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Preparation of calcium carbonate with different morphologies and its impact on properties of cross-linked
high-density polyethylene
MENG Xiaokai, BAI Yang, YANG Hong, GUO Taoning, WEI Shichao
(State Grid Shanxi Electric Power Co., Ltd. Electric Power Research Institute, Taiyuan 030001, China)

Abstract : To address the poor interfacial compatibility between inorganic micro-nano materials and polymer matrices, hydro-
phobic calcium carbonate (CaCO,) microparticles were first constructed with rough surfaces of different morphologies via an in-situ
one-step method. Secondly, using high-density polyethylene (PE-HD) as the matrix, a series of cross-linked PE-HD (XLPE-HD)/
CaCO, composites were prepared through peroxide cross-linking and CaCO, filling. The effects of CaCO, morphology and content
on the structure and properties of the composites were systematically investigated. The results show that CaCO, morphology has a
significant regulatory effect on the material properties. Cocoon-like CaCO, (CCC), due to its high aspect ratio and surface rough-
ness, facilitates interfacial bonding and crystal plane orientation, enabling XLPE-HD/CCC composites to exhibit superior mechani-
cal and crystallization properties. When the CCC mass fraction is 5%, the tensile strength reaches 43.5 MPa, the elongation at break
is 942%, and the notched impact strength is 59.4 kJ/m’. Compared with XLPE-HD, the tensile strength, elongation at break, and
notched impact strength are increased by 24%, 50%, and 172%, respectively, achieving a synergistic effect of toughening and
strengthening. This is attributed to the uniform dispersion of CCC in the matrix and strong interfacial interaction with the matrix. In
addition, the addition of CaCO, can induce heterogeneous nucleation and promote XLPE-HD crystallization, which is another factor
contributing to the improved mechanical properties. This study reveals the mechanism of CaCO, morphology on the performances of
XLPE-HD, providing a theoretical basis and experimental foundation for the development of high-performance and low-cost poly-
ethylene composites.

Keywords : cross-linked high-density polyethylene ; morphology ; calcium carbonate ; mechanical property ; crystallization
behavior
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Fig. 5 SEM images of tensile fracture surfaces of XLPE-HD/CaCO,
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Tab.3 Thermal properties of XLPE-HD/CCC composites with
different CCC contents

Samples T/ °C AH/J.g™") T,/°C AH/J.g™) x/%

XLPE-HD 114.0 120.1 130.0 141.4 483
XLPE-HD/3%CCC 114.0 153.0 130.1 143.9 50.6
XLPE-HD/5%CCC 115.0 155.7 135.1 167.1 59.9
XLPE-HD/7%CCC 115.0 182.3 134.3 187.0 66.1
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ent CCC contents
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Tab. 4 Mechanical properties of XLPE-HD/CCC composites with
different CCC contents

Tensile Elongationat ~ Notched impact
Samples S
strength/MPa break/% strength/(kJ+m™)
XLPE-HD 35.0+1.3 628+13 21.8+1.4
XLPE-HD/
37.4+1.1 631+6 49.8+0.4
3%CCC
XLPE-HD/
43.5+1.3 942421 59.4+0.3
5%CCC
XLPE-HD/
39.6+0.9 934422 50.1+2.5
7%CCC
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Fig. 11 SEM images of tensile fracture surfaces of XLPE-HD/CCC

composites with different CCC contents
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Fig. 12 Volume resistivity of XLPE-HD/CCC composites with differ-
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