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Preparation and properties of microporous scaffolds by 3D printing
of bio-based polylactic acid composites
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Abstract: [Objective] To explore the feasibility of using bio-based polylactic acid composites to directly
construct microporous scaffolds by 3D printing. [Method] Thermogravimetric analyzer and differential
scanning calorimeter were used to explore the thermal properties of bio-based polylactic acid composites,
scanning electron microscopy was used to characterize the microscopic morphology of the bio-scaffold, and the
live/dead cell staining was used for detecting cell adhesion of the scaffold. [Result] The prepared 0.6%ADC-
PHAP and 40%NaCI-PHAP composites had good thermal stability and processability, and were suitable for the
fused deposition modeling 3D printing process. When the compressive strain was 80%, the corresponding
compressive stresses of the 0.6%ADC-PHAP and 40%NaCI-PHAP scaffolds were 45.27 and 52.11 MPa,
respectively. The initial decomposition temperature of the 0.6%ADC-PHAP composite was 19.5 C lower than
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that of the 40%NaCIl-PHAP composite. The porosity of the 0.6%ADC-PHAP scaffold reached 63.33% which
was conducive to cell adhesion, and the cell compatibility was better than that of the 40%NaCl-PHAP scaffold.

[ Conclusion] The bio-based polylactic acid composites can be used to directly construct microporous bio-
scaffolds through fused deposition modeling 3D printing, and the prepared 0.6%ADC-PHAP bio-scaffold has

certain application potential.
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Fig. 1 Wires used for scaffolds preparation by 3D printing
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Fig.2 Physical images of 3D printed scaffolds with
honeycomb structure

2.2 PLA E6MRIAIIIMERE

Bl 3 NEARE A MER TG 1 DTG #h4 K,
H TG Bl (& 32) o750, fEIRIS I TR, EEME
YBAA RiFm#AFa e . H NaCl 5 ADC #InA,
B A MR W GG R o R R BRI, BAFTE
ADC [ &M BIIGR B IS 3 — 25 B AR I 1
o % 1 FIH T2 A MR B AR SUE, AR
PHAP Z [AFE, &% ADC JRE 7 HUN 0.6% IR &H

a:TG
100

o
(=
T

N
(=]
T

——PHAP

r ——10% NaCl-PHAP
——40% NaCIl-PHAP
0.2% ADC-PHAP

r ——0.6% ADC-PHAP

JRAERRER %
Weight retention
o
S

393
(=]

(=1

100 200 300 400 500 600
0/'C

AL R /(Y% -min™)

BHORIG > R A% T 29 35 °C, XA RER Tk
T REFL N AR LE B SR 2 T PLA JE 5T 1 #53
fif, T 0.6%ADC-PHAP =4 (LI 5, LR
R, 58Sl 3G X, S S 1 56y, Rt
HAYE A I FE L 0.2%ADC-PHAP H &4k}
AR, IX—45 R 5 Abu Hassan S5 {1 R BL—2
HaABHMEE R, Bl 3 dJE, NaCl #355 £,
10%NaCl-PHAP. 40%NaCIl-PHAP & &M kIR 4
BEMIEE] 17.26%(RIRTERZE 17.65%, HH, NaCl
10%- HA 7.65%) F1 37.96%(FiL % 435 45.10%, H
1, NaCl 40%. HA 5.10%), % b AN[H] NaCl Zs & )
HEMRBRARZETTA, MiINE) NaCl JiE 53 30k%)] 40%
INF, BEARMRLI) i B R ZR A K. XN NaCl (1)
ISR Z, AN AT BOES R Rk, & T4
K, 1024 NaCl I IR/, Stk R4 s
YR E A, TR KRG H, Bl NaCl 1asin
EHCH, HAERRFRET IR RE.

o b:DTG

o —10f

=

&

g 20

=

Q

= ——PHAP

o 30 ——10% NaCI-PHAP

= ——40% NaCl-PHAP
0.2% ADC-PHAP

—40 - ——0.6% ADC-PHAP

250 300 350 400 450 500
0/°C

3 PLA E4MEH TG HiZF DTG fhiZk
Fig.3 TG and DTG curves of PLA composites
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Table 1 Numerical statistics of thermal degradation of PLA composites

FE 5 Sample 0yC Omax1 (Omax2)/ C Oend/ C 5k 4 &/% Residue
PHAP 344.4 363.4 377.5 6.03
10%NaCl-PHAP 336.1 355.4(399.9) 374.9 17.26
40%NaCl-PHAP 328.5 348.1(397.8) 368.5 37.96
0.2%ADC-PHAP 310.5 332.9(390.0) 367.4 10.72
0.6%ADC-PHAP 309.0 336.7(390.3) 373.4 5.82
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Fig. 4 DSC heating curve of PLA composites
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Table 2 DSC test results of PLA composites

FE it WG (0,)/C JE R (6,,)/C YRRE(AHL)/(T-g™) S E (X%
Sample Glass transition temperature Melting temperature Melting enthalpy Crystallinity
PHAP 56.23 167.53 27.06 37.75

10%NaCl-PHAP 56.04 167.66 26.44 40.98
40%NaCl-PHAP 56.79 167.50 22.28 51.80
0.2%ADC-PHAP 60.89 167.77 22.43 31.35
0.6%ADC-PHAP 56.16 167.89 21.69 30.44
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¢, are partial enlarged views of a;, by, ¢, respectively
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Fig. 5 SEM image of PLA composites 3D printed scaffold
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Fig. 6 Porosity of PLA composites 3D printed scaffold
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Fig. 7 Compression performance of 3D printed scaffold
using PLA composites
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In the figure, green cells are live cells, red cells are dead cells
8 3D ITENZZ23EM BMSC AL B MERERME
BE
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