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Abstract: Painting and coating impart metallic textures to plastic surfaces but increase manufacturing cost. Therefore,
developing a single-step molding method such as injection molding by using plastics containing aluminum (Al) flake (i.e.
two-dimensional flat plate) that imparts metallic textures to plastic products is beneficial. Unlike one-dimensional fillers,
such as fibers, two-dimensional fillers exhibit complex orientation during molding. In this paper, the orientation of two-
dimensional fillers was analyzed, and their surface appearances during the injection molding of various shapes, such as
holes, slits and ribs, were predicted. During normal flow, the Al flakes oriented parallel to the flow direction near the skin
region of the product, whereas those near the core region and the weldline oriented perpendicular to the flow direction
or flow direction. Al flake orientations at the bottom surface of ribs were irregular, causing flow marks. These predicted
surface appearances were compared with those of actual injection molded product, and the simulations showed good
agreement with the experimental results.

Keywords: injection molding, metallic texture, Al flake, two-dimensional orientation, surface appearance.
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(a) Regular flat plate shape

(b) Cornflake shape

Figure 1. Surface reflection characteristics of light for flake shape
of aluminum.
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(a) Orientation of Al flake parallel to product surface
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(b) Orientation of Al flake slanting to product surface
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(c) Orientation of Al flake perpendicular to product surface

Figure 2. Visual characteristics according to the orientation of Al
flake.
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(a) Frozen layer near mold surface and fountain flow
near core region
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(b) Velocity, shear rate and shear stress profiles

Figure 3. Flow characteristics of molten polymer in a cavity of
injection mold.
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Table 1. Information of Resin and Al Flake Used in This
Study

Polymer ABS
]rg:srel Supplier LG Chemical
Grade LG ABS XR-401

Supplier Silberline
Aspect ratio(7/D) 0.08
Contents (wWt%) 0.5
Al flake Poisson’s ratio 0.3
Young’s modulus (GPa) 70
CLTE (1/K) (Coefficient linear 107

thermal expansion)
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(Unit: mm)

Gate: 03.0 ¥

L 270.0

220.0

Gate: 04.0
(a) Front view

Gate: 02.0

(Unit: mm)

(b) Rear view

Figure 4. Study model containing holes, slits, and various ribs for
the simulation and injection molding of pearl resin.
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(a) Mesh in entire model
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(b) Cross section of model showing boundary layer mesh

Figure 5. Mesh generation for the simulation of injection molding.

Table 2. Parameters in Modified Cross Model after Curve
Fitting

Parameter Name Value Unit
B Consistency index 0.00131193 [g/cm-sec]
T, Temperature sensitivity 9916.97 K]
of material
(when 0<n<1)
n Power-law index, 0<n<l  0.284845 -
MFI1(220,10) = 9g /10min
10°¢

[ ——220°C
—230°C

Viscosity [g/cm-sec]

Shear Rate [1/sec]

Figure 6. Shear viscosity curve of ABS used in this study.
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Figure 7. Molding condition for the injection molding of specimen.
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Figure 8. Predicted fill pattern.
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Figure 9. Predicted weldlines through computer simulation.
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Figure 10. Predicted pressure distribution.
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Figure 11. Predicted temperature distribution.
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Figure 12. Predicted surface appearance through computer simula-
tion.
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Figure 13. Surface appearance of injection molded specimen show-
ing weldlines and flow marks.
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Figure 14. Al flake orientation near gate region.
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Figure 15. Al flake orientation in the region far away from gate.
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Weldline formation

Figure 17. Flow of Al flake near hole showing weldline.

Figure 18. Al flake orientation near hole after flows meet.
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Figure 19. Topview of Al flake orientation near weldline after two
flows meet.
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