However, the nunmbers of conduits conveying
combustible m xtures of first and second reactants is
low Peéssinel 8t ¥s QW BMeRb&fago Hhia, Whilerthé Ye@netdin step may also be
stoichionetrically reactable reactants will not react '
perfomted| atafimdar pressuiasg cighdesseibamdberiddbopsia,ha 4tistightly higher, but still
reactor. The axial |ocation of jnitiatjon of .
relatbvgﬁbh)gf prssuges, 81)1(%1[ ?’?e]lefﬁ_ than gg%lftijéﬂ RiH4 h#nnsomogrgferred embodiments,
the ma%uthsjdfo@ar\b%w@go#gsiméb Y§ Be@brnic@ak tadstbssulSof from about 5 psia to
control [ed bg a conbi nation of tenperature, tine, and '
about [48i pgiad prederiably. fratn@bowtnkd sty tperbous dalpip. rRegges &om about 7 psia to

abody TR SiE PR 1 Bghdabouel PHE LRGN conlsmplaed. The mosi

ccorloBAEH] irfizeWhhy bk idkRIMine8 GHthowt hdokdtiaR rdxtid cxpefifcfati®h by one of
the conduits conveying a mxture of reactants.

ordipsyestedl in thijast mepastésoreniof the pegseribdisclpmeauecssures higher or lower

nunber of cgnduits havin ch .reaction,i :
than PR B Piars BR AL R0 BB DR Dewesiiglspts Gy way of
exarhpl16, 00 EsHBIktbAI ait &Y btadfede fbAC bxtt@ion t fiémOy ehagl thrthedtit may be
bal ance within the reactor. The design details of a
prefgrablei feriregeneraten &y be paristhosheu drissurdexdi fedampleadroppabout 100
.avoi.d mxhng.of reactants w thin.the conduits as nuch .
psin S YERESHIR L HAEPRIE Mol 35 TGRS 7 s i more
ccorfognitNevith efedtitaihélv @1at fa88 of elidil¢re,Sthd ey dicERioR! 1BSS BE &arried out at
swings to cycle the reactants and products through the
lowar paesswes syebtas rhd-45rpsifo i ope sibediserné abdigiptesartsinvenien, the pressure
e .. r rol.ysi f v | C
of s b M T ar BT NS s SRS he e QRS beoween the
pres@ReLf thOtvias staps iid Rsd then higgenepHaki on step may al so be
5gerforned at simlar pressures, e.g., less than about
[0054p pdlt as upgergeods thagremy mhgthek el flgut cantiol I(c.gevayesy éptpting reactor
I I res h ] £ 0 0 la. |
bedsy SR ERRE BT & BN RRaisFES (HBCOERANT 562 DR Bososn wes fow.
actufyomQltirsing, S o lafeipeatel pliyyRdl dbdabaness ke twh IowRystems. In the
about 5 psia to about 45 psia, preferably from about

regenegaiey) step.caipslifuck srustbemoreth Jugughy bmregssartsystepisang gambined for
e RE pei ! L i
comPgt, 25 Rh ST AR AFRSLR BP0t e o

econom ca
operbing@esnditions afd poditieidcsirod Gortth@feattotlt iftgher pressure air is used, it may
experinmentation by one of ordinary skill in the art in

be dspisahda &9 srpaxd theellysr gaeHirowghs an ssbgnsionpugling te gegpvgh pechanical
I . j b i )
energ{r.t hlgug dltE#ZEO{IrlE;ﬁ%cgl'oﬁgAng@@g?sﬁ C%Qaém&g?é)e/ br\%%;&egﬁand mixed with the

incoigil.e Ani dxhawrussitcc pile GEGR) stralpt man®d stipivdexitlt #dtdsoone of the
froma gas turbine, it may be preferable faor
supplisd dHel westan 3¢ treordiFsacat Butheaishrese®ss Jihes EOR gy be used to
i t ia. . . .
B e e b R e R e
flamaoerapaatorooi thakcgonhémtion feedblmitredsstica of AR, @HDhiowekSires have a
the reg neraﬁion may be cgrried out at | ower pressures

maxypER agbgisc Jampdermpcrriyrogplbalaph ddF rntHagrr peulss egepout 2175°C.
Thud, WERG# Qra JNRBESRRLGE cHirdiRE BYERIMS! e FY rate of fucl

uﬁegeneratl%% s?@ps ar e 8ssgnt?§8|y tﬁ% s%ne, the e 4y poot
dilutthgf domtcereselt belovsdiot sjugs that approach the maximum flame temperature. Use of
EGR can reduce the maximum hot spot temperature by effectively increasing the amount of
diluent such as N, (and combustion products) that accompany the oxygen molecules.
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pressures of the two steps being | ess than about 10
psia. [0054] It is understood that sone nethod of flow
w@oomwsnsles( e. g. val ves, rotating reactor beds, REEUTK2008/063716
val ves, louvers, flow restrictors, timng systens,
etc.) is used to control gas flow, actuation, timng,
[0058d t%régxﬁﬁbfea%eﬁ mySp&ednt ReESs RBLWRSE ?d?ecotrﬂ&stfi(lnp%e maximum
syst ens. he regeneration step, air and fuel
adiabagiombhend tdmnnghret e Hedotloir spgbestiandcoondss n&drnf @lvout 3947°F

0, stlon I b ved.such as via conpr sor, . .
IR b 2088 (2%, BB iTh iRk RAGREPREIE Singticd air o
abOLﬁij3 Fiﬁ:?deh’c Qﬁbu‘ﬂ@srhﬁl?ed ab&it bogrerearuorc) ke MR adiabatic flame

pressure air is used, it may be deS|rabIe to expand

tempehagurfcl megagHesstdfrloea) miamgesffzotsi Ghe refotning aropyrelysvestep and flow
action

schewﬁga@fs%rggeg wé{)g%rg ]],(%)C)a/‘gli(ﬂjl %Ellp%g é)h?ﬁome fl%sem]arfiltwél of the hydrocarbon

feedi SHEDNTi N Saifbrred¥d tBX R sPASM iBIeY, Pr&FelabFhix@l MEBNdMRYplied with
be supplied with at |east one of the supplied first

hydnoem: mamsomq@l ferelrysheiganeasce dient or stigpfrigragent, egberowithin the second

reaci 57 PBRGT Y R PCRaO M CH AN 1t BULECt NG R eporatre hea
bublsé |c€"&€€d' 155y fcadBe ﬂe@dmﬁrs?égmﬁft@f IdabigrtBO ea@natrbQorf #@&che optional
In the absence of E@R [air m xtures have a nmaxi mum

mixeyd ﬂzﬁbmrplyzw aweduce wiyearatronse bef capbesuor 49g00C] tofhaljthe conversion
about, 2175C. Thu
o e R Rl E T oY Tt Ty wBLFOER aep g fmportan
becaubtels, tha RYacHOP ks 1@6t|tﬁﬁdlﬂ @né PHdpRrly Q]f&bhlldhed NsonC@dsirb@broducts, such as
spots that approach the maxi numfl ane tenperature. Use

acetplenECERI dwrpapsed Utyethe reackiax iand) mqmrrolgpﬂ@tpr%wp@ﬂémtr leavigythe desired
selec(%fvlcltgfctg tl\{elv Ia‘tg% rog?c‘i% ret t‘és Sltuﬁ\s gg%lg XSIE % tedugxflﬂoe g’ver are still
rarclfod @é‘shﬂe@iﬁt{aﬁﬁﬁ@rlal:ﬁfr ﬁ&@dﬁ@eﬁpoﬁm Rrath'éﬁ PPIcELItd ¥ aBSthe produced
air is used for conbustion, the maxi num adi abatic
pymflsrsamomﬁqa SHet HrasclybmeHp 2 g nutaﬁmed@é%@étwtdn adm prgsess within a
cherrlg%e y g?a%?ui gg%t)g( Ftoé%%hzgn]} eab gtg&éu(fh( ]ag4 e(s)ters, cthylene,
acct@lBeiilde 1§ropﬁfa¢ edifd/d@#bﬁhnﬁﬁ‘@@rﬁﬂ@%ld 24984;5 0&1161115@9@) desiged pyrolysis
maxi mum adi abatic flanme tenperature, regardl ess of )
produgie anaynb ph @ ledif asdiey, anlsynicef YO RMBIONGY Aesirgd ot apay include
38, SR STk LA SHE A S TS gy int
acetﬁlbﬁeeam S transf erred to the reactor syst eminlet,
£referabl y mxed with or supplied with hydrogen or a
[0056bur cafterofuamglingglly withesigrd wantstreamsry Bgi HEvidgére a scparation
ond on
procgé S, gh%{i hs‘éﬂa%rgfceg nthgr ecgﬁ/? Q¢ nlieefga‘ﬁlteS hgg{ogﬁ glgd fothe h%ars Recovered

metiapped abdibgeheay bb uwyc&ddbe@toe@hsblg dgbi 1h&@@fe@l§tat symﬂem Separate
step. After |eaving the second reactor and th

Procgst SCAVRAICCHINRE Pon\fqﬁfetheweyg@%a) thergiieal Pﬁ%ﬁmﬁ?ﬁ%tof Bhese products
mayclﬁohﬁ'ﬁlep 8&&?&8“@%@9@@2}& atdaﬁloﬁglnﬂs%tﬁg glgrsd%gcete.g.ma%aldehyde is

e acet ene or ppropriate
typidadily ahhnterrﬁédiaﬁe ii8 thic mporufanire becthuse, dcstit h]@dﬂﬁmtalw and/sr butanols.
time and properly quenched sonme desir

Ethygg@d@etbgsw buidding blogk of g psthora gf plastiss. %@@aw@;ﬁaﬂﬁ &e the preferred
use g@?:&fre'e%%atga dac%@?en@,y QY $hé p@lrsﬁgétlﬁf% S LoiufRt aiRV &It D CEthylene 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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selectivity to the valuable or desired products. Sone
pyrol ysis products, however, are still rarely a
waele®snswer i nal material for process export. Rap€¢EDS2088/063716

preferred use for the produced pyrolysis products,
such as acetylene, is as an internediate product in a

manbfaBWr&f 8GRt \Mgﬁ%ﬂﬁﬂ atheheddtyidle R) aBdtaldbRydeOMAE théd hydrogenating
ot her preferre proéucts, such as vinyl ‘esters,

acetgdt¢hpide e cthanelt dithiatoy theof ipteogsahedauscanay ensilp trgpsnosticd from a remote

oo 525580030 B ER Bl L RS A BEHS? e s  motr
fuel GO PRGN FARF HeHn Bk 8T FREniB Yol REbisde et hyl ene,

propyl ene, and/or butyl ene. Some commonly desired
[0055] ky rféanviersion o h nidéatized thyHeaerbop GOS8 tafacetylapadaaies mgsurplus of

hydrgEgy AP i PO CChon el e ele s haiBrpioyous methyl groups
and OBAtHABGhe PyRIRSCRactddviatiiBhcrdRdn e sioRRFANE hRehIBINARY/lene. An

and hydrogen may be recycled for processing again in
exemplaryrreaatioo fosgonyenrvionSd peatlzne ipr ocess sequences nay

convert,,t he et ne to.other fipal .products. Ea f

¢ hoe g e RE e X IE B iR, A5 a8 e BAOIE B by R Lo
[0058¢1di tAORRdoce@ byl ther HEUE trSactiBn Inydra&@t A&l £eANEd8lei §/-product of the

typically an internediate in the manufacture of

preseithpraedss. atetd kesseeiagtenpugthylans and mdemidensuargnad$es valuable products,

Et hyl ene i . basic. building.block of a pl.ethora.aof
prodgp QL TEEEpfondh it S0Pl Rl prarocarbon
UnrdlRdCVaiRE ReRboakifeis AkOm thgate ot itve rebvi@l UumRcordingly,
and val ue. Ethylene is conveniently nmanufactured from

sepagationyang mecoygrymfdwenenat scosratiomansbiseoeanh o BipleEing sichfastcHlene and

inventi,on, it my, al so be.a coproduct .of .the inyentive
prory Y& ony i DB BfP Rt BnEBhTpt talies Wilfiop PR AN focd are

cachPin@iidifal|pfanBicghedtive B @i8tericd sedplan@he probéss hce@ilingao the invention.
conveni ent | ymanuf actured by first hydratlngathe ,
Uncerpvertpll entatized Ardiosarien ydprezmably Hefrivddiodge madiopgrolysis reactor so
tal de Qe Et [ f.lnte t
that ggrga %eecqlﬂ%gtiwe.es(f A I&%%}%/H(? &)%lsrs].s gglraa[%g&dm# ?% lr%{dgbgeél ns:i)lglzld also be returned to
the hog@bi@iysandedctoreast liy sehyeitatedoh@oletiry lseib&ivifyt BandE product
. may al so be suitable for use as a notor fuel, if the
distrjaigRact uri ng can be sufficiently lowin cost. [0057]
nvey.si O vol at i raocarhon s t . Lo
0SB S5 oM Bl NI BAL 2 DU AGRY B SRR By rscion.
will be aetdsedty ite pligetydedgeh M@nathepltatdss. Ebaeasnpld)tcdnV@sib® ¥ methane
nmet hyl groups and continue the pérolysis reaction via

to aqefifl¢rive 1th GRS Ay drogenidiopde Rl ksne.ovidlgengraterpboutpne H; for every
ke e e
Crn IRV LERE Ty SOt TR B Sk e o

hydrekt] P@R8] b i ggesbehady hédtiaganreahitdadt tlenangysit wWhens needed
is a val uabl e by-product of the present process. To a
as regeggiationuent Of coypee Hethgrfdispib gitrants. igh-wluguse for the leftover

hydr\réglaﬂ gﬁ%ne n&’[ﬁ?a‘i’ \Lég% Zoull rb%dﬁ%g FoP11 Br [P%ftgéfthﬁhg %gée%%&%h 8. But the

on o I'ze rocar bo
leftoRydliiyaltagdnan likélprie de tagailabdd @tlowgiledydrand andyoposkidblyadd@iaia methane
val uabl e product for recovery. Accordingly, ) ) o
or other diluents. Thus, use of hydrogen as regeneration fuel may also be an ideal disposition
in a remote 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
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separation and recovery of hydrogen, separation and
recovery of olefins such as ethyl ene and propyl ene,
w@pwsaspar ati on and recovery of unconverted voP@I/UEMA8/063716

hydr ocar bon vapor feed are each individually and
collectively preferred steps in the process according

the feOdstdtR dnAMRBhitRN dediHR8 MURLLE PPodiel. Ak bZEUnTPYALAGCAIAR dréduct will
preferably returned to the hydropyrolysis reactor so

result ratess exogesyhydeogeo rilvar snedhye (acgdennarghiss. An anount

Wﬂl P RS DR R Iy TelRen e Bemiohg pgfable in some
pplidaBoefd? Cddnvblidng oéndt A& RIROMEt cotRbtidl BF ifR8). add08a8dnt to achieve
Si nce hydrogen |s created (not consuned) in the

efficieat dﬁg@n@gatlpyrhﬁaysu Bignesadt daprcts jat smglel repefoneysiswaropetagng in the

E ygrogfﬂ fro the roces? exangle, ;

rege i ?ré’?‘f?é‘ &° {8 5%?33? e&héon\Rﬁ% Wb J&giRsR zones or two

reacfﬂ)ﬂjr Oﬂﬁnfﬁc Cﬁélzatb@ YW efRezot pHimdBREHALR Q@éﬁ@hm@nﬁkéﬂ place and
for every converted. Hydrogen has a heat of

provatm‘@ulsﬁtmmllmflmé@@djﬂ0§y7paﬂm|>r/ chaheclHior trostchéntheth o sl quenchlng
reacff B O O3 PRS0 Rul PRy, AP oy bl arrive

prox@kte o8 within tHekectbSca® (B)tigFaIe 1. Mighefambe (S8 tHeGkactor where
the | eftover hydrogen, then natural gas could be used

regengatieq Ihefﬁmgpmdt tiﬂtlzeldelmdw@ﬁmnaltef%’maﬂg@ |prmBmly ppaurs, and may be

consbcfeé%cp abs r% g%c n encﬁoldr d hﬁ@o%@g A}t%aenh ?}l? th8 rflar%taft]lg rsecond reactors
in thd |réet¢ﬁﬁts§steﬂi|'h!ﬂ@ 1deﬁﬁﬁed3£s Ry RYLfisas i SPBREE&droNt fsulderstood and
al so be an ideal disposition in a renote |ocation.

Wltth\AJ@Q/éﬁop%éé\ﬁh@rpfﬁ@@blslnmloﬁo‘thahﬁb@e fust g weeopdesegctors may be
manu%g{ugeQF é P ot Bisd ASLANGE nt %o 1ngle reé/ct? , whereby

apprecr &bl e %o URES Of~ EXCESS Ffogen. anoun

the RYEES §ys&)ﬁﬁj hagiebJ@Refigddesh &Uﬂlﬂns@%oﬁlﬁfbl hrs Yealtdr &Hh@ integrates
overal I hydrogen to carbon ratio oﬁthe”fee stock and

both gygles Nﬁtélltdt%@urfs@doruﬂiherfam@ ;ﬁr&rdfe@qtor rBf "weangreactognmerely refer to

the YEW Ve 2 e (i{tlﬂ‘{: tgémé%ac or% %i-g pr Vi UC escl[slee)ngl]%éiéMgrraaglgqeformatlon

querichings taﬂrcgts&ps @dk@tﬂ]ﬁfe &mm@rrquﬁaﬁamepw&t @mpoRaits 8 Yitilized for
be suitable in sonme applications for controlling and

the tref &raciony  tHrvevehnetti maferd fagbiodapento Rl £emprise a reactor system

Whef’ae%g. Fecﬁﬁgrht% EL ok § %?Qc?er %Bh@tﬂ%sha%atchafrie%ygsede%c%ﬂ etrec’ln and the
a |ng € reac or system operating in regener a

refoyetlreactdifay Elmﬁl&tly@mb@ﬁﬁd@h@yﬁﬂ&ﬂﬂlﬁﬁﬁﬁéd smSOdhmms may include
reactors zones or two reactors. The recuperator (27)

a refymen deaciive best ithadris | fransed eliiderenic oAy apdkey sVt énchide different

\Y S 4SU I at e

marof O (R R OE ket SRS B, e e B former or

secohliroagde hiag HSeS@ﬁdv@dtedﬂw idasiredi dhasitprésadibied bpgthe apphcatlon and no
conmbustion until the gases arrive proximate or within

particplar dgsigh oy reayied (hfet)m ioh th gefoemar, rogfer. rasf gy the peffoymange of the

1nve{j]1!;\2ﬁ Eak C)ry re ﬁcﬁﬂﬁl@eéﬁeh%nrh%%h' B aRdwy %g@t bf ecflje volatized

ocar ormation primarily occurs,
hydrocarbo @Wﬁﬂyﬁs att heay &eaned te aetcominkain aﬁﬁeqms esfolnmeﬂsenond reactor
Al though the first and second reactors in the reactor
desigystem are identified as separately distinguishable

[006r1FaCt19§ Fiscilsbed ﬁrew’&ﬁa&?{h% 35328k tor 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
-26 -
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within the scope of the present invention that the
first and second reactors nmay be manufact ured,
wW@e@siisisdl or ot herwi se conbi ned i nto a conmonPGI/N088/063716
react or bed, whereby the reactor system m ght be
descri bed as conprising nmerely a single reactor that
chaﬂn@F QEE bRuiROIIY) CHE) 8SmPhINLfediRe flORWadriers (89, RARE cffectively
first reactor” and "second reactor” nerely refer to
functibe sudsemnilvie watlnete prevent eroshBowescniomgdesyem thhérstlapd second

each qof t.he.re nerat n, refornmation uenchi .
reactg{ngs angg{laég‘rgu} 3 oﬁ}t% 8E 9&&8303?}%% g&ecrtlé/am §°pa %Qtf%%h cach other until
mixiﬁ% RAp&hAHEL RPN BRIfSrEPeMbddiméBofl BE phdintt WOertRACHReuperator is

wever, nost preferred enbodi ments will conprise a
compuiset afronsyast mencviéiudpy horey comb up@rmltth.sr Aeaetloyeactor may include a

sine LGORIGE, BB Rb B PR S0 R hOBYRERS it st treer

reacto® Rk HeSubSh Ry BIRH S¥ithesh £7HAREH BRI sna§hoh&ebianéholiths.
reformer reactor bed that is arranged different from

[0062hd ndgneyeemb imarioliths Idﬁfeﬁ‘@dentthm®ﬁmallnselﬁt0@nﬁwhl¢ie are adjacent a

oo FEBE 557+ 3ELl 2 T B PSR BOAGLER Por o

georf@sit VB PolumS) PERREH hb&d 40y, bhe 8eRPhhE ﬁﬁ‘hﬁ@ c8dhiN@nsity between
particul ar design is required herein of the reforner

abou’f éQc,ané 1'200(%190116@ p@rhﬂup@rlfl , iigie eraddrabliydetwiearibpytel 00 and 1000 pores
Routi ne e and knowl

per SRR B, SRt FhmrTRh PBE s EAR el B8Rty KRN &G of onty

a fetOmelahRtcm, %d%e%ﬁﬁﬂ’ﬁbh%ﬁe R Fei¥oue &b dmmﬁa@t&p)“ Reactor media
desi gn. 0061] di scussed previously, the first

compeigntse Suddy as ide mméﬁ@ror(étﬁ;namﬁ@ Ibad @sedWarpmfa@blga@OVlde for at least

one §F ﬁld Lﬁr{s % 1}((12 86):01];(9 ch S&gra @%%éfer%glag%o h 0%91(‘15 ol%cht'{'(ﬁ a packing with

gases oW ng
an ab@@g&)%ﬂé@mfa@ hrs'al'iﬁr tuhft@i'éﬁﬂnd ihet faﬁg@lﬁélﬂtdbﬁﬁt See ('3 about 3000
, di sposed therein. A first é$ enters a first end
@preaprsfexﬁbéy ﬁpgn grouf | fftcén (apgpstill mpreg geaferably fram about 200

ft! t8 rZ%Bb % ]n%a% ?%@ea Y@olne o I'%ﬁe AR 9&%’!1&03 tﬂa% W%]I %}ﬁi 3 convey a reactant.

nprisé OW Darri ers

The@f \fvet@ddl weh WafudfapplonoHE Rhateofde bioth WAtHeSlirst ends&o@dtreactants.

cross, flow or m xi ng between the first and second
Theseersbativatys highasuiraaasanper wilf oplune saluesharcr Blsly apefsrred for many

[

ernbgéltn%ﬁt 5 dhl}é g&?&ﬁ%?grreia!’éggé n@g gk %thgl?é’ % ete%}ﬁeéga{etl%te t%rough the
reactoiv €idh @p, getnhﬁllszeﬂmpemad by itlse qolapvdlgededdl sopes G ther &emplary

ext r uded honeyconb nonoliths. A small reactor
tempegripigd aragdicst mEpfde ngaphs: tch asi e Frguresr gy ﬂ(%cac@m)( tcanlhe quick
teméegé;t{éltéd&laﬁ é’]%bnﬁr%fe fd t % ttjglsél 1V¥\$) (Jal? %rki élorlllsg{e%? quenching of the
reac’adin‘ Wemmtheaéadmnﬁdmmymom andreedatinf) sokd. 0062]

eyconb nmonoliths preferred in the present inventjon

[006@]Nh| Clﬁe%pr@d égﬂcggéﬁ@dlg cplinpglgen&qedsq ggov foR @t tgagtgne of the first and

seco?& achl'élngels( ?I) )ch ﬁfkt qgac?&a{ttﬁf: hl%{ré é%et%ﬁl%s%\f %Hﬁﬂlehs t? include a

area (or geonetric void volu between a
packdf)thaniclcBides a higtl vbamnengc ben dmnsfeﬂmfﬁdlyntmegmgmta bleawt or equal to
50 and 2000 pores per square inch, nore preferably

0.024al/ GBeC aBiS AT D GroHf thapoepopbP s Cﬁlé?%q%a@@d m%hpreﬁemly greater
than®¢f @ma90m3$(2 Fax%”fb%ﬁ 'r&?s%nce tB eﬂ&v@% tp‘?‘esg@rsé &1%}5)3 HfAve operating

di‘amet er
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/cm’™C). As with the high surface
-7 -
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afewmllineters, and preferably on the order of
about one mllineter.) Reactor nedia conponents, such
wa@sgooshsoenpnol i ths or alternative bed nmedia, pre¢BEU8I08/063716
provide for at |east one of the first and second
channel s and preferably both channels to include a
arca PRAKENGhNet FelAveBY AIAI SoMBtdhed 1M tasgeakeariRRht l’lilalute and other
vol une that ranges from about 50 ft 1 to about 3000 f
proptrtiespre alsp dikehyabpteferfadofor atrayt cni@plimhenty t¢ @i G0echigving a relatlvely

.and still ferably fromabout 200 ft 1 .t0.2000
quic (g R 1L G RRIFHE DRt eh e fERE bt penchylyyifiRBtted by the
relath® [} SREp tsope@NH QYe 2xbA ?paharﬂém%&E ﬁmietneqar@ﬁ@ HAhsUQ8ch as in
apply to the channels for both of the first and second
Figurgsabieant(b), adese Thelcamqu@nspemtlgh @amg%uﬁeprafeerad gerpetmittrelatively
ues ar.e re e red f
auic AP FusREne SRRl SRt T Hiion fromsongiauing too
longl dhdt H8atiRRNASUERLSN bOUEL. t Tﬁe CREEVBlhes BCH cBes based upon the
generally illustrated by the relatively steep sl opes
voluime afieaceranpd &ryom@a“p@ealf@rreaogmdu ent profile gr aphs,
ch in Fi d 6. . The,qu
10063} o Rl EARERinSRL b (Rburs G st Pl the dgscribed and
preféiddC 501%3'@01@19 NsbsdIRRY, YR NENVAGeRY thO@hh@REdoRuitsKlow paths may
prevent the reaction from continuing and creating
lnclltd@kaemO{edoss?usmaéh\@wdd gr eapypbitedysamalaxonpushiehard/e tyagsted but not
or., at and

ine B hERh P, o PRSP oG hohghut o PaRERRERy: pey timited o

1abyiaﬁﬂ1l1hec Ranegisd flb® pakd, udbadaity)achkdsnglothahdion Gl pétessticture having
h volunmetric heat transfer coefficient (e.g

char@pgéhr@ngln haarton(ghtic reector, ol raay Inghyde Garrise eelélpabilyh as along an
r t al 4 an S |y

Outegrea ?han %ﬂ%% callghés%$ nﬁ%é%m1ngn s%% gﬁ%%{ %' coffective

pem{damut& |t@\g'a:§Hse§1$dJ61€otﬂﬂ'ef) Bleand) S¥iea bRP BIrapreihting NREYs G4 Eetween the
range consi stent with the hi ghest tenperatures

reac@ft 895 end dngiitaimipg thg é raadi sspondhesretani gascs subssadigy separated

c at [

from( gacth. : hOR ngg g#ﬁll ﬁu sﬁ%%%hca%}lg%oé(g A ngrra g acéréa odlrnents the

comflice &losy pithaﬂa}a&@we aOle2@he&ald/ FABOE) floRSpad, tifcrédxed huﬂ&fbe area, and
surfacearea val ues, these relatlvegg hi gh vol unetric

imprgged hegtapgstr. cowshfdesigarmay he geclared deheactpr spbpdimeats having a

el r e

relatﬂ%&a%hﬁrgveluﬁh e}ﬂgﬁll ﬁ{r&% %ef 8\:5218 oh aA%&Q%g l&g&l{‘ Sre&c?oralle%gths may

expdrieApeihatcdsod ﬁréﬁs@ﬂé@iﬁoﬁitﬁrdu@ﬁ@ﬁ@feact&,l CHO\&SV@@ @reneh tiyibodiments, the
illustrated by the relatively steep slopes in the

porogg éﬁ?fpépweéh%ép%ilﬁl m@yqp%ﬁ@nfpr 6¥%§¥1P1Peatgl%% Rg¢ of @,cmcla%i bed, an

t

arrarg%n{:e'ng yf ‘?ﬁses glé: %Pe) soli%igrgﬁnc% as?%%ﬂtﬁhy/ h%g?}g?ﬁfb%érﬁe structure, a

fibrazi® msﬂaﬁgﬁﬂént,qaiﬁhﬁz Ii’ﬁeIS@-tyqfe lahee rsaaeﬂureo nIttrﬁapbé‘p%férréd'mlat the media
reaction fromcontinuing too |ong and creating. coke o

matrgg PRYRAS Rl sprfacareajtp efam%ﬂt% 690%#16ata%h§@9@svvﬂhstb@ reactant and

vol une of reactor used for conveyance of a

pﬂﬂ?ggg a%f [0064] Alternative enbodi nents may use

[0065actiomaredi mefeitoe o utidre fdnee oes of ichaigmandompmethed tedirect a flow
honeyconb, nonol i ths, such_as whereby the channe

streagy ﬁé ONE OFF e ViCEsHAIS IRy M@ﬂt%@m&omfet ¢ sPadiigs In the exemplary
embgﬁ)ih{%\ﬁ@%is%g?regzdtacg‘ﬁg\dﬁkrﬂ}u%jr (3 ?P&’fpéc@sxa setbif! éﬁgstl%gﬁv (3%) to second gas

ste
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).
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linear or tubular), than the previously described
nmonol iths, including but not limted to |abyrinthine,
wo a008esmsed fl ow pat hs, conduits, tubes, sl otsSPCEHOBZ008/063716

a pore structure having channels through a portion(s)
of the reactor and may include barrier portion, such

In a BRAGHQNAN BTt EMhe 36 ch8GAYObe s ) IFIRERLuRrathh SdHeomprise channels
sub- segnments, having substantially no effective

havipg a@a br ﬂutck/barnergastesolam thcofirsbreaetanindansels fiomathk ecfapd reactant

B AR IR R -

fuuyStf%ﬁtanl%I@géﬂéra%ﬁaeaje@tﬁdtd‘ &@éﬂcﬁ&ﬁ@ r@éeﬁ@rratl\’)@ ibb® #sbA hoat into the
tranS|t|n%Xthe recuperator (27). For such enbodi nent s,

reactahegasenliaxe erobinigtth renay With eacheother ittt ¢ramtion zone.
fl t h f
10068} 7 dicerriag Pairarep G i Ry R @Rrd e prosent

inveh@n H&RE&IA cofFBRAMERIBoN BV R LotbuSlidH bV&thYr Bh®dlease that occurs
axial length through the reactor. AX|aIIy | onger

due rte agxothreringn gftahsomay“se»bpf@ml@kyc ecnangedagwdnyprthas safr last 50 percent,

ro ctor
Prof B s B P B RS BBl s WSO RRal af hgyeactant heving
the doedlebtd®; lithRing@XABMbActrRblY eaStabRNEnAInt df PcteRe a@ AdtwdA the first
arrangenent of tiles, a perneable solid nedia,
and sedose amqt@tlsyemmwm%bpw@e sensygred by, reactfqnbbsoﬂ@ point at which

arran nent tice struc
thes% ga%P g? rcg@pfeﬁegt %Fﬂ eax%% alya ﬁg?&hexre&l%g}ratagg%i glﬁ tius ranner the
majdiity foRlGBe @iFRacdcant 380) isti@pLisoRed Heatthexed) eofwzh& Redoh@ reactant
react ant and produced gases. [0065] It nay
(32)paréi‘@prr@4101tﬂd aftthe hzéé relgnse ﬁ(yrpéh@feaémn pf‘r@?mblﬁmgrfé@%ws (30) and

(32)tv&91|1 Hot BGL u%¥vl rr%% qa]mqf S ex1t1n|g qge{ }26%1611 er%% for)ntP?efgrably the

ecte OI‘tIOI’]O econ s
reac@ARQEd pBBE, Kt sdThdtthrars nydRpeilsS b Tighidt @ﬁxtﬁ@lbr «zhpbepﬁa@e
a second gas strean1&32) to second gas st ream channel s
[0067hat Hreepgrgbtﬁt maction fyr thest aegancrationm sicamotis j mednt (thel percent of

reacﬁ(?rfrhﬂsép is ss %%Sl%g%&]a ﬂ%ﬁgﬁ gt?l%gso eoqlﬁgsze%rgll fget%h or aetxample, if gas

(30)I ®@AFirisad nootmﬁtn@g‘ ofas EOr esliines3d), il zewolaﬁeﬁmy eand gas (32)
as stream (30) during axial transit of the

compl@ﬁ&dp@rm lgpey ofAfydragen, piea ftg? Pagingh el hégrnctrie feaction would be the

com SIS YOS BT §HESE P R RRERLDECto make 10

volubiee off iIH,&X. rieabisante, ¢hamrelusndsradmydhiges ecaa dctiiRe tamfbusted in the
channel s. Thereby, both of the at |east two reactant

TeCURRI§ s Zpa2 7). s g\foruldc reercsprNaye li*?é%ﬂ?él afdle regenopationgyiispm. This is
der91E FREREPRL YA ARy BUELGD tLUBL OIFELRLULE onyen o
preserﬁn"ihi amognts Oab"oﬁacﬂheV\stblhhﬁﬁfeh‘ld)tré‘(ﬁﬁrehﬁnt heTlag ks thydrogen is the

zone. [0066 By keeping the reactants. (30). and_ (32)
stoichigyagteieal Ivaliinyfingegosmnongel; Ureg phissdedinitiony étnbﬁupé#ea@ql ébaél less than

50%‘; eeg{tﬁ)[ﬁt Fn%lreS glte@ﬁ‘rédotﬁgﬁ R ﬂ%fn fSla/e r&%ﬂ?ﬁ Sa'hh Afos? re?%lji?%{] t.hat less than

eas at occurs to exothermc r
10%" Subxsdnaof thel deyereepmnadtedins reeams dimayt thataxlidasins®®f the recuperator
percent, preferably at |east 75 percent, and nore
(anreferably at | east 90 percent of the reactant having

[006t8!:'munt o#)?e%rr&ir eﬂl%)gﬂla tfpd ghaﬁﬁkﬁr@gf laff(?l(i% Jo%?pqs@%eﬁenals that

react an S et ween t
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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and second reactant streans, has not becone consuned
by reaction by the point at which these gases have
wa@emplistteed t heir axial transit of the recuper ab@F/USRTIF/063716
In this manner, the majority of the first reactant
(30) is kept isolated fromthe majority of the second
rate Ese&ﬁtaﬁ%lz@&;%gr a, @Qgtrﬁﬁk?er@}a‘?ﬁét&yAﬁT, bos bt §(ﬁj @aﬁﬁ)re referably
fromthe reaction of I ning reactants (30) and ?
below dbound00tCaked nioacprelfmﬁblb tehey bbaat@ACS Tegpdra@xtict IAITQT, as used
t he recuperat or Preferably the reactants are

herefppdesthe gatio s¥ntke r@&c"’t"ﬁt?tgé YRAymesiephgas dragsier gaiedthat is needed for
recuﬁé&ﬁ% Go i Vo\'iﬁ'lﬁg&lc%gts&anskqugzﬂﬁctre%? opﬁ{eeo%ﬁt hy. r e%%' 8R1n1tetrlc heat
ese regeneration streans IS percent
trangfeaate (0. tdl&im issc)phstss btifﬁciaﬁsbd r@ﬂpérh&orstsmatchlamwmye product of
of the overall feed, For exanp gas

the gag Hom Wi cLoEMySrLil thy gaé.heaf(@@a%t (Srée &2 ?enanﬁa) eni desired end-to-
end @&}ég%tgrr?q}%ﬁ%ea(&ﬁﬂaﬁl (a3 rren&%{ggir 3 lef)trétglrlelf gﬂé;tgg% ntlty divided by

the wduthél (e dntie oﬂme‘@etslt)bfatbr%na@n elavigresd B thiayds. ogem(rﬁ{&)n channel
with 5 volunes of Oxygen (Q2) to make 10 vol unes of

(28) i cpmpyicd Hpigg @as £30)i ¢hanpel (P Lk 2ot () densifernl wigguperator zone (27)

Wlth\?\é{&r gllgr glr"}?eg\gggﬁfﬁ&%g 6@5&%%@ : gﬁgfg f%fe L&r trhé %g%,eﬂvgzs} thfCQﬂ; calculated

as tlgt prodmat oftd srch-bastRs@ictRcithaeRr eslamee ©Of ardes isghedliic surface area for
un-r eact ed oxygﬁgé because that un-reacted oxygen was
heat ;Sliae%féhtavt NS D ofrevefcrig tapgihe micHad picp of the packing.

[006§qu| %f?]ir% a‘yﬁ%bo 1&%n1??éﬁ%tﬁ%§ﬂ%‘82 ({'?3 LJSCPrnngrlF?t Icesrarmc (including

but Aef lllrﬁitéd O zirbdnid)s ahﬂtﬁflﬁrdre&héﬂ‘lwﬁrabtbﬁﬁ nidfaial 20Pable of withstanding
reaction, nore preferred than | ess than 25% reaction .
temt&ﬁﬁu%%ceﬁfieg 0 teie nrefeeablh 42000 0osnd st Mok alfefqrhlely 1700°C.

Mat{ Eagseﬁ‘e \%er b gf@&feré’[[}%%&ﬁ}%'aﬂg inh E;g g%‘&e % dob@Rsibht & preferred

wheenmbhert Retvheerh hﬁtlc renohi@ sh¢ B8J r@mdmﬁ 3A3hbanmiki®im temperature for
materi als that provide adequate heat transfer capacity
sustgipedpeatods of HEact t@rﬁg@\fegf {ﬁa@tobpeﬁ ﬂqr@@e( g_l)OVgiﬁé tlE%BrOJ ect economics and
i Sfjs
oS LI by, SIS YA Ay st 29
mﬂMMﬁ%M@%M%mmmm%%%@mmm%ﬂﬂWMMWﬂmd
250%& out 5000C, nore preferabhl 1belovv% bout 1000C

stang TR PRSPy LI B earE m@éOOQ M?%mfe@‘?%mannel means
(28)a§qnﬁ§r?sg Qecre C ljloiteg g, aﬁé\fi’n M}Felsbﬁgm dl‘?eggmal length of the

metric eat transfer rat 'S nee
recup&atop eraator 6277). t o t he volunetrlc heat transfer
coefficient of the hv. vqu ri c heat
[0070} andiedprringt agape bgje IS&W /Fagges éZa) ﬂ@umfvettw@nteactor system

1nchg(faé§ af ﬁ%y PeeaEt%rr '(?);e(léttctalﬁﬁll Cyl eeﬂde@ apsreg Céndogl lg,helﬁttdya second

ow rate sec Wlth as eat capac
reac‘(oe @) ocoataigng QCprimiady dﬂd;l(B)edtném:iSt@mdai'yt erltbéﬁ)at uthe embodiments

ilusfheg "B %ﬁéﬁ% e BB B et dftl%tﬁ%'(s dtﬁtgfls prgvided for
expl?@a‘f@ﬁg{ﬁﬁ l'es 955‘763,&12%} nof # d%ﬁ % ki’é’pr%ﬁﬁt 9%§mptreﬂ1%n@ Imbodiment.

I'S Con‘pute usi ng ‘gas annel
Refor@Rp mudeho gtaS'e(uS‘Z()f a sactot oteadly referspe raadlstal paytien 2 e reactor with

W th tot s.. Th volunet c heat transfer "
respedds f1 E?Flgng‘ng%%fetB% ae,acm 'és tt%ﬂyctgﬁltl 4888 SRS Qs 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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as the product of a area-based coefficient (e.qg.
cal/cn2sC) and a specific surface area for heat
w0 e@ngsmwsl (av, e.g. cnR/cnB), often referred tRCHES1008063716

wetted area of the packing. [0069] In a preferred
enbodi nent, channels (28) and (33) conprise ceramc

of tHel Vagibté h&idtsidnonat axid Bithvesh R rdégce@ @&d fadd BiMhBaeac®r and a mid-
other refractory material capable of w thstanding

point efthe resctor gwit encre priifergbly 2880C0 thoewl farethen &bthg MIBAROCT,

100737 Wih et i aTaR ebrind e g bk £ TS Sulguhees an axia
view b cxRenpre el AR IDMRTSI I NEIR dpRrteREESEH)N Miftking to both Figures 2

reachi ng the "bed reaction adiabatic nmaximum
and 8 eansenees (3@ rhayr disess the sseehdondtanisgas (32)ipreferentaly ®yvsstect channels

L SR R SRR S48 A IO 55 A5 . e
opetﬁn&ﬂ@%ﬁﬁfe@ df R ChamRRLs. (38N LS of gzgéc]:ct?t@ ‘%n&t%ﬁbwﬁﬁﬂl@y be added to

ted area between 50 ft 1 and 30 , hore
the ppasfueesal6y thett eksesuiteDly flesignednie ¢B@0 the flow afidhesseond gas (32)

f b bet 200, f d 2000 .ft,1 . Most. .
et BRI TR oHERn AR Hear {280 eEmpring”di afSBiibutor aperture
(36)NeNBYL Q¥ njcbrBi) AQ tHehRnRe Lisanh b8 13 Y tHebE cidanindls rh/NBS ttileed during

the recuperator reactor (27). [0070] Referring again
the tgvpise Ilow or Fpagtipesyrleaincaqading (thy oversd ¢ffigieney @& the system. Such

o35 ) ARl R, SREIHRAP s

to facRiRgt Qllaptdionae Miadifle Rehclor BY4t6mE, ¥uesh WRdre 8itthedetor/recuperator beds
secondarﬁ end (5). The enbodinments illustrated in

may!:rp‘@tqgg)t e.(rvg(}'s,e qu@)ig relpigorptoghe lagatien §f the gy wream for processing, ¢.g.,
suchI alsI Uiﬁ{ a{ Iaottallt%n.soeﬁrtow rdgqog sorsteten)gpl anatory pur poses only
and aré not & ntended t0 Fepresent a conprehensive
[0072[rbodWREm ta. gdsedictiButR Horde droapditure(Bb) iafana dRaCtQEtem directs a
nerely refers to a distal portion of the reactor with
streanp g heeg etaniogag 3 Axparrdnthg apsecistedonlet planpelandassociiedcondgits in the
a nters or..exht "end:
st B 4 R 0L RS e e P L Bfporgacon e 52
will NgpiceilY &cc®y @Xiakges ubsbanibf Hongy@mBryMduitsh@3yadsi Qusaverses the
poi nts along an axis between the respective end face
recupgratorie Thisaeytepma ntia gepgirisoicsilt of thendza efalbe gpactgyyegments and/or
. ar b | ose 0 f t
o[PS 8" BUSACLYuS' G3ehe VR OGO AI T UAR! PP honcyeoms

condx€ Bpdupiddetsly e1182) mrytascortfingus @ pdefbirtdishbadi®®niabe akdradterized as
vi ew of an_exenplary gas distributor (31) having )
a bugdler ol pesluits ety picrldy ericnied alengdichsamiqyapris ¢ thg ggerure (36) and its

. e 6 Y i . .

s BESHRMER, AR TDHIRS ol AR RO 0k et

contgifib® diigte plrityapL ighsi (3% @36 Ymar wilhllikgijeaotwsipport baxotti@ic reaction.
not sealed to, the openings/apertures of select. )

Condyitpripedted peasyhe qybsrAdgs obhebypdiergitlde(ip slose REaANityE] caguluits (28)

t e e 3 I I '

carr i 1%, deer PR B e ol 25 0 B BB, nddSALGHIESE th firs

gas 0pae! o tseand\gas (320 wihdc seheddabdhasan elespeipByral Blpenof each stream
"seal i ng" the_gas, distributor apertures (36) (or

of gpo@Z) dxt inpecheomdhe aperiyes S8).edhupHams0adyisayYs) ankbEl) near the

outef BRI tfe Wﬂl@%ﬂ%é&}i Zk HELNSrHBE tF?‘ﬁ%;t ?fﬁs {3'02%@{}}6 second gas
reaction cycle, Increasing the overa erricrency o

(32)t Rcasyi@t ercorBbigstion 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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"open" gas distributor (31) may be preferred for many
applications, over a "closed" system to facilitate
w@omptisttebon to multiple reactor systenms, such BST/WRWOL063716
the reactor/recuperator beds may rotate or otherw se
nove in relation to the location of the gas streamfor
withRf A&Es&uP&rato?-(37) iSUGH tRsh WO RefeRbA! kDG RH tRaP85%, and most
reactor system [0072] When a gas distributor nozzle
prefgmblypesst thae 103691 the sieichiopwtrically statvdireantang haviegrtbasmallest or
eact ant gas (32) toward the associated inlet

fr
rawﬁﬂ%hwﬁp@éﬁgw &oci ated conduits in the reactor
[007@Er efigr bl yalrRARe VG HiAaNE | thé rﬂééﬁ)}rat&r}%a&&% Mgayofnclude, for

at stream of reactant gas (32) wll typically occupy
exaraplb,apa}éiedl bater f@éfmhmr@;lddomatamisd(not shqg®) thas p¢rmit more mixing or
raverses the r cup rat or cone
dispps i 11 GrobfiS SSECERD: Ryt o HedoRanpe SndRBy Cose! Saditional

reacBRE Il 8cift 1A ehe TeBIRYAUNETP D Hixkey RithihBe PROPEEIR that is due to
honeyconb conduits. The honeyconb conduits occupi ed by

the 9’331 @fszf)rsmwf g@@br(@l@)ngld 632 pr ticgrpassl teorigbdi bmt mapestill be an
acterized e .of co du ts

acoef Bl e A oBe A Hifloe SN Gyt Byl thg rgecneration

strednisSwitii lﬂhé"ﬂ:cﬁﬁér@t@ﬂ(ﬂf) iass thd2 0% oreititls tha@aads@Ra®Rh, and most
the center of this bundle/channel will contain a hi gh

prefqzraletlysSoﬁha@ d8%( 3Methily fohaglowlation pf kastia} disnersseip pietk mixing in bed
med &% %nerg1ct %ctlon Conduits | ocated near the outer
BdGE WM hbCATindl e wi Il be in close proxinity to

[007‘4]3 nd lelﬁI‘ﬁlg( %@éne@zﬂ[dn}/ tHégﬁItshQasqg Dpind @a6AEP4s (3L Ntr@bit the recuperator
system as describ ove, sone m xing of the

zonef @ﬁg ylagélgmqq;@ﬁ%a@ad (hb. gémbengs@eqtgﬁ)thwlm\reng@n that heat, stored in

the 1%23%695‘[%1? %lﬁlj?e ?rﬁar t hgrﬁgleo{l,l? %@%@h%yc(ij%%g ttl(r:)afn feerr%(g é? t roﬁﬁnﬂe first and
secof@ @Ese@ Qlﬂﬁﬁ% L1533 Iéé&)eraafdﬂ dy33) TRacaleh gagidtaed thefl garddfucéd®ito mixer
bundle will carry sone anount of both the first gas

(44)( 30y ganarixeh é445)e]@éfﬁ@d betweemthe. re@@a@fcqrdm)oqnddb@mgtpr o), functions
to rn?x s g en%%%s% réa%?h %Qsd stl(e%%?s ég ¥ ent% e(?g)? E?&eﬂaﬁlgeaq OF fiear the interface

con gases C raver

ofthree@amaﬁablw(z(l)zzlidth&@ﬁiaexqas)es woul d still be considered
be substantially separated, as Ion%las t he
[007|5bsuITh%§11¥féa@t40 dh mefetahéf pe@séthléteét o frbsicated rafwp trpdterial able to

c 7 n r.ef
w1th%1!§§% t lﬁ?g%%g}n era(tgr %TI%( ecrger X a%ix\[j)gliq eﬂ;cg&) t tﬁg ?ggt%lggﬁ Yle during
volatifgl B}td?b@lﬂb(ﬁﬂﬁifdiﬂnﬁﬁé lay hfgﬁas’étdcﬂelty‘ ead havht cdﬂl&&’ﬂsfdﬁ a8 (>50 weight

smal l est or reaction limting presence. [0073] In sone
percgnty.erlpag ipvadciaedh embadinest, mixer (Eulbsetorsbicteddionpbe matpyial able to

w1th[§§%{d lté’ﬁgl}elrlﬁﬁres e%eﬁaf\%l%r@ll ﬁ"F E’%Iéeé %oq'e Z)Eefglggﬁ; f%%gﬂ? (H?)OOC) and

erm

mostips¢ferasiyo 309G Fr (elaw:)()a@) S meﬁom%fefrtﬁdl ¥mbb@MRhg i ﬂﬁg(et h@cans (34) is
first reactor. In this case, additional reactlon may
consgpetge of aerpmic mé@{}ﬁl&)é%ﬂ ay PTG 9E SHIGORFRDKIS Taf PRI he

[007%20 ung %er 111‘15@%&42% tholi}%ng)é{)ﬁ# O%lgéﬁ%fsthg 'Pm%r (44), together

as t ey pass

withsd adtJawlaga vigw Bgaeptaabf @ﬁﬁeﬁ@%ﬁ%ﬁbo@&dnﬂﬁ@vﬁﬂ-t&b@mlxer (47). The
m xi ng, and subsequent reaction of the regeneration
exengplpiyaREcei A4 cAMPHESsRixgheseatcats (¢27having $Vé1§lsmtxl%ff‘75 dogpted within

the sBEt%I%r(Q?J YIn Jqﬂ%feln%a%rﬁb%aﬂngé(yﬁnx%f] geg%)eﬁs (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,
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preferably | ess than 10% Methods for cal cul ati on of
radi al dispersion and mxing in bed nedia is known in
W@ b@sastosl [ 0074] During regeneration, the firsPCHHS2008/063716
(30) and second gas (32) transit the recuperator zone
(27) via channels (28) and (33). It is a key aspect of
segnhdhitS(4sMMRDh@MhdvBahbdiaRtally TR Rebsk RedtidRal RELRERATRke intercepting
zone fromthe previous quench cycle, is transferred to
gas fowHrarhe dubstgntialydcqmelcaumdbayad exs dhatnmgnteh@s (28) and (33). Alsoin a

pref?rﬁegf E%éhl%fq‘hf & ll%%( gggtg" Es) @8?- %a(ZSg? g}st[rtgailjrejd within recuperator

reacio@ gﬁ)%dclbﬁfat/\@%ﬁ of R JoBMURE r(a%)(iﬁtefo%@s @@ dotvorh @3G6RAntially equal
functions to m x the regenerating reaction

fractsqn @fd:méh (mgaaﬁ@npslzmeatp (&% eanaricgons gas chaet mchies (%3) Expressed

f t
mattefpfice foGa8 Fgohf o ks omstabief Hony SEoRbf Fiet grpompassed
by s&tiohabfd; ﬁ@ﬂl@cﬁa‘éﬁoﬁomkﬁ rchﬁ{neﬁﬂlleﬁlst(QS)/\ﬂntéi‘é‘ép@é'ddo}I etibd Dhnd f5; as

t enperatures expected to be experienced in the
the ﬁr@@@n o totelotheneil maags () antercepted P sedwnbonn pgfrdferd gmbodiment,

for %h &ﬁgqaho&:flélgeﬁ%%lﬁéﬁt gl,garl]ndd g% Q{/‘ nve glda%n { pr%rcg? ? o% Q zf") between

about 9.8 sl PUEhey the oAMa oml,eéﬂ@hloe@% fdrgolwv&lhﬁﬁ apsut 10%. One can
t enper at ures exceedlng 21900F 00C), nore

furthsr drBrabhiyas 21a fiori¢n 60RBC) rcanm O?rmt@rcmteql &y é@‘Ft}PnSl@g@@ i as the

fract{01n7oo OC%sFraaCr{l égZ) 1£1tee£cee£){e§1%é/etﬂb o%k[lgg:?t( II} arln rﬁ(o%% prek err 2 egtnn%nc)éhment for

eachoiecﬁd)ﬂl ii,ct@B vaRiehiof €, f, ahd @xamll &c Willd @bolr Zlhp@rcént of fa;, and more
i|lustrates an axial view of one configuration of the

mﬁﬁﬁﬁw§ﬂmﬁnmﬁbmﬁé@%ther wi t h a cut - amay view Figure 4a,

[007?11 ori*el%urel 5y lﬁls%at%s f{ Ofcu’?V\onu{ sect%%eofm b %c%lgffclitlgllsgas mixer

m xer I'Ses m Xer segnents

segnihy i(%) with rslvvnllﬂr%lﬁér (#47) Wﬁﬂ@&l&dpﬂé’sénhluﬁ\veﬁlhﬁn%@@iutﬂfk‘é a gas mixer
In a preferred enbodi nent, m xer segnments (

knm(ala ég ol artisanytoeapuabiing gasey Fom theqlirsh ofagas &haw)l means (28)
and \g\#s’hg ﬁ{let&#]e il o%mglent %1? ﬁeelﬂg&? n{n)ﬁrnqze torp?h gggluln%cc?ft tﬁg gas mixer

1 ons Xer segien

(44)pasictrh sin@chig mtfﬁbﬁﬁm@img and dmetribaa@ﬁ of theysikkeddses. The term open
segnent the gas flow of a Elura ity of gas_channels
Volu(n@g)waalﬁ 6(‘@3&3 vojumegofghepwir AR BES WEGHBEcHt 445), less the

VoluE%y%fe[ﬂg F}ll E@lt\é? tﬁ%te %@tﬂ# a%a!s%m ?%cc%r? ﬁ%ll)ﬁ ggst ﬁl%?geg%e%"f" (45) and

acl elnterc

swirb ukiséra@i7i) alrd )prefféltlaaly Etliffig@‘fedOfo gasinthaopal vowarswhd8)concurrently
and (33). Also in preferred_enbodi nent, the gas
functipaing &¢ groofg@)suhﬁant(aé 3ys mrgng pEthe; glgms%nwgtg@is ghannels (28) and (33).

In a Spg‘gi&rérgrgfti ?&%&:&1&% %?(ﬂﬁeo {nvggtpn }lﬁgh? ch%e ﬁ%‘ﬁp gz%fg ogﬁgnm nsa{d Iand D, are

nterce rom stan

tailoeggitalachicae tuféicicof mb@ﬂig’]atfd dlsthbg@@n GH’@SMS 1)Tﬁ&h@2§ 28)le minimizing
and second gas channel neans
operyryphateat LEEENSON G3fto 4R ladﬁrrﬁﬂ?@bmnaghﬁt ﬁ@gﬁ r%\fCQ ilof &, and more

prefc% g%l?l in®th@S@n ee GFI00DR) 2 eg:f %ﬁgﬂgﬁ%é@%&é’ of eclfézagscin a characteristic

as the ractlon of 'total neans
dianicndr@y Ceﬁrﬁeeﬁbnh;yltamu(arn)( and f33l as the fraction of
total channel peans (33) intercepted by section

[007§l pr enetddiiirne o dPtak rfpluﬂfeo pitabipble é@ttih% 225 MR (¢4 Wegreferably
tallog%@glat%g?o V\g%ﬁbtal"‘hlylhmg%f W ﬂspreaptgm)ed?&ﬂ? Gh& %f&nﬁgg 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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about 0.8 and 1.2 tines) the value of fA, and nore
preferably within about 10% One can further define

W0 3wsaseshe fraction of gas stream (30) i nter cREI/E82008/063716
section i, and f32l as the fraction of gas stream (32)
intercepted by the sectioni . In a nore preferred

[OOﬁFbOCRé}EI@ﬁlg do@fn RAEH ul%eﬁ:tﬂh@'?m'xer 4 ag%bﬁﬁéur‘@a c&%@mes gases from

nd f321 wll” be within about 20 percent of ,
chammkséS Praafld2 &b hyd widistiltitestbe torhbigted p@OXTdssRing urte rdaatlon zone (21).

illustrate exe ar cut qut section of an

n o BT oGl Rt Sttt atsr S0l THB r sl 225 and one
comﬁr‘ge)s M@l 4R thBStHRY 88 &REdahNVEIMI @4} SBYpritkidybAReR @fSon monoxide,

m xer known to the skilled artisan to conbi ne gases

hydioeahonsh@xpgenatdsi pyrashegés! stieanme|ormoaineef 28ycandOgBB)t, typically
a.gze erredtenbod i ment of thi |nﬂﬁﬂtugqﬁglnlnizﬁﬁ U
cOMBPEn Yt UMD N RS ﬁ?%z@ronfm s Prt aisHf'hg® & —pon
rnixi%%f th Gl & Hnd x¥d 2R aeutk odli(84)! iR Wak@edRibukf) 8vith X %s%ﬁ@lsproportlon
e termopen vol ume neans the total vol une of the

of tl@mmbumqneqosm(rmz)pr@mma@atg thrd emlrangfe@rtbweaemm zonkd2h). t he
ructure of the

100888 or FrertsrPLRgaE O e pe et e S5pRilep the entrance

oftlk‘l@f)ortﬁér%rﬁéﬁfh@ﬁ@@hé’?z%) Bich@Y b @dt G PAsthii %ets PPER-Neadsy R reaction
whi l e concurrently functioning to provide substantia

zongy@4) ad bhpriblecﬂas trh%elg agress thxi 20nag T@agomnam@n ef thp ®xygandcontaining

gas/ el?’élrlxtgre 1 Esf{e%gg ﬁ%ﬁ? S r%igSI ed {ﬁ:glepﬁ{rar‘gl\gggotf ttg? l’r%a%gan Zgne. The
comp&dMi&V ﬁldSILB‘nEé £dabiidn Rmpeiigurd ichyHesdontrbMdd BNadlistBi@IBS proportion of

31) and (32) while mnimzing open vol unme. Di mension
comptible @/@m@ﬂﬁfﬂ’éfl@ﬁ apmponents rethe apigairef For ¢xanepls, I@n -combustible

I ref t he ,range of
sasel 0 o Rufl Sl £°10.005 a8 H Pl B Al € B sl mivtore to
redubt GRmMbRStH0 W@ﬂﬁeﬁﬁu&s (180418 plrd‘felﬁ&ﬁleirﬂb@ﬂl.mdnh enbt@hbustible gases
volume attributable to the gas m xer (44) is
compyissf ¢agb flpctgas. | op papsaned el qtedeair e theast encsgompengifeof e mixture.
10081]"% RS SRR 23850 ST OB BT ol SEMppSR product
pass@@&%ugﬁ%ﬁorﬁh@ﬂ(lT)DFr@mﬂh@f;&bﬁ@iry ch&s® tb ri!l@fﬂp1rf1:&i9ti’Jthfndt(B)'rl before being

conbi ned vol une of the recuperator zone (27),
exhauged rvimtdopduiy 6h- (1Y, flam et spembysdonripraduct 4&t¥b1|!5(1)957 ] temperature
gradl%%&feguci& ?‘g dﬁtcllsq{;%ed:] es’ne¥aqf§lr6§y f%r o n}P %r}%e SQ( 4%’%} a?he dre Qz%atlon zone,
Whlc&lrgiaﬁleﬁh 1Bdvds bulagls thﬂ@&glﬁi ﬂf&b’ef&ﬁﬁa’@@lﬁre@@ﬁcﬁﬁﬁon@n th ity Beginning of the
reaction zone (21). In a preferred enbodi nent, first
ICECRAIAEQIR HED Al %@L% fRIMpasaErcamey RFdciehlynhaye gasniiel vale substantially
equa‘f gtﬁ/gfcaﬁz Wiffii dd; 59 e %‘ %1aer1 fet 9&%}%&& oq”)ﬁﬁéj%r %%Igr %%ﬁgrgﬂhe preceding,

refo@xiyigesap. GSAS I&&'I fdgeﬁkﬁﬁlﬂl(ﬁﬁlsteﬁtﬁr@c&ﬁ'&s this dS‘(ltbét WErBSerature will increase
thereof. Oxidant typically conprises gas cont ai ni

somexied ap thedélﬁﬁ%fﬁtu;ie Pﬁ%ﬁé%lHW?SI"FOWF‘TdﬂB@ eHﬂetsW@s eng yp 50° C to 200°C
abovlép% rﬂuﬁ 8)%1 léth ?enE étulaend ?iﬁgf ﬁ{e @e%tgg &écﬁ %Po%uct in the

gases CO a subs proportion o
regeﬁ@ﬁﬁ)@tﬁ ttep hears atlichst RGP RtiGX bfr&ie@emldt leecten preaablytthe bdveondary end

reaction zone (21).
(5) of the second reactor (1), to a temperature of at least about 1500°C, and more preferably
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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[ 0080] The conbustion of the fuel and
oxygen-contai ning gas proximte to the entrance of the

w0 efosnsmesl or reaction zone (21) creates a hot PCT/ESHEL063716
that heats (or re-heats) the reaction zone (21) as the
flue gas travels across that zone. The conposition of

[0082De  ORAIRN 5§ AR AR NEIMO 3R MR th&tilg p%ni 8t REEMSHRA $18s the time
provi de the desired tenperature of the reaction zone.

spenThe raformpog, plusthatiohereqoeedr toavtitabnbarespercgeuareiongndogeformation

control |l ed adjusting the proportion of conbustible
and (R Rt OB bI"a T C B B° HE CHE Ay B B spest only on
regeﬁe&aﬁ&{ Qr tRONME AR A RIFSIADAS AQEo giaer cfldindBidSURELLRAS the bed,

¢O, and al so may be added to tHe reactant
feedmgxth@ velatized lsdlnecarbarnbod qumhmg[fb@ pcetyleee cantainimg reaction product.

referred e onbust i.bl.e gases co
TypBRaTE FS BRaPob el BT RERP b bty HO3S cafS] Biabgifine may be
betwRBE 1GeeTRANAAL40kcdongs, Mtk on QQBAds MBS 8 ddsied ADKINKL alternative

to regeneration Flgure I (b e reacted, hot
embedimsutst iMereprofgtably fmé;lsfesrefehredugthmhelf @mhethm(emﬁ, cycreotrmmes may be

th d th
berois B 2SSES 0¥ 6 ok ol PO BB haE sl hpraB S B roformation
step€ AITRMRL @Bl hedusl gt ROI-+&HRE appli@iBRialsUlR PR HRRE two times

such as illustrated generally by exanpl e graph (8),
will wptbei gquehe ref or mation zone, V\,hl ch gradi ent noves

[008§E : ln%%/ ﬁ%@@lge%g(? ﬁgoYe: glrgﬁoféfg{)rr% erIlre t%ggc t Iﬁhoenll‘lg/Sl% Ve procgsgemcludes a
proctaﬁnﬁf? rBsly2inFaY hdr8ELh&b Eééd@t@&’l@ coftainmid h@ﬂlvdlﬁﬂébem a regenecrative
substantially equal (typically within 250C) to the
pyrolysiseteactOrpaptamy rSéldo]PTOF%é qoafnsistigh dar bealingf the eonvolatile-containing
hydl%g?a%gedldese%y{){;]ke ‘éﬁsrt{é‘ﬁ% f at §g era'%f’vlfr;@lrolgglgenﬁzgq%gsggtgm toeatD temperature
suffiSREEW &8rmas vap&r HIRRP eiadtisicsscptiafy fréc BPYiBsvdl@ney Bnd blehqluld phase
outlet, and a@{ end up 500C to 2000C above the initia
contaiirigethet eenyetatilass &b) P@l@feémgbwd vepe please deom et ligwid phase; (c)

feedglr ?ﬁ%gslep%@ted Ny se% d eag{eﬂ%ﬁl@ Ro htggtrpifgﬁ?;m% ﬁgacttor system; and (d)

com@e e myetigmed ah5)se}]wratb@ ®a q&@ﬂ: iheakrt ®frollydis redcraystem to form a
tenperature of at |east about 15000C, and nore

Wﬂbﬁeﬂeplﬁﬁy to a tenperature of at |east about 16000C
d [ r er abl S e

0083 by ol NS B i R BB SR By s Pwenpyprore of o

hydoegbeie P yolydiserédiet Hesmh 4 @lyedoaiboh fe€dRsIng! 4 irdgerchgive pyrolysis
reacti on speed and product.][0082] Reactor system cycle

reactof EStPRc Vhere s ﬂlﬁéeitcitheSYQﬁéthhlﬂe& Ehedustarador ginuyisingea first end

t, at |
and & s&%nﬁ %ﬁ&l angt e(H5 ? e@c{gﬁg ?%t Itog r?ga &5‘1%%#3 n’g gﬁétgdﬁagse&ndary end, and
the fﬁ%’f sied sctoud ;rea@tdﬂ@hlfe eyt iy sdriest flewswhsibahip alithyresgdet to cach
time spent only on regeneration, or the tinme spend on

othey éwélrﬁlraft iherpecoridapngdepietheresqnd Ii%rt%@sprﬂ@atarer@eﬁ%ond end of the
b e 0 d

firs 88oigl o0 artal 85 ERikg ¥t NP0 220 Ren Y4 RGN Meontaining

hydroya@rtben fdctmsck wystipirafof teadg@rcbniic perilgsidiicattoz $y3¢m to a temperature
honeﬁgonb nonol i ths may be between 1 second and 240

suffigieat Fy ormgy tmwgrhaﬁ%ﬁfgaérls erssdallyafep ef aasyalates andariguid phase

I e
contgllrrﬁe o eh&?\lo? ?s?h(%z :ggga : ﬁ%ﬁh@ Ve (ﬁr ts|¥ nigrgﬁl fReyi lb%uld phase; (c)
supplying a first reactant through a first channel in the ﬁrst reactor and supplylng 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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between 2 seconds and 60 seconds. It is not necessary
that the regeneration and reformation steps to have
weewalistweshes, and in a well-refined applicati oPCT/US1088/063716

likely that these two tinmes will not be equal. [0083]
As di scussed above, in one preferred aspect, the

the fildVARM JMENPIAGESS at The|sHERY RdRIFAEBSt F@EtoPYRPIMHMHhE combined
hydr ocar bon feedstock containing nonvolatiles in a

reactagtyetve pedinve aplyeatddy sdastion acednct; sies tresying dhal hpatod gsarction product

C ri sing: eat i t nonvol atil e-contai nin
thro@angg é%crogg nregicgtélagot taaéﬁpeg Sg%][?fgo%t re?ft}-o&fé?fg cg?q %18 &ond reactor to
prodB¥¢ @l neated oGt Riac®Y:SHE 'EFaﬁﬁ‘_e@in%%ﬂ@Js@taUﬁS&ti&UBf itled §dparated vapor
to forma vapor phase that is essentially free of

phasa drono btap (b)esd ardhancito ghei pyroliisis ecacon spsternnghaerpley the separated vapor

nonvol atiles: (b) . separating, sai d vapor phase fro .
phasg oty Bl p G milai® F80 Plshahg it S8R s RR STt fecding he
sepaPN@s &apitd pidhaiie i@hdnBethByiphl MRl Sedt@PGEQINdSHaE®ATto ddhvert the

(d) converting the nethane and separated vapor phase '
separatcds arpprpghast yad snatkaastiofo & yryralpnis eradvcin () ayewshjngi the pyrolysis
procilﬁgrﬁtggﬁgi@ {ae%g‘?eg%uglstgle ?CEI%B% erg R%%ﬁ%%iga%&:a' %:no\ﬁgrt]ltlel Pctor system. As
previt@iyOdi subeid, RySteY ¥, the Bé@hiEdlink PIhEmBiHdhOGRT Qparat@eehpor phase

usi ng a regenerative pyrolysis reactor system wherein
maythgeingtiagask withigythe eepctos sy sfemsor(dt substyrtialy appalesisnd point upstream of

conprising.a.first.end and a second end. .and (d.j)._a
the ST HRORAF e BT s T PR B e oy
[0088Nd, EHtdpich@nt fihventioRnthoSpeRaes heappRhts doep@olyeitieed hiyBrocarbon

a series flowrelationship with respect to each other
feedstaeh comaininghronyelabirdan y isaenceftiveyrelusis iercrasaystom, pajd apparatus
com l;tisgll)lél ‘s a%)s% :Tl_ge?lltezf:fs:oo?%aeteg S%O%O%Efe-{o%ﬁﬁigr%tel f}({érgcga’rbotnh Feedstock to a
tempredi@l iffidientcOnfoan g dRVhageE eiaba cdserilslyofike UPabivAdTics and a
. of the regenerative ﬁ%f0| Sis reactor systemto a
liquidenhges eomntaaing g pevetitilaso(t) greparatos popepgrras thervaper phase from the
. .8S dally f nonyol at i L QUi .
iou R R TR R BUVRUEE' ¢ RS Beot s’ AR gEg grecnorative
pyropzasadtoOsystdne td toguive tikhapaiatddcyapdtippdsgiang the fricttahe feedstock, to

reactant through a first channel in the first reactor
heatand conppt (ierigpaetcd eaper phase aathancthage tim seidiyraligh regctor system to

in the first reactor, such that the
ﬁnnffﬁ@?@g%ﬁﬁ@@%gnd reactants are supplied to the first
[0086Ractiarydh aaaththembodigiengnble pfestieiniéntivh iheladésn afhratus for the
conmbi ningthe first and second reactants at the second )
mangfygiugs afhe hydreearbemcysplyaindrioduet ifingh thehyesrrtead feed using a
rogeh ERE AR D R AR SR, AR A EREHp Ry KU s g e roster to
heatreacivolatil @ containgigehydre@ibdn wrditbek teaatmperatui® dufficicho to form a
the second reactor tq produce a heated second reactor;, .
vapqrf phase JRalt & esseptialy fisasel Bop@iatilonapd & Heuephgsgt guptaining the
) tihe: Ay
non YR80 PO Epa S BRSO MoPEAE Hond BIBIEHIALYE methane
feednmet pranileco mutigk efeedstdtkeaath (0} heregmicrdtive phelysBachaor system to
system (g). feeding the separated vapor phase and

recelygthasrdatafdoAgaT plivec ﬁ@%fh@dn@awrfae%@taag CORVELRG egRarated vapor

phasrehgnd 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 (i1) 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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separ at ed vapor phase and nmethane into a pyrolysis
product; (h) quenching the pyrolysis product; and (i)
WO 2@8iswsng t he quenched pyrol ysis product froP@T/b82008/063716

reactor system As previously discussed, in step (f),
the comm ngling of the nmethane and separated vapor

wheRAER fBY A6l BhhpBI8d Mist MHaMndINBr EORY My S ¥k 8Bt SHrough the
substantially any desired point upstreamof the

first resatstr end a sepohd abaningl fdiegonveymgf ascchndesactahidhwagh thet roactor.

even. upstream of the separator. [0085], The presept
10089}, erERARTE BEFhichytona iR afsEh et o, TS o 3 Marespeet o
certdlY dmBEAHRAR, [18€ &SBOGHKIEREY Bihi RE iMRAME &tddt ¢®nitcd 8 the particulars
regenerative pyrolysis reactor system said apparatus
disclosgrpanidsixtands (mjll equnedenss witbinrtbascoge of the claims.
nonvol ati |l e-contai ni ng hydrocarbon feedstock to a
tenperature sufficient to forma vapor phase that is
essentially free of nonvolatiles and a |iquid phase
contai ning the nonvol atiles; (b) a separator to
separate the vapor phase fromthe |iquid phase; (c) a
net hane feed to provide a nethane feedstock; and (d) a
regenerative pyrolysis reactor systemto receive the
separ ated vapor phase and the net hane feedstock, to
heat and convert the separated vapor phase and net hane
in said pyrolysis reactor systemto forma pyrolysis
product. [0086] In yet another enbodi nent, the present
i nvention includes an apparatus for the manufacture of
a hydrocarbon pyrolysis product froma hydrocarbon
feed using a regenerative pyrolysis reactor system
wherein the reactor system conprises: (a) a heater to
heat a nonvol atil e-cont ai ni ng hydrocarbon feedstock to
a tenperature sufficient to forma vapor phase that is
essentially free of nonvolatiles and a |iquid phase
contai ning the nonvol atiles; (b) a separator to
separate the vapor phase fromthe |iquid phase; (c) a
nmet hane feed to provide a nethane feedstock; and (d) a
regenerative pyrolysis reactor systemto receive the
separ at ed vapor phase and the nethane feedstock and
convert the separated vapor phase and nethane in said
pyrolysis reactor systemto forma pyrolysis product,
the regenerative pyrolysis reactor system i ncl uding;
(i) a first reactor conprising a first end and a
second end; and (ii) a second reactor conprising
primary end and a secondary end, the first and second
reactors are oriented in a series flowrelationship
with respect to each other,wherein the first reactor
conprises a first channel for conveying a first
reactant through the first reactor and a second
channel for conveying a second reactant through the
reactor. [0087] Wile the present invention has been
described and illustrated with respect to certain
enbodi nents, it is to be understood that the invention
is not limted to the particul ars disclosed and
extends to all equivalents within the scope of the
claims. CLAIMS What is clained is:
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1. A process for pyrolyzing a hydrocarbon feedstock
contai ning nonvol atiles in a regenerative pyrolysis

WO 2@8usw6syst em  sai d process conprising: (a) PEBUBI998/063716

t he nonvol ati | e-cont ai ni ng hydrocar bon feedstock
upstream of a regenerative pyrolysis reactor systemto

cLavi§nperature sufficient to forma vapor phase and a

nonvol atil e-containing liquid phase; (b) separating

Wha?ﬁsé?azm%B?r phase fromsaid |iquid phase; (c) feeding

1.

déparit ed vapor phase and net hane to the
re eneratlve pyrol ysi s cto system and

EFGCHYy forh gy LHite y 9678 OIbﬁ%gjé ock (‘Sog]tadmng nonvolatiles in a
I t m a
py?@%’éﬁ&%ﬁté’ rBXSRI YR Gt 5 g&@&, Qhid E%%&s%% ?n@fﬂ

ysi s product. 2 The process accord o Caimi1,
f ufd)her heamgr kel mgntdigilstcepanfing usrdrd@atrbgnt fﬁedﬁoafk/elptsteehm of a
separated v hase.to formthe tpyro sisP
3. The b%’ﬁ&@p UV REONHTI EF2E19T Y SiFh PERHS & Gent to form

hydr 0035%?8; %Q&da%ﬁ%%n’vélaﬁ%%ﬁgnﬁlﬁ gﬂﬁ’iﬁ éﬁ@s}e to a

t enper at In the range of froma 00C t o about

6500C. 4epafdimgprdoaper 1aws©frdmmgldltmﬂl aheme,l wher ei n

t he _.nonvyol atlt:h contai nin n@}/droc st ock

coﬁfar. s&gdipg a&mrﬁﬁ%.gép% b NG HEE egwgeneratwe pyrolysis

per cent rQfok Restdrhtigd phase hydrocar bon feedst ock is
converted In step (a) into said vapor phase. 5. The

pr 6dess cavcoi thg ttepat@tedl vapor phaset inesaid oegenesiting pyyhdysis reactor
step of ng?edl n% a]% one, of anot her hydrocarbon

feed, hyUiggn! P REATESE |oast one of (i) a

unit that perforns at |east a portion of the

separation in step (b), and (ii) the pyrolysis reactor
sydhemro@ss Fh@réimgctes&aiancbr ﬂlirthgr tomptisingnths steipeofeijwenching the

the nol ar we ratl t hane t rat ed vapor
eSS T R e R R R e

heat ed pyrolysis section of the reactor system7. The
process according to Claim1l, wherein the regenerative

erbb Psocssy agotding &y Elaam he’almeinhseids@phwcatrm feagsock is heated in

Boast @0aocresrubvart Mol ERR AR H A F B G,

the pyrol ysis product. 8. The process according to

Caim1, perfornmed using a regenerative pyrolysis

r eibt: Proceys ﬂ@mdlmé(v é]lmnt hewhesgist die Iwyol@ﬁiercm@taumeg hydrocarbon
reactq

;
{ ehesflrobh BomBRaS bilfanPRisk ShA% Ral o <BRSHPEL B the tiquid phase

IOf hy&byarﬁm fe%ﬂﬁo@k ﬁ%@@%@ﬂ)in @t@ﬁ (a)aﬂd sﬁialev Pbrr ﬁias@nd
second reactors are oriented in a series flow

relationship with respect to each other such that the

Seqf0 %% ssea{]cccjtorcc)hng t'%ecﬁlerﬁ: qngu &R 851’81r)rlslll§g % tepma'tt f%edlng 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 1, wherein the molar weight ratio of methane to

separated vapor phase is from about 1:1 to about 5:1, entering the heated pyrolysis

section of the reactor system.
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the second end of the first reactor, said process
conprises the steps of: (a) heating a

Wmevsas@si | e- cont ai ni ng hydrocar bon feedst ock ROBEUSMAV63716

of the regenerative pyrolysis reactor systemto a
tenperature sufficient to forma vapor phase that is

es geBhtdlcbyadcbREnOlo ORMY Al Alheteds tiRNEgéheldtRE i rdPas Ractor system
cont ai ni ng nonvol atiles; (b) separating the vapor

phasas threosapttated vapor ghpdeamnd; the ayctbanspbyd tegnperdtinegtf at least about
t L rst d.of the first t. d
tnaolGh 'a Prfiet b Reptlr Phper el B TPl

supplying at | east a second reactant to the first end
of the first reactor and through a second channel in
t hé'he iprexesy aeordang tq §laimolirieniormged haing iarrsgensradive gyoelpsis reactor

reactants, at. the second end. of ,the fixst reactor and

S h R R RES S PR g ol o fral PRt o first end
Pr agie 8c@ndenat Sshd €G! dcOthdPFREHYE Eoirnfn@&in% pEfaRPeitddhd a secondary
heated reaction product into and through the second

r eged. gindtthe firshasd e¢condaeactars pre drecnieshintd samicpr Benaelationship with

t he _second_react or rpduce heat.e econd.reactor; .
(1 TePEadD Ry T RESChush R aRe VEBa AT ARESRENA AR roximane
t hireUughorid e deE il L BREQDE sfaﬁf‘%b@éss WoRhERY thd&eps of:

separ at ed vapor phase and nmethane are conmmi ngled wth

eath ot hesting; ehienviokasile-eeriaipings Pxdreparben tfisedsiapkl ypstream of the
convert the separated.vapqor phase into a r ol Vsi-S.

or oduct TS Do RGN [RECpyTarysio: pyBrtEtte ARESeny to form
recover vigbrt pigaseudac he sgpntiolly shr& F atbngblafifc@midd@ liquid phase
reactor system 9 The process of Claim8, further

conpr i scerganig nonsplafesquenchi ng the pyrol ysis product

i nqthe first.reactor I . i s product and
et ne R TRELBor bRk R TR ANGE ° PLr s

furd)her suﬁﬁimh%%i firgt tcheradt O st PhEVL el Mgt Afactoeasd tidough a first
majority of the first reactant fromreacting with the
second Feaeehintthofirsiiropctaseand jspeplymgaédcspt a secondrigactant to the first

perf or nl Do ne bR i Phobelfs M BEF AR S Tost poator

t o(deat cémbmimpothatfirbtemdaptd@idnicagarity dr e acdvad dndedshofikst reactor
to a tenperature sufficient to forma vapor phase that
i s esseAld apacying rthe combisHvidIshend sscanddregctpnty P dripfiesea heated

cont ai nj . volatiles; (b) a separator to
separatggg%éh]gggg’phase fromthe liquid phase; (c) a

me(d)anephstg the huardi @ectRnnpbbadieinfeatts tieckgh @irdsecond reactor to
transfer heat from the reaction product to the second reactor to produce a
heated second reactor;

() feeding the separated vapor phase and methane through the heated second
reactor whereby the separated vapor phase and methane are commingled with
cach 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.

The process of Claim 8, further comprising the step of quenching the pyrolysis
product in the first reactor to cool the pyrolysis product and heat the first reactor.
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(d) a regenerative pyrolysis reactor systemto receive
the separated vapor phase and the nethane feedst ock,

W@ 00Baste6nd convert the separated vapor phaseP@mntis2008/063716

10.

11.

12.

13.

14.

nmet hane in said pyrolysis reactor systemto forma
pyrolysis product. 12. The apparatus of C aim 11,

wherein the pyrolysis reactor conprises (i) a reaction
zone for converting the separated vapor phase and the
metThanwcess affdaipy 8. dustbérsompoidingtthawtempfprehentingat teegira majority

zon I uenchi ng..zgne to guench t.he

oy Pbig S ity o 3 e g 3 Spt g FEEES il e st reactor,
Claim11l, wherein the pyrolysis reactor system

conprises a reverse flow regenerative pyrolysis

r ed e procsgssacsardinglto ayeofpthe pesssdiag ddaidismyprfoomeshysiog an apparatus
the preceding C ains perforned using an apparat us

coﬁ%lf‘ (a) a heater to heat a

nowjol ahi hert&ond ahdit NG AYEoRER-Beaih BRI 80karhen afcedstock to a
tenperature sufficient to forma vapor phase that is

essent i &nperdtpise swficisohvel fath| @svagatl phasd that dis peragndially free of

Caini Latiles: (o). i
Copar ot BORALGDER DhALLL B st M GRARARLLLY (o,
ne{thane akgrelatboroRepathdenavipet prne fopedstiald prasd (d) a

regenerative pyrolysis reactor systemto receive the
segﬁratédWW@@@ﬁE%M@§@“aﬁﬂaﬂﬁﬁwﬁ@ﬁﬁdﬁédﬁéédstock and

‘30@8” 2 (DG RERAL 3L g v aRor tofhaagmat”dr DeLDANG L83 Dor phase
pyrol ysi's %egéﬁg?p¥y3¥en1 5of SY A By ol ysI's ﬁpoau V4P P

t he regenetRthmBme REJstdck, iRt afid SyBlathd Bpatttéd@ipor phase and
(i) a first reactor conprising a first end and a

second &wthangiysaid pyrolyssdeenier systaet te forgo prpyiosysigproduct.
primary end and a secondary end, the first and second
reactors are oriented in a series flow relationship

W The @p@eas dfaCiaas n 1okhefein \ihe pgiolysisheabtor SbmpERSt @) a reaction
conprises a first channel for conveying a first )
r edeRcafRr ¢HveliE theescpprated Yapge tibpscanrd dhes actlivare to the pyrolysis

ch . C LN re n (o) .
CCRRRSk: M A0 KEK D8 Bn2 ST A SREAGls LI UL pe pot
ongraduct he first channel and the second channel are
separated by a barrier that prevents at |east a

majority of the stoichionetrically reactable first

tr ﬁgﬁ% ?Eéatrgtpg ggcdt’og(rﬁ;ﬁé itJ‘@la\Mntll'i, {Vﬂgreﬁletﬁg %grd'b?s%ctte@&tor W/stté'llﬁ Qornprises

a reverse flow regenerative pyrolysis reactor system.

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

(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
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pyrolysis reactor system including;

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

(i1) 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
cach 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 24, 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.
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