, fge3e8J5\ " ~B6TJ) . 5(, 2 7 JIJN 20Q2 1 PROCESS OF FORM Mo A PERVEABLE
GAS SEPARATI ON MATERI AL Field of the invention The present inVention
relates to a pr ng a perneabl e gas separation nmategha
Background of tmmmummmwr‘%l y(phenyl ene oxide) (PPO is knofz%‘?a‘lsl‘mazm2
noder at el y per meabl g,pol ymer menbrane material having alternating aromatic
cycles and GO i nkages in the main chain. Anrong the many aromatic pol yners
having a high glass transition tenperature)l PPO shows the highest
perneability to gases) higher than pol ysul fone or bisphenyl-A-pol ycarbonate
whi ch have rRROCESENDFFORMING ArRERMEABREAGASSEPARKHON MATERIAEAsON
for this, PPO has received significant attention as a pernsel ective
material. However, measurenents of separation factors for PPO have not been
fully consi skigld of thessventorhecause PPO can crystal | i se under sone

condi ti ons [

per nmeabi | i tyﬁq? \lbql%]ééﬁtblﬂgﬁnhého?%ét}tcf {doé {Br{%%é%%%e% f'? nééﬂ.h{agl?% %% Igﬁ%aratlon
t he i nt r oducinateriabf bul ky subst i tuents. Thus, European pat ent appl i cation
EP 0 360 318 (Eniricerche SpA) describes a nodified poly

(2, 6-di net hyl - p- oxyphen Iene) W|th a glass transition tenperature in the
range 180 t oB2e{EIOUIRG & yeRtion droxy butyl group replacing the nethyl

group in th t QT Qup,i

St at es pat eﬁ?&b@q?fggﬁ{% %de%r BF %f@allt% S%gmaspnﬁd% Fate yo%écﬁﬁ scrl es Ig?n%r

process of nmdirfbyameg nikREriblyhaving adiamaﬁ@gaarbmald(wckasl gmd ﬁ?a()l lihkagabdn ithe ardin

group. United State atent US 4586939 (Li /, The andard Q.| an -

deschi bes PO cHAMBNGIRS | TaNLd FOmeHc BONIPTS. BAANg: Bnlidh (SIB8 r dapeltion

l'arger than eigeratee, BPONsREVOHEThiihest peAmaabiify todf¥es, higher than polysulfone
or bisphenyl-A-polycarbonate which have rather similar structures of repeat units.

Whatever the reason for this, PPO has received significant attention as a

permselective material.

However, measurements of separation factors for PPO have not been fully
consistent, possibly because PPO can crystallise under some conditions and

variations in crystallinity can cause variations in permeability.

It has been proposed to increase the permeability of PPO by the introduction of

bulky substituents.

Thus, European patent application EP 0 360 318 (Eniricerche SpA) describes a
modified poly (2,6-dimethyl-p-oxyphenylene) with a glass transition temperature in
the range 180° to 220°C containing a hydroxy butyl group replacing the methyl
group in the 2-position, or a hydroxyethyl group in the 3-position.

United States patent US 5169416 (Pedretti et al. / Snam SpA et al.) describes a
process of modifying PPO by introducing a triatkylsilyl halide substituent group.

United States patent US 4586939 (Li / The Standard Oil Company) describes PPO
which is substituted in the 3-and 5-positions with a radical larger than chloride, such

LT

*166166*

as bromide.




2 Gas separation nmenbranes prepared from PPO of | ow nol ecul ar wei ght have a
-tendency to rupture. An inportant property of a gas separation nmenbrane is
its permselectivity, especially if one or nore conponents of ti9e; ggR 200

m xture conprise polar nolecules. In fact, for such m xtures,

pernsel ectivity is nore inportant than perneability. It is an object of the
present invention to provide a perneable gas separation material having
good nechani cal strength and good pernsel ectivity. SUMVARY OF THE | NVENTI ON
W have discovered that this object, and other useful benefits, can be

achi eved by sul phonating a partially bromnated (2, 6- dinethyl - 1, 4 -
phenyl ene oxide). This will hereafter be designated partially brom nated
PPO. Thus, according to the invention there is provided a process of
form ng a perneabl e gas separation material characterised by sul phonating a
partially brom nated poly (2, 6- dinethyl - I, 4 - phenyl ene oxide) having
20% to 60% brom nation in an organic solvent with sufficient sul phonating

t t i I - it
B The parti STy BraHbRIRBEbER oty RGTEED b ok TR ER ke i) ©
wher eby a nodéddesd, ooyt i s f or ned: 2 ? JUN 2002 2a coating a nenbrane

substrate with a solution of the nodified polynmer in a solvent; and
al l owi ng the solvent to evaporate. The process nay conprise reacting the

partially brom iHotentEzohbity dF & gadddpAnah niehbrane is its permselectivity, especially
if one or more components of the gas mixture comprise polar molecules. In fact, for

such mixtures, permselectivity is more important than permeability.

It is an object of the present invention to provide a permeable gas separation material

having good mechanical strength and good permselectivity.

SUMMARY OF THE INVENTION
We have discovered that this object, and other useful benefits, can be achieved by
sulphonating a partially brominated (2, 6- dimethyl - 1, 4 — phenylene oxide). This

will hereafter be designated partially brominated PPO.

Thus, according to the invention there is provided a process of forming a permeable
gas separation material characterised by sulphonating a partially brominated poly (2,
6- dimethyl - 1, 4 — phenylene oxide) having 20% to 60% bromination in an organic
so]vent with sufficient sulphonating agent to nominally sulphonate at least some of
the un-reacted repeat units in the partially brominated poly (2, 6- dimethyl - 1, 4 -

phenylene oxide) whereby a modified polymer is formed:



agent.in an organic solvent, for exanple using a procedure simlar to the
Known procedure for sul phonating | ow MV PPO. The sul fonating 2 fi JUN

201 12 3 agent is typically chlorosul phonic acid. The organic s@¥dJduN 20% be
chl oroform The concentration of the PPOin the non-polar solvent is
preferably | ess than 10% by weight. Sufficient sulfonating agent may be
used to nomnally sulfonate un-reacted repeat units in the partially

brom nated PPO. The gas separation material forned by the process according
to the invention may be nade into a nmenbrgne. A nmenbrane may be formed by
coating a flat surface or the lunen or the shell side of hollow fibres with
dilute solutions of the nodified polynmer in a suitable solvent and al |l ow ng
the solvent to evaporate. The invention al so provides a nethod of
separating conponent gases froma gas m xture, conprising contacting the
gas m xture with a gas separation material formed by sul phonating a
partially brom nated PPO. The nethod can be used to separate acid gases
such as Q02 or Hx®afingm membrane shbymte withoa kelntitry of dlcamodified pdymeri mi mag gas
streamor to effect the dehydration or partial dehydration of a natural gas
or other hydobearlapd - containing gas stream The preferred gas separation
material as forned by sul phonating a partially brom nated PPO has a
C021CH4 per neabi | 51.0 for pure gases and/or a C021CH4
separation factoﬂlg%“{%aﬁ]lbggggnﬂgeb glstﬁr ed with a C02/CH4 m xture

contai ning 19.3% C02. The invention will now be further described, with
reference to the followng non-limting exanples, EXAMPLES A PPO pol yner

where [n] = 1.7 to 1.8 dl/g,. ex General Electric, was used_as a starting
material .  Iheproqgss piay somprise reacting the partially brominated PPO with a sulphonating

agent in an organic solvent, for example using a procedure similar to the known

procedure for sulphonating low MW PPO. The sulfonating



3a Preparation of partially brom nated PPO 10 g of PPO was dissolved in
gbout 325 mM of chloroformin a reaction kettle covered with al umi ni um
foils to exclude direct light. 1.0 mM of bromine in 20 m chIo ?f P

added from a separating funnel to the PPO solution over a peridd of 1 to

m nut es, under a nitrogen atnosphere. Stirring of the solution was carrled
out continuously during addition of the brom ne solution and was conti nued
for another 1.5 hours after the addition was conplete. The sol ution was
then precipitated in excess of nethanol wth vigorous stirring. The
precipitate was or, han

over ni ght, ?plg?eredﬁ?ﬂcdaalyhgﬂ%ééé ﬁ%‘lr'{ger%fgnbl gh%a ?giﬁﬁtgl gﬁlgggfngﬁ??naﬁ y in
a vacuum ovehlotafoirh. reH’(ct;/ tfcmceutretlor’l‘hrdr thegyrieféOofin the nop{puIaQGOB/emt is

b t NVR ed t th
of 50 to 2oBlE PO EERAPaRH Ove b NGt LREen syt Adar Fogalod JSefinns o
as PPOBr 20. tol W@nfihaue lef@ﬁQl%S unaéaa@dl fér%%t%désim@.héopéhlﬁl gof%é’ﬂﬁ?%éieésol ved

in about 350 m of chloroform 2.0 of brom ne in about

chl or of or m RE®-added over 2 ninut es. The degree of substitution was 39 to
41 % The product was designated as PPOBr40. The above process was nodified
again by using 20.0 g of PPO dissolved in about 500 m of chloroform 2.5

m of brom Tike igas sepatatidh materfal dtintedbpithe prcesddrdomding t@therinvehttsn The
degree of substitution was 60%,6 The product was desjgnated as PPOBr60. In

al I of the WBYRE Prastectile & megprang; ne; aemhrang may bedrmed ¥ caaliRgahal ysi s
did not Sh% ¥ td(]%hg%m@nr@xlﬂqe ﬁl&@é’@fihb@dw%{é?@ﬁﬁ @%E&Qﬁ&niaﬁp' es

prepared as escrl ove were su ona reac
sol uti on ofoft the paodified [polamerrimad esﬁltablbywlvem tahdaalkivmng%erretblwent acm)unt
of chlorosulfonic acid. the amount of chlorosulfonic acid required for the
reacti on we@VaPREd®- on the amount of un-reacted repeat units in the PPOBr
nol ecul es. Thus, in the case of PPOBr20, 5 g of the polynmer was assuned to
contain 4 g of non-brom nated groups and the anmount of chlorosul fonic acid
used was calhaiirevestion@tso grovides atmethgdIdfmeaaatiwqmpoeemegase@e‘mrgrmt ed as
SPPOBr 20, SPPOBr.40 and SPPCBr 60 r.es ect ve o al l..three different

¢ b gt

sanpl es of %%Fr {'?&Pf'?r B?Wm'ﬁﬁ‘é?ea"'ﬁﬁ M V&th FoBa% @u"f’tl'cghat ed
pol ymer wasmatefiaMRstfrizdoby 8 h@ﬁé&ﬂ% paﬂ‘félh}dirofrm’iéfcéd spwtet Gh8 methdeycdme

titration nethod were as foll ows A g of dry polyner)
SPPOBr 201. 18SPPEbta GEPATEPRak dRses. wh as COz or H2S from a natural gas or

other hydrocarbon — containing gas stream or to effect the dehydration or
partial dehydration of a natural gas or other hydrocarbon — containing gas
stream.

The preferred gas separation material as formed by sulphonating a partially
brominated PPO, has a CO2/CH, permeability ratio of at least 51.0 for pure
gases and/or a CO./CH, separation factor of at least 22, measured with a
CO,/CH4 mixture containing 19.3% COa..

The invention will now be further described, with reference to the following

non-limiting examples.

EXAMPLES
A PPO polymer where [n] = 1.7 to 1.8 dl/g, ex General Electric, was used as a

starting material.



2 7 JUN 2002 5 Preparration and testing of honogeneous nenbranes nade from
nodi fi ed PPO Honobgeneous nenbranes were nmade from 3% by wei ght sol utions of
sul fonated partially brom nated PPO In the case of SPPOBr60, ;?‘V

wei ght sol ution of the polynmer was nade in a 30170 by weight r

met hanol and chloroform In the case of SPPOBr40 and SPPOBr20, a 3% by

wei ght sol ution of the polyner was made in a 45155 by weight ratio of

met hanol and chloroform In each case, apput 2.5 ml of the solution was
poured into a netal ring of 9.6 cminner dianeter placed on a glass plate.
Smal | pi ecesprbapstitesoNSartiaBebmphifatis@P0o hold the ring in place and to
prevent | eakKage of the solution fromunderneath the ring. The ring with the
solution in it was covered on top with a 15 cmdianeter Wattnman (Trade
Mark) filter Rer %ﬁiﬂﬁr i s tion
was left in 1&2@ caesélénﬁgglak% ﬁ)e‘a"Yn our s@tgt'%? gg%hftog@fnggrﬁa l?r‘féeaczpﬁﬁ k%q{:itésls

pl ate was | e:wbl'e&ﬂthh ahnmemumdom/m excludé elrrectd'igﬁ\ti n.0mnirof brmnhlennlﬂﬁlemi;

After 24 hour evapor a the | ass ed in distilled
water, the HEWP Sl o 5SSl Risnaldh R PPH sebBaf Sicam
dried at rooygibargyer & 2nfinh@s, andbnk Wit &nﬁ@éﬁe?é S qb?ﬁ*@ysdlé?h&?

used. Single gas perneation tests Pernea |on rates of single gases were
tested at 1wqosar@edpwtrmmmpa@slymngm@mmmthaaamrpmemlummaadazmned

or essur o i EPOVEWEE R ERRA LB Holfs YABL HRERRBTIAS cordPRAE, ThR A °™
permeate. Theas @8N tpresipftafRd Frtexeuss idl inethdrdl | with ndgdlsestlring. ~ Thel UN

2002 Intrinsic
Per neabi | i tPMP'@thﬁENﬂEMO@n@h/%é%rleomt@@lﬂdl goskpdBiuonethapol79s. 17

SPPOBr 201. 8 r60- 4
. 8824. S7SPPé¥§i'?%@ 5@?%’ %?@q&é\il'l Ul oseﬁggf %@?ﬁf‘ggﬁhéﬂs 21'%3??‘?1!&3 ri% ity
Rati 0 C02 CéciahN2 dver/ CHA ubfiR. S3. BRGy4729 f872us220. $Bé. 22Fegree
1. 3939. 80. 67S. 9459. 480. 814. S94. 7617. 6188. 693. 98S. 0422. 28118. 428 334. 622 213
9. 35.7S.0324.433. 6-S.1834. 314. 1-5.83S0. 64. 7S--33.9 These results generally
denonstrate that the sulfonated partially brom nated PPO material s
according to the invention exhibited an inproved perneability ratio in
conparison with un-substituted PPO) with the partially brom nated PPO and)
in the case of the high I.E.C nmaterial, also with the equival ent
sul fonated un-brom nated material (SPPO) . Separation of gas m xtures by
nodi fied PPO The. selectivity of a gas m xture conprising 19.3% carbon
di oxi de and 80. 7% net hane (as confirned by mass spectroscopy) was tested
for the SPPOBr nenbranes. Selectivity was calculated as the ratio of the
concentration of gases in the perneate. The results are set out in Table 2.
Separation factor (a) was cal cul ated as




~7'1" N2002 7 (G2 nole fractionlCH4 nole fraction)~~,e a= (C02 nole
fractionlCH4 nole fraction)f~ T BL 2 POLYMER CO~/ CH_, SEPARATI ON FACTOR

SPPOBr 60 22 SPPOBr40 36 SPPOBr20 36 Thin film corrp05| te menbra JUN 2002
preparation and testing Thin film conposite nmenbranes were pr ez?ec}’%y
coating the |umen side of hollow fibres with dilute solutions of SPPOBr20
i n nmethanol. The fibres were prepared from U tem 1000 (Trade Mark), a

pol yetherim de (PEI) ex. General Electric Conpany follow ng the known
procedure descri bed by Kniefel and Pei nemann. A bundle of 2 to 4 fibres

were potted Talarp t '

(T ade. N 5rgHich, SRSa dfinleld 6HLAMER 3hA3aF BB 02 5008 Ry ar 20
sol uti on of toSEFEBforidifferenh seamitiondsatchemp ethis imateghl whs designatedoas PROBE of
2 M/mn by nmeans of a syringe punp. The solution was allowed to reside

wi thin the |br | unen for 5 to&&ﬁm nutes after which excess of it

drai ned out INERBOVB AFPGRFSWaE deedified bydising d8.Q gl hit@ disselved mh%b%rﬁﬂjm'

for which t$fecr98ﬁ§fbﬁﬁ SPPUAN Bf b‘f‘@ﬁn € abBuf E@ thi gf iog%nafwé%fawaeaea@aﬂz

and the third |ayer of coating was however change m nut es
respect i vel pinufes d’(ﬁ@t@egﬂegy@frwbﬁmdlan wad 39t Anyht Thedwoduetbivastdesignated

condi tions aehnﬁ gﬁ Ijé a slow streamof air blow ng through the lunen. The
per f or mance da‘t: F?; p 100 psig) are shown in the foll ow ng Table 3. 2 ~
JUN 2002 Modul e No.: Surface area (cnR) Pure gas perneability~GPU CO2 CH,

OS/Oe: ﬁﬁ 'eg: g m@g{ag}% fp%e;ésgpjvuagﬁ%gﬂ[éa ngea.rc% Jéihg 2088 SFEPEP diSsRFEATR HDOHD2
500 ml of chloroform. 2.5 ml of bromme in about 50 m! of chloroform was added
over 20 minutes. The degree of substitution was 60%. The product was designated
as PPOBr60.

In all of the above procedures, only ring bromination took place. NMR analysis did

not show any methyl bromination.

Sulfonation of PPOBr

The PPOBr samples prepared as described above were sulfonated by reacting a 2%
by weight solution of the partially brominated polymer with a stoichiometric amount
of chlorosulfonic acid. the amount of chlorosulfonic acid required for the reaction
was based on the amount of un-reacted repeat units in the PPOBr molecules. Thus,
in the case of PPOBr20, 5 g of the polymer was assumed to contain 4 g of
non-brominated groups and the amount of chlorosulfonic acid used was calculated
accordingly. the sulfonated polymers were designated as SPPOBr20, SPPOBr40

and SPPOBI60 respectively.

For all three different samples of partially brominated PPO, the target |.E.C. for the
sulfonated polymer was 2.0 meg/g of dry polymer. Actual results determined by the

titration method were as follows:

Polymer I.E.C. (meqg/g of dry polymer)
SPPOBr20 1.78
SPPOBr40 1.47

SPPOBr60 - 1.01



3 4 27.38 13.83 15.21 27.97

38. 2879. 30108. 5064. 900. 651. 442. 501. 3358. 515543. 448. 720. 3020. 3020. 3020. 3083.
2681. 8977. 9570. 884. 092. 517. 622. 87 2 7 ('1'JIN 2002 9 CLAIMS 1. Aopr 9gRsaorf
form ng a perneabl e gas separati on nmenbrane conprising: sul phonating a
partially brom nated poly (2, 6- dinethyl - 1, 4 - phenyl ene oxide) having
20% to 60% brom nation in an organic solvent with sufficient sul phonating
agent to nom nally sul phonate at | east sgme of the un-reacted repeat units
in the partially bromnated poly (2, 6- dinethyl - 1, 4 - phenyl ene oxi de)
wher eby a 4 ja®6n RAIYIEBEInd Bf hEFTRBNe608 HdHbANRTRAGE foti Riddifddrpid N a

solution of the nodified polymer in a solvent, and allow ng the solvent to
evapor at e. Hemegefiastissmeadrangs rwereomealdai fnorn, 3%hby eveighhsoltiiane of rauliooated

t he parti al E)’tiéﬂ&%ﬂ\%a‘?gg@‘ﬁd (2, 6- dinethyl - 1, 4 - phenylene oxide) in
S

sai d organfc sofvent i ess than 10% by weight. 3. A process according to
claim1l or claim?2, wherein the resulting sul phonic acid groups are

bal anced byn ghe/ 2hs8tof GPPOBYEOLA3% B WRight ddNfon of the polymer was made in a
30/70 by weight ratio of methanol and chloroform. In the case of SPPOBr40 and
SPPOBr20, a 3% by weight solution of the polymer was made in a 45/55 by weight
ratio of methanol and chloroform. In each case, about 2.5 ml of the solution was
poured into a metal ring of 9.6 cm inner diameter placed on a glass plate. Small
pieces of adhesive tape were used to hold the ring in place and to prevent leakage
of the solution from underneath the ring. The ring with the solution in it was covered
on top with a 15 cm diameter Wattman (Trade Mark) filter paper to enable slow
evaporation of the solvent. The solution was left in the casting box for 24 hours at
room temperature. The glass plate was levelled in order to avoid differences in
membrane thickness. After 24 hours of evaporation, the glass plate was immersed
in distiled water, the membrane surfaces were wiped with a low lint wiper and
vacuum dried at room temperature for a minimum of 3 days or until ready to be

used.

Single gas permeation tests
Permeation rates of single gases were tested at 100 psia upstream pressure. The

downstream pressure was assumed to be negligible compared with the upstream
pressure. Therefore a constant pressure difference of 100 psia was assumed
between the feed and the permeate. The results are as set out in the following

Table 1.



4. A process according.to claim1 or claim2, wherein the resulting
sul phoni ¢ acid groups are bal anced by m)noval ent counter-ions. 5. A process
according to claim4, wherein the nonoval ent counter-ion is H+, 2Ne-SUNKR0Dr
Li +. 2 'l JU-1 2002 to 6. A process according to claim4 wherein the
di valent or trivalent counter-ion is M2+, Ca2+, Ba2+ or AlI3+. 7. A nethod
of separating conponent gases froma gas m xture, conprising contacting
said gas mxture with a gas separation material fornmed by the process of
any one of clainms 1 to 6. 8. A nethod according to claim7, wherein acid
gases are separated from a natural gas6or ot her hydrocar bon-cont ai ni ng gas
stream 9. A nethod according to claim7, wherein the dehydration or
partial dehydration of a natural gas aofABLBer hydrocarbon contai ni ng gas
streamis effected. .A{l2. AynL. A&$. Al . AY[% Al ;s. A u _. A& AFu2 .A[9

. AY&. Al 93O / wL
<v6rrzupkf a\ W ca] ca]letaihsiz] Rerhesdbtiity ca] %}mhbm}}ca] ca] c&a] cRa] ca] ca] ca] ca] ca]
cal] ca] ca] c”a] ca] ca] c™a ca] ca] calcRa] ca! MZ] *zN#9PY" | wgl gb] X] ] ca] ca] ca] c&
a] ca] c™a] ca] ca] ca] ca] C§F5%ca] ca] cal¥¥Pca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca
] caj ca] ca] B@LVMEm}mxmz 02 CcOo2 CH4 02/N2 CO2/CH4
DS $9B00E&& ', ) W *a }éxsnhb] Xl gb] X] ] ca] caU] ca] ca] c”a] ca] ca] ca] c*a] ca] ca] ca
] caU] ca] ca] ca] c’\a] caﬁ: ] cha] ca] ca] ca] ca] ca] ca] ca] ca] cMa] ca] ca] ca
**F +++4+* +GEEROBrE0/ 00. OL@9D0000AE1g1ntA 2Me2h\83l gb] Xl4agb] X] %3} ca] ca] ca] c”a
] ca] ca] ca] ca] ca] ca] c”a] ca] ca] c*a] ca] c”a] ca] ca] ca] ca] c”a] ca] ca] ca] c”a] ca] cha
] ca] ca] ca]@RPOBra0 147 0.79 5.17 27.22 0.53 7.22 51.39
223 3nB3334L444/5 55555>66w7881n112M22| wr | gb] XI gb] X] ] ca] ca] ca] ca] c*a] ca] ca]
ca] ca] ca] c3fROB20a]lcd] call.&h] ca]xe)] ca] 8aBca] calpda] capd4] ca]i%4 ca] ca] ca] ca] ¢
a] caOf i K- z#10%3P& () - 91096 () - MLOY=&' () - 940%& () -, #1 1096 () -

10968 () - "PROGR () ~f gH) S8/ #10%8871( ) - SYHBDURASY- 3f 10968 () FAGAL0%R. () -
fA#10%Z& () - 1096& () - z#10%6%' () -/ wdYNCSY%#10%& 10G 10G

PPOBr20 - 3.62 18.24 88.69 3.98 5.04 22.28
PPOBrd0 - 5.03 23.13 118.42 5.33 4.6 222
PPOBr60 - 4.88 24.57 139.3 5.7 5.03 244
SPPO 1 - 4.1 33.6 - 5.18 343
SPPO 1.8 - 2.38 14.1 - 5.83 50.6
CelluloseAc - - - 4.75 - - 33.9
etate

These results generally demonstrate that the sulfonated partially brominated PPO
materials according to the invention exhibited an improved permeability ratio in
comparison with un-substituted PPO, with the partially brominated PPO and, in the
case of the high 1.E.C. material, also with the equivalent sulfonated un-brominated
material (SPPO).

Separation of gas mixtures by modified PPO
The selectivity of a gas mixture comprising 19.3% carbon dioxide and 80.7%

methane (as confirmed by mass spectroscopy) was tested for the SPPOBr
membranes. Selectivity was calculated as the ratio of the concentration of gases in
the permeate. The results are set out in Table 2. Separation factor (a) was

calculated as



10G 109658 () -, 810%G& ().-, S5g#10%G&' () - @1f #1098 () - @ f #1098 () - L
dEYNCSY%y#10%G8 | 10%& ()- @ 109%&' ()-10%&' ()- "z

109&' ()-910%& ()-$L-10%& ()- <v6dEYNCSY%y#10%G8 'g 10%& ()- |%@7 JUN 2002
109%& () - SHf 109%& () - YI09%& () -y

109&' () -109&' () - 6mIKLMZ] bCSYWy#10%G&' y109B&' () - $& 109B&' ()- 10 10
10y810%& ()-y. 10%& ()-)T10%& ()-]*zdE:/ 10B 10B10YB& ()- 109B& ()-
10988 () - F109B&' ()-, 109B&' ()-1098B& ()-NxY:/ 10Bz 10%& ()-z 10%& ()- z
109 ()- "y 10% ()-s10%& ()-s$ S10%& ()- 10B#9dE:/ 10Bl1 10% ()-)
1098 ()-&10%& ()-! 109&' ()-4z 109&' ()-4Z10%& ()-9PYbC

10BLI 109%&' ()-%0% ()- 10 10 10l ,8z 10%& ()-610%& ()-S3L10%& ()- uV7
10sz#109%& () - F (C89&mole $ractionsz {4 mole fraction),.meste

a-=

(CO2 mole fraction/CH4 mole fraction ).y

TABLE 2

POLYMER CO,/CH, SEPARATION FACTOR

SPPOBI60 22
SPPOBr40 36
SPPOBr20 36

Thin film composite membrane preparation and testing

Thin film composite membranes were prepared by coating the lumen side of hollow
fibres with dilute solutions of SPPOBr20 in methanol. The fibres were prepared from
Ultem 1000 (Trade Mark), a polyetherimide (PEl) ex. General Electric Company
following the known procedure described by Kniefel and Peinemann. A bundie of 2
to 4 fibres were potted on both ends and fitted into steel casings using Swagelok
(Trade Mark) fittings. The fibres were open at both ends. A 2% by weight solution
of SPPOBr in methanol was pumped through the fibres at the rate of 2 mi/min by
means of a syringe pump. The solution was allowed to reside within the fibre lumen
for 5 to 10 minutes after which excess of it was drained out. The coating process
was repeated two more times. The period for which the coating solution was left in
the fibre lumen for the second and the third layer of coating was however changed
to 2 and 0.5 minutes respectively. The coated layers were dried overnight under
ambient conditions and with a slow stream of air blowing through the lumen. The
performance data (at 100 psig) are shown in the following Table 3.
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Pure gas permeability (GPU)
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Selectivity CO,/CH, 58.51 55 43.4 48.7
COQ,/CH, gas mixture

CO,% in feed 20.30 20.30 20.30 20.30
CO,% in permeate 83.26 81.89 7795 70.88

CO,% in residue - - - -
Total flux GPU 4.09 2.51 7.62 2.87
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coating a membrane substrate with a solution of the modified polymer in a

solvent; and

allowing the solvent to evaporate.

2. A process according to claim 1, wherein the concentration of the partially
brominated poly (2, 6- dimethyl - 1, 4 — phenylene oxide) in said organic solvent is

less than 10% by weight.

3. A process according to claim 1 or claim 2, wherein the resulting sulphonic acid

groups are balanced by divalent or trivalent counter — ions.

4. A process according to claim 1 or claim 2, wherein the resulting sulphonic acid

groups are balanced by monovalent counter-ions.

. . . . . +
5. A process according to claim 4, wherein the monovalent counter-ion is H', Na’,

K or Li*.
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