15 Aug 2005 MEMBRANE SEPARATI ON FOR SULFUR REDUCTI ON FI ELD OF THE | NVENTI ON
The present invention relates to a process of reducing sulfur content in a5
hydr ocarbon stream Mre specifically, the present inventiqgliég to a
menbrane separation process for reducing the sulfur content oif°a naphtha
feed stream in particular, a FCC cat naphtha, while substantially

mai ntaining the initial olefin content of the feed. BACKGROUND OF THE
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places limts on #f h G UL TR REHBE TH¢NePean Union, for
I nst ance, " a maxi DT 1 e year 2000 has been
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2005. Sulfur in the gasoline is a direct contributor of SOx em ssions, and
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a m xture” of products from several process units, but the mjor source of
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focusing attention on FCC naphtha A nunber of solutions have been suggested

to reduce sul fur in gasoline, but none of them have proven to be ideal.

Since sulfur in the FCC f BACKGROUND ORTEHE INMENTION or of sulfur level in
FCC napht ha, an obvi ous, approach is é%r,otre_at i.ng the feed,, Wile
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Furt her, opl 5 ppin dydhé1psak D@MBas been stipulated, with a further reduction to 2 maximum

of 50 ppm by the year 2005. Sulfur in the gasoline is a direct contributor of SOx

emissions, and it also poisons the low temperature activity of automotive catalytic
15  converters. When considering the effects of changes in fuel composition on emissions, -
. lowering the level of sulfur has the largest potential for combined reduction in
hydrocarbon, CO and NOx emissions.
Gasoline comprises a mixture of products from several process units, but the
major source of sulfur in the gasoline pool is fluid catalytic cracking (FCC) naphtha
20  which usually contributes between a third and a half of the total amount of the gasoline
pool. Thus, effective sulfur reduction is most efficient when focusing attention on FCC*
naphtha.
A number of solutions have been suggested to reduce sulfur in gasoline,
but none of them have proven to be ideal. Since sulfur in the FCC feed is the prime
25  contributor of sulfur level in FCC naphtha, an obvious approach is hydrotreating the feed.
While hydrotreating allows the sulfur content in gasoline to be reduced to any desired
level, installing or adding the necessary hydrotreating capacity requires a substantial
capital expenditure and increased operating costs. Further, olefin and naphthene

compounds are susceptible to hydrogenation during hydrotreating. This leads to a



conpounds are susceptible to hydrogenation during hydrotreating. This |eads
to at 15 Aug 2005 significant |oss in octane nunber. Hydrotreating the FCC
naphtha is also problematic since the high olefin content i%Aagaoosprone to
hydrogenation. Little has been reported on the sel ective perneation of

sul fur containing conpounds using a nenbrane separation process. For
exanple, U S. Patent 5,396,019 5 (Sartori at al.) teaches the use of
crosslinked fluorinated polyol efin menbranes for aromatics/saturates
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U.S. Patent 5,635,055 (Sweet et al.) discloses a method for increasing the vields
15  of gasoline and light olefins from a liquid hydrocarbonaceous feed stream boiling in the
ranges of 650°F to about 1050°F. The method involves thermal or catalytic cracking the
feed, passing the cra‘cked feed through an aromatic separation zone containing a
polyester-imide membrane to separate aromatic/non-aromatic rich fractions, and
thereafter, treating the non-aromatic rich fraction to further cracking processing. A sulfur
20  enrichment factor of less than 1.4 was achieved in the permeate.

U.S. Patent 5,005,632 (Schucker) discloses a method of separating mixtures of
aromatics and non-aromatics into aromatic enriched streams and non-aromatics-enriched
streams using one side of a poly-urea/urethane membrane.

It would be highly desirable to use a selective membrane separation technique for

25  the reduction of sulfur in hydrocarbon streams, in particular, naphtha streams.
Membrane processing offers a number of potential advantages over conventional sulfur
removal processes, including greater selectivity, lower operating costs, easily scaled

operations, adaptability to changes in process streams and simple control schemes.
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reduced permeate product may thereafter be blended into a gasoline pool.

15 In accordance with the process of the invention, the sulfur deficient retentate .
comprises no less than 50 wt % of the feed and retains greater than 50 wt % of the initial
olefin content of the feed. Consequently, the process of the invention offers the advantage
of improved economics by minimizing the volume of the feed to be treated by
conventional high cost sulfur reduction technologies, €.g. hydrotreating. Additionally, the

20  process of the invention provides for an increase in the olefin content of the overall
naphtha product without the need for additional processing to restore octane values.

The membrane process of the invention offers further advantages over
conventional sulfur removal processes such as lower capital and operating expenses,
greater selectivity, easily scaled operations, and greater adaptability to changes in process

25  streams and simple control schemes.



The menbrane process of the invention offers further advantages over
conventional sulfa renoval processes such as |ower capital and operating
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15 Aug 2005 DETAI LED DESCRI PTI ON OF THE DRAW NG The Figure outlines the
menbr ane process of the invention for the reduction of the sulfur content
of a naphtha feed stream 5 DETAILED DESCRI PTI ON OF THE | NVENTI ON The

menbr ane process of the invention is useful to produce high quality naphtha
products having a reduced sul fur content and a high olefin-content. In
accordance with the process of the invention, a naphtha feed containing

ol efins and sul fur con%[%g[)%@ﬁ R N‘,O@m{@gﬁj\w(gomounds and sul fur
cont ai ni ng- nonaronatic arbon conpounds, s conveyed over a nenbrane
separation zondhtFigueclowkines shef membrand protess dithe inventionforeths edactiwhiocfn zone
conprisestﬁ rane h Vln%gPés ffICIent flux and selectivity to separate
the feed i'Af EQmte o Y&¥Bntate fraction and a perneate fraction
enriched in both aromatic and non-aromatic sulfa containing hydrocarbon
conpounds as 15 conpared to the |nt|al naohtha feed. The naphtha feed is in
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compounds, is conveyed over 2 membrane separation zone to reduce sulfur content. The

membrane separation zone comprises 2 membrane having a sufficient flux and selectivity
to separate the feed into a sulfur deficient retentate fraction and a permeate fraction
enriched in both aromatic and non-aromatic sulfur containing hydrocarbon compounds as

15  compared to the intial naphtha feed. The naphtha feed is in a liquid or substantially
liquid form.

"For purposes of this invention, the term “naphtha” is used herein to indicate
hydrocarbon streams found in refinery operations that have a boiling range between about
50°C to about 220°C. Preferably, the naphtha is not hydrotreated prior to use in the

20  invention process. Typically, the hydrocarbon streams will contain greater than 150 ppm,
preferably from about 150 ppm to about 3000 ppm, most preferably from about 300 to
about 1000 ppm, sulfur.

The term “aromatic hydrocarbon compounds” is used herein to designate a
hydrocarbon-based organic compound containing one or more aromatic rings, e.g. fused

25 and/or bridged. An aromatic ring is typified by benzene having a single aromatic nucleus.
Aromatic compounds having more than one aromatic ring include, for example,
naphthalene, anthracene, etc. Preferred aromatic hydrocarbons useful in the present

invention include those having ! to 2 aromatic rings.



The term "aromati c hydrocarbon conpounds” is used herein to designate a

hydr ocar bon- based organi ¢ conpound contai ning one or nore aromatic rings,
e.g. fused 25 and/or bridged. An aromatic ring is typified by benzene
having a single aromatic nucleus. Aromatic conpounds havi ngiS®aug 2008n one
“aromatic ring include, for exanple, naphthal ene, anthracene, etc. Preferred
aromati ¢ hydrocarbons useful in the present invention include those having
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| ess than preferably I ess than 20 wt % and nost preferably |ess
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The sulfur deficient retentate fraction obtained using the membrane process of the

invention typically contains less than 100 ppm, preferably less than 50 ppm , and most
15 preferably, less than 30 ppm sulfur. In a preferred embodiment, the sulfur content of the
recovered retentate stream is from less than 30 wt %, preferably less than 20 wt %, and
‘most preferably less than 10 wt % of the initial sulfur content of the feed.
The Figure outlines a preferred membrane process in accordance with the present
invention. A naphtha feed stream 1 containing sulfur and olefin compounds is contacted
20  with the membrane 2. The feed stream 1 is split into a permeate stream 3 and a retentate
stream 4. The retentate stream 4 is reduced in sulfur content but substantially retains the
olefin content of the feed stream 1. The retentate stream 4 may be sent to the gasoline
pool without further processing. The permeate stream 3 contains a high sulfur content
and is treated with conventional sulfur reduction technology to produce a reduced sulfur
25  permeate stream 5 which is also blended into the gasoline pool.
Advantageously, the total naphtha product resulting from the retentate stream 4
and reduced sulfur permeate stream 5 will have a higher olefin content when compared to

the olefin content of a product stream resulting from 100% treatment with conventional



20 with the nenbrane 2. The feed stream 1l is split into a perneate stream 3
and a retentate stream 4. The retentate stream 4 is reducedls Aug2003ir
content but substantially retains the olefin content of the feed stream 1.
The retentate stream 4 nay be sent to the gasoline pool wthout further
processing. The perneate stream 3 contains a high sulfur content and is
treated with conventional sulfur reduction technology to produce a reduced
sul fur 25 perneate stream 5 which is also blended into the gasoline pool.
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15 = increases, the required membrane selectivity for a one-stage system increases, while the
relative system cost decreases. For a membrane operating at 50% recovery, an overall
1.90 sulfur enrichment factor is typical. At 80% recovery, an overall sulfur enrichment
factor of 4.60 is typical. As will be understood by one skilled in the arts, system costs
will go down with increased % recovery, since less feed is vaporized through the

20 membrane, requiring lower energy and less membrane area.

Generally, the sulfur deficient retentate fraction contains at least 50 wt %,
preferably at least 70 wt %, most preferably at least 80 wt %, of the total feed passed over
the membrane. Such a high recovery of sulfur deficient product provides increased
economics by minimizing the volume of the feed which is typically treated by high cost

25  sulfur reduction technologies, such as hydrotreating. Typically, the membrane process
reduces the amount of naphtha feed sent for further sulfur reduction by 50%, preferably
by about 70%, most preferably, by about 80%.
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Membranes useful in the present invention are those membranes having a
sufficient flux and selectivity to permeate sulfur containing compounds in the presence of
naphtha containing sulfur and olefin unsaturation. The membrane will typically have a
sulfur enrichment factor of greater than 1.5, preferably greater than 2, even more

20  preferably from about 2 to about 20, most preferably from about 2.5 to 15. Preferably,
the membranes have an asymmetric structure which may be defined as an entity
composed of a dense ultra-thin top “skin” layer over a thicker porous substructure of a
same or different material. Typically, the asymmetric membrane is supported on a
suitable porous backing or support material.

25 In a preferred embodiment of the invention, the membrane is a polyimide
membrane prepared from a Matrimid® 5218 or a Lenzing polyimide polymer as described
in U.S. Patent Application Serial No. 09/126,261, herein incorporated by reference.
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onto a m cyHn OfBQUQSOF'at‘éMN&TS?E ,? f@vrlgaten% kg’ﬁ?&f Eﬁ%@?{;@%@ structure

i ncor por atThg’pol ysI | oXane sht  No.
4,781, 733, beﬁg%rﬁnﬁﬁbx@ﬂtata&b&ﬁcr?ﬂéh, U S Patent No. 4,230,463, U S. Patent

No. 4,493, 714, U %@g gg 5,%@5 734, U.S. Patent No. 5,286,280 and
U'S. Patent Nolngilbanothessmbodiment,of fheysauan, fisansmbrans s ah 2iomalis por at ed by
ref er ence. pohyireshiréthar MM neT RREIOSERINTA U, Pfateﬁm SYLI1], Ridein it rgRATY ane i's_an

aromatic poI yur eal ur et hane menbrane as disclosed in U S. Patent 4,962,271,
her ei nia ndwyrglereate avhichopaiynreadirethane crembydnies ire sbargaierized as possessiog paudar anes ar e

characteri.zed SSESSI o a %,bu t han
100% an alf‘cgeﬁ(‘a({%?%@%?a?go/rslb%qgeﬁ} eraﬂ'%? k”aa?l(-}ﬁ)lg east%‘:%ti‘gmg c?‘éter%%;f a{;alg?st %%fq?’gnal group
density of%aifuheivnhl gbepidendi®y ¢fat ledd@bouyl dper 1000 paknsref bolymst] and a

C=0/NH ratio of less than about 8.

15 The membranes can be used in any convenient form such: as sheets, tubes or
hollow fibers. Sheets can be used to fabricate spiral wound modules familiar to those -
skilled in the art. Alternatively, sheets can be used to fabricate a flat stack permeator
comprising a multitude of membrane layers alternately separated by feed-retentate spacers
and permeate spacers. This device is described in U.S. Patent No. 5,104,532, herein

20 incorporated by reference.

Tubes can be used in the form of multi-leaf modules wherein each tube is
flattened and placed in paralle]l with other flattened tubes. Internally each tube contains a
spacer. Adjacent pairs of flattened tubes are separated by layers of spacer material. The
flattened tubes with positioned spacer material is fitted into a pressure resistant housing

25  equipped with fluid entrance and exit means. The ends of the tubes are clamped to create
separate interior and exterior zones relative to the tubes in the housing. Apparatus of this
type is described and claimed in U.S. Patent No. 4,761,229, herein incorporated by

reference.



C=ONH ratio of |less than about 8. is The nenbranes can be used in any
conveni ent form such as sheets, tubes or hollow fibers. Sheers can be used
to fabricate spiral wound nodules famliar to those skill ed1 |%? rt.
.Alternatively, sheets canbe used to fabricate a flat stack pgr

conprising a nultitude of nenbrane |layers alternately separated by
feed-retentate spacers and perneate spacers. This device is described in
U.S. Patera No. 5,104,532, herein 20 incorporated by reference. Tubes can be
used in the f Yy d%ﬁawstcaﬁb@e{npxwéalhp&mﬂiw&faasPa&éuét%efamt)'faﬁﬁ%w@ and
placed in parallel wth other Tlattened tubes’ ITnternally each tube contains
a spacersheetsmicfied ingo a pres$urt vesseleherdby isblsing tle insidas af thd tihesfeom tise of
spacer material. The flattened tubes with posjtjoned spaceé material is

fitted i outsides of thestybes. Appamatusaf this b sge bnpvayin tap ad- i medification efitheance and

exit means. . T 0 cf Lpterior
and ext crporard GrSe iyl e B ORI Bkre JERRMAIEE b 1|1
type ks @affles Wiech fdttesd fiidBdw d¢h the fubeRdedtithdNBundle 48d pAeASnt fhgd i n _
i ncorporated by reference. a 15 Aug 2005 Hol|ow fibers can be enployed in
bundl ed shamplingand pelatzatisintqrethe &b side. flhisnmodifisatior it disclosediand chadmiedt o a

pressure.v t her ehy i ng.the insi,des of the tubes fromthe
out si des %ﬁi?@tﬁnﬁ&’s.g’lggggbg]%%?gd?c%‘?@teg%ﬁéeg?egc%nom inthe art A
nodi fication ; i ' ' indg 9 I wber
bundl e into ngggp@%’e ese?%%ggﬁgl}nﬁgg, gﬁﬂmgpg@?g@&m, g%@%%???@t& érfﬁ&ll%‘vfl ow on
t he t ube fiberkieméntsivan beetipioyed ditheren seriesfdrum garali¢lainSl PatgntelNol 1323&66%,at i on
on the tube, sjde. ThTLFf m)E%i ficatjon is di Ecl osed and cl ai ngd ) itg U.S. Patent
No. 80 168espmcomOgied PHEdeisBrcafisglopss # wpkinlgielemeptheysnevaersathe | on

el enent s 1 I | enment s
can be er?{:)e?%?gjﬁglgt?@g% alné]% %ﬂég%lggmogfﬁggﬁ%%?%ﬁ%@%ﬂ& %‘ S aeﬁé&ag%dz , 563,
t 0 her ei nwb aubersheetatirranged at diecsaaread of ittecdlanest. a nul ti pl e- el ement housi ng
wherein the

The process of the invention employs selective membrane separation conducted
under pervaporation or perstracfion'conditions. Preferably, the process is condiicted
15  under pervaporation conditions.

The pervaporation process relies on vacuum or sweep gas on the permeate side to
evaporate or otherwise remove the permeate from the surface to the membrane. The feed
is in the liquid and/or gas state. When in the gas state the procéss can be described as
vapor permeation. Pervaporation can be performed at a temperature of from about 25°C

20  to 200°C and higher, the maximum temperature being that temperature at which the
membrane is physically damaged. It is preferred that the pervaporation process be
operated as a single stage operation to reduce capital costs.

The pervaporation process also generally relies on vacuum on the permeate side to
evaporate the permeate from the surface of the membrane and maintain the concentration

25  gradient driving force which drives the separation process. The maximum temperature
employed in pervaporation will be that necessary to vaporize the components in the feed
which one desires to selectively permeate through the membrane while still being below

the temperature at which the membrane is physically damaged. Alternatively to a



el ements are grouped in parallel with a feed/retentate zone defined by a
space enclosed by two tube sheets arranged at the sane end of the el enent.
The process of the invention enploys sel ective nenbrane sepgs alnp@@osonduct ed
under pervaporation or perstraction conditions. Preferably, the process is
conducted 15 under pervaporation conditions. The pervaporati on process
relies on vacuum or sweep gas on the perneate side to evaporate or

ot herwi se renove the perneate fromthe surface to the nenbrane. The feed is
in the liquid and/or gas state. Wien in the gas state the process can be

descri bed ' i A a

torper at ur S F B3 BRREal AR S GERIAL A AR RS 2 erature
bei ][lg thgt trﬂft}cd?]ﬂm[];&hncae sidewhi:lgtbe a&wxnosmnﬂh%pmﬂuies p[lyzi cally gjamlaged:[ It is
preferre a e pervaporation process oper a single stage
operation to re @ggﬁﬁpgawoﬁﬁ§ J@?H?mbgp@gﬂ3&8@%&%“5%%@5??“&&%o general |y
relies on vasbiheHim! RErRS HBZhhShdCarddleeR SO BE BertRftc R WA Gnd r OM t he

surface of the nmenbrane and naintain the conCentration 2s gradient driving
force whi clinfthensesd atchecentpiongradinmt. pA sweestlow piliquidisveed ancthp persteatee  enpl oyed
I n pervapor.ati will, be.that negessary. to vapor| .Lthe compagnents in the
feed whi cﬁ%tgﬁggﬁ&eﬁbéasmtt m?é‘faé%@f\?gﬁlex%%tfo%%wf é’?v&nu% e nbrane whil e
still bei ngelsghotion ptodessticdmaitat it U.5aPatehi Nd) 4{962 20E Hafetn@coroatedvycal | y
damaged. ternatively to a 9 15 Aug 2005 vacuum a sweep gas can be used
on the perﬁﬁ%ﬁ@ﬁ%ide to renove the product. In this node the perneate side

woul d be at al MRSRRGkfeRiEYRHEScest b e REERIJIEE AR REAGRI Derddifs 9O TRAL ©

nol ecul es in the use into menbr ane m mgrate through the
filmand réeated paeduve stifurgentes asing sonientiomdbsulfuhedudionndéchnelngies of a

coneent 2Rl BRbli ot BB A SRS ° e
perstracti gfilfipreiuetsn procedes tvhidhahyi b UsedSn pradessdf thdOinvehtiOf ihcRidd, bdb@reci n
| ncorporated by, i to, Exxon Scanfining, IFP Prime G, CDTECH and Phillips S-Zorb, which
processes are described in Tier 2/Sulfur Regulatory Impact Analysis, Environmental
15  Protection Agency, Dec. 1999, Chapter [V 49-53, herein incorporated by reference.
Very significant reductions in naphtha sulfur content are achievable by the process
of the invention, in some cases, sulfur reduction of 90% is readily achievable using the
process of the invention, while substantially or significantly maintaining the level of
olefins initially present in the feed. Typically, the total amount of olefin compounds
20  present in the total naphtha product will be greater than 50 wt %, preferably from about
60 to about 95 wt %, most preferably, from about 80 to about 95 wt %, of the olefin
content of the initial feed.
Sulfur deficient naphthas produced by the process of the invention are useful in a
gasoline pool feedstock to provide high quality gasoline and light olefin products. As
25  will be recognized by one skilled in the art, increased economics and higher octane valves
are achievable as a whole using the process of the invention since the portion of the total

naphtha feed requiring blending and further hydroprocessing is greatly reduced by the

process of the invention. Further, since the portion of the feed requiring treatment with

10



reference. In accordance with the process of the invention, the

sul fur-enriched perneate is to treated to reduce sulfur content using
conventional sulfur reduction technologies including, but et dg'ﬂjoged co,
~hydrotreating, adsorption and catalytic distillation. - Speci f&? sul fur
reducti on processes which may be used in process of the invention include,
but are not limted to, Exxon Scanfining, IFP Prime G CDTECH and Philli ps
S-Zorb, which processes are described in Tier 2/Sul fur Regulatory I npact
Anal ysi sgorfsRi il GRTirRHeskly Mg RuETE fedictiieBehholdpass; subB A8 hydfaiaghg iy 49- 53,
herein incorporated by reference. Very significant reductions in naphtha
sul fur cgrettinredaced,dbé pesralbhaphtha pradust wﬂgb@ve acfignificant inareasedn oléfim sone
cases, sulfur reductign of 90%. s, readi achi evabl e using the process of
ot nv RGNS 25 GAPEIELID SO ARyt b Bore Sy SHERITEdioHR The | evel of
ol efins k@%&l ky present in the feed. Typically, the total amount of olefin
conpounds esent in the total naphtha product will be greater than 50 wt
% preferabl y TofmthatitiustratSthetpresehbiny e@tionvdndthe adattapestherant) he f r om about
80 to about 95 wt % of the olefin _content of the initial feed. Sulfur

def i ci enfolloaying spesifiy eAmples ¢ stvea. JhsEEaBPIs arergvenpssresibic iludtratioas of in a

gasol i ne,pool. f.eedst oc 0 Vi i |t | ne 1 ght. _olefin
o oduct s ATt MRYBLRY bl S KR HalBR ol ol ilkeiS
econoni Cﬁle%{ael:ih'baéﬁns@.sttfaﬁﬁi:yﬁie\e&ﬁmp&rs.e achi evabl e as a whol e using the
process of the invention since the portion of the total naphtha feed

requi ri ng bl eAdli pagtszamd petentages imthie exaroples ad well asthg remnaingler eftheed by t he
process of the.invention., Further, since the portion of the feed requiring
t r eatrentP<g “Tb”fg’YAﬁ'ﬁlgﬁg ess@é%‘?f@’r‘ﬁeisgﬁ%f?e%l efi n-destroying sul fur
reduction t ecEﬂﬁﬁﬁghﬁﬁmméé‘Bf‘mﬁﬁbé}!{%&&B%@Eﬂer&ﬂeciﬁ&ﬁoﬁr&%ldﬁhsf £RNGRYhatt he
overal |l naphtha product wll have a significant increase in olefin content

as conparepeksenting oparticelahset of grapetigspynitsofimsasirenetindiidnisyphyseshl statesror

t echnol ogi es. . . . . .
3ercentages, is intended to literally incorporate expressly herein by reference or

otherwise, any number falling within such range, including any subset of numbers within

15  any range so recited.

EXAMPLES
‘Membrane coupons are mounted in a sample holder for pervaporation tests. A

feed solution of naphtha obtained from a refinery or a model solution mixed in the

20  laboratory is pumped across the membrane surface. The equipment is designed so that
the feed solution can be heated and placed under pressure, up to about 5 bar. A vacuum
pump is connected to a cold trap, and then to the permeate side of the membrane. The
pump generates a vacuum on the permeate side of less than 20 mm Hg. The permeate is
condensed in the cold trap and subsequently analyzed by gas chromatography. These

25  experiments were performed at low stage cut so that less than 1% of the feed is collected
as permeate. An enrichment factor (EF) is calculated on the basis of sulfur content in the
permeate divided by sulfur content in the feed.

11



5 To further illustrate the present invention and the advantages thereof,
the follow ng specific exanples are given. The exanples are given as
specific illustrations of the claiminvention. It shoul d bgsurdepssood,
however, that the invention is not limted to the specific details set
forth in the exanples. Al parts and percentages in the exanples as well as
the remai nder of the to specification are by weight unl ess otherw se
speci fied. Further, any range of nunbers recited in the specification or
clainms, such as that representing a particular set of properties, units of
measure, conditions, physical state OlnpldPEr cent ages, is intended to
literally incorporate expressly herein by reference or otherw se, any
nunber falling W doniderSidCfervapb@on megbiadé (PFERMAPS 1089 fromfSuerbers within 15
any range so recited. EXAVPLES Menbrane coupons are nounted in a sanple

hol der for GhemTagsSaitzeriand sxiisa polysilogens separation dayen wap tested Wath@bt ai ned from a
refinery or i i i I across the
menbr ane st %gé%g?ﬁaﬁggg%bdi@%%%}%?ge E%g‘%ﬁ%ﬁﬂgg Sqtqﬁ%?&n%%e eeag%ms,%gﬁﬁ:on can
be heat ad andnfidhaeatifactotef 2.p5 s fusphend pit the hidherdempetatufe with ugghtham punp i s
connected to scaold trap, and then to the perneate side of the nmenbrane. The
punp gener dgadstogk 58&%@%&\‘@@@%@%&@“%@“%3 than 20 nm Hg. The

permeate is Coﬁ@%ﬂn&ﬂb&ﬂ@wﬂgxtkgtapw@pgreﬁm%%&ﬁm#mﬂmﬂ by gas
chromat ography. These 25 experinents were perforned at |ow'stage cut so that
| ess t han 1% oémpdvads atdhie heavigoerdeafitidsinaphthasemple hevee higher boiling homststthdnact or
(EF) is calgcul ated on the basis of, sul fur content.in the er neat e di vi ded
by bul fur R Rhukafed B3Re B 1084 peho SRR AR mlolel BE mBRLIRTSE, O

per vapoyat itki3e sanjunans. [(RrEAAR tehpdratt) gives hiph&tpereatiophaesiech, Swi t zer| and,

wi th apol ysil oxane separati ayer, was t ed wth a 5
oty The comp%%son otg erJ so}/utxrons betweenel%.hes 1 ancg 2 showed that solutions

with both relatively high and low thiophene content can be enriched in the membrane

permeate.

12



conponent nodel feed (Table 1). The nenbrane shows a substantial perneation
rate and 5 an enrichnment factor of 2.35 for thiophene. At the higher
tenperature with naphtha feedstock the mercaptans (al kyl 535Q®

enrichment factor. The sane nenbrane was also tested with are nery naphtha
stream (Tabl e 2). The conpounds at the heavier end of this naphtha sanple
have hi gher boiling points than the operating tenperature |eading to |ower
perneation rates through the nenbrane for 10 those conponents. Increase in
tenperature gives higher perneation rafTgsde 1The conparison of feed sol utions
between Tables | and 2 showed that solutions _with both relatively high and
| ow t hi ophene cont ent carPapeaperationi¢sperimenthwithgpasiehfeed permeate. 12 15 Aug
2005 Table 1 Pervaporatlon experinments with nodel feed anbrane from

Examt g—3—Feet—Pernpate—Perneate—Feeg—tenperat 2471 cu eSSt
(bar) 4 L.MMSUW (mm H%% 10. 1 Upf“ﬁfﬁ Pene ©11.9{26.2

23.1 ‘#@M'“m 041 32 8 23 0122 4 Nbeth | i ght
| /e) 1Fedd fetaperath @€pe (weight % 4R.2 38.6 4324 Thin herjgflm sul fur 248
581 54( Fek® prosétre (bdr) UX M7 N~ 1.3716. 2 Sul'Turf ggir1 chnent fragtor "23571%. 18
5 Tabl ooty pf}lélsudrél(l%gl ﬁx}vt:l Tments it TeT ITUIQI—_ﬂd.}J[IL fTa 10.1
1-Pentene (weight %) 11.9 26.2 23.1
2,2 4-Trimethylpentane (weight %) 32.8 23.0 22.4
Methylcyclohexane (weight %) 13.1 12.1 12.1
Toluene (weight %) ’ 42.2 38.6 42.5
Thiophene (ppm sulfur) 248 581 540
Permeate flux (lgg/m _ 1.3 6.2
Sulfur enrichment factor 2.35 2.18
5 Table 2
Pervaporation experiments with refinery naphtha
Membrane from Example 1 Feed Permeate Permeate
Feed temperature (°C) 24 74
Feed pressure (bar) 4.5 4.5
Permeate pressure (mm Hgl 8.4 9.5
Mercaptans (all ppm sulfur) 39 84 93
Thiophene 43 124 107
Methyl thiophenes . 78 122 111
Tetrahydro thiophenes 10 13 14
C2-Thiophenes 105 68 81
Thiophenol 5 1 ‘ 2
C3-Thiophenes 90 24 135
Methyl thiophenol 15 0 0
C4-Thiophenes 56 0 - 8
Unidentified S in Gasoline Range 2 5 5
Benzothiophene 151 16 27
Alkyl benzothiophenes 326 28 39
Permeate flux (kg/m’/hr) 1.1 5.0
Sulfur enrichment factor (thiophene) 2.91 2.51

13



Menbrane from Exanpl e | Feed Perneate Perneate Feed tenperature C 24 74
Feed pressure (bar) 4.5 4.5 Perneate essure nmHg) 8.4 9.5 Merca tans (all
msul fur 39 84 93 Thin ne 43 124 107 Methyl thio hens 78 i22usdbos Tetrah
dmthio bens 10 13 14 C2-Tlrio hens 105 68 81 Thin henol 5 1 C3-Thi o
hens 90 24 35 Methyl thin henol 15 0 0 C4-Thio hens 56 0 8 Unidentified S
I n Gasoline Range 2 5 5- Benzot hi ohere 151 16 27 Al kyl benzothi o hens 326
28 39 Perneate flux Ckglm/hr) 1.1 5.0 Sulfur enrichnment factor thin bane)
2.91 2.51 13 15 Aug 2005 Exanple 2 A polyim de nenbrane was fashi oned
according to the nethods of U S. Patent 5 5,264,166 and tested for
pervaporation. A dope solution cont aé@nﬁgﬂ%% Mani md 5218 polyi m de,
mal ei ¢ acid, 20% acetone, and 49% N-nethyl pyrrolidone was cast at 4

5%
fl/mn

30 Cseconds ¢ heAdbR B aRpr e e HsRef o AT 8hoS o T Paegl oy the

e lnbr aneg $tﬁrsu,qsa ald tedtB@ forpERERNRIoNAR dbps BElakioM dontadhE 6% Mdnernvs218esi dual
sol vents, then

polyimide, 5% maleic acid, 20% acetone, and 49% N-methyl pyrrolidone was cast at 4
ft/min onto a non-woven polyester fabric with a blade gap set at 7 mil. After about 30
seconds the coated fabric was quenched in water at 22 °C to form the membrane
structure. The membrane was washed with water to remove residual solvents, then

10  solvent exchanged by immersion in 2-propanone, followed by immersion in a bath of
equal mixtures of lube 0il/2-propanone/toluene bath. - The membrane was air dried to
yield an asymmetric membrane filled with a conditioning agent.

For pervaporation testing, the membrane was rinsed with the feed solution, and

then mounted solvent wet in the cell holder. Results for a 5- component model feed are

15  shown in Table 3. Curiously, the pervaporation performance improved at the higher
temperature in both flux and selectivity, indicating that process conditions can favorably
impact membrane performance. The membrane showed an enrichment factor of 1.68 for
thiophene.

Table 3

20 Pervaporation experiments with model feed
Membrane from Example 2 Feed Permeate Permeate
Feed temperature (°C) 24 67
Feed pressure (bar) 4.3 4.5
Permeate pressure (mm Hg) 9.5 7.0
1-Pentene (weight %) 10.6 8.7 12.2
2,2 4-Trimethylpentane (weight %) 34.5 32.3 31.6
Methylcyclohexane (weight %) 13.6 13.6 13.2
Toluene (weight %) 41.3 45.5 43.0
Thiophene (ppm sulfur) 249 350 423
Permeate flux (kg/m*/hr) 1.5 5.8
Sulfur enrichment factor 1.39 1.68

14




to sol vent exchanged by i mersion in 2-propanone, followed by inmersion in a
bath of equal m xtures ofl ube oil/2-propanone/tol uene bath.. The nenbrane
was air dried to yield an asymmetric nmenbrane filled with ﬁgg%bb#Ohing
agent. For pervaporation testing, the nmenbrane was rinsed w eed
solution, and then nounted solvent wet in the cell holder. Results for a 5-
conponent nodel feed are is shown in Table 3. Curiously, the pervaporation
per formance i nproved at the higher tenperature in both flux and selectivity,
indicating that process conditions gamfayorably inpact menbrane
performance. The nenbrane showed an enflchnent factor of 1.68 for

o Bxarpl ¢ SR BRI B PEF U It SreRting o Bopea5ol U8 Foed
Too 5. Perifsbelliph perial RRER 26 86 FSRMReATY: epVepialio 5, QAR ! 9
Met hyl ceehtaining POX Denzy P89, 69346 p-didxane] nd] 193 dimethglféreangide wis cddt al 45. 5

43.0 Thio hene (p msulfur) 249 350 423 Perneate flux 8/ m/hr) 1.5 5.8
Sul fur drf/mimpaiea mcabwever&p@seszerdebnqmtha biadg gapset at Baaip Adtes aporgther

TR R R T
sol uti OQmcture. The membrane was washed with water to remove residual solvents, solvent
exchanged by immersion in 2-butanone, followed by immersion in a bath 6f equal
10  mixtures lube oil/2-butanone/toluene. The membrane wa'sb then air dried to.yield an
asymmetric membrane filled with a conditioning agent.
For pervaporaiion fésting, the membrane was rinsed with the feed solution, and
then mounted solvent wet in the cell holder. Results with naphtha are shown in Table 4.
The membrane showed an enrichment factor of 4.69 for thiophene. Mercaptans (alkyl S)
15  had a 3.45 enrichment factor. At a rate of 99% recovery of retentate, there iS §8.6%

recovery of olefins in the retentate.

15



5 contai ning 20% Lenzi ng P84, 69 % p-di oxane, and 11% di net hyl f or mam de was
cast at 4 ft/mn onto anon-woven pol yester fabric with a bl ade gap set at
7m|. After about 3 seconds the coated fabric was quenchedlﬁgk s at 20 C
to formthe nmenbrane structure. The menbrane was washed wit er to
renove residual solvents, solvent exchanged by imrersion in 2-butanone,
followed by immersion in a bath of equal to m xtures tube

oi u2- but anone/ t ol uene. The nenbrane was then air dried to yield an
asymmetric nenbrane filled with a conditioning agent. For pervaporation
testing, the nenbrane was rinsed with the feed solution, and then nounted
solvent wet in the cell holder. Results with naphtha are shown in Table 4.
The nenbrane showed an enrichment factoray44.69 for thiophene. Mercaptans
(alkyl 'S) is had a 3.45 enrichnment factor. At a rate of 99% recovery of
retentate, there is 98.BIwappwtion Exgerigients|vath Refinery Naphtbeet ent ate. 15 15 Aug
2005 Table 4 _Pervapontion Experinments with Refinery Naphtha Menbrane from

Exanpl e 3 Fe¢Mieraredton EXamgte®d t enper at yrfeed 7C) 77 Heamehtpr essute (bar) 4.5
Pernmeate pressure rumi 5.1 Merea pointsijall nsulfur) 40 138 Thi ophene 55
257 Met hyl o Tetranydro[dii o nens 34— CcZ- 1o hens 142
520 y! B3y BAPSatiE oGV y

Feed pressure (bar) 4.5

Permeate pressure (mm Hg) 5.1

Mercaptans (all ppm sulfur) 40 138

Thiophene 55 257

Methyl thiophenes 105 339

Tetrahydro thiophenes 11 34

C2-Thiophenes 142 220

Thiophenol 5 4

C3-Thiophenes 77 62

Methy! thiophenol 12 8

C4-Thiophenes 49 15

Unidentified S in Gasoline Range 3 15

‘Benzothiophene 62 26

Alkyl benzothiophenes 246 45

Paraffins (all weight %) 4.32 4.15

Isoparaffins 30.99 18.58

Aromatics 20.79 25.44

Naphthenes 11.49 7.89

Olefins 32.41 43.93

Permeate flux (kg/m’/hr) 3.25

Sulfur enrichment factor (thiophene) 4.69

Since a large fraction of the olefins are not permeated through the membrane, but
retained in the retentate, the octane value of naphtha that can be sent to the gasoline pool

is improved.

10
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Thio henol 5 4 C3-Thio hens 77 62 Methyl thin henol 12 8 C4-Thi hens 49
15 Unidentified Sin Gasoline Range 3 15 Beuzothio hene 62 26 Al kyl
benzot hi o hens 246 45 Paraffins (all weight % 4.32 4.15 j§gue2@b§ffms
30.99 18.58 Aromatics 20.79 25.44 Naphthenes 11.49 7.89 defins 32.41
43.93 Perneate flint m/lu 3.25 Sulfur enrichnent factor thin hene 4.69 5
Since a large fraction of the olefins are not perneated through the
menbrane, but retained in the retentate, the octane val ue of naphtha that
can be sent to the gasoline pool iExampleeved. 10 16 15 Aug 2005 Exanple 4
A pol yi m de conposite nmenbrane was formed by spin, coating Matrimd 5218

upon a mi cr opdk BeIYIBidssemposiK membreae Wasfemed bytspncqating B i1 681 %rani de was
spin coated at. 2000 rpm fo t he t..4000,.r r 10.seconds. upon a
0" 45 m oPRiH atierogotus SRR, o AnovE Baanimil sqlbud BB R BpABi Bl FR Pkt or o
MA; Cat. cgatmbqg)n for 10 8edTRHER2A600' Bt £8290 sRESndl! ik a 048 nYBFIN € Was
directly tested wth naphtha feed
5  size nylon membrane di_sk (Millipore Corporation, Bedford, MA; Cat. # HNWPO47OQ).

The membrané was then air dried. The membrane was directly tested with naphtha feed

(Table 5) and showed an enrichment factor of 2.68 for thiophene. Mercaptans (alkyl S)

had a 1.41 enrichment factor. At a rate of 99% recovery of retentate, there was 99.1%

recovery of olefins in the retentate.

10 Table 5
Pervaporation Experiments with Refinery Naphtha

Membrane from Example 4 Feed Permeate
Feed temperature (°C) 78
Feed pressure (bar) 4.5
Permeate pressure (mm HQ 4.3
Mercaptans (all ppm sulfur) 23 32
Thiophene 66 176
Methyl thiophenes 134 351
Tetrahydro thiophenes 16 34
C2-Thiophenes 198 356
Thiophenol 6 9
C3-Thiophenes { 110 166
Methyl thiophenol 13 - 14
C4-Thiophenes 75 66
Unidentified S in Gasoline Range 4 8
Benzothiophene 73 95
Alkyl benzothiophenes 108 110
Paraffins (all weight %) 442 3.69
Isoparaffins 28.02 21.70
Aromatics 23.09 33.00
Naphthenes 11.14 '11.61
Olefins 33.33 30.00
Permeate flux (kg/m’/hr) 0.90
Sulfur enrichment factor (thiophene) 2.68
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(Table 5) and showed an enrichnent factor of 2.68 for thiophene. Mercaptans
(alkyl S) had a 1.41 enrichnent factor. At a rate of 99% recovery of
retentate, there was 99.1% recovery of olefins in the retqatgie£r0050 Table 5
Perva oration Experinments with Refinery Naphtha Menbrane fromkxanple 4
Feed Perneate Feed tenperature (OC) 78 Feed pressure (bar) 4.5 Perneate
pressure (nm) 4.3 Mercaptans (all msul fur 23 32 Thi ophene 66 176 Met hyl
thin hens 134 351 Tetrabydro, thio hens 16 34 C2-Thi ophenes 198 356 Thio
henol 6 9 C3-Tirio hens 110 166 Methyl thiophenol 13 14 C4-Thi ophenes 75
66 Unidentified S in Gasoline Rangex#fmgle 5Beozothio hene 73 95 Al kyl

benzot hio hens 108 110 Paraffins (all weight 4.42 3.69 Iso araffins 28.02
21.70 Aronati dspolgupgugthagn(FU)semppsts membrapepyasdarmeditepughscogingal 30. 00

Permeate f]ux, M BdaeolSwing the methods of US Patent 4,921,611. To a solution of

0.7866 g of toluene diisocyanate terminated polyethylene adipate (Aldrich Chemical

5  Company, Milwaukee, WI; Cat. # 43,351-9) in 9.09 g of p-dioxane was added 0.1183 g
of 4-4’-methylene dianiline (Aldrich; # 13,245-4) dissolved in 3.00 g p-dioxane. When
the solution began to gel it was coated with a blade gap set 3.6 mil above a 0.2 micron
pore size microporous polytetrafiuoroethylene (PTFE) membrane (W.L. Gore, Elkton,
MD). The solvent evaporates to give a continuous film. The composite membrane was

10  then heated in an oven 100 °C for one hour. The final composite membrane structure had
a PUU coating 3 microns thick measured by scanning electron microscopy. The
membrane was directly tested with naphtha (T éble 6). The membrane showed an

enrichment factor of 7.53 for thiophene and 3.15 for mercaptans.
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Sul fur enrichment factor thin hen 2.68 17 15 Aug 2005 Exanple 5 A

pol yurea/ uret hane (PUT)) conposite nenbrane was formed through coating of a
porous substrate follow ng the nethods of US Patent 4,921, 6]11-,.Ad;|' ghsSol ution
of 0.7866 g of toluene diisocyanate term nated pol yet hyl ene adipate
(Aldrich Chem cal 5 Conpany, M I|waukee, W; Cat. # 43,351-9) in 9.09 g of

p- di oxane was added 0.1183 g of 4-4'-nethylene dianiline (Aldrich; #

13, 245-4) dissolved in 3.00 g p-dioxane. Wien the solution began to gel it
was coated with a blade gap set 3.4k above a 0.2 micron pore size

m cr oporous pol ytetrafl uoroet hyl ene (PTFE) nenbrane (WL. CGore, Elkton,

MD). The sol vent evapoPatvapotationPrperdments withiRefmefy Naphtilne conposite
menbrane was to then heated in an oven 100 C for one hour. The fi nal

conposi e IEARL AR ELMEEATE Nad a Lgoat TNg [pdiieh@ns thi ck neasured by
scanti ng T roscopy. The mepbrane was |directly tesfted wth naphtha
(Tabl e 63= : ek e(-e«-e&—?—éé\] for thiophene
and 3. 15 Heed temperattedR€) 1S 15 Aug 2005 Table 6 #ervaporatilon Experiments
wi t h Ref|iReed prebapb{ad) Menbrane from Exanpl e 5 Hekfl Perneatel Feed
t enper at| PepméftEbressure Hp)yre (bar) B.5 Pernegtegpressure (ram2.6 Merc
tans all Mérgiﬂtéﬂy(aﬁg sumrf NeTe 49" BgU  NEL Ny I Ophenes 142 857

Thiophene 49 370

Methyl thiophenes | 142 857

Tetrahydro thiophenes 14 38

C2-Thiophenes 186 604

Thiophenol 6 12

C3-Thiophenes 103 224

Methyl thiopbenol 20 26

C4-Thiophenes 62 99

Unidentified S in Gasoline Range 1 11

Benzothiophene 101 320

Alkyl benzothiophenes 381 490

Permeate flux (kg/m’/hr) 0.038

Sulfur enrichment factor (thiophene) : 7.53

5
Example 6

A polyurea/urethane (PUU) composite membrane was formed as in Example 5,
but by replacing p-dioxane with N,N-dimethylformamide (DMF). To 0.4846 g of toluene
diisocyanate terminated polYethylehe adipate (Aldrich Chemical Company, Milwaukee,

10 WL Cat. #43,351-9) in 3.29 g of DMF was added 0.0749 g of 4-4’-methylene dianiline
(Aldrich; # 13,245-4) dissolved in 0.66 g DMF. When the solution began to gel it was
coated with a blade gap set 3.6 mil above a 0.2 micron ?ore size micréporous
polytetrafluoroethylene (PTFE) membrane (W.L. Gore, Elkton, MD). The solvent

evaporates to give a continuous film. The composite membrane was then heated in an

15 oven at 94 °C for two hours. The final composite membrane structure had a PUU coating
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Tetrahydro thin hens 14 38 C2-Thi ophenes 186 604 Thin henol 6 12 C3-Thio
hens 103 224 Methyl thiophenol 20 26 C4-T io hens 62 99 Unidentified Sin
Gasoline Range | 1 1 Benzothio ene 101 320 AIkyI_benzothiQ%Qﬁg§ 6%1 490
Pernmeate flux (kgle/hr) 0.038 Sulfur enrichnment factor thi 9. 3 5
Exanpl e 6 A pol yuree/urethare (PUU) conposite nmenbrane was forned as in
Exanpl e 5, but by replacing p-dioxane with N, Ndi net hyl formam de (DVF). To
0.4846 g of toluene diisocyanate term nated pol yethyl ene adi pate (Al drich
Chem cal Conpany, M |waukee, 10 W; Cat. # 43,351-9) in 3.29 g of DV was

added 0.0749. Az NL8R6e daafidcd : r%gﬂﬁ , 4) dissol ved
in 0.66 ¢ %ﬁ@u%gggﬁﬁé@% u_loaﬁeg’gg%éc%lg?eatgﬁabtﬂn S a@&a{%gﬁﬁ?h a bl ade
gap set 3. embrarezhves an énrithmestrfanonyd 68 Sorzkiophene aypb4.08 for mercaptans

pol yt et r af thyl ene (P menbrane (WL, Gor | kt on, MD),. The sol vent
evapor at es L@@gﬁ)v atgr %é)ﬂ{&?ﬂ HHevEY P te’%‘ﬁt@’ ‘éﬁ‘ﬁfﬁ)@ Yarsraxey shelefiasinthan heat ed
in an 15 oyggab 94 C for two hours. The final conposite nenbrane structure
had a PUU coating 19 15 Aug 2005 weight of 6.1 g/nmr. The nenbrane was
directly tested with naphtha (Table 7). The nenbrane shows an enri chnent

factor of 9.56 for thiophene and 4. 15]; 7 mercaptans (alkyl S). At arate
of 99% recovery of retenjate l. en% %recoverﬁ/ of olefins in the

ervapbra&glneéx%enm with refinery naplitha
Membrane from Example 6 Feed Permeate
Feed temperature (°C) 75
Feed pressure (bar) 4.5
Permeate pressure (mm Hg) . 12.8 -
Mercaptans (all ppm sulfur) 20 84
Thiophene 33 321
Methyl thiophenes 83 588
Tetrahydro thiophenes 10 45
C2-Thiophenes 105 413
Thiophenol 4 8
C3-Thiophenes 60 156
Methyl thiophenol 12 19
C4-Thiophenes ' 24 116
Unidentified S in Gasoline Range 0 5
Benzothiophene 44 247
Alkyl benzothiophenes 44 245
Paraffins (all weight %) 4.00 1.91
Isoparaffins 29.48 10.33
Aromatics ] 26.18 57.91
Naphthenes 10.46 4.98
Olefins 29.88 24.87
Permeate flux (kg/m’/hr) 0.085
Sulfur enrichment factor (thiophene) 9.58

10
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retentate. 5 Table 7 Perva ontlon experinents with refiner naphtha Menbrane
from Exanpl e 6 Feed Perneate Feed tenperature C) 75 Feed pressure (bar) 4.5

Pernmeate Pressure (run Hg) 2.8 Merea tans all msul fur 20 hi ene 33
321 Methyl thiophenes 83 588 Tehahydro thin hens 10 45 s o

413 Thio henol 4 8 C3-Thio hens 60 156 Methyl thio enol 12 19
CA- Thi ophenes 24 116 Unidentified Sin Gasoline Range 0 5 Beuzothio hen 44
247 Al kyl benzothio hens 44 245 Paraffins all weight %4.00 1.91 1Iso
araffrns 29.48 10.33 Aronatics 26.%? Zl Na ht henes 10.46 4.98 defins
29.88 24.87 Perneate flux (kg/n2/hr 085 sulfur enrichnent factor
(t hi ophene) 9. 5% ) - ) .. .

An FCC light cat naphtha with a boiling range of 50 to 98°C contains 300 ppm of S

compounds. It is pumped at rate of 100 m’/hr into 2 membrane pervaporation system
5  operated at 98 °C.

A sulfur enrichment membrane having a permeation rate of 3 kg/m’/hr is
incorporated into a spiral-wound module containing 15 m? of membrane. The module
contains feed spacers, membrane, and permeate sbacers wound around a central perforated
metal collection tube. Adhesives are used to separate the feed and pérmeate channels, bind

10  the materials to the collection tube, and seal the outer casing. The modules are 48 inches in
length and 8 inches in diameter. 480 of these modules are mounted in pressure housings as
a single étage system. Vacuum is maintained on the permeate side. The condensed
permeate is collected at a rate of 30 m’/hr and contains greater than 930 ppm S compounds.
Overall enrichment factor is 3.1 for S compounds. This permeate is sent to.conventiona'l

15  hydrotreating to reduce S content to 30 ppm, and then sent to the gasoline pool.

Retentate generated from the pewéporation system at 70 m®/hr contains less than 30
ppm of sulfur compounds. This naphfha is sent to the gasoline pool. The process reduced
the amount of naphtha sent to conventional hydrotreating by 70%.
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to 20 15 Aug 2005 Exanple 7 Aa FCC |ight cat naphtha with a boiling range
of 50 to 98C contains 300 ppmof S conpounds. It is punped at rate of 100
n8/hr into a menbrane pervaporation system5 operated at 981404,82804 f ur
enrichnment nenbrane having a perneation rate of 3 kg/n2/hr is 1 ncorporated
into a spiral -wound nodul e containing 15 n2 of nmenbrane. The nodul e
contains feed spacers, nenbrane, and perneate spacers wound around a central
perforated netal collection tube. Adhesives are used to separate the feed
and perneate channels, bind 10 the materials to the collection tube, and
seal the outer casing. The nodules are 48 inches in length and 8 inches in
di aneter. 480 of these nodules are nounted in pressure housings as a single
stage system Vacuumis maintained on the perneate side. The condensed
perneate is collected at a rate of 30 nBThr and contains greater than 930
ppm S conp@uggs.. Overall enrichment factor is 3.1 for S conmpounds. This
perneate i °SeHt™ to conventional 15 hydrotreating to reduce S content to 30
pl an, and then sent to the gasoline pool. Retentate generated fromthe

pervaporation systemat 70 n8/1u contains |ess than BOmﬁgpn1of sul fur
conpourfds. Thi sl napHt mathpd fogdewering therral fyreonientef aggphtha lysogartwadess r educed

h h . i ' %
e amountgl HROY R L O G Ml B, 15,

r1ng ur” content of & napht ha
hydr ocar baaidfre@hbd @hipeisimgwhi | e substantially maintaining the yield of olefin
conpounds in the feed stream _ said nethod conprising it contacting a

napht ha feed wilt h acABAgng3aapldhaiesd Mih a msmbrang seraratiop 2pn6, saidseparation

zone containing a membrane having a sufficient flux and selectivity to separate a sulfur-

10 enriched permeate fraction and a sulfur deficient retentate fraction having a sulfur content
of less than 100 ppm of sulfur and containing greater than 50 wt % of olefin in the
naphtha feed under pervaporation conditions, said membrane having a sulfur enrichment
factor of greater than 1.5, said naphtha feed being selected from the group consisting of a
light naphtha, an intermediate naphtha, a coker naphtha, a straight run naphtha and

15 mixtures thereof, and comprising sulfur containing aromatic hydrocarbons, sulfur
containing non-aromatic hydrocarbon and olefin compounds, said sulfur enriched
permeate fraction being enriched in sulfur containing aromatic hydrocarbons and sulfur
containing non-aromatic hydrocarbons as compared to the naphtha feed;

ii) recovering the sulfur deficient retentate fraction as a product stream;

20 iii) subjecting the sulfur enriched permeate fraction to a non-membrane process

to reduce sulfur content; and

iv) recovering the reduced sulfur permeate product stream.

2, The method of claim 1 wherein the membrane has a sulfur enrichment

25  factor of greater than 2.

3. The method of claim 1 wherein the membrane has a sulfur enrichment

factor ranging from about 2 to about 20.
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zone contai ning a nenbrane having a sufficient flux and selectivity to
separate a sulfur- 10 enriched perneate fraction and a sul fur deficient
retentate fraction having a sulfur content of |ess than 100j9RasQbosul fur
and containing greater than 50 wt % of olefin in the naphtha feed under
pervaporation conditions, said nenbrane having a sul fur enrichnent factor
of greater than 1.5, said naphtha feed being selected fromthe group
consisting of a |light naphtha, an internedi ate naphtha, a coker naphtha, a
straight run naphtha and 15 m xtures thereof, and conprising sulfur
cont ai ning aromati c hydrocarbons, sulfur containing non-aromatic

hydr ocar bon and ol efi n conpounds, said sulfur enriched perneate fraction
bei ng enriched in sulfur containing aromatic hydrocarbons and sul fur

cont ai ni ng non-4ar ondhe methodraf chuirb d nsheasin denspHuredntent ofthe mdfitrtdafcireed; 1)
recoveringy%he syl fur ficient retentate fraction as a product stream 20
iii) subj heRyisyens tRaw XX WPnr i ched permeate fraction to a non- menbrane
process to reduce sulfur content; and iv) recovering the reduced sul fur
perneate product stream 2. The nethod of claim 1l wherein the nenbrane has a
sul fur senrichnént  JIhe hzethodrof slaimrl edhersin theanlfgr codtenTolthesulfivdefidient| ai m |
wherein t penbran h a sul fur enrichnment factor ranging fromabout 2 to
about 20. IT%mAﬁB?Qﬁg@FmHP The method of claim |1 wherein the sul fur
content of the sulfur deficient fraction is less than 50 ppm 5 5. The

fraction is i eds tnamapopsmiogee e B Errosadrrit: MieatiordFont ent of
a napht ha diysth aile RastdnBielly maintemAy Weiyied sL618finedrhduniis [Trthe el Birétn,t he yi el d
of olefin conpounds in the feed stream to said nmethod conprising
10  said method comprising
i) contacting a naphtha feed under pervaporation conditions with a membrane
separation zone, said separation zone containing a polyimide membrane, a polysiloxane
membrane or a polyurea urethane membrane having a sufficient flux and selectivity to
separate a sulfur-enriched permeate fraction and a sulfur deficient retentate fraction
15 fraction having a sulfur content of less than 100 ppm of sulfur and containing greater than
50 wt % of olefin in the naphtha feed under pervaporation conditions, said naphtha feed
being selected from the group consisting of a light naphtha, an intermediate naphtha, a
coker naphtha, a straight run naphtha and mixtures thereof, and comprising sulfur
containing aromatic hydrocarbons, sulfur containing non-aromatic hydrbcarbons and
20 olefin compounds, said sulfur enriched permeate fraction being enriched in sulfur
containing aromatic hydrocarbons and sulfur containing non-aromatic hydrocarbons as
compare to the naphtha feed,;
ii) recovering the sulfur deficient retentate fraction as a product stream;
iii) subjecting the sulfur-enriched permeate fraction to a non-membrane process
25 to reduce sulfur content; and

iv) recovering the reduced sulfur permeate product stream.
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i) contacting a naphtha feed under pervaporation conditions with a nenbrane
separation zone, said separation zone containing a polyimde nenbrane, a
pol ysi |l oxane nenbrane or a pol yurea urethane nenbrane haviqg a%§y #d i ci ent
flux and selectivity to separate a sulfur-enriched perneate ? ction and a
sul fur deficient retentate fraction 15 fraction having a sul fur content of
| ess than 100 ppm of sulfur and containing greater than 50 wt % of ol efin
in the naphtha feed under pervaporation conditions, said naphtha feed being
selected fromthe group consisting of a |ight naphtha, an internediate
napht ha, a coker naphtha, a straight run naphtha and m xtures thereof, and
conpri sing sul fur = GRBLRNRIIY AR BRkFeifl HRISARE RARAL oftHk bifur Q8RBT NG
non-aromati ¢ hydrocarbons and 20 ol efin conpounds, said sulfur enriched
per neat e ffragtion Bress¢hanfOqppm.ched i n sul fur contalnlng aromati ¢ hydrocarbons
and sul fur containing non-aromati c hydrocarbons as conpare to the naphtha
feed; ii) recovering the sulfur deficient retentate fraction as a product
stream iii) sigbjectinBeheiR oT¥latic-vakdif HRAuRE! WaRhEof thesiIfR AefiQled
non- menbr ane process 25 to reduce sul fur content; and iv) recovering the
reduced suttentategmctiemisdesytlpaddppst.ream 23 15 Aug 2005 7. The met hod of
claim6 wherein the sulfur content of the sulfur deficient fraction is |ess
than 50 ppm 8. The nmethod of claim6 wherein the sulfur content of the
sul fur deficiest 5ThehfRfHodlof clairdtorGrvticteih BRDapitBafe3@ s@eHm s cradked met hod of
claiml or 6 wherein the naphtha feed streamis a cracked naphtha. 10 10.
The net hodaphthg| ai m 9 wherein the naphtha is a FCC naphtha. 11. The nethod
of claim 10 wherein the naphtha is a FCC |ight cat naphtha having a boiling
range from about 50C to about 105C.

10 10.  The method of claim 9 wherein the naphtha is a FCC naphtha.

11.  The method of claim 10 wherein the naphtha is a FCC light cat naphtha
having a boiling range from about 50°C to about 105°C.

15 12.  The method of claim 1 or 6 wherein the naphtha is a coker naphtha.
13, The method of claim I or 6 wherein the naphtha is a straight run.

14. The method of claim 1 or 6 wherein the sulfur deficient retentate fraction

20 comprises at least 70 wt % of the total feed.

15.  The method of claim 1 or 6 wherein the non-membrane process of step iii)

is a a hydrotreating process to reduce sulfur content.

25 16.  The method of claim 1 or 6 wherein the non-membrane process of step iii)

is an adsorption process.

17.  The method of claim 1 or 6 wherein the non-membrane process of step iii)

is a catalytic distillation process to reduce sulfur content.

24



15 12. The nethod of claiml or 6 wherein the naphtha is a coker naphtha.
13. The nmethod of claiml1l or 6 wherein the naphtha is a straight run. 14.
The nethod of claiml or 6 wherein the sulfur deficient retgnAggeobsaction
20 conprises at least 70 wt % of the total feed. 15. The method of claiml
or 6 wherein the non-nenbrane process of step iii) 1is a a hydrotreating
process to reduce sul fur content. 25 16. The nmethod of claiml| or 6 wherein
t he non-nenbrane process of step iii) 1is an adsorption process. 17. The
met hod of claiml or 6 wherein the non-nenbrane process of step iii) is a
catalytic distillation process to reduce sul fur content. 24 15 Aug 2005 18.
The nmethod of claim6 wherein the total anpbunt of ol efin conpounds in the
retentate product stream and the perneate product streamis from about 50 to
about 90 wt %I18f olTatmetlodniclaid$ wheedr e total srhaunt efolefibcdriBpovhdsriat hod f or

| owering the sulfur fc{ontent of ts napht ha h drocarbogfe%g ftr%gm\gsiaile
subst ant | 41§ {ptematsPrafvst Searhand thep teproductsteegids fresabent 3hie apadd0s ¢ r eam
sai d_net hqgh o QFBlekf cBPpbunds PRsafitih 9 féednapht ha feed under pervaporation

i th b I [

conditions with a nenbrane 0 separation zone, said separation zone
contaiing a polyimde nmenbrane having a sufficient flux and selectivity to

separate a sul fur-enriche rmeate fragctio nd a fur, deficlent
Cetentate fractfon MuBERGT AFIENFIE LoNABReoRr pLe Saithe rrefom et sul f ur
and  cont akBid while SastntibiNpMamrinihg MeGiel@bEI1EMn tdinpdiadmnhé Fad k@&sh,under
pervaporation conditions, said naphtha feed being selected fromthe group

consi st i ngaigfmethed egmprisingnt ha, 15 an internedi ate naphtha, a coker napht ha,
ot U D 200 TS 55 G S e RF GRTRRS B
10 separation zone, said separation zone containing a polyimide membrane having a
sufficient flux and selectivity to separate a sulfur-enriched permeate fraction and a sulfur
deficient retentate fraction having a sulfur content of less than 100 ppm of sulfur and
containing greater than 50 wt % of olefin in the naphtha feed under pervaporation
conditions, said naphtha feed being selected from the group consisting of a light naphtha,
15 an intermediate naphtha, a coker naphtha, a straight run naphtha and mixtures thereof,
and comprising sulfur containing aromatic hydrocarbons, sulfur containing non-aromatic
hydrocarbons and olefin compounds, said sulfur enriched permeate fraction being
enriched in sulfur containing aromatic hydrocarbons and sulfur containing non-aromatic
hydrocarbons as compare to the naphtha feed;
20 ii) recovering the sulfur deficient retentate fraction as a product stream;
iii) subjecting the sulfur-enriched permeate fraction to a non-membrane process
to reduce sulfur content; and

iv) recovering the reduced sulfur permeate product stream.

25 20.  The method of claim 19 wherein the membrane is one having a sulfur

enrichment factor of greater than 1.5.

21. The method of claim 19 wherein the sulfur content of the sulfur deficient

retentate fraction is less than 50 ppm.
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hydr ocar bons and ol efi n conpounds, said sul fur enriched pernmeate fraction
being enriched in sulfur containing aromati c hydrocarbons and sul fur

cont ai ni ng non-aromati c hydrocarbons as conpare to the napjyﬂagtsﬁl; 20 i)
recovering the sulfur deficientretentate fraction as a product Stream iii)
subj ecting the sul fur-enriched perneate fraction to a non-nenbrane process
to reduce sul fur content; and iv) recovering the reduced sul fur perneate
product stream 25 20. The nethod of claim 19 wherein the nenbrane is one
having a sulfur enrichnment factor of greater than 1.5. 21. The net hod of
claim 19 wherein the sulfur content of the sulfur deficient retentate
fraction is less than 50 ppm 25 15 Aug 2005 22. The nethod of claim?2l
wherein the sul fur content of the sulfur deficient fractionis |ess than 30
ppm 5 23. The 2&et hdde ofetholdaif elairg 2hiwhersimthe lsel furgphtiehizofiteeshlfir definients a
cracked %apgtha. ZﬁWBEﬁe nmet hod of claim19 wherein the naphtha is a FCC
napht ha. g¢ g?m+ﬁ% tHEE"6f cl ai m 24 wherein the naphtha is a FCC |i ght
cat naphtha having a boiling range from about 50C to about 105C. 26. The
met hod of claim 19 wherein the naphtha is a Coker naphtha. 15 27. The

net hod Sof cl ai @319 Whemethodiofslagm )R tvhgreinsthg naphiby fgpd straam isagrackee net hod of
claim 19 Wﬁ§1ﬁ£n the sul fur deficient retentate fraction conprises at |east
70 Wt % of e total feed. 20 29. The nethod of claim 19 wherein the

non- menbr ane process of step iii) is a hydrotreating process. 30. The

net hod of claim19 wherein the non-nmenbrane process of st iii) is
24.  The method of claim 19 wherein the ngphtha isa FCC nap% ha. )

10 25.  The method of claim 24 wherein the naphtha is a FCC light cat naphtha
having a boiling range from about 50°C to about 105°C.

26.  The method of claim 19 wherein the naphtha is a coker naphtha.
15 27.  The method of claim 19 wherein the naphtha is a straight run.

28. The method of claim 19 wherein the sulfur deficient retentate fraction

comprises at least 70 wt % of the total feed.

20 29.  The method of claim 19 wherein the non-membrane process of step iii) is

a hydrotreating process.

30.  The method of claim 19 wherein the non-membrane process of step iii) is
an adsorption process.
25
31.  The method of claim 19 wherein the non-membrane process of step iii) is

a catalytic distillation process.
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an adsorption process. 25 31. The nethod of claim19 wherein the

non- menbrane process of step iii) is a catalytic distillation process. 26
15 Aug 2005 32. The nethod of claim 19 wherein the sul fur geAusheos
retentate fraction contains fromabout 50 to about 90 wt % of olefin
conpounds present in the initial feed. 33. A nethod for |owering the sulfur
content of a naphtha hydrocarbon feed 5 stream whil e substantially

mai ntaining the yield of olefin conmpounds in the feed stream said nethod
conprising i) contacting a naphtha feed under pervaporation conditions with
a menbrane separation zone, said separation zone containing a polysiloxane

menbrane havi ngsa S bietldanf cfdits 9Wre?x?{h% %El'rf&‘r' &eﬁcﬂeﬁt refehRiArctitn

sul fur-enriched perneate fraction and a sulfu deficient retentate
fracti on haufamg femsaloutif0 traboei0 wf %l of skfinltempod@ls ppasentfin shel ihitial &edl
containing greater than 50 wt % of olefin in the naphtha feed under
pervaporation conditions, said naphtha feed being selected fromthe group

consi sting of @3"gmm@ma@fd?%werﬁ@tﬁd&lﬁﬁﬂ@ﬂteﬁ{&aﬂﬁﬁlﬂhbﬂydr@ca%%ednapht ha, a
strai ght run naphtha and m xtures thereof, and conprising sulfur containing

ar omat isc W@ar@ whilp sbstantiallympintaiomgsheyield ofolafimeampeaungds inshafpe steambons and

olefin con q§ said sul fur enriched perneate fraction being enriched in
dd compris nsing
sul fur con alnlng ar ¢ hydrocarbons and sul fur containing non-aromatic

hydr ocar bons as) conpaitgding @ nhptehRpdhiiiRr peeeporatibn corRItvne Mith@ rhdhgbrand f ur
deficient regulate fraction as a product stream iii) subjecting the
sul f ur - enr | EAEAIPIORD &01d SERAFRIION GANG ONIRINiREA PRAYAPEATE mez@rgwd@@@g ato reduce

il cont it ) SRR ECARMRRIE I IR ORIt
defi cimnt deficient retentate fraction having a sulfur content of less than 100 ppm of sulfur and
containing greater than 50 wt % of olefin in the naphtha feed under pervaporation
conditions, said naphtha feed being selected from the group consisting of a light naphtha,
an intermediate naphtha, a coker naphtha, a straight run naphtha and mixtures thereof,
and comprising sulfur containing aromatic hydrocarbons, sulfur containing non-aromatic
15 hydrocarbons and olefin compounds, said sulfur enriched permeate fraction being
enriched in sulfur containing aromatic hydrocarbons and sulfur containing non-aromatic
hydrocarbons as compared to the naphtha feed;
ii) recovering the sulfur deficient retentate fraction as a product stream;
iii) subjecting the sulfur-enriched permeate fraction to a non-membrane
20 process to reduce sulfur content; and

iv) recovering the reduced sulfur permeate product stream.

34.  The method of claim 33 wherein the sulfur content of the sulfur deficient
fraction is less than 50 ppm.
25
35.  The method of claim 34 wherein the sulfur content of the sulfur deficient

retentate fraction is less than 30 ppm.
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fraction is less than 50 ppm 25 35. The nethod of claim 34 wherein the

sul fur content of the sulfur deficient remants fraction is |less than 30
ppm 27 15 Aug 2005 36, The nethod of claim 33 wherein thelgﬁgg f eed
streamis a cracked naphtha. 37. The nethod of claim 36 wherel e napht ha
is a FCC naphtha. 5 38. The nethod of claim 37 wherein the naphtha is a FCC
| i ght cat naphtha having a boiling range from about 50C to about 105C. 39.
The net hod of claim 33 wherein the naphtha is a coker naphtha. 10 40. The
met hod of claim 33 wherein the naphtha is a straight run. 41. The nmet hod of
claim 33 wherein the sulfur deficient retentate fraction conprises at |east

70 wt % of the ot alyl fhorkt o 3T Al BRTainglRd alh iaeRigy e

non- menbr ane process 0O eat 1 ng process. The

met hod of maplsthan 33 wherei n t he non-nenbrane process of step |||) |s 20 an
adsorption process. 44. The nethod of claim 33 wherein the non-nenbrane
process of step iii) is a catalytic distillation process. 25 45. The nethod
of claim 33 whapei nmbﬁle%mdfdfrclaﬂﬁfswlﬁfanth%@;mtﬁgﬁafm,eﬁalfma contains from
about 50 to about 90 wt % of ol efin conpounds present inthe initial feed.

28 5

38.  The method of claim 37 wherein the naphtha is a FCC light cat naphtha
having a boiling range from about 50°C to about 105°C.

39.  The method of claim 33 wherein the naphtha is a coker naphtha.
10

40.  The method of claim 33 wherein the naphtha is a straight run.

41.  The method of claim 33 wherein the sulfur deficient retentate fraction
comprises at least 70 wt % of the total feed.
15
42.  The method of claim 33 wherein the non-membrane process of step iii) is

a hydrotreating process.

43.  The method of claim 33 wherein the non-membrane process of step iii) is

20  an adsorption process.

44.  The method of claim 33 wherein the non-membrane process of step iii) is

a catalytic distillation process.

25 45. The method of claim 33 wherein the sulfur deficient retentate fraction

contains from about 50 to about 90 wt % of olefin compounds present in the initial feed.
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15 Aug 2005 46. A nmethod for lowering the sulfur content of a naphtha

hydr ocar bon feed stream while substantially maintaining thelSyAegd0®% ol efin
conpounds in the feed stream said nethod conprising i) contacting a

napht ha feed under pervaporation conditions with a nenbrane 5 separation
zone, said separation zone containing a polyurea urethane nenbrane having a
sufficient flux and selectivity to separate a sul k-enriched perneate
fraction and a sulfur deficient retentate fraction fraction having a sul fur
content of less than 100 ppm of sulfur and containing greater than 50 wt %
of olefin in tHeé naphhéthod foetbwenidge thepelfwapotesitaf @maphtbmidrocarten feedi d napht ha

feed being, selected . fromthe.group consisting of a light n tha, 10 an

|t er mrech SRS B Ssad A i taR oty St Grrrtunds R IBRLER ni xt ur es
thereof, s@achefARLIPLSAg SUl fur containing aromatic hydrocarbons, sul fur
cont ai ni ng non-aromatic ~hydrocarbons and ol efi n conpounds, said sul fur
enriched permedt e f rendadtiogapephtiep feedwridetrervappragon ¢anditivos with aimegpbaansnat i ¢
hydr ocar bons ar}d sul flér. cont i ni n non.—aromatli C hgtggn%caé bbornse as. conpar ed to
the napht ha PR&IN 2PBS Spifl STRatalion ¢pieFOpRINE A ROHFeE PR RemRte P E 4 r act i on
as a produGhffiidneAiR ard selecthHiyjt6 Sdpafafe 4 BfuSetricHéd mbAd fectdaaABakAfEr act i on
to a non-nenbrane process. and iv) recovering the reduced sul fur perneate

product st rdeipientzerenste frppéomfsackiorhayingsd eilfir erptohellessthanid0 pamrafsuldsnt ent  of
of o ai m 47 ohe il are® P30S o S e PRy 139 Tnd pBO By, 20T, o8 1 °

of claima47 Wierein ar con e sulftu action is
| ess t han 3@ndifichs, $4d ddphthhifecdbeingaeleqiéd fdmitha gtobupdoasisting dfladighegaphiia, f eed

streamis a cracked naphtha. 50. The nethod of c¢lai m49 wherein the naphtha
is a Béc n ﬁﬁ@tﬁl&r_]edlate naphtha, a coker naphtha, a straight run naphtha and mixtures thereof,

and comprising sulfur containing aromatic hydrocarbons, sulfur containing non-aromatic

hydrocarbons and olefin compounds, said sulfur enriched permeate fraction being

enriched in sulfur containing aromatic hydrocarbons and sulfur containing non-aromatic

hydrocarbons as compared to the naphtha feed;

15 ii) recovering the sulfur deficient retentate fraction as a product stream;
iii) subjecting the sulfur-enriched permeate fraction to a non-membrane process:

and

v) recovering the reduced sulfur permeate product stream.

20 47, The method of claim 46 wherein the sulfur content of the sulfur deficient

retentate fraction is less than 50 ppm.

48.  The method of claim 47 wherein the sulfur content of the sulfur deficient
fraction is less than 30 ppm.
25
49.  The method of claim 46 wherein the naphtha feed stream is a cracked
naphtha.

50.  The method of claim 49 wherein the naphtha is a FCC naphtha.
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29 15 Aug 2005 51. The nethod of claim50 wherein the naphtha is a FCC

| i ght cat naphtha having a boiling range from about 50C to about 105C 5
52. The nethod of claim 46 wherein the naphtha is a Coker naplgdsgos 53. The
met hod of claim46 wherein the naphtha is a straight run. 54. e met hod of
claim46 wherein the sulfur deficient retentate fraction to conprises at

| east 70 wt % of the total feed. 55. The method of claim46 wherein the
non- nenbr ane process of step iii) is a hydrotreating process. is 56. The
met hod of claim 46 wherein the non-nenbrane process of step iii) is an
adsorption process to reduce sulfur content. 57. The nmethod of claim46
wherein the the non-nenbrane process of step iii) 1is a catalytic
distillation process. 20 58. The nmethod of claim46 wherein the sul fur
deficient reteft.at eThe methodof clainnf@ivhereinrthemaphchatis & FCCOlighd cattnaplithavt % of

ol efin conpaunds present _in the [nitial f .. 59. The nmethod of claim!]
further cgﬁ’ﬁngﬁ?ﬂg‘n%BarFBFﬁﬁoﬂ’gabPH @GIW%"“&E&%&' ent 25 retentate product
stream and the reduced sul fur perneate product stream 60. The nethod of
claim6 further conprising conmbining the sulfur deficient retentate product
st reamsand t he52.edutkeimsihbd of clpien A@whercirtbelnaphthatis @ aoker 3aphtha. Aug 2005 61.

The nmethod of claim 19 further conprising conbining the sul fur deficient
retentate product stream and the reduced sul fur perneate product stream 5

62. The met hodsof CciTRé Meddd boEhieas GRBRIN the REphBRATPh Birdighttrae sul fur defici ent
retentate product stream and the reduced sul fur perneate product stream
54.  The method of claim 46 wherein the sulfur deficient retentate fraction

10 comprises atleast 70 wt % of the total feed.

55.  The method of claim 46 wherein the non-membrane process of step iii) is

a hydrotreating process.

15 56.  The method of claim 46 wherein the non-membrane process of step iii) is

an adsorption process to reduce sulfur content.

57.  The method of claim 46 wherein the the non-membrane process of step iii)
is a catalytic distillation process.
20
58.  The method of claim 46 wherein the sulfur deficient retentate fraction

contains from about 50 to about 90 wt % of olefin compounds present in the initial feed.

59.  The method of claim 1 further comprising combining the sulfur deficient

25  retentate product stream and the reduced sulfur permeate product stream.

60.  The method of claim 6 further comprising combining the sulfur deficient

retentate product stream and the reduced sulfur permeate product stream.
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63. The nethod of claim 46 further conprising conmbining the sulfur deficient
retentate product stream and the reduced sul fur perneate product stream to
64. A nmethod for lowering the sulfur content of a naphtha hyd{gesgjson feed
stream whil e substantially maintaining the yield of olefin conpounds in the
feed stream said nethod conprising i) contacting a naphtha feed with a
menbr ane separation zone, said separation 1is zone containing a nmenbrane
having a sufficient flux and selectivity to separate a sulfur- enriched
perneate fraction and a sulfur deficient retentate fraction, said sulfur
deficient retentate fraction conprising at |east 50 wt % of the naphtha
feed and less than 30 wt % of sulfur in the feed and having a sul fur
content of less than 100 ppm of sulfur and containing greater than 50 wt %
of olefin in the naphd hathbeefclaindky fuphker¢amprisig combifing dredulfurateficiestai d
menbrane having a sul fur enrichment factor of greater than t.5, said

napht ha f &dentaepiogue stream angl the eensed sulbrpepnealstodict 528 a | ght napht ha, an
internedi ate naphtha, a colter naphtha, a straight run naphtha and m xtures
t hereof, and conprising sulfur containing aromatic hydrocarbons, sulfur
cont ai i ng noné2ar onfhé methyd pHdan3farthardmptighg contompg thedslfursieficiestul f ur

enri ched gerneate fractiogﬁfgig& enriched in sul fur 25 containing aromatic
hydr ocar b&Aeaiparodugt sigant ik the Froneed SWHUr ReBRRgls RIOHGHSUS8Mr bons as  conpared to

t he naphtha feed; ii) recovering the sulfur deficient retentate fraction as

a product stregs iThdmelUbi eﬁéléiﬁmaﬂnﬂhalébﬁlyﬁsi@gwdnmm%ﬂ@rsm@t@ﬁéiemti on to a
non- menbrane process to reduce sulfur content; and 30 iv) recovering the

reduced sugténiate prodvgs sreanpinsithe reduged sulfyr pegueate product stream.

10
64. A method for lowering the sulfur content of a naphtha hydrocarbon feed

stream while substantially maintaining the yield of olefin compounds in the feed stream,
said method comprising
i) contacting a naphtha feed with a membrane separation zone, said separation
15 zone containing a membrane having a sufficient flux and selectivity to separate a sulfur-
enriched permeate fraction and a sulfur deficient retentate fraction, said sulfur deficient
retentate fraction comprising at least 50 wt % of the naphtha feed and less than 30 wt % of
sulfur in the feed and having a sulfur content of less than 100 ppm of sulfur and
containing greater than 50 wt % of olefin in the naphtha feed under pervaporation
20 conditions, said membrane having a sulfur enrichment factor of greater than 1.5, said
naphtha feed being selected from the group consisting of a light naphtha, an intermediate
naphtha, a coker naphtha, a straight run naphtha and mixtures thereof, and comprising
sulfur containing aromatic hydrocarbons, sulfur containing non-aromatic hydrocarbons
and olefin compounds, said sulfur enriched permeate fraction being enriched in sulfur
25 containing aromatic hydrocarbons and sulfur containing non-aromatic hydrocarbons as
compared to the naphtha feed;
ii) recovering the sulfur deficient retentate fraction as a product stream;
iii) subjecting the sulfur enriched permeate fraction to a non-membrane process
to reduce sulfur content; and

30 iv) recovering the reduced sulfur permeate product stream.
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