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Establishing the effect of the external load on the structural entities at nanometer scale is considered 
a key for the explanation of the unique properties of polymer nanocomposites.  A possible way to 
do this is by performing mechanical tests while collecting the WAXS and/or SAXS patterns of the 
sample under investigation [1]. Synchrotron sources should be used especially if simultaneous 
deformation and X-ray experiments are desired. At this point simple X-ray diffraction experiments 
have been performed with nanocomposite polymer systems, mostly for characterization of the 
nanoclay distribution. Herein,  a new method is presented for studying the structure-mechanical 
properties relationship in polymer nanocomposites based on a more complete evaluation of the two 
dimensional X-ray scattering patterns obtained during sample straining while irradiating in a 
synchrotron beamline.  

PA6 masterbatches containing up to 20 wt. % of organically treated montmorillonite (MMT) were 
diluted with neat PA6 through twin-screw extrusion obtaining exfoliated composites with MMT 
content in the 1.0-7.5% range. These systems were then mixed with HDPE by melt extrusion to 
obtain blends with 20 wt. % of PA6 nanocomposite. A subsequent cold drawing resulted in highly 
oriented, fibrillated HDPE-PA6 blends, in which the MMT was located predominantly in the PA6 
fibrils. The oriented blends were compression molded at temperatures above the melting of HDPE 
and below that of the PA6, thus producing microfibrilar polymer composites with a HDPE isotropic 
matrix embedding oriented PA6 fibrils additionally reinforced by MMT. The WAXS and SAXS 
patterns under simultaneously applied static or cyclic load were obtained with a MARCCD two 
dimensional detector at the A2 beamline of HASYLAB at DESY, Hamburg, Germany.  
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Figure 1: Various stages of data treatment of SAXS patterns: a-c pattern pre-treatment; d-f CDF functions 

with the respective true strain/true stress data. 
. 

 



From the reconstructed SAXS patterns (Figure 1 a) the scattering of the isotropic HDPE matrix (b) 
was subtracted to obtain the oriented SAXS scattering (c). From the latter the chord-distribution 
function (CDF) was computed (image d) [2]. Based on the analysis of images a-d it was concluded 
that the reinforcing PA6 fibrils were covered by a shell of transcrystalline HDPE material whose 
orientation coincided with that of the PA6 core. Images e and f show the CDF of oriented HDPE-
PA6 blends without and with MMT nano-clay reinforcement, respectively. The nanostructure 
changes for all patterns were followed computing the true strain/true stress values for each frame. 
The presence of nanoclay caused clear changes in the CDF that were related to the blend 
compositions and stretching conditions. The results are still under evaluation and will be published 
separately. Nevertheless, these preliminary studies demonstrated clearly the information increase by 
transformation of SAXS patterns into CDFs. Small variations of macroscopic elongation and 
nanostructure parameters were clearly resolved, setting up relations between properties and 
nanostructure.  
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