WO 2011/ 149635PCT/ US2011/ 035553 REACTOR W TH REACTOR HEAD AND | NTEGRATED
VALVE RELATED PRI ORI TY APPLI CATIONS [0001] This application clains benefit
of and prwonrptiyi4peasU. S. Serial No. 61/349464, filed 5MapC281S2010085553 he

di scl osures of which are incorporated by reference inits entirety. FIELD
[ 0002] The present invention relates to a reactor, e.g., reverse-flow
reactor, whose configuration includes a val ve associated with the reactor
head which ninim zes dead voI une bet ween the vaI ve and reactor bed and
provi des for a REASHIGRM REALNHE di el j al so
relates broadly to a process for u5| ng such a react or. BACKGRClJND

[ 0003] Reverse-fl ow reactors (RFRs) are known in the art, for exanple, Wilff
pyrol ysi s RELAEURPRIORIVE ARFJCATIONS ot her regenerat| ve reactors,

R et T v R T

chem st ry. MBRORSNEFIAL hY Bis€18QFEYT which|aBSinddrForficd Bﬁfef&é’ﬂl‘:@%{ fid &titg@me chem stry
or reaction in both directions) or asymretric (chem stry or reaction

changes wi tREEDep in cycle). Symetric cycles are typically used for
relatively S r e mal
oxi dati on @'IQOE X@E gﬁ%sg%ﬁénﬁgng ;e %?Smﬁ))r(]éw%lc‘?& Q%I ngvgmgetgﬁ‘g %&¥egh§§ee
typically ueleituta@loeme@udee e ndot heeromatﬁdcwelmﬂser rre,actoarhdact mdiiciemimmges dead
endot her i ¢, 20, GheMat Y Ji5. RA] Ledobbidud dhlhier 80t ISR Shiy.Lhat,ls
exot herm c 8 yp| cal y Conblstiony“to pr ovi eacti on 1 or the
endot hewnm @he paednit ﬁﬂentﬁmatsplrﬂste@tﬁroaﬂymmmees Koycmmsuah erdddof.f pyrol ysis

processes M@M swi ng reform ng processes (PSR). [0004] To operate
t he RFRs, f ational features should be considered. For instance,
one featur 300031 RFR@vérSe-Aow 3G cRAURIFRs a8 &kBowe Lok b, foBitaeitpld, Wﬁlff%yﬁﬂﬁ’sﬁ%e

vel ocity of a 25 gas over a given reactor vol une. T pically, a high

hourly spaédd JeacBerEye (cafier AttholCr eastertiver Batieni ictufinenegtnerading|t ermélact or

cycle timeoinhklqrirOW Nse ROUbsUrSRHBRA I%‘éﬁ'sle@@d E%Cﬁ@%y@hc BRELEnERAGH, QﬁghCyC' e
time. For pyrolysis processes using a velocities are needed t

achi evelsshémperaset deaveiery. iRvencratize rdagtor cyql.eataee @thm/emsn@nc tsemp chdreistredr

br oduct S o ReBRGORDEM S| & LD Ol dRRAL AL IR cfdig R

out, bef or Symhetrivegiciniag tyficallpeseextr elachey nad emtmam;wdieunmymmagﬂment

bod sttt dFBs gk SR ebRes (kT A0 e SRl et be T RL A ErigRnar o
t hermal gr agdl@nirs taichiyesud té ragechtegéehdeﬂhéﬂnm ehayiytral 450 thedediksd chiothdrgit

ressure drop.. Thus, .the RFR desig ul
P 20 hé)mlstry % paired with a dlgferent C emlstry that is exothermic (typically combustion) to

provide heat of reaction for the endothermic reaction. Examples of asymmetric cycles are
Wulff pyrolysis processes and pressure swing reforming processes (PSR).
[0004] To operate the RFRs, various operational features should be considered. For
instance, one feature of RFRs is a gas hourly space velocity, which is the space velocity of a
25 gas over a given reactor volume. Typically, a high gas hourly space velocity (and hence
reactor productivity) has a small reactor cycle time, while low has hourly space velocity has a
longer reactor cycle time. For pyrolysis processes using a RFR, high velocities are needed to
achieve short residence times that facilitate conversion to preferred products. A second
feature is that the volume of gas remaining in the RFR at the end of one cycle (void volume)
30  should be managed, ¢.g., swept out, before the beginning of the next cycle, which gas-volume
management may result in inefficiency and additional costs. A third feature is that bed
structures (packing) needed to provide rapid heat transfer (for sharp thermal gradients and

resulting high efficiency) also results in high pressure drop. Thus, the RFR design should
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WO 2011/ 149635PCT/ US2011/ 035553 consi der space velocity, void volunme, and
packi ng properties to properly manage the system Accordingly, certain

dr awbacksworotoryeat i onal RFRs, such as properties of ceavarstélonaisspacki ng
and long cycle tinmes, have prevented these reactors from being broadly used
in the energy and petrochem cal fields. 5[0005] RFRs have historically
utilized different packing material in the bed structures. Typically, these
reverse-flow reactors utilize checker brick, pebble beds or other available
packi ng. Thp®idey pracoteleny, wiid telpme.cnd ppiking rgpastaes tp pRPEBOMBIAZE hestifterac e
area (av), ABhARell Blth? B2 BLAS 3 cBndhRaPRERUN by Of t@@ﬁt@tf &G dnaPut

al so reduces vol Gretric heat transfer rate. a5|8 rinciple o an
asymret ri ¢ prekingy ®@ 1ohgeyclegamndsohaviepraviated Hest rea@m tiomebeingbrondy 1&dst ¢l and
is used toerfitecrconlj}%l ?r h%m?c%?helﬁd endotherm c chemstry in a second step.
Thus, the &nhotnt df desired cheni stry that can be achi eved, per volune of
reactor s i 3005 ectRFRs rtﬁ{zeahetd)r1t:allyt1he1zvcbtﬂffmtnt patkhgathaténi:ﬂriﬁftl&rberdaettﬁctute@wer
heat transfer tes thereb uire rg ctor v s to, achi the
cane anpunt SBEYBe SR HEREIOY IS R St Stk neid PhFoorfed af

i nadequat elpyck@Pt UK€ tfiRadf Hetl QFuEMR 1§hit@BMEas 1b© adbMetrit QuEERAIEN (aF £ ReHidH e
heat | oss 15 and consequently | ower efficienc Lower heat transfer rates
may al so | EHHMIZES PEaYEs dep priutii ¢fggactodengtie bg{ dyeigdyrent olpgetis dgatfigpgler
slowly, anghd hﬁ{eecfagl'éef)rllrlé’igflgsof |a9'19ﬁﬁm$t95 r&cBb BN REGorl i€ MRE hak W ored in one
specification. Historic | ow- av checker-brick or pebble bed
packi ngl0 aseplaag gersed . agcompltshgeiesmadcﬁnd@h@rr@ca@etr@ﬁtm intaspging slepardduh dice
cycle tine r

react or ef ? fngtimetﬁ?@esgpﬁgb%ﬁ%ﬁ%%lcgﬁé%% qé?) %@fﬁ‘ggﬁgﬁ"’ﬁ%ﬂéﬁyéﬂ a‘?n%:oemsnt
sonme RFRs MB:yvq]mmebtruz éea&rtgpmsfeleraw paeki lmagt letslfﬁrrratbthéletﬁbyl requingdangerercadtbre
engi neerin i ncl ude

cont 1 gur at HBRMES LERRNESY MG uel S Ehinhl eRPEhaREpt frg TRRE Mo renter

engi nﬁer eg rﬁascmywmddqaately&ﬁlbm@hem ?@@HMRHU@M&M Nnéading tﬁrg&ﬁtef l@f?ﬁ)smlea’;?eacmﬁﬁ)aL ed
to other bed, structures use of this type packi ng al | ows for higher
gas houf| y ShSEECAHENECIOPT CHHFGRRY T SfFrerat?ﬁ H}ayz@%d?a&daé?f}gﬁ gxFle

hi gher t herjpRl, &fthé GloediCHoat ANEked TRIré SlowlyTRHE tﬁ‘&@f@ftmagghorfg@lafomr SivertBMeVer,
t hese nore-econonical reactors use heat nore rapi dlé thus may require

reduced cyéqn@efthegpecwgwur%stgw RERpetish tovhey ¢ghe §@1§0r(n3@pty beg gackig,
exanpl e of f this
Cype of padhl nepuraer 4 Tor BTy S har el HESH g eHRund
provi des S|ggaatefléamchﬂh¢wtr®btomdsmt @as/tpn"ﬂjﬁcwm\ned/enacticadjew@ﬂ smg the 30

pack! no. RGP X AEHERAGHAT Syl RAS S VIR QRFEEL) 3Rl SEHRSbed "

i nst ance € Increase 1 h Vo 179 C surface are Itgy

acconpl i shetatwt.ng T&maéﬂgefeeﬁﬂgowaddmmbzs inchidt « eﬁajlértal |mohdgheﬁ aprsﬁa:sfw e
drop per un react or To conpgnsat e f t hi t hese enhanced
RER s ar o GG B oot S OOTLB CPRRETRED Wbk spp i Pk bR ea GReanss
petrochem Gale a H@&%&ﬁ&ﬁ%&%@%@%&@ﬂd &3ipakd ta Pkt bat dtRbGiresdITABRLEHS | S

i ncreased to enable hig ‘oroductl vity, but length is limted by pressure
drop, thus tHes®FR§ Pt‘%ﬂ%% Hioyn fpabigheridy heyrynwees vehesity) Bighgriyotunyeryc reactor
Conve”tisor‘%todh@t%&oﬁgﬁ&%h&ﬂﬁl LiYRicR@, la¥d R Chore! ddbslniBITREQIAY TR &, bed
and duct those fluidS to some external valve. The volume of such ducting is
in some prdEer moghecopomine et oc ifahmeterapidy pulchus may iquiaceduagl exstds t o
col l ect ga tor

havi ng. a nrmis o e R, Ty s xR AR AR D0 e
to the vol l[ﬁﬂm] nsiFdaghdrhes abeaslult bj‘smrrgftha t;zmarn/fqm:ltmglaiatemeladteosuzedﬁshegnadtmr an

e R R T T

conventioonahckigaaitofial badhy ecastpsd 1&1@&@6&& c@elratlaiam fdatufds! &bt @Mandetdit imdeeasot
operate properly for enhance oductlvlt reactars (e. npact
reactors efplMIYPAGCSHERE 36%@@ ti tPf%‘%")If Y germplisehpdies steelleg s el Bt or
val ve syst eqmittiy Might biesfudd bropOpdiB@lt drhaclotr @RIth. tTH EEPEh SRR his OfheFRS
and may not handl e the short cycle tinmes. Petrochem cal val ves can have
maxi mum cynleneeds RER e qopfigwied torhase short Isuashsp oWheny gipdisd torlsragiieEerhemicrlespond
to | ess than one year of operation-inadequate for petrochem cal use
involving rapid cycle tinmes. In addltlon conventional valves are placed
outside the reactor and use manifol ding?o carry gases between the bed and
the valve, while providing uniformflow distribution across the bed. G ven
the wi de and short beds of RFRs, this manifolding holds a | arge gas vol une
that has to be nanaged on every cycl e change. 20[ 0009] As an exanpl e,
Japanese Patent Appllcatlon hb 280 921/1999 to Taga dlscloses a
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[0010] U. S. Patent Application Publication No. 2009/0008292 to Keusenkot hen
et al. 25discloses pyrolyzing hydrocarbons in a reverse-flow type

regener atwoeopyreddgsi s reactor system [0011]U. S. Pat enPCRaS20,14955250 to
Her shkowi tz et al. discloses production of synthesis gas through a cyclic,
packed- bed operati on which includes reform ng by preheating a first zone,

i ntroduci ng a hydrocarbon-containing feed wwth steamthrough the first zone
inlet, and 30reform ng over a catalyst in the first zone to form synthesis
gas whi ch ieplisasaeddiapeisr deasrgsctoitecnableridgh prodyctadiy) bt lepgbiglmisd yat ent
Applicatio Leat i : 0, 4 1 al ¢ : .
L e R i P S T M e
teach a WSROt dtsighd 635Uy 0B Tid 3BE5Eng &genebet indeduge thoseflerds & fdnmw

reactor wherein the locati,on o tﬂ% exot.herm.c reag%ion S CO troll?d. The
. éxtérnal Vat Ve, e volume of suc u%tln& IE) m sonie Propo jonl tq the r?ac or diamefer,
regenerative reactor bed 1s fegenerate y supptying a tirst reactan

t hr ough sa fedaste thbdanmk nealsao toliest gasegein ereahtivaliiederanithug foec onderitkmal ant

t hrough a second channel in the first regenerative bed, conbining first and
bocond oasrent gy gDl GBS b\ Rhrb SR ERER GG real L b KsSet fon

product whivehimeSinds 8RNI ot A capernmal RIQBEIAIdVRr Be Gnkacéd RPRf B heat
thereto. [0013]U. S. Patent Application Publication No. 2009/008292 to

Keusenkot hégult ingfarge void vghimies (BRI AP Abe HYdingk ayidhereeenpiblsmygor gas
non-vol ati lERinkMmaAadBRgNer ati ve pyrolysis reactor system Feedstock is
heated to provide a vapor phase which is fed to the pyrolysis reactor

10syst el at@P08bnv énfertinatelyf ennyeriopgirredciasivelvp pysthmesthave oty lsnigtiopgthetdo

hoat exchangorPrkd: PEBRY Tor SHRALE o Rob Rt ErR ORI, Al ROPRRkRE 7

in tanden1agmkwm@ahGMCﬁmﬁﬁmd& F@ﬁnhaﬁd($pﬁ£ﬁ5£mr@h@rhﬂﬁi%@%ﬁh&ﬂ@ﬁﬂy%ﬂ

[0015] According) ¥ Jubardify ISRHERARNE of iRl OIS ol PYSLRERE | Y TSRS Bl SYST O
Petrochemical valves can have maximum cycle lifetimes on the order of 500,000 cycles,

15 which correspond to less than one year of operation--inadequate for petrochemical use
involving rapid cycle times. In addition, conventional valves are placed outside the reactor
and use manifolding to carry gases between the bed and the valve, while providing uniform
flow distribution across the bed. Given the wide and short beds of RFRs, this manifolding
holds a large gas volume that has to be managed on every cycle change.

20  [0009] As an example, Japanese Patent Application No. 280,921/1999 to Taga discloses a
high-temperature heat exchanger with a plurality of high-temperature gas switching poppet
valve pairs which control the flow of high-temperature preheated air and high-temperature
waste gas over a regenerative heat exchange element.

[0010] U.S. Patent Application Publication No. 2009/0008292 to Keusenkothen et al.

25 discloses pyrolyzing hydrocarbons in a reverse-flow type regenerative pyrolysis reactor
system.

[0011] U.S. Patent No. 7,491,250 to Hershkowitz et al. discloses production of synthesis
gas through a cyclic, packed-bed operation which includes reforming by preheating a first
zone, introducing a hydrocarbon-containing feed with steam through the first zone inlet, and

30  reforming over a catalyst in the first zone to form synthesis gas which is passed to a second
zone where it is cooled.

[0012] U.S. Patent Application Publication No. 2007/0144940 to Hershkowitz et al. and
U.S. Patent Application Publication No. 2008/0142409 to Sankaranarayanan et al. teach a
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15 m nim zes dead vol unmes between its val ves and reactor beds, while

provi di ng extended valve lifetines to mllions of cycles, in rugged,

hi gh-t enpeoaburgIesendi tions at the reactor inlet and ouPC&fuS2HuMNB8I®e3 , t here
is a need for an enhanced nmethod and apparatus to inplenent an

i ndustrial -scale, high-GiSV RFR s, which has val ves that enhance the cycle
time of RFRs and nanage the purging of fluid between cycles. The present

t echni ques provide a nethod 20and apparatus that overcone one or nore of

t he defi ci &vgenaativgi kedussasr HpwvieactGUNMARY thy brga]n of Biefdxpthernye peastion fshe
present in j I r FEAMalek . D) a
P rot head onoust"Ergahg BolERE) RiaBatREh 8L S Hle SR ERFH LRI o
from out si diest shdndelHe adirst oegaperbteaded pad & seabndreadians thybrghai sdecdnd ablannalnd tht) a
Flud {1 ow B ors S OROp v g Brgrnd P ah et 1T b eFORRL 3% Rolign e
react or sbogydubeos hpited enttignupipdse svhicH sopisqeadtthrougay sbéondhagameiagvd Balltoas t he
total vol une throu 1111 which fluid passes, including an open flow path. For
present puﬁrﬁ%sép‘lé@,eatg if{@ad" may be a dished head, neaning it is of

subst ant i aljdo13Foneayepa&apLpplidit@nnRldiKatiod. He., 2000/00820208 Keixshiacnadt! o,
round, substantially elliptical, substantially torispherical, or

subst ant i alt§aghes eredzdsHydrosaibons mtfmgnn%-@éaé%%dn ASpsEerativeHY Ty B eAgtor

i nvention rehal %R i§ BRI HONRE h Shitdphide PhibIERCEYo BRAY AL icddthy

encl osing a reaction and/ or heat exchange regi on conprising two

subst anii alsysjens pilosonyryted pefermpdstolysis poduck st head cappi ng one end of the
react or bodyiiae) sV, QLM AMIRAPPATHLER0 L 03RRRR 5RF0N0 headLaping the
opposi ng e of the reactor body; d) a tixed bed conprising a region

proxi mal t eegeheativierlght dnehahgeathniegreo ml@ranstiondét ffoppdt helveeebitt aneagbraedina
central regiqn disposed therebetween, ich fixed bed is disposed within

t he react o?a"ggaﬂn(gﬁaatﬁcg%?g%ﬁgE%agﬁp?feﬁﬁﬁ%%aélex%ﬂ%eﬁl e of pronoting heat
exchange angl1s] reacsiddalyofit ds gRSirdbld @dMfiro€de at rdveRsflo@Necabtofagstarhr @am

inlet associated with the first head opening a pathway through the first
head and i MBS dradaofwRes Beromityates PRAEACEedy 61Is Proyiingiqnded valve

associ at ed jidiRes thRiIB&R U dydiQa ARRAI Ngh-BnRRtaAeYorddlRM hhBe F8a61 @l RRdY and
t hrough the second head; f) at |east one inlet poppet valve controlling the
gas streamohtitetFusther. ithrredr ameefl Wrtan enhanche arptheslsedi appadtupite Amplaentrinet
the inl et pORRGHYAEVECOIRY RERY nlbh BRI Ak UAEARL '@l Ginkd GReE) a1

| east one outlet 10 po%pet val ve controlling the gas streamoutl et and

i nt egr at ed am mandgaahchpading 9§ doiddicerkenicy¢les hBhequrtdeat technhmieppiiovide apogipek

val ve conpri sin Linearly actuatabl e valve stem. and at | east one
nctuat of erntyaefs PR e SRR AP ThO8 Sl o1 1) andror o)
provi di ng waMEAR¥NI ng and closing by inparting |inear notion to the
poppet val\(ﬁpto allo ases to pass .fromoutside the reactor to inside the

reactor bod$P16hnd 1f # SFTEHSFHECRECHRERE BEE 1@ B TPEVLFUTRIE 1 F BadPor so

as to provipgey; ehangenhdenddsenwan efidtdabidr bdddOHR firk Rndui dxebnampP & ovtdi®
present invention relates to a process for 2@8' d stream sw tching of at

| east two Stif gifstojah legstmattisly dirpyghviaidehead:oind do firitsialg i flpwaemgrnisaisy
partially en@mlQRi e BndfAGhir-On@Af How Bty LGN SxlRBhO RoQAUNPLiBIAE t WO

substantially opposi ng open
and through the reactor body. For present purposes, "flow path" may be characterized as the

total volume through which fluid passes, including an open flow path. For present purposes, a

"head" may be a dished head, meaning it is of substantially concave shape internally, e.g., it

can be substantially round, substantially elliptical, substantially torispherical, or substantially
30 hemispherical.

[0017] In a second aspect, the present invention relates to a reactor comprising: a) a

reactor body partially enclosing a reaction and/or heat exchange region comprising two

substantially opposing open ends; b) a first head capping one end of the reactor body; c) a
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ends with a first head capping one end of the reactor body, a second head
cappi ng the 20 opposing end of the reactor body, a fixed bed di sposed

wi t hi n t woresnctos35body conprising solid naterial capablPeTafS2¢n 0835653 ng heat
exchange and/or reaction of a gas stream The process conprises: i)
introducing fromone or nore inlet gas sources at |east one first gas
streamto at | east one gas streaminlet associated with the first head

t hrough the first head and into the reactor body and withdrawing a treated
first gas $tqoahheaflcapningide penpeing endbefdle rmadord®dyHb adighd befecoswrioing aieien t o at

| t ‘ ) ‘ : _ o d
east one %zhlg&l&m@tﬁﬁ'é’fl?ﬁthlaﬁl, a ?%Zd'ﬁzdr@;&ﬁlgll tlwléﬁ LR h%ﬁf%%y&g@ﬁ e di§iofe S Al

i ntroducin aw ng are controll'ed respective east one

i ntake poppetrebettere Whicktfedd ibad tihdisposed twithemdhearvdctat bbdasgitd ormeprexh aelst
pOppEf[ val \ﬁ%telrfa)lf;ga{[ gbqe IOP rtoheotiﬁ eﬁé%'?gxc%gr? %;an%'gg relalct}onI oq’tar %d ls“lt(f:éa%qg eLgtqrgs Qr?e or
nmore inlet gas sources BT one "SeCSh gas Stredm®t o At Fedst®one gas
stream isnl ghs assadnlat &goomtédwitlh eheSasidrad hemthet hypougly thhvagls eedned H3ad held and

into the reactor baody, apnd withdrawi ng a treated second, ga trea romthe
et or - bodo A EnPLhG. THe Lo S et e Ao Dk TgRsTe SO BEL | ef
associ at ed opédiky; 4 PRIy HbmNRAfbact¥hIRIIPiand SiEbekhi e EQAHE had; ang 1t didriae ng
are controll ed respecti v‘el%/ by at | east one I ntake poppet valve or other

i ntake f1 oRCRIShYYE conEalias st deremmnichenddaieginigd maddhabrad arsoriagad it wo
2011/ 149633kGT {119%91913%3 AV cERUDa IRRRMLIC RIS ARGRIB S) hiNedshEnd dufiist

head. BRI EF DESCRI PTI OF THE DRAWNGS TO0019]FIG 1 is an illustration of
an asymfet ppPrpet ssles sentiolling thegastsoramjoutict and jiregdratedhaval thinbcad asweiatetl edthval ve
assenbly accor di t i t i tian. FI G
o o an i DAL fhe R ABoRD I LM Rlng ) reBE P RARN QSR AR ap il A3S8

fl at heads candctasgsocigag@blevaitly hedssenb hétegatdn dalmanichodidd aadoogiprgiding an

assendl | os At R SRl e oD datrhon % rhooPedoelr DIl R e 1
t he react opaldedi dutsige the redtted i dideeitt readtorttiody, e SO inkidy edtredzfor body {00022]
FIG 4 is an jllustration val ve assenbl i ﬁs and manifol ds incorporated in a
di shed &1 | OPEIdE e Tty sops Qproyddmahareeriic Hay peatiqh ow react or according to
an enbodi mge18pf the MieSepct, i tBY SRkERNnvdREIArLER RESERVERIY N rafi@Qéddnthe
present i nvegéglgs fg@'eﬁgi sgt?ﬁver ed t hat % reve{p;e-f | ow reagcg(grbgzygég%rﬂ havi ng
15 reduceds¥ & PIhCAATMO HEIATED HEVNBEHOY AEICPE PYBRIISHIZH e EAUtborY Wi th
ext ended v A L@ r . |1l i eved
by & r eact or e R R Fo B by AR Ee B Ve
into a reachdsr whkadfirsShedd @ppiagiogn codof éhabdaetor hedyi, it seoehdchdad rcapmdg tleenov al
of overall |ar fl.ow.vol upe i them ni n pressure..dr and .l ow dead

vol ure, DandPRiHs <o pEaeade oty R e RS P B eoT by Sehnariie

pur poses, o@ehmifribl capadatofi prahating lear pebpordsdion redvaor of ungas otrtan dEheof t he
reactor beds that eff e_ct) .t he ﬁ.as treating or .the reactor als?nﬁ %h fl ow
path bet we@PEHEOTRINSsD dREPWRAE foqt ot PThRSE Bt AN RGER HEACTANS lﬁgé?‘ﬁ f1ow
Eai h vol En'lﬁtéé‘a@rﬂtfol rak tw;tf;)ﬁe giststr]lzaﬁn tr@ettags?%iat[e@aﬁmml dﬁrgﬁheg@&@@ggrﬂhe;fltilﬁt He@@EADOT
Cever sal  ofith BT GRY PHTRE TS e T CyeISECET TRt sdetoB st ither by
R L R e
reactor i nverciessl wiredieingf and ppderavang froworlialled r¢soectivatli dy de sdagirong fintplve
present re - =t Qr r t.

e ves. - yLTRAT Py VeI ERTH B AARaBUR) BF IR oy KK Topfiydubvp BOART i e
control | ed séxpnd heady ad/id), ingindicagsteanve @ment idet gahisahicant kestuat isengndrgans  nmay
oy ot uae"SPR O RUPERER SN AR R SRK-RE R IERPGH T teed BORRRRSIesit o he
di sk el ®nmemtad siddino ase roidi@bogde andebithdravsihgpesatt@sgond gdslsirgini @adn the redctor

Cont | bur at Dot SABHOGY OF AE® Deues TR ST5et SETwat SuBCr e u e et s < ne
reactor heggherciMiatd PkBduealoVa vatiardd8nd! &8 Gohielicl FsPetidb1a BB e cated SniiE

2011/ 149635PCT/ US2011/ 035553 .
poppet valve or other intake flow control means located in the second head and at least one
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wi th mani fol ding outside the valves to carry feeds and products to and from
the valves. [0024] Reverse-flow reactors, and even regenerative heat
exchangerw 20ypide@b| y perform sone treatnment to the gase@sTiusae11fa3ss3

t hrough. When flow is reversed, regions near an inlet beconme regions near
an outlet, and gas conpositions or conditions that are typical of inlet 5
conditions for one step are suddenly proximate to, and even flow into, the
outl et of the subsequent step. For asymmetric reverse-flow reactors, gasses
inalter nateéhaslttépﬁpeﬁﬁw%@c%teffylthﬁ fipdicadht . I npurities in one step may be

i nappropri ﬁﬂﬂﬁbﬁs@me;ﬁ@@ g@;ﬂ\ﬂ;;t eam reformng a regeneration
st ream may ile reformng streans nay be
conposed mpmllll)}/ ofFIdayrlrs@genusuamh ofesi dyrametox Ygerme flloomeicgenier atingls heay 10
be probl emat cont am n the ref orm roduct hydr ogen. The

c as a
extent of tahﬁigss%aﬁ‘tda VAT SCEH SWH%t‘?gn?ﬂﬂ?ﬂdtﬂl tlhhp‘teheé“ BY¥Rt techni ques
by provisdi 28| r eaed or 1stahlatluslﬁhmﬂ%f2&5as§zlhﬁetvle|ré&f§ﬁse9fow91@§c$&&wﬁlh@5po§1ﬁ§rﬂw in
the reactor at the end of a step. Additional steps may be taken to mtigate
t he extent eqdm%atétocatedgekvecaaterl%%and maeifeldapacoidingly wecpladgant &f thehe end
of one stepdG&lifidpat e probl ematic conponents. In the above-mentioned 15
steam reform ng exanple, inert gas may be introduced into the reactor to
sweep resi dURI] oxygen’ oun iBeftiotien eyl aémigich yaid m@@fpldmmﬂ‘smtatﬂdemt@mﬂgt ng
gases nay ?eac{onheaaqgr %g 1n§ egctgld acc&rd%n%o ar® eer%tpsod?f entt Fthg Ol%Qe%tt 1n\\/79nt1ogs
described inh I'S i1t duced v nor e conventi onal
means, suclioig] co rmﬂ(ﬂj 48 apaﬂssmagort Wlwg@mﬁlm hmaﬁlmm‘fmlctshncmp@ated) v & dtsh@hal

process val yes d i folds | ocated tside the head. Achievi

e or i 1y clptmEacybPher fyiraeiGRbEe B iarel HoolE s GuSams b 3 °For
purgi ng st peRem idvidadonf or reacting streams because there is reduced
expectation of treating these purging streams. Alternatively, accommodation
may be mad@ERANLED DEXCRIPTION:essing for contaninants that arise due to
cycling. F a r. st eam
O 0 o B0 Sy RRRRON DAL RIS, LR BAEH P B o, <t o2

25 of asscatraluydd qper oweiatherolinme Iteltteeehltlunevags&s atdrehatorbedsitvith extandeid vglve ﬂtﬁd The

magni t ude of po .eactor treat nts n e magni t ude of

e e A D S A A R AR

mM ninzes wRneoBsadaYy Gaserod waESS ﬁlﬁ&ldjlrd’agtov\/lhfeliﬂ Suchea deagd @fin chii did n a
first aspect as. earlier noted, fj(]'ioese invention relates to a {Oeactor

30 conpri sitHgdugiongng E"&&V@rOfBB%W lat)se Y YHUPCSEEHM VI UE SEFS W' FrOB APbIMeact or
body; c) athdranurﬁ@ra%ktuhegabaﬁtﬂiang utlffam AL i eioh. dthqﬁaettopu%osése@ dn
partially through said head; and d) a first valve in flow comunication
with salod fllopsnatcwieme corespends|to thegrolung eptsifoos tE 6#gton bedsahint pafiert B Bendi ng
fromthe f ¢ nts,
the term v BB E T L He S D e B e, o R R o
of the reabtdr Tinkiopén Ganm ppthowiwe: @npaures flige lthd tedtinow of gases an th@cra@tctom,n
outside the reac bod nd. throu arti.on of t

val ve seat DHTRE ML RN o AP ShuRES pRr R BT Bl VA S
enbodi ment shrecmonmndmmpemmtmdha of olngleaxdted yltﬁehbpu@hnmﬂmeath%agisﬁnd onmtep tnhe
reactor_ body. In certain enbodi.nents, g conduit can 5 h (Eile mani f ol. ds or
ot her por t MSHRYOGET §iFamof £ POty OF B PRIVIRME 3 MG APURY DU ioge cem s
reactor bogys §Rvwamdsedche if RaGEarstdOdyoppbahg B6WIGBIIoRUTROS@Sn offthcoegeat h”
can be characterjzed as the space within t%te react or through which
reactants éw&yssﬂomrsmﬂftué%fqnew myteeralyst Grie POPPSE Ml VeSt-H{RIGEHY ﬁomlgrprrtga disk

consi sts Ofelehl)entath&%&ﬁﬁes thO¥p R LR IHAR (tflél (AiRe an € RREACLIER A OF WRBLOW
within a solids-fluids contact portion of the reactor bed and 1i) an open
fl ow pat h weheing m@ng Mgy oherptec frarcadt rpécseairdsal ofy) mop baaprredidied. iad papPs) and
the reagto I p p r o} ed.
Typi cal Ty, "4VE P Relifl oif? AMeRPRR: bnE Akl e by B3R Ak
controlli nglerrmhtetsuwlalawe)tt&n(ge(muetriofshaﬂw (pgaoaﬂqumalhonugterrasmamtat (sh:ipen)gomut | et
val ve. traverses betwe |t LL vel s
hrouan T edNoRe" rgis EREVEER CIHERR shsfhedit B9 b iR oo s
(cal | ed pacuthnfidlnwwviticih hhev@hdtoie)cadNdultipler@icoBsn bhated fonRrge dismdtért Hehés
contact with reactor bed contents (called open flow path volunmes). The sum
of pathways within the reactor volume that are accessible to the flow ng
fluid as it passes frominlet valve to-8utlet valve are considered herein
to be the fluid "flow path", and it conprises both packed and open reactor
vol unes. Typically, these two vol umes sumto the total reactor vol une

avail able for flowthat is in between the valves that are on 20 opposi ng
ends of the flow path and are controlllng f|UId row along the row path

o o,




[0027] I n sonme enbodi nents, the first valve has a substantially open
position when fluid flowin the flow path is in a first flow direction and
a subst anwbDabii4ed36sed position when fluid flow in the PCowSp@iio3isssin a
second, opposite flow direction. The reactor can have a first valve pair on
opposite sides of at |least a portion of the flow path, wherein said first
val ve and 5 second valve are each in a substantially open position when

fluid flowin the flowpath is in a first flow direction and a
subst ant i aMith reangfsldingusideitemvaliee o qaryifepds awrpqlvctsﬁ@amd @vmﬁwwlwess ina

second, opp@geite f ]
further co (ﬂﬁ fs ﬂeg%[ysgh&ﬁ?éra{ﬁ%%én (S?i%%tark | ng %pg%ho f&ggéaﬁy Ii)%?&st head
or the sec @mje tremnemtdo aalte gae@sthatpmi tihmlugly thrroﬂu@h lsawﬁsedes%;gms inye ahOnlhiead;

1) athir dbvaolm\{eerei 1n ar aff anfq 2k 20m osmon condhtlon tha?gr utI t1 N r}'tlnleI ling
fluid flow S1°6Hg “EReE 85&% ct 8 AB°°a (S.)lpflon EXE eREY P 6 T He

react or sbodyndittonk Her b]li’ﬂ Etdp Bl Mﬂderjlg pa)xirﬁmas TtdS] andnshen tflo@xinen dhd gutfet @mﬂ&ut si de
the first hﬁgd or the_second head \;ﬁo eastvé)artl al | éf%hrou%il ﬁi’

respect i ve SHESHCHE- KT aéyl?ﬂl%]ﬁ?’tcﬁe‘(?éﬁe W I SWEAS LA RS BPS W PeS/ATd
second condifterent.Omipuatidsi i Pnk Istéhndyl LM ﬂgﬁﬂ[ﬁlafté'lﬁ)rfﬂll@ﬁ‘éxlﬂﬁtdﬂ ek RGPl dinNgeat
portion extended fromthe 15 reactor to the fourth valve. The reactor
can have a'deEERg avi5Resragan rstrwqysl?%gor%ﬂsw festly of artiagen nihilearedorpdig ¢ h
val ve on ORPOS|stRa alslbéj&%lpgged%oslﬂ?%?’thy@rog&r bhPRsRballRE &'%Pe%%ﬁbratibﬂ%iﬂ lin
flow in the secon opposite flow direction wherein % hird val ve and th
fourth Mal ve naehdereatichesi  contamipentaint tihalrtfprr@mgﬁ@ﬂupbhyctrpgm Whe rextepfeof thi§ d
flowin th rst i ially
open posi (AR} obfim R shifutod B pRSE LR LA BES 0 2
flow dir ectrmmmme@ @HbZ@t]hhme oégetswsrthan‘mmdhrmmh@neamdjreatrtbae:tdoof 4 ste@ Ad@lgmnelr at ive

react or Cap t in hr nerativ react or

Cymmetr i o SRRy fiad e PAEh o rlhal! R S REE S Iieby e R e sl ot B
Symetric @ugkést tag end aneaiebyo bisRidath Qrobllhait lculﬁbohemsl On e @bhermdtioned

chem stry, exarrp#es bei n enerative ther oxi dation (RTO and

25aut ot Rer F&EM TEGRRE ﬁéa’% &eﬂ [E8D3WY 145 Bt ede%% CHiSHLY, oy e &gl is a

regener at i \Rydegaat Btore dP@Rhife 8drORa mMnu RSy, Phref RAKHE My BEENEYRk&BuiY ch
are asymmetric, i.e., an asymretric reverse flowreactor, in which the

cheni stry @ddifensdtqiopl bhaaprss valvesoteserihgd in thinenplisttiop, prmmnhe iyrefced gia

di rect i onakhl Qi ARUITCHELS UGl &% SRR (HSER WBofACRHY GefRIQMACHRLS

chem stry, rnand t V&Eelgglnraed n30 endot hermulc (Phegl%st r?‘% pai ?gﬁ o ©

di fferent @htevwntsanay pr¢¢a$s lvdmx@mmemamfcldﬁ tly@tqﬂabutyld@dhbmad oﬁyhle‘ong)rh@gh de
heat of reg I tion

cycl es Ar e"fc}@? 0? be glogd’r %%:ggsggﬁéed ety maé’ B r e Ss{mpr?%%n&fr S‘ﬁ% 6%‘?%@%33%
(PSR). An alslyinﬁnsetréalcnng stveans ebebauowy thieea it ffrdud:e;dpetxrpadthtwnhﬁstranng nheat pligting

forward flowthat,is . : : :
strecams.  Alternatively, accommodation may be made in post-reactor processing for

contaminants that arise due to cycling. For example, hydrocarbon that remains in the reactor
after a steam reforming step may be managed as a combustion product contaminant by means
25 of a catalytic converter in the flue gas to burn out remaining fuel. The magnitude of post
reactor treatments, and/or the magnitude of purging requirements is minimized by use of a
reactor, as disclosed herein, that minimizes unnecessary gas volumes residing within the
reactor.
[0025] In a first aspect, as earlier noted, the present invention relates to a reactor
30  comprising: a) a reactor body; b) a first head engaged with said reactor body; c¢) a first
conduit extending from outside said head to at least partially through said head; and d) a first
valve in flow communication with said first conduit controlling fluid flow along a flow path

extending from the first valve and through the reactor body. In certain embodiments, the term
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WO 2011/ 149635PCT/ US2011/ 035553 supplied by a reactant, which is different
than that provided by an inlet for the reverse flow For exanple,

Pr essur e-\8@i2ng/Red36r mi ng (PSR) is a process which provi #€3/tsr01008%65%i ng gas
as one of its reactants in an inlet for forward fl ow and a

hydr ocar bon- st eam gas m xture as a second reactant suppl yi ng an inlet for
reverse flow of the reactor. Mdre than one reactant may 5 be introduced in
the forward flow direction to provide a conbined forward flow, as well as a
di fferent Cerngninadoseribenthopenartions oé thiericactos whish spiseroyidewpath ferdiuid flow &ropy ovi de
a conbi ned r
requires théﬁ%?ﬁg&%%giﬁﬁgﬁiP%?ﬁ%%%ﬂﬁﬁﬁhﬁan§g§gﬁgFﬁ€ %¥2%2§g£$f 6&?%%4€er in
conposi t i orssofieRad Withrthohdadr topablade neatos bodyhén soezcndod weempys aseu;luometeods mor e
addi ti onal Val Vt%? t roucl%1 h%?lea !l nﬁllrﬁ\olvth%oreac orr"bc(?t ?ggert\annte%lb% 1me Sal ttlca{nSt
second, thi’f ryP FER© Q8 O VicaS R | onal” con ng at

| east part ina:llddy rhdni foldg hor sahed pactibing iod miad reeaadﬂnatt pwde ﬁsmleﬂdsw \fmnheadlde the

o ol onay aeRRRCE Wi BYeadhor Pory Porracr haossan R b ﬁaﬁvﬁv{e%g g

a portion exiengRd Wit E’&ctroﬁﬁcﬁ&%h vRHhYrehdankd hdf 0@ pRIIGE L ‘ﬂ@wV"ﬂllleV'ﬁbluﬂl@oﬁ hese
enbodi nents, the term"in fl ow communication 15 with" or "in flu

comuni cat ithsr{laxT pask tyipisathscqnsisigiof B@bagked\opouyaleag {feiher Fhaéacterwc{ 'PFd‘BW)

i nterveni ngiMal ¥ 88iRMuRkBhtalt Qo MBERS AP be® RS i & bﬁ@l ﬂév@\ﬁath%ﬂm?cl SO
nmeans flow communi cation within the head or attached nmanifolds, i.e., not
in fluid cofmberchamftonzadcloma bstwsen theevapvetie ragt thﬁlr@wogié@% as swélrﬂselnb@mrnent S
i nclude th at ed
vatves i o TRE MESENAmAACHEL AN BLa PR, CRAC A it iRy ibas AR89 20 B0
into a headeattoomrmghsa d&ltmhmg hﬂatdvaqxazsan&i qut lofrﬁleyearmdhliough anohtmllargochmlst into

aetor ame” T e s b PR SRS b een e BESTHE Hitlsns L s R s Ces 1o

a flow pat lhegd iseaibe@ntidiroougtt whie réd&&ﬁtc@ﬁtebt@(tyalleahﬁcl&ﬂﬁﬂoxfl|paw patfeccan be
used by flows in pboth the forward and revers%(ggl recti o the djrection

dependi Ag &TINKI ¥ r%ail%gs iliitle qRNtact AKith, reagio b nieAt eéhORPa| &% Dathe

closed. 25 5RmeP! EREQIM PUSROTES witdlh thaddbbol Oflahe NS IabcesGRB td e FoRAd
conduit or a secondary conduit, depending on the particul ar reactor |gn

Thus, in sdwis erbprperdinms msiyaiveiqemist vay vacowderadyhsramia §e e fiHidn ﬂOWe same
head) carryahheng ?t%mbﬁ?e%tbéfﬂtpa%ed%ﬂé oﬁénﬁ%@c@&r%ﬁm%@efﬂc%u& Qhé%@%fvolﬁrﬁ@s?’zl The
term'’ oper ate 1In p ase" as used here and el sewhere thr oug hout the pr esent
30 speci fi sanitothertefahteasior wltmp apilablorier flow dtat waih\bebveon tltwlws tlmbla@ @ut | et
val ves gpe n I g | 1y 2t hey . t 80%
over | ang sgl}p |‘g“d§t9f38@/o g;g/‘gr ahﬁ%{imaatr‘%] Cfﬁtgcgﬁ ) 2191 fda?l% al%géq er%]t0 g?&l

conpl etely Gonvqnﬁmﬂg,) SuCF@’Dlumeambl mrasoedsind ealcnigtet] hetlt vateesi intobosvd bodtionisng

whi ch a va in a.certain.sta i .e. open or closed, . at Ieas 80% say
o Vo 201 VTS s Pe a0 P o b e pirGieGhTh F AT oAb R TP
comon to abdsideaddvesbd patt & @thet MoRphpaR. volunt Bédagve RMHQ@L RBfcRd thel @d}ances
on val ve phasi nﬁ%{are tighter to enable the aI | owance of less tine in

bet ween vaPWR“EHENYRS raysh thiges BripBthiationt ¥OlugshSrcae i dt e O ikebasiit & val
during whi glngie\\8haeankS of @A NGt &labior borfponc@PERIIHE: &rsoﬁh§§ﬂer}9asoﬁaﬁalyl east
80% preferably at | east 90% of that 5 tinme interval 1s common to all

val ves t hapregimate foflyid ew pathy, proferpllyprp Eptesgilere Hes 2epntigser gerakizern a fluid

t echni ques g valyes that are in phase may have a range of tine to begin the
travel fromopen to close. As an exanple, the first valve may begi n opening
at time O &0026f he If sorad emladd\ideeﬂtmoﬁtheirszamnpthasalcrmy‘urﬂegi:cvmp:r'psemtrigasabnesorre
time in the.future a smal r on of tlne or
n"sone. entbibieatOhy EBEGE s aBlRicior 56 Dohaied Pl ¥ EpERE b e
fluid fdoowooridpds firktdRadsrdheiccent icad to dw’&iamq&rttahﬁthrarg(h shid r&b&&ﬁeﬂ’f&w ard may

not open to the sane |ift height. For valves that a elght
fromthe v& ¢e°HEnabRe" Hloghe m‘i“ll‘faﬁlo’ﬁéﬁ“ﬁ‘h%aldt %?C?Wec‘i?g}”véo‘ﬁloﬁﬁlgt fflu‘é}

lift hei ghtionk bR floavyRst inblufifag BRb@0A XY ErotONO reh @020 %th@‘s’&'@n@@a%@f | ' ft
hei ght of the valve with the highest lift height. [0033] The flrst condui t
may pierce the upper external surface of the head, while the 15 "additi onal
conduit™ can be contained entirely within the head, al t hough the actuation
mechani sm of the additional conduit's associated valve can, in sone

enbodi ments, pierce the head in which i®resides. Alternately, this

associ ated val ve can be actuated by the sanme nmechani smthat activates the
primary conduit's associ ated valve. During operation, these enbodi nents of
the reactor typically conprise four basic primary conduits for: forward
flom120 |nIet (or |ntake) formard f|OMIOUt|et (or exhaust) reverse flow

T o o r o o, g,



30 and the volune of the flow path consists of i) a packed flow path vol une
within a solids-fluids contact portion of the reactor bed and ii) an open
fl ow pat woabumdset ween t he val ve(s) and the reactor bedT/Usg0mmBissHs any
open flow portion within the reactor bed. Typically, the packed flow path
vol ume conprises the volume in the reactor bed that is at a W

2011/ 149635PCT/ US2011/ 035553 di stance less than 2 cmfroma solids-fluid
contact surface, preferably less than 1 cmfroma solids-fluid contact
surface. Dé02dkbd &% sapcembadiecngadedustivabig/hpos Frbyentiphy dpercpesdims et Hlugb| i d
and fluid t Typi It r | k

Vol ure of The s kA e A% R e an e P B e P g
whi ch t he filowi dshaflewfatwsny.a sthed5omokitdfow |died®nc G srettop ot hayn aoffirst he
reactor bed typi.cally has. tted are reater than 0.5 cnR/.cnB .in all

Feg ons of " BuES omhaGyts HEN S8 PHFRuERRE il AR e FEE TR ol e
herei n reprasadtadvd fre eavhéa a Qfibstahtidlty/ poh pekithmurida fiuasiiow inthe flaw pathtis \wal ume,
di vided by that unit. volynme. As used in the present disclosyre, "weited"
oty oo B Greeiongad SR Rore e SRR T & SRR Bt il v
contact W koad app&itk fiewldidétbnsuch as water. The wetted 10 area is al so
known in the art as packiqgésurface area, and sonetines as geonetric

surface ar é¥28hnd It sommerBRsiBed: i reartordpther gomprereyide afthigd epndeit pjending
boundari es gofh Ghaad ﬁie_sﬁrgtlfl%tad gf Ehel S%L&l\aaﬁétal tug aPithdt pfalltfamr] &ﬁ}&&gﬁgﬁf&ié Rep Rk As

such, wetted area typica oes not include area w in any mcro pores

t hat might hiasl; wi ¢ tind yeliekih digwogomphzeaatdn weth [seid thind sendwit epifodiingenid flowhe

ratio of t . val t v, | e t han
2 oyt er anryERETo B RER ik AR LRRAAIR bk AR Pl P
measur ed byowthl @uthat ¢xepdingafrony ohtside thenfitshigeafl loothepatdndviteed & at 1sast pasalfyl ui ds
contact occurs.,as.a fluid.passes.through fhe reactor body. en.fl ow path
ol condtthinaitemsthe BRRGET Kb TR Al PR G Pt sl et o
body and caonduitcdodtiellin® fluinflyw tahdg &hs Plawesath hetuldihgr £p6:tiof clelied alay eheand
bel ow a reactor bed, but also regions within the reactor bed wherein,

sol i ds- Pl uifgstoE Bpdvalorthe Swethngtve actey ggn haygya s¢ceneh yaly RUE CYRPIEIRE Bither

zones W t higQirdt 8vd BRICLAT A WAL R dpp6diesidd 3 as 1LV heHing of Ml MRS gaiol i ds
contact with the flowing fluids along the flow path. As a matter o

conveni encé&ontebleng vy thatasondo Ppiesits Bow dipctian Whcresnhe third valve indthe fothves in
their clos ! : : I . I

compri ses 47T Rod Bo Fur ot o SIRE G QRS i EERN PR
exchange. $uttflogoliicciamendiin abwstantmllyepecpe@dionovlive fldur by @ thgldowethtine
physic and chenm cal . dit.ions within the reactor and can include
netall?%, g%ﬁ%%éay0999“%&&3?%“%%%%nding on the type of reaction intended.

For exanpl ¢0028] | owetertatnpealindnes, Steaaattaras o rageimgatoe redceava@bRakiopgrating
application.&a use netal or siliﬁg-alunina materials, while %ﬁ .

hi gher - t enPaPat sy F SPAFL LYFBR YU RErYINSHG: div- ptifh (87 samenehegisiy or
conponent s reabfiéh S rdodt WilctWnst BemiRARet BycldieareCBPicaE| Udee fBr GEBfivedl nidi Ng
zone including mxing nmeans, e.g., those of the reactor bed described in
U.S. Publ i SKaBermig efhemgpi if‘éamplgﬁ PRing i CateEH YNothenmh 7 peidatipg4 GRTO)  and
incorpqgatggmﬁ@&&h%ﬂ%&ﬁgﬁ@ﬁ nce. In certain enbodi nents, at |east one of
the valves i s a poppet valve conprising a disk elenent connected to a val ve
stem WO 2000801 4948 5hOTnSRORAN) IB5R3Ctel i rpetagencitize popipecapeble\wé ogéraing

el ement ty Q&%i%%lg,%e\ﬁeﬁﬁe %rcﬁeg rvﬁffil&learé g{),nﬂlgetﬁtl& § cPlf ﬁ%%etﬁg AGLRE ﬂ%%{dre%f&f €

simlar to encountered 1 n 1 nternal 'coitbusti on engi nes. The sufface of
t he di sk elwdibnthe clamiliey sulbsdt@ntchalgey accouding, tofaach stemin thg cyele,corsiiosticnlt i al | y

oun P I CSAREE 3SR BLARISE, 1 DS-LEL AR bty s

per f or r@ncen@iigirmMRSchebiitg 8 Utalrad evithiad datksent Lehlsal thdt ipre@bthératc (dypicaBrt ai n
enbodi nent s mﬂerein t he Q&gﬁet yflve,disk el enrent may have a surface that
i's profil edOPHREPY & PoRItYardtty O &Fe4H9N dOF 4% KRIGHERICh PacH T B of
operates. LAQIRIHiO c?&.&ear@ nReE BBOSy pidd&s&UiddasSssafe e PAPREhe YRIY&ed S

e

substantial I'y paral to the proximal reactor surface. Qther suitable

val ves for (ﬁ'@. PnesERmetis dRYArUREY apastok avgelly dag an iHefster &frwand; flaw ithet ihe art
and can include rotary val ves sl eeve val ves, slide valves, plunger valves
and butterfly valves. The valves are made of a suitable material that can
withstand the conditions such as tenperdture, steam and/or reactant
exposure, pressures, reactor nmaintenance schedul es, etc. encountered for a
specific valve location within the reactor. For extreme high tenperature
conditions ceram cs can be used, while netallic valves are suitable 15 for
nost applications below this tenperature. Depending on the reactor design,
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25 enbodinments to control resulting different flow patterns and fills up
addi tional dead space in the reactor. [0037]In certain other enbodinents, a
gas di st rwbubari4p@sshani sm may be positioned between thePcalusesi 1asdsbed
surface. An exanple gas distributor nechanismis described in U S. Patent
Application Publication No. 2007/0144940. The gas distributor nmechani sm may
30 function to direct gas to select channels within the bed. In a preferred

enbodi ment, the spacing between the fully-open valves and the bed surface,
such as betuantied By p Geap@Lsichtingifigreakthar teeprovidedetrinict fordhe wacsuflewci ent

space for sych,digl He?éﬁfré)ﬁ\%m lﬂ%\f@ug‘{%(ljgﬁgls RSR0CEni P&Uﬁi@s %&P@Eihé@%\mas

wel | as other reactor featur S support structures
2011/ 149635P0W @S@OQ@I@BE@@@ ine o forwand Sowadil falhedtogqmam vigpag/noRturesstd t i n

the selection eag C{su rpm?et Pog ré%ftert %w of Q:erg:ac Of ta%eon I;eft%{ltrn%g

range. [Ooéﬁpjo ypi cal ypphflﬂ%ad stance "during opera |on0r8ﬂfween he poﬁ'pet
val ve diSSkb@hIﬂﬂmmIedﬁﬂﬂlE fatvapt Bdw Heettion id @oeids accbrhlmnédﬂohyarmpﬁlew posé¢lt asan and
the reactor,. hed surface is 0%. of .t he di sk el enent

di amet er, Fﬁ“ff‘éﬂt By magiy \%é"r?c%‘i%lang ge,‘o;crsgff%? éf”aftéol? 9 RioNidE WPURREEt . The
poppet val \f@veish‘@lfl@af' Iy afP Bk, SRSmeheRRPR s BbW Gedtt R Me@liREBRY: ,thOEorhBifled
extending to a |l ocation outside its head. The val ve stem can be surrounded

by a bushi rﬁ‘@fwa’fflcﬁ%‘faf\f‘eﬂ%’é“’ﬁ@ufﬁé“?ﬂi)‘(‘flﬁhf&fW%Slg%port of the valve while

al I owi ng TENt 1Rb@RPeRbddiRER, tﬂé%:ﬁt&rc&oglﬂh% oAy mbRe RAMBNAAIRSS, 8GRI S
the valve during operation. In some 10 enbodi nents, a valve stemseal is

associ aved imifloly edremym¢agien syignpne ofy said r iy, @&@mﬂ,n@llrés of dourtap¢angdhitsy vigean i n
reci procat Ia@cﬂtl(gn%[r@é‘e 8 FndnPat ﬁ’%gth?a%allg%%ﬁglsﬁmd'aﬁgﬁ%ﬁ ctbﬂcﬁﬁtashl%gpsecf’i’v yal ve

stem seal can sane as-a r vafFve gui oug separ at e
val ve seal hesl, bpsstingus pbptei vatheartyoothweaalvieninuged cpOBBiFdtionceirtt siidaditomdi ment s

of the reacto each val ve,is,asspci ated with.an externa ce S|ble
Ol v soar cymlut i lhtingyi 18 3RGE e bR a g o i PR IR e or
out | et fromattoebsdac tiarredpactiveantieiIa tlseeablﬁsbcﬁlﬁeﬂté)ehehelald"lbyloawmmtca@dre

seal i ng m::anélh e.g. @ asket which is held jn place by the flange

att achi ig & @Al \P‘eﬂ‘a § “9lc%tl9ni"t’ r%‘?ﬁ‘ééﬁ figeet| We‘{omwnﬂ‘é‘PﬂIétllevé’flf}lo‘“t he

val ve assenmfityefid) viReR bl afRedidsArd hiRas€ BReGHir®ink M, MidRaldo iMdadd e
| ocki ng nechanism e.g. a turn-to-lock or bayonet mechanism In other

enbodi ment §ommpgicaipn et e ae o asechph graifeldyd iien nph@ fhdd gowapaicatioa r om
the valve ﬁ}&%&n&ltﬂe Xct&lsffov&pf;atﬁ ty’ugﬁi cfnﬂ { 1n91'i1§?§1? éﬁ%cﬁhtmﬂﬁl c%}{ d,\tl
0 0040 nment s,

machi ni ng the valve seat I1nto t Itse In sonme enbo
t he poppet cyayive ﬂ@mirm@r lutss@socaatbd rvielmsl i la@ttaglafcrmmhe withiny 8s SeaimFengergaddblee wi t h

an act ugt ot OIECﬁ)llt ]?16% ) elaﬁ) %rgmtorﬁ%ﬂée&le eag gals %yu Ot%dlcljllt)%ﬁél éra’ﬂa] S igher eto.

The actUat 6F he of pneuna at e auli ca
act uat ed, andao?é"zelhﬁmhxlm@ne‘t (ccresle&mda@/taoadhed) extmcbrtg ioe@ﬁféremtn@l‘d:s rvﬂﬁcth on.

e e R T

spring, inbe@y trak @arﬁé’fﬂ@\dlpﬁﬁrﬁaﬁ be %s@l by ﬂwsmnaooﬂlaihveorwaas:magfe&za'r@saue&rbns
al ternate actuyation approach enpl oys a common actuator on |inearly aligned
plural val Weddigtighgleretsling qslawliliﬂbml‘éﬁs i thiTeRctar 81k PER Aihyhich valves are Closed.

25 For present purposes, an "additional conduit” can be a primary conduit or a secondary
conduit, depending on the particular reactor design. Thus, in some embodiments two
neighboring valves (typically within the same head) carry the same reactant or gas stream and
operate in phase.

[0032] The term "operate in phase” as used here and elsewhere throughout the present

30 specification relates to two or more inlet valves or two or more outlet valves opening and
closing substantially together, say, with at least 80% overlap, say at least 90% overlap
(with 100% overlap being identical or completely in phase). For example, considering the

time interval during which a valve is in a certain state, i.e. open or closed, at least 80%, say at
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30[ 0041] Poppet val ves in certain enbodi nents can conprise a circul ar disk
el ement connected to a solid cylindrical stemelenent. D aneter of the
poppet (DpP 208wlasessi pt " P for poppet val ve) can be nea®aTAd2@andss3t he
disk elenent. Lift, (Lp) can be neasured as the distance that the poppet
valve is translated to create open area for flow. An assenbly of WD
2011/ 149635PCT/ US2011/ 035553 poppet val ves can al so be characterized in

terms of the s&}0|ng between the val ves. The spacing (Sp) describes the
center to &Bpt &% sabitnigme THeal jsfcomppone tpu all Vdvasfrétaérare( Bp)pha%ﬁ el plige a

spaci ng th%hlbbcﬁm@fﬁ@%ﬂ n&I% 'Vafvg S%I{rg arﬁtlgﬂt z,auwfncs 16930@{2% di sk

el ements may | ust touch each oth C|rcu erence. ve spaci ng,
or spaci ng bbetweervediavgs, 16m@émnﬁedmhaﬁaumsﬂmz@ﬁhagmtm@mw§nm@ngwékmemter

nmeasur enent _of .the val v 88 ;as a berce t .of the { t he
Darves got vaPs iR ARe 80 BoRFE SR ol MR W ol BIRY sl SR e 8 | 0
i nsi de of tire ineaat 6reonasonel dll advaa thmraset i‘1uqiham1 |It1y:ertaaﬁ genbodinichte obuliesi de.

Mor eover, |ar l.ve s create concerns abo a suff.iciency
Ana 71 ow aPENATEE s RS HHEaBab o B8 Bsdiiy eegu i Boephiia ot fefhg
shoul d bal ap&frotchrs eAORPO&IDE, hREkQRSEIve ﬁm?@bgm ofhnirdghi tik@ 0Vedll MRSfinlaBvalve
typically between 120% and 400% of the val ve di aneter referably bet ween

140% and 200% SEBf PhesaBrh§ed PREBE a) apedmefn e #‘wtélieémétyrza?aé!w@ﬁé}a frapigon

average di %Pﬁie%lv@f%?erpﬁm%ﬁﬁl RnePmbodMents iR ‘Parl&‘efﬁieﬁﬁg tﬁi%?&ﬁd‘élﬂlal{é@'tlﬁees to
each of the adjacent valves on a given head, regardl ess of whether those

val ves ©ar syme Heid Somecostpogtion and difegtionotV ab’ﬁb‘él@‘t g it plgse may hr Bhy néfeoparjoacent

val ves has gk 5l PP NncOUR Lt 1) SnBLSEERASH i SACD S ddfurd acent

val ves hav spacin e range provi n certain
enbodi nent gift lehpbt ©i the vdlea wplo ﬂpébwasallfl dsights feddadse tftweight mayplar davwautb 20%head

by 12096 t 0 DG Br e gt ol st My Sh OB LS et o amoter |

erfergbIK[mepcedhgeﬂmamn&ﬁtﬁﬁﬁ&ﬂﬁabme1@9&6&mﬁﬁﬂgﬁﬁm%(ﬁhﬁeawﬂra@ﬁeWMppet
val ve di sk el ement diapeter. 20[ 004 one _enbod| nent t he reactor
provi def§ at? ﬂ|dé%9§ﬁ gondugyt cat} yoe Lcapiamg f‘p‘i‘FléeZ%le@“HF}&?p epd, elthughtthe, AR Ugh a

val ve of f rohahimt @fM&fditgﬁlaltdaﬁdm@s%;&ratdd%%r&aﬁ IPERRSHIR IFAQR, plelck 1@ ratio
of total stream poppet valve flow area for one of an inlet streamand an

out| et stréeah towhishdt ewides. ohtearatly.rlivgistrgiatadoralumsanobaecyated by the pppet
cquat i on 1 (G el B Balbu Rt rahan e i EE ) e oS b oy ¢
(Dpni N) [ ceinbedioedy eBthe rewc0a 06BRy F@m}rcsb feur yhee erirmyicghduit@\fprafowardifbpwét er
1y e 4R PR, SOASNE IR R T UL, LR
1. 8657*DB [flo@ebytlee Zo36HApsthxyitl] atrleast dnd9@Ve bebg LbSEtRR {thh”] @2zh. alnnhuetice DB
:_; / f ::)SW ?{ Eglbgc!hr%gr%g er¥10re r‘;'hatnho%e l\Jlelvé ganI ti)’leda{sscoacga e Wlﬂl tqeast 0 Lcleaorfethebtga%l%kceoE(?ultsI v)
An additional valve increases the capacity of the conduit with which it is associated.
Typically, valves associated with a particular primary conduit or its associated secondary
25 conduit are operated together substantially in phase to provide a flow in one direction along a
specific flow path. Certain embodiments of the reactor utilize only primary conduits,
extending outside the head, with no secondary conduits present. This improves case of
servicing the associated valves which are accessible from outside the reactor.
[0034] In certain embodiments of the reactor, the reactor body comprises a reactor bed,
30 and the volume of the flow path consists of 1) a packed flow path volume within a solids-
fluids contact portion of the reactor bed and ii) an open flow path volume between the

valve(s) and the reactor bed, as well as any open flow portion within the reactor bed.

Typically, the packed flow path volume comprises the volume in the reactor bed that is at a
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ratio of valve lift to poppet dianeter) ranges between 3% and 25% and v)
valve lift times of at least 50 mlliseconds. As may be appreciated, the
poppet flwo2area9d3pH rel ates to the WO 2011/ 149635PCT/ UBROABLA3IHFHS3

di aneter, the lift and the nunber of valves, and is defined by the equation
3 (e3) below ApFT - NFT*71*DPFT*LPFT, e3, where FT is "forward flowinlet,"
Ais area, Nis nunber of valves, Dis dianeter, and L is lift. [0044]
Typically, the reactor provides at |east one of: i) a valve pressure drop
as fluid 5dfsraegslesntheugemaranapvelidstilui¢ enntasosursca pogferrbly tess thaadtwt fiowteer nal
pressure drsglms—ﬂu'ic) c&t{f@tshl@acg.f Pgﬁﬁeﬂlassstu&fatﬂé gblkggrﬂo%a\ﬂ? VI)lluﬁ)lW iREdks fb%{h one
of an inlet streamand an outlet streamto reactor flow area ranging from
2% to 20% solid yndalypdppeme whing ¢hodilampttbr Thpicolbe it mpmientsrthe bulkigolpDg reEvhe

[inches] = 0.1484 + 0.4876*DB [feet]. . where DB jis.flow ar.ea di.anet in
oot cand AT sl Fordiupt Bl ey BLPy Ragh §rien P ALEEBTRL Lo o
DB i s flsowsdi®RdluB)l dhaoepetion of theetactor Byd typicalDphay( 4 hett¢dadrto gehter taw ®.5 | f t

to poppet di aneter) ranges .between 5% and 20% v) valve lift time

bet ween 106™dAd gb%” FREG1S L SEH ROriaB ! %F";a“'%%“ﬁgﬂﬁe&gr& YOrd 2@ A3 dpoppet
val ve fl ownhafeRarehedend thadrbd S/ sd1iAlRIn@HESRTNiA R vaH vbRineSdivRadDb§ thaf @ACt Or
flow area is between 1% to 30% preferably between 2% and 20% [0045] The
reactor inveBPEafthuSHIDERRENEY disslesuir.s ooied crmpliaicans pdaterfiecsprasn diid he 15
di stance, Qhd G anliN@hotl Mcahl RALPH LBIAMLEHN rabsged?ﬁmﬂﬁh s@0Fast e € RAkdI NY.
For instance, open gap (Go) is the distance between the reactor bed surface
and t helof | ateady alpe howietn harftaseadiing hefaso piset andhameties acgegetrivesupeexi mal
react or beqreﬁ,uaﬁ%euﬁéfaﬁfboh Hﬁ H@l1Eo! iﬁclﬁ@eﬁ}nd?s@ﬂd %‘Sﬁdr?%ﬁet Dleclféh&?se%ag% (GO
as the distance en the valve is closed. I'n nany enbodi nents (such as

i 11 ustrat edelevantioGulkdilow higoughf the bedic'es duel, weettad tatve Sypicadlly Wless (@ondlole drea equal

to lift, L. .20 [0046] The use.of. poppet val ves, enabl igh flow.rates by
reans of ¢ TGRS LG o SEPE ra Eud G REN T el upEh D enna.
l(:l ow a; ea it Igtlemefrtlaé ?yenm\patla%luﬂnetqopaaml owpath helumaﬁéllﬁss(l‘thirﬁ}miﬁéremg,e
7c*Dp) and val v ift . IL.n poppet valves, as in ofher valves, there is
sone re‘duc??SB%aB?)'spIPé“s@a:T@%"(Q?gl V@wﬁgﬂse@gml H?%b‘)edtbﬁé‘?f%l&%ﬁ g otime, iy

f1 ows throughadwWifatly dh¥@in sSlile-fald dontdeDN8IcBrsia§ a TRl RESYiRoHhQR: fh@br REAGUr S as

fluid flows through the flow g\ath 25 conpri si n? the reactor internal
contents béPaedavinid valresonsinuieyitheaismaindeirferofusre inree Aaw ipathat thearegetor
pressure digg, §f éaﬂ?iﬁﬂu(fe%@toﬁfy RELSPICE i HRRRARDY ?ygaﬁc% PALEBG NBaQbr
opposi ng factors, w't ow val've pressure drop preferred for flow

di stri buti dad kit Hioregihes Wwidkn thereackir gbd whérvie sphdssbudsecodtaotplopy eft@equeck-.or

hi gh flow rat. | er/ val ves. | e r 1S

typical Ty BOLRECRNG Ry Fhonefs ol 3R hor ped Fokf BOESRHES BBl

pr ef er abl y intBthtdb edhdsecontds avich 2QR%flowvingeflcitioralingt the nfidw prads sAly @ diaog. of

[ 0047] Many applications.of the poppet valve reverse flow reactors are
havant ages GaPEE PRIGHCT R BerRERDP B BByt Yo PR ander sPhEhch
stream as pegicaRt of the reactor flow area, with each stream s poppet valve

fl ow area bej n? cal cul ated fromthe nunber and WO o
2011/ 149633BBTF USID 191D SBBSEMER Sy e treactasrbed [rampHtss &t fixed) RdsCah COMRISING r eam

and W th reqet RhtefihioMpahiedrRhCilcRiRE SRhlHBd ThASTISHCILRBRY @heaupdid he
reactor bed that is accepting or discharging the flow. For exanple,

consi der i ngganss ghe plfysiFiansoghsaical gondateong whehire thieTreactdroangleed ingipdst ipeteligt ar e
erving th e t 4l . fl i - 1 h j i on,
The toral | sanniet WLIRE' prelalil o' B AR B oSfipd PoA@IBiOplw Bt ULIGE O

cyl i ndri calteneeatirostcamirtforniingwr sttomgrackieg eplicaicher gy aseinsgtal DB silsa-thieilzped

di aneter, and cons ent]y, 1/.4 2 is the reactor flow area. .A typi.cal
autabre r THGEeRoIHE R e el PblSianfRGhpaen VB BeF i ar b
react orsof | oumpsneats bahanartropPOsiregtdr et eus ittidd aeSnpilasiingezode aluditye
nunber and si.ze of valves for _each particul ar . t ..oyt et stream can be
chosen to PHOVE &Y Far itI&PS%P£B‘66?f§{0r??SC’ Gﬁc?lPeva‘liLg-aP @h?hegtﬁﬁ%‘t gBRHCatHO“i nl et
or 10 outl @{pisali&aNb I WOTO44920, ihé RYorAEE BerBiRtnyaeRrchds. 10 cR cobRfrednah by ,

bet ween 2% and 20% In other words, flow through the poppet valve flow area
for forwar deasy wof Hieaplveyis pegpies ¥alys eamnsistng etdikateniat epapogiethio 2optvs sy,
preferably, between 2% and 20% as a percentage of reactor flow area. Many
applications of the reverse flow reactor_ in sonme of the enbodi nents are

advant ageously specified in terms of th& specific poppet valve diameter and
lift. Poppet



15 val ve dianeter (Dp) is advantageously specified in proportion to the

di aneter (DB) of the reactor flow area. For non-cylindrical reactor flow
area, an wqQuoualsesss di aneter nmay be conputed as (4A/ TcYRCTASSWi3dssE r ange
of dianmeters satisfactorily bal ances the opposing needs for high flow
rates, uniformflow distribution, and m nimal conplexity. Preferred poppet
dianeter is not a sinple fraction of dianeter, but typically varies
continuously as bed 20 di aneter changes. The range of poppet val ve

di ameters @éﬁle@e Thepomrehvady il pamentdyrieallytsfriaNpriggedagingrihei nvormghicagor

( DomAx) . P C ’ )

FUnct ] on of D T L S R AR A28 g
0. 4876* DB [disk]elcamdt DRMEeKsybstaftiatly Irogidl Jor+sedti@6 7 PBsfafitidlly fo@@4gjcainguFoabl e
range for the ratio of.valve lift.(Lp) t 0 t. di.anet er al ances 25
e Fact or g7 Purge Pt Bol e b vl bl oBF PRBhe G T trprol R FORe v
and i nprovéeindea vanaia dlighc parfilr@xice yengivad. Vighid $urface adn als¢ bp/flp br psofiladpi tal |y

bet ween 3% and 25% ..preferabl.y, between 5% and, 20% [0049]Further to.the
Boves dooa PR RIS LR theoBtBe TR RF AT SRt EY S aoors 0o ot
flow area gafilkEnwalidk setwhRllHicRiRE Rithe biching oaRthidhun®RFat@f val ves by the

follow ng 30 geonetric equation: Am = NFI *Th* DPFI *LPH (exarrgl e for one
stream FTI4MBkcr iptomeppladeneys ther walper ofirihepyppetridyaniapstangtineara/ist to

sui tabl e i g, L8RGT RhctbSsrflte. [RBY shitfie TARGHOY 1hd§odsaR @RaRLEA 20 Kh&wn to

speci fications made for other paranmeters. Design according to the

speci f i @at ithose pF okill dedhchart end caneimaluds rataryvwalvee slsenebenhest Hide vBlkamdegsiever al
0pPOST NG OB GEL I BSuerk Gui0ls MR 204 A4 RERPRGTLLTAOHCARTHR ol SWRIar e €

| eads to those valves being larger to satisfy Oow area requlrenments.

Lar ger val veslitieguiuck hartgeperhiufet sstaand dngfogercastalty expvetegaossyréo) reattbrus

i ncreasing the distapce between the reactor..hea nd .t he. r.eact or be

Fosul t1 ng PRGBS G Res MR s MR v A e B B aao
t 0 react or ce@SiicShiginteafehiaturOcontBiohetaricNEnBReed, Whilé GRtalicSvalvidBixe fsGitabe
Exenpl ary designs incorporating these features can _be found in anples 1
and 2, s e mO%gpwi}CeanS%e@Wdth% CPpYBEIRESREVIG IhiheARCHY drtEe ErggFrent s
of the presgrE opddY &IHak@Mhe ddab@Wbdd0dr oﬁshswmgxﬂ%ﬁlttﬁ@}exct&n&!dl C&ah édbdaghsren the
val ve assenbly and the entry into the reactor bed. Mnimzing this ga
advant ageo(f8Ieig the apRAc B3 Ve eress drvashdls ©ree hsd el Rigtempfhbeqguicsofigse o

del et er i 0US,b,0.if EYEH S drQWrk QRGH B e fifd $05%: nPR&sik WrRAL dnd IR | S
associ at ed V?IIEI?% %eﬁle spacder gﬁertwe n tthe prﬂela‘(’i:tor rbee S asﬁ%rl'%ge va%h\}eos. Open

f1 ow pat h wdikrerthe peppeticiengpeons avaayyfrem iblet readtoraied amnyhet proferredfoaltys reasguacki ng,
or heat_transfer solids nd. thu [ OV sentially. no contribution to
Che gasst § aanmelSeiRSorRar «b 0T PR R fRE B aeisln s s MHisR

Wi t hi n t he topemcdnicothe patd ganetatintebyas Biasihg kloswit tspritg. Thie chh owipatthe ased foihus
may be transferred 15 fro ne step to the next when the flow direction is
Teversed orTurLs Dy SUel PEVRLRLE g B them OOt S e ds atregrtiegy PR T ow

direction ipfesedy BliifRE. MORGVA! sutletbedinRas Fstig 10fs ddae spice e e rbdtv@nthdnon
reduce open flow path vol une resul ti ng in | ower purging requirenents and/or
| ower pr odfre FEEE@EPRt Bty RSty dsdhe Fractahad: Adto disEPuthiela st srey
proper tises oRhodiRenP arkdnfie] 8 RG6h oA Ferd dowK R lafld Ry PERBRIEEIcENM RLe in
reformng art and result in unexpected 20 flow distribution properties when
poppet val Wl@sfe@ﬂ_é- used and positioned as specified in the present

| nventi on. \;663% riBYtLom, %Hl%?%gle ﬁl%ff‘tg}a?r hszﬁﬂtri%gt& %Cﬁb?ﬁs%l‘g]a?%te"}ﬁo%ﬂioh&e open
poppet val ve ahd the reactor bed sur acg, my be mnimze n the reactor.
The bed- t obpeppethe veivghind(ied)suffare. il etampkl gae distrébutoy mreckdnlisyn fsrdesoribedert o 80%

of the dia of .the po .. Becau I di stribution.is.less of a
concern 1 o bt AbMRaGERE ey R JEL SR i S BB B Re  gh
can be doessudchan td aiiect Ras tobeddct Qhanhnelt akehiny evied. ThyPppédriey ,enibb@iment, the
bed-t o- poppet . hei ght (Go) for outlet valves ranges from5%to 80% of poppet
di ameter . THSEE By eﬁ’éé“’*r Satag: LS PYSUH wmagaﬁwm%ws%%gésqf thear ger
gaps nmay beisHeRethehOdidGSTPRIRE QuPREN sph@a6E Qich lditrufdd. SHowdeh tisprBRdce
supports or fuel distribution systens. [0051] Valve lift tinmes in a

r epr esent atof vecheRechpiignofs aigllian @thst Feaglor fatees| sushgh Med sErpod Glragpico X Navat el y
0. 004 seconds (4 mlliseconds). Typically these valves are opened utilizing
a camshaft, and the valve opens over a certain crank angle, typically
going fromfully closed to fully open ik approxi mately 25 degrees of
crankshaft rotation. The valves that are used in the reactor may open
utilizing a pneumatic actuator and can be held in the fully open position
for WO 2011/ 149635PCT/ US2011/ 035553



a length of tine before closing. The opening and closing tinme for the

val ves is based on the total cycle tinme for the reactor. Poppet val ves as
used i n swoeotf14pd3¢ enbodi ments of the present inventi omrChaweoiioB3sssi nes
that are unanticipated in the poppet valve engine art. Valve opening timng
i s distinguished because the rate of val ve opening controls velocity
changes 5 within a reverse-fl ow bed system and these changes inpact the
bed performance and durability. Valve Iift times that are too fast, such as
those used rishlt @hgimedificd spasingriddior Fesblt & tha selpesiopof bechvalyewiaring aktde higbaius e
such tinmes pid changes in bed velocity. Typically, the [ift
ti mes of tﬁ%?ég o Sﬁﬁgggbg@greater than 50 mlIliseconds, e.g., between 50
and 1000 nﬂMBBBecdhdsﬂbpM@f@m@hhymbegwe@mﬂmm&nwﬁmt5®©omrtWMs@dbhdbnwmhe
duration of is defi. ift f t he
val ve 1o adewatoSTRsE s i e RIS B PR ot Lt Bnblssd P er ot
two or nnrendea@%omsmsumm,ﬂaamuamamﬁﬁ ﬁﬁﬂﬁdﬂﬁ&@%@&ﬁiEB@aQﬁSO%IOmgwI&Mdhe

forward dirgectio one or re.other reactors ar era in the
overse di FEaEnGRemA ThGREralE arPiHly CPRREn - PR T CBmeReble 1 ow
step for a esaltuﬁaﬁg Na cpctcaﬂ&puﬁmaé% thea R lBEtvaRe%edf cdnhge hidfoahddaysyl € bhinie: (T)
dependi ng on_the nunber of reactors 15and design of the cycle. The |ift
times of t RRYQRYAesSHdmWhigh gEovides mupogtiof thyvaloe pbte allgpng moxemeny alqngra
noted, in %n@a@cﬁﬂlg t8'S ahd1€inPLHSE Qgsek né’ceaﬂt RNVdI&l AbkRe bBerdtidif Aht Yme
conprising: a) a reactor body partially encl osi a reaction and/or heat
exchangé r egbotimeuspy V@V%gtemmalsnatﬁsaoaﬁtqdawﬂytmp\pg@ st openrod rreking ps & f i r st
head cappi d. e
opposi g entant ofa Ty RsirRRREAThRESBE Yor ke (1SRN i GRH RRARRLGIE
proxi mal t etetrealfdan bt thieesaohe asa beghigorprabxiguslk, dlthotdhes spaprdaheadal ankdssa
central re |on @ tﬁosed t her ebet ween, which fixed bed is disposed within
the react or“BEUY'S &wgwﬁﬁﬁises solid material capabl e of pronoting heat
exchange armtl39r I @R cdrta@ierffodan@@SofThd @Radtor, €dchaklvk ea@tocki@l Wills aistat&aiy nl et
associated wth the firs % head. openi ng a patgﬁgéﬁ&hrough the first head and

into thé r@set e Kousscahigatdits Wahig s geigediiys nd BAGHOr By 9g Pu{L drops Wi t h
the secondtﬁ&@&t&%m Bl i@ s@ddNYae Heh @By 5&3@11&@&@5@1@%%58@9 5%‘!59&%1&11"‘9
second head; f) at 1east one inlet pet val ve control he gas stream
inlet and intelr i @&CWttYht}tehﬂa%aéltta&gl§éc‘ihat‘é‘éVeV\PQShmblbietq P epspeﬁtﬁ@ invgtet
poppet val v l; one
i ot pophacraaTipe To® el cof bPEhURLAPE Lo ATl o Bl ATR, 11
t he head aggnmmaMEdgmktmnﬁmhmbutb%@nmthhmuﬂhdn0ﬁ®pp@bmmmhuetbnw@wasmhg a
linearly a al v S ne a ageabl e
wtht hz\é I ﬁ%egé Inf/smgle lrzlattaebﬁ%adv%i3 grrldte equ(l) %lve S §nbfr§r by 8 gﬂhg?aﬁlgd]gl g‘ ve
openi ng angresdedsin RgptsHyr byrtbam'acthmgng oﬁtﬁarzalmxtemoﬂtotth)e ltelaeummpet vaI ve to allow
gases to p?fs Lro out5|g§ %he reactor to jnside the Eeactor g%‘gﬁnd from
i nsi de t he 19%4 1 5y © B e (RBPH SALE OGS HS? {iBeasl RAWEDERE e abl e
f1 ow oper akieBNeng¥2aB10 hdlithl 4P B3dS: ThoLspdR) hikd QRRO BB aBRSR] InkpafiRiptiBlefk motion

enbodi ments of this asFect the reactor further conprises i) at |east one
gas streamthciitet ThesseBeicated st Rne REPRwEHer Iestraspeidiylise yaachired: #H ough

the secgnd efé@@&inet?g?]lgucraﬁ? altBAGL Af at RADOnRAGc@ion) BASherRRB AR tHERMARH LT

associated with e first head opening a pathway through the reactor body
and the fi bstcthatad by wicemskadls ot dtdeest onmdleftctlp@p"geeltev@ta/@@tsy mgchd@etthesn ben| et

fllow contr Ql%eélng% } %pglﬂ% fl cePtQilﬁp&lrlbo\é%Ile\ﬁ?s( % 251 e§1 g%lﬁgtc%s(n?)b@sn%nog%ﬂﬁltet o f),

g) and h). d aspect I er rocess for
rapi d streacmswintappiondh afiplagts al @asiont asmawt oean@rlyrahgnadqmﬁalselvfek ocommenst or
conprising a reqpt r. aody artlally encl osing a reaction and/ or heat
exchange r 8§P8H" rﬁ%? VAo substantial |y opposing open ends with a

30  [0041] Poppet valves in certain embodiments can comprise a circular disk element
connected to a solid cylindrical stem element. Diameter of the poppet (Dp) (subscript "P" for
poppet valve) can be measured across the disk element. Lift, (Lp) can be measured as the

distance that the poppet valve is translated to create open area for flow. An assembly of
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10 first head capping one end of the reactor body, a second head cappi ng

t he opposing end of the reactor body, a fixed bed disposed within the
react or bwoyotiompssssi ng solid material capabl e of pronoPChgsheat3zsgtzhange
and/or reaction of a gas stream The process conprises: i) introducing from
one or nore inlet gas sources at |least one first gas streamto at |east one
gas streaminlet associated with the first head through the first head and
into the reactor body and is withdrawing a treated first gas streamfrom

t he react oPoRSHyalserdcantalenubmh chamctasized H ivax af thy wecipg Retveehehegepdvest Flitam

outl et assqgj jt N X 4,0 :$ald.. | i
W t hdr awi ngﬁdgr ge(grgme%%blgggler%g@%g%tc?@e ?aggga@“ ’égg‘%](qeo(%]deﬂ ?ﬁ‘?‘gﬁ%ﬁ%%gglg‘?s val ve
| ocat ed i nhaveea facmt thee adeandly equal waldi (ien&0Bx o Ds). tipoppatoppel disk dlaeatsed in

t he secondmr}lead' O%YC‘lﬁiel ;h)otﬁeptor %ducmlgmtfer om Qg QL aor e inl.et . gas_ sources at

| east one segélﬁsatgas §1'%edm Y o “at P East™ " one gas?pasctlnrgégrrﬁpﬁﬁmgﬁ er*associ at ed
w th the seaohdcleatkrizbd eutla ceiter-waeotod meeactnandof tht galvbeay £aetkaitt diody and

withdrawing a treate econd gas stream fromthe reactor body and.through

the 11 ot HESaIBERHT haaty MoNEr gast dirbus Bt o enE S e TR | ot
head, wher @idnin§iad 6f hBtréReh CdsRglBaRth Winkiighi-dMtNGs@d 6n BRMuts@lel BRrdoeeDeed Vel y
by at | east one intake poppet valve or other intake flow control neans

| ocat ed i n VElNe SREEEShErCHe senoamy 2kt flew s shdcierprarsdlopopyebutivarivie hededt ed
25i n the TincedraeRdsuilBRIANVBRYLIRE oL Wal88C Ok GRBLhE BlclANSSOLinRAFhCul ar

interest can couple an endothermc reaction with an exothermc reaction,
typi cal by aalvbus bisally BriereerhieOb a1dri@eiotaf dresvabte dparctdr cubfarablynbavesst 140%c| ude
steam r ef or, Q@(}%.dlfoé SE% bm&rmgg of Ei%ffei)éni’ﬁfaﬁneteﬁ%ﬂ@&%&d & GRSk RS pe
dehydr ogenat1 on, an ehydration. Typical pyrolysi's r eactions include steam
30 cracki ngsadeadivionslhsupbicas] putiaganplinapleatiaos the adpgsntoialvecome Kiverghead,

hydr opyrol ysi s,.reagct|ions such as net hane or heavy.feed hydr rolysis to
AV RARE S S TR T A R S S S i R S
hydr ogen andjasut falves hiyidestidal ghetiyelmage fareforted hacdatlp 65tht adjadtaevaties hatche
present techniques.include al kane dehydrogenati ons such as propane WO
2011/ 149635PETEUS HF eP36SPIOHEHY dr ogenat i on and al kyl -aromatic .
dehydr ogen?mmps FH CBHAS cRbHMMRE NRERBISTPUHPAGRNRL a0 ciatb RIifhah paebygr at i on
reactions for use with the present techniques include nethanol and ethanol
dehydr at i oficad gic syhstatigdyplincelar jupiiarm mHBamEecand sPiceh celiteisogantemip FdferEnt

that is venyoseyalysd Bt valVaGii i @RIn| libhe@f, pFERLASI) AR B TRIGYE ekt i
the reactors is aGSVco%%%%ﬁ.‘%Le #efornlnd’aﬁg’gyrgﬁigi gn&?ﬁoﬁneﬁts, in
parti cul ar byil#@ ta200f gfithe eveprse abrpeegalve dighi dethdny dramgi-ng from 500 C to 2000

C e.g., fr 00,C to 180Q. C . steam artial_pressures ranging fromO to
5000 ki 0. BBREY s il S Rmpens SR SRR AR R RA P E ey g e
a rate of fs GadQlodvstioo2dh cyatleas fpar 19%ite LA, opthe ec@binyerdal heesdibe dippl © per

m nut e, oxidation-reduction cycling, e.g., fromstreans dqom nated by the

or esence. of o LR PP GG DR e e af LI A 50 A8 eHAg Bre e

hydr ocar boRcag# by Qa@RAgin@ FEImPIYE %S 80%8; HWal@pp@tvalve tiddmdRr SSEkEe R hifidngl NY
fromO to 5000 kPa. The reactor of the ?resent invention is able to
reliably p&tePmviviiresdedtedin Gasatiiien | (D058PExanpl es are presented herein
that apgly the presgnl fEEAPLGHERLY. RokhopassUr e swiing ref or ming and
pyrol ysis applications. 15[0057] An exenplary enbodinent is shown in FIG 1
below. FIG 1 is &RenmbllestT k3760 +X0480™ slgmiet ri ¢ revdrse flow reactor with
a single h d. 0GL at: r.di n i.pent of
the pr esen?@l ?rr?\{j/}%nlts ?%?1\' a%laﬁ%%?%tg@%l \cf)lr% L%gt?[%{ggé%g ?lgglg Sglga?%g%?g?s’ %%%&%%g‘%\% th a
react or bedali®Dhay), wyich isdefistdinttheadquytioqpeds(e? ripémeabl e partiti on 104

dividing the reactqr b i nt.o i actor bed 1Q5 and right side
reactor bed 106. fﬁ@“ﬁgﬁﬂﬁﬁgf'ggﬁiﬁgkgg?ﬁfﬁikwiactor ed i s capped by a
singl e sead 107 upDhWRhGE 4.be27pa0.1535#Dp [kdl4 ext endse2al nl et opening 108 in
the head 107 is_posjtioned above the |eft side reactor bed 105 and fed by a
first conddibereidyois iRvcHi P@?te@aéﬁe s ek n 1o e biafgetﬁdy) Dy {ﬂEPoe or
ot her fl ui gatoQTVaNL NG ¢ t PRAYEID @6hoBSbAWRA®L Bl B4 Qlhd XL ARSHRAMEL &M a
mani fold (not shown). ﬂ?@%ﬁduit, gucﬁ as conduit 109 and ?15 may extend
from out si delcagad mitEceddat Asanst bpaprreciatedy thespappetolityn 2kaiArrnelsees tTrke fi r st
conduit 109 nay extend from outside the reactor body 102 and through an
opening in the head 107 towards the |l eft side reactor bed 105. A forward
flow inlet poppet valve 110 is seatablel®ithin the head contacting a
separate valve seat inserted within the head (not shown) or the head itself
when seated, and controls fluid flow fromoutside the head into the |eft
upper open space 111 above the left side reactor bed 105. The



30 inlet poppet valve 110 is upwardly extended in the closed retracted
position and is open when downwardly extended. Wen the inlet poppet valve
110 i s opwo,20fludessfl ows forward fromthe first conduit PCOISRIMOBIFFR3 t he
inlet poppet valve 110 into a flow path via the open space 111 through the
| eft side reactor bed 105 into a | ower common open space 112 bel ow t he
reactor WO 2011/ 149635PCT/ US2011/ 035553 bed 103 and then to the right side
reactor bed 106 and right upper open space 113 from which the flow path

ext ends t o dfasrcigartbe lﬂﬁt@wtb@mmrél@erpémé\éqs apg liy/gefimgdiby the s@uptian P £3WPelvn t he head
107 and contacts 3, 5enqake, val 1‘:’16 seat (not shown) orgthe head itself when
seated. The outl et poppet val vé 114 which is seated within the head 107
controls f Métwefﬁlwﬁfom@rdﬂcqhmlay,ppes a@péﬁlSSluspalc@ leyss ﬂlbls élasnetmnldd bophﬂm t 115
ext endi ng f g]ath ougl t, PQ Q(ﬁert rva vet A b q N ¢ to a, Q];:
out si de thdd PP A AT PRt "“5 “‘1 V%EGBGFﬁ et “gbppet” Val ve
114 i s upwdlodk yhrexdhendddd ofrfrdlﬂ]e%ab aerhrtied fe@@br&dtepﬁﬁpﬁesmm dmpj ih = refeaf when

downwar dl y e>ﬁtended. An a ernat arrang nt canng ﬂ wherein the
inl et poppdi®VHF{RPY Ut et &BB8F ‘bglf S SUSPIYANSrAE HBHATEHBIES "B ended

in the cl osed pesthiia fﬂ)ﬂﬂz%xtbez@%,uﬁ)’\@ﬁ)%pét 10vaayneter ®tweb® nfifigfhOvalied i n
the open p05| ti on %WT e second conduit 115 can be a tube or other fluid

conveyi ng il Gel 148+ 4 0giSr ¢ 1Rl fest]. gherg Rreis dlopnared digmgteriiniestordl ( not
shown)) . T%xﬁﬁﬁﬁ@gluSQBMXS (hdivs 1By 14801 kb OFALERIG AbRCD] %aﬁwrar&ody
102 and through an openi ng |n head 107 towards the right side reactor
bed 106andiamsier e fagt ad) o Dpomm@tlo oéaelve bf tppophet ti@mfetedmangﬁe beevgen 6% bed
103 to a | 0 r , the
nl et pOpp‘aﬁ@va’ﬁ%gﬁﬁiﬂ Pl ] GRS 108 B ARGl ML RSO |
phase, i est;reahhpgppepmhvaaﬂm cafeasfer 1 pgeatlierinkubsdaants @itleystehmt thecasamelot me.
Thus, V\/neno I for fluid flowf e first conduit 109 to the
second con& Sntlei )‘l:tS%ﬁésBliﬁ’ﬁe&?bru%%gt&eelb?A’ Trlrg(iré’ and conduits (not shown)
can provi dgoeasy evemseeafct@wmaieﬂmg dnfbedinleaw qatdkot by ohgltidrizel ieaehotnfbied in

the reverse direction, with a reverse flow 20 inlet valve over the right

si de redct SIS OLEE A IsLrealiddhebucen R ppRey W hboderapking: FORESIABEY 0BG e
reactor bed,d@3) ishe dﬁﬁﬁ&'ﬂtﬁ&h tmreyc@dr\beé s&ka%é)aﬂcvtﬁe 9@4 drYrINES RHBS of the
substantially in phase with regard to each other, while operating in

subst ant i alPPRpebiBbsifacingthaswximal Feactarbed sugfcoswhenghe vajya/isoperrianddefinghe  r st
and second r I £ the
third inlet %géodvg%t @ggﬁlféﬂea(ﬁg a%gu%ﬁqgéug%lg?{sp%géggﬂ va?@pﬁgoﬁle&%g%w %/al ve
pair) are dluggd RF1Ghrthd didfercne bemaehdleB@vasdeObbsmthto(lﬁft dm t he | eft

si de of th ct to the i second the first
val ve pal r%d“gﬁt hg[lri%e SPR’/ﬁ%u :{11 gs eﬁlabq% %h ﬁovaa} pa ans o%lt%?)Yar ow ar B t
flow in thehat a\éepr@ededlw}eﬁthe@ralvei £205Pdrct). Fow atch & ménauﬁhmmlthmbduct b

advant ages of enploying a particuyl arl mretric vaI ve pattern may dictate
2 val ve di difeEbe %rﬁ%feregcq@ra@ranéwé}ﬁe fﬁéﬂ HRBOPPHARNED aF B 3EFT Blveh dEn

Wit hout CORSIFRS leBettiSY WBELMire Fc@flec?ﬁz@iﬁﬁ}eedro@ntﬁat%}éuﬂs'%? ﬂ§1dhﬁ6$@£ﬁ»lfbu§ﬁttﬁeer n of
Si X or seven val ves associated with the circular end of a cylindrical

react or bedaldesyigalarly.ftharent @presgire dropethatvagewe as plaid gy through 2bedlew p@ﬁm ve
di anmet €Js» tcglﬁfg'rls\f t‘ﬁg%a&%mnger&q c&ﬁftlt?f)&%e&sthg 3a1§eé° gstg%% #aﬂé ﬁ)

Furt her, when ce to center valve spacing iIs

2011/ 149635HET. ptemanbp%m r@lcwnpteesure drop enabdds \tesbadowing dﬁ@pwlﬂgefaqgsas
23. 8% of rea t.or d ct or..he 6 inches
(a4 et esd B AMATEREF 46D DR PR BuRurGaRY SlipiEhei s dudy G

i nches (58 pagssudd dB®pqfeired fhir hight Row rdtar arﬂmuamfe@eh -vmmssThdsheaHZPMMufmy be

a larger proportiaon of bed di iven uatlon

[i nches] =dioPeit fpiqally behvespgle Dgnfﬁ ?é%«é]osfd tﬁf&yer? oKty o %D&%%’ss* DB
[cm. Ag mBh‘thé@nﬁ%ﬁh@%%foﬁﬂmct@lt1B%E‘na1/§1’fe!;s@¥e|(96]& may al SO be envisioned w thin
the scope of the present techniques. [0060] Asymmetric reverse flow

operation #YM7tal IManyegplicatienst ¢fahe porpettisorsy epoROBreagtess pre iy apeeeisbhe
forward dir ﬁeﬁﬂe‘ann Qb & ind I&%MJA%%W& fol ORh AfrcadPR pfe}cgm Jt9hd BadtdiGiohever se

area, with each stream’s poppet valve flow area being calculated from the number and
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direction. For exanple, the gas flow ng through the intake valve in the
forward direction 10 differs fromthe conposition of gas flow ng through

t he i nt akwovalivig9é3n t he reverse direction. Exanpl es of Peaatsean®3ishere such
reactors with a single head can be enpl oyed include regenerative thernal
oxi di zers, which are further discussed in U S. Patent Application
Publ i cati on Nos. 2007/0144940 and 2008/ 0142409, the contents of which are
incorporated herein by reference in their entirety. 15[0061] An exenpl ary
enbodi ment caragi¢reof ghepenmet yabees togrthatggeappind ewtht gsagion Bowercs calcelajsd s ithesi s
react or - haignd bl pe okt ¥esoPoH ERIMELFing begiSiiouiho e FLG P& BEhaw: FI G
2 is an illustration of an asymmetric revers ow reactor with two opposed
heads and assgalbiiag edetwdNeepappstenbics 6sheaclor Sirwegrdtinlet thag ptycdivimgrthe gifeatthe
present inyentipn, The reactaor 200.conppri.se i ndrical qwa nd._ .

eyt i nar i caliil o ey ot §0EF Ky SRR R I Do B ol AU i
left side Wafk*BQ2Lpdh ok aityisedll aflindricdl ayRtor,204h flow glohg Sieds linddrls a236D &nd
right insulation |ayer 208. A reactor ,bed 210 conprises an upper reactor

bed porti ofhedbed dismetesad copsaucatly e®ipdt the gercter oy e A Hipigd syitabbniangel 6

whi ch can (o3 e t i | -upper
nead 218 and o Iosar Pab Bl My e 3 ol fo ARt Dphies

| ower open factmeasARds piaisote dogre he owreler andsisoefpriveer sash priaulaainley ofutleppen
flow path 0 . h o p vl {n se fl r. ors
cont ai ns ggge%g#@&%h%g%otg S‘R g\’r/l%% L? éflﬁc? m&h}wbgp o\}ré\/\vrgrﬂd) “f {lrgélv?(%tae%arlcl)&%[rﬁglggércl eto
t he rever seufldteucant @pcacandlowi aea heewsa, 1% fo 3084, ppefaplly] yetwanageand 1086, Bxanpl e

by flushi ng_between.these steps of the cle. .This nmpim.zing of open flow
olih vl mdnyHEE mb e B0t wRe v T s vl B iR aXseR B | no
cycle, redugildigGasbelRtidenEoand30Mncprasivlg widdesizenayd 20e atipprfceite@do218
and | ower head 220 30 contain openings in which valve structures can be

i nserted. Ti6nFp¥RTSG Mepnarlisions pf Bergysish 10WIreATor ietamsed! thhrembrdipening
reactor bedCaRafhRudPedifitd ¢ Rihd Hitrhb %clﬂcr@g%& %P\Xf) AR ighpeipeect Iy

i ntroduce fuel for conbustion in the reactor

2011/ 149633HET MISRET 1PO3E 58 santpo ] yTinscifipp dt piopaidion 1@ theotipmeters (Rearof dligs

openi ngs, ry. . i t he. i

dopi ct ad attE0r TR HETHAT n ARERIDAP valihy B0R, 8 o At SnBREMODS | 130
and rever seoipwed eutdat) menisticbt 288 oDimposedsatibfhactugly atemcerathe foppaksngand

controlling the openings are forward fl.ow inlet valve 234 and reverse fl ow
outl et val Jesbga” BERTRET rifvamdon g fivibudia gl FunTaldomabuns SRS

outl et val yeppe8biameRr RAPPLLimpR] :RE0C ONPAih&bN But(tRsicallg Phatiésedniifuoutlf acBse of
236) a disk elenment 238 connected to a stem el enent 240 which can be

posi ti ofed HAMeHT Shanesy Siie ignegrof\pePRAS VP dérmesers campe btwasiet SHRIFMYRNG s
connected (g, ﬁ@ta%ﬁ;liﬁGmr%ﬁfés(hD%ﬁ&)y\@h&&n'tﬁ@%@ﬁﬁiﬁnluh{‘ﬁﬁlr mBBkLLAVIRs bRe

val ve. As may Dbe appreciated, the openings 226 and 228 and associ at ed

mani f ol ds 23@cwpdaafungtgn bt diemetemigthe sollexinendiupérnsr Brno itk del48he upper
head 218 t ¥ tiakly_ r head 218 for fluid flow
Thi s exenppé§z6é%ﬁgLFﬁgﬁ?mghbgnggg%ﬁﬁ?ﬁébﬁgéqgﬁ i ndependent actuati ng neans
associ at ed [4048h edchuitable vengativrcthe mitoi ofivabs ldictluatol pogperaansctdra Db Ubadances a

si ngl e val ve. t er pat.el a single actuatin aps can. be proyided that
contr ol 5 piths GEPEPUER PresGaduh SoPR s Biune G RRy SPlvaioD 4R a85Pud T o
mani f ol ds afeehanicabeomiplexity AV anelife ratid LY/ DaNAs typlsky bawedBoh eid 10anipkatdisly, gi ven
that the reactanf volumes passing through the inlets tend to be | ower than
product volPEiHEEn é@gggggthrough the outlets. In FIG 2, the forward inlet
val ves are [gap| Ct @drthd? t@ihe APAR-RAFLEN QitheWbils&olk SHPp &R 36, AldibRE, aM@liktes are
depicted in the closed position. [0063]A simlar manifold and val ve

ar r angenmenopnst Aleworpacadbeidaicd wedippoler e gad ppgberog vphves by fleaing 20
cont ai vali i Ngs o xe | 2 -

oruar d'f| oy SRERLAAR, NIRRT RIDLAe RPEH Min?frtoP A
(Openi ng 24@wasl itk iThk lnpmblas cfuvabdesi snagie @h a asactdigs tlevesde of kaawwor désédn val ve
254 is depicted in the.cl.osed ition.) The "tag" to 246 is an r Ow,

o nt 1 ng. L ARSI PreTEGEPEamRI phidishyii D i fie i BraRsRerity 246
The openi ngsova#kd hBth R24@itsaindadssagibatsablatranintokdasral 48 osingd cBROtiveayUZbof or m
conduits extending fromoutside the | ower head 220 to at |east partially

t hrough said | ower head 220 for fluid flow D sposed through the manifolds
and controlling the openings are forwar#’ flow outlet valve 252 and reverse
flowinlet valve 254. Again, the forward flow outl et valve 252 and reverse
flow inlet valve 254 are poppet valves conprising a disk el ement connected
to a stemel ement which can be positioned within a bushing or valve guide.
As 30 shown for forward flow outlet valve 252, the stemelenent is

e v o oy - o ~Nr— o~ oy o - M



WO 2011/ 149635PCT/ US2011/ 035553 neans can be provided that controls plural
val ves operating in phase, preferably, a group of plural reverse flow inlet
val ves. PRaiot2oof14b436 react or val ve desi gn includes seal i RgTIUSROMBEISEDT
specifically around the valves, to elimnate rel ease of reactant and
product gases. Suitable seals include rod packing, e.g., reciprocating
conpressor type seals for the stemelenents or 5shafts of the valves. Valve
actuator neans provi des adequate force and |ift tinmes, and neets the design
life of thévaaetves leaty g tapq yalveshkeingclargst & saisBnBow raecapisayirpaentsa Lhsger
controlled ty: I et d i ein
The event Ofsoruarorea; [l EnePibRa R e, 207, 30R HeRagH: | Shan:

val ves (236}twarethdegictr ddad mdtthercettosted rpodting inmonh ppea ftdvepdto volamd. Tdoow

inl et val V&R 2V:'j’1ﬁ)es a0 ?hecrinesef.VCt e iton S PRGNS RY Salidléliitioriil & -I;Q Rt F| Coire 12ntrlcoa e
depicts r eACTANTS T A" f8FWard Frow From the® fornard” P ow i it fan'f8f%d 230
of the uppefanifeldd F2a@platyntesigghintdiporat@raheae fdaades2ifbafuand it Exatdpes fl andhvay d
flow outl et 244@§%§§h? %ﬁyer head 220. Both reverse flow val ves (reverse

f1 ow out | efs V&Y 6 A1t reverse flow inlet valve 254 are closed at this
tine. I'n thesopxt Rehase iBfonthe mye! @nddaendney vaEd freew invk@ionvalowesor(434 and
252) close and the reverse flow inlet valve 254 of the | ower head opens

al ong wi t h upeectedie saall 51 fobytyern B Volp vesepBly ¥ thyentgppit theasisty tgd.
promoti ng nNeYRisiRe fthiOWap ad@isa E&Qgﬁ hﬂﬁmiz@é"’%ac{&?%?er??lgwt&'ﬂwglﬁlmk henikeact or
bed 210 and out the upper hea§ 218. [0065] Typically, the forward fl ow val ve
pairs, Wit Mdclegupusialrensrsodiow wamiel eti¢iongyoPrar for nethgofumevs pysbasted with ghcand
forward fl I N i, ¢ c f the
pair. A fog&%?3%#ﬁ6%%%%%%g&g§??%§%ﬁﬁﬁgﬁ gbgkﬁhﬁgﬁiﬁﬁﬁ?¥ﬁ?§§§%% ﬁggpﬁggds 20
di rectly oppssintid sgmoht d@ichelyswwpidkingt enteapaaraledr ablids cartdhtbusy maatioressintddly and
driven by a commpn.actuat or means im]arl t he. reverse fl ow val ye pairs,
Wi th each JAIIBTBRIG ot e MRgRoreang utdiogtiny pafim ¥ atSPar UEVaRE HReE0er ce
f1 ow out | etwithal e op@efl@t path FoplRSLe Wil Witkiacke 0w pith and tit@mayitk tAestkli«d, be

| ocated in their respeﬁti ve heads gi rectly o,gposi t(g each other wth their
stens pir allio8) O P aet J¥o8 Re EOW MEeeon Ve VBT °G Ot BINTBRY AcUiTaPyiEiteans.
General |y, fdf1 hoeWeioderbd B¥¥oNahY BoW AtrERioR REFEEedd DHE6F M¥reRRTint @tsWirtike
reverse flow pairs, such that when a forward flow valve pair is open, the
reverse fl oU9seHligenpe Feduee epcasideyy pathavaliree rejeltigg in \er PuEsiph ragaireendn t he

h i 'S ¢ . Priti operti i f
reactor ag?&5§10%%?%09%&5 éﬁgﬁ]% v\éetp'?ﬁ tHeGR&L @hlt gg%gﬁQf}}l%fQIu[ﬁ‘ ér{]“gt &(F)b?rﬂget el

only a single valve fails and : e renoval and repl acen
si ngl e val wecknig ioditaret Wl kieedh inghdprasisesing refhenieg it aed resalt tiopnexpected

Al ternatel y, .ur.al.. val ves. t hat ntrol, the s f.eed/.praodu stream can
e arivin By DBk s den BEIE Pl e B Dt B 2 Shisileadh 0
upper reactosehadepis | Distribhilon gpatowhiractedet as theddtighobttiveen i dpw pdppat

T oL G BT AR e T Rl QLR RRARL,
WO 2011/ 14963571 40S20 2L IsO3HBER, from 20% to 80% of the diameter of the poppet. Because
good flow distribution is less of a concern for outlet or exhaust valves, the minimum bed-to-
25 poppet height can be less than for the inlet or intake valves. Typically, the bed-to-poppet
height (Go) for outlet valves ranges from 5% to 80% of poppet diameter. These values
represent attractive minimum gap dimensions. Larger gaps may be used to accommodate
other reactor internals, such as bed supports or fuel distribution systems.
[0051] Valve lift times in a representative example of an industrial diesel engine are
30  approximately 0.004 seconds (4 milliseconds). Typically these valves are opened utilizing a
cam shaft, and the valve opens over a certain crank angle, typically going from fully closed to
fully open in approximately 25 degrees of crankshaft rotation. The valves that are used in the

reactor may open utilizing a pneumatic actuator and can be held in the fully open position for
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Typi cal reactor bed materials include honeyconb nonoliths, which have
straight channels to m nimze pressure drop and enabl e greater reactor

| engt h. Heoeytome3sonol it hs used in the reactor typical PgThE@10BMel
densities that range from about 16 channels per inch2 (channels/in2) to
about 3200 channels/in2 (2.5 - 500 channel s/cnR). Alternatively, packing
for 5 one or nore portions of beds 212 and 214 nay be nore tortuous, such
as foam nonoliths and packed beds. Typical foam nonoliths for the present

t echni ques aHength pfdiree bréprsiclasms. Thragpepinggad £loging dmeder e mpves(ipbrsed opdlie | nch)
to about 1 R 4 I : resent
techni dues R Ao A R B e R B PR S Bkl 50
per feet (ftesdit imventadnohpve BO0OMCE tthat pic. wantRipatell(G0 therpoppet vilve ehghabrt.fVYaw pat h
in FIG 2 is 10 represented. he vol unes 4 n, qpen .zone 22 . and 224 as
wel | as vortsit: RS EbES b o RS 8RB e A B sBfe ol ue
i s conpri sedthilDstheyerafflivded pestempars t1IRR2 chnge? 24pachihd bedp pe@thahdeordoat h
volume is conpris tly of the bed and m xer zones 212, 214, a 216.
{0067 ] The REBURAREBR 10t s oSt S/ Be e R e net S REs Bact or
greatly 15 tKeepldGd® techBilgads bRal® WORURII0OM inv &loviapid, chaf€s aAmseat veldcity.
unproductive vol unme between the reactor bed and the val ve. Mreover, this

embodi nent TyBictladhe ift toaselrthe vadvesdpy Riparyerdhan o mHlispcandsss-&i bsivestuifoer of

val ves arr apgego® &il%séc@@d%? 9Fefé?§cﬁ§i bb B QU ﬁﬁd $bh fnhiflis€idhad 1AW RFLRn R Al | ow

operation at desired pressure drop, typically a valve pressure drop between

1% and 200%mpletchycicaadtiorediantte pmhihe potek kil o€ thdr oabve iprdefimadadsl A, Tyipeeleen 5%

and 20% of f S8Ct R0 B0 ALEL0AL RLESTYLE 0P - REACL AL (ML DAl LT ESRHT ©
drop, in t RECEABY S E G U7, %y conpri se FREuT Y etente”i M pr éssure

bet ween t hareugpating pethe Zanard @z2iomnrtild e dronet odfee Feaztonearé @Aiting\ialthee
pressure dron, in the co.ntlext of FIG 2,.cq riqs)e the djfference in.
pressure bEPREEATECIRRA P188'A TRE0G Map EHRLIRG TPRErbY IRV S "V(Sé‘?Pg{gr%Q"Z?“?“ust
beyond an @pgsbuy 8580 o8 80% 3 khe 681 SicRi @fle £3rd &{ddn%\/@ﬂ %€ nPHES D& cFOP IS
typically between 1% and 100% of the reactor internal 25 pressure drop,

pr ef er abl y andbdasigaet e %y elnd T2 0Yb tives o€ ietvalves eaneamgafropr&@lsané 0@5vp. Mor eover,
flow energi 0 Lr 0 teQu ie¥alo e Sincg‘r%ecbo%dageegy%[eelrXsedLlsr}Vgriltpolﬂtr%gtegvtgr ;[ch orenti re
wi dt h of ttﬁe % d. “Thi%s enbodi Hent>*can used’ Wt h'a reactor bed

subst ant i alcbiyipiisingdra) i rRect@abaly| @ltiatlp aonoklekbiag ianrehdi@n dind/ec therexoiangd oagias

noted in the precedin aragraph, .e.g., hagneyco nol i ths which n

of i et e AP & SeRRRRN 3Pt Fpor N N AR BRRLc bR B ehf shieact or
t echnol ogy r&@top b dLs sddb@thhaae le@sitgythel Biééc@rngieh& 0Bk Q& tolr Bscgkgagi a fixed bed
cross-section, for exanple as quantified via the standard deviation of

vel oci t3) s6°TPAING dEeHErexiprihiedhe frshRead) a segionsproRsl inthe necopé eafedpdise

simlar. |gepal ?ég‘?céﬁ' <ﬁ£posédet%_€ﬁe§§w$én9‘0éh{c%%¥ﬁ_@rbeEl gscﬁ'i@@s&ﬂlikitgiﬁecﬁe tQEoPhESSUr e

swing reform ng and pyrolysis requires a high degree o ow distribution

in the opensnd edroprscoerlis materdl capeblongd rOmeYingb@s sROMIISRIPL FG8EB5Sf ¢ @erct or
bed packin C he. par. . : g Se
honeyconb g?$a§§teg%2§%a5ﬁ (I%r% st l&%ﬁe@%ﬁ@éﬁt?ﬂ? u??iﬁ;@nhis% h%do?/yegﬁgce)d ?ar%fé‘?%’e t he
bed. The prleseghtth¢ Echhiagued irme éhepeaactdar bullaaidyat dsef arle gan stpraoviudicnaggs@iated
head- i nf egra oppet valve reactor that distributes flo rom.int egrated
poppet Var vab T REPE Head Borihe’ SREMR "D hayeBhh bRl R byt SThvEhFR & 5
i [ ustrates) aldetakligict poppdtiveiat cont@HfgIRCEds Gtica inldi@and Ragtadd wigipée haeid 300
showi ng associ.ated.in eg‘r al  val ve asseq‘ol ies in place wthi mani f ol ds,

th
above a redtPorchadthdls PitdhSEIct PRGN FITBRISIIEI RnchLy i aiertlys Siap

conpri ses \rgzbt\/l%aﬁ ead bttt PBREvatPAcoMoling iy &4 fsaeas ohel W htddfedead tand
val ve assenbly and is attached into an opening in the head to provide a

forward i nihgd wprsiftadgviinthe petlohdbaiouttyhRopperikie dompENG hiinserly agtyasabis wdvibl y 10
302 furf el GOIRY he Qtslleést RBRP Qgﬁ%&a\l\%qn;ég%éﬂ@ Wiving gin@ar%' RKuaBbRMBMe 98 of P

connected to a stem el enent I's surrounded 1 n part by a hol ['ow

cyl i ndri calnd/el g)ereyudisevatendpening aad ¢lpsmg yhinphartegtlieeat nagiop or the aeprst @A whi ch
connect th | v i | i .. The f rd flow
et val vl SEREsRIS R S ARGl Reralfigh RGuPH: BEr PR RS wiffut BEHE}

acting as acadek badyrty ottside tHegedchve sv &l tu erayplerchageablhfow epdratgml mani fol d t ube
315 15 intersects with a horizontal nanifold tube 316 through which inlet
reactant gas is conducted to the valve and therethrough ultimtely
introduced to the reactor bed 301. Fluiéflows fromthe horizontal manifold
tube 316 and vertical manifold tube 315 at | east partially through the
opening in the head 300 which provides a conduit for fluid flow from
outside head 300 to at |east partially through said head, with fl ow
continuing past the val ve seating neans 304 when 20 the poppet valve 306 is
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seat, a stemthat is attached to the disk, a guide for the stem an
attachnent structure fromthe 5 valve seat to the guide, l|inear bearings,
seal systwoppliarge3an actuator. The val ve seat nmay be at Pathsdomtiom3ishe gui de
and assenbled prior to installing into the head, nay be pressed or threaded
into the head, or may be machined into the head, as in the case where an
integral head that included the manifold and val ves nay be utilized. The

di sk may be circular, elliptical, hem spherical, or any desired shape that
al lows for [9053] at fmedrivemembstlinensy efithis espee. the reagtos firther eingkiscesTinat legst @mﬂ ar or
elliptical r
sten1inc|u§%i tﬁ%q¥Fﬁ§%%B%g§??%3§§%h%i?%gC@%ﬁﬁg P%?@@ﬁ%k@%?&%sg%ﬂgﬁg e

act uat or naydﬁeramﬁebebtmunmgmﬁmmcganmﬁanonwﬂpﬂ@dﬂ@dWcmabﬁﬁmtmmdOhgmnaulic
actuator, qr f1 tate te desi for th ocess
which is d&b8 Bfe}’niﬂro“ Rl rFaC?‘%rb andiifie ¢=f%§cl%"*a‘gﬂt‘?sl%}l %?%%/‘“%e HER Ot
several5vabﬂes1ﬁbmﬂb®ammﬁumammronmylumparVQﬂﬁglﬂﬂ.mmmmﬁ@haﬁaogaEV® f),

i ndi vi dual | n the case where the valve seat is attached to the gui de,

t he val ve éi@gwﬁiy, whi ch may include the conponents |isted above, can be
readily rengosaf fromidiRgpkeasdiof ni@Reklas @ tbdesf A irdpid atdamOswilRBins@Pad r of
the reactor should val ve assenbly repl acenent be necessary. The assenbly
can be at t A O] HEHNY Hie? FYEE-HPVHEIPTISPMATIHBE £ reAstor |bady Barkiplly pREISHS %of ~t he
mani ol d. - AL EENAkIoY Bl oxBad i BsibPed R Kink PG i REanBAXAFLIngSySh B AR Lhe
valve 20 assenbly i1s inserted and the valve assenbly 1s turned until it

| ocks it o figit heasl cafing oncrpode{ the reacior b@b'sa ﬁﬁceliCbhelaédapﬂ)mg thca@@eﬁnng/alwéheand
DT L CTREE At b, 3L EPRR il BNy ALUELNPL G PIRRHLIEALR) nGRAN lkeor a
val ve assenbly conprises al've sea I'ng nmeans se ura ening in
t he head, sﬂmpnmnmgﬂwm:&emu@en@dmhemmabwefgegmlm@mneahsphmeﬁ Mmhﬁmmvvnlve
gui de, a valvg st em el enent MAtpgn t he va{vet% ge secE t g t i sk _menber
25 whose | IHEEPCRA[TOD OB At MO ESE PRHFS AL 594 RA° PRERP SFean, O 15y oné fas

S]lc,ll‘ r oundi _I’lgtr?alﬁelnléﬁ?%lecégbﬂ gﬁh whi fad hﬁﬁ ﬂhﬁfugh shesmum@bdng ﬂnﬁ tideadigpedy ﬁmiepﬁlD ng
of a vertical manifold tube, atop which is positioned the actuating nmenber
whi ch i RpartGdreiinga reaRddFalgas @%e%ﬁoméhwa%?r&?% petueh dhamsre hepd foan
contact. EgfRadt @B@Qéfsasltreé&ﬁ”o\i@et ageinl mﬁaﬂe Reoferdil] Whdr&ROME thifoa@éhd Bl
reactor head as a unit acilitating the repair of the reactor should val ve
assenbl y r epthdeeimemre %@trs@edrféwgtwb«aoy avéﬁawng avgke peppoh iy elocHedinthgfietg] | y
attached t v f

i nt egral aggéﬁﬁphﬁqg?%%%e%&é#i@&ﬁmﬁ%ﬂ%ﬂﬁgﬁ%ggﬁ%f%%%?ﬂﬂ&klgﬁﬁﬁ£ﬂﬁgﬁ$%§fd-

Thi s arrandemesrte aregué més cehwuvcab veleas gemtelcgnct @s beeaetl @deastonelpeestrphaces.

foci pr ohat 111G SERERall) M &PRP (b I NS ERERATLR 117 BdbuliTRd B,

val ve seat mmdfakwmgr‘eemmfse&dme chestedaor frorms tieaadoad bogy m[gi tarduiglp tieefakt. hedhto

alternate neans to attach and seal. t into, the reactor

be a turn- tabﬁfl"‘%c%etg%é“f‘(aﬁ’r 0‘8%&6%?8?13& Wé‘}(‘eth? %ﬁéi’ & Wéle‘é?é"s%ah%flk‘zroﬁ‘éc“?%m%jrted
and the entwith@rads&edrd kynttodled wsﬁ@ﬁkuaylat dastl (W@ BtakdpppPl A& or dThes intliAVEV ET
is less preferred for | arger valves and higher tenperature streans. In 5
some embodillRRrcatrgfmeane locsed it the pecoprhear @pd a lpgpt WPf‘e‘FXé‘a‘ESF\QORPﬁ1 Yﬁéveolﬁ%%d i nto
t he manjsf ol ik &kdagLagt han into the reactor, or where the head is renovable
for installation and renoval of the valve, the valve seat is installed in
t he head sdéyWfht e Revama-flowe r@ﬂaﬂova)pélsg@ﬁbbglpaﬂwlaué@ergﬁ‘t cath¢@iatded-cndotgrmic
pressed-in r h S a
itself hbnr§ﬁ€%§Pg $g¥§%ﬂ%gggﬁ%'leéqwﬁ%ﬂb ﬁnégkﬁﬁlaﬁﬁgﬂ%gﬁg F%%U@%pg?

engi ne can paﬂtlsuialbentersﬂdmclude [s(ﬁ@?tﬂ]refﬁtrﬁngAdrjzep@@i)sreﬁordm’(@| p}e«ﬂyuereatadﬁic
cross-section .of shed sub t up 00 alo

o Oh assocearle: flyPRreyun v SRl Tmiht il PRRom, MLl deg®
mani f ol 4. Thekiextacttiiodk swh ak bhafe agphiis, o‘iegas B¢ drablying hstdpi@kis adacyomlshéhpt i cal

external wall 401 mhich is. O fficient thickness to co operatlng
pressures &hdBiiMEr TG i ﬁ@d’ GEdoryebiiara RREnT ek n%h@)@& BrfiPsKIgn 2
conpri ses YakNéhsS8at bd, BRS¢ At h b dnd saltfﬁratrb,%@lal eh@trogndidhWascdons! et
opening in the flat floor 405 of t ead which abuts the reaction zone of
t he react oforan® pithvihelgesanthigeligues “F‘F'hl(?se pikage flehydrogamsionsy sughdess PEPP3REY f ace
on which to attach the val ve seating neans 404, but does not operate as a
pressure boundary. The forward flow inlet valve assenbly 402 further

conpri ses a poppet valve 406 having a d?&k el ement 408 connected to a stem
el ement 410 which is surrounded in part by a hollow cylindrical valve 20
gui de nmenber 412 from whi ch extend support arns 414 which connect the valve
seating neans to the val ve guide nenber 412. The forward flow inlet valve
assenbly 402 extends through a vertlcal nanlfold t ube 415 actlng as a
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5 flow outl et opening in the upper head. Valve assenblies 424, 426, and 428
represent additional valve assenblies, nanely, a forward flow inlet valve
assenbl y wosp1ia4eeser se fl ow outl et val ve assenbly 426, pamaiSamoibsss f or war d
flow inlet valve assenbly 428. Each valve assenbly is simlar to the
forward inlet valve assenbly described above in detail. The open space
between the external elliptical wall 401 and the flat floor of the head 405
and between 10t he vertical nanifold tubes can be filled with a suitable
space fill idpydsegenaione a0d, elkylovprpasicosfiehydigenatipnsl - sichh #degthh ebenzene

t enper at ur e; f

avor d the Goonys AR Ty BER EhAn el DOF Bt BEPRTLE (RRELLJheud®
430 and 43metlﬁx¢ll\aﬁd|§$anql(delmi]riﬁhe Ihdh@g@pmlgatsmedhef Ie@<at>11 @ntaus aelenmrouhateeﬁ by
means of e arrpl es. usin t, 15val. eyvers ro [eactor. desi The
dotai 1 of (RE fei EisR R R and VRS, FOFREES PR SO R bR A bt aeur o

Swi ng Ref okoicet. IREafethn{gCHM?p]yﬁolﬁmmlnm@fmsurnq)aﬁwurag mcﬂnicterhirglntgmpﬁamte@,r has
a(6cmbDx 24 cmL act t exectes 0 n chemstry at
onar ot s 1Y g Bl aCan BT G Eadtryohdate 119056° FRanba

st eam r ef Opdsfi@esGRRAMS 6 0ab SDOMKIRS-PRELS WL E pheferbl P fﬂ’oﬁlV(Efosﬁ)Od kP& Qﬁdrﬁhﬂl
(using the heat to convert hydrocarbons to synthesis gas). Desig

speci fi cat coigeat & ¢ eEfFomD- TrBPGECyele der s, @v@ratﬂééé@ de CH%‘&%P"(?dWP‘é‘Fm ng

the forwar dyfih@W-lecbn BRIMRE e g’ afr(‘/tﬁ%tr@imstc{&%nﬁa%@ysﬁe bQWcE 8RELOExeb R EPUTh
which forward flow reactants, e.g., air and optiodnal diluent are introduced

t o t he Peadtrenmsisomynateddyed presgacer affese Spdpeashoncad Ihgdro gasp sk prosa g ¢ Wing plom
whi ch )
Lch r evegﬁﬁﬁ [{lt%:]s?ﬁﬁle%ﬁa g{ngq%gﬁ 8 to ?g&) KPP A D {df o?‘gl% rﬁr@s@ﬁt Gekakibe R idi€10

react or e reactor rnclu e upper reactor
head associrdtably paifoim inhkese emarosmedith.ow i nl et val ves (t hr ough whi ch reverse

fl ow react e.q. drocar duced t.o .t he reactor
bedy ana 1 SPURF o SRty S5 AR RRt PP irg Bher ™ SRS g mRsbSer o,
e.g., CO2 awthgh@0)miag end Baslyadapplicaiohdle reactor bed) is desi gned to simlar
specification for the outlet valves, but SOFSanJ;gI oys nmuch smal | i nlet

val ves o m53l | iAguixamplag cmbodgngnhis shevm mUled: d'1nhds g Pst%@b?ﬁ zes.

[ 0074] For wap chs§mwrlb Ne@drsd lnew ﬁa&af (vﬁma IsthoB. BRI 0dndr RCEAEd HAIOW a8dcRBly
Reverse flow outlet flow area (ApRo) is 5. g%of reactor flow area. For this

react or di 4fASrERg tondmemRAasHY of Mo 12982&? mYgwesPHF 1952¢r1 1] 0R8HE s rAaseRedim
val ve sizeg, %gx{o?%@ ?%ea%{& (de 21%?'1{59{?1352) seRIERYly 8nRd; n‘?)fﬁﬁ@agl% Ig)arﬁ gﬁhﬁgo

(DpmAX), respective ual valve sizes are 3.°8°cC
(1.0 in), fdbmdmglélefrmrbdd i daft sidel raaetvebslelGuindetght sidy esgtor bsbé(tﬁtﬂ“ﬂ@l y.

v ve Lo TR 3B B2ROS ST G i R P BL B o
[ 0075] The pyteadsyBila opadnd D08 iprtbwheiééoa id posgenéBatvents 1xft 3id2 rencloy bekBEX or
bed that and fed by a first conduit 109. A conduit, such as conduit 109 and 115 may be a tube or other
fluid conveying means provided as a portion of or extension from a manifold (not shown). A
conduit, such as conduit 109 and 115 may extend from outside head 107 to at least partially
25 through said head. The first conduit 109 may extend from outside the reactor body 102 and
through an opening in the head 107 towards the left side reactor bed 105. A forward flow
inlet poppet valve 110 is seatable within the head contacting a separate valve seat inserted
within the head (not shown) or the head itself when seated, and controls fluid flow from
outside the head into the left upper open space 111 above the left side reactor bed 105. The
30 inlet poppet valve 110 is upwardly extended in the closed retracted position and is open when
downwardly extended. When the inlet poppet valve 110 is open, fluid flows forward from the

first conduit 109 through the inlet poppet valve 110 into a flow path via the open space 111

through the left side reactor bed 105 into a lower common open space 112 below the reactor
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execut es conmbustion chem stry at |ow pressure in the forward direction,

addi ng heat to the reactor bed, and pyrolysis chem stry at |ow pressure in
t he reverwe adiwveedison, using the heat to convert hydrocachamsgomasgshg from
nmet hane to heavy oils to unsaturates, e.g., acetylene, 10 ethyl ene,

propyl ene, etc. Design specifications are given in TABLE 1 for the upper
reactor head containing the forward flow inlet poppet valves of the reverse
fl ow reactor &through which forward flow reactants, e.g., air and optional

di luent, abed iG%anddirsdel thesichhude reagterdred hkund right yasier opes spase é 1% Bomvdighout | et
poppet val yigsndf fRIm: n% J%Hdg% fo aﬁ-asﬂ%wfduﬁx‘(g%g?@k!&lbé114€1hgea’tab?e0\%1¥1{1 BGeANh7
romt he ot

hydr ogen are re e reactor de of the reactor
15i ncl udi ngnd bentdctpne sepresc vadve fretthoasisoa ar g hwiad hts¢lheherevatede Thieowtlehl et

poppet val ves r ough i.ch reve f act.ant . rocarbon and
Bream andy 8901 SOH P! i el SR o0 RELRR fove B o G PRE B o T e
poppet val vgre (113 ana whvoad cdsnnllumarlﬁi ckiemding froslut¢ sytled pgppet Gme aAndthHRGh tiay e

removed from t he reactor is designed to sim pecification.

[ 6076 For waift Prdisai Sl i iy L6 HoRet Cwdcrbr 1 Pl vl Pomelisee 1 ow
outlet areal12® (ApR) dxEenddd ihYmmefcldsenedi@tted lposidr & iskpen twhcs dbwa@a@ry

di aneter, mnimum and nmaxi num val ve sizes may be 15 cm (5.9 in) g mx) and

60 cm (24 CHENdePpHk jlcrials pEEFp@tyran Re e %r%ﬂ@l iplet Depnst WV K3 i n)

and 45.7 cryfiet oﬁﬂé) Val‘ffé)f14ta|?é3dcfxﬁlrvml§i ettbiRI IinllthlO g)oﬁlﬁgl?ﬁlﬁﬁexftén@WpQ%lyet
val ves, respectively. Valve lift is 18. 7% and 18. 8% of pet dianeteéer for

t he foritar @why &@mi the eqactanbled lé\ﬁbfr grenfrosion it Thet se«mldmgduﬂr blép@@the\ﬂetwpe or
25Exanpl | 7 f
anpl e 3y eFﬁ{el@ %o%b@e%@%%@rqrh\%?d LTh 88@9 df%”e%&@n ‘?Fo %h‘éldz%bts

further speci e spacl etween val ves an
bet ween t hehowral)y 8be savdnd trmdnie ALY way rachdnfdine putailds the Tercsor brdniil2eand elsioggh

corresponds_rou raw.ng of F xanpl e,. the taI
Gap bt weedn PRt ol et hiin e Benl v EoseferorbBe Mk S BRSSPl g ap,
t he raH 0 @éac@@ﬁﬁdtoddﬁa\fﬂgd;hﬁglh réﬁetovgémme tb?lq&&ﬁd{ﬁdld tsﬁ(}eﬁh\l; @@dtc}ir Mol une is 0. 43
Entr ow und t he cm (13 .in orward 1 nlet) valve sure
The nilét JOISSE i DUSPE PPGRRten: aﬂ(' aﬁet(@éet vegl g aeh uley ppRppt VKT dB P 2806
of poppet diREBEAL inTPRsE, EUET HEy Bbéﬁ%&ﬂ&lb&t togeth¥esubRakiil LARPAR: RBOWN in
cl osed position) operates with a ﬁc%‘ that is 36% of poppet dianeter.
4%%15 PUSE

Conput at i oaks. mheg wpew@ezoalim o 1the IFst5gomdyi alfioct thermpobpl i ed
to this reagt 1'15‘%%} %oh&lﬂ%sgilo?\o’am@stﬁd%{?d&ﬂ’sgéo?léﬁ&%ufc%hfogg@%év e net

by the design, whil sufficient distri i 0 the flow for
the reacti cﬂnwmcborxgdhmﬂowq&ﬂalﬂhryu@cthc)segctbhbedemtherrevqr@ahltegmon Axth ac@\@wéblwe

| evel ng f |1rﬁv¥ Ee ocx)ferrqhe ¥1§Wta§°'1%le re%?tma gefy @‘é and a r%vers OSVE' Al e!t NAvE of g’rl tﬁé Ile

smal | st dnce betwee
side reactor bed 105 The second set of valves also typically operates substantially in phase

with regard to each other, while operating in substantially opposite phase with the first set of
valves. Thus, the first and second valves (the first valve pair) are simultaneously open while
the third inlet poppet valve and fourth outlet poppet valve (the second valve pair) are closed
25 when flow is in the forward direction (from the left side of the reactor to the right). The first
and second valves of the first valve pair are then closed while the second valve pair is open to
permit flow in the reverse direction.
[0059] In an alternative embodiment, the advantages of employing a particularly
symmetric valve pattern may dictate a valve diameter that is larger than the D, . that would
30 be chosen without considering symmetry. For example, one may use a hexagon pattern of six
or seven valves associated with the circular end of a cylindrical reactor bed design. If center

to center valve spacing is > 120% of valve diameter, then valves could be as large as 27.8%

of reactor diameter. Further, when center to center valve spacing is > 140% of valve
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or 26.7 inches (58 or 67.8 cm) in diameter. For such embodiments, the Dpyax may be a
larger proportion of bed diameter, as given by the equation (Dpmax) [inches] = 1.6113 +

5 2.858*DB [feet] or (Dpmax) [cm] = 4.0927 + 0.238*DB [cm]. As may be appreciated, other
variations may also be envisioned within the scope of the present techniques.

[0060] Asymmetric reverse flow operation typically requires that the composition of gas
flowing in the forward direction differ from the composition of gas flowing in the reverse
direction. For example, the gas flowing through the intake valve in the forward direction

10 differs from the composition of gas flowing through the intake valve in the reverse direction.
Examples of reactions where such reactors with a single head can be employed include
regenerative thermal oxidizers, which are further discussed in U.S. Patent Application
Publication Nos. 2007/0144940 and 2008/0142409, the contents of which are incorporated
herein by reference in their entirety.

15 [0061] An exemplary embodiment of the present reactor, as applied to a large-scale
pyrolysis reactor having multiple valves and conduits, is shown in FIG. 2 below. FIG. 2 is an
illustration of an asymmetric reverse flow reactor with two opposed heads and associated
valve assemblies according to an embodiment of the present invention. The reactor 200
comprises a cylindrical wall and cylindrical insulation layer depicted in the cross-sectioned

20  FIG. as left side wall 202, left insulation layer 204, right side wall 206, and right insulation
layer 208. A reactor bed 210 comprises an upper reactor bed portion 212, a lower reactor bed
portion 214 with a mixing zone 216 which can contain a mixing structure. The reactor is
capped with an upper head 218 and a lower head 220, resulting in an upper open zone 222,
and lower open zone 224 which open zones are comprised substantially of open flow path

25 volume. Such open flow path volume in reverse flow reactors contains gas that may cross
over from the forward flow step of the cycle to the reverse flow step, and vice versa, if not
properly managed, for example by flushing between these steps of the cycle. This minimizing
of open flow path volume advantageously reduces the volumes which to be managed during a
cycle, reducing cycle time and increasing efficiency. The upper head 218 and lower head 220

30  contain openings in which valve structures can be inserted. The upper or lower open flow
path volume between the head and reactor bed can also contain distribution lines (not shown)

which directly introduce fuel for combustion in the reactor 200.
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[0062] The upper head 218 contains various openings, such as exemplary openings 226
and 228 (the latter opening depicted as occupied by a poppet valve) for forward flow inlet
manifold 230 and reverse flow outlet manifold 232. Disposed through the manifolds and
controlling the openings are forward flow inlet valve 234 and reverse flow outlet valve 236.
5  The forward flow inlet valve 234 and reverse flow outlet valve 236 are poppet valves
comprising (as depicted in the case of 236) a disk element 238 connected to a stem element
240 which can be positioned within a bushing or valve guide 241. The stem element 240 is
connected to an actuating means 242 which imparts linear motion to the valve. As may be
appreciated, the openings 226 and 228 and associated manifolds 230 and 232 may form
10 conduits extending from outside the upper head 218 to at least partially through the upper
head 218 for fluid flow. This exemplary embodiment advantageously has an independent
actuating means associated with each valve which minimizes actuating means failure to a
single valve. Alternately, a single actuating means can be provided that controls plural
valves. In general, the openings and inlet valves for inlet manifolds are of smaller diameter
15 than those for outlet manifolds, given that the reactant volumes passing through the inlets
tend to be lower than product volumes passing through the outlets. In FIG. 2, the forward
inlet valves are depicted in an open position while the reverse outlet valves are depicted in
the closed position.
[0063] A similar manifold and valve arrangement is associated with the lower head 220.
20  The lower head 220 contains various openings, such as exemplary openings 244 and 246 for
forward flow outlet manifold 248 and reverse flow inlet manifold 250. (Opening 246 is
partially obscured inasmuch as the reverse flow inlet valve 254 is depicted in the closed
position.) The “tag” to 246 is an arrow, pointing through the reverse flow inlet valve 254 and
into the opening 246. The openings 244 and 246 and associated manifolds 248 and 250 may
25 form conduits extending from outside the lower head 220 to at least partially through said
lower head 220 for fluid flow. Disposed through the manifolds and controlling the openings
are forward flow outlet valve 252 and reverse flow inlet valve 254. Again, the forward flow
outlet valve 252 and reverse flow inlet valve 254 are poppet valves comprising a disk element
connected to a stem element which can be positioned within a bushing or valve guide. As
30  shown for forward flow outlet valve 252, the stem element is connected to an actuating
means 256 which imparts linear motion to the valve, similar to the discussion above. The
embodiment advantageously has an independent actuating means associated with each valve

which minimizes actuating means failure to a single valve. Alternately, a single actuating
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means can be provided that controls plural valves operating in phase, preferably, a group of
plural reverse flow inlet valves. Part of the reactor valve design includes sealing the reactor,
specifically around the valves, to eliminate release of reactant and product gases. Suitable
seals include rod packing, e.g., reciprocating compressor type seals for the stem elements or
5  shafts of the valves. Valve actuator means provides adequate force and lift times, and meets
the design life of the reactor. Typically, the actuator means are pneumatically controlled
actuators that are spring returned and are biased to closure in the event of actuator failure.
[0064] In FIG. 2, the reverse flow outlet valves (236) are depicted in the closed position
while the forward flow inlet valves (234) are depicted in an open position. Thus, FIG. 2
10 depicts reactants in forward flow from the forward flow inlet manifold 230 of the upper head
218, through the reactor bed 210 and into the forward flow outlet 244 of the lower head 220.
Both reverse flow valves (reverse flow outlet valve 236 and reverse flow inlet valve 254 are
closed at this time. In the next phase of the cycle the forward flow inlet valves (234 and 252)
close and the reverse flow inlet valve 254 of the lower head opens along with the reverse
15 flow outlet valve 236 of the upper head 218, promoting reverse flow of gas from the lower
head 220 through the reactor bed 210 and out the upper head 218.
[0065] Typically, the forward flow valve pairs, with each valve pair consisting of a
forward flow inlet valve and forward flow outlet valve operate together in phase with each
member of the pair. A forward flow valve pair can be located on their respective heads
20 directly opposite each other with stems parallel to the reactor sides and driven by a common
actuator means. Similarly, the reverse flow valve pairs, with each valve pair consisting of a
reverse flow inlet valve and a reverse flow outlet valve operate in phase with each other and
can, if desired, be located in their respective heads directly opposite each other with their
stems parallel to the reactor sides and driven by a common actuator means. Generally,
25 forward flow valve pairs operate directly opposite with reverse flow pairs, such that when a
forward flow valve pair is open, the reverse flow valve pair is closed, and vice versa. Where
each valve on the reactor has its own actuator means, the reactor can continue to operate if
only a single valve fails and allows the removal and replacement of a single valve without the
need to disassemble the entire reactor. Alternately, plural valves that control the same
30  feed/product stream can be driven by a common actuator.
[0066] The reactor bed 210 comprises an upper reactor bed portion 212, a lower reactor
bed portion 214 with a mixing zone 216 which can contain a mixing structure. The lower

reactor bed may also include structures that support the weight of the bed (not shown).
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Typical reactor bed materials include honeycomb monoliths, which have straight channels to
minimize pressure drop and enable greater reactor length. Honeycomb monoliths used in the
reactor typically have channel densities that range from about 16 channels per inch?
(channels/in” to about 3200 channels/in” (2.5 - 500 channels/cm?®). Alternatively, packing for
5 one or more portions of beds 212 and 214 may be more tortuous, such as foam monoliths and
packed beds. Typical foam monoliths for the present techniques have pore densities that
range from about 5 ppi (pores per inch) to about 100 ppi (i.e. 2-40 pore/cm). Typical packed
beds for the present techniques have packing with wetted surface area that range from about
60 per feet (ft') to about 3000 ft'(i.e. 2 - 100 cm™). The total flow path in FIG. 2 is
10 represented by the volumes in open zones 222 and 224 as well as volumes in beds 212 and
214 and in mixer 216. Open flow path volume is comprised mostly of the open zones 222 and
224, while packed flow path volume is comprised mostly of the bed and mixer zones 212,

214, and 216.
[0067] The integration of large poppet valves into the heads of the reactor greatly
15 reduces, relative to conventional valving, the amount of unproductive volume between the
reactor bed and the valve. Moreover, this embodiment is readily constructed and operated,
with a sufficient number of valves arranged on a reactor head to provide sufficient flow area
to allow operation at desired pressure drop, typically a valve pressure drop between 1% and
100% of the reactor internal pressure drop, preferably, between 5% and 20% of reactor
20  internal pressure drop. Reactor internal pressure drop, in the context of FIG. 2, may comprise
the difference in pressure between the upper open zone (222) and the lower open zone (224).
Valve pressure drop, in the context of FIG. 2, comprise the difference in pressure between a
manifold (e.g. 230) and the open zone (e.g. 222) just beyond an open valve (e.g. 234). As
stated earlier, valve pressure drop is typically between 1% and 100% of the reactor internal
25 pressure drop, preferably, between 5% and 20% of reactor internal pressure drop. Moreover,
flow emerging from the valves can be adequately distributed over the entire width of the bed.
This embodiment can be used with a reactor bed substantially comprising parallel channels in
the direction of flow as noted in the preceding paragraph, e.g., honeycomb monoliths which
can ecliminate any radial dispersion of streams. Advantaged reverse-flow reactor technology
30 provides high velocity uniformity across the bed cross-section, for example as quantified via
the standard deviation of velocity so that residence times in axial paths through the bed may
be similar. In particular, reverse flow reactor technology used for pressure swing reforming

and pyrolysis requires a high degree of flow distribution in the open volume outside of the
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reactor bed packing, because the parallel channel components, e.g., those in honeycomb
structures, limit further redistribution of flow once inside the bed. The present techniques are
particularly useful in providing a head-integrated poppet valve reactor that distributes flow
from integrated poppet valves into a parallel channel honeycomb bed packing.

[0068] FIG. 3 illustrates a detailed vertical cross-section of the reactor upper head 300
showing associated integral valve assemblies in place within the manifolds, above a reactor
bed surface 301. Forward flow inlet valve assembly 302 comprises valve seating means 304
which interfaces between the head and valve assembly and is attached into an opening in the
head to provide a forward inlet opening in the head. The forward flow inlet valve assembly
302 further comprises a poppet valve 306 having a disk element 308 connected to a stem
element 310 which is surrounded in part by a hollow cylindrical valve guide member 312
from which extend support arms 314 which connect the valve seating means to the valve
guide means. The forward flow inlet valve assembly 302 extends through a vertical manifold
tube 315 acting as a delivery tube to the valve opening. The vertical manifold tube 315
intersects with a horizontal manifold tube 316 through which inlet reactant gas is conducted
to the valve and therethrough ultimately introduced to the reactor bed 301. Fluid flows from
the horizontal manifold tube 316 and vertical manifold tube 315 at least partially through the
opening in the head 300 which provides a conduit for fluid flow from outside head 300 to at
least partially through said head, with flow continuing past the valve seating means 304 when
the poppet valve 306 is in an open position. The conduit may include the valve seating means
304, hollow cylindrical valve guide member 312, vertical manifold tube 315, horizontal
manifold tube 316, valve actuating member 320 and/or assembly's collar 318 for inlet valve
assembly 302. The vertical manifold tube 315 is capped by the valve assembly's collar 318
through which extends the valve guide member 312 and valve stem member 310. Atop the
collar 318 is a valve actuating member 320 which pneumatically controls the linear
movement of the valve stem element and thus the passage of fluid through the forward flow
inlet opening that is surrounded by the valve seating means 304. A larger diameter reverse
flow outlet valve assembly 322 is attached at a reverse flow outlet opening in the upper head.
Valve assemblies 324, 326, and 328 represent additional valve assemblies, namely, a forward
flow inlet valve assembly 324, a reverse flow outlet valve assembly 326, and another forward
flow inlet valve assembly 328, respectively. Each additional valve assembly is analogous to
the forward inlet valve assembly described above. Forward flow inlet valve assemblies 320,

324, and 328 are shown with their valves in the closed position while reverse flow outlet
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valve assemblies 322 and 326 are shown with the valve in the open position, showing Lp, or
lift, Go, or open gap, and Ge, or closed gap.
[0069] Each valve assembly comprises, a valve seat, a disk that mates up with the valve
seat, a stem that is attached to the disk, a guide for the stem, an attachment structure from the
5 valve seat to the guide, linear bearings, seal systems, and an actuator. The valve seat may be
attached to the guide and assembled prior to installing into the head, may be pressed or
threaded into the head, or may be machined into the head, as in the case where an integral
head that included the manifold and valves may be utilized. The disk may be circular,
elliptical, hemispherical, or any desired shape that allows for the attachment of a stem to
10 actuate the disk. The circular or elliptical disk may be the most efficient shape. The guide
for the valve stem includes the linear bearings and the seals for the valve stem. The actuator
may be an electromagnetic actuator, pneumatic actuator, hydraulic actuator, or a cam shaft
that rotates at the rate desired for the process which is dependent on cycle times. The
actuator may impart motion to several valves simultaneously or may impart motion to each
15 valve individually. In the case where the valve seat is attached to the guide, the valve
assembly, which may include the components listed above, can be readily removed from the
reactor head as a unit facilitating the repair of the reactor should valve assembly replacement
be necessary. The assembly can be attached into the reactor head by a bolt on flange at the
top of the manifold. Alternatively, a turn-to-lock type (or bayonet) system where the valve
20  assembly is inserted and the valve assembly is turned until it locks into place. This, however,
is less preferred for larger valves and higher temperature streams.
[0070] In alternate embodiments, cach integral valve assembly comprises, a valve seating
means securable to the opening in the head, support arms securing the valve seating means to
a hollow valve guide, a valve stem element within the valve guide secured to a disk member
25 whose linear adjustment varies flow into the reactor, a collar surrounding the valve guide
which collar is securable to the upper opening of a vertical manifold tube, atop which is
positioned the actuating member which imparts linear movement to the valve stem element to
which it can contact. Each integral valve assembly can be readily removed from the reactor
head as a unit, facilitating the repair of the reactor should valve assembly replacement be
30  necessary. Valve seat assemblies are typically attached to the head via a flange at the top of
the manifold, with the integral assembly being lowered down into position through the
manifold. This arrangement requires the valve assembly to be sealed in three places. The

flange is sealed with a gasket, the valve stem is sealed using a reciprocating compressor seal,
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and the valve seat to the head of the reactor is sealed using a lip seal. An alternate means to
attach and seal the valve assembly into the reactor may be a turn-to-lock type (or bayonet)
system where the assembly is inserted and the entire assembly is turned until it locks into
place. This, however, is less preferred for larger valves and higher temperature streams. In
5 some embodiments of the invention, particularly where the valve opens into the manifold
rather than into the reactor, or where the head is removable for installation and removal of the
valve, the valve seat is installed in the head separate from the valve assembly, by use of
threaded-in or pressed-in seats, or by the machining of the valve seat into the head itself.
Non-integral valve assemblies like those in an automotive type engine can also be used.

10 [0071] FIG. 4 depicts a detailed vertical cross-section of a dished, substantially elliptical
upper head 400 along with associated integral valve assemblies in place within an associated
manifold. The exterior of the head is defined by a substantially elliptical external wall 401
which is of sufficient thickness to contain operating pressures encountered during use.
Forward flow inlet valve assembly 402 comprises valve seating means 404 which is attached

15 at a forward inlet opening in the flat floor 405 of the head which abuts the reaction zone of
the reactor and provides a barrier. This flat floor 405 provides a surface on which to attach
the valve seating means 404, but does not operate as a pressure boundary. The forward flow
inlet valve assembly 402 further comprises a poppet valve 406 having a disk element 408
connected to a stem element 410 which is surrounded in part by a hollow cylindrical valve

20  guide member 412 from which extend support arms 414 which connect the valve seating
means to the valve guide member 412. The forward flow inlet valve assembly 402 extends
through a vertical manifold tube 415 acting as a delivery tube to the valve opening in the
floor 405. The vertical manifold tube 415 intersects with a horizontal manifold tube 416
through which inlet reactant gas is conducted to the valves and therethrough ultimately

25 introduced to the reactor bed (not shown). Fluid flows from the horizontal manifold tube 416
and vertical manifold tube 415 at least partially through the opening in the flat floor 405
which provides a conduit for fluid flow past the valve seating means 404 when the poppet
valve 406 is in an open position. This conduit extends from outside head 400 to at least
partially through said head, and may include all or parts of the valve seating means 404,

30  valve guide member 412, vertical manifold tube 415, horizontal manifold tube 416, valve
actuating member 420 and/or assembly's collar 418 for inlet valve assembly 402. The vertical
manifold tube 415 can be secured to the elliptical external wall 401 by welds 417 and is

capped by the valve assembly's collar 418 through which extends the valve guide member
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412 and valve stem member 410. Atop the collar 418 is a valve actuating member 420 which
pneumatically controls the linear movement of the valve stem element 410 and thus the
passage of fluid through the forward inlet opening that is surrounded by the valve seating
means 404. A larger diameter reverse flow outlet valve assembly 422 is attached at a reverse
5 flow outlet opening in the upper head. Valve assemblies 424, 426, and 428 represent
additional valve assemblies, namely, a forward flow inlet valve assembly 424, a reverse flow
outlet valve assembly 426, and another forward flow inlet valve assembly 428. Each valve
assembly is similar to the forward inlet valve assembly described above in detail. The open
space between the external elliptical wall 401 and the flat floor of the head 405 and between
10 the vertical manifold tubes can be filled with a suitable space filling solid, e.g., a low porosity
material with adequate temperature resistance, preferably a low porosity ceramic material, to
avoid the undesired buildup of gases within the head itself, as shown at 430 and 432.
EXAMPLES
[0072] The foregoing specification is elucidated by means of examples using poppet
15 valve reverse-flow reactor designs. The details of the designs are quantified in TABLE 1
below.
Example 1: Pressure Swing Reforming Reactor
[0073] A small pressure swing reforming reactor has a (6 cm D x 24 cm L) reactor bed
that executes combustion chemistry at lower pressure in the forward direction (adding heat to
20 the bed) and steam reforming chemistry at higher pressure in the reverse direction (using the
heat to convert hydrocarbons to synthesis gas). Design specifications are given in TABLE 1
for the lower reactor head containing the forward flow inlet poppet valves of the reverse flow
reactor (through which forward flow reactants, e.g., air and optional diluent are introduced to
the reactor bed), as well as reverse flow outlet poppet valves (from which reverse flow
25 products, e.g., CO and H, are removed from the reactor bed). The other side of the reactor
including the upper reactor head associated with the reverse flow inlet valves (through which
reverse flow reactants, e.g., hydrocarbon and water are introduced to the reactor bed) and
forward-outlet poppet valves (from which forward flow products, e.g., CO, and H,O) are
removed from the reactor bed) is designed to similar specification for the outlet valves, but
30 employs much smaller inlet valves to meter liquid fuel into the bed system where that fuel
vaporizes.
[0074] Forward flow inlet flow arca (Appp) is 8.3% of reactor flow area. Reverse flow

outlet flow area (Apro) is 5.6% of reactor flow area. For this reactor diameter, minimum and
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forward flow inlet and reverse flow outlet valves, respectively.
25 Example 3: Pyrolysis Reactor
[0077] The configuration of Example 2 is further specified in terms of the spacing
between valves and the gap between the valves and the reactor bed materials. This example
design corresponds roughly to the drawing of FIG. 2. In this example, the total gap between
the valve-head and the bed (G¢) is 25 cm (10 in). With this gap, the ratio of open flow path
30 volume to packed flow path volume is 0.41. Entry flow around the 33.0 cm (13 in) (forward
inlet) valve was measured. The inlet valve is open with a gap (Go) of 18.8 cm (7.4 in), which

is 58% of poppet diameter. The reverse flow outlet valve in this example (shown in closed

position) operates with a gap (Go) that is 36% of poppet diameter. Computational Fluid
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flow path i o) iaﬁoaaclsli%\g ncrilb WA, .irtl eafrlelgt\{\(fe | gnelacl:l} id%@l'nce Qe':tw-eret1 ° oreeC;[facf\l; a(l)r];d

par agr aph 3havi ng a P PRVIDAPVEIS i T 0N yopposﬁe &7 deg“or PAPT) East Y5
porti onsof réaber bédWFpadliy shatved eianths apadingl Hesicen &bives itldn stecforvchrd bwenlar e

each in a substantial|y 250open position when fluid flowin the flow path is
ToCh i ot YOG b eroRRE e e gt T St Bl bes A
flow in thealvbOWhapaiah dxggdchat@ RGN honARFGEitye Hut Gt dirk@Ghb@ih. to Yegridie
reactor of par agraph 4 further conprising: h)a third conduit extending from

outsi de t hdistribulien. resiguiarly vher cwedrrenarrede fractian of ¥yt aparsed 8l 4y PhHBEgh
sai d respegpig headifidChiyacbil ohr¥ahy Suffifiekt AW e¢ ARIIBLCAL QNyMdt fksday d
third conduirt controlling fluid flow along the flow path including a
por t i onvexpestedddpom t he reactor body to the third valve; W

2011/ 149635PCT/ US2011/ 035553

TABLE 1: Dimensions for Examples 1 and 2

BED DIMENSIONS PSR (Example 1) Pyrolysis (Example 2)
Bed Height m 0.2413 1.219
Bed Diameter m 0.0635 3.658
Cross-Sectional Area m’ 3.17E-03 10.51
VALVE DIMENSIONS Inlet Exhaust Inlet Exhaust
Diameter m 0.0381 0.0254 0.330 0.457
Area m’ 1.14E-03 5.07E-04 0.09 0.16
Number # 1 1 13 10
Valve Lift m 2.20E-03 2.20E-03 0.062 0.086
Flow Area (per Valve) m’ 2.63E-04 1.76E-04 0.064 0.123
Stream Flow Area (total) m’ 2.63E-04 1.76E-04 0.835 1.231
Valve Gap Closed (Gc) m 0.250 0.250
Valve Gap Open (Go) m 0.188 0.164
Valve Spacing
Between Rows m 0.635 0.635
Between Valves m 0.584 0.660
FLOW PATH PROPERTIES
Open flow path volume m’ 5.26
Packed flow path volume m’ 12.81
STREAM PROPERTIES Regen | Reform Regen | Pyrolysis
Feed
Total Flowrate kg/s 0.01021 0.00218 37.674 16.429
Fuel Flowrate kg/s 0.01017 N/A 0.5625 N/A
Air Flowrate kg/s 0.0004 N/A 37.111 N/A
Temperature °C 250 150 100 100
Pressure bara 1.3 17 1.33 1.33
Outlet
Flowrate kg/s 0.01021 0.00218 38.44 14.899
Temperature °C 390 270 265 354
Pressure bar 1.05 17 1.158 1.158
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J) a fourth conduit extending fromoutside the first head or the second
head to at | east partially through said respective head; and k) a
fourth vawvoeeoim4pé3sw conmuni cati on with said second conaairtuseantosssss i ng
fluid flow along the flow path including a portion extended fromthe
reactor body to the 5fourth valve. 6. The reactor of paragraph 5, having a
second val ve pair conprising said third valve and said fourth valve on
opposite sides of at |east a portion of the flow path, controlling flow in
the second, opposite flow direction wherein the third val ve and the fourth
val ve are in d htd i in

t he f|OMIp§ﬁﬁ§lS ﬂ%oﬁﬁg§??$§%§¢F§ﬁﬁégg?g% ?ﬁ%%kan ﬁﬁ %%%ﬁ??%k?ﬁgopen
position mnhdaﬂ wind rédcew biody t0h@heﬂll mwepbabhva sForrunSthu@esélcan@tordmstnayebef | ow
direction. e _reactor. he r

asymetric fornél 4 ggn? }1%1\%\, r%lﬁo &t} #%eq?cél:%%ra rS?Ctn ﬁnéflef rea‘?ﬂ

conpri sisng bode Biirthan rtke aldadcbrtm@ﬁ@bppealvvles asse@Blicsi mayi 15 Cfdude eO MhEuhiiccyt toon

wi th one of salﬁﬁflrst secon S via an a d tional

condui t extBRGF RV nraé&gfo%?dttpgﬁnepc%nﬂvwbﬁ aEea‘iob‘plﬁﬂi8F‘f“1ﬂé$ﬁ%ﬁheé?5’ﬁ% ?Ds

respective ohgatheadd D@dc@idhfggr o aER dicht) a ddhétoP hlag inchidle WG Sactod bbdy wlerem
communi cation with said di tional conduit and controlling fluid fl ow al ong

the flow pdterrerit|hedy fyma 2perctipbAotexYERYEY Pactbets arreglep®matssialditngsethe

respective W@alnge réftflon Bhe! SRELAY 0101501@%0@?&[%“76 ZsseWBBELERplel 8o HRARLAET bOdy
conprises a reactor bed, and the vol ume | ow path consists of i)

packed 1P| owoghaad iy dbwreempiunisptionawiothi depcfidndods apbermiretling dpid; v erftwednen
reactor begocﬁﬁ& é}gtf%rlllﬁQO ARG %l B4 PAN MRl tﬁ@‘?ee}%ﬁw\% I%E X & rééé‘!o}’ﬁéd}) t he

reactor be as we as any open-flow portion w e reac
The reactomn@ﬁmpaﬁﬁgﬁmpmm@memmarewmbsamdmpmdhsudihﬂmgumﬁunéﬂﬁnmpmnsmsfaII
vol urme 25i rea anc than 2 cmfroma

r i &%ho pg alve em %H’%'t g as discuss g li)ov :
sol i ds-f 1 ui 8%”?&3 UL (2 ?i %H?%3%¥%? 65F §raph 9, wherein said
sol i ds-f | uij@lg9F ontrac tpagaifd arrief mh%@cntelaqﬁﬁérelhaglpdaaﬁ" rackiet heekrial, @achgseat er

than 0.5 cn2/cnB in all regions of said portjon of the react or bed. .12.
The readt oPCRIHCSHaT ABFAGHRFdo PackHgr BiRlTiRln s 2at5dy aBever hel dise RagkngWM3LFAl Vol une

t o 30packedpg; h&wn?@mlﬁgolnuﬂaﬁau i nla ?aﬁclﬁd@aﬂatérlal prSvideling & ﬁ)%@lﬁ@rcoﬂﬂgupﬁfoﬁgr aph
9, wherein the ratio of the open flow path volunme to packed flo th

vol une is PBedssphgpcygomb, cem@@ms PH@’G?;%F’CTMSSEM&@’@@@E{EQQH% m&terlaih a\feeﬂact or
of par agrafﬁhgh? %f‘éﬁ%{rfé'sﬁrf{éé%réa% %t K¢ foﬁﬁgre&%r&fl ried s@‘ucftﬁréaedl"lﬁqge 6PhE type »

conprising so materi al ca a eat exchange e reacto
par agr aph 9f mklengi #lloats ﬁgah@h@ngwbﬂmw@rdpvalwésdhs lAglpo ppdtmetat vsactor

conpri Sf-ong piaod(ljlict?vlfty,elllighrgl3 ﬂlterrﬁ'ﬁ %ﬁ%?cetnqu a%&) sr%aﬁé%lrr\{o%e géo Bnm?claler[cr%?cqlotr's.

[0080] Further, a computing device may be utilized to model the configuration or
operation of the present techniques. The present system and methodology is, in a preferred
embodiment thereof, may be implemented as a set of instructions or software based system
resident on a computing device. As would be apparent to one of skill in the art, the present

25 invention need not, however, be limited thereto and the teachings may be implemented in a
variety of other ways including via hardware, such as special purpose chips such as ASICs
and/or digital signal processor (DSP) chips and/or programmable logic arrays. The processor
may further be coupled to input/output devices, such as a mouse and keyboard, and a display
device, such as a monitor.

30  [0081] The instructions may be stored in memory or other suitable location and may be
executable by the processor. The instructions may be executed to generate model results
based on one or more poppet valve assemblies coupled to a reactor body and in flow

communication with a reaction zone, wherein the one or more poppet valve assemblies
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516. The reactor of paragraph 15, wherein the poppet val ve di sk el enent has
a surface substantially parallel to and facing the proxinml reactor bed
surface. woO2oirfiaes3seact or of paragraph 16, wherein the popAskonaBises opens
toward the reactor bed. 18. The reactor of paragraph 16, wherein the
poppet val ve opens away fromthe reactor bed. 1019. The reactor of paragraph
16, wherein the distance during operation between the poppet val ve disk

element flat surface in the fully open position and the reactor bed surface
i s between coygohdlifovbstveene legatin extamahto bF depstosbody anbpithimbe resgéqior  of

ar agr aph : LR, i g i - | eRNREN t
Ealvg d?sk%eﬁ%%gﬁ%&.ngﬂgﬁg%iggmfﬁmgﬁék?%F@gﬁggghﬂgggiFlon ﬁ%%ﬁ?ﬁgﬁgghctor

bed surf acenaydeicsedoet] e eencRO9meaded r@ 03 oked dnespadisk ofethe prnar nalire peitpet valve2 1,
The reactor_of para rqph 15 m@egein sai d poppet valve stem el enent extends
i ledto ody~

to a Iocatﬁ%ﬁn8u5§9 2SR A 22. The reactor of paragraph 2, wherein

each valsve [0082ps s @hatatodimbs aay éxtwlenal | y accessi bl e val ve seat that fits
within its respegtive inlet .to the reactor body and/or outlet from 20the
reactor body and’i’*<LULPBAYRS t he head. 23. The reactor of paragraph 22,
wherein the val ve) seaf reh&odddached to the head via one of a rotatably

| ocki ng mechanism thread-in seats, and pressed-in seats. 24. The reactor
of paragraph 21, bwhi chiistheepengagethiyith sadreactonliodss st em seal associ ated with

the valve stem 8E?5-J ARt E&RGH Qktelin PROATLARR s he RN £1As({ RV iHiBug em
seal is a rod packing. 26. The reactor of paragraph 15, wherein the poppet

val ve conprsiidéerdaaid nearly actuatabl e val ve stem engageable with an
actuator to opengand eggf)s?@ 08 A, ﬁcﬁmﬂx L BRindid ﬁrptec%hglﬁ%dn%ying Afig The
reactor of paragraph 26, wherein he actuator i's at least one o

pneumnat i calfloy aBo@gatflost math extendimgftoncék fiyst adveuatdebsougindle edaetot balyagnet i cal |y

Camhart adt uat od e <390 SHRE FERR OIS BV ADRES™ Uher o1 n 2 comron

actuator control §) | ingarlsgcaldi gnachdpl ukadagvdl vesitlconmeid t or@cart ikudlar

fluid flow strea WO 2011/1 9635PCT/U82011L033353 30, T?e react or of

paragraph 15, whér ei n? ECPRAFAAIIHBHPEIne/EIN Busids B drd ey’ o th a0 Kl ar

head are subst antiiglst arﬁéll’yf%ldﬂoa%h satMcfREMI RRadliaggret er and spaced

center-to-center by 120% to 400% of the ayenage_ﬁoppet di sk el enent

di anet er . g) a second valve in flow communication with said second conduit controlling
fluid flow along the flow path including a portion extended from the reactor body to the
second valve.

20 3. The reactor of paragraph 2, wherein said first valve has a substantially open position
when fluid flow in the flow path is in a first flow direction and a substantially closed position
when fluid flow in the flow path is in a second, opposite flow direction.
4. The reactor of paragraph 3 having a first valve pair on opposite sides of at least a
portion of the flow path, wherein said first valve and second valve are each in a substantially

25 open position when fluid flow in the flow path is in a first flow direction and a substantially
closed position when fluid flow in the flow path is in a second, opposite flow direction.

5. The reactor of paragraph 4 further comprising:
h) a third conduit extending from outside the first head or the second head to at
least partially through said respective head;

30 1) a third valve in flow communication with said third conduit controlling fluid

flow along the flow path including a portion extended from the reactor body to the

third valve;
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31. The reactor of paragraph 15, wherein circul ar poppet val ves associ ated
with a 5Sparticular head are substantially circular, uniformin dianeter and
spaced cewbDenttt@Icssént er by 140% to 200% of the average popAsRoidios’ssel enment
dianeter. 32. The reactor of paragraph 15 which provides at |east one of:
i) a valve pressure drop as fluid flows through a valve of from1%to 100%
of the reactor internal pressure drop; ii) a ratio of total stream poppet
valve flow area for one of an inlet streamand an outlet streamto 10

reactor flow ared rangfovghcpuhitiodendingfom qutsige the fippead of dhassceriddieed tor
bet ween m '3{1% %j-ﬁh#éter aN%reg e@gvt;n d:7nd- 1484 + 0.4876*DB [feet], where

DB is flow area maxi mum val ue ( DpnAXx) [|nches] =
1.6113 + 1. 8657*E>B [feé:tu]rth vahverie fIDB domnfunaticar erh diidrebad comiuit gentroliing Lp/

Dp, (ther t| al v ift pet di n bet 3% nd 25%
and v val JUPHRY ol o uBBRRE s RrTPT LB Bea s RS I o
par agr aph ZI&urthhiab/h. pI’OVI des at | east one of: i) a valve pressure drop as

quideo thro ava 5} S%to 2(6 f the reactor nlggfai
pressure d 9"* éFa?ta’E? aé"tgratp ta aVé"t‘% AP b@ﬁ‘éﬁt p%?a‘f‘\%’“ﬂ“&ﬁf”&rt TOY° one
of an inl etan@taﬁ&ﬂﬁham@tvean kied sigds o i Meds0a p&@AGH OF thé h@Wp@ﬂﬁ@orﬂl@Hﬂl‘gﬂE)Wf rom
2% to 20% .iii) pet val ve dianeter between m ni num val ue

[i nches] nothstae:@n OOPQ?87 gemipstivayherajihbe ehitdyajvs apd Swf%}fr@avaaieétﬁe%aét m
feet, 20 andyFRxiAHMNREH BokidRM M In [He%@%’]ow*mlth@% ibatil i86R DBk fffo%/t 1

where DB is flow area dianmeter in feet; 1v) he ratio of valve
lift tolopogdpedtiodiaaden erjubstarighy dpen \mesetﬂprB%lemﬂulﬂ W ahdlevﬂowa@mhelsun fthe ti mes

bet ween 10 ds. 34. A reactor conprising: a) a
reactor bo 3%%??&?%%(: gtg)?ng a reaction and/or heat exchange region

25conpri si fig t wo Thabstcaot bhlpaagopphosi nycrompe theendstor by @ fasymethethe advasppi ng
one end of the reactor body; c) a second head capping the opposing end of
the reacto d) a fixed bed conprising a region proximal to

the first Igead Blerregto@nfpdrﬁgtapmé furthert doepsicia@ ok franste adddtiéhatedds adachi @gi on
di sposed therebetween, whjch osed 30 within the reactor
body and c qog’é‘&m%t“?l’(jw%?‘eer‘?%?ﬂégﬁaﬁ%%‘ld@fm}ér YrBYheP e Vg gt Mdigeand/ or

reaction Ofcoﬁuga&(t&fdh%aﬁﬂ leamg}’gélﬂ}/ IS8R RGd. [ Ad9204al/ Q3353 respectlve h&), at

| east one gas streaminlet associated wth the first head ening a pat hway
t hr ough t h&PeIpinginRbasg vathcny giher yahees e Huid spmpwgigatigngvigh sajdeadslitiopplecopdis

stream out Lgh c33RmbIRAAW bidnk IR ﬁo%ﬁf?aﬁﬁ 1&2%9%%%?1! @x%nﬁ@& Ru@Mnd fe@ ér’ﬁnt he

react or body and through the second head | east one |
poppet val \bedmf@nlnm@mectng vahe. gas stream inlet and int egr at ed

20 9. The reactor of paragraph 2, wherein the reactor body comprises a reactor bed, and
the volume of the flow path consists of i) a packed flow path volume within a solids-fluids
contact portion of the reactor bed and ii) an open flow path volume between the valve(s) and
the reactor bed, as well as any open flow portion within the reactor bed.

10. The reactor of paragraph 9, wherein said packed flow volume comprises all volume

25 in the reactor bed that is at a distance less than 2 cm from a solids-fluid contact surface.

11. The reactor of paragraph 9, wherein said solids-fluids contact portion of the reactor
bed has a wetted area greater than 0.5 cm?cm’ in all regions of said portion of the reactor
bed.

12. The reactor of paragraph 9, wherein the ratio of the open flow path volume to

30  packed flow path volume is less than 1.

13. The reactor of paragraph 9, wherein the ratio of the open flow path volume to

packed flow path volume is less than 0.5.
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5with the head associated wwth the inlet, the inlet poppet valve conprising
a linearly actuatable valve stem g) at least one outlet poppet

val ve corwoabilvnge3she gas stream outl et and integrated WCThuSéra/obzsasl
associated with the outlet, the outlet poppet valve conprising a linearly
actuat abl e val ve stemy and 10h)at | east one actuator engageable with the
linearly actuatable valve stemof f) and/or g) providing val ve opening and
closing by inparting linear notion to the poppet valve to allow gases to
pass from dfit si déhe iactoeaE payiegiaph Onwhereint the reastor thed chopises anfakedrhgh doresi de

t he reactor : J as to provide changeable fl ow
C%lgBIQQYI_Ihgt Q1 %?e'rlglecg‘EJMe LARGE eQF]ha%ge. p g

oper ati on. e reactor par agr ap whi ch further conprises i) at
| east one das st Thamartl ef pdre@smoli whasedn wi teasttdne of egidndlvie &k ppwni vagvea

pat hway thrcoulgrh.thediS eeclond head g@%ith reactor l;[)_ody and at | east one gas

st ream out IF¥PPRYEET R S W FRTERE P4 S Veﬁggldel%nﬁ%nn'l ng a pat hway through the

react or sbody. and Théecattor sf pdigaghh W, Wheasibe ipapied valnt disk pteppet hasal snebhs) or
other inlet flow control neaps, outl et et valve(s) and actuator(s)
anal ogous t*‘ePS%a}lElalgﬁpaé%laf tﬂ)@g%ﬁmg&leﬁ%@g@g‘?c&?r ngfﬁrg“@’%t ream swit ching of at
| east two sbreanmghé frador pRFagRph | W IREANIEME hOFpct IR dpshdGwardtRaeh@sr feady
partially enclosing a reaction and/or heat exchange region conprijsing two

subst anti allPy oppbsi'er§los e nPasegdhwd @ nWhersin rthe PRRREY elyspinsgs anay i dfe t he
reactor bogyciofb§econd head capping the opposing end of the reactor body, a
fixed bed disposed within the reactor body conprising solid materi al

capabl eloof 1pr onmoifhageaheatof erelaplydo.awbron the distanen deingaongeasion tbeeean thehi ch

ces: HETY . ) t
]???E{' ;22 gt&?ﬂel ba[]\%J 8@9&%&?& hﬁtos%}ﬁ&qn‘ﬂ{etf?fg}é ﬁqe:rl:;}ioﬁﬁorgﬁl%l tRORh&G eﬁtswjfaféﬁ% one

eamto at [east one gas s et associated wt e first
head t hr oupbtwiebre5%oiand 2004e atithaddk cletmenttdienateact or body and wi t hdrawi ng a

treated first gas,streamfromthe reactor bo and .t hrough th econd head
Lo at I eastione. e EEPEshrarel 15e Bk a BRNGRR o eC B heREE Mer o n
sai d i nt r ogugichoalandsknléheht aud sigfacrie teaully eich @dsiti@spahd eadtyr oy satfack @ast
one intake poppet 30valv cated in the first head and at | east one
exhaust15poﬁﬁ@{ggl¥/%q/\géncfgygf)£’geaﬁkflﬁ@e‘géj@é’i‘ﬁ’jﬂhead; and ii)introducing from

one or norejlnl etrhgascoPYf f@Seradh 156a%treANBISRHPAL 28RS 1cHt EI8RPATRiels foaast
one gas streaminlet associated with the second head t hrough the second WO

2011/ 14963 %@ty mpoderepdssd 3

22. The reactor of paragraph 2, wherein each valve is associated with an externally
accessible valve seat that fits within its respective inlet to the reactor body and/or outlet from
20  the reactor body and is sealed to the head.
23. The reactor of paragraph 22, wherein the valve seat is attached to the head via one
of a rotatably locking mechanism, thread-in seats, and pressed-in seats.
24, The reactor of paragraph 21, which further comprises a valve stem seal associated
with the valve stem.
25 25, The reactor of paragraph 24, wherein the valve stem seal is a rod packing.
26. The reactor of paragraph 15, wherein the poppet valve comprises a linearly
actuatable valve stem engageable with an actuator to open and close the valve by imparting
linear motion.
27. The reactor of paragraph 26, wherein the actuator is at least one of pneumatically
30  actuated, hydraulically actuated, and electromagnetically actuated.
28. The reactor of paragraph 26, wherein the actuator is camshaft actuated.
29. The reactor of paragraph 26, wherein a common actuator controls linearly aligned

plural valves common to a particular fluid flow stream.

-36 -



head and into the reactor body and withdrawing a treated second gas stream
fromthe reactor body and through the first head to at | east one gas stream
outl et aswocoatld3di th the first head, wherein said intPoUS2010/033563

wi t hdrawi ng are controll ed respectively by at |east one intake poppet valve
or other intake flow control neans |ocated in the second head and at | east
one 5exhaust poppet valve located in the first head. 37.A reactor

conpri si ng: a) a reactor body, wherein the reactor body fornms a
reacti on zdfe wi The rcactoe of operagreRlt [Howlereip)cirgulan eingh viiueserspediatell gibged

within the 51‘?1@&151' ¥4 %&%ﬁbs&antlallyacucu , ¥er?in M&epﬁﬂ%&e%&ﬁfﬁt@%ﬁ&b&y es

coupled to the r eact or in flow communication wt e reaction
zone and cdﬂ@%@$#@H@OﬂhuwwﬂmhwwmbbdmbénmaHMGmamﬂon external to the reactor

body and w tlhI n tl"ﬁe réag (f:tolfonaréorg 583§er;:rgecurugr(:t o ef)]:falear A9 & Y 37‘[
wherein the T eact or 8 ad a SR coup ogefher to
formthe r@anmummmzmmesuandummpm&mmrhhﬂbﬂmalmmnaﬁw£MQpamétmuahvemaa§gnbly

are coupled to the head. 39. The rea tor of aragraph 38, wherein the one
or nore poﬁé@gt%gﬁvgogg%@WHﬁFggmﬁ%ﬂ$$ %@mufﬁpfg'flrst condui t extendi ng
from out si de. t he TheadctbOofaparh@amt 1 SpAiEH golMed QNI bh ) heaek praltreidri?
first valve in flow communication with the first conduit controllln fluid

f1 ow al ong 2aflpiddlaws dirausha whe Hdron bmte K% pt be rpgiop iteaprd PESSTUER GIePt e

reactor bogyio of4Qal TS HERReE Qilvé)ﬁovpéfeégér%lﬁg 03@11 1nY@9§t'fé?1hf‘anHQﬁ otlﬂét%jérea}f@{ove has
a substantially open 25position when f d flowin the flow path is in a

first floowrdcioeélpivorcaamnngiag Somst’at B%%! yl) @I roepd thymduamﬂtﬁr\bhbwem magigufl ow i n
the flow paLf,| Q?Pﬁ@@ fglc%e‘gg‘—ggbg;fgggp&ﬁé%%g bW, AR Qow dds diAnERIRYENI

devi ce, conpri
and maximum value (Dpyax) [inches] = 1.6113 + 1.8657*Dg [feet], where Dg is flow area

diameter in feet; iv) Lp/ Dp, (the ratio of valve lift to poppet diameter) ranges between 3%
and 25%; and v) valve lift times of at least 50 milliseconds.

15 33. The reactor of paragraph 15 which provides at least one of: i) a valve pressure drop
as fluid flows through a valve of from 5% to 20% of the reactor internal pressure drop; ii) a
ratio of total stream poppet valve flow area for one of an inlet stream and an outlet stream to
reactor flow area ranging from 2% to 20%; iii) a poppet valve diameter between minimum
value (Dpmiv) [inches] = 0.1484 + 0.4876*Dg [feet], where Dy is flow area diameter in feet,

20  and maximum value (Dpmax) [inches] = 1.6113 + 1.8657*Dg [feet], where Dy is flow area
diameter in feet; iv) Lp/ Dp, (the ratio of valve lift to poppet diameter) ranges between 5%
and 20%; and v) valve lift times between 100 and 500 milliseconds.

34. A reactor comprising:
a) a reactor body partially enclosing a reaction and/or heat exchange region

25 comprising two substantially opposing open ends;

b) a first head capping one end of the reactor body;

c) a second head capping the opposing end of the reactor body;

d) a fixed bed comprising a region proximal to the first head, a region proximal
to the second head and a central region disposed therebetween, which fixed bed is disposed

30  within the reactor body and comprises solid material capable of promoting heat exchange

and/or reaction of a gas stream;
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a nenory coupled to the processor; and 30instructions provided to the
menory, wherein the instructions are executable by the processor to:

gener at e wodell/mesal t s based on one or

nore poppet val vecadgmseoblodzss3 coupl ed

to a reactor body and in flow conmuni cation with a reaction zone, wherein

t he one or
control fl

nore poppet valve WD 2011/149635PCT/ US2011/ 035553 assenbl i es

uid flow between a | ocation external to the reactor body and

within the reaction zone; store the nodel results. 42. The conputing
device of paragré&bh 44 lcajerdrnstchm ingidssociatasuyifhsthe fiest begd @geringe SR3AEDNG of

t he one or
react or of
react or.

tlﬁgﬁg% thO Hﬁ?h%a\{laaln MG ARG ltdr%%df Qllr&)a{t?&stt &eagag ?t?éﬁhlocgutlgpgé’omatéhs

paragrap ereln the reactor Is an asymetric reverse

Adith tithecomdaetdepeoing p@a@lgylafaﬁrhm:iﬁq repdiartwidn amh@rq@gh Kienvecomd hend; aI

a honeycomb packinng mgterjal . 10] 0083 nhpdi clude:. 1A A
reactor conprisi rt? TRLES She 11}16‘[&10;)3% lvec {ﬁalhn ﬁ? %asfs {r?é{ Hf'mte O€sq M

aged w

The
| ow
IS

W th

sai d react@ﬁmbmﬂmmda$oamédmﬁhﬂﬁnmhuﬂm1ﬂmmgmﬂnwgwéb@ﬂmmu@suﬂ&mﬁmMMﬂmmm to

at | east par
f1 ow comunf

flow path

2A. The reactor

10

15

20

25

30

|
ext endi ?pg f 4tomndt Nehef bultRt p¥pdey &/aBRAcdnRbHGNhE REs Iseadh QutlBosghi
1ntegrated wet%rt%e Iilgad as%oAma{tgc{ t\VTt?l rthg %Ertli)gtl t%le no%tlgtt polple)gséalvgngorgrlsmg a
linearly actuatable valve stem; and

h) at least one actuator engageable with the linearly actuatable valve stem of f)
and/or g) providing valve opening and closing by imparting linear motion to the poppet valve
to allow gases to pass from outside the reactor to inside the reactor body, and from inside the
reactor body to outside the reactor so as to provide changeable flow operation.

35. The reactor of paragraph 34 which further comprises 1) at least one gas stream inlet
associated with the second head opening a pathway through the second head and the reactor
body and at least one gas stream outlet associated with the first head opening a pathway
through the reactor body and the first head, with associated inlet poppet valve(s) or other inlet
flow control means, outlet poppet valve(s) and actuator(s) analogous to f), g) and h).

36. A process for rapid stream-switching of at least two streams in a reverse-flow
reactor comprising a reactor body partially enclosing a reaction and/or heat exchange region
comprising two substantially opposing open ends with a first head capping one end of the
reactor body, a second head capping the opposing end of the reactor body, a fixed bed
disposed within the reactor body comprising solid material capable of promoting heat
exchange and/or reaction of a gas stream, which comprises:

1) introducing from one or more inlet gas sources at least one first gas stream
to at least one gas stream inlet associated with the first head through the first head and into
the reactor body and withdrawing a treated first gas stream from the reactor body and through
the second head to at least one gas stream outlet associated with the second head; wherein
said introducing and withdrawing are controlled respectively by at least one intake poppet
valve located in the first head and at least one exhaust poppet valve located in the second
head; and
i) introducing from one or more inlet gas sources at least one second gas

stream to at least one gas stream inlet associated with the second head through the second
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tlaIIy t hrough 15sai d head; and d) a first valve in

¥at8n with said first conduit controlling fluid flow al ong a



e) asecondheadengagedw t hsai dr eact or body; 200a second conduit extendi ng
fromoutside the first head or the second head to at |east partially

t hrough swiDdoriempest i ve head; and g)a second val ve in fPOWUSROMWBISSHL i ON

wi th said second conduit controlling fluid flow along the flow path
including a portion extended fromthe reactor body to the second val ve.
253A. The reactor of any of the precedi ng paragraphs, wherein said first

val ve has a substantially open position when fluid flowin the flow path is
in a first headanddite dictricestordedy andsvibdraying altiegted pasgrdieas GEpam Hamikreigadtpiyi d

flowin th ror ) ! r
ow in theeh &‘gftﬁﬁfg‘% the ﬁks?ﬁ@ad%@&t%‘ﬂt 01%%%§§t}zet/&§1td;1)1|tlgt%s§yﬁfa?eﬁ%lﬁﬂh? fit 148,

react or of ary precedi ng paragra aving a first valve
pai r 30 on whpposiakingddemgoindatithdeadtg arcponttdllod ropedtively foly avlqpsttdne inthler ei n

said first valve 1gend ﬁﬁcond eVﬁ| ve are eachloéartl dalflﬁ%c{)vsseéc?nr}ltﬁea%l laXdé)t %“%}i 0Si tion

when f1ui dPPPRSYRS PHE TS G parh P FeAns Py Fection an

subst antsi alekhaustipopgd vigosiotatehinwhefirsf Head.d fl ow in the flow path is in a
second, opposite flow direction. WD 2011/ 149635PCT/ US2011/ 035553 5A. The
reactor of any of the precedi ng paragraphs 2A to 4A further conprising: h)
a third conduit extending fromoutside the first head or the second head to
at least partially through said respective head; i) a third valve in flow
conmmuni cat Pén wi PHEAEOPRATIY R conduit controlling fluid flow al ong the flow

path including asport} ancexbeRdedefeofmt thLok 8¢ RrmPad¥acBion Léhet WEnih ke d
valve; j) a fourth conduit extending fromoutside the first head or the

second Keadeac®r bedyt east partially through said respective head; and k) a
fourth valve in ow [ j ' Sa| nduit controlling
Bi o {ﬁa{gg\/}ﬁg gt?aﬁérfaf)&lf%&aéd‘wﬁlﬂh qle%%%ﬁ&gzo%g,

fluid fl ow al ong I'nc Ing a portion extended fromthe
reactor body to the faourdr movapoppet vele Tfvembeacbopledto tiarcagordpldy 3] inlawi ng a

second, val RGOS Pl Erd SR TS, 5 BN S RLCT,
t he secondto dppasiot Bodylaauwithinakd icanionkeiei n the third valve and the fourth
{he. 11 oW path | s ThRTEHE" #HEE S W SRR o U BFieaY fyipen
posi tion wagkpldd tHethéd QWM thdl@eacliGV-BRE And SvileRid BR SRCANMoreORIPPSI Vdbvd | OW
direction. is7A The reactor of any of the preceding paragraphs, wherein the
react or i s agpgmbly are coupled to the head.
39. The reactor of paragraph 38, wherein the one or more poppet valve assemblies
comprise:
20 i) a first conduit extending from outside the head to at least partially through
the head; and
i) a first valve in flow communication with the first conduit controlling fluid
flow along a flow path extending from the first valve and through the reactor body.
40. The reactor of paragraph 39, wherein the first valve has a substantially open
25 position when fluid flow in the flow path is in a first flow direction and a substantially closed
position when fluid flow in the flow path is in a second, opposite flow direction.
41. A computing device, comprising:
a processor;
a memory coupled to the processor; and
30 instructions provided to the memory, wherein the instructions are executable by the processor
to:
genecrate model results based on one or more poppet valve assemblies coupled to a reactor

body and in flow communication with a reaction zone, wherein the one or more poppet valve

-39 _



asymmetric reverse flow reactor. 8A. The reactor of any of the preceding
paragraphs 5A and 6A, further conprising one or nore additional valves,
each in fwoworigmasni cati on with one of said first, secomdT/ushémn@3sses fourth
conduits via an additional conduit extending at |east partially through
said additional 20 conduit's respective head, operating in phase with any
ot her valves in fluid comunication with said additional conduit and
controlling fluid flow along the flow path including a portion extended
fromthe resemblicsiroayoltibyid Aew besysar ¢ ilaratiqraexjenal gp\tirheacke et v ndvithipnghcof t he
precedi ng pa Q(QLZ%B? wherein the reactor body conprises a reactor bed, and
the volune o Tow path consists of i) a packed flow path vol ume 25
within a selorabe fiodéldesultont act portion of the reactor bed and ii) an open
flow path vol ume pet vee val ve reagt or 1S | | .as any
open Frow Har i oneeeRrrene el Feibedh SRobhe: dabu i Patse i oA
wher ei n ssaisphcp@ek e ofnbomvmlmmtoﬂm@ﬁssaﬂmeabcbupledto anabtul‘modyn the react or
bed t hat |§1 at aglstanceless 3 Zcmeoma solids-fluid fﬁ
30sur face. *11A. THE® FE50F OF PERERY zfr‘é{B‘He‘@AE © WHEYEh Y AIYPRDTS EﬁyerfSF ds
cont act porréaua,a of the reactor bed has a wetted area greater than 0.5
cn2/cnB in all ions of said portion of the reactor bed.
2011/ 149638fCT/ u§gmef¢tee@f5%ag1@ SThwhgreig dhegpackipg mtesigh laaﬁlogwcomh@ﬁ%ﬁl% t he
ratio of thetopen flow path volume to packed flow path volume is |ess than
1. 13A The reactor of agraph 9A, wherein the ratio of the open flow path
vol ume 1o Mﬁbdonhe@wng@mme%mwcluém ess than 0.5. 514A. The reactor of
paragraph 94, V\h%rrg% orc&?p{%ﬁ tor bed conprises a fixed bed core conprising
solid materi al capa at exchange.

a reactor body;

b) a first head engaged with said reactor body;

c) a first conduit extending from outside said head to at least partially through
15 said head; and

d) a first valve in flow communication with said first conduit controlling fluid

flow along a flow path extending from the first valve and through the reactor body.

2A. The reactor of paragraph 2A further comprising at least one of:
e) a second head engaged with said reactor body;
20 f) a second conduit extending from outside the first head or the second head to

at least partially through said respective head; and

2) a second valve in flow communication with said second conduit controlling
fluid flow along the flow path including a portion extended from the reactor body to the
second valve.

25 3A. The reactor of any of the preceding paragraphs, wherein said first valve has a
substantially open position when fluid flow in the flow path is in a first flow direction and a
substantially closed position when fluid flow in the flow path is in a second, opposite flow
direction.
4A. The reactor of any of the preceding paragraphs 2A to 3A, having a first valve pair

30  on opposite sides of at least a portion of the flow path, wherein said first valve and second
valve are each in a substantially open position when fluid flow in the flow path is in a first
flow direction and a substantially closed position when fluid flow in the flow path is in a

second, opposite flow direction.
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15A. The reactor of paragraph 9A, wherein at |east one of said valves is a
poppet val ve conprising a disk elenent connected to a valve stem el enent.
16A. The rwacbari4ed3spar agr aph 15A, wherein the poppet valpea/useeld/osdsesrent has
a surface 10substantially parallel to and facing the proximal reactor bed
surface. 17A. The reactor of paragraph 15A or 16A, wherein the poppet valve
opens toward the reactor bed. 18A The reactor of paragraph 15A or 16A,
wherein the poppet val ve opens away fromthe reactor bed. is19A The reactor
of par agr aph- 15ATha gacton gianygf thaprecegng reiragraphe 24 t8 tantuethersompgsisgdbat i on
bet ween t he: : } I f .yl

position aﬁtgfh?{}bélﬁé%‘é%% %fnggg%sﬁ&sﬁdgtgg iﬁfégt %&%{1}1@&%@%&&2}%@%{&%&% %gﬁﬂllysk

el enent di drewghrsaid2@pedihe heedial othidfvapanadraposmnibkatidnwith daidthirdrcon @A,

wher ei n th%on iro?l% arﬁ:u? Huriapo% %%{0%&;“ ninlgﬁh%/r\lle %n ;[’thoe egt%g(ﬁ)e%tfro\ﬁ? h\éeeacci{.oﬂgof ! ene nt
flat surface in the c%u?‘ivy oper positi on and 28RS TEACt or " bed™sUr PACe i s
bet ween 520% tnchiRi0fdvef j) aHeurth okded emmdingdicanattade the TiAt Tiéwd of @actamnd dfad

par agr aphs  15A, 16A, 17A or 18A wherein said poppet valve stem el enment
Ext endo t o SaIGERHY Sibutatdaie e s3Ao pBT LR R NF SRy
precedi ng Rathagi@pesad %ﬁﬁihﬂid&n@&ﬁﬂ%]\fﬁld/ﬁoxivsalcﬁﬁgsth@ifﬁxegath inclMihd) adbrtion
externally accessible valve seat that fits within its respective inlet to

t he react orxiefed oBRtheiregstonkadyde the fthtvaber eact or body and is sealed to the

head. 23A. FRe reagl photof ofRRf2BHRBA, Rl MREIRIVAIVE RSir M@}h%r%ir%%éfd thisd @fi¥ached
to the head via one of a rotatable |ocking nechanism thread-in seats, and

pr essedwi n agégaidiounth malypen pepesiteonidesfof peatgr agion ofthe Wiivaiathi eentieBimgdompr i ses
a valve st &l @&lon&%ﬁg&ﬁtghg\g direction wherein the third valve and the fourth valve are each in
a substantially closed position when the fluid flow in the flow path is in the first flow
direction and in a substantially open position when fluid flow in the flow path is in the
second, opposite flow direction.
15 7A. The reactor of any of the preceding paragraphs, wherein the reactor is an
asymmetric reverse flow reactor.
8A.  The reactor of any of the preceding paragraphs SA and 6A, further comprising one or
more additional valves, each in flow communication with one of said first, second, third, or
fourth conduits via an additional conduit extending at least partially through said additional
20  conduit’s respective head, operating in phase with any other valves in fluid communication
with said additional conduit and controlling fluid flow along the flow path including a portion
extended from the reactor body to the respective valve.
9A. The reactor of any of the preceding paragraphs, wherein the reactor body comprises
a reactor bed, and the volume of the flow path consists of i) a packed flow path volume
25 within a solids-fluids contact portion of the reactor bed and ii) an open flow path volume
between the valve(s) and the reactor bed, as well as any open flow portion within the reactor
bed.
10A.  The reactor of paragraph 9A, wherein said packed flow volume comprises all
volume in the reactor bed that is at a distance less than 2 cm from a solids-fluid contact
30  surface.
11A. The reactor of paragraph 9A, wherein said solids-fluids contact portion of the
reactor bed has a wetted area greater than 0.5 cm’/cm’ in all regions of said portion of the

reactor bed.
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with the valve stem 3025A The reactor of paragraph 24A, wherein the val ve
stemseal is a rod packing. 26A. The reactor of paragraph 15A, wherein the
poppet vawvoeotompssses a |inearly actuatabl e val ve stempemgmsg@aloBsswi t h an
actuator to open and close the valve by inparting linear notion. W)

2011/ 149635PCT/ US2011/ 035553 27A. The reactor of paragraph 26A, wherein the
actuator is at |east one of pneumatically actuated, hydraulically actuated,
and el ectromagnetical ly actuated. 28A. The reactor of paragraph 26A, wherein
t he actuat dfAi s dhersteaior ohetasiert YA29herinehe sxior Grthe Prgvafiay mabmhvodere to

wherein a i’ﬁ‘f%?ﬁ??’fﬁ’?ﬁ%ﬁ%“e%wtﬂm-l inearly aligned 5plural valves common

to a parti w stream 30A The reactor of paragraph 15A,

wher ei n ci lgal ar Thoppetor vabwregrapls 8dcivhtreid the rdtiozofthe ppauflar phbadlemeto

subst anti al l}keﬁiﬂr cul %rvOluuni‘f f%gsrrt]hiu?o gii aneter and spaced center-to-center by
® O ai

120%t o 4088 PREYAVEr éng?és poppet di sk el ement dianeter. 31A. The reactor

of paragr aphAl5AThaviet®er of piragrapha®A pelpah thatcu@sr Bsisoaipatac fikddhbed core
10parti cul ar_head ahﬁ sub.slt ant i altld?é circular, uniformin dianmeter and

spaced cent®PPERILWHT Btep! cPRYYS 18 G55R%ES t he aver age poppet disk el enent

di ameter. 3RA. Thehé @AchPOF Miradd@hany, afrelDA 1Whit 6k o @M W8S & a bepet vane of
i) a valve pressure drop as fluid flows through a valve of froml1%to 100%

of the reaPBprising adiriaslcmpend sapegediiogpralveisienyelegnto of total stream poppet

val ve flowjgaea g Q86r of %a?dgrdpﬂhgk, %h%@i%%@ﬁ%p@tma%tdis%telén%@Ba[s%as'ﬁ}fﬁ&

reactor flow area ranging from1%to 30% ii1i) a poppet valve di aneter

bet weentoni wibstaniialll naeallc Do g facing tleshnee]imel Qactardgd surfcag76* DB [feet], where

DB is flow,akea di i 1N i - val i =

L6113 o 1 ghnr oh TRt pf Ppdil 13O TR Rl B 00 IR bl A0S 0™ |

Dp, (the ratacorbédd.valve Iift to poppet dianeter) ranges between 3% and 25%
The re

SERRGET AR S NP i e
the reactor bed.

15 19A. The reactor of paragraph 15A, 16A, 17A, or 18A, wherein the distance during
operation between the poppet valve disk element flat surface in the fully open position and
the reactor bed surface is between 5% and 200% of the disk element diameter.
20A. The reactor of paragraphs 15A, 16A, 17A, or 18A, wherein the distance during
operation between the poppet valve disk element flat surface in the fully open position and

20  the reactor bed surface is between 20% and 80% of the disk element diameter.
21A. The reactor of paragraphs 15A, 16A, 17A, or 18A, wherein said poppet valve stem
element extends to a location outside said head.
22A. The reactor of any of the preceding paragraphs, wherein each valve is associated
with an externally accessible valve seat that fits within its respective inlet to the reactor body

25 and/or outlet from the reactor body and is sealed to the head.
23A. The reactor of paragraph 22 A, wherein the valve seat is attached to the head via one
of a rotatable locking mechanism, thread-in seats, and pressed-in seats.
24A.  The reactor of paragraph 21A, which further comprises a valve stem seal associated
with the valve stem.

30 25A. The reactor of paragraph 24A, wherein the valve stem seal is a rod packing.
26A. The reactor of paragraph 15A, wherein the poppet valve comprises a linearly
actuatable valve stem engageable with an actuator to open and close the valve by imparting

linear motion.
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as fluid flows through a valve of from5%to 20% of the reactor interna
pressure drop; ii) aratio of total stream poppet valve flow area for one
of an inlwO2etwE@essand an outlet streamto reactor flowrParTa®201a08i588 from
2%to 20% iii) a poppet val ve dianeter between m ni nrum val ue (Dpnmi N)
[inches] = 0.1484 + 0.4876*DB [feet], where DB is flow area dianeter in
feet, 25 and maxi mum value (DpmAx) [inches] = 1.6113 + 1.8657*DB [feet],
where DB is flow area dianmeter in feet; iv) Lp/ Dp, (the ratio of valve
lift to popplt diTheremeeley ofpargeaph BEAWEBITCBIhBIsiNapTTs atderdt Ye of Rnewsndticglly ¢ i mes
bet ween 10gctﬁ§gd %8%amclah§/ E&&a@éw&d electrd ’aA? by EQGLEr of any of the
precedi ng paragra IS a reverse- ]10m/¥eactor used for at |east one
of stean1ré36rn1ﬁQ@Kﬁﬁyr@EEEEMPbﬂ@$nﬂwgﬂnﬁymdmysiECmnﬁm&hwvmaicracklng,

30dehydr Og‘iggt I Ofne %gc Qy d(%?a%)hQQA ereln-la;hc% ’ %%%Et%rtor() gon 10ls ﬁearfg’ ahgne
wherei n pyrolysis 1§ sl rom'st eam cracki ng, —hydropy SP’s,

non- hydBOC@hhﬂNabéﬂﬂhhmmioaYﬁh@ﬂﬁﬂ%ﬂdﬂG@SE@ﬁdU82011/035553 36A The reactor

of paragraph,35A,. wherei n_ st eam cr.acki i ncl udes at ast one o

ot atki g, - Rllane nad FER g PuRin G A3 o R oG RG PoR P S Re b P B
par agr aph 3bdiculihinag bt suyin@iply Sikausr Suniforns & @ehedr {ndapadiethanao-center by
hydr opyrol ysis to acetglene and heav feed hydropyrolysis to acetylene.

538A. The ﬁ%%éﬁ%?mb$0ﬁ3?5@?%@%”@5*@“%ﬁ@@@ﬁﬁwﬁ6ﬁfhydrocarbon cracking is

sel ected frem hyq‘h@%@m? lé“phﬁ@raﬁﬁ/ﬁ@k%%@reﬁlomf&igf QB %Qldesswsaidfa&ed M The
reactor of paragraph 34A, wherein d drogenation is selected from al kane

dehydr ogenatitiowamlpdd atel@ybsl@rtleﬂnaclmllad,etmyfdrr@ gediamptonand4pgcet lgentereaeewer wf
par agraph 34e, , /fe ﬂhQS'\%a%’ igép%d s csshaatgeid rom nmet hanol 10dehydrati on

and et hanol dehy ration eac or conpri si ng: a) a reactor
body, wher éRA. théheeac@onfb@dgaﬂotﬁ%w@kmaacﬁﬂunnj@meOmiMhbnlvﬁe:peamunr

body; e. |eac tion

rocYone or g8 L ARR bARL IR R R Hrh s B ehloF iR b Bt o 1
f 1 ow comuni) aahii®@Bf Witdl Btrtdie pbwtvaloa ﬂz)@/na&eaanﬂ @O e lihlengrehmlind ol @itlet

bet ween a | ocati on ext rnal to the. reactor pod and within the reactlon

zone. 49A THED LU0 Y pSR SPESHTUR A0 w&&/w # REPIEE XY O ieBeEy PEERPY i ses
a head and pgnimum $518¢ (DERVPliRUc CgEDNBE4 -0 FOTEMDE NRel) ERGEE OB, ZONEW A0d

wherein the one or nore poppet valve 20assenbly are coupled to the head.
diameter in feet, and maximum value (Dppax) [inches] = 1.6113 + 1.8657*Dg [feet], where
Dg is flow area diameter in feet; iv) Lp/ Dp, (the ratio of valve lift to poppet diameter) ranges
between 3% and 25%; and v) valve lift times of at least 50 milliseconds.

20  33A. The reactor of paragraph 15A which provides at least one of: 1) a valve pressure drop
as fluid flows through a valve of from 5% to 20% of the reactor internal pressure drop; ii) a
ratio of total stream poppet valve flow area for one of an inlet stream and an outlet stream to
reactor flow area ranging from 2% to 20%; iii) a poppet valve diameter between minimum
value (Dpmiv) [inches] = 0.1484 + 0.4876*Dg [feet], where Dy is flow area diameter in feet,

25 and maximum value (Dpmax) [inches] = 1.6113 + 1.8657*Dg [feet], where Dy is flow area
diameter in feet; iv) Lp/ Dp, (the ratio of valve lift to poppet diameter) ranges between 5%
and 20%; and v) valve lift times between 100 and 500 milliseconds.
34A. The reactor of any of the preceding paragraphs which is a reverse-flow reactor used
for at least one of steam reforming, dry (CO,) reforming, pyrolysis, catalytic cracking,

30 dehydrogenation, and dehydration.
35A. The reactor of paragraph 34A, wherein pyrolysis is selected from steam cracking,

hydropyrolysis, and non-hydrocarbon cracking.
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43A. The reactor of paragraph 42A, wherein the one or nore poppet valve
assenblies conprise: i)a first conduit extending fromoutside the head to
at | east wanbiw4besst hr ough the head; and 25ii)a first vaCrasS2or1/oBzsas
conmuni cation with the first conduit controlling fluid flow along a fl ow
path extending fromthe first valve and through the reactor body. 44A. The
reactor of paragraph 43A, wherein the first valve has a substantially open
position when fluid flowin the flowpath is in a first flow direction and
a subst ant P&l yThkt sader aeiagiaph 3 herhargin pigarn crpaking inchides 3tdegstprpeof ehann g

second, opg&ghglgrgfa{;}gcoup%%egﬁd %%ﬁoﬂ‘&%@km@ conputing device, conprising: a

processor e processor; and WO
2011/ 149633PLT/ TEB2®®M/0@3>555®graph 35A;, drereirc hy dmpyrplyey iidecedteal fihm metiramey
wherein thc?,1 nstru ons, are. e ecutf% roceSsQr to: generate nodel

results basg(:lf %18 }0 acctylenc ancf(h ?(\il\e}’eCﬁgpalroquISptO ace ene

east spaci ng ne’ or poppet val ve
assenbl ises 384au p1rbedretaotoaof pmegrmpfh B ywiasnen |nlnmymmca¢lm1ﬁmmkm@t is aalevted Hirom
5reaction pet valve control fluid flow

0
bet ween a IX@S@‘?“OSH @)?t%rro 515 t?gydrr??é’nragéﬁur@? IObody and within the reaction

Zzone, 39A. The reactor of paragraph 34A, wherein dehydrogenation is selected from alkane
dehydrogenation and alkyl-aromatic dehydrogenation.
40A. The reactor of paragraph 34A, wherein dehydration is selected from methanol
10 dehydration and ethanol dehydration.

41A. A reactor comprising;

a) a reactor body, wherein the reactor body forms a reaction zone within the
reactor body;
b) a packing material disposed within the reaction zone;
15 c) one or more poppet valve assemblies coupled to the reactor body and in flow

communication with the reaction zone and controlling fluid flow between a location external
to the reactor body and within the reaction zone.
42A. The reactor of paragraph 41A, wherein the reactor body comprises a head and a
shell coupled together to form the reaction zone; and wherein the one or more poppet valve
20  assembly are coupled to the head.
43A. The reactor of paragraph 42A, wherein the one or more poppet valve assemblies
comprise:
i) a first conduit extending from outside the head to at least partially through
the head; and
25 i) a first valve in flow communication with the first conduit controlling fluid
flow along a flow path extending from the first valve and through the reactor body.
44A. The reactor of paragraph 43A, wherein the first valve has a substantially open
position when fluid flow in the flow path is in a first flow direction and a substantially
closed position when fluid flow in the flow path is in a second, opposite flow
30 direction.
45A. A computing device, comprising:
a processor;

a memory coupled to the processor; and
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store the nodel results. 46A. The conputing device of paragraph 45A,
wherein the nodel results are based on spacing of the one or nore poppet
val ve asswotbiemdessupl ed to a reactor body. 1047A. The Preaatses1108558&r agr aph
41A, wherein the reactor is an asymetric reverse flow reactor. 48A. The
reactor of paragraph 41A, wherein the packing material is a honeyconb
packing material. 49A. The reactor of paragraph 37A, wherein the acetylene
is converted to ethylene. 15 [0084] As may be appreciated, in an

al ternative enbBdir¥rsARs PiOvided Balbe gremery. peictit HSHSIHCEGTY as@eawgblppyihcie at
| east one (Bl;o }s)& @ valve pressure drop as fluid flows through a val ve of
from5%to 288 of the reactor internal pressure drop; ii) a ratio of total
stream poppet val veenefagwmadad aesulis bawee oofatdersi siaeing detveamoandr arvroperipet
stream to reactor {)ow.area. . anguno.f 1 AMAMER A% doly dopfhy ROARSE WAl

di amet er between mhinum val ué 3 ] = Y. LB R T,
[feet], swhere DB i madtlonwosy, ezaeldmahectn&rorinmré @@tpet \amé B! uid fiay biw ¢dopmAX )
[inches] = 1.6113 + 2. 858*DB“£9f§et%, vvhﬁre%)B ow.area dianeter in
feet: iv) Lp/ DB, FHINEEEME! Bl Srqe Dofly gn “‘BBH’Sé‘Ea"H?%OEFer) ranges

bet ween 5% and 20%tonich MydcYakwe. | i ft tinmes between 100 and 500

mlliseconds. [0085]Although the invention has been described in detail
herein, thd04ki Iheaopruiagideyisnef pomgieph 4pAcHgerpethemdel EERTDAY GF t he

i nvention that, & eeWnt B ﬂoﬁe@%@qgﬂ% %Eentl‘thﬁes G(l)u%le'a% are\ngr body.
2011/ 149635 CT/gU82011/ 03555 is claimed is: 1. A react or

conpri siong 475a) Ahg ecaetpopf badgraph 41A, Wherbl)l the fi¢aptot ithem dsyemprige e vaise Hlogai d

reactor body:.i. c) a first conduit extending from outside said head

to at | east partlally t hrough sai d head; and d) a first valve in

f | ow commuABAat Thnreadtothofparagraph HA, whmciulthe woking olakariakyis falhwhelcomb packing
material.

49A. The reactor of paragraph 37A, wherein the acetylene is converted to ethylene.

15 [0084] As may be appreciated, in an alternative embodiment, the reactor of paragraph 15
and 15A may provide at least one of: 1) a valve pressure drop as fluid flows through a valve
of from 5% to 20% of the reactor internal pressure drop; ii) a ratio of total stream poppet
valve flow area for one of an inlet stream and an outlet stream to reactor flow area ranging
from 2% to 20%; iii) a poppet valve diameter between minimum value (Dpyviv) [inches] =

20  0.1484 + 0.4876*Dg [feet], where Dy is flow area diameter in feet, and maximum value
(Dpmax) [inches] = 1.6113 + 2.858*Dg [feet], where Dg is flow area diameter in feet; iv) Lp/
Dp, (the ratio of valve lift to poppet diameter) ranges between 5% and 20%; and v) valve lift
times between 100 and 500 milliseconds.

[0085] Although the invention has been described in detail herein, the skilled practitioner

25 will recognize other embodiments of the invention that are within the scope of the claims.
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10fl ow al ong a flow path extending fromthe first valve and through the
reactor body. 2. The reactor of claim1 further conprising at |east one of:
e) asecondweadangagedw t hsai dr eact or body; 0Oa second cond®CT/uszaiensssng from
outside the first head or the second head to at |east partially through
sai d respective head; and 15g)a second valve in flow comunication with
said second conduit controlling fluid flow along the flow path including a
portion extended fromthe reactor body to the second val ve. 3. The reactor
of claim2, wherein said first valve has a substantially open position
when f|Uidqﬂ&¥ﬁén the flow path is in a first flow direction and a
substanti a sed position 20when fluid flowin the flow path is in a
second, oppdsi tseldimeiisdi rection. 4. The reactor of claim3 having a first
val ve pair on opposite sjd of at |east a portion of the flow path,
wherein saﬂd firs]%$%F§8mBﬁ%n%econd val ve are each in a substantially open
position when fluajd fdmactbrbddpe flow path is in a first flow direction and

a substantially osed_.posi tion en fluid flowin the flow path is in a
second, oppositegilom?ﬁgfé?bﬁﬁ%gggggh%ﬂ%“?@%@%’V’of claim4 further
conpri sing: c) M fit tdhdad cetomdid fro@cuBNdishid Hel 1B 0 Wast Aetialllpehrbhghst

head or the second head to at |east partially through said respective head,
i) a thirdsyahest: fl ow communi cation with said third conduit controlling

5
fluid flom1alongdLhe { ERM DAL B AGE baEIh b cRioR Hith @11 Bt @AGGHJntBMnk MRid
reactor body to the third 30valve; .0Oa fourth conduit extending from

out si delot hélopialang aHloapagh ext¢nd ingdeeantie e daly vangt thiopgsthe praetor Badyy t hr ough
sai d respegtive Hﬁ@ﬂ%a@ﬁ&kmﬂﬁhﬁﬁééé%éﬁ&%ﬁ% 145204 44 035553 k)a fourth val ve
comrdu

in flow comruni cation wth said secon It controlling fluid flow al ong
the flow path ineluding ascpadt i ohcalxt endgged r orwitthe rsedct orcabiody tlwdyhe
fourth val ve. f) a second conduit extending from outside the first head or the second head to
at least partially through said respective head; and
15 g) a second valve in flow communication with said second conduit controlling
fluid flow along the flow path including a portion extended from the reactor body to the
second valve.
3. The reactor of claim 2, wherein said first valve has a substantially open position
when fluid flow in the flow path is in a first flow direction and a substantially closed position
20 when fluid flow in the flow path is in a second, opposite flow direction.
4. The reactor of claim 3 having a first valve pair on opposite sides of at least a portion
of the flow path, wherein said first valve and second valve are each in a substantially open
position when fluid flow in the flow path is in a first flow direction and a substantially closed
position when fluid flow in the flow path is in a second, opposite flow direction.
25 5. The reactor of claim 4 further comprising:
h) a third conduit extending from outside the first head or the second head to at
least partially through said respective head;
1) a third valve in flow communication with said third conduit controlling fluid
flow along the flow path including a portion extended from the reactor body to the third
30 valve;

1) a fourth conduit extending from outside the first head or the second head to

at least partially through said respective head; and
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6. The reactor of claimb5, having a second valve pair conprising said third
val ve and 5said fourth valve on opposite sides of at |east a portion of the
fl ow pat wocontmed3si ng flow in the second, opposite fl owrCaiuseaitiosssswher ei n
the third valve and the fourth valve are each in a substantially closed
position when the fluid flowin the flow path is in the first flow
direction and in a substantially open position when fluid flowin the flow
path is in the second, opposite flow direction. 107. The reactor of claim 6,
wherein the reackbr isfarhgslyaeflpwcomapaicgion vishsaidaeornd condgit cupfpollingsct or

of clai m 6 gfu hherad % P%&vgﬁdpgﬁluﬁfng@%&l&g%tgt gq'on}/ HeVi€SotorSRQY b hd | ow

communi cati on mnth I rst cond fourth conduits via
an addi ti ofalrthoehvdui t extendlng at Ieast partlally t hr ough sald addi ti onal
conduit's r6espectrhereac fdmgﬁ ti.n S€e wi.t h an oth ¥$ es |

V1 a se 1r COl’l’l 1n yva, Ve .
fluid conmihi cati On Wt vt nat” condu il a"Eot |ng Uld

f|OMIalGngsMb@mﬁmowhﬁamhmpﬂn%udkmgfﬁI@Efip@ﬂomﬁfﬁldﬁ@}hﬂﬁﬂbﬁhﬂmﬁﬁﬁmﬁDf body
to the res ctlv val ve.. 9.. The reactor f claim t he r.eactor
body. conpr TS diker b Topeicim Faan it Girk SeFe PG FEGhIALR e B o
i) a packedubstaauaigadidted Pbsiion WhehRhdhad $I0tiifl drefflowi §hsh & amthaGrst PR diRBticH t he
react or bed and i an, open flow path vaol une between the val ve(s) and 20t he

reactor bednd &% ayabstangially ppen pesitian Wieth Jridi Bev Wi the Hov Heth satat Be seewd. 10,
The react o, Qfsit hah Mr&tiowher ei n sai d packed flow vol ume conprises al
volume in tRe reactor bed that is at a distance less than 2 cmfroma

sol i ds-Pl ui’d cohbargectennftlhabe 6, wiierein thegeaceos dt agrasyhmetrig rgvede laaeasion sai d

sol | ds- 11 uigds o9R! ARLLRACLLAY Bhud MEnEEAGLAL e PaRAIRLLRS YRR Meat o

than 0.5 cnR/c regi ons o rtion o e reactor
2512. The reammomcukmCWﬂlnn@omeéﬁbunwrhminhmdoxd%ummemmWEMVhJ@ma¢%ﬁ¢wholune
to packed flqy%path vqu

wner oi n-t neo R S gL Ty TRl MDA oy B T SRR T lrsenSer I e
i s | ess thaperbtify in phake v&[ﬂleany et tdlvedfin alidicomshunisthesnedith iaﬁtEaddﬁMﬁleonthﬁﬂ
conpri sgs s (i Icoxn?r%llglg% C oew %l%n tﬁestjlovxg path including a portion extended from the reactor
body to the respective valve.
0. The reactor of claim 2, wherein the reactor body comprises a reactor bed, and the
volume of the flow path consists of i) a packed flow path volume within a solids-fluids
contact portion of the reactor bed and ii) an open flow path volume between the valve(s) and
20 the reactor bed, as well as any open flow portion within the reactor bed.
10. The reactor of claim 9, wherein said packed flow volume comprises all volume in the
reactor bed that is at a distance less than 2 cm from a solids-fluid contact surface.
11. The reactor of claim 9, wherein said solids-fluids contact portion of the reactor bed
has a wetted arca greater than 0.5 cm?/cm” in all regions of said portion of the reactor bed.
25 12, The reactor of claim 9, wherein the ratio of the open flow path volume to packed flow
path volume is less than 1.
13. The reactor of claim 9, wherein the ratio of the open flow path volume to packed flow
path volume is less than 0.5.
14. The reactor of claim 9, wherein the reactor bed comprises a fixed bed core comprising
30 solid material capable of heat exchange.

15. The reactor of claim 9, wherein at least onc of said valves is a poppet valve

comprising a disk element connected to a valve stem element.
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30solid material capable of heat exchange. 15. The reactor of claim?9,
wherein at | east one of said valves is a poppet valve conprising a disk

el ement cwonrentwg3so a valve stemelement. WO 2011/ 149@8FRST#1W82331/ 035553
16. The reactor of claim 15, wherein the poppet valve disk el enent has a
surface substantially parallel to and facing the proximal reactor bed
surface. 17. The reactor of claim 16, wherein the poppet val ve opens
toward the reactor bed. 18. The reactor of claim 16, wherein the poppet
val ve opend6awayhd ressiof 16 daimci dr whesein e Toppefhalycedicl slemsnt bpsap putface

wher ei n th*‘s‘u&iaﬁﬁﬁﬁéﬁ{aﬁ]@ ﬂ;?qu ﬁ?ﬁ%%éﬁ?&dﬁ@f &b%@&r@a@@p“v‘t valve disk el ement

flat surface In open position and the reactor bed surface is
bet ween 5%land ?h)@%qﬁ@r crfh@irnlilé,w}@reetnélnpomeavrmﬁeqpens tow2@. theTivectordmdt or of

claim 16, er e‘l’ ereac fcfa?nqcfghe%r |1n e?) ere?;[fa{l\(f)eno l?er?sj[a\ll\\xlleae t h ¢ PARRFbed val ve

di sk el ement” f1at® Surfacé in en p05| Pt he'Feac or bed
surfacesi s 190 b@hey\maoﬁap/clandl@(i%emﬁn tﬁ&edmiarﬁ:k dﬁhegrepﬁratdjnajmiz@n .the @dppeiThe
reactor of cJ ai 1

sai.d et val ve ste | enent Xxtends to a
| ant o outF b edmm s SRy RTRRS; wklinssiidh SR TeoBhou Rl SMSe o
valve is ass@eb@tBAnd00Y, antheYisReRAbhMiAREesSSi bl e val ve seat that fits
within its respective inlet to the reactor body and/or outlet fromthe

reactor isBBdy apriregosehtlaim {& yhseindgglistaneg dunipg opeaaiondietvgren dheporpot |

wher ei n the,valiwg é&ﬁént'fﬁat hrREhRdnd ﬁllﬁrh&)eﬂ%QnMﬁ @R Rhctdr HQL alAB &
| ocki ng mechani sm thread-in seats, and pressed-in seats. 24. The reactor

of clailh Zbet\m‘?ﬁltl*p%amctwoﬁfbﬁﬁksksb@em djeopes. st em seal associated with the
val ve stem,, 2023, The. [ €a¢tah 19fwﬁ\e|r(%|1 E%%ﬁ WOGERI s Q@Té/ 'e;‘(tgn&ttgg‘lo\icﬁ !S a
of clarm1l erei

reci procating conpressor- typ€ € reactor
t he poppet ouaidveautbeqdrl ses a linearly actuatable valve stem engageabl e wWth
an actuator,,to

2327 The. 1 Bt of PGl H0h o AGPRRAT EC PORUBFY b af SEmER sRgsipre
pneumat i calvhlye &t that fxel Wuhmdfsawpbaﬁzb linjetag theatathr badichndloe cliticd fragrad teaabl y
act uat elcsi' body and is sealed to the head.
23. The reactor of claim 22, wherein the valve seat is attached to the head via one of a
rotatable locking mechanism, thread-in seats, and pressed-in seats.
24.  The reactor of claim 21 which further comprises a valve stem seal associated with the
valve stem.
20  25. The reactor of claim 24, wherein the valve stem seal is a reciprocating compressor-
type seal.
26. The reactor of claim 15, wherein the poppet valve comprises a linearly actuatable
valve stem engageable with an actuator to open and close the valve by imparting linear
motion.
25 27, The reactor of claim 26, wherein the actuator is at least one of pneumatically actuated,
hydraulically actuated, and electromagnetically actuated.
28. The reactor of claim 26, wherein the actuator is camshaft actuated.
29. The reactor of claim 26, wherein a common actuator controls linearly aligned plural
valves common to a particular fluid flow stream.
30 30. The reactor of claim 15, wherein circular poppet valves associated with a particular
head are substantially circular, uniform in diameter and spaced center-to-center by 120% to

400% of the average poppet disk element diameter.
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28. The reactor of claim 26, wherein the actuator is canshaft actuated.

29. The reactor of claim 26, wherein a common actuator controls linearly
al i gned pWorali/Mmed3ses common to a particular fluid fl owPsrnsami/03338. The
reactor of claim 15, wherein circular poppet valves associated with a
particul ar head are substantially circular, uniformin dianeter and spaced
center-to-center by 120%to 400% of the average poppet di sk el enent
diameter. WD 2011/ 149635PCT/ US2011/ 035553 31. The reactor of claim 15,
wher ei n ci Béul afhpispget oferivel, adewsal ercalir wprist Halprasiasiptedrviea gadiedar
substanti a i . 3l i i Cel - nier by
140%to 20(Il)1%/2§/do€¥i’étE e{ag‘{}*}a”ly;%ﬂé’ﬁ%g&ﬁg?mg%“s e éﬁ%ﬁg p%’igg?re&ggﬁ.g%l%r. ﬁﬁ%@efgoact or
of cl ai m 1308kiof theprovicdmepatliskeksenighenaér: i) a val ve pressure drop as 5
fl ul d fl OW%Zt hrghlglheac Olyafl éﬁa% O{ I’VE‘II% prll'_%foi(ie(g ag‘?eod%oog Otfih% arvea VCet qgssﬁrgtcﬁrpngsl
pressure dfop; 1) a Pati 6" 0 5to al 'stream poppe val Vet I’dW area tof one
of an i nl etflugl fl@amhandh arvabatolf éonst¥%ean0a% of eactatorf ihewabpessureadrgp;ng o« r om

1%to 30% iii). a poppet valve djameter. between. m ni num val ue m

Hnches] = ritoiade OB podestyd Y Tt hprait Bar mE: Py S SindiaBrast 4
feet, and maxiomAGHadaundik® i) 1% it etmeslii)a pbppck halve dlaneH HetBed he@ilum Wher e
DB is flow area 10di aneter in feet; |v1)) Lp/ Dp, (the ratio of valve lift to
poppet di an@tefPrrdntieleshat Wt 384%8d Qﬂgﬁt]ﬁdﬁﬁre\}% pdlopearrd digmeteiBdods  at
lleast 50 Myhd hageRRASatue @)%MA%}IQICE&?QJ[ 0% 1 Of + GleRs MOl GRePTAVL $8% Ala | €aSt
one of: i) a valve pressure drop as fluid flows through a valve of from 5%
to 20% 6f twenctesdetiont; vitler Pal (the extiouefevadiveolsft th ipppeet rdzaniaterpfanges b¢tweer eam
poppet val I a f . of ' st and an outlet streamto
15 react or\é%i %&%ﬁ’;ﬁégﬁfv ryglfvﬁgl@tﬁlrngersnog&)l%%{ %@ﬂ{e?ﬁ%a poppet val ve di aneter
bet ween mi ABnunThateaeof &petiiM) 1 ivhchesdvides Ot 1484one oF. 33 A6HLBRrEfeetdrop wher e

DB is flowgaar dianeter in feet, _,and Xkum val u MAX i nches].. =
boon1a + 1 KT DPTREE vk grdRe BB 2 PhE B RPN BV Loy
Dp, (the rafi@alodredalpoppdt ivalve tfhwoappesr sheasTeintinet K@AGESndOaL vaRn s®dmand 20%
and v) valve lift tinmes between 100 and. 500 milliseconds. 2034.A reactor
conpr i sing:reactor flowggyeayapglag {om 1568 2ar t) I NPPEREIe SHaRF S brerser MM &R/ or
heat exchaRgge (I8 0MineRIPL B143%d -+t Y BHDS tf@aﬁ,lv@]!e{evnd@@m 016 APQRcLRdSot,
b) a first head capping one end of the reactor body; c) a second head
cappi ng t héendppysuayvawd Ry HEchehct 661 bioty: 3655 dsd fectlx wlierp éth 18 Slepra& ng a
regi on proxi . fdr . i roxl t ad and
a central )r&ieag? léeﬁgrgfégggvs)e%/ tﬁﬁ’e e e%l\o/\g)gr%%g%vﬁ?ctﬁ p? ?I%ggiag{g%r)i @%f??g@%g‘é@% thin
t he react orndddy; add) ednpliiit Swss ovéed 100 et S midlapainle of pronoti ng heat
exchan and/or ,reaction of a gas stream e)at |east one gas streaminl et
associ gzt ed@g\ﬁ t hAtrgaé q‘rf(?)nslPr?ﬁluré%d openi ng a pat hway

a) a reactor body partially enclosing a reaction and/or heat exchange region

comprising two substantially opposing open ends;

b) a first head capping one end of the reactor body;
c) a second head capping the opposing end of the reactor body;
25 d) a fixed bed comprising a region proximal to the first head, a region proximal

to the second head and a central region disposed therebetween, which fixed bed is disposed

within the reactor body and comprises solid material capable of promoting heat exchange
and/or reaction of a gas stream;

e) at least one gas stream inlet associated with the first head opening a pathway

30 through the first head and into the reactor body and at least one gas stream outlet associated

with the second head opening a pathway from the reactor body and through the second head;
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30t hrough the first head and into the reactor body and at | east one gas
streamoutl et associated with the second head opening a pathway fromthe
react or bwoyonarnddsdr ough the second head; WO 2011/ 149636PTBLMISABFE3 035553
f)at | east one inlet poppet valve controlling the gas streaminlet and
integrated with the head associated with the inlet, the inlet poppet valve
conprising a linearly actuatable valve stem g)at |east one outlet poppet
val ve controlling the qas streamoutl et and 5integrated with the head
associ ated wit hDt he o#ftl¢ast onetipet popp¢tenlvp sprpellingghe gas stpgs inddt apd mwtdgrasar | y
act uat abl e I : : : | e

T near 1y act ol CRe ey asul Be (EESk DR E O AR AN
and cl osi ngalvystemparting |inear notion to the poppet valve to allow gases

to pass fromoutside the reactor.to inside the reactor hod and.fro
i nst de the 107 edot or Boy tdcoul's] Bebihe FeacPebRE G 0 “hryffutt it

changeabl e ifttgaed pathathe dad as3&ciatdd evithahe botlet ofhe cludetnpapgetwhailehe dnpriiks ing ra
conpri ses Lé Ieas@»o e gas‘strean1inlet associated with the second head
openi ng a pRIRNAGURH SHQHG AR @cond head and the reactor body and at |east

one gas stream put | et atagsogicatRekoneddigdaBR With e 1iRQAY 20RSAbI0Galde Pah ARy
t hrough the reactor body and the first head, with assocjiated inlet poppet

val ve(s) oPgehemreviding vafsy onsiing gt fleting@apartggdinetr nasisp &t thg aerast eveand

act uat or (S), ANA) 2LQUS phQ ffom ofid@M rdibtor t3fsid P QERS BodyOhind @6th hside the
stream swi tchi ng of atp | east two streans in a reverse-flow reactor

conpr i siong reectogbedyde obisidy thsaeactoa ke g temedvalsichgneaebletier bpmatiand/ or  heat
exchange r@gi ONTGOMEISi, glaﬁlﬁ‘%ﬂ&fﬁ%ﬂ %E&Itﬁe?'cg%aﬁ&g% 'a{‘ﬂeaé%g&ﬁ %ag%eé% Gfhe@
n oay, €

first head capping one e of the reactor a secon cappi ng the
opposi ng ensboohted hethrteastard livad ppening 4 petldvdyatirod Sidils posed heid dnidrihd feectoreact or

ooy, rorvrLSANEALE TR ShL SRR PRl SR HERLLTRY RSRIEB AL ST,
inlet gas siguighahe Rhctbre@gy atihe first Béadg@ih sdss@@ed intet péppkeadile(s9 BLotB@SnIst r eam
Inlet alssso%ioxai/tc%gtro -ngegnst, gstlgt ipgpsptet \I;]a‘la'vaé s) tarlilc{ a?clfl a?or%s?a(:)nafloigroﬁst tOQ)?agjanadqg. Into
36. A process for rapid stream-switching of at least two streams in a reverse-flow reactor
comprising a reactor body partially enclosing a reaction and/or heat exchange region
comprising two substantially opposing open ends with a first head capping one end of the
reactor body, a second head capping the opposing end of the reactor body, a fixed bed
20 disposed within the reactor body comprising solid material capable of promoting heat
exchange and/or reaction of a gas stream, which comprises:
1) introducing from one or more inlet gas sources at least one first gas stream
to at least one gas stream inlet associated with the first head through the first head and into
the reactor body and withdrawing a treated first gas stream from the reactor body and through
25 the second head to at least one gas stream outlet associated with the second head; wherein
said introducing and withdrawing are controlled respectively by at least one intake poppet
valve located in the first head and at least one exhaust poppet valve located in the second
head; and
i) introducing from one or more inlet gas sources at least one second gas
30  stream to at least one gas stream inlet associated with the second head through the second
head and into the reactor body and withdrawing a treated second gas stream from the reactor
body and through the first head to at least one gas stream outlet associated with the first head,

wherein said introducing and withdrawing are controlled respectively by at least one intake
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the reactor body and withdrawing a treated first gas streamfromthe
reactor body and through 25 the second head to at | east one gas stream
outl et aswocoatEd3di th t he second head; wherein said i nPcodseoing3zsa

wi t hdrawi ng are controll ed respectively by at |east one intake poppet valve
| ocated in the first head and at | east one exhaust poppet valve located in
the second head; and ii)introducing fromone or nore inlet gas sources at

| east one second gas 30streamto at | east one gas streaminlet associated
with the seermstvieaer etherdutgke flove centtod myarrdaenrtedng thanegondead antetdeashorty and
wi t hdraw ng, @ L858 d.580ene 988 fifigam from the reactor body and through
the first head to at Teas one gas streamoutl et associated with the first
head, wheréin sairchciancomphirgiang and wi t hdrawi ng are controll ed respectl vely

by at | east onel takereal rgOC)dl %er%?B%PCT/t% %)0&1/ OBSSSBC 8[? pet v?hlvc%heor

other intake flo# cont FEr " hedns "scht 88 Ta5r eysgoércl}?\ "t Ag At edst one
exhaust spopgetor vadyye | ocated in the first head. 37.A reactor conpri si ng:

a) a reactor bOdéj wherein ctor reaction zone within

the 5reactor bod b)aBacg‘éléﬂ%laf@f@ﬁda‘i‘”ﬂﬂ%/@ﬁd%%ﬂo%q“& n the reaction zone;
c) one or nore peppet ontdh e sppiiblaivessseMuRdsedupied thke feeasttty Boy fRRd in
fl ow communi cation wth the reaction zone and controlling fl UId flow

bet ween a COREPRiSH BTy ha reagtipnzaqae prchrontpllipg fyidflay Metvern logrsiop extetnplon

zone. 1038@{3@&@@%&& aggw%ﬁllltml%zcmm%eel n the reactor body conprises a
head and a shell coupled together to formthe reaction zone; and wherein

t he oneloor 3for eTlpmpqgetpr valclpem g9's eiibicin e gcesturphadsl qompribes thbead, ar@oe Fhedl
t f ) |
reactor 0 c81!lp"1‘édnlo>§§ther"‘46efo% Nnd E&c%}{s Z%hg&% gvh%%ﬂpﬁfe %/rf%i écffgm?%é?%g!et' Satve

conpri se: rst con t ex I romouts ad to at
| east par t iagskeplytane @ugled to the head.

39. The reactor of claim 38, wherein the one or more poppet valve assemblies comprise:
i) a first conduit extending from outside the head to at least partially through
15 the head; and
i) a first valve in flow communication with the first conduit controlling fluid
flow along a flow path extending from the first valve and through the reactor body.
40. The reactor of claim 39, wherein the first valve has a substantially open position when
fluid flow in the flow path is in a first flow direction and a substantially closed position when
20 fluid flow in the flow path is in a second, opposite flow direction.
41. A computing device, comprising:
a processor;
a memory coupled to the processor; and
instructions provided to the memory, wherein the instructions are executable by the
25  processor to:
generate model results based on one or more poppet valve assemblies coupled to a
reactor body and in flow communication with a reaction zone, wherein the one or more
poppet valve assemblies control fluid flow between a location external to the reactor body
and within the reaction zone;
30 store the model results.
42.  The computing device of claim 41, wherein the model results are further based on

spacing of the one or more poppet valve assemblies coupled to a reactor body.
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15t he head; and ii) afirst valve in flow communication with the
first conduit controlling fluid flow along a flow path extending fromthe
first valweandu4véssough the reactor body. 40. The react oPCoiUSeHIAI0BISIY,
wherein the first valve has a substantially open position when fluid fl ow
inthe flowpath is in a first flow direction and a substantially cl osed
position when 20flow in the flow path is in 41. A conputing device,
conprising: a processor; a nenory coupled to the processor; and

i nstructi ofd pr 64 Wedonas claie 3 rerhsrain thamacier it 2 lseymMmeTe [FrePo e segtor.
executabl e 4y i, 23BLPCEIRAN $0:wherein the pa@ffChEAITRIPhodESHhS SaddRed ON
one or nore poppet valve assenblies couﬁig a reactor Do y and i n Tl ow
comuni cat inggerid.t h a reaction zone, wherein the one or nore poppet valve
assenblies control fluid flow between a | ocation external to the reactor
body and within the reaction zone; 30store the nodel results. 42. The
conputing device of claim41l, wherein the nodel results are further based
on spacing of the one or nore poppet valve assenblies coupled to a reactor
body. WD 2011/149635PCT/ US2011/ 035553 43. The reactor of claim 37,
wherein the reactor is an asymretric reverse flow reactor. 44. The reactor
of claim37, wherein the packing material is a honeyconb packing material.
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