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WO 2006/104914 PCT/US2006/010854 HYDROCARBON SYNTHESIS 5
FIELD OF THE INVENTION This invention relates generally to

hydrocarbon oligomerization, and more particularly to a method of making
Rydragrrhrs using cataloreactants. BACKGROUND OF THE ¢p/iss2006/010854
INVENTION 10 Scientists have long sought efficient ways to convert
methane and other alkanes into higher hydrocarbons, including light

olefins and gasoline-range materials. Efficient processes could create

value in a number of wayS, YREQREAS BN EXMG BFe Wilization of remotely

located stranded natural gas through its conversion into more easily
rHANsearable HigHigfelg and feedstocks, and allowing the use of

Inexpensive feedstocks (methane and t105 Rﬂé‘?r lo er al r&%@ J%u%%g and  more

productS oftE¥FHiAe SR higher alkanss, S%gioeth?/ ne an
pptiAdido @ Bethetehibiaed 10 36NS BSiPer PRl GRSE RS9, 6,465,696,

and 6,462,243 disclose processes for converting alkanes into olefins,

pelbeisrachaicoholsrMRLafthendisclosed processes involve
halogenation of an alkane, passing.the halagenate S ;
oA e S O s
higherrdyeesemagsihéncidiag hhable WRAMSxP9En BFANTTRSR MBI Bkige Flcent
pivieshalegant forerecyalectonthenprobess! Wob distritiest igeilkatieg the utilization of
r&ﬂ%@?ﬂ%ﬁ%@@ﬁ%ﬁéﬁ%@@a@%ﬁ%ﬂ&@m@ %@{wﬁ@gﬁyﬂ{@cﬁf&@%&@ﬂ?@ﬂi@ortable
prodyct(s) o er carbon.n er. Several investi
RS R B B 01 SRS BB S e wo
ofthang. Eﬂ@p@é}s&ﬁ@ﬂ@fﬂ%ﬂ@ﬁ@fiﬁ%ﬂa@ifgﬁé}éﬁﬁlﬁf(éﬁﬁ?sﬁf‘fé‘g?gtgft ylene and
ptdjgeateand Taylor), 5,087,786 (Nubel), and 6,452,058 (Schweitzer). As
ﬂejcﬁﬁ%d P%'iﬂ%ﬂ%@ﬂ%b?@@}etfsr@f,mtj@-,Eli@b,ﬁga,saua_s,ml,iltagdan@se,m disclose
rocarbons [are. ma rom, t wer n r ;
PR TR IR A Sl B S T ATEor s iclosed
Presestes HPH G JER°AAR o BB K oA DR P SR RO e @ et
oRQicatalysisushastsapdemctalohidelwithomienp top ridnetGl.pod gsigamerating the
nEPHdE NGRS farthrchiaddgeii hig RIQduGe snaminigemesiate \@RseOUR process.
ﬁnlx gggﬁggg %IQ{E%WO Ee(r) aggz% 15%{:'”3}@&&&%?9&%1%%%9 'E!lgfé@ﬂﬁ% hydrocarbon to
Skanes are contacted with a crystalline aluminosilicate catalyst in the

oh{AiRcYedrei et AEE AR BIRPES produce gasoline range _
hydrogevbahsmwitiigattighhpro psrticnedf ticomatidshatngensingl fpe iberitgction of

HOSHIghh RydrarasROISoE 2redhinds WRE s SReferpingihend@ds Theibgise (Chu),

rocarhons can,be rec B i I ver). As .
B

: } : ng higher
B i B R e A OB S HFRURA TSR AU APts re made] from
thytirecarbiomestrpanicniuty besepethansd Tronprenssduesushyurshane adgs In the
rtieamaane thahivdrenalisxaeis siraany diyshbehietyeledrUS 47@fyB4ahlorination
cHLomotsu, ef aclég %ﬁ%ﬁc ﬂf‘%sdg RIRCESSIA QUGRME BiNO HANMENRARAS 1Ad rare earth
Ero Ucts theludihg et y? enzene, toluene, and >l(l¥lenes, using s@ca
C

quiﬁ%r’glp,isop@ﬁggﬁ@n intermediate gaseous rmixt er and chlorinated

alkanes. The chlorinated alkanes are contacted with a crystalline aluminosilicate catalyst in

e containng™ wal

the hydrogen or metal-promoted form to produce gasoline range hydrocarbons with a high
proportion of aromatics and a small percentage of light hydrocarbons (Cy—Cy), as well as
reforming the HCL The light hydrocarbons can be recycled for further processing over the
oxyhydrochiorination catalyst.” All of these techniques for making higher alkanes from Cq
feedstocks suffer from the disadvantage that the hydrocarbon stream must be separated from
an agueous hydrohalic acid stream, and the hydrohalic acid stream must be recycled.

US 4,795,843 (Tomotsu et al.) discloses a process for oligomerizing halomethanes to
products including ethyl benzene, toluene, and xylenes, using silica polymorph or silicalite
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-1 WO 2006/104914 PCTIUS2006/010854 catalysts. The process does

not incorporate reactive neutralization of hydrogen halide, and - appears to

suffer from slow kinetics. 5 In a process for halogenating hydrocarbons,

Chang and Perkins noted trace amounts of oligomerization products

HEPHTREEAES b zeolites in US 4,654,449, The oligomerizatioh” prodi

were low in quantity, and generally halogenated. US 4,373,109 (Olah)

discloses a process for converting heterosubstituted urethanes, including
cinethyl hatidesodyschmtactingsuphravethatie’s withcifutietoral gbrppasalice, mnd
alggg%lygb%u@égr%&}@@{,@ogﬁgmgsraturtes, between 200 and 45|0 i:

preferably between and.37 to.produ : I

olefing! 6%%’?&6@%@%?&%%%%%%85 en%g‘l'%ﬁ?éﬁc{g%%?g% ﬁgﬁ%rgfygg oo az‘1r101.1.n N
ofwd thosEraE Ve HalllieyctRgsafdedExitds, ey Do tgizaton
peinitansiienometials:ofiGraupgdiraly\Viplvdnatthe Periodic Table, such as

tantalygn RIODIYA (ALCPRIYM LR sditaRittmvantbcheemlubkituted methanes,
. deposited on. gcidic oxides and sulfides S} [ flica
TR U TR e o
atreloveny WITRLBHMAABIPET altbAtts o Sthard s aisIeeas A By 73 10
prefereneedisntivlidly chemistefing, Biftmotibnethalsiek radepcamalyredlbe catalysts of
piﬁ:@eg&?&?igbﬂeQ%B_%tq{mﬂ%ﬁ%m&ma@gﬁxﬂﬁ?ﬁeﬂﬂdﬁﬁe@ﬁmﬂeﬁvgdcylsug/des of

ydrocarbons. The oniym-yli sSm, 0 L ;

SRR T GLAE L A, s Cor TOeo b 14 oty Do bl
2B SUATLOT(BTeH THAT) ARSHOERRI i FEDRIHENRL A5 4ip Gddks At sulfides such as
alcengensing, hategenatedihydrnoanaondeiding tkeolie chraljdtexNotaisd halogen
re@g%??tlﬂérapﬂg ﬂiﬁﬁggéﬁogf of saligk 9?‘@(1?6@%@:&955%@&;@9@21@&4@@ reference is "Ylide

neutralization. Kachi has observed reductive coup 1 :
T TGO BhaAe B b e A oinanes ino
ctipligrarerirdaigedts WATTHED O didthy PBFeY 9% PRIt % EharigdpTesion
bySoeiety af Japaa vl.42 237 ThpnBO68-78). Lldditl piese chemistry,

howewers typicaly giffers Bom sughidisadvipricaesastine feeacdsemantaidensing

olvent, corrpsion, and lower rates of reacti - : :
s T LY S0 g ShEor e

oxitadresiUmidivar Heisdag et tREi®hergetic and reducing Grignard
reag@nishiThis isthetthe sameitypewbpngcessaisthialides when transition metal
blgﬁﬁ'ty%g%figgﬁ&@s%&qgﬁp%&%ﬁﬁﬁﬁ@iw&ﬂ%ﬁ@ﬂ@dﬂ&ﬁiﬂt&rﬁw&m ether
scribe herejn. e pres r eet:
L e e e
g RORORARASS PO BIEHBHITARAECS FFOCAHSB ARG 3 omosion
ancaldyesr rateaher@atiwhiee [7:3-Rhisepebparety byraldiifieg. £ henetaracess consumes
enBYArocarnen hRHRG @ CHDOR-BHRBET Gbfalwheledor thdfeaetiwitha reducing

halogenating agent, thereby formin loger ' i ino
OB GETR FroR o T ORGC)  o  He  Oping
anthbySsEfemalifly Beprodidal Ay o eS8 REGg an carbon number C.,

where n
SUMMARY

The present disclosure addresses the need for an efficient way to convert methane and
other hydrocarbons into higher hydrocarbons. In one embodiment, a hydrocarbon having a
carbon number Cy, where n > 2, is prepared by allowing a reactant hydrocarbon having a

in
Q6010854

carbon number C., where m < n, to react with a halogenating agent, thereby forming a
halogenated hydrocarbon; allowing the halogenated hydrocarbon to contact a metal-oxygen
cataloreactant, thereby forming a product hiydrocarbon having an carbon number Cy, where n
> 2; recovering the product hydrocarbon; and regenerating the cataloreactant. Often, a

mixtere of hydrocarbons is obtained, but careful selection of the reactant hydrocarbon,



2; recovering the product hydrocarbon; and regenerating the

cataloreactant. Often, a mixture of hydrocarbons is obtained, but careful

Y&lettiH 6P'the reactant hydrocarbon, WO 2006/104914 PCT/US2006/010854

PCTIUS2006/010854 halogenating agent, metal-oxygen cataloreactant,

and reaction conditions allow a tailored approach to hydrocarbon product
1a¥f@¥£ﬁ§&i1@dﬂ ay&%thaﬁ@aﬁi@x,y@aiuwbgﬁsac&mwakhcaswﬂmmligtndilﬁiyodsoaiévbonsmlozed

dro Vi r t o
e e
? s? c{]sg More

hy‘%fé’ﬂ%tﬁ)ﬁ%rﬁfﬁéréjaéonﬁﬁ B R SFRLEY O OIslgrva i6hs have T
gelimm/edlommﬂmn@@ﬂfgmﬁé%z@g@ﬁeﬁéq%Ws&W@émwab%ﬁﬁa high as
1962%%%&§ @Bs&il&%ﬁ@@i@»% ingludingaldines nalikene s]igrancheton and methyl

broY, ang%{é bons. arﬁ% GempeYRds Accordingiio,0nr:AsPesk-tRE M ranched
IS provi "of ma B?%a plurality of hydrocarBons comprising:

W%Wﬁ@%ﬂ%ﬂ%‘?@?ﬁﬁé’%@ act a zeolite doped with an alkaline-earth

metah 2t @idem %@w&@m;@rawwwﬁlmanbdmy i Ifﬂhagpiul‘kahiytpfot hydrocarbons,
hy drocarbons and allog tleast some C,.to iF car Ehé%t A etal. at a
He- eart

COfP}ﬂﬁé’& 6 E)é\ﬂ]eadiq?ﬂg/lz e, 10 co Ttd(: a zeolﬂ? an a

olite dope Wi h ana to form
terdft@atOfemar erésduar slmfghehhy(inekdarlpmz@ﬁT}Mb@@@ESﬁ@MW@N@r—’ast some C;

E<|!NV Tlgat are hFcnp nt I X S Eoﬁc}??(gl}%?gdt%lgéﬁ%%%% 1Ak metal to form one

to mge%. rOCATDONS
gén compoun s suc as mixed metal oxides, doped zeolites
or(herg ﬁucalhmamantﬁrcm@twhdoped zeolites), metal oxide- impregnated

DREERIe, ¢ies fadiitaterysiragarhon/aligpioerization. According to one

asp of the inventi b
Wheer{e;ltm gr sgnt i (\)]{r% écg]k;%y g{%?’[?h[% &chwygh%]tgtﬁeé%:iiwgé@@unds such as

nuéﬁgwﬁq&daq;éggﬁaﬁ?p%@@ %ﬂ fia lél%g nmﬁb e geolt ﬁsgf){netal oxide-
imprdgnreattwvithea, kaladendiinty bybnea(lipiorhupgaiptbect ﬁ%%rtgdﬁle aspect
of Qﬁy'&gﬁﬁé{bg%wﬁ@%(ﬁ thﬁgr@ by byraiendhg wherbalog2natéotmed by (i)

hydroc n to act a 0%y, i
L T s

nugRhSEr Sy, ‘fﬂ@%é%h(fd ’évnfﬁllé&ﬁcfé SRSGRTLRI SR Brigon e?lrilaf:l §n? product
hyprochsbbnrécovey s amttuatamm"a@taﬁia redwe ration2:T A ﬁHgFB’g‘éEa?é"d halogenated

hyRFQAKEES MBY bs:aepatatectfinty ihe unieastediinon-fidlogenatedp the product
hyﬁ}/drogarbo ﬂer%ﬁg)r égglr&lggﬁ{%ecra@%ggg%mlth the metal- oxygen

ca asz)reac%lant izationh o drohalj Cld fo med durln

synthéais EngRNAEUTRR 8’&@6%1'}5‘?%/3%%13 cé(rf%cgﬁﬁlwlg n’tPho Hffon, product
recarygnacdrizos coapingrapdiortisaa Bre dclant1aige mEPaNTH mﬁé?ér%ﬁﬂ?} ated from
ihdhERIRERS Risnanipiedsatergasantdakesqlactytos: esampleliim avzbribe metal-

reactor 8s descr I ig
O%eBh 1%eﬁ]t o? ?1? L égllﬁéz%r? orated&;b)égref Eg?é%ﬁ Ee%g% @ﬁ%?%g@ﬁ? ;t h:idj;j

adBIFHERPERY 0rrSHHRr CAPBSNEBEATRY williih oREBHE T the
canhhiscfatiomechbytocontsfisativn tstapeesitichPimicEsErsteBeryd GikaR@lace, for

ex%%kﬁésﬁqls%ﬂ@%ﬁ\ﬂﬂ@in dhe-samedifunetionplematerial ctbhzt 22ialyreso), the entire
con ANECOP aon of.te.h n%glgs?é’éa{ty r%?éﬁ@%?&n“ﬂ%q{%@mum of methane or

18 1
omerization cflefl as cafbon-carbon couplin a
d zskieﬁfg 8%3W :Ic;[ %ﬁldellsatlon

Oﬂiff”ﬁg YOHEBTRE %%Et%?"&ﬁalﬁ%? e ol the Feacior,

step in which the liberated hydrohalic acid is adsorbed within the same bifunctional material
that catalyzes condensation of the halogenated hydrocarbon. Hydrocarbon oligomerization
(defined as carbon-carbon coupling) takes place within this zone of the reactor and yields
product hydrocarbons which, in general, will have carbon numbers ranging from Cs to Cop,
and may include alkanes, alkenes, alkynes, and/or aromatics. Treatment with air or oxygen
liberates halogen for use in subsequent halogenation steps, and regenerates the cataloreactant
material for subsequent condensation or imetathesis.  Advantageously, the need for
recycling/recovering corrosive, aqueous hydrohalic acid is avoided because regeneration and
recovery takes place in situ,

Higher hydrocarbon synthesis begins with a hydrocarbon feedstock: one or more

reactant hydrocarbons, each having, independently, a carbon number Ca, where m < n, Gy
_3..
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product hydrocarbons which, in general, will have carbon numbers

ranging from C2 to CO, 2and may include alkanes, alkenes, alkynes,

and/or aromatics. Treatment with air or oxygen liberates halogen for use

iR euRsadugpt halogenation steps, and regenerates the catalgreaatak oiossa
material for subsequent condensation or metathesis. Advantageously, the
need for recycling/recovering corrosive, aqueous hydrohalic acid is

avoided because regeneration and recovery tak lace in situ. Higher
B OSSR OSORIILI NGB gt
hyéactaintitsy drolcsls omsh s hoHwing PIABRSSe rRientlyith GRiBEH ki beidgminately
m¥HSHE BUE dhic - iredlM6Y 2006/ h8dhd BOT{UHR00GA1G8E’s bbimptefered.  In
Ge%aegla)]?q unber, of thﬁ'é@i&%%hygr%céﬁﬁ%ﬂ(%m%@ﬂ% EXAMPIRS Ohixtures of
“Treac anhf hydro a}B{ons Include methane, ethane, propane, etc., with
hWéﬂSiFéW‘@j%%é“(i‘)Yééﬁ&ﬁﬁﬁ%%qy 5 methane, but often including small amounts

of C2Thandtigher bpborshrsingepritsred dolreygérieill aheleasige agont. Non-
LhveipcarhanhemaGRrbenumbpilbetween. 1 anchite, hikiness.), alkyl halides
(e:?g{ d Qg%;%?n% ¥,aé§8npc9&ﬁggarﬂ;&? {eARRRLIYAracarRRRe A allmued such as

react . alogenating agent. Non- limiting examples include :
BT Fa R T RN MO A RS Rl 6P py i mterial
dibroMolereihahelogrosmstoprleasB on B PEBFERAIRR) AE SirpeRidgred. Bromine
ishalidem auchasdmpabhiemigescaiiehimayiepresentlasiasalid] igidy bandle.
By %rzt]%g},h%rs léyél{_%ﬁgrégggg@ggnal. Molecular halogens are preferred,
with bromine ( r2(3

3 eing most preferred. Bromine i iquid a m_..
tempePstdrauRESE r@%{ﬁﬁ%&ﬂgﬁ%ﬂﬂ{ﬁn@ gﬁ%&%r%ﬁeﬁ'%%&%y Yo Ramaas that of

 oBrgmite sy hnd Bvdtable Whetgenes of 5Pk beedis B Eniaiopromine upon

erhigRinatenksenige istki¥rMesimi Bljvbilerdhabafonxydentteqatérliyl bromide
cc:)liizl%%/ +Auiead fange af melalRipmides MamaiaastPipmmagBROtough to go to

treatment with oxygen. At t ame time, alkane hromination and ;
ot AIEy I GHHBE- OB ANy ol a Al i s 1T
trexothigrehioribatasporiinteio tiereriicl B0 Sorandanmornereiveldhaprgduct stream.
ESQuled dyshasanoanaiarertheirs y fuistipnodeyites, Thé sapbiig, ndtigdirgestly. In
SI%IlItt] & l@féﬂﬁo%ﬁéﬂl?ﬁ@tgf ol OLIRiGh HGhid3:PaaiREEO PARRN AL @AHRE is well-suited

roduct stream. H dE?\}?}ﬁQ chlorideogroduction requires separation,

progal [ C
f?:}}?ﬁﬁ&? %@?&%ﬁ 8 6(!3‘°suilly. In short, the thermochemistry of
metaltiropTtsimediatba AREHE pAHIEISRIAIBAYS ARt q? (gFmber of ways,

defisiens angadnexpepsiveptaptcdpenalion Hapegematiorfastithinreeg taptodiment, an
QT Bl g 158 S et
T e e R e
siefsctromiegmetions b EATBRIES Hy AN S SRR ORI IRY pretespL gt ovehly
fkheradsisapanencliFur hauingaltostépin--(NEIGY enstiorsiotigbrite gzstlig, MTG)
pAndegepgration (desgribad pelewko ecay alirpaghlin the samebeing important, if
nta%lrg%?fr%t.u rl-‘edrEtg‘re @a?‘%%%[]c%lriggno!:%flllgl “@E@&%&%’é&‘é%@@q{eﬁ%ﬁﬁ%& 1IN, temperature
range, where all steps occur at roughly the same temperature, is 450 to 550°C.

However, individual reaction steps might be carried out at temperatures above or
below this range. Indeed, gasoline yields are better at lower reaction temperatures and, in
some of the examﬁies below, the reaction of methy! bromide with an alkaline-earth metal-
doped zeolite is carried out at a temperature of from 225 to 350°C and a pressure of from 1 to
5 bar (14.5 to 72.5 psi). For a fully integrated process, however, the engineering favors
running all three reactions at a similar temperatute.

Halogenation preferably occurs at a pressure between 0.1 and 200 atm for the
subsequent carbon-carbon step. Low pressure favors less carbon-carbon coupling (i.e., &

A4~
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30 processes, temperatures of from 375 t0.450C are utilized, with the
range being important, if not critical. For the carbon-carbon coupling
process described herein, an ideal temperature range, where all steps

/eBULALTRuehly the same temperature, is 450 to 550C. Howexerrs2006/010854
individual reaction steps might be carried out at temperatures above or
below this range. Indeed, gasoline yields are better at lower reaction

temperatures and 35 s e, of the le low, the . .
e g
Pradewpdratizbt ol Fomap g BE0eHdhs &%&9&0&99&%81%*8%1@2% g0 olefin
(NII@? ?:&fdésdi@ﬁa fulyaintegrateld ipgheesscdsovee very thkeargindgringutilized.  For

[?o gg%nlk%& reRRANS aﬁrésﬁ%ﬂ%&%mp@s@tgé& Halagenatiasthanol to

erably gccurs at a presstre between 0.1 [t
“@éﬁb%&wé‘@c%l%swa%%ﬁ et AR et T Bl smonpher
(neowpingetietvaly-bale® @@%)m&bﬂeﬁ@,@ﬁ%ﬁ(}@@}@i@SM smaller

averagesn oletdanweihkofipragdct), tihilel highatires sgretfdwdrgenigioar ideally is
a%%%@ Ing- %f @%ﬁé@‘éﬁ%ﬁ&?&f& %él&ﬁ&&%éﬁ@ly 10 ruin albhe samglt@@ T:Dgsiume by
psia that methanol to, olefin SSeS e )
voligPierBrEs surds WAL IR REtVER B eo%)t)ll#) §ﬁ Bor pro ec(ilu%hoﬁr%%% Y8, mots
hajegiited faysiec ATonae &S %@g@%%ﬁfﬁéﬁd@@@lﬁé%ﬁ%@%&ﬁdmmﬂ (Le., COy)
uppstheneliengasaline (M Geproveissergcare anvisioved. Adtaadraribalogen ratios
b Ef?ﬁalﬁ(‘%%'rigd?@Lf&f{l\(é%@&?w@@&slc{gm?@ﬁwwkmbamoacpﬁ@)aﬂraps 1%
ove arm is ynlike en molecular halogen.is.u
% ¥y 4R4 t?ndsa%%{nﬁ: %Sévrgg |£?1 jaesthyis" 1 c%rlri]ﬂégl I éx%%%? %uch conversion
leaﬁ«lan@ﬂé%éﬁfrmféi@ﬁ B@tW@’@nh@iY)iaWEr ABBiiY100:1, on a volume by

volumgbasisthtatkane dtegendaalicaoblesthehdiydrabartios. feadrieck may have a

nﬂﬂ@@%@%a@ Wi p@dﬁ&%ﬂ@%ﬂ%ﬂ roegbenspMll he feaneredypieatbhirol the degree

{ﬁ? 3 %Icon;‘llpil)l & OXId Ion 19) ?19 %g)rm ﬁ Slﬂbﬁ%%fgﬁﬁnﬁ%t%?tlm olefins or
8%} en catzicioreac?ant %at alkan alogen ratios ?XF d

fuphin: 14 sRECBEVETENSHIETHFRIGHEREY gB %8{8%% ane in order to

rqdatiaps itimdthoofedsyand it is nearly |mp055|ble to imagine an
econg{njé@l RIRGRSSrahSUGh SRIBKEESIOR YIS a(3R60M gonversioreasant, which
ﬁ}? Sl})re Ilke @/8 ﬁgvxrlsg I|E1|ts)coﬁl nnglthe ratio C Q&{o& ﬁ%ﬁ%ﬁ%ﬁ or@th L m "metal-

ar SCK Tty Hiave 4 mar |mpac roduct

TIPSR AI G o HESHalp B8 t LRGP SiSe abfontaining both
nhwadbgedatiogdn oWmimﬂtﬁdbwérbyn@uﬁgrﬁormailbnhn\fﬂﬁietmbéhﬂ:ﬁ@ﬁeﬁﬁl catalyzes
CM%r&L%EH%Q&p@QIJUQLshWnﬁm@@ plermisimizingfoidaiiapiidtne insertion

]ﬂ\(‘%haYI{); 1!% rgnoa? ed mehane g 8%?&51? ol %dHSdeefﬂma@&&fcéW B&S- acis as a

he Invention is't O a metal-0x n C&P %reactgnt tunable
rolpich TGRS O BB BB S® RyIRSSTHR o) OOAaiig o tuna
coligiamerizdtiondiTibusom tnobtdinosheriliatitoretienexyeasesHé i while
s{ﬁtﬁ{a}%@u%t%ﬁﬁ%a@ﬁdn%&s@rﬁ@nmwg@b@thl&ﬁlgnetayawdtamegem byproduct.

ARG st s niac e e

carbon-carbon coup gV| en halide (e.q., HBr elmlnfltclion ang doned
alkyllmm%@ﬁlo?fmlj es 0 me loxyrren cataloreactants mclude zeolites, dope

zeolites, metal oxides, mixed metal oxides, metal oxide-impregnated zeolites, and simdlar

materials, as well as mixtures of such materials. Nonlimiting examples of dopants include
alkaline-earth metals, such as calcium and magnesium, and their oxides and/or hydroxides.
Zeolites are available from a variety of sources, including Zeolyst International
(Valley Forge, PA). Specific examples include doped-ZSM-5 and doped mordenite (where,
e.g., calcium and/or magnesium are the dopants).
Shifting the properties of the zeolite or zeolite component of a zeolite/metal oxide
composite is also expected to shift product distribution. Pore size and acidity are particularly
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into cationically activated C-H and possibly C-C bonds. The cataloreactant
also acts as a halogen release and sequestering agent, and offers the
possibility of obtaining a tunable coupling product distribution, including
thayahilifysle aroduce oxygenates if desired, while 30 simultangepshoss/o10854
trapping and recovering halogen, emitting only water as a byproduct.
Treatment with air or oxygen regenerates the cataloreactant. Nonlimiting

examples of metal-oxygen cataloreactants includ lites, N
SN R ARS, L RS ELE, TR SUR. B Abfugetondi: ad

. preolites nand csimithchmiatdrigls, axhlelctierdlikturdsdftetch pagtepiarspore-size may

sNealivilinsoayamelesf doparipineiudendborlkalinergmataisesuthedsylenes,
eﬁ?lf\:lijm & ned sqgf?&x%?ﬁ%%‘ Fﬁ%q g?i%gegé(,' %?ﬁtﬁ‘&déﬁinli%f 92%%&5 Zﬁ‘&!'{fﬁ g¢ ?)ore size
~avai fgfe]}rém a variety or sources, including Zeolyst International (Valley
i$ppLEB) [ SHERANCEBIAMSHES include doped-ZSM-5 and doped
mordénitexgveielinesnt ofdhsiunyentidiorinmeieiide/ zeditn supprates)s prepared by
Skifing Hasipropertiesreliheizeelite o zealiteiceropanenitafl axide, such as calcium

AR s sl B R HLBEE o ot

aprP Ry S50 8Kl N EReE {5 B ifnportant. Acidity may be used to
controhBkmieligmuttizatidruetiowiditpxugrd poroEReanhis CEASTERAIRY treatment
Janoth apdiynstiopalibiZaoliempépandcdrpensize 50ay G sEldctivalerts metal
R z‘]ﬁ@%eﬁgc?e%%%@%et&ﬁ'-%ﬁ?&no@@iéé’.le”e’ ortho-xylene, meta-xylene, mixed

enes,

Xy ethyl benzene; Styrene, Jine kyl benzene, or qther aromati

produtts SRR 4 B'FB%I‘?J@%i@%#@t%%%le%@%&%%ﬁ%%&01 ﬁ%%gﬁﬁ“&%‘é* reactor,
tempsodinte froftie inetHtionde PaatReviite stb it tInTpYSRECE HRspErst alter the
pRydneixing Raealitepnitinaisresdl diikiads, (Refinamadlkadineseartvimetathane has been

c&%gt%tisé{l SEAlGNM L0NEaLe).arbydratetisPesi g aficRd Hi@Nolefins of
calcining this mlxtuge to release nltro%ﬁyg X|de§ d;;\% c&%t%? tgl%orp&%al diols. ethers
PGEL A B R S S RSP BT St riZ ARG e a0 XV gen ™ ’ ’
hednatoesettayrie rehpenc raese s tiaelidisat brage sy é?y@gﬁ‘géﬁgxwi%fsﬁat toluene,
glemperaiuigsef oM 20040806/0. Thiscebvertsurdial thakdesspedies gasoline,
dﬁ%%l%@jé‘?ﬁ@?” species. 15 A number of variables, including feed

compasition, feed Ipcation in the reactor, temperature, pressure, metal

oxitle CORR0 S, IR LRt i s LR g hydrogen
baésie e @d@@tl@lpapwnaﬁ&%b@riﬂ@%ﬂéﬁaﬁ%ﬁiﬁ&l frofrRetHephoD with the
shas heeanl-cetgatechandwehfirouding|sheelxpiotechim thevdhdiity) topreduce separate
rﬁ%ﬁ&ﬁ@ dc%&ﬁﬁ@énﬁf PAIGHAEBRERING KIRGYAIRG IYARGMeIMe neutralization
branchéd alcqhgls), alcohols, glO|S ethers, Zpgaloqgn ted hydro a,rbqng
lg%ll]ﬁgti ey C%J‘ﬁnéi% é?’{?e%{:et stribution il}}cbu in nt%}ona 1%, c%am Sc #th, and

Stiféne. Stnylbenzene, toluene;”xyléne

- bapRtligar kG epIg e PRISUSSBERFUFGEARE O L RERORS FEPTIRIOR iRaY B expected to

dyasolirepraiestinasidajetfiot], Sonlrabof therfeedatomymgitidwridan reottirals such as
dhe REedudSinirRisioNs Elksl, RYAER @8 Bition to the feed may shift product distribution.
In particular, the addition of water may favor alcohol products. The addition of water may
also control degree and type of branching and chain length. Third, hydrogen addition may
alter the product distribution. Hydrogen may increase alkanes at the expense of other
functionalities, something particularly useful for producing fuels. Hydrogen may also reduce
coking and help control the chain length and branching,.

Tt will also be appreciated that carbon-carbon oligomerization may proceed by a
number of pathways. Even single-hydrocarbon feedstocks may yield more than one product.
On the other hand, in one embodiment of the invention, conirolled halogentation is used to
produce predominately one isomer in favor of another (e.g., selective formation of 1-butene
or 2-butene). Mixed feedstocks, such as raw natural gas, may give rise to oligomerization of
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halide produced in the halogenation may be neutralized (to form water or
alcohol) with the 25 same metal-oxygen compound producing the
hydrocarbon product(s), or with a separate metal-oxygen compound in a

distingicraasiqr. Shifting the hydrogen halide neutralization logatarkfaynioss4
shift the product distribution, including functionality, chain length, and

branching. For example, concurrent neutralization and product formation

may _be expected to drive the production of alcohol ich may, o
R IR A PAESERORS <k  50 BBl Bl i ey
dilvalide. qaeiitibhalisltherfeetiditalidsh fcoroldse distrngtrsmbOofioprieLiag Jgpyention, an
JRrdditionofwalessRayaveraicakbtpreuetdedid additivalofraditetsmaiyn example

58 08 ' W ifdor a higher aliyl

R R M A s ey T e
e B S P A LTS SHLES S B RS, St GG (or other
bpaditgarljnbéoldemprsamihy backs prdheyerhiyreiedianrBybatide, methyl
h&aokdngnhaadchielp-genriol the chain length and branching. It will also be

apprgﬁ%@%ﬂgﬁ&cﬁﬁﬁ% %ﬁ@%ﬁ?&l{%ﬁg}ﬁg4@5@%%1?16%@&@Y1ﬁ1{30ﬂb0n with a

number of pathways, Even single-hydrocarhon feedstogks m ie or :
mﬁ‘?ﬁt]ﬁoéﬁgeﬁrB?Jtﬁ@Ee%ﬁ%I{%éﬂf%égE}%n}la , ?n%glﬁ%zg%et?oe _imégn e‘&ﬁ?@.%\/é rr]p |oer$, bed is
ephtyeflediEisgeintiadhiidesemay isrdpidpiedbiifiaian rgiusniarliy reactor.
Ofavex afisinathek (Bigodselieative fermatioddf labuteniec o hute mejc ivtixe groduce
béﬁ?&%toﬂ‘%tﬁ&?%ﬁfﬁﬁi@&t%@' &%dp?ﬁﬁ&%%i%@f&@"&ogﬁﬁfzﬁéﬁ@rﬁf Another

-6 WO,2006/104d914 PC_/U%S%?]%LO §4 ultiple halo en{ate% raduce benzene
R AR GGt PR AR TS Pt b ’
taditaiiblelidpdideanteadseshprednanadineg 3 inH@ECH-one embodiment

of thepidantiosmaediaikyLhatigasis:purpesefsilyaiitrodiubed tdVordamding examples
ifGsires rpnched RIQFUGIS aANRXaRMRIE WRll1e HhgPBrerizaliaBDfrom the solid

halide or a higher alkyl halide to

methyl, halide (from methang) with ethyl
b%?&%ﬁ%@?é@%&ﬁ%ﬁ%&?ﬁﬁ?&éﬁl,Oﬁr%‘xﬁef}if?ggrﬁ?bpyl,. or tertiary butyl (or

other{ThsvEmishiing ApagisrBliagsianplght ey SYithesis of styrene from
Eethybibalide, methyl halide, and dihalomethane. 10 In one embodiment of

the inyention, fheseactionphhaloaenaiedk RysrararRPRoiia A solid mixture of a

tal-oxygen. cataloreact p in a fluidized bed. rnaii

2k yes?KSbﬁﬁerﬁéﬁiﬁﬁ%i&%m%@é S S PV sf) and
CaMesermostiaind Teite HeapmRrleTmy SeamiRAEdradnEYaL B ffed to incipient
wetethy| Adiid € N0gnd dadation indestisdcto thosprodvos diedzaecaloingdidinsequence
E1hydalidesfre padesopodueEng sy enpeti ety libapzene. Another 15
Eexan]gls is the introduction of methyl halides at one location in a reactor to

X ‘benzene, to which aIkYI halides are added, producing Iinft}—:%; alkyl

benzAEhPToaLES SE5aTA M BE BFARR RERTEGP iyl oAbl Fiothgucom. The
rdNdiibim itirgre xdhplesc aotUdetist[Etidhh vusbrptien passddemeitgiohsmall diameter
bIKRGHEHS ) ERAY0R 1800 ereshirar) thes srlichiRinSUpNUTY, VB leam) 1, 2, 3) passed
ixﬁgrg % gtlgg( Id%‘ta%i(r)lth? 2 aﬁ'ﬁ@?%ﬁ@&ﬂ‘&ﬂﬂy%%@i&om't{HQ{) C). The output

Ekampies of the inventioh: ) i
stream from the second reactor contained no brominated products. Based on the methane

consumed in the bromination reactor, 10% ethylene, 31% propyiene, 3% propane, and 21%
butanes/butenes were detected; 65% overall, Trace amounts of Cs species were also detected.
After reaction for 5 hours, during which the stream output did not change from the
distribution described above, the méthane stream was discontinued and the reactor was
purged with helium at 5 cc/min for 10 minutes. After He purge, a flow of O3 (2 cc/min) into
the second reactor was initiated at 525 C to regenerate the metal oxide from the metal
bromide of the partially spent composite. Initially only water and CO; were observed as
products, but abruptly the stream contents changed to Br; and unreacted O,. After 1 hour, the
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Example 1. Metal Oxide/Zeolite composite MZ1 was prepared as follows:

A solid mixture of a ZSM-5-type zeolite (Zeolyst CBV 8014, Si/Al ratio =

80:1, 10 g, 170 mmoles SiO2) and CaNO3 nonahydrate (9 g, = 34
RVBolRs/fe@dwas prepared and water was added to incipient 2o Wethesm 10854
After CaNO3 dissolution and stirring, the slurry was dried and calcined in
sequence at 115 C (overnight) and 500 C (overnight), respectively, in air.
Example 2. Methane af 15 psia was bubbled through.bromine at 1 .C ata_ ..

o PP G T oG SHCh B N AP A 10 pyfbstc wap
urdl dy s prensetithr Biag keaiashian Cimeaner! Somrshiitaderntb apgsisarting 24% of
t46Q B QR0 cand The refsiitéeofol ltbaB i forthdl (2 b8) Ipgissetidiiteg volatile
BIEARIOTERMAINIGeR:Y SHESIALAKINRFEAHE LORPASIE MELIEAO Krdmomethanes
Tg? OutpuL Steam. o ZE G se%gn% i%%%t% %%B%nen%qgebrgo Ellréz%tcehd tribution was
CBPSEUEE B AR &G 6H e Methahe Eonsumed in the bromination reactsor,

0w etftylenks 31Hepiedylete, 3%eprofithe, &Y 21% HigesiRifenesycles  of
coieiensieiestiedab ovaminditace aroduntstbé @fmspegesofdighatdgdrocarbons.

E?&Eﬁ%f@g: 35 After reaction for 5 hours, during which the stream output did
not change from the distribution rihed above, the methane stream
was dgc%?ﬂ udty %‘%g%)%%g%r%%i %@‘r’geapﬁn h“ﬁ%lﬁ?ﬁha?% ca&ﬁ?r/?gfz)r(ﬁg) was
prepptdLaecsTdine e BRsurRle, la Ashnerdss (ecemalpeatantie sdydmyarbon synthesis
sieaeiaiaNasiniiated ahbakGitededeneiat@thepietal Glidefodnthemetalas 30%
SAEOrpdesef theaparisty %%E}Ieﬁ@m%f@piﬁétj@% S WAtar-aRs CRAMR Quns and
o%zgrved ats grodrucitsn, L %ltb%kg{;%ﬁ%lg th%‘%%eﬁgn contents changed to Br2
ARSI EE G RRE P T ot theP 06/1.04914
Hxemples 4036/010854 02 purge was discontinued and the reactor was
again putget satighchelilira (TddyeaUstic 26834 Lissdngur RRY re§eAdrationfwesZeolyst
dested onG03 YN Lol as fomR G septeReighd Yh PkBuIS 1, to a 4:1
(Vr;gg.ve[{ted garf)on.‘T e remainder JC%DA?M?% ff:%)Hlnd te(t)e%ewhi (I;heagg%lm%

oratife ardmafics thves yuto?lferll%', fefes and’ mesitylenes). A secon

el 6f BrofraririH el colruniansn Zolestrbad Fathibgede 4.5
atné)0G anthtbbtp ibeiv chidigte bittomiftascdovasico biddnlibabnodbgifirsolid was

regeré&%%ﬁoméatﬁhéﬁl%&f Cﬁ??, gsgﬁgri]i @ﬁfﬁ@ﬁg@”@@f\ﬁﬁg@ﬁ?fﬁﬁ%oivw Br, was
roauc e sa utput of higher I rocarnons
R e R L
twazerﬁw,sér@aﬂmfmwmmwf?aﬁa%@&%%@&%mﬂg RPTife per
ramhyhatarhendsymthesistedbsthntibiysinitaittd thavpesikised abbeedertion tube
a%&%@@%n%i%@@ preduct aiRWwAS 30%hSthyienenoYpethanendi®iable isotope

g I % % \
Rkl e oﬁgrﬁaﬁggg}gﬁn{s @@yﬁ?géﬁﬁ%%%%e?ﬁ gymg%&é of

cataloreac regen ion ‘establishe | reprg lity. Examples 4-15 A
brasnphydyerahap feniont SRARCBBXPS 8045 F¥0hg a 280:1 Si:Al ratio) from

Zeolystable 1 summarizes the hydrocarbon product distributions (also referred to as
"selectivity" (sel), expressed as a percentage), percent conversion of CH;Br, and reaction
parameters, T, P, and 1 (space time), where T was calculated according to the equation: T =
reactor volume/incoming flow rate. Aromatic product distributions are underscored.
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Corp. was doped with calcium according to the procedure described in
Example 1, to a 4:1 Ca:Si ratio. A glass reaction tube (6 in. length; 4mm
inner diameter) was charged with 20 1.427g of the coarsely ground,
GRisHIdRRed zeolite, and a stream of methyl bromide (4.5 W?s%&smmsm
caused to flow into the tube. After conversion of methyl bromide, the solid
was regenerated by treatment with 02 (2 sccm, 1 bar) at 520 C) for 3

hours, and evolved,Br2jwas recqvered, The methyl bromide cupling
reaction was perfotimed dier afange o(t;m}ess_upgg,, 4 grajures, and

flow rates using thé&;same|solid and same amount of methyl bramide per

25 run. Products afd ar y pnregcted ﬂ{né}t%ﬁbmgid:ﬁkg %!Le opposite

end of the reaction?ube|<@ridiiere ‘analy €'of GC,

GC/MS, and NMRuelta unmlstakable |sotoCE)e ratlos rrl)d;_f agmentation
patterns, GC/MS is¥part cuf;apyﬁ%eof;qf EI@QQ “pgl
bromohydrocarborticontéht'(which, typically, is zero). T summarizes
the hydrocarbon pf#édudt distributions (also referred to as 30 "sglectivity"
(sel), expressed aga pe'rcén‘fhgél E)é?é"eﬁ“&d‘w T“si’qﬁl oﬁjggpm and
reaction parametefs, T}F-anez(space time}, where r was calculated
according to the ed{iatign] i = reactor volumellncomlng flow rate. Aromatic
product distributions are utidérscored; 35 -8 WO 2006/103914
PCT/US2006/0108%4 NcAHALE N BIFNG in C0f-04194J6. ..V U d' NN
NNHOOOOMIOHnrifl.id..ra. U)IDmO)CorlmOIllN ~jtoNU)W
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NOtomOIMritgin Uyd'N~10C t-"c'NM MM M OIM O OQi rlIN <t'IM
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Examples 4-15: CH3Br coupling over Ca-doped
P,

[ 8]
=}
N O ODOLWwWw [« e o o [o]

WO D WO U W T O ] w0 L)

B O O OF OV N NN m m o0 ™M [

oo

=8

=] [ [o] o = (=]
[ QiU O T~ a ~ o [o] < o
o [0S R¥= IS TG N W Y ] o i P 3
i .
) ¥ o — o oy = n
,g Ejer 10 O~ S e e =] —
EH

us [ *p] — e [



10

15

20

25

30

35

U71WNVOIO'NUhNCmM Ulo.rr-VONTrHNtoNIOU)U)O) NU
NMNTINNANNNN-i 14 m.iC)torlCoCC+U)0)U)N OmLn
PI0OU)toO)mNCriU)I0 . OUNririri.la UNCMMNhAhWNON

Qi $4iRHOL OOONOHNNH 00" CU)MN cn W Up@iRsrlobbBsss
OOOOOHOHHHH PAOOUNM .OCONOtoOOMNU)toN

toHtoUYUYWHU)H UN CC). OaUlU)U)U)HU)MU)(*)C)(OM
+

R T 8 St N QN EE N i
arbwmfmteﬁmﬂ@en@ﬁa&) o anuanbey N DenHNdsppatHoRg, Bhcluding linear and
branched alkanes, olefins, and aromatic compounds. Water was also produced, as a
byproduct of HBr neutralization. GC analysis of products showed high conversions of
methyl bromide (with lower conversions occusring at low temperatures, and higher
conversions occurring at high temperatures), and pH measurements showed complete
neutralization of HBr formed in the reaction.

In general, the percentage of Cs and higher hydrocarbons produced for a given run
exceeded 70%, and the percentage of Cg and higher hydrocarbons produced exceeded 50%.
Detected aromatic compounds include toluene (C7), Xylenes and ethylbenzene (Cyg),
mesitylenes and ethylmethylbenzene (Cy), and higher hydrocarbons {e.g., Cig). In some runs,
a small amount of benzene was detected. _

Although not bound by theory, the carbon-carbon coupling appears to proceed in two
stages, similar to what is observed with the formations of hydrocarbons from methanol
coupling. In a first, rapid stage, olefins appear to form, couple, and then crack. This appears
to be followed by a slower, second stage yielding aromatic products and paraffins after longer
exposure to the catalyst and higher temperatures.

It has been observed that freshly prepared solid cataloreactant does not give the
"steady state" product distribution obtained after 1 cycle (an repeated for a number of
additional cycles) of coupling/bromine sequestering, followed by solid reoxygenation and
bromine release. That is, "first run” product distributions are dissimilar from the distributions
seen using recycled solid cataloreactant.

Examples 16-18

To demonstrate that lighter hydrocarbons can be recycled into the coupling reactor,
first propylene (4.5 mmol), and then a mixture of CH;Br and propylene (3:1 v/v or 3.3
mmol:1.1 mmol) were utilized as a feed in a glass reaction tube configured as described in
Examples 4-15. The product distribution was compared to that obtained using CHzBr (4.5
mmol) alone. The resulis are presented in Table 2. Aromatic product distributions are

underscored.

-10-
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M V7 OenNV')O-rWO 2006/104914 PCT/US20061010854 As seen

in Table 1, an alkaline-earth metal-doped zeolite facilitated the conversion

of a brominated alkane (CH3Br) into a number of different hydrocarbons,

ipudingdipgar and 5 branched alkanes, olefins, and aromatiger/ys2006/610854

compounds. Water was also produced, as a byproduct of HBr

neutralization. GC analysis of products showed high conversions of

methyl bromide (with lower convegsipns occurring at low temperatures,

and higher conversions occurring al*hig Ln Tp ratures), and pH

measurements showed complete | traliZation of HBr formed in the
atgge of C5 and higher hydrocarbons

' produced for a given run exceed /g\%ﬁthn percentage of C6 and

L Detected aromatic
compounds include toluene (,97)’ Xylenes and ethylbenzene (Cs),
mesitylenes and ethylmethylgenzn (§)g),ard higher hydrocarbons (e.g.,
ClO). In some runs, a smalltamo Riof enejwas detected. 15
Although not bound by theor%, th C rbon-carbon coupling appears to

' hat Js observed with the formations of
hydrocarbons from meth olocou T Tm;st rapid stage, olefins
appear to form, couple, andt en Erack. This Appears to be followed by a
slower, second stage yrelarng aromatic productsiand paraffins after longer
exposure to the catalyst and ergughr temperatires. 20 It has been
observed that freshly prepar%d o' Bataforedctant does not give the
"steady state" product drsfrlbutlonolbcgaingd after|l cycle (an repeated for a
number of addltlonal cyc%s)gof cuplingébromlne sequestering, followed
feYelease! That is, "first run" product
distributiens {seen using recycled solid

distributions are dissimilar frof
80 demopstrate that lighter

cataloreactant. 25 Examplufesle-

] . h
hydrocarbons can be recyclegl int he couplrng reactor, first propylene
(4.5 mmol), and then a mgxtuge of H38rrandcprcbpylene (3:1vivor 3.3
nimol:1.1 mmol) were utrlrzfeddas aderd in a glass reaction tube configured
as described in Exampleg 4415. The product distribution was compared to
that obtained using CH3Bt (455 30 mmolyalone. |The results are presented
in Table 2. Aromatic prodgct%istr buffonsare™underscored. 35 10 WO
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Table 2 shows that the less desirable (from the standpoint of gasoline production)
light olefins may be recycled into the feed stream for incorporation info heavier products.
The fact that the product distribution for a propylene feed is similar to that for MeBr and
MeBr/propylene 1:1 (C:C basis) shows that recycling of light olefins will improve the overall
yield of gasoline products.

The invention has been described by reference to various examples and preferred
embodiments, but is not limited thereto. Other modifications and substitutions can be made
without departing from the scope of the invention. For example, the oligomerization
processes described herein are also intended to encompass halogenation of olefin feedstocks
using a hydrogen halide (e.g., HBr) or molecular halogen; halogenation of acefylenes
{alkynes) using hydrogen halide or molecular halogen; halogenation of alcohols or ethers
using hydrogen halide or molecular halogen; and halogenation of alkanes using molecular
halogen and a catalyst that controls the halogenation. Specifically, the catalyst may control
one or both of the degree of halogenation (number of halogens per molecule) and the position
of halogenation (e.g. terminal vs. internal halogenation for a long chain alliane). Other
modifications may be made as well. The invention is limited only by the appended claims

and equivalents thereof.
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C-o\COOINtOUtim WHHr aMNOOOh -e-rNNonWO
2006/104914 PCT/US2006/010854 Table 2 shows that the less desirable
(from the standpoint of gasoline production) light olefins may be recycled
into the feed stream for incorporation into heavier products. 5 The fact
waalhatthe preduct distribution for a propylene feed is similar to that for MeBr
and MeBr/propylene 1:1 (C:C basis) shows that recycling of light olefins
will improve the overall yield of gasoline products. The invention has been
L dedcritted piyrekfegentetey vakioiseiampres iivg preferred embodiments,
butlisunet hetite drihgreto cther modifioations andisuibstifttiorsCars peperature
and p@@@w%wwslggpm RO Rg,860RR Of the invention. For example,

the 0I| omerlzatlon cesses (iieSCI’IPed herein are also Jntée dg 5
OW]gﬁ%toFﬁfSﬁ%geh%IBgén mcabhf’oﬁé TS S RS USh Y A IO gSn hage katine-
carth sty toHiBr) B phokse Gett highsybrlr (l‘féf%tljénatlon of acetylenes (alkynes)
using hydrogen halide or molecular halogen; halogenation of alcohols or

2. ethers.sing hydrpgen halide.or molecuhanialaged.and halegenationobou

alka? usm% rpolecular }ns Q&!g ggo?nd a catalyst that controls the
consisHg GG EHAYBT EFSEH IR P tHE EAtEREt may control one or both of the

degree of halogenation (number of halogens per molecule) and the
3. positienodishalogenatian (eig:denmninalivszinteshal hatogdnatidnufen:a tory: 1.
chain alkane). Other modifications may be made as well. The invention is

limited only b thea ende clalms n ui aI nts th reof 0 25 30
38t 'Téhwgﬁ&%é i ELE h%?cr?\létfﬁqasga %mela ??fffaﬁ pit uraﬁty of

hydrocarbons, comprising: aIIowmg methyl bromide to contact a zeolite
5. dopedwithsanialkalingse arthanatak atkdempesatiraicridbpressuie
sufficient to yield a plurality of hydrocarbons; and aIIowing at least some
C, to C3 hydrocarbon thaat are formed t dntggtt e zeol doe[)% wmr]hhaS an

6, ethod “as rec %ﬁ H wherein the zeolite h m
an alkallne- ear o form one or more y rocar

alkaline earth metal:silicon ratio of about 4: 1.

7. A method as recited in claim 1, wherein the plurality of hydrocarbons includes at least one

aromatic hydrocarbon.

8. A method as recited in claim 7, wherein the at least one aromatic hydrocarbon comprises at least
one hydrocarbon selected from the group consisting of benzene, toluene, xylene, ethylbenzene, mesitylene,

and ethylmethylbenzene.

9. A method as recited in claim 1, wherein the plarality of hydrocarbons includes at least one

branched alkane.

106. A method as recited in claim 1, wherein the plurality of hydrocarbons includes at least one olefin.

11. A method as recited in claim 1, wherein the plurality of hydrocarbons includes at least one alkane,

at least one olefin, and at least one aromatic hydrocarbon.

12. A method as recited in claim I, wherein the plurality of hydrocarbons comprises a gasoline grade

mixture of hydrocarbons.
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2. A method as recited in claim 1, wherein the alkaline-earth metal is
selected from the group consisting of calcium, magnesium, and mixtures
thereof. 3. A method as recited in claim 1, wherein the zeolite has an Si:Al
ratio of from about 80:1 to 280:1. 4. A method as recited in claim 1,
13, Whereindhe zeelife hag.an 2kAlratia.af AbRMLS0: b-Adneihad.as (Reiled
in claim 1, wherein the zeolite has an Si:Al ratio of about 280: 1 6. A
method as recited in claim 1, wherein the zeolite doped with an
14, alKaiBodaptedirdtaldras binvatkanRe sared mbrirsiiesrizbo of about 4: 1.
7. A method as recited in claim 1, wherein the plurality of hydrocarbons
15, inglydes atleast.ene. AP Make Dy HoGRARAN o« By Methed AsFecitaddry sov of
claim 7 wh%reln the at least one aromatic hydrocarbon comprises at least
Coor }ngrﬁ%rr%%h%%n selected from the group consisting of benzene, toluene,
xylene, ethylbenzene, mesitylene, and ethylmethylbenzene. 9. A method
16. asareeited H elaian il cwhereimdhe plarelibiofdydiocatbansincludesiatt 70% of
¢, or 1€BSLIRAR PIARCched alkane. 10. A method as recited in claim 1, wherein
the plurality of hydrocarbons includes at least one olefin, it. A method as
recited in claim I, wherein the plurality of hydrocarbons includes at least
17. onferatkedes ratilehistcbii blefireiribr atvehst Bhedansmacrpirse arlen 50% of
Cs or HigheAhpaethodassieaiteskinoelain:br wibereiritheplurality of hydrocarbons
comprises a gasoline grade mixture of hydrocarbons. 13 13. A method as
~ recited in claim 1, wherein the methyl bromide is_formed hy brominatin .
15 SRR IR i TR TS rera ah i B e
110 5 ffominate methane. 15. A method as recited in claim 1, wherein the
plurality of hydrocarbons comprises at least 50% of C6 or higher

19, NyQrGashans. A& A Methed.as Leriiedidp.g i i\ Wherrin dhe RIHRIBHAS win
i hydroc]aébgnstcomprises at least 70% of Cs or higher hydrocarbons. 17.

el cr)naeéiho&‘"éﬁsr‘ﬂirtlaoc'ited in claim 1, wherein the plurality of hydrocarbons

comprises at least 50% of C6 or higher hydrocarbons, and at least 70%

of Cs or higher hydrocarbons. 18. A method as recited in claim 17,

wherein the temperature is 225 C to 350 C, and the pressure is |to 5 bar.

19. A method as recited in claim 17, wherein the doped zeolite is a

ZSM-5-type zeolite doped with calcium to a 4:1 Ca:Si ratio. 14
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