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Orientation morphology evolution and
mechanical properties of injection

molded thermoplastic polyurethane
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Abstract: The effects of melt flow on the orientation evolution, residual stress and mechanical
properties of thermoplastic polyurethane ( TPU) during injection molding were studied by
birefringence, small angle X-ray scattering (SAXS) and wide angle X-ray scattering (WAXS). The
birefringence results show that the residual stress is decreased along the melt flow direction. The hard
segments of TPU molecular chains are oriented along the melt flow direction, while the hard domains
are oriented perpendicular to the melt flow direction according to the results of SAXS and WAXS. The
tensile properties of TPU parts show obvious differences along the melt flow direction and
perpendicular to the melt flow direction. The tensile strength of the middle region of the part is the
highest because the orientation degree of hard segment and hard domain is the highest in the middle
region of the part, and the orientation of hard segment and hard domain is helpful to improve the
tensile strength.
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Table 1 Basic process parameters of injection molding

Melt Mold

Injection  Injection

Cooling
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) time/s
C C cm? (mm s 1)
170 30 71.5 3 120
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v

P AU A s 2 R A R B 1A

Fig. 1 Schematic diagram of cavity pressure sensor placement
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birefringence measurement on the thickness section
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Fig. 4 Optical path difference distribution of the injection molded TPU parts in the cross section at different sampling areas
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OPD/nm
Area

Max Ave
Near gate area 799 519
Middle area 532 358
Far gate area 380 275
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Fig. 7 SAXS patterns of the specimens cut from different areas
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(a)elongation at break; (b)tensile strength
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