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Introduction

Three-dimensionality is one of the most relevant aspects in biological systems. In particular, it has
been observed an interplay between the curvature of a cell substrate in a near-cell range and the
functional and morphological cellular response [1]. Therefore, there is an increasing need of new
processing methods to fabricate biomimetic micro-curved structures to increase the fluid/structure
interface thus improving the functional performance of a tissue engineered scaffold.

To achieve such specific features, additive manufacturing techniques, and in particular masked
stereolithography appearance (MSLA) 3D printing and electrospinning (ES), can be used for: i)
fabricating structures with high surface/volume ratio [2] ii) rapidly manufacturing 3D-
micropatterned structures with a high degree of resolution (<50 pm) [3].

This work proposes a combination of such technologies to manufacture coatings inspired to the
lung alveoli, in order to achieve a coating with features in the order of 300 um. The combination
of the two methods allows to exploit the versatility and controllability of the targeted 3D printed
structures, thus obtaining ECM-like structural features.

Experimental

The MSLA 3D printing process was optimized to obtain hemispherical structures with features in
the order of 300 um. This procedure included a process of progressive miniaturization of such
features by studying the effect of a number of process parameters: layer height, time of exposure,
anti-aliasing functions. To make the surface of the 3D printed object conductive, a sputter coater
was employed to deposit a nanometric layer of gold (Figure 1a).

Figure 1: (a) 3D printed pattern covered with gold. (b-c) Thermally treated fibers at 140°C for 2 min in top-view and
section-view, respectively.
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For the ES process, the random block copolymer polyethylene oxide terephthalate/polybutylene
terephthalate (PEOT-PBT) was proposed as a candidate material. Then, a polymeric solution was
prepared with 18% w/v of PEOT-PBT in 70% chloroform/30% hexafluoro-2-propanol. An ad-hoc
setup for the ES was developed by using the 3D-printed objects with concave features as collectors.
A thermal characterization of PEOT-PBT was performed on the electrospun fibers, and different
thermal treatments were performed on the coatings by varying the temperature and time parameters.
The 3D-printed collectors and coatings were further characterized with an optical microscope and
SEM imaging.

Results and Discussion

The combination of the MSLA 3D printing process and ES led to alveolar-like coatings with
features in the order 300 um. The average diameter of the fibers was 1.4 + 0.3 um. After 45 min
of ES, the thickness of fibrous structure was between 100 and 200 um. Bridges of fibers were
obtained between neighbouring features, leading to an architecture based on the convolution of the
3D-printed pattern (Figure 1c).

The thermal analysis evidenced the presence of two types of amorphous phases, with one glass
transition temperature at about -20°C with the crystalline fraction of PBT of about 62%. A melting
temperature of 156°C was also observed.

The morphologies of the coatings were characterised by SEM imaging: by increasing the
temperature of thermal treatments, different morphologies were observed starting from the PEOT-
PBT electrospun fibrous structure (In Figure 1b-c fibers treated at 140°C for 2 min). Eventually, a
fibrous coating was obtained with self-sustaining 300-um alveolar-like features.

Conclusions

The combination of the ES process and MSLA 3D printing is a powerful approach for obtaining
fibrous coatings characterized by an alveolar-like microstructure with concave features in the order
of 300 um. Such results can be applied in a number of applications both in the biomedical and
chemical fields where high contact surface areas for heat/mass transfer is required.
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