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A thermoplastic polymer injection molding welding technique was proposed, discussing the enhanced
interlaminar shear strength of injection welding with the addition of short carbon fibers (CF). The effectiveness of
this welding method was confirmed through the evaluation of homogeneous polyamide 6 (PA6) polymers. To
address the challenge of low welding strength in carbon fiber-reinforced thermoplastic (CFRTP) composites, the
polymer welding interface structure and the distribution of short carbon fibers at the interface were thoroughly
discussed, resulting in optimal carbon fiber content and welding parameters. Tensile and thermal tests were
conducted to study their physical and welding properties. Additionally, the interface structure was observed using
optical microscopy and scanning electron microscopy. Fourier infrared spectroscopy and differential scanning
calorimetry were used to analyze the crystalline behavior at the interface. The relationship between welding
strength and interface structure was analyzed, and the welding process was discussed from the perspective of
interface structure.

In chapter 1, the research backgrounds and the construction of this thesis are described. The purpose of this
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study is to explore the relationship between the injection welding interface structure and strength, and to address
the issue of low welding strength in CFRTP by altering welding parameters.

In chapter 2, the properties of experiment materials, as well as experimental methods and characterizations are
presented.

In chapter 3, secondary injection molding was utilized to weld polyamide 6 (PA6). The welded samples were
evaluated for the welding strength via a shear tensile test. Three process parameters of mold temperature, injection
temperature, and injection speed were varied to determine the optimal conditions for welding. A polarizing
microscope analysis of the welding interface revealed formation of a shish kebab layer (SKL) structure, which
significantly contributed to the welding strength. A differential scanning calorimetry analysis of the welded
samples showed that changes in the crystallinity at the interface were closely related to the welding strength under
different injection molding conditions. To analyze the crystal phase of the interface after welding, we propose the
use of Fourier-transform infrared spectroscopy area scanning to obtain the relationship between the phase
transformation and welding strength. Additionally, microhardness testing is proposed as a means of evaluation of
the welding effect. Overall, this study highlights the importance of optimization of process parameters in
secondary injection molding to achieve strong welds in PA6, where the SKL structure and crystallinity changes at
the interface have crucial roles.

In chapter 4, carbon fiber was added to the commonly used resin reinforcing material, polyamide (PA6, nylon),
to create a carbon fiber reinforced thermoplastic composite (PA6/CF) that was welded using injection molding.
This study not only investigates the impact of different welding conditions on shear strength, but also discusses
the sequence of welding. Attaining 85% of the shear strength of the PA6 base material under optimal conditions.
The carbon fibers distribution and reinforcement mechanism were analyzed by observing the connection interface
and cross-section by polarizing microscope and scanning electron microscope. When PA6/CF was used as the
secondary molded body, the welding results were better. The addition of carbon fiber had a significant
strengthening effect on the strength of the Polyamide 6 injection welding.

In chapter 5, CFRTP with varying carbon fiber contents were prepared to explore the impact of carbon fibers on
shear strength. PA6/CF composites with CF contents of 10wt% and 30wt% were subjected to injection

over-molding for the first and second molding cycles, respectively. It was observed that the reinforcement effects
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varied considerably depending on the combinations studied. Under the optimal combination and process
parameters, the weld shear strength of PA6/CF composites reached 63MPa, equivalent to 90% of the shear
strength (70MPa) of the original PA6/CF material. Polarized light microscopy and scanning electron microscopy
were utilized to analyze the distribution of carbon fibers at the interface and the reinforcing mechanism during
tensile fracture. The significance of maintaining uniform CF content during the welding process of PA6/CF
composites was emphasized.

In chapter 6, the relationship between the angle of entry into the interface during injection welding and the
strength was analyzed after the addition of short carbon fibers. The interweaving effect between carbon fibers was
also elucidated at high carbon fiber content.

In chapter 7, the conclusions of main results are remarked.
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