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ABSTRACT: Poly(sulfone-amide) copolymers were synthesized from isophthaloyl dichloride 
(IPC) and mixed diamines which consisted of various ratios of bis(3-aminophenyl)sulfone (3DDS) 
and m-phenylenediamine (MPD), and permeabilities of H2 and CO through the polymer 
membranes were measured at 30°C. The permeability coefficient for H2 (PH,) of the poly(sulfone
amide) of which the diamine component is 3DDS was 1.5 x 10- 10 cm3 ·cmcm-2 ·s·cm Hg, and the 
permeability ratio for H2 relative to CO (PH2 /Pc0 ) was 150. When the mixed diamines contained 
30mol% of MPD, PH, was 1.5 x 10- 10 cm3 ·cmcm- 2 ·s·cmHg, and PH 2/Pco was 185, the maxi
mum value for these copolymers. The copolymers derived from p-phenylenediamine (PPD) in 
place of MPD showed decrease in PH,/ P co· These results suggest that a bent structure is important to 
obtain a compact structure in the poly(sulfone-amide) membranes. 
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Recently hydrogen separation membranes 
have been studied actively,1 - 3 so it is signif
icant to find polymers which have a superior 
separation efficiency of hydrogen and carbon 
monoxide. 

The authors have studied hydrogen sepa
ration membranes made from aromatic 
polyamide containing sulfone linkages in 
the main chain [this polymer is called 
poly(sulfone-amide)]. In a previous paper,4 

permeability of H2 and CO through poly
(sulfone-amide) membranes, which consist
ed of bis[4-( 4-aminophenoxy)phenyl]sulfone 
(4SED), m-phenylenediamine (MPD) and iso
phthaloyl dichloride (IPC) (structure 1), was 

measured. Their permeability ratios for H2 

relative to CO increased with increase of MPD 
content in the mixed diamines. This result 
was explained by the restricted diffusion of 
CO at a high concentration of the amide 
linkage in the polymer chain. When p-phen
ylenediamine (PPD) was used in place of 
MPD, the increase of the permeability ratio 
was not so remarkable. This suggests that ex
istence of an appropriate number of bends 
in the polymer chain is also important to 
obtain a dense structure. 

--i'.N-@o©-~@N·C©C)100.n(N-©1N-C-©1Cr,;-
'ti O Ho O H Ho 0 

I 

This paper reports the permeation behavior 
ofH2 and CO through the poly(sulfone-amide) 
containing bis(3-aminophenyl)sulfone (3DDS) 
as a main diamine component. 3DDS has no 
ether linkage, so the poly(sulfone-amide) com
prising 3DDS has a higher concentration of 
amide linkages in the main chain than the 
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poly(sulfone-amide) compnsmg 4SED has. 
Moreover, the amino group of 3DDS is bond
ed on the m-position. This structure intro
duces a bent structure in the polymer chain. 
These effects are expected to contribute to high 
permselectivity. 

EXPERIMENTAL 

Materials 
Three monomers, IPC (Mitsubishi Gas 

Chemical Co., Inc.), MPD (Nakarai Chemi
cals Ltd., EP) and PPD (Nakarai Chemi
cals Ltd., EP) were crushed to powder 
under nitrogen atmosphere. 3DDS (Konishi 
Chemical Ind. Co., Ltd.) was used without 
further purification. N-Methyl-2-pyrrolidone 
(NMP) (Mitsubishi Chemical Ind. Co., Ltd.) 
was dried over molecular sieves more than one 
day before use. 

Polymerization 
The diamine components were dissolved 

in NMP under nitrogen atmosphere, in such 
a way that the concentration of resulting 
polymer solution became 20 wt%. This solu
tion was cooled below 5°C in an ice bath and 
then an equimolar amount of IPC was added. 
After the solution was stirred for an hour in 
the ice bath, the polymerization was continu
ed for another hour at room temperature. 
The polymer solution was poured into meth
anol. The precipitated polymer was washed 
with water several times by use of a blender, 
and then dried for a period of one day under 
reduced pressure at l 50°C. 

Characterization 
The reduced viscosities of the polymers were 

measured at a concentration of 0.5 g di -l in 
N,N-dimethylacetamide (DMAc) at 30°C. The 
glass transition temperature was determined 
by using a differential scanning calorimeter 
(DSC) (Perkin-Elmer DSC-IB) at a heating 
and cooling rate of 20°C min - l under flowing 
argon. Thermogravimetric analysis (TGA) was 
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conducted at a heating rate of I0°C min - i 

under flowing air, using a thermogravimetric 
analyzer (Shimadzu TG-30). 1 H NMR spec
tra were obtained on dimethyl sulfoxide-d6 

solutions with an NMR spectrometer (Varian 
FT-80A). 

Preparation of Membranes 
The polymer ( 4 g) was dissolved in NMP 

(20 g) and filtered. The solution was cast on a 
polypropylene film at room temperature, and 
the solvent was evaporated at 80°C for one 
hour. Then the membrane was dried under 
reduced pressure at l50.°C for 15 h. The thick
ness of films was I 0-20 µm. 

Permeability Measurement 
The permeability of H2 and CO was mea

sured with a permeation apparatus made by 
Rika Seiki Kogyo, and an MKS Baratron 
pressure transducer was used for detection of 
the pressure increase in the downstream-side 
gas reservoir. All measurements were carried 
out at 30°C. Gas samples of purity exeeding 
99.9% were used. 

The permeability coefficient was determined 
from the steady-state permeation rates, and 
the permeability ratio was calculated. The 
apparent diffusion coefficient of CO was de
termined using the time-lag method5 at a 
constant pressure of upstream gas. The ap
parent diffusion coefficient (Dapp) was calcu
lated by the following equation, 

[2 

Dapp= 6L 

where L is time lag and /, thickness of the 
membrane. Time lags for the permeation of 
CO were in the order of minute. The per
meation of H2 was too fast to determine the 
time lag accurately, and the apparent diffusion 
coefficient of H2 was not evaluated. 
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RES UL TS AND DISCUSSION 

Preparation of Poly(sulfone-amide) 
Poly(sulfone-amide) copolymers were syn

thesized from IPC and mixed diamines which 
consisted of various ratios of 3DDS and MPD 
(3DMI copolymers, structure 2). The co
polymers containing PPD in place of MPD 
were also synthesized (3DPI copolymers, 
structure 3). 
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Table I shows the results of polymerization 
and properties of the resulting polymers. Each 
polymer had a reduced viscosity in the vicinity 
of 0.8 to 1.6, and was sufficient to obtain a 
tough membrane. The polymer composition 
was determined by 1 H NMR spectra. As an 
example, 1 H NMR spectrum of the sample 

3DMI-30 is shown in Figure 1. The com
position of the mixed diamines in the polymers 
was determined by comparing integral inten
sities of the amide groups. The obtained poly
mer composition was the same as the mono
mer composition for every polymer sample. 
Each polymer had a high glass transition 
temperature, and increased with increase of 
the MPD or PPD content. The decomposition 
temperatures were similar in these polymes. 

11 10 9 8 7 
6 in ppm 

Figure I. 1H NMR spectrum of 3DMI-30 in DMSO
d6: a, signal of the amide proton derived from 3DDS and 
IPC; b, signal of the amide proton derived from MPD 
and IPC. 

Table I. Preparation and properties of poly(sulfone-amide) copolymers 

Diamine ratio in monomer 3DDS unit• '1,o/cb 
Polymer content 

3DDS MPD or PPD in polymer dig-I 

Copolymer containing MPD as comonomer 
3DI 100 0 JOO I.OJ 
3DMI-l5 85 15 82 0.97 
3DMI-30 70 30 69 0.81 
3DMI-50 50 50 51 I.OJ 
3DMI-70 30 70 29 1.64 
3DMI-80 20 80 21 1.37 
MI 0 100 0 

Copolymers containing PPD as comonomer 
3DPI-30 70 30 67 1.31 
3DPI-50 50 50 49 1.07 

• Polymer composition determined by 1 H NMR. 
b Reduced viscosity measured at a concentration of 0.5 g dl- 1 in DMAc at 30°C. 
c Glass transition temperature determined by DSC in argon at 20°C min - 1• 

d Decomposition temperature determined by thermogravimetry in air at I0°C min - 1• 
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Table II. Gas permeability of membranes of poly(sulfone-amide) copolymers• 

Permeability ratio Permeability coefficientb Diffusion coefficientc 
Polymer 

PH,/Pco PH, Pco Dapp.CO 

3DI 150 1.5 X 10-lO 1.0 X 10- 12 6.9x10- 10 

3DMI-l5 164 1.8 X 10-lO l.lxl0-12 6.4xl0- 10 

3DMI-3O 185 1.5 X 10-lO 8.lxl0- 13 5.6 X 10-lO 

3DMI-5O 158 1.9 X 1O- lO J.2 X 10- 12 6.6 X 10- 10 

3DMI-7O 146 1.9 X 10-lO J.2 X 10- 12 7.2x 10- 10 

3DMI-8O 162 2.lxl0- 10 J.3 X 10- 12 7.2xl0- 10 

MI 143 2.0 X 10-lO l.4x 10- 12 8.2x10- 10 

3DPI-3O 136 1.9 X 10-lO 1.4 X 10- 12 8.Oxl0- 10 

3DPI-5O 121 2.3 X 10-lO 1.9 X 10- 12 9.9 X 10-lO 

• Gas permeability measured at 3O°C. 
b cm3·cmcm- 2·s·cmHg. 
c cm2 s-1. 

Gas Permeability through Poly(sulfone-amide) 
Membranes 
The permeability coefficients H2 and CO 

(PH2 and Pc0 ) through the membranes of 
3DMI and 3DPI copolymers are given in 
Table II. The permeability ratios for H2 rel
ative to CO (PH,!Pc0 ) were higher than those 
of the poly(sulfone-amide)s derived from 
4SED, which were reported in the previous 
paper.4 Especially, 3DMI copolymers had ex
tremely high PH,!Pco, and 3DMI-30 revealed 
the maximum PH)Pco value, 185. The change 
of PH)Pco with the composition of the copo
lymers is shown in Figure 2. PH)Pco of 3DMI 
copolymers increased with the content of 
MPD in the diamines up to 30mol%, and then 
decreased. PH)Pco of 3DPI copolymers de
creased monotonously with the content of 
PPD. 

For the permeation of CO, Table II also 
shows the apparent diffusion coefficient 
(Dapp,c0 ). It is seen that Pco is roughly pro
portional to Dapp,co· The apparent solubility 
coefficient for CO (Sapp,co) was calculated 
through the following relation 

p CO= Sapp, CO· D app, CO 

The calculated values of Sapp.co were scattered 
from 1.4 x 10- 3 to 1.9 x 10- 3 cmHg- 1 , and no 
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Figure 2. Relation between the permeability ratio for 
H2 relative to CO at 3O°C and the composition of the 
poly(sulfone-amide) copolymers: O, 3DMI copolymers; 
e, 3DPI copolymers. 

definite relationship between Pco and Sapp,co 
was obtained. The results suggest that the 
permeation of CO is mainly controlled by the 
diffusion characteristics. 

According to the concept of activated dif
fusion, diffusion process of a gas molecule 
through a polymer membrane is related di
rectly to the probability that a hole or passage, 
of sufficient size for transport of the gas mol
ecule, is created in the polymer medium. 
Therefore, in the case of glassy polymer, such 
as poly(sulfone-amide), the packing condition 
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of the polymer chains plays an important role 
in determining the diffusion behavior of the 
gas molecule. In view point of the suggestion 
described above, the diffusion, accordingly 
the permeation rate of CO through the 
poly(sulfone-amide) membranes, may be con
sidered to be determined by the degree of 
packing of the polymer chains. 

The relation between PH)Pco and Dapp,CO is 
shown in Figure 3. The decrease of Dapp,co, 
that is the restricted diffusion of CO, by the 
dense packing of the polymer chains makes 
PH)Pco higher. Figure 4 shows the relation 
between PH)Pco and PH2 • The dense structure 
of the membrane seems to affect primarily the 
diffusion behavior of CO. 

The degree of packing of the polymer chains 
is altered by conditions of preparing a mem
brane, such as casting, drying and thermal 
treatment. From the viewpoint of polymer 
structure, it was explained that the degree of 
packing of the poly(sulfone-amide) was con
trolled by both the stiffness brought by the 
amide linkage and the flexibility brought by the 
m-catenation.4 Because of no ether linkage in 
3DDS, the poly(sulfone-amide) comprising 
3DDS introduces a relatively high concen
tration of amide linkages in the main chain, 
and makes the polymer chain stiffer. This may 
explain the observed fact that the sample 3DI 
has a high P H,I P co value. The bends in 
the polymer chain of 3DI may also contrib
ute to the densely packed structure. Co
polymerization of PPD makes the polymer 
chains so stiff that dense packing becomes 
unfavorable in spite of a higher concentration 
of amide linkages. On the other hand, copoly
merization of MPD may introduce an appro
priate stiffness to the polymer chains, and the 
resulting dense structure will make the value of 
PH)Pco higher. Generally speaking, the stiff 
and dense structure of polymer membrane is 
favorable to obtain a high permselectivity of 
hydrogen from other gases. However, the max
imum was seen in the plots of P tt) P co against 
the composition of 3DMI copolymers. This 
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Figure 3. Relation between the permeability ratio.for 
H2 relative to CO and the apparent diffusion coefficient 
for CO of the poly(sulfone-amide) copolymers at 30°C: 
O, 3DMI copolymers; e, 3DPI copolymers. 
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Figure 4. Relation between the permeability ratio for 
H2 relative to CO and the permeability coefficient for H2 

of the poly(sulfone-amide) copolymers at 30°C: O, 
3DMI copolymers; e, 3DPI copolymers. 

suggests that there is an optimum point in the 
balance between the stiffness and crookedness 
in the polymer chains. A similar tendency that 
a polymer containing m-catenation exhibits 
lower gas permeability than a polymer con
taining p-catenation was reported for not only 
polyesters6 but also polyimides. 7 
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