METHOD OF SEPARATI NG OLEFI NS FROM M XTURES W TH PARAFFI NS FI ELD OF TEE

| NVENTI ON This invention relates to a nmethod of separating or concentrating
m xtures of olefins and paraffins using a selectively perneabl e nenbrane.
More specifically, it relates to a nethod of using certain polyimde
menbranes to selectively separate ol efinic hydrocarbons froma gas or
liquid mxture of olefinic and paraffinic hydrocarbons such as those
generated by petroleumrefining industries, petrochem cal industries, and
the |ike. 10BACKGROUND OF THE | NVENTI ON O efins, particularly ethylene
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
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processing. Jérvelin reports that the fractional distillation of propylene/propane mixtures

is the most energy-intensive distillation practiced in the United States (Harri J é‘:rvelin and

20  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
25  similar molecular sizes of the components. Another difficulty is that the feed stream
conditiors 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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For exanpl e, several inorganic and polymer/inorganic nenbrane materials
with 10 good propyl ene/ propane sel ectivity have been studied. See M
Teranoto, H WMatsuyama, T. Yamashiro, Y. Katayanmm, Separation of ethylene
from et hane by supported |iquid nmenbranes containing silver nitrate as
carrier, J. Chem Eng. Japan 19 (1986) 1, and R D. -Hughes, J. A Mhoney,
E.F. Steigelmann, O efin separation by facilitated transport, in: N N Li,
J.M Cabo (eds.), Menbrane Handbook, Van Nostrand, 15 New York, 1992. Such

material s ar goflichibinfdlhstice Eaahvaﬁpamm@mmmm @atkridlnghistan badse lesbl anes .
Liquid facilitated-transport nmenbranes have

n. denons have
attractive s&pefigdy @W/gsepmsationias. AringmpEage 5%‘81 Joigit glgb@gqtﬁngﬂa??ﬁ%mt to
scal e up, anguhaviy, axdidiad asesiiyth MeigReH RRHEABVEE HydrRBbbi QraeBlfidd ypi cal
of an industrial propyl ene/propane stream 20Solid polyner-electrolyte
facil it at ed- highpEpsre anddempetes idpgindesiet e anenable to fabrication into

stable thin filmnenbranes. See Ingo Pinnau and L.G Toy, Solid tpol ymer
el ectrol yfe conpdﬂpméfaﬂ@%f@aﬁéﬁfﬁWaﬁF&?lPﬁmthda?Wh‘?n%@%@aW‘W° Menbr ane

SCi ence, 18431(3%189 T s’%ﬁué’c@d gg)%nsfﬂ% é%ﬂ?eﬁoﬁe@ YGMRInb barfisk dafliy'érS- > Pat ent

No. 5, 670, 05 I nnhau et a wher el n | ver
tetrafl uor obmoaomicpily @J@matwlm:x membmtes)that@fﬁmhb nuigee eontbinstion gf high

t hyl /eth Ho th mb
e v ARSIl Pl e o oo ot anes
ol efin/paraffin |Ip t"éle Sevefz 7%%5%%&?%% Qe%clﬁ’l é}agg{na{ggggpmes have

shown prom se in 1° opane epar at1 on Pr oduct
| nf or mat i®n gdoﬂmr@teh@’prowmhmwhhmbeﬁn 80died reeV., Tepumotadd vul nerable to

Vot cover ool B ARt LRESHED . AR SHHA Y FRIFPSE S PP DRt o° ronbr ane

nodul es of coppRi&s l@bzdrrﬁ’én@iéﬁb@ Q@nt&ﬂtﬂg&l%%ﬁﬁbi@&ﬂ%&rrﬁb&,&kd)hem Bngdagamyl9pol ymer s
typically have ol effi nlrgara fi n selectivity too 5’? an econgm cally

usef ul separ @280, apdoR Id Hitghese ] ATMabousY. 1. F-opt elgPIQ%‘BF’t PHREE P gl e- gas

propyl ene/ pr Qﬁsz?edszﬁd g/;&rwdwwﬁ PRI Yatd (stf)%eﬁbxﬁﬂémaidbaat%ﬁmmﬁane at
50C (K Tan ka, A. Taguc

Jianqui an H Kita, K,6 Okanoto, J.
Menbr anel®d SSewivodk, 1992. (Syglgsx)atem@lu@@iv&mdh@ fahrisatedwe prasticpl BYBFHene/ pr opane
sel ectivity B%graﬁés ?%%faﬁl’xﬁﬁfdéxaﬁ >}iopc e Hr&ﬁ@ﬁaxfe‘ﬁggfﬁenﬁﬁlsﬁ&& fohlsiga 1to

and. Sun- Tak Cl ence, 1989) 483-490).
Menbr anes b ammbtmm sephateypaiviyares & thelsb, ltl*h haxpcbpemhf ti@scalgrupyndi 11?@6
useful Iy hi g ‘il nipara rffl n _sel.ect . v %glsoef preferentl al

di ffusivity B BPERC Wﬁa}}?%]&&n‘ﬂfé’s s u ar size than the

par af fin. ropﬂi;ﬁ@sqpaﬁ@étgemrs al r eady used |n gas separ ation have
general ly shown only nodest olefin/paraffin selectivity. For exanple, Ito

has repogg ed t hatSofidl botsmed- el@&folfﬁé«lfai:mmd—tﬁtnbpdrtm&hﬂ;mhes&ppeacmbi‘&dnmeblacet ate
and cellul ose trjacetat xhj bit propy Ien e sel Y.Qf, 5 or less
(Mra Ito arff @H’ﬁat‘P&RmPhﬁHﬁ Eﬂﬁ‘e%f %’?‘%ﬂ%"r@n‘iﬁ@# ’d§ﬂ?é{ne t hr ough
cel lul osic DR e tél AR WPRERGERESon, BBIAREGR)
483-490) . UQ%JZ Pat ent 450” m$04 deﬁgﬁ%sﬁf‘l}?oc@s l?tl li.zing a

cel | ul ose t diienee 84 (ROADY 3B, fBwh p B PEInp inFXen e eact or vent
of 2 pol yel NysRns 1@% ctal, 196 VRSl 3 e i BhoRbEARBANEhyBANGAMEd 96. 5%
et hyl ene i s "hodér at pgfaded to oal

y 20 97.9% i n the perneate Steam for
r ecycl e 250 trhmnhrmm’olted ethylene/ethane selectivity of greater than 1000, However, these
membranes are severely limited by their poor chemical stablhty in the olefin/paraffin

indusirial environment.

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

membrane modules of commercial relevance.
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Menbrane filnms of poly(2, 6-dinethyl-1,4-phenyl ene oxi de) exhibited pure gas
propyl ene/ propane selectivity of 9.1 (Ito and Hwang, |bid.) Hi gher
selectivity has been reported by Ilinitch et al. (3. Menbrane Science 98
(1995) 287-290, J. Menbrane Science 82 (1993) 149-155, and 3. Menbrane

Sci ence 66 (1992) 1-8), but the values at 25 higher pressure were uncertain

and were acconpani ed by undesirabl e plasticization of the nmenbrane by
propyl ene. Pol yi m de nmenbranes have been studi ed extensively for the
separation of gaseMe@btinéshasodon rabbgfyqﬁl)fmms typiealhycipae aleﬁnﬂpamfﬁjxﬂek:ﬁﬁvis/ from

paraffins. Lee Sun- r.atj.on of
propyl ene andtoﬁﬁ%gﬁéngﬁf’"ﬁ ﬁ;’?“ﬁgﬂﬁ TORRTER e’ﬁ?%aegal }%attth
Menbrane Sci egg@le-gak frdSiichk/ aﬂésetedhﬁgt 1§§ﬁyél Mttmyﬁmwnewﬁw of a
pol yi m de that exhibited m xed gas pr. opéyﬁ ene/ pro a sel Ceyﬁ vity in the
range of 5-8 ¥W"FHK: Sehakedy Lppushis lirrayianedlagat i, q t he

pol yi m de §NaSS che @2§6E%Q@7—207) and ﬁf)?i;po% a%}opg'feﬂe/ﬂropéﬁe%lﬂecﬁ%ty%ﬁ?f rigter,

G H Koops, o i mde ow f1 separ ati on nmenbr anes Jpreparatlon
e

and t he supprsligbilpevesf. Opnaﬁcqnemﬂétptasﬂ0°%(§upr18md Srpriebiivens JeApPlidnment s,
J. Menbrane Slg&%gse(fmﬁgllgég%@éjﬁté4'?r)286) report a hollow fiber nmenbrane of

a polyimde com acar boxyl i ¢ di anhydri de and

el ecti vi Ty of 12 pibtais bbbkl BBl Crda heoRRII AT ORERE ALY, |
pr opyI ene at hnglupiyﬁﬂp&aﬁﬁne@s@wéyh&ahwfa@ preforntip] diftwiyity pﬁﬂ'@@éefma‘é@dhon
he or0| de ht ha c anhydri de 6FDA and aromatic
hos ey dobSBRTE SO RO S A B e conbi nat!

di am' nes vor abl e conmbi nati on of propyl ene
pernmeability and ne/ eI ectivit Pen or
dense-fil m menbr agg?g%?ejw&?‘%?@% §ﬁ§&l’%r%t%(tnaha %%%g?%ghﬁd‘glsl have been
reported to hgodestRldih/esiis sleeiity i Roy ekanplp vt aperqal thpidiimsiofi t he range of
6-27. (C St au&t‘-ﬁl‘?i cke] et 3#5 al, defin/ par af I“(l!; g(as step%igtl ons with
6FDA- based p&°hF aﬁiéﬂﬁ?l , celjulosgacsfatand edliulose aceaie@3H8Y) 205- 214) .

H gher sel eCTpkcl/fglelﬁe a@ddélebﬁkfity@)f %, oP'ﬁ:s@@iMfa”ﬁcd@a ShaTak BRFnp SRPHkesbrign U. S.
Patent No. 5,7 94 Shi mazu et_ al %doéhowever is anti mgat ed that

m xed- gaé%e%W@W@P’&?ﬂ?ﬂegﬁoﬁg}é@@é ZC\MOWebé’eW@Heﬂs Sviplig

pl astici zat i rich feed gas. 20U.S. Patent Nos.
4,532,041, 4%%‘7%)/444@95%)4% %gg 4,836,927; 5,133,867; 6,180,008; and
0,187,987 di ¢l 05gygTRgh ;m(?%éga%ﬂda 2o radegalﬁﬁazﬁlgra%mggetﬁadeta\fad from

t he co-condensati o penzophehone tetracarboxylic acid
di anhydri de (@mﬁeneimewvmanhséemfﬁm (hﬁreaﬁomagtt@ﬁymlwhﬂamplaﬁd a mxture

of toluene dt@%@%&g%g% %&é ot 38R &ﬁg@&% mt%ééﬂa@ty opRt4a8d toNay

5, 605, 627; 5 I SCI"0s
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 (Tto and Hwang, Ibid.) Higher selectivity has been
reported by Dinitch 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

25  higher pressure were uncertain anci 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 polyzmza’e 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

3




m cr oporous nenbranes based on a polyi mde copolyner derived fromthe
co-condensati on of benzophenone-3,3',4,4' -tetracarboxylic acid dianhydri de
(BTDA) and a M xture of di(4-a.m nophenyl)nethane and a m xture of tol uene
di am nes useful for liquid filtration or dialysis nenbranes. 30U.S. Patent
No. 5,635,067 discloses a fluid separation nenbrane based on bl ends of
phenyl i ndane- cont ai ni ng pol yi m de polynmers with polyimdes derived fromthe
condensati on of benzophenone-3,3',4,4"-tetracarboxylic acid di anhydri de
(BTDA) with t olndeBesif insRisr iRl reésm @n§g4mec d3itloR BLthe polyimide was
blsphenyllsocig%ate (MD1) and/or polg] es der?%%d fron1tﬁeyg%ndensation
of BTDA and pPPigh#tassdi ¢ di anhydride with TDI and MDL. 5A si gni fi cant
shortcom ng of published data for the separation of ol 88 from paraffins

usi ng menbranes i sKiohe 2huELAcel ¥ Basrigter (ol Kptpachalewr |hﬁ & fipergas
condi tions:  esByrarddh HmbRmes: \Ag%aﬂz‘%ﬁﬁﬁi Fe Pﬁ;ﬂ?ﬁe%b%ﬁoﬁ?&kﬁ@éz&ﬁbntzﬁ nperature.

These are conditions under I ch plasticization of "the nenbrane materi al

coul d becohe Biogaranrerane amdronmers, JeMabirane Seipace; F4AL2HD ARt-280) repdE1d ne i n

menbr ane perf Ilf'BWEb‘%zr f

consi deraEI e g‘% orts @gﬁ%rrag%(/%le ust r?lgﬁﬁe?/ o\i/‘?1 g‘%lglté%cn%!g aﬁms 'tdiae

separ ati on of amdlmn@phim}dmdmrvéﬂcm exgibitebapub@ss mrpp)dm/gr@aneeqleqtm@y of
f f C]: THE

PR LSIERC® 1 e R Pl BRI AR SR (I 7 THE

for separati rggeamembbfwaulltﬁrg.rom a mxture of olefins and paraffins
conpri si ng: (a) providing a two-sided, selectively perneabl e nenbrane

conpri sin a pol yPelyimideciopal orved’-thexafingroisoprepylidege)diphthslicdnhfdnide | a (r):
Consi st i ng. ofCRRAVECEOHe G AGHEvE Baen TP ALPR eR SRS PSS Bher cof

propylene permeability and propylene/propane selectivity. Permeation data for dense~ _

film membranes of two different 6FDA-containing polyimides have been fepo:ted to

have pure gas selectivity for propylene/propane in the range of 6-27. (C. Staudi-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 dus 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 copolyoser derived
from the co-condensation of benzophenone 3,3’,4,4’-tetracarboxy]ic acid dianhydride
(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 polyimide copolymer derived from the co-
condensation of benzophenbne-3,3 ’, 4,4’ tetracarboxylic acid dianhydride (BTDA) and a
mixture of di{4-aminophenyl)methane and a mixiure of toiuene 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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(A(B)(C) Zis anoiety of conposition selected fromthe group consisting
of formula (L), formula (M, formula (N) and a m xture thereof; and 0 (L)

Il Os- Rl is a noiety of conposition selected fromthe group
consisting of formula (Q, 5formula (T), formula (S), and a m xture

t her eof (b) contacting one side of the nenbrane with a feed
m xture conprising an ol efm conpound and a paraffin conpound havi'ng a
nunber of car bon atons at | east 10as great as the ol efin conmpound, (c)

causing the f *cmngah Y nt @@%"WJ’ Yo mﬁ‘gﬁ@a&@& OB TIRAFiENe,

t hereby form ng on e sec rane an ol efin-enriched

perneate co rrmimmdlmcma’cc msmh‘hé om@ﬁhemblmhﬁnwoqyn@at@ (MPDrud/ghpound

greater than_t r Qnh nd side

of the membr& ﬁg{m o a Flpfdifr e%e@oﬁ&eégﬁbn SPRED A RAPYBRIH PRide $4@
TDIandMDI

5 A signiﬁcan{ shortcoming of published data for the separation of olefins from
paraffins using membranes is the absence of data under practical industrial conditions:
e.g., high feed and permeate pressure and high temperature. These are conditions under
which plasticization of the membrane material could become significant and which could
result in substantial decline in membrane performance over extended periods of time. In
10  spite of the considerable efforts to provide industrially viable membranes for the
separaﬁc;n of olefins from paraffins, none has proven to meet the performance criteria

required for industrial application.

SUMMARY OF THE INVENTION |
The invention is directed to a membrane separaﬁon process for separating an olefin
15  from amixture of olefins and paraffins comprising:
(@) providing a two-sided, selectively permeable membrane comprising a

polymer or copolymer having repeating units of formula (T):

==Q

20
in which Ry is a moiety of composition selected from the group of consisting of

formula (A), formula (B), formula (C) and a mixture thereof,

ot Seaacs




per neat e conposition, and (e) -withdrawing fromthe one side of the
menbr ane an ol efi n-depl eted conposition. DETAILED DESCRI PTI ON OF THE

| NVENTI ON This invention is directed to a nmethod of selectively separating
ol ef mi ¢ hydrocarbons from paraffinic hydrocarbons using a nenbrane
containing certain polyimde polyners, copolyners and bl ends thereof. The
pol ymers which formthese 5 polyimdes have repeating units as shown in the

following forrmula (I): 0N-11(I) in which R2 is a noiety of
conposi tion sel eztﬁgdo'i éa‘aélﬂbipseféfzte&ﬁlaﬁﬂtﬁégr@qp@énséﬁﬁgbéﬂfuﬂnﬁléel)),, forml a
(B), formula (C) an xtur t her eof noi ety of conposition

sel ected from t hisraywle (M), domuiis@)and omifteae thereeti@y, formula (M, formula (N)
and a m xture thereof; and

O
i e
O
O - (I;
(B) ™M) ™)

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

5 formula (T), formula (S), and a mixture thereof,
CH,
CH,
Q ¢y ®)

(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

(e) mthd:rawmg from the one side of the membrane an oleﬁn~depleted

composmon



Rl is a noiety of conposition selected fromthe group consisting offornul a
(Q, 15fornmula (T), forrmula (8), and a m xture thereof, In a
preferred enbodi nent the polyimde that forms the selective |ayer of the
menbrane has repeating units as shown in the followng fornula (1):

5 In 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 repeating units.

A polymer of this structure is available 10 from HP Pol ynmer GrbH under the
tradename P84 and is nuchppa@imEs DRSCRIFTIOREOR THENRVEINGION i nvention. P84

is believed to have repeating units according to formula (11) in which Rl
is formula (Q i nThisinventich i9dinéctedHe a mefhed of selectivdly sepatatingroleB¢ T) in about

64 % of the repeating.units and.for ' .0t edble repeating
units. P84 i y%gfqrié GO 8”@8%&8%3%‘%%&8%§%g%g§??uﬁgr%acti on of
benzophenone pbRinide polbmuy) dopolymerkiand blends theredBTRApolyRersnilich ffm thieseh a

m xture of 2,4-{ol uene diisocyanate, (2, 4-TDL, 64 | e,%.. 2, 6-t0l uene

di i socyanat e Pplygid aﬁﬁ?@@%ﬂéﬂl‘z@ﬁéﬁ%{ﬂ@?ﬁ&?ﬁ%?&%‘%ﬁ% Shenyl i socyanat e)
(MD1, 20 nole % . In another preferred enbodi nent, the polyirnide that
forms the selective | ayer has /ﬁ\ /OIL

e WA/RQ\(I)( _

Y

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

10 formula (A), formula (B), formula (C) and a mixture thereof,
o 00 <00
&V B ©)

Z is a mojety of composition selected from the group consisting of formula (L),
formula (M), formula (N) and a mixture thereof; and

. 0O
1 | b
0
O <N !
@) ™) ™)

R, is a moiety of composition selected from the group consisting of' formuia (Q),
15 formula (T), formula (S), and a mixture thereof,



repeating units of conpositions selected fromanong those shown in the
followng 20 formulas (Illa and Il1b): (ma) The repeating units can be
exclusively of formula (ha) or fornmula (I111b). Preferably, the repeating
units are a mxture of formulas (Illa) and (I111B). In these enbodi nents,
noiety RL is a conposition of fornula (Q in about 1-99 % of the repeating
units, and of forrmula 5 (T) in a conplenentary anmount totaling 100 % of the
repeating units, and a is in the range of about 1 -99 %of the total of a
and b. A preferred polymer of this structure is available fromHP

Pol ymer GtbH under the tradenane P84-HT325. P84-H1325 is believed to have
repeating units according to formulas (Ina and lab) in which the noiety Rl
bout 10 20 % of the repeating units and

is a conposition of la (Q in

of fornmula (1) in a 80 % of t peating units,_and in ich ais
about 40 % of the-0 f a and 4- HT325 is@%}ﬁi ved
fromthe condensati orbgseacti on o6f bgnzophenone tetr boxyl ‘&-o‘. anhydri de

(BTDA, 60 nole %9 and pyronel litic @zanhydride (PVDA, 40 nole %9 with

2, 4-tol uene diisocyanate (2,4-TDI, 80 nole %9 and 2,6-tol uene diisocyanate
(2,6-TD1, 20 nole %Q) 151 n yet angbher preferred enbodi ng)t, the

sel ectively perneable portion of the mnmenbrane can be fornmed of a materi al
conprising a blend of the above nentioned pol yners. For exanple, it is
contenpl ated that a menbrane can be fornmed froma blend conprising a first
pol ymer havi ng r epeabptefgredrendbediafent the polyimidelthdiddprmsftas seldctive laydrofde def i ned
above, or a m xture .of foroulas (. and 1b d cond pol yner havi ng
20 repeat i ng TFHRT ‘HW$F%Wﬂ%F%mFﬁ%¥£€@nH€Pé%i@“éﬁgggm&tﬁﬁater preference is
given to a nmenbrane of a blend consisting essentially of the first and
second polyners. In such preferre he second pol ynmer shoul d
constitute about 10-90 wt. 9% of t ifst polynmer and the
second pol ymer. Th%ﬂx@%)ﬂ m ‘3 N% sui t abl e nol ecul ar
weight to be filmformng ang 2 b¢ capabl e of being

f or med in%o continuous filnms or nw The polyirnides of this

i nvention-preferably have a wei ght average nol ecul ar weight within 9 the
range of about 20,000 to about 400, 000 nore preferably about 50,000 to
about 300, 000. The polynmer can be forne nto filns or menbranes by any of

the diverse oAU el R, 18 cakkia (3)5% PIDMIRE ot Raintiaibgord! assy

and rigid, and therei , used t rma single-l"ayer’ nenbrane of an
unsuppor t ed firmadi) i G:290% bi thh ecpsatipglugiis and Slformela (v a cayplemetpyys ar e

normal Iy too [ =1 . C . flux of
the prefer enﬁ&‘ g‘hggo%glrgﬁegg ] %ﬁ%’%@gégﬁh 'E"L%c%'f %@%%2’ (lﬁt ﬂ]r]né é@&ﬁ%&@gggdghmr e
econom cadl yfipmdiR Pelger GhdHamdarthd fratenamanP84oand icancicpaferred torasaarihe t hi n
sel ective layer that for rt. of thicker structurg. This stpucture may
o, 1 or  exanteEnt BCnoP B 1 LIRS LB FRpE S R ORI nse ok n
of sel ecti velyyich 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-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
20 formulas (T2 and IIb): |



10 perneabl e polymer and a thicker m cro-porous support |layer which is

adj acent to and integrated with the skin. Such nenbranes are described, for
exanple, in U S. Pat. No. 5,015,270 to Ekiner. In a preferred enbodi nent,

t he menbrane can be:a conposite nmenbrane, that is, a nmenbrane havi.ng
multiple layers of typically different conpositions. Mddem 15 conposite
menbranes typically conprise a porous and non-sel ective support |ayer. It
primarily provides nechanical strength to the conposite. A selective |ayer
of another material that is selectively perneable, is placed coextensively
on the support |ayerQ The selectiveQ@ayer is primarilyorespons®ble for the

separation propgrties R cal Ly ple Bupport | ayér of ornposi te
menbrane i s nmadg-rRpyNsol|Qt )on- cg filmor 20igpig Nhoew fi ber.
Then the sel ectilve | gyerl sal.ution coated on pyport in a

S

separate step. Alterrativel yg fi‘?)er conposi te ngyrbr anesocaﬁ be made
by co-extrusion of both the support material and the separating |ayer

si mul t aneously as descri beaﬁ'%n U S. Patent No. 5,085, G%ﬁ]bt)o Eki ner. The
menbr anes of the invention be housed in any convenient “type of 25
separation unit. For exanple, flat-sheet menbranes can be stacked in

pl at e- and-frane nodul es or wound in spiral-wound nodul es. Hol | owfi ber
nmenbranes ar erHeY&jeaidd vhitd 0dd inckxdintifeld of foamuile §8lk) 6eforrfule (LIILY. Praférabbathe

housi ngs. The final nenbrane separation_unit conpri se,ope or nopre
menbr ane nod dFRSSHN RS areaqnixpRe plolerBEas )\?P%I@E)'ym' SBF Y Iy s or

nul tipl e mMd, 68, &R BE A (QPRIBEI 1L9Y % of HEFBRLaRE IR AN bf RPmula

appropriate dianmeter and | ength. 'I'n operation, a m xture of one or nore

ol ef i n cofpodRus aspmplsmentsry Fraquat feialisg 194 % thegaprating uniseadads Bfhév t h one
side of the %gpq)%ut Pﬂ@?f%@ftﬁé'{ottag%k&anﬂi ving force for perneation, such
a pr e

as i nposi ng essure di rence between the feed and perneate sides of

the membrane, the bl SUROMRAT: ARAN 8 oliEHBSAPAP Pofle libHuBer rat e

than the paraffin conpou sane nunber o on-atons. That is, a
t hree car bon theltelenanpt 4T30S, PA4EEI325 kchelievetl iv kayecepdbting wuls afdoiding ©Thi s

produces an ol efin-enriched st m whi S W thdrawa.f meat e
si de of the %@Wﬁﬁ@aa’f‘ﬂ |1%W?‘ffilg€ep‘}1%’f’{gg{1#%%f°a&%‘¥ﬂ’88\§g§ 5'ng£|(f2$§1ra§§ {étr red to
as the "net eno 8d & 'the iepeating litoand of fmula(®) foebout80d6 of the Teathpumits,pndces s
can operate under, a, wm de n of condition nd..Ls. thus ted tp accept
a feed st rea?ﬂ‘g]&‘ﬁlbf‘? "Trtr‘{gao"g?@&t%t@ Ogaﬁflégsﬁ 8ﬁ%¥§#£ls;bggﬁ’egg$€ea‘f?ﬁvgfa gas 10
that exists gbmapsondénsatisuibidioh oNbénroptiefdhe tetho¥BoRfIIEREAMGdAd (BTRASE0 € and
a pressure gradient is maintained across the nenbrane, the driving force

for separati Bilecahandpysrrediia danivdrdn & Mid<10mole €0 dith 2,680 Bessur e
farther. Q h&is%y%ﬁateg%zsgfm?sfo aaree/ggeane%.@ﬁmﬁ@mgw (4,8-EDIREH6E 9%y, essur e

and/ or a vacuum-an rawn on t perneate side. of the nmenbrane to

provi de pgequat & yiryedirifhef Hiefifired BRBEHRR the Sict ety Hoed ¥ Softidu¥t 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 (Illa), formula (HIb) as
defined ébove, or a mixture of formulas (IIIa) and (I1Ib) and a second polymer having

20  repeating units of formula (1) as defined above. Greater preference is giventio 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 poljrmer.

The polyimides should be of suitable molecular weight to be film forming and
25  pliable so as to be capable of being formed into continuoys films or membranes. The
- polyimides of this invention preferably have a weight average molecular weight within
.. ! 9 -

]




15 separation should be a pressure gradi ent across the nenbrane of about
0.7 to about 11.2 MPa (100- 1600 psi). The novel process can accept a
feed str_eialm idn ei 'élher Eﬂe gaseou_st_state gr thtehl [ quied s: gt gth[lgnrs)'te?;?u?L
matter wi epend on e conposition and on e pressu

of the ol efin/Baraffin feed stream Wen the feed streamis in the liquid
20 state, the separation can be carried out by the pervaporation mechani sm
Basically, in pervaporation, conpont;%zjs of the Ii qéu}l d ;gebedbén xture in
contact wth tiheradphdrd5e: J0P00EREHRBuAD0,080 aRDial Srdfhly gbbut BEotERBbaRE,

t her eby separati;b% t{l‘%c{g onent in the vapor p%ase. ylI'hi S invention is
particul ar ISy hﬁsﬂg P4 Thsp %%frc&?Eﬁ@%@dﬁ?l%?ﬁqusﬁ’%ﬁgﬁéggﬂzgﬁane

m xtures. Suchedinigutl 182wl tHR R TEEShIRRerS b @iy SisPRANS ,
manuf act uri ng gper ations, and in vﬁ%%ﬁg preocess g?tsr}ﬁgrrs of getrocﬁeem cal
plants, for —énarfsiuesd toeran ¢ singlefyeraomisancefis gnsppericdiive op fibered Evo:c vez
passing a str OB SRl 43 fRE od 118 SQhACkat h the fee
side of a %enb%r% n;b]gﬁgg | ﬁgfﬁiiﬁrﬁgepﬁgﬁﬁﬁg viﬁﬁﬁrespeg;fﬁ fgéc?npyl Sne
and propane. TFReEp snEubren erferattedly parnichide panpeat a an

t he Iroetgnt at e{xﬂﬁtﬁ:ﬁa@oib@Iﬁé}gécoﬁﬁ&%ﬁyﬁgﬁcgﬂ{ Sdea%ll,[et edn%fa&gr%gg“l"g e The
menbr anes of I's Tnvention exhibi nexpected’y ’I?PB?‘T; F yi e 8pane

IS: el eﬁ.t ivity V\/{vﬁwhhid iﬁedﬁvgﬂdys?th? rfpzittfs_rpm‘tlbﬁarthi)clst thi keﬁﬁtﬂ_ﬁmh?[. rmﬁﬂtht etz eﬁmﬁeen??% I;e, forfce

urt her nore, e ranes o S inyention _.exhihit. s _

over |ong per Fod® Gfl AFELHYEPmRERY "t comprss e thigspseh fo%elF‘HE’eg"ral or art
Separ at i on pr boss i ol s on At e ot TR e I | o
separation pro¢es ny e 5 co ( ]

fegd mi xt urg B’g%ffi?dls‘f"%b&’ﬁﬁhﬂi é\“‘f s A desribgd. Jor xpmpls, BB dREdNhavi ng a
nunber of carbors,20a8®kaler.| €ast as great as the ol efin conpound, causing
the feed m xture to selectively pear me?t ?ﬁéhrough t he mentrape, thgrgbé
forning I alpRFerPREMUSIMAE 1R mdolifakBEER b8 Eordfbsht £200 th& e

per neat e corrpositiontplO\g\hi ch has a cor?é_entrayion ofot .esé OFIE I'n conpound
great er than &Hgnbgre haying meliplsilayersiof typicaByrdifferapt ¢onopesitings. ddedsmal si de of

t he nmenbrgne L1 "ﬁ%ﬁ?aﬂ ' ﬁg}gg g . i thdr awi ng
fromthe @e 6sol gﬂte]f‘rﬁ %rfri:ber%lin% ranggglﬁﬁ%sl@ tg&xlo%_ ep?%{ﬂe%ibg%ﬁ%%gﬁrflgwa?ch 15
has a concentprmatdrprofidesmedianitcil siregtipio uecdngmsite. Wasel¢ckiag lagér dflapothered

m xt ure.

p—t )

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
potied 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 2 common housing of

30 appropriate diameter and length.

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

parafiin compounds is contacted with one side of the membrane. Under a suitable

10




This invention is nowillustrated by exanples of certain representative
enbodi nents thereof, wherein all parts, proportions and percentages are by
wei ght unl ess otherwi se indicated. Al units of weight and neasure not
originally obtained in SI units have been converted to SI units. The entire
di scl osures of U S. Patents naned in the 20 foll ow ng exanpl es are hereby

i ncor porated by reference herein. EXAMPLES Exanple 1: Propyl ene/ Propane Gas
Separation with P84 Menbrane Asymetric hol |l owfiber menbrane of P84
was spun fronRikabiéb fPeleatich, %ﬁoﬁ&éﬁn&s&g%pi@hﬁ'ﬁ&ﬁf@fﬁﬂb@lﬁ&@bﬁnﬁbﬁ&echnd 1.6 %

acetic anhydride 1n N methyl pynolidinone 25 (NVP) with t hods, an
equi pnent as a&é@’é@i"é@éﬁeﬁo"{@ pgnbape, tolefn qommporysls passdo g‘?@’f@?e?f(ﬂd%‘?ﬁe

nascent fil angfe: Wasmavihb HAS%nbmBodrdl 8 BE sah@0ueiBRf H¥ cattidh Qroad. Thatis,Aner et

wi th fiber chahnel dinmensions of outer dianeter 559 pm and inner dianeter
equal to 254 thyee sarbapaefippermentes fashonthan s thige omban paRasin.n TIHE PEYIUGEES | nj ect ed

| nto the Bor ey &litndd st}g{g.p it i Pitir R o @ eBhoatd i SIARCABEDERCT

travel ed through an air cmat room tenperature into a water
coagul ant batThe alefid4ieplated rashipe, foctrsioneliysrefoongd th asghetretentptat, és withdsgwing ni n.

The wat er - wet f',{glerefﬁa%ewashed with running water at 50C to renove residual
sol vent for 5’8&1 ef Rotrs and then sequentially exchanged w th net hanol

and hexane as 5t ht in U S. Patent S. 8,
fol | owed by vacuuiﬁ%’f’?’i#ﬁo%efs FBSRYEE r%ggr)rélt“ﬁéeepagg? Zépén%ﬁglﬁsfagé .%)%?s?er t hat
the fibers wadstdribactepia ftO G suspled fonrdiveimnplress. df theiftedrstromn & afgas ned
into four test menbrane nodules qf .52 fibers each. The fiber in_ the nodul es
was treat@d thetedsfFa %Ettas‘mh%wt“ﬁgh@épﬂ’?ﬁ?‘?ﬁﬁ“%?&”ﬁﬁ‘?ﬁa@e%%ﬂgg simlar
to the nethogradRecHk ndafainddl dckoss s nibrane, thd drivifly #6&k fol tpadatiecankas t hus 10
contacted with a solution of 2% w. 1-2577 owggc CO%—;%}E%SS Coat i ng ( Dow
Comi ng Cor popéndpre yritheutgaising feed sirespiRrpeainaitier. Gens U “ThEh
dri ed. I&lﬁ%ﬁ&g&{oeashlﬁfef ?rem% alvAcRB! d¥B 8L U the p@REatetidebred

e ;

propyl ene/ pr opane (50: 50" no The feed m xture was provi-ded in the

vapor state thy nsorhransith proyide ladequatedriping Sorge- ePraferablygthe/iivipg 60c%f ) and t he
feed te ragure.. ' ! NaS, ﬁié&ffl- \ t he
out si dengée t%%a%fl@e?hg’ggr?g-g&ﬁeesggggﬁglfﬁe%%ﬁé%m vvasr co Iaté@?ggqgﬁgﬁtgg%pheri c

pressure. ThePadldtealtcd0 psipw at e was neasured by vol unetric di spl acenent

wi th bubble flowreters. The feed flowate was naintai ned at greater than
twenty tinmes the Temuedtpeocessman ateept dAfeedsireatdn witler Hieglaseonso sigls of gt t he

conposition on.the feed side remai.ned rqughil nsi: i d
Xt per il den dhna PEmeRer i Eonsd 09 bR BORIOLlog Skl AT, |
t he nmenbr aneeppelmad bfahe Glefil/piaHindesd siiosm C When tietfeahsteimtihia theliqmdt e stream
was neasured by r(j:gas chromat ography wi.ith a flane ionization detector. The
aver age 4¥er rfdHedRTIRHALE (38 A GAEICG L "0 :

b dhesApakon 8 I PEHPPEHET i fealbi i

The perfor AR, Bfatibi) o MBSRNANE MARURIBECEBOHe i bdnBiIWitR fheRi@ittne
per neanCe a pPopyI ene/ propane sel'ectivity. The perneance is the flowate
of , permeate and evaporate through the membrane, thereby separating the component m the

vapor phase.

This invention is particularly useful for separating propylene from

25  propylens/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 siream
comprising propylene and propane in contact with the feed side of 2 membrane that is
selectively permeable with respect to propylene and propane. The propylene is

30 concenirated 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




25 propyl ene across the nenbrane normalized by the nenbrane surface area
and the propylene partial pressure difference across the nenbrane. It is
reported in gas perneation units ("GPU'). One GPU equals 10-6 crn. 3(at
standard tenperature and pressure "STP")/(sec crn2 crnllg). The
propyl ene/ propane selectivity is the ratio of the penneance of propyl ene
di vided by the perm eance of propane. The performance of the 30 four
nodul es is shown in Table 1. Table |I Propyl ene Penneance

(1) Propy! ene/ RfpaRg, @%&ﬁa&{axfm ihyehtionlexdib b AbAdiod orti Bn 1. 313. 1
(1) neasured after hours Exanple 2: Propyl ene/ Propane Gas Separatron
wi th P84 Non- mg@qqudwemﬁw wheesamgsmitaanss of the prengl degradesigRifftlE 1 was
processed and forned into a test 5 nobdule as in Exanple 1 except that the
fiber was not freated to seal defects in the separating | ayer. The

propyl ene per meangg, ﬁgﬁ?& Eﬂgﬂﬁfywkig ﬂ%ﬁﬂ agkppane selectivity was

7.5. Although the se IVIity e selectivity of the treated

fiber of %Xaf}}% fctihg ohd sﬁé%(?f ny %eplﬁﬁﬁygzﬂhﬁ%eﬁgﬂﬂﬁ? 8}3?13%}11 £ B olefifl cdrhfifihg W t 1

accept abl € per nce charac strcs can as an asynmnetric
menbr ane wit hode pm’aﬁinbﬁmsem& haging esminberalf cahon atanaatﬂr:aet & grexat epipe ele8n Pr opane
Gas Separati on W tl& P84 Menbrane Asymmetric hollowfiber nenbrane of P84
was prepared &P 1f?ExarrpIe 1 with

causing the feed mixture to selectively permaaié through the membrane, thereby forming
on the second side of the membrane an olefin-enriched permeaté composition
10 which has a concentration of the olefin compound greater than that of the feed
mixture,
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 less than that of the feed mixture.

This invention is now illustrated by examples of certain representative’
embodiments thereof, wherein all paris, 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 Separatiori 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 tbrough an au‘ gap of 5

12.



the follow ng two changes: (a) the water-bath tenperature was |l owered to 8C
and (b) the spinneret tenperature was increased to 87C. The fiber was
washed, dried and built 15 into test nodules and tested in perneation of a
50: 50 nol e % m xed propyl ene/ propane feed m xture as in Exanple 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 wi th P84 Menbrane 20Asymmetric hol | owfiber nenbrane of P84
similar to then#ien tfpemiupites yaisheoagelantdgthian 4 Gund thedibespaywasRfdPat  90C

with a 50:50 e ijﬁgﬁﬁd xture of propyl ene/ propane at 2.8 M Pa (400
psig). The teds%?ri/&vgg/? esigned to sinulate commercial operating conditions.

Results are shown 4 wl%plw‘éhgoer Nas 9«@%&1 Q&I‘hir&n%l Wil Y 5é t¥@snoveRefduied. A

sl ight decline was observed 1 n propylene pernmeance, which stabilized after
t he second daplventifabdbeutll2 hours and then sequentially exchanged with methanol and hexane as

5  taught in U.S. Patent Nos. 4,080,744 and 4,120,098, followed by vacuum drying at room
temperature for 30 minutes. After that the fibers were dried at 100°C for one hour.
Samples of fiber were formed into four test membrane modules of 52 fibers each. The
fiber in the modules was treated to seal defects in the separating layer with a method
similar to the method described in U.S Patent No. 4,230,463. The fiber was thus

10 contacted with a solution of 2% wt. 1-2577 Low-VOC Conformal Coating (Dow
Corning Corporation) in 2,2,4-trimethylpentane for 30 minutes and then dried.

The modules were measured in permeation of a feed of mixed propylene/propane

(50:50 mole %). The feed mixiure was provided in the vapor state by conirolling the
feed pressure at 2.8 MPa (400 psig) and the feed temperature at 90°C. The feed mixture

15  was supplied to contact the outside of the fibers and the permeate siream was collected at
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. It is reported in gas
permeation units ("GPU"). One GPU equals 10 cm3(at standard temaperature and
pressure "STP")/(sec « cm? » cmHg). The propylene/propane selectivity is the ratio of the
permeauce of propylene divided by the permeance of propane. The performance of the

30 four modules is shown in Table 1.

13



Time Feed Pressure MPa (nsig) Propylene/ Propane Selectivity Propyl ene
permeance GPU 4 hours 1.7 (250) 13 0.76 1 day 1.7 (250) 13 0.96

10

15

20

Table I
Propylene Permeance (1) Propylene/Propane
GPU selectivity (1)
1.3 12.0
0.97 12.5
14 12.9
1.3 13.1
(1) measured after 24 hours

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
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

sealing postireatment.

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 fo 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 Il. No decline in selectivity was

14




2 days 1.7 (250) 13 0.73 3 days 2.8 (400) 12 0.61 4 days 2.8 (400) 14 0.61
Exanpl e 5: Propyl ene/ Propane 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 and tenperature were controlled at 2.8
MPa (400 psig) and 50C, respectively, to place the feed m xture in the
liquid state. The perneate was w thdrawn at atnospheric pressure, therefore

the perneate was in the vapor phase. For this type of separati.gn tpte
concent r at i orehaeveds rA plight deslipr was ohservady ppylene Poragace, Wieh #4457 be

the driving ftﬂgg&oﬁ@&aﬁeparation I nstead of the partial pressure difference
10 as used in gas or vapor perneation. For conparison of the results of
this Exanple with perneation under vapapygipte feed conditions, the

si mpiifying mat nemgat—ppw%n—afe——w%sﬁam R W
Baker, A sinple predictive tritnent of™PHEer npation process in
pervaporation, J. Menbr Fraprap 101 PHOPICRGRIMSHNE| ed. Such
anal ysi s assunes t il et at ur at ed

1.7 (250) :
lday 1.7 (250) 13 0.96
2days 1.7 (250) 13 0.73
3days 2.8 (400) 12 0.61
4days 2.8 (400) 14 0.61

Example 5: Propylene/Propane Liquid Feed Separation with P84 Membrane
One of the modiiles of Example 1 was tested using a 50:50 mole % feed mixture
5  of propylene/propane. Feed pressure and temperature were controlled 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 treatrnent
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



15 vapor phase on the feed side of the nenbrane and then perneates through
the nmenbrane driven by a partial pressure gradient. This anal ysis provides
a mat hematical 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
per neat e st r ealimaodpld® Bppdene/Rrogane Bys Suppdaticrawitio a Midntirive ofiB8Eblendet! withs

det erm ned t hat thgJ F&w‘%ene per meance was 0.46 GPU and the

pr opyl ene/ pr opane g ity was 16. In separate testing with feed m xture
of the same conposiAsymmetrdt Hollew\fbpOhesbrajeofatl : 2bI8nd\6TP 4 400PPEHTI25%mes 90C,

ST ent 1ol ty v Bon periSR cbLe A REE ToTaPrb a2t o8 A seliafop Shge . 1 or
separ at i on sseryg %chétﬁfanh&&i&e@nﬂl\mlwtﬁ@ﬁo@és@@@ﬂﬁbedlﬁ]ﬁx@éﬁgm @h@sgmmﬁ]
W

Propyl ene/ Propane .Gas Separation with a Menbrane of P84 bl ende
P84- HT325 conditionsand peuipaet Fgrorspiar cxesaidhatile inngret tempsraiywat 83984 and

P84- HT325 was Wi éﬁﬂ@aﬁr@@ﬁéﬁ°§%ﬂd af ai]r%aﬁ/ %Eﬁfb et O THE Egeél &Jﬁﬁ%ﬁed s %0

tetranet hyl ene sulfone and 5 1.6 % acetic anhydride in t he process

described in EcdHsIvéich wastiestedforprrmention nfis piopylendprapang (F elek@rieedsi ni | ar
except that t@ﬁxﬁfé‘a@i&%ﬁ%%nﬂl%ﬂ%?@%%@aﬂ%ﬁ?@éﬁa%&?ﬁ sha @Pﬁ?ﬁf{f»@fe&%”r e was 8C

and the air gap was er was ftorne 0 a no ich was

t est ed f orl0pepemwticenandil.8 pppylept/propdnesdpetiviy( 50: 50 nole % feed m xture as
in Exanple 1. The perneation perfornmance was 1.9 GPU propyl ene 10 perneance
and 11.9 pr opél ene/.Er opane selectivity. Exanple 7: Propyl ene/ Propane Liquid
Feed Separ at i Gramgle i Bropuene/BropansiLiqdd Fesd Separetion with PRemEee6fP84  The
nodul e of 1:1 ble i [ -HT325 of Exanple 6 was tested with 50:50
nole % feed m xtup%e%d%[?%?g%ﬁ}%gropane. The feed m xture was naintai ned
in 15 the liquid stletmeodwe affipl hlembofifid andPRY-HI 820 templdiedas testédkaitipl e 5,

50C. The. per nilt CEeb St O ORER D BPRE: The RBOsHaRr e RPGuaaPetmr e
menbrane p§ odihe tiquid spRUyRRbEinY théicddditionddasérivRy HEBLmiIE S, /I, drRyfb@@essure

per neance was 0.6 U and the propyl ene/ propane selectivity wag [15.5. This
shows 20 thatw?%gﬁﬁﬁ%%@ Fhf%m?answaﬁé&% CPgAL ‘Y‘,@W‘ i de

useful separ af vbr Matdhoshhétitigleddi@PY | ene/ propane feed. Exanple 8:
Propyl ene/ Propane Liquid Feeéd Separation with a Menbrane of P84 bl ended

W th P84-11T325  The membrankpfodubst a peimbat@with 83.6 % bropylendVifidbrépidpeane of 1:1
bl end of P84 and P84-11T325rﬁ025 Was15 conti nued forbéﬁgur atieg)n of 100 hours,

to assess nerASHAGRECHERS P ddheisppyleng/propane selectivity was 15.5. This shows
20 thatthe mgmbrane 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
The test in Example 7 (i.e., with membrane of 1:1 blend of P84 and P84-FHT325)
25  was continued for a duration of 100 hours, to assess membrane performance stability
under simulated commercial conditions. Results are shown in Table IIl. No significant

decline was observed.
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under sinul ated comrercial conditions. Results are shown in Table DI. No
significant decline was observed. Table H Ti nePropyl ene/ Propane

Hour sSel ectivity Propyl ene Pernmeance GPU 2415.50.56 GPU 6015. 90.59 GPU
8415. 60. 67 GPU 11015. 80. 67 GPU Exanpl e 9: Propyl ene/ Propane Gas Separati on
wi th P84 Dense Fil m Menbrane A thin dense filmof P84 polynmer was cast
froma solution conprising 20 % P84 in NW. The filmwas dried at 200Cin a
vacuum oven for four days. A sanple of the 5 polynmer filmwas tested in a
nodified 47-mmultrafiltration style perneation cell (MIlipore), using a
feed m xture of 50:50 nole % propyl ene/ propane at 2.8 MPa (400 psig)
pressure and 90C. tenperature. The per F@Hpressure was 2-5 mm Hg. The
feed fl owate was hi gh enough tqQ ensure | ow conver si ethe feed into
perneate so that the cgﬁggiitio T iFﬁ@?&@%ﬂ si de mgggggﬁgtant. The
conpositions of the fe d per mefFlEFW8Y st r eans wer egpgasur ed by gas
chromat ogr aphy wi th afigmeTonrzatTpgis detector——Thy Qgepipate fiowate was
determ ned fromthe inc%gase in presgipe over time bggsﬁgjfixed-volune

per neat e chanber of thesgerneation Cf'i. d67GPU

110 15.8 0.67 GPU

Example 9: Propylene/Propane Gas Separation with P84 Dense Film Membrane
A thin dense film of P84 polymer was cast from a solution comprising 20 % P84
;'n 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 ultrafiltration 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 pem:ieaie so that the
composition on the feed side was constant. The compﬁsitions 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 permeabilify 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 107 cmB(STP) « cm/(sec * cm?
cm Hg). The propylene/propane pérmselectivity 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 holiow-

fiber membranes of P84 polymer.
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The perneation performance of the polymer is characterized by the two
paraneters: propylene perneability and propyl ene/ propane pernsel ectivity.
The 15 perneability is the fiowate of propylene across the filmnormalized
by the filmsurface area and filmthickness and by the propyl eng, parti al
pressure difference across the film Units of perneability are Barters. One
Barter equals 10-1 cnB(STP) cni(sec cnfocm Hg). The propyl ene/ propane
pernsel ectivity is the ratio of the propylene and propane perneabilities.
The propyl ene mﬁbdm Proyylesfe/Rrppnpepafationwith a Ms@taac: of TDIAO | V2a (400
psig) was 0.24 Barrg .&g propylene/propane pernsel ectivity was

15.5.. The pernselect|V|ty in good agreenent with the selectivity
measured with hol | owdhnst@éimméabomilmer@f toRBAedhioboynmite (Tlﬁg(ﬁﬂiﬁ’bhﬁ‘e $020% 2,6-

Pr opylene/ Propane.. ti.on nbr.ane of TDI TDA: BPDA( 1: 1) A
dense fil m of goqcen nvgﬂate?ndtl\éq“&%’%é%{f%?nfg'&?%?@ Et‘:‘illﬁll Fﬁ"’f'ﬁ“ﬂ?t" re of 20%

2, 6- tol uengdi benzophEDMeGB BpuH° 86acaibéx lielatid Aeehydide YBTBAG Wit 3% 84 ThighehiIxt ur e
of 5 benzophen 3 4.4 t;oxyl i c.acid dianhydride (BTDA W th
3.3, 44 -bi pig e tAaEr G T e Sopmmap Wik O sl hixed

per meation wit ﬁoﬁﬁe&qﬂaﬁ&l@ 04 g zsmr(myﬂsﬁg) BhPIPLAR$ ELLEDIAY. Fhe@rdWiRnd 400
psig) and 90C as |%F F@ﬁe 9. The propyl ene perneability of thé an was

0.48 BWS and PHEe &lp 73 448 ﬁﬁ%ﬁ@d@eﬁowkeye/mmm@rm@@cﬂm was
Compar ati ve Exggpie 1. Pol ypropyl ene/ propane separation with a traditional
conposition fiber nenbrane Sanples of conposite hollowfiber nenbrane of
Matrimd(r) 5218 a copol yner of 5, xam no-(4-am nophenyl)-1,1,3 trinethyl

i ndane andi(8, Qorpafitivb BRERFIBENPH TAgE5 ¥ ¥paCetbR YA AriMiohant i co,

Inc.) were tested in pernpeation %feo?& %ﬂ IJ15 peri od Wltlﬁ a feed

m xture of 50:50 nPEPOYRIbGr BREP¥POpane at 1.7 MPa (250 psig) and 90C as
in Exanple 1. Shh@iRuf RASHsR h&li&%-ﬁl?e? gxe}%ﬁmé 0t éggo Jr%??x-

performance stability under simulated comrercia con |on 'S nenbrane,
described in M@W@M@E}MQmmeﬁlymdmmaB'ﬁgﬁé)eWGMOn menbr ane

produced by MgDAL. 4 57/511 hown in Tabl e Table IV
Ti me hours Propyl ene E’r opg'hﬁ éﬁ%ﬁ%}’ ?%%?/ ]é’r?gnﬁ%%lﬁﬁgﬁ?fél Jz}ﬁour
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 fest are shown in Table IV.

Table IV
Time Propylene/ Propane Propylene permeance
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 from these resulis, 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 %

18



GPU 2 5.59.0 24 7.04.8 48 7.1 4.0 72 7.2 3.8 20

10

15

-propylene/propane at 2.8 MPa (400 psig) and 90°C. as in Example 1. This membrane is

described in US Patent No. 5,085,774 (Example 15). The fiber was spun at a draw ratio
of 7.3. It is an established gas-separation membrane applied in the separation of

“hydrogen from mixtures with hydrocarbons or carbon monoxide. It exhibited a

propylene permeance of 0.23 GPU and a propylene/propane selectivity of 9.5. This
performance was less than that of the novel membranes having composition of formula
(). This result was unexpected because the membrane of aromatic polyamide has very
high selectivity in separations of other mixtures, for example a selectivity of higher than
200 for Hy/CHj, at 90°C. '

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 art,
it should be understood that various substitutions and modifications which bzring aboﬁt
substantially equivalent or superior resulis and/or performance are deemed to be within

the scope and spirit of the following claims.
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As apparent fromthese results, the nmenbrane exhibited | ow selectivity and

| ost greater than 50% of its initial pernmeance during the test, unlike the
menbranes of this invention. Conparative Exanple 2: Propyl ene/ Propane
Separation with a Pol yaram d Menbrane Sanples of asymetric hol |l owfi ber
menbrane nmade froma blend of two 25 aromatic pol yam des were tested in
pernmeation of a feed m xture of 50:50 nole % propyl ene/ propane at 2.8

| VI Pa (400wpsiigaiddids:90C. as in Exanple 1. This nenbrane is described in US
Pat ent No. 5,085,774 (Exanple 15). The fiber was spun at a draw rati o of
7.3. 1t is an eshalibsiiedep@asorSriaiabi RParaRigan 3Rt @pPd inRtrd il okefte as@par at i on
of hydrogen fr gumraffink testeeisingi t h hydr ocar bons or carbon nonoxide. It
exhibited a 5 propyl ene perneance of 0.23 GPU and a propyl ene/ propane

sel ectivity of (8).dovidRgiaswpsdddosarmiely paarsable semblaancdripatingd pdiymer pov el

menbr anes havi rmgraborep bavingirensatinp ufitsrofferrauld () . This result was unexpected
because the nenbrane of aromatic pol yam de has very high selectivity in
separations of other m xtures, Jor exanpl e a sel ectij.vity ofil'hi gher than 200
for 1-12/CH4 at 90C. 10Al t houghjspecific forms of the invention have been
selected for illustration in the _prs Konjwhich is drawmn in
specific terns for the rpose’ of ] i bi ng, efg of the invention
fully and anply for one - avex agg l injf gertjnent art, it shoul d be
understood that various substi tffiti ong antrod catfons whi ch bring about
substantially equival ent or suérl or resuilts and/ or{perfor mance are deened
to be within 15 the scope and- splrlt of the follow ng clains.

in which R, is a moiety of composition selected from the group consisting of formula (Q),
formula (T), and formula (S),

&

{0

CHy

in which the moiety Ry is of formula (Q) in about 16% of the repeating units, of formula
(T) in about 64% of the repeating units, and of formula (S) in about 20% of the
repeating units

(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,

20



What is clainmed is: 1. A nmenbrane separation process for separating an
olefin froma mxture of olefins and paraffins conprising: (a) providing a
t wo- si ded, sel ectively perneabl e menbrane conprising a polyner or copol yner
havi ng repeating units of formula (I1) 01) ()O in which RLis a noiety of
conposition selected fromthe group consisting of fornmula (Q, formula (T),
and fornmula (S), CH - in which the noiety RL is of formula (Q in about
16% of the repeatyigmbiglidm 1R seb T 8 thd hehbra@DRbbPdHiPed bliResEPEAt | NG
units, and of fonﬂmhﬁnbéknan about 20% of the repeating units (b)
contacting one side of the nenbrane with a feed m xture conprising an

ol efi n conpound dexdvitadrpain@frdr the oongideuri thelmzenibrege an plafvbdeplesfl cgarobiten- at ons  at
| east as great as the olefin conpound, (c) causing the feed m xture to

sel ectivel y peradréatesbtane serghetierhmogsendior seneratinglee oefiyfrdnoe mixivee delefitseandecond
side of the nenbrasiinsgAMRIsEsi n- enri ched permeate conposition which has a

concentration of the olefin conpound greater than that of the feed m xture,
(a) providing a two-sided, selectively permeable membrane comprising a polymer or

copolymer in which the repeating units comprise moieties of composition selected
from the group consisting of formula (Illa), formula (llib) and mixtures thereof

{Iil

in which Ry is a moiety of composition selected from the group consisting of formula
(Q), and formula (T),

&

CE{:;

CHy

in which moiety Ry 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 in
which a is in the range of about 1-99% of a+b,
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(d) renoving fromthe second side of the nenbrane the ol efin-enriched
perneate conposition, and (e) withdrawing fromthe one side of the
menbrane an ol efi n-depl eted conposition. 2. A nenbrane separation process
for separating an olefin froma m xture of olefins and paraffins
conprising: (a) providing a two-sided, selectively perneabl e nmenbrane
conprising a polyner or copolyner in which the repeating units conprise
noi eti es of conpPQs) &dn@btingeIne GlaR tbr fiteOmb htten ORIBUP L@ NSikiS] BB pRingfaardasha
(111a), fornula (cbhpdandand arpaxdfinr @smpbdh@riacihg aindmvét o ltalBdn b®ma atreagtay of
conposi ti on sel earedad henkefitemgewdp consisting of fornmula (Q, and formul a
(T), in which noiety RL is of fornmula ( in about 1-99% of the repeating
units, and of for]EF'?LH?%Sgﬁm%d?D%%ﬁﬁ %?'n?é?ﬁea rg)‘?r%‘ﬁ‘f{’dh‘r@?r? o &Men rai?q(ﬁ'@?gfif’g t he
repeating uni ts, \A%ﬁgf% S a o%%ntétifng f‘wir}e?c:&gn caqrﬁ;iéj ghergae?l) ar:it_hat g’?"tﬁi fe Eb’

(b) contacting oqﬁx&lec?e of “TRE“nEnDr dne W th a2 fedd m xtur e conprising an
ol efin conpound ancf a paraffin conpound having a nunber of carbon atons at
| east as great agdtdeodEhn teosHRMEINGde of(t6) MeAVShA thet hginfapdhedbXindse t 0
sel ectivel y per neahgostihfi,@ugh t he menbrane, thereby form ng on the second
side of the nenbrane an ol efin-enriched perneate conposition which has a
concentration of (&)néhdspwing fiore hapoeside 4 theanastoranh an oefimdertsfedicperasiied mi xt ur e,
(d) renoving fromthe second side of the nmenbrane the ol efin-enriched

per meat e conposi thoerocesadf clgim)2. W whirdrteavnpigy R sreftieTeuigne) igjageut 6¢% hive

nenbr ane an ol ef irw-ea@sw%%wd@ fopeida ¢1) Brpbod 80%Rbths repealy ugts. et sh aj n

whi ch the noi ety RPYEOEOT#FH mula (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.
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