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To identify the complex structural changes taking place within iPP during deformation, 
simultaneous small- and wide-angle X-ray scattering (SAXS/WAXS) measurements were 
performed using synchrotron radiation during in situ deformation. The material and the 
experimental set-up are described in the last annual report [1]  

From the SAXS pattern 2d-cord distribution functions (CDF’s) were calculated according to the 
procedures developed by Stribeck [2], see fig. 1. 

 

Figure 1:  Deformation of iPP at room temperature, from left to right: SAXS patterns, positive and 
negative CDF’s (always log-scale, pseudo colour) as well as a surface plot of the CDF’s (linear scale and 

for two strains also log scale) at different strains ε = 0.0, 0.125, 0.37 and 5.3 (from top). Each square of the 
pattern covers a range – 0.12 nm-1 < s1, s3 < 0.12 nm-1, each square of the 2d-CDF covers a range of           

– 100 nm < r12, r3 < 100 nm, fibre direction always vertical. The stretching (fibre) direction is indicated in 
the surface plots by arrows. 



The initial ring in the CDF’s indicate a random distribution of the lamellae. Beyond the yield point 
the scattering intensity dramatically increases due to the appearance of cavities, which initially are 
oriented perpendicular, finally parallel to tensile direction. They are responsible for the decay of the 
CDF’s like shown in fig. 1. The change of the whole pattern to a 4-point-design indicates internal 
shear deformation. A new transversal correlation length is established at about 37 % strain due to 
the break down of the lamellar blocks to be transformed later on to fibrils. According to the low 
internal mobility the aligned chains are not able to form new crystallites. 

The behaviour of a stretches specimen at 130 °C is shown in fig. 2. 

 

Figure 2: Deformation of iPP at at 130 °C, from left to right: SAXS patterns, positive and negative CDF’s 
(always log-scale, pseudo colour) as well as a surface plot of the CDF’s (linear scale) at different strains ε = 
0.0, 0.08 and 1.3 (from top). Each square of the pattern covers a range – 0.12 nm-1 < s1, s3 < 0.12 nm-1, each 

square of the 2d-CDF covers a range of – 100 nm < r12, r3 < 100 nm, fibre direction always vertical. The 
stretching (fibre) direction is indicated in the surface plot by arrows. 

Initially again a random homogeneous distribution of the lamellae is observed. Due to the lower 
stiffness of the amorphous phase the stress transfer to the lamellae is limited. Therefore the lamellae 
break down in much less extent, crystalline blocks well arranged in tensile direction are observed. 
According to the high temperature several fibrillar oriented molecules can crystallise. On the other 
side here no void formation is observed. 

WAXS results confirm the presented discussion. The scattering results are complemented with DSC 
measurements and SEM images. They are published in detail [3]. 

The investigations enable to make a sophisticated model of the temperature dependent processes 
during plastic deformation. 
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