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 [ 00011The present
invention relates generally to polyneric nmenbranes for separating acid from
acid mxtures. Mre particularly, it relates to partic ed

pol yneric WRAPAHNEE and their use in separating and re%%@gézﬁ%@%g@%ds,
including sulfuric acid fromwaste acid m xtures or streans. These streans
may conprise acid, and any conbinati om bf acid and hydrocarbons and/ or

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

THE |1 NVENTI ON [ 0002] Nunmer ous i nd [ QCESSE e _agclds.4 hei r
processi ng t hALID %EE)QHWEEMB - C a &EH}En wast e.
These cont ani na ECOYERY QF ALIRIUSING BOLYMERICMEVMBRARNES oot o

I ndustrial chem cal and petrol eum processes are prinme exanples. Mny of

t hese procEHdd3 Qleditil BNBMNIIONr ocessi ng of the process acid to renove
inpurities. For exanple, acids are widely used in industrial chem cal and
pet rol eum ygRbipi Ng bGAL | i | | folyhRERNAERIAAEs forvhi Ch
general ly @2?12 rerr%g@ Iré%?\E L@E?gﬁpﬁéﬁ%gg%ﬁ%yﬁg ﬁ(g)glyg%ten water) fromthe
process aciepatatingesidfremt dvéd adkitrdso,More perticuledy, it telates t(gpamilcugarkyc ess
specification or requi,rements. Handli'ng spent acjd also raises s(gf ety and

envi r onmendaPted Rl EnREC MERranosAhB A USE JN SRPPERLIEANT PP AH D t he
present | EERbld iRy Rl ibfh Bt acithBllules oHefChmd) PhldEieimeimay
petrochemi cal and petrol eumrefining processes. Depending on the use,
commer ci alconpréshicidi@nd ahg coybiragiohyofwcfipdridddy drocaboengtdier wate76r®9. 5 Wt %
sulfuric acid with the remaj nder typically being water. Many uses generate
a wast e orotBHePNRBIIRan{s’, SSISIORYAENS AFYIGESS ¢ hydr ocarbon materials. This
spent acid streamis typically reprocessed to 2 renove the organic

mat eri al . BACKGRAQUNID GITHIEBOVENTION on of the sulfuric acid is
conventionally used to renove the organic material. [0004] An exenpl ary
petrol eum essi : ' L ed S 8S; - al kyl ati on
pr ocesses.m??\)ﬂa t y@%gjéé? gua &3?%%1?%&%?%%@356 %ﬁgsslrn thg?}p\%?gyglﬁégﬁatpur ity,
concent r atcedtamihdtenhe€ acidivitibpooemshydptadied inwasant Bidsaabethminatedwat er and

organi ¢ hydrocarbon materi als compnly referred to as acid sol uble oi

(ASO) . WheRId8arg semaeniyredenred WpsosPeRachy daﬂ%{'akﬂ@%a@aﬂnﬁj c activity of
the acid ' i j can be
rogonor at S P oprosERl af e Rl MAR 10 icast Bl ecasy

[ 0005] Conyerictdngbf et frodsssfaoid pemovadinguridge nesadantple,meidsvagegener al |y
conbustion of the spent acid to form sul fur dioxide, conversjon of the

sul fur di 3%iels used guindystrig} chsmigel andpetegdeyn sefigingaprlisrtionsthalr tri oxi de in
water. Waiple.this;i o LS W dely o._fr: [,gh: ength acid
(05 e vo [EEeR) (EERRRARR Whic et i Rl RAN G el BB ET

economi calintledingoyfarOERE) fisertie pfocess heldite raatord thoadidapsdrafeas pgiids sul furic
acid by various neans such as rail, truck, ship, or pipeline to a central

r egener at PoainphpioceIs\spegifisation parpdsgsientict Hanilingsrentiasdd pispiraises or aci d

][egener at é _alrzlrdeé'ngn%{lgl%g%az ng&rrpsg a significant partiiof the total costs
or regenerating spent acrd. ‘ _

[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 from about 70 wt % H2SO4 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
acid/mategwﬁg&%mﬁg%pust be heated to a high tenperaturgte,YaRgbse the
water. It afso’requires special materials such as glass Iined vessels and
tantal um heaters to prevent corrosion. An inproved, |ess expensive nethod
for regenerating spent sulfuric acid is2needed. 3 restore the acid to or
near its original process specification. It would also be beneficial if

t hat process could be deployed Yin situ" wth th rocess that. produced the
spent aci d!eﬁét)m%?r@’c t%?@?/EN’ﬂ‘WT%@g% r!eﬁo%ﬁ‘étﬁ%bﬁf%ﬁﬁflﬁﬁgc Eﬁ"tahod i's
provi ded T QicohGERYRIDGAF I rehi U fe of R Whitkid[ e comprising acid

watef. T 0

hydr ocar bons an e met I ncl udes processing a feed m xture that
conprises fr about 70 tq about 98 percent b aci.d. using a

i qht. \
crossl i nke Oﬁgi ymerHEe PRNRETFQICYTB PROCESH R Upe %f‘gﬁ'ﬂﬁaé’“gﬁoasa? first
perneate p t j tiat i ‘ vhsk i ; eat er
Pl ont per SRyt for A5 dghSrob S IRy BRAL Ak PAjBn BHOSKEMe el C2LET
per neat e phigh patity; @dbhednnsital gilfaicercidbe@hiespiiucehdagatahinattiddvithan t he feed
m xture. The crosslinkedcggéﬁneric menbr ane used for, the separation is

sel ect i velYalgepnebagagicthy hen magsrials earamep b SEIFBbioasiasiq sRlublged

m xture. T Sy} ' : r terized as
navi ng a CHoGE ORISR Bl R b AR SRR U LHEh S aglRy 3¢ 0

embodi mentthe hiid degidiies.eSpyrsatfutic@oid fiemfteedikylationrgotess sh baric acid. In
anot her enbodi ment, the crosslinked polyneric nenbrane is conposed of

pol yvi nyl rege@wksed bpoatyagangidesahle ses usig exisivaoneBodon t hereof. In still
anot her enbodi nent, the crosslinked polymeric nenbrane is conposed of a

pol ymer i zg@0@8]c ohoConhtioxaRmetiddeot dpeatadi@rogBpeiaed invalobgtnerally a

het er opol yner conpri sing al cohol or oxoani on nodified al cohol nononers. In
such an erpBWUAEeR Of thesPentoasdd ihfasm swdiuy diaxide, verperaivs ofdhe Bdfyror med usi ng

a substanti al. r . R oc ~lny . [ he
crossli nktéiﬁfgJ 648%"%13?{% tﬁg)%n“gfg’a%éje ?%?08’6%5‘0032‘%9%%%3?‘98{%? V‘%@% SY‘:‘]‘Z*‘: [0009] I n
an embodi HERtechaolbghtis widdehse® rpRAacs highGtrdhgthfRid 08 WivasisD,),

envi ronments having 70% or_nore by weight of acid is provided. The

nul ti - | ayéris gepital amensise Ahps.rkis Ushgly mestrpeemies! far @r‘voygmmmwrbol yneric
menbr ane i,Ag.a first thickness, the rane bei electively perneable
Lo 4 aci T BB Gecin S kpbdkESRRE Sy o BR SR RG e A IR PR bl o

crossl i nkydefship, of paiBliae st cknRib le@ehMidn FRilYorathbethapeonstnk@yer of the
mul ti-layer menbrane is conposed of “a fluoropol ynmer or a cellulosic polyner
havi ng a Bsieovwsn facikities for scidaggenenatiorh afreight cosie can be g signiGkandpert The third
| ayer of tP&x gEtnFranefi S a st rtucturaL ‘I.ayer conposed of a material with a
pore si zeXof APt ST 105 TREGHCTAI WP h2U ot her enbodi ment, a multi- | ayer
menbrane structure for use in acid environnents having 70% or nore by

wei ght of [088PH | s Swiawicdsid carhalserhk con¢eayratednspmrabast st HpbOy tbayer
conposed of a crosslinked polymeric .menbrane, The crosslinked polyneric
menmbr ane 320U Sapdear show 98ov (askifite agid byHusing evppexatan with epaiofi ed

pol yner i h i | 1 foe o o3 iLnke ymeric
menbr aneztﬁg)sﬁéé% (r)ILs © &’ﬁp § aﬁféggmg&ﬁéb ?ghlggﬁ{a‘%}%f%@g%sgeﬁ%%%fz g %{(gwg%%d over
hydr ocar hangureThast@edsatddisechiph typédaturdeiTbiguzeans waterf Ut dloer
characterized as having a crosslink density fromabout 3.0%to about 15.0%
The secorf@quisgseipestal péerinls such agyglpssiiviadresecls and tisdyachesterPiEE or

ext ended PTFE.having a thickness ,of. at | east kCr a having a pore
et hat T SBEolRan AmIFPEFET e FrebfE ndRol ke R g b Loer OF the
mul ti -1 ayelfufeibi@iReectded structural |ayer conposed of a polyol efin having
a thickness of at least 100 p.mand a pore size of at least 3 p.m

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

...... i

efficiently and effectively remove impilrl'tles from process contaminated acids to

! : e



BRI EF DESCRI PTI ON OF THE DRAW NGS [0011]Figures 1 to 5 are sinplified
schematics of different enbodi nents 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 mc 3] Figure 7 shows FTIR spectra of usefuaickdepisged PVA
rrenbranes.‘%?gg?@%?%?%ure 8 is asinplified schematic of a nmenbrane testing

system [0015]Figure 9 shows the relatiye flux of an inventive PVA
menbrane. 5 [0016] Figure 10 shows the %ﬂmunt of ASOin w% in the perneate
as a function of run time for an inventive PVA nenbrane. [00171Figure 11

shows the ampunt, of ASO in W% in.the nenbrane.test I a function
of run ti mESfYF thenaqich b Ak PRA ‘ﬁﬁ\%\‘g\-\‘é‘ﬂﬂ?{%‘ﬁés Sq%&@ﬁﬁpggf‘goﬂgﬁgg%gémt i C;| I yI
shows a mublier R 8f iAPPRIBAS A HEHEPIBY&F GRTsHLNWithoht Peodesy Bt i 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
processing 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 from 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 [ 00191Thi 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 arly adapied crosslinked pol yner nmenbranes thagcrawossapab e of

wi t hstandi ng an acid environnent and the use of such nenbranes 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 mxture
using a polymeric nenbrane to forma first retentate containing a

substanti al |. [ r j r m xture
and a fi rs?&éé)g' ﬁgﬁﬁoﬁéggﬁ%}%gﬁhggﬁ?%gaggéérzg%t%?ﬁigo{rl]glgﬁﬁlﬁgf?%%ﬂgf aci d
than sai d feafabvuxl 0% to hFod 23t Taelecindeayer dffike nediidal cc onpmbies
processing the first permeate product using a second, polymerjc nbrane to
forma secismompssehohe duemmody PN acdweriarelyaier Wb‘t"éé‘tweé@ﬁégghlf ation of

A a han 1l tpl ASATRES SpRLPENC TR e S Br SPRRLIBANE ik 0ot

cont ai ni ng er - conicentration of water than the first

permeat e pgAdiuehl 1a9BLcdiRpeN¢a dMdmaRtid] WRE @pdre sizeof at leastA fimr t her
enbodi ment i ncludeS conventional processing of the first retentate.

[ 0020] I n various enbodi pent s cid stream t.alil 0% to
about 98% @{Q_I%i ght™ ZBPGET GRpafimel, ¢ Wygpga g? g?idsﬂ?%:%“[}]ec%gfgggg%eel to form
a per meat e; M bhvikOWRENtDVENIAE ALY Br AIAE Bﬂfweigm ofabidds pentided®he the acid is
6 sulfuric acid, the water content of the acid streamis preferably 20% by

wei ght or Ineltslayer meBthrine basi gyfitst daver eempossd afGuerpsslinked Relysrericess .

[ 0021] Yet anot her odi nen f the invention. t t i gved

al kyl at i onmﬁﬁné&?&es%I%h%oglﬁi?%%w@'ﬁw&co@%@ém@&%?%)rggg?egoo(rl%tag&]&ﬂ}g%g%@oI efin
m xture W §jhoiHl SRR inbdifiett piiembRzdd A @ SeNE or@binatibh Ghdrdofaci d

cat al yst under conditions effective to produce an al kyl ate product. The

li qui d aci Theabsdlinked patyrberiamgnibraps khsachitgt hickngbs and rselegtidelyzi ng t he

al kyl ati on reactjon such as sulfuric id. The spent acid i .S, a

mi xt ur e cd?ﬁS?’ie@?lﬁdo 8T Uer gYifaC_af, Oﬁft‘dﬁ.ﬁﬁﬁf%ﬁlﬁ@(eéirpdﬂmgé? nlle\é\n@?rég%\(}%} ed and
processed wstR@eRckdrhch i?&i WA FerRERIEddmit) FFdth abbhirR0% @ladouate
containing a substantially greater concentration of hydrocarbons than said
spent sul fL.0%. &tecsendnd layer aftheantltirlsyerpeembeane ipeoapesedc it Bilaiong a
greater concentrati of, sulfuric acid th the spent, acid mxture. In one
enbodi rrent‘ix‘?”rﬁiéd%Hfgh?)véil%éé}ﬂ‘ékﬁ‘?sﬁdﬁé? ?eia§talrrbe'@§f’cff"é§ar5£@<w?%atp_l%e éz;'?gyl ation
react or. liflails RECAMUh IRIIDOFLTE Mot thitRndds! TheRRFHATAE op tiRcHGhi-layePPL i onal | y
further processed to reduce its water content. This further processing can
i ncl ude ushagbmnsécastugtotay ieydr compobedoiza palypkedindeving ethieknasenf at Each
further processing through a po%yqeriﬁ nmenbrane will forma first stream
cont ai ni ndeast d0B#imard aPPLE Yeeat ¥rlce¥idiRt rati on of sulfuric acid than said
first perneate product and a second stream containing a substantially
greater c@BRER DESCRIPGIONDETHEIIRANINGSr st perneat'e product. The first
streamis recovered and recycled to the al kyl ati on process. Further
processin the fi EnipificdlseerhAifds WQl B¥RAPEMbb@IMdHIEIEf vacuum
addi ng acgggglrlhydr?%?és E%;%g?éngnﬁl elt(jmS [0022] I n still another enbodi nent,

t hi s i nvenh¢ pres@itanveleiona mul ti-| ayer menbrane structure suitable for use
in separating acids frominpurities. The multi-layer structure of the

menbr ane f of; i ta SOIPENGS nfdafirhfdsuppoPedvigsaof several
mat eri al sawfr?/}gn gﬁnﬁgéﬁs%ﬁ%ﬁ tﬁesb?‘?rast | ayer of the st%pgture % a

crossl i nkednmdlypoee siee lodYer midrahs.pr ovi des preferential passage of 7 the
acid relative to at |least one inpurity, such as hydrocarbons, while al so
havi ng goqgyfsi St@ k A6 SO Rhd AtSHd PYRAhchAYaes. of the
structur e?ggnﬁpr ovﬁgg%a%g?év?%ggﬁbgnefits for tﬁe menbr ane, such as
providing structural integrit ith little or no Jinpact. .on overall flux, or
provi di ng (@ al | fegerfatiscas lﬁd dl%“‘k‘?”‘f‘%? Ofﬁg’%%ﬁg%ﬁféu% SYHER | ayers with
different properties do not cause a material failure in response to the
separ at i op0&Is]i r orifignte 9 Hoowettenmplativeharfemposetdied® €Aguambdtangr essur es,
sone materials are prone to stretching while others are not. A |ower |ayer
in the nmenbrane that is rigid and able to withstand hi gher pressures can
mai ntai n the shape of the nenbrane under pressure, thus preventing failure
of other, possibly thinner |ayers of the nenbrane.




VEMBRANES AND MEMBRANE/ SUPPORT 100231The present invention is directed in
part to a polyneric nenbrane, possibly in the formof a |layer that is part
of a multi-layer menbrane structure, that is suitable for acid-contam nated
separatio se in "regenerating" process acids ric

menbr ane QQQQ&P %%?ﬁnd the acid environnent and prefer%%%?%? y %@?fuses t he
acid over the retentate contam nant. These streans may conprise acid, and
any conbi nati on of acid and hydrocarbon% and/or wat er and ot her

"contam nants”. The process can be practical "in-situ" with common

petrol eum et rqchem cal esses .Thoy rti descri bed
her ei naftefmﬂﬁ r el dt'BYH @&hﬂgvéqﬁﬁa’goﬁgtﬁ[’@%é] Jg&‘g‘gﬁ’&”%?*}tgﬁﬁng t he

pol ymeric Hﬁt&t}bﬁ@?nt}aﬁmerre}a&aweﬁﬁvépvmame%rard d/liquid separations. O her
applications where the polyneric nenbrane can be used for acid/liquid

d f h d | udi
2o cul 8?&#092L2me£a$&%r1§a§5?vs§m SR SR S0 S BF R IERE el cel
prepar at | ogy ¥l 8l a ThEARNE ry AR O AR P A BiifbioRe. Addi L] onal 1y,

t hough particularly descri hereln ter inrelation to purification of
sul furic tre t cont ai drocar bons, the ri ¢ menbrane of
t he mven?@ggs 8%{53 Sﬁléﬁm%twaﬂbf Sg‘@b'éraa{t‘t’]é‘ngy? W@ﬁ%&? BECof aci ds,
such as prg%%gmxgo% glifverfiochric acid, or other acids that can be highly
concentrat ed 25 The menbr anes accor di ng to the invention conprise
crosslinked e . ; of & multi-layer
menbr ane 24 :NdS used in the

process accord i ng to the |nvent|on rray be ut|I|zed in the formof hollow
fibers, tJbesd] fil Whis isheeton, rektes. gehbmllyrtoaesspneyedgoiymearient | y be carri ed

out in a test cell ich is divided into conp by ans of a

menbr ane GPERRRBF ARLLS USH N KEERPALAS SRR RFIG; @%Wﬁ%@é’%gﬁg’q or renoving
the conte I oy or
R A T B S S T S RN
from aci d capable of withstandingenfdcbdemndtannednt ahé theed G@uOL sndniteransraane

surface (or exppsed surfaces ({ﬁg menbr ane structure) should be sufficient
to prevent® rERGQYEring apyacy higs sutHpe Aciddrom s fﬁ%‘{i HAXBIE€ i on. The flow
rate of t I ation of

t he rrenbrgﬁrgbggqﬁgggﬁIﬂggrogtgrr%détgt??gwgrﬁ ﬂf@gﬁggrtl rymgsr&c%g#f ment vessel

used, as wellmiagrensingmerpmerie md@anatd formha ﬁmrretbﬂmrﬁﬁamﬁg @nd | ower
flow rates can bﬁétol erated. Establishing the optimumflow rate for a

menbr ane YEIFANYA ﬁr%ereﬁ?aceféfat@m Qfﬂé/ﬂé@qaﬁ@r@dhm theofﬁgd guKtusRandadi | y
determ ne be achi eved
by operat{Elnsg}s\c/\,rﬁ’!tlialfé h}e"%ﬁﬁ%‘ﬁ‘gi ate[r(agﬁ%e]r{i‘agiﬁﬁl fam ﬁ g ?t %e%hym cal
i ntegritymixtde: Inrwodmeatuc)ﬂgnaanmetmemsd cbmp@n@gﬂsterceerﬁg)merm@tt to help
the menbrane maintain its physical integrity, a conposite nenbrane may be
used. . ForPERgAs RErodyctiusing %%ﬂ@@@@@b’%@t@ﬁ@mbéamea@efpfm@rseﬁ@%r ane) may be
supporte oduce a

4 Qe ROMAREN gtshlifﬁant%%gat@ﬁ%gﬁcsen aye gacrﬂtﬂg rﬁ%lret frst ayer

mul ti-Iayer Iamnates ruc rane

st ruct ur epemeaterpebéliabhy a%%ﬁ(olrﬁcﬁbétnﬁia’t@;@xﬁﬁdctt cOnPdIRindNOdUMBIantiMly € general |y,
hi gher fluxes can be achieved by operating wth the thinnest nmenbrane

| ayers i rBI&ARLEQNCENEYEIN piyyptes Heansihe dirstuncamenigtprofngt; and recayeringhe 9

said second retentate. A further embodiment includes conventional processing

of the first retentate,

[0020] In various embodiments, acid streams containing from about 70% to
about 98% by weight acid, water, and hydrocarbons can be processed to form a

permeate with lower hydrocarbon content. In embodiments where the acid is



physical integrity of the menbrane structure under the operating
conditions. The inpact of a layer in the nenbrane structure will vary
depending on the pore size in the layer. [0028]In an enbodi nent involving a
conposite q&@%g%%;the menbrane structure includes apcteasisodododyers. In
such a coﬁgg e nmenbrane, the first layer is a crosslinked pol yner

menbr ane. When such a conposite nenbrane is used for a separation process,
preferably the first layer will include’at |east one surface that is
exposed to the substance being separated. The first layer is attached to a
second | ayer,,. such olytetrafl ugro o r WRXdiMorwWhi ch i's
a cheni cal F\}lf‘?ré%?%fl’:tﬁ? %ﬁé‘%/rfr?é’?e té?;‘}'g}e ﬁ$%le§ﬂfgr§g§%‘g$go? [z)g than t he t op

layer. ThejattRoRerey Wightts 164s! 51 16Mbyseeigntor layer can be via cheni cal
bondi ng, via a mechani ca% attachment dle to intertw ni ng of the polyner

tri t fi t . ! . i t t hod.
This secontiifer ' prenatet SRRGHIMRrmE Dy eLRby R HMBOLED. et RO
Pref er abl yﬁllkgtb@ilof@ﬁe&és.l TUE RISt Compyiked cmi@ingi dnyolefih hout
a r

substanti a Ing the flow rate through the nenbrane stack.
Pr ef er abl ymitthe: witbsslisopeeaffimeniitencdn ithe peggse @ ligpidagdcaiddty nenbrane

havi ng a nenbrane pore size sel ected to | i ment g -naracteristics

of the cro§%¢qrr??8€|‘t‘ﬁ§ﬁﬁﬁjﬁ?fé‘fe ‘?H’é@%@(ﬁ%ﬂ%@%@n&%ﬁéﬁﬁgdRﬂﬁr@%&?erve as a

sui tabl e S%glggﬁa% tfe%lytlttfmé QFfBkiable fgﬁm&?{gim@nb@au@mwm@amort fwehpri mary
e

menbr ane. n anoth embodi ment, a nulti-layer nmenbrane structure is
provi ded t hedulfunicl acitesTiat spemhatid3vhialy ér & misthee ¢omptisingypulfugie agider ossl i nked
pol ymer menbrane, Preferably the first layer will inglude east one
surface t hiydrpearbonpawRlET {hieCeYREY %‘&@%B?Sﬁéd%@&aﬁ ﬁfsggpl%eerkcfi rst |ayer

| S attacmx%e{/\r,ﬂrfrw%%ﬁg al {¥Efet rﬁéi@r&oﬁ‘t%irﬂﬁ’ ¥ s6bdtatti IR @ehtey bemRntBTFE) or
Gor e- TexTm ichi1s achemcally resistant polyner "layer with a | arger
pore size fikaof hywrot@bohsshan saihspeat tudithicectd mfixtutearfd # Sirstipgyweatand second
| ayer can be via chenical bonding, via a ﬂ%ﬁﬁam ca hattgchrre t due to

i nt ert wi ni PI§dBet QOREIRIHE PEFARREPICERYAREN P ricggeid thapghe speph a8l ond | ayer,
or by any : ﬁP : hi dL&Yis redVcid BIRE t6 g ct ur al
integrity r?‘%)"lr?g{ehgg;b:ﬁr%s% Egilr{e{r%@g%ef?%rgﬁr%,% t'he seclorrld(p"'lr ayer provides

st ruct ur al alkytag@n réa¢tor Thaukeconbeahbodinent, thafirgpengeathrédushisy at e t hr ough

t he menbrane stack. Preferably, the cross|inked n&gligr%g IS Su gorted by a
secondary eniigpaydunhsrinneceaserbippiednes owates copteak s dirthy R:rBff% "¥ent the
pore characterjsklcs. of j I SECARERT YaBENDr ane
may al so scearn\}rel&lgzsNe g&ggiatstggtsne&é%érr%ﬁ%g%@ﬁgpﬁgrcfzmmﬁton, deposiati on or

coati ng offytther procBRing tiesdhaa polyhdBGhénkfaae atillformhefisestorain | ayer is
attached to a third |layer, such as a structural |a ill |arger

| ayer. with a
pore si ze.COAfi ar?rﬁués@ﬂti%@bcgrf‘é“%ﬁﬁ?eéﬁ@ngi‘P@é\:‘m‘%g?%‘d\é\%%ﬁﬂfiﬁf%ﬂ |y shown

in Figure 12. 1n sueh_ an ' e i (WeleE econd | ayer
1220 and tHiM aﬁeffécr?ucig%%g? g@?‘ﬁ%@%‘% %%?lﬁﬁé ?%scltaég}?lia? ?/, %rgft‘e ltshe first |ayer
1210. | n paRhtémdiRh oftwestannraid fageperii2a groduétd éBheafisheméaralid y resi st ant
support layer that the first layer 1210 can be attached 1o, ng he the third
| ayer 1230cewvesed antheecyeled éx fraalkpiation PERSKES. alrthsr mpcespieddinltayer 1220
to prevent delam nation of .the f] tyaddid i e,

stret chi ndaegpez?’tﬁgag 3@8 dag’Pgﬁsl‘/a&dj%‘BwA@&S FESSUt gej&?gé gB‘S I %&Igﬁg%&ﬁe

menbr ane %ai@golgu@epar ation. Crosslinked polyneric nmenbrane [0031]1n
various enbodinments, a crosslinked polyneric nmenbrane is used for

performn eparat i of . acid fr. I ordie 1ok b&r

i npuriti egp&f ~an grh'gﬁg?r?%h?r %%?é%gxgiﬁg@rgﬁae% pol SE/REH?LF cl nbrane is
part of a hbiank a¥8EPEITBNE U Gt Syparatingeactdsofem inkedities! {ieric
menbrane is the first layer of the structure. The crogsslinked polyneric

menbr ane, nodtipexerdstofctue pétymmembrans allows igspypirusire B GRBIPINGSan be

characterized |n part by a crpss|in i |4 J . used
nerei . 1 deced Fspeaies o sBpEpERRledl: dR M Rsnlhod RS hF A Ty oy e
crossli nkisﬂgcﬁgeeﬁta crdsinked PolyReHd 1apkr that praidestpreferanialipasigodf t he
nononers have been reacted wit'h the chem cal cross-1linking agent. Note

that in enbodi nents where the crosslinked nmenbrane conprises a copol yner or
anot her pol yner containing nultiple types of nononers, the maxi mum possi bl e
crosslink density may be | ess than 100% This situation occurs when one or
nore of the nononer types are not be capable of reacting with the
crosslinking agent. The nenbrane crosslink density can range from about
1.0% to about 25.0% In an enbodi nent, the nmenbrane crosslink density is at
|l east 1.0% or at least 2.5% or at least 3.0% or at least 5. 0% or at

| east 7.5% or at least 10.0% Alternatively, the menbrane crosslink

I - ~Nr~ NN o N NN NN o N A e pme~y o N A NN




[0032] I n anot her enbodi nent, the crosslinking density of the polyner
menbrane can be characterized relative to the nunber of crosslinked chains
in the nenbrane. Preferably, the nunber crosslinked chains per 100 chai ns
in the pol rane is at |east 85 per 100, or er 100.
This corre gg&%%z 0 a SOL content (which refers to thghggﬁggﬁnggpof

pol ymer chains that are not cross-linked and that can be renoved fromthe
menbrane by i nmersion of the nenbrane ih-a suitable sol vent) of about 15%
or | ess, or about 10% or | ess. [0033]V%i|e not fully understood, t he

link d I t ht h b
Sdapted t ot tbielifede r Aol SR By o TEmRBEAICAse ™Y o Yol eum
pr ocessi gy AARk 638 1 AMancS Y6 ki uhliiheC Itid¥idih adiepsof e degr ee of

crosslinking 1 to Influence the selectivity and fl ux
char act er i siritsreahn tphevide atidisional bemefitidior thermembrans, susbiasmrewdingnd
structural stability. Preferably, the nenbrane ossllnk ensi

subst ant i aftryetyral F’éﬁ"gﬁty Vit Btk draxo impachen pxgrall itk PY RROVIIPS Réélé] separation
process ‘ﬁgﬁﬁﬁ feYit bopeahstanti al |y
unlforntthroujﬁ l %%thg?tﬁg 0 %Q%OQﬁﬁqﬁh*QKﬂﬁgﬂﬁganébtﬁit the - 12 -
menbr ane dp@scalsy a aRNrANl faikurs Whsdspohseato the satiaeatton envitoemenbsEer nk density

in any direction. [0034]1n_an enbodi nent, the cross%gnkedggplé menbr ane
is fornmed e>f amgHe.av gl Wt%delav%%aressgﬁs SRBENPBSTIAB A PEEI8I yrer i zed

al cohol , rc[?(g}():g%mv)\}hnl% atffdls b eﬁﬁOfA 1§Wdp hr@'tlh% ?fnb?érfcqaﬁ’ﬂ i8 riggPhesent

copolyners or ot ations of nmonomer units to forma

pol yner . Eataérmw&hgan@ﬁlg;hmepfemcteab@mh;atrsamnhé Hht@epﬁ'ltlywrrmmbraxh&:ohol (PVA),

pol ypropyl al cohol, and pol ybutyl al cohol rman oxoani op nodified

pol yner 7 eehdsr prstsoITE, témsarw&n@ngfft}bﬁw@%mﬂ%@ly thinngR Y obPSosed to an

oxoani on reagent that results in substitution of at |east a portion of the

al cohol grlgﬁ‘% ‘th an oxoani on. Possi bl e oxoani on substituted al cohol s

based on PVA incl ude pol

al cohol wi MEMBRANES AN d . NOhosphat e. Qther inorganic

oxoani on nodi fied pol yner rrenbranes may al so be used, such as PVA (or

anot her al pobsy ) ml"ﬂbfpt@énﬂ/\intvbnt%rsﬁrtﬁteetedantparmnat;mlymerlbmambrhad:e to form

pol yvi nyl arsenate, polyvinyl antinonate, and poly V|nyéﬁglsnuthate

respect i venopsibbaindbgering 0B | ?d@é thagg,s;naxagfba} Wilaydr RERRIRAE STHRY Dol yvi nyl

telurate, orrredfro the W vW th PVA
btgatdg élaltabé? oty acid: 86 YD 1r?tﬂe<? %qsa?z!lt Aidudesh E)éeg%{t%'qu .

may al so sul rane can orned by reacting

PVA Wi th Bebédss asids. Tﬁt@%@@]ﬁ&l@ﬂteﬂfﬁi@ﬁh o ithiheethicheidremdirameerits  conposed
of pol yvinyl al cohol t he PVA nenbrane is preferabl y crosslinked using

1,4 dii sowdnm@f@rmaﬁﬁ w5 dheaaidiayenthegeicatasn contammant. ThsseSUFYBS y t he
menbr anes are nmade of .¢rossli nke \/, ot her
crossl i nkéB®oSPEREH? i B WAS}E @%géla%ég%ﬁ&g%y&(%%gsﬁ%/ Eg/agfgent s

include 1 ﬂxdwew@maaﬁm'ame prodesdlchis be paitHt ot -aNe’ wlthl‘Z)mmon
di i socyanat ododecane, 1,5 diisocyanato-2-nethyl pentane, and 4,4

dii socyanaleﬁothUph@@/pmdhaﬁecal[Mf@ her material choices are al so
possi ble for form ng crosslinked polynmers according to the invention. In an

enbodi mentjgozy)Pol yIBSugEHiaiMarly-ded&ibed hereinafter in relation to use in a

petroleum processing stream, the polymeric membrane has application to varied

vin IsuI fe fromthe reaction of polyvinyl

acid/liquid separations. Other applications where the polymeric membrane can
be used for acid/liquid separation include, for example, chemical production
(including agricultural chemical production), pharmaceutical applications, steel
preparation, metal cleaning, and motor vehicle production. Additionally, though
particularly described hereinafter in relation to purification of sulfuric acid

streams that contain hydrocarbons, the polymeric membrane of the invention has



can be fornmed fromvinyl acetate nononmer units. \Wen vinyl acetate is
exposed to an acidic environnent, the acetate functional group wll
hydrol yze and form vinyl al cohol. This vinyl al cohol can then be

crossli nke‘goiﬁv%@;ﬁ{i bed above. [0037]Still another p%(ﬁ%éz@ds/oﬁﬁﬂbr ane

material i pyridine. Unlike polynerized al cohols, 4-vinylpyridine
achi eves crosslinking by form ng bonds at the nitrogen in the pyridine
ring. As a result, an alternate type ofé trosslinker is requi red. Exanpl es

of suitable crosslinking agents include alkyl or aromatic dihalides.

[0038] I n still other enbodi ts, the nepbrane ery - POl ymer

materi al t RBRIICRHPR ¢ pg@r@@;}%{ OhRLIYREY %E%jcé&i’ég&?é‘? ?@%&’@ﬁgagg @rtrrg(? nust be

capabl e of o f, Akl n LhtkREd pol ymer nenbrane. Wen the

pol yrer uné‘gp’g@?{é‘h?ﬁ%@% ‘?’ﬁ&%ﬁ’gﬁg }?ﬁgry;{??h&lzti ng crosslinked nenbrane shoul d
5 . .

eact 85% (BRshe | chamgmbiangs sceorvoads oy enionpomed eIl e, ™

menbrane w Bl Safdraaehbikedirhouane

anot her w%%lg g?&éﬁsﬁ%sb@gpﬁg%%? ggﬁ@o%ﬂﬂ \?ﬁ%n e;p?)fsererd to an acid

envi r onnenthe HReHIAnest dhe/qrahymbranostrectuads whdin thequocessiaseerding o thei d

envi ronments such as sol uti ons havi ng %\8 wt % or rrﬁée ?imsu furic acid.

[ 0039] A t hinvantieramaytheritidized in hedem of hellpy| KRR Hafn PR SORESH G pr ovi de

sufficient.sol ubi].i f h ' ' : ichhalividg iggpbr ane

wll sel ec?ﬁ% T"?e%ﬁ %é%cgéY%]l%g%BaeS%&ﬁ%@gﬁ%ﬁ%%%qjlr\zgltc?i ctli ng tlhe passage

of hydr ocaghppstmits Bouhedngiola hauBGnbyr aryntpands. cTiecornpatongnts willi s

believed that one indicator of a suitable polyne whet her the pol yner

I r.js
can exchanggshdavenmenpigaemeying &eganicals tBenaiomn- TJBC PHECSCIEY B€i ng

separated. For .ex | e n . 1S ic acid, at
onet a portTshosrcuEugl S s e O AR Ry A AR AL S St

sul fate groups. It is believed that this substituti enhan sélh

sol ubi |ity[0@56lsu|f&mmaa@irtg 3qid flemn ARiAYasHSIraaMSIAGY &ra&aﬁﬁue € he

ni trogen cont ai.pned | he ri I redi { bf - 14 -
clorrpl gxi ngawﬁshﬂ%n%émr\}r ?%S‘gtfy%i(gﬁf)ﬁg@tsédlk%#% O:f(r%lclﬁgrglsnzdntg %gﬂggﬁ)at e content

of the mendioanebe AdBiclent ihprevis Uil eslectitiey lospbgeentdmerasiohubi | ity of
sul furic acid within the nmenbrane, which facilitates E}gparati on. .Note that

the i on agqupitnizatiopy Fhedlave mse ohehaifsed daprnds @8dhe §abicuEE BCYMEEY A8pond t o

the type of acid_ bei sepanated.  E g¥posed to
phosphat e 5% ﬁlguw’loln qr}g?wt%gflv%en?fl ‘Bgé%’g %@&%gﬁgﬁﬁgénm%gﬁéhoul d be
sui tabl e fQntReMERN vasEe sl fdsridll acodltcagradtatd. 0BsnerhDP40her tymibent her
enbodi nents, the polynerized nmenbrane can be a copol ynmer or other polyner

conposed dfirenantilpwer flowaatss san bp telaratede niveb lnbing thepaingm Hoverale ¢ he

noNomner s not .include.a functional .ar f g With the
el ect ed dPbadrmpane SoBiErpler hihShar rPHEpEaBRRh ndled BPEMAD 1"
form ng a enpliydEry ackOlkdigifctitonehe invention include styrene, styrene
sul fonate, acrylic acid, nethacrylic acid, styrene sulfonic acid, vinyl

pyri di ne, acry i d | n _anpt her. enbodi . pani cl.cati.oni ¢ nonomer s
may gener e{ﬁﬁ%]be i h@@}%%{f@aarﬁ ﬁ? S&H%eo@r%b&f %&E?ﬁn% ggﬁ'%?k@élgﬁ% fat copol ymers,
t er pol ymengemBran® iR wibGhYifedis itk paysicaiGhiegeityruhdérnhe opsriaeisg of nmononers nmay
i ncl ude nononers that do not participate in crosslinking, Such polyners

shoul d i nebudisioas.nimamiheragrobediment, thbelpghe meambrane maipiatn iyphysical

l'i nki.ng. ] nbodi t, th f i th
par't 1 ci patPREriDy acorTmhaanant Gt e Rop R bRng iR sPRYIE) S o
| east Zom‘gfo?m&'ic Rlet ﬁﬁ?ﬁerﬁ@ra%?ha??e%ﬁgb@@&i orf@ noh%eleetivathigkst S0 wt % of
r e

t he nono In thé polyner. In suc odinents, at least 5 w% or at

| east 10 \pbPousancmbraneast proBuen &gnudti-lapter laminatogryggsce f I heHae®PEIS! i nl ci ng
mononers participate.in crosslinks. | copol yier S ltiple
mononer s, '3AFE By %‘S‘é‘ﬁ@'ﬁf ch?ﬁ%arﬁﬂ%ﬁ‘c’)ﬁéﬁ%y Eg r%lé/ aggggggr)tg)ngom%éﬁp;ggl ymer, a
bl ock COS’\gI&ﬁéﬁpera ?éFnH HEr NAkENGnARPR! I PYéV%H’byaoﬂe@ﬂﬂ{ﬁitﬁQﬁ@{mﬁiﬁdst or any

ot her con ar enent. Simlarly, a polymer containing three or nore
types of riumbrens layers haveultiayeo nembranastresigedhphwilhmagyaindht ent nanner .



- 15 - [0042]In an enbodi nent, the thickness of the crosslinked pol yner
menbrane can be at least 0.1 gm or at least 0.2 m or at least 0.3 gm or
at least 0.5 gm or at least 1.0 gm or at least 2 m or at least 5 m or
at | east O?(19%505% least 20 m Alternatively, the thiekpassmedsod he
crosslinke ol'yner menbrane can be 50 mor less, or 40 mor less, or 30 m
or less, or 20 mor less, or 10-pmor |less. For thin crosslinked polyner
menbranes, formation of the nmenbrane cah” be assisted by starting with a

hi gh nol ecul ar wei ght pol yner, such as high nol ecul ar wei ght PVA. This can
then be thinned out to formthe desired thickness % ' etrgkni ng

suf fici ent pl@’/xsé%ér?tf’?lttyo?fgf'? B?ﬁ’ﬁ?arﬁ%? ?altﬁ‘écq‘fr&mﬁ @ﬁ.op %}Jémgpc%épithn%i f on
menbrane t i ckness 1dyer H HeahemhbRihelhaclies ile daryl dbpeading s the poresitr ane
during a separation.” As the thickness of the nenbrane 1 ncreases, the fl ux
decr eases. inShedmdrLayer of Menbrane Structure [0043] The second | ayer of the
menbrane structure serves as a structural layer that is chemcally
pesistant (28] acirf o RUHRMABA invE Wi ehthyositeltBefiBripeathe manbraatze of the
second |ayer 1S selected to conplinment” the pore characteristics of the

pri mary nesthreane inclhéessa doasd arlyyarenbr such anmynpaisge mesnbrenggha fissi t abl e
substrate for the fornmtion, deposition coatj ng of the pri.nary. nenbr ane.
[ 0044] I n alﬁy"efrfﬁédﬁr%hg?eé H%ryw&?ﬁ“\t’f&%r %&enéuﬁf’ 8%86%?#’88% "E%’Ptifﬁ% 5t 1 m
such as Mifdh So0edsableYerabySns BFQ MY dr W ANinSI8le BElesQERSEd Of a
fl uor opolesﬁns‘g?}:g}s(%g%?aas pol yt etsf fI%rgr?etﬁyl en%(PTFE), expanded PTFE,

pol yvi nyl i sefaediifdt inexpbeed RVIDE)substanee loehd sdpasated. pdhg fiest layRiras pore si ze of
the second | ayer should be |arge enough to mnjmze reduction while
bei ng snalqﬁaég’lﬁﬁl@k? %%Oﬁﬁjgﬂbfedes% A PP %fraﬂg{?ﬁ%l’l’lef‘%&*ﬁ@ ?5 PS8 1 ayer. In
particul ar

party Ly S, 00, ARG 6 SRR B BT, SRl spouay 1o a1 ve

opTayeéer VEn apse o ayer.

Pref er abl \the tdiflaper, eTisd #eachinenb 6f ROMECardaeesndMdykr ban besia dhbancdial f of the
t hi ckness of the first layer. In an - 16 - enbodinent, the pore size of

t he secondondings viasa mechasnieal aptagwment dug taierBiniagod MGRYYMet he pore size

of the second |ayer is 0.25 mor,|less, . or 0. . 5 e second
| ayer shodPd™&H %@%F I@Stﬁrﬂdgﬁec?% o ef’@%ﬁW&&%ﬁ%‘e’?éﬁé@ mé‘?? éc%lﬂ;%‘k o at | east
one surfaggedid lhiér sBORIRE siravt@fal iMRYriGOofyY e Bt layet. hPetferablypeheused to
attach the first layer to the second layer. In an enbodi nent where the

first |ayeecdnd Ipxex pravides straetwon dntegyier witkowsubsipaiial baal terimg, the flévat t achnent

of the first |ayer to the secand | r n.be i]ltat el ecting an
appr opr i atrf%teéfbrloégfhthe_s?ﬂ@ﬁ??eo%agﬁeﬁ%‘?fﬂa@ygﬁe.Cr&%ﬁ“ki‘%@ﬁﬁﬂ?%ﬂé PVA can be
di ssol ved gj;fh ey QDAY AeRibished RN ¥ nRebhndporeSiRf selvtediod DMSO. The
DVF/ DMSO sol'vent system has sone ability to wet an expanded PTFE surface.

| n parti cabmplinent thegmire eharastesistios efihalctosshiekeshmembaatienglhsf t he PVA
ol ution when . the PVA solution is deposited, on.the nded PTEE. The
ol vent " syRear PR Hhy Shostrt B riEP oA FHE A PR e

expanded BIFGiticiPorl &kindMhé PAnfarPafniked PVA |ayer finishes formng, the
PVA and expanded PTFE | ayers will be structurally connected. [0046]1n an

enbodi nmen g?e second .| ayer v(\ii.ll have lt hi ckness oftatt |l east 10 m or at
| east 15 LQOZ at Pénothes gmpodipent, al"é%{gf W8 YO TEC MERET P30 m or at
| east 35 g}ov@ded%ad BeRided @t [Bast D3RR e ﬁr@m«}bmrﬁammﬁlkw;pebms of the

second |layer is 100 mor less, or 90 m or | esS, or 80 m or ess, or 70 mor
| ess, or B@mbrane.|Rsferably the firstdnydresidl inPhudt et kdakyonet huefachithdti®ess of the

second layer is from about ES_ mto ab utr 75 m, Note th tdtthick'nes es of
greater t sedEp theaubsiapss Poing seBiratele 1M JURY aVS‘S/’éra-“\ﬁﬁ?q e O& S5P1G) | owi ng
t he menbr , f ' VL vSHER K iagger sizes for
t he secon%gi?%?/{é??%sa%&yg%{?%%ezgﬂgf‘?%gﬁ@noﬁé\ﬁpgséi b#le P Ilux t hrough t he
menbr ane chsnivglprsapaitglolpneplageesith 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



- 17 - Third Layer of Menbrane Structure [0047]In sonme enbodi nents, the
polynmeric nenbrane is part of a nmulti- |ayer nenbrane structure that
includes a third layer. The third | ayer of the nenbrane structure provides
addi ti onal | integrity. Because the second | aply has a
thickness‘%ﬁggﬁ%%gggt 10 m a third layer can have |a?%§Q“%§§@@§?§es whi | e
still providing sufficient structural ﬁhability. The | arger pore sizes

m nimze any reduction in flux across thé nenbrane structure during a
separation process. [0048] The third | ayer can assist in providing

mechani cal apd di pensional stability f.or th [ as when the

nenbr ane i &" %"é&ngif‘ygr’ﬁ?rg’é’sa@%(gg % H\%W'Sﬂtr%ﬁﬁlpaﬁoﬁlsg}g%ﬁwaff t he second

layer is COIRARS trBbtufd] iﬁégﬁmﬁgtﬂﬁﬁt 1dyee PREAABy, Bivaiectnid laybe susceptibl e
e.

to stretching under pressu wever, a first layer conposed of a material
such as crpssideskedctis imiebtitt eithoutaubstantialtyaalirsingttheflost raés BRousder

el ect ed t Watmsi g sfick, Pateiohnde Sapilakead worpe LsurBSii LR T
constrain olele i 1Bk HoRTsist sat&bhd focanglipesv@et i ng
cracki ng o%éatgﬂ(zﬁgr oss#?ﬁgégVIEE/K%P%gta% (())04891] A vari et ofgmat erials are

sui t abl e fpdre ¢haracwrristies éfithe drdsaleled rierabtamer d° Heasyewn%aymt@mhmmmosed, for
exanpl e, of polyolefin, crosslinked natural rubber, saturated 'ROl ¥et hyl ene,
sat ur at ed 1paY plspspieasa, suifablssybsirale I;l‘brft'ﬁ‘? tqny, dEpgsEiAn O Goatng of 1| v ey
of one of tﬁq@ﬁriﬁpa(i’y?ne%ﬁrgné poly-a-olefin. In another enbodiment, the third
| ayer pol ynmef ‘can’ i ncorporate nmacro-, nmeso-, and nano-fillers to nodify the

struct ural Broperti es of the material. Sui tﬁ%e fillers can  include ground
gl ass, carl8830% i bePrcferpblya thecsegond layer isatigrhed e mlﬁﬁ@?’erTﬁ'éChf?slq ers can be

_ ¥ i o Eiy 8y :
embaa) monto PRGN RS 61 1B ERORER, 2in LIREDR ofeTh emBRRE L 4

ceram ¢ f qimeairdyk fhembtigaly fHosaeduFigure 12. 18 such @AsR]tedimett, themat erial s for
use in the third |layer can be characterized by a v&riet%qof netrics. In an
enbodi nmentcomtrieatign ofgbe secondilpysy 1320 Rd third jayer 4920 pravidgs stusals gng/ s* e,

or at |east, 10 dpB/s* e ) * t : n8/ s*nt,
or at |east' &gy g)%né}fesﬁ%é,] {8{%? (?g% (I)'I grgéa{r%g%lgpgééf és@’rr’rlg%ylg?elfz gggﬁ\g}é&t e air
per meabi | ichym@dallyhesittaht shppepeayérahiy thb €irsttlingor 1016 can bepenctedlto) i ty of the

second | ayer. For exanple, in an enbodi nent where the second | ayer is
conposed ofhikerthe shiathbear PAFconstraingi the gepansias 9n qoptrgetiomel SesseMd ayer wil |
i kely be bet about 1,- 5.dnB/s* j third

| ayer can 1@@@2?@&? Erc'fv%%t %eé%rgln%gggiorfq%efri#gé ifﬁgg@gﬁgggg&r)%gw]g’bout 5
dB/ s*n2. streRhiHgldTahevé@hiidhy dran20 Rehdnireshuk@isedpptiad tatianbebednar act er i zed
based on the intrinsic bulk material values of the material. An intrinsic
bul k mat edushg asepration. a material is 'a material val ue based on a

non- porous sanple of the material. This:is in contrast to a material value

for a mat erb@link&@bolNagkrkRafémsydilehesi zed or nodified in a manner to cause
the material to be porous, stretched, etc. Material values such as the

tensile s or, fl exural i r ' yhe t he

mat eri al (2(}5{1:1: itsInbVL?I"I?u‘F gwggg?ﬂ%r#iaﬂr#ggll%%gé pg gﬁﬁn&%sﬁgﬁf%g% a trglg?%us or

st r et chedf§Qeformigd £5&ration HLadid o By drobafblon/ate | @ othel itrgmirivies.t he third
| ayer material can 1 nclude one or nore of the follow ng: a 10, 000 psi

tensil e mbuen embadinaC vehsretwsapesdinkyd petmmaesgemdrans 15 pgetaf grinalti-pr eak of

about 10% or |ess as asured by AST oa.f . 25C of
gr eat er ¢ FURT 35 arfo%e CpHi® %gssﬁgglgﬁs@hb%’cﬁé%%%d%%éfllsa e strength
at break gt ind2bruefurdll TRE 8FostiAedaRAine il thdifbrads, diRMsdsEE df By oRbrdd D638.

[0052] I n anot her enbodinent, the third |layer material can be characterized
such as a polyvinyl alcohol, can be characterized in part by a crosslink density.

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



by the volunmetric change of the material relative to the solvents and/or
acid that the nenbrane structure will come into contact with during

synt hesi s and processing. Wen a material is exposed to a solvent or acid,
the materigl orb sone of the solvent or acid. T, j with the
absor bed §@P&gﬁ%ﬂ%§§ - 19 - acid may occupy a differeﬁ?ng%*ﬁﬁgi%%an t he
material alone. This difference in volune corresponds to the volunetric
change of the nmaterial relative to t he Idol vent and/ or acid that has been
absorbed. Preferably, the third |ayer material should undergo a volunetric

change of about 10%.o0r | ess in any splvent or acid th ' LS. expected
to contact [NatHp cRPOimREnts ¥, p;eﬁaeg%ﬁﬁrggq%smgqlg{aﬁg Cﬁ{énl%frggggtcgéélglﬁehraé t he
third laye | mﬂg htigtk bbeks R nidlovend, ShelaRstichem pipidsd ting the
first and/ g?g@ée{rcgﬂgﬁeg%@g I i’;Hehn‘(l)rg)“éli)tr?ents where the first anlgj/gor second
| ayer are syntlivdsdasityusiynbe Esbthand 0006, DMBEOsinetidanveccass wheobuyeat, the third

| ayer shoul d have a volunetric chan%e of Zbo t 10% or. Itgss i n. both DVBSO

and DVF. | Moreel eBpaomesyPet g ol Ps cppabln QELFAFHRE Wil the CrasshinkiPE ¢ aci d
separation e-4.hi r - I 0% f@wae of 10% or
less in suF%éd‘?i ﬁg&%ﬂﬁﬁégfﬁ%ﬂ%’% ?3@'?%3“%‘%5?@?’??? 6?%228@ of the third

| ayer mat ep§ 9bs.shoad einbedigiont,|the moonbirhee srokslimit ddnsity ratdeasofl .G%eorsécond

layer material relative to the solvent_and/or aci gg‘?at bat h wi Ldr?be
exposed t oleagi%-$%: enatleasts. Qe oy st Igast 3.0 @, OhANGRS! o> Poner %tg%srtn\émo & third
| ayers coul - ' ' aping . I of , BPSsi bl
I e;di ng toAﬂ gﬁ%ﬁlﬁé&o#%t’ﬁge&%%?cgégsh@?rd gg?@;r%a&]r%r%?g%a%ﬂl l;e/gs?'tb f]gggr/f f8 Fe)r enceyi n

t he vol unetesd, ©r aalgr Vb Uasl hetowdess, belz.stondeksgypen 08346 ot kiss.dIit ayer is

about 2% or |ess, or about 1%or |ess. For exanple, if _the volunetric

change of pieéersaskanbodingesat thecrgsglink dgnsitereagesiTPm abpst 98 fREPIW change
t 2

hi ra 1 ayert a6 b bR el A s 00 MO By n i 1 om 1o

bei ng conposed of a suitable material, the third | ayer_ should al so have
suf fi ci ent[0832bsi t yn eBothenembodimay, the gursshinHng He’I“I‘éxOfttaF B0YHhe menbr ane
due to the_third | aver. .l . {: t r { t:hird | ayer
is at Ieas’f“e@lbf)arﬁe Cgﬁ%aet(:hlaghacg%}lz%g%%ﬂhg?%a%hel@gnsb%?g?[%%sggrrl@gt&F?assl'? 7.5 pm
or at | easte hknidbRanEr Biegerablyy thd hémper @osslinked thaihepthl 00dcHatysein the
sufficient so that substances which pass through the first |ayer of the
menmbr ane aradymarig menplrang isoayleaso 8§iper dA0 e 1988620 BYF Y% oliyh the third

| ayer. Materials wi.th ficje or osity, f i i er are
commer ci al (YFRRGUR . *© ﬁ%f&ﬂjpelng?wgl-c iﬁfe-rsytg UtIR§ Bgrlscgn{ﬁgﬂt?gﬁgm&%g% g’%i al's

i ncl ude mahgrdrahst &vai-liakt®ahd o theveenhevd, fromahe aenittané62430 or F02431
pol ypr opyl ene/ pol yet hyl ene nonwoven materials or the F02440 or F02450/010
pol ypheny|iameersionfdfdee meninernimaswitable solvemt) ef shautyépyor lgsser dbsutmat eri al
can be synlt g/esi éed. For exanple, the methods described in "Thin-film

menbr anes d&f PYESStr om co- cont i nuous pol ymer bl ends: preparation and
performance, " (Polyner, Vol. 45 (2004(1% pg. 5597 - 5609) can be used to form
a pol ymer [M03H suf Whileemat fpBy aisdesptoqdotBAresslink dsppibuiafdanght hei€ihhi ckness

f the third | be at | 0 At | eas | 125
m or at 1sedicR SonifORe iR gl 1B AN R olineRls T 1 AT

| ayer can Eﬁlﬂeﬁ@uﬁ@?@@ﬁagéu@@ﬁ)mrﬂr@ées‘sﬁlgs&ppﬂéatm, S0cbras seffaric@cid200 m or
| ess, or 175 pmor |ess. [0055] The second | ayer can be bonded or otherw se

attached tatkytlatéort. hTheldégige of byosslinkingisalse belteveditdefluange scanpl e, if the

third layer, is .avail abl e, as sheet .of material. the.second E.gan be
att ached ISSICPIII‘é‘%f ﬂ?(# g“I‘ Q%Erac%lsﬂﬁ? Pfg?c?&%’ggﬁaﬁ& mcaggpgho at(réi 1%9@%%?’5{15?& her
| ami nati ognl eehEtuf Qtablift9> BrbferN9 SihdImeridranlckblifg dolityier sol ution
concentration and coating ' .

substantially uniform in the direction of material flux during a separation

process. More preferably, the membrane crosslink density is substantially

uniform throughout the volume of the membrane. This means that the



t hi ckness one can nmake nmenbrane of any thickness. However, for commerci al
applications it should be between subm cron to several mcrons in

t hi ckness. Separation Processes [0057]In separating acid from acid waste
streans t W,584 e of the feed across the nenbrane P@ﬁﬁﬁﬁﬁmﬁ&@yld be
sufficient Pb prevent undue selectivity | oss by concentration polarization.
The flow rate of the feed depends on tgﬁ particul ar geonetry and
configuration of the nenbrane or nenbrarde structure and any supporting or
contai nment vessel used, as well as on tenperature. Cenerally, higher

t enper atures, | ower flow rates c be. t ol er at ed opti mum
flow rate fomBaReAessHIRL cRBRf 63‘?@?‘?'&?& ig! ifn %E%%%pg@%%ﬁ@o gjr i ons can
be readilyy g@ﬂeﬁm ned by a skilled practitioner. - 21 - [0058]1n one
enbodi nent, e feed to a merrbr ane unit i s maintained under conditions of

hat bst |1 id i i [ i d . Th
er neat o ii@%i o URAP LAy 48k trt ik PE pOBies R Bient MF A oy i he
range of ZFﬂo 291 nsegegamﬁo %r&%ﬁ@n%@cﬁﬁe@fpbi nR®ized aftoh8R@k aphase, and

subsequently c y coo ing 1n a condenser.” This process is generally
known in tbmbmtatrast}meco;farﬁnmbnnanons[cﬁ@B@(}h‘bﬂmrepa@suum(mnl)tmesper neat e side of
the nmenbrane can affect both , sel ect and fl ux electivity and the

flux gener SIPYYIMRED eae@eégomhera&laew P@%&P@%ﬁ? ﬁ‘)ﬁ‘@ YE&te increases.
H gher vacgyim, l%?%?%@n?i}eg%léo@o%ﬂ% e%%@' rgh%'icoth%mM gfo?yg;roﬁyl with a

| ower boiling pornt-a et anot er e ment, a swe as may be
passed acrﬂsshdlhmdmtpbﬁybalabhal r b dosu kh iogbambn hroodi fied palsrmdrized per neati on
rate. Sui tabl e sweep gases, i nclude carbon dioxide, nit rogen, drogen air,

or | ow boi 2lFeRpl h%?léeléﬁl%ﬁ]% asaewvwlrfmhahe cxBP3ESe ABOX0ARIOR T8 dgent
[ 0060] Al t eﬁl?@}els,%{ﬂ M subPﬁ?tuHSﬁ '6'?3 %rﬂt)n to?%e’@%cﬁ%?or{m&i@ﬁ agVept by a

liquid perstraction so e perneate i1 s sol'uble and which is

noncor r osi asamdnh H@Srb&%xda@xdrhﬁ:bsaﬁioécaﬂeohcat basadadreP ¥ if iickident t o enhance

the perneation rate of the rtrger nmeabl e conponent ar congontﬁﬁ t.hrough the
HGREV it

menbr ane. MSUyviapiselfpe BV Sackpmrhs srardine 9T PAbIViR 2 ticafidaei ght

paraffins r n pr opane,
but ane, etc(a ;%‘?%\5 Oqﬁ}’sléhtrgt ?bfte pe%ﬁr ac)g]%gﬁ’%srgﬁeg}ﬁps)%lgﬂg&tehose whi ch do
not form aneabraops mam@rstwweesse&, biichasyP VA (ohenathepaloeindl pmolifiddewithst e aci d

m xture. [0061] After reaching the perpeate side of the nmenbrane, the
per neat e G&¥NB é@qlmeertedoqbrseumm forggyrpody dpy aigsnste, pebndatle can be

formed,  AMBRLACLES RO IR Rl A0 BOLABANG ) CaSbESRTLEL suffl e W LI

ot her sub ances a sent on theé perneat e sfr Yane. A

quantity gblpubdtseiaatetdvdipdipsinphehadte] MoraiedfrémnBaRsaatién of seﬁemca
pernmeate), optionally m xed with one ofr nore m scible substances that were

al ready pieedddlurioacidhavieP Héamey slsecbatscdn Still anppher 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 PV As. Other suitable crosslinking agents include
1,4 diisocyanatobutane, 1,8 diisocyanatooctane, 1,12 diisocyanatododecane,

1,5 diisocyanato-2-methy! 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



menbrane, is defined herein as a perneate product. For exanple, if a
perstraction solvent is present on the perneate side of a nenbrane during a
separation, the perneate product will be conposed of the perneate plus the

perstracti 2%‘9}/0 gL - I f no other substance is present P@ﬂUEi&ﬁ/&)@I@E’Eate si de
of the menbrdne during a separation, the perneate product w conpri se
only the perneate. [0062] Referring now to Figure 1, a spent acid stream 10
such as a spent sulfuric acid stream'dénpri sing acid, and contam nant such
as water and hydrocarbons, is fed via a punp 12 or sone other neans to a

menbrane unit, 14. The. nenbrane unit conprises PVS. nembr.ane. 1 t is

sel ecti vel gambe ﬁ%’?ﬂﬂ%efr?‘ﬁ Vé'&ﬁcPcF@Feaﬂo{) Bu‘flﬁse %ﬁ? é(?ﬁ”yﬁaﬁ?té{%t%?%é@y .
present inJ eaGBRNUnVAOhMHchL, tR@RetdB fﬁa&{oﬁﬁﬁ%rﬁﬁﬁvﬂnb@@m?m andTRIThf ane 16 is
supported by a contiguous support nenbrane 16a. |In enbodi nents where a

mul ti -1 ayewinybaizohole Biis vatyliakohnkbtandben Be orossibnked| asydeseribedeatiovane 16a can
correspond to nultiple support |ayers. The sel ectively perneabl e nenbrane

16 separ at t-he f i ) ) ' el
b ﬁgogg‘g agfl] tger#;y&erma@%b%an@mfawrfaq IEATRAD iR ik

perneate p t) 18 an irst retentate stream e first perneate
stream 18 pealynienzeéaketobcildicypgrdine athienesordssliadiingehly foomingrbaads atcont ent .
The first retentate stream 20 has i ncreased contam nant .conte t..§5[0063] To

i |1 ustrat ethgriipgsn adhe @Mrléi‘“et%-i’ﬁ%éﬁ?ﬁui‘n?“ altgrpalg RGPT %rioﬁﬂfrgﬁeé f our

variants Oieﬁanea.ggqagggﬁés%f%ﬁm@cwsgpﬁgaﬁgggafrﬁm alRY Strbfmagig! d

al kyl ati on proce run on a sin rane enbodinent as illustrated
in Figure dihalkéed versus perneate product data for the simulation of the
four different acid feeds is shown in Table 1. WO

2000 2SR SRS Ao s B QG B SN

material that satisfies several characteristics. First, the polymer must be capable

of crosslinking to form a crosslinked polymer membrane. When the polymer
undergoes crosslinking, the resulting crosslinked membrane should have at least

80% of the polymer chains crosslinked to one another, or at least 85%, or at least

90%, or at least 95%, or at least 99%. A polymer membrane with too low of a
percentage of polymers crosslinked to one another will be susceptible to

breakdown when exposed to an acid environment. Second, the polymer material

should be resistant to acid environments such as solutions having 70 wt% or

more of sulfuric acid.

[0039] A third characteristic is that the polymer membrane should provide
sufficient solubility for the acid being separated so that the membrane will
selectively allow acid to pass through while restricting the passage of
hydrocarbons. 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



ASO (W% 10.0 8.0 6.0 4.0 Acid/Water Ratio 21.5 22.0 22.5 23.0 Perneate
Product Conposition Acid (% 89.6 91.4 93.0
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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
wt%, 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.



94.4 ASO (WMt% 6.5 4.7 3.0 1.6 Acid/Water Ratio 22.5 22.9 23.2 23.4
[ 0064] Tabl e 1 shows that the perneate product has a greater weight
percentage of acid than the corresponding acid m xture used as the feed.

Table 1 al he ratio of acid to water in the ipif{@bhod@&do Stream
and the pe@ﬁezg(pg)\é\%rg%duct for each of the four acid feeds. As shown in Table

1, the acid to water ratio in each perneate product is greater than the
acid to water ratio in the correspondi'rlé “feed stream |n another
enbodi ment, the acid to water ratio of a perneate product can be greater

than or eq othe acid tpo water ratio of.th [ ' feed stream
Pr ef er abl lel(ﬂ*“l%i aci Baf‘c?"&)&{dé?’e?taﬁfep&ﬂ:ﬁmﬁ‘?eﬁﬁé? ?ﬁ%&é&%r%g%% Q’igs at least 1%
greater than hilena&irhd £ 1W84 81 fil batQtast 02 GA! beameadiomumgedatsiesgam or
at least 5% greater, or at |east 10% greater. [0065] The first permneate

st ream 18, 0s/5airey oreat least 49 jheoratileasadgumyairent lqasbld yot, or eleist Wymoear bons,
may preferably caontain hydrocarbons.in an unt r.angi ng fromabout O to
about 7 pefldeatt ZQW%iAématb’Fgf’é}Fea F%}‘“F%%%fa‘g!ﬁ)éif'f)sé no‘g%r@f’&ent by wei ght .
It may al Sﬂlegﬂnﬁéﬁé G §h Ly &Qe?sfrelfjﬁk? Pg{ off Ie&MRBOYM 8P1s6, RPOUIm e per cent

by wei ght and water in an anount o m about 3 to about 5 percent by
wei ght . 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 Laver 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 ermation, deposition or cqating 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



[ 0066] Retentate stream 20 may contain hydrocarbon in an anount of from
about 7 to about 30, acid in an anmount of from about 65 to about 89, and
water in an anount of from about 2 to about 4 percent by weight. - 24 -
1006711 n r enbodi ment, the separati on nechanj ¢ stood to
be the "ngﬁﬁﬁ@ﬁ@%? fusion" type. According to this net an?%ﬁ%?%@g
conponent s whi ch have hi gher solubilit% in the polynmer material get
preferentially sorbed and then diffusé pﬁrough the nenbrane to the perneate
side. Separation is based primarily on sorption and diffusion. [0068] The

invention further includes .feedjn he, {1 LS: I r via a
e o bRk VAR uf S BELRS b b B RAIRE iRl 11

i |1 ustrat egmbbdimdi e pordaEEbT ilRGetohdiager'ie 025 fiMers@snir @2idnd0 is fed to
first nmenbrane unit 14 where nenbrane 16 is selectively perneable to acid

as describbds.in respect of Figure 1, or alternatively, is selectively
pernmeable to acid and water relative to contam nants other than water such

as hydrocargpags. TheeSReoms 7RI aliow th2first RiRF teBGnPon@ibiese 26 t hat
is selectively perneable to water over the acid. Passing the first perneate

stream 18 sttaobuglht teast crecomthcaefithreareeondhlayeR4Any genvamigit apthod et beluces a
second perneate stre mht28 1and a Eecond retent[ate ) r?am ?iO. TQ second

per neat e quegéﬁ]apgcl}&)@ irstlaygg o the $eronddaysiy 17 8y sMPLAEneR SIS B s rich in
aci d. Membrapeself Ppd 3%@ HBYeRmdLRITSE 3R kX panaRa PITFEd (R attRARIeADS SUPPOr t S

16a and 26a, respectively. A calculated material balance for the enbodi nment
of Figure Reifsstanyparitdelte sevondbayer 2an bhdadijctaldar fedectingan apprepriaie e 20 may

be renoved for conventiqgn further_ processing,.or optimally re-cycled to
the feed s%orl\éfféﬁfyﬁt?mtfgf g&a}%\dA;lgygs_F Ofﬁéa%fedﬂ%r%&@a‘iagrbe%ﬁaﬁeéﬁﬁé%t e stream
18 I's_conv, ’P&t‘ié?{‘@dn'téipfn‘”ng?@gge%&g&ls f L5 BMIEIndBRISO ! The [AFADNIgE DT ane

unit 24. ternatively,” pe eam 18 nmay be further processed by
vacuum ev aqobvet systerh has someability ¢o wed an lpypartied #J&HE swiacef [apadmiudar,

LIS S0 b v e i ol AT A
solution is deposited on the expanded PTFE. The solvent system will also allow
some diffusion into the pores of the expanded PTFE, so that when the
crosslinked PVA layer finishes forming, the PVA and expanded PTFE layers

will be structurally connected.

[0046] In an embodiment, the second layer will have a thickness of at least
10 pm, or at least 15 pm, or at least 20 pum, or at least 25 jum, or at least 30 pm,
or at least 35 pm, or at least 40 um. In another embodiment, the thickness of the
second layer is 100 pm or less, or 90 pm or less, or 80 pm or less, or 70 um or
less, or 60 um or less, or 50 um or less. Preferably, the thickness of the second
layer is from about 25 um to about 75 ‘p.m. Note that thicknesses of greater than
100 pum 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.



18 28 30 Acid, W% 89.00 69.35 91.18 74.11 93.71 ASO, wt% 7.00 27.54 4.72
3.66 4.88 Water, w%
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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 pm, 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 PVA layer.

[0049] A variety of materials are sixi\table for use in the third layer. The
third layer can be composed, for examplé, of polyolefin, vcvrosslinked nvaturAal
rubber, saturated polyethylene, saturated polypropylene, a copolymer of two of
the above, 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.



4.00 3.11 4.10 22.23 1.41 Total Flow, tons/day 100.00 10.00 90.00 11.62
78.38 [0069] Preferably, the acid in the feed stream 10 may range from
about 83 to about 95 w % ASO (or hydrocarbons) fromabout 2.0 to about 15

wt % and r.fr bout 0.5 to about 4 wt% As Table Q%’?' first
retentate 28509/10?{239% a substantially greater concentrg(f?/gn 0 Ooh{}grocar bons

(ASO than the feed mxture, and the first pernmeate product 18 contains a
substantially greater concentration of Beid than the feed mixture. A
substantially greater concentration of hydrocarbons in the retentate than

the feed m I gh . '
that 1o or 003t nesiniohle hei<diils FEnEEm BREnEe OFECR B ShPeteld Sy bhe Toad
m xture by v%et}y%ﬁetﬁ@?ufn %18%?{%)/&%&&,%@@6&%65@%oﬁh@@ﬁirdlﬁy%\ﬁ foa@nd nore

preferably at least about o A subzstantlally great er concentration of
acid in théeaees dedtsénpy adatdeast Hanint e nf’ceratrieast b almidstma’, ar akdcagits0

Dot cont age AOF/SaEN'con 4 1e4i6 | PGSR M R uPEstashoOF BaoR BBt aRg Pt or abl y
at | east agg%ea%il%%ftﬁ@&imﬁ%ﬂﬁ ‘ﬁﬁéﬂe?ma)‘l tfit air%@%eﬁﬂﬁfy offth¥s&eond
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



[ 0070] Al so, Table 2 shows that the second retentate contains a
substantially greater concentration of acid than the first perneate
product, and the second perneate product contains a substantially greater
concentrat*’vggo@;‘nm er than the first perneate. A subsj@ié.adsoso@s eater
concentr at acid in the second retentate than the first perneate
product neans that the weight percent aqg of acid in the second retentate is
greater than the wei ght percentage of "tthe acid in the first perneate
product (i.e., the feed mxture to the second - 26 - nenbrane) at | east

about 1 wt%. preferabl | east, about w % . r r at | east
about 6 wt led/%“@’u%%cpaﬁ%‘Q{fFV“gV@H%%%ﬁFeW?%Qg rgﬁﬁgf ?agt(git‘é{e?\lpésgr} d second
per neat e pw@%c&&@ RRid éﬁé VSlunReh TBRing e RF Al iShtcRRARSatieath thbie wei ght

0

per cent age water Tn sald second perneate product is 3reat er than the
wei ght per senemgadal achltthat has tean db§orbed. Peafershlye thertbirddayeamatesal: about 3

wt% preferably at |east about 10 wt % and re preferably at |east about
{ b ot 147748 alisB andde

18 wt % 1080Hld Hndesgo @ HOBHNGHERChaReTP > @Ry SR hdd% 16 and 26
are prefe condi ilﬂcﬂ% Bedbef HeeSSUr €

suffici ent{q%gh%%ﬁ%‘ﬁg?%ﬁ%ﬁ%?c%%éf t ex?f“cﬁ’?f?nﬁﬁgggﬁ g. g., tenperature in

t he range gkmbbaietstruch€ the thbdLiyeBAAEC comer iatqpeaefiant abth/thesolvweatsout 0C t o
about 50C, and mpst preferably from about 4C &r‘(ﬂ) %go t 40C. hPr eilerabl Y,
menbr ane  16seddoppenostivg the SEstape(ar seernd lgyeisolt cBHEBBAY VIR 8% pr ef er abl y
from 800 t ' f tda. o te side
is typical ﬁrf%g'?oggg%ﬁg??ib ytgfgrsessﬁ?xgzél)z&tﬁ %Sﬁ?oﬁﬁgéggm;\gg?a%ng??%her

pressure s@lvamnghashithRyer gasid Ravl 4 Veluantkc alcangs oftabeutnE¥h vatess iis

sufficient for permeation pur&gses. Menbrane 26, is preferably operated in

per vapor athash D8O andi M el fthe meprhsarg steictygiis Mtendediippy SRIWHE t he

perneate sj % . r in cgnd

er moat o iRt o REAR IOF MEUBal LR L B MR BT 1695000 by

wei ght watlegs, inls@Harit heid. akaditioh@llpahe eotursetht ¢hamgeast tie thitdlayegh purity

acid product 30 (second retentate) may preferably contain greater than

about 91 pestexaksheplds gjmilas o thervadumeiry, chaage of Hwrseapnsliaysomaksridént by

wei ght hyd 0 . P r. [0072]1In
Tehot Pq {P,feﬁgﬂgnl gr?ds/f)xt 5ag ¢ ﬁ%&]h FiR Bk %Qﬁéﬁg?éa@g?&gw@g i

one enbodi rent "o resent I nven shown i portion of
the first (hetenhrtte Zhnabdfdie §deond a6 MdrdRIyeBAIR1PredlGH stegiher 28 may be
recycled (illustrated by dashed line 36 and 38) to the feed waste acid

st ream 10 dewelopingtat dic layerciatssfasg, powssdy lgadinghefpdutseofithe aresatyaee t hat nore

t han one nmor ane, uni t, .can be-used in.series and/or parallel confilgurations
for each STigurn PeRstegphe dfiRats Buldo FRefRe e Phli S RE U v o
menbr anes sdénidNayerand third Zfer iPAOME 2D 6r RS, eabY¥E 199 Rtésd. Fpd wat er over
the hydrocarbons of the spent acid feed stream 10 can be used, The nunber
of menbr agsample, H4bé velumpdrioichanggepfdhel senond laxares Yo differcoesin el udi ng t he

desirabl e rity of the per e duct in ch state, the conposition of
the foed. *Plaie Shesteit B e arr %t b ahe TRrmerdt B Cres P Hute na. « ne
process CeRligei@MBe thidElay¥hivehldideeHEbE ab&s 385 en@BBs@IRY. [ 0073] One

advant age of the present  invention nmay be appreciated by refer- ence to an

i npr oved atiqn process .for the manufacture of hi.gher octane gasoline
bl endi ng ﬁdodr%h)nenﬁ,n a@ﬂgfan{‘ﬁrbc?m%p?sggio iaric’é"ﬁfﬁletrﬂ%teﬂgleﬁbeftgﬁgﬁr%feﬁnes. to
regener at ghdul@aBB®AVe 36 RicnRPbEIsityNe nfliahhize ah GediR:tidn ih MRixi tAMRIEhI ON 1S
illustrated enbodied in an inproved al kyl ati on process 60. The al kyl ati on

process i thelmdebraat duess theothirdriaydsr dnansapndimenty thepare 6zefaditheont rol | i ng
both the aci,d sol.ub o] " ASQO' nd water, .congentrations. in the

al kyl atio “;S’ﬂa%f'éé% a%%?“[%b'%ﬁf’m‘r%agﬁpe@‘f PLa ‘Fi‘ﬁt%d“’f‘r‘_éfs"ﬁ??aébwt e stream 64
is fed t0y2atN&REH0NnT OPMIGHBY, thd Sore&Rel SAhVHIRI RkEf isRaffkGeUuehhas but enes

in the presence of "an acid catalyst 69 such as sulfuric acid. The
al kyl at i csubptaadescwhizh pasothroegictherfirgDlaysr of thasfienbrade are ia s'dired er 74.

Settler 74 sgparatees the al kyl ati on product intq.,a spent. acid. stream 78 and
hydr ocar ‘PIWSP?%‘SHPF}’BYM’P}P@S% ggﬁ'@pﬁhgbe '?‘I‘Féi layeint Qﬁf‘gﬁr‘l’”éﬁ ST r eam 78 i s
reduced OhusETH SleUhfd 3t ARO SRhRE ANy RRBRHARH cfiiRpfe0 undesirabl e
si de reagﬁﬁgﬁéﬁfonu'ts e 21 EyFatl oﬁ regctor 710.yThe hydrogar b}c))n’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 colum 82 to
recover an al kylate stream 86 and an overhead stream 84. The overhead

stream 84 contains nmainly isobutane with sonme small anount of propane and
n- but ane.



[ 0075] The i sobutane stream 84 contains sol uble water picked up in the
caustic and water wash. O course, water is an undesirable conponent of the
al kyl ation process, as it dilutes the sulfuric acid strength in addition to
causi ng 'w%% w05REd 0si on probl ens. The spent acid strgeamsisshim settler
74 is direc ecPto a menbrane unit 62 to renove ASO and water. An ASO rich
spent acid stream 92 is then used to rgﬁluce the water concentration in the
recycl ed i sobutane stream 84 by contacfifng the two streans in unit 94 so
that the water dissolves in the spent acid phase. A dry isobutane recycle
stream 96 | s, m xe it.h the.aglefin,:s - Lfggﬂ r to said
react or 7031{}§a§]q }??ﬂﬁg\%gp rﬁ’{}eri@sirfcsl%dep%lég?lg]sgaﬁ? g}%ge stF ?%@%ﬁ%%%hﬁ%hst ream 96
separ at el yad e FeRRf30ror HO2430 Gy rop pleh&Vpelkihgleneatnoes ch meatewddleor and ASO
concentrations in the al kyl ation process acid stream nmaintaining acid
strength i thetR240karI BR245M/ Pirlopadgshenyiensisul fiflenany aygn MaifH&Sor i ncr eases

the al kyl atjon efficiency, and.hel to_enhance of the

al kyl at i on}\k?’a’ﬁﬂéf‘f].y’ %HP?‘&W&B%@Q ‘KRBI%F Sévtz‘(gggé;‘gu}é}ép?e’ﬁgﬁg’gﬁ é é@t%sf uric acid
regener ati @ichyed ROURHIRGiIINAciBlAles AERYEY froin &PEdNtinous pslyniyp &derider
regeneration. 100771Yet another enbodi ment of the present invention

i ncl udes apreparytivmbhd petfomarsedPotymanieb AMdLe04X podPRe Y88) Med spent
acid, as shown in Figure 4. A nenbrane unit. 104 is used as expl ai ned above
to renove %eﬂﬁ%ﬁ?@géﬁgﬁmﬁc‘i‘”&h §‘t‘{f§5‘1’?\t PBPSEY: an al kyl ation process 100.
The ASO | ean stream 108 is then chilled in a crystallization unit 110 to
crystal | i Z6054jl f ur icameinbodipnotytiie ahiekness of dreothirdiayascan bget 1gast $&kcycl ed
spent acid stream vi tream 112. Stream 1 i covered sulfuric acid
send back H® ‘?‘}?éq]%ﬂskif)(itmbr‘?r Bt é&@s@ﬁ HR ?{]fi‘?qsgtI?@H"bPr f’ﬁ‘egéielrfédldﬁ ment

crystalli Zlﬁtahgﬁle&?%'tb%ﬁﬁerrtemh%ﬁ&i1 'ellf- BarPRavRAS 0 Ei§les /8 25 pRtorIBRE) t O

renove water from stream 108. 100781l n yet another enbodi ment shown in
Fi gure 5, 225308 oahehsoor 200eumastiessaon P0umressed wi t h a menbrane separat ed
sul furic acid stream 260 prior to sending the treated sulfuric acid to the

al kyl ati ongygg)t 232he I&%naqg}éridaﬂ bR oRHHEATIsO hBAEReERE Heeirdhe wat er

concentration’in the treated sulfuric acid stream 260 resulting in an
i ncrease ilayeadiychnytaommeibni methiod. $ok Exampleaifitte stirklayeniz@vatid@asa turn

hel ps to enhance the octane val ue of the alkylatiaop. product 245. Spent -
29 - aci d Sbesd of nPgaletheriF i‘?YS‘E anebafs?“aﬁhﬁg%{pﬁrtﬁﬁg gy yé%é? as
expl ai ned aboxg, ot & HAANE CofardticlamleMABRiqiegher in ASO concentrati on

t e
and whi ch P ¢ gene’ (%o a coﬁi/entl onal spent acid regeneration facility and a
hi gher stren%tih sul furic acid stream 260 V\gli chisr
h0¢

ec | ed éo t he
al kyl ati o ct or i geRCElld P‘é‘_uétfngap??ﬁf’ﬁ PAMIBAICERER '}Téﬁf’ntaﬂ Qi us
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applications it should be between submicron to several microns in thickness.

Separation Processes

[0057] In separating acid from acid waste streams the flow rate of the feed
across the membrane surface should be sufficient to prevent undue selectivity
loss by concentration 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.
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[0058] In one embodiment, the feed to a membrane unit is maintained under
conditions of pressure such that substantially all of the acid is in liquid phase.
The permeate may be withdrawn in a vacuum, which is generally maintained in
the range of 2 to 150 mm Hg. The permeated phase will be in a vapor phase,
and subsequently condensed by cooling in a condenser. This process is

generally known in the art as pervaporation.

[0059] The vacuum on the permeate side of the membrane can affect both
selectivity and flux. The selectivity and 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, €.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 permeate 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 preéent 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 23.4

[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.

[0065] The first permeate stream 18, referred to as the acid and water
product low in hydrocarbons, may preferably contain hydrocarbons in an amount
rangiﬁg 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.



(MeT/ Day) 100791The invention will be further illustrated by the
fol | owi ng exanpl es. EXAMPLES Exanple 1 [0080]0.9 g of polyvinyl al cohol
(PVA) was dissolved into an anhydrous 50/50 m xture of (DVSO and

di et hyl f ] ). In this exanple, PVA was added, 59
DVBQ' DVF g‘gﬁg}é“%z‘%h@xure. The PVA (Al drich Cheni cal @.%mmsgg&ggg/é)%ydrol yzed

and had a nol ecul ar wei ght between 124- 186 Kg,/nol. The sol ution was
subsequent|y heated to 80C for approxi‘@ﬁt‘el y 5 hours. The solution was then
cooled to 10C and m xed with 0.084 g of hexanethyl diisocyanate dissolved in

an anhydr Or(fﬂﬁ%b;si g J%ﬁég%&%%égeﬁ H{?Sseggrlaﬁgn %Qe%hgﬁsrtn% %gg:érstd?)rdef erably,

t he hexane
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 siream 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 SOs, or oleum for example.



little or no exposure to water vapor, including water vapor fromair. The
solution visually becane nore viscous due to the reaction of the PVA and
the diisocyanate. After approximately 2-3 minutes, the 2.7 wt % sol ution was
cast onto on pore size PTFE substrate usin castin
kni fe proc@&fpééﬂna%| s solvent systemwas sel ected dgeﬁé)gﬂlﬁt%sm?;a@%rab |l e )
solubility characteristics and its correspondi ng chem cal i nertness.
100811The PTFE substrate was pl aced onZa “support gl ass plate. The sol ution
of PVA and crosslinking agent was knife coated on top of the support. The
coating was first dried overnight (&%qiméjrrperature) under a continuous
flow of nitrogen gas. Further drying performed by thermal treating the
menmbrane in a YWARYWRIAY EAARANCEGFORITHE BMBODIVENTOR FIGURIEEL i on of t he
crosslinking reaction (approximately 5% as well as to ensure conplete
evagoraltion {regrge solvent. The dried nmppbrane yms pexpgtestegiowi fh a spent
aci d sol uti pi—tn—SepagSTtrenprane_ceft_fT.omCs [ TS 4T 8R1The feed
was pressur | HeHh v 200 psig, ad Qer ééégpr 131& Aa‘z&éf a&iﬁheric
pressure. Faa@(}m@t%)er meate 5treeds wepdsdnal y#4@a f pr 3donposk-8& i pns.
Initial per raje was 1.83 hr | 2 I rist st ACi
Sol uti onPer Ig\% g @ poRent SFSGdJ('%n“ﬁ o.3t%1§n". uﬁlig w?ﬁgzai t i;ilgm d (m%

89.2 91.6 Walelal FWWA)tOEIS/deﬁ 4 100.00 10.00 90.00

[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 retentate 20
contains a substantially greater concentration of hydrocarbons (ASO) than the
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
substantially 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



Acid Soluble Gl (wm% (or Hydrocarbons) 6.5 3.0 100831A second nenbrane
test performed at 300 psig feed pressure and atnospheric pressure perneate
gave an initial flux of 3.6 kg/hr/n2. Feed and perneate product
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membrane) at least about 1 wt%, preferably at least about 3 wit%, 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 pervapofation 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



4.1 4.7 Acid Soluble G (w% (or Hydrocarbons) 8.1 4.5 [0084] The
synthesis procedure described in this exanple can be used for formng
crosslinked pol yvinyl al cohol nmenbranes and ot her hydroxyl - cont ai ni ng

pol ymers and copol ymers, e.g., copolymers of vinylacet byl al cohol
menbr anes YVQrZOQ?g)§OS¥§1 separation of ASO from sulfuric agéﬁuszﬂ&tmt\qgﬁgl kyl ation

process. Several parameters that can be controlled are as follows: (1) The
degree of crosslinking, i.e., pore vol-¢fe, can be controlled by the
addition of a predeterm ned anbunt of the crosslinking agent, such as

di i socyanat es. The, chem cal st t h L nki
det er mi nes Pﬁﬁ’éeaé)’ )%ql?,‘%ilve(t@.aﬁ’.d, aqﬁi:\ﬁ%tggﬂgerrﬁlé%hgﬁfpggﬂ Bﬁ?%{)@g?i}%g)a%g(ﬁgt cheni cal

properti es oy dreand 1 GG L QA WiHehuriifer 0 GtbndReTh cadliStagt iRt ur es of the

di i socyanates useful In I's 1nvention exenplifies the wi de range of
potential gepasl dmkhogbageifastordmChidiny teCedirablb puatyRolthn peemedte phat i ¢
ancUor aromatic in nature). The structuyres o(g ;‘he dii socg nates useful in
thi s i nvenprashict icgagh staterithe corapogHan BFQ’@C@C the, pypgidthe @HH‘F&C aromatic

oot LA Pockt TR Bl it o pidesunet e

. [2
charact eri 819 € con e proper selection of the anpbunt

and struct HesmRhndshee 6p&a8dd. nki ng agent and the structure of the pol yner or
copolynmer. The | evel of hydrogen-bonding in the crosslinked - 32 - network

is a direct,fuyncti of . 1 h r. 1.0k | i t&f vinyl
al cohol uni"["gs_ Exaxgrfeea af’%@gé;f ep%é%@tlﬁ%klgﬁﬁé}gbes%m?ﬁ??% acid wth a
crossl i nkeghdeWwbtah idpréved 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 alkylat'ion 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



di i socyanat ohexane) poly(vinyl alcohol) (PVA) nenbrane was followed with
FTIR The reaction took place by placing the crosslinked PVA nenbrane into
a spent sulfuric acid fluid. The thickness of the original nmenbrane, as

det er m ned, Ry, SEM.Lshown in Figure 12), was approxi mat géyudsaodiossnons. The
resul ts ar&osnown Th the spectra of Figures 6 and 7. The spectrum of Figure

6 shows the absorbance of a teflon ne ane support having a nom nal pore
size of 0.2 microns, while the spectrufi®f Figure 7 shows the initial and
used Gore-Tex supported PVA nenbrane, respectively. The spectra show t hat

| oss of the_al cohol p . ' . BEERYY sulfate
noi ety. Exgﬁﬁpglgg%nftgégg] ?ﬁgggéﬁg?fgt%%@%m%eﬁgérgﬁgg\/glﬁgbgﬁgr%g?ane testing
syst em whi gferMBane 68id 62 ®o exabua8(t 4irl werhr AnesSO Irithrspbet auid strézon BRgur e 8

the conditions used in the evaluation were: Feed Vessel 810, Vol ume: 3000
M Punp 826 thraueed @redecelthgavdterryomcenifationus dg repyeiGH ispbugangiream

gal l ons/ m e) at. changer 824: 1.8 di I A8.75" length, 2.18

ft2 surfacgﬂiyecglﬁ%ﬁhﬂg ewgg ,reaf:r?sflgé’tni'@ed' %ut?iggltgg Wﬁﬁégdl%%]{%elp tgﬂ in2

Merbr ane  8{gont B W%.Q&%{?Géd&tdﬂ%%@}ﬂl@sﬁr@ﬁ 96%d mixc00(h pisd @leGhi | | er 822
e

to Maintain Desired Feed nperature [ 0087] | n_ogerati on to maintain a given
t enper at ur eiredme &6 anst thearigansf@Rg! ossaishrspetor VaIvie bemd&cltds alse pessbleiter 822.

The spent acid is directed via line 820 to r’gt-\d“rbrane cell 816. The
per neat e pf‘i?ﬂtf‘gf’a GC%I%i ref‘frb% ??Paéaé%éfqgﬁﬁaca% er is - 33 - collected in a
perneate vessel 818. The retentate rich in hydrocarbons is recycled via
back press[f0d6} equlThininventoaradluk¢sibesumen and ASOfcongenteationd iBIE. The
permeate product and retentate are. analyzed, for acid ter..and hydrocarbon
concentrat ?lgxﬁagp RECSREY ‘T‘c‘a ﬁ%ﬁ?lmt %Hﬁ?lﬂﬂés?'mdrﬁtée st P@%ﬁ?ﬁﬁ%ﬂ measur enent s
at 500 psigobeRdwRiESA S ARMAR ORATRrRAE&SBR LA 1dtTbré Gike@sy Sandlitlgnd 11.
Figure 10 shows the relative flux of the perneate through menbrane 816 as
a functi ontoemhenceethe Begoe @all® oftbewslklylation$ooduntc dhis procens witl al$e per neat e
ure 11 shows .t he ASO congentration ir}the f eed

f ti ti .. Fi
Wi th run tieARoe B oSt o sHrie S6id tSRCTaTRNRmEY TEUSHE (bs IUALHEOPHAT ASO

concent ratdyapt ddid gmgp&pfdm@ég,eirai(ﬁybst antially lower than the feed
concentratron. The data show that after a period of nenbrane conditioning,

the ASO i cent ed in the feed d to the. separation, by the menbrane
of sul fur ISIQSZ@I d aﬁ@g %qth?r ?‘Pg‘h‘;‘fr’@_gﬂog&ﬁé’é?ﬁen‘l”r?é’eﬁ%%F%fﬁ‘édeé@nti nued to
produce peiyRaiiSatNéid W AGn ARPK ¢ PN rePaQf sPefdcifS? GRRGERE rati on
even over extended periods of tine of continuous testing.

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/or 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



Exanpl e 4 10088] Thi s exanpl e descri bes formati on of a conposite nenbrane
structure having 3 polyner layers. A 2.3 wt % pol yvinyl al cohol (PVA)
solution was made in a 50/50 anhydrous m xture of dinethylsul foxide (DVBO
and di et f e (DW). The PVA (Al drich Chem cal 0

hydr ol yzerd%%a)ng&ﬁad g nol ecul ar wei ght between 124 -186 %psz\ﬁﬁﬁ%oﬁ%gepar ate
3. 37 wt % anhydrous sol uti on of hexanet hyl dii socyanate was prepared in a
50/ 50 mi xture of DVBQO DMF sol vent mi xtdPe. Both the sol utions were chilled
to 7C. These two solutions were nmixed at 7C in a proportion such that the

t b f h t di te, to PVA f it
179 e oF R0 S BPE G UL ohl e RaPe B R ot e AR PR 3

thick sol ugd gﬂ)dlué‘%grﬁrémtxregﬂ 240 Rigferlin™ SO @BnRQHuRtiSh 48d SXRED heknt to a
pol yt etraf | uoroet hyl ene (PTFE) gyer | am nat ed on a pol yol efin m croporous

support pr ownkatiohyl slﬁemtadcdéwgeﬁorqﬂan;facxhtycandcﬁ highemsteapgih sulfuvie 4aid em No.

AX04- 104F). This efin or ous syppor ro |de chani cal

strength mﬁ??ﬂi’ﬂu?égﬁi‘g“él @HF?Y‘E!S\%O fhﬁﬁﬁﬂﬁa FeREEQT 3 egg{n@@q Ptﬁ Cﬁiragw ded by

t he cross- j rijhed at room
gh ?é%o??ggrw%ﬂﬁl;nsns&_xlt%gm%%gttﬁederﬁ&l)dfﬁegf‘?% P%%Fe 5"?§px‘%‘vfde‘3 ih

t enper at ur next cure t air at 118C for 40

seconds. | Tames.next cured at 120C for 5 m nutes before storing for
performance testing. The final thickness of the cross-1linked PVA nenbrane
was between 1 - 2 microns. Exanple FABIJO891Two nenbranes sinmlar to the
nmenbrane prepared in Exanple 4 were used@ép 5 formsegar ation on a

ﬁe rrenbranes wer e

S&AF bHA

sul furic acid soI uMA)FERﬁéL m&%ﬁm

prepared by ocedtte 7 br ane on
a nenbr ane roII al ri sifg mcro ous P n a

pol yol efi n|m %’u@ \Aégﬁfgnbr §H U wer npl es taken from
different sections of the rrenbrane roll. Tabl &4dshows the feeds and the

correspondi ng. wts for, j d rati gns pe med theyt
menbr anes. %%’e({&sété!’d) used 9|7§8t heggé%@ar at |80ns S é\(l?\)ll? in %’b?e 4e9wa£@spent acid
froma refi Métgr @thks)l ati onOuni t.1.9he fléeB2 preskife wal.BD0 psBPsat ja feed

flowrate of 0.8 | 1 ons L mnute. The feed tenperatyfe, retentatle
t enper at ur a,goél’(ﬁ’t%gr nmeat efgénpera(ﬁ ure V\§re all 25C. The perneal’e wds

mi ntai ned| gk AGDRPhEr i C pressu gy g3 35 - Tabke 4 1flux Fesds

Total 33.50 9417  8.63 102.8 42.13 60.67
(MeT/Day)

[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/DMEF 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
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little or no exposure to water vapor, including water vapor from air. The
solution visually became more viscous due to the reaction of the PVA and the
diisocyanate. After approximately 2-3 minutes, the 2.7 wt% solution was cast
onto a 0.2 micron pore size PTFE substrate using conventional casting knife
procedures. This solvent system was selected due to its favorable solubility

characteristics and its corresponding chemical inertness.

[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 olf 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%) §9.2 91.6
Water (wt%) 4.4 5.4
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.
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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
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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/mol. A separate
3.37 wt% anhydrous solution of hexamethyldiisocyanate was prepared in a
50/50 mixture of DMSO/DMF 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.



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 perneate with
an increased acid content (by weight) and a decreased acid solubilized oil
cont ent (t{é 2@9%2&‘% The flux decreases as the anmount i eisReabPON in the
feed incredd Jt" the nmenbrane is still effective for performng the
separation. 100911The above preferred epbodi nents are provided for purposes
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CLAI Ms: 1. Amlti-Ilayer rrenbrflrﬁ itructure for use in acid

envi ronnents, corrprl si ng: 2816 1 st | ayer conposed of a

cr ossl i nked—potymert NTERAE conprising a copq:ley,ﬁ@éteof crosslinked

pol yvi nyl | al cohol and, poljyvinyl sulfate, such having a first

t hi ckness| the nenbr dngFbeiwgtes e m@d.'wew per nEaWhErt dcaxtl AbQer
hydrocarb ns and furtlher gharact s—hawi Hg—a ct-ossHak—dens ty from
about 3. 0VMemtabou# 1 15. 0% and whereijn the d¢rosslinked poI yneri c frenbrane
is crossl “kedun'u f stk geTit g &E T ed | TR0 € group
consi sting §%rppf 4 dii slo%yclr?aq bhe §§1¢Q g.J[’]ﬁ dili sc?ygér:lat g[%)uéltéarﬂ'??l, 8

dii socyanpg ﬁgg ?ne 130 di3 gpcygpatddadarane, 4,62 di 8880y a0@ 02- net hyl

pent ane, gan ) di ijsocyanat o- di phenyl net hane; a-seicond | ayer
conposed p§arapll3uor opd. yhe2.Br a824bl|uldo%d c poI vt h8Viedd &bhor el si ze that
is | ess than half of {the first—thicknress—atig—a—thtrg—stryctural—| ayer
conposed oMealhmee#z al witth a pore sijze of at lieast B gm (an intrfinsic bul k

mat eri al or—the {d® i gl fgreanesy Than 480Q0g9 100x103 psi,
and an int ?rﬂgl c bul Ltir%gt e?%%%a /g?%e %lr?t he tE‘I’l?I; e rméul us of dgreater
than aboufspi@d0 Psii0.96 |3.13 |85.32 |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.



2. The nmenbrane structure of claim1l, wherein the second | ayer has a

t hi ckness of at least 10 m 3. The menbrane structure of claim1,
wherein the third layer has a thickness of at |least 50 m 4. The
menbrane structure of claim1l1, wherein the third | ayer has a thickness of
at least 100 m 5. The menbrane structure of claim1, wherein the
pore size of the second layer is 0.2 oger |ess. 6. The nmenbrane structure of
claiml, wherein the first thickness is at least - 37 - 7. The
nenbrane sElddMfre of claim 1, wherein at | east 80%of the pol ymer chains
In the crosslinked polyneric nenbrane are crosslinked. 8. The
menbrane structure of claim1, wherein the second | ayer is conposed of
PVDF, PTFE, exténdedAPTHE;laygr mambomb stnatire fortuseineofd environment®. The menbr ane
structure of claim1, wherein the third layer is conposed of polyolefin,
crossl i nked Hatural rubber, saturated pol yethyl ene, saturated

pol ypropyl ene, or a gfnblagatdodiposddeif @@fasslinked polymeric membrane comprising a

copolymer of crosslinked polyvinyl alcohol and, polyvinyl sulfate, such membrane
having a first thickness, the membrane being selectively permeable to acid over
hydrocarbons and further characterized as having a crosslink density from about 3.0% to
about 15.0%, 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;

a second layer composed of a fluoropolymer or a cellulosic polymer
having a pore size that is less than half of the first thickness; and

a third structural layer composed of a material with a pore size of at least
3 um, an intrinsic bulk material value for the flexural modulus of greater than about
100x10° psi, and an intrinsic bulk material value for the tensile modulus of greater than

about 10,000 psi.

2. The membrane structure of claim 1, wherein the second layer has a

thickness of at least 10 um.

3. The membrane structure of claim 1, wherein the third layer has a

thickness of at least 50 um.

4. The membrane structure of claim 1, wherein the third layer has a

thickness of at least 100 pum.

5. The membrane structure of claim 1, wherein the pore size of the second

layer is 0.2 um or less.

6. The membrane structure of claim 1, wherein the first thickness is at least

0.3 pm.



10. The nenbrane structure of claim1l, wherein the first thickness is 50 m

or |ess. 11. A nmulti-layer nenbrane structure for use in acid
envi ronnments having 70% or nore by weight of acid, consisting essentially
of : a first layer conposed of a crosslinked polyneric nmenbrane

conprising a copol ynmer of crosslinked polyvinyl alcohol and pol yvinyl

sul fate, such nenbrane having a first_gphickness, the nenbrane bei ng

sel ectively perneable to acid over hydrocarbons and further characterized
as having a crodsl i nkhg@gaiprage pirestyraiob gleins oohsrsingh ingst 8050 obihe pabymgker ei n

the crossl ikRdn BRIYIEEAKEd PETREADRiehBrank 93Shdstik@dgut i 11 zing a crosslinking
agent selected fromthe group consisting of 1,4 diilsocyanatohexane, 1,4

di i socyanat obut ane, 1,8 diisocyanatooctane, 1,12 diisocyanatododecane, 1,5
di i socyanat 02- gt hy| Ti?egx%@&%n gﬂ%tu%e éﬁ'clgln' E%%%ﬂ%h?'s RO R i%&ﬁ@&%g] .

a second | ayer conposed of a ¥ uoropol yner 'or ‘a cellu osi ¢ pol'ymer having a
pore size OHRNMDF PNFESs sxtedvlad PHEAES oraf cottbenation gierebhii ckness, the second | ayer
having a first volumetric change value in sulfuric acid; and a
third structural |ayer conposed of a material with a pore size of at |east

3 m an intrinsyc bulke fBibfahaktrvdlr®f tRm thehédkbxue mirmwliys%mﬁosgﬂ ealt er
t han about 100x103 psi,. an intrinsic bulk material value for the tensile
modul us ofogorogvgﬁé"&na PR nsssltaturalgubnss saturated polyethyleneyaturipgh polyRroRYlpifet ur e of

claiml, wher&hbidahien geRss! i nked pol ynmeric nenbrane is formed by an
anhydrous process. - 38 - 13. The nmenbrane structure of claim1l

wherein the crosslinked polyneric nmenbrane is formed by an anhydrous

process. 10,14 TM%?T@B&P& QAR uFL LHCRHE ¢, QherEindhdMifst %ck"nl:?s whgrgin the

crosslinked polyneric nmenbrane conprises two or nore types of nononers, at
| east one aflesshe types of nononer being styrene, styrene sulfonate, acrylic
acid, nethacrylic acid, styrene sulfonic acid, vinyl pyridine, and
acryl am de.

11. A multi-layer membrane structure for use in acid environments having

70% or more by weight of acid, consisting essentially of:

a first layer composed of a crosslinked polymeric membrane comprising a
copolymer of crosslinked polyvinyl alcohol and polyvinyl sulfate, such membrane having
a first thickness, the membrane being selectively permeable to acid over hydrocarbons
and further characterized as having a crosslink density from about 3.0% to about 15.0%,
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;

a second layer composed of a fluoropolymer or a cellulosic polymer
having a pore size that is less than half of the first thickness, the second layer having a
first volumetric change value in sulfuric acid; and

a third structural layer composed of a material with a pore size of at least
3 um, an intrinsic bulk material value for the flexural modulus of greater than about
100x10° psi, an intrinsic bulk material value for the tensile modulus of greater than about

10,000.

12. The membrane structure of claim 1, wherein the crosslinked polymeric

membrane is formed by an anhydrous process.



-38 -
13. The membrane structure of claim 11, wherein the crosslinked polymeric

membrane is formed by an anhydrous process.

14. The membrane structure of claim 1 or 11, wherein the crosslinked
polymeric membrane comprises two or more types of monomers, at least one of the types
of monomer being styrene, styrene sulfonate, acrylic acid, methacrylic acid, styrene

sulfonic acid, vinyl pyridine, and acrylamide.



