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PROCESS FOR CONVERTI NG GASEQUS ALKANES TO LI QUI D
HYDROCARBONS REFERENCE TO RELATED PATENT APPLI CATI ON:

wahoos/1e4spd i cation is a continuation-in-part ofPCT/US2005/012655

copending U S. patent application serial no.
10/ 826,885 filed on April 16, 2004 and entitled
"Process for Converting Gaseous Al kanes to Liquid

Hy dr RRBOEERS FORCARERTING GiASEQUSNALKANESTO CIQUID
THE | NVENTI ON: The pr edHYIDROGCARBQMSrel ates to a
process for converting | ower nol ecul ar wei ght, gaseous
al kanes to liquid hydrocarbons useful for the

REFERENCE IO REATEREATENG ARPLiCATIONY, to a

process wherein a gas containing |ower nol ecul ar
wei ght This kapplisatienr isaet eantinuwation-igrgarbrafnicapendipgr UtS patent

f r.alkyl _braom des ' L. i I,N r .
MBS oiRIcnEs 1R R TG bl ABHE, . 200" dndf it
C@retesy for Converting Gaseoly Alkees o nsquidEydrbdarb hs OF
RELATED ART: Natural gas which is primarily conposed

of methane and ot her |ight al kanes has been di scovered

in large quantities throughout the world. Many of the

| ocal es i n whi cBAGKGROUNIS ORaTHI=INVENTHNer ed are

far from popul ated regi ons which have significant gas

pi peline infrastructure or market demand for natural

gRiELDPoF TREURE/ENTYONNSi ty of natural gas,
transportation thereof in (lzjaseous form by pipeline or

as conphespreseghdnventians gelades stoexgpproress for converting lower

i.hg r ' o, G | i.m i St
OREREE I Aot SRSk ARG 6 3 Tade hiPrbBa iR, yiPLL Jor the
| progiaste Soff figes,euhat mdrey pagitutarlyi, doebaprdcssoivherein a gas
natural gas (LNG is often used to nore economcally.
tHaiping lower meleciyas Weidlt aliangs igirgacted ewth aifsbeemine vapor
hi ‘ ) . _ _ e iy
B o NRIRE e A BRGNS B3] A Febieg over a
acrgstatlimeppiechin siliopter catht toNoomnhiguidibgdrotarteirisane
found in natural gas is as feed to processes for the
production of nethanol. Methanol is made comercially

VbEﬁ@ﬁlPﬁ%N%PfR@EAJﬂ?DeAW: synthesis gas (CO and H2)
at high tenperatures (approximately 1000 C. ) foll owed .
by syniNbesalsgas whiglhh i rprssarily scqrappseask ofrsmethaneoand other light

aéﬂl&ﬁé’g? %Egsr)éen-r@lgcr:gvear{a in é/regreaauérﬁﬁi%g ’[HIf’OUtg%%rL]J??IJ\é) %o‘?@. 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
natural gas over large distances. However, this LNG process is expensive
and there are limited regasification facilities in only a few countries that are
equipped to import LNG.
Another use of methane found in natural gas is as feed to processes
for the production of methanol. Methanol is made commercially via
1
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for the production of synthesis gas (CO and H2) from
nmet hane. Anong these are steam net hane reform ng

W@ SMR)Ip46par t i al oxi dati on (POX), autothermal reEDURINNE012655

(ATR), gas-heated reform ng (GHR), and various
conbi nations thereof. SVMR and GHR operate at high

pressures and tenperatures, generally in excess of 600
CONVEHHORn & unethasgpionsynibesisr gag ¢6 Coandddgt @l Bigh temperatures

FEBLEERRIEPAODR" o ol LPRIGET B STRERST AT iy Bressures
Aagprokinptaly e9veatnapsphetes)at Theeh aps &evbrR Iy e o tethnologies
TAEH o ol S et Lo Py e
t 2 e

t . an
OB SRS RISV B SHEABECTRONE qugerna
trefdraning t A\ TRie ngds-Beated| reéfoemynt(GeiR)s gab vaiblsecdmbinations

Fheriete” e R, Beraatt OB onfresuts A tompSratures,
AINPin @xtedd of lapde @ %&Fﬁgﬁﬂér @xﬁér‘r’s‘?@é?@ﬁla}cgggﬁ’ reactors

ue to the high tenperatures a pressures I nvo
sorthisics srecialedieadl ang icorresipmnrsisiatant ediolyt itnlpes nfilked  with

oS B . K PR BRBS 4 o i
SEre¥sINes. arfd EVére highie? tempearliad) gehefdIRtiR&SicBssdF 1080° C. As
t her nodynami cal |y and chem cally i nefficient,

phetRi@ragne knpwrepractingd metalasireakeys thaidcanvepgrate at these

TRl AiopldR g SR Srel kY TpeliIRabR B8 fih-pressure
Gasstechddioikss (E>Guentie @ sobbthe s?nhe&sis deefiivedt bee required.
|

convert synthesis ?as to heavi er qui d hydrocar bons, .
HoWey SIINiRAN (GaPHal cast angr large sa'BP%T@sgf pewey e required for

i SE. A i f '
itfibtossldh SROYOERSF, al BF SRR HBRHBsHireBbHENS 1358, due to
ttheskighetehgyeratwesy @nsli pressurese seded\syetimsis gas technology is
SRR [ Sa G EER R PSR heR b rioher vale
ligpd ehdradt, ba8Foh@KenteaNdRue §dand'¥%\ﬁﬁ)§%'is. t®urthermore
date, none of these alternatives has attaine

canontectiora lof styathesis gasiartheusodwwsvically 8odechemichly inefficient,
previ ous alternative prior-art nethods, such as . . .
RrogEEdargs exessses dmaipdieas Byaoantg Gy dioxide, which
tignlik ! doelowdrefeh coRasTsiord eFidion®) ohltkaneveraliGiroasss. Fischer-
met hane, with a netallic halide to form anetal ous

hhiopgeh af@sHpdAaudsi (GRk) deahnelrgwur ean nalsar ker vgedel@ convert

4l SRE BBS A e ol Rl B4 BB S R RERE il Bment cost for this

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
as a route to methanol or synthetic liquid hydrocarbons have been proposed.
However, to date, none of these alternatives has attained commercial status
for various reasons. Some of the previous alternative prior-art methods, such
as disclosed in U.S. Patent Nos. 5,243,098 or 5,334,777 to Miller, teach
reacting a lower alkane, such as methane, with a metallic halide to form a
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of met hane using chlorine as the preferred hal ogen
results in poor selectivity to the nononethyl halide

WO B389 resul ting i n unwant ed by-products sur¢I/aS2005/012655

CH2Cl 2 and CHCI 3 which are difficult to convert or
require severe limtation of conversion per pass and
hence very hi gh recycle rates.. Ot her prior art

felayse Nalidep el thyslrehaliel \AGidE WhHIGh iargt idniusp reduced  with
%Qgﬁéﬁw&.&ét (ﬁ%g ’[%‘bcﬁ'ld‘rgﬂ Bﬁ(%\h\’)? HRWRSBE" Abicy&nation

esi s gas ove the
sﬁlmehamettysm caldmermmdwprejgleeathahmgm egsUlis larpoor selectivity
oveéall rocess for tg oduc j on, of nethgnol Us
pait m%‘@bbam SEIREST tF‘Qa‘E‘Hé@NQ'H@ [yepigducts such as

RE 9010 8indISREA Ve ¥rd Pﬁfm oS RIBPOS Féq‘?fr;rggéea/%ré‘rﬁﬁﬁlatlon of

br om de, to brom nate al kanes in the prese

ecarwessiarh panpass ahd dience sery bighrecy@eaatss. .sel ectivity

t o nono- hal ogenat ed i nternedi ates such as net hyl

br omi dOtheto R @rt hrogessasadrepese uthe i eatalyticl ghlaringgon or

SYRAIARY FRAGAM B e ORE S MR Pnganepnges (€
i H‘Fé) achbﬁmgmi@thé:’eeteeﬁﬂqs oﬂ@smetbadelh’alég@latﬁat @h&b in an
Nos. 6, 462, 24 US 6,472,572 B 1, and US 6

230
tQyeralb praressdon the) pragialion Qfrmginanchi Wy ket No. 3,598,679 to
Z“ZL':'S@? %C;H% ttr‘?%t%%f Epﬁ% reéﬁe %r%t%Wr oni gi&g n%%ltlon of a

imetal terdimides te rbmisateealkghedrinninge presenceuot fexcess alkanes,
SORER Sia PEoel SSRROR 17 Rl SeghRsah oo such

'n'%thglobkﬁﬁrdeA”qfd“%(/oi%”ﬂ@UF&%a&fs i %tlllﬁ’lﬁbeﬂlﬁldlﬂ@d beds of
6, 525, 230 avoi ds the drawbacks movi ng

by
unownguamgda, mrmoceeeauhlmes\eesm@lamthuldumgttaequm@tal chloride

dierftes Ryt wef Brolfbfs. "RREERsbofbatbe R D B Ratept Nos.

16,262.29.35 mst@st bal7mEntB 1, gad ofsd BFBEHW%@ttbeGréﬂUE)are also
an w th any al cohol . V\V1|IeDI\/E|sapromS|

¢ of agipiniey fw@rrﬁ;eleccimtyggugon@tnaéog%@t% wtefmedlates by

T T M e
CPBUE Bromigé earavdultdebeonegtied ed tive comespondivg alebhols and

a currently marketabl e produyct. er esses have
RiBArSyrivp seREH A MR Metaluexidas 'Fh@r%@ﬁ" r ed ﬁerdW@M%SO“dS

ang&ﬁ?h%ﬁﬁ%ﬁ@@t 8?%@ B2¢htNo P@%&%’%voﬂjs% &3vbacks of

ich met
Cmbainxgt beads Imy ublminegmseedoned crega’mlveasei @ogtaining a fixed bed of

Bl coige Bt PiraioR, iab Je oPerie ErcIAlL R dpys sfeps. These
gﬂg@gégﬁés BsRRINPRHYBEUEE LahsRPuhl §GantlicsBTmet/lether (DME)
along with any alcohol. While DME is a promising potential diesel engine fuel
substitute, as of yet, there currently exists no substantial market for DME, and
hence an expensive additional catalytic process conversion step would be
required to convert DME into a currently marketable product. Other
processes have been proposed which circumvent the need for production of
synthesis gas, such as U.S. Patent Nos. 4,655,893 and 4,467,130 to Olah in
which methane is catalytically condensed into gasoline-range hydrocarbons
via catalytic condensation using superacid catalysts. However, none of these
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It is known that substituted al kanes, in particul ar
nmet hanol , can be converted to ol efins and gasoline

whoiosiimg8y ange hydr ocar bons over vari ous f or msPOf/US2005/012655

crystalline alum no-silicates also known as zeolites.
In the Methanol to Gasoline (MIG process, a shape

e
o T AGP RN Bt R, o oo

ichavérigh t6 asiefimd amelt hasslinepbollingtrange lydloeirbowsr evdr various
or projected prices for gasoline, the MIG process is

heim eheiygialise alwroaisdigpiss aisadinewnragZeolitegedd the Methanol

[ £ or . .
BSPUNSMIE THBRAR, &, A Raebhfe 0Gio Ratdls, Zom-5, is used
mmczboﬂvéré mhamlﬁsgadﬁlihﬁq lﬁaé:al lmy_dmethangcgasFma;rdtmlssbe converted

ich, due to their hij r density and value, are nore
ie grighensl using: sRRYRIANE (RehaIgoY iagi PHBsFAUSHT; eamisTted to
LRLBIARDTPAbwRler AR fo REHigh 5%t 6PHRitERGI PrddlictiBR and at

eed exists for a process f&r converting al kanes
muesahor iprojeatadr pticegm fompasdlines the IMit Gveriogess is not considered
I nexpensive, safe_.and sinple i eration. SUWRARY
SRENBRRE sP10 Tt cvesth exiets R seamBRigesss for the for
qRé @hdersiiif of MaREAE HHIC Bther tdkdrite marnomeﬁam?an%% to useful
present invention, as enbodi ed and broadly described

Higuisi hydronarbonapreduets whichodueftottheir flighesrdensityeand walue, are

IS a process r.converti e - . i auli
iMoo Baranals esihbTiet, Mbsfay FuTntal Shuhg deyiidment of
frepbtdavatlenl| guer rovehnastl ap haitgdt nablasgistavifbh a process for
brom ne vapor to form al kyl brom des .and h,gdrobrom C

gonyertingealkangs Prassnt dbsatindl JasivBishJfirelaiiely ingxpensive, safe
r . ' sence of a synthetic crystalline
e odpRof / /

e catalyst and at a tenperature
sufficient to form higher nolecul ar wei ght
hydr ocar bons and hydrobrom c¢ acid vapor. The
hydr obromi ¢ aci d S&MARY QmdINVENTION hi gher
nol ecul ar wei ght hydrocarbons by reacting the
hydr obrom ¢ acid vapor with a netal oxide to forma
net al 1 gehidge AN feregaifg Ad amhel Rejectsaratineaccortianse with the
of the present invenfion, a process ia?“ﬁgrovi ded for

qusipeses atthgayesest iavealivs aseembadied angdpraagdhndegcribed herein,
e R oF dfer PssH; YiGET T PRSadts) f converting
bijatEode salRavsb sl liglitohydroeaibdns THEn@Ipkgteds compeasesneacting a
gaseous feed having lower molecular weight alkanes with bromine vapor to
form alkyl bromides and hydrobromic acid. The alkyl bromides and
hydrobromic acid are reacted in the presence of a synthetic crystalline

alumino-silicate catalyst and at a temperature sufficient to form higher
molecular weight hydrocarbons and hydrobromic acid vapor. The
hydrobromic acid vapor is removed from the higher molecular weight
hydrocarbons by reacting the hydrobromic acid vapor with a metal oxide to
form a metal bromide and steam.

In another characterization of the present invention, a process is

provided for converting gaseous alkanes to liquid hydrocarbons wherein a
4
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hydrobrom c acid are reacted in the presence of a

synthetic crystalline alumno-silicate catal yst and at
wa@2a0sipesat ure sufficient to form hi gher nol ecECHIS2005/012655

wei ght hydrocarbons and hydrobrom c acid vapor. The

hydr obrom ¢ acid vapor and the hi gher nol ecul ar wei ght

hydr ocarbons are transported tqQ a fikrst vessel (51av' .
qRaseiSs JperbRuInciavies maieeH B aeiottalkajes B Reted Qith tomine
VRS o ffSﬁﬁtdlmg}?%mﬁbdéeéﬂﬁn@%@d%braﬁ{i@'acmsI The Fa’ilkillb?f)lﬁﬁdes and

orm et al artrrcles and steam In sti .
laydvobmichacidc aeg i reatiedh inftheh presensenof i avayiihelic caystalline

rocgess.is, proyided faor converti S - al.k O i

RS R SEC oR AR B bR BB AR ok righer
mRNRLIAP! REighar h&@ﬂcﬁmb&waaﬁé irfydfemeitd \sicih bapoi.ne The
vapor to form al kyl brom des and hydrobrom c acj d.

I The
laydepbramisnacid svaped andithmhigher molePUiRIeWRIHE thygroearpas are

A3 A P \BSRBE raRL 2L e of i Coge s, e
Ry @raBforfie! &sid vaporesadtinghyith dieebledrsf raethl bxitieopaicies to form
acid vapor. The hydrobrom c acid vapor is renmoved from

mwital bipgtide padiclasang SREMyht  hydr ocar bons by reaction
W th ﬁll%bpﬁfsﬂtrd%ea{rg?ﬁe@%ﬁ@n fof k& grBéstt iﬁﬁé’tﬁ'ﬁcﬁﬁ @pfocess is

st ea romde is oxidized with an _
Emmau ¢omtanverting qrsseousf alkanes doi liquid dyydrocarhens wherein a

rom ne_vapor .is. reacted a,reduc tal .brom f. .
GPARUE RESRMRG IO A OB 2 BTPRREapbi promine
95@8. H}ler%r%h%k?ic%ﬁgé?é’ i yRWbRSfic adid.CTha lkyl bromides and
I Acor porat e n an

orma part of the specification, )
hitrebromice acie arebretiotedtin thie tpTespnes «it ai Ayribetioncrystalline

d,. togeth ith the d Rt | A | 8 i
SR cotoh B % S HBHoRRa RS B 3B! Ry i
hdigc@as! m%k%iﬁti aff dpb@isohs Owirdl abyd@abegmicheagid oomperof  The
the present T nvention; FIG 2 is a schematic Vi oW (?f .
bydraaromit ranid wdparhés pestaes §rorp heaigr Bigher molecular weight

[ ti FlL G j . i C. Vi .
SRR . 0T 1 0 i o
isSedin rEROfiht nidthhitorhidents dexidined eviti an axydeproogiaining gas to

Egrl@g %@é%h%yyigrpﬁﬂg%ﬂéq%ﬁﬁéﬁ%ﬁé;’qga«g%%% Irepdqucoefd rtnlé?al bromide

to form a second metal bromide.
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;
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function of tenperature; FIG 5 is a graph conparing
conversion and selectivity for the exanple of nethyl

whe@siloessd dry hydrobrom ¢ acid and net hane verBCBEUS2W0§012655

met hyl brom de plus nethane; FIG 6 is a graph of

product selectivity fromreaction of nethyl brom de

and di_bromonet hane vs. product sel ectivi t% fro
e

react FHA- 8fisREa)PMBEHE MW anpther gmbpdirgent @f»n RpIrese of the

gr ﬁ%rnﬂrf\}e'ﬁiﬁﬁnp efinic Napthenic and Aromatic (PONA)
nal’ysi's of & typical condensed product sanple of the

pr oce&§Go# is begraphsameihyl bramide; cdrivarsiéniandaprpdaphselctivity

P | ysi f t hey ..t ypi cal d duct.
Burppeoliimefizafot cettiimobig Brocasccs! B8 peeseihandiiion as a
firR¥oRfofag@bBesueTbodi ment of the process of the
present invention; FIG 9B is a schenmatic view of the

enmbodiFlBnd i9f graph postEsingosonvessipnarshselpelidiytfpbine example

o SRS, 5 SRS LATE, AR FARERE sy
Be&flidepllsesethbing r in the oxidation stage; FIG 10A
is a schematic view of the enbodi nent of the proces

of th&IQr B8 & greRbetroduet saleetivily depm feagiign SIMGA bromide

B DB LSy PBUE o8XL A9 ESE, Beli g BpAgR romie

?h gss_ o{_the prelsent invention illustrated in FIG

L oett 9  hh a3 A BRI BRIl romate
| ) . . .

1PN SRS B binocid BB BEARGBr itoebos of e

ipresgritiioventienG. 11B is a schematic view of the

?FFSS{#,]&? té%?qf ﬁt Erl%@ﬂr gﬁg\s dQBLAtHP‘% sﬁ%ﬁ%gﬂ%ﬁ%kﬁp condensed
e O e It i on st age. Fl.Gs 12 1

2 schéri@ D isisehebtatianiawief apnthar arapediorent Rt BEssss of the
%fresent invention;

FIG. 9B is a schematic view of the embodiment of the process of the
present invention illustrated in FIG. 9A depicting an alternative processing
scheme which may be employed when oxygen is used in lieu of air in the
oxidation stage;

FIG. 10A is a schematic view of the embodiment of the process of the
present invention illustrated in FIG. 9A with the flow through the metal oxide
beds being reversed;

FIG. 10B is a schematic view of the embodiment of the process of the
present invention illustrated in FIG. 10A depicting an alternative processing
scheme which may be employed when oxygen is used in lieu of air in the
oxidation stage;

FIG. 11A is a schematic view of another embodiment of the process of
the present invention;

FIG. 11B is a schematic view of the embodiment of the process of the
present invention illustrated in FIG. 11A depicting an alternative processing

6
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the present invention; FIG 13 is a schematic view of
t he enbodi nent of the process of the present invention

WO bdogao4sst ed in FIG 12 with the flow t hrough PEEURBNED12655
oxi de beds being reversed; and FIG 14 is a schematic
vi ew of anot her enbodi nent of the process of the
present invention. DETAILED DESCRI PTION OF TH -
SoRERERRISENEODPOERMEIVeduWhEN QXY9ERr SuigtRsL{N fIRN Oof air in the

[ PLi,RR, the term "l ower nol ecul ar wei ght al kanes”

%@get!dsrp%tgaﬁ’et hane, ethane, propane, butane, pentane or
m xt WFIGs 1ohey acfcheAsmti! Wewutfi anotber embwdinent of fiesprocess of
description, '"alkyl brom des" refers to nono, di, and
W?iprﬁﬁ%ﬁ'ﬂ\é@@@% kanes. Also, the feed gas in lines 11
and 1k i18 ida seHepshwrerbs of tHhemboowaest of tHdprocess of the

present invention as illustrated in FIGS., 2 and 3, )
prespot irivestign illustiated én LGy 18awith fhe daw thrpegh g nptal oxide
téﬁaﬁe.d to re ve éulfur conmpounds and car bon di oxi de.
bedsRGINGVENESCA AN hportant to note that small

anDunERs.0f 4 G absthethatio dew ef gnothes emifuadimehbof itk podcess of
% can be tolerated in the feed gas to the process of
theeprgsestdnvenit®ent i on. A bl ock flow di agram general ly
depicting the process of the present invention is
illustrated in FIG 1, while specific enbodi nents of

t he DEVAHSEDDESCRIPTIGNOF THEPREFEBRRED EMBODIMENTS
in FIGS. 2 and 3. Referring to FIG 2, a gas stream
cont ai ni ng | ower nol ecul ar wei ght al kanes, conpri sed

of a MARHEEY %ro@gh@ﬁﬁh@@éaﬁrl&ioﬁ, fHRCMEEMEbVvERSMBIdcaRinweight

at a pressure in e range of about 1 bar to about 30.
hikanes’s réfees spanttitine; atbaneyprdpane, lbiutene, ppgriape or mixiures

condujt 62, mxed w,th dr raom ne. .l iqui. 2

Graopt neS st duil g S AeBEebb it B BRaRRIEC feters to
kb %eélﬁh Erﬁ“%rém%ﬁté’d hIKaRkbEe AlSo Vvitofeedeashs fhhihes 11 and 111
m xture of |l ower nolecular weight al kanes and dry, .
br timé eenbamiimentss of dte procasscefothespresenk firveasion, aq jflustrated in

rratjig of | ower, npl I [
E78 AL 8o ok AP oS0 g g teated o
3OmioSe istiIfaX 66&HoRREs 2ndl carReadioxid&0 Imany @ventlieis important to
pre-heater zone 28 which heats the m xture t

neie thadrsmall amg@unis of @;\F@@naqigxigei f-& fess Waged autazogml %, can
Filabplh Ao S00eSia i pksbatr 8 esif bty
o T PARCTR RS, Bpgah et oprccssp it reser
nmesgionds iilfustiaded im§EGot, while specific embodiments of the process of
the present invention are illustrated in FIGS. 2 and 3. Referring to FIG. 2, a
gas stream containing lower molecular weight alkanes, comprised of a
mixture of a feed gas plus a recycled gas stream at a pressure in the range of
about 1 bar to about 30 bar, is transported or conveyed via line, pipe or
conduit 62, mixed with dry bromine liquid transported via line 25 and pump 24,
and passed to heat exchanger 26 wherein the liquid bromine is vaporized.
The mixture of lower molecular weight alkanes and dry bromine vapor is fed
to reactor 30. Preferably, the molar ratio of lower molecular weight alkanes to

dry bromine vapor in the mixture introduced into reactor 30 is in excess of
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about 1 bar to about 30 bar to produce gaseous alkyl
brom des and hydrobrom c acid vapors. The upper limt

wo@tooshetseper ati ng tenperature range i s great erPCTYaER20051€12655

upper limt of the reaction initiation tenperature
range to which the feed m xture is heated due to the

exot h%ﬂe%r@ gse @%&n%%ﬁ%{h% nrgédq%g@%e%m | 8%{@ Hetfifture to

I o
ragggétfogin.ﬂn%ﬁ ggs?m'b‘é?aBWPé ww'@%ah é o%bagt 'glségre?ggo %%?%t 400° C.

r eact |PHirsiCeiHctorVBdh the Sbw@er fmc@nulay \lve@ht dﬂmmes afe reacted
selectivity to net hyI brom de. For exa

@a@@eﬁﬂlqaﬂbrWlﬂaﬂnbthm'W@eVWeaWtrﬁ'aé'Vgrg’t 'r%ohéemserawre in the
' ' ) ) I
PR B ok 258 CLBLApACadnTe! 85kia L rbiton e fenge o
Pbogﬁ% lﬁr?’f]d abrouinBe bér ]Etobpagmm Ign;esegaadalkyl bromides and
ri bronope ne ar i [
eI OMIC APEPOE K Lhes PR Le! e GhRIat B dREraEp range
h?é’a?er esﬁpﬁgta%hyofblhg%ﬁbﬂéﬁ Hettisgsy ltér‘r\'ﬂérr:i’ttfﬂre range to

o and rom nated species. If an al kane to
et rtherﬁatedo rmfdusregm thieatad Idud de sthehgxotrsonic na@ure of the

li zed K
BeprBinglen a o et Hish 86 o durbeaty b gfirmatin, of methy
b mRld SR iadesiaate Yittahbaslleaag geﬁeeduseam I t

has al so been shown that other al kanes such as et hane,

propane and butane which may be present in the feed

gas to the bromnation reactor are readily brom nated

to formethyl BHiiglesBrpigdpyl -bronCeBr (gid BB yg)

brom des. Further, the dry brom ne vapor that is feed

into first reactor 30 is substantially vvater free.
plicant has_ di scovered that e

subst drit$ é@@?}'% PCGASeWIL) £ Gl Qﬂrﬂﬂb’a@gg %?ﬁlrﬁﬁt pf,gelectivity to
?ﬁ BrJrﬁnB F&aéiélﬁp%o i Lﬂﬁégﬁgé'oﬂdrﬁmﬂétmnn@ﬁ ffethdife with a

|on o unwant carb I oxi de thereby
Ime"llhaaenngbrbh&ns et of \aboyt ¢f5:4l Seﬁetﬁb’itwﬁﬂ rheiroanedalogenated
alk es, and I|mnat|n

|
an' enis dhe h?n e 1 r t8ﬁrgg’?7 car%mr’?"o amounts  of
‘Hl%ﬂ%ﬁnéﬁ%ﬁba&h@ﬁﬂéroﬂbﬁleﬁﬁdw afd dis@tomeed ah nhieablomination

brom des and hydrobromc acid is withdrawn fromthe
freastion. eadigber \alkandsa swgh1 aareihage pRrAnase 9naofaw@aet &re also

P BT A ST V5 R0 3Ry PR ord b Speges.
rfakane 34-brbmines eatitsl of ergilfianiy leshtham dilyd)utm 5nhod‘ess utilized,
are reacted exothermcally at a . tenperatu

Fciosthmp.to ToOMY PioTaiBBubUBSENEAY Tatoh 1Ass B0Fs Sopurs and
tglﬁnlfl@é]%efo%aﬁ&? BE uridESiratfle RaFbon soot is observed. It has also been

shown that other alkanes such as ethane, propane and butane which may be
present in the feed gas to the bromination reactor are readily brominated to
form ethyl bromides, propy! bromides and butyl bromides. Further, the dry
bromine vapor that is feed into first reactor 30 is substantially water-free.
Applicant has discovered that elimination of substantially all water vapor from
the bromination step in first reactor 30 substantially eliminates the formation of
unwanted carbon dioxide thereby increasing the selectivity of alkane
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over a fixed bed 33 of crystalline alum no-silicate
catal yst, preferably a zeolite catal yst, and nost

w@e@saomBYy a ZSM5 zeolite catal yst. AlthoughrP€T®s2005/012655

zeolite catalyst is preferably used in the hydrogen,

SOSI ;Jm grbma_gnem umform the zeolite may al so be

nodi fie | exc anevvlth her, al

Sramipaton &9, akyherarviceRcand finatng ing iFgelambuatet yaste heat
g&g nSIétif‘fn' tﬂ@sforrﬁéﬁﬁfh %c%on(é?%x@é 19 Bkangs. Wi th

on net cat1 ons Su as NI, M, V,W or to
the h¥te ogfinefio tinat Cohiging edkyl t bromides yand Hyspbrgmic acid is

Shith B e, 3o Tinclvievia diier 2 afd B Bartiplly; eoolgg to @
R#nb@rﬁ%rbrln HRE reRFOOHab GRCEZT° G4ice@bout!I5MEC. awrtwntext:hanger
a skilled artisan. In this reactor, the alkyl bro

32 dhafoiegflawirioz e at seqeanediaaster &fxt UR SESPNH; IgREIOT 34, e alkyl

| ecul ar
U el RO RERIENN, A BUFPrafEp TRl o avou
fiseT 0. apaboandsad .t aadad physburkrintihe racgel of apout 1Tﬂ®e30 bar,
tenperature at which the second reactor

pgeraa fl%ﬁﬁd}adﬁﬁ Sp sl ST De AR N HePreTeTabt & Zeolite
{1 aﬂr@f’er% b Z@‘EﬁSI@erc?a‘%élgéPnA‘ltﬁoMQh itRE Zeolite

melg [T quid rocar bon products.
batalyst G5 ¢frebrmly tLrsedpermtaeIWdaregem,dscD@um of mEgnasiun form, the

t h
SIS Sl BB g B P32 e et s
%SEH'a u”anﬁfcﬁa@@%m*. ﬁlm @it @l datidhecsudroas Mg, \C4, Sr or

as un eS|rab e neth ane, wher eas | ower tenperatu
[25:# roeamth jraesitisn ofetabeations, soch@s M Misi GhyV, or to the hydrogen

? dr %?%eg[&odu a&s{%hﬁgﬁﬁy\{eﬂm@nﬁ%{g g%%%talnrq ac:dmes which

4rdh s@nﬂ?é’éliécﬁ b?t vé@rif@e'tﬁé Hiemirestd-sincasafid sy be used in the
significant nmethyl "brom de conversjion on the o

ze%)n@ reatiot 34vas Wllbbﬁlﬂylﬁ%‘élt@c% plsifieq artimay déngglﬁ redctor, the
cts s t
N
rvﬁlgﬁ’d it m@arﬁﬂnhwod@bts;rprdﬁamy @(B hed andaﬁﬁﬁ gasmjlne range and
npoun e case

d h
eauies aRYAATBRI0 RGLOR D R0 SR DRI Arkdiarcr

éi?hl‘w&%ﬁ%ﬁs& G SENEH b SHestl), LRG3 bBbrated s an
#gﬁé ht Y éfém%l#é’ﬁtmté‘él%ﬁnﬂflﬁﬁaﬂiec%ele‘&hvityﬂcofeame ngligimerization
LPes appr oachi ng 300 , g@ brom de

creaotmrstmmamw ighes mqulaéwmtd\qu wilrecarhs,erpgucts. It is
JEPREIA 4 bS] SocAR RO Sh 51 PEARASERAE i e rane of
ﬁtﬁtﬁg!ﬁgﬁg ﬁﬁm haf@mper@mrr@@afbeve Sbopt 360MG! in, theefrgcond reactor
Aesult in |ncreas%d035|elds of light hygrc;cgrt?oonrgp%ﬂgﬁtasé ua}\rd%swaﬁpeme’thane
whereas lower temperatures increase yields of heavier molecular weight
hydrocarbon products. At the low end of the temperature range, with methyl
bromide reacting over ZSM-5 zeolite at temperaiures as low as 150° C.
significant methyl bromide conversion on the order of 20% is noted, with a
high selectivity towards Cs+ products. Also it is noted that methyl bromide
appears to be more reactive over a lower temperature range relative to methyl
chloride or other substituted methyl compounds such as methanol. Notably,
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tenperatures approaching 450 C, alnost conplete
conversion of nethyl brom de to nethane occurs. In the

wW@piosiodsBoper at i ng tenperature range of bet weePCHDS2005/012655

300 C and 400 C, as a byproduct of the reaction, a
smal | amount of carbon will build up on the catal yst

gﬂ\;gl';q &égg %url ngy(yggrg?r%kf)er gﬁﬂ?zl%ﬁlfg 3“%906%5?85 "zeolite ZSM-5

@;ﬁd%xeﬁzahgw ac¥iBRS NdlisH JocBurt BEcH QR&L itd C7+ fractions are
t1ons an e conposition of the feed gas. It is

Demp@$ed phetarity gifesubsitigiedo areregiies. aArissregsing tampgratures

ARer et TS 800° KEk b iR Bt ngTRRREP TV K e0% or

gfreeﬂéf bedwevercS&echmy WQS @15-14 prockase debrddsesrand: sefectivity
eactivation of the catal Conversely, tenperatures

dowalds | lighier eppavicts; hé aly pHPdeSiakie | yn@i PGy Increases.

?’bég§%%§8&a grg%&egsorprfeo%ré :avelg@?eg FFS %Pe Jormed. At

ttémp@mtafe&bppl'diﬂmmg dper aCl, rajmmrwmpleteeszoweﬂﬂon tdﬁemethyl
range of about 150 C. to about C but CEgrefe ab

RoRss foufhane Aseus. SP0MG SpETaRLEPeTRIRG B e RRES Yange of
}%ngn ra@‘ift %o084c RHPRES OV HLE gﬁg&%ﬂ et deetiohh8 small

roducts and | ower rat deacti vati on
cimeotirt Ufacbmon‘ mnlhmjlld)rup agathescalalmhmveafdlmer@irmg peeration,

ch@;[{]g\ég 'pgﬁgé"e g[lhg]a t ug{)érlegl @ﬁéﬁ ?)ﬁh érp to hundreds of

§épdiing Dl r@ﬁbﬁé’tﬁ lownarieAs &t B casmgbsuuon v the feed
i SO atl ng reactor 34 fromthe normal process f

[OAsy| |Itg|s/\be||re\md thasrhighers reaciion; lempeyakres %Oé’ﬁs@b@ﬂl 400° C

BRSO TR b A Rl nd o g of av

Grohfidés BRY Q‘oHﬁéﬁé’rﬁbﬁdam@in%ﬂ @d)keﬁdﬁdrH@@ecnn irfeeease in the rate
catal yst insofar as is practical, and then

waftriaaptivationy obiiel catahet Keonuassaly « MRIABYRS @ teegowsr end of
37€\7bh3F; fartBlal g ool 305, G/ el ASERhB A8 cgking due

ara E@L}@b@lg’faté ggges@’fptlan dglheaateeqbrbdtmpterfmm rtiee icatalyst. Hence,

range of about C. .to about 650, C di d

RETAHRY dermperathras withisy thegrNgesof, @h?!éw ?6% 'tg)%qqeﬂf 450° C

ﬁ{[ Vil By rbwﬁ |F|5th@“|rdn|@9 (thQO(ELﬁQﬁﬂ?r@t td’ﬁb@ﬁf h@@ CThe the second
[fuen ch co I'ses t her nol ecul ar wei ght

hﬁdcmambMiapce)mmGaSmslelbmltymfdhe clestred G- priodudisans lower

¢
(13a8 pbAgaralion S thsarnn Steidgh. abef? g “Rsfesion per
| 5 X GHABY FhinfthRiz88 Ghe Udriee chbfhle’tP@écy%fé rateBtaridnequipment

ITne’ 12 from ﬁﬁdrocar bon
size required.

The catalyst may be periodically regenerated in situ, by isolating
reactor 34 from the normal process flow, purging with an inert gas via line 70
at a pressure in a range from about 1 to about 5 bar at 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 to reactor 34 via line 70 at a pressure in the range of
about 1 bar to about 5 bar at an elevated temperature in the range of about
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stripper 47, which contains feed gas and resi dual
hydr ocar bon products stripped-out by contact with the

wo e@d/1g®89 i N hydr ocar bon stripper 47. The conbPeEUS2005/012655

vapor mixture is passed to a scrubber 38 and contacted
with a concentrated aqueous partl al | y- oxi di zed rret al

ghgmsfe sal t s%ﬁ} icgn ﬁ%%toﬁ; 'QP( gxgnﬁrrgﬁi/ag;@? 8[ inert gas is

\’)@ht‘éﬁ ffo?ntrééé’tépgﬁt\ﬁéjInﬁé’7§<Hdﬂiﬁ@9che?r§gdmérahbﬁ®eﬁoél The
preferred netal of brom dée salt is Fe ), Cu

or Znirhe)effltaﬂntrwmchroe)snprm@zsetbe highertmelesu éN$l@b’§hydf0)Garb0n

e)ﬁcgoeqnil \égd ydégﬁﬁ)tn'wlg?%? '|§jt\/\éﬁ198% bcﬁfgﬁ tES '&é‘%{oﬁh%%étdr% via

hh@ 3'59&1@& éd)dl@(ﬂ R layteRipdrafied i the rmgﬁ of a|°tcbougabout 100° C.
Co(11), 53") l\/hII) V(IT) C or

in exehanoen 3eeand eompingd Wik ¥Rk 'Eﬁm B 'tneoh? &@n@, Rygrocarbon

Shigbt LT RELPECRSE Bhe 5 SERBL BHGEINER,product
%ipbggaﬁlhst:b bomam veith gsei] feact gaagn ijc(rd)d:e)rbon Myppeo 47. The
CRIEesh BEPOL TN IS RATSRAELD BnacrHPPRU WA TR SY with &
%BH f&gdt Bl P&g?ﬂ?ﬁf@%@d’r?\%@ Pfbinidd 'SBR  solution

pro recovery uni e 54 drobromc acid
Icsnthlmagl medali hyditoxide @eoler switak mdeamdr‘mumeial oxy-bromide

Boh ik B 5 LR 1y B
%@'ﬂ% ch?leéfédsé[lﬁfseFe(\mT)' éll)sof ZADY edr ﬁmméshmeww bBehese are

VI a ne 44. The resi dual vapor phase contai ni ng
tless expgnsivenane ceadily awdigaat l@wrd@mn%at%%uumramﬁtof about

B oD FOOL SR BT BRGTagnbpiee caupmens

%I'ﬂ%hgﬁtG@(lI) M\h«’eI'I)l NYRUIEr vV () aCHiIner Shdirtransition- mqmms which form

stream is then renmoved fromth

Smd)Z@blBlhﬁ@fTw Sa*ltﬁs MY bRy Usap dn the PEGess At g rﬂ¥ ?\%e'}tﬁ'é"e”t'on
h@fqrﬁﬁé’g\%g%e@%%lﬂ{e W& ﬂ%e@%%‘fé{g frP0gsHZable brqmlde salts,

vialine uct recovery unit
Blchoas E@@\(HI apr Mgdie mayd beltmwd asArq'qulmddhydlmcarbon product

|
?oﬂ:'n%%e SRR RITRY DS ktﬁ%fﬁﬁar%&q SR B 37 and
Yiefoy Il%&HC@cﬁﬁcé@o‘n p%@cﬂ%ﬁﬁh?l he BéRRERFéSVery unit 52 in

erat ed condensa cryogenic
elmar&m on, mdrmbrowtaamldglaabh&aqbteobnnothe %Ble@slédsebltlon and

eliatiehion e SR SRR B "B ot e oo

tiBnide %xe%f td V%Wrﬁétanbmrﬁ}d%néal@nn sbhatioreahdughter which is
vapor effluent fiom product

removed from the scrubber 38 via line 44.

The residual vapor phase containing the higher molecular weight
hydrocarbon products that is removed as effluent from the scrubber 38 is
forwarded via line 39 to dehydrator 50 to remove substantially all water via
line 53 from the vapor stream. The water is then removed from the
dehydrator 50 via line 53. The dried vapor stream containing the higher
molecular weight hydrocarbon products is further passed via line 51 to
product recovery unit 52 to recover propane and butane as desired, but
primarily the Cs+ fraction as a liquid product in line 54. Any conventional
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recovery unit 52 is then split into a purge stream 57
which may be utilized as fuel for the process and a

WO e@pab4es8d r esi dual vapor which is conpressed VPEI/US2005/012655

conpressor 58. The recycled residual vapor discharged
fromconpressor 58 is split into two fractions. A

i et L ATl
%ﬁs’&ﬁeat ﬂoWeElhbsﬂrrtéfﬂdéiéte@ BHRAEASALOAN \RYESE Y d%!iﬁhsron or

I N exchanger to vap orlzethe rom ne and
tiecllating ahisogptiore odt @S Beed ﬂbepm@ﬁdﬁa’[ﬂéﬁit ga% Qrsrefinery gas

S o L 5 ont 8 4 90 Mk T Ml i e

Ptdeéssbéromederés@aﬁqmémrdrpnrrr@ residaaovapdr affflienbSmrh product
he heat of reaction such that reactor 34 js

regavesy Het 5&tistthen splicinte @ Ryep:Atiaag 68naichta be utilized as

r ef '
BEF by Bl M Vg iR ofsoe v
aBfhpresdBr g e teruycrem resrduecr aﬁa@bysitsottaagﬂd rram oompmssor 58
to the deposition of car t he

i shildeld B traelqrecy/ér Eat Faigion Uk < 8al Jordh 3t 2.5 times the
t&‘é&g&g Héegfol ridd tn%elrrté Bt aﬁ&%tc%ht?n@e& Qith dry

be’c |t|o to noderating t
igoesramine cronveymb byl puese 24y heatedvtat@qchangenaeﬁ it yaporize the

I
ﬁérﬁg@géﬁgﬁc\f irrﬁg :ftlretere@gt)qrgqjaﬁgé@eﬁ:gnﬂj@cgggrr%glﬁawﬂ off of line
B2 Vi Rk 6437%ﬁ¢‘r | Rldl étea'rﬂuééntﬁtl%ﬂ)eve@ vyl Fee aupisiont to dilute

are strippe e agueous phase contact with
itine atkiyh §réroisd cerecentratiopdotredcior §4| an%amgorbnh@ heat of reaction

SR LB 5 S OEEIOEHER, (g g

tpﬁ%%lﬁﬂrﬁ ehé Parideof apas: 360°aB0ts aBol@ 4069 @bipuibrded t€.optimize
i'n heat " exchanger 46 and then passed to a

bsor b
\onyBriar Vensals Seleativity ansl (CcRdvaNaRithe: e Phioe évt»téi?ﬁd'va“o”

@%@D&eﬂ%oqm?qrfgﬁgg@hnz 8'13'|tdas°:?rlr€aé l%gcﬁ{‘gré\frféﬁ by the recycled

6poargfiert drmitzesgleetdiyt eﬂbtommatrenpertaetfrret reaatore 30 to be
ran%e of about 100 C. to about 600 C

o¥ladiry apeition &0 raGHRIALRG M tAmRLG e Tt § GeEBE roagley 34

ge| o @gesr\sﬁ%grtz}tuﬁﬁt@h' o at{pe@a&%fsaﬁrm géﬁ%@@ ‘@g‘?ﬂi% r%r?roged from
%r X 5638 Dial e 4@@9a§§e@ﬂ9h9dr®%’aﬂﬁiﬁ sﬁrgpébwtwtﬁerbm residual

mne stripperld to strip residual bromne fr
vﬂsmlvwh hvdrocarbma@jsﬂﬂp@ﬁda‘tqm shequgous Phase yscepigct with

SR B 444 DalBbGERRYF AR 3, SO AN 240000 sbirion i

fr&HBgde dpfr@ﬁﬁft?ler bonyseipper 4 wid dngi 6% dndris reooled to a
stripper 14 is d via line 15 to reactor 16 which
temperature in the range of about 0° C. to about 70° C. in heat exchanger 46
and then passed to absorber 48 in which residual bromine is recovered from
vent stream in line 67. The aqueous solution effluent from scrubber 48 is
transported via line 49 to a heat exchanger 40 to be preheated to a
temperature in the range of about 100° C. to about 600° C., and most
preferably in the range of about 120° C. to about 180° C. and passed to third
reactor 16. Oxygen or air is delivered via line 10 by blower or compressor 13
at a pressure in the range of about ambient to about 5 bar to bromine stripper
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operates at a pressure in the range of about anbient
to about 5 bar and at a tenperature in the range of

wa@b@matio89 C. to about 600 C 1 but nost preferpdl/ysions/012655

t he range of about 120 C. to about 180 C. so as to
oxi di ze an aqueous netal brom de salt solution to

Hia) 18R BB AL BT R T G e ABHPA EFBEVed TOm Sripper 14 in

ﬁ]? (ﬁ* afBONCeobinaRUafth Q%’Je'r)stréﬂnﬁ '5(9 ffroM‘ (dehydratbt BD. to form

or other transition-netals which form
watm eﬁhuemt tatesana én dimlet 56 cwlhicheisuresaovach&opt dherpregess. The

gﬁ(geprj or @rqﬁgwpg:ﬂégﬁqsé%%@pgr gg(l% teeciglacflfrg i% I Peactor 16 which

@E@mésw é‘ﬁl‘és%@?@lri me%ln@eZcﬁ @dodt@mlehﬁméb@hw @ar iand at a
e range of about to about 180 C 1 allo

teropaeaiues in | ther wgm@ff abmédmau.fﬁmmnabout 600° ., but most

R s

@@ukdud ene e dbrohlids @bttosblatlmltd @Iacelerrmrttal bieeninet ahd metal
hydr oxi de and/ or et al OXI de and/ or taI 0 br om %\
Syveleoide SRy SR Qi¢m @80aRaMeigh exk E%‘dﬁe%/%ﬁc‘es s stated

e g%ﬂtﬁggglﬂ (ye Vgg)oﬁﬁﬂh YN bF difiel efisRion-metals

rze’”’wa brom ne.
t\Mﬂclm\f@nmldxmmawe womidesalts can bdesads the(pdajerred metal of the

et seds B eallly Grznin obyuures Yiredt cdihfere are less
té?(?gh’sﬂlé‘ Qn(ﬂ’h’?éﬁ f%kféﬂl 9@' |BWet fempBEirdaf Wﬁhiﬁ/réﬂﬁgél'of about

e or neta dr oxli operatlng in a catal ytIC
chao°eC. tonabhet ¢88% Cof alidwingethel use ofifluerpsdymegr-lined equipment.

@Eelgggveﬁly 6@&‘? @é-g% |on§s§} %%&?’g’?’q@ %@B%ﬁ\g@ bromide salis,

’iﬁ&:ﬁ"ﬁ&&)(gﬁb\%@n) coutdBeusdid( +a) + 3Br(-a) + HO 3)
+a) + 3 OH) 3 = Fe(+3a) + 3Br

Fe( é a) + 3H20
The elféyfémbmm@r@wdrr@aamwmtbe raRtdl Avgirexide @ingy/or metal oxide

0 0 tr t.he.:oxi
ST el b SRS e 5 B £ e chBup ekt meal
\br@nhdél%altgandlrvfaténoﬂ-mhtleS)(ohangenser in2feamtoral6 supplies heat to
tenperature in the range ut 0 C to about

MedPOsizpr Watalr @nd rbr@'ﬁ'@"q an %ftﬂﬁb%‘(ﬁragrfﬁﬁgr'ﬁ”st 6e%JqBé{} the net
tcﬁ? %Bﬁﬁy&l%% (9{1 (ﬁ@ p‘wﬂhd’% ﬂfn@ FeR3§58E ahel secgnd reactor

ase’separato ase separator 22
Siimttﬁelelnmntdl baihsine lamsl s%teamntthd ls;ulmphase 9a1atyzed by the metal

SroMIAS AL De s TR YDA, deaeiatnb ket oycle. I the
SR GHiRe rHSETH orhtb@%é?n@ FeIfsyap h?é;ﬁéacfbﬁs lekélbeeved to be:

brom ne phase, however as a notably | ower solubility
f 9y paleta) 06BN ©O8HEra) + 3/202(g) = 3Br2(g) + Fe(OH)3

2) 3HBr(g) + H20 = 3H(+a) + 3Br(-a) + H20
3) 3H(+a) + 3Br(-a) + Fe(OH)3 = Fe(+3a) + 3Br(-a) + 3H0

The elemental bromine and water and any residual oxygen or nitrogen
(if air is utilized as the oxidant) leaving as vapor from the outlet of third reactor
16 via line 19, are cooled in condenser 20 at a temperature in the range of
about 0° C. to about 70° C. and a pressure in the range of about ambient to 5
bar to condense the bromine and water and passed to three-phase separator
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of less than 0.1% Thus a substantially dry brom ne
vapor can be easily obtained by condensing |iquid

wheesiimssand wat er, decanting water by sinpl e pOyEsma$/012655

separation and subsequently re-vaporizing |iquid
brom ne. Liquid bromne is punped in line 25 from
t hr ee- phase separator 22 via punp 24 to a press

22 fn Bireatphasenseparpiar 32asHIcesiauitwager has Rdingitesh Splbility for
bdiE S grﬁ(‘g ngg‘&oﬁ&%ﬁcﬁilrt o4, ‘B'ytvt?%ﬂgfr,];é‘?\lygésclftgﬁ&% biB&iine which is

_ ( ogen’an ual brom ne
d@ﬁdﬁnsteﬂl ﬁdérrznss a;@_bpam‘ld,edgadereﬁquisi broremepiphsse.  The liquid
separ at or and i s passe ia line .10 bronine
BEIipBNaRS; NAWENE. Mase NaRRY PSRRI 8k Btsean e order
Pl farf Blf,an iePiRal tdhy | i
B, B Dl § SRSl Uy s, i e cosly
6btaingit by dondensingditiuid brorsimeaand waterz decaniing evaigr Bygimple

i ptroduced int [ 14 | . en '
oRusiFeRerafir ra stBRRp T vepdaReReR R BRI ©

cont aj {uld b Gife BPLRAYERIN IR 2Btfréth ks phaseTeepaator 22 via
of mi xture of a feed gas ?l us a recycled gas stream at

aupe24 e @ pressuee sulfigiendio Fheithivaper stieaip g Saus bromine

bar, is transport ; i i pe. .ol ,

T
vha AW PediddailBebraiaes eghbdrowhieht isenchsogeensithb extie tieiee-phase
the liquid bromine is vaporized. The m xture E | ower .
SOPBRAIR2/BNGHE BATGATY /B Y t8rBieiEc,3yBops APeqvnerein

. C r. f i .

B Bl sol P Plning ) o e
mhethl beorhides dd uhe caqueonsrraetal dromiie selutionestrasss 65 Water is

2.5: . i -
tm%@&qugﬁi‘%%ﬁér{uﬁri’z%“?é 7 &7 pBautf e FlofPhfer 72

t i )
L BREeD SEBoh PR O 1 PhafoR el NG @ ges

%'tﬂéﬁﬂ?éoﬁthﬂwih?@&héﬂn@!éﬁdw Weigalk bykaneish cdmprisedrof maixture of a
vapor at a relatively low tenperature in the ran

ém.gaa?ﬂusca reeycled gasstean at gidessurg in e sanee gﬁagﬁf}@ 1 bar
range t. P .
SO B0 I B b Ay v iy conct 1

'Fhi&e? m@iﬂ: rc}ilry" Ihs'{?]mm‘e lidneid lamb'rtfeg \tri]armmm;atmneamdupgese@ to heat
greater an e u , t of t ' .

Bxchpagriohos aiRseia: ed oLl GO BevRVEROUAROT AL TGS lover
'trﬁg%ﬁafa?dw?%ttéﬁk&q?s% Ry {E?}r‘érrﬂﬁé Wehdtf is fed to reactor 130.

rrom nation reaction. In e case of nethane, the
fRrifarbblyn tied meahyatidobidvey ootagutari weigbt atkeaesdovdyoromine

Eygg%g]; oibg?hvér}gigﬂﬁgg{p?rlodhgg gt :ree%l:_t%r (8o 1 Bh2ef&ss of 2.5:1 .
Reactor 130 has an inlet pre-heater zone 128 which heats the mixture o a
reaction initiation temperature in the range of about 250° C. to about 400° C..
In first reactor 130, the lower molecular weight alkanes are reacted
exothermically with dry bromine vapor at a relatively low temperature in the
range of about 250° C. to about 600° C., and at a pressure in the range of
about 1 bar to about 30 bar to produce gaseous alkyl bromides and
hydrobromic acid vapors. The upper limit of the operating temperature range
is greater than the upper limit of the reaction initiation temperature range to
which the feed mixiure is heated due to the exothermic nature of the
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This reaction occurs with a significantly high degree
of selectivity to nethyl brom de. For exanple, in the

wa@ ame/16f68hr om ne reacting with a nolar excess BET/US2005/012655

net hane at a nethane to bromne ratio of 4.5:1 |,
selectivity to the nonohal ogenated net hyI bromde is
in the range of 90 to 95% Small anoun

f .
rosRiBadRRt Raskoxnd In rther easfrdin RIS ﬁ?égofra@m (?fn methyl
éﬁm%%@cﬂ@ |h%con%deo\ﬂrth b IRow K 886l f%/’é%iigw

propane a tane, are al so readi
brom nated resulting in nono and nultiple brom nated
species. If an alkane to bromne ratio of

significantly | €3, {dhanBR.(g) t o—L» ICHJEri(Y) 2¢4Br (Q)
selectivity to methyl brom de substantially |ower than
90% occurs and significant formati on of undesi rabl e
carbon soot is observed. It has al so been ghovvn

Shiscreagtienrmosuss vithad Signifisantiy highafedreedo éﬁ@ﬁath%nefhy'

S f
B, PSPl 58 ol AR ocess o
h’fémalﬁ’éffataaldnéﬂﬁahle to orochese r&iuu tdfiet.5: 1, hmldclyvﬂyr torithe mono-
or that is feed into first re

ARSI amIe Soin aENGa 1 JRld §Pe oSmalamounts of
%ij% Ohdthaas | a1y ‘ﬁflbrﬁ &ibhe! 4% aldo Y@hﬁard Y2RRE Broihation

romnatlon ste I rst reactor
sedntioant iHigher alhameeatseshteme e‘tluanaatpr@pace andvditage, are also

koS 0D BT 1o
Hﬂ@an'eaﬂbgﬁo car @Bf g’libgﬁfﬁzahﬁ legeiMRha?. 8dol Nid Blized, selectivity

ormation rom al kanes. The effl ue_nt o
tdramettost bramldal Isybs’tandﬂaﬂw dowen dthend 988e oaf@uracpad; significant

f f i
ISR B e S e, 1 Lo s
ﬁ‘l’?@ﬂ’éthéﬁ&lkgneé qué®@sethafe f‘pﬂ@gaﬁé @harm&ané%mefmyebe present

low ng to a second reactor 1 I n second reac
1t34thet dalgrg| ton ity Rresninaiion &xet @iy JRIeeniRR |’l¢3/ fgfm ethyl

f b b
BrOFIRE, Bpa ERPRREY e PPNy R, PRt cffbromine
Reapor @v#risdebt ¥eid tred redctor 180ds Isubetaadtlaﬂy wmter-freeat Applicant
catal yst, prefer abI .y.a zeol

)
dresr disgpvgres Humh sliminatione Olétaﬁe%%%}%‘a)(% ShRRIRT Cpor from the
H A rraeé ih first é‘cft&r @QE%U%%%U%\W tNmikyesaBe formation of

I'um or nesi um orm e zeolite may al so be
rmﬂménted bsrbiomn dmmtiangbemblyh increasingl kKaei setaciivity of alkane
cations, suc

rﬁ:fpg]lnzggm kg‘swemlalaé €S pgd %ﬂ%#i&%‘@?a% ,ﬁfﬁ@gfﬁ;ﬁrbf waste heat
( é'emﬁé W9A tﬁ@;&héﬁ%‘ Ssarben allbxitke fbm dikands. W or to

rogen form Oher zeolite catal ysts having _
varyi ”H)é’céfméﬂzﬂmtawhtamﬁatkymaromw and hydrobromic acid is

withdrawn from the first reactor 130 via line 131 and is partially cooled to a
temperature in the range of about 150° C. to 350° C. in heat exchanger 132
before flowing to a second reactor 134. In second reactor 134, the alkyl
bromides are reacted exothermically at a temperature range of from about
150° C. to about 450° C., and a pressure in the range of about 1 bar to 30 bar,
over a fixed bed of crystalline alumino-silicate catalyst, preferably a zeolite
catalyst, and most preferably a ZSM-5 zeolite catalyst. Although the zeolite
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are synthesized by varying the alumna-to-silica ratio
may be used in the second reactor 134 as will be

weidantesd 0 a skilled artisan. In this reactorPCt/Og2005/012655

al kyl brom des are oliginmerized to produce a mxture
of higher nolecular weight hydrocarbon products and
addi tional hydrobronic acid vapor. The tenperature

GRIBMS! {9 BreiBiaig UsBH b dPe TumoRsTh Rgdiiia ot Bragaesium form, the
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Tenper at ur es "above a in the second
aemcsyothesezad by.varngrtt@ewrpiremsslhﬁa rai§mimay be used in the
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of "the tenperature range, methyl brom de react,i n%oover
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St LS AL 15 BESh % a5, R Bbreba i ar
gHéltﬂs a'?&h@ﬁrym 'detéhﬁl &hef séie'éﬂblt)bfdi”trﬁ@sollglmenzatlon

ct| ng over e preferred SM zeolite cataly
ceacbtlmdlou \camaueatngmerrmolc@@ular veRiginit Itqw.l hydcarhon pdeUCTS It is

tigns produced contain
[eISiedUICPEL tjﬁTﬁ? re&ct(?raﬁjégg eptgﬁfp%@l?gtvﬂ{rhé% the range of
2PRUP3SHP RE 4%@@ But nf@éfwefebmmwiﬁmqnyeaﬁg@mf about 300 C. to
i ncreases towards 90% or greater, however selectivity

ﬂ@ﬂahtﬁdsTeBmenawmaboue@M@mar@ getha eeeong readar di%sult in
er t
SBLSK PURRLCSH; B, A ESHREr SR B SuRhEBe, motnane

Q@rﬁéreas Cl@meeumﬂo@awres Qdu:%ge Weldsar(melneawelesnolecular weight
approachi ng 450 C. al nost conp gtcef ﬁ‘onver& on of
I

Mf@qal‘bﬂﬂrﬁ@du@fé mefhdhe |6WCQP & FRMBSAIHGTaNgs, emethyl
g)f ypro @%é{r %WEFrﬁMr Sze%‘iﬂé‘%‘?%pfﬁ%aﬁ&re& Oas4Q6\NCas aB0° C

e reac i'on nount of carbon
wignifitant! methyl Gnomive caheérgiin ondhet drder dird0g is noted, with a

gﬁg’i?@@%\""‘g%rgg C?ﬁjﬂ&‘%bb‘g%obﬁo%aé@péh@] actd Vb{ %Ig?lvgtromldes
Eserfl\',‘%gvt h i ;?]r'e@%ﬁer@%l\ﬁ-%%cg@é eatanRsl éycﬁlﬁatld)ﬂi ré&ctions occur

reaction tenperatures above about
Aehahabthe Cy-h &achmsmromquqn@alafa RigkyperseoiAoge substituted

for .on of . carbon sAh
et RO A S oA S 390" G Epefiyomee
%OM%l{)ﬁV}ﬁére@%s abwibh@s 0P asragtgater; aneever selectivity towards
articu bel ow about
Cs+ products decreases and selectivity towards lighter products, particularly
undesirable methane, increases. Surprisingly, very little ethane or C.-C, olefin
compounds are produced. At temperatures approaching 450° C. almost
complete conversion of methyl bromide to methane occurs. In the optimum
range of operating temperatures of about 300° C. to 400° C, as a byproduct of
the reaction, a small amount of carbon will build up on the catalyst over time
during operation, causing a decline in catalyst activity over a range of several
hundred hours, depending on the reaction conditions and feed gas
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300 C may al so pronote coking, likely to the reduced
rate of desorption of hydrocarbon products. Hence,

Wop@sabiesy tenperatures within the range of abpor/usHs05/012655

C. to 450 C. but nore preferably in the range of about
300 C. to 400 C. in the second reactor 134 bal ance
i ncreased sel ecti vi t%d,t owar ds the desired groducts and
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408° Iy, iadMiet ssudnaf redictoror34 BaldncaaRcidset esbleetivitg towadds the
line 170 to reactor 134 at a pressure in the range of

giesiied predrcisoanp dowes ratgs ahdeasti@tionadeg Tpeﬁ@@oat fprenation,

S 008 8 oy s, RGO B

véeydle r@teéwdobquumehhazeeg@mmcatl on period. The
ef fl uent which conprises the hlgher nol ec

hydr ocdien SRS MaYs bsn@eﬁyetcaﬂ oroenared: & i g splating
réQ&bF RB4SEGAhe GTA" r@)éésé’ E)lou : 'ﬁgl?%ﬁa%ltl’? o ﬁ@rt%%aséwa line

enperature in the ran to about
|1r70eactcdnmuré%1h@mgeoubabmd Wwbahtoapout &ftfar @ndtan elevated

todRepavoin the ngd ARl Golp BRE' Corlf sembievirihilsa Material
S%{g;sgg%&f 'olrg gﬁé r %{bﬁ%te qngﬁh? rad hat pr‘a%tlééla“é"rﬁp & éu’-bsequently

y any suitabl e neans, such
axidizing theadepn&ltedscarboh éd @62 Hyt adgigoatafrair ion ingré gas-diluted

3a88ia e drn ta erdBu Tl p debov/eonfElreis £RaB8Lt 1 barto

%Hdél‘? *?;ebarlﬁﬁd @Nel@@a‘é’éﬁ' t'é?@ﬁbraftﬁevlhtthd range &% 400° €&no 650° C.
137 and added t i qui d hydrocarbon product 154.

r@@rbonrdmdeamdj re%dtmlsegbpvmrt gag @rapssted Fom reagiar 134 via

ved fromthe scrubber
i@ge&i ﬁﬁrﬁi{tﬁed%g\ggﬁoﬁgg sgér "ohydr ocarbon stri pper
147 WEHebfilucs wtith comigrisesitieohigher ssaleoddr wmgl'i’hé\ydrocarbon
aqueous solution are strlgped out 3}/ contact wi,th f

qladals, anchBYEIOPIQPIEcAGie Jb S dERAR dTask e SEond sRactor F9a4 via
ey P52 QR P td L RERpeldtdrd f theYaRfe!d? about 0° C. to about 100° C.

in exchanger 136, and combined with vapor effluent in line 112 from
hydrocarbon stripper 147. The mixture is then passed fo a scrubber 138 and
contacted with a stripped, recirculated water that is transported to scrubber
138 in line 164 by any suitable means, such as pump 143, and is cooled to a
temperature in the range of about 0° C. to about 50° C. in heat exchanger
155.  Any liquid hydrocarbon product condensed in scrubber 138 may be
skimmed and withdrawn as stream 137 and added to liquid hydrocarbon
product 154.  Hydrobromic acid is dissolved in scrubber 138 in the aqueous
solution which is removed from the scrubber 138 via line 144, and passed to
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i n heat exchanger 146 and then passed via line 165 to
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fromvent stream 167. The residual vapor phase
cont ai ni ng the higher nol ecul ar wei ght hydrocarbon

products is renoved as effluent fromthe scrubber 138
anireeanhandstipper dedy avharein 18Hdva) hyewearbons dissolved in the

AR s e pBER SR SR B IEGH op 13- 18 Sripped
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dessi cant adsorption followed by, for exanple,
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invention. The residual vapor effluent from groduct

r QAR Y hrivatter g then &qmvegmm thadshydiipgéoQ vieeliig 153. The
Igded N ”&Ye%ﬁ WohtdigiRg Hlﬁhef Ofnolidt&ila %&gﬁt Mfir8earbon

recycl resi vapor mhlch s conpressed
cquue’ﬁie rfuber pEskmd maylnleetﬁw sprbdalct vegoyerydusit i 52 dedecover

£ £ SPaCEaE KareRobul BrBRtne doeh g 85 i gLoge in ine
fes4l tgﬁﬁey ¥GhERRidngl Hé’tﬁé@%to%‘?\élﬁfeﬂldd afd 1@%1d5¢?§5&'\/@ﬂﬂsuch as

W th 't quid brom ne conve i ne
peciiskied odaeacae&cadsmphonzeol |!my,t h‘erl eqalmle refrigerated

Sl atiting PRRIEDR shRheict o hialiahid AbRETRh ¢Poas used to
| preedd handl igast 60veiicpy d2is SPedme] a¥atntivl 6.a 8killéd artisan,
rate sufficient to dilute the al kty brom de

coheyir eatpleyed i theaimplemesiatipndofalbhis inyentiennhEle residual vapor

{EAGEhERoRE IR ref &Y Myt 8 1B B! i’ Hyrb8 Stream 157

rgiagenay baebatilizetDasGuet @ombmprdb&s(‘and £ oeca_l@led tDeSIdual vapor
optim ze conversion vs. selectivit

tWB'qhat'% m@r@ﬁgegiswad@am%ﬁqrowéu@q}eo rpRecled Tesidual vapor
i@@ﬁé ear’frcg{\ d;?r%?w 158 is %d]i? irflb i fPésthQVWﬁF’st B4ction that

ere cle mts selectivi
blsoasquaittm @b leasttﬂué tﬂmestherbwdtgas mlomealsb’eampurtad Viadine 162,

Bl ' e TRAS Wt B SRS g e o heat
dékdﬁéﬂg%g & M&W tlﬁ’é liquid bromine is vaporized and fed into first
reactor 130. The second fraction which is drawn off line 162 via line 163 and
is regulated by control valve 160, at a rate sufficient to dilute the alkyl bromide
concentration to reactor 134 and absorb the heat of reaction such that reactor
134 is maintained at the selected operating temperature, preferably in the
range of about 300° C. to about 400° C. in order to optimize conversion vs.
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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conpressor 113 at a pressure in the range of about
anbi ent to about 5 bar to bromne stripper 114 to
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stripper 114 via line 164 and is divided into two
portions. The first portion of the stripped water is
recycled via line 164, cooled in heat exchanger 155 to

ff'eﬁwep&(mﬁé seleetidtyr ghgarominalignutin2thec firsl raaeior B3 to be
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air or eavi ng brom ne stri pper
| haxe alddneentatioonibi thed raargse from abbut |1 0% &d fehort508AdyY weight

VB 30 Bl realBeieraBhial i oo b nobi o dp about

14806\ WeighttiBemiFiphi 28 ﬁ‘lé Smidiuabh efirdet QhfcH ﬁﬂ}%?'b@t \Vﬁpﬁ)nzed in
in the range of about 100 C. to about 600 C. and

pexghanger y4il rartdwﬁrenh@atﬁf oo andie mininize the VQDCUPT%OH‘G of HBr
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vl the? Bestfind 2eld” i SREP pddion. DR KR s finpere 114 s
sInoved! fréitnl link) 164u0d lthe Broodze vid ligé tBeugh Co(I11),
NE(CHE), Mh(T), V(IE), G (l1) or other
tr ang i i MngmstA)INtesi Ny?:dbrbmﬂanauf lcthaahﬂ; &:dtvmlne?e:rsmé saqueous
can bhe us er nat i al  ne-ear S _

et Spl oo arrbkbeb iftbreqbagapeted svgn S 1o and is
i(élér% fPled\Bi Oﬁalﬁe §Qeh, l?ﬁ}/&éﬁ%nngﬁ EﬁtcﬂJ | Zeglr?ebﬁﬁluhe stripper

e OXl ti1on reacto can e ut|
cohe émlimead 29. a'ﬁwemmnbmemaqummuersqdutmefﬂbem am¢hexygen, oxygen

concent r at ed a ueous t ut on 8 nbi b
SRTELAT Af gt 1 G Sed T ndis! Sbpdt HER eXEhaRister! ant through
SH@P\%EerW@wﬁéreﬁn #hé heiRwes ks prt Eheated fRhitempetatidn the range
117 operates at a pressurein the range of about

acwfoal@@ut 1Q0°dBota aBoWEEORHE. @ndantnéhp@fata@hem the range of about
rﬂ’g&ﬁg a%tgcglﬂg ag%%ndléﬁg%% 5 thirfBY5a087 4 1P RAEESRAIS a metal

bromide salt. The preferred metal of the bromide salt is Fe(lil), Cu(ll) or Zn(ll)
although Co(ll), Ni(il), Mn(11), V(Il), Cr(ll) or other transition-metals which form
oxidizable bromide salts can be used. Alternatively, alkaline-earth metals
which also form oxidizable bromide salts, such as Ca (ll) or Mg(!l) could be
used. The metal bromide salt in the oxidation reactor 117 can be utilized as
a concentrated aqueous solution or preferably, the concentrated aqueous salt
solution may be imbibed into a porous, high surface area, acid resistant inert

support such as a silica gel. The oxidation reactor 117 operates at a pressure
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to 180 C; therein, the netal brom de is oxidized by
oxygen, yielding elenental brom ne and net al
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or, nmetal oxides in the case of the supported netal
brom de salt operated at higher tenperatures and Iovver
pressures af which water may primarily exist as
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Fe(+3a) + 6 r(-a + 3H(+a) + 3/202(9)

Festg thy rggg,l pegmidergats andvielding w@gr (Tays ﬁﬂﬂme@II reaction
gyﬁ% |r(1: gﬁ% o %%(ﬁlatlﬁgt(ogﬂ@rgbmf gélcg%‘q] 8@@%@% férs’?’ 'r_gé%tor 130

samp@ebenld aBactor i13drfo slepmanthl bromipreeaad etlearh, lcatiheted by the
nEe:erature and | ower pressure conditions _ at whi ch

| pigR/mefalehydspxidgsonmeiglopxide perating i Ascaiplytic cycle.
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Quferbjed n SpféssuBe 2nd tePPeypturbeanye immiath baden mayasdst as a
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conden§ 3‘46&8 %@%ﬁ] %gg thlq ,Hange of about O

out ne and water are

Cbndeng)edsﬂmé) wgﬂ%)thétmﬁps Qmﬁsé)ep@m% af + 8820 I n

t hree- phase séparator 122, since liquid water has a

|Ilnntﬁeera%@| ublthe tmafabrbrbhﬂﬂe neeingnCulipBeR detppoftedbontan inert
3% by wei any addi tional brom ne which is
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PRARS: J&Q‘ﬁ% Bhﬁi‘é{r@/ a%ﬁé? thd &M s eﬂ? el by
or V\B r o

OWEr so orl the orde ess than
O 1% 1{jhgdeu(1pBE2RI@N) |Bz,‘tl4j Brz%)/ brom ne vapor can

2) 2Cu(l)Br + Oz(g) = Br2(g) + 2Cu(l1)O

3) 2HBr(g) + Cu(I)O = Cu(!)Brz + H>0(g)

The elemental bromine and water and any residual oxygen or nitrogen
(if air or oxygen enriched air is utilized as the oxidant) leaving as vapor from
the outlet of third reactor 117, are cooled in the second side of exchanger 141
and condenser 120 to a temperature in the range of about 0° C. to about 70°
C. wherein the bromine and water are condensed and passed to three-phase
separator 122. In three-phase separator 122, since liquid water has a limited
solubility for bromine, on the order of about 3% by weight, any additional
bromine which is condensed forms a separate, denser liquid bromine phase.
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i mportant to operate at conditions that result in the

near conplete reaction of HBr so as to avoid

significant residual HBr in the condensed |iquid
brideidreniae erthasgs hpBievehdiasaggwtably lewestiselubility for water,

) R, X 9B car
Wreasasilyobtdiged byriomelehsinguitudd! broming hndevaeaséecanting water

ﬁﬁ)garator 122 via punp 124 to a pressure sufficient to
sipRie Rhyskal sepaaiiPnend SyRaequestiyrervaperizing liquid bromine.

ne %qgggq%rﬂ@& oE@F&M& ¢ éo%iﬁﬁﬂg% tHftFeBOIP ﬁ?% néré}ﬁ:(?ma%lste reaction

resi alr, oxygen enric alr or oxygen a
kofdtBneo aspgoraveid signifeanttesidiral diBreid thei dondehseé figaislebromine

separator 122 and i sed. vja.li 123 to bromnine
LBt 854 BOREreAsS BeMISKIOTEY Shbreing s, Aurpus,Phase.
R Rl o ERl BB TR Sl Frh&A auid phase.
renoved fromthe three-phase separator 122 via line

129 and passed to stripper 114. The foll ow ng exanpl es
denonsltifeidebiaiaingrigRyreeed dwnatthreq-phase sepaptesdge via pump

| : C r | .
DA ool o S A5Y R en) TRy W bltine i
lrecoveredaantt redtyicheaewithia the acdesbd oTing eesiduall air, agxygen enriched
tenperatures in the range of 459 C to 491 é:at Gas

Y Or yOXYg8RaNR | 35D Prpmpi REHi WhRIGhs IsyBP% G8H %%Sqfﬂéx'ts three-

iact SEARAG 50 R Ppbsed Jied INE WS (HOIAS SoRlober 148,
osherejrs residdapbrassineyis riecovereer by dissalpiiorovitosygdrgbromic acid
TR0 shoam RooV SR LS 8wt B ARl I SV I emoves

%réinlingahsd-bMhsy sbparRbhyb2 RidThee dgsahd paldSed a0 S&riger 114.
90 to 95% w th near-conpl ete conversion of

brom ne. EXAMPLE 2 FIG 7 and FIG 8 illustrate two
exenpl ary PONA anal yses of two C6+ uid produc

|
Sarp) cohe Halowing Pppiacdemnsigie be! BaetFe Aty of the
eSO BT DOL s BRI U R IR g i heeot

aromatic content of the C6+ fractions produced.

EXAMPLE 3 Met hyl brom de j d over a ZSM 5
zeolite catalyst at a Ga;ﬂh%?ﬁ?

Various mixtures of dry bromine and methane are reacted
homogeneously at temperatures in the range of 459° C. to 491° C at a Gas
Hourly Space Velocity (GHSV which is defined as the gas flow rate in
standard liters per hour divided by the gross reactor catalyst-bed volume,
including catalyst-bed porosity, in liters) of approximately 7200 hr'. The
results of this example indicate that for molar ratios of methane to bromine
greater than 4.5:1 selectivity to methyl bromide is in the range of 90 to 95%,

with near-complete conversion of bromine.
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illustrated in FIG 4, which is a graph of nethyl
brom de conversion and product selectivity for the

ol iginerization reaction as a function of tenperature,
met hyl brorri de conversi dXAM@LEaRes rapidly in the

{ enper aCr oan F1Ené Pusarddic.edinpiEsy FSNARnasRS g0 Cst

Giguidpeodsst! Srhpieist that %rrelémmr@aedum @wel'teét WP Rlith methyl
products however conversion is |lo

Hi‘gh
t rppude andsveianeheeacing over Zeﬁi\dtﬁ za@deccatalusrabﬁheseaoalyses

s S AR AR B o S R P

nol ecul ar wei ght products, in parti cuI ar undesirabl e
nmet hane is observed. At higher tenperatures above 350
C selectivity to nethane >g’b ncreases. At about

450 C t

EranpL B Hrof P e r§a&8ﬁ§§¥%'g§L‘Z%@a%@%ﬁgaﬁa‘éﬁza&ea Gas
alrleum;eaSpe&zdal Medamcray KSMS&/)zeblalppeogmaaélys? g’nr O\d/er a range of
BRSO Setb s B pT Al 2 e
GoveRadfes ONad Qﬁlﬁﬁré’cbd' inZ i, &, NivKicH' & @ gﬁ]é]& deHéYr'\ | bromide

brom de and ane w t hout hydrogen br e over
s@are/ezstm andapratyet selectivity ﬁoﬂheml@umet|Miczmmcmoe$&a function

bout a at .about 260 C._at a GHISV of.
Krafids, ey Bl Bohy &8 incPades BPidin ine gange of
aammmd°h@t td ldbesit 1380e Tt howaeaigdraufes JAMRESRARE of about
and selectivities of several exanple test runs, shows

oM &. derapamt#a0°cEr davordsrlieeti/ityhiowards drigleromalmulanweight

ChABHER, A6 Ko\ G0N S R R BleaBfl U g pance o
| SbaAt250e a@:spadhyouit B30 D Vshdw Bighed lcobversionsat the range of 50%
generated in the bromnation reaction step prior

t 9e NE8RVEIE o NOVERNEY | m@rQﬁslrﬂ%esedWwIWbF%ﬁPW@g mphecular weight
Wogilic dd'lﬁ'?%ﬁ‘cdyp L?r}l’dé%maﬁk I thand oﬁéTFﬁ?éé'rv@H.y At higher

case. rocess can ubstantia
siemperaivees aE&i%/BBT LY weblymtyttoon?etmaniesrap'eﬂy:trmdem At about

%5 ze I|te catéls)é/st at tgl br ononet hane is
Cr & "f‘ﬂ% ¢AER CO’#-*(%’;‘OQ tom&% ANPLOCEUE}-aph of
product selectivity, indicates that reaction of nethyl
brom de and di br omonet hane

EXAMPLE 4

Methyl bromide, hydrogen bromide and methane are reacted over a
ZSM-5 zeolite catalyst at approximately 2 bar pressure at about 250° C. and
also at about 260° C. at a GHSV of approximately 76 hr'. Comparison tests
utilizing a mixture of only methyl bromide and methane without hydrogen
bromide over the same ZSM-5 catalyst at approximately the same pressure at
about 250° C. and at about 260° C. at a GHSV of approximately 73 hr' were
also run. FIG. 5, which is a graph that illustrates the comparative
conversions and selectivities of several example test runs, shows only a very
minor effect due to the presence of HBr on product selectivities. Because
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results in a shift in selectivity towards C5+ products
versus nethyl brom de al one. Thus, these results

waleomsnesesat e t hat di brononet hane i s al so r eact PRUSIVIS/012655

therefore very high selectivity to brononethane in the
brom nation step is not required in the process of the
present invention. It has been observed, however, that
tydrehresus eeicohasiianiy Aominaraeféeat mir eaREYSidReanatsglegtivity, it is

TR HebSbesta Poeloienfhe, hidbloRR. A GfaBRT e Bromination

sehendri mebypmdtodm@cmm@rslon reatton @$ tlheaien edomidgsyrie which
net hyl brom de. EXAMPLE 6 A m xture of 12.1 nol %

r?éidl'ﬂﬂnﬂb PydicEomiriacidgs femedh IoBYY CBEBm WS, ihe\RFaeess can be

g2 ZSM5 zeolite catalyst at 295 C and
%r@@%'?g'"gmg% rmtely 260 hr 1 . A nmethyl brom de

conversion of approxi mtely 86% and a propyl brom de
conversi on of approxim %is observed. Thus, in
accordance with all enb%ﬁﬁé)%f t he present

' nVemN/I@l'h PBkorhfel 3 ARRRY&Y JvBE A"BEM-5Dr&uTHE /ai@ySt at 230° C.

h dr oxi de net al oxy-brom de or netal oxide operates
ibeoroamethariecis@adsied tal theweaciobr GHEn6, whichds agraph of product

r%ei%‘ﬁ@td’o”sﬁdi%“a'%%% 5 BEBR o il bmBR AN Gt Bmapetnane

ebbiies il 8 dhive |ra@éré@uempltmﬁ@rd@rcg+h?romm veRaRe éthyl bromide
tenperatures in the range of about 100 C. to about 600

@longd Thustthpse resulis qemﬂn$mertaab@bmmawar@@ aiso feactive

ety LB B R0 i fnton st

G eoateduireat intiRepes sy @fﬁhbquesemhnvéntib%o IChasSaeen observed,
advant ageous, therebyal | ow ng use of | owco
d’tﬂ*’Y%foWaF the presence|qf &'QTBBTCVH% ﬁﬂ?rﬁ'@%ﬁ@é% H?\%Fﬁte of catalyst

S h

RO, 0 rlifng *a CRIHEE, bRSRIRY, EFRBHIAT b gblifize the
rtEactdofblbetwem sﬁmwitgnamni adedutivaiior ratgoas atamparginto pure
are copdensed and easily separated in the |iquid phase

rrgf%mﬂﬁyy cal separation, yielding substantially
dry brom ne. The absence of significant water allows
sel ective brom nation of al kanes, w thout production
of C®2 and the subseqUueWAMELE 6i ent and sel ective

o0 RN L R B el B nRAC A 2 Blosf oy bromice
lh%@ﬁlhnbrérétrbﬁﬁte@fomleP!ZSMlBtz’édlﬁe salgys1niogls C and a GHSV
branched al kanes and substituted aromatics. Byproduct
of approximately 260 hr'. A methyl bromide conversion of approximately
86% and a propyl bromide conversion of approximately 98% is observed.
Thus, in accordance with all embodiments of the present invention set
forth above, the metal bromide/metal hydroxide, metal oxy-bromide or metal
oxide operates in a catalytic cycle allowing bromine to be easily recycled
within the process. The metal bromide is readily oxidized by oxygen, oxygen
enriched air or air either in the agueous phase or the vapor phase at
temperatures in the range of about 100° C. to about 600° C. and most
preferably in the range of about 120° C. to about 180° C. to yield elemental
bromine vapor and metal hydroxide, metal oxy-bromide or metal oxide.

Operation at temperaiures below about 180° C. is advantageous, thereby
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hydr obrom ¢ acid vapor fromthe brom nation and
oliginerization reaction are readily dissolved into an

waousaussphase and neutralized by the netal hyPeDYSZTIES/012655

or netal oxide species resulting from oxidation of the
nmetal bromi de. In accordance wi th anot her enbodi nent

of the process of the present invention illustrated in
Allowingy, thee ugscyof brlowigasti worepsionresistapt ofiugeopolymer-lined

SERIFAENET, PLARFIORIE ARETS! S U LML kg, mota

ydnoxigs pe ctethboXid&Fielding stednadreibie ivbtad bromide.
particul arly, a as stream contai ning | ower npl ecul ar

wei ght taf Srpming yaper Ang sleamarg GQeiengad i easily
%kgarg%t%‘t%kje% gfh%g gﬁf‘“%tgésbar’ eSmpiE gﬂ%&?@ g s%pg?‘atf&fn, yielding

bar to IS tranSpor
cubstgrgially iday Ibroreinepi phepabsemehof sighfiaah dvaZerlaliows selective
res&‘ect i vel m xe br o

PR . RBleT, P B8t LI Pocuon

Riffidle R ‘art dlegRrad dllglrﬁ@t@iat%ﬁc%%g%ycﬁfé}udw qe8bfiortd)€of alkyl
liquid bromine is vaporized. The m xture of | ower

rhfo@ude%to RiEMgity rmonane@r@ri@eamqr priogikictse theyfat frastipsdf which

oS barnl SleeiRA A kands ST RBEHAAA Benali & s Byproauct

rnydrotbr@mneta“cmivs@@k frovhatheasehiifiaictPahd dllglrﬁé@ﬁﬁ)aneactlon are
Reactor 230 has an inlet pre-heater zone 228

voﬁadﬂv Héissalvedh einig »arnraguasus phasei and| newtmtzegn by the metal

r@mﬁxﬁégég llnE}]atl h($>< mé?@ﬁn%(ﬁ{as Zﬁeguﬂ’r t (Pr >§ datich fdfr fle metal

ecular anes ar
rrantidel exothermically with dry brom ne vapor at a

rel atlvel Iowtenperature in the range of about
C. tolB rgatsecvith gngther amppdinaen f.ﬁhetmece%gétnﬁ present

0 I
Aoeiitioh, RRffefed ML FICE? GPECINEC oBP AGMRARTD Shcfallf) bromide
aforlvbesnorpestagem @ré eopEgatEiduire ar aulggtantallyr siiar maanet fe those
th t t
12k Ehobolia Shobh SRl i Ashedt OGS HEAR ¥ e, oo
Pl e&gfﬁﬂ}{mtd‘hg%é’é est%amh%ohféi‘ﬁh@a%\ﬁér rr%i‘etch%l? Wéigﬁthfalkanes

the formation~of nethyl brom de
mmuprssedwofamwmr@mfcaafaﬁdt ¢es aed Bokcyoled gageiwean at a pressure in

B8hER on At ety B b oot Tt rpbopiedich ey ia e,

Spﬂbéfbtr icontMits 26Rinty21 Brespestivehp rarekmisEdewith rzary Beomine liquid

case of bromne reacting wth a nolar excess of
netlingne2st The reaufant mgure éniraasperted visi pump: 224 and passed to

S didohbhyet 926 WhdFBRCIR RARGHr6fine is vaporized. The mixture of

lower molecular weight alkanes and dry bromine vapor is fed to reactor 230.
Preferably, the molar ratio of lower molecular weight alkanes to dry bromine
vapor in the mixture introduced into reactor 230 is in excess of 2.5:1. Reactor
230 has an inlet pre-heater zone 228 which heats the mixture to a reaction
initiation temperature in the range of 250° C. to 400° C. In first reactor 230,
the lower molecular weight alkanes are reacted exothermically with dry
bromine vapor at a relatively low temperature in the range of about 250° C. to
about 600° C., and at a pressure in the range of about 1 bar to about 30 bar to
produce gaseous alkyl bromides and hydrobromic acid vapors. The upper
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met hyl bromde is in the range of 90 to 95% Snall
amount s of di brononet hane and tri brononet hane are al so

wo eoosaaieBN t he brom nation reaction. H gher al Remes2005/012655
such as ethane, propane and butane, are also readily
bronmoni nated resulting in nmono and nultiple brom nated
species. |If an alkane to brom ne ratio of
slirgihiof ithe pPeyatingstemperature 3ange is igseaier tharethe upper limit of the

SRR B AP B RS Bhlab B ave
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|fgllowmg
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rther, F] [
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reactor 230 is sgpst@ntiml ey wat el cH.8¢- pBErqant has
di scovered that el i4m@2at%rgy)of subst ant i(%)ﬁ)y alc(gpwater
vapor fromthe brom nation step in first reactor 230
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cBnibaradii@xioteutsheitbby sigrificeaniyntighhdegrebeaft selecivityfto methyl

| kane brom nation .tq al kyl om des and el i.m natin
THERDdP g RSP in 158 PER ShPr B SREHNS WG Molar excess o
10 foeiRideoat of niathBre @ Bdiifef FAlD af krras seld@iviRy fibUidt mono-
that contains al kyl brom des and hydrobronmc acid is
viralpgeraledfmethyl heomidesis in dae trange 8 90i ta 95%e Small anounts of

TpfihaBhiehe’ BRucRicbSmPrifHERE St oSy’ fof Bromination

f le@etion. tHig&@e@IRQﬁleé eqedrrs2@hank presansl dreabliRine, are also
234, the alkyl brom des are reacted exothermcally at

areeditp dremonnated geswiing i memd gndisultple tsominsied species.  If
15 Gilalifade %eﬁ%%iﬁg'eghtfoh%f r@@tﬂgﬁ:ﬁtwsﬁ%ébtﬂarloaz’.5tt% 10is utilized,

bar , over a fI xed of “cr m no-silicaté

C%I?tMtgi tcprﬂgglihfbbwﬂldpeeUbsmnFanwl Iwiller hﬂtmhhmm% occurs and

pr.efera a Zz zeolite catal yst. Al though t

Zgni I%nfcf\érraay@@ q?émﬁis%'f%tﬁ%kﬂa&b 8Q0f I§ Qtﬁ@r‘%ﬁﬂir EZ@ﬁ,aISO been
SQi ' t it
Y RO AR AHED SOL ol ifiar Rt pfBMe W1Teh Pay be present
ciat thendeed ugds ds thie, bkgmiNation @, readily drdmainatedriohform ethyl
nmet al. .cations, such as, M, Sr, or Ba, w.th .

20 BTSAuEs aichiton BIRTIRRS: " EhemdnRIcry roMine wargy they is feed
iRk MsEroaabr D908 sGbA8AtIAIRONWAI?-fe. ?‘Aﬁﬁﬁc%rﬁ%‘é‘sﬁﬁscovered that
varying pore sizes and acidities, which are o
sgliminaton ed Supstentially gl water vapaidrem- el bromination strp in first

b in_th . r.eact | ' .

et ad T slPn SRER el Al el Ttufp oy hoRAnfRY €4Bbn dioxide

ﬁuh@?tqﬁmcféésixﬁg s BBICEAE) dPalRBAEWremindtiont i¢r &lk@fbromides and
25 Iel?mi%%tigg t%%ulaar‘ée amount of waste heat generated in the formation of

carbon dioxide from alkanes.

The effluent that contains alkyl bromides and hydrobromic acid is

withdrawn from the first reactor 230 via line 231 and is partially cooled to a
temperature in the range of about 150° C. to 350° C. in heat exchanger 232

30 before flowing to a second reactor 234. In second reactor 234, the alkyl
bromides are reacted exothermically at a temperature range of from about

150° C. to about 450° C., and a pressure in the range of about 1 bar to 30 bar,
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determ ning the selectivity of the oliginerization

reaction to various higher nolecular weight Iiquid
hydrocarbon products. It is preferred to operate

sewirl fixed doest omny&talhaet@upmcasmcata/\palalyst,t beeferaiiye a zeolite
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5% b?ntﬂ@él%gd tgi'{t\)&rﬁ tﬁ@ SihfnA ftc‘! 'sr H2yCBE used in the
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products. e case 0
rmndru@aotmrzamas ik berevideriSMt & sklﬂed |art'»sarat & yhds reactor, the
ons occu such that the C

g Eat o8B, Sl BR8P & BURRG SloPisher molecuiar

SWeRh E&@@aﬁf&@ﬁdd@%ts &hd 'aﬂ@ih@ﬁél ﬁ\,ﬂjrbsfmﬁkaédﬂ 9&por.
approac i ng about 300 C, nethyl briom de conversion

i ncr edties temp@rmr@@%)mlcbrmet%coMOMr 284 eigtaparbied is an
towar ds C5+ products decreases and selectivity towards

Iﬁ“@ﬂﬁ"@”tp%f&"a@@f ipadeterminingy g ReIeGtMY e OhelhgaRégimerization
037 5 BN B i |y IR oS, 1
apnmferm it gpetatatse¢b0d Ceaaton@sy aimrmmperatonwwrthunomedange of
rehpr RS ot ROSBou bUEBEE Prera Nk Bicrangssof about
as{@q%owgboef 4bbe g. e%?ﬁﬁ-'éi‘anff‘e§ EBble %Bgidn'ﬂtso@ﬁ .3hAB second
W I'd up on the catal'yst over ti urin

ormcinn resylt anauso;regsad déelts rof light hadmomboraﬁ;tsmnht §s ondesirable
ar e of everal. hundred hour endi n
0

R dUasiRan 1obRETETOR IR FRtPyayIh SO AV molecular

| Welgfht bgld'r@é’eﬁﬁoh hetodbt@her Atapet loan eh@”@letﬁ?é WsiBPemtare range,
about C. favor the formati on of carbon and hence

r enedhvd forermiga reasting rovsr 43Md-Tzeelit At temperaivers §s low as about
oRSE. Bhypob Fad PUE B eh i TR B @8 is ot
caith g high E@Ile)ttl‘tllty td\ﬁarﬁsomgie@rmcmas of Nigablypin time echse of alkyl
WG HoE NEACHGEOBH ABDLEIAISTER: £oH-BnatRITa opaENsLp Gyolization
RRBAST BEAR! Bubh g #R€9e,0f rabiHs 3H8dlced OcéRa a high
percentage of substituted aromatics. At increasing temperatures approaching
about 300° C., methyl bromide conversion increases towards 90% or greater,
however selectivity towards Cs+ products decreases and selectivity towards
lighter products, particularly undesirable methane, increases. Surprisingly,
very little ethane or C,-C,4 olefin compounds are produced. At temperatures
approaching about 450° C. almost complete conversion of methyl bromide to
methane occurs. In the optimum temperature range of about 300° C. to
about 400° C., as a byproduct of the reaction, a small amount of carbon will
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400 C, in the second reactor 234 bal ance i ncreased
selectivity towards the desired products and | ower

WO 2106404889 deact i vati on due to carbon formati onPCHYS2005012655

hi gher conversion per pass, which mnimzes the
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reversible in a tenperature range of |ess than about

semtes] froperepsteiPIfeviallingxe thdudng the @agpeTALaMRBYIId-zed

e A
YPproducts and hydrobromlc acid is W|thdrawn from the second reactor 234 via
line 235 and cooled 1o a temperature in the range of about 100° C. to about
600° C. in exchanger 236. As illustrated in FIG. 9A, the cooled effluent is
transported via lines 235 and 241 with valve 238 in the opened position and
valves 239 and 243 in the closed position and introduced into a vessel or
reactor 240 containing a bed 298 of a solid phase metal oxide. The metal of
the metal oxide is selected form magnesium (Mg), calcium (Ca), vanadium
(V), chromium (Cr), manganese (Mn), iron (Fe), cobait (Co), nickel (Ni),

copper (Cu), zinc (Sn), or tin (Sn). The metal is selected for the impact of its
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manuf actured by Davi son Catal ysts of Col unbi a,
Maryl and. I n reactor 240, hydrobromc acid is reacted

wowaok/ 104589 met al oxi de at tenperatures bel ow 60BCTZUSENE 012655

preferably between 300 C. to 450 C. in accordance with
the foll ow ng general formul a wherein Mrepresents the
- MBr2 + H20 The steamresulting from

Ahy@icas 2pe tbﬁrm@dm%@wppealersdgatwertOM@rdetalf@dripmperature of
@e‘?&%rﬂraﬁa’ %f o Fgfbgergf h'l?enlt %ozﬁéa% u&ﬁa@t@dar?d cost.

via opene exc anger
tFI’referabtyurmaglsemmmll exbpper aartcbnrpar atenemployemeasr ttmgmeial with

t Q t 70 | ed
TBRdBs Hul beiRadng Mod drolstt oThass pietdisiave iesproperty of not
arly WakIng oXMdshBuf astoftideadhiisTAg %Tlerwdhs tﬁ@%actlons being

rermved fromthe dehydrator 250 via |Ine
oreve@ltdasn St tegnaraiiie sange gf less ﬂhagfahouir@log&ﬂ arT he solid metal

S8 YR8 BBRAEAE i S LMA BB S, o
aés(a@hq@er%d Whemwaﬁrdrbbrodehesi%et fEaml | g Eﬁivﬁ:alt' Gthbe 57,
product in |1ne 25 conventional nethod o

deapdiestured bam@amsquu @ayd&@mr@olgmﬁ,awawn@ Hadeactor 240,

d’gﬁ%’%'%?@? %ﬁcon@&%@b ({ Wgh%@q{)%‘ ,9% %g%ﬁgp#eg'ﬁturg? below 600°

oCrand ptefombpberwsernB0d C. tas505€dint acqurdarss withtthe &bllowing
gas or refi neréegas streans, as known to a skilled

Aanesakformyla W @ﬁ%mewmsﬁlae MmAiRkment ati on of this
i nvention. The reSélgg or.._eif nt .from product
recovery unit 252 pI it i 23 ge stream

2 e|

2B S TRk o téfsdva?a%“ﬁ“ SR EIRERRE AR o ion
Qﬂmvcamdiyc%@arbiﬁh qomdamcsl |e|d||rte89|44u ai svapbr18i e fwey@dl valve
from conpressor 258 is split intgo two fractl ons.

#1510 NPRLEXQIANORAE20 VBRI the MUl keoded 1 érigemparature in
ftﬂgdraﬁgé q\f%lb‘bmf‘ 0P €. kb bR 702 E.V Tid EHGied GRixt dﬁ@ﬂ?'f@ﬁ@arded to

brom ne and feed gas conveye I'Tne
Zd’é’nynindtopmm tembmtsebsiamhgkby afl2gaieh érarn rthe rgad stqaam The

b d f f
S fe than FBeued i de dEhyeOs B0 e IREATL, ThE: dfd gas
' ﬁr@drﬁ%np{lﬁmb'tﬁ@ hidier thélebliB® EydirbSarbed Lﬂréél%%s by further

contr ol at a rate sufficient to dilute
ghragsedoviantinge %dnmeptoomct asacm\teryeau‘t 8622®4r®®deal§2aoalbd C4 as

LS haatrpé@fpg{rﬁg ﬁg tgglé I@CEB%@;S? %ﬁl&cﬂ{'%ﬁé'gtiécftuipeﬁne 254. Any

Pédﬁv%hﬁl@hdl iethdte of JRBgdritionPantl 13RsCredoveapguth 430 solid-bed
in order to optimzé conversion vs. selectivity and

tc&esﬁlqanh adsaqrption dolowed by, for example, refrigerated condensation,
cryogenic expansion, or circulating absorption oil, as used to process natural
gas or refinery gas streams, as known to a skilled artisan, may be employed
in the implementation of this invention. The residual vapor effluent from
product recovery unit 252 is then split into a purge stream 257 that may be
utilized as fuel for the process and a recycled residual vapor which is
compressed via compressor 258. The recycled residual vapor discharged
from compressor 258 is split into two fractions. A first fraction that is equal to
at least 1.5 times the feed gas volume is transported via line 262, combined

with the liquid bromine and feed gas conveyed in line 225 and passed to heat
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catal yst deactivation due to the deposition of carbon.
Thus, the dilution provided by the recycl ed vapor

webdosuewns pernmts selectivity of brom nation iPCT/082005/012655

first reactor 230 to be controlled in addition to

rmderati ng the tenperature in second reactor 234.

Q(y en enriched air or air 2 10 is delivered.
BnaWerZ r Whengin etheo Hquid3beamiaepiseygperzec angefed into first

ﬁ%@%‘aoafﬂ?#gné‘ﬁ@éiﬁ% 5808 pFr o o SpEaRY eaibhunicn s
afavangtling 282 vid@ingi2630l RIvegalatge byedtntion edlvel 26(rat a rate
air_is preheated to a tenperature in the range of
aniiigieniole diluteshg il bsomide copcenteationniy Kﬁﬁg@ 2%t and absorb

rtﬁéclt\é’%t aﬁﬁgéeﬁﬁg;"sﬁ'cﬂgth%t %Qct%?g%]ﬁ i& rﬁalrit? nEBa§F the selected

metal Dbrom en reacts wth the ne

mnmaM@npettdhu@préfekdbjwmmegmmgead)f aleaLt t3001 @\herahcmt 400°

%repr%sentst he netal : (% MO+ Br2.ln this
nifePraes tar%Pt"%'é%s‘iOé‘N?T%@” Q’SHB‘?‘GP iy BRQ e fainimps: thesrate of

Rfa%nygre@ebeﬁ\ga&% BuEMd fRione efl é(??@oﬁubfrﬁgg,eme dilution
sepa ation o wat er or hydro romc aci romt

| prquideédblpy itfe eecyRaed tvapop £6fluent qeermatiseskeibetivity beramination in
ARE TR BBl IR e B SRRL BRI B iRt RPborature

rifaekond #88ctyt a34i ne 247, valve 248 and line 242 to
heat exchanger or condenser 221 where the bromne is

conden@gryggamt oxyyer @aridhed ha=1r Idrqauirdztﬁ dgridedivered via blower or
transported via line 242 t arator 222 i

CIPIPBPE AT G PrSFHIBIN e ATs OB, A PIORY L aPpU 10 bar
gaoljobﬂﬁe%?a'shﬁgggﬁaﬁm@’?q%%(/ %62 %r&%ﬁ?ﬁ%@@?ﬁl@énger 215,

any suit & neans suc y pu
rwlsemurabxyxgen omxyganeadeangmalr s pranespend ted #etmerature in
rom ne scrubbi

A Ve
356 Ta808 rof 205y B b Ald heP - Beheeitd ViR & Poadtor 246
Sétsrftaahtrﬁ% é@eﬂ%g oPé sod ke nsetal Brafirie! eRygererad® with the

as sel by a skilled artisan, V\herelntherermlnlng
bnetsl r’mfomid@ aptagcetianteewtapherfeliowingngereral rerdionbwherein M

fromt ng sol vent or adsorbant by heating or
rteﬁéqsegﬁg,frﬁﬁ%? ans and the thus recovered brom ne
transported via I|n 1 line 2 L scrubbed air
or oxygen is vented \1/3?4_2”2?1)@ 229. @th@g manner ,

Nint §1RESRaAREr, aﬁyd%hs%ibsﬁécm%‘l Y Bal ftee KB r@@Qﬁdp‘éﬁ? is produced
conponents are re fromthe systemof the present

i theeshy oelininatingetiedyneed [fer Mubsequent esgparatioe of water or
thJroB%nQI%ngc%tfa W iR liguid bromine. Reactor 246 is operated below
600° C., and more preferably between about 300° C. to about 500° C. The
resultant bromine vapor is transported from reactor 246 via line 247, valve
248 and line 242 to heat exchanger or condenser 221 where the bromine is
condensed into a liquid. The liquid bromine is transported via line 242 to
separator 222 wherein liquid bromine is removed via line 225 and transported
via line 225 to heat exchanger 226 and first reactor 230 by any suitable
means, such as by pump 224. The residual air or unreacted oxygen is
transported from separator 222 via line 227 to a bromine scrubbing unit 223,
such as venturi scrubbing system containing a suitable solvent, or suitable

solid adsorbant medium, as selected by a skilled artisan, wherein the
29
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portion of the process; also |loss of bromne to the
surroundi ng environnment is avoi ded. One advant age of

WO eovwnd4sg9 t he HBr by chemical reaction in accoPdBOS®05/012655

with this enbodi nent, rather than by sinple physical
solubility, is the substantially conpl ete scavengi ng

of the HBr to low | evels at higher process

tremgétag bremineaisocapirell. s fihectapidesghbieinesistdasorbed from the

SRR sRl Pk o clorbb b AR B GreE R BfgRSYand the

whlis requvesss beoidineGrarsdporienl vig liné 2riestodinal 248, 0The&crubbed air
fromthe water phase. Reactors 240 and 246 nay be

P ePHIED iSnV%n‘f@?cV!ac“rfea@RBonln Adisi mapeer. ikageR andsany other
%bsﬁﬂlltl‘é\ﬁ? nopcredittve 1o cgm‘?r% & %@Md@/eghﬁor‘ﬁpﬁ'ﬂeh gpdem of the

permt” hydrobrom c a be renove rom-t
qfré‘aerdmnvtelmat)m andi therebynnétr parmnitkeds doordtare #ue onydrocarbon-

oatBoBrtPn”5F e GRgeN il APRBLIFORING 9 gBR Sarounding

férR/Wohﬁ'feWiH“a\Fcﬂéééor 246 to oxidize the solid netal

brom de contai ned therein. Once significant conversion

of theQn@t ativantiade aid remibeingbribei B rby eatedralcal 2ddhction in
and 246, respectively, has occurred, these valves are

@@@éiﬁncmwmﬂysmh@dlrr@m rather; thap dycsigiole physisah seluhility, is

reac%@ﬁ@"@swmg&’ltt Rt %r@ ?fn(}ﬂ = HE tbilog\gﬁe\aéé i higher

Ipbrbuessr mrmbraturébGArirﬁHer dstivelsa@dntagel iée elimirtdtien of water
ene 0 permt oxy gen enr.ich air or air to,
firstl e ewwnfaea%mveq&heﬁe@%%rram%ne s Bepdl fog cagoartion of

P3esidd Y

e G\, A TP o o

hughephasdzecul ar wei ght hydrocarbon products and

hydrobrom c acid that is withdrawmm fromthe second

r eact o?ea@ar& @4Pe andt PdAuREN bateperaird dp 24eyclightashion. As

0 [
BG5S BRL s 224 P ZTBRLptit0 B B8 HheAThoce o
rl@eimtohydr%ﬁomrumeléoto beseetdvedefrom tizs effuantriadt & avithdrawn
then the reactors are cycl ed back tothe flow schemati

.frcprustheaﬁe@@ndrfeaptgr 230y l@pgﬁWﬁg 4apd o%ﬁgnar%gpe@éeg in the
a(ﬁ)é” ?P(é é*rrﬁf:léﬁrs o egm‘?&ﬁ’ébe'élﬂ Br %Xg%ﬁeﬂ) ﬂéw through

e OXl Zln gastréns invia |l ne
rreactonr 24 itogoxidize the calidi mtalhbrmdedcmmecbrthfmede Once

R AR BRI Y che: TR e AN BIRLETOBIE n Peactors 240
and 246, respectively, has occurred, these valves are closed. At this point,
bed 299 in reactor 246 is a bed of substantially solid metal bromide, while bed
298 in reactor 240 is substantially solid metal oxide. As illustrated in FIG.
10A, valves 245 and 243 are then opened to permit oxygen, oxygen enriched
air or air to flow through reactor 240 to oxidize the solid metal bromide
contained therein, while valves 239 and 217 are opened to permit effluent
which comprises the higher molecular weight hydrocarbon products and
hydrobfomic acid that is withdrawn from the second reactor 234 to be
introduced into reactor 246. The reactors are operated in this manner until
significant conversion of the metal oxide and metal bromide in reactors 246

and 240, respectively, has occurred and then the reactors are cycled back to
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and 10A can be nodified such that the brom ne vapor
produced fromeither reactor 246 (FIG 9B) or 240

WO B0S104688) is transported via |ines 242 and 2P6T/US2005/012655

directly to first reactor 230. Since oxygen is
reactive and will not build up in the system the need
to condense the brom ne vapor to a liquid to renove

dhe oy isghemeitip dhestraiedsinchlGas9Ai by ogening andwlesing valves as
Saa)rgpiroggslodi &;ﬁ% ids not illustrated in FIGS. 9B and 10B
S “subs an§| ary

y all commercial sources of oxygen,

Sy geon BRIk o8 BRS6240iny Bl byt dine 21o
dorihe esacior beBgawmdddohexidize lthe sdlid metahbreveids wointained therein,

fhe ihGufiolot IneSioBéss Shing PrassbiinvertioRibisiAle it Fies. 9
Frfd 18A%sart be raedfieafsuzpl hdt ik Broiriedfapsy picduesdarsh either

solid netal brom de particles contained in reactors
28ecion 40467 1Gr 88) ext340(RIG. 408)fis diagispeded vin nes 242 and 225

AR U SRR BRGS0 ShatE et Bl MALAS, Bfa v in

rhevéydterhpthee aebdnientondaite w2 WRINAE, vaporabaadiguid @vremove
direction to and from each reactor. I n accordance wth

tUnreagiisoermeaRentsheUEt As ndrrgakhiie ALY | Semprassor 213 is not
ﬂg%ig{;ea%e%s” 9@%&&“1@/ g\"%g&féég%ﬁ@go&lv %bﬁwdﬁaftial sources of

romc acidrs wt second react or

Ztséygg'na sughgéasésmomgrml aig gepcammneualt,ﬁwﬂl pmvizds}aeor(ygméeto line
of about .C. to about . i n exchanger 6, and..
iéﬂq 8&@&%6&?‘#{{‘%9 PHRESHER dﬁf‘@% 3 ERRIHESIA (2 [shiCeHId be utilized to

i@eSuch PSSO Wil Bl Ieliderl 8 aBKIRE BAL4H.C] €5 The

flow of this introduced Tl nduces the particles in

bed 298 the drabediHdM A e Wrésert ineaRtiow illddPae G, 11A, the
hydrobromi c acid is reacted with the netal oxide in

thrdseienlid metal exicie prrticlesang selidimetad peemideopaticesgontained
BTS20 286 TpoBRErBE AP BB o REHELER im e

ahbhhél eestrised tedw stap pesvide Uer teontinaoas bsgeratioml dfythe beds
conpl ete reaction of the solid nmetal oxide with

HyEh B 68 e ite Rravideaior RAURIMeRH SURN: A%iNalfesyita change flow

‘gfgré{c&iﬁﬁ tﬁyﬁd)f}ngéa&ﬁ 'F%ictSPnYr? %b&@%cmﬂ?pﬁé en%oéjiment, the

gas separation, ow by gravity down ['ine
agfluantewhithr colmpeses the highesr molexutaot weighb hydhecaredn products

2 B SR B A SRR H S S pind 535585 4y e 205
SBdIsded #témperaiite i # kandte b WBbat 1908 G RMBbor 500° C. in

conpr essor 2 a pressure in the range of about _
asvtohanget 836pand irtitochtned intatispbotien afirgation&4@1which contains

AR Aol Gt o i RS pxitie PartiéfeR! ©'rhe fisly YRR ntroduced fuid
induces the particles in bed 298 to move upwardly within reactor 240 as the
hydrobromic acid is reacted with the metal oxide in the manner as described
above with respect to FIG. 9A. At or near the top of the bed 298, the particles
which contain substantially solid metal bromide on the atirition-resistant
support due to the substantially complete reaction of the solid metal oxide with
hydrobromic acid in reactor 240 are withdrawn via a weir or cyclone or other
conventional means of solid/gas separation, flow by gravity down line 259 and

are introduced at or near the bottom of the bed 299 of solid metal bromide
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air is preheated to a tenperature in the range of
about 100 C. to about 500 C. and introduced into

w@emsnadiesessel or reactor 246 bel ow bed 299 of pex/sstons012655

phase nmetal brom de. Oxygen reacts with the netal
brom de in the manner descri bed above with respect to

FIG, 9A to produce a dry, substantially HBr free
b?%ﬁ?'ﬁé 'Oa(ﬁépmrﬁf’@ f Ipihe embadiment Hbl@ﬁatqsi a5l nliteoxygen,

ﬁrérﬁ:’g‘%’a élPoPecﬁr 398 id Qel \}e‘?gﬂ \‘/i%i"ﬁfo%éf OWCEOWI&GSSOI’ 213 ata

gen is reacte
mressuir@ mﬁmeorangeamf abbeuit ampbigit b @bloat! 12%ar, tiamsported via line

214k Mbek Bxshani s b B Mot Be pcéey%‘é%h‘ééﬁeéwa'@n@ched air or
Sailaﬁ axf@He@ltéd/ t¢ QTR RlefatlFd il tHR e et Seaslil 13)0‘“% %) about 500°

brom de with oxygen in reactor 8% e W thdrawn Vi
viei andintegdilasddntsr seednet vessel enréactat Z%wmovwfoed 299 of a solid

i AR R v ialls BB i wEfhrotide Bidhe manner

%whe&@b@@ﬁtmregm&(ﬂtopﬁ\l(} IQ‘A% ProdiicRat @y, gésstahﬂauy HBr
thls manner, reactors 240 and 246 can be opefated

cé@@ |bﬁ<emlﬂﬁ yaR@' hdlhe dom ejithig lt‘\H@dm@daﬂ@S dnducsss the particles in

oxygen | S u{) ﬁaﬁ%ﬂy’%ﬁ&?ﬁl Zi %’5 %%?;(ngn Eé%a&t%@ with the

tmeted ootndde.i AL vr aehr tiee LT the edhober th%4|§art|cles which contain
Accor di nqlly, t he enbodj nent of the process of th

prulRsiaRtiglyeelid Bietal pxisier an e attitian-resistant SHﬁBD'ﬁu@éﬁ to the
Sé{ﬂf’stérliﬁ‘éll @'HBTQ‘P@ r%ﬁcﬁ&? lﬁﬁ'éogHﬁ;tggné{aPrBr{)ﬁﬁ&% % ygen in

IS transp via l'1nes 2 an di'rec
rreactar24B3are Githdevoxyigea weir oeagdlone onruthev d:d)nvmuonal means

cHTATAESRs e etioth Iy @re iy Me0 Infrdteang aie troduoed at o
Cr‘i’éﬁ’r"cﬂ@ Hotton? BEtheASed'268 B¢ §8I1d hﬁat&lkbﬂlé’é Eggic@é"riﬁrr%?f%gj’r 240. In

Is not illustrated in 1B as stantia
athis oeannercirefctosu 240s and %@@@n be ueperatech cootineous!yl without

et LRt Poraliibiadlore Bty oF °% Sompr cssor 215
coul 9 R LRkt ARAEKS BFIGPHATE 8RR, ¥ Uil as the

evi dent artirsan. I n accordan

acmullz&’rg gabwdmerttanﬁpoweel iprvigdine 210 ttdneemtesenﬁ Accordingly,
ventjon that is illustrated in

rRRaesisent of the Ricessathithe p&%ﬁfﬁﬂ@\r%ﬁlogt'ﬁ@%%'ﬂéﬁ i FIG. 1A
Eeﬁﬂkﬁﬁ’ed s hS Hhst fY 'tﬁb}rﬁcir | VAR pft ug fr?m reactor 246 s
es ed in detail wt

osecorrespondi ng stages crib
r%arp&pﬂrtetdowélh@es MZeembE% ahredily; taufirst dednib0RAB0.REMauaXygen is

Seicfe SAUIER o Bull T o 8o 0 B RS romine
26t valid@id36P remove unreactive components, such as nitrogen, is
obviated. Compressor 213 is not illustrated in FIG. 11B as substantially all
commercial sources of oxygen, such as a commercial 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 accordance with another embodiment of the process of the present
invention that is illustrated in FIG. 12, the alkyl bromination and alkyl bromide

conversion stages are operated in a substantially similar manner to those
32



to heat exchanger or condenser 221 wherein the
brom ne-containing gas is cooled to a tenperature in
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brom ne-contai ning vapor is then transported via |ine
242 to vessel or reactor 320 containing a bed 322 of a
solid Eha e nmetal brom de in a reduced val ence state.

TRETREPNCIBY Stt%ewfeapntkﬁ%m @i@talhwahrr@@@@@utwﬂ@neé\ except as
S bificBisb&d %%} ; . e rre @ﬁuéncg b dﬁﬂﬂ %Poroéman:f\tlng from

nol ybdenum
ofeacter p4§ 4$ trahsporded hizr irrmjgma,nva:lve 24@eand éne rzalzaamd/ealve 300

o B8t A5, RARGIE hi PEISH R Bhind pdiho ces i
Pegbrual) tefRRRAIIT 'tﬁé”ﬂaﬁg?@ o?faﬂogﬁ(%@ a8, cfagaﬁtt §b9° C. The
eferre he so

W th copper being the nost
b P& G- ¢@1tpmmgavamryls|thﬁn Ebﬂamspeded nnaahseﬂ%tﬂoevessel or reactor

a‘h%%p {;l glr{ﬁj % gae ggapgfo aDgghcgé}h%é%gﬁbe?g@b? M2 4 reduced

rmalehaetsnal@d e [Pastab ontHeatHrdnfifle @9 laurddiuded valence state is
| and. I n reactor 320, brom ne vapor is reacted

glectack fromn icoppradEuUNeiran (Febnpaénolgbeerurab(Mo). The metal is

t .
S8 5 A S G A B e
atmthe @6sitzd tmpbmimewﬂoﬁ‘eraltlonaanoral@cmm potehtiaihenvironmental
foII neral fornul #erel n represents the
mefd| eé\'tﬂ itRRsts s Gost o F?@YSCW&H oD areseplfyed as the
”ﬁ{eﬁél Bl dppet beeln%"rﬁ(fgrrﬂb“ét éfBrré Cﬁ'ﬂé SRy Mlétéfebromlde is

résultant” vapor a|n|n resl air or ox
i preferat:éyhmrrmlmhzedomma Kadbla atthhmrer&étanmljppoﬂmrmxdmple a
line, 318. The ream cont ai r | ecul
WGBTS RGO AR o SR s BaiPel Sfi8Ger Beq riptitactured by
(Daﬂ}%o% @éialy?eﬂg o’=l G(ﬂeﬁfﬂl&%gﬂﬁaﬁﬂ r Qﬁ%abﬁ)rtﬂzﬁ‘aﬁSHﬁéj vapor is

or conveye via |line 26 heat exchanger
cjed witfy hensolis m@eememl hromide epr@&rablyr ketainedian a suitable

r?ﬁ%ﬁﬁ%ﬁ%%ﬁ* 0Bt 1B 3YireB Hinton A3 B0 & B pyeterably

abbtebeh bboof 30°s0l itd FwAe20Et @. br asdsiBahte alith the following
oxi di zed val ence st ate. The nmetal of the netal brom de

i gepprabforgiuia wheseiaride regnrgsgﬂtsgh@,@p%ta{ ed from copper
(Cu), iron (Fe), or ) (M he netal is
selected for the i é/ @s—p‘ﬁyé?\/&érn%nd

IR e oo B P | 8?9%@%8%%%%%@@ 5 ERIF . 2WBror, i

emaor@rnaeot Whn@rtdehl%%htténtl vap@rt goaRhing stesidtiefar P! dxygen is
per or iron are enp as the nmetal , with copper

bé@W@dth@n ¥88¢iop 8P &ia l#%ﬁ 32111evad\é$ B336nddinesd i de i n

an oxi q‘héegdassét?égmicson alnlfng Iowe¥ molecular weight alkanes, comprised
of mixture of a feed gas (line 211) and a recycled gas stream, is transported
or conveyed via line 262, heat exchanger 352, wherein the gas stream is
preheated to a temperature in the range of about 150° C. to about 600° C,
valve 304 and line 302 to a second vessel or reactor 310 containing a bed
312 of a solid phase metal bromide in an oxidized valence state. The metal of
the metal bromide in an oxidized valence state is selected from copper (Cu),
iron (Fe), or molybdenum (Mo). The metal is selected for the impact of its

physical and thermodynamic properties relative to the desired temperature of
33
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Col unmbi a, Maryl and. The tenperature of the gas stream

is fromabout 150 C. to about 600 C, and preferably

from about 0 C_ to about 450 C. In second reactor
39PLTaliRR ?eér;ﬁé%mrrréoterﬂ'@lh%n\gﬁmr@@mtabamﬂ Haltl impacts and cost.

oxf‘ﬁmz’%ﬁl‘? Fgﬁggﬂgtdg} g@%ﬁy@% a? rtﬁg]rﬁgﬁa'l,'\y@? copper being the
vinost paiai&rmdsoﬂ'hd sudidainelalopniotiside nnaam exidizst statbesi preferably

accorgﬁl with t, fohl .OW ng eneral fornula wherein
Mg s & $1d riligip &Syl Ts?@lt SHRPOHr & W@malsoa synthetic

| ok SRS IHiIRG, \yublli‘ é@eDQﬁéaﬁtGI%ﬁ‘:f@ gs‘?gt ﬁgﬂ%&tur‘é\‘]’eby Davison

nmol ecul ar wei ght al kanes via |Ines val
1Gatalysis Qfsﬁplum@ﬁ Matytandy eH‘hezerrmerature of b ggs stream is from

[ PIA nat | actor 230 o
-ahes 1565 6" 1R A ald R Hd BrERRER LB hiabout 200° C. 1o
fastutons50AT.i In wetomd edattor F410, the tetapdatRB4of the gas stream
o erated in the open node to permt t he gas stream

raliaH @@Cpmmseﬁﬁh@wllarpha@egnetailbra 1rbaneoxudlzed valence

GRS i AR SEAEARD 4, PO B A oo
sstatain actdrdanoceiwith Merforlowm@t?en?ergemrrﬂﬂ@Whelﬂelhemét@mresents

3.10 to be transported to al kyl brom nation reactor
28% Mefalewi se, val ve 306 is operat ed |n t he open node

to permt brom ne v?gféfro aé\%% to be
transported to reac 820, whi | PvePR26 is
oRSSREHA O PETHER 16 S b s e ggpraiming

clomezrmabletulsr Weight alitanes viglings I31anizde, aaleoxi dil#ed330, heat
netal bronide in reactors 320 and 310 respectlvel

t BX¢hanges .2.259%&5&@ REINgxintPdeeed o ra@%@écaﬂmaapegea@tgr 230.
oo el 10 20, . 35 Pk S oon. s
bmds@éte‘éiulhsll:@t1@|\Pa{véf%ba| lsbd;%ﬂa%ﬁ i1 opsh $hé8E to permit the
state, while bed 312 in reactor 10 is substantiall

n@as Bireavnsardainnglomes mgc@aamlgm@lkana%tprm wansported to the

R e g e, Javg 4T b AR 4T BPBREAigdE e pormic

sthis yascstrd@nnivitly brokie Vaper whatr |s\l\ge|§é\ﬁat@d knresctop 31® to be
transported or conveyed vialines 26 heat exchan

anspgitakimalykbromiaalion seardak a0+ é—'@"l"ﬁﬁg\éalw Sggdgtoperated
500 gt B3R e SABcR o 910088516 b wancoorod
et adadion@20e whileawvatvel @edeis opebeate@ in the open mode to permit
residual air or oxygen to be vented from reactor 320. Once significant
conversion of the reduced metal bromide and oxidized metal bromide in
reactors 320 and 310, respectively, to the corresponding oxidized and
reduced states has occurred, these valves are closed as illustrated in FIG. 13.
At this point, bed 322 in reactor 320 is a bed of substantially metal bromide in
an oxidized state, while bed 312 in reactor 310 is substantially metal bromide
in a reduced state. As illustrated in FIG. 13, valves 304, 317, 306 and 326
are closed, and then valves 308 and 332 are opened to permit the gas stream

containing lower molecular weight alkanes to be transported or conveyed via
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state to yield el enmental brom ne vapor and a solid
metal bromde in a reduced state. Valve 332 is al so

wop@sadiesd permt the resultant brom ne vapor POI/D82005/012655
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transported with the gas stream containing | ower
nDIecuIar wei ght al kanes via |ines 324 and 330 and

at e g r 226 prior to being introduced into
éﬁg heatishanber 852, W@remrg%ﬁjaﬁr@amds Reated ig@orange of
[ ot 00 f
régé'?ﬁ?g O 1B o0t L WEEFREE, SHETR) gl K Ractor 320 1o

emwgrda@mpoﬂmtheeacﬁd) phadé mbial dromideeirsahi @(l(ﬂlh&d &valence

rom d in . a reduced val ence state reac
bﬁ{ﬂ%? 1RVER glea tﬁbféromg?aﬁa@%aa%aq%ol&mgtﬁitrgm In'a reduced
bsefd de\/aN/é‘ e INETT opléﬁéé{ Qoﬁrﬁnsth%pt%% HahChRFh dlﬂbtvapor to be
the resulting gas, st ant |aI devol
btransm@’recb\nmg the rmsdﬁtmam bontasmlsg MNanmloBac]J&r deght alkanes via

% P aRioCr ST b gy oBe'alidhy B Rl tpindi b o ally

oktathitagonabattob2e0l da AdHiliGRGINGS 3@@% %@n%@% permit. bromine
respectively, to the correspondi ng oxidi zed

r ¥apRle @MANALSY HiaR Eradier @46aiw mhﬁanswecta/dﬁ dme 242 through
t C I in F

}Zﬁﬁél%cg%?%1 fitd E‘Ea tég:ﬁgg) \\'A}QE@ ‘ilaé érg:ﬂé\ﬁh%? r;r)e?al BrSmide in a

dreducesievhalehce BMeerehow withtbromihdeo mfmﬁvéIZI fBRNbr@fine as a

|IIustrate8 iq FIG 14, the beds 3 12 and 3

cBigtal omide. (laaddiion, 3eive 3d 638 panegpieckermit $he gesuilting gas,

[ Wt ReSIBENRAIG, VT of Hlolihd REDEARRELD I8P leO 84 and 318,
bel ow to provide’for continuous operation o

wilheawactdie areeapearatgor bvitde rhannequniinsighificantcbomgersion of the

BeAE 31 8P A5 B 65 PS50 AL BECR rescrs o1
béﬁfﬁm O8N t ﬁe‘ﬁbﬁ’@@ éﬁ‘@inprcﬁ{ﬂ&@@ arn%al%‘d%eads@ates has
via liné 242 1s ¢oo to a tenperature 1 n the rang

opceeed 3w dhen otrmbasaacteosa ate cvicledchadgdpstiﬁ?dlcamdschematlc

G T TR RN R S p—
bart ol on i N {1 SpbBitentiifel et hioR MG in Fic. 14

32e beds Id 2bramuil 822 \captdined i eeadtors 84 0 faridh820, erbsﬁedtuvely, are

bronm de entering the bottom of bed 322 in
ﬁﬁwﬁ&edagnee%r@r P‘HH&PQS%%\}% thet 'Waﬂé%é’@tsci'%eqtltﬁlo‘dzto pfovide for
0] h t [
cbomfiftious’ Gotiaflof qf e ek, witfout 8, REEd I pFSVIUE G equipment,
astichi tasovatvesi sioaolnamgmpfhnw ditgetion tmanslutrstraraacal r@actor In
conpl ete reaction of the re%uced net al bra
RS aRe8 J hR o Bhebferts ot marlaing: aaifiagrawn from

CH ARG 2&6 'VF%I In‘i‘é’?ﬁ@%'c@@%d f@aﬁénﬁeréﬂké GH &R range of about
separ ati on, 8/ gravity down |ine
i

30° C. to about 300° n exchangers 370 and 372, and introduced into the
bottom of reactor 320 which contains a moving solid bed 322 in a fluidized

state. The flow of this introduced fluid induces the patrticles in bed 322 to flow

upwardly within reactor 320 as the bromine vapor is reacted with the reduced

metal bromide entering the bottom of bed 322 in the manner as described

above with respect to FIG. 12. At or near the top of the bed 322, the patrticles

which contain substantially oxidized metal bromide on the attrition-resistant

support due to the substantially complete reaction of the reduced metal
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359 and are introduced at or near the bottom of the
bed 312 in reactor 310. In the enbodinent illustrated

WO 2005h1@6844, the gas stream containing | ower nRCETSL085/012655
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wei ght al kanes, conprised of m xture of a feed gas
(line 2 1 1) and a recycled gas stream is transported
i ne 262 and heat excha tglger 352

oRETENEHRE tibBing Mkt o RsiIcaq &6 vRAGIVie 8o, cyclone
19 othert oraeatibndGHesns BPLoli géé’gﬁﬁﬁﬁ.\éﬂoﬂt ﬁoﬁlgrgfszér‘%ﬁ/lty down line

310. The heated gas streamt eco
s sbPANsharsenireducedbabai mear thedotiom df mdbemsaaa i rea<H0|eS1 0. In

55 BB B "5 0 T i o g o
brestedelal weight etkerre, sbdprised 't nhikRire oF atfeka b8 gas ane 211) and a

i ntroduced gas |nduces the particles in bed
f reGyclgehedas pirgpihi s Hrenspoited an casveyed ofa dinee®62 and heat

Lk 0
oI B B AP AR 0l g3 b 150
s th thaat i690P \C.r anld deidocudeddimetrahcler B1iode ToR h@@ted gas stream
trition-resistant support due to the substantially
&J?&f Y 4§COMRE e&é@sr&@. Rhase Metaldemyde in @napxdized valence
Wist e se8eMt nt%rﬂ“@' &t OF ne¥f 'tﬁ’é‘%oglrogf? el{) o 818&RL {;lggzg\%nemental

means of gas/solid separation an y gravit
| brem@ivapar and ac&dxhderdetm boomitdEain 4 medbiced siatef Thé¢low of this -

;i adihtiteshe maliCRs s hera odii bRwgIAN ithiA reactor
WfBﬂ b &) aitdbRibizedemBa HIBhflS |é’fhé?ﬁ\%1l9‘He%BmpH%%derF8? fear the

ﬁresent invention is | ess expensive than
cmﬂ/@iﬁtt erkgd grlgc & Farh@eslwhlobe@cmtalﬂ sibstantially reduced solid

PR Tark SO B Bt R, 8, Bty
abowipléte thermapdessipo§iten i reé@!“ortd‘IQ) Q?é‘? mﬁﬂh@lﬁé’\nnw a weir or

preferably about 20 C to about 1800 C. for the
| pm!paewag&erwwpaabme@a:@ﬁcgas/w@ gepatationhand flow by

DB AR R RS rRUCLRER , oh nlfft kit 26 BB Bea 022 of

rrpaeticm Ilmyrfeat:t?m 3t@ g&s thisasmarmed, pehotory 310nafd 320 can be
vessel s, i ng and ﬁunps for the Ii qui d phase. The
pPBeEied &b 'N@Ltﬁhé% ChBRgEW herparameters Greperation.

efficienp gﬁg@%’%ﬁ i et Sni &M &4 flé’é% expensive than

oper at i on UCtlon of excessiveé car
dcomvehilml pmmncmjlt loperatesct low pmsssures&ld thé’ In&nge of about

3%633 % %gmﬁ{ﬂj %ﬂl!téﬁe’tﬁ/e,l% Cﬁ\é?qdrﬁﬁgrggures in the range of about
mpbeca! f apBitbb0o PRI EAE %gds”pﬁéh% 'dlﬂyﬁféffr‘ébﬁﬁébé’uteﬁﬁm C. to

gas (LPG and notor gasoline fuel s range t
sabetiat80 aCaferheiligusbphase. The%eebpemtnggudandamswermut the use

| 8f feesgsé%ntsﬂ% 8&6 SH1 nY%furgla%vefy simple design that are constructed

from readily available metal alloys for the gas phase and polymer-lined
vessels, piping and pumps for the liquid phase. The process of the present
invention is also more efficient because less energy is required for operation
and the production of excessive carbon dioxide as an unwanted byproduct is
minimized. The process is capable of direcily producing a mixed hydrocarbon
product containing various molecular-weight components in the liquefied
petroleum gas (LPG) and motor gasoline fuels range that have substantial
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gasol i ne-range fuel conponents. While the foregoing

preferred enbodi nents of the invention have been
waleasnodsedd and shown, it is understood that theCT/US2005/012655

alternatives and nodifications, such as those

suggested and others, may be nmade thereto and fal

within.the scqpe of the ipvention.1l. A process for
CBIRBAG ApNiElcliptety |SoRilicaT infiPasiRginGs AEkuI value of the

C gaBYlirf-ihgefaacdd Eoﬁerqgseous feed having | ower

nol ecul ar wei ght al kanes hﬁth brom ne vapor to form

al kyl Wyitil des fergding RBfRrEd eathtim@hes 'oagiel Vehfibe have
aLk | brom des and hydrobromc acid in the presence of

a §§"mﬂ%$qr@eéir Poaphowe, di ai waderisioashttbat dhel ghernatives and

a : ReLa LG ' r I
5 SRR CsdE gthba Altinesfbe 3E' AbBASUnER £ Pl thereto
pand éalbwithindhaistope uif ¢eeinvention. bronmi ne vapor is
substantially dry, thereby avoiding the formation of
significant carbon dioxide along wth said al kyl
brom des. 3. The process of claim1l wherein said
gaseous feed is natural gas. 4. The process of claim3
wherein said natural gas is treated to renove
substantially all of the carbon di oxide and sul fur
conpounds therefromprior to reacting with said
brom ne vapor. 5. The process of claim1l wherein said
tenperature is fromabout 150 C. to about 400 C 6.
The process of claim5 wherein said tenperature is
fromabout 250 C. to about 350 C. 7. The process of
claim1 wherein said crystalline alunm no-silicate
catalyst is a zeolite catalyst. 8. The process of
claim7 wherein said zeolite catalyst is a ZSM5
zeolite catal yst and said hi gher nol ecul ar wei ght
hydr ocarbons contain a C7+ fraction that is conposed
primarily of substituted aromatics. 9. The process of
claim8 wherein said ZSM5 zeolite catalyst is
nodi fied wwth at | east one nodifying cation selected
from hydrogen and Group | A al kaline netals, or G oup
HA al kal i ne earth netals. 10. The process of claim?9
wherein said ZSM5 zeolite catalyst is nodified
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by ion exchange with at | east one cation selected from
hydr ogen, sodi um potassium cesium nmagnesium
w@alositossdr barium 11. The process of cl ai m 1P€T/U81065/012655
conprising: renoving said hydrobrom c acid vapor from
sai d hi gher nol ecul ar wei ght hydrocarbons by
1. NeUW Hroéédd 9or 'onvehPg WakBo éﬁﬂéﬁé’élstosﬂgﬂ‘ig! PYdrocarbons
containing reaction products obtal ned by oxidizing an
coaupiet@sol uti on containing a netal brom de salt, the

nmet [ I ] alt being selected from .
o, Tedtingl ' dusBolE reff ARG TByhr BRURREM WEDRTaaRES vitn
brampeessparfto ¢hmn alkyl bivehiees ahdi HydPoiiENtie a6RR@hdi S
produced by oxidizing an aqueous netal brom de salt
sol 1RAGHNI $3Hd aked Brompidesand hudrabromisnaeid iR e prrsenge of a
. . - | .
SYRERE oRfaiRgAdinine siice cefhiyoland i o BpBfaslis sdfcient to
forsahighley gmgbmmm ﬁ/eigtit gydmmard bdnand aydrdibrgimée acidhvapot.ar
wei ght rocag bons issolution . into water formn
2. py o D6 RIREESSE] A3 ) WheKFlR SBICORHOMBEMAPEBI SYRTIARRAINY,
OY RIARG 1R TR o OB H DAY ABfg guith said
alkyhbesoisieset al  broni de salt solution with oxygen, the
nmet of said tal ,brom de salt being selected from
3. G, T Pregeset i 1\k1eTell sqidignseoys Togd i abEl gasy
4. cl amhelpfeeESiot chaimds el saidCnaieval Y29 RS trésteteigoitiove
from sai d higher nolecul ar wei ght hydrocarbons by .
substentally abef fhe earhendtioxide @ndgsuilud conmavngsdberfrosapeor to
r ] [ | on bei ng vaporized and reacted
re%{ﬁ?qgﬁ’gg{"@l ﬁ%hﬁaé%ﬁéﬁd metal oxi de bei ng obtai ned by
5. oxi dihel racessref slairrowherein shid Rab&anae i9from BBOAUS50° C.
support, the nmetal of said netal brom de salt being
to 3bpulc4QQP €rom the group Cu, zn, Fe, Co, Ni, M, Ca or
M. _ ; re . , .
6.0, 1% e RSoREERT il Seb BseERuB T ol Al easoe o
o eabotiE33@Con a porous support, the netal of said netal
broi, de salt being selected fromthe group.Cu, . Zn, Fe,
7. Co. Te ProResst olgih Hguhatsin saig Grysialind Qumisqrsiipate catalyst
is éi"‘i%bﬁﬂerba'iéliygt hi gher nol ecul ar wei ght hydrocarbons
contains a'C3, C4 and C5+ fractions in adm xture with
8. excdde prosess af ki whieeip rsadtk geoliteradialysicisrgpZ684-fzeolite

catalyst and said higher molecular weight hydrocarbons contain a C7+ fraction

that is composed primarily of substituted aromatics.
9. The process of claim 8 wherein said ZSM-5 zeolite catalyst is modified
with at least one modifying cation selected from hydrogen and Group A
alkaline metals, or Group lIA alkaline earth metals.
10.  The process of claim 9 wherein said ZSM-5 zeolite catalyst is modified
by ion exchange with at least one cation selected from hydrogen, sodium,
potassium, cesium, magnesium, calcium or barium.
11.  The process of claim 1 further comprising:
removing said hydrobromic acid vapor from said higher
molecular weight hydrocarbons by neutralization reaction with an agueous
solution containing reaction products obtained by oxidizing an aqueous
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dehydrating sai d higher nol ecul ar wei ght hydrocarbons
to a dew point of about - 20 C. or less so as to
wo ewsuersssai d C5+ fractions as a liquid. 17. TPET/US2005/012655
process of claim 16 further conprising: mxing at
| east a portion of said C3 and C4 fractions with said
SdiifforPeSitaftily AMfeBRbMINEILR! B8 Metd! & Pid Hetdibrbhfide
step of reactihg over sald synfhetic crystalline
adalneing seléated ronaCal ¥t Fa.8Co ANpiviic,eCa of ddg bromigket i ng
gaseous | ower nol ecul ar wei ght al kanes to liquid
12hy dTheapluerss asfngiting | Inghereiac saidgbngiag edfsorf iseeroduced by
contai ning | ower nol ecul ar weight al kanes with brom ne
oxighang an adyprbalRplal remidR SaingCIHleR o Bico metaher gaid metal
oréfiRfd 4P siAl Sedtud nBRPELIZA, PEJCEY R h Ok Corfiigh ' N
the presencg of a synthetic crystalli'ne
13al ufhegrecess at damatidusther campdsimghi gher nol ecul ar

condRneVg 3k PHERHRBINn 4 PRt B PG e pleculer
wdi’gfjrﬂor%ﬁﬁoﬂérb%é“w diSsdititio fito GPATBF ‘f@r’rrﬂﬁ% r@@%bﬁ%] gl@id, said

sai d "hi gher nol écul ar wei ght hydrocar bons
hygrabrestc @cid |salutions being meutrabzea iyl meactioscydthi ag aqueous

so B8 Ry 4L ARel LB OO B fuBLf e
bré& I8 S&it Belution gy @kﬁérﬁ&h@ P of sdidlmefalBroRfdSs shRbeing
converting gaseous_al kanes to |iquid hydrocarbons

selestgst frammgu, Zeakcei Ge, Mi, v orior MBd havi ng | over

nol I ' nes. w b ' 1o, for :
oo PAR R o ol o onfishetn S, A RBinic g Papor is
remblgd flonorsaite hiighed rhyldcolar avaighiahydrocardons Iy eissoigionf into

a synthetic crystalline alun no-silicate catalyst, an% i
g E{E'Pﬁr eing

wader dofrBinge rydiPlyromje 1 Agide ngaifly QFQPfﬁF_H%e@C'ﬁ‘DISQ
vapgh%ﬁ aHM%Q&l"éﬁk\ﬁiﬂ? E%Qta@wfa%brsﬁm 5 '&id’é‘ﬁ@fngh?tgﬁ@red by

nmovi ng sai d hydrobromc aci d vapor fromsaid
oxiditirg \d anetakbgimideysaibcantaimed oy a garousguppod, the metal of

hydrohrom ¢ acid vapor with _ a netal oxide orm a,..
safnetaliaoe el pesisaitibd Fordnd asiia Glofe FB; Fios N M,
cabelp.n said the netal of said netal oxide is

magnesi um cal cium vanadi um chrom um mnmanganese,
15i. r oA hecphatiess ofi clairh, 1 wherein said bromine vapor is produced by

oxidizing a metal bromide salt contained on a porous support, the metal of
said metal bromide salt being selected from the group Cu, Zn, Fe, Co, Ni, Mn,
Ca, or Mg.
16. - The process of Claim 1 wherein said higher molecular weight
hydrocarbons contains a Cs, C4 and Cs+ fractions in admixture with excess
lower alkanes, the process further comprising:

dehydrating said higher molecular weight hydrocarbons to a dew point
of about —20° C. or less so as to recover said Cs+ fractions as a liquid.
17.  The process of claim 16 further comprising:

mixing at least a portion of said Cs and C, fractions with said alkyl
bromides and said hydrobromic acid prior to the step of reacting over said
synthetic crystalline alumino-silicate catalyst.
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copper, zinc or tin. 23. The process of claim 22
wherein said netal oxide is supported on a solid
W@ aositers9 24. The process of claim23 wherei n Bei/tS2005/012655
netal oxide is contained in a bed in a reactor. 25.
The process of claim2 1 further conprising: reacting

185ai g %%@ssbf&%&ﬁem@gé Y Qﬁ/l?ercﬁﬂﬂé’éuﬂét”%e??ﬁ diRanes to

obtain a netal oxide and said brom ne vapor
llqmddwggcmboasmmm&l%ereu n said bronine vapor is used

ot S657HS B B O Ko oA BT R Wt e
witelsiemine aapanestdrm alkglbrdmigel ananharsbremi®atial ng:

reacti ng a gaseous feed having | ower nol ecul ar wei ght
al kafacting §?4dlﬁ|6\(ht%ﬁ@m!ﬁiﬂﬁo$n¢ hydwbiomigaeidgp dhe @é@sw of a

syﬂﬁ%{tlgg %aglnggél mif §ﬂ|{:é Jeal H&tﬂ‘%;‘f%a Wl%pﬁ%lﬁ?ﬁar weight
hydrqcﬂrhd)ms aadzhiydmbroam hmdaaad cat al yst and at a

t enper re suffi nt to f.orm hi gher rmlec | ar wei ght
hygprce@gﬁﬁmssamy IR 1R NEor . and '

raﬁ?@ﬁr‘dc@@s%?bféuﬂ%%%ﬁh%ﬁb& ?lgﬁll vapor and said

her nol ecul ar wei ght hydroc s to a first vessel
havude@ydraimg sHid igheelr nacledelap weight lhysirocaabdns.

hydrgobrom c _acid van acting wth said bed of netal
205xi d&1SROCEE? Qic'ﬂ{“f gerFﬁ@f SP”%F'ém%e particles and

st e@ébyolméffsald' RRoMIrRCRZS i9Cofldten Fond EéHhrWdrobromlc aC|d to

conprising: passing an oxygen containing gas through

saikslendoivessing wihisaid gasralisdeedesald hypotinel bejsegr nelcucléé asa
Vabﬁ form nmetal oxide particles and brom ne vapor. 29.
& process of claim8 further conprising:

21t r anspsrotesy foRi chriveping eyasepas hikanas dicstligniddthydrocarbons
reacting said gaseous feed. 30. The process of claim

coppriging ei n after subst antl ally all of said metal oxide

par tré&{:lﬁ'gg G884 sbfé%d' qul {i/et $h lb@ﬁl%ﬁv %eigﬁf’ 8IKAR8Y with
converte to sal et al ro 8e par?lc es, sad
brommasapdrwotfbr:m ad:lo,ﬂrbrormwg anebisydrobramiceacjdien

contrgégtlmngg Sgl IH/] rb?g%rl]dessaér?d fh'y&%br%%?é Sl.)ld ln\{he %resence of a
synthetic crystalline alumino-silicate catalyst and at a temperature sufficient to
form higher molecular weight hydrocarbons and hydrobromic acid vapor;

removing said hydrobromic acid vapor from said higher molecular
weight hydrocarbons by reacting said hydrobromic acid vapor with a metal
oxide to form a metal bromide and steam.
22. The process of claim 21 wherein said the metal of said metal oxide is
magnesium, calcium, vanadium, chromium, manganese, iron, cobalt, nickel,
copper, zinc or tin.
23. The process of claim 22 wherein said metal oxide is supported on a
solid carrier.
24. The process of claim 23 wherein said metal oxide is contained in a bed
in a reactor.
25. The process of claim 21 further comprising:

reacting said metal bromide with an oxygen containing gas to obtain a
metal oxide and said bromine vapor.
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bed of netal brom de particles to formnetal oxide
particles and brom ne vapor. 3 1. The process of claim
wW@0nosuo46B®r conpri sing: transporting said bromP@EUSENPD012655
to said step of reacting said gaseous feed. 32. The
process of claim30 wherein after substantially all of

2@ai dr l"@b?écéﬁ”s%f‘dl%ﬁnﬁ?ée Whiek&in dai E?cknq n%exgaéid? %ﬁ%@'d in the step

second vessel have n converte 0 sal
ofpgacting said-grsesuideed baving lowpomolaailar wexgdneatka]hest her

2o AP ot Reiariiar Sashoni neS. g de {BREaparbons

carpsidgvessel , said hydrobronic acid vapor reacting
with said netal oxide articles in said second vessel
to f'6PRING302BEHS é%ecgﬁavml leyves nmokaceian weght iianes with

BRI SR B SO0

transpo ng sal tal oxXi m sai d

secmeacuegsald alaylsarochifies ahd\rww&roﬁﬂd aBhRi ith tﬁ@t;ﬁbsence of a
icles . fromsaid first vessel to said

SV&QE%WW@@&]G algminerglicateseaialyshand jai iartepparatsresufficient to
foﬁﬂ'rﬁgﬁé}emﬂﬁc@ar%el@lﬂ' I'ﬂ/d??éa%oﬂé'a% I@[b‘?oﬁﬁ)‘nﬂ oavn'ﬂapor, and

de is magnesi um vanadi um Che _
mandsaesporting eajd dybedbromic coed vapop e, saﬂdnhnghErtmolecular

weidt BuliBaREons i BSh Yoot detling cnbgd ans el cwide Particies
sdi@nyBedremes aowl \Fé‘ﬂéﬂr ba MR \W/Fth @3’@8% ocﬁ"r O%Inagbgiﬂbgféﬁlcles to
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30. The process of claim 28 wherein after substantially all of said metal
oxide particles in said bed in said first reactor have been converted to said
metal bromide particles, said process further comprising:

passing an oxygen containing gas through said first vessel having a
bed of metal bromide particles to form metal oxide particles and bromine
vapor.
31.  The process of claim 30 further comprising:

transporting said bromine vapor to said step of reacting said gaseous
feed.
32. The process of claim 30 wherein after substantially all of said metal
bromide particles in said bed in said second vessel have been converted to
said metal oxide particles and said bromine vapor, said process further

comprising:
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oxidizing said first metal bromide with an oxygen containing gas to form
bromine vapor; and

reacting said bromine vapor with a reduced metal bromide to form a
second metal bromide.
36.  The process of claim 35 further comprising:

contacting said second metal bromide with said gaseous feed thereby
thermally decomposing said second metal bromide to said bromine vapor and
said reduced metal bromide.
37.  The process of claim 36 wherein said bromine vapor that is generated
by thermal decomposition of said second metal bromide and said gaseous
feed are reacted to form alkyl bromides and hydrobromic acid.
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38. The process of claim 35 wherein said reduced metal bromide is
contained in a bed in a third vessel and bromine vapor is reacted with said
reduced metal bromide in said third vessel to form a second metal bromide.
39.  The process of claim 38 wherein after substantially all of said reduced
metal bromide in said bed in said third vessel has been converted to second
metal bromide, said process further comprising:

contacting said second metal bromide with said gaseous feed thereby
thermally decomposing said second metal bromide to said bromine vapor and
said reduced metal bromide.
40. The process of claim 38 wherein said second metal bromide is
contained in a bed in a fourth vessel and said second metal bromide is
thermally decomposed in said fourth vessel to said bromine vapor and said
reduced metal bromide.
41.  The process of claim 40 wherein after substantially all of said second
metal bromide in said bed in said fourth vessel has been thermally
decomposed to said bromine vapor and said reduced metal bromide, said
process further comprising:

reacting said bromine vapor and said reduced metal bromide to form a
second metal bromide.
42.  The process of claim 28 further comprising:

concurrently transporting said second metal bromide from said third
vessel to said fourth vessel and said reduced metal bromide from said fourth
vessel to said third vessel.
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