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Supporting Information

Oscillation shear injection molding (OSIM)

Fig. 1 shows the overall picture for oscillation shear injection molding (OSIM) machine,
and Fig. 2 shows the local picture for the mold with an oscillation shear supplier. The
critical point is its mold, whose 3D schematic illustration is shown in Fig. 3. Fig. 4
presents an explanatory cartoon to demonstrate how the mold with an oscillation shear
supplier works. The primary feature is that the hot melt is subjected to high pulse shear
stress in the mold, which is given by two pistons moved reversibly at the same frequency.
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Fig. 1. Overall picture for oscillation shear injection molding (OSIM) machine.

Fig. 3. 3D schematic illustration for the mold with an oscillation shear supplier.
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Fig. 4. Cartoon illustration for detailed work process of the mold with an oscillation shear
supplier.

Estimation of the shear rate provided by oscillation shear injection molding (OSIM)

In order to calculate the shear rate provided by OSIM technique, the formation
process of the OSIM sample in the mold should be clear first. After the melt was injected
into the mold, a thin surface layer was formed. At the packing stage, the melt was
gradually frozen and formed each layer upon a high shear stress given by the reversely
moving piston. According to the actual cross-section of the OSIM sample, the schematic
shape of each layer in the OSIM sample was displayed in Fig. 5. It is observed that layer
shape gradually transforms from rectangle to oval and finally to round (radius=1mm).
The flow channel of the melt shrinks so that the shear rate gets stronger until the gate is
frozen. The shear rate between the thin surface layer and skin layer is the lowest, while

the shear rate between the intermediate and core layer highest.
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Fig. 5. Schematic shape of each layer (skin belongs to outer layer; intermediate and
core belong to inner layer) in the OSIM sample.

Since the moving speed of pistons in the injection molding processing (refer to
Figure R1) is constant, the volume flow rate of the melt (Q) is thus constant.
Specifically, the diameter of the piston is 25 mm, the working distance is 50 mm and

each moving cycle needs 3 s. Therefore, Q is equal to 8181.25 mm?/s.

The shear rate () in the rectangular flow channel (minimum) can be roughly

calculated as follows (R1). The shear rate in the round flow channel (maximum) can

be roughly calculated as follows (R2).
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where 7 is the non-Newtonian index, Q is the volume flow rate, w is the width of
the OSIM sample, % is the length of the OSIM sample, R is the radius of the flow

channel. Since n is correlated with the shear rate, we adopt 0.4 as an average value.

After approximate calculation, y_. = 5.11 s'! and j/max =14322.92 s’ 1t is seen that

the shear rate changes dramatically from the skin to core layer. Therefore, we made a

conclusion that the shear rate is over hundreds of s! in our manuscript based on its



average value. We put this calculation method in the revised supplement information

and modified the description in the revised manuscript.



