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[0004] In another aspect of the invention, an improved process for converting a
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carbon coupling catalyst; forming alkyl halides by reacting a hydrocarbon feedstock with HX
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[0010] Initially, zone 1A contains a material capable of releasing HX, as described below.
Zone 1B contains a carbon-carbon coupling catalyst, which catalyzes carbon-carbon bond
formation and the generation of higher hydrocarbons. Although not bound by theory, it is
believed that carbon-carbon bond formation proceeds via intermolecular -- and possibly even
intramolecular -- metathesis reactions of alkyl halide molecules. In the drawing, the catalyst
in zone 1B is also coated and/or impregnated with coke, as described below. When the

reactor is loaded for its inaugural run, however, no coke is present. Zone 2 is either empty or
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[0014] FIG. 1B illustrates the zone reactor ready for a run in the reverse direction, from
right to left. The reactor 10 still contains zones 1-3 and subzones 1A, 1B, 3B, and 3A, but
now the material in zone 3A is capable of releasing HX when heated in air or oxygen (having

been hydrohalogenated when the reactor was run in the forward direction). Similarly, the
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Vigorous reaction conditions will be required for alkyl fluorides to couple and form higher

hydrocarbons, due to the strength of the fluorine-carbon bond. Similarly, problems



resul ting higher hydrocarbons could include one or
nore C2 or higher al kanes (e.g., ethane, propane,
Whei0an€115+ hydr ocar bons and ot her |ight naphe¢dEE$2008/064922
olefins (e.g., ethylene, propylene, butylene, etc.);
and/ or aromati c hydrocarbons. [0019] Certain classes
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ece ily with equivalent results
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carried hy n
the preegerécg oq' 8H \Mgé/ ha];lc%gl% gqlgélftlogl% glﬁesno%gac?ﬁ%&mﬂptles of the basic
Schemendl tions wll be required for alkyl fluorides to
coupl e and form hi gher hydrocarbons, due to the
strength of the fluorine-carbon nd. Sigilarly,
probl ensassoci at ed wi tGaHtufesuch 8s t he endot hermic
nat ure ofJcert gy iodine reacti on%>_ca.r<l i kely be
—acdkessed by carryi ngﬁ the ha] ggenatyon and/ or
couplg ng reactions at ratureR and/ or
pressures. The use of HBr or HCI is preferred, with
HBr bei ng nost preferred. [0021] A nunber of materials
are capabl e of reversibly capturing and rel epsi ng BiX
and, in particular, HO and HBr.g ag.ﬁ R first exanpl
T‘on

uch materials conprise medi um t gchg I ef R'
RWRS hat ng 26400, pré&Terab era6|y 1 80

preferably 20-50 carbon atoms pé¥ele@icul e. Br H
general, such olefins wll have nore than one
car bon-carbon doubl e bond per nol ecule. Nonlimting
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12- dodecadlene I -el cosane. Unsat urat ed
titanigrre@rspilaidisrt Tesistank AUTBEERS Srnemmllypoettanaterish pﬁaﬁrqrﬁeéwwple silica

pellets are coated with polyethylene by combining the pellets and polyethylene, heating the
mixture to a temperature above the glass transition temperature of the polyethylene, and then



hal ogenat ed ol efins or al kanes, and thereby
"reactively capture"” HX. Wen the naterials are
whewsae113 hey rel ease HX and revert to ol ef i nSPCT/0928%/064922
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ar.e react.i drocarbo

formal e rat10 reaction, g‘rr % r{ﬁ in the cat eac? t could be
1'ée tg%%% T TR oy RaPaye %Pu% R’ 81 By
replagceidut iahegealayrhs dringdbe carbomrcathoy h@lmglgmaﬁmom)a,nd Lﬂwn regenerated
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carboﬁ%@blﬁfé cabdlyfiahralaogafeiddto asNOMpbiietizatdn R¥ANREESor simply,
cl udﬁ, Fat al oxides, such as copper oxide (CuO, and

"Couﬂlf’é’lgaﬂaa Y des, such as cud 2, CuBr , etc. Mxtures of
[0028]at aNxbﬁhmuﬁmmmEsexﬂ couthiag catabisystindudah@r-crgbtallmanlungno

sﬂlcalselé Qﬂﬁ(ﬁr&)ﬁgusosro 1H%§1tﬂg)oﬂ{rﬁgtgn/zh rﬁg L%Jep ghg‘suﬂ‘ateég onia, a{umlno

an a er na

phosrénm dilcr}’eaﬂ SAROwWM and its |f@m62vork-h@bshalt@§@rmétgueh(sahwt@tpd with, e.g.,
Ni or ‘Mﬂ/)h a2bOgeNNPL Z@\txlaﬁ Mﬁltlts' i9n Cé?d&fléﬂk%g ahflo gso‘ﬁﬁé FaRaiband

reamre ons | eavi n an e cent r al
substiprgn 26T Féwg’? i w6 LPETiahBe. 9B or A aREbAD erdméffporous
mmer@lsu e Rgtabistsaday B nlaturaltor kjmRelid, dolﬁe’ﬂ(‘dﬂdnﬁ? orted or
r OC ar

unsu réggr& on of alkyl halides to higher hy ons.
H?S herein, the term "carbon-carbon coupling

[0029¢ at ancﬁm'i‘edroefaéysﬁ foopmdoEing liqaid-aapabttempératat hydracanigpns
includAbRRRCIGAEBO NS PP Hatiag ABIOHALHO 3 ratio of less than 300:1, preferably less
than 100:1, and most preferably 30:1 or less. Nonlimiting examples of preferred exchanged
ions include ions of Ag, Ba, Bi, Ca, Fe, Li, Mg, Sr, K, Na, Rb, Mn, Co, Ni, Cu, Ru, Pb, Pd,
Pt, and Ce. These ions can be exchanged as pure salts or as mixtures of salts. The

preparation of doped zeolites and their use as carbon-carbon coupling catalysts is described in



and i ncludes both "true" catalysts, which presumably
participate in the reaction on a nechanistic |evel,
wheisassa1not consuned in the process, as wel | BGI/US2008/064922
"catal oreactants,” which are chemcally transfornmed in
the course of the reaction, but can be returned to
PatertiRubticatongNm dlS 2@05M0 il 393 A1 eggagesat-b omhick &ciht@porakedrby
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oxygemhassé o ¥ YEengettaining pascstrsains.s Nonlimising exawplss ingflude ordinary air,
pure §}?}l'gteﬁ gad (152)PE SRR 3hd &ﬂlté?lfnng ARG ARl tﬁ&%ﬂ%&gxk totdpénents,

arbqn-carbon coupl.ing catalysts 1s descri
diluts Hrsams 4 ORGISTIEaain BFATRE A6 sobbhem) exegpnnriched Hagts

[0033}- 5, ToMidiktatesthé NERFUR @fe@ﬁ sﬂHbiyca@afre hNEfeabE Ictialy st (ﬂbobkﬁlg,
ar,e roma var.l

oGkt bR AR S pSEer bR, P o DL o
are opapatge at Dfyopridpeprcssuces eandi mpheesatires) takieg dap edeaiBivihb feaddtock,

catal}%%o Egsh IR 488 LE gléf!lﬁ%ﬁ grod%m?@o éﬁ ghe {aﬁiﬂ?{(ﬁ?x%ﬁp Ehe'}@&{i&%g Bg%rated

e dopaﬁts I'NVEn

at, or Mﬁé‘%bhﬂfmgécﬂhzmﬂﬁ prssswre Aend by on38iichental g temperaiuge of from

0 to 500 °80piefertts9©d 0850 4L PE 'pf@el‘éﬁiyai%stb 306Pd et'b 16&lita& BX release.
rocess. condi.ti on tié,tlﬂcan gjgo uée a tailored

Zone 33y Gy iihegieqto e V6 SERPBEHE g Bt i 400 [o@zefprably 100 to
300 °€r mdticpreftiratily il Bitd 280 € Reilidte H)Gdaptlliref Eé@cbklﬁg offhie@oupling

cataly%{ 1%3?&1 i e%%nt}}een{l%%;lzogséslgaﬁ)r%? %ﬁ%&g&%@&g‘?%f% % HaZmut 500 °C.
Halo g_eg@tnqrt and@r axyhapgenation of the hydrocarbon feedstock occurs in zone 2, which
is heated to a temperature of 150 to 600 °C, preferably 400 to 600 °C, more preferably 450 to
515 °C. Product formation (carbon-carbon coupling) is facilitated by heating zone 3B or 1B
to a temperature of 150 to 600 °C, preferably 275 to 425 °C.

[0034] There are a number of alternate embodiments for practicing the invention. For

comp?lsh a desired

example, instead of a single vessel defining three zones, the zone reactor can comprise three

separate vessels, each defining a separate zone, 1, 2, or 3. As another example, certain



catal yst. Pore size and acidity are expected to be
inmportant. Acidity may be used to control product
w@b@sn4diengt h and functionality, and pore si zePCEYS2008/064922
control chain length and functionality. Zeolites
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[0040] Preparation of Materials Capable of Releasing and Capturing HBr



circulated. Alternatively, the bundle of tubes can

have air or another inert gas directed across their
waeBa¢sd13 o facilitate cooling and/ or heati ng. PDOSH)8/064922

In sonme applications, where the outlet fromzone 2

nmust be cool ed before entering the product formation

(nmet at hesis) zone (zone IB or 3B), a precooler can be
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1004950 arsRgAd AR bR O wBEEF o ir RN e B il pfess are
coateﬂvﬁi:th plyetigdnaby eothisiaingdhe pélkets and polyeshydenefand dneatingote.a
i S _ex . s B
tempgﬁaaﬁ? ?li)ocxgeﬁ% Eﬂ?ste f Lﬁtgléi%ﬂ t@lﬂ#}%?@l&éogft tB@F%lggﬂ?l?E?% g?f;&lﬁ:ﬁe ¢HMlded to

reac St

the peliiai$ it the ehwblination isskpesed 19 Rehghtoresulting shehlprénatiop of e

polyﬁ{él{.3 %Idzlflof:tﬁgma@é{a'l kephrhfdd and A&dted RASOC, bdItRRGK € release of
W

SM5 zeolites or other materjals that facjlitate
HCL pFlsoiben o @ ihematspabis KeBGEo Ty AR G R B N zagfotbent.
exanpl e, a zone reactor can be used to formlight
oleqins, which are then fed into a zeolite bed to
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in e P gt et tfe FAM HahRHLIATAS E', iRk Refkent B to
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tempt%gawrg SF 966 €8 (R sAblequit ruktathisRIfIGESedktatd/ (decoke) the coupling catalyst),

e e S BoTLATEG: s o o
pass ¥@&3B¢ caplinp ataBel iatzede BBat A M@ fryducimg Higle dfyirogarbon and HBr.
BT R N S
tempeastre ofitid@tCng nmaterials |isted above. Alternatively,

In stéphf, A8 FhREd ﬁ@@ué‘i’xezogp §hak §defiaRAL d1CBslr, xRl EReagent B to
Reagent A and releasing HBr. The air and HBr from zone 3A pass into zone 3B at a
temperature of 500 °C, regenerating (decoking) the coupling catalyst. In zone 2, natural gas
is oxybrominated at 400 C. The products of zone 2 pass over the coupling catalyst in zone
1B at 400 °C producing higher hydrocarbons and HBr. In zone 1A, HBr is captured by
Reagent A (which is converted to Reagent B) at a temperature of 150 °C.
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[0039] The following are nonlimting exanples of the
i nvention. [0040] Preparation of Materials Capable of
waRelogasiiny and Capturing HBr Reagents A and B [ BOHL$2008/064922
H gh surface area (>300 n2/g) silica pellets are
coated with pol yet hyl ene by conbining the pellets and
pol yet hyl ene and heating to a tenperature above the
Exa:r%]a?ns transition tenperature of the polyethylene.
Bffine is added to the pell ets and the conbination is
[0044x poFbd hydrothrbbn graducts e§ Gkarnplg li ave bassed oweriaddbNIfS catedyst at a
| £50@ j '
B s e g e
formation of a material, Reagent A, capable of

Ex guring HBr. The other half of the material, Reagent
[00425}8

I s, kept for use a . erigl, capabl.e | easi.n
- Tk Eferd & o Ensie o0 iupved, i ERER G 2SN S, SRR of
tungsaahsmxideatd. zitdogia (VA pis @sat asah¢ c800n-n@bgn caulingaatalyst.
pell ets are coated with polyethylene by conbining the
pell ets and pol yethyl ene and heating to a tenperature
Examgode the glass transition tenperature of the
[004610! Y §hBYL@BEarbENpRIALAS of BxAAIGS dr&pi&d SR heASMINGtAINE at a

conbi n on | osed to light, resultin n
tempERRgF phatl G5B Cr Eféasptsw%mae. the gy ragsrmelReHly Bieh bt theproducts.
separated and heated to 225 C, resulting in the
Exa rp%gase of HO. The other half of the material is kept
OF “use an HC -contai ni ng adsorbent. Exanple 1 [0043]
[0047} zoAezoneseactnr aasharoiatignl fSilgaded with the feltagving niatarials:
Zoneﬁ?x':'l@é‘ﬁg@ﬂtﬂ?te” al s: Zone | A Reagent B. Zone IB:
ZSM 5 Coupling catal yst. Zone 2 : copper oxide
Zoned g ASMr> conphie sialys’Sm 5 coupl i ng catal yst. Zone 3A:
ZoneReagspper éxidé Batsliyep 1, air i s passed through zone | A at
7 gt_ \(irSaturﬁ 0 t2§r5 C, converting Reagent B to
one ga%" ACURIE EFBNE ng HBr. The air and HBr from zone
ZoneBA:peageti€Cst into zone IB at a tenperature of 500 0C

In ste%i 13 ai? ?sﬁ%a%%oJ&#%?n% E.é %{ ?)q%érxlljlple%%gx%rb%b% eC(, \%ﬁl‘é\%gﬂg Rgaegent D to

zone 2,

0
Reagﬁatcﬁm reffasing &Y(Bx Ve gitiana e feam 200 Bicpasshetogopel LBt a
temp&htufOHE5 00 RAESR s&s8HuchNBinG AHRI /NG eScery éfecékﬁ%ﬁ%uﬁl%g
A

at. 400, C, . producj ng hi gher_ hydrocarbon and I
catalysppgndsthen i Zprae %a%wm rﬁyg%éa@w?%"@wﬁi at

oC. e products
of zom®OD yesstorer the cheslgrataB)st i zome BBMEVQL Y prodliciddhighés hyldiocarbon
and Pg(%legxi%(’n&?é/%o}lﬁéle t%?}?]tggeﬁtebgfgg% nggz(,? Qv%ﬁéff‘isactongex{e%qg (ﬂe%ééjnrt %) ata
temperature of 150 °C.

In step 2, air is passed through zone 3A at a temperature of 225 °C , converting Reagent D to
Reagent C and releasing HCI. The air and HCI from zone 3A pass into zone 3B at a
temperature of 500 °C, regenerating (decoking) the coupling catalyst. In zone 2, natural gas
is oxychlorinated at 400 °C. The products of zone 2 pass over the coupling catalyst in zone
1B at 400 °C, producing higher hydrocarbons and HCI. In zone 1A, HCl is captured by
Reagent C (which is converted to Reagent D) at a temperature of 150 °C.

Example 6
[0048] The hydrocarbon products of Example 5 are passed over a ZSM-5 catalyst at a

temperature of 350 to 450 °C, so as to change the average molecular weight of the product.
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Reagent A and releasing HBr. The air and HBr from zone
3A pass into zone 3B at a tenperature of 500 OC
WO eenenat i ng (decoking) the coupling catal ystPCT/HS2081¢64922
2, natural gas is oxybrom nated at 400 C. The products
of zone 2 pass over the coupling catalyst in zone IB
Exmﬁme400 0C produci ng higher hydr ocarbons and HBr. In

A _HB Reagent A
[004%] onv ;d'lf: ga)cg(gur&é)g #?pli ? is Fdlgweg%ué s {eagiw?gsﬁfﬁé a mixture of
tungsOed, @(@mideznzpn{aﬂiW/}) i¥ meedasthe cabpwnarpew donplisg chtalyst.
Exanple 1 are passed over a ZSM5 catal yst at a
tengerature of 350 to 450 C, so as to change the
age nol ecul ar wei ght of the products. Exanple 3

[005610045*he E?&o@&r@@@ﬁ%ﬂﬁct@f)f EXﬁﬁﬂb ertale pgssécod»\beemwwatalyst ata
un
tempeRREER U AEA G S st arthe AR BaleBUA Weiah of the products.

catalyst Exanpl e 4 [ 0046] The hydrocarbon products of

[OOSi‘:}X a%g FR' (%} 19%2)%@9 d&}ﬁge(ﬁwé?%féreﬁ?é Ic‘lgusaémﬁodlments figures,

and eam@pl@gé)uﬁtﬂ net lirated dedrefht P@lrsovw@avmgwdwgv skEk Hnihe artoyill
re[c&%t?x]at the HRRALSL G R me& fisd MWW ndfbér F- waés 'w“ithb grtm from the

the follo terlal ane | A ent D one
mvernﬂsn "okl s lgaﬁ%'ﬂgb %?Rygrege a7 G gnd e&l&ﬁ% S o
catal yst. Zone 3B: ZSM5 coupling catal yst. Zone 3A:
Reagent C. hi step 1, air is passed through zone | A at
a tenperature of 225 0C, converting Reagent D to
Reagent C and releasing HO. The air and HO from zone
| A pass into zone IB at a tenperature of 500 OC (in
subsequent runs, this will regenerate (decoke) the
coupling catalyst), and then into zone 2, where
natural gas is oxychlorinated at 400 OC. The products
of zone 2 pass over the coupling catalyst in zone 3B
at 400 0C, producing higher hydrocarbon and HO . hi
zone 3A, HO is captured by Reagent C (which is
converted to Reagent D) at a tenperature of 150 OC. In
step 2, air is passed through zone 3A at a tenperature
of 225 0C , converting Reagent D to Reagent C and
releasing HO. The air and HCO from zone 3A pass into
zone 3B at a tenperature of 500 OC, regenerating
(decoking) the coupling catalyst. In zone 2, natura
gas is oxychlorinated at 400 OC. The products of zone
2 pass over the coupling catalyst in zone
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I B at 400 OC, producing higher hydrocarbons and HCO .

In zone 1A, HO is captured by Reagent C (which is
w@owsasdiesl to Reagent D) at a tenperature of 1BOI/082008/064922
Exanpl e 6 [0048] The hydrocarbon products of Exanple 5

are passed over a ZSM5 catal yst at a tenperature of
WHASBK COMBIEIDG: so as to change the average nol ecul ar

wej ght &freatcgq Of %%]U%Itl Wgéqgglo%m%on [er gt%lzlf %Rf{;grcr%g}érp%oducts

of exanple I nstea
compyisiigur e of tungsten oxi de and zirconia (WA) is used

as t h e GRIR %br@ QBW veRURIthAAefiAd Aukle zd@é@ﬁpt!h@ r&ctor, wherein a

0050], The h car duct f Exa ar e

first 58 SaH) @ @%?@Pf?&im&f*@ S e Grpligeatalyst, a
secoraihtbnd Ed)coﬁpleslao dﬁe ﬁl@t ahangd 4 therd aues Bgeupied ectikaécond zone and
conta ! aq%%oglgca&\?ﬁ@d’u ﬂ}{g Eﬁal t?aglg\]?]anrq;ﬁgrg%llcglv rl]é ?I)fo caHF,mngt}ly(eirogen
hahdﬁlgures, and exanples, but i s not I|n1ted t heret o.

Persons having ordinary skill in the art wll

ap eC|ate that the |nvent|on can be nodified in a

n ‘bfeagiey &s fctirb il hrivheign theoisretiiecqnprisst p svgle vessel

and th\zf‘lﬁtshzc?r& i iothieadt @ ?}S&ﬁ% of the V@@IBII\\?/EMD I c&idizoﬁ% iFlddated in the

: val ent.s o 1. react or .
midd R Y SR IR BB ks ST At endiif Sy 4 wherein
gas camflew frooulthetfost zvoapyr thsisempnd anee, and fiwnmethh stdond/ zves Bxeths third
that define nmultiple zones in the reactor, wherein a
first zone contains a material capable of releasing
hydrogen halide, and a coupling catalyst, a second

zane | SA £ aslrdcRed Mecldild BiwiZpASs thedidt Ankhd 10dat2@NEa Hisst
nd zone_ and ¢

e 0 the sec 0
vessef, Hifxsiond fagiss P&afﬁﬁ ThySERrAM Sl st e enneds lacald i @ third
vessehfand syberein pay daydlosgomhiad fitke zoriz to Ahd @acidron@saridefedrh €lek second

f e e Wherein the reactor conprises a single
zone essgﬁIl ®the first zone is located at a first end of

t he vessel the second zone is located in the mddle
Of4 the p Fe‘é@t%k as %@H‘e& Re1di T, WHRRR tHeSmategate g t@t% ??relea31ng

d en e vessel, and wherein gas ¢
hydrogFp lidka [9crisd 5 SHE SEPoRe T e it Ppehe o ko Freupling
catalyseimahelfizsonend o 1ddagedtink keboadREbzode 1pP~tHe€fﬂ§ttz@he ;aBe EQRling datalyst

in o Ry 054 5 o i e BT o B S Gy of

captumeg by;irpg@iwhﬂha bmtccﬂlnmomctsdbaom mcthe third Zohé.r d
vessel, and wherein gas can flow fromthe first zone

to the second zone, and fromthe second zone to the
tRird Zoiactonas iacifeskiniclpimas whersin the materidl sapable of releasing

hydro‘gﬁﬁhzﬁid@ coPrid® Rkt My HahaRkhed efefihg! easi ng

zone.

6. A reactor as recited in claim 5, wherein the partially halogenated olefins have

10-100 carbon atoms per molecule.

7. A reactor as recited in claim 5, wherein the partially halogenated olefins have

15-80 carbon atoms per molecule.

8 A reactor as recited in claim 5, wherein the partially halogenated olefins have

20-50 carbon atoms per molecule.
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hydrogen halide is located in a first subzone in the
first zone; the carbon-carbon coupling catalyst in the
WO peugti4saohe is | ocated in a second subzone i n PEEUSI008064922
zone; the coupling catalyst in the third zone is
| ocated in a first subzone in the third zone; and the
ne.er i aA reafalb eccitbd oaqidiur §,nghdngid tlogenntidlbyl hadezensgted olefins
r

comﬂrngg @%rﬁrgll% galrg éﬁ?éﬁgld?iid'ég%l@]? lzrhoﬁceadgé% d?oqu 1cc?san€f6‘

capabl e of rel easing hydrogen halide conprlses

part i al A Yeg'&ﬁ)lr mﬁg gRateth Qhigl 5 {Iﬁhcelrién tl# ﬂih%ﬁﬁloc{a gﬁe lb?ff%léa@ﬁ
m er ei ar i.a al.ogenat ed ol efins

hyd“ﬁ§9§ah %ﬁ@”Eﬁ?B%ﬂn%XEﬁ% W%?S A reactor as
recited in claimb5, mhereln the partlally halogenated

ol %fl NS\ pe%%?or ]cié3 e% e(fl: ﬁlrgf 1m Wherd§ [herg%gecclz’l pc?l ers selected
Pt m’s, the th atty

eact or as
from ﬁwl gglanqn@d;tlog ef pargallhyahzéo @a@d p@bqab@mleac,meﬁeﬂene that has been

partlﬂglld%ﬁ%rg e%ateﬁ aﬁu@fi‘)‘a{’tﬁﬁl fl‘i%lorggﬁdt&? oiy@gfﬁg@én@t@t h%@éeﬁ'ﬂamally

artial g}enate ol efi rrse partla
dehyeag%@&q%@@a@%&@ grated and miyyEss dhgrefe, and/ or

1-ei cosane 10. A reactor as recited in claimb5,

re|n the material. capab f easi_n
hat de " bragiT e else i R G asip 1R 3Ny e organic
polynpays yoreprsse phitial & hadegenated pelybetedierel i n cl ai m 10,
wherein the organic polyners are selected fromthe
group consisting of partially hal ogenated
pdBy ac &t JRa6k0E as 1esitgkmplaienk whesin Hesnyeds] cgpzhle af ¢apturing
hydrdgeﬂm[déqeﬁ@irﬁss aBinPidvki18l 100 RGeS §& molecule.
pol ypropyl ene that has been partially dehydrogenated
and partially hal ogenated, and m xtures thereof. 12. A
r ddct orA sactoeas teetled i otdim 13, Bherevhtheidfinshave 8580 ahdbyn atoms
pmqnﬁﬂ%gﬁenated organi c polyners conprise partially
ogenat ed pol ybut adi ene. 13. A reactor as recited in
claim1, wherein the material capable of capturing

hydr ogen hgdt feree Rl 385 @ §heftn MR Ve '}131992(‘)7 G Q%on atoms

afons per nolecule. 14. A réactor as recited in claim
per molgculgharei n the ol efi ns have 15-80 carbon atons per
nol ecul e. 15. A reactor as recited in claima1l3,

rein the ol efins, haye 0 _carbon at
P ecursi el aieb B A tme el PR T afsapurine
hydrogérehataleevinplisesapaitumtaf orgapt poiyngrdiydr ogen hal i de
conprises unsaturated organic polyners. 17. A reactor
as recited in claim16, wherein the unsaturated
orldani & [sastghesyscidan sifimcide whercnihe Wasaiwreigd organic polymers are
selectscoﬁ@m&he Bbu ?fcoﬂﬁbwpﬁlﬁeeyleﬁelﬁb@}&ifﬂl&ﬁﬁth&h@ﬁ bb&@Spartially

eentp rtia

dehydrogena lyprogylene that has been partially dehydrogenated, and mixtures thereof.

18.  Arreactor as recited in claim 16, wherein the unsaturated organic polymers

comprise polybutadiene.

19. A reactor as recited in claim 1, wherein the second zone contains a

halogenation and/or oxyhalogenation catalyst.

20. A reactor as recited in claim 1, wherein the halogenation and/or

oxyhalogenation catalyst comprises copper oxide.
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dehydr ogenat ed, pol ypropyl ene that has been partially
dehydrogenated, and m xtures thereof. 18. A reactor as
WO e@Btiggd1i n cl ai m 16, wherein the unsaturat ed PCTHRI008/064922

pol ynmers conprise pol ybutadi ene. 19. A reactor as

recited in claiml1, wherein the second zone contains a

hal ogenati on and/ or oxyhal ogenati on catal yst. 20. A

r egct or j i aj ' -

o ogora o Shiprhed NS CotnertBiAldbdehion andior ;o
oxyhelgggation sitalystoepmpaiseseheanper baideeci ted in clai m 1,

wherei n the hal ogenati on and/ or oxyhal ogenati on

cajal yst conprises a.c e ali.de. 22. A reactor .as

"o Lok rR 2 FroteT PR et Sispppped B CompriS copper
bromalernpcoges chlopder brom de or copper chloride. 23. A

reactor as recited in claiml1, wherein the coupling

catal yst conprises a mcroporous nmaterial. 24. A

r et orA meactoges rasted in deim ﬁum,reimﬁ@r@ﬁuplimgw@atalyst comprises a
micrdPofduRROA&GHS. NMaterial conprises supported or

unsupported zeolites. 25. A reactor as recited in

claim 24, wherein the zeolites conprise doped

zedl i t @Sreadr arecReTinQlaims2 3, eiefeiilthenietoporoud aterial comprises

rein the zeoltes conprise ZSM 5-type zeolites. 27.
mmp%?ﬁéﬁgp%wp§gﬂfg%w%gd in claiml, wherein all three

zones are |ocated inside a single hollow vessel, and
adjsacent 4efess %ﬁecﬁﬁ&@z{iﬁtﬁﬂ gx@ére@n eV Gifiks L d%hed zeolites.
| east one opening therein. 28. Areactor as recited in
claim1l, wherein the divider conprises a screen. 29. A

r eact orA featto€ aeeitéd MG Ammud WderRiDAR £RESERRKideMIM-5-type
hi gher hydrocarbons, conprising: a hollow vesse

zeolitfS\ing first, second, and third zones, wherein the
first zone contains partially hal ogenated ol efins

ang/ or ' ~ te ' .
oo ARG 8 S ST DAL 4R G e
singlechpliomeressed, andeadjacerftzonesrase serarateshb v diyider heviag ablerdene
openiAfthetdd® third zone is coupled to the second zone and

contains a mcroporous coupling catal yst and nedi um

to long-chain ol efins and/or unsaturated organic

PABy MemsreadOr asret®alih@laims], ivhetdie theidividéradompzi€es a screen.
wherein the netal oxide conprises copper oxide. 31. A
reactor as recited in claim?29, wherein the

m28r opdy wwastor tomgbnvegtingad bydre¢arbon feedstock into higher hydrocarbons,

comprising:

a hollow vessel having first, second, and third zones, wherein the first zone
contains partially halogenated olefins and/or partially halogenated unsaturated organic
polymers, and ZSM-5 zeolites; the second zone is coupled to the first zone and contains a
metal oxide; and the third zone is coupled to the second zone and contains a microporous

coupling catalyst and medium- to long-chain olefins and/or unsaturated organic polymers.

30.  Areactor as recited in claim 29, wherein the metal oxide comprises copper
oxide.

31.  Areactor as recited in claim 29, wherein the microporous coupling catalyst
comprises ZSM-5 zeolites.
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conprises ZSM5 zeolites.32. Areactor as recited in
claim29, wherein the partially hal ogenated ol efins
warwso#siparti al |y hal ogenat ed unsat urat ed or gaPET/US2008/064922

polymers are located in a first subzone in the first

zone; the ZSM5 zeolites are located in a second

S22z oneA reactonas fecited inzabaia 29, hﬂlef"éi@ treparttills }ﬁMgﬁhzitagoleﬁns
and/of ggx%laﬂgh%lo %Aa?e%dm%gt#ta%cﬁgﬁ 9 nkc):go% Ilo:chtetgglg fltHr']rst subzone in the
first a@ng,ath@ ZaVed zeeligenire lgvetediie |a§e<anné shbzsat énl thierfirst zose;thel
micropdRAR 'aguﬂlfhgt&@al%@ i 18cAQNR 2 B3t subzPRLR]R estf}]ﬁlﬁ zone; and the medium-

convert i rocarbon feedstock into
to longgeapcel fﬂ%@d /& SRpAtvgied @reands PRl of§ wgﬁtegm aqf08¢ subzone in
the thivddioagen hal i de (HX) by heating a material capabl e of

releasing HX in air or oxygen; form ng al kyl halides

by reacting a hydrocarbon feedstock and the first

st3Beamioproepssifor ainverting @xhydercarboofeddsgchirgdh digher hydrocarbons,
Compggl%ocar bons and a second stream of HX by reacting the

hal ides in the presence of a second

car bonf@aliuaaﬁ fedspram g budraggshalidg (0 X0 hpthaatingg waterial capable
of rel eRGRIEX Sh he@iLRfgdX by reacting it with a materi al

cl o, m Samip Ak bha g bY eopitse AbBERFRGR feds tndd s sream
of HXsmconat axggeih;i ng catal ysts. 35. A process as recited in
I
goﬁ-lp:n, g(gign ﬁgﬁ{%ﬂ%ﬁ{#ﬂﬁ oG g%.g@ ld a&%ﬁa? rganQ EEI% I%axseaa%é%e alkyl
halideggn gheqiressace of ascapid @@bonnmb@t ¢puphiag gatelfystn enhave

10- 100 cgmiy Rg‘t}@ts%ﬂhdﬁ%arﬂ%kﬂ?@iafrea&?n @“thoi:ﬁﬁt%nélsc Fable of
claim 33, wherein the nmaterial capabl

r,ecggéd in
captupRg B4si ng HX conprises partially hal ogenated or gam C
poI ymers. 38. A process as recited in claim 33,

tl al o ed organi c
catLet APPEesnal fisfted i IRRDIE TR OEBATE RIHTHR 62 Gna
seconfigpumgaetadyspol yacet yl ene, pol ybut adi ene, pol yet hyl ene

that has been partially dehydrogenated and partially

hal ogenat ed, poly ropyl ene_ that has been partiall
déhy dr fgnggseas Eﬁ‘?ﬂe‘bﬁqu 3ign 13 wheren heanaterial gaprbie afigleaging HX

compﬁéb@lp@@lfa]]yﬁglog&d@émeﬁﬁs as recited in claim 33, wherein
the material capable of capturing HX conprises ol efins

have 10-100 carbon atons per nol ecul e. 40. A process as
r 8¢ t ed procesh as recB&] invdkemel 3y wtheeeimthieeidfals haap 160 odrbon

atoms%%p }nldfé.cﬂg. HX

37.  Aprocess as recited in claim 33, wherein the material capable of releasing HX

comprises partially halogenated organic polymers.

38. A process as recited in claim 33, wherein the partially halogenated organic
polymers are selected from the group consisting of partially halogenated polyacetylene,
polybutadiene, polyethylene that has been partially dehydrogenated and partially
halogenated, polypropylene that has been partially dehydrogenated and partially halogenated,

and mixtures thereof,

39. A process as recited in claim 33, wherein the material capable of capturing HX

comprises olefins have 10-100 carbon atoms per molecule.
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conprises unsaturated organic polyners. 4 1. A process

as recited in claim40, wherein the organic polyners
wae@sdeiiext ed fromthe group consisting of PCT/US2008/064922

pol yacetyl ene, pol ybut adi ene, pol yet hyl ene that has

been partially dehydrogenat ed, pol ypropyl ene that has

been partially dehydrogenated, and m xtures thereof.

4 Ap
I%oo | gggcgc%}gsy%%m&ag%gré algghvghax%ﬂ%f &gﬁ £a§>§€1% P Eoturing HX

comprisef igaraied piganicHRymant a raterial capabl e of
capt uring HX by heating a material capable of
HX in air or o ormng a

. (b, kyl
i gl BypcrsaSPeitsddn FFR I o bspin b BB PO biaR pggelected
from H¥ drouprechsisting b€polfadetyléneapslybuitadieyg @olyefhs)ent @Maﬂhl@lr)]een
{ na t
WJW%W%H?Q{& G hASRRaTRe B ngaﬂ%%ﬁewé%flat?e d
mixtugerthegpt.f or mi ng a material capabl e of rel easing y

reactively capturing the HXforrred in step (e) vvith a
rmterlal cap aatje of capturing process as
p

r 6t t ed* PIPCESS mcnlzeﬂma@twgfocemrfﬁ%qsw&k QR ihrgheryfirocarbons,
compdemgkl ng the coupling catalyst.

(2) forming hydrogen halide (HX) and a material capable of capturing HX by
heating a material capable of releasing HX in air or oxygen;

(b) forming alkyl halides by reacting a hydrocarbon feedstock with the HX
formed in step (a) in air or oxygen;

(¢) forming higher hydrocarbons and additional HX by reacting the alkyl
halides in the presence of a coupling catalyst; and

(d) forming a material capable of releasing HX by reactively capturing the HX
formed in step (e) with a material capable of capturing HX.

43. A process as recited in claim 42, further comprising coking and decoking the

coupling catalyst.
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