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[ 0001] TheOopr/esseset i nvention relates to the separati on of PEutdFSer4L6epounds
froma hydrocarbon m xture using an ionic nmenbrane. [0002] Sul fur

conpounds are inpurities in gasoline that conprom se vehicle em ssion
controls by poisoning the catalytic converter. In an effort to further
decrease eRssi@ hey MiBa BE ARUEE QRATEEN FRGM O de
reducti on ci-u!‘ ' T M a raluie B A0
average of 30 ppm L
producers, both donestic and foreign, selling fuel in the U S would be

‘expected to conply by the year 2004. [0003] Presently, the conventi onal

process f ' t in gasoline involves hydrotreating in
whi ch sul ?ﬁlﬁﬁﬂ% h(Nm\(?ﬂ%ﬁned to volatile hydrogen sulfide and ot her
organics. This energy intensive process, requiring el evated tenperature and
pressure, is expensive for obtaining the proposed | owered sul fur |evels.

Al t er nat i [@0p1pceThepresenb inentionfrélatésdotthes sepavatioredfisulfigr ¢ampownidsgy ar e
needed to maintain progress toward cleaner burning fuels. [0004] The use
of menbr arfgomepbydrocatbonasixtareaging amioxi¢ otendlyanet conpounds or types of
conpounds can be separated from an organic m xture by perneation through a

menbrane, has been reasonably wel| devel oped. Separati t hat
i ncor por atﬁ ol r .r,ﬂgiﬁve option forlﬂ'[ﬂﬂ,ﬂ%@@ﬁlﬂ@S@Z
PCT/ US111/ S Hr—+ecat+on of petrol eum because
of their inherent sinplicity, versatility, and | ow energy ‘E84%unpti on.

[ 0005] Typically, nenbrane separation processes rely on the affinity of a
speci fic cpopynd Sulfuf lcafponhds SrigPtRics 3h ghS6lineihRf ecv@promist Webiciey, the
conponents of a mxture with specific affinity for the nenbrane wl |

sel ect i vel gmizeion contiold hﬁngﬁisnhhmgrthe catadytocddriennfroam dffodi toffusther or
pernmeate, through the nmenbrane and are renoved on the opposite side.

Cont i nual ddcréaseanzissions,he koSt goverumenthassretely propo matienwident ai ns t he
driving force for the separ at{on pr ocess. Rgéjgval 0 rmeat ed conpounds is

us u?l |y adidBgien pl syaimaeainefos C‘ﬂ)‘éf%ttl? ?b%OQépﬁéd’Qm fefsy ﬁﬁ?gﬁg@i on
por ot ed Soi BRIk Y Keeitier pATSA) M LB, Cabsting BRSPS, OB qui o

I ] 1501 . 1’ hcal
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for it. Some yeypeeo4f nmenbranes are conposed of charged chemical groups and
are, therefore, considered ionic in character. An exanple of an ionic

menbrane i s Nafion (avail able from DuPont, of Wl mngton, DE) which is a
pol yner of perfluorosul fonic acid that has been used principally in the

- dehydr at i ol§088] | i Quesendlygthei conventionad pregssd derciedpeing sulfur Sonteat &ht No.
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313). Addi ent eports the enhanced
separ at i onp@posed lowered sulfur levels. Alternative processes with more efficient sulfur-

reducing technology are needed to maintain progress toward cleaner burning
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[0004] The use of membrane separation technology, in which select
compounds or types of compounds can be separated from an organic mixture by
permeation through a membrane, has been reasonably well developed.

Separation processes that incorporate membranes present an attractive option for



V190 0 2/ OS3&B2 PCT/ US01/ ~97GG - 3unsat ur at ed organi ¢ conpounds using silver
I on- exchanged Nafion nenbranes. A related ionic nenbrane conposed of

sul f onat adOpah3sssd f one has been al so used fox the separat ipem/us1/a39766mat i s
and non-aromatics as disclosed in U S. Patent No. 5,055,63l. To date, the
use of ionic nenbranes, such as Nafion, in the separation of sulfur
conpounds fromliquid organic m xtures has not been reported. All of the
above nentioned patents and article a#2e incorporated herein by reference.

[ 0007] The proposed nandate for | owered sulfur levels in gasoline has nade
It inperative to inprove or replace existing nethods for desul furization of
petroleum fractions. A nore cost-effective nethod for reducing sulfur

content i etroleum.fractions is a | mar 0 « O fining
ndust ry. el PR R ERe e AR S HRER e R PR iherehf oo ot ne
separ ati on;.af 1-sul f 0 on m xture using an ionic
menbr ane. éh%\kkg?}%ﬁ@’ %{yn%(éé%épg?chgng@gﬁ% with acidic or charged
chem cal groups such as the perfluorosul fonic acid groups in Nafion-type
menbranes. Preferred nmenbranes perneate sul fur conpounds over hydrocarbons
such that [80050r o@apinailynincmbrene sepazatiomprosasdes rekyampiheraffinity ofapar at ed,

by the nmenbrane, into a sulfur-rich fraction, i. e. , sulfurrich perneate,
and a sul fspecifisasgpmpeund onclass ef compeynds-fos the mendieng. eln thgowey, thee present

i nvention provides a_ nethod of separati .sul fur congounds .from a

hydlr ocar bORTRRORATG0LS PHGUER WIEH e CHur NG, Log dpeimipaBEs b SRE R e
Ctepe of - ofyenfs e Rg@bHine, “TadUBas FomBg VAR, B Pl Rgigh® '
hydr ocar b ] | | ; ' | aid
sul fur cooﬁggtﬁﬁ}\%@%ﬁ?e\gg}d&rﬁ%ﬁgcar oﬂ%&éﬁtg%ﬁfgggﬁ%%@ﬁm&gggffsolrm' ng

sul fur-ri glerRRARIP SnPRshdUrétthe afmbrahe MahRinsihd d(riif)in%ﬁéfeé €yt thg sai d
sul fur-rich perneate and said sulfur-lean retentate. BRI EF DESCRI PTI ON OF

THE DRAW N@epafdtidhGirodéss. fRgnowalidfipesmeated compouads iciswatly achievied byr ocess  of
t he present
pervaporation or perstraction methods. Pervaporation employs a vacuum on the

permeate side of the membrane, removing the permeated compounds in gaseous
form, while perstraction employs a liquid sweep stream, continually washing

away permeate.

[0006] The chemical properties of the membrane dictate the type of
compound that has affinity for it. Some types of membranes are composed of
charged chemical groups and are, therefore, considered ionic in character. An
example of an ionic membrane is Nafion® (available from DuPont, of
Wilmington, DE) which is a polymer of perfluorosulfonic acid that has been used
principally in the dehydration of liquid organic mixtures as described in U.S.
Patent No. 4,846,977. Only few examples exist for the use of Nafion® in
separating organic compounds. U.S. Patent No. 4,798,764 describes the
separation of methanol from dimethyl carbonate or methyl -butyl ether. The use
of Nafion® membranes in the separation of mixtures of styrene and ethylbenzene
has also been reported (Cabasso, Ind. Eng. Chem. Prod. Res. Dev. 1983, 22,
313). Additionally, U.S. Patent No. 5,498,823 reports the enhanced separation of



invention for separating a hydrocarbon m xture into sulfur-rich and

sul fur-lean fractions using an ionic nenbrane. DETAI LED DESCRI PTI ON OF
PREFERREWWGNBEGDHIENTS [ 0011] As used herein, "hydrocarbonP@TAiSar/¢566 r ef er s
to both synthetic m xtures and authentic oil refining fractions, each of

whi ch contain sul fur conpounds. Preferable hydrocarbon m xtures include FCC
gasoline m xtures and |ight cracked naphthas (LCN). Hydrocarbons in the

m xture enconpass aliphatic, aromatic3-saturated, and unsaturated conpounds
conposed substantially of carbon and hydrogen. Preferabl e hydrocarbons are
conpounds that are commonly found in il refining fractions such as
benzene, toluene, naphthal enes, olefins and paraffins. The sul fur conpounds

about 1 paRSFOraRs orea e taZRaing sP%, PRIPERGHE Risghd | T2 0L 10" "

- ppmto ab p ; y ounds”
‘means i no?g‘%rﬁlﬂga%g?' %%%@gm%%rﬁ?%?% g‘%@s%%%f %%E%%L%%a})gggl&%?%ggﬂgounds

conpri si Nthegh al RASIedTOE tisd $dpatatiinosl ardhiaties ané aoanrdonticy as disclostdét eof are
preferred. [001Z] As used herein, "perneate" refers to the portion of the
hydr ocar bdh.SoPatent Nd. 15205563 I.uT e slate; thesgseaofmente mesbranes, sudt amt at e” refers
to the portion of the hydrocarbon m xture that does not pass through the
menbr ane. Naften®; inghg separationofsulfur aempeurdsgiony bqudorganic puxtyesBase t he

menbr ane on i ch pernea o] lects, and the term"retentate side" refers

to that si%%?nf?ig’ﬁb‘;ﬁﬁg t ?'B%VWPB%JP??QHWW@@&G&WM xture. In

addi tion, .the terrré'l'lsul r-rr}ée: " nmeans having increased sul fur content and
HS PHY g

f
"sul fur - | d4ROTPREAL 'ﬂﬁlx’é’ A¥%sed sul fur content. [ 0013] As used herein,
"hydrophilic" nmeans having an affinity for water or pol ar conpounds.

Addi tionally, "ionic" means having acidic or charged chem cal groups, and
"non-i oni qooOTRNS T*h@\ﬁrggoébﬂl&hﬁﬁdat@ ferfos@redsidfmslevéleGd 4dsdlimdiatimadd o t he
present invention, "nmenbrane systenl is a conponent of a process that

pr ef er ent ijpimhperativetaimprovd énreploepristidg rhethods fairdesatfbomativkofir es. The
menbrane systemis single or nulti-staged, contajning one of nore nmenbrane
modul es, rpattdeamnegopions Méviaan sostrafircéivemethpd topreduging e coatcak# v

conprising a nbrane, feed and perngale spacers, an upport material,

assenbl ed eyrpfractions s élpé‘%rglgt?gﬁ?fﬁ\ﬁdﬁ@ﬁ%{%% Pfﬁﬁlsirysepar ated by the
menbrane. The nenbrane nodul e may be any wor kabl e configuration such as

flat sheet, hollow fibers, or spiral-wapped. [0015] As used herein,

"transport \ R IRVENFION e in the hydrocarbon m xture for
augnentin S AR TH‘%W—O'?% separating WD U2/1153182

PCT/ US01/ ~976G

[0008]  This invention relates to the separation of sulfur compounds from a
hydrocarbon mixture using an ionic membrane. The membrane is composed of a
material with acidic or charged chemical groups such as the perfluorosulfonic
acid groups in Nafion®-type membranes. Preferred membranes permeate sulfur
compounds over hydrocarbons such that a hydrocarbon mixture containing sulfur
compounds is separated, by the membrane, into a sulfur-rich fraction, i.e., sulfur-

rich permeate, and a sulfur-lean fraction, i.e., sulfur-lean retentate.

[0009] The present invention provides a method of separating sulfur
compounds from a hydrocarbon mixture using an ionic membrane, said
hydrocarbon mixture containing at least one sulfur compound and hydrocarbons,

comprising the steps of:



-

-6nmenbrane. Transport agents include al cohols, glycols, ethers or any other
conpounds that are m scible with hydrocarbon m xtures, are sorbed by the

i oni c memo anes3esand i ncrease flux through the nmenbrane. APC®WNSHU#I7Hng
transport agent such as nethanol is preferred for ease of renoval by
distillation. The quantity of transport agent added to the hydrocarbon

m xture is preferably about 1 %to about 20% by wei ght. Addition of about |
0% by wei ght of methanol is nore pref-dfred. The transport agent al so may
conprise the sweep streamin perstraction processes. [0016] As used herein,
"Naf i on-type nenbrane" refers to a polynmer of perfluorosulfonic acid or a
derivative thereof. Derivatives include Nafion-type nmenbranes havi ng

Lo L. *Cor dner- SeknomonicigpaR hattalirbp SRR B SR meMBHls,  FC°GLT! Ny

as a perfluorosul phonic acid nmenbrane (DuPont). [0017] The hydrocar bon

“m xtures treated by the present invention enconpass both synthetic m xtures

and authentic @b} r ekleetively jeraichting saidaulfuotomipoahds ofitaidhydrddanbon
conpounds. Preferable hydrocarbon m xtures include FCC gasoline m xtures
and | i ght mixfuriedhroughtsakchmepibeade forang shlfur-rich peomaate and sulferdgatr ocar bon
m xtures may be in any concentration, but |evels of fromabout 1 ppmto
about 10,w©®m§¢%ﬁﬁﬂe preferred, and levels of fromabout 10 ppmto about
4000 ppm are nore preferred. The sul fur conpounds can al so be of any type,
i ncl udi ng i norgani cs, however organic conpounds are preferred and

t hi ophenes and derivativ r r.ef in the
m xture enconpég aﬁ%%ﬁaﬁﬁ%%ggﬁgﬁéf?@ﬁ sa E?%ﬁ%gskgﬁ%ﬂgﬁ%g%ﬁgg%ggﬁ%onpounds
conposed essentially of carbon and hydrogen. Preferabl e hydrocarbons are
conpounds that are commonly found in oil refining fractions including, but

not WO ERIEE'BESCRIMHON-GFTTHE DRAWINGS benzene, tol uene,
napht hal enes, ol efins and paraffins. A transport agent nay be optionally
added to the hydrocarbon m xture to augnent flux and selectivity of the
separatin%gnenbrane. Transport agents jnclude, bhut are not limted to,

al cohol s, 19038 s Thedfigire ibusteates eneenbedimsad o the process of theHLessne wi ¢ h
hydr ocarbqn m xtures and_ .enhance flux through a rane. Lew kol | i ng
transport 13&%‘Fﬂ°1§f%t§68§raﬁ’§‘gﬁ§%§°?a§gﬂ? B?‘éﬁFgamPo“ﬁ LI oq‘mfsé‘\lﬁ‘\'fél?gﬂby
distillati . ! port agent added to the hydrocarbon

m xture igg%ﬁgggﬁggﬂgﬁgg%ﬁ%ﬁ%n&??@éabout 20% by wei ght. Addition of about
10% by wei ght of methanol is nore preferable. [0018] According to the
present invention, the nmenbrane separation of sulfur conpounds froma
hydr ocar b@)ETASIED DESCRIETION OF PREFERREDEMBODIMENTSS usi on, of
sul fur conpounds through a nenbrane. Generally, but not always, selective

sorption of conponents of a mxture are controlled by the affinity of the
ffinity for the

f h m, 3 i th
Tebr ane. JOMATEI | Aeadrein SRETPSPOR FIHES, faiFrotA Lol SUbEs vent o
ioni nb whi,ch fidi.t . I te, | f
o e s e O Y ol B BE TR Bt B2, sl ur
char ged chahGAindd! PHBRerh B MM rBA hibc B RERR FAO gadifidixifesnon. | oni c

menbr anes W contarn neutral chem cal groups. loniC nmenbranes can be of

any sui t abli FOMR@aEIdORapHARS (UTN). PHyatoeaidnlen tie ntiotue eneorgpassc and
organic materials. Exanpl'es of charged chem cal groups found in ionic
menbr anes aliphatideardmdticg seturaied, dmd ursdturated confpinds gomposed ar boxyl i ¢
acids, and their corresponding alkali or transjtion netal salts. ni um
salts are substantialyaficerban ansbhydrope s Prsferable hydrogarbons aeseqrapoundsyp

Ji

02/ U53682 PCT/USOL/-497C1 $ [0019]. Preferred ionic.menbra according to
" the presenthat ﬁ%ﬂm@?ngf é‘“ﬂ@fli‘d’r‘lﬂ‘iﬂ%—ﬂ?g‘%&?ﬁl‘&n A helzeng, Eﬁﬁlﬁge’l\laf ion 117,

Nt i on- el BiGnanss Bfefids BRI RGPt O h IR Ru@bgtbbR, 50T

Sgreater thah dhay 'b%:ﬂgiéig%%ﬁhgenﬂﬂ"t‘ifdnoﬁuf Rey8hs/oTTE B PRRR td sbowawi ng o

sul foni c acid group assoclated with electron-w thdraw ng

per f | uor oc 90 0D ppiRrbRSpreféAaiimt level ONfsanatgedONgin om abewi#digspmiare whi ch
the acidic protons are replaced by other cations, are also within the scope
of this inwmstpaferr&tamiseshotfersuisulfiok compounds’ MesnUMOrZUE OB PEZANDE
limted to, inorganic ions such as silver, copper, sodium and organic ions
such as tetraal kyl ammoni uns and tetraal kyl phosphoni uns. I n anot her aspect
of the present invention, the Nafion-type nenbranes nmay be treated with
organi ¢ bases including, but not limted to, triethanol am ne and pyridi ne,

t hereby form ng organic salts. Nafion-type nenbrane nodification by
reaction with organic bases results in increased selectivity for sulfur

o T o F AT



[ 0021] The present invention also enconpasses a process for the separation
of sul fur conpounds from hydrocarbon m xtures. According to the process, a
hydr ocar momozesstszre is split into a sulfur-rich fraction, PCT/U801/49766

sul fur-rich perneate, and a sulfur-lean fraction, i. e., sulfur-Ilean
retentate, using a nenbrane system The sulfur-rich fraction, or perneate,
corresponds to the portion of the hydrocarbon m xture that diffused through
t he menbrane. The sulfur-lean fractios, or retentate, corresponds to the
portion of the hydrocarbon m xture that does not pass through-the nmenbrane.
The hydrocarbon m xture treated by the process is preferably |ight cracked
napht ha (LCN); however, any oil refining fraction or organic m xture

*contam nated with sul fur.conpgounds is i | gy .G nds in the

hydr ocar b&PHRSH §ggmp&vl%£$ﬁa53@egg}@gh{0ﬁ.tﬁ‘ (E}%&fgylfuté@gfaég%r om about

1 ppmto are preferred, and levels of fromabout 10 ppmto

- about 40039%%%1f%1%e‘9%gerrgéa§referred. [ 0022] A transport agent may be

optionally added to the hydrocarbon m xture for facilitating transfer of

sul fur compounds through the nmenbrane. The transport agent may be renoved

in subseqe012pt eps usgd diesdin) fpermeatedfrefers toetheqrortion lof $he hydrocarblenand

sul fur-lean fractions. The sulfur-lean fraction exiting the menbrang system
b

has a sul fmixtarsrtheindiffuses acioana membrpnecnd Trsteniatet telers wathe pertaenphp| y

about 1 ppmto _about 300 ppm sul fur, nore preferabl bout .1 g_about
100 ppm she dydrogabopomxtyrethaf dpes nofinass throgg tﬁ‘b ?n%-o‘]“ﬁg&rgé%ﬁ ur. The

sul fur-rich frackion i s cgnbined w r 0 1 h as
heavy crad E&“Hapmfﬁhﬁa? f“g?fsc%ﬁb%ﬁ?%ﬁgfl{%?‘gﬁ%@w%& geﬁliwwu?&g%%%%unds by
hydr ot r eat | T re rea L SntirRh iMth the
sul fur-| eadrﬁgpgcﬁﬁ%@%ﬁhf S%E%rté%lg?i %%?Rgﬁﬁﬁﬂgpbgg?%%ati on.é]w}il\ll(},\gl

02/ O 3G82 RfaT4ddSil mRifGEarbdA nhikARa] [T aadinRmh tRnRnay SuHur-picht ecanepar at i on
process can be single-staged such that it is conposed of one nmenbrane

nodul e, orhaviyg irereasetlisufungententiand tsvdfurilean’smeanpbaddgalecreased swfur one
menbr ane nodul e. Each nodul e has at | east two conpartnents separated by a
menbr ane asydentl y, the assenbly preferably conprising a nenbrane, feed

spacers, and support material. Menbrane nodul es can be any reasonabl e size
and shape, including hollow fibers, stretched flat sheet, or preferably,

spiral -wou vel opes., n.th i i £ si des of
menbr ane eﬂ@ég peéﬁsg\’s@d&%?]’ilf m‘ﬁiﬁf&wﬁg@%ﬁ%@%@%ﬁ%& ngafdg%égglg%tt acl e
such as_pepdiar ahfiloRhd. "Aditidfa P GbARS M HERIPhdiicragHapgedr ound { he
recept acl 0 mntm ze volune. Feed spacers, such as plastic netting or

nyl on meshghepgieal goRph,uhd et dnk enestsipadng acairhlosheptiosk graupan of the
hydr ocar bon m xture 8et ween the wrapped | ayers. The interior of each
menbrane envelope is fitted with a perneate spacer to channel perneate
toward the receptacle. The perneate spacer is preferably gonposed of a
material t[014]s tAecording togthe presentinyentien.t merahrang sysfeptsifdr . The

menbrane preferably is mounted on.a stiff but flexi.ble porou ki ng whi ch
i s direct etPMBORSH qf@dnpﬁgqs(}gat(grefq{gngq} AR S ig‘i‘rn‘borﬁﬁ?lg}q%ﬁ@%ar e

preferably, resistant 1 [ gahi 1. XL .l v , ceramc,
gl ass, pap@l, Oﬁ?ri’gpin&fﬂ%r%s'cgﬁf%ﬁ%@u@ﬁﬁgﬁgﬂglgmo@ggﬁéﬁﬂ I:Etl ?ﬁ%‘%’bl e, inert
materi al ' Infkn sdrRadecinager Mambsmetheduetbr ane
envel ope %téwpﬁgﬁgﬁogéstru%aﬁgﬁo%t egrir%y oféﬁlfhe menbrane assenbly
under appl {&fersaoesmefbraddaddinbRheompribingrempnifrane fead mod perssese cert ai n
qualities to function effectively in a process for separating sul fur
conpounds §pauerd)pdd suppam matenialyassembled suhi thabthere argeatdeastéwoy for sul fur
conpounds, desirable nenbrane qualities i ncLude resi stan to gtg)erati ve

. condi t i ons cempartmenteapasated by dhemegmbrang.nd ew‘a@nmﬁf & LAvede

pr ol onged con t w f.h organic, chem cal Q 112/ 053l O1l/-497G1
- 11ni xt ur e¥/Or CQREZHTRIORFuch aﬁi@t §€§e§, IF(W)W St %.Sﬁ%ﬁﬁg’%‘#)se o about

- 200 m crons, but thinner nmenbranes are preferred for higher flux such as,
for exanpl e, nmenbranes having a thickness of about 0.1 microns to about 50
m crons, 0106.@5” e PAShLSE@RENin, 2 RANEpSH &%éﬁte&_@ms toParpidditivé ifttey on. [ 0025]
The nenbrane s;’stem can be operated under either perstraction or

per vapor at hgdrseartitin intare fordmgnpatiapihnt amhsaectility afthe sepaiatiogd sweep
stream passes across the perneate side of the nenbrane, dissolving and
removi ng perneated sul fur conmpounds. In this manner, a concentration
gradient is maintained, driving the transfer of sul fur conpounds fromthe
retentate side of the nenbrane to the perneate side. The sweep liquid
preferably has affinity for, and is mscible with, the perneated
conponents. Methanol is a preferred sweep liquid for nmenbrane units

. o




WO 12/ 0S3182 - 13 EXAMPLES Exanple 1 PCT/USII1 /~97CG Separation of Sul fur
Conmpounds Usi ng Nafion-Type Menbranes. [0029] Table 1 lists the results of
per vapor av@vBoBegrar at i on experinents using vari ous Nafi onPCFASOMEITHG anes
and a synthetic feed solution with a conposition of 10:48:31:10:1

nmet hanol aol uene: hept ane: | - oct ene: t hi ophene by wei ght. Enhanced sel ectivity
I s observed for ion-exchanged and base-treated nenbranes, and the positive
effects of a transport agent are evidgnt. In Table 1, selectivity is
expressed as the ratio of thiophene to other m xture conponents in the

per neate. Enhanced sel ectivity of thiophene over the other m xture
conponents is shown by higher selectivity ratios conpared with the feed

)] e it s b e e SR v v o
nes: . - : ..
' ?_ﬁpt aﬂe: 1@“&&“@@@ l:tﬁattzﬁ? ﬁ%‘ﬁbﬁm@@%‘ﬂ%ﬁr&@@eﬁ%&%@ﬁg ‘By%ﬂe tomie
i ophene: one: : j
oot onorMEBRAER nd OB e A0 UERERBrARESAIIAIRR iAo 1o

1814. 02448,5L4¥ sitdiitds MefiaboPid prefifirelifol @ade 3Bl biNistllalionafTien No
permeat e observed 117 (Cu+

quantity of transport agent added to the hydrocarbon mixture is preferably about

1% to about 20% by weight. Addition of about 10% by weight of methanol is
more preferred. The transport agent also may comprise the sweep stream in

perstraction processes.

[0016]  As used herein, “Nafion®-type membrane” refers to a polymer of
perfluorosulfonic acid or a derivative thereof. Derivatives include Nafion®-type
membranes having undergone ion-exchange or reaction with organic bases.
“Nafion,” according to L. Gardner’s Chemical Synonyms and Tradenames, gth

ed., 1989, is defined as a perfluorosulphonic acid membrane (DuPont).

[0017]  The hydrocarbon mixtures treated by the present invention encompass
both synthetic mixtures and authentic oil refining fractions, each of which
contain sulﬁJr compounds. Preferable hydrocarbon mixtures include FCC
gasoline mixtures and light cracked naphthas (LCN). The sulfur compounds in
the hydrocarbon mixtures may be in any concentration, but levels of from about
1 ppm to about 10,000 ppm are preferred, and levels of from about 10 ppm to
about 4000 ppm are more preferred. The sulfur compounds can also be of any
type, including inorganics, however organic compounds are preferred and
thiophenes and derivatives thereof are more preferred. Hydrocarbons in the
mixture encompass aliphatic, aromatic, saturated, and unsaturated compounds
composed essentially of carbon and hydrogen. Preferable hydrocarbons are

compounds that are commonly found in oil refining fractions including, but not



4 Nafion No perneate observed 117 (Ag+) 5 Nafion 2.2 124 35 4.8 914 117
(H+) Neutralized with triethanolamne 6 Nafion 2.2 110 35 4.9 933 117 (H+)
Neut r al i 0@ 02x033h82pyri di ne 7 Nafi on No perneate observed 1RZT{USH)/HING6

met hanol present in feed WD 02/0S3@&82 -15 i Exanple 2 PCT/U S111 |-197C1
Separation of Sul fur Conpounds Using Nafion-Type Menbranes. [0030] Table 2
shows results of a pervaporative separation experinent using

triethanol am nme-treated Nafion nenbrat¥e and |ight FCC gasoline feed diluted
with 10% by wei ght nethanol. The total sulfur content in the hydrocarbon

m xture, disregarding the nethanol conponent, increases from950 ppmto
about 5000 ppmin the perneate. Selectivity ratios indicate the higher

Sopar at | onikr - HefFeRl REHE nabRiay s VARG Pl D R fptdoBlsy o

total sulf : . : _ . P
"Nor mal i zec#%)élt é?%%%g?%gdg@?gﬁ@%gh(bﬁg?%gﬁ %ﬁgﬁgp?\g@?ﬁgﬂ%ﬁgﬁ% E) e( kg

m 2 D ~~" gklectivity of the separating membrane. Transport agents include, but are not

limited to, alcohols, glycols, ethers or any other compounds that are miscible
with hydrocarbon mixtures and enhance flux through a membrane. A low
boiling transport agent such as methanol is preferred for ease of removal by
distillation. The quantity of transport agent added to the hydrocarbon mixture is
preferably about 1% to about 20% by weight. Addition of about 10% by weight

of methanol is more preferable.

[0018]  According to the present invention, the membrane separation of sulfur
compounds from a hydrocarbon mixture involves the selective permeation, or
diffusion, of sulfur compounds through a membrane. Generally, but not always,
selective sorption of components of a mixture are controlled by the affinity of the
components for the membrane. Components with greater affinity for the
membrane generally permeate more rapidly. Thus, in the present invention, ionic
membranes which have affinity for, or preferentially permeate, sulfur compounds
usually are preferred. Ionic membranes are defined as containing charged
chemical groups including salts and acids, in contrast to non-ionic membranes
which contain neutral chemical groups. Ionic membranes can be of any suitable
composition, and incorporate either or both inorganic and organic materials.
Examples of charged chemical groups found in ionic membranes include, but are
not limited to, sulfonic acids, carboxylic acids, and their corresponding alkali or
transition metal salts. Ammonium salts are also amenable to the methods of the

present invention.



Nafion 68 65 13 5.4 944 117 (H+) V1~ O 02/11S3G82 -16 CLAI Ms:

PCT/ USUL1/ ~97GG 1. A nethod of separating sul fur conpounds from a

hydr ocar 0 02933868 e usi ng an ioni ¢ nenbrane, said hydr ocaPb®USH/AL766 e
containing at |east one sul fur conmpound and hydrocarbons, conprising the
steps of (a) contacting said hydrocarbon m xture with said nenbrane; (b)

sel ectively perneating said sul fur conpounds of said hydrocarbon m xture

t hrough sai d nenbrane form ng sul fur-48ch perneate and sul fur-Iean
retentate; and (c) retrieving said sulfur-rich perneate and said

sul fur-lean retentate. 2. The nmethod of claim 1l wherein said ionic nenbrane
Is a polyner of perfluorosulfonic acid and derivatives thereof. 3. The

"retod of OIS 2PHASHG BB e BRI ShEB o > ¢
Nafion®-type acidic membranes, such as Nafion® 117, that have been optionally
treated by ion-exchange reactions or with bases. Nafion belongs to a class of
solid superacids that exhibit acid strength greater than 100% sulfuric acid.
Nafion® is strongly hydropohilic, owing to sulfonic acid groups (-SO;H)
associated with electron-withdrawing perfluorocarbon chains (-CF,CF,-). Ion-
exchanged Nafion® membranes, in which the acidic protons are replaced by
other cations, are also within the scope of this invention. Examples of suitable
cations include, but are not limited to, inorganic ions such as silver, copper,
sodium, and organic ions such as tetraalkylammoniums and
tetraalkylphosphoniums. In another aspect of the present invention, the
Nafion®-type membranes may be treated with organic bases including, but not
limited to, triethanolamine and pyridine, thereby forming organic salts.
Nafion®-type membrane modification by reaction with organic bases results in

increased selectivity for sulfur compounds over saturates and olefins.

[0020] Tonic membranes generally perform best in the presence of a transport
agent. For example, when a Nafion®-type membrane is contacted with a
transport agent, it swells from sorption of the transport agent, changing the
microstructure of the polymer such that flux through the membrane is enhanced.
Transport agents include, but are not limited to, alcohols, glycols, ethers or any
other compounds that are miscible with hydrocarbon mixtures, are sorbed by the
ionic membrane, and increase flux through the membrane. It is preferred that the
transport agent is an alcohol. It is more preferred that the transport agent is

methanol.



ions. 5. The method of claim1l wherein said sulfur-lean fraction contains
t 1 to about 300 ppm of sulfur. 6. The nethod of claim5 wherein
sai d sul WO 0LeBA8X racti on contains fromabout 1 to about POTIM/éd766ul fur.

from abou

WD 0210S3682 PCT/USII1/.~9711 -177. The nmethod of claim 1l wherein said
hydr ocarbon m xture is a light cracked naphtha. 8. The nethod of claim1l

wherein sai d hydrocarbon m xture contains 10 to about 4,000 ppm of sul fur.

9. The ne
transport
an al coho
. Al R A9%

thod of claim1 wherein sai d9ydrocarbon nm xture contains a

agent. 10. The nethod of claim9 wherein said transport agent
| . 11. The nmethod of claim 10 wherein said al cohol is nethanol.
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process is preferably light cracked naphtha (LCN); however, any oil refining
fraction or organic mixture contaminated with sulfur compounds is suitable. The
sulfur compounds in the hydrocarbon mixtures may be in any concentration, but
levels of from about 1 ppm to about 10,000 ppm are preferred, and levels of from

about 10 ppm to about 4000 ppm are more preferred.

[0022] A transport agent may be optionally added to the hydrocarbon mixture
for facilitating transfer of sulfur compounds through the membrane. The
transport agent may be removed in subsequent steps by distillation of either or
both sulfur-rich and sulfur-lean fractions. The sulfur-lean fraction exiting the
membrane system has a sulfur content less than the hydrocarbon mixture feed,
preferably about 1 ppm to about 300 ppm sulfur, more preferably about 1 ppm to
about 100 ppm sulfur, and most preferably about 1 ppm to about 50 ppm sulfur.
The sulfur-rich fraction is combined with other hydrocarbon mixtures such as
heavy cracked naphtha (HCN) for conventional removal of sulfur compounds by
hydrotreating. The hydrotreated stream can be optionally combined with the

sulfur-lean fraction for further refining or fuel formulation.
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[0023] The membrane system of the separation process can be single-staged
such that it is composed of one membrane module, or may be multi-staged such
that it is composed of more than one membrane module. Each module has at
least two compartments separated by a membrane assembly, the assembly
preferably comprising a membrane, feed spacers, and support material.
Membrane modules can be any reasonable size and shape, including hollow
fibers, stretched flat sheet, or preferably, spiral-wound envelopes. In the spiral-
wound configuration, the open sides of membrane envelopes are positioned and
sealed over a permeate receptacle such as perforated piping. The envelopes are
spirally wrapped around the receptacle to minimize volume. Feed spacers, such
as plastic netting or nylon mesh, separate the membrane envelopes to allow
penetration of the hydrocarbon mixture between the wrapped layers. The interior
of each membrane envelope is fitted with a permeate spacer to channel permeate
toward the receptacle. The permeate spacer is preferably composed of a material
that is flexible, porous, and inert such as polyester. The membrane preferably is
mounted on a stiff but flexible porous backing which is directed toward the
inside of the envelope. Backing materials are preferably resistant to organic
mixtures and include polyester, ceramic, glass, paper, plastic, or cotton.
Cushions composed of a flexible, inert material may flank either side of the
permeate spacer inside the membrane envelope and contribute to structural

integrity of the membrane assembly under applied pressure.

[0024] The membrane preferably possesses certain qualities to function
effectively in a process for separating sulfur compounds from hydrocarbon
mixtures. In addition to selectivity for sulfur compounds, desirable membrane
qualities include resistance to operative conditions such as thermal stress,

sustained hydraulic pressure, and prolonged contact with organic chemical
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mixtures. Membrane thickness may vary from about 0.1 microns to about 200
microns, but thinner membranes are preferred for higher flux such as, for
example, membranes having a thickness of about 0.1 microns to about 50

microns, or more preferably, about 0.1 microns to about 1 micron.

[0025] The membrane system can be operated under either perstraction or
pervaporation conditions. Under perstraction conditions, a liquid sweep stream
passes across the permeate side of the membrane, dissolving and removing
permeated sulfur compounds. In this manner, a concentration gradient is
maintained, driving the transfer of sulfur compounds from the retentate side of
the membrane to the permeate side. The sweep liquid preferably has affinity for,
and is miscible with, the permeated components. Methanol is a preferred sweep
liquid for membrane units employing Nafion®-type membranes. Under
pervaporation conditions, a vacuum is pulled on the permeate side of the
membrane, thus removing permeate as a vapor and sustaining the driving force
with a pressure differential. The vapor is cooled and condensed to a liquid and
may be optionally heated prior to delivery to subsequent membrane modules. A
detailed discussion of perstraction and pervaporation can be found in Membrane
Handbook, W.S. Ho and K.K. Sirkar, Eds., Chapman and Hall, 1992, herein

incorporated by reference.

[0026] Typical process conditions according to the present invention depend
on several variables including membrane separation method (i.e., pervaporation
vs. perstraction) and feed composition. Determination of appropriate
pervaporative and perstractive operating conditions is well within the capabilities
of one skilled in the art. Some typical operating parameters for perstractive

processes of the present invention include absolute membrane flux of from about
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0.5 to about 150 kg'm™” D™, feed temperature of from about 20°C to about
300°C, and negligible pressure drop across the membrane. Additionally, some
typical operating parameters for pervaporative processes of the present invention
include an absolute membrane flux of from about 0.5 to about 150 kg'm>D,
feed temperature of from about 20°C to about 300°C, and lowered pressure on

the permeate side measuring from about 1 to about 80 mmHg.

[0027] Advantages of the present invention are numerous. The separation of
sulfur compounds from hydrocarbon mixtures such as oil refining fractions
allows the concentration of sulfur contaminants such that a smaller total volume
of liquid needs to be processed by conventional hydrotreating. Additionally,
selectivity of the membrane for sulfur compounds over unsaturated hydrocarbons
results in a low olefin content in the sulfur-rich stream and reduced octane loss

and hydrogen consumption during the hydrotreating process.

[0028] Those skilled in the art will appreciate that numerous changes and
modifications may be made to the preferred embodiments of the present
invention, and that such changes and modifications may be made without
departing from the spirit of the invention. It is, therefore, intended that the
appended claims cover all such equivalent variations as fall within the true spirit

and scope of the present invention.
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EXAMPLES

Example 1
Separation of Sulfur Compounds Using Nafion®-Type Membranes.

[0029] Table 1 lists the results of pervaporative separation experiments using
various Nafion®-type membranes and a synthetic feed solution with a
composition of 10:48:31:10:1 methanol:toluene:heptane:1-octene:thiophene by
weight. Enhanced selectivity is observed for ion-exchanged and base-treated
membranes, and the positive effects of a transport agent are evident. In Table 1,
selectivity is expressed as the ratio of thiophene to other mixture components in
the permeate. Enhanced selectivity of thiophene over the other mixture
components is shown by higher selectivity ratios compared with the feed ratios

given in the first line of the table.
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Table 1

Pervaporative Organic Liquid Separation Using Nafion® Membranes:
Synthetic Feed (by weight) 10 methanol:48 toluene:31 heptane:10 1-octene:1
thiophene.

SELECTIVITIES

Entry Membrane Thiophene: Thiophene: Thiophene: Absolute Normalized
Toluene Heptane 1-octene Flux Flux
(kgm?D) (kgm®D'u

Feed 0.021 0.032 0.10 - -

1 Nafion® 34 16 18 14.0 2448
117 (H+)

2 Nafion® 2 36 17 10.8 1889
117 (Na+)

3 Nafion® No permeate observed
117 (Cut)

4 Nafion® No permeate observed
117 (Agt)

5 Nafion® 22 124 35 4.8 914
117 (H+)
Neutralized with triethanolamine

6 Nafion® 2.2 110 35 49 933
117 (H+)
Neutralized with pyridine

7 Nafion® No permeate observed
117 (H+)

No methanol present in feed
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Example 2
Separation of Sulfur Compounds Using Nafion®-Type Membranes.

[0030] Table 2 shows results of a pervaporative separation experiment using
triethanolamime-treated Nafion® membrane and light FCC gasoline feed diluted
with 10% by weight methanol. The total sulfur content in the hydrocarbon
mixture, disregarding the methanol component, increases from 950 ppm to about
5000 ppm in the permeate. Selectivity ratios indicate the higher sulfur content of

the permeate.

Table 2

Pervaporative Organic Liquid Separation Using Nafion® Membranes:
Light FCC Gasoline (bp<250°F; 950 ppm total sulfur).

SELECTIVITIES

Entry Membrane Thiophene: Thiophene: Thiophene: Absolute Normalized
Cs Cs Cs Flux Flux
Paraffins Olefins Aromatics (kgm?>D™) (kg m?D'ph)

1 Nafion® 68 65 13 5.4 944
117 (H+)
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CLAIMS:

L. A method of separating sulfur compounds from a hydrocarbon mixture
using an ionic membrane, said hydrocarbon mixture containing at least one
sulfur compound and hydrocarbons, comprising the steps of:

(a)  contacting said hydrocarbon mixture with said membrane;

(b)  selectively permeating said sulfur compounds of said hydrocarbon
mixture through said membrane forming sulfur-rich permeate and sulfur-lean
retentate; and

(c)  retrieving said sulfur-rich permeate and said sulfur-lean retentate.

2. The method of claim 1 wherein said ionic membrane is a polymer of

perfluorosulfonic acid and derivatives thereof.

3. The method of claim 2 wherein said ionic membrane comprises organic
salts.

4. The method of claim 2 wherein said ionic membrane comprises sodium
ions.

5. The method of claim 1 wherein said sulfur-lean fraction contains from

about 1 to about 300 ppm of sulfur.

6. The method of claim 5 wherein said sulfur-lean fraction contains from

about 1 to about 50 ppm of sulfur.
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8. The method of claim 1 wherein said hydrocarbon mixture contains 10 to

about 4,000 ppm of sulfur.

9. The method of claim 1 wherein said hydrocarbon mixture contains a

transport agent.
10.  The method of claim 9 wherein said transport agent is an alcohol.

11. The method of claim 10 wherein said alcohol is methanol.



