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Polymer Deposition System and a Salt Leaching Method
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ABSTRACT

In this study, we used a polymer deposition system, based on fused deposition modeling, to fabricate the 3D
scaffold and then fabricated micro-pores on a 3D scaffold using a salt leaching method. Materials included
polycaprolactone (PCL) and sodium chloride (NaCl). The 3D porous scaffolds were fabricated according to
blending ratio such as PCL (70 wt%)/NaCl (30 wt%) and PCL (50 wt%)/NaCl (50 wt%). The 3D porous
scaffolds were observed by scanning electron microscopy. The results showed that 3D porous scaffolds had a
deposition width of 500 pm, contained a pore size of 500 um and below 100 pm. To evaluate the 3D porous
scaffolds for bone tissue engineering, we carried out the cell proliferation experiment using a CCK-8 and a
mechanical strength test using a universal testing machine. In summary, the 3D porous scaffold was found to
be suitable for cancellous bone of human in accordance with the result of in-vitro cell proliferation and
mechanical strength. Thus, a 3D porous scaffold could be a promising approach for effective bone regeneration.

Key Words : Bone Tissue Engineering(2Z Z=Z! 33%}), Fused Deposition Modeling(¥ &3l HMZH), Salt
Leaching Method(& Z &%), 3D Porous Scaffold 3+ ClE4A SIS X|X|A)

1. M & dzo] BHE AXFT 2L A TIE ATL
3k, 50~90%°] F=E<S 7M™ 1 A7]& F mm
FE

£AE F ZZF(bone tissue)= AAYsH7] H138) 33k
A AFAAABD scaffold) Azl &3 A7y &
| = ok S8 Feo] 232 JH Tl 3§}

U2l wi(bone)= A 3l HZ(cancellous bone)Z} I

o]
%0 ol of it

8l =
Lo
N
o

i 0}1]

A Z(cortical bone)E o] FolA St IHHEL A, sl Pa, MAEL 130~180

MPa®] Z=E 7Htta Bausa Yok o2k

# Corresponding Author : jykim@anu.ac.kr ol FxZ Q3] FA AFAAAZ A2 sl
Tel: +82-54-820-5669, Fax: +82-54-820-6127 a5 T 23 AL B A7s} s o]

Copyright © The Korean Society of Manufacturing Process Engineers. This is an Open-Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 3.0 License
(CC BY-NC 3.0 http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

- 86 —



AsE, AN e, 259

L ST AVFEE S A, A15H, ASS

A3l Yk olg AFAAAE FA o o] BNk
o] gl AYA A EA (biocompatibility) A 55 A3l
of ata1, xZ o] FAH o] A F&ollA
Fojofatr] wiEol AYE3l4 (biodegradability)®] =
Ae BE3=E AAABZE o] &3toof ) E3
= 23 A 7571 fal o)A2 JAFAAA= A
A3 JAH FE =3 zEFojop g 7Y

ol# gt AFAAA APl = A HAEH(salt
leaching), 7}2> WEH(gas foaming), 2FEA| EA|H
(sponge replica), 1E]3 BAZZW(freeze drying)
5ol Yl o3 A% PHEL B FIE

ol

ofr

3 ged FFAE 2E ATANAE ARG
4 Arks AWl A sAT gl el
A0E A7) otk ol gl ER 1EA
AA uRe] AR Il 3UA FEAd

Ao) oksll AE FAlel ofelgo] wErh!

HT A ¥ AA(solid freeform fabrication,
SFF)71< 7]9ke] 3D ZdH 71&S 2§35t dF
AAAE At 71Eo] Bol /NEHE FAlol
o Al g2 d &3l HS5W(fused
deposition modeling, FDM), A€1& #o]x AZAW
(selective laser sintering, SLS), ZI&8|1 % ZIH
(stereolithography, SLA)%©°] Ukl o]23k o1&
AAA A 7lEEe olfT GHFH £xFow
ASFozA 33l FHo] ATAAAE B 4
o owEA A ook o] gk

2 dFME & 23 AdS 98 B84 <
AAAE AR F d= o WS 1 9H
Hebsto] 35718 FEdAES =9
€ 3D ZUR JEes AEAA 32 o
AAAE AAstaat ek FDM 7]9ke] Zg
= AlEl(polymer deposition system, PDS)"
st A = HES 7HAE 34

d HAEWHoE Tokgk F
UEE AZE ol thFA
=}

2

> =
(g ox oo I [U o o I ol ¥ o ok

&
o o
>

opt
)
av)
i,
2
N
_Q;
it
(98]
_);j_:’
o
£
otd

e BAS) 8 A AR
v]7(scanning electron microscopy (SEM), Tescan
VEGA 11 LMU, Czech)©] ©o|&F Atk =3 & =
Z] Aol A A5 "ty 98l 7IAH A=

37k} in-vitro AE F2 8l F2 H7FE RS

ok

2. 3AH Ct34d AZXX|AH A=

21 E2lH HE A2H(PDS)

dE Z 2AS gAY A% 33 oEA
AAA AZE H8 @ &3 A s
H PDSE AFE83FTh Fig. 13 Table 19 PDS
25T AFFS UERITE 2 A2ES X Y,
83 ZZ(head axis)oll AHEA Ao] A]xH9]
AgEo] glom, 75| t]xHA(Super 2 EX-V7,
Musashi, Japan)$} A& B}2AE|(TCU-02, Musashi,
Japan)7} AZ =] glof {tE s 2xo] Aov} JbE
3tk FZ ) AK(S50-50-5.5, Airssen, Korea)ollA &
A5E T7E H2AWME B8 A 700 kPaZlA
AR ¢ Qal, 2Ex AERAEHE ARESHY FH
ol 250C7HA] Z=4-eo] 7Fsstth

e

°l

vl

i of

ﬁ\(

Table 1 Specification of PDS””

X-axis Y-axis Z-axis
Motor Linear motor AC servo motor
Encoder Linear encoder Rotary encoder
Resolution 19nm 1.9nm 15 nm
Accuracy +2pum +£2um +6 um
Repeatability +1pum +1um +5 um

Fig. 1 The actual image of PDS
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Fig. 2 A fabrication process
scaffold
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Table 2 The process condition of 3D porous
scaffold by PDS and salt leaching

Blended
PCL
PCL/NaCl

Nozzle size 500 pm
Pressure Avg. 500 kPa
Feed rate Avg. 200 mm/min
Temp.(syringe) 100°C 120C
Leaching time - 3h
Temp.(water) - 45T
Dry time - 24 h
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(c) PCL(50 wt%)/NaCl(50 wt%)scaffold
Fig. 3 The SEM images of 3D porous scaffold(left:
top view, middle: line width, right: a cross section)
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Fig. 4 Stress-strain curves for the comparison of
3D porous scaffolds

Table 3 Mechanical strength of 3D porous scaffolds

Compressive Compressive
strength modulus
PCL 7.2 MPa 16.1 MPa
PCL(70 wt%)/
4.8 MPa 8.2 MPa
NaCl(30 wt%)
PCL(50 wt%)/
4.32 MPa 7.8 MPa
NaCl(50 wt%)
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Fig. 5 The cell proliferation result of 3D porous
scaffolds
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