
 
  

S1. 3D printing settings and manufactured samples 

 

Figure S1. List of the printing parameters set for the manufacturing of the 3D printed specimens, 

pictures of the tensile, flexural, and impact fabricated samples and their initial design accompanied 

by the respective dimensions and ASTM standards. 

S2. Filament quality evaluation and mechanical performance 

 

Figure S2. (A) image of the fabricated PCL pure filament and its diameter monitoring results, (B) 

tensile strength results of all the PCL/HA (0.0-8.0 wt. %) filaments, (C) picture of the fabricated 

PCL/HA 4.0 wt. % filament and its diameter monitoring results, (D) tensile modulus of elasticity 

results of all the PCL/HA (0.0-8.0 wt. %) filaments. 



 

S3. Raman Spectral Evaluation 

A LabRAM HR Raman Spectrometer (HORIBA Scientific, Kyoto, Japan) was used to 

acquire the Raman spectra. A 532 nm solid-state laser module was responsible for excita-

tion with a 90 mW maximum output power. There was also an approximately 2 cm-1 Ra-

man spectral resolution achieved by a grating with 600 grooves. To deliver a numerical 

aperture of 0.5, an Olympus objective lens (LMPlanFL N) was employed, and Raman sig-

nals were collected. A 50× magnification objective lens operated at a working distance of 

10.6 mm. A Neutral Density filter with 5% transmittance was used to limit the laser power, 

which was measured to be 4.5 mW on the sample. The measurement volume was indi-

cated to be 1.7 μm laterally and 2 μm axially. The collected Raman spectra ranged in am-

plitude to 40-3900 cm-1, which was accomplished using three optical windows. Each meas-

urement point had a 10 s exposure time and five accumulations. Subsequently, there was 

a visual inspection of the irradiated areas to be assured of discoloration or degradation 

(observed as a result of laser irradiation), which was absent. 

The Raman raw data were processed using LabSpec software (HORIBA, Kyoto, Ja-

pan). The same methodology was employed for every acquired spectrum processing: a) 

Cosmic rays were removed; b) signal denoise with 5 points kernel; c) background removal 

using a 7th-grade polynomial; d) spectra were recalibrated by the 2917 cm-1 peak and e) 

spectra were normalized by the maximum peak [1]. In Table S1, the related Raman peaks 

from the pure PCL sample are extracted from the literature, along with their reference. 

Table S1. Significant Raman peaks and their related assignments from PCL pure. 

Wavenumber (cm-1) Strength Raman peak assignment 

870 Small C-COO stretching [2] 

915 Medium C-H in-plane bending [3] ; CH2 In-plane bending [4] 

964 Small O-CH3 rocking [5] 

1040 Medium C-CH3 stretching [2] 

1065 Medium C-O-C stretching [2] 

1109 Strong C-O-C stretching [2] 

1181 Small Skeletal vibrations, C–O– C, C-COO bonds [5–7] 

1285 Medium C-O-C stretching [2] 

1305 Medium Stretching of the C=O bond [8] 

1418 Medium C-H3 deformation [3] 

1449 Strong C-H3 deformation [3,5,7]; C-H3 symmetric bending [2,3,9];  

1724 Strong Stretching of the C=O bond [8,10,11] 

2870 Strong C-H2 symmetric stretching [6]; C-H symmetric stretching [12] 

2919 Strong CH2 asymmetric stretching [6] 
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