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A Study on the Fabrication of Various 3D Microstructures using Polymer Deposition
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Solid free-form fabrication (SFF) technology was developed to fabricate three-dimensional (3D)
scaffolds for tissue engineering (TE) applications. In this study, we developed a polymer
deposition system (PDS) and created 3D microstructures using a bioresorbable polycaprolactone
(PCL) polymer. Fabrication of 3D scaffolds by PDS requires a combination of several devices,
including a heating system, dispenser, and motion controller. The system can process a polymer
with extremely high precision by using a 200 um nozzle. Based on scanning electron microscope
(SEM) images, both the line width and the piled line height were fine and uniform. Several 3D
micro-structures, including the ANU pattern (a pattern named after Andong National University),
45° pattern square, frame, cylindrical, triangular, cross-shaped, and hexagon, have been
fabricated using the polymer deposition system.
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Fig. 2 Image of polymér deposition system
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Fig. 3 Peripheral equipment
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Table 1 Material property of polycaprolactone

PCL
Glass transition temperature - 60°C
Melting temperature > 60°C
Average molecular weight 45,000

0O

O—{CHy—C

PolyCaprolactone

Fig. 4 Chemical structure of polycaprolactone
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Single line patterning result of PCL at 600 KPa, 100 C
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Table 2 Process Condition for 3D microstructure
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Single line patterning result of PCL at 100 C, 200mm/min
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Fig. 5 Single line test using PCL

333 OM XS A= A B
BTl AE Eon A% Axw

S
HY A8s 53 Aol olF &, 2x, ¢
59 #E o) gste] 3 A A FRES A
Ak Az BHoZE PCL QRS AR Y
10 B FoF 719 A7bS AXA @k 2 o] F A

A7) o] Fo] Xt} Table 2 & PCL

Condition PCL

Nozzle Size 200 um
Pneumatic Pressure 600 KPa
Temperature 110°C

Scan Velocity 200~220 mm/min
Ambient Temperature 18°C

Overall Size (ANU) 25.0x 8.0 x 3.0 mm

(45° Square) 8.0 x 8.0 x3.0 mm

(Cylindrical) 8.0 x 8.0 x3.0 mm
(Triangular) 12.0 x 8.0 x3.0 mm
(Hexagonal) 12.0x 12.0 x 3.0 mm
(Cross-shaped) | 9.8 x9.8 x 3.0 mm
(Frame) 16.3x 16.3 x 1.8 mm
Line Width 200+20 pm
Line height 20020 pm
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Fig. 6 SEM image of grid PCL structures
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Fig. 7 SEM image of diagonal line PCL structures
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3.6 =&Y 3R DN #x2

Fig. 8 SEM image of hybrid PCL structure
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