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Structure and Properties of Flow Induced Orientation
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Eindhoven University of Technology, Department of Mechanical Engineering

Introduction
The toughness of semi-crystalline polymers can be improved
by the addition of particulate fillers (e.g. CaCO3 in HDPE).
Also in unfilled semi-crystalline polymers toughness was
found to increase in thin injection moulded samples. Since
for both systems the behaviour was found to be anisotropic
and process dependent, the effect of flow induced crystal-
lization should be taken into account.
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Figure 1: Influence of process conditions on toughness (IZOD).
Left: effect of product thickness in unfilled and CaCO3 filled HDPE;
Right: anisotropy and effect of injection speed (Vinj) in unfilled PP.

Objective: Is there a relation between the flow induced struc-
ture and the properties of semi-crystalline polymers.

Structure in unfilled systems
Microscopic orientation

Figure 3: Microtomed cross-sections of injection moulded samples,
showing the effect of orientated skin layer thickness on toughness;
left to right: ↓ Tinj, ↓ Vinj, ↑ IZOD

Lamellae orientation

Figure 2: SAXS pattern (left)
of oriented layer showing the
existence of a shish-kebab
structure (right).

Crystalline orientation

Figure 4: WAXS pattern of orientated layer (left), 110-crystal orien-
tation over 4 mm thick sample (right), indicating a twisted lamellae
row structure (mid).

• Size of the oriented skin layer is dependent on the applied
injection conditions (e.g. Vinj & Tinj)

• Maximum oriented layer thickness ≈ 500 [µm].
• Shish-kebab structure with twisted kebab (row strucure).

Properties of unfilled systems
A row structure is also known to exist over the complete thick-
ness of extrudated films of HDPE or PP.

1.1 1.2 1.3 1.4 1.5 1.6 1.7
0

10

20

30

40

Draw ratio [−]

E
ng

in
ee

rin
g 

st
re

ss
 [M

P
a] ‖ extrusion

‖ injection

⊥ extrusion

⊥ extrusion

Figure 5: Stress-strain be-
haviour of HDPE in tension.

Figure 6: Tensile and izod
samples, tested⊥ (left) and
‖ (right) to flow.

For oriented samples anisotropic behaviour is found; local-
ization of deformation is less if tested parallel (‖), compared
to perpendicular (⊥) to flow direction. The extrudated sam-
ples show complete homogeneous deformation in flow di-
rection, which was also found in numerical simulations [1].
The decrease of localization is the mechanism behind the in-
crease in impact toughness (figure 6).

Structure in 15% CaCO3 filled HDPE
Crystalline orientation

Figure 7: WAXS: 110 (left) and 200 (right) crystal plane orientation
over 4 mm thick injection moulded sample.

A strong orientation is also found in the core of the sample.
Although the lamellae are not twisted, this orientation prob-
ably causes the increase in toughness shown in figure 1.

Conclusions
• Increasing amount of flow induced crystalline orientation

increases impact toughness.
• Row oriented structure has strong anisotropic behaviour;

localization perpendicular to flow direction and homoge-
neous deformation in flow direction.

• Flow induced orientation of crystals is probably the main
concept in the mechanical behaviour of particle-modified
semi-crystalline polymers.
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