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Crystal-free Glass
(for controlling Firing Temp.)

Glass-Ceramics, Leucite Crystal
(for controlling CTE)

@ Glass transition temperature
& Softening temperature
@ Coefficient of thermal expansion

@ Crystal phase & morphology
@ Relative crystallinity
(® Coefficient of thermal expansion

Mixing

with Opacifier & Pjgmen?)
(CTE = 13.0x10°/T)

Dental Porcelain
(Porcelain-Fused-to-Metal)

® Coefficient of thermal expansion
(2 Chemical solubility

@& Flexural strength

@ Metal-Ceramic bond strength

Fig. 1. Flow chart of preparing dental porcelain and its evaluation in this study.
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Table 1. Chemical composition of low-fusing glass frits [wt.%]

added oxide

Specimen  SiO,  AlLO;  Na,O KO CaO  BaO in_excess

B2Os Li,O
BOLO 63.0 16.0 12.0 7.0 1.0 1.0 0.0 0.0
BOL2 61.5 15.5 12.0 7.0 1.0 1.0 0.0 2.0
BOL4 60.5 15.0 11.5 7.0 1.0 1.0 0.0 4.0
B2L0 61.5 15.5 12.0 7.0 1.0 1.0 2.0 0.0
B2L2 60.5 15.0 11.5 7.0 1.0 1.0 2.0 2.0
B2L4 59.5 15.0 11.0 6.5 1.0 1.0 2.0 4.0
B4L.0 60.5 15.0 11.5 7.0 1.0 1.0 4.0 0.0
B41.2 59.5 15.0 11.0 6.5 1.0 1.0 4.0 2.0
B41.4 58.0 14.5 11.0 6.5 1.0 1.0 4.0 4.0

Table 2. Chemical composition of the glasses for crystallization of leucite [wt.%]

added oxide

Specimen S0,  AlLOs KO  NaO  Others in_excess
Li,O NazO
L-0 62.0 18.5 16.5 2.5 0.5 0.0 0.0
L-2 62.0 18.5 16.5 2.5 0.5 2.0 0.0
L-4 62.0 18.5 16.5 2.5 0.5 4.0 0.0
N-2 62.0 18.5 16.5 2.5 0.5 0.0 2.0
N-4 62.0 18.5 16.5 2.5 0.5 0.0 4.0
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Fig. 2. Ternary phase diagram of K;O-Al,03-SiO; system.

(E.F. Osborn and Arnulf Muan, revised and redrawn “Phase Equilibrium Diagrams
of Oxide Systems. “ Plate 5, Published by the american Ceramic Society
and the Edward Orton, Jr., Ceramic Foundation, 1960.)



Q) ALa4 XNFA=A

EAEA A wet fElde]2%(Tg)7t 500C olste]la Ast-=(Ts)7}F 55
0T o]atel 3F9 2AE =48 #u(B0L4, B2L4, BALH} # 74 AAFo] 717
Zo]l AAE FALCOE AAT v AHWFAF7E (13.0+0.2)x 107/ T(25~450C)

of =S A HEE EFW 350 Aead ABEAE Az oF YT

=
dARAZAT, b el g 3= £4L5 93 Translucent =4 A

zshgom, 24-Aey AYFEE 2457 948 Opaque =AE Azt
A

244 AAREAE dBZATE 2457 d8 AAE 2HE& fE 2R
3}f-2le] &3S Table 33 o] AH3lAch

W A2aA A=A ABAF

Az AAA XNFA=ALte] SN E 3 TR E ATAEY
Ceramco Finesse(Ceramco Inc., NJ, USA), Duceram-LFC(Ducera Dental, Rosbach,
Germany) % Duceragold(Ducera Dental, Rosbach, Germany)E A-&3t%th

(Table 4).
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Table 3. Preparation of the low-fusing dental porcelains [wt.%]

Specimens Low-fusing glass LCG Opacifier Pigments
LFP04-T BOL4: 95.0 5.0 0.0 0.0
LFP24-T B2L4: 92.0 8.0 0.0 0.0
LFP44-T B41.4: 90.0 10.0 0.0 0.0
LFP04-0O BOL4: 56.8 5.0 25.0 13.2
LFP24-0 B2L4: 53.8 8.0 25.0 13.2
LFP44-0 B4l.4: 51.8 10.0 25.0 13.2

LFP : Low-fusing dental porcelain
(eg.: LFPO4 is the low-fusing dental porcelain prepared with BOL4 glass)
T . Translucent porcelain
O : Opaque porcelain
LCG : Leucite crystal-contained glass

Table 4. Commercial low-fusing dental porcelains for testing

?éggg)cts Type Lot # Manufacturer Testing*
Finesse TC 96050110 Ceramco Inc. (USA) 123
CB Opaque, A3 96062701 3
Duceram-LFC TC 074, 086/6 Ducera Dental GmbH 12
(DL) (Germany)

Duceragold TC 0300/1 Ducera Dental GmbH 3
DG (Germany)

Opaque, A3 0138/8

T7C : Translucent Clear
A3 : A3 shade
* Testing; 1. Chemical solubility test
2. Flexural strength test
3. Metal-Ceramic bond strength test

,11,
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Fig. 3. Tg and Ts points in the typical thermal expansion curve of glass.

(2) 33 A(CTE)

Tgst Ts7b @& =49 frele A A2 AFA=ASE Axd o #H7
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(1]
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. 9§54 Z2A ¢t FLCE Y

(1) 4% AAHCrystal Phase)

ARz dAgel o fFElEfH AHdE AAGE X-A IJHEA7IPWT10,
Philips, Netherland)€ ©]&3t A3ttt CuKe, 30 kV, 15 mAE AFxAL
2 o ZA87Z 205 10° oA 40° 74A 3d APt

(2) 243 =(Relative Crystallinity)

LCG H#gle ZAst=+ X-ray 3do| &g 24l Wakelin-Virgin-Crystal

[e=]

method % correlation methodE ©]&3tdth AA3 483 A8S X-A 3A
£247](PW1710, Philips, NetherlandE& ©]§3}e] step scan(2=0.2)°.2 8° o A

60° 74A X-4 34 intensityE FAHI the, 4 A7l sgste WF{FA AR
BEFAF9 intensityoll Al HIAZEAS}E=E 0%zt 719l intensityE w Fh

(sl g X&Fo2 sha Z3stust she A= intensityd]H ¥4 29l intensity &
w ZHlu-la)S YEZEO 2 3l 71L7|E8 AAI=Z 3t

Correlation methoddll ¢]3 ZAAsl== g 2] [2]12 ZAHH, Fig. 49 7]<
712 Tkt
PIRDEEAOIR DI ETAY
20 20 20

;])(202_ [(;3)(20)2/M

Relative Crystallinity (%) = < 100 (2]

Xoy = (s - 1a)y
Yoo = (u - la)y
N = the total number of pairs of observations
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Fig. 4. Plot of a typical relative crystallinity(%) by the correlation method.

1=

X-ray 3H& o] &3 WMRFA AA o AAE E4S filAE 5T W
Aol REANB(AASEE 100%2tL 71H8)7 sk, RFAEE GelshH
AzsAch EFAFA AALFrFAINO)9H0)S Zjodd nlo]A Y1
tetraethyl-orthosilicate(Si(C.Hs0) )& 718t 3hstd&2 Aol HES JdAHT &
Aoz THE & AL FEEKNO) F8d974 5
e 1
oFF(28%)E 7Fste] gelstAlZ o, o] gelstES 110T oA Ax=AX F A7 24

Ay

ol

[0}
o

=
=
1 O o] EFE&AS urtstdA &Aool @ WA dEY

=

pul

A 200C/re] £5=2 71g3star 800TC oA 1AZE FAIZE & JAEF3IATH ©] AlE
£ 100 ym ©o]3t2 EHAT o5 AFAR wEEo] 1,300TCAA 2413 EA s,
oAl 2@ Alse zHF fEldS HF F840=2 AT 2e Wis A4 &

b | h =
ZABZ 39
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3) AA u) AN F+zZMicrostructure)
ATz FAAAEH] H(SEM,

el AAst dxgste] A" AA 9
ABT-150F, Topcon, Tokyo, Japan)< ©|&3te] #Zstth AAsIAIZ AHES
4% HF &4 2 1523t olF & S/HRTE AMFe] AAHsL AxA o

24 nATEE BFEHA,
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o AXLEA AREA £4

(1) %334 (CTE)

AAE 3FY 2deE 2HE Foo 97 2A i FEE Edsid @
3 3 Al 4=(coefficient of thermal expansion, CTE)7} (13.0+£0.2)x10°/Co] H == A
Z3F A2 AAA e dRZATE SHA Fls

Aead ARTAe] dAZAFE 25450C 2ETAA 2A4eE 2HE
et Z& W er St

(2) 3}3t7# &3 =(Chemical Solubility)

ADEA BRE 2R52 EFei] AANER BE T A0l (16+0.2) m 2o}
9 F9(Fig 5ol Y1 4% S5 F 2459 10 7o) AF
ANHES FHATE A9t o g AxS XF=A(Table e 770CoHA AASHoH, O

=)ol 3t gsi== 1SO 6872:1995 Dental Ceramicse] 74| we}t Fig. 6
3} 7-& Reflux-condenser-type F%7]72 Abgste] =A39 oM, o 7]FE flask,
double-surface condenser, Soxhlet extractor$} glass thimbleZ FAE o] Ut}

24 AFARY AAH FAE ZAst THHS 05 arbA AL os FFF
2 AlFst 120Co Adzx7]oA 10A2F 5 d2=A £ 0.1 mgd AEEE 5
AaAt AHE AL <ol Wil o] AEE extractor Yol ¥& T 4% ZAHgIoR
16A17E &F 957 <8AA AlHY P ES FEAFHOH, ob & £IEEE AR
g 337 HEE MELEE AT F20] Ed AHE F
of Azx7leA 4B FAZE 2 WA Az = Al Al FAIE FAst] AHY
pglen® S =2 ALtskdoh

et

=31
=)
1
oft
-
é
f
mlru
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Dimensions in millimetres
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Fig. 5. Mould for chemical solubility test.

Fig. 6. Reflux-condenser-type extraction apparatus for chemical solubility test.
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(3) &= Z=(Flexural Strength)

A=A F=FEE SO 6872:1995 Dental Ceramics®] Aol web 3%
3] Al¥H (three-point bending test) .2 A &3ttt

s

AGAHE Fig. 73 o] WHE&H 3717 25 mm X 5mm X 2 mdl 2=
ARESEe] 13709 AEE AFSAT. ATz AxS A=A 770C, U=

T AES AxA] ANSER AFH Y SN AFAE 24% F A2

R 1
AlEE dAntete] Hnel (44+0.25) mn, FA (1.2£0.2) nm 223 o]t 20 mn ©]/do]
He AAgage] AdAEE Azted Al ol e P}
+0.05 m 1A FRASFHAA #10009] SiC ArtA=Z HF Ankg ths, AZAHES 70

ol AFsta dArp B2 riss 25 AASAT
FE 8 HES AgY Ass B vAHg Fo] EAE A5 F43)

7h dojua &4 AA Y EAS AWE FAL F jl7] wZel
A

A Sl F2JA A wEt Fol 4 med

o} A A 7FZA(span length)S 14 mm, cross head speed= (1+0.5) mn/mino.Z 3}

)
filo
N
N
h
i)
v}
>
o
ok
of
o
N

N
o

ok
8

Rew, Aol AA = Bag shse £0.1 N7HA]

o 22T, M 4 (3o Auste] ok,

NI\

B3 os 4 AEAE
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9
1IN ] 1
W/2 Wi2
L\, W\ d
()5 )F)
KC 2/ 2 V9 3M
M(MPa) = 25 = = (3]
(MPa) == b’ 2bd”
12
- BHE
FUFOERY UPSEE Wi HOA A2 = AT AL e
By = ]E (A2} E A HY F-2 bd/129] )

Qﬁ\QfQN

;B A9 &5 (N)
D AIEA FHE IO =4 A2 ()

AEAL H], SHE FE PF FH A AT ()

SN FA, 5 & B Y HY AT (w)

Dimensions in millimetres

205

Fig. 7. Mould for flexural strength test.
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4) F%-A2Y 274 =Metal-Ceramic Bond Strength)

&-Agy AFAEE SO 9693:1999 metal-ceramic  dental restorative

ms2] FA| wel “Schwickerath crack initiation test” 2 =43}l Ath F3-Al
gy AA=E =457 93 AHS Fig 8% e FHE FE5T o XNFAx
A EES aAste A&

5% SHEFEES Ni-CrAl vlAF
Lot # : 990202, Young's Modulus = 0.21x10° MPa)E& Ar&3le] (25+1) mn X
(3+0.D) mm X (0.5%+0.05) mme] X2 AT 22 6701 F 30719 AlA S A ZA}
o AAA e wet &8 FxI s AlHs L MEEgH, 4hstA et FH]
st 1 ts 553 fdd A¥ToE Axg 3T AHA=A S} 2T tixT

AES Fig 87 2 A5z A8, 24890 AW o] 3wl A% R

1P

3t Verabond(AalbaDent, CA, USA,

oX,

Zd Opaque =AS (8+0.1) mn Zo]2 A3t 243 thg Body =41 =
st ThAl 2Adske] Algtele] Ml FA7E 1.1+0.1) m7t HES FSHA =
Azstgon, Bad A9 discE Anpsla glazing 28t thFig. 9). ZF Al#
2/ 2718 Table 59 2t}

l
00
o

E

o fu

_ J, Load cell

Porcelain
N 8 mm

0.5 mm
l 1.1 mm

|
Metal 25 mm

Fig. 8. Schematic diagram of debonding/crack test specimen and three-point
bending test.
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Fig. 9. Specimens for bond strength test.

Table 5. Firing schedules of each specimens for metal-ceramic bond strength

Specimens Low Dry Firing  Holding Heating

(Code) Type Temp. Time  Temp. Time Rate Vacuum
LFP04 Opaque 450C 5min 790C 1min 45C/min Full
Iﬂgﬁ Body 450C  S5min  760C  Imin  45C/min  Full

Finesse Opaque 450C 5min 790C 1min 90C/min Full
() Body 450C Smin 760C  0.5mn  35C/min  Full

Duceragold Opaque 380C 5min 790C 1min 45C/min Full
(DG) Body 380°C  5min  780C  Imin  45C/min  Full

o] Age THEAIP7I(UTM 3366, Instron, MA, USA)E A&3led AL
H, A A Atole] span lengthS 20 mm, cross-head speed= (1.5+0.5) mm/mino =
StR L A A thet 7h9E Pistone ¥HA o] 1.0 mel €% o= st AA=AF
o] stFS W RHiHe AXFEE AAE AHS S3AE AF7] fd &9

£ g (15205 minne] 9AF £EE FS s1ete] w3 A¢f HFL 7]
2zt 6ol ARl tE BHeE RS EAFe #E& Zold dojut

debonding crackoel] &) T EHE= AlH| tha] AP OH, =AZY FTol| A
cracke] TAsl= AFole= ©E AHOE wAsle 671 A AlFo] dojA
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w7k A A F s e
Debonding/Crack-initiation Strength, r,= Thg 2] o2 A4k

tr MPa) = k- Fa (4]
ARAEE FIstF FaSt AT kE FH5lo 73, A k= Fig. 1022 7H
%5\_

9] Young’'s modulus Ay9 &<

ke Q7] A 1A A- B groll tiE

£
E 8~
2
Em (GPa)
7™ 60
- 80
| 100
6120
L 140
160
180
5200
220
~ 240
4 —
3 —
2 ! | | } | 1 I
0.44 046 048 05 0.52 0.54 0.56
d m{mm)

Fig. 10. Diagram to determine the coefficient & as a function of metal substrate
thickness d and Young’s modulus Ay of the metallic material(ISO9693:1999).
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2. A4 &4

, A2 E, A, 25 E 2 254 ARt =

_(r)[_
4 A #d ARE AITRE FE@y 22UAE s, 2Ea o=

N\

HFFEY Aolo] tiEte] vl E4x EAMHQ Kruskal-Wallis testsS A3t
TodS AR AFHYHCE Tukey grouping testE AldstHom, ==

EAATE 95% o] §olsFo AASYT
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m 2 3%

L freEdo]25(Tg 3 A32%=(Ts)

:;l‘

LiO%t B:OsE FH7bske] A=k 97FA A2a4d AR=ALE fFao] fdol
25=(Tget A2 =(Te)E 53] ZAHI Fatast xFUA+= Table 634 2o} AlA
BOL0®] freldol&=(Tg)v= 562Ceola As2%=(Ts)= 652CeolH, L0 A&
4.0 wt.% F7F3F BOL4 Al e Tgw BOLO Aol ®ls] °F 100C, Tse= ¢F 130T
AR oy B0 e 4.0 wt% HI7Es AsH B4L09] A Sddle Wt A9

=4 A3 BO;E A7 e A Tg Tso W/ A9 gidou, Li0s A7t
24 Agole Tgsh Ts7h AASA Fadle 4TS B SAHSZ {3
Aol 2 R YTHP0.05). Tgst Tsel 24 Azto] wel ALii A(EA ] AxS
A% 2 eEzAE Fel& Tgrk 500C olstolx Ts7k 5501TC ©]&hel BOL4, B2L4
9 B4l4 ZAES Zt= 3F9 §9E AASYT

2. #rele] €8 3A(CTE)

A Aead AA=AE FEo E@RZAFCIEE S8 F4ad &2
HatE Table 63 2t} 25~450°C FZEolA A3 BOL0S] CTEE 10.8x10°/ColaL
Al BOL4e] CTEE 12.1x10°%/Col® Al® B4L0S] CTEE 10.1x10°/Co)2ith

=4 A3 BOsE UM A9 CTEZF ozt HAska, Lib0E A7k =4 9
Ag-ol& CTEZF @AHA F7isete AFS Ho BAHORE Fod Aolg B
THp<0.05).
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Table 6. Tg, Ts and CTE of low-fusing glasses with adding Li;O and ByOs

Specimens Tg (C) Ts (C) CTE (x10°%/°C)
BOLO 561.5 £2.5 651.7 =84 10.77 £0.08
BOL2 488.0 +2.1 560.9 +4.5 11.53 £0.05
BOL4 462.6 +3.6 524.8 +4.3 12.13 £0.13
B2L0 564.9 +£1.3 639.2 +3.2 10.32 £0.11
B2L.2 493.4 +0.9 559.3 £3.9 11.11 £0.12
B214 465.9 +2.0 523.7 +£34 11.55 £0.25
B4L0 567.4 £1.2 638.3 £7.0 10.05 £0.09
B41.2 500.5 £2.2 560.9 *+4.3 10.58 £0.19
B414 469.4 +1.2 5254 *+1.6 11.06 +£0.27

Tg . Glass transition temperature
75 Glass softening temperature
CTE : Coefficient of thermal expansion
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3. HE AR

dAgste] AL AEAR 5 7HA 2AY fE ARE XA SEENTE
A% A9 sty AAs A= wet AA A gl ke Aol
AT BE 24 FHddA WFA(eucite) Ao AAHE HAoE FEEUOH,
Fig. 112 LbOZ 2.0 wt.% H7}3 L-2 249 #8Z 950ToA I8 A 59
XRD &4 Aot}

4, AAR3N= 9 IAZASF
MFA AR Ao mAE gy dAHE=e] dFS Fotstr] bl
F4 AAo AAFS Fig 129 Zow, oAL FEAE Uiv 7+ %A

=)}
o AAst A g sl X-A IJHEAM7IE ZAHT intensityE 4] [2]0] wha} A4k

4 - 4T A3 BE =AY fydA EAg
sy

7F 7V Egom, T olge] &%

=
DD
@)
o2
o
Do
o d
£
2
SN
nEL
N
r_\ﬂ

L-2 frale AAS=7} 64.2%2 7HE =on, &
28 E HAUEA ¥e L-0 +d7F 50.1%E 7+ wgka LiO7F 4.0 wt.% H7ME
5 575%F L-2 fEEt ot @ AAIEE HIYrh =g
0 wt%, 4.0 wt.% H7}3 N-2, N-4 =49 {2l AAsteE= ¢
53%= Na:0O A&< F7IE H7shA &2 felL-0Bt AAsIE=7F o F7st
Fout L0 8-S H71e A vis) 2 &3t Hdo

=3 b 2 AATE FE 4 L-2 249 FEE 50T SAEd A
o] AYAAFE (19.2+£0.4) X 10°/C(25~450C)2 == om, o] AFe} o]n A
AE 3T &2H82E 2HE FEY dHIATE VIeoE EFHE AAHEA
Aid AHEA e dBFAT -3 AT
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Fig. 11. XRD pattern of L-2 specimen heat-treated in 950°C for 1Hr.
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Fig. 12. Variation of relative crystallinity(%) with
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5. AA WA Fx

4% HF &Aooz oF 1523t AT & FAMAARBEEM e 23 A=
Fig. 133 #Zoh. Fig. 139 (a)+ L0 &S H7FehA 42 L-0 AlEE 950TC o A]
A 2 Aol SEM #EAel 1, (b= L0 d#2 2.0
S5 9B0TAA 2AZAZ Al e] SEM #ZA o,

Fig. 13 (@¢] W74 A4S AN W& 2k JA xHollA AAHo] 4=

FAREOR ARH] e AL FAT 5 Agom, L FEH] o}

0 8L 20 wt% AR M) A4S gl oa) f2el f540 AR
A RERT QAR FFo) £EHT AR A YT A/ e AT

of P Zu AP e BEIAcH oA AHHE WRY Z2AH] U
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8238 TH2.@ 18KV 1.88KX 18.8F B231 C-TH2. .0

ML-2

Fig. 13. SEM micrographs of specimens heat-treated in 950C for 1Hr ;
(a)L-0 and (b)L-2.
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6. AXEHEAS IAZAT

Adad 3

ofN

o] X7} =A(LFP04, LFP24, LFP44)e] @R ZAF+E =243 A=
Table 73 oy A=A dBFAF7E ZE2E] 13.0+£0.29x10°/Co] HES
st7] flsted WMFA AR FF FEe EHHE AHRE £
B2L4, B4L49] 79 0 wt.%, 8.0 wt.%, 10.0 wt.%= 3t}
Table 82 Wxw<¢l FEAFe dRZAFT A AAE GAAIA

o~
-
2 2 Aol Hol: Ze 747 Ag §E7 h2y] Rl How Brkd

%7t 5

Table 7. CTE of prepared low-fusing dental porcelains

CTE (x10°%/C)

Specimens Mixing ratio of glass frit [wt.%] (95-450°C)
LFP04-T BOL4: 95.0 + LCG: 5.0 12.86
LFP24-T B214: 92.0 + LCG: 8.0 13.20
LFP44-T B41.4: 90.0 + LCG: 10.0 13.06

Table 8. CTE of commercial dental porcelains

CTE (x10°%/C)

Products Lot # Manufacturer (25-450C)
Finesse*, DA3 96062029 Ceramco (USA) 12.36
Duceram-LFC*, TC  019/2 Ducera (Germany) 12.12
Duceragold*, A3D 0178/5 Ducera (Germany) 14.24
CeramcoIl, B3B 96021912 Ceramco (USA) 12.99
Vintage, A4B 120017 Shofu (Japan) 12.89
CeraMax, A3D 070414 Alphadent (Korea) 12.91

* [ndicate commercial low-fusing dental porcelains
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7. 893 =

AYFQA 3F9 AeaA XF=A(LFP04, LFP24, LFP44)9t thzT¢l 2F2

d

o
% A #(Ceramco Finesse; CF, Duceram-LFC; DL)¢] 3}8t# fa=S =43 2
= Fig. 149 2ot 383y feal=s 2UAE FFEA(g/aN=E EAEHY, 23
91 LFP04, LFP24¢} LF44¢°] 3}stad gfal=+= Z+hzt 37.3, 439 1813 49.2 pglen
o] th.

AP 38t4 gal=e B:0s F7FEY F7tel wat Frhek ouk 100 pe/n
o]&tZ SO 7]ZFo| AgsATh =3I =+ CF(G2.6 pglen), DL(70.8 pglem)=}
Hwaj A% 518H4 gafj =7t vol Wststdo] 43 Zlow AddTh

100
B Prepared LFC
an - [ Commercial LFC
=
=
T
=
£ 604
=
=
o
]
™ 40 4
g
=
15}
L
“
0
LFFPO4 LFP24 LFP44 CF oL
Specimens

Fig. 14. Chemical solubility of the prepared and commercial

low-fusing dental porcelains.
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APT hE2PY 2HPEE ZHT Ay Fg 159 2ok AP ALl
A7b=A) LEPO4, LFP24S} LF4d4e] 2375 247k 757 MPa, 74.6 MPa, 741 MPa
o]z tiz+< CF, DLY 33 %

rr
N
N
N
N
~J

7.7, 76.3 MPa©] 1T},

AT FRAEE BO; A F7bel wet ot Pashes AFe 2y
o1} 50 MPa o] g ISO 7]Zel Agstdnh. 1ela tizwel CFet DLET
Aol FHAE7} ozt ol BolA W o5 FIARE AloldE FAHOE #

o] o] & Ho|z UUTHP0.05).

100

a0 A

B0 A

40 |

Flexural Strength [MPa]

20+

LFFO4 LFP24 LFP 44 CF oL

Specimens

Fig. 15. Flexural strength of the prepared and commercial
low-fusing dental porcelains.
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9. F&-AZtY A¥HA=

AN

AT W22 FE-AY AYFE 54 A% Fg 163 2ok Ad2<
A& XFH=A LFP04, LFP24, LF449] A=+ 742t 24.53 MPa, 26.46 MPa,
27.92 MPao] L thzT<l CFe} DGE ztzh 31.71 MPas} 20.19 MPac] T},

A7 AR EE B3 H7MEo] 7185 ot AXNE AFES HolAw
SAHSR Fog zolE HolA gkthp>0.05). 1y tEwdl CFe o2 2
ol HlE FostA 2 #%e UL DG ASE fFosA e #e AU
(p<0.05).

40

35 1 [ Prepared LFC
[ Commercial LFC T
30 4
‘©
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=, 25 A
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c J
© 20
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= 15 4
=
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5 4
0 o T T
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Specimens

Fig. 16. Metal-ceramic bond strength of the prepared and commercial

low-fusing dental porcelains.
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LiO9t B:OsE H7FS 97FA A28 AA=ALE F29 Feldol=(Tgt
A32E(Ts)= L0 A7hEe] F7kel weh Zpzy 561TelA 462T, 652T A
524CE ZHAstAou B.0sE H7He A-gole W3yt A9 ATt =3 d3%
ACTE)= Li09 A7t wet ZA F7tstd o, B.0sE H7be A fee
OFt ZHAadte AEFES BT

2 AT BF freed wg AsE A7 a3 od LbOE 7S o &
g9 &F257F wobxl AL 1T F AU 1y B0z BEFLIE
(network forming oxide)o]®Al FA(fluxY HATS sl A= ¢EA Je=d,
Panzera®} Mead (1984)2] F#4 3= 2 B.0sE 78S wWe &% Tad
= BEEHA g

frael L0, KO, NaO, CaO &3 & wEF24kstEmetwork modifying
oxide)s H7istd fFele WEFEE #o] vl7tw 4FA(non-bridged oxygen)7f
7 = frEle o8 AAe MY & fele M=o Tg 2 TsE ZaAA

ex

B WFI 2SN 99FLS MM H9E YT AdAUG

Zachariasen (1932)ell oJstd 4t 2l F9 Si A= 25 4u]9) HHE
zkn QA Al 18EQL S AAE o)AE AR Y MY AALAE WE
ato] 1 ske 4709 Si Aot AgstH, E3F o] Si-0O-Si A% dE 5o W&
T2 E%] LbOE =6t o 2 §hgo ot ZHgto] dudtty B

Li
=Si-0-Si= + L0 — =Si-0(")_  "O(")-Si= [5]
Li
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[5]e] AellA o] Si Ao A NHarPA= BT Si-0-Si A7k Fgo
#odta Yge A2 Jlu AHA(bridged oxygen)Ebal HEt} o]o] thdle] W
of (M= FAIZ 44 A= 7t P4 dosta A gorEg HIta 4k
(non-bridged oxygen)gtal HEt}t. ZF Si0yo Li,OE =3t Si-O-Si Aol A
©xo] HZtal AbATE A7)l Tl Abas Agd 7kl AAE wiviE 3 %

53] Fezkg2 wig- ofstr] wZol fElel % tao] St ¢

rlr
=
N
S
El
>.

A Ao we} AerA AF(E=AS A xs7] Yall Tgrt 500C o]sko]ar Ts
7F 550°C o3}l BOL4, B2L4, B4L4e] 37}#] A9 F& AAI oM, AP
Aol AT 13.0x10°/Col Hx% WMFH A4 FF FLLCOt HA 1)

&2 Tt A2ad AREAS AxstL =4S HIIeATH

954 24 $F f2

FE5-AgY 8 AREAE AR dTAE ARAD B 24T 3T I
e By At AF=A o IAPA T S5 EAPA Tt 235
=5 zdstoof s, i A AA=A dAZAT= MF4Y(eucite) 2
Ao FFor xHsta JtHWeinstein, 1962).

WEa AL A $ AT 7P 2 AR A9E deHe] 9
BAA G 2do] Thssta frElsh ARG FHEASDE 2 7] Wl #3H
Aol AAFA ] Aol AFpatm qoxo] FebgAe] & 54&

FEE Al sl A7t AEste] tero] w3 AALS FdsH
HE, AZAA Adgs 22 g2z 9E s 2432 (Glass-ceramics)
Zgta o #E SOl 2R e ddsA AT AsiM = AR AAAE Felol
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Abstract

Manufacturing of Low-Fusing Dental Porcelain
for Metal-Ceramic Restoration and its Evaluation
Dae-Jin Ko

Department of Medical Science, The Graduate School, Yonsei University
(Directed by Professor Kwang-Mahn Kim, D.D.S., Ph.D.)

Metal-ceramic restoration is widely used as dental prosthetic materials, and it s an
aesthetic dental crown fabricated by which a dental porcelain powder is bult up and
fired onto a metal framework. Metal-ceramic restoration is called as porcelain-fused-
to-metal, and it makes up for the weak points in low toughness of ceramics with
metal substrate. It needs to decrease the firing temperature of dental porcelain
in order to eliminate the deterioration of metal properties and the color change
of porcelain, and recently there are many studies and commercializations of
low-fusing dental porcelain which can be fired below 800T.

The thermal properties such as glass transition temperature(Tg), softening
temperature(Ts) and coefficient of thermal expansion(CTE) of low-fusing glass frit
were measured by dilatometer to evaluate the effects of BOs and LixO added to
decrease the firing temperature of glass frit. The chemical composition and the
crystallization temperature of leucite crystal-contained glass were selected by
measuring crystal phase, relative crystallinity and microstructure.

Fnally three low-fusing dental porcelains were manufactured by mixing a leudte
crystal-contained glass and three low-fusing glass frits. And the properties of three
low-fusing dental porcelains were evaluated and compared with the clinically used
commercial low-fusing dental porcelains; Finesse(Ceramco Inc., USA), Duceram-LFC
and Duceragold(Ducera Dental, Germany).

Tg and Ts of low-fusing glass frit for controling firing temperature tended to
decrease remarkably with adding LixO, and CTE  decreased dlightly with adding BO;
but exceedingly increased with adding Li;O. For preparing low-fusing dental

porcelain, three low-fusing glass frits of which Tg was below 500 C and Ts was
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below 550 C were selected, and the test samples of low-fusing dental porcelan were
prepared by mixing three selected glass frits with leucite-contained glass to be
13.0x10°/°C(25~4501C) of their CTE.

For the experimental results of crystallization, the crystal phase was found only
leucite crystal in all of chemical compositions and heat-treated temperatures, and the
maximum relative crystalinity was 624 % in the glass compestion of SO 61.0 wt.%,
Al,Os 18.0 wt.%, KoO 16.0 wt.%, NaxO 2.0 wt.%, LixO 2.0 wt.% heat-treated at 950C.

The chemical solubility of the prepared low-fusing dental porcelains increased a
little with adding LiO, and the chemical solubility of experimental group met the
requrement of ISO standard which is below 100 pglen, and it was lower than that of
control group. The flexural strength of the experimental group met the requirement
of 1SO standard which is above 50 MPa, and no significant difference was found
between the experimental group and the control group of commercial low-fusing
porcelain. The metal-ceramic bond strength of experimental group was 27.92 MPa in
maximum value for the prepared low-fusing dental porcelain added BO; and LiO in
40 wt% respectively, and it was higher than that of Duceram-LFC but lower than
that of Finesse porcelain.

On the results of this research, a low-fusing dental porcelain of which firing
temperature is below 800C could be manufactured by using low-fusing glass frit
added 40 wt% LiO and 20 or 40 wt% B0 CIE of the low-fusing glass frit
increased with LiXO content but decreased a little with B;Os content. Therefore the
amount of leucite-contained glass could be raised for low-fusing dental porcelain in
case of increasing BOs; content. The flexural strength and bond strength of prepared
low-fusing dental porcelain met the requirement of ISO standard, and the chemical

solubility was very excellent.

Key Word : Low-Fusing Dental Porcelain, Leucite Crystal, Softening Temperature,
Glass Transition Temperature, Coefficient of Thermal Expansion,
Chemical Solubility, Flexural Strength, Metal-Ceramic Bond Strength
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