;| }e3efc$. 6, TFM ~3 ~ WO 12/ OG~; 2' | PCT/ US(1 1/ SQ(r2-4 REMOVAL OF THI OPHENI @ |
SULFUR FROM GASCLI NE BY MEMBRANE SEPARATI ON PROCESS r [0001) The present
i nventi onwiglakeset 0 the separation of sul fur conpounds fpemRYPERSAr bon

m xtures using a non-ionic nmenbrane. BACKGROUND COF THE | NVENTI ON [ 0002]

Sul fur conpounds are inpurities in gasoline that conprom se vehicle

em ssion controls by poisoning the cataiytic converter. In an effort to
further decrease em ssions, the U S. governnent has recently proposed a

nati onw de reduction of 0aSQ | evel s at 300-1000
ppmto an average of 30 2 bi} é\:&?&]ﬁ g‘gﬁjﬁwa 1 1999).

Gasol i ne prodJdadOM G : : @Mﬂ@ﬁﬂm&he u. S

" woul d be expected to conply by the year 2004. [0003] Presently, the
conventional process for reducing sulfur content in gasoline involves
hydrotreating in which sulfur conpounds are conmmmmﬂmmﬂm’ﬁmmi | e hydrogen
sul fide and ot her_organj j S..energy iIntensi equiring

el evat ed tId , 1s expensive for«@bhsai ni ng the proposed

| owered sul fur levels. Alternative processes with nore efficient
sul furreduci ng technol ogy are needed to nmaintain progress toward cl eaner

bur ni ng f#ggtm d[sog?lé%prg&‘ﬁt Ha&nAbn %ﬁggw&é&gﬁfﬁwnmm@ehwndén whi ch

sel ect co r-types or conpounds can beé separated from'an organic

m xture byfrGeHEeédLPonh Biikees dii@aRoarienichasmbesie. r easonabl y wel |

devel oped. WO |12/ 01.152") -2 ‘PCT/ USOL/ 5012. 1 Separ ation processes that
i ncor porate nmenbranes present an attractive option for |arge scale

treatment of petrol eumfractions becTause of their inhe ' iR e ty,
it abND OETURINVERHON  ooos]  yp <l AR
separation processes rely on the affinity of a specific conpound or class

of conpounds for the nenbrane. In this way, the corrponents*l ¥ mi xture

Wi th speci [I}ﬁ(fz]af f ggg\ﬁ( e 8&%@% %{E?&@g@ﬁewﬂ astHine thatv&Iniproffife Petielet he

menbr ane. e’'sor conp ( _ or perneate, through the nenbrane
and are r epNEEnUdnids BPRERbARgIhé eatalydididonvaitedM Infull éMei t6 furdlesrmeat ed

compounds from the nenbriahe mai ntains the driving force for the separation

process. Rk cafisqiendiebd B0S.qruvemmetst Has resamlyl propostdea patidnwvide

pervaporation or persfiraction nmethods. Pervaporation enploys a vacuum on

the per meaedustiateobsulfuranrgasehinmbony anmnt gy alhat He-A86Q BRMADATANERET n

gase0uS { O Gl TR 15y 13,198 TGRSR ShASAIR, SRt ot Y
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.



[ 0006] The chem cal properties of the nenbrane dictate the type of
conpounds that have affinity for it. Sonme types of nenbranes are conposed

of chargeg shaiisgl groups and are therefore considered i @izfsol Qu()%pntrast,
noni oni ¢ menbranés are nade fromthose materials | acking char geo{‘ chem cal

groups. Chem cal affinity is usually governed by the hydrophilic or

hydr ophobi ¢ nature of the nenbrane material. Hydrophilic nenbranes have

affinity for water or other polar conpounds. Hydrophilic menbranes include

both ionic and non-ionic nenbranes. However, the non-ionic nmenbranes

generally contain polar chem cal grogps such as hydroxyl, carboxyl,

sul fonyl, carbonyl, or am ne groups. Exanples of hydrophilic non-ionic

" menbranes incl ude pol yvinyl al cohol VWO 02/ 00529 -3 PCT/ USI | 1/ SO( ~2- |

(PVA), cellul ose acetates, and pol yvi nyl am ne. Hydrophobi c nenbranes, on

, the other hand, have little affinity for water or pol ar conpounds and
gener al |Separationqrrogesseathat ancorpplatgmepbrancsPrefent AR AHESIYE OPEIPRA heni cal

groups. Exanpl es of hydrophohic ranes incl .pol,yet hyl eng .and

pol ystyrléligé’.Scﬁbdﬁﬂtmﬂxwgﬁetvﬂ??@t%&gpnﬁg’ﬁgz?‘%?ﬁiogqﬁgﬁﬁ‘?%’?ﬁgg SNQP/@CI gen used in
separation proce 5, 905, 182, 5,019, 666, 4,997, 906,
4944, 880",6@??%]%2,%;3?"”4&?3@,’ g@%&%&ptg@ 271, a288,712, 5,635, 055, 3,556,991,
3,043,891, and 2,947,687 denonstrate the separation of aromatics from

hydr ocarbon m xtures using a variety of non-ionic nenbrane materials.
Non- i oni[gogegmbr Eppikalipviacalbsmdsparativacrocesseeredy parthe affinitfofer omat i cs
contai ni ng heteroatons from hydrocarbon m xtures as disclosed in U S.

Pat ent Npscifis, coafoiud ardas, EIeOngxemdy fier thesnembrancodadhisaranthe however,

di scl ose nmenbrane separation_processes directed to the geperal. separation
of ar oMECMPEPNEALS mnw@ﬁ%wlwpﬁgiff@fﬁﬂmfw H}?d}lﬁlahé%}ecwﬁg%?%’{@ ~10008]

Th d dat I | f I .Sp | i de it

o at 1398 P, B AbvBCaner dHqetb e atPayral oG H3RReE MR Ton of
trol f ' - af f ' t | | f

Cont ont ka8 nd ArERio iR fle GRELE I Kherly LAFLA O '

| AUSE 1 oor SUMMARY BTG £ YR R0t heuiviigoforeionties 10 ¢ he

separation o fur conpounds fromliquid hydrocarbon m xtures using a
non- i oni ggpamtibn precesTh R emeoval afi penagatédcamppusdsisafsually ackinvédby ¢ mat eri al
that preferentially pernmeates sul fur )

pervaporation or perstraction methods. Pervaporation employs a vacuum on the

permeate side of the membrane, removing the permeated compounds in gaseous

form, while perstraction employs a liquid sweep stream, continually washing

away permeate.

[0006] The chemical properties of the membrane dictate the type of
compounds that have affinity for it. Some types of membranes are composed of
charged chemical groups and are therefore considered ionic. In contrast, non-
jonic membranes are made from those materials lacking charged chemical
groups. Chemical affinity is usually governed by the hydrophilic or hydrophobic
nature of the membrane material. Hydrophilic membranes have affinity for
water or other polar compounds. 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



WO 02/11(a;29 -4 PCT/11S(11/SIl(~2-4 conpounds over hydrocarbons. Preferred
menbrane materials are hydrophilic. The nethod of separation includes

contact i ng,#degyhd hydrocarbon nixture containing sulfur peqQRRGYERSs W t h
t he menbrane ‘and "al | owi ng perneation of the |iquid hydrocarbon m xture

t hrough the nmenbrane creating a sulfur-rich fraction and a sul fur-1|ean
fraction. [0010] The present invention provides a nethod of separating

sul fur compounds froma liquid hydrocarbon m xture using a hydrophilic,
non-ioni ¢ nmenbrane, said liquid hydrocarbon m xture containing at |east one
sul fur conpound and hydrocarbons, conprj.sing the steps of: (a) contacting
said liquid hydrocarbon m xture with said nenbrane; (b) selectively

" permeating said sul fur conpounds of said |iquid hydrocarbon m xture through
said nmenbrane formng a sulfur-rich perneate and a sulfur-lean retentate;
and (c) retrieving said sulfur-rich permeate and sai d sul fur-|ean

" retent at e. (IBRAEReDERORRPAREN, OF Felyvimiamines Hyslwonhotit gagrabrangs, jondhe at es
the results _of pervaporative sg&gration experiments at 11 S C Uﬁ

aut hent i c o%er baul, haya ligle HEmyT AHIETOTROMI CORPBES andigegerals. ack’ WO
12/ 11 29 PCT/.Usul/ 1&~ -5 012 i 2. 111 f

L Vlapé?% ox orain el A ppsiich hERTGbed of Bt hbinich? Bl AR L° 0

Ot 1 T EoRRGhiE nEBEARE iR p oty Syfehbann BoBRLBhEL T © 8,15 &

conpounds using a polyimde nenbrane. [0014] Figures 4a-4d illustrate the

increase in perneation selectivity for thiophene as a function of

i ncreasi ngjooenper & wide usiiety of noarbnEnmembrpres hang bewPusdduEpamtigor e 5

illustrates one enbodi ment of the process of th,e%%resent i nvention for the
|

separ at i onprsfcessehldSoPatanbNasi 19056l §2n 6§ 18,060y H6aA844880ur | ean
Lract’ ons 43199,8, 1802/08% 4 98812388 5 635,035, 5 856,047 3547 B, ERRED
and 2,947,687 demonstrate the separation of aromatics from hydrocarbon
mixtures using a variety of non-ionic membrane materials. Non-ionic
membranes have also been used in the separation of aromatics containing
heteroatoms from hydrocarbon mixtures as disclosed in U.S. Patent Nos.
5,643,442 and 5,396,019. The aforementioned patents, however, disclose
membrane separation processes directed to the general separation of aromatics

and non-aromatics using mainly hydrophobic membranes.

[0008] 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.

SUMMARY OF THE INVENTION

[0009]  This invention relates to the separation of sulfur compounds from
liquid hydrocarbon mixtures using a non-ionic membrane. The membrane may

be composed of any non-ionic material that preferentially permeates sulfur



[0016] As used herein, "liquid hydrocarbon m xtures" refers to both
synthetic m xtures and authentic oil refining fractions, each of which
contain syl fur ounds. Preferable Iiquid hydrocarbon mx; slof!l ude
FCC gasol#ﬁ%&(mgggfes and |ight cracked naphthas (LCN). Hfgﬁggﬁﬁﬁggg in the
m xture enconpass aliphatic, aromatic, saturated, and unsaturated conpounds
conposed substantially of carbon and hydrogen. Preferable hydrocarbons are
conpounds that are conmonly found in oil refining fractions including, but
not limted to, benzene, toluene, naphthenes, olefins, and parrafins. The
sul fur conpounds in the |iquid hydrogcarbon m xtures may be in any
concentration, but very low | evels WO U2/ 16~s29 -6 PCT/L;SIII/SlI1 &~ of

* fromabout 1 ppmto about 10,000 ppmare preferred. Also the term "sul fur
conmpounds”™ means inorgani c or organi c conpounds conprising at |east one

sul fur atom Preferably, sulfur conpounds are thiophenes and derivatives

"t her eof . cqropamidsteven dydracerteing, Prefgmed magmbranegnategals are hpdisphilion of t he
n.mxture that diffuses acros rane. "retentate"”

l'iquid hyd b d

r Ie? glr s tﬁhé g%’%rb‘b(%f ghrapptiqnHaciudes, PONtRGHRS A1y h?ﬁrggﬁf 8ntrﬂ‘é‘$1nr80es not pass
th h t he .nenb . A i t.h " .de’ . to that
BT R CH R A T R
side” r ﬁ%@ﬁa m&mso@hﬁ'?w?é t}fr@@grﬂfrﬁgﬁéﬁﬁrm GBatwfNh SElSr-£HBR flafighd

hydr oca ure. Furthernore; term"sulfur-rich” nmeans having an

I ncr easeghCHBLEGE-1cah fEddtibdr relative to the |iquid hydrocarbon m xture, and
"sul fur-lean" neans having a decreased content of sulfur relative to the

| i qui d hydrocarbon m xture. [0018] As used herein, "hydrophilic" means
having an affinity for water or polar conpounds. Additionally, "ionic"
means hal@0h@) acildiepresent iavepsian prevideap metbod of seraratingsyldyi ¢ neans havi ng
neutral chem ca roups. .[,Q019 ccording ta th resent invention,

" nenbran%"@?%‘ﬂ%‘iﬁ'g?@ %ﬁﬁlﬁhgﬁééf@?bﬂn Q"H?lg%’%%‘ggta r‘fﬁ'@ﬁ%’r%‘?ﬂ'}oé’llcfy separ at es
sul fur co unds from l.i;qui [0 e ) ne systemis
single-§P§§§Ha%%ﬁ?gﬁﬁbﬂg%&ﬁgmﬁe npé%éﬁﬁ%gﬁﬁéﬁﬂgfaﬁﬁ%ﬁ?Pgﬁggég cont ai ni ng
nor e t hatygR ﬁ@&%ﬁ?&o@&%‘i&h?,-co}ﬁm festeplof:e” refers to a menbrane
assenbly cohprising a nmenbrane, feed and perneate spacers, and support
material, assenbled such that there are at |east two conpartnents separated
by the menbrane. The nenbrane  VI1-'O 112/116529 PCT/ USQL/ Sl | G2-4 nodul e
may be any wofRabl eontectingsaidliquid kydracarbon maixturheath saidmembranger s, or
spiral -wapped. [0020] The liquid hydrocarbon m xtures treated by the
present invention enconpass both synthetic m xtures and authentic oi

fini f i h,of whi ch i | f d
hydr ocar bone. By o SSIFaE4Y hertPaRasgit fly it i TSR, (acol i ne
m xt ur esy afde b gty '%%H%u@ﬁggfcglgefrﬁogﬂ)e fo%n%ﬁ'sﬁ%r—ﬁ%ﬁ%%@ﬁeiﬁdt he

| i qui d hydrocarbon m xtures“nmay I'n any concentration, "but levels of from
about 1 ppatfiRlcaAGeienidle; I ppm are preferred, and levels of from about 10
ppmto about 4000 ppm are nore preferred. The sul fur conpounds can al so be
of any type, including inorganics, however organic compounds are preferred
and t hi ophenes and derivatives {hereof are nos pref?ﬁr d. F%Frocarbons in
the mxture et®onprEEcwng saishsudfurHi meatesgnd said spllugifangreniaiFat ed
conpounds conposed essentially of carbon and hydrogen. Preferable

hydr ocar bons are conmpounds that are comonly found in oil refining

fractio e iy “-ﬂnfﬁig‘ﬁTﬂﬂﬂgrature and pressure, including,
but notqﬁﬁ#&ﬁi@£§§§£€§i§@§t§ﬁ%J trerre, - maphttrenes, ol efins, and paraffins.
[002i] According to the nethods of the present invention, the nenbrane
separation of sulfur conpounds fromthe |iquid hydrocarbon m xtures

~i nvol ves|gohg] selRighteveilhgtransthoresults odiptfwaporatjvesfepsnatibnrexperpentsds

t hrough a nenbrane. Generally, but not always, selective sorption of
conponenits] f °@ usingt antkeritie B3 3G FF gasdlina feed andiarmembegne ¢ENR@HPBnent s f or
t he nenbrane. Conponents with greater affinity for the nmenbrane generally
per meat ePN8re rapidly. Thus, in the present invention, non-ionic nmenbranes
whi ch have affinity for, or preferentially perneate, sulfur conpounds
usual ly are preferable. Hydrophilic




WO 02111 G 4;29 g PCT/USII 1/ al162~ non-ioni c nmenbranes are nost

preferred. One way to define the hydrophilicity of a polynmer material is to
nmeasur e tGQN ngk%bng (percent wei ght gain) of that polynegc%nﬁ@/g%grocarbon
sol uti on such as gasol i ne. Hydrophilic polyners will gain muc 1885 wei ght
conpared to hydrophobi c polyners. Exanples of such hydrophilic, non-ionic
menbrane materials include, but are not limted to, cellulose triacetate
(CTA) and pol yvi nyl pyrrolidone (PVP). Hydrophilic properties of the
menbrane apparently enhance the selectivity of sul fur conmpounds which are
usual |y nore pol ar than hydrocarbons. _.furthernore, the PVP and CTA

menbr anes show a surprising, but desirable, sinultaneous increase in flux
“and sel ectivity upon increasing tenperature of feed. This result is in
contrast to what has been observed for hydrophobi c nmenbranes, such as

pol yi m des, under_simlar conditions which usually show a decrease in

" sel ectivi {012hd aRiguse RaHusirates the ggsukistof NEREROAAN YiySERBRAIONGXPEEMIED 22] The
present invention i.s related é@ abggesse f?r t he, separati on of .sul fur
conpounds at § bin’Ci uping) antpantie 4883 AAGPERe Altgane,eQBPHFBgesses, a
liquid hygﬁﬁﬁarbon m xture is divided into a sulfur-rich fraction and a

sul fur-le raction using a nenbrane system The sulfur-rich fraction, or
sul fur-rich pernmeate, corresponds to the portion of the |iquid hydrocarbon
m xture that diffused through the nenbrane. The sulfur-lean fraction, or

sul fur | eago1spt enFRhRe 3G9 bIcoapRRIR eleXahiipde ﬁhjshia@iﬁé(lﬁe t1gtivdlgpodr hydr ocar bon
m xture that does not pass through the nenbrane. Either fraction may be
opt i onal | yeparative df agHuncanpoepsatset y polyimiddmesdpaneat i ng menbr ane process
for further purification until desired sulfur |evels are achieved.
Preferably, the sulfur content in the sulfur-lean retentate is fromabout 1

ost prof Ay F%”&%”%%ﬁd?ﬁﬁ%%ﬁé“ﬁkﬁe&%%é i pga R bty Bl 1) soe2. 4
50 . T - . . j
R e R s e R i i e

woul d und conventional hydrotreating for further sulfur renoval. [0023]
The menbrane 'system of the separation process can be single-staged such
that it is conposed of one nmenbrane nodule, or may be nulti-staged such
that it is conposed of nore than one nenbrane nodul e. Each nodul e has at

| east two [e@iShar t Figure Ssllpsirates anhegmbodimyented the procgsrobthedqipiont t he

assenbly conprjsing a nenbrane, feed spacers, and su rt .material..

Merbr ane ABRItOS @éﬁh%ée%‘}/thlb‘é%%ﬁ)é&oég ?@W%‘H&bgbﬁ&rﬂéﬁﬁﬁﬂﬁﬁgﬂ ow
fibers, stretched flat. sheet,. or npr rably, spiral-wund envel opes. In the
spi ral wou %arbﬁ'ﬁ?til%rfﬁ'éﬁlp%ﬁ,nopﬁgngprgﬁl%bfwgs of nenbrane envel opes are
positioned and seal ed over a perneate receptacle such as perforated piping.
The envel opes are spirally wapped around the receptacle to mnim ze

vol ume. FOPRTAIAED DESCRIPSHON OFPREFERRECEMBODIMENTSet ti ng or
nyl on nesh, separ at e € nmenbr ane envel opes to allow penetration of the

| i qui d hydrocarbon m xture between the wapped |ayers. The interior of each
menbrane envel ope is fitted with a pgrrre te spacer, to cha nehﬁyetherreate
toward t hd00ksdept Aslused hieciperliid By drosarion KBRS o sefersio BotAgyRIEUE { hat

is flexible, , d.i t h .pol t ep. hi , d of

{1 exi bl e. mivares audanfimiody! e BRTHE SabSbMR R pace, © °

inside th i i it f th

b ane. SOUTRUES; PO R RIBCHLOH TRk Bos AL FOL LBbRHE Y ces
certain qugidnlie8antidht Beddked naphiaas (IVENY. Hydrocarbons in the mixture

encomipass aliphatic, aromatic, saturated, and unsaturated compounds composed

substantially of carbon and hydrogen. Preferable hydrocarbons are compounds
that are commonly found in oil refining fractions including, but not limited to,
benzene, toluene, naphthenes, olefins, and parrafins. The sulfur compounds in

the liquid hydrocarbon mixtures may be in any concentration, but very low levels



process for separating sul fur conmpounds fromliquid hydrocarbon m xtures.
In addition to selectivity for sul fur conpounds, desirable nenbrane

qual i tiesywo Wiidd2/ (1C~ 29 -10 PCT/ 11 S01 /012 i ncl ude reajc%; ALk P
operative concii tions such as thermal stress, sustained hy raulllc‘pressure,
and prol onged contact with organic chem cal m xtures. Menbrane thickness
may vary from about 0.1 mcrons to about 200 m crons, but thinner nenbranes
are preferred for maxi mum flux such as, for exanple, menbranes having a

t hi ckness of about 0.1 microns to about 50 microns, or nore preferably,
about 0.1 mcrons to about 1 m cron._.d-0025] The nenbranes may take any
conveni ent for known in the art. The preferred formis a conposite

" menbrane, that is, a nenbrane having nultiple | ayers, such as are made by
Menbrane Technol ogy and Research, Inc. of Menlo Park, California. Mdern
conposite nenbranes typically conprise a highly, pernmeable b | atively

" non- sel eef from aHoi d e e a@%ﬂ@s(ﬁ)m,aa@]gge WP@hAAF%&e&SQn#EéB[éﬁi cal
strength, coatr}e‘g,,with at | east one t.hin sel eati Ve Ia‘fJer tqf ?nﬁ%her

mat er i al COMPOYIKS  pReANsARorguls QTHEBHYR COBIRCE IR YHPEERINE & B Yikr, that is
primaril esponsifl . ' i ypi cal ly, but
not nece%glg‘]rial? ,l' sﬁglﬁeréﬂ&bérlgﬁléisc?gwr@h ?g%egﬁl?@ﬂ{ne&alggﬁgghgglg%h%n-casti ng the
support gRpRyane, then solution-coating the selective layer. General
preparation techni ques for nmaking conposite nmenbranes of this type are well
known and are described, for exanple in U S. Patent 4,243,701 to Riley et
al., incorporated herein by reference, and in U.S. Patents 4,931,181 and
4,963, 16017 MIRs vded hefreinh | phmwate”iratess pothetpaftione{dhe ligyidr ef er ence.

[ 0027] The_ m croporous suppqcirg_gu menbr ane shqul d ha(\{g a flow resistance that
i s very Rydprarbenpairdercithat HEUsRSAfERISIEMPIRRS 8RC HEale e {Spor t

i . deedorson B ghe Higesimniohathygm P (985 o Bt SWRRB R TSl 7" oyer

The ki B, ol SUCRSRMALAD Shehamehdul AL rdfBR /that Raebend! v the pores

inthe s ayer''s Ss than 1 mcron in dianeter, to enable it to
be coat egheidrin@ofl $iR6h pbhBcatdeoINERS atd thearehnyeetentXet vide? sefehsab thaty be used

to formthe mcroporous” support nmenbrane include polysul fone,
side of the membrane which contacts the liquid hydrocarbon mixture.
Furthermore, the term “sulfur-rich” means having an increased content of sulfur
relative to the liquid hydrocarbon mixture, and “sulfur-lean” means having a

decreased content of sulfur relative to the liquid hydrocarbon mixture.

[0018]  As used herein, “hydrophilic” means having an affinity for water or
polar compounds. Additionally, “ionic” means having acidic or charged

chemical groups and “non-ionic” means having neutral chemical groups.

[0019]  According to the present invention, “membrane system” is a
component of a process that preferentially separates sulfur compounds from
liquid hydrocarbon mixtures. The membrane system is single-staged containing
one membrane module, or multi-staged containing more than one membrane
module. “Membrane module” refers to a membrane assembly comprising a
membrane, feed and permeate spacers, and support material, assembled such that

there are at least two compartments separated by the membrane. The membrane




pol i m de, polyvinylidene fluoride, polyam de, polypropylene, or

pol ytetraf| uoroet hyl ene. j0028] The support nenbrane is typically

rei nforceg ing it on a fabric web, nmade of polyester., . .forl npl e.

[ 0029] Cpﬁﬁﬁ%gﬁﬁé? t he menbrane may al so i ncl ude additiongFTﬂgggfg?ﬁsuch as
a gutter |layer between the m croporous support nenbrane and the selective

| ayer, or a sealing layer on top of the selective |layer. [0030] The
menbrane system can be operated under either perstraction or pervaporation
conditions. Under perstraction conditions, a |liquid sweep stream passes
across the perneate side of the nenbrase, dissolving and renoving perneated
sul fur conpounds. In this manner a concentration gradient is maintained,

" driving the transfer of sulfur conpounds fromthe retentate side of the
menbrane to the perneate side. The sweep liquid preferably has affinity

for, and is mscible with, t per peat ed conponents. Under vaporation
" condi t i ondNoGnIg ZpaN bs ?@’W@Flﬁgge Sﬂn{{g‘g%% ﬁ%‘g{) & g?‘@eﬁ’%@ﬁ]@“})ﬂﬁ Pelfe, thus
renovi ng perrTEate as, a vapor and sustaining the driving force with a
pressure dPHPEMEARRSY . The vapor is cool ed and condensed to a liquid and

may be optionally heated prior to delivery to subsequent nmenbrane nodul es.
A detail ed discussion of perstraction and pervaporation can be found in

Nermbrane _ 1o¥0) U2/ €hd idfid BiBEibloh Sikhired ool bsanglpeedent Whniialp and K K
S.,

Sirkar, Chapman ‘and Hall, 1992, herein incorporated by reference.
[0031] TypincemppsOoshsynthedt miahsesandadihagti¢ oiltrbfnimgeSactionsneashtdfon depend
on several variables including menbrane separation met hod .éi .e.,

per vapor atwhighgentape pelfurgampends g dilydeocesbpiss i Rietaareddéqwdni nat i on of

e RSB FPLe S AR RS i S g

bsol vt o T an B RS R id p SRS hy & ol Be i ey HE

t enper at urc%n@%%tf'itﬂﬁ‘, Bﬁplg_%e}’s%ﬁﬁrﬁ APAH1 p?%o%bo%@qom! ;&rgﬁ BkEpfREgssdr e drop
Addi tionally, g

across the nenbrane. sone typical operati paraneters for

per vapor atandded]9 6£ 598 abbutt Iepinhas abbut 4000nipra arehret preferredbTase fl ux of
fromabout 0.5 to about 150 kg~rri'~D-1, feed tenperature of from about 20

C t o aboutsuBfdf c@npanudd cawezled bp o ey typey indbdingenonganicsshowevasasganiag from
about 1 to about 80 . j0032% Advant ages, of the present invention are
numer ous. CPPaswda Ak Prsfersed and thipphenss a0d derivatbyas thetrod 2k Most ar bon

Concens it 2P AR b AR SRS bbbl o
L e SR SRR en Ve gL | onel 1

hydr ocar bangfergisie hydrddarorsite ebiipoinéPihac fite ddiminbalys foundrinfoillefiaiirgeam and
reduced octane | osS and hydrogen consunption during the hydrotreating
process. fradtions,thaCBedi@ed at standard temperature and pressure, including, but not

limited to, benzene, toluene, naphthenes, olefins, and paraffins.

[0021]  According to the methods of the present invention, the membrane
separation of sulfur compounds from the liquid hydrocarbon mixtures involves
the selective permeation, or diffusion, of sulfur compounds through a membrane.
Generally, but not always, selective sorption of components of a mixture is
controlled by the affinity of the components for the membrane. Components
with greater affinity for the membrane generally permeate more rapidly. Thus, in
the present invention, non-ionic membranes which have affinity for, or

preferentially permeate, sulfur compounds usually are preferable. Hydrophilic



-13 PCT/11SU1/ 51162~ [0033] Those skilled in the art will appreciate that
numer ous changes and nodifications may be nade to the preferred enbodi nents

of the prg; j{dyention, and that such changes and nodifi QNS ORY be
made vvithgz)te(%'é}osgyti ng fromthe spirit of the invention. Ipt%qnlhiss?mt'lgg]rief ore,

i ntended that the appended clains cover all such equival ent variations as
fall within the true spirit and scope of the present invention. EXAMPLES
Exanple 1 Swelling in Gasoline to Measure the Hydrophlic Nature of a

Pol ymer. [0034] To measure the swelling (weight gain), filnms of various

pol ymers were prepared and soaked inasgasol i ne over five days at room
tenperature. Any pol ynmer which gai ned wei ght due to gasoline adsorption

| ess than 3% were consi dered good candi date for nmenbrane separation of

sul fur compounds fromliquid hydrocarbon m xtures. Table |I: Gasoline
Conposi tionLi ne #Conponent sW 1n-Paraffins (Ca - C,0)14.112i-Paraffins (G4 -
" d o) 23. 4M3dehié AfenilP4nes e apd paFéivedhOnenesy (G finahe)livdrGdtheityrat i cs (C6
- €030.58 V1-'O (12/0C~~29 PCT/USA | SO(2~ Table I1: Polynmer Swelling
(Wi ght o polymer @aateriakie to meeswedhe swelling (peneent weighit geuw| dfdhdse

Tri acet at e02Cel | ul 0se03Pol yvi nyl pynol i done2. 84Pol.yet hyl eneoxi de6. 25Pel | et ha
n 2355 OP&W@F&%QH@@Q!’WWIODC%I%S% 1 v@%ﬁ*@f@g‘? 2BiLsol ved

[0035] In.additi.on to.polyners ich _had,l es | { i i ne pol ymer
o ass ¢ 1 ryedreve gt piBaTed 0 SR BT BREPb Gk

transiti per =3 g j nce is

expect e&%@%ﬁéﬁ%—@lﬁﬁﬂaﬁg mﬁé@ﬁmﬁ}gﬂgﬁég ?hg?fecaﬁbl:[?gg{tgd [I—E@d rocar bon

M xture cle?liu%e%%émfeﬂifﬁ‘@mﬁ&Wﬁ:y%ol{d@ﬁ%QPVﬁ)gMﬁ]réplili!libus't rates the
results of pervaporative separation experinents at 115C using authentic
180- 330prgpenies v the atndndnaappmedy exhanot yhe seléqgiivityodsi sidfve (PVP) menbr ane.

These plots show the selectivity enhancenent of the organic sulfur
conpound®ngpamdsavhichare hsuadlynerei rolanian ddencarhanse Toathesmert:dhs or t he

entire nol ecul ar_wei ght range. As observed in Figure 1. the perneation
pr ef er edC¥P agd (é?ﬁdﬁg@i’%‘ﬁ_ﬁgﬁ%@ quﬂ?‘&ﬁ;ﬁ%%ﬁﬁa}?‘ﬁafmﬁﬁneﬁ ng ot her
conpounds, ar oMbl ¢Sind efLiPRy Psh Al P EmpGSArdbP et 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.

[0022 The present invention is related to processes for the separation of
sulfur compounds from liquid hydrocarbon mixtures. According to these
processes, a liquid hydrocarbon mixture is divided into a sulfur-rich fraction and
a sulfur-lean fraction using 2 membrane system. The sulfur-rich fraction, or
sulfur-rich permeate, corresponds to the portion of the liquid hydrocarbon
mixture that diffused through the membrane. The sulfur-lean fraction, or sulfur-
lean retentate, corresponds to the portion of the liquid hydrocarbon mixture that
does not pass through the membrane. Either fraction may be optionally treated
again or repeatedly with the separating membrane process for further purification
until desired sulfur levels are achieved. Preferably, the sulfur content in the
sulfur-lean retentate is from about 1 ppm to about 300 ppm, more preferably

about 1 ppm to about 100 ppm, and most preferably from about 1 ppm to about



WO 02/ OG~s29 PCT/ US(1 1/ SO~ -15 efficient separation of sulfur-rich and
sul fur-lean fractions was obtai ned using a PVP nenbrane. Exanple 3

Per meabi | | .t f Components of a Liquid Hydrocarbon M xtur [WaloM nbr ane
Conpri si nboé’l2 ‘o 037] Figure 2 illustrates the results o%cﬁs{r}g’ﬁ@%gfi ve

separation experinents at 115C using authentic 180-330F gasoline feed and a
conposite cellulose triacetate {CTA) nenbrane. These plots show the
selectivity enhancenent of the organic sul fur conpounds over each of the
aromati c and non-aromatic conmponents for the entire nol ecul ar wei ght range.
As observed in Figure 2, the perneatiom.preference for organic conpounds is
hi gher than that for, anong ot her conpounds, aronmatics, ol efins and
~paraffins. Accordingly, efficient separation of sulfur-rich and sul fur-I|ean
fractions was obtained using a CTA nenbrane. Exanple 4 Perneability of
Conponents of a Liquid Hydrocarbon M xture Using a Hydrophobi c Menbrane

- [0038] Fi gaft ppBh. i Theusttlfartkean retentptsoof the paemalbriapa separation procesnpouhlis using a

hydr ophobi ¢ pol yi m de conposite .menbrane. Fi.gur.e 3 shows th a_ hydr ophobi c
menbr ane slikdly ¢ useddn yy 'fagnﬂléﬁﬁ?%ﬁ@géﬁwlﬂiﬁ%éﬂa? B?@"é@%“ﬁﬂ"@ B}lgﬁré@ for the
perneation of the avj e ul fur (0] t he nonsul fur aromatic and
non- ar omt?@‘@&ﬂﬁggﬁ&' .ro{re %ﬁﬁﬁ%%@grﬁgﬁaaml e 5 PCT/US(I1/511C2~
Tenperature Effect on Flua and Selectivity of Menbranes Conprising PVP.
[0039] Figures 4a-d illustrate the increase in permeation selectivity for

thi ophene @ygs) a rERAScAbraRoReNbitheatparation proc3s ohn bocigdsistuged
tenperature using a nenbrane conprising PVP. Selectivities inprove upon

i ncr easi ngsichethbeiniecanposed ofamedfeénbrentoGiulEpoamnay baxmultisstagetswhses from
0.4 G-D at 80Cto 1.1 G-D at 130C. As observed in Figures 4a-d, although
the menbr athet #ds eomppsed of more Hiapswensembememedyen&ack sgbHeRrs 2has modest

Ferper at urleastiRs SBPRRAFRE SRR ] IEre ebbq SR eSO HAIEN age beyond a
temperat uraessgrfnb%}:l)’ ggmprising a membrane, feed spacers, and support material.

Membrane modules can be any reasonable size and shape, including hollow
fibers, stretched flat sheet, or preferably, spiral-wound envelopes. In the spiral-
wound configuration, the open sides of membrane envelopes are positioned and
sealed over a permeate receptacle such as perforated piping. The envelopes are
spirally wrapped around the receptacle to minimize volume. Feed spacers,
composed of materials such as plastic netting or nylon mesh, separate the
membrane envelopes to allow penetration of the liquid 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. Cushions, composed of a flexible, inert material may flank either side

of the permeate spacer inside the membrane envelope and contribute to structural

integrity of the membrane assembly under applied pressure.

[0024] The membrane possesses certain qualities to function effectively in a
process for separating sulfur compounds from liquid hydrocarbon mixtures. In

addition to selectivity for sulfur compounds, desirable membrane qualities



WO (12/11(i-4i21 -17 ' CLAIMS: PCT/USO I /sl &~ 1. A nmethod of separating
sul fur conpounds froma liquid hydrocarbon m xture using a hydrophilic,
non-ionicw%ﬁﬂmpﬁag, said Ii-quid hydrocarbon m xture contaipiR oﬁhm?FaSt one
sul fur conpound and hydrocarbons, conprising the steps of: ?a% confacting
said liquid hydrocarbon m xture with said nmenbrane; (b) selectively
permneating said sul fur conpounds of said |liquid hydrocarbon m xture through
said nenbrane formng a sulfur-rich pernmeate and a sulfur-|ean retentate;
and (c) retrieving said sulfur-rich pernmeate and said sul fur-1|ean
retentate. 2. The nethod of claim1 erein said nenbrane has | ess than 3%
weight gain in a swelling test in gasoline. 3. The nethod of claimi1
wherein said menbrane is a water-soluble menbrane. 4. The nmethod of claim1
wherein sai d nenbrane conprises polyvinylpyrrolidone. 5 The nethod of
claim1 wherein said non-ionic nmenbrane conprises cellulose triacetate. 6.

" The net hadiat rediglantcd tovipéraiive saiditiond Such satpabaldiiess, shsmptedne or a
derivative of thiophene. w0 02/0(i-4529 -1 s ) _
hydraulic 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 preferred 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.

[0025)] The membranes may take any convenient for known in the art. The
preferred form is a composite membrane, that is, a membrane having multiple
layers, such as are made by Membrane Technology and Research, Inc. of Menlo
Park, California. Modern composite membranes typically comprise a highly
permeable but relatively non-selective microporous support membrane, which
provides mechanical strength, coated with at least one thin selective layer of
another material, in the present case the non-ionic, hydrophilic polymer, that is

primarily responsible for the separation properties.

[0026]  Typically, but not necessarily, such a composite membrane is made by
solution-casting the support membrane, then solution-coating the selective layer.
General preparation techniques for making composite membranes of this type
are well known, and are described, for example in U.S. Patent 4,243,701 to Riley
et al., incorporated herein by reference, and in U.S. Patents 4,931,181 and
4,963,165 to MTR, all of which are incorporated therein by reference.

[0027]  The microporous support membrane should have a flow resistance that
is very small compared to the permselective layer. Preferred support membranes

are asymmetric, having a relative open, porous substrate with a thin, dense, finely



PCT/L! Sfl |/SUXR~ 7. The method of claim1l wherein said sulfur-I|ean

rez ﬁnéat ](ca“%onjt ai nsWLrom about 1 ppmto about 300 ppm of sulfur. 8. The

nmet hod o l\<bo Wherein said sulfur-lean retentate cont g L, about 1

ppmto about‘%%rl éfom of sulfur. 9. The nmethod of claiml m%gﬁégsﬁ{/g(&bg l'iquid

hydrocarbon m xture is a light cracked naphtha. 10. The nmethod of claim1

wherein said liquid hydrocarbon m xture contains fromabout 10 ppmto about

4000 ppm of sulfur. . A .A A A A(.AS A AAAAALA.AAAA a A28rsRe -

J~}xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]caV]ca
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5U5| wr mhb] X] c] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! U555

<< <=ord @apBERCTINOIBRERAGER Qqnsancs i wpiViaendndg ¢4 cal cal cal ¢
cal ca

i A A i
: cal ca cal ch A a ajcaV]c

a] ca] ca] cd 40 0§ oy %? B %\s,? 8? ﬁ ¢ abGRMGL ?I?Jt%?:lf
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[0029]  Optionally, the membrane may also include additional layers, such as a
gutter layer between the microporous support membrane and the selective layer,

or a sealing layer on top of the selective layer.

[0030]  The membrane system can be operated under either perstraction or
pervaporation conditions. Under perstraction conditions, a liquid sweep stream
passes across the permeate side of the membrane, dissolving and removing
permeated sulfur compounds. In this manner, a concentration gradient is
maintained, driving the transfer of sulfur compounds from the retentate side of
the membrane to the permeate side. The sweep liquid preferably has affinity for,
and is miscible with, the permeated components. Under pervaporation
conditions, a vacuum is pulled on the permeate side of the membrane, thus
removing permeate as a vapor and sustaining the driving force with a pressure
differential. The vapor is cooled and condensed to a liquid and may be
optionally heated prior to delivery to subsequent membrane modules. A detailed

discussion of perstraction and pervaporation can be found in Membrane
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Handbook, W .S. Ho and K.K. Sirkar, Eds., Chapman and Hall, 1992, herein

incorporated by reference.

[0031]  Typical process conditions according to the present invention depend
on several variables including membrane separation method (i.e., pervaporation
vs. perstraction) and feed composition. Determination of appropriate
pervaporative and perstractive operating conditions is well within the capabilities
of one skilled in the art. Some typical operating parameters for perstractive
processes of the present invention include absolute membrane flux of from about
0.5 to about 150 kg'm™ D', feed temperature of from about 20 °C to about 300
°C, and negligible pressure drop across the membrane. Additionally, some
typical operating parameters for pervaporative processes of the present invention
absolute membrane flux of from about 0.5 to about 150 kg'm™D, feed
temperature of from about 20 °C to about 300 °C, and lowered pressure on the

permeate side measuring from about 1 to about 80 mmHg.

[0032)  Advantages of the present invention are numerous. The separation of
sulfur compounds from liquid hydrocarbon mixtures, such as, for example, 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.
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[0033]  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
Swelling in Gasoline to Measure the Hydrophlic Nature of a Polymer.

[0034]  To measure the swelling (weight gain), films of various polymers were
prepared and soaked in gasoline over five days at room temperature. Any
polymer which gained weight due to gasoline adsorption less than 3% were
considered good candidate for membrane separation of sulfur compounds from

liquid hydrocarbon mixtures.

Table I: Gasoline Composition

Line # Components Wt %
1 n-Paraffins (C, - Cyo) 14.11
2 i-Paraffins (C4-Cyo) 23.49
3 Olefins (C4 - Cyg) 20.99
4 Naphthenes (Cs - Cyo) 10.69
5 Aromatics (Cs - Cjo) 30.58
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Table II: Polymer Swelling (Weight Gain) in Gasoline

Line # Polymer Films % Wt. Gain
1 Cellulose Triacetate 0
2 Cellulose 0
3 Polyvinylpyrrolidone 2.8
4 Polyethyleneoxide 6.2
5 Pellethan 2355 (Polyurethane) 22.2
6 Ethyl Cellulose Dissolved
7 Polystyrene Dissolved

[0035]

In addition to polymers which had less swelling in gasoline polymer

glass transition temperature is also considered. Higher the glass transition

temperature better membrane pervaporation performance is expected.

Example 2

Permeability of Components of a Liquid Hydrocarbon Mixture Using a

Membrane Comprising PVP,

[0036]

Figure 1 illustrates the results of pervaporative separation experiments

at 115°C using authentic 180-330°F gasoline feed and a composite

polyvinylpyrrolidone (PVP) membrane. These plots show the selectivity

enhancement of the organic sulfur compounds over each of the aromatic and

non-aromatic components for the entire molecular weight range. As observed in

Figure 1, the permeation preference for organic compounds is higher than that

for, among other compounds, aromatics, olefins and paraffins. Accordingly,
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efficient separation of sulfur-rich and sulfur-lean fractions was obtained using a

PVP membrane.

Example 3 |
Permeability of Components of a Liquid Hydrocarbon Mixture Using a

Membrane Comprising CTA.

[0037]  Figure 2 illustrates the results of pervaporative separation experiments
at 115°C using authentic 180-330°F gasoline feed and a composite cellulose
triacetate (CTA) membrane. These plots show the selectivity enhancement of
the organic sulfur compounds over each of the aromatic and non-aromatic
components for the entire molecular weight range. As observed in Figure 2, the
permeation preference for organic compounds is higher than that for, among
other compounds, aromatics, olefins and paraffins. Accordingly, efficient
separation of sulfur-rich and sulfur-lean fractions was obtained using a CTA

membrane.

Example 4
Permeability of Components of a Liquid Hydrocarbon Mixture Using a

Hydrophobic Membrane

[0038]  Figure 3 illustrates the poor separation of sulfur compounds using a
hydrophobic polyimide composite membrane. Figure 3 shows that a
hydrophobic membrane such as a polyimide membrane exhibited far less
preference for the permeation of the heavier sulfur compounds over the non-

sulfur aromatic and non-aromatic compounds.
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Example 5§

Temperature Effect on Flux and Selectivity of Membranes Comprising
PVP.

[0039]  Figures 4a-d illustrate the increase in permeation selectivity for
thiophene over a range of components, as a function of increasing temperature
using a membrane comprising PVP. Selectivities improve upon increasing the
temperature from 80°C to 110°C. Total flux also increases from 0.4 GFD at
80°C to 1.1 GFD at 130°C. As observed in Figures 4a-d, although the membrane
selectivity for thiophene over the other components was modest at 80°C, this
selectivity improved significantly with increasing temperature. There appeared

to be no further selectivity advantage beyond a temperature of 130°C.
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- CLAIMS:

1. A method of separating sulfur compounds from a liquid hydrocarbon
mixture using a hydrophilic, non-ionic membrane, said liquid hydrocarbon
mixture containing at least one sulfur compound and hydrocarbons, comprising
the steps of:

(a)  contacting said liquid hydrocarbon mixture with said membrane;

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

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

2. The method of claim 1 wherein said membrane has less than 3% weight

gain in a swelling test in gasoline.

3. The method of claim 1 wherein said membrane is a water-soluble

membrane.

4. The method of claim 1 wherein said membrane comprises

polyvinylpyrrolidone.

5. The method of claim 1 wherein said non-ionic membrane comprises

cellulose triacetate.

6. The method of claim 1 wherein said sulfur compound is thiophene or a

derivative of thiophene.
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7. The method of claim 1 wherein said sulfur-lean retentate contains from

about 1 ppm to about 300 ppm of sulfur.

8. The method of claim 7 wherein said sulfur-lean retentate contains from

about 1 ppm to about 50 ppm of sulfur.

9. The method of claim 1 wherein said liquid hydrocarbon mixture is a light

cracked naphtha.

10.  The method of claim 1 wherein said liquid hydrocarbon mixture contains

from about 10 ppm to about 4000 ppm of sulfur.



