METHANE CONVERSI ON TO HI GHER HYDROCARBONS RELATI ONSHI P
TO RELATED APPLI CATI ONS [0001] This application clains

whemnahii4nf and priority to US Provisional AppPCT/EB1006/048899
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No. 60/753,961, filed Decenber 23, 2005, and benefit

of related US Non-Provisional Application No. (Serial
nunber not yet assigned), titled "Controlled
Combustion for Regenerative Reactors,” filed on
Decenber 15, 2006, as the assignee's Famly No.
P2005J047-US2. FlI ELD OF THE | NVENTI ON [ 0002] The
invention relates to the manufacture of acetylene from
net hane. The present invention also relates broadly to
regenerative reactors. Mre particularly the invention
rel ahppripARE CHNVERSION G BIGHASRITYDROCARBONS
prod e 1T onra netimarne reed 0y COMtrorTTng
combustion for thermal regeneration of reverse flow

regeneratlve reactors in a unique and th
T e ont WP A SRR BOR B B ER G T O0s
ArRbY| enen(lgr VHA LN ciﬁn&ﬂenlaﬁﬁ JfoRH %@ﬁg; 86 O0B Pﬁﬂ/lsmnal

as one of ew conpounds that can di rect

at\phh@ﬁlogéﬂ@&q/%%%h rﬁiﬁﬁi mReceraher %tmoﬁea%bh%mﬁt Oig eléfed US
t N’% mgll ot uj(&ﬁplﬂﬁﬁgn PARC e(’%’ﬁhiz{’] beyong 919["% Fbﬁjzgned), titled

practicality f er than cost,

ptGatumiied iContbustiph dorcReganetative &eaetlom’dﬁted 2! Hgmer ds, 2006,
0 [ i I ucts, such as olefins

a%s %v iagsggl?e%%wagmg?ﬁt{’?é%&ggégp%?npedl ments to

produci ng acetyl ene from net hane feeds has been the

very high tenperat i ce high-yield
conversi on of neth?&@ﬁﬁé%ggtégﬂghgﬁekgﬂg of the

dpmioged pl'}idjitﬁibﬁtlérh adlaeo wd chdmamaficfuze ofiraeetylehenfrérhanethane.
p oduced acetyl ene t.oday. |n§lt ead bei ngartproduc ed

e
€ RSFERE BN o150, SRS droadly [P JEBTHEHI) Toactors:  More

%aarﬁlsmaﬂyomehhﬁeﬁﬁom&ba&ssl & awei vBY Procaas had bppastus for
such as et hane and naphthas,_ in ermal. crackers. The

hpr@ﬁawnw@dlﬂnﬁr frofei ymetiage Je@rlawowolhaaépmbusﬁon for thermal
raoH OF feVake NESW HeBencritilieP FBBtors TRLL unRius: atﬂf“i'hermally

p cesses were not previously identified that coul

cefficientiwas! y wi t hstand t hehi gh (>1600C) tenperatures

requi red for nethane pyrolysis. Pyrolyzing | arge

gquantities of nethane had been consi dered nuch too
costly and i mpr BACKGRQUND QF THE INVENTION

[0003] Acetylene (or ethyne, HC =CH) has long been recognized as one of the

few compounds that can be made directly at high selectivity from methane but the
conditions of that manufacture have placed it beyond commercial practicality for
other than high cost, specialty production. Acetylene can be converted to a
number of other desirable hydrocarbon products, such as olefins and vinyls. One
of the biggest impediments to producing acetylene from methane feeds has been
the very high temperatures required to produce high-yield conversion of methane
to acetylene. Many of the desired products that could be manufactured from the
produced acetylene are today instead being produced via more economical
processes, such as thermal cracking of higher molecular weight hydrocarbon feeds
such as ethane and naphthas, in thermal crackers. The higher molecular weight
feed crack at lower temperatures than methane. Equipment, materials, and

processes were not previously identified that could continuously withstand the
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the special types and costs of equipnent that woul d be
requi red. The devel oped processes for producing

waeeryroee have all operated commercially at |PEEDS2006/048899

tenperatures for steam cracki ng of higher weight
hydrocarbon feeds. [0004] It is known that acetyl ene
may be manufactured from nethane in small anounts or
bat ches, using a high tenperature, short contact tine,
yielding a m xture of acetylene, CO and H2.

Conpr ehensi ve di scussions are provided in the Stanford
Research Institute report entitled "Acetylene," a
Process Econonics Program Report No. 16, Septenber
1966, and in the Fuel Processing Technol ogy

@gﬂ. '(9?6003&% géé%eraﬁﬂéé toitted RYF Q{e&’l?aln% ﬂfrowsur?&ro@%g large

m stry a ocess cepts
mﬁun@g@f methgnobx bmv@memeredheuﬂhwogﬁlbe% yapragiieal due to

ug {a%c(félgpées (e %‘is gf@%ﬁ) tthata@'g o5 S%ﬁﬁﬁ%@l l1'31’1e3(?ﬁ|v¥loped

speC|a ty a i ons. known
Procadbac fas psodusitg tacetglfehe chaanet 1} o;mraled; ¢aghmeroially at lower

hi gh yi el ds of acetyl.ene 0 wm%
&P%ﬁﬁ¥@mﬁ§§Fé&ﬁﬁ1V'%ﬂn%ﬁgg e$%{gﬁgpace§n?§ﬁg from
tjoeoset hani Kneash, thht&[ﬁéﬁﬁéﬁdihﬂﬁbaﬁﬁnﬁ&qmwcbﬂohmnb&anm in small
excess of 15000C and referabl% i n e cess of 16

AROWIEE 97 RIS BIPE A TBh iyt oS0y Sepct <88%n ar%%ldmg a

trﬁl)&ﬁt%\(ﬁ‘%et ¥heaB0NEnd RS %ﬁip)‘élféﬁ&vb AisRusiGizane @fowded in the
carbon and K droogen conponents. . Such tenperagure

pHaeiesd Resraih ]iﬂa'f“yéff yerssertited ' Asepies da Rgo%h Conomics
exs g@agzgtli M3rolo L 1 2 ?f&rﬁﬁ? Mb66!tanliig ekt FiY8IHrdedskingaéhnology

onents that are exposed to such tenperatures

\ublicptéor: dézl yenditlgd wi ITB{TOIYﬁ’éc@% AYatwial, GasyrGQnispryors) Process
'@ﬁ%ﬂg &{P—IBH#:D Gt. leol@@Srﬁ%seﬁg@ QS?act ey Hdwevef, th€Rown processes

oses acetfyl'ene manu from net hane
i ave anefficems,edé |nwiy scelecweoll, gad rase) @eaerally vanly wsgfid efpr specialty
ope ﬁa&:l% at tenperatures of typically 2500F (13700C0),
P GBS 30000F (16500C). U.S. Patent 2, 885, 455
o[mso'ﬁ]os esThe krewer &re discivses thattoceffi¢iantly gbtadn mlaw\@ly high yields
bl e-bed react.or) for

rodycti on of .ene 0
e Sigh sl R ekow g R itk o POpaRE T aekandng s 8T 75 wite
Cﬁo‘éﬁyll&i%eﬁoﬁﬁﬂlecinaﬂﬁﬁé feé‘ﬂ%ttbﬁhﬁerahﬁem ate repircdnece in excess of

Reaction te ratures to 3 F
CEHOSET apd FEETeRDY 1B SR P ?gﬁg Q’ (%ndg &éﬁB’g gontact times
UgenerkRY €011 Qecéﬁ@s)fi& Dréeme bidaREgathe %‘é@ﬂy&ﬁ\fehﬁw glemehtal carbon

regenerative bbl' e- bed reactor) 3seful

éq;r@cbggrpggx ﬁ%p@@ed)‘tsbo@uch temperature an processes Lave largely been

unattractive due to the degradation of the equipment utilized. Virtually any metal
components that are exposed to such temperatures will be costly and will
unacceptably degrade.

[0006] In addition to the above references, U.S. Patent 2,813,919 discloses
acetylene manufacture from methane in a reverse-flow reactor (a regenerative
furnace), operating at temperatures of typically 2500°F (1370°C), but up to
3000°F (1650°C). U.S. Patent 2,885,455 discloses a reverse-flow reactor (a
regenerative pebble-bed reactor) for production of acetylene from light
hydrocarbons. Ethane and propane feeds are discussed and claimed; methane is
not mentioned. Reaction temperatures up to 3000°F (1650°C) and contact times

of 0.1 second or less are disclosed. U.S. Patent 2,886,615 describes a reverse-



feed stocks (including natural gas) w th hydrogen
reactant to prepare ol efins, acetyl enes, and other

WEe@dnto4s Tenperatures in excess of 30000F (16BODTH20861048899
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reaction tinmes of 0.001 to 3l second are disclosed. The

i nprovenent taught is a secondary heat reservoir

[0007] U. S. Patent 2,920,123 describes pyrolysis of

net hane to produce acetylene at tenperatures of 28200F
(15500C) to 291Q0F (16000C) and contact tine in the

range of 0.004 to 0.015 seconds. The exenplified

reactor is an electrically heated ceram c tube, and

the soft carbon produced as a byproduct under these

condi tions is renmoved by oxidation after 5 seconds of

f

(A&d ree{f%gﬁ augg&,g@slﬁ $efi e %’ac@o?i ubHFACHoP BRReRiY BE3Grbon
afleeld estckqur(mxaudmg wtwek g49). glth hmlrh@me)eaatanh te &H@RQI@ rplefms

t t d t th [ o
FRPAERPO BN BT ByRCET SP R e Ty Pofesb 3 GLBEarfias0°C) and
Tieacticaf Gmesof O. (m:ll Al escdridaire alisobasetll The timppeeatent eught is a

2700F to 28000F .about 1482C to about 1538C) is
presPRiare hestdpseiiifane and that | ower tenperatures are

P0eh rectJfsorpaﬁéxﬂthzm!zsca}ésaﬁbesebgmydwdffmﬂmwsw produce
[OOO U S. Pat 733 discloses. a

4f@t>6§freomger@e&twﬁétqfa%@0t% (L) dpLUNF r@ éi ﬁmd Contact

TidBe rah%%slsmgél\eﬁ .664 1833.010 sécomas.hange %&Eﬁbﬁﬁ&ﬂ reactor is an
streamin a tIC reacti on zone at a naxi nu

t@npeeaii heata dxvéanzweb@ s tgoeft &ﬂ@%elafeéquaﬁ ¢ byproduct
éiéi-“ bk amﬁu&gsﬁge owdowl&;adéﬁmﬁé?% doBétidsi A edONe

enc roduct rapidly to a tenperature of
alﬂ@ﬂS] 11008F P(awmc%)%@’/l dissloses 8. progess fap. making cgiydene by

SRR TR YCRRbRln RS PHORIGHAEN RookC (Pl Thettno) ot =

t iebetiar tempacttare thitds deperﬁhnt upes tﬂe paﬁnchlanhydmaaﬂnen employed,

P o 0L P BB ont, e ure R an oot BRP AdsPidn Biperature

%MMOZEcb 2800BF (Rsduen48ZP(Odhb68HO151H8SC) Hﬁ;ﬁﬁfeareﬂrfbt:mﬂlane and

L a——

gppeosp! i Ct§SCQ’Hta<Nd %16 Y33 edisydeked Na q:)i'béahl R the pyrolysis of
catalyst. U S, Patent 4,973,777 discl os\sz rocess

foethene preacPiylensnanst by drgese Ham £r9qeet AT cATabgRse methane-

V%Jnl?alﬁin%rk@{eaﬂpineQ pyRytielaBhsh Yshd st @n@dxﬁrﬁﬂllnaltehxgﬁrature above
t hane at nbosphere  in a ceram c reaction zone 010

C%WE a(l 59@&90 ad aseaueEnigily e withdgwing i %xﬂ%%lﬁymagers tfrom the
128ionRrre and quenching the product rapidly to a temperature of about 1100°F
(600°C) or less. U.S. Pat. No. 4,176,045 discloses a process for the production of

olefins by steam-cracking normally liquid hydrocarbons in a tubular reactor
wherein the residence time in the tubes is from about 0.02 to about 0.2 second and
the formation of coke deposits in the tubular reactor is minimized. U.S. Patent
4,929,789 discloses a process for pyrolyzing or thermal cracking a gaseous or
vaporized hydrocarbon feedstock using a novel gas-solids contacting device and
an oxidation catalyst. U.S. Patent 4,973,777 discloses a process for thermally
converting methane into hydrocarbons with higher molecular weights using a

circulating methane atmosphere in a ceramic reaction zone.



17, No. 7.8 (No. 190), pp. 47-48, discloses that
furnaces have been devel oped comrercially for steam

wee@ckiigs a wi de range of liquid hydrocarbon fRPeHESmOKE18899
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usi ng process reaction tinmes in the range of 0.05 to

0.1 second. This publication indicates that the use of

these furnaces permts substantial increases in the

yield of olefins (i.e., ethylene, propyl ene,

but adi ene) whil e decreasi ng production of

| essdesi rabl e co- products. GB 1064447 describes a

process for production of acetylene from pyrolysis of

nmet hane and hydrogen (1:1 to 39:1 HCH4; elm 9) in an

electrically heated reactor, and quenching with a dry,
n-fr e s61985, Vol.

L i e R T S e

[1001Ng. TReNoWiI90), pp. p47oé&8©8¢19$ﬂ5et§éhﬁgn%ﬂ¢é Wetb?én dsveloped

preferre C e S

Kottty B ProRRfICaRR gt STIREIEh|MeBbop feedstoks

tdsaiglﬁocpssrmhytmmtlmmmeﬁ& mnge bE QLS el .t |seprrsh (T humpnhi@atlon

0 Var ous rel at ed |_processes o
BRSO s ¢S iR Rorroes sSBHHALE horses ntpe view of
tM@ﬁﬁ@{lgzy eulsﬁéné Qﬁdﬁylaeaa\bueﬂldxhamhﬂletdeafeasmgqamdr:]\mmhwf less-
erated at tenperatures s t.han 15000C. .The st
pRIEeCQre BEGUES; o@%flq@éﬂ{qusfnlﬁsoeéggc?sg fﬂro]@mgo Gpron of
| fetyléneShraml PyrolyRRsemethahd Ghd hyd®gen (Haeoy3®NE;;CH,; clm. 9)
Process Econom cs Program Report Nunber 16 966
r

Arowy sleriricallyeheated Feacion §“Id| Qyeaghing yhsa on‘g'%ﬁnefree gas

Wirsanl? 21 RO tm ARRIung abi ggraM?é is21 458, t§7%003661&e§3390ly 1450 to
2,692,819; and 3,093,097, discussed above.

bE1508CGeelm.RA¢ al | conmer ci al_acetyl ene pl ants operat ed
o@rq ds g |lARe roP@sgr}E}t}%serﬁ’sngAé)f)f {4t A0k If)xlgfgrretdhfiﬁnmerclal

ave successf erated on net hane Teeds
Witotéssel &olgeserstian of abatzl,emv eFba dVelff procésgrineludes a reverse-flow

g{h%]}g rl%% 1 gg%{r gelsg %.3? tb%éﬁ'hg%eéﬂﬁﬁeﬁﬁ 9n ttﬁ%_b§2(§/ %??]aé’%us related
Clﬁmt:éuses dperated caimnmncially tip o aterax th@tQGﬁ)sachgmm%@es typically

he .exo nm ¢ .conbusti on one, of _eith
i Toss e ek 1 hetp e Al OR R Spafis SrteBpbitfired fftoss than
| P4opetheTkefiosttomplete @éscﬁb@oﬂ BﬁﬁteOWMHQ)"rOcdsh lﬂpxﬁ@ded in the
with the other reaction Conﬁ’&ﬁ The_ot her,. %?ctl
u

cotapind Research lopifutgy yA poessr Begerine EFragfapp Report

tNbibet 26€Q9663. hmsﬁg:mr rame h)a&ﬁl@d listed ﬁhmmkapon are U.S.
conmbusti on. may occur known_ | ocati on wthi

t he
r Baterto rApRlisAE QR 1 N°§h|%31a? @?9 eXfSe3% né-092,819; "and"%,093,697,

discussed above. It is believed that all commercial acetylene plants operated on

feeds of ethane, naphtha, and/or butane, but that none have successfully operated
on methane feeds. Wulff discloses a cyclic, regenerative furnace, preferably
including stacks of Hasche tiles (see US 2,319,579) as the heat exchange medium.
However, to contain the location of the reaction heat generated by the exothermic
combustion process, one of either the fuel or oxygen is introduced laterally or
separately into the central core of the reactor where it mixes with the other
reaction component. The other reaction component is preferably introduced
through the reactor tiles to cool the reactor quench section. Thereby, combustion
may occur in a known location within the reactor. However, this also exposes the

lateral injection nozzles or ports to the combustion product, including the



| ateral injection nozzles or ports to the conbustion
product, including theextrenely high tenperature

woe@detosd crack nmet hane feeds. Degradati on i NnPCIDEZ1086/048899
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per formance, shape, and/or %ize consequently nmade it
extrenmely difficult to control flane shape,
tenperature, and efficiency. Al though sone of the

Wil ff art disclose use of various refractory
materials, a commercially useful process for nethane
cracki ng was not achieved utilizing such materi al s.

Al so, a further drawback of the Wil ff process is that
the laterally or separately introduced portion of
exotherm c reactant is not utilized for quenching the

r&%ﬂﬁifthh fﬁg&%ﬁ&e BRdded 09 12dckRAARINRIA dHE Degradation in
react ors, in

g reactors such as disclosed by
\itgizizfe peafoemtam shdpey andfensizacamsequently ggadeiit extremely difficult to

bat age”efsﬁéé%eg Eeen?]g%rgtﬁré %HH%F@JI&HC? C&ﬁ:}%\%{s\émc of the Wulff art

Ive’reac cles It
demmﬁer use ()S &anomhmﬁatdry matenmla,caloommcrcbdiymseﬁﬂ process for

d|r ctlons asy m.str rea tio
e kit g T teptehed AR eHe L RO oo, o farther
tdz’rﬁWB@él& Of ths SVulfDprocedsas thaethe lﬁﬂei'alﬂye)rcs‘ebﬁﬁiﬁ}(:mtroduced portion
chem stry, exanpl.es be ﬁgener tive L bed.
B FateHic eREtERY 1S AALH A AR F PP E RS fFEReFati gagtor be
ifi!lﬁt I ifegeérafife 2daRtdrY, ﬂh@l%hin‘g 1860rd SuchXCdibelosed by Wulff,
endot herm c chen1stry and t desi red_endot herm c

cefyriely ysed i, methqmabqﬁ?h—g@ieé%ﬁ% high epppratgchpaistry.
rei( 1@%’“ ? aﬁiv%alleh&’tof: QUhIES LD epthérosﬁﬁlﬁ}éﬂrﬁe?saﬁﬁt cHeistry or

eact | e endothermc reaction. Exanples of
ESQetinm ini bot@y@r@gloas)eowyﬂmnemc@hﬂ@lﬁﬁmréS@ég%ﬁaanges with

P
A SRS 00 RN BBy oo
s@pananel ysxdmlplese rbeingst regemarativef ufélermaixﬂufa@ﬁtlonor(“B\TO”) and

\Bgtbf tr% 0 fn&g‘tlkﬁ”)o ng%qné%tgg iﬁcl?ﬁ %%ﬁgﬁ@ly used fo execute
gameﬂmm cliegisti, aid thedestad tendothéthivockgimibiny §s paired with a
. control location of combystio
et ey il R R SRR sogsho, (EPRTRR heat of
I RAGHEH for IHE ehdbtR&inid aéﬁcﬂgnt Exbmpldsaifaspassetiit coclghare Wulff
regenerative beds or regions. This can result in

eSBEHNE REPCRESEE ABdRESSSYTE Swing e oIBURE BIPCESEr of [ 0014]

Tip1seact f nREabnAEBSSVRL k&RnERAYVE Redctork YRt kabwi that separately
re ion of the reactor systemthat is in between two

wise rastream rafafichr OHEYY, 6F & SEpRIFECNtR] RMOUAL ofpng of these
f%g&gﬁﬁ Al &1 Rf {oowlsmh%dm&@nﬁ 18 hidEsRefafith @gibf of the

cases, this lateral streamis
i retaqctgduéétmougla tln@ zlzaYe@,efeld@rs@cmtmtlmagonaf combysiien, that process

(ﬁmﬂs ’thém,laglmg of the quench regions of the reactor, due to not having that
stream pass through regenerative beds or regions. This can result in expanding
heat zones loss of reaction control.

[0014] The reactor heat generation region is typically a region of the reactor
system that is in between two regenerative reactor beds or regions, with the main
regenerative flow passing from one of these bodies to the other. In most cases,
this lateral stream is introduced via nozzles, distributors, or burners (e.g., Wulff)
that penetrate the reactor system using a means that is generally perpendicular to

flow direction and usually through the reactor vessel side wall. In large scale
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that penetrate the reactor system using a neans that
is generally perpendicular to flow direction and

w@gwaki3p4s hr ough the reactor vessel side wall.PCTUBANg8899

scal eoperations, such nethods are inpermssibly

inefficient and costly. For exanple, during the

exothermc step in a conventional Wil ff cracking

furnace, air flows axially through the regenerative

bodi es, and fuel is introduced via nozzles that

penetrate the side of the furnace, to conbine with air

(conmbusting and rel easing heat) in an open zone

bet ween regenerative bodies. In a conventiona

symetric RTO application, a burner is placed to

%ggl\ﬁ'tlgﬁs SHBR WS HsAre GOPERSELOR NEAicid afld [cBE®).| ¥Br EXample,
tween two regenerative bodi eS. The burner conbusts,

fduelngfthe rexotesnidestem in peensiventionsl tWelf giackinghrmgce, air flows

pas t hr o [

SRR B kR R ORI, 48 RRENSRecdlioltPinozales that

PRActae Ahle sidatof the dunhace Ity cqmbnrdwrtg apf (cofmbusting and releasing

TSR TN P T —

RO aBpHeEation, & Bl UCHlaced ©3RbwdE s@;ﬁpléﬂﬁenmkmrh‘amsnon heat in a
step.to a location in the m %e of ene

atlv,
egiony iy bevEoh P SBEHAR: Uy BOYIES (Thin BUER PPy focl from

VHuttsh&é" tHRNRa&br, TRh& With ith€ait PESNSS Birbgh ﬂh@db@@eraﬁ% bodies, or
exanpl e, Sederqw st . (US 4, 240, 805). uses, pi pes t

pmg Fesewl &l aﬁdyltwn@h FHFaEYE IPBﬂe‘PFe madeVie sy aéeq“ate and

theRfctNead fohsddqud@lye cobl the bed
Gl QAR (RS s oPiea! pRlSe Al b RIRUEHE cBil the be
preforie glus hext epieladeginst ens suf f er di sadvant ages t hat

\r)[er f g Uﬁ‘?‘?@? 350@%%@7} &mte t%nﬂn%aaéeastre&&émﬂ & ﬁi&yeMenmc

Specl a scal e oper ations wth net hane
fseaspjm a Positiphdn |thg middle| afsthe degemerdtive aeactonviaganduits that are

ddle o the re e fI t
rpé)églo&gg]&xf‘ﬁlw %ﬁ‘é e ’gﬁlr %{# hte regnrgyy%tg\?t P%@Es I%%f] example,
rSdetquists em40\m&)I ass plipss rthiuuamr positinoéd maxmlynwithin the
al | rqeulis %Eséza}r eful |y- d‘i mgg(?i fged R ssages tg re dlaet §f the
PBERF2IE OFF 181 FATRR Pen g, e, thep ARddIE,
%gél}el‘étﬁ?: ﬂ@qy%ﬁled tohevenl y distri but e the heat t hat
results fromthe exot her reaction
TRRLE oAl akthess ertemoaalef WILSYSIeRS &Qﬁé}sgg%ges that render
| € adafift ﬁ{efﬁagnthhﬂh RpracBEN A bty SduP aFery Qiﬁ)e&lbﬁzed small scale

reactor. i s ver¥ difficult to fabricate and

rmqemtmnﬁ veﬁmf:ﬂnaw e ReTBPRIAE SREHES LDV, gF bmgHs in the
ﬂﬂ?% l@ H{egé enlerati e 2akESE e 1Bh&tbF iihfnPhed BfLEurbbifity and

nS| oned shape, it will no | onger

control of the reactor system. Nozzies distributors, and/or burners all rely on
carefully-dimensioned passages to regulate flow in a uniform manner, or to create
the turbulence or mixing required to evenly distribute the heat that results from the
exothermic reaction they support. These nozzles, distributors, and/or burners are
located at the highest-temperature part of the reactor. It is very difficult to
fabricate and maintain carefully-dimensioned shapes for use at high temperatures.
If the nozzles or distributor loses its carefully-dimensioned shape, it will no longer
produce uniform flame temperatures.

[0017] A further disadvantage of separately or laterally introducing one or

more reactant directly into the middle or heat region of the regenerative flow path
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produce uniformflame tenperatures. [0017] A further
di sadvant age of separately or laterally introducing

wWo@r®70759%bre reactant directly into the m ddl epOr/Ub®as/048899

regi on of the regenerative Tl ow pathof the reactor is

that such an arrangenent bypasses that reactant around
the regenerative flow path. In addition to not

guenchi ng the quench portion of the reactor, such
approach al so elim nates preheating that reactant

stream The fundanental purpose of a regenerative

reactor systemis ideally to execute reactions at high

ef ficiency by recuperating product heat directly into
feeds. Bypassing sone fraction of the feed to the

r t or__aroun h e ' S t SqUE

(ot FerBlo By o Fuke PR En T KR ERe' BUE rE BT omna the
| regeherativexflowdeth. h @atadditivastoarwd dueechiog thegeénsh portion of the

reactions, that |ast. toq.long. [0Q1 | ,of th nown
FPRCH sTHICH s BPRIP e 8158 5° "ﬂg‘f‘%ﬁ défeg%\aﬁ%’gégﬁ D Fr%éﬁ?rle‘t Ahp-  The
Ffdatiénthl palgdsé 06f aORdgefidiatice rBadibr efdtemi énddeally to execute

operation at the necessarily hi.%h t enper at ur g]ue. 0
dEAIER 1ty highdcHiRanaY | DY SERRERETE P %‘qﬁ% ARty Q) feeds.

B ABABRORETERESA D Gt 24 té Bld R tYr RotNd de RpERAESvVystem
means for continuously controlling the | ocation and

dhys irgduqes nthef effigieney cnptentishenft ther gragior; fgtemy aad; fany lead to

r@%) R Foat POERSHE 86kt AL ERIonTeftitRfnk @kt 1A ong.
inefficient processes. Wat is needed is an efficient

aA9818lost -AHl o8 hq krowimgrttdisqigsedrpoessere mpiirds; and equipment that
a&%? LG8 ok %rﬂiﬂu%ﬁé,yhi?,h Urrdibfdy opeialibe tak Yhd YiecdB4ily high
efficiency, Tn a mannér at 1s con‘Betltlve wi th
pgmpesatinegdet freconpyldxity and thermekdegradatigoafidquipment. Also, the
UWNARY _OF THE, | [ . ji.nyen r
AT Pty PHE Rl RAAde olRRl S kel KF M Buousty
namitsoliirig the dodatiom andtdissiyativead the comathidnipat, oesuigng in either bot

i nventive.reverse-fl.ow regengrati .reactor s .

oS eEal criiieR FbRd et citm P Sses®)  WRAL isuoeded
a8 dar pyFAERht Snfl OfoseEffetiventday e pieslyzeignembiiane etylene at
controlling l.ocation, .novepent,. and.removal o

riekptivelynhigh avieldr pelectivityn and etiienays &n B‘e‘ﬂ@‘?f?elfitg?tl i§ competitive
fwad ?y&h&ziaé ofReh§xetLt8bA &AL ko adedplehd.Ng regener ati on

reactant” streans through the recuperati on or quenching
reactor bed nedia, while sinmultaneously deferring

cﬂﬁgﬁg@. QWHHE fg?&@ﬁgﬁm s reach a desired region
nventi on al so i ncludes use

of an inventive m xing apparatus w thin

[0019]  The present inventors have discovered that acetylene can be efficiently

manufactured from methane feed according to the inventive reverse-flow

regenerative reactor system, method, and process. This invention provides

processes and apparatus for efficiently converting methane by controlling

location, movement, and removal of reaction heat. The inventive process

beneficially feeds all of the exothermically reacting regeneration reactant streams

through the recuperation or quenching reactor bed media, while simultaneously

_ deferring combustion, until the reactants reach a desired region of the reactor

system. The invention also includes use of an inventive mixing apparatus within
the high heat region to provide efficient and complete mixing and exothermic

.reaction within the reactor system. The inventive process also preferably utilizes .



the high heat region to provide efficient and conplete
m xi ng and exotherm c reaction within the reactor

W@ yRUem94The i nventi ve process al so preferabl yPCT/US2006/048899
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utilizeshydrogen as a net hahe synthesis reaction

di luent. The inventive process creates and confines a

regenerating "heat bubble" within the reactor system

wi t hout exposi ng any degradabl e conponents to the high

heat. The inventive process consistently provides

control |l ed exotherm c reaction |ocation and

tenperature mgration and successfully avoi ds

equi pnent heat degradation. [0020J In one preferred

aspect the invention includes a process for the

n@;}# éér & nfgth%l%%f#{lﬁ?i@ rE4c?idh rfﬁfu'%ﬁtn eThe %’veﬂﬁ‘vé‘ Sr&ess creates
reverse- reactor system wherein

r asic tonfineg sa enganerdtinge hegt )Juhblf:'l' rwhlne@étl@ﬁc@b ﬁﬁ?tp@r rfgjthout

a first end S

eapore S ARads EERREGRE 1o W it e "EREMCnve process

t domsistensly pnmdxdee cmmtoilech cixotlermid egactidn i locaticse pid gemperature

relatlons t to er ch that the
B LR erRhEBEE sariat Bef B o ¢ he
Spo20f end Qﬁe tphéfefred Sispé@tafiﬁ@ rmvérﬂi%np{rﬂﬁﬁﬁ:s a process for the
conprising the steps of y|ngafjr
reapyiasiure af eergweae fiong tneé'rﬁélﬁ PRingHecydlicseverserfoy, reactor
aée}gte%’ﬂpsp éi'bfﬁgth@treé&@is §ys?en§ @ﬂ@ﬁ@esr@ﬁﬁtfﬁ&t reh &P Hgll?nﬁﬁsmg a first
ond channel in first reactor, such that t
f¢rrcbanchﬂosesmcb ﬁ@rl,rwcflarﬁ second TeREPT FRIBPHYNE HEingry gnd and a
ngﬁ&gl’% fehg %Elt}ﬁstf ddPle Sﬁﬁjréﬁfc éﬁb ©ribhted fin aes@ﬁgéjfelatfd%hlp with
I Nl the first and second reactants at the second
ewdpemt tpheacﬂn other rsughtthat ghed seenadaryngnd nef tlmmmd reactor is

[,5@% e ﬁt Qo SEPLRPLIhE Bl RAST Ui rBodlE BbARERBEAS ABps of:

passi ng ron pr
t hrough t(ap sepplythg aaﬁtst)rreaomantrﬁnrmf@lr ahBwt chaomltinethe first
reaction pr oduct t econ act o reafte

suppl yi ng e tTAAH ngat % esgc%%dcéeﬁ tanp&’r?%:h £ec°nd

the first r e&:!hbﬂ[el inO ﬂ@a)rﬁtar treattor] aash ﬂlapahé i fivst @hd second

the nethane into acetyl en ssin
net hane and tTR¥IHIS AFRHP gﬁ%f‘&/%‘@ s‘t‘i‘??%ﬂbﬁ' ﬁlfrﬁts?nd of the
reactor to qypsCRadtbe nethane and the produced

acetyl ene; and
(b) combining the first and second reactants at the second end of the

first reactor and reacting the combined reactants to
exothermically produce a heated reaction product;

(c) passing the heated reaction product through the second reactor to
transfer heat from the reaction product to the second reactor;

(d) thereafter supplying methane through the heated second reactor
to the first reactor, to coﬁvert at least a portion of the methane
into acetylene;

(e) passing the supplied methane and the produced acetylene through
the first reactor to quench the methane and the produced
acetylene; and

(f) recovering the produced acetylene.

[0021] In another aspect, the invention includes a cyclic reverse flow reactor

system for the manufacture of acetylene from methane feed, wherein the reactor



(f) recovering the produced acetylene. [0021] In
anot her aspect, the invention includes a cyclic

WO ewes®43 | ow react or system for the manuf act uP€r/v82006/048899
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acetyl ene from net hane feed wherein the reactorsystem
conprises: (i) a first reactor conprising a first end
and a second end; (ii) a second reactor conprising
primry end and a secondary end, the first and second
reactors oriented in a series relationship with
respect to each other such that the secondary end of
the second reactor is proximte the second end of the
first reactor; wherein the first reactor further
conprises; (a) a first channel to supply at least a

f] t fromthe first end of the first reactor
t%ﬁ?ﬁ%&g cé%% end of the first reactor; (b) a second
channel i) adfirpilegctat corapesing a Siesteond and acseegnd ¢ndom t he

first eng..of the first reactor t

the fir s(tz")r PR re%\‘%ar ‘(%r?g%&np% ggﬁlca ?}‘? F ’Z‘?mg@g? Sﬁelg%éﬁ{—yoend’ the
r BRpael &oh®rattopneriaftedrint hsanies asldtianshippwithaespect to each other
acefylene fromthe fir react.or: wherein. the_.secand

R the ERBRAT g abe Sl TRAGIP B IGRRTA Ao gnd of
t@eRiRYRtat | east a portion of the heated reaction
product produced from m xing and reaction of the first

and secorthereindhs gﬁtﬁaﬁﬂlﬁg‘t‘%}“é’ﬁ@pﬂs?ﬁ; a met hane feed

line to f($eg iRiRaR] t@ sippty B leBR aYfireéabthnt fiémIBE A end of
reactor. The second reactor nmay be configured with a

btk dirst geantordn demeaseond end phtheBSLI8RCYPTr st bed, or the

second b ARG 195 S6h1Y At SRR 8é@nliasitian fronk e first
as accor ?%ggfx%&g d?%glf\}\ﬂqgsﬁ%;’sits bed degi gn. [0022] ®

Témal dfithe first heactasito draserprd ensefithe Eingtagrdior And he fir st

react or ng Egﬁb@fct%@ﬁﬁ(ré\tﬁ&e {d PRLPA BS1daY odd 81 hidiifine and a
and second reactants to prevent at |least a najority
(fmpdsdedi achiybmetfrom theeficst reactoy;) of the first reactant

and the second yeactant fro ot herm cally reacting

with each” elr?fgrtﬁwffcﬁfl r?ﬁ%{eorﬁ“r%(?r c:a'glé)cﬁsgg. This defers
reaction (f atfhie gasj@miovyl biie tefarh@uw atuiehstla pdrtios afehe heated
%&%?@%%%?%@ %qlf\%%(l;é rzic’ntd {'eea%t%l? ro'fB gﬁleEt%rst and second

reaction products; and

(ii) a methane feed line to feed methane to the primary end of the
second reactor. The second reactor may be configured with a bedding
arrangement similar to the first bed, or the second bed may be configured in
separate fashion, such as according to a known pyrolysis bed design.

[0022] The first channel and the second channel in the first reactor maintains
separated flow paths for the first and second reactants to prevent at least a
majority (by stoichiometric reactivity) of the first reactant and the second reactant
from exothermically reacting with each other within the first reactor. This defers
reaction of the majority of reactant until the same exits the second end of the first

reactor.
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[0023] Figures I(a) and I (b) are a diagrammatic
illustration of the two steps in a regenerating

wOo eoe0s®43 | ow reactor according to the presentPCT/US2006/048899

invention. [0024] Figure 219s another di agrammatic
illustration of an exenplary regenerative bed reactor
that defers conbustion, controls the |ocation of the
exot herm c reaction, and adequately quenches the

recuperation reactor bed. [0025] Figure 3 illustrates
an axial view of an exenplary gas distributor. [0026]
Figure 4 illustrates a cross sectional view of an

exenpl ary gas m xer and channels for controll ed
combustion. Figure 4a is a cutout view of a portion of

'fggrﬁ gEsCRIBTION G PR bRIA rmi@gtgnmotpggl uding a

m xer and some illustrative conponent piping. [0028]

Fiqure 6 illustrates yet another exenpl.ar nbodi nment
ADOESE oo iEniey 4 FARAIIED) 410 A1 o amaalR o of (he fHo steps
fekdihg! RAGH mﬁ%{oﬁﬁ FisdlibRtion.

%}é%ecr%%% ONg[rg%%%fﬂ%%ggr di n_ag:&t) the i_?}\l;ent_i c;n, rrlgtnhane
i[0024hver tRgureo 2atetapblee dingrammeatis ddustration r e @noexyyplary
RYL Ol VSi S, b S

RUESIFAG: bl SLERADIe Horh e RERAHOES chlfrdif A ABGHton of the

0 abou nmore preferably from about
I0€henmicateaction] ZOD g quaielshqemohes the s¢cmperaion reaster bed.

less_.than 0.1 seconds and preferably |ess,.
a5 s ninvec RS e DR ey Ry el Bregiiblor
qooRBYr Ogerighiicl 4 BRiktratth e cEsHA wBEtEdmaN vidhy dfddexwnplatyceas mixer
hi gher hydrocarbons such as acetyl ene requires g)éh@irp%h’ £
r*’él%cﬁhﬁ%l“?l% foricaniseiled eprabusfignc Figse fads %a@f’uh‘égw jtion 0
tﬁg{,}ee‘{ to comrercialization and efficiency. [0030] At
eas

t part of the invention of the present I nventors
i [OORAE r ecligmiet 5oillustrates tanethes ceNesinlaryheghodiaent mfya eactor

achi eved by cr i ' : bble in
CRARY itiaf o TR Db SRR e onEip "

t[@02BEP PrEgERS6 Wieshaiss yeeahothsr eigmpldre dmbodintunt lo€a reactor
via in-sit u,corrbusti&n, anagi tge)?%%% re vEd .romthe
pateyt that wiliges senarafslieRating e iigacta RE et i t

of the invention is the ability to consistently manage
and confine the high tenperature bubble (e.g., >16000
iwwmmat can tol erate such

conditions long term The inventive process provides

for a substantially continuously operating,

[0029] According to the invention, methane is converted to acetylene in a

L,

reverse-flow reactor by pyrolysis, preferably at temperatures of from about 1500
to about 1900°C, and more preferably from about 1600 to about 1700°C, with
short residency times, e.g., less than 0.1 seconds and preferably less than about 5
milliseconds, and preferably in the presence of hydrogen diluent. The conversion
of methane into higher hydrocarbons such as acetylene requires a high
reformation temperature, which in the past has been a barrier to commercialization
and efficiency.

[0030] At least part of the invention of the present inventors is the
recognition that the requisite high heat may be achieved by creating a high-
temperature heat bubble in the middle of a packed bed system and then use a two-

step process wherein heat is (1) added to the bed via in-situ combustion, and then
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| arge-scal e, cyclic, reverse-flow reactor systemthat
is useful and operable on a commercial scale. This

WO poogitioen overcones the limtations of the prPOr/US20D6/048899

[0031] One common source fat nethane is natural gas.

In sone applications, natural gas, including

associ at ed hydrocarbon and i npurity gases, nay be

supplied into the inventive reactor system The

suppl i ed natural gas al so may be sweetened and/ or

dehydrated natural gas. Natural gas conmonly includes

vari ous concentrations of associ ated gases, such as

et hane and ot her al kanes, preferably in | esser

concentrations than nmethane. The supplied natural gas

(BPretrldobd Aon Y Vil fr-oifH AT Creithifl! OB oenblie of the
ive met s and apparatus may al so Serve_ to

mwntlbmnre dwsd@ht}otwmﬂsmmﬂy thanagei and esmiing dhe bighciegnempture

gl h conditions 1
E gl(ﬁg %&gﬁﬁcrcg in 2 reag t&f}g&}’o ?ﬂ(?la%t gélggﬁﬁgp%ugl conditions long
feih. ba‘heltim\kemneel predebs broa(uled foe acﬁabstammﬂlyacml&ouqlmlg Qperating,

ey S B LS BT e o

tbRihdr&iaridale. ShEs BiveftiondveacGnecihkilizaitdtions béthe prior art.
conversion of nethane to acetylene via p roI sis of

$the i Pne cOMERYL-FIUES (TBRCPGHARG 1S §8act By some
%%éﬁ&%bh&‘ ChB@P ghi, fﬁhluaﬁ%%eaaédrwb%mn ahd Qﬂi’pﬁﬁty Bases,

eries rel ati onshi each other with respect to
ma‘yolpmnppﬂﬂedmmpathh m\@m}% FRACHr lypigmal Ty supplisfhmghral gas also

@lﬁfh &%malo?)ﬁ'eﬁ¥(ﬁ'§%d%uﬂ'9f £a50 rﬂaﬁ‘ﬁral Y& ddndbnlyQhcludes
erw se. ne present 1 nvention I ncludes™a process
wlaaom eondenirstionsm of sssasiated gasdst @u@lomstghm@namcb@&earﬁlkanes,
ar at el fer
S PN E ARy Pty BB AR, HRABRLE e g oy
(gclgde mlpfmnes suehcaso rH28eda)1d mtmgembsifhntmmntwe methods and

I ndependent f nels to 0 t
i‘fgﬂsn §“a(ycéi1 "m(?P %lﬁec?%‘fea clglr?b :a%‘e:%o n of the
%?cﬁi%te@hghhﬁ%ﬁdrb&drb%ﬁdo%é@l&iler &ﬂ@tl"gn bmbo(mild{ﬂns; lﬂyfhlnventlve
irst and second react ar e
r"’é‘i}g?@r #d eppesiiansgRa 67 oy S TRy P veowum gas
@O) 8r RéphiRact ant fI ow channel s.) Both reactants

ar e al so concurrently heated by the hot quench bed,
HEPB2E t hekher prgsent Anvrmsiogrimew Meodsastibnsl of nisthaneRyrolysis in a
rgw"i‘ei(i'%]é) o8 PdaCiBr @y&eﬁﬁ%h%tégeaﬁealfw Bortver@én of methane to
erm c reactron zon nmbustion zone) .
‘éhetylmhef\ea pylyssbiisieiione of atiqeers¢-flow reaelos sysigrg. Lhe reactor
SAERAH-AdAE AL SodQlohk 4Bhd16rs! BlibAR iR HrickNelationship with
ési% ermc regeneration
each other with respect to a common flow path, and preferably along a common

axis. The common axis may be horizontal, vertical, or otherwise. The present
invention includes a process wherein: first and second in-situ combustion
reactants are both separately, but preferably substantially simultaneously, passed
through a quenching reactor bed (e.g., a first reactor bed), via substantially
independent flow paths (channels), to obtain the quenching (cooling) benefits of
the total combined weight of the first and second reactants. (A}though only first

and second reactants are discussed, the regeneration reaction may also include

_additional reactants and reactant flow channels.) Both reactants are also

_concurrently heated by the hot quench bed, before they reach a designated



reaction at the desired |ocation within the reactor
system [0033] The reactants are permtted to conbine

W@R00M0Xs%HN t he reacti on zone to combust ther ei PCT/US2006/048899
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in-situ, and create a highltzenperature zone or heat
bubbl e (1600- 17000C) inside of the reactor system
Preferably the conbining is enhanced by a reactant
m xer that m xes the reactants to facilitate
substantially conpl ete conbustion/reaction at the
desired location, with the m xer preferably | ocated
between the first and second reactors. The conbusti on
process takes place over a | ong enough duration that
the flow of first and second reactants through the
r 0 L2p! tahadxothermi

o B o B B ey M °
neautqnmne ée g a cpmbuhmn zanebb| s défarred serabugtionf ghe first and
parti h..t he d. r. 0 t a

raeon e 24 HRPTRERY WifEE0h, B exBlEhfs R ekneration
Vh&Sét&met tieddsired dbamen hethin thg rehetossstmd react or. The
fl ue gas may be exhaust ed tE(Lou h the second_react

bi9033] ef or B fPantauts age PeTFtted tg Cqrabing oF MK in wetrﬁ?‘ﬁmﬁ?é’ne to

SEMARt HRAGH Gh-sith) 8ndBR Rt Kikh M@AperdhsPrafecst Heat BuHHll@(l 600-
second reactor duri ng the regeneration step.is,

| 1700P €y insideqei the AeacteT Byterh Pgéaablydhe coubining is "f?g‘a'b“red by a
Sl%ﬁ&ﬁntv SRt [iHatl %&eé hfe "BLOANE {eatcifitte Wubstahtlls, tc@mple:te

ref orm ng enperature second reactor medi
t@mblmlen/treachen rpétmantesapdj lesation, Wity mWque&rably located

al?e%)éé e ﬁn%p%;eg’gflﬁ ?éacfo‘?% Cipfé @&;nr BlstfIn (6&dsk Rekek Place over a

con reac e next everse step or
c}png enongh Heration shape flowtobfirst lapdssecandr isaefants flerough the first

d f d
SRRGF s o M SRR pRRBRS (4 g of e hew
cprotiasddsbyt the rbmitlo&e(engncthe heattbmbb@,oinm arel atrfeait partialy through

t he heat, bubbl to t er t he
O Bk e ety b e 088y focbRrnctr
Vasdid Reasheat heétuchﬁit aWrhédting e esebel reagtorheThe flue gas may be
ref ormer/ second react‘gr bed Eraty ge versel gg L d
PR IPUgh e oo eIt R PRy RS o 8¢ bt ds retaine
agshit! @R&e8fEALIPN TR ddlound b? Akt @isplhcedOmt that s(écd)ﬁtﬁreactor
el emental conponents._ Thus, the total ampunt of

heat
adieting the reganesionciten isglsonimited en detgrmingd Sy dhe deipdpxposure
nﬁltne%)f%ggcqa &tﬂ@mﬁ}"fﬂa?{het Iggthgﬁ‘@fe%dtéh@twﬂr&vé 96 hd Rforifihg, high
to sustain the reformng reaction for theendothermc
ctsmperatimsrseodnd teacton ppsidizie ensvadibe methanetapd offeer thyfrogarbons
SH)':{@BJI& period of time, as determ ned by many
®such as reactor si ze, dinensions, gas flow
[0034] After regeneration or heatmg the second reactor media, in the

next/reverse step or cycle, methane is supplied or flowed through the second
reactor, from the direction opposite the direction of flow during the heating step.
The methane contacts the hot second reactor and mixer media, in the heat bubble
region, to transfer the heat to the methane for reaction energy. In addition to not
wasting heat, substantially overheating the reformer/second reactor bed may
adversely lead to a prolonged reaction that cracks the methane past the acetylene
generation point, breaking it down into its elemental components. Thus, the total
amount of heat added to the bed during the regeneration step should not exceed

the sum of the heats that are required (2) to sustain the reforming reaction for the



rates, tenperatures used, desired contact tine, cycle
duration, etc, and (b) for heat |osses fromthe system

whodon/oz®4onducti on | osses through reactor wal PGI/ES2006/048899
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wel | as convective | osses WBth the exiting products.
The total anmount of heat stored in the reactor system
t hough is generally much nore heat than woul d be
m nimally needed for conversion on any single cycle.
However, it is desirable to avoid having the
tenperature bubble so large that the residence tine at
t enperature becones too long. As is commonly done for
react or systens, nornal experinentation and refining
adj ust mnents and neasurenents can be nade to the

5’;?&1@' 1R ABhRIY fRty1&e Fo?ﬁ%ﬁﬁﬁble eriod
con ?}%F—rgn 5&11[%%%@1 n pre erred enbodi meynts P
r eftirhey assletarmimedelyy ineny dacterspugh a8 reastyisian ﬁgnqnmns gas flow
L AP il s By F L Dkt 3 and () for e
ZloBSdsIfean tiey sysfisn dottadsadopdniction lossesrtbrpuigh acadtar walls as well as

facilitate refqrmn than cetr yl.ene

PR st S0 RS FRatu < Ty oy At S B prod in the
I RA6(0P lsySBEAS thollgMEY Eg’eneﬂahﬁ rduciyndie latehap plolutdabe anmimally
that benefit fromthe pres nce of ﬁ@cat al

aRefided efora C%quapﬂ A SBREG G MMt h efierabif o avoid

SHA&RnE MO WriRRhtre babde tdd Rirdd) that GBP @esifiericBetime at temperature
|nven|on 0036 The basic two-step asymmetric cycle

obecameév@%éow -ow A giEn SPBMORY b@&ler éﬁ%trGFCtQ& s%yéWf'}ss “normal

| iR tdtidn HARWBRirg ﬂ@&riﬁllehﬁ dnd {heidPerRént® cAEBE ndde to the
sy tem having two zones/reactors; a first or
r techor system toabiaihtha @ptinwan gef pf zangtos copdisiags- or

on/ r gf

(m d t h]gl %g%]rg%r é Bgdlg%ts ?}% Ii]eatcn)?agygf’%?{ege el?é;ﬁt[?s\?gbed as
bestapristeg ene zam6sxteadjen§s(1)asheasm;tupﬂa'engl (firs)rponé/seactor, and (2)
materials that are effective,in st and . -
B artoreis faponnd Somsatiar m At Je RN Senpoiapispd to facilitat
bRg¢SHingBactBake (€ gaaﬁreaél ivemded ptdferredrammbatiingente no sathlyst is
for carr¥| ng out_ a chem cal reactlo The re enera&]ég f
DBReSeTt ) IhECHRRFIPE Boe Ay S RCRIN, B ARG PR catige, gk Benefit
0k88S (R predentt CoP AR atal)st StBhatigeve rﬁﬁto%haﬁe &ﬁiigeo fof reforming
spheres, ceramc (including zirconia) or

hperéyrasape ard wichgmabodapenifite Vithiadhe ésane@é é‘&F invention.
{Tgﬂﬁid]t hs, TROHaL0fwhlisks, alfﬁ/gﬁl\fétﬁ@d; %ﬁe&' @f&e&%%? enerative

|nta|n|ntegr|ty t1 onal and w t hstan
| bﬂg repetomspstpoSia depicted: mnflignees dﬁeasldl Hejt tesws of arza@oCsystem
f er abl r d
ex%velg %V %ﬁﬁ,ﬁ%ﬁ%{é‘tg (Hé'%téb %qrgm &erM/ er aﬁtﬂg Z%?L XZ)C%S? Sa secon
0br %Gﬁﬁilre‘fomnmgezoabl(rhg Aoty ithe reactlon zone (1) and the recuperator

zone (7) contain regenerative beds. Regenerative beds, as used herein, comprise

materials that are effective in storing and transferring heat. The term regenerative
reactor bed(s) means a regenerative bed that may also be used for carrying out a
chemical reaction. The regenerative beds may comprise bedding or packing
material such as glass or ceramic beads or spheres, metal beads or spheres,
ceramic (including zirconia) or metal honeycomb materials, ceramic tubes,
extruded monoliths, and the like, provided they are competent to maintain

integrity, functionality, and withstand long term exposure to temperatures in



[0037] As shown in Figure la, at the beginning of the
"reaction"” step of the cycle, a secondary end (5) of

wo b@70zei i on zone (1) (a.k.a. herein as the redDUS®NG6/048899
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or second reactor) is at andel evated tenperature as
conpared to the primary end (3) of the reaction bed
(1), and at least a portion (including the first
end(9)) of the recuperator or quench zone (7), is at a
| ower tenperature than the reaction zone (1) to
provi de a quenching effect for the synthesis gas
reacti on product. A nethane containing reactant feed,
and preferably also a hydrogen diluent, is introduced
via a conduit(s) (15), into a primary end (3) of the
o 20 |
SRGPLTbEIRARE BRI kol ot 1INPICE More phefSratly in excess of

hy/0066yare] gusisnork POSfBabThin dxsess ft20087K formperatingarpin.
(6?3%17 ig??n-r ggﬁl{;eat ! fggfr% Fﬁrgl%%eeglw ng %gﬂe) “ ggcchon” step of the

a%eue; |a%660rﬁfaﬁ5détfd 5) fAs ltttemesaﬁme@np r(g]:@elds dheaem lak flte feformer or
t eterrperature pr e as indicate
afecend reastar) st Heaer éﬁﬁ*zneﬁaéuﬁe%st cqrpngted E‘?ﬂ’e primary end (3)

P6PRRI feh@forObed (15, axd he Bast/¥ pBrtidie(ik€dding tﬂesirgmﬁ&@)) of the
wi t h adequat e heat transfer capability, this V§hofll

hESSURETRIET &F [Gyanch %qvar(a),tlér%éﬂaw&r éeraP%{aﬁ“é%than f &gpction zone
{1§%e&tovmé h dﬂéﬁ@mﬂ ré}?e%t the th&aGhtheds zgaaefeﬁ@aonaﬁrddhet A
ép proceeds. The sharper the tenperature gra i ent
pm@fhan@ cmmnngtmwtamthéeeﬂea@fh Rrﬁqu«ﬂ%ly plse gnhydoeer diluent, is
ih t [
L 83dheehnGia T RARSHEY ¢1L5p qgl{oaﬁ%ﬂrh%gﬁ hf35) ggplyas FRforming or
(%pction zone (@) at EUerf:byrpm at prefersedd epﬁp@éésertthﬂmgm tarolysis
rec J&erﬁ&&)r reactor (7), entering through a second end
f % rggyrtol g at a first end (9) as a synthesized
gmmnpr | Thé) GecdCateahe fidm $i16%s)U(16D nbsvrbe heaefrbmnthe reformer
and hydr Qge The_ recuper at or S al | a
bt (1 o aaraico g At o tioe i Asmutd Soerviale plhguet. As
Sﬁb!i‘sl 85 bﬁﬁ@edsea%if@ﬁh ﬁé&xﬂﬁ&ﬁt@ﬁe plofoe (), addicated by the arrow,
recuperator zone (7), gas i s_quenched or cgol ed t

aistcpated hesadeom s bant maﬁgfef REPRegtifseriathgysigm. ¢ fghen the o bed is
V\ﬁ &@ﬁﬁ%ﬂ?ﬁ a&éﬂﬁﬁtéﬁ%? h@fﬁfblabiﬁébﬁfty tﬂ% ;ﬁt‘oﬁﬁat h&@r&l&)vsly sharp
I'n sone enbodi nents lsgre erab apprOXImateY
t fempseateret sadientadich grediepewibmeove ﬂﬁ'tons% thefrgaaiion zone (1) as the
[
I PSR 1 SRR Bl S OB resction
gm@}'ﬂ)s coniwdlésf. i n t he recuperator zone (7),a
?;H @gg g'ta% }hgnd' gr%n/%c&%%% ‘%QacklﬁntQBE £t fhieSeaction zone
(1) through a secondary end (5) at an elevated temperature and passes through the

recuperator reactor (7), entering through a second end (11), and exiting at a first
end (9) as a synthesized gas comprising acetylene, some unconverted methane,
and hydrogen. The recuperator (7) is initially at a lower temperature than the
reaction zone (1). As the synthesized reaction gas passes through the recuperator
zone (7), the gas is quenched or cooled to a temperature approaching the
temperature of the recuperator zone substantially at the first end (9), which in
some embodiments is preferably approximately the same temperature as the
regeneration feed introduced via conduit (19) into the recuperator (7) during the

second step of the cycle. As the reaction gas is cooled in the recuperator zone (7),
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across the recuperator zone (7) during this step. The
guenchi ng heats the recuperator (7), which nust be

weomethapai n in the second step to | ater provPCBEUS2006/048899

anot her quenchi ng service afnd to prevent the size and
| ocation of the heat bubble from grow ng progressively
t hrough the quench reactor (7). After quenching, the
reaction gas exits the recuperator at (9) via conduit
(17) and is processed for separation and recovery of
the various conmponents. [0040] The second step of the
cycle, referred to as the regeneration step, then
begins with reintroduction of the first and second
regeneration reactants via conduit(s) (19). The first

SOBREPANS oI5 3, AR TSR A P Y ) moves

nemspethat mbuléeat,or vdoae e(7) hduyriregy e‘mscm‘tp nethé oluenchlng heats the

RGPy, P Bl BETe Yl Podhaiiigs 1§ L Broviae

ra@6iee faécbmgSieRPict and td provent b size dnddocaiontof the heat bubble
Regeneration entails transferri

d i bl
FEE T HE NG TN R

4048ioh 13ast ExitshBleNRbhperat8p QNGORLE: bHRIUIEEHD | i 3eptdcésbpd for
for the subsequent reaction cycle. Regeneration

gﬁﬂﬂﬁﬁ%ﬂ%t@oé‘?w&f@er@é@b‘é FaBPPIIthe (7) such as via
g@ﬁgw( t( S)T}galgécon&“% f SRR ERIO %Peﬁeﬂetor SsCHf%efe%Eﬁ’ératlon step,

reactlon zone (1). In doing so,
tthen b@me mathureéntopdadiiemof thesfirst and §®)onﬁayg¢mwwacrﬁa‘é§nts via

th I

SORAREET () U o) By Morld®r LGP o3 LG kg hor
decugetiton?) ttowai'dethg rsacpdml afd (AR of éwa@pmetnater (Pavherg they are
SR Rl D5t Pyt b el Sehf et 19
ofaké reater kgstéie i nterface (13) of the recuperator

zone (7) and the reaction zon heat ecaver ed
flﬂefh‘lf he rEBeIRERHIONGHEP tlaglg‘tléré%e%lfl EH® Bat Rsgeneration

%‘iﬁ%}és&&xf&bmﬁg LEERRERN sRditlOntdierdBant i |rétﬁ1péfalﬁﬁ' zone (7) to the
thermal Iy regenerating the regeneratjve reaction

(rgjctipnsgamedd) tchtheanally Tapoucpte] the seastion bed (1 )eﬁ%éhﬁ ﬁ@ﬁ?quem
qfeaf{'tfbi cgr gasr ec%éngfﬁgawg}’rea@ta,fn{sr étfters ?@&b@fﬂor Zonei7PSuch as via

certal n channel s (each channel
proafleit@ (19)c and flowis rihrosgh dhe resnperias\gopa () aphinto the reaction

R S

anne i ncl e one or
rmde ab ilhsyraediby the arrows on the exemplary graphs in Figure 1(b), similar to

but in opposite directions to the graphs of the temperature gradients developed

during the reaction cycle in Figure 1(a). Fuel and oxidant reactants may combust
at a region proximate to the interface (13) of the recuperator zone (7) and the
reaction zone (1). The heat recovered from the recuperator zone together with the
heat of combustion is transferred to the reaction zone, thermally regenerating the
regenerative reaction beds (1) disposed therein.

[0042] In a preferred embodiment of the present invention, a first reactant,
such as fuel, is directed down certain channels (each channel preferably
comprising a reactant flow path that includes multiple conduits) in the first reactor
bed (7). In one embodiment, the channels include one or more honeycomb

monolith type structures. Honeycomb monoliths include extruded porous
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nmonol ith type structures. Honeyconb nonoliths include
extruded porousstructures as are generally known in

W@ b®7/0ees i on i ndustry, such as in catalytic PCT/US2006/048899

converters, etc. The term "lhoneyconb” is used broadly

to refer to a crosssectional shape that includes

multiple flow paths or conduits through the extruded

nonolith and is not intended to limt the structure or

shape to any particul ar shape. The honeyconb nonolith

enabl es | ow pressure | oss transference while providing

contact tine and heat transfer. A mxer is preferably

used between the zones to enabl e conbustion. Each

channel of the first and second channels is defined

BhRAGLY al AréBRRerhIG 1BRAUR! théerea @AM idduSthy,Oduch! &Wn catalytic

path(s) by which one of the reactants and synthesis

ey ertpISWSta: hrBigg kerih gheneysemp'e 4 tused fhaepdly yto gigernigya cross-
Y . I,

1<l S el 1 ERR I @ AP bR B CEER X e B! Srtruded

mweolithrodss ndsingnded bs tinmtt the biryctpzralshagpe tocmipatticular shape.

bes) that receive feed, such as from a S . 1
FHEBResPRb MESTHY SorbREind HdatR i B BRe whipayiding
doreact aiokl ahd hesicibaryfer. hA \nsixgeisepraferablamyed between the zones to
cross-sectional pe, alt h.a general ly circul.ar
GRebTS GERRbS y Eas chaetel P i HaP Sherdlgiasets 8 defined
Blrogﬂszr tbe@e?rlE@Cé‘l c@rﬁtﬁi&l I ﬁ?é cﬁﬁdmiﬂﬁ);é‘élﬁxenaw yatﬂ(rs?%&dEhich onehof the
subst anti.a ar al | el , gener conmon t hrou
feREapts 20A synthees gas fays tirqugh a&ﬁ’réh%?ﬁﬁterb%wt?@ mﬁwlude
@ siighéchdatFihére greferdBly @nd kloRé Yikélyl lnud@plBRBNduits (e.g., tens,
condui ts, (dependlqgsggon reactor size, flow rate

beidaedss osjeven thusands efpubstantipily paalieh cepduis aibgd); thatgpceive
FdRa FuBH 8 £dnRREad BisEtRRRY o zd1cRe ldeMcaBd GARPRE bort.

preferably i nclfudes nultiple conduits that each .
3] ve aible conduits eachr emayt bave, genecdllyasnyl aefrdsseseetiionn} shape,

?l%qzulgse% %Fgergﬁ c xlrc];’fi}%rr LOE‘:‘JIIG nl'af &ruﬁég%%?gr%isst-g’ecﬁ?%falbﬁaapg r{aay be

romeac 0] Cross ow a
plederfddoVEsdt thapaehmagqireferably prabido suhstuntially pajallehrgenerally

o B B el O s

A

siapiUddndiR, Bi%ﬂlf)ﬁﬁ)%] tikalyl will b€ &g@q@ﬂ?itgl (dgf)éﬂmiﬂgi PG teactor
to reactant oW separati on. e prererre reactor .
SRBORHERL: Fﬂ@%@g%ﬁﬁs’i {BF xmgife APk “AEFRRIRL oy Figure 2
&R0 BkamPl VdRfow TA lchhndel pRéTEIabAN thctudes GRNEpNEIHARlts that
such that after exiting the reactor, the respective

f3chsteceiyg cansh Fopdiichia, srctapt sUCh easr delieted Py 3 aogrlg in 2 gas

iRaftuist THe Sordd®iBhes) Ba 16lateRBRdach MaldriiR i &nRea&BisSflow
are included to provide good heat distribution across

eleag the flow pads(ess @pt Bnlnid gpmanwrication).ras dbeyomay e subgtantially

isolated, such that reactant permeation through a conduit wall into the adjacent
conduit is substantially inconsequential with respect to reactant flow separation.
One preferred reactor embodiment includes multiple segments, whereby each
segment includes a first channel and a second channel, such that after exiting the
reactor, the respective first reactant is mixed with the respective second reactant in
a related mixer segment. Multiple segments are included to provide good heat
distribution across the full cross-sectional area of the reactor system.

[0044] Referring to Figure 4, mixer segment (45), for example, may mix the

reactant flows from multiple honeycomb monoliths arranged within a particular
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[0044] Referring to Figure 4, m xer segnent (45), for
exanple, may m x the reactant flows fromnultiple

whenweptondh nonoliths arranged within a PCT/US2006/048899

parti cul arsegnent. Each nondlith preferably conprises
a plurality (nore than one) of conduits. The

coll ective group of conduits that transmt the first
reactant nay be considered the first channel and a
particul ar reactor segnent may include multiple

col l ective groups of nonoliths and/or conduits
conducting the first reactant, whereby the segnent
conprising a channel for the first reactant. Likew se,
the second reactant may also flow through one or nore

h
g@%gédtt Bl i gﬁhﬂ;r%?&@ﬁmy ctslﬂph%t b RhRALIEP Psibld ma!nnane) of

cond ¢ erm "channel ™ i's used
condudtsy The ¢ollectivie staup efmoendity et rnsealt thecfifsy eeagtapt pray be

r%fggég ! #Itﬁesﬁrsp gltxatn%%PXt%/ %rg%lchﬁ?%acﬁr S d%rﬁ&nt%af ﬁﬁﬂﬂfé multlple

Aredactor se ncl u first
@btleqReoptbuph arﬂmio,nohms mand/om bmdlhunmn@ctﬂng the| finspreactant,

flow aths for each of. theflr 0 ac
Al essmint eomping & b aLfof 2 TR L RkRh e, the
fsé&fﬂdh@h&taﬁ’cf mB latsopfl@v cheuge bae oPlnﬁfre madnolithsawithiea segment,
ment (45) w || mxth ffI fro one fj st v
g?ﬁ?@elﬁﬁﬂn%ﬁ‘éu% é‘o?F&OE ’%B tteﬁrg channel" is used

REAMN td fttihdtathel dbnaaﬁ@) 3 eﬁnmﬁd gainp JFf wenduits thet/eomveys at
of the conduits wthi channel wll likely .con e%iﬁﬁtand

Aeast arfisber sgqoad ra?ﬁﬂmgec% AERSIARESHIFIE May| fBcdde |
REESnd! GhaRRBTE of tntil e%‘haﬁﬂh@s forahltipROfev Datief fok lRecH bf e first

reactor. However, the numbers of conduits conveying
@mtmgg@ndor@cmma uAeBIRer feEmsnt () e shen sllrct in warient gas

h s will mix the
%ltl? ot tnéful{lgﬁé!l hat e%ll%:t %Ffepaﬁ)lm Rikdry e%fnehh €45) will th

0|c I OMme e reactants will not ‘react
uafﬂuént Sifone pne first phgntGhenct@m*MO@dl@ﬁlel he f| r st

e axi al ati.on of t
C@ﬂgéﬁt i 0;5[ re@gg?lﬁgc? ?Ha& if some. pgﬁfeg're helrr%gbdgt];ents several of the
Coonduiitd s»vmﬁﬂvaeys‘ha@a wilktlikely ebnveyaat mitterd of first and second

control |l ed a conbi nati on of .t.enper

FopaRt i, L AP P D SR GENABE AL Ry e £ the fist
1, RAR6Y. AaHHWRVEE RRE dRiibeaN 6f Bdnduitk Rodeprng Qbfnbustlble mixtures of
aut oi gni tion tinme to combust. Stjll

t
riégt @ndnserpnd repganty i syfficignilyi lﬁwaﬁ“g} tg?t Hl?r l“?aé‘i’flté’f of the

t & RO R: daFlyGRAMENIE H8adad?s Xill Rt Péack @AG] @MérSexiting the second
wever, thi %’ reaction i s acceptabl e because the

rendbof the fshnpaster- hallit gxiah dpcationc of Jpitiaion of combustion or
Ségoftﬂegn‘lad’]%a\énﬁmilthlhhlﬂb?é BShdidsScoAtying M AG&AIRE P! Badlints is

i nconsequentt al [evel effect upon the_ overall  heat
btallnanlied hiytzheombinatiore o€ temperathes, diarg, ghd Jliid dysagicsq Fuel and

63 Ieg u'u%ﬁally require a temperature-dependent and mixture-dependent

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

conduits as much as reasonably possible.



react or system shoul d be designed so as to avoid
m xi ng of reactants within the conduits as nuch as
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the present invention requil8es no | arge pressure

swings to cycle the reactants and products through the
reactor system |In sone preferred enbodi nents, the
reform ng or pyrolysis of nmethane step occurs at
relatively | ow pressure, such as |ess than about 50

psia, while the regeneration step may al so be

perfornmed at simlar pressures, e.g., |less than about

50 psia, or at slightly higher, but still relatively

| ow pressures, such as |ess than about 250 psia. In
SpoRa) ef erhed 660 dichBAlny td e PRIsBAN thvRITiSh ¥ehfirci!t &P large
IS performed at a pressure of fromabout 5 psia to

abrssIurg swings 4o cele leg repetpnts epdpaeshigts thpughithe regctppsystem. In
3 ' . j [

¢ ol b ter R SR AR Pyl Ao SRR e et s a
craldtivety kive gresthvee, sucht ae dess dhdrc aboutai{ypsianyhile the regeneration
det ermi ned wi t haut re.than routine e |.rent af | .

o B RV PART i il gy S 165 Sl ol S Psta, o at
t sléehtlyasigindr, Btsstilbiatwelyloesessasesh sgdieas less thamaboutt 50 psia.

that di scl pseq above ma e used, although.the be

| E%é‘“@?fﬂr%% g.e”g‘g’f"ﬁwﬂ%f %gﬁﬁ}aa? W&é 7 peripmed at a

Lﬁre@ﬁﬁ?bﬁ@ﬁ)lnﬁ lth@ihte.?(bﬁiaCtb iaBGutf 453mia,b§h%£erhbl§'hiadiﬁ,abbﬁt Mpsia to
e preferable for regeneration tq be _carrie ut at a .

prRAK P sty , Rynges éeahﬁg@et S Pl A 32 aoiandiren eu(ls psia

2R absiitass lHeieNer alkd coRtémpite! THE HoBE cEXRMBILA rdnB€ may be

process is nore economcal with air optained via fans

0

fetpmeined avithorbmosey thep raptinsexReymsatation yeRne;Rk ordinary skill in
18ie4rt Y RsesbionYTehE RNt 'E‘fétéﬁosﬁfe. tﬁ%s@&@sslﬁgféer or lower than that

invention, the pressure of e pyrolysis and _
r digelnesdaabaye maphe used, altlanghi they ynayhbe dessectficigat. By way of

SSRGS 0o LGSR YRR Rl 8 kBt st e

t baprefanelerfot regenahtién twmbe cartied ou( &. gpressary f for example, from

rotati reacto . _che val ves,, | ouver | ow

B BB e R il et ol T v Ry Phagpote, che
gpvcédsdyvmore ec@iontinal withrkin @btadmed o falstaebilawers pihy $egeakration
beds ,bet ween the flow systens...ln t regener.ati on
oy bRt oy B 1598 i o b Bt ot S dppnion, the
Spbat BTHheOpfroReE il réRiblafibh WlepsAinfe ed3Bnthlyntheeshme, the
such as via corrgr essor, blower, or gan, dependi.n m )

t fidtegpier RePTRENEBR BISSTBRSOLRE TY0 SiePF BRngdessthan ghont {{ gsia.

FERETr - i [ GR@stBEE SBAY Sorfte 'mbihol S8 floWwt cBRYoIPfe.g. valves,
desirabl e to expand the flue gas through an expansion
t rTeteingarepeior bedsy eheck valves, louvers, flow restrictors, timing systems, etc.)

is used to control gas flow, actuation, timing, and to alternate physical beds
between the two flow systems. In the regeneration step, air and fuel must be
moved through the reactor system and combined for combustion. Air can be
moved such as via compressor, blower, or fan, depending on the operating
conditions and position desired for the reactor. If higher pressure air is used, it
may be desirable to expand the flue gas through an expansion turbine to recover
mechanical energy. In addition, some fraction of exhaust gas may be recycled and
mixed with the incoming air. An exhaust gas recycle (EGR) stream may be

supplied with at least one of the supplied first reactant and second reactant in the
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mechani cal energy. In addition, sonme fraction of
exhaust gas may be recycled and m xed with the

WO pwonTIegs ai r. An exhaust gas recycle (EGR) stPEHDS2006/043899

be supplied with at | east dne of the supplied first
reactant and second reactant in thefirst reactor. This
EGR may be used to reduce the oxygen content of the
regeneration feed, which can reduce the maxi num

adi abatic flame tenperature of the regeneration feed.
In the absence of EGR, CH4/air m xtures have a maxi mum
adi abatic flane tenperature of about 19800C, H2/air

m xtures are about 2175C. Thus, even if average
tenperature is controlled by limting the flowrate of

file! rea@BY, PPRS E’Gkuhi Rgbé Qigkd tbesdhite ithe loxggén leohtent of the
spots that approach

ermxummflamste t
vigeEaRtion feedewhich ctanée%s@ the MFFRUBHAN npﬁ%[é’?’ﬁj ‘{?}?@e%s}“fe of
ﬁﬁf %g&lg\{ (%‘{}0 L0 28 18sdlie o BRHNICIA/aft thix@ives Bikda ABximum

ust’i on products) that acconpany the ox a o
mhbmd flame |GG ptuFDof eixanpP80°GiHAN agomaxewes ate ghqut 2d75°C.

onbust
F550 5 S e SRSy it 200 ot e
ﬁ@ﬁpbor%ﬁﬁﬁgto@uhh@mlt irbleEichot I's’pois ¢hat gppmd@ ﬂ}eg@nmmum flame

content of ied air t about
iesmmrtanuao et M i atosn B RS ol ute? (i aee oy
efecivl R ftreabingABambut ofglikethtesnth as N2gané i:ombuﬁgmmroducts)

pyrol ysis ste and flow schene is illustrated in
ﬁ%&?‘é’@ta&‘y g/@’fmé“?]gﬂ@ﬁs as fromnatural gas) is
EG’@:P%]' ed, R YwhHEX §@oVcikBesr aif WP Phse dfoni ddinbustion, the
ydr ogen asadl uént, either withip th

asimm whatabedls empepis Tor bizetel it AEBaHIR deecses from
aﬁ%%tlt 752816 a egé% %4@%2 §ékduBinkNRe Bk nt SoTR&t Iruhe sippiied air

e Crea y the regenerat| on's The rret hane
tonstsiui k3P eenildramake sabouhclef9sCs mlaﬁtramwm yadjahatic flame

3‘?{5@%% %}rrggar ?30 OF%C% L’rﬁ;un f cts! dﬂi@ nﬁi‘ﬁ% or pyrolysis step

r m ng o acétyl ene, ud| ng natur al
@ad flovd hettermesit nlmsmamdahkfagms l(p)etMgthsum(aiqchtans |ffoze aatural gas)

kero fuel, fuel ti L6 I

ShaupiedspletergyGpixed i Bt sineRg MY pPliogel af B e ither

fv@iggn\&hé |s<a&€id9@§(ﬁ6ﬂ8r hifﬁhfeﬂiaaély @oIvP o SNty imet ﬁ&rmcond reactor,

and/ or rocar s that are i.n eous

tﬁ!@ﬁg@ pyralyzed éﬁég'f) B%@p@e@ﬁure&egéﬁ@? Sﬁeateﬁltlgy ﬁh regérns‘f‘atlon
ISERCt Ofhe HRAARAL DhtffingeRyd ﬂﬂa}t hesoshehd substintallypndy other

thé optional m xer, the acet %@ene cont ai ni

dydrerathone maggaial Jhatoyndereass enflnthsymic ra{%gxﬁ% fp agetylene,

hﬂélhdﬁl@%amral gas, other petroleum alkanes, petroleum distillates, kerosene, jet

fuel, fuel oil, heating oil, diesel fuel and gas oil, gasoline, and alcohols.

l)

Preferably, the feed will be gaseous material comprising methane and/or
hydrocarbons that are in a gaseous state at the temperature and pressure of
introduction into the reactor.

[0049] After leaving the second reactor and the optional mixer, the acetylene
containing synthesized gas stream must be cooled or quenched to halt the

conversion process at the acetylene stage. The timing for this step is important

" because acetylene is rarely a desired material for process export. Rather, a

preferred use for the produced acetylene is as an intermediate product in a flow

process within a chemical plant, in route to other preferred products, such as vinyl
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conversion process at the acetylene stage. The tim ng
for this step is inportant because acetylene is rarely

w@2eems79exl material for process export. Rat herPCHUS2006/048899

preferred use for the prodd¢ed acetylene is as an
intermedi ate product in a flow process within a

chem cal plant, in route to other preferred products,

such as vinylesters, ethylene, acetal dehyde, propanal,
and/ or or propanol, acrylic acid, and so on. After
guenchi ng, the synthesized gas stream nmay be provided

to a separation process that separates the acetyl ene,

nmet hane, hydrogen, and ot her gases. Recovered net hane

and hydrogen may be recycled for processing again in

t t ic"®Yd, and so
oot RS- 242pAPhy, PEARRAL Solicl 6F RrojRRtl WRAICIRIY, and s
tole sefiqr qimchingnthy shethesizedgas Preanewer detpsoyided fe sgraration

addi ti ona ef ul product e. d. C de. 4 :
L L
Hdeat@led meBanE aid hsldropeih anay be renylar fdyuiracskimng again in the
[ 0050] Ethylene is a basic building block gf a tvlene to some
BEAAPOTAISHE- Ot SRPBFAE PrOgRRf %F@ye’e“;?p?’g&"PS}V%‘bal"h%“ Y

RiRdrepro@etUSBadhOsf these froiatRdmayg ok uaher, plotessed he provide yet
per spective of volunme and val ue, Ethylene i

IS, . .
additonpkbnsetyl produstace-8r egerldshyds & PiPiRLYAR intermediate in the

YA ARERR d fRhanb]) 284 FackdlbRinARNsy/6f bikthgols.nvent i on,
it my also be a coproduct of the i nventive nethane

d0A56} si orEthylsve ssa bado buildingdileek ofz platieara of piasyps, and may
i.nter i [,C i I ive of
I e SRR B e, o perpecve o

aohimé daldydduanEthylene hy donyamentlynganufchirert Hiege acetylene by

t hanol . .Et hanol is of..inter Use -Jt . J il
aReEparia P omecr el The BREAIGE iha) b2’ dbproduct
dipeiimiestive Metahy t@nersidi paiceds. may al so be suitable

for use as a notor fuel, .if, the manufactyri can . be
SOOSTE; ontAgotheRy RSt Pt highoaqtercht sy elipBfly, wiich may be
CRRVELSHAN nPhuRERED By BrsPa98%IRE hd Asutgnd t6 Weathldshpde and
hydr ogen.” The idealized reaction to acetyl ene is:

2 s
ahest hydozepatingzaqetaddahyderite gﬂﬁlggbt Ethpmol isyef pabergstpecause it is
Cé?x@f‘ff 'ﬁtaﬁgpci%é [ R0m34 .réﬁot%uﬂlgﬁﬁkf AndPYs Eﬁkﬁlga@é?i&%rated to ethylene.

reaction, rogen is a valuable by product "of the,
(Etheerltmay alse e suifeble forussess amotart fuck ifife ananufactyging,can be
a [ 0 t, produced as a result of inconplete

re ﬁ%?‘?%%ﬁ(‘)’?{nn%% iane to hi gher hydrocarbon. Unreacted
n@0s2he i Sinadnsoevent abunadrsion pf makiliane to acetylene leaves a surplus of

hydrogen. The idealized reaction to acetylene is:

2 CH, » C,H,+ 3 H; consuming about +45 kcal/mole of converted CHy

[0053] As suggested by the above reaction, hydrogen is a valuable by-
product of the present process. To a lesser extent, ethylene is also a valuable
product, produced as a result of incomplete reduction of methane to higher
hydrocarbon. Unreacted methane is also a valuable product.

[0054] Accordingly, separation and recovery of hydrogen, separation and
recovery of ethylene, and separation and recovery of unconverted methane are

each individually and collectively preferred steps in the process according to the
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[ 0054] Accordingly, separation and recovery of
hydr ogen, separation and recovery of ethyl ene, and

w@epanzvisdn and recovery of unconverted net hanBCHDS2006/048899

each individually and coll &ttively preferred steps in
t he process according to theinvention. Unconverted

nmet hane is preferably returned to the hydropyrolysis
reactor so that it may be converted on a second pass.
An amount of hydrogen should al so be returned to the
hydropyrol ysis reactor that is sufficient to contro
the selectivity of the product distribution. [0055]
Si nce hydrogen is created (not consuned) in the

reform ng pyrolysis reaction, it will be necessary to

ur hy ' QEm? i
R T R
cartursdol that @f map detcohvettahbh mpsecond passo  Amearngut ofdrydrogen

d,f th h ' LSAi
BB 0r G35E B UL A B o
e ged@tivith of ey rotiactaistdbitisonat e, hi gh- val ue use for
{8953 | oSopaRodopehrtis cFHEBPLEPOHIALI T ETopRiAE Bholysis

| efckioH S WM HeQReEshS thiphid/midRofh A¥ml thabtdesd inl thvamount of
pressure and may possi bly contaln nethane or

abputeonssH2dor euery GHA mpavertrsh Hydragga hes ahegh ‘3? ggqrnbmg?n of
?hg@%?f E.?:Ql/ﬁu@ftamd %oc' Q&Sh%drgged Burell §R0th Ghé BEGResORas a heating

gure 2 illustrates another exenplary reactor .
spbicetiint frain theyrahge ofiwhabiseneaded grereapisration fushs Gfgrourse, 1t

gl%]rt 9 Ialni :ﬁ%rr?#g, l%gfm-q; ;denlgset ¢ hO TRtk dﬁgeﬁ,uﬂen%%ral gas
87 Gan™ o AChevE efTicrent regeneration heat. Figure
2odEbets:ddos alh g pant ef theoegenesatem fugheBut thadeftover hgdrogen is

r neration cle. The inveniiv
SERBORSearablECedgpteuo R St 5 AERER Lot iR or other
rEReRR! Soptise( A hydrcgents rageneration feelichyy albebe an)ideakdisprgpition
t.akes place and provides substantially isolated flow
gaeremgie lofdiifel s for transferring both of the

q9656)i NY Higae! 2 QMudRASRSaridiie? Udlent reagtbpkystadli that may be
Wi thout incurring conbustion until the gasses arrive i
pugRblrde sowe applisations ier qonirellste st deferrmge th cpmpstienof fue
ha {»ﬁﬁgﬁtng)r a&}ﬁ%]ve! Srfidint eBGIPA M RER. I BORREAHLSES a single
heat 'ng and nethane reformation primarily occurs, and

megctires Ystans, aperatsdn thiecesaerstion crelet dheflByeiye seasder system
hrrelé)a)g cohliadieygh c&ﬁﬁx&gih%%\%vo tSR RNk, M PRCTRLSerbfdr (BB is the
re or systemare entifred as separately ) )

diont i pripnariliyabhere rewothing takes placeuantk psrvades swbtangially fsolated
t oW Sﬁ:a%?se of fch%mmelg 't5° %r%sfening both of the quenching reaction gases
through the reactor media, without incurring combustion until the gasses arrive
proximate or within the reactor core (13) in Figure 1. The reformer (2) is the
reactor where regeneration heating and methane reformation primarily occurs, and
may be considered as the second reactor for purposes herein. Although the first
and second reactors in the reactor system are identified as separately
distinguishable reactors, it is understood and within the scope of the present
invention that the first and second reactors may be manufactured, provided, or
otherwise combined into a common single reactor bed, whereby the reactor
system might be described as comprising merely a single reactor that integrates

both cycles within the reactor. The terms "first reactor”" and "second reactor"
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m ght be described as compresing nerely a single

reactor that integrates both cycles within the

reactor. The terns "first reactor" and "second
reactor"merely refer to the respective zones within
the reactor system whereby each of the regeneration,

ref ormati on, quenching, etc., steps take place and do

not require that separate conponents be utilized for
the two reactors. However, nost preferred enbodi nents
will conprise a reactor system whereby the recuperator
rx%@i:él_xz feféﬂ‘gl tHe ?BQSPE(R%LHOB& fificharartct s@&eﬂﬁﬁﬁérb@? gach of the
her el efornmer reactor may sifmlarly possess
cregeusration, aﬂoenatpqrefq@ﬁmcémm wisaditensiake plage mﬁ‘m et rgquire that
ref orner. reactor

TR AL CRVBRAN ngl%llgp(?geﬂr @‘ﬁfw mat er | aﬁj il;o%?hg r{léasq Preferred
I efbpdnmhtsr wlileaxbhqmsbeed rea'Etmr fyestioin nzghexclv)am@@ mmmpemtor reactor
t he refor secon cta Y}

cSliEr o B AEaPRDL o Biserhel B GBI goactor may
Pafdiladly! possede Sbfiduilss (Dtﬁélxuprléféirdﬂ%rﬂbdﬁlmkm‘shﬂay ﬁi:hrdﬂmr reformer
reactor, as to the oerfg@gynce of the inventive

r Eeetop rbedy dhab s mERRECH Pt e ARY IR RY R nBRlugg g frerent

OfnatdMals TRbRENBe R¥EReYaibsS rédtor "Bad. b hedSidliding dﬁwemane of the
an effective reformer/second reactor, design. OOS?ggiiythe

dref@megeu sseand sepstar, may, berpwided @g desired Pr 28 PEERSH
aahc'a &11 Hg&ﬁo\fﬁhi&% SREnGE Q@ﬂﬂlka He2&h Jrthe BAR@Rhdtor, as

nne two ‘or nore gases fol IomnngRentr into a
f tor the p@rsfarr(m;rgae offthe freveniike practr Gystenty ) Rewtine; spsuigeniatign and

3
SUBIE b o il BB b A urh ] 030t e
(%bnndrtseaﬂnﬂlma@mdﬁlgﬂ ovi di ng a fI ow channel, the
CRAN' 3, A sRhBRTRR T 18 FE Ao SRR 2% monces
}/\ﬂhrllc?)s gag cahawwd(zsq rf@f&p?imygﬂxamdinggmmefe pives followmg
irst and second reactants and na
{ REETY e i ArS B QD8 o by rBpSTAR e ABfh (BERLRD P pEenerative

UBEd('s) fﬁ's%%é&g théreRET m iisedas (3D) GnfrdaSRet MYl @l;mrmuy of flow
each first and second channel s preferabl

c opnstuiits 38 u e iadlionhignproviding o flow Papae then gorduitg (28) also
r @&ﬁﬁ:ﬁgeei 5@%’ et Sibve BHR kS . ém{vtlﬁow &f&!ﬁb@fﬁﬁhb%ﬂ Yuch as conduit

par a ow segnments, each conprising segregated
f imadls) terptesat @MScﬂr@eﬁnn’emxmg @@@sqem the firgranflsepqnd reactants and

iegg%blgepina%ngyh& REEIER Ntk RERBEY QY sehhiated CEMRESRR Yther until

mixing is permitted. As discussed previously, each of the first and second

channels preferably comprises multiple channels or flow paths. The first reactor
may also comprise multiple substantially parallel flow segments, each comprising
segregated first and second channels.

[0058] In a preferred embodiment of the present invention, the recuperator is
comprised of one or more extruded honeycomb monoliths. Preferred honeycomb
monoliths are extruded structures that comprise many (e.g., a plurality, meaning
more than one) small gas flow passages or conduits, arranged in parallel fashion

with thin walls in between. A small reactor may include a single monolith, while

~ a larger reactor can include a number of monoliths, while still larger reactor may
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conpri sed of one or nore extruded honeyconb nonoliths.
Preferred honeyconb nonoliths are extruded structures

W0 bav/ozonpri se many (e.g., a plurality, neani NBCTOS®06/048899

than one) small gas fl ow pasages or conduits,

arranged in parallel fashion with thin walls in

between. A snall reactor may include a single

nmonolith, while a |arger reactor can include a nunber

of nonoliths, while still larger reactor maybe

substantially filled with an arrangenent of many

honeyconb nonoliths. Each nonolith may be forned by

extrudi ng nonolith blocks with shaped (e.g., square or

hexagonal ) cross-section and two- or

W 9% gh%gfgﬂ@@ ith ﬂ%ﬂﬂ aﬂleﬁyﬁ/ﬁmgi ?ﬁigﬁeﬁgﬁl\bemonohths Each
na. an esl each other. nol1ths "are

ahbmﬂuhim&y bs fGrHEdﬂ!M extontieg tronotitublocks With sheped (reg., square

h heat transfe Lth pani
L
(ddoFe, béhhrﬁlNaﬂdtﬁaﬁéle éawhl &ther. ?fdohdgtlelethfs iareSzltttrgcti\&easambtor contents
reactants. Each chapne era udes a
irae they BV P e ARV BTG PREFFLRRGToP-
g[‘r?'@gop S€ Of&hGhofBlith n%%ﬁ@ﬂd% oW cleaabl($)IB S, TWw }Shthb) for one

e nore channel s or %‘aoups of conduits. dedi cat
th tﬁxledwﬁhgr smend) reaggAnds. s Fagh fhare! arefembhaciudgpa xgurahty of

ﬁﬁémg?l iRt b AbriRitE BIA ?%oh?prfs'e%‘ﬂe‘?ﬂ@n&% cm&ls for each

strearrs eoher react an i'sS recogni zed t hat
ateatthnt With ené axcmotrechonaals on grovms of candiy icgfed to flowing one

Cgrnndlgli' ' Sire N Iof ltal’rg%be%ﬁt Cﬁﬂﬂg M‘ze‘%emaﬁ{n#é g %’u nfdf'cohd@iflow one or

...._)

secona reactan number S
pno;msﬁe’amsadfethy otheniréactdnt. gt Iseecegriiznd fiveh atsthe antsrfﬁ@ﬁ between

fI ow_channel r.iSe. t.1 pl p

SREDEED ABRET PL Fopper T st RofydPB Rk of frs gnd gcoond
(rehitaht, abwt dds amanbera of i cwaiduitndis( propeitiormtelfyi small.  In other
react 7)) can pe characterized_ as havi ng o
f"r‘BPR‘g{nngsea (6%“8% o‘ﬁ%‘%'ri Ea‘%}’&# d™MP FPEPBE \%'gﬁglgbé’&?mh‘hs
4% AR nBOMonais hrvfeRSd GANHE iptesdfN Biveltibe (WhRh &baidjacent a
50 and 2000 ores per s&uare inch, nore preferably

bﬁt%@ﬁ (gbgtl 1@@1: &’r?ﬁtoj{ ab %I&Clﬁﬁct@a@r%q hq’ydﬁg OP% iﬁ'Ol‘lta]
d aﬁg‘% eoh‘[én‘im@ol& BRFH SRSt wedn UboaP A nd J0BY, di‘la\lﬁvﬁlg conduit

of only a fewnmllinmeters, and preferably
t&@sﬁydmtwmn a\b@m 58 randn2009 meores PP REREEOMChe d1oFE preferably

Clg)egp/g&? %5%& 186 NarfdS 1666 afg?{éo k)éxt Qéué}é Akh.er Rkl 48kt in one

I'a, preferably provi [ east one of the
fe:mbdpdlmwm she @nddwtsamnwll@vamddmeﬁ refbenly pofew amidlimeters, and

B0, B8 A0 AL IEAEE) RLLSH: e g
ahmhtas&ﬂ@ﬁloﬁlbhfhs onolternptied bcdabieyhat pmfcrabbmroml@ fpr atjleast one
t 8t t%g q'g'stfs}nh%bcc%l%dchsa%xilelﬂls and preferably both channels to include a packing

with an average wetted surface area per unit volume that ranges from about 50 ft-1
to about 3000 ft-1, more preferably from about 100 fi-1 to 2500 fi-1, and still
more preferably from about 200 fi-1 to 2000 ft-1, based upon the volume of the
first reactor that is used to convey a reactant. These wetted area values apply to
the channels for both of the first and second reactants. These relatively high
surface area per unit volume values are likely preferred for many embodiments to

aid achieving a relatively quick change in the temperature through the reactor,

such as generally illustrated by the relatively steep slopes in the exemplary
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nore preferably from about 200 ft-1 to 2000 ft-1,
based upon the volune of the first reactor that is

wais@d/orm4Tonvey a reactant. These wetted area REI/USR06/048899

apply to the channels for B#éth of the first and second

reactants. These relatively high surface area per unit

volunme values are likely preferred for many

enbodi ments to aid achieving a relatively quick change

in the tenperature through the reactor, such as

generally illustrated by the relatively steep sl opes

in the exenpl arytenperature gradient profile graphs,

such as in Figures | (a), I(b), and 6. The quick

tenperature change is preferred to permt relatively
Bl SORSLbBRe GUERCTLNG, AT i PRiGAFE) Oltbh0and 6. The

reaction m’conti nui ng and creatin

cmkdc tqmmﬂ}lr@cma rie d)rtbercd do peoitarelasivpbynerick aalds@nslstent

AR ek R Bl S SR n SRR and craing

hwkb. channel s, to include a packlng that i ncl udes a

hi gh vol unetric heat tra sfer coefficient g,
60L; 1 HerRtesreddgeRtpr M wnweﬁaégfc?maﬁcﬁef i gpst one of

HhEFHEH and %Qco%@%ﬂanﬁel@% GBb /8B edactoa HEld M@ste plre@éremgbtoy both

greater than 10 cal/cnBsC), have | ow resjstanc

fahaangls.ote pm@g@m PeP#kHg thataineludse @ahighy VORmIG A transfer
e e §5t BiteMhbh of BGudli 16 nast cil)%m@ﬁp@t pref¥ably greater than

encount ere uring regeneration, have |g reS|stange
tabouh 810Fedal/sm3siC, amrunmt/nreﬁcvrgwymatem@ap Oeléb%ffow?s C), have

5o R 0 b ST g g rns

somfsmmat aviéa theahighest tempemtures ancmeitgredndgtnngmegmattcm, have

3780 2PN GORBOAS prp B 1R LA et GUPREY (o5 pt st

i ebo@€ 0L ¥V balneB8 2Ce lantli prefeyatdyi grkateﬂ‘lﬂlagealjont OO cal/cm3°C). As

tenpeyrature through the re ctor neral |

i‘F’{@ q:hgé)ds ctehageq, Y §, Fi; rse{laéle\ﬁfysp@%egoq %H: Meat transfer
eooRpdianty vaRED@h@t other girapéreies e Ohisb eligelap prefersed foasmany
in Figures | (a),.1(h), .and 6. Th k .tenperature
combrimeatspioe gy Netr gy g nfetativepa Gy | Shaggr dR tpdemperature

CRPSUCH! BB re A4S SIS SdnebdIRy IRBFALA Byithe REIBN Y sfd&ﬁ slopes in
reaction from conti nui ng too Long and creatijng

cthe tsaemmmary derpperaivee gradiant prefileSraphs. sudly syl '@aseédl(a) 1(b),
VREM R erdtRR AN g4 Pk e dCRYEMA e tatRElPquick and

react ant 0061] "Al ternatlve enbodi nent's may use
r swsistant msgmczhmg he thet teaetiarhto Breyenti the deation framn coptiguing too

hRAEY:HA MR bt cattiil baad1 e TRE%itkd §afild8HRE hverages based

upon the volume of reactor used for conveyance of a reactant.

[0061] Alternative embodiments may use reactor media other than the
described and- preferred honeycomb monoliths, such as whereby the channel
conduits/flow paths may include a more tortuous pathways (e.g. convoluted,
complex, winding and/or twisted but not linear or tubular), than the previously
described monoliths, including but not limited to labyrinthine, variegated flow
paths, conduits, tubes, slots, and/or a pore structure having channels through a
portion(s) of the reactor and may include barrier portion, such as along an outer
surface of a segment or within sub-segments, having substantially no effective

permeability to gases, and/or other means suitable for preventing cross flow
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previ ously descri bed nonol 26hs, including but not
limted to | abyrinthine, variegated flow paths,
conduits, tubes, slots, and/or a pore structure having
channel s through a portion(s) of the reactor and nay
include barrier portion, such as along an outer
surface of a segment or wi thin sub-segnents, having
substantially no effective perneability to gases,
and/ or other means suitable for preventing cross
flombetmeen t he reactant gases and naintaining the

éwée aﬁ)d ggtgﬂtd 5%9%%1@%319 i %H@ﬁfrfinﬁddagéc%nd reactant gases
alr a e ron1e§éh 0 er e axl a tranS|t|ng t he
rﬁbstﬁletliaﬂlyOSep(aﬂéd fifemt escic bﬂmb;dmmmaliy ttd!\leltmgmbb ggcuperator

fdgg}e%a éd‘“ %Fg;@ggta%gg h Iﬁ%’f g’veff %t ok rcgl%aséflv apl%}xgrhened

Iffatite Fiow pamy ikerefedf Siitfaeéi af e, aneammovmean memsfes. Such
having a relatjvely. short axial..l eng&lg thr

(SBHREY RS PAPIeier A BTECIoE BRI ERIE PRERGR 16 aﬂggi‘y shprt, axial

| 1BR&RAARCudN RS UELEH OPAxially OlogBert béhct&al‘dngﬂms hﬁylewq{enence
for such enbodi nents, the porous _and/ or

abl e

rm@l‘ieasqéﬂvessntq draps thrgwateths ApACEO. &iOW%V&gtforong }fnbgdlments the

ﬁg‘g‘ IS arde: Lﬁ)st cimeidiE %W'ﬁl@& i¥ludd, lFSrSexathphs LRI cﬁleso(flal fhcked
|

antially hone conbtype structure,
fhedl; ow srrangeameys o€ tiles, apemea idypedia, qubstantially honeycomb-

ptltyéé' g%‘gésf&%r h GpIR% %Eﬁgﬁtr En‘?dj p e Pl t%q?@la | FrubRkd. | ¥ may be

hsurface®area to good heat
emefmmgethau mh métka ettt pravidgschigh @uﬁc@dargasce faciljtatgegriod heat

o?(cﬁ%%/ o"&lﬂ?g}%ffgg:tg%tatna#{)ddce& 25QMe type of equi pment

ow s ream of one of the
ﬁmtz;ant S It Midy B §ﬂ:|fﬁféd?|d Lﬂﬂfzblsomeafypé b equipmiantt & méthod too

exempl ar odi of Fi gure
RSt AR P G7S BEIRe TepeLag S g eleBet aapqmag tp gondaits.
SRCAR¢x &R ?laﬁ' eRBBUNH EIFEirb 2l adiag dsstlisitan{3 19|dlmécts a second
isolated Tromor not in fluid conmuni cation WJ{

fgassefcregms(?sahmﬁ@pgd gaesteean) PRAnFlsthe e sebstanvially li%%t?d from
T?y& id %ofrﬁ’x"ﬁ}m@étldne@'ﬁh Be PRst 1088 BhnEAS 1dré Qﬂﬁﬁtrated as

ept separate from glas stréam (30) durin
ac(haahels r(@3ki th@freswé iy shatiperlegasbre pardpn of) gas iﬁfﬁ‘éffb (3B dis kept
CIRQMTRRE ohd'6 LRI ﬁfﬁn\éemggpfrélsuof)f fRCreb ARG @17 In 2
e conprl ann avin as or fluidbarrier
timfen&doérabcuhniebe the rgenmaw bnd(s}, o treetesuperaior (Zgae comprise

S i B PN o o

nmrsScdeeﬁaxhﬂntwhhnm}m Theraby, rtexie 0 thet dt easbydf sopctanipgases that
qtl%ansu the cﬁannel means may fully transit the regenerative bed(s), to quench the
regenerative bed, absorb heat into the reactant gases, before combining to react
with each other in the combustion zone.

[0063] As used in the present invention, gases (including fluids) (30) and
(32) each comprise a component that reacts with a component in the other reactant
(30) and (32), to produce an exothermic reaction when combined. For example,
each of the first and second reactant may comprise one of a fuel gas and an

oxidant gas that combust or bumn when combined with the other of the fuel and

oxidant. By keeping the reactants substantially separated, the present invention
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regenerative bed, absorb heat into the reactant gases,
before conbining to react with each other in the

W@ o0nsviHN zone. [0063] As used in the preseneCT/US2006/048899

i nvention, gases (includingéfluids) (30) and (32) each
conprise a conponent that reacts with a conponent in
the other reactant (30) and (32), to produce an
exot herm c reaction when conbi ned. For exanple, each
of the first and second reactant may conprise one of a
fuel gas and an oxi dant gas that conbust or burn when
conbined with the other of the fuel and oxidant. By
keepi ng the reactants substantially separated, the
present i nventiondefers or controls the |ocation of
heat rel.ease, th ur D&Y

HEEE Pofomin)s TaLlssadn PEMHS Bed JEIch BRPHIREENRE o cxpthemmic

aéacheﬁs Bysaummeﬂnty separetfeel’r ibingamttthated d¢as7 50 pelceretnpxeferably

ggg?@gtg?rﬁep gee;;t'e}émf ﬂérgﬁﬁfq:rgély 338 qp f 2_(;} ;cegtf of tlﬂl% reactant having

$h i GHHIRSELE | IGAltng sRAHiGREEicaNP Lkléhctﬁﬁler faotustnbf Iaactant as
bet ween the first and second react aga?str rrs has no

bebeen WenSisnend pipepah SEackt LTS BB APt RECHRP omsiied by

0R%6n %g%ﬁé p&%\’ &t &Hﬁ'ﬁltﬁés%%aﬁé%%a{ve Fvhipletéd R dxidlftrahbie of the
recuper . In this manner, the ng'ﬁorlt o]

fremmerat@a@%ntln(tsx;) mpgnere e Maliy @ the &St I6aCtAR) @PP ¥ kept
qgol&t@& eas eq?ﬁrlg e Getohd r@i@aﬂt I(@Z)'Tﬁil&flietﬂia_]@f'ltst &fethe heat

heat e reaction of conbining reactants
(rel@;\saiﬁmn(tﬁe yeagtion oﬁ oembigiieg ;ﬂaa@etsdﬁ?) and (»?3 ) el doh ke place
RS p-n exhih g b% ) Jx?t%%%@re Qipek4ds 27 r et &EABlYheBactants are
reactants are gases reac aNts may conprise a

| gasks, tht smmetmacﬁants mayajperprishadiguid, m@n]re,ﬂre/ap@'rm

on f r these re enerat on strea
d@ﬁgéjnt of eB?FP? nt' é&n e e§§.‘8¥“"5%{e?é‘ dStggre}a%J% ¢ feant the
;ﬁieﬁh bPrAatHion Bat isoseblY bBdskd oadte stEmlmﬁnetmo bEthei dverpdkfeed.

30 d 100 | 80 N2
s 5 1o Bt s
W&iﬁ ghoz),h @xlmr&bal i vlihed OFf H@dﬁdg@m then the
be t e compustion of 10 vol umes of hydro gr@%
\mvhn@nvetoemmwca@yg@n popjd bs thgkeombystion el gplumes of
’_}%Qroa# Fl )’i—ﬁ%%\nﬁx@ Solunfes b OWR/geARO2910 ke 90 %Mﬁéseof H20. In

nbusted 1 n the recuperator zone (27 this
Vibis| adse, 6 H il @ yohmmesOeblydagen vierorctuplly pagliechin @ﬁ recuperator

SJohe Zﬁn}c) A @ohﬁi 1% Isegéﬁtel 0098 E%(:ﬁ&? gf ﬁle% rﬁz?étﬁh@tream This is
un-r t ed Bcausé fhat Un-react gen was
pieepxeﬁn tthe mraamgmtqf meisisipel tinereacted cIHygamt bfsf@use Fhat un-reacted
ui r emen t Thus. th
Sc{x ggxhl :r?sleggﬁ am{ntﬂ'ﬁs gxg&eoﬁm%rktﬂgglél%?{%tr&regulreﬁlen us, the
defdregeniiothe stdnchsametncally llmltmg component. Usmg this definition, it is

preferred than less than 50% reaction, more preferred than less than 25% reaction,

and most preferred that less than 10% reaction of the regeneration streams occur
during the axial transit of the recuperator (27).

[0065] In a preferred embodiment, the channels (28) and (33) comprise
materials that provide adequate heat transfer capacity to create the temperature
profiles (4) and (8) illustrated in Figure 1 at the space velocity conditions of
operation. Adequate heat transfer rate is characterized by a heat transfer
parameter ATHT, below about 500°C, more preferably below about 100°C and
most preferably below about 50°C. The parameter ATHT, as used herein, is the
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occur during the axial tran8it of the recuperator
(27). [0065] In a preferred enbodi nent, the channels
(28) and (33) conprise materials that provide adequate
heat transfer capacity to create the tenperature
profiles (4) and (8) illustrated in Figure 1 at the
space velocity conditions of operation. Adequate heat
transfer rate is characterized by a heat transfer

par anet er DTHT, bel ow about 5000C, nore preferably

bel ow about 1000C and nost preferably bel ow about

50QC. t t
P0G U RERTh G, e RO pchelte e, e IPpla@ o
| rBoRestih, ftorthe aolipretatiloas tiaasfeh &ovfﬂclﬂmtqfl thefteds hv.  The

L%ggr%fﬁ%r}gegg&% Irg'g{ee(g% ¢ ngqryf ﬁ%:) E}éaé)l Flep%'l P?‘ recuperatlon is
sesiduitb@nk theprédgt RETAE | 28 ﬂl@w qaleC(d. @t @rl/sas) with the gas heat

roduct of the gas flow rate nm sec
Coaasin (o Bgfem JCY 800 deiEpdgil P AP panEs fexcluding
fchtﬁﬂfj etge n@ﬁ rAalUh&en 8IS GEMtEPER)iEsH BY tRIWolR_kig0Bm3) of

en this quantity divide t he volu

@e gfecmc&)tonrzonEh 627 eteavgesedt or theoges. ( Thy dﬂ%’\‘?elrls‘éﬁ%?) (28) is
anﬁggc} us1¥'1§ ;ﬁ?lggo)( gr%%l}%i‘?ﬁi) Wik %fﬁif)o gﬁ&'tt&gl Hhfator zone

r(@am petiataal gan eT(léZXr))lumttthc tmiatragdsr cagfficigot gfrﬂler bed, hv, is

heat t.ransf Qe fICI t [ o

CEPteal A Bed RE s Bloflke 8 2 sRGrbEd Blimddy B Ellontoenc)

(#hdDa speel flccditfics aaadoxaheap aandferc(asye.face2/am3), dfen rhfeated to as

transfer cn2/cnB), often referred to as the
Qrz\'(eeé‘&ﬁtﬁ?ﬂ@kﬂé%kl ng. [0066] In a preferred

e[ﬁmﬁ'] MeNnt Jn G RATRRL® etnBEdindne cﬂﬁﬁﬁew lahé €3 D oaiPrise ceramic

(I ncluding zirconia), alumna, or er refractory
nénanding z&spnis), @lRING) ?q@bmfrﬁgt% Girable of withstanding

e 1 e b shil ktin
e E

t prefraatdy ] 700%. Mptemlsérmmgra wrtidng tanpergor0d up igHndje excess
PLELBHORT BEL B e Bk SwHOACHlefe W bBndfR S Gelditnd @t bed

reac Ton i‘C maxl mum tenperature for sustal ned
pmacmﬁsadlﬁbattlcrmaxmmnp twwmnatureem tsustaiped peaedsgef, time, to prevent

o{ e%él d 8t (gaé?%r Olp C\}ldecf Bo?é‘cta&gn&?&q :Jiﬂdo Qg'ndm?ns othgrwme

—JD_

use nat erl
epdradi osenéf, such amntedias. 218}1 ;merﬁdrr@@ 3)nﬁmdmeme¢haadelar(é&) and (33)

? { “eﬁ?@tie?ioargé barwand 58900 204 3800 WOL SnBleS&5 R baSAE $Bo f-1
and 2500 ft-1, and most preferably between 200 ft-1 and 2000 fi-1. Most
preferably, channel means (28) comprise a ceramic honeycomb, having channels
running the axial length of the recuperator reactor (27).

[0067] Referring again briefly to Figures 1(2) and 1(b), the inventive reactor
system includes a first reactor (7) containing a first end (9) and a second end (11),
and a second reactor (1) containing a primary end (3) and a secondary end (5).
The embodiments illustrated in Figures 1(a), 1(b), and 2 are merely simple
illustrations provided for explanatory purposes only and are not intended to
represent a comprehensive embodiment. Reference made to an "end" of a reactor

merely refers to a distal portion of the reactor with respect to an axial mid-point of
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and 2500 ft-1, and nost preferably between 200 ft-1
and 2000 ft-1. Most preferably, channel neans (28)

w@eopoi®es a ceram ¢ honeyconb, havi ng channel sPCT/I#200g043899

the axial length of the re@8perator reactor (27).

[0067] Referring again briefly to Figures | (a) and

I (b), the inventive reactor systemincludes a first

reactor (7) containing a first end (9) and a second

end ( 11), and a second reactor (1) containing a

primary end (3) and a secondary end (5). The

enbodi nents illustrated in Figures | (a), |I(b), and 2

are merely sinple illustrations provided for

expl anatory purposes only and are not intended to
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sdeovmy ré&dctay [WHith tigatws hajaechtf layas conmey ding othec hreasant. The

|IIustrated|n Fl e 6, wherein,each alternatin .
| onditmgn, o i EBFRS fusiyates AR ex GRBLATY S7HS O SXRFRY ORNRRY Y herein
te fdr¥oreadtbRAEaA Ffmé@yae SasE RY Biets6F 1@hdi6F bé®ARtcRM and ke first
enbodi nent of re 6 |IIustrates an exenp

rdwendrcomrrisemat ’é?ﬂe ofpfheratilpast fo dayess a?%gtﬁywond channel
C&gﬁ%lts%g ?n@ﬁ‘lell 66k msd AVETagerRf T‘lﬁl@cé\ﬁéi'y Badr l’?@?fﬂa@' contain

rst channel conpri ses at | east one of the at
| & festl povion|ths eespeciive outrs syefeesef tha ZeAsET, R bRG werective end of

gttjégcrtmo ftot ﬂ-@d g realcﬁﬂﬁe gaé ol 1%5% ecﬁbé‘ JayeBd Sl NilObitemating

tain a ort In t resp ective outer
slayéracaee &fd suhgaméb»t snnultmnslwﬁbrqugb mmd/@c‘émrl/@t by grparate

578 gk BplECA BRSO LB IS ESBIE  fyers
ssu’nssiahaadlasonml in fhuid oongtmmimtlen wiftez Qowmafth) throygls apimarediately
adjacent layer. A reactant flow path may preferably include one or more
monoliths, having a plurality of conduits, the aggregate of which conduct one of
the first or the second reactant through the first reactor, without permitting a
substantial amount of cross flow to and adjacent flow path. Some cross flow
might be permitted to occur in some embodiments, provided the total amount of
cross flow and resulting early reaction does not appreciably alter the acceptable
heat balance in the system. Thereby, a majority of the stoichiometrically available

first and second reactants are available to react in the mixer (when present) and

second reactor. Figure 6 illustrates in simple form, how valves can be used to
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i mredi atel y adj acent |ayer 29A reactant flow path may
preferably include one or nore nonoliths, having a
plurality of conduits, the aggregate of which conduct
one of the first or the second reactant through the
first reactor, without permtting a substantial anount
of cross flow to and adj acent flow path. Sone cross
flow m ght be permtted to occur in sone enbodi nents,
provi ded the total anobunt of cross flow and resulting
early reaction does not appreciably alter the

acc f ong (%t@hg%lg Ciﬁg?re%)%l caﬁ@et gvpgtalal-ﬁggﬁ%g&ﬁ ?eg%togsnguring
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R reetar SR SRt oA R hist GaPp, it B Flat KBl in the
OfeaEtBi%céx%@Ct or. Al though the il I ustrated exenpl ary
enbodi nent of Fi gure 6 includes side ports, the

8089 al  endsranwiterratiiedn usinglonb thessidepgrkalvgs to flow reactant
eﬁ-‘bﬂ-{ thggsui p(%"”t1 zgye%: GRS FirdtEnkNEnd b ofh BhctbNalideSirovided
reac nd ndt expose the inl'et conponents to
tiwahheaset ofibidve restrictees romagltasnating tayefs)en] sueh ap single pane
a @ s

i ieotélg [ﬂ(%/ 4 cthgcf']ﬁ %51@9 &nl\ %ﬁﬁdﬁ? g%%?sdlpé?{j e111f Izﬂr'ﬁs(etE&e frt]ﬁvéx] @4t can
( eastdas @afiyw gésttitter pe aaltve |to mquultle ﬂpWoQ/ﬁ tHe @ther reactans éntodhe side

ow restr. ct.ors r nat

SP%Icém éwggllgﬁv% ?fgom i eeng JE; eg‘kﬁy\élrg\;%e’ngtggog, %ﬁg Feimitting
datdoylend gae to ﬂuokﬂbmllgh theyyide pbrtllayareand titat the samd cap plenum

area or out of the side ports while the reactor is quenching the generated

acetylene. Flow restrictors may be positioned on an end face (9) to cover or seal
over at least a portion of the conduits, such as every other layer. The flow
restrictors can close to permit flow into the conduits of one or more of the layers
from the end face, during regeneration, and then open to permit flow through
those layers during reformation stage. During the regeneration stage, so long as
the pressure on the end-face of the first reactor is higher than the pressure in the
side port layers within the reactor, the side port gas can flow through the reactor

without flowing out of the end-face, while the other reactant maintains the



act as a flowrestrictor or valve to prohibit flow of
the other reactant into the side port containing
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permtting acetyl ene gas t@80fl ow t hrough the side port
| ayers and into the end cap pl enum area or out of the
side ports while the reactor is quenching the
generated acetylene. Flow restrictors nmay be
positioned on an end face (9) to cover or seal over at
| east a portion of the conduits, such as every other
| ayer. The flow restrictors can close to permt flow
into the conduits of one or nore of the |ayers from
the end face, during regeneration, and then open to
rmt fl ow h h t hase laye
BB i sttt bR esi R o ellch B it R B the other
I%@ététw ‘itd the hdeqm‘it- isess. ofl“hb heotdss shay dwretyr iricdude a step of

er th t he ure e Side. ort
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thQ Yeftor! MEheGkitBE ok GRRL GHth dritidketifl @eshbAst tdGiTEssufy Qfdspressure

e process may thereby include a step of actuati

' n
| @mgesOweth@f the fizst pertiondlepers and| ssapnd §t>m°efla¥ers of éﬁe Aeactor.
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to prevent the undesirable
f\ivnhmdihetSImemeswh at usk 6f 2 binggrsysiean ndheshyt Batfirptgegetor can

ﬂlel ze, b%Pa%Em y}a%ﬁé v%olg Orlregétgp b%ri ﬁxﬂleb[)ﬁ@%?%e ﬂ-ﬁ? and second

in response to pressure
an&dctpnmS$UC®lchangmchmghreacmh enfli fosthqating i tha/ firsy and second

and second portiaon/ ers. f reactor. Preferably,
t"'r?é"tf“?tﬁ\k’/nroég‘)( F’?’giﬁ $8 paeéitscﬁl?/%l y responsive to

PIODTBYr € CWaihg eégam tt8i thet bansqssteﬁempﬁﬂah catbodients, Figure 3
hi nge system _Thereby, the fj] react.or

CUBSratat AR IR HEw Pl CRETBIEEY 5804 SO LR ol Sperturcs

fi363! redtErmgCRNbbth FAEHRE 1S add 3¢ @péruirbe (36)ane}idi@ct the second
reactor and for heating the first and second reactants

preagiant zas h(32) eeafereRtially dRd selesicchappels 0339 g g preferred
r@rg?ﬁgcﬂrrfeﬁt U DSerdREd ‘@51 GtE ”Hllg]feﬂe%lﬁﬁb&ﬁ: ri?é“rﬁ)t K4 Qo, the

ustrates an axial view of an exe

dorsmingsiapertures of s¢lact ahgnegie (I é&oqzk@)or lméﬁf@rsf (rw@ shoyvn) may
b@é Qd dgtgrtﬁ? er@tﬂ‘gs ?363} gﬁﬁra&é' &‘i%ab(l? Qlsi & &1%& td'Bow of the

SGCOI’]C# reac prereren to sel ect v
CmDm@gas (mprefbmnaalyby gfte rthea@bleqmbelmnﬁém(%)a@éf pejfr ‘sgaling” the

(38R R BB (eIl R ey 09
|thjeeastdham1e(lm ahay ewmjilined/ during the reverse flow or reactlon cycle,
increasing the overall efficiency of the system. Such “open™ gas distributor (31)
may be preferred for many applications, over a “closed” system, to facilitate
adaptation to-multiple reactor systems, such as where the reactor/recuperator beds
may rotate or otherwise move in relation to the location of the gas stream for
processing, e.g., such as with a rotating bed type reactor system.

[0071] When a gas distributor nozzle or aperture (36) in an “open” system
‘directs a stream of reactant gas (32) toward the associated inlet channel and
associated conduits in the reactor (preferably a homeycomb monolith(s)), the

contents of that stream of reactant gas (32) will typically occupy a large number of
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be added to the apertures (36) that are suitably
designed to direct the flow of the second gas (32)

woe@erdaiially into the sel ect channel s (33).PBYUsING/043899

"seal ing" the gas distribuBtr apertures (36) (or

nozzl es/injectors) to the select channels (33), these
channels may be utilized during the reverse flow or
reaction cycle, increasing the overall efficiency of

the system Such "open" gas distributor (31) may be
preferred for many applications, over a "cl osed"

system to facilitate adaptation to nultiple reactor
systens, such as where the reactor/recuperator beds

may rotate or otherwi se nove in relation to the
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bet ween gases coul d happen in these
dupktnre-s before the gases conpletely traverse
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substan y Separ a
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t he recuperat or 27} LS. .

permit more niixing or dispersion of reactants before fully traversing the first
reactor. In this case, additional reaction may occur in the recuperator (27) due to
mixing within the recuperator that is due to the axial dispersion of gases (30) and
(32) as they pass though. This may still be an acceptable arrangement as long as
the mixing and subsequent reaction of the regeneration streams within the
recuperator (27) is less than 50%, preferably than less than 25%, and most
preferably less than 10%. Methods for calculation of radial dispersion and mixing

in bed media is known in the art.
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limting presence. [0072] Bad sonme alternative

enbodi nents, the recuperator reactor (27) may incl ude,
for exanple, packed bed or foamnonolith materials
(not shown) that permit nore m xing or dispersion of
reactants before fully traversing the first reactor.
In this case, additional reaction may occur in the
recuperator (27) due to mxing wthin the recuperator
that is due to the axial dispersion of gases (30) and
(32) as they pass though. This may still be an
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Wol Wthsard tengeidtiestckoasin L2EBCete peeteiablyo£500°C, and most
experienced in the reaction _zaone dur i,n% nmet h

rraebrahlnd 790°G 4w aﬁp@&eﬁmt&pdgﬁ@thpﬁﬁe d&m?@fj‘bw constructed
_réit&f?arﬁi?:ﬁgat@ﬁ%ﬁsf) shbh 8s RORHST 6:261i IRRRAEHINE Fdr, exdinp®d. (44)

is constructed froma nmaterial able to w thstand

t 09751 at ur Biguex4 dHustrates120@dd viewr ef preeenfigirgtionsoDthegnixer
a st., pretera 0 T [ [ j
SRR S o6 L AE P et of
ssweikl-ype ahinat ()0 Mhsiexemplarg exikérdd4f comprisesphiser §a0EHEs (45)
Figure 4.illustr S ,an i.al,.view of .

C}Eﬂ%'f"i‘% AT B ?%'ﬁe logases, “fl{ﬂﬁ ,t%? ogeec 1&123? @Y I @ preferred
Céthbadimient/ irgideFsementd 84 5)afre anlestantzbly| ayuyl Bnbwds sestional area

O;nd 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, segments (45) may each have substantially equal cross sectional area
to facilitate intercepting gas flow from a substantially equal number of gas
channel means (28) and (33). Also in a preferred embodiment, the gas channels
(28) and (33) are distributed within recuperator reactor (27) such that each of the
segments (45) intercepts gas flow from a substantially equal fraction of both first
gas channel means (28) and second gas channel means (33). Expressed

mathematically, one can define fAi as the fraction of total cross sectional area

.encompassed by section i, f28i as the fraction of total channel means (28)



swirl-type mxer (47). The exenplary m xer (44)
conprises m xer segnents (45) having swirl mxer (47)

wo omane4wi t hin the sections (45). In a preferP@dus2006/048899
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enbodi ment, m xer segnents3§45) are substantially
equal in cross sectional area and the swirl mxers
(47) are generally centrally located within the
sections (45). M xer segnments (45) are positioned with
respect to the reactor systemto segnent the gas fl ow
of a plurality of gas channels (28) and (33). Li a
preferred enbodi nent, segnents (45) nmay each have
substantially equal cross sectional area to facilitate
intercepting gas flow froma substantially equa

ARG o508 ke A (R0hat 63y Shad s 55

ah&arfﬁpsdd lb)b sﬁoe:dnw hiarprefentd embbdiment.afor each @gjios iydhe values

t hat e i.nt er a | o
D858 dn0vith bF Ao Bhuk 2oPP RE s FEBTRRGPROT Bl 1,2 times)
Cdﬁa%ﬁie MSaﬁe%rabﬁbfeeswltma&whammt Oraosn fid®er define
pressed mat hematically, e. can d(L ne fA %‘Eﬂ h
FT9Rh a7 g GRCHQ AF £a7 SEEHE LA0) BHAPCRIFL BY RN 2 LR a5 the
Sﬁ&(ttioﬂnof gad 48LarA (32} Entbrcaplel WY e ttioh iDhamRemoe pdferred
I ntercepted by section i, and f33i as the fraction

o¢m astimients Hamerch spetior i(thevaluss of £20i: aad B2 sulliheowithin about
E%%ﬁ& Jsgé}é} BRMvithinQbofigfivssection i, the
UES W |

be w thin about 20% of (i.e
bmums;en amegmd)‘}aSllmmath an examsirytdue ovtdegtion pf aindividual gas

dnrg);xeeﬁpr el eﬁfa ZJ@S }\%th évpir %?k'ér gas‘gglf%re%g ;I(rg%egmp Ghvention may

e fractron o
i ﬁﬂil&feczegﬁsedlxbykmam tootheiskillzd drtis3fito asmbive gasesdiér theplurality

o e, EREP| Bt bt HEnl D reaERd ShcRipee Of s invention

Vilinigsze8 fopkr Golunddof ﬂﬁ%as wikér (#4) whilb manabmung Affficient mixing
fA , and npre refer,ab Yy W thj F‘ about 10% .[ 0076 1
Fast, Aistrbptiony S E%e lga%?en'l'p' & 6P PR fOIWRE (PEAPS e tota

a{)olhﬂléldﬁtﬂy al»vn@ FixBIsX@Y) &%ﬂgﬂ‘ﬁn{&@kgﬂﬂeﬁmﬁﬁw lets tieX@lume of
(47 Wiil e the present” i nvention nnayutl i.ze a gas

niheanatrmaaructire RE thegasimaien r Apeoifingly, @aRBYiNe $5gaeat (45) and
T &0 Hlﬁexp 8we)rr%+ rQEraBRS c6HEANEE BEARRIniZS)opeA dvdidsik, while

a prererre nent of thisS invention mnin zes
operurehtlyrfmetioning tg arovideeubstantial gosimigingnfihe pasen gxiting gas

b 12k T O "0k & plecfuf pABADS ol Tk B2 98 miver
ssaigmentr(édércﬁn(eﬁ?pnaﬁdalghD arex tailosdgiepanhigvessufti¢ientsmidieg and
AR 4 oD B CA1 B B VB Dimnsion
ratio L/D is preferably in the range of 0.1 to 5.0, and more preferably in the range
of 0.3 to 2.5. For general segments of area A, a characteristic diameter D can be
computed as 2(A/m)Va.
[0077] In addition, the total volume attributable to the gas mixer (44) is
preferably tailored relative to the total volume of the first reactor bed (27) and
reforming bed (21). Gas mixer (44) preferably has a total volume of less than
about 20%, and more preferably less than 10% of the combined volume of the
recuperator zone (27), the reformation zone (21), and the gas mixer (44).
[0078] Referring again to Figure 2, the mixer (44) as configured combines

gases from channels (33) and (28), and redistributes the combined gas across and
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swirl mxer (47) are preferably configured to mnim ze
open volunme while concurrently functioning to provide

w@msnzIes al gas m xi ng of the gases exiting gBGI/US2006/048899

channels (28) and (33). In3& preferred practice of the

I nvention, gas m xer segnment (45) dinmensions L and D

are tailored to achieve sufficient m xing and

di stribution of gases (31) and (32) while mnimzing

open volune. Dinension ratio L/Dis preferably in the
range of 0.1 to 5.0, and nore preferably in the range

of 0.3 to 2.5. For general segnents of area A a
characteristic dianeter D can be conputed as 2(A/p)’
[0077] In addition, the total volume attributable to

the . S

G 3PP 5, (9L B Nt 3t Bt God Gecond
redotdniang eh:éada gmand Gas compuses(A el pnditleg athey ap pxidgnt. Fuel

total vol une | ess tha about 2

Pt e FEBPYSE eggdﬁ%ﬁn’lo 567 t Ae  Col orpo/# ngﬁg J@ﬁb%élsof oFyRenates.
rpﬁﬁ‘blﬂ&lhﬁbﬂr st7eane, o2 Mixtirbe thepdadr n@kidant pypiwlly2ddmprased a gas
the gas m xer 0078 rin ain.to Fl.gure

Son el PEuEoT AFTOBhBIASHE e SR o oWbda miRer the fuel
GRAYASd A%t 6BRIxeR14) B gasad GorhBikt, S\K/Ith htﬁlBStaﬁtlitﬂ peopditioe of the
gas across andinto reacti on zone r{é In.a ref&é ed

EOBBUSHRINPCCUFTIREPIOXERHE it eaﬁﬁ‘&Fa%‘“é‘ch ¢ FRastion
36699 ga'S:Il}‘% nﬁﬂﬁhSﬂ%@Eﬁéﬁﬁal and 48R0t IRin3! S8 prétimate to

X1 daht may conpri se hydrogen; carbon nonoxi de
hel eutcanco o the rofgmpan or seactionizone iceedtesst helafiue g%ﬁrthat heats

?Sﬁt éj-flez«ﬁs t tlﬂg rrga%ilbn %hggg{r?l 4k Cﬂeﬂg %/\aks Ctﬁimfs' ﬁ:?éssathglaﬁ)ne The

such as
aiompokhmm dﬁthe ngygdrh@orftmaingagas/focdl nitgtereds adjusted tQéPt‘}V‘-lde the

es_conbus Wi th.a substanti r
hS-EE TR TRY B ko BB e i RANEL el sction
tteRpeRast ntiy teodmtiolldd by[ddféthg 'ﬂiﬁ&*pmpuﬂmtofmmnﬂfustﬂbie to non-
fuel and oxygen-contai nin as_proximate to
erpbaible sompoacRts iy abFeP“’gﬂr&r Bk F5H r{’i%r%’“ %“é iBle; gages or
apthé tliby suctias HIVL CORks NRralsoambe b seadem@ the aedctaph mixture
zone 1) as_the f1ue gas travels across t Oqﬁle.
The f@é&\?ﬂoﬂmpéﬁw&f teRBERY§e n- o ANKi Rfﬁﬁnﬁ‘g ‘Pﬁ% iment, non-
'Eo)ﬁli sGbleSa8cl bl e sRal, T Rs | Hx98en-teslele LAt €t one

e reaction zone. The conposition and hence
r@amqnentqféh@@mvme may be control |l ed by adjusting

C@%SB opo rﬁéigxqin%f %Qig? 3(? ;%@Eﬁeﬁaﬁoﬁ‘ 0191%9.{?@) Uh),Plafe reacted, hot

ent s 1n exa
nmmhnstrbm:ptodaictspmeﬂlrouglotrebfenneﬂ (JD,dﬁ'OmJtm secondiagy end (5) to

% pnmary end';l |(§)9 bm?'grebgel gd&%aﬁs?ec{ I%ea cgg&hﬁrﬁ 8)':" XYL Bow of

combustion product establishes a temperature gradient, such as illustrated

generally by example graph (8), within the reformation zone, which gradient
moves axially through the reformation reaction zone. At the beginning of the
regeneration step, this outlet temperature may preferably have an initial value
substantially equal (typically within 25°C) to the inlet temperature of the
reforming feed of the preceding, reforming, step. As the regeneration step
proceeds, this outlet temperature will increase somewhat as the temperature
profile moves toward the outlet, and may end up 50 to 200°C above the initial

outlet temperature.
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to reduce conbustion tenperature. In one preferred
enbodi nent, nonconbusti bl e gases conprise steam fl ue

WwW@2®7/0T94Dxygen- depl eted air as at | east one CPOPUSENG/048899

of the m xture. [0080] Reféfring again to regeneration
Figure | (b), the reacted, hot conbustion product
passes through refornmer (1), fromthe secondary end
(5) to the primary end (3), before being exhausted via
conduit (18). The flow of combustion product
establishes a tenperature gradient, such as
illustrated generally by exanple graph (8), within the
ref ormati on zone, which gradi ent noves axially through
the reformati on reaction zone. At the beginning of the

I

(deyipiatlg anyt thH fagardZIBG:)lusttmitvla enibolxhertts speh as moe’i(b:ﬂ wilthen the

%%gglrtlgggfg%%; f@ﬁng?rg ggg%Vﬂr:ﬁ%fg%r@Fqg?lteﬁlonQ ‘that rendered

LRENRH G Wtein’x‘idrh&tlcbﬂ Gh@ afch-SREWMGR prastidilg rhetipes aéﬂahﬁlng to
profile noves toward the outlet, and ‘{Sr(gnd u

xgetytengh ke follewing texhplaberates Ont BRPETVAY S‘["Gﬁigﬁ]an%ﬂéscmes
| JORRD h\f@rr&{ %ﬁ%ﬁﬁﬁe@@ SfaRPahahdss BAs Ppfan@erorpragiting the

generally and with regard to illustrative embodi ments,
gusmtm pr ovi ded wi thin the acconpanying figures. The

t !)%g“ grn hr et r%g{ﬂ? 8 rﬁ%&?gplgaﬂtdgggﬁb? r}flé i AHBhA Gcludes a

gfrafehedl plgcmstfaanbe mefofariurg dfoacatydend fnm mifene feed using a

t 1 b th
ey AT ER R H e .
@Y koshprising afiaead (@ dndra secand end m;ll)t had (iijveesecond reactor (1)

I[ 0082]911%19{)& rin %g@%i'agfit@?%%’gﬁhg (i ﬂ}egﬁjm{ %gl) sechl& reactars

NGBt RC iU Seritls r@lﬁﬁbﬁghﬁ'ﬁﬁllthrreéﬁeﬂﬁblﬁﬁﬁ ofteg duetsthagthe secondary
reverse-flow reactor system wherein the r

363)‘51[ efthensgcond Jegqtr is pqop:ggat[z dhe 158‘17011(17‘}“(]0 Bﬁ%ﬁ gﬁ’i gregctor the
f brbadss f&fnlﬂ nga% SteS€ 0PN A af Rpfldihl a F6t fdablanB HEEGEHA first

reacto npri sing £r| mary end (3) and a secondary
evhangg) in tl1¢eﬁtsﬁ reactemands samving e dedit 2 BacPBR TERFLARE @rough a

S%r {)&f &k ;9 gﬁg st W L&?f ﬁ?@ﬁ Ghat! Be 8RS0 ad BEdon@Uehctants are

he secondary en e second reactor is
prupplieditsach he vieewnddit € he) tofthe fiestfregoter fremdheo firsttend of the first

PRAAEETDS BORblriAd the( St SRR recbBhis RS ¥dfla Bnblot e first

reactor and reacting the combined reactants to exothermically produce a heated

reaction product; (c) passing the heated reaction product through the second
reactor (1) to transfer heat from the reaction product to the second reactor; (d)
thereafter supplying methane through the heated second reactor to the first reactor,
such as via conduit (15) to convert at least a portion of the methane into acetylene;
(e) passing the supplied methane and the produced acetylene through the first
reactor to quench the methane and the produced acetylene; and (f) recovering the
produced acetylene, such as via conduit (17). The first and second reactors are
oriented in a series relationship with respect to each other means that the reactors
are in series with respect to a common flow path, such that material éxiting from
one of the reactors flows into the other reactor, regardless of direction of flow.

There may also be space or components intermediate the first and second reactors,
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channel in the first reactor and supplying at |east a
second reactant through a second channel in the first

WO emeHTiv4s such that the first and second reactRCE/ESHOE043899

supplied,- such as via condeit (19) to the first
reactor fromthe first end of the first reactor; (Db)
conbining the first and second reactants at the second
end of the first reactor and reacting the conbi ned
reactants to exotherm cally produce a heated reaction
product; (c) passing the heated reaction product

t hrough the second reactor (1) to transfer heat from
the reaction product to the second reactor; (d)

t hereafter supplying nethane through the heated second

fd te tht2kcond
S 4l PP O eSS0t o
@natofl teefirs{ edacpasisi ptgwtdhé reenphl fardomentafionerefprgnege Flow of

produced.ace Iene t [

PR kP BHE D S isplRE SORRE e Al URNG enter
RE @ébaﬁﬂﬁg ehh&;fmi@@hdmﬁdi rm’@tr,ydmlrmce serséh  Besferablyg tredilow path
(17).. The first ghd second react fLe oL ent ed aBaneed
dhrough the TeR5taTHs gEe A eomrmeg Rt Q‘l“g ggcrﬁa%?ﬁerrna?feans &
(RrwidRE sh PSS PEstdabRhi Ih&OKite ShelbW patls pesdrallp férming a "U”
conmon f | ow gat h, such that paterial exiti.n froglusgnent as

shapme AlsgettBe SPRPBRSPSIESN the TERHEE FeSTUET

rRUGHEHMESBy Be Steldfet (08 MiRérs idr Q)‘ﬂ&crggﬁ&fétﬁabuﬁit $faydise preferred
stgace or co onents intermediate the, fi riﬁ and second

atcthey gr%eﬂ@ﬂpratgg@thﬁﬁ 3ePPPOTRrh ts BYOBR isfant BREVESR thera, such that
SREAAdsE Ets'rﬁzgpﬂng% gﬁEﬁytﬂ%?wgéfﬁﬁQ deRftds Of the
first reactor I's provided néerely for orientation
r[ﬁOBB]ance Ftezﬁemablfy thetoycliaievense flomyreapior system dusthey cgmprises
the.fir actor oII t
FeltBida 5 se\g’?))r‘% ﬁ?%sfglgf\ﬁ ﬁaﬁ%gle\?z?g &én%oglsnt @4)
Féiteﬁeﬂaabtefmeﬂhee {13)vthpafist rdmmngdndt bezoné aeawors tes ik ethg first
conmon a act or.s

b
Jeriant \gl)é(fl the, g%cot rﬁ%@?%@“gd}}ﬂ"‘%ﬂﬁ’gﬁm ﬂl%t ﬁxgt f:pannel and the

RRtéhdenahRl | kiR tatésa thdfirghR@etor Abspasstthe fipaandgecond
bet ween the reactors is subj ct t%ngdj ust nment

deeaants tethegpixer ang fudhsictha ss?on&rﬁgortarﬁs are combined
%ﬁﬂﬁé §dcdnd eﬁ& lofifhe fRY rdiBtoP "sﬁé}?ﬂfaﬁ kst b HalldT tAE @otal weight of

oser together as opposed to npre_ distant bet
tthe epmbineH firptzandtsgeonduigagtan supplind, basedHpon b tot V\%M%&lﬁfﬂhe
belesed s% fd LAGLR! $s r&%@%&oﬁ%ﬁﬁ%&ﬁ? bk fork ke G¥sPlied first and
reverse ow react or system further conprl ses a m xer
(seoendstvaoianisiexiitheisasond exdiof thefifsireaated in Figure 2 as
C ent ( t uat t t t
ORRADT " 4 LRl ook, B A, Sncdah) b pbhat step of
Wubblyﬁﬂgéhykhognﬂlﬂﬂaasemﬂ reavtbrrto meoderat cheatshgtion ¢fcthe methane.

lgesgupCIiwl ydrogen may 7 be as hydrogen gas, a mixture of gases comprising

hydrogen, steam, or another product that provides or yields hydrogen in “the
reactor. The hydrogen may be mixed with the methane so that the mixture is
introduced into the reforming reactor, or each of the methane and hydrogen gas
may separately be introduced into the reformer. In a preferred embodiment,
hydrogen is mixed with the methane before introduction into the reactor.
Preferred molar ratio of hydrogen to methane is between 0 and 5. More preferred

ratio of hydrogen to methane in the present invention is between about 1 and

about 3.
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second channel axially traverse the first reactor to
pass the first and second reactants to the m xer; and

wo movhe4s t hat the first and second reactants BECBUS2006/048899

conbi ned at the second end3df the first reactor such

that |l ess than half of the total weight of the

conbi ned first and second reactant supplied, based

upon the total weight of the first and second

reactant, is reacted exothermcally before the

supplied first and second reactants exit the second

end of the first reactor. [0084] The preferred process
may al so include the optional step of supplying

hydrogen in the second reactor to noderate the

r jon of .th t hane. Th [.e :
T0085br ogermhn o] RFiand SRl Sedd kRO By BRMn ity
Ryabt Gg en, lest &8 ofo(l) d@rotdvend mnddefcthet fimt reactor] dech es at least
SRR et R 8! 06 TETHREEA o O SIS Prucheaiife the first
| kI REBHEE R abtBEs) shdtPas WitRINM M@ket @8 epae, bedwesdinthb fiaft dndesecond
nmet hane and _hydr ogen gas qg%gsepar tely be introduced

iTRRGtoIs Hand: @ bihgspconATY LT altths ecane RASHI R 253y dpgigartially

| Withih*E dedtinlil-yt R BB HRA RGoRREOFRetoN! inBRIMEld BiNah Hhterfabe zone
reactor. Preférred nolar ratio of hydrogen to nethane

ibstweanwe eefopmenn sids of the aniperend thegreformes rercter; dPEgembly, the
t t ' i L on Q.S .
g%%@égﬁﬁéér%g%% ﬂ%ﬁg@?ind U6 eABorS iR BIdME 8 ARP Wr rixing

[ e t1rst and second regeneration
raselcioaTbustimmgt leash niportidrcef thy firs aod s¢qendireaciads. one of

f@ﬁfgafte |C P%?)?Cﬁqﬁom)e tprllgfelf‘riaézi% séﬁ%c%?l{)?%lgr%%& ﬁisa.t,a& step (b)

n*a seco
rebonpethat first afd istcend egictantsi meecomisined dén tahmixtdrr @) gositioned

second reactors, syc swWthin a mxer or s e o
bR Ehcseprd end od B8 St erdar FieCom gh deasf Abgut, 153 of the
Seeansaion siehndfist RActe@C ThEs,M §Rab Odhous B3 va% @f theasimbined
partially within a second%ry Snd of the ref%ﬂﬁr. in the fi
rIEESREBHION SHEGATY hee SAMPHEtE] ©F ceackshbsigniially witin the first
rRhQbNElirefol iy dkaleP theTsdRhd and dihehe BisOEdREor thAE (RY first end.
Preferably, the region (13) internediate the first and

sBhisntravesacabont Thcwiidedo depstxde PIVidR heaty tendhe muxer and
G L 0%nfl 2 0Ll | 86 Bthwei
SRRk Bl a5 [ )7, BB phart M ernbineAlt] up Ao S weight
epevomit frthe combinedi reagtaaty nidy) balpeupittedHe repgtshefergdleaving the
second rea n ' L N.8nRd . .
5P P L e SRR B a8 Hencpation sam i
reactedin thehaixeir or at alregioh oflyeform@s(21) fproximate to the mixer (near

regenergtiqn stre i.S £ eac . Thus, up to about 25
B BB AL if FIgite 165 "

[0087] For those embodiments comprising a mixer, the mixer should be
constructed from material able to withstand temperatures in excess of about
1200°C, preferable to withstand temperatures in excess of about 1500°C, and most
preferably to withstand temperatures in excess of about 1700°C. In some
preferred embodiments, the mixer comprises a refractory material, such as a
ceramic. In a preferred embodiment, the first reactor or regenerator (7) has a
geometric void volume A, and the second reactor (1), has a geometric void
volume B, and the mixer (44) (including void volume (13) for the embodiments
not having a mixer device but instead merely providing a region for the gases to

commingle, mix, and combust) has a geometric void volume C, whereby void



regeneration stream may have conmbusted or reacted
substantially within the first reactor, preferably
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first end. This | eaves abod8 75 wt%to react to

provi de heat to the m xer and reforner/second reactor

(1). In sone alternative enbodi nents, up to 50 wei ght

percent of the conbined reactants may be permitted to

react before leaving the first reactor. In a nost

preferred enbodi nent, 90% of the regeneration stream

is reacted in the mxer or in a region of reforner

(21) proximate to the m xer (near the second end, near

end (5) in Figure Ib). [0087] For those embodi nments

COUTe SE 1914 'ﬁleﬁf"ﬁr e% 181 24t S0 Pékclnb @n PRefefdbdy s than or

fromnmateri af abl e W thstand tenperatures in excess

oéquab bu eba 000Rrcept.edfethatibtal combinef snoith Mol“é’r?ﬁe‘?* Py Bolus C.
cess 0 0] er

e S 3ePlueBrt0ig G 108 B Bendlp ShE VP hitng in major

Spu¥eages el rgned wabo tfansmtlﬁ reddier, md &y exxdadsr Yalumes than may be

refractor terial er [
st i el gty it e 3t ot g€ Pl st PES7 Rl or
gl@&fé%dimb nydholithéphetiRetfic voliing ineludes tm:dzorluaﬁe irothe(channels, but
has geonetri c voi (&hq\é/ol une. B, d the. m (44)
(‘F"f?é‘l“l?élaﬁép?ﬁ‘ﬂ’ WeP qay-Sist g Wé‘%&ﬁ nt s not

8@2 a M PpalfepN the Pt ﬂeﬂéthﬁagseﬁehedh)é dXoBErflid Begdnerative
reg| for the gases to comm m x, and _ conbust

h@@CtaDIg doplades @ \fBeld cpBIPmIFNEC, ngm Hbbfyducapon(Pe cxygenates,
C%Eﬁﬂ:aiy oF W ixinfe aRoMr 2 &{é@r&ﬁ?yon@ﬂﬁ PLaRliE %ﬁhﬁbr non-

an of equal to about 10 percent, of the total
cmaunwedmoo alfovisd presentpinpthgsfugl. p|The gcorh aeacsqnh may comprise
geon

VERERR o ird ST P Ui o8 oS pHed Blchape may o

fﬁ

passages use transit
r easaplied dinain tthe erivlanyl end off dne secohd meardyr tveagtras sediduent or to
small or.es thlnothhe wal,l s f the reactor contents.
e eeme gre ndhe SeoRg T (5[ iths, geonetric vol une

| [Ug9ges t heckeldiietd Sorh® préfbaed Qi&esd%bttlﬁmépl g£su@lying the
pore vol une that may exi st in the channel walls

[ G’G@'@Pe Bpask thronghythe §<pp@nfllr9§>(torr1é Lerfapmed, gy pf‘ﬁs‘frﬁ dn the second
XL E LF O] ﬁgﬁﬁlgrﬁﬁd d]? té §l9&.¢t '4‘5rbsiaﬂ‘6|r wekas pRefbrBly at a pressure

conpri sing rocarbon(s), oxygenates,
pwent the @h@nddaii%OT @ﬁ@nmbsetlm%pilﬁ 8pdopbow Ipapsia. The regeneration

%@% yxtn%eﬁ%alsi’ SnéRPHRL AR géaﬁ:@aﬁﬁ'a}ﬁﬁ thé@é’co%'dsf‘éa&&nt to the

pre ent e fuel. The second reactant nmay conprise
ofixsly emct@umydm perdonnidr at 2 nelatively dpwr pieaspre.t %lp;h ashabout the

Sul%Q u'rg qhzﬂ%g %&% gp}(efgﬁﬁﬁg is performed. Alternatively, such as in an

embodiment where the regeneration step is supplied a regeneration reactant
including fuel and/or the exhaust gas from a turbine, compressor, or blower, the
regeneration step may be performed at a pressure great than about 35 psia, such as
a pressure of preferably up to about 250 psia. A larger pressure may be utilized.
However equipment and process considerations may make use of such pressures
undesirable. Preferably, the heated reaction product in the regeneration step heats
at least a portion of the second reactor, preferably the secondary end (5) of the
second reactor (1), to a temperature of at least about 1500°C, and more preferably

to a temperature of at least about 1600°C.



be supplied fromthe primary end of the second reactor
to act as a diluent or to react with the nethane in

wo b@7eevend reactor. [0089] According to sone PCEiUS0IW€MS899
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processes, the step of supp?ying the nethane feed

t hrough the second reactor is performed at a pressure
in the second reactor of fromabout 5 psia up to about
45 psia, or nore preferably at a pressure in the
second reactor of from about 15 psia up to about 35
psia. The regeneration step of supplying at |east one
of the first reactant and the second reactant to the
first reactor may be performed at a relatively | ow

~pressure, such as about the pressure that the step of

e@@@grﬁgg tk‘g&]c'?&r éygﬁg‘?? 18! i BE NRGLYG! Hhe SHE Eéﬁt iunre%gneratlon

ere eneratlon step i's supplied
rlgenbe aimo rspemaat acibnhmgl, lpiusn ghef umhe aeqificed tchewitch between

exhaust . as a turbine I

rsagnad and relpRaler Bul et SPRRG TRt Spel YU mayfe e
tm&aﬁﬁ%ﬂ& tﬁgsgﬁieaspeﬁiﬂ Zbrlxlgrs ol Iaé@ssnanen oforpt}ﬁ:f ginad|spend on
up to about si a ar press

FefQTIASan. %m@gt%{ﬁ}eﬂﬁﬁlﬁé sa]ir‘FE? Sk %%@Fé’?%ﬂkﬁ and

nﬂﬁihg ﬂiéeac@fyléiécébrﬁilﬁﬁxéufeﬁﬁtlé&ﬂ ‘é@cﬁiﬂcﬁb|”ﬂyp1ca] cycle times for
Pref er abl the heated reaction product in

rl@eﬁqﬁ@ﬂaﬁm‘m@?@ﬁ %aw hemeygonah menghths;may B? beyesen 1 sccond
%ﬁdo RE0 T RAGHAY altRb ¥ & 85084 3tiéé1r€&‘ Qn( s@m@ falternative

second react or 0 a tenpérature of | east
adrobrdin®oBo CMae d>r¢f9\‘ab1)p Faat @pavggmeé laortx@ﬁbefrn@hqﬂrl@e@ﬁ, cycle

. nc}:& Aoy gg %u{wéeﬁoﬁg&o&m%ﬂh 6P 85bRls. S tﬁeﬂatcxédessaw Rt the

ent at regenera 1 oNn
wgﬂmramorr ehd rrnfomgathm §teps e havieeequal M@d ang ipve well-refined

en r LOR i ce versa.
i\%atémhg%f cfi/gltﬂ%ea?ﬁ]ese gvgﬁ ﬁ}% gnt% ?Qgﬁ\fy the tine
Sppa9il] onl yAQd, ARBAMAN w6t required fdrhefdrinikg sytiheoto acetylene, in
reformation. A co | ete cycle ing eatlng
LR850 PUTRHYC (DB AR Dl REIOTTEaETY ErReidobh) P further
COMRHidY § Yedchiof IdaftilysP! QU the THEth&Rd h&Y Beeh tdfomsed &d passed
prefierred enbodi nents ut|I|2|ng honeyconb nonol.iths

nidyoush @ét%@é?hlllg fegonertan )2ty @e%ﬁsdgay alsp Hagelyde the step of
Jngg%?f m§$1 ¥nebﬁo?1: b?@eﬂcﬁe@ QPEyRhE ?ﬁeﬁﬁ&ievﬁnxture Such

re pre for the preferred
menqverymren@ech mszm aso clydurée thenstop(ahyofirecoearingedt least one of

FER08N Y SLBREOMIN th Liofika "BAAABALMNAL Hifre for

ration an orhat T on steps t ave equal

t tenpslingatodhe seeanweéalctqrefl ned appl ication it is likely

t %Zﬁ hese "InWO btnI)a g’sp\émctl Ithen1ontve1*13t(i%veep %%Lss includes a process for the
pyrolysis manufacture of acetylene, comprising the steps of: (a) supplying a first
reactant through a first portion of a reactor bed; (b) supplying at least a second
reactant through a second portion of the reactor bed substantially separate from
the first portion of the reactor bed, and (c) combining the supplied first reactant
with the second reactant after the first and second reactants have separately
traversed at least a portion of the reactor bed, for the first and second reactants to
exothermically react with each other; wherein both of the first and second portions
of the reactor bed are utilized to quench a synthesized reaction product comprising

acetylene, after the combined first and second reactants have reacted with each

other. Preferably the synthesized reaction product is a product of pyrolysis of a
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[0091] Also, although not required for reformng
nmet hane to acetylene, in sone alternative enbodi nents,

wo b@70zeF m ng/ second reactor (1) may further PORP$108€048899

a reaction catalyst. After 40he nmethane has been

reformed and passed through the quenching first

reactor (7), the process may also include the step of

recovering the acetylene fromthe quenched

acetyl ene-net hane mi xture. Such recovery processes nay

al so include the step(s) of recovering at |east one of

hydr ogen and net hane from the quenched

acetyl ene-net hane m xture for recycling to the second

reactor. [0092] In a broad aspect, the inventive

Fecd it 'ﬁcrlll?cielédrﬁéthg?@.r KB iAo (dMerPHABY i Hlesits, the synthesized
ur el e 6f ace yl ene, conprising the steps of:” (a)

sesptibyy ippoduat fis msprodectoifamrotyiscefyh feedk that inghadesi hyidresfarbons

a reactor bed; (b),supplying at |eas e

PHhet { e ‘Pﬁ‘?‘ﬁﬁeg hS hs@“gg Hgmf)’o PIIRSR ol Bgl-ﬁ}éac',r élgc%?l(l)err pglyzable
ybocabohal bid/Bepreds ahdtr gmolidee rhéthaie @or ki compénenhetherein.
react or bed, and (c). conbi.nin th{s sug{,)l ited first thod
Adthongh thepresent fyeg %HH‘%%E‘?‘EHP YAPHBYE PFOG8Yes RGOS
$R8 WadipnSas LBP conVhify TRARIR! &) YcdtylRNEr theduBject pasesses and
portion of the reactor bed, for _the fifgsé%arﬁijﬂrs cond

CES Y8

eavipment sneyy AlscobRerihized| faf PERbSIyf 0 methane,
‘fmﬁ(ﬁhg IEgﬁ@ aBlt/ok s FreE il 1B nS2 60 A0nRbdri SN@esthblehgyrolysis

reacto d are utilized to quench a synthesized
resgtiph proguctsduct conpri si ng acetyl ene, after the

ined firs d se i :
J08307 e B inRflof PG IndiB8 06 SrelUP o BB Suificit and
pppatutis utslizedpiro gecformibgpthepinysntive fpredeswd. t Merording to one

i ncl udes hane. , Accordi.n .0_Qt e [

TS oo e R it P I desl Bl FE 2. 10 Seactor
abr mefmathfidiate dinrbtytee from nostharteaiesd,oviereintthapeactor includes
met hane, such_as et hane, .propane, naphtha, .or other
Byiearion systemthat GURPHTHSs ,(lg)zi‘n Sh reachineomissing Ackriggnd and a
LRG3 6l $RBR®RRBor thRbAkiRg phinidtpegd ahdie spéomsant end, the
invention pertains primarily to inventjve, rocesies,
Fisetradsecentreasarpramod g assﬁ%ql%trqv@m'ﬁﬁrﬁép% o each other
%Fg% Y%l@% sﬁtcihgcéagyggrﬁQf the QB8RS 9Sachdtds iRARMhe¥8Yond end of

e utl ] pyrol ysis of feeds other than
rthe Fizsh acadtors wherein the Hiat aeaster/ yrthgacompisss; (3) @t fysheljpnnel to

%&B@é!% ':lfga%f aQirsR8é SmRKE FrtSdnd SABE tHr@te RO e second
[ ] e rnvention also 1ncludes the reactor system

_eeqdiqtfrthﬂtﬁrﬂnda(aplp dbpa Lsscomliqh'mz@fﬂ tpsupplyfasleashg seernd reactant
Bitost %é ¥t RhA GF I first %%%rr % Bk {RoRMEnd of the second reactor; and

(c) a product removal line to remove at least one of methane and a produced

acetylene from the first reactor; wherein the second reactor further comprises; (d)
a flue gas removal line to remove at least a portion of the heated reaction product
produced from mixing and reaction of the first and second reaction products; and
(e) a methane feed line to feed methane to the primary end of the second reactor.
Preferably, at least one of the first channel and the second channel prevent a
stoichiometric reactable majority of the reaction limiting first reaction product and
second reaction product, from exothermically reacting with each other to produce
a reaction product until the unreacted first and second reaction products exit the

second end of the first reactor, based upon the total combined weight of the first
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preferred enbodi nent, the subject invention includes a
cyclic reverse flow reactor for the manufacture of

waewvprome from net hane feed, wherein the reacPOF/US2006/048899

i ncludes a reactor system that conprises: (i) a first
reactor conprising a first end and a second end; (ii)
a second reactor conprising primary end and a
secondary end, the first and second reactors oriented
in a series relationship with respect to each other
such that the secondary end of the second reactor is
proxi mate the second end of the first reactor; wherein
the first reactor further conprises; (a) a first
channel to supply at least a first reactant fromthe

dldr &Eoﬁ‘d" fealfiod 55 (fdcfsSt PIRAaHIYT tHelrehbtBr W‘%oﬁ{ﬁsé’g a mixer

the first reac a second channel to suppl
yitmgted intesmedinte thea"@ﬁtaﬁwctpr and serongljreagtorsiegmast t st reactant

’ ‘girt]% %12 e%%ﬁ& ‘Péa ol ! 1 ﬁégq%ﬁ@d % eOhna Qe/ha‘?sosﬁﬁ‘%'%fj cBﬁ?ﬁEé’Bne or

uc 'Tne to renpve at | eas
mbrerwhnmer mg;hentsp vdotueie dacic stgyhanh eedervemat heastf 4 perttlon of the

he SeCf nd e t or furth ri
5 PRSI 55 B BRF 0o SE SR i Rbons
feadthntoin ohe réspebipad eegmeact amrprpfeméd cémbodithsard the anixer is

reacti.o the fi t and second reactio
Ginstatide o antsriol oBls: feqsdy Ty deqoreeh apabont
tzoomgs niYre rmesenﬂmzl iffexchss seabast 18ECTYIstillPrehke padtbably in
the first channel and the sec

f‘d‘r‘?&?ﬁw a oni’é‘?ﬁ G 2ud getshibmors pref ?ré tlatﬂxéeﬁ?éifcﬂgpi‘&zwoc

Ab&rﬂﬁQQb is8fhel drftddiment) ﬂhétnn&eﬁs&mﬁﬂsda I8k Ehicd rp&eferably the
second reaction product, fromexothermcally reactin

f5st rragigr have Meid \tOéurm du@ae the seend reapiop havwy z«f?ldmwlpne

A A e SR S A R ﬁ‘*““‘“ﬁl to

abouh fifty peient elnd/\mogmpre&rablbrdec‘m then an dqlglé@onbbut dacnty prercent
nprises a

&rrgt?(lg k{ﬁéll tfl}'gicgg Pnlan F@%‘[ 9@&&%@ piﬁtr reac gr and

ﬂm@l]]d r eathe reatcﬂ)rrﬁlﬁhérh&nfprfs%i a ﬁmhztrﬁeffbe&vsliﬂplj? lige to supply

d tant. Th f d t h
BRI D e 20y GRUPGaE ATeH S Sueihen to i Hra R R ional

fee@mat tol tB6 Priveay @hd loF ke setoR@rédctdt fof coiverdibh 36 aaengllene in
econd reactant _to mx the at | east a porti

rsstonghipacier ond be asrcterinay alseracinds fwdrqssa ‘glé‘ﬁ%ﬂ‘t reaction
ddmprehe ({n%ﬂldﬁ{%@j bompbFont LS BbBFisdsS hg&@gaﬁ)u ciffly line to

frommateri al le to withstand. tenperatures in excess

srrhpisrogendodts prigaey prdeoftha BF%P“Flﬁe%?%%rés?sthéﬁ‘tha Bydrogen can

rleﬁ&qpi@n 1R thbthaf®! SheFELRE ARYnEINAEXS BRF 2R si@PPY fine to supply
17000C, and yet still nore preferably |n excess of

26l 1225 0D O0E Of e Brichgmed and vee earond ichemned in theofirat xegctor,
SR PSdcofrd réhclafit &iPpty 1ih% & ﬁﬁaﬂﬁl ¥ sdd3Gd reactant to react with the first

reactant. The second reactant preferably comprises oxygen and the second

reactant may include air. The second reactant may also include at least one of (i)
a noncombustible gas, and (ii) a mixture of combustible and noncombustible

gases, such as an exhaust gas recycle (EGR).

Examplel ‘
[0095] The following example is merely illustrative of one exemplary

embodiment and process, and is not intended to limit the scope of the invention.



10

15

20

25

30

first reactor has a void volune A and the second
reactor has a void volune B, and the m xer has a void

wo odoanes9® whereby void volune Cis |ess than PCT/EI06/048899

to about fifty percent and4dore preferably | ess than

or equal to about twenty percent of the total of void
volume A plus void volune B plus volunme C. [0094] The
reactor further conprises a nmethane/feed supply line
to supply nethane, and or any optional other gases,
such as hydrogen/diluent/additional reactants, to the
primary end of the second reactor for conversion to
acetylene in the second reactor. The reactor may al so

i ncl ude hydrogen di  uent or reaction conmponent

' j 0 aC )
b 0 A o B QU oY EAO! (YR b Rl ged
aveomking towmpbﬁed; dlushration Riguny 8y %gf@hlytqude gech ihat ene feactor

ne. ct or
PRI I8 e fRfie R Siacediop (b e the Brndi2fbadlth Hakiom is
mduﬁﬂ@ﬂﬁqgwl@me h;taapn efoma etxﬂmdfmexﬁs mayaalsm inchadedmeare reactor
second react ant su I ..
RO D5 D REE et FEHpIE SEalr Syt R cpsraging in o
PIR8Ed i} efreihgbhintC OSGUhi SRat @y oa@ftiranprockss decandtantially
react ant rmy i nclude air. The second.reactan

. Gonginges: aTh§ esasior shdergringlugessat {gart ar@agfqaﬁ@ﬁﬁaggfa%é?oz)=

4 tdiderdr m&iﬂgrz%nemg;m id2bed AdtoRER blceo1).
ﬁase such as an exhaust gas recycl e (SEGR Example 1

ls] ThBotmefmmgg(IéMMp éequgempél(y ) regder %&I}e@éompnse
A IRl h BEPARENno R BEAL SaSke S UindiBlons to 6l the
iegcton Aoy Yelumeo Theatveralhesartor ayq@s@rm arsf ahogh 49 & in diameter and
e a
SR B RAE o oLk TS W S st
Suzrtinds tl&ynehcﬁm)i Reenperatiom gorteh(d ORpipent elnatqpo alndsmpsures about
il e sfemigs.executi t he .
Wiy tiirdy it iR o e e ol Rizhour o e in
diaaetc® 'bys WBH18 NS 1hJS]i:H§ loﬂgtanﬂ faomnmgmﬁa(sogp lig iapbwt 10 ft in
reactor Sy te operating 1n a ase
GomsiiS db Abovto B g 1oPe. HE (GoEEoRaEgoqrab ondliths have

@diﬁ%h%hbﬁiré ¥h&AEEHAUDMS haviRE abSRCA0Y coiMleBY bBdk Yeesquare
at least a first _reactor/recuperator ( 102), a m xer

weh And; 36 Aspwetrioypid Yolums. s £he FHXPo ARt FUTRRSAIRS many
#RRAdat Miker B10920LadBORIBCK RlpPEsBhings 4 Htdr RBfon (45) as described

recuperation (102) reactor zones conpri se extruded
withaesrech ém Sgernd Blosks afe hexgernal i8tcressceciipn 3nd measure 3

ﬂl'cﬂgsnéér@:ﬁsthé ?la{s Aﬂ tht h@xagon and 4 inches in height, and function to mix
the regeneration fuel and oxidant reactants, and redistribute flow to the conduits in
downstream zone. Individual mixer blocks are stacked side by side to fill the 10-
ft diameter mixer zone (109).

[0097] During the regeneration step, regeneration oxidant (106) is fed into
plenum (107) located above the recuperation zone (102). Regeneration fuel (105)
is fed into a fuel distributing sparger or distributor (110) that is located within the
plenum and which has one fuel orifice (such as aperture (36) in Figure 3)
positioned axially above each of the mixer block segments in the mixer zone
(109), whereby each orifice feeds fuel into a group of conduits thus forming a fuel

channel. Combustion product, or flue gas (111) resulting from the combustion of
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reactor zone volune. The overall reactor systens are
about 10 ft in dianmeter and about 4 ft in height or

w@zioalo739ehgt h (excl udi ng i nsul ati on and vessel PEITEE1006/048899

that surrounds the reactor#3 Recuperation zone (102)

is at the top, and neasures about 10 ft in diameter by
about 17 inches long. Mxer zone (109) is about 10 ft

in diameter by about 4 inches |Iong and reform ng zone
(101) is about 10 ft in dianeter by about 27 inches

| ong. The ceram c honeyconb nonoliths have conduit
structure characterized as havi ng about 400 conduits

or pores per square inch and 56% geonetric void

vol ume. The m xer zone is conprised of many indivi dua
e e AS) Ao g RRIBBPR LM ToRy 1RGN (109
Hext agbelaw the refoomingszante ol tatiacassssarthe Hdividhdcoaduigsin the

flats of the hexagon and 4 inches in height, and

%%ﬁ%llngr?‘oflg' m x the regeneration fuel and oxi dant

g@@ﬂiﬂant S D¢ the @&gﬂyéibsﬂélp, lﬁﬁrOWsisg"leéch El(lB()ﬁnjiﬂtﬂDduterddinto the
ownstream zone, .|l ndi vi du m xer ocks ar ta .

SSQEMIAE 2qF6(100) Y] Wy 106 the MLl reRIgRur GIgP) 3h6sirea, a
cp&8er of 8RB HutdM b Shdwi®) MAY AR B¢ LSl #ithih the plenum (108) to
regenerati on oxi dant &é%G) Is fed into plen¥n1L107%

seRnly dbe mshapeiired mde therefprmasr @8Rk Pyrpdysis feed is converted to

B_@&?ﬁﬁé at iavelahrdulf Me tetoinSd % iz85& (1) Uk mixer zone (109) and
di stributing spa&gfr or distributor (110) that is

Hesceeceperaior #pre (HE) pIQuenehadpyrabisisPRadctdh@d) igapcovered from
Ud § Fﬁ‘?ﬂgg@e bdve ﬁﬁgjff&#{?‘ﬁat&%el(@ gj.gure 3) positioned

axia eac e m xer bl ock segnments in the
106929] zon&helegneratier slop ®EL hywiysis stepf aedeachuereratad dor a

a qaroup,of..condui ts.thus fornmnag.a,fuel I g
el PaBic cltich o B, BRATR" urdsecBA I ench dreotion,
bbfore ewitdhihp ao tied dlteenate gepeswhi that theebmpldléyycladequires about
oxi dant . (106

.S, W thd f t h t hat
- PR PHS SPUPHEiTRe s SRR oy SRR daiecy (o btal Sreams

laPslisMbWH alh TG UL, L BelbW, B thiee ok oM geat i esys{eddO8[These flows
During the pyrolysis, step, pyrolysis feed,(l&é%lis )
roRTPAL Substatiablyt erntingeey fowg. 28 @e(TERalpT B alpAySop Ryfelysis
eHilel Bledoffer READMMS §DBdgenktatidBSithgs), PhiSRABABIe W somewhat
distributor (not shown) may al so be used within the

1 ) be

pdaatiaed, (beomysetib PrApdAsna Haterferdld the sepgter omne step to the
ek O ke Soiiisticated &:3&1>é§ kit {pﬁ‘&‘ﬁdé ForGRBY $ivitfink fnay be added by
acetylene as i1t travels through the reformng zone

©ne skilled iptheiater zone (109) and the recuperator zone
(102). Quenched pyrolysis product (104) is recovered

818 1

Stream 103 104 105 106 111
T,°C 100 354 100 100 265
kg/hr kg/hr kgthr kg/hr kg/hr
C3+ 476
C2H2 21,740
C2H4 2,162
C2H6 81
CH4 47,032 14,795 2,436
H20 ) 29,485
H2 11,696 17,670 2,630
Cc02 . 13,166
N2 220,028 229,042
02 65,470 29,686

Total 58,728 56,924 5066 294,498 301,379
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t he plenum ( 107) above the recuperator zone (102).
[ 0099] The regeneration step and pyrolysis step are

we@2mh/ores at ed for a sel ected duration, which POF/USINN& 048899

Exanple is three seconds iA4each direction, before
switching to the alternate step, such that the

conpl ete cycle requires about six seconds plus
switching tine. Conposition and flow rate of the tota
streans are shown in Table 1, below, for the pair of
reactor systens. These flows represent substantially
conti nuous flows, as one reactor is always in
pyrolysis while the other reactor is in regeneration
stage. This exanple is sonewhat idealized, because it
provides no tine to switch the reactor fromone step
to the next. Moire sophisticated cycles that provide

fH09ch ThistRranmge daopuraiesdian syicesHBl eppversiep phmeffane to

o L e T

BrofipguhdtyCafiacetyleae. (PheirgentiGHreastor Gstenycaproplugg gcetylene

502800 g 6080 0, o R 9 ypeome

Ear?eﬁﬁs. 292) 398 p36dess 28¢ 0aL0F]sydteirs siecasds! witlimimse of metals or
e cessful conversion, of, t han C l ene .
forRtis commpart prieed Frpel POl o) ERE POkt iB s Yleta s
kg évedr @6l b Gdonvhérgiad fsizRCrehotbe Bysterih dermonstrating ehatethe tioventive
system can produce acetylene yields that are.nan

BYatass iy g ToL R B bt ) puch S0 4 Poypigfidl Skt
{80701t Y PErade names used herein are indicated by a TM symbol or ® symbol,
indicating that the names may be protected by certain trademark rights, e.g., they

may be registered trademarks in various jurisdictions. All patents and patent
applications, test procedures (such as ASTM methods, UL methods, and the like),
and other documents cited herein are fully incorporated by reference to the extent
such disclosure is not inconsistent with this invention and for all jurisdictions in
which such incorporation is permitted.

[00102] When numerical lower limits and numerical upper limits are listed
herein, ranges from any lower limit to any upper limit are contemplated. While
the ﬂlustrative embodiments of the invention have been described with
particularity, it will be understood that various other modifications will be
apparent to and can be readily made by those skilled in the art without departing
from the spirit and scope of the invention. Accordingly, it is not intended that the
scope of the claims appended hereto be limited to the examples and descriptions
set forth herein but rather that the claims be construed as encompassing all the
features of patentable novelty which reside in the present invention, including all
features which would be treated as equivalents thereof by those skilled in the art to
which the invention pertains.

[00103] The invention has been described above with reference to numerous
embodiments and specific examples. Many variations will suggest themselves to
those skilled in this art in light of the above detailed description. All such obvious

variations are within the full intended scope of the appended claims.
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reactors. (2) The process and reactor system succeeds
W t hout use of netals or degradabl e conponents exposed

wo oooioesodt zone. (3) High selectivity and yi ePdI/US2006/048899

achi eved on a conmercial s4ie reactor system
denonstrating that the inventive systemis useful for
hi gh production rates, such as on a commercial scale.
[ 00101] Trade nanes used herein are indicated by a T™M
synbol or (r) synbol, indicating that the nanmes may be
protected by certain trademark rights, e.g., they may
be registered trademarks in various jurisdictions. A
pat ents and patent applications, test procedures (such
as ASTM net hods, UL nethods, and the |ike), and other

[ gr=y rein are fully incorporated by
Sgﬁgggﬁ%nggMFﬁéﬂgxtent such di scl osure is not
inconsistent with this invention and for al
jurisdigctiong in whi.ch,.such.in [ ' .
pernittgd. [%dﬁﬁﬁ?sﬁﬁé eﬁﬁﬁ%??%gﬁﬁﬁ%gé#gpf%&?gcg%§ommnﬁng
MheEepsceft upper limts are |listed herein, ranges from
any lower limt to any upper limt are contenpl ated.
VWhile the illustrative enbodi nents of the invention
have begp desgiplyang a\irkttefaiditithiough hifitst portion bf a feactor bed;

under st ood that various other podific tiu%gs wll, be.
appar ent)t o SHRPLERS ableast@f5roRd ’i‘?ﬁ‘étén@s‘ Seregqnd pergjon of

in the art Wycheatodsiabitatidiyphiats Sointhé fidd GoRERNST the
of the invention. Accordingly, it is not intended that

t he scope offqah@rbpéi-iqﬂﬂé appended hereto be [imted to
the ex | es c@%uﬁgg ?Tﬁsé ﬁ%bg@@ﬁ?sﬂ‘eafc%i Wifkahe h&oﬁﬂtreactant

rat her at the c onstrued as enconpassi ng
al | the feat aftershefirgiand secopdacantants havegepangioly ypyrasqdpt

the present jnventi ' ' f dWaiosh
woul d be tr ege?%tdef‘%%rﬁgra g ?\[/Hz;\e]l %%tgp?ﬁiékgotﬁéggg tt%ﬁo\sééeuo
skilled in trecants tbexotheohicallgréant/withicach pex;ai ns.
[00103] The_ invent.i opn,h heen _descr i '
ref erence %t rﬁﬂ%@&%ﬁgmgﬁ%cﬁ“ﬁg ﬁ?osn an (58 ‘g‘%e%ﬁﬁugg"amf Bed are
QitiTed &Squddbh ¥ pyadlivsis rertonbddustiggmsisitdaratdbne afttothe
those skilled in this arf .in light of th ove
Fomhmedfigband ?eﬁf’?‘g?ﬁa%&ms haye ﬁeagﬁ’\?ii itk e?fg‘r‘ﬁg T ons are
within the full intended scope of the appended
claims. WHAT IS CLAIMED I.S: 1. A process for the. d ¢
pyrol ysPs nihtipreeessad climab sthereip dhe weashan ROyt i a product o
steps Ofyrofyls GYUPREY bR it ildds Meth@RCt ant through a
first porti'on of a reactor bed;

3.  The process of claim 1, wherein the synthesized reaction product is

a product of pyrolysis of a feed that includes hydrocarbons other than methane.

4, The process of claim 1, wherein the first reactant is supplied
through the reactor bed substantially simultaneously with the supplying of the at

least a second reactant through the reactor bed.

5. The process according to any of the preceding claims for the
manufacture of acetylene from methane feed using a reverse-flow reactor system,
wherein the reactor system includes (i) a first reactor comprising a first end and a

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



(b) supplying at | east a second reactant through a
second portion of the reactor bed substantially

waepanaes fromthe first portion of the react oPChEs2006/048899
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and (c) conbining the suppMbped first reactant with the
second reactant after the first and second reactants

have separately traversed at |east a portion of the
reactor bed, for the first and second reactants to
exothermcally react with each other; wherein both of

the first and second portions of the reactor bed are
utilized to quench a pyrolysis reaction product
conprising acetylene, after the conbined first and

second reactants have reacted with each other. 2. The

RL& Ct%%‘cﬁrgtg arfd ScBhd reathE ShiBnfel Sn heRGEL BllatiiRBCWith Fespect to
product of pyrolysis of a feed that includes nethane.

Zach lotheprsuck skatche cleedndaty enfhefcthn seprndsyaaeige df PEQKImate the

reacti o d ' . [ f,ra feed
cra i BB} b, B R EmiR Hhro®, | O
process(a)f chaiplyidg adiretrreactartitbrouigh stfirstechetngd in the first
supplied through the reactor. bed subst '

si nul t aneousf%?gW?ﬂngqgﬂﬁﬂf &a%ga %Fo?‘ﬁ%tag%l’{ %’5% § second
second r eact gidnnkhinahg first heéackaasichrihdtable fitst atidheecond
process according to any of the precedi ng clai f or.

t he manuf act [FAEta8Es &g é‘f‘&lhéﬂéoal‘“’ S ﬂgﬁg"fnetzla r%%tieﬁla of the
reverse-f | owsrRa&dcfdr; system wherein the reactor
systemincludes (i) a first reactor conprising a first
end and(®@ seeonbinigithe e qod;speopddeaciagt F‘E’i‘@tsg‘?ond end of the
conpri si ng PELAREN 1 Hhd 0L R IRS COIEBIYE Pdhotahfi@ofprédiice a
and second reactors oriented in a series relationship

wi th respect beajedesantion podustich that the secondary end
of the ggcon g%{sg‘%:thtg Eleﬁl’éd PLRY A B Sub N Bir S ARE séddld Aeactor to

the fir re e process conprising the steps

of : (a) supphnsfer a least 8 portemmithe hedt fiong thegeagtiogyproduct to
channel in the fir I tor and supplying at |east a
second react etsef;%l?%ruea t%gf second channel in the first

r eact or (d)s uc kherdufter singplfingshetha: themghdhe keatedsecendireactor

The first relbmsesrBE B G LieFr piith o HuBsmgne
reactants at ijtbac&agrasd end of the
(e) passing the supplied methane and the produced acetylene through
the first reactor to quench the methane and the produced
acetylene; and

® recovering the produced acetylene.

6. The process according to any of the preceding claims, wherein
the reverse flow reactor system further comprises a mixer situated intermediate
the first reactor and second reactor to combine and react the first reactant with the

second reactant.

7. The process according to any of the preceding claims, wherein
the first and second reactants are combined at the second end of the first reactor

such that at least a majority of the supplied stoichiometrically reactable first and
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first reactor and reacting the conbined reactants to
produce a heated reaction product; (c) passing the

wheavotsomeact i on product through the second reBCT/UR2006048899

transfer at |l east a portiod70of the heat fromthe
reacti on product to the second reactor; (d) thereafter
suppl yi ng net hane through the heated second reactor to
the first reactor, to convert at |east a portion of
the nethane into acetylene; (e) passing the supplied
nmet hane and the produced acetyl ene through the first
reactor to quench the nethane and the produced
acetylene; and (f) recovering the produced acetyl ene.
6. The process according to any of the preceding

cl ai

PR e AT RREY LAY GESEhAlcaTS @ scoond
ﬁemﬁ&nxeﬂcﬂmdhmndmsecond reactor to conbi ne and react
the first reactant with the second reactant. 7. The
process according to any of the preceding clains,
wherei ngt he frhe gfocaﬁmhcaem@tormmam preaeding olzis duirther
the second end of the, f|r react.or suc

somrsima e st surlipeig fogeB i HeetH tearPy Py Aol tne

ea¢ioalrend mkflan@ndsecond reactant is reacted
exothermcally after the supplied first and second

reactants exit the first reactor. 8. The process

accordi §g t 0TaRYré¥esd RN L@%Wﬁh@bﬁemﬁg cla@E, wherein
pp

conprising the step of su yi ng drogen in t??
She et nd agaonHl reastansuprob PRI TEAGLR Bhicatt ope @t () the second
abAd®s, and (iii) the
R e Sik el G RREMARERIN A3 b ARG kit and ()
rseearidany endealthh segpindaracfor eact in at | east one of (i)
the second end of the first reactor, (ii) internediate
the first and second reactors, and (|||) the secondary
end of tbe %‘heprmtessea"aﬁlaam6 meraihéhmmc;’e@mﬁseﬁ #ileastwo

GrErEnt, W SRR Rbifs # fR3n bAMERSPRRA fist reactant

|neS por
Swlﬂli) hipegtidn ¢fthe Eﬂﬁﬂicd Récond reactant.

11. The process of claim 6, wherein the mixer is constructed from

material able to withstand temperatures in excess of about 1200°C.
12. The process of claim 6, wherein the mixer comprises a ceramic.

13. The process according to any of the preceding claims, wherein
the first reactor has a void volume A, and the second reactor has a void volume B,
and the mixer has a void volume C, whereby void volume C is less than or equal

to about twenty percent of the total of void volumes A plus B plus C.

14.  The process according to any of the preceding claims, wherein
the first reactant comprises a fuel comprising CO, Hz, hydrocarbons, oxygenates,

petrochemicals, or a mixture thereof.
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with a portion of the supplied second reactant. 11.
The process of claim6, wherein the mxer is

weowsnrives ed fromnaterial able to withstand PCT/US2006/048899

tenperatures in excess of d@bdout 12000C. 12. The
process of claim®6, wherein the m xer conprises a
ceram c. 13. The process according to any of the
precedi ng clains, wherein the first reactor has a void
volume A, and the second reactor has a void volunme B
and the m xer has a void volunme C whereby void vol une
Cis less than or equal to about twenty percent of the
total of void volumes A plus B plus C. 14. The process
according to any of the preceding cl ai ms, wherein the
first ?%Ct e ;}9&2@& &%&dﬁlpée W hrdb&fné Bairhh, wherein
hydr ocartbons, ygenat es tro hen1ca|s OF a mxture
ttheseeohd iéwta]iheompnmsmygmor ding to any of the
precedi ng cl ains, wherein the second reactant

conpri ses oxygen. 16. The process according to any of
the preggdi nThe peddeBs adcurdifeto mmfrthespmgeding cbimp; fofther

suppl yi ng. anot her hydyocar bo nak
SRS oS SEp R FrRMeEaRoReT Byfogpba fiep dfoef U Bitary end
Rﬁftltlé QoRd rddRrad bt A1Yshs08 Wﬁéﬂh@ﬁ df éigdariothea b tisdcarben feed

. The process of claimb5, erein the heated
rt@a@‘ttyl?ﬁeproduct heats at | east a portion of the
second reactor - to a tenperature of at Ieast about

1500C. 18. The process accordlng to an
precedi 4§ c| Fbaproagieekslsing?, vhaen the Ee%?d ’Eqarét‘?rf pioguct heats

RN outh p@nl 1S SLOAT rGERRRSA GERELRRS & 140N 500°C.

a porous mnedi a. . The process of claim 18,
wherein the porous nedla |ncludes at |least one of a

packed bed, n%‘%ggg&gfﬁl {o iy &Sthe ﬁre@@&ﬁg @mn?xs Swhdrdin at

nedia, a hone ¢ nonol strudcture and br ous
dessapge pétite. ﬁrﬁﬁcha?n‘hd aod dloesesond cmnanpmcsnpmme pélorw patb
first reactor and the second reactor each conprise at
I SRETRYS BeP8cked bed, an arrangenent of tiles, a
perneabl e solid nedia, a honeyconb nonolith structure

and a f1prous, ars angenpnly, 25 ndDe L 86888 riiarhbllbs a
least one of a packed bed, an arrangement of tiles, a permeable solid media, a

honeycomb monolith structure and a fibrous arrangement.

20. The process of claim 5, wherein the first reactor and the second
reactor each comprise at least one of a packed bed, an arrangement of tiles, a
permeable solid media, a honeycomb monolith structure and a fibrous

arrangement,

21. The process of claim 5, wherein the second reactor further

comprises a reaction catalyst.

22, The process according to any of the preceding claims, further
comprising the step of supplying to the first reactor an exhaust gas (EGR) with at

least one of the supplied first reactant and second reactant.
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conprises a reaction catalyst. 22. The process
according to any of the preceding clains, further

w@ompnT®ung the step of supplying to the firstPCHES1006/048899

an exhaust gas (EGR) with a? | east one of the supplied
first reactant and second reactant.23. The process
according to any of the preceding clains, further
conprising the step of recovering at |east one of

hydr ogen and net hane fromthe quenched net hane and
produced acetyl ene m xture. 24. The process accordi ng
to any of the preceding clains, further conprising the
step of recycling at |east a portion of the recovered
at | east one of hydrogen and nethane to the second

react or,, 25.141 Lol : 1 Al

0%, Brpr LR SERTIRERO A Rl o, Rty
eomiptising drecstep 61 woovarsigrat dast ortecofirydwegen ant anetbdnedinem the
of the first and se oqﬂ reactants into one of the
fipgneped,methagg an 8%@88 a"%@??%’ﬁ?‘%g?&the reactor. 26.

The process of claim25, wherein the step of actuating

i ncl udes perrrittig%ga fl gw restrictor to close or _.open

in respgdnse Ty HPeSSdreudinetaiany Phiemrpesdngclamyy, further

IhBpREIAE B5Sste ofledidingat 1MBEE pbitioh R thd RVbVAREd hi I6hstone of
conprises_at | east one of an actuated val ve, a check

wirpgen anchmsthape fethespepndimeasios,al ve. 28. The process
according to claim1 perforned using a cyclic reverse
flow reactor systemfor the manufacture of acetylene
f r om mRSharihefprecess aprording to ey plelaimyy S sP4c@mprising the step

6P ARLAfR st 1dst ofle b §§1v£ GREH AbowREBILc 18 Bred el i of Bfle of
and a second end; (11) a second reactor tonpri sing

the famst andesedorachrbagtagtsdotedeneyofdirifirst hertionragd seenhdgatéeniof the
¥§%ﬁ£ors oriented in a series flow path relationship

Wit respect to each other such that the secondary end

of the second reactor is proximte the second end of

the fi tor; in.the first tor furth
conpr | 2B; THEPracast PEFiagh damuRerls B slsPp aphiplilly iefides
bemsittigeafibwitstficRitd f1esd orf Gfenn despbniet® predsties Wafdh tHe

to the second end of the first reactor;(b) a second
AFRSOTt 0 supply at | east a second reactant fromthe

27. The process of claim 25, wherein the flow restrictor comprises at

least one of an actuated valve, a check valve, and a louver-type flow valve.

28. The process according to claim 1 performed using a cyclic
reverse flow reactor system for the manufacture of acetylene from methane feed,
wherein the reactor system comprises:

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

(ii) a second reactor comprising primary end and a secondary end, the
first and second reactors oriented in a series flow path relationship with respect to
each other such that the secondary end of the second reactor is proximate the
second end of the first reactor;

wherein the first reactor further comprises;

@) a first channel to supply at least a first reactant from the first end

of the first reactor to the second end of the first reactor;
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"the respective

first end of the first reactor to the second end of
the first reactor; and (c) a product renoval line to

WO eoowes9ai | east one of nmethane and a producedPCT/US2006/048899

acetylene froma first endSef the first reactor;
wherein the second reactor further conprises; (i) a
flue gas renoval line to renove at | east a portion of
a heated reaction product produced from m xi ng and
reacting the first and second reaction products; and
(ii) a nethane feed line to feed nethane to the
primary end of the second reactor. 29. The reactor
system of claim 28, further conprising a m xer
situated internmediate the first reactor and second

react or 4,0 m [ A \%ﬂ‘dﬂ

react angb 302 )gﬁ)‘%](;eh%r%lac é()l;S?@){li%lg%‘ét&Qg%}nﬁzﬁﬁ& er%rlnr%h ©
the m xer f uffirftend of denfirst sestoato theastondremdmifitles first reactor;
segnent vvhereciln each segnment receives at |east a
portion of tA8%first and second reactant to nix the at

| east a(q)ort agRodifct tdiov4l ligt t@fthBeeP kest @radfanéthane and a
grrent. 31, The_reac temQ

e oL .S f
clai m 29, wh&FIUGEE Aeetrlen fromea @’&ﬁ%’l“ﬁ ﬁé%y‘r?‘rrS?ﬁtor?

mat er i akyiRhie tedekbidehaof AlrdRPEsMpHERS | N excess of
about 15000C. 32. The reactor systemof claim

) ) 1 29,
wher ei n(@he @iflaereas serppyRl ding ée BMevedtienst @ PPRiongfjadiepted
wi thstand t enpRiish pr&fuct Prolt&RSRod mR R UndlréEQ e thdFirst and
The reactor systemof claim?29, wherein the m xer
conpri ses a 6&egoagireaction prpucissaed or system of claim
28, whepey N LNGethindcSteed RACLPE &mgﬁ' 98 ¥ prichAS  erld¥t th
| ayers g@ react%rér[)ez%enaterclpaele an 21t“%e %}'l?etr%t C aer?nel ©
conpri ses at seeadtreapter- of the at | east two | ayers and
the second channel conprises another of the at | east
two | ayers. 35. The reactor system of clai m 34,
wher ei n29. r edbeaedctdr systepedficlaihr Zﬁ;gfbrtba‘mbnqﬁi_sh@ mixer

not I

SRl e B gl Bt R B aptane

aglitia eendecdbyRactant.

30. The reactor system of claim 29, wherein the mixer further

. comprises at least one mixer segment, wherein each segment receives at least a

portion of the first and second reactant to mix the at least a portion of the first and

second reactant in the respective segment.

31. The reactor system of claim 29, wherein the mixer is constructed

from material able to withstand temperatures in excess of about 1500°C.

32. The reactor system of claim 29, wherein the mixer is constructed

from material able to withstand temperatures in excess of about 1700°C.

33.  The reactor system of claim 29, wherein the mixer comprises a

ceramic.



36. The reactor system of claim 34, further conprising
at | east one flowrestrictor to control flowinto at

wo e@s7ome of the at | east two | ayers. 37. ThePCPBHS1006/048899
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system of claim 36, wherei s1the flow restrictor
conprises at | east one of an actuated valve and a
passi vel y responsi ve val ve. 38. The reactor system of
claim 36, wherein at |east one of the flowrestrictors
is positioned on an end face on a first end of the
first reactor. 39. The reactor system according to any
of the preceding clains, further conprising a nethane
supply line to supply nmethane to the primary end of
the second reactor for conversion to acetylene in the
second rAct Ofye f ggcto %@teﬁ‘r?@f’&lgﬁn SY SRS RGRO ikt Pehckd?

any of t'hé precedi ng

"ai ms, further conprisin
hymi'npgms at Lgapl tyvcl Tayess pbresctopbed mattriahard the firk gi‘iﬁfq“iﬂfar y

f. th Ao
Pl o I SCO R A Sl10k; B 1Bk A tub 4RI e comprises
r aRaharofils hidenstewolaiersy t o any of the preceding

clainms, further conprising a fuel gas supply line to
supply a fuel gas to one of the first. channel and the

S econd gzannethd featbesystens bf €18A¢ B wHdtein Beactantcllow path
stenmaccordlﬂgﬂto any. of the prece [

chof shedlenst Butlayers it yibstant yg& i?n'etﬁagﬁsc‘g,rﬁgmmcaﬁon

(itha W?Qﬁm%d o2 i9fTediaeld aljabdntdaydrxt ur e of
conbusti bl e and nonconbusti bl e gases. 43. The reactor

system according to any of the preceding clains,

wher ei n 4 Fhe Sﬁ%régct{)lﬁﬁ@{eﬁp&of QRPE4 Sfﬁﬁhé&rb&ﬁ‘;hﬂs‘ﬁ% atdédst one

recycl e. reactor s sten1accord|ng to any
oflowtrestricior @dcwgmi flaninto wieasépnp eitbent Jegst todayess.
conprises a bed packi ng whereby at |east one of the
first channel and the second channel include an

aver age et t thesrendtarcsysteneaf ¢laim 36, whereinithe flowaestrictor

es fr bout 50 ft" ut fL :
%Sfétag[na%}f)ﬂ aﬁ@%%‘?(f%ryapvteo anfggg'?ll){r roéglgg%gté'e'
clalns wherein the first reactor conprises a bed
packlng wher | east o e first annel d
the secohd c %@PCt?WF@B%Ogﬂa’E}/ég ERETB) 3 ?(i“be ‘?‘@g? flow
tfeaﬁfcl ; Ecgé (1:§19c%ﬁtﬁdrfekl%ﬁtan%d grcadres fitshand of thedited rehciof. 02
cal / cnBs

39.  The reactor system according to any of the preceding claims,
further comprising a methane supply line to supply methane to the primary end of

the second reactor for conversion to acetylene in the second reactor.

40. The reactor system according to any of the preceding clairhs,
further comprising a hydrogen supply line to supply hydrogen to the primary end
of the second reactor so that the hydrogen can moderate the conversion of the

methane.

41. ©  The reactor system according to any of the preceding claims,
further comprising a fuel gas supply line to supply a fuel gas to one of the first

channel and the second channel in the first reactor.
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42. The reactor system according to any of the preceding cléirhs, .
“wherein the second reactant comprises at least one of (i) a noncombustible gas,

and (ii) a mixture of combustible and noncombustible gases.

5 43.  The reactor systém according to any of the preceding claims,

wherein the second reactant comprises an exhaust gas recycle (EGR).

44. The reactor system according to any of the preceding claims,
wherein the first reactor comprises a bed packing whereby at least one of the first
10  channel and the second channel include an average wetted surface area per unit

. volume that ranges from about 50 f”! to.about 3000 fi!.

45."  The reactor system according to any of the preceding claims,-
wherein the first reactor comprises a bed packing whereby at least one of the first
15 channel and the second channel include an average volumetric heat transfe;

coefficient of greater than or equal to 0.02 cal/cm’s°C.



