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HYDROCARBON SYNTHESI S FI ELD OF THE | NVENTI ON Thi s
invention relates generally to hydrocarbon

webkiogoomid zati on, and nore particularly to a neChUS2006/010854
maki ng hydrocarbons using catal oreactants. BACKGROUND
OF THE | NVENTI ON Sci entists have | ong sought efficient
ways to convert nmethane and ot her al kanes into higher
hydr ocar bons, i nc HYDPRQCARFIN SYNTHESENd
gasoline-range materials. Efficient processes could

create val ue in a nunber of ways, including:
FIELROF THRINNENIHONIt i | | zati on of remptely |ocated

Z gglﬁilgd%ﬁegﬁw g ﬂ:ltlatébflsgelfn_@fa‘llygh? i hfsdxa@eﬁw]g Sblggbdlaﬁzxatimr end more
) sportabl e li qui uel.s a eedst ocks, and
partgil e e 0L Bagme ydiameny i SR L kERERE ot hang

and other |ower alkanes) for end products often made

i udi ng et hyl ene and propyl ene.

BACK RO ﬁa[é?ﬁ?%%@?{ss 6,472, 572, 6,465 699 ,

6, 866ntBe6havaridng saght eigient Heyecqver daefbancrayd other alkanes into
L e g
processesapoudl lesanes VHEe 4 AgURET 194 VG EnRCRE S %ﬁ‘%&n%@l& ulization of
remdri%g abcdted ﬁ@an‘r'c]l@d aheadl &P Hadug &s aoaverstbmlintbahodesasily transportable
. _recoveri '
tiauif g e ersaere b pe (B i RSP BtehdiodlE @ettane and
othehweg alkafies) foreny pratct dftee npade s highet alkanssringlading sthylene and

propa{elﬁgn_e ol i goneri zation: substantial coupling of the
art | ng hydrocarbon to obtain producté@s;?3 of hi ghe .
CalbrPatents, 6,856,86%I6.4 TR0 PGRs SPS, (haG20%, AR kP23 disclose

procﬁsisgs ®r éﬁl‘/%%gaéﬂka‘ﬁ@s 106 didtthsPEMBMC hhd@Blceholbi QVigdy of the disclosed

prOCp%g.{ %&g{vg?@igeégtg‘)r{m %aglﬁgqel;z g) ngéit%% E{?@é{%ﬁlﬁ%ﬁ] gpotd%lcts over a metal

oxid@&bﬂ'c@éa_let pRodu8ié ,Aas?ﬁgméﬂblu h@lﬁ%e,, revostefngd B2, ibBuct(s), and regenerating the
C itzer). lescr i ' I '

metst RARE i o Ot SERY bIeRE Bl oo sbfYaRlec ARyl to he process

Not [desoeibed thedik drrecrti golreriz ativer wlbp(tam coppling ¢fuihe stagting ydrocarbon to

Obta[[ﬁé£§§k?§% gpggg,g% duSaHegr ried out in two stages. In

v o o npegcd 4 i NGB P85 gt of
hi ghgfﬁ P{élr%?fodcgfﬂgg(ﬁj ' ﬁ‘grn\g[ﬂé‘lhaﬂbn 2 Repfei@&gﬁﬁ\i_ﬁo pategls prlaks 518,092 (Chu),
4768 o e 0 55, ST RN St R AR AD. s s
in tETeylbnpdtest: dAkanek-rich gasdiinertolatgedngs kydresarhpes [are made] from
L e
firstgabahé _rilee reagtedewhil drxyeeir @@(E dydioghn ghlarign 9yep FglggrQ);y(l}g,fdl@fzhlon’na’cion
catagféggﬁ?: | 5%0 \Acgllcfﬂmglsvl/itkpﬁﬁ&ﬁ%@@ﬁti&fs ofl dssidEsadd@itbrare 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 HCL. 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.

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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reformng the HO . The |ight hydrocarbons can be
recycled for further processing over the
wo@zoobgadochl orination catalyst.” Al of these PCT/US2006/010854
techni ques for maki ng hi gher al kanes from Cl1
feedstocks suffer fromthe di sadvantage that the
hydr ocar bon stream nust be separated from an

catalyifilr Bhalpracessflepsdial SRGRFDOsHE TesE VR paTEZANEn g ﬁﬁ s alide, and
appeR 38 sitfertREY Slb®teinddds 4, 795, 843 (Tomotsu et al.

dl B gfoggs,s?f@F h&ogélsag%g;hpﬁ@g%ggﬁse ICZn[agg agi ?gﬁg hl%{gé trh€ amounts
of oli@ﬁh&ﬁ@ﬁmnqﬁbm@tﬁrﬂ the arepecy wb egiiterin US 4,654,449, The oligomerization

i calit t al
R AT P RTRORE o oo
apP8at, 373, 0% (Dlpkex diselosassl pwosss fer Fewverting betproseksgitgd,methanes,
inclulaﬁlgoﬁgﬂﬁgohﬂﬂlepw %’cﬁfﬁ'&c@ﬁg %ucl@@ﬂﬁn@‘@ltﬁ’%ﬁﬂﬁh&%ﬂpb@d—base catalysts

unt s ‘of

at elpvaé%deme&turféolpq%@ Y g'@ﬁt £ phef b6, et 350 and 375 C, to
prod@dd ﬁ&ﬂ@l&ﬁr?aﬁﬂ QBwer Ql@ﬂﬁi ,Spreferadly ethylelne quéngrbpylenarithe catalysts of

o= e o e
translltl‘tml mdnangaf rGabhyd DAV, e ¥ 1Inyf thoPeradid Hgple,usabh ﬁ%tmm@g, niobium,
z1rcotn1um tgfgsv&chta%gﬁ% ﬂﬁ'cﬂ&%@ﬁﬁl g@ﬂoggéfds&?a c%x?d’éé‘taﬁg sulfides such as

ur és era
aluiiest, wdma, 250omn @ STFaglumiapr Neiks e é’é‘é rﬁf n%?HfiI %?(@f‘ob\%*?d halogen

reco%r?fnof‘ $he Mﬁ%r@@f YicStdlY besBedns dReRRYd. € Atrelaldtreference is "Ylide
sts of preference ose deri

chenpgiry. de §1fu§5@m§ﬂ pﬁg§>aseog(qta¥§ed %V?qsggsof&ﬁge&&lgmtmeg égethanes into
ethyRhe biid@a&diidddydistittoss. Olfhe(?:“rﬂxu’p-szhﬂé:/me‘dhaﬁwm of/tid CtP Ghepnversion”
erio t m zirconium
by (£ 5/%1 FF?laﬂré‘ @\lﬁ’fﬁ’ gﬁ?&%k%%g ‘ted on acidic
oxU$e§ 88Hd0% UiBflttdest sl Wisgloses unprﬂ‘aem@itai i@ &, Prepess JAF gondensing
halogénagé lbfggo%l‘% I\i%bﬁt}é%rata'i £. uﬁ@ta@lf SMRLAtds any discussion of solid

recovery nor the fornatlon of
ox1dg1b@sﬁdd1ygqugené1ﬁh@q—geuit@h@ﬁt@m osed. A related reference

| s Kothi §8s Qﬁb@éﬂv&l ri¢ductive Bidupnd i (fnallkyl halides when transition metal
aci d- base con erS|oE @gﬁheterosu

brOflﬁlQ?Eh grﬁergaqt tgtlﬂg'%@ cular wetght n?{g &F%%eg?sg%ﬂn{;ﬁfﬂ% diethyl ether
(BullemLUfmyé CheniteL Sty 0f fdpat ve44€197MG. 300 €D)s iloautidippase chemistry,

howf"fﬁB%? cAn_xog@é}é gfzfmi%ufh(cgu d%ﬁ%m@é?@“g esg%ﬁgué-lg@mt AlbRent, corrosion,

ter I scl oses
and ﬁcrvmrovtemﬁt®0t1@l thap rga&@basef@pm@é% JASiddiionaPslenBiOsEss consumes

ener?z drfaﬂﬁ?cr R rodfbd! 9[162 gRLhdsRInG @hathly Sdeled Vof @Y }éne’iﬁaﬁﬁhnd reducing

ssi on sol i d oxj de-base
Grignatsh Fazemisa; T onis TRSdP SRS VB SLPDEES P AtFAT Y ODg R TaHge coupling
and BYdreb&yhalilie hetledizahienwe dagsibt herimet al broni des are
reacted with | ow nol ecul ar wei ght Gignard reagents in

THP or diethyl ether (Bulletin of the Chem cal Society
SUMMARY &TF VHEANVIENTIQY. 3063-73). Liquid phase

cheyl }Eés%nt 1B9m%ﬁra]'%ldfe¥&s G ﬁéédeHf gr?éifflcfeh@ Pa$ 46 Bonvert methane and

di sa nt a e requl rement sol vent;

otheg @Wd@@&r@nns et D g Rydrae RSO Inéa@tqnmdilﬁ%m g 4ydnaban having a
carbol &l¥inHel X3, WheROg >t 2 OB, prépiedt By RIOHRESa eRBMIBFdrocarbon having a

carbon number Cp, 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 hydrocarbon having an carbon number C,, where n
> 2; recovering the product hydrocarbon; and regenerating the cataloreactant. Often, a

mixture of hydrocarbons is obtained, but careful selection of the reactant hydrocarbon,
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energy required to produce the magnesi um netal needed
for the energetic and reducing Gignard reagents. This

WO 200000491he sane type of process as the PCT/US2006/010854
dehydr ohal ogenati ve coupling and hydrogen halide
neutralization we describe herein. SUWARY CF THE
I NVENTI ON The present invention addresses the nee

halogmatals BgATen AR YEPTCETBEACtRl KAREHNan g Rions Alow & tailored
appr(g%g (r:t)g ﬁ?{%@?ﬁﬁ%ﬁ Efoﬁu&i BhRkHdRY VOBAEDE@BS natubal @AS) as well as other light

hydrogqghqasne.g., L2 ;os(%g[hggxz}rpo g%haagf:’a E \’/@?‘Hég gog)geg%g%f rfeeg'gtbcks. More
genefYI9T G af RN avitBgpRtes alidese of deddstockinhaviigeragbon rumbers s high as

react with a hal ogenat.in ]
Co P BRI PRen EARL L850 on and ot
bronhigel caupdingowithodetastipacf G2-A20 spedssy deatuding allepesn @llgnes, branched
hydrggggn%oq}gyﬁ]dogr%% &ﬁ}i&%ﬁ&t hydr ocar bon having an car bon

nunber ) ere n ; recovering the product

hydr ocar bon; and regenerating the catal oreactant.

DETRT £0 DRSORKTION Of 1YE nevaENIgoN i s obt ai ned, but
careful selection of. the rgact ant

hy Ao BEEESHRYIIE0B FXRINE {Be dEERETY st Feta)rygsp compounds, such as
mixdeRinalabbeides, alvped anulites 6 i dkalinordith inetsl-ddpedwealites), metal oxide-
impr B S RE S i MR GRS Qg hor, CACPHR o one aspet

Jynatura t
of theyidventianbemydrosatpon hagings @by v Godergpe g, is formed by (i)

form?% iﬁ%ﬂ?‘g%?f‘%ﬁ ontcﬁfbroﬁdb}f §RERIBCK SeactiRt By@RBEMIBh | Baving a carbon

I nv enpl at’es
e o e o 2 oS el Soa LB Brmin 2 produc
hydl‘g?cﬁﬁéﬁ/ Qlta@vﬁllgsar@&‘lﬁ)ng AUMbEAIC, atiesed on2mbyhalewving the halogenated
e b o o0 g UE e A AL e e produ
hydraticboeaind liivanegeadtatiygithe cataloerstanand ar omat i c
ConPAH %gr?eral T hERo I ﬁ’fglsgﬂs ghéﬁﬁ%eﬂa%%ﬁ'ggﬂeﬁﬂﬁion, product
presen At very that

I nv 1on explorts the“disco
reconeyaindosajgercaciomiyegenssationy delagenaad REAdHFLs GRaYHss separated from

the GRLREZERBhIHaCEehite®. }ayc_ﬁédﬁﬁidnr@tk@ﬂbéﬂ@rdfﬁﬁ afterdep@idn with the metal-

zeolites), nmetal o e t it . C
oxyEaGHAleERaTy OB HOR G G TOr DALt 10 Inissh i (pg synthesis s
advANpeasde C hc@mplfzed Nvabhmmitandy hywitlo c earbom-ciwdwon ngowpling  and/or
R RS XS0, B et RSt o s s, o
examplacinanzoreydaciom ab deschibed, for examplddn U\@m@éﬁig}ﬁ (Geosyqd, the entire

cont?htg db wihi@h i€ ?rg:torctﬁ%rﬂ@d dyNRERaRB AN, ARV} halbbdnation of methane or
ormng a product hydr gcar bon having a artb n nCH;rber .
othephydigraibensocsus, Wi Ane N @f thedeaciiroghisifafiowed by a condensation

step?M %I%?&ﬁihléq{beﬁa@ecp@}:ﬂraﬁdlic %gm?f[s &Hscgbscgwmgmaha kame diftactional material

1) recoyerin r oduct r.ocarbony,. and._(l . g

that bt SORATOHHE: Balis] BHCEOSH YOG AL o FE AR Py of gfigomerization

(deﬂff%ﬁ%d:aﬂfﬁn&idrboﬂ bexpdingpsked phat ogtiathismene of the reactor and yields
omerization,, pro r

oo SRAPELRSI A PR b GaAL B 0 . o Ca

and seqyainaludd afkaoen, alkenes, alkynes, and/or aromatics. 1>r/eatment with air or oxygen

liberates halogen for use in subsequent halogenation steps, and regenerates the cataloreactant
material for subsequent condensation or metathesis. ~ 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 Cp,, where m < n, C,
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t he unreacted (non-hal ogenated) hydrocarbon either

before or after reaction with the netal oxygen
we2amalieveact ant. Neutral i zati on of any hydr ohaP¢TUS2D0€010854

formed during the synthesis is advantageously

acconpl i shed conconmitantly w th carbon-carbon

coupling and/or catal oreactant re enerahl on.

beingPthefaartanl yymbdreofithe darget IngirenTonSgr e TS SFRRley g reactant

hydrcfgaﬂﬁgli Eal%@ﬁld@ )&ﬁgﬂ%bﬁe étHar@ n%e%fd Ofyithafatiied C gasb €gtedominately

u. (& th t
28 3 (LR w0 PO B
geneﬂ;h Uge dRatif e@afdc@ﬂboﬁfham bahen anmieh detwepdr bead bidns Mixtures of

urs wt one,zone of the reactor, and is foll owed
hwh%ﬁm T8 G g% %Rdstep in whi ch the |iberated
hyDiteoteabiant hgdrdcarbomdator Sloavedi tohieactt With sahelogenating agent. Non-

llmlt?lﬁ e%nf'?ll u'a@trﬁ&géﬂlatt H%B%éha eaé )/Bﬁﬁmﬁ@ NElRBSH, | 6),0dlkyl halides

ena ed rocar

(e.g. ,odubgc@m@n@thmq, momgmﬁégpogsteg IBB’ﬁgegalaﬁ(g ﬁOE%eLPﬁ?‘il I@asldes such as
meta} %ﬁﬁdé&l %ﬁh\&hé}fﬁeﬁpﬁaiﬁnﬁ aszzpﬂﬁldoﬁqﬁuh asulpp@m‘.éd) br amdipportddimaterial.

pro uct_h ocar bons _whi ch
mﬁ@@g@sr% grefgrady Sith &Toming T )gﬁlgg,%%oé?% dlprred Bromine
is a H(ﬁtﬁ@ﬁﬁﬁoonﬁtéﬁ@@murealekymsuveamdﬂ ohlosinonnd ﬂusnnel: randteasshto handle.
qen | i.berates hal ogen for use in
B1on§1%§]éabgsn€v3r§§ge é]ﬁrag(elhgn steps, and r egener ates_the
caThe mchlaumrppten'aaleoﬁ hfonfige te seBifgeint ] ortdane N e that of
oxyg:g}e?gtgt -1. 2% ANLAGRANShYse Sﬂ"ﬁlefh@%rﬁﬂés may release bromine upon

Cl1 ng/recovering corros|ve, ueous

treatmenevith OAVESTICoM 16 SHUS BT1ee Sl bOLRAIGAAD s ‘g%}‘?}ﬁ alkyl broooide
coupl 1ﬁ afd H!Bi%@uﬂrz[hz%tlblﬂ areldngheildiyekoteanieobutspohiaesius enough to go to

|ns th ar.bon .f eedst 0
complg ﬂ@d@ﬁ?i‘}a dr g&ré)ﬁ } A tﬁé lf)hly %%%f The same is not
true Q&fhbﬂﬂloxﬁnﬂ’rtselmditatnor viloe éhigh HCh is @mrrpg)mp@ge@ta@fubﬁ product stream.

H dgg%gnlﬁgfdggl #JP Qb rgfehuﬁé(scd{{ g&ﬁﬁgtg mr}ehﬂlc‘ﬂn Wlich is costly. In

reac ant ude net

shore tlirathermqeheméstey, of epatal brqmntch rﬁ%él@nagp %%p%?%%ggtgt 5 \Q}ell -suited
fore@ E&ﬁ@ﬁd iR el%weeﬂlaﬂtrﬂﬁleféﬂbﬂg smal | anounts of C2 and

Helqesgitinpg Sﬁégbﬁf's?? R
depe]a@mg"ih@abtrcﬁﬁthefdeﬁyﬁﬂrploauidn((sm sndraypat eo theefead edin ofity embodlment an
alkaﬂ%p%bglﬂg?q%eé{ L}ikﬁgpe%l%f &9 ngq§tl%af e@ﬁft W] ()gxeiEl electromagnetic
radiativineo lriare tlltfal‘eaqem, (athdheat lhmng*rpméerreglhﬂ&qc:rm@ soglp(pe)leflt in having all
step?--%&qgrgﬁlz!ldo%é ?11 é(ﬁn%zggﬁ% by QR E«ﬁ{eﬁﬁﬁ)ﬁ (d&%ﬁ'ﬂ&f B&lmvya b&Qﬁi at roughly
the panagriteieReratifFe. Cﬁonmetlb@oe ,rt](zgg‘,f{n Q@TS g(gx?llulgtethppc&utiodgasohne MTG)

procesieR e ?&auﬁ’%s MTMQBES teds5ora aeivailizedyhtighcihk azngdeddetpeingortant, if

ot ﬁ‘f”é‘?air Qg o eg} %mvrvllnt%aﬂ?%l{ gg{‘}pﬁla% (paocg% E%ggﬁ]get'd"?ésré}na{m jdeal temperature

ran gleﬁﬁlﬁeﬂe aHGtdpy ecchhran razighlyrthe saresendpetature i : 45@ 18] ﬁh@y to
gﬂ)lﬁquﬁ rlﬁ ltVl L a%uPI? ég‘\ﬁ‘ﬁgﬁtbiag cBRRESI aﬁsterr%&%tures above or

to bromde is
belcms thigNkHEge windleedt gmohge& ylelds are better at lower reaction temperatures and, in

some of the examples below, the reaction of methyl 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 temperature.

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., a

4-



10

15

20

25

30

35

oxygen to water is 1.23 V. A broad range of netal

brom des nmay rel ease brom ne upon treatnent with
wo@ongamMo14At the sane tine, al kane brom nati on BETUS2006/010854

subsequent al kyl brom de coupling and HBr

neutralization are only mldly exotherm c, but

spont aneous enough to go to conpletion. Water

smaliepapéregt tpthcoleamsight ofmsodusd), SHly Hel PEespie Joiers ?‘ighﬁ% coupling.
Proc%%@efof ﬁglﬁcgleﬁrfs%e Wkd1D 6 BliP4ti tRAe sdte B EH M(Dpsm fHak msthaabl to olefin

f th
MTQY, gresgsas g?g g{nl %g n&%&g&lg%tmgﬁﬁ{e?gﬁgég egpgt{v be utilized. For
prodﬂi’tibhrlﬂ a@@ﬂletﬁﬁg&hiolia@uleu\hplehutas arastd 350 psia, satwlscd in meethanol to
gaso]lbrgr @\{r@(ﬁj ceﬁtsé agef eqr{lgstl%fi;) ersnz{ fr?l%t@mn%[t%? nitn low atmospheric

or efficle
(more n@sps/‘aavdy, telan? pojag pathoyn 109iatn@g€elnéld¢b’n of the

%texg% lQé{l(Mrot?ﬁ%ééﬂrﬁs r[ﬁé(d 5;5 LR obdhating! rhé]Bgé’f@M(Sn jdeally is

depen I red product

carmpthptlt ginan hlé(an@b@logqrhraélﬁeofebﬁémﬁ’fhéri@ ané‘naboﬂ‘g% &ﬁ@ P §’n a volume by

volufag! 19?1:5” atAﬁldal%ﬁJ‘hdl@éeﬁCan@é d‘fale@sg QllihnU?zimg(lI?eeamoré ihglvigen), multi-

helogealeg RaRtocHODRs HULEE BuPig WPienLy FagnEepiiBield Gegaion Ge. CON

uponbﬁﬂﬁéqlient Bortasti wigh ahé nsettﬂpm(ygerh ahtelperatanbn, At alkane halogen ratios
0 zation r

hlgh%;cth%l} T@({ | tﬁﬁ ﬁﬂ?‘i?rstlﬁlgtosg Hngggélﬁ{édq‘grd{r&ﬁ%'@o\fﬁ%eﬁﬁg ‘r?]é(f)@ Qerhaps 1%

or less, ednidnit (MASr]ya ndp@ﬁ@tb&mtmlmag;n@ as &CPWGMTEPC%SO%&E}@B gonversion

level% gﬂ)eé@% WherQbn He%é]&e%o@é%t@r e utilized, with

it o 57 e b P TR GF mey v o

marke@eiﬂ%aét%m@rbéﬁdi ISt R, Fdif%lxernplel oﬁé apg choasertoabntrol the degree
I the ane ten%)erat%x

of hr b ij&,&lp aroma, 183()1%1?%1&1 tfleh PIS %@t%n of lower olefins or

He-carried
fuelOUA satontlevtmﬁphtm nesindbiog éomnatlbelo:ﬁ\haghﬂw Balpgangted mﬁh@r@dm order to

redu?eat?}gfgn at%h%'fgﬁgﬁ‘ée better at | ower reaction

ures an I'n some of the exanples bel ow,  the .
r eckéyofeadire eétthg linvsnten de thei vee ol FRRBO@eR iefproactant, which

| l ol bligorh@RE6AL UTIE: afim "metal-
facﬂpﬁg% g%@&? 851%911 ctoﬁpln? G tgr %%ga(ﬁhgﬁo(;? flg% m@fm me

oxygeg;@a@lq}r@acfgl% ib gﬁ effr| t§; 3 ﬁqt@lﬁfeg{:tgat B}abeggg gontalmng both
metaﬂ Qi«ﬁﬁV(ﬁ(rygeﬁ hewrikg nbe ebmrngby aleirg, it us ﬂ’nehrgleell thatt ﬂmeaeatenal catalyzes

1 ONns t a .S al
canf 3 SAry e o elin bR et kSR gene inserin
into aptivficallyt mVau@u@@ elmd p@@ﬂﬁbrﬁl -Cavayds: S:El’@[:ﬁatfl_@iﬁﬁcmnt also acts as a

halogéﬁ ?ﬁ?li@éfs@ v Qi ﬁe§t & n?oihcp éffE’L@ nth@ QeRdibiligy OF dbtalmng a tunable
er aver ge mol“ec wel roduct I
coupingrprpshess SUstEbYtinpe ing lrﬂl’% %lgytm tPrRiO Bisk sasbindy s desired, while

similta@BéusB) Qlfabﬁ%ﬁaﬁrﬁi |réé€ﬁ/bﬁn% %aﬂdgénafenﬁﬂmagsaﬂy @8tet cas2@0byproduct.
psia that nethanol to oLﬁ

O) .pr.ocesses are run
Treaélpenta\ylf %‘H@howgﬁﬂé‘?geﬁ?r@ §l5l? c§1 %A%thm natively be
ut iINdnkiedtind axapipteduof | metabbxygaaotataleraaciages insllwdsulzeglites, doped

zeolgésg 3}81?% 07{1@%‘% g{eg’ %etﬁsé))ﬁdesasfnéfacle&ﬂl@uﬂ%%g@ﬂéﬂ z&Sites, and similar

matgrias tais cudl] aanweuuresmfrmmh gnaieriade NeHBwpAs cxamplepof dopants include
alkaﬁﬁ%1 %Ex’ﬂ}’ﬂfefaYse k¥oh RELRME aR® i gnRfun? kA EhelOSxkiadsBndfor hydroxides.

Zeohtes 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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When nol ecul ar hal ogen is used as the hal ogenating
agent, hal ogenation ideally is carried out at an
wa@bkdanetdnal ogen rati o of between 1:10 and abouPCT/082026/010854
on a volune by volunme basis. At al kane: hal ogen rati os
of less than 1:10 (i.e., nore hal ogen),
mul ti hal ogenat ed hydrocarbons will|l be forned,
expeciedito Ak liypomani Agidity mayrbe esed togpeizalichpin(lengsh andfpnetionality, and

pore iR y%ﬁﬂb‘lea{alr? %gﬁﬁnd"flﬁqetléﬁhﬁtjmk%ht@é%ﬂ Shrticular pore-size may

cat a eact ant ane: hal ogen_r at t ha
seleqwelwpmdm-‘@ henraps: 91 ‘@ﬁe’tRﬁ‘raaxﬂélﬂ% QERaTY nﬁya?t%eaﬁ%nrmxed xylenes,

ethy Y‘béﬂzex‘%ﬂ styBshel BMéar ﬁﬂd’yhbﬁﬁeﬂe%o@ bthees®matio Praduciss Theaise yf pore size
gﬁt{} ﬁl bl'e tagl\g e an econom cal process at such
is nqt SR EALP arpm “€30- 60% conversion are nore likely
| ol bné EmbbdimenAbf drei ingerttioe, 2 atdtal axidefobtyespmpwsie kaprepared by
nnxﬁrﬁpa%%giﬁe Qx4 9 ?&%ﬁgﬁtr{lt‘é?ggt, Qa%ka }ﬁel'b%’tﬁ Iﬁftgpf)%ﬁg such as calcium

product or exa one
nltrant@méledxacedcs@mmsﬁheteﬁé a@é@h@ecabnmnaﬂa@ E‘Wéﬁl{feoﬁ‘? rpha@r@%egen oxides

and fé‘?mﬁ%&ﬁ@tfa%;ﬁﬁ@hh eEl@JtéHﬂiéoﬁfb in the pr oducti on of

ower ins or Tuels. A second I
o o S Sitss e on SIS IR o reatment

with S€6e @xié&:\ f}@ﬁdﬁﬂyla@@ t@lﬁlp&laku‘dﬂ ef frofh R@Y td 860 OCe Tifis tbreverts metal
met al - oxygen cat aI or eact ant ,

hah(:'iﬁ(ﬁpgﬂe? 9 me{aito&ge@gp B%F]S carbon coupling, i.
hy dt @oribbof olaiigiles ringlatlingnfeed hﬂ@ntp@lsllﬁtpnnﬁfﬁdl ](@R%tg@n in the reactor,

temlgeq'% + 5 Ip?%gﬁénﬁnetdlsoﬂ&eporﬁg Sidh, bAd rr@&%r feRid@nce tll’éle may alter the

eactahti nateria ntai Ni ng both net al
produgt, distiibuiipn) Pradictips o dlimpes, pdefing anidt arpafies fr@]’\lile@efthﬁléq has been

detebf38 Lt &frigﬁﬂlne& at &lsy¥ Zé?(%)e@c@d ko |ﬂ|1f53 615111@5“ e @ttﬁiubél @11Mhas and olefins of
gen ha i m

a d
partih b s OB iieg PparRg ] ot e Rk AopBut gl ethers,
halo@ellﬁt&tb lhglﬁrogﬂibens(; adraﬂnaﬂictsambhrdingabmea@t sy@se,acthgl begemne, toluene,
rel ea an Ll n

xyler%% S|n§ellm ar ao§r9 %%ﬁ%e?lﬁ% naqmaigﬁé]caag?dﬂg ng utplﬁfs ﬁfg{ Elr?ecl)% such as gasoline,
dlescﬂi slldjebﬂleﬂon including the ability to produce

gﬂﬁgl@o%th'effeéiﬁ&irﬁﬁd&uomah %oﬁt‘r&”ch;ff&lﬁéltsdhymbﬁﬁ&{“ P#st, hydrogen

e

G et ey Loy o B S o g ) with e

samk hﬁetﬁfibﬁg‘g@ﬁ %ﬁi{fwhd prodciny then@ycﬁdc&iﬂlﬁﬂrﬁ§rcmﬁlct(s) or with a separate
e AR ) 2955 Rty NS b5 AR R
locatish dexay nghifie gthat pebdaeiotistrdsitiomn m@mg efnnqtmnehﬁyal ohaingdength, and

braﬁéﬁlnﬁp For @(%&ﬁ}gé Econ lfll‘ré‘h! ‘f‘lPu ?ﬁﬁt{liﬁ?‘%ﬁ  progut Dt lfﬁ’rﬁa'tlﬁﬂ may be expected to

I"es opan s 1nc
drivetht peestuetaore i) picairls.nwulish Snaiher BMY DOh&Ndersy |f%llé‘é,efafﬁ%ﬂt’8fls such as

coupi¥ SXads aratlgﬁ‘)'SeE@Iﬁi Q\fa@eraa\daitioﬂttb ehd f&mrﬂay/ ﬁﬁftqirydu& distribution.
sour ces 13 Zeol | nt][e Ealtl onal Xﬁ

In pEgiegl. RpOC5B Ryt AN A enBn RIB g e40y affion gf water may

alsod@ﬂlﬁdl Hedree md @/pé\ﬂﬁ @isnchidggnd ohaincClength an@hiod, hyelgopesiaddition may

altef the pquoductO %?str‘itﬁ}uon 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.

It 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, controlled 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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Shifting the properties of the zeolite or zeolite
conponent of a zeolite/netal oxide conposite is also
wezpeaoss t o shift product distribution. Pore BCRESHENE010854
acidity are particularlyexpected to be inportant.
Acidity may be used to control chain Iength and
functionality, and pore size may control chain | eng
multiphel hilogertaiednizidrosarbare db igt: exsh dthafide + dibalpethatse rnéethylzlaaahde methyl

dlhalf@eyﬁfo‘ﬁg?ﬁ%lfd\éeﬂrﬁgﬁrdﬂgﬂﬁg AENZRAEed, ‘ir@bﬁ’eﬁ&ﬁbocﬁ@éﬁdﬂth@ﬁ@enﬁon an

ene

ki pesaigt il o A e e s, An example

wouldrRMebfmeRf AT Snetd fhaliﬁéé(fﬁfm ﬁ&tlfans) Wﬁh IeEhyh hilidei oxiattégher alkyl
to aro‘igratlc rod cts dlmsn

natide oA, AEHRERr "o DU RIS SRRy 6" M TAPE R Pr othen
branéhingri Ximughea exemblet mighit the the spnthbsiniof strene( oy, ethfalnhahde methyl

hahcf%lgrﬁ“d ?l%g{s erret al oxide, such as calciumnitrate)

cies thereof, and then calcining this )
i Rt orecermbpdissbeizafeth inveagemh ‘tiegeiiompighegearisdygtocarbon with a

metaﬂ%k?%eﬁgﬁté}ggebﬁﬁﬁteﬁﬁ@é Bﬁtc@%wal ﬂﬁdlzéﬂ tt%ﬂ Alternatlvely,_ a fixed bed is
| et a
oo ST BL o ot ol R SRR SRy Ly y v

One @Kka@ Ieelﬂ'ﬁﬁds adtttdactidn of areti30halides94 GoneQocaivinsinco nagtor $0 produce

benzFiﬁérgg rvbl'&F ﬁ} ?gngl esar:e 2&2 e %r%hl%c??é% ggrgen%p&c%tﬁgl béfzene Another
exanhpde & the mtiauuttien mfeacthyﬂrhahﬂmemaﬂma@on b @g@gm to pgodyee benzene,
to wR{é‘P Qﬁqfﬁmaé afo?'u aéﬁ?e%%?&dlfcg'%thgﬁr 5@%@%@ time may

e pro iFstribution oduct i gn of__al kanes,
ol Braduet seperatipn i escomplishad b ema setablg msthed JSpwEpitige examples

mchﬁi@dhﬁﬁm&bﬁ JRAorpAbs CarXR@Gtash. | Brodbiey(s) ahdyi by rdcovired dioaethe solid
kanes,_and ol efl ns.. of flgartt uI ar branching (i ncluding

by S%H@gﬁ%‘f}hwan&r SRSy MeAMS ohol s, di ol s,
et Mae Solldmahg)gtemhhmm@bmn@tdsmme iaventieti cs i ncl udi ng
bi%é:ne, styrene, ethyl benzene, toluene, xylenes, and

Examplelar "al kyl benzenes, and hydrocarbons suitable for
f udMatalSOitle/Zeolifa sompnsite MiZdswehs praneredl @s follpas: &owlif gpixture of a

ZSl\PfS-t%ﬁl?%%thlﬁég nﬁ %ﬁV%l@agllﬁpﬂg{ootegd‘? Ig]’ ngm mmoles Si0,) and
|
NGl MR B0 o7 oMY G BEUDTEPo4 G i SFded (o incipient
wetrRk & onﬂgl) cawog diRelugainendirtihg aky ganyoaspivied dng cadmed hgsequence
ro ct ar at
ot L G ARG S b ep TR ™ S 1 mg
Exatople Zhydr ogen hal i de neutral i zation | ocati on may shift
t hm%ﬁ%%%tlﬁ%sﬁt Wh anc | ngd?l%hlb%lﬂﬂlefdﬂ ncic gngtdid ¥ 5 cc/mm The

chai zg or exanp e, concuryrent
resubiingtstiatn LA brasing ﬁ@ld predgne (11 Gbymalaivarapsssd tappsh f sgall diameter

brorf;}%s@%ﬂnfggcrzthg §tf ﬁ(pﬁye ?ﬂﬂo@'h I?En@l}fé%ﬁlﬁﬁe oMU EN, BrRaYx er0, 1Ry, 3) passed
reacti ons such as c

into GoRgEIPRC PR et e, T SRR L PG ChOl4 o 0y The output

streiRiffdm [eosieohd @éastoridontained. nd bropanited praiugtst h&ased on the methane

cons%%%:ldt i'p gﬁ g;on%gétéon rne'gé/toé 494 et%kd%ﬂ@%l%’ 'i)?&)%éﬂ% 3% hﬁopane and 21%

butanes/butenes were detected,; 65% overall. Trace amounts of Cq species were also detected.

After reaction for 5 hours, during which the stream output did not change from the
distribution described above, the methane stream was discontinued and the reactor was
purged with helium at 5 cc/min for 10 minutes. After He purge, a flow of O; (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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al so control degree and type of branching and chain
 ength. Third, hydrogen addition nmay alter the product
waele@bno4out i on. Hydrogen may i ncrease al kanes apCT/li82006/010854
expense of other functionalities, something
particul arly useful for producing fuels. Hydrogen nay
al so reduce coking and help control the chain Ien%
O, gt Wandishontigued andyitie reagterowpeagaip Patgea ath helgm. The caustic trap

usecﬁﬂf e £ LR A ds G Fof D CrandBY) BiRSI&RA Biind réptdRRafing 24% of

thma s. Even sin ydr ocar bo
e SorsPaviaaboi o Fa RS A i i PG TORRE RS S Bing voatte
aror@tiee dinwemy telherdehaylonvenid omesitglonds).ol A ededral ogdabitbranomethanes

con%e?a %ﬁg{jﬁé&esglégedj 5o s}’glr :9 O{H\lltga%cg :?‘?;ﬁ? oniarci? r{ﬁé B}c{au]::?}iﬁfribution was
four@- bubendp. Identcalf e¢elst theks firsiuctrums r awlhegeur anorgascycles  of

wtButSof higher hydrocarbons.
oo AP (L it
Exa oet hane, nethyl halide, methyl dihalide, propyl

halg dgped i€ biyde CBY 1, ddpe@e\duh lbﬁtkpl(l}a and Mg) (5g) was
enbodi rrent of _the i

precgi SRt § FrETH Bt V0 dht CHABARBn B hidfagrrbon synthesis
subswmﬂ].lszts&mlaﬁtrtoethalmiﬂsenwwmbvbandixagmi@ 2i ZBhdé prodo€t output was 30%

th 'd f hz £t
confERE Ll Spk EATVBL oo UL, Ot s
catablrwmnt mgom,ratlon estabrlislwd repr@rluttlbﬂlffy ary but yI (or other)

]Eggiﬁﬁqmiﬁg Anot her exanpl e m ght be the synthesis of

i POV BREREE=0l s (GAQYBAIRUIRI, PaTnE RGP DAk o) e Zeolyst

Q%‘std Bd Qfithkalcage ﬁ@tfo@din@}fﬁt‘h@ addaiire et dtibad in Example 1,toa4:1

Ca: ﬁrauo pdgtgiﬁ%ﬁgfﬁ%@ TG %@t‘%gkesyp shinlsaf i ik S
1.424gloy thehmlatseysgroend, Ioelcmm—dqmd(zedhiat ardfi f ﬂea&mf thesbgttiroméde (4.5
mmhfg ; 0 %a s%?% 86w 1[?3%@ gp A‘?tef §oﬁv@%16rﬂ5fr IH&HfltBrQ&d%f the solid was

des one ocation In reacto roduce

regemem@rté/ trqagmeii ek @t R/scchall et m Qdee? ho‘ﬁﬁo@@cﬁvﬁb’ed Br, was

recovEte The MettSfl BYdmide @éﬁﬂlﬁrg ERoh OFas EFBRNK] dveer bighge of pressures,
halid s at. one | ocati

I ntroduct] on of net
tempEuE R gy e ks ae STg! i SERCAMAAL {3iPe ik Btaide per
run.aldﬁbﬁdcts pAd drtb&hﬂtﬁadt&dhﬁéﬂhyﬂhbﬁhddﬂ@@fééml& oﬁ'ﬂb@nthjmd of the reaction tube

SRR SpESE PR PGPS e TRl soore

ratigruhdéragneotation patrros (EE/ME ismatidoiartyarsefre A%al dfagmﬁtlp h)é
brorﬁ boWboil Jdn%‘ﬁ't (\?16 tt&aﬁﬁlﬁam zef@ bon di oxi de, or

er neans. are nonlimting I es of

t heTa }ﬁﬂemm@ﬁnzeﬁ%wdéocrrbmraﬂuw}%@%m (afso referted to as
"selg&fﬁi’@ deB), reéé@@asoal[ Fdrodre e§15pefdéh{' @ﬁﬁ'ersﬁ)jﬁﬁgﬂ%gﬂ aﬁc%m@ctlon
pe_zeal i rat |
parsnegfs | lanéﬁ < i) el CoY Rl P b fleBon: « =

react&@ \gﬂurﬁe/%ommg Bew Ca. )AMnmoegiradmni dstibutiane arewademcaied
to incipient
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wet ness.

After CaNCB3 dissolution and stirring,

t he

slurry was dried and cal cined in sequence at 115 0C

w@ owenmioght ) and 500 °C (overnight),
Exanpl e 2. Methane at 15 psia was bubbl ed through

air.
brom ne at 1 0C gat
stream of brgninF
passed through al
450 °C (10005h 1
1, 2, 3) pas$ed
oxi de/ zeol it & co
fromthe second
products. Baged
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propane, and{219
overall. Trace a
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stream out puf di .
descri bed abgve,
and the reactor wg
10 minutes. Aftef
into the secfnd [&
regenerate tie net
the partiall g spen
and CO2 wer exobsgy
stream contents [ch
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A ZSM 5-type zeolite (Zeolyst CBV 28014, having a
280:1 Si: A ratio) from Zeol yst Corp. was doped with

wa@ alositeaccordi ng to the procedure descri bed PET/US2006/010854
Exanple 1, to a 4:1 Ca:Si ratio. A glass reaction tube
(6 in. length; 4mminner dianeter) was charged with
1.427g of the coarsely ground, calciumdoped zeolite,

andsaest indEableot, apwlliwlinc-grgnmgtal-(aps! zeabiio)fagiditatestibe eenversion of

a br&ﬁmﬁie@‘%ﬂl&aﬂ& @Cﬂgl?r) ﬁﬂi@ﬁ nufbbE6f &ﬁ@ﬁéﬁf ﬁydi’éba‘i’fgorﬁeltneﬂl&ng linear and
br o olid was regener gf tretrren

bran@%d( aik%%rﬁlefambm aralela%czeomyo Sgrﬂﬁoél{FSﬂf\Pé&
bypBausvas HBrGRevebledtion haOaklyyis dﬁlpﬁi’ﬂudts sb@\u&i high coRwediomsof

over_a r.an eof t erat ur.es,
mett{ e G CPE toaRt Epmfbrdi G R P ook FER R g
convestidnysl oconmimg ciehigh rtempmatufasb aud pE meagusemyentsrahewed eomplete
neutFﬁ‘Fx%QtY %{werf&emga( &tﬁgré%fioﬁ’ppos' te end of the reaction

eana one or nore of GC, GC/ M5,
andn spvRralghe p@r@eruﬁgﬁ @ft%kfm haghies by diearbans Rreduged for a given run

exceéaamr%t@w tﬁ@pé}@éﬂt cs%ﬁ Mﬁgﬂeﬁ hﬁﬁb&mséﬁs%frbdhcﬁé 8kebeded 50%.

a di agnostic rbon conte
D e} TP RC IR e (Caien S abenzete (o)
mesityietesaad lemylrpethyllbemzede §C€9)j dndthigies hiddosarbors @ry.,8¢hof. dnaeme runs,

o s ShERH! Yl zorSploas B eosed as a per cent age).
conver and reaction paraneters,
T Aithouglunat bpgmlabyétheprve)he wimnecatrboms)uphm appearsdo proceed in two
stagéhc Gttt ROwh& i§ BSsepRdatitPRe f&rnTatlBﬁé"Sf l%rdré!&!rl’)ﬁﬁ@/ffo% ARIHAg01

ow rate. Aromatic product distributions are

Counbwae 1% & §ir s Fapigostagp; olsties appeardip ferm, coupls oand) then oragls: This appears
to bé¥d@Bived By Alsidvekr, R¥eid @@ge%gﬂﬁﬂlgéﬂfn&ic freasdts O paraffins after longer

ters and uct s Conv. %T OC P, bar t ,
expSite e e s Eg@ﬂ%@?’é&“@ Giod 652255 60 0.4
0. & Has Be@llotBed8d hat dresiBy peparediZoBd bat8lodea2tabt @fks 26OgiSe the

"stediy e gy duufin Dot fucle Cyfredoste for 3 utbr or
additigmpl sydes) @f gogplmefhreming sgquestesingSfollowedgby salgl gogygenatien and
bron%n@ feldrB. FThdds,Ofidst Qar? 6@6&1102 arsﬂj?b%lioﬁs?&? éilégﬂi‘{aé @ro%? the®@iéributions
Seenzlsm_ﬁ fi%)‘/ciﬁtﬁlogoégﬁa@%%ﬁciané 2 4.4 16.2 18.2 16. 1 13' 8
Exa@ﬁle516—1825091625121197300560508

116 ffighsypate f e ny diochpen® g e feg eSS it (o Pritreactor,

first @ropylene (4.5 mmol), and then a mixture of CH3Br 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 CH;Br (4.5
mmol) alone. The results are presented in Table 2. Aromatic product distributions are

underscored.
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13 100 350 3 16 1.0 2.0 11.9 25.2 19.1 13. 8 9.4 6.9
2.6 0.01.6 4.52.10.9 14 100 350 3 50 1.1 2.2 15.5

wWQ@2004/104916 9 .1 5.4 3.2 0.8 0.0 4.6 10.8 4.9 3rdr/2S200&5010854

100 350 3 100 1.2 1.9 16.7 19.8 10.5 7 .8 3.6 2.3 0.9
0.0 8.4 17.7 9.2 1.1 30As seen in Table 1, an

al kal i ne-earth netal - doped zeolite

OCAL: @ﬂ i

ol efins,

conversi on of a brom nat
nunber of different hydre
branched al kanes,
Wat er was al so produced,
neutralization.
conversi ons of nethyl brfo
occurring at lowte

occurring at high tenper
showed conpl ete ne:utaall
reaction. In genefpa

and the percentage; o
produced exceeded® 50§

i ncl ude tol uene (%7),u xyPrnes and e
nmesi tyl enes and ethyvneth | benzene

hydr ocar bons (e. ng. <€10).
of benzene was detZcfed.
t he carbon-carbon
stages, simlar tovfat

formati ons of hydrocar bg asz. ram get

a first, rapid stége e, ol

GC anal y@ ﬁf

r

|5 tk@ipercentag
hydr ocar bons produceglfqr a given r

oﬁplino appears

acilitated the
Br) into a
cluding linear and
ti c conpounds.
hyproduct of HBr

Dpd cts showed high
de (wth{ | ower conversions
es, and hi gher conversions

and aro

&) mand pH nmeasurenents
3 .3 CAE Br formed in the

of C and hi gher
n exceeded 70%
hydr ocar bons
ti c conpounds
hyl benzene (C8),
C9), and hi gher
ns, a small anount
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first propylene (4.5 mol), and then a m xture of
CH3Br and propylene (3:1 v/v or 3.3 mmol : | .|l mmol)
wowoe/ 10914 i zed as a feed in a glass reaction tRGEUS2006/010854
configured as described in Exanpl es 4-15. The product
di stribution was conpared to that obtained using CH Br
(4.5 mmol ) alone. The results are presented in Table
2. Tablerdshews thod dleg legs slesirablet (fonms tng gtandpoint of gasoline production)

llghﬂJBl@ﬁﬁsc'?rQa e&. 1%%9@3(? 48 ARe %}:de@i*élal% r- 1nr§7gfd'f9ﬁ(?r§ int§ hédvier products.

eact 1 on ucts for ene Br;
The 6@@@@%@@ regct ihﬁnl%ﬂtg@népg Brpr%pyé@f@ ﬁeg( ilg}llaé\;g:iﬁat for MeBr and
MeBs#pr &d: ﬂSM’J& bdshs) BKows Bantecynk, of 1ighPolehifg wil 1rﬁIﬁOVQhe overall
1d.of & g C3C Cr Cc8BCOCol6n a. 3253 16
yielgof Sapolgfe bigagfls. S 72 35 T 0 18 113, 86 . 9 6.
3 ZThe ibvéntiondhad beeb d@scribgd Wy refdredce k00aBOB Satbpldd and2preferred

embgdimeatsg but % r%>§ lingt%g lche%itoo (bl‘i‘lgl‘ 1?831{%§técgls%8§%§bsicﬁ%tz%xs cglg be made
with@uf dgngtiﬁ@ fpegn “thy sl:giae of 1thé inventipp. = Fgr g¢xampleg the pligomerization
process%§ d3RFiBBd BerdinS4e WholilRhddd¥® dRes Qsﬁsﬁalc%%ﬁldnf SOl Bedstocks

. Sta oi nt of aoll roduc on ht ol efi ns,
using ea H’é@ﬁpe%F Al o(ettive FHRsb 7 sleﬂpte M e qggﬁ%n plgecnatigh R Of acetylenes
(alkymis uhﬁg\hydfogﬁﬁ dalidé ®r IchbleCIﬂﬁCIﬁalcbgbat htlla)germtlodttfft alcohols or ethers

usmgoh?ytd haﬁge f,01 c? c%ﬁz?rq%/ or%ﬁ gric? Eﬂo n[a)lgérxlll So? all a%e§ H?ih% molecular

haloggcymi ] mgtalyfst thag h@ntmls’efhed@lwgemtmnnp‘ipwzﬁcang tbv gatalylst may control
one éfe E(%:tlr:fl gthgqgg era]g)r glg&ﬂig)g%\}% : fl;‘% ljisf 'ﬂé@g&ﬂso&r %ﬁﬁeéﬁ?&@ nd the position
?’éﬁ*&o@d(edrti%mﬁ%‘ntf% inisgal {halagsnatianniar et kt%e?léat% alkane). Other

mod@dhﬁbn{fﬁﬂ fHeCIﬁideOziTsSwéilm d Thb Bgddntibh iPRmite@dnBEbyBkCappended claims

d gFEartlng fromthe scope of the invention. For
an 893‘5“"3 %ol i gomeri zati on processes descri bed

herein are also intended to enconpass hal ogenati on of
ol efin feedstocks using a hydrogen halide (e.g., HBr)
or nol ecul ar hal ogen; hal ogenati on of acetyl enes

(al kynes) using hydrogen halide or nol ecul ar hal ogen;
hal ogenati on of al cohols or ethers using hydrogen
hal i de or nol ecul ar hal ogen; and hal ogenati on of

al kanes using nol ecul ar hal ogen and a catal yst that
controls the hal ogenation. Specifically, the catalyst
may control one or both of the degree of hal ogenati on
(nunber of hal ogens per nol ecule) and the position
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of hal ogenation (e.g. termnal vs. interna
hal ogenation for a |long chain al kane). O her
wo@sflo4at i ons may be made as wel |l . The i nvent POITUBR06/010854

limted only by the appended clains and equi val ents
thereof . WHAT IS CLAIMED I'S: 1. A nethod of making a
plurality of hydrocarbons, conprising: allow ng nethyl

WHAFdﬁiCHeﬁﬁ\ﬁEEdﬁt act a zeolite doped with an
al kaline-earth netal, at a tenperature and pressure
sufficient to yield a plyrality of hydrqcarbons. 2. A

L hefrioshas of akied Awab b drociars FHmPHENE
al kiadwing neak libromidelto tentas laeebléd dbpahwithan glkalife-earth metal, at a

emlpiegnd B SERIT R TR SRRt i

the zeolite has an Al :Si ratio of fromabout 80:1 to

28Q | |eh1fed1 Ak Badky AT Edled: th
2. 208 hetnd avo R RCLIAM { AR bR Bary nf S iffrom the
grougsopsigtingend crigivem.anganesiugy, ardkmpkteea theegssfi t e has an

Al:S ratio of about 280: 1 6. A nethod as recited in

clgiml, wherein the zeolite doped w.th an. . .
5 C) B iad BT R vt AT RCACPHIE Nas P Fl:Si reto of from abou
80:1rretad:1silicon ratio of about 4:1. 7. A nmethod as
recited in claiml1, wherein the plurality of
hydr ocar bons i ncludes at |east one aromatic
4. hydvoethedenrecBed it dlenhbdvhesein érsi zeeliteihas en Alvhi yatio of about 80:1
wherein the at | east one aromati c hydrocarbon
5. gr GUBCBERE gqcié@fngqlé’iggh%%g&ﬁ %b%ghéeﬁag ;ﬁ Zxﬂﬁsfl 0 8 out 280:1
et hyl benzene, nesityl ene, and ethyl net hyl benzene. 9. A
method.as recited in claim1, wherejn th urality of
6.y ch DELPR AN Ee O BET Lo e el one ufh i dlifhe Zarth metal
has drfalkAineehttb dhesed:sileon & ofrabolied:in 1, wherein the
plurality of hydrocarbons includes at |east one
olefin. 11. A nethod as recited in claim1, wherein
7.t hé peibpdps regited ingleippbarhsssis thealatibsoldiydrecathong fcludes at least
one MokARE hydlock®ast one olefin, and at |east one aromatic
hydrocar bon. 12. A nmethod as recited in claiml,
wherein the plurality of hydrocarbons conprises a
8. Qgagoinktthed gs adetedrinkdlbine7 0fhaisid tiacalaneneladomatieTeydrochrben

recit i.n.clkai,m2l, further:.co I Si -l .ow
compes® Rtk A9k Eooh SAFLFRTRE bRbBLo R il tefibhe dinene
xylene @lihylleendenpe thevitylbnea and o silmatieylbenzeke. ret al t o f or m one

or nore C4 or higher hydrocarbons. 14. A nethod as

recited in claiml1, wherein the methyl bromde is.
9. f oABgtheg apresHp H Glaign 1, wherein the plurality of hydrocarbons includes at least

one branched alkane.

10. 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 1, wherein the plurality of hydrocarbons comprises a
gasoline grade mixture of hydrocarbons.
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nmet hane. 15. A nmethod as recited in claim14, wherein
Br is used to brom nate nethane. 16. A nethod of
woraengoad pl ural ity of hydrocarbons, conpri si NBCT/US2006/010854
all owi ng nethyl brom de to contact a zeolite doped
with an al kaline-earth netal, at a tenperature and
pressure sufficient to yield a plurality of
13. hy dx method amsecitad inl daise 1 Fosherfcomprisingatlowde avy G ighér

hydR¥ahesahRons for;r?ed t&c&ﬁﬁ&%‘&e@lﬁta %ﬁéd"%tﬂ al |aH<raﬁhé Eé(tﬂpfnetal to form

hydr ocar bons, ng: | ow hg net hyl brom de
One%ﬁ‘@&’c@‘éﬂﬂé]%ﬂrlhﬁ’émﬁ éﬂsvvl t h an al kal i ne-earth net aI
at a terrperature and pressure sufficient to yield a

14. p ogas Fec%g a.r b ,n\ghercfg tfllgir%ﬁé]tyh% O{i %&%ﬁgﬁ%’ebronﬂnaﬁng

metl}udnﬁr aI | ty of hydr ocar bons, conprising: allow ng nethyl
brom de to contact a zeolite doped with an
al kaline-earth netal, at a tenperature and pressure
15. suf’s meihedes resitod i daim ., m@mﬁrms uggdiioduambuismetane.
Ieast 50% of V\,hl ch are C or hi gher hydr ocar bons, and

| east ,70% which_are her hydrocar bons.
16. §o A R RbE grﬂelz}}nfa@av ?frhyérog@m% CORREFERN t he
t emiewaigunahylsaraﬁlﬁle t6 comta&SzeOlite daped tvivh anraH&S;MEeaﬂtls miktal, at a

temeaie NG préfune et o SR SaEE oy tamBob.as ST §08 of
whichedre iCgor higher lydio@ah@®ss. r at [ o

17. A method of making a plurality of hydrocarbons, comprising:

allowing methyl bromide to contact a zeolite doped with an alkaline-earth metal, at a
temperature and pressure sufficient to yield a plurality of hydrocarbons, at least 70% of
which are Cs or higher hydrocarbons.

18. A method of making a plurality of hydrocarbons, comprising:

allowing methyl bromide to contact a zeolite doped with an alkaline-earth metal, at a
temperature and pressure sufficient to yield a plurality of hydrocarbons, at least 50% of
which are Cs or higher hydrocarbons, and at least 70% of which are Cs or higher
hydrocarbons.

19. A method as recited in claim 18, wherein the temperature is 225 °C to 350 °C, and
the pressure is 1 to 5 bar.

20. A method as recited in claim 18, wherein the doped zeolite is a ZSM-5-type zeolite
doped with calcium to a 4:1 Ca:Si ratio.

-14-



