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Abstract. Membranes from polyether-block-polyamide (PEBA) polymers with varying chemical
composition (PEBAXR©), cast from n-butanol and cyclohexanol are studied by small–angle X–ray
scattering (SAXS), dry and water–swollen, and as a function of strain. The nanostructure from
soft and hard domains is determined. The typical hard domain diameter is 6 nm, the long period
17 nm for all grades. Gas transport parameters (permeability, diffusivity, solubility) are determined
for He, H2, CO2, O2, N2 and CH4. Increase of polyether domain thickness leads to an increased
permeability, but imperfect microphase separation contributes to gas transport properties in the
same order of magnitude.
Utilizing the interface distribution function (IDF) and the multidimensional chord distribution func-
tion (CDF) analysis, we find that the nanostructure of PEBA materials with a high soft block content
is hardly changed by variation of casting solvent or water content. Damage of the hard domains
occurs during straining. On the contrary, the nanostructure of PEBA materials with a soft block
content close to 50% (“balanced”) is a function of the casting solvent. Membranes cast from cyclo-
hexanol exhibit a decreased hard phase fraction. If the hard domains become too small, early failure
upon straining is observed. One of the balanced materials exhibits an irregular domain structure,
the other two form lamellar stacks with a different degree of order.
Swelling in water is controlled by the chemical structure of the blocks. In the PEO/PA6 copolymer
both soft and hard phase swell. The swell-able PTMeO/PA12 copolymer shows growth of the soft
domains only. Moderate elongation of the lamellar systems leads to orientation of layers parallel to
the direction of strain. Their lateral diameter is <15 nm. Further elongation induces a microfibrillar
structure with increasing heterogeneity. The most probable long period remains constant, but the
shape of the long period distribution becomes skewed. When domains are destroyed during elon-
gation, there is a tendency to form an orthorhombic macrolattice of almost spherical fragments in
addition to the microfibrils.

Experimental. SAXS was performed at HASYLAB, A2. 2D SAXS images were collected by
a two-dimensional MarCCD 185 detector. The sample–to–detector distance was 1620 mm. An
advanced pin diode beam stop was successfully employed. In order to record data with a sufficient
S/N-ratio the sample was exposed for 2 min to 20 min. The accessible data range was−0.4 nm−1 <
s12, s3 < 0.4 nm−1.

Results. The results of this study have been submitted to Macromolecules [1]. Figure 1 demon-
strates the SAXS of the material 80PTMeO/PA12 as a function of elongationε (on the left).
The two patterns are representative for all the samples of this material what the obvious features of
the SAXS patterns are concerned. Several peaks only observed close to the center of the pattern in-
dicate a nanostructure with some short–range order. More information concerning this morphology
was extracted from the chord distribution function (CDF)z (r12, r3) shown on the right side.
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Figure 1: Left side: SAXS intensity as a function of elongation ε. 80PTMeO/PA12 film cast from
n-butanol. Water swollen. The straining direction is indicated. Right side: Nanostructure revealed
in the multidimensional chord distribution z (r12, r3) as computed from the SAXS (at ε = 1). Top:
Chord distribution viewed from the top. Bottom: Chord distribution turned upside down.
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