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Abstract
The main objective of this study was to analyze the surface morphology of Nylon 12 
parts manufactured by selective laser sintering (SLS), comparing three manufacturing 
conditions: as-sintered parts (70% virgin powder and 30% recycled), sintered parts 
subjected to mechanical cleaning, and parts fabricated entirely with 100% recycled 
powder. The analysis used confocal microscopy to accurately characterize surface 
topography and roughness parameters.

The methodology included the production of samples using an industrial SLS 
printer, mechanical cleaning with ceramic microspheres, and roughness evaluation 
through parameters Sa, Sz, and Sdr.

The results showed that mechanical cleaning produced more homogeneous 
surfaces with lower roughness, while the exclusive use of recycled powder led to 
more irregular surfaces [2]. Furthermore, it was confirmed that visual inspection 
alone is insufficient to assess surface quality.

It is concluded that manufacturing and post-processing conditions significantly 
influence the mechanical and functional performance of the parts, making the use 
of advanced characterization techniques essential to ensure quality in industrial 
applications.
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Resumen

Este estudio tuvo como objetivo principal, analizar la morfología superficial de piezas 
de Nylon 12 fabricadas mediante sinterizado selectivo por láser (SLS), comparando 
tres condiciones de fabricación: piezas tal como sinterizadas (70 % polvo nuevo y 30 
% reciclado), piezas sinterizadas sometidas a limpieza mecánica y piezas fabricadas 
con polvo 100 % reciclado. El análisis se realizó mediante microscopía confocal para 
caracterizar con precisión la topografía y los parámetros de rugosidad superficial Sa, 
Sz y Sdr.

Los resultados mostraron que la limpieza mecánica genera superficies más 
homogéneas y de menor rugosidad, mientras que el uso exclusivo de polvo reciclado 
produce superficies más irregulares. Además, se comprobó que la inspección visual 
no es suficiente para evaluar la calidad superficial.

Se concluye que las condiciones de fabricación y posprocesamiento influyen 
significativamente en el rendimiento mecánico y funcional de las piezas, siendo 
indispensable el uso de técnicas avanzadas de caracterización para asegurar su 
calidad en aplicaciones industriales.

Palabras clave: manufactura aditiva, sinterizado selectivo láser, limpieza mecánica, 
caracterización mecánica, PA 12

Introduction

Additive manufacturing, and in particular, selective laser sintering (SLS), has 
established itself as a key manufacturing technology in sectors such as automotive, 
medical, and aerospace, due to its ability to produce parts with complex geometries 
and competitive mechanical properties. One of the most commonly used materials 
in SLS is Nylon 12 (PA12), thanks to its balance of strength, flexibility, and thermal 
stability (Awad et al., 2020).

However, the surface quality of parts manufactured by SLS can vary significantly 
depending on multiple factors: the condition of the powder used (virgin or recycled), 
sintering conditions, and post-processing treatments applied. These variations affect 
not only the aesthetic appearance of the parts, but also critical properties such as 
mechanical strength, friction, and coating adhesion.

This study aims to comparatively analyze the surface morphology of parts 
manufactured under three different conditions: as-sintered, as-sintered followed 
by mechanical cleaning, and sintered with fully recycled powder. The analysis is 
conducted using confocal microscopy, enabling accurate surface characterization 
and topography. 
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Development of the topic

Materials and equipment

For this study’s development, virgin and recycled polyamide 12 (PA12) powder 
were used as the base materials for fabrication samples. The parts were produced 
using an industrial selective laser sintering (SLS) printer, equipped with a CO₂ laser 
and a sintering parameter control system that guarantees the repeatability of the 
process. For mechanical post-processing, a mechanical cleaning booth with ceramic 
microspheres was used to modify the surface texture of the parts. The morphological 
characterization of the surfaces was carried out using a high-resolution confocal 
microscope, capable of generating three-dimensional maps and quantifying 
roughness parameters such as Sa (arithmetic mean roughness), Sz (maximum profile 
height), and Sdr (surface complexity index), which allowed a precise evaluation of the 
surface condition under each manufacturing condition.

Methodology

In the fabrication of parts by selective laser sintering (SLS), the surface finish affects 
both the visual perception and the functionality of the component. PA12, the base 
material of this study, is widely used in additive manufacturing, and its white color, 
combined with high light absorption, can create misleading perceptions about its true 
properties’ morphology. This study aims to analyze such morphology under various 
finishing conditions, using confocal microscopy to assess surface morphology during 
different finishing process conditions.

For this purpose, three types of samples were fabricated:

•	 As-sintered: Piece obtained directly from sintering, with a mixture of 70% new 
powder and 30% recycled, without further treatments.

•	 Mechanical cleaning: The piece was sintered with the same proportion of 
powder and subjected to mechanical cleaning to modify its surface texture.

•	 Fully recycled sintered: Part manufactured exclusively with recycled powder, 
without additional treatments.

The samples were analyzed by confocal microscopy to characterize their surface 
morphology and evaluate the impact of the different manufacturing and post-
processing processes.

Results

Figure 1 illustrates the three surface conditions—as-sintered, mechanical cleaning, 
and fully recycled powder—and their impact on the appearance and surface 
structure of SLS-manufactured parts. Comparing these conditions provides deeper 
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insight into how different manufacturing and post-processing methods affect the 
morphological properties of Nylon 12, extending beyond mere visual assessment 
(Krupova et al., 2024).

Figure 1

Surface conditions

  

Note. Figure 1 presents the roughness profiles of Nylon 12 specimens manufactured 
by selective laser sintering (SLS). From left to right, the profiles correspond to 
mechanically cleaned, as-sintered (70% virgin, 30% recycled powder), and fully 
recycled powder conditions.

This study provides clearer insight into how surface finishing processes affect 
the properties of parts made using SLS. The findings show that visual perception 
alone is insufficient for evaluating surface quality because morphological differences 
can affect mechanical strength, friction, and coating adhesion. This information is 
essential for optimizing manufacturing parameters and ensuring that parts meet 
their intended functional requirements.

Conclusions

The surface morphological analysis conducted in this study reveals that the surface 
quality of Nylon 12 parts is greatly affected by SLS manufacturing and post-processing 
conditions. Samples that underwent mechanical cleaning showed more homogeneous 
surfaces with lower roughness, which is favorable for applications where aesthetics, 
friction, or adhesion of coatings are critical. In contrast, parts manufactured with 
100% recycled powder showed more irregular surfaces, with greater dispersion 
in roughness parameters, which can compromise their mechanical and functional 
properties (Obst et al., 2018). 

Additionally, it was found that visual inspection is not a reliable method for 
evaluating surface quality since relevant structural differences may be imperceptible 
to the naked eye. In this context, the use of advanced techniques such as confocal 
microscopy has become an essential tool for quality control in additive manufacturing. 
The obtained results allow us to optimize process parameters and establish more 
rigorous technical criteria to guarantee the performance and reliability of parts in 
demanding industrial environments (Tasch et al.,  2018).
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