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INTRODUCTION 

Despite the inherent capacity of the bone to regenerate and repair itself, when an irregular or a 

large defect appears, external solutions must be applied. Traditionally, autografts have been the 

gold standard; however, due to their drawbacks, like donor-site morbidity [1,2], alternative 

solutions have been explored. In this context, porous scaffolds hold great promise for bone tissue 

regeneration [3]. They act as extracellular matrix that supports cell growth, promoting cell 

adhesion and proliferation. For an adequate performance, they must meet some requirements: e.g. 

biocompatibility, interconnected porosity, mechanical properties and biodegradability. 

Conventionally, different methods have been used for their manufacturing (e.g. electrospinning 

[4,5] and freeze-drying [6,7]). However, these methods do not allow an adequate control of 

geometry and porosity of the scaffolds.  

The development of additive manufacturing techniques offers a promising solution since it allows 

the complete customisation and control of scaffolds geometry and porosity. To allow cells to 

adhere and proliferate on its surface, the material used to manufacture the scaffold must have a 

proper wettability. In general, polymers show a hydrophobic behaviour, which hinders cell 

adhesion. It has been proved that the incorporation of graphene (G)-based nanomaterials, like 

graphene oxide (GO) [8], improves hydrophilicity of different polymers. Furthermore, G-based 

nanomaterials present osteoconductivity and antimicrobial effect [9,10], besides, they reinforce 

the matrix from a mechanical point of view. It makes them suitable for being used as nanofillers 

to improve the properties of scaffolds.  



Amongst the different additive manufacturing technologies, stereolithography (SLA) shows many 

advantages: high accuracy, anisotropy, and liquid raw material, which favours the addition of 

nanofillers. However, when nanofillers are added to the resin, there is a competition in terms of 

light absorption between the photoinitiator and the nanofiller.  

Nanofillers may influence the UV curing process due to modifications in optical properties, which 

results in changes in absorbance or transmittance of the resin [11,12]. They also can act as points 

for light scattering and shielding [13]. Besides, polymerisation may be influenced by nanofillers 

if they act as chain transfer agent, inhibiting the growth of polymer chain [14], or as free radical 

scavengers, cutting off the polymerisation process [15,16]. 

Therefore, the aim of this work is to study the effect of G-based nanofillers on the curing of an 

acrylic photocurable polymer. 

EXPERIMENTAL 

As matrix, a commercial photocurable acrylic resin was used (Clear Resin Formlabs, USA). The 

matrix was reinforced with different G-based nanomaterials: G, GO and graphite nanoplatelets 

(GOxNP). Nanocomposites were prepared by ultrasonication with a load of 0.1 wt.% and 

viscosity was measured. Differential Scanning Calorimetry (DSC), Fourier-Transformed Infrared 

Spectroscopy (FTIR), hardness measurements and the extent of curing degree at different 

ultraviolet exposure times were conducted. Finally, the printability using a SLA printer (Form 2, 

Formlabs) and dimensional stability of the different nanocomposites were examined. 

RESULTS 

An increase in the viscosity of nanocomposites was recorded for all nanocomposites investigated 

with the exception of G. The latter showed a reduction in the viscosity. This decrease in viscosity 

could be related with a poor dispersion of G within the resin [17]. 

The results demonstrated that nanofillers affects the curing of the matrix (R) to a different degree 

depending on the nanofiller type (Figure 1). Specifically, GO did not significantly affect the 

degree of curing, whilst GOxNP influence curing at low exposure times and G for all UV exposure 

times studied, which hampered the UV-curing of the resin. FTIR analysis and hardness test 

corroborated this trend, with a notable retardation in the UV-curing of the resin with the presence 

of G. 



 

Figure 1. Curing degree vs UV exposure time of resin and its nanocomposites 

Printability tests were completed in accordance with curing study. G composite did not cure 

sufficiently to create the part, whilst the other composites did (Figure 2).  

 

Figure 2. Printed cubes with R (a), R+G (b), R+GO (c) and R+GOxNP (d). 
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In terms of dimensional stability, it was found that the addition of GOxNP provided an 

improvement. However, the incorporation of GO did not affect dimensional stability. 

CONCLUSIONS 

It was found that the addition of GO and GOxNP to an acrylic resin do not affect the curing 

process or printability. Conversely, the incorporation of G affected both, probably due to the 

darker colour of this nanofillers, which absorbs more light and reduces the performance of the 

photoinitiator, negatively affecting the printability. Besides, GOxNP improved the dimensional 

stability of printed parts.  
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