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INTRODUCTION

In recent years, 3D Printed Composite Materials (3DPCM) have Iincreased
their appearance and use In different sectors for the fabrication of ready-for-
use products. 3DPCM can combine 3D printed geometries with the
mechanical and physical properties of composite materials [1].

Due to the nature of the layer-by-layer additive manufacturing process of
3DPCM, the products obtained can exhibit poor interlaminar bonding [2],
resulting In low Interlaminar fracture toughness [3] and delamination [4]. This
IS caused by the bad adhesion between matrix, fibers or layers, having a
direct and negative effect on mechanical properties [5].

Interlaminar fracture toughness is an important indicator of impact resistance,
crack initiation and it is propagation [6]. In fracture scenarios, 3DPCM have
shown unstable crack growth [7]. It has been indicated that further analysis Is
necessary to optimize interface bonding quality of 3DPCM using different
configurations and materials as aramid reinforcement [8].

This research I1s aimed to analyze Mode | and Mode Il interlaminar fracture
toughness of Onyx-Aramid 3DPCM, also the interlaminar zone of fractured
samples. The results from this research can help to improve and enhance the
mechanical properties of 3DPCM when compared to traditional composite
materials. Understanding fracture toughness can help to improve interlaminar
zones to obtain enhanced ready-to-use 3DPCM.
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MATERIALS AND METHOD

The samples used In this research were manufactured using Onyx, as matrix,
and Aramid fiber, as continuous reinforcement filaments in a MarkTwo™ 3D
printer, supplied by Markforged Inc.

Since 3DPCM and additive manufactured composite materials do not have a
standard for mechanical behavior evaluation, the standards used were
adapted from ASTM standards of reinforced polymers.

The fracture toughness values were obtained using Mode | and Mode |l
fracture analyses. For Mode | fracture analysis, the standard followed was
ASTM D5528, and for Mode Il fracture analysis the standard followed was
ASTM D7905, as shown in Figure 1.

The reinforcement deposition used in this research for interlaminar fracture
toughness analysis were 0° and 90°, as shown In Figure 2, to analyze If this
has a direct impact on interlaminar fracture toughness G; and G;; of 3DPCM.
After fracture tests, the samples were optically analyzed using an optical
microscope and SEM to analyze the fracture zones and detect defects that
caused variations in G; and G;; measurements.
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Figure 1. Fracture Modes | (Up), and
[I( Down).

Table 1. 3D printing parameters for fracture
samples.

Fracture Types

2 Printing Parameter Value
_ Layer Height 0.1 mm
3 Infill Pattern Solid
= Infill Density 100%
Wall Layers 2
Fiber Angle 0° and 90°
Fiber Volume Fraction 32%
= Concentric Fiber Rings 1
§
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RESULTS AND DISCUSSION

The experimental results revealed low interlaminar toughness, compared to
traditional composite materials, in both fracture modes (Figure 4).

For Mode I, the measured critical energy release rates have a mean of
6.15 kJ/m* and 9.06 kJ/m? for 0° and 90° orientations, respectively. For Mode
I, the measured critical energy release rates have a mean of 0.74 kJ /m* and
0.53 kJ/m? for the same orientations.

Figure 3. Mode | (Up) and Mode Il  Figure 4. Fracture mode Interlaminar fracture toughness for a) Mode | 0°, b) Mode |
(Down) fracture tests. 90°, c) Mode Il 0°, and d) Mode | 90°
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Mode | fracture specimens showed less variation in G; at 0° compared to G;
at 90°, although G; at 90° increased notoriously as crack length increased, as
seen In Figure 4b. Mode Il fracture samples showed similar G;; In both
reinforcement directions, as seen in Figure 4c (0°) and Figure 4d (90°). The
G;; In both directions was lower than the G; in 3DPCMs made with onyx-
aramid.

Additionally, specific defects, such as fiber bundle breakage, matrix peeling,
unwoven fiber, matrix breakage, matrix gap, fiber exposure, gap between
layers, and fiber tearing were identified via SEM (Figure 5), which contribute
to the diminished toughness of 3DPCM.
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After the mechanical and optical analyses of the 3SDPCMs made with Onyx-
Aramid, it was noted that the G; Is higher than the G;;, In both, 0° and 90°
reinforcement orientations.

Additionally, it was observed that in 0° reinforcement direction, fractures
depend on the behavior of the matrix rather than the reinforcement. In 90°
samples, the SEM images of the fractured zones showed areas where the
matrix was missing, and the reinforcement was unwoven.

Incorporating these observations into 3DPCM analyses could further improve
the manufacturing techniques used to manufacture them, leading to improved
iInterlaminar fracture toughness. This could unlock the full potential of
3DPCMs in industries such as aerospace, transportation, and others.
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