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Fig. 1 Schematic representation of a typical MFMIM process
a) Skin material injection; b) Core material injection; ¢) Melt

packing stage
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Table 1 Processing conditions used in MFMIM and CIM

MFMIM
Processing parameter CIM
Ist-injection unit 2nd-injection unit

Melt temperature (°C) 210 230 210

Mold temperature (°C) 100 100

Injection pressure (MPa) 50 40 50
Injection volume (% ) 50 50 —

Delay time (s) 1 —
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FD: Flow direction &
TD: Transverse direction
ND: The direction normal to the FD-TD plane

Fig. 2 Schematic of the position of the parts molded by
MFMIM for PLM measurement
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Fig. 3 PLM micrographs of CIM samples in different zones

a) Outer zone; b) Inner zone; c¢) Magnified micrographs of the circle in Fig. 3(a); d) Schematic representation of zone distribution
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Fig. 4 PLM micrographs of MFMIM samples in different layers

Core layer

a) Skin layer; b) Core layer; ¢) Magnified micrographs of the circle in Fig. 4(a); d) Schematic representation of layer distribution
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Fig. 5 SEM micrographs of the etched CIM

and MFMIM samples in sub-skin layer
a) CIM; b) MFMIM
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CRYSTAL MORPHOLOGY OF HDPE MOLDED BY
MULTI-FLUID MULTI-INJECTION MOLDING

ZHANG Kai, LIU Zhengying, SUN Nan, WANG Long, YANG Bin, LU Ying, YANG Mingbo
( College of Polymer Science and Engineering, Sichuan University, State Key Laboratory of Polymer Materials Engineering, Chengdu 610065 )

Abstract In order to explore the coupling effects of second shear flow and temperature fields on the formation
as well as the evolution of crystal morphologies of high-density polyethylene ( HDPE) ,the crystal morphologies
of the parts obtained by multi-fluid multi-injection molding ( MFMIM ) were investigated. The main feature of
MFMIM is that the polymer melis in two different injection units are injected sequentially into the cavity to form
an encapsulated sandwich-structure product. Polarizing light microscopy ( PLM ) results showed that some
peculiar microstructures (e. g. cylindritic structures and ring-banded spherulites) were generated in the skin
layer of the MFMIM parts. With the aid of scanning electronic microscopy ( SEM) , a detailed description of
cylindritic structure was obtained , which showed that the cylindritic structure consisted of some ring-banded
spherulites. For comparison , the crystalline morphology of the sample molded by conventional injection molding
(CIM) was also investigated. Different from the MFMIM parts, there were not observed any ring-banded
spherulites or cylindritic structures in CIM parts except the common spherulites. And there was not a significant
skin-core structure formed due to the higher temperature of the mold. Based on the comparison between the
experimental results of the MFMIM parts and those of the CIM counterparts, it was concluded that the main
reasons for ring-banded spherulites and cylindritic structures arising in the skin layer of MFMIM parts were the
shearing and the complex thermo-mechanical fields provided by the secondary melt penetration process.
Therefore ,on the basis of the previous results, the mechanisms of ring-banded spherulites and cylindritic
structures formation were discussed.

Keywords  Multi-fluid multi-injection molding, High-density polyethylene, Morphology, Ring-banded

spherulites, Cylindritic structures



