
;fge3e8J5\"~B6TJ).5(, ~;   2 7 JlJN 20Q2 1 PROCESS OF FORMING A PERMEABLE
GAS SEPARATION MATERIAL Field of the invention The present invention
relates to a process of forming a permeable gas separation material.
Background of the invention Poly(phenylene oxide) (PPO) is known as a
moderately permeable polymer membrane material having alternating aromatic
cycles and C-O linkages in the main chain. Among the many aromatic polymers
having a high glass transition temperature) PPO shows the highest
permeability to gases) 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 220C 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 trialkylsilyl 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 as bromide.    2 ~ ~ur~ 2oor 



2 Gas separation membranes prepared from PPO of low molecular weight have a
tendency to rupture. An important property of a gas separation membrane 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 - I, 4 - phenylene oxide) having
20% to 60% bromination in an organic solvent 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:   2 ? JUN 2002 2a coating a membrane
substrate with a solution of the modified polymer in a solvent; and
allowing the solvent to evaporate. The process may comprise 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   2 fi JUN
20l12 3 agent is typically chlorosulphonic acid. The organic solvent may be
chloroform. The concentration of the PPO in the non-polar solvent is
preferably less than 10% by weight. Sufficient sulfonating agent may be
used to nominally sulfonate un-reacted repeat units in the partially
brominated PPO. The gas separation material formed by the process according
to the invention may be made into a membrane. A membrane may be formed by
coating a flat surface or the lumen or the shell side of hollow fibres with
dilute solutions of the modified polymer in a suitable solvent and allowing
the solvent to evaporate. The invention also provides a method of
separating component gases from a gas mixture, comprising contacting the
gas mixture with a gas separation material formed by sulphonating a
partially brominated PPO. The method can be used to separate acid gases
such as C02 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
C021CH4 permeability ratio of at least 51.0 for pure gases and/or a C021CH4
separation factor of at least 22, measured with a C02/CH4 mixture
containing 19.3% C02. 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 



3a Preparation of partially brominated PPO 10 g of PPO was dissolved in
about 325 ml of chloroform in a reaction kettle covered with aluminium
foils to exclude direct light. 1.0 ml of bromine in 20 ml chloroform was
added from a separating funnel to the PPO solution over a period of 1 to 2
minutes, under a nitrogen atmosphere. Stirring of the solution was carried
out continuously during addition of the bromine solution and was continued
for another 1.5 hours after the addition was complete. The solution was
then precipitated in excess of methanol with vigorous stirring. The
precipitate was washed 2 or 3 times in methanol) soaked in methanol
overnight, filtered and then dried under ambient conditions and finally in
a vacuum oven until ready for use. The degree of   ~ z purr 2002 4
bromination was determined by H-NMR and was calculated to be in the range
of 20 to 22%, for different reaction batches. This material was designated
as PPOBr20. The above process was modified by using 10.0 g of PPO dissolved
in about 350 ml of chloroform. 2.0 ml of bromine in about 50 m! of
chloroform was added over 2 minutes. The degree of substitution was 39 to
41 %. The product was designated as PPOBr40. The above process was modified
again by using 20.0 g of PPO dissolved in about 500 ml of chloroform. 2.5
ml of bromine in about 50 ml 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 SPPOBr60 respectively. For all three different
samples of partially brominated PPO, the target I.E.C, for the sulfonated
polymer was 2.0 meq/g of dry polymer. Actual results determined by the
titration method were as follows: Polymer I.E.C. (meq/g of dry polymer)
SPPOBr201.78SPPOBr401.47SPPOBr60' 1.01   



2 7 JUN 2002 5 Preparration and testing of homogeneous membranes made from
modified PPO Homogeneous membranes were made from 3% by weight solutions of
sulfonated partially brominated PPO. In the case of SPPOBr60, a 3% by
weight solution of the polymer was made in a 30l70 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 45l55 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 distilled
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.   ~ 7 JUN
2002 Intrinsic
PermeabilityBarrerPOLYMERIECN202meq/gSPPOBr6012.9215.96SPPOBr40l.470.79S.17
SPPOBr201.81.S39.09PPO-3.5216.71PPOBr20-3.6218.24PPOBr40-S.0323.13PPOBr60-4
.8824.S7SPPO1-4.1SPPO1.8-2.38CefluloseAc---etate 6 TA__, BLE 1 Permeability
Ratio C02 CH4 02/N2 C02/CH4 112.S3.83S.4729.3727.220.S37.22S
1.3939.80.67S.94S9.480.814.S94.7617.6188.693.98S.0422.28118.42S.334.622.213
9.35.7S.0324.433.6-S.1834.314.1-5.83S0.64.7S--33.9 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 I.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   



~ 7 'I' N 2002 7 (C02 mole fractionICH4 mole fraction)~~,e a= (C02 mole
fractionICH4 mole fraction)f~ T BL 2 POLYMER CO~/CH_, SEPARATION FACTOR
SPPOBr60 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 (PEI) ex. General Electric Company following the known
procedure described by Kniefel and Peinemann. A bundle 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 ml/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.   2 ~
JUN 2002 Module No.: Surface area (cm2) Pure gas permeability~GPUI CO2 CH,
Selectivity CO~/CH4 CO~/CH, gas mixture COZ % in feed COZ % in permeate C02
% in residue Total flux GPU s TABLE 3 1 2 



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 (!!JN 2002 9 CLAIMS 1. A process of
forming a permeable gas separation membrane comprising: sulphonating a
partially brominated poly (2, 6- dimethyl - 1, 4 - phenylene oxide) having
20% to 60% bromination in an organic solvent 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; 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+.   2 'l JU~1 2002 to 6. A process according to claim 4 wherein the
divalent or trivalent counter-ion is Mg2+, Ca2+, Ba2+ or AI3+. 7. A method
of separating component gases from a gas mixture, comprising contacting
said gas mixture with a gas separation material formed by the process of
any one of claims 1 to 6. 8. A method according to claim 7, wherein acid
gases are separated from a natural gas or other hydrocarbon-containing gas
stream. 9. A method according to claim 7, wherein the dehydration or
partial dehydration of a natural gas or other hydrocarbon containing gas
stream is effected. .A{l2.AynL.A&$.Al`.AY[%.Al;s.A u`_.A&.AFu2 .A [9
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