WD 2007/ 075945PCT/ US2006/ 048899 1 METHANE CONVERSI ON TO HI GHER
HYDROCARBONS. RELATI ONSHI P TO RELATED APPLI CATI ONS [ 00011Thi s

appl i cati o QU Benefit of and priority to US Provi sPEHES2005/048899
Application No. 60/753,961, filed Decénber 23, 2005, and benefit of
rel ated US Non-Provisional Application No. (Serial nunber not yet
assigned), titled "Controll ed Conbustion for Regenerative Reactors,"”
filed on Decenber 15, 2006, as the assignee's Fam |y No.

P20051047- 1552. toFl ELD OF THE | NVENTI ON 100021The invention rel ates
to the manufacture of acetylene from nmethane. The present invention
also relates broadly to regenerative reactors. Mire particularly the
I nvention relates to an i nproved process and apparatus for producing
acetylene froma nethane feed b controII|no conbustlon for thernal
15 regener ati on ¥ EEMNELCONVERSIONTE) HIGHER-HY 1 4 e and
thermal |y eff|C|ent way. BACKGROUND OF THE | NVENTI ON [0003]Acety|ene
(or ethyne, HC..--CH) has |ong been recognized as one of the 20 few
conpounds that can be N&HEAHREHBHE&Tﬁ%REﬂﬂﬂNﬂEeUHﬂﬂtMﬂﬂg»ﬁ?on1nethane

but the condi Ihat nufa tur | aced. it
conmer ci al @ct?ﬁc al Py FRRHC %rc eﬁe h® {CJSE P ;5%% ﬁgdpmwsmnal
producti ors A&gﬂy:hMmNoaﬁO/BéS e6h\ded Bdcdnﬁ:ea 2lumﬁ5|; and baidfie of ekdsted &l e

hydr ocar bon C s al ef d.vin . of, the bi.gg
mpedi ment s PASEPERiorRl “Reliliol I, 3Rtuals Rl 268 5 oo et ORee
"Controlled Combustion for Regenerative Reactors," filed on December 15, 2006,
" as the assignee's Family No. P2005J047-US2.

10 FIELD OF THE DNVENTION
[0002} The invention relates to the manufacture of acetylene from methane.
The present invention also relates broadly to regenerative reactors. More
particularly the invention relates to an improved process and apparatus for
producing acetylene from a methane feed by controlling combustion for thermal
15 regeneration of reverse flow regenerative reactors in a unigue and thermally
efficient way,
BACKGROUND OF THE INVENTION
[0003] Acetylene (or ethyne, HC=CH) has long been recognized as one of the
20 few compounds that can be made directly at high selectivity from methane but the
conditions of that manufacture have placed it beyond commercial practicality for
other than high cost, specialty production. Acetylene can be converted to a
number of other desirable hydrocarbon products, such as olefins and vinyls. One
of the biggest impediments to producing acetylene from methane feeds has been
25  the very high temperatures required to produce high-yield conversion of methane
" to acetylene. Many of the desired products that could be manufactured from the
produced acetylene are today instead being produced via more economical
processes, such as thermal cracking of higher molecular weight hydrocarbon feeds
such as ethane and naphthas, in thermal crackers. The higher molecular weight
30  feed crack at lower temperatures than methane. Equipment, materials, and

processes were not previously identified that could continuously withstand the
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1500°C and preferably in excess of 1600°C, and with short contact times

(generally <0.1 seconds) to prevent.breaking the acetylene into elemental carbon
20  and hydrogen components. Such temperature and processes have largely been
unattractive due to the degradation of the equipment utilized, Virtually any metal
components that are exposed to such temperatures will be costly and will
unacceptably degrade.
[ooos] In addition to the above references, U.S. Patent 2,813,919 discloses
25  acetylene manufacture from methane in a reverse-flow reactor (a regenerative
furnace), operating at temperatures of typically 2500°F (1370°C), but up to
3000°F (1650°C). U.S. Patent 2,885,455 discloses a reverse-flow reactor (a
regenerative pebble-bed reactor) for production of acetylene from light
hydrocarbons. Ethane and propane feeds are discussed and claimed; methane is
30 not mentioned. Reaction temperatures up to 3000°F (1650°C) and contact times

of 0.1 second or less are disclosed. U.S. Patent 2,886,615 describes a reverse-
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10 under these conditions is removed by oxidation after 5 seconds of feed.
[0008] U.S8. Patent 3,093,697 discloses a process for making acetylene by
heating a mixture of hydrogen and a hydrocarbon stock (e.g., methane) at a
reaction temperature that is dependent upon the particular hydrocarbon employed,
for about 0.01 to 0.05 second. The reference indicates that a reaction ternperature
15 of 2700°F to 2800°F (about 1482°C to about 1538°C) is preferred for methane and
that lower temperatures are preferred for higher molecular weight hydrocarbons.
[0009] U.S. Pat. No. 3,156,733 discloses a process for the pyrolysis of
methane to acetylene and hydrogen. The process involves heating a methane-
containing stream in a pyrolytic reaction zone at 2 maximum temperature above
20 2730°F (1500°C) and sequentially withdrawing a gaseous product from the
reaction zone and quenching the product rapidly to a temperature of about 1100°F
(600°C) or less. U.S. Pat. No. 4,176,045 discloses a process for the production of
olefins by steam-cracking normally liquid hydrocarbons in a tubular reactor
wherein the residence time in the tubes is from about 0.02 to about 0.2 second and
25  the formation of coke deposits in the tubular reactor is minimized. U.S. Patent
4,929,789 discloses a process for pyrolyzing or thermal cracking a gaseous or
vaporized hydrocarbon feedstock using a novel gas-solids contacting device and
an oxidation catalyst. U.S. Patent 4,973,777 discloses a process for thermally
converting methane into hydrocarbons with higher molecular weights using a

30  circulating methane atmosphere in a ceramic reaction zone.
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thereby oper aétgzﬁ'oéf R%?ergpc%r ﬁntsH{u?gs Qj\cétﬁﬁﬁe"t, %QGESS Economics Program Report
Number 16 (1966). Among the relevant patents listed in this report are U.S.
20 Patent Application Nos. 2,319,679; 2,678.339; 2,692,819; and 3,093,697,

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

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

lateral injection nozzles or porfs to the combustion product, including the
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are typically used to execute cyclic, batch-generation, high temperature chemistry.
10  Typically, regenerative reactor cycles are either symmetric (same chemistry or
reaction in both directions) or asymmeiric (chemistry or reaction changes with
step in cycle). Symmetric cycles are typically used for relatively mild exothermic
chemistry, examples being regenerative thermal oxidation (*RTO™) and
autothermal reforming (“ATR™). Asymmetric cycles are typically used to execute
15  endothermic chemistry, and the desired endothermic chemistry is paired with a
different chemistry that is exothermic (typically combustion) to provide heat of
reaction for the endothermic reaction. Examples of asymmetric cycles are Wulff
cracking processes and pressure swing reforming processes.
[0013]) As mentioned above, regenerative reactors are known that separately
20 deliver a stream of fuel, oxidant, or a supplemental amount of one of these
reactants, directly to a location somewhere in the heat generation region of the
reactor. Although this may defer or control location of combustion, that process
limits the cooling of the quench regions of the reactor, due to not having that
stream pass through regenerative beds or regions. This can result in expanding
25  heat zones loss of reaction control.
[0014] The reactor heat generation region is typically a region of the reactor
system that is in between two regenerative reactor beds or regions, with the main
regenerative flow passing from one of these bodies to the other. In most cases,
this lateral stream is introduced via nozzles, distributors, or bumers (e.g., Wulff)
30  that penetrate the reactor system using a means that is generally perpendicular to

flow direction and usually through the reactor vessel side wall. In large scale
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carefully-dimensioned passages to regulate flow in a uniformn manner, or to create

the turbulence or mixing required to evenly distribute the heat that results from the
25  exothermic reaction they support. These nozzles, distributors, and/or burners are
located at the highest-temperature part of the reactor. It is very difficult to
fabricate and maintain carefully-dimensioned shapes for use at high temperatures.
If the nozzles or distributor loses its carefully-dimensioned shape, it will no longer
produce uniform flame temperatures. )
30 [0017] A further disadvantage of separately or laterally introduncing one or

_more reactant directly into the middle or heat region of the regenerative flow path
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potenti al of anded
and feed convgggl%ﬁl%%‘g:t ?%%EWP Q?aﬂ-{&/l*r‘?ﬁ‘& ong%('ﬁﬁ?ﬁ%ﬁﬁz ﬁ’g’ieﬁ%sd
known ar ti5di s%lﬂ@se@me@desost-nﬁeMSwaurm pyml)paembﬂmﬁmtto lﬂ:e@ﬂ@e at

unsui tabl e f ﬁ%ﬁ 0. gralj.on, at t.h
necessarily Eé ?T]fpgzlll %élljif’ e, t%&dcgﬁn%?/ P gm? eﬂrmnalf competitive
degr adat i on mlgmpﬁpmﬁtothep\hwocﬂrhm ferndsio qgct(ylm&ses do not reliably
provi de net hods or neans for continuously controlling the |ocation
and di ssipation of the created heat, resulting in either hot spots,
undesi red t h&UMMARGT 6XH THE BNWENTIODeS fi ci ent processes. Wat is
needed 15 is an efficient and cost-effective way to pyrol yze net hane
to acetylgne at relatively high yield, selectivity, and efficiency,
in a manner (b@io]i s mmﬁgent mwemmstﬁavenfsewe;&mapééasne@e%%%%Eﬂ?&éhuy

feeds to acetyl ene.
manufactured from methane feed accordmg to the inventive reverse-flow

regenerative reactor system, method, and process. This invention provides
processes and apparatus for efficiently converting methane by controlling

25 location, movement, and removal of reaction heat. The inventive process
beneficially feeds all of the exothermically reacting regeneration reactant sireams
through the recuperation or quenching reactor bed media, while simultaneously

. deferring combustion, until the reactants reach a desired region of the reactor
system. The invention also includes use of an inventive mixing apparatus within

30  the high beat region to provide efficient and complete mixing‘ and exothermic

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



20 [0019] The present

i nventors have di scovered that acetyl ene can be

efficiently manufactured from net hane feed according to the inventive
reverse-f | WPPEGERE#Rt i ve reactor system nmethod, and prPETAS06T43R
i nvention provides processes and apparhtus for efficiently converting

nmet hane by controlling 25 | ocati on,

heat. The inventive process beneficially feeds all of the
exothermcally reacting regeneration reactant streans through the
recuperation or quenching reactor bed nedia, while sinultaneously

deferring conbustion

until the reactants reach a desired regi on of

the reactor system The invention also includes use of an inventive
m xi ng apparatus wthin 30 the high heat region to provide efficient
and conplete m xing and exothermic reaction within the reactor

system The ibxdspganas pmgthase syitkesisgeation alilugntyt The ingentiveprocess creates
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reaction diluent. The inventive process creates and coﬁ)f‘_i esf%é thout
regener at i ng e¥pesing [syhdegradable amponents éa ¢l highyletab m Thei inkendive process

exposi ng any %g{_‘a'iﬁ?l
Vo

process consi stent

oﬁﬁ?é%%lﬁdt 0 ﬁnb:i H%cﬁ&?tlocaﬁgﬁ? ak@"tgzﬂg%raﬁre
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S controlled exothermc reaction

and t enperat uneerstion apdaneesssfulyl avidsompipmdnt heatdogrddatiogui pnent  heat

degr adat i on.
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cyclic rever smafidipwinrecefcacotylene from methane feed using a cyclic reverse-flow reactor
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system, wherein the reactor system includes (i) a first reactor comprising a first

end and a second end, and (jii) a second reactor comprising primary end and a

secondary end, the first and second reactors oriented in a series relationship with

respect to each other such that the secondary end of the second reactor is

proximate the second end of the first reactor, the process comprising the steps of:

(@

(b)

©

(d)

®

®

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

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

passing the heated reaction product through the second reactor to
transfer heat from the reaction product to the second reactor;
thereafter supplying methane through the heated second reactor
to the first reactor, to convert at least a portion of the methane
into acetylene;

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

recovering the produced acetylene.

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

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

L
E

novement, and renoval of reaction

on



system wherein the reactor systemincludes (i) a first reactor
conprising a first end and a second end, and (ii) a second reactor
conpri si ng WP PHEPIF9¥Nd and a 10 secondary end, the firspcansseensd
reactors oriented in a series relatiorfship with respect to each other
such that the secondary end of the second reactor is proximte the
second end of the first reactor, the process conprising the steps of:
(a) supplying a first reactant through a first channel in the first
react or and supplying at |east a second reactant through a second 15
channel in the first reactor, such that the first and second
reactants are supplied to the first reactor fromthe first end of the
first reactor; (b) combining the first and second reactants at
the second end of the first reactor and reacting the conbi ned
reactants to s¥ffemebioprisescal | y produce a heated reacti on product; (c)
passi ng the heated r ro econd, reactor to
transfer heat fromt eﬂr’resglgeta?tggggrﬁ%%s ?‘l]%??rﬁ({] e%sgﬁ%nqee@ator

(d) thereafter suppl@i)mgsematdhamﬂmtmrmrgmgtﬂtﬁnmmédndamﬁfﬂdmﬂotheto

the first re 0 rt at 0

25 nt o acet yi St pesbof SRR oflnie £ sl ¥laoREiE wihdoorRe B Phtther
acet yl ene st hrsocigthat the sbcmﬁﬁryr@ﬂodfohe sezondl enetor ihpronhkhdta e woshd Ol of

pr oduced acettﬁéﬁgﬁeagtnd (f) recovering the produced acetylene. 30

[ 0021] I n another "aspec the invention includes a cyclic reverse flow
reactor systemfor themrthéﬁrstmaetonfurmeﬁ: mwiwes;f r om net hane feed,

wh h (0] /07 45P / 048899
co(ranr)(ra: geg e reactor @ fﬁ&% r St g‘-’alg?eas ﬁf%feaﬁtagt J?ﬁ”ﬁ}lt‘ gﬁﬁe’%ﬁn?f a

second end; ﬂieﬁrstreacm(imtylespcsmﬂ:mrﬂoﬁthaﬁtsoreactor;pr| sing pri rrary end
and a se ndary end, S QLS. arlen

series re atl onshi p W?ﬁ%‘*&“&ﬁ’%‘%@@ g’wjatl a%% csol?gﬁe?% au the first
secondary enctndbfﬂheﬁrSefwmtoémaewndlwdpfmelﬁm!treambteamécond end of
the first reactor;

pq

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

produced acetylene from the first reactor;
wherein the second reactor further comprises;

15 (1) a flue gas removal line to remove at least a portion of the heated
reaction product produced from mixing and reaction of the first and second
reaction products; and

(ii) 2 methane feed line to feed methane to the primary end of the
second reactor. The second reactor may be configured with a bedding

20  arrangement similar to the first bed, or the second bed may be configured in
separate fashion, such as according to a known pyrolysis bed design.

[0022]  The first channel and the second channel in the first reactor maintains
separated flow paths for the first and second reactants to prevent at least a
majority (by stoichiometric reactivity) of the first reactant and the second reactant

25  from exothermically reacting with each other within the first reactor. This defers
reaction of the majority of reactant until the same exits the second end of the first

reactor.

30



wherein the first reactor further conprises; (a) a first
channel to supply at least a first reactant fromthe first end of the
first react 200805 second end of the first reactor; te¢hpsmosessad
channel to supply at | east a second ré&ctant fromthe first end of
the first reactor to the second end of the first reactor, and

(c) a product renoval line to renove at | east one of nethane and a
produced acetylene fromthe first reactor; wherein the second reactor
further conprises; 15(i) a flue gas renoval line to renpbve at |east a
portion of the heated reaction product produced from m xi ng and
reaction of the first and second reaction products; and (i)
a nethane feed line to feed nethane to the primary end of the second
reactor. The second reactor may be configured with a beddi ng 20
arrangenent SRIBBDBSCRIPTION ©F THE DRAWINGScond bed may be
configured in separate fashion, such as according to a known

pyrol ysis bed design. [0022] The first channel and the second channel
in the first (08287 Or PRI 20 APEY 258 diddrAWnRRS MSsttMontdTend tWoSdeANd
second reactants to prevent at |least a majority (by stoichjonetric
reactivity) &F2regsnerahing reverse flayyreastnr HFP@%B%H’ HesRHARIPS- f rom
exot her m gal Iigpzfact i g bh ;eaGBHet '@%Mﬁ%ﬁ@ ﬁlﬁ@r&cﬁ'ori%f] Ak Sipl
This defers reaction of  the majority of reactant until the sane ‘exits
the second edeBedrrative bl rrspctorethet giefers \nombosiyn) TeouglPdine Usbios/ 948899

10 BRI EF DESGRLREMDIrédetidd EnPRAMLNGS R0tk OMEGRratoR ke bh4D) area
diagrammatic illustration of the twd steps
[0025] Figure 3 illustrates an axial view of an exemplary gas distributor.

{0026} Figure 4 illustrates a cross sectional view of an exemplary gas mixer
10 and channels for controlled combustion. Figure 4ais a cutout view of a portion of

Figure 4,

[0027] Figure 5 illustrates another exemplary embodiment of a reactor

system, including a mixer and some illustrative component piping.

[0028] Figure 6 illustvates yet another exemplary embodiment of a reactor
15  system that utilizes separated, alternating layers of reactor bedding.

DETAILED DESCRIPTION

[0029] According to the invention, methane is converted to acetylene in a
20  reverse-flow reactor by pyrolysis, preferably at temperatures of from about 1500
to about 1900°C, and more preferably from about 1600 to about 1700°C, with
short residency times, e.g., less than 0.1 seconds and preferably less than about 5
milliseconds, and preferably in the presence of hydrogen diluent. The conversion
of methane into higher hydrocarbons such as acetylene requires a high
25 reformation temperature, which in the past has been a barrier to commercialization
and efficiency.
{0030] At least part of the invention of the present inventors is the
recognition that the requisite high heat may be achieved by creating a high-
temperature heat bubble in the middle of a packed bed system and then use a two-

30 step process wherein heat is (1) added to the bed via in-situ combustion, and then



in a regener
i nvention. 5

an exenpl ayP

ating reverse flow reactor according to the present
&0024 Figure 2 is another diagrammatic illustration of
WHatet%at i ve bed reactor that defers conmbuBCTHR2006/048899

controls the location of the exothermlt reaction, and adequately

guenches the
axial view o
illustrates

channel s for

recuperation reactor bed. [0025]Figure 3 illustrates an
f an exenplary gas distributor. [00261Fi gure 4
a cross sectional view of an exenplary gas m xer 10 and
controll ed conbustion. Figure 4a is a cutout view of a

portion of Figure 4. [0027]Figure 5 illustrates another exenplary

enbodi nent o
illustrative

f a reactor system including a m xer and somne
conponent piping. [0028] Figure 6 illustrates yet another

exenpl ary enmbodi nent of a reactor 15systemthat utilizes separated,

al ternating
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in a 20 reve
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various concentrations of associated gases, such as ethane and other alkanes,

preferably in lesser concentrations than methane. The supplied natural gas may
inclade impurities, such as H2S and nitrogen. The inventive methods and
apparatus may also serve to simultaneously convert some fraction of the
associated higher hydrocarbons to acetylene. In other emmbodiments, the inventive
methods and compositions may be utilized with liquid feeds, such a vacuum gas
oil (VGO) or naphthas.

[0032] The present invention may be described as methane pyrolysis in a
reverse flow reactor system or more specifically the conversion of methane to
acetylene via pyrolysis of methane in a reverse-flow reactor system. The reactor
system includes first and second reactors, oriented in a series relationship with
each other with respect to a common flow path, and preferably along a common
axis. The common axis may be horizontal, vertical, or otherwise. The present
invention includes a process wherein: first and second in-situ combustion
reactants are both separately, but preferably substantially simultaneously, passed
through a quenching reactor bed (e.g., a first reactor bed), via substantially
independent flow paths {channels), to obtain the quenching (cooling) benefits of
the total combined weight of the first and second reactants. (Although only first

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

. additional reactants and reactant flow channels.} Both reactants are also

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



11 (2). renoved fromthe bed via in-situ endothermc reformng. A key
benefit of the invention is the ability to consistently manage and
confine t h&hIYHOB4Iper at ure bubble (e.g., >1600C) in aPEBHSWEH048899
region(s) that can tolerate such condi?i ons |l ong term The inventive
process provides for a substantially continuously operating, 5

| arge-scal e, cyclic, reverse-flow reactor systemthat is useful and
operable on a commercial scale. This invention overcones the
limtations of the prior art. [0031] One common source for nethane is
natural gas. In sonme applications, natural gas, including associated
hydr ocarbon and inpurity gases, nmay be supplied into the inventive
reactor system The supplied natural gas also 10 may be sweet ened
and/ or dehydrated natural gas. Natural gas commonly includes various
concent r at i ofecagpn yidde the ctca sesemsanghreaet with paeh &ﬁ@f@n legrexothermic

al I canes, pr %a%h@ﬂ bnd n@.ﬁ.,?aﬁc?f‘r{bgmq a!rhﬁra%fe‘h‘% Eg%ﬁ%féh%st and

suppl i ed natural gas l'ude 1 npurities, suc
ni t rogen. Theéetandeyeadtonts mermhise s:oatndmag plartmlgls ofethe aﬁm&esamv@ge@ratlon

si mul taneous'ré’acﬁgﬂ\é%%désqgﬁ I&Jaﬁﬁ eé‘gﬁt ?%s@e%?om at ed h! gher

hydr ocarbons to acetylene. I'n ot he inventive
met hods and dﬂ[ﬁﬂjw ti @hs rmbpnisermpeﬂmﬁeﬁomnibmclcqumld ifi Gecteactisn ehneato

vacuum gas oiJ, ergnr %asﬁgr D3P eredt293¢ V%:H%Slp eeggnei nventd on) 2&%0[? €

descri bed as n%& ane S Th a reverse om1reac ot Sy Stet
nore specifi d&DD'&C)tmaadezoﬁﬂle redcbm sy$teme tHreflesblyoth2 Gombiting fsrmhancad by a

pyrol ysis of BRIHANGHIR Baf SHELS G6d OMLEAGH Ohic BYAL Mot R BGh Bere
systemincludés Tirs second teactors, orien in a series

rel ati onshi p cpimbhsteamdhactionest ﬂmtdvsm@s b:@auon,owmh ¢osrmoxerf proforgdy Hocagmd
pref er abl i alb% off thPHIP %@@cgnd ;I' ?to?so %r}:o%@n rat@%s ?a?crek éﬁ@é 8‘!161' a
vertical, or erw se e present I nvention includés a process
wherein: fir é@nmmusbdumﬁon mhatithe flowrmfUfisi amd s2eondereactants shravgh thetfirst

separately, hut ﬁa}rm@rs@)fer'ey;m%ﬁ%@uashwmgfa@t %gﬁhg ire ;%%%ﬂe heat

t hrough a quenching reacto
subst ant i al | yredugep by thermeadtion(e ga tiesheat hubbie)l gito amct)aidbzsaparhtammrough

firet ang socnrirs REORE P plrrhily bt be SRTRRRAR i keclile ddfiorse
are di scussedyoidheaste g€ ieataaridosverkeating die pevpnd ireaptarncThedBue gas may be
exhausted through the second reactor, but preferably most of the heat is retained
within the second reactor. The amount of heat displaced into the second reactor
during the regeneration step is also limited or determined by the desired exposure
{ time or space velocity that the methane feed gas will have to the reforming, high
20  temperature second reactor media to convert the methane and other hydrocarbons
to acetylene.
[0034] After regeneration or heating the second reactor media, in the
next/reverse step or cycle, methane is supplied or flowed through the second
reactor, from the direction opposite the direction of flow during the heating step.
25  The methane contacts the hot second reactor and mixer media, in the heat bubble
region, to transfer the heat to the methane for reaction energy. In addition to not
wasting heat, substantially overheating the reformer/second reactor bed may
adversely lead to a prolonged reaction that cracks the methane past the acetylene
generation point, breaking it down into its elemental components. Thus, the total
30 amount of heat added to the bed during the regeneration step should not exceed

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



30 additional reactants and reactant flow channels.) Both reactants
are al so cqﬁgurrentl heated by the hot quench bed, before they reach
a designate / 075945PCT/ US2006/ 048899 12 | ocat i B&T{MSRLGH/A8899
react or system and react with each ot H&r in an exothernic reaction
zone (e.g., a conbustion zone). This deferred conbustion of the first
and second reactants permts positioning initiation of the exothermc
regeneration reaction at the desired location within the reactor
system 5 [0033] The reactants are permtted to conbine or mx in the
reaction zone to conmbust therein, in-situ, and create a high
tenperature zone or heat bubble (1600- 1700C) inside of the reactor
system Preferably the conbining is enhanced by a react ant m xer that

m xes the reactants to facilitate substantially conplete i .
conmbust i on/ r eZRAofHEFigCORTRISIQR Of HeupRites efhane foraRetyisas finganitable period

preferably | ogedfel a&Qet’éﬁhﬁ@@ByHﬁyffMt&% 40K a8 RHOIE 576 AthBisfons | B& flow
conbusti on process takes place_ over | ong enough duration that the

f1ow of firstTefidcaweniiges esgds dasired @cmtfmﬁ ¢Aey pvely fyation, efe st Ga|fgbheat
serves to di Spkaseod HeRgiRAttcH asPéHrIdhé’tibn fodss 4e8h Fethctdf while
produced by the reaction”(e. t he heat bubble), Tnto and at ast
partially hr%ﬁ}ﬂﬁcft‘ﬁé°§é‘b‘ﬂﬁb|%}eeﬁe\%‘m§rpmws ﬁ}@ftemémymﬁ@fh@ﬁustomd ntthe
way through thHgcrseeadn "B&EGHOL: géaeﬂaﬁ Qapnméth@at%ama&m@%@ imall
over heating the second reactor. ﬁgas may be exhaustedmuh uyh
the second re&edet f °’b%RnVE$5@F‘e‘Plhl§PXI SW’:& e.t HEowrvat, it & fesirablcle avol
within the sepsigh ﬁﬁ%&%era&é%uemwla@ge ﬁﬁ@%&ike%meaé‘eeﬂmbrﬁt%ﬁapsraMe

second reactor durlngt regeneration step is also limted or
det er ni ned byP¥RBEY Py Eﬁlgexp6§ulse°9ﬁﬂﬁ@“8f dongc fory aqagtort systems pormal

met hane faed @aseridehfatifiaded }&&theacﬁﬁén%% NEa thilalresiSnts QIR SEahideSio the
second reactor nedia to convert the hane and ot her hydrocarbons to

acetyl ene. 10W39PHPEEM ?éﬁ’éﬁ%ﬂ’&t@@ﬁ‘“ﬁ?ﬁﬁ@ﬁﬁ’-ﬁ?@fﬁm@%@éﬂnd react or
media, in thejous I/rew&rps@feﬁk@enﬁameﬁ&emm&%%{ %H%Piaé Qkcfbed as
fromthe direction Fﬁ

fl owed through the second reactor osite t
direction of ‘FQWSH{&‘?'VHQZOPWEH@Q’@ ti9 adiearecuBrating (ﬁé&t}mgrwmamds(z)

the hot secong réi%ﬁfﬁﬁlgr(ﬁ ?‘z&%fregagf aad B &kﬁﬂyﬁqg%op'f&ﬁlll O¢2Ofitatd ©
transfer the heat t hane for reaction ener tlon to

not wast i Hy h’@ﬁ%ﬂﬂ‘%!ﬁ@ﬂﬁﬁf‘|taIaF?fY190@rWe@PStnlgfﬂfmdrm mmseemww s

reactor bed nﬁ)ése%dmeﬁlé%axtdr%e& toPewRf, 3haB 926 ﬁe%gfe agghsd%ﬁhsﬁ{ phdnt

t he nmet hane past the acetyl ene generat’i on point down

into its el enPathec grasensénes . a Taighyst ttﬁeaquw a certain range of refonnmg

performance and such embodiments are within the scope of the invention.

; [0036] The basic two-step asymmetric cycle of a reverse flow regenerative
' 20  bed reactor system is depicted in Figures 1a and 1b in terms of a reactor system
having two zones/reactors; a first or recuperator/quenching zone (7) and a second

or reaction/reforming zone (1). Both the reaction zone (1) and the recuperator

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

materials that are effective in storing and transferring heat. The term regenerative

25  reactor bed(s) means a regenerative bed that may also be used for carrying out a
chemical reaction. The regenerative beds may comprise bedding or packing

material such as glass or ceramic beads or spheres, metal beads or spheres,

ceramic (including zirconia) or metal honeycomb materials, ceramic tubes,

extruded monoliths, and the like, provided they are competent to maintain

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



30 ampunt of heat added to the bed during the regeneration step
shoul d not exceed the sumof the heats that are required (a) to
sust ai n t h@vQ a90@PTH4sg reaction for the WO PCT/US2006/048899
2007/ 075945PCT/ US20061048899 13 endot Aérm c conversion of the
supplied methane to acetylene for a suitable period of time, as
determ ned by many factors, such as reactor size, dinensions, gas
flowrates, tenperatures used, desired contact tinme, cycle duration,
etc, and (b) for heat |osses fromthe system both as conduction

| osses through reactor walls as well as 5 convective |osses with the
exiling products. The total ampunt of heat stored in the reactor
system t hough is generally nuch nore heat than would be mnimally
needed for conversion on any single cycle. However, it is desirable
to avoi d haviexgedshe 1206E rpefisrablbitbédoesssef 15000€, mbaipmfwahigiﬁ danrseof

tinme at tenp e _heconmes 1o e for reactor
Systens,  nor miA00tt g SEA RRm P rE S Ape P AT R ot R e

measu ][ enent s [@@B’?})S magdaeshbantin Eﬂ"lglﬁaci it ft}ﬁeylﬁetgﬁﬂiﬁrtgtbﬂlbé afchActidne s&ptdfmw“
set of reactor ndi ti ef erre ment s,

reactor system’ '?'S‘EFé’n%’&@Pégsgd’% "Jn @P?\gl)tagaz ‘?fﬁ’?/arséléecrtegqrgm TPH)
<(a heat . ; ecu peyeaﬁnma&t&r) 1S ki) axiaaﬁité@&ﬁiﬂfahn@fﬁg cbip a:lag ﬁ@ftlibpﬁﬁzﬂgy end (3)15
secon zon actor cat is not re ed to_faci ate

r ef or mi ng rret 8"?38"8%@5@ q"fﬁts‘l‘ pRtigp rﬁ’g’dﬂw&l‘”ﬁ%m%§ &6’f the

catal yst is meagﬁﬁttomsrqdeﬁcﬁ Q@ﬁi@f) ibadalowbﬁ\&mramrbem@ 8 Yedefo® @6%:

applicati onsnggat ben fit fro the e of a, cata’a%st to chi eve

a certain ra %fpr?g B PnHgCREE: & EP"’@EFEW B TarEn PO H‘r’te A
Wit hin the soaghaef cofisiningveattaon feeBQ@ﬁ@]p‘félEr@@S aBo tavhry8fogpn diluent, is

asymretri ¢ cyc of ;a.reve re enerative 2 d actor system
i s depi ctlgod i leﬁhlfﬁ? &da By coé"ﬁiﬁlt{sh (ﬁv > PEPNR PAIaLY (8 g @Sr"f; E1% ?ﬂ“ﬁﬁ{ﬁ Ay
two zones/r eaehaion; zanef (1)St TherebpCitpar piefitledUanbdiifgnty abe t€f) perulysis

second or reactll n/.r orm zone (1). Both the reaction zone (1) and
t he recuper atLB? E{ ai n regenerative beds. Regenerative

beds, as ugeo[(]nss;el n, 'Ilherfﬁéd sz@ea_%’ﬁtﬁ@m alies) as) ﬂfs@rtﬁfﬁegtéﬁbﬁﬁﬂie&efonner
storing and tr eat e termregenerativ react or
2Loring and LaNsl Sk Baiea e LEE L dener SN 22 fsaciat: p
out a chersi Calusrseh’pqirb&bﬁds Rhhift BOMS emaidratereiRahie(BY a@ﬁmwatsﬂebmednaﬂ
or packing ma.terlal &%Eass or_ceramgc b% ds or spheres me(!1

beads or sphét &Lt 73 drantes Propgriics P ¢ SSteam. W&F@;ﬁés
materi al s, cealedighed whaseqlﬁz@t Kaatl @dnsTON@iphbility, 11618 @rdfle hhd X ealatPieBViHdgs

they are conmpetent to ntai.n. 30 inte functjonality, a

wl thstand. | oRGHPRFHSEARiEr 1 FEBE Sl Ete s reaction 2ot (1) as the

2007/ 075945PGtlépfsacHaas. OTRBAArpkd the temperature gradient profile, the better the reaction
20  may be controlled.

[0039] The methane/hydrogen/acetylene reaction gas exits the reaction zone
(1) through a secondary end (5) at an elevated temperature and passes through the
recuperator reactor (7), entering through a second end (11), and exiting at a first
end (9) as a synthesized gas comprising acetylene, some unconverted methane,
25 and hydrogen. The recuperator (7) is initially at a lower temperature than the
reaction zone (1). As the synthesized reaction gas passes through the recuperator
zone (7), the gas is quenched or cooled to a temperature approaching the
temperature of the recuperator zone substantially at the first end (9), which in
some embodiments is preferably approximately the same temperature as the
30 regeneration feed introduced via conduit (19) into the recuperator (7) during the

second step of the cycle. As the reaction gas is cooled in the recuperator zone (7),



excess of 1200C, preferably in excess of 1500C, nore preferably in
excess of 1700C, and even nore preferably in excess of 2000C for

oper ati ng nEPgIHO7P¢D37] As shown in Figure la, at the b@grmiseeeo4ssoy
the "reaction" step of the cycle, a sééondary end (5) of the reaction
zone (1) (a.k.a. herein as the refornmer or 5 second reactor) is at an
el evated tenperature as conpared to the primary end (3) of the
reaction bed. (1), and at least a portion (including the first
end(9)) of the recuperator or quench zone (7), is at a |ower
temierature than the reaction zone (1) to provide a quenching effect
for the synthesis gas reaction product. A nethane containing reactant
feed, and preferably also a hydrogen diluent, is 10 introduced via a
conduit(s) (15), into a primary end (3) of the reformng or reaction
zone (1). Therletnperature grashiat §)rie dreatedod ithening’ st legenteeative bpd(©) 8l moves

I ncl udes hydr, Si.S. 038] The..feed streamfront inleils) 5
absor bs heat aquo})é%% %ereglas%ag%?grﬁeﬁ)( %)m% Serfg%’f hglglr? i léﬁnlcéﬂlge%%# s)ﬂleo
produce the desipesdora(atwhichenyst beotled AgaibSntthe secotié pteprtodeted provide
shift inthetgg}g arr ow. .

rature profile.(2 as, i ndi cat by th '
created based on ?ﬂ%ﬂrﬁgg b ?vécﬁsaflgﬁm %’F%’S%tr Fé?egpgﬁj%g%{%%gf g’&hewvl‘ée%hfehe
bed i s desi grfesn grdvwing gespredspvelyethtouph dliesdrenclc ssaatoi (1)t \Aftdrlyjuendhimgf tHee
has a rel ati vrgA ims;harp 'r.tgqﬁeraturet ar g ent , \Méli rh%:]ad' ent_ will ve
across the reacétll orfZone (1 FASPYRE sa? %’Eﬂao%oél 3@. ?‘iﬁsa%’@?ss?‘hg&
t enper at ur e gepatatiornt arpireéavesy ofithevdretuk eompbrentseact i on 20 nay be
controll ed. [[892»‘2]] The t han sgdr en/ acet %en reacii on gas.exits
the reaction 'zone (1) rsgﬁ‘aﬁ 8@%’%'5‘? ’éﬁ Hfg)toé’f %riﬂeg?fﬁ?@ﬂswp’
t enper at ur e aheh bagisewith heiatroductibe of @eUPSt aidiecobigorcrition readtiugts vixg
t hr ough second .end 1) ,.an cexi oin t_a fiercst end Br9 aﬂ3 a
synt hesi ?gd gcarslg%lg%or#%i ng Mc @F@‘i}é;"&?@nﬁea&tﬁﬁtﬁ%‘f tsg?)a(’ﬁ%{yhgﬁ%‘fghzgm
and hydr ogen.reciiperatac{p eyvedrd the(séporidseridn|it) af thy reduperator (@), vilenphen b e
than the reactlQn zo ). As_the synthesized.reactiaon ass
thr ough ¢ he. FRRsFBE pkorberstt s 0fon ¥ balESUL688 s 2 MR RRRR T,
t enper at ur e afpheomettonsystehe t enperature of the recuperator zone
subst anti al | he first end (9), whicp in sonme. _enbodi,ments is ..
preferably aégﬁ%ﬂt mat Ry %t%%rlgwgﬁa? Ffgre ! Regendtation

15  entails transfening recovered sensible heat from the recuperator zone (7) to the

reaction zone (1) to thermally regenerate the reaction beds (1) for the subsequent

reaction cycle. Regeneration gas/reactants enters recuperator zone (7) such as via

conduit(s) (19), and flows through the recuperator zene (7) and into the reaction

( zone (1). In doing so, the temperature gradients (6) and (8) may move across the

20  beds as illustrated by the arrows on the exemplary graphs in Figure 1(b), similar to

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

during the reaction cycle in Figure 1(2). Fuel and oxidant reactants may combust

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

reaction zone {1). The heat recovered from the recuperator zone together with the

25 heat of combustion is transferred to the reaction zone, thermaily regenerating the
regenerative reaction beds (1) disposed therein.

[0042] In a preferred embodiment of the present invention, a first reactant,

such as fuel, is directed down certain chammels (each channel preferably

comprising a reactant flow path that includes multiple conduits) in the first reactor

30 bed (7). In one embodiment, the chapnels include one or more honeycomb

monolith fype structures. Honeycomb monoliths include extruded porous



30 regeneration feed introduced via conduit (19) into the recuperator
(7) during the second step of the cycle. As the reaction gas is
cool ed i n M22008813Sr at or zone (7), WD 2007/ 075945PCT/ piSPOSHH0%BE99
15 a tenperature gradient (4) is creafled in the zone's regenerative
bed(s) and noves across the recuperator zone (7) during this step.
The quenching heats the recuperator (7), which nmust be cool ed again
in the second step to |ater provide another quenching service and to
prevent the size and |ocation of the heat bubble from grow ng
progressively through the quench reactor (7). After quenching, the
reaction gas exits the recuperator at (9) via conduit (17) and is
processed for separation and recovery of the various conponents.
[ 0040] The second step of the cycle, referred to as the regeneration
step, then bEHPREEsA arerenerells dmowingn e reawomm@stranshohe@omobatalync
regener at i ONedhoatdk-@ ks, Vi %%&%&?Q {190 U3 gc%l%'trosltef Wg £ $ad
g

reactants pass separately throu recuperat or

second end (smt}oxzafshane that inehutea nontigly ﬁpwvmérsesrtcba@ula rthrouglmﬂwmad-uﬂeﬁ
exothermc r

the. reactor  SouiiRinls bRHRERY Rl ¥ eolRly 8R0S (o abicly k.
Figure | ¥ RbpermseytomnmbSolithteanbles ivametsre lasg maﬁmmeedhﬁ@mwhheg
heat fromt r 7) ciion

thermal [y r Q%g{nag?gl?g a?x glre?lé@:ﬂ}‘sfe@ Ab}ngxérq%:lf erd IyHJeseé% él‘ﬁ:tzones to
reaction cycebleregdnstion i daclyabinmsiof dy ﬁrﬂrmdrscorﬁhumalsas defingi
(7) such as (2 V18 e era

zone (7) andMP?ﬁl:g%?he r(etgéc?l&%tﬁhz“é%gg?d%t%%rtfg’ ﬁ%gsﬁ)%yt‘%hlcﬁeﬁ%é’r glf%r e
gradi ent s ( GFachas 18d synthesisgee flaws weughitbe fifst beadtor hed (’I)Iauétrraartmdudbg/
the arrows ofsihfe cmﬁﬁ&e%ﬂgﬁm 0“# %{h%rlﬁﬁ I,g% ulti 'ergmla Alits rg? gbl’f!ensl :

opposite directions to the g e gra

devel oped dumdegds.ire weaéhwﬁnd,swﬂ subjtantially gragalle] a)mdtﬂuelbes;rtﬂatameimt
reactants ney d:gmtﬁ-&ﬁ ad ace (13) of
t he recuper at%r zone %nd@@%@%@ﬁléﬁcgeg%\cgte?ga&#&g ‘&eat
recovered fri8fd3he r @bg p@ndmm ezbnmay dget lwenerally ny h&oﬁ&ebt&mbl efape,

conmbustion i f

regener at i ngﬁtthhggfg %é%g c\?rgurigé%? g@‘*’b@‘&&"’lf“ﬁ? %’gﬂ lé‘ﬂ PRRG By be

[ 0042] | nl5a mréﬁﬁﬁﬁ e&adnboinglemay @frefbxlablymreﬂda substartintly q)ﬂl;allal femeshlly
react ant, I erta ann e

channel pr ef era yﬁé(’:kg thmh %J%gétgg ant W Eastt élledgcggly a
mul ti pl e corfingle gc)nduﬁ, bhfembrer Bkely sl tter mady bmdiu(ti) (dej)&’ndh@upon reactor
enmbodi ment, &he nehan lcﬁndrptcélﬁéjeet ?’opéxagx%;l 3819 %XC %ﬂ%lrg)e% ﬁ;EureyzD €

structures. aneyco ¢lideé
; and in Example 1 below. A channel preferably mcludes muitiple conduits that

20  each receive and conduct a reactant, such as delivered by a nozzle in a gas
distributor. The conduits may be isolated from each other in terms of cross flow
along the flow path (e.g. not in fluid communication), or they may be substantially
isolated, such that reactant permeation through a conduit wall into the adjacent
conduit is substantially inconsequential with respect to reactant flow separation.

25  One preferred reactor embodiment includes multiple segments, whereby each
segment includes 2 first channel and a second channel, such that after exiting the
reactor, the respective first reactant is mixed with the respective second reactant in
a related mixer segment. Multiple segments are included to provide good heat
distribution across the full cross-sectional area of the reactor system.

30 [0044] Referring to Figure 4, mixer segment (45), for example, may mix the

reactant flows from multiple honeycomb monoliths arranged within a particular



WO 2007/ 075945PCT/ US2006/ 048899 16 structures as are generally known
in the reaction industry, such as in catalytic converters, etc. The
t erm "honeyWoAHW7/071843used broadly to refer to a cross-seecirwsziossizape
that includes multiple flow paths or ddnduits through the extruded
nonolith and is not intended to limt the structure or shape to any
particul ar shape. 5 The honeyconb nonolith enables | ow pressure | oss
transference while providing contact tinme and heat transfer. A m xer
is preferably used between the zones to enabl e conbustion. Each
channel of the first and second channels is defined broadly to nean
t he conductive conduit(s) or flow path(s) by which one of the
reactants and synthesis gas flows through the first reactor bed (7)
and may include a single conduit or nore preferably and nore |ikely,
mul tiple condegmsnt( eEzg:h mbroigh prefethbld spmprisesve plurdgy Samds tin one) of

substanti al | I cRndui t tub f.rom
a gas distri %u{ﬂ? lﬁngglf |°8ﬁ%°?“’8&a° Pl %’n?"élgsctpgte‘%aen ?ttﬁlg%g%z{%]c%ﬁt %my be
condui ts eaclkonsdertththe fgﬁmbamieﬂ yndm ypaticalgsreaeiot samwlnt siaapm:,lucal miﬂoplyh

a generally CI Ccltl-l ar_or_regul ar n cro

h
15 prefer red’ © Aarhef r%‘moﬂ)l f %’I Ve dlspb 3’%{1 q‘ﬁ%t %’%tﬁgflwa
]E)far aIt I glha?] g:r&m&dﬂmheemtfcbnm&hgwghﬁgﬁd;or dechict rmtdma L}I-Hauﬁel lthe
irs
iy condut t e aBEARE R AU AbRThBuph BRY bt moRinoatiis Wit sdbmgn ©
etc.), for exaﬁgﬂtnﬁlysmlhtxmangmmndlcmdnneh Fligusy élethmd"qhaank'am)h&dl
bel ow. A Cha%ﬂ? gfuggltl?a n{lm%luisiﬁi or Mle(fgllgia%é g b&onﬁui&sh@ita gtglv%\?scgt

receive and con ° A reac h™as 7S TS
gas di stri butieast a'ﬁnﬁ arcachridt sactant. bé restiratedentr may ewdatdeomfhsea first and

terms of er o§)§ nlcalr%\ﬁl g)i} ’L‘;lna%ﬁlﬂlggfelsc e‘i‘& fb gﬁ\lﬁple r}‘fékwa? rhaé b X uc%h of the first

communi cat'i on
react ant per mpdtseomdtieaciaigh A mmegmﬂaﬂ (45D miay thee callgch dnteactant gast

i bst anti I t t f s
separation.  FobebBCRIREMEIiBhalt PlefeRBRE Kby SERGGERS il oy e
segnent s, whefiiiept fawtens dgstwhbtnneh ehdickesseaorfd ghetmnathannel and a second
h I, t af iti th t [ fl
Feactant s PRET Wt P AERbRR et e SEBE s Cp b RERRR L e el e
m xer segientcondditst wnhm 8 egjnen¢lswill dikelycborded 4 enighuow i cdefigo add headnd
di stri but t he ful ti I f th
System 30 [ GO BB AP A gt B BROP SO TIAEEE TG BBt STae) Tohe ot
exanpl e, nay redctort Hgoweet,! tha tnufribeys of caninitel convelyimghandysisib milxnmési ofhs
d wit t | V\O 20 945PCI{ US2006/ 04889
Seamont . Eaciio PEe: ke RBIRPILISE Sl GR B ehod: fepe
one) of condusidichioméiecail teacthbleaegptantpwil nobnaduti Wil tafet extiting tivd decriie
FLr St or ca! gy she seonshder ednlhedl Sk SR & RALLAHAL

reactor segne il t i've groups

and/ or condwetcgthemdueaqtng Witksinf n‘npﬁ cam;mxs anbveyigia enigbye totﬁeeaé:gnem
conprising a Eﬁﬁ fat i Fﬁit/\ﬂ e
reactant may aﬁg@&glbj é‘gﬁgﬁbﬁ ?’gt or ?mre tr]IrIfSl%o od, dy%tﬁ]sm% HBflan
segnent, col loxygény etgpalip nstquingt | gteaipestwadeptrsiante| andT hwssturieidepemsiem

"channel " is I C lep: cll .
group of con Eﬁ)?% {ﬂ%n {ﬁg‘% g?] égmé&gt ﬂe as‘%’jagh I'rs egé)t?&"s"g@olﬁ? g‘f’f&% gvﬁtp?n A
reactor ség rr@ntamertml afdbe gmcgmta chnveyingamuhixtGresfoemdanth aHnwkyerpthis

I tipl h
ul 11 e Chagael s 9 kedBbbiPbe b NRTk oAt fhuh Doyl tabealt
gas from bot IsufﬁcmﬂbftsmlléhatNMInm anly Bn afeeptableyor incomsequentind tpvehef E(f&59
ill mx th h
R L T N T
the 15 conduiremstoni gybtent ﬂmcwabméeszgueﬂlsolasnelaymdanumyg af rdagtaois evigfin the

30  conduits as much as reasonably possible.




20 end of the first reactor. The axial location of initiation of
conmbustion or exothermc reaction within those conduits conveying a
m xture of WeaWi/ae4 is controll ed by a conbinati on of Ppemuszoadausss
time, and fluid dynam cs. Fuel and oxygen usually require a

t enper at ur e- dependent and m xt ure- dependent autoignition tine to
conmbust. Still though, sone reaction will likely occur within 25 an
axial portion of the conduits conveying a m xture of reactants.
However, this reaction is acceptable because the nunber of channels
havi ng such reaction is sufficiently small that there is only an
acceptabl e or inconsequential |evel of effect upon the overall heat
bal ance within the reactor. The design details of a particular
react or system shoul d be designed so as to avoid m xing of reactants
wi thin the 30[08dAbui t SThespvoess awsondews tntitel yrepas Shixngion 1¥fhires no large
2007/ 075945P 0 4 46} Th e cording to the
present i nve%| %gﬁ?ersgﬁég r%gcgglgjtﬁa%ggm%%escg }%ductwﬁﬁagﬁf 'g’eéﬁ’)agﬁjé Syfigs- n
reactants andsomﬂmafensd BMbodug'kentshﬂlen'efannmg os pgiodysis dfimethare siepafcetin atl

enbodi nment s, 19 of .nme ne. st occurs at
relatively | ol\t/?/ﬁgi?' égslgwgﬁﬁ%&g Sgé Fig %}%nabgﬁggﬁ S5 &?ﬁlg tﬁ?\ﬁ?qegerﬁﬂ@’
regener at ison $epstnep alsa pe pesorntnsl q:aem&zdnr @mﬁsz&bs,seign lessrthat muﬁ@ﬁsxa,eargt ,

I h b La, I hi
o pr oosur oty R pal kit el Mo os IR svch i 166 biom sb P e
ermbodi ment s, Iohepumre predereedpymbidisiestss thepmethayze piolysidstap ia ppffemdra of
from about 5 grt&- ?B%oﬁl 5§§13§D a{)gﬁ‘tqsabL% frfo%}gfib ut % tofgr

K1 R4

about 35 pSI nges roma Ssia t
about 15 pS| aabDBt 3opsiboBangs fpcsnabmté psiasto abottt :Eﬂmd:ahmtifraﬂiknboﬁmsi psia

economn caj, e n han r out

oxpor 1 monitat | BugliP s 35 ekl MSGolplanet] 18 ol \POrdrRiCH Bes may b
t he present ddasmmﬂmtmam rhitijiecrxpenimbxtation b ane bf]aﬁuﬂr;sﬁdﬂmed
above may be S ffICI

exanple, if ctg ust ?%%Q%%fts@% JEY ng%g]forg%r%n g)e( TAct %er ?I)Oﬁ%wgytaﬂthat
turbine, it ndsclassd pboys sfayrizbisedf akthougldher aky de les Efficizan- Bydwayubf
at a pressur 1 L a bout .250. SI a.
Covever 1. Eghuple SodRRF s QR ARE i sRiul bl SR el sl
with air Hbt aht’mr exdble foam%eocrabbquehesqamd:thoutegemmsmraoﬁ, fomgxdomle, from
carried out i

i nvention, tﬁ% %‘Eé@g Ta tgfab{’ﬂ ﬁbe?%%ﬁ'}%%d‘ te en ra %ers?@ﬂg’learﬂée
essenti al | y tm@cﬁéawenomtﬁeomﬁmdalfW@r ainoktained wieelng b;eblpwessthee@eoérahdﬁe
two steps be| 7 Seander st

t hat sone rret %@?%&;Gvi&cagﬁ? '#fglp]s % Hﬁoﬁ‘eg ég‘gﬁ’eht t i rese%é%‘f °Ibé1&es
check val ves, PTF%We*P% thef pywlysiss ard cwn@atltm riepg assy S‘e‘%msallyeﬂre Janies the
used to cgnt rgh

physi cal bedscﬁ tjl)ﬁ?artgﬁ\/\%eﬁnal“tg)rél)éé1 t?%}%%dg%j%f&% {g}n{'& ﬂ}ge]gsrsgééex%ﬂragkl oﬁm

air and fuel I8047] be Zﬁlmvéﬁsmhddhghsmﬁmme&lm of fkmstcemr@langzomvased
for comhusti [ Qk

fan, dependi ﬁg agﬁk %ﬁgﬁ)ggggsétg? %&d‘&%% i oﬁgeﬁg’ fgbﬁ%%;géc??sr? otﬁm’c?g SP’ P e’Bé’f g‘?’)
the reactor. i§fused %@nmleswﬂewalaptumomsmdmg; tandray dbterrchées physidat beds
expand the fl :;@Q, ansi reg

nmechani cal er?g%&ﬁ%ﬁ%qgvg It %ﬁsicgégngﬁf@%é%éé%%aggn aggt ga%leln%?mb%e
recycl ed %nd m3ovedi faxayighi thy redetori systemi agd abmbinad fox k:embustgms Adcean| e

Feact ant and BesanTemer nt Rl PhE000 G clerb b RD S Polraie

19 conditions and position desired for the reactor. If higher pressure air is used, it

. may be desirable to expand the flue gas through an expansion turbine to recover
mechanical energy. In addition, some fraction of exhaust gas may be recycled and
3¢  mixed with the incoming air. An exhaust gas recycle (EGR) stream may be

supplied with at least one of the supplied first reactant and second reactant in the



first .reactor. This EGR may be used to reduce the oxygen content of
t he regeneration feed, which can reduce the maxi num adi abatic flame
t enper at ur V@Lo00TMBI4Segener ati on feed. In the absence of pERs206d#8500 I
m xtures have a maxi num adi abatic fl an® tenperature of about 1980C;
H2/air m xtures are about 2175C. 5 Thus, even if average tenperature
is controlled by limting the flow rate of fuel, any poor diluting
could result in local hot spots that approach the maxi num fl ane
tenperature. Use of EGR can reduce the nmaxi num hot spot tenperature
by effectively increasing the anobunt of diluent such as N2 (and
conbustion products) that acconpany the oxygen nol ecul es. 10

[ 0048] For exanpl e, when 50% excess air is used for conbustion, the
maxi nrum adi abatic flame tenperature for 112-fuel/air conbustion

decr eases frfiust abstdr. 2 TEECEGR. abyube 184D @ rRbuacthaExyEen @eyigain of the

content of the supplied, ai.t .t 0 about .13% l.d mﬁqp&?‘g

maxi mum adi alSxrT et a g £'¢ ehf‘lr%le?agtrgglg({c ﬂr%%rgégr] BT % ca t%ﬂngylé%é&:é be
ef fects. Thetheaégenaiation faed p ¥ Bleybiance bEBGRS Calddif indvinres havrea ingximum
illustrated in . Figue 1(a). t hane £ Om: r {5
suppl i ed, pr %ﬁ%?aé’gﬁﬁmrﬁ]é@ée%mt?%og?b% &gg?&g’gﬁﬁ a{lﬁmﬁy regg%nalg%?%”s c
di l uent, =it kis, ewérhifrvedage saqeechureds controlled biyrtireifingtthé flopr iarofifoel,
entry into the secand.react or nd, i ro d i i

t enper at ur e ﬁ‘@’a‘?mﬁg@ﬂﬁ"&g %quicg{eglg?&lopﬂg%?g)é%%égﬁplp gonatcgtilé%n g Jlee e
contai ni ng f eatherayreal Bee oA HAER @as tbdicarthe ahdxjmamyhait $yet t@Operature by
hydrocar bon gl et L@l Dot MAdEr 8068 lGa DO ISR G B ALl bots
acetyl ene, i RcrUdrRg Aatd gas, ot fer petroleum al kanes, petrolelum
di still at es, tHaea@eempeny the bxygenlmolkadds. 0i |, heating oil, diesel fuel

d il, i d hol s. f o] h i) .
Gaseous Mt oMY conprorarira e, HAE SUAIFTE ot e APBoRE (pansloh s
gaseous st at maaimirhadiabatirci mhatemperatirp fesiE24fielair c@bibustioddestaasss fram o
th tor. JO I j t d g N I
mier . the aBSPRRE el ey AalERs e GRS Phudibaar - BRNLOAF .

or quenched twm dbabt 13k veand emske nahprocl@d Gt the hmazioming | edisbatit afame

The timng for this ste s _ipportant. be e e ene |s

dosi req mat oot fseaelds oL RG] AR ERES o TREGIELERE d ks e
the produgedant Sowlseland is ibsstated intFégure d{2t dgtiname\{siichias feork howral gas)
Pt oduct s, subheRehoT meeg) Stisd oo b st el “2fen, gter
et hyl ene, acetingleydteondpreaganat immndiawty pricmpioopeanyainto ther sekomsl ®edtolr,
and so on. Aftet quenchin h nt hesi ze S .
provided to ?“gésp&ggf%nm%%%@séﬁqgﬁa%%ég%# gélet éea?gdgbef% ellr%g?naranon
met hane, hydstegenThamtbtloink erontpasieg . fedd aoyezled imetdea mebstantialy dny gpérer
may be recycled fo rocessi again | h -

separ at ¢ 2y oot babaRE T SBiees it Haspo Rl ek Brerfene,
product . Eac inchiditigheaterabgasi athies peteojete aflandsh peirgiews distididtes.ckeprsond, fil
yet additional ;useful., p ts. , el al e | i £al

i nt er medi at e%ferll’ ?ﬁeel 1r)r]%fmfj agi('é%u% (;%Fegeelt fqgezoﬂt'n?i g%}e]%é)?lé éaag?%%/e?b%?a%%?@?&
and/ or but aietferablyD0B6] feedywilhebe gascopasiatelial lcdinpgsibgovictipne gand/or
plethora of %&&r%%&:%gns ﬁﬂg e in a gaseous state at the temperature and pressure of

25 introduction into the reactor.

bt
et

[0049] After leaving the second reactor and the optional mixer, the acetylene
containing synthesized gas stream must be cooled or quenched to halt the
conversion process at the acetylene stage. The timing for this step is important

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

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

process within a chemical plant, in route to other preferred products, such as vinyl



10 typically be the preferred use for the created acetylene, fromthe
perspective of volume and value. Ethylene is conveniently

manuf act ur &0 10FMSHSet yl ene by hydrogenation. I n sone ebPUDHEA0BIA48890f
the invention, it may al so be a coprodluct of the inventive nethane
conversion process. [0051] Anot her product of high interest is

et hanol, which may be 15 conveniently manufactured by first hydrating
the acetylene to acetal dehyde and then hydrogenati ng acet al dehyde to
et hanol . Ethanol is of interest because it is easily transported from
a renote location and is easily dehydrated to ethyl ene. Ethanol may
al so be suitable for use as a notor fuel, if the manufacturing can be
sufficiently lowin cost. 20 [0052]In any event, conversion of

nmet hane to acetyl ene | eaves a surplus of hydrogen. The idealized
reaction to ameisybuhgbné,saceﬂld@%e;p@wanalﬁ/momnpm regndisoagid, -aa8 so

reaction. hy8fogui el (e dRGA RIS s dBL P ¥bsretion
To a | esser exdcesd thatt pbens e atetgere, Vﬁict}ahbehpdmgemtanmmﬂtbncgateas
a result of i te.reduction of net her dr ocar bon

it eact ed e AR MR 250 Ly thae Favo oy B RaTREGHVE gy e
ot hyl Ztn'e"’“aﬁ;‘;‘*:‘é“”“"we‘“‘% g Lerovery ol unconvart ed el hans. frg. ach
Cha vt dual |y RGBT o EROD Py HEFOPEPYes mCRS Bt pbocfRbI B Brotice 54
3ccor di ntg é 0 aﬂ?ﬁond@saﬁh@ﬁ&ﬁﬁ@4&§,’¢'&béﬂ8&l@l@ﬁ1e?é&ﬁﬂ@al@lzn mtanteldratn in the

nconverted nethane is ropyrol ysis
ufa[c 91' %r}c{aé;&f &; an%/o tangls.

reactor so t " dC6Md "pass s An anount of
hydrogen shogbese]l so Hmyldﬁhlis‘ neakié Bm‘tldiﬁg bﬂkmrméﬁsm&f@mﬁmrandhmw

is sufficient to ele roduct distri ut

5 [0055] &F nc@’ﬂﬂﬁﬁ]‘g’o‘b“e &%F&‘ii‘%% g §3“Pe PP FPEPRIRG
pyrolysis ' wehmid afd valuew Ethylege meeﬁ:smie;lﬂyonmufgmuh&cﬁmgenemenmbwm
process in the.anount of about on r .ever. converted.

Fyar ogen has IAREBIHHgR. (SR T ORTBETA p6 e 16VFHatm ) P Aoy 95 = COBropHe
hydr ogen purgemefmwnﬁtvbmemaﬁemmamlﬁommi ng value that is in the
range of what ls need s re erajiqn fuel. O caqurs 10 there
is an alter ni?@?llhl ghi\?S&’G E‘S“’Fo# t}thI BfgrEf e s WBgeﬁ’ﬁ“cﬂ“hé?Fy be
gat ur ﬁl ?afs @em&l&gyuﬁﬁﬁlﬁdaﬁr@bylmﬁt p;aﬁb nzfgfﬂfe%efymeﬁelraaéthﬂﬁh)fdd:&dnd
ut the leftaqver rogen is 0 av. oW pressure
and may possilHyi 36‘% g %‘Eﬂ#@ 8¥t%9%01d|€%é?ﬂ9§5 o Hlterﬁit egpuse it is
hydr ogeln as leagBneadbbeed fusl a wotallis‘enﬂaa i isdasilly ﬁb}@tﬂﬁﬁtd mla Bthiylena,
remote |ocatign. 15 [0058] Fi rezl ustrate n ar
et or Syt ENmRb T SRS o S SoTaon M C e DA GILE dan be
control l'i ng aaflickakignswngcdshe conbustion of fuel

20 [0052] In any event, conversion of methane to acetylene leaves a surplus of

hydrogen. The idealized reaction to acetylene is:

2 CHy— C;H;+ 3 H; consuming about +45 kcal/mole of converted CHs

25 [0053} As suggested by the above reaction, hydrogen is a valuable by-
product of the present process. To a lesser extent, ethylene is also a valuable
prodnct, produced as a result of incomiplete reduction of methane to higher
hydrocarbon. Unreacted methane is also a valuable product.

[0054] Accordingly, separation and recovery of hydrogen, separation and

30 recovery of cthylene, and separation and recovery of unconverted methane are

each individually and collectively preferred steps in the process according to the



and oxidant to achieve efficient regeneration heat. Figure 2 depicts
a single reactor system operating in the regeneration cycle. The

i nventive MEazNDe75%8st em may be considered as conpri si npCt/vszotEmsdonr S
zones. The recuperator (27) is the 202kzone primarily where quenching
t akes place and provides substantially isolated flow paths or
channels for transferring both of the quenching reaction gases

t hrough the reactor nedia, wthout incurring conbustion until the
gasses arrive proximate or within the reactor core (13) in Figure 1.
The refornmer (2) is the reactor where regeneration heating and

met hane reformation primarily occurs, and 25 may be considered as the
second reactor for purposes herein. Although the first and second
reactors in the reactor systemare identified as separately

di sti ngui shaplventi®ac Ucnveriedi Bethatte isSprefedatdn detiriddi 1o tHechgitayyeolgsis

the present invention that the first. and secqnd reactors b
manuf act ur edTe3pPHFP dAt it &ay&%wieél %WF?P@@ B&it-o %ﬂyﬁg?f&yﬁﬁqggn
reactor bed, shdu@d gl behehRdcbahe BRir6)yabIgss Teaphdr thet id @afficidaec esntrol

conprising nerely a sing]e reactor .that integrates both cycles within
t he reactor.ﬂﬁﬁﬁﬁ?QﬁqﬁP' ¢ produgtaligtgibytions ng “second reactor” 22

nerely reker [4g5s)he T SBRERYdrYLerZio RRGteH (hét donbiifed)qa Eledeforyifiigtirolysis *
wher eby each of the regeneration, refqrmation, qgﬁnchlng, tc., steps
take place amfcHm %Wlﬁ@ﬂﬁcF@WtP“%ﬁé’ﬂ&géng% ResEsHi [t pPPYN®
for the two LEARIME 2 HRWRUET CHERhvdHeal aiyREz Rt RefbS cihbistion of
conprise a reactor systen1mhere%%ﬂthe recuper a eactor 5 ingluﬂes

condui t s and 2B dhalgole B sp th’é?@F‘rﬁ“I%Wdﬁg‘rﬁ’e P PFfETelas L eAlGe
may sinmlarl y.Ressass i€ eitihks of Wniels needdsd fgerdrineli fRNt Ofredrse, if
el ude g1 Lol SRELSL el LI S e e L comand,
bed. The bedgbhilg harke bR AR bk paft of iR regneriBh figdl. PRE eRdefi®aE hadrog@yisbe
provided as C}iile{gllyrtce) %e %’rvai?aﬁaléa g,tel%%vr llargs%gre %dtmhgy possibly contain methane or other
diluents. So, use of hydrogen as regeneration fuel may also be an ideal disposition
in a remote location.

15 [0056] Figure 2 illustrates another exemplary reactor system that may be
suitable in some applications for controlling and deferring the combustion of fuel
and oxidant to achieve efficient regeneration heat, Figure 2 depicts a single
reactor system, operating in the regeneration cycle. The inventive reactor system
may be considered as comprising two reactors zones. The recuperator (27) is the

20  zone primarily where quenching takes place and provides substantially isolated
flow paths or channels for transferring both of the quenching reaction gases
through the reac.-.tor media, without incuring combustion until the gasses amrive
proximate or within the reactor core (13) in Figure 1. The reformer (2) is the
reactor where regeneration heating and methane reformation primarily occurs, and

25 may be considered as the second reactor for purposes herein. Although the first
and second reactors in the reactor system are identified as separately
distingnishable reactors, it is understood and within the scope of the present
invention that the first and second reactors may be manufactured, provided, or
otherwise combined intc a common single reactor bed, whereby the reactor

3¢ system might be described as comprising merely a single reactor that integrates

both cycles within the reactor. The terms "first reactor” and "second reactor”



to application and no particular design is required herein of the
reformer reactor, as to the performance of the inventive reactor
system RoW?AY78I8% i nent ation and know edge of the ne@FENE2006/048899
pyrolysis art may be used to det er ni né%an effective reformer/second
reactor design. [0057] As di scussed previously, the first reactor or
recuperator (27) includes 15 various gas conduits (28) for separately
channeling two or nore gases followng entry into a first end (29) of
the recuperator (27) and through the regenerative bed(s) disposed
therein. Afirst gas (30) enters a first end of a plurality of flow
conduits (28). In addition to providing a flow channel, the conduits
(28) also conprise effective flow bathers (e.g., which effectively
function such as conduit 20 walls) to prevent cross flow or nixin

bet ween the fPEElY Bfd 1Q BregRiperiivicionsgs gﬂtawdh%ﬁaﬁ&oaﬁwt%{n HEPBPY £5°01 thhe
reactants ef fﬁg&ﬁéfﬁ{dﬁ 220 a8bE dqﬁeﬁ%@%?d" Bl 4icelyfthdel mﬂ‘d&'n@greﬁﬁne that
permtted. As di scussed previ ously, each ‘of the first and second
channel s pr ef &pamts compRRens e wilized forethsHuarerdos: Howeepanng profaed
first react or o BYsRAERS WRIMBShSEse ™ rkddRb SR tehs batdbd! fh¥ r@é’&g@kd&ﬁl rcabtBy

segnents, each conprising 25 segregated first and Second channels.
[0058] I n & prisckidenerndiisd anchehmnnels ag Aescibedberein; andheireformerigactor may
recuper at or 'énﬁféﬂg bés‘é% SndfRe @&J{J&%&ﬁ%&%@ﬂﬂﬁ@ﬁﬁg%&%&%ﬁﬁ&%
Preferred honeyco nonol 1ths are extruded structures that conprise
many (e.g., areefigr dieftipat i amengpdndifterent sfforgnand spay pvqglaywiudsmﬂlfferent
passages or Cﬁﬁfyﬂ"afssﬁ'orﬂr Elﬁn&%gpér&op%a%{dr%edf aghi ¥Rddq %ﬁﬁg&xﬁt‘n@ ofaht S
in between. A small reactor nay 1nclude a single nonolith, while a

| arger react o?ef@awr ion epesad Tgariomey befpravided ps Wesiredher a5 rresaribed by ghe
react or My MOIRORH SEOMBEREINSIANE 048890 ichPoB it At bAlchior, 2
filled wth an arra}ffgement ny honeyconb nonoliths. Each m)n0|th
may be for medtoothe @eHpPERAngg omdnvqrw% FRIEIOs Sifftemn. Meﬂ exgergnentatign apd
or hexagonal )h?&v@léé%esﬁﬁﬁlb%etﬁﬂfé sRlarf a9 GredhBNS | RRALING i SGetDE
such bl ocks above ehi nd, and besi de each other. Mnoliths are
attractive asrqf@aﬁfé?coéémaéWQIe%gfbecause t hey provide high heat

transfer capa vvlth pﬁﬁg

may provi depf FO hanne \-:Zz?l%ﬁgﬁi%\%h ggit%ﬁg;ak%g??%eﬁgﬁ%?m ?lemtrhisates
or secondl¥ ea¥arigws gas Ferdyits F senaggtely a;bquyle ing hwel €8 mere Basea fplomiag
condui ts. Altginpatjyel st & | dftile TR B 9?)%%%9&%11@1@%%&@%%8

for each reactarit wth o or re ch an el s or ‘grou cond
dedi cated to bedi) d:sgw@ﬁbﬂ@m@r Anbrsh g8t (30X 9BtenT a rst@aéttﬁmplmhm of floye

remai ni ng pOf&ér%;th(zﬁonﬂauéﬁd%JA Wpﬂﬂ’ﬁinﬁ’% a@&v@ BhfRRAMBe bnddis @Bﬁﬁfso
react ant. s recogni zed that at the interface bet'ween channels, a
nunber of coneempEsegiiective fewybagdmy 6/8-awhicht affestivdly fimction spch %Se‘mﬁﬂlt
reactant, ;put whijyse prvRa! crgés W%&' kdigink %emééﬁ%et £RP Qﬁ@ﬁé&oﬁmal:tamls RAnd

ot her enbodl ments, a single flow channél may conprise nu

monol i t hs. 15TABREY comsiomsn ef thenteapirtts effeetivaly seaveaterd @9%?%5%?&%%

(which are adhﬁ‘ﬁﬁ%tls abei’rhftﬁa em é@ausga ERGichblyS adte 36 11RE f(th) Andcaéboﬁe
characteri zed as havi r%g en frontal area (or geonetric vaid_vol une)
g6

bet ween about CREIUS!S FE wma%mgl%ﬂmpﬁlwéﬁl@m pathet WeeHrsh Bsgior
50 and 2000 pﬁfagsalse%n@ﬂgaﬁﬁlﬁm@ &bs%ﬁﬁlﬁ@ﬁlﬁ‘eﬁ %Wse%ﬁ{eﬁﬁeéhcﬁlégﬂxbnﬂagg
and 1000 pores per uare inch For exanple, in one 20 enbodi ment
the conduPis sreyessieddinst s sprondic Bmelnly a few nmillineters, and
preferably onggdgaord i I i :
conponent s, L ;s tﬁ% a%ei% ? %gg‘? t%ﬁt%g#%\%%& ;R%ﬂﬁ&? ﬂl&%gﬁ&mmr *
preferably pr Wnﬁ@seﬂ(@f oge of msq Bmﬁféhomﬂh'eomb meenoditic. %@%ﬁdﬂ berayaenk
and preferabl

YoliBiidls E}Laéliiﬁ'd;éd %ﬁl?étﬂr%.l; ﬁ§é<1}snﬁg¥ :gémb égﬁ?ﬁ}é@' ?A%Emng

wetted surface area per uni une t nge
more than one} small gas flow passagcs or conduits, arranged in parallel fashion

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

 a larger reactor can include a number of monoliths, while still larger reactor may



25 to about 3000 ft-1, nore preferably fromabout 100 ft-1 to 2500
ft-1, and still nore preferably fromabout 200 ft-1 to 2000 ft-1,
based upon wheowerse of the first reactor that is usedptouSyedsH
reactant. These wetted area val ues ap@By to the channels for both of
the first and second reactants. These relatively high surface area
per unit volume values are likely preferred for many enbodi nents to
30 aid achieving a relatively quick change in the tenperature through
the reactor, such as generally illustrated by the relatively steep
slopes in the exenplary WD 2007/ 075945PCT/ US20061048899 24
tenperature gradient profile graphs, such as in Figures 1(a), 1(5),
and 6. The quick tenperature change is preferred to permt relatively
gui ck and consi stent quenching of the reaction to prevent the
reaction frorbecaubbtamtillyofiReddvich Sabiriemeitor fhRORRyeist redokBac Eash

medi a conponent s so proyide for at |east e of the first and

Cecond ohanndnanii i e 1500 bR erGiding fronaRE: Hhdror Sh PR Botware
channel's, to dritekiigbhad castslsbadntadiatiwb N6l MeRSdimcAligiIN S AeRBIR su6h BRRks
transfer coeff|C|%p .(e.q,, greater_than or_gqual to .0.02 cal/cnBsC,
preferably gridqVer nakblrstdesagisothen  Mppliths a RUFASEY® At Tepeipreanients

greater than Kciletidy fitAaEhigh M Qranfel S¥¥ab R With AERmIR pfdsQie MopW
pressure drog& have qperating tenperature range consistent with the
hi ghest t enpe®858F es bweﬁ@dnwrpwgeﬂe&MKSb(ﬁ-g-%%phﬂlg}for one

resi stance t Qoftthe iR orSie readishtd ¥R bebmbUblerheal iGARAS 14 mm(aﬁgg%

at | east about Q.10 cal/cnBC, and preferably greater than about O.
cal /crn3C). Aondpits, Slemptively. egpeuplidh Bex sorRrise ene pripeEe Ghangals {eegeh

hi gh vol unet riescth@atitl stsintdre dRarkeRIok EEPB b ¥eiduas allcadd 8 lowing one
properties are al so Ilkeﬁg referred for many enbodinents to_ aid in

|
achi evi ng'% r&meresEeyneef 2ieacimnybile therap P PleeorANGLRY PRR OF

reactor, suchnés @REEEakkhe dthérusidiaiedt feddp@ider tRdtiaY Ble)infetREdbstveRES

in the exenplary tenperatur radient. profile graphs, such as in
Fi gures 1(a) ,"% S, aa’i’f‘ﬂna}&r %ﬁgn%msc‘ﬁmt PR BRERGT frshind weprdy

to pernmit relm@idtme] YoulUihisk ndfller Of CEtAURE 68! pWBARRLEE @fmallne m other
reaction to prevent the reac |oHofroH1co tinuing tqQo lon
p

and .
creating cokeROdEREMS 2y f} WhEhEPEL JNYYR| §oEPATee T8 gPlggé%vrwgg@d

upon the ol UBBheRtorhB ARdNitheSReiched if TRY BHARRSNIEntBn QAL adjacent a
[0061]Altern§%gve enbodi nrents may use reactqQr nedja_other, than th

descri bed andiShent 6ol dhe, &rt yeasias (4B fanibercharagtrsized as ipvpg Bpen ﬁ@gtal

channel 25 canebifdr gtérhemic Roid oliiy) HetivdenGBomt 4034 Bnd 0% HaldhaPRlbeatSt
(e.g. convol uted

ompl ex, mﬁngln n&gor tw sted but not linear or
ubul ar), o) e ' o} , U

t ubul th nf‘_ﬁé%_ PoRRSRY > a2 PRERSOPT™ PAVATS ARchy dROTE REBETARGH
limited to | alywéet Bhae, IOOa&ncEg&D@gmi'dsOﬁérpéﬁﬂ%ﬁe BN A RdrS exdnvfd€Sin one
slots, and/or ore strqﬁ%ﬂfe haV|ng channel s through a portion(s)
of the redct SFRARMmeTHa{S FROCHEETBY MRV A (ﬁw“i% T o8lyc fepg millgngersy and
outer 30 surfmeferddly ansheBRdtr oIrabbht B nfiliA@QMERYabtor Rdid)Gomponents,
subst anti al | o effectiv. . .

Ysulk 2§ the Todoliths or alternative bed media, preferably provide for at least one
of the first and second chammels and preferably both channels to include a packing
with an average wetted surface area per unit volume that ranges from about 50 ft-1

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

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

such as generally illustrated by the relatively steep slopes in the exemplary



perneability to gases, and/or other neans suitable for preventing
cross flow 25 between the reactant gases and nmaintaining the first
and second Weaerarwasgases substantially separated from eachsmidiessos
while axially transiting the recuperater (27). For such enbodi nents,
the conplex flow path may create a | engthened effective flow path,

i ncreased surface area, and inproved heat transfer. Such 5 design may
be preferred for reactor enbodinents having a relatively short axial

| engt h through the reactor. Axially |onger reactor |engths may
experience increased pressure drops through the reactor. However for
such enbodi nents, the porous and/or perneable nedia may include, for
exanpl e, at |east one of a packed bed, an arrangenent of riles, a
perneabl e solid nedia, a substantially honeyconb- 10 type structure,
a f; br ouz aL rtemgﬁmm g,raatwlt profile fgratph@,esdcatdsilﬁ&agﬁmmta)r €(b)) indray T
preferred that e nedia matrix, i e a

Paci I1 1 at e ooUEETPORRER AuEas HOPHES T 2erh S & p A cal cgageent
[0062] It nay duendhigd 6f HRlrchetidnt iol hreeert GRE réagféh Glone GoHtPRRIR! ardr cre®irpod
too direct a fkom1strean1of one of the reactants into a selected

portion of tH&*%onduits. 15 In the exenplary enbodi nent of Figure 2,

a gas diskri t]_I!}DGO ( 31préfth@Cicactor RRABNGYRD et LRE Prévids fdrit IQSOHEL §as
st ream channe at are substantially isolated fromor not_.in_ fluid

comuni cat i orfaGifirst ndeseponds chaprels dnAhe dirgt repriproand mess praferablydor both
channel s ( 33)chadiifs, '18Stkbhudé S bhaing thd: Gaslud® RHikh QdIBhetHd el HBRTRr
(33) is kept separa % from as stream 830) durln axial transit of

t he recuperatC&Pﬁfffw e.§-nBtgatenthap or gayal Qr%d’GV?fﬁ °C, preéerly erereathape
bed(s) of thembeCops calldi3s?0)and BIHRl peforsd)R BRates FRERVG, 1@ c2/c8B8°CY, have
fluid bather that jsolates the first reactant channels fromthe

second rédct 4RV TeRlsiAcs © Dowe(lapyPrepwyi, dmp)s ve praraing temperatgs dengh
gases that troaasktent With the hipdlestNiRapsrafiiys faﬁﬂohﬂtefeﬂadﬂﬁhig feB6neration, have

oo et bt U s o e e 50 B o o
the conmbusti aiboEO080 dPEASIC\SandaSHEfekdbly Reealir GRANhbduR R cAMIBY.CAs
(including flujds i 530) d (32) each co él se a conponent t hat

reacts with &% i ‘H’Ea 6’?1}?8?’ thesgdrighyely 2egh Xplgmesy) heaf fransfer

produce aB exoeliRidit CvahgA Gint 06theh eitopRtil el . aldo0likenA Fidfere® a6 Riny
the first and second react ant r;g%/y corrpr??se one of a fuel gas and an

30 oxi dant g&EMROTHRENE}, fh Gt Mype BhiHes chgners Pr8e denREatyre
the fuel and taugRiie reBtok @8¢H B0gdallvyERAGEANISh S tHeSERAVER ste¥p slopes in

separated, L O Sy tomperature Bradiont oxakl6 daphe, Sach 55 Ta Bibures L. 1003
and 6. The quick temperature change is preferred to permit relatively quick and
20  consistent quenching of the reaction to prevent the reaction from continuing too
long and creating coke or carbon buildup. The cited values are averages based
upon the volume of reactor used for conveyance of a reactant.
[0061] Alternative embodiments may use reactor media other than the
described and - preferred honeycomb monoliths, such as whereby the chanmel
25  conduits/flow paths may include a more tortuous pathways (e.g. convoluted,
complex, winding and/or twisted but not linear or tubular), than the previously
described monoliths, including but not limited to labyrinthine, variegated flow
paths, conduits, tubes, slots, and/or a pore structure having channels through a
portion(s) of the reactor and may include barrier portion, such as along an outer
30 surface of a segment or within sub-segments, having substantially no effective

permeability to gases, and/or other means suitable for preventing cross flow



.26 defers or controls the |location of the heat rel ease that occurs
due to exotherm c reaction. By "substantially separated” is neant
that at | eastzodd799es cent, preferably at | east 75 percenicrashs iz
preferably at |east 90 percent of thesreactant having the smallest or
limting stoichionetdcally reactable anmobunt of reactant, as 5 between
the first and second reactant streans, has not becone consuned by
reaction by the point at which these gases have conpl eted their axial
transit of the recuperator (27). In this manner, the majority of the
first reactant (30) is kept isolated fromthe majority of the second
reactant (32), and the majority of the heat release fromthe reaction
of conbining reactants (30) and (32) will not take place 10 until the
reactants begin exiting the recuperator (27). Preferably the

reactants arge t@@é‘? e Rdbtad %ﬂ%esr £AE LAMSnABRYhE FHB driscBond fHat@nt gases
m xture, or vapor ase. 641The percent reaction for these

regenerat i onSLﬁlSiaeh#bf s@armﬁopheaobatb@nwh%@ axigdi ttapritipg e Feguperator
possi bl e bas %fr@g\ %gib\?;gn%?é ‘e O6mblag fm(@ﬁ;adhl mfaﬁ%ﬂ:até:mer?(l%ﬂ%

if gas (30) o rise umes of air (80 vol unes
Vol unes 02), eentivgdlow Path, deareased surfae yret udndsingmrovgpdhes diansfenePuche

maxi mum s{ oi ggglog{fﬁa% 'b% lj{ia%ﬁka 25 a«t{ndmﬁso&l Bnfs QﬁWﬁétd ﬁﬂltl%lyjsﬁort aicbai

.volunes of umes of Oxygen (02) to nak
vol umes of ngtm ﬂuomls theageactarf Wxialbl lenmsr geadiyrdleBgen MmaY éxa@#@aﬂ y

combust ed | NyfiBedEuRGHANBDs AR doactbh! HoWBi: tor R BREELimEAE Mne

reaction of the Tegeneratio |s is 20 despite the presence
of residual mmneauﬂ@wmygéﬁmeémwéclpﬁatfonwmﬁébﬁféwaé 2 pagked

present in a nt BFnEEOa! esm& EA16d Fn@H] J%@tﬂﬁualﬂ}hiéﬁe dolifb-

hydrogen is t e st0| chi ometrical l ting conponent. Using IS
definitiof, meusgurtrl@f, erﬁbwwtaﬁmgqﬂ% @ﬁaﬂnswemw@tqeéﬁuc% eTt may be

preferted than. shedired 8 reflikbabod 864
than 10%rea t| on ﬁarﬁg@ﬁﬁaﬂ bidVide@ REkn e aRflitate @bo

neration streams occur 25 during the
axi al transi Fxﬁlaﬂﬁm‘ﬁlth&q!ﬁ@q%@ﬂ@ﬁd(?@ﬂ?cﬂq%%] In a preferred

enbodi ment , E har #@@m%d(ﬁ RiEP LI e @Eﬁg Iﬁ&f‘t dr R@dthod too

provi de adeq ate heat tr er capacity to create t terrperature
profiles (4) damj a(fByw Bireans of enceef thareapiguisdnte saelerted popisaeifas erdays.

condi 1 ons, Ol 8RSk My ANBAALE oAb £ ANBllctiBl: [51) BliBasaleioraCd

by a heat tran ramet er el’'ow about nor e

preferably b@amtmbo(m) 1@@@0%5%@@@%@%&5@%5%#0%@ frome
parameter ATHI, .23, Uagd 43 aﬁbﬁ wine mezﬁrgtaéa'schh%né§1%ep@ﬁh@&§{ea%

volunetric heat transfer rate t i s needed recuperation, to the
vol unet ri ¢ hehannelsa(33). er%o@ﬁﬂt i ﬁﬁt abieaf-*h% Podipn ?ﬁ/SaSTﬁ@ﬂV’o@t?’Ql AR Keptc

heat transfer,lale %rg Wibthg B &aas@uﬁuecseeﬁﬂermr(zv) In a
recuperation SFiercal cul at ed as t %uct of gas flowrate (e

g sec) ot h préferrghembedimest, é@mmﬁewatp@ ‘g?d@aﬁ'/t&?rf@)lp%fﬁ*ﬁf deng ppprise

end-to-end t t Bhidi g ﬁBbétefsQl@é?ﬁi bea tﬁnﬁ:ha@l ABFh
then this qug;%lﬁ{%%b\%g?%&gﬁfgﬁ %/:(l;i umet " of o

0
recuper at or Zemiecoizgeaptant eharads. hTharehy, §o Qf%w\’eat,d%%ﬁ't‘?‘hméwes(@@)
i's conputed Q%Qgﬂﬂ%aﬁzm}neaﬁ@ﬁfﬁS}%llﬁ 83dsitVhi Re R srafivebed (SN Eb ditindh the
recuperator zone (27) with total gas. The volunetric heat transfer
coefficient atsmpratipeged,| ghsorbj keat into the reactant gases, before combining fo react
25  with each other in the combustion zone.
[0063] As used in the present invention, gases (including fluids) (30) and
(32) each comprise a component that reacts with a component in the other reactant
(30) and (32), to produce an exothermic reaction when combined. For example,
each of the first and second reactant may comprise one of a fuel gas and an
30  oxidant gas that combust or burn when combined with the other of the fuel and

oxidant. By keeping the reactants substantially separated, the present invention



10 typically calculated as the product of a area-based coefficient
(e.g. ca}/cstC) and a specific surface area for heat transfer (av,
e.g. cnl/cedapdsel referred to as the wetted area of phEUPHUIEG9
[0066] In a preferred enbodi ment, chanpels (28) and (33) conprise
ceralr)r} c (including zirconia), alumna, or other refractory materi al
capabl e of w thstandi ng 15 tenperatures exceedi ng 1200C, nore
pre][(erably 1500C, and still nore preferably 1700C. Materials having a
wor ki ng tenperature of up to and in excess of 2000C m ght be
preferred where there is concern with reaching the bed reaction

adi abatic maxi num tenperature for sustained periods of tinme, to
prevent reactor bed damage, provided the project economcs and

condi tions otherwi se 20 pernmt use of such materials. In a preferred
and 3000 11 - MR Bob gl g Itati be RRepl g B sl PRcE SR Ry o3 g
nmost prefer atrlaytmaetEméﬂrmbma‘ibr s@pm@d’zﬁoneamt that at\gast 5P percentapreierably
Funni ng ¢ ho AT SRR B RRE PRy ARG heddY Dl cORRAFiving
25[ 0067] Ref etii amam;alm miltifel ystouqimcﬁngucaébr 1¢agiablen @mpond of thectant, as
|nvent|ve react or C I/ t

first end (9% WSE &0¢ stgg%]n dse Sgg%if?actaﬁgggég%g%a% c&e‘%{ag&grg c?h?{M By
cont ai ni ng arqaciiormby therpdint 3) whithl thess gown dave campleted fheirméal srpgtiehibnat s

| | t d
: ¥ 3:,[ ;ZE ?on!s pgérgl!d{' gf’i)f () this-Rner2Rd 4 JBhR! rstsi'e'gﬂlaﬂ G0 1s kept

ovi d or expT(nanatory pﬂ?%%ses only and are not

|t (r;t Sﬂdfgné 0 ?lat@bﬁesemma;oug{mﬂéhemndeeaembwmﬂ thermpieribreidbedient
r_IBL t

reactor wt h?rleea%cﬁf)ec?'F grgé\&%gg %Fsﬂjﬁ% {eﬁ’ct&t?tﬁ)g%d Qﬁ)rdgggltogﬁakh ?dgg

to say that antbtheesactnts hwginesiiting the reepgratas (2 Lrefeably the reastaptsae

end (9), | & ially at

any of the V%?slegﬁ%u‘?L%m%%@&tg%@%%n{%gﬁggiﬁ&eﬁxtﬁfﬁe r?gﬁt?%e ené

face of the f@d@tlor afhe percent- mactmn &dr these ressueretion [streanpipisemeant the

pref orably, oggh dokdifn ¥ i BGullBled By WIF Mool e SAORYL

r ezpe;:t ive effdr bzaarmlewtﬁlglae (30)6=omrimcd 180 yolupies e aln(80HuelumessNa and 78

end of t QAGLAL 0 0 i t

peri mete:]?out Sattlgje%on ‘?rébk {eﬁb \%’Ecgng %’ g éiga torgeﬁ]s:t}%h g{g

i Ihl ust Irat ed |mxﬁngmrﬂoﬁMOm&BB}MOrewnm be they cgmbumo@fl Hewelumeseof

channel segnen QIR | pyer e

stack of pag‘él é‘sog%?tk\ikgh‘%%g geneerigqf%wlgétggts gtal ar blg}xvcl(h?n& o(fljlidf ®

shown) or cylthindesecif] strdpmes 6f Hydrﬂggawmachmﬂdwoa@usted in the recuperator

! zone (27), this would represent 100% reaction of the regeneration stream. This is

20  despite the presence of residual un-reacted oxygen, because that un-reacted
oxygen was present in amounts above the stoichiometric requirement. Thus, the
hydrogen is the stoichiometrically limiting component. Using this definition, it is
preferred than less than 50% reaction, more preferred than less than 25% reaction,
and most preferred that less than 10% reaction of the regeneration streams occur

25  during the axial transit of the recuperator (27).

[0065] In a preferred embodiment, the channels (28) and (33) comprise
materials that provide adequate heat transfer capacity to create the temperature
profiles (4) and (8) illustrated in Figure 1 at the space velocity conditions of
operation. Adequate heat transfer rate is characterized by a heat transfer

30 parameter ATHT, below about 500°C, more preferably below about 100°C and

most preferably below about 50°C. The parameter ATHT, as used herein, is the



illustrated in Figure 6, wherein each alternating | ayer conveys one
of a first or second reactant while the two adj acent | ayers convey
the other kaARSJIMHs045The enbodi nent of Figure 6 illust raﬁéﬁv%oslomsw
exenpl ary reactor system concept, whepgin 15 the first reactor
conprises at least two |ayers of reactor bed material and the first
channel conprises at |east one of the at |east two |ayers and the
second channel conprises another of the at-least two | ayers. Thus,
every other |ayer may contain a feed port in the respective outer
surface of the reactor, near the respective end of the reactor, to
feed a reactant gas into the respective layers, while alternating 20
| ayers are fed substantially sinmultaneously through the end face
and/ or by separate outer surface ports A reactant flow path through
each of the at.le t | a [S tanti n 1,+f ki

cormuni cat i od® Wt%‘sé"‘? }%&iaﬁéﬁ t °T“IB" fe ﬁl""’uE i sher, galtte tﬂcﬁ géé ng?deld o
A react ant flx@wmﬁzttionn’aytlﬁrﬂﬂmnambyhaanMamfa oamé‘ﬁc)antnmﬁ therimdo hivt hsThe

havi ng a pl urallt .0 ndu, . Of
25 the i1t BPupHECaRaRE Lt ikt RARCLED Preerl Psiel S1Hptalsis
wi t hout per mdalduﬂ‘@echw uimpmrmctadf matgaatﬂm rate (8§, Eindsec) withnile 2df deant
fl ow path. Sone c¢ross fl rmttedto Qceur .
embodi ment’s, ??P?R/‘{yd t°ﬁ2€”i’ (r)lpg ﬁﬁ BF-1R reggsteweor\e}vu%n%g%ﬁc}u%ng
early reacti myd@monpé.gam;aﬂi thbh thishtanity Svided dbyphebblemsdal. babpol e
in the system Thereby, a mgjarjty of the stoic cal,l
avai | abl e 30 ' r"Et"P§ rszé’(?g%%r {é%‘}éfs@fﬁt@' &’Pega&\/aﬂ‘ gﬁl (6} ‘r;heax%?l @8 e
m xer (when péoemaiiéd ushild gas (30), channel (33) with gas (32), and total recuperator zone
(27) with total gas. The volumetric heat transfer coefficient of the bed, hv, is

10  typically calculated as the product of a area-based coefficient (e.g. cal/cm2s°C)
and a specific surface area for heat transfer (av, e.g. cm2/cm3), often referred to as
the wetted area of the packing.

[0066] In a preferred embodiment, channels (28) and (33) comprise ceramic
(including zirconia), alumina, or other refractory material capable of withstanding

15 temperatures exceeding 1200°C, more preferably 1500°C, and still more
preferably 1700°C. Materials having a working temperature of up to and in excess
of 2000°C might be preferred where there is concern with reaching the bed
reaction adiabatic maximum teml'aex:ature for sustained periods of time, to prevent
reactor bed damage, provided the project economics and conditions otherwise

20  permit use of such materials. In a preferred embodiment, channels (28) and (33)
have wetted area between 50 fi-1 and 3000 fi-1, more preferably between 100 fi-1
and 2500 ft-1, and most preferably between 200 fi-1 and 2000 ft-1. Most
preferably, channel means (28) comprise a ceramic honeycomb, having channels
running the axial length of the recuperator reactor (27).

25  [0067} Referring again briefly to Figures 1(a) and 1(b), the inventive reactor
system includes a first reactor (7) containing a first end (9) and a second end (11),
and a second reactor (1) containing a primary end (3} and a secondary end (5).
The embodiments illustrated in Figures 1(a), 1(b), and 2 are merely simple
illustrations provided for explanatory purposes only and are not intended to

30  represent a comprehensive embodiment. Reference made to an "end” of a reactor

merely refers to a distal portion of the reactor with respect to.an axial mid-point of



second reactor. Figure 6 illustrates in sinple form how val ves can
be used to 29 regulate flow through each of the |ayers of the first
and secondwiPaghPEmsduring each half of the full reactiQi§56dcRassbs
one set of layers for supplying a comgpon reactant, the side entry
ports preferably provide entry for one reactant (e.g., air or fuel)
that is isolated fromentry of the other reactant. Valves can control
flow of 5 one reactant into (and out of) the side ports to alternate
bet ween "open” in the regeneration cycle and "closed" in the
guenching cycle. Wien the first reactor is flowing reactant into the
side ports for regeneration, other valves or lines |eading fromthe
respective ports/layers can close to prevent |oss of the reactant.
When the reactor is flow ng generated acetyl ene gas fromthe reactor,
these latter yol Aed? ROLL /Al 158 2 GAN AR il LErdi3® of BRGEAM, SUARLY
val ves close, t0 permt flowo e generated acetyl ene-containin
gas through ahil (9ayenss olerdli ¢hat dscgasrmay\entao oy kit hebskantialiy ataanydof the
exenpl ary enbodi nent ,of. Fi qure. 6 i ncl S_S| '
ontert n ¢ hr SO AGE® pishpdn Sishehfe e Feph f il thee e FRLGE ol o
first end of ntil@ofritroftthe esctonr buaimcbrd pesfersbly ergrde thdend ficetthan to the
conponents to_the.he bubbl e | he...l15teact

o Lbrnati e THOTETG BrREY-anS ot Patk Bt EGE Flec iR Epotit e S nser
t he side por tat fmyespectivelmmdf feces whiln the( @het-is appliefl t¢ et repertive endipf the
provided with a s of, f;low restrictor :f.e ] V. ,
such as si nglr%acbogg%ov%}hﬁ}gﬁ;so o pP‘?i(%‘ a Checks {ng#vie({r%g%lﬁ%ga%ﬁtbﬁ%@%%ﬁéﬂw
"duck-bi | | " tryypectdfe ehd 0¥ tre, redchat suchas hstrated &sFigufelow restrict or or

val ve to prohjbhid, flow of the other reactant |n h I de {

cont ai ni ng | 39&%‘ f r obft IFEYERS dAp 0%y ?‘ﬁﬁ&f“éﬁagn{é’r%aﬁa%ﬁa \g\?ﬁﬂ? egﬁs could
permtting acemyptissdogamiilolajdrawetdyr kigh didok of pancploss) withpe msgenechlly
into the end_c enum ar e r.out.of the .side t '

reactor is qﬁ%%%%gké n?%éﬁ‘l@eeg °3a%h83’“&c°é’t ¥ nlelﬁlg .cgl'ﬁh%%dr %és\t{\ﬁec‘fq%ﬂt’ EE% Fr%yasbe
posi ti oned onllastrateddinfRigere(®))wHetein @uelr aldernatog la@ér conyeysatnd efas thirst or
portion of the cqnduits, sSuc eyer VAL I
restrictors A Irgg%arﬁow%zer %eﬁé‘fq 4 aéller??ggﬁlsekcon lHl%_tsaﬁl(% Igan%ean(t)'r 'Ir'%r e
of the | ayer enfoodimdnhef Biptird & dliustretes n gxenagenyerattonsysteanebnténd whren
to perm tlsf | e I'—lIhSE ge%ggr comprises at least two layers of reactor bed material and the first

channel comprises at least one of the at least two layers and the second channel
comprises another of the at-least two layers. Thus, every other layer may contain
a feed port in the respective outer surface of the reactor, near the respective end of
the reactor, to feed a reactant gas into the respective layers, while alternating
20 layers are fed substantially simultaneously through the end face and/or by separate
outer surface ports. A reactant flow path through each of the at least two layers is
substantially not in fluid communication with a flow path through an immediately
adjacent layer. A reactant flow path may preferably include one or more
raonoliths, having a plurality of conduits, the aggregate of which conduct one of
25  the first or the second reactant through the first reactor, withont permitting a
substantial amount of cross flow to and adjacent flow path. Some cross flow
might be permitted to occur in some embodiments, provided the total amount of
cross flow and resulting early reaction does not appreciably alier the acceptable
heat balance in the system. Thereby, a majority of the stoichiomeirically available
30  first and second reactants are available to react in the mixer (when present) and

second reactor. Figure 6 illustrates in simple form, how valves can be used to



those layers during refornmati on stage. During the regeneration stage,
'so long as the pressure on the end-face of the first reactor is

hi gher thafydRgypsarssure in the 30 side port |ayers w tftﬁﬁu%ﬂﬁloassw
reactor, the side port gas can flow tfwough the reactor wt

flowi ng out of the end-face, while the other reactant maintains the
30 louvers/flow restrictor in closed position to restrict or prevent
flow of the other reactant into the side port |ayers. The process my
thereby include a step of actuating at | east one of a valve and/or a
flow restrictor, such as a check valve, an actuated valve (e.g.,

el ectric, pneumatic, hydraulic, etc.) to prevent the undesirable 5
flow of the restricted first or second reactant into the inproper

| ayer or portion of the reactor. The restrictor nmay open or close in
response to d r S % .
porti on/IayeE and ?ghd’%% #8%/ grg ocﬂ‘% esqraselggfédrnd%?%?%rdggflé,

the flow resteau}nhadfc(fsthe fisll pasaorvej/q}e rhzsqzrmt uﬁlay@sﬁ'oewglymg:hammn
wthin the s f’j‘ﬁ such as,_use.o mforT

er t
reactor can e s1de ERiey BOKS %rle%ra 3h eac r%gé%mégg tqr%
of the first f@d‘l}it}ﬁmdstdateémhaamtsy bbﬂle@tﬂertdswtaqﬂeﬁehemgaﬂmmbbﬂo‘ami

for heatlngthefl .and sec act,ant AL t0 e ' Rl
and react ’ng.>® fﬁff‘f%’]’b\"‘{%ﬁ?ﬂ‘gg D?o ?ﬁ@%&ﬁfg 0 S EEE Eﬂ?’?eeld e Bl B
enbodi nent s, régegeratiorBcydid Hisd Fdlbed” dnthaXjuedchitigeayclt Whexeﬁmrﬂxlsmyctg:ais

di stributor havi tures 1 36 Referrin t S
2 and 3, apel(’,'f H‘é‘%’%‘%‘f‘" {h i (gecqm@ﬁér r‘%c%:J amﬁlea%‘ Igv b Oq' l%g cdding
preferenti al Ifom ﬁaeset;mcuve:banmmy&*s (c8B xlos¢ prepemﬂessrtd'cthe mmnheﬁ\fhen

apertures (3 ar e al|

openi ngs/ apeq%wea%m ]n&genﬁ%heh&: ceg'z%ng%lg P%Sreoroﬁ htﬁ%gtlagﬁeé tdr?ot
shown) nag beosddbes tan oﬂm, aibile the resct@B 6hpnly anlves closaiia afb'hvt evs p@ﬁ!&d
to direct thefI t.h $85 3 Y,

sel ect channds r%%% éet’éygen %lt se%@ﬁ%‘f%eﬁglaag&g fh(rélr} %Jc?%.lr Ae‘algg’?l ur es
(36) (or noz zillmtedj ewmpias'y emdaoﬂhaer& aif digure [fainebides §i@8)portshtheematerial
channel s may b i

i ncreasing the ov geh %%é%}gg {ye%‘%rﬁl? {;g&‘ﬂa%&es%?c?ﬁa%f&& eﬁﬁ%&‘ﬂqe
di stri butor (fBﬂI)remlgr atml qlneefrext regplogecthe mdetycosmpnenta té &vsheabbebblam the
"cl osed" I$5ystmmc)v\1§ facilitate 25 adaptation to nultiple reactor
systens, Such™as a7 e the reactor/recuperator beds may rotate or

ot herw se o069} r el atAsam ztltbrﬁdnﬁelt@mﬂg autydlic tilepoasalvty todinw mactant

processing, €.0.,.sSuch as.wth bed t e [
[0071] Wien a 538 T sé‘g? PB‘SII%H’&%C@% e or '(iaﬁ?' OY?% a&‘?\}ng'ﬁy %‘gg’%‘ﬁm"d
syst em di r ectwitin asder ednflaod mﬁaotombn@ten(aﬂﬁg Iaxmare;lgt lechags cuight pahe

honeycoma e tofigh, i A%20RL0LEE. SONGMI ol A ERALR o BhFL oADK ©

honeyconb rmn?)llwefsh CoRt en Feam react aht ga
(32) willzot ypictad 4 flowaestpgtonot salye tprehibit ffw of the other reactant into the side

port containing layers from the end cap during regeneration, while permitting

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

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



WO 2007/ 075945PCT/ US2006/ 048899 31 honeyconb conduits (33) as it
traverses the recuperator. This outcome is a geonetric result of the

size of thevdﬁ@elbg54ssegrrents and/ or aperture size, rela
size of the nonolith honeyconb condui tg. The honeyconb %gnlgSiﬂgG/Bﬁ%g

occupi ed by gas (32) may, according to a preferred enbodi nent, be
characterized as a 5 bundle of conduits, typically oriented along the
sane axis as the aperture (36) and its issuing stream of gas (32).
Conduits | ocated near the center of this bundl e/ channel will contain
a high purity of gas (32) and thus will likely not support exothermc
reaction. Conduits |ocated near the outer edge of the bundle wll be
in close proximty to conduits (28) carrying the other reactant. In
an to "open" system as described above some m xing of the first gas

30) and the seco navoi dabl e n h
((adg)es of eac H%‘W%ﬂﬂ‘?&?s%‘égg gfsetdh%&m LGS FHM ?‘%{ée‘%p?g"r girtg% %%I) .
Th:JIS SOME CGQaghtdrit Snth&): sadu:lpcger?p?]yen:feafrhé mocm.ﬁ g‘{)ayetﬂgebpﬁndlm b ustegl &f
Wi carry song the fjrst the .s S
(52) . Ronot§ GREBARE BrsaRent ot B rNE ans B0 Catiiotn J0ihd) oo SRt 4
happen in t heﬂ‘zﬁlat‘ﬁﬁdltlet(s gb%fe@fr& ?ﬁmﬁd lsleisjbdcmlipl b gtcypxtvemﬁr@mdesnable
recuper at or mou St i e. copsi.der e
subs!tO anti al | yfﬁ?%:ﬁga’&t %H@S%an A °?a8§ﬁﬁ%f fhﬁdm#’g’é’@f fagﬁr Grptign of
regeneratian tﬁé FAa158. Whé Pdsmdtdtanﬁmepeimme i ZPoriss td preessurdrani H@ure
preferably th es

Lh f t han, 10
the stoichio $eéa‘fs"lt]§}natg%l%'ts'§t\?é’%l’c§’é8¥ Eh ag‘\??‘ﬁ% ?%‘émgr‘?ifrfe?th%r hefd.
reaction i mRrbﬁQabZﬂpmesﬂme:esﬁeﬂm] i pmlﬁhéspbnﬁw e pressont cEmiEes

the recuper at or ctor in de r
f oam nonol i t KYiEP ‘? & s§e"é rfé%h ?ﬁ‘é@ﬁﬁf'f' E‘H‘tg“’ﬁﬁ Xﬁ%@eb ﬂpeaﬁé-?%a&%p' il
di sper si o ofutilﬂ:ac:ﬁmﬂiaﬁndmrf theewholle| maatoa\bed sanﬂgbtttheoff thesﬁrst wdt seond n

this case, addi t| %?h fi%uon mg%]rgocc&%r and l{egt‘ﬁrkégﬁ[eatﬁ% aS%Qecgﬁ’cF

to 25 mixi ng “WPEH B e axl a
di spersi on ofregaaﬁspﬁ&&btmmhc(rﬂﬁmngsndfmyn@ss though. This may still

be an accept r ra nt I as the m ubseq

reaction of ﬁﬂggpggene i 'R t'foegrff%v@ﬁl?‘ﬁi ﬁx?’f‘é’ﬁ]egc g?‘%fng}ﬂe sze%ur

| ess than 50%mgiaéesabki vieanof as extiphary? g8 da&ﬂ:umrs(mphefxeg alpbtyures

0

mxing 0% n GG MERTnE & AR FIERe oy P Gl SRR B secona

regenerati on, rehdientl ighst (3QRpréf@tintialiyl 1veceact gham(e&ZXB&)r anki ta tpveferred

recuperator zo 7). via chan 2 and 3) is a.k

of this i nven‘?”i‘nlb‘]r'fi(l ﬁ%ttt s {2%5 %fg %‘)l%nﬁg ?”ggUpbé’rt 8rn%tor§%§¥r o tetﬁé

previ ous quensgenitgsiapernires off eivsf eirannels (38)bMdzziehor fnjectdrs fmd sbewn)mlay

gqses during ‘tgehaedgegqg r}eer e?;;[elrtgrres (igg)l that a-II:Q Eultably designed to direct the flow of the
20  second gas (32) preferentially into the select channels (33). By not “sealing” the

gas distributor apertures (36) (or nozzles/injectors) to the select channels (33),
these channels may be utilized during the reverse flow or reaction cycle,
increasing the overall efficiency of the system. Such “open™ gas distributor (31)
may be preferred for many applications, over a “¢losed” system, to facilitate
25  adaptation to-multiple reactor systems, such as where the reactor/recuperator beds
may Totate or otherwise move in relation to the location of the gas stream for
processing, e.g., such as with a rotating bed type reactor system.
[0071} When a gas distributor nozzle or aperture (36) in an “open” system
‘directs a stream of reactant gas (32) toward the associated inlet channel and
30  associated conduits in the reactor (preferably a honeycomb monolith(s)), the

contents of that stream of reactant gas (32) will typically occupy a large number of



5 heated gases are then introduced into mxer (44). The gas m xer
(44), located between the recuperator (27) and the reactor (21),
functions typ BieX0idoes regenerating reaction gas streans pad@hsacodsssd)
preferably at or near the interface ofsithe reaction zone (21) and the
m xer (44). [0074] The m xer (44) is preferably constructed or
fabricated of a material 10 able to withstand the high tenperatures
expected to be experienced in the reaction zone during nethane
reform ng at high selectivity and high conversion rates (>50 wt% . In
a preferred enbodi ment, mxer (44) is constructed froma materi al
able to withstand tenperatures exceeding 1200C, nore preferably
1500C, and nost preferably 1700C. In a preferred enbodi nent, m xer
means (34) is constructed 15 of ceramic material (s) such as alunina

or silicon C%Bﬁéﬁ%nfbofzor@ﬁﬁm{hﬁ as L@QZ@rséé I @y rr@clﬂ)ei‘ajtc;rUStI‘hﬁst Biftcaitle X iaal

vi ew of one configuration o m xer (44), gether with a cut-away

vi ew Fi gure zgaomeﬁlcdﬁ%ﬂ@féhﬁléﬁ fobﬁtﬁﬂmoﬁﬁﬁ?&'ﬂ@ﬁ %qu‘ APeIpR SieTelativetp) |

The exenp! ar yudllifebe bt Mo RAAPAIRG D XéifayFEOTRIhshebéothn BaNiRG oEtipidd

m xer (47) located wthint tions F . preferred

enmbodi ment, hyxgas €Y mean sc¢rdingapea prafer pmleywethb&l Chaﬁctﬁpé% as a

sectional sar I

ocat ed w't i AR EBRSH by BhiauCd g lE BRHHE S MERRIE OB s,

wi th respect itsoisshimgr steaammoof sgast &2t o Gragnintlogatnd geaar fcowerer Hf this

plurality of LS ( e

segnent s (45)&%%1;/:%2%&%? rg\l}e&g% P g%lgé ?‘W} of 2 %asf)r(ﬁl) g&s{g %ggﬁq g(r?gaﬁléﬁg?gta

25 to facilitsapport pratherayie raagtiom s Condiiisfloesatadanesy Bt aivier eslise pf dpiayndle

nunber of ga ) %%555 f

enbodi nent, S%‘ﬁhgé;??clﬁgﬁ%%ﬁ&g tﬂ%ggl&%g?)g) are g????logffergﬁc\r}mﬁ?hl% -

recuper atidr. r'enen osys{ery s glgadri ﬁaﬁboé‘acﬂf?ﬂ@f mi¥{ag %gh%ﬁtr@t gas5(P0) and the

i ntercepts f t
p gas%cgﬂdo%k é?@ja'bgn 1 §¢ Hﬁéﬁﬂ&a‘biﬁé hohr %‘x’e”?énne ERF Ea oF ea&PEﬁ’eaﬁi bf

gas channel neans secon as cha

neans x@)m ressed
30 mat henmat i ¢85 [(32) thafcissugs foat ithﬁeanemlreai?’@)h elysqeqre) gorskuits &Eﬁl and (33
sectional argga, m%%%&?ﬁééé&%%u&ﬁéwea&y Jn?@émﬁ&tbhﬁo&&ﬁc?ﬁfs?%as%m

total pharnel neans 33 intercepted section i
the fraction f ti!@tsgﬁonérﬁﬁr(é?) Refron 38 FopLEieEchNERth s DG, (2)
a preferrgd enledhipRes in ke ‘éél‘ﬁﬂuﬁ %E‘dr@ Bhe gasﬁéqgoﬁ{ﬁlleiéﬁﬁ trfr;)é%ée redfskritds|

will be wthin about 20% of . between about O. .2 tines)

the val ue of ®A. Sugh@asasvo @#lbb%mwldmedm he aﬂtﬁt%phémepmdcwong as

further defi nﬁe 56511% ﬁﬁcﬁdaeoff ﬁl@q‘t&%&x@raggn GaSarsd (ARMA RGbchitR6C e g4
by section i, i as the fraction of gas stream (32 |ntercepted

by the secti dﬁﬁslthan ﬁﬂ%z W@%V@h@’@%ﬁl@%é Achmosk e lesp thap A7
the val ues of,#fiBOLtoichitindtdeily Weddtivh SeabtanNhiViRD Matsnd¥atQr rhhtion Hnfting
nmore preferably w thin about "10% [0076] Figure 4a illustrates an

exenpl ary2°cutpf@ﬁ?f1°%ect| on of an individual gas 10 m xer segment (45)

with swrl mpsgy ](47) r?\ééfghem%ﬁﬁn% 82:80din| e el &eumomeabﬂo;@m 8P

m xer known to t e ski artisan to conbi ne ogases romt

plurality of igelyderanssrmpisapicked dpd gadfopgapon I%P@F%ﬁﬁl-‘e&rl%ﬁb%w}r%f

of this invenld gt Wbl HigRS PREGDMMIBE r@ktahiierdas fMykavefily W fift
mai nt ai ni ng sufficient mxi n&@and distribution of the m xed E%ases

The term operfe3piunid thissase. pRdtipral apaction gy ArsuIgn thiErcapgrrior fd Reps fo

(47) and gas xmx’fi?g‘ w&ﬁmﬁakeoﬁﬁé)mrhfa%& diR8o\Rd B Bipekdigh BBERES @90) and
structure of the gas m xer. ‘Accordi ng gas m xer _segnent (45) and

swirl mxer (@%) asaﬁhgy pResriapuah ka%Wg%pé’G MFCHPADN FENBSBITILE) lope 25

whi | e concur rgathkiddingll %‘s&ﬂxeﬁpr&'&:ﬁ?{ﬁ g Sebslattirittn 8RGanl XWiftth Ghe
t he gases exiting %as channel s and 33 n a preferred practi ce

of the inventiEeHper ‘ars@ﬁ)x’érlﬁisom?@g t PY !’})a%]én Wendersnthap Zave 2ad mgs
tailored to aGBfepitey U flha 160! MEXbDIroRBs ctlhisdd émaxhpmsﬁma@mméﬁﬁg

30 in bed media is known in the art.




gases fromchannels (33) and (28), and redistributes the conbined gas
across and WD 2007/ 075945PCT/ US2006/ 048899 34 into reaction zone
(21). I'n awas fheblsed enbodi ment, first reactant and secpRflysRagdsddnb
are each a gas and one conprises a fugt and the other an oxidant.

Fuel may conprise hydrogen, carbon nonoxi de, hydrocarbons,

oxygenat es, petrochem cal streans, or mxtures thereof. Oxidant
typically conprises a gas 5 containing oxygen, commonly m xed with
N2, such as air. Upon m xing, the fuel and oxidant at m xer (44), the
gases conbust, with a substantial proportion of the conbustion
occurring proximate to the entrance to the reaction zone (21).

[ 0079] The conbustion of the fuel and oxygen-cont ai ni ng gas proxi mate
to the entrance of the reforner reaction zone (21) creates a hot
flue gasthat ts 1

flue gas tra e acr og)él{qg % {g% ngﬁ%ﬁﬁéﬁﬁt %%gg{ﬂt&a sé%ﬁé?g@n%nhhﬁm
oxygen- cont aumupgragasicmae&?}rma channgls (8] asd €3B) oltpisow ke aspeet ddsthised
tenperature of d .0 n
temper at ur o ARyaen BEER Torh? B me KRB OB b SMICNERE GudbRElad
conmbusti bl e hmtramﬁm-mﬁiu:bbﬂﬂheﬁcsﬁm@mnn@gésﬁs timingrths tageneratiyy cysleariice,

non- conbust i ases Qr r I d as %}g(?@d

al so may be g}%tgg tT}elamt Qs IH{ u%lefe?gﬂred?)%% st 18¢ated
t enperat ure. Hemmetlm eécmpexetbre(ﬂ?bdmhﬂhe mm’lmoﬂ)l)stﬁmtmngamesmx the
conpri se stea e

conponent of rg%eéw‘r'ﬁ%xgueragho WS%{‘P%%S é?dﬁ' ngt(é;%a el&e{'ﬁ’ §¥ eg%ljn%rglzfthlegﬁ@rface
Fi gure 1(b), dﬂn‘meneemm@nemt)aﬁﬂ)ﬂmonhas(ﬂﬂbn product passes t hrough
reformer (1), th sec.ond end 3 .
bef ore being @ngﬂ]ste o ﬁprﬁ%&)‘%yfﬁns ?ow o} %ﬁ%ﬁg’}fi(ao%\meml
pr odu C][ I emt) abdblestoesitlastdnd rtmahzgh uerapeyatarts expectesivo be axpariehds;t inghereaction
general ly by exa r

gr adi ent rmvegnggB’éLWy ?ﬁ?o %minﬁ%a of’%gt t& Fea |%ﬁ%§l§ﬁog %Lgl%o
begi nni ng of wi¥e). A6 a wegfemed ambodmsmepmxemﬁ%) mmchstuctedrfp@nattmﬂenﬂayble
pref erabl y hatve nt' ﬁl tnmef’rgvaelsuee S bStfiHDbél JnX:};cﬁﬂ‘%kabﬁ# égﬁdﬁ’ La%{?_lmost

wi thin 25C) t'8 ST e he* Tefarm ng
preceding, r qfra&’em’btggw(m“@p InAsprefeered egiyodinadnt,onixst epa:p:r(ééb@d@psmttsi

outlet te gt ur e t e profile

noves to d ? (F&° aguﬂrgkenagﬁ uﬁégsgi “"VM]O% 8%%11%%36%%%0\/(3 e initial

30 outlet tenjpersf ure Figuid 4{1&6&&#&&&1 axiadewibwm" one (moeﬁgﬂstxcandf the mixer

appar atus has SCr. bed ener al | y..and ,w

PP istrat i vo @ othHR OIS Gueag e iS4 ot s PRESIAE smbaien of

figures. The dwirappd mﬁcdﬂwm\?ﬂmmptafgenﬁ:teni(‘nzataompmséshabwr saptients(45)
' having swirl mixer (47) located within the sections (45). In a preferred

C

20  embodiment, mixer segments (45) are substantially equal in cross sectional area
and the swirl mixers (47) are generally centrally located within the sections {45).
Mixer segments (45) are positioned with respect to the reactor system to segment
the gas flow of a plurality of gas channels (28) and (33). In a preferred
embodiment, segments {45) may each have substantially equal cross sectional area

25 to facilitate intercepting gas flow from a substantially equal number of gas
channel means (28) and (33). Also in a preferred embodiment, the gas channels
(28) and (33) are distributed within recuperator reactor (27) such that each of the
segments (45) intercepts gas flow from a substantially equal fraction of both first
gas channel means (28) and second pgas chanmel means (33). Expressed

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

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



the prior art inpractical and non-useful for practicing nethane
reforming to 5 acetylene. The follow ng text el aborates on the

previ ous dizgrigmsesysand di scl oses sone preferred enbodi peptiSosioskdds
met hods and apparatus for practicing ghe invention. [0082] Referring

again to Figures 1(a) and 1(b), the invention includes a preferred
process for the manufacture of acetylene from nethane feed using a 10
reverse-fl ow reactor system wherein the reactor systemincludes (i)
a first reactor (7) conprising a first end (9) and a second end (11),
and (ii) a second reactor (1) conprising primary end (3) and a
secondary end (5), the first and second reactors oriented in a series
relationship with respect to each other such that the secondary end
of the second reactor is proximte the second end of the first

reactor, the {1‘(% Cgét Efﬁssé?cﬁﬂ}?“ Sh annZ% 1?,%51?%1;18{1 ‘of (Bial %HBBieY'n‘i’&né‘ (33)

first reactan Irst irst reactor and
suppl yi ng at 1hiaa;spte®bsseﬂm ir da@tmﬂimtdwmblghmams@d@ﬁ@h pdstiom blthe valugse

such as. vi a GBHAR Ee1a b SR FoRPle SRR berpaa! ARLFpR Ba S PRbER
the first reaht eslue GHFAL antdinmire graféreblf/iwitiin amjltsl@&’o nOne sac ﬁaﬁms define
e £2oond, otk ST bR R R B QIR
passi ng t he Hesatied of@stmwnpﬁsaﬁiuuu'ercbmeabtpgmhe rsectinec bndn reewete prefaed: o
thar oaf ter - SUBBFTIGoriet Rade e RheB iR Phubfol 18, 838E 0N Pl b,
first react orZO%qfﬁMamdmermﬂﬁmbtywmﬁ)labwtd@%/ert at least a portion
of the met ha%ﬂ%&t 0 a%‘?gtu’fle EQ giustrates an exemplary cut out section of an individual gas

10  mixer segment (45) with swirl mixer (47). While the present invention may
utilize a gas mixer known to the skilled artisan to combine gases from the plurality
of gas channel means (28) and (33), a preferred embodiment of this invention
minimizes open volume of the gas mixer (44) while maintaining sufficient mixing
and distribution of the mixed gases. The term open volurne means the total

15 volume of the swirl mixers (47) and gas mixer segment (45), less the volume of
the material structure of the gas mixer. Accordingly, gas mixer segment (45) and
swirl mixer (47) are preferably configured to minimize open volume while
concurrently functioning to provide substantial gas mixing of the gases exiting gas
channels (Zé) and (33). In a preferred practice of the invention, gas mixer

20 segment (45) dimensions L and D, are tailored to achieve sufficient mixing and
distribution of gases (31) and (32) while minimizing open volume. Dimension
ratio L/D is preferably in the range of 0.1 to 5.0, and more preferably in the range
of 0.3 to 2.5. For general segments of area A, a characteristic diameter D can be
computed as 2(A/m)la.

25  [0077] In additicn, the total volume atfributable to the gas mixer (44) is
preferably tailored relative to the total volume of the first reactor bed (27) and
reforming bed (21). Gas mixer (44) preferably has a total volume of less than
about 20%, and more preferably less than 10% of the combined volume of the
recuperator zone (27), the reformation zone (21), and the gas mixer (44).

30 [0078] Referring again to Figure 2, the mixer (44) as configured combines

gases from channels (33) and (28), and redistributes the combined gas across and



25 (e) passing the supplied nethane and the produced acetyl ene
through the first reactor to quench the nmethane and the produced
acet yl ene;wap@701945 ecoveri ng the produced acetyl ene, PATUSAW6/045899
conduit (17). The first and second reéactors are oriented in a series
relationship with respect to each other means that the reactors are
in series wwth respect to a cormmon flow path, such that materi al
exiting from30 one of the reactors flows into the other reactor,
regardl ess of direction of flow. There may al so be space or
conponents internediate the first and second reactors, 36 such as a
m xer. The secondary end of the second reactor is proximte the
second end of the first reactor is provided nerely for orientation
reference. Flow of material exiting the second end of the first
react or fol ligiSrehétfon’ £y (2a).h Th & prfetedt émbcﬁlénmndﬁrs} resntiand fantl hrecond

second reactor, and vice versg. Preferabl path, r

the react or SR TS, €35 B i CeFTPRRE ¥§%{i rghen% be a’?r%ﬁgg‘gw
ot herw se, sHgh asmbasd dBydogdn, Olch®on W théndxide, f hydvopabbng e raygdrates,
formng a "U shape. Al so, the spaci t.he re ¢tars

subj ect to é?ﬁrﬁgli“’rr')r%‘ﬁ‘l‘l shean g o 1y g@“fﬁem@f‘@@n ie y X Féﬁs“'o"f gas
ot her hap Rar %ﬂﬁalmﬁ% bxyden/@ymmenlp Ihﬁicé% twettl Nj)aﬁchtd:setyr dﬂ}ﬁ)mﬂnﬂsh mgl (i):he fuel
t oget her as oppos to por tant be t hat
reaction prddd %ﬁtlﬁﬁ‘\‘?é?”tfgﬂ %Rﬁﬁseﬁé’f’wgeﬁ argh‘éz?rg‘ra%pmpomm e
[ 0083] Pr ef er@&kmmt;w@ccﬁwgl;ﬁofmwmhé emmemeh@feaammmn her
conprises a mxer (not shown in Figure. .1, but illustrated in gego

2
as conponentl0042})  sithgompustaneg 8|f‘éet1é'm‘3i’?§)’gef‘ TEPEE EPRBOEST and
second reactg eh@aribeof thterefdrinst of Racic Honvk(21) ctmsmrfmergamaaneamnd
nore preferably, the first channe é Smd the 15 colgd Cha?‘é“i am?l
t raver sel® heloF re-fpatp)dlie resctipn zones@ 1) Ae the; Hug ag pve's A5108S el #P%¢
the mixer; agfnddéitidnest thé bRfeehRontaixisg g@mielszﬁbmﬂd it e@astamt@pmmie the

conbi ned at t he second end of the first cto | ess t
hal f of the 465irat tHBRYRHTEP thedreRation; 2008 e%a’P ‘E°“B’H’8‘ PPER LK i

suppl i ed, baggfheripas nidyehel dhiblistPtAdjugtingtihepdob tision aif dombum{tb to non-

t ant t ed th |l bf th lied.f
Cecond ractSAFESURICORRERSEE By e Her. FHoRRPID APBEerbPeiT0BR fhe

preferregs pr&ﬁ%ﬁmﬂﬁ!ﬂ@'&%@ﬂ@@@@%ﬂm At inan bt added[to diie Teactant mixture
" to reduce combustion temperature. In one preferred embodiment, non-
combustible gases comprise steam, flue gas, or oxygen-depleted air as at least one
component of the mixture.
{00890] Referring again to regeneration Figure 1(b), the reacted, hot
20 combustion product passes through reformer (1), from the secondary end (5) to
the primary end (3), before being exhausted via conduit (18). The flow of
combustion product establishes a temperature gradient, such as illustrated
generally by example graph (8), within the reformation zone, which gradient
moves axially through the reformation reaction zone. At the beginning of the
25 regeneration step, this outlet temperature may preferably have an initial value
substantially equal (typically within 25°C) to the inlet temperature of the
reforming feed of the preceding, reforming, step. As the regeneration step
proceeds, this outlet temperature will increase somewhat as the temperature
profile moves toward the outlet, and may end up 50 to 200°C above the initial

30  outlet temperature.



~suppl yi ng hydrogen in the second reactor to noderate the reaction of
‘the nmethane. The supplied hydrogen nay be as hydrogen gas, a mxture
of gases cW®PWHITHYS hydr ogen, steam or anot her productPQIRER2006{0688Pes
or yields hydrogen in. the 25 reactor3 The hydrogen nmay be nixed with
the met hane so that the m xture is introduced into the reformng
reactor, or each of the nethane and hydrogen gas may separately be
I ntroduced into the reforner. In a preferred enbodi nent, hydrogen is
m xed with the methane before introduction into the reactor.
Preferred nolar ratio of hydrogen to nethane is between 0 and 5. More
preferred 30 ratio of hydrogen to nethane in the present invention is
bet ween about 1 and about 3. 37 [00851The first and second
regeneration reactants may exothermcally react in at |east one of
(i) the secopgbsy)d of trhe frivestiver @Rcdesyes sttt happarants [heasbeqpardesaibie
within a second end of the recuperator, (JiJ) a region inter '
the first an8REabpnd Wil regee toéﬁ‘?ﬁaﬂg"' ?/é’f??f%lwe ts’rﬁ%&ﬂgﬁs Br %@ﬁgg@gﬂlﬂ fhe
bet ween the GLidosdpadficie TRRERI Thelifvtion Sias avdcdrhé ihe linitatoes Grat eenygleredd
of the second reactor, such,as a Ieastﬁ&fa}.rtiaalr#éiﬁ\évithéln 2 esfecogdatry
end of the r&IPRET 2rteTRATAFUCa] ARE FEPAGCRt 19 PF JEERIEN PR REER a
reformer gi dgc@ilehdeThE KiowiidtekElaicRites 68 the radbay disdassibe mabiigclosdse
region (13) internediate the first _and secaond reactors *':?ncl uQe
&e%‘a?%ﬁ 5

s a
mixer for m $PHE PIRGTED AHROdmeRIS of | G R L Fpesine, g
second react gpehtiodO0 [0086] 1t may al so be preferred in sone

enbodi nents that, in step (b) ahove, . the fjrst econd..reac ts
are conbi ned IPBSH ni xeReferdne aeain o 3%@6%}@%?@31 ﬁi‘g RS “E’ﬁn’g‘{é&a
the first reggdhed & forahe hedtfacRbOof adeiftent fione nictignadeatl hdng a
streamis reacted. Thus, up to about. 2]‘? wt % of theé.l%glgél ﬁsd + reactor

r egener atiPon TeYFEaReWESACHI B eBnFRE B NS Fear oL YR S Y Aoy
within the figptonltidhas Eest end® (B @A aNeyoriteaide(l 1), had $E o satord teaofor (e
first reactor than the first_ end. ,This Ieav%@ﬁg%lt 7? Vg%tﬁ)d r{_}egtcts
to provi de hésmprgingpaimary gpd () gnd arprpdrn & st Bpd {oE5d 13C 0 e
alternative epRRRAUNEAEresRlationshéh Wih ditpefi@d eatl othér suble thmbtheisaashdary
react ants may befpermtted to react before Ieav%na t?g fi rﬁ%t gt?arch%.
In a nost pren8rofdle sRtred; Trarier Sopropiate fe PEgRASPAC SR° &FF J87Rs
reacted i3 t RRodts¥ @bmPFisihP the kREE OR Qh) EWpdyifiEra (A1 kequrank rangh nofishe
m xer (near the second enc neaaﬂ%gd g)f)ﬁ I n E%gture l%' q%g%@%r a
t hose enbodi ribarze!l dp s eyt Rgacion, s upP{iRe At BIS6EAT TRt B ORER e
from mat eri al gegdildectiafny¥ inhdt anst P At AR the) fex ead Seaindaleattbnts are

12 r ef er abl i th n r in 1
angogi)s'f) ere s%gpl?edt,- gugl\: ats vs'izti gon%u}te(l eto teu {’11%% réacto?ﬁ%%lséle?justaég %tfthe5§rgtc !

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

There may also be space or components intermediate the first and second reactors,



25 preferably to withstand tenperatures in excess of about 1700C. In
sone preferred enbodi nents, the m xer conprises a refractory

mat eri al , suminoasysassceranmic. In a preferred enbodi ment, pthresfodembsoe
reactor or regenerator (7) has a geom@éric void volunme A, and the
second reactor (1), has a geonetric void volune B, and. the m xer
(44) (including void volune (13) for the enbodi nents 30 not having a
m xer device but instead nerely providing a region for the gases to
comm ngl e, mx, and conmbust) has a geonetric void volune C, whereby
void WD 2007/ 075945PCT/ US2006/ 048899 38 volune Cis less than or
equal to about 20 percent and preferably |less than or equal to about
10 percent, of the total conbined void volunmes A plus B plus C. The
termgeonetric void is used herein to denote the void volune in major
passages t halgyy@p&asmiee. TBe EdcdnGdry chd6f the 8ebond reaatod it wrorixattaitie second
vol unes than may be 5 present ,in snﬁll o](rge vvith{'F thef wal | s[r_?fwtot}e
react or cont SREST thy firgteatipp 1S Prgvl Sﬁﬂé}ﬁ T RSB S B et T ¢
vol une i ncl UugRgedd xR UAR sédond Rad oh &iRraksreadivl foilsask dhiteflowpytipiorenter
vol une that nmay exist 1n_the chan

el walls. [0088]Pyeferably, the
first react arfh¢ speepdary cpdiaf thg ¢ ﬁ‘?"&t"r‘”’e"ﬁ‘éﬁ’é‘%a‘fqr eé‘%ffﬁ@g’%oh%’l%%w FfRs
a fuel conpriwgicigh @ rédtord SHaRCABARN) axi® F)e @A k@8torsl thay be arranged
petrochem cals, or a mxture thereof. Qher conponents Q.act.i ve

() r L 1
and/ or non- r ©3eVise; susRyRs hegide gachplaatnh fip ftC[‘Pl"épP enefpllx Yurnigg, g "U
reactant nmay QRN | §Ro,0ME0BFhcidpl GBtwasn fthe Fedtidrs ik Nsubjtet tefadfusionmt as

step, the supplied nmethane may al so. be sugplied fro e prinmary end
of the secondicfamitedibythe REaseies of PXFHSREO r@W?%ﬁEHUE%T%’ t’%gre}‘emg

nmet hane in t hRaSBEP R’ JIGRE tddethet Bs bAISE] ACRBradisgnt ety esethpme fushr that
processes, the step of S\E;P |'yi ng the, E?[sh)hg’ge Bﬁed tthrough t he second
reactor ¥ pdhf BRRWY O tgﬁ”ég VE G PSR PES Bt or of from
about 5 psia pps3p aboUlrefbRubldsithe &fclidBiversh Fletvaeadibnsyalemauft@BHipeistsn
t he second reactor of from abgut 15 psi_%&tﬁg t.qQ afﬁout 35 gsi a. Th{e‘M
regener at i on aEEErdRoEhonm EiEare [t illvshatedn diegnre;d & ComBineat 440
the second regghdRtintemtdifte 4Q3F il first @@GicRandB3echR] pakfop tamaixathe Hirst
relatively | ow pressure, such_as about the pr swe tﬁ% hhe ite of
reformng i s IS&HE Wit thegepand, saptppi 3nd @B’E‘,’rﬁr rqolys Fhe St SRETRSH £2 e
the regengy atdegshds tRANES afiMiP! thRersd the FREEFeako o IPAse ke first Rt udtorg)
fuel and/or the exhaust gas tfroma turbi n%,éstco res

or, or blower.
t he regener atieariant Ethaay*Beapbiryemihgt e st and seqopa Iegriats af%%ﬂ\#'@ib%jut
|35 psia, suchyage Qe'éogd Qﬁcﬁéfﬁheqdrﬁfrﬁﬁi&fsﬁﬁamaweb@mm haliel the2bQ] peight o\
arger pressure may, be utilized. wever equi pnment and pr.ocess
consi der at i ont&e ﬁﬁ‘}‘%WEﬂ rsf gpd ggeord E‘H“’Tﬁ?@é‘EEﬁc%s 8??1‘?8 &8P% g’ﬁﬁ%@cwe’ght of the
Preferably, thetheat®dnd e@etdng is RERMICGIxothRThitally Beforethatsuppliesit #yst and

heats at |east a portion of the second._reactor referably the
secondar yZQan&?@‘)&?ﬁ%ﬂ%%‘égﬁ’?ﬂc%gﬁ{%g? rf’éc?t‘gf' t enperature of at

| east about 1f8q and TR @réxe@é€Ipeys may also include the optional step of
supplying hydrogen in the second reactor to moderate the reaction of the methane.

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

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

about 3.



30 to a tenperature of at |east about 1600C. WO

2007/ 075945PCT/ US2006/ 048899 39 [ 0090] React or systemcycle tine

I ncl udes tWwe wimesapent at regeneration plus the tine SHEEAMUS26i6/048399
reformng, plus the tine required to ¥ tch between regenerati on and
reformation and vice versa. Thus, a half cycle may be the
substantially the Iime spent only on regeneration, or the tinme spend
on 5 reformation. A conplete cycle includes heating the bed, feeding
t he net hane, and quenching the acetyl ene containing reaction product.
Typical cycle tinmes for preferred enbodi nents utilizing honeyconb
nonol iths may be between 1 second and 240 seconds, although | onger
times may be desired in sone alternative enbodi nents. Mre preferably
for the preferred nonolith enbodi nents, cycle t0. tines nay be
between 2 seqsgh} and @fle IRGOMHS secbhd irdgentratioR GRSy nlafaéxcttitemically
regeneration and reformation steps to have ual tines, angw#n

wel | - ref i nedregppin stalepsirpnerof @ Hexisrgnd fag 0? Wt gk, 35 ?ta‘ﬁ%‘?

be equal . [O0QHLAY SAniPh LBRYBnd 9k the RtMbEEQL,(AY 2 kaficH HikdighetBic BB Erst O
acetylene, in sone alternative enbadi nents, the refor

] | ng/ second
reactor (1) pudsdogrd FREpto1s Sedis widhin 3 migeer ﬁ?ﬁc“cbaﬂE‘ﬁ‘F?’sn‘l“? ’;E&tta@& sgqqmd

met hane has begpyd h®RRFtheABEbRATSAM of HeQEshd! Bt SHIORENE BYIckitpaitially
reactor (7), the process may al sO include the stﬁp,of recovering the

acetyl ene fr gthitha sgerawieneand 66 e wfIMeE FRASHRT: H Soat gy HerRRERPEEy

Processes MyeRleaf al REJHIE siiBorIhERlifor Ml the Ga¥BhérNBadiér. | BARrakIRethef
hydr ogen and net hane front the chl;gnched acetyl en hane, m xtur.e for

. . €- e
20 recycli ngresmon (8) dewmrdiate therrst and sowlTRACiOTs iRsdyles & JRixer %("F RExmg

i nventive pr %@a&nm%g%ﬁaﬁa%amtﬁ@ﬁmtm@wﬂaﬁt&tmnuf acture of
acetylene, conprising the steps of: (a). supplying a first reactanéﬂ

t hrough aofi 1898&or t i okt BRYRlsoche Peferpelin some embpfinany that, 188t

second react gffyd MO Ua MaSREMrdatthhts Ofe @bmbiiRd iR hidkerN@M) positioned
substantial ly separate from25 the first portjon of the reactor bed,
and (c) conbipnexigaterthe seqopricad of ithe first gepstonnwheipinatilepst ahom /g% of the

reactant aft ?‘Fgetngﬁtigﬁ "steadiid éﬁ&@&dmﬁéﬁ.\?am IbHRVES SAPAIEL @b Yeombined
traversed at |tast a portion of the reacfo

] r bed, for the first a
second react apgeseraton: fiseane mayduve pombesed oF ToRcied suPsttially wilkEy %Hﬂst

both of tjie filal BRESNGUM P UL 5QBAd Chd WFehd BRkBLctdIad iR Bist leha.ed
to quench a synthesized treaction product conprigsi n]g_l; )
is leaves about 75 wi% to react to provide heat to the mixer and

reformer/second reactor (1). In some alternative embodiments, up to 50 weight
percent of the combined reactants may be permitted to react before leaving the
first reactor. In a most preferred embodiment, 90% of the regeneration stream is
20 reacted in the mixer or in a region of reformer (21) proximate to the mixer (near
the second end, near end (5) in Figure 1b).
{0087 For those embodiments comprising a mixer, the mixer should be
constructed from material able to withstand temperatures in excess of about
1200°C, preferable to withstand temperatures in excess of about 1500°C, and most
25  preferably to withstand temperatures in excess of about 1700°C. In some
preferred embodiments, the mixer comprises a refractory material, such as a
ceramic. In a preferred embodiment, the first reactor or regenerator (7) has a
geometric void volume A, and the second reactor (1), has a geometric void
volume B, and the mixer (44) (including void volume (13) for the embodiments
30 not having a mixer device but instead merely providing a region for the gases to

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



30acetyl ene, after the conbined first arid second reactants have
reacted with each other. Preferably the synthesized reaction product

I s a productoed7pyweasl ysis of a WO 2007/ 075945PCT/ US2006L 048288048809
feed that includes nethane. According3&o other enbodinents, the

synt hesi zed reaction product is a product of pyrolysis of a feed that
I ncl udes hydrocarbons ot her than nethane, such as ethane, propane,
napht ha, or other pyrolyzabl e hydrocarbons, and/or feeds that include
nmet hane as a conponent therein. 5 Although the present invention
pertains primarily to inventive processes, nethods, and equi pnent for
converting nmethane to acetyl ene, the subject processes and equi pnment
may al so be utilized for pyrolysis of feeds other than nethane,
including liquid and/or gas feeds, into any of a nunber of desirable
pyrol ysi s reaedling® PiOlsctitn ctQqh0d3dbbhe20 memehi aml plefwabipdéssdizs othe

react or system equi pnent and a atus_utilized in perforn Ngat
i nventive pr o??é’@g@s&"ﬂci%mfcﬁ’éf?gg[hﬁrf@t%bf’%rfl T ‘ga"‘é‘r%"g ?rseﬁ‘tlflugﬁéﬁgs C.
subj ect | nVenTﬁ@EbﬂnnFédiﬁ&ﬂc arofty/ ¢4 gedr Byreihs® démove tenebidr vdlmme tihenajor
manuf acture of acetylene from met hane feed, erei n .the. reactor
i ncl udes a r eRfRSEREES ﬁ?&ﬁ%“ﬁ? Pf‘Fatf’r%BﬂgF CJEFAOTs ?“}Vﬁ]té’ %CF@P VPRIRE yan may be
conpri sing a prefent i£HEalR Pored withirs 80RdllseiTdhe fdabior omtentonFor eemipde, for

conprising primary end and a secondary end, the_ first and secon
reactors ori eMNEYCqmP FrogkisLepmLtcV melifesthe 4o m;h&e eq%tbﬁgr

such that theeafRpaay yore Moh@ie thiten®H oo th theahioie] wallpr oxi mate the
sec¢ond end of the first _reactor: wherein the

( . fLraL reactor, further.

conprises: (aj0088]i st Ruciehly. e fopioispciant uged Ja thy e?‘-?t?‘??mf’ éﬁ%ef‘ﬁﬁ#we

fromthe firsfe.oitth Ghethd® hi Bl sz (D] 12, SHYQBEarBEh(E) doxBizeridie,

first reactor; (b) a second channe|l to s |y at | east a seco

react ant 1¢ onPiFREhempicals, gh@ BxIRdherpols 5&5‘5&9&?%’6‘%@‘%‘8’8&?@% R of

the second reagE@fe, n#ydalso be present in the fuel. The second reactant may comprise
oxygen, such as from air. In the reforming step, the supplied methane may also
be supplied from the primary end of the second reactor to act as a diluent or to
react with the methane in the second reactor.

15 [0089] According to some preferred processes, the step of supplying the
methane feed through the second reactor is performed at a pressure in the second
reactor of from about 5 psia up to about 45 psia, or more preferably at a pressure
in the second reactor of from abont 15 psia up to abont 35 psia. The regeneration

. step of supplying at least one of the first reactant and the second reactant to the

20 first reactor may be performed at a relatively low pressure, such as about the
pressure that the step of reforming is performed. Alternatively, such as in an
embodiment where the regeneration step is supplied a regeneration reaciant
including firel and/ar the exhaust gas from a turbine, compressor, or blower, the
regeneration step may be performed at a pressure great than about 35 psia, such as

25  a pressure of preferably up to about 250 psia. A larger pressure may be utilized.
However equipment and process considerations may make use of such pressures
undesirable. Preferably, the heated reaction product in the regeneration step heats
at least a portion of the second reactor, preferably the secondary end (5) of the
second reactor (1), to a temperature of at least about 1500°C, and more preferably

30 to atemperature of at least about 1600°C.



(c) a product renoval line to renove at | east one of nethane and a
produced acetylene fromthe first reactor; wherein the second reactor
further cowmwiospersessd) a flue gas renoval |ine to renoveECHEUSHEAEEZIR
portion of the heated reaction producs? 25 produced from m xi ng and
reaction of the first and second reaction products; and (e) a nethane
feed line to feed nethane to the primary end of the second reactor.
Preferably, at |east one of the first channel and the second channel
prevent a stoichionetric reactable majority of the reaction limting
first reaction product and second reaction product, from
exothermcally reacting wwth each other to produce 30 a reaction
product until the unreacted first and second reaction products exit
the second end of the first reactor, based upon the total conbi ned

wei ght of theooest  WOLAGOHRADRJEPEES SRANRE WSEAS dpinpartegenaibn

reaction products. Preferably, the reactor further conprises m xer
situated i nt ®ethicatime; spent jaf Jeforraing; plusy iy HweJsany SR %he

first react antgdifetdfiohNBdSRESAGIEE AL AMe v PITRELCE MRE ke mate &leSO
further conprise one or nore gas m xer segnents, wherein each segnent

recei ves at [sehsfentipllyofhe; SmeoFpemheonjyf PR sTEERFIANI0Be HTd thee A0S FPERD O X
the at |east 2ppALfdPNA Qi)mini}?e dyeleSihc1BBsh 18680 e AL ATy {he ridlieine, and
respective segnment. In preferred enbodi nepts, the mxer is .
construct ed fauenshing &9 agetvipnecconiaipingrenction ProfPtr alvnied GyRlectiues frof
about 1200C, yyDfRe@embBdintth &ﬁﬁzgxg%ﬁéy&ﬁn@&%liﬂ%ﬁ%be Bhivden TeEond

preferably in excess of about 1700C, and yet still nore preferably in

excess of abcud 2beecondy zfheushyilenger dmenBay RsodesisAtis SamR aiprpative

conprises a Cehsyiifents) Mseahbirabl\esdrl the tpré@aEd GlonbRh @nbditles) HER:
A, and the second reactor has_a void volune B, and.the m xer hagb?}%e

voi d vol uffe GmeHh@axdy Retveen d serpdeand G0sses0qd5, it 8 netBeaessayy

fifty percentregdifdrdfidhemmal REGHRAbY steds o HiR8 cQhalefidad, dn@ iAo wielltreRfddy
percent of the total .of void volune A plus \{0| cLﬁvoI me B plus vol une

C. 15 [0094] WBW%@&?’E}?W‘E%%F“@@%?FI%%WQ RIS LAY eed supply |ine
to supply Uet[bwf] andy 1, ARYudPhdtoRGlirdd RRTeBARRS maHER: RSacetylene, in
hydr ogen/ di | uent/addi tional reactants, to the primary end of the
second react gemeoplieraitiver smbedimgntsc die refprning/seqead seadar (He iy ofortheme

reactor mgy &loafhrisBG HAQidAYSRAGREN AhdrUBl tm@hankaRS Held) rérBHRG A passed
(i ncluding a component that conprises hydrogen) supply lin 0

to
supply hydr ogbreugh theauenching firstesacter (Eh@eﬁmmﬁ@dﬂc@& theagten ol
hydrogen can Leaghindithd bASIHEEHOA the JhiSchER Gl el BOhbiE hitkdase. ashue!
gas supply line to Supply a fuel gas to one of the first channel and
the second cH&RANELY IPFOCESES fopays alsp dupluds theasigp(®) ebewseyeringaeat st Sifpl y
lipe to supplyRoRfCanE mEREtA Mok Ok dténchbd hackyfenk inidiharke afik@pd -for

The second reactant preferably conprises oxygen and the second
20 recycling to the second reactor.

[0092] In a broad aspect, the inventive process includes a process for the
pyrolysis manufacture of acetylene, comprising the steps of: (2) supplying a first
reactant through a first portion of a reactor bed; (b) supplying at least a second
reactant through a second portion of the reactor bed substantially separate from
25  the first portion of the reactor bed, and (c) combining the supplied first reactant
with the second reactant after the first and second reactants have separately
traversed at least a portion of the reactor bed, for the first and second reactants to
exothermically react with each other; wherein both of the first and second portions
of the reactor bed are utilized to quench a synthesized reaction product comprising
30  acetylene, after the combined first and second reactants have reacted with each

other. Preferably the synthesized reaction product is a product of pyrolysis of a



25 reactant may include air. The second reactant may al so include at
|'east one of (i) a nonconbustible gas, and (ii) a m xture of

conbusti bl ev@apg7omaeonbust i bl e gases, such as an exhauspbcg@as200§6gde
(EGR). Example 1 30 [0095] The foll owi ag exanple is nerely
illustrative of one exenplary enbodi nent and process, and is not
intended to limt the scope of the invention. WO

2007/ 075945PCT/ US2006/ 048899 42 Methane is converted to acetylene in
a pair of reactor systens, each arranged according to sinplified
illustration Figure 5, suitably valved, such that one reactor system
is executing the regeneration step while the other reactor systemis
executing the pyrolysis step. Sone enbodi nents may al so include nore
reactor 5 systens than just a pair, such as nultiple reactor systens,

each oper at | itk ol rRlIe tho i IASLIGADRTORer utRLIkdhAY, ki ythisien

process is substantia conti1 nuous. The reactor system i ncl udes, at

| east a fi rsteac@mpmdfupém@r@wr of nyrolysis pfra feefl et ineledssgydsoRarbons
(109), and a 8%%9%1%‘ reahi /shef %r@tﬁwxe,zﬁﬂﬁ)aﬁéoﬁa hill0 QP 64tBat Pyrolyzable

reformng (1 recuperation & reactor zones conprise to
extruded, cehaiocarhonsyamsiidr fends| theh ihedek pethangc e icRMBoRTHeiieredhs
to fill the r RAhdily 18 A eRfivSpdE AR, Akods,
about 10 ?t |Aﬁﬁ1§5%{ne&fe§?&aeﬁﬁwﬁﬁlmﬁ?ﬁyﬁl heyrtht or “éi?(rgl Iengtho
(excl udi ng i modlegniporentfor canyeringgnethine: paecesyleney vy sulisrt Hressgies and
Recuper at| on 13%%&%9@6&3 ab@bit el Iriettan .
di anmet er fégﬁﬁeééq%chgga?oﬁgﬁzﬁ%r%ne (109) |ss abqut 10 f¢ B
i s diamet er tigchading tlicaid prdiers sasofegdsa detor @porhin Aehsh ef degeply Byrﬁﬁ'i’&t
10 it in di ar;ggc%nqud%ggut 27 inches long. The ceram ¢ honeyconb
nonol it hs have condulit structure characterized as havi ng about 400
conduits ©r {6083] per Thquiawentionc Rlsaniaclades g FeAqioTe SYbigy SEYINImARL 21
m xer zone 'sagﬁﬁgﬁé' S9the8 in"B ‘d:ledﬁﬁrlsnﬁ‘%é(%oc@és%kSAcc%?&ﬁg kb osde

representing m Xer section (45) as descri bed respect to
figure 4. BI amgrrad emhedimgoth de sum%tmmée@qlwsmch%a%ﬂswﬁ%@s

across the {1l §oQhe e XRARRY A midAANES foll WA theaBikibiRBRIGH
to mx the regeneratlon and oxi dant reactants, and redistribute
flow to the coredeor system dhatreomusises: A9 e first gepctarcremprisinges St s8¢ &nd e
st acked sj.de o t W, X8id ZQR6n &id, th

25[ 0097] DLSI’I n%g?tﬁle&rgéggneéfgéﬁdo%&é‘é%g%glg%g erati g}ﬁ oxi dant c(a%o 06) y
fed into pl erfimt 4niiGeyoridreanters ozipwodin wns@ms@mna@po’ﬁmzrswm(@@zﬁh other
Regener ati on (Jf% khat h%sgecblﬁa}f gud Bf @e Bedotie lreéi:'tcﬁ*tﬁ 'p%hﬁlg BRI eI of

di stri butor ocated wthin pl enum and whi ch has_one

fuel orifice the ﬂra@hap@fhmmﬂ!@a“e“)‘f Tegpten @‘Eﬂi@‘ aompsises: tpbm 65t sRaapel {p
abpve each ofg H@)@ dMERE a?ﬁﬁ%ac‘%&ﬂ@%ﬂi fheifist G P 56 First 98R1o3 o (HEORkond
i

wher eby each o ce fee fuel into a _group of conduits thus, formng
a fuel 20 end of the first reactor; {(b) a second channel to supply at least a second reactant

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

second end of the first reactor, based upon the total combined weight of the first



.channel . Conbustion product, or flue gas (111) resulting fromthe
“conbustion of WD 2007/075945PCT/ TJS2006/ 048899 43 the regeneration

fuel (105) vansho9uiseignt (106) is withdrawn fromthe pl enpdi (948 04kdaat
is below the reform ng zone and that accesses the individual conduits

in the reform ng zone. [0098]During the pyrolysis step, pyrolysis
feed (103) is introduced into the 5 reform ng zone (101) by way of
the manifold or plenum (108). |If desired, a sparger or distributor
(not shown) may al so be used within the plenum (108) to supply the
nmet hane feed into the refornmer (101). Pyrolysis feed is converted to
acetylene as it travels through the reform ng zone (101), the m xer
zone (109) and the recuperator zone (102). Quenched pyrol ysis product
(104) is recovered from 10 the plenum (107) above the recuperator

zone (102). dnQQ8&inEheadtRASIEMAL. Oﬂeﬁ&@&ﬁadld rEER | HiThér RhfRise & nfAgh
operated for el ected duration, which for this Exanple is three

a C J
seconds in e%a?eﬁtea iterEtsdipte st wadol MhieaePd FaEiRe ik theatiet pgpnt
such that theie tHEeed R @GR, f‘ﬁﬁlﬂréﬁﬁedi?ﬁkﬁr m&} ¥sS GEARESoRbHSe one or

switching tinme. Conposition and flow rate of the total streans 15 are
shown i n TabPereBas BEXGREEReRts.herpa erchotesmenicesrves Al deatsa pomies &f theows

represents sulgt Rt kdtbohd r6RBnE 16 QMg the QGeasPd o BRSO Hrdt Sm@! 0B 1 N
pyrolysis while the other reactor .is in regeneration stage. This

exanpl e i s SEMRMIP thgeurrertve sprIBels el Prodpissd gmbodimentsyghe gnixgy isch

the reactor JonQAcRIse fidhe Pak@ial 81 &X withhRh® 1SAPLhatdsCRI Bfhesy Pradobthat
provide for such sw tching may be added by 20 one skilled in the art.

Table 1 St re]%ﬁ'lpi(“@:gmﬂﬂpgpégalllgénl@:fess of about 1500°C, still more preferably in
excess of about 1700°C, and yet still more preferably in excess of about 2000°C.

10 According to some embodiments, the mixer comprises a ceramic. Preferably the
first reactor has a void volume A, and the second reactor has a void volume B, and
the mixer has a void volume C, whereby void volume C is less than or equal to
about fifty percent and more preferably less than or equal to about twenty percent
of the total of void volume A plus void volume B plus volume C.

15 [0094] The reactor further comprises a2 methane/feed supply line to supply
methane, and or any optional other gases, such as hydrogen/diluent/additional
reactants, to the primary end of the second reactor for conversion to acetylene in
the second reactor. The reactor may also include hydrogen diluent or reaction

{ component (including a component that comprises hydrogen) supply line to

20 supply hydrogen to the primary end of the second reactor so that the hydrogen can
react with the methane. The reactor also includes a fuel gas supply line to supply
a fuel gas to one of the first channel and the second channel in the first reactor,
and a second reactant supply line to supply a second reactant to react with the first
reactant. The second reactant preferably comprises oxygen and the second

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

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

Examplel '
30 [0095] The following example is merely illustrative of one exemplary

embodiment and process, and is not intended to limit the scope of the invention.
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Methane is converted to acetylene in a pair of reactor systems, each arranged
according to simplified illustration Figure 5, suitably valved, such that one reactor
system is execuling the regeneration step while the other reactor system is
executing the pyrolysis step. Some embodiments may also include more reactor
systems than just a pair, such as multiple reactor systems, each operating in a

phased timing arangement, such that the entire process is substantially

_ continuous. The reactor system includes at least a first reactor/recuperator (102),

a mixer or mixing zone (109), and a second reactor/reforming zone (101).

[0096] Both reforming (101) and recuperation {102) reactor zones comprise
extruded, ceramic honeycomb monolith blocks, stacked in 3 dimensions to fill the
reactor zone volume. The overall reactor systems are about 10 ft in diameter and
about 4 ft in height or axial length (excluding insulation and vessel shell that
surrounds the reactor). Recuperation zone (102) is at the top, and measures about
10 ft in diameter by about 17 inches long. Mixer zone {109) is about 10 ft in
diameter by about 4 inches long and reforming zone (101) is about 10 £ in
diameter by about 27 inches long. The ceramic honeycomb monoliths have
conduit structure characterized as having about 400 conduits or pores per square
inch and 56% geometric void volume. The mixer zone is comprised of- nmany
individual mixer blocks, each block representing a mixer section (45) as described
with respect to figure 4. Blocks are hexagonal in cross-section and measure 3
inches across the flats of the hexagon and 4 inches in height, and function to mix
the regeneration fuel and oxidant reactants, and redistribute flow to the conduits in
downstream zone. Individual mixer blocks are stacked side by side to fill the 10-
ft diameter mixer zone (109).

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

channe}. Combustion product, or flue gas (111) resulting from the combustion of
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the regeneration firel (105) and oxidant (106) is withdrawn from the plenum (108)
that is below the reforming zone and that accesses the individual conduits in the
reforming zone.

[0098] During the pyrolysis step, pyrolysis feed (103) is infroduced into the
reforming zone (101) by way of the manifold or plenum (108). If desired, a
sparger or distributor (not shown) may also be used within the plenum (108) to
supply the methane feed into the refonner. (101). Pyrolysis feed is converted to
acetylene as it travels through the reforming zone (101), the mixer zone (109) and
the recuperator zone (102). Quenched pyrolysis product (104) is recovered from
the plenurn (107) above the recuperator zone {102).

[0099]) The regeneration step and pyrolysis step are each operated for a
selected duration, which for this Example is three seconds in each direction,

before switching to the alternate step, such that the complete cycle requires about

- six seconds plus switching time. Composition and flow rate of the total streams

are shown in Table 1, below, for the pair of reactor systems. These flows
represent substantially continuous flows, as one reactor is always in pyrolysis
while the other reactor is in regeneration stage. This example is somewhat
idealized, becanse it provides no time to switch the reactor from one step to the
next. More sophisticated cycles that provide for such switching may be added by
one skilled in the art.

Table 1
Stream 103 104 105 106 111
T, °C 100 364 100 100 265
kafhr ka/hr kg/hr kg/hr kagfhr
C3+ 476
C2H2 21,740
C2H4 2,162
C2H6 B1
CH4 47,032 14,785 2,436
H2C ) 20,485
H2 11,696 17.670 2,630
coz2 . 13,166
N2 229,028 229,042
Oz 65,470 29,686

Total 58,728 56,924 5,066 294,498 301,379
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[00100] This Example demonstrates the successful conversion of methane to
acetylene and hydrogen, and supports the following conclusions: (1) High
productivity of acetylene. The inventive reactor system can produce acetylene
5 vyields that are many times (e.g., >10 times) higher than prior art Wulif-type
reactors. (2) The process and reactor system succeeds without use of metals or
/ degradable componenis exposed to the hot zone. (3) High selectivity and yield is
achieved on a comumercial size reactor system, demonstrating that the inventive
system is useful for high production rates, such as on a commercial scale.

10 [00101] Trade names used herein are indicated by a TM symbol or ® symbol,
indicating that the names may be protected by certain trademark rights, e.g., they
may be registered trademarks in various jurisdictions. All patents and patent
applications, test procedures (such as ASTM methods, UL methods, and the like),
and other documents cited herein are fully incorporated by reference to the extent

15  such disclosure is not inconsistent with this invention and for all jurisdictions in
which such incorporation is permitted.

[00102]} When numerical lower limits and numerical upper limits are listed
herein, ranges from any lower limit to any upper limit are contemplated. While
{ the illustrative embodiments of the invention have been described with
| 20  particularity, it will be understood that various other modifications will be
apparent to and can be readily made by those skilled in the art without departing
from the spirit and scope of the invention. Accordingly, it is not intended that the
scope of the claims appended hereto be limited to the examples and descriptions
set forth herein but rather that the claims be construed as encompassing all the
25  features of patentable novelty which reside in the present invention, including all
features which would be treated as equivalents thereof by those skilled in the art to
which the invention pertains.
[00103] The invention has been described above with reference to numerous
embodiments and specific examples. Many variations will suggest themselves to
30 those skilled in this art in light of the above detailed description. All such obvious

variations are within the full intended scope of the appended claims.
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WEHAT IS CLAIMED IS:

1. A process for the pyrolysis manufacture of acetylene, comprising the

steps of!

(a) supplying a first reactant through a first portion of a reactor bed,;

(b) supplying at least a second reactant through a second portion of the
reactor bed substantially separate from the first portion of the reactor
bed; and

(c) combining the supplied first reactant with the second reactant after the
first and second reactants have separately traversed at least a portion of
the reactor bed, for the first and second reactants to exothermically react
with each other;
wherein both of the first and second portions of the reactor bed are

utilized to quench a pyrolysis reaction product comprising acetylene, after the combined

first and second reactants have reacted with each other.

2. The process of claim 1, wherein the reaction product is a product of

pyrolysis of a feed that includes methane.

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

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

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

reactant through the reactor bed.

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

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

reactant.

7. The process according to any of the preceding claims, wherein the first
and second reactants are combined at the second end of the first reactor such that at least
a majority of the supplied stoichiometrically reactable first and second reactant is reacted

exothermically after the supplied first and second reactants exit the first reactor.



45 WHAT IS CLAIMED I'S: 1. A process for the pyrolysis manufacture of
acetyl ene, conprising the steps of: (a) supplying a first reactant
through a first portion of a reactor bed; (b) supplying at |east a
second reactant through a second portjyen of the reactor bed
substantially separate fromthe first portion of the reactor bed; and
(c) conmbining the supplied first reactant with the second react ant
after the first8.and Heqootss aactdanits ahpvieths ppachibetlyinisf Avesed at

| east a portion of the reactor bed, for the fjrst and secon ,

F eact ant SOMPTRRELHHITR LA PIYREHETOR 1 thegeRons tastor to moderate the reaction
wher ei n bhgtihe @Ethiie first and second portions of the reactor bed are
utilized to quench a pyrolysis reaction product conprising acetyl ene,
after the conbined first and second reactants have reacted with each

product of pyt oryst snarrg L SabuEnty P LB EREL AR DOARME WL Bl
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t hrough tdaeordessk@@r bed substantially sinultaneously with the

supplying of the at | east a second reactant through the reactor bed.
5. The process according to any of the preceding clains for the

manuf act ure of ﬁfetﬁle?)p&eﬁsr&{&aﬁ%%b@ﬁgrefn%ﬁgm%l@&g égeglx@egs%;&é ow

reactor system wherein the reactor systeminclu Irst
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react or Cp%”ﬂ%zfo%tﬁ'@su%{aiigﬁisr onedﬂ'r%aggnq a secondary end, the first and

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

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

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

percent of the total of void volumes A plus B plus C.

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

or a mixture thereof.

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

second reactant comprises oxygen.



46 second reactors oriented in a series relationship with respect to
each other such that the secondary end of the second reactor is

proxi mate the second end of the first reactor, the process conprising
the steps of: (a) supplying a first reggctant through a first channel
inthe first reactor and supplying at | east a second reactant through
a second channel in the first reactor, such that the first and second
reactants are sufpl i €he procdshecdordisg toramgof tie phdceding brirhd, figtheend of the
first reactor;.(b conb%nin .the first anqﬁéecon r actantség%j%ﬂe
second entPRATISITESP FIFR PT FRREANH2naHgr Relioqartny feaddror M5 iRy gttt

t o producgcandieadteholcBafdr AMeabl Dsbdn of(the aRARS hGobdIBoNRaY GFack§RGET ON
product through the second reactor to transfer at |east a portion of
the heat fromthe reaction product to the second reactor; (d)
thereafter supphyi ”%H%é%@éégoféwi?rr'ﬂ%ﬁe% hRaksda f%%@gqrh&?c%% jo the
first reactor, to convert at [east ’a por?lon o the ane’'into

acet yl eneleagtepopassiftig schendsumpdrted tengicheme ofi aidedsh ebqgut oS Ed

acetyl ene through the first reactor to quench the nethane and the
produced acetyl ene; and (Orecovering the produced acetyl ene.

6. The process &g.cor Thditotdds atrdihg oy BF 82 @cBAing LRINE whohel filéhst he
reverse flow reactor systemfurther conprises a m xer situated

i nt er medi efcerfithfelipst hopnel and theseqnmd cb npEisRs HHOW gath dhienglea ARrgus
react thegfgrst reactant with the second reactant. 7. The
process according to any of the preceding clains, wherein the first
and second reactants are conbined at the second end of the first

reactor such th at] east a .Qr ] of .the supplied.

Ctof chi omer i cattyr BnssSoF T 14 haRsint OF aSioBBie i inshuder anlepane
exot her m efad pagkaf bed( arl feangempltiofelck] 4 5dmadtde stidandid, aach&rbmbexdrblithhe
first reactor. 47 8. The process according to any of the
precedi ngSTCEY§RRd § IPPRRITEEBEN S| ng the step of supplying hydrogen
in the second reactor to noderate the reaction of the nethane.

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

media, a honeycomb monolith structure and a fibrous arrangement.

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

reaction catalyst.

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

one of the supplied first reactant and second reactant.

23.  The process according to any of the preceding claims, further
comprising the step of recovering at least one of hydrogen and methane from the

quenched methane and produced acetylene mixture.



9. The process according to any of the preceding clains, wherein the
first and second reactants exothermcally react in at |east one of
(i) the second end of the first reactor, (ii) internmediate the first
and second reactors, and (iii) the segondary end of the second
reactor. 10. The process of claim6, wherein the m xer
conprises at |east two segnents, wherein each segnent conbines a
portion of the %pplTlmbrbcerssaccroﬁmgamhwathhpaecpmngbrann@ﬁnﬂhe suppl i ed
second react ant process, of wherei n ttﬂe m xer

S oonst  detth e e i ABt B 6 PaRioRSE ﬁ’ﬁde“toé’ﬁ‘ﬁérab]teﬁﬁt 88 oy excess
of about ﬂﬁg@g@nandmethang&)thgg&oga%@@g of claim6, wherein the m xer
conpri ses a ceramc. 13. The process according to any of the
precedi ng cl ai ns, vvherel n the first reactor has a void volune A and
t he second reactor h

vol une C, where 5; v@?e é)éc(éo%ﬂ{; efgf& glrsltsore%gwﬁmp%;hgs%?bfv\enty
per cent o:ﬁcmaﬂnﬁg toleadt ond oK/a)valva/mdLm&sN #hst]mlctms tchrpVem flew of one of thd first The
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oxygenat es, petrochenlcals or a mxture thereof. 15. The
process according to any of the preceding clains, wherein the second
reactant conpri3®s Bweygesess ofgdaim 25, whergi therpiep B"F%?@@é@g&t?%lﬁﬁl’%@ﬂf%g
any of th@ﬂ%@&%%t&q CloRE BBopchlHh FdiBEnsE QIREsSHcl %ifhltems iR rQfios UPP! Vi ng
anot her hydrocarbon ?eed ron1the gfﬁngﬁg gng # Hﬁé §ecéndoreactor
to convert at |east a portlon of the anot her hydrocarbon feed to
acetyl ene. cl ai

feact on' product” hedteeae BT ERR D upie Bl for BTGk ar el it e

t enper at uoieancsfcwatedlvam,ta c&i&@lﬂtxalﬂcé&ﬁ@a louver-type f18w vhhe. process accor di ng
to any of the preceding clains, wherein at | east one of the first
channel and the second channel conprises a flow path through a porous

medi a. 18g. Th?hdqsre@e%ﬁcdafdl @Icmum potfagh&d ﬁ'suﬁgp@cﬁﬁ& %rser%%a
i ncludes at | east one of a %gc ked d, an arrangenen a
per meabl eresgpi gsigmdionthe mane wmﬁﬁcmﬁm from wethens faed vé!ﬁmrathﬁ mr:@us

arrangemeqy., 0. The process of claimb5, wherein the first
reactor a efrhcomémégnd reactor each conprise at |east one of a packed
bed, an arrangefipafirsofeattol esnprsiner ivadidend alsedbndedd;a, a honeyconb
nonol i th structarge and .a fibrous arrangenen

roc
of claimb5, whetBieqad reastas sampasipg B ?‘@(r‘?‘hé?d aa?rﬁrlilagésndarhefgf

cat al yst . second reactdrd oriéfted B H5LRS f18& pathdtiadordsRipdiyh RipdehR QLIesaa §ﬁgh
clains, further conprising the step of supplying to the first reactor

an exhausthaiihe sqpmiery end of the sqcendreagpris proximate shnssronscendliof de firdact ant

and secong, 1; glact ant . 23. The process according to any of the

precedi ng cla’ns, further conprising the step of recovering at | east

one of hydr ogenwhctdlmm heshecattoofmrthecappenehed net hane and produced

acetyl ene m xt u(a?' aéll %rst channel to supply at least a first reactant from the first end of the

first reactor to the second end of the first reactor;

(b) a second channel to supply at least a second reactant from the first end
of the first reactor to the second end of the first reactor; and

(c) a product removal line to remove at least one of methane and a produced
acetylene from a first end of the first reactor;

wherein the second reactor further comprises;



24. The process according to any of the preceding clains, further
conprising the step of recycling at |east a portion of the recovered
at | east one of hydrogen and nethane to the second reactor.

25. The process according to any of ckginms 5 - 24, conprising the
step of actuating at |east one of a valve and a flowrestrictor to
prevent flow of one of the first and second reactants into one of the
first portion a@j s ex indlggs oerhoaih lind totrlamoveeeﬂ:déwra portion of a héd€ed rddeéion
process of claim 25, where ste a II n

Der i teing o f1ow eGP pispups et liak offttng W bbamdsSiepd reaction
pressures w thin theprbiicsd; ahdact or 27. The process of claim
25, wherein the flow restrictor _r}_'prl ses at | east one of an actuated
val ve, a check 44| veamaﬁhaneafeﬁ%h%tp esfgaethansp theipyinary end of the segondrhe
process according toeglig ml perforned using a cyclic reverse flow
reactor system for the manufacture of acetyl ene from nethane feed,
wherein the reactor system conprises: (i) a first reactor
conprising a figst dan

reactor conpri s‘?g:ig pri Ty o SH%mgn lalmgg’ofﬁa%errfogﬁqésmé ﬁgllﬁrrs%g%d
second r eiaetédato theefittRidaditt aad S€done Seabiodw MBd the Fedt adattamshitptheistddnd
respect to each other such that the secondary end of the second
react or i€ ¥xi nate the second end of the first reactor; wherein the
first reactor further conprises; (a) a first channel to supply at

| east a first reactant fromthe first end of the first reactor to the
second end of tHb fiTheresctercyeem of blein 28.cvkanein dieamixet furtbersuppyiripesat

| east a i h

the secoriontr B h@ert Sl bl sbitherflats bt St BEEL REsc iy
to renov eseatndl re&sdnt cnmixothe aeleiva n@oaiod of therfrstuné de@aé tepbi@nEinfiioom a
first end of the first reactor; wherein the second reactor further
conpri sesSSPEEREIEFMENY | ye gas renmpval line to renove at |east a
portion of a heated reaction product produced from m xi ng and
reacting the first and second reaction products; and (ii) a nethane
feed line to fedld neflasectersystpe gbelaimey, whrgeinfhe mixesis coprrueisd dosy |
29. The r ng a m xer

si tuat ed 1?%%%@@ g%’gﬁtgﬁ;ld %@b%ragégtegéésgﬁf b(ség{gg{ldgsdr:eact or to mx the
first reactant W|th t he second reactant.

32. The reactor system of claim 29, wherein the mixer comprises a ceramic.

33.  The reactor system of claim 28, wherein the first reactor comprises at
[east two layers of reactor bed material and the first channel comprises at least one of the

at least two layers and the second channel comprises another of the at least two layers.

34.  The reactor system of claim 33, wherein a reactant flow path through
each of the at least two layers is substantially not in fluid communication with a flow path

through an immediately adjacent layer.

35.  The reactor system of claim 33, further comprising at least one flow

restrictor to control flow into at least one of the at least two layers.



30. The reactor system of claim?29, wherein the m xer further
conprises at |east one m xer segnent, wherein each segnent receives
at least a portion of the first and second reactant to m x the at

| east a portion of the first and secogd reactant in the respective
segnent . 31. The reactor system of claim 29, wherein the m xer
is constructed frommaterial able to wthstand tenperatures in excess
of about 1700C.36. The r8&torEhgtemefclaoun 35 ywateesin die fivatentriz®r covhpises at
the m xer, ¢ rises a ceramc. . . 33. The reactor systemof claim
28, wher JFT PRECARASRalEd YA B AR AR SRR vo | ayer s of
reactor bed material and the first channel conprises at |east one of
the at least two |ayers and the second_channel conprises another of
the at |east twd-|aykiedeactor systemof claipmdS.veiseqin At legss pemeighe Bpwi m 33,
wher &1 N GeliG@6Ha0boddhed BALR hdBLEN, BREIPIr hORrBleab @RSt (o | ayers
is substantially hot In Gi'd communi cation Wih a £1ow pat h t hrough
an i medi ately adj acent |ayer. 35. The reactor systemof claim
33, further co i Si at .l east one flow restrictor .to control, flow
‘nio at least offe of FHELY SPRSUARYR IR ST thepyeceding claliy, furgier
react or sysipeisin@fa nedtRdndsoiply Whetoaiuppll he:thano v the plifast @d oAt ads at

| east one of an actuated val ve and a passively responsive val ve.

37. The re3Erdpr Cypyergionde acetuens mehe sppradrastodt | east one of the flow
restrictors is positioned on an end face on a first end of the first
reactor. 38. The reactor system according to any of the
precedi ng cl ai ¥, f uflelresctaroppen scergding treanyah thequpgsiingldaves.tiortisuppl y
met hane to the primary end of..the second, reactqgr for con ion t
ncet y1 ene e e g« Risg T R Ea il s RABEARE B g PRLGTRL oA
accor di ngeidboran thad thet Hydrqees eadinoderate #dier®nvdrsioh bethe atinesi Nng a

hydr ogen supply line to supply hydrogen to the primary end of the
second reactor so that the hydrogen can noderate the conversion of
the nethane. 40, AR redd§ st QRRLErSUS LBy AR HbMidoQ1ARY, (Rfihd-he
preceding clains, further conprising a fuel gas 'supply line to supply
a fuel gaempsisigae fugl ensupplylite te # fughgpstth en%@ﬁ:tgﬁ érst Rbamnel anl thet he
first .reas(é&iqfd:channel -nthgfﬁmﬁ%&o;_eactor system according to any of the
precedi ng clai ns, wher &in e second reactant conprises at |east one
of (i) a nonconbustible gas, and (ii) a m xture of conbustible and
nonconbusti bl e Aglase The  reactor stem.accor.di ng to any

42. )
of the precedingcl imr?a%éwm apgording foy of g Rresmgsiaims.oEheren

exhaust GBS sdcBiY fh&attfecibrises at least ohd of ﬁmn@@aﬁb@gﬁb‘ﬁe@s,emdqﬁp@m@im to
any of the preceding clains, wherein the first reactor conprises a

bed packidgomhestivlyanginopegmhusple ga%est he first channel and the second
channel include an average wetted surface area per unit vol une that
ranges from about 50 W to about 3000 fill. 52 44.The reactor system
accordi ng to amZ.of Theeeptecsdemgceairdingty anpldrtla preceding claims, wherein

the second reactant comprises an exhaust gas recycle (EGR).

43.  The reactor system according to any of the preceding claims, wherein
the first reactor comprises a bed packing whereby at least one of the first channel and the
second channel include an average wetted surface area per unit volume that ranges from

about 50 fi! to about 3000 £,



the first reactor conprises a bed packi ng whereby at |east one of the
first channel and the second channel include an average vol unetric
heat transfer coefficient of greater than or equal to 0.02 cal/cnBsC

52

44.  The reactor system according to any of the preceding claims, wherein
the first reactor comprises a bed packing whereby at least one of the first channel and the
second channel include an average volumetric heat transfer coefficient of greater than or

equal to 0.02 cal/em’s°C.



