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SEPARATI ON OF LI GHT GASES FROM HALOGENS FI ELD OF THE
I NVENTI ON [ 0001] This invention generally relates to
w@e@cesaes for separating inert gases and ot hePCT/US2007/003090
compounds from hal ogens. BACKGROUND OF THE | NVENTI ON
[0002] The choice between air and oxygen as a nedi um
for oxidation has been explored for many industria
processes. For processes where air can be used for
oxi dation w thout adversely affecting the reaction

chem stryg ﬁ§§ ed

for reduce capl?Ic@Q%%LgG;gwﬁggggcos ﬁg?%‘qﬁagﬁgr

cost of oxygen results fromthe expense of separating
qu1qugenHEq§nnnﬁTnmgen conventional ly acconpli shed

[OOO#\E ie P o IPF] nhv%xrltlge gpne%ﬁyre?atesdto%r&l:elsgés 1o s%)%%{?gﬁgga? :ggsleé and other

e oxygen ‘s preferr
compw@ynﬁ@ashﬁipémﬁetu on, which is the first step in the
production of |iquid hydrocarbons from natural gas -
BACKGROUNBOETHE DPEENTIQN hesi s. Li addition to

[OOO?Lf € of‘ﬁencglo'i&%ert@ AP Bnd et ok %; méJi&n%? o%kc)iaﬁbﬁ hidbeen explored

én as generation req es nit
for many{pdpsiiga er%‘?ﬁsﬁfﬁc&W@Fqcééﬁeﬁ é‘tllﬁfeaﬁlr @ysbe ‘Fﬁ“é‘ for pyidatipppyithout
advedelNafféc@@nhd raaniaathonabirgasr isprefofitd bntenpire@xyperfded for

redugéaﬁyagﬂggaggférﬁ&atﬁ@ ‘{agg dgx?éﬁkgggﬂ'nd\}g% &5&%@9 Teufts HRF R EdBense of
SCPaRiFE Y AN FPRCHIBEYHCABYIHoN#bY pecgriplishedusing Pithergngglranes or

distildticdl. kahé eeangsle whesy thefuse oLpdeRIxggerdi’z paeftaed dvblagits in syngas

prodggt!lc% 'V\ﬂﬁ?h Jstth% ﬁrﬁ g{eﬁveﬁgl I%rﬁg cﬁfs:ogxr 3 6bqu%h§r<§'§%ﬂéggs&rﬁm natural gas
using Fisghen Tioneah syethssiss i additige te peqiing ﬂsw regstpy Fhemistry, the use of air

in thé Wihddsgen&aton Raduirgsihitidgen tObe Sdpaddie® oM Srontérdd mitural gas. The

sepa?%o% olf%tp%gder %érg%aiuﬁél ga%s I}]S (,ab%p-n}qgns\{\gé %Hd ?éjéon%[aﬁtlér{a?@ carried out
using pembranes ar Pressumaing 2 0[!]6@@4] Technol ogy devel oped

[000BYy GRA,cohtiéntionaf mSﬂhBH&bf Bﬁi:ﬁtbﬂflgltra&%roﬂhhé\iﬁnﬁh@e lstreams is to use an
alkap%e Cb%:ﬁ?,gtfc])ﬁ e%e?rH% & ntufégsl %I-g £oglr1]r@ donn e 2, cas n%t rlécr:oa\ller the
captur@d@mmlrted‘rqr@ the @nrwmlml s@ebblagdnm@# o@élwr ﬁanv@élon&bmethods
mclu-aéeth@hi‘é/d:f Jodlungl e s1id¢) @odrﬁinﬂs@ulﬁlté ee bhRdqhee ssmbaﬁf calcium

hydrﬁ)u e gtc ce}l of2 Wla ff? ﬁmre raw{)ac%ko hfag{hlg] cag hecfbromme is

ons an
dﬁﬁ@%iaiﬁeﬂvﬁb met al oxi de and hal ogen, both of which are

[0004 CyCT@&noWg‘?me%lbpédSlt)y@@f fIR¢., ?ﬁSzdﬁ& Barbari, mhaaio%aﬂgher
ntal n L ner a

nyaige Bboh S S RieR s ST e AT b 8Y Shafi g hvdrocarbonts
and DrjgBen Wasreaetar b fpmmy aileylﬁ)ahégeemk hxslmoge@dﬁl@ﬁ, H¥d Theealkyl halides
and HOU el 3@ cd GhtoQUdbnie twath i i &ar oXie bosiaiile MsatériA to form higher

hydrocarbons and a metal halide. The metal halide is oxidized to metal oxide and halogen,
both of which are recycled. When air is used for oxidation, the halogen that is generated
contains inert gases such as nitrogen and carbon dioxide which, if not removed, would pass
through the halogenation section and the coupling section where higher hydrocarbons are
produced. In other technology developed by GRT, Inc., hydrocarbons are formed by reacting
alkyl halides with halogen in the presence of a catalyst, HX is formed as a byproduct. To
regenerate halogen for use in a subsequent cycle of the overall process, HX is oxidized with
air or oxygen in the presence of a catalyst. For both types of technologies, it is desirable to
separate the regenerated halogen from N,, CO,, and other light gases (such as unreacted light
hydrocarbons), and water before the halogen is used in the next process cycle. For a cyclic or
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produced. In other technol ogy devel oped by GRT, Inc.,

hydr ocarbons are fornmed by reacting alkyl halides with
wha000ge2310 n t he presence of a catal yst, HX i s POF/DE0HS3090

a byproduct. To . regenerate hal ogen for use in a

subsequent cycle of the overall process, HX is

oxidized wth air or oxygen in the presence of a

catal yst. For both types of technologies, it is

desi rable to separ ate the regenerated hal ogen fromN ,

and ot he ht such as reacted |ight .
contifRs A BorTh B2 DT B eR TR P RRON A SR Pevpdite ot
separbied Aeolearpreed esistsdpr ke effieint cosiyeffeativerprosrss nliszpmrating inert gases
and &ﬁ&%gfrﬁwouﬁﬁé:ﬂoﬂﬂﬁé genR@r ticularly nitrogen, would

api dl'y accumulate Tf not separated A clear need
exists for an efficient, cost-effective process of
SUMMARYAORTDHETSMENAESN and ot her conpounds from
(00052 0%RBrdi %’%@B\fn%u—gh“;a })M\é ik m\«g@ Rir s85- itk B% &i%more light

the inventi rogess rovid or separatin
gascoffamARORLO] ?kﬁwneg'a%%% oR% S BRI abFeEFAGRS ARd ﬁ‘gﬁ“ﬁ@‘ witha
chenficwt scrubber © rpéoyer additispgdnidgenn A caonlingtat et aspedtivfghe invention,
the pg\c i or%ﬁ{?} 11$es %ﬁﬁ{w{d‘f’né £ P%RQ@%& Lohtad mlt[?!)ﬁ’@&nmore light gases to a

aspect o e.irnvent1on pr ocC
dlstl%quoétggn eaflaﬂ} Woaqz% (b) gnezafingsthe, g}sgélého% Pl g}lhq)rntgash vaporizer
to separetedhe fieaddntd (i figafiqaid @neining tirhdjat amoustodfitedogen and no more

than faln%fip Xrﬁ&gﬁt' cﬁ(ifght %99(%9 pﬁ{daé gggirg{lkﬁ‘apgf é(};ﬁthﬂnﬁicé % f&laﬁm%nt of light

vaporizer to se
gas(gs) prd NP Mage @%ma}%aﬁ@ua P adpe Bt £c)d¥°ﬁ&}rtsgt f Vamr toa
chentical Borubbthidreeovdr halogamfiont thefvaboght gas(es), and (ii)

[ooogj fi rlﬁta $eBR aéb%@ttc?f'tﬂ% e 8RR o@@&@ﬁahg%lc%l'sg {rations are used,

no nmore than a m’nor anpun gen;
with &ﬁ%h %e@)ar%lpa\mﬂ%tq FrecENSH Fr6ataT BHEtATRA obCrERsEEYely othe halogen
in the iqoMeshabahodithe 1fgho gud(s) iv @rorapof PRMI6] Fon egaraplepthd vapor from a
d1stlﬂ§t%%céolﬁ£ngaﬁ1dh@{%‘géﬁ%as{l‘ég gﬁ baREFid> Qge%oﬁ? d1sé111atlon column,

Jg rations are use separation ng t
whicg ab%rsﬁ%wsghwa&naé HYtP @ MRRaPeF an4 2 8pWdiquid|the Ngw yapor being

mord@irivped in Hghtheas{ds) kind tidwse 11q1ihd Helhgz mbghénriphed és halopen.
[000t7fI \LﬁF O{heﬂﬂ@ﬁeslcnfbggr lﬁﬁ%llg (tjhe 1%9@4&%?([0&2[1?%% or morebhalo gen

scavwwr%, eaterdde W}uz%rmcamabée P%?heeap%lbhsormﬂéw FEFR Fetome
embsdfpRha! tAfoughe: abefdadtion Hith the REloLsA PArprafefred niterial is copper (I)

bronlla t'&%)ggﬁ#%ﬁrg\%&'l @hﬁg g%rgsoqﬁrob?%ng%rqﬁoglgggﬁon into copper
(In bfamqi?éuﬁr@oozqunwb@@w@ra cal scr ubber utilized in the

i nventi on contalns one or nore halogen scavengers,

chem cally sorbing
Bmﬁﬁwgéﬁﬁﬁf#@so% e %@@ hrough a r edox reactiaon
[000§] t h lpf‘efeﬁ'aar@mm adxapipgesyfrtbe lwe?m #iill pscqrap petfer(unyierstood when
consitept 1helighCeBrhe follopimiidethitedndederiptionyand by eedkinglfafedance to the

sion into copper (I1) brom de (CuBr2,
follol 18%1‘1&%”@% d%na%\{%;‘ BRI EF DESCRI PTI ON. OF THE DRAW NGS

[0009] Figure 1 is a schematic diagram of a process for separating light gases from

bromine according to one aspect of the invention;

[0010] Figure 2 is a schematic diagram of the process shown in Figure 1, with the
additional elements of bromine formation ("bromine regeneration”) and water adsorption;
[0011] Figure 3 is a schematic diagram of a process for separating light gas(es) from
bromine, utilizing three flash vaporizers run in series, according to another aspect of the
invention;
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[ 0008] The features and advantages of the invention

W || becone better understood when considered in |ight
wo@Roovhe24i®l | owi ng detail ed description, and byPCEKS2997/003090

reference to the follow ng draw ngs, wherein: [0009]

Figure 1 is a schematic diagramof a process for

separating |ight gases from brom ne according to one

aspect of the invention; [0010] Figure 2 is a

schemati c di agram of the process shown in Figure 1,

[0012] t h Fﬂgﬁr@d(ﬁdédh@ﬂdati@|d%£@ﬁh%f9fcoﬁfi%8ﬂ?r3?ersg%ri Wverti |
. i ; : i ; Bﬁej.ri g natural gas
o e B e e B icabiae e during
the pragasF fiorh et gakes, gosirdis t6 boeredpreonoNde intidnkioai Ng t hr ee

[001B] as hFigaRos iszedchekific Elmsﬁﬁfiglgéﬁxﬁgpge&?ﬂé&gal.t@etggg bR 8L ermining

f the invention, W ) | _
halog%ﬁg%:lftgﬁou&ﬁ 48 Pg}ﬁ?%cna?%‘éﬁ%?mﬁsﬁ 40 pR@ embedingant of the invention;
[001dh vy efigiregs isat Rhcddgrgpls of atubelifghBr thytag GRER eRisosed @ca a '
bromiiAGhitfigd sfedHDRY '3hdg, br oni ne T or me
o}uri ng gtaheS Eroceggfﬁ?%gﬁegﬁﬁgggg{ets? N EREYi ng to one
aspect of the invention; [0013] Figure 5is a
DET4d ESCRIPTEDNADF GRIBHINUENTIOBT | ment al  net hod of

0018Et ermithi ' hal.agen i
At N L 8 s
_ "‘F%TA{T ﬁ”é‘bﬁ’ép’%y jieally ssRaatBE afeedoef the halogen foxaiBing dwat or more
lightiggsesiintora bayidsad atvapar, iseokiquie conthirge R n%éxgiéfl{%nﬁ I(E)E) halogen and no
(. nvention. . .
morﬁ.?g@ b?ﬁ?’?ﬁ@%&@%@’ %BJE)?{@TorI cﬁnF yng amaor amount of light
gals(elg g mgre thana mpox amoypt o gen. pividitipnal fhialapas ésrearaved from
the vapqreryatassing itothrdyrghrd cﬂ?m}'éal&bhtbbérl’kﬁ)lﬁ%dnﬁl@’asﬁﬂé’éérﬁ’scavenger. As used
o ing - ogen _cont ai ni ohne qQr ~
e an 8 CHER s 108 B A8 R Gl Aot witguhigh i i

mixegoﬁ'?; [ fqht Ig)as es | nto, ) i

mixedy SPRIHE .1%1-06 lbrm@pd shlokize g¢ smespbeniopressige eppoximately 59
C argl 131176k respoutivelnf Inchglet i? &&]g@fmitic?ﬂﬂetsﬁﬁl Eﬁ&@ gs nitrogen éNz),

carbda1b a8 (0 I Ons” L Dfarhans, \ith the

cavd Rhbd 'r(‘n 8);’,‘ ag@mg%%tqggpﬁaafbooagn. qg‘d’dg‘?ﬁ}%ﬁg ar ap%g\g,ﬂl thg caveat that
4 yldé?&?{;léodqsf Bﬁp?sr@c\,laﬁ@pesb?r.ep@g songdgred tlhgloggbesd if chlorine is the

haloggh@rﬁulgaies’_s as Mﬁiﬁ?&iﬁt of ﬂﬂo@é"i@'lﬁé&fiﬁanc‘ﬁﬁylgﬁé? hydrbSarbons. The

termd! SESIr 22 i ", is_gne having: a | ower . .
o bEﬁj? ?}? po’i{l‘ntaﬁ‘ct1 halh t r‘i‘ﬁ%‘lﬂ o9& ﬁeq%“ﬁa a:/i)rﬂ“g% ?qrtvapgr)rﬁp;z@a;mg a major

amouphal g gt ic_ﬁﬁlpBB‘?’rH@d GIRop AnRunrfct shond Coreperent contains more of the

first mptrehm oﬁrmrsrm ERRGHEhahY e)‘xﬁé?,. ig ﬁlgsg gf gﬁe&n%dimems of the

inventi8EPEEH L . n_t.he I tior

egascorge bl & G iol Vit bt o sicomponen

(balogsn %rﬁhg FaTEDaPbbrery little of tie: phdr cwapdrems, with the

[00163 a;, eBine ehitodBerttyd tinecpichen snx(qbl]g&@ &fmu_@@&te@ [ tf«‘%%%é 1,3k fich depicts

a systBOl 1 CRRS LS " sgs' 1f chlorine is e

b g hal qg gan ql?ﬁl ﬁ%elrl %Hst%g g%s'? 1% ﬁ’és ool rflﬁﬁ.g%m cagpor fHogidep drom
ror.ming. Faed 1R of beginesontaining &f-cod Gdnis pravided to a distillation column 14

having a top 16 and a bottom 18. Heat exchangers 20 and 22 act as partial condenser and

total reflux, respectively, allowing a liquid "bottoms" enriched in bromine (and containing no

more than a minor amount of light gases -- typically, no more than the solubility limit of the

two gases in bromine) to be withdrawn from the distillation column, with additional lowering

of temperature achieved by heat exchanger 24.

[0017] At the top of the column, total reflux of the liquid from the reflux drum is

facilitated by heat exchanger 22, yielding a vapor enriched in light gases (and containing no

more than a minor amount of bromine), which is routed to a chemical scrubber 26, where the
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terms "major anmount” and "m nor anount” are relative;
a liquid (or vapor) containing a mgjor amount of a
wo poogomonponent and a m nor anmount of a seconBCT/US2007/003090

conponent contains nore of the first conponent than of

the second conponent. In general, in nost of the

enbodi nents of the invention, a given liquid (or

vapor) phase will consist predom nately of one

conponent (hal ogen or .light gas(es), with very little

of the other conmponent. [0016] One enbodi ment of the
minornpreeuiof brarsineiinrernaved; yigkingp dght gaskpiipeen and GaRboR ‘Gioxide
outpufle PLLAGcALEYBEIEW, Bfdniias caeparabiagd ifioghthegesidbef by heating it.

[001 Si\h:c :gg%%gh P Ir%éo%ﬁqmnt%gglﬁ% glvggporgﬁ%)f E%fm%%%y cjﬁ%ﬂla’uon

coluntns age domtectaddn isemess liththe Math(é'\apwg Oéeﬁ@lpcoiwﬂar‘i’&l% routed as a feed

into tf?@ﬁ&g n%gﬁnn %ﬁ%or{??ﬁiﬁﬁﬁl rg%s%ﬂnélﬁﬂerﬁ >f ﬂ*li-‘d va’p@lr Iaﬂdl bidhine-enrichment
ser. an ot a respectlve , allowng a

of the %Q&PH‘S BEEAT MM iﬁnhl ‘8’8“. n brom ne a%d cont ai n?n

[0019)0 nBpea ﬁtsaﬂaaommmp, tyrpoenah prassures gmee %@%9 Lbayip églblay more

prefeﬁ?%ﬁn? E@Z@ Ba) wiftea bdthﬂetdéplaﬂldgnt offthd dietillaMonoHsRm piessure,

keepiiE SR &}?&Pfﬁ“&&g?l?ﬂ pgi P b gy of aPradhiBla 3 he

numbleeaf steg@sha!ngemgezﬂom[z)wlmo more peeferaplyct otk col um,

[oozd ot ahrl ébliﬁuéifart]ésrbﬁvirla‘ﬂkbhd)nfth@Hﬂnbb@lrﬁéilft klbéval iilFiguge 2, with the

haloggﬂg‘;qfin eigr ﬂ!%%%%‘g%cqt i Elg%%étng ] %hgdng%%]\rﬁgtgg embodlment the

halogeh Ifenfd ﬁmnnlﬁ& cantaibs wateneyhichfg wmdvedin atveatertasisarption umt (contalmng

a desf3R] QHersfIVERD e £Rd i9VIRE 8istiNEdi R IcvEEEbrodin® HOM he water, up

NE T TR RN e —

a wateesarbargeblmornfidesicgdr ubber by heating it. [0018] In
[002f"not rllé ﬁpﬁ%q{é@r%ocﬁﬁqe“@fthgmhh&ﬂ‘ drR Q¥ nfdteway oxtnqmarﬂash

ation, col um
sepasgioR e Bea PRPIFE) OF BabH? %%?{?ﬁ%é‘ﬁgﬁfp ol apd light sases,
follofveé tyiadtitionhksepeavetion @i thechefical sombberu dii glmeg}ﬁlustrates one such a
systegﬁ§0 E:IE WEOTE ?éed(gf l}r&ﬁlﬁéa[?&{taﬁﬁgg xhﬁggér{‘ﬁlcﬁfﬁﬁrb&h aRRtde{s provided to

ttons rea h
a firsiflosh VARRFZh 2 o Tk %ﬁwfff;tg 3 ﬁ?eCVﬁngé%E% f %ﬁée%ﬁﬁgﬂ%  fifst liquid
enriched irf broblin®ée.g., AD¥EBpredoyeat) andsa fict Bghtogas;enkichpd sapor (N2, CO2)
cont&ﬁﬂg%% HLSndCRROdRYE bp(ﬁ‘gﬁl%e e Sﬁrktl Vapbt ﬁrfeé Y&ﬁ 8&8ond flash vaporizer

KEEPINg I n

nor
and fge PRRLCRSS 285 Qﬁﬁhﬁé w&ldé%? 6?8"&3&’&?‘9“’6’ E ‘ﬁ‘.{g@‘re % -8 an
addlﬁdxﬁg & $5% B, isangeefed) nna atsecd@djghtigae emn@feér\a\bbly vehiglppasses

u%oa %:QQ&Q hedi 'egyﬁﬁlg%r Sé 'aﬂ@%ﬂeﬂtf@@tcﬁa ﬁﬂlrd ﬂ’ésh%p@ﬁzérr@ The contents

tht
RS RN T KR T
a vapti vehyhighlyseratuhed iniigit, gasée Tedl toeraniemtiof broming in this third stream
ofva%gpis Hﬁ)v\é@h% brdm;nggg#%g%%@ved in a water adsor pt [ on

rnatl.i vel

inLn t he
[0022% { {1F desiged padFignelipsh SARRAZ <6 iED BF BHITHEL 1AbAPT é“’g‘ mattet,
how&wadr ethereUp atpoirtiod diminidtdingfettre (lortemnaet thaamouatefnddotwal bromine

reco%}@a) ge%}’ogﬁ witthih theF&SEFURitaY Bl flreEhRUnk SPBRAEH eRpenses will likely

not be justified.

[0023] Mixed systems, employing both distillation column(s) and flash vaporizer(s), can
be used.

[0024] In general, for the separation of light gases from bromine, each flash vaporizer is
operated at a temperature of from -60°C to 40°C, more preferably -20°C to 10°C and 2
pressure of 0.1 to 50 bar, more preferably 5 to 20 bar, keeping in mind the differences in

-4-
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a water-sorbing colum of desicant. [0021] In an
al ternate enbodi nent of the invention, one or nore
wo apondddiqui d fl ash separation units ("flash PCT/US2007/003090
vaporizers") are used to separate the feed of hal ogen
and |ight gases, followed by additional separation in
the chem cal scrubber. Figure 3 illustrates one such a
system 50, in which a feed of brom ne, containing
ni trogen and carbon dioxide, is provided to a first

boﬂfn?%’ihth’ BB deA She Rdog Jh&@tﬂ@%gﬂt%.gmeﬁfl}%fl@g X@ssg'q)neet lﬁrge flashes are

pref I'éeig hﬁgéggiés%}rg ?Jghfgy,%‘:l r Sltn tgﬁ aghes; hasyevergnireduce costs, it is desirable
to oprastedhy flashes at/ﬁp(systéﬁ@preﬁ@ to@ﬁmcﬂcd}hﬁ@sﬂﬁxﬁ Wﬁcﬁhsﬂ&{penswe The

tem;%?&ﬁfht fo?fopptraﬁ e %s fs cfeﬁgn&/e%'egfl the’ gs t OF g&(?)%?rgﬁﬁgﬁl high-

| ash orlze an tents are
Pfes%t“@ 888‘&8 BEapR %W@ﬁpfié’rféalnmsqmratvqut n@o@suy high temperatures.

For naidr ressares, ThobévBr, 2 rieftigefad viedyesh) nabded ?or&ﬁféﬁﬁ% the flash units. The

seridsc@RbpSIas Lﬁﬂrﬂaglﬁ%%a}{%gg%st ovfgmt%%énass aFlbh;o;J %I rg f1ash

t
[0023 ggP émpsﬁgﬁ(t%ﬁee oh thipinyegtion iscthe methbd ¢faghiemically scrubbing
bromviapor thlerinay ﬁoml”tﬂibrif |dilateaths : sbfbﬁh@bﬁﬁstn?g ﬁhogﬂ)aﬂf hghtI gases. The
i a apo
T e e N
absorhs ttrﬁ{rgnq }ﬁgoas pndélpteglagg ptream padthenccaneverbibbniehamse it back as

free bm’rmbb,ec[uaﬁﬂtat{vegﬂ 2A ddoirptiteis M Remimsiélint d RAAAt rt)inﬁ‘ns& elevated
tempbfRA z€s can be utilized. As a practical matter

p however, there is a point of dimnishing returns (in
[0026L, gingenersd amyungierialicanahe of cragling mothi bremimcavEreeping it upon

heatingyan te\wWsed s br@ﬁﬁﬁ@me i N@:‘nhhﬁﬁﬂ kS ??H%tenals considered to

nses w ||l 8 @
be sff q%* 0k SHRARGS o bigeht it 'l’é:érh i hoRtact s, AuCL Aubr,
InBr;ln 23 C&z@ eddh Qap‘bg,lzézlerl-@&)Pt RARORN FedOs £dA4]used alone or
in cokibigatay. At px%ﬁHnt theB SRpREBLLES nlf@coggél%}hgg@é@ﬁhf}ﬁmurface area (on

h sh_vapor.i z
2 Sud?’ : gtgler At S’? %%CI? Lf’-"?’S’fﬁc Hyesp Se TSV engheughy e dotabmpuntef copper
brongde tsgnuch galiard lthasradssheer folindthit CoBEfhalaby arpre€ipitation process is

be&dﬂﬁﬁﬁﬂéﬂﬂ@hﬁ&to 20 bar, keeplng in mnd the
bet ween t he hal ogen and

boi J
002 S bRl SRR ' o ot (AL e eccordin to
the follewwiagreattionh2CpBes B e> CenBbge Tharéadiontis Qﬁlekfaha%bﬁh%lete and,

advaRi@BEMRTy, obOurk &6 Wteﬁ%&ure%t The r8REh Bigégarg B BPEEBE bound.

R e e e e R S———

(The @lp@qntyt ofifguBhand CaBhés Ve siteflensteithe @ﬁrﬂa&bﬁdd&; @8 HiRosh well; 4.6
verstEQITO 8aifp| Becalish k%ﬁmgf%%ﬁfx ']ﬁ-n vl 19"1 reacn?u Pg g gas with a

soliap T op PR S b b DY Syl eioieeber par sormeaqadiigly, the higher
the syréaagaded, dhe kigbéi thg redotivity. ahhleHdi],I latge cHAtals ©F h€f (QBr are the least

effectia@ 9(!5‘0%&*&” g\gﬁsén%gmgh {;ﬁ'g iéxgc% n9 ?01}%31‘ gqulﬁxe% Ry ithgsolid), the

amoqng af 5 a4 Preﬂg}ﬁtilé{ |0}%/ 0 O f}gpqul, golid capacity, which means that

only the surface of the solid participates in the reaction. The low reaction temperature

dismisses the possibility of ion migration and use of the remaining present bulk CuBr.

[0028] The ability of CuBr to sorb Br; at low temperatures is advantageous in part
because the inert gas stream (containing a trace amount of bromine) that comes out of the
bromine separation is at a low or ambient temperature; therefore, operating the scrubber at or
near ambient temperatures requires no additional energy input.
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brom ne or chlorine) froma very dilute gas stream
consisting nostly of |light gases. The nethod uses a
whadooperiecavenger capabl e of sorbi ng hal ogen. PCT/US2007/003090

Preferably, the scavenger absorbs brom ne vapors from
the diluted gas stream and then can reversibly rel ease

it back as free bromi ne, quantitatively. Adsorption of
brom ne can occur at room or el evated tenperature.

[0026] In general, any material capable of reacti ng

[00207t h @ﬁ@&rﬁﬁoéfﬂoﬁﬁﬁ@@sk&flefetdtbu o%glggega ﬁl‘l A ﬂd %% tgls case copper ‘

(1 '?F&Faﬁ%ly%%ﬁg |"dt€ra@8"§ 5% C.dypicaly &mm25®°§étoaz;7&m Ofen
regegeation gecsion i RS OhBat) £ 2CuBrReBr,. Wﬁ&g coppé%mlde is the

scavéh'&ri:thle@ eneﬁggnr_ls ﬁ%%l I%Jigc va ﬂ-xsdz %Peglnshg:%&re onyg:gn

10030}, 11 ﬂfé& %}ﬂgewcapﬁr&eé fen b‘ﬂ!&d dsan s pewdedor defposm@b@t a support.

Nonbingtinglex anhyilbs iﬁcﬁiﬂe&ﬂfcﬁ@ﬂﬁnﬁxﬁ@%1r6&ﬂaatlt§HﬁPW(ag CL : CI‘203, and
e 0]

served, even tho
va:nc!»r}}é&aér?]zrlhli%’gI ‘ﬁ{mﬁ é&l tsﬁfm C?.sr n?agerrlﬁ]\%/ h ﬁ,\éflp@Fy rqquurgmentis §l@at the support
av%%ﬁ‘ acg aﬁeat q ffgﬁm @;Brlsﬁg@@ /By Ineowrexpexiineatsi veshpreased solid Cu(I)Br

or Cu@)lheddpekltéd‘k&n[ﬁ{'ﬂﬁml@dﬁmo drG924¢at G PPArA §ﬂ)av15’ o%r@?grﬁoratlon)

Slhc%g %‘ﬂ stut]fag‘% %1[5' Rg ! O f Or&‘yéﬁ@?&{ég{( E%g&a confains ~3wt.% ZrO,.
Otheéeﬂg}ozf heraupdn effgctq{gq 19 kcagpioh gomiheetoputstinlg reaction over copper

bronade.ant ageousl y, occurs at lowt enper atures. The

act be surface- When using bul k
00 TRTBRE B b G Y g S Tl ke
colu@pggﬂqfrqﬂgéigug%@grog otheTieenigmations, slichQusBr sheilin@uiife jesctor.
Standartheat tharsfer adtuhb 8arsbé [1aQ80 dREFNBL récﬁxtnreﬂ%lg?ty%ﬁgxng the active

Ion O

th
i B G B LT byt s s o et
two gegetorse B whish qngtumdergops Snl’tlbidng,ywmﬂl@tksaithd-c@lamndergoes regeneration.
[0032nt e r‘]f}ﬁwa»ha@dmb%ﬁfgr £BRON @hﬁ‘z@ﬂlé/ of E&ﬁgf&%y ?{taﬁ]ﬁ% APEHAGS content

A L R N——

“PPQH% PorRr (D\ierridershakvs eprodcibleaesidts(@Bier infltisle k9@Igebf exhaustion
and regéra:mﬁﬁ, by t he solid), the anount of spent CuBr is
ppr %.0f the total solid capacity, which
[003 an S ? & éﬁ(@i A tHeR s vged, the inbemasepns surfree gsnerates
nuclgation ﬁ'éesr‘@h’@hlcéhse th forimpfion edistniatier drgsmBited, Wit apprec1ably larger

surfack si&hSEQSn Wh@r@%%ﬁﬂbdﬂetd)fnﬁfenél% 18§ griljr_cliﬁw%quﬂ% 9

oy o sueh 5 ) L/ sotlugher CuBr
Surfag%eg ? %se o glgfe&era?’aﬁesﬁf }tbé Hf%?‘é’? ;Eégr feieniigant ag eozs
[0034], pdiotexplare thseeffdvtivemass bf geppes (1) e)aasm(dwrstaaiamg& s8avenger, a series
of exbér&ﬁentaW&oxﬂfuc%@ﬂlﬂgloﬁiﬂ%&mgw 191816: e{lB} suppor?ew (?EBr and

CuBrs‘tﬁi:}ia}écf1 oy greclz'%ga? on; ﬁlég\gﬂ%{ qus@ger;{p r) W@gfegawa’@dtby heating the

uBrp.cRgutistage presertqdiin €sblnd. addi ti onal ener gy
i nput. [0029] The scrubbed bronine is recovered by
regenerating ] (in th| S case

250 0Cto 275 0OC. The
Scavenger/Support Time Exposed to Br, Vapor
10 min. 20 min. 40 min. 80 min.
CuBr (commercial) 100% 70-75% not tested not tested
CuB1/Si4700B not tested 100% ~100%* not tested
CuBr/Sil151A tobetested tobetested tobetested to be tested
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regeneration reaction is: 2CuBr2 (heat) -> 2CuBr + Br

Where copper brom de is the scavenger, the
WO e@enexai i on is thermally activated and does P@L/US2007/003090

requi re oxygen. [0030] The hal ogen scavenger can be

used as a bul k powder or deposited on a support.

Nonlimting exanples include silica, alumna,

zirconia, titania, W3, CaO, MygO C O, and various

carbides, nitrides, and simlar materials. The primary

reguirenent..i.s tLhe suppori,, have a . sHsface arga,of
frg"uF'#3 5 quCIEgﬁﬁdﬁk/’B?ngO}ign our g(i(?)/érl ment s',l%\%é’ have ugfeb({g
—solid CQu(l)Br or Cu(l)Br deposited on Davicat SiZr4700
Noted! Davicat Sil 151A (Davidson Corporation), silicas
Wth high surface area (approximately 300 n2/g.
The Y%is ArrGmeIY 8HPE) Fietaingtiby e s345me' o her supports shoul d be
Regemaptian is yorafléten RVSP€ withincl@rl5 wiimg out t he scr ubbi ng
Sevexraﬁgglgsl Wit ¥R withQR Bﬁr[lmgﬁ&% &i‘ﬁwqﬂt@&?{ﬂ/ﬁd&ﬁ hal ogen

. .scavenger, or scavenger plus support, can be utilized
- tpgg oh AR dReEd- oY Bteigb measyrd B 5HY Bgur ati on or ot her
**. afted RfgbrgLakiod is@IBctivaidSidinisisias ®higk of tRndminghi] hgeatl.or .
St andard heat transfer nediuns can be used to deliver
e required heat to bring.the active | edi ent 5 of
W‘”%Ee s‘g‘%ﬂ%é}s atlg“’ti‘h%a?‘é gth gw‘bﬁt‘%%é’ﬁect‘%‘u‘?d%(}‘ gi%bf 8’.‘Peﬁ’?§ toa
bronpine/ogsiges Glhrears fO_chilit}’ln‘iil_]Mies stvwoonetgniperatyrei Thetdadhmetesial is CuBr,.
UpoH '?1@&‘1%9 A SIS MRDERSs bR th €hd &ﬁe gf'é%ﬁrof mrym&%ﬂwomine.

regengrati on. 032] The sol)d rubbi ng. agent I's .
[0036}pa @%f"’ﬁ'tfﬁb?’é‘t’@%‘;” Eiﬁ%ﬁrﬁkﬁrﬁ@sﬁ; mdedithd i 2oing through
Br, Butiiertcoeledrie 0PCg ahefsotiv af srberit bed voscohtaimadt ine cylindrical glass tube
withSFdidRRR: 8%%11{? S’fﬁ@’%r‘igoﬁ 8f gl% elxﬁéé.u{: bA8uch cf?@ﬁ%c} diluted bromine in
. Supported copper (I rom de shows reproducible
nitrogen wap 40 ming Sﬁxﬁrqqn& Feénwatpgs The {realsd gag was bubbled through
a trapegetniriag i M N4@H33] Wien a support (such as silica)

iv$ US X . .
100375, 0 <PRepakitfor GRRARAFN! ENBL R ARRCITY fibobH V& Tdged in o
~20 pitys (B sdutionjny Watghandbybbled with Serundi) thegqdonpfdhe solution
becanwesimobetdoildss. JhppasgeasionstAfllared ant ddicdsatarnls§Cldvetnight.

Br, pi ' r C . rs. i
0% KA IR 8 T i L
heatingihe Feacton avids the splid eprasbingrgermiier exhgustppm & 4sfog 20 minutes.
The h¢lb2ge branheargollcoted and q&amfﬂe@@f%dpﬁ&m,gsth%ﬂeased bromine in a 1M
u r | - X
NaCHESon SHUR SRS ALY ks S 5 posye
[0038] | gi Qerréfeariong dmheEmmint ofbromiag Bpiictriac by thessrubhig agent or
regeh&atedUbsm thdRedaubted a6@bping@bitedad quahéilfilee bd.abddBtibn in a NaOH
s VE e e '
oo R 5 SR VSO hSHRE el s g i o
by precipitation of AgBr using excess 0.5 M AgNO; (added until no further precipitation
occurred) . The amount of the bromine present was calculated from the mass gain of a glass

fritted filter used to filter and dry the precipitate of AgBr until its weight does not change.
[0040] Bromine breakthrough is determined by using a precipitation of the Br and BrO”
with Ag+, wherein, the NaOH trap is acidified with HNO; until acidic; AgNo; is added until
no more precipitation form; the suspension is allowed to age for 40 minutes then filtered on a
dry, pre-weighted glass-fritted funnel, dried until constant weight and the mass difference is
AgBr.

AgNO3 + Br 2 AgBrl + NOjy”

AgNO3 + BrO” > AgBrO! + NOj”

AgBrO > AgBr+ Oz
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CuBr (commercial) 100% 70- 75% not tested not tested

CuBr/ Si 4700B not tested 100% ~100% not tested
w@aBrhBi4hd 51A to be tested to be tested to be PEFUSHOT/@3090

be testedCuBr precipitated** 100% 100% 100% 100%

Notes: The % is the anbunt of total Br retained by the

scavenger. Regeneration is conplete at 275 0OC within

10-15 min. Several cycles were tested w thout

dim'nishi ng in activity For CuBr/4700B. * - trace of

r formed, but th ght "4 * - ..
1004130 T BB P BT e G91 AEBT B TADS T2l 1 LHEAENGs solution i
0.5Mt Bail (6f mbhe addedrer ciokll afaRe:d5ahl adiOFRE NFDurap. Shiesimml Ag’
conc%m:ﬁttﬁgr BB 081, al"ﬁé"ﬁ@ve@ﬂc d&é&&ﬁlﬁ LAt thaHBLf BYPRSRY 1M which

n|tro en streamfor thirty mnutes at yroom
COHeﬁlé?ﬁsiér“at‘QrGé’PbT%"e&df g DABHEAFE] §35C; 1§a (g{%’o‘ﬁnﬁe ?ﬂﬁ&* ion
activith diffatorthe Vestiibthelsanditivioy ishie tipapeb gingen of Cu Br
Examgieeay ng brom ne. [0036] Experinental Protocol:

mn. Nmxed with 1.5 seem N2 goj ng through
[0042] b 1A% IneBHas giream ob eitrogsa a a floy réé%g%%g &&%ﬂé‘é{ cubic cm per
minu€dottanglg bppdxihtelydI5i% drorgina by vollrae wiak ltreatedi szomtlang to the
methgfd d%fc%g;eg-m ﬁmedctl'.lrnaeiiﬁ 9&?8&1&3@1@ PR %géﬁrn? wag 086'1%5 t& Bg%ﬁé}ature of 25
r"'uted bromne in nitrogen was m nutes_at room
°C, vihdelpindastgially cam be geqonmtiished by asing agpir-ereledhensesehanger. The
streab) Mg sait b AR sERVfASHaRds IdnNRShkd [DSREleRrappaliqiid dlash unit

oper% rggpa&ea t%r%%g%[\}arg %5 g“ér 13}%&%@' ch }{bl Wﬂ%tco\ﬂ?ﬁns rgorc than 98%

ersed on 1.n wat
of thp bishiag intheroriginglrfeed alppg Wit S@fntbmelftrses gt in qhéff?lbt‘é‘daﬁ%’ée bromine

stread. MDisd véiﬁlr @t’ré@ﬁ %ont-ﬁhﬁngﬂﬁﬁﬁm @ antbtgadel Bromiisdwagthen passed over a
bed % Sélgﬁ%l? ac} ?o&?er ﬁ‘fﬁ omlge at rcIonQ g’e%lpe?gtg%’] Sl l!)r% dnc;r F%éurg from the

retal ned ne was con
inert/gag siream Wes cpm&qt@ranwthmsqrhbblgg |b|e@| pepRs %gn@lg@.hromme capture

for aEHeh%H of XLbQﬁhﬁt |’I‘Hé eRhab{@Gcrabirbed BotitgininglduppeL(IDagsehide and

coppFléfIghgogal %ﬁgteeﬁ g7$l E#“%@?n%égrlcg%gﬁju Iggoﬁﬁ*ﬂ rgc%vgg?was

obsetwpdphattéme emﬁb@ii/li)mm he captured bronine is possible.
[004[¥p0391‘hegﬁ@8ﬁticfri Shuidfind difetydnauiige Funtted Hfﬁﬁ‘luﬁﬁial processes that use

halogil Rt AP GEHRRG B o I BEREP T B g+ U alogen
reco'aﬁtrsz'm purifination ig indaChvet baghe m@wl af ince Oérhlaht/\&%ies resulting in
ﬁﬁ:‘aﬁlﬂl i‘egﬂcw tdp 1ﬂ5|i\gi% éttSHrhtliné ‘%&EO HAsoap petde bee ﬁae Phodeede@Vibr making
rec at | 0
alcolxaf\‘qe?]ée a%fggs aﬂé E‘ko?%la < Ffﬁcélrb%gﬂlé gf%ﬂtgat?r)ft gt48?r3|¥l§ 6,472,572,
6,472,5TRe6, éﬁ@éﬁ@ 0162, 2483, 6403, 546, prbpensessea forgnilgng highgr hydrocarbons,

as ddstABd heu @%teﬁ@hﬁpﬁéatﬁm@nﬁﬂéd f'Cbﬁt‘iﬁd)ufs Pré&ss BF8Chriverting

Hyd{;%::at er ng‘gtoﬁ%ﬁ 1%%%%0 drocarebons a'll_}g %lehlrrg / aAt{omey Docket No.

56987/G506) filed on even date herewith, the entire contents of which are incorporated herein

by this reference. For example, in the process to make gasoline-range hydrocarbons from
natural gas, when air is used for regeneration, the nitrogen and carbon dioxide carry forward
into the bromination and the metathesis section. To recycle the unconverted methane,
separation of nitrogen from methane is required, which is cost-intensive. Also, the carbon
dioxide generated during regeneration must be separated from the unconverted methane
either using pressure swing adsorption or by using an amine-based system, both of which are
cost intensive. The separation of light gases from bromine not only reduces the reactor size
but also simplifies the separation of light gases from the products and unconverted reactants.
The separation process described herein offers a cost-effective way to separate light gases
(including nitrogen and carbon dioxide) from halogens such as bromine.

-8-
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[ 0040] Brom ne breakthrough is determ ned by using a
precipitation of the Br and BrO' with Ag+, wherein,

WO b@7Med trap is acidified with HNG3 until acPdi/vs2007/003090

AgNo is added until no nore precipitation form the
suspension is allowed to age for 40 m nutes then
filtered on a dry, pre-weighted glass-fritted funnel,
dried until constant weight and the nass difference is
AgBr. AgNC3 + Br AgBrl + NO3 " AgNG3 + BrO - AgBrd

[004ﬂNO gi“kégméﬂtmﬁ h%g BEen*’d%Q&fl\;vlth Wﬁoﬁ@éﬁi’@b&h{eﬂ&ﬁhﬁ%ﬁﬁﬁ)les but is

ut1 on

not hémgeﬂ tlgngrﬁ:ir‘o (é é} Cétgalé% a[s 8veg ats(ﬁqg}va ts %fbt%gg nded c?alms are
withiadhelsdapedfHaxCivemtagm. The final Ag+ concentration is

-0.06M The | owest detectable concentration of Br- is
~8x1 O 12M whi ch corresponds to ~0.6 ppb. Even if a
non-i deal case is assuned (high ionic, strength, ion
activity different than 1) still the sensitivity is in
the ppb range. Exanple: [0042] An inert gas stream of
nitrogen at a flowrate of 40 seem (standard cubic cm
per mnute) containing approxi mately 25% brom ne by
vol une was treated according to the nmethod descri bed
in the current enbodi nent. The stream was cooled to a
tenperature of 25 0C, which industrially can be
acconpl i shed by using an air-cool ed heat exchanger.
The stream which is at a pressure of 25 bar, is then
flashed in a single vapor liquid flash unit operating
at a tenperature of 5 0C. The liquid outlet fromthe
flash contains nore than 98% of the bromine in the
original feed along with sone inert gas that is

di ssolved in the brom ne stream The vapor stream
containing the inert gas and trace brom ne was then
passed over a bed of supported copper (1) brom de at
roomtenperature. The brom ne capture fromthe inert
gas stream was conplete, and the scrubbi ng bed
perfornmed conplete brom ne capture for a period of 40
m n. The exhausted scrubbing bed containing copper
(I'1) brom de and copper (I) brom de was heated to 275
0C, and a near conplete brom ne recovery was observed
inatinm period of 15 mn. [0043] The invention
should find utility in a | arge nunber of industria
processes that use hal ogens as a feedstock or

i nternmedi ates for chem cal s production, where the

hal ogen recovery or purification is inproved by the
renmoval of inerts or light gases, resulting in
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significantly reduced capital and operating costs.
Anmong these are the processes for nmaking al cohol s,
weehene41®l ef i ns, and al koxyl ates descri bed i nP@I/8S2007/003090
Patent Nos. 6, 486,368, 6,472,572, 6,472,572,
6, 465, 696, 6, 462, 243, 6, 403, 840, and processes for
meki ng hi gher hydrocarbons, as described in U S
Pat ent Application entitled "Continuous Process for
Converting Hydrocarbon Foodstocks into Hi gher
Cl$§§ggocarbons and A efins" (Attorney Docket No.
7/ G06) filed on even date herewith, the entire o
cort ent A BFocsAs o8 sepasatingligh gas(eedrorabspming on glilerine, comprising:
r ef er enqe) ploeidigy afdeos Halodeh @oRfabfifS 6né Or MKElight gases to a
aisi 93594 LG ARG AR gearbons from natural gas, when air
s use or regeneration, the nitrogen and carbon
di oxi de (xppsrating hgrdistillation cakunyy emilasitvapariaerdotserarate the feed into

(i) amRbEldies contaReid HhajokAniRGY 6F Balbhéh ARCAOMRES Bfdn a minor amount of

. [ of ni.trogen from nmet hane is

tignt Bl oo YRR 055 BBarcqptlihingASRoigt Rolft S s nd no more
thanc oy ampanepbladesanigndg regenerati on nmust be

separ at g6) proRilih hekApOMeS EiRshiEIBAIM LI RBEvetHaliEen from the
pressure sw ng adsorption or by using an anine-based

system both of which are cost intensive. The

separation of Iight gases from brom ne not only

requces A peodeSass REited weclak 1,3 ufRerSddMrisingprdviding the first liquid to

. ratipon of Light gases fromthe products an o
2 TR0 bl br e rp 85T Slilier A B° fitbicanl %) & second tiquia
contgindrg # pwiptAeqing ofhilegen endismoed thanta mmonanount of light gas(es), and
(i) H&RBhAVEpdr @htaifiAg AsndjbNEhyehttT Light é&géé‘é[? aR8% 0GRS RPMan a minor

dlexﬁ?%%ﬁf(oqihalogens such as brom ne.[0044] The
AMOHRL Y ST h A% been described with various embodi ments

and exarfp) proyviding thesepartd Vvapor teea clidmicel serulficn éo recover halogen from
the vl fi cations, as well as equivalents of the appended

clainms, are within the scope of the invention. CLAI M5

1. A process for separating |light gas(es) from brom ne

or 3chl orA peqcesprgmecitédhig cldia 1,privereidi thg haloger ib wbmine.

hal ogen.contai ning one or nore |ight gases to a

distillation colum. or. fl ash vapor,jzer; (b) operating

Che i stk PREROR TORaHiR o 1 SekFroia by habets B St e

the feed into (i) a first liquid containing a najor

amzunt o pRleQORYBIH ki ise ni

i ght gas Fes) , and (i i)i]l éﬁg{ fs%ﬁeggg?%gﬁ{%é [ ZSI’%’%“ nitrogen.

maj or anount of |ight gas(es) and no nore than a m nor

andunt ok phadesgasrecidartin(addinpt,ovhateinghe ightvggs(es) tamarise nitrogen
and 6REBE fdke SCAIRSTa1 bkt SOIRYEH 1Al AGSRoHS Qﬁﬂstiﬁﬁlgvcﬁ'f?:gfbon dioxide and

A process as recited in claim1,” further conprising
C"S‘T“‘&Vl‘ig‘?cﬁ e first liquid to a distillation colum or
flash vaporizer to separate the first liquid into (i)

a secondy hisidbdaGRBkA M dMdnf, RS inatHPEﬂ@mﬁfal g@%ﬂﬁﬁ? Qodmprises a
apdno re than a mnor anpunt of |1ght gas(es), an
bed of a supported or unsupported chemical scavenger.

vap

8. A process as recited in claim 1, wherein the halogen scavenger comprises a
material selected from the group consisting of CuBr, CuCl, FeBr;, FeCl,, AuCl, AuBr, InBr,
InCl, FeO, Cuz0, Hg;Br;, Cu, Ag, Au, Hg, Pt, Pd, Ru, Rh, Fe, Os, Ir and mixtures thereof.

9. A process as recited in claim 1, wherein the halogen scavenger comprises
CuBr.

-10-
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(ii) a second vapor containing a mgjor anount of |ight
gas(es) and no nore than a m nor anount of hal ogen;
waea70e41pr ovi di ng the second vapor to a chemn BPel/US2007/003090
scrubber to recover hal ogen fromthe vapor. 3. A
process as recited in claim1, wherein the hal ogen is
brom ne. 4. A process as recited in claiml, wherein
the halogen is chlorine. 5. A process as recited in
claim11l, wherein the light gas(es) conprise nitrogen.
6. A process as recited in claim1, wherein the |ight
gasgo‘es) conpri se nitrogen and one or nore of .
addi®% i onAIPrepsseas weited nedlaim biwhereinghe bplogemss¢ayengry ipsupported on

a matafifloeldditcddréla tingrolh condisthpbfafetabeides, fnctd) QAFSIBES hetal nitrides,
carb3f glgfl gn%qn{)%xgg &;e@o%’ wherein the chem cal scrubber
cohpri’ ed o L

ses a a supported or unsupported chemi cal
scavenger. 8. A process as recited in claiml wherein

t he 1hal og@roceayEREREd TdTHEL §.8PhdeRBthe hiRBke® SEAChEY is supported on

fromthe. grou onsi sting of , Br..
o i aF Sl R 45 BP0tz & S0 Oy B0 Opg VO 020, MO,
CrzQiSiCpMody TilRuW2Nh carben, agglitel veramidulitexand mixtatee thepéaf.

9. A process as recited in claim1, wherein the

hal.qgen gcavenger conpri ses r.10. A process. as .
redited RRAERT i ol R ot Deige thy chemical
scrubberjorelegsedinl egemdherefram. sel ect ed from t he group
consi sting of nmetal oxides, netal carbides, netal
nitrides, carbon, clay, and m xtures thereof. 11. A
process as recited in claim1l1, wherein the hal ogen
scavenger is supported on a material selected fromthe
group consisting 0GAI20, SiO, zZrO, TiO, WRB, Ca0O
MO, G20 SIiC, Mo C, Ti N, WN, carbon, zeolite,
vermculite, and m xtures thereof. 12. A process as
recited in claim1, further conprising heating the
chem cal scrubber to rel ease hal ogen therefrom

-11-



