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benzene in the gasoline pool In catalytic reforming, a hydrocarbon feed such as
naphtha is passed over a metal catalyst such as platinum at an elevated temperature
and pressure. The catalyst reforms the molecular structure of the hydrocarbons
contained in the naphtha by removing hydrogen and rearranging the structure of the
molecules so as to improve the octane number of the naphtha. Because of the
multiplicity of compounds in the raw naphtha, the actual reactions that take place in

the catalytic reformer are numerous.

[0005] One strategy to manage benzene production is to minimize benzene
and benzene precursors in the reformer feed. While successful in reducing benzene

production, benzene is still produced in the reformer. As such, other strategies to



separated after it is produced in the reforner. [0006]
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to produce an extract stream, wherein the extract stream is aromatics rich relative to

the permeate stream.

[0010] In one embodiment, a method of removing benzene from a
hydrocarbon stream comprises concentrating benzene using a membrane unit having
at least one membrane to produce a permeate stream and a retentate stream, wherein
the permeate stream is benzene rich relative to the permeate stream; introducing
hydrogen and the permeate stream into a benzene saturation unit; and saturating

benzene with hydrogen to produce cyclohexane in the benzene saturation unit.

[0011] The above described and other features are exemplified by the

following Figures and detailed description.



[0013] Figure 1 is a schematic illustration of an
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[0018] Figure 6 is a schematic illustration of an embodiment of a method of
separating at least benzene from a hydrocarbon feed stream using membrane

separation to concentrate aromatics prior to pre-fractionation and extraction;

[0019] Figure 7 is a schematic illustration of an embodiment of a method of
removing benzene from a hydrocarbon feedstock by concentrating benzene prior to

benzene saturation;

[0020] Figure 8 is a schematic illustration of an embodiment of a method of

removing benzene from a hydrocarbon feedstock using membrane separation;
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rearward direction. The term “direct fluid communication” as used herein refers to a
communication between a first point and a second point in a system that is

uninterrupted by the presence of additional devices.

[0025] Referring to Figure 1, a schematic illustration of an embodiment of a
method of separating at least benzene from a hydrocarbon feed stream using
membrane separation to concentrate aromatics prior to pre-fractionation and

extraction is illustrated. The method for removing at least benzene from a
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[0027] The reformate stream 26 is in fluid communication with the membrane
unit 12. The membrane unit 12 comprises one or more membranes arranged in any
suitable fashion, generally within a housing. For example, the one or more
membranes of the membrane unit 12 can be spirally wound, plate and frame, hollow-
fiber, or the like. As is readily understood in the art, the membrane unit 12 can further
comprise support members, end plates, and the like. The selectivity of the
membrane(s) of membrane unit 12 varies depending on the desired application.
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3. I n one enbodi nent, the nmenbranes of the nmenbrane
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pre-fractionation unit 1 may be a distillation

stream 32 using perstractive separation techniques, pervaporation separation
techniques, and the like. For example, the reformate stream 26 is passed along one
side of a membrane of the membrane unit 12 and a vacuum is applied to the
membrane at the opposite side so that the aromatics selectively permeate through the
membrane to produce the permeate stream 30 (i.e., pervaporation). In other
embodiments, the reformate stream 26 is passed along one side of a membrane of the

membrane unit 12 and a sweep gas or liquid is passed on the opposite side of the

membrane (i.¢., perstraction).



devi ce such as a distillation colum. In one

enbodi nent, the nenbrane unit 12 is disposed upstream
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fu@f@mlcé\l%dlynea@éeiﬁ@mgné% (M Fyedimedyl cokpsisict (BMID),
) 0 d stream 44. [0034] The benzene

m%%ﬁ§gﬁgé§ﬂﬁdn¢§gRSf t he benzene colum 18 may be

further processed to renove other aromatics (e.g.,

t ol Y&0a3 Jaind vaydwsnenbodimeness atp| extrac? HBa20@3/ 66RO further

PCT/ US2007/ 077109 .the benzene bottons stream46 is.
PIPg§sqdy 1P hECHRE e FEIQUS | ATNA6 SORRCRIISY t SihefmRle, in one
crhJIUEH, RO LG skﬁ%aﬁlem@ lp%t ARUSEIRATNIERIRS with! HleUBdBene

over head stream 48 t
column 18 such that benzene is rernoved from the extract stream 42 as a benzene

overhead stream 44. In other words, the benzene overhead stream 44 is benzene rich
compared to the extract stream 42, whereas a benzene bottom stream 46 is benzene
lean. The benzene column 18 can be a fractional distillation device. The number of
trays, reflux ratio, and the like of the distillation device vary depending on the desired

composition of the benzene overhead stream 44.

[0034] The benzene bottom stream 46 of the benzene column 18 may be

further processed to remove other aromatics (e.g., toluene and xylene). For example,
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toluene rich conpared to the benzene bottom stream 46.

A toluene bottomstream50 fromthe toluene colum 20
woreapsfuseher be fed to the xylene col unm 22, wWher/E52007/077109

is split into a xylene top stream 52 and a xyl ene

bottom stream 54. The tol uene colum 20 and the

xyl ene columm 22 can each be fractional distillation
thel®eheas boAgas Riredrhel6 indeder theftolueay solumef 20xuchathatotoluene is

and the || k%POf the distillation defw ce vary, depending

regiyveq Hamyi9sbeaeeng OREBE; Sicam 10r 2%t hiolyeas paetiedd sy, s dhat is
toﬁx%ﬁé h]a@ 5@@% R RAnk '%%tt&éﬁ' SH3&m 46V9A '&ﬁé%e%“tt%ﬁf@tﬁe%m 50
0035] Referring to Figure 2, a schematic | ustration

frarh tlantobrdno do et 2(b1fnag furttet hodedoto theppleat colgmat22) eastein it is

nzene om a h carpbon feed stream usjn nbr an
sPRE RS B Ishe a5 et S o P ot Bt he (TG 20fimn
2R%dd @@t;ay%evuohﬂﬂu b2 rea& eaéhr BE frhanahl 8Rtillsidnl ddides atagfin, the
I n this enbodi nent, hédrocarbon feedstock 24 is
mmetd:r of ray#h éeﬂ@f@hmndﬁbe epbthe Nestllhlytl@m deigovary depending on

thcr‘ ges(Z{?elgiigcfolr(Ilpégltlg eﬁ%etc‘t:lal lthPr eacvtﬁ:r % ﬁ'a??f)nq %Q gtltlehgylene
oveeraouhesn 5The stream 28 may be diverted fromthe
reformate stream 26 to be used as an additive to

gasoline or the |ike. 2£)0036] The reformate stream
i's iR03 Yl ReformgradiisueiZon sshematinblupiEtionaafen feml?qd@znt of a
mdfigd TTARRiANAL 1 GEREHBL 5P aPRIAIBESors ERAT3Mh using
and a retentate strea using perstractive
mempanat separatlem: htoi qeresntrge raralmanca;t iponr gepadtatciion without pre-
t echni and the |ik The p am 30
Fri ORI e IR B SHRIORITES D5 T L PO b i00k 63 is fod
to! e GBRrBBL PR thd H?drﬁ@eﬂpé@@@ed%bﬁ 24251 AN RRAS qgacted to
upstreamof and in direct fluid comunication with
protheceehe reformaier stwednt 26 dhat Theicke xit amotatio rompoundse Ewmtmm 28

| ect i ' t t
i oE PR e R birie AT PSP SRR A ah P R RBne o
thbgay raffinate stream 40. [0037] The extract stream 42
rray be further processed to separate val uabl e

romati ¢ conmpgonents. For_ exa i n one enbodi nent,
t he [£Q8¢labhe sfqrmatn sipamg26 i in msh @UEBHHEAIoB Yifothe wgnpbrane
r\El Qr?lbt%ﬁg 4P 1%%&?&&%52 I%QI% j()sanrd%ﬁ%i/eggate stream
rom the extract stream nzene over

3$ﬁm@p¢rét4actﬁ7b eeﬂma’tmrteclbmqltesnp@wrpemﬁon%pa:rﬁtlctmtEChmques and
z colum 18 nmay _be. fyrther processed tQ renove
thems IPGHBIAL® SBeaip9 poly BUESTPE9A085 G0 7 Argection unit
1" Iﬂ’(ﬁ{e' GhodfifEnt SR rﬂ%rﬁbraﬁ@ gnib €M %§H‘1‘§p&%& LB BcaRt LAY h&Yirect
I's fed to the tol uene col um

fluid communication with the extraction unit 16. The extraction unit 16 employs a
selective aromatics extraction solvent to produce an aromatics rich extract stream 42

and an aromatics lean raffinate stream 40.

[0037] The extract stream 42 may be further processed to separate valuable
aromatic components. For example, in one embodiment, the extract stream 42 is in
fluid communication with the benzene column 18 such that benzene is removed from
the extract strecam 42 as a benzene overhead stream 44. The benzene bottom stream

46 of the benzene column 18 may be further processed to remove other valuable

8



20 such that toluene is renoved fromthe benzene

bottom stream 46 as a toluene overhead stream 48 that
WO 2008043sene rich conpared to the benzene bott oPCBHUSBAT77109

46. A toluene bottomstream 50 fromthe tol uene

colum 20 may further be fed to the xylene colum 22,

wherein it is split into a xylene top stream 52 and a
ardinhedse PhﬁtekﬁlﬁpleSthl'e&ﬁm:éilé Dbofibms tsetame A6 ic dduonhe dlwnd column

thex ?colunn 22 are each fractjonal dlstlllatlon
20y enshcmat tqlermsgp remgrsdeframy hebengpiisptiam iSfreaia 40aty gfoluene
oRihead 325%9‘? s Sl Glucfic P4 Bip LA (PRRRERIDSoftim of8Sh 46. A
toBepabattomnstteamc 66 deomh rth¢ ¢olacremadlioms 3 mayy fucther be fed to the

xtra t|o In thi.s. enpodi nent, the  hydraqcarbon
xofcie 4W%1€§elfléalstS§P ERID § BYISPHIOP S RkEr @y Aeylene bottom

stﬁamr%amertofu%ﬁ@%mﬁhl 2@4nl ShERYRhY bRl ¥2 ra@@%a&dfrhamnal
produce the reformate stream 26 that is rich in

distilran idevicgsonpounds. The stream 28 nmay be diverted
fromthe reformate stream 26 to be used as an
addi . [ ] r r
ot donySe Bt R BbsRlagt Manallfy f ARthofEnl SRR of

schiradig analkhanbetrctic fom! M lf}ld@ocﬁﬁfﬁmd ifds@Nktredni @using rnernbrane
pre-fractionation unit, 14 is disposed upstreamof and
SCPHAHPT 46 {COPFIRTELCC BIRFMIF RGO VAR Horibi arBbagimEn the

r {
sl ok LR TR e ReBh s f R ARER okt fecdstock
24ptcatihgtebil e acac6, to pnetivan thenteformadh aitcems2G thams3&:h ifikseomatic
|nterrre ate stream 3 ri.ses_a C8 fraction,
captodRds; ?f lm%tfqalélrf’%%x Be B f@ﬁbthﬁé%rlaﬁts SEFRIT 2030 be uscd
aslAQAQkivAGRbAolihDoORETiRE I On, the menmbrane unit 12
generates a perneate stream 30 and a retentate stream
32 usi 2% Jfoer stractive separation techniques,
per ViApd? latheoreforressarsteon2q ét timi fijié scommieniedtion| with. the pre-
fract Q[e rnlrrlgr}? gérl] S:hrl %% %%odlment n;:l)ll (lj)lred fragtlor}ahor? unlr‘%bl4 i3 dlsposed
upsfibdlrn b2 ah@ iddisqe sl chasiueiRmnal withmig inbmdane thltfllzw The pre-
conmuni cation with the extraction unit 16. The
fracgiopation Wht Lthsapaneges therpifermate sieans b iinte agyrdicad strcam 34, a
btedhl @ﬁ‘%a{rﬁ) N6 Qa!nYiee%E 1ﬁt81a§éd‘?ﬂé’ GheAl onﬁ{é frite efdhat stream 38
extrac ream an aromatics |ean raffinate
cosipirlasn @G.CS[ f8etibh, Wheehex furthet pstessahindRe maynhbloencfunitt 12er
processed to separate valuable aromatic conponents.

For i.n one, .e dinment, the extract stream4
o | OREP AN 0B s PEREED e 07 R0 Hcp P nente Sream
3039([8"&' %t@lﬁﬁﬂeoﬁre%tﬂ ﬁﬁﬁg E@@ﬁ%ﬁe%@ﬁ&ﬁﬁbtﬂ&cﬁﬁiﬁﬁest Batvaporation
benzene is renoved from
separation techniques, and the like. The permeate stream 30 is in fluid with the
extraction unit 16. In one embodiment, the membrane unit 12 is disposed upstream of
and in direct fluid communication with the extraction unit 16. The extraction unit 16

employs a selective aromatics extraction solvent to produce an aromatics rich extract

stream 42 and an aromatics lean raffinate stream 40.

[0041] The extract stream 42 may be further processed to separate valuable

aromatic components. For example, in one embodiment, the extract stream 42 is in



the extract stream 42 as a benzene overhead stream 44.
The benzene bottom stream 46 of the benzene col umm 18
woreapsioesebur t her processed to renpove ot her val uedi/€S2007/077109

aromati cs. For exanple, the benzene bottons stream 46

is fed to the toluene colum 20 such that toluene is

renmoved fromthe benzene bottom stream 46 as a tol uene
flod evmeachicitioe amhd8e blddené solumhulenaich itichh bespaie@dnioded from

t he benzene hottom stream 46. A toluene bottom stream

thg gxirpcd e 4 1S FehtF@Z et QuterNo2e Sta3m fidr t Hisrbopecregptiogn stream

44 HF the<Ydi2Ble CAUHIN 1L a I%/V"B]ee lfé r{}r l3sediPlo! fenlodE %tﬁer Valuable
xyl ene top stream 52 and a xylerie bottom streamb5

ara'metictsol Hegregampleutin b20zan dotthes sirtand6gofadnn tﬂ@todueae colurnn
each fractional di st l.lati o devi c 004 ur

23 S o iriiid Bl ginechinm agrm oo & 5 Toflene

Vet Gtréa‘m 48 eRREAbLIRGe Ath E@Iﬁﬁére@ &8 Bendche %@om stream 46. A
hydr ocar bon feed stream usi ng nenbrane separation to

tobigne datteat greamob@itiias the |t<duerteocqin@nf20amab' ¢iohe dedi to the

xtraetio The rbon feedst is fed t

ol B far e prb P ePERRED ot SR RO Badiek 58 hogrom

stieainab/t iIMhal tbhuch€@6kueth 2O apl QBYI&Slcac cBfu@inTBL ers th@afadfonal
that is rich in aromatic conpounds. The reformate

digtllasigadogcess in flui d conmuni cation with an optional
second nmenbrane unit 56, which is disposed downstream
of 6[?64%]“51 lulé'épls apg’éﬂgﬁﬁhg ‘ff‘lﬁﬁs%tlem gh ]?Iltl %&SB&%PBF aHsthod of
and is di sposed upstreamof 1n an ul

sepaann i at akchgnbevzete tfhem ne rtmdamarhmi tfecti2 str¢ad 4ABJngl meembrane
second nenbrane unit 56 COF@H ses. one or r(F :

SCRYUABO A2 SONCENAN FHAMERCSAAYIOIS IR Pipirertiondimopnd getstigny yThe

hﬁ@[‘r&d&k%nafe%%b%k@l is P& 102t FRoBmert TIEWRBR tRE hydTQEéi"bon feedstock

nbranes of the second nenbrane unit 56 can

2%]@ qagdlyticalp umi;teqotoapredm@da réfprmate sticdnh @ thitbie rrlchcm ardrpatic
| ike. As y_.under st ood the art, .the

coRtPdhe T FRERHE SR 2 T Bt iy SR HBeRDional

sl fhahB@ne ailt t4® Wihk®. is THiSpssed egdwvdtle¥mOToft Bl in fluid
menbr ane(s) of nmenmbrane unit 56 varies dependi ng on

coppyeunigpdion withathp| ickamcnr 0. 1apd o edigheisedjueligam tofein and fluid

rane unit 56 are

Coggrg@nlv{sléﬁ%ﬁ&&ﬁlg%wzﬁog%duﬁﬁ[0044] The second nenbrane

unit 56 conprises a polynmer nmenbrane. Suitable

pol yioe43] Thecheded rherhbane undt 56 icoipeiskst one bhos@e membranes

di s b | at to th
o s e Papiop RIS iR HBRBEaker GHIDISGHe gt o
m¥R R0R8/84562% c REInHIRARW8L (2896 can be spirally wound, plate-and-

frame, hollow fiber, or the like. As is readily understood in the art, the second

membrane unit 56 can further comprise support members, end plates, and the like.
The selectivity of the membrane(s) of membrane unit 56 varies depending on the
desired application. In one embodiment, the membranes of the second membrane unit

56 are permselective to aromatics.

[0044] The second membrane unit 56 comprises a polymer membrane.
Suitable polymers include, but are not limited to, those polymers discussed above in

relation to the membrane unit 12. In operation, the second membrane unit 56
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generates a perneate stream 60 and a retentate stream

58 using perstractive separation techniques,
wQerosapeeat i on separation techni ques, and the PCRES2001€77109

retentate stream 58 can be used as a blend stock for

gasoline or recycled back to the reforner 10 for

further processing. The perneate stream60 is in fluid
geRORES NI (Raht00 sttddnh 60 bed a reemitaRecdin Sy ulidg peRtractdre separation

enhodi nent, the second nenbrane unit 56 can be
tedrné%%trrm@eﬁt%ﬁrwatmote?hmwer <ot the likg ﬁrﬁﬁe{?ﬁra&f‘artreaﬁl 58
caff ﬁe|1u§eﬁeasrr§%ark?oc‘1%rlfot g!rgohne':cﬁr Wb&k fohﬁest@fo‘ﬁﬁgr 10 for

nmbrane unit 56 can arrange In series wth
furtberbpaeessung t Th2. pdrmeaipe;rtlaamom it e fhedisomneinimatibn HPith the

er at es pe meat e tream 0 and retentate.s eam
mgbiand e T3 el onh a5 Setopd SBTRBANG IR dhrian be
difos@dpdtrtashi sremld ih| diedt NGAMEHMARSBA Witl thetB&nbrane unit 12.
pre-fractionation unit 14. The pre-fractionation unit

Forgexagwbar e esscorte npsrbrees enstfrﬁeam 30 mﬁngeénnosﬁeuehezaldl the

mg@?ra%%ugé 12a bootptﬁr?llrrl]loﬁ tt Iegl%mrn elénlt % erl]ratltgsfr rsrg)grmea?e stream

361&&3&&dm%ggﬂymn32Mm ch is further processed in the
extraction unit 16. The extraction unit 16 is disposed
downstream of and in fluid communication wi.th

pr e- P&l Then Brembrangninit 14, is Whgposes ppgtEmo AT @ﬁri in 1<hrect fluid
d}ﬁé’eﬁlo‘rﬁ @ﬁh etﬁE & ﬁ%&@&?&'ﬁbﬁ SurfX 44 ac'hllé) greS %gé‘rgo%gtlgtg unit 14

ce an arondtics rich extract stre
separatmttheqserﬂnean stradnf BO dite as bwaﬁmdﬁl@reaﬁm @Jbofitia sercdmaBGt and

m;%rean%g% na% bg ﬁﬂthe rocegggg}%?s arate %éﬁﬁgwnmn

wfn'aﬁ 1§P&hhécﬁro§és§e%qﬁ‘tﬁeze>du%cﬁ£h uﬁﬁ Y. dTE@%&@h&@ﬁﬁl@% YM ditbosed
benzene colum 18 such that benzene is renoved

dofwrrsmeamr@é apsttin 4btd somemmcatomsvith theprefrectonetipeadit 14. The
am 44. r r e benz ver head
TR & 16 nBRIEH R abpurE RS iane B AR produce an
arShEAMAhxtrAReRAS 42 anBaR 2RMeatRO IR B hRAF4R 40S
benzene | ean. The benzene bottom stream 46 of the

benzene colum 18 may be further Erocessed to renove
ot hd0046lohhst p)gtgac( strepm 42omaehe fugther R]gpp@qq to separate various

ar?&?tmg l:(?m 4 ﬁ e&g @%t tnﬁ tgrtnF)Sé’ﬁmeﬂp tfleS e}zt?a%t gtgcf‘atnlﬁ 82 is in

ne T¢o 0 su uene I's renove
fluith eolnenméndoin etithahe btuzeaccdlGmasl 8asuch dhatdoezeay & emded from
stream 48 that is toluene rich conp d to the benzene
S ngsrebenz\e&eoqvl%hrég SEAD s (R QU ST o bHgene
O\Ieﬂ{e'dg N&ctAl AT BOZBRY rifich ?5.1‘69 &o thé @xﬁr&bttslﬁ%aﬁiyélﬁ Rfhereas a
colum 22, wherein it is split into a xylene top
beszereabnt®2n amchna 46xy [benzenbdtdromilse besaend bottFmestteoiudmeof the

b Gl ok an ?gd t-rhee i %/tkener cal egir{n rernox(f:e oth eeraarornatlcs (e.g., toluene
FEEETSOBHAT T G U I P &

and xylene). For example, the benzene bottoms stream 46 is fed to the toluene
column 20 such that toluene is removed from the benzene bottom stream 46 as a
toluene overhead stream 48 that is toluene rich compared to the benzene bottom
stream 46. A toluene bottom stream 50 from the toluene column 20 may further be
fed to the xylene column 22, wherein it is split into a xylene top stream 52 and a
xylene bottom stream 54. The toluene column 20 and the xylene column 22 can each

be fractional distillation devices.
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11 WO 2008/ 045629 PCT/ US2007/ 077109 [0047] Referring
to Figure 5, a schematic illustration of an enbodi nent
we@boog/oneehod of separating at | east benzene frper/asS2007/077109
hydrocarbon feed stream usi ng nenbrane separation to
concentrate aromatics prior to pre-fractionation and
extraction is illustrated. This enbodinent is simlar
t o tloed Hnhefeiringnt Highrg S, makchemativ illabigition df an érhibddi@ent of a
exceptjon that an optional second pepbrane unit 66 is |
m@ﬁﬁg Rledradngsit 15k bepeng rrgalai Aehydrpgarbpn fegdedtrpam using
EingUhe dopataitn YA QEBEROR: fREASEACHrioR4d SréfdchichatiBf and
rnr e?'t)ér ner piloa V\,ﬂer e the rﬁydr ocar Etgn ?ggdstoo IE 24011115 HPIr an
ext@att@dytsiiadtiayed. rBas tetlodimept sdumBaratortkd embedismest Mlmstmated in
26 that is rich.in aromatic.co unds. The. formate
Figiiedatho i s ion| il th OB HARA S AP ST HHEO RS RBIPIE
unit 12. The nenbrane unit 12 generates a perneate

st r g@0uB0LiRB ¢heteniRdantmti Bustlatc@aMFERAird! $] thE hydrocarbon feedstock
2£erstractlve separation teChnlqueS, pervaporation

sptadata B reéumst d@ewhergrigic thydrqcatben feodntark Fthes catalytically
T FA i . . .

AL I S

refe@mateastecatnRé id 2n iffuidicop@amieaps twigaihe dlenfchel it 12. The

direct fluid comunication with the pre-fractionatiqgn .
meRprang AnitAk2 gesTalgTd PTG SGHEN SBABAC FRNARHE AECHRi X using
P e R RE L B A PRl b Bl Comiayesy

specifically, the second nenbrane unit 66 is arranged

par d004?] the phenertarivireane ifhig il Zluidrndmmaoedaies withetke-pre-

up. feed 68. The make-up. feed 68 c ris a ..
RROPTR BB 4 dO8F SERoEns S sTEane vl Ay dispgyed upstream
ofSinteAME& MaAd ceRMRiREoR withNhb %fe-ﬂﬁctﬁinﬁﬁ&{ @it 14. At the same

conposition than the hydrocarbon feedstock 24. In one

tinngh it wegend mivenbiaiice unid Peeid BB0 cdinprsicd evpstieanopfreand  fluid
co?xgr})}%rﬁlga;?n’%@ vr\}%ﬁq Q %ré-rfr%]ét%nlgglhl? )U(I)llltr)y{ %lc%%'se.s’ s;%%f;f?clrargﬂ,:t_hﬁ psecond

the like.
Pafsrse

or CoKe "oven

mé@bnadiaBh Ageaplel patalloM® thhtcpibearfenatt 12088d td@Bive§h imake-
4 to utilize its maxi mum capacity since the perneate

1
upsfeed &y Jilre mapdesingfised P &pmpyises| oqarlan feadstockh dir erample,
th% E‘Lag{g:-;{_gaﬁ §tr§atrﬁ %%%%6C%I%$gs%0l simarS & 8&?&5{{% %ngtigﬁl than the

I Ses one or nmenpr anes arranged i Yy
hyglwodaeivinefeedgbikod4. gbnenalehbpodintdit,ntha dnekisumdeed=68 comprises

xanpl e he one or re nbranes of .the second
rofpSHBH airo s n@ﬁﬂ%ﬁ@%@ﬂ%ﬁf@qrp SRotfrieinep{nygasa Ag coke oven
light %mCdlL@Jl Pelrhdk@lup REd hliRnldoSusly idv the g{;@-fr;yctionation unit
understood in the art, the seCond” nenbrane unit 66
14c tnufiliget e magonpni epagyppocd theepdrecste seieampdhhes sigarfigantly

logvlzc]re ﬂloxl)v l%a?t'e than the reformate stream 26.

[0050] The second membrane unit 66 comprises one or more membranes
arranged in any suitable fashion, generally within a housing. For example, the one or
more membranes of the second membrane unit 66 can be spirally wound, plate-and-
frame, hollow fiber, or the like. As is readily understood in the art, the second
membrane unit 66 can further comprise support members, end plates, and the like.

The selectivity of the membrane(s) of membrane unit 66 varies depending on the

12



The selectivity of the nmenbrane(s) of nenbrane unit 66
vari es depending on the 12 WO 2008/ 045629

weRQNBESRD7/ 077109 desired application. |n oneCT/US2007/077109
enbodi nent, the nenbranes of the second nmenbrane unit
66 are pernsel ective to aromatics. [0051] The second
menbrane unit 66 conprises a pol yner nenbrane.

deSited afplieatial. Vinwns chbodinctat, thelinembeansobf thi Rtdoad nicnbrane unit
t hose polyners discussed above in relation to the

OB RBRIEEICGHY § toomptitsoper ati on, the second menbrane
unit 66 generates a perneate stream 72 and a
ret qnbaferid 6N/ thetibirdtd BEH S66 aGhiptRes GPPORIM® "membrane.
t echni ques, pervaporation separation techniques, and

Stitablel potgmerFheclnds, dnt atcenos fingted t¥Othoscapolpecissistuasdabove in

l.end stock for gasoline or recycled back to the .
rofhiPB ep e 1oemBranerine fer Bt QREALSHg e THEOKb PR me unit 66
gehb @AM pbdmbdic ktfeanh YR 8nE 9 PHIdHIAE JirbaR 70Mubing HBRIrREBe separation

fractionation unit 14, [0052] The pre-fractionation

teghiiques.poseaparadios sepaidiondeehmaquss. sd dbidilgn Hivoretentate stream 70

e .S 0. . gver ,
BTN PLERPTR 08 2, R MR PR A iy 0 o
furth¢reproedbiap e Bicr@antas seanmprl9es Auidbeodniiniationomith the pre-
which is further processed in the extraction unit 16.
fragiignatignrét k%n unit 16 is di sposed downstream of and
in fluid conmunication with the pre-fractionation unit

14. 10082] B §raGtdcABn 3k tunkkOl 4&JBAANS (R S8MREEIsMBam 30 and the

aromatics extraction solventq%g produce an aromatics
paringite esttepmc 70 sintceam derbead streaar Gahata dsttémastraaaf Bonand an

. Stream 40. [0053],,The extract stregm 42 nmay be t her.

i BELRE U eED o Pt BTHEY Gls o RS BrHLS, Faction,

whieh _iseP&?tH@J ﬁocdsﬁb&ﬁ@h@é‘@ﬁ@ﬁé@@ﬁit 16.heh&ExltFadfbn Stif €AY Ashosed
isin fluid comunication with the benzene colum 1

dogyrsticarhaf apdnin dhed cempaitpatien fiibnthe e fragtianatien gyt dgm The
e %r%ct?ogn %ni? el%zeenqgloov%r sg:?e%ﬁvéc' ta{ro(:"nj‘e'}}f}c‘sIr 4e' trlagtio%t Ié]oq\rlenv‘eqro dpsrbduce an
Xthe enzene (0] e?’ ea Stream 'S enzene rich

ar6@BR&eN dxeatthecaxtinaat asf@adiicd Loan WEhe@Straam @enzene
bottom stream 46 i s benzene | ean. The benzene bottom

stream 46 of the benzene colunmm 18 may be further

f th
pr 0d@93Hdl hcocHErrh vecasn Her May Beltirther procgpscd {Qserse various
arlelggtfleég&tﬁg&ge t ?F?ret?&ﬁ{ﬁ@le? in bhe elgga&ﬁ{éﬁt, ?ﬁé Eﬁmcf theaMu4Gs in

ol uene col um suc at toluene is
fluié romedinfqatom whth the hzereee baltitnonh8stuck dmt H6nzsc & teolowed from

SR ST e SR 1 SRR o
ovt%ghheefaﬂ Qffciies4 ol BeRenCALMIBmAcaBY thalckhest deahesd, tbhereas a
benzene bottom stream 46 is benzene lean. The benzene bottom stream 46 of the
benzene column 18 may be further processed to remove other aromatics (e.g., toluene
and xylene). For example, the benzene bottom stream 46 is fed to the toluene column
20 such that toluene is removed from the benzene bottom stream 46 as a toluene
overhead stream 48 that is toluene rich compared to the benzene bottom stream 46. A
toluene bottom stream 50 from the toluene column 20 may further be fed to the

xylene column 22, wherein it is split into a xylene top stream 52 and a xylene bottom
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xyl ene colum 22, wherein it is split into a xylene
top stream 52 and a xylene bottom 13 WO 2008/ 045629
weROBESRD7/ 077109 stream 54. The tol uene col BEMUD07/077109
and the xylene colum 22 can each be fracti onal
distillation devices. [0054] Figure 6 is a schematic
illustration of an enbodi nent of a nethod of
stigemadat Thgtohicnk @aRimb2m aed éhef Xydencacolytdin 2 atb @acH Befractional
Stream usi ng nmenbrane separation to concentrate
digflisian de¥csri or to pre-fractionation and extraction.
This enbodinent is simlar to the enbodi nent
i1 LI?)DSAPjtﬁguﬂe% i ARt ik thiéh BX &L RIHOFimNBE a@ncthod of
pyrolysi's nit 62 1s enployed in lieu of the reforner
scp@ra(ifg guir least) berzanotthen a vigrddacartioni $eednbioehinmasing membrane

illustrates the flexibility of produci aronmati c .
sepyHi 1S g B RRP HER PRI, DB Gp g For e on, JThis
e ditglentSie dirhi®drab thd emBEMiaTche alusitate@fi® Figr® 4t N8h the exception

chem cal decoggom tion of organic materials by heating

thitna prelsbssent €2 ¢f cmpleye@in beu ghiheotchumer dfdEiguss 4). In other

ent: ' S [ 0Q558]. T £.ho .
PSS PR TG AR5, D T
hyidsodagtinefdedstocRl QY G e ‘(3Ys10siy Sis DeBigrnsadrh&dint tb @kndrically refer

rich in aromatic conpounds. In various enbodi nents,
tot the Ghymiga) seeomprsitioan ot areaBigpmaierialpdbn hisathgr B {hsi dbsgpce of

07%’%&3/ %ﬂfﬂfsotgé{rrrgé gf.sze)zcg%tﬁéog%Hg,estéaﬂﬁ pyrol ysis stream

e pyroly tr s 1tn fluid comunication
wWith the optional second nenbrane unit 56, which is
di sp08&d] Thiohyusecaetzmm fotdstondt I4nisfibditadtheqrymelpsic anit 62, where it

. with. the rolysis, unit 62, d,is .di sposed, . upstrea

is deae et P vean 6h G it RERBr S BT, In
Hous [QPRRImINE 8RC %lf?@d'%ﬁn%zuéﬂt 18 MeaRuS lysi

Vape??reate sr?ream GO%gn a retent atne eg?rcggm%& u?}ﬁa ySIS‘ ?r

anbpdrous priolyse to epetuge therpyrelysin sgeras 64 pEhey apokyatsi stigam 64 is in
S ration,. technjiqu nd. the lLike. Th t ent. at e,.

R eErigh SR Y S Pon ey b fing TP, 56 LG Flisposed

downstrefy oF esd aftikid combhigidatibe ihrthd PyoB/sisfumit d2etnd is disposed
processi ng. The perneate stream60 is in fluid

upsteary Af BenddhidremmuRcatiiiyith fie memprape unit 425
enbodi nent, the second nenbrane unit 56 can be

i S0656) HRSIULEATLALEAL bt 98 BERlrtd Yibmeate stsam 60 and
conﬂgm?@atl onCV\n t EThe msn]gr ang unlat 12. HE%areeS:ggannﬁl e,an :
reteh&its goands $resthg aostrantive sefxbateantetimiares apagreaporatiopescpastion
ith the rane_uni t . In operation, the nbr ape
teipiguet o RE i Eea TF st Ot B0 e 8 4 BFBhowek for
gaSbIRAMN ReyclbPBaH tolthe RRIREANE YN Flrtht? pictcimPOFRE permeate
upstreamof and in direct fluid
stream 60 is in fluid communication with the membrane unit 12. In one embodiment,
the second membrane unit 56 can be disposed upstream of and in direct fluid
communication with the membrane unit 12. For example, the second membrane unit

56 can be arranged in series with the membrane unit 12. In operation, the membrane

unit 12 generates a permeate stream 30 and a retentate stream 32.

[0057] The membrane unit 12 is disposed upstream of and in direct fluid

communication with the pre-fractionation unit 14. The pre-fractionation unit 14

14



communi cation with the pre-fractionation unit 14. The
pre-fractionation unit 14 14 WO 2008/ 045629

wWEOBEBRO7/ 077109 separates the perneate strRenUSD07/077109
into an overhead stream 34, a bottom stream 36, and
an internedi ate stream 38. The internedi ate stream 38
conprises a C6-C8 fraction, which is further

scpirae sisestrinbatt Becax B0 aetd anoverhedd steamTivg aemttbmcsttﬂean 36, and
uni t 1& i s disposed downstreamof and in fluid

ancigarmRsiate: SUSAMW S h TR BitgmediiesfGaphat compiiwst o Corfsection,

whith Esaﬁhhgr;brg&%sged%ﬁ tﬁé@tﬂ%go@uﬁﬁ | &CThY &t REQERGIE E6 is disposed

extracti olvent to produce an aromatics ric
dogwitstraath oeftanéaimfuﬁd aodmanicatiomsitiihcthe Ipeafractafrftiomtueit 14. The

tream 0058] The,extract stream 42 be further
XE‘ AEEy E@g 1t6oe ;ﬁ At EISCHYT GHRmaties Sbpfieon: B‘ﬁﬁ?iﬁetﬂt%mduce an
arEﬁau&wmxﬁacﬂ s&e%az%ﬁb Qe laPBRMtics 1dAR reffthRGHcsthugam 42
isin fluid comunication with the benzene colum 18

such that benzene is renoved from the extract stream
42 d9038 ok éﬁéﬂcb\ﬁ‘@f@mé@ By darfugther piocesse o weragiic various

ar&lﬁgtup 8&‘58{?166n SOVIEr ?{ 8{1% éél}ié& n%ﬁp %ﬁ@ gxtlfa{c? 8trearn 42 is in

comnmpare he ex rea

flliechmmumidadaimvith ths bb@l&ﬁ@ Beluh@als. sum ehab tbelmﬁe 15b1@hto®ﬁdl from
stream 46 of the benzene col um e further

the eyiEecs stepm ¢2 ras pokrdzacrierhead ﬁﬁ@% §4( én @ther frdie flee benzene
ov%ﬂfit}g?f é’slttgg}ﬁ)éh FSOIS n%ét?enmsl? 'CO n‘ﬁgreg &04f0 %x@ 4 L orﬁt 4R %ﬁe%&s a

to t uene colu 0 such t at toluene 1Is
bemeeneviswttoin emanin é6 herhzerac Jedrt oiths berzne Ab@ttam gsirchol 4@ the
is toluene ric a red t

over he stream. 48. t
@ﬁ@le&@ﬁm l§ H@é’tb(’?rﬁlgp‘?ré%?ﬁe&%ed ta TG%Y%%tH %% (§tgr dalygne

an%Q(yflénQ FhexhRbRERR 15ALHThoZBm TN a6t il %d tl%eché &fudn® column
ylene co um 22, wherein it is split into a

20<§/¢0@n‘@at tusicrie amgedaﬁdmtlwybe@malebb@ttqmmstrsam a4 toluene

ovgrfind St G ik P Rgs BEE orP i G pE e Py §fam 46

toftleBé! bBttdmi SredmS SOETERM ithe itdlListt Ecﬂhmﬁm(pﬁl 2”fu@tﬁ@10€é Tedto the
of a nethod of renoving benzene froma dr ocar bon

xylawdoluek 2bywhkapiadhissalii e banzenwppiicen Xondperieseottom
B s RSO Th TR S A 3B b pgon
divitllacibn dayicke a distillation deV| ce such as a

distillati on coI um. The pre-fractionation unit 74

esse S as ). r el

K gh[{aé ikt bR SreaBribedetion 8 f‘%ﬁ“‘é’gﬁ?@éﬁﬁ‘? 962 dprjhod of
refnbvid g%éﬁ%@h‘é‘ ﬁﬁm@h rb@e{rﬁor??e%ds%ﬁ{rgy %gnéérﬁttﬁtu%)%&%e prior to

stream 78. The om stream 78 be fed t
benedrer sapiraticn. m@reeembOdlmemaﬂml lyydr@calrlbqn ke@&tm@d%t m fed to the
prg flrac%J Srvation ruenfltol}im wﬁlcﬁtnrlaeya 26d1tsp l?atl Sddvice sucﬂ as a distillation
column. The pre-fractionation unit 74 essentially acts as a splitter, wherein Cq and
lighter materials are removed in a top stream 76 and C; and heavier materials are
removed in a bottom stream 78. The bottom stream 78 may be fed to the reformer 10
where it is catalytically reacted to produce a reformate stream 26 that is rich in
aromatic compounds. The top stream 76, on the other hand, may optionally be fed to
a fractionation unit 80, wherein Cs and lighter materials are removed in a top stream

82 and Cs and heavier materials are removed in a bottom stream 84. The pre-
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aromati ¢ conmpounds. The top stream 76, on the other

hand, nmay optionally be fed to a fractionation unit
w@osmssseei n C5 and |ighter materials are renoREHUS00H077109

top stream 82 and C6 and heavier materials are

renmoved in a bottom stream 84. The pre- 15 WO

2008/ 045629 PCT/ US2007/077109 fractionation unit 74
fravtidnitive dnie®4 mwahtki fesetiomition8Mitr8lymbe belidsstiilhfi@t dedices such as

.devi ces such a distil]ation colums. The nu r of .
digtlkagien cplupmngy Tj‘ﬁtniu %eéﬁ%trmarqﬂuﬁéam apf dheyliks ‘?;fj tﬁstdingaﬂon
dARENVGR, ¥BRNiAEBR AU NirONcdhifosHARR Jrafk £OPRASE bl @R streams.

tﬁ% rggp ct?& overﬁ%gd %gﬁggns.({OOGO The gott%nﬁIEMﬂs

stream 84 is in fluid communication with the menbrane

12. [0Ae0]nBrbbettven gimeam B2 igemdiuat esmmuperineatvethsthe ezmbrane

30.that s ben e rich and a . retent tream 32.
1 e PembERs GG PO AQ BRRLE SOt g0 fel SuRerich and a
retcRRN GRS .32 RRF YARehERht ABarS 8HAE Yok MRcHRLC BEPaBHRS., teditflques,

the like. In one enbodi ment, the perneate stream 30
pargRpotion seprratinmigphniaedsopndribeHike. Hamne webodimanat the permeate
st%éﬁfnt%glg inh 19% %nnhﬂlic %‘é{l @Jifhoafnbeggel{ysqm%gc%& 1ﬁltl1.r &M 88 and

e ‘perneate stream are fe 0 the benzené

saturation unit 86, where they are catalytically

r eaci0edl jtla gpatativat £hydregehestieam 8andyttle pgereatcSitichaldOeare fed

cat al yst enpl oyed in the benzene saturation unit 86
to; {he [hstieEncEuurale Hek 86 mihced they, arp gt R saturate
b P8R! With APABRIENHUMablY Gk st MR fhe RakRAMM AN it 86

conbi nations conprising at | east one of the foregoing.
inélop¢, ofritnegret et hemtbd ane platintm] Zherpsingr eabalnf mplybdéremz emiekel,

saturation unit .86 advantageously reduces th i of .
g ey BT e Sy GRS G CEBM e [ aRe dhdle Toregoing
Erﬁﬁlﬁgf@t HRN niéRidrnct DAt YO WpGrhen IPHRY Béhzche tsBiration unit 86

nmenbrane unit 12 were not enployed, thereby reducing
adg guibprewply redysics aic sies ok thergnednersaturdfeon wusQmpagedsa benzene

ream ' e nti al | zene free. . th
seBhEOTLRE $E o fRI e B T bR i et g rover
thér@baRediRPREdBhé@Ncapithlt c3%. OFufted, e Retilkidg teitt iam 90 is

gasol i ne blending pool. In the isonmerization unit, 92
espSptiR By sarsac fEer Adfhengme, ine the kikiitate sgeany 32 may optionally be

i - . vel
felt90f rlso%&tﬁgﬁon P&‘P@E o £3 ‘&H-?cgl@ dﬂ&frﬁgéh%o:hﬁg rb?&l%ﬂ{ga&?ol. In the

wever, | s to be unders
isoraaiz@tiva ainitn A2y epdbhaxase,cton ©@aie, v isd@ciizdmer hzhtr-octane
unit 92. [006 Figure 8 is_.a schematic.illustration
prsﬁu%ﬁuémﬁ%aﬁl £ CYSTOPENIARE hdEPVERVEr-rit Ab G B WeRz IR fﬁ%%her

isGm YOk LA @R ISLBGK tiSibatgeARAD, aRgosepar ati on.
Unli ke the enbodinent illustrated in Figure 7,

benzene is not converted to isohexane. Rather,

benzZ@he2]i lEguieghrsat echematit cltusganon af en cmbodipict g6 a anethod of
rerrn%gl%\é%reggen%r ro%lljgthydr':o%arlrbon feedstock using membrane separation. Unlike
the embodiment illustrated in Figure 7, benzene is not converted to isohexane.
Rather, benzene is separated, which can later be sold as a recovered product. For
example, the hydrocarbon feedstock 24 is fed to the pre-fractionation unit 74. Again,
the pre-fractionation unit 74 essentially acts as a splitter, wherein Cs and lighter
materials are removed in a top stream 76 and C; and heavier materials are removed in

a bottom stream 78. The bottom stream 78 may be fed to the reformer 10 where it is
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exanpl e, the hydrocarbon feedstock 24 is fed to the
pre-fractionation unit 74. Again, the
w@e@sfsmed i onation unit 74 essentially acts asP@r/us2007/077109
splitter, wherein C6 and lighter materials are
renmoved in a top stream 76 and C7 and heavi er
materials are renoved in a bottomstream 78. The
cabdyticaily Stch@adn td Sprodycebe fe@dniate tfeant ef6ortmeris LchMie raomatic
it is. 16 WD 2008/ 045629 PCT/ E@ZOO?I 077109
COMPCHNGY i CAF| PPrEkatedot on fRoatice hand.emgy rmatiendby darfrggo 2
e e g e PR ey B 8] 175 Team 82
anfdr &gt dndnhtdvaar nmtdmaBsOare\anca{ed m5aabmttdnu gittcem 84. The pre-

materials. ved.nato trea 2 ..and .and
FrtrgRarien e B P Dot PRGBS B BeDBE ComERe g g such as
(hgngmgﬁgomﬁﬁ@ctlonatlon unit 74 and the fractionation

unit 80 may be distillation devices such as

dlstlllatlon col ums. %0063] The bottom stream 84 is

i n 1000 Elenbatting atreash Sdiis i fed pemmuaisationwith tho mepphwane

uﬂl’ﬂg f% r$f€ n{éﬂ{btrarﬂ;czunq{s ? géﬁe&:‘% 22 2?11’11[1@1 { ﬁre%&la;g@m%l?’ ? l%?l%ne rich

enzene ric re ream

andenzenttd @aamiE thet 9 desichatdah \ueing @B@tra&tmrsepeﬁﬁﬂiwﬁ ‘@Ulﬁﬁques
pervaporation separation techniques, and the like. The

P EEFASN eSCRRTAEAn fEniRpS, Bt fsnbikey Hhe redentate sdigam 32 may
db@ﬁﬂgf béfld @ 150 n%@{i_rheggatlgﬁ uhfDod G e (6t'i3pt0t trﬂb éggoﬁﬂll "tﬁ%ldlng

erneate str eam
paoi. oiEhxsp@'dleam strea:fn\zérmi;ebt‘zmrther Beamegtketo remfawbmyene Benzene

BB S 1 e D o et ey g o gl i igures

1-8chematic illustration of an enbodi ment of a met hod of
renmovi ng benzene from a hydrocarbon feedstock using
menbr ane separation. Figure 9 is included to
il d@ﬂéﬁtl%lg@ﬁerﬁalsw saiicenbo dilyratiompt pe e@bhgﬂ/lme@t:af pancthod of

rern% éanezeunﬁl foriglhg%i%)%flwgn rféeef%(%tgrs}fér %Eg%l brgne seﬁ_pﬁatlon Figure

9 Hlﬁlchl)dédi o5 AnBabtef @Bt A€ kmBddineenf Q/ﬂielteoa hffl@rocarbon feedstock is
p5)refract|onat|on unit 74. Again, pre
i

F BEPT et otent i themereér@éwmaﬂwnéél@f‘sreéwré9| iHog gxample,
thgtﬂ%%'c J;@f? f@e'ggtgl'.}& gﬂgseﬁed%ttﬁé b ﬁac@{oﬁ?u&neﬁﬁ%’?ﬁ @1 h&l@pre-

eam eavier materials are renove
fractivodticonanitsT4 eaentié8y atfzens kacsptmm stheeanCy Bnmhghtb[emﬁtedals are

to the reforner gzgﬁgge [ cat al. tlcaII act
rePgVESt Shadep ATt ¢ "t“l‘{elé FRAVEE r{wﬁ%ﬁl Iy arey TGE%)VF& mn aebOttom
stRAQAMBE | CThE %Gﬁ%ng%am-rhg hap =t &R ?1@ 'réfofrﬁ‘erf h@“v%ere it is

communi cati on wth the nenbrane unit . nbr ane
catadyticallp wpected &b eproduqeer mefirmatt sEeam 33:6 tltaatls i Isclbanzaemmatlc
cornpoungs dThe top stream 76 is in fluid communication with the membrane unit 12.
The membrane unit 12 generates a permeate stream 30 that is benzene rich and a
retentate stream 32 benzene stream that is benzene lean using perstractive separation
techniques, pervaporation separation techniques, and the like. The retentate stream 32
may optionally be fed to an isomerization unit 92 or fed directly to the gasoline
blending pool. The permeate stream 30 may be further processed to recover benzene.
Benzene recover methods include, but are not limited to, those methods embodied in

Figures 1-6.
17



retentate stream 32 benzene streamthat is benzene
| ean using perstractive separation techniques,
wQerosapeeat i on separation techni ques, and the PCRES2001€77109
retentate stream 32 nmay optionally be fed to an
i sonerization unit 92 or fed directly to the gasoline
bl endi ng pool. The perneate stream 30 may be further
proﬁ@g&ﬂdgmﬁrEﬁ@OMﬁEnFQHZ&memkmB&Wﬁ&meaneﬂﬁﬂﬁtIﬁmﬂhﬁd$nﬁ,
inc e, but are not limt 0,, those nethods
and Hh¢, Hk@ are; (hspogf;dgmsgga@_oé _an((ign dxopunguessivg with the membrane
urffCT6 442 8P g{egigﬂiggdm{eggﬁéé ilgsﬁﬁ{edqwﬁ) rBE NS ﬁfrﬁlgrm?]re, other
envi si one ere a reforner, pyrolysis unit, and the
enhbddemente ati pwosedd wiste thamafibramduninisfdisposed upstream of and in

conmuni cation with the nmenbrane wunit. .Sone of .t hese .
i ER R G S SHUFHOR Yyify @8 1Tusgrated for example in
FiEWctNeORPLE skiftiR e ar® KRIP LMY tuhd &k @n & Mt SLRREA S WRIbfhations

he nmenbrane unit is disposed upstream of and in

offmhethetlscamba winpdayicdn Mure kpesifivaty eone of akillriatthowrt will bndegsfand
il ustrat faor exanple. | Fi qure .7. e skid 1, 4in
o P4 ol e R R Gl Fétnod b on
the aRbiraRbpRiatiof TRt KePs ofahishds@sRkOBeshdlyVos®rs any method
specifically, one of skill in the art wll understand
wharatmembiangepaation iq spakancd spriftytob Berrgrr dalgration andéy any
ol B brctherh by TR AR P EtpBRed il SHLEL cytagtion
covers any nethod where nenbrane separation is
ExAapiRdyied prior to benzene saturation and/ or any
nmet hod where nenbrane separation is enployed prior to

' t tion. 0066 ti :
P el e oo e ) dBh e BB e Yoo with o
mﬁcagéjﬁ%!ﬁggtﬁﬁlo NIPPN ABREN HLaRABeyT arONChRBYdgd, MA), to illustrate

nbridge, MA), toillustrate an extraction process
anngxtrelen peicesy withmivsiaae mpsbraagmpsitcanh ef gt exargetiamprocess.
ro ....Ihe Aspen. progr ener redi d
T PR e P e SRR CREROLEP | BRRHBSAET dua on e

foll§&HEPads@mBtionsne TRE GEEESs WAS BRSFLKEE bO daficdasiti 8dsttkn in
as shown in Figure 10. The process was assunmed to be
Figaiierlile dlhsurrogess wamassHeed jhbe sarsicd eploippaanncs pihekem (pheymate

stregmt waso sénrt] %o %@leeea@%tﬁioﬁ&%li &Hur‘ﬁﬁ.l UFL. argﬁﬁtics-en&icthgd gre]rrneate

aromati cs-enric erneate stream was passe
stexinr wad poseditu &n cdinectian amitt | Else enohradct eftraemfiolethe extraction

extraction jt were sent to. BTX,colums to, recove
Ui SR B G9HHmng & dekguer 5‘58’19&?1? SRezengy @&ff@?sa@xylene

prolB By §iFAR franRhi@sh, [0067] The flow rate of the
reformate to the pre-fractionation colum was

[0067] The flow rate of the reformate to the pre-fractionation column was
assumed to be 28 kbd (thousand barrel per day), and the feed was assumed to contain
61 volume percent aromatics. After the pre-fractionation step, a 20 kbd stream was
sent to the extraction column. The calculations indicate that the throughput of

benzene, toluene, and xylene product are 2.0 kbd, 4.3 kbd, and 6.1 kbd, respectively.

[0068] The molecular composition of the feedstream, permeate, and retentate

were entered into ASPEN as indicated below.
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assuned to be 28 kbd (thousand barrel per day), and
the feed was assuned to contain 61 volunme percent
w@re@smiices. After the pre-fractionation step, BCR0S00TU077109

stream was

sent to the extraction columm. The
calcul ations indicate that the throughput of

benzene,

t ol uene, and xyl ene product are 2.0 kbd, 4.3 kbd, and
6.1 kbd, respectively. [00&8}atcThetemot pcul ar
conposition of thefctdedstreafh pewiteate, and retentate

i-Rvene entered i nto| ASPEN as §.hdi catled pel ow. 18 WO

n-2068/ 045629 PCT/ US200F/ 0Y71@8 peneafe retentate feed

1-Modno vol % vol % i {Bubv.ane|0.000. ] 0.02 | Butane 0.6 0.6

i-Funtfhe1- Butene 0.0 0.088.0| isPentanmes 83 5.1 11.5

n-Rantane 5.0 4.2 5/9 €b olefips 1.392.6 0.0 Cclo

ceidrane 2.3 1.9 2.6 22-Mutape 0.300.0 0.2 23- Mout ane

Cydtopenfdnel 0.2 2-M penggne 1.890.7 269 | 3-M pentane 1.3

oMtfitame 9 HeXxane 6.1 4491 8]1 (§6 olghing 0.4 0.5 0.3 M

s QRgOTane 0.2 0. 1T 0,4 Bengene| 7,3 111. 2 3.3

ZMg&laggexane 01T 0L P31 22 Mpenhtrange .1 0.0 0.2 23-M

5 H50LATE 0 : 99 9? L§4_ |p§pta Alg.n‘ O 0 0.2

n-Hoxvgexane 10051179, 33 IVII?I(cul Iy .4 1.6

C6 olefins 0.4 0.5 0.3

Mcyclopentane 0.2 0.1 0.4

Benzene 7.2 11.2 33

Cyclohexane 0.1 0.1 0.1

22-Mpentane 0.1 0.0 0.2

23-Mpentane 0.1 0.0 0.2

24-Mpentane 0.1 0.0 0.2

2-Mhexane 1.0 0.5 1.6

3-Mhexane 1.0 0.4 1.6

3-Epentane 1.0 0.4 1.6

m-Heptane 6.0 33 8.7

C7 olefins 0.3 0.2 0.3

11Mcycpentane 0.3 0.1 0.6

Ecyclopentane 0.3 0.1 0.5

Toluene 15.2 21.3 9.1

Mcyclohexane 0.1 0.0 0.1

multi-branched C8 paraffins 0.1 0.0 0.1

single-branched C8 paraffins 0.3 0.1 0.5

C8 olefins 0.0 0.0 0.0

m-Octane 0.3 0.1 0.5

C8 cyclopentane derivatives 0.1 0.0 0.2

E-Benzene 4.0 4.5 3.6

0-Xylene 5.5 6.1 4.9

m-Xylene 9.2 11.1 73

-Xylene 3.2 4.2 2.2

C8 cyclohexane derivatives 0.0 0.0 0.1

C9 isoparaffing 0.1 0.0 0.2

m-Nonane 0.0 0.0 0.0

C9 cyclopentane derivatives 0.1 0.0 0.2

C9 aromatics 9.8 9.7 9.9

C9 cyclohexane derivatives 0.0 0.0 0.0

C10 isoparaffins 0.1 0.0 0.2

m-Decane 0.0 0.0 0.0

C10 cyclopentane derivatives 0.1 0.0 0.1

C10 aromatics 6.2 5.1 7.3

C10 cyclohexane derivatives 0.0 0.0 0.0
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3-Epentane 1.0 0.4 1.6 He tape 6.0 3.3 8.7 C7 olefins
0.30.20.3 11M c entane 0.3 0.1 0.6 Ec clo entane
wWO2®8043629. 5 Toluene 15.2 21.3 9.1 Mycl ohexe@EUS2007/077109
0.0 0.1 multi-branched C8 paraffins 0.1 0.0 0.1
si ngl e-branched C8 paraffins 0.3 0.1 0.5 C8 olefins
0.0 0.0 0.0 Cctane 0.3 0.1 0.5 C8 c clo entane
cldefopatdisves 0.1 0/0 002 | E-Benzeneod.pD 4.5 3.6
n-OriXyl ene 5.5 6.1 4.9.0Xyleneo9.2 1b.1/ 7.3 X |ease 3.2
C 14 cécloderdane §8ivaY&l ohexane derpyat{vey 0,0 0.0 0.1 C9
chisRpataffins 0.1 0.0y0. 2| Nopane[003 OO0 0.0 C9
CGY eI APEN RRGHEET 1 Yat pyes| 0. §o0. P §,2 | C9 aromatics 9.8
9.7 9.9 9 cyclohexane derivatives 0.0 0.0 0.0 Ci0
iso araffins 0.1 0.0 0.2 Decane 0.0 0.0 0.0 C10

cycl opentane derivatives 0.1 0.0 0.1 C10 aronmatics
6. 2 [B069]7TI8 regulB of yied Gitmekedions dersuvaarized il0T 1910 0.0
19 WO 2008/ 045629 PCT/ US2007/077109 Cl11 isoparaffins

0.0 0.0 0.0 'l%lb}e P:'b%seclln% eg)(trgctlon case, no membrane

(Reformer severity = 97 RON (Research Octane Number), MON (Motor Octane
Number), DON (Road Octane number = (RON+DON)/2 reformer feed cutpoint =

330°F)
Bbl/day RON MON DON Wt% Vol%
benzene aromatics
Fraction of 97.0 84.2 90.6 8.1 61.0
reformate to
gasoline 41748
Pre- 8.1 61.0
fractionation
Feed 27939
Pre- 87.5 78.5 83.0 0.5 0.4
fractionation
Overhead 5723
Pre-frac. 115.2 92.1 103.7 0.0 97.9
Bottoms 2068
Extraction 11.2 75.0
feed 20000
Raffinate 5225 | 37.1 31.8 34.5 0.0 1.4
Benzene 2005
Toluene 4250
Xylene 6094
Xyl col Btms 25741 118.8 97.6 108.2 0.0 100.0
Total gas 57338 | 92.2 79.7 86.0 5.9 52.6

[0070] Example 1: A computer calculation was performed using a
membrane/extraction separation process. The process was assumed to be carried out
as shown in Figure 1. The membrane aromatic/aliphatic selectivity was assumed to
be 1.82. The flow rate of the reformate to the membrane unit was assumed to be 52
kbd, and the feed was assumed to contain 61 volumetric percent aromatics. After the
membrane separation, a stream of 26 kbd with 73.6 volume percent aromatics was

sent to the pre-fractionation column. After pre-fractionation, a 20 kbd stream was
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Cl1l c clo entane derivatives 0.0 0.0 0.0 C11
aromatics 0.6 0.6 0.7 Cl1 cycl ohexane derivatives 0.0
W@O2®804%29 0069] The results of the cal cul ati onBCHI82007/077109
summari zed in Table 1. Table 1: baseline extraction
case, no nenbrane (Refornmer severity = 97 RON
(Research Cctane Nunber), MON (Mdtor OCctane Nunber),
sehN thReathcoih aslamnu he resalté BONE e laZioneire kimmatieetin Table
cutpoint = 330F) Bbl/day RON MON DON W % Vol %
2.penzene aromatics Fraction of 97.0 84.2 90.6 8.1 61.0
reformate to gasoline 41748 Pre- 8.1 61.0

fractionati on Fggg.2! 93nihss at%ﬁ‘@stgé’éc%t% 00.50.4

Brgctg; B%Egtto tg068 %xt factl onrﬂ?[lé:Gt %l]q%gml 9?0 %&103 !

20660—FRatH “"" g 237 834 DJO : ’_\.Vt Benzey
2005 Tol uene 4“%’5 ‘[S%/TTene TR Xyl 831 Bt iy, 9574 lig B
Red ho Pis 100- 2 0- 07 Totpds gas S8 92 2519. 7 8B¢ih
ReRnidic R7eab [ 907 0k03 38@'9' € 1774 COMpULey cal tylati on| yag
PREL ITEd USi goxa | Menbr anel extracti on Sepasati on| 741
PHVAEESS. The pudggsSsewas agsuned £ e call hised ouf o4
PF Btms 1783 | 116.3 93.1 104.7 0.0 99.5
Extr feed 20000 16.6 87.5
raffinate 2719 | 35.7 30.0 32.9 0.0 24
benzene 2990
toluene 5689
xylene 6508
Xyl col Btms 2235 | 118.9 97.8 108.4 0.0 100.0
Total gas 54528 90.7 78.4 84.6 4.3 50.1

[0071] The process yielded 3.0 kbd of benzene, 5.7 kbd of toluene, and 6.5
kbd of xylene. This represents a 50% gain in benzene production and 35% gain in
toluene production as compared to the base case in Comparative case 1, while
maintaining the same extraction capacity in both cases. Additionally, the amount of

benzene going to gasoline is significantly less than in the base case.

[0072] Advantageously, the method combination of membrane separation and
extraction allows for efficient and economic recovery of BTX by, for example,
incorporating a membrane unit to concentrate aromatics before they are extracted.
Additionally, the membranes are a modular plant technology that allows for quick

deployment, as well as flexibility in refining operations.

[0073] While the disclosure has been described with reference to an
exemplary embodiment, it will be understood by those skilled in the art that various
changes may be made and equivalents may be substituted for elements thereof
without departing from the scope of the disclosure. In addition, many modifications
may be made to adapt a particular situation or material to the teachings of the

disclosure without departing from the essential scope thereof. Therefore, it is
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as shown in Figure 1. The nmenbrane aromatic/aliphatic
selectivity was assuned to be 1.82. The flow rate of

W bh@snefoey mat e to the nmenbrane unit was assunePCT/US1967/077109
52 kbd, and the feed was assuned to contain 61
volunetric percent aromatics. After the menbrane
separation, a streamof 26 kbd with 73.6 vol une

inpadebtiat thieativllosuse M@she 1s@iéd tootht partjputer ferrbotintgmatdisolosed as

thg%lurm. After pre-fractiaonation,.

.20 kbd strean1w?s
ADEBABBIES e RIS b i3 G5 closwy Delghghthe disclosure
: [ : syk c
R E R TR e AR G R

cut (Reforner severity = 97 RON, reforner feed
cut point = 330F) Bbl/day RON MON DON W % Vol %
benzene aromatics Reft to as 17646 97.0 84.2 90.6 8.1
61.0 Retentate to gas 26032 88.5 77.0 82.8 3.4 47.9
Perneate to PF 26032 12.8 74.1 PF Ovhd 4107 87.6 77.6
82.6 0.5 0.4 PF Btns 1783 116.3 93.1 104.7 0.0 99.5
Extr feed 20000 16.6 87.5 raffinate 2719 35.7 30.0
32.9 0.0 2.4 benzene 2990 tol uene 5689 xyl ene 6508 X
| col Btns 2235 118.9 97.8 108.4 0.0 100.0 Total gas
54528 90.7 78.4 84.6 4.3 50.1 [0071] The process
yi el ded 3.0 kbd of benzene, 5.7 kbd of toluene, and
6.5 kbd of xylene. This represents a 50% gain in
benzene production and 35%gain in toluene production
as conpared to the base case in Conparative case 1,
while maintaining the sane extraction capacity in
both cases. Additionally, the anbunt of benzene going
to gasoline is significantly less than in the base
case. [0072] Advantageously, the nethod conbi nati on of
nmenbr ane separation and
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extraction allows for efficient and econom c recovery

of BTX by, for exanple, incorporating a nenbrane unit
w0 eoosossent rate aromati cs before they are extrBCT/E82007/077109

Addi tionally, the nmenbranes are a nodul ar pl ant

technol ogy that allows for quick deploynent, as well

as flexibility in refining operations. [0073] Wile
Whbeis dlagabdBur e has been described with reference to an

exenpl ary enbodinent, it will be understood by those

skil]Jed in th t that variou changes be de

and quév@ﬁélﬁgs&rwa%%vén% FhdF4 BEREFIROROR) Eridfacarbon stream
o . without departing fromthe scope of the

di'scl osure. In addition, many nodifications my be

made to adapt a particular situation or material to
t he qomgotifatigeg awimatige in tic dyfwsaben wircdnoby patsparth¢ hygdrocarbon

fromthe, es tial.scope.thereof., Therefore, it .is 1
ST IR B E5Y BET PO 0B ko lelaﬂt WDGTPRLE P rPéOguce @
peiinS £tk QG EHNe afdh rddénthte Rirt£a, Wikertin@hPpdriricatd! seeard MDOLhAEE rich

di scl osed as the best node contenplated for carrying

reggive fhihs hyfwepden pecan @ndt hat t he di sclosure will
i nclude all enbodinents falling within the scope of

e DRBE0H 935 0 o el Bl R eRgive pramaes pxtpetion
sohemb i myexdtactiemghit e proenee i exirat bychngorrcdban tisd exaeact stream
. conprising: concentrating aromatics in the hydrocarbon
1S StQUEANT B Hﬂ@‘@ﬁﬂ?@%@“ﬁ§%?8%§F%on stream t hrough a

first nmenbrane unit having at | east one nenbrane to

pr odUCceh@meRH B & fnSt, feARRrdchpRisin@tRREShRinSith& M act stream
wherein the perneate streamis aromatics rich

inrebeazpnedisillation deyite de arastyae gtheazane auisthead stresnt ithg is rich in

aronatigs gf er_concentrating using a selective

benzeng Iglative {0 the extt‘ract Strcam, . : .
aromati cs extraction “sdlvent in an extraction unit to
produce an extract stream wherein the extract stream

| S a3.0rfHid psthodcdf Celiat i,vehtmirt e fist meahlerasd neans @sposed

The nmethod of Claiml, further ¢ risin )
USHEER iO@L) ﬁ%ﬂd ’i“ngrePh@ulg] YOPERNIGIpR é"h&qﬁﬁ e’%«”%gﬂ% Bhé
distillation device to produce a benzene overhead

streamrh Oatetiod Jfl ©Binh 1, FRGRZ SRR Gh@piVBacdtiBnd i the permeate
extract stream 3. The nethod of Caim1l, wherein ?he
stifcamgiriomgorbx taaveing by tusing addistpbied device such that a stream comprising

a C-Cy fraction is fed to the extraction unit.

5. The method of Claim 1, further comprising pre-fractionating the
hydrocarbon stream prior to concentrating by using a distillation device such that a

stream comprising a Cs-Cg fraction is fed to the first membrane unit.
6. The method of Claim 1, further comprising:

fractionating the extract stream in a benzene distillation device to produce a
benzene overhead strcam and a benzene bottom stream, wherein the benzene

overhead stream is rich in benzene relative to the extract stream;
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upstreamof and in direct fluid comunication with the
extraction unit. 4. The nethod of Caim1, further
W@ pniseNng pre-fractionating the perneate stPEEHDS2007/077109
prior to extracting by using a distillation device
such that a streamconprising a C6-C8 fraction is fed
to the extraction unit. 5. The nethod of Caiml,
f ur tfestiopatings ihsi hrgizpieebbtta@n tstremat inng téloene BigdNatar borice to
stream prior to concentrating by using a distillation
prggusecelolisan oy sragadystreapy ding E)g‘ﬁ&‘ﬁib@ﬁﬂ]@ Siree.s @%eﬁ%ﬂﬂweﬂe
. Fi ' . ¢
s T R e O R L
streamin a benzene distillation device to produce a
benZieretionatergh dwd toduane abpntton sticdre nnem exylbaet distiléttiosadgvice to
wherei n the benzen overhead streamis rich.in.
PrRAYES haYlFRs SY?YS%adt e a’&ﬂi’ FYIe é\oﬁ%ﬁ regig. \jggerein the xylene
oRARBH Q4EHZR RETH WSRAOFAAREUOMe brass boRgh sicark.he
benzene bottom streamin a toluene distillation device
to produce a toluene overhead stream and a tol uene
bot t bnflss methagd ofklrig; In fyrHeT eYnp@HeS: over head streamiis
rich in toluene relative to the benzene bottom stream
and ks ' th S :
ol on el AR AR M HEARRO o Y SRS % permeate
stew@rtheagh sit seeamd archbaancyinétnieaviogt 4tdmass bone ammbwirer ®©i produce a

t he, xyl ene overhead streamis rich in x .Ieﬂe rel ative
seppd BIF FEREM BBE AoITF G EARAte Stregy, &%@%8& DfcepS prmeate

sttbamfi§ hloRRKicE ABPFIf1VRT0 tHeQPeRBIE Jkdaag aromatics in the
pernmeate stream by passing the pernmeate stream

t hrough a second nenbrane unit having at |east one
menbt-ahlee methpd efiGleemd , fythss pempayingat e st ream and a

second retentate stream wherein the second perneate

{ ; : . , '
ot caeirfraRhe TR CR BRAH Yok biE REEATRY Sunine the
malange Bir¢aat thrgugh aaddndsmembanaaké-iapingysriogsannemembrane to

stream by passing the ke-up streamthrough a .second
prﬁ%%raa%?éor&fﬁp?mwavi %‘;Fﬁarﬁtagﬁé‘a%’?m@nr@t%&%?t%’t ergip ffceond

mBmBRGO At Ekea[rfﬁﬁg&?iﬁl?ahﬁ%moaﬂﬂg fidst R @ligNt at e

stream wherein t second nenbrane unit is arranged

in parallel to the first nenbrane unit. 9. The nethod

of @.alm mhethatlef €ilaimt hevireyeln dealsivocashanesirerings reformate from
formate from a . reformer o rol ysis gasoline from

a %?WB Pglgxrgfyalﬁig@_sohne from a pyro ys?sy unit.

10. The method of Claim 1, wherein the membrane comprises a polymer
selected from the group consisting of polyesters, polyethers, polysulfones,
polyimides, polyamides, polymers derived from bisphenol-A dianhydride, polyvinyl
alcohols,  polyacrylonitriles, polyurethanes, polyureas, polyacrylic acids,
polyacrylates, elastomeric polymers such as polybutadiene, polyisoprenes,
polyvinylpyridines, halogenated polymers, fluoroelastomers, polyvinyl halides,
polysiloxanes, poly dimethyl siloxanes, a copolymer comprising at least one of the
foregoing polymers, a blend comprising at least one of the foregoing polymers, an
alloy comprising at least one of the foregoing polymers, or a combination comprising

at least one of the foregoing polymers, copolymers, blends, or alloys.
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10. The nmethod of Claim1l, wherein the nmenbrane
conprises a polyner selected fromthe group
w@onsiostseng of pol yesters, polyethers, polysul PORES2007/077109

pol yi m des, pol yam des, polyners derived from

bi sphenol - A di anhydri de, polyvinyl alcohols,

pol yacrylonitriles, polyurethanes, polyureas,

pol yHCr WA icthed @$,rempoingagtr hateszere! &stoaEyideocarbon stream

pol ymers such as pol ybut adi ene, pol yi soprenes,
CoOpgIpeny | pyri di nes, hal ogenat ed pol yners,

fluoroel astoners, polyvinyl halides, polysiloxanes,

POl Yoo b&REalitL behARX BARS a nEnRRRR MIBKavER RNéR1 S Blmbrane to

| east one of "'the foregoing polyners, a blend
produnerd pemepatet stteags tnd nachtatc strdaor, egloirelg tholpgrresats stagam is

all oy.compr.isjng at | east one of the foregoing
]Mﬁ6?§ﬁ§%§?aﬁyegnggﬁﬂpﬁﬁgV%Wa%bnprising at | east one of

the foregoing polyners, copolyners, blends, or alloys.

24 \ira QB O3 LenPEl/ iS00/ fddfh infola bénA¥at B&dradibn unit;

renmovi ng at | east benzene from a hydrocarbon stream
arléonprising: concentrating benzene usi ng a nenbrane

unit having at |east one nenbrane to produce a

per : [ e

Dor nenrair PR WP FORE B ArolcP ATARRLR, it benzene
sapeatimatngt. st r eam i ntroduci ng hydrogen and t he perneate

streaminto a benzene saturation unit; and saturating

benz w t h, hyd en.to oduce cycl ohexane in the
bensnarheanrtpdof SR 4 RSt it hod of ol i m 11,

further conprising: pre-fractionating the hydrocarbon

st r eavIRktiating 6O NEaRichdoh N@reb@NFenetot Goncphtedingebezene to
top stream and a bottom stream erein the top_ stream

prpduqe; & topj sreap sl betiam sEparmyerpial the @ srqapeistiicht #eCs and
. . ' is f .
R PAREA R 3 PR MGt i FERpig %0 the

menbphne shig: pre-fractionating the hydrocarbon stream
prior to concentrating benzene to produce a top

stregm and a, bot stre wherein the top streamis
rich -nﬂ@engiha(?#@@wé#,ﬁ%swogpw%ative to the
hydrocarbon stream and fractionating the top stream

t 0 PiredHeRomting A thyRR afoh ed¥hinNplior & EdreBntrdlinESbenzene to

produce a top stream and a bottom stream, wherein the top stream is rich in Cg and

lighter materials relative to the hydrocarbon stream; and

fractionating the top stream to produce a second top stream that is rich in Cs
and lighter materials relative to the top stream and wherein the second top stream is

feed to the membrane unit.
14. The method of Claim 11, further comprising:

isomerizing the permeate stream in an isomerization unit, wherein at least

cyclohexane is izomerized.
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and |ighter materials relative to the top stream and

wherein the second top streamis feed to the nenbrane
w@nioB/045629 The met hod of C aim 11, further conpCT/B52997/077109

i somerizing the perneate streamin an isonerization

unit, wherein at |least cyclohexane is izonerized. 25

WD 2008/ 045629 PCT/ US2007/ 077109 15. The met hod of

d ai 18. IMhe thethddef Cagmyn | Rirthg: congfring: ng t he bottom

streamin a reforner to produce a reformate stream

conpri.sin ropati cs. 16.. The thod of Claim 11,

MGrrglf%n]fT?ge ﬂ}?eﬂ%;% STEYHPRI & EoEnyotoy Rorucs g r@é”é]&te stream
confRi% oh@UpP consisting of polyesters, polyethers,

pol ysul f ones, polyi m des, pol yam des, polyners

derived from bi sphenol - A di anhydri de, polyvinyl

al cotfol $he padtha o Cémimt 1, weksreipchy nramthagregomprises a polymer

ol yureas, .pol yacrylic. acids ol yacryl at
soRRALY GFRT WD R WAL o pBRYmPSa s, polysuttones,
pdtAhNd SO PO BRSdCs, ROYivs dekipyd fidin BB phdiadl-agenakyitide, polyvinyl
pol yners, fluoroelastoners, polyvinyl halides, ) )
alepdpolss i | podsp@lonisaley, dingbukgthangs] oxebascasa cryivAcyytsr  acids,
LSk N t r i noly :
pPER AL T Bloh BB, BB HR AT BRI Bl Fisorfenes,
pabwptiyyipysdings) halbgeyutadomoityrsdrng fhiorédasimane polyvime halides,
f oregoi ng pol yners, or a conbi nation conprising  at
pqlgsieransierdy dimethybpildansy ap‘&wgﬁeé,w&%‘é}%rﬁéﬂ%a}“ one of the

| : ' H|
foggegﬁggspn@eol%eﬁ, h & é&nprﬁlﬂgaﬁthf%gstcgner(ﬁﬂfﬁé{!ﬁ&%gl?lg fofhers, an

om a hydrocarbon stream conpri si
allpyrwoemptisagiab tpastr awatfiths faregoiepdlydenc ar H ormbinpeanedyprising
assi ng e. hydrocarbon streamthrough a nmenbrane
ot o eh i B oV BRI SRenB iR NS s UEE o
perneate streamand a retentate stream wherein the

per Neat e\ hétBedNolf ScAbOIMBL 4tCRadti KdhzER] BbhVe hyldeodab®dn stream
hydr ocar bon stream and wherein the nenbrane conprises

compssigirer ; extracting aromatics after concentrating
using a selective aromatics extraction solvent in an

extr i uni : j
the SirhRRAHE ok PicPHORLRGARRBH (e BF pERIHy PR Ehlirbon
stieemthaiigh atni@almnd u@chavomaat lagt bhe mexibraetto ptadaadrn iphrnacate

benzene distillation device to produce a benzen

e, .
SUSHRr R AT ety W BRI BB oA AFAMAlIGE Mg felative
totREnRREGEBR stream and wherein the membrane comprises a polymer;

extracting aromatics after concentrating using a selective aromatics extraction
solvent in an extraction unit to produce an extract stream, wherein the extract stream

is aromatics rich relative to the permeate stream;

fractionating the extract stream in a benzene distillation device to produce a
benzene overhead strcam and a benzene bottom stream, wherein the benzene

overhead stream is rich in benzene relative to the extract stream;

fractionating the benzene bottom stream in a toluene distillation device to
produce a toluene overhead stream and a toluene bottom stream, wherein the toluene

overhead stream is rich in toluene relative to the benzene bottom stream; and
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overhead streamis rich in benzene relative to the

extract stream fractionating the benzene bottom
w@reoeasmeen a tol uene distillation device to pPOOHUS®0OZ077109

t ol uene overhead stream and a tol uene bottom stream

wherein the toluene overhead streamis rich in

toluene relative to the benzene bottom stream and 26

V‘DI Mbgﬁﬁ@Z&eP@dddSZ&Qﬂxﬂﬁﬁr?ﬁﬁ 1ngai a@ﬂeinlendltsﬁlﬂujlghh@ewce to

t ol uene bottom streamin Xyl en istillation device
prpguﬁsraoﬂnl%e aV@sz@n@reamearrﬁeéaygepﬁ HPRInreamy yyhgrran the xylene

os‘%ﬂ{e‘a@ QS Fsarfeh ﬁ’f"}?feﬁb Rerhh 3 ¥hED ené"té@t'&gﬁ@@ea?ﬁ.r eamis
rich in xylene refative to the t uene bottom stream
18. The nmethod of Claim 17, wherein the polyner is

s eI ek& ethd motiod loé Cgiﬁiuub7 vdwnin gt m*gymér ip@blyetsd érog) the group

LR BRSBTS YRS plymn

depRby VoM wisRheLA, dE&ih'hy@f@deY | &yt iniy| ezﬂcohols polyacrylonitriles,
pol yur et hanes, pol yureas, polyacrylic aci ds,

pohwirgthanssl pelwurcas paleeniie aeidpato)yaskdates ehastagacric polymers such

asp ool ntgcﬂ&ge” o{?ﬁn%ar{a'srén%@r g g&ﬁa&%ﬁ‘é n%é” pP{a[ll())génQ{%ﬁ , polymers,

ﬂ&mbel@&ne@olp&wlmahelsdesp qioYIysdbﬂaieh,Wpoty Id:imam@is si®xanes, a
F ymer conprising at | east one of the foregoing
copg %rcgmpaﬂeg@héeaéfom Pfsthp dorggoing Pabimesh e @Pnd ﬁ@nprlsmg at
r I
legs? BE% 8k ‘?%r egglé{n /™ pyrfé} 5,9l a@%g%gg}ﬂglgrrg%g leadgt An%%gftthé)ﬂ)?egomg
mﬁmnps;srngcahbheamtcom$nsmgthebﬁﬂr@@moﬁgh@db&gemg mﬂwﬂms
COP%%%nggf bl ends, or alloys. 19. The nethod of C aim
copolympgts Plsnfls- 01 aP¥t t i ve ar omatics extraction sol vent
Is selected fromthe group consisting
t et r ghy HOh Bihe® BE Onirh 117, Wh@?@nﬂ@sel@d‘tﬁi@ﬂr@fﬂ@tlcs%@fr@&fbﬁtsglvent
di et hyl ene a@ycol trlethylene glyco
1St5@t€|0‘@ét figme gﬂoyp dlonswv%tteﬁsﬂlhy pybﬂ@phen@l olnls dlw—ldfo rprppylene

catf {' ertlhsy ?1? oglplgoe’ trlel’ﬂféjyl%e n%]iyﬁo _an(gi é[ee atemgrl g?OTTﬂgmethyl
ymmlh@@b oN-farialyM rhdsphBiies, eplﬁbnb[]e ﬁlimdﬁpcmrmaimmsﬂlme afdtrhsmide,

reformate. froma reforner or pyrolysis gasoline from

dualeﬁx)yll &ll%{pcge g dimeplyyl- acetamide.

20. The method of Claim 17, wherein the hydrocarbon stream is reformate

from a reformer or pyrolysis gasoline from a pyrolysis unit.

27



