10

15

20

25

30

35

HYDROCARBON SYNTHESI S FI ELD OF THE | NVENTI ON Thi s

invention relates generally to hydrocarbon
wohkigoaerss zat i on, and nore particularly to a neChnws20#/023036

maki ng hydrocarbons using catal oreactants. BACKGROUND

OF THE | NVENTI ON Sci entists have | ong sought efficient

ways to convert methane and other al kanes into higher

hydr ocar bons, |ncIE@ﬂN@ pﬁﬁﬂ%zgléﬂTE§E§H%

gasoline-range materials. Efficient processes could

r i unber of ways, i ncluding:

FH?%%?&??%@hﬁgE?ﬁ§6 ilization of renptely |ocated

st r Zhid daventiow raddteggenetatly v hdrocabenoligansirizatiom taod more

' I I ' cks, and

pmﬁ?ﬁ%&?ﬁgétggﬁggg ﬁgixpg%g%€§h§%§§g?g%%gﬁ ﬁethane

and ot her | ower alkanes) for end products often nade

BNGK@RCUNEDWTHEHNVENTI@'NJdi ng et hyl ene and propyl ene.
U S, .Pat ent 68, 6,472,572, 6,465,

6. 458CBI haypdons SPENSIE b S8 Gl RichergA other alkanes into
hi ghﬁfh)ydrdclaﬂ@na,l ikelndiag lightolefiefand $asdinbansge madrak.c Bffidiant

prcBlls @lnd 06 8\ 6LAPEHuBRESAINEE G AGSTRL L Wion of

ane ‘ena
remfécplaﬂocmddéran@ddméa@l@ap thoduglt iés mmdem@mantomqme@esﬂy tranSpoﬂable

11q1518 ?@I@iﬂd‘ﬁe&s‘&%k@ réﬁ@%ﬁb&ﬁ?g th@ﬁ&l Jﬁﬂé@%ﬁﬁ% RBddiH&s '(Eﬂéﬁﬂane and

de wth oxygen or oxi de and
othﬁrahowgéﬂkﬁleﬁ® f%@pé p@d%ts pﬁen maé% Erggl hl&bﬁr affaes ipdeding ethylene and
propykagie ol i gonmeri zation: substantial coupling of the
starting hydrocarbon to obtain product(s) of higher
carbon nunber. Several investigators have exam ned the
useUd. PahoNen & 486r86806,47 1871 6308190 p61465,696,ghé 6,462,243 disclose

SR RIR BBPE DR LSRG ) RN, POREP P o

prongﬁ;q:sdpyolvg h@)lggen'pggn cRembakyne, papging, tasraloggated products over a metal
oxilSEI Bt ﬁﬁfdllcts A_d ﬁfé% hhlRed récﬁvérh% tﬁ@ﬁo@lﬁc ! &l regenerating the

" tig-rich aso i .ne ocar hons
me a@ﬁ@%@] OXYESHOF E 19 w&)érm%rﬁbﬂ%san 98% %YPFXP?? foohp process.
N oﬂ&sbﬁlﬁﬁ is Iﬂt@n@bl@giﬁﬁéi‘lzaﬁorﬁ adubbtagtidd dbuplihgtofGhesdtagag hydidcarbon to
obtt he f ‘ih g( (ﬂ? ane ]ips reagt ed with oxygen and hydrogen
ERIBPTGeSovers ﬁ BXYRJEFSThI ori nation catal yst such as
copper chloride with m nor proportions of potassium

chl ggye n"?«fé%%a"i‘&@ SR Snfiflldaht 9&: 0 Mo%eﬁz{t%%?ﬁlegﬁloductlon of

i nternedi ate aseous m xture cont al ni
highen lydrasathegs &pnhlﬁé@anerr&epé%r%@t@nm%@t&mmﬁ HBH92 (Chu),

4,76985040% &QU%H ITaglogy, $ D8 ATRE (N?ulﬁJl)U Bihcﬂ@%i 0581(82:h%1t2ér)/ SAs described
in tbgg“a}hlpﬁ e}%?rg n i drg:bal ) ﬁé oqn,\}‘i?q n%raﬂgghygrogargonsc[are made] from
the lower alkanes, partlcularly from methane. The process is carried out in two stages. In the
first, alkane is reacted with oxygen and hydrogen chloride over an oxyhydrochlorination
catalyst such as copper chloride with minor proportions of potassium chloride and rare earth
chloride. This produces an intermediate gaseous mixture containing water and chlorinated
alkanes. The chlorinated alkanes are contacted with a crystalline aluminosilicate catalyst in
the hydrogen or metal-promoted form to produce gasoline range hydrocarbons with a high
proportion of aromatics and a small percentage of light hydrocarbons (C>—Cj), as well as
reforming the HCI. The light hydrocarbons can be recycled for further processing over the
oxyhydrochlorination catalyst.” All of these techniques for making higher alkanes from C;
feedstocks suffer from the disadvantage that the hydrocarbon stream must be separated from
an aqueous hydrohalic acid stream, and the hydrohalic acid stream must be recycled.
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proportion of aromatics and a small percentage of

I i ght hydrocarbons (C2- C4), as well as reformng the
woiChos/oEnes| | ght hydrocarbons can be recycl ed f®CT/US2004/023036

further processing over the oxyhydrochlorination

catalyst." Al of these techniques for making higher

al kanes_from feedstocks suffer fromthe di sadvangh%?
t hatSth@mitdr(Semptsg st akrdischesssia prosessdaneligsamsgizingmigmpethanes to
proaﬁktt@ Dmﬁldh}gjétﬂilaiehi‘ena Clothegié,ra@a Xyleads] uting siliy 8l pelRaldrph or silicalite

cat%ysti ’§$ S%rpg%sn‘gogs Ib(? (%cgg%or?ts Feag? Vf@%ﬁpﬂzﬁa 1%2#1%1 O-E%rrgrogen ﬁahde and
appieats doreuifeariessn slowdrinetigst s i ncl udi ng et hyl benzene,

t ol uene, and xyl enes, using silica polynorph or

silicalite catal ysts, The process _does not incorporate

r ealit & ReCess ferhaiqgeatingrhygrocatpens gdhang and Berkingmeted trace amounts

of GHpRBRESatl ;ﬁyaidc@srmfth@ eSdre¥ok FditdsG S Ugl 41?(94 Mmﬂfesot : I{g@merization
e rocar.bons, erki ns note
proflicit §EBU T SOU DI SRR UBEH B8R uct s | t he
presence of zeol ites in US 4,654, 449. The
ol i Zab r ts were Lowin it n
gengrggie{% %)b (6513 ﬁd?sg%)%esd@rgcess% gorchanix%n ?teré)lg%l%ﬁ%gg%%msthanes,
ianlﬂmeQ@hﬂd?ahd@n by coitagingsuch nstitases with bifummsiohalpeii-base catalysts
at élal%{eﬁ%rﬂﬂer%}e@}’ll)etaééﬂ ﬂﬁﬁand%O@g)?ﬁ%b%e% mt @n9s% C,to

functjonal aci.d-base cat sts"at elevate

PrOfiwdngwP@st y lgeenelsting poefermbly sty @e 39 Pregpyigney The catalysts of
prefeeémeafb tBE& dwfisted fionhalides, Pk Giehlices, Dkﬁ‘l@@ ruIFRIBt byomuﬂfdes of

B R ) e

zirdvaiund ésngsteny tiahiude and okdodian, depbfitedes acrdmamded dridoa¥ides such as

alu%ﬁ ; Eiggé? izjlxjcglﬂa g}agiﬁtialﬁfmxﬁ %'8?1& the u\s/e va dolid% Pc?e-be{s'&? halogen

reC@‘cﬂmg gerthe formation afrploalinds etratiers lﬁrﬁlscél@p@s Atr@hntagirre@m@b ¢s "Ylide
che%ﬁét%eﬁ Effgnc?iéhﬁl' ééﬁﬁba?s@%@taﬁfze@ L:éﬁ'@eﬁ%n &t ﬂété%@subgﬂlﬁlfé‘a'}héhanes into

r m, na. er the 30|
ethzslivfu@do%élaad H&qlregaéhonseigwwnhﬂ etf%?hﬁlaﬁlﬁét ith§C L C2 conversion”
by GEGgB Q. s eteill (ErASmi Sheths$dc0$6€6].2143 (1®Iga))ed ref erence
is " Ylide chem stry. 1. Bifunctional
aci d- base-cat al yzed conversi on of heterosubstituted
met Ha3e’94i 107 dBettdry eteahe dmnlbseba mipvactnientto e prdvessior Thalensing

hal%&n%%k%%ﬁﬁﬁ%ﬁi@o?ﬁa Ja%gxsgldql\é%bl %Bye%E%iGa%};iisgéssion of solid
OXlé@cbmsi)hyd@sersh@m@ neptralizgiioner, et al.) discloses
|rrpr ovenents to a process for condensi ng haI ogenat ed

u5| n zeolite_ cat st.s absent
B R R T T A S AT e Rt ey
broma:dﬁsraaé feacttd ofith 1&@aholedds vméaglﬁr(mghardeﬂugéntym THHp} diethyl ether
I t .
Bl GRS SoOE b ThARN, 387 1D M6 278 T R, ghomistry
howeer, dypichllstsuffersdtdne suc(hBhssad@anta:ge@fas thmemhmmambf sdmnétoy)rrosmn
and‘%wéf"ﬁ?e@ of reabfionl han gQ@pl&”Q@ %he%l%)stry LiPtiasiN 3% a process consumes

chem s
energy requlredy to produce the magnesium metal needed for the energetic and reducing

Grignard reagents. This is not the same type of process as the dehydrohalogenative coupling
and hydrogen halide neutralization we describe herein.
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however, typically suffers from such di sadvant ages as

the requirenent of solvent, corrosion, and |ower rates
wohoos@maciBon t han gas- phase chem stry. I n addi PCOMNS2004/023036

such a process consunmes energy required to produce the

magnesi um nmet al needed for the energetic and reducing

Gignard reagents. This is not the sane type of

process as the dehydrohal ogenative coupling and
SUMMARGE QFITEHIE diy VEREION i zat i on we descri be

her gjn gr%%%n%n I?ﬁeés%v El%g\!fo-gtﬁﬁ e'i’ﬁ&éﬁ% &Vc%ﬂtvérf’ thethane and

addr es he need an e I cl ent onvert
othgpbypearbens igtonkighaiyyidercarionns In ﬁn@embgqhaqent a hydrocarbon having a

carbiél he@BEDOR Swhérél noR Q %,r%rh alFowiNg %%Qétﬁ&ﬁﬂl}‘ﬂ?d@aﬂﬁ)n having a
>

o are
carfi SR Gior SHETH <1yl BB 1o Pl Mgty forming a
hal@genatol dryelrovarbon; all@wmgahé hsﬂrogdsnaaedh@}cb@aﬂatm f00coRAGRN b metal-oxygen

r hal o hydr ogcar.bon
cat{nlﬂleeaﬁlg toth%ﬁfg)l nﬁgrll A2 ?%oc%g% %Vm%a%?répn Blsl&lg%r Cuy where n
> %atea®mgctﬂlamrodudﬁ éry@lbgcafb@nnan@ regepenatiog tthé ydtabareackamh,  Often, a
ml)t’[ﬁfé' %h%o@%@ﬁ’sﬂ i Hﬂﬁﬁ{edcbut WhEfE Riedtion of etﬁ@"r@ﬁdt{i}ﬁ hydrocarbon,

r oduct y rocarbon and regenerating
halpginalies agenta et ORYER, caalproRetante apd rﬁwwacmgms jaflow a tailored

appRbichitd B¢ldrobatbos Efcﬁﬁlblﬂ fomBhtRet IMEthede (l'1 Be nb@@4 (g as well as other light

d b
YR ERCSEr Gats Canttputithe o CRHEPbr DT B fepdstocks.
t ai Athexghalppomtch obseriatibne bavedths farofdoaded foar methaonoligomerization
w1th/%§§{s]—:@f1&1 éf etﬁyl'ené] gggﬁﬁénegglgzzne%sanéﬁumﬁf‘csofhg %Vén!ugg tcantemplates the

roca envi si-one
usemfé‘ﬁ%ilsﬁoé]@ h%’@t&@%‘@m@umqm@d“ggh #Bor at ory observati ons
have thus far focused on nethane oligonerization with

pEf A EbEEs Chp O, SR g BN s he uee o

f eeThd prkent hﬂvﬂnﬁgn @&plbctm theudibeyveryathahingthl @y gdnAnhgdands, such as

migoPE] 9 BTOEBoRT P e e PR gE Ao UBfmathiiete hydrocarbon

olignndizatgoni Aedordigab wiadpet op det invertam, w hydtm:hrbon having a carbon
rHlF%rQ%, WEB{&%QB@ edr g ol :95'?2 foﬁﬁﬁ%l 'ﬁa%&% %}Xg;k@?l%EQ%Bn by allowing a

oher| zation. Accor
reagty Qsatboa haymescearrannuraler Gop, hererBohn.igrbeot with a halogenating

agevvﬂe(ﬁ@ famang,a prodher RRRodiYbddl haviis A dbch R@hB&eCat RRere n > 2, by

RO P hong g, Tsact a0t e gpathon Mo Mo, (i
reconadring elieaprodact hgérvcarbbn; andf(iv) negegeratipg the wataldiyattancar bon

havi ng a carbon nunber C, where n > 2, by all ow ng

t he hal ogenated hydrocarbon to contact a netal - oxygen

cat Mooy generadlyt the mhdthgd endails\ike stepp afhalqgenationt oligomerization, product
rec@s)’e‘ijﬁ Ofn@él rc'%%‘lbre%ﬁ:@ﬁt G gé)lefaﬁ&? n?ﬁ@flélegentaﬁi% [ﬁ‘@&l?ét&ﬁ]?? bk 3Bparated from

gener al od ental
the H‘&F"é‘@t@ﬁ e{p@rghalog@qa@e@,},@yﬂrgggrp% eithgr figfiere or after reaction with the metal-

oxygen cataloreactant. Neutralization of any hydrohalic acid formed during the synthesis is

advantageously accomplished concommitantly with carbon-carbon coupling and/or
cataloreactant regeneration. Preferably, the process is an integrated one and takes place, for
example, in a zone reactor, as described, for example, in U.S. 6,525,230 (Grosso), the entire
contents of which is incorporated by reference herein. Thus, halogenation of methane or
other hydrocarbons occurs within one zone of the reactor, and is followed by a condensation
step in which the liberated hydrohalic acid is adsorbed within the same bifunctional material
that catalyzes condensation of the halogenated hydrocarbon. Hydrocarbon oligomerization
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recovery, and catal oreactant regeneration. The
hal ogenat ed products nay be separated fromthe
wono@aei4we (non- hal ogenat ed) hydrocar bon ei t hepcibaiSooa/023036
or after reaction with the netal oxygen catal or eact ant.
Neutralization of any hydrohalic acid formed during
t he synthesis is advantageously acconpli shed .
(defénsdcasnearbahearhorpeupling) s BEEH MR 55 iZAee 8hiheoreactor and yields
pro@it Ayeioeabba ivhicAgrngdhatal omill IRvefaartal numtcherapgimgessm C; to Coy,

i s an jntegrated.one and take | ace,. for. examl e, |.
and oy pehide 2ikaes. e, kvpge 4RdipDproaiy) dreale vith &if or oxygen
libefat&AmI R0 fotnwsia g)bseyhent dalopermtion ntepntand aégankiatds thescataloreactant

OO, (1 us, | Qe need fi

malb 57 £ S, FAERERER Sl dned bl ACAARRASh, e necd for
recycling/TesoveliRg easErsivsy aqueads gdrellicogicis ayoided Bpeiupk wepration and
recVeBPrakés PR stee |1 berated hydrohalic acid is

adsorbed within the same bifunctional nmaterial that

cat al yzes condensati on of the hal ogenated hydrocar bon.

Hy digher hodrocdrbaoRpithesid begifigl efithne chydsocashohofeedsavdiorone or more

reacgz%gq{;{ﬁgc%ggl}oggg%ﬁfglth%}%igl%,\r’\fnhgée@déﬁiy;ﬁizcc ,On?%“%'%ﬁe‘?%ﬁ’?ﬁe?‘g m<n, C,

ocar bons
being thie dachan cembwrofthettaege hyalmeparpn(s) orNewlimdiing exanpiesyof reactant

hydrRGIBME RLKADEReth K CRshe, PrbYRES et AN M@ n%@ﬂaédsc Epredominately
Treatment wth air or_oxygen 11 berates. hal oge or us?
methanes by efer iclyding Faakh emoans o = a%@gh%fgm%lﬁgt Redng peeferred. In
gen6@l, athe ! ath @ HydfRh®oh Has fOEarbod SREbeN bewrRAenaad i10n Mixtures of
nmet at hesi s. A%ant%geousl y, the need for
hydr 5 Y PLORFHFg corrosive, aqueous hydrohal i ¢
acid is avoi ded because regenerati on and recovery

t akﬁ?e péa ﬁt QQ%@& rHons}_%tgnrbqf;oggg%or%E{tb\gﬂh 4 Eﬁlﬁ%e:ﬂgﬁng agent. Non-

~ begrns Wwth rocar edstock: one ‘or r .
limjtingcoxamplésyiacbida mepenlarcba peenale Sig bronkae peveréne: o), glkyl halides
(e.g@,a&nilg%n&?&ﬁﬁl{e, t@r@m&‘{&%ﬁ%gfﬁoﬁ t@tralﬁo&?dél%gﬁd" ?pﬁ&??&f‘haﬁdes, such as
nunber _of t| arget hydrocarhon(s). n-limtin ]
metgl bropyides. i‘lcgé%ﬁ‘}i %ﬂf@%@ﬂ?ﬁ&e@ﬁlﬁoﬂéﬂéﬁwmw YisHgported material.

et hane, propane, etc., with natural gas (predom nately

met e,. but. often inecludin mal | s _of an .
o GhBPeeugE S s RTostlr Bitp 3fPthing Y Bhie Hsf Blrerred. Bromine
is asliquid bthopoly thnpesatienlebraacti veathio phlntindend fauonwse and easydo handle.
zar bons may al so be used. The
Bro%rgg%%{l gﬁp%]?g?%félae%g{r%gﬁ%fe allowed to react with a
hal ogenating agent. Nonlimting exanples include

ol el kfuchid] PERAtiA1CefIbrontMicdfd BeomiaB!iori.aV €§.CNME, while that of
al k hal i des br.qnof or

I vy d h .
AT g E 0 OO G, T D T
tredomoent wiels ox ydenc Atrthy sdme fime sdkinedsomimtbn dnd kutgpaquent alkyl bromide
. t i |
coug R B ATy pEYrTRRP R SRF YT e smf! B SplddfhOBRER to g0 to

L
conpletinm e Wager santlicqupldd aydiocwshensearp éh%omwéfuid prasluesa dibie\same is not
trud (AR G REmeistof, 'tHOWRRE HENE £R2)6r BrmpBAGH: & the product stream.

Hydrogen chloride production requires separation, drying, and recycling, which is costly. In

short, the thermochemistry of metal bromide-mediated alkane partial oxidiation is well-suited

for efficient and inexpensive plant operation.
Halogenation of the reactant hydrocarbon may proceed in a number of ways,

depending in part on the desired product(s) and in part on the feed. In one embodiment, an
alkane is halogenated with molecular halogen using heat, light, or other electromagnetic

-4~



10

15

20

25

30

35

Brom ne al so has favorabl e energetics. The reduction

potential of bromne to bromde is 1.07 V vs. NHE,
wohbdsa2i4eat of oxygen to water is 1.23 V. A breat/usang®23036

of nmetal brom des nay rel ease brom ne upon treatnment

wi th oxygen. At the sane tinme, al kane brom nation and

subsequent al kyl. braom de caoupl i

and_HBr . . _
radigon fofitivethe EeAcHP VUH) YeakPeigs yreggpéqﬁ d]?l}ﬁrec is y9gpe benefit in having all
stepRORAlags@ton, Qﬂi@bhﬁbmidﬂloﬁo aﬁd)rdg@ﬁﬁihtﬁjﬂ (@lescri%éd Below)rd occur at roughly

e S oo RL e B R bt R g B mthanc
to gel@line VA Glegrocessasipoperdures of frem@76da éﬁO%&J ateamhzed with the range

ben%/ %p%gﬁﬂ oqrchqgﬁﬂp R 'ﬂ%&a?tgbnr &ﬁlyﬁﬁ? ?f&%éso&scnfﬁzd herein, an

recyc
1deatlrtemn@r@wé¢nrmgpyvvb¢re I sepppes @érwtg@baff@dsamﬁxféﬁwerawre is 450 to

550I@éf IRk BN ER Adividual SeabBbrl stSpl thipft bOEarfibd bed £Mémpétttures above or
nex?ensn ve plant operati on. HaI ogenation of the

bel‘?‘lé EReChydr ocarbon may proceed in a nunber of ways,
dependlng in part on the desired product(s) and in

t
P S8Rl ERrahbY o8, ATOPITER ieRRech 8316 2g atm, for the
subsaquenthearb@i-earbor segn eltdw rpaekiserei famors dessr q:ay‘@ort ¢rsbon couphng (.e., a
smr{)l%i?‘%?érg nergc'ﬂlaP %@etl%l‘ﬁ & rfgocﬁfc%f %thl@ %%hTPFe'éﬁlré $avéRigher coupling.

Progissefolive ilglztaﬂlﬁféiﬁ ate Hgely é@ SHeA 4bS SN b2 dthise tat Bigghanol to olefin

(MPO¥ ‘fbfoc@;*,seé QHORAInYatt BEh&J%HQn lﬂdﬁ!"ﬁﬁés@ EQna tdrh’flliv‘éw be utilized. For

%l tures for [}:n]g to ole methanolth T
proguption | sasierivese Bl §el§eSSP’é‘°‘F¢?é? D3 et 3 Ghethanol to
gasbld)nefl@ﬂﬂ‘ey progessks, ambnwmdﬂedt Ae amageabmane, iumporg wehew atmospheric

(mI gconsterv%{ bélgct%ltl)oe smigleab%% 98@ g'f?{s%ﬂk&?apl i ng

rocess ture range,
where all steps occur at roughly the sane tenperature,

| S #hn trﬂ%lééﬂar%al(@eh% RALd YEWNE hdlBEHnYEi S Bbenk, el@élégeﬁﬂtlon ideally is

carts BU Hhfs ammﬁﬁééq?me@g%t?%wée"if o] ot 8 ayvotame by
volhe Stsadise b‘ﬁt yRe: I&ldgeﬂnﬁttlBQQ)f alesy tHa@r 1:40 e(1 sybserpuaniogen), multi-
halé:%ﬁqgt%ﬁ hé{g oﬁ%ﬁl P%gminlgd et?gﬁléé\l‘fysfgg%{l S’lgte oxidation (i.e., CO2)
upomp$ubseduant mmtgdrtthblﬁ tiny ocbtrdtoxyganh patelomagﬂanipr éstsalkme halogen ratios
hlgﬁé ﬁ{ms }((gq ghcﬁé cGRI G\t (%rp?)h eﬁil@%gﬁ%g%lyaﬂ%ﬂgbg Wil De&bd Rv, perhaps 1%

sia that
or l@é& readol is @eaélkfmppsglmpqo mm&%@cwmrpra@ess at such conversion
levab! % BbORRi P48 $:504E BRel ?@Uwéﬂ hsikgyati vel y be
utifli zed For production o asol i ne-range nol ecul es,

pressures around 350 psia, as used in nethanol to
gasol i neA(tMﬂ'@ therage o5 éalogai €o @tkans iopectr hidroaarbon feedstock may

racti,c matt er (0] C
SRR AT, D 8P LSRRGl PR o concol
degmed pk bhlpgenation inwirdes uoatedicsl argeatic Jommasignaia thpeproduction of lower

oleA! GORRRAL | NRR8 Kk ampPrR! 0 9ERRLLAR thidefohYofidehly halogenated methane

in order to reduce the formation of alkynes.

A key feature of the invention is the use of a metal-oxygen cataloreactant, which
facilitates carbon-carbon coupling, i.e., hydrocarbon oligomerization. The term "metal-
oxygen cataloreactant” is used herein to refer to a cataloreactant material containing both
metal and oxygen. While not bound by theory, it is believed that the material catalyzes
carbon-carbon coupling via hydrogen halide (e.g., HBr) elimination and alkylidene insertion
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carried out at an al kane: hal ogen rati o of between 1:10
and about 100:1, on a volune by volunme basis. At

walb@ne14s8l ogen rati os of less than 1:10 (i.e. pPCUmIS2004/023036
hal ogen), multi hal ogenated hydrocarbons wi |l be
formed, typically leading to conplete oxidation (i.
upon subsequent contact with the netal -oxy

intoceatignisnlbn aetarsted Gt apd aresibly) olehondst i B ?ﬁqﬁlﬂ@ﬁctﬁﬂaﬂso acts as a
ha1&gQQ réleaseh@nd: @é@(@ﬁt@h@g ag&ltaaﬁt&bﬂ@ﬁn&%%bsﬁbﬂﬁpmrdmﬂnmg a tunable
et

couﬁﬁ%g@ﬁmt (%ftal%}lqlfa‘g a@ﬁgil& g%myctgﬂsprﬁa nc?eeéyélgéﬁateseﬁ Ae\éred while

s1muh)ztmeu§y ctrapipingelasd 16806036 dogenr sinttiingr enlyometeli dselay byproduct.
t al ogen to al kane
Tre%t%lm%{ Y{hh d O?i )P}(%gr 6§%énggdt%q & lb&a&% at'j\je a marked
i npact on product dlstrlbutlon For exanpl e, one nay

ch (N’&ﬁnﬁlﬂng Qﬂirﬁl?llas bhBetdRERen | @ﬁtaf&%a@ﬁﬁﬁfmélﬁ@e id(bh&rs d&dped

to reduce arona formation i oduc on,.of
zeoliBrPIB) H 9T M ko SBEB RN G APBS FoH s e similar
matfsﬁﬂlﬁ&is lvﬂ:ml a@frmbttlﬁéﬂ of soeth ﬂgelmatseuomhhhmgexampm dedoriants include

t f f f
calfiy it isanr-u o B Bl TR AR ot oreact ant

\rl]\hl ch facilitates carbon-carbon coupling, i.e.
y dc t
037084300 ARORTRES 154 2pst T g 2L N oion

(Vaélay EpigecRa). abnecifistaxamples drshuds Wﬁ‘é‘Z@M‘ﬁ aﬁ'étdapedamardemte (where,
g OXHEBRY an%rmgﬁ@gm@mew% digory, it is believed that

f he material catal yzes carbon-carbon coupling via
hydrogen halide (e.g., HBr) elinmination and al kylidene
I nsﬁﬁftirtgnﬂhetpnopbmﬁésom thal deylitaodri acatitedcdthpdnantdofpe gsolitkAmetal oxide

CO“PPeqS‘é%gs a?so hcete& gt 1Rr ﬁ(%%@&gt{l%{l&&l aﬁ%r? sﬁ% a %Q&hﬁ?ﬁfé particularly

e an se uester
exppcied idobd 1mgprtaf1t obeidityinry be usemmceltr@bdmm l@gg@r@élf@tlctlonahty, and

porg's%rrhguéglﬁfb chB6! AR Gnkl t}ﬁn&féhhlhtﬁry Zé?)hﬂffs Qsfusticular pore-size may

I eS|re l'e SInU taneous n
seleé;ﬁae y dEsives bengenaltelyers; P@i"ﬁ"t}’thnﬁg Yy IGRe @}ye taggy gﬁ’e nitxed xylenes,

hasheCityrehé, afeb®alkyMiehPend] 6r Sther@¥yiggit progensr Bhesse of pore size
al or eact ant NonI imting exanples of

ca
is “%f@?te%%%a%%l’%ﬂ? &actants include zeolites, doped

zeolites, netal oxides, m xed netal oxides, metal

OX' O‘{s?% cgﬂx%l?tdofztﬁg Inﬁ\;eﬁﬁon aanﬁiletl%l Uklld@/'z?(ﬂﬁ& %5fngb§ite {@%repared by
nmenenmcé@e with@opetalnitrate é¢ gid eal@anbmtrﬁﬁebﬂrdlmﬁ% spegies themept-

their oxides and/or hydroxides. Zeolites are avai |l abl e

froma variety of | udj Z
| nt éftﬁraphgﬁgqn%@%ql f@ rq%%?]ggéy%&&;éatlag%%a&?%t s é%’gﬁﬁ‘ia@é by treatment

w1thrh@ﬂ @N@(y@@@&?pﬁ&k& bt andnstened sfofictard0Deo (A, Thisgonverts metal
esi um are the dopants). Shifting

hal{(ﬁép?ﬁ‘??dg{g’trfl%tgl %’f&?ﬂép%eél ite or zeolite conponent of

a zeolite/nmetal oxide

A number of variables, including feed composition, feed location in the reactor,
temperature, pressure, metal oxide composition, and reactor residence time may alter the
product distribution. Production of alkanes, olefins and aromatics from methane has been
detected and confirmed. Also expected is the ability to produce alkanes and olefins of
particular branching (including mono-methyl branched alcohols), alcohols, diols, ethers,
halogenated hydrocarbons, aromatics including benzene, styrene, ethyl benzene, toluene,
xylenes, and linear alkyl benzenes, and hydrocarbons suitable for fuels such as gasoline,

diesel, and jet fuel.
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conposite is al so expected to shift product

distribution. Pore size and acidity are particularly
woxpsakedst 0 be i nportant. Acidity nay be usedPC®/US2004/023036

control chain length and functionality, and pore size

may control chain length and functionality. Zeolites

of particul ar pore-size may sel ectively produce

benzene, toluene, para-xylene, ortho-xylene,

”Et@or?éﬁdl 6Nte féed%ﬂquhaﬂ esn cc@ﬁﬂ@ytheq)emnelstrsmomnﬁust hydrogen

g B e B0 Sy RS TED P BEESE i

samk Mmeaaieoxygtocdompnind gioduamgi the/hydrocanborapmémca(s) or with a separate
metglxé))g%/?ﬁ ggﬂmk)éllﬁldqﬁ Wﬁ%ﬂﬁeb&op rS?Rﬁ’l‘hE Qh@léi %:'nrfﬂhae neutra11zat1on

ni trat
locmonm@rséufédlem@mcéélsmm@wnclw@ﬂéfun@rlplg?éw%ﬁh%llat ?l?ﬂ‘ih and

brafdihg B bx & ]%ﬂg Sdbnb@te %ﬁﬁﬂf‘zﬁﬁﬁn drdl p'r&ﬁﬁﬂ efraag6n My be expected to
tr eat ment | w

drive QR0 SRIp Weioh Ty Sb e Tor et B reacigng such o
coublihh sledeppeniies Savoad medtal additiogean tlﬁarfeed eay siiftprodhert disfribution.

In p ﬁlgl tﬁg 5%4 g?n or{j \g%g elfpgf ﬁavgr a ?Sl 1} {J?Jeﬂlttsne%?lg lah&’i%g P Water may
alsmmokdetgrmndamb ofdaatchbing asdicieindength.nd hirdyhydregen addigion may

altep{hg%gaucghﬁfrf PHﬁ ' drog rplql'd ﬁﬂc? sQEleﬁé@%ﬂﬁr% exﬁér?sf:'o@%ther

aromati cs from ane een det ec

funetismelitiefe something péswé@fléfdw?fgl {oR ercgping yels. d‘f %%?@d@ay also reduce

cok@lgkaasl Aol Bkichsn Mngfodrd Kithauingddr anchi ng (i ncl udi ng
nmono- met hyl branched al cohol s), alcohols, diols,

et hers, hal ogenated hydrocarbons, aromatics i ncl udi ng
benk ek alss lby appreciatet tht ciuiamzembpn phiereerezatiny heyesoceahtly a

nu ll%fgl%gp%t }/s é{%ﬂzs ?esl%yﬁ%@édfeg%ﬁéﬁgﬂfaywl{l ﬁ@o@‘t}faﬁ one product.

On gfe athe Haeé dn QOWWQNIHJGN fdhe myamtian, C‘Prﬁ@uﬁfl dalgeentation is used to
proﬁﬁc% &frécﬁiﬁhhﬁ’f@l y dile r1s?)tmer W%@B@ﬂ’hﬂ%ﬁ{ek (Ee% PERUGE Soridatibh Bf 1-butene

enat| on . may neut ralize or m wat o
or PR JHEE poRHeerScEn AL DOPLEH, BBVt Sligumssization of
mulipe ﬁw@geﬁ@taﬂ BOdropArbElEt (S ethyd halide! lfhhaloselpﬂd atiethyl halide, methyl

dih Wgy%lg@ﬁeﬁp ﬁgﬂ}%élﬂ? " g‘f f Zlig?e o1} %ea b%[%hme%q off %HCQEVCI’IUOH an

alkylhelipe mqlmcposdfuﬂy rnttducahto drentd debimad) bfanplesd pm@uqt& yAn example
wo&lla% Q)hlggﬁ ioft %?l B‘Q[@T ggﬁcfé oﬁpﬁ‘xet{ﬁ%ﬁr %ﬁﬁr}ﬁﬂﬁé 81”5 higher alkyl

utrafPrzati on ormatlon e expec
halxde teipiogace; @ecpsrvslw meﬂwﬂ» eéhyl,anr@bﬂolsgpromb eIhiCHEY B\lty}ﬁ?y other)

braﬂéhtm gJ NAESEE dxdipltahighEREThE @PShSIESF sireidftdinioftgy] Bhlide, methyl
i %l c&tal on. Second, water addition to the feed may
ha§¥1’¥1 %@@@Pmﬁistrlbutlon In particular, the

addi tion of mater may favor al cohol products. The

addj tion :

S i Rl Sl Ao v
metarhyxyagene:ataidr@cpﬁn@ thlses pla¢esinra finidizedhbed- Q;“g@rvelﬁay fixed bed is
empI3GEE A5 Rreddrt ARGPhdel BBy B RRRRCAT at @i f&Ent locations in the reactor.

One example is the introduction of methyl halides at one location in a reactor to produce

benzene, to which ethyl halides are added, producing styrene or ethyl benzene. Another
example is the introduction of methyl halides at one location in a reactor to produce benzene,
to which alkyl halides are added, producing linear alkyl benzene.



10

15

20

25

30

35

functionalities, sonething particularly useful for

produci ng fuel s. Hydrogen may al so reduce coking and
woebgz/eowsr ol the chain | ength and branchi ng. PpCTmiSRA04/023036

al so be appreciated that carbon-carbon oligonerization

may proceed by a nunber of pathways. Even

si ngl e- hydrocar bon feedstocks may yield nore than one

product. On the other hand, in one enbodi ment of the

| NVIBBELdD e aﬁe@i@hﬁ@b&c@ﬁpﬁ@ﬁd@@ﬁ’%@fsumldt Bethodd Nomlmnngmmples

i R0R5h et A3, 40 PPl 8 g e sl

by dtepmisg eitk steasy cirbers divalenert atherlmegas., nmay give rise to
oligonerization of nmultiple hal ogenated hydrocarbons
, ethyl halide, dihaloethane, nethyl halide,
foapwmgu a@@norﬁmﬁyg exampleo! the BYGRLGH: hal i de,
etc . Indeed i n one enbodi nent of the invention, a

n
! k]%f l | dﬁ(@ﬁéﬁ a@gg@{tgur%ﬁésﬂtﬁmg(g%gg%agg %oeilows: A solid

mu@llu’e @0 H@SMattwa@ﬂltm@chwlst CBVisde4 (SitAdmatiet3an#) gl H0mmoles

S1O§£?xﬁccgqﬁ\?® \}onaﬁ%@ﬁteftb 2??4?}11531% Eg* \k/gse ar@c.rl g]ﬁ'd*&/ﬁter was added to
incipent waingssh UAjdr C(aNOg;)tlissqumm agml(shmrg; t rrﬁewa@mmr@ calcined in

seqﬁ%&E bes icigaitiihesis0n! c RhuRERy b gteidlylintal | de.

hal omet han8. 'I'n ‘one embodi nent of
t he |nvent|on the reaction of hal ogenated hydrocarbon

WI t Bx Anple baMKGa0 18 piahas ealaﬂanﬂm@mﬁomm@e 1i°@ ana rate of 5

ce/pit fﬂﬁéﬁﬁul%&iﬁeawaqefrbgﬁtﬁ%%x et ?ﬁgﬁg (pD Y Fproueh

smdlbdiaink@nbrontinitivn resaort a0 A 50CH (el()@ﬂ hed the mikgire of CHyBry (x =0,

1, %,g; sgecf: 1%1{00«’:[] re% OPECEIEXIhI g% eé gterﬁetaxloﬁ o‘li:l'fc]ﬁé r{%bsgg 1\&1 (400 C).

uce penz
Theoldpd, Strpam(ﬂtspm th SSQCgpldéﬁ@tQIrcoé‘lﬁWﬂ ng @ﬁ@@mtedmﬁw& Bascd on the

mef?xoﬁé%n%‘uﬁléd Ihge 'berﬁl?lgt'iJ&lt 1'69&010 flomRiiyénchal %Ciﬁ§py?lénep B% propane,

cation In reactor g%% UCE b zene,

anded 1% putangs/hygenes werey drerally P‘f?eaaﬁlo %kwﬁ SI%’CCICS were also
det&e&tZ eﬂﬂeﬂéﬁlfﬂl@ﬁtfoﬁfmrratduﬁﬁg iwshichcthe sopdains netgutdid antchange from the

d |
B NI ——
purged/with heknae$ ecinfin on 0heinstski AfteyHs prigeps AgwiaftQy (2 cc/min) into
the%&%%ﬁ‘rea}% 9%k (A? 250 c t?trggeheﬂ%atﬁé meld] %xfdél f}&ﬂ\’tﬁégnetal

I Ng exanp I nvent i on; n‘p
browgdedf tx p@t@ﬁlzze Bt @@mﬁﬁéfs inigallyonlyates pad Qpe BETE Sbssived as

proti@ét.l; %abr%yiﬂe@tr%ﬁtcﬁﬁt@m@@h:ﬁx 268N Br,tayif @néaeie (08, After 1 hour, the
Zeol yst

ratio =
B
usedaiu€ng Y@@nﬁdﬁ@dwﬁ@taﬁtﬂd ifqi @Oy~ amedt In@sBn0l Afas dound, representing 24% of

di ss n.a
thetRgeriod oiting aife mdihad 91 ¢ ?’&ééﬁf‘“ﬁ?; FighEf it volatile
arofronies qu;pﬂy)qluer@s pg]cnq:swealdynesity\lemsa A second cycle of bromomethanes
condensation as described above was initiated at 400°C and the product distribution was

o

found to be identical to the first run. Three more cycles of condensation/ neutralization/
regeneration produced the same output of higher hydrocarbons.
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Exanpl e 2. Methane at 15 psia was bubbl ed through

bromine at 1 Cat arate of 5 cc/mn. The resulting
webkosam4e8 brom ne and nethane (1:10 by nole) wa$/US2004/023036

passed through a snall diameter brom nation reactor at

450C (1000 h ) and the m xture of CH* Br (x =0, 1, 2,

oxi BERBAO 1 e BRFLET NI LD Y 2He B D ep Giyand M)

(5g) wamptdpareslerondingzedExampto b aidwesdd e tiy cavalombednt in a hydrocarbon

T —
30%redpdene, 5%rahakyd Ohtriopdéts B Enpopens; 6 7dbutertséutengsoMultiple runs
and%%?diﬁjeéctan-{!'r@ééﬁe M%%li@ﬁecﬁr@gﬁ)‘rdﬁ&b e also detected.

ter reaction for 5 hours, I ng ich the stream
out put did not change fromthe distribution described

abom?e iﬂv'éﬁtiéfﬁhhlﬁﬁ@ensad{fsﬁﬁ‘ﬂ?dl\@ﬁ r@fétﬁe,@l@@ttd') /rvuﬁdufeﬁbntiﬂles and preferred
react or wWas ur.ge. elLli.um at,. c/mn r.
e s, Dikas Bt el ingdeo COMe b e S tiPitifigns i be made

with@t odupartdcirom Wes scapet ofathediventd@db Fdroexaetpde)ethat @ligomerization
A ' fro j .

o5 T Rl LML 608 ) TS0 lalie of gt ik

using rae hydrogeny dalidess (pgodiBDsor malecabarupalogent halagenatipm of acetylenes

(all§RABhH e BHARBgeniIRIANImBRERAE hEId gAY lillogknUH of hld8hols or ethers
.purge maspﬂ}scontl ueg%ﬁ@g the reactor was

um@hz’cgeg% 1dse91; alec SR j2pd ¢ enatiog (bfﬁﬁﬁ%%s using molecular
halé@@emaratdtalstwas dogsbledhd Balogendtidn. aBgeclfiéhliynNiie oagdyst may control

foun resenting 24%of the converted carbon. .Th o
one & faihefe P HrEEE P bElo it hahibe SR ogeGheR TBGIRTyRyHHa the posiion
of halbgdniatien de.gnteringm! (wosttdryalt lndlogemetionx yoremdenghlain alkane). Other
molfiloH 3RS be rlagae Rl e B Siol SERIRGRE Ry the gppgnded claims
andgqyivaleatsghergalct di stribution was found to be identica

to the first run. Three nore cycles of condensation/

neutralization/ regeneration produced the sane out put

of hi gher hydrocarbons. Exanpl e 3. A doped nordenite

(Zeolyst CBV I A doped with both Ca and My) (5g) was

prepared according to Exanple 1, and used as the

catal oreactant in a hydrocarbon synthesis

substantially simlar to that described above in

Exanpl e 2. The product output was 30% et hyl ene, 5%

et hane, 10% propyl ene, 3% propane, 5% but anes/ but enes.

Mul tiple runs and catal oreactant regeneration

established reproducibility. The invention has been

descri bed by reference to various exanpl es and

preferred enbodi nents, but is not limted thereto.

O her nodifications and substitutions can be made

W t hout departing fromthe scope of the invention. For

exanpl e, the oligonerization processes described

herein are al so i ntended to enconpass hal ogenati on of

ol efin feedstocks
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using a hydrogen halide (e.g., HBr) or nolecul ar
hal ogen; hal ogenati on of acetyl enes (al kynes) using
woOydrsagessshal i de or nol ecul ar hal ogen; hal ogenaCirms2@f/023036
al cohol s or ethers using hydrogen halide or nol ecul ar
hal ogen; and hal ogenati on of al kanes usi ng nol ecul ar
hal ogen and a_catal yst that controls the hal ogenati on.
Eég ) I3:he catal yst may control one or both of
t he degree of hal ogenati on (nunber of hal ogens per

I I d t.h iti f .hal ' . Q.
L For BHefod & P e A RA or P BL BIATE BAEPOY "APEr G Ahsre > 2
comprksimge) . Ot her nodifications may be nade as well. The

e el hloch el A RR bRy il BRREEE RYBOTR B Bpving o
carperknyrabes Gay tthetednisoh thEarhith2 BaloBeRting B C | where
N >fmifeORolisdt hgdrobabbh ReviAg hahier AamBek by dhefsad BoNby allowing

by all ow ng, a reactant hydrocarbon havjn car bon

the félogeRarRd NYCprartam @ CAntagief MEUAETYErR AAAIRACHgEat i ng
ageficovdridighdprodufrhgdiachrbby,dmdcar bon havi ng a car bon
nunber Ct vkperet N %mt by all owi ng the hal ogenat ed
hy dFESERFHEE PG CABNTAERY et al - oxygen cat al or eact ant :
recovering the product hydrocarbon; and regenerating

2.t heAQﬁétﬂ!)(ﬁﬁﬁ%@i&éH]h-cla%ﬁx AvwiBliPhe 3sactRE hl@bcdrborb E@hpRisks methane.
wherein the reactant hydrocarbon conprises nethane. 3.
A nethod as recited in claim1, wherein the

3. Met Al maky@ N rebidddin QIAMCE, Mhkreirsthe ehet At AT géi CanlbRac@niis pelected

copsisting of . zeqlites, doped zeolit .etal_oxi .
frof Re g Car ined eo gt dPPateabBr b BB g e omides, met
oxidedimpieghatedsedlitesr aaf mixgurestherbhiod as recited in claim
1, wherein the catal oreactant is regenerated with air
or oxygen. 5. A nethod as recited in claim1l, wherein
4. synfheethed af regites iprcdaimck. Whgrtinthgcaglpreastang isieaenesiied with air or
Oxéﬁgpne reactor. 6. A nethod as recited in claim1,
erein the hal ogenating agent conprises nol ecul ar
hal ogen. 7. A nethod as recited in claim1, wherein
5. t he Amabthedheteciial RABAMCIQ Whetede Synthiesisi ol ehe Frodvctimytitvoarbon is
recited in claim1, wherein the hal ogenating agent

Calggﬁlrﬁ\“il&élszo WAFRYI hal i de.

=3

6. A method as recited in claim 1, wherein the halogenating agent comprises molecular
halogen.

7. A method as recited in claim 1, wherein the molecular halogen comprises bromine.
8. A method as recited in claim 1, wherein the halogenating agent comprises an alkyl
halide.

9. A method as recited in claim 1, wherein the halogenating agent comprises a solid
halide.

10. A method as recited in claim 1, wherein the halogenating agent comprises a hydrogen
halide.

-10-
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9. Anethod as recited in claim1l, wherein the

hal ogenati ng agent conprises a solid halide. 10. A
worbisadi@s recited in claiml, wherein the hal egensteng23036

agent conprises a hydrogen halide.11. A nmethod of

maki ng a hydrocarbon having a carbon nunber C, where

n > 2, conprising: formng a brom nated hydrocarbon by

all owi ng a reactant hydrocarbon havi ng a carbon nunber

11.Q , AWREE&] & 1Raling b Bydr@d&botvhivinga birboh AdbberdC . aghsaten > 2,
forn1ng a product hydrocarbon havi ng a carbon nunber o
comp en > 2 by allowing the brom nated hydrocarbon

to foomirgct bramietel hyskymgarndatalosirge teacint yelcaadydnigving 2
caﬂ;%t pdect “Jﬂxl%rrg%%{ g\&fbac gh 59&%5 %he

orea&Tan as reC|t n claim 11,
\Ahefogmmgtmowém/@wmhymh@@@g B 6#DER AWID sy, MbeTdha 2, by allowing

the bomiatEB h)@dcaBoh ?&dtdn%t h ﬁle@il@x%e}ﬂoatél@@&ﬁhﬂt t he

nmet al - oxygen cat al %r a seélected fromthe gr oup
con&rYering th Podegtihy Car B%é’a‘ zeolites, netal oxides,
n1xg@a&@ﬂﬁ@tﬁ%bﬁﬁb&m&ﬁﬂﬁl OX|de-inpregnated zeol i tes,
and m xtures thereof. 14. A nethod as recited in claim
1, wherein the catal oreactant is regenerated with air
12.0r Axyghed asiScitedl imetaiod lawhenein the teactanthydregatbongeannsisas
i hesis of the product hydrocarbon is carried out in
a zone reactor. 16. A nmethod as recited in claiml,
wherei n the hal ogenating agent is selected fromthe

13. g I ONRnG&REGhsSrietingl iR fclMhaT Where thy b&ﬁl%gﬁﬁcatﬁ&eh@iant is selected

m des, and. hydro ro ne
ol g G G RGH A PR Ao e A o A s, meta
oxidedmpieghaigd zcolijesf ardmixgurenthatekf/l hal i de by all owi ng a
react ant al kane having a carbon nunber C, where m<
n, to react with nol ecul ar hal ogen; (ii) forn1ng a
14.pr o4unethed ey teeisadio wlaiai, mlcwinde isetaloseastaat iscegengrrsadewiih air or
OX%%E by allowing the alkyl halide to contact a
tal - oxygen catal oreactant; (iii)recovering the
product hydrocarbon; and

15. A method as recited in claim 1, wherein synthesis of the product hydrocarbon is

carried out in a zone reactor.

16. A method as recited in claim 1, wherein the halogenating agent is selected from the

group consisting of bromine, alkyl bromides, solid bromides, and hydrogen bromide.

17. A method of making a hydrocarbon having a carbon number C,, where n > 2,
comprising: '

(i) forming an alkyl halide by allowing a reactant alkane having a carbon number Cp,
where m < n, to react with molecular halogen;

(ii) forming a product hydrocarbon having a carbon number C,, where n > 2, by
allowing the alkyl halide to contact a metal-oxygen cataloreactant;

(iii)recovering the product hydrocarbon; and

(iv) regenerating the cataloreactant with air or oxygen.

18. A method as recited in claim 17, wherein the reactant hydrocarbon comprises
methane.

-11-
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(iv) regenerating the catal oreactant with air or

oxygen. 18. A nethod as recited in claim17, wherein
woheosyeagBant hydrocarbon conpri ses net hane. 19PCAUS2004/023036

nmethod as recited in claim17, wherein the nol ecul ar

hal ogen conprises brom ne. 20. A nethod as recited in

claim17, wherein step S occurs at aln . .
19. a| Khisthad-as s9cigd in claim &7 gThersi themmelsoilar halagsy qpypprises bromine.

voI ume. 21. A nethod as recited in claim19, wherein

0,58 Ryl OB i RTINS B HE TR RO g
of from:iltlédo 11106 bgivolub®. wherein the netal - oxygen

catal oreactant is selected fromthe group consisting

of zeolites, doped zeolites, netal oxides, m xed neta
21. oxi Aleethadess a¢ciigd um@lmmé?e\@m@l@@tepéalqcs% at afﬁann%razwr@éérom 20

to 9bb@C%ﬁaapgésure‘off%M1@§2®(%&hi ed in claim17, wherein
he catal'oreactant is regenerated with air or oxygen.

24. A nethod as recited in claim17, wherein steps (i)
22.- (A Woethoake r&ii&d@n thim 17 owkereiaaiod metal—aﬁygeﬁ caeed dreabtat is selected

frorﬂ?liei g%’gulg 8?%?3%@%: ﬁgzeo?ue)saad :é%]zgolﬁg% I EE%PHEE mlggd gi[/@ﬁ%ﬁides, metal
oxidd-ingqwegrpiteterehbies, and mighices thﬂ@@f mol ecul ar bromine, at a

tenperature of from20 to 900 C, a pressure of from
0.1 to 200 atm .and a nethane-tobronine ratio of fr

23.1" 1 mcghort asgerilsgl 1y Bl ; Whoreinghes R Eggenerated with air or

(mygﬁgrocarbon havi ng a carbon nunber C, where n > 2, by
allowing the alkyl brom de to contact a doped zeol i te;
(iii)recovering the product hydrocarbon; and (iv)

24.1 egh mestladd s3gedited inlojaad 17 cwhdrei swps Ki) aliv) tike plagg@na zone reactor.
wherein steps (i)-(iv) occur in a zone reactor.

25. A method of making a hydrocarbon having a carbon number C,, where n > 2,

comprising:

(i) forming an alkyl halide by allowing methane to react with molecular bromine, at a
temperature of from 20 to 900 °C, a pressure of from 0.1 to 200 atm, and a methane-to-
bromine ratio of from 1:10 to 1:100 by volume ;

(ii) forming a product hydrocarbon having a carbon number C,, where n > 2, by
allowing the alkyl bromide to contact a doped zeolite;

(iii)recovering the product hydrocarbon; and

(iv) regenerating the doped zeolite with air or oxygen;

wherein steps (i)-(iv) occur in a zone reactor.

-12-



