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Observation of thermal properties of dental 3D printer materials
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Article Info Purpose: In this study, thermal properties were observed by measuring the extent of ther-
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Methods: Thermal properties of workpieces manufactured by using two 3D printers were

observed. The specimens were designed in cylindrical form with dimensions 10 mm in di-
ameter and 10 mm in height. The control specimen was made of wax, and the experimental
specimen was made of resin. The thermal expansion rate was measured by applying heat
to three types of specimens, and burnout residue was measured.

Results: The thermal expansion rate of the wax pattern (WP) specimen was 0.93%+0.05%,
of the RP1 specimen was 1.30%+0.08%, and of the RP2 specimen was 1.20%+0.09%.
Measuring the recovered residue yielded residual amounts of 0.2% for the WP specimen,
1.1% for the RP2 specimen, and 1.8% for the RP1 specimen.

Conclusion: 1. From measurements of the workpieces manufactured by dental DLP 3D
printing, the thermal expansion rate was found to be higher than that of wax.
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INTRODUCTION YT F 220t ARGShE ol AMFEL Y3, of 27 FAl7t

T2 OAEE A3 ARE EEsto] A 78 & J2
gAd AF7g71e0] w2 st Az, ¥, 714 § A [4], 7+ 1 9] @Ak A7)t et AR st Aibdol ©
HAQl o] YFS ot AHRAE AFe] &85 JrH1]. 7] AZITH5,6]. ol 22 A7) Tido] Hekd H357Hg(additive
E9 AIE FRAE PIAE EXE AZE FEEBENN E3 manufacturing)Z B8 Y| A= E Fot 23 B4 FeE 4
& 2% & g a8, FRAYE AA HE ARELEE HEE A 7R 4 91, L% AR 288 0 7I3AE SRR
tHil. FZole F2 xiH x11”011 OAd 7lee &85 e W A oS 75,6l

2 CAD/CAM (computer-aided design/computer-aided manu- AE7teHAS 29 YA et ERET 182 B
facturing)& &4 PFM (porcelain fused metal) 2435125 Aetdg HEote WS 29 WA et JAHSEA G4

9] &L 331 FE & AAsty SAEES UL T EAE & (stereo-lithography apparatus, SLA), BtAIEo]u] ] 3}HtA]
HY 2 FZ25}0] FELRES S W21, viadd 352 (digital light processing, DLP), Z& A9 4 (Polyjet), ¥EXHEZXY
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"X (fused deposition modeling, FDM) 522 E2FcH7]. 181
TS foIAE FFote W2 aETS §6ote AddE
7154 (selective laser melting, SLM)¥} &=2%4S AZsH= A9
715" (selective laser melting, SLS) 522 EHFHTHS].
2] three-dimensional (3D) printer2 HH3}E DLP W4
< A% 725 7R duElEe § ZRAE Yo7 AP A
QA (ultraviolet, UV)9] 73t o A]7} 3353 A A (photopoly-
merization initiator)o]l ¥-§-50], =20f @71 HAFo] FAH s
(photo-curable resin)7} 2AQ Z&H(polymer)Z WS}5lo] gt H
A ASEHA 7F3A7E 9ETHI-11]. X ZE- 3D printer® £
9 BT A TR Al =Tt FESke] AR EY] B AT B
HERT YAFEEY AFo] T2 ASHH $EH 22 728 &
AE AR S Sl 22U 3D TP E A oA e &
9] oA B AAE A ARES B711, 7HA% BHE @
4, 39 5o] TAE EF2E HolA 7tFe o3 BT} 5
dojut, Qo] MY HE= FAK o] HAHAUTH12]. 48] EF9 ¥
Foll o3t wiEA #+E2 F2A Y FUo] Hug gy Y
T 2ARETY FHES O A 2 4% 2529 £do] g
sttt @7 &A1=l 3D ZHY F28 A= WES 28 AE
{es| AAIEo] A ekl FEIL R O]'
of A7} Fx BAF Ao B2 ojFo] WAt YrH13]. wht
A B Ao A= X378 DLP 3D printer® AZE #HA 7F5A9] &
3] A AWAET A3 ARELFS 2Qsto] JEAS BH
stal, miEA Y] E4H] 28 9 4% 2AE AAP| A3 VIRARE

Aot A} jiet,

5

o,

o %9134 2 1571501

MATERIALS AND METHODS

1.2 M=

2 AdoAE o2 22 AP A5 ARESH X3
DLP 3D &g 71349 @E4S #Esth. A A4 7
A= 234 CAD/CAM (Ceramill Motion 2; Amann Girrbach,
Koblach, Austria) ZH8]E o]&s}o 7158 <A
Block; Bukwang, Busan, Korea) 13} X¥& DLP 3D printer2l

(Casting Wax

Table 1. Equipment and materials of thermal properties observation

W11 (Nextdent, Soesterberg, Netherlands)2} DIO PROBO (DIO,
Busan, Korea)Z 0]-€3}9 725 A 2E2 Ao A3t 8
AL 7 o] AL = A8 FHFAE AHSHHITHTable 1).

2. Al A2t

2|7+ DLP 3D printer2 AZE 71aA19] EHA4ES 24513 &
SAFES T fItt A HE A7 10 mm, %0 10 mm2] €7]
5 FH2 AutoCAD 2019 (Autodesk, San Rafael, CA, USA)E °]&
Sto] AASIATHFig. 1). AlH2 2178 CAD/CAMC.= HA7d 1

29| @A (wax pattern, WP)& 229] X7-& DLP 3D printer& &
Z7+5E HARP1 [resin pattern 1], RP2)& ©o]-8-s}0] 4|54}
(Table 2). Zr AJH-2 10714 A &FstFct.

3.7t8e BHHE S

Z|#-§ DLP 3D =Y 7F5A19] @BA-E(CTE, coefficient of
thermal expansion)S £4317] 95t0] QPAE SHAHEG AA|
sttt 359 AlHES HAEEX(TMA, thermomechanical ana-
lyzer)& #H]Ql TMA-60H (Shimadzu, Kyoto, Japan)& ©]-85}0]

F2H 6007 B THotol BB FES St

DW= =2

4. 7t8H|2| a2t 2
A|7+& DLP 3D printer® AZE 7H3A19] € EA4& #E7] 9
oto] 2FES] T 9 42 AAISHEH. 359 Al HZ alumina

COj| 2 222 B2t

10mm

'
N A

10mm

7

Figure 1. Thermal properties observation specimens; cylinder type.

Group Model

Spac Materials

Ceramill Motion 2

(Amann Girrbach, Koblach, Austria)
Experimental ~ W11

(Nextdent, Soesterberg, Netherlands)
DIO PROBO

(DIO, Busan, Korea)

Control

Processing method: 5 axis milling
Precision: 10 um

Processing method: DLP
Precision: 65 um

Processing method: DLP
Precision : 57 um

Casting Wax Block (Bukwang, Busan, Korea)
Nextdent Cast (Nextdent)

DIO Navi Cast (DIO)

DLP: digital light processing.
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Table 2. Classification of thermal properties observation specimens

Code Shape Specimens N
WP Wax pattern

RP1 Cylinder type Resin pattern (Nextdent, Soesterberg, Netherlands) 10
RP2 Resin pattern (DIO, Busan, Korea)

boat]] gol A%Z(BEGO Miditherm MP; BEGO, Bremen, Ger-
many)olA £ AS52E S 9T E AA5H 250C & & 60& 4
3, 450C 52 3 408 A5, 550C 52 T 40% ﬂ]vﬁ}%r‘} 52 0]
F250C, 450C, 55009 A% LEoIA Alme] B2 BESHAT,
5. 715419| 5..* h?r% 2 23

A% B2 AFEFS SA5] f5tY
gravimetric analysis, TGA [Q500; TA Instruments, New Castle,
DE, USADE o]&3t0] 2004 750C7H] =5 ASAA ZF AlH
9] &3 AFEFY S Aot AF dI}= TA Instrument

software (Universal Analysis; TA Instruments)& £-4]5}%c},

E5F E47](thermos

RESULTS

1. 713412 2YaE 24

A|#H& DLP 3D printer® AZE 7H5A9] € E4& #EsH7] ¢
g ERFEY] 54 21 WP A H9 EBHEL 0.93%+0.05%2 &
A=A, RP1 AJH2 1.30%+0.08%, RP2 AJH-2 1.20%+0.09%Z
Z74=|9ItK(Table 3).

2. 7t8Ae| At 20 2 7S 22

A|7+§ DLP 3D ZY) 7H5A| 9] EEAS W] foto] 28 %
FEFS 459t 1 A3 250C 4 WP AJHL2 alumina boat
of P glo] §&F o] g2tE F/dol FHEEA oM, RP1 AW} RP2
AEE 4715 FEHE FASIEoH ©5ke o 47 shdo] w3
=91 chFig. 24). 450C A WP A|#-2 alumina boatoll & glo]
»ws—,]o1 g3lEo] HAFH} I8]1 RP1 AlHL 97159 YRt

HEo7 /o] WAFHIT RP2 A1 917] et AR 52
% FFor A9 FHE Lot F U=E AP HUHFig. 2B).
550COlA WP AlH-E v|go] ehshayt #AE oL RP1 AJHI}
RP2 AJHE &3kE 457} dolgle Ao] #EHATHEFig. 20).

fo

37180l 28RS 27

4238 ZAHF-E3F2 TA Instrument software (Univeral Analysis; TA
Instruments)S ©]&3}d TGAS] AWE Walstgrh 48 A5 =
43 WP A H2 0.2 wi%9] &F-E0] S At 183 RP1 AJH
o] AEEL 18 wi%Z /M &7 ZAEIT, RP2 AW AREL

Table 3. Result of thermal expansion (unit: %)

Specimens CTE
WP 0.93+0.05
RP1 1.30+0.08
RP2 1.20+0.09

CTE: coefficient of thermal expansion, WP: wax pattern, RP: resin pattern.

1.1 wt%E =3 =K Table 4).

DISCUSSION

£ Aol 2138 DLP 3D ZY 7|&2 AZE 7H3A 9] 43
Al dehbe @ EAS #E] A8 E83ET 480 e dRE
Fe &gt viE 9 4% IS AEsty] 93t 71E ARE AXSH
1A shgrh
g 54 TS fote] ERFES Skt 1 A WP AlEY
AYFEL 0.93%+0.05%% Uersth. 123l RP1 A1 H9] EBFE
2 1.30%+0.08%, RP2 A|H9] ERHEL 1.20%+0.09%= WP A|
HuEo =4 vehygth webA 3D ZYY 789 FRIPFA wE
AE A A AwEE e EFH &S S0 WHE %
Fo] AA =1 Qlong ujEA] o] E4u|et AL LS 2 Hst0] A
T2 gsta 1o wE FHF HE| Feo AA=E FUste AY
o] Jé_ﬂff Aoz geEt
3 TS 3 AARFE FEHAPA WP Al?i% 100C~
1506°1V1 S-8E0] SE4S 7L 250C A HiF-E A4
I3t RP1 AJ#} RP2 AlE2 300C ©J4+9] %Eoﬂ/ﬁ ek} A1
EAT 400T o)) 227t TEFS W] FEo] FojuHA ATt
ARE AT 223 450C oA WP Al H-E A4 E o] || ©5hEo]
ZHF O RP1 Al 3} RP2 Al H3lE|dA] 723t e 2 3w
et o] Yot A AL 4= Ak APAL[12]04 EFLE
HRAolA BT} oF fFo] WAYsHA Hi= ARGl HEE L 5
At 2 AFolA A AlHEAA = 450T~500T Atol7} o] 23t
Hgo] ot PAEE 2= H9Q1 A& FRlstgirt. E3F 550T
oA WP Al H-E g A5 n]%u EJ%“} 53 °Ur RP1 A

_11m

ml

N

A2 5 YL 1A, Ko [12)= B 5T 374 2oolH T
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Table 4. Thermo gravimetric analysis of specimens (unit: wt%)

Specimens TGA
WP 0.2
RP1 1.8
RP2 1.1

TGA: thermos gravimetric analysis, WP: wax pattern, RP: resin pattern.

o] 1% olstold ZHFE glZol2tal SHA L, 1% oldold F2& 7+
AR AL 4 g Ao BHustdr B A9 AgAREY =
A APA3 WP AlEE 0.2 wi%z APA79] 58890 Ze=
1, RP2 A2 1.1 wi%E 1% 27383 275 et 9oL RP1 Al
T2 1.8 wi%Z 1% W& & 275 Uehio] AFES W7l

2o WHSIPoU A EE 800T oJAto R 2T AHE
S 1% oJUZ #AAZ 5 A& Hoz AL 42342 E +Y
9 X3 A wjEA9] AL 700T olAe LEIHE AsH &
o] 419 Rafj7} Yojupu g n2gog xS 4= glon, 800T~
950C7HA] AL 7HAE= AAE A tiZAu 1,000T oA oflAl
RS 7 olishtA AR WEAE T R0 wet A

oY o
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RP2
-
I v Figure 2. Thermal residue of specimens.
_— A: 2507, B: 450, C: 550C.

A1 ARg-soF B Zo|tH15].

AutA o7 Fpu|of weh A3ggo] 2AH T, WiEA Y A% Al
240T o)A 380T Ato], 550COllA] 650T Atole] L -7koflA] Hegz;
o] Frgrh= B0 wet AR2=E AASHATHI6]. Kwon {171
L Yutg oz SAL 210T ~220C oA, FAMIFAE 450C ~
500C oA F&3F Azt 235 AJACF grtal B ustgiet 2 A
A FRoRE Az AR dBFEC] A AR =4 et
3, AFZE 450T 004 F1]9] 3ol TAF o 550C A &3t
Eo] ZFot Qs A& TEE £ U9t 4% A ESHGH A4E
H39 ARES F2A9 #Ho| AZA Y F22TOE oo]
12l APAFLA = FFFA 9 2T ES 450C ~500C
2 ARIstg o, & A AT oA T gk o] veht A3 450T
Bop e 2wofA] SRS ARANS o gt HHe gt BT} o g
Aol FEE YA 5 A& Aoz AYZET) B AkE A%
A B3890 457 FEEo| AFAULLE 7500RY o &4 44
SEAU AFAIZRS B Z2A A% 37 APE olo] Wik & s
g} Ryudt Seo [131%E "B 9] A3A] F-4410(CaSO4)7t 5

H HEA] A3 S 0] §loA Lt S 7HAA Hed, e &




Joon-Boo Song, et al: Observation of thermal properties of dental 3D printer materials

>.

? 450C~500C°1V1 1A1ZE 5 2/ A1A HEE A7Ash: BHE A
¢ & Yok S & AFolA SA AJE2 250C R $24 86
S, 239 #A |2 250CNM AT F 713P7F AldSte] 450T
2 52 3o &7t AFEHL #Eo] vehr] AFgen, 450C~
550C% 52 3o 73 W37t A vebdtt. 3D printer® 7+
HAA 7R Al 243 2] gA] IFoIA o] ofste] FF& ot
FAZIT O E T3] o] 23 A £9A] WiEA9] w2 ]l
g Fx Az oofAA HER, 7hEAet EA F3 7| #5947
of o HY== Aol s = A ok= SEI = WEA Adol

2% Ao BHE £ AT B3 AFLEIN S
S5} AQOREE G AT AVLES UL FAUIE

spalslo] 44 Aol A3i7lole At Slek. wWebd Al &
Ul ot 209) PRFES) Aol RS £l 240f A
o %z 3 AYE 5 vlwsk U3l Wad Aol 1Y £ A
7304 gelg 23] wste] RS Yool 4TLES} AR
A7ke 23R A 1S BT 4 Y £2B2ASE Slst

L adwt 29 Aoz gogd

CONCLUSIONS

B g AE 2138 DLP 3D ZEY 71&& AFEE 7HA9 &
P el & EXS BEely] Yo SRBRET A% o
EAREFS SHA 1 2T e 22 28 At

1. AZ-& DLP 3D printer2 A&H 7F5A19 @9%4E &4 23
RP1 A|H-2 1.30%+0.08%, RP2 AlH2 1.20%+0.09%2 WP A|H
Hrp dPFEo0| E AR eyt

2. A& DLP 3D printer2 AZH 71249 43 455
A7} RP1 A1HL 1.8 wit%, RP2 AJHL 1.1 wi%Z Age F2
A7) YfAE 750C Rt E 43 E7) QL HTh

o,

=
=
o
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