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Real-time crystallization
The influence of stress level on the high-stress shear induced iPP

crystallization in different sample layer.

High-stress shear induced crystallization

Z. Ma, G.W.M. Peters

Materials technology, Department of  Mechanical Engineering, TU/e

/ Department of Mechanical Engineering

Introduction

Semi-crystalline polymers are often processed from their molten state and 

subjected to intense flow, for example in the injection molding the shear rate can 

reach ~1000s-1 close to the cavity wall. Such severe flow field not only 

accelerates crystallization kinetics, which shortens the processing time, but also 

changes the morphology from the isotropic spherulites to highly oriented shish-

kebab and, as a consequence, determines the ultimate mechanical properties. 

This work introduces a method used to explore the crystallization behavior of 

polymers (e.g. isotactic polypropylene, iPP) affected by the high-stress shear.

Experimental approach

A special pressure-driven flow cell designed by Kumaraswamy et al. [1] is 

employed to impose a strong constant-stress shear flow, see Fig. 1. 

Fig. 1 (a) Schematic diagram of the 

shear instrument

(b) the isometric view of the reservoir (R), 

heater block (H) and cartridge (C), 

indicating how they fit together.

Conclusions
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Fig. 3  2D depth-sectioned diffraction patterns (top row) in different layers 

(bottom row). Flow direction is horizontal and crystallization time is 88s.

Fig. 4  WAXD depth-sectioned patterns of isothermal iPP crystallizaztion at 137oC 

for a wall shear stress of 0.110 MPa for 2 s. Flow direction is horizontal.
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Analysis method - depth sectioning

Wide angle X-ray diffraction (WAXD) was utilized to monitor the crystallization. 

The acquired X-ray patterns include the total diffraction from all layers along the 

sample thickness direction.  The depth sectioning method [2] can be applied to 

isolate the signal corresponding to specific shear layer, see Fig. 2.

Fig. 2 Schematic of the linear relationship between the layer depth with respect 

to the wall, d and its local stress, σ
d 
.

Application of depth sectioning

A set of iPP experiments is performed at different wall shear stress while 

keeping all other parameters fixed (T=137oC, ts=2s). Applying this method, 

the signal corresponding to specific shear layer is isolated, see Fig. 3.
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The kinetics and orientation of high-stress shear induced iPP crystallization 

are obtained and can be quantified from the above depth-sectioned 

patterns. Propylene/ethylene random copolymers were studied in order to 

understand the influence of macromolecular structure on the high-stress 

shear induced crystallization, see [3].
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