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CONTI NUOUS PROCESS FOR CONVERTI NG NATURAL GAS TO
LI QUI D HYDROCARBONS FI ELD OF THE | NVENTI ON [ 0001] This
w0 pved49eh generally relates to carbon-carbon BOLPSi00g003091
and, nore particularly, to nethods for converting
hydr ocar bon feedstocks into useful products.
BACKGROUND OF THE | NVENTI ON [ 0002] Sci entists have
| ong sought efficient ways to convert nethane and
ot her 10 hydrocarbons into | onger chain hydrocarbons,
ol efins, aromatic hydrocarbons, and ot her products. CH
bond act i CONTENHOUSBROCESSTHOBCONVERIENG r esear ch

for decadegruAl GAXSOTHRIUID HYDROCARBONS!

processes could create value in a nunber of ways,
including facilitating the utilization of renotely
FIELD DFCBHEANVENDHANbon f eedst ocks (such as stranded

[0001)] natfﬁlégr}vtggg% Eme%igj}"re‘fﬁgé’ & ShrOSh-tdbon %ﬁlﬁm@%w dhore p%rtlcularly,

e-an s.an dstock
to methagl r,cABYTHRS BEGosTPPRAS SIS BT Seciot BERET e g
nmet hane and ot her |ight hydrocarbons) for end products

d b 0003] U. S.
BACKGRPANGRHE THE VBT hogs ‘of conver g sl kane 2
[0002] o HigientistdeyRdeng squelt siicigy avays é%?%veﬂeg?@??%%‘}ﬁs gireh
hydrocdtBbhito WwAgegtagthpitotarbeid, otefihaf aroimatic hydscartoas.cmd, other
product% %tl-ggbécfjact{vaagﬁl ﬁﬁ% P dﬁlﬁ%ﬂﬁeﬂ\é trg%égfcthaf'or RESHed Swith mixed

Zzone 10 provi brom ne; ne re

results. Mok ¢fisieat RENFE5IoR O Setth NEIUE ohe PHFOPGD A%yt GHIES
famhtalbxﬁ@fﬂedﬁxlﬁﬁ)tﬁbmyﬂﬂ’eﬁgﬁﬂybﬁmdjbydraMbsbrhfeedttbylts qucimisjstranded

natural ngs%ct ugﬂl gﬁn%‘?‘&%h d%l rﬂgﬁel er?is1tl§] ?raﬁnﬂ; ([}gbl%%ﬁ u@ﬁfufl ?lf A

fecdstogless a5 EIPSUGIThE Hee PEUSKRATSI fFeHRcks (¢ Bo meiRRRe AP HGer light
hydrocif®bad) foxéktEplddadts bbiefivhfle fbomtiigher Apdrotarbonnivert t he
metal broni de back to the netal oxide. The 1- reactor

[0003] i s g;és %?8153% 19&8§e@txﬁ&h65‘s & %ﬂti‘ﬁ pdgies tPORE} cdinSounds using

a "zonq SActpy BTSN 0331% liga %%%?ég'aéeﬂ hgysleL ng e S, and third
zones. [@ityigdf reavndwith medtslrtabinyde g éinst zose tcgpmvrchrt&ommet, fpromine
reacts \bfﬁn e lQéneﬁ}ﬂH@Lécgﬁd 9@1%9{&’ olkm aTlESq bgll)&ﬁfe%h'ﬁsﬁﬁr enttbAfide; and

her  patents,
the alkg krRimads 192633 veﬂwztaé pxidegn Gl!ﬁthgé?‘mﬁ toy b corffgponding product.

In one émEB&m%@,,thd floo] cfasédthrowt thé rmtdills i‘earlarsdé t@ admteyisths metal
oxide lﬁl%{( 10 0% Iegat‘clﬂblrc\)lxﬁldﬁaanﬁqg Q@ﬁ%&{‘th%fmék OlBtthé/ fhetal ox1de The

as severa advant ages,
feactorllﬁéﬁ%ﬁl?ib’ enraated i cvelgmeeper hal ogenat ed products
and an unacceptabl e quantity. of deep oxidation
[0004] pr oﬂnSt@Mm&mﬂcMs) an $x1085je MaogenatiubpioshesdfoUp®ducing alkyl

halidesolg%x?}% 200?(}&8%3\??&6:%%@55 0 ?é&? ﬁ@mg%;rare earth halide or

cui |

oxyhalilesafale- B mtﬁ@asage P gl gfoRsp iy Bo Figoned. Other
patents) 86etDassU 8. Baﬂé§lﬁo3l6l5@3|6& Hhydae 60@rdndnb79ﬁ48&d&d¢sa§h@use of
metal ﬂlﬁ’lg%a tIRF %gddgﬁgc hhl%%lsﬁ’aﬁoﬂ%f@iﬁané@ a0LkiAtvd th Q&mon

anes roduce bro nd_h
howevgg, jhgs several dlsadvarﬁages inclu mg the proc[i?xctlon 0? perha ogenateg products and

an unacceptable quantity of deep oxidation products (CO and CO»).

[0005] Three published U.S. patent applications, Pub. Nos. 2005/0234276,
2005/0234277, and 2006/0100469 (each to Waycuilis), describe bromine-based processes for
converting gaseous alkanes to liquid hydrocarbons. Several basic steps are described,
including (1) reacting bromine with alkanes to produce alkyl bromides and hydrobromic acid
(bromination), (2) reacting the alkyl bromide and hydrobromic acid product with a crystalline
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(brom nation), (2) reacting the al kyl brom de and
hydr obrom ¢ acid product with a

W@ reo3nedobs neal um no-silicate catal yst to formpCDO82007/003091
nol ecul ar wei ght hydrocarbons and hydrobronm c acid
(coupling), (3) neutralizing the hydrobrom c acid by
reaction with an aqueous solution of partially
oxi di zed netal brom de salts (as netal
oxi des/ oxybrom des/ bromi des) to produce a netal
brom de salt and water in an aqueous sol ution, or

aluming-siticate satadyist thformhighstsmaeliceular weisht hrdrapad Wdahbﬁé’é?‘é‘lomw
acid (col%ﬁﬁg)d @ﬁ%u%ﬁﬁfhg tl@d’lﬂyc(rébrohﬁg QEAL feagidw with ae alyeous solution of

pmt1a11)§/?)é1(|agegf%$}?hl)eroglﬁ$ a"i‘tls gsr Oquzag gxfcd%%/%)x%gﬁu?éM§Hn&é§) to produce a
metal brbmaidb salt end fvatdrdn pn g@@ewe solutien ety wartian ¢fdhe hydrobromic acid

with airGRRY ﬁ"rﬁétgﬂﬁonﬁéf@éattal?ﬁa gl& n@f%ntgmioﬂaﬁﬁ:lﬂyt feAion of the metal
ent for, less than 100%

bromldgéegl oxgggq B’r% pmine %}}d a ?])g 1ze sgﬁ) ni‘gteﬁﬁﬁ%awbacks of the
processh$ giwb-rdedeanetbanfr eanyersiony; short mwmﬁatamé fheyesulting potential for

less thaﬁ'mbmlﬁéB@n@?ﬁo@tvhﬂefﬁpbvﬁibwﬁhﬁ&ﬁcﬁﬁoﬁétkﬂﬁﬁﬁropahe cind higher

d
aancepfgshitiadi e EOTRFRET SHR St Hink hiS bRREPol AT EaRa atkanc,
which widhlilesly ifoms cokehander the msplwgaﬁmt@ntqqedlhhpm semmsEively low alkyl

bromid€ 'E:Qﬁj\%}&loﬁﬁ R 1B FepdtaRAHE ﬁ?‘@mbé{t@bﬁ pedduet Sedath Fofre@Naqueous

hydroh?lécg%clﬁtg ?&Sgﬁﬁa@f ‘ﬁé@%é%t%;p&g? ? ggln %%g{iu t‘hh “?-egeneration of the
catalysti@| regpene bolvganepnigindegk eoke. fnadditionothe nrejeossd Ug@,tg%of this

bromlnE-%BhiaMngfstréiih $s BStARLSEoRRAN R hAd Bivifdnhetaliysud@téptable.
econoni cal Iy and environnmental |y unacceptabl e. [0006]

[0006] h eflfg\a wclgihs pQPc?et%g gl%f) %&)ﬁ g%qglﬂje% X?érgﬂéﬂ Etet%latlvelty low

ope TvVe
temperafuggs tp ipreyent gsné“@am\ﬁelfytw@y ﬁ%mﬁ%ﬁ}?@e The hIkPWéWﬂF wepld be
incompi&¥ |c6n@&s1'oﬁ‘2@ﬁ'ﬂ&y¢bﬁnﬁ1@8 ‘éﬁécﬁé@éhcpf)eéﬂukeyfhehfe@mli& process relies on

se the
stream gglﬂtilgﬁﬁg 5?(%0\/?5 }‘)]Ta S rae%o(%l&bd%ra% gl%gklﬁroqgﬁgé%\ée? h ggﬁ %romldes
would Hkelyneavsfthe nmns;se\mﬂ@ daemmgluctm Shisderresmnts &n waeewable loss of
bromineRAY 8nddA® cREPHRES/ BidrRideNend4 Bsilucéd carbbih Sfftoddaicgsent s
an unacceptabl e I'oss of bronine (as unconverted nethyl

[0007] br o IT]hg %)3 tg%“jzaaoﬁ ﬁg Egcggbg&éx%%guglgé tf% 5}{:‘)(11th[agoaﬁ\7ﬂzou§rh%lut1on of

eutraltz reactio ﬁ%? g
partlalla(qnfe@@@d gwfalbremidsralinand sHbsgauset traglaen abthgmesplorgude salts
formed®with x§8¢h BlyiskdGIeming #ricin exidiatd sdle andisaloskd byiVdeycuilis, also

has a nﬁ%bg? oI’ gfs%\%gteg gf%tg agb%ﬁ S{R% ﬁ?ééﬁ?w?{i‘ @‘oxﬁ{‘ carbonates in the
slurry, g wilbnothaisgeanieblge Secqds §te maﬁyl%FWf ‘isg’émted due to

pressuliSRBEesWith herimolatblerdbes approkineately R00YC, Wiusqirewenlting
complc%le rectovalrygcgﬁ'ﬂi?%ffepll e[‘hlrge &Rﬂ&h tﬂg u@%ﬂéﬁﬁ& B&Wﬁlé{ay bRides (e.g.,

ressuf e

oxidesiofvb I M EeaSauee. aﬂ@ﬂr@ﬁ@l wélt%qnyrl%@ teolqch{fs bromine formation
during ﬂh@ﬁ@ﬁf&lﬁ@tl@l@ﬁﬁhﬁ&&bmﬁﬁeu&ﬂylrﬁbrdpadtegmi cofiérsin due to the use of a

solid br us%ﬂ V\tn@ 1n§ r%{]ultr 1?_1dao§§ %%?E%%tqo&%ﬁ o?ﬁﬂed??m(tﬁc System (in the

water mhfﬁ@)r “Trgvidedl anieispess of air AOHERehe BraradP oAl &HS#‘?FQYCPH@“Y be
converf&@Lortht bz el fofin Odtopghifls aly Afftter &kt ¢f HBrdnmp whier Hiscard.
conversion due to the use of a solid bromde salt w |

[0008]I n W{épﬁﬁ%él&zﬁte% ﬁro?n ﬁllo%lhg 'W@g§ulil QCBEeschQ 1% édrﬁl@hsatlon and

roovi d an .ex C es
Phase SEPRrAIIeS (g PECAUCE READH LGP Bt ws’f{P{?gPW 3! Other

meansd‘Gﬂs@Eafa‘tﬂlgtv(aatéh&oMIdmﬁd) such st wsiny aginartygak to sthl@rth¢ brxnine from
the wa?érr Jnr]usIuEf %@{}ﬁ dﬁacsg J&Qﬁ% alk8 b%@nﬁ’ﬁfcﬁ%@ed/\@} 8thers;

ron1 |sc oses the use
condensati on and

2.



10

15

20

25

30

35

phase separation to produce sem -dry liquid bromne
and a water/brom ne m xture. O her neans for
WG e@anaoPhg water from brom ne, such as usi ng BCT/UREOT/003091

gas to strip the bromine fromthe water phase or using

adsor pti on- based nmet hods have al so been proposed by

ot hers; 1 however, such nethods are mnimally effective

and result in a significant overall |oss of hal ogen.

[0009] The prior art oxychlorination process first

renoves the water fromHC (a costly step)._and the
howeveresueh angthedsfae npinimalbygifective aad KayHAR 2rseBRiieant @B?IPU loss of
halogedXychl orination processes rely on the separation of

HC fromthe unreacted al kanes and hi gher hydrocarbon

10009] P! Oﬁi@{)ﬁop H&%ﬁ % ﬂ}étﬁ o Pidns WRRS MR HCI (a costly

I‘OUS fromt

aque
step) awa% Eocis the T \al.th pxggenpgd h yr&&?caﬁvoz% iy Ghochlosipation
processet €19 o8 thé sepapgiimad FSCT ﬁbmtth@umbaclbd)hllmnesoafmd-l@ghq:nhydrocarbon

produc%ﬁﬁf Efer %ﬂ%ﬁ&; 208 s @lp%aﬁ%g r&bvedy Of éﬁl HfHu% q{@lyfrom the

ient dir,

aqueous h@dwbmcmd M S P o228, Plstiedes<s arPfB??éa &E‘? i’ﬂg}’a¥ atus for the
absorp@eiEOHE ] by diare hiterd theaehtbfabsbrpion dndissipatad byroofacang the HCI

gas wﬂh%ﬁ:tlerﬁfﬁ d15 P 6? @Byﬁﬁé Qﬁ%orﬁgﬂgﬁég%ﬁar HGl L}n‘oBeéQ’EfBleﬁroklﬁcmg aqueous

hydrocBloprp gty ithBaeen SNl ab Aol 3 ﬁ'éW&/o%Rﬁ@Wﬂ%Sasms HClin
water 1@6&#%@6&1&1 H@. ij&&skbyl 488, $%C 1T Be Pa. Md. Bl 7401890 temihagya process for

' | 1t. Pat.
e sl o Pl AR b pacnt . . v
No. 4,336,309<teahes agpethed e Rrg@g%gas\ﬁplgq\H% frogpdiute aqueous HCI using
an amin@tcpetiefWHficarDinertsedtsreirimisE B eHlvéitt hough researchers
have made sonme progress in the search for nore

[0010]ef f 'A"Hﬁ%ﬂgh (He ﬂgrs%‘iré ﬁﬁgb 95‘1’(19 W fiRE sl R IR efficient

as an rocar ks, 1 nto
CH bongagtt-asing p@fwysﬁ%wefﬁgmamré Pian i bt TR fgedstocks
into fuele @dd ottier prediuets, ﬁwmejsamaenm onineaddus need ibeg ccanmunos e

econo,ﬁfcsigw&%ﬁe %g‘fﬁ?ié Y OF THE | NVENTI ON [ 0011]

e aspec e |n ention, a continuous process
natural gas, and ot her

UND%§%PF§EF§%%Iﬂ@@ﬂﬁ%ﬂ@ﬁs into one or nore higher
[0011]hy dilwone bspest of thelimfeantion,; &ccmtmvpt!l%nrocﬁw foneorsiening methane,
natural as;%gi 6tﬁ¥1eg§e%rgt9?rb&li‘ ?eeﬁEt@@l@sSi%td &géngi?ﬂ&é ﬁlgh&tlﬁﬁﬁodéfbc&ﬁ or
olefing o PyANTh oS OB ot S e PrRSeSs BERECt e siops of
alkanerpingeahiice s'retm;aporapeatfoam" wEdolybhiogemated gampeunds@ @icrease the
amoun@ gy H{dneﬁlh&fs tﬁétkal‘é f&ﬁ{eﬁdﬁﬁcﬁ%&aﬁﬁﬁ K@f@ bbﬂphr@) ef hlk?) halides (and

optiont EAs) £ R GOttt TR SOV e b o

hydrogein Hadidogamtinanus mgpearatioroof Imh@gmemgrp}raﬁonmﬂeemvmy of

molectﬂl@i‘ﬁgsger{ EBM Wategr . 30 [0012] The invention exploits
th I Scovery that, follomﬁng consunption of

[001 2]; Zﬁ.@nhg:‘éﬁ-‘y—\%&p&%ﬁ tP% E]ﬁs{;g‘?elr)? E%alt’% %lne%cecpl gﬁpﬁgn of substantially

all of thy snadecnlsdradogen in an alkane halogenatlon reactor polyhalogenated hydrocarbons
that are formed can be reacted with unhalogenated alkanes to improve the overall yield of

monohalides, which react in later process steps more efficiently -- and form more desirable
products -- than polyhalogenated species. After the initial alkane halogenation reaction,
which consumes substantially all of the molecular halogen, additional halogenation is
accomplished by transfer of halogen from polyhalogenated alkanes to unhalogenated alkanes,
thereby reducing carbon loss and coke formation. For example, dibromomethane can be
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that are formed can be reacted w th unhal ogenat ed
al kanes to inprove the overall yield of nonohalides,

wabdocioenct in |ater process steps nore effi cPENUB3007003091
and form nore desirable products ~ than

pol yhal ogenat ed species. After the initial alkane

hal ogenati on reaction, which consunes substantially

all of the nol ecul ar hal ogen, additional hal ogenation

is acconplished by transfer of hal ogen from

pol yhal ogenat ed al kanes to unhal ogenat ed al kanes,
repropdrtienastsy withduethang todoomethgdramifes ard ditsemamethane cap be
repropcﬁ'ﬁt@t'mécﬁwitﬁ@fﬂ{m«a@x@ g@ ﬁfi‘_ng&ﬂlyflﬁbﬁﬁ@@ﬁﬁd éﬂ’lgleﬁd aid/ohpropyl

.,met hane to form ne ro ~.and . g n

bromidggh SRpalstiey (e Rt PR hnfeoy ¥ bef A TRk Aflonf
embodiptemys, nixmohinlide emithmdny plso @rmamwap?@pyformaaﬁm dlloyyrgl by
reactimg Wo‘?ﬁﬁalog@n%ﬁ@%&rﬁ@.t TPyl BYodifRAtsy reprépdréionation is facilitated

I eved that, in some enbodi nents,  nonohal i de
Stchnent al so proceeds via olefin formation fol |l owed

by reaction with polyhal ogenated al kanes. In some
[0013] anthe eiention PeyiesoY BRI O GRIGUS STRRPFS6h SUPER cments, and

advant&g%_%,aihb'ﬁlﬁint;é &Bﬂdﬂort'fd&ﬁiti!oﬁ‘éﬁpbiyhli?Hszécdea'ya)f hiatdpen reitased during

uni qu uppr Qegesses, | [

oo PR AL v TR A 0

reaction fof hudregem halidecanseoryean iongr Eratmyst@Howing Be oyrrlipipepss to

operatfécfdtinﬁﬁﬁl%l%)’;‘ dAd ss¢ epefefudlyiselRciell antiloeerokidn rhatkdgleno address the

. rougn. e.react, I : ;

1nhererg{}recfo S{:vgtnaalu)l/rg to(f%%e?ﬁzg%%nw;%ﬁg %g&\}g%al‘ngg?%égglg?f%!%% to be pr:alctlced

commezpielx); @nd ype PHaRISPEIte, rﬁg@ble satabptsclgy kmgrtegm dhgfagep ggneration.

The bréMidatien rréé?:‘@érf&hnr&t(?fe'ttaﬁlé& adigbaAaiddNngand bhe 4 whdrtemipksature range.
corrosive nature of. ogen- . "

Carbor( g’lof‘bc%i aﬁlg v{/%gr are easil S&)?egg%é, %(r%g% F'Igéee &59@&8(?12 Ilrgﬂlr)llt;es Carbon

byaca

I process cea comme ¢ :

loss dusrtd cokefasmatipp iominisized hyedesign by preferpniiglly reagting monohalides
over a tORSlireRataI Eﬁ&?ﬁs 8 Q&ﬁg@bg _Qﬂlhgr re_a&'th'ii& ﬂéﬁmoﬂglgérmmaeri_ab Complete

react Qr ¢ e operated.adi ti 2w de
recoverERERHSETH B PaITga: ~a rbaRPaa s e G R BhaBa TP

tolerated, as are trace_ hydrocarbon inpurities. Carbon
[0014]] os Thesrdisepvesies intaeraied it s OVsTAIl Froseas e thedagl 1gythe
inventidnengloffek hahleyadvaned fon lgt_ldmdpplﬁahtﬁcdﬁsis aecortveeshorpbi magural gas to

. ..catal.yst ..suc e : . . . di i

i RS BTGB Rl 8 Pnd SRS (ting somatic,
such a benzepasiylens, and tluenc, apsbli ety spthasethylengand propylene).

i nvention. 20 [0014] These discoveries, integrated

BRIEI% %ﬁﬁ?ﬁgﬁgﬂgfﬂgmwm the basis for the

] er a true advance for such
[0015lapp|FIGat iinaschematiceviewof ong PEROBIMEN Of A gPrRRoUs process for

convefti'ng%@thﬁﬁked)ﬁu(tﬁﬂt kadineghgie drbsreclasiicglaaotdrdmg to the invention;
additives) and chem cals (including aromatics, such as

[001 GP en qugje i&¥ ls%matﬁ:”ﬂe@vcﬂf &8 €mbdBinddt 37k Bhehndis aﬂ&é@@ for

as et ene ropylene). 2 5 BRI EF CRI PTI O
converting ESApNRTNFHg] 67 Ipfedrydrogarbon EHH%?F&BF%ES“% roe&ea?veawsn,

enbodi ment of a continuous process for converting )
[0017het Helffe 3ds anchematic yaw dfatsubprpgessdiar trprorditignatiigspolyhalides

accorcﬁﬁ%&f S Debrh Qe i danventdrons idhOM&l;, FIG 2 is a
schematic view of one enbodi ment of a continuous

ro f.or 30 converti t d dabrati
otsfl, 05 o Pl By A RARasl: fa Bor Oty acer
columpmj for uge jrsthg psadiewfitee iVeRiads a subprocess for

reproportionating pol yhalides o
[0019] FIG. 5 is a schematic view of one embodiment of an extractive distillation system,

for use in the practice of the invention
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according to an alternate enbodi nent of the invention;
[0018] FIG 4 is a schematic view of one enbodi nent of
wa@2000/02t99Hm de separation 35 columm, for use iPCT/H82007/003091

practice of the invention; [0019] FIG 5 is a

schematic view of one enbodi nent of an extractive

distillation system for use in the practice of the

invention[0020] FIG 6 is a sinplified block diagram

of one enbodi nent of a continuous process for

converting al kanes into _hydrocarbon products according
[0020)t 0 FHe. § incesimipbified irgkedingram: efronesmhodimentf & gagtipuous process
for corh/)éﬂ[rigcw’lk&iﬁ:@ uﬁb Q@Hﬁio%rbc{nq:(iaéictfh@orcﬁng $o thedhv@ltioh| etlerein water is

She enbodi nent of a continuous
Separa%flgioégg‘ya% n Y915 al kanes into hydrocar bon
roduct s accordl n% to the invention, wherein water is
lOOlesepE#%‘rt ¢ip apmplificn dloghdiagrapy A ANFARRAGERIRT 4 M@}wus process

for corfveffingtalksne’ i d3kdrafarivnoproteng ecverding ve thel iamerstivah, wherein water is
Separag% é‘%@?‘%ﬂl&% b@ﬁm%gt#ﬂ%ﬁé on of time, for an experinent

accor %& embodi ment of the
invent| on; and [0023] FIG 9 is a graph of catalyst
[0022]ef f GUGI 8 eNeEfaphSfdrébbdrizene ednvieisidh arldberaBneyieht aswefiinction of
conducted according to one enbodi nment of the
time, fongw expesimenDEIRdCK] DESTRRPT @ crdigulipehef the éeveption; and
i nvention provides a chemni cal process t hat enabl es

nat as an t her - h car bon feedst ock Q0 he ;

02355 6% 28R e RS ORAR S AR SR o cxperiment
[ o activate CH

condugwgg&l&%m? Eélo gg s't0 g@ﬁélﬁ%«f:g%r g?"ﬁg‘% one aspect of the

i nvention, a continuous process for converting a
DETAhyBDdDESGRﬂiPTKHﬂst ock into one or nore higher

hydrocarbons conprises the steps of (a) formng alkyl

hal i des by reacti.ng nol ecul ar hal ogen with
[0024},y 4 Tdtedirpisnt MyeRuoR PIOVidss @rbpmpga) PEocessat gbles natural gas and
other leeb@irbomMEedsbilate)be dontatedintcitigheranolibtlapngight hydrocarbon
produ%flfsﬁr%ﬁgf 8ﬁﬁr heb gfn?{(;(yﬁ vgf'%l ?ﬁﬁo@cﬁqn fIdfeQQﬁBflb ahbdRding to one

nIS

aspect‘ﬂ-fﬁgquantl%)a qog];lmxcﬁbs RIRFRSH ggrqoing?ﬁ;lpg Li}M ar dstock into one
or moftyhigkadiydrgagaime compaists the stepe ofi{d) yornhiagiatied h\alllﬂdss l@nreactmg

molecﬁia.léﬁ g&%ons \F’;(jri]}giég b&ﬁ]?eeﬁgtegﬁ g)qgf P{bl{g ?%o%ﬁ%aﬂ{aﬁi ng

I's_1nc contacting t
met af‘@pi“’é rnmfeﬁﬁaﬁwlapwufﬂﬁepmdegomﬂ ghvhhalidesiand fygdrggen halide,
wherebndatstpitiatigadl ofaheliolensar hiafogen icdnstmed pibnfdringhg reproportionated

|
alkyl lge}fegiar ?Ega%ﬂfiﬁ @&gxe %g diitole (t)rgea'cl gl g@g? Ftéh)%!nﬂﬁ:l%% (fg%% dvhereby the
fractigpedf m%no}@gc)gef@@ nﬁﬁrf‘éerm ig increaseddp) ffgntactmg the
repropfibretdd Agylt lh&ldby dﬁng‘ﬁrsh adthlgst widehprcsscamditimisabiffgient to form

hlghell ]E}'c%&{ear é}rgssazngfca?dﬁ on@ ﬁ?cﬂgg& }?Jl ?%%%demuu n{heﬁ{lgt‘fé?gﬁ'drocarbons

cen

from thghydrogen halids; {e)FeBeRerating Weleéehr halogen by éﬂntfa%l?ﬂ thedwrrogen
hahdet\ﬁltlaws%nﬂeiawysﬁﬁn tHegprbsthogens saurde (HPxyeepeaidan gradespeonditions

sufﬁc{eﬁa t i%[‘xﬁlﬁg&eé ﬁatlggey %rﬁldw&gp‘gﬁrseﬁéra&ﬁgﬁ'% mdEERr flIBPSh from

e carri e
water gp gléq\ﬁ Heuse of the halogengiapd &)éﬁpeagpg &teps (a) through (f) a desired number

of times. These steps can be carried out in the order presented or, alternatively, in a different
order.

D—:LJ_

[0025] According to a second aspect of the invention, a continuous process for converting
a hydrocarbon feedstock into one or more higher hydrocarbons comprises the steps of (a)
forming alkyl halides by reacting molecular halogen with a hydrocarbon feedstock containing
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[ 0025] According to a second aspect of the invention,
a continuous process for converting a hydrocarbon

wo ewds9ek i nto one or nore hi gher hydrocar bonBCT/US2007/003091
conprises the steps of (a) form ng al kyl halides by
reacting nol ecul ar hal ogen with a hydrocarbon
f eedst ock contai ni ngnet hane in a hal ogenati on reactor,
under process conditions sufficient to form al kyl
hal i des and hydrogen hal i de, whereby substantlally al

of the nol ecul ar hal ogen i s consuned; %é. sep aratlp .
methanein & heloganationiTeansor PoARTIHecess Ryditions WEECERIOJPTR aflyh alides

and hydrbgéiﬂ%hdenﬁﬁe&t!? sittagRNgtalIwT theavlailar balogbn istangumed; (b)
separatléxg ’Llnﬁgao gt 9 nt%%lqufral kt%e apﬁ/ll hgl‘iedc’qs %d d‘ﬁ%&ﬁ%ﬁ‘ﬂ badlntd lEheaI l

ntal ning a
halogedaeastrealc%lbpc)\fm r@nmbwéwmteﬂ@}l@'l talidss by igRe g 980T all of the

alkyl hARE Shdh Mﬁkﬁl’ée?fggd g@h@ﬁuﬂg}mﬁﬂgwb@mwhmw lpgors C2-C5
S
noceoc RSPl DA 4P A FDL ks prpep i et

(@) contactiog trpepertimatidalioy daiides WEReist eatalpstrHOAFGpIEPess conditions
sufficiedY ﬁﬁ'ﬁ&rlﬂ 18afbcathdint af alidi¥A41agA dealHatlige; (EP3eparating the
s oo B ST 050 o
contactgrgitha dmlmgen helids with gegcond ¢agalystiin ﬁh%P@é‘m&‘ﬁ @f agpnrcgof oxygen,
under plr@cetsg‘ @oﬂlﬁmﬁﬁénﬂoiﬁﬁﬁ @fdledul sy m&@%ﬂm dnd dedter) I(Q):stratmg the
mo]ecug@‘q@:lo geflgfori &%gqlr éwtr%%ser%qiégg?lgggr r%?g%lrﬁ ef'psr(a)
throught (g)al desived aumbem'ftuh6 hal ogen; and ( h) r epeating steps

(a) through (g) a desired nunmber of tines. 1 [0026] In
{0026} €ack @afchtd’fehélédp@&k sndethbeahaditsrenihe infertioa, it iv/mrdrided that the

It 1S nd h | k d
alkyl h?lé?és Cfgﬁn c? Ft‘?p aﬂe Sé gll?h Q/a!m&%o% ﬁﬁ) } %Eﬁ&ﬁan g?é)etﬂ' more
typicallyp defferpp (@eg | X TRy p:@b@mom@h:@e d}hrgmgmgglaap dibromoethane, etc).
slmﬂaﬁy Ci%"f@ﬁiﬂated ittt GRS THR B drccbamo@@'oﬁirhaﬁen s&ba}) can be all the

S cont h r
same (T’T§d I,l 8@% %89%%6;) SF r]%%re c?l f“ reIit % mﬁ%tﬁbﬁ? of ah%ha’uc and/or
aromatiecqmpourGishs As besst henei, e telm rl”éghﬁgrﬁwé&?qafboné fffféﬁséﬂt
hydrockfbdas halin: ta%@:&eﬁﬁurﬁﬂ)érﬂﬂ‘@bf%n&i‘f&h@ thad dhedt AL icomponents of the

hydroqqﬁoégéj CA(S as \vagﬁ &5 gpe?r 611?1{}1 ! he onl?lvh%&%%arne ora ﬁreater number

of carbonrsterns af oraeBATIODIIPNENEPL @mhrﬂfm% en £ ﬁ’énF?,r ipptance, if
the feel i8ch YkiReal pan - tfyﬁﬁ:dﬁ QAGKixtds oEkht 1amired £bomd| predominately
i o R STy A0 S S s o
longer wydmdoalrmcfng@ugh BTRentams; h@mea@fée— the "higherhydepsehoals)”
produdea ad8drdir toIRS irrveNidiL édrl Mcﬂldma@ztﬂrﬂn erlbly@Ricarbon, such as ethane,

propangngﬁﬁfxg,r%gng{dﬁg dom Qr% %t1¥ hgdtgeg%‘h e, am)gﬂ é;shdn%ﬁ§ %[hylene

propylenlandfor dengen plzaﬁafs e "highi hydﬁwrlwé buswctinespbhgeviated

"LHCS§ %@%&g dgg@ﬂfﬁro&}li‘ons tbe méﬂéﬁﬁ?gtﬁﬁﬂé! pecEHnBOEth$lehe, propylene,
v |

butan eg,r ene sh@ﬁ?ﬂ‘é’ﬁ%ﬁ (fﬁe ngﬁ%&}%{] s% 'ﬁt rﬁgl%qehgg}a%% add (;’a’nosphenc

pressutryt ane, C5+ hydrocar bons, arorratl c hydrocar bons, etc.
and optionally ethylene, propylene, and/or Ionger
[00270] efNasintitagteghmples iof hiydivgaibon fediisterks epmuoptiateder use in the

presen@%e%ﬁbgﬁrﬁc%del‘aﬁ%ﬁﬁ}. d.£1 fethang, étjljrar S %9 Ca?x'iité@@ﬁ larger alkanes;

proopane, prop §
olefing; geirelssas #nd oHsr EHEGIEL] YGOSR 4R BHbFIRA |t§ fradysgok will be
primanilly dlipatié 6hpRaR Jeetabnoll afinesy peycessep yiedd light hydrocarbon streams

(so-called "light-ends," typically a mixture of C; - C3 hydrocarbons), which can be used with
or without added methane as the hydrocarbon feedstock in one embodiment of the invention.
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[0027] Nonlimting exanples of hydrocarbon feedstocks
appropriate for use in the present invention include
wa@bdoanes9s e. g., nethane, ethane, propane, and POENS2007/003091
| ar ger al kanes; ol efins; natural gas and ot her
m xtures of hydrocarbons. In nost cases, the feedstock
Wil be primarily aliphatic in nature. Certain oil
refinery processes yield |ight hydrocarbon streamns
(so-called "light-ends,"” typically a mxture OCL - C3
hydr ocar bons), which can be used wth or w_thout aI\dde
[0028] net Representativiechalgaens inshusisrbremanesBrokand rhipraneiad ithis
contempfaté(ﬂﬁat flusridd A8 ipBiRe8hn Bepsal emgtm 1t nhedseqriligsvith equivalent

results.! o ‘%ngd ge{ éra Pe t(a%?c}atg&lgntﬁlﬂ ngg;aQQk% szbﬁddréss@& B8P using

uori ne an
dilute strherog bf ﬂ@pmn@ (s slnonine sastcareasUh/belume, mEegen, o1 O%ﬁéﬂuent) It

is expe&EdtﬁtﬁveWeP tthgmao@s\ﬁg&baé fdctidr Bordditions witl Bareqhirke For aiiey]
ﬂuond?sldta Sor Hl% aé'lgyfoxérg Ih} ed h%&rtogarﬁarrlse AE t(? th Jt}'é?lﬁﬁﬂ?f tﬁﬁ fidorine-carbon

bond. Sfinpileshy, protilems gsseméa@it\wh lqﬁeme(ﬁwh ag ﬂ?@tenﬁeﬂlénmcg@nﬂye of certain
iodine feﬁé‘t%ﬂs@ Baf ﬁﬁgllyttie%aréééécﬂ }b@rfﬁﬁglbﬁﬁ(ﬁeftﬁrogah&wn and/or coupling

hi.gh h .
oo AN TR By LS B i,
preferr&@l, wittabtoping beisiganest azefere¢dit ed with i odi ne (such as

the endotherm c nature of certain iodine reactions)
[0029] canFIGE el ¥nd2 sélshahiaiaityl ﬂmstrawww noglimiting kmbodiments of a process

hal
e B SRS i S B e
chemicgl (818 rRenzene: tolpenss syleaes. othier RramYiA SRIBRMNG it b@nd FIG. 2
deplctlﬁg pr%cfdssi for QARG fitdl-@fadeThyadnstazb@mshe. lgathlyda:lclax;bons comprising a

predornanélzé%{ra&li[loﬁ%n% o ﬁﬂ&’ HJ ﬁ{l} %ﬁp@lgtlg \EA{P?% Eﬁ%‘i@ TH Itfgﬁ?ﬁgsﬁomatlc

hydrocprhesss The orimY dHEereRaerin dhe me@h%M%ls it ghe process depicted in
FIG. 2 gk ehe first @J:p&ﬁt&m il (SBPS]) andl dees AstasRim polybrgninattd, species to

the bro]mlnflt}dn Iae%gtolr] f%r r%prggc%lnghét% a R EI?eC &%@me%ﬁo% lﬂ’l BTG, 2, the amount

ocar bons conp r|S|n
of polylr prodised swsdneeds sniBeatily W lgW@fiugPB pieht gasees into the
bromiryidh e HO ﬂEheﬁ\ftﬂylﬁ@ﬁﬁdl&Wﬁbhvﬂle&faﬁ%mrﬁniaﬁdﬁmaﬂbmﬁsthe light

gasses I?]g rgl} glggggroan?ﬁll%{n: (! c:ﬁor c,gp&&%&ﬁ% tlEJTH ?Iglj g'?é};ﬁt 4 SrohllA-based
process.epualtarnaig equdnpggpof weaﬁ@n@@gsh%?vqreqh}(pqﬁne or other halogens are

used. poI ybrom nated species to the bromi nation reactor for
"reproportionation.” In the schenme shown in FIG 2,

[0030]t Ne AR, ?LfFIE? llsz{t% ge?ssﬁ?[) Eﬁ&ﬂﬁleﬁiydrﬁca{rﬁgﬂ @&gstock) and molecular

signifi cant | i ntrod t_gasses into

broming FiCARIGORY FRAADHNCS e 115*@1 Y 'afé’gn{l?tf%h’ieﬁ%tf’hgﬁed allowed to
react. PrediceaHBN halkyé deimided, loptibeally defingaasepodsibly onreacted
hydromlé)agm neﬂLaS e Sr afddre %Qf%l%ﬁ%gezpﬁﬁe 446 afﬁrgwe$§raqgﬁ Wit 5 (SEP 1),

praoce I'ternate %.d

where pponobrerapateshhy mws angd ARy 41R éemra@flﬁ@m ﬁarg&@ﬂ@a
hydrocasieshs. Z&le[@ﬂﬁ&brrﬂdiessiﬁ@wnbm biylaGinel6 baxat torthé brpmsingtien reactor,
where?l‘il:gflﬂ?d’eréﬁ/ g{ g&%ﬁ%&?ﬁdﬁ tR%JQt rQﬁHérq{ghli’ hOdoB&rbons, which

y separa I nes into.a heate
are prosPhiprbe B Eas Eod oningRguEH tB\ﬂé"dbfoémPé%%‘% reapiop gy desgribed below.
(HBr, alkyl brom des, optionally olefins), and
[0031]pos Rprypertivaatidreel thg/ gdolybemhides formeidtduring 'the hrominatigrreaction
ennchzfSr l'tle{ Y withlth b%orhﬁfe@ aﬂd bidtilic SfRRsa0LhE Fed%bi the amount

re nono onlna drocarbons, and
of pol ﬁgwaate% hydiofrbens Beb i e goui T

amount of coke that forms during the carbon-carbon coupling reactions. For large scale

ling reactor. This, in turn, [ r8ifees the

production of aromatic hydrocarbons, it is possible to employ additional separation units,
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30 hydrocarbons. The pol ybrom des are carried by a
line 6 back to the brom nation reactor, where they
W@ n@engm9s r epr oporti onati on” w th met hane and/PCT/051067/003091
i ght hydrocarbons, which are present in the natura
gas and/or introduced to the brom nation reactor as
descri bed bel ow. [0031] Reproportionation of the
~ pol ybrom des forned during the brom nation reaction 35
enriches the outlet streamw th nonobroni des and
ol efm c species, and reduces the anount _of .
which cpu fiydhraspundy & gl poesm s copRingiveeior DY ScRBRING Fyl recyeling

the polyb@&aides, théhby redutinghe anforéitiePcokehmdah®onérall bramine requirement.
that forms during the carbon-carbon coupling

[0032) ' h rtnjeg& dh Qfoc%ﬁog%eiﬁfblcg,l ﬁB?%Sﬁéﬁ}Bnﬂ(ﬁesaﬁﬁﬂ'@;phﬁnally) olefins

Focar 0Ssi bl e t’o enpl oy i on
formed s@ﬁmtapmmﬁtm reactqr aRcamicady 7 Bng lefm%%. afqgﬁaf %PB%‘H 8, and
enter a ﬁédt@ﬁd&bdlmngheadlﬁxtmlwheg_e theanoebromidesfandtoptignaliyd any olefins
presentgxeeggtclkx' tﬂ?p En&oé%’abéo%g]iggéata{y%?g#ﬁz ) e'h BardcBfbons. HBr,

higher InGlyeerboRss é’é‘éfwsm REEREIEMYdERsagigsiand @ 1 brormides exit the
couplinBRBAYas A0S cadied HyaplindOl R thiphgl laﬁiﬁﬁhelshéab Bﬂﬁthngﬂr tlhend enter an

HBr ab;%;rg{%rrl] ﬁ é?g%{' 1n§5§uc%§r1ﬁtBQﬂ L Bt a Sep &5&%%@ h3a HBris

enter a heate bl n react

absorbegl iny{hisuaity W ighomBY P8 Apasked( %?HH““@EJPF ntactmg device.
The effiledf, chﬁtaliXhﬁg ¢igid hyeRedarbonstang an’amrﬁBr,of, caried lbplal ling 14 to a

liquid- dé‘ o%l%t‘i%'tlg (&%ﬁéﬂ dlg}tagg géspag%ﬁgi blg/ﬁt?oecgﬁ%o%@ frobh Qﬁechueous HBr

yd r 0 c ar bo
stream gl HAwid hxskmﬁﬂa@spr@é}lfts arfcthen G?fF‘ieﬁ Pyraclies He togpro P%t clean-up
unit 17@8kidl@GinbYhyirbédiBord frodubtsough anot her heat exchanger

11, and enter an 1 HBr absorption unit 12. Water is
[0033] i nt g A%P?%ﬂ gée;%rétgg ﬁ%lﬂ‘l ﬁ)e%&ﬁﬂ)‘égﬁbo% ;?r@@@crt@ﬁ@d hhfeSctdBmethane

ked.
(and eI haSATRgRs U G peOBREABIRAEE UG b eorPRRp o, the
metharef(bhdiether lightiiyairaéangorsi flangl) isydrrisbisba ige 48 dntequssoersl separation
unit 19}1?)?3?&[)5 wﬁ%&l{ ér\%ﬁlo?ﬁ p?eh shilrD! eoxjtémtpgrazi‘utje'-éaﬂhg hicﬂf}ﬂléh membrane-based

ase- rﬂg)ar ates |1 UI rocar

separaifomisadenita s o S b e TN RO SR Sutable
separatﬁtrrotéumiaogy eMdtieamecaid paasibhyothet light Hydrdaarzongss ard wettirned to the

broming 18@?6#Porjv[1%8§% }%fo}é)h%%_gﬂd 24! ﬂ?{hew&ﬁﬁ%ﬁ%own methane is

r1s separat ed f 1
dlrecteﬁy@%eaﬁts%ﬂm BrEseriet LORA IO HhF Brprpigt iR SRS 1§ Ha °§’Fr§ ight
hydrocaido® atd @inéctéry i aOﬁﬁtI ttﬁﬁnlsmbﬁf]anmyr(ldi)ei(’j meefﬁ:mh(bllj (theLllatthe:o facilitate

the net hane (and other |ight
reprop'ﬁl%'&ngllg BP{%&%K m))

is carried by a lirne 18 into a
d sep on unit 19 (SEP

0002 SSEREALOD, U b 9 G5EF WL B s o
line 22rtenﬁrrannn¢)gsrmdatkﬁl wep2¥. Dk yeen, eiryoyenigendnsichdd gasiipalso fed into
the unit Hﬁ%ﬁ%f 2ep Lisarh@Nine@49 BrofhEis l%égiéﬁété@'ﬁ} redetin@ MBGith oxygen in

e B A, ST b S SR PRSRL B romine,
oxygelrmonogeat (iDair meacsedt as/tha souree of onygen), andawsgibly ¢ther gages. This
produdt Qﬁeﬁﬂ@?gérﬁga ﬁay%h%hs W@%éa? e)@é}faﬁgéleﬁi info @Mash vaporization

pst reamrelon or z m nat | on_reac

on br
unit 2 REh SRR PGt OB B RO P O e OE S gl and
other gaseci@funsy)iratrare presentf Mébleculedlaboring,tefitber 28 2 quidgr vapor (and
contai 1 ' l 'rﬁ%echgéartﬁgé QPHEG)) QD&lHed b9fa 1R QU hSAe 8t changer 29, and

ueous HBr Streamthat evolves fromthe
thenrffti“a‘&?‘éo Fl}eqttfpallgéﬁ}qf&rﬁ@itoﬁ s carried by a line 22 to a

brom ne generation unit 23. Oxygen, air, or

oxygen-enriched gas is also fed into
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the unit through a separate line 24. Bromine is
regenerated by reacting HBr with oxygen in 30 the
w@e@3pmoes of a suitable catal yst. The resulti nBCHUSBATN03091

contai ns water, nolecular brom ne, oxygen, nitrogen

(if air was used as the source of oxygen), and

possi bly other gases. This product streamis carried

by a line 25 through a heat exchanger 26 into a flash

vaporization unit 27, which separates nost of the

nmol ecul ar brom ne fron1mater oxygen, nitrogen, and
[0035] ot h¥fatefsn thig flashrKaporipationsint (sOBEEHRS UNEP 8 WiYa pf molecular
brominBf R¥eRtby £1ihE180 t& 8 dastilllafith Gni®B1 &RiRh yidasiwater as the bottoms
stream gn$ Lﬁ)légllgg%{ grom LS etltglan atrgreagszebgshlg)e ”Ehes disft l%t]reﬁg cf*@&ﬁ'n
through hdinp B3 Padiatd be ﬂaéb@@mrlqaogsg}ntx/\at er fromt he fl ash

vaporization unit (containing up to 3 wm % of nol ecul ar
[0036] br OTh& gisebtis piducidyfahd flash BPotigationdirdt ¢eld. ads}'{ygen;,mtrbgen
optlon%Irly otﬂ@ egc gesy gﬁh g8 ﬁ%%ﬁar@f‘m‘i&ﬁ' OQ%EQ BRonthf Lot Un)a mt:) are cF-]arned bya

e-water azeotro pe as_a
line 33p (i PINiNeECRYENEE A HHER g?paaatps weleszzlaaééwntr@ ffaqg the other

gases. fm@sfbcmmrbraﬁﬁm@n tHen tarrib@ B3 QJlintI35 theaphushgat exithatiger 29 and
remtroguctedqgto ti’lg %r%ﬁ{%%ﬁ ?e%fct NT40 'aI‘no(;lﬁt (gf Joﬁfﬁf@ Qrﬁenn%] the scavenger can

er gases, no nore
be furth¢rrre¢u@d bD’rIB%@aF&ﬁB Ehﬁ arggurys pg Froaine a?fé’veaﬁdrlpéae 89%5@ by
employihg 8rids sélatiandamldifert SoRUENGoIigg wallovd4he wdei afftemperatures below

0° Cenli gp %r a oﬁ?elr ycl,satr gj trﬁ % H{}Q%Qgs Egn gL P@ﬁte@ e atrm]gﬁlere

cover ed bro ne enccarr throu

a heat exchanger 29 ei ntroduced .into t
1003715, o 3 eFigt SROPOTRATGH anch TR GIal SHRERRSesreaPe phes
improventensCiov eagging Onn tHeeinfrentionevillrecvbe dedpyibied in avs¢ dejailhe
anount of brom ne recovered in the flash step by

[0038]errplg}y,hﬂgamll, ne solutions and direct contact cooling
€ use of tenperatures below O Centigrade.

[00391tThe ﬁ%tgrrr‘lzr%ati%a F$hd ﬁyc?afﬁ‘%) %SSBck pgg?gﬁga o&@lﬂ at&?x gi%ﬁeﬂuldlzed

ere
bed, off @tapmuet@bl«;freamm v Atmpesepy fﬁ@d@s@%‘rﬁaﬂtj’ db# the bromination

produdtmécpfeaaiﬁgtss;ré gaseg Aok b‘kzﬁﬂpl@ ut- 50 hem; 152600 6C, Wick¢ prefsably 400-
escri be to t

600 “ s AT BiE DR ES o Ca P oAt A 118 sce i nore
preferaly 1 1% secondse cHllghqr temwrawrz%ﬁnldé@l favr ceke @?rmatlon while low
ternpef%t‘t'lhr%@ﬁiI Qirk @AGEOfeactdts. AUiRER Fudlids EbANSIEE Gss advantige bf improved
heat tr%ﬁ?.t t he brom nati on pr oducts and reactants are gases,

"exampl e, 1-50 atm '150-600 OC, nore preferably
400- 600 OC, even nore preferably, 450-515 Q

[0040Ly e Alanrlaromingtiost cap. bsyiniiateshening heat er fiskb é‘flﬁ’oﬁhﬁnﬂg facans being
preferedC U de eirlbgiBiierit AP sartarrabe dodruing a)hilagmatmolcatalyst such as a

zeolitd g\trﬂ;?}gﬂo%g alﬁﬂhhesﬂll%\f\é b gﬁﬁ)@éﬁ{?ﬁf %ﬂg%%ésr ol @féﬂ@éﬁ)honc acids, metal

omdes@rmwbm@% exw@atm%ﬁa fdsp. mixgd 2etal dakidee tla? H}ﬁt"ﬁ ap S cases
being,Gad), HiekelNtdppat,edrifi, Bobdig@tc.p and/ogbt othed ¢halybismsdbscribed, e.g., in

U.S. 3?%%@89%%9%'” gécﬁ {n h alJ( 40 ng?‘Hi](ﬂgén?EtﬂE Hfr c'bﬁf%?ﬁsoi porous or

arns’a ogena | on cCa
non-pereyF inest malspebietrroaldessniicignt F’érzf‘t“‘é arﬁ%t%ﬁe&anz F?léeofﬁ’i"aed in the

reactof Hlﬁlgﬁie%ﬁﬁt frof ¢gda;§ihgs [the inett Mmatedial magtatdo prsimdesthe formation of
polyh l'{l? ﬁena}%fly%ro é(h sucrfxeas%b%%dpqgganemlé ggll %Bﬁller Qfﬁ{)b(ﬂﬁ&m both a

catalyst and an inert material are prov1ded in the reactor. Optionally, the reactor contains

different regions or zones to allow, in or more zones, complete conversion of molecular
bromine to produce alkyl bromides and hydrogen bromide.
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bei ng, e.g., nickel, copper, cerium cobalt, etc.),
and/ or or other catalysts as described, e.g., in US.
w@28359289 and 4,971,664. In an alternate enboRPCTERL007/003091

the reactor contains a porous or non-porous inert

materi al that provides sufficient surface area to

retain coke fornmed in the reactor and prevent it from

escaping. The inert material nmay al so pronote the

formati on of pol yhal ogenat ed hydrocar bons, such as

tribronopropane. In still another enbodjnment, both a
[0041] ¢ at Bhe/rominationrepetion cangalia basarded opt heiBtesereegfan
isomerizatimt cataly@psichrealal metat h@mléa(ﬁ o+ NeBnt IRBnLCul3s NaBeg iMgBro,

CaBry,J, DHtANski@E eé?nﬁ@j Qr@&l WO4 N RmdRl (@, WR%, IICRW?&)% generate

conver si on mol“@cul &t Biom ne to produce al ky
the desiyedhiominatad dsomai(sdgSinces rlmmzapeom bmema%lwmfiltlw are
mmﬂarrtﬂéﬁérﬁﬂlaﬁéﬁ‘ asd fs@n{é?lzﬁﬁéﬂ bzﬁﬂb@é&mb@ otif i@ thé SERE ERcir vassel.

Altemaﬂg Ys Qlﬁﬁggrallt%%?getr%: Pﬁ ‘reaﬁgo% rCém %&ggﬁecf loé)at %s(txe agn of the
bromlne@orgreac@r @ upstre@spof l;hIBZOBpl}ng wactent al (Pt Pd Ru

Ir, Rh)to help generate the desired brom nated
[0042] | sopgﬁg@rt.&,m@ni soneri zation and brom nation

conditions are simlar, the brom nation and

[0043] s oﬂP{dn%@%rhﬂ&hﬁéﬁtsb? k%? FAted FUhe iflvdnliBn S8R "t &R HMionation” of

Al'ternatiye separate |songerization
polyhajoggeated hidtcaBowt (Aol sl doPotat BHoBRHEL kR sonsfontaining two
or mor®haloeerahtonns pee actierulansonpbilogarataf alkines owpbhaliles) created

during h%gl‘f%@%«%la{lgrg 1%131(5?&{ o&gfr%lg 'i)i‘%én{lggﬁ%acltﬁlt §g§@ s for subsequent

eature Q I nventjon
coupling reagtips apd éwmqtm ofdrghys mlsswgereigbthyfracabany Jifg certain
product pbativadidsgpslyhalogenatedalkaysnniebe hysirablzarfeprsportionation allows a

desireqffb%@%cg}r{%gpgfn hBRoiedlial Enoggygé&%ge@ ﬁlggag&gé egmlgéééla‘&d alkyl halides
with nqrﬁ)@lqg&migé atkaness speerally dnthesabsfartisl ahsence of prol iiqgens, to
control tBa @At f ﬁ@ﬁﬁ-t@ﬁofyﬁﬁlo‘gaﬁﬁaﬂ siedtiesC op bxxrgplreeamtmﬁmslemade is

cested AT R RS O s RSP R BBfropne
producmgetbyel hxemiuieamde)row\d?r@p@dq pnsiion prenylgw ;ARsl s fgelj r ed

enri chment of nonohalides to be achieved by reacting
[0044]pol Reattdgaspiopdrtiddalibn ivddcdaplishdédbynalidwingdbahyddcarbon

feedst&lkkagaﬁﬁ ’recgl%[%%ra‘ﬁi‘kgﬂés k&) retat!?wf’cﬂ %%iﬁ)ﬁid g%hat@@ §§&:9@s ﬁ’(f)m the

halogepgfipn lteactﬁbmy#sra&@éﬂh&he auéﬁé@raé gbsepF 0 S{’é’nlf‘;ﬂué“ halogen. Asa
practicdi fanen sEishanially allrofahd mdlavlan hakigha eatetiag thicolbhlogenation reactor

is qulcgg; %%Ismlﬂé(? %H‘ﬁtrighqh{)’ﬁcg %ﬁg@ﬁﬁﬁgéé tﬁ&@fotrﬁ %gﬁ%&hlgﬁﬁm higher
bromiggs gy é gecomplished smlyﬂpy intyodugingp g;ogl@des into a md- or
downstrefnapgibh iod Nadnied bf itk lategenation kadtdpyomionally hgatkd éo a temperature

that diﬁ%{irf%iﬁ“'t FI &,{e%gﬁhgl:gg{gft HE6ENeded al kanes to react

ol y specl es rom he hal ogenati on
react or ferablg in the substantial .absence. of

[0045]rml &lmr%q,tp\ﬁ > SERIAP wgnatl%c%léec?qreg Htaxptaegcparate reproportionation
reactos'Uibatmnidlgidlidesnbibd ohhdldgenatliaicalkares aad dgavecbmtlewtngreferably in

the subsitiafk a&gﬁ%f rﬁg eﬁsﬁi: thogbﬁ Al qulﬂlsﬁ'?c@§ Hheghchf é?ﬁlmd"‘ﬂxent where,

nono- erefore re [ onatl on
for clafify, REFY BEUHFARSYESH %‘smae@@ﬁf‘pﬁh% fﬁ%@ turé a8 or another
hydrocamlbdroﬁbadsto@c gl wbleoniatd bsormink aracariidd bg lsemhrmdhlee ap?2 to a heated

bromlﬁaqun%atft’-?r 3 éﬁ&'ﬁlo@%do{d}%a&alﬂgm g@@r, L35 bBmides) and possibly

r’ﬁ)er at ur
unreacted hydrocarbons, exit the reactor and are carried by a line 4 into a first separation unit

5 (SEP I), where monobrominated hydrocarbons and HBr are separated from polybrominated
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that differs fromthe tenperature of the rest of the
reactor. 30 [0045] Alternatively, reproportionation
w@an7loetenrried out in a separate "reproporti OPEL/USIV07/003091

reactor,"” where pol yhal i des and unhal ogenat at ed

al kanes are allowed to react, preferably in the

substanti al absence of nvol ecul ar hal ogen. FIG 3

illustrates one such enbodi nent where, for clarity,

only significant systemelenents are showmn. As in FIG

1, natural gas or another hydrocarbon feedst ocg and
hydrocaghsinsc (Thermencbnemidear BB Andinsssibly waptet bydrpsasaons arg carried by

aline 7 ttﬁr@gﬂ%ﬂ{e@ﬂe e, thQ cbﬁﬂﬁigqfea&oﬁﬁdalrﬁll dllowed tb @eact, as shown in
FIG. 1. Jﬁ}éé)é)& gragﬁ %ﬁ%% HBred b kﬁ/net g Og}e&:?gaorﬁ%tgg%éaby 36.

on S
Additiopalnmied] gas a otheraligne rfwdstpckms glso dripafuged Bio the reprpportionation

reactor, VRER lihé 37VPSL Cfbr&ﬁﬁ@? E'flﬁ}) G%Q&b?&ﬁgﬁﬁeﬂr dRdifes anthelefoportionation
ar o) r Omi

o B BB T B RE SRR SRR oo

first pasaingg thmughex:hdayemlﬂanm- 7, through a heat exchanger 8,

to a coupling reactor 9, and allowed to react, as
[0046] ShOaWnbthel bfabodimeh 6f @ inbémioni@st stiogvr) awheéredhdliydrocarbon

feedstoﬂ%i;qﬂngﬁléeg é\%tugglp rag %grrntaa qﬁgtd 'cgﬁsﬁgﬁﬁe%&nglﬁﬂ of‘@g' attlkl%g{er

hydrocarhoms the Hieshi natura] @ap &ddp srtradyeed Apetheiat Gie rerrogoyionation

reactor,) dnﬂQeg']oledD ﬁh'etﬂ&h? (ﬂvﬂ@? pﬁ@s’tﬁ &hr‘duglh thd’l’lé?mpbttftﬁiaﬁgn aédcgnes
i.onat.,i or m nonobr om des

unconvﬁﬂ?cbﬁs 8?’@1%8 %%?k 2By ha‘f é% Q%ag{otqhe coupl i ng reactor

after first paSSI ng thrpugh at.._exchanger
[0047] | ooﬂﬁyropﬂmé‘ﬁ‘é‘t‘%’fs BB TGPt o LT €(qfgroatalyst.
Nonhnﬁth@g/\ﬂﬁamwbﬁbﬁstﬁﬂablemaﬁh‘lpﬂﬁrdcdlrdefmetd]sbndks congliiadides, and zeolites.

U.S. 4 ﬁ 5@ di sglgg%sgtﬁg %%J gﬂvcﬂ'gﬁﬁatfﬁléel} S;ﬂ'ﬁffl%g%% lﬁmangg vﬁ% ﬁﬂﬁles using
an acidiaRbobir ey MbSt 2,979,500 20fd QQép%dpfbfctl?%ﬁ & P of carbon
tetrachfo?i@@ ta9.chivithatifg gt donibthane, diidiies propassasd theirahidrinated

Qr.L fi
analo glbegc k‘{lfﬁ%r o0 Pzﬁcem% olélgglg{)?%éa ? 5%&3?&91@6\! F%:%ﬁ{;l}m théir 6Afirfe? dUsing
repropqREpnasiY ini the sentext 4fe qomsinReny Rrogess\ferithg sarighment of reactive feed
stocks f#Ghé ptodueGobyf MgRerOfyddocabets)tik neiaricentidiscged xaop ladwledge.
of suitable catalysts include netal oxides, netal

[0048] hal k%gxsopoﬁﬁbql Rk Scs H}ﬁn?s wﬁﬁ‘bﬂﬁg FnLe?}?in‘a%ﬁa/otr Réher

tionatiron o ogenat e S}St\ﬂ 1
polybremidenescirs phigumeraeiey PR ok %%Paﬁ?’s e optima

temperatugg Qefehllirich the PG 3GhidH(Hahatsee pi'ﬁeemtmdahe glkahe(p) being
bromina; Felg'lr 3&aaldge egﬁg%gﬁ%ﬁfoh%hi:&qs drBhu cﬁf ﬁ%ﬁéﬁﬂﬁ ressures (e.g.,

e, roa orinate gues. I

2-30 barhr By %ﬁhteé’ mgsa high inifabmsBrane éﬂ“‘fﬁfs‘P@f’% %@?ﬁ?mrqaﬁmr
substaiti@ amoits deli—yandisllbﬁgnal&eﬂﬁpé emxrreatedl;ahomplecnes han then be used as

bromir?a%gh %éz%geeg s ift éﬁ@%@&%}%%&ﬂoﬁ%ﬁ%? Uﬁﬁ Hh Qan@rt‘ﬁ Méth&{e allows

OUC ILon

for comwheéé»awsmon 8% Gley 2 pllgaghiodpepetyomgnat ﬁf Gats Biémoalkanes and
C2-Csknemise dueropdtidBitidnagti dipaid irihrambnretiehe Cloiliatea higiniestial methane

conver\é\ftotnhd dlngrbqg}gi@attlla;ﬁg\%hﬂﬂ%?{lldorteg‘g% e thE %&Qfgg@@ﬁl@ﬂsﬁrﬁte and

enrich g ﬁenaqangaswérﬁa@rwwa “as Hmbﬁgn%km?é apd A ‘éPleiﬂ)“Ple to
liquid %)Hﬂhc@rcﬁle?ﬁ Q8REY oFskalyses, Blduatiag spollred. Mphib ioamajdraww process

advande] addi tion, reproportionation proceeds nore quickly
MLt el evat ed pressures (e.qg.,

[0049] In another embodiment of the invention, reproportionation is carried out without
first separating the polyhalides in a separation unit. This is facilitated by packing the
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2-30 bar). By achieving a high initial nethane
conversion in the hal ogenation reactor, substanti al
wa@ewanee9df di - and tri brononet hane are creat eBCT/URIST003091

speci es can then be used as brom nation reagents in

the reproportionation step. Using di- and

tri brononet hane allows 30 for controlled brom nation

of Cl-C5 al kanes to nonobrom nated Cl1-C5 bronpal kanes

and C2-C5 ol efins. Reproportionation of di- and

tri bromonet hane facilitates high initial nethane
"repropetipnation eneluwith g catalyst.such ana Zapliterthatallaves the gepction foceur at

a reducaeié&wam YEdroxhiple, ah€ugh $hopiid @hcts hath dibfinidthethase to form

oromorg gL SebpigtropspFOAT RERIE of Bk Plo BB Bre AR docs ot
occur t¢ g ppmjeglgbl;_egtggrqeeag temmpgratures helow Jabputn’éwy 5} d@gslgse@g‘ a zeohte may
allow ré&kiﬁ&@i%nat[l&p@acchﬂ atdRidiedd &ﬂ‘ﬁ)@ﬁﬂtﬁi@nén&ﬂmg RPecies such as methane

and ethliaﬁrlwe elslgrgg}lg% {‘S’Pg{ﬂé Izc%%lacifﬁ nreééto%aa{ndacﬁ g etggt a 0%9 %Blybromldes
to be re'ﬁmlmriusnd’ted:m anoghes oy ohtheREaREOR: he' r epr oport i onat i on

zone" with a catalyst, such as a zeolite, that allows
[0050] t hEBiGmiiid RBcédverp Dattin@Dedokifiguced tenperature. For

exan‘pl e al t hough propane reacts w th di brononet hane

[0051]t 0 L ?%61&5%%52;‘&&\1 B&&H‘?&{&Q@iﬂ&g&éﬁo&&?d@p%&hmnanon

[op I onat 1 Qn act1on does no
processgy i%waéwas{eeu% IR ER P OBED O ABRELS ey be

deactivaf¥d®y. the kekejsherefore, peeiokic remoayl aff ﬂhev:.arbonaceous deposits is required.
In addlflgﬂ 9P 85\% SR L tthgh QHfH t}%t coke rtﬁﬁgg t aﬁr@r%'hﬁ h&' by also be

nabl i peci.es_such as nethane an ne to
found, BRtiin BEbAY fiPsighls ek bl sHTOTHRE Permepysred dherdgt to minimize loss of
bromin@ifl tigd évedralp pradess) Rihdkedsistimpbeaaitefor b@tthrdcbnmtc:edldl emvironmental
not her zone of the reactor. [0050] Brom ne Recovery
ring Decoking [0051] Inevitabl y, coke formation wl|

occ he h ation and r ortl nat.i.on
(005217 o Sexssabdoriis of braet arediesea BT AP PBRRIAGH Tich spmethy!
bromldemdtdﬂbronmmethane bhe moi¢calardremivey Tie ideargionavedeymeans for
recovehﬁg 159 K Fomink 8 dth Y EdeBRinls b&:sﬁ ey ?lﬂef&fre& H8bodiment, a given

onaceous eposi.ts IS ui re
reactora uHighak el dineAOR R OF QIVERR FF 1RHE Sissiido ghmpurdhy s?mf'ﬁe’a deposits
and prédduesiHBr fiom thb sasidual bﬂmmde residhidst Tihe cififlgdit gasimsidded teethe air (or

oxyger)/ otk gre%of'gh W RBOAGR %Jérrﬂ%fiatioﬂ QLA chet) Aibifhidfhg complete
romne int Fﬁ‘f Qﬁgess whi ch I's
bromineFgeteayt TREYPIEERSH IvEeBRYRT BSEOHCURGI ronment al 1 easons.
[ 0052] Several forns of brom des are present: HBr,
[0053]or géfﬂh'ﬂe b gomndeacteiis lofEnerghdgverbl pracges eamcinevertheless, be operated

reasom

withoud iRRE ﬂf‘{lﬁn Anes i RAEHoAWRIER M f8anglhen | axxéﬁeltwm its
rovi es ans or reco er|n
counte oF S BXAmPlFrf Wi Bromp gy S o] °8urg1ﬂ%fﬁa°t°fs can

be utllrzeé,(,wnh pr@:essr\gztsséﬁelmbmg fliveited awny fiminr ong, buxyofdrpth.dromination
reactoxlsgtnr M%Qﬁ% rE&tGﬁM%ﬁ aH@@ol&ﬁé Qﬁ&aﬁ&ﬁ’ %Sdésﬁ'e@nﬁ*hé’ LIsCLluidized

bed M isahES STUTPEIeH S LG 185 gt PLASA A CEphBEEeneration

fed to the bronine generation reactor, thereby
[0054) aciATictheri enepastmehteafehe deteking piesessdnyo veshiaen-prigetdesdecoking

using ér?alk&lﬂ;'e&t 186k tRRY d QM Adk, | Which dey Bofth thdbVLHf 4d88fe@ products
and th% Bg%elner&qulrémerrl]t of(%he pl%lclesspfno Yother e oduIe]\e/r?trottJ}Ee Secokmg process,
an oxidant such as oxygen, air, or enriched air is co-fed into the bromination section to
convert the coke into carbon dioxide and/or carbon monoxide during the bromination
reaction, thus eliminating or reducing the off-line decoking requirement.
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wi thout interruption by using a reserve reactor, which

is arranged in parallel with its counterpart reactor.
Wo-0070%@pl e, twin brom nation reactors and tw@T/US2007/003091

coupling reactors can be utilized, wth process gasses

bei ng diverted away from one, but not both,

brom nati on reactors (or coupling reactors) when a

decoki ng operation is desired. The use of a fl uidized

bed may reduce coke formation and facilitate the

renoval of heat and catal yst regeneration. [0054]
[0055] AncAlkyl halide Sepauationf t he decoki ng process invol ves

non- oxi dative decoking using an al kane or m xture of
[0056] al KBiResresetiot off larpy commtnaetidotdf pohghalegspatefl speses inglbie feed to the

. Br | | ' of | ddch
cop G40 34 04 R, SRRl e
the prodyationzd aEsRy s, anglight gleioRet tAsanEYIF 1o oo ST EOPARAIISs to the
couplidgh@%d%ﬂg? iﬂ@_i‘%\@”th& echvarsioh o prodverst Ih bre embedimins of the invention,

.carbon di ox is d
o s SRR AP0 B R0 ORI S0, WA ghlon cnctor an
the coupling r4ag@rdecoki ng requirenment.1 [0055] Al kyl halide
Separation [0056] The presence of |arge concentrations
[0057] of Pad examipdy endistéthtopeniwsn knd asseciatdheabexdhengeys OISERGL" in
FIGS. { 1 ﬁf)éan%lﬁeﬁﬁbl Lipdrite Rk MBAGGIRRBAL &R Re HOIyBRIhiARted species

~I'n nmany applicatiaqns,.such. as e product,i of .
L TN U L TR e ——
speciesothhtyaraeevohateidde she bottdres stoeapd cargbe wacdportionai¢dnyith wikanes to form
monob}glﬁid‘égpééc%sséﬁ]ol%ﬂng lRfHCihShe bfonPR8L GIRAGIEBRIN Hbepalifte

I nventton, a specl I'f sg‘{)aratl on teg) |s%folded betweer%fr 1
TepropeIHenaiANGaFaL-i Sh? ASHHARY tT1BMRGEB F°CRFELH Y RAST RSt Hrom
to 50 banUPhd highergaessares J1@OGHighEnrondrasep kanpaaiestto lbeatsed thereby

. . i heat exchangers ("SEP I" in
reducul‘f-qoe(gg?&{%gﬁigeg?gﬁﬁé‘ﬁ%tused to separate the

non om.des fromth ol ybram nat ed speci.es by ..
(00s81,1 | 151 g iETates GG TR PR 9Ca SR BT PG e Rieint
monottrbreides fipoupalybrofhiaated|spbricni Alkybtirospides Gom the breimation reactor
are codl1e¢ BY gﬁs%glgatﬁr&t@ DAL QREH S EECRINaf@ thedSprovided to a distillation column

repropaortionated wth kanes t 0 non om (de
51 equippediwith typpyhent gxehangers; %S-”n @h‘i‘e E’%Pﬁ%%ﬁ% folE, Pt
exchargger 52 acts ae paetaiiler whilopithe tameft the colwachet exdtiaager 53 acts as a

. i i t . at anv: edmid
SR OO, SO s dsEpoainin
(and conjaE m0 A% afﬂ%%“ﬁ?%‘&? PRiges k? % &gﬂ%‘a’“ fom the
distilldtiog cbhﬁmri.g'éhapd)hybrdmiql.ai; arepapsed tpﬂmﬂb]anm he]at.exchanger 54 to
coneh USEAT %, RSBl IRl o1
separafg IEPTOPBFIAHEE K<L TaeROg AR B e eI G ines. At the
top of dixododuinbypapaalsiefigx ol tmiiivid fleentheexivadyen 15Bsiliated by the heat
exchartlvéét? ES{’&%M&I%Q vhbrandichéd il I?ié%bo%dﬁgﬂts%éluﬁﬁﬁhﬁ&Eﬂw and HBr,

Mt heat exchangers 5 At the, batt om of
and & Kapid SBPATRAOMREEET BXRRANGEF 45" ik B, g PatRR g Ao more than a

minorahioduat of pdljirohdges)f t he col uim heat exchanger 53 acts
as a partial condenser. This configuration allows a

[00s9] i 9 tqmeriabcetdmnﬁ%ioﬁ %tbil}lﬁ Badtibis inehupb a@meoke?aﬁmmumn with and

. contal Nl ng NOo _.ADre an a n U . . .
withogf i b epIPE’ BESUPPHa bl PrOROEae Storaieafio fogeiog soniaine
water,dbé bettomd steeqpo Fipir thei detillation cohsaewill hlso gghtaimyetesrand a liquid-
liquid pRale Xt DAL otRANd fream can be used to separate water from the
polybrominated species. Due to the presence of HBr in the water stream, it can either be sent

to a HBr absorption column or to the bromine generation reactor.

-13-



10

15

20

25

30

35

convert them back to a gas before they are returned to
the brom nation reactor (or sent to a separate

WO e@ropeei i onati on reactor) for reproporti onat POIUSENTI003091
unbrom nat ed al kanes. At the top of the col um,

partial reflux of the liquid fromthe reflux drumis
facilitated by the heat exchanger 53, yielding a vapor
enriched in |ighter conponents including nmethane and
HBr, 30 and a liquid stream conprised of nonobronides

and HBr (and containing no mor e than a m nor anount of
[0060] pol Chtadvlicleouplinenefdkylhalides o dig plegulap weight products

conf |gurat| ons include a side stream colum with and
[0061] W tTﬂé'hlk@l tedlides pfdd@aaa frethle ihal oglenatiorgiteptdppetionakibn tstep are reacted

over s 1801 BEUNE PSR IRS Rob B o G RS, ke e can
also coptaiphydspges halmta@fd unaﬁleganqtefhalukamwra thibrognagiqn reggfor.
Accordtixlfgetobm& ERtish re@@fﬁf(é&fhnﬁlﬁbrldﬁedtaty@ts%@ asalte fucliete fhiedbrmation

of hi gkﬁeﬁﬁllcﬁ'gc%g{)rg%osgp?tg ot %l%’ natcl%J ﬁﬁ&r%c%xjﬂgnéj r]ﬁ3ﬁ%ﬁu‘%ﬂﬂples
includeapypenystaiimeadimine S@lﬂcaﬁs @h@rﬂr%ﬁlSﬁbd geifa) Hmgsten/zirconia super
acids, SuPREddUircbRAOMhinfiad h(ygljhﬁteﬁ @bkﬂ{ A9RAPD-3 dd ithahindesri-substituted

R e VLT R e
analogstapg framewarkstlsditated rZSMCSa(tsabgﬁ!f@ted 0"1‘63('5'@! geelht 5 ﬁe$ or Ga)

Preferr@él @ﬁtﬁﬁéfs%ﬂﬁro@ﬁéﬁn Qﬂ@ﬂrdb%l-téﬂﬂperﬁibﬁa E}Qﬁ@&éﬂ%nﬁ‘ i@€klde ion-

excrange] 7R 5, S VAL B IR S IE B R oy o
preferably 301 belpwaiYondinfitiag suatples of prefeaed exchanges i 1@!?& ghofygde ions of

Ag, Bd, 6] (t‘é Rl Bi M§ $OKML R, Bd, Ay, N?G(Cu hyel s 2AbPf) and Ce. These
o b o o TSI S G R Do s
and thdianwr gshrattonscirbah ampdhslg catalmtsmﬁmhedon iPatent Bublication No. US

2005/0351 853 A3 UkiREE1 31 (AR B4 RA BhRERaRlaRr&H R itd entirety.
0 ng PO 34 anaﬁlgts frarrevvolr Iinsu staltut ed anal ogues

[0062](2364 5 Igélgrtn 1Vr\r/|feth bfés}: ﬂgVentld) 2 IV 79chalé1 §|4§1\€ISS zgolf‘fghgxﬁng a
SiOy/AdyBsratio wf 30 lzgdeaS(tb@b@un tngtceéalwtt Bimer cqriain mrqceas qnéldltlons it

can pr&luce%rta@kd sélead aty &l fiad abi%lcarbol préduRedici Ng
liquid-at-roomtenperature hydrocarbons include

i on t 0
B e
other sueiﬁbluemqmga@%\hﬁbl@ste@pprqﬁw@f(eﬁr,ééoe@%h &ﬁggaf%‘ﬂg 275-425 °C)
and preg3etai@ez. ] @Dgo 85 htriPandBaresiiencédmelte) ofifromNG45 Seconlls., In general, a

relatw'é%f lngl{g Sesi\%hceogme%VO %bn@smﬁ%’f réz %{an'tjst to IﬂQ&luc(t? as UE‘?]S&JS oproduct

€~ exchan

selectivitgayhide a gast ms@gae%vm@ﬁnwsm ﬂzreaglmt’é §n<é ﬁbOSFWéY)rlmproved
econohh&% ats ﬁb@&bﬁﬂo daebgitodnttRbicogvicybakaiging thedamtyst dring the

reacthSl tegx%te%wge?#% or, aq{engg tll}@res}deﬁc%g%%/ 19 H ?&ofa‘l Fmacﬁ(amé)le ata

erence
moderpte rpsléemnm@ps/lo E@@BQ? andha memtfmnﬁmlreoo f350n&"> xylene and

mesﬁYléBé@ Rkd Mg dﬂﬁnlﬁmmﬁjﬂi’le@MfShiﬁﬁhiahe flaasion benz&s + @uene +
qll ot .

xylene(st-%]ﬂlggt){:l%%cosu UI%T E‘&J)chuc%g wi 1{6{1 19 ?rddhétf?ﬁu&%ﬁgﬂ gﬂﬁﬁﬁlatlon

reactiqoisded wgaﬁomlmger@gctebﬁmlﬁe origh a metal-lon-lmpregnated ZSM-5 catalyst,

where the impregnation metal is Ag, Ba, Bi, Ca, Co, Cu, Fe, La, Li, Mg, Mn, Ni, Pb, Pd, or
Sr, and the ZSM-5 catalyst is Zeolyst CBV 58, 2314, 3024, 5524, or 8014, ( available from
Zeolyst International (Valley Forge, PA)). At a reaction temperature of 425 °C and a
residence time of 40 seconds, toluene and benzene are the predominant products of the

BTXM fraction. Product selectivity can also be varied by controlling the concentration of
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can produce a tailored selectivity of liquid
hydr ocar bon products. [0063] Coupling o f hal oal kanes
woe@ee@abiy i s carried out in a fixed bed, flepiTHUusmdr/003091

bed, or other suitable reactor, at a suitable

tenperature (e.g., 150-600 0C, preferably 275-425 0C)

and pressure (e.g., 0.1 to 35 atn) and a resi dence

time (t) of from1-45 s econ ds i general, a

relatively long residence tine favors conversion o f

reactants to products, as well as product selectivity,
dibromoimiethana petrbiced pefiddatedhe cpwplingsgagion| Bemevaltef seastigniheat and

contmu@[léj aédurdsd Q{d’aaté.lyﬁrr@ &Qrzﬁﬁﬁﬂ&[ﬂgcé fluldizdd s st @nffiguration for
1 ect product éﬁg‘f | Vi $ % changi ng the catalyst,

the coupling FeaGPr i, BOHCIRHe Wofréeh%g Whre, and/or altering the
residence tine in the reactor. For exanple, at a

[0064] mp by enecembardivhents éha awpling Feaptio v emted AHNA Prvef eaupling

reactor§ Q@%ﬁg@d i parglidl. 30 Afows thy be&Qllép’idcd’iESd by henemtianeusly, without

I

other rqasouiuSaviladredundaacios g@tubtt uiplizeddin e hmnmmmq%?ﬁparatlon
haloges 8adrhidh, lafid beftr uRft®usedGARE bdal pasdesy. packed with a
rret al -ion-i npr egnat ed ZSM 5 cat al yst vvher e the

[0065] Fe, La,

NG VT, N S cat al yst
s Zeolyst CBV 58 2 4 30 4, .
[0066] 4 aiT P8 5P EPERFOFRIP Vs@f e igher et "(“&&Pf‘ TEdP é‘é? embodiments
shown BAFJGS Al ind12/mraddtothat exipéreatoupling feat R a firsticaoled in a heat
exchantgfﬂs 'agﬁ steh’frﬁ) f ab%o%tﬁﬁ%%{[ﬂﬁ% f-l@rlﬁﬁ‘@soﬂ%él 19%91”@51@ § packed

mnant XM fraction. %F’
colum gy @bei mtw@grsiea}cgoﬁ@uwe%?r P b VOéB%SFS?lP. fehtacted oither
in a coaMmRAnNbGY ajunw-anﬁbndﬂhwpwuh&hhmtmmdme floerprefedredfooits

improJeﬁeetfﬁ&QRé A F%B; Qﬁsco%gr{ A at Qci ohEaHeE %s%ﬁﬁllﬁ‘ B@iabatically or

t
substantialydpotherpaly- r@é’é‘?@f“"k‘?@ﬁ?‘?‘&u SHcPBFENBHOR RE DY E "g'g acid after

absorpti6f ediipies iondbté COWRLeditha pseferrel amdel dfi20st0 SOwtB0 612116 dpﬁ:rating
pressux%qg letg%%qiagexﬂgre LPLrPéra%%r R ltJ} 6 paf 2fi ing rl‘aﬂo?atgﬁr b 'e%(ﬁ%s

eac ors, arranged |
glass-lmﬂs:ogw@whtq%awargﬂqss preeiag san be Beed; Jp a pilot or commicreial Plant

one or @@t IdAHMIS [y rrovioh Fediitan i YhteribiBt(d estribed Beloww) asnetilidedt he
coupling reactors is taken offline for decoking or for

[0067]S On?n 81’19 €mbbg eé}ﬁ of l?ﬂe%{lé}{tlorneﬁ&r\%@q&éa‘?@o £HBdl&s are recovered as a

i e B oo S SRR Sop bk A phas soprted

from tiey aquabhs filBrecassm stHohliquil diquidispitter pnd dert tio Segyaoduétateanup
unit. IﬁrﬁqPﬁ%} glgl%gﬂirrﬁ&'ﬁ Vtg (ﬁrgggx%n§?§d&9éjﬁje 'r&%v@fe‘él%%he HBr column

ar bons
as 2 g8 AHEHPOBEGos Wil e Hgomusied msthpns ang eihdet sy Tap product
are thehheparatyd dndgec@@eddfrorarthe hietlsine andlliptit gﬁseauhagtany of a number of

techm&ﬁ%%h%\ﬂgﬁ%mgﬂg e&gﬁ 3‘1e§ Rhudd dlgﬁlllaﬁpzﬁxo gfgsglﬂg sfvm% or ot her

using a pac 15 co
mem %ﬁﬁ%ﬁ%@“%bﬁ‘@@gle%put vvater and the product stream

can be contacted either in a co-current or ]
[0068]c oulh spmeenttexdiméhtavthe praduct tlearc-op mngrcomprisenor inchges a reactor

for coﬂeﬁlﬁéﬁﬁg?r st Ji ﬁfdrbéﬂ?ﬁﬂi/seﬁe%ft hf i Mduc't'@!i‘eﬁﬁ’%ﬁb %h@l@genated

out _elther sulstantial adi a e
hydroggrbonsy Jtox sipmpley wndssCRERRAONItONS, %%aél dmo Rgﬁtl @t
bromoatkaney) biahblbenzefie, hyxd,foo btlerbeoraimiatedaspteies aﬂysforrpcd ad pass from the
couphﬁ%l P%gtc‘orf /5 ?ﬁ%ﬁqﬁ']@ 169 ﬁllt{@'rtla afld R ©thEPrddabO8efi-ug Gnit 17.

These brominated species can be "hyd%odehalo genated" in a suitable reactor. In one

embodiment, such a reactor comprises a continuous fixed bed, catalytic converter packed
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20 pressure is 1 to 50 bar, nore preferably 1 to 30
bar. In the |aboratory, a glass columm or glass-I|ined
wa@odoanmons t h cerami c or gl ass packi ng can be uBerUSion7/603091
pil ot or comercial plant, one or nore durable,
corrosion-resistant materials (described below are
utilized. [0067] In one enbodi nent of the invention,
t he hydrocarbon products are recovered as a - liquid
fromthe HBr absorption colum. This liquid
hydrocar bon streamis phase-separated from the aqueous
with a syBpoxed metal ot majaloxidegatalysti Nonkmithg exaswlesof theAttieo
compox%éﬂl@ iRNQIEppet, %31915? oxidd, palldHi@AQikieplaghiagivicapalladibe being
r.ocar bon produc are recovere r . 1
preferrgll NOF oG SR FrsPheert AR BeliB Beb e cdbbn SR, silica,
and zecdities, wtithealumiinhipeinz preferrerh eThsrtsaeter is apeatethalp REparapEQ-150 psi,
preferaBRD-5§50 U84 %%exfnf)@z:tﬁkdég ef gmﬁg@ eCapglefeiBiy 3@?_336 °Qswith a GHSV of
10 r -1 cnni gues. nLrmzoln
1200-63 - raerig e B Beh S BhEeHsR e (o st @Fover such a reactor,
it is readily gopYértad, todretzenerAnddHBr, s fesomns Beghtthydrerarbnpisde.g., C3-C7)

produck® 2SS prbBuGOMA1BBROHEIBEE epdshRoncORE) chil @stidtiviare Wil Eatalyst, the
ri'ses or includes a. reactor Ei-?ﬁe
i

co conyerting o
catalyshEthREPRTRIdRPBRL B ed ot REATGeR e 8 £0g 217 and 400
°C, respattivelynhal ogenat ed hydrocar bons. For exanpl e, under

certain conditions, small amounts of Cl-C4 35

[0069] gr omi%k quessFg@ag@gﬁgzmmyd?prp}bhws,ﬁhe ﬁhdrilﬁiveged meth-ane

le;u;es Y@tﬁf’chgﬁgﬁ{&sag. fn[ét nggfp%rpcfu?ﬁ%ﬁa%n%:ﬁ%%nt% h]%‘%?l %:ir:od;z'il:nt

of the ipventiamn, vot@wmierig 3nenyse ol 8asep e EPAHIPT

("SEP ge ntl)n g?@hf%i;%j} all/}gﬁle gﬁcﬁxgtai% uiiﬂg@;éddhlifeaﬂgembaaﬁiri@ &wiﬂg’adaﬁq)ti?n,

e SRS a5 B SRR Sy IR A5, FRTLLRYRUS progyetion o

some atletrahitable rsem%‘hh@xpmeisaﬂ@wgﬁham SPRYArsioRgINethg !ﬁigg;gla@f’n reactor
i | dacie T RRAGks li 8¢s, WHi€lLin turn 1d

may reélg:ﬁrgglitelf\r%ﬁpgﬁgptﬁilag?% r?Seﬁnf Wi tF §a1 I a%lilum egi%g :l tec ologlzumat

necessiiate £ pooq Ve PIHESPRGS LRI e SEbE gg&%ﬁ Pa1giPR 15oAre

can beiemploykel fac thiv pugpmsdtie]uds) bt ang notslimited to, sligiillation, pressure or

hirB @A R InPhRhidk AR b asdi BchBSlebRk. | S oper at ed
tempeﬁaﬁ%l&gsprrgg&urgaof 0- 150 psi, parsefercabl y%O-S psi, and a

0070 TS 5505 O, 1511 883 s e o
an aquepnsrsobrtinroefei Be ireprouidgd) HBy foumse bighykeiling ageogrope with water;
therefcfr;@,taé'éb Q¥atioh :'o_f il-ﬁ%rr %&githé/ a@%ﬁﬁ@é&lﬁﬂoﬁ ﬁaq?:sﬁﬁi sﬂlﬁbraﬁéhldd% the azeotrope

. W sane | I 0OC ons e. d.. - .
using 4} SRV 80k T RONG b e HEBs P e RAED Wi hafin. FIG. 5
illustratesaend srabedinteat ehamextractive Histilation yuit farsgpyating HBr from water.
Water ﬁf&&f&i&t ﬁgao%xytéﬁafm%gn% Qg% AN EIBras tdbiahﬁﬂ alamgé g’gﬂnate stream

, 4:€.40. an , < €SPe |lye :

201, iy siteer Gl ShelPhPn TR BILR LT Bt Bl Spbodiment, the
distillation qoheron 200 tieal trawtoneror apagked oplumn: HeonviegHenal geesnip packing is

preferfed®véRARGHctRMA pﬁﬁkﬂ% tARebR brokaas flld,uckBE CaBly)) idiRled at the top
e..l nven

dj.nment. of 't [ely nconvert h '
of the §ERISUOR ARl Gitbe SiinstiOf SR XAG ToA FhIANE Hise. A
condegiseSERRY ot berrequizsdFoGRie)colwhi.c A tsheilert203 is yherhtopnaistain the vapor
o 8 ATRESA e R oyt 85 cr o
evapoTaéi?)B Seetion %O%r%ag}&ﬂpgﬂ?e}lfyol}asgo egt“%%a%‘ﬁ{ ieg%?% fhe bottoms
streans &par the icolunpr sdested betore gatehiag sheevaperationrssction. t $iseam 207
compriREhARNY WhtdS@Rd 8 more than traces of HBr) leaves the evaporation section.
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may result in the coupling products being carried wth
the light gases, which in turn woul d necessitate the
w0 e@owerys of these species fromthe |ights gaseeT/US2007/003091

Separ ati on technol ogi es that Q can be enpl oyed for
this purpose include, but are not Iimted to,
distillation, pressure or tenperature sw ng
adsor ption, and nenbrane-based technol ogies. [0070] In
anot her aspect of the invention, a process for
separating anhydrous HBr fron1an aqueous sol ution of

[0071] HBr In enepmalvadiment, EBT is disptacad s g BapBPM ityagicens peJpton in the

presendd dfr&n\@éc%lyt% et eh&es a cﬁﬁﬂfﬁnaiﬁh @Br & HPor bh @6h ()€ Ca®* or SOL™)
Ut on re (S er )

that v R P S P T BeatleR RGP Tty ppsp e

equilibeimmdiBnp & -u 1 Big.s powawigrges svilnigon |V§t1¢111 ISaﬁunbﬂr falcll@teé by heating

the solitidrSt r at es one enbodi nent of an extractive
distillation unit for separatlng HBr fromwater. Water

xtract 0 Frd
o, 3 BT Rt oo
LiBr, RiBre@sBridyBrd, BeBen MeBrz, E¢hirl FelrofeBr2oNiBat €uBra gnBppe CdBr2,
AlBr;, EABed v tandtBiBr (i hd hsall iad Bx e tiveagdile, With aqueous solutions of

CaBrz,B\ggépngﬂrfsNgéfjﬁ_égaclk gldxtgx\r?eesr H'é;rtecr)tglg Qr\ﬂ? g%fgtp&]k ’ffr‘é ﬁg@to(ins stream of
the disiidatispueolymy epuiainsa diluted sefutien chiie extr?@l%l%a aThig giream is sent
to anoth&PdiSi11dtieR dhshh 'tol' atviaPbiriL£eR MHere wﬁ%ﬁ EH dvapOratéd adibthe extracting
wat e u
agent 1?1 S?HC‘SB&Ptga l‘ﬁme}'oga scfarbcimg hton %‘gbur&rln \Be A'\Ft?ﬁzﬁg%%g‘o%mﬂaﬁglfunc
acid candernsid na pm extiectingmaent if g reastion evxm HBr t9 farpoprogying A sulfur
dioxidd Bh lS’é Jn‘ﬁhﬁﬂz&i rmeﬂﬂé@ﬁé@ oﬁi&Brd%rrﬁQ@trat% tﬁ@ﬁﬁpahﬁxohhﬂ'
giva I on _section fq @#ﬂ% J %Xh 181 2.
anhydrops, B EREEP OISR © aBSt %r?s Y EARPr oma?(ll]
colunn i s heated before entering the evaporatlon
[0073]s ec dp anpthe: 2spaeh oA dlre HySFPHPE VAGORWHARPIGachss & PIOgHE! Giepn-up
(sep ara[fﬁihehn ’pgbuhlﬁ%ﬁﬁcsn)(ﬁre pEvidddeay ﬁﬁmﬂ)bﬁoﬁb’xaﬁﬁdélhp@ﬁbs may be present

in the lén d%fg'o E ?ﬁg.}c% gtrgﬁﬂ en%?rglfl roml.deb%]ch a Igét% &% d@ﬁnd

ce 0
dibromeiregthans}, gndbramee-axivaatics. in enmehodisrent tf@rmmqtl%lr hﬁﬁocarbon

produdt@ﬁ]re(s@pzﬁate@&i?dm BrorfHhtedl spetiBaby Pa&n@ thic phedudp ¥léah ooer copper

metal, gﬁ?hg%/@ %ﬁ e%q}i %?@U St aaet ions ﬂl’l_féCOfe I1§r %er:%lgg the groducts are run

over ong of woTOeL thalabeye-listefl mattmals afaa:iemneéat@@ Hyrere 25r4Y temore

preferst, uiooosoo 1Q078ls Havagistolehntid (O, Mht MY de ppésent.des
such as CaBr , MyBr also KBr, NaBr, LiBr, RbBr, CsBr,

[0074185 grlé ’an%%g %mb%@%ﬁ W@ml{%gﬂége-ggﬁé %roc{ﬂgﬁga of hgdrocarbons

unconysrtadgaethane @ﬁ@pﬁefqd\féma@élmfélghWﬂiowbm e B¢ Pgteer products
(e.g., &fnz&bet(ﬁued& Btcd), usikBy distiiditon. [HoBexamply, i PIGS. 1 fref Zafiethane and

other lgﬁmt :lllgﬁf)oc?lrb%hg %Q it t%%g%sgﬁ%tg%%hﬁﬁ Iﬁ'ﬁg%é% égﬁe 1t1t|leg ﬁmg ]gre% %%ected toa
separatign pat(PRE. Hy eﬁpy upperyesied @agthyldramire Wil bgroped with the light

gases QAdSéalnl Bt @dled Bbcum» t8E bRorviaRRGH/ZepkopittibRativml reactdbs Heavier

hydro ? raz%é?er%gvr% elbéﬁérd?s?ﬁlta%g agent 1s concentrat ed

ore se extractive distillation

colunn Sulfurlc aci d can be used as an extracting
[0075hge ular. HBr to form bronine and

sul fur - dioxide can be mnimzed. Experinents carried
[0076but Thendenminsimentofithe inveptiemtcadlytiofhalogen generation is carried out by

reacting hydrohalic acid and molecular oxygen over a suitable catalyst. The general reaction
can be represented by equation (1):
2HX + %0, —42 5 X, + H,0 €32

-17-



10

15

20

25

30

35

anhydrous HBr from an aqueous sol ution of HBr are
described in Exanple 1 and 2. [0073] In another aspect
wo@toorietphivent i on, vari ous approaches to produk€T/US2007/003091
cl ean-up (separation and/or purification) are
provi ded. A nunber of brom de species may be present
in the unpurif ed product streami: HBr, organic
brom des such as nethyl brom de and 20 di br ononet hane,
and bronp-aromatics. In one enbodi nent of the
I nvention, hydrocarbon products are separated fro
The pranesmqearseat agpegd ebtempersiures and mele mtion 06 tlyeqorl@la%‘adéﬂx) and
molecu@'ﬁﬁﬁ?yé m li.e. M @to 0001 : ¥ R&/OMfeefeBay 40 (1€ ﬁﬁthdt&hd:t(lﬁﬁ

Pr ef er ucts r [
stoichigi o rophresao. 11k o Rt e ELERL Ui F ©
from 25-600 OC, nore preferably, 400-500 C. This
Fraleganscandetgsnetatic S PUICIONNECTHEY, PlOpHEessRFriched gas, and the
reactioh @8 14& rdrﬂwﬁl’i Qtd”aﬁét)&fﬁiﬁétt RBAteactdey gasesibiahl as divogen, carbon dioxide,

o, A5 LRl R RO e
combingd|as pags ga;gs/p@qrel@tgljm:gtgre(séhgeof %apzc@ﬁgnoc{agp DEAgESs requirements.

etc.) using distillation. For exanple, in FIGS. 1 and
[0077]2, pERhabe cinshtaridlehavd den 1h§tdrfmdaasbral@eﬂ>g'enemﬁen catalysts. Itis

posmbl%l?g %E?&ﬂéﬁo&gg %‘gggljsp& ?&n@l n#tion 8 @&ﬁiguratton or

I on unit
proporiipr gheatakyels. Axiges h‘b‘t‘lﬁ’ﬁt /e 9%y- dF%ﬁ%Q%OWIW# pgtpls, such as
Cu, Ad, iAg1)Fe 085 aSi, Ml @51V, 0, Mo yRd, Gth, baBK ateaepegentative, more preferably

b t
e I RIS GRS ot
OX1 65{

ifss, apd{as oxpdalides e Generation 35 [0076] In one -
[0078]enbortt'hrasaglt n6f béund l:iyﬂ‘lﬂédihtyi, tHe, follev it gydquatibad sgednsidered

represegﬁ glve <1fI tHe! hemlsf?l leeve(c)iut tgéé: lg C\% ée}gsc': a%/xqfré,}gﬁlﬂs%ﬁéaﬁéeq to

ecul & oxygen over a
catalyzgdbagen feapatiangn can be represent ed by equation (1):

2HK + 1 Q2 - "' ) X2 + HZO( 1). The process occurs at
a range of t S rat| 0s of hy ohal i c
acid (ga% %c‘%ﬂ [ gﬁ

ar “ox :
0. 001 1 I—IX/@aBrpr’rel'ﬁé}za'BN)agﬂBG:to fit the rea&@) on
stoichionetry), nore preferably 3.5:1 (to prevent

event ual t kt h I ogen rat ed
f“d&?‘.%&’ﬁﬁ?%‘%‘”ﬁﬁ@ 3}16 aF a(l) ldg?s) no)% yger e%’%‘r&%%é‘ d %agtgg’ %d

the reaction can be run with a variety of inert

nonr eact]r Ing @@@33;. mhago&m{@gﬂgo £8pon di gxj de,

argon el i ein resent.

prgporti on g{Bq]%éseﬂg%\ e (Z‘hfgg 2t:ogr;’rbloned as pﬁ]y

gases or selected m xtures thereof, to accommobdate
forﬂﬁ%ﬁ%dé@%ﬁﬁﬂﬁﬂé fhetd] @84s/¢hahigd blﬁi@l@ﬁo@ﬁtaf&t GhHealeSreaction for (2)

+@$ %?Ag +g§ ]59(2 | fied as hal ogen generation catal ysts.

‘to use one type of catalyst or a
conbi nati on of any nunber, configuration, or

proportion ofgBatat@stse=@xi,gpe) +im) i des, and/(gy

oxy-hal i des of one or nore netals, such as Cu, Ag, Au,

Fe, Co, Ni, M1, Ce, V, Nb, Mo, Pd, Ta, or Ware
whidpisespivadant ve()nore preferably My, Ca, Sr, Ba, V, Cr,

'vfh of@em&%mﬂé‘ht ofte i¥¥bntiSh, SHorinkd 8 ulBE s ﬁ%@faﬁfg@hh@ng agent, and

cerxa t(ée(x is userd to catalyze the generation of chlorine from hydrochloric acid. The
following equations are considered representative:

CeO; + 4HCI1 - Ce(Cl, + 2H,0 + Cl; (8)
j CeCla + Oy -2 CeO,+ClL (9)
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oxi des, halides, and/or oxy-halides of Cu. ' [0078]

Al t hough not bound by theory, the follow ng equations
wWa@re@®7094935 dered representative of the chem st rBpCT/US2007/003091
believed to take place when such naterials are used to

catal yze hal ogen formation: CaO + 2HBr - CaBr2 + H20
(2) CaBr2 + VI. Q2 - CaO + Br2 (3) for netal oxides in
whi ch the netal does not change oxidation states, and
Co3™4 + 8HBr - 3CoBr2 + 4H20 + Br2 (4) 3CoBr2 + 22 -
Co3™4 + 3Br2 (5) for netal oxides in which the netal
does change oxidation states. The net reaction for (2)
for ain(o¥praAlntdaétion: +( 5) isz(Hllili+ Qzldﬁr—()*lf)léblﬁmlg(r) ﬁjo §_H2)O +
ui valent to . I'n one enbodi ment
Whﬁ;hl?%?% %&amﬁo hI orine is used as the hal ogenating _
[0079]agehis waecpfeerip i quiteamyvel, s itsdlowseseentially semplpie consumption of
HCL. Igeoafrait] pRvivus ebdcbhdef ﬁiéﬁlfbhﬁdéé (HJ¢J1 ahd 6x $gdnthavEigpically yiclded

HCI/C Q) 'I LEe%[EEF asu %til%%]%l % v, Q(?_l'ls Fo%g%s enixatszgen r?%eairatmn
catalyst, fRrGCyl9)Y viherscidomncis |us¢@amailme§@ natign, @gth. chipryels attendant
lower &ds? akd BAmiAHEtol ifd@LSO equi valent to (1). [0079] This

use of ceriais quite novel, as it allows essentially

[0080]C 0 mﬂg She et Pﬁﬂﬁ'%tt 'o? ﬁ'l& IEVEQOHCP{} hca?cggegm Eraaﬁs \éhtgﬂ&(s) are

reactions o
supportsfdpnspeoys gf BPRRAIOWCHPI TS, g FiEsgniaT HiARIA @iomivHutes fhereof, or

anothef Sitdbl @ GgPost. YA bﬁlg@Tﬁfkﬁﬁﬁd‘aﬁ@es&:ahaie(mlqj’loyﬁgmﬁﬁﬁhhﬁeﬂpmcess
efﬁcieﬁ%{{%:,%s%oq B3 bECHLA ;Lrléfe}é%beig%lsﬁ*ﬂsﬂfdd!e I's used for

ogenation, orirne's attendant | ower
cost andfamllarltyt0|ndustr 1 [0080] In one
[0081]c ) d3gcauery and recycle ofane Egwar ia 03¢l ogen generation
catal yst(s) are supported on por ous Or nonpor ous
[0082]al udialegensganerationprodisas hothtwatanasd wolecibar balogen. Water can be

separa{eh%&ﬁfhaldgren %ﬁ@trélﬁéve?l%etf@i@l tﬁe RHIBBES Is redbtE@ 0@ tRE hydrocarbon
feedst%cicf%g%gtg}e ig %ggn 15%82;%% a%roqtqg}eq\?vxﬁleg]f é;‘%é ﬁlgulgiggmaa% @ht is
achievlCup ) 08dd enResoveli aymartdrer dthesesspedicsrof @oirasupld ah ogesmbodiment
of the ﬂr@eé@%g ;a]r h?ﬂh e el ﬂfs‘ﬁ?fert?tt 1% gﬁe&’fo%ﬂ&gfbaxgg%t%ﬂr@@émﬁfonﬂﬂg from water,
s’mplya%ﬂl W@W’éﬂ’eb’e?ﬁ‘%”rpﬁ%ﬂ‘haﬁ%ﬁ &@‘F%lff%(ﬁ’é?@%laW‘EW‘?ﬁLa‘%Oum of

water, laud canc be et directly to the bromination reactor. The water phase, however,

contains 1-3 wt% bromine. However, if air is used in the bromine generation step, nitrogen
and unconverted oxygen are present with the bromine and water stream that enters the flash.

[0083] The gas leaving the flash unit primarily consists of nitrogen and unconverted
oxygen, but carries with it some bromine and water. The amount of bromine leaving with the
vapor phase depends on the temperature and pressure of the flash. The flash can be operated
at temperatures ranging from 0 to 50 °C; however, a lower temperature (ca 2 *° 10 °C) is
preferred to reduce bromine leaving in the vapor stream. The vapor stream is sent to the
bromine scavenging section for bromine recovery. In one embodiment, the operating
pressure is 1 to 50 bar, more preferably 1 to 30 bar. Since water freezes at 0 °C, it is not
possible to substantially reduce the temperature of the flash 19. However, the vapor stream
from the flash can be contacted with a chilled brine solution, at temperatures from -30 °C to
10 °C. Chilled brine temperatures lower than that of the flash can substantially reduce the
bromine scavenging requirement of the scavenging unit. Vaporizing the bromine by heating
the brine can then occur, with further heating employed to facilitate concentration of the brine
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feedstock. Where the hal ogen is bromne, a
brom ne-water, liquid-liquid phase split is achieved
wap@i/ogeetiensati on of a mixture of these speci PGT/UFIN7/003091

exanpl e, in one enbodi nent 20 of the invention, a
liquid-liquid flash unit is used to separate nost of
the bromne fromwater, sinply and i nexpensively. The
brom ne phase typically contains a very small anount
of water, and can be sent directly to the brom nation
reactor. The water phase, however, contains 1-3 W%

for re-use.oFbireapPHeaohiie brommeapeovery eridlp Gaariethautmither gentinuously or in

batch nd&eer ati on step, nitrogen and unconverted oxygen are
present with the brom ne and water streamthat enters

[0084] t heBrJ)r% nu: co%?allneocf '% ? m?etr%ﬁ é{?ﬁ% igg %onveb&iﬁg cgpﬂ hash can be

effectialy r@aweneéénmlﬁtﬂlatxons@rmr R L
bromin@ffrdih @8 Watek gﬁgdel’(@es&ﬁbbd bh ewawnms) raha&&scd-pﬁ@rnﬁl asedinétheds, are

t epper.at ure and | ure
not ver GIREGFS, ] paPen BT S ESHBn » Mgl 0l 1ost DEoick ARG, ffbresenty
descnuqé\ﬂgsjélatloa shibpvegess @n«?yb\cgq briognipe gr qur@ngfyvqy@) azegtrope as a distillate,
which er%ﬁﬂécﬁﬂadkotortﬁé’ A6 WO Wier is@aviaited i théBot¥GROEtream. Bromine

ream i se nt t I n
can reagﬁrae\ygff&?lx ylgbggf 5|;]o %o(ﬂ;n Sﬁ?%?r?:ﬁ g gg\I/feér}yang 1-26]3 eIn the distillation
scheme hrydforermpm ievelsyfdiBr (and/op iPE%BI)rCenubﬁ presept @Ghe Hpttoms stream. A
mde-stféﬁfrﬁre@ﬁﬁ&edha@hypék chﬁ’ b3 Qi toS'eﬂ@& ﬂ‘i@bﬁdmfrfe%i’xﬁé&t af the bottoms

streamq% ’Rf)oecfuge %rpgl%é {rﬁug S‘hﬁlf ves aé%%%@c%rtﬁg ?romlne content
of the Wwatgnta below &ppmamgysneluﬁ@m e mttlmmspdcqm me@édmnrpe,f acids such

as sulf9¢ H&HOH% drathlbAGREIdA AN ﬁﬁ)sf)ﬁ&'iﬁ ac?!@ 1QQeE}®srﬁal5 qﬂl&htﬁﬁs to reduce the

R IR R e e —

and watery therehyesubstantin e resiucing ig l@gs gﬁbltomma pothieavatgr strpam. HBr

presenpfnotma REatYstREA! LRI K RESVRed Bding IH1eRMaHEe rédirstor
1 ﬁrt ef heati ng enpl oyed to facilrtate concentration
electrog e‘PH;@ B¥FR¥1 for re-use. This approach to brom ne

recovery can‘be carrled out either continuously or in
[0085]bat BBecowmex o ey reaiseoFerbath gconpmigandsheiropmpenpfal

reasonB, rl@ﬁs%rh%%\ékirtg nﬁlﬁﬁnizb g!ﬂ hér édn‘iblbtélyf élﬂﬁfhafe@ Tosd®f halogen utilized in the’
recover.e

overal@afgﬁesgs \f\agﬁyeﬁ ag bromine Pasy tgg p ntlflﬁgo le%Y]e wgﬁ %ent@a %f%c%ﬁ%n and
unconvdytedgaygen phasﬂenc(td:est@radwé’@r B;rz E@@ﬁéwqrﬂ sliroa'nae scavengmg can be
carried®&i§iah RibeatoRBSfide @Bﬁdﬂ 0UBr o MIBYO! eith@f YoalEd 6 taisuBpor@Bflused in

powdeBToriiih enifes Rk g7 altedp Holahe] S b3y COn s, methane
&/or New tlpme@gdoomrodmééh%mnmw Sromingricanengineds psepnedyéhin a

range %te&&k&hie%' i, efroM’-'lO la td():l 200 e@y Wﬂk;éh bgkiné ecdvbgihk astomplete,
e | e bot t Str

molec@:;{)h{%mf can be kfs Fe g%ste eld ¥ hefsin temPgra Ie of the bed to 220
°C or bighet, preforhlysabsive 3@ °§3n dt H@Btportpnt thpethgreshe llmtlatlf @w O; in the bed

durin 8hife rélé%é eis%?wxlpgﬂﬁiz@\t@é fmefdll ahlBrovief At feducBihe Bidine-

%é) esen the, bottoms stream A side-stream
scavengl f?qagl’y(?f l?(7ed|oper can be utili zed to reduce the
[0086br orfComstry il fs$ glepne g

materidis € wat er strean1 Clher alternatlves that can reduce
e AR .
phase sritiie vapor phaseupfeseritea axgncﬁcanyd:aébng@m the seledtiompfidurable materials
for thPERRRNS diF o fehbtord, Piplies, ind B2 B prhiRS dRahREUAR as alumina,
zircon‘ia, gnd silicon carbides, offer exceptional corrosion resistance to most conditions
encountered in the process described herein. However, ceramics suffer from a number of
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pH of the water stream Lowering the pH drives the HBr

and HOBr stream back to brom ne and water, thereby
waadwsogews al | y reduci ng the | oss of brom ne i nP€TES2007/003091

wat er stream HBr present in the water stream can al so

be recovered using ion-exchange resins or

el ectrochem cal neans. 20 [0085] Recovery of al

hal ogen for reuse. For both econom ¢ and environnent al

reasons it is preferred to mnimze, if not

npletely elimnate, | oss of halogen utilized jn the

disadvapiaaesl inclyringdack ofprusturpksirapetinmsier frnsile ﬁ‘éalﬁo{héﬁ‘f‘} yin
completély b@mtﬁuﬂg £4% pieiRé eshetibhy (@ge o diffhsiomcammisdsttethspory gleng jointing

surfaceg)f ssslbrioamag%}a%ﬁ eﬁteﬁn%}%an?ﬁorg gl?a?%&gﬁ&[bs 1&5&%&8 most ceramic

can e carrie cont al
material® |qusmar5rngﬁurms{ gas-tightand qogragion réﬁst&n%mrﬁs%%tcoa‘frol equipment

(i.e. shé15 86t fuBe Zymxierexémgbrs; ValS&P puiin@s, Bitc. 5 rfefrbpergasn staleamsd
al SO CO

temper?Weg&glﬁi)ﬁ%ngreﬁEﬁcf Quer e'#ende er%od? of t16ne vﬁﬁqlk%{ep ¢ the use of

I nv mne s

formablesmptalt svchad Atk i, GraF e, FyioPt, ey 5 endd grods, of a'éoys /5 0f these base

metals t6@BnidDelefnenBQAcR bs AWErC ttc@rcmguspa?&enga(r;g? M, 1\{1% N, Nb, Ni,
e can be rel eased fromthe

O, P, Péegp%ygp’a'rg% kg’ cid %Ur_e of the bed to 220 OC or

[0088] hi ghepordmgeﬂomtﬂnybmv@ of the pEention,jthe prpsess: AWtsubpracesses

describled %Efénb frel da&ﬁé@oﬁtflnﬂeébt@g ﬂlﬁlngh@&)ﬂ%llwleﬂmﬂﬁﬁ@mm are both

strong F%‘H{@émflr?é‘%b?%‘m%% %‘vxvcghbengang gonelim}/ 1§n(%?te{xﬁxvc%%t1éué?dperat1on
Selectip 08 ajpropristemuaserialn oéfsor@trmpn@raﬂenﬂnde é@@néy omdhe tenygerature and
env1rox&fﬂéqu€ﬁ esz buRS !f&*babﬁ §t&iem§onml B6tpbiserit0087] Corrosio n

oot P45 A o A0 18 FLORE D1, o

reducigg) gas danapamed ttheihglerrgaditions ﬁen@ein@o:trurgduomg)dwnlé giféer gr eaﬂy
Nonlm'i‘iﬁhg 'ékﬁh?lefs of rﬁé@@naﬂ@f&hﬁﬁ&i hofiabid ﬁ?@il%s%re RJ &ichié conditions,

operat S it B P ARG AT PO S0aR0 b PR A g0 Sl of T and N

with theonosy sirivable bsingtAli¥ allbpedibsmare spédifically ’Ernch:ﬁ) andeli-On-Mo

alloys ?J‘tﬂ HREPELIBWIES Ghil BGW Ch&frﬁéxﬁ mHPé’@é@fﬁcaﬁ rﬁﬁDl@@R%@ f&noy 59, C-
ro nurrbe of di sadv nt

1.Nn
22, 623,30 dL 5} aNOSKHGHR OGSO IBRETFE ISP 35 A fyrrposure to
either acid beligd ©tat, pr anmiecallm hajpggago phayelic eaditions i thegemperature

range Panj §st3;;<§ Inmﬁfer d!ﬁaglglhpgwap rdr éﬁ’él%ﬂaﬂ Ri16¢ Y FtinbRQAE aMoys of Fe
and Ni jzihi1Be EWSE%/‘N?%’ 5 briiag alleys; %’@f Ctrfel%ngrb‘{ ﬁb%? fappilies.

Nonlirfitingtex bmplas g fonatetidle idegtified hghtitabinfbr sorglosiormnment conditions, in
the terﬁ&%ﬁtﬁf g1 86 §5ﬁ“@ tlﬁahd@% | RITER diloyE of $RE 0o, &N, For lower

eat - ex ers val v

temperghue 39P<§H°%$ STt ?@ﬁﬁe}ymﬁwg&ﬁ@&ﬁé&éﬁﬁiw%ﬁ%ﬂm
FEP, andeiore thﬂﬂy ¢ VI2F.i Al snapéridls ma,y beidsed indepenydendgor i corjenction

with agﬁﬁp#{ m wmcg] IRdodlifg,; o’rA‘Uhe K@é glb:a? depBitidl on a

or Zr or oys 0 ase netal s
suitable dpiw 508t Watesial praky as leyyzal Oé(sst &s-"B, C, Co, Cr, Cu, Fe,

H, Ha, La, M, Mo, N, No, Ni, O P, Pd, S Si,_Sn, Ta,
[0090]Ti , Pigurt6 sehemati¢ally ustrite088]ltebuate mtidvwpfioperstion for a continuous
proces‘§ Wm@@ﬂ&g%e&gﬁe 'nﬁﬁﬁﬂtgag Nor dthé& a@lEleé%@dﬁ&ﬂcs mto higher
hvdr oceﬁses desc t herein are carri %‘F nce of water

ydro '&‘gls PKangs Fre, ronawa 38% 9 HP?‘%*’&lﬂ"pﬁ*’rﬁmn PhiAP PAFSE
formeé dtufing bromlne generation, including recycled water. The bromination products pass
either through a reproportionation reactor or through the reproportionation section of the
bromination reactor, where the light gases are reproportionated to form olefins and alkyl
bromides by using the polybromides as brominating agents. The reproportionation products,
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strong enough and sufficiently corrosion-resistant to
al l ow I ong-term conti nued operation. Selection of
wappropopat e material s of constructi on dependsPGI/DSIVgT/§03091

on the tenperature and environment of exposure for

each process control conponent. [0089] Suitable

materials for conponents exposed to cyclic conditions

(e.g. oxidizing and reducing), as conpared to single

condi tions (oxidizing or reducing), will differ

greatly. Nonlimting exanples of materials identified
which inelude biefink calkrmenqiuemidest spnoypolybroseides, tapg 4kBr, along with any

unreactB® 8lkahéd)drd theh E‘ﬁutt@ fﬁéed'cﬁb}iﬁg réR0EE Thk cfaﬁﬁ]ﬁﬂé—ﬁﬁrdﬁa@ afe sent to a

of .T
B R R R
from thervap&)liquid-liquidCtlasih “éille(aﬂgewstfﬂiBhlsgﬁH@VGd %We#@avwh ghase. The
gas stréaﬁi"fr&n(%ﬁ@ fesH is(eRI B asﬁﬁﬁiatlbﬁ ayt¥mAb lr&@%@f fnkethafik [a6Y 1igBt gases,

which 375 S0 IG5 the BB RE S PIOE H PRI PRUP g peC ooty
halide to air, or nolecular halogen to air _cyclic

[0091] ¢ onitragsngnust ke reraoyeshisamdhe gas resnele S&rsemsgﬁr ¢ ussflapgp oxidant

in bronfifié eﬁh’l\bﬁ&ﬁ T deou@HBi‘@&@ﬁWcame@bmgﬁl’thé @aportliquid-liquid flash

is sent g)et?nﬁ S_H%I/\V%t)% Xe&ar%tlﬁyg S rf]:q&, I\v!f%:re wtd%r F\%jl%ﬁg\%fﬁ‘gd S’iflhé géﬂa?atlon can be

carried o fxi ardzsuugncaxmmeswbﬁrermtre miatards taken opt aSeajdl.ﬁgllate and the
bottomS YirtaR i€ard ffuedh W18t SNYT HBR [BRing 8 Relitet 0oScentratidbi6f HBr than the

feed to ;}ﬁf?&%ﬁ%ﬁj rn(‘:i‘_ce rh.%%gf tﬁeg g%fsegggg;é s?real% I&ter glf toaﬁl% bromine

generatiom @hctlponwhf(re Peoane is generpied fmlll Wmouls rni@sﬂl% Breseree of air or
oxygetlt i | i zed such as PTFE, FEP, and nore suitably PVDF.
Al'l materials may be used |ndependently or in

[0092] co nhg{ggnaltlggllywe%tpacﬁvg lﬂ?&‘ffahoﬂ?ﬁt 1?%&1‘% sépﬂﬁ&e %ﬁBrCﬂ@ﬁ‘l' Wier. The

1 on
separar@é HBIos éentdwlttb@pmm éwemlﬂcw&ﬁctag am%womlpﬁgﬁ %ft"ééart%d from

aqueodsQ@@tOﬂn thé grésende (ﬁ&ﬁh&b’f&i}d)@éﬁ | Coldpiets coat@sion s &B1Es nat Secessary
in the b bromi s nn %enepaﬁlro%tr CQO %d%) Fécoﬂﬁl%uc,sanqe Gaeed {)l&rfor the bromination,

ane, ura
repropmé)@agqiqm |agd/‘0n p@uph@ﬂrgpctng,sd w@t%éhgb;;gnmmqgaﬁggng dgcoking product

stream Ve roateddo itie brldeniké peAdIaidORasBEL i ON in the presence
of water formed during brom ne generation, including

[0093]" ecwoﬁsﬂe W@Lﬂuoulﬁyf odds O Tk AL emséﬂ% & @a’ﬁsﬁﬁ&aﬁ'@@he

a reproportionation reactor, or t
brommaé?ﬁr iBiibs brogmaeionseson B HeIToRES BF B é?%%fc \ipg gpmine
generatibf)iaclubing regflledaars. The brapinmation pragiwatsgohbich ihohude

monob%n%&deg ?mﬁlg?lﬁk&)ﬂde?! 1551‘{& Sﬁﬁ'ﬁu@ elﬁérrAQefr%ﬁoﬂmrﬁHBH PLARS or the

romn
reproppitipugien seghirn wf ﬂrﬁcbreaénﬁr@fqeﬁ%tor, a’rh@y? thed b LRSS,
reprop&Aithatedlty skt Ebroatided;idsingaho polybidnidanys bnrmmaa:li@agents. The
repropgl'tk%%lgﬁgn plac{dﬁagsh eﬁkgﬁﬂgnéﬁ}o%sc OtdBht nagirﬁﬁﬁlﬁragfm lybromides,

|ng re sent vapor

and HBY ggmd apwglneqa tedlismss esiher senide Sspeti e alhsge agyeous HBr is
separaf¥ddfedth ¢hplRgEbroffidast Monetpomiddsduitile hlkglbrdniid@astocam are separated

from tﬁ\@é&lgp%%ﬁg# ?Bﬂﬁ?éﬂgéﬁoﬁﬁqﬁy ﬁg @Lélciéaetor{ﬁ@}@g‘?gpmaﬁ&lon-@&lon

ream

where Wbtbé‘i’ﬁltdﬁs reachbvith thereeyple gé‘ﬁ?ﬁ toj fgpm Oéefglé@ WRPRAPrpides.
recycl ed back to the brom nati on and reproportionation

[0094)s ectitengpesisdiBe sépaedtion f@O9N4 alkiyt brogedesesmsibepearried out in 2

distillaftﬁ)m%?gg% %9@%&%@!1@%1&1@83&5@1 fhdhe afﬂé zflkﬁ' Hrohﬁdé"ﬁﬁﬂnﬁédn contain

an ox ) rom ne generat.l on. ous
HBr. {he manerbisming gadedimte i;ing ﬁFﬁ{ﬂnd 0289 thsi Q%Oﬁlt‘é@ are sent to a

water absorption column where HBr produced in the coupling reactor is removed from the
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Is sent to the HBr/water separation system where
water is recovered. The separation can be carried out
WO n0oa/094933 i | | ati on col utm, where pure water i SPCHKEI07/003091

out as a distillate and the bottons streamis an

aqueous solution of HBr (having a higher concentration

of HBr than the feed to the distillation colum). The

aqueous HBr streamis sent back to the brom ne

generation section, where bromne is generated from

aqueous HBr in the presence of air or oxygen. [_0092!
productdahe unedrivestkd gaexThalkiquid outisef the absayntion colysr is ed to a vapor-

1iquid-1tﬁﬁ§fl§r§%€ser‘§gfaﬁgﬁ %ﬁ;ﬁgﬁﬁe}higﬁe g?agtﬁ{jaﬂibfgpnr?&actg sreseftiove®as an
. I i s
organic ibaEs HLAPHHFRG TP NBES I DAY RbER, he fes gupicy from the
absorptinnyg@dmnn Coseult 63 2 separatipnsiystenofo seBaratemetiang ﬁ@glz;ﬁ@rl&ghﬁ gases.
The rec%bgreﬁrn%ﬂlg?e ig ?&?Eﬁﬁ'b%@k kS AeltRbmin@{onQdi ot SARIE the ligBiNgases are
e carried out for the brom nation, reproportionation,
recycled ti s TeRRARRTHIGIPR XS s, with the broni ne-cont ai ni ng
decoki ng product stream being routed to the brom ne
[0095] genbitatgeomust he separatpd beByre Mrrogases areaneyciesbid 8irdp gekas an
oxidanﬁlntt{i"BHﬁr%é é,’é?x_ei'éito_ﬁhqwe atl?g:dﬂsq‘:ml? stﬁéﬂrﬂf gaastharapbr-nghiddigdd flash is
L e brom natign section in resence_of. Xs
combinet) g AR PO, EREY S AUV SFRB G R Al gy and sent to
the HBwaVater scpamtioncyitemat iTdwe sspardtion sar bk camied puf mdlstlllatlon column,
where i ?%&g‘ﬂs @g%gtﬁﬂg aPRhANeR aglﬁst%% B8sSmS blrokg s &i %c{h%buﬁsolution of
orti ion.re r or r.epr oportiqpat.l .
HBr haé(gg& 2 glrghslf cqneEntration; %g{lglbﬁoxpg%rgﬁ aYlﬁ‘P % g‘geecf tt?ﬁge fi}sglﬂ?tlon -coh.’lmn.
The aquemedBr grqagpiscput hackna thesbromine geneaatian sastion Weee bromine 1s

generated Fiin bREeRR VBN iAThd piesSifccU R, BaYiditorageRthéd aifhe
reproportionation products-al kyl nonobrom des,

ol efins, .a smal | anount..of. br.Qu ~

[0096] any%%%lgfg'd eﬁrzkc lr‘], s 1%1}%‘1{){% géh X%egﬁgls?;gﬁégegie%a% vg)arl;c@f] dThe
separated B sert tadobromippeenesationyrepaiosdvhgre frampweds gejerated from
aqueouR'EP5} ﬂxtetﬁg p?&@ﬁ’&{ dﬁrﬂlﬁ,j 6|§y' ¢h, bh gnﬁélie_quaibr(Q'lﬂﬁlﬁ&tét_tdrﬁ@fﬁi@{ 6f HBr to

. separ at ed, m. ol ybr omi des. e, 0 o
bromiEgR ot U (RS BSPUBLATFBRACT oRCAGly PPy L bibiination,
reproppuiopbtiomautbeoupiag reastarh cehbe cewie ant guitle the byoppperpontaimng
decokigg ?ddht%_t m?maﬁ r&]&na? E&‘?hegﬁ%f%e géi@rai%g&@é&oﬂﬂ& L ou

éparatj gn from . a ro can carried ou

1009717 " g Q{lpYing s ROUBTING PGUBEPLIPE Rvgotips fidy Yoyt syoproeesses
for pratticisp theliwwentidy| br om de stream can contain HBr. The

[0098]?‘;29%% u% ESREYr ctrﬁg?ﬁttmrpottlbﬂ)tr&ﬁblﬂie'tﬂbﬁe?\ﬁﬂi? lan@nd
are se 0 a er,_ahsorption £ol u

oot RCA At el EASRF T AL, t o
temperfaturavizie prividg ¢¢esamsiissartibnought erpogatemperature kpbbder full of bromine.
The CRYN 2ﬁir_2 Ghiktdrd l@/:i@?ﬁfd?ﬁtfféltd' iﬁf]b Qﬁifelﬁg’élfh $lds€ %Htecht \%1(1)0 °C, and bromination

vaporliquid- |iquid flash sepaf.atiop, uni ere . o
of the Fregiar (SRR BES DA TR Lnader OO0 AR e  Aoiipspmariy
bromoptetismeadibragometendiBnd HEBr. Ry sttcaas of higrogem HBY, apf pedially
bromi%&fgde ﬂgc'rﬁ‘gt@z;ﬂghﬁ twak %Qﬂbgrﬂﬁ VIS PFdpah® (?g@ lsétfﬂfi], 1 atén)SRAtmixdng tee and

system to separafe. ane fromthe,li

passedi SeoPH Bk O TBAARTc VUM ATERURIS BALL e PRRD - In the
secondreanion albeopo]slbmlilinated\hyidt@arbml_sI(i.gr(tZH@_%;g,e@,HBrQ react with the
prop aﬂe%%ﬁb@ugcetﬁ}oﬁﬁgroggﬂés@’ PRt deBRPok@dhat@atit Ritalitdd0Bpthe following

. N trogen nust separated before the gases are
reactiqecycled if air is used a s an

CH,Br, + C3Hg — CH;3Br + C;H;Br
As products left the second reactor, they were collected by a series of traps containing 4 M
NaOH (which neutralized the HBr) and hexadecane (containing octadecane as an internal
standard) to dissolve as much of the hydrocarbon products as possible. Volatile components
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oxi dant in brom ne generation. The aqueous HBr stream
fromthe vapor-liquid-liquid flash i s conbined with
w0 b@7ameedus HBr stream from the al kyl brom dePCT/US2007/003091

separation section and sent to the HBr/Water

separation system The separation can b e carried out

in a distillation colum, where pure water is taken

out a s adistillate and the bottons streami s an

aqueous solution of HBr having a higher concentration

of HBr conpared with the feed to the distillation
like methangrand praRansgVers gelleged it & sashas aftes dhy HBgbyd lqualtbﬁé traps. All
producky Wéictiagified By ke cliegihiogfaphwh erte results (NBx. 1" are summarized in
Table peﬁc?rrc%tmgﬁj i éﬁ{%g%ﬂgf" §1§sr \U@l{ﬁdﬂ% i\‘f"?ﬁ ?v%g ?&a%tq?s fbu@kvrlthout
repropetionaen Vb greRdTeICAeIOLA™, WECHiTh @nb@fba fa%téemr fodgtithout
propanwt@dsmm'ilm)separat ed HBr i s sent to the brom ne

generation reactor, where bromne is generated from

aqueous HBr in the presence o f air, oxygen, or
enriched ai rLabtehyReprepastenasion;af Dibromemethane hr oni ne |

S not requiredg duri @gt. broni n¢ generation. Periodic

coupl 1 ng 1 eactor OCTRB ol i cHOBIET Aui ) ¢ he Lol B

coupl i ng reactjo Wi th

br oni ne- cont aj nlrenmpaetmtlm) r odeminationhm| bei (pyomination)
rog{,cﬁgmtagoﬁhms br om ngpgenerati on reggtor. [[0097] Tde

Re%& Szms[na plgtrgl [a¥a¥a nr\ng:)nc fnr ?nr act |€Q nn t h I menttohn

fortown nonl'r m_tI nNg exanpl es T thellnventl Qn

POt 1TV CTitCT OTT.

[ 0083 [cofrxaxpiphe 1 Refodport i onat i OA7% D| br dnonet hédld

Q)

C&B#{dﬁﬂfrﬁ-%ﬁﬁ)[ 0099] dfethane ( 1 1 §89M 1 atm wasge,

conbred w LT tTogenr (15 sgenm gt at {Toom
t&tlﬂstcﬁﬂYﬁrﬁloﬂl aan /Pm teeland nNAed t hrough alVAom

t eaeici bHlgndeybbl er Sfa%l o f |bron p?% The CH 4 T 9&%r

m xture was plunbed into a preheated gl ass tube at 500

[0010@53;}3&(; I,lgﬁo%gggﬂ,&popALh\;&}gyg%%ane took place with a

ce trme (U Ies seconds, producing

rimar nmet hane, dl br ono
oot0d);, Bl e blﬁ?‘g}agwus iSRftion YL ittty 3P %%P&%e%@ﬁowed by
heatinp 7@ 0&r Bosignifisart @ewbiutied ofi BT gas opmodséved idatemrinediby AgNO;
prempﬁ&ﬁ@n Al Be FNI)H ﬁﬂnﬁlg ?esénQ'hQ fse88a HIOwas SARAAEALESSthe reaction

eactor. tub wWwth a residence tinme ("t res
wascargle OFtléa@‘g’enVF?Fe he second reactor tube,
pol ybrom nat ed hydrocarbons (i.e. CHBr CHBr ) react
[001024; t ameple pgparatiomohAnhydreub Hidropr opanes. The
reproport| onation is idealized by the follow ng .
[00103)eaddétydrationGhit B,8Q, wak3tteBp(ed)bSHhdabig o céitIsalBtion Af H,SO, to

HBr. (g&aqg&‘f\;e teLtgfv}eré P&td%%&%riﬂ wiiaf &ﬁfe’rer&@%ﬁf\é%q %!f E—lﬁgbe QIere added

cont al
to HBpGdelgrmmationiad ﬂP%B‘rh}eSHﬁ q?@ﬁ%éasmewle% RiidefPR gf HBr no longer
occurs9Ct adecane a s an internal standard) to dissolve as

2HBr-mf—? @lg Ig%e gééﬁ?ﬁ%bon products a s possi bl e.

npon fTke methane and propane were

[001 Oglgglr}g%\}aggplegpa é]ix%t tﬁ%ﬁ;gézg?ﬁq%%rgtg’orl{a lg\zs(ovg}?ircg no oxidation is
apparesit isoRH0 ogréap3y ml TR, FRS Ok theas (@dEsd tol3) mi stock iiBreaziegiEape (48 wt.%)
and the hixture was heated to boiling. The HBr content was determined quantitatively by

AgNO:; precipitation and gravimetric determination of AgBr from a solution aliquot at the
moment of mixing, after 15 min and after 30 min. boiling.

[00105] Example 4. Metathesis of Brominated Methane over Selected Catalysts
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Tabl e 1. For conparison, the reactions were also run

Wth two reactors, but w thout reproportionation wth
w@e@pam9y " Control A"), and with only the firsPCT/E8NT003091

and wi t hout propane ("Control B"). Table 1.

Reproportionatio n of Di brononet hane [ 00100] Exanpl e

2. Separation of Anhydrous HBr [00101] 20 ml stock HBr

aqueous sol ution were added to 20 g CaBr2 H O fol | owed

by heating to 70 OC. A significant evolution of HBr

gas was observed (determined b AgI\IO precipitatjon and
[00106] he ANieripsiaf ergperiazanys WW&W@P@% Pish mgtdanfoyvas brominated in a

mannefi$id3tahfikipd th’%fsahﬁfhsrcﬂ afhilfno Wes desuribeddn Exthmiphe hijlogwem methane

bubble%( gla's el c%érg 92 Hiperaty e@ro&%ﬁéé%&%@f)gggss% épﬁ‘%qﬁ&g% Ifﬁ()ugh a
reactoretub@h@tecw o) apfl thp bomipatiqypprodezts M%thewaﬁ%eétoyer various
metal-%ﬁreﬁcl%%g@ of 84 ﬂe@na\ﬂfed gbolfe Eﬁtﬁf)@ﬁt a@dﬁi@@lbﬁdrﬂi yressutd RS0

g on he..t hr
pressu{é@r?g éﬁ?rpg?ria &E trP ggfj tg a‘ﬁb o r@ B\fl re% deth e ngroefsﬂla% gonds Table
2 sumrﬁai&es +th¢-RisibuBp of ngGRhes4-pProdugts ggzp]lyqtq noted by metal ion

Eitet%erf‘%ﬂ:)taﬁﬂtb)ﬁ eH?Q%y@aﬁeBa&dsml(eg kselzzpwssMsow, ¢iQ). The

e G S BN S i e o P . o
abbrevidtionsi BRIy, TaX, heddetriegobenzinegpheryd bﬂsmd@ow@n@, Wi@ne and

mesnyfg%teelre eﬂ:@i@eﬂruam itatively by AgNO precipitation and
graV| mstrl c ‘determ nation of AgBr froma solution

[0010'@ gugfag:off%deta g'ﬁg{é?%o&tr&g%%ﬁgéfdﬁ sﬁféc{% ﬂgsts

of Brom nated Mt hane over Sel ected Cat al ysts[@@tbe] A
T (C)Ser (RGalght experi nephBrver g conduxt ed i nMvhi ch @@ghane

Was na I n nne ubst |aII he S as
350 of ?arﬁ%lg]ﬁr :Oé%t hat %odégcrl Bé% %‘Eg (10 gggm
350 et Barf® bublBldd t hOdWgh r ddh t en‘@éﬂat uré 18r omi B4}

30 | berented P 20000 and Phe. EW nat Lap prodaats.
350 wer £afen szs?é)ed o@go, var Btﬁ}s ne |on5§§chang§
350 i npiGag2idided lz’JéZoI it ©.2at al $5s, al. 13t nmosPidéri c ﬂJOéssure

350 (tO*c%l 4Y4e S PH, do tenpRr at upgqof fBQﬁl 3501@)@0450
?1 a reS| dence tinme nds

T 40 s
350 surrﬁ?r?‘?Zes O di s Dut i 8;95 ngtggt hes?’-sE pr od éps
350 Cat aig3024 aro3denotOe®) by det3al i 8rF9(e. g3,89Ba, @32 M,

350 etci\)lg gd by $¢/pe @fogZeol ¥ty Int 3l30 zeohifze (egQn,
552 8014, etc. ). ) of each prqduct,
3:'imss pr oé%{ S | Q | venG%g

350 as \MPIZ?’% tlh%7tot<'9
350 eacMnG024 Thesihbbr &0Gt i o292 B, R, T3.02 andlRF

ref beny RIGY! Brgm dey 4ol uergsy Xyl eng, and
350 rres?\t{yltsgne rggpect Ively. [00107 Tabl e esi s

Met at
350 of BYigdlftat ddldet hdh® over %l eclf Cat Q?V'st s. * t al
350 Ni3024 0.61 0.00 2.82 3.85 2.13 9.41

375 Ba 5524 0.32 0.00 1.32 2.82 2.57 7.04
375 Ba 58 0.40 0.00 1.84 2.93 2.40 7.57
375 Ba 8014 0.32 0.00 1.23 2.84 2.95 7.34
375 Ca 58 0.20 0.00 0.96 2.55 2.93 6.64
375 Co 3024 0.47 0.00 2.30 3.52 2.18 8.48
375 Co 58 0.30 0.00 1.54 2.83 2.42 7.10
375 Mg 3024 0.37 0.00 1.81 3.26 2.78 8.22
375 Mg 58 0.34 0.00 1.67 3.04 2.74 7.80
375 Mn 3024 0.62 0.00 2.91 3.90 2.17 9.59
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W@2®0/081993 8. 11 350 B a 8014 0.30 0.00 1.30 2.BC1/85087/003091

375
375
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
425
425
425
425
425
425
425
425
425
425
425
425
425
425
425
450
450
450
450
450

T (C) Catalyst B FhBr T X M (ng) 350 B a 5524 0.25
0.00 0.96 2.58 3.14 6.93 350

B a 58 0.31 0.00 1.48

7.60 350 C a 58 0.20 0.00 0.81 2.44 3.09 6.53 350 C o
2314 1.22 0.02 3.05 2.18 0.56 7.04 350 C o 3024 0. 36
0.00 2.06 4.21 3.47 10.10 350 C o 58 0.20 0.00 1.05
2.91 3.34 7.50 350 Mg 3024 0.31 0.00 1.53 3.59 3.89
9.32 350 Mg 58 0.28 0.00 1.41 3.30 3.43 8.42 350 Mn
0.65 6.86 350 M n 3024 0.53

2314 1.07 0.03 2.86 2.26
. OIS %2 40.80 3. 020Q1. 271.3850 M%A758 0.2183 0. 0®- 88

. 1Py 3364 71 ézogioo.bb i1281341(1-21§ Q8:§>5 2.0%7 2. 44.85 74
' 2§23§8“ 326 (’5g 1‘99‘3 2. 3295. 57
. 0Ba$884 2046 2.4@00. 57 35 B 2.8b14 ® 72 0. 0047 23
-gé a20P® 7o 3503750.6061 5816720 03,80 0. 9H72. 55 ®593

' éggso 0863 5‘3-0 §
0013084 3028 2. 7®08. 22 338 M gt-58 0. 342
. 74 7089 3750M,n 3og410 623 8600 2 91 3. 99@. 17

1@08. 83

GD(JO_C)O ONODY NNO

231313%

0933 3

3 5995 7 48575 %

$24;

960 3708 o 505 40

75 C
30?85
00 1D. @7

o 411500 264 55000 46

0. 0Mg25837 4076 2. 96.00. 94 308 B a3.38 0. 7059. 00 ®.0%
3. Murd302) 16947 40§08 2 8R14 0 3838. 00 4087 3. 18115§ 77

3023“39398 086383 4%90 OO%J"é

1048 400875 5658 65

0. 0Ni30Z4 3036 2.30.08. 99 306 M g3.3624 01.73 0. 0D03. 26
4. 185%3% 19906 408 0N 9 5829. 71 9200 3.P403. 743 8459

Pb 3024
Pd 2314
Sr2314
Sr 3024
Ag 3024
Ag 8014
Ba 5524
Ba 58

Bi 2314
Co 2314
Co 3024
Cu 2314
Li5524
Mg 3024
Mg 58
Mn 3024
Mo 2314
Ni 3024
Sr 3024
Ag 3024
Bi 2314
Ca2314
Co 2314
Cu23i4

1.07
2.44
2.13
1.93
2.79
3.09
0.54
0.79
3.13
3.39
1.07
2.89
1.51
0.99
0.81
1.22
3.06
0.97
2.53
3.84
3.90
3.64
4.12
3.65

0.04
0.00
0.01
0.05
0.02
0.02
0.00
0.00
0.03
0.03
0.00
0.02
0.04
0.00
0.00
0.00
0.04
0.00
0.02
0.02
0.01
0.02
0.01
0.00

277
3.16
4.05
4.03
4.16
3.52
2.67
3.00
4.47
4.34
3.42
4.74
3.31
3.28
2.62
3.90
4.02
3.38
4.36
4.27
3.59
4.10
3.77
4.30
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3.63
1.22
2.29
2.67
1.78
1.09
3.67
2.94
1.61
1.59
2.79
2.13
3.27
2.85
2.16
3.01
1.46
2.85
2.22
1.36
0.67
1.00
0.77
1.10

1.66
0.18
0.46
0.65
0.29
0.16
2.33
1.75
0.23
0.25
1.09
0.37
1.12
1.37
1.11
1.14
0.24
1.32
0.43
0.18
0.06
0.16
0.08
0.14

9.17
7.01
8.94
9.32
9.04
7.88
9.22
8.48
9.48
9.60
8.38
10.15
9.24
8.48
6.70
9.27
8.82
8.51
9.56
9.67
8.23
8.92
8.75
9.19
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400 M n 3024 0.98 0.00 4.10 4.38 2.06 11.52 400 M n 58

0.48 0.00 2.26 3.44 2.64 8.82 400 Ni 3024 0.81 0.00
WQ2M3/081985 1. 72 9.04 400 P b 2314 1.20 0.03 3. PSI/BSAH7/003091

1.20 8.94 400 P b 3024 1.07 0.04 2.77 3.63 1.66 9.17

400 P d 2314 2.44 0.00 3.16 1.22 0.18 7.01 400 Sr

2314 2.13 0.01 4.05 2.29 0.46 8.94 400 Sr 3024 1.93

0.05 4.03 2.67 0.65 9.32 425 A g 3024 2.79 0.02 4.16
1.78 0.29 9.04 425 A g 8014 3.09 0.02 3.52 1.09 0. 16
7.88 425 B a 5524 0.54 0.00 2.67 3.67 2.33 9.22 425 B

450 a S 2810 4.6 3. 0B02. 94 A4¥5 8. Y4Bt 425 009 238693, 13

450 (13- Ok do2k/ 33.61 2-22(309-42 24@@1C0c70.6’:8c1)g .30 g. T, 83

. (0] . . .

450 s.g%giésc %:ggsm 025%9 o%éB 4. 780% 13 8’@% 10.78? 425 L

450 | S5P2314 513.4804 8L 3. B8h. 12 ®8D4 4B\ g FBHU 0. 99

450 g- O%i §0148 21.85 i-zgdoﬁ- 42 24851“/'292.5808- lgd. gO 728%214

. . n . . .

450 g #gi’zz’é%'m ’6@314 %5%6 0%344. Oé)'?§46 3’3‘2 8. %92}125 N

450 | 30Wkh 28197 B.760 3.38622.853.2032 .88 4290.Br 32 2. 53

450 (13- g&o“z:ﬁﬁ S3.%§ g-sgéosai. gg ﬁé@ QAO%.§@§433).64006372.7¢6§7
450 g 2§i2%k1)‘?c %-%314 %8}34 0.1%15921. 10&?[200 o&‘?% 8, 9“26)9150 C
450 o 2BA2314 1226801 30.07 0. 74.68. 08 B3V¥5 45D4L u 202 3. 65
450 8- ggb§0§£) éz.l)@ gécl)&g?élgg&mg 212'2.83014 &76200-1(2)21(8633
450 7. 2§bi§8‘?F é-68§524 4039 o.%gf‘s: 632-8.185 (ZP?Q 8. %9%50 L
450 a 2Bd2313. 48.03. 01 G081 0.B380.120.8429 4B00L | BVi4

450 % gﬁr%ﬁ%% 33% 2.6d08- 84 1789 45Dl g 2834 4. 2(h. 4y 02

450  Sr3024 231 8. 9g.Ol 3.76 1.61 0.26 8.14

[00108] Example 5. Hydrodehalogenation of Bromobenzene, and Catalyst Regeneration

[00109] A test solution (1.5ml/hr), which includes 1.9wt% bromobenzene (PhBr)
dissolved in dodecane, diluted by N, (1.1ml/min) was fed into a tubular quartz reactor in
which 3.6g of highly dispersed precious metal catalyst (Pd/Al>Os, 0.5wt %) was loaded. The
reaction was carried out at 325 °C with a residence time of 15s. The reaction effluent was
trapped in a bubbler with 8ml 4M NaOH solution pre-added. The carrier gas as well as the
gaseous product were collected in a gas bag. All of the carbon-based products in the gas
phase and oil phase in the liquid product were subjected to GC analysis. For the base trap
solution, the HBr concentration was measured with an ion-selective electrode. Based on all
of these measurements, carbon and bromine balances were calculated.

[00110] The experiment was continuously run for over 300 hours until the conversion of
PhBr dropped from 100% in the initial 70 hrs to below 30% (Fig. 8). Hydrodebromination of
PhBr took place over the catalyst bed with the formation of benzene ("BZ") and HBr as the
major products, accompanied with some light hydrocarbons (C3-C7) being detected as
byproducts, which originated from solvent decomposition. Carbon deposition was
recognized as the primary reason for deactivation of the catalyst. The catalyst proved to be
re-generable via decoking at 500 °C with O; oxidation (Sml/min) for 10 hrs, followed by H,
reduction (20ml/min) at 400 °C for 3hrs. The regenerated catalyst was identified to be as
effective as the fresh catalyst, as confirmed by its ability to catalyze the same
hydrodebromination reaction without activity loss in the first 70 hours (Fig. 9).
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450 M n 2314 3.78 0.02 3.90 0.88 0.12 8.70 450 Mo
2314 3.88 0.01 3.26 0.58 0.06 7.79 450 N i2314 4.39
wW02@1/031922 0.44 0.03 8.00 450 P b 2314 2.58 0.PAT/ASB87/003091

2.31 0.45 10.02 450 P b 3024 2.08 0.01 4.44 2.87 0.70

10.10 450 P b 5524 1.89 0.02 3.58 2.71 0.73 8.93 450 P

d 2314 4.03 0.00 1.58 0.14 0.00 5.76 450 Sr 2314 3.71

0.00 4.78 1.68 0.21 10.39 450 Sr 3024 2.51 0.01 3.76

1.61 0.26 8.14 [00108] Exanmple 5. Hydrodehal ogenati on

of Bronmpbenzene. and Catal yst Regeneration [00109] A
[00111} esThs biveniionhgsib@mdeseribedwhittc refenen¢asde yatiouygxgmples and

preferr&f &@@ﬁﬁ%ﬁ&e bﬁP@ B} 1ifHiea ehered. Uthglolﬂﬁﬂmﬁtlolﬁjd M@ﬂl\bﬂ’em
arrang QPR DR Y Gy U CE BB e e b also

includedavithinghe §repuAlf tigsinventbw Bir exampley iitlen) altarhetecathodiment of the
1nvent1$ﬁ5th§ ?Fdédu?fei %J%%ﬁttlég’ Eﬁ)l'rll%n;te ‘Qév\g&aﬁ"oﬁ ?e‘é.b%@ Bﬁeefeﬁldi@%c@f' into the
bromingloh raior dyy FRRCKVEBBE LRy TR s i By-FHaRhg e bromine
holdupamederl in the flakleugih 2@ therepy mcdm;mg/@p dandlingef lighid hramiggs Also, by
ehmmﬁﬂ% thé"bl'on%fnetsG% fr%%ctl?@r?ﬁl@hﬂ'i ts526, 27t B atkP34,Rh@84pital cost

phase in

forthe @rocspFyLFSToopER i‘ﬁ’é‘ atgadly. FdreRea e ST B have the
outlet efiromivie geneoationds aypabtortbel bwinhinaton teprpesatie: tFordromine

generat%x? %teﬁﬁglebasgg%ﬁaly%& &b Ithéi’«t;fo}é"ﬁ%?em& E@ﬂrﬁaasé‘@éﬁﬁ%m in this

br.om ne nces  wer cu at ed..
embod gszsgf FiREseTivER DERIGE Had rajwnm s PainL {23560 ieopper @

bromiden(504 *CheThopresersieaf oalgdhiBroromingpied dndeeupdigsadncesithe
SeleCtIW {d tgla déQrdd ﬁroh&ct?' 91‘@! fo’i‘g %hé Ek&nm%)generatmn reactor must consume

ehrom pat,i on ace, ove

al of e, PHYFSn B iAs 11 e PP b peRsAEe b poREgation, 5 ppust be
modifikiBto #sndvieewdtej asing a diduizk-Kquid splitngrathiedod ttantsistreamefltheydistillation
columxlilw‘)éij r %Q r\x&%ﬁ'e&g e Yr) th36 ﬂﬂi—ﬁ?ﬁ g%&ﬁgccﬁﬁaﬁé’ R duhich can be removed

i nat e rom sl ven os] t1on
from V@é?id@lrtg @%«%ge Aistilation (58e: £t KK py Dy g Qe é%fé/gﬁ?dfq’&F to the
bromifte@dkidtidhisettied. t he catal yst. The cat al yst proved to
be re-generable via decoking at 500 OC with Q2
[Oﬂllijx' gﬁ’ltllf &Hel(lﬁghrjﬂ%ﬁansf 4t v&@hﬂ"fh% scB}S’é Bpéﬁ%%@htlbg which is limited

i on

only bYé‘Ee‘?%P‘é’Péﬁ”E‘&P&%‘%ta“aé%ﬂW ‘Eﬂé’h‘(*} ?r? éfd t o be as ef fective
as the fresh catalyst, as confirnmed by its ability to
catal yze the sanme hydrodebrom nati on reacti on w thout
activity loss in the first 70 hours (Fig. 9).[00111]
The invention has been described with references to
vari ous exanples and preferred enbodi nents, but is not
limted thereto. O her nodifications and equival ent
arrangements, apparent to a skilled person upon
consi deration of this disclosure, are also included
within the scope of the invention. For exanple, in an
al ternate enbodi nent of the invention, the products 25
fromthe brom ne generation reactor are fed directly
into the
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brom nati on reactor 3. The advantage of such a
configuration is in elimnating the brom ne hol dup
woe@wdeghddhn the flash unit 27, thereby reduci ngP€h©s2007/003091
handl i ng of liquid bromne. Also, by elimnating the
brom ne scavengi ng section including units 26, 27, 31
and 34, the capital cost for the process can be
reduced significantly. For energy efficiency, it is
desirable to have the outlet of brom ne generation be
equal to the brom nation tenperature. For brom ne
eneration, ceriumbased catalysts are therefore
[00113gr eMBHAdISIveATUEINEY:- based catal ysts in this
enbodi nent, since cerium brom de has a higher nelting
ploi nt Aiﬁﬁtlﬁl@ustﬂnmss Gppenvéring brigpdieharf@0Red@yck ifikreone or more
hlgherﬁ]xg gngf ﬁ{g in brom nation and coupl i ng reduces
e se

ect’i yi to,t desi red odu ts refore,
t he br@%1ne‘§€ﬂ%$§%?£hdFEﬁb 6?3 & Sﬂgﬁﬁ%ﬁ%ﬁﬁlﬁﬁh?he
hydroo@mcget’eedsm(ﬂdnbnfzﬁﬁdg rhethinkd, snderippdéase nonditibms sufficient to form alkyl
hahdew&&%&%ﬁ% IJSBP séosff%ﬁ{allp %ufHNhé ti%@eg:‘.lpar 'HGIOR¥R is consumed;

ul g
Streant3f ¢ FRETORE T PRATBRATES P'éfafhh%}des Wéemrsome or all of the
alkyl haid@weith an alkaae féaddyimthetdbyuthe fraption otmohahategdrBred hyldtapiarbons

gq 8% qnoved fron1mater using extractive
pﬁ%m& st thion (see, e. and then recy

bac k t®th ecws?ﬁrrgeths émrpa?maﬁatgé alyd helidesoyity p fl‘SQt icpfalyst under
proces@t:hxﬁhtmﬁwsdfﬁaahl torformahéghtr higdroctdbens andaddifiondldrydrogen halide;

|nvent

ol o meting P filgane iy @i}‘%‘f s B G FRTRAR kit

S 1. eA c orﬁgeﬁaréugg prleadar halpgeadryontactige she hydrogen halide with
a secofdy B4talya iaahe prR|6isdeastia sontd ciivkygén, nter frogéssrconditions sufficient to

fommglggl?grq[akf%%an%%r .sing: (a) formng al kyl halides by

G% | ar Hal ogen with a hydrocarbon
f eedst Gtk coenasttingtye malpaier halograrfiomp sraterdto ablawi repesf the
halogentlhd Ci ent to forn1a|ky| halides and hydrogen hali de,

wher eb substan ial) | ecul ar

consunti): (P Ericts P mBleh 05 s TReEa nfbor hifie . °

by reacting sonme or all of the alkyl halldes mnth an

ap kane Af @@einudhiepobysstas @edited Gh cRIMA, ﬁmfm%a hipgieihatsefarating

dr ocarb .esent i S, rease
mono 5 A SRR P gt A GRA G O bl 1 fnror
under process conditions sufficient to forn1h|gher
hydr ocar bons and addi ti onal hydrogen halide; (d)
sgpar alAl ¢ugrtihheudpigbess dyebirddn bizia If, didrdih ¢hdlyylirogbon feedstock
eg | ecul ar hal ogen by
Cmnp%%%?ﬁ% f%ﬁQ?Eé Eggﬁgégﬁﬂ% ide with a second catal yst
in the presence of a source of oxygen, under process
condi t iAogumtintiblid pioeads ds@editedth RMIACY hferdia ipgRydragddbon feedstock
flsseparating the nol ecul ar hal ogen from water
compllt{\é%g T ra(l guse of the hal ogen; and (g) repeating steps
(a) through (f) a desired nunber of tines.

5. A continuous process as recited in claim 1, wherein the halogen comprises
bromine.

6. A continuous process as recited in claim 1, wherein the halogen comprises
chlorine.

7. A continuous process as recited in claim 1, wherein the alkane feed contains at

least 1% by volume of one or more C2-C5 hydrocarbons.
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2. A continuous process as recited in claim1l, further
conpri sing separating nonohal ogenated al kyl hal i des

wo c@mopobyhal ogenat ed al kyl hal i des after stepBCT{/@$2007/003091
and/or (b). 3. A continuous process as recited in
claim1, wherein the hydrocarbon feedstock conprises
one or nore ClL - C4 hydrocarbons. 4. A continuous
process as recited in claim1, wherein the hydrocarbon
feedstock conprises natural gas. 5. A continuous
process as recited in claim1, wherein the hal ogen
conpri ses bromne. 6. A continuous process as recited

ig) cl ahMohtinWhiRRbsEsh B@r&ﬁb@?@@laﬁﬁ rrprvhs@&l el adfidume of 7.
S as.rec e

monot s Seed AT e afthe SeieBied 152 BlsStnbp ot Tafiofpionation

catalystr nore C2-C5 hydrocarbons. 8. A conti nuous process as
recited in claim1, wherein the amount of

nohal, ogenat ed al kyl halid gse .Sl Ncreas
B heASRELRNEE Bpedks AR Brifs s Halos ety e epERgiibpation
catalyst cntdpnsmrsmpta@,cmgel-asygeennatedal, or gletdl rlralldmher ein the
reproportionation catalyst conprises a rret al ,

al - gx n materi al tal . hal.i d
CEht i Qoo TRpREatec s o SERan FlRvala Mo vt sy compises
azeolifé.r st catal yst conprises a zeolite. 11. A continuous
process as recited in claiml1, wherein the zeolite

es nmet al - ed or. i.an chan edzolrt
bt Pl R REES 28 it RBalatH o PaietAi 104 4ronlg fimnprises o

metal—ﬂhleectmbn{eech@gd@pewjlmth manganese. 13. A contl nuous

process as recited in claiml, wherein the second

c aly 2 él:léqergﬁ%ts&lpeg%dgga%terl!al .S ect ‘rf%nscf%pedwnh
manga’rtg@ carbl des nitrides, carbons, and cl ays. 14 A

conti nuous process as f eci ted i n claim1, wherein the

second cat al %ist conpri ses

cbht i ndotRRUFHBUTRIOCESS 25 &84t g iy la.‘rheiemrﬁf‘e?e@md pglyst
comprises entéaﬁaﬂmlmaeﬁﬂmmtedefmmtthé gmp congistimg &ff CaD, CeO,, Co30,,

n of hal i des, oxides,
CuO,ﬁ%e%@jce{r A% &h@dgg%&g éd@éclgpg of Ralldes, oxide:

My, Mh, Mo, Nb, N|,Pb Pd, Pt, Sr, TaVWI\/g,V
ot4.Zn. Alﬁonnﬁuoumpnonesstm rpcrlmdeas:laam T, edier@d thesecbad wathlyst

comp%@@id‘oﬂ'@é | s separated from aqueous hydrobromc acid
usi ng pressure swing distillation or extractive
di stillation.

15. A continuous process as recited in claim 1, wherein the second catalyst
comprises at least one material selected from the group consisting of halides, oxides, and
oxyhalides of Ag, Au, Ba, Ca, Ce, Co, Cr, Cu, Fe, Mg, Mn, Mo, Nb, Ni, Pb, Pd, Pt, Sr, Ta, V,
W, Mg, V, or Zn.

16. A continuous process as recited in claim 1, wherein HBr is separated from
aqueous hydrobromic acid using pressure swing distillation or extractive distillation.

17. A continuous process as recited in claim 16,wherein extractive distillation is
utilized, with an aqueous solution of CaBrz, MgBr;, KBr, NaBr, LiBr or mixtures thereof

used as an extracting agent.

18. A continuous process as recited in claim 16, wherein extractive distillation is
utilized, with sulfuric acid used as an extracting agent.
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17. A continuous process as recited in claim

16, wherein extractive distillation is utilized, with
warooage®etis sol ution of CaBr , MyBr 2, Kl Br, Na®r/psionnBeo3o91

or m xtures thereof used as an extracting agent. 18. A

conti nuous process as recited in claim16, wherein

extractive distillation is utilized, wth sulfuric

acid used as an extracting agent.19. A continuous

process as recited in claim1, wherein the al kane feed

used for reproportionation conprises a hydrocarbon

feed gas containing significant quantities of C2- C5

fmd rocq K:Bﬁﬁh%.mug Q,r?a%sﬁwebnétpmscmm@ eﬁtﬁ%r@ﬁlhﬂlé aiKa086 fédd used for
Leln n e
repropt Bl GLae Aot O PETABT GRebbs Gttt G 2f Sapes of c2-

C5 hydhedairdlsss. are carried out in separate reactors. 10 2 1

A continuous process for converting a hydr ocar bon
edst ck .nto one or [ocarbons

p o i 4 AR BRGGERT fy"es) %@}ngﬂsw whiget @sé*ﬂ%anatm of the
hydrocamblos de¢dstodkaindghe foxination olﬁyepromlbnated eyt halides are carried out in
separate Q84881 Ng methane in a hal ogenation reactor, under

process 1 - conditions sufficient to form al kyI

hal i des and hydrogen hal i de, whereby subst antially all

of the nol ecul ar hal ogen i s consuned; (D) segar ating

BAir eacAagniiprdusmeodass Fartaenverting|a Iyalrg qagaomeie fﬂ??ke’@ﬁ? Piye Or more
hlgherhydlbﬁsﬁbohﬁt&uﬁﬂ}ﬁlﬂga| ogenat| gn reactor; (c) formng .

reproportiona es ctl

of thepil kyF %W ?}@/bﬁl{‘% kﬁ rngchéﬁ m%(‘)aﬁ?%?‘ n‘?ﬁ%gat
hydrochdwstfeddstonk soptainimgphetitneds M@g@aﬁb@ rﬁ@ctmtd@b pracges

conditibh@&iffieitn®io Moilﬁjrl(}ﬁﬁﬂ@é &h 6 f&THANIB SwRERBS Blibdtantially all of
cont ?ct ing the reproportionated al kyl

the moheé’PFatﬁZ’gﬁﬁef‘& CEPYSE: catal yst under process conditions
suf fi c(ddnt sepatasing unredstad mythane Sobothe alind halides andrrirecting it
backnﬁbf@iél%@ é}éltlbﬁ‘?eac((ﬁ separating the higher

hydr oc fromtehdrc n.halide; .c (f).

r egene&ét i n{PHBRS ERrAROTHARY g‘g ﬁlkgsh%lbcfﬁg b tr%e}%mtgﬁgme or all of the
alkyl halidesogith ahalkage fedd dontaigingah thastal %l bystolume Ph €20 & bpdrpsarbons,
wheretgf e @é&%@%tfg{ofn%mg&fatwgﬁ&oﬁxﬁes RSPreSHH fnkRASed;

nt to form ecul ar. ha

separ a{ ng CAYAHYIE Ir%ﬁmﬂ%n(?ﬁ%ﬁ’?ggﬁfﬂln%ﬂg‘?e&m?}bhgg Tq&ﬁalySt under
process eosditiofis $ufcient wform higitr hiyirocetboas andjadditipsal (hajirogen halide;

thr ?Ugtb )(9) sépARRl e hféfﬁptﬁgldl%t:aﬂ)bf@ ﬁ*orngt%e Wdrogen halide;

contin rocess as reci ai m

hal oge&gt io egs:pe{aﬁgg IWH?‘E% 3@'0%‘1"&‘8‘ \lﬁg"’ hydrogen halide with
a secofidcatalysoin thé prespmoepdrat soumca%xafgklylunkiat pmbesssaoaditions sufficient to
form molecular halogen and water;

(g) separating the molecular halogen from water to allow reuse of the
halogen; and

(h) repeating steps (a) through (g) a desired number of times.
22. A continuous process as recited in claim 20, wherein halogenation of the
hydrocarbon feedstock and formation of reproportionated alkyl halides are

carried out in separate reactors.

23. A continuous process for converting a hydrocarbon feedstock into one or more higher
hydrocarbons, comprising:
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carried out in separate reactors. 35 23. A continuous

process for converting a hydrocarbon feedstock into
wWor@7094990r e hi gher hydrocar bons, conpri si ng: (B)T/US2007/003091

form ng one or nore al kyl halides by reacting a

hydr ocar bon feedstock wth nol ecul ar hal ogen under

process conditions sufficient to formthe al kyl

hal ide(s); (b) form ng one or nore higher hydrocarbons

and hydrogen halide by contacting .the al kyl halide(s)

wth a first catalyst under process conditions

s(@ fargiing pne or mereikkhalidgn by reagting edwesrrashondgedstock with
molectE]IMﬂBQGQéhblhﬁiek fec%ceé@ormﬁﬁrsghfﬁwedt E@ lthm%falkyl halide(s);,
ocar ban ro r.ogen i.de
g eheraen oéaer%&’ﬁr h%%n‘far i a“%tW %%e(crilﬂ%)aglfg A bﬁéff’m gting the
alkyl hm'h p(shwith t eatelyptyunder procpss qsmég@m suifcient §b€ﬂr@etheﬂngher
hydro&xtycgﬁg) and@Fod¥naa@gs; conditions sufficient to form
A & RS, [:a h (d) a
S PR PEhe By HEERBns) ot ERhyliRlgch Tl
(d) regenerating halogen by contacting the hydrogen halide with a second catalyst in
the presence of a source of oxygen, under process conditions sufficient to form the halogen;
and

(e) repeating steps (a) through (d) a desired number of times.
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