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sul fur compounds from hydrocarbon m xt yg g a menbrane. [0002] Sulfur
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their inherent sinplici ty, versatility, and | ow energy cBffddhpti on.

[0002]  Sulfur compounds are impurities in gasoline that compromise vehicle
emission controls by poisoning the catalytic converter. In an effort to further
decrease emissions, the U.S. government has recently proposed a nationwide
reduction of sulfur in gasoline from current levels at 300-1000 ppm to an average
of 30 ppm (Federal Register, 64(92), May 13,1999). Gasoline producers, both
domestic and foreign, selling fuel in the U.S. would be expected to comply by
the year 2004.

[0003] Presently, the conventional process for reducing sulfur content in
gasoline involves hydrotreating in which sulfur compounds are converted to
volatile hydrogen sulfide and other organics. This energy intensive process,
requiring elevated temperature and pressure, is expensive for obtaining the
proposed lowered sulfur levels. Alternative processes with more efficient sulfur-
reducing technology are needed to maintain progress toward cleaner burning

fuels.

[0004] The use of membrane separation technology, in which select
compounds or types or 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



[ 0005] Typically, nenbrane separation processes rely on the affinity of a
speci fic conpound or class of conpounds for the nenbrane. In this way, the
conmponentwO®p/0zs2/d xture with specific affinity for the merRSITANRS1MPToH
selectively sorb onto the nmenbrane. The sorbed conmpounds diffuse, or
perneate, through the nenbrane and are renoved on the opposite side.

Conti nual w thdrawal of perneated conpounds fromthe nenbrane maintains the
driving force for the separation proggss. Renoval of perneated conpounds is
usual | y achi eved by pervaporation or perstraction nethods. Pervaporation
enpl oys a vacuum on the perneate side of the nenbrane, renoving the

per meat ed conpounds i n gaseous for whil e perstractjaon enploys a liquid
.sweep stlargenscatopuatification ofipetrolay iqssbesase. offthewwdnhemsat cheni cal
properties of the nepbrane dictate the type of conpound that has affinity
for it. S%thttyp\éﬁisﬁill%?ﬂﬁg}%@%gﬂ@Bﬁﬁggﬂnof charged chemical groups and
»are, therefore, considered ionic in character. An exanple of an ionic
menbrane is Nafion (available from DuPont, of WImngton, DE), which is a

pol ynmer rf Nelaly ' g,scgpt rifgiRadflay in the
dehydratli%mggf m&@y%rganlfrgﬁ%k%%@nggﬁg{%?g?? e iH_r%dlgﬁ_S@Patent No.
4, 846, 97shec{AY Uogﬁﬁ&hﬂéﬁﬂ'a%oﬁé‘drﬁpoﬁﬁs fob ¢hementiramiaf [rothis wagether at i ng
organi ¢ conpounds. U.S. Patent No. 4,798,764 describes the separation of

met hanol cdniponemits®f Hixame wdtaspecific affidig for theimemtethe willselectivelyof Nafi on
menbranes for the separation of m xtures of sitfi[rene and et hyl benzene has
al so beesorb epty thednémhbanss oThasarbedegmponads d , ORpermeate, thnoygh 2o

02/ '135’%39 :E%Euﬁ@s@gm”: AT e Tomosed on °§é§@5€?%$?€3§€3@3ﬁﬁ@%§%ﬂg§& LVX‘?
cul  ongtRATEBI AT Rcopans rirafrefk Bipib B AR T RETOEO R, Ot o

and non- ' di i R ; ate, the
ase of  ORATRIgTRks RERGTALS iirpletted Bhithynleis Ry dhlevelby™
conpoundserl6PatibAl'or PefitaRiiba niEtbdy. cBervaporation kesployepaatedn di0he7] | n
contrast” to 1onic neitbranes, non-ionic nenbranes are made fromthose

mat er i al serhieald side off thegaendirens, remoying the peteaiedaionzdundstin grsgoushese
menbranes is usually governed by the hydrophilic or hydrophohic nature of
t he menbforme whileepérstractiorueroploys iadiquid SWeep streamecentinualiywashingat er or
ot her pol ar conpounds, and those nenbranes with affinity for water are

of ten waAWRBBEIMEAte. Hydrophilic nenbranes include both ionic and non-ionic
menbr anes. However, the non-ionic nenbranes generally contain polar

chem cal groups such as hydroxyl, carboxyl, sulfonyl, carbonyl, or am ne

groups. l'e %}%ﬁ’i ok hORembBraA® didiae the ¢ypeiel

pol yvi nyﬁ'gﬁc hols’n‘%l'J , E%%ﬁ@‘ségwgg%?at e;, and pol yvi nyl am ne. Hydr ophobi c
menbr anegompounidtha® hheaffirindfor e vSome types affthémbiancs are samposed ofiol ar
conpounds and generally |lack or contain a small proportion of charged or

pol ar cheimirged chemicab graymmuidese otherefarey phasider edd anicaiaharaater gAn
Rave. bocexataple afraniehi Wembrins Sovdend ey alatis fo DREIRKSl00s, 162, -
5. 535, 0sW/ilmingser.dh). wiGhis seplvraReLpaRrol BulChsid odethen, 0, P00 7%
merbr ancus P REFERELSUH R AR brfant BRHRES 86 odirieery, O ©
;ggfbg&%%&imﬁu,s%mm DAy Towhatipled ofst forait us¥6f SRR E LS - 4

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 for the separation of mixtures of styrene and

ethylbenzene has also been reported (Cabasso, Ind. Eng. Chem. Prod. Res. Dev.

1983, 22, 313). U.S. Patent No. 5,498,823 reports the enhanced separation of



hydr ocarbon m xtures as disclosed in U S. Patent Nos. 5,643,442 and

5, 396, 019. The aforenenti oned patents, which are incorporated herein by
ref er encewOd2®si268e nenbrane separation processes direct eddrUsmgI764
separation of aromatics and non-aromati cs usi ng hydrophobi ¢ nenbranes.

[ 0009] The proposed nmandate 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- effectjve nmet hod for reducing sul fur
content in petroleumfractions is a prithary goal of the oil refining

I ndustry. Current nenbrane separation technol ogy shows potential for
neeting future standards, but has not yet been used specifically for this
-pur pose. Sidshiie@orgadtic |cmﬁmﬁndmu[sm@19ﬂ]vefriumethwged Shfmn@t es to a
process for the separation of sulfur conpounds from hydrocarbgn m_xtures,
pr ef er abl ymeinbrangsi nﬁr@ateda@mcmm Iﬁle@@%ﬁ&féﬁyonﬁ@épﬁi fome ey e

«conposed qf an

Cul Tur - conssamis el foRyghs beariteof TRBANA o BOBCHOREI & ! %%ﬁﬁﬁrg‘iaéﬁi
cul Tor <1 oo PA o %@%ﬁgl ndBroF "P%Qge §fL°ﬂ?‘5“+ ShEOCHRRE o°

sulfur-ri ggﬁﬁ)ﬁ@t f&%%égé{i‘ﬁﬂﬁﬁ 9P st O6h tﬁ’@l’?lth Hd dr ﬁll'ﬁﬁtmi%ﬁn@i sul fur

| evel s. he pres I'nvent T on pro es a process or separating
sul fur co%qﬁﬁgegﬁggp gitddydr ocar bon m xt ur e containing at |east one sulfur
conpound and hydrocarbons conprising the steps of: WO 112/ 0S32S3 -5
PCT/USU 1/-197G 1 (a) contacting said hydrocarbon m xture with a first
conpartnment of a o o
[0007] In contrast to ionic membranes, non-ionic membranes are made from
those materials lacking charged chemical groups. Chemical affinity for these
membranes is usually governed by the hydrophilic or hydrophobic nature of the
membrane material. Hydrophilic membranes have affinity for water or other
polar compounds, and those membranes with affinity for water are often water-
soluble. Hydrophilic membranes include both ionic and non-ionic membranes.
However, the non-ionic membranes generally contain polar chemical groups
such as hydroxyl, carboxyl, sulfonyl, carbonyl, or amine groups. Examples of
hydrophilic non-ionic membranes include polyvinylalcohol (PVA), cellulose
acetates, and polyvinylamine. Hydrophobic membranes, on the other hand, have
little affinity for water or polar compounds and generally lack or contain a small
proportion of charged or polar chemical groups. Examples of hydrophobic

membranes include polyethylene and polystyrene.

[0008] A wide variety of non-ionic membranes have been used in separation
processes. U.S. Patent Nos. 5,905,182, 5,019,666, 4,997,906, 4944,8830,
4,532,029, 4,802,987, 4,962,271, 5,288,712, 5,635,055, 3,556,991, 3,043,891,
and 2,947,687 describe the separation of aromatics from hydrocarbon mixtures
using a wide variety of non-ionic membrane materials. Non-ionic membranes

have also been used in the separation of aromatics containing heteroatoms from



menbr ane nodul e, said nmenbrane nodul e further conprising a second
conpartment and a hydrophilic menbrane separating said first conpartnent
and sai d weoons2sonpart ment; (b) sel ectively perneating sa®Cd/sol/fencs
conpounds of said hydrocarbon m xture through said nmenbrane such that a

sul fur-rich fraction accunulates in said second conpartnment and a

sul fur-lean fraction is retained in said first conpartment; and (c)
retrieving said sulfur-rich fraction from said second conpartnent and said
sul fur-lean fraction fromsaid first Conpartment. [0012] The present

I nvention al so provides a process which further conprises the steps of: (d)
contacting said sulfur-rich fraction of step (c) with a first conpartnent

-of a f undyaescarbaR iiRaEPas HRclosed th ULS PuentNonirse643 4d2ahd 539601%i ng a
second conpartnment and a hydrophilic nmenbrane separati nge said first

conpar t n¥he afordnationeé patehts; oviycl areamcorgoeateééﬂewmbyme 1pBeGreat i ng sul fur
.conpounds of said sulfur-rich fraction of step t hr ough sai d. nenbr ane
such t hahscaloswnﬂlfamuﬁfmﬁfatmrtnchﬁ%ﬁ% dingctedda rﬂw a@@gaﬁl?ﬂ 9? AEPIRALSSN d
conpartment and a further Iean f actlon is retained in said first

conpar t ABGNONLRPMAtS ysin yaneg7 o

[0009] The proposed mandate for lowered sulfur levels in gasoline has made
it imperative to improve or replace existing methods for desulfurization of
petroleum fractions. A more cost-effective method for reducing sulfur content in
petroleum fractions is a primary goal of the oil refining industry. Current
membrane separation technology shows potential for meeting future standards,

but has not yet been used specifically for this purpose.

SUMMARY OF THE INVENTION

[0010]  This invention relates to a process for the separation of sulfur
compounds from hydrocarbon mixtures, preferably oil refining fractions, using a
membrane. The membrane may be composed of any material, ionic or non-ionic,
that preferentially permeates sulfur compounds over hydrocarbons. The
hydrocarbon mixture is split by one or more membranes forming sulfur-rich and
sulfur-lean fractions. The sulfur-lean fraction may be incorporated into fuel
mixtures and the sulfur-rich fraction may undergo further treatment for reduction

of sulfur levels.

[0011] The present invention provides a process for separating sulfur

compounds from a hydrocarbon mixture containing at least one sulfur compound

and hydrocarbons comprising the steps of:



-6 (f) retrieving said further sulfur-rich fraction and said further sulfur
| ean fraction; (g) repeating steps (d), (e) and (f) using said sulfur-rich
fracti on waweMsaasyi nal sulfur-rich fraction of desired sulPOIvUSvone®nt i s
obtained; and (h) retrieving said final sulfur-lean fraction. BRI EF

DESCRI PTI ON OF THE DRAW NGS [0013] Figure 1 is a schematic show ng a
process for the separation of sulfur conmpounds fromlight cracked naphtha
usi ng a nmenbrane system [0014] Fi gure_f_ is a schematic showi ng a process
for the separation of sulfur conpounds Tromlight cracked naphtha using a
mul ti-staged nenbrane system under pervaporative conditions. (0015] Figure
3 is a diagramof a spiral wound nenbrane nodul e. DETAI LED DESCRI PTI ON OF
-THE | NVENTI ON [(@)16] cordactimpsaid hpdnocarbopomidureowithra fitsti centpartment obat h
synthetic mxtures and oil refining fractions, each of which contain sulfur
conpounds. membrane w@daled said anerphrase medwle further epmpUsing AWCPRd ni xt ures and

‘1ight cracked napht has, ( ) drocarbons in the m,xture enco SS

2l phat | o.comATIRRRL ATLA VORI CETBFE SHPATDE S JeH O gRg R nd
essential ly.of carbon and hvdrogen. Preferred hydrocarbons are conpounds
that are %Nﬁ%ﬁﬁ"?“f"&’&?ﬁ“ﬁﬂe‘ﬁn refining fractions including, but not
limted to, benzene, toluene, napthenes, WO U2/ 11S32S3 PCT/ USUL/ . 4971- 4
_7_olefins and parrafins. The sul fur conpounds in the hydrocarbon m xtures
may be in any c@)cenigl@itiveny poruieatiagahid ailfir compoumds of spihhydroedrbon 10, 000
ppm are preferred, and |levels of fromabout 10 ppmto_about 4000 ppmare
nore pr ef enixtore threugh $dié niembrathe shé¢huthat arsubiimetch fraction acounydaties inr

organi c conpounds conprising at |east one sulfur atom Preferably, sulfur
conpounds seid s¢eongdrasmepartmentend ol firceen factionds retameddn saidifirsks . t her eof .
[0017] As used herein, "perneate" refers to the portion of the hydrocarbon
m xture t FAMRATMERLANd ross a menbrane, and "retentate” refers to the
portion of the hydrocarbon m xture that does not pass through the nenbrane.
Accordingly, the term"perneate side" refers to that side of the nenbrane
on whi ch perne o ; ' S oo Esmpirt@knt he
menbr ane nodul Z(T(:?Thce)lle'ltnz‘?%ﬁg\régitd?rwfgﬁgggéﬁ%?g?gg?g%ghat Si dg of the

nmenbr ane whidcdaid€ edlfaelcant fhectiondiomasaibfirsticompattment. al so refers to the
first conpartnment of the menbrane nodule. In addition, the term

"sul fur-rich" nmeans having an increased content of sulfur relative to the

hydr ocarbon m xture and "sul fur-l ean" neans having a d%cigueahsed cont ent of
sul fur rel 8012k t Fherwessnd invention alsn REqyides a process which further comprises

the steps of:

(d)  contacting said sulfur-rich fraction of step (c) with a first
_ compartment of a further membrane module, said further membrane module
comprising a second compartment and a hydrophilic membrane separating said

first compartment and said second compartment;

() selectively permeating sulfur compounds of said sulfur-rich
fraction of step (d) through said membrane such that a further sulfur-rich fraction
accumulates in said second compartment and a further sulfur-lean fraction is

retained in said first compartment; and



[0018] According to the present invention, the term"perstraction"” refers
to a nethod for renoving perneate froma nenbrane nodule involving a liquid
sweep st MAM/0IRSJperstraction, a liquid sweep streamis pRETASOI/HI6gh t he
second conpartnent of the nmenbrane nodul e, or perneate side of the
menbrane, preferably countercurrent to the direction of flow of the

hydr ocarbon m xture on the retentate side. The perneate dissolves into the
sweep streamand is carried away by the flow, thereby preventing the
accurnul ati on of preferentially perneated conponents such as sul fur
conpounds. The sweep liquid preferably has affinity for, and is mscible
with, the perneated WD 02/ 053253 _ PCT/USQL/ -197G 1 conponents.

‘Met hanol i s df)pr efretrieying said furthersudiaragichhfaption and gaiddusthengulyr ng
Nafion-type_nenbranes as it would al so serve as a transport agent for
enhanci A& fla%lKd sel ectivity of the nenbrane. [0019] As used herein, the

‘term "pervapgratiqon”" refers. t r . Qf Vi fromthe
menbr ane m)dﬁgg. ITRPEHIE %@%@3%%@869@%}?%&? u!@ﬁ%‘\?&ﬂ ?&gd’nr%r@ﬁieledper neat e
si de of Hﬁﬁﬁ'. . : fAhed-C4er €d pressure nust be
mai nt ai rﬁe ?cs)n {éleggl;%eﬁg?eo\fg%gféeggﬁ'ﬁﬁﬁ%%%tggtglslr@gt g%a’corrponents of the

m xture wi |l vaporize upon transfer across the nenbrane. Transfer of the
per neabl e conponents across the nmenbrane is ultimately driven by the

di fference i {hyapaetrisvisg said fired welfor-ldaa fractiond hydr ocar bon mi xture on the

retentate side of the nmenbrane and the partial pressure of the perneate
vapor on the perneate side of the nenbrane. [0020] As used herein,

"“hydrophilic" neans hayi f t ter or polar conpounds.

Addi ti owﬁﬂfwgwwar ged chemical groups and
"non-ionic" neans having neutral chem cal groups. [0021] According to the
present invention, "nmenbrane systenf is a conponent of a process that

pref er egbggﬂg Y FRARE atig% s%H%ﬁmélfic %H@pﬁﬁ‘%?ﬁ%&&ﬂ&%ﬁé%%@%n Brehaes. The

menbr an em 1% single-staged co one nenbr nmodul e, or

mul ti - stcaagsbunds TRith Hgho cAileked hBpithaRRinEa Biehiltraf® gydtem. " Menbr ane nodul e”
refers to menbr ane assenbly conprising a nenbrane, feed and perneate
spacers, and support material, assenbled such the nmenbrane separates a
first conpartment froma second conpartnment. The menbrane nodul e may be
formed i[A04)y wWHigwb2ds acsehepatiasheying e pregess fer theseparatins of SWRT bers, or
spiral -wapped., ‘. WO _02/11S32s3 PCT/ USPD1/-497G. 1 -9[ 002 As used herein,
"t ransp&om%’é'ﬁﬁ'fr%ﬂ@ mfa&ﬁsﬁina A UFHg %m‘ﬁg'ﬁ%%%deﬁF%?F%ﬁ?We f or
augnenti ng, fl ux andtsel ect itvi ty of the separating nenbrane. Transport
agent s (YRICHBETVARATYELORINGTS i ted to, al cohol's, glycols, ethers or any
ot her conpounds that are mscible with hydrocarbon m xtures, are sorbed by
the ionic nenbrane, and increase flux through the nenbrane. Preferred

t ransporpoaSENt Figire 3ak aatiagam 6f h epirhbwbung ntemiapemiodudent such as

met hanol is a nore preferred transport agent because of ease of renoval by
distillation. The quantity of transport agent added to the hydrocarbon

m xture is preferably about 1 %to about 0%‘ ight. Addition of about
10% by \M@&ﬂ@ﬂéﬁﬂmﬂﬁ'ﬁk Mtransport agent al so may
conprise the sweep streamin perstraction processes. [00Z3] As used herein,
"Nafion-type nenbrane” refers to a polyner of perfluorosulfonic acid or a

derivati er gof L.y:at de j » iJh to,

Nt 1 on- (YBL6Tr s HeI, JHERabABH Rl MeBngBbul WBBAR 0

or gani ¢ hagess antalil Affin] fi6hg)@abR of wifdh dosmibsilienisapodmdonyms and
Tr adenarrlgs, ot r?ng?‘! &'PQnén ﬁ:&g 1defi r?edoagva per f Ialljo? osul p(ggir)ﬂ c acid nenbrane
( DuPont )pref@eatthydroeamparmixaurtes inctude FOG ghsaditearlixiyresaadlight erackiedvent i on
.enconpass both synthetic mxtures and authentic oil refining fractions,
each of naphtlasq@GN). nHydtdoarbansiip she auixture eneempass aliphatieariosaties xt ur es

i nclude FCC i 1 Xt d |Light ked napht L . Th | f

COmpOUN A Bn oS SBEH B AORPRIBAE Oy SELe ALY BOREBRE AR on. but
| | f t 1 t bout 10, 000 | | f
1 om abduidraEeh aterrad Biosau sty apwpnpl? Megnls Fafhily foplih olrus °
| ncl ude of ggalc. and do1et AARkG " BIRRNNRiteRtS Rtk S0lcHe, SafRaIRdS are

organic Uré

ik




WO (12/0S32s3 -10 PCT/USI I 1/ ~97~~.t More preferred sul fur conmpounds are

t hi ophenes and derivatives thereof. Hydrocarbons in the m xture include,
but are WO ROF282d to, aliphatic, aromatic, saturated andCIHs¥WiH? ed
conpounds conposed essentially of carbon and hydrogen. Preferred

hydr ocar bons are conpounds that are commonly found in oil refining
fractions including, but not limted to, benzene, toluene, naphthenes,
olefins and paraffins. [0025] A transpokt agent may be optionally added to
t he hydrocarbon m xture to augnment flux and selectivity of the separating
menbrane. Preferred transport agents include, but are not limted to,

al cohol s, glycols, ethers or any other conpounds that are mscible with
-hydrocarbadeﬁhxandQQHaﬁ@SeHh@ﬁ@ghrpgnmpﬁnd&ghﬂ&lﬁﬁhﬁﬁﬁh@nnwﬁﬂﬁe%ﬁéwkrred

t t t | cohols. Al il t t h

et hanol | 6O EER AREIBREPBPEdeVaIRDT GRMEPSY. boDE BrARIL 0B Fied o

't he. hydrocar gon 1 xt,yre .i s . r ef erabl y., about Jb 01 0?1b Q% wei ght .

Addi ti on of'® %?AP%%BQ}S\R@R@W ahputngq R&quoq u?r%ﬁ% BB@# %Ir%rrg .~ [ 0026]
According h.rdiga PAERE Me LM RR coffBERhASCnRERAIRIE Alc U otphiier compounds

from hydr on ‘mXxtures 1 nvolves ective perrreation, “or diffusion,
of sul fur QM SCIrpR4iap af IRIBAAAEfurGROR. PreYerabB), saHuslbépsinsds of
conponents of“a mxture is controlled by the affinity of the conponents for
t he menbr agie. prégstn dmesitionhav ithiopbewsatard ddrivativey thereof. he menbrane perneate
nore rapidly. Thus, in the present invention, nmenbranes which have affinity
for, or preferentially perneate, sulfur conpounds are preferred. Menbranes

can be of any suitable conposition, gnd jncorporate eifher or both
i nor gani c Hﬂﬁﬂ)r gk usadeheIEin, | B?W%P%ﬁf@%gtﬁ’é eRPEt!PrbBé depeatken; oni ¢ or

goner al |y BURURR I Aty Scrom ey Mt aninevisbiog ety o B BalFAS LER ¢
ronr ance. EORFAPI 008 Thiale K dets bF B o B MRmombitnk RCRKAATG, " ©

menbr anes, gRUehn 3pehatdte Ride! refdrd 8 (it YRicasFihe AéthbRAkloh Whithi nidte

i on-exchange reactions or with bases. Nafion belongs to a class of solid
super aci dscélietts ohir &ldlso thehsebohd acinpastinem of theymeatteant nedul®0Vheul f uri c
acid. Nafion is st rong{j{mhydr ophilic, Nafion is preferred for s%lgecti vel y
per neat i ngtegmd fretentasensislerdefanm e thas sideqpfithe anembrane aviish gontagtsthgt her -

t f trol f [ d h d b J Xt .
 onexohangBIKKERUSR THEWS KIS0 Fefeiiootial SUPRFAMBRLLbIE FEOFE aced by
th ti ithin th ) | 8.4 ts f
Cui tabl o OIS Tidife hiftdhn) BRI ineht BatiREGR Refbasd AORERROE

silver, CORRRir reffflledfithe R dRIAATFriaiife 8¢ aifurl Rafi™ i dats AEVRIY ains and

t et raal kyl phosphoni uns. T n”anot her aspect o e present invention, the

Naf i on- t ypgedreadidaimtertif satfut E€latied tovitidhydrgearbon misewrel ncl udi ng, but not
limted to, triethanol am ne and pyridine, thereby form ng organic salts.

Naf i on-type nenbrane nodification by reaction with organic bases results in
i ncreased selectivity for sul fur compounds over saturates ,an,glr?(}lpefi ns

[0028] | on{@018}mbrAecerdipgterthe pyessat nyontignsthe; tarm, PepstEaction s referso a

b £ anepor Bedachfor TN peirisH fiodh BaramomneiedT A eRiHE agle  hang ng
ennanced. - TParR iR g RECRRCHPE; o R W Fp tetin 1T RRUEE hioRelERO B2, (50
by the | onf O {Tpd A SIE iGh Braho tho dyley of pemicee stdotdfbes: o S0 0o"
112/ 1| S32s gdBrakiSQPrefek8BR - douniétcurrent to the direction of flow of the hydrocarbon

mixture on the retentate side. The permeate dissolves into the sweep stream and

is carried away by the flow, thereby preventing the accumulation of
preferentially permeated components such as sulfur compounds. The sweep

liquid preferably has affinity for, and is miscible with, the permeated



[ 0029] Non-ionic menbranes are also suitable for the present invention.
Preferred nmenbranes are conposed of hydrophilic materials including, but
not | i m tVWe 026532881 | ul ose triacetate (CTA) and pol yvi nyl pyraTélSodaeis+ ( PVP) .
Hydrophilic properties generally enhance the sel ective nenbrane perneation
of sul fur conpounds in hydrocarbon m xtures. Furthernore, no transport
agent is generally required to observe reasonable |evels of flux and
selectivity when using non-ionic nmenmbganes. In fact, the PVP and CTA
menbranes show a surprising, but desirable, sinultaneous increase in flux
and selectivity upon increasing tenperature of feed. This result is in
contrast to what has been observed for hydrophobic nmenbranes, such as

pol yi ni cempanedts: Miethanel ixa priferred swepp tiguidsi{osmembrapg sys€ss ease i n
selectivity and an_increase in flux wth i eratyre. J0030]

creasing te
O her t yRBlopmENRGPRRCEDE ToFMUEATER 5 aHPUA ASRIETHESS 8 SHRASPOFAGCREr ami cs,
‘i norgani c_oxi des tal foils..or r bo Q031] The present invention
encorrpas@@g?‘(fém}fﬂ%ﬂg% %se{lq{:@’v&tga&ﬁﬁgpﬁ?ﬂ%{%ﬂ%m fur conpounds from
hydr ocarbon m xtures. According to the process, a hydrocarbon m xture is
divided into a sulfur-rich fraction, i. e., sulfur-rich pernmeate, and a
sul fur- '[gﬂm]fsr ag,ts' R84 Hereifl; theleth ¥hehRpbratRnCRERESto AfdtRer MetRi6ANEe
system e sulfur-rich fraction, or sulfur-rich perneate, corresponds to
t he por trepiovitig pérendaye freea tixomembrane modokd Ioithisusethod theupdrmdace isenbr ane.
The sul fur-lean fraction, or sulfur-lean retentate, corresponds to the

por t i on refoavkd from the pehoeateiside ofehe membiiage asa vapes Thus,uayvaquum et nbr ane.
The hydrocarbon m xture treated by _the process is pre cracked

.by erably |ight
napht ha lpwergd pressise snustheymamtained pg;thgpemagate @He@ﬂw{a ﬁwmw%gur e
contam nated with | fur co nds is suitable. The sulfu onpounds in the
hydr ocarf9FPOReRS 9 erﬂiﬂ?‘m‘?{%ﬁ BARAEZEUPON,LEANS /%S/tﬁgmﬁﬁbagi%r n any
concent rgf | RARE t 14k BREar e
pr ef erre’@{ahgf%o?ﬁ/eeé @Gﬁaﬁ}?é?nﬁngg%rﬁp%fos%% to a 6%?%68%916%& are nore
preferregd, th[e‘?f?ﬁ%ienb@?ﬂwgbﬁfa&@sme%tw% fRMRjAd BydRRAFRH RIIxREOERSS 1S a
menbr ane “syst em whi ch separates sul fur conmpounds” from hydrocarbon m xt ures.
The neniihepeeatntd side ofnhd meminghe and alyepartiahpressuregpfdhe peembatervapondul e, or
mul ti-staged conprising nore than one nenbrane nodul e. Each nodul e has at
| east tvm thepeameaterside ofitlid membsamgpar t ment and a second conpart nent,

separated by a nenbrane assenbly, the assenbly preferably conprising a
menbrane, feed spacers, and support material. The first conpartnent

receive hydrocar,hon .m %t ure jn. Liquid.for i .

conpar t iﬂh?ﬁl'col d‘lsgd?"r? elBorw%ﬂprﬁlct Mﬁgg’g %@#fﬁilﬁ{]ﬁo};@@ﬁg& has

per meat ﬂ“ﬁ@’ e «Fhes B i v, the second
conpart ﬁg)r%%lh‘g 0 |I}rl(it§éi/g8@fc’:oﬂgﬁ¥’c§ ﬁlgr g%ﬁ%?ﬁ?’ Ln% éc,gglié\/(g;&{aﬁgéﬂt ransfer of

sul fur %@Bﬁéﬁl@oﬁ?ﬁ@ﬁ&“ﬁbﬁ-i@iﬁ@ﬁms hbOR@euRaliokamici growpser neate is
acconpl i shed by either perstraction or pervaporation. In perstraction, a
liquid sweep streamis passed through the second conpartnent of the
menbrane nodul e, preferably countercurrent to the directjon of flow of the

. 99

hydr ocar[P021}i xAscerdingtte¢he presentcipvpationye membrane s¥stER1S &di ssol ves into

the sweep streamand is caJjried,.a the flo t her eb reventing the

accumul &%’@P@P" Bféﬁ’éﬁl’%ﬁ%it ?t:weﬁé%veﬁpmﬂﬁwscmﬂ% i&\?/}pf ulr ]

conpounds., The, sweep, | i qui I akfhni i 1 sci bl e

PO iy dpdcindy B Rplskdlo T PAGhG AR s pRPis idi Bl decdYomitinb ol 501 D

Menbr an angb At Exﬂxlhl?sftéégézr, bYRPERDABAEMaorid meptbranal so serve as
or “enha flux

a transport agent ncin nd selectivity of the nenbrane. WO
02/ 0S3253084iE! UNIdhbiufe thodule” refers to a membrane assembly comprising a

membrane, feed and permeate spacers, and support material, assembled such the

membrane separates a first compartment from a second compartment. The
membrane module may be formed in any workable configuration such as flat

sheet, hollow fibers, or spiral-wrapped.



-14 [0034] Under pervaporative conditions, the perneate is renoved fromthe
second conpartnent as a vapor. Thus a vacuum or | owered pressure nust be
mai nt ai NnEMOiI0R/V§RE second conpartment such that perneate WRAT/HSpEPT6ze upon
transfer across the nenbrane. The driving force for transport across the
menbrane is the difference in vapor pressure between the |iquid hydrocarbon
m xture and the perneate partial pressure. Vaporized perneate can be
subsequently condensed with a chiller. grhe vapor is cooled and condensed to
a liquid and rmay be optionally heated prior to delivery to subsequent

menbr ane nodul es. A detail ed di scussion of perstraction and pervaporation
can be found in Menbrane Handbook, WS. Ho and K K Sirkar, Eds., Chapman
-and Hal |, [0092] hésaisedihereinpiiransparttigenttisfern ¢ anjaddsbie indther ding to t he
present inventiopn, the perneate is,en icheg in su)fur, and corresponds to

the sul f urhydresarppm apixgie fonangraenifneatiux pad gelsrayiy of thespraatingnd
‘corresponds to the ,.sulfur-lean fractiqn, In mul.ti,- St rane system
Che. per modngBranty Ciagsors pERD indHide. Ao arn st i, AR BRI, 22y
anot her r T t : ated by
anot her, %%@@giaﬁg%%e%%% tgﬁtﬁﬁgg%gfsﬁ \Evgcg hﬁ %Hfrﬁ%lfcl) %@%ﬁ?ésé{a?%n IS

obt ai ned igrbdiEbP e RAIEmefiRand!lahtllindieast figk BYoabR theMdmdné.he menbrane
system preferably contains about 1 ppmto about 300 ppm sul fur, nore

pref er abl yPrefatdd ttamxport a%e&dn@m aléshadpnA lendbailing trumspertaigent suchwls 1 ppm t o
about 50 ppm The sulfur-lean fraction ideally can be used directly in fuel
f or nul at i anetheaekhis at morepraferredtranspedt ageant beeause of dase of cemovalhiyng

hydr ocarbon m xtures, such,as heavy cracked nhgphtha, (HCN), for, conventi onal
renoval ofdistillation. (Bhe GUARLLYIOf RARSPER paeRt @ﬁ’gl.eﬁfﬂ @%W&&%ﬁ&%&‘%ﬁm can

o Tuel f GrEGEED ot 1Yo iy beditn dd fon ot apshe e eldhior anc

nodul es ar ' ' i '

ctret ched QP EREER RSB foE et aRbort A HlAmag bAtrist IR frecp
spiral mur@regﬁ{hﬁwgﬁgémﬁﬁcg%g 3), the open sides of nenbrane envel opes
are positioned and seal ed over a perneate receptacle such as perforated

pi pi ng. The envel opes are spirally wapped around the receptacle to

m nim ze vol une. Feed spacers, such as, for exanple, plastic netting or

nyl on mesH0023par éisemeﬁdmengnb‘r‘uaﬁon@vtypgmnbr@ng? refkrpenepelymesofof t he

hydr ocarbon i xture, between the wa d | s.. The interjor of each
menbr ane. ResEpsalipaiG W&@aa efwaaegﬁ}%@i%&%wstlacwgnﬁ@ arBé‘PﬁEat e
toward the.receptacleg. e perngate s [ Q fer t hat
is flexi bﬁ&’,‘ﬁﬁ‘ﬁ%ﬁ?ﬁ%‘h@%’ﬂgHe”fﬁ?féﬂesaggéﬁgy&gF‘?é%?‘%fﬁﬁgeﬁ‘gﬁ%‘?%"n ‘%F‘!é abl 'y
IS a conpqsi & LSidNge j % : i ’ ) bxh 1S

i ot od o CERHR RS dafaifin | heciling (1L YRARCER AL B

pr ef er abl Yy EFidlenbines 9 edanhg9 i defined asaperfadrodalphoniesadid membransi c,
gl ass, paper, plastic, or cloth. Cushions conposed of a flexible, inert
mat eri al n@®uFdnénk either side of the permeate spacer inside the menbrane

envel ope and contribute to structural integrity of the menbrane assenbly
under applied pressure. [0037] The nenbrane itself preferably possesses

certain qualjtjes. ro.functipn effectively,in rocess for. separatin

sul f ur coﬁagé‘ﬁiﬂs ffﬁ’ﬁrh)’l%%?% %%ﬁ%&?ﬁﬁtéébY|tﬁe Eﬁqﬁepfghvepgoggﬁ%ﬁpeﬁgy f or
sul fur co nds i d rane. . qual et | I DG [ eto
S oAl RN o AR Bl P at o SRR (O

br ol onged GapkiAl i Bodfts.CPrAEbiShydfoXitbol il iAeRdt POt ness may
vary fromabout 0.1 mcrons to about 200 m crons, but thinner nenbranes are
preferred da@plingmiintires hud light brasked haphtas(lICN). Miriyulive cohmpounds n
.thickness of about 0.1 microns to about 50 microns, or nore preferably,
about 0. 1 tie hydrocatiormbmxturds may berin any WoncBItesEes dublevels shirpmoatout - 16

[ 0038] Preferred non-ionic nenbranes of the present. inventi are
.f abri cat edl ppmdodbeyt 168.0900mn ﬁF%PT&fW%tWGdCH@§@EJBEH ul\/g‘{’;BPﬁhf@

Technol ogy ,and earch, Inc. ¥WR oé nl o Park, GA ragne desi gns
i sol 80t AR PR piemorgarelorrésh 1Syl cmpginds Seud GetBLA T

005, 7o Bl o BLAgs PRI G U LEh b bt SRR AR BaTiRaS METbr anes
are conpos'f‘?légaﬁé%(?liﬁ gsf'egf?elg ITh a tvvoéé ep procegs. 'Clchepfi rst step

i nvol ves the deposition of a m croporous support |ayer, conprising

pol ysul f ones, polyi m des, or polyam des, onto a flexible porous backing
made of an inert material (i.e., polyester fabric, ceramc, glass, paper,

pl astic, or cotton). The second step involves coating the m croporous |ayer
with a dilute solution of polynmer, resulting in a thin, defect-free,
selectively perneable |layer which is responsible for the selectivity of the

F AT o o Y S




-17 PCT/U SO | [/~~17G- [ 0040] Advantages of the present invention are
nunmer ous. The separation of sul fur conpounds from hydrocarbon m xtures such
as oil ravofr/PP25x acti ons all ows the concentration of sul fPOT/ECSONMEIEE Nnant s
such that a smaller total volunme of |iquid needs to be processed by
conventional hydrotreating. Additionally, selectivity of the nenbrane for
sul fur conpounds over unsaturated hydrocarbons results in a |low ol efin
content in the sulfur-rich stream anggreduced octane | oss and hydrogen
consunption during the hydrotreating process. [0041] Those skilled in the
art will appreciate that nunerous changes and nodifications nmay be nmade to
the preferred enbodi nents of the present invention, and that such changes
.and modi¥peapreseedaylivecompeundsiase thiopbenasianddariativenthergef. i t of the
inventign..lt s, therefore, intended that the appended clains cover all
such eqdtiAiPERbRs Y She mhkie LT Bt prepo I AER 2phede. JrbebBpe. of « ne
‘present J 1.Qn. I ‘| r S r Reduci ng
Sui tar - CBFERH Rl sl R TS copiShiP BeBiple o eRBRRET T 0052,
This pr ' ' i j ~ork Jram

origi na?ﬁﬁg d}%ﬂ%‘éﬂﬁé&ﬁﬁ%ﬁ%ﬁg{:o E‘ri}%el%onﬂgp g‘%&&%ﬁ?%@%%o%?ﬁﬁ%l fur is
fed at ailefins 3otigRgincMding, tRTivt dinsitcl®, BenanR, WBlusia napHilRhes, Pressure
of 50 psig. The nenbrane systemis conposed of one spiral-w apped nenbrane
nmodul e. oléfinsamdparaffinanpri ses a thin layer of polyvinyl pyrrolidone (PVP),
derived froma 0.5% aqueous PVP sol ution, |ayered on porous WO

112/ 0S32S3 -18  PCT/ US011~971>-4 pol yvi nyl i denefl uoride. The perneate side

ey e
2 ot 5 a0 e e RO PR i

Pr 0CeSS Gl ol iR CIIMBI b8 no Yittifdd 182hlcflolsTRRCBI, bitler€Bfanfbie at e exiting

the menbrane system containing about 1 m su I's ‘conbined with the
hydr ot r ehfbunids thitGite Phissible With dkbesrbew ilivfiires € eflife gk streanms are
used directly in the gasoline pool, diluted by two vol une equival ents

ul ti mat éhgough\a mgnbrane More gueferred tttan3por pgestsidre alcobolsend lo®xanpl e 2

boiling transport agent such as methanol is even more preferred. 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

preferred.

[0026]  According to the present invention, membrane separation of sulfur
compounds from hydrocarbon mixtures involves the selective permeation, or
diffusion, of sulfur compounds through a membrane. Generally, select diffusion
of components of a mixture is controlled by the affinity of the components for
the membrane. Components having greater affinity for the membrane permeate
more rapidly. Thus, in the present invention, membranes which have affinity for,
or preferentially permeate, sulfur compounds are preferred. Membranes can be
of any suitable composition, and incorporate either or both inorganic and organic

materials. Membranes may also possess either ionic or non-ionic properties.



Perstractive Process for Reducing Sulfur Content in Light Cracked Naphtha
Usi ng a Menbrane System [0043) Light cracked naphtha originating froman
FCC mai n WOlAF2&hd containing 1700 ppm sul fur is fed at POTAI®1/49768 5 gpm
into a nenbrane system at anbient pressure. The nenbrane systemis conposed
of one menbrane nodul e, and the nenbrane has a thickness of about 50

m crons and conprises Nafion 117 supported on woven pol yester. A sweep
stream conposed of nethanol is fed to '_tq_e perneate side of the nmenbrane at
a rate of 35 gpm at anbi ent pressure. 'Ilhe sul fur-rich perneate, containing
about 1 weight% of sulfur, mxes wth the nmethanol sweep stream The
resulting mxture is fed to a distillation unit in which the nethanol is
renoved f rloma membuanes ganiecallypeontaiatchargedechiimical gromps andluding salts padneat e

i s conbined, with .heavy, cracked naphtha (HCN) from the FCC main colum and
hydr ot r eatad#0s, ihHe Ben~oni¢ membyiangs cowam npeite] chemical gxoWpsi ng about 150
‘ppm sul fur and 5 wei ght % net hanol, exiting the nmenbrane system is fed to a
separate distillation unit in which the nmethanol is WO 02/ US3253

PCT/ USUL/ - - : [ : | = : e fkacti on
s used 1 HORETL, ; HECERNEnic Wb Ealds bRl R oG i R b ol e
3 Multi- Stﬁﬁﬁo@'itygl@\b%ﬂﬁdz WRNBIEAGE SuélPhs m'@‘gl‘ﬁtthﬁﬁha@@éeﬂrﬁcpﬂdﬁaﬁyg ht
Cracked Napht ha ( Usi ng a Menbrane System [0044J This process i5
outlined itfedtedby Sortextiidigerreaitiviisi dtovith BAYGRN Nafon®ibelemgsuor dagtefl ni ng
1880 ppmsulfur 1s fed to a nmenbrane system The nenbrane systemis
conposed ablidwuaperacidsthat genbrhlby exhibit acéd stvewgth greatbr than 16J6lselfarid a
second stage nenbrane nodul e. Both nodul es are operated under pervaporative
condi t i onsaackhdNafive®uisratranglnky drephilics | Nafiea®) is peefernedifat s¢lgetévelrTA)
nmount ed on porous po]yvinylidepef|uyuoride. L initially enters the first
modul e on Resmeptng spifiecainpeunds whichargigensa@llymmors polaf Fha@kpté@'r meat e vapor,

First ot agorpmiirt o BebFSind ot blio s WS EmBhafbabS 80 0 5 °°
t t ' : I th
ot ont at o S HREE FREORE] Bty WARIRE i A AR R 2 Mot o

from the SRR&Chtidnm9Sre RSB WEthirs tHY R0Pe dfalisdfventioh) FExAdfles Ofdangisid. Sul fur
content of the perneate fromthe second stage nodule is enriched to 0.93%

by wei ght .cafibas ndlade, but are petlimiteé t6,riaorganic fomseadh ak aieeryodpper,i s m xed

wth HCN (1 weight% sul fur) fromthe FCC main colum and hydrotreated. The

hydr ot r eatsediumxand ergapimions shely as taitaalkydampponivuasfand, i s conbi ned with
nbrane nodul es. for a conbi ned | fur content

retentate from both of the S
of about 15GAHkHIPhosHEsnERs] 15 8ngter Sepest AF (RS PICPIUSHERENDABC L. A process
For separ q§) Ag @Y b ndRPRAL By U We Aed VSRR bdlek itdifding, 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.

[0028] Ionic 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 sorbtion of the transport agent, changing the
microstructure of the polymer such that flux through the membrane is enhanced.
Transport agents preferably include 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.



containing at |east one sul fur conmpound and hydrocarbons conprising the
steps of: (a) contacting said hydrocarbon m xture with a first conpartnent
of a nmenWane/0m3dul e, sai d nenbrane nodul e further conpri FIGTEPRILEBGNd
conpartment and a hydrophilic nmenbrane separating said first conpartnent
and said second conpartnent; (b) selectively perneating said sul fur
conpounds of said hydrocarbon m xture through said nenbrane such that a
sul fur-rich fraction collects in saidsasecond conpartnent and a sul fur-1Iean
fraction is retained in said first conpartnent; and (c) retrieving said
sulfur-rich fraction fromsaid second conpartnent and said sul fur-I|ean

R S e
t t t t m dul id f

CI P h e A o

sopar et R e R AT ()

step (d)Hylfphaic fripertidy dempalpeiihncB ke Seléstive 1pembrand hermealfioh’gfct i on

accunul ates in said second conpartnent and a further sulfur-lean fraction
i s ret ai qudfhricongriunhds in ydroearton mixturesaritur{Heymose, moetvarnsposiagent is t her
sul fur-rich fraction and said further sulfur lean fraction;

generally required to observe reasonable levels of flux and selectivity when using

non-ionic membranes. In fact, the PVP and CTA membranes show a surprising,
but desirable, simultaneous increase in flux and selectivity upon increasing
temperature of feed. This result is in contrast to what has been observed for
hydrophobic membranes, such as polyimides, under similar conditions which
usually show a decrease in selectivity and an increase in flux with increasing

temperature.

[0030] Other types of membranes include inorganic membranes comprising

ceramics, inorganic oxides, metal foils, or carbon.

[0031] The present invention encompasses a process for the separation of
sulfur compounds from hydrocarbon mixtures. According to the process, a
hydrocarbon mixture is divided into a sulfur-rich fraction, i.e., sulfur-rich
permeate, and a sulfur-lean fraction, i.e., sulfur-lean retentate, using a membrane
system. The sulfur-rich fraction, or sulfur-rich permeate, corresponds to the
portion of the hydrocarbon mixture that diffused through the membrane. The
sulfur-lean fraction, or sulfur-lean retentate, corresponds to the portion of the
hydrocarbon mixture that did not pass through the membrane. The hydrocarbon
mixture treated by the 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



V1' 0 02/083253 -21 PCT/USO1/~976~ (g) repeating steps (d), (e) and (f)
using said sulfur-rich fraction until a final sulfur-rich fraction of
desired MONPSEBNtent is obtained; and (h) retrieving saiPETIUSOEHIT64

sul fur-lean fraction. 3. The process of claiml| wherein said hydrocarbon

m xture is obtained froman oil refining process. 4. The process of claim3
wherein said hydrocarbon mxture is a |ight cracked naphtha. 5. The process
of claim1l wherein said hydrophilic ma_q@_r ane is an ionic nenbrane. 6. The
process of cllaim5 wherein said nenbrane is selected fromthe polyners of
perfluorosul fonic acid and derivatives thereof. 7. The process of claiml
wherein said hydrophilic nmenbrane is a watersol uble nenbrane, 8. The

pr ?rtc) ess ofbget:lhlaar?yl c:bmlantremmn,skmt ébw}ﬁef)fmm ahourd i e abeutl K60 ppm are

menbr ane The process of claim1l wherein said nbrane i s conprises

pol yvi nyl Wﬁfﬂiﬁdﬂ@ﬁé I%Yd%@fff@%%@‘%trlodmﬁlé‘? éﬁoﬂto‘td&rﬁplﬁﬁﬁé%%r%?p claimi1
‘which is Iﬁe?er?erc{.md under pervaporation or perstraction conditions.

[0032] Incorporated into the membrane separation process is a membrane
system which separates sulfur compounds from hydrocarbon mixtures. The
membrane system can be single-staged comprising one membrane module, or
multi-staged comprising more than one membrane module. Each module has at
least two compartments, a first compartment and a second compartment,
separated by a membrane assembly, the assembly preferably comprising a
membrane, feed spacers, and support material. The first compartment receives
the hydrocarbon mixture in liquid form while the second compartment collects
the portion of the hydrocarbon mixture that has permeated through the
membrane. The permeate is removed from the second compartment to maintain
a chemical gradient that drives the transfer of sulfur compounds across the —

membrane.

[0033] Removal of the permeate is accomplished by either perstraction or
pervaporation. In perstraction, a liquid sweep stream is passed through the
second compartment of the membrane module, preferably countercurrent to the
direction of flow of the hydrocarbon mixture in the first compartment. The
permeate dissolves into the sweep stream and is carried away by the flow,
thereby preventing the accumulation of preferentially permeated components
such as sulfur compounds. The sweep liquid preferably has affinity for, and is
miscible with, the permeated components. Methanol is a preferred sweep liquid
for membrane systems employing Nafion®-type membranes as it would also

serve as a transport agent for enhancing flux and selectivity of the membrane.



WO 112/11S32S3 PCT/ USULl/ ~976-~ -2211. The process of claim2 wherein said
menbrane of said further nenbrane nodule is an ionic nenbrane. 12. The
process o¥0OR/A§®RF3IL1 wherein said nmenbrane is sel ected fro®CTHSOYSI ¥hers of
perfluorosul fonic acid and derivatives thereof. 13. The process of claim2
wherein said hydrophilic menbrane is a non-ionic nmenbrane. 14. The process
of claim2 wherein said hydrophilic nenbrane is a water sol uble nenbrane.
15. The process of claim2 wherein sgid nenbrane conprises

pol yvi nyl pyrrol i done or cellulose triacetate. .ANF. A A& A9R A9Y
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1992, herein incorporated by reference.

[0035]  According to the present invention, the permeate is enriched in sulfur
and corresponds to the sulfur-rich fraction. The retentate is depleted in sulfur
and corresponds to the sulfur-lean fraction. In a multi-stage membrane system,
the permeate of the initial membrane module may be optionally treated by
another membrane module, and the permeate of that module further treated by
another, proceeding indefinitely until a desired sulfur concentration is obtained

in the permeate. The sulfur-lean retentate, exiting the membrane system
preferably contains about 1 ppm to about 300 ppm sulfur, more preferably about
1 ppm to about 100 ppm, and most preferably about 1 ppm to about 50 ppm. The
sulfur-lean fraction ideally can be used directly in fuel formulation. Permeate
can be combined with other sulfur-containing 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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: [0036] Membrane modules are of reasonable size and shape, including hollow
fibers, stretched flat sheet, or preferably, spiral-wound envelopes. In the spiral-
wound configuration (Figure 3), 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, for example, 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 composed of a material that is flexible, porous, and inert such as polyester.
The membrane preferably is a composite comprising 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 cloth. 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.

[0037] The membrane itself 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 pressure, and prolonged contact with organic chemical mixtures.
Membrane thickness may vary from about 0.1 microns to about 200 microns, but
thinner membranes are prefetred for maximum 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.
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[0038] Preferred non-ionic membranes of the present invention are fabricated
according to a proprietary method developed by Membrane Technology and
Research, Inc. (MTR) of Menlo Park, CA. MTR membrane designs are
disclosed in U.S. Pat. Nos. 4,931,181, 4,963,165; 4,990,255; and 5,085,776,
which are also incorporated herein by reference. These membranes are
composite membranes prepared in a two-step process. The first step involves the
deposition of a microporous support layer, comprising polysulfones, polyimides,
or polyamides, onto a flexible porous backing made of an inert material (i.e.,
polyester fabric, ceramic, glass, paper, plastic, or cotton). The second step
involves coating the microporous layer with a dilute solution of polymer,
resulting in a thin, defect-free, selectively permeable layer which is responsible

for the selectivity of the membrane.

[0039] 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 feed flow rates of from about 30 to
about 50 gpm, absolute membrane flux of from about 0.5 to about 150 kgm>D
I 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 feed flow rates of from
about 30 to about 50 gpm, 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

Jowered pressure on the permeate side measuring from about 1 to about 80

mmHg.
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[0040] 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.

[0041] 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.

EXAMPLES

Example 1
Pervaporative Process for Reducing Sulfur Content in Light Cracked

Naphtha Using a Membrane System.

[0042]  This process is outlined in Figure 1. Light cracked naphtha (LCN)
originating from an FCC main column and containing 1990 ppm of sulfur is fed
at a rate of 35 gpm into a membrane system and maintained at a pressure of 50
psig. The membrane system is composed of one spiral-wrapped membrane
module. The membrane comprises a thin layer of polyvinylpyrrolidone (PVP),

derived from a 0.5% aqueous PVP solution, layered on porous
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polyvinylidenefluoride. The permeate side of the membrane module is held
under vacuum at a pressure of 50 mm Hg. Sulfur-rich permeate vapor exits the
membrane system and is condensed with a chiller operating at 80°F. The liquid
is combined with heavy cracked naphtha (HCN) derived from the FCC main
column, and the mixture is processed by conventional hydrotreating. The sulfur-
lean retentate exiting the membrane system, containing about 120 ppm sulfur, is
combined with the hydrotreated fraction of similar sulfur content. The combined
streams are used directly in the gasoline pool, diluted by two volume equivalents

ultimately giving a fuel product with 30 ppm sulfur content.

Example 2

Perstractive Process for Reducing Sulfur Content in Light Cracked
Naphtha Using a Membrane System.

[0043]  Light cracked naphtha originating from an FCC main column and
containing 1700 ppm sulfur is fed at a rate of 35 gpm into a membrane system at
ambient pressure. The membrane system is composed of one membrane module,
and the membrane has a thickness of about 50 microns and comprises Nafion®
117 supported on woven polyester. A sweep stream composed of methanol is
fed to the permeate side of the membrane at a rate of 35 gpm at ambient
pressure. The sulfur-rich permeate, containing about 1 weight% of sulfur, mixes
with the methanol sweep stream. The resulting mixture is fed to a distillation
unit in which the methanol is removed from the sulfur-rich permeate. The
distilled sulfur-rich permeate is combined with heavy cracked naphtha (HCN)
from the FCC main column and hydrotreated. Similarly, the sulfur-lean
retentate, containing about 150 ppm sulfur and 5 weight% methanol, exiting the

membrane system, is fed to a separate distillation unit in which the methanol is
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removed. The resulting methanol-lean retentate fraction is used in gasoline

mixtures after combining with hydrotreated HCN.

Example 3

Multi-Stage Pervaporative Process for Reducing Sulfur Content in Light
Cracked Naphtha (LCN) Using a Membrane System.

[0044]  This process is outlined in Figure 2. LCN originating from an FCC
main column containing 1880 ppm sulfur is fed to a membrane system. The
membrane system is composed of two membrane modules, a first stage
membrane module and a second stage membrane module. Both modules are
operated under pervaporative conditions and have a membrane comprising
cellulose triacetate (CTA) mounted on porous polyvinylidenefluoride. LCN
initially enters the first module on the retentate side of the membrane and sulfur-
rich permeate vapor, containing about 0.5% by weight sulfur, is drawn out of the
permeate side. First stage permeate vapor is condensed with a chiller and heated
to a temperature of 120°C before entering the second stage membrane module on
the retentate side of the membrane. As in the first stage module, the permeate
from the second stage module is drawn away as a vapor and condensed. Sulfur
content of the permeate from the second stage module is enriched to 0.93% by
weight. The sulfur-rich permeate from the second stage module is mixed with
HCN (1 weight% sulfur) from the FCC main column and hydrotreated. The
hydrotreated mixture, containing about 150 ppm sulfur, is combined with
retentate from both of the membrane modules for a combined sulfur content of

about 150 ppm.
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CLAIMS:

1. A process for separating sulfur compounds from a hydrocarbon mixture
containing at least one sulfur compound and hydrocarbons comprising the steps
of

(a)  contacting said hydrocarbon mixture with a first compartment of a
membrane module, said membrane module further comprising a second
compartment and a hydrophilic membrane separating said first compartment and
said second compartment;

(b)  selectively permeating said sulfur compounds of said hydrocarbon
mixture through said membrane such that a sulfur-rich fraction collects in said
second compartment and a sulfur-lean fraction is retained in said first
compartment; and |

(c) retrieving said sulfur-rich fraction from said second compartment

and said sulfur-lean fraction from said first compartment.

2. The process of claim 1 further comprising the steps of:

(d)  contacting said sulfur-rich fraction of step (c) with a first
compartment of a further membrane module, said further membrane module
comprising a second compartment and a hydrophilic membrane separating said
first compartment and said second compartment;

(e)  selectively permeating sulfur compounds of said sulfur-rich
fraction of step (d) through said membrane such that a further sulfur-rich fraction
accumulates in said second compartment and a further sulfur-lean fraction is
retained in said first compartment; and

. (f)  retrieving said further sulfur-rich fraction and said further sulfur-

lean fraction;
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3. The process of claim 1 wherein said hydrocarbon mixture is obtained

from an oil refining process.

4. The process of claim 3 wherein said hydrocarbon mixture is a light

cracked naphtha.

5. The process of claim 1 wherein said hydrophilic membrane is an ionic

membrane.

6. The process of claim 5 wherein said membrane is selected from the

polymers of perfluorosulfonic acid and derivatives thereof.

7. The process of claim 1 wherein said hydrophilic membrane is a water-

soluble membrane.

8. The process of claim 1 wherein said hydrophilic membrane is a non-ionic
membrane.
9. The process of claim 1 wherein said membrane is comprises

polyvinylpyrrolidone or cellulose triacetate.

10.  The process of claim 1 which is performed under pervaporation or

perstraction conditions.
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11.  The process of claim 2 wherein said membrane of said further membrane

module is an ionic membrane.

12.  The process of claim 11 wherein said membrane is selected from the

polymers of perfluorosulfonic acid and derivatives thereof.

13.  The process of claim 2 wherein said hydrophilic membrane is a non-ionic

membrane.

14.  The process of claim 2 wherein said hydrophilic membrane is a water-

soluble membrane.

15. The process of claim 2 wherein said nembrane comprises

polyvinylpyrrolidone or cellulose triacetate.



