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seg 2AAEY 2AS sl7] F 3 2 40 e F 3 tad Agy S8E 245 =4S, ¥ 4=
FHRE Y Log 2= 248 UehIt

¥ 3
Role Freezing vehicle Ceramic powder Monomer Dispersant Photoinitiator
Material Camphene  Camphor HA UDMA KD-4 (7 wt%) PPO (2 w1 %)
Amount (g) 3318 16.59 592 152 414 030
Density (g/ec) 085 099 318 Ll 09 117
Volume (cc) 3824 16.41 18.05 13.69 443 0.26
Vol % 60.00 2003 1474 495 028
¥ 4
Role Powder Viscosity control Dispersant
Material Carbon black Camphene UDMA KD-4 (12 wt.%)
Amount (g) 1.1 40 15 1.47
Density (g/cc) 1.7 0.85 1.11 09
Volume {cc) 6.53 47.06 13.51 1.63
Vol % 9.50 68 46 19.66 238

Camphene: Camphene 95% (sigma aldrich, Germany)

Camphor : Camphor 96% (sigma aldrich, Germany)

HA: Hydroxyapatite (sunmedical. korea)

UDMA: Diurethane dimethacrylate 97% (sigma aldrich, Germany)

KD-4: Hypermer KD-4 dispersant (croda)

PPO: Phenylbis(2,4,6-trimethylbenzoyl)phosphine oxide 97% (sigma aldrich, Germany)

Carbon black: (Cabot Black Pearls BP-120; Cabot Corp., Boston, MA, USA)

(2) FHEE" Fo- I AFgH 4 f=2=9 AF
Z -= (co—extrusion) H WA T3 #E F2& eV HalMe Zo-d 729

TAHeR, FE A2 A MEE|(shell supporter)$t FAIE =W} o] ARG, ojnf, = 3L & ¥
mﬂﬁ*ﬁglé}%éi%%)QEQVKEEQLJNKE:%QQW G710 FAZ ved Algbe SeldE
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# 5

9x 2 a7
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Step Heating rate ("C/min) Temperature (°C) Dwelling Time (min)
1 5 260 60
Debinding 2 1 415 120
3 5 600 120
Sintering 4 5 1250 180
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H
KL

VS|
a1
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AA 7lsEel WMEE & 5 Aes BTy, wEbd AAEE Az A dshes VleES e T 3E Y
T4 Tz Ay FEAE A2 F AT HolEr.

(2) 249 2AZEY 71AH BE 53

Az e ddE A4S e 22 2AEE, 5, 2449 VA 5AS Fdsh] 98 U §3 o
FE AFES Ao, ZE AFL depdES] WU shes Theks Wko] o] HEH Fysiglen,
1 mm/mine] A3 L2 %S 7hen

T 128 AR & JY9UE 145 7He 24AE universal testing machine(UND) S &3 A4FAEE 54
& Ads YERATE

= 12004, e8% gz AFAe] dEHd EAE e Budy, 4% ddadee HAodsds ¥
E Eaese] Hy B REUAE Bolerh. =, ofe] 3= oz dteolHE A3 dke] yEd

_17_



[0243]

[0244]

ZIHSd 10-2021-0146476

Aolt.

A7 = 120 yEeRd nvpel o] HAYAEA = (Ultimate compressive strength)®t 4=
modulus) & © 0.5 mme] HHHE HAS 7= LAAA o A Y& AS &0
= 0.5 me 1 mm 7HAS] A2ZA S 7

ofd
i
_);L
o
fru
r o
o,
i3
o
8
po
(o
fru
f
ro,
®

o Asbe Wehile 1AL zARORA e VTE D AFPES e

T A Ae BoEr

ofy
ot
i
ofh

=g
EH]
6
=
S
¥ 4
=
w»
d
£ 3
e
o0
g 2
=
-= p
< 4 —— HA slurry
[:3 —— 11g CB (9.5 vol.%)
——13g CB (10.5 vol.%)
0 T T T T T T
0 1 2 3 4 5 6
Displacement [mm]
EH2

Shell slurry(ceramic) injection core slurry(CB) injection
1 shell supporter
t remove

_18_

EE5# 2 (compressive
ATk, o]# 3 A



ZIHSd 10-2021-0146476

EH3

k1
N2
N

ZEH5
» @
@ . <
Freeze dry P [ ® |
> . *® o
L ] 2 )
4 e
@ Freezing vehicle (camphene, camphor) o Monomer
Ceramic particle [ ] Media (kDa+PPO)

(8)

Scale bar: 0.1 mm

Diameter [mm]

Group
Shell Core
Green body 097 £0.03 043 £0.02
Sintered body 0.76 £ 0.02 026 £ 0.01




(B)
Scaffold design d0.5mm /L 0.85 mm d 1.00 mm / L 0.85 mm

Green body Sinteredbody  Greenbody Sintered body

Scale bar: 5 mm

k1
N2
©

0.5 mm scaffold 1 mm scaffold

(B)

Scale bar: 1 mm
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1 mm scaffold

100 e
| |Overall porosity
Macro porosity

80 Micro porosity -
X
604
:-
'g
g 40
[

204

0

1.0
Filament gap [mm]

Filament gap [mm]  Overall porosity [%]  Macro porosity [%)]  Micro porosity [%]

(A 743204 50.7 60.7 2 0.2
1 79.3 £ 05 64.6 604 £04
*P(%) = 100 - 100(p,/ p,) ** miro CT **% SEM analysis using image §
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N2
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s = Compreniy e mod K,
= -] a1 s
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- 4 Tt 4 <
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H ] 0o E
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g M Ea 2
= [ 8 T
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-3 / [ 1 -9
2 4 = oo E
S / ] e

E -
o T E o w0
0.00 .08 0.10 015 020 a2 S 0.5 1
Strain Filament gap [mm]
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