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H| X IS AR Ao BlX AlZ Al of=E S22} o} B urethane dimethacrylate (UDMA)
9} trimethylolpropane trimethacrylate (TMPTMA)E Z+2} AFE-3F3 01, F7) AT A Z 4] phenylbis(2,4,6-trimethylben
zoyl)phosphine oxide (BAPO)YE AM-3F3ITE T3 MMAR ¥4 A2 A7t 222 ZH2F 1 ume} 3 pm 718 4
A5 ARSBISITE MMAR 37 23] ¥ 2|7t o] H7RER] ¢k IAIX|okE- Xl 45 3583 cP, 5742 118.6 MPa,

=9 AL + 25ume] BEAS HYoh 1 ume A7t 2de] Ak dARoRE- wizle AKX 5989 P, E S
191.2 MPa, 8 &% + 30 yme] EA& Ho] E=371%rt A =3I

Abstract — In this study, a temporary crown resin was fabricated using silica powder surface-treated with methyl
methacrylate (MMA), and temporary crown was printed using a LCD-type 3D printer to investigate the effects of the
silica powder on the physical properties of the temporary crown, such as flexural strength and printing accuracy. For the
fabrication of the temporary crown resin, urethane dimethacrylate (UDMA) was used as an acrylic oligomer, and
trimethylolpropane trimethacrylate (TMPTMA) was used as an acrylic monomer. Also, penylbis(2,4,6-trimethylbenzoyl)
phosphine oxide (BAPO) was used as the photoinitiator. MMA-treated silica powders with particle sizes of 1 um and 3 pm
were used. The temporary crown resin prepared without MMA-treated silica powder exhibited a viscosity of 358.3 cP, a
flexural strength of 118.6 MPa, and a printing accuracy of £25 um. In contrast, the resin containing 1 um MMA-treated
silica powder showed a viscosity of 598.9 cP, a flexural strength of 191.2 MPa, and a printing accuracy of £30 pm,
showing a significant improvement in flexural strength.

Key words: 3D printing, Temporary crown resin, Silica powder, Urethane dimethacrylate, Trimethylolpropane trimeth-
acrylate, Flexural strength
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w2} polymethylmethacrylate (Jet, Lang Dental, USA), polyethylmethacrylate
(Snap, Parkell Biomaterials, USA), polyvinylethyl methacrylate (Trim,
Harry Bosworth, USA), bis-acrylate composite resin (Protemp II, 3M
ESPE, Germany) % visible light-polymerized urethane dimethacrylate
(Revotec LC, GC, Japan) 5°] ATH4]. $1¢] JAIX|okE- #zlE
o 3] FHlE IET olE st Bk AT 5
T UelM FEth. ey S5 A o) AE o, wge] A
T AlRte] Aok Wale Zheth b o ds ERSlY] Bl E
H A F2 S8 AIRE L o] AR ok S 2t gl
== a8 718 Aot oA PR EefA 2l ste)
ol kAL ®ars ar QITHS). @A vheFet 2| 2k8- )
X&) 0 7 JfakE|o] AUE 1 o™, CAD/CAMY} 3D
2 A 2R Al o] m]lg el wheh vl B
o] Fo7F g4 F7HE AL A= FAlolt ol 2§
ol ko] A5 tidshs YAl BAEE2] ol Aride
m-f- T35 @47t E F glom, A2 A Hel e gl
Zo] 7hs et RS A 5sto] daktel] AEet BdE Alxto] &
Tgo] ek # 2ol CAD/CAMO|H 3D Z-IY 0% 215 2] oflA
A 58 BAEES AlFehs A7t A S7HE AL )lHHe).
2|38 3D ZAE]= A stereo lithography apparatus (SLA),
digital light processing (DLP)¥} liquid crystal display (LCD) E}3]
O & TETHT). SLA ERS] S 3D ZRIEE 335K a4
Ao glolAE ZAketo] FEdatal AFehs WA o Fo 9,
ol = &#ol A &2l (point)E A5 shA A3t H= i
o7, EHEol v Aty 3 27 HERA S EHE
3ol QA7) W DLP "4 9] 3D ZRE|= SLA 4]0 o]
NFe] el 224 ol A S ZARIAIRE, A @2 A=
W2lo] obd F(layer) THPIE §F Rlol] Ao} A F3h] wiiEel
ok Holl tro] EH S AR = Qlo A AR 95 A
Ath= 7o) QAThs]. €A LCD 3D ZHE &= #}9) A #loj A&
ZAFsk= SLAY DLP ¥4 7= 2] digital micro mirror (DMM)
W= liquid crystal display (LCD)E ©]-2-3F0] 3 o|n| =] & A 5.9
ZARFORA B 5 W12 AF5H WaoltHo]. o WAL B e
&5 QAT AN DR 2 St whrhs o] glom,
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DLP 2ol Hl3) 213 shgEsh Al FUEs thas e Holw,
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SFAZ|AL F5 F7A] o ol = E 7 Aok 3D ZRIY
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AN E FFTEE AR dIXE Az ] flal o™
28] M2 urethane dimethacrylate (UDMA, 99.5%, Biospell), ©F
Y 2= trimethylolpropane trimethacrylate (TMPTMA, 99.5%,
Biospell)E AFE-3131 12, 337 A1 Al 2 phenylbis(2,4,6-trimethylbenzoyl)
phospine oxide (BAPO, 99%, Biospell}E AR5} T} B3t methyl
methacrylate (MMA)Z XWX 2] 227} 2 (MSiO, 99%,
Admatechs)> 1 pm®} 3 pm F7]9] IAE ARESIITE & o
A A AR AR glo] ITlE ARS8 o H, ALE-E
AleFE9] sfet2AlE Fig. 15 B3l YRSt
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ot=E Hv(TMPTMA)YE 217} thokst Hl&= esto] vkg7)
)4 30 min &<t WREEH F- F7RAIA(BAPO) 2 wi%es 37t
2 hr &2t wRksto] £t ol 3 XS Alz=sHiTh o] $ 919
ol= ™ #xleo] MMAZ A 2lE 1 um$} 3 um 271¢] YAF 20 wt%
£ 717} A7) 6 hr 53t =0l A IREZ](IKA20RW, Germany) &
ARE-3)] 350 RPM F710l|A] wikghe]] ]3| LA|x|olg- dlx-& Al
3FGiTE o] Y F AAIX| ok HR 2 Az =t 24S A7)
Fig. 29} Table 12 YERSITE A28 AA|R|ol& 217 -& FT-IR
(FT/IR-4X, JASCO, Japan)e AHE-3ll B33 A3 $9] 24& 1)
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Materials

Abbreviation

Chemical structures

Urethane dimethacrylate

Trimethylolpropane
trimethacrylate

Phenylbis(2,4,6-trimethylbenz
oyl)phosphine oxide

TMPTMA
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Fig. 1. Chemical structures of chemicals used in this work.

UDMA + TMPTMA

Blending for 30 min
to stabilize at RT

] BAPO

Blending for 2 hr
to stabilize at RT

«— |  Silica powder

Blending for 6 hr
to stabilize at RT

Temporary crown resin
for 3D printing

Fig. 2. Experimental procedure for preparation of temporary crown

resins.
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Table 1. Chemical composition for the preparation of temporary crown resins (Unit: wt%)

Sample name UDMA TMPTMA BAPO Silica powder (1 pm) Silica powder (3 pm)
U60T23 60 23 2.0 - -
U65T23 65 23 2.0 - -
U70T23 70 23 2.0 - -
U75T23 75 23 2.0 - -

U65T23M1 65 23 2.0 20 -

U65T23M2 65

23

2.0 - 20
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(B)

Fig. 3. Photographs of (A) 3D design file and (B) actual 3D printed
outputs.

F : Zd] sFFN)
1: A AFol 2] A (mm)
b : AJHO = (mm)

h : Al¥A9] o] (mm)

B Al A ke mE S35 2lolE Brtel] flete]
45°,90° 180°°] thael A5 WO AlHS AlA
3l Fig. 36l A13A9] tail st (AT} A 255
HERA LT

AR oHE Gx1e] ZHEo] A FAIX| o2 AR HH &4
de=7E S ost13]. v sRd e} AA| 3D T/ H o] E3E
PA|x|o} Ato] ] 3akel HEE FAE fleto] YUAIR|oF FEES] 3
2} 2~ 703D Scanner E4, 3Shape, Denmark)= #4135} 12, GOM
Inspect 223 LE 9|05 AFESlo] YAX|obE- =0 HEE o5
FrkeRoinh e 299 AlEe] £ A= E J8gs] 915k
UV 7 3}71(ARUM UV curring, Korea)E AFE-3101 50 CollA 10
min 53+ $74 31 233t

>
>,
2
=
A
N
N

2-6. S 24

e dRe] Ead e el Aol oidh SARA S duA] A
=24 (IBM SPSS Statistics 25.0, IBM Co., NY, USA)Z} Turkey’s
test'e AR ASISATE. BA1A] <] 2 0.05= 2783

3.9 Y ER

3-1. LAIXIORS EZI9 =Y
B ool ARg-3F 22112 UDMASY F=™ ¢l TMPTMA®R

Korean Chemical Engineering Research 64(1) (2026) 105149

300

S
(1]
o :
C \
[} i
= 1
£ :
7] |
S :
g :
L '
© ;
100 ﬁ/ﬁ/—v
CW
1 1 1
4000 3000 2000 1000

Wavenumbers (cm™)

Fig. 4. FT-IR spectra of (A) UDMA oligomer, (B) TMPTMA mono-
mer, and (C) temporary crown UV-cured after 3D printing.
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| AEFF ] 2717 AIA|okE- Bl o] Akl nlX|= ke
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HEPA N A B8 2 9g 55 241 600~1,000 cP FEE
&g 3 Qo2 [15], ¥ AF oA AzE AAIA|okE- HiKe] A
T 25 X4 3D Y AAE ANEET] O Agteioial whd
2=

o2l

i V| |\

A

oL



Kim, N. W. and Song, K. C.

HV D
EmCrafis x10000
8.26mm | 20.00KV 1.0um

WD Probe —

EmCrafts 1.0um x10000

8.26mm | 20.00kV  10.00

Fig. 5. SEM images of silica powders of various sizes surface-treated
with MMA. (A) 1 pm and (B) 3 pm.
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FoE ANHS Yo T FHALEE S5 Aol A7t
wo] H7hE %] 92 w72 (Table 12] U65T23)S AH8-3F =&
118.6 MPa?] A+ F4 =5 BTk 12U MMAR E3704
1 um =71€] A7k o] 7k %] (Table 12] U65T23M1)2
MMAZE ZAHNAE 3 um 27]19] A7t wdo] H7he Hx
(Table 19] U65T23M2)& A&t 28 EE2 7M7) 191.2 MPa,
183.1 MPa®| ¢ #3175 Kol 2|7} E8o] H7hEA] ok
A7 Brh 93 FHFEE Bt o) Ayl o] Aty
A & A - 9bd Mg Wit gA g 5 gl
MMA=R ZHNAE A7} S Hrieha delgt i 3]
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Fig. 6. Viscosity of temporary crown resins prepared with (A) var-
ious compositions of UDMA and MPTMA and (B) various
sizes of silica powders surface-modified with MMA.
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o o o o

Flexural strength (MPa)
=)
o
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Fig. 7. Flexural strength of 3D printed specimens using silica pow-
ders of various sizes surface-treated with MMA.
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Fig. 8. Flexural strength of 3D printed specimens at various angles
with a thickness of 100 pm.
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AEeolA FA)E 2HE] 2345 249 E &
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A B el A= LCD 3D THE 2 E94] 2859 2%
© =54 E #skE vlwshr] 91810 45° (angled), 90° (vertical),
180° (horizontal)®] ThFeh 21 Wako 2 Fel&-S AlZaioict. &
3 ZetolA FAZS 50 ums} 100 pmz W3R A A5 FAT &
50 S5 v|AE FEFS ARt SefolA FA7E A
& Gl oF Fo) AFHERE TR AR S E #
ZE8} A AUET} FobA F3A Tt e vhal gkt vk
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111.2 MPa, 90°9] =2] Wk o 7 2 23k AT (90A50mi) 114.7
MPa, TE3F 180°9] =33 Wek0 2 253k A]H (180A50mi)> 118.6
MPa8] F37EE Kol &ElolA] 77| 50 umel| X% 180°2] 43
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Fig. 9. Flexural strength of 3D printed specimens at various angles
with a thickness of 50 pm.
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Fig. 10. The results of printing accuracy of the temporary crowns prepared (A) without silica powder surface-modified with MMA, (B) with
1 pm-sized silica powder surface-treated with MMA, and (C) with 3 pm-sized silica powder surface-treated with MMA.
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