METHOD OF SEPARATI NG OLEFI NS FROM M XTURES W TH PARAFFINS FI ELD OF THE

| NVENTI ON This invention relates to a nmethod of separating or concentrating
m xtures of 5 olefins and paraffins using a selectively perneabl e
menbrane. More specifically, it relates to a nethod of using certain
pol yi m de nenbranes to selectively separate ol efinic hydrocarbons froma
gas or liquid mxture of olefinic and paraffinic hydrocarbons such as

t hose generated by petroleumrefining industries, petrochem cal industries,
and the |I|ike. 10 BACKGROUND OF THE I NVENTION O efins, particularly

et hyl ene and propyl ene, are inportant chem cal feedstocks. Typically they
are found in nature or are produced as primary products or byproducts in

m xtures that contain saturated hydrocarbons and ot her conponents. Before
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m xtures. 1 separation of olefin/paraffin mxtures is usually
carried out by distillation. However, the simlar volatilities of the
conponents make this process cHELH ORTHEINMENTAN, requiring expensive
distillation colums and energy-intensjive processing. Jarvelin reports
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Jarvel i anes sorptive separation of propylene/ propane
m xtures, | #dhtesEo @ mdheinf usResesainpoB2nidtaddhbragd o 28i6dtjvelMsperatmaeyic
conserving separation processes are, needed. Menlranes .have been consi dered
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25 simlar %‘gﬁ:@%’ﬁé&a&e{igﬁ‘?e@rﬁféﬁe con%ongnt s.’p,%\not her difficulty is that
the feed sthlemm conditions are typically close to the gas/liquid phase
boundary of the m xture. Also, the nenbrane nust operate in a hydrocarbon
envi ronnment under conditions of high pressure and tenperature. Such harsh

conditigns tend to adversel BAGKGROUNIEOS HHEHINVEWITAON stability of
separation performance of many nmenbrane materials. For e a}lqpl e 50 1
emical feedstocks.

Olefins, particularly ethylene and propylerne, are important ¢
Typically they are found in nature or are produced as primary products or byproducts in
mixtures that contain saturated hydrocarbons and other components. Before the raw

olefins can be used, they usually must be separated from these mixtures.

15 Currently, separation of olefin/paraffin mixtures is usually carried out by
distillation, However, the similar volatilities of the components malke this process costly
and complicated, requiring expensive distillation columns and energy-intensive
processing. Jirvelin reports that the fractional distillation of propylene/propane mixtures
is the most energy-intensive distillation practiced in the United States (Harri Jarvelin and

20  James R. Fair, Adsorptive separation of propylene/propane mixtures, Ind. Eng: Chem.
Research 32 (1993) 2201-2207). More energy conserving separation processes ars

needed.

Membranes have been considered for the separation of olefins from paraffins as
an gliemative to distillation. However, the separation is difficult largely because of the
25  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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contam nants plasticize selectively perneabl e menbrane materials and can
cause loss of selectivity and/or perneation rate. A nenbrane with
sufficiently high olefin/paraffin selectivity, and sufficient durability
in long-termcontact with hydrocarbon streans under high pressure and
tenperature is highly desired. 5 Menbrane materials for separating olefinic
hydr ocarbons froma m xture of olefinic and saturated hydrocarbons have
been reported, but none can be easily or economcally fabricated into

menbranes that offer th [ nmbi nat i f high I | Vi
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15  New York, 1992. Such materials are difficult to fabricate into practical industrial

membranes. Liquid facilitated-transport membranes have been demonstrated to have

—

atiractive separation performance in the lab, but have been difficulf to scale up, and have
exhibited declining performance in environments typical of an industrial

propylene/propane stream.

20 Solid polymer-electrolyte facilitated-transport membranes appear more amenable
to fabrication into stable thin film membranes. See Ingo Pinnan and L.G. Toy, Solid
polymer electrolyte composite membranes for olefin/paraffin separation, J. Membrane
Science, 184 (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)

25  membrane exhibited ethylene/ethane selectivity of greater than 1000. However, these
membranes are severely limifed by their poor chemical stability in the olefin/paraffin

indusirial environment.

Carbon hollow-fiber membranes have shown promise in laboratory tests
(“Propylene/Propane Separation”, Product Information from Carbon Membranes, Lid.,
30 Israel), but are vuluerable 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.
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30 Israel), but are vulnerable to degradati on caused by condensabl e
organics present in industrial streans. Moreover, carbon nenbranes are
brittle and difficult to forminto nmenbrane nodul es of conmercia

rel evance. 2 Menbranes based on rubbery polymers typically have
olefin/paraffin selectivity too |low for an econom cally useful separation.
For exanple, Tanaka et al. report that the single-gas propyl ene/propane
selectivity is only 1.7 for a pol ybut adi ene nenbrane at 50C (K. Tanaka, A
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uncertain and ‘were acconpani ed undesirabl e plasticization of
propylene/propane selectivity of 5 orless (Akua Ito and Sun-Tak Hwang, Permeation of

15  propane and propylene through cellulosic polymer membranes, J. Applied Polymer
Science, 38 (1989) 483-490).

U.S. Patent No. 4,623,704 describes a process utilizing a cellulose triacetate
- membrane for recovering ethylene from the reactor vent of a polyethylene plant.
However, the vent stream that contained 96.5% ethylene is moderately upgraded to only

20  97.9% in the permeate stream for recycle to the reactor.

Membrane films of poly(2,6-dimethyl-1,4-phenylene oxide) exhibited pure gas
propylene/propane selectivity of 9.1 (Ito and Hwang, Ibid.) Higher selectivity has been
reported by Iinitch et al. (J. Membrane Science 98 (1995) 287-290, I. Membrane
Science 82 (1993) 149-155, and J. Membrane Science 66 (1992) 1-8), but the values at

25  Thigher 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 dégree 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-
30  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




t he menbrane by propyl ene. Polyi m de nenbranes have been studi ed
extensively for the separation of gases and to sone degree for the
separation of olefins fromparaffins. Lee et al. (Kwang-Rae Lee and

Sun- Tak Hwang, Separation of propyl ene and propane by pol yi m de hol | ow 30

fi ber nmenbrane nodule, J. Menbrane Science 73 (1992) 37-45) disclose a
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of 6-27. (Cpreahipblgd 1oB} £kharg! 15 al, A efin/paraffin gas separations with
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4, 532, 041, propy %ﬁk@?ﬂéﬁ%%ﬁ@?ﬂ?@@?@@%ﬁ%ﬁﬁ@{- g%?rr;ﬂeatmnlcgﬂéﬁ ggé?nséhd -
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t he co-condensation o enzophenone 3, 3", 4, tétracarboxylic acid
di anhydr i dehave pure gas selectivity for propylene/propane in the range of 6-27. (C. Standt-Bickel et

15  al, Olefin/paraffin gas separations with 6FDA-based polyimide membranes, J.
Membrane Science 170 (2000) 205-214). Higher selectivity for similar 6FDA
polyimides has been reported in U.S. Patent No. 5,749,943 (Shimazu et al); however, it
is anticipated that mixed-gas selectivity at high pressure will be much lower due to

plasticization by the propylene-rich feed gas.

20 U.S. Patent Nos. 4,532,041; 4,571,444 4,606,903; 4,836,927; 5,133,867,
6,180,008; and 6,187,987 disclose membranes based on a polyimide copolymer derived
from the co-condensation of benzophenone 3,3°,4,4’-tetracarboxylic acid dianhydﬁde
(BTDA) and a mixture of di(4-aminophenyl)methane and a mixture of toluene diamines

useful for liquid separations.

25 U.S. Patent Nos. 5,605,627; 5,683,584; and 5,762,798. disclose asymmetric,
microporous membranes based on a polyinide 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.

30 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
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(BTDA) and a m xture of di(4-aninophenyl)nethane and a m xture of toluene
di am nes wuseful for liquid separations. 25 U S. Patent Nos. 5, 605, 627,
5,683,584; and 5,762,798 disclose asymetric, mcroporous nmenbranes based
on a polyimde copol yner derived fromthe co- condensation of
benzophenone-3,3',4,4' -tetracarboxylic acid dianhydri de (BTDA) and a

m xture of di (4-am nophenyl)nmethane and a m xture of toluene diamnes
useful for liquid filtration or dialysis nenbranes. 30 U S. Patent No.

5, 635,067 discloses a fluid separation menbrane base n.hle of .
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SUMMARY OF THE INVENTION
The invention is directed to a membrane separation process for separating an olefin

15  from a mixture of olefins and paraffins comprising:

(a) providing a two-sided, selectively permeable membrane comprising a

polymer or copolymer having repeating units of formula (I):
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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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m 20 in which R2 is a noiety of conposition selected fromthe group of
consisting of formula (A), formula (B), fornula (C) and a m xture thereof,
cc -b-CzZ (A (B (O 5 Zis anoiety of conposition selected fromthe
group consisting of fornmula (L), forrmula (M, formula (N) and a m xture
thereof; and 0 00 (L) (M (N R is a noiety of conposition selected
fromthe group consisting of formula (Q, 5 fornmula (T), formula (S), and a
m xture thereof, OCHZ CH3 CH3 (Q (T) (S) (b) contacting one side of

the menbrane with a feed m xtur.e conprisjn n ol efin, conpaund and.a
paraffin compodné W%eﬁ’gdgoml?ﬂﬁé*?néag‘g%‘f%@gt YHEP ﬁ?nsfsg‘ﬁgf’?y uias&é'r eat as
the olefin CO”E%Hﬂﬂja )7 NIQnli RSnikagdinaist:Unhg to sel ectively perneate
t hrough the ne rane(,Mft ere %I/\nform' nlg on the second side of the nenbrane
an ol efin-enriched perneate conposition which has a concenjration of the
ol efin compound greatep than that of the feed m xture, 15 {d) renoving
fromthe second side of| the nenbrane the ol efin-enriched _pgrneate
conposition, and (e) wcthdraw ng fromtfecone side of the ngnmbrane an

ol ef i n-depl et ed }U\ 0

@y ) N)

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

5 formula (T), formula (S), and a mixture thereof,
2 0 g0
CH,
CH;
Q (D) (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

10 as great as the olefin compound,

(¢) 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,

15 (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.




conposition. 6 DETAILED DESCRI PTION OF THE I NVENTION This invention is
directed to a nethod of selectively separating olefinic hydrocarbons from
paraffini c hydrocarbons using a nmenbrane containing certain polyimnmde

pol yners, copolyners and bl ends thereof. The polyners which formthese 5
pol yi m des have repeating units as shown in the followng formula (1): 0 O
-RI-NyRz ,N1~ 0) in which RR is a noiety of conposition selected fromthe
group of consisting of 10 formula (A), formula (B), fornula (C) and a

m xture thereof, (A (B) (O Zis a noiety of conposition selected from

th i sti f d
mixture Lhereof . and 0 DEALEBIEGREDRGETHINVETOR 1) Froc? o

sel ected fromthe,.g E[ﬁ}éﬁtei(gﬁgﬁih;&%@% ﬁ%gﬁg%ggg%%lbsgl%%@fgggﬁﬁé T), fornula

(S), and a m xture (S In a preferred
enbodi ment  hirko@ebonis fiotepdrhifinid ydoecattioes s@hee tiewdrangyeentagfing pataimenbr ane

has repeat| Ir)]o yili‘lI?l:ié golgglerss[]gggcl)blmgerg ra]r(lad l];lgrluis%ﬁ\érggf. t %%{y?ne% %ich%or?n these

5  polyimides have repeating units as shown in the following formula (I):
IO 0
—Ry —N/]\ R )kN—-
Y

)

in which R; is a moiety of composition selected from the group of consisting of
10 formula (A), formula (B), formula (C) and a mixture thereof,

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 b
0]
PN 7NN (‘)'
) Wy N)

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

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




i fRC 5p O (IlI) Inthis enbodinent, nmoiety Rl is of formula (Q in
0-100% of the repeating units, of fornmula (T) in 0-100% of the repeating
units, and of forrmula (S) in a conplenmentary anount totaling 100% of the
repeating units. A polynmer of this structure is available 10 fromHP
Pol ymer GnrbH under the tradename P84 and is nuch preferred for use in the
present invention. P84 is believed to have repeating units according to
formula (11) in which Rl is fornula (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 fromthe
condensati on reacti on of benzophenone tetracarboxylic 15 di anhydri de (BTDA,
100 nole % with a pixture of 2,4-tloluene diisocyanate (2,4-TDI, 64 nole
%, 2,6-toluene di ‘
bi s(phenyl i socyanad
the polyimde that f}
conpositions sel ect gdiz;f rom anong thHose shown in the %6 >
(Il1la and 111b): 8 00 O 4R-NC &b RI-NONa p OO O (llia) (11Th)
The repeating units can be exclusively of fornmula (lIlla) or forrmula (111Db).
Preferably, the ré&Peating units @je a mixture of formul d8)(Illa) and :
(I'1'I'b). In these enbodinents, nmoiety R is a conposition of formula (Q in
about 1-99 % of the repeating units, and of formula 5 (T) in a
conpl enmentary anmount totaling 100 % of the repeating units, and a is in the
In a preferred embodiment the polyimide that forms the selective layer of the

membrane has repeating units as shown in the following formula (II):

- @@ g

(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
10 = 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
15  dianhydride (BTDA, 100 mole %) with a mixture of 2,4-toluene diisocyanate (2,4-TD],
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

20  formulas (Illa and IITb):




range of about 1- 99 %of the total of a and b. A preferred polyner of this
structure is avail able from HP Pol yner GrbH under the tradenane P84- HT325.
P84- HT325 is believed to have repeating units according to formulas (Illa
and I11b) in which the noiety R is a conposition of fornula (Q in about
10 20 % of the repeating units and of fornmula (T) in 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 of
benzophenone tetracarboxylic dianhydride (BTDA, 60 nole % and

pyronel litic dianhydride (PMDA, 40 Ie %9 with 2,4-tol uene disocyanate

(2,4-TDI, 80 le %y and 2, 6-tol ueng djisocyanate (2,6-9Dl, pDle %9 . 15

In yet anot her |pref nmbo iR tthe sel ectively pe et orlti on of

the nmenbrane—¢&8mNBe f d of at &rral conpri siry—a b @ e above
For"e ils,

mentioned pol yners. cont enpl atied t hgt "a Mpr ane can be
formed from a bIendc)conpriging a forst polyner having g g units of
formula (lIl1la), fornula (11Ib) as defined above, or a m xture of formnulas
(I'f1ra) and (1I1b) and a second pol ynmer having 20 repeati nits of formula
(I'l') as defined above. G dHisr preference is given to a a%% rane of a

bl end consisting essentially of the first and second pol yners. In such
preferred conposition, the second pol yner should constitute about 10-90 w.

% of the t . g i M des
shoul d be oﬁgh?p%é%lﬁé&ln%lcgzﬁ:hfg}?&%e@%mgﬁlg%@?@%&g&%wn a)ﬁdﬂgl%g%?’(’i){% l e
SO0 as to bergepdi eniBfardgintguicastachilat @Hent iU fhete@nibrdimenbd acies. The
polyim des of this inyvention preferably have a vweight average | ecul ar

wei ght wi t hiRn is @cqmpositigngd fepmula(Q)in a0y doq ¥ AibrAePRALOHES, rgwla
preferabky t ° (I : dinto
films orgme rgﬁecséﬁwggg?\lgﬂg?% ﬁ%ttgfa@% gg@@t%ﬁgﬁ%%gh%g%ﬁ%\%\%ﬁd ltgﬁyﬁgrt. The
pol yner s ar eangs wfbbout §l-a36% ofiek tolal)pfla armhiel t herefore, rmay be used to form
a single-layer nmenbrane of an unsupported filmor fiber of the 5 pol yner.
Such singl e-1 ayen prefeffed pbEmitd bNMbid strucRee ishivailkablofyiRIPely v Gehtd! tivder
accept abl e transnenbrane flux of the g[eferenti ally perneabl e conponent of

the feed nibettadenanePittigee BRLHORLE & hoficprdiotirradepeating unap apeprdiag to
menbrane c AR IR (1% 2 11Tb) in which the moiety R is a composition of formula (Q) in about

10 20 % of the repeating units and of formula (T) in about 80 %o of the repeating units, and
in which a is about 40 % of the total of a and b. P84-HT?325 is believed to be derived
from the condensation reaction of benzophenone tetracarboxylic dianhydride (BTDA, 60
mole %) and pyromellitic dianhydride (PMDA, 40 mole %) with 2,4-toluene
diisocyanate (2,4-TDI, 80 mole %) and 2,6-toluene diisocyanate (2,6-TDIL, 20 mole %).

15 In yet another preferred embodimeﬁt, the selectively 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 (I1la), formula (IITb) as
defined above, or a mixture of formulas (Illa} and (IItb) and a second polymer having

20  repeating units of formula (I) as defined above. Greater preference is givento 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 poljfmer.

The polyimides should be of suitable molecular weight to be film forming and
.25 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
| o _




very thin selective layer that fornms part of a thicker structure. This
structure may be, for exanple, an asymmetric nmenbrane, which conprises a
thin, dense skin of selectively 10 perneabl e polyner and a thicker

m cro- porous support layer which is adjacent to and integrated with the
skin. Such nmenbranes are described, for exanple, in U S. Pat. No.
5,015,270 to Ekiner. In a preferred enbodi nent, the nenbrane can be a
conposite nenbrane, that is, a nenbrane having nmultiple |ayers of

compr e o Psrore ot aonanon reary AOEHT arat eEperer Ry IR SR UGS as
mechani cal s 6Pt Thel R IJG 6 BB Rstided inté\ bR BChbMBrahdyBy alf ofAROERSKe

material that 'is selectively perneable, is placed coextensi Velté on the
support | ay&chniquss kngwhde thevaet. | Ty eolinserpare narally\glassy pehs gid) endrtberefone

separation properties.. Typi.call the. su rt | aver osite
menbr ane i s&ﬁﬁgg “’Ef‘g?e‘gcﬁ?lmv gﬁlﬂg]fééef H&“ﬁ’fﬂﬁp%&nwgﬁ?‘gﬁ@é?gb%&%% fiber.
Then thes sep@Ginicy eSulch¥Rigld-RystSiaislave S@hidlly b tBRR G dicticdierchlipport in a
separate step. Alternatively, hollowfiber conposite nmenbranes can be nade
by co- ext r usiceptable tispsrhembrans fhwpof the prefeentially aeemeahle erapnonget aighe Bydr

si mul t aneous). y as scribed in.U. S t 5.0 | ner... The
rerbr anes oFHHE (I ETEIE CooRSPi RS e sBfpan abite bl il
separati on it thin belectRéadel that fdrak pahe€h thitirb sttutsrec dhisherustuaciey be, for

pl at e-and-frame_ nodul es or wound in_spiral-wound._ nodul es, Iiﬁowfi ber
menbr anes af¥emRH a8 AP YmelEGrRERbrane, hich qoBIDHSSeR thins depse SMF CIACHY

housi n The f.i | ' ' re
rormor and motlarisebie hpfFREP i AP A Hrock Bipol R R SRR a0 P o,
mul ti pl e noghtdgeged aith ke g rdet magebimsrard desedisdnforexnople] ndJ.8f Pat3¥o.
appropriate_dianeter_and | ength. In operation, a mxture of one or nore

ol efin conp?)Qh?jgﬂthEl‘Bﬁ%- or nore paraffin conmpounds is contacted with one
side of the nmenbrane. Under a suitable 10 driving force for perneatjon,
such as i nposi nglne pefssred embainteat, sheomenbrane e e cqrapesite mrmbyastnt 8, si des

f th nmb ) he ol efin.. A j hi gh
Cate Chan hEORErP rrReE BRI R B b RRGpRRLE, Boleet . Mrhar

i's, a 15 composite membranes typically comprise a porous and non-selective support layer. It

primarily provides mechanical strength to the composite. A selective layer of another
material that is selectively permeable, is placed coextensively on the support layer. The
selective layer is primarily responsible for the separation properties. Typically, the
support layer of such a composite membrane is made by solution-casting a film or

20  spinning a hollow fiber. Then the selective layer is usually solution coated on the
support in a separate step. Alternatively, hollow-fiber composite membranes can be
made by co-extrusion of both the support material and the separating layer
simultaneously as described in U. S. Patent No. 5,085,676 to Ekiner.

The membranes of the invention may be housed in any convenient type of
25  separation unit. 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 membranc modules. These can be housed individually in
pressure vessels or multiple modules can be mounted together in a common housing of

30  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

10




three carbon olefin pernmeates faster than a three carbon paraffin. This
produces an 5 ol efin-enriched streamwhich is withdrawn fromthe perneate
side of the nmenbrane. The ol efin-depleted residue, occasionally referred
to as the "retentate”, is withdrawmn fromthe feed side. The novel process
can operate under a wi de range of conditions and is thus adapted to accept
a feed stream supplied fromdiverse sources. If the feed streamis a gas
10 that exists already at a sufficiently high, above-atnospheric pressure

and a press rad| I S mai ntaj ned across the ran t he Vi,Ng
force for gﬁéﬂﬂgt PSR %raﬂﬁﬂﬂaaﬁoa 4% WRAFIOR SRTeTE® &%’3‘?‘? t‘%"f%ﬂ?ﬁ#ﬁ essure
farther. O bgi WriRate sﬂﬁs bead iR ME GRDIIR corYRhESSRE 1 Be Pertbd@RSfiddtessur e

and/ or a vacuut can be drawn on the perneate side of the nembrane to
provi de adeh@terattrthmﬁlgpfaxarf@ecorﬁimmés @:Bhysmnmb&rlﬁgalfo@n gnfsorThabis, a

separati on ghoul be a ressu | ent, across the ane ,of about 0.7
ol about 11055 ¥ 581 Bl RS PSR att "RUSPRBis AR | e
streamig eb!e‘fﬁﬁfenhbﬁem%ﬁﬂbbﬂu&i ﬁ%ﬂﬂﬁfavﬁf@om'th&%ﬁrﬂm&t%%i@ of Tiem&hBiage.Of
matter will depend on the conposition and on t ressure and  tenperature

of the ol ef The pbﬁafdephterdereadm pecastonallyasforiee t¢ é‘é@e retaviate'l, & withdrpsn | qui d
20 state, t?je st §$ § n can be carried out by the pervaporation nmechani sm
Basical l y, A § AP0 at i on, conmponent s of theliquidfeed m xture in

contact with the er neat e and evaporate thro nbr ane,
thereby separati EEEP%%@?E%%F@%PP‘?IHEPH et %‘5‘%8?“”&?&)58011 ar“ﬁ\}gﬁ'ﬂ"%n i s
particul arl ){ddﬁ&%ftlﬂ 'acée@r; a $83r8dn Bgpphied B%hﬁﬂ%erfsé R, Mtﬁeyée@@%@ﬁ QPARA

m xtures. Such m xtureés are produced as effluent streanms of olefin
manuf aclQr i figt epss alreadmsai aamﬁcwnﬂyhxghmlwvwbnwhem pl@sme ofd pressytcheni cal

pl ants, for Thu rred % t he_pr.ocess invol ves
passing a sg?ag%fﬁfp ath gmgnt&e roerfor S(?R?Iga‘é?nv&nt the feed
side of a Wﬁd@gﬁ@c@%ﬂi&@irﬂs@ng 26l GfdainRbdsuRERIARSD (Rhwitide, IRTPGTHrchA AR BRY| ene
and propane propyl ene 1s 30 concentrated in the perneate stream and

the retent acanpessedite d bighmupressore and(os ndﬁaﬁgmcanieqﬁréwwndhe puBsHieside of The
menbr anes of, t | nv ntio .unexpect [.propane
Sel ectvi 1y EERPIETS R Re AL e GV REIRES: Plrteabh e sl SR atoRr
15  separation should be a pressure gradient across the membrane of about 0.7 to about 11.2
MPa (100 - 1600 psi).

The novel process can accept a feed stream in either the gaseous state or the
liquid state. The state of matter will depend on the composition and on the pressure and
temperature of the olefin/paraffin feed stream. When the feed stream is in the liquid

20  state, the separation can be carried out by the pervaporation mechanism. Basically, in
pervaporation, components of the liquid feed mixture in contact with the membrane
permeate and evaporate through the membrane, thereby separating the component in the

vapor phase.

This invention is particularly useful for separating propylene from

25  propylene/propane mixtures. Such mixtures are produced as effiuent 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

30  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.

11




11 Furthernore, the nenbranes of this invention exhibit stable performance
over long periods of tinme under conditions where nenbranes of the prior
art degrade significantly in performance. The fundanental steps of the
separation process include 5 contacting one side of the nenbrane with a
feed m xture conprising an ol efin conpound and a paraffin conpound havi ng
a nunber of carbon atons at |east as great as the olefin conpound, causing
the feed m xture to'selectively perneate through the nmenbrane, thereby
formng on _the second side of the nmenbrane_an oI?fln enriched Perneate

conposi tion E@h@mp% theamerabrasad Hilp vERiPIoRbisthle pe o rRgRERNsE 1 F8e at er
th t hat
an that Obeddi of GRf unfitotdolliiond SIBY bhUHRELE R 1RRE Ao desighinbas)

menbrane th perneate conpositio raw ng from
t he one si dindrfortendeenbr ane an ol efi n-depl eted conposition which 15 has a
concentration of the olefin conpound |ess than that of the feed m xture.

This invention i $h@ﬁ1ﬂdb]hbﬁt§ﬁgté}fg©ﬂﬂﬁ)se@fﬁmﬂlﬁ§c@§ ineRrdeai n representative
enbodi ments thereof, wherein all parts, proportions and percentages are by

wei ght _’f«'”' Eonta g?ﬁ%ﬁ@ of Mingitfthe Wih o WRidtdixffre Wth n%ﬁlﬂol@ﬁ@éé&h ot

original a|n In Sl units have been converte units he
entire di schm:bmpmffhlfcomp@m@ha\emg snuraba @f carboh etops afttﬂastmmgmt axBpled® are
her eby |ncor r at ﬁd by reference herein. EXAMPLES Exanple 1:

Pr opyl ene/ PFOPRHEYGas” Separation with P84 Menbrane Asymetric hol | owfi ber
menbr ane of P84 was spun from a sol ution of 32 % P84, 9.6 %

tetramet hyl enesul e.an 9% |c an Ide in N-neth LI idjnone
25 (NVP) i CAP R BORre] BREoBHa PR L gk irpieh bf e et Johtin
5,034,024 and 5, §lthe%énd SR ﬂ%&hbﬁmé mhn%ﬁc@ﬂtﬁeﬁﬁ@ﬁe abmPoditadre of 180
cnB/hr through a spinneret with fiber channel dinensions of outer dianeter

559 gm Hhd i nner witichies eponoequuaiontqfﬂgaﬂe@mcanpoxmgreatefrlthﬂlﬁh@fcﬂfttbﬁ fedg 85 %
NMP in water was '%IeCted into the
mixtlre,
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 which

15  has a concentration of the olefin compound Jess than that of the feed mixture.

This invention is now illustrated by examples of certain representaiive’
embodiments thereof, wherein all parts, proportions and percentages are by weight
unless otherwise indicated. All units of weight and measure not originally obtained in SI
units have been converted to SI units. The entire disclosures of U.S. Patents named in the

20  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

25  (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

12




bore of the fiber at a rate of 33 cnB/hr. The nascent fiber travel ed
through an air gap of 5 12 cmat roomtenperature into a water coagul ant
bath at 24C and the fiber was wound up at a rate of 52 mimin. The

wat er-wet fiber was washed with running water at 50C to renove residual
solvent for about 12 hours and then sequentially exchanged wth nethanol
and hexane as 5 taught in U S. Patent Nos. 4,080,744 and 4, 120, 098,

foll owed by vacuum dryi ng at roomtenperature for 30 minutes. After that
the fibers vvere dried at 100C for one h ]| ber were forned
hto Four t S0t R IR eS TGS B battahah.C qaEive gy ey HogiaiD
modul es was t}é%%trﬁhﬁﬁw defects in the separating layer with a nethod
simlar to the nethod described in U S Patent No. 4,230,463. The fiber was
t hus 10 contacte ﬂﬁ@“ﬂmﬂ?ﬂﬂ'

Coating (Dow @?%M&&&e%gbgﬁw%%ﬁhe% ﬁz‘? gtz%%/tﬁg;(\r{%% %?5%@ a%n' nut es
and then dr selslent Tohreabondid lemirsvardeth oreseguelly ex¢hengeawitiometifanal dnddubxae asi xed

Doy St5t bimGRUBALS SR giont b0sk taa g LD, sk ea by mabh SRR #fodg 1 he
feed te@er?&%@ffakﬁ{fg 050 miGes! %Qr’Eﬂaﬁﬁérfﬁaeﬂsawéﬁ’éﬁné&@lpﬂdoé’@f&%n%%@Ct the

out si de of rs and the perneate streamwas coll ected at atnospheric
pressure. TBampkes nEfber wWere formicd mﬁaé‘ourm meaﬂtrdmyb mwatuleseif 52 dibdisssatlacEment

wi t h bubbl e ter The fe Iogﬁ/r rral nt.ai ned at. rea er, than
Pwent y o1 oG0S Ae B FHleR W A sl FRiccts e oprte gy £t he

conposi ti ONgafal RFME BRhodl diEeribcd E@Urseﬂatéﬁw I4}239%§t ank ﬁ%ﬂ \k@s ﬂhﬁ@ feed
m xture perneated the nenbrane. This was 20 done to sinplify cal cul ation of

t he menth aneommmbmﬂn erolption of arvdel -2FReLownposiGandermad Copties Jowreat e

det oot or - THOTAL HgSaSER B & 2o B Erne fesdoSuhu i @1%9?8ﬁfl°and 7.8 %
br opy PﬁheThSefﬁéiﬁéﬁgﬁces %F@b@??@ﬂ”%ﬁ%ﬁ B ARER QL ierd oL PR STUPIARIRRADe;
Ergﬁb]; ;g\évr gjﬁf Ace ar e@y Oﬂﬁl tﬁgm%?%l%y e???&'ﬁg@t%?&‘% gggstg%r%giyéc?g}xgylgnce acr oss

t he menbr anéeed bressuge nighd iMIR(400 pgg}: andihe tﬁ@dttemperamret & 90°CPUhe feeOmaixtBirt)

equal s 106crr8a tandard te e..and
d was Su p}.le(f to contact the ou s1 & of '%he fibers and the permeate stream was coliected at

il

atmospheric pressure. The permeate flowrate was measured by volumetric displacement
with bubble flowmeters. The feed flowrate was maintained at greater than twenty times
the permeate flowrate. This rate was high enough that the composition on the feed side
remained roughly constant while the feed mixture permeated the membrane. This was

20  done to simplify calculation of the membrane permeation performance. The composition
of the permeate stream was measured by gas chromatography with a flame ionization

detector. The average permeate composition was 92.2 % propylene and 7.8 % propane.

The performance of the membrane was expressed in terms of propylene
permeance and propylene/propane selectivity. The permeance is the flowrate of
25  propylene across the membrane normalized by the membrane surface area and the
propylene partial pressure difference across the. membrane. I is reported in gas
permeation units ("GPU"). One GPU equals 10 cm3(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

30  four modules is shown in Table 1.

13




pressure "STP")/(sec cnR cnHg). The propyl ene/ propane selectivity is the
rati o of the perneance of propyl ene divided by the perneance of propane.
The performance of the 30 four nodules is shown in Table 1. 13 Table |
Propyl ene Perneance (1) Propyl ene/ Propane GPU selectivity (1) 1.3 12.0
0.97 12.5 1.4 12.9 1.3 13.1 (1) neasured after 24 hours Exanple 2:
Propyl ene/ Propane Gas Separation with P84 Non-posttreated Menbrane A
sanple of the fiber fromExanple 1 was processed and forned into a test 5
nodul e as in Exanple | except that the fiber was not treated to seal
defects in the separating |ayer. The propyl ene perneance was 1.7 GPU and
t he propyl ene/ propane selectivity was 7.5. Although the selectivity was
| ower than the selectivity of the treaff@delfjper of Exanple 1, it was high
enough to suggestPropyitnd Pemegdbef(iber w th accdpopydéns/Prppadeor nance
characteristics can be pggpduced as an asymret ri cselantivitzziie) wi t hout the 10
seal i ng posttreatment. EXgmgpl € 37 Propyl ene/ Propane 1&@s Separation with P84
Menbrane Asymmetric hol | V5 i ber menbrane of P84 wag,prepared as in Exanple
1 with the follow ng tvvo'&hanges: (a) the water-bat '9terrperature was
| owered to 8C and (b) the spinneret tenperature wag irncreased to 87C. The
fiber was wash | | ' i
perneation of a %b:merspsdafior 4 RS propyl ene/ propane feed mixture as in
Exanpl e 1. The propyl ene pernmeance was 0.61 GPU and the propyl ene/ propane
selectivity was 15. Exanple 4: Durability of P84 Menbrane in
Propyl ene/ Propane Gas Separation with P84 Menbrane

Example 2: Propylene/Propane Gas Separation with P84 Non-posttreated Membrane

A sample of the fiber from Example 1 was processed and formed into a test
5  module as in Example 1 except that the fiber was not treated to seal defects in the
separating layer. The propylene permeance was 1.7 GPU and the propylene/propane
selectivity was 7.5. Although the selectivity was lower than the selectivity of the treated
fiber of Example 1, it was high enough to suggest that the P84 fiber with acceptable
performance characteristics can be produced as an asymmetric membrane without the

10  sealing postircatment.

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
15  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 |
20 Asymmeifric holiow-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

14




20 Asymmetric holl owfiber nmenbrane of P84 simlar to the fiber of Exanple

3 was tested for duration of 4 days at 90C with a 50:50 nole % f eed

m xture of propyl ene/ propane at 2.8 MPa (400 psig). The test was designed

to simulate commercial operating conditions. Results are shown in Table H.
No decline in selectivity was 14 observed. A slight decline was observed in
propyl ene perneance, which stabilized after the second day. Table Il Feed
Propyl ene/ Pressure Propane Propyl ene pernmeance Tine MPa (psiQ)

Sel ectivity U 4 hout .7, (250),13 Q..76__i.day 1.7 (25 1 -9 2 _days
o7 (250 debtsmvad. A5elighyecink SR bigePeed 1 Propyic B eichnt Wilgrs g g
Exampl e 5: HORydRNRYPropane Liquid Feed Separation with P84 Menbrane One
of the nodul es of Exanple 1 was tested using a 50:50 nole % feed m xture 5

of propyl ene/ propane. Feed pressure ang,ggmperature were controlled at 2.8

MPa (400 psig) andJO.Cr_Le,sﬁa_A_\LeL%_L@_pLase—t—he—iged;m%w—e in the
liquid state. The perneate ed wi t hdrBaepyleie’ at nospheric pressure,

therefore the permeate was Pressise vapoPreprase.  Foepylenepermpacef separation
t he concentration_dilither endPadpsigss t Meletimity ane is usGBI y considered to
be the driving fordedupy sep@2dd)on i nstddd of the par0i7dl pressure
difference 10 as usedain gag7@s0oyapor perigeation. For ¢@gparison of the
results of this Exapypiy@ W th7 (p)nmeationjgnder vapor spase feed conditions,
the sinplifying mathgintica gthgt nent dgscribed in JgGg Wjmans and R W
Baker, A sinple pregdp ¢ ' ‘. nt of {he perneatioggyrocess in
pervaporation, J.-Mefibra ' 9 FS 01= XS C red. Such
anal ysi s assunes, that the Liquid,feed.e Qrat.es_t r saturated 15
vapor phaseﬁﬁfﬂll?lﬁé' EO@HPGQF}E&?P ¢ (ﬂg?%ﬁgeﬁ%raé%%ﬁtﬁg%%g‘%r@%ﬁ%s t hrough t he

menbr ane One of the modules of Example 1 was tested using a 50:50 mole % feed mixture

Wa dlJP

5  ofpropylene/propane. Feed pressure and temperature were conirolled at 2.8 MPa (400
psig) and 50°C, respectively, to place the feed mixture in the liquid state. The permeate
was withdrawn at atmospheric pressure, therefore the permeate was in the vapor phase.
For this type of separation the concentration difference across the membrane is usually
considered to be the driving force for separation instead of the partial pressure difference

10  asused in gas or vapor permeation. For comparison of the results of this Example with
permeation under vapor state feed conditions, the simplifying mathematical treatment
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

15  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

20 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
25 propylene/propane selectivity was 13. This shows that the membrane of P84 can be

useful for separation service for liquid propylene/propane.
15




driven by a partial pressure gradient. This analysis provides a

mat hemati cal nodel that includes terns for feed-side and perneate-side
vapor pressures and perneance and selectivity conparable to those used in
t he separation of gaseous state feed m xtures. The nodel also contains a
termrelated to the |iquid-vapor equilibrium Wth the feed 20 m xture of
50: 50 nol e % propyl ene/ propane in the liquid state, the nenbrane produced
a perneate stream of 93% propyl ene. By application of the nodel, it was
determ ned _that. t r lL.ene p nce.was..0. U an :

propyl ene/ pESHERE é&r&ﬁg%@?p%?ag%?m %Dns‘gﬂgﬁ ﬁ%]%?:g%% ?%814%%?%(16# &ath

m xture of the sapppgaepposition in the vapor state at 2.8 MPa (400 psig)

and 90C, the propyl ene pernmeance was 0.95 GPU and the 25 propyl ene/ propane
selectivity was mymmmbﬁowsﬁhemmemuﬁ@e@#ﬂﬁbw@n@pfb%%mﬁﬁﬁ T3LE®PUI for

separation service for .liqgpigd, pyl e X ;

Propy! ene/ PP cgnéggfu 8%&#31?/‘@?}%% I{Qgéﬁﬂ?rg?g’?ets %,Ste 3 %&%ﬁggﬁfﬁeﬁﬁd

P84- HT32% As¥yyRkéticCanhfldidein NNIR by iRy frbeese dedcribedlinIEahgiel] oThdGhneing

P84- HT325 was spun froma solution of 16 % P84, 16 % P84-HI325, 9.6 %

t et r anet hyl evmsligensfand equipentsvere sinydag sxaeptthaiihy spinpel BORRBIES WehE> Srocess
descri bed i le 1. Th Ly L a l L imlar
except that ETPARSRease Was Se Al 3 ff R Wb 20 S e RAE Mrmio3! T o
and the air ngaplewdscH Racrted e peithettionas a bropykdeipripana(Snilimble Yhfee was

tested for perneation of a propyl ene/,prog&ne 50: 50 9 ffed m xture
as in Exanpraxtyre apie Exappleds i1 PSERHORR e yagl P%RW ®fe 10

per mean a Q 1 I elivity., Exanple 7:
Propyl eﬁg/ PEopahhé&L#&E?%?I%g@c} E@gaﬁ atei%gir?@g\nﬁthyh a Menbrane of P84 bl ended

W th P84-HT325 The nodule of 1:1 blend of P84 and P84-HT325 of Exanple 6

was tested wth 050 | & % f ] ; I The feed
m xture msﬁ‘ﬁglﬁ%??ﬁi@}{fﬁﬁﬁ’féﬁ@%@%%é%i%%pg%ag%?ﬁ %p%@éﬁ%ﬁg@%ndi tions
descri bed i n Exaprhé&cdowith P&4-HI3Re feed pressure was 2.8 MPa (400 psig) and

the tenperature was 50C. The perneate was wit hdra as _a_vapor at .
at m)spgri c presdhemodule of 1:1 b%end of P84 and P84-H1325 O\anExample 6 wab tested with

50:50 mole % feed mixture of propylene/propane. The feed mixture was maintained in
15  the liquid state by applying the conditions described in Example 5, i.e., the feed pressure
was 2.8 MPa (400 psig) and the temperature was 50°C. The permeate was withdrawn as

a vapor at atmospheric pressure.

The membrane produced a permeate with 93.6 % propylene; the propylene
permeance was 0.6 GPU and the propylene/propane selectivity was 15.5. This shows
20  that the membrane of 1:1 blend of P84 and P84-HT325 can provide useful separation

with liquid propylene/propane feed.

Example 8: Propylene/Propane Liquid Feed Separation with a Membrane of P84

blended with P84-HT325 7
The test in Example 7 (i.e., with membrane of 1:1 blend of P84 and P84-HT325)

25  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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The menbrane produced a perneate with 93.6 % propyl ene; the propyl ene
pernmeance was 0.6 GPU and the propyl ene/ propane selectivity was 15.5. This
shows 20 that the nenbrane of 1:1 blend of P84 and P84-HT325 can provide
useful separation wth liquid propyl ene/ propane feed. Exanple 8:
Propyl ene/ Propane Liquid Feed Separation with a Menbrane of P84 bl ended

Wi th P84-HT325 The test in Exanple 7 (i.e., wth nenbrane of 1:1 blend of
P84 and P84-HT325) 25 was continued for a duration of 100 hours, to assess
menbrane performance stability under sinulated commercial conditions.

Results are shown in Table I1l. No significant decline was observed. 16
Table 111 Time Propyl ene/ Propane Propyl,[egleg Hours Sel ectivity Perneance
GPU 24 15.5 0.56 GPU_60 15.9 0.59 cPul?8%® s 5 0.67 GPU 110 15.8 0.67 GPU

Exanmpl e 9: Propyl ene/ Propane Gag Separation w th P84p/bgpsge Fi | m Menbrane A
thin dense film of P84lB8I yner RE®YEBYFIoPPRm a sol utdgR.6REPri sing 20 % P84

in NVP. The filmwas d&fqued at 200C4leftiEityacuum oven f @fpyour days. A sanple
of the, 5 polyner H—HW%WB&#&—%@%%MHM
style perneation cell (“MIlipore), usihg a feed m xt 3 50: 50 nmol e %
propyl ene/ propane at 2.9 MPa (400 pkiYy) pressure arfdS96EU t enperature. The
permeate pressure was 24 nm Hg. Thel%®ed flow ate W3GRGh enough to
ensure | ow conversion #i10the feed i nt%e8 perneate so th&T GPRE conposition on
the feed side was constant. The conpositions of the feed and perneate 10
streanms wer Exueade?:RiopylegdBropitedbatSegaradry with P84 DehbaPgmiMeahBahé on
detector . The po IRt L a8 1S, oL L LR (1 SIS ik ok s

in NMP. The film was dried at 200°C in a vacuum oven for four days. A sample of the

5  polymer film was tested in a modified 47-mm ulirafiliration style permeation cell
(Millipore), using a feed mixture of 50:50 mole % propylene/propane at 2.8 MPa (400
psig) pressure and 90°C. temperature. The permeate pressure was 2-5 mm Hg. The feed
flowrate was high enough to ensure low conversion of the feed into permeate so that the
composition on the feed side was constant. The compdsitions of the feed and permeate
10  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

15  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 10710 cmS(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

20  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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vol une perneate chanber of the perneation cell. The perneation performance
of the polyner is characterized by the two paraneters: propyl ene

perneabi lity and propyl ene/ propane pernsel ectivity. The 15 perneability is
the flowate of propylene across the filmnornmalized by the filmsurface
area and filmthickness and by the propylene partial pressure difference
across the film Units of perneability are Barrers. One Barer equals 10-10
cnB(STP) cm(sec cn2 cmHg). The propyl ene/ propane pernsel ectivity is

the ratio of_the propyl ene d ropan er iljties propyl ene
bor meabi |1 ¢y ERATR RO e el RP AR DS S M kbieh 86 TRE o) it 0. 24
Barrers; and the mfggy]gp]gggp[ppane pernsel ectivity was 15.5. . The
pernsel ectivity was in good agreenent with the selectivity measured with

hol | ow- fiber mendds ofpgppplymenef tolupnediisaersinate {GDL Ry opyure 0€ 2¥odane

Separation with a..Meahrane 0 +. BTDA: BPDA(1: 1 qdense fi.lmof a

copol yrer of rSpEEREHAR R satd ¢ iperbatioiataled g o S oG of

t ol uenedis S%ﬁgtﬂ{eﬁ 1857813 89 %6-Batrdc drbd:y4i0 aidi dsatiyands @TRWwith 3,314 i ybHes10f 5
benzophenone- 3, 3 ,4?4' -tet rapar%oxy}%y?c aci d‘?ﬁllyanhyﬁri deﬁ?ﬁBTDA) Wi tfﬁ_ )

3, 3", 4, 4' - bi tghieasboxylie dienbydrislexPPPA) #ea fasied in peroBPonvithad: Xsuele $o prixed

per neati on wj ; |2 0. m loRé ed  gtrl. (400
psi g) and Q&B@gg?%ﬁ Egéé}r%ptﬁ%&) %@'#ﬁ%%@)%%ﬁ%ﬁ 9@&?%@%@#%?36 g.leferpgoé\ﬁ?nne] was
0. 48 Barr er speamndatilig gitiepfihewed Q4 Batrers pad trqirepilend irypa@permssbictivhy whe
Conmpar ati ve Exanple 1: Pol ypropyl ene/ propane separation with a traditional
conposi ti on ¥€h&P- menmbr ane” Sanpl es of conposite hol | owfi ber menmbrane of
Matrimd(r) 5218 a copol ynmer of 5,x- am no-(4-am nophenyl)-1,1,3 trinethyl

i ndane and 3,3',4,4'-benzophenone tetracarboxylicdianhydride (Vanti co,
Inc.) wdfe tleopasative Bramplali Bolypopylene/mpphes sepamtioemitsa tvaditional f eed

m xture of 50:50 9 opane at 1.7 MPa (250 psig) and 90C as
in Exanmple 1. Thecgg[lggﬁlggglﬁogy%%%agét was to determ ne the menbrane

per f or mance Sk dflcpmposierhosloniitadr etbntheaiesfoVatinf @B § @RSpolHaksoMERDr ane,

amino-(4-aminophenyl)-1,1,3 trimethyl indane and 3,3',4,4'-beﬁzophenone

tetracarboxylicdianhydride (Vantico, Inc.) were tested in permeation over a 72-hour

15  period with a feed mixture of 50:50 mole % propylene/propane at 1.7 MPa (250 psig)
and 90°C as in Example 1. The purpose of the test was to determine the membrane
performance stability under simulated commercial conditions. This membrane,
described in US Patent 5,468,430 is a commercial gas-separation membrane produced by
MEDAL, LP. Results of the test are shown in Table IV.

Table IV
Time Propylene/ Propane Propylene permeance
hours Selectivity GPU
2 5.5 9.0
24 ' 7.0 48
48 ' 7.1 4.0
72 7.2 3.8

20

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

25  aromatic polyamides were tested in permeation of a feed mixture of 50:50 mole %
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described in US Patent 5,468,430 is a commerci al gas-separation nmenbrane
produced by WMEDAL, LP. Results of the test are shown in Table IV. Table IV
Ti me Propyl ene/ Propane Propyl ene perneance hours Selectivity GPU 2 5.5
9.0 24 7.0 4.8 48 7.1 4.0 72 7.2 3.8 20 As apparent fromthese results,
t he nenbrane exhibited | ow selectivity and | ost greater than 50%of its
initial pernmeance during the test, unlike the nenbranes of this invention.
Conpar ati ve Exanpl e 2: Propyl ene/ Propane Separation with a Polyaramd

Menbr ane Sanpl es of as Leoh oW fi Jenbr ane r.oma.bl end of
tuo 55 ar oRmAeTsE R e S AP B S0 Er RGP £ S Bere o o
50: 50 nol e %esckibed ODE FRRRL NbPQ@SB??ﬁﬁ(E%m%pMH@Ej( FROfRS Ivihs spindl a0 drawastid N
Exanple 1. This nmenbrane is in described US Patent No. 5,085,774 (Exanple

15). The fi ér7.3ndss e oviatdished gheaoparationgnembrage applied in the sepasaficatnti shed

gas- separ at ihﬁawmap,ﬁjﬁﬁgé Wil nl oéﬁﬁozfseo?%é%%%ngﬁiﬁehﬁ%écgﬂ)gtg%y om

m xtures wt ons or car bon nonoxi XN bi pr opyl ene

permeance Ofprépylehc@ebnednde 8f 2D OPUEAE/ Apiropdat/gepaeisbétivityadf 995.5Thidhi s
performance was | ess than that of the novel nmenbranes havi ng con})ositi on of
formul a (1 )perifowpance s lass thag thehelibe apeel myaebaanss barag sempeshen of oapuleat i ¢

pol yam de h L V]| | i . -7 , for
xanpl ¢ a sopet tiepll v oRRsRELh bliatd o ARl AR Riic Yo il Mg VR g1
speci fi c fothigh sefectihity invepatiian ofi ather ixanres doeetaathld oseledtivitylof aighenthkm t he
precedi ng descr.i pti@ﬁﬁg@%h is drawn in specific terns for the purpose of

descri bi ng 209 fyr ey Cihe invention full y and anply for one of average

skill in the pertinent art, . . ) o
1 Although specific forms of the invention have been selected for illustration in the

preceding description which is drawn in specific terms for the purpose of describing

these forms of the invention fully and amply for one of average skill in the pertinent arf,
it should be understood that various substitutions and modifications which bring about
substantially equivalent or superior results and/or performance are deemed to be within

15  the scope and spirit of the following claims.
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it should be understood that various substitutions and nodifications which
bring about substantially equival ent or superior results and/or
performance are deenmed to be within 15 the scope and spirit of the
following clainms. 19 CLAIMS : 1. A nmenbrane separation process for
separating an olefin froma mxture of olefins and paraffins conprising:
(a) providing a two-sided, selectively perneabl e nenbrane conprising a
polyner or copol yner having repeating units of formula (I1): Oo R -NN
:Op OC L%ﬁ 5 in which the noiety RL is of fornula (Q in about 16% of
the repeagi M mts, of forrmula (T) in about 64% of the repeating units,
and of formula (S) in about 20% of the repeating units, Ha ~! CH3 CH3
(Q (T (S 1bA wmenbearte sepavatiorspideess fdrreepamting aareolefin froan Garitture xt ur e
conprising qnfole LN c ound and a paraffin conpound having a nunber of
carbon at BREIM8F 2pd RARATINS GRNARASING 't he ol ef i n conpound, (c) causing the

feed mxture t@)wﬁ@h?\@{m Quaéaegéléctwélw?g’rmesdm rﬁ@ﬂ%ﬂ@%orﬂ;ﬂ%ir@?ﬁ form ng

on the second side of nbrane an olefin- enriched perneate
conposi t i BAYMERCE ROPRIYMEN kARG FRACAIINGHNIET offREMYAH N conpound greater than
that of the feed m xture, (d) renoving fromthe second side of the nmenbrane

the ol efin-enriched O ]
C
0 4 0

(I
in which the moiety Rs is of formula (Q) in about 16% of the repeating units, of

formula (T) in about 64% of the repeating units, and of formula (8) in about 20%

of the repeating units,

24 OO~

CHs

(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

20




perneate conposition, and 20 (e) withdrawing fromthe one side of the
menbrane an ol efin-depleted conposition. 2. The process of claim1l wherein
the feed m xture conprises ethylene and ethane. 3. The process of claiml1,
wherein the feed m xture conprises propylene and propane. 4. The process
of claim1 further conprising the step of executing steps (a)-(d)
continuously for a duration after an initial tinme at which the feed m xture
first contacts the nenbrane, and in which the nenbrane exhibits a perneance
for the ol ef i n{e)omitfulragirgnitomhthepenersidec ef dte ierhionane arf obefimeddpletgd st eps
(a)- (d) continuously is at |east 60 % of the perneance at the initial
tine. 5. TH pB?' ¥&ss of claim 1 in which the nenbrane provi des a
selectivity of the olefin conpound relative to the paraffin conpound of at
| east 10. 21

2. The process of claim 1 wherein the feed mixture comprises ethylene

and ethane.

3. The process of claim 1, wherein the feed mixture comprises propylene

and propane.

4. The process of claim 1 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.

5. 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.
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