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Abstract: Recently, various researches on materials and equipment have been actively conducted to overcome the
limitations of conventional output methods due to the increase of diversity of 3D printing materials and to adopt an
output method suitable for the characteristics of each material. As the range applicable to outputable materials is
expanded, manufacturing of medical devices applied to patients is in a more rapid growth trend than other fields. In
this study, we investigated the suitable materials for fabricating 3D printer using photocurable resin. As a result, one
suitable material was selected through biological safety experiment and thermal stability experiment. Next, to opti-
mize the output of the selected materials, we have developed a system that optimizes the equipment according to
the characteristics of the material. The results of this study enabled the implementation of personalized medical
implants that could not be made from 3D printer dependent materials, thereby overcoming the limitations of existing

3D printer output conditions and dedicated materials.
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Table. 1. Properties of dedicated materials of the 3D printer and material we selected

Properties 3D printer’s material material 1 material 2 material 3
Viscosity 100~120mPas 680~720mPas 700mPas 700~830mPas
wavelength 405nm 365nm 405nm 365-385nm
Color Translucent/Green series  Opacity/White series Opacity/White series Opacity/White series
o] oo AR AR B} w8 BHoR At Il Q17 ke
FoH QHTRFEE olRTH]. Qb ol S
gfsto] AlAtE 7] diimoll Al sER e S5 AYal gle oloh 2E MEH| HE JhsEh AXf B
o, gl paom AgEn ork. %, otk AR & HEdom Hwi 3D ZE FoA, Bl 2
HE 7ls Aol aqtd et ofygl Agto] @ol 28 AfE= w77 AlFtele AU H A A=rh Tt
He eE HoFA dgoltH10]. olof wEh 2t Sof oot FAHM A& AMg?F DLP(Digital Light Processing)
O] AR+ AE3s) 5] Yot AvF AdE A 9k o HAF) SLA(Stereo Lithography Apparatus) ®4129] 3D
= 7192 Fripp Design & Research (2013) ojot Al Zele7} 52 SEcHI3) 2 Aol Fusta 44
ol 3D TAY 7|4S 2R EUSHACHILL oSS o o FHL 74 weES A 5 9 DLP wHle] 3D =
oF mEo] thaksl AMAke] TS Aty on, AlZF 150  HE(IM-96, Carima)E AHE-381SITt
el Sloke v gEstel A1 Bl wls) HlgH  olore] B9 257 l=s)lof dgEn, olke] g8
AZAZRE WEolch et g Aol AHgE ok ) A F AnlA advt 7] uhge] ARATe] Heltn 3
Sx omgor Agela gom, ook waTk A ofulA  up Aol Y ke WA Ade] 2E ALgHlok Tt

7 o A% "E%E SHolA W%lx*—% AYaL et
Alam, Md Shahid, et al.(2017) £ CT & oJ-g3}o] 2
2% F919 e & ﬂ 3 = 3D Jaag 8359
(12]. 5~23% 3D == % 7lEe o8t 2t Az Al 7
WA e 28 AR 10 AlZeA 2.5 ARte 2 =
o, ot “74]2 4.4g oM 2.9 ge 2 T}
1 2& AR SHAYE A48 CTE ARS8t 2~
dukQlo] Hshr] ofee H“”O]‘Il s E
Uz 25-1.0 mm)= & 2N (AL E:
2 pmyo] v]sj HloE o] FHo] L;%Eh S-S Ado-

oblet A7) Aol M ZEEe] gusty eh4ol
71l A] OJ-o]- e TleAe AZE 2 g

;D

N

o 4

rr 5

]

l

o

N

flo ﬂi‘

i
Q
=
o

oxlr{a@ohor:émsi'zrm
rﬂ"i*‘jﬂ

rO mlo
e
i @
‘E rlr
o
o r]o

1o o r2

12}
ol
2L

o
e >

rJu{E =
o
o
N
o A
5
!
> Lo
ox 2
G
S o
du o
: 3
[o) -
2
jt‘_ll‘
2
T

|o
B
=2
Wl
2ol
129
_o|_15
ko

mr 2 do m
tlo ot
ol

O
o
>,
N

k1

)

ol

o,
32
o

o
ok

o 2

712 3D ZHEA AFREHYE AoE ARRL oo 1F
Aol AR AT AFE FFAD S 9] B B3t
7Rsst A2 " g ekt 7|29 4aake] upalo g
o By Zﬂ*ﬁ% Al ilF%—ErOF A= xﬂﬂf’ﬂ *F&QL

Fd% 7ES X—i%—‘P AIAIoF Bl wA 7] Azbef] ARgE= 4
l°f‘°l *ﬂ 7 2AE AR s
A, *Mlﬁf&*éol %Td Al Zlotof] AR&-H = Dreve
Ate] FotoTec DLP.AZ 3 tﬂzzu 22 AABIATH14]. &

HA AAe 4 7lo|E W BB o] 38 EAL %
Y Pro3dureAl?] GR-202 AA3ATH15]. A ¥ & 24
+ A wHZobe] de] F&Hi 3= NextDentro]
Ortho ClearZ AA3HtH16-17]. 2 Lo 4] o] g3k 3D
ZRE A8 Ao AF Ao S4& Bt Ay of

ol ® 13} 2k
2. ZEATC| MY

(1) A& AR

ANEE O 13} Zo] 712, A2, Fo|7F 2% 10 mm
ol F&HA woFo @ tpelgt & 3D TR 25k
otk NEZEAY AEE F3317] HaliAe 10 g9 A&7 d

23t7] uhe] %) W 14 & 15742 2Hlstect. @



Journal of Biomedical Engineering Research 40: 55-61 (2019)

—

b C

T2 1. 43S 98l 3DZE R 23k AR (a) 270 1 (b) 274 2 () 274 3.
Fig. 1. 3D printed samples for Test (a) Material 1 (b) Material 2 (c) Material 3.

Pgy AT AN 2 EE N 129 AR
g Zlskict

Aokrjol| A TAIFE To]R7]7]9] WEEHE b
&7t A ol W2, owr]7] 255 e ¢
[

B7E Aol sS4, A3, A4 Aol 29

L
2 ox ol

Ut 2 AGtolME 7] s 5 A B2 7o) H
= AlEZSGAEE sk AlZZ=dA1ES ISO 10993-
5 A& (biological evaluation of medical devices, part 5;
tests for in vitro cytotoxicity)o] &3d}¢] 4~3435}% ). 6
well plate o] L-929 H|ZE 1 g/5 ml medium, 50°C %
AollAl 72 AIZE Fet wiFetleh. ol F=E thEA g
ZFZN(100, 50, 25, 12.5, 0%)S Af|3Eo] 24X]7F 2]-835}0]
ARANE U & AeE wEskelnh 71E AR Qg
25 o]gsto] ARt AlRE 2o R, Al 7HA] &
H 25 ogsto] 3D ZHHE ARZE AlRE AT
& dAstelon], MTT assayollA] A2 579 Hlastqlc) .

lo

A8} 428 o|gsio] SDZALR 2HT A, A
How 22 9% F FUPAE 913 170°C SHAA 15
7 b e AR QB SAIF eloke] 49 A
G4 25712 o[ 5te] 100°C)A 2AIZrol4 Wdh B
ol g7l W] & gy HBL FAsHh o2 93
7} ARE 170°C @Hol4 5H, 108, 30, 605 7HHo
2 wEAAoH, AR WEHE §eHOE BASHI.

3. M El AxHofl 2 3D=ZIE =X S}

aetu|g o] 2A3kE Fal sido] 7hssith FAS A
£ A&k 3D ZdE 9] B9 ARgSheE 2419 A=, A%t
e o] o, kR o) At 5 aEsto] AnlE /AT
2> 9t ESF FEF(light intensity), ZFAFA|7Hexposure
time), A3+ (resin thickness) 5 3D ZHE ujju|g
A3t st vy &9 AeEY 43 #H48
AUTH19]. & Atols ARE o] B0 oE B
A3t 34 QAN APHen BATIe, oS v
o= ok AEE 9I% 3D ZeA S AAstehsict.

!

(1) =3k g A4 23
Ql

Cell viabillity

106 104.93

Material of Material 1 Material 2 Material 3

ocular

T8 2. AESHAE 2.
Fig. 2. Cytotoxicity assessment.
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Fig. 3. Result of thermal stability test (a) Material 1 (b) Material 2 (c) Material 3.
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Fig. 4. (a) Designed hot wires (b) Heat wires and temperature control system designed on the bottom of the tank.
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= . 2. 3D Printer?] &8 24
Table. 2. Parameters of Optimized 3D Printer

800 ‘.,’;"L Technical parametersof the 3D printer used in this study
ki Layer thickness 50 pm

...{ﬁ.. y=301.01In(x)-47457 XY resolution 50 pm
o / Energy density 6.4 mJ/cm?

300 f‘i. Initial exposure time 30 s

(three layers)
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Fig. 5. The result of changing the hardening thickness with At LLEHAE o] &gk ] S B8l 29 Ve =
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Fig. 6. (a) Printing error due to high viscosity (b) Output results after installing heat wire and optimizing parameter of 3D
printer.
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Fig. 7. (a) Ocular prosthesis shape output using 3D printer (b) Post-treated Ocular prosthesis shape.
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