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Report: 

 

The influence of shear rate at different temperatures on oriented structure formation is investigated by using 

high resolution time resolved wide angle X-ray scattering (WAXS) for high density polyethylene having 

broad molecular weight distribution (MWD). In the previous beamtime (26-02-398: 03 December 2007 to: 

 07 December 2007), our results indicated that it could be possible to generate initial structures at high 

temperature (1420C) just above equilibrium melting point (Tm= 141.20C) for linear polyethylene. The pulse 

of shear (100/s for 1s) is applied to HDPE of broad molar mass distribution at four different temperatures: 

1360C, 1420C, 1450C and 1600C, followed by cooling to crystallization temperature (TCryst =1250C), where 

the sheared sample was kept at isothermal condition for 600s to monitor the structure development, 

subsequently followed by cooling to room temperature. It is noticeable that the orientation decreases when 

the shear is applied at higher temperatures (1450C and 1600C), because of lower relaxation times and 

thermodynamical conditions causing less flow induced precursors having disordered structures. Whereas 

higher orientation is observed when the shear is applied at 1360C and 1420C. 

 

The 2D-WAXS patterns at two different temperatures and azimuthal distributions of the intensities after 

shear at four different temperatures are shown in the figures below. 
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Figure 1:  The figure shows the schematic drawing of the thermal history applied to study the structure 
development under shear. T1 corresponds to the high temperature above melting point at which sample was 
kept for 2 minutes to remove the melt history, T2 corresponds to the temperature at which shear was applied 
while T3 corresponds to the room temperature. 
 

 
 
 
 

Figure 2: The figure shows the 2D-WAXS patterns for the given HDPE of broad molar mass distribution at 
two different temperatures (1250C and 600C). The shear was applied at four different temperatures (1360C, 
1420C, 1450C and 1600C) while the sheared samples were kept at isothermal condition at 1250C for 600s to 
follow the formation of oriented structures. Note that orientation tend to decrease when the shear was applied 
at higher temperatures suggesting the role of relaxation times and thermodynamical conditions.  



 

 
 
 

 

Figure 3: The figure shows the time resolved 3D plots of  intensity (a.u) vs. 2θ (degrees) for full profiles after 
sample were sheared (100/s for 1s) at  four different temperatures (1360C, 1420C, 1450C and 1600C). The 
onset of appearance of reflections 110 and 200 occurs early in (a) as compared to (d).  Hence, onset of 
crystallization shifts to the lower side of temperature while shearing at higher temperatures.  



 

Figure 4: The figure shows azimuthal distribution of intensities at 600C after the application of shear  at four 
different temperatures (1360C, 1420C, 1450C and 1600C). The azimuthal offset between the maxima of 110 
and 200 reflection suggest the overgrowth of twisted kebabs.  


