REWAL OF BENZENE FROM ORGANI C STREAMS USI NG

- CYCLODEXTRI NS ‘ Field of the Invention The present

i nvention reVR%91324 et hods for separating benzene from 5 RGEHUFBL3H3

ot her hydrocarbons, and recovering a high concentration of benzene from
such m xtures. In particular, the invention relates to a nmethod for _
#renovi ng and recovering a high concenttati on of benzene from gasoline

or reformate using j .NQ..a0ent s. _

Background of the In%M?yﬁigﬁeﬁhﬁméaﬁggbﬁéwlﬂ% A&‘éﬁ&?%n! o
conmpound which either is found in or cycLOPE¢FREGsduri ng the processing
of many hydrocarbon streans. One hydrocarbon substrate or streamin

whi ch benzene i g; [ 3 gasoline. In an attenpt to reduce
pol 'ution from Ficld of the Xiv &{st, environnmental regul ati ons have been
§ passed in the UnitedTh piesentdiiebntitn 961885 t€ RietHods & sefirhiinbérz8hé FrofiimiNEres

amount of 15 benzene that can exist in notor gasolihe in order for the
sal e of that5 gag@bpthse hydragarbons, anderggpveririges dighe gomiczntration ofi behzengefrornndugh

i f benzene is r v ither fr f he noto ol,i.ne, itself, or from
ref ormate, whi cﬁ“%l%g' ﬁ’é}’ 1c %ﬁ?ﬁgélng@?%reifé?&tgﬁe‘%%ﬂﬂ@ri IRmoving 3pdirggovering
gasol i ne. a high corfbehtRMidiAbf bedAhEBdin GaSIfHe"G feforhfife [1ERAY%yRlodbEE:
about 2-4 vvt%benzgene ina 20 m xture of par afeﬁ%nse, %efl{lnsg Xg%h. ”lrelrrllesa,S
t ol uene, xyl enesqmplekipglagentene (EB), 9- carbon aromatics (A9s),
{10-carbon aromatics (Al0s), and other heavy hydrocarbons. Currently,
1no econoni cal | yBaekgrouadiofithe Iinehitiohogy i s capable of directly renoving

benzene fromsuch a m xture. Bxisting processes require the use of an
expensi ve 10 penzeBenzrag is- ¢ highly sear¢inegenim compawnd which Ieitherk éss feunds irCos

and 70°80% non- BOSNaH tubie- i PRCHSE of et uiBtaton REuRR- /1% MdecHgon
treated using okiRfratenstVéiredBl HOWRichShERe®Sis found 3§ MK é&aliﬁé%gﬁ;&{%&m to

etc., to produce high purity benzene or other benzene
' reduce pollution from automobile exhaust, environmental regulations have been

passed in the United States and in other countries setting limits on the amount of
15  benzene that can exist in motor gasoline in order for the sale of that gasoline to be
legal. These regulations can be met only if benzene is removed either from the motor
gasoline, itself, or from reformate, which is a major source of the benzene found in
motor gasoline.
A typical reformate contains in the range of from about 2-4 wt% benzene in a
20  mixture of paraffins, olefins, naphthenes, toluene, xylenes, ethylbenzene (EB), 9-
carbon aromatics (A9s), 10-carbon aromatics (A10s), and other heavy hydrocarbons.
Currently, no economically satisfactory technology is capable of directly removing
benzene from such a mixture. Existing processes require the use of an expensive
benzene heart-cut distillation column, which makes a C6-C7+ split of the reformate,
25  producing an overhead stream of 20-30% benzene and 70-80% non-aromatics. The
heart-cut benzene stream then must be treated using other known methods, such as
adsorpﬁon, extraction, etc., to produce high purity benzene or other benzene products.
An economically efficient method is needed for directly removing benzene .

from hydrocarbon substrates, such as reformate and/or motor gasoline.
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- la- For exanpl e, Japanese Koki 75, 151, 804 teaches that
.straight chain aliphatic hydr ocar bons can be separated from

hydr ocar bony gigyjidags Py contacting the mxture W th PCT/US98/13403

al pha-cycl odextrin. As anot her exanpl e of the use of

cycl odextrins, European Patent Application 5 No. O 487 818 Al teaches a
process for separating for isomers of disubgtituted benzenes, wherein
a mxture of isonmers of disubstituted benzenes is contacted with a
substituted cyshmaariy'dfithé Baventioni ncl usi on conpl exes, and desired isoners
are recovéred therefrom_1n a highly selective manner, The patgent

al so provides The spresent davenfionoprovides ng 1sethed fe sensratinge bepzepp from a

process. The, substjtuted 10 cyclode . ns used | he .

recovered and H_%‘g'ﬂ"?r oy vaﬁﬁomﬁlnsmg pr)éwdlﬁl&f‘n H@gtgxﬁ%ﬁﬁ é%rﬁ"gé g?‘le%c? %gtpaﬁgﬁod
is needed for ghd gt Kydr%ﬁ%bﬂ,&r&ﬁﬂ% QB mixturelwithna oeHpdeand agert ¢biipisingat
such as reformate and/or notor gasoline.

- 2- Suniemstyonefeyclodextningn an @mount and under conditivns effestivato formaomplexes

provi des a nethod qf. separating benzene fragma . h ocar bon Jm Xt ur.

conpri si ng pr ofPUPHYRE sg\%xf)(fh%gﬁﬁ?pﬂcg%ifa%eﬁgmnaqosaﬁ E’F‘éze?gf’ anﬂepa%aﬁég

ot her hydrocar Qﬁﬁ’coﬁl@r&ﬁjs BemsRidmiMntlelr € Wi th a conpl exi ng agent conprising
ycl o

at 5 least one c extrin 1n an anmount and under conditions effective

to form conpl exes . G LS I d cyclodextrin and at |east a portion
of said benzen;@;i"ﬂ:l%-s-'é%%i ¢ Diavif gai d conpl exes fromsaid m xture.

The step of providi g a kAIRhAR FepreERitation ¢ ARBkdegriand at | east one

ot her organic material may conprise the step of separating a first
stream i ncliadi ng a fRig.2is aiftow disgrasmef aitypinal benzewe oxirastipR PEOCESfe f eedst r eam
conpri sing benzene d at | east one ot.her, .organi ¢ terial .
bottoms conpri sing ?ﬁ%aﬁ}scﬂhﬁ?‘@ﬂ‘%ﬂfmﬂgé\?Pé’PE‘P‘hﬂke 1e ex gﬁoéh%tocﬁsgqucoa}dmg
feedstream wi | |y, havge@nbgiveidbrconcentration of benzene which is

greater than the first concentration of benzene. The nethod may further

i ncl ude the stRigs 4ois: a diew aiagremngf tanethbe wptiomal f bazend gxiragton; prosess
conpl exes, produci an . 15 internedi ate benzene streamhaving a third
concentration @Fc‘lfgg’iéﬂéheg?ré%ﬁné}m’?ﬁ%‘ﬂ"t he second concentrati on;
renoving olefin inpurities fromthe internediate benzene stream and
renovi ng sust iDetatefl Deseription of thednyention: or nedi at e benzene stream

produci ng a benzene Jroduct avil f i : e
o eat or han ¢ TS pitfany HhUSRESH R o e o 0 B i R SE
Dr awi ngs one or more different organic materials. As used in this application, the term "organic

S
-

materials" includes, but is not necessarily limited to unrefined and refined
hydrocarbon products, including natural gas, derived from petroleum or from the
20  liquefaction of coal. Thus, particularly for petroleum based fuels, the term "organic
materials" includes, but is not necessarily limited to wellhead condensate as well as
crude oil which may be contained in storage facilities at the producing field. "Organic
materials" also includes the same materials transported from those facilities by barges,
pipelines, tankers, or trucks to refinery storage tanks, or, alternately, transported
25  directly from the producing facilities through pipelines to the refinery storage tanks.
The term "organic materials" also includes refined products, interim and final,
produced in a refinery, including distillates such as gasolines, distillate fuels, oils, and
residual fuels. Preferred organic materials are those in the gasoline boiling range, -
which is generally considered to be in the range of from about 80-400 F. Suitable

30  hydrocarbon mixtures include, but are not necessarily limited to reformate,
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Fig. 1 is a schematic representation of a cyclodextrin. Fig. 2

. is a flow diagramof a typical benzene extraction process.

Fig. 3 is aNOMPO¥W2di agram of an optional benzene extracti on FCGIAEEH§/13403

accordi ng to the present invention. 25 Fig. 4is a flow

_di agram of anot her optional benzene extraction process according to
the present invention. Detail ed Descri-ption of the Invention

The present invention is directed tg the renoval of benzene from m xtures
of one orhydseaackats, pyRlysis, gasqhine.nand HGE (fluxd catabici pragkgry naptha. A
application, th e .o | I al s" includes, but is not
necessarily | i?ﬁ% eg%dﬁ%éuncr gﬁeg%gisgﬁ@&‘g{ef ned

- 2a- hydr ocar bBen##hed ik tremoved | ft6inNghé abrghmit @terialierisigd drfeOrr more
petroleumor fromthe, |l i quefaction of coal. Thus, particularly for
bet r o eum baseeycladsxins; hEyeledetring GGR) are oligomarseaf, sibeosei incwhissthe tglucass

i1y L ted | head .cond el .ude . oi.|
uhi ch my e cHAT Bl St SHene i € Pag GRS WS ¢ forlbbon g AFHEC 1S Fls
"Organic materyal phe fhi? diRnkitd T &Qe‘d%ﬁgﬁxd%’atv‘%ﬁééhépénﬂ?dkfﬁﬁéﬂ ek buibet Rese

facilities by barges, pipelines, tankers, or trucks to refinery

st or age t anks, gincoseatits imatled ying: “a-CDT das o gluedsedimigr and/ the oimgt bes an inner
producing faciljties t gh pipglines to the refiner. st orage tanks.
The term "orgaﬁﬁa@ef‘ﬁt%'f']ggl £06 5, Bl das 7 8 ﬂ@duw?/somfht%% Tingt laasi 4 inner
and final, proﬁﬂﬁﬁ [ rEehigN&" Yand NC ' { SE . .1 nes,
distillate fuels, &'glzl-s,bﬁgﬁd’ ?‘%dé %%ﬁ&#gseglsﬁbgr g@éf%%ﬁg%ﬁpgsaﬁt? itufty
material s age Hiaawteriof 8the 0gakol i ne boi l i ng range, which is generally

considered to be in_the range of fraom about 26-204] errl_C ér?&
400[ err] F). Suit abl &hpyycindsrisionring hasrtswe diffarentctypesiof hydraxyl greunssbendefy

limted to aroqxg& s %bgr and lower rims. Secondary hydroxyl groups are bonded to the ring at
the C-2 and C-3 positions, which are on the upper, larger rim of the CD ring. A
primary hydroxyl group is bonded via a hydroxymethylene group to C-6 of the

15 glucose ring, which is located around the lower, smaller rim of the CD ring: The
upper and lower rims of the CD ring become very hydrophilic due to the presence of
these hydroxyl groups. In contrast, the inner surface of the CD ring is lined with
relatively apolar methylene groups and oxygen groups. These groups make the inner
surface of the CD ring more organophilic (or hydrophobic). CD rings are soluble in

20 many polar solvents, including water, and have chemical and physical properties that
can be modified by derivatization of the hydroxyl groups.

According to the present invention, benzene is encapsulated inside of the CD
ring, forming a CD-benzene complex which is immiscible in the hydrocarbon mixture
and can be separated from the hydrocarbon mixture relatively easily.

25 Substantially any unsubstituted o-cyclodextrin should work in the present
invention. a-~cyclodextrins and derivatives thereof bearing a substituent defined below
at the primary hydroxyl group in the C-6 position (“C-6 derivatives” ) show particular
selectivity toward benzene and paraffinic/clefinic molecules with small critical
diameters including linear paraffins, mono-branched paraffins, linear olefins, A

30 monobranched olefins, naphthenes, such as cyclopentane, methyl-cyclopentane,
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- ~hydrocrackate, pyrolysis gasoline, and FCC (fluid catalytic cracker)
naptha. A wo %joesarred organic material is refornate. PCT/USY8ABZI3NE
is removed fromthe organic materials using one or nore cycl odextri ns.
Cycl odextrins (CD) are oligonmers of glucose in which the glucose 5
bui I ding blocks are linked together in a rigg-shape |ike a doughnut, as
depicted in Fig. 1. The inner dianmeter of the "doughnut" varies
dependi ng uponcydiehexand)e methyl-cyclohgkaneps &,4ediirtethyl n cyélohexane, eta; Gb¥erhakose
gI ucose units and the ring _has an inner dianeter of 5.1 + 0.6 A
"lerr]-CD' hashydigraberse WGH} tlarggm pritigal ﬂaqmetﬁrasmahlda%@romams dnulighrapched
G2 06 Rard R ddr SRsha%1 8 ShUELNEouRled Aiolits | SRR B 1Ry 10

di anmeter of 8 odextrin
di fferent typesysbddxitisoand deivatipes ﬂﬁf%mubsututeara@ms&iost;ﬁosnmeshoan@blb&my
rims. Secondary hydroxyl groups are bonded to the ring at the G2 and
C-3 positi ofis, twwmélbemeoﬁextqtberdp@mcarbcmpg@plmim paraffing naphthengs, olgfins, and
primry hydrox roup I s bonded via a hydroxynethyl ene group to C-6 of the
15 gl ucose I’Iﬁ{f Pch is located around the | ower, snailer rimof the CD
ring. The uppe "l‘h@%nhéﬁé%ncﬁﬁsﬂﬁan% &sﬁ’% g&y&loﬁ@xtﬁﬁ@ NTBelieREd t& YoM bbthC
due to the presence of hese hydroxyl™ groups. In contrast, the inner
surface of the stéﬁcrandg;lecyomcnattrantmhs The henzemtelmelle«yulaﬂla!s miatlmmymeﬂa@nncal

d ke t.h f t
2D 11 g mor o oRTAFOHT Bd Adk oAb RPcy cRBRPiES Thesmalh ten of 1 begeete
many pol ar 150l Yeitsye | MELHIRAILURERS mARcB A IRBRTHGH 230 G5 5E) the o

properties th
cyclodextrin ring than compounds which have larger critical dimensions (e.g., toluene,

xylenes, and other aromatics and naphthenes). a-, -, and y-CD’s also may interact

with encapsulated materials via the weakly polarized oxygen groups found at the inner

surface of the a-CD ring. The electron structure of benzene could give rise to the

15 selectivity of cyclodextrins toward benzene as oppdsed to smaller, and/or less polar
compounds, such as n-hexane (3.9 A x 4.3 A ), n-heptane, cyclohexane, etc.

The selective encapsulation of benzene can be accomplished using either a

pure CD or a mixture of two or more CDs. The CD’s may be substituted on the C-6

primary hydroxyl group or on the C-2 and/or C-3 secondary hydroxyl groups with a

20  substituent selected from the group consisting of glucosyl groups, maltosyl groups,

maltooligosaccharride residues, hydroxyalkyl groups, sulfm—cohtaining groups, such

as alkylenesulfonic groups, sulfonic groups, deoxymercapto- groups, etc.,

carboxyalkyl groups, methyl groups, acylated groups, such as acetyl, succinyl, lauryl,

etc., silyl groups, such as dimethylsilyl groups, butyldimethylsilyl groups, etc.,

25  halogenated groups, such as deoxychloro groups, deoxybromo groups, etc., nitrogen-

containing groups, such as amino groups, alkylamino groups, acido groups, etc., and
inorganic acid esters.

Preferred CD’s for use in encapsulating benzene will depend upon the
particular hydrocarbon substrate being treated and upon the objective of the removal ;

30 process. For example, if the prime objective is to remove benzene from a
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can be nodified by derivatization of the hydroxyl groups.

- According to the present invention, benzene is encapsul ated inside of the

CD ri WO MBIRng a CD benzene conpl ex which is inm sci bIBEETHSIEHA403
hydr ocar bon m xture and can be separated fromthe hydrocarbon m xture

Jrelatively easily. 25 Substantially any unsubstituted a-cycl odextrin

should work in the present i nvention. -$-err]-cycl odextrins and

.S

Pycir oyl g oup EOTRITCRAG: BROR e ?@aﬁ BRI BraycEriise . iRl PEbPagene ©

sel ectivity toégia' teB fefefred AI¥sakd Lol df"i oD ﬁeﬁ@u%y'n‘i‘o"st?k%fgraﬁ%lCD

critical rs 1 ncluding |'inear paraffins, nono-bran
paraffins, |indaivatives bearing3éhe ofithe fforageing dubdtitddntssat the (136 Ipesiéion. Such CI¥’s

cycl opent ane, nethyl -cycl gpent ane, 99/ 01524
p)é'r/ Ugg 8/ 13403ate mghly s)élect?\F')e to benzene and par\é\%ns, whose molecular size matches closely

cycl ohexane %‘ﬂ)‘]}’eéﬁc ane, 1,4-dinethyl cycl ohexane, etc., over those
hydr ocar bors Wi arge i cal diameter, including aromatics,

mul ti-branched 111hé & ‘febﬂilﬁe 6ftle op@ttiosis td 18movelbdnzens F5H! hbtek gdsoline and
napht henes. Unsubstltute [erggu and [err] - cycl odextrins_and
derivatives thalsede praducs & high cencentration heasens awdyw@wrgférreét@m& yogld be

of o1 ns, and sl Bl e o By orf, WA MCRR iRl pARF B iR
Lerr]- eyl odex(agup it 1BloRitRH shiBstititahith 104t one merbey defecidiréth 9B D C

I nteractions. benzene 'nol ecul e has relatively small critical
di mensi ons 1€ 3. mlmsxmg of ABlucasy! (gnmps[ emalfosyl groufsx tmaltooligosacshatride srezigues,
t he benzene 10 Ie al | ows the benzene nol ecul guto |“®aert k tself nore

easily into thBY oxya iyt EYRUPE YT GPniainne E’QHP%O e FRPBRr

apht henes) [ Sre Efabe; diaNERRpio- srahy e BurbBAIRH 1EuR, SHBhY (profBt
encapsul at ed matyatedl groups; simsh vasahbqtylpotmmnyladlanxy&geetc greilypsgioaps)d sath tdse

I nner surface, of .t he ! CD.ring, . The electron structyre of benzene

Coul d give 11 sEmmghYREY1ErOb BEVIFRERS ISV FEBBeREs ORBRSH TOR SRER .
OPROse Lokl AGH RS AR jodo sriUP ARG ol oS AREELE O

encapsul ati on abntbmnigegmup@rsuae af amip froups chlkydamihoegrotysy, adido groupsy ete.,GRdor
a mxture of two or nore CDs. The CD s may be substituted on the C6

primary hydr oxj#orgaaepcid estsrs, me@@nams&ereofg secondary hydroxyl groups

WD 320 DS gl GR A OB SRR AR A et RR, e

groups, sul fur as@ follwitg:JhhdElucssidh-CD, and métdaydlRBEseldD rlkﬁir&le—a—
sul foni ¢ groups, deoxymercapto- groups, etc. car oxyalk groups,

met hyl grodps, CRyhydraxyethybepeD, suzbhxme@&b@cﬂD kydsoxypropy Gy hydroxyethyl-
SN IRINC I VE PN L SRR TR rvie RIS
deoxybr omo gr OYRSsosALF-CD Bt 4vafifhle from Ensuiko Sugar Co. (Yokohama, Japan), CTD, Inc.
(Gainesville, FL), Aldrich Chemical Co. (Milwaukee, WI), Cerestar USA (Hammon,

IN), and Wacker Chemical (Adrian, MI).
25 The hydrocarbon mixture may be treated with the CD’s in a number of ways.

For example, the CD’s may be formed as particles of cyclodextrin polymers or may
be bound to porous solid particles, and the particles may be used in a packed bed
process, such as a fixed bed or a simulated moving bed process. The CD may be
used in solution in a suitable solvent in a gas-liquid absorption process or in a liquid-

30  liquid extraction process. Alternately, the hydrocarbon mixture may be passed through
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] containing groups, such as am no groups, al kylam no groups, acido groups,

1 etc., and I norgani c acid esters. Preferred CD s for use
i n encapsul @ig saganzene will depend upon the parti cul arptygisswaEeON
substrate being treated and upon the objective of the renoval 30 process.
For exanple, if the prinme objective is to renove benzene from a

-5- hydrocarbon substrate, and if thegfinal product nmay conprise a
m xture of benzene and paraffins, preferred CDs are a-, [err]-, and
[err]-CD deri vafilmes, membtanp coiprising\cybldettrisbbound to ahicadr mefganhefaﬁisﬂﬁ
one of the foregoing substituents at the C-6 position. Such CD s are
hi ghly sel ect i PembsaNgsnok Adilah ot membene somprising palywers of cy¢lodextrinsg rmsany

I I 5 ,ve_of
operat)on s ¢ e SR Bhos i prefircet rpodient e RTLY By tsgn 16
produce a hi ghegestting apaiti dissobedzane, yﬁﬁﬁﬁblétsolvlaﬁtefo? rg’a@ﬁqﬁﬁ SbsoRMofl Biquid-
sel ected fromthe group consisting o [err]-, and [err]-CD"deri vatl ves

with the hy#ir oliguid extractign pupceasest hSolgents mlsﬂableofvrsllubhtapphbmbmn inblude podaxst

Tl oyl gr oup A BB oese RpPIASe CINEH cetlare e

sul f ur - cont ai NhQGeAHAL Rétra&hbﬂgnegi%&h,‘%(é.?%ﬁﬁ t a’FtE{/yIS Ghereof. Aq;rﬁg#ﬁg? e BbiiAEnE

groups, deoxymercapto- groups ., carbo groups,
groups, acyl at sdhidw imgreyessthe hebstmt;ebf] the €Dcowayds, bémamq; luseeh enixtuwe loy water

ot gupshafﬁggngﬁ%%%@% Torciting edani SQlHings ProfFATDGS: RURDL4H isenes hfom
groups, de%YC%&Itfﬁ(og{wm \%t%r to @'46 Qg‘?%rggxblg soleeﬁpt A gf%&r&f &mﬁre RUGH.

as am no groups, am no groups, I 'norgani c
acid esters, amd%aoatbr anﬂi403ws%tdn@:xﬂ@§olvent Many sui tabl e
derivatized CD s are avail able from commerci al sources, such as the

fol | owi ng: monogl ucd&geretically, lta‘ﬁ@ﬂﬁlbﬁ@ﬁ&ﬂﬂt”éé? simplyfredia lovokgnzenpgancantration
CD, hyd th
hydr oiy;?)r(\zle ¥éedah‘1ggl¥ ii-ﬂé:% car oxffln[e ) %‘dggﬁeﬁg%ﬁox%g %@%ﬁ%ﬁ QT%?I}G{C%D

net hyl - [ err] - Coomglepetytech st 2 highputy] or at leabitd hiphYdonbéitratiokBeAsdhe product.

avail abl e from Ensui ko Sugar Co. (Yokohama, Japan), CTD, Inc.
(Gai nesvi | I1&, Ps)2 prctealanaitsre spdnr p@@cesa Wauléh require lwg)e qummmtawhw&Awould

Hamo nd. VW k Ch
' gydr ocgr bon ni x%%%? sstefr;% em‘%C\'f% Hg’?ﬂ’éab%m éM oF fhg, pﬁﬁ??ﬁ%rm&e merclally
For exanple, tRub{d) sevéral steps mRisiag dﬁ&fd}ﬁfeﬁl ® Rmdk @(ﬁbc&%ﬁ‘ﬁ‘dﬁs%é&xd&@'%ﬂﬁéﬁ

or nay be bound to porous soli articles, and t'he particles may be
used in a packdnbthe feed stregmp dévill bsmmt m@mm\'zé@iﬁm&xmr@ adtiypighldtighi purity
novi ng bed pro ess in. sohutl nin a sui

solvent in a g gn%epagf%dlggggrpﬁqeg% and 8&?35@ SRR GOV e iPHRcesh can i’aaif’ephﬁed
extracti on pr oGgHg- cy&ba@&ﬂﬁg_el y, the hydrocarbon m xture may be passed

Fig. 2 is a flow diagram of a typical process for obtainiﬁg a high purity (up to
about 99.98%) benzene product. The process requires (1) a first column for removing
heavies from a feed stream (22); (2) a benzene extractive distillation column (24); (3)

a clay treater (26) to remove olefin impurities from the benzene recovered using the
25  extractive distillation column (24); and (4) a benzene/toluene distillation tower (28).
Referring to Fig.2, a feed stream 20 comprising in the range of from about 1 to about
5% benzene is fed to a first column 22 where heavies (C7+) are removed as bottoms.
A heart-cut stream 21 having a concentration in the range of from about 30 to about‘
50% benzene produced by the first column 22 is fed to a second column 24, which

30 may be a multi-stage extraction column or a solvent extractive distillation unit. A
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- 6- through a filmor nmenbrane conprising cyclodextrins bound to
.organi c or inorganic films or nmenbranes, or a filmor nenbrane

conpri si ng webysrerss4 of cycl odextrins, in any nenbr ane oPCGT/Y$9848408n
process. In a preferred enbodinent, the CDO s are used as an
extracting agent dissolved in any suitable solvent for gas-liquid
absorption or 5 liquid-liquid extraction processes. Solvents suitable for
such applications include ol ar solvents, such as water,

p
di net hyl sul f oxi brazemndspleted gaffigatsie removed fremthe pyadust sessmym Column?, apd pg,

f etraet hyl lycol, etc.. and.nixt th :
erbod mont - i Siach o GofAmitl e HeRzmld 28 5 eddo g ol et 36, B which olefin
uses a nixture piouies aréfiicludbf iHioproai@tient. OTigAPoBuABEaN! 37 from of the

preferably at a 10 ratio of in the range of from about 60-100 wt % water to
0- 40 wt % or gani clag dreatant 26 is fed te\ apbenzene-doluene distillatien dowen 28.ahich zemoves

wt % or gani ¢ sol vent. . . JTheoreticall I £. woul.d be possihle
simply feed % | Wipames0d 3By remmmn&hqe@m,?gp{ c%/gbﬂi‘@‘ﬁr%élggf €° RHPLY Eﬁgoo
extraction unit and figdte € QURARCthe high pltRyPSNBERRNEDRhat can b
conpl exes to recover}‘%s?\ieag lpurlnte;}f& gr afq21 easte aghi%h concentratio?\ %n ®
benzene product proddseduging tie the provass depicted ahFig. 3r dderassennfithis, itde preferablege
equi pnent, which would render . the 1Drocess (iormer_ci al ly_non-vi . For th%

process to be cB‘Fﬁw%P’i?F%ﬁSIV“@ isiples and psgs lesssquipment- E’egsp%i”?‘g? !‘?‘g@q preferre
renove hydéﬁ}%ggsgg ot @%&%&ﬁ%@% ekbraep ﬁﬁ%éegﬁ%ﬁ%ﬁfgﬁ%gﬁ&t%d atlBss

nost informativ examne a typica nzene
product i on pg OC egsendd thanthe pratesdapicied ADFighQw THeeprpeasessdepimed ieFigs. 3 and 4
simplified using cyclodextrins, Fig. 2 is a flow diagramof a

typical prior amre¢apablesd preduciis aipiodnet withpdenzene copeantration irpthegangr of from

99. 98% benzene pr G The peess. .requir 1St - cql f.
renovi ng heavi egg?‘ﬁg@n}&tq 3%%t§p/‘ga§1°‘(a?§7 SJ’Tg)%fgﬂ%%cﬁ)} éerﬁel&ltFrl%s(‘:t §EM4 i'the
distillation colssp 1 uignSent ikl b givendiletfumbéss. t o renove ol efin

I mpurities fromthe 25 enzene recovered using the extractive distillation

col um (24); and (4) The processetepistest iroFig nk isisimildr| tatthe rpreeese depiety in Fig. 2
Referring to Fig. 2, feed stream 2 conpri,sing in _t f f

Fbout 1To SBoukant Suriaoh SR 03 Gr rpReTRE eanns i ol SA%EsR kR0
(Cr+) are renoved ﬁsﬂg;tih‘?ﬂ@?mé? BE foht &bt 3 1tb 385U, BRNZENE idifed to a cyclodextrin

concentration in the range o om about 30 to about 50% benzene produced
by the unit 24 containing the cyclodextrin solution. The cyclodextrin complexes with the

benzene in the feedstream 20, forming cyclodextrin/benzene complexes, which are
immiscible in the remainder of the product stream. After separation, the
20 cyclodextrin/benzene complexes are decomposed, e.g., by heating to a temperature in
the range of from about 75 C to about 110 C. The result of such decomposition is a
lower aqueous layer consisting essentially of water and substituted CD’s and an upper
oily layer or vapor phase containing a high concentration of benzene. The upper oily
layer or vapor phase is fed to a clay treater 26, where olefin impurities are reacted out
25  of the product stream. The product stream 27 from of the clay treater 26 is fed to a
benzene-toluene distillation tower 28, which removes toluene and any remaining
heavies to produce a high concentration benzene product 30.
The process depicted in Fig. 4 also is similar to the process depicted in Fig. 2
except that Fig. 4 omits the clay treater 26 and the benzene/toluene distillation tower ;

30 28. Referring to Fig. 4, a feed-stream 20 comprising in the range of from about 1% to



-6a- first colum 22 is fed to a second colum 24, which may be a

mul ti-stage extraction columm or a solvent extractive distillation unit. A
-7- ben yfispd eted raffinate is renoved fromthe producpcghisogiinms
colum 22, and an extract stream containing the benzene 25 is fed to a
clay treater 26, in which olefin I mpurities are reacted out of the
product stream The product stream 27 from ofg the clay treater 26 is
fed to a benzene-toluene distillation tower 238, which renoves 5 toluene
and any renai ni RBoMESY BshzehiisPleddd GEfitsh cohlth® 22pwhdre hebdiby €OPHPIeFesioved as
Most applications do not require the high purity of benzene that can be
produced using thettomse Aphentteeit stredsh il dn therapge of fromBibont 3Q%de abeuts50% benzene

preferable to use,a .pracess, whi .is ,sinple nd. use e equi pment
E s 3 and 4 aappaieefpd Bt A ot 5 i o TPrfloRRiin B0 24 0 The SHHBERER
extract benzene dégj G (R HeRRBR! i NtHle afeeliftfeaml B0, SRHRAMSE cyd8dextiiEbenzene
process depicted irg]%g. 2. The procésseg depicted in Figs. gi'and 4 _e

are capabl e 6f pompleiesg The benzineidepletdd heattequt 28 és reomoved tfroam thercyiclodektzin unit.
range of from abciu GOl%to about 90% Because songe, of t?e equi pnent_in
{Figs. 2, 3, and The yqipdextrin/benzene comniexes AIF ARSAMPRFA IR 2iqrest fqyegus layer
nunbers. otd ' | | i L M :

process depi ct e(f opa1sgg%féss§ﬁ%®s§f;(\§§%% %‘ﬁ%’%ﬁs’? ﬁleié(? FPZ 'f a@%% ?gb%m;}glra&r&z%mp%
heavi es is omi t tpiuse Aohitaining ta high 2oncentratiew rofr bedizew, | whicheisr magwedfasf a diigh
about 1 to about 5% benzene is fed to_a cyclodextrin unit 24

cont ai ni ng the cSpEcERfEtonbNZeIeProdIst 3&he cycl odextrin conpl exes with the
benzene in the feedstr . £ or pdang  Gy.cl o | n/sbenge e j »
are i m‘r{b scible in e%%g%éll?n elr g?’)fm“tr b eq]glia%%tdg’fi g’%e{a%%eé&gﬂoefﬁ%s folWﬁiE
separation, the SQmplys viieikafd IR AE6nl)ARE GkEaldHN@ BIC6AHEAASE s 18niling Y
heating to a tenperature in the range of from about 75 C to about 110
C. The result ofingentipndednhgeliafi e following examplgey ald quaterials | wgzerobtained from

consi sting essengiall ywof . r . and substituted CD s and an upper oily
| ayer or vapor p%hcmﬁi g“ﬁpeﬁ‘f% e%ﬁ%gﬂtte ation of benzene. The upper
foily | ayer or vapor phase is fed to a C!EE 5reater 26, where olefin
impurities are reacted out 25 of the pr am The product stream

27 fromof the clay tqgateh o ilﬁzs{rgt‘% %l?euger%%ctgrg dpng%%fdﬁ%htd}'l B¥nPéne and paraffins

distillation tower 28, which®renoves remai ni ng

heavi es to produbg aaCla gibstitutaiatChtdepivatiessz e AemphoglucdsyB0.-CD was obtained from
{The process depicted.in Fig. 4 also is simlar to the process depicted jn,

Fig. 2 excepD: drat(Gamgville, Bl khemaneglycosyl-a-Brhade glygosyh group replacing
b /tol i St ' ' ' .
ot e o hlad i b (AR oo/ Rort 1S 149 -8 pkffon o Ol Poups n

the C-2 and C-3 positions were not substituted.

20 In a sealed vial, an agueous solution of 0.5057 g monogiucosyl-a-CD in
4.0998 g water was mixed with 0.3095 g of feed solution of 39.29% n-heptane, 0.50%
cyclohexane, 3.93% benzene, 16.45% toluene, 4.33% EB, 4.39% PX, 9.77% MX,
4.30% OX, and 17.04% TMB. The vial was shaken vigorously at ambient conditions
for two hours. No gel or precipitate formed. The upper hydrocarbon phase and the

25  lower aqueous phase were separated and sampled, and the samples were analyzed

using gas chromatography. The results are given in the following Table:



- 8- about 5% benzene is fed to a first colum 22 where heavi es (C7+)

-are renoved as = bottons. A heart-cut stream 21 in the range of
about 30% t VABUS2460% benzene produced by the first col ufE?¥ Q‘isgf"é“lﬂéd
to a cyclodextrin unit 24. The cycl odextrin(s) conplex with the benzene

in the feedstream 20, form ng cycl odextrin/benzene 5 conplexes. The
‘benzene-depl eted heart-cut 23 is renmoved fr@&mthe cyclodextrin unit.
The cycl odextri n/ benzene conpl exes are deconposed into a | ower aqueous

| ayer consi sting essentially of water and substituted CD s and an
upper oily layer or vapor Egase contai ning a high concentration_ of
benzene, which is Gomnonentsys a Feaghwt’e  Jdydreearben i @PCtYérﬁzleﬂmnproduSQlegDﬂt}’

rence to the
°q not be

10 The inventionjwi ||l be better ersvg?)d
fol'l owi ng exanpl es, ich are illustr Py,
construed as |t

Ry

exanpl es, all ' Whirich cndf 28 Co. unl &84
ot her wi se not edCyclo-Cé6 0.50% 0.34% EXI%E | 15 020
This exanple illustrates tl§e sel ective encapsul ati on of benzene and

par af fi ns Bg a C-6 sulfstitutedSB%rr]-CD dd@9Watives. A.06% 1.00

nonogl ucosyl rj -CD was @bt ained_from nc. (Gai i,lle, FL).
The nonogl ucosyfr %err] -CD Had a g??rééé’yl grougg%eo’p)l’am ng dﬁﬁ/ *he hydrogén51

atomof the prigpry -OH grqup in thgié;6 p05|t|40;31yThe - OH ggspyps in 310
the G2 and C 3 positions re not substltuted 20 In a seal ed vial,

an aqueous sol uPXon of 0.5@57 g noA38%ucosyl -[&F %6 CD in  5.11%. 0998 ¢ 1.60
water was mxed with 0.3099 g of f (,37% sol ution of 39.29% n-he tane 0. 50%
cycl ohexane, 3. o benzene, 16 45981 8%uene, 4. 9FREB, 4. 39%-F% 9. 779 MK 848
4.30% OX, and 14;p4% TMB. The vi al 446, shaken yiges ousl y at §lﬁ%l ent 16.40
condi tions or two hodgrs. No gel or preci pltate formed0 e upper )
hydr ocar bon pha¥MBnd the 35 | owe7.04%eous phHassOWere sepad.86%d and 39.60
sanpl ed, and the sanpl es re anal yzed usi ng gas chromat ography. The
results are given in the foll ow ng Tabl e:

The foregoing results demonstrate that n-heptane (a paraffin), cyclohexane (a
naphthene), and benzene are more preferentially extracted by the C-6 substituted
5  glucosyl-a-CD.
EXAMPLE II

This example illustrates the benzene-selective encapsulation by a randomly
substituted B-CD derivative. The methyl-p-CD had an averaged degree of
substitution of about 1.8. An aqueous solution of 0.5087 g M-B-CD in 4.0324 g water

10 was mixed with 0.3012 g of feed solution in a sealed vial. The vial was shaken
vigorously at ambient conditions for 2 hours. No gel or precipitate formed. The upper
hydrocarbon phase and the lower aqueous phase were separated and sampled. Tﬁe

samples were analyzed using GC. The results are summarized in the following Table:
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The upper

cycl ohexane (
extracted by tmeC&Z 6 subst
EXAMPLE 1| |
encapsul ation ByY4&ndon
7 met hyl -[err] - Cl3, had an av

An aqueous solution of 0.5
with 0.3012 g dFolf eed solu
vi gorously at i ent cond

and sanpl ed. They sanp
sunmari zed in the follow n

Conmponent s Feed, W % Hydr ocar bon Recovered from

"Selectivity Phase, wt % CD,
Wt % NwWOH5/01524 39. 29% 35. 10% PCTIUST/ 3508
0.84 Cycl o- C6 0. 50% 0.34% 2.92%

0. 20 Bz 3.93% 2.91% 5.06%
1.00 Tol 16. 45% -10- 16. 93% 8.39%
3.51 EB 4. 33% 4. 73% 2. 65%
3.10 PX 4.39% 4. 70% : 5 11%
1.60 MX 9. 77% 10. 88% 2.23%

8. 48 OX 4 % 4.81% 0.51%... .
16. 40 Tivg COmponents Feedywifpt, Hydr‘_’carb%gé%‘é’%%md fom O Sedhivity
39. 60 The foregoi ngjresults denonst (Riase, i8¢ n- he@mngiga paraffin),

| v

t ut ed 39.29%l ucosyl 44.48% 7.95%

42.71
exanple, L)l ustrates _the benzene-sel ective
st%éulé’l tuted [88A1e CD deri2vbi%ve. The 148

raged e of stituti about 1.
87 ¢ Md%gjrﬁ] -CDin %48%2)4 g vvatiebrr’b% was m xg'go
ion inl@45%al ed vi ay.96%he vi al 3yasgoghaken 3.25

tions for 2 hours. No gel or precipitate forned.
phase &h#%he | ower4dd%eous phaddiere separ a#dd

e'sl'a\gllere?""ml yzed ushgg%GC. The rsglsﬁ)()ts are 5.74

Thi s

dr ocar bon

-10- CorMdnent s FReTRe W % bigdepcar bon egpyered frong gq

Sel ectivity Phase, wt %

CD, W % n-@X 4.30%9. 290% 4.26%  41. 44%78% 7. 85%
_ 0, 0, 0

12 01 Cyclfyd 17.08%°0% 18159 0 34% 3040, > 128%

The foregoing demonstrates that methyl-B-CD selectively encapsulated benzene over

other paraffinic naphthenic, and aromatic compounds.

5 EXAMPLE III

This example illustrates the improvement in benzene-selective encapsulation

due to the use of a mixed solvent. The methyl-B-CD used in this experiment again
had an averaged degree of substitution of about 1.8. A mixed solvent of 40 wt%
DMSO and 60 wt% water was prepared. A solution of 0.5064 g M-B-CD in 4.00158
10 g of the mixed solvent was mixed with 0.3066 g of feed solution in a sealed vial. The
vial was shaken vigorously at ambient conditions for 2 hours. No gel or precipitate
formed. The upper hydrocarbon phase and the lower aqueous phase; were separated
and sampled. The samples were analyzed using GC. The results are shown in the

following Table:



i

Bz _ 3.93% 2.47% 20. 24%

- 1.00 Tol ' 16. 45% 14. 96% 37.68%
3.25 WO 99/01524 4.33% 4.17% PCT/US9871346%,
4. 34 PX 4.39% 4.32% 6.17%
5.74 MX 9.77% 9. 89% 9.10%
8.91 OX 4.30% -11- 4.26% 5.78%
6. 04 TMVB 17. 04% 18. 15% 3. 04%
48.92 The foregoing denonstrates that nethyl-[err]-CD sel ectively

encapsul ated benzene over
conpounds. 5 Compmmmw
exanple illustrates the
due to the use of a m xed
experi ment agat
A m xed sol ven @6

ot her paraffinic naphthenic, and aromatic
Feed, wt%  HydrocartmmANRacevered from Selectivity

brovenent in ben sel ective _gpncapsul ation
50l vent . The net %g‘ &&r/‘] CD u "?‘?this

solution of O. F%%
m xed with 0.3066 g of fee} solutlonlnasealed vial. The vial was
shaken vi gorousB% at anbi eht condix93%s for 2 h68¥s. No g@R.H% precipitalé0

formed. The uppegr, hydrocarpon ph nd the | agueous wer e
separ at ed gfﬂl sanpl ed. | The s%‘f’é@ wer e aﬁ%‘% #d usi nd‘ &%§;The resul #$3

are shown int foll opi ng Ta

-11- Co%nents F(ta&e wt % Hygr ocar bon Rgcoc?v/ered from 851
Sel ectivity PX 439% 4.59% Phase, 580% CDl11.72
w % n- C7 39. 29% 39. 72% 3.99%

134. 75 oyM& cs 2.7Wo5000  1043% (. 319 8.95% 1. 68577
2.53 Bz 3% o/l. 68% o, 22.74%
1.00 Tol Ox 1423 45% 4.50% 4. 58% 6.00% 40. 03% 10.15
4.93 EB TMB 170482% 19.76%. 43%  4.28% 7. 05% 62.49
8.51 PX : 4.39% 4.59% 5. 30%
11.72 ND( 9. 77% 10. 43% 8.95%

15. 77

The foregoing results demonséatg Qhﬁt the mixed sé]lverﬂ Of 40 wWt% DMS?J/Q(? W%
water s1gmﬁcant1y improved methyl-B-CD’s selectivity toward benzene.

10. 15

5 EXAMPLE IV

This example illustrates the benzene-selective encapsulation by another

randomly substituted B-CD derivative. An aqueous solution of 0.5002 g
hydroxypropyl-B-CD in 4,0211 g water is mixed with 0.3089 g of feed solution in a
sealed vial. The vial was shaken vigorously at ambient conditions for 2 hours. No gel
10  or precipitate formed. The upper hydrocarbon phase and the lower aqueous phase
were separated and sampled. The samples were analyzed using GC. The results are

shown in the following Table:



B U

TMB 17. 04% 19. 76% 4.28%

- 62. 49 The foregoing results denonstrate that the m xed sol vent of 40
wt % DVBQ 6Qygdoldnsz4 Water significantly inproved nethyl -[ er p&T/US9813403
selectivity toward benzene. 5 EXAMPLE |V
This exanple illustrates the benzene-sel ective encapsul ati on by anot her
randomy substituted [err]-CD derivative._y,_ An aqueous sol ution of 0.5002
g hydr oxypropyl -[err]-CD in 4.0211 g water is mxed with 0.3089 g of
feed solution in a seal ed vial. The vial was shaken vigorously at

anbient conditions for 2 hours. No gel 10 or precipitate fornmed. The upper
hydr ocar bon pr@&ﬁf,@mué hel owepeadpRUS Scarbon vw&ec%va%aeff&ﬁed an§elect1v1ty
sanpl ed. The sanples werel}anal yzed usi ng The results are shown 1 n

the follow ng Tabl e: Phase,wt% CD, wt% -12-

Conponent s
Selectivity nC7 39.29% 40.20% Phase 6.93%0 CD50.57
w % n- C7 3 40. 20% 6. 93%
50. 57 q/c%"l&bc‘s 85@‘9‘50% 039%" 0.39% 1:54% 1 540221
2.21 B ?9 % 2.69% - 69% 23.45° 23. 45% 1.00
1.00 TOI z 16. 4 % fg 48% A% 39. 75%
3.39 EB Tol 18.483%0 15.48%. 32% 39.75% 7.08% 3.39
5.32 PX 4. 39% : 4. 45% 5.43%
7.14 w EB ér3g%m 4.32%p 049 7-08% g 269 S5.32
10. 60 OX % 4. 37% 0 5 17%
7.37 ™e X 474384‘% 450 060 OB 5 3990 14
65. 87 TheX or egoi ng Jresul t s9dgapnstr at a0ust HP-[ er r§.26% sel ect i vid.60
encapsul at ed benzene ver ot her par affinic, naphthenic, and aromatic
conpounds. OX 4.30% 437% 5.17% 7.
T™B 17.04% 18.06% 2.39% 65.87
The foregoing results demonstrate that HP-B-CD selectively encapsulated benzene
over other paraffinic, naphthenic, and aromatic compounds.
5 EXAMPLE V

This example illustrates the improvement in benzene-selective encapsulation
due to the use of a mixed solvent. A mixed solvent of 40 wt% DMSO and 60 wt%
water was prepared. A solution of 0.5046 g HP-B-CD in 4.0007 g of the mixed
solvent was mixed with 0.3268 g of feed solution in a sealed vial. The vial was

10  shaken vigorously at ambient conditions for 2 hours. No gel or precipitate formed.
The upper hydrocarbon phase and the lower aqueous phase were separated and
sampled. The samples were analyzed using GC. The results are shown in the

following Table:



5 EXAMPLE V Thi s exanpl e
.illustrates the i'nprovenent in benzene-sel ective encapsul ati on due to
the use of awadi9ddssol vent. A mixed sol vent of 40 wt % DVSO andPEI/U#P$/33403
wat er was prepared. A solution of 0.5046 g HP-[err]-CD in 4.0007 g of the

§ m xed solvent was m xed with 0.3268 g of feed solution in a sealed
vial. The vial was 10 shaken vigorously at.jagnbient conditions for 2 hours.

§ No gel or precipitate forned. The upper hydrocarbon phase and the | ower
aqueous phase were separated and sanpl ed. The sanples were anal yzed
using GC. The results are shown in the foll owi ng Tabl e:

-13- Conponergdanponents Fee@eedtwt% Hihdomarbomn Reowered dbni r om  Selectivity
Sel ectivity Phase, wt % CD, W %

n- C7 39. 2p% 40. 0Fhgse, wt”o 2 Clygwt%

AT I A Fy29% 40.97%, 299%79 22110
1.00 Tol 16. 45% <o 15q 2064 3%

a2 Cyclo-C6 o Gads0% 2. g{% 1408 030 4.28
8.67 PX Bz 4.39%.93% 42.32% 27. W‘VJB% 1.00
11.55 MX ' 9.77% 10.17% 8. 49%

14.48 OX Tol 4. 3A5% 15.18% 40.83%. 520 4.47

9.68 TMB 17. 04% 40 091%
457.70 The for%%oi ng resugts dermﬂr\%?f{"ate that4?é m xed sorl\%elgt of 40 W?&7
4 DVBQ 60 Wt % wat egxsi gnificahtly i mgoseed HP-[eralka@D s sel eatiepty towardi.ss

£ benzene.
MX 9.77% 10.17% 8.49% 14.48
OoX 4.30% 4.42% 5.52% 9.68
TMB 17.04% 18.67% 3.91% 57.70

~ The foregoing results demonstrate that the mixed solvent of 40 wt% DMSO0/60 wt%
water significantly improved HP-B-CD’s selectivity toward benzene.

5 Persons of ordinary skill in the art will recognize that many modifications may
be made to the present invention without departing from the spirit and scope of the
present invention. The embodiments described herein are meant to be illustrative only
and should not be taken as limiting the invention, which is defined in the following

claims.
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-14- VWhat is clainmed is: 1. A nmet hod for separating

"benzene fromother organic materials in a feed stream

conpri si Ng: wa 9901524 providing a feed stream conprising bepggigsoaseat
| east one ot her organic material selected fromthe group
consi sting of unrefined and refined hydr-ecar ban._pr oduct s;

treating said feed streamw th at |east one g}/cl odextrin to forminm scible
conpl exes of said cyclodextrin and at | east porti oS Peesfaisﬂedaalalggc@@; and,
10 separating said i mmscible conplexes fro ”

eam
2. The nethod of claim 1 wherein said step of pr ;ﬂ,lﬁmm stream
conpri si ng benAdGEAINE at | east one other organic material co 1'Ses t he
ste of ,separating a first streamincluding a fjrst
congent ration of ben’}é%egﬂ?‘ﬁ%" s%&q:gmg benzene from other ouganic materiakiaga fed gtream
benzene and at | eastcopfispigier organic material, said 15 feed stream
havi ng a second concentration of benzene which is greater than
said first doncentr aprovidingaadeed bintano teompoisingi ssnaeneomghiat teagbibs iother egarier
t han benzene. 3. .. The nmethod according to claim2 further
I ncl udi ng, the st epsm't')tFl."aleli ssoci ati ng sai d benzene from said
I mm sci bl e conpl exe i bW ' . siream
having a third conc:tfﬁa;ﬁgg%ig fg%ﬂ %{éknzengtﬁgr?feyggt[eoﬁlet 8‘8‘1%’5?8 n ag%%%ﬁ?an&.umfier
second concentration; renenditipnsleffettive tWifofm imnafisdible Bompldkes Bf didegé1adsirin

benzene stream and renoving substituted benzenes fromsaid internedi ate
benzene stream producin 3 deasba posion of seiddenzene; Badi ng a fourth

concent 24181 O PCrSRSSHE SAk Serl B0 AN EpERRFRR LEY 20 ¢

di ssoci ating said benzene fromsaid cycl odextrin; and,

col l'ecting sai d2.benZEimemethod of claim 1 wherein said providing a feed stream comprising
-15- 5. The nethod of claim4 wherein said step of dissociating
sai d benzene from benzene and at least one other organic material comprises separating a first

stream comprising a first concentration of benzene into said feed stream

comprising a second concentration of benzene greater than said first

15 concentration and a bottoms comprising organic material heavier than
benzene.
3. The method according to claim 1 or claim 2 wherein said separating said

complexes from said feed stream comprises:
dissassociating said benzene from said immiscible complexes, producing an
20 intermediate benzene stream having a third concentration of benzene
greater than said second concentration;
removing olefin impurities from said intermediate benzene stream; and
removing substituted benzenes from said intermediate benzene stream,
producing a benzene product stream having a fourth concentration of

25 - benzene greater than said third concentration.

4, The method according to any one of the preceding claims wherein said at least
one other organic material comprises hydrocarbons in the gasoline boiling™
range selected from the group consisting of reformate, hydrocrackate, pyrolysis

gasoline, fluid catalytic cracker naptha, and a combination thereof,

L
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said cyclodextrin includes heating said conplexes to a tenperature from
-75[err]C fo 110[err]Cto forma first |ayer consisting
essential | y w0 9%/0134i t ut ed cycl odextrins and a scRCHUSPRLAEE3 of
benzene; and wherein said step of 5 col l ecting said benzene

§ includes feeding said second layer to a clay treater in whi ch
folefininpurities are reacted out of the bensene stream and further

$ i ncludes feeding said benzene streamfromsaid clay treater to a benzene-

} tol uene distil I3t i onTheomethodiareardingitenay one (of hecpraceiling glainasrwhaieinysaid at/least

to produce hi oncentrati on benzene, product. 10 6. The
{ method of claim4 fu??x{ehog?erioggﬁ%jmgﬂ{ai%m??gﬁ%s rgfoniné di ng said feedstream

to a first colum where heavies ((ferr]) are renoved as bottonms and a
heart - cut 6. The nietiéd iabcdring’ 81 @By Odne30F0the [rE06dRRN £8iRs| Wherein said
§ produced; feeding said heart- cut streamto said treating step
§to formsaid conpl exeysladeutrin Henselested from the grouplequinsistinig hefard~ cpd,; amddy-
renmovi ng sai_d benzene |eted heart-cut. . 15 7. The t hod of, any, one
$ of the precéding cl a'yr?g°eq%5§’r“éi°r?“§’5’fsﬂlga? drazxyl grRyp substituted at a positign slected
g is dissolved in a sofy@nih Asisting HRGHEREHO %l Cm]{ her ol S al
solvent is selected from tehgeroa;g ocl(}psls o e bi:%\és)its'?’i %ég 0 © \A&fh}f&%?fﬁoﬁaﬂ)}ga
di met hyl sul f oxi de, smefbemiselectdd nfeortnyfher prowpdeonsisting of glucosylc giowps, haltesyl
tetraet hyl enegl ycol and m xt u]{tqeﬂi thereof, 20, 9. The net hod of claim8
wher ei n sai d sol vent 5TP8P% naltepligosacchamide icsidugse diydroxyalkyl groupsy; pulfur-

4 di met hyl sul f oxi de, s 0L306..Gh ' | LT .

t et raet hyl enegl ycol at a raﬁrgﬁboﬁwé%f%@%gﬁ/gﬁ%%ﬁ%g@jogg%% gzﬁr gups; silyl
jsolvent. 10 10. groapsrbalegendted grotbsthitrogenyontdifingfgrol, RopsRsd Add ebtetsTs
{ wherein said at | east 25 one other organic materi al conpri ses
4 hydrocarbons in_the gasoline boiling range selected fromthe
4 group consistinf of fdp %?‘E,S iRz benzeng om other organic myagerigls in a feed stream
gasoline, fluid cat aé&ﬂtxé]ﬁséﬁéa:a(:ker napt ha, and a conbi nati on thereof.

t’no

] -16- 11. The nme ccording to any one of the preceding clains
V\/n](car ein said at providing al feed istreqift cOniptisiy Beardetie AL €4t i 18dst GARTBth&C6rganic
J refornate. :
material;
15 treating said feed stream with at least one cyclodextrin in an amount and under

conditions effective to form immiscible complexes of said cyclodextrin
and at least a portion of said benzene, wherein said cyclodextrin is
selected from the group consisting of a-, B-, and y-cyclodextrins
comprising a primary hydroxyl group at a C-6 position substituted by a

20 member selected from the group consisting of glucosyl groups,
maltosyl groups, maltooligosaccharride residues, hydroxyalkyl groups,
sulfur-containing groups, carboxyalkyl groups, methyl groups, acylated
groups, silyl groups, halogenated groups, nitrogen-containing groups,
inorganic acid esters; and,

25 separating said immiscible complexes from said feed stream.

8. The method according to any one of the preceding claims further comprising:

dissociating said benzene from said cyclodextrin; and,

collecting said benzene.
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12. The net hod according to any one of the preceding clainms wherein said

'cyclodextrin is selected fromthe group consisting of [err]-, [err]-, and

[err]- W099,015240ycl odextrins conprising a hydroxyl groupp@ﬂqg;ggghyjosd at
a p05|t| on sel ected fromthe group consisting of the G2, the

C-3, and the C-6 position by a menber selected fromthe group
consi sting of glucosyl groups, naltosyl gr oups,

mal t ool i gosaccharri de residues, hydroxyalk%P groups, sul fur-

cont ai ni ng groyps, AbRPlkdo mﬁnsﬁfgqseaﬁend&kbydulaé@wﬁ cydbddsigd groups,
silyl 10 gr oups, halogenated groups ni t rogen-cont ai ni ng groups,
i norganic acid The method of claim 12
wherein said ci®&l odEhe mek& 0§ GI@Bt%Whﬁlre@hﬁalﬂ €ygjedentrin is selected from the group

e "0 op! " donshBRE b 0 RN SR o 55
sel ected fromthe gsolR-EpESicH kdlﬁtlﬂi'f_?ed by a merfberHelke Yo tR! E?oupn@nfs&ﬁﬁk
groups, nmaltooligosaccharride residues, hydr oxyal kyl groups,

sul fur-cont&i ni ng gof)ugis;:osgyhr groups,| Iayxhltgﬁytbugmupmat tepltooligosaccharride mgsidues;,
0 e WS okl ML B! 550 st
benzene encapsul at egmtﬂyl c?lﬁf‘eh%ﬁl&?sréglﬁl s h&lﬁgenateﬁkﬁ—om%eﬁfcoﬁ{ﬂuﬁk 14

wherein said cycl od Mt he
consi sting of [err] groupgindrganiaacidlesters. - cycl odext rins conprising a primry

hydr oxyl group at a C-6 position substituted by a nenber
selected fromthe group consistin of glucosyl| groups,
mal t osyl groupd!- Fﬁ%awg&%&éalﬁm 1Qdispesed jp gmixture comprising ongamicJRatarialy|

groups, SUll(F ur-cont g ﬂfe%s&{r&%?h%%@g ﬂ%&dé& lr g g&bogrgug‘%ﬁ'éﬁn of reformate,

groups, acyl ated groups, yl gr ogenat e ni t rrogen-
cont ai ni ng groups, hmbmakate,qglrdyas igascline, fluid catalytic cracker naptha, one or more

-17- 16. The conplex of claiml5 disposed in a mxture conprising organic
materi al s i nselventsand combingtipns Hgreoknge sel ected from the group
consi sting of reformate hydr ocr ackat e, pyrolysis gasoline, fluid
catal ytic cracker naptha, one or nore sol vents, and conbi nati ons

t her eof
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