1 ACI D TOLERANT POLYMERI C MEMBRANE AND PROCESS FOR THE RECOVERY OF ACI D
USI NG POLYMERI C MEMBRANES FI ELD OF THE | NVENTI ON [ 0001] The present
invention relates generally to polyneric nenbranes for separating acid
fromacid v%)%@%ﬁ%% More particularly, it relates to pahtiGhlsRbdsyy adapted
pol yneric f'anes and their use in separating and recovering aclds,
including sulfuric acid fromwaste acid m xtures or streans. These streans
may conprise acid, and any conbination lof acid and hydr ocar bons and/ or

wat er and ot her "contam nants"”, using polyneric nenbranes. BACKGROUND OF

THE | NVENTI ON 89 |Yn SS8D é’égﬁléRiﬁ{}E hei r
et b KRB e e

I ndustrial chem cal and petrol eum processes are prinme exanpl es. I\/iany of

t hese proddEsés OFeHEINVIONTIYNpr ocessi ng of the process acid to renove
inpurities. For exanple, acids are widely used in industrial chem cal and
petrol eumpghini ngTﬁegkéseﬁ@ inQBtidr Rl até L Her A1ya10I pblyhes e Atndtirafgs, for whi ch
general |y nmeans renoval of contam nants™ (including often water) fromthe
process aceparabng esitddiren khil moitdreso Mane pagtinulardy, if redatey fograstisulpipcess
specificatioon Qr requirenments. Ha i.ng spent acid al,so rai.ses safety and
envi ronnpr?@é?tegtﬁﬁg’_éﬁn?féc. mfﬁgﬁﬁeﬂﬁnggéﬂbﬁ%ﬁ {;‘ %B?@EUg_émfi(Se(iqvleUEg [agltdg, t he

D esen o ki@ Rul frie ‘d*;ifdulfrbx‘ﬁ \fzfs'téiacim&hnbssoﬂsﬁﬁéamsn Phedd'5R8dmPMay
petrochemni cal anRd petrol eumrefining processes. Depending on the use,
comrer ci alcofriprias hiidaandlanyscompinadbh pf scid@nddy drocasharsragtfsg vedter74nd9. 5 wt %
sul furic acid wi'th the rengi ndekttglpi cal Ly being water. Many uses generate
a waste oPMEHeRPNtATIRANLY"y BHRAE POMMETH RGP YMHi ¢ hydrocarbon materials. This
spent acid streamis typically reprocessed to 2 renove the organic

mat er i al . BACK GR@UNI O3 OIHFANVENITTION on of the sulfuric acid is
conventionally used to renove the organic material. [0004] An exenpl ary
pet r ol eunygip¢essi Nmdasis hd@tlidYrblesde dhel a2 jSinI&RpARIKSind Bfat @l kyl ation
pr ocessesm.[m{ n?a typlg?aﬁﬁlgl {éylféégt]{i rﬁ p(?socess(,3 t he ?el at |bvel ylrﬂ\%gﬁ purity,
concent r atedasindte thecacad wdthhrooess dydproduetd inwasenthesnaomdmmatéd wat er and
organi ¢ hydrocarbon materials comonly referred t s _acid sol uble oil
(ASO) . w@(ﬁdgalrerq%?@ﬁflfyyesqrmﬁt@&smsp%%ﬁwm Aagusirialchemical apdti ¢ activity of
the acid : ' oA § bkyl atd - can be
rogencr at BARaE oGRS ar P el MR O 1R AN TR BECEES

100051 Conpextisingbf thetprodctss koid te pembva ahpunitgse feoraxampld, aerlswaee general |y
conmbustion, of the spent acid to form sul fur dié)xi de, conversion of the

sul fur di Bigedeusest wupgustrigh chemigd andpetrolasn priune 8pPhGEoRsthar tri oxi de in
wat er. Wil e: tRLs w B WM r (Wolah ength acid
(305" s o0 (LR, TEFIRELARY jihick ARl SRRl R Gk b

econom cafindlodingmftenokate® fusanke pfocss ddid teradtire thicoadid ansirercaspeits sul furic
acid by various nmeans such as rail, truck, ship, or pipeline to a central

r egener at NFIRILEEBPPeGi{iRatON ARisaEBRBERtSct Handling sprntisid 3150 rasest or aci d

regeneratg’a(? aﬁa%ingm) &8&&%&?&&9 a significant part of the total costs
for regenerating spenrtl acid. Co

[0003] An exemplary acid use to illustrate the present invention is sulfuric
acid, which is used in a number of petrochemical and petroleum refining
processes. Depending on the use, commercial "fresh" acid is typically supplied
in strengths of 70-99.5 wt% sulfuric acid with the remainder typically being
water. Many uses generate a waste or spent acid stream containing organic

hydrocarbon materials. This spent acid stream is typically reprocessed to



[ 0006] Sul furic acid can al so be concentrated fromabout 70 wt% H2 SO4 to
about 85 wt % or about 96 wt % sulfuric acid by using evaporation with one or
two stages. The evaporation nethod is highly energy intensive as the

aci d/water_m xture must be heated to a high tenperatur i,ze the
water. It ‘XP%‘)(){”@‘H&% res special materials such as gl as]gqt/lesnzéﬁﬂ@gs]éel s and
tantal um heaters to prevent corrosion. An inproved, |ess expensive nethod
for regenerating spent sulfuric acid is?needed. 3 restore the acid to or
near its original process specification. It would also be beneficial if

t hat process could be deployed “in situ" wth t [OC . pr.oduced the
spent aci dr¢ R?r@ﬁ‘el'ﬁ?ﬂt%ﬁ?/EWﬂlwt'Trb epﬂnﬂﬁu@%gﬁﬁﬁgh[‘fﬁ }’ggﬁ@t hod is
provi ded fgQr [ [ fle ofBG6L Mtetidl e conprising acid,

hydr ocar bo%scoélﬁéﬂ\}:\og{a‘elpgm%&e&ﬁe@ﬁ?c} iegc%edﬁdes prlocessi ng a feed m xture that
conprises fromabout 70 to about 98 percent b i ght . aci.d.using a

crossl i nket?0948] yneme%%ﬁﬂﬁé}hﬁetf‘ﬂe?’ﬁrﬂﬁ?cfsf’ﬂgé’%{e mﬁf‘gﬁ{réﬁaec"i# S first
perneate product | R LryBRAT APBtidn HOSENE Rhdiveny eat er

wei ght per%ag%lygtgfgrgﬁ&@lcﬁnﬁgﬁgﬁﬁ D A s S e R i 5 “Phe 111 st
per meat e phigHpatity;ebheermmtad grldatceacidbe@mespbhtahoagmtiohiratidivithan the feed
m xture. The crosslinked pol yneric nenbrane ug(fad for,the se ara‘%"on is

sel ect i vel Yalse ppbaIgaBIq @"EH%NQE’P massrials coremeplt Bderrerbios?s 4519 piubleed

m xture. T skhinnke I HftedBrR : | g terized as
havi ng a c&gg§$@2kwﬂgﬁd%r€§ﬁ:e %ﬁ?gﬁnteabou% Hf%ﬁgﬁ/?tg %’qggfocg{d}gga@?ﬁ?%?an

enbodi mentthe b degraties e Spuer Ruifukicarid fremfthedlkylatianr grotssssahfberi ¢ acid. In
anot her enbodi ment, the crosslinked polymneric nenbrane i s conposed of

pol yvi nyl rgeenstigied bupal 3/ ¢considerakie castaising eastt@ihFWefson thereof. In still
anot her enbodi nent, the crosslinked polymeric nenbrane is conposed of a

pol yner i zggoasjc ohoConaentiviRa retiodyddi §jeadagialrygekcraiat ialclvh@encmailya

het er opol yner conpri sing al cohol or oxoanjon nodified al cohol nononmers. In
such an erfosdiuston of theesSpepbacid tokara pofuy viexide. ronpeisHE fhe suf¥or ned usi ng
a substantj.al.l.y.a r . Dr . : odi ,

crossli nkeddg)88¥§/on§p ?(1% t%ﬁb@aﬁ’??@%‘%&%@%ﬁgg?ltf%hrg{r?\%?gr%ylﬂ Vg??%%{gg [0009] I n
an enbodi ARRttechtolMgytik Widylgrusee id paotecs highotengt auid (88 ivaldjSD,),
environments having 70% or_nore by weight of acid js provided. The

mul ti - | ayétispeptldnienpiyg. dhusrisis psaply maupgeerumisel fordoWsOIYmMKBETHol yeri ¢
menbr ane havj ca_f.0Lr t h r i i.vely perneabl e
T 4 aci & SuRF GotikaR brbelst B Srlfb IR oIRGB RS R O SRR

crossl i nk tAeRsdHipy, dripapelateodta den@ fepeadratibn Ziloraitiee tinecwmdirhbayer of the
mul ti-layer nmenbrane is conposed of a f|uoropolynmer or a cellulosic polyner
havi ng a pesieown fecilities faracidregentranomalreightt copls cppbgta signidikpriart The third
| ayer of t menpbrane i s a structur ayer conposed of a material with a
pore si zeogﬁlealf’&l?g%f f%’ rr%gellﬁﬁqﬁf%e%gﬁét%her enbodi ment, a nulti-Iayer
menbrane structure for use in acid environnments having 70% or nore by

wei ght of (806l i s PHBvicledd cmelsmetqonp@v@ﬁedﬁ;ﬁmmt%ﬁw% HoS&4 toayer
conposed of a crosslinked polyneric¢c nenpbrane., The crosslinked polyneric
menbr ane RROWSIPESaQr 8Poyt 9&) el e ag1d-yheing SKARATBAR BRI 9T ed

pol yneri z r I nat | r ; ' ymeric
menbr ane E\g%g"tlgg?s{??is‘}%e ?Y]%@ﬁ%gdgg}ngﬁlg diqgh@?}égr?c{r%;ﬁtn;t@ragl?%gme’ﬁ%@%rd over

hydr ocar bafigturelm@scseobadted kes hizdl tgmpeiaumeroivapmezaiie voatedf. Uit tabser
characterized as having a crosslink density from about 3.0%to about 15.0%
The secontfquipespesialimaeriplssuch ay slasyingsdt wissels and sppjaligy hegtersteE or

ext ended PTFE .havi a I: f t 1 Ag a pore
si ze t hat Pi¢EPgQLT Otgﬁ)erl]h ’Iﬁgﬂ‘%%gﬁ%?a% s %E présntg th%hrp%[gﬁg]sfé{ %ﬁ%&?ﬂ{lgg}y‘%ngyer of the

mul ti - | ayanfurydeid@nendeded@ structural |ayer conposed of a pol yol efin having
a thickness of at least 100 gm and a pore size of at |least 3 gm

[0007] Accordingly, there is ample need for a separation process to

efficiently and effectively remove impurities from process contaminated acids to



BRI EF DESCRI PTI ON OF THE DRAW NGS [0011]Figures 1 to 5 are sinplified
schematics of different enbodinments of the present invention. [0012] Figure
6 is a FTIR spectra of a Tefl on nmenbrane support having a nom nal pore size

of 0.2 m C(V?)%&%(%%%B] Figure 7 shows FTIR spectra of ugggdgandsionged PVA

menbr anes. 'gure 8 is a sinplified schematic of a nmenbrane testing

system [0015]Figure 9 shows the relatiye flux of an inventive PVA
menbrane. 5 [0016] Fi gure 10 shows the  amount of ASOin w%in the per neat e
as a function of run time for an inventive PVA nenbrane. [0017]Figure 11

shows the anmpunt, of ASOin wt.% in .the nenbr t est | ] f ti
of run ti nées.g%rie the a¢i R AT Pe 1B IGHBRYHITERSS S?%gfi%ﬁ%%lngﬁfgof%eagg g?m?i czlilnfyI o
shows a mulpbhefh@GF iR PRIREECAHE BeldepRyBE e HiuNvitiPthielRoéeRy et on.

produced the spent acid.

SUMMARY OF THE INVENTION

[0008] . In an embodiment, a method is provided for recovering acid from a
feed mixture comprising acid, hydrocarbons and water. The method includes
procéssing a feed mixture that comprises from about 70 to about 98 percent by
weight acid using a crosslinked polymeric membrane to form a first retentate and
a first permeate product. The first retentate contains a substantially greater
weight percentage of hydrocarbons than the feed mixture, while the first
permeate product contains a greater weight percentage of acid than the feed
mixture. The crosslinked polymeric membrane used for the separation is
selectively permeable to the acid over the hydrocarbons in the feed mixture. The
crosslinked polymeric membrane can be further characterized as having a
crosslinking density from about 1.0% to about 25.0%. In an embodiment, the
acid recovered frorﬁ the feed mixture is sulfuric acid. In another embodiment,
the crosslinked polymeric membrane is composed of polyvinyl alcohol,
polyvinyl sulfate, or a combination thereof. In still another embodiment, the
crosslinked polymeric membrane is composed of a polymerized alcohol, an
oxoanion modified polymerized alcohol, or a heteropolymer comprising alcohol
or oxoanion modified alcohol monomers. In such an embodiment, the
crosslinked polymeric membrane can be formed using a substantially anhydrous

process. In yet another embodiment, the crosslinked polymeric membrane is
composed of polyvinyl pyridine.

[0009] In an embodiment, a multi-layer membrane structure for use in acid
environments having 70% or more by weight of acid is provided. The multi-

layer membrane has a first layer composed of a crosslinked polymeric

membrane having a first thickness, the membrane being selectively permeable to



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 0019] Thi s invention

rel ates generally to an inproved polyneric nenbrane and its use in
regenerating spent acid. One enbodi nent of the invention relates to
particul arl v adapied crosslinked pol yner nmenbranes thapcpigosanaibe of

wi t hst andi ng "an acid environnment and the use of such menbranes in a nethod
for recovering an acid such as sulfuric,acid froma feed m xture conprising
aci d, hydrocarbons and water. The net hod conprises processing said m xture
using a polymeric nenbrane to forma first retentate containing a

b iall, ] f : : '
and o Ti r sEeeRRERGoprBRGE e il s A RER AT b DR AP oCRRE, T

than sai d feadWHuKY W to hHo@ISldvs! TaeRedin@Ryer dfihe Rl ¢ omanbaas
processing the tirst permnmeate product using a second polyneric nenbrane to

form a secpndnymsedbiadluocopdymeneg acdhibetiapolymarhayingza pere sH8db#tF at i on of
acid than the first,_ pe at e product.and a secopd perneate.product

cont ai ni ngless g@ﬁ@ilfrﬁﬁtég%\y“d?’_@ & ér&ﬁgg’ﬁﬁaé'ﬁ 8ﬂg}§fm9\mgsﬁnetl£én the first
per meat e pgtﬁ%‘\?xﬁaglaggxdc&ﬁg@%ﬁrdﬁg{n%ﬁgl WRE A& S8Rk 3t Rast”3 fumr t her

enbodi ment "1 ncl'udes conventional processing of the first retentate.

[ 0020] I n vari ous enbodi nents cid stre cont ai.ni ng from aghout .70%to
about 98% KW1Qki ghtin aBPier GRPaFiment,f Wﬁ%ﬁf B DraL StB‘éC?%rtg%bxégsseelg to form

a per meat e, i bk gEEnEAARE000Br RRAL BPLveidi oFBERI PRGVidoTeRe the acld i s

6 sul furic aci water content o e acid streamis preferably 20% by
wei ght or mekblayer mkadbrbye hes ghitst tayel esmposrd @06royslinkied polyonericess.

[ 0021] Yet anot her enbodi nent of the | nvengi on rel at eseé{)o an li rrpr.ov&ad
al kyl at i onmprbEiss Theraosslieked PP M ICoREmEras s FPURSS KM Y WG AR ol ef i n

m xture W th S j ¥ Xt [ S ehidtibh dtréo@ci d
cat al yst uar%ﬁ%}?)qt%ln%?@ggnﬁ;}ngp m e%ltll}q}gm% gz%ci‘%gﬁtgcg, gﬂ&g? ky] atle préduct. The
li qui d aci Theabadlinked patyrheriamgnibrans ichsachidt tickrebs end brsebeatistlyzi ng t he
al kyl ati on reaction such as sulfuric acid. The s er]t aci d vml_i)ch is a

: P
m xture camsmieablago seidiayer By drocatboRg.dl Be sFasehrkede YRCEF MLINEEHER: ed and
processed buesﬂxpl%eracﬁérgﬁgrifeod Xmﬁﬁg a crosslink density from about 3.0% to about

15.0%. The second layer of the multi-layer membrane is composed of PTFE or
extended PTFE having a thickness of at least 10 microns and having a pore size
that is less than half of said first thickness. The third layer of the multi-layer
membrane is a structural layer composed of a polyolefin having a thickness of at

least 100 pm and a pore size of at least 3 um.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figures 1 to 5 are simplified schematics of different embodiments of

the present invention.

[0012] Figure 6 is a FTIR spectra of a Teflon membrane support having a

nominal pore size of 0.2 microns.
[0013] Figure 7 shows FTIR spectra of used and unused PVA membranes.
[0014] Figure 8 is a simplified schematic of a membrane testing system.

[0015]) Figure 9 shows the relative flux of an inventive PVA membrane.



menbrane to forma first retentate containing a substantially greater
concentration of hydrocarbons than said spent sulfuric acid m xture and a
first pernmeate product containing a greater concentration of sulfuric acid
than the sg@@ hbdo M xture. In one enbodi nent, the fipstyRRLHRBIE Product
is recycle to the al kylation reactor. In a second enbodi nent, the
first perneate product is optionally fugther processed to reduce its water
content. This further processing can ihclude using a second polyneric
menbrane to reduce mater content. Each further processing through a

pol ymeric ane iLrst tantially
greater COE@&ﬁﬂratl th%ﬁtgagg“%{9ﬁ§§t§§ﬂ&@ |rg% @ﬁg%fg product and
a second smmmm@aﬁtthransmmﬁewhsen%@ﬁé.er concentratl on of water
than said first perneate product The first streamis recovered and

recycled t Iat| n.pro e st
perneate c (Hh?ﬁ)s éF{fd@ %.1'8) S?WHHLH};%; \/lgcvgtu/'S g%dﬁ%gbga%eéé%nhydrl de,
or addi ng hierza d&Q08akkeh §mnlma@@@rwmeamwmmmemmaslel nvention provi des
a multi-Ilayer nenbrane structure suitable for use in separatlng acids from

impurities er str t nbrane .allo

structure Orés? lﬁ‘érgal essct"f’@a Ig'pﬁ’rot“fseasmB t@\%%ﬂ“%’? %,%Bmﬁtgre In an
enbodlnenta“%hﬁn%qégknha&gﬁnpf the structure is a crosslinked polyneric

| ayer that provides preferential passage of 7 the acid relative to at

| east one ; havi ng.good resistance
to the acid -ﬂ“"i.' AENE an provi de

D LA

addi ti onal beneflts for the nenbrane such as providing structural
integrity Mmﬂh]I|ttmmﬁnmwnMDnnﬁactg@nxdveﬁahtHmmnx¢dp®bpnmmiding over al
mechani cal bility .for the nenbrane so that |a ers Wt i.fferent
properti esma%‘% ang, jlsdisg ‘?ré?geePF%ﬁtmtgé‘PF?fraé’“? Op B’(?HQH“?’B O&ﬁ]é separati on

envi ronmentyerdiRin &Wo%ad%@&]f%@&ﬁ@@cio@slﬁh&ﬁ%%@ﬁ ﬁ%ﬁ%tﬁﬁ:s R4 Hee
materials are prone to stretching while others are not. A lower |ayer in
t he menbr anpablhaf withstanging andcldbhmrbmmmttdmltthﬂdsmoﬁhmh IperebswEE S gan

mai ntai n the, shape of the menbrane und res reventing failure
of ot her , BOLEH EPLTeERYSTHIE AN a5 Sech,gs tikrfteactt el o & AND

VENBRANE/ eRIPRInd #9431 Ti?@ca%&%ed}{d W&%?”Th@ﬂte’t}ﬁ)odédrﬁﬁﬁﬁg SeR@hh L0 a

pol ymeric mernbrane, p055|b y 1n the tormof a [ayer that |s part of a

mul ti-| ayesaxdnamfoumnsug a polymmc bmbrians te tfomblfarstf wtendate dextantinghnat ed
use in ener a oce The pol yneric

separation and i

menbr ane ¢4 t@ﬁ‘t%@t%ﬁ@ef Fl%““:f@ atl%‘hQH%(g‘Hﬁ% 03?1 aﬁr g‘F g‘?@ﬁt‘t"é‘l"ﬁ?“élaffuses t he
acid over t cid, and
any. conbi A e g e B AR (o BT £

"cont am namiaife. mecphmbochmnbeh@mdtodocwmpmses salrdmtksmgtt}te firstmon
petrol eum and petrocheni.cal processes. 00241Thougg§§?rt|cularly descri bed
her ei naf t @F”W?t? BTOUCHISIng 2 9§eond Pl YBSTIF SNAUMRPF 2 E¥ S hgeeOnfeam the

pol yreri c . fehh / ions. O her
appllcatlons g?@uﬂﬁ@g bh%ﬁpgﬁﬂgh%wéﬁéhggﬁﬂbkmdgggﬂ#@?ﬁgﬁfgﬁﬁ|quid
separat i opennmaltmplmdu‘coamdeaw&qmlné,pem’nemcpacbdw odmtatmmgla(submdamwltyg
agricultural chem cal production), pharmaceutical gllcatlons st eel
prepar at i SFAtGREORFETETAERR| A gvataidandhcoiirsy BRmegate Brrqsi&a ANEHCCONGHNE| onal | v,

t hough pa r riyb I tion of
sul tari o Sl SUP B, WP RLAIASE ihud® Ry BRiO BB b ane. of
t he i nvenbf e flrasretcht@ppl i cati on to separations for other types of acids,
such as phosphoric acid, nitric acid, or other acids that can be highly

concent skt 10035 LITG,TENROANER EER AL AR NS ERLLAD FOAREI °¢

crosslink

nmenbr ane goutOBU @y Wélghnaidames a@ﬂd{ydrodmmrsadaﬁ Wetprucdssee® fos@ch i n the
process accordlng to the invention nmay be utilized in the formof hollow
fibers, tRAs@satervithdoweseatrgcarber conteat. pnguekedimgptsouhbsre theptifys be carri ed
out in a test cell which is divided into conpartnents by neans of a

menbr ane or nenbranes. The conpartnents will each have neans for renoving
the contents therefrom The process may be carried out continuously or

bat chwi se, but preferably in a continuous nanner.



[0026] I n separating acid fromacid waste streans the flow rate of the feed
across the nenbrane surface (or exposed surfaces of a nenbrane structure)
shoul d be sufficient to prevent undue selectivity |loss by concentration
pol ari zat i\9B-00bfis0shd oW rate of the feed depends on thep@@fdhibale geEOMELIY
and configuration of the nenbrane or menbrane structure and any supporting
or contai nnent vessel used, as well as on tenperature. Generally, higher
tenperatures and |ower flow rates can™be tol erated. Establishing the
optinmumflow rate for a nmenbrane configuration and set of operating

condi tions n. be. di Ly determ ned b Kill I h [

[00271Hi gh%ﬁﬁﬁ”l“tﬁ?éé?@% a%eé Cgﬂﬁpg?/gtﬁeﬁf/’?éosg@?a P ﬁggf\?\apatb?f??ué’ %l&'ﬁ{ggts? r nmenbr ane
that will &% BF26% by veRdhy oF ¢k, drﬂ@%%%igmdﬁ!!le%h_e operating conditions.
I'n anot her enbodi ment, to help the nmenbrane maintain its physical _

pol yrer i & BB ™ o ehenPa e oL E B eruienr A TR B dmPet Ve, hi gl v
porous Nerfik@AR€en hcBEQAMEEaIRy BUbA prdRYEEohBRiAR0A R MY Gh WI&in The menbrane
| ayers in a multi-layer struc?ure are preferably securely attached to one
anot her. Nbix¢urgevigh an isppatifiyh erixfureiiethe pacsebee athiiguiddichd caplystat i ng with

the thi t, menby | ayers i | ti - st ruct that will
e e TEARRARe LR i AT LA e TEDT 2R ety e (hal v
oper at i ng g tchlpﬂﬁ any hauidm&EuiPJbtle;]lfdr%X%ﬁyiiﬁgl%ﬂggaéfﬁaﬁéﬁ%c%ﬁ Wedrire will

vary depending on the pore size in e layer n an enbodi ment

i nvol vi ng aa seldmposéite Tinerspestreeid whechne abniamere compusing sulfunclacites at | east 2
| ayers. L@ﬁauch a con&osi te merrbrage, the first | ayei,r is a crosslinked

pol yrer TOSAPONGRI VAl S ZeqOyRIsIandPrawstrhning & THSRPIYBFriG separat i on
process, p&hBLAS! | Iihin ol : rface that
is exposed to the %/E&B@Sa aﬁtsg§ tgiinﬁgeeésog\pf)%}rng edg.T(J b#‘ﬁg“@yr gfegféarfggg?@%attached to
a second Hayef hydwchrbasas pednytaid sk sdfioét ioid enetur@ikE) fost @emediex Tm  whi ch
is a chem coaﬁlqu resi stant polyner |ayer with a Iarg%er pore size than the
top | ayer PTORRE! SRR HIghBregier CARCaNiabpn ghaudwio e dithdnethe sapntigsidsi a cheni cal
bondi ng, Miguf. | : ' L t ol yner
matri ces ofl 'P henj:ﬁ;:érks%':H rgﬁédd ’@EQEW%B%%‘?QB*ydaté‘g{y{s\gﬁfwe@&’cggrf&‘e‘ﬁﬁ}éﬁt met hod.

Thi s secoalfyladiperequavildessesbndietnbodimanty g firitypckoratelpeodudi s | ayer.

Preferabléﬁ.thﬁ sfgcond | ayer provides structural | n%&gri ty wthout

subst ant | WYPady fREPHProressed Brcdaeeils Wakimganicat FaisdHEher Rrosesking

Pr ef er abl : i i I d menbr ane
vt g o San th%dE LOR% d BHd BETMGRInp A bRIRRB L Eke ol SETAN AN TPV 21T ¢
of the crivsthki ploedssirethiraungh a polgnseizanciabyancemr AR SEst ar&en SErve as a

sui tabl e substrate for the formation, deposition or coating of the prinmary
menbr ane. CPHIRGE A URRGNHRLY ersbdicrprgniragiomalspLipeg eeidbampaddirsit ruct ure i s

provi ded Jhakad | !g T i . bhayer .is a crosslinked
pol ymer rﬁenbr %"ﬁ@’%%? 8?§§|e§&f‘fﬁet§ Hé(?'{t lgillgg\sfﬁmsﬁasnﬁlﬁ@?ﬁ%atgt | east one
surface tdoatentmtiexpdsedert hah Beidsilspeafratdsiodgcets €N atsestreahhy first |ayer
is attached to a second |l ayer, such as pol ytetrafl uoroethyl ene (PTFE) or

Gor e- Tex TRYOKidaNd wexcled épthealkylation peacgpt. Potharwrocessiag ofithenfizst | ar ger
pore siz ... d0e.at hoen f e fi.rst.| r and second
| ayer ca(rii‘)e e%ﬁ?fﬁﬁ&ﬁﬁ%@@ﬁgﬁ@%@} &vﬁgrggeé%n%%% h?é:d;?g 8?‘958%@% %Qle to

i nt ertw atdiggafledrhe pol yner natrices of the first - 10 - and second

| ayer, or by any other conveni ent nethod. This second | ayer provides
structur iyt egry ty:f e fil | ayer . Preferabl. he.second | ayer
provi deswg%jr2 ct urllgl S>(llnn é)éé%}teﬁ%@%xgaﬁ\’ ]é %VtegﬁPPé’F?yﬁS%%g}‘F%‘gaXeﬁe flowrate
through hiventrendstaneustactsbldoetiss Ableparating aeldSPdhpdriBIbIROE i
supported by a secondary nembrane having a menbrane pore size selected to
conpl i meAulEHyessiraciuraphtheanembrans afipwsier a seueturaitieticombipeane. The

secondar r : al.so ;serve as,a_suitable sufhstra for.the

f or mat i o%?&%gg%g]?%lgﬁxg?evﬁgtrp?{&n% : _lhﬁgn ﬁmbﬁgwe%ﬁﬁrfi\rﬁtﬁyfr@fﬁim ef erabl y,
the secosicudtayas aicbolihRenpslyherRe 1hfdrtHat ¥ 8ides pdBreafiaPpassddeugt ural | ayer
with a still larger pore size. An exanple of such a nmenbrane structure is

schematically shown in Figure 12. In such an enbodi nent, the conbination of
the second layer 1220 and third |ayer 1230 provides structural integrity
for the first layer 1210. In particular, the second | ayer 1220 provi des a
chemcally resistant support |layer that the first layer 1210 can be
attached to, while the third |l ayer 1230 constrai ns the expansion or
contraction of the second |ayer 1220 to prevent delam nation of the first

| ayer 1210 due to, for exanple, stretching of the second | ayer 1220 when
pressure is applied to the nenbrane during a separation.



Crossl i nked pol yneric menbrane 100311l n various enbodi nents, a crosslinked
pol ynmeric nmenbrane is used for performng a separation of acid from

hydr ocar bon, mater or other inpurities. In an enmbodi ment where the
crosslinked,n %;c menbrane is part of a nulti-|ayepcfBdhispps st ructure,
t he crossllnke3 pol'ynmeric nenbrane is the first layer of the structure. The
crosslinked pol yneric nenbrane, conpos of a polyner such as a pol yvi nyl

al cohol, can be characterized in part'%ﬁ'a crosslink density. Crosslink
density as used herein, is defined as the percentage of nononers reacted

o o RS IR o i SR P HLORCRE AR ggbout s of cne

nononers h chiem ca nking agent. Note

that in emmhggaéérm@ettaqlecmaah%admlemem(mm&mmrs stthea copol ymer or
anot her pol ynefr “containing nultiple types of nononers, the maxi mum possible
crosslink siarsireampyotide bédisionaldrene isofior theirsersbrans: SUsh 25 PEQIFI€INghen one or

f th b bl
Crossi | nki Sy By ahieerte Shtlifiare norGuarr ko Safl 5 L ARHAA SR, bour
1.0% t 0 abguihaA7cdd Pablifty 36 @ERRCHhBPRAE so t |AVRAOWARL FERABploBLrtitesI ty is at

least 1.0% or at least”2.5% or at least 3.0% or at |least 5.0% or at
| east 7. 5%otenustta natsstal 01W0e4n Wispensead ithesoparation emyironansat. cfdssl i nk

density can be 25.0% or lLess, or 15.0%

0 Or
or less, oremPlggyhsn ‘f’%’é’ée‘?@relfﬁﬁat@&??ﬁs‘frg%§°mler{"%1teﬁ?léfa§?Preod'eé?rbodl ment the
crossl i nk AefHidy W?]ﬁeg)%rg Bl%rﬂcﬁbWPo»%r5a§’crr% ﬁwémg%n@%atﬂﬂﬁ iP&id
preferably ranges from about 5. 0%to about 10.0% [0032]In anot her
enbodi nentabld tvewithsigisd highenpredsmnes Ce;n whintdie tiposhape of teimembeangan be
characteri zed rel atlv to the nug % rossllgé g chai ns | he menbr ane.
Pref er abl YN f’h@rcﬁﬂ%é Ug PREYENTIRg Aeh PPsHBY BHYICh yeﬁq €pol yneric
menbrane igefhrangast 85 per 100, or at | east 90 per 100. This corresponds
to a SQL content (which refers to the percentage of polyner chains that are
not cross-|inked and th | fromthe nenbrane by immersion of
t he nenbr 3 BRANE SR

: 4 3PSR8 15% or | ess, or about 10% or
| ess. [ 0033] Wi I e not fuI |y understood the crosslink densi ty, as taught
herein, [fo@Bjces ’ﬁhﬂprdseranawmm mmiyrebedam;zpnttedatpolyvmcﬂinsmnwr@m d
environments . typically en tered in r m}proce sing ap Ilcatlons
such as SEPFIPRANAGS frm & YFbH*atwrﬁ@%% Haxer GETHTARY FgUGterCal so

bel i eved I =Y of the
renbr ane, b lﬂ&ﬂ%‘dﬁ%ﬁ)f%ﬁﬁ. CENERLAC] epfRlhol B IBEM RebTarifie )

Pr ef er abl prodek@ammeTBmpolgzm&l makbeersiah witlstadase apid alvirgnmenf orm i n t he

direction of materi.al x during ,a separation process. re preferably,
t he nenbra%pafsrfe@gwwdﬁﬁwg? {he 4%(* SUFFINE FELE BRI CORATEIARY- ?ﬁw&%ms the

vol ume of t  not
contain anggbst [ gdlra%graag %lﬂﬁﬁ? Jg)(fllcorft)alse %H}ﬁjrggﬁgt@gpslr n any I'Tection.
[0034] I n amd eﬂﬂea%mmhmahtsé Th@ﬁﬁidemsk@nh tpm;bxylmmml rterkindneith sotfxmared froma
pol ymeri zed aIcohoI an oxoani on nodi fied pol ynerized al cohol, or a

conbi nat i BATY/ReMESH pPetiosBEmIRA BFRSEs¥ESal cohol s represent copol yners,

terpol ynmers, or other conbinations of nononmer units to forma pol yner.
Exanpl es [f02gp! ynerliotgl pattiahally desteibed derpdhafiar iy relaficotobse(iRuA) |,

pol ypropyl al cohol, and pol ybutyl al cohol. To form an oxoanion 6£I fied

pol yrer i ZE@“HF‘(‘:‘B%PC“&W%SI‘T@B%FhesIER:‘MméélcFS’E)‘T’?VZ‘HWM%IPFR)[FF&F‘OP§° g3Posed to an
oxoani on u r&i,on of the
al cohol g%cgmgﬂ {%@Faﬁfo@%og‘t;ﬁ%ﬂnébp {Sgﬁ‘?’ﬁ"gﬁ%r%%ﬂ’ l%?nelr stl&tng{ eg ctaPcohol S

based on BRWsddrfol ueid/IR@iy vépurhtsor fratele( RYSkampl@rehtindcal pesducton of pol yvi nyl
al cohol with sulfuric acid, and pgl@yw nyl ghosphate Qt her . i norganic
oxoani on h@fduqilmgdigﬂ@uw@i ch@whn naPynpsended appliedtiogs, (or

pol yvi ny PEpagiaparcistp Gt ME RSP ERARIBhT AP odRE o Tor

respecti Vﬁruculsﬁay deaHed h%xd@ﬁer inuehitios t@phwbmydn Sﬁétﬂﬁﬁliceacwld pol yvi nyl
telurate, formed fromthe reaction of selenic and teluric acids with PVA

may al so dtiamsdhat contdin hydecagronsuthegiol ymemapicarsaranl e iPveied s react i ng
PVA with boric acid. [0035]In an enbodi nent where the nenbrane is conposed
of



pol yvi nyl al cohol (PVA), the PVA nenbrane is preferably crosslinked using
1,4 diisocyanat ohexane before use in an acid environnent. Preferably the
menbr anes are nmade of crosslinked PVA, PVS/crosslinked PVS, and/or other
crosslinked oxaanion nodified PVAs. Qther suitable cro§§q5§§&mﬁwagents

i ncl ude 1, I'1'socyanat obut ane, 1,8 diisocyanatooctane, 1,1

di i socyanat ododecane, 1,5 diisocyanato-2-nethyl pentane, and 4, 4

di i socyanat o- di phenyl net hane. [0036] herf material choices are al so

possi ble for form ng crosslinked polyners according to the invention. In an

enbodi nent, a.pol r _menbra - 13 - .he forne ram.vi vl tate
m)norr{er uniaPEI?é)%égg%Wﬁm%gﬁﬁ?g’ef é'p&%gg%g?’tsgaéﬁs g}éésgﬁg}“\élﬁ%f Sﬁﬁrrgnt , the
acetate fungly 6NGthePiQEPHA tdn bé’ﬂifgﬁgy&ﬁlc@ﬁ!@atf:ﬂlrmw nyl al cohol . This vinyl
al cohol can then be crosslinked as described above. [0037]Still another

tenti al terial is 4-vinylpyridine. Unlik | i zed
POt ents 2 R ane A oL B s BB Aot DS IS, e
nitrogen i pofyhﬁer%rmagé‘s @g&rfgl c@gioﬁ?lﬂﬁﬁb&k bf a dulBLhRENAS b Stratture.

crosslinkef I's require of 'suitabl e crosslinking agents include
al kyl or afhewidntbrdidsadniddasmenbOsg]stmceirés usedtimre Eobesdianeerdmg tortbe menbr ane

terial b I . materi th tisfi | ¢h teristics.
i ot t ho TSmOt o #p i erBroI oYt TORer 0T P rP A s Ghel | nked
pol ymer mﬁ%@ﬂ%ess\%ﬁy cbﬁfeé,?ﬁgm %pﬂﬂé%gpmsd sl which hgdividig ingsul ti ng

crosslinked rane sho east 80% of the polyner chains
cr ossl i nkecbrparanentabgtniens ofra raémbems tor &thbrenesat Theeastp@0B¢ntowilt | east
95% or at |least 99% A polynmer nenbrane with too ] ow of a Efécent age of

pol yners cfas8diavhRIAN: _Sordﬁ@oéfﬁ%&%‘élﬁowel“pt ErCSREE ept BICH0BY @hkdown when
exposed to%a@He@B A ABRLERY Ptbatcﬁwfé%ngutg;%)r{@ﬁq{rlﬁ’tgkgﬁﬁrcoﬁﬂﬁ@éds%am?u| d be

resistant to acird environments such as aving 70 wt % or nore of

sul furic acid. 100391A third characteristic is thgt nbr ane

t he [t)ol er
shoul d prol¥P6] suf? senassingsaidibiom agdpsta Hesamsi he flomnlsebBirdeedi so t hat
should P _ _ _ ! ot
Lhe passaaRiop the nREIEEN UEkkRbE GHAEY iR, B393 daRBUAR Mk ot L Cor )

it is beliseall bchaiffioreat ioyhecaitamndaé selestivityalokebpobyeamtraiisn whet her t he
pol ymer can _exchange or_otherwi se acquire an ion siml|ar to the 8Ci d being

separ at ed.Pot@izageandihe flagneHe of Pwalcre depende ondhe RABICHT €6ORGIY #Pfc aci d, at
| t i f t [N i > d with
sultato pronlr@onil ArEAn EROHRRE e sthofiF ol bhy BpXGATBITC

sol ubi I'i t yoafaisubdtWessel aséd] aswdlhgs orerdppnsiurd, NGearwhihgrhighaang@hperat he

nitrogen contained in_the ring of polyvinylpyridine is capahle of - 14 -
conpl exi nduiks @Ad doveen fow satss can barglataged. opstal)ishing Bg optipRen dom % cont ent

Cul furi ¢ A0 SRR Sond el SaRF oY ERelok FRo&YEet B BERABN X 7% ¢ et

the ion actdrimgstddy 4 bigllee phiciniengnes not need to directly correspond to
the type of acid being separated. For exanple, a PVA nenbrane exposed to

phoseht e oge. % et PRl B0 \SERRI o Py oA, houl & be
enbodi meningembrage gk WiBmasdimeybhagicaldargkey ander the operating
conditions. In another embodiment, to help the membrane maintain its physical
integrity, a composite membrane may be used. For exampfe’, a thin selective
polymeric layer (or membrane) may be supported on a non-selective, highly
porous membrane, to produce a multi-layer laminate structure. The membrane
layers in a multi-layer structure are preferably securely attached to one another.
More generally, higher fluxes can be achieved by operating with the thinnest

membrane layers in a multi-layer membrane structure that will maintain the



copol ymer or other polyner conposed of nmultiple nononers. In such

enbodi nents, one or nore of the nononers may not include a functional group
capabl e of reacting with the sel ected crosslinker. Possible nonomers that
are conmpat bl gyof@sostse in formng a copol yner accordi ngetBstohEoobilyent i on

i nclude styrene, styrene sulfonate, acrylic acid, net hacryF| c acid, styrene
sul fonic acid, vinyl pyridine, and acrylam de. In another enbodi nent,

ani oni c/ cati oni c nononers may general | y”be incorporated into a copol yner.

[ 0041] Not e that copol yners, terpolyners, or other polynmers that include

multiple t f. may 4 nclude nononers that do not. parti.cipate in
cross! i nki Ry oielnBa R T Re MiShmtrete pinds EFTer s oS bt Bis: ddetrononer
parti ci pat ifigact Bf 6185 in fHel Membldhedfrue RO Nilreaty déﬂaﬁdﬁag%%e @brd §ige MONONET
having the participating crosslinking site (such as PVA or 4-vinyl
pyridine) insthafayesast 20 wt% or at least 30 w% or at |least 40 wt% or at
| east 50 wt % of the nononers in the polyner. In such enbodi nents, at | east
5 wt% or m2Bpast JAQnwhiboddhedlinl6@%lg d eompJbiteGhebrdn@agl Minbtaipof the
crossliriking nononers participate incrosslinks. In a copolyner conposed
of mul ti pl grusbirereelydes dideast 2 dmpesrelt sush at doenprsitomersbrene) the fiat a r andom
copol yner,, a block c | r, an alternating copolyner,,k a tapered,

copol yner . 128§ lﬁﬁfr%‘ctsﬁgge%gﬁvg}ﬁr gfﬁ“@f??%ng@wgrﬂl?ﬁgi%{qpﬁlt&me 8ns tver

cont ai ni NusePECa MpabRidh Ir¥PaES fémg ; ODNRANBIS 2l r anged
in any convseni enaf1 rIr)uaétinner.I;r - 1’515}% [ 00 g]ﬁ%ﬁrsgzé}'g?nb%%gil%ﬁ?, thgﬁtc,?\lleckness of
t he cr ossldunfeed thadlis/erposeditbthasebstamccieeing sdppased.0The first dayeatis | east 0.2 m
or at least 0.3, m or at |least 0.5 or_at least 1.0 ), or at least 2
gm or at 4854 & q5ecgpd laver.snch aiégg’]ﬁﬁm’é}uoé‘?ethgég? %&Wégor@@@r natively,

t he thick S : Il . r n 50 mor |ess, or
40 p. mor ess’?{/}gw%ogg%eﬁ@rc hpgg%fsqu{rt%%%ggéﬂpggéf}a@?ﬁiﬁrerﬁ’ﬁthﬁgss. For

thi n crosshé mipddygol Breeattaokmenestsie firof didtsco6hdfaytnGarByInRBmE@N be
assisted by starting with a high nol ecul ar wei gh{ pol ynmer, such as high

mol ecul ar BRBfGEt Vipiameghanical afaghmeentsie toinipswining of efpalymehe desi r ed

t hi ckness L i i.ni sufficient vi,scosity.tq allo nbr ane
f or mat i on. ih!ééasuogtpttel% Iﬁﬁt%‘}]? S(Q)%&griel%?raﬁléw AR §§0?%é4’d?r@tnéetthﬁg\'/b€g’cshe desired
flux acrossconbdayeprovides stuidtig] mis@pgat iRMirsAaytheprehirsipegs of the
menbrane increases, the flux decreases. Second Layer of Mehbrane Structure

[ 0043] The S&OBE Ay ar RyeYides stryrdunsbintesrity veithaut subsarallyedteding sheflowet ur al

| ayer that,,i i stant, t id environnment. Preferably, the
membr ane !%a(%ér ghrg?gm hge]% %%gf@ééganc 'Ipéf/%ﬁhq%’atggFéoétslé’aketdomﬁ%’ NCtdnt the pore
char act er higipoeted 0f 4 se@ofddriaombRALhatig aHEMBELR ¥izBBERERA], MY al so
serve as a sujtable substrate for the formation, deposition or coating of

the pri mafSMpERBRIGHE PofOehMatearistics efitheltroesiinket meersbrmond Thayer is a

nm cr opor o ilmsuch as CGore-TexT re neral.ly, the second
I.ayerpcang%gpgdﬁggs%%raﬁ "?yf$ﬁ%F%ﬁSF§/Pr§P{ a@ﬁéﬁ@%@% rﬁ’%k‘? 198r oet hyl ene
(PTFE) , eddpasitief dr tomin@ef thel prthadanembidréor i de (PVDF), or a cellulosic

pol ymer. The pore size of the secdond | ayer should be | arge enough to

m ni m ze red i whi ] e..being small enough to provide structural
support f@p tl?]he f ?&é?&ﬂ%gpboﬁhﬁ‘eﬁ&% fngﬁl'itary,er f”r'?g‘ B?eeg)té‘i‘ci\éredF t he second

| ayer musgrobieles midtlin€086i0N 1684 3UhpEs t Tht Efﬁsttlwé%K@ﬁ%ﬁosgfinﬁém;p&%e} ayer to
prevent collapse of the top |ayer. Preferably, the pore size of the second
| ayer wi Imepbrangs $refigeablhdier finst layne wihiodkwdesa ledst bhe shifactthhaiger . I n an -
16 - exposed to the substance being separated. The first layer is attached to a second
layer, such as polytetrafluoroethylene (PTFE) or Gore-Tex™, which is a
chemically resistant polymer layer with a larger pore size than the top layer. The
attachment of the first layer and second layer can be via chemical bonding, via a

mechanical attachment due to intertwining of the polymer matrices of the first



enbodi nent, the pore size of the second layer is at least 0.05 m In
anot her enbodi nent, the pore size of the second layer is 0.25 mor less, or
0.2 p.mor less. [00451The second | ayer should allow the first |layer to

bond or ot‘pgrwﬁ;ﬁgmg@ttach to at |east one surface of thers8e@Mdohayer. Any
tho

. 2 .

conveni ent ne can be used to attach the first layer to the second

| ayer. In an enbodi nent where the fi rss | ayer is PVA and the second | ayer
i s an expanded PTFE, the attachnent of Phe first | ayer to the second | ayer

can be facilitated by selecting an appropriate solvent systemfor the PVA

| ayer. For exanpl t he PVA can, be dissolved,i 0 ' nt ai ni ng

roughl y eqﬂﬁsegg?‘&aygf’ %n‘?nif%W&QW%“V%‘S“WB@B@Z%%\%W?a;!%gt em has some
abi lity to,WeldedRir8Xmpd R Rtk for St fiAE Bryet "PR&RDE IR sectid Riygpl vent system
shoul d pr e{)/ent beadi ng of Fhe PVA sol ution when the PVA solution is

deposi t ed provides senptard éutePifEvitHow substartinllysaltaring the flovatasothapygiv sone
diffusion into the pore f the expanded. PTEE, so that whe e crosslinked
PVA | ayer ?‘Frﬁ‘%@@ngéﬁaﬁgng,reéﬁglﬁt %‘Hasqgskﬁﬁﬁ%f‘éﬂbrﬁﬁé ﬁ“&%ﬁ%‘s ™ be
structural %féxﬂ% SRR amEANbRTRQIITEAL selbited BEEORAPliRKEMew | | have
a thicknesésexcc))’?&g? eastnlo pl. . or at Ig’ast 155?0.m or atglleast 20 pm or
at | east 2forpcharaceriaticd efahe cBBsinkad membataneed3k s8éorplary orendirah@ast 40 p. m
I n anot her enbodi nent, the {)gl ckness of the secong Iqeger is 100 p.em or

| ess, or gDapakPSFIVEQsE SUFADISFUBSFAIELOn 1BE JOrmAtiong AEPQRgn preeatingPlgg pm or
| ess, or hi eferably, the thickness of the second |ayer is
from abouts(ﬂﬁg p.hto argu%' 75 p.m Note that thicknesses of greater than

100 pin are possible for the second | ayer ile stil] allow.ng the nmenbrane
stack to d@?f‘ﬁrm sepdrap]vo Hie seagn@ {aver ‘Sﬁi@\éﬁ?‘g%%?h‘%‘i laxer, $h 43 second

| ! . . b
B T
[0047] | n seairetuedrizadhematicallyt Siewioinyifiguiec] 2reliizuahen ieentpdimhentf the mul ti- | ayer

menbrane structure that includes a third | a{qer. The third | ayer of the
menbr ane $empiratod fithe pereaddavartlizdh and Shird lygr 4239 pravidssisucistlause t he
second | a iﬁrgﬁﬁ t P third |ayer
can have ﬁ%é‘gf&e%gg%b}g%%%?%ﬁ?m st af)lrg{j\}?%?éﬁgﬂé&?}%]e?(}?%%rcg{t&ri%gc%uraI

st abi | i tychdiigeallgnrgastaposuppsditdegervhatithe fiestdaperriedOchn da attacHedus, acr oss the

menbrane structure during a separation process. [0048] The third | ayer can
assi st i nvgilsvhethig! leyenhid Cegnstamsdherexpansionl or congaetion 9f theseedd nmenbr ane,

such as WS 155 [PRRCANSImHARTH (o oft REASYE 12RTS0N] TN For

exanpl e, e'sec ayer 1s co an ‘expanded fe second
llayer wi | kir&iehimgssTeRd bddoad oy« tIne0 Giiencpredydey isppplisditethehbybeine a first

| ayer conposed of a material such as crosslinked PVAw Il tend to crack
rat her thédnirg pseRdaPer simlar conditions. In this type of situation, a
third | ayer can be selected that will not stretch when subjected to

pressure. CisEnhéd poloaisicimémbiadne second | ayer, thus mnim zing stretching
and preventing cracking of the crosslinked PVA | ayer. [0049] A variety of

materi al s suit r - e ¥y T i . can be
conposed, [(ﬁfg‘j] exaéﬁpé?‘ogger&%?’%’% t‘%”lr]f‘, crégy(l)lggf:éli ﬁé@fg, Aot ur {anlril’h{rng’bl gl%(?d sat ur at ed
pol yet hyl fligerfoiniipdd SehaptiorPsyd Gden hadroesbby wateafortotterdinpubigie@bove, or
a co-polymer of one of the above with a poly-a-olefin. In another,

embodi mentn an erebediment vges thsargsstinkedipolymesicgpembeangde pact of gagyli- and

nano-fillegrs to modify the structur.al prapert. ter] Sui t abl e
fillers c%ﬁeﬁf ngﬁ%]eg%{%ﬁgﬁégﬁth g ?Ssgﬁif%dgﬁca? [5EF g:ﬁe@n{){:aé?q%{%y@,rs{ %& Texf ol i at ed
clays. TherthilstraErd aDhderdsHlidked fyvent ﬁmnﬁreﬁénco&me@afagb@rne@ or
fibers. In still another enbodinment, the third Il ayer could be conposed of a

cerani c, swbhsapdaydaybatcehdloearele Pheracteniedgal pask bicegrasslink dersgty-

Crosslink density as used herein, is defined as the percentage of monomers

reacted with a crosslinking agent, e.g., 5% crosslinking means that about 5% of

the monomers have been reacted with the chemical cross-linking agent. Note



[ 0050] Sui table materials for use in the third | ayer can be characterized by
a variety of netrics. In an enbodinent, the air perneability of the third

| ayer is at least 5 dnB/s*n2, or at |least 10 dnB/s*nR2, or at |east 25
dnB8/s*ng, \%2@0%/05&99“ 50 dnB/s*nR, or at |east 100 dnBjsfig&oosods | east
500 dnB/s*nR.” Preferably, the air perneability of the third layer is higher
than the air perneability of the second layer. For exanple, in an

enbodi ment where the second layer is € P’rﬁosed of an expanded PTFE, the air
perneability of the second |layer will |ikely be between about 1 - 5

dnB/ s*n. h di t.hi I | ect
i per mealiil I GURRRMERR Y haR etk e ant PRuBE S SR drb e Tor The
third | ayeg,sgé p’t‘JIy‘&ﬁel @orﬁmf@%smﬂ@@pe%moaam;ersle theinbkinih paediklemat eri al

values of the material. An intrinsic bulk_rrqter_la value for a material is
a mat eri al crosdlink deasiéy noyy be lasmnthpol 60%. Skhipbiduatfontdegursawlegni eie orThis is in

contrast to a erial value for a terial that.has, been synthesized or
modi fi ed i WO HEHR OOl it RO ¢ eahebfe ?fife%‘é‘%‘?’ﬁﬁ??e grpgsgt%, etc.
Materi al ViﬂﬁHESTﬁﬁ%nﬁﬁaﬁ@@rogﬁﬂ&: deﬁlgﬂ?@&ﬂ gl rdnh fﬁwtaﬂ.o%qe%uﬁt will vary

dependi ng whet her the materia nits bulk formor in a nodified
form such?258%a Ipanamsboiimsht, gtecinechbiarerarofRtiek eensityis at beasi hOP4,msiat bul k
material values of the third |ayer materjal can ing|ude one ar re of the
fol | ow ng:le%§t£05,"80‘ef %j?asf ér@g/f”l%rar‘r&ﬁﬂ a-‘é%torfs%aa‘sfﬁéagu?felaaﬁﬁ OA@%M D638; an
el ongat i on i rbHand QP8:0F i 961 2H PYesOTM PO 2

fl exural W%E%ng€§¥’ @E 0 gpgepg{{?esrgﬁ?]{]gﬁﬁgggaﬁ%gxl% pesi’ as measurr ed by
ASTM D790; less, beh3.5heosksgngtl 5.086 oblaakoral2. 26 0r déssgoreH).8% ¢rhlass. alaaut 100 psi
as nmeasured by ASTM D638. EOOSZ] I.n anot her enbodi rTEnt, é(?/e third | ayer
materi al JupfeHEd cRfodunantithe grasylink, denpyy yargssileore RARYE - o1 OFPORRt eri al
relative t ohe i t §ructure wll come
into cont a‘@fda’j %ﬁfﬁé%gfeﬁgﬁérgeg fgoriﬁggélgcigéﬁﬁgmb%gonéé’ material is
exposed to a solvent or acid, the material_ may gbsorb sonme of the sol vent

or acid. TA®Hat er Inmanatheriembpdingab thyeerosdinkaig degsity of fhe polymey nay occupy
a differe 3 halk. ' | I | ume

corr espondiertBretREst 87 Shdrbic Rk F ko ApIE nut B 2o Ak SIREA =R 1P, 1o

sol vent ank¥ menteart. tieferfisly, theaunaties erdislinkddr atfaarsgdelir 00 tcheink n tik | ayer

mat eri al shoul d undergo a volunetric change of about 1 %%r_ | ess in any
sol vent oPOREREic MEEmbagReds ahlcapis8 eRyelMear tidead f0aer 108o Nk anpl e, duri ng
synt hesi s Lafie g i i cont act
wth the SorounidS BIE S SHEHTAA S 1 MY ek BNELe BPoIRRRCHIRG oo 7
enbodi mentisat when® drés-linkedtandntagansdeoendvkayi®im dreemsybtdmesiyzed using a

bl end of DMSO and DMF as a solvent, the third | ayer shoul d have a

vol unet ri émBKsTigR obtheapembrangys @rsultakls splyepbtaf abBo AP B 01 abouke

menbr ane §b%u Ture is intended for use for sulfuric acid separation, the
third layer’s outd al so have a vol umetric change of 10% or less in sulfuric

acid, Additionally, the volunetric change of the third |ayer materi al
shoul d bel®33 | ar “Whilemet (dlyuwrdersteod e gw@sslink gensi¥canigueihsieifat eri al

relative he sql ven i il ] to.
Dffer encé{‘s)()dlhﬁ&t %%e\lpgqr%%a@% g{agﬁ);enagea}’%? tt? &gh{sg(taa\gfgn% lﬁﬁ%ﬁﬁﬂlﬁﬁﬂ? ayers could
resul t i npyglidadlyrendei@te Rl iApetoldune ptayeing apidadoss, spols as bilfurieaddng to
failure of the nenbrane structure. Preferably, the difference in the

vol unet r i elkylasinge Thaldgarcerftaresshinking is alsorhglicugbio iaflycresithe | ayer is about
2% or |ess, or.about, 1%.0r | ess. For, exanple if L ¢ .change of

t he seconﬁ]él?cgg_yétly gn ﬂs%c}}fr t?rflstsatf'cérﬁ)géh? WeﬁﬁéaVOF%%%@gP%é?é:ﬁg%égh\g/rg?%es of
about 2% gqd étﬁ&%uxﬁwhsﬁug&apretfmblﬁmme}n%ﬂ@ierdrsssqimamsioj isthe third layer
woul d be between about 3% and about 7% [0053]In addition to being conposed
of a sui tsubsantiallenhidbrm imthet dirgctionayfenatesdldlddeinga RERASAEUT f i ci ent
porosity to mninize a reduction. in flux.through .the nane due to the
third | ay@P*$n ?lreéﬂﬁ%%n#‘,e TRHROIARE SrasslaK 8?n$t}¥elstsﬂ?sg%epr{?aé§'er is at |east
3 Tun, orydtorhf@sdugholif the WluRk Jf RS embPanB. Phis dleahS @t tle 5 pm or at

| east 10 urn. Preferably, the pore size of the third layer is sufficient so
t hat substances which pass through the first |layer of the nenbrane are in a
"free flow' condition when passing through the third layer. Materials with
sufficient porosity for use in the third | ayer are commercially known. For
exanpl e,



- 20 - suitable polyolefin materials include materials available from
Freudenberg, such as the F02430 or F02431 pol ypropyl ene/ pol yet hyl ene
nonwoven nmaterials or the F02440 or F02450/ 010 pol yphenyl ene sul fide

nonwoven ' Al ternatively, a porous material G} R8RNMsESI Zed.
For exarrplr(g{)gwpl@&o?mg@gt hods described in "Thin-filmnmenbranes derived from

co-conti nuous pol yner bl ends: preparat ilgn and performance," (Polyner, Vol.
45 (2004) pg. 5597 - 5609) can be used‘to forma polymer with sufficient
porosity. [0054]In an enbodi nent, the thickness of the third | ayer can be

m or ot 1 egad e Bor GRBnE OBl hab! BRB eRERUN UeRIv A ARED 20

t hi ckness @fteotied. mor less, or 225 mor less, or 200 mor less, or 175 mor
| ess. [0055] The second | ayer can be bonded or otherw se attached to the

third | aye any.conveni ent hod. Fo X le, if e. thi | ayer is
avai | abl e @Qgél shedt a%angg??rgf&etcﬁ%ssgglé%ﬁ%ﬁ%gplegg)rgglgeelsaf? a%?‘ued to the
third |ayefohy, Sﬁmi(ﬁ]eﬂkafﬁééhagan 6RbANSRI0ATicdpolpmetibaT alcamdlnat hon
techni que. [0056]1n general, by adjusting polynmer solution concentration

and coat i ngmbinatkorethsreofie Coarbinatikoms rdatoohinks represent copelyrieess. However, for
conmmer ci al apﬁ)l i cati ong it shoul.d be. between sggm cron tgyseveral m crons

in t hi cknd€POLERTAr HrQBFT Goroipadns ¢Tgnenamsr WAL P58 PROIE r om aci d wast e
streans t h?xafnll;gl‘,‘é épﬁcﬁyﬁ’:feQE&?alfcﬁﬁgs WlQ@esP(gl?@ingPﬁ'ﬁébﬁ&E(PW)t peRpehipul d be

sufficient to prevent” undue selectivity 10Ss Dy concentration polarization.

The flow rad¢chohfanthelfteeyl degendsTofortrhan pearani guinadifpdqrody myriagd

configuration of the nbrane qr nmepbr .Structuyre and any supporting or
cont ai nrrer?tlc‘\;’@gﬁlalﬂ%h@ ?“%as\/@%’v‘é}é’@ﬁgﬂ@ﬁfb@f%ﬁsﬁa& a%@h%?ra?{w? gEf"gherg

L erper at Ui rel Gh shb @Ml g 6PuGBRk ADCOLEE A dicdRsl ks Wittt he opti mum

flowrate for a nenbrane configurati and set o I ng conditions can
be readi | yxdetiennPoedbleyxaasionlsubstitptedctl ¢ dhotmigased on PMA ind0d5811 n one

enmbodi nent, the feed to nenbrane unit .S .naj ntain under. condi.t.i ons of
pressure PQBFYIRYsH! aé%%‘z’g}atfr%{mt@ﬁ artien O%B‘éy‘é’@WLgliC E‘ic’ilnw‘ltb SefFIpAcide. The

per neat e 1 in : i J intained in the
range of gﬁ%@%gﬁ%ﬂ%eoglee\rfﬁﬁe%ggﬂgc\g%ggrgom@ﬁﬂgé P!r)liyﬁléggpor phase, and
subsequenimegmnigrancemnsgdisbybeased) sughias P& A& ¢odarosierr .alcbhiod) modidiedsvitls general |y

known in the art as pervaporati %n. [ 00591T e,vallcuum on the, p?r neat e side of
t he nmenbr aF&natganimenate, wiibpsmuthate to form polyvinyl arsenate, polyviny

antimonate, and polyvinyl bismuthate, respectively. Calcogenic oxides, such as
polyvinyl selenate and polyvinyl telurate, formed from the reaction of selenic
and teluric acids with PVA may also be used. Still another suitable membrane

can be formed by reacting PVA with boric acid.

[0035] In an embodiment where the membrane is composed of
polyvinylalcohol (PVA), the PVA membrane is preferably crosslinked using 1,4
diisocyanatohexane before use in an acid environment. Preferably the
membranes are made of crosslinked PVA, PVS/crosslinked PVS, and/or other
crosslinked oxoanion modified PVAs. Other suitable crosslinking agents include
1,4 diisocyanatobutane, 1,8 diisocyanatooctane, 1,12 diisocyanatododecane,

1,5 diisocyanato-2-methyl pentane, and 4,4’ diisocyanato-diphenylmethane.

[0036] Other material choices are also possible for forming crosslinked

polymers according to the invention. In an embodiment, a polymer membrane



selectivity and flux. The selectivity and the flux generally increase as

t he vacuum pressure on the perneate increases. Hi gher vacuum pressure can
be tolerated at higher tenperatures, or with a lower boiling point acid. In
yet anot he qﬁ g' nt, a sweep gas may be passed acro hrane at a
rate suffi@Pgﬁ %'%gfncrease the perneation rate. Suita ?2ﬁ§§%§§aggses

i ncl ude carbon di oxi de, nitrogen, hydrogen, air, or |ow boiling

hydr ocar bons such as nethane, ethane or3propane. [0060] Alternatively, the
perneate side of the nmenbrane may be swept by a liquid perstraction sol vent

in which the gerrreate is soluble and which s \pﬁncorr Si Ve with rggpect to
t he menbr afi@? baformedfrem yumyliaceidi MPBCBAHYHE: YHED SEWHEST PSS PARE 0t the

per meabl e ﬁ%?g%{]ﬁﬂtetn%mﬁ [RP Qﬁﬂ&&tét@%@n&l@gﬂa&?g% Brol i drifoPm

perstraction vent's 1'ncl'ude hi gher nol ecu paraffins, organic

aci ds, andvg@ipcessiedrigasas akofol caatthanbe crussljrded, as hiesaited above. Especi al |y
sui tabl e perstraction solvents are those which do not form azeotropic

m xtures w ny af..the - AL i . UhfRE1] After
reachi ng \tNLe Sﬁr mea tlelf gs}}oé]g&ggj&{}ﬁ%tl %%?rgﬁwgﬁ%?b%f@ﬂfgﬁﬁ@be col | ected
in a VeSSe{)olyﬁferﬁe@hfc@ﬂﬂl‘s@i—vﬁh@’lﬁﬁ@tﬂiﬁe acliiebs drogshimidingAnyforolingbomsl gper neat e

(or pernmeate in a stream) will mx with other substances al rﬁ’gg}/. present on
the per neathe néfregenon thhpyrigimstinge. Ana sesak a1 9ligpalgire aheesy! KRas passed

t hrough a nenbran i.e.. ca pear t . ' ] i or nore
ni sci gl e s‘iﬁ’ﬂ%‘é‘ﬂcgégwﬁgﬁs o\glg}lggba{gr%goas %/nkﬁ}r?gé%ér}\?%rlﬁyg({wpeﬁggr%ag?rggg?de of the
- 22 - menfghali@s. | S defined herein as a perneate product. For example, if a

perstraction solvent is present on the perneate side of a nenbrane during a

separ at | On[g)ﬂtjgﬁl 5@&{{%@]{1 1%t}ﬁer o Lﬁ%%ilgr\r’l“grlltgstpg nGRTRESE thaldridi REn B? h?ﬁ%‘rﬁelpl us the

perstracti u ance i S present on erneat e side

of the menpiRA8] Gdf tABfies S@RRIhaRRterfst 6s. PEIrSEtee dlymetRusvibd ¢apablepr i se
only the perneate. [00621Referring now to Figure 1, a spent acid stream 10

. p
such as a (ﬁpmmslinkingftmfbﬁnacﬁrdSSémE@hmldﬁwpm@iﬂﬁgn%cmenéhéP@b’rﬁ*ﬂ%{m nant such

as water and hydrocarbons, §s fed.via a t stoa
nmenbr ane Ui rg_/PE.S c’i‘?féﬁﬁ@ﬂ%’r%lﬁéeﬂﬁwg grgﬁgﬁ\%ggﬁéﬁn%géﬁgﬁ%}?gﬁgé EgE?ﬂat is

sel ecti velghopar RIS cRsihs crabiatkied o bRe hRGtheQ R acas8 Fof ot dedst y _
present in the spent acid stream In a preferred enbodi nent, nmenbrane 16 is

suppor t ed 39ye.oores hedst s os aleatt 99 b relemesmembrans B itoR s ofher e a

mul ti-layer nenbra tructure..includes 3 ar np | & . nbrane 16a can
corres pond)ef?fnmﬂetqr}&oiy@%p%ﬁﬂlpg% %on %leél“éli]??evsé“lg gépglg)rlérlgoabl e menbrane
16 separ atgsaildd®nf Waeh b d%e&!ﬂ@aﬂ%@i@%bﬁonﬁeﬂ!.r%coﬁ@!ﬂﬁi@%b@rﬁ;&ﬁ Ramtiel - €. ,
pernmeate product) 18 and a first retentate stream 20. The first perneate
st r eam 18 shaslditeoesiagatiteaadid evvinewnentasidnassuduti @ueathe Ohwals ¢tant  cont ent .
The first rete taf .stream 20 has i ncreased contam nant content. [0063] To

i 11 ustrat &A[ 25P1IPEGRF SN of the invention, a feed that simulates four

variants of an acid waste streamfroma conventional sulfuric acid
al kyl at i of0@3%cessAwaidcharasteristis inglatthempetyrmpemsmbsindouldprrovideyst r at ed

D O S 3P BTG GePh AHE J S Wi on of (e
2009/ 0205 %&%&Téé’?%ﬂ@&l &Q@f’olﬁ’as's tBdugh WBleEedtricting the passage of

hydrocarbens. Without being bound by any particular theory, it is believed that

one indicator of a suitable polymer is whether the polymer can exchange or

otherwise acquire an ion similar to the acid being separated. For example, when

a PVA membrane is exposed to sulfuric acid, at least a portion of the alcohol

groups in the PVA will be exchanged with sulfate groups. It is believed that this

substitution enhances the solubility of sulfuric acid in the membrane. In another

example, the nitrogen contained in the ring of polyvinylpyridine is capable of
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complexing with a sulfate or bisulfate ion to increase the sulfate content of the
membrane. Again, this is believed to improve the solubility of sulfuric acid
within the membrane, which facilitates separation. Note that the ion acquired by
the membrane does not need to directly correspond to the type of acid being
separated. For example, a PVA membrane exposed to phosphate ions will form

polyvinylphosphate. Such a membrane should be suitable for performing

sulfuric acid separations.

[0040] In yet other embodiments, the polymerized membrane can be a
copolymer or other polymer composed of multiple monomers. In such
embodiments, one or more of the monomers may not include a functional group
capable of reacting with the selected crosslinker. Possible monomers that are
compatible for use in forming a copolymer according to the invention include
styrene, styrene sulfonate, acrylic acid, methacrylic acid, styrene sulfonic acid,
vinyl pyridine, and acrylamide. In another embodiment, anionic/cationic

monomers may generally be incorporated into a copolymer.

[0041] Note that copolymers, terpolymers, or other polymers that include
multiple types of monomers may include monomers that do not participate in
crosslinking. Such polymers should include a minimum amount of the monomer
participating in crosslinking. In an embodiment, the amount of the monomer
having the participating crosslinking site (such as PVA or 4-vinyl pyridine) is at
least 20 wt%, or at least 30 wt%, or at least 40 wt%, or at least 50 wt% of the
monomers in the polymer. In such embodiments, at least 5 wt%, or at least 10
wit%, or at least 15 wt%, or at least 20 wt% of the crosslinking monomers
participate in crosslinks. In a copolymer composed of multiple monomers, the
arrangement'of the monomers can be as a random copolymer, a block
copolymer, an alternating copolymer, a tapered copolymer, or any other
convenient arrangement. Similarly, a polymer containing three or more types of

monomers can have the monomers arranged in any convenient manner.
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[0042] In an embodiment, the thickness of the crosslinked polymer
membrane can be at leaét 0.1 um, or at least 0.2 um, or at least 0.3 um, or at least
0.5 pm, or at least 1.0 um, or at least 2 um, or at least 5 pm, or at least 10 pm, or
at least 20 um. Alternatively, the thickness of the crosslinked polymer
membrane can be 50 um or less, or 40 um or less, or 30 pm or less, or 20 pm or
less, or 10 pm or less. For thin crosslinked polymer membranes, formation of
the membrane can be assisted by starting with a high molecular weight polymer,
such as high molecular weight PVA. This can then be thinned out to form the
desired thickness while still retaining sufficient viscosity to allow membrane
formation. The upper limit on membrane thickness is dictated by the desired
flux across the membrane during a separation. As the thickness of the

membrane increases, the flux decreases.

Second Layer of Membrane Structure

[0043] The second layer of the membrane structure serves as a structural
layer that is chemically resistant to an acid environment. Preferably, the
membrane pore size of the second layer is selected to compliment the pore
characteristics of the primary membrane. The secondary membrane may also

serve as a suitable substrate for the formation, deposition or coating of the

primary membrane.

[0044] In an embodiment, the second layer is a microporous polymer film
such as Gore-Tex™. More generally, the second layer can be composed of a
fluoropolymer, such as polytetrafluoroethylene (PTFE), expanded PTFE,
polyvinylidenedifluoride (PVDF), or a cellulosic polymer. The pore size of the
second layer should be large enough to minimize flux reduction while being
small enough to provide structural support for the first layer. In particular, the
pore size of the second layer must be small enough relative to the thickness of
the top layer to prevent collapse of the top layer. Preferably, the pore size of the

second layer will be less than half of the thickness of the first layer. In an



23.2 23.4 100641Table 1 shows that the perneate product has a greater

wei ght percentage of acid than the corresponding acid m xture used as the
feed. Table 1 also shows the ratio of acid to water in the initial feed
stream anqvb?@gggursggeate product for each of the four agigudHeR8541AS Shown
in Table 1, e acid to water ratio in each pernmeate product is greater
than the acid to water ratio in the corresponding feed stream |n another
enbodi ment, the acid to water ratio of | “perneat e product can be greater
than or equal to the acid to water ratio of the correspondi ng feed stream
Preferably he acid, to water tio of the. roduct i t least 1%
gr eat er th‘gﬂg?cﬁ@eg&iqhe P%re\ﬁé%ee?tr&81513%0"8#%3{%«%?%@?%3?;%% |hgﬁ (raltta) egtream or
at | east 5¢BrBaLAE thOporRisitEdSihe 3606naNaRras 0.25Q0R %1 TR, dri0.3unper neat e
stream 18, referred to as the acid and water product |ow in hydrocarbons,
may preferlekd.y contain hydrocarbons in an anount ranging fromabout O to
about 7 percent by weight, preferably | ess than about 5 percent by weight.
It may al S@og%a' 'Th_@%b&)ddmgg& MNERHNAIRT tHe 81 Rbetio Bihdld ciélised6 per cent
by wei ght ‘an ter 1n an anbunt of from about to about 5 percent by

wei ght . [ 0266h Rebekbsttone surfacern2hesayorsolayet iy dorosardnd methodeanditount  of
fromabout 7 to a%ﬁﬁ %o, acid ig%an anpount 8{1 fro abo%{tv&%t about 89,
and wat er Y5Rd & 2% ¢ tigst lpyeip AbosReond {3y ChpgLn ﬁmEBnB 1o T ght . - 24
- [0067]i § i ] i C i i er st ood
to be therﬁlgtollgztgﬁf%rg\ﬁigfa ? gg?%%\%? %@%ﬁl%c%gr iaﬁgéng?‘Ef gﬁ%%ﬁgw?gﬂrg?eed
conponent shovira Hayerve the goend &yktbian be facilitatetidymelegctisg anmpprdpalateget
preferentially sorbed and then diffuse throu%h t\pafg rrerrbirdﬁge t(a.t he perneate
side. SepaPhtenbysiem hasiBg Foyfrawars | oppxaBrls: ek i §aB PEdisPbifd iF 8oe8] The

i nvention ] i INygt VRS e DBamofiso/i a a
second puﬁ%%@ngonga%?ﬁégg?%lﬁ]?%ggﬂgaa%%%gﬁjshggggg%nenbr'aggéunit 24,Soz;s

i |1 ustrat edlvient §isge Ba@sorRebbility rgwevarFexpande@ PTFResusfaeat Irapardictlari s fed to
first menbrane unit 14 where nenbrane 16 i s selectively perne t{%e to acid
as descri Big sphyepesystan shauldipgeicat beadipg afftshérpn iSP&ILipn W’%"%@F}c fvel y

per neabl e aci. . I i } ter such
as hydrocesléglgﬁg.IQQ%Seb%ls%@%ﬁéhéng@gﬁgPH%F?OQ{ C(l)%?itsgsetgﬁqgg %%T]E(?glrlf\é@% t hat

i s sel ect isumk\iffasioraitbehd poraiof theosspantddieP BEEdso Rasshogthicne first perneate

stream 18 through the second menbrane unit 24, the n&ginbéagg 26 produces a
second pecrasalirkesk P ¥Anpye firishes fopnige thed eAandsxpan = 135665 second

per neat e %Jifl%@%jfétugé.nl%h%ﬂe@@e er. The second retentate stream 30 is rich in

acid. Menbranes may be preferably supported by nenbrane supports
16a and 26a, respectively. A calculated materjal bal ance for the enbodi nent
of Fi gur el8046¢ pr dwiagesmbadiment, dhoscoprd layga il danea thickness of @htedtle 20 may
be renoved,f i I r c i r i I -cycled to
the feed 29Fg’grﬁg%pﬁe‘lu&s{fg@égﬁg{sfegﬁzo%hg’ ‘g'i?%ég%%é?%“?’g‘% a??écaﬁy%%ﬁ%ate stream

18 i s congeatieandlsln f et Veat pOMm. 25 alotikdrRetboiabst, tie thicdkeesnef thembr ane
unit 24. Alternati \_/elba/, perneate stream 18 nmay be further processed by
vacuum evsgseradaysn iz 60¢G providegia e PO Har opless 1 SR O d¢FS ot AhHESTd

anhydri delesss,%?%oapsm %rglz’éss,ocgr ;eu%n?)rflggs. e}a(r@fgpébefy, the thickness of the second

layer is from about 25 pum to about 75 um. Note that thicknesses of greater than

100 pm are possible for the second layer while still allowing the membrane stack
to perform separations. However, such larger sizes for the second layer can lead
to reductions in the possible flux through the membrane during a separation

process.
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20 18 28 30 Acid, W% 89.00 69.35 91.18 _ 74.11
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Third Layer of Membrane Structure
[0047] In some embodiments, the polymeric membrane is part of a multi-

layer membrane structure that includes a third layer. The third layer of the
membrane structure provides additional structural integrity. Because the second
layer preferably has a thickness of at least 10 um, a third layer can have larger
pore sizes while still providing sufficient structural stability. The larger pore

sizes minimize any reduction in flux across the membrane structure during a

separation process.

[0048] The third layer can assist in providing mechanical and dimensional
stability for the membrane, such as when the membrane is used in a pressurized
environment. For example, if the second layer is composed of an expanded
PTFE, the second layer will be susceptible to stretching under pressure.
However, a first layer composed of a material such as crosslinked PVA will tend
to crack rather than stretch under similar conditions. In this type of situation, a
third layer can be selected that will not stretch when subjected to pressure. This
will constrain the second layer, thus minimizing stretching and preventing

cracking of the crosslinked PV A layer.

[0049] A variety of materials are suitable for use in the third layer. The
third layer can be composed, for example, of polyolefin, crosslinked natural
rubber, saturated polyethylene, saturated polypropylene, a copolymer of two of
the abbve, or a co-polymer of one of the above with a poly-a-olefin. In another
embodiment, the third layer polymer can incorporate macro-, meso-, and nano-
fillers to modify the structural properties of the material. Suitable fillers can
include ground glass, carbon fibers, mica, clays, or exfoliated clays. The fillers
can be in any convenient form, such as spheres or fibers. In still another

embodiment, the third layer could be composed of a ceramic, such as a ceramic

formed by a sol-gel procedure.



93.71 ASO, Wt% 7.00 27.54 4.72 3.66 4.88 Water, wt % 4.00 3.11 4.10 22.23
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[0050] Suitable materials for use in the third layer can be characterized by a
variety of metrics. In an embodiment, the air permeability of the third layer is at
least 5 dm3/s*m2, or at least 10 dm3/s*m2, or at least 25 dm3/s*m2, or at least 50
dm®/s*m?, or at least 100 dm®/s*m?, or at least 500 dm®/s*m?. Preferably, the air
permeability of the third layer is higher than the air permeability of the second
layer. For example, in an embodiment where the second layer is composed of an
expanded PTFE, the air permeability of the second layer will likely be between
about 1 — 5 dm®s*m”. In such an embodiment, a third layer can be selected to

have an air permeability greater than about 5 dm’/s*m’.

[0051] The material for the third layer can also be characterized based on
the intrinsic bulk material values of the material. An intrinsic bulk material
value for a material is a material value based on a non-porous sample of the
material. This is in contrast to a material value for a material that has been
synthesized or modified in a manner to cause the material to be porous,
stretched, etc. Material values such as the tensile modulus or flexural modulus
will vary depending on whether the material is in its bulk form or in a modified
form, such as a porous or stretched form. Preferably, the intrinsic bulk material
values of the third layer material can include one or more of the following: a
10,000 psi tensile modulus at 25°C as measured by ASTM D638; an elongation
at break of about 10% or less as measured by ASTM D638, a flexural modulus
at 25°C of greater than about 100x10° psi as measured by ASTM D790; a tensile
strength at break at 25°C of greater than about 100 psi as measured by ASTM

D638.

[0052] In another embodiment, the third layer material can be characterized
by the volumetric change of the material relative to the solvents and/or acid that
the membrane structure will come into contact with during synthesis and
processing. When a material is exposed to a solvent or acid, the material may

absorb some of the solvent or acid, The material with the absorbed solvent or



90.00 11.62 78.38 [0069]Preferably, the acid in the feed stream 10 may
range from about 83 to about 95 wt% ASO (or hydrocarbons) from about 2.0
to about 15 wt % and water from about 0.5 to about 4 wt% As Table 2 shows,
the first t 20 contains a substantially greate i on of
hydr ocar boﬁ?zﬁ%@%ﬁ% han the feed m xture, and the fi rsitgcgg%neﬁﬁgﬂseﬁ%r oduct 18
contains a substantially greater concentration of acid than the feed

m xture. A substantially greater concentration of hydr ocarbons in the
retentate than the feed m xture neans a wei ght percentage of hydrocarbons
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substantially greater concentration of acid in the perneate product than
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the membrane due to the third layer. In an embodiment, the pore size of the

third layer is at least 3 pum, or at least 4 um, or at least 5 pum, or at least 7.5 um,

or at least 10 um. Preferably, the pore size of the third layer is sufficient so that

substances which pass through the first layer of the membrane are in a “free

flow” condition when passing through the third layer. Materials with sufficient

porosity for use in the third layer are commercially known. For example,



portion of the first retentate 20 and/or the second perneate product water
28 may be recycled (illustrated by dashed line 36 and 38) to the feed waste
acid stream 10 for further processing. Also, it should be understood that
more than \98900’5@5@35@”6 unit can be used in series a”d/ﬁt“T/@s%(ﬁhbﬁ?o
configurations for each stage of the separation process. In the first stage
one or nore nenbranes 16 that are - Zé - perneabl e selective to acid and
wat er over the hydrocarbons of the spé P'aci d feed stream 10 can be used.
The nunber of menbranes in each stage will depend on a nunber of factors
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al kyl ation process includes at |east one menbrane separation unit 62 for
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t he al kyl alit;i on pr?cess 60. 100741 e sgeci fically, a fresh isobutane
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as butenes in the presence of an acid catal yst 69 such as sulfuric acid.
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Settler 74 separates e al kyl ati on product  int spent . aci tream 78 and
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side reactions 1n Etnhe al kyl ation réactor 70. The hydrocarbon stream 76 from

settler 7225 oanstesr2 im o lewsbr UiS om7® ledsere it is caustic and water
washed. Then via line 80 it is transferred to a fractionation colum 82 to

recover anogdsyl atey,s Eéc%ﬂﬁ?l%ﬁebr%aﬂ b@%oﬂ&ﬁf bestlestiseafhdftd 1J i @yer head
'y 1 so [

stream 84 ‘cont'ains nain utane wth sonme snmall anount of propane and

n- but ane. 1§20 By]ahgeonsaiiahtamnethetr Fame8dnplenifahathisblaybd is awailaic ps aked up in

t he caustic and water, wash. Of course, water is an undesirabl e conponent of

the al kyl ab¢R! prasedalsthesgcond Wy Pisasbe Hiached m’Féhaaﬁj%veéﬁWé’ﬂFSth in

addi tion i =128 - hon: peabl iqukh€ spent acid stream 78
1&dihn .

from sett}pg?&%ﬁé’g&(ljﬁfnrdgéﬁg’dorfég{og}?éné lrn%%gpum t'82 to renove ASO and wat er.

An ASO rich spent acid stream 92 is then used to reduce the water
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dry isobutane recycle ream s m ol efin stream 66 and t hen
t ransf er r agplicatisas ¢t shealitar bet@ewn aubbrhiveorD®. selveral sniatome ipddskidse to feed
stream 66 and stream 96 separately to reactor 70. [0076] This invention

reduces tke &6 ARG QS0 concentrations in the alkylation process acid
stream rrﬂ'r‘[rﬁi‘g'lﬁ‘m—ng—am—g strength in the al kylation process, which in turn
mai ntai ns _or__increases the alkylation, effici enc% and hel pog tofeghance t he
oct ane val®7ht t HB sspwyping peld HeB @it wastssueapy thesdowirpie ol e f5edduce t he
cost of s he RG] ' reauc tRent Hdle sRMRHPMy of spent
acid shi pgéergk%%]r% reg%ﬁégggﬁgéégliogjgdia?%@ﬁét gr e%oélﬁlﬁent of ¥he pr esent
i nvent i onldsnbél ¢daserdration polarization. The flow rate of the feed depends on the

particular geometry and configuration of the membrane or membrane structure

and any supporting or containment vessel used, as well as on temperature.

Generally, higher temperatures, lower flow rates can be tolerated. Establishing

the optimum flow rate for a membrane configuration and set of operating

conditions can be readily determined by a skilled practitioner.



crystallization step to remove water fromthe recycled spent acid, as shown
in Figure 4. A nenbrane unit 104 is used as expl ained above to renove ASO
froma spent acid stream 102 of an al kyl ati on process 100. The ASO | ean

stream 108§ i chilled in a crystallization unit L iQeRkfoysial |1ze
sul furic &é%ﬂoﬁﬁg%ydrat es to renove water fromthe recy(/:lfsg?j {sopent acid

streamvia stream 112. Stream 114 is recovered sulfuric acid send back to
the al kylation process. In a variati on?df this enbodi ment crystallization
could be replaced with an adsorber unit (not shown) to renove water from

stream 108, 078]Ln yet anqther odj ment shown in Figure.S and/ or
ol eum st re@r(hgg]lo i dn H%?(@H‘ Retys ﬁﬁnﬁﬁf‘rdﬂtﬁea 2‘55‘3{%{}%”&“13‘& Eﬂplgtl:negclﬁjﬁ g?ream
260 prior {0 43endigteriderd fRALRS sSHithidly ALbLhtacide idlikMidagtaee unit 230.
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in the sulfuric actj
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FI GURE 5 scleetipieyiand $luklTHelseleati?RP a?@the flux generally increase as the
vacuum pressure on the permeate increases. Higher vacuum pressure can be
tolerated at higher temperatures, or with a lower boiling point acid. In yet
another embodiment, a sweep gas may be passed across the membrane at a rate
sufficient to increase the permeation rate. Suitable sweep gases include carbon

dioxide, nitrogen, hydrogen, air, or low boiling hydrocarbons such as methane,

ethane or propane.

[0060] Alternatively, the permeate side of the membrane may be swept by a
liquid perstraction solvent in which the permeate is soluble and which is non-
corrosive with respect to the membrane, at a rate sufficient to enhance the
permeation rate of the permeable component or components through the
membrane. Suitable perstraction solvents include higher molecular weight
paraffins, organic acids, and compressed gases,'e.g., ethane, propane, butane,
etc. Especially suitable perstraction solvents are those which do not form

azeotropic mixtures with any of the components of the waste acid mixture.

[0061] After reaching the permeéte side of the membrane, the permeate can
be collected in a vessel, or a stream of permeate can be formed. Any collected
permeate (or permeate in a stream) will mix with other substances already
present on the permeate side of the membrane. A quantity of substance that has
passed through a membrane (i.e., a permeate), optionally mixed with one or

more miscible substances that were already present on the permeate side of the
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membrane, is defined herein as a permeate product. For example, if a
perstraction solvent is present on the permeate side of a membrane during a
separation, the permeate product will be composed of the permeate plus the
perstraction solvent. If no other substance is present on the permeate side of the

membrane during a separation, the permeate product will comprise only the

permeate.

[0062] Referring now to Figure 1, a spent acid stream 10 such as a spent
sulfuric acid stream comprising acid, and contaminant such as water and
hydrocarbons, is fed via a pump 12 or some other means to a membrane unit 14.
The membrane unit comprises a PVS membrane 16 that is selectively permeable
to acid relative to the contaminants typically present in the spent acid stream. In
a preferred embodiment, membrane 16 is supported by a contiguous support
membrane 16a. In embodiments where a multi-layer membrane structure
includes 3 or more layers, membrane 16a can correspond to multiple support
layers. The selectively permeable membrane 16 separates the feed into two
products, a first permeate stream (i.e., permeate product) 18 and a first retentate
stream 20. The first permeate stream 18 has increased acid concentration and

reduced contaminant content. The first retentate stream 20 has increased
contaminant content.

[0063] To illustrate an application of the invention, a feed that simulates
four variants of an acid waste stream from a conventional sulfuric acid alkylation

process was run on a single membrane embodiment as illustrated in Figure 1.

Feed versus permeate product data for the simulation of the four different acid

feeds is-shown in Table 1.
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TABLE 1
DATA FOR THE EMBODIMENT OF FIGURE 1

Feed Composition

Acid (wt%) 86.0 88.0 90.0 92.0
ASO (wt%) 10.0 8.0 6.0 4.0
Acid/Water Ratio 21.5 22.0 22.5 23.0
Permeate Product Composition

Acid (wt%) 89.6 914 93.0 94.4
ASO (wt%) 6.5 4.7 3.0 1.6
Acid/Water Ratio 22.5 22.9 23.2 234

[0064] Table 1 shows that the permeate product has a greater weight
percentage of acid than the corresponding acid mixture used as the feed. Table 1
also shows the ratio of acid to water in the initial feed stream and the permeate
product for each of the four acid feeds. As shown in Table 1, the acid to water
ratio in each permeate product is greater than the acid to water ratio in the
corresponding feed stream. In another embodiment, the acid to water ratio of a
permeate product can be greater than or equal to the acid to water ratio of the
corresponding feed stream. Preferably, the acid to water ratio of the permeate

product is at least 1% greater than the acid to water ratio of the corresponding

feed stream, or at least 5% greater, or at least 10% greater.
g g

[0065] The first permeate stream 18, referred to as the acid and water
product low in hydrocarbons, may preferably contain hydrocarbons in an amount
ranging from about 0 to about 7 percent by weight, preferably less than about 5
percent by weight. It may also contain acid in an amount of from about 89 to

about 96 percent by weight and water in an amount of from about 3 to about 5
percent by weight.
[0066] Retentate stream 20 may contain hydrocarbon in an amount of from

about 7 to about 30, acid in an amount of from about 65 to about 89, and water

in an amount of from about 2 to about 4 percent by weight.
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[0067] In a preferred embodiment, the separation mechanism is understood
to be the “solution-diffusion” type. According to this mechanism feed
components which have higher solubility in the polymer material get
preferentially sorbed and then diffuse through the membrane to the permeate

side. Separation is based primarily on sorption and diffusion.

[0068] The invention further includes feeding the first permeate stream 18
via a second pump 22 or some other means to a second membrane unit 24, as
illustrated in Figure 2, Referring to Figure 2, the spent acid 10 is fed to first
membrane unit 14 where membrane 16 is selectively permeable to acid as
described in respect of Figure 1, or alternatively, is selectively permeable to acid
and water relative to contaminants other than water such as hydrocarbons. The
second membrane unit 24 comprises a membrane 26 that is selectively
permeable to water over the acid. Passing the first permeate stream 18 through
the second membrane unit 24, the membrane 26 produces a second permeate
stream 28 and a second retentate stream 30. The second permeate stream is rich
in water. The second retentate stream 30 is rich in acid. Membranes 16 and 26
may be preferably supported by membrane supports 16a and 26a, respectively.
A calculated material balance for the embodiment of Figure 2 is provided in
Table 2. The hydrocarbon rich retentate 20 may be removed for conventional
further processing, or optimally re-cycled to the feed stream, illustrated as 36.
The acid and water rich permeate stream 18 is conventionally fed via pump 22 or
other means to a second membrane unit 24. Alternatively, permeate stream 18
may be further processed by vacuum evaporation to remove water, or by the

addition of an acid anhydride, such as SO;, or oleum for example.



[0079] The invention wll be further illustrated by the foll ow ng exanpl es.
EXAMPLES Exanple 1 [0080]0.9 g of polyvinylalcohol (PVA) was dissolved
into an anhydrous 50/50 m xture of (DMSO) and di methylforam de (DMF). In
this exa s added to a 15 g/ 15 g DVSQO DVF sojvigidaodsiogdss €. The
PVA (Al dmﬁz(@ﬁ/\e{%ﬁl Co.) was 99% hydrol yzed and hadOéa rmlzgﬁolﬁalrﬂdv\ei ght
bet ween 124- 186 Kg/ nol. The sol ution s subsequently heated to 80C for
approximately 5 hours. The solution was$“then cooled to 10C and m xed with
0.084 g of hexanethyl diisocyanate dissolved in an anhydrous 2.5 g DVB(O 2.5
g DMF m xture (also cooled to 10C) .nggifgé ably, the hexanethyl dii socyanate
used has - 30 - little or no expos wat er vapor, including water
vapor from ai r MATEBRSALBADANCE FOR THIEEMBODIVEENT HOBEGURE 2 0 t he
reaction of the PVA and the diisocyanate. After approximately 2-3 m nutes,
the 2.7 wt % s@lditi on was casf ompo g 0.2pm grongporje skge PTFH substrate
usi ng conveé&%, ?%O casting Ky 3§|0 ro::legggggs“rgghbsglyéﬁmﬂi@ﬂn was

sel ected du f avorabl b HstE5—aha—+tS
correspondi ngSOhentical i nertnesis00 [ 00827.5he |PHE2subsBitdt e| wAs8pl jaced on a

support gl as&,a@‘ra\g,g% The s ug}i‘@p af BMA and gigss| inkpngfagent was knife
coat ed on tpp—otr—thre—stupporti—The-cgatTng—was 1Sty dr] é] v7egr ht (room
terrperature)”FQIﬁU%]PWat% 9y ulo 9% 40% v o 0.00 ¢ 0d8004s U1g67 ¢ frof # i ng was

performed by thermal treating the nmenbrane in a vacuum oven at 130C for 5
hours to €0869je coPRpdfetabby) tiwd adiién dreafesd stndeinn 0 memctange ficappbakiddat el y 5%
as well as to ensure conplete evaporatign of the solvyent._The drjed
nmenmbr ane vi@ebaebdd WEL é&%qrﬂwér%cﬁébﬂmbgpa* @’cﬂ“&giootﬁ 4 “ééﬁél%%’rﬂrﬁtnbr ane

cel | fromBapALeSut 640 pBaBLLIOE ASfdbIWasSHIWRS B fikertiéiRattdd PSi g, and
permeat e pressure was at atnospheric pressure. Feed and perneate streans
wer e anal yoathidd sutstmiaily gréiersconkenttdtiin qfdrydesdaeborst(A S@sthan 88 kg/ hr/ nR.

First Test Spent Acid Sol utionPerneate . .
feed mixture, and the first permeate product 18 contains a substantially greater

concentration of acid than the feed mixture. A substantially greater
concentration of hydrocarbons in the retentate than the feed mixture means a
weight percentage of hydrocarbons in the retentate that is greater than the weight
percentage of the hydrocarbons in the feed mixture by at least about 3 wt%,
preferably at least about 10 wt% and more preferably at least about 18 wt%. A ’
substantially greater concentration of acid in the permeate product than the feed
mixture means a weight percentage of acid in the permeate product that is
greater than the weight percentage of acid in the feed mixture by at least about

1 wt%, preferably at least about 3 wt%, and more preferably at least about

6 wt%.

[0070] Also, Table 2 shows that the second retentate contains a
substantialjy greater concentration of acid than the first permeate product, and
the second permeate product contains a substantially greater concentration of
water than the first permeate. A substantially greater concentration of acid in the
second retentate than the first permeate product means that the weight
percentage of acid in the second retentate is greater than the weight percentage

of the acid in the first permeate product (i.e., the feed mixture to the second
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second nmenbrane test perforned at 300 psig feed pressure and at nospheric
pressure pepTERLSssave an initial flux of 3.6 kg/ hr/ nlyFeedshgsh per neat e
product conpositions are reported below. - 31 -
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membrane) at least about 1 wt%, preferably at least about 3 wt%, and more
preferably at least about 6 wt%. A substantially greater concentration of water
in said second permeate product then said first permeate product means that the
weight percentage of water in said second permeate product is greater than the
weight percentage of water in said first permeate product at least about 3 wt%,

preferably at least about 10 wt%, and more preferably at least about 18 wt%.

[0071] In the embodiment of Figures 1 and 2, the membranes 16 and 26 are
preferably operated at conditions of temperature and pressure sufficient to
maintain the acid in the liquid phase, e.g., temperature in the range of about -
10°C to about 300°C, more preferably from about 0°C to about 50°C, and most
preferably from about 4°C to about 40°C. Preferably, membrane 16 is operated
from about 100 to about 5000 psig, more preferably from 800 to 1200 psig on
the feed side. The pressure on the permeate side is typically atmospheric
pressure, but it could be operated at higher pressure so long as the pressure
difference across the membrane is sufficient for permeation purposes.
Membrane 26 is preferably operated in pervaporation mode with the feed
pressure typically atmospheric and the permeate side under vacuum. The water
containing product 28 (second permeate product) may preferably contain greater
than about 4 percent by weight water, less than about 10 percent sulfuric acid.
The high purity acid product 30 (second retentate) may preferably contain
greater than about 91 percent by weight sulfuric acid, less than about 10 percent

by weight hydrocarbons and less than about 3 percent by weight water.

[0072] In one embodiment of the present invention shown in Figure 2, a
portion of the first retentate 20 and/or the second permeate product water 28 may
be recycled (illustrated by dashed line 36 and 38) to the feed waste acid stream
10 for further processing. Also, it should be understood that more than one
membrane unit can be used in series and/or parallel configurations for each stage

of the separation process. In the first stage one or more membranes 16 that are



Spent Acid Sol uti onPer neat e Conponent sFeed Conpositi onProduct Conposition
Acid (wt% 87.8 90.8 Water (W% 4.1 4.7 Acid Soluble G| (w9% (or
Fydrocarbons) 8 1 4.5 [0084] The synthesis procedure described in this
exanpl e cap,b %,for form ng crosslinked pol yvinyl alcofh@hosheyyly anes and
ot her hydroxy con ai ni ng polynmers and copol yners, e.g., copolyners of

vi nyl acetate and vinyl al cohol nenbraneg_for use in separation of ASO from
sulfuric acid in the al kylation proces 7-Several paranmeters that can be
controlled are as folloms (1) The degree of crosslinking, i.e., pore
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feed stream 10 can be used. The number of membranes in each stage will
depend on a number of factors including the desirable purity of the permeate
product in each state, the composition of the feed, the type of the polymeric

membrane or membranes used and the process conditions under which the

membranes are operated.

[0073] One advantage of the present invention may be appreciated by refer-
ence to an improved alkylation process for the manufacture of higher octane
gasoline blending component, the improvement residing in the use of
membranes to regenerate the spent acid. Referring now to Figure 3, the
invention is illustrated embodied in an improved alkylation process 60. The
alkylation process includes at least one membrane separation unit 62 for

controlling both the acid soluble oil ("ASO") and water concentrations in the

alkylation process 60.

[0074] More specifically, a fresh isobutane stream 64 is fed to a reactor 70
where it is reacted with olefins 66 such as butenes in the presence of an acid
catalyst 69 such as sulfuric acid. The alkylation product 72 from reactor 70 is
transferred to a settler 74. Settler 74 separates the alkylation product into a spent
~acid stream 78 and hydrocarbon stream 76. The strength of the spent sulfuric
acid stream 78 is reduced because of moisture and ASO material generated due
to undesirable side reactions in the alkylation reactor 70. The hydrocarbon
stream 76 from settler 74 is transferred to a wash unit 79 where it is caustic and
water washed. Then via line 80 it is transferred to a fractionation column 82 to
recover an alkylate stream 86 and an overhead stream 84. The overhead stream

84 contains mainly isobutane with some small amount of propane and n-butane.

[0075] The isobutane stream 84 contains soluble water picked up in the
caustic and water wash. Of course, water is an undesirable component of the

alkylation process, as it dilutes the sulfuric acid strength in addition to causing



(2) The chem cal structure of the crosslinking agent determ nes the
physi cal (e.g., nenbrane nechani cal properties) and chem cal properties
(e.qg., interaction with the feed strean). The structures of the

di i socyan f in this invention exenplifies the,w of
potenti al 6\&62%@1%?03% ng agents (0=C=N-R-N=C=0, where R Iz:égr/lﬁgg&gp’?gohati C
and/or aromatic in nature). The struct ges of the diisocyanates useful in
this invention includes m xtures and bKFé&nds of aliphatic and/or aronatic
di i socyanate structures. (3) The control of the polar/ nonpol ar

h teristi lled via th I ' t
and ot ruct BRESS PREMRDOLT SREThods DRt ar Reeu R AT B8 0 8% O ey or

copol ymer . bRt F (A AGLASOOR Witel. N ESC EiRR Shéritkill streali292 net wor k
is a direct tfunction of the extent of crosslinking, i.e., amount of vinyl

al cohol unistten Bedrtplredi®e[tBO 8&1cFlrencerdationnn die nehpcled isobpiane sbeemwi th a
crosslinked (wth 1, 6 diisocyanat.ohexane ol y(vinyl,.al cohal PVA)
menbr ane V\%‘EE’Y SPEGHRE et eﬁ“ﬁﬂé‘“f@%{%’itgﬂ tgéé‘f?t%lcgﬁé’?‘@ ”blhécgl ng the
crossl i nked, BVAFBRRIANE dritQbatHR ety cRidtfddid 66 Achtkellwitidtheld1@fih hi ckness of
the origi n%eﬁtrrééﬁg?ane,' agrget er r%%ned ylgy SEM (shown ien Fi gure 12%}, was

appr oxi mat etegmlés and thengransferadasshidseacter $hoiarina98. hit isplec possivie t&i gures 6
and 7. The_ spectrum of Figure 6 shows the abso7r bance of a teflon nenbrane
support hal¢ee giream ShiandistsamGsseparalely 60 a4 /Ons, whil e the spectrum of
Figure 7 shows the initial and used CGore-Tex supported PVA nmenbrane,
respecti vej0p76[The Fhecinyentsdromdubet the easerahd 4SO alooocdndtatigneupthsccur r ed,

whi ch was "replaced" with_a sulfate nojety, Exarrﬁlle @8861The schemati c
of Fi gur e BKYRBNRPEOCRE#HA AECIBsIAINAIBINGASH] SHFANEHD abe 338daY Y eval uat e t he
menbr anes. ' : I gy B t | uation
wore: - Food bAsSaHFIEETA b iRt alink N RARE Ly br Rk oA RIS
gal | on/ m nukgh4ntsuht bytaneiRahie A .1BSalgslakionpredurut Ehis process will also

reduce the cost of sulfuric acid regeneration by reducing the total amount of

spent acid shipped for regeneration.

[0077] Yet another embodiment of the present invention includes a
crystallization step to remove water from the recycled spent acid, as shown in
Figure 4. A membrane unit 104 is used as explained above to remove ASO from
a spent acid stream 102 of an alkylation process 100. The ASO lean stream 108
is then chilled in a crystallization unit 110 to crystallize sulfuric acid
monohydrates to remove water from the recycled spent acid stream via stream
112. Stream 114 is recovered sulfuric acid send back to the alkylation process.
In a variation of this embodiment crystallization could be replaced with an

adsorber unit (not shown) to remove water from stream 108.

[0078]’«' In yet another embodiment shown in Figure 5, a SO3 and/or oleum
stream 210 is mixed with a membrane separated sulfuric acid stream 260 prior to
sending the treated sulfuric acid to the alkylation unit 230. The addition of SO3
and/01; oleum reduces the water concentration in the treated sulfuric acid stream
260 resulting in an increase in acid strength in the sulfuric acid stream 220 which

in turn helps to enhance the octane value of the alkylation product 245. Spent



Heat Exchanger 824: 1.5" dianmeter and 18. 75" length, 2.18 ft2 surface area
Menbrane 816, Effective Surface Area in Use: 24 in2 Menbrane 816, Maxi mum
Qperating Pressure Test Cell: 1000 psig Chiller 822 to Maintain Desired
Feed Terrpeggt Wos2099871I n operation to maintain a givep-fgeRK@RIMse, heat
exchanger 38 operatively connected to a chiller 822. The spent acid is
directed via line 820 to a nenbrane cel] 816. The perneate product which is
rich in acid and water is - 33 - coll'ééted in a perneate vessel 818. The
retentate rich in hydrocarbons is recycled via back pressure regul ator 814

and line 812 to the fe vessel . 810. The per neat rod . entate are
anal yzed f 8F1dz80ds p@\%?&%"&ﬂ%lh HWF‘%&&‘F%?J“@%HE@HF?&? i %Sn&ﬁ)g?lﬁgg\a}v% 1 known

t echni ques t Uh RN EEncntraflon BAd OHiged sehe®sur e and
20C are prteos}}e_%?ggce?Flﬁlr%i%gg;r“gsﬁg,m%éand 11. r|1:i gu.rre n10 sh(l)vvs tS_he relative
flux of theopenteaileptitmidjregeneatatianfa@liy and ahighercstiengthoful furieeacidsi gure 10

shows the ASO concentration in_th roneate as a function of tinpe.,Figure
11 shows t HEcansed@ siiehisraeycds Yorf?‘?l%g‘yﬁ@M TRAERTr (A %FWBPC q-r{]ahgl,a{%@ a?i son

of Figures A1 & O ol eis
substanti a @gn%ﬁﬁ%ﬁ%@%@%@ﬁ?@ﬁ@gﬁ@g@;ﬁ%@%@ %Igtep arlag{hdg\?vql{1 hat after a
peri od of Tekibridane conditioning, the ASO is concentrated in the feed due to
the separation by the nmenbrane of sulfuric acid and water from feed stream
The nenbrane continued to produce peamEat 8 contai ni ng approxi mately 50% of
feed ASO concentration even over extended periods of tinme of continuous
testing. Exanpl e 4AMADERBARMAL ARKHHEMBOEIMINY QB FHaVRENS of a conposite
nmenbr ane strueture—having poty e ayers—A 2 0 rggtcahol
(PVA) sol ulion was made | A4 50/ 50 anh drous ¢ Wure g?di met Byl sul [f oxi de
(DVBO) and| diGRERBRACR Y mQI%“(UV%O Thé é’VA(H‘?tich Wvi cal Co) was 99%

hydrol yzed| and had a nolecular weight between Acidg - 186 Kg/nol . A _separ at e
3.37 wt % anhyd s, S0l uti f met hyl dii s nat e prepafed |in a
50/ 50 m xt Jfl'z‘ “{)?V%[ﬁ\)sd Dl\/lgqgosf)veglg')sgi xt uye. Bo?ﬁxt%he S(S)%t%i on?q\ivfeérae chilled

to 7C. Theswdgya(wad)ut i onsOwer e 9ked 1&#t827C i 18.B8 prop@24 on sddh that the
rati o by wejght of hexang | di i spcyanate to PVA in the final sol utlion was
17 % The %8&6@'\4@& uti oni'%s m xed for“one mnute bef g)re coatrng 4 3 m |
thick sol uf hQp v?(y@r on toQ of & £y 1 mCfon pejeysi zejeypanded 53
v . (83; . . .

pol ytetraf| uoro | ene (PTFE) layer lam nated on a pol yol efm m cr gpor ous

t ided by Donal 2 kAC. his, t gm No.
2;82?;04%?(1‘&3?&);; akgsgn Coymany.gkyc. ofpdgnneapphss, My 47 tam

[0079] The invention will be further illustrated by the following examples.

EXAMPLES

Example 1

[0080] 0.9 g of polyvinylalcohol (PVA) was dissolved into an anhydrous
50/50 mixture of (DMSO) and dimethylforamide (DMF). In this example, PVA
was added to a 15 g/15 g DMSO/DMF solvent mixture. The PVA (Aldrich
Chemical Co.) was 99% hydrolyzed and had a molecular weight between 124-
186 Kg/mol. The solution was subsequently heated to 80°C for approximately 5
hours. The solution was then cooled to 10°C and mixed with 0.084 g of
hexamethyldiisocyanate dissolved in an anhydrous 2.5 g DMSO/2.5 g DMF

mixture (also cooled to 10°C). Preferably, the hexamethyldiisocyanate used has



- 34 - polyolefin mcroporous support provides nmechanical strength w thout
any significant inpact on flux and selectivity provided by the cross-1inked
menbrane. The coated solution |ayer was air dried at roomtenperature (25C)

for 1 m n&gé@lﬁgzgg t cured in hot air at 118C for 40 ﬁ@ﬁﬁ’é}g&mo%o washnext

cured at r m nutes before storing for perfornmance testing. The
final thickness of the cross-I|inked PVA nenbrane was between 1 - 2 mcrons.
Exanple 5 [00891Two nenbranes siml ar 88 -t he menbr ane prepared in Exanple 4
were used to perform separation on a sulfuric acid solution that also

cont ai ned rocarbons. The nenbranes ,\were prepared.by usi t he above
procedur e B%gf%m%‘peﬁlggg?!W@JWA’%%P&HEM%TEV?OH&%V glﬁ'e%g&l of
substrate S HsuSIHDEdaRh oM FiEERRTIRIE o HHEaOorPo PO YOV £fah8 118 Cr opor ous
support. The two nmenbranes were sanples taken fromdifferent sections of

t he nmenbr adiésocehnate. TAlflee agprokiomstelytiz 3 insiadtes athd 2t hetBoolwispowds eagt r esul t s

for acid separations perforne .t h. the twp nenbranes. The feed used in the
separ at i on@nt8Rdivh MIATONJNITE Sﬂew }iﬁg’ﬁfratﬁdiswgf%'én?r@ﬂ Fﬁ%ﬂg KNS ati on

uni t. Th_?.%r%?é’dtﬁé%%ﬁ%%o‘%ﬁt &0 Nag s@lkec@dldae o {is e drabie s@fubﬂitgt ga| lons per

m nut e. eged tenperature,” retentate tenperature, and perne

t enper at ur chavkt&istick ardGs cofrespuadinatiemied inatmdsai ned at at mospheric
pressure. - 35 - Table 4 Flux Feed Perneate G-D Water Acid

[0081] The PTFE substrate was placed on a support glass plate. The
solution of PVA and crosslinking agent was knife coated on top of the support.
The coating was first dried overnight (room temperature) under a continuous
flow of nitrogen gas. Further drying was performed by thermal treating the
membrane in a vacuum oven at 130°C for 5 hours to ensure completion of the
crosslinking reaction (approximately 5%) as well as to ensure complete |
evaporation of the solvent. The dried membrane was next tested with a spent

acid solution in Sepa®ST membrane cell from Osmonics at 24°C.

[0082] The feed was pressurized to 700 psig, and permeate pressure was at

atmospheric pressure. Feed and permeate streams were analyzed for composi-

tions. Initial permeate rate was 1.83 kg/hr/m2.

First Test
Spent Acid Solution Permeate
Components Feed Composition Product
Composition
Acid (wt%) 89.2 91.6
Water (wt%) 4.4 54
Acid Soluble Oil (wt%) 6.5 3.0
(or Hydrocarbons)
[0083] A second membrane test performed at 300 psig feed pressure and

atmospheric pressure permeate gave an initial flux of 3.6 kg/hr/m2. Feed and

permeate product compositions are reported below.



ASO Water Acid ASO Menbrane #1 Sample 1 1.57
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231 -
Spent'Acid Solution Permeate
Components Feed Composition Product
Composition
Acid (wt%) 87.8 90.8
Water (wt%) 4.1 4.7
Acid Soluble Oil (wt%) 8.1 4.5
(or Hydrocarbons)
[0084] The synthesis procedure described in this example can be used for

forming crosslinked polyvinylalcohol membranes and other hydroxyl-containing

polymers and copolymers, e.g., copolymers of vinylacetate and vinylalcohol

membranes for use in separation of ASO from sulfuric acid in the alkylation

process. Several parameters that can be controlled are as follows:

)

2)

3)

The degree of crosslinking, i.e., pore volume, can be controlled

by the addition of a predetermined amount of the crosslinking

agent, such as diisocyanates.

The chemical structure of the crosslinking agent determines the
physical (e.g., membrane mechanical properties) and chemical
properties (e.g., interaction with the feed stream). The
structures of the diisocyanates useful in this invention
exemplifies the wide range of potential crosslinking agents
(O=C=N-R-N=C=0, where R can be aliphatic and/or aromatic
in nature). The structures of the diisocyanates useful in this
invention includes mixtures and blends of aliphatic and/or

aromatic diisocyanate structures.

The control of the polar/nonpolar characteristics can be

controlled via the proper selection of the amount and structure

~of the crosslinking agent and the structure of the polymer or

copolymer. The level of hydrogen-bonding in the crosslinked



3.06 88.20 8.74 3.66 91.66 4.68 Sanple 2 1.30 3.13 85.37 11.50 4.02 89.89
6. 09
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network is a direct function of the extent of crosslinking, i.e.,

amount of vinyl alcohol units.

Example 2

[0085] The reaction of the sulfuric acid with a crosslinked (with 1, 6
diisocyanatohexane) poly(vinyl alcohol) (PVA) membrane was followed with
FTIR. The reaction took place by placing the crosslinked PVA membrane into a
spent sulfuric acid fluid. The thickness of the original membrane, as determined
by SEM (shown in Figure 12), was approximately 15 microns. The results are
shown in the spectra of Figures 6 and 7. The spectrum of Figure 6 shows the
absorbance of a teflon membrane support having a nominal pore size of 0.2
microns, while the spectrum of Figure 7 shows the initial and used Gore-Tex
supported PVA membrane, respectively. The spectra show that loss of the

alcohol group occurred, which was “replaced” with a sulfate moiety.

Example 3
[0086] The schematic of Figure 8 shows a membrane testing system which
was used to evaluate the membranes. In reference to Figure 8 the conditions

used in the evaluation were;

Feed Vessel 810, Volume: 3000 ml
Pump 826, Rate: up to 1 gallon/minute (usually run at 0.63 gallons/minute)

Heat Exchanger 824: 1.5” diameter and 18.75” length, 2.18 ft2 surface area
Membrane 816, Effective Surface Area in Use: 24 in2

Membrane 816, Maximum Operating Pressure Test Cell: 1000 psig
Chiller 822 to Maintain Desired Feed Temperature

[0087] In operation to maintain a given temperature, heat exchanger 823 is
operatively connected to a chiller 822. The spent acid is directed via line 820 to

a membrane cell 816. The permeate product which is rich in acid and water is
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collected in a permeate vessel 818. The retentate rich in hydrocarbons is
recycled via back pressure regulator 814 and line 812 to the feed vessel 810.

The permeate product and retentate are analyzed for acid, water and hydrocarbon
concentration using well known techniques. The results of the measurements at
500 psig feed pressure and 20°C are presented in Figures 9, 10 and 11. Figure

10 shows the relative flux of the permeate through membrane 816 as a function
of time. Figure 10 shows the ASO concentration in the permeate as a function of
time. Figure 11 shows the ASO concentration in the feed with run time. Thus,
comparison of Figures 10 and 11 shows that ASO concentration in the permeate
is substantially lower than the feed concentration. The data show that after a
period of membrane conditioning, the ASO is concentrated in the feed due to the
separation by the membrane of sulfuric acid and water from feed stream. The
membrane continued to produce permeate containing approximately 50% of feed

ASO concentration even over extended periods of time of continuous testing.

Example 4

[0088] This example describes formation of a composite membrane
structure having 3 polymer layers. A 2.3 wt% polyvinylalcohol (PVA) solution
was made in a 50/50 anhydrous mixture of dimethylsulfoxide (DMSO) and
dimethylformamide (DMF). The PVA (Aldrich Chemical Co) was 99%
hydrolyzed and had a molecular weight between 124 -186 Kg/rhol. A separate
3.37 wt% anhydrous solution of hexamethyldiisocyanate was prepared in a
50/50 mixture of DMSO/DMTF solvent mixture. Both the solutions were chilled
to 7°C. These two solutions were mixed at 7°C in a proportion such that the ratio
by weight of hexamethyldiisocyanate to PVA in the final solution was 17 %.
The final solution was mixed for one minute before coating a 3 mil thick
solution layer on top of a 0.1 micron pore size expanded polytetrafluoroethylene
(PTFE) layer laminated on a polyolefin microporous support provided by
Donaldson Company, Inc. of Minneapolis, MN (Item No. AX04-104F). This
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polyolefin microporous support provides mechanical strength without any
significant impact on flux and selectivity provided by the cross-linked
membrane. The coated solution layer was air dried at room temperature (25°C)
for 1 minute and next cured in hot air at 118°C for 40 seconds. It was next cured
at 120°C for 5 minutes before storing for performance testing. The final

thickness of the cross-linked PVA membrane was between 1 - 2 microns.

Example 5

[0089] Two membranes similar to the membrane prepared in Example 4
were used to perform separation on a sulfuric acid solution that also contained
hydrocarbons. The membranes were prepared by using the above procedure to
form a crosslinked PVA membrane on a membrane roll of substrate material
comprising microporous PTFE on a polyolefin microporous support. The two
membranes were samples taken from different sections of the membrane roll.
Table 4 shows the feeds and the corresponding results for acid separations
performed with the two membranes. The feed used in the separations shown in
Table 4 was spent acid from a refinery alkylation unit. The feed pressure was
800 psig at a feed flow rate of 0.8 gallons per minute. The feed temperature,

retentate temperature, and permeate temperature were all 25°C. The permeate

was maintained at atmospheric pressure.



4.08 89.67 6.25 Sanple 3 0.65 3.00 82.40 14.60 3.92 87.39 8.69 [0090]As
shown in Table 4, the nenbrane structure selectively allows the acid to
pass through, resulting in a pernmeate with an i ncreased acid content (by

wei ght) ar\gg%?(ﬂggﬂrsgased acid solubilized oil content (Kyr¥&h&hhdsto Tﬂe fl ux

9

decr eases e anount of hydrocarbon in the feed increases, but the
menbrane is still effective for perfor_rgisn_g the separation.
Table 4
Flux | Feed Permeate
GFD | Water | Acid | ASO Water | Acid | ASO
Membrane #1
Sample 1 1.57 |3.06 |88.20|8.74 3.66 |91.66 | 4.68
Sample 2 1.30 {3.13 |8537(11.50 4.02 |89.896.09
Sample 3 0.77 1294 |82.46|14.59 3.77 | 87.62 | 8.61
Membrane #2
Sample | 1.08 | 298 |87.899.13 3.64 |91.48 |4.89
Sample 2 0.96 |3.13 |8532|11.54 4,08 |89.67|6.25
Sample 3 0.65 {3.00 |82.40]14.60 3.92 | 87.39 | 8.69
[0090] As shown in Table 4, the membrane structure selectively allows the

acid to pass through, resulting in a permeate with an increased acid content (by
weight) and a decreased acid solubilized oil content (by weight). The flux

decreases as the amount of hydrocarbon in the feed increases, but the membrane

is still effective for performing the separation.

[0091] The above preferred embodiments are provided for purposes of
illustrating the invention and should not be construed as limiting the scope of the

invention as delineated by the following claims.



[ 0091] The above preferred enbodi nents are provided for purposes of
illustrating the invention and should not be construed as |imting the
scope of the invention as delineated by the following clains. - 36 -

CLAI MS: 1. A nethod for recovering sulfuric acid froma feed m xture
conprising sulfuric acid, hydrocarbons and water, the nethod conprising:
processing said feed m xture that conpggses fromabout 70 to about 98
percent by wei ght acid, using a crosslinked polyneric nmenbrane conprising a
crossli nke@%g@ﬁvi nyl al cohol, a crosslinked polyvinyl sulfate, an oxoanion
nodi fied crosslinked polynerized pol yvinyl alcohol, or a conbination

t hereof, such nenbrane forned by an anhydrous process, to forma first

ret ent at e cont ai.ni ngAamsthbd fantecaletiyg gulateeacidulioghs feeer mesmdragempfising

hydr ocar bons,.t.han .said feed m xture and .a first .perneate product containing
a greater %‘Zﬁu hECe ygéoﬁ?r;ﬁgs%‘rd‘%#'rdthf’ REHOdSPHPEURS i xture, said
crosslinked pol yivedskiag bxdifded meixines that Salpeicds fiah Ybque 7oeadtoat 9®pdrbeat 8¢i d over
t he hydrocarbons.jn the feed m xture and further characterized as_ having a
crossl i nki W@*gﬁf&%ﬂi’ p5ing R GASIITHER PAYOHE BeRBEs CTRERE SiTes O {hy

crossl i nkeglcdl, Ya&bistinRRINYIARS 1581106 OfSbloakiel mtdifiddzdrb@iRkear podahdrkd N9
agent selected fromthe group consisting of 1,4 diisocyanatohexane, 1,4

di i socyanat@pied fdcohel, @r @ sasyugasinattiseelapech membragg famed daanoadadosne, 1,5
di i socyan : : i - di .

2 The mothed or ol Rk A @ i K e P N P AR or
pol yvi nyl hkydrdcatbens than said3feed hextmest dndde 6fst pkamaatelprodime centaingwgi 4l gfeatsd

m xture cont.aj t Q. .20 W . O rpc n om about
0.5 o abourh Rrdebfa BLRHA whn' idAGE e Haid b NSRS AL RARGC AR, 2
crosslink hénpssclectivdy pbrnheablettoShe adilever ths dlydinkardemnsint the fedngixauwbandnti al |y
uni form t hroughout the craqsslinked pol. ric nbr ane. 5 e net hod
of clai m TURtRcrErRep st R R g AT B 07 S tiHB? 8 by a
second pol yaBitieteiMenEErastbnkdd s frikdrkkAsbrand ishﬂ@ssﬁxﬁl&&_ﬁitiﬂiﬂﬂﬁ?@ RO4shiimEhg C
menbrane being at |least twice as great as the_ pore size of the second
pol yneric Jeeptor ssigsted  from  the group consisting of " 1,4  diisocyanatohexane, 1,4
diisocyanatobutane, 1,8 diisocyanatooctane, 1,12 diisocyanatododecane, 1,5 diisocyanato-

2-methyl pentane, and 4,4' diisocyanato-diphenylmethane.

2. The method of claim 1, wherein said polymeric membrane comprises

polyvinyl sulfate.

3. The method of claim 1, wherein said feed mixture contains from about 1

to about 20 wt % hydrocarbons, and from about 0.5 to about 7 wt % water.

4, The method of claim 1, wherein the crosslink density is at least 5%, the
crosslink density being substantially uniform throughout the crosslinked polymeric

membrane.

5. The method of claim 1, wherein the crosslinked polymeric membrane is
supported by a second polymeric membrane, the thickness of the crosslinked polymeric
membrane being at least twice as great as the pore size of the second polymeric

membrane.



- 37 - 6. The nethod of claim11l, wherein said first retentate
contai ns a wei ght percentage of hydrocarbons of at |east about 3 wt %
greater than said feed m xture, and said first perneate contains a weight
percentage of acid of at |east about 1 W %qgreater than said feed m xture.
7. A nethod for recovering sulfuric acid froma feed m xture conpri sing

sul furic acid, hydrocarbons, and water37the nethod conpri sing:

processing said feed m xture that conprises fromabout 70 to about 98
percent by weight acid and about 15 percent or |ess by weight of water,
using a cr oss! i gked PRl YRGBT ANGHGRAPLAGIRG Befh@SSInidMes gy Vi ny!

al cohol, a crosslinked polyvinyl sulfate, an oxoanion nodified crosslinked
pol yer i zepkrgenkage iofiiydratasinslof ableasy abouttsi Watd geeteribaresid fesd ohixtvenindne
formed by an I t 1.6 t

subst ant | oty BATRr sBERE Tl R SRl o E1EH Bhf P AROBRReld g

m xture amMmmﬁﬁdﬁxﬂnmﬁnneate product containing a greater weight percentage
of acid than said feed m xture, said crosslinked polyneric nmenbrane being
selectively perneable to the acid over the hydrocarbons in the feed m xture
and furt her cha7 act eAi m&bodsorlavdvegng selfi@RsddidKibomda dedshixyurt rcompakiagt 1. 0%
to about g wherein the crosslrnked pol yneric nenbrane is

crossl i nkeﬂﬂfaflr P19, hygrogarbpis and Wkeh fedpriprd @erpéléegd fromthe group

consi sting of 1p16cé§é1h§§’£&’ 2RAREXAAR compfisdi RO SHRAN 80 RPAHANES &ee&t by
di i socyanat ooctane, 1,12 ||socyanatododecane 1,5 diisocyana % nethyl

pent ane, avieight, aeid dﬁﬂs@@yfahétmmephéhﬁsﬁéqmafﬁ@ht of water, gsingHe Cas méfedof

claim?7, I

5. "he et oel: oy aptaRer IRl RERAA pER TR BEoR Y e P o 1
to about 2Qlfuk, %mhwdommwxbnmhﬁahnmo$hmwﬂapohnwﬂmﬂ-m@babnttﬂaﬂmﬂ o wat er .

10. The neth ard |rst ent at e cont ai ght
percentage o%lala?g%%?%gﬁgho ?aTeas b%ﬂ?z§$%%oﬁ% At e fﬁan §§¥g feed
m xture, amdms&r @nfaiiisg apeirsmaaley gneswawe@ht pwercn‘nt@erod hgdxdcamacbrerthai sdikast 1%
greater t nsardfrrst i

5 %yof cla g .¥here n
sai d firstrEposaad éd"ﬁitéreﬁgeaéF B %f‘”ﬁ@%’éﬁt%ﬂé@r el d“FEﬁ?a‘ia%%ﬂ %t at
| east abouhan3sai feld Bhi@@kSdaid BaRlislIdGolyrgic MombiR, beadteRadw ]l pdrmbather meat e

contains a weight percentage of acid of at |east about 1 w % greater than
sai d f eed taitheasidover the hydrocarbons in the feed mixture and further characterized as having
a crosslinking density from about 1.0% to about 25.0, and wherein the crosslinked
polymeric membrane is crosslinked utilizing a crosslinking agent selected from the group
consisting of 1,4 diisocyanatohexane, 1,4 diisocyanatobutane, 1,8 diisocyanatooctane,
1,12 diisocyanatododecane, 1,5 diisocyanato-2-methyl pentane, and 4,4' diisocyanato-

diphenylmethane.

8. The method of claim 7, wherein said polymeric membrane comprises

polyvinyl sulfurate.

9, The method of claim 7, wherein said feed mixture contains from about 1

to about 20 wt % hydrocarbons, and from about 0.5 to about 7 wt % water.

10. The method of claim 7, wherein said first retentate contains a weight
percentage of hydrocarbons of at least about 3 wt % greater than said feed mixture, and

said first permeate has a ratio of acid and water at least 1% greater than said first ratio.
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11. The method of claim 7, wherein said first retentate contains a weight
percentage of hydrocarbons of at least about 3 wt % greater than said feed mixture, and
said first permeate contains a weight percentage of acid of at least about 1 wt % greater

than said feed mixture.



