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Abstract: This research investigates the generation and evaluation of various geometric surface
textures on PLA components produced via fused filament fabrication (FFF). Textures, including
grooves, pyramids, and cylinders, were created at different depth levels on the PLA surfaces. The
surface quality of these textures was assessed using a 3D optical system, focusing on area parameters
such as Sa and Sz. The wettability of each texture was evaluated through contact angle and sliding
angle tests, revealing the ability to modulate contact angles and achieve either hydrophobic or
hydrophilic surfaces depending on the texture type. Subsequently, pairs of textured PLA pieces
were bonded using a cyanoacrylate adhesive following standardised protocols, and shear tests were
conducted to determine the maximum shear stress at bond (τmax) of each texture. Notably, textured
surfaces generally exhibited hydrophobic properties that reduce the adhesion between the adhesive
and the piece, leading to reduced maximum shear stress at bond values compared to non-textured
surfaces. However, groove textures notably increased τmax values. The results were analysed to
establish correlations between surface quality, wettability, and shear strength. This comprehensive
evaluation aims to elucidate the influence of surface texture on the mechanical performance and
adhesive properties of FFF-manufactured PLA components.
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1. Introduction

Additive manufacturing by material extrusion, commonly known as fused filament
fabrication (FFF), is experiencing increasing demand in various industries due to its ability
to produce specific products with high precision and meet the requirements of different
sectors [1]. This technology makes it possible to create complex geometries that cannot
be achieved by other manufacturing processes, using a wide range of materials to create
products with high functional performance [2]. Abel et al. [3] stated that with FFF it is
possible to produce large and complex components quickly with high material efficiency
and combinations of materials such as stainless steel.

Despite its many advantages, FFF technology has limitations in the production of large
objects [4]. Silva et al. [5] pointed out that there are practical limits to the shape and size of
structures that can be produced by FFF, which may limit the production of large objects
due to surface quality and dimensional accuracy issues.

To overcome this limitation, the strategies developed involve dividing the product into
sub-elements that are then assembled. This assembly is often carried out using adhesives,
with cyanoacrylate being one of the most common [6]. Alvarez et al. [7] characterised and
optimised mechanically interlocking adhesive bonds using cyanoacrylate on FFF ABS parts,
achieving tensile and yield strengths close to those of the base material. The effectiveness
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41. Sedlaček, M.; Podgornik, B.; Ramalho, A.; Česnik, D. Influence of Geometry and the Sequence of Surface Texturing Process on
Tribological Properties. Tribol. Int. 2017, 115, 268–273. [CrossRef]

42. Bañon, F.; Martin, S.; Vazquez-Martinez, J.M.; Salguero, J.; Trujillo, F.J. Predictive Models Based on RSM and ANN for Roughness
and Wettability Achieved by Laser Texturing of S275 Carbon Steel Alloy. Opt. Laser Technol. 2024, 168, 109963. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.ijsolstr.2013.09.005
https://doi.org/10.1016/j.msea.2019.06.002
https://doi.org/10.1557/jmr.2017.164
https://doi.org/10.1016/j.ijadhadh.2007.02.003
https://doi.org/10.31648/ts.6297
https://doi.org/10.1016/j.triboint.2017.06.001
https://doi.org/10.1016/j.optlastec.2023.109963

	Introduction 
	Materials and Methods 
	Results 
	Geometric Texture Results 
	Surface Quality 
	Wettability Results 
	Shear Stress Results 

	Conclusions 
	References

