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ABSTRACT

Preparation and characterization of UV-curing 3D printing

precision casting resin

Ko yong-Tae
Advisor: Prof. Hyun-Kyoung Kim, Ph.D.
Dept. of Advanced Materials Engineering

Graduate School of Chosun University

We investigated the effects of oligomer (urethane acrylate or polyester
acrylate) type, monomer (bisphenol A glycerolate dimethacrylate or bisphenol A
ethoxylate dimethacrylate) type and the concentration of glass bubble on various
properties such as photo—curing behavior, thermal properties, shrinkage and
mechanical properties of UV-curing 3D printing resin. Photo—curing properties
and thermal degradation kinetics are investigated by photo-differential scanning
calorimetry (photo-DSC) and thermogravimetric analysis (TGA), respectively. The
results showed that the molecular weight and the functional groups were
significant factors affecting curing properties and shrinkage. Specifically, the
resin formulation with polyester acrylate resulted in improved curing rate and
shrinkage. In addition, the resin composition with Bis—GMA and Bis—-EMA decreased
the burn out temperature and produced more suitable ash free condition without
sacrificing curing properties. We also observed that the addition of glass
bubble apparently accelerated the curing reaction and cure rate of the UV-curing

3D printing resin.
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2. &8

2.1 Al&X

=

=
I

I

Precision ResinES HH&oldl 98t A2 Oligomer@M, MIRAMER MIWON At2
Urethane acrylate(PU 2560, PU 3000), SK CYTEC A2l Polyester acrylate (EB 830)2
AE35t1D, Monomer &M, Sigma Aldrich At2l Bisphenol A glycerolate dimethacrylate

-(Bis-GMA), Bisphenol A ethoxylate dimethacrylate(Bis-EMA), SK CYTEC A2l Trim
-ethylolpropane Triacrylate(TMPTA), Tetraethylene glycol diacrylate(TTEGDA),
1,6-Hexanediol diacrylate(HDDA), Isobornyl acrylate(IBOA)E &AM 810l AE3dtL
2 OHAIMIZM BASF At2l Triphenyl Phosphorus oxide(TP0)E AtE5tLD, EHIINZM
3M ALl Glass BubbleS AFZOIUCH. Aol RXAS OS2l Figure 301l LIEHLHRACE.

Aeorddpeena g e
J ([

()

e 18
(L) @

Figure 3. Chemical structures of compounds used in this study. (a)PU2560

(b)PU3000 (c)TMPTA (d)IBOA (e)HDDA (f)TTEGDA (g)Bis—GMA (h)Bis—EMA (i)TPO
(j)EB830
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2.2 Resin HHE & &H3 XA

=2 AEAM HMZE= Precision Resin2 HiE He= MdYAEOZ RELDD U

Printing® Z&dstd =Xg EU2 al&gHEH

OIHS M, BHE HIZ1 monomerE JI& baseE LAEAIZI = 0ligomer |2t HEE
1 2 JHAIHIZMN TPOS AIZ0IQUCH. MEQ Hg XH2 =240]
D

0
365nm-UV BHEZ 522t HototRALH, 3

JHRE & =2 AR 4, EOHA B0t = - ZAt2 322 Z3stotULt.

B
n = M

Oz

Table 1. Precision Casting Resin Formulation, Precision Casting Resin ratio is

F1:F2=6:4, (&2 %)
Sample Ao B C|D E F/ G H | JJ]K L M N FG
eB80 |20 - -y 10 0 -} - 10 - -| - 10 - - -
PU2%0 | - 20 -, 10 - 10y - - 10 -| - - 10 - 10
PUB0OOCO | - - 20 - 10 10y - - - 10 - - - 10| 10
F BissGMA | - - -| - - -—-120 10 10 10| - - - - -
Bis€&MVA | - - -| - - —-| - - - =120 10 10 10 -
TMPTA 40
TTEGDA 40
| BOA 50
F2 HDDA 50
Glass 0.5~
F3 -
Bubble 2wt

1) PU 2560 (MIRAMER MIWON) , PU 3000 (MIRAMER MIWON) , EB 830 (SK CYTEC)
2) Bisphenol A glycerolate dimethacrylate (Sigma-Aldrich)
3) Bisphenol A ethoxylate dimethacrylate (Sigma-Aldrich)
4) Trimethylolpropane Triacrylate (SK CYTEC)

5) Tetraethylene glycol diacrylate (SK CYTEC)
6) Isobornyl acrylate (SK CYTEC)
) 1

7) 1,6-Hexanediol diacrylate (SK CYTEC)

_7_
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2.3 Photo-DSC (Differential Scanning Calorimeter)

Photo-OSC (Differential Scanning Calorimeter)e= TA Instrument At2l Photo-DSC
SYSTEM (TA5000) JIJ1E ArE5t0d AESHRUCH. W TLC LampE AISoIUSH IHES
365nm, 222 93mN/cm® OICH. Al2E 2 2.5mg~3.3mgll RHZ L=R0ls Ul +Z
S0l ZEotW A2s o =TS ofl. =g ZW= TA Instrument SoftwareZ2

Sapa el S val
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2.4 TGA (Thermogravimetric Analysis)

TGA (Thermogravimetric Analysis) = TA Instrument AF2l TGA 2050 J|J|S AF=Z3dl
O AEGIYUCH. Samplell Z2HE= 0.9~1.1mg0lH A =20A 900 Al &2 =% 10

/mine & SAGIAUCH. A 2= TA Instrument SoftwareZ A& dIALCEH.
2.5 Shrinkage

Curing Shrinkage= Resing T X & glass? HH(B)S #& =, Uv-LampE AIE3t
O A3 A2l ZSEEH Samplell BHA(A)S oI AL [

Thermal Shrinkage= &JIZE AtEotH A EotACH. Sample2 ZEEHEHS <%
2.5cm X 4cm X 0.5mm 2J|12 HEGHA} LD, HEE S
OlA 300=tXIel g€ JtollE O3, =
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2.6 UTM (Universal Testing Machine)

UTM(Universal Testing Machine)= TA Instrument A2l AGS-X J|J|S AF=ZotH QI
FRICH. &2 A3 = Sample= JI2 4cem, MIZ 2.5cm, S 0.4mm~0.5mm

AT AEE ©
ot D, Tension rate= 1mm/min2 =& oI L.

Collection @ chosun



2

3. 21t & 1)

3.1 Oligomer E4

3D-Printing Resin@=2M EBHXMOS=Z AI25tD U= Oligomer2 Urethane
acrylate AIZoI 1D, AH2% MHote HSIAIZIS ©=061D| {6l Polyester acrylate
E A20t & Hal HES AT, 78, =8 E45 =HoIGL

3.2 Oligomer2 & &3 4

3.2.1 Urethane acrylate® Polyester acrylatel & d3tAHS

Photo-DSCE= & A3t Al 2182 WES Z2LIHEO0 Jisold date, JdaxsE: S
Ctet EE &olg = QUCH. O3 Figure 4 It Table 2 2 Photo-DSCE AtESHN
Oligomer HHEE & Zst SEHQ Aot LESES LIEHH 240ICH

EB 8302 H=2=z AIESH &l A Samplell =J| BtS HEIH IHE WE 212z
LIEHLEO, CH2tSD12] Urethane acrylateE E8g+5 x| B2 &I =AD&
G0l Aot NS Eolotb. Ol 87 25J| =2 249 Urethane acrylate
o =2 ZAHELZ QIgt At 2018 0l UCHLD Olaig = AL BHUHZ,
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Figure 4. Photo-DSC exotherms for the photopolymerization of (A) EB830,
(B) PU2560, (C) PU3000, (D) EB830/PU2560 (E) EB830/PU3000 (F) PU2560/PU3000

08

Table 2. Photo-DSC properties of (A) EB830, (B) PU2560, (C) PU3000,
(D) EB830/PU2560 (E) EB830/PU3000 (F) PU2560/PU3000

Peak
Sample Induction Time(s) _ _ AH (J/9)
Maximum (min)
A 1.22 0.1 387.96
B 1.59 0.08 364.67
C 1.8 0.09 394.43
D 1.38 0.11 385.38
E 1.53 0.12 367.38
F 2.20 0.12 391.44
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Figure 5. UV-Curing Shrinkage of (A) EB830, (B) PU2560, (C) PU3000,
(D) EB830/PU2560 (E) EB830/PU3000 (F) PU2560/PU3000

Table 3. UV-Curing Shrinkage properties of Ol igomer Resins (
A B C D E
UV-Cur ing
2.44 1.20 1.17 1.41 1.23
Shr inkage
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Figure 6. Thermal Shrinkage of (A) EB830, (B) PU2560, (C) PU3000,
(D) EB830/PU2560 (E) EB830/PU3000 (F) PU2560/PU3000

Table 4. Thermal Shrinkage properties of Ol igomer Resins

Sample A B C D E

Thermal
17.30 15.94 16.82 17.15 17.29
Shr inkage
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Figure 7. TGA thermograms of (A) EB830, (B) PU2560, (C) PU3000,

(D) EBB30/PU2560 (E) EBB30/PU3000

Table 5. Thermal properties of Oligomer Resins

Sample Burn out Temperature ( ‘C) Residue (%)
A 719 2.41
B 895 2.85
C 895 2.70
D 768 0.50
E 777 0.32
F 790 0.33
- 17 -
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Figure 8. Tensile Strength plot of (A) EB830, (B) PU2560, (C) PU3000,
(D) EB830/PU2560 (E) EB830/PU3000

Table 6. Tensile Strength properties of Oligomer Resins

Samp e Tensile strength (Mpa)

A 33
32
31
30
31
27

Mmoo O @
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V\Eidt (%)

Tenperature ('C)
Figure 9. TGA thermograms of (G) Bis—GMA, (H) Bis—GMA/EB830, (I) Bis—GMA/PU25

-60, (J)Bis—GMA/PU3000

Table 7. Thermal properties of Bis—GMA/Oligomer Resins

Samp | e Burn out Temperature ( ‘C) Residue (%)
G 826 0.35
H 804 0.23
| 850 0.63
J 783 0.56
A 719 2.41
B 895 2.85
C 895 2.70
- 2’] -
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Figure 10. TGA thermograms of (K) Bis—EMA, (L) Bis—EMA/EB830, (M) Bis—-EMA/PU2

-560, (N) Bis—EMA/PU3000

Table 8. Thermal properties of Bis—EMA/Oligomer Resins

Samp | e Burn out Temperature ( ‘C) Residue (%)
K 686 0.37
L 757 0.19
M 770 0.39
N 899 0.93
A 719 2.41
B 895 2.85
C 895 2.70
- 22 -
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Figure 11. Thermal Shrinkage of (G) Bis-GMA (H) Bis—GMA/EB830 (1) Bis—GMA/P
-U2560 (J) Bis—GMA/PU3000 (K) Bis-EMA (L) Bis—-EMA/EB830 (M) Bis—-EMA/PU2560
(N) Bis—EMA/PU3000

Table 9. Thermal Shrinkage properties of Bis—GMA/Oligomer, Bis—EMA/Oligomer

Resins (k2L 0 %)

Sample Thermal Shrinkage

G 17.43
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Figure 12. Photo-DSC exotherms for the photopolymerization of (G) Bis—GMA
(H) Bis—GMA/EBB30 (1)Bis—-GMA/PU2560 (J)Bis—GMA/PU3000

Table 10. Photo-DSC properties of (G) Bis—GMA (H) Bis—-GMA/EB830
(1) Bis—GMA/PU2560 (J)Bis—GMA/PU3000

Peak
Sample Induction Time(s) _ _ AH (J/9)
Maximum (min)
G 2.75 0.14 355.93
| 1.90 0.16 355.75
J 1.58 0.1 369.38
H 1.45 0.12 374.16
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Figure 13. Photo-DSC exotherms for the photopolymerization of (K) Bis—EMA (L)
Bis—EMA/EB830 (M) Bis—EMA/PU2560 (N) Bis—EMA/PU3000

Table 11. Photo-DSC properties of (K) Bis-EMA (L) Bis—-EMA/EB830 (M) Bis—EMA/PU
-2560 (N) Bis—EMA/PU3000

Peak

Sample Induction Time(s) _ _ AH (J/9)
Maximum (min)
K 1.93 0.1 391.08
M 1.41 0.09 392.52
N 1.56 0.09 383.45
L 1.44 0.09 392.89
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Figure 14. UV-Curing Shrinkage of (G) Bis-GMA (H) Bis—-GMA/EB830 (1) Bis—GMA/P

-U2560 (J) Bis—GMA/PU3000 (K) Bis—EMA (L) Bis—EMA/EB830 (M) Bis—EMA/PU2560
(N) Bis—EMA/PU3000

Table 12. Uv—Curing Shrinkage properties of Bis—-GMA/Oligomer, Bis—EMA/OIligomer
Resins (SH2: %)

Sample Uv—Cur ing Shrinkage
G 2.37

==X — I
L PN)
W
')

_29_

Collection @ chosun



3.7 Bis—GMA, Bis—EMAJI &% & Resinl Q& A=

2N HAZ8h A 20l Precision Casting Resin2 3D-Printer2 OtAH IHES &
2 F, =X NEU SOOI DX O SEHOF A B0l 2HLE X+etE A0l
Z0Xl= 2HEO0| 2dotI|E &Lt 0l &Qelot)] floi 2 =0l 2/st Z&=el 2
J2ATE =SHGHH O3 Figure 15 2 Table 1301 LIEHLHRULCE.

Bis-GMAZ AtESH SampleS 0| Bis-EMAS AtESH Sample2Ct =2 &2 E g2 It
X A0, Bis-GMALH Bis—EMA SampleS 25 Oligomer Precision Casting Resinit =
AMSIHU O =2 2&E A0 YN 330 Zglg 3L =282 YAZMN 22 2
ot HE0l B0t ®AS & A0let) HEECH

K2NK2 Z gt=2 Soll Bis-GMARL Polyester acrylate OligomerE Z&ot0 At

Z8 H Sample 1t Bis-EMA2t Polyester acrylate OligomerE Z8&otH ALEst L

ampleOl 30-Printing Precision Casting Resin@2ZM Jt& X§tst 282 It
Ol 28 NS = UL

Ceh, ?f Z2UE Soff MEE 2 Sample2l 30-Printing Z3tSE
A

A28 0E Gl&GHH, Glass BubbleS HIIAIA 1 JIHSE &0l ofRULCE.

_30_

Collection @ chosun



Tensile strength (IVpa)
g 2
°
°
°
°

®
28_
L] )
%_
24 T T T T T T T T
G H 1 J K L M N

Figure 15. Tensile Strength plot of (G) Bis—GMA (H) Bis-GMA/EB830 (1) Bis—GMA
/PU2560 (J) Bis—GMA/PU3000 (K) Bis—EMA (L) Bis—EMA/EB830 (M) Bis—EMA/PU2560
(N) Bis—EMA/PU3000

Table 13. Tensile Strength of Bis—GMA/Oligomer, Bis—EMA/Oligomer Resins

Samp e Tensile strength (Mpa)
32
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39
34
27
29
27
32
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Tinte (min)
Figure 16. Photo-DSC exotherms for the photopolymerization of Resin add Glass
Bubble

Table 14. Photo-DSC properties of Resin add Glass Bubble

Glass Bubble Peak
Induction Time(s) _ _ AH (J/9)

(Wt%) Maximum (min)

0 2.20 0.12 391.44
0.5 1.91 0.09 382.58

1 1.59 0.09 372.83
1.5 1.68 0.09 351.76

2 2.26 0.12 364 .05
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Figure 17. UV-Curing Shrinkage of Resin add Glass Bubble

Table 15. Uv-Curing Shrinkage properties of Resin add Glass Bubble

Samp le GB 0 GB 0.5 GB 1 GB 1.5 GB 2

FG 1.26 1.17 0.99 0.69 0.66
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Figure 18. Thermal Shrinkage of Resin add Glass Bubble
Table 16. Thermal Shrinkage properties of Resin add Glass Bubble
Sample GB O GB 0.5 GB 1 GB 1.5 GB 2
FG 19.70 18.96 18.18 16.68 16.56
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