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DESCRIPTION OF RELATED ART:

Natural gas which is primarily composed of methane and other light
alkanes has been discovered in large quantities throughout the world. Many
of the locales in which natural gas has been discovered are far from
populated regions which have significant gas pipeline infrastructure or market
demand for natural gas. Due to the low density of natural gas, transportation
thereof in gaseous form by pipeline or as compressed gas in vessels is
expensive. Accordingly, practical and economic limits exist to the distance
over which natural gas may be transported in gaseous form exist. Cryogenic
liquefaction of natural gas (LNG) is often used to more economically transport
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25 corotictionl ofs§yaithidsis gas is thermodynamically and chemically inefficient,
producing large excesses of waste heat and unwanted carbon dioxide, which
tends to lower the conversion efficiency of the overall process. Fischer-
Tropsch Gas-to-Liquids (GTL) technology can also be used to convert
synthesis gas to heavier liquid hydrocarbons, however investment cost for this
30 process is even higher. In each case, the production of synthesis gas
represents a large fraction of the capital costs for these methane conversion
processes.

Numerous alternatives to the conventional production of synthesis gas
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Another embodiment of U.S. Patent No. 6,525,230 avoids the drawbacks of
moving beds by utilizing a zoned reactor vessel containing a fixed bed of
metal oxide/metal bromide that is operated cyclically in four steps. These
processes also tend to produce substantial quantities of dimethylether (DME)
along with any alcohol. While DME is a promising potential diesel engine fuel
substituté, as of yet, there currently exists no substantial market for DME, and
hence an expensive additional catalytic process conversion step would be
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processes have been proposed which circunvent the need
for production of synthesis gas, such as U S. Patent
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ol efins

To achieve the foregoing and other objects, and in accordance with the
purposes of the present invention, as embodied and broadly described herein,
one characterization of the present invention is a process is provided for
converting gaseous alkanes to to olefins and liquid hydrocarbons. A gaseous
feed having lower molecular weight alkanes is reacted with bromine vapor to
form alkyl bromides and hydrobromic acid. The alkyl bromides and
hydrobromic acid are then reacted in the presence of a synthetic crystalline
alumino-silicate catalyst and at a temperature sufficient to form olefins and

hydrobromic acid vapor.
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and form a part
of the specification, illustrate the embodiments of the present invention and,
together with the description, serve to explain the principles of the invention.

In the drawings:

FIG. 1 is a simplified block flow diagram of the process of the present
invention;

FIG. 2 is a schematic view of one embodiment of the process of the
present invention;

FIG. 3 is a schematic view of another embodiment of process of the
present invention;
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FIG 5A is a schematic view of the enbodi nent of the
process of the present invention illustrated in FIG

waAwmuépss he fl ow t hrough the netal oxi de bedsPO&iusSgN06/035788
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present invention;

FiG. 8 is a schematic view of the embodiment of the process of the
present invention illustrated in FIG. 7 with the flow through the metal oxide
beds being reversed; and

FIG. 9 is a schematic view of another embodiment of the process of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As utilized throughout this description, the term “lower molecular weight
alkanes” refers to methane, ethane, propane, butane, pentane or mixtures
thereof. As also utilized throughout this description, “alkyl bromides” refers to
mono, di, and tri brominated alkanes. Also, the feed gas in lines 11 and 111
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the present invention are illustrated in FIGS. 2 and
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which the feed mixture is heated due to the exothermic nature of the

bromination reaction. In the case of methane, the formation of methyl

bromide occurs in accordance with the following general reaction:
CH, (g) + Brz (@ —» CHsBr (9) + HBr (g)
This reaction occurs with a significantly high degree of selectivity to

methyl bromide. For example, in the case of bromination of methane, a
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substantially water-free. Applicant has di scovered
that elimnation of substantially all water vapor from
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Bxh hranides yand  ultyle Rptpidesr e If Ay éh@ner BnPLsBine ratio of
d

Shiifcapt 18 or Aol 2 520 s BRASEHLE Ifer BLATREIc nethy!

Mmm}'deoicmcwscaunel ;sa;mﬂof,aslt fkc)){umatlem abi ymdesmaﬂﬁet earbon soot is

t S era an r. ype .

SBEED: o A BEeLIpR et KBl i Sqactor 0 s

5YiBStaRfaly t\ﬁate?ifﬂeléougmp?ﬂlesﬁt 200 idissoveréd gHahf elifnithtion of

pore sizes and acidities, which are synthesized by
subgiantjaliyh allawater neapas- ﬁ‘bm #e rtmoma’f@yl plepu e dirstnraagtor 30

B85 sl A LA RPN chba oS Whoroy

Mcbasing! e seedtivity Bf OéIRéJrh@ b@nfihatiors ol la1k3flobmmkiee and
m xed protonic/sodiumform the zeolite ma

eiminatsy Be .lafgee&r@nang@fvw@ﬁeotﬂ%r geneale rh%ttaﬁ formation of
%ﬁtﬁéfpélox@lécflibrﬁ‘%l nesK or Cs, with alkali-earth netal

I onsS, suUcC Ca, Sr or Ba, or with transition

met al Thet ieffluent ghah watehhs dkyl btonvidesrand hydeobromlc acid is
orm These various gl ternati

Tl
HGRGE g Yie AEsingraeat MabneePaceny oy bl Cooiéd to a

36hkidu Whé?ﬁﬁ &8y b8y 19‘5()"" thooé?é&til%@% 3iﬂ<heat exchanger
acidities, re synt esl zed byvaryin

azuheme flowdng iza secins nmct@resasedmsecnng r@@@tmoM the alkyl

P, Bt Pacihe p b b8 Brifthab R sihhe o about

5Rd (S todatibut tagne ©f apkled ipressund i aihd earsgeniofladout 1 to 20 bar,
nol ecul ar wei ght hy drocar bons, and additi onal

loyver a6 eched of @afﬁéﬁ“lna'ﬁélm'@ﬁ’ﬁélﬁ‘@ﬁ% catalystypieteraplyea zeolite

3408, BF8FICY gf ek B8 REF% 0 Yot PO ket A et
rzealitd 3110 X o ef itype aedhteara|tboegllmojh@r zmiltes withr differing pore
i sadRe R b SpBSHL B R RBTHE Bpege-sica
3808 mAPPe L8ed P itfe process of the present invention as will be evident to
a skilled artisan. Although the zeolite catalyst is preferably used in a protonic
form, a sodium form or a mixed protonic/sodium form, the zeolite may also be
modified by ion exchange with other alkali metal cations, such as Li, K or Cs,
with alkali-earth metal cations, such as Mg, Ca, Sr or Ba, or with transition
metal cations, such as Ni, Mn, V, W, or to the hydrogen form. These various
alternative cations have an effect of shifting reaction selectivity. Other zeolite
catalysts having varying pore sizes and acidities, which are synthesized by
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Tenper at ures above about 450 C. in the second reactor
result in increased yields of |ight hydrocarbons, such

waourdess r abl e net hane and al so deposi ti on of PCORS2006/035788

whereas | ower tenperatures increase yields of
ethylene propyl ene, butyl ene and heavi er nol ecul ar

SBOAH o TR 0RRANE fiav S Lopb G S0 actor 34 as

w\% bEHBAT & ur SkiNeh aftiga)l at inv this @ea@tbhwhecﬂkgr béeniges are
ot her substituted nethyl conpounds such as nethanol

Keaciad yio prﬁduee acbduist ot alefins iand yvarinusdbigheraaleeular weight

AR B A AR A TS Y P one

cont a"l"hes’fé?ﬁbéﬁ%mr@' a WhRdH the %%c@ﬁ&r%ggﬁ% 34\is orPerated is an

i ncreasi ng tenperat ures approachi ng
hrnpmtdet parameisr am derhenmamgstrteosaledhvréyo% the gemztmr to olefins

\aever S ct|V||(t? owar%ict duct .decreas and
eroyR Tydiienmplabule? i QRRIBRNS it PEeTELP jo Sherated
%bé&hd‘%éét@f 843k teﬁ?petrﬁmﬁ?@ﬁnﬁl% five fﬁf%e&* AbLRPB0C1e 500° C

hi gh conversion of methyl brom de to mmethane and
danperatires above lebout 4603 C. lin theseppad seasiar O?ﬂﬂfaﬂ lﬁgreased

SRR e URs Sttt 5Tch 24P lndoMeal thelithtiaff ateo

\Webbskibh! ¢f ¢tke WHdh€as mivadryisimparatures mcrdase Bields of ethylene,
operation, causing a decline in catal yst activity over

RroRyieRe o buBRIE ahdh hegViRl aelasslass WRightshyGregaien, groducts.
36 ﬁe?s Ih%?ﬁ R rﬁé’cﬁ?l BerHL?% %pﬁﬁ RS tré&éh\féf oVt lower
I'S be a I'g

eve er reac
tenmperamw eangd aelatiab oot rrMIblechla»ﬂdecoatomemBubsﬁth’ed methyl

]:S’B%E?Eg I Onng‘g%kmatﬁgﬁ‘emorwﬁggﬁ, 2@[ %ég C@Ektgga%gyl bromide
hEAGRIPBvER B @fer Bdt & X Feblilef cARfat) &)%hh&fbrpfreéétﬁ)ns also

caf al yst. Conv y, tenperatures at the lower end
tolceur sugfethasine Cam feaatnpnaexomauabubstaanal @:ba&a;tedlas@naﬂcs At

contribute to c due Q

R5RbRdL foriferatite SoMBaditnd SGE £y riéthil, Biqpipe conversion
igdre Qse@l@&h@ﬂlsf@%ﬁﬂ?éateﬂfﬁéwevérh‘aélebhﬂtyft@md@f%bq&rbducts
250 C. to about 500 but preferably in the r

slesreaseso emd t seleelivily A@Males ilightere RIBdeea rlé%r@%l%rlm olefins
gﬁéd'ggggs.p %?atﬁgéeeé)t(éé@otl dg 860t e Qerﬁ?ﬁ ec%n%l%fiddf‘gf methy!

s AR e A 83 of deactl vatl o
thpoddd ao frmﬂnm'he amd agdiorstcebugheokeoneeursi orinptve preferred

pass,. . which mnimzes th antit of Alyst
RRRAING [ SRSTE G, REttepsh dhall SEKCTRba 450° C, as a
q@@f&d’ﬁt offYe RéachBh] & fi<sat bhduﬁ‘ﬁ%'f'@bﬁé il bﬂncﬁufm bn 1A catalyst
ting reactor 34 fromthe normal process
mveg time dilting aperationt cgasingiandecling rnocatalyst actNIty over a range
of hours, up to hundreds of hours, depending on the reaction conditions and
the composition of the feed gas. It is believed that higher reaction
temperatures above about 400° C, associated with the formation of methane
favor the thermal cracking of alkyl bromides and formation of carbon or coke
and hence an increase in the rate of deactivation of the catalyst. Conversely,
temperatures at the lower end of the range, particularly below about 300° C.
may also contribute to coking due to a reduced rate of desorption of heavier
products from the catalyst. Hence, operating temperatures within the range of
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at a pressure in a range fromabout 1 to about 5 bar
at an el evated tenperature in the range of about 400

wQ20t7m4e880ut 650 C. to renove unreacted materi aCT/US2006/035788

adsorbed on the catalyst insofar as is practical, and
t hen subsequently oxidizing the deposited carbon to

Rt 656" 1 Boftadthic hul AEideBn the "ofde BEAEER A0 €. 1o
2ipout 450b@. ihahabsstond factor!3A bakineeahetbdseaPSsIestvity of the
in the range of about 400 C. to about 650 C.Carbon

die@;redleolaﬂr@s el dsal Peaducls andelawejakates ofeApaetivation due to
Jer? grﬁ\”at’bh m!g'a;}%t Rgist b&ﬂ/elmﬁn rﬁ&egﬁéesamnggg ﬁﬁmuﬂ&es the

uen rlses 0

rquiaamyl circatelysihtedyetty ites And eqaipténtdizeoregmiredaci d i s

W thdrawn fromthe second reactor 34 via |line 35 and

i s codlhed catalystt mayebat pedodicalihagegengrated io situ, by isolating
about C. .in _exchanger 36 _and canmbi ned wi.t h, vapor_ .
38attor 3 tom the eoESar Bitivens doBE RESRY S afindty 88 a tine 70
Wi §hpreesld 1s é%ﬁggaﬁomn@bbaﬁﬂdli@' atbotr 6CBaP@ISan elevated
stripped-out by confact with the feed gas in

Aoanpetatuisoin Shei fange o abpvk 4Wblnda ata@uir 6RD%tGr &0 irgmove

URREe0 Todanel A Tber o T FOBMEIROM haiSpragical qnd then

Sabbeq@énityl otidieing tiendemsiret edarﬂimﬂtmmatebyaaddmbn rofta or inert
oxi de and/ or et al 6é}_brom de,  speci es

tgesrdilyind oxvegen derrep g Vipdine 4@ & 9 wafﬁr'@ftbﬁrf@xﬂge of
?HP@I 1°6artﬂ6 Lﬂrﬁ 63{ %?'ah %lévﬁ@é{th@grﬁd‘é in 1Y range of about

or m ures thereo are less
equmér@J e abodi rﬁéﬂdlﬂiy Cartiirz dicxidd andr resigyad rait or dgert rgas is

h f 80 | |
B0 BaeBE 2 via 8o 75 dufirdBEirgAeperipaderdd "
equi prmg efmlérﬁ(’w&fbho%hip};seN (Slbfn)s Mé( |H|gherV(ﬂdléGular weight

Cr(I'l) or other transition-netals whi ch form

&Mdmceab@r@ BndMygisolramie agigyisbuithdrawni fiomHbepsasepdgeastor 34

B S 555 IR B lRr Rl Kb saP T 0o it 100
6(5 @ dichhnger MK ldnd reayntiieediseith eporl letﬂuemt m line 12 from
ydrocar bons _condensed in scrubber 38 nmay

I R Ay b M At gsidusl W&rocarbons
NRESBICES GHA ] e RGP RISt 7. Tho

ssgnibbined \apodr maixturel iszpaseyl the seruabehpar and mme«bmith a
argeriFien: aouends | RagiBlieahd VERL: tipmie | 8k solution
rIHRiRRg" hidtat ?dﬁﬁad@te@fd/&fi mtal Io'xm %d/o?hmet@smsu@komnde
vapor phase containing olefins and the ?

regesEas ,awhich is transponed to scrubber 38 via hne 4 The preferred metal
of the bromide salt is Fe(lll), Cu(ll) or Zn(il), or mixtures thereof, as these are
less expensive and readily oxidize at lower temperatures in the range of about
120° C. o about 180° C., allowing the use of glass-lined or fluorpolymer-lined
equipment; although Co(ll), Ni(ll), Mn(ll), V(ll), Cr(ll) or other transition-metals
which form oxidizable bromide salts may be used in the process of the
present invention. Alternatively, alkaline-earth metals which also form
oxidizable bromide salts, such as Ca (i) or Mg(ll) may be used. Any liquid
hydrocarbons condensed in scrubber 38 may be skimmed and withdrawn in
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wei ght hydrocarbons that is renoved as effluent from
the scrubber 38 is forwarded via line 39 to dehydrator

woeQot7m4698oove substantially all water via |ineP&B/US2@®AN35788

the vapor stream The water is then renoved fromthe
dehydrator 50 via line 53. The dried vapor stream

g indod 1 Mol iGartifs BB e HuBhudefBiery ynt 52

'ir?%\éesaf UnHS/dﬁ)%rb@ud SRRV 98 QSN iartet QQU@JS solution and
gasol i ne-range hydrocarbon fraction as a |liq

peuﬂakrzted BY| thee mtal Mgr@qqa,@mg,'qfng]etwep}qgg gnd/or metal oxy-
R hn e B9 o8 S R GENRE St SH SRR At e whicn i

camdess fonrihe scru@lgara&wamerm on, or circulating
absorption oil or other solvent, as used to process

nat ur éﬂhegaasndual vaponphgse asntainieg redefinenand dhe dighasrmolecular
ol efln dr ocar S, as W e a skilled
9 nhYerEoRES B 5 <AmaVech aS o TledSRbrt T sl o8 is
OPWRRSE® Via he :Jgefd BERYdraBa050 €6 frbrelt dutetanml=mgul water via
recove:% uni t is then split into a purge stream 57

Winech3 9mba1@tvap02eatra@nf uelhe owatereisp e Jemaygdafrom the

@%ﬁ%@ @S@Lﬁ@ égdﬁf%]gﬁ gﬁ'{? fﬁﬁ%& Qgéﬁ %ﬁ%g@@ﬁg’lg}ﬂgﬁleﬁns gnd the

higheransieceias wWeidht Hyalréedrbbns i furthee phse@d viznkine 81 to product
first fraction that is equal to at | east 5t|ma|3i\m§I
fre@ca/e@aynﬁoﬁ?aio vesQyes alefing and Jae et 9a%PINEr@NgS hysocarbon

;%cﬁg QGQ Khdil ﬁwdddtq Ging" &l ”eAﬁgnﬁﬁbf@%ntmhaﬂ’%@t hod of
, I N exchanger to vapori z rom ne an
fdethydmtionf amcsthqumtrecomy Bheh sax motidfhedc dessicast adsorption
ff of 3 d lLated b .
GG Plablhiod occBab S, SSo BB 5 Gh B Boviating
%Lb‘é%{j{)tf@)h%ﬂ Seothep %8%hﬁtdsolﬁ‘sécptd BRICESS n&fhraﬂéa@bﬁ P&fthery gas

reaction SUC that reactor IS
isivieams, rand tatrecheerseleibicchydspearbonagas éﬂﬁb@ﬁa@wd@nt to a skilled

arliceit, ol b SRBIDFETD dhe B8PKbes Y.t el hniiion. The

gasidual vapor effgerit o predwdt reed\ary sinitERist theatsplin wdoa purge
to the deposition of carbon. Thus, the dilution

stieamidd whiah@ay bpc blzass g6r wief fok e RIPRPeS and a recycled
%gjs@g% \?’éol:fo?F g\gﬂflclj? fsoéﬁd'ﬂﬁfés‘%ﬁ I\ Egﬁllpiéf-és%g 5t"8ﬁ gﬁb%c%?eé Pesidual

In a 1 on
tvaipperdischaeged fmoo@npeeﬁsbor5834s St éntoc bmo afram‘tm@s A first

nmetal brom de salt in rermved
Jradligpethagds \gaia tﬁeat4 Sg %gs@BaS %Eehégpogﬁ R fa Wiume is
S[FdrisgBﬁbd 4o HE'ED And &S CHRBingd Wﬁﬁ'd&gfﬁ Ubdjbﬂﬁﬁlhbodtﬁnveyed by
are stripped fromthe aqueous phase contact wth
ipuropri2dg heatad! iraexehangsp &6 ’mvam@nzei me bromingeand fed into first
react%?es% a %Oé*écén‘é !f'rtacﬁéh i§ drawn off of line 62 via line 63 and is
regulated by control valve 60, at a rate sufficient to dilute the alkyl bromide
concentration to reactor 34 and absorb the heat of reaction such that reactor
34 is maintained at the selected operating temperature, preferably in the
range of about 300° C. to about 450° C. in order to maximize conversion
versus selectivity and to minimize the rate of catalyst deactivation due to the

deposition of carbon. Thus, the dilution provided by the recycled vapor
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transported from hydrocarbon stripper 47 via |ine 65
and is cooled to a tenperature in the range of about O

wQ20t7m4esout 70 C. in heat exchanger 46 and theaTpas®ed3s7ss

to absorber 48 in which residual bromne is recovered
fromvent streamin line 67. The aqueous sol ution

%&ﬁl E%(rfnfgggﬁ%ﬁb\élf d)fggﬂlﬁétl(b{ @@E?{g%tergg\é r 3|Oit8%e4cgontrolled
tuﬁ@i@@ﬁu@h‘%b?nédérhmg ﬂi@l@?nﬁér ﬁ}géhﬁ séfhdFedctoragout 600

and nost preferably int range of about 120 C.

t 0 abavbict@dnfainiagdnetas bashide ¢4l indsoleidort mhctﬁls rexyed from
or air is delivered via line 10(;)% bl ower

<§5§H=ﬂ?t£9§ S Vi@s‘inﬁt“r"aisﬂ?@@drt@ hyeire bpaﬁﬁg{pgﬂf 4gb\yn@reln residual
r o1 U q ﬁgq@%&ﬁ#gng rom \R@f?p il Wﬁesés(ﬁl# SOVE I'éf!sfe t@y BbftaRt with

sncomipgrfetd das tramspdBiedavid line tbnfiiheestripped am:eeus solution is
rator 50 to ef fl

t 5 d hyd t
TArGRATES WMo hyGORATEN SRR oto0A s BRca o ctoled to a
o @ratemrpﬂhe%h & ‘Eﬁ\ébﬁﬁt bv @mta fbdut 70Pe). inl RehBekdlinger 46

via line 15 to regctor whi ch operates at a pressure
iamck thenrpasgeddd &b@omeraﬁtﬂairemnqrbre@mw bsomine isngcavergd from

SRR SRR Be o AR SnfeoRs SPLiDE wituahofy hupber 48 is

tiarePeHbd 19@ fne S0 a® 18O hest dé)é’dhaﬁ@eﬁwwsbﬁepﬁéheated to a
brom de salt solution to yield el enental bron ne

d
remperatyee dxithe tangeopl moat H0°de. dadabeutnsPal C., nand most

RAPEETT I IG5 aBSeSiaR 2, P ok R0y FRéddd to thi

treagisr 160 naxgzgeﬂ: or ahiis beﬁ\mredma line 401y ower decsmiptrassor 13
can be used, r ef

3 Sy Indhe rebas 6F abat Smibiest thakod: SLAY KLprsRne ripper
tﬁﬁﬁﬁsﬁ@ere'sﬁﬁél BYRRme! fY@maW?te"r SRTLH Ys ?éﬁhgv&fﬁ%h Lsﬁlfdfj’er 14 in

tenperatures 1 n the range of about 120 C. to about
cnne 64 laow isgcombineslewdh \ga’@$§tteaﬁm530from dehydrator 50 to form

A48 PR e o EE AP SNEn s BBMesk gty tag process. The
& egéﬂ%r%ﬁ\* le8vingWbmite Siippbt X4 @8 fddlibllihecBiore@tor 16 which

drobromc acid reacts with the nmetal hydroxide
maﬁes@taapr@ﬁuteemam/ rengReaf Abavk pnfvien; igcakpii & bar aad at a
e € h I ot (AN
BB SRR, Bichch o BBl dt ganur most
tpreferablyiin ehavadiege ehdbouton20teC. Ihaboutt ‘r&'O°o®esaIals to OX|d|ze an

reactions result int et oxidat.i,o robr.o
Aqueaysoagial Promids salt sitarg o el SeptH BrogRE gind metal
HichPyBL SR ek SR AR A o b i ans e
ralxbvex iadthoaglkr @o(lhg Ni(H) a Mgt V(i) c Gribl er othert transition-metals
which form oxidizable bromide salis can be used, the preferred metal of the
bromide salt is Fe(lll), Cu(ll), or Zn(il), or mixtures thereof, as these are less
expensive and readily oxidize at lower temperatures in the range of about
120° C. to about 180° C., allowing the use of glass-lined or fluorpolymer-lined
equipment. Alternatively, alkaline-earth metals which also form oxidizable
bromide salts, such as Ca (Il) or Mg(ll) could be used.
Hydrobromic acid reacts with the metal hydroxide and/or metal oxide
and/or metal oxy-bromide species so formed to once again yield the metal
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case of the nmetal brom de being Fe(lll)Br3, the
reactions are believed to be: 1) Fe(+3a) + 6Br(-a)

wWe 28H(0+eds6 + 3/ 202(g) = 3Br2(g) + Fe(OH)3 2) 3HBCTM)B2006/035788

H20 = 3H(+a) + 3Br(-a) + H2O0 3) 3H(+a) + 3Br(-a) +
Fe(OH)3 = Fe(+3a) + 3Br(-a) + 3H20 The el enent al
si dual

d
(PR P°oA e " S Chahah 1 5 T UBaRIG 1A SUBBIES heat to
f\fé?mr&éewmér'ﬁﬁd ProfnfHd. d TIRRCHRE Mera @eéétlbﬁ‘nsl%suﬁrlﬁ the net

cool ed in condenser 20 at a tenperature In the range
oIxidadinun obhysirobepraisanid pooducedrit fiisipieasturd® and sreond reactor

LR aBmetiat brofifine 2R sidarl if Mo iRy BIHARAN G Sed by she metal
Aoride/Mutekoxibe e m@taanydmkldé%p@raﬂﬁg in aHtalyRecpsle. In the
hasallmted sol ubility on the order of

ARSeLofihe metalebrgwﬁmde wgala@@lﬂ .Brsﬁanheueaﬁtlw i loglieved to be:

SO U0 A a0 ol Bhae
PSRRI S
e

separ athep@Ie@%té“b%ﬁihé@rﬂd%wé@ﬂé@ﬂ%hﬂé&ﬂddl Qb‘)ky&en or nitrogen
brom ne. Liquid bromne is punped line 25

t (fradeispRdiged asdhe axislanddeaving @ﬁn\tﬁm fropn awq)p@td;@mféhnrd reactor

<18 il Auliobpld By S0RGeRt 7. SprBBbBuR) RS e o
reisiud @alC.d et 70° 10, tlahdge prevsdra ity thearginde adf dbodibmbient to 5
Sté%or whi ch is not condensed exits three-phase

dp fopriense e bramppgsandiwatey ancheassed “Bvemphase separator
RPEIr eé‘ﬁyha%’&%r %Eth&Pé.‘a ddjbe %{3@‘ wstgucegeg i SoRdbility for

utlon reaction w
tbromlmeson thet trsleaqh abost 8%t lay wieight) diey adtitibhahbromiranvhich is

d f 22 | 2
RINCBIA JOTmBcA oTeRaSHEr QOB ockifo B RS e taeen: GiE liquid

tiemiine QHES@ Mowéler! haé‘ﬂ rotathiy wer s@lu@iﬁﬁ/ o WeASR, on the order
contai ning | ower nol ecular wei ght al kanes, conpri sed

off lepstthae @fi% fHuwis gasul:pﬂta@ lyr @y brasaingavapar eammbe: easily

R RER b e iind B8, B Bho eAtBl GG wideP BY simple
Jgﬁgrsucml sepanatioh aﬂﬂysmsequmu Fesvasbriziregn igueid thecmirien

punp 124 and passed to heat exchanger 126 wherein the .
i qu| d—'ﬁhﬁ"@rﬁrﬁ@m% 'S/BH@PF’%@ linged @qg%mf%e-gha%@gparator 22 via

RIS Yadlo é(‘?ég&‘% Mb?@tqa%gwﬂms P&ra@rncqz.: 'gagg%mmme

t'o reactor m)Ia ratio o
ris recaeaed aadgbeycdd aitbmn the ptogess. ohiha@ eesidual oxygen or nitrogen

and any residual bromine vapor which is not condensed exits three-phase
separator 22 and is passed via line 23 to bromine scrubber 48, wherein
residual bromine is recovered by solution into and by reaction with reduced
metal bromides in the aqueous metal bromide solution stream 65. Water is
removed from separator 22 via line 27 and introduced into stripper 14.

In another embodiment of the invention, referring to FIG. 3, a gas
stream containing lower molecular weight alkanes, comprised of mixture of a
feed gas plus a recycled gas stream at a pressure in the range of about 1 bar
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vapor in the mxture introduced into reactor 130 is in
excess of 2.5:1 . Reactor 130 has an inlet pre-heater

waene/0idB86whi ch heats the mixture to a reacti ORCT/US2006/035788

initiation tenperature in the range of about 250 C. to
about 400 C. In first reactor 130, the | ower

ooy ABR S0 I, 12sBPREd Y od AP0 cig ity kel conaut 162,
| iieRewitiR jIBE bPdmaROlGuid Trarfsported A Wun§d 4 24 ancﬁggﬁg}d # heat

pressure in the range of about 1 bar to about 30
teXahepgec 26 ¥ wicis taeliguidbbmimineds yaponzelt. obhermixtureiad lower

RRBstiar iR Pkaned! dned o, JpRRE NS o ERF U8 {deBror 120,
| Pieférablypthé engler ediie ef lowrambleculair teiyhealkafds b iy ibtomine
is heated due to the exotherm c nature of the

bYaRarnigt theh migire ibiroduged Hato seacter 149 iade, exagss of 2.5:1 .
¢ . . . .

| e 1300es B ot DO FBfroRsi Tgb i g0 oy Wik o o
CidaBtiort giitiatiorBen{perailing $n treararigenofaatmut 256° tGy te about 400° C..

ST R o8 5 T 30088 b, RUBFeRpr osctc
wd%héweémg \_mim Qﬁg%ﬁi@hiﬁ@bﬁﬁ&eaﬂa ?elﬁﬁ&&%g@wtt@nﬂe%@in the

ratio of 4 h selectivity to t
niange rell ahpeii 4509 Getchabouly 600°0€ ., cviliat a rassureairothe kange of

of, dj.bro t hape tri by omonet hane are al so, f.orne
pqlic PR RaAPBH rRaY off PG Uheais B (folides and
efhytROBrontlc @RRNGapE. PtHangperdirfit af #fe bpadithy temperature range
brom nated resulting in nono and nultiple brom nated

sipepater doam the uppry limii ehihecEsackipa gpitiatien iempsraive range to
; onl LE Ak (o]18 [ Q.:0f

SV, T8 el TR, % W0 Soffd e et of tne

shrostiationalregctionier Ins ¢heodasel by rethaeiehythebfarmation of methyl

substantial |y occurs and .signifjcant formation, of
IRBUGE a6eurs dn Aceerdanse it BedelGiing qeRerRIdPacEa dry
brom ne vapor that is feed into first reactor 130 is
substantially water-free. Applicant has di scoveredt hat

elimnation of s t i al | m t he
brom nati on stepéFﬁ(gr%g?zk actorw%@géggﬁgﬂgﬁfhglly
elimnates the formati on of unwanted carbon di oxi de

t hereby increasing the selectivity of al kane

bTisisireattior otoursl With 2 sigmifibastipidgle ldegreatof mglddligity to methyl
| ar ge ampunt of waste heat generated in the formafi

otPVOEB?%o fOH %%ﬁ"&@af"_? Hif 6AsQfkRromiRg f%?@"iflﬁle\_{’ﬂth ﬁHHPHr %?(cess of
B aF e e udatonte il o P bl oty o e
i mopathaleddnatedol ewbthy a bromide occurs. Small amounts  of
dibromomethane and tribromomethane are also formed in the bromination
reaction. Higher alkanes, such as ethane, propane and butane, are aiso
readily brominated resulting in mono and multiple brominated species such as
ethyl bromides, propyl bromides and butyl bromides. If an alkane to bromine
ratio of significantly less than 2.5 to 1 is utilized, substantially lower selectivity
to methyl bromide substantially occurs and significant formation of
undesirable carbon soot is observed. Further, the dry bromine vapor that is

feed into first reactor 130 is substantially water-free. Applicant has discovered
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tenperature in the range of about 150 C. to 450 C. in
heat exchanger 132 before flowng to a second reactor

wa3da7/0képssecond reactor 134, the al kyl brom deBCans2006/035788
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reacted exothermcally at a tenperature range of from
about 250 C. to about 500 C, and a pressure in the

. 0,30, b d,bed
98RO bt B3R 3450 o 58 A ion st i
Z §ifdti fe@ctort HRO/ %Ubstaﬁﬂallsp SlimiRE8§ tRE! fbrrﬁﬁtrdﬁ tof Rﬁb\ﬁé?ted carbon
type zeolite catalyst. ‘A preferred zeolite is

ydigyide ztberabo'emca&asr@grgtheorsalacgwéwoft slkanet hraminationntp alkyl
D Bigiiles Cand R il RS sl rpaficor MR RAE Befirateq in the

pfaroestionadf carsorpdiesieletfrom\edikdries as wil | be evident to
a skilled artisan. Although the zeolite catalyst is

pref er Kbeyeﬂllsledt |tlnatacpnmrmnaﬂ<yﬂ cbrrrmrdesca:rhdmmyﬂml:rmnr c acid is
,um form_. suc

g}u{ﬁﬁﬂ &q%& ﬁqﬁsﬁ[st d58fioRs 30syjR '%1% a |s ;@rtrgﬂy ggoled to a
Otempéﬂatdrearﬁ&hélraﬂgér%r %'boﬁfitl 50N%. 1§ Usp° N hedfexcMaMer 132

or to the hydrogen form These various alternative
chefosp dlondng tard seecerd reaCt@h|1f3r41 nglnr eeeanchireactor 134, the alkyl

SBIARRY A SRR cRREL Ry A 4 4Pl AR f From about
vasm 6gtd 4ot 500 1Ca; &iod ai gressuredh itiee PENGEISE alﬁﬁﬁ 1I tﬁhﬂtB%O bar,
secondrfrX ctor 134 as wll be evident to a skil

aPY§ls@nixednbegiof grystaliipe, alﬂﬁ&”%ﬁﬂ'ﬁﬁt%ﬁ@ﬁi%w@f@rafﬂy a zeolite

SRR R B0l 3 X ol ST pA A o

hyeold®rioiocXaai ¥ typpazeolildealtrougbr ather ezeatrted‘lwﬁh differing pore

oSran e Aidiles: dihieh o8 ptesre ik vah s W clumina-to-siica
I et r'nﬁ? bfeQJsQJderﬁ'tﬁé m"&ﬁeéé%ﬂ AESrBsSRShvERIdrCad erl be evident to

@g‘ drocar bons I's preferred to
s@ ﬂ@dr%’ﬂmmrAlﬂwmgﬁtha zaﬂirtsaca’la(yse lwrptdﬁenabﬂywesemrga protonrc

“lout B o FntBr 308 pis g RIS S ¥ lor o
awihtalkdBekth lnmattaheaﬁ(ssrrzsprrrdrohe@@rwg:?1 CﬁSSrtor' Ba, arc masr%smon
yields of |ight hydrocarbons, such as undesirab

ekl RatigRS csHOboRm b VB, YoNb, ondedhedwdregast form. These various
é@ﬁ@}ﬁéﬁ\txejbgﬁodéﬁé\f@éﬁ e‘ﬁ'egjr ?Femﬁrnﬁl %bﬂeaéafe%trg@f Other zeolite

ene, propylene and ne “an rer
vm‘tgrystshtrdvrng aranxungmméusrtes aldt adidijies; whtdrneamasynmesrzed by

al kyl om des r over t fer ed 10 X

et nech R S Ry be 4REAUR4NE Ssopnd yector 134 as
tWart bé hsvideht tBra?CéHrlfé@SaﬁfsﬁﬁUCﬁﬂtﬁ@%ﬁbﬁrsﬂﬁgb lyﬁ ifbmides are
substituted aromatics. At I ncreasing nper at u

aigectet Hongrophweca midurgl dbr olelfine andvbrgeheasnmolecular weight
hydrocarbons and additional hydrobromic acid vapor.

The temperature at which the second reactor 134 is operated is an
important parameter in determining the selectivity of the reaction to olefins
and various higher molecular weight liquid hydrocarbons. It is preferred to
operate second reactor 134 at a temperature within the range of about 250°
C. to 500° C. , but more preferably within the range of about 300° C. to 450°
C. Temperatures above about 450° C. in the second reactor result in

increased yields of light hydrocarbons, such as undesirable methane and
15



i ncreases towards 90% or greater, however selectivity
towards C5+ products decreases and selectivity towards

woOigiT0a698pr oduct s, particularly ol efins, increR6EaS2086/035788
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tenperatures exceeding 550 C. al nbst conplete
conversi on of net hyI brom de to net hane and coke

GraRandss OOk AibTERS Jower Yenpregtres icdase, yields of olefins
odudhas’ & érfé1 pr@ glenk! aﬁa%urtyle% aAd besaviel imdleclldr weight

up on the catalyst Over time during operation, causing
mythocanb@m productsl y Notablyi in the eass OBathmrﬁlﬂ%e’@@@mg over

B0y SRR AR, S-SR 30 vt e

f@?—ﬂfrﬁ@tndr@ﬁﬁbéuw@sc@ﬁaw alpetanti®d Os@bdtivted tdnematlcs At
t her mal cracklrtg of al kyl bromdes with fo tio
ciacRasinghdemes Uf%cﬁ@ﬁ@%“ﬂﬁle@ﬁté:@)fm@@é(uaa $%ﬁoaver810n
t <ye

PR ara 0% b Ghobte RNt/ Seflcilif LORIR Eiproducts

re ra particu ow about
Geareases oand Oe@Itaetl\moykltowards Kightertt gorotectse dparéidulagy e olefins,

f d f hyd _
oPeraAseRo A BmerEIIPe Sepeng It G ealinost Fofiplste cogyersion of
galg'i@l nﬁg%bt%t epéﬁ& esske Yekirst held angeréfer@@ortinge of

. e second reactor 134 bal ance
i opereaagcteermeeauee og/ abouhBAS° Chdo&H T 6d @$ & bypraduct of the

C5+ products and Io r rates of, deact| [ :
léﬁa&gﬁnf 61rﬁtgl@ﬁ ol 0N, WUl gg@%}]@}’ gb'tﬁg g#gl f’over time
YWaiiffg Gbéfelﬁoheéa&;*,lﬁg @U@éﬁllhbyin @atm%taédﬁtty olver:acrhnge of several
rates and equi pnent size re% r@ac’@T e catal yst may

t

pbuhdigidc 1auys r Wd!ﬂged)nn gni sengditipny fﬂeﬁctf%?d gas

%ﬁém%%%gghhegqg r(ﬂ% T%Og}%‘tt%%r essel??:gﬁﬂ'tﬁﬁw‘@rétﬂr@sn abpve about

?EO?‘L glfévar tﬁ@;@gtgu cEacitka196aﬁdlk§rhbﬂjmrdes anitht tmmaman wfecarbon
range o .

Bodhancenfiesases R et dlacvation citbs caaly g " Eonversely,

pBg&th%ﬁ At gg@goﬁlafe@n%%gﬂ?@ Y&gbéﬁé’t%‘ @hgbnpatid8larly below about

dition of "alr or ineéert
gaee?m n’ca;dale&ypgemme a;oklnge likglg todhegadueed 13i¢ eft desorption of

hidiakeder arotdnpinde. PR A1, Bhog BueR Yiggn e gance of

6380kt 5?0*’9”’{63'5%4 éebaﬂmo&@m@r@aébigm e ran@erdf st 306° C. to
vented fromreactor 134 via line 5 during

r 456N &. amtbe geeonddeaqiee 184 bajanee Jiireasedh ﬁﬁ\ePB\é'B/ towards the
ol ef | n f
" arbBE o) 857 o oV, s B deBenhoR urt carcon
1$6|rrrvatﬁt)n| la@aln&hgmdwﬂetsiom pee passavhich iminittizes thegquantity
of about 0 C. to about, 100
of catalyst, recycle rates and equipment size required.

The catalyst may be periodically regenerated in situ, by isolating
reactor 134 from the normal process flow, purging with an inert gas via line
170 at a pressure in the range of about 1 bar to about 5 bar and an elevated
temperature in the range of 400° C. to 650° C. to remove unreacted material
adsorbed on the catalyst insofar as is practical, and then subsequently
oxidizing the deposited carbon to CO2 by addition of air or inert gas-diluted
oxygen via line 170 to reactor 134 at a pressure in the range of about 1 bar fo

about 5 bar and an elevated temperature in the range of 400° C. to 650° C.
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C. in exchanger 136, and conbined with vapor effl uent

in line 112 from hydrocarbon stripper 147. The m xture
woOod7heépspassed t o a scrubber 138 and cont act edCWiuSko0s/035788

stripped, recirculated water that is transported to

scrubber 138 in line 164 by any suitabl e neans, such

SRl RIS, ForSode SRS VRPN hor 194 v
1i68. 1 7anguringined-eggdexadienipeniodr oduct condensed in

137" artie. SR R ck, AR SR O Clption Pieoditter, BipIScUlar weight
?6&&8&‘\? aAg] dmréhﬁéabmqg w.mdﬁ&ww RRAY trﬂe3§eddgk o R8ctor 134

ueous solutio I's renmoved fromthe scru
mum 43bj eeoled 4o aatamnmtsxeeurt ibetrpnge cdabont 8t i m)about 100°

7. wh I b | xed he
Kb oG SubarndsEomBREE- BN SdoRIEERt th e a2 from
dRirdcekbon Biepperr 147 athedmip@esisihen pasbbl e séiiBBer 138 and
hydr ocar bon stripper 147 is cooled to a tenperature in

tapatacied wvidy asgipped, ecirculaigsbwateothat is dransgerted to scrubber
SHEIPE 145y 200, AIRPTRERS. Hh BLBmIE T 0aBERSE v o
slen?emtmfb? :jn Thee rzm@h o€ @bO}A’aDO{C pllmaabolsrt]tomr)]%gmn gwegt ex_changer
oelnsa,t, i gher nol ecul ar t rocarbon is

r@%veﬁ”& $%M8F§CW?%W‘PF&’C§&% ggeq;;gygﬁgbber 138 may be
‘;ﬁﬁ‘iﬁ{e@egng ORISRV EE" sttt P37 edﬁﬂ’%d&lé@f’foaﬁﬁwg' hydrocarbon

romthe gas stream The
rradveid! 54. onHyteohtetmjcl aaitdds dis‘sm)l\xadaml $arabl&31 3 irethe aqueous

dri ed t.r eam cont.ai ni [ dthe her
oG ficheb FRMokGH B 58 sBribloef B in 158 Ul M passed to
yaPocErBorh Ostﬂﬁﬁéwquﬂ %@VeﬁﬁYréé,fdJal mrééarb@ﬁgwésolved in the
oleflns and the C5+ gasoline range rocar bon

faCEenU8 Isoigion arﬁcﬁil‘lﬂpﬁ?ﬂ@dbby contact Wda’%lfsﬂd gasyl11. The siripped

SERLEDS, Bieks 0 SofchVELIE, B Ile cooed 10 <

ft@h‘lp@vaitdrebh theaangs @mbeut 0elr ipataute3D°ad, ndmmemuanger 146
cryogeni ¢ expansi on, or circul ati n abso %bl on, oi |

A fesopaesads viasling 485t 19 @'?%R!B@U 8Inrwhichagsisiual bromine is
rrggb\;@[_}a flg)?ﬁvéﬁf q%qy recover olefinic

rocar bons, nown to a skilled artisan, may be

errpl OYRHE résldlm Varﬁ@r PHaBEddntdinilg blefifs iahdemiel igher Aivlecular

resi dual vapor effluent fronproduct recovery unit 152
.wenghtemyﬁmcarborm@ sepaved as r@BWTItSWOfThdherTﬁ‘}fUBEG" 138 and

%gg{,%égﬂ @Z%%ﬁw \A%tlfogﬁstd“?o PérﬂS@é%uQE%n%aﬁﬁ%ﬁ%ﬁ%r frop Jhe gas

I's CONpr esse ress
THieantcYheavhteeis thoalremaped fr@mﬁmd@wﬂram m5Quiiplies 468. The

}(f;?@éiaslgg%plt%;ea{n? t 8ort1ta|n|;c1g5 agltelﬁgg Sané ftﬁer Sﬁig‘wreﬁcrtno ecu‘iallqr twe|gh‘[
hydrocarbons is further passed via line 151 to product recovery unit 152 to
recover olefins and the Cs+ gasoline range hydrocarbon fraction as a liquid
product in line 154. Any conventional method of dehydration and liquids
recovery such as solid-bed dessicant adsorption followed by, for example,
refrigerated condensation, cryogenic expansion, or circulating absorption oil,
or other solvents as used to process natural gas or refinery gas streams and
recover olefinic hydrocarbons, as known to a skilled artisan, may be employed
in the implementation of this invention. The residual vapor effluent from
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at least 2.5 tinmes the feed gas volune is transported
via line 162, conbined with the |iquid brom ne

woamrageddoi n |1 i ne 125 and passed to heat exchaRQemsi®6/035788

wherein the liquid bromne is vaporized and fed into
first reactor 130. The second fraction whi ch is drawn

l4i I
Jrogub)feobéry Uit 152c%s e Xt Ito PRI Shecth 27 1A may be
blntdlzedeas doekrfior dhé oprocess esmwd & réeybIMdealomal b/etdme which is
eat of reaction suchtH%tr actor 134 smalrnta
a‘fOfE‘Hfé“'S% 8 LPTYYESSPN § regyged "Eﬁ'@\" YBPY ﬂi?Chafged
LRS! aIsre85or il s IR irfto tfv% f?élﬁiéhsdf?@ﬂfét fia1i8h ‘iﬁé’t it @qual to

maxi mze conver si on vs. ctivity and to mni
taideast 2.50imeathe yad gaaoaodumenmlraﬂapontted vieline 162 combined

B Hac yBHicCor A8 Wrvevdin B8 1fHa SbiTsBhd oy st Shohanger
bt zgrivhakdif the Mquill Dromirkd lsrv%éb@hQéd LA 16Q ite fReiYeheldrado. The

in addition to noderating the tenperature in second
reeongr fradion \whighda, draywgeih lisar1Ghuia ling 168 and istnegulated by

d@dr{tﬁozrvrﬁaﬁ\gqeb%dgt%b ?%Qn@ﬁ)&ﬁ{‘gfdi’ﬁé%ou ) lg§/l lpﬂﬁigé Tdh&entration
bioo recotors i 84 pared  abbérid ahethieat ok sealitiwn bucithat fre@cm)r 134 is
wat er whi ch Leaves stripper 114 via |line 164 and i

dnaintined @t dhe welesied ,ogﬁgatlng]t&ermpqrg;ur BoPiaferably In H’@ range of
SABAR 2R ‘@ttSrab@gESG‘y e #loe? tb nigairhfe %&R}?e'r&@n'\)% selectivity

heat exchanger tenperature in the ran
adrwalito thlrﬂrnlzeotrmboate 5Dcmalyﬂrnteauwamcm e & tlae deposition of

REATBa1 aTiis: 1bS Elltiohaa@hiddy BY N TRbvqIad vahe? (ifiygntopermits
tﬁlécti\ﬁtyrcﬁ%‘:‘@hﬁﬁtlbﬁ if Qhé%ﬁC?eéétb’ﬁ 180ab BgomyslicPihldition to

acid solution effluent renoved from scrubber 138 via
| mpderpdingrbe temperatwietinaecond irgactae184nge from about

10% t o_about 50% by we drobroni c. ac
pr e?‘ er%qu rPWSf@nr SH@%’%A %%Gma'%d%ot ) Qﬁgvﬁfeﬂsb}{?bV'Ower or .

vapo?'ltezsggr ?nngggg ﬁ%%lfre? (ﬂi)r éﬁé@éu&%@ nandé?m 5 barto

nibnomine esttipgerv dgdr i@ r&tsp umrdufal HBormine rfrorme wadaru Mthicty leaves
d f 114 i

rShoet £ 5 neh 264 5R0 8 e Into 88w e fist Portion of

Tthe dltigsed vatbry deaRiiedVva e @I64 Nedoléd irf ﬁééﬁémrigér 15510 a
t he aqueous sol ution effluent fr'om scrubber 148 is

tiempspaiure in thearangeaf phoui RE° Cs ¢0 abpuka0WCt, randn@alntamed ata
o] . ri ' ry k. 0

R85, U 8,40 et 18 by S CcbRs, sucn as
splirpi 718, effineupoitioanef waysreihat dx ygeytiedhis shiatted lSuoln that the
air 1s passed to a fi rfsft si de of heat exct‘babegre{ 81
amirplromigAacid solution effluent removed from scru 38 via line 144
has a conceniration in the range from about 10% to about 50% by weight
hydrobromic acid, but more preferably in the range of about 30% to about
48% by weight to minimize the amount of water which must be vaporized in
exchanger 141 and preheater 119 and to minimize the vapor pressure of HBr
over the resulting acid. A second portion of water from stripper 114 is
removed from line 164 and the process via line 156.

The dissolved hydrobromic acid that is contained in the aqueous

solution effluent from scrubber 148 is transported via line 149 and is
18
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preheater 119 wherein the mxture is preheated to a
tenperature in the range of about 100 C. to about 600

wQ20@Erndeasost preferably in the range of about BROD/US2006/035788

about 180 C. and passed to third reactor 117 that
contains a netal bromde salt or metal oxi de. The

F;éec(ﬁfnﬁhb,@%fﬂrﬁo@ge@?%ﬁ%ﬁﬁc%&@ Wé&kp?ﬁ?ﬁdesstnpper

Mh{4 In) line/(15.) .The€rdombinea aqubeus sohtien tafffurentainal axygenc bxygen

st it 67 gir s PR&Tedi & Bretieiis b1 Péat FXdienger 341 angt through
%eﬁbéfﬁ?' £ thﬁéﬁ‘eﬂ?th%aﬁnﬁﬁuresfé ﬁéat@@ to'd tenberdifrblid the range

coul d be used. The netal ﬁ?ge salt in the oxidation
r@fa@ln@.rt W07 Galo weotutﬁowz@da:a@ rmsimreﬂablwnedh@qmgmgf about

“Bh S S B0 2o IE SRR 258 PHER USR0S o et

abt@mldél@aﬁ drenétl afitlel MEHE prRIOROd tmétupbf e b‘roﬁmdje @QIt or metal
More preferably, the oxide formof the

r&ﬂ@@ ipfefldl)+ GUQb%rbana. @hough d%q(dih NKW), dwr{glf) Mﬁ'@r, tCr(H) or

SUREE L B B8 PRI 1y 65 G e ueoo

1Aeroptively calkalingeartk TActads Whldmalsbaf@ﬁﬂ @fldlabblet bromlde salts,
r and at a tenperatur

i eﬁ%&a@&oq@g(@acwa@@ uged: puR hRdBRtE] PEIaBISA in the
%lg?ﬁ%rf ?é‘&goro‘cﬁﬁk%@H gh%d 58 alﬁgn&-zntr%tg@ 'Rjukous Mlution or

romae 1 s Oxi I ze
gprefarablyl the mnnmenuatednaqaeom(saﬂxsaﬂatlommnay tmurdblbed into a

P s U ST BBEE 0 Sl e P ko4 2cn oo
%@f@b@e@blw Higd @f(ldbefﬂﬁﬁ IoAthE RfetaNA d 1anBe d‘l’ﬁ@s’tétﬂ(f% b@ftwelght
wat er may prl mari | Yy exi st as a vapor. In eit

clawposﬁed PP eshsepret auet astaluminenwith@ spaciic surface area

R, L, 8 5008 B4, P, T2 afftes =t o
vesgurel iflithg ramges of aEfdmuSambi@ﬂt @ abalit 5 bapahd ab artefiperature in
in the net oxidation of hydrobrom c acid produced in

iheciANg8seh BROUSEICIE. $@AOR) Geditt goStaareiasablyeieitearange of
by tS’dUt r? fot red Ccaﬁ%'ré(lﬁe%éjmétﬁleb@?ﬁléé is oxndlzed by oxygen,

brom oxi de or’ net oper at
cyaelaiing elemqmabbrdmm'ehzmataseiabhydtwndeatrabtabmdejer metal oXy-

be| g%g':e |§|EJ éEgé{ﬁB“Ie?%'an& ugo sérgén%ggﬁﬁ\n and oper at Fqig/romide
eé@fsbf fretal bku@é'dbér%df Qlaﬁ?ghéﬂﬁe%gérdiﬁiéseéﬁ@ IcS\gPerbﬁres%hres at

Fe(+3a) + + 3H(+a) "+

pghmh)\@alprm pgynanly-gm&ae,}a( V@)or+ then(hQ;)caseHﬂm Bydrobromic
WidNeabis®Wilh He mbRY qf{)dgromdge( HaR dyAomii@é or MER oxide

species and is neutralized, restoring the metal bromide salt and yielding

water. Thus, the overall reaction results in the net oxidation of hydrobromic
acid produced in first reactor 130 and second reactor 134 to elemental
bromine and steam, catalyzed by the metal bromide/metal hydroxide or metal
oxide operating in a catalytic cycle. In the case of the metal bromide being
Fe(lll)Br2 in an aqueous solution and operated in a pressure and temperature
range in which water may exist as a liquid the reactions are believed to be:

1) Fe(+3a) + 6Br(-a) + 3H(+a) + 3/202(g) = 3Bry(g) + Fe(OH)3
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In the case of the netal brom de being Cu(ll)Br2
supported on an inert support and operated at higher

woenp@ieassr e and | ower pressure conditions at WwROTAIS2006/035788

water primarily exists as a vapor, the reactions are
believed to be: 1) 2Cu(ll1)Br2 = 2Cu(l)Br + Br2(g) 2)

cu( 1178 S PR TSRS L AR o ot om ne and

wat er anBry) &%N@H PXOHB O Fe(lidd) 98By ( d@ + 8HLOOT

oxygen enriched air is utilized as the oxi

llpathen@age ofafiee metambromideltbeig Cﬁuﬂmﬂzd sﬂpp@ﬂt@d 0111'é,n inert
are cooled in the second side of exchanger 141 and
and opgratgd @tmn%rtam@e@wrﬁ and l@\aﬂ@ere@sueaa@mdltyons at

R G bty oSS ot MOl A B0l 6 e
three—ggh@@@(mgpgr_m()g,?@ Bre(g)ce | iquid water has a
limted solubility for brom ne, on the order of about

3% by 3e2Qi)Bran®.@gidi Bi¢gial 2Dugmjare which is

condensed forns a separate, denser liquid brom ne

phase. 3)TR&1Br{g)ui @ul(ii)ﬁ)“n:l@aj(b)”BI,se HiO{gver, has a

notably lower solubility for water, on the order of

I ess t etemeptairbipming angbwetentang agy msjdugl sxdygen or nitrogen

peﬂF F%ng&m%ﬂﬁ%é(d gﬂ‘tl Hﬁﬁ e%ﬁﬁgd@?@%ﬂg,eg\/mge ygpor from
SthBa)“Lﬁbt oﬁtrﬁnddreauhﬁeiqae atd godled\r s s&carg éldatdf@xchanger 141
brom ne. IS inmportant to operate at conditions t

s pondensend 2048 a ioperal e B A06 IFBR0®Of ABPULE' & tq gbout 70°
%%ﬂeﬁéﬁrﬂl‘&é b?c?rgpwerégzd Wé'f’ér A’I‘Ercdr{(‘iehegﬂ %l‘i’u@ld;%’s%% tb ttgﬁéoe?phase

bromne an rincreases the m'scib
tseparaier 1122t He thrpeephasepbesaratamP tsirmd liquid emtdanyhas gHimited

oY i PGB <Osh Ao Br Poieiohl Ay additional

SBATIAE Whid? % ¥oRAEHEER bafls [0 sBpdaRS B ef WhildChrRiiné Phase.
mx W th vapor stream 162. Thus the bromne is

r Bedliguiddoramine hasee owever, hasha netaliyJewerselubility for water,

ST Bk B AR 0 3% TGS ARt TP &y et vapor can

s @asily bbtedRediby dohdeasingdiquidh brormiheldRd twatbr, decaating water
scrubber 148, wherein residual bromne is recovered b

¥ gisRleiRksical 8epgation Ane sukseayently revarodzing dguid b%mme.
PR 1355 Rt SRt b5 0P (81 LA St
pLafSHBd sb asdoravojtke sngmmanfr tasidual iBrdndhe @ondensadliguid bromine
errb rntag ﬁér ltnrc]:(ree ses e mI'SCIY)eIIty io?BroSrﬁitne in the aqueous phase,
and at sufhcnently high concentrations, results in a single ternary liquid phase.

Liguid bromine is pumped from three-phase separator 122 via pump

124 1o a pressure sufficient to mix with vapor stream 162. Thus the bromine

is recovered and recycled within the process. The residual air, oxygen

enriched air or oxygen and any bromine vapor which is not condensed exits

three-phase separator 122 and is passed via line 123 to bromine scrubber

148, wherein residual bromine is recovered by dissolution into hydrobromic

acid solution stream conveyed to scrubber 148 via line 165. Water is
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forth above, the netal brom de/netal hydroxide, netal
oxy-brom de or netal oxide operates in a catalytic

woyal7@4edsb owi ng brom ne to be easily recycl ed RCThISZ006/035788

the process. The netal bromide is readily oxidized by
oxygen, oxygen enriched air or air either in the

YRR, BORF T e e BBRT, 722 B Ol b ind Passed 1o

IOStﬁ ppeabl4, in the range of about 120 C. to about 180
ield el enental bron ne vaﬁor and net al

hi’df OXmés IR@caPragngepvighall engrodimests ekiheeprasgst iveption set
al{?er e ttHé qﬁe@f k’e use%?t#%&g R)X'(?é rﬂg{’é}%@%&{ﬁde or metal

I oW ng
cmudesomnatessursaaoatafwloocyumIaylawmg Mmirrmqm eeebsily recycled

}r—r%(%r,ot}hom c acid_js neu a i zed é action with the
fthin the Presesse Pen@? EBJT‘@@ 15 i"eReiheXidized RY-P 9eRe OXygen
I
CEirtioot, BiF OF airl PHL8Y ST e aReals nap O, X vab8H Bnase at
btﬁnmarﬁiwesphyshheararm)mf aabiauh, 180°eCdi togabowis 680t iGI apd most
Th b f f t t | ]
bt e R Ot S acto 4aH AT L iyl ftementa
oproftiRe aﬁ@bdrhﬁnéuﬁwuﬁ%roﬂd‘é Cm%l’ﬁl éﬁYibﬁﬁhl%Fet lof€metal oxide.

reactions of alkyl bromdes to primari
oPeerationaad teraaeiaéwegr belowt gbouih @805C.f rSaadV@niaceous thereby

Bingont ot oMt AR PSR Wfropobmer e

veqipmentm HVﬂr(iUrOmmaédl@ﬁsrﬁQ@ﬁ'aliZ@dab9 FHBioAURMth the metal
reaction in reactor 134 are readi I% di ssol ved into an
e

W@@geﬂﬁ&@%tabﬂ@dﬁé/ﬁlﬁ'ﬁglszwwdt rﬁ@‘aép"QW@ﬁOXI de
or ”Et'm Jﬂ@nﬁi}’%bﬁﬁné %@H L ét%% d&ﬁﬂd‘éﬁs@é eir{be easily

met al accordante wth ano her
o$epa1rateprm¢etma dqumepM$ebu simpéant ploysicdll gepacstied, i yielding

st By Bycing o ‘T Ahsdiod i solibanb el Alpws selective
Sbmﬂlﬁétldmrlﬂeélktaﬁegh%mdi@rﬁt%‘élgefﬁh &t ﬁ@g%odﬁtﬁéfm%équent
with respect to Fl GS. 3 above. Mor

pefficieptiand Isleclivg arga@ho@a@ﬁ dsyitbrpices tmmmamb« e to & olefins

2 BaietBREL oLt AR G Tacton BAHHER i Fiigfifga Behoned

adikahesl ahdrsubstinhed targ®aties., Byprodwdtspalrbednsic acid vapor from
conveyed via line, pipe or conduits 262 and 2 11

riBgpRreminalion reariion; siadl SWPSSAURN) rBRGHATHEN reamip 184 are readily

|
18501530 neF SR phath S RelBaledeF i Fibil fygroxice o
| inetal abxlnieospems esultingrfrarachxidetienrof the nestaf briocovide.

{rgl ?g:llg? L ACO%: hée \?V|it ane grngmgoglmen ofqﬁe Bcessl cSSf Iheedpresent

invention illustrated in FIG. 4A, the alkyl bromination and alkyl bromide

conversion stages are operated in a substantially similar manner to those
corresponding stages described with respect to FIGS. 2 and 3 above. More
particularly, a gas stream containing lower molecular weight alkanes,
comprised of mixture of a feed gas and a recycled gas siream at a pressure in
the range of about 1 bar to about 30 bar, is transported or conveyed via line,
pipe or conduits 262 and 211, respectively, and mixed with dry bromine liquid
in line 225. The resultant mixture is transported via pump 224 and passed to
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Preferably, the nolar ratio of [ower nolecul ar weight
al kanes to dry brom ne vapor in the m xture introduced

wonb@w/memet or 230 is in excess of 2.5:1 . ReacPor/UR3M6/035788

has an inlet pre-heater zone 228 which heats the
m xture to a reaction initiation tenperature in the

| e fhehtr 226 MhelRP Hoddlid bidbineBNadipr2dd: THE mixture of
epNchenoieealar We\i\gﬁtfhmweéaaﬁmd? bY@rlhﬁfe cﬁ uéerbattb\féhb!tor 230.
Iom1tenperature I N he range o about t o about

6Brﬁferablsaﬁhe dnolar pat@s ol kéNEBfaniﬁ&Uiain\g@Qbf atksaas 0 drgiroromine

iR ing thidfte, rroRh B i B3E0E PoPis H i A 25T Reactor

oa@m dialsnan irdeppreieuier zang 226 whidkphestst thenmixXt@relfePgreaction
mt. of the reactlon initiation tenperature ran

WRaOn HEMRGEAITE 1t TheeTangenahesal Gutd 480t - ik Bendeaster 230,
Nl iGW& ridle LﬂéP'Wékghi g%ﬂke{r%%h%]ré’”reabfé t«‘—,‘f‘?(o‘ri‘?e?fﬁu%flly with dry

met hane, the or mat 1 brom occur s
abmndawapomat & rdallatlveélgzlIdmvvtenngpe@u&1r ] theerangeauﬁ abo250° C. to

Aot 3P o hnd vt i i tomolas Aot € e @Dovr ag bar to
tﬁrd@ﬂ%é)’dava%tb%‘éiﬁyl B:r@hnéé@%kiehydrﬁbf]&ﬁicca"cﬁ& rPEoPiO”TH@ upper

reactlng h a nol ar excess of ane at a
t i ob ihey @perating tempergiute rangd uggrﬁerethanvhheyump:ertﬂnmt of the

cPAief B EraShire ABBS 1B R S 1ol By Bt Riied due
| 1o theeexotitatiriehaite roM@é bRSminkkien eea@loranaSthesdtsd ctsmethane,
et hane, propane and butane, are also readily

biherimatioadot exeihyli hepmidereaeurant ﬁgc@rdgn@e bwithi that tsflowing

@?’% as ethyl brom des, propyl brom des and
b rﬁgrre%t%ﬁ es. If an alkane to brom ne ratio of

significantly |eggy,tlpp B?r% %g\)t O_JQHg{?Mg)Z@HBr

substantial ly | ower selec ity to ne brom

occurs and significant formation of undesirable car bon

soot is observed. Further, the dry brom ne vapor that

i Bhiseredciion octunsswithn @sigmflcaaﬂy ihigls degtemof aalgctivity to methyl

r.-f di d that el
JFrogliie: Eor eARPPlET thepase bESTng cabdtily Bith A Malarcess of
Sin@thdriz bt BShetitatd 96 Brakhied b(é’ﬁénéf' a5k V -] hl@h n§él§<§tl\ﬁt§}eto the
formati on of unwanted carbon di oxi de thereb
i menedwilegenated samebivl vi bspraitieal waewrsbr omi Smalbn anaounts  of

blam o BRerE oAl BodhORclHhs Al i SorRY i 46 bromination

dieaxiio. f HighealHieaness, slivh affdthane, phaganecahdi mstantkyre also
brom des and hydrobromc acid is

readily bromoninated resulting in mono and multiple brominated species such
as ethyl bromides, propyl bromides and butyl bromides. If an alkane o
bromine ratio of significantly less than 2.5 to 1 is utilized, substantially lower
selectivity to methyl bromide occurs and significant formation of undesirable
carbon soot is observed. Further, the dry bromine vapor that is feed into first
reactor 230 is substantially water-free. Applicant has discovered that
elimination of substantially all water vapor from the bromination step in first
reactor 230 substantially eliminates the formation of unwanted carbon dioxide

thereby increasing the selectivity of alkane bromination to alkyl bromides and
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wi thdrawmn fromthe first reactor 230 via line 231 and
is partially cooled to a tenperature in the range of

wahooro4d®6 C. to 450 C, in heat exchanger 232 Bermisen06/035788
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flowing to a second reactor 234. In second reactor
234, the al kyl brom des are reacted exothermcally at

= RS 58 5AE Bl VAR o el T fin o

bwarbmdmxaie‘ﬁrmchikmcbs)f cryst alline alum no-silicate
catalyst, preferably a zeolite catal yst, and nost
pref erérti'ley efftuenk mﬁb@ootawstadhyd bearhides amd d’lyjisderoPmc acid is
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actem\pbraare iwhinehrange @‘)@.‘Bdmﬁlwd: by ¥B5YENth hé& exchanger 232

alumna-to-silica rati o may used in the process
t heforectning, tw@nﬁetmdaseammn 25& eln genond geactokiaddedhe alkyl

t I
3?{;&) Ii"tinésaﬁllg E?éf%?% éﬁ@tf?e‘?mééég@d{{ﬁﬁ?tlpﬁfqﬁr%ﬁirg rﬁp L 3% fom about
pIQ(SDBIG to abduumommnu@pmeﬁret @ theYanys of asommﬂbét RA30 bar,
met al cati ons, such

ion e ther al kal i
)é tekx%fp 0% ln@aﬁlw@aptamqm setalysti greferahiyta zeolite
a%af@ystcénd ﬁios‘? by \ﬁéwﬁi‘%te{h krt?[?;\ée bL‘{gppér%@te%%ttélﬁ.ﬂé A preferred

such , ogen orm
vaeohiasnsm Q é? oty typec aeoliias ahhmmgramlﬁrf zadlited withi dlifferigg pore

' gﬁ%}sngﬁ%g’aﬁjl %éz\é‘lé’héhdggg S{ﬁntﬁgggetdw g/fqt%lg éttﬁe haal\tjmlr?a-to silica
SyatidARlyassusyd e m&céé? oﬁ{Hé”br'é%ehPl‘h%iabh@gaé Hill Be"Bdent to

be used in the second reactor 234 as w evi dent
t @ SKillgd artisanaAttheugh thenzedlite oawy:stas preﬂeeabiy mbd in a protonic

W LT T A

hyrctrobﬂmcbby foraekcharreowith bittert ARBIEFRAAI Gtidhs WidHas e K or Cs,
mtgr?jkreactor 234 is operated is an inportant
Y

d-earh matal eatipnsgsueieas MaceavPe or Be, with transition metal
reéﬁtﬂié’”sddl“l ﬁl(lidﬂgggsgo\xh@rdrotbs Itlé@ gﬁ:ﬁ@&ﬂ d&wb o'gléc?sdg Yyarious

satt@nmnve a:aﬂoms ba\ae an eﬁfetoempehmltg ﬁeautlbhlselédnelty aiRer zeolite
%?Lfl 250 C. tp about 50 @ &Seferabl

Y713 REVINgL YRV GO sR98nd apiit gresynthiesized by

T@Qifyﬁfgﬂthe” aRInARANE siiea Lfbtléfﬁﬁa)gbe' &éﬂﬁl t?l%céé’b%nﬁ%%ﬂj’r 234 as

result in increased yields of dr ocar bons,
awilhaeayidem 0 aeskillac: adishne aﬂimdh@camﬁ)rc d*k@ Aalkyth d:rreandes are

 licd SRRRAILES, ARRTRSHY HELED, Aoy BB mcrocarpon

Notaatuicys amdladbmoﬁalehy@fro@umb abidovagtes reacting over
the preferred 10 X zeolite catalyst, cyclization

react i bhe teoperatsice at tviizich tthe s&tentr mectarnd34io dpeeated is an
Clcr)rrllﬁéﬁa{]nt parameter in determining the selectivity of the reaction to olefins
and various higher molecular weight liquid hydrocarbons. It is preferred to
operate second reactor 234 at a temperature within the range of about 250°
C. to about 500° C., but more preferably within the range of about 300° C. to
about 450° C. Temperatures above about 450° C. in the second reactor
result in increased yields of light hydrocarbons, such as undesirable methane
and carbonaceous coke, whereas lower temperatures increase yields of

olefins and heavier molecular weight hydrocarbon products. Notably, in the
23



substanti al substituted aromatics. At increasing
t enper at ures approaching 400 C 1 nethyl brom de

woamréanedson i ncreases towards 90% or greater, ROWES2006/035788
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selectivity towards C5+ products decreases and
selectivity towards |ighter products, particularly

e DY ik ERTESs BRI AR HeCBretEhen 99 SRife catalyst,

| ét’e convers rom

n@}dﬁm@orarréacm @ccur such nthiahehpr €6 -er fractiorsn geodlfced contain
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66 k&“' eﬂv&byﬁgﬂge ﬁﬁbiﬁén QHéfea‘sbgethHrdgggo% or greater,

operatlbn Ine in catal yst activity over
ahoweger sélestivityr twainds Gse oproducts delrpanes mdosseleﬁéﬂty towards

ey, dioduds. hrghbieole R, REAES, At i amilressggecding
4@9?1‘(‘(? AWRGstt dnplegs B@fhvé?éléﬁl@fﬂﬂeﬂfyl Bldtitideltoorbthese and coke

ormati on of carbon and hence’i ncreases the rat
obcalract invtnel preferted rANgSAf0RAIBIINCIRTIBEREYURES Qf Ak04i 689 C. 1o

péﬁ_’{’(héu %oﬁrmsis’yg&%&@; 8{)@& k@g@&taéng@%g{ai@&gﬂ of ctarbon will build up

CoKithe, chiallyover tie d&mtﬂberaﬂm otautisgratdestinefin catalyst

hydr ocar bon products. Hence, t
wBEilY over adageent sesie! bs@d@ QU@@@IG@WRE{EI% ﬁBrtEe reaction

P h@ﬁ(ﬂﬁ&% ﬁan'p';géébg rgﬁsg%ﬁ'gg{)&ﬁ‘@r?“t t38%1se erbéd 4R8 GigHe? reaction

secon ance increased selectivit
t empeiaturbe abeve aboubiedi @ faval 168-themoalarackiog of akk romides

L?vtgﬁzfp?rfeaﬁc?@%.ca Sasoand 108 ificieRshs ik T3, of sefRbASh of the
9g3@1‘w L @Ioh Fs%ly’ 5(5 eréﬁ’éi'y ‘é't ‘f’né Wwwer and dPGIHé REmperu&ESrange,

r e catal may periodical ly regenerated
i pasuwlarlyby»eimmmgsm@a& mnayz?aismr@rmoi@ ﬂ@klnm likely to the

S0, o Aot PSSt 1! ot

b?émﬁ@ﬁétm@s%ﬁmm@ rér@mréﬂdm @50n Q. m@ 5oeh@e bot mme wreferably
400 C. to about 650 to renpve unreacted materi
aifs thepeangsn ot abou’raﬁgql y§e t@ #58F & 1BsthesSsoRe: re@&tmaéﬁé‘dba‘ance

E@?ﬁ@é&éggf{&g vity ¢ c%érgh %h8 HdsiteddseRs e{n@dCEﬁa Suct® and lower

alr or |1 nert gas- di Xygen Vi a
| rates DfWdaetivetont due84caabom fqmnw:mrr againgt thighermegnversion per

about 1 bar tq about 5 bar.and an el t
| pasa,ewm%g@wam%u Gt PRt "ot e AR A Shlipment
di %I a ggg resi dual alr or inert gas are vented from

react or via line 275 during the regeneratiaon
per | odTﬁeecafeﬂysjemay\mecpeﬂ@ﬂipahlsségg@m@rai% in ity, by isolating

h'rgac(?(or 5846‘1‘rom%e nor%tétl process flow, purging with an inert gas via line
270 at a pressure in the range of about 1 bar to about 5 bar and an elevated
temperature in the range of about 400° C. to about 650° C. to remove
unreacted material adsorbed on the catalyst insofar as is practical, and then
subsequently oxidizing the deposited carbon to CO; by addition of air or inert
gas-diluted oxygen via line 270 to reactor 234 at a pressure in the range of
about 1 bar to about 5 bar and an elevated temperature in the range of about
400° C. to about 650° C. Carbon dioxide and residual air or inert gas are
vented from reactor 234 via line 275 during the regeneration period.
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hydr ocar bons and hydrobrom c acid is withdrawn from
the second reactor 234 via line 235 and cooled to a

woenp@aesssre i n the range of about 100 C. to abowtus&®de/035788
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C. in exchanger 236. As illustrated in FIG 4A, the
cooled effluent is transported via |ines 235 and 241

th 3 | e val 2
e 243THE BEehiEh SRERFARCSIcHE BE Bk Shgeer weign
velssskbcmbonemﬁdnyo&él@rouuoaelmlsnmrwréwﬁ fRAR t9d sécérfd te<hctor 234
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red B n%éci Bgt,e lonaﬁad dngdyead into a vessel or
quaotdr @la0econtapiHEs had .@gsioha%dga ﬂHQ%@%éta%Q|a‘é°9T0he metal of

Preferably, magnesium copper and iron are e
t e raetal oxjga #s ﬁﬁ@%&d oo miagpeshem nidig), palefumr em) vanadium

¥R SRAE A RGaBASRE it el LT bt RS kel

beoapger 0y, i (Sn)nontihgSART arhérrﬁefa@isgge@&téd%? thd Rhpact of its
The solid netal oxide is preferably

f swﬁ?@le& thgrmodyiamis Insopariies relative ée the dﬁs:t:eou taroperature of
L O 0 s o

cd?rrafﬁdfably, bagresidn, Copper andrmtbreralbl gmphuyed! g§niRa metal with
é’{@s V\rllnth a eCIfs% sfurfa area of about 50 t

> PG REFORGAr JHlesei metais have the Rtapsty of not

wighty tfbenifgt akidexi ! u ‘

(XY NTRL LGB 0 St 66 I, B e bong

, ,ﬁe\gﬁgrg@l@ghaéemperawrﬁeremel @fvleag tlwnabamt 5@1]°n®l ar he SOIId metal

B8 B MASRARO B 2 BBl B A i, or

t egaiipte @i tsyntheticl nememolle diicah sBéiecHsarn
% @itm L Shicah SReif: gborl):zeanvcle%?t srode 57,

hydr ogarbons in line 24
ZEQ@aﬂHﬁ e Hanygsen 2@@"&%@ eph Columkiit Maryland. Or more

éPéJtéldaylo)? é?h %‘E‘.@ﬁ% %gpggrt géﬁﬂgﬁgﬁ%ﬁ?%ﬁé pg afout 80 to 200

dmﬂ/gr in mteaQtBO 24%6_), rrwn?momatmm abbotedlj\}vztth\ﬁhérméfép Bxide at
S, SLr e s then renoved from t

o BToBe B d S 38y, abul BoB5 £ ardh arefpraly Gatwasn ahait 100° C. to

cabbai 8009 O iAf adtorddrite WhNheh®iloWiiE §Bhafal Y6H AL wherein M

hydr ocar bons is
represents the metal:

2HBr + MO > MBrs + H,O

The steam resulting from this reaction is transported together with olefins and
the high molecular hydrocarbons in line 244, 218 and 216 via opened valve
219 to heat exchanger 220 wherein the mixture is cooled to a temperature in
the range of about 0° C. to about 70° C. This cooled mixture is forwarded to
dehydrator 250 to remove substantially all water from the gas stream. The
water is then removed from the dehydrator 250 via line 253. The dried gas
stream containing olefins and the higher molecular weight hydrocarbons is

further passed via line 251 to product recovery unit 252 to recover olefins and
25



further passed via line 251 to product recovery unit
252 to recover olefins andthe C-5+ fraction as a

woOii2opsiodegss oduct in |ine 254. Any conventi onal ReThsz006/035788
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dehydration and |iquids recovery such as solid-bed
dessi cant adsorption followed by, for exanple,

(e i FAGoncAO SO I daud N SRR s, P R Rt method of
tmemyd:mm antuliqlidgaecoveryebuceras %ﬁdiﬂeﬁe@%ﬁl@?ﬁt gdsorption
r%?ver 8%& rn| ¢ hydrocarbons, as known to a s
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230 in a manner as descri bed above. The second
f IS eauiova |'@€h$t| K5 dimem ther feadi grs wgmﬂ % ramsp2&B dadine 262,

suP Wenw % ﬁ@ltwdr ?'%9 @F %fozgg%qn%@éaﬁéﬁzegﬁpr@t iR, 225 and

t passat tw heaB éxohahgdrseed vileeeihee Kjuid SR6#IMS i VaPorized and
geéi rea tor 234 is maintai ned at the sel ected

é’itPn st éﬁB%‘i%t%?er in pﬁ‘ EpRANGY| §S | Jescrbed aplyveof The second
ahaefiord Which id 8 ? 262 Wi thﬂ[edféS %ﬂd”@t heghﬁgg% by control

conversi on vs. ect ivity an nn mze
c ¥alyky260,dataat raiatsm’hmdmetd dilttee thike pdigjl thromidé comckamation to

' i ded b h | ed
o Mt 23 il aB8aftL e R bt trs%stﬁﬁ?%cqcih_tﬁ%p fastor 234 is
f Méiﬁtafr@@cé@ﬂweZ%eét@db&:é“rQﬂﬁ Qrd lﬁ‘reagagéfe'ré’@ﬁﬁ the range of

noderating the t enper ature |
RPeEN30 Xy dleralait 4508 £.dn ror@br ’ral mamnjze soudedrisioer esl selectivity

" g dooilinin WG BP cotdierieduRRTRR B 8 shicdepastton o
| cadoR14Thls,nthe? dfutiord pr@ided M&hbhfeuy@lédheafsor effluent permits
exchan er 215 wher ej n _oxygen, oxygen enriched air or

aPelertViy oframiratian i therireh megias 339 tonke cantjelled in addition to
aﬁfb‘dbrei‘tf?lg 4tge b %Pé’cHFe 0 éég%gd Z(ggé‘tofﬁgﬁnd vessel or

react or con alnlng a a solid phase

et al rdeox@@fg@hnbﬁé&tér "Mrtéirté‘ﬁ) 8 tlivBFIMVEE bidwer or

accor dance with the follow ng general reaction wherein

Meraprassened3ii & peasgure in the range of about ambient to about 10 bar
to bromine via line 214, line 215 and valve 249 through heat exchanger 215,
wherein oxygen, oxygen enriched air or air is preheated to a temperature in
the range of about 100° C. to about 500° C. to a second vessel or reactor 246
containing a bed 299 of a solid phase metal bromide. Oxygen reacts with the
metal bromide in accordance with the following general reaction wherein M

represents the metal:

MBro+ 1/202 —» MO + Bro
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MBr2+ 1/2Q2 - . MO+ Br2In this manner, a dry,
substantially HBr free brom ne vapor is produced

woher@bgsel i M nating the need for subsequent sepamario6m3s788
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of water or hydrobronmic acid fromthe Iiquid bromn ne.
React or 246 |s operated bel ow 600 C, and nore

Pgﬁtj [ngé/ ro’m ng%apor ?@?qqﬁycﬁgggﬁr%gﬁbpﬁﬁg : ng produced
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2 °
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" St R 1 hes “ehaifet, P2 °2h M Feater 2P oy o suitable
d erseiniee tsuich 08 tHie pafip PRing THel Y@éi&uélralﬂ%?oﬂﬁl%@ctéw oxygen is

heating or other suitable neans and the thus recovere
Ff@ﬁﬁﬁ%ﬂed HRgpeeRaalar 223 viadine1227 o lai brentine scmitabing unit 223,

S%ﬁ&?%%d\ﬁﬁtpgosrgﬁt%gr{ G%r})ﬁegﬁ ﬁ%m’ggg[ag %L{“tgpfeg/z%olvleﬂttgr' Suitable

manner

nealid msorlvmtc anguirant s as@eﬂedob?daf skined f@'h%dﬁt Gdiﬁé?rbm the
t he reseB i.nvention and thereby not permitted t
o FRTBRINTIEE DiFRiRg I8 08 BHTEH: o RPIi6RY hspmisle n@esorbed from the

LSRR, S5 G SAB5HHEI Yot P gRy BN sy, and

qumcomnddzibmmtranspnrted wadmuecm‘rﬁzm Iwael b25. Ithne scrubbed air
olubilit

i gptog‘ﬁgudit"gﬂ IVI%/ n%vget é@b&@}%\n}‘%@aw%gﬁe gy other

| subdiamMedly Adn-restive é&rﬁﬁ&ﬁént‘s%efe%d{ie@ﬁfroﬁﬁﬂ{é@gstem of the

di stinct advantage is elimnation of water
t REESeNb ninvMenticshiansd thergbybyot| permited rig ten&rnélw hydrocarbon-

SGORERING hsPorD P T D BRS485  BLE 37 ot 5 tpesurounaing

Reavitanmme4d agoided46 nmay be operated in a cyclic
fashion. As illustrated in FIG 4A, valves 238 and 219

ar e opBnat eadivantagee afpeemuavitg tthepddBi tbyhychernioali eaction in
(l:cordgnck:Jée wﬁtﬁr{ﬁi\éeedmgoglmen era%er %rr]]tby; Qﬁ%tple phyéltcgpggl\agility, is
the substantially complete scavenging of the HBr to low levels at higher
process temperatures. Another distinct advantage is the elimination of water
from the bromine removed thereby eliminating the need for separation of
bromine and water phases and for stripping of residual bromine from the
water phase.

Reactors 240 and 246 may be operated in a cyclic fashion. As
illustrated in FIG. 4A, valves 238 and 219 are operated in the open mode to
permit hydrobromic acid to be removed from the effluent that is withdrawn
from the second reactor 234, while valves 248 and 249 are operated in the

open mode to permit air, oxygen enriched air or oxygen to flow through
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fromthe second reactor 234, while val ves 248 and 249
are operated in the open node to permt air, oxygen
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oxi dize the solid netal broni de contained therein.
Once significant conversion of the netal oxide and
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cycled back to the flow schematic illustrated in

4r@a9}oro§éﬁ+ ngl hehdeactors @ie veparatechdn pihiss inoamner unm SIgmflcant

{ h i di
TSR ol W RIOS b Bl B FiGbl BEH 298 o 240,
um;bet:ﬂvely,l hlaa eccdneeds ahddherttab reactrsiars eptlad etk to the flow
th rein, odi pent of the process of the present

@%" Uﬁtraqur gt i@ 140 by @pening and cetqs'earvab/@s as previously

dbfisgdy such that the bronmi ne vapor produced from
glether reactor 246 (FIG 4B) or 240 (FIG 5B) is

trans DWHé?ﬂoWg@n' i iRzett ds M6l Rkl Has ttﬂaﬁhsb@rtéd 'irf’ Via line 210

reactor 230 nce oxygen is reactivé and w |
bi¢t the regcion being @wi ’Gﬁledlﬁ@ the salid nefahirenyde metamed therein,

R A e e R AR i nios. 4
241d I% nah e Imnmfli@d gdchh I‘Ih&tl He bﬁﬁnmedvépﬁ)r@oduced from either
conmercj al _sources of oxygen,

b ch
Z"sueai Hém 4By or %@%Aﬂﬁ oPBLI traanrtedpw@vlirw 242 and 225

0 f

ceS oot Roydor af, i BRI B eRsg Bt up i

pﬂmsya’tenashwneledbm emdmme the brophink|\egboartoiss diquidl to remove
odi nen t he ,pres '

|nven 1.0 | Lustrated.,in.
FiReeBES prEPOBRats, PoabRs e KoRbviatsh cPBpEsSarg 13 is not
silisidatedt pl F@Sm4@aﬁér$[8°é§%u§§f§rﬁhﬂ5?%|l' Bomﬁfé?biﬁf Sources of
240 and 246, respectively, are fluidized and are
cOMESEY such raa accommercial air separator unit, will provide oxygen to line
210 at the required pressure. If not, a compressor 213 could be utilized to

achieve such pressure as will be evident to a skilled artisan.

In the embodiment of the present invention illusirated in FIG. 6A, the
beds of solid metal oxide particles and solid metal bromide particles contained
in reactors 240 and 246, respectively, are fluidized and are connected in the
manner described below to provide for continuous operation of the beds
without the need to provide for equipment, such as valves, to change flow

direction to and from each reactor. In accordance with this embodiment, the
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operation of the beds wthout the need to provide for
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and fromeach reactor. I n accordance with this
enbodi ment, theeffluent which conprises olefins, the
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oxi de wit
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WeUppEt dEKabIRE sGbst‘éhﬂ? o&&gy%@ Péé{?;"t‘ibngﬁ?ﬁ‘é Ist‘ld mgtal oxide with

sol 1 d/ gas separation gravity
afwdegbsomia asidubeeaator @Om&rwﬁhﬂrahmt viara ofeirt dnecMhe or other

285 i S Pl 80508, o i 29 e
0&)’@ éntreiucedh@dohbaP therbbitdhlOof thedBbH L 8r ¥b HLéM{ebromlde

c ressor 213 at a{oressurelntheraneo
S froregriak 246. phr the: eebogdineridillustatednia BIGL 6A, oxygen,

I e Y e

t peessangin te fdmgé oﬁagoax amllahqultragg%? O1r@ gﬁlgd%agsgevrtgcé ana line
uced .i nto second vessel or

23@43%%'986?‘%3& &6 heROeHA1a, Whesindbe DRAGEN OXKGRN §nKighad air or

4:13 |§b¥éﬂeatié@% EeremberBfird R ragﬁ/ecéf %‘E‘g{tm 313 V‘fot%}'é)ut 500°

respect to 4A t'o produce a
f E%@ndrlbﬁﬁﬂdmaﬁhm seqrd essel of reéddter QAﬁmwadm of a solid

WPHEE resaCoRfibiag' GRvadh BAnS bt metaiTaTdR dnemanner
biesiribad Aowds withaespbér (ORI 4A 76 h68uP8. drxe§u?stantlally HBr

particles which contain substantially solid
of(paé)r@ﬁ"ﬂwaa@& r i theofowafithisdntroduessh gas duduaes thaeparticles in

SHBeta8 o GORRISY S840, 2108 b 5haeg win e
weiataldsromyde. om oomeat [ 135) topaowm@t et tags mlﬁglgs 2\%hlch contain
gravi

| fl
> Rupsiadily: SOR| Beiahoxide”Aacthet eI EAION BWRPIEAe 1o the
288 Rhntily EoffBlele @4bfisn RATtheCEEIRI Metaf BroAfae dh bRygen in

reactor 246 are withdrawn via a weir or cyclone or other conventional means
of solid/gas separation, flow by gravity down line 264 and are introduced at or
near the bottom of the bed 298 of solid metal oxide particles in reactor 240. In
this manner, reactors 240 and 246 can be operated continuously without
changing the parameters of operation.

In the embodiment illustrated in FIG. 6B, oxygen is utilized as the
oxidizing gas and is transported in via line 210 to reactor 246. Accordingly,
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this manner, reactors 240 and 246 can be operated
conti nuously w thout changing the paraneters of
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oxygen is utilized as the oxidizing gas and is
transported in via line 2 10 to reactor 246.
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to a skilled artisan. In accordance wt

eswi e ilicnd (9 Aot 2405 Pichali gl BT to a skilld
@ thIustratedln FIG 7, the al kyl brom nation
and al kyl brom de conversion st ages are operated in a

subst afy heddrdanedTWithrantnee énib@dtrh@meofcmermpewl ioh @Ie present
stages described in detail with resFect to FIG

einveptioméhai is dilksireted é &3 Retedaly qumlaﬁt'@i@@é'rﬁ'bﬂopmm'de

? ?ﬁrﬂ%gpﬁa%%gggﬁ ébéﬁ}%l]&f \?rg]e{/ gﬁgﬁ%htlglﬁﬁ[slﬁllarz anner to those

Vabiresédiing strpis desdribedein detad omitte nespec22a FikBer4A rexcept as
t he brom ne-contai nj n?g%as is cool edbto ate

i discHesedhhglover Repiguar ath of 0xygen 35k r§55n%va$ﬁg efaiafing from
h%t&%&é’@ ﬁéﬁ%ﬁ&e\@wndgs%ﬁ‘ QAN 888 I%Htlﬁfé Yi B ghu Rexlve 300

0 Vessel “or reactor dontal ning a bed
st |héaplaeasleanwradr dorateinger i281awhexgire #ie bamramﬁecmtatr@g gas is

el A Ay < -
télM?Dg vapst |§Eﬁéﬁ traRspehed W?idhrf63242 fn@ vesseiodr reactor

physi cal” and t her modynam ¢ properties relati
¢ 620heortttemmge@ b@dpaaat oir 8 solicophage wAtal AHEMIAS oin 8 reduced

{ ent I
AR ”Xt@%@ﬁ’e‘?é {8 pR el HrbilddhAE rBaiié vahoe state is
WisklbctsP Poim e Ppgr t(0a), mv@m (PeRfer nmlybdlémnso(Mq) rrﬁ'hal metal is

b d
a{sgﬂqteed) prsrrtg§| |g§3§;;12? log g}|§ mglcla* gpg gﬁ %/ngrglg fTRRettigs relative

ﬁgﬁaﬁgg@&@d t%lﬁﬁera?Hr“ehoﬁépQ%Ybﬁ ahn@aRdeior potential environmental
and health impacts and cost. Preferably, copper or iron are employed as the
metal, with copper being the most preferred. The solid metal bromide is
preferably immobilized on a suitable atirition-resistant support, for example a
synthetic amorphous silica, such as Davicat Grade 57, manufactured by
Davison Catalysts of Columbia, Maryland. More preferably the metal is
deposited in oxide form in a range of about 10 to 20 wi% on an alumina
support with a specific surface area in the range of about 50 10 200 m2/g, In
reactor 320, bromine vapor is reacted with the solid phase metal bromide,
preferably retained on a suitable attrition-resistant support at temperatures
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a specific surface area in the range of about 50 to
200 n2/g, In reactor 320, brom ne vapor is reacted

¢ el ol 00" i B8 ikt befésis aPadt i G, fpauta00° C. in

t eiEpSFcRinee®R! Y AINBWINg3 G@nEral AdfmBl y e
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f onetalii ng general fornula wherein M2 represents the
netal: 2M2Brn + Br? r1p+1lnth|s manner, brom ne
is stored as a seco o &1 Blar omidd @M Blie1  2MR2r Brn+i
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heat e@ﬁg%%ﬁtf%%”ﬂ copfriniBgrowse mpleCuer weight @lkanes, comprised

DR S of o BRI R 368k A0, gvorr
v@SsQ@lnveyed odatioe 287) laatt axalnalmgea 35 virigtenf ttee gabl §tream is
nBPfealFd B o IRtPs o R oS Tanh ShabRuctha; b ol about 600° C,
St/altvé a4 &ﬂhelﬁeegoé ROE SOFRGHRI vessBl or g‘é?tcfr"_:?%o c8ﬁtalmng a bed

ébdenum . The metal is selecte
12108 apyplidi nmseanertai heamideyin am exigizeg yatenes srtmleatTheemetal of

e R S ARSOAEE oA BB e chBbor (),

Pn'eh gFepl or, nmmwnum (MoRn THee nfstal RySsle@adifBe tﬁ@qmbact of its
h .cop the nost preferred. The solid netal

bPEYﬁ'B%' &HJ H}?r Ynamis Riopedigssrehtivesiosiieydesieddiempasature of

OBpératidh! aRH%ISd ¥ér d;SdtBHt‘ eéd\ﬁﬂoﬂﬂg]erﬁglp%@hgg{ﬂ?&@gg@%?d cost.

a synt het i c anor phous SI ica suc
nﬁf&fﬂs&hiwmpp&y dpardnsare Eapidyestt as tie Budtairiwith, co CPper being the

and r ef er,abl the tal is deposi
ookt Bleterted - TRE e Imslal toria dhh oger sidtools arererably

WAL D2 RIPE!
50 10 200 N SLM""ale)rét g[%;mfgtﬁér'%aﬁ%‘f‘ﬁw P BBt A !bynihetic

f AR RIVHS Sllm such casijdanicaoGrade &Rd marmﬂfacwmq' by ddavison
i b reac o
2P0 ool MR8 Ford DustBRR0Y i Fstq BBoiac inan
t beide Gtate inflzammgeRifalo forZovi9e suppGifed®sh HrZAdnIR 80SSort with a
specific surface area of about 50 to 200 m2/g. The temperature of the gas
stream is from about 150° C. to about 600° C., and preferably from about 200°

C. to about_450° C. In second reactor 310, the temperature of the gas stream
thermally decomposes the solid phase metal bromide in an oxidized valence
state to yield elemental bromine vapor and a solid metal bromide in a reduced
state in accordance with the following general formula wherein M? represents
the metal:

2MQBrn+1 - 2M28rn + Bl’g
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state to yield el enmental brom ne vapor and a solid
metal bromde in a reduced state in accordance with
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the netal: 2M2Brn+l - 2M2Brn + Br2The resultant

brom ne vapor is transported with the gas stream
tainipgnlgvver nmol ecul ar, wei ght algﬁctss via lines .
© Tephliant, Plamigevanqr g t@@ 8ngRs sirgem containing
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reactor 230. ReacCtors 310 and
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to the correspond|n3@OX|d|zed and reduced states

otasiffuad Air +ay egéygﬂl sbarvenied Jeam akeactoru 820 at @hqen Slgnlflcant
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V\tadcmrb e626 1and n31 eatrESweo’iﬂ/@lyl Stos s t @cm'e%idrwm'g?t@ildlzed and

brw@glnareduced st at e. illustrat
g ﬁ%eSéﬁafwcow@dame@z@M%a& slosgd amifustraigd in FIG. 8.
¢AL 88 308 (025 PRPPIRTIL & RoB bRl S8 iy

talammhzaobsltate wlmia/bg@mmla rdsaa:tes 32623 shbstantaiyhavegsrbromide

353?1 @\A({] g %as sh@gﬁ%d\%r@%% I(\)/p @:Q%,n%bgo tsg%bé)nudt 326 are

r §1854@" arkd nérd vialvesedd ¥ind 93332@% ®pehedss! bé’mﬁi"ﬁfi%egas stream

metal bronide in an oxidized val ence state to yi el _
ef@TiBiRiNg lapvasmaleculasaveighicalkares el badranspertedi afecanveyed via

P o2 HRRE xtfonider 8, windel g8 Bt & f8Bhite'd Tange of
sabesm 8o Catoniabout 0P Covaies! 308 weddlie, addne yesctar 320 to

i nes 24 and 330 and heat exchanger 226 prior to
bf@ieﬂaa Y deeampege; tﬁﬁéo&ﬂ@?ﬁa@r BV T0BYdR da@rbexidized valence

| Staftfd JibRNeleMRINYA bIOMINSVARG Y 4 SoRE MBtht biHAEE If a reduced

state. Valve 332 is also opened to permit the resultant bromine vapor to be

transported with the gas stream containing lower molecular weight alkanes via
lines 324 and 330 and heat exchanger 226 prior to being introduced into alky!
bromination reactor 230. In addition, valve 300 is opened to permit. bromine
vapor emanating from reactor 246 to be transported via line 242 through
exchanger 221 into reactor 310 wherein the solid phase metal bromide in a
reduced valence state reacts with bromine to effectively store bromine as a
metal bromide. In addition, valve 316 is opened to permit the resulting gas,
which is substantially devoid of bromine to be vented via lines 314 and 318.
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vapor emanating fromreactor 246 to be transported via
line 242 through exchanger 221 into reactor 310
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val ence state reacts with bromne to effectively store
brom ne as a netal bromde. In addition, valve 316 is
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sbattem Fheedctavd20 wHicts containsl acexvinguselid bdd 32 trha fluidized

5neS TRty S napteed BUibRERP the barihesr Pescte to flow
abatardly WHSIEretE 33Wak ke !B?ﬂ%m@ ﬁepoki’ &g ré‘%ﬁ&& ’\‘hg‘f_lﬂite reduced

manner as described above with respect to
oMmet@labrontide teniering the bosons 2 bednd2pan tthe lrnanméri as described

AP0k Mah tRSbAR TR, 7o UAF o Bt s on i dfibah iz, g partites
camighetentairastbstantiilyt bridi2duaRIaINBoMIdE SHTHNE iritiBn-resistant

brom ne vapor in reactor 320 are withdrawn via a weir,

cSEPRATE e do Hbe eehrianiialyn gpmpieiasrasction| olithgigeduced metal
RGO bloHe g R BP0 8RR 8 e, cvolons
r enother caidentlomal heamsiafdialiefyasi depasationt, ¢idw by BtawityTown line
2Bk ABE ofe hiRTUCRY 4 o7 e e BoROR of dikBea ST eagtor 810. In
1fhe Q#?ﬁb@dim%ﬁ?’qll@éirzegéé M Fem g %h%r RQFdeRA Léntaining lower

conveyed via l|ine 2 and heat ‘exchanger 352 erern

t molepaarsweighhalkenes camprisedaol mhdweadt aatsmat gas(ine.211) and a
recycled gas stream, is transported or conveyed via line 262 and heat
exchanger 352 wherein the gas stream is heated to a range of about 150° C.
to about 600° C. and introduced into reactor 310. The heated gas stream
thermally decomposes the solid phase metal bromide in an oxidized valence
state present entering at or near the bottom of bed 812 to yield elemental
bromine vapor and a solid metal bromide in a reduced state. The flow of this
introduced gas induces the particles in bed 312 to flow upwardly within reactor
310 as the oxidized metal bromide is thermally decomposed. At or near the
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to about 600 C. and introduced into reactor 310. The

heat ed gas streamthermally deconposes the solid phase
worb@El4éasom de i n an oxi di zed val ence state preeemis2006/035788

entering at or near the bottomof bed 3 12 to yield

el enental brom ne vapor and a solid netal bromde in a

reduced s The  f LS .ad i .
58 e b3 12, ha PRYRE P R R ERy, OEBR soli
rRael Brodide asn tihe attfitbreeskistanilsupporti deei ® tther sabsigntially
deconposed. At or near_ thet

bed 3 t he. .
sormpIbIes el AL HoeomPaRHOB Jb IR A1 A HIbaR LD Viaya wer or
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T5bfine b Ruier, BBnjifioRal e f SSRGS sBHaRELh, ANE flow by
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astiEies By ERAGST doRn. 17 s e reReRED I R 520 can be
%rafé&eﬁ‘ﬁ%he%lsz'mé?@%gg% SdraRfdtbiscoresperatigreact or

I'S man reactors 310 and 320 can be
oper atHik cpruaesao@él thewi pmSEHEn@NﬁgtlehelSpdﬁﬁre%FP%n%Ye than

[Ganye hggﬂsqﬁgge%réﬁc &8 Stnqéq{%lfb%ngﬁr I%%/e@feggtgr‘égﬂh é‘@g r%lﬁge of about

opeapiFabalt 3®YaPaAE S Felatilaly idw tempeeatafesdindhe rangaof about
to about 30 bar and at relatively lowte tu o

{200 arigeatatul 90 Codor he g8 baRe: Sub bty Bpadt gl C. 1o

t

PARAR G ALY SRS, oo e iy B e uso
p@flfl%b d)dlpensﬁre @:fw%msnt eb(puﬁabvelrye simpleptesign diat are constructed
:fgg%.t Ie\égg% gﬁéﬂa"j}l@ méfstlaq% og}s| %@gg Il@qigtg&#éﬁﬁ%g fonr e gas phase
e@ﬁ‘d %Y%e fhed B @Q§s-ﬂﬁé§e\/e%%ls°%mﬁ§fahd NRIPS for the liquid

ned vessel for the lig
pptaase Thiee prmasssofdhetmesmteawmtmmx%wso cmoresefap@@t because

ff nt
T gy BT okt B Bl bl it ki caroor
dbf&&ldéeaé‘%naﬁnwm\@ﬂtb%r@d@étqg WhinirnBetdi nhe peobes"s'hls capable of
process Is capable of ‘directly produci nr%aa m xe

hslmectb/amr@ducmgoaj nuxed:byﬂrgpam@@ RraRLG 2o !né’!ﬂﬂ%ﬁ'%ﬁ mefecular-

gfg?ﬁecg):@pgﬂqrﬁgﬁg ﬁ{eﬂgdgﬁsﬂ(ﬁ%ﬁg 99 E(LK’ Zq)iefln and motor

S§§§<§|ﬁfet | fRlelear @mgki Qh@lorﬂiaam $llb5tamijaIS|agmmatlcanon’gent thereby
i ncreasing the octane val ue of t

ol.j ne-ran
ceigpficantls. inNgreReEing hdhe o0EtiehgY P@feqsf ergﬁgf?ﬁ'ﬁ%ﬁ@e fuel
Tﬁ H.EJ% bﬂ enti on have been descri bed and shown, it is )
8 {1 “that the alternatives and nodifications,

such aWﬁlR‘P?tﬁ‘e SeeRME proftrent katidimeptsbef rihe einvention have
t her et

25 been descnbed and shown, it is understood that the alternatives and

modifications, such as those suggested and others, may be made thereto

and fall within the scope of the invention.
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and fall within the scope of the invention.1. A

process for converting gaseous al kanes to ol efins and
woOi2opsiodedsy dr ocar bons conpri sing: reacting a gapeoms2006/035788

feed having | ower nol ecul ar wei ght al kanes with

brom ne vapor to formal kyl brom des and hydrobrom c

acid; and reacting said al kyl brom des and hydrobrom c

acid in the presence of a synthetic crystalline

alum no-silicate catal yst and at a tenperature

sufficient to formolefins and h &@obron1c a

1.2. AhBrosese ety Sonvpding: DagRere AkeAPy 1A onlefiBs vaﬁgﬂiduid
h))gfogal,lgé,ﬁfeémﬁblsmgwy, t hereby avoiding the formation

Ssignitrcant cdrbon dioxide along with said al kyl
br omedeting a. géﬁm)usrtwdslsa\dmg ddwemricledidar weighti alkanes with

ordaey AP b dor el braynidds anl byl P BRE A ©' 7'

subsbag Sgajséﬂ a'ﬂb}l OIS é‘frﬂi ﬁ%‘roﬁk&iﬁlcd&c@"ﬁitlﬁlbféébnce of a

conpoun rom prior to reacti ng w th said
sybtheticrarystaltioe. almmrimslhcﬂte@@ﬁy&ifar& ai antamppaeteiensuticignt to

te ratur rom 0 to about 500 C. 6.
gﬁ’% @é@h%‘ﬁob aé&%%‘% rn sal d tenperature is
2.f rpie plrRbs W &l4im HowReRIN sAfiObfomife G’dpbrnsmmm‘ally dry,
claim1l wherein said crystalline alumng-sjli

theeahy gaiding thezlgsmetion dﬁt%\w&@antscarbﬁe Cﬂ%é@s@oeg with said

erein said zeolite catalyst is an X or Y
a‘@%&%gd \gljte catalyst. 9. The process of claim8

3.Wike ip'rdsr:es@ of cta_ii_ni i Mecahzﬂa)csgatken_tm ﬁf@?)ﬂs lﬁmralt gas.
cat al yst 0Cess, o al t.
T PEoGRss PLHBIMNS e8I et Drlil 045 i Tegies tp Tomove
su'i%'téhtf&'ll?fa'll'?ﬁ 1R cARIH @bkigetdrRnsulRA cohfbuids hafefrom prlor to

queous” sol ution containing reaction products obtai ned
reh;ztlmg(wdhzsantgbmmlaquapos sol ution containing a netal

5 D PRGes bl o FhRleishatel kel B RA sd s . 1o
atE)ULﬁ'Eb@eCll The process of cl a| m 1 wherein said
r

om ne vapor is produced by oxidizing an aqueous__
6.ndhal process akcleimnts wbetain 6ald emparaiue i froghaROWESERE° C. to

about 450° C.
7, The process of claim 1 wherein said crystalline alumino-silicate catalyst is
a zeolite catalyst.
8. The process of claim 7 wherein said zeolite catalyst is an X or Y type
zeolite catalyst.
9. The process of claim 8 wherein said zeolite catalyst is a 10 X zeolite
catalyst.
10. The process of claim 1 further comprising:

removing said hydrobromic acid vapor from said olefins by
neutralization reaction with an aqueous solution containing reaction products
obtained by oxidizing an aqueous solution containing a metal bromide salt,
the metal of said metal bromide salt being selected from Cu, Zn, Fe, Co, Ni,
Mn, Ca or Mg bromide. ‘
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brom de salt being selected fromCu, Zn, Fe, Co, N,

WMnh, Ca, or My. 12. A process for converting gaseous
woOawero4émsb ecul ar wei ght al kanes to ol efi ns conpCTRISE®6/035788

reacting a gaseous feed containing | ower nol ecul ar

wei ght al kanes with brom ne vapor to form al kyl

br aui d rom o do. i id:al
1oy e BloR of BlRR: SlfieRn oy, BRGNP vBBLE I8 i¥quoed by
Oﬂ?ﬂ??“ ;aq@émé ghﬁiadnearghﬁué rattsédlithat, etheatmatalsof taid metal
r efins an robromc a ; [ id
TR SR AEBO AEITEd TBREGINED, B8, Carrith B AR S dNaS ) S
1 A s RS SRR 008 el kg adines o
olefirigdcdmpriging: that is converted from said hydrobronic

251 o comaihs o] S5l oiap S loBEER gk adanes
wiltPbrdrdR¥SabbP BRTEA éﬁhn‘ﬁ?de%%ﬁd)h?&%mﬁiccé&mr i sing:

reacting a gaseous aving lower nol ecul ar wei ght
al kapasting said lalkyribnemidgsoand bydrebreraickaaid it the peaseand of a

SR Spling e Sl B s & it B G, Atobromic
acid: il | i ne alumino-silicate catalyst and at a

tenperature sufficient to formolefins and hydrobromc
aci cconypeing said hydiabyemis aeid do RIS oni ¢ aci d vapor

r ' | ef |k ' sald hydrobrom c acid
1%aﬁﬁ%€§%ﬁgﬁﬁl§@lP%&%?FQ%&'}%@QQ metal brom de and
st eamhyuﬁatin]jgai@bmmss of claim 15 wherein said the

netal of said netal oxide is nagnesi um cal ci um

14, ahBgPIRRessIof SN 2 GeEWNSNUon, cobal t, ni ckel ,
Cop 71 <O i . T a2 liai . .
cooR B Sp brihe B6n R e haneLad s mic acid to
saicustapeof. reastingiwith [sait gasemfs febd) said Drominabeingdeaycied as a
nmetal oxide is contained in a bed in a reactor.19. The
cess of claim 15 further conprising:

15. A process for converting gaseous alkanes to olefins comprising:

reacting_ a gaseous feed having lower molecular weight alkanes with
bromine vapor to form alkyl bromides and hydrobromic acid;

reacting said alkyl bromides and hydrobromic acid in the presence of a
synthetic crystalline alumino-silicate catalyst and at a temperature sufficient to
form olefins and hydrobromic acid vapor; and

removing said hydrobromic acid vapor from said olefins by reacting
said hydrobromic acid vapor with a metal oxide to form a metal bromide and
steam.
16. The process of claim 15 wherein said the metal of said metal oxide is
magnesium, calcium, vanadium, chromium, manganese, iron, cobalt, nickel,
copper, zinc or tin.
17. The process of claim 15 wherein said metal oxide is supported on a solid
carrier.
18. The process of claim 15 wherein said metal oxide is contained in a bed in

a reactor.
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reacting said netal brom de with an oxygen contai ni ng

gas to obtain a netal oxide and said brom ne vapor.
w@aQoo7aesspr ocess of claim 19 wherein said bronPa&USaPe035788

is used in the step of reacting said gaseous feed

havi ng | ower nol ecul ar wei ght al kanes.

19. The process of claim 15 further comprising:
reacting said metal bromide with an oxygen containing gas to obtain a

metal oxide and said bromine vapor.
20. The process of claim 19 wherein said bromine vapor is used in the step of

reacting said gaseous feed having lower molecular weight alkanes.
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