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ABSTRACT: The stacking configuration of fiber-reinforced polymer (FRP) composites, achieved via the filament
winding process, exhibits distinct variations compared to conventional FRP composite stacking arrangements.
Consequently, it becomes challenging to ascertain the influence of mechanical properties based on the typical stacking
structures. Thus, it becomes imperative to enhance the mechanical behavior and optimize the interleaved structures to
improve overall performance. Therefore, this study aims to investigate the impact of incorporating amorphous
halloysite nanotubes (A-HNTs) within different layers of five unique layer arrangements on the low-velocity impact
properties of interleaved carbon fiber-reinforced polymer (CFRP) structures. The low-velocity impact characteristics of
the laminate were validated using a drop weight impact test, wherein the resulting impact damage modes and extent
of damage were compared and evaluated under microscopic analysis. Each interleaved structure laminate according to
whether nanoparticles are added was compared at impact energies of 10 J and 15 J. In the case of 10 J, the absorption
energy showed a similar tendency in each structure. However, at 15 J, the absorption energy varies from structure to
structure. Among them, a structure in which nanoparticles are not added exhibits the highest absorption energy.
Additionally, various impact fracture modes were observed in each structure through optical microscopy.
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Table 1. Information on materials used

Material Product Model

Filament

Carbon fiber (Toray Co., Ltd)

Reinforcement

KFR-120 + KFH-141

Matri E] Hard
atrx pOXy + Hardener (Kukdo Chemical Co., Ltd)
CAS No. 1332-58-7
N ti HNT
anopartices (Sigma-Aldrich)
E3 E2A1 A3
A1E2 E1AI1E1
Neat Epoxy

mmmmm Epoxy modified with A-HNT(Amorphous structure)

Fig. 1. Interleaved structure of laminate
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Thickness : 1.5mm
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Fig. 2. Impact test specimen

Table 2. The conditions of an conducted experiment
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Fig. 3. Absorbed energy of each structure over time at impact
energy of 10Jand 15)J
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Table 3. Absorption energy for each structure

Absorbed ener: Absorbed ener;
Structure (10)) 24 (15)) &Y

E3 9.98 £ 0.02 10.36 + 0.20

E2A1 9.97 £ 0.02 9.56 + 0.09

A3 9.95 £ 0.04 9.94 £0.12

AlE2 9.96 £ 0.03 8.89 £ 0.19

E1A1E1 9.98 + 0.01 10.34 £ 0.23
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