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Abstract: Polylactic acid (PLA) is a widely used biopolymer material. However, there are
disadvantages such as poor toughness, poor hydrophilicity, and poor biological activity in the
application process. It was modified with polyethylene glycol (PEG) and hydroxyapatite (HA). 3D
printing filaments of PLA/PEG/HA with different mass ratios were prepared by melt blending. And
by analyzing the mechanical properties, crystallization properties, thermal properties, rheological
properties of PLA/PEG/HA filaments, the more suitable filaments for fused deposition modeling of
3D printing (FDM) were screened, and then the high precision mechanical samples and bioporous
scaffolds with good biocompatibility, cell value-added and differentiation were 3D printed. The results
show that the addition of PEG improves the toughness of PLLA and lowers the melting point of PLLA,
The addition of HA increases the elastic modulus and cold crystallization temperature of PLA/PEG/
HA composites, and HA can also improve the flowability of PLA/PEG/HA composites. SEM and

fluorescent labeling results show that the porous scaffold has good biocompatibility. The successful
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cultivation of bioscaffolds in witro cells provides potential for further exploration of bioporous

scaffolds in animals, biomedicine, and customized applications.

Key words: polylactic acid; 3D printing; porous scaffold; biocompatibility
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Fig. 1 Models of tensile, impact samples(a) and

porous scaffold(b) for 3D printing
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Fig. 2 Tensile properties of PLA/PEG/HA filaments

# 1 PLA/PEG/HA Z#F BRI £ EE
Table 1 Tensile properties of PLA/PEG/HA filaments

Sample Tensile Elongation at Ejlaslic modulus/
strength/MPa break/ % GPa

PLA 67.10 9.56 5.44

HAO 63.16 17.75 3.11

HA2 60. 25 7.65 5.81

HA4 56.07 6. 89 6.23

HA®6 55.67 8. 33 6.51

HAS 39. 22 8.37 5.94
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Fig. 3 DSC curves of PLA/PEG/HA composites

%2 PLA/PEG/HA E&HMBNERSH
Table 2 Crystallization parameters of

PLA/PEG/HA composites

Sample  T,/C Te./C A f Tw/C AH“‘{
Jeg ™D Jeg ™ H
PLA 61.39 106. 64 28.42 167.72  38.63
HAO 88. 89 7.22 167.39  40.93
HAZ2 85. 96 5.07 166.30  32.37
HA4 87.42 16. 40 164.99  38.21
HA6 88.67 14.91 164.32  37.65
HAS8 91.32 18.96 160.46  36.18
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Fig. 4 Relationship between apparent viscosity(y* ) and

shear rate(w) of PLA/PEG/HA composites
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Fig.5 Optical pictures of 3D printed tensile

specimens and impact specimens
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Fig. 6 Tensile properties of 3D printed specimens
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Table 3 Impact performance of 3D printed
PLA/PEG/HA composites

Sample Impact strength/(kJ « m ™ ?)
PLA 1. 744
HAO 2.495
HA4 2.225
HA®6 2.131
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Fig. 7 SEM images of porous scaffold of PLA/PEG/HA composites

(a), (b)surface; () , (d) section; (e) , (D surface enlarged image
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Fig. 8 Biocompatibility test of rat mesenchymal stem cells on porous scaffolds

) 2 AR A

(a) , (b)cell adhesion on biological scaffold surface; (c)cytoskeleton of the fluorescent label; (d)nucleus of the fluorescent label
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