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[Abstract]

Optical and Mechanical Properties of Commercial Dental
Enamel Porcelain

Hyung-Rang Park
Dept. of Dental Laboratory Technology, Hyejeon College

In this study, optical and mechanical properties were investigated with 4 kinds of commercial
dental enamels.

As a result of EDS analysis Si0Na0O, Al:Os and kO were the main components of commercial
dental enamels. In case of H specimen, content of &i@ KO were more than that of another
specimens. Starting powder and fired specimens were glass ceramics which were consist of
amorphous phase and leucite (crystalline) phase. Crystallization did not occurred during firing
process, since the XRD peak intensity was similar between starting powder and fired specimens.
As a result of differential thermal analysis; &hd crystalline temperature was varied with
composition in the range of 548~5¢6and 735~78@ respectively. 0.5n thickness dental enamel
specimens showed sufficient translucent properties. However, transmittance and reflectance were
lower than 5% result from scattering due to the refractive index difference between glass and
crystalline phase. 3 point bending strength was in the range of 73.9~101.8MPa which was similar
or slightly higher than enamel of natural teeth and Vickers hardness was higher than enamel of
natural teeth more than 100.

« Key word : dental enamel, porcelain fused to metal crown, enamel, glass ceramics, mechanical
property, optical property

at
o
ALEA

SEAl &

H1 og

M St 02-414-9134 B E-mail : phr5758@hanmail.net
OIS TIE(A) 504& 3055

LIPS
l:f
S

oY 1Z

7|

THE JOURNAL OF KOREAN ACADEMY OF DENTAL TECHNOLOGY_ 115



Chekx| b7 | Zet5] x| M26% AMiE 20043 7

HHporcelain fused to metal crown), =
9&-H(porcelain jacket crown) % 2|y

°|E
glo], dlolo= Hulde HAoz AMgslaL
Atk (Miller,1997) 12t 0|9} #redsiA d
Aoz fafx|ojof oF W) TG =AY
SAATFY] A5 AelAls oFF] wnlgh A7
oJtt,

dutH o s I} 7] TEQ
A Are Aduoz 947t 542 Hojof g
I} FAof BlaA] e 2woflA B-gE o], A4
oA FE FAI7E s e AEE
Ao Bt} L ookt o (- Fe] AE
ol Agst7]ol S22 U= 9 24
Aof gty 12yt ole} FAlof wigtsiar Q)
Az o] wp S 2 skA] 947 IRt B=gk
AAR &} FFARSEA L thas W # 1o A
gt sa%t atzoltt, FAA =

(laminate veneer) & A-835}3L Q1 <l

b AN

|o

2Pe TheE AL AAE Aoks AulH
SEFE 1Y HE | o Az
1 YA ARE T QAR =)o) 9hE A
F W A g kg 5O B Ee] A

£

218 E=A= 188619 Land(1886)°] <J3f 2|

22 45O FEsk ok wgel Usieh

116_oemiamizewix|

% 1965" McLean¥t Hughs (1965)= &5
Hu ety AAA =S sk, A7t
Al AA T Au] EA=A B A2 4
52 AREEOIA grov, tigA o) Hxegl uf
7t o ® A Eo|A firt, Ztof olgt
TARS sidet =AEo] a7l AREEAL
UAITE, oFAZ Z1 ARgo] AgHA ot (Milton
Silver, et al, 1961)

Z|of] 270 EAL Q= A8 AE M =
A= mEE A gHdo] AAR|e| 7tk
AF-AT=0] ZF Abofl sl Bar glony o]
of theh AxtAQl Hw A A7|7ke} At
T7F o] FojAop & A o= Azt

olef} THASHA A8 At HFAE=A O 4
RGO 7 Flo] npry
AAT HFEA ] et B

e v]3L 7} s g,

Ao S5 v
@u Ho)o] %
A& A3 HFA=A 5 Fig. Dol v
ita Lumin—Vacuum shade guide #A2
OHg dsder dE 9 QA== Ao}
A== 459 28 = Aot 259
AAR] ofupES ARESHRT g AEAE
A2 E = Creation S058(Willi Geller
International AG. Austria), d. sign T-—
Sl(Ivoclar Vivadent AG. Liechtenstein),



Vintage Halo opal 58(Shofu Inc. Japan) ¥
Vita OMEGA 900 EN2(Vita Zahnfabrik.
Germany)(©]s} 22+ C, D, H, V& A& A+
_9_6‘].021_9_13:] AA 2] oEl 2= FA] 9 o] A] 9]
ofubEle ARESHAITE A8 A R E =AY
AlHE ZF Al zAbell A Alsgt 22 4270
et Azsiglon, I 24& (Table Dol t
B ek

RE AH2EsE 2344 (Ceramic Vacuum
Unit/ Sejong Dental, Korea)® 1R}l
Fig. 2o el =98 52 AHE 4.0+
0.25mm, 7 1.240.2mm, 2] 20mm)S A|2}5}
ATk EFA| /7T Ev AlRAPIA ST 4
FHNE A3 ¥ S isolating fluid
(TRENN—PEN Benzer Dental Co.,
Cof BRE $of Azt W=
= 9AESE Y2 —?— s 7hski. AlH
FEHOA WA Uk o 0] A A ASHHA A
| ol viEEA e& WA A5 52
IHEskal, Sefol= [e|E ol8sto] Alm 3
He B} ohleh Al ES S=0A 23 &

& 71HS]o| EEuy 2Es BEsHA 72

717} 8] Table 10 Uepd A =700f whef 4
shleh, 248 AA A=A AE Y F
g W og F 23lo AAH HIE
(AUSTROMATS3001, DEKEMA, Germany)oﬂ
A x]sﬂgoagcq AFZoA 13 AA3 =
glazing@ A= t7]dstoll A oAl 1 3] &/ sh
At o d.sign T-S1 2 AZARY] 3 424
ol whef 23] A< A shofl 2/ sklek A
7] o2 A2APH 15719] AJHI}F XRD test
£ 9% Bulk block Al#H-E 27+ 10709] AlH-&

Switzerland) &

(]

a9

ox H b
oXx

e

_I.4

SIS FE AT AT mAS FoHE © 714 B4

0|

AZrsto] 2] shoict,

(Fig. 1) Photograh of Vita Lumin— Vacuum shade
guide.

]
i

goirn T

(Fig. 2) Schematic drawing of mold for 3 point
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(Table 1) Mixing and Baking Conditions of Commercial Dental Enamel Porcelain.

. Alsselute . . .
Starting Increasing Maximum Helding
Sample Predry Pressure .
temperature temperature | temperature time
(hPa/mar)
mixing i - o
Creation N Ceramic powder + distilled water at 470mHg(2min. vibration)
058 condition
©) 1st sintering 580°C 4min 35 55C/min 910C 60sec
2nd sintering 600C 2min - 55C/min 930C -
mixing . . o
d.sign . Ceramic powder + distilled water at 470mHg(2min. vibration)
81 condition
o) 1st sintering 403C 7min 35 60°C/min 870C 60sec
2nd sintering 403C 4min 35 60°C/min 870C 30sec
Vintage mixing ) o o
- Ceramic powder + distilled water at 470mHg(2min. vibration)
Halo condition
opal 58 | 1st sintering 680°C Bmin 35 50°C/min 925C -
(H) 2nd sintering 680°C 5min - 60°C/min 915 -
Vita mixing ) ) ) L
. Ceramic powder + modeling fluid at 470mHg(2min. vibration)
OMEGA condition
900 EN2 | 1st sintering 600 Bmin 35 50°C/min 900 60sec
() 2nd sintering 600C 4min - 75C/min 900 120sec
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2) 3% - A4 24

Energy Dispersive X—ray Spectroscopy
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118_uemiapmizewix

715kl A 20K/ min®] & £=& 1200C7

ol
of
12
o




400~800mm H{Jol A S4& a3}

5 A= &4

7 Aol & 2ol whEt AlxE AlE9
7IAIA B4 WEst] flske] 31 AYA=E
point bending strength)& KS L 1591 2]
235} Flexural strengthg 435t}

6) 3= 54

AEo] S-S AHS Ao Angk $of
Vickers Microhardness A&87](MXD—-CX3E,
Matsuzawa, Japan)gE ©]-83}o] 4t
(indentation method)2.Z 103 A3} L
], 100 um/sec?] SFEEESEZE A4Y = 1027
skt B= 542 0.5kg - & A
T, 4T YA Adolg E4sho
H=0.4636 x (P/a”) 4] ©o]-&3to] A4bst3int,
7|4 He 4%k, P= SYAI9 o5 18il a
L ololof ola) A

7 @A+ &4
A= 15X6 X 3w’ 715 28 AJH9]
ARE SIiC AvpA|= Ak $ TMA (TMA99,
Setram, France)E ©]-8sto] 5433t

8) uAl Tz 24

212 AHE] 2§ ShEHES

2

k.

TFAF AR
(SEM/Scanning Electron Microscope,
X120, Philips, Netherland)& ©|-&38}o] Tz
skt

ghsiat @ AR

SECE A3 g =49

54 8 7|42 54

o] g-5to] 2AEAS skl e 11 Ay (Table
2o Yepfigich 448 2% Si0s, Na:O 9

AlOs7F T35 KeO7F 2F37F =]l DA
Hol Hf- thE Al H|sto] Si0:9Fo] AL
Na:O @erer HAJH O 72 Si0:2} K02 %
o] iz e %% Aoz A E

AN HO] &4 9 XRD patterng Z+H2t
(Fig. 3ol Uethisle, 24 A - 39 42
A} 4 AlH 25T halo®t 9|23t peak”} 2
A=, XRD EA443 AlH ol v &4
leucite (KAISi2Os @ Potassium Aluminuim
Silicate)dol £ U= & 4 ASlH E
g 24 A - 20 AHES] A4S Hlasto
H A AR BaFe 2= Ao s Uehyth
ol 24A $=2EHE7F 50C/min o=

JZ oA A ATl 22 o= Frob

237t Aol My E A Et Ao b
Leucite] 2A3} f-2l= 1000ClA 1200C
HeAelA 2o &85 prtehA] & A4
& A= Uetl= Ze= deA e, o]
oA el Ao AujEe] dojuk= A
o2 d#A QJthHoland, 1997).

HAFH 9] 7¢- XRD peak®] =7} 7 =%
ow DAJHE A4 11 A&7t Wit o= H
Al leucites /437 f13F K209 gFol
7] geoz AE v = D AlES] A9
Aol thE AJHEC] H|gto] Aoz B
<t ol leucite A/dol AMS-E= K09 &
o] AL =AAESHE?] Na:02] EaFo] W] wj&
¢l Aeg wotEn Sldas E
ol 1l leucited FHCRE 2= Z
o]}, Leucite= 3§ Al2td &

o

=

=

0!

Sl

P
T

=L
N
-

i) l:l>.
¢

o

© I

ke

o Hr

A

Lo

=)

THE JOURNAL OF KOREAN ACADEMY OF DENTAL TECHNOLOGY_llg



F3IX| X267 X1= 20043 78

=
gl
Rl
l‘,J_
O_H
Lol
for

F5 28] % 4 AEoz del AR
‘:’1, Algtefol 4 ol 85 £ &4
sttt T3 ofubdl e leucite
P 9 93RS S7HAI71H, o
S AR 9] AT fFARSHA -6
= ke Aoz dPA Sl
H-E- 27HA] o= o] FofA glow, {2
SFOE oA Qi ofupdel a4

N &2
Tl
oix

0o
o\l

D oA 1 A L

o
B2 2
mﬁ ‘\; 12

Leucitex= @8 4A57F 20~25X10°/K= 4
Aol vlsf Ao, g {2 Fole
leucite® F7IeHA] @2 AE 1oH leucite
O MF=ARE Aol RIEA] Q3R] oot
B AeE 245 S8 H7kelr] = g
E3t oLl o] o] FEFE HA leucite®] &
E7h =2 ofupE e 2 ofuHe wisf 2ul7t
A A7y S| = i)

(Table 2) EDX Data of Dental Enamels.

Sample O Na Al Si K
C 56.75  9.98 999 2049 280
D 5813 1218 920 1882 1.67
H 5011 10.81 10.84 2402 422
Vv 5303 1089 1086 21.68  3.55
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(Fig. 3) XRD patterns of fired commercial
dental enamel.
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(Fig. 6) Photograph of fired commercial dental
enamel polished to 0.5 mm thickness.
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(Table 3) 3 Point Bending Strength of Dental Enamels. (Continued)

D
w t o3 w t P o»3

(mm) (mm) (Mpa) (mm) (mm) (N) (Mpa)
4224 1.613 72.23 4155 1.556 4.0 87.68
4153 1.615 89,57 4118 1.673 42 80.35
4.286 1.724 79.62 3.996 1.587 7.4 162.13
4.263 1.564 71.89 4.039 1.495 3.2 78.16
4.078 1.476 79.42 4.082 1.506 3.6 85.74
4106 1.605 66.71 4141 1.652 34 66.34

4111 1.7 77.95 3.955 1.544 34 79.51
4124 1.617 61.35 3.931 1.45 1.8 48.02
4128 1.65 5494 3.981 1.731 42 77.64
418 1.607 81.71 4.083 1.574 2.8 61.03
73.86 o 77.06

6.68 HZEHAL 8.50
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(Table 3) (Continued)

H Vv
w t P o»3 w t P o3

(mm) (mm) (N) (Mpa) (mm) (mm) (N) (Mpa)
4157 1.673 45.08 87.18 4,016 1.646 54.88 113.49
4119 1.631 45.08 92.57 4,084 1.737 49 89.47
4.049 1.468 34.3 88.45 4.071 1.553 43.12 98.81
4,283 1.723 54.88 97.11 4143 1.567 39.2 86.70
4.006 1.512 343 84.27 4.181 1.684 4312 81.83
4.24 1.702 49 89.76 4.079 1.682 60.76 118.47
4.022 1.599 40.18 87.91 3.998 1.694 50.96 99.94
4142 1.821 49 80.27 4.211 1.729 62.72 112.10
4181 1.612 294 60.89 4203 1.715 58.8 107.02
4.075 1.652 4312 87.24 4236 1.737 60.76 106.97
o 87.21 oy 101.81

HEZEAt 3.43 HZEMHXt 9.28

(Table 4) Vickers Hardness of Dental Enamels.

Nyl XFHARI2 C D H Vv
338.3 239.6 440.0 476.7 442.9 486.6
3455 242.3 480.0 466.1 464.0 538.3
3325 3495 446.8 464.0 4429 475.6
312.1 333.2 453.8 476.7 4478 4724
313.3 348.2 467.1 471.3 451.8 475.6
328.8 360.7 4215 469.2 3901 4703
312.1 2704 457.8 4578 442.9 459.9
358.5 355.0 4197 4439 440.0 47.3
320.9 351.6 471.3 4439 44908 504.9
328.8 3325 471.3 4538 428.8 488.8
B 320.2 322.8 4537 462.9 4434 480.7
HEHR} 14.0 39.8 16.2 9.9 6.7 1.2
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