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WD 2004/ 050590 PCT/ | B2003/ 004966 METHOD OF SEPARATI NG
OLEFINS FROM M XTURES W TH PARAFFINS FI ELD OF THE

wO DOERFISON This i nvention relates to a net hod PET/IB2003/004966

separating or concentrating m xtures of 5 olefins and
paraffins using a selectively perineabl e nmenbrane.
More specifically, it relates to a nethod of using
certain polyimde nenbranes to selectively separate

ol efinic hydrocarbons froma gas or liquid m xture of
ol efinic and paraffinic hydrocarbons such as those

VRGN SHPARAJINGE PBEFINR BN MITORES SVERER ARAENS
OF THE I NVENTION O efins, particularly ethylene and
bropyl ene, ar e | nporgranhy GRaeAvERGdSKOCKS.

Typically they are found rn nature or are produced as

pri mamyiskhRaH6sh fclftes RYIMORUE b sdparatifily ¥t boresntrdtiig mixtures of
contain saturated hydrocarbons and ot her conponent,%ﬁ )
glefios and proafifiasusiog ebeleetiehnreamenrle aemiyane. Moeg spgeifigafy, it

be .separated.f m 5 . lofini
B BNy S LR B BB Iy ot ol
Badrbt@BoraUtorRY gadloskiduid atiktore ofddssniernd preffmicihydrecarbons such

volatilities of the conponents nake thi [OCesS . .
e@@pﬁ@gelww%wqoémzngﬁmw PSS, B%&&ﬁeﬁv@fmﬁusme& and the
g{' tillation colums and energy-intensive processing.
arvelin reports that the fractional distillation of
propyl ene/ propane mxtures is the nost

ener gy-i nt ensi veﬂ@%}kmrmpqﬂgﬁ\g@@mﬁhe Uni t ed

States (Harri Jarve 0 James alr,

Adsor iR, paBailaly ehyRhe BAOPYDeRAS, REORaRtant otfenried feedstocks.
| nd. Eng. em Research 32 (1993) 2201-2207). More .
divpically Bheniges found inseqierie o AEPIpdused 88 BEMAREPTOfRE gbyproducts In

gﬁg%%gﬁ%rcgﬁg\églaﬁﬁﬁgte& RS dEHES %rotﬁé?%oﬁlg)&?%ﬁé.i BERS the raw

arfins’as an alternativ
SleHnk chidbé @sed, tHeyayedly niisebs egparadd Homitbesd infikiuces t
| argely because of the 25 simlar nol ecul ar sizes of

the coRRPRABNISparfiGt b¥eslefill/pirbfin hiktiss ishRtallherfiebsht by
stream conditions are typically close to the )
dintillatioi dopwerescho sonbavglaghtiesf the sqrupenentsnagke thiggrocess costly
menbr ang nust operate I . [ ( .
SRR PSR DI 0t
sdiid. ShiredindbpdreaniBatiten fadtionaldistilieion ofipfopytentipeopane mixtures

urability and stability of separatjo e orn%ﬁce.ff .
OCRATANE EL IR T (Y
James R. Fair, Adsorptive separation of propylene/propane mixtures, Ind. Eng. Chem.
Research 32 (1993) 2201-2207). More energy conserving separation processes are

needed.

Membranes have been considered for the separation of olefins from paraffins as
an alternative to distillation. However, the separation is difficult largely because of the
similar molecular sizes of the components. Another difficulty is that the feed stream
conditions are typically close to the gas/liquid phase boundary of the mixture. Also, the
membrane must operate in a hydrocarbon environment under conditions of high pressure
and temperature. Such harsh conditions tend to adversely affect the durability and

stability of separation performance of many membrane materials. For example, some
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pernmeation rate. A menbrane with sufficiently high
olefin/paraffin selectivity, and sufficient
durability in long-termcontact w th hydrocarbon

$bh BéticiAd SRRV perhiRabledndiEhiaes Abterialsi and Reg bzlu)se loss of
desired. Menbrane materials for separating olefin
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}E%reﬁdiu@e Mﬁtﬁﬂl@e@ﬁﬁblmghlyﬂeﬂfedhl gh selectivity and
durability under industrial process conditions. For

exanplembRWe hitheri alkOfod @éﬁafhtlﬁg Q14T Y RRTr b ¢ IS8 FUNE a mixture of
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od¢fde and smwd@yd@ewbgnWVngeewom » Pt Bersteen b easily or
Vat su
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GeRbayif) fE &irkBiBsy Lﬂidélr atiestasl predess &fndltibnsCh em Eng.
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E. F. %&'eﬁﬁhﬁﬁnﬁveﬁ ﬁﬂ‘oirg’b.nﬁ:e:ﬁﬁ 113 /iRdrgaihio GhdnhBrahfaterials with
§ &

transport, in: eds.), Menbrane
mndmmyleneémomsmlaﬁmtyﬁavmwnm ied. 198 Eeramoto, H.

terlals ofa r|c | racti
RS L, 54 W BdeE B PRI Bkl e
rmp%ﬁéheﬁqda@ﬂ@mbﬁﬁ@s Qmﬁﬁlgrﬁh@idnﬁr@z‘é'm\/@trrzat, U @ldrh ¥ag. Japan 19
separati on 1ger ormance in the | ab, but have been
t

C(|19$6)du ped tFoDs HagleesubA. Mtoney E-F. oXinigslnease, @éafin sapargtion by
I
?ﬂtg% é‘%%lplgg aﬁlgi@ 1§1?121g§]ﬂl %ﬁ%ge%dgg, M8 bﬁaﬂe '}ﬁﬂ (% d Q)’Ia? Nostrand,

flﬂ@w Yidrigt1@d21 sasismatetiaRurdbdiffivdt ta mﬂﬁmﬁtamfoqarmahimﬁestnal
to fabr| cation into stable thin f| | m menbr anes. See

ITAefBbIanRT i uidfaq Likgtedriggnspash pebraiss P bash demPBsiated to have
filo/
VRRAR e R R0y SHERIRRARISHn AORRNEL) B0k, an e

| sxhibiedpletlinirglpérforilaBice iRameironrhlents typjcay of f6ibdgsriainau
et al 997) wherein a silver

tREPPHFRSIOB stic@Mnol y(et hyl ene oxi de) 25 menbrane
exhi bited et hyl ene/ et hane selectivity of greater than

1000. $edidenadymer ¢leaeolytadanblitaied SrapRoTSRGBPEINGS ppReef wQre amenable
bf% f%tllprﬁé/a plgl? gﬁ§ st%gl% ]lt‘ll?l%la blahty ded ﬂl%t?Pl au %nd L.G. Toy, Solid

environne
f}ﬂilj};ﬁwéldedmﬂyme&vbpme ety @nes anwlefin/pavagien separation, J. Membrane

! Sac?gr{c%t ?84y (2001 39 48. Such a membrane is exemplified in U.S. Patent No.
5,670,051 (Pinnau et al, 1997) wherein a silver tetrafluoroborate/poly(ethylene oxide)
membrane exhibited ethylene/ethane selectivity of greater than 1000. However, these
membranes are severely limited by their poor chemical stability in the olefin/paraffin

industrial environment.

Carbon hollow-fiber membranes have shown promise in laboratory tests
(“Propylene/Propane Separation”, Product Information from Carbon Membranes, Ltd.,
Israel), but are vulnerable to degradation caused by condensable organics present in
industrial streams. Moreover, carbon membranes are brittle and difficult to form into

membrane modules of commercial relevance.
2
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(" Propyl ene/ Propane Separation”, Product |nformation
from Carbon Menbranes, Ltd., 30 Israel), but are

woimeseE e t o degradati on caused by condensabP@I/1B2003/004966

organi cs present in industrial streans. Mreover,
carbon nenbranes are brittle and difficult to form
into nmenbrane nodul es of comercial rel evance. 2 WD
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rubbery polyners pically have ol efin/paraffin
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HRaymger Scienkpp38 @@8OPH3AY. Sci ence, 38 (1989)
483-490). Menbranes based on gl assy pol yners have the
pot entMahbfmes based ot ighgsyusafmbitsyhavé tighpotdntib] fof peovidifig nsefully

e oIeBP AR PPV bRGeios Rbne oFe SPGB b e el thhafftn, whih
s spanalhbRoud SAsaRAlNAREAnal ready used in gas

separation have genera hown only nodest

ol ef i araffin selectjvity. Faor |

report Sﬁyrpé{ly@?ﬁs rer‘Lr g%d%y usf)% ‘F/ny%aﬁ 1°F %%ét%@% Ige}éée}ftﬁg?%)év& only
cabddst sfinperifv scléotidits.e Foid:aampld, TioAs reforted Xinit Hilths of

propyl ene/ propane selectivity of 5 or |ess (AKi r%i{),t 0
arrdyssifane gihyligeligosepesiimose petiatg and selbHogsdraceiatg exhibit
RSPILE BobHRRIHR ot 8% UK o ESRE T ads, Permeation of
Parvopinie ol prépfieit, ihbsugheslinlohe pobmpr oredsanes) . iApphigd Rolymer
cellul ose triacet at menbrane for recovering ethyl ene
FS@FHcEH (1882 3'%19@5'( of a pol yethyl ene pl ant.

However, the vent streamthat contained, 96.5% et hyl ene

i s noderaPelept Npohedfe 4 desesitey azwoarss viikisipg ¢ pellulose triacetate
PRHIEALE 3 EEMBRE GBI, 6L 00y BALS L po {BERER B

el bivbvdrgitic paitastigan thacopyined 86 pfogapens &l mededratelyyupgfaded to only

9.1 (l.to and Hwang, 1hid.) H gher selectivity has been
r%%%%nlﬁ@edgﬁrmp?tﬁ Steam gqr rﬁ‘PYCE(ﬁ.g tReI#8Fi9he Sci ence 98

(1995) 287-290, J. Menbrane Science 82 (1993) o

149- 158lembiane filmpiofbekyft-dimethlel 4 ®hendams oxid@)exhibifed pure gas

t}k‘f%pﬁ/’l%t'lev&%p%e selectivity of 9.1 (Tto and Hwang, Ibid.) Higher selectivity has been
reported by Ilinitch et al. (J. Membrane Science 98 (1995) 287-290, J. Membrane
Science 82 (1993) 149-155, and J. Membrane Science 66 (1992) 1-8), but the values at

higher pressure were uncertain and were accompanied by undesirable plasticization of

the membrane by propylene.

Polyimidé membranes have been studied extensively for the separation of gases
and to some degree for the separation of olefins from paraffins. Lee et al. (Kwang-Rae
Lee and Sun-Tak Hwang, Separation of propylene and propane by polyimide hollow-
fiber membrane module, J. Membrane Science 73 (1992) 37-45) disclose a hollow fiber

membrane of a polyimide that exhibited mixed-gas propylene/propane selectivity in the
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25 hi gher pressure were uncertain and were acconpani ed
by undesirable plasticization of the nenbrane by
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extensively for the separation of gases and to sone
degree for the separation of olefins from paraffins.

Lee et al. (Kwang-Rae Lee and Sun- Tak Hwang,
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hol | ow 30 fi ber nenbrane nodul e, J. Menbrane Science
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UPSEUIGRS IO 3py I08Fe/ pr opane sel ectivity of 12;

however, the nenbrane was undesi rabl yU&I asticized by

pr opy | Rehimideshagsl orehd - (hexaldunrpisoniepylisienaldiphthipdic guhydyide
485%@&9&‘ 3 E%O%%lagmnes have.b bsen T ugld E)%P]i?vfde a fav%ralalre.cambmatlon of

101 S0pr opy i dene I'C an

(263AneREmastiiBtand p@bp@ﬂﬂﬂ&@ﬁoﬂh@& gelbetduityt (Nﬁdeztt@n data for dense-

provi de_a favorabl e conbi nation of propyle

perambranes ofie eyt @EI%A;?P@B&%% B@VE%‘@PW%‘S‘? been reported to

gﬁ ? ?E rﬁ%Q 8@3‘?&3% nt a}?{ﬁpﬂ ne/ % %ggé Oﬁé-é?,g% Staudt-Bickel et

red0Olefiefatdffin pavseppritiong a&‘hﬁél&ﬂ:bdz.s‘ed toylhimide membranes, J.
Ssbrennseleore LY a0\ 205 307 Ry dhar Stfstivitydr similer GFDA
mﬁégqgg Ft\é\%{: 1Je3 %%ﬁn%% gljdatéz}% g\)ﬂz ?‘2@9 o8B r(@l‘hﬁﬁ%ﬁ et al); however, it
Se bn!mtl]éaéed thaf mlxedi-gaf gﬁfct@@/&t h%glygszgmeggrﬁgﬁé}g?weﬁ due to
tzlatlol? Fy tlf%espr ?‘E‘f%ﬁk’%ﬁd #at mi xed( gas sel ecti \6/l| 2 y

at hi gh pressure much | owe

2 ot Mo Repe N, die by Thae Hoe S b s g7 so1 33,57

P@% N 982'%1% 64 82 §§7 Qfgél’osé"m@ﬁﬂ)raﬂléf"?asgﬂ gg %p%%}fné%efopolmer derived

dirgn iz - cendbnsties obberzdplemone Pl ¢idivtabmcabprylynaend dianhydride
d(%LIIDVLE)dand a mixture of di(4-aminophenyl)methane and a mixture of toluene diamines

useful for liquid separations.

U.S. Patent Nos. 5,605,627; 5,683,584; and 5,762,798 disclose asymmetric,
microporous membranes based on a polyimide copolymer derived from the co-
condensation of benzophenone-3,3°,4,4’-tetracarboxylic acid dianhydride (BTDA) and a
mixture of di(4-aminophenyl)methane and a mixture of toluene diamines useful for

liquid filtration or dialysis membranes.

U.S. Patent No. 5,635,067 discloses a fluid separation membrane based on blends
of phenylindane-containing polyimide polymers with polyimides derived from the

4
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tol uene diam nes wuseful for liquid separations. 25

U S. Patent Nos. 5,605, 627; 5,683,584; and 5, 762, 798

di scl ose asymmetric, m croporous nenbranes based on a
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benzophenone- 3, 3' 4' -tetracarboxylic ac
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merananesl. 30 U. S Patent No. 5, 635, 067 dlscloses a
fluid separation nenbrane based on bl ends of
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polyi m des derived fromt 4 WD 2004/ 050590
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I
|nvent|gﬁ i's dirécted to a nmenbrane separation process
f or robpaarat m}galmnexohae'ﬁngwrepqa&ngm@m af oreular®: of ol ef i ns
and paraffins conprising: (a) providing a two-sided,
sel ectively perneabl e nenbranegconprgsing a pol ynmer
or copol yner havi ng repeati ng }jn\its f formula (1): d
0

—R;—N_ R, N—
Y
0
@

in which R is a moiety of composition selected from the group of consisting of

formula (A), formula (B), formula (C) and a mixture thereof,
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-RI-N)rR2,)fN- 0 O (l) 20 in which R2 is a noiety of
conposition selected fromthe group of consisting of

wo ocooriob@9q A), formula (B), formula (C) and a nmPEI/IB2603/004966

thereof, Da -b - d- z O(A (B) (C 5 WO 2004/050590
PCT/ 1 B2003/ 004966 Z is a noiety of conposition
sel ected fromthe group consisting of formula (L),

for 'ZJ |139a &Mety Bpédﬂﬂo@,lt{owseﬁﬂt@d Foff e lg%hﬂ dvakistihg offodmla (L),
00 (M ( is a noiety of

(
conﬁ@mltla@ﬁ) i@lln@dil@&) #W%Weéh%%ﬁ ahsi sting of
formula (Q, 5 formula (T), fornmula (S), and a
m xture thereof, OO- OCOCHZO CH3 CH3 (Q (To(S
(b) contactiong one side of the nmenbrane with a f elbd
m xture co ising an ol efi n onpound and a paraff
conpound I)a\ﬂ\ng a number of“carbon atons at Ieast| 10
as great as the olefin conpound, (c) causing the Peed
m xture to Epl ectively perngare through the menbggne
t her eby form ng on the second side of the nenbrane an
ol efi n-enriched perneate

R, is a moiety of composition selected from the group consisting of formula (Q),

formula (T), formula (S), and a mixture thereof,

2 0 oo

Q (T) (S)

(b) contacting one side of the membrane with a feed mixture comprising an
olefin compound and a paraffin compound having a number of carbon atoms at least

as great as the olefin compound,

(c) causing the feed mixture to selectively permeate through the membrane,
thereby forming on the second side of the membrane an olefin-enriched permeate
composition which has a concentration of the olefin compound greater than that of

the feed mixture,

(d) removing from the second side of the membrane the olefin-enriched

permeate composition, and

(¢) withdrawing from the one side of the membrane an olefin-depleted

composition.
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conpound greater than that of the feed m xture, 15
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ol efin-enriched perneate conposition, and (e)

wi t hdrawi ng fromthe one side of the nenbrane an

ol efi n-depl eted conposition. 6 W 2004/ 050590
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sel ectively separating ol efinic hydrocarbons from .

par af Thisiigvemyidn ércdirdstedgo e snatodhofirelentivaii sensratingplefgic
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b Ssponsfia pereyif B eRon PRk 1 BBl Sp S ortain

Bnide PERRE cHpblyMmernd Hhsmds tierdofe Thebblywiengwhich fordnathese
@; B PN T S b

) R2- _yN OO (1) in which is a

snidephaveaaprating pits @e%@l'}’flé@ thefgllowme fgralp Ugi?
consisting of 10 formula (A), fornula (B), formnula
(© and a m xture thereof, )a -b-Z-d §A) (B) (O Zis
a noiety of conposition sel ect e%ro t he group
consi sting of forrrula(L),_fg& a2 , formula (N
and a m xture thereof; and 510 kqg lc~ ~ 11 (L)
(M (N R is anmiety of conpdsitiofp selected from
the group consisting of (formul & (Q,0 15 fornula (T),
formula (S), and a m xture thereoIf,

in which R, is a moiety of composition selected from the group of consisting of

formula (A), formula (B), formula (C) and a mixture thereof,
PO -0~
(A) B) ©)

Z is a moiety of composition selected from the group consisting of formula (L),

formula (M), formula (N) and a mixture thereof; and

' 0
I e
O
PN 77N g
@) M) ™)

R, is a moiety of composition selected from the group consisting of formula (Q),

formula (T), formula (S), and a mixture thereof,
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repeating units as shown in the follow ng formula
(I1): 00 fRINNC OO 5 (Il) 1In this enbodinent,
moiety Rl is of formula (Q in 0-100% of the repeating
units, of formula (T) in 0-100% of the repeating
units, and of formula (S) in a conplenentary anount
totaling 100% of the repegating units. A polyner of
this st re is availaple 10 from HP Pol yner GrrbH

under t is much preferred for

in the “pge€seant invent P84 is believ

repeatlngc nits accordi to formula (I1)

IS fornula3(C» i n about % of the repeating unlts
formula (T) in about 64 % of the repeating units and
fornula(gs i n about 20+~% of the repeating unigg) P84
Is beliréved to be derrved fromthe condensati
reacti on of benzophenone tetracarboxylic 15

di anhydride (BTDA, 100 nole %9 with a m xture of

g’ g E gllp%gﬁgfegclpqli g@g)é%n ate h%@obrnﬂﬁ*e thqicg orms tile @Sﬁ?g‘h"& layer of the
gmémbﬂﬁé Ay I%E@d’tlngllﬁ_{tp BedhohinSia W@faﬂb% ula%ﬁ) mol e

I'n anot her preferred enbodi nent, e pol yi m de
that forms the selective |ayer has reratlng uni ts of

conposi tions sel ected f'on1annng those homn in the
follow ng 20 fornul as (
2004/ 050590 PCT/ I-BROBY, OO

(1)

In this embodiment, moiety R; is of formula (Q) in 0-100% of the repeating units, of

formula (T) in 0-100% of the repeating units, and of formula (S) in a compleméntary
amount totaling 100% of the repeating units. A polymer of this structure is available
from HP Polymer GmbH under the tradename P84 and is much preferred for use in the
present invention. P84 is believed to have repeating units according to formula (II) in
which Ry is formula (Q) in about 16 % of the repeating units, formula (T) in about 64 %
of the repeating units and formula (S) in about 20 % of the repeating units. P84 is
believed to be derived from the condensation reaction of benzophenone tetracarboxylic
dianhydride (BTDA, 100 mole %) with a mixture of 2,4-toluene diisocyanate (2,4-TDI,
64 mole %), 2,6-toluene diisocyanate (2,6-TDI, 16 mole %) and 4,4’-methylene-
bis(phenylisocyanate) (MDI, 20 mole %).

In another preferred embodiment, the polyimide that forms the selective layer has
repeating units of compositions selected from among those shown in the following

formulas (IIla and IIIb):
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RI-NONRLI-NON Clba Op OO 0 ((Illa) (Illb)
The repeating units can be exclusively of fornula

w@ baoka¥oser forrmula (I11b). Preferably, the repPeBIB2gB/004966

units are a mxture of formulas (lIl1l1a) and (I11b). In
t hese enbodi nents, noiety R is a conposition of
formula (Q in about 1-99 % of the repeating units,
and of formula 5 (T) in a conplenentary anount
totalingdOO0 %of the regeating units, and ags in the

range of | t 1- 99-%ofl the total of a and |b.

pre %Ir d %uctureis%ai_ b mNJ(
HP Pol'y may Qb 4 {radename P8 -f'T‘-II

P84-"HT325lli s bel ijgved to lhave repeatingunits a

accordinPto fordlas (41a and I11b) in whi®h the ©
nmoiety Rl is a conposition of formula (Q in about 10
20 % of the repgﬁgj ng units and of fornula (T)Ih)
about 80 % of the repeating units, and in which ais
about 40 % of the total of a and b. P84-HT325 is
believed to be derived fromthe condensation reaction

dFhelrepratipp anisneant kst axgliaiviolyxafi fornulp Qiley ar fogmulagfiba). Ryeferably, the

nol e .% and ronel litikc dia ri 40 le 9 .
iresitisk AR ey oL bR b iy HesiglBgfinchs, moier
F0ds 3.cOmipBsitien 6f fHirinGRAYY MRbisout 2,99~ thed@péming u¥fits, ah8 of formula
In yet another preferred enbodi nent, the selectively

(&) treagereplsBeniaphamaeunt fetalinga i %rd thesspering sinfengf igin the

' b3 {1t he ab ti oned
B Aot RS0 BA R R B B 1 P e T hat a
T rot DarREr FlURRS LIS ab s oAy ool p i Pedyher GmbH under
(tPé J%rﬁdenaﬁﬁWLHTﬁjﬂ Iiu-B3329RMbeneekdab Q4 es rePéatihglinkh HE®rding to
0

ormulas (l1la) and (I11b) and a second pol ynmer _
Haumvlgs dblapag &8b) ingvhieh the naficty darisip aompwtl%on%muléd@ in about
ave...J eater preferen i ven .t 0 .
S P L SAEBEE 8 BghPy Pt BTRE BB s onc
dalwWiigd $is dbouis4cys offlieioet]l bed atdBP P84T TRLS it beliesed anbk derived
pol ymer shoul d constitute about 10-90 wt. %

] 6 of the.
tleprhrthesrondpsation Eaciin girhspZemgnenrdetaasniy yhe ﬁ;ﬂﬁ%Yderldﬂ@TDAa 60
| . | .
R SRR el ep sl ie,
h#isogyahater(®d-TIDI, 80 axoie Pé)uad &, 6-tolueme diisovyatmta (16-TDIH20 mole %).
polyi m des of this invention preferably have a wei ght
aver agg yepheihdrpiefeRedBhbydiinkht) theSelectively permeable portion of the

membrane can be formed of a material comprising a blend of the above mentioned

polymers. For example, it is contemplated that a membrane can be formed from a blend
comprising a first polymer having repeating units of formula (Ila), formula (IIIb) as
defined above, or a mixture of formulas (I1Ia) and (IIIb) and a second polymer having
repeating units of formula (IT) as defined above. Greater preference is given to a
membrane of a blend consisting essentially of the first and second polymers. In such
preferred composition, the second polymer should constitute about 10-90 wt. % of the
total of the first polymer and the second polymer.

The polyimides should be of suitable molecular weight to be film forming and
pliable so as to be capable of being formed into continuous films or membranes. The
polyimides of this invention preferably have a weight average molecular weight within
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WD 2004/ 050590 PCT/1B2003/ 004966 the range of about
20,000 to about 400,000 and nore preferably about

wG0Ms»@® about 300, 000. The pol yner can be POT/mB2103/004966

into filnms or nenbranes by any of the diverse
techni ques known in the art. The polynmers are usually
glassy and rigid, and therefore, nay be used to form

theShiig ¢FabaiE10, 00BN B 400,080 atid suepe prefierabliyiaboutdi0,000 to about
fiber of the 5 pol yner. Such ingle-layer filns

300,060-1 Tha BRlyEd &R heofow@ o B anembynes iy e diverse

f f ] I
E%Hrr% {r{%r‘]i{ﬂ %}ﬁ% tfléJ hé &nﬁ%ﬂ&% aré ﬁ_ﬁfagg %ﬁ}ﬁﬁ{mﬁﬁ, gnd therefore,
angbenisehto fprm raautg‘le: Balyer mhmb&mp af an inosuppentdst Bmeociver of the
conpris hi.n sel ectiv hat . f or ns

SIS HIcE S BT GE Yot RS ?ﬁ%m%lfx foet I&Plétfwldbfé’mﬂ?&%a Iy
ﬁﬁ%ﬁﬁbgz tr @m@ﬁ%iﬂﬁ% fffu'x(bf Eﬁ?ﬁ@maﬂfl‘ b@ﬁlé’aﬁmohﬁfoﬁelﬁ of the feed
ense

sel ectively 10" perneable poly
anxituae tTo bé(ﬂloremoonommaﬂp pEacE e pibe sepazation mgrhilane san compnse a

ey b L Ll B .
ex&iple Za&pasyﬂur@ﬁh@ﬁfémbkdhe awRicB fcsmbﬁgesmﬁ ldBi%@tskmtdf%electwely

menbr ane can be a con‘posnte menbr ane, that is,

nemmahmqkanewdmihxckm naicreapeiioys SHPPOYRYEE Mlyclmsmfi@ﬁ@mto and
t
SAA SR S5y B Bl o TR AR SRR st o

BI018B70hy ERIRY.i des mechani cal strength to the
conposite. A selective layer of another material that

s Sehfsgkéf&wd BEBSBABKE thelrSerPbraSEhnOROXERASIsHE enMane, that is,
the support layer. The "selective layer is primarily

aesmlmn@hwm@mutthvée bepra pﬁtypmllp ififesenti compowifions aMogern

t he p .a Co 03| t.e

wetaeon ar b By S ity R AR b SRR AL g lbort laver 1
Beiklagity pickRIes mEdRhidd @tré‘r@tlﬁfot thy EOIhpUﬁfe iASselksdtiat layer of another
sol ution coated on the upport in separate step

Material that Weqa;ectlmiy rpgmmerabbers neneg @Qﬁxtén%qldo%ﬂ@ssuamﬁ Jpger. The
RS ar e i At 3Rrhr BRI e A S MR SroBBLEL | Popi i), the

upport laﬁélﬁiftsué‘lba c&n@c&'&e Ernbirandsl Inmélé by Ebitioewhstagestilaf or
the invention_may be housed.in any conyenient type. of

3BingmgA hallogni Rt} (ChoKHe selestiyn léyerflﬁ Bgually selutipn aegted e the

S5 ol ARSI A, AR, BERTE AP0 L v
tnye:ml:e(bgrlrc:oyextnusmg :ﬂ l;mﬂltthe mgp?lﬂ nmm:haml ané ﬁlersepzrat:rl% ltaiyi:)rn
LA G ara (. RO Mere) e O aE:  These
can be housed individually |n pressure vessels or

mul t i pihe TeBkirees ofdhe BECHIARBELS BYEEhEY ANV PORY EBFRIGIPS Of
Il%h%tﬂgl ﬁLt. For example, flat-sheet membranes can be stacked in plate-and-frame

modules or wound in spiral-wound modules. Hollow-fiber membranes are typically

potted with a thermoset resin in cylindrical housings. The final membrane separation
unit can comprise one or more membrane modules. These can be housed individually in
pressure vessels or multiple modules can be mounted together in a common housing of

appropriate diameter and length.

In operation, a mixture of one or more olefin compounds and one or more

paraffin compounds is contacted with one side of the membrane. Under a suitable
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30 appropriate dianeter and length. In operation, a
m xture of one or nore ol efin conpounds and one or

woreeog/05¢5a0 af fi n conpounds is contacted w th onRCHIEMEOIN04966

t he menbrane. Under a suitable 10 WD 2004/050590
PCT/ 1 B2003/ 004966 driving force for penneation, such
as inposing a pressure difference between the feed

AACinR & 18 F1EpeEmeffond fuchhe iMPosii @M preséure diffepérice between the feed
conpounds pass to the perneate side at _higher ra

endnemmratepadesiof the emponndle ofefip ﬁ@mﬁawsm@rﬁﬁpferthwér?neate side at
SERE S0 il gy bR SRR B oon . Thatis

hire¢lckabon alefib peinedates-fester thinedtista eabonyberaffini SThis produces an
wi t hdr a) romthe pernepate side of the nenfyrape. The
ISP A 6B L0 VB B G oG TR e B G 0 s etbrane.
e o'}'é'fﬁlt-(fe?ﬁé%cﬁfésidhé, oL s AR fef E P dshBe feRMta8d IR -willl¥awn
novel process can operate under a w de range of
dondilkifestdssidend i s thus adapted to accept a feed

stream supplied fromdiverse sources. If the feed

st r eamhe siofel@ascessl Eart dpetatexidet 8 wile magy ofitorglitions and is thus
sufficientl ' above- at npspheri c pressure and . a

hi gh, : _
ofeniad focacq i st SToam PPl it CRNFBSOUIRE Huihpiegs stream is a gas

IV r j :
S b 3R] RGeS a o
Grdidentiissmaintdiveedf ceemts diermanbrae thedriciogpores edepayataon can be
hi gher pressur.e and/.or a vacuum.can be drawn on .t he
BiSate BSST 24 S oo Shr S 5 O o DHF W i yed Stream can be

dbinptddged t8aGRehdr g?écsﬁfr@ Bh/ot HeaiitinvdaRBef RE%E o Me pkPmeate side of
separation shoul d be a pressure gradi ent across the

esinemhmnefo plovide adequateodrining fordd . Prefadtdy (Heobiving 8a¢e for

Shrion oG aoD GTaFaiB 1S He fnls 8 45 lo sbowt 1.2
Npd e 0of- 18Bd bheiy. Wi || depend on the conposition and on

the pressure and tenperature of the olefin/paraffin

feed sif.eam g)%&:@s Ezﬁleact:gﬁq fedd AT 1B egg?ﬂtgg g%dﬁgﬂé HatdQr the

state, the separation c [ y

be carried
pigidegiate a The statved mzaties will 8ereind ahlthe canmpospimmead ondhé prgssure and

SETBENR 3 B e Y S e P AR i
B (8 \Rparlall6h BRYLSERREPRSL DY thd\FertAimANhedhAnishe Basically, in

vapor phase. This invention'is particularly useful for
pepapearationg qmpontrgs ef the diqniFeet mpstinsrie contagianth the membrane

%ﬁ%&g%& eS\/(%ﬁgrfaEntﬁol{lrgﬁ %heargleemg{a%g,l{ﬁgr%bya §ep%:£z{tfnl§ G component in the
vapor phase.

This invention is particularly useful for separating propylene from
propylene/propane mixtures. Such mixtures are produced as effluent streams of olefin
manufacturing operations, and in various process streams of petrochemical plants, for
example. Thus in a preferred embodiment, the process involves passing a stream
comprising propylene and propane in contact with the feed side of a membrane that is
selectively permeable with respect to propylene and propane. The propylene is
concentrated in the permeate stream and the retentate stream is thus correspondingly
depleted of propylene. The membranes of this invention exhibit unexpectedly high

propylene/propane selectivity which distinguishes them from prior art membranes.
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streans of petrochem cal plants, for exanple. Thus in

w@2mesepr ed enbodi nent, the process invol ves PEEE2003/@4966

stream conprising propyl ene and propane in contact
with the feed side of a nenbrane that is selectively
perneable with respect to propyl ene and propane. The

PLARMHRRE theSm3RbsRBE sMthisaheshtion ekhiBit @ﬁﬂbl@r&&ﬁrﬁlﬁﬁ&&mﬂ long
and the retentate streamis thus correspondln

depddstod dinesf unslenpsridétians wiisee membraageefl e Pripr at 8@@@% sigpificantly
exhlflt unexpectedly hi gh propyl ene/ propane
FEPBEFHYS whi ch di stingui shes themfromprior art

menbr 200 50590 ..PCT/ | B200 04966
Furt h@ﬂﬁ%@@ﬂﬂeﬁ@ éﬁ%?l’&fauf’ﬁupgc"ieﬁﬁfé‘a{“rg%n exhi bi t
stabl e perfor rrance over Ionglf {%erl Qds of tipe un

comastingsms sideat dhemsmbrane &itra toRd mpxtugs copppr ‘gsﬁn compound

53#1(9? h&fa%ﬁ{‘éé pound REMEA RS Pf %ai‘ﬁoﬁ 4BHR 'i?fé%&las $t&PSs the olefin
€ separ 1 on process 1 nc e b contacting oOne

sompowid,t he menbrane with a feed m xture conprising an

ol efin conmpound and a paraffin conpound having a

nunber of carbon atons at |east as great as the olefin

cangaihd fedanixiurg td bededtieely mfrmeaile Ehrm(ghsthb ecibraiey thereby forming

perneate throu égh t he menbr ane, (ﬂ@{l form eatecom}l;]OSItlon

second@ndherrecond sife ohbsmrehrang Ay
per e %\;lﬁc}f:ﬂzgpaoc%%é tioh ()Y\‘ﬁfe‘b*l‘k?\I Ee& @ﬁdnocﬁathf the feed
the ol efin conpoun greater an at o

m Xt umgixturgnovi ng from t he second si de of the merrbr ane
the ol efin-enriche at e Siti
AT e Sl L e BT Hie e PR g pomente

%bgﬁgﬁghgted conposition which 15 has a
con entration of the olefin corrpound | ess than that of

t %’r}{d‘faggng??grrg{ht% ond a8 of EGRLHOAnd $n Bfé n dd h}é?édrc%h%sﬁ%n which

rtain representative
thaeh eoﬁcenmhﬁrrmfﬁhableﬂp&bm@oumi legmothan ﬂm‘soﬁhhd feed mixture.
percentages are by weight unless otherw se indicated.

Al unitisinQéntivai ig RbwanektaADY e am@les Of c@iatatdpyesentative’
obtained in SI units have been converted to Sl units,

Tmbodimentethgress |veeia gll parts propopiens g PeEGTR@SFSAE Y Weeeht
u%;lésg Wh@ﬂm & AARLaR. %gwﬂﬁségte%@ﬁ G04 BRAAE otiginally obtained in SI

er ence er el n.
units have been converted to SI units. The entire disclosures of U.S. Patents named in the

following examples are hereby incorporated by reference herein.

EXAMPLES

Example 1: Propylene/Propane Gas Separation with P84 Membrane

Asymmetric hollow-fiber membrane of P84 was spun from a solution of 32 %
P84, 9.6 % tetramethylenesulfone and 1.6 % acetic anhydride in N-methylpyrrolidinone
(NMP) with methods and equipment as described in US Patent Nos. 5,034,024 and
5,015,270. The nascent filament was extruded at a rate of 180 cm®/hr through a
spinneret with fiber channel dimensions of outer diameter 559 pm and inner diameter
equal to 254 pm at 75°C. A fluid containing 85 % NMP in water was injected into the
bore of the fiber at a rate of 33 cm®/hr. The nascent fiber traveled through an air gap of 5
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Exanpl e 1: Propyl ene/ Propane Gas Separation with P84
Menbrane Asynmmetric holl owfi ber nenbrane of P84 was

W@ paa/0fsem a sol ution of 32 % P84, 9.6 % PCT/IB2003/004966

tetranet hyl enesul fone and 1.6 % acetic anhydride in

N- et hyl pyrrolidinone 25 (NWP) with nmethods and

equi pnent as described in US Patent Nos. 5,034,024 and

20k 3octd Gempdurriatedivalel beugannt bab a4 Clubddhafiber waswound up
of 180 cnB/hr_ through a spinneret with fiber channel

@ weate poTsmGRitout er  di anet er 559 gm and i nner di amet er

equal to 254 mat 75C. Afluid containing 85 % NWP in

wat er Thesvaterjweestitvdr ivas wasted mﬂomelmj@ water at SPYy togremgve residual

ﬁlvsﬁlt?f%rg%ngui?? B0l s e Gitabt 33k B RsAbuR hevane o

éﬂi inMOSNMPALERIISsR UL0]0, 7l4ﬂ"aﬁd a,190/0e8, fohaged Bﬁt/admatmdr@ing at room
and the fi ber was wound %b at a rate of 52

nmmn

m@pmfowé@ rrﬂmﬁesr Meier thaishe 8bes prere g 3td O &t oxe hour.

RO o SR POl S o Blan PhRMpcl 06 58 b Erelh. The

dtber B than@ltileks WabltrBatedPad eat ddfladts indthe 8éharatihgdaybr with a method

4,120,098, followed vacuum dr

SEpia e fhgracthed d@@ﬂh?%&k% Pajgng l}% ﬁ%é(? 4§%eT£% Bheravandhues

gahﬁ& mﬂloa%h&% 9198, 1 25775@5WWC @fongdlﬁl%t i Dow

ormed i nto four test rre rane nodul es o rs

&aching Togporftidngrin 22.4-tranethylpéresnevfas 3@ nnmttesjanddhﬂedﬁed.

defects in the separating layer with a nethod simlar

t 0 t haheehdiutesdese hdagded i pdribeRivinartta ded oZmda pddidlene/propane
e fiber was thus 10 contacted wi.ith a sol utig}; of 2%

M 0:5 n@éq%)ume {rod nug ke Mag Prowieeiin gieBBoy steis _r?@ntrol{ng the
AL BL-OS 0% o Y0 S5 B R v
WS reppliedno obntactftkedutsitie nfﬂmdibprsmmyllthaﬂnpérmemastream was collected at

505 nole %9 . The feed xture was ded, in
pPhstaprestye. chif POmepisglomale vas &ae el blirghugent Gisplacement

'\4/3% B RSBttt ArtietBed ﬂ@\grakeﬁ&eﬁlﬁﬁl%&@att oPter tlTathetwenty times

m xture 15 was supplied to contact thé outside of
tth@pcfmbeuesﬂoamitet Adigretermeast e gls enosghntived sheomsinipesitiod oatthe feed side

at no. The fl t .
FEREPL D1 S Ve B S dORHER PRl BB brane. This was

fdoﬁ@ﬁﬁél ?ﬁfy diiRRAG fhOMERbRANYPErnIHBA biTSiehadke. The composition

greater than twenty times the perneate flowate. This

rodithe peamedte gheasn M@g meaﬁa@d b gaschnproatogiaphy Wmthtariéamfzel@mzaﬂon

loffion, SR prEter P SHIPEAL SR 8o BRopyRE? %%%i 7Y bropane.

i on. of the er neati on, perfor

%ﬁlec g lé[ﬁ)ﬁé)grfppja:ﬁlce of rﬂs mer%grang was expressed Brferms OFpId propylene

permeance and propylene/propane selectivity. The permeance is the flowrate of
propylene across the membrane normalized by the membrane surface area and the
propylene partial pressure difference across the membrane. It is reported in gas
permeation units ("GPU"). One GPU equals 10° cms(at standard temperature and
pressure "STP")/(sec * cm”® * cmHg). The propylene/propane selectivity is the ratio of the
permeance of propylene divided by the permeance of propane. The performance of the

four modules is shown in Table 1.
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of the perneate stream was neasured by gas
chromat ography with a flane ionization detector. The

wa@e@dagsIper neat e conmposi ti on was 92. 2 % pr opyPEnEB2a08404966

7.8 % propane. The performance of the nenbrane was
expressed in terns of propylene perneance and
propyl ene/ propane selectivity. The perneance is the
flowate of 25 propyl ene across the nenbrane
normal i zed by the nenbrane surface area and the
propylene partlal pressure difdier ence across the

1=F H—+s d—ngas pe S
(" GPUG]S’ bfhe E’ﬁg‘eé‘ D PN eng(at TN 2}638@@3%%
tenperature a pressure "STP")/(sec see Vi

propyl ene/ pr opaind sel ectivity is the rati &28f the
per neance of p.9pyl ene divi ded by the pertdance of
propane. The pémf ormance of the 30 four tdHules is
shown in Table13 13 WO 2004/ 050590 PCT/ | B2003/ 004966
Tabl"e" ) PeohyleserPameaance (1) Propyl ene/ Propane GPU
selectivity (1) 1.3 12.0 0.97 12.5 1.4 12.9 1.3
13.1 (1) measured after 24 hours Exanple 2:
Propyl ene/ Propane Gas Separation with P84

%g? ?35_ L rgﬁslgrgerﬂg{?gg{s ﬁ%a%%aéggﬂm@hqu4%@@11—%)6@@5%&1 Ofbrane

he
nv

md

into a
modul e\ agénple oEd@ITitee frﬂanExmmle 1 lvas prdoesdeid laad fovasdnotp a test
treat ed to seal defect n the se aratlgg ¥8 The

o seal defec

rir%b% mpleah excepkatithe TBpy VAP (are ts in the
épfg;rsg&r AR BopyRelefekhidoel wiBS. TG ol HRANEPy IERGpropane

y' was e selectivity of
tsE:Eaiﬁ‘aty whd her AMhoEghaﬂnp Iselediivifytwasdewhi thhn treglgiativigy of the treated

rfﬁ’ﬁ? 81?]%;’&1{8 &Lg% felg??ﬁélg t f agﬁﬁf ﬁj&ﬁics%foﬁbgg Wé‘lip acceptable

gﬁfgﬂﬁﬁﬂc'e ChiBBRAANS c\ﬁfh BQBfHduEJ&easJaQ aS@diiefi: membrane without the
sttreatnment. Exanple 3. Propyl ene/ Propane Gas

Segargxiastireatmnett. P84 Menbr ane Asymetric hol | owfi ber
menbr ane of P84 was prepared as in Exanple 1 with

Example 3: Propylene/Propane Gas Separation with P84 Membrane

Asymmetric hollow-fiber membrane of P84 was prepared as in Example 1 with
the following two changes: (a) the water-bath temperature was lowered to 8°C and (b)
the spinneret temperature was increased to 87°C. The fiber was washed, dried and built
into test modules and tested in permeation of a 50:50 mole % mixed propylene/propane
feed mixture as in Example 1. The propylene permeance was 0.61 GPU and the

propylene/propane selectivity was 15.

Example 4: Durability of P84 Membrane in Propylene/Propane Gas Separation with P84
Membrane
Asymmetric hollow-fiber membrane of P84 similar to the fiber of Example 3 was
tested for duration of 4 days at 90°C with a 50:50 mole % feed mixture of
propylene/propane at 2.8 MPa (400 psig). The test was designed to simulate commercial

operating conditions. Results are shown in Table II. No decline in selectivity was
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the followi ng two changes: (a) the water-bath
tenperature was lowered to 8C and (b) the spinneret

W0 eoppesEbur e was i ncreased to 87C. The fiber weSI/IB2003/004966

washed, dried and built 15 into test nodul es and

tested in perneation of a 50:50 nole % m xed

propyl ene/ propane feed mxture as in Exanple 1. The
PHaRYdde e shght dedieeravahsérved ingrbbylek pdimeance, which stabilized after
propyl ene/ propane sel ectivity was 15. Exanple 4:

the s¢Bo1d 44y. of P84 Menbrane in Propyl ene/ Propane Gas
Separation with P84 Menbrane 20 Asymetric

hol | owfi ber nenmbrane of P84labladli ar to the fiber of

Exanpl e 3" Was— Tesied Tor dpfgkiae of 4 days af 90C

with a 50:50 nol .2 ed m x f p&gﬁ* e
a.t 2|. 8 I\/Pﬁmg400 1\% The giél% t?n degl eﬁ éﬁﬁ%e@
si mul at-e—comrercta gper-attng, Lorrdit "

2004/ 050398YPCT/ L2389 004966
decl i ne %&8Yobsedved>Ph propyl the per meance,
stabi | i zéda¥s t er 2.%@B80second db%y. Table Il ®8&d
Propyl enédapr essdr8e(4Popane Prbpyl ene pernmeabédé Tine
MPa (psig) Selectivity GPU 4 hours 1.7 (250) 13 0.76
Exdawlels: Propi)e/Adpinedtquid Fdad Sedaratiqn2Eih P34 M@ ane3

Ecanplpas iy Spyeneh Praspln s st gt Zatbl o focd mixture

}Ug?%bggﬁéemhén%ég&ﬁe&ﬁré 48 15mRpsthRse QEre@é%ﬂgifl&l & N@B®IPa (400

sing a 50: mole %feed mxture 5 c
psiE) whd eI respactivelyr eeplaps s Seadanixhute irethsdiquidstelendhe permeate
contrglled at 2.8 _MPa (400 DSi nd. 50C .
G et 1 =PachieHe arsnger Bathe R ReBRre pirs 1 fogpgpr phase.
Ho ks typB @ P&GafRRhShe ViR it diidH ((@feedde AREJTD B EMmBrane is usually
pressure, therefore the perneate was in the vapor

hasidered fobe thhidsivingderceforseparation titept of %rp@@mﬁ) pEassup difference
dals fu];eecf i%r:g%g of %{p%% %ellnli]e%tigﬁ nP&r%?nﬂaﬁs&f’ gﬁ“e Yesults of this Example with

permeation under vapor state feed conditions, the simplifying mathematical treatment

O ] gpera 23
shown it HdBFe | Ydecl i ne i Jids 14 VO
bserved. A sg'ﬁght

described in J.G. Wijmans and R.W. Baker, 4 simple predictive treatment of the
permeation process in pervaporation, J. Membrane Science 79 (1993) 101-113) was
applied. Such analysis assumes that the liquid feed evaporates to produce a saturated
vapor phase on the feed side of the membrane and then permeates through the membrane
driven by a partial pressure gradient. This analysis provides a mathematical model that
includes terms for feed-side and permeate-side vapor pressures and permeance and
selectivity comparable to those used in the separation of gaseous state feed mixtures.
The model also contains a term related to the liquid-vapor equilibrium. With the feed
mixture of 50:50 mole % propylene/propane in the liquid state, the membrane produced
a permeate stream of 93% propylene. By application of the model, it was determined
that the propylene permeance was 0.46 GPU and the propylene/propane selectivity was
16. In separate testing with feed mixture of the same composition in the vapor state at
2.8 MPa (400 psig) and 90°C, the propylene permeance was 0.95 GPU and the
propylene/propane selectivity was 13. This shows that the membrane of P84 can be

useful for separation service for liquid propylene/propane.
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considered to be the driving force for separation
instead of the partial pressure difference 10 as used

WO n00gasoser vapor permneation. For conpari son of P€TYEB2003/004966

results of this Exanple with perneation under vapor

state feed conditions, the sinplifying mathematica
treatnment described in J.G Wj)nmns and R W Baker, A
SikERpR B raehAbid/RropauaGaESEpatitioh With PRembadriearf R3A dierisd with
i n pervaporation, J. Menbrane Science 79 (1993)

101- 1¥8%- 5 applied. Such analysis assunes that the
i qui Vv g
0 RN AR BPUEELD S gkt v

PR R&h @solution wdh 6 Uh 8 34Eitisn A3d-HTB15 816 Wyteteanmethylerd sulfone and

ressure gradient. This anal ysis, prqvides a ..
e Vst by drigieiinl NMbAy e ReqcetraloSeredan Espmplecly. Tiefpinning

ge eiﬁ(?l{s%ﬂteaﬁ%%ﬁt QA it SRt A R PR 3B FerMReL was 85°C,

ctivity ‘conparable to those used in the separation
dfe s eaeratatvensiSeEdndithe air gap. wahk) eroddhe fibgowas formed into a

el HeiteS it Topesinsaten o srefilareSpRisgsei0mylg %) feed
RLiRRYL SNB/HXLRRAE The ﬁé}ﬁlehﬂi&‘lg]‘?éﬁf&ﬁﬁﬁ& wAd B9 THDpdP§lene

produced a perneate stream 93% propyl ene. By
apmhéanet arehl lof prapelemopedpang selegiivitsiet er m ned  that the
propyl ene perneance was 0.46 GPU and the
propyl ene/ propane selectivity was 16. |In separate
Bxamiphed7: viPropyleae/Bropand LigeidiffeetliSepsatien withpddembrsmne ofi P84

t he vapor, sta t MPa (400 psig) and 90C, the

pr opyﬁ’g‘?ﬁ]@e‘ggﬂtﬁéﬁﬁrr% 0.95 GPU and the 25

Pr OpY TeRSARIMPSNE 1 BRINA G PR hivd PRAHB0 5 BiESamPRSWAREted with
the nenbrane of P84 can be useful for separation

SOrsdimelef6 fecdimjosiute pf piopyiene/pspepsriEhe fesd iExture was maintained in

04/ 0505 PCT/ 1.B2003/ 004966 : :
SRRy RG PRl QBREPET oo Saple 4, th fecd prossure
R@d 28 RIrEgdo0biiB) ardGhe tEhepdbatiieyWasetOPC C Tho pbidiveatd Wway withdrawn as
menbrane of a 1.1 blend of P84 and P84-HT325 was spun

farapepatshosphenc pressBe.0p P84, 16 % P84- HT325, 9.6 %
tetranmethyl ene sulfone and 5 1.6 % acetic anhydride
i N NMTHeymérhlerape prodsseddesarmictte ovithrd 32k Snpriogylene; Thepropylene

spi nni ng condi ti.ons ,and equi nt _wer i | c

SRR S8 B R BB RIS et B0 £ 98k s
HRIMRS RAbtibensas 18Gismtloft P AdP YT IRScahbrovide Tiseul separation
fiber was forned into a nodule which was tested for

peitinauifl propylens/pponspy ifeede/ pr opane (50: 50 nole % feed
m xture as in Exanple 1. The perneation perfornance

was 1.9 GPU propyl ene 10 perneance and 11.9
fhample e PppylEan®remine Eiquid Foed Separation with a Membrane of P84

blended with P84-HT325

The test in Example 7 (i.e., with membrane of 1:1 blend of P84 and P84-HT325)
was continued for a duration of 100 hours, to assess membrane performance stability
under simulated commercial conditions. Results are shown in Table III. No significant

decline was observed.
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Exanpl e 7: Propyl ene/ Propane Liquid Feed Separation
with a Menbrane of P84 bl ended with P84-HT325 The

woreediososed 1: 1 bl end of P84 and P84- HT325 of EReEmB20038004966

10

15

20

was tested with 50:50 nole % feed m xture of

propyl ene/ propane. The feed m xture was mai ntained in
15 the liquid state by applying the conditions
described in Exanple 5, i.e., the feed pressure was
2.8 MPa (400 psig) and the tenperature was 50C. The
perneate was withdrawn as araaeolr at atnospheric

pr essur e—Fhe—renbrane—producetd—aperteate—wth—93-6%
propyl ene; tThee Pr opy IpesleieAippaRCce Was OgPGO@’@f‘and

t he propyl ropane s ty was 15. 5CTIR{NCE shows
20 t hat thgqﬁgﬁbrane of ggl@gﬁ&b&end of P84 an&PRB4- HT325
can provi de weful separatipgn wth |iqui d.56 GPU

propyl ene/ prgpane feed. Eqagple 8: Propyl eysy Gpppane
Li quid Feed Heparation wi t1§6a Menbr ane of OD@ﬂGPg‘ ended

with P84-HT34g The test inp anple?(l 6
menbr ane }

f .
e R %05’05/%??@#@3}1%?*3%5%8{ o L P PRI ER Membrane
C OnTTEfAItElh deaafilin 611384 fReebl WwasAdast ﬁ&ﬁ%o{;\%oﬁ%@h@nblhg 20 % P84

No significant decline was observed. 16
2 56@9 dilporss died o8 POYA0B6 varawnevey for fpyredays. A sample of the.

ance %%@%g lﬁé%@ﬁgﬁ %eﬂcﬁ% lgr&ﬁ’%‘ﬁgﬁ ¢ e@‘ﬁmﬁl cell

1(341611;Chr6)7u§;ﬁ’g)a fdetinikbur8 005G F0 Cldle %ﬁ)(rﬁpjdbﬁe/@ropane at 2I .8 MPa (400
Propyl ene/ Propa Gas Separation with P84 Dense Film
I\%ﬁﬁ&%rpé?ﬁé“r,& 3od 99 @éﬁ%léeﬁaFF?n Ghe mamebfsmy?ﬁévrem 2cy8m Hg. The feed

fﬂ&WB £ &% lggh % . R ehstird v ot ﬁu‘hfof*tﬂ g 190 Iggggnﬁ%&'té%o that the

rme In a vacuum oven
S(ammoeltmh dnhtbe feed side was constant. The compositions of the feed and permeate

streams were measured by gas chromatography with a flame ionization detector. The
permeate flowrate was determined from the increase in pressure over time in the fixed-

volume permeate chamber of the permeation cell.

The permeation performance of the polymer is characterized by the two
parameters: propylene permeability and propylene/propane permselectivity. The
permeability is the flowrate of propylene across the film normalized by the film surface

area and film thickness and by the propylene partial pressure difference across the film.

Units of permeability are Barrers. One Barrer equals 1071 cm3(STP) « cm/(sec * cm? »

cm Hg). The propylene/propane permselectivity is the ratio of the propylene and
propane permeabilities. The propylene permeability of the P84 film at 90°C and 2.8
MPa (400 psig) was 0.24 Barrers; and the propylene/propane permselectivity was 15.5. .
The permselectivity was in good agreement with the selectivity measured with hollow-

fiber membranes of P84 polymer.
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5 polynmer filmwas tested in a nodified 47-mm
ultrafiltration style perneation cell (MIIlipore),

wa@200ng5@9d eed m xture of 50:50 nol e % propyl ene¢PIB2OEN®4966

at 2.8 MPa (400 prig) pressure and 90C. tenperature.
The perneate pressure was 2-5 nm Hg. The feed
flowate was high enough to ensure | ow conversion of

t Breariigie d 01 Piopyleat/Rephre Sepatdtidh wittea Meoaitpasi dfi KDL bn t he

feed sjde was_constant. The conpositions of the feed

and pePtPABPRA(EH) eans were neasured by gas

chroma ' (100 ' : or D
o TN, 4 o At ) T2
ptobssedisooyamatetands P42, tHielubnedéidecyandtenmndeel : resikgire of

chanber of e . perneation cell, The per 1,Qn . At
eron e e torpRen T i AP B I A i 3144 -bivhenyl
PRIAELS Bic dRInBRN&\BPREA Y RaRkdtEd If}e?lﬂeation with 50:50 mole % mixed
propyl ené/ propane pernsel’ectivity. The 15 perneability

i Bropylend/pronaize Bedht B &4 @A8 psig) ek Keasfin [Example 9. The propylene
? ﬁfirrgi%%%ég’doafﬁge %}y’s tV&%llg I0 prﬂﬁg%ﬁegsﬁ%d&% ?}%&S&%ﬁg?gﬁpg permselectivity was

dbfekepence across the film Units of perneability are
Barrers. One Barrer equals 10-10 cnB(STP) cni(sec
cin2 cm Hg). The propyl ene/ propane pernsel ectivity

| Sofap@rati®d EQarRple 1N P oBfRepiI @B rEpthe REQRANS with a traditional
perneabilities. The propyl ene perneability of the P84
fil m acongoGitimditer iepbravRa (400 psig) was 0.24

rrers;.and the Q ene/ propan L. TS j Vity.was
SIS o Qoo R RS b R O NBERR S L i or 5
Wirhihot(Bemnsigdgtehi N1, Y3 maastyicddMetdnd B hombeddobBénone
menbr anes of P84 polynmer. 17 WD 2004/ 050590
Fetracapaybicdealosiside €Y aisoelne) wape tnsipddn perprespiamever a 72-hour

AL SR e PRI S o

aandl 90°Arag i0 Ex26ipte .. GFhetpakpist edihesent ywaB &b Getamein® Admembrane
2,4-tol uenedij socyanate) and a 1:1 mxture of 5
bR PBRRBFoTie ity gmdar amzaéqdﬂr&aav%%wr@%d This membrane,

di W O i ' . ' i .
T
peIERE i Idh Redults 50thsGestratesshotviriix &dble@Wopy| ene/.pr opane

feed at 2.8 MPa (400 psig) and 90C as in Exanple 9.

The propylene perneability pfpidhe fil mwas 0. 48

Barrers ant re—propyrenefpropanepernsetectivy—we
over 16. 10 TGegpar at ipygyyRiRNPIPads Propylene permeance
Pol ypr opyl epgfRr opane ?g@%%f}gn with a I%yr a@ﬁ)u onal

2 5.5 9.0
24 ' 7.0 4.8
48 \‘ 7.1 4.0
72 7.2 3.8

As apparent from these results, the membrane exhibited low selectivity and lost greater

than 50% of its initial permeance during the test, unlike the membranes of this invention.

Comparative Example 2: Propylene/Propane Separation with a Polyaramid Membrane
Samples of asymmetric hollow-fiber membrane made from a blend of two

aromatic polyamides were tested in permeation of a feed mixture of 50:50 mole %
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conposition fiber nmenbrane Sanpl es of conposite
hol | ow-fi ber nenbrane of Matrim d(r) 5218 a copol yner

W@2003/05059@ni no- (4- am nophenyl ) -1, 1, 3 tri net hyl PCTtE20€3/004966

and 3,3',4,4" -benzophenone tetracarboxylicdi anhydride
(Vantico, Inc.) were tested in perneation over a

72-hour 15 period with a feed mxture of 50:50 nole %
rp’repy/lbﬁm}ﬁbpm a8 NilPa I4(R) ﬂ)@ apd D0°@<isd) Examgled0 THs membrane is

Exampl e 1. The purpase _of the test wa det erm ne
racTHRea i B aterd Y P PR A ty): Cifelfoc s Pl 2 dravw rato

G Cisal egtgﬂﬁjéhteﬂ ggss sepititidn %ﬂ?ﬁ' i ghg@ﬁ%b Qﬁﬁjdrétfbnttﬁ'

Patent 5, 468, 430 ommercil a eparatio
gnefrqm ouxioed vsb;h hyNEAthonk Pr cdRbsupgoxifle.t Kexhibged a

e shown in Tabl able 1V ro

BSaAe Briant 0o GRU ARLE phRy e Barnel b Sy s 0.5, This
%e?fo%n%ce%sﬁeé@ tHarBthat’st tie 13:0\/4:1 ﬁlem%@an%s Eav?iné co goﬁﬁon of formula
apparent fromthese results, nbrane éxhi
| (@ This|resyd wast wleap@tama@eém mpmbrama iof BEadic potygmide has very
i,niti rmeance .duri t he. tes unI th .. .
b e oS ERRE oA o et RS, far Gl 4-83siviy o higher than
Proooyt BEneiRrpere Separation with a Pol yaram d
Menbrane Sanpl es of asymmetric hol |l owfi ber nenbrane

made f£QmahRb&REe Rk WP thedRvARBIREVCoRA! KRBl ES: 1Ylﬁ§t19at1on in the
tested in perneation of a feed m xture of 50:50 nole %

IBeaa0ir20dk4¢ B OBIChiFICE drBRO 08$p@014'96®mstpbﬁljt Ipermsp pbesnebing

s Bt oreh? FoeBiortin? e B B2 ah® o3 e it ip g1 Bertinent art

(1%1311& Be diderstddiBthbi RelouyahsHRMiiBnSindem8difivatiohk MhickPbring about
.3. It is an established gas- se}aar ati on nenbrane

aqmpsta@t@allyrﬁquW@legé@awa@m@rrewlts ang/@r pepdornianegragideemedtp be within
v&l Car E@gﬁl g& Car boglrmnom de. It exhibited a 5
86‘9‘1 r?% 5 gAONIVIRE SRS and a

propyl ene/ propane selectivity of 9.5. This
performance was | ess than that of the novel nenbranes
havi ng conposition of fornula
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(I'). This result was unexpected because the nenbrane
of aromatic polyam de has very high selectivity in

wa@epahashons of other m xtures, for exanpl e a PCT/IB2003/004966

10

15

selectivity of higher than 200 for H2/CH4 at 90C. 10
Al t hough specific forns of the invention have been
selected for illustration in the preceding
desaIViBt i on which is drawn in specific terns for the
pur pose of describing these fornms of the invention
fully and anply for one of average skill in the
per t ilnent Aafidmbrand sephratibd plaeessrfdeseptuatidg th atefwmdramasnixture of
substitutio and npdifications which bring about
RSN DRFAYNTEAWRIANRSt or superior results and/ or

per for C &gﬁgﬁﬁg @mﬁb
spirit n@? ?%rg(,%) oW nsgIH g‘?ﬁ%ﬂ%%& rﬂé%%g% 050%860 rising a
PCT/ pdBpaasitodsigmer Bavihg/Bpedtingunits o feamalsdpar at i on
process for separating an olefin froma m xture of

ol efins and paraffins conprising, (a) providing a
two- si ded, selectively perneable|nenbr ne conprising a
5 polymer or copol yner havin lg ygg\yunits of
formula (1): OO -R-N-rRZMN Th which R2 is
a noi ety of conposition selected fr;ﬁgfhe group of
consisting of formula (A), forn@la (B, fornmula (C
and a m xture thereof, O~z O (A (B) (O 10 Zis a
moi ety of conposition selected fromthe group
consisting of formula (L), formulp (M, formula (N)
and a m xture thereof; and 0 0 11 (L) (M (N

in which R, is a moiety of composition selected from the group of consisting of

formula (A), formula (B), formula (C) and a mixture thereof,
¢ 00~
(A) (B) ©

Z is a moiety of composition selected from the group consisting of formula (L),

formula (M), formula (N) and a mixture thereof; and

(0]
| 1
SN
O - I
L) M) M)

R; is a moiety of composition selected from the group consisting of formula (Q),

formula (T), formula (S), and a mixture thereof,

20



R is a noiety of conposition selected fromthe group
consisting of formula (Q, 15 formula (T), fornula

W@ J)og/05050%0 a m xture thereof, 20 WD 2004/ 05059PCT/1B2003/004966
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15

PCT/ 1 B2003/ 004966 O O CH2 O 41-- CH3 CH3 (Q (T
(S) (b) contacting one side of the nenbrane with a
feed m xture conprising an ol ef m conpound and a
paraffin conpound havi ng a nunber of carbon atons at
least 5 as great as the olefin conpound, (c) causing
the feed mxture to selegtively perneate through the
menbr an

menbr ang ol efi n-enri g perneate conpasjtion
whi ch j

‘0 the olefin_c N
greater thgn that of ~th¥ feed m xture, 1 >

renovi ng from the secondcsj de of the nenbrane the

ol efin-enriched perneate conposition, and (e)
V\Athdra\é{r@g‘fromthe or@%si de of the nenbrane

ol efi n-depl eted conposition. 2. The process of ¢claim
1 in which the repeating units are of forrmula (I11) O
O fRRNNM1 C 1500 (Il) and in which noiety R is

o, o (S R T e
f or nplefin CSthpéihdend IRk R RbAPYurRIRNg a HidhBdriof8@arbB Yeoms at least

of the repeating units.
as great as the olefin compound,

(c) causing the feed mixture to selectively permeate through the membrane,
thereby forming on the second side of the membrane an olefin-enriched permeate
composition which has a concentration of the olefin compound greater than that of

the feed mixture,

(d) removing from the second side of the membrane the olefin-enriched

permeate composition, and

() withdrawing from the one side of the membrane an olefin-depleted

composition.
2. The process of claim 1 in which the repeating units are of formula (II)
0 0]
l
C
0 4 0
y

and in which moiety R; is of formula (Q) in 0-100% of the repeating units, of formula
(T) in 0-100% of the repeating units, and of formula (S) in a complementary amount
totaling 100% of the repeating units.
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21 WO 2004/ 050590 PCT/1B2003/004966 3. The process of

claim2 in which the noiety R is of fornmula (Q in
W@boun3@600 of the repeating units, of formula ¢ay/1B2003/004966

about 64% of the repeating units, and of fornula (9S)

i n about 20% of the repeating units. 5 4. The process

of claim1 in which the repeating units conprise

noi etd.es The prooep @f chaim2 iﬁ@\ﬂ‘ﬁn}tthd nfoietnR ieofoanpla (Q) in about

c i sting of, formJ (II mul a_ (
6ol oF E6 TR BB Ao forpgul %\ZT&u outﬂ‘alé o t{‘%\ﬁf‘g’%“% @it and of
qo@nufa'(*sgﬁ?at{oh{i@%of'@éféﬁé RRitgty R is of formula
I'n about 1-99 %o peatlng units, and of
fornula (T) in a conpl emsntary anount totaling 100 %
of the repeating units, and 10 in which a is in the
range of about 1- 99 %of a + b. 5. The process of
5 clai -4, Thepieress of plaimdiiaehich the sep@ﬁtmgammtﬁlcan@@)se mpieties of

a h ting u S r gl

go%aé) sigt%o feg}ed&r ?J;h{h% égué)a%o%ﬁlgp oﬁt% 1?11 élﬁa u&%&llb) and
Iﬁn)ﬁﬁ&gltheﬂ&)f% of a + b. 6. The process of claim4 in

whi ch the nmenbrane conprises a blend of the 15

pol ymer with a second pol ymar havi ng repeating units

of formulao(ll) o O fR-Mgo N COO (Il) Qand in @
whi chf secohd mer Jn

0- 100% of\/t h eat unitls, of for

0- 100% of ANttt y, and of f

20 conpl engntary a alitng 100% of t he
units. 22 0

(Illa) (11Ib)

in which moiety R; is of formula (Q) in about 1-99 % of the repeating units, and of

formula (T) in a complementary amount totaling 100 % of the repeating units, and
10 in which a is in the range of about 1 —99 % of a + b.

5. The process of claim 4, in which the moiety R; is of formula (Q) in about 20
% of the repeating units and of formula (T) in about 80 % of the repeating units, and in
which a is about 40 % of a + b.

6.  The process of claim 4 in which the membrane comprises a blend of the

15  polymer with a second polymer having repeating units of formula (IT)

0]

(D)

and in which second polymer moiety R; is of formula (Q) in 0-100% of the repeating
units, of formula (T) in 0-100% of the repeating units, and of formula (S) in a

20 complementary amount totaling 100% of the repeating units.
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WO 2004/ 050590 PCT/ 1 B2003/ 004966 7. The process of
claim6 in which the second pol yner constitutes about

wQae090505% . % of the blend of the polyner and PE&EIB2003/004966

second polynmer. 8. The process of claim1l wherein the

feed m xture conprises ethylene and ethane. 5 9. The
process of claim1, wherein the feed m xture conprises

pr opyl enertrRifoceRs openien 6 Hwhithehadcoobsolofettaistitues about 10-90
wherein the feed m xture is in the liquid state. 11.

e Ypridhe blend pf Bieqokymerragd thacsecorsdply®Fihg the step of
executing steps (a)-(d) continuously for a duration

af t e, an TH grb@dss bf ABinA1 wilieihihc eed @B@@icsnptiged dtlidene and
contacts 10 the nenbrane, and in which the nmenbrane
@i t s a perneance for the ol efin conpound and the
perneance at 72 hours of executing steps (a)-(d)

cont ignuougeyrbes@bs clhBR s wRReiHorRS febih niR@Fd _ e@brc?b&ne and
initial time. 12. The process of claim1l in ich the
meoganane provi des a selectivity of the ol efm conpound
relative to the paraffin conpound of at |east 10. 15

13. 1phe PRGRSSsObr Ohidh Mwhirdi i & mtigre TR Hh8 NGuid state.
provi des a perneance of the olefin conmpound of at

Ieaﬁh about 0.4 GPU

The process of élai%r'lsl further comprising the step of executing steps (a)-(d)
continuously for a duration after an initial time at which the feed mixture first contacts
the membrane, and in which the membrane exhibits a permeance for the olefin
compound and the permeance at 72 hours of executing steps (a)-(d) continuously is at

least 60 % of the permeance at the initial time.

12.  The process of claim 1 in which the membrane provides a selectivity of the

olefin compound relative to the paraffin compound of at least 10.

13.  The process of claim 10 in which the membrane provides a permeance of the

olefin compound of at least about 0.4 GPU.
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