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A novel method for suppression of bulge defect at molding interface in microcellular injection molding
process combined with in-mould decoration via heterogeneous nucleating agents
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Abstract : Microcellular injection molding combined with in-mold decoration (MIM/IMD) is an important molding method for
producing lightweight polymer products with high surface quality. Reliable adhesion between the decorative film and the polymer
substrate is critical to the success of this process. However, the sealing property of the decorative film makes it difficult for gas to
escape during molding. The gas tends to accumulate at the film-substrate interface, causing bulge defects and reducing the interface
bonding strength, which severely limits the application of MIM/IMD process. To address the above issues, the dynamic evolution
behavior of cells during MIM/IMD molding process was analyzed in this study, the formation mechanism of bulge defects was

revealed, and a novel method of introducing nano-calcium carbonate (nano-CaCQO;) as a heterogeneous nucleating agent to suppress
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bulge defects and enhance the interface bonding strength was proposed. This method utilized the heterogeneous nucleation effect of
nano-CaCO, to increase the nucleation density and reduce the cell size. Thus, excessive growth of cells at the melt flow front during
the filling stage was restricted, melt collapse and gas escape were alleviated, thereby suppressing the formation of bulge defects.
Molding experiments were conducted with nano-CaCO, content as the variable. The effectiveness of the proposed method was veri-
fied by comparing the cell morphology, surface quality, bulge coverage ratio, crystallinity, and mechanical properties of MIM/IMD
parts with different contents of nano-CaCO,. The results show that as mass fraction of nano-CaCO, increases from 0wt% to 6wt%,
the cell structure transforms from a non-uniform layered structure to a fine and uniformly distributed structure. The average cell
diameter decreases from 99.08 pm to 48.55 wm, while the cell density increases by 251.1%. The optimized cell structure significant-
ly suppresses melt collapse and gas release during the filling stage. Consequently, the surface roughness of the undecorated side
decreases from 0.805 wm to 0.412 wm, and the bulge coverage ratio on the decorated side decreases from 7.12% to 0%, indicating
complete elimination of the defects. Meanwhile, nano-CaCO, induces the formation of B-crystals, increasing the crystallinity of the
matrix from 42.53% to 54.25%. Together with cell refinement, the interfacial peel strength and tensile strength of MIM/IMD parts
are improved by 23.1% and 17.9%, respectively. Defect suppression mechanism and process control approach based on nucleating-
agent regulation for eliminating bulge defects at the film-substrate interface in MIM/IMD process were provided in this study.

Keywords : microcellular foaming ; in-mould decoration ; bulge defect ; heterogeneous nucleating agent ; surface quality
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Fig. 7 Cell morphology of MIM/IMD splines parallel to the melt flow

at different nano-CaCO, mass fractions
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Tab. 1 Crystalline structure parameters of MIM/IMD splines at

different nano-CaCO, contents

Nano-CaCO,

mass fraction/% X% D/nm k%o
0 42.53 28.13 7.13
2 46.59 27.08 8.51
4 50.21 25.26 9.84
6 54.25 23.95 9.87

Notes: X, is crystallinity; D is crystal size; k; is relative content of

B crystal.
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