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1 IONIC POLYMER MEMBRANES TECHNICAL FIELD The present
invention relates to ionic polymer compositions that are useful for
perm-selective membrane separations. More particularly, ionic polymers
of the 5 invention comprise a pIurany of repeating structural units having
as a constituent part thereof organic ionic moieties consisting of nitrogen
containing anions and/or cations. In the form of non-porous membranes,

ionic polymers of the inv%mf%@gmgmged organic and

inorganic products from fluid mixtures by means of perm-selective

membrane separations. 10 loni %@? itions of the invention

are particularly useful for simulfg%% &é%%@%ﬁé a permeate product of

an increased concentration, and a desired non-permeate stream, from a

fluid mixtUfe BEHERhIRYCAL R ERS D MpBURRKYTSE SPERst sty baintselul for

te eperatiaeseA swill irerde sepibedoits gre Merd gtaili bereipafiefithgolymers of the

PreReRkinvEsion pravitesidP I RIad forfaEming Jhes QG RO M ER3sient part
ex; mg{lﬁ by treating. sélected nitrogen- containing organic polymers chti? ,
acf%g, ?Fé%ﬂ%?g‘%“b‘bméﬁ%srﬁ%’i@ﬁ%%o‘?ﬁﬁ% O BltARRE GRIODS and/or cations.

caltb 6y dteny rod psonitora mizrehBAEG K GRIO YNPNBE TH BN WENTI@N acilitate
Matesials thataxibi Qi%@ﬁﬁﬂﬁﬁétﬁﬁ)@awwfﬁ?dﬁgﬁeﬂbﬁrmrﬁm?neans of

20 Qenetrat? and ga%s through t[he material in the form of a film, thin
~geleclive membrane s it 10018

2 . .
sheet, or membrane “have been sotight for many years. Such materials
advantageously enable the concentration and recovery of desirable light

hydroca , RS RS SRARRRTARS efle My G QR oATS teps&tigrly useful for
sepmdtionofgasey by difuspntivatughaparafs:difusienghditoardason, and a
2BERI ORGSR R sRe ARG HHG; 3 ISRHE AL INR N AME S RS mpounds

etal. .t}me 3 11?24, for "Process of Separating Gases." In porous
m&tEHARCIAET4B8 ROWHIERPHIABIEHL gases diffuse vary inversely with the
square root of their density or molecular weight. While porous diffusion _
might be sS4 lEERASSRIHRF forBeiiar skt diseinafianiflly wisewifHin provides
in detigity domfleninar tveiginic spdhmieneXamplengk ydregeinSedkeeed nitrogen-
caaemiﬂmx'g?ggﬁjsw&mémtmg%%I,tﬂe\semgdd %%E?mgﬁéyn%é&%&pmmg a

es having approximately the same [

for _separating ga ensities or
NI ISR 2O WORJIEAB RBropane.
| BACKGROUND OF THE INVENTION

Materials that exhibit different rates at which different organic compounds
penetrate and pass through the material in the form of a film, thin sheet, or membrane
have been sought for many years. Such materials advantageously enable the
concentration and recovery of desirable light hydrocarbons, for example without

. expensive distillation steps.

The separation of gases by diffusion through a porous diffusion partition has
been proposed in U.S. Patent 1,496,757 issued, in the name of Lewis, et al., June 3,'
1924, for “Process of Separating Gases.” In porous materials, the rates at which
different gases diffuse vary inversely with the square root of their density or molecular
weight.  While porous diffusion might be used conveniently for separating gases
having wide difference in density or molecular weight, such, for example, as hydrogen
from carbon dioxide or helium from natural gas, it would be entirely unsuitable for
separating gases having approximately the same densities or molecular weight, such as
propylene and propane. |
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2 In U.S. Patent number 2,159,434, issued in the name of Frederick E.
Frey on May 23, 1939, a process for concentrating hydrocarbons is
proposed that is based upon the discovery that hydrocarbons, in the
vapor state, pass through non-porous substances such as rubber and the
like at rates depending on the molecular weight, saturation and 5
molecular structure of the hydrocarbon molecule. Frey states that the

solubility of hs. w@&mﬁm@ﬂmrméseﬂdsmequmlaaiﬁea@pm@eimb@ Frey on
m}ﬁg 2seN W i nymeco%gﬁ%%{ PR RRALAARSRSN 10,90E 438 32%d upon

eotherf a rubber membr It was that among t the

s PesrarARs! Mé?ﬁ?ght%sra'ﬁéltﬁ BRI PSRRI U PO HISEP Y AipDstances
mrs[&hsasmh’cmcarbmhemkm heraftd Beotitdted drathspod enelmbraiieht, saturation and

5y§¥8ﬁl§1ﬁ?‘éﬁ-&%&@ KR LRI SR HEALRBOR, W%%'Xt%?éseﬁ{mg 'solubility of the

ularly for.oxygen purification from air. See for a review of
e%x TR0 T WEPRTOPS 16 FaRITA P8 PR ‘?16*19\/‘“5‘3%‘%“ Yhfieby the
Réb@mcﬁhvawgegrlnmaMQns E@%ﬁ&%pﬁhmommﬁa@mf@mber mermbrane.

Pfﬁsﬁaﬂ@mﬁﬂﬂm@%ﬁm@ tﬁel;ow faciitadedHABRIRIT BYSIRMSHBSHAREthrough a
?hlilgtlgug{) nlli)ragregslns%q plune on 15 |th metal complexing

techniques to Ttaclli fiate esepar foh ¢ of, rexample ethylene from

ethane a ethgne. Silver ion has been use ch S|vely|n these

systems Eﬁ?é'%fafﬁ tEABEROSE B T & P RIYARY %@?é@%ﬁg B dheny years and

nawidadf EedeeactieR, Sigeariziinr anméxmpertftoaﬂtm@nw, andSeadrovedview of the

3 %ﬁﬁgﬁ%ﬁ;ﬂ%sglgm%@o @ggéﬁﬁﬁﬁ%ﬂ@ QSM%%%%UWb?rSWard HII in Recent
ral,0
" Advaice SeEnce’ 108,30 ang étﬁ?g] gr%s Yoo, p.

hese pa &h s or se’paratlng m
al|éhat@%@ﬁﬁat@ﬁdxémﬁyﬂréwm%ﬁ@h%mWnﬁmmbﬁ@w in conjunction

miﬁuﬁ?ﬁa@mﬁiﬁ@@xﬁi@mcﬁﬂqmm@ﬁawwlé@yﬁ&%meﬁﬂfﬁ@k@%le ethylene
use o e n tal-c techni
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witinthB.ebatefial i e separateproand thediguid batHeseisyerplayést iskample, U.S.
CORMBGIRN.WIED, & SEMINEHMAANER AR R WieR 6Ssenia o6,

impenneable to the passagé of fiquid. in several sysfems of this type, the

liquid barger &ptail%ﬁ% the .complex-for |%{8n in contagt with

membrane an icafly i€ A leas partiany “Contaned in & hydrop ﬁl?ttem’ls such as
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AqHEONS, GRAAL f%@ﬂﬂ%u%g ulgrphpsE AUngHheICEsR FIRCCERESOT m
these typ Fﬂ ﬁﬁc a material is separated from a féﬁd mlxcu¥§% ; ©
processes the liquid barrier is an aqueous solution having metal- contaimng ions which

- will complex with the material to be separated, and the liquid barrier is employed in
conjunction with a semi-permeable membrane which is essentially impeﬁneable to the
passage of liquid. In several systems of this type, the liquid barrier containing the
complex-forming ions is in contact with the membrane and typically is at least partially
contained in a hydrophilic, semi»permeabié film membrane. When operating in this
manner, it is not necessary to maintain contact of the film with a separate or contiguous
aqueous, complex-forming, liquid phase during the process.

Processes of these types in which a material is separated from a fluid mixture by
utilizing an essentially solid, water-insoluble, hydrophilic, semi-permeable membrane
having therein an aqueous liquid barrier containing ions which combine with the
material o be separated to form a water-soluble complex, and during the separation, an

aqueous liquid medium, i.e., an agqueous, non-sweep liquid medium, e.g. water in the
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utilizing an essentially solid, water-insoluble, hydrophilic, semi-permeable
membrane having therein an aqueous liquid barrier containing ions which
combine with the 35 material to be separated to form a water-soluble

complex, and during the separation,an aqueous liquid medium, i.e., an
agueous, non-sweep liquid medium, e.g. water in the 3 liquid phase, with

or without other constituents, is provided on the exit surface of the .

méiB Rt oI SEUM Rextrethen aemetipentieinbrarisltd dedieasdtwatirce of the

IomMﬁhérth&ﬁdMﬁb}(@&P@@@&ﬁh%@_%%Eﬁﬂ@ﬁb?&é%%a%%%?éé%ss from the
sy erial is se rom a feed mixtur

AR 08 R R I AR T e o o
paTtfAPPReES AN A & At te fahmix Sue du P ontastingide dattre with a first side of the
semépermeatiiderhemiyanesibighvisseustiisient!ynaesdhandbe:padtia exit side of the
Presskuicefh s MALRIIRLR t\'@ﬁi@"i@%fﬁ&éﬂﬁf?&§eﬁﬁ@tﬁg maéll'{%%rllaplrgs%ure of the
the second. side of the membrane, The separated materia cgn e

reMBUAH frbm W VIEIHTEy &t (REPKItoRERGAEbIAETA Abr e BiFoRst side of the
inghgntEanesiee pepersi@ymhtepabcas ot thisvad éntinthehechiitoss e second side
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thereby minimize m S were not ol

miSEGFeRsendns RRB)S Hukitirand eselgetiuiiy sbedngitpenatisturereAlhofdbie minimized.

fadiitdter isadspessysientndnstribipsroperaied ﬁixf_ﬁ%str@h’lﬁﬁ@é?béﬁpﬁre merely
PressuifAFARCINAD 2NEPRE98IRIRANGE RaIALIEsSUE QL )

| the
{ it
product in the permeate stream. Evaluation Cl és%aﬁ frrlgnseﬁcc)ﬁbcd operated at

mefNb IS PIOBERL oI BAE ER X PARRIHY oS iBEOP IE#H@ BBniqresbiaseppstial pressure of
detheriveduoy 1d. tepisataat. straumarticle entitled "Facilitated Transport
Membrane Hybrid Systems for Olefin Purification” published in Sep. Sci.

;ech 28,%&4&&(&%{&@&?&&@&%@?@ ?ﬁwt%$l%ﬁQHQ ?epatratien of
Y, mbrane system to n selectivities far propylene trans "
h g@ﬁ@n@‘ﬁc& g %afr%ésog%scrﬁ)ec? 53/ F Baws %al. é%zw 1?%8{3%?86@%%11%{@(1

e IN eXCeSSs . 1lon exch nge mem ran /
by AP BfsAtbrape Elvkrith Sysworemifr Sdefe: Benfraton! estisbeétiben. Sci.
at TS MERGTHI IS pth@rasation sixaliedgersiloadedMthGHMAMION 2 hybrid

fO&E&ﬁfﬁ?&%&%@&ﬂQJ@S&HPEE@&EWE§%XP£?L§§Q% E2BREAHEN HOURR excess of
hai/? worked on these systems. Metal complex and membrane %y fid :
systems have been described, for example by Robert L. Yahnke in U.S.

Patent number 4,060,566. Yahnke reporting in 1977 a system where he
trickled alSfréxRhBISIMSIbrREBIUNBIE disimtaRcstAsitdOoft]. LeBlanc, Jr,, et al. in J.

Membr. Sci. 6, 339 1980. LeBlanc, et al. at GE used Nafion® and other cation
exchangers loaded with silver ion for olefin separation from non-olefins. Several other
research groups have worked on these systems.

Metal complex and membrane hybrid systems have been described, for
example by Robert L. Yahnke in U.S. Patent number 4,060,566. Yahnke reporting in
1977 a system where he trickled a stream of silver ion solution down the outside of
hollow fibers to keep the liquid in the membrane pores. He was also limited to low
trans-membrane pressures and used a sweep gas.

Similar metal complex and membrane hybrid processes have been described by
Menahem A. Krays in U.S. Patent number 4,614,524, for water-free hydrocarbon
separation membrane, and by Ronald J. Valus et al. in U.S. Patent number 5,057,641,
using & porous membrane and a facilitator liquid. These processes utilize a separation

unit containing a membrane having a feed side and a permeate side with a liquid
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hollow fibers to keep the liquid in the membrane pores. He was also
limited to low 30 trans-membrane pressures and used a sweep gas.
Similar metal complex and membrane hybrid processes have been
described by Menahem A. Kraus in J.S. Patent number 4,614,524, for
water-free hydrocarbon separation membrane, and by Ronald J. Valus et
al. in U.S. Patent number 5,057,641, using a porous membrane and a

fatittaten libhend thEhesetpiace asas wiilizaiaise paraterp Bixingitgantaiiiagmort of the
maeat}@nsoﬁﬂ,\eﬂ&;a feqdsaideand %88%8@8}55396%@91@1;@9‘&{% Fomponent in the
en th mt at containps a meéﬁl ntaining ion ibn;J’p exing ag entp

ﬁfﬁg&af?f 1R SR (BB TnoR it FeHERBERR LS EH}H% w%}lpmm-wmer

dlwﬂl‘{mhﬂg the difopogetitironeléaciitathe [fguideots thiddeed hidenefirene; and d)
eaémqget ;183 feEminch Bh&fOmAR ]pmat eameg C%@'%’élé&l@ift@lf’%@gtﬁleemembranc is

complex.to meaite side O e.memprane re smg

B S e o Rt oot e it O e desired

maginnzeenby Bhoaging acbiripictin gragmeriatiihe Id@hrgcffnﬁtymemefmm the feed

desitagh eompppemdatthe agent facilitates the transport of the desired
component from the feed stream to the permeate. Although many of the

systems '%Hﬁ%ﬁéﬁrﬁ{%? W%Hﬂ&ﬁ@ ﬁ%@ﬁ%ﬁ@k&&&mﬂﬁm laboratory, only
descrlbed % g been test d at %1 gcale Hughes, at%one
[

StSF&elfﬁ B tH%"E&?e FERIGTSE et 8* iR fi ‘r‘gr%smaﬁgr%h%’%e% and
asYigigelmmemtsportedubporss @ gilhelosolaticnts Usslbforither sepabatiosy as Tiquid

'of @{@ﬁm@ﬁ@ §EQmbriitRg esnmeﬁqaﬁbﬁﬂ\@@@e@fnt&e E@;E&té@i@% SEiIQRGHlene from

2o k’\éccng ,Zldvances in a.ra %C Rress ?ﬁq}e\éje n’se]s-% p %7J3 3/1 Calo,

h%ﬁrrr%mnbrane used was asymm rc, wi cl%n in d’eS|gne

forbryerBE dstssislaviansbIidBg the Baw TremagRIens, wsdvar@yammetric, with a
pethigadensdviken disiaredaiar avaiteblestadiateanstistiseparBionCisingeal Co. as an

facﬂ@;ﬁ‘g E'Pﬁ@a%?nes reports the use of either ion exchange membranes
or mlcropgrous membranes. In the case of the ion exchange membranes

even tho W I2 withsta ubsta tial tran membra pressu

ion e s HR R TE: 10 T ey e SR Cpacifeted
traﬁ@mi@m@sam@pr@sébfzemh eThetibeanioflusiwaangot Buehrghesr thaiaroporous
thah@ﬁi&\&@éspfeﬁﬁlﬂﬁesceﬂé@eomiﬁf@@@fﬂoéﬁdﬂlﬁfg’@@ﬁﬁﬁ)ﬁ#ﬁﬂ frem lowh they will

bUbb ﬁst%nég u%%?aﬁ%gpga%%re di %.en el %@%ndé‘ lXt r‘r%g)(% %Baé%r ial?]orﬁtoxaf éhowed that at

trans-membrane pressures can be tolerate ut forcing_t out

of m@%@%@@%@fa@%ﬁbﬁgﬂ%@m@w W@P&ﬁhﬂwﬁ&{a@? %&%)V@emﬂagéch higher

meiinbrabgsaaleseyveredyunaak&he cnlixy: thersiemaitiatmes suffer from a low bubble
point due to the pore diameter and only moderate trans-membrane pressures can be
tolerated without forcing the liquid out of the pore. As demonstrated in the work of
Hughes, et al.(5), cellulose membranes are severely weakened by the silver nitrate
solution. As a result the trans-membrane pressure Hugh's membrane could withstand
was substantially reduced. This is a common problem, many polymers either swell or
dissolve in strong transition metal ion solutions. Hence, all of the olefin facilitated
membrane systems either can't operate at the required trans-membrane pressure or
exhibit no advantage in doing so.

Due to their extensive use in the polymer industry and as solvents, there is a
continuing need for better separation processes for alkenes and other unsaturated
organic compounds from alkanes. Perfluorosulfonic acid membranes, such as
Nafion® , that have been ion-exchanged with silver(l) ion exhibit large transport
selectivities for many unsaturated hydrocarbons with respect to saturates with similar

physical properties. These selectivities are the result of reversible complexation



solution. As a result the trans-membrane pressure Hugh's membrane
could withstand was substantially reduced. This is a common problem,
many polymers either swell or dissolve in strong transition metal ion
solutions. Hence, all of the olefin facjlitated membrane systems either
can't operate at the required trans-membrane pressure or 30 exhibit no
advantage in doing so. Due to their extensive use in the polymer industry

anga%60lVBaiTetners: 1A caataune Resd Jombe et seRaiatARsuits in facilitated
processe al enes andb(r)ther unsaturated organic compounds from

;
alkAnes. éé% LOTOSUTTORIE a8t thembranes, such as Nafion(r) , that have
been ion-exchanged with silver(l) ion, exhibit large transport 35

selectivitit8SSPRTERY B NSHIErASdhyHRBKLERETNE fedpemols Sweiliated transport

Wiﬂffsifnﬂw g]alsg(silsaﬂ.bmmr&tjxesiﬂﬂaﬁyeaﬂq}&ﬁibfﬂi@&r&ph&fﬁwmﬁéan with papers
5 re\gr@,@@aaemﬁwpmmeeg&@.nﬁgﬂ%%?%gtawme%eg OGS ample, 7.

and Ag+ , hICtl‘Ig[ ugt in faciljtated transport through the membranes. :

Thé %‘gﬁ{:‘e Fof uséuaﬁg igg ﬁ-li farﬁ%rﬁbﬁﬁ‘?egrﬁ?ﬁsom%%dfa?@%‘@@t when it was

trafispoverest Siaiptarhdsooed aikimes; siegiicdilstetiplensfsihanehich was present

separaionssdegskwithiRapREs tﬁsloxfals@e%{%lclﬁfoeiem JrMEPBRSH: BP America
or example, J. }\ﬁreombr. Sci. 1990, 50,
g

19§ VG% 36%93. d Ila'e:{saeg]géoa?att%hinfocess I pronens age
269. Interest in %nls proceéjs waned Somewhdt Wher FREEeFReB68r8d

that Ag+ %)rme explosjve side products with acetylene which was present

10 the feetF¥fdgkde tET RS B AR DI her d88 P Enbed A gfpnged Nafion®
Annesrichradeydlopéd acparativaselhweivaratiouidrpbess dosuapenéfpeofanexample,
sepatian 10 everabrgeatngiedns baveRsplofrediliRust fperfluorosulfonate
Agi-exchanged Nafion(r). membran gjmf%rgge separaupn of various liquid
phase unsaturates éee, 1 éfx%%ﬁ?g, § ?F‘@f’gﬁt@.lﬁ\t?’ﬂ.rﬁﬁﬂ}%s&ﬁé%hwe been
19pFfomeb62n Ndfion(Fhrmacpbriigerostionind nrawhbratmecwithl  properties  of:

15 ouistdndinguthamicabaiskioe TR skl MacistusiesRaes RegRsts of a Teflon-

P O B REIE R R suifonate

perfluorosulfonate 10no e chemical structure o n

of E9WoR k& LErKBIRERiaTATAR iR BHERShSOHRS atiiefiinkerd Atdrophobic
terfhineteathon butidnais tgﬁomﬁcr&uﬁlmdﬂ&_eo@(tﬁ%ﬂﬁ@? hyelr@patlier a series of ionic
sulipnate %@&%ﬁ%é@%g&%@%@@?@ﬂﬁnﬁ&m s bagkhans, ;['Ql%tively large

microstructyre of Nafi onsists of a series of jonic clusters
20 intg’f%%%cld %°B§/ é%ﬁga\%blﬁyomé)nﬁésWﬂfﬁ?i(ﬂW) eiTaBsbih selugendue o the

larfedreraiheints{aisutiofiaogusssrsnasSyat witer alermthengdot@utron  scattering
solygrisrasRdoriiie Ry Rl OfhGIQMc ChsieranAals BOM Xa'8Mmeter while

ang DR ARRIBNEI M ect them are 10 A wide, ‘
Commercially available Nafion® is 180 um thick and has an equivalent weight
25 of 1100 g/mol, indicating that most of the mass of the membrane is due to the
fluorocarbon backbone. Nafion® of 1100 equivalent weight is also commercially
available as a solution. The casting of membranes from this solution has been studied
and procedures have been developed make membranes with thicknesses as small as 2.5

.

30 One of several disadvantages of this facilitated-transport type membrane unit is
its high investment cost and complexity of operation. Others include expenses to
operate because of the large internal recycle of solvent. Additionally, the effluents

streams must be separated distillation from the solvent. Thus, energy costs can be very
significant.
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experiments indicate that the ionic clusters are approximately 50 A in

diameter while the channels that connect them are 10 A wide.

Commercially available Nafion(r) is 180 m thick and has an equivalent

weight 25 of 1100 g/mol, indicating ghat most of the mass of the

membrane is due to the fluorocarbon backbone. Nafion(r) of 1100

equivalent weight is also commercially available as a solution. The

casting &funrentlyrdnee:franyitiis:8plkitionduasibewalsteeisdtiamdof hydrocarbons are
procedmas heveRaandiavelaprdimaks MRMDranesHMAdhicHRessRRAANen the

small as 2.5, m. 30.0ne of several disadvantages of this .. . .
AR P BRGRE PR 6. NenORt AUBR R dBsPipiebe-Ticle
cabngtexity offiparaion vdthersinsindaiekpensusite vplatatacsetumsezsptrope(s),
the: latae interpabdasysieiff isebpined\dditionally, the effluents streams

must be separated distillation from the solvent. Thus, energy costs can be

very sigaifigant. thwcgﬁﬂﬂ%ypxtége\%?\'}%e&/ %&‘%ﬁ“]&%ﬂf}%ﬁ%@ that are useful
se@gratlons of hydrocarpons are performed by d{%llaé%n. %Sr";watke%rb i

alBHPRTRNGRGHITY MEMBTant méwéw%ﬂ?}ﬁa YeRfABPHG P §e polymers
cldse facihic: bpeatingylinbpunive CasmThistd udingramsuhisisesey Sy means of
when LampanenisRaeniniaralallitiesd frfc-aZealiBReLS) wal 0RWRBPreciable
hi flg)rodUCt#uri%i%%required. There is, therefore, a present need for
[

R ESHPESHBHS that are useful for peen-selective membrane
separations. Particularlﬁigesirable should be polymers _that facilitate

recovery SF B URRBE i B RRRRIEEs FromattABs Bt L OBy firansspibit greater
petabidiiectivemeirane separatioinsg andnditictsexhibitasndell agme  periods,
apRRCIARIey LORelecivepamerbiit hevmaterals AanMRMBERPEs membranes

separations should heneficially exhibit greater, stability. when exposed to
o BRAG B ERHE Fol BRI TG s AU T BPRELHATy benefcialy

should be new materials which form non-porous membranes that exhjbit
negligibl € VEBerpREsSURBINERTBRIBIER caMtbnadves resthekm e ighy stable

compesiiofehould ndvantageausieprovidastatid sudtedalseiorcen a continuous

m%ﬂ!%@%gf Hatae et stirtalsuAesIREWERR-AGORHMIUS occur.

phase an p?artlcles of a discontinuous phase-at which surfaces Teakage

can occur, It is an pbject of.the invention to overcome. one or more of the

problemsﬂ d‘gs%?ik()}egéég%gg ethe mventxonr{o overcome one of more 0t Qi problems
described above,

Other advantages of the invention will be apparent to those skilled in the art
from a review of the following detailed description, taken in conjunction with the
drawing and the appended claims.

SUMMARY OF THE INVENTION

In broad aspect, the present invention is directed to ionic polymer compositions
that éxhibit an ability to facilitate recovery of purified products from fluid mixiures by
means of perm-selective membrane separations. More particularly, polymers of the
invention are useful as a component in perm-selective membranes for recovery of a
permeate product and a pon-permeate product from a fluid mixture that typically
includes one or more organic compound.

Under a suitable differential of a driving force, a solid perm-selective
membrane comprising a polymer of the invention beneficially exhibits 2 permeability
and other characteristics suitable for the desired separations, and may be used in
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the art from a review of the following detailed description, taken in

conjunction with the drawing and the appended claims. SUMMARY OF

THE INVENTION In broad aspect, tl;}e present invention is directed to

ionic polymer compositions 25 that exhibit an ability to facilitate recovery

of purified products from fluid mixtures by means of perm-selective

mespharatien Sppaessisnadhdiag artihalay s podymeta airtiage g BNHimdrenes of the

usgful o COMAPA BRIy S ECHUB DTIERALCR IAHEEOEDE G Bounds of the

permeate product and a non-permeate product from a fluid mixture that

typfﬁ,"éilﬂ/"ih‘cludes one or more organic compound. 30 Under a suitable

differential of a driving force, a solid perm-selective membrane

comprising@ PERier srenEnivention Yemetickmyehisissthaparayeziigerstood as
5 angobghriicharaaenisitinpuitpbleiigrsihactasiedsepaiatinmg, apanlaymemoicties

“S‘SSHQiKin © 5%8 Qi Progess q?%%r%? rqmct%&%ﬁ%%y 619%9 ncgm%ﬁ?’[ey gafog;{)valent or

Advantageously membranes of the invention exhibit a permee / Of )
e RIUBYRIEH RBIORS Wi f@ H e Tom POGHRRBNEH &% SERIBRKL OPeiifgaH 2 single
provitesdemictipelpiaitcompositions that may be understood as 5
polymeric salts comprising repeating structure units that include organic
ionic moigtigs iﬁﬂi?taﬂaﬁﬂmeiﬁfegﬁfﬁoﬁbﬁﬁﬁ iRfegrRl iﬁmé_llgﬁ'&ix_@ti%%‘f@?é{dvantageously
comprise monovalent or polyvalent anians or cations. ionic polymer

0 e TS e AR GO, TRl S Bmers are
po%ﬁi@foé% ARSESHIRS BRfHE SATERISAE PARO HAVE A FEEUIFREOin a perm-selective
negligible ftapeceressufasnneae ambigsi-pentiengrokhese fiomiCa fluid mixture of
po%&?&g&g therefore particularly useful components of non-porous .
membranes in a perm-selective process for recovery of permeate and

non-pern:f?te roo{ucts from fu%d..mixture of com ounxgs. The invention g
is directed 16 ibﬁfél 6%?yﬁs1eﬁr %%?npgsllﬁgﬁ% %%‘ﬁ%ﬁs?ﬁ& Pé’ﬁ%ﬁﬂ’?gcgf%pflsmg ljepca g
15 straugtarainusithibeonqpmizdsa gluranslisr efpsenmgngrabnraraniesikabingog as a
as eomdanIUBI HRicuTasaeh gamlicriofiaiBroleHas BRNSIHING fnisAERiing anions
containip gaagh%nsin%%/ ggrgce%rt'%lesic} 1 ?3%1 ?%B%‘;?o%?%%pa%%@‘fﬁﬁ }0 the mnvention
composition according tothe invention™ contains a’least a pluralityof the
orgisRiRiRiR F8RbtiePRERLItiINY ShhitrogEAc comainhRjstistoRanatging of nitrogen
anionss$eiegtedifoom thé gnoopscossistidg obiydhexigtenp consisting of hydroxide,
20  chloride, bromide, iodide, borate, tetrafluoroborate, phosphate, hexafluorophosphate,
hexafluroantimonate, perchlorate, mitrite, nitrate, sulfate, a carboxylate, 2 sulfonate, a

- sulfonimide, and a phosphonate.

In one aspect of the invention, am ionic polymer composition comprises
repeating structure units that include organic ionic moieties consisting of anions and
25  nifrogen containing cations having a ring structure of 5 to 6 members comprising from

1 to 3 nitrogen atoms, and from 2 to 5 carbon atoms.

In another aspect of the invention, an ionic polymer composition comprises
repeating structure units that include organic ionic moieties consisting of anions and
nitrogen containing cations having a ring structure of 5 members comprising from 2 or

30 3 nitrogen atoms, and 2 or 3 carbon atoms.

In another aspect of the invention, an ionic polymer composition comprises
repeating structure units that include organic ionic moieties consisting of anions and

nitrogen containing cations having a ring structure of 5 members comprising 1 to 2
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20 chloride, bromide, iodide, borate, tetrafluoroborate, phosphate,
hexafluorophosphate, hexafluroantimonate, perchlorate, nitrite, nitrate,
sulfate, a carboxylate, a sulfonate, a sulfonimide, and a phosphonate. In
one aspect of the invention, an |on|08polymer composition comprises
repeating structure units that include organic ionic moieties consisting of
anions and 25 nitrogen containing cations having a ring structure of 5 to 6

Membess e@MPYising frembdiadmilregen ﬂt@ﬂmr%erééf@cﬂﬁ%ﬁptﬁecgmmonmung
atoms, In aQﬁ@gJ;ﬁ%%?g&l@f ath{g mventlonha}noloerl]ll% Jolo Q{{H&r com osition
compnggs repéating Structdre anitethat include organic i6he moieties

consisting of anions anc{3 nitrogen containing catlons having a rin

structure’oF8THE S s B MBHEI o2 8RS 0PS Mg SARSHECAnRseful as &
or @adsnt atonperin-sehetties aspebtafthdonventiveryanfionipgpolgatennd a non-

CORRRASHIODCATHN SR EFRAING: SHEWIrehfisulal mw%&fgaf@&mﬁworgm
eti SC nsistin Olf anions. atnd nltrogen contalnln c%tl? a‘g{g%g £atl
i SRS T B T SRS P IS SRREES S B AN S d e of at least
cafbermemhes, enthe ﬁhﬁﬁﬂe@tbélé’ctwﬁmmqhéimo&rpe&m@@mg pofpylamine, 1,5-
oxygeaiand gytitidien)s and pbesgsiRRiERgen commlylgl?ﬁwp 1-(2-
n, an 0 p itian.us
o R LSRR Bt anc
a MRy rmeREsRSHEES from a fluid mixture of compounds, comprises

a repeating organic structure having an ionic moiety comprising an
acetate, fitreteaoptigifsnesiofidbroasenitmnenines peyoarlaesiposition comprlses

1-e¥aykZnb utipmire igine o gk AMna: RHINYAARIRR, répesented by
dimethyl-2-pyrrolidine, I-butylpyrrolidine, tributylamine, 1-(2-

hydroxyethyl)pyrrolidine, 1- methylpiperidiK-il-p reolidinebutyronitrile, and
4- 10 hydroxy-I-methylpiperidine. In yet an spect of the invention, an
ionic polymer composition comprise rep ting_structure units of which at
least a plurality, are represented tvy-%—»L , K+ A'YS an organic
ionic moiety Yomoiety consisting of a nitrogen contalning Cation K+ 15

angd, a0 ARoNA-ANd .15 QAN R [}’QOEM E”S&'?% %1%?19%9%‘%% cation K

atoms. In these onic DS mer compositions t |trogen containin
15 cafibharanoBdinptid B KifEERmeTO 8P S%WW%%@?Wmﬁgtﬁ%
Ito 3 nitrogen atoms, and
In these ionic polymer compositions, the nitrogen containing cations can

comprise a ring structure of 5 to 6 members comprising from 1 to 3 nifrogen atoms, and
from 2 to 5 carbon atoms; .a ring structure of 5 members comprising from 2 or 3
nifrogen atoms, and 2 or 3 carbon atoms; and/or a ring structure of 5 members
comprising a nifrogen atom, 3 catbon atoms, and an atom selected from the group
consisting of oxygen and sulfur atoms. Useful organic ionic moieties in compositions
- of the invention include an anion selected from the group cdnsisting of acetate,
fluoride, chloride, nitrate, sulfate, tetrafluoroborate, trifluoromethane sulfonate,
- hexafluorophosphate, trichloroacetate, trifluoroacetate and tribromoacetate. The
orgarﬁc cations in compositions of the invention may beneficially comprise a member
of the group consisting of I-ethyl-2-butyipyrrolidine, triethylamine, propylamine, 1,5~
dimethyl-2-pyrrolidine, [-butylpyrrolidine, tributylamine, I-methylpiperidine, 1-(2-
hydroxyethylpyrrolidine, 1-pyrrolidinebutyronitrile, and 4-hydroxy-1-
methylpiperidine. In ionic polymer compositions of the invention the organic ionic
moieties advantageously comprises an acetate, nitrate or sulfonate of at least one
member of the group consisting of I-ethyl-2-butylpyrrolidine, triethyvlamine,
propylamine, 1,5-dimethyl-2-pyrrolidine,  I-butylpyrrolidine, tributylamine, . 1-
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from 2 to 5 carbon atoms; a ring structure of 5 members comprising from
2 or 3 nitrogen atoms, and 2 or 3 carbon atoms; and/or a ring structure of
5 members 20 comprising a nitrogen atom, 3 carbon atoms, and an atom
selected from the group consisting gf oxygen and sulfur atoms. Useful
organic ionic moieties in compositions of the invention include an anion
selected from the group consisting of acetate, fluoride, chloride, nitrate,
Suﬁ%@;ip@ﬁﬁﬁﬁiﬂfpMﬁat@dtﬂﬂymﬁ)@ﬁmﬂmﬂf@ﬂ@t&oxy-l-methyipiperidine, and 1-
9@?{@)‘?%8 jirichloroacetate, trifluoroacetate and
romoacetate. T e 25 organic cations in composmons of the invention
may be %mall com se & member of the consisting of .
i-ethyl-2- e[ylibly P emg/)ixg S earb r (5(61% lgmfr “comiposition useful as a
d|mmnynglbywmﬂmeseim@ﬂpywmmmemﬂ@mmﬁm@ chethgpisetidiarel a non-
1-ferhyieoxystylipstaalidinguitr pytrelisineb yngubities, amd 4oy oyt polymer
mESRMRRRIKCG D Q0IC RS COMBRSIIAR LG IVETHONINE, oty are
organic lonic 30 Moleligs advan geously comprises an acetate nitrafe of
sdﬁaﬁéﬁét6¢§b’least one member of the group consisting of

1-ethyl-2-butylpyrrolidine, triethylamine, propylami
1,5-dimethyl-2-pyrrolidine, 1- bl@lﬁ/r@hdl@ ”frlﬁ‘uﬁr/]ramlne 19

methylpiperidine, 1-(2-hydroxyethyl)p§rrolidine,

4-hydroxy-I-methylpiperidine, ang 1- rrg_g@nebutyronitrile. The invention

also provides an ionic polymer cempositioa useful as a component in
perm-selective membranes for recovery of a permeate and a non- 5

peiisate frédubls Mm B AnitPHcEAtEDT vhaTpdUMd sistha iEpgeniepnsaining cation

POiRMECAMROSIHAR GOMBFiSNY FeReAtna SHUSETERIEOfwhighbigast

a plurality are represented by o=c -0 -Me twhere0=C-0-M+isan

ionic moigfy ‘%{J}E{e"ﬁrl\ﬂfé"Sré’féljstr%%?ﬂﬂ@ﬁ]&ﬂﬁc@%ﬁcﬂ@n@%k&%ﬁﬁ?&?& ‘amines,

and Rgg a organic group comprising 2.0or more carbon atoms, The term
"affiiee Bt e PG S plTAL R AnAHEE Sw HReRI R pih AR, and/or aromatic
segphdayyuainimebetepiamirmmings)adidminsamningibanotbdipresyandior In these

ar%ﬂﬁ“ﬁo@ﬂl@}e&rﬁﬂgﬁﬁﬁl@eﬂ@/ SRR A RAn e PitiGANBIAINGS @ed from an
dlpp E%amlne Inthese lonic pr Iﬁ/mer compositijons, the nltro en

contaming Cat BSPLAR B I‘%lsesr‘f'\&/\'e SIBR 140, S RATRE B 3 PR 12 or less

ca%thﬁ“a@é?ﬁss and/or from an aromatic amine of 12 or less carbon atoms.

In another aspect, the invention provides an lonic polymer composition useful
as a component in perm-selective membranes for recovery of a permeate and a non-
permeate products from a fluid mixture of compounds, that is an ionic polymef
composition comprising repeating structural units containing one or more nitrogen
atoms of which at least a plurality are represented by

1?:
+ R-N" 3

where R is a organic unit comprising 2 or more carbon atoms, and A~ is an anion.

The invention provides process for making an ionic polymer membrane, which
process comprises: (a) treating a nitrogen-containing polymeric material with an acid in
a liquid system; and (b) forming a solid membrane from the treated material. For
example, ionic polymer membranes of the invention are made by (a) treating a

nifrogen-containing polymeric material with an acid in a liquid medium comprising a
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In another aspect, the invention provides an ionic polymer composition
useful as a component in perm-selective membranes for recovery of a
permeate and a non- permeate products from a fluid mixture of
compounds, that is an ionic polymer g0 composition comprising repeating
structural units containing one or more nitrogen atoms of which at least a
plurality are represented by A- | where R is a organic unit comprising 2 or

m%Eﬁ\}E%'EbQHda NS ARt A RBIAN e ARy eRLATHPrAMIHER: PIREESS forming a
for %?g |on|c polymer membrane, which 25 process comprises: (a)

tre¥ 5‘58n -containing polymeric material with an acid in a liquid
system; and (b) forming a solid membrane from the treated material. For

example, F8hiEX3BIIhe Fih dHIEREETeS K BiRINAV BARBYS At eRicdid oY) be a selected
trepﬂlygtﬁyiﬂlﬂmgm{ﬁbmmttg pelyndrc weitgrial Witlyethaendhiina liqupdoduced by
&%%*?'&geﬁt fnRRINEnaRd { é@fHQs\{WQaH‘Q W%O%Wﬁ@ommermal

resultl 1g mixture ere formln% a saqlid membrane. For %xam ple, the

nitAEgeH2E0RtatH SHETARSTUIHAG BESH elRR iérhange resins, complexing
powlylabﬁmhmtst smtabI@ rnbliebliapweibd. Fodigutinglevilinareii nitrogens in the
progisest lg.ym%%eaﬁa;@tmﬁwwlsmmlnezanchhﬁsmwgusm aa@lae range of
wide yariely ot commersial ARRNSANONS siEN, SP?O'% Sh & f"icﬁk’é ater, giving
agEMS TR eXBRangR rasins, complexing’ dgents, absorbents, etc
hlgﬂlglﬁfhh%eéppwamﬁ@@ﬁ%ammo nitrogens in the ratio of
primary:secondary:tertiary of about 1:2:1. It is available in a wide range of
molecularireighteofabeeiH00oiotho 000  atlaiminichsanetselabléckl factor in the

walgleaiin galﬂi%@Q BBMH&&V\%@R%@H ?Wﬁ%dﬂg":‘oﬁ'%ﬁﬁﬂéﬁé‘!ﬁiﬁh%ch as the

of the pol,\y/(&jl lenimine ISP actor in t?e in entlontat ou d
R RGN et el T e e
of Simsortlynammasiibeveigiirmbabraal dedibéd e parariabic awittlakout 12,000 to

desitechoGanarliysiadnelessar weight of about 600 to 100,000 is
suitable, with about 12,000 to 15 100,000 usually béing preferred. A film

- of the treaed igply 1Ry IGAUIN Solgk AYANRIETNAN PERIRARI B8N frepared from

solutlon of the ionic_ polymer in water. Thjs solution is usu most eaS|
prefd 9/? Bt BRLABE o R Foatdt BSF BT é %ﬂﬁ Gt brepared by
untgrﬂdeudeslniedoconéethtatmmdomalm@t&ym@as womtinueldruntitd the desired

UNifQRBeABEN PRI NG is continued until a uniform hazy appearing solution
is obtained and, preferably, the solution is then filtered. For best results the
concentration of ionic polymer in the agueous solution depends on the molecular
weight of the ionic polymer. For the higher molecular weights, i.e., about 50,000 to
100,000, a concentration of 0.3 to 2 percent usually gives best results. For lower
molecular weights, i.e., about 600 to 12,000, & concentrétion of about 2 to 6 percent is
usually preferred. '

A film of jonic polymer on a support may be prepared by any conventional
procedure, Examples of such procedures include casting a solution of the ionic
polymer onto the support, dipping or immersing the suppoi't in solution, ete. (The most
practical and useful solvent for the treated polyethylenimine is water).

An ionic polymer membrane of this type also may be made by treating a
polyvinylpyrrolidone and/or copolyvidone with an acid in a liquid system; and (b)
forming a solid membrane from the treated material. In the present invention, for
example polyvinylpyrrolidone is a linear polymer of l-viny1-2~pyrrdli'cioné having an
average molecular weight in a range from several thousand to a few million, typically



20 is obtained and, preferably, the solution is then filtered. For best results
the concentration of ionic polymer in the aqueous solution depends on
the molecular weight of the ionic polymer. For the higher molecular
weights, i.e., about 50,000 to 100,049, a concentration of 0.3 to 2 percent
usually gives best results. For lower -molecular weights, i.e., about 600 to
12,000, a concentration-of about 2 to 6 percent is 25 usually preferred. A

filnfrehiabigpaloter LnaacyINOO0RY be prepriedibynary eom@NiRBALS a chain-
bragadiies SiAMRIRalauh pecaAvien MANIR CAMAGASUWIONALNE 6.4 As

ionic_polymer the support, dipping or immersing the support in

soltifitsatésk@bey e HioR SPTARRAT S RN SORRINY IR th B febised either singly
potyeith plembhiméos (Batef hoBoruglinmieo pdbyrienmeniiracabf Fusctyple Science and
5 al%@ﬁgeggm%pxtmg‘gﬁygm!pyrrolidone and/or copolyvidone

with an acid n a liquid system; and (b) forming a solid membrane from

the treat rial. In the present invention, for exampl .
oy o RO A P Bl e o o
avePREY e liMPRYGINURPES i 2ibe SevBraPMUESHRl &6 shyreng, vinylacetate,

mitafouy pialiyo 1 inéthaorglacest 180800cibabenit iR 00htAcan  polymerize with
CoRRiYHIONRS:R GORAYMAL R SIA: LIS WAN-DXORIANE A uding, but

vinyl acétate, for examplne in a ratio of 6:4. As | ted above, ) -
10 powiwgﬁaéﬂdm@%ﬂ? b RN RRBRETRAT BeeHs P BitHay WRKlgzdr iy inylpyridioe,
conibjietibaz(Bre Vpoiparrpleyptzolid emeinendehdviatetials Resedmtpiperidines. The
Sciﬁﬁﬁﬁeﬁf}ﬂaﬁkgQﬁiﬁ@.ﬁ@?%ﬁﬁ@&%é@%’%’ﬁ%@m@g%iéﬂit@‘lﬂlﬁr polymers with
startin QO;IX@%HC m&te%erélahsnlgglu%%, ut %r%_oollmlted to,Uan% ; | ' i
coBb‘f%el}s of ViRytBYFrofiddne With other &6-m SRR hgiisand alse cou
vingtageaideradatio caRgigas methsr st rabranst itandiondraeiothalicdh Winston

15 polmenaewitlednHpSirodidone: Masy o eentelemeamMaining 992), for example
polg ers ggtgg lés% ipcluding, but 10 not limited to, homopolymers or
copofymers m © from vinylimidazole, vinylpyridine, vinylcarbazole,

vinylcaprqlactam, aminomethacrylates, and vjnylpiperidines. The nitrpgen
may be neUAATFI GRS LRGP BT s PO FEH A I BHek Bigarar polymer

withenipgen-eiatiny epie tempaische (matieatipgvelpkhownigrattingal comprising a

meghadsand alseseue bR GeNSigerad ameanchdategui\SQi8RE and (b) forming a

20 Meng lrang%a}ndeblgr%k/e(gg%[g \é%"ns}étvviigitof 1258 algdioKrfaslcr;n a(l%%_ﬁé membranes of

Sirﬁar%n Nostran elnhofg, ew YorK ( 85%421%? eXamplg eginning ~— "

_at PRRy@YEBIP IR BRE BXJateaEnEy R MebYTISN L b COsprbT naakplyrality of

an tarbepddyengroups, such as a poly(acrylic acid) and/or poly(methacrylic acid) of

suitable molecular weight, with an amine in a liquid medium comprising a solvent; and

(b) removing the solvent from the resulting mixture thereby forming a membrane. (See

25  F. W. Billmeyer, Jr., “Textbook of Polymer Science” 2ed, John Wiley & Sons, (1971),
for example beginning at page 412)

The invention also provides a process for recovery of permeate and non-
permeate products from a fluid mixture of compounds, which process comprises:
contacting a fluid mixture of two or more volatile compounds with a first side of a

30  membrane that contains an ionic polymer of repeating structural units having organic
ionic moieties consisting of nitrogen containing organic cations or anions; maintaining
a suitable differential of a driving force across the membrane from the first side 1o a
permeate side opposite thereto, under which differential of a driving force the
membrane exhibits a permeability for one of the compounds of the fluid mixture, and

35 recovering one or more compounds from the permeate side of the membrane.



membrane, which process comprises: (a) treating a.polymeric material
comprising a plurality of carboxylate groups with an amine in a liquid
system; and (b) forming a 20 solid membrane from the treated material.
For example, ionic polymer membrafies of the invention are made by (a)
treating a polymeric material comprising a plurality of carboxylate groups,
such as a poly(acrylic acid) and/or poly(methacrylic acid) of suitable

melgenian el iihan amping o a diquit medivm, cemprsing iR SOMSRkability of

and (b) r ving the solvent from the resulting mixture thereby forming a
‘ mé’HB?éﬁﬁiTé‘géeiggﬁPW. fhﬁ%ﬂ}@ﬁoﬁﬂdﬁ%’&ﬁo@ﬁ?%ﬁﬁﬁ%er Science"
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Zed, John Wiley & Sons, (1971), for example beginning at page 412) The
invention ARG HAETRIEE 2P ROERYES e qsvRFRPRIMBSIBDARF hEAmPrising ionic
pepaleaier Rtpeisitiamod thadivbstise ofscanmowid somdiahl preeassecovery of a
co iSes. [act id _mixtur t ile.c ..
B e RAPHR onaning
re PESRMEG HRRAYRSu N HRVAT SR g mrr iR bnsiefi S trnggtions involving
nitrogarccantapingdsyganicaratidas opatpomsimeintdingrg diuitdble separate by
differaniiabahe HINg frre.acrasadhe MeiaBs Hﬁiﬁbtheﬁ;éiﬁcﬁﬂ@ e3¢ inciude

PRI Wb HEABAIIEy P oPinE NS BRALLAF . kenes of

flurindistgrebemi@BorEcovering one or more compounds from the
permeate side of the membrane. 12 Particularly useful in these processes
are the méibréihes that iexhdoit@ipdrmeakitityaif ableagtfbhisBaereritdy which are

O”Eu%ﬁl:@ f&f}r?d%k'{ﬁ%sri&foﬂérﬁrfﬁﬂg mbguLe, AP vaNAgaeHHYAPRABIUSWIEY by, for

perm-selective membranes comprising 10nic polymer compositions of the
inBRtRNCiSERBIeY &Y c?tagiﬁ‘?dﬁﬁﬁ%ﬂgé’ r}@%{%@%ﬁ ff“‘g‘%ep@‘%ﬁr@bm are preferred
pemeesteaprociudigumdians therdesitey produtidfratvatagsture bghtainfage area per

OrgaRicwAmPoURds. TRIsITentien is-pautisylateuseldl an@rdsength to withstand
tions,involvin

sepaja anic compounds, in particular.compqunds which

s G S bR Rl R et R ok

distillation alone. Typically, these include organic compounds are

chemically PE AR EsCRIP R EmBe EIeaNE 1o ATRATEE b 1T B dr ference should
carbon bambele Tdhelf remhednlnraire g canitxel essertialty dwarioggoousnd by way of

magerialsihiehhargvepitale for forming into various shapes, and the
membranes may be formed by, for instance, extrusion and can be made

into hollow fiber forms. Theseég @;ﬁa%%f {:rﬁﬂ, ﬁlbrane
configurations because they have the advantages of high surface area per

The invention contemplates ionic polymer compositions that are useful for
penn—selective membrane separations. More particularly, iome polymers of the
invention have a plurality of repeating structural units that inciude organic ionic -

moieties consisting of nitrogen containing anions and/or cations.

‘ Carboxylates useful as antons inchude alkylcarboxylates, for example as acetate,
substituted alkylcarboxylates, for example as lactate, and haloalkylcarboxylates, for
example as trifluoroacetate, and the like. '

Sulfonates useful as anions include alkylsulfonates, for example as mesylate,
haloalkylsulfonates, for example as triflate and nonaflate, and arylsulfonates, for
example as tosylate and mesitylate, and the like.

Sulfonimides useful as anions may be mono- or disubstituted sulfonimides, for
example as methanesulfonimide and bis ethanesulfonimide, optionally halogenated



10

15

20

25

30

15 unit volume, thin walls for high transport rates, and high strength to
withstand substantial pressure differentials across the membrane or fiber
walls. For a more complete understanding of the present invention,
reference should now be made to thg embodiments described in greater
detail below and by way of examples of the invention. 20 GENERAL
DESCRIPTION The invention contemplates ionic polymer compositions

thahais Me&lL! 18 PermisRelecte tﬁ‘ﬁmmﬁgﬁfﬁgﬂﬂﬁxwOﬁﬂrlsulfommldes for

partlcularly, ianic_ poly of the _inyention have lity of repeating
StFRIBTOPY EhRY aﬂ?‘fg&}ﬁ%’%@é‘ﬁ 1alra Feﬁggak%rli ting of nitrogen

containing anions and/or cations. 25 Carboxylates useful as anions
include dbaprrlivnpisiatseiiorscaminms|énsiide abidphasphengiey for example as tort-
alkﬁk@@ﬂ@@gﬂiaﬁe& for exadnple asikaisihoastdaloalisylcarhaayates, foss  3.4-

qﬁ g %&%‘3?&8[} &, ARdibqulike. Sulfonates useful as anions
e alkylsu

|nc onates, for example as mesylate, haloalkylsulfonates, for

example strlflate nona ate aréd ar, rsnléllfo es f ungers{n&[{ olvmeric
tosylate %&’?ﬁe%r?y NS Y R SORGRRh es usefu as anions mayp Y
bes#iorompridisaiseptatey sutfoHInIIaEs fort Hchwdpleraanic ionic moieties containing

m%ﬁag&ee@mk&&decﬁﬁ?H&%ﬁb@rmfuﬁmﬂfnikﬂmomgnwmalmmmg dizolium
Su m [ ex e uo e
Sl ﬁ e %%395511‘%[1 #?éﬂ%?g%%mg{] r%igl%fogglda&lmum salts,

ary?sulfonlml es or” example as enzene

arwvfﬁem@umﬁaéﬁ@h%fé@aagew &3 %.@he‘m&me EAMShEREa s, 1-ethyl-3-
fomextaytiplédasolénts butHphiephohdtetyduicedtylphaispbiimatesclitiride,  1- butyi -3-
S o A A
coPRBP St ShRie JARE e R DR AN Hiehes | Tetisl5-
contgitimifaaisiogen sblevidd frometeylibdpeytimidbazbiiom sditeride,  [-methyl-3-
pya%aeewﬁsﬁe]%eoi%%@h&@aesm;ﬁet%mwhg@d 1&"@%‘%‘1}1&% 2aliide, 1-methyl-3-
pyridinjum, sa ridazin alts imidinium sajts, and pyraz

saft€"® f}ﬁfg’%}gﬁ\c,%f ?Iélﬁr(‘:h corﬁpodnds are% ci%l met€?1byf}m|§azol:£urzrt1lh prndxmum
chibierdds, - HubptyosatRipisd £PontAs cHiodide; h%%m;gldmm bromide, 1-butyl-3-
meﬁeﬂmﬁw@mmh&rﬁm&b@dgﬁ m&hﬁﬂhmﬁeﬂgllm.db{z@mlﬁh?mdlde 1-butyl-3-
1- me(tj‘%{z }L gﬁ%&féu@e{%ﬁ?%d% }g) LH M'H&l}gﬁé@%&am 1-ethyl-3-
chrn met -3- ride

octylimhidazoélium ¢
1_ ;gx E?f/fﬁfﬂazgmmﬁd@hlor d%t rﬁéﬂ.ﬁ;}lglxmidazoimm iodide, 1-ethyl-3-

methyhmxdazohum nitrate, 1-butylpyridinium f{etrafluoroborate, 1-butylpyridinium
bromide, l-butylpyridinium iodide, I-butylpyridimum nitrate, 1-butyl-3-

methylimidazolinm hexafluorophosphate, 1-octyl-3-methyhimidazolium
heﬁaﬂuorophosphate, t-octyl-3-methylimidazolium ~ tetrafiuoroborate,  i-ethyl-3-
methylimidazolium ethylsulfate, 1-butyl-3-methylimidazolium ftriflate, 1-butyl-3-
methylimidazolium acetate, 1-butyl-3-methylimidazolium trifluoroacetate, and 1-butyl-
3-methylimidazolium bis(trifluoromethanesulfonimide).

Ionic polymer compostions are used in accordance with the invention in any
solid perm-selective membrane which under a suitable differential of a driving force
exhibits a permeability and other characteristics suitable for the desired separations.
Suitable membranes may take the form of a homogeneous membrane, a composite
membrane or an asymmetric membrane which, for example may incorporate a gel, a
solid, or a liquid layer. Widely used polymers include silicone and natural rubbers,
cellulose acetate, polysulfones and polyimides.

ki
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15 dodecylimidazolium chloride, 1-methyl-3-hexadecylimidazolium
chloride, 1-methyl-3- octadecylimidazolium chloride, 1-ethylpyridinium
bromide, I-ethylpyridinium chloride, 1-butylpyridinium chloride, and
1-benzylpyridinium bromide, I-butyl-3z methylimidazolium
tetrafluoroborate, 1-butyl-3-methylimidazoliumi iodide, 1-butyl-3-
methylimidazolium nitrate, I-ethyl-3-methylimidazolium tetrafluoroborate,

1-ethyl- %&%&W%@%&%%@H@%ﬂa@éﬁb{k HmRifvisidazolildMyvention are
iodide, %ZI 3 methyl gzollum nitrate bu%% r|d|n|um

tetr 4l Bl:ﬁ)ora‘l)f’e utylp 2 GURpos pa%?q“nrﬂﬁw&ﬁoﬂenﬁlcmpmous

uth® 510
-bmpw;dmmwhtﬁétéhq bmr@qﬁemylmazzcﬁmﬁsmd as an ultra-thin coating.
he@@ﬁk gﬁ@h@ﬁﬂbm@eﬁa@%&mﬂGazséw%rn@patguﬁépm@s%ﬂ%tﬁw perm-
I3 methylimid lium tetrafluorobor J-ethyl
i e TR ST T BB ROireie in wbich the thin, dense
Bty 108 th%e@ﬁw}ma%%omﬁw%r@éﬁat% tenpipAsstistRRiiAtRzofath composite and
trlﬂs@fﬁﬁﬁﬁtatﬁaﬁi’mhﬂ]ebdw k3awathylibrid@zolih® form in which the membranes are

bis{irilyoramehangesulionimidallonie polymer CAmROFHONS, Al é‘%%ql'{{ sheets or

accordance with the ipvention in any solid pérm-selective membrane
W RSP S I e BB SP R 4§ SorekamOERHiR g nient form.

permeability and other characteristics suitable for the desired separations.

Suitable AEmBrEES ARIgetals HOFRHL! o Nty ERENPSFREMPY aifai@ polymer

comanbittierpentiemine o adifyniabisicchentianganhichhiorexamplge inciudes,
- |

?ﬁ‘ W&ﬁi"tﬁﬁ&?ﬁgﬁﬁ N Bl 135 MEEGHS s of the

AhsrBreTiies ﬁf@ﬁwﬁ?%%@%ﬁ%é m@gﬁé@m}@%a@rﬁ%ﬁ@wcﬂ by

of ﬂn&mmentg)mafmgemeﬁaw ot tnwatiypethe Fheofidstiag numposite a sweep stream

MeMAREORTRINgeRBICroporous  support, onto which the
perm-selective layer is deposited as an ultra-thin coating. Composite

EHALR 1%.35 H%ers capillary

wrﬁ%}?fﬁaéﬂlﬁﬁl"‘d’é’ﬁ% Wﬁ#rérag?mﬁaétﬁ%%hme is The choice of the most
pesmtsmleﬁmeﬂaqxer Rathlcomppdsite aariadymmeltamearniranes arest balance a

knﬁﬁ‘fﬂﬂ&@@f@&o%h 1'1513}?55'1qgo%@ﬂ%@@(%%@rs%ﬁﬁéﬁépﬁm the decision |
|nvent|Qn is not critical. The e used, for exampl: #?g}ty ets or

distE, LBHEIPRHRdIRRGERS &aﬁa‘%*&u}agteeﬁ or high-pressure
conyerigon.fqrenmtetdH hei@l rpmgumrmcfpr sepeagatiamoof vaka@xz@t»mp&léhtg control,

by jenit Rl 8F MmN PEIIeRUAN isd diferenial ofcbemic@manutacture.
potential that for example includes, predominately their partial pressure

d'ﬁerenc%%%%ép%lf&%ﬁﬂg 1%%89[1:‘1 g}g%ﬁeq iﬁb?WO basic geometries. One type is

the shell-side feed design, which has been used in hydrogen separation systerns and in

membrar§s 2IS.PLE eferre Whe a rubb ionic pgey er; |s
e TVpSs O D ah LU ONIE R
perm 5 selecét" terial. The second is an asymmetric memb

reverse osmosis systems. In such a module, bundle of fibers is contained in a pressure
vessel. The system is pfessurized from the shell side; permeate passes through the fiber
wall and exits through the open fiber ends. This design is easy to make and allows very
large membrane areas to be contained in an economical system. Because the fiber wall
must support considerabie hydrostatic pressure, the fibers usually have small diameters

“and thick walls, e.g. 100 um to 200 um outer diameter, and typically an inner diameter
of about one-half the outer diameter.

A second type of holiow-fiber module is the bore-side feed type. The fibers in
this type of unit are open at both ends, and the feed fluid is circulated through the bore
of the fibers. To minimize pressure drop inside the fibers, the diameters are usually
larger than those of the fine fibers used in the shell-side feed system and are generally
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membrane. The pressure drop across the ionic polymer membrane can.
be achieved by pressurizing the first zone, by evacuating the second
zone, introducing a sweep stream, 15 or any combination thereof.
Suitable types of membrane modulé%nclude the hollow-fine fibers,
capillary fibers, spiral-wound, plate-and-frame, and tubular types. The
choice of the most suitable membrane module type for a particular

MBS S-HARH AP MUSTTIRIANGE A BEIRREN 0F fa6EES E RedarIRGIRA-filtration,
module detsi n % rzsalénet%% EQat eg&lerninrltoetr%e 9%%E5i°n;?0% t%gslimitation to
sé’@&‘fﬁgc’t%leos’o membrane ma erla'll, suﬁfaﬁ)lﬁfy oF A -pressure

operation, permeate-side pressure drop, concentration polarization fouling
control, GRITABSENRD BP EAEAHRE SRU-OUFRLER 1B kPSS Bunish FOges. The
cdstd ebimanfaster diteldiiowsfive thmenibrasnegiaroddlts areniseddnaiono stagnant
b%@ﬁ%ﬁ%ﬁ?@ﬁr(ﬁﬁ@ewmﬁ @%ﬁﬂ%@ﬁ%&?@cﬁ%@n@%’ﬂ@id’&%& hasiReeth which
used in"hydrogen sgggra?on S tstems arléjign 25 Lﬁgerse oirgn Sis : nificant
syStEmMSIIEIER a OGS BRI 6 Fibers & ontaiied | °§re§§%5ree Signlican
vessekiMatogyprdenigire psabieass fasm dHaaHelpsiteidefme susprasisd particulate
throueth the dbefesakandexits Wigohthpanen fikae endsadlliseARsioRading to
s gasyiomake and llgns, Yen A MIAMOAne A1As IBSRONANEAI, ciea,
an economical system. Because the fiber wall must support considerable

hyRioseatinohraadeke, uh fibdrsFamPRa sislhefa fe tRHAITOZRY $ARGENtration
walidarézeridiOR m tr200ina featefl diametes] snthéyieatipanfidnehdiaméters. This

iO,Sf E%BQH&@%%@MW%&Q@WEefat?@éﬁ%&apﬂd%@ holiowifiber podulge fber

e bore-side feed type. The fihers in this type of unit are open at bot )
erititaghg %ﬁ&%&@ﬂﬁ@@%ﬁ?ﬁ&?&%ﬁ% aﬁ%y'ﬁ?éeﬁsﬁemoﬁ%%gf%%%g&r@ solution
mivehnizgep ressorershbp Ansidettreofiversntheditmdiis desigshally BS:n described,
'arﬁ?reﬂﬁﬁﬁé@%%.oﬁégﬁtﬁmﬁi%ﬁ ysed i f%%'i@ﬁa?f@e&}??ﬁiﬁya}ﬁm, anek9,530-in
are genera made iop, spinning. These so-called capillar, .
B ot At DL aLErBH e SEiE B A —10.469 inthe
medineepRassurengabisgp siie AterieoRErchenglitibn [sEieieatRashig myidy entirety. The
coptatiad it PleredsidedeedMotiviess Thentertksalutionpassesdigrktly very large
across,the active s[urfascl;lﬁggg_ g\fgd(%lgmbrane, and no stagnant 5 dead

is far

mémbrane area Hio . .
spaces are pro?:luceoﬁ rom the case in shell-side feed modules

in which flow channelin gﬁgﬂ% W#{Rgrs, which cause
significant concentratio npr S, are difficult to avoid. Any
suspended particulate matter in the feed solution is easily trapped in

these staghBfelpuaRS REMNCiO™ TS NG Btintg eFtRR ARsHiBFaffRDodiments
Bafffethto kiireiet ithieclesetiflinvdmice: be&idriedExamples should not, how;ver, be

construed as limiting the scope of the novel invention as there are many variations
which may be made thereon without departing from the spirit of the disclosed
invention, as those of skill in the art will recognize.

GENERAL

Perm-selective transport of fluids can occur by various mechanisms involving
molecular scale interactions of the sorption-diffusion type. These can be broadly
classified into three groups.

The sorption-diffusion mechanism considers that some thermally agitated
motions (either in the matrix or by the penstrant provide opportunities for sorbed
penetrants to diffuse from the upstream to the downstream face of a membrane. Like
reverse osmosis, the driving force for gas separation is a chemical potential difference

reiated to the concentration difference imposed between the feed and permeate sides of
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10 but are not widely used. A more common method of minimizing
concentration. polarization is to direct the feed flow normal to the direction

of the hollow fibers. This produces a cross-flow module with relatively

good flow distribution across the fibefg surface. Several membrane

modules may be connected in series, so high feed solution velocities can

be used. A number of variants on this basic design have been described,
15Hermexabipie.U SorRaientMunber s ko 36k hildal nptitentiame @ékiltip Qiiﬁds from a

5 BB R0 0RO SURHEr AL 8l TR ARL NS DA AL BRI pstram

5,470,469 inh thé’ name of Beckman which are incorporate

B T HEAT GRS BT, RESS et e JorBa el mgIaiiar e Concise
hollowy<lbpediaoulliRss ymtheSatitity topaEkiginzerinipfoendnembparia b2 19, Wiley-

'nt&ﬁéﬁ?&{@cmgwlng@ﬁx% hﬁ%%n@bEaH\BéEﬂﬂEﬁ%JR&if%RWMe groups:
examples.will serve é&. lustrate ert in specific eén %:dlments Oft?l%

RN S AT el AR RS RFISGE YeoEdes, v
construeg as I|m|t|ngt1?he scopekm .the novel jnvention as there are many

variations™ ANt ePatia tHEVeol Avit ﬁﬁ&&ﬁ%%?d%%@ﬁﬁ%@aterial
theidipblaseedls2bei wmnmamsﬂnokaasﬁsm&mitmmxwlmte@@gmmter provxdes the

GEMNERALReFssaleclive Jransrpr-ahfluds,ca [BY YRFQUS.

mechanisms involving molecular scale interactions of the

sorption-gjffus n.be.Rroadly classified into three groups.

30 The sor‘ﬁbtlolngﬁusm]nﬁ%f@%ﬁ EﬁConSAders that some thermally

agitated tlons((()e her int mﬁg y the penetrant provide 0
opportunt @WQ 8& PeEhEfta Ué@gf et Bt ARG TRristance, £2 A

dofrsttdam fhlikorikh thernffeahes Bike fidvienses dsnsosisnthedkiving faheeso-called
for;ﬁﬁﬁé&ﬁ@rqiho%scﬁr?@@rﬁ@aﬁﬁf@d‘t@ gin%ﬂ?%%aﬁéﬁi&Qﬁ@ H€ssure normalized

co entratl iffer ce Im gfg bet ween eté_f}e aﬁ&d a meate sides of
16 tHe e me Brane. FoF gas epaﬁitlon RIS cﬁemlcé otential difference
arises from a partial pressure (or fugacity) difference of the permeating

species bebiée HhBepeatatifg nanadétndircelisaineinib ahis messsofikor sagmbrane,
W.idigadihlétumgaMripe 989 the' @Of}mcﬁﬁ@wﬁiﬁpeﬁlmﬁﬁxﬁalmﬂebmpansons of

SC}%Q&%Q é%@%@??ﬁmd whegd- ogﬁh%%%&gﬁg d}W # th%n}g{}%&%%epermeance

New York). Such membranes can be further so oups

POy IRRERESBIATIN- Y ALIEh 2 FRELTROS R aiRe <Hftion § Racbqggmeability
In any cuséuthel gethseabdiganpa fagfa, diverceiesd (Ricine ubiditybraplicient, and a
Maatidlc parameter, D 4, called the diffusion coefficient.

Pa=[8al(Dal @

‘The coefficients in Eq. (2) are themselves complex functions that depend upon
the type and amount of other sorbed penetrants near the permeating penetrant.
Temperature is also an important factor which activates the diffusion jumps and
moderates the thermodynamic interactions between the sorbed penetrants and the

matrix.

Under ideal conditions with a negligibie downstream pressure of both
components, the separation factor for component A vs. B, (Lag, can be equated to the

“ideal membrane selectivity” factored into its mobility and solubility controlled
contributions, viz.,

OsB =Pa/Pp=[Da/Dg] {Sa/Sg] (3)
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simply equals the pressure-and-thickness-normalized flux. This parameter
provides the overall measure of the ease of transporting the gas through
the material. 10 PA = [flux of A] [L]/[A P A] (1) In terms of the above Eq.

(1), the driving force. is A P A and the.resistance, S2 A =L/ PA. Although

the effective skin thickness L is often not known. the so-called
permeance, PA /L can be determined by simply measuring the pressure

2 grrsnaliZ?t%r fiuesefé%ﬁl%\ e [Hi?ﬁl@fz?#l,— t’ﬁﬁé\sf@cfﬂ?r{:itﬁféi?(Fﬁ!&ﬁ@ﬂ&fegﬂ‘é‘ﬂ/ﬂiickness,
nce, the permeability normalizes the effect of the thickness of the .
BT ERE HEERo BrSERS 5t oty St o i gy Comparison of
Fuithstahealdciifpasionsiefiatiaterial properties should be done on the
basis of permeability. rather than permeance. Since permeation involves
a couplingmef shiiptiparanctaiffiissiin Gepsitheaperoisabilitlityseefiiosutt of simple
Eirfx]%%fﬁ%%?@a&%ﬁgﬁé %dﬁtﬁ}\uggi eo?%@@@f%}ﬁ@%ﬂ%‘%ﬂti@s@goaa&ﬁlDA er has been
iC par er, DA,, called the diffusign coefficient. PA = : :
(PTG e RSB TRNEE AP S SSUNDIEN QUGS tagestetane from
depenghiysdamthainivec arfddwmpeandfsbeasoridy putearhdeseidzadtiemore detail
permeatirgmsRe ey, TRTOPRIAEHEANE alsaBaimpRitantia ek MBIGH the base of a
acg%g?tesdtfgeaﬁlféusggg #HR R340 dezg)r m%(%jg r§§e§ attt;?otcprg r[@r%%%‘a mtizci a mixture of
interac |onsqoefvv%ent e sorbe penelﬁants_a?r']dt € matrix. Under ideal™
colditBRsARGHSR &I BIRIAbIRTS AR pEEsTre SPBIRTAITOMEHIIID) of the
thegepataiiorfadinttaneorapdnemiphnsl By adBneambeasendated doshiagple of the
"id ity inteyi ilj LtV o g
cor e e B R 0 O A DR i gpifcnty
1 7o dhga et o @i dbasRing rarE R e Kb BB b rmse saAneRtig (less than 5
thigkness), and eitheaRRIMERPHY {aHaT0h PRENMBANEE] AliNS EANdR Ha@dsooctane
for comparisan of sel%ctivitfi% of diffe er}%nm%taenri Is. Qne of the
pa?él?‘ﬁee f5 gql.vf::%l)nlse &' ratid of Solu iTtry Coetitients A sallrlnple 5
method for determining the solubjlity of one compagnent relative to another

has been/deREIEpEY (HEN B RS PROTRw Biaiie LBy Phcalculated by
toluene vslaiseoctargetfromvemhte apitaiudne inhixfube ebitciuenetdiid:, and the starting

isopgigmeabhe Wethad deseriveddnsmradsiaibin hee@mples batewabsorption
involves casting a uniform film of the polymer at the base of a
selectivity (Qltpluene/isooctane) is defined as the ratio of the absorbed toluene over.the

absorbed 1s00c¢tane. :
-EXAMPLE 1

‘This example demonstrates preparation of a polymer composition from a co-
polymer of polyvinylpyrrolidone and polyvinylacetate (PVP-VAc). The co-polymer
was purchased from Aldrich Chemical Company, Milwaukee, WI 53566 USA (Catalog
Number 19,084-5). The average polymer molecular weight (My) was 50,000 and
consists of a 1/1 wt/wt mixture of vinylpyrrolidone and vinylacetate (1.3/1 molar ratio
of pyrrolidone/acetate). The polymer was dried in a vacuum oven at 40° C for 16 hours.

- A 2.27 g portion of the dried co-polymer and 9.0 g methanol was placed in a 20

mL vial. The vial was capped and shaken for one hour to obtain a clear solution of the

~ co-polymer in methanol. Next, 1.0 mL aliquots of the clear solution were added to
each of four 2 mL tared vials, Open vials were placed on a hot plate at 40° C for 18
hours during which the solvent methanol was allowed to evaporate slowly. A clear
film was formed at the base of the vials and identified as PVP-VAc co-polymer. The
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vial and soaking the film for one or more days at room temperature in a

mixture of 10 toluene and isooctane with known composition. The

refractive index (fD) of the supernatant is determined and compared to

the riD measured on a sample of the, gstarting mixture stored in a blank

vial. If the nD of the supernatant is significantly lower than the i1D of the
starting mixture and there is minimal evaporation (less than 5 percent),
thedlstigshewrdhatdndgossalid fibirhaspbsd tigldenesiptelienttharcimal places to

?%‘%&%Q%@\%@ﬁ%ﬁ%&fﬁﬁﬁﬁve index of toluene is higher than that of
m

isooctane. ounts of toluene and isooctane absorbed by the film can be

calculated by mass balance usingm of the dry film, the

S
solvent-wet film, and the starting | ) %vith the 11Ds of the

supernatant and starting liquid. The absorption selectivity

(atoluenéN¥oSEeamRT iSgatiiet HS theRatorottiie R 61 deHiuspafisooctane
theix2Grahsothe ddgmoptanefi X AN Pb 5 iy ekdopte adnpohstiatesctate (PVP-

PReRAIANIGN, of 3 ROIME 6 IVRGsIioN from a co- polymer of |
polyvinylpyrrolidone and polyvinylacetate (PVP-VAc). The co-polymer

was purchased fr Idrich, Chemical Company, Milwaukee 66

USA (C%a%%%S u‘r}z er: &6%2—5%%3%@?‘;%8%&%% E%h(\)/ﬁgﬁgr grades from
waigrcwineEssodoo drt Sohsid &eaimuﬁmmtmmaé fded tfo each of four
vigyRy salidenezand ivHacelatéi@ds3frepaled ratiGxafnple A. The vials were re-
PEobon elansiptekithe pRDeLan.dried MaRalum Qe ald Urlilied. A
16 hours. A 2.27 g portion of the dried co-polymer and 9. metpha}(_%)}l%as . i‘
p@@@apfﬁda%mmig_(\%&r?%%ﬂ 1%3%{655&*&%%%&%%%&% your vials
olftarapcleHysoligianidfted 30ce/polyhe vinlsethacapddetcghil0aml_then shaken

aliguatsiRitirerciernagiuionmereiaddedde RAAURaldodr 2 Pbateradpdalere. There
Og}en vials vv.egre Elag)ed on aégxc/)t late at 4%0 C gr }8 1tows durin ngi%%lg less than
the SoRFeHEREHREREINES MBS o RIERS S GEMR A GELO AR RS les

forhrad 3t parstrtse Dicheaatevariaders nifidera M\ mpemetentp otyrancrssed and
1&oviadsveverspoled4nTainfende S-hosisoampae &l ©-WHigheddofiindex of a
des%'rtf?e}le '%'? ﬁl%ss%gnp bt%?x & (‘5\{%}9@ O%%%%hv%%%xpélgﬁ%eﬁ %I}}x]e'%ame fime and
example measureslﬁgle non-selective efb‘sorptlon ora t]glue‘ne Isooctane 5

misetire Brbgé tHLpbRIMesfints of olywissl srRcHad Aeviafipn of the refractive index

polyitipyldeatata M Pw ALtk preparpd monosding tat Exanphendoth 8o ckOWLS units.

VIV, OO eReADA 17 9REIARR {PRIHRES GRtRSHRRmental error and not
significantly different., The liquid was carefully removed from the vials and the surface
of the film and intérior vial walls were dabbed briefly with a small piece of absorbent
-paper. The vial was quickly re-weighed to give the “wet weight” of the solid. The
vials were then dried in an oven for 3 hours at 50° C, cooled in air for one hour, and re-
weighed to give the dry weight. The amount of solvent absorbed was determined by the
difference between the wet weight and dry weights. The average amount of solvent
absorbed was 0.02 g liquid/g solid.

EXAMPLE 3

This example demonstrates preparation of an ionic polymer composition from a
co-polymer of polyvinylpyrrolidone and polyvinylacetate (PVP-VAc).

A 3.0 g portion of dried co-polymer and 20 mL methanol was placed in a 20 mL
vial. The mixture was shaken for one hour at room temperature to obtain a clear

solution of the co-polymer in methanol. Next, 0.84 mL of 70% nitric acid (13.0 mmol
HNO3) was added via pipette to the clear solution and the mixture stirred for two hours
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Aldrich) was prepared. About 0.3 g of the liquid mixture was added to
each of four vials containing the PVP-VAc films prepared in Example A.
The vials were re 10 weighed to four decimal places, and the net weight of
liquid added calculated. A measureggamount of the toluene/isooctane
mixture was added to each of the four vials (average g liquid/g solid was
0.357 g/g). The vials were capped tightly and then shaken vigorously for

Or&ﬁtw%ﬂ hastielr $4906h{or AR AW S ANTOWRIRARSIGIUIS JHL WA tared
nQ SI ant changgpg the vial Welghts |réd|c€:@tln that evapogatlori%was

oL T 58 S0 OB PR R TREL LGP IS LA SOIRIE AL ot 70°

werddfi¢asuréehahdufoimtbre avelayéonidbimeanbec-viats 0002 atled and 2 mL

2%@%&&?9%&%%@&%&2% af. é1s§§m9|@1@§c§hg ﬁgﬁﬁiﬁ@éﬂéﬁu "ih"et‘?{ﬁg Were then
via eas a, G sa e an (0)

2PBEeE O?h(\g} :{cha s%a ardagev?atlg(.)t% o the rei’jrhpl’tj}r\l/fjhou %) O%%ai?hglcar pale-

nEUR RIS RIHE SO o RSERSto SRS AT AR RS %s%%tﬁo%ase of the

UmI&iSZQE@@[ﬁbéenfﬁlﬂlﬂgf&Eﬂﬁﬁslm&ﬁaﬁwaﬂrﬂﬁcwa\s wvighifor 3 hours at 50° C,

e%%ﬁg&?{#tgﬂﬁﬁp 51‘?{' ﬂ(ﬂ.’l?t c Pk%[ls 'atl){qu«t:%ﬁ@& tI%?Jéqfﬁ'g gh(ff?oqimg'dry film

removed from the vials and t urface of the film and interior Vial walls
WAL Bty Wisthis Shtienitdd BlestYorbent paper. The vial” was
quickly re-weighed to give the "wet weight" of the solid. The vials were

then dried in an oven for 3 hours atB943vIEbélet in air for one hour, and re

25 weighed to give the dry weight. The amount of solvent absorbed was
determin€tiby:thapHifereocerbetsekrfive yhstwaight Godhdny weigistsictane using

The Ryersomameinipelnalyadmpbseibe drves. 0/Q2/aiDdigpsgliged according to

EXAMPI?E 3 This example demonstrates preparation of an ionic polymer -
co folr from a 30 co- polymer of polyvinylpyrrolidone and
polyvinylacetate (PVP-VAc). A 3.0 portlon of dried co-polymer and 20

mL methamslvaerpraseefifa PO milv (ekiens{isonstitresiesl SABIOR fietsnedded to
hothreat vodsncterimpsra (P BB Olp diise itior wiitie Kxepplmier The average

methany: owﬁﬁ{: %%faéal“ag Pt g@m&'drﬂéfﬁn%m%r Mo%%rw@wed%wed ©

via pI ette to ar solution and the mixture stirred ours 1

ity 3K sih e 6 St Baf i GL 520 BY (BRSNS (216 ASERGEig Indexes of the
adsigehetamtedwit: miaglasd. vitts avetdge web/ At éYhpdr&t6003n@eR0.96° C). The

Va{:éﬁ*%‘ti‘}@ ghet- B'[aﬁely%?ﬁé}pklf 2 12:80nE fRrfaunhons dRfarmha itk vial was

ionic er. Th ethanol was then
adﬁ’gg fvby r% E&I%SO g lﬁ%t\%ﬁi C}ﬁe Fa%é) I:/f:g nee 1 el TACtEVS fnf:ké}(‘j from the
onsmammvéhateaﬁdh@wmmométmgﬁpm pleniayant @b@aﬁﬁd@éad that toluene

palQas preferentially absorbed over isooctane by the ionic polymer of Example 1.

The average amount of liquid absorbed was 0.04 g/g solid. The selectivity ratio

of absorption, Cligluene/isooctanes was calculated as 2.8 +/-0.7 by mass balance.

These examples show that the 10nic polymer formed by addition of nitric acid to
the PVP-VAc co-polymer increased the selectivity for absorbing toluene over
isooctane.

-EXAMPLES 5 -24

Synthesis of suitable organic ionic moieties comprising at least one nitrogen
atom are demonstrated in Examples 5 to 24, inclusive. These organic ionic moieties
according tc the invention include acetates, nitrates and/or sulfonates of 1-ethyl-2-

butylpyrrolidine,  triethylamine, propylamine, 1,5-dimethyl-2-pyrrolidine, 1-



yellow films ofthe ionic polymer, identified as (PVP-VAc)/HNO3 at the

base of the vials. The vials containing the films were dried in a vacuum

oven for 3 hours at 500 C, cooled in air for one hour, capped and

re-weighed to give the weights of the,dry film (close to 0.3 g measured to

four decimal places). 10 EXAMPLE 4 This example demonstrates

selective absorption of toluene over isooctane using a film of the ionic
polywidpyarhigousitisrbipxianive. ) HE s Jrpreptivdibavotiding temEtminieridine, 1-

1. Smadlipeeionsafithe: Midlﬁfvlijiﬂv&ﬂﬁflsﬁ@ﬁﬁ?rﬁpém5§olutlon were
added to 15 three vials containing (PVP-VA NO3 films described in

Exampisaipihé average amount of liquid added was 0.89 g/g solid. The

films of io Q oak i | Ii thr

room temggrglu?e%wqg%gc? ve%d’ z& W%? %}éﬁ ﬁﬁéld?gy and cooled to
S med¥uredicEhgvavetdg ewm@ﬂd%ﬂaﬁlbaﬂzoooz (gbf(&;ﬁ&.qymﬂmeoem by volume)

reflliﬂblﬂ}‘ﬁz\gﬁ%dﬁcﬁdgﬁptMéDbﬂée $E%F§(!)%gi|6'lﬂéﬂ@dlhfbﬁ. Qrﬂi‘stqr@aﬁ?fﬁ@ masngvaporatcd

vial was 20 measu s.1.4 t The average difference in

refracc%\l;e YiREER ﬁo§r§ the ,ES,? A{lng tl’éf %‘f“ﬁzdﬁt’fi@ AHt %%t&ﬁ%ﬁ@ﬁﬁf"bﬂesg

sightfeder-and indicated that toluene was preferentially absorbed over

isooct;gag% Oée ionic polymer of Example 1. The average amount of
liquid was 0.04 g/g solid. The selectivity ratio of absorption,

10atoluene/iggagtsans:, tWﬁﬁ)ﬂ@!ﬁl-ﬂ@t@d 852 Bt/ s Lo REARASERAHANERFDand cooled to
Th g examples s; agt ionic polymer formed by addition of nitric
aci T-fh& ] hoE e vttt the YerdcBRtiAotcaBs GBthyr 25 mL of
tom@ﬁsrd%% f’&ﬂ% WEKAVPRES 5ndzarzsyﬁtﬁés?si5f sTiblaQrnyanryaporated
ionigEeipsiRmEO MBS atTRaHiens RIHASELR AR BreddemeRsaiEdoloress

in L:Txa ples 5 to 24, inclusive. These organic ionic moieties according to

the |ﬁventlon include acetates, nitrates and/or sulfonates of 1-ethyl-2-
15butylpytaligines triethylamine, propylamine, 1,5-dimethyl-2-pyrrolidine, |

20 butylpyrrolidine, tributylamine, 1-(2-hydroxyethyl)pyrrolidine,

1-methylpipenaihef 11 pydroladiyeBepyrovitiiey an @ 2240 y@0Rye) was added in 100 mL

-methyipipéddiied bxanipte hea2ivedl@iInhuYRMINe(328hWasg 3 g of conc. (70

dissavert i 100m) 'ﬁ%%gnv@ag%%%t&%% Qo 3 PANE I0EIMRNAE b The

ice- salt bath. 1 (_:{of conc. (70 percent by volume
£}

O was cvapor ed under vacuum at 80 . The 1,5-Dimethyl-2-pyrrolidinone nifrate

20 product was a clear, coloriess solution,
Example 8 -

0.2 mol of I-butylpyrrolidine (25.9 g) was dissolved in 100 mL Hp0 and

cooled to 0°C 1o negatiﬁe 10°C in Na€l ice-salt béth. 17.3 g of conc, (70 percent by
volume) HNO3 was added drop wise over 2 hr. and stirred for 2 hr. The H2O was

25  evaporated under vacuum at 80°C. The I-butylpyrrolidine nitrate product was a clear,
colorless solution. |

Example 9

0.2 mol of triefhylamine (20.3°g) was dissolved in 100 mL H20 and cooled to

0°C to negative 10°C in a NaCl ice-salt bath. 17.3 g of cone. (70 percent by volume)
30  HNO3 was added drop wise over 2 hr. and stirred for 2 hr. The HoO was evaporated

-under vacuum at 80°C. The triethylammonium nitrate product was a clear, colorless
solution. '

‘Example 10
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HNO3 was added drop wise over 2 hr. and stirred for 2 hr. The H20 was
evaporated under vacuum at 80C. The tributylarnmonium nitrate product

was clear and colorless solution. Example 6 10 0.2 mol of triethylamine

(20.2 g) was dissolved in 100 mL H2( and cooled to 0C to negative 10C

in NaCl ice-salt bath. 12.0g of glacial acetic acid in 25 mL of water was

added drop wise over 2 hr. and stirred for 2 hr. The H20 was evaporated

under vaglidmgato80CicThatriztinglavialomiinadaceitite3dfoducofvaseradd.l g of

Coﬂﬁﬂﬁ%éégﬁtdaéé ExampRd @ &sn% of %e?téi“m@ﬂng PYREHEAINGRRR, mixed and
95% 3 8 Was ad d |n OO mL

20 an led to OC to tive "
10%% L R CHRET salt ath o of conee pee’rrcg% BYVAl g?ﬁ’ﬁ%é ¢ ionic
wéslaldde‘elaaro@w@selw‘@r 2%@% sttredor 2tBmPEREug2Cvas weight of the

evapaialadmsdemveiTbaisiiC protibSaieiyt 2oy rrolidinone nitrate
20 product was a clear, colorless solution. Example 8 0.2 mol of

1-butﬁﬁ§mgﬁ’dide (25.9 g) was dissolved in 100 mL H20 and cooled to

OC to negatjve IOC in.N I ice-salt bath. 17.3 g of cong. (70 percent by
volume) 3¢w8 588@& AR Mis B PR A t?fﬁg ¥atPfe 289 g of
H2Ochlar 2B by apshated addisr vaddi@mrateoa. fﬁi@eﬁmmbwmﬂme mixed and

nitsatee PR UChMas. a'@iﬁ%f&f@'%&@%ﬁ@&ﬁ% BRMPSRS. A80tOf and the ionic
tr|?1h¥gm|ne (2(916 Wad% dlssok ved in fjT]l00 mL WZO a%ﬂooleﬂ)to vgggﬁﬁ of the

neg in a & ice-sift g ot conc percen ¢ by
voltigiylasemoricn \W tﬂ%ﬁ‘ﬂﬁé‘é‘d\’@f@%’i 4hé&-stirred for 2 hr.
The H20 was eyaporated under vacuum at 80C. The triethylammonium
nitrate procPuct was a clear, colorless solution. Example 10 21 61.3 g of

triethylanggi W@&Wﬁﬁrﬂﬁ@ 39 :a&%wali% @?glog el |‘2@r@%c<ﬁt’i?lbromoacet1c
acid \gas adtsgéi tt%eﬁog )fvate%r T{Jhe two sol ons were mixe

stiftéd 182"hbErs Stel s eVUgpSacEAY ﬁ&ér"y/eéguwﬁeg[ §8@edar% NaCl-ice
thebmmRndigiiee & drfeahtindBhe st at PoBPRTRPDETRRTINECTI® WERGRE and the

of {bic liquid was dried under vacuum at room temperature. The weight of the
iriethylammonium tribromoacetate product was about 12 g.

Example 13

334 g of triethylammine was mixed with 150 g of water. 50.0 g of
trifluoromethane salfonic acid was mixed into 40 g of water. The two solutions were
mixed, cooled in NaCl-ice bath and stirred for 2 hours. The water was evaporated
under vacuum at 80°C and the ionic liquid was dried under vacuum at room
temperature. The weight of the triethylammonium trifluoromethane sulfonate product
was about 83 g.

Example 14

354 g of 1,5-dimethyl-2pyrrolidone (95%) was dissolved in 150 g water. 29.3
g of HCI (37% in water) was added drop wise and stirred. Thereafter, 61.8 g of sodium
xylene sulfulfonate (40% 1n water) was added, and the mixture was stirred for 2 hours.
The water was removed under vacuum at 80°C. The resulting mixture had two phases,
a liquid phase and a solid phase which were separated by filtration. The weight of the
liquid was about 78 g, and the weight of the solid was about § g.

Example 15
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5 triethylammonium trifluoroacetate product was about 130 g. Example 11
61.3 g of triethylammine was mixed with 300 g of water. 98.9 g of
trichloroacetic acid was added to 75 g of water. The two solutions were
mixed and stirred for 2 hours. The water was evaporated under vacuum
at 80C, and the ionic 10 liquid was dried under vacuum at room
temperature. The weight of the triethylammonium trichloroacetate product

o ator S e s i g St
o BREORER YHB 0 RSO EASD e eI Gt kb oD wise and
houiised lier Wdtenwad v aptrawst metovedcnda w@0Q ah8ate ibtoveight of the
liquisl WagEiRd AR RGUNROIGRIBHRMPAIZHES. FhRNeigh of the

triethylammonium tribromoacetate product was about 12 g. Example 13
33.4 dsttrigthifammine was mixed with 150 g of water. 50.0 g of 20

trifluoro ane salfonic,acid w, ixed intg.40.g of . . The.t

Calone T SE B N e SR A S ERE, and cooled 1o
Thef W aterogasve VAP Or ated Nabd ereverdu baihat 80C gnaf thado(iié heuhehivias volume)
driEmigadesyacdeimiaip oo desnpeiaturel skheweightief thee HyO was evaporated

triethylammonium trifluoromethane sulfonate product was about 83 g. 25
AT T 0B A 01 vt A G R (5505 PUoatt S oloies
15 eter. 29.3 g of HCI (37% in water) was added drop wise and

stirre Ther&aﬂ_}er, 61.8 g of sodium xylene sulfulfonate (40% in water)
was a H%Ia? nd the mixture was stirred for 2 hours. 30 The water was

removed gindgloVasuwR iRl SRco e resulting MixiuEaRackva PIBses, HyO  and

liquid phase and a solid.ph hi re separated by filtratjon, The _
A B e PR D ARt 12 ot 1 B Eas Cfbgroen by
8 o Ruam eV oy adgast drop RscefYT -2 dirranddibiaise @5 vadhe H20 was
dissalyeshin 1AQig wataln tiifligromethane sionic,acidSAMENNERR Giduct was
50 geHZOéwqﬁ)added rop wise and stirred for 2 hours. The water was

removed under vaccum &t 80C. The weight of the

Example 18 -

0.2 mol of 1-(2-hydroxyethyDpyrrolidine (23.7 g) was dissolved in 100 mL
H20O and cooled to 0°C to negative 10°C in NaCl ice-salt bath. 17.3 g of conc. (70

percent by volume) HNO3 was added drop wise over 2 hr. and stirred for 2 hr. The
HpO was evaporated under vacuum at 80°C. The 1-(2-hydroxyethyl)pyirolidine nitrate

product was clear a brown solution.
Example 19

0.2 mol of I-methylpiperidine (20.0 g) was dissolved in 106 mL: H70 and

cooled to 0°C to negative 10°C in NaCl ice-salt bath. 17.3 g of conc. (70 percent by
volume) HNO3 was added drop wise over 2 hr, and stirred for 2 hr. The Hp0O was

evaporafed under vacuum  at 80°C. The I-methylpiperidine nitrate product was a
clear, yellow solution.

Example 20

0.2 mol of 1-pyrrolidinebutyronitrile (28.5 g) was dissolved in 100 mL H20

and cooled to 0°C to negative 10°C in NaCl ice-salt bath. 17.3 g of conc. (70 percent
by volume) HNO3 was added drop wise over 1 hr. and stirred for 1 hr. The H20 was

evaporated under vacuum at 80°C The 1-pyrrolidinebutyronitrile nitrate product was a
clear, brown solution. )
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1,5-dimethyl-2pyrrolidinone trifluorom ethane sulfonate product was 92.5

g. 5 Example 16 0.2 mot of propylamine (11.8 g) was dissolved in 100 mL

H20 and cooled to OC to negative 10C in a NaCl ice-salt bath. 17.3 g of

cone. (70 percent by volume) HNO34vas added drop wise over 2 hr. and

stirred for 2 hr. The H20 was evaporated under vacuum at 80C. The
propylammonium nitrate product was a clear, colorless 10 solution.
Exampjgdpie 21 mot of 1-ethylpyrrolidine (23.1 g) was dissolved in 100 mL

H20 and cooled to OC to negative 10C in NaCl ice-salt bath. 17.3 g of -

cone. (70perehbyi-hglrnre) HNORWReadied @fp wiseovdishredngd 100 mL
stiffed famd kooldiett 2 wasdgaevaddr dfeis iddr ivaculirbasi 80C3 Bhef konc. (70

E%T%gr%ﬂmg??fﬂig 16, R QAHCE RS, Slegs and yelow R €Ol for 2 hr. The
1 of 1- h

-E>3:E\E}rfnIC le 18 0.2 mo -hydroxyethyl yrrolidineé{/zs(] )was_ . .
SRR SRR P YERTHE S i B IED C {dhedy Yo Ndeiperidine niate
icexaaltibaihs LR 4, dreanao(d@R0 percent by volume) HNO3 was added

drop wise over 2 hr. and stirred for 2 hr. The H20 was evaporated under
vacuukxamaBc2The 1-(2-hydroxyethyl)pyrrolidine nitrate product was

clear a br. solugion. 9 -methvipiperidi 0.0.9)

e crssarot ToB AT EED Tht 78 i Setolged i HEVRILHESS thohocied o
NaCCide-satabath] QL3 Brcbies-(70 (hatben2dyg vorlnsis) OB agubin 25 mL of
addetkdnops wikkeddes 2 viiscamee stirted dad 2thtred Her B20. WHse eldpoeradedaporated
unde(ri%avc%%mnat ?Q&;CThe 1-methylpiperidine nitrate product was a clear,

yel‘llcr)lw Softition. I?xampfe 20 30 0.2 mot of 1-pyrrolidinebutyronitrile (28.5

) wagsgissgived in 100 mL H20 and cooled to OC to negative 10C in

NaCl ice-salt bath. 17.3 g of cone. (70 percent by volume) HNO3 was

added drépAinsd ofBIETIRRE S Eovas HhsTHecH POl A& eVl ransocooled to
U”@@CV@%%E%%Q@QTﬁﬁNﬁEer&ugmeQWVQQWE@OPE[%?&PEQQHQM@%@ 25 mL of
cle%tgr VR §8’&EH%8%@<@%P'§ Bt and stirred for 2 hr. The HoO was ev_aporatcd

‘under vacuum  at 80°C.
Example 24

0.2 mol of I-butylpyrroiidine (254 g) was dissolved in 100 mL HpO and
‘cooled to 0°C to negative 10°C in NaCl ice-sait bath. 12.0g of glacial acetic acid in 25
ml of water was added drop wise over 2 hr. and stirred for 2 hr. The H20 was

evaporated under vacuum at 80°C.

Table I shows the percentage of all dissolved hydrocarbons in product of each
Example 3 to 13 for a mixture with equal weights of toluene (Tol), methylcyclohexane
(mC6), and n-heptane (C7). In addition, the table gives the composition of the
dissolved hydrocarbons (HC) in each product. The weight ratio of product to
hydrocarbon was 1:1. These data demonstrate that the fonic moieties comprising at
least one nitrogen atom in the products of Examples 5 to 24 preferentially dissolve
aromatics over cycloparaffing and olefins, and olefins over paraffins.



0.2 mol of 4-hydroxy-l-methylpiperidine (23.0 g) was dissolved in 100 mL

H20O and cooled to OC to negative 10C in NaCl ice-salt bath. 17.3 g of

conc. (70 percent by volume) HNO3 was added drop wise over 2 hr. and

stirred for 2 hr. The 5 H20 was evapgrated under vacuum at 80C. The

4-hydroxy-I-methylpiperidine nitrate product was a clear, brown solution.

Example 22 0.2 mol of propylamine (11.8 g) was dissolved in 100 mL H20
and cooled to OC to negative I0C in NaCl ice-salt bath. 12.0g of glacial
~ acetic acidapteb AflueiliToiwixathkladuwsartiesp wise over 2 hr. and

S

irred for 2 hr. The H20 w
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hr.
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- 13 forBumistureiititeequal v
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th
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79.0

%gfgguct of EX

Trlbromoacetate

dﬂ'%?ﬁglaﬁﬂﬂ&‘\%w ove
iyl

parafffig—24Tat
ample 5 %HC wt?

3 oG Nitrate 7

te Qgtz()luuulfly |(5r |\§|xeu

b Wt% wit% {to 15 Dissolve

D

12.8

36.6

Trifiluoromethane
Sulfonate

6.9 9.1

84.1

1,5-Dimethy-
2pyrrolidinone
Xylene Sulionate

4.2

237 25.2

511

1,5-Dimethy-
2pyrrolidinone
Trifluoromethane

5.4

Sulfonate

I1.3 14.5

74.2

- HC mixture: n-Heptane, methylcyclohexane and toluene at weight ratio of 1:1:1




Triethylammonium 3.0 9.7 13.4 76.9 Acetate 1,5-Dimethy- 12.0 7.6 12.6
79.9 2pyrrolidinone Nitrate 1-Butylpyrrolidine 7.6 12.4 14.3 73.3 Nitrate
Triethylammonium 4.7 16.8 18.0 651 Nitrate Triethylammonium 9.0 8.9
12.1 79.0 Trifluoroacetate Triethylaggnonium -5.4 28.2 58.9 12.8
Trichloroacetate Triethylammonium 5.4 31.8 31.7 36.6 Tribromoacetate
Triethylammonium 5.169 9.1 84.1 Trifluoromethane Sulfonate

B Iﬁhg 4.2 23.7 25.2 51.1 2pyrrolidinone X lene Sulfonate
1 5-Difiathye!

%béi‘tiiopo’r\/iﬁeéﬂ?’ﬁr?ca?ﬂ%olldlnone Trifluoromethane

Su Tma;tgmnyn%gture - I‘Iq‘pldlle IIIULIIbe)fMMM%HU out III'YC:UZPH at TVUHC=57]
weijght ratio of 1:1:1 525 Table II: Soluhility for Mixed Hy rocarbon lonic
mOfletmn@m@(j,wm:l/b IV HC=25/1 WHC=Stt i-(L I_IyUIU)\yCLI |yl)
rolidimechiiratétde 3.1 8.6 105
% HC 3.1 8.6 10.5
Dissolved
Wi CF ! 167 185 147
wi% O 20.8 16.9 162
wit% m6 180 19.7 174
wt% tol 445 419 517
1-Methyipiperidine
Nitrate
% HC 4.5 9.3 12.7
Dissolved
wite C7 17.1 16.4 13.6
Wi 7 19.8 - 17.8 15.0
wit% mC6 17.5 ‘ 179 16.2
wit% 1ol 453 479 552
[-Pyrrolidinebutyro- nitrile
Nitrate Lo )
% HC 2.6 58 G0
Dissolved
wi% 7 8.6 88 S 52
Wi% C?‘= 43 116 8..0
wt% mC6 11.6 y 11.3 _ 95
wi% tol £4.5 68.3 773
4;Hydroxy-1 - l
methyipiperidine Nitrate L
| % HC 4.5 6.4 6.5
Dissolved :
wt%e C7 21.6 20,0 24.6
Wi% €7 25.1 21.7 _24.§
wt% mCé 22.4 21.7 24.6
wi% tol 31.9 36.5 260

5 HC rﬁixture: n—Heptane, I—Heptene, methy]cyclohexane and toluene at weight ratio of 1:1:1:1

Table H shows the percentage of all dlssolved hydrocarbons in each model ionic
moxety for a mixture with equal weights of toluene methylcyclohexane, 1-heptene and
n-heptane. In addition, the table gives the composition of the dissolved hydrocarbons
in the IL. The weight ratio of a model ionic moiety to hydrocarbon was 5:1, 2.5:1 and
10 - 1:1. The table demonstrates that these model organic ionic moxenes preferentially
dissolve olefins over cycioparafﬁns and paraffins.
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Dissolved wt%C7 16.7 18.5 14.7 wt% C7 20.8 19.9 16.2 wt% mC6 18.0

19.7 17.4 wt%tol 44.5 41.9 51.7 1-Methylpiperidine Nitrate HC 4.5 9.5

12.7 Dissolved wt%C7 17.1 16.4 136 wt%C7 19.8 17.8 15.0 wt% mC6
17.917.916.2 _ wt% tot 45.3 47.9 5§.2 1-Pyrrolidinebutyro- nitrite

Nitrate % HC 2.6 5.8 9.0 Dissolved wt% C7 9.6 8.8 5.2 wt% C7 14.3 11.6

8.0 wt% mC6 11.6 11.3 9.5 wt%tol 64.5 68.3 77.3 4-Hydroxy-l meth 1 i

eridine Nitratdd/pitGodeS 6{416. prddisaoivechtit¥ Girc@bmbiRdh0y246dafitdéd as more

Cadt-hooht! AAP pueCE- ki AikA- 6 WA BL 368480 Wil Gufficient
m#ture: n-Heptane, | -H%%tene, metk;ylcgclohexane and'tollgcglne %t Wexléght .
ratiBFRCY: 271 PP HEWE & BISBTHGE SR TRERIVERPLY affect nlacroscopic
hyeireesiibons i easpeinsdeidomeundonstyyisen. miXiaee Withfeapuahoyedghtmportion
of fglygaiermatiievelohexarebdRERIENE aNdeRpeRianes ibaddiionythe cent or
ta%[e)rg!V%et '%Sn%o@%ééts'%%l?‘ééﬁ%s {Islsgoé\s{geq}gxﬂ}rp&a rlkgocpe%ned as at least 95 percent
of the feedstock by volume. The term "essentially free of" is defined as absolutely
“except that small variations which have no more than a negligible effect on
macroscopic gualities and final outcome are permitted, typically up to about one
percent,



in the IL. The weight ratio of a model ionic moiety to hydrocarbon was 5:1,
2.5:1 and 10 1:1. The table demonstrates that these model organic ionic
moieties preferentially dissolve olefins over cycloparaffins and paraffins.
26 For the purposes of the present gvention, "predominantly” is defined
as more than about fifty percent. "Substantially” is defined as occurring
with sufficient frequency or being present in such proportions as to
measurably affect macroscopic pro %%?é?n associated compound or
system. Where the frequency or propo or such impact is not clear,

su stantlally is {z\ gg d\%ﬁr li)lou& gsggr C‘?;Bh%c;@ﬂ ,:;[h?lmd
i X‘Eﬁ@ SISiNg,f 8‘?@“ %ea Wfferent

as%ir’ﬁcem & Hachn éﬁ%&c ?h%Tdﬁ r;&rré't‘r b b g, =

COﬂ%aPlG yﬁ?_l %e gf C?Bﬂ %C}gg&% ?Ei%]][?ét |?€S a h%ﬁ“ CO Eﬁ ar%
el %ﬁ ‘f’ﬂﬁﬁf %r ’eﬁr? 8’%? o orgl%rc

opp@é%oﬁrer&a ﬁt‘e HicAHORTEH gga?rr igegr d0ree T

meﬂ%@%@a%ﬁ% nfaifs; %tﬁbﬁrdﬁgmﬁ% &T\}i'n gé?ﬂ&roﬁ:n@%o
COTEMRGN G Oof Mitrb YR BaHRSIngISIgRNE Ciidis Ak

mf’d?ﬁé’r"éﬁﬁa%%’%%‘fg@@ 481685 ﬂ%%%@?ﬁ%%fw tﬁrérférd

mﬂfpbr’#fé%cte side opposite thereto, under which differential of a driving force

theamemirane gxaibiis A selestilenermealiitiphioriongiclassiof the least
p1uSMPQUNGS of e fiyid mixsre. QndTeRoVeENa 3 PRIFIAM 20EChad Wing
str&esaeé SfeFapPauRde i seath pRs iomRsReImeats s@&%g&
ate%%resﬂ]e ;ﬁtgrlefl%lﬁ 8 PIOgess Acqarding claim "1 Wherein at least plura |ty

en containing cations have a ring structure of 5 t0 6 mem
corfiprisin PROEAroGEROXOE il frémieiiy 5carf) rrg?d%ﬁ

D1 TSP RRBS AT RRD R Woh bk it BeS RFSHH Boftat Pt &8
con@ﬁé@@r@“ “rgingdotsimegestom and carbon atoms.

4. The process according to claim 1 wherein the at
least a portion of the ionic polymer is derived from
polyvinyvipyrrelidone,

5.  The process according to claim 1 wherein at least a portion
of the 1onic polymer is represented by
| )!:C A"
+ R+

where, K7 A” is an organic ionic moiety consisting of a nitrogen
containing cation K~ and an anion A", and R i a organic group
COMPTISIE 2 Or MOTe carbon atoms,

6. The process according to claim 1 wherein the fluid
mixture comprises aromatic, cycloparaffin and olefin
hydrocarbons, and the membrane exhibits a selective
permeability for aromatic over the cycloparaffin and olefin
hydrocarbons of the fluud mixture.

7. The process according to claim 6 wherein the fluid mixture
comprises olefin, paraffin and cycloparaffin hydrocarbons, and the
membrane exhibits a selective permeability for olefin over paraffin and
cyeloparaffin hydrocarbons of the fluid mixture.



consisting of a single nitrogen atom and carbon atoms. 4. The process
according to claim 1 wherein the at least a portion of the ionic polymer is
derived from polyvinylpyrrolidone. 5. The process according to claim |
wherein at least a portion of the ioniggpolymer is represented by K™ A
where, K+ A- is an organic ionic moiety consisting of a nitrogen
containing cation K and an anion A", and R is a organic group comprising
2 or more carbon atoms. 6. The process according to claim 1 wherein the
fluid mixture comprises aromatic, cycloparaffin and olefin hydrocarbons,
and the membrane exhibits a selective permeability for aromatic over the
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t@b es a east o group con5|st|ng 1
pyrroli |ne triethylamine, propylamlne 1,5-dimethyl-2- pyrrolldlne

1-byitylpyrigliding, tihutyaming -msthyipiperdiggeidd: the membrane

exhibd Oéyﬁé@ﬂ rakding, J-puraliginebubronitile caRddFndrexynbounds
of o€ 13![9&& e 9. The process according to claim 6 wherein the

membrane exhibits a permeability of at least 0.1 Barrer for one of the
compounds of the fluid mixture.



