e3e)X), Fr\6TXepd 2 8 JAN 2003 POLYI M DE MEMBRANES FOR RECOVERY OF
AROVATI C SOLVENTS UNDER HYPERFI LTRATI ON TONDI TLONS FI ELD OF THE | NVENTI ON
The present invention relates to inproved asymmetric nenbranes fashi @ndd 2003

froma polyimde and the nethod of preparing the mmmnmmmmmr i nvention
also relates to the nmethod of using the nmenbranes ration of
aromati ¢ hydrocarbons from non-aronmati ¢ hydrocar bons unéges« hyperfiltration
conditions. O particular interest. the nmenbranes are useful for the

" eCoVery, ARk el RO RESARRE B andufne SRV HERENDBRI AR R DL Ak BHG NS T O
process Streans contalning aromati ¢ and non-aromatl c hydrocarbons during a
commerci al process for the production of aromatic hydrocarbons. BACKGROUND
OF THE | NVENTI ON The separation of aromatics from non-aromatics is useful

i n upgrading aromatics containing streans in petroleumrefineries) such

streans | reans, heavy catal ytic naphtha streans,
i nt er medi T&H GEnﬁmm streans, light aromatic streans and

AR . . .
reformte st rean?e,porggéﬂt DefRATLIGRL PRGH& 8 mbetrichenhiaaavery of aromatics

such as benzene, toluene, xylenes, napﬁt hal ene, etc. The use of nenbranes
t 0 separ at fastdowdetane 8 pblyimideand tlat resthédisf prepagingdlenmpmbsmes] Bhe t he
scientific and industrial ¢o nity. Methods pf nenbrane separation include
hyperfilt r‘&f’?‘ﬁ‘r‘?n(agﬂosrﬁla??ﬁ ?&%et?@/%-r"é’é’gmgmgmf‘?ﬁ fiEc6RTe¥N L at i ons)
pervapor al Lot RREGHARG kM nd?eUARR Ridr ARt Lfideron vacuum on the
perneate side to evaporate the perneate fromthe surface of the nenbrane
and mai nt ahypetfilratimnepaditoas.i on gradi ent driving force which drives the

separation process. ln perstraction. the per e nolecules_.in the feed
di ffuse into thgﬁri’é%?‘lléﬁ@t?rﬁtn‘?’e FRegbERNES P‘Er“é E%ogﬂ}grﬁqv,q{yaﬁfd reemerge on

2 8 JAN 20 : t ' (U] aTefoTy ki U concentration

gr adi ent . %%gégggﬁr{?%{ks&;g ‘ﬁ'g&dl “or gagsatlilﬁghhglgtg gﬁﬁ?ﬁg&pﬁr meat e side of the
"nmenbr ane t streanis cbathmirtgheometicant noatdranatgr lydramatbods dwiingya f orce. | n cont rast,
hyperfiltration does not. require the use of external forces on the perneate
side of thETHBRIIRLRWCess fpr ‘SF Pmcqwf%tﬁt}iygwcfuﬁ’f’%gh application of a
pressure gradient. Menbrane separation of aromatics from saturates has been
t he subj ect of nunerous patents. U S. Patent No. 3,370,102 describes a

general pr R &I IEHE BgVENT into a perneate stream and a
retentate stre and utilizes a.sweep liquid.to. renove the perneate from
the face of thel foHBrENE” PETPREIEHPRaPHELPRICHS BONLERRd™ or adi ent
driving fogggaridh\@niff %ea%Qn?QtrMéﬁﬁ rdfftheAED YhH SreBm¥hiGudify,i ety of

m xtures including various petroleumfractions, naphthas, oilTs, hydrocarbon
m xt ures. mRhtlestleyms,deatyedchtalgtid fphthe paeants, onerofedmteormilytos f r om ker osene.

U. S. Patent lhlgl 2, 958,.636 teaches the ge%ar ation of hddrocar bons by type,
i.e., aron#fR¢? reags Jisht wgmats siremsagd regrmals ﬂﬁeﬁms’n@yd“porti on of the

mi xture thgRunghal 3pBaRoMaAbPES r&@htl F3RnEkiBEfucTBI BEMRREe, e eMOVi NG per neat e
fromthe perneate side of the nenbrane using a sweep gas or |liquid. Feeds

i ncl ude hydylensy fephthaientwates, napht ha (i ncl udi ng virgi n napht ha, napht ha
fromthermal or 1gat al ytic cracking, etc.%. .U S. Patent No, 2,930,754
teaches a net hod"§ Bi¢ S SERbIRNeA ° HRParalaP Gﬁ‘@f@.“b.sﬁtur_&?eéﬁléﬂoéganQI or ol efins
from gasol pa& Ripiukd B?t}feas@ﬁéﬁ}iﬁl F&dlirnﬁﬁstrimo{n%nﬁﬁ' Reckiofs oper meation of the
aromatic through certain cellulose ester non-porous nenbranes. The

per meat ed medibomarstganstioarieciodmliyperfitistion (alsokuewn b ereshesmpesisiteat e zone
using a sweHgfqﬁlgas or liquid. U S. Patent No.. 4.115,465 teaches the use of
pol yur et ha OHSrSEPAERtIQNS), PETvaRQatiQl dndqpiacian- diebiaReTatien felish sat urates vi a

pervapor at b@0acuum on the permeate side to evaporate the permeate from the surface of

the membrane and maintain the concentration gradient driving force which
drives the separation process. In perstraction, the permeate molecules in the

feed diffuse into the membrane film. migrate through the film and reemerge on

LT
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U.S. Patent No. 4,929, 3S8 teaches the use of pol yurethane nenbranes for the
separation of aromatics from non-aromatics. Perneation is conducteg% Jé %UJ
JAN 2003 3 under pervaporation, perstraction, reverse osnpbsis, or '%I @i@
conditions. None of the experinental results reported in this patent were
obt ai ned under reverse osnosis conditigns. Polyimde nmenbranes have been
used for the separation of aromatics. U. S. Patent 4,571, 444 teaches the
separation of alkylaromatics fromaromatic sol vents using a polyimde

pol ymer nepbrane. The pol yi m de nmenbrane of choice was an asymetric

pol yi mi de thorgrmeptersidephdpithp imdlyanepi riconseatration gradigndiA eweerhi ghl y aromati c

Conti 11 ond LB G Rl pr of TR At REERk LREIPIcdREREh U RN 0 T

pol yi m de thesdicaneatiodrgridient S6Pmp dbric@NndonBaR B ipeHtrhiordokd nbower aromati c
mddle distillate feeds. Perneation of the feeds in the presence of a |ight
pol ar sol vedtire the yse ofzaarnalifercey an thagermegigisidec e ®pmbranegutineat es having a
hi gh aromatic gontent. i.e.. grqat{ar t han 86%) T etmaj ority of

i nvest i gat THHE TESFPAPIORTTIER SRRIAIoRLS tPEERE HEY'SMs have her et oaf ore

i nvol ved per vapaembte sefardln SF hidaiaie &R RakAésIhs beahihe gugsect This is
probably due to reports of prior literature that very high operational
pressur es efmamegqpsipatedits n hyperfiltration to reach a equival ent performance
achi evabl e by rvapor ati erstraction.processes. Unfortunately,
pervapor ation a &EE‘FE@%&%@%&%%% %ﬁe%%géﬁssﬁbswgﬂgg 4cost than a
hyperfiltr@td fio 8 pehfMedin@ah An® ¥ PRATAS sRSHOSPhiAe N EWedAGHEM

refrigeration and heat transfer systens. Consequently, it Is an advantage
of this ineeempunthe pepnand iem ithepiresefdhampmbrane it thersby inpdinteintberbr anes f or

t he separ aéi ontoft. ar orarati g.‘b}éd%ocar ons from rbon-g‘%%rrs%ti %eh drocarbons in a
feed st rearf"nnﬁffl WB%Igfal [9F QEVIBRIOTPE 1S PRPSES S RS aggaro‘E his invention
"to provi dewRieRREiOQ b ixRESRAIdISE VARUSPERSIARE fldYtichsPhahehak BIRI Si on

techni que, which nethod pernmts variations in processing conditions to
optim ze tlwrecarbentrixgurpe rifpeasslyneated & thersanattiop @f exsarabienowhr ough t he
menbranes in the presence of non-aronmatic hydrocarbons. 2 0 JAN 2003 4
Anot her adkleé?ﬁeaae of the invention is to provide a nmenbrane useful in a
process of sepaya PRGnANG MY I8 SBYEHCAEARE Mparation BEREArbESBodshycopendi ng
Application Serial No. 126,256. filed July 30, 1998, entitléed "Recovery of
Aromat i ¢ Hy#ie.dcarbunaticUssayrated satoratadnby Serimediongid porsinedf Menbr ali es”, Mobi |
Attorney Dockel dg‘r%- ]12943‘-1bro‘i1§!:Er‘ﬁnooé‘e&"-el% JaLe ey e th,, Qher facets and
advant ages Of "t he pres8RTPPRVERTI'ERC % 'F1 MBR Epp AT et T8 t he ensuing
descri pti OpergRatetfien BRRRAAGEE GlddMthe mSIMMARY sioE a Eieep DRAINTIGON. | npr oved
asymetri c_menbranes whi ch have high selectivity to perneate aromatic

hydr ocar boheeds inciuss hydesarber nutturesrnaghtbadintladig yiigepapdHe. under

hyperfiltratign .conditions h beep. found. The nenbranes are prepared from
a polyim dléapﬁ@]af%ﬂ Eeém?%‘?}gf‘tgll@g‘ﬁclaéglﬂﬁiegﬂ and are thereafter treated with
a lubricating ouls.tPateaONEI 2,970 4heacHB Diaihes forMepdiktaies | n accordance with
the invention exhibit over 30%rejection of the non-aromatic hydrocarbon

mat eri al s Bydrecaglonseras, aadmgticerad pu ateding from gasolnei hoiling rengrer at ur e range of
about -20 to 150 ,C., Usi,ng. the nenbr s of t.he invention rnmsel ecti ve
ot at £ onOrUR drbe SRyt BE R RO Fe Aol Sranet ety BB bone i n-

feed streagstrBbnRRrAGGRIRhSRe ThbYerkieRRE hiy ot abbaar¥ebftintghdiy ci ent flux and
selectivity to offer inproved econom cs over pervaporation conditions.

However, i temayeddiom tht pooiesdtetzone ising a sweepuse oofiquide nmenbr anes to

B?gg;& | ;[ rnsgnt(‘.) In })];g).g’gteg{ ]§§1p nggs[dié%ntéacﬁ\esp t%g(l:lgesosf Jo?}l;uréﬁgnne 1;[:19 raggsnbr ane of the

to selectively separate aromatics from saturates via pervaporation.
U.S. Patent No. 4,929,358 teaches the use of polyurethane membranes

for the separation of aromatics from non-aromatics. Permeation is conducted



in co-pending Application Serial No. 126,256, filed July 30, 1998, entitled
"Recovery of Aromatic Hydrocarbons Using Lubricating G| Conditioned
Menbranes”, Mobil Attorney Docket No. 10043-1, filed on even date hEgeanN 203
2 8 JAN 2003 5 DETAI LED DESCRI PTION OF THE | NVENTI ON The term "aronmatic
hydr ocarbon” is used herein to designate a hydrocarbon-based organic
conmpound cont ai ning one or nore aromati @ rings. An aromatic ring is

typi fied by benzene having a single aromatic nucl eus. Aromati c conpounds
havi ng m)redt han one & omatti C..Ii n_% i ncl udeé fgjr exarg)l e napht hal ene.

ant hr acend gt RETVEROR3ton, Rersuaction, reversy dSPoatn, P SHAYIREPAMOMS t he present

i nvent i on W& dfdRe EdREMcRAY IeBliskepted iRERIBER Werd@StainddBnded’ M

"non-aromati ¢ hydrocarbon” is used herein to designate a hydrocarbon-based
or gani ¢ caowmpashosneis segdiionsr onat i ¢ nucl eus. For purposes of this

i nvention, thenrgelr.m."h dr%car bon- based qr aBi C Co ouEd" is used to nean an
or gani ¢ compourkP KRR e OFPECRAHe RATLY S H PO SRPBGRD ShEPIEEr . |t i s

cont enpl atgd. whichi 4157 14445€RMEs BE sédkfioAQF alkyldr@atlcd FonRardigtiecar bon
conpound may contain at |east one non-hydrocCarbon radical (e.g., sulfur' or
oxygen) prsowegéschsirtga padyimddenalyhgumenbrabe nTheptlgialide gombumealft er t he
predom nant hydrocarbon nature.of the organic conpound.and/ do not react
Do al ter ROy RRE PO dscPob TS TRTH 8 PIERECHERBr LYYW ¢ hi n ¢ ho

cont ext  of il e DIHESAN broiYie ngy%‘i-de ASYSIPRLS. | FerBARL R DeAbAndel | ned for
purposes of this i1hvention as"an entity conposed of a dense ultra-thin top
"skin" | aywrdenieyerse asthbsicémditpos.ous substructure of the sane or different
material. Typically, th tric nbrape i s supported .gn a suitable
por ous. backi g Bro- gihs T2 Eadoses ot Pharss HEBRSAREMIR  he' | nvent | on
can be proglesehnt FOhEsdpdrAch oPiroRalidd MaH 8o laYdRicSRMARES. The identity of
such polyners are presented in nunmerous patents. See, for exanple, U S

Pat ent No. digtil0F fee8$ ) PavmsatioPatf ¢lmet feddls. in ShenpBseasBof A)ight pflat ent No. 3, 789, 079,
U S. Patent No. 3,546,175 U S. Patent No. 3,179,632, U .S Patent No. 3, |
70,633, U VB e SopigTBleg s Tsupe o gblphpREaRb I ae A HEh g 'S, Pat ent
No. 3, 81G ZBawmtitconteftt EtredNd-thsh 680, 91 4, U.S. Patent No. 3,822,202, U. S,
Patent No. 3,853,754 and British Patent No. 1,434, 629. 2 8 JAN 2003 6 A
preferred polyi hhelmapoiltyofsnvessedtions f@ apomegai@ntdrematndspaagensof t he

i nventi onni’s qvai Iagb] e as egat rimd 5218 fromt.Ci ba Cei gx. The structure of
the polyir A& LR POl E?ﬂﬂ%‘?%‘é’%’\ﬂ/?erﬁ%c 198 SCRARUPR tP<nIqUes; known as t he
pol ymer wi thisls Hél%ab?} oA ARRITPAYE Dterhnde Han Vel Bigh chedationhl

1,1,3)-trimethyl 1 H1nden-5-am ne and

5, 5' - car boprgbdres-ate Bqusebaiypénfilteation omea¢ICAS Nivaltid peBR9RMCO2- 6) . A common

nanme for Matrimd.is the pal yneyr w.th di am noph | i ndane and benzophenone
tetracarbo ‘?Vgl"gibdrﬂ‘f&"ci’i’?%@‘?‘yﬁ“%@rwa&tjo‘_ procgsts) (ITRAYAR 0 5218 Nost
pr ef er abl yperd s rARIFINA PR trREti chRBpdr VRN beRhs BFcthi PP RSt @ichnfd OM 2

hyperfiltration system due to expenses associated with vacuum, refrigeration

and heat transfer systems.

Consequently, it is an advantage of this invention to provide improved
asymmetric polyimide membranes for the separation of aromatic hydrocarbons
from non-aromatic hydrocarbons in a feed stream by hyperfiltration. It is also
an advantage of this invention to provide a method of preparing the membrane
by a phase inversion technique, which method permits variations in processing
conditions to optimize the selective permeation of aromatic hydrocarbons

through the membranes in the presence of non-aromatic hydrocarbons.



pol yi m de pol yner described in U S. Patent No. 3,708, 458) assigned to
Upj ohn. The pol yner, available fromHP Polyners, Inc., Lew svi

Lenzi ng P84.

l'1e, A
is a copol yner derived fromthe co-condensation of fhfﬁ 1003

benzophenone 3,3',4,4' -tetracarboxylic acid dianhydride (BTDA) and a
m xture of di (4-am nophenyl) nethane apd tol uene diam ne or the
correspondi ng diisocyanates, 4,4'-nethyl enebis(phenyl isocyanate) and

t ol uene dii socvanat e.

be repres
\N10 10O

ent ed b he stiuct

O|n. 518

the copol BérB?Bcc@QHMcbﬁﬁn% 508D RYrodfdbd R a98%ckibang BBeddng 0% |

about 20% | and about 80

The obt ai ned copol yi mide has i mde |inkages which may

I N~ ~

2003 0
88 ol iy QB W rvide el 0331 By Pes wier ei

|, preferably

Yo I 1. Anot her polyimde useful to prepare a

menbr ane iAppicatmoSamaeNei 126 25I6eﬁleddalyt300h998$exaltbdl“i?qmver)avﬁu | able fromHP

Pol yners,

co- conden
5 5'-carb
and 2, 4-di
shown bel

TX_ as .Lenzi ng P84

I nc sw [ le 0
s'*arprHHCHY rocprbens Yaing Jypricating OAPgmadl l%nefid\l bq%n@? 5, 7-

is the
tetrone with

N 'Do%QQWﬁDeF‘qnﬁ!e‘a%%]eveﬂ-dgteﬂéﬂemﬁyanat0 2-met hyl benzene

i 1 socyanat 0- 1- neth nzene. The structure of the pol
OW. 2h& A4 zﬂﬁ&’dv&tﬁge@ of thelpreskht-inventibin will be apparent

from the ensuing description and the appended claims.

SUMMARY OF THE INVENTION

Improved asymmetric membranes which have high selectivity to
permeate aromatic hydrocarbons in the presence of non-aromatic
hydrocarbons under hyperfiltration conditions have been found. The
membranes are prepared from a polyimide by a phase inversion technique and
are thereafter treated with a lubricating oil to condition the membranes.
Membranes in accordance with the invention exhibit over 30% rejection of the
non-aromatic hydrocarbon materials at a commercially adequate flow rate in a
temperature range of about -20 to 150° C.

Using the membranes of the invention, permselective separation of
aromatic hydrocarbons from non-aromatic hydrocarbons in a feed stream
may be accomplished by hyperfiltration with sufficient flux and selectivity to
offer improved economics over pervaporation conditions. However, it is not
intended to limit the use of the membranes to hyperfiltration mode of
operation.

A process for using the membrane of the present invention is disclosed
in co-pending Application Serial No. 126,256, filed July 30, 1998, entitled
“Recovery of Aromatic Hydrocarbons Using Lubricating Oil Conditioned
Membranes”, Mobil Attorney Docket No. 10043-1, filed on even date

herewith.

yimde is



tol ~to OANDOOCH N~ N 10 10 Lenzing P84 HT Menbranes in accordance
with the invention can be nmade by dissolving the desired polyimde Q%I }/Arﬁe{[]ﬂ}
in a solvent to give a viscous, polyner dope solution, spreading th

sol ution upon a porous support to forma film partially evaporating the
solvent) and quenching the filmin watey. This precipitates the polyner and
forms an asymetric nenbrane by the phase inversion process. The pol yim de
pol ymer dope solution is prepared by dissolving the polyimde polynmer in
.Iﬁh. bl e sol vents:

one or a n f i <
N- et hyl %E?ﬁ@ﬁ%ﬁ@i@&w:&&ﬁ@ﬁ ed~to as NWP, tetrahydrofuran,

her ei naf ter ' T ef erd @fln Broftid HdrobheDbifH i TBL Ao AA (BRIEL YBacchier ei naf ter referred
to as DMF, dioxane, y-butyrolactone, water, alcohols, |cetones, and

f or mani de. hydhecaningthase g ergemin compotttecopminigrmbeorpodry mematic rég@sut i on may
range fromAlz%to. 30%.i n tgle br oadest s,ense,ggel t hough a 18%to 28% range is
pr ef er abl e BAEPTIRAISIHIE S PERd byRFazehe P ViR ddtels FARaBeRtclelSsul ts. Additi ves

such as Vi AeaRlidcoRPORRESinFHork rdd oRE GRimdi rABRMMS, §it t0o 10% by wei ght
of the said polyimde polyner dope solution and these include 2 s ~aN
2003 9 pol yxampjd, nppirthdbned embmcenpo bige Phof¢reniarghyteniysiremacbans et hanes.

Addi tional |y ﬁgditives such as . void suppressors_nay be used in anobunts up
to 5% of t WP JiPrerensayentionigsivcdeosdryine oS BE eI i&n, and in this
case mal efic acig QFrﬂdP&?@ro‘hﬂ%c ﬂg&:’o%ﬁgm{’ﬁ%ﬂé [heréelddsMhaRkdl yi m de pol ymer
is dissolved in the solvent systém descri ecf, It 1s cast onto a suitable
por ous suphydrocadborsbesed ogheic cémgosdidpeing noamorhakenchasf or m of an i nert

porous naterial _which doefs not hinder the passage of perneate tlll|'oLlgh
the menbrane anbP'd3EROSRDPT thisdpyeniipr.ihg W@“n&%’?%‘é”hﬁ%ﬁi PYganict he casting

sol ution, atd | vent: r ' ,al s being

separ at ed. E%%(?’?g ;SIOL%%Q%E%hgzimrs@r(%{E@E%E)ﬁ%&sﬁgglglﬁgggkéaﬁeﬂﬁﬁaﬁélgi ntered netal,
por ous cer hydrocarlsimdharaetkr.gltassontemaated withinathis scopa df dsodaefadtigd asti ¢ and
woven or n n-wgi/{:n rrgterial. Preferably, the supgﬁrgl material is a

non- woven ﬁﬁw rggar (Hb?%oi‘fw B copipingh ea8hoB6 PPRAXAIERIBPR Al . Fol | owi ng t he
casting OPgfiial Q. ﬁlmpéﬁd)&gg&‘;prwﬁe ﬂllt\/sﬁfatl]oﬂfrérd%%an%\‘;ﬂ%’c{i@élgg?Under

conditions sufficient to p e a dense, ultra-thin, top n" layer on
t he pol yi maealtaetib pamiemidanp hpdrbcabapauat obHthe oogadic doanmuadandrat e for this

pur pose inglude air blo ver the nmenbrane suyrface at 15 to 25C for a

duration o °P%§§a¥%ﬂt%g?%§6wﬂnatm@?§m ‘G’l“{er -“E‘%P’ﬁnljf’ e skin" |ayer of

the asymmetsi tHQl:éﬁitEQt%?t{E?Ip{eﬂﬁ%elﬁifo the invention is characterized by
ow 50A In C]I met t

pore sizes be er, is highly resistant to the greater than
500 psi oper ati Agyipmessungsband dr¢ definkd ddr popersedt ofitgisefifandbeacy and

stability in the presence of solvent streans havin high aromatic

content . Tﬂ‘éf’“‘gl}}éﬁg’?‘aﬁeaQ?B?je%ﬁé‘h@ﬁﬂ%to f‘ﬁdaWWvégﬁ§1‘giegBP‘%ter, al cohol ,
ket ones or sﬁﬂsﬁhé{ﬁﬁ%fﬁlk@{aﬁf@for%ﬁf@r\@ﬂt|ma"i‘:§_ia@d‘f]§é§1i&é‘fﬁ',sth%lé§ ARuRyrfacta~—-ts,

e.g., Triton X-100 available fromAldrich em cal npany, M | waukee,

W sconsi n (neotbydnshesuppyrtedoly 2 suitbiegionars dagking tiesuppord intateias. for ef f ecti ng

coagul ati on are_conventi onal . ) )
g Polyimide memrLranes of the invention can be produced from a number

1

of polyimide polymer sources. The identity of such polymers are presented in
numerous patents. See, for example, U.S. Patent No. 4,307,135, U.S. Patent
No. 3,708,458, U.S. Patent No. 3,789,079, U.S. Patent No. 3,546,175, U.S.
Patent No. 3,179.632, U.S. Patent No. 3.179,633, U.S. Patent No. 3,925,211,
U.S. Patent No. 4,113,628, U.S. Patent No. 3,816.303. U.S. Patent No.
4,240,914, U.S. Patent No. 3,822,202, U.S. Patent No. 3,853,754 and British
Patent No. 1,434,629,



2 8 JAN 2003 to The asymretric polyi m de nmenbranes of the present invention
can be washed and dried according to the foll ow ng techni ques. Typiﬁgyh%,ﬂm
wai er sol ubl e organi ¢ conpound such as | ow nol ecul ar wei ght al cohol s®an

ket oses including but not limted to nmethanol, ethanol, isopropanol,
acetone, nethylethyl ketone or m xtureg thereof and blends with water can
be used for renoving the residual casting solvent (e.g., NW) fromthe
menbrane. Alternatively the menbrane nmay be washed with water. Renoval of

t he residual cagtj. : ' i v sina
sequenti al so|véd%Q%Q§ﬁ§%§£ﬁ%€§§¥§§9&%§ﬁﬁ§ﬁ%ﬁ%?gﬁﬁgg ?@F%ﬁ@@gand flowrate
can be enhinesibnby aldiRbr R Pedtrimed YEIS ey CRiNQegpr TEesstuctukbef fReRMbr ane i s

t hen conditioned by contacting the nmenbrane with a conditioning agent

di ssol ved Polyinide| Mawimid gs sheyrrebphei e Thtypolinide sridso kneancasikl t i oni ng agent

is a lubri ' Iy 11- DF41 ' h S, b C for 1119l synthetic oils
(e.g., po|@@nggﬁﬁg1éP*gPME?ﬁbggﬁgﬁgF?%@ﬂ%%ﬁﬁgfﬁH%&rg?fﬁ?%§%¥ﬁs,

pol yi sobut yHengenos-bfinesahidt 2 ichbomiisi ISPIEBbaIz8fivaldioneqsiAy oi | s and al kyl
aromatic oils) and mneral oils, including solvent refined oils and

hydr opr oc eByBend 3820 2-0)} |Ascamon samefos Mattiand issbheelamer withs. The
lubricating il may .be a |light neutral oil B hawing oLl ing tenperature of
400450C toglg meoaP\lqul%llU‘gi??%%dg)ﬁazo@ﬁF"%ﬁﬁ%ﬁargm@éi°I (ﬁﬂg]y?la erature from

450500C. It is also within the scope of the invention to use other natural

| ubricating oils such as. for exanple, vegetable fats and oils, however,
such fats and ¢?1s may be |l ess fesirable to\gvoid introduci ng unwant ed
contam nants i o the process skl eans. Sui o-sQl Yents for dissolving the
condi tionin r“ﬂlludr' A Cohol sy ke Ot i cs, or hydrocarbons,
or m xtures|ther V '%o\} v in accordance with the
invention alld ows™ the” neyddraré 0 maintain a high flux while exhibiting a
high selectivity to perHeate argmatics in the presence of non-aromatics.
The conditioning agent 8l so allows the menbrane to be wetted with

hydr ocar bon 2 8 JAN 2003 tt ﬁ@h%ﬁp§§21é° mai ntain a suitable pore
structure in a dry state for perneation of aromatics, and to produce a fl at
sheet menbrane with inproved flexibility and handling characteristics.

Fol I owi ng treat V3t preferdbly,Be MemBiaheOst (Rgind@Ritn aré pRpifedipioane is typically

dried in air_at, anbjent conditiqons to renove residual solvent. Preferably

t he menbr aRelYiRidgpplyaner desgripest ndéSaPate No. Ag08:3é%h a98gngsHed to capture

sol vent enyssiQn r I S 1l se nmenbr ane

"ei ecti on ST e BBnct Rl PRHont B PR g el R E BT PR ER 0 T e, T he
menbr ane mhyndieg P®Atiesl célahaderitaDitorh hetddodtindSnd@fion pf ef er abl y about 200C
for about 1 mnute to 2 hours. At about 200C, the heating time is typically
about 5 ni Rezeghenope 33" AietckipraspxyHaacig dian {Rd DY @@ dried before

heat i ng. - golg K r ' cessed into spiral
wound rmdSﬂg}gt,lﬁeihﬁtdga%’ﬁ%g&fepmgjrefth%é}g%?dg{??%% f g%)s[rflgﬁe%lﬁégf | at sheet or into
plate and tomesposding tigsocqina®sss 4 HethyiendbidplidngEisodyanatpy &fder red enbodi nment

of the present invention, a feed stream containing the aronmatic
hydrocarboﬁ§“@ﬁdhﬁ®ﬁm&ﬂenatic hydrocarbons to be separated will be
contacted with tl: . S L m de nmenbrane under
pressure and atﬁgngﬁgggg (¥%¥§$%@¥§%g%€g§%£%f@g§}H@ ébdesired separation
Such cont agdpréxgnteil bk the/srueakdl Yorhmilat about -20C to about |50C, preferably
about 20C to about 80C. The pressure enployed will be at |east greater than
that sufficient to overconme the osnotic pressure difference between the
feed stream and the perneate stream Preferably there will be at |east a
net driving force of about 100 to 1000 psi across the nmenbrane, nore
preferably a net driving force of about 400 to 1000 psi, nost preferably
about 600 to 800 psi. Preferably, no additional heating or cooling of the
streamis nmade to mnimze energy requirenents. The nenbranes of the
invention are preferably used in accordance with the invention as descri bed
in co-pending Application Serial No. 126, 256, Z 8 JAN 2003 12 filed July
30, 1998, entitled "Recovery of Aromatic Hydrocarbons Using Lubricating Ol
Condi ti oned Menbranes", Mobil Attorney Docket No. 10043l, filed on even
date herewith. In accordance with the co-pendi ng application, the invention
menbranes are contacted with a feed stream having at |east 10 wt % of
aromati c hydrocarbons. In a prefen~ed enbodi nent, the nenbranes are
contacted with a feed stream contai ning an aronmati c hydrocarbon content of
above 50 vt % nost preferably 70 wt % or higher. In one enbodi nent the
feed stream contains an aromati c hydrocarbon content of 80 wt % or hi gher,
preferably 90 wt % or higher. The nenbranes of the invention can be used to

D . o T Y L I .




The Exanples below are for illustrative purposes only, and do not limt the
invention, or the clainms which follow them 2 8 JAN 2003 13 EXA HFﬁyJﬂmz
t he cases shown here, the asymetric polyi m de nmenbranes preferenti‘a
perneate aromati ¢ over non-aromati c hydrocarbons. The nenbranes were tested
on a small bench unit with four (4) test cells in series under reverse
osnosi s conditions The feed sol ution was continuously flushed over the
menbrane surfaces, and the perneate and retentate streans were conbi ned and
recycled. A typlcal feed solution consists of a high toluene concentration
(80-100% , al ong Y

benzene and gp- X : Lnchudi ng branched and
unbr anched ' f »

t enper at ur ey, l ) ‘ enhr gne. | f desired)
perneate |ines { S > i . dl es were generally
col l ected after!'overnig oper at {on (18+ hours). Menbrane coupons were
smal | disks witR 14.2 cr® surface area. Flows were determined in m/mn and
then converted to gall ons pet- are foot per day (GFD). Sanple sizes were
kept at |ess than 1% by wei ght material, so that retentate and feed
conposi tions mere eﬁ‘entlally equal anaIyS|s was used to identify
concentrations ar ompawnds. All concentrations

wer e expressed a i 0 calcul ated fromthe sum of
non-aromatic co per N~ etentate streans with the
formula Rejectio pef / %1 et) some cases, specific

rejections for a gi én hydrocHar bon were cal cul atef. Exanmple 1 A viscous

sol ution containing 22% Lenzithg P84 p8| yimde (HP Polyners, Inc.)

Lew sville, TX), 67% di oxane, and 11 % di met hyl f ormam de (DWVMF) was prepared
and filtered through a 10 m croénfinkhtP84 This solution was cast at 10
ft/mn onto a noving web of nonwoven pol yester fabric (Hollytex Z 8 JAN
z003 14 3329 from AhlstromFiltration, M. Holly Springs, PA) using a knife
bl ade set at a gap of 7 m| above the fabric. After about 15 seconds with
an air fl owhefeirlthSChMIyner oatrses framraboutidso §0ncnd @Oito 10WAtlér at 22C to

formthe ne b rane was washed with water to renove
resi dual sB%@a@é{ a% ércq/u{ﬁ‘\?@;g chBnged by immersion into nethyl ethyl
ket one (MEK) forAn%tHEPkl/E nllfié’{xée@'ly}@gﬁ%aﬂemérﬁbﬁﬁe inhcBordRhddtwign of 20% i ght

neutral Tube oil/40% 40% t ol uene for 3 hours. The nmenbrane was then air
dri ed. The threinberrioass npolgmee svabbkdrdrh &P Riweerscloapbewisatle5S0E and 800 psi

Wi th various_circu jng.sol uti ons consi stjng .of i t ol

concent r at PORCAIRE g}g‘fih? J?PEP"]@(P’GH&H':?:C%H%PJF’IB%‘“BFB i3 gp%nztoﬁgﬁ

hydrocar bops § )é'l?dh?lﬁlxd Y 3f OHdohdwath 503" léﬁx%%nﬁbgfleﬁ%oﬁ&{z%ﬁf&kd?oﬁeqf Inery
operations. Total aromafic content in one of the feeds was 99.37 wt% The
menbr ane exXki-diitoeyhngteetmedjydizniane ah8 2% ditsocyrontoar-metiylenzensd a flux of 22.9
G-D. The aromatic cotent n.t he per te was 99.71 wt% Exanple 2 A

vi scous sol dfiPBRCBE g?erﬁ%”'?‘ifo}osﬁlg%"ﬂnﬁe‘go%4 pol yimide (I-1P Polyners, Inc.,
Lewisville) TX), 56% di oxane, and 20% di net hyl f ormam de (DMF) was prepared.
This solution was cast at 4 ft/mn onto a noving web of nonwoven pol yester
fabric (Hollytex 3329 from AhlstromFiltration, M. Holly Springs, PA
LISIIIg a luvfe bl ade set at a gap of 7 m| above the fabric. After about 3
seconds with an air flow of 20 SCFH the coated fabric was quenched in water
at 20C to formthe nenbrane structure. The nenbrane was washed with water
to renove residual solvents, then solvent exchanged by imersion into

nmet hyl ethyl ketone (MEK) for | hour, followed by immersion in a second

sol vent exchange bath of |ight neutral |lube oil m50/50 MEIC/toluene for 1
hour. The menbrane was then air dried. 2 ~ JAN 2003 15 A series of
Lenzing P84 nenbranes with differing oil content were



prepared by changing levels of oil in the 2nd exchange bath fromO to 60%
oil, while maintaining a 50/50 ratio of MEK/toluene. A feed sol utiong JAN 2003
consisting of 88 w%toluene with six conpounds (n decane (C 10),

1- net hyl napht hal ene (C 11 ), n-hexadecane (C 16), 1 phenylundecane (C 17),
pristane (C 1| 9), and n-docosane (C22) gach at 2% | evel s was prepared.
Coupons of each nenbrane were tested at 600 psi and 50C . Results are
recorded in Table 1 below. Table 1 G| Content in 2nd Sol vent Exchange Bath
(9% Fl ux (GFD) C10 Rej ection (9% 02. 4652025. 3453326. 3435027. 7426027. 442 The
menbrane having b ube oil present %as a conditioning agent had an

unaccept ably | owl|{ 51 condi t | one%H\Mth tube oil exhibited
over 40% rej gct jon 2N at e W h 3 qRifi cant increase in flux
(GFD) over t Nunco ane. NExg ; A vi scous sol ution

cont ai ni ng 2q% MR Sig? 1 de (OgrGeipy, Hawt horne, NY)) 15%
acet one, and 59% dii rret hylflrmam de (PMF) was prepared and filtered through
a 10 mcron filter. This sglution was cast at 1Q ft/mn onto a noving web
of nonwoven pol yester fabrl c (HRE! ytex 3329 from Ahlstrom Filtration, M.
Hol | ~~ Springs) PA) using a luiite blade set at a 2 8 JAN 2003 1b gap of
8 m| above the fabricO After almut 15 seconds with an air flow of 1

I I
e
[ |
0 o)
Lenzing P84 HT

Membranes in accordance with the invention can be made by

dissolving the desired polyimide polymer in a solvent to give a viscous,
polymer dope solution, spreading the solution upon a porous support to form a
film, partially evaporating the solvent, and quenching the film in water. This
precipitates the polymer and forms an asymmetric membrane by the phase
inversion process.

The polyimide polymer dope solution is prepared by dissolving the
polyimide polymer in one or a mixture of the following water-miscible
solvents: N-methyl-2-pyrrolidone. hereinafter referred to as NMP,
tetrahydrofuran, hereinafter referred to as THF, N.N-dimethylformamide,
hereinafter referred to as DMF, dioxane, y-butyrolactone. water, alcohols,
ketones, and formamide.

The weight percent of the polyimide polymer in solution may range
from 12% to 30% in the broadest sense. although a 18% to 28% range is
preferable and a 20% to 26% range will produce the best results.

Additives such as viscosity enhancers may be present in amounts up to

10% by weight of the said polyimide polymer dope solution and these include



SCFM t he coated fabric was quenched in water at 22C to form the nenbrane
structure. The nenbrane was washed with water to renove residual sd &daN 8003
t hen sol vent exchanged by i mersion into nethyl ethyl ketone (MEK) for 3
hours, followed by imersion in a solution of 20%Iight neutral Tube

0i I/ 40% MEKI 40% t ol uene for 3 hours. Thg nenbrane was then air dried. A
feed solution consisting of 94 wt% toluene with three non-aromatic
conpounds (n-decane, n-hexadecane, and n-docosane) each at 2%/ evel s was

prepared. Coupons of .each nmenbrane re tested at 600.psi .and 50C. The
enbrane dERNGYT B0 B58s PR ke eon EPols L uEates AN ETALE on o

n- hexadecangy; 0 js i - ] 1 I 18. 0 GFD.
Bl € 4 A B S e ol R RSP b o oo % Wi th the
second sol weight eksdidpglginidt pokyort dope sotntid3%ndiih thidvasammedet adidmenbr ane was

prepared by c]ipping a sanp|le to a glass plate. and heating in an oven at
220C for sé’fo‘{"f"%etb‘?g%aé%n?ﬁk?-es were tested with a toluene sol ution under

pressure as in %%%&@Wl%%iﬁﬁ/gis etk ofvehpll&n? bel ow. Table 2

Fl ux and Rejection rane at 600 psi and 50C Anneal

Ti meFl uxRejdestribed) i{ ¥céstionts esiitabie Ppfoud OppdbitGr LaStraiéCThe support

19C22029. 745075708395219. 3540746381954] 7. 459168884971 0069. 4662783758810083.
9753491 10ULBBase the forrg of apunsgperops npassriad Whish does aetdundshthgr omat i ¢ conmponent s

by the membpang. LRHGERE hidfdMnDARMLHAE 2hERNS 1R rdaBEw R RN ane.

membrane material. the casting solution. the gelation bath solvent, or the
aromatic materials being separated. Typical of such inert supports are metal
mesh, sintered metal, porous ceramic, sintered glass, paper, porous
nondissolved plastic and woven or non-woven material. Preferably, the
support material is a non-woven polyester, polyethylene, or polypropylene
material.

Following the casting operation, a portion of the solvent may be
evaporated under conditions sufficient to produce a dense, ultra-thin, top
“skin” layer on the polyimide membrane. Typical evaporation conditions
adequate for this purpose include air blown over the membrane surface at 15°
to 25°C for a duration of less than 30 seconds.

The dense ultra-thin top “skin™ layer of the asymmetric polyimide
membranes of the invention is characterized by pore sizes below 504 in
diameter, is highly resistant to the greater than 500 psi operating pressures and
has high operating efficiency and stability in the presence of solvent streams
having a high aromatic content.

The coagulating or quenching medium may consist of water, alcohol,
ketones or mixtures thereof, as well as additives such as surfactants, e.g.,
Triton X-100® available from Aldrich Chemical Company, Milwaukee,
Wisconsin (octylphenoxy-polyethoxyethanol). The conditions for effecting

coagulation are conventional.



Exanpl e 5 An anneal ed Lenzing P84 nenbrane was prepared as in Exanple 4 by
clipping a sanple to a glass plate, and heating in an oven at 180C f@rjAl 2003
m nut es. Coupons of this nmenbrane were tested with a tol uene stream
obtained froma refinery. The non-aromatics in this sanple were isoners of
C7 and C8 including nethyl heptanes, ethyl hexanes, dinmethyl hexanes)

net hyl ethyl pentanes, trinethyl pentanes, nethyl ethyl cycl opentanes,
trimethyl cycl opentanes, and di nmethyl cycl ohexanes. Results are recorded in
Tabl e 3 bel ow. i@ble 3 Rejectiog and Fl ux ?r Lenang P84 Mepbrane at 800
psi and 58C Ben ﬁgsp'@plugﬁglgglxyp ﬁgt%nbraneso the present invVention can be

73Per moat 60 1087 Ba 383 b G A R T O e o rrane.
exhi bi t ed telubleabgahid &ng@iihd suchfas honnaieult weghatlcdlalosmbleopsocess

conditions and perneate flow rates. Exanple G A viscous sol ution containing
24% Lenzi nichgling-hutpet hmgedio mﬂha%wh?égg,lwpmpamkwow Ile, TX), 38%

di oxane, a % di et hy. ~am : red, . Thi ol uti on was
caot 't 4 Py R b Ml bR B SR DEBR R e (030" Dol Vet e
fabric (Hokdrydvéng 5320gidust taddn@sdent €. | WP )IRIm die mergian@f 7 m | above the
fabric. After about 3 seconds ~ith an air flow of I U SCFH t he coat ed
fabric wasAdGERENEY themambane may be washed widh waten eRemetal ghthest ruct ure. The

menbrane Was; NAPARHn YA NentRaS redufte sGLERYS B Bids TP Y&k Rrialt NEN SOl vent

solvent exchange process. Both membrane efficiency and flow rate can be
enhanced by the proper solvent exchange process.

The membrane is then conditioned by contacting the membrane with a
conditioning agent dissolved in a solvent to impregnate the membrane. The
conditioning agent is a lubricating oil. Lubricating oils include, for example,
synthetic oils (e.g., polyolefinic oils, silicone oils, polyalphaolefinic oils.
polyisobutylene oils, synthetic wax isomerate oils, ester oils and alkyl
aromatic oils) and mineral oils, including solvent refined oils and
hydroprocessed mineral oils and petroleum wax isomerate oils. The
lubricating oil may be a light neutral oil having a boiling temperature of 400-
450°C to a heavy lubricating oil having a boiling temperature from 450-
500°C. It is also within the scope of the invention to use other natural
lubricating oils such as. for example, vegetable fats and oils. however, such
fats and oils may be less desirable to avoid introducing unwanted
contaminants into the process streams. Suitable solvents for dissolving the
conditioning agent includes alcohols, ketones, aromatics, or hydrocarbons, or
mixtures thereof.

The use of a conditioning agent in accordance with the invention
allows the membrane to maintain a high flux while exhibiting a high
selectivity to permeate aromatics in the presence of non-aromatics. The

conditioning agent also allows the membrane to be wetted with hydrocarbon



exchanged by immersion into MEK for | hour, followed by imersion in a
solution of 33%Ilight neutral |obe oil/33% MEK/ 33% tol uene for 1 hqug JAN 683
menbrane was then air dried. Coupons were tested with a 230-270C
distillation cut of light cycle oil containing a high percentage of
aromati ¢ conmpounds. The percentage of 1t¥ing, 2-ring, and 3-ring aromatics
and non-aromati c conpounds were determned with supercritical fluid

chromat ography nmethods. Results fron1coupon tests at 1000 psi and 57C al e
R/Eﬁg:: téﬁcei | r(])l\-/re%ltos FO malnjclgmpa sultabﬁeﬂo?ecgtructure ma dry syate or pCI‘IﬁleCrc’}l on gf P84 HT

Fl uxNon- | - 5hR@ded. bR ﬂrbdﬂﬂ;@ka'ITa@Ele@ﬁ%bx%fa%QXtﬂﬁ&Bﬁ)tvh&ﬁéﬁl@ffﬁ& Lggar omati csarom
aticsrejection (9 (% (% (99 (%9 Feed16. 210. 373. 50. OPer neat el’ 18. 58. 183. 40. 047

Exanpl e 7 M\amllmgohmacsnlsubs on containing 22% Lenzi ng P84 polyimde, 11%
acetone. and 67 N net hyl - 2- pyr.rol i dogne (NVMP) was prepared. 'This
sol uti on was caE?lP ‘ngltrf’"’lt}’“ter?hw‘é}hthﬁ CS“‘%BQ‘PIHQE‘%@EJ thg mﬁ%‘%r%\}%n pol yest er

fabric (Hoéyb}é%tif(dﬁg’(ﬁgx)adéé%k%t rJdﬁ dng‘?o P?og@{&g(fua%ol@cngap of 7 ml above

the fabric out secon s e coa rrc was quenched in water
at 22 C t oPfefaralsy tliieememmbianaiselried ummfmc&lmﬂ'cﬂr@mgmvbm desigmedas washed with

wat er to renpve residual , sol vents, 2 8 JAN 2003 19 then sol vent exchanged
by i mrer si SAPHRSYVRAERMISSION:: hour, fol lowed by immersion in a solution of

40% 11 ght neut rﬁ%zg tRBEn k&@s@%ﬁe@%@k&h&éﬁﬂ@m&%ﬁe refecllBN bf ndfle MeNbrane

was then air drie
aromatic hydrocarbons. After the conditioning step, the membrane may be

heated to about 150°C to about 320°C, preferably about 200°C for about 1
minute to 2 hours. At about 200°C, the heating time is typically about 5
minutes. It is preferred that the membrane be air dried before heating.

Once the membranes are formed they may be processed into spiral
wound modules, into hollow fiber configurations, into flat sheet or into plate
and frame configurations.

In the practice of a preferred embodiment of the present invention, a
feed stream containing the aromatic hydrocarbons and non-aromatic
hydrocarbons to be separated will be contacted with the dense active layer side
of the polyimide membrane under pressure and at a temperature sufficient to
effect the desired separation. Such contacting will typically be at about -20°C
to about 150°C, preferably about 20°C to about 80°C. The pressure employed
will be at least greater than that sufficient to overcome the osmotic pressure
difference between the feed stream and the permeate stream. Preferably there
will be at least a net driving force of about 100 to 1000 psi across the
membrane, more preferably a net driving force of about 400 to 1000 psi, most
preferably about 600 to 800 psi. Preferably, no additional heating or cooling
of the stream is made to minimize energy requirements.

The membranes of the invention are preferably used in accordance

with the invention as described in co-pending Application Serial No. 126,256,



A feed solution was obtained froma refinery and consisted of three
conponents, 11% p-xyl ene, 15% 1- net hyl napht hal ene, and 74% of a Iigxlh JAN 2003
neutral |obe distillate. Coupons were tested at G0 psi and 107 C. € Noge
distillate conponent of the feed was fractionated by refining processes
into au aromatic-rich extract oil fractqsn and a non-aromatic-rich
raffinate oil fraction. Analysis of the feed and perneate solutions and the
refinery extract and raffinate fractions were perfornmed with GC and

UV/ visible_spectronetry. By npnitoring the absorption at 350 nmin

net hyl ene EleAdnlydd, 1939, enit BémﬁﬁﬂtﬁgA%@F@QﬁbﬂgﬁaﬁPn%péﬁﬁtic-rich extract
oil was de ] . &l [: W. le 5

Fract | onat F et Qi gyl Pef MRt G Al aRL PR pRt 0022

FI uxp- xyl enefiledrdh Bydn-datdiagsvith. YRsiccdr@rior Wrhnhobd-pel demesiptichtidmt eext r act
oilraffinate(% (% in lobeoil in i _
| obedi st i | thgtenentien membemesare rontpgied yathafeedrsipannpayingat teastifD . 91 7. 4G0. 749. 8

20. 2 As Sh%%.o%%m@%%’c%y@gyc@@nﬁ%r %}gn'§d18¥\§0%grggﬁdlhgﬂe?l?&rgg& of non

aromatics as indi e he I'ncréased aronatic tontent I n the perneate.

2 8 JAN 2083 cbiMadtetEwithAl d& steam dnédthiMembirematinvdrb&irb&iédmgdgnt f1 ux and
selectivity to segar ate ammtic h%drocar bons fmm non-aronmati ¢ 6ydrocnrbons
t

in a feed 8f#hwxen5e 3 domen) preisrably ) oyt “oonhighera &n am aptdimgm thet | ~

asymetric | yi rni de .nenbr anpe..| cgaat od with o,£a5€e nne cnnditionifl
fgent - compREa e BheBRGos M- SERELonthh o Sy i o " east “one
copol yrmer gdafeiMad 90 ak ok 2t mé},ert he cxondcnsati o~. of bonzophcaone 3,3, 4,4'"

tctracarboxylic acid diantiydride and a rnixNra of (i) di(4-am nophenyl)
met hane and t ohbamembgnenef the invention eanrbeused to vprrade gramaticRy| enebi s (phenyl

| socyan at & Sshe L ALELS SARARVARRLE: Sin LIS HSARALOY O

rii,3H T3en~o rone
5, 5' - car bosiydahisshdavs chtaBiie pggHikd ardimenalerrheBatdichia§ey aagtitha ~- r z~t hyl ber >~ne

and 2, 4-dii socyanaGo- 1- net hyi banzene,
streams, light aromatic streams and reformate streams. The membranes are
also useful in commercial chemical operations for the recovery of aromatics
such as, for example, benzene, toluene, xylene, and alkyl naphthalene. Of
particularly interest, the membranes of invention can have application at
various points in a commercial aromatics, i.e. toluene, production unit to
upgrade the aromatics content of process streams. It is within the scope of the
invention to use the invention membranes alone or in combination with other
adsorption, distillation, extraction or reforming processes. When used in a
hybrid process with other separation technologies. the invention membrane is
not required to make 100 % separation of aromatics from non-aromatics, but
can instead be used to perform partial separation of aromatics to complement
overall separation processes. The membrane of the invention thus offers
excellent efficiencies in bulk separation processes which when coupled with
other more selective unit operations can offer enhanced performance.

The Examples below are for illustrative purposes only, and do not limit

the invention, or the claims which follow them.



2. The nncnbrane of Maim 1 wherein the petyimdc is a polyi mde copol yner
conprising from10 to 9Q- of 0 O N~ ~\Nand from~U to 10~ of D -QO
-~~}o0 O~N~OO~y-n-ri ~9Nf 28 JAN 2003 21. O p O 3. ZtheAN 2003
pol yi m de nmetnbraoe of Caim2 wheirin the polyi made copol yner C 1~7~)051Cd

C01t 1~71YS~3 B~oU Z~~a O O N ~ ~ N afgl about 840 of OO0 O~ i i N ~3 N 4.
The nmetnbrnae of Cam 1 whoro'rn tha lubric~g oil is a synthetic oil.
EXAMPLES

In the cases shown here, the asymmetric polyimide membranes
preferentially permeate aromatic over non-aromatic hydrocarbons. The
membranes were tested on a small bench unit with four (4) test cells in series
under reverse osmosis conditions The feed solution was continuously flushed
over the membrane surfaces, and the permeate and retentate streams were
combined and recycled. A typical feed solution consists of a high toluene
concentration (80-100%), along with lesser amounts of other aromatic
compounds such as benzenc and p-xylene and non-aromatic hydrocarbons
including branched and unbranched C6 to C9 isomers. The feed was
pressurized, heated to operating temperatures, and pumped over the surface of
the membrane. If desired, permeate lines could also be pressurized. Permeate
samples were generally collected after overnight operation (18+ hours).

Membrane coupons were small disks with 14.2 cm? surface area.
Flows were determined in ml/min and then converted to gallons per square
foot per day (GFD). Sample sizes were kept at less than 1% by weight of
material, so that retentate and feed compositions were essentially equal. GC
analysis was used to identify concentrations of aromatic and non-aromatic
compounds. All concentrations were expressed as weight percent. Rejection
was calculated from the sum of non-aromatic compounds in both the permeate
and retentate streams with the formula Rejection (%) = (1 - % per/% rct)
100%. In some cases, specific rejections for a given hydrocarbon were

calculated.

Example 1
A viscous solution containing 22% Lenzing P84 polyimide (HP
Polymers, Inc., Lewisville, TX), 67% dioxane, and 11% dimethylformamide
(DMF) was prepared and filtered through a 10 micron filter. This solution was

cast at 10 ft/min onto a moving web of nonwoven polyester fabric (Hollytex



5. the menbrane of Caim4 whencin |I,he synthetic oil is a silicone od, a

polyolcfinic oil, a polyalptaaoleflnlc oil) a pvlyisobntylene oil, a
syathetit wax isomarate oil, an Zster oil or as al kyl aromatic oil .2 ®JANTI0E
tn~nbra~e of Clatrn 1 wherein tha Inbrlcating oil is a azineral oil. 7. Tbc
rncnbrane of Claim6 wher83n the mstraL4 oil is a solvent refined m neral
oil, a petroloumwax iaornexate ail | xydroprvce~ed mneral oil. 8. The
m-branc of Claim1 wbereia the lubricating ail is a synthetic oil 2 8 JAN

2003 22 9. ran ofC1 $ wher.ei n_t he, thehe oil is a
silicone O|3|33-5|§' B%E@V%‘P Aitration. | t"%‘OH%paP%ﬁqBépeﬂflg ?nT‘E‘}} B]ade get

pol yi sobut y| r

al kyl aromat?ggp gﬁ*milaab%#ﬁ]gg@rr%b\&gﬁe%l 8?3@3?%&58 V1eﬂr]gilnrfilﬁt i PPLI’I catl ng oi |
i s a synt heSGRM viid coafell. faBrivewasngiendired o water 6 29°Cao MIMemmnrbrm’me synthetic
ail is a silicone gil, a polyol~finic oil, a polyal phaoleffnio oil, a

pol yi aobut )FFTBﬁEreafqhe raelgk}ra%\m washed With gratstafemdeiresidil salvers.oi | or an

al kyl aro 0, t | ubri cati ng
oil xs a ﬁfrlléenrsg elm ?)&%i'?eg?f)ﬁ ﬁﬁggﬁﬁp gﬁoe&l(%&%ltﬂ%ﬁ(e%g@gg 3 fgl he m neral oil
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preparlag a p0|é/l nude asynmetric ttnatubrara for the
and additional aromatic and non-aromatic C6 to C9 hydrocarbons typically
found in a toluene process stream in refinery operations. Total aromatic
content in one of the feeds was 99.37 wt%.

The membrane exhibited good rejection (54%) of non-aromatics and a

flux of 22.9 GFD. The aromatic content in the permeate was 99.71 wt%.

Example 2

A viscous solution containing 24% Lenzing P84 polyimide (HP
Polymers, Inc., Lewisville, TX), 56% dioxane, and 20% dimethylformamide
(DMF) was preparcd. This solution was cast at 4 ft/min onto a moving web of
nonwoven polyester fabric (Hollytex 3329 from Ahlstrom Filtration, Mt. Holly
Springs. PA) using a knife blade set at a gap of 7 mil above the fabric. After
about 3 seconds with an air flow of 20 SCFH the coated fabric was quenched
in water at 20°C to form the membrane structure. The membrane was washed
with water to remove residual solvents, then solvent exchanged by immersion
into methyl ethyl ketone (MEK) for 1 hour, followed by immersion in a
second solvent exchange bath of light neutral lube oil in 50/50 MEK/toluene

for 1 hour. The membrane was then air dried.
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20 253 45

33 26.3 43

50 277 42

60 274 42

The membrane having no lube oil present as a conditioning agent had
an unacceptably low flux. The membranes conditioned with lube o1 exhibited
over 40% rejection of non-aromatic with a significant increase in flux (GFD)

over the unconditioned membrane.

Example 3

A viscous solution containing 26% Matrimid 5218 polyimide (Ciba
Geigy, Hawthorne, NY), 15% acetone, and 59% dimethylformamide (DMF)
was prepared and filtered through a 10 micron filter. This solution was cast at
10 ft/min onto a moving web of nonwoven polyester fabric (Hollytex 3329

from Ahlstrom Filtration, Mt. Holly Springs, PA) using a knife blade set at a
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prepared. Coupons of each membrane were tested at 600 psi and 50°C.

The membrane demonstrated 25% rejection of n-decane, 51% rejection

of n-hexadecane and 68% rejection of n-docosane with a flux of 18.0 GFD.

Example 4

A Lenzing P84 membrane was prepared as in Example 2 and with the
second solvent exchange bath containing 33% oil. An annealed membrane
was prepared by clipping a sample to a glass plate. and heating in an oven at
220°C for set times. The samples were tested with a toluene solution under

pressure as in Example 2. Results are recorded in Table 2 below.

Table 2
Flux and Rejection for Lenzing P84 Membrane at 600 psi and 50°C

Anneal Time | Flux Rejection (%)
(minutes) | (GFD) | Cl10 C11 Clé C17 CI9 C22
0 29.7 45 0 75 70 83 95
2 19.3 54 0 74 63 81 95
4 174 59 16 88 84 97 100
6 9.4 66 27 83 75 88 100
8 3.9 75 34 91 100 100 100
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As shown in Table 3, the membrane exhibited favorable rejection of

non-aromatics at favorable process conditions and permeate flow rates.

Example 6
A viscous solution containing 24% Lenzing P84 HT polyimide (HP

Polymers, Inc.. Lewisville, TX), 38% dioxane, and 38% dimethylformamide

(DMF) was prepared. This solution was cast at 4 ft/min onto a moving web of
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qgﬁi_fe blade set at a gap of 7

mil above the fabric. Afier about 3 seconds with an air flow of 10 SCFH the

coated fabric was quenched in water at 21 °C to form the membrane structure.

The membrane was washed with water to remove residual solvents. then solvent

exchanged by immersion into MEK for 1 hour. followed by immersion in a

solution of 33% light neutral lube 011/33% MEK/33% toluene for 1 hour. The

membrane was then air dried.

Coupons were tested with a 230-270°C distillation cut of light cycle oil

containing a high percentage of aromatic compounds. The percentage of 1-ring,

2-ring, and 3-ring aromatics and non-aromatic compounds were determined with

supercritical fluid chromatography methods. Results from coupon tests at 1000

psi and 57°C are reported in Table 4.

Table 4

Rejection and Flux for Lenzing P84 HT Membrane

3S109&

28 JAN
3S109%& () -
oF

Flux Non- lI-ring 2-ring 3-ring Non-aromatics
(GFD) | aromatics | aromatics | aromatics | aromatics | rejection (%)
(%) (Vo) (Vo) (Vo)
Feed 16.2 10.3 73.5 0.0
Permeate | 1.1 8.5 8.1 83.4 0.0 47
Example 7

A viscous solution containing 22% Lenzing P84 polyimide, 11%

acetone. and 67% N-methyl-2-pyrrolidone (NMP) was prepared. This solution

was cast at 4 ft/min onto a moving web of non-woven polyester fabric (Hollytex

3329) using a knife blade set at a gap of 7 mil above the fabric. After about 3

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,

i

Y
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1 hour. The membrane was then air dried.

A feed solution was obtained from a refinery and consisted of three
components, 11% p-xylene, 15% 1-methylnaphthalene, and 74% of a light
neutral lube distillate. Coupons were tested at 600 psi and 107 °C. The lube
distillate component of the feed was fractionated by refining processes into an
aromatic-rich extract oil fraction and a non-aromatic-rich raffinate oil fraction.
Analysis of the feed and permeate solutions and the refinery cxtract and raffinate
fractions were performed with GC and UV/visible spectrometry. By monitoring
the absorption at 350 nm in methylene chloride, an estimate of the percentage of

aromatic-rich extract oil was determined. Results are recorded in Table 5 below.

Table 5
Fractionation of Lube Distillate Oil with Lenzing P84 Membrane

Flux p-xylene | i-methyi- lube est. %o est. %
(GFD) { (%) naphthalene | distillate | extract oil raffinate
(%) (%) in lube oil in lube
distillate distillate
Feed 11.0 14.8 74.2 43.7 56.3
Permeate | 4.1 12.9 17.4 69.7 49.8 50.2

As shown in Table 5, the membrane showed good rejection of non-

aromatics as indicated by the increased aromatic content in the permeate.
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1. Membrane having sufficient flux and selectivity to separate aromatic
hydrocarbons from non-aromatic hydrocarbons in a feed stream under hyperfiltration
conditions comprising asymmestric polyimide membrane impregnated with at Jeast one
conditioning agent comprising a lubricating oil, wherain the polyimide is at least cne
copolymer detlved (2) from the co-condensation. of benzophenone 3,3%, 4,4°-
wetracarboxylic acid dianhydride and & mixture of (i) di(4-aminophenyl) methane and
toluene diamine, or (i) 2 mixture of 4,4"-methylenebis (phenyl isocyanate) and tcluene
diisocyanate; or (b) the condensation of 1H,3H-Benzo[1.2-c:4,5¢"]difuran-1,3,5,7-tctrone
with 5,5'-carbonylbis] 1,3-isobenzofurandione], 1,3-diisocyapato-2-methylbenzene and
2,4-diisocyanato-1-methylbenzene,

2. The membrane of Claim 1 wherein the polyimide is a polyimids
copolymer comprising from 10 to 90% of

{0, 000

and from 90 to 10% of

e eWeoteos
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The membrane of Claim 4 wherein the synthetic oil is a silicone oil, &
polyolefinic oil, a polyalphaolefinic oil, a polyisebutylene cil, a synthetic wax jsomerate
oil, an ester oil or au alky) aromatic oil.

6. "THe membrane of Claim | whersin the Jubricating oil is 2 mineral oil.

7. The membrane of Claim 6 whersin the mineral ol is 2 solvent refined
mineral o, a petroleum wax isomerate oil or 2 hydroprocessed mineral oil.

8. The membrane of Claim 1 wherein the Jubricating oil is a synthetic oil-
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9.

The membrane of Claim § wherein the synthetic oil is a silicone oil, 2

polyolefinic oil, a polyalphaolefinic oil, a polyisobutylene oll, a synthetic wax isomerate
oil, an ester oil or an alkyl aromatic oil.

10.

11.

The membrane of Claim 2 wherein the Jubricating oil is a synthetic oil.

The membrane of Claim 10 wherein the synthetic oil is a silicone oil, 2

polyolefinic oil, a polyalphaolefinic oil, & polyisobutylene oil, a synthetic wax isomerate

oil, an ester oil or an alkyl aromatic oil.

12.

13.

The membrane of Claim 2 wherein the lubricating oil is 2 mineral oil.

The membrane of Claim 12 wherein the mineral oil is a solvent refined

minezzl cil, a petroleumn wax isomerate oil or a hydroprocessed mineral oil.

14.

The asymmetric membrane of Claim 1 wherein the membrane is

supported on a porous support wmaterial.

15.
material,

16.

The membrane of Claim 14 wherein the support material is 2 non-woven

The membrane of Claim 15 whepein the non-woven material is a

polyester, polyethylene or polypropylene material.

17.

A process for preparing a polyimide asymmetric membrane for the

permselective separation of aromatic hydrocarbons from nan-aromatic hydrocerbons

under hyperfiltration conditions comprising

(8)

proparing & polyimide dope solution comprising a polyimide co-polymer

derived from (1) the co-condensation of benzophenone 3,3',4,4™-tetracarboxylic acid



<d! R10% 0$, & () -

<d! R10% 0$, & ()- <d! R10% 0$, & ()- <d! R10% 0$, & ()- <d! R10% 0$, & () -
nooooooj J* A<d! R10% 0%, & () - <d! R10% 0%, & ()- <d! R10% 0%, & () -

<d! R10% 0$, & ()- <d! R10% 0$, & ()- 5W' Oo#0&0' o( okoonM A <. S10%& ()- <
L- 10%&' ()-<d! R10% 0%, & ()- 5W' Co<d! R10% 0%, & ()- <d! R10% 0$, & () -
000Dpppppp| obW< <" 10%$& () -10$10$10$ <F7109%8& ()- <5 10%& ()- <
- <y@10%& ()-pp>qqqrjr|[:bUi< < <F10%3$& ()- <LMIO%$& ()- <
-10%8%&' ()- <F1l0%$& ()- <Y 109%6$& ()- <10%S$& ()-jrrrsksss|[:bUs< < <F
10%$& ()- <F109%$& ()- <S10%s3$& ()- <LB0%s$& ()- <l @O0%$& ()- <
10%6$& ()-ssttt"t)tbBbUd< < <K# 10%$& ()-~K# 109%6$& ()-~K# 10%6$& () - ~K#

3109%& ()

109%$& ()

-~ < 109%3$& ()- <9109%$& ()-)tOt 7t Et Ft & M i M bU4K# 10%$&'

nnnnnnncGAc<d! R10%<d! R10%<d! R10% 0%, & () - <d! R10% 0%, & () -

28 JAN 2003

()-~K#

109%6$& () SlaphydrideB TDA)Snda mixtureof difde pdvophenyKimethane and toluene diamine or

109%3$& ()
109%$& ()
109%$& ()
109%$& ()
109%3$& ()
109%6$& ()

Kt 10‘V$$&'2g)b3,~'<# 10963& () - ~K# 1096$& () - ~K# 109658

SN leReblp s syt i) ot e SRV Oy e o

o SEIH B Behrd UBEH Shora1iindi 098 Sdore ih 40658 () - ~Ict

~~{tttittnN , 5K# 109%6$& (%m # 109698 ()-~K# 1096$& () - ~K#

~careonylbisHgkisphenzafpprydionel;

Srdiimpcysnato-2ouadbanzena@ndibs $&' () - ~K#

ﬁﬁ%@&dﬁtlw&r&&mﬁ&soﬁﬁgﬁ&\«&h ideithd §ot1»Lt€J)t %ﬂﬁﬁ&%& - ~SWI'$

weight of seid dope soludon;

(b)  casting said polyimide dope solution onto a porous suppart substrate to

form a film;

(© partially evaporsating the solvent from the film;

@ immersing the film obtained from step (c) into a coagulating mediurn to
form an asymmetric membrane; and

(¢)  contacting the asymmetric membrane with at least one wash bath
containing a conditioning agent comprising a lubricating cil,

18.  The process of Claim 17 further comprising as step (f) drying the
conditionsd membrane of step (e).

19.  The process of Claim 17 wherein the water-miseible solvent used to
prepare the polyimide dope solution is selected from the group consisting of N-methyl-2-
pyrmalidone, tetrahydrofuran, N N-dimethylformamids, dioxane, y-butyrolactone, water,
alcohols, ketones, formamide, and mixtures thereof.

20.  The process of Claim 17 wherein the polymer dope solution further
camprises a viscosity enhancer in amounts of less than 10% by weight of sald dope
solution, said viscosity enhancer consisting essentially of polyvinyl pyrrolidones,
polyethylene glycols or urethanes,

21.  'The process of Claim 17 wherein the palymer dope solution further
comprises a void suppresser in amounts of less than 5% by weight of said dope solution.
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26.  The process of Claim 17 wherein the conditioning agent in step (&) is a
synthatic oil.

27.  'The progess of Claim 17 wherein the conditioning agent is a mineral oil.

28.  The process of Claim 27 wherein the mineral oil is a solvent refined
mineral oil, a petroleum wax isomerate 0il or a hydroprocessed mineral odl.

29.  The process of Claim 26 wherein the synthetic oil is silicone oil, a
polyolefinic i}, a polyalphaolefinic ail, polyisobutylene oil, & synthetic wax isomerate
oil, an ester oil or an alky! aromatic oll.

30. The membrane of Claim 1 wherein the polyimide is 2 copolymer derived
from the condensation of | H,3H-Benzo[1,2-c:4,5"]difuran-1,3,5,7-tetrons with 5,5~
carbonylbis[],3-isabenzofurandione], 1,3-diisocyanato-2-mcthylbenzene and 2,4~
dijsocyanato-1-ruethylbenzene,
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mineral oil, a petroleum wax isometate oil or a hydroprocessed mineral oil.
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