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Table 1. Materials used in this study

Material Brand Code Manufacturer
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PG 86 G  Goo Jung
PG 77 D  Dong Myung
Ni-Cr alloys Rexilium 1l R Generic
Excelalloy E  Excelo
Verabond V  Aalba Dent
Porcelains Ceramco C  Ceramco
Body Ch
Opaque Co
Vita VMK 638 V  HR GmbH
Body Vb
Opaque Vo
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Fig. 1. The cylindrical specimens prepared with the
dimension of diameter 5mm and legth 7nm(a :
metal specimens, b : porcelain specimens).
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Model TMA 1500).
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Fig. 3. Compression test(Instron Co, Model 420D).
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Table 2. Classification of specimen

Combination of alloy and porcelain Code
Ceramco & Verabond cv
Ceramo & Jelenko ‘O’ a
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Fig. 4. Dimension of ceramo-metal specimen.
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Fig. 6. Tension test(Instron Co, Model 4201).
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Fig. 8. Curves of thermal expansion for Ni-Cr alloys.




Table 3. Coefficients of thermal expansion for alloys

Range of temperature(C}

Meterial Code 100 - 300 — 400 500 600
J 17.18 1920 1886 1727 17.34
Au-Pd alloys G 15.68 1613 1647 1761 1897
D 1693 1750 1786 1632 1738
R 1568 1911 1979 1895 2009
Ni-Cr alloys E 1353 1660 1879 20.02 1909
\% 1386 17.13 1852 1831 2011
[u/c]
_ . _ 25 r (o
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FAE BY.
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Fig. 9. Curves of thermal expansion for Ceramco por-
celains(Co : Ceramoo  opaque, Cb : Ceramco
body).

NN
S wn
1

—
o

Thermal Strain x10™
s

v

o

1
w

1 1 L 1 )
0 1 2 3 & 5 6 7 8 9 10
Temperature x100°C

Fig. 10. Curves of thermal expansion for Vita porcelains
(Vo : Vita opaque, Vb : Vita body).
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Table 4. Coefficients of thermal expansion for porcelains

Range of temperature(C)

Brand Code 100 - 200 - 300 — 400 - 500
Ceramco Co 795 1452 2136 2497
Cb 1147 1816 2715 30.78
Vita Vo 1125 1818 2129 34
Vb 7.72 1193 1942 2043
Lu/c]

Table 5. Glass transition temperature of porcelains

Brand Code Te(C)
Ceramoo Co 51299
Cb 52329
Vita Vo 55793
Vb 567.85
; 580
= i
560 —
5401
520} ﬂ
500 l_l
Co 4] Vo Vb
Specimen

Fig. 11. Diagram of glass transition temperature of por-
celains,
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(=), Vita EAdlE F(+)9 3JA+E Bt
(Table 6).
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VitaT Al A e 2.71um /mE JEFTH Table 7).
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Table 6. Thermal compatibility index of alloys vs opaque porcelains

Alloys
Porcelains ] G R E '
Co 128 038 149 065 065
Vo -075 —173 -127 ~—051 —144 —144

Lu/]



Table 7. Thermal compatibility index of opaque vs
body procelains

Opaque and body procelains

Ceramco

Vita

—205 271

kg/mm’
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uST
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Fig. 12. Stress-strain relations of opaque porcelains of
Ceramoo Co(Co : Ceramoo opaque).
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Fig. 13. Stress-strain relations of body procelains of
Ceramoo Co(Cb : Ceramco body).
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Fig. 14. Stress-refations of opaque porcelains of Vita

Co(Vo : Vita opaque).
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Fig. 15. Stress-strain relations of body porcelations of

Vita Co(Vb : Vita body).

AlH M= Cb: 6475.43kg /mm?, Co : 3796.57kg /
m?, Vita%A AHAAMHE Vb 8018.10kg /mm2, Vo

 5385.77kg /m2o. 2 Uebytch,

FAA #9489 A58 EH CbH Co, Vbt Vo
Abololl e RAFFE 0=0.01 24 EAgRcs
+9% Aol BPR(P<0.0D), Cbst Vb, Cost
Vo Aol Me fo4E 0=0.052% FASHS
2 #9988 zeols EAHP<0.05)(Table 8, Fig.

16).



Table 8. Experimental modulus of porcelains
determined from the compression test

Code  Sample no. Mean S.D.
Co 5 379657 22535
Cb 7 647543 694.04
Vo 6 5386.77 694.04
Vb 8 801810 46038

(kg /mmz]
o 10000
[
€
2
8000} *

Stress
-

6000}

4000 | ¢
2000 1 . ! —L—
o 4] Vo Vb
Groups

Fig. 16. Diagram of Young's moduli of porcelains deter-
mined from the compression test.

=]
EL

_?__l

0j0

3. =X —=% system o] ¢ 2 B2

D #R %1 23

=AY F&19 AFSEHES FF37] Ao
€ A H(Fig. 6)9 F4F¢& A% gojojEs
AG7IZ At T B HYES SH
A, HAELS CV:210.250ST, CJ: 188.67u ST,

VV :307.25u ST, V] :284.50uST=Z e

&&e 498 ¥ =4 ¥4 Yehte HYE
Atolol BAIA Heo48e HEE A, CVe VY,
CIs} VV, V] Alolell fol¢E 0=0.05 24 #2938
2pol g B THP<0.05).
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2R #98 Folg HATHP<0.01)(Table 9,
Fig. 17).
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335 WY 59 #AE =AY (Fig. 18—23).
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Fig. 17. Diagram of residual strains of ceramo-metal
specimens in the porcelain surface,

0 :
v

Table 9. Residual strains and stresses in the surface of ceramo-metal specimens

Strain(uST) Stress(kg /mm?)
Code Sample no. Mean o S.D. Mean sD.
cv 6 21025 3550 136 023
o) 4 18867 1498 122 010
2% 6 30725 5334 246 043
V] 4 28450 2370 228 0.19
[p/]
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Fig. 18. Diagram of the tensile loads and strains of
the porcelain surface and metal surface(CV
* Ceramoo - Verabond).
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Fig. 19. Diagram of the tensile loads and strains of
the porcelain surface and metal surface(CV

* Ceramoo - Verabond).
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Fig. 20. Diagram of the tensile loads and strains of
the porcelain surface and metal surface(CJ
Ceramco - Jelenko).
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Fig. 21. Diagram of the tensile loads and strains of
the porcelain surface and metal surface(VV
* Vita - Verabond).
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Fig. 22. Diagram of the tensile loads and strains of
the porcelain surface and metal surface(VV
* Vita - Verabond).
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Fig. 23. Diagram of the tensile loads and strains of
the porcelain surface and metal surface(V] @
Vita - Jelenko).
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Table 10. Tensile stregths and strains of the porcelain and metal surface of ceramometal

specimens
Sample Bond strength Strain of porcelain Strain of metal
Code (kg) surface(uST) surface(uST)
no. Mean S.D. Mean S.D. Mean S.D.
cv 7 74 051 75114 7955 74586 1340
] 4 595 044 82850 7587 128625 11503
\'A" 6 872 047 899.83 12924 928.16 85.62
A 4 623 046 83350 2641 147375 23886
fu/c]
Table 11. Tensile stresses of the porcelain surface of
10 B Strength 12000 ceramo-matal specimens.
2 O strain 5
2 B 2
<8l L1600 Code Sample  Stress of porcelain surface(kg /mm?
g 8 no. Mean S.D.
sk li200 Cv 7 486 052
a 4 536 049
of 1 s00 w6 722 104
\j 4 668 020
r 1 400
plM piM plM plu 10, Fig. 20). TA9 s@A o] Yehtes 49
v 3 vV Vi 0 ZgRel WHEL CV: 745.86uST, CJ : 1286.25

Group
Fig. 24. Diagram of tensile strengths and strains of the
porcelain and metal surface of ceramo-metal
specimens,

gy AYA == CV: 7.34kg, CJ © 5.95kg, VV !
8.72kg, V] :6.23kgo 2 JEINith SEAE F
AR f98& AFS 23, e UmA F3de
FAFE 0=0.012H FAZHLZE F% Ao
£ B31(P<0.01), CVst CJ, V] Atold 9
FZF 0=0.024 FALHLZ {FAF Aol&
BYH(P<0.05)(Table 11, Fig. 24).

QA 3 =A)e] HEA Y HHEL CV
: 751.14uST, CJ : 828.50uST, VV : 899.83,ST,

V] : 833.50uSTS. 2 YEIRT. FAH RI4&
A& FA, CV S VV Abeld] fo4E 0=0.01
2N BARHcE F9% Aolg HIAZP<O.
0D, CVSl CJ Atolol A f-e&E 0=0.06 22X F
At oz #23 Zol& HATHP<O.05)(Table
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uST, VV :928.16uST, VJ: 1473.75uST2.2 L tE}
g 543 f94L A5 2+, oV, VW&
C] VIZH f94FE a=0.0124 FAgH=
fo8 AolE R ArHP<0.01)(Table 10, Fig.
24).

Z24E gAdASe H¥EREH =4 2HY
£8g A A, CV:4.86kg/mm?, CJ:5.36
kg /mm2, VV :7.22kg /mn?, VJ:6.68kg/mm2o 2 1}
Eistth, BAA 948 A5 24, Vv VY,
V] Alelol A f4FE 0=0.01 24 FATFHE
#2 g Zol& R YHP<0.05) (Table 11).
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oM ZAe vzy de AL 7HAH o)
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B4 9BATAHL TAY A4 Fed
E=7eA A AAAA B FFS BIAAY,
EAE deozRH f3 2xd 28 97A
Aol Y BFAEL BYh AnusaviceFVE
434 A9 933 A9 Aolrt 1.7~2.2u/T
4Y o AYAES} AT § Y8 RAHAT
LundS9¢ @93 FHo2Ry =49 #g
LEE AR F, S5 A9 EBFASTE 100
T Fez EARR e, F&53 A9 g9F
A9 Aol 1.6u/T ojstEta By, £
AP E 10C2RE /3 25714 F&3
A9 dBFASLE FIEeH, gFFASFE
&3 A ZolE BPoY, #3 &
RZA F43} opaque EAL GHAF e Fole
Hol 1.73um/mz & X}o]& Ho)X it
ZA —F4 system oA =R} S50 4BF
F3 9 Aol o H23E A3 §J3td,
Tuccillo®} Nielsen'5*& strip technique® A}
o] A2 BAste IFSEHY EAE TF
3931, Ringle™, Caputo$®L Z=A—F% -
ripd G435 Aol & e $HE E
As7l 3t AFAFY NS EUSAL,
Twiggs¥& F9 Wi ©e dAYAF] ¥
g BFsgen, Farhurstd?2 439 43 6
Z9 2A0e IHZFASLE S A F
&3te] dHFAFE AR GFFAFE
B4 FoeA FE3 gdud=el A g
o, FairhurstS®, AnusaviceS?2 A% A4E

Fato AEsAh. EHFAFCDY A4 H

ul
=



g8 AR ¥4, Z2F4Y 2 IAEx T
gEsr, A —-F% stripd dole W3E Ve
ok, 49 Q3FAFE ZA-FF stripd =4
Well HA 339 ¢F IAHF-FHE oAAH,
&9 €38 AFe dF ¥ YHE oA
Atk & AT7dME 6% 457259 =AY
AAFES ANt 93 A2 FE3Jed,
4% Ceramcortd] opaqueEAdME Fo =2,
Vitar}e] opaqueEAAAE Loz Ve,
bodyX A ¢} opaqueX A Alele A= Ceramco=H)
ANE L2, ViaEAddas Foz Ve
™, Fairhurst$9] A7}9} fAMSE S8 BJd.

Strain gauge] 2]¥ W EEHE A EA9
$8& ALY o =A% 4E: A¥ES
ANgtaen, H2AFYPE L5 Y4 A
FEol A BAE Ze RELENH EA49
BAALE TIHY. 249 SAA S Bl
Dérand™-2 8.16X10°%g / mn?, Anusavice’s™®2 7.02
X10%kg /mn?, Tesk®™L 8.43X10%g /mm2E o] &
ek, B AFAME 14 £43% 39 4 &
AAFE &AL, Co:3.80X10%g /mn?
Cb : 6.48X10%g /mn?, Vo : 5.39X10%g /mn2, Vb :
8.02kg /mm22. 2 gpaque=A 9} body=A Alo]el A
Fog Aelg B YoHP<0.01).

FEU ZFESELe F2 AN =4 2HAY
F4E A A8A obrlEy, kst AP
=AY &4 Fo AALL® =A-F& FEE
od Jelte =4 Wi FAFsYPLS A9 F
%7t @YAAFY P32 AFIYeH, &
A} B4 2E9Y AL s @9ZA
FE AAAAE Fthe o]EF FAW =AM
EAF] e AFH AFEYo HEHEF 3}
dop Foe o] AZHL Joh.? =AY F
&9 QYA =A9 ®FHA) & AFLHo
BUEE 37] g SAFAFI ¥ %S
FEE JY3leol & A2z Algdd.

FFTEE FRse PHozE X-raydA S
0] 83 MBI B strain gaugeE ©]&F o)
SIPOF ol AUtk X-raydd e @4 WFPE)
&% 7lest, % Zol7F 10~30um o) B33}
22 #3539 $9< 338 5 on, 2me FL
dge) FAo] Jtsdlmr TR s £ &9

_79_

£ &30 7MEsA T, AlHo)
FA49 olggo] glen, ¥4
gZ A7 s A o)
=g W7A AEE AAS Folof &t} strain
gaugeE o8 ZIAF 39 3L 22X
e &9 FH) strain gaugeE H3F
He] AFE AAS A Uz 2R
FEAIE Sl or as &3
Ao, gauges] Z7], AEAlY Y=
1Y So] BAAE

ZHEY &4 #3ld, Baghys®L X-ray3
B o83t E=A—-FF stripd EHAIFAFY
Aol 2§ A{FEY A& AEFHoY 528
<89 AolE HAFA 3P, Dérand™ e st-
rain gauge® AME-3le] =4 XWHo AFEY &
e NESY =4 FAd 4 FFLH 4
Bt B8R, Tuccllo$t Nielsen®™ 2 stri
technique$ AF8-3td T E9f & T RS FHo
Ueldg Hustgor, Lunds®2 ZAH$H
FEET} opaque= Aol B o ERT T Husgo
9, Lund5®< 2758 F5H 1} opaque= A 9
o g&sida FHd. B AFIAME  strain
gauge® AH8-3 4E BHFIY FH L AxIY
3, ¢ ZH5¢HEL CV: —1.36kg /mm?, CJ: —1.
22kg/mn?, VV @ —2.46kg/mm?, V] :@ —2.28kg /mn?,
22 Ceramco=A e Z-¢ET} Vita®A9] 79l
o ZA YeEs.

EA-a&53e] AReEH 2P FA) )&
E AHol &3t ¥R, bimaterial strip® %

, split ring*"*, semicircular arch®’, disc** porce-

lain - coated ring® 59 oJ2j7}x] 7} o] &
At EAAZFZAY FE559 FAN e
AR, gold alloydl 5] Mumford®E 0.3~
0.4mm =, StrausbergFT® T H2 0.5mE A
AR, ¥ FAF S thdted Hobb® & 0.3mm, Mi-
e’ Ax)9l ¢HL A 0.3m, AX o] A
Add, 283 F8 ZFAL 0.5mE FHs}
R, Weiss®= Bl AT EH9] 38 5 SdAASS
FEZ=E 18dtd 5459 FAE 0.1~0.2m
g FH3A o, Anusavice®= EANARF2 T
& A BE 8L SFHEAHS APy

4t

o
£l

i
W g > 3

mﬂﬂﬂa

-—

flo

79

:Q,nu lf



A
T

£ dFdME =459 A& 0.3mm, Y
w2 22E 0.5m7 HEE 45Y ANHE A7
gtgom, 1 §o opaquex=Ae FAI}E 0.2mm,
body=A 8] FA7} 0.8m7} H=S Y53 AjHe
BEe 22 A

A9} 5439 AFAEE SAs)] 9o,
Dehoff¥2 953 ZA-8% A9& AFdo
ol£#<l i strain gaugeE AHRElY =X H
H) SHE EHYT T FF2AHE o] 83 58
F3e BAEUT, Coffeys®e 44 FUANEL
ot EHZAFY Rxel YA&EEIE EA)
53 2 vAe e #EE 9
A Aee 38 ARA= YA ARy
9 ZA vYebg g B3t £ 7N e 2
F FA dERNE AAT F FINF50N YZAR
BA4Y 9B AREEE ST =4 HA
J Jelues FRAEE F£9 4 AFS F
TET HAFS 294 9 ZA Jesa, =
A A5 w83 .2t B3 4% AFSH
o 2A vehd =AM o & Z=E BT
=AY shEAe Jetvde =4 EHe o WA
FES AHHY, CV:754.14uST, CJ: 828.50u
ST, VV : 899.83uST, V] : 833.50uST o2 Wy &
o] ¢ 750~900uST Y o ZAjoll m}do] doiyt
om, Ztzte] HAA 9 EH $8-& CV:4.86ky
/mm?, CJ . 5.36kg /mm2, VV : 7.22kg /mm?, V] : 6.68
kg /m?2 2 Ceramco EA R} Vita= Aol o] &
#e BHch

EA—-F&% AFEEe AF¥Axd A=
P B2 HFE T oy, I93Y
Zol7t A= WA e ¢S gotdlr) g8
Me 349 2 FAPol AX HAAPAA F
Fo] FH3}= SYFY mofo) AP ojor &
Roz Algdt.

=2

[—

|

=39 4
B7FstAL, st-
rain gaugeE AHEEd AFAYPe o =A9

_80_

@ATE SN, FHE AW F5

Aedtd =4 34 Yehues AF3Ye

sdgon, =g F43e] A AR EE

3o e ge FAES AU

1. 59 43344 100C2RE 600C7HA 9
% FlA H4 13.53u/T, HW 20.11p/
C2 ey, =Ae 493A+E 100C2
HE 500C7HA H& 7.73u/C, Ho 31.24p/
TE Jeyd.

29 fEE 2EE 2EASSEY ¥l

#Agel FAME e BPen, =A% B4

el €3 2z F45EY A o8 o

go] ©] A Jelwt.

=8 G434+ opaque=A R body=A ol

A o ZA e tH(P<0.01).

A B9 Yehts {88 F4E0 &

A2 7 g3 o ZA 4FL e e

2o

. EAS 470 2RA=E ATSEY T
B 894 o ZA Jebda, mEAe] U
ehie =4 2YW $89& TA9 FH/ ot
z}olE R Y.

&g
%3
%7

REFERENCES

Cascone, P.J. . The effect of thermal properties
on procelain to metal compatibility. J. Dent. Res.
58 . 682, 1969.

Anusavice, K. J., Twiggs, S.W., Dehoff, P. H, and
Fairhurst, C.W. : Correlation of thermal shock
resistance with thermal compatibility data for po-
rcelain - metal systems. J. Dent. Res. 61 : 419,
1982.

. Fairhurst, C. W. Anusavice, K. J., Ringle, R. D,, and
Twiggs, S.W. : Porcelain-metal thermal compati-
bility. J. Dent. Res. 60 - 815, 1983.

Anusavice, K.J., Dehoff, P. H,, Twiggs, S.W., and
Lockwood, P.C.: Thermal shock resistance of
porcelain discs. J. Dent. Res. 62 . 1082, 1983.

. Miller, L.L.: Framework Design in Ceramo-
metal Restorations. Dent. Clin. North Am. 21 : 4,
1977.



10.

1L

14.

15.

16.

17.

18.

19.

Caputo, A. : Effect of surface prepartion on bon-
ding strength of nonprecious and semi - precious
alloys. J. Calif. Assoc. 6 . 42, 1978

. Shell, J. S, and Nielsen, J.P. : Study of the bond

between gold alloys and porcelain. J. Dent. Res.
41 : 1424, 1962.

. Nalley J. N. : Chemico - physical analysis and me-

chanical test of the ceramo - metallic complex. Int.
Dent. J. 18 : 309, 1968.

. Anusavice, K. J,, Ringle, R. D., and Fairhurst, C. W.

: Bonding mechanism evidence in a ceramic
non - precious alloy system. J. Biomed. Mater.
Res. 11 701, 1977.

Baran, G.R. : Phase changes in base metal alloys
along the metal porcelain interface. J. Dent. Res.
58 : 2095, 1979.

McLean, J.W. : and Sced, LE. : Bonding of den-
tal porcelain to metal. II . The base metal al-

loy / porcelain bond. Br. Cearam. Soc. Trans. 72
235, 1973.

. Kashiwase M. : Effect of metal surface prepartion

on bubbles in metal ceramics. Shikwa Gakuho
78 1 1171, 1978.

. Guinn I, J.W. et al - The Effect of cooling rate

on the apparent bond strength of porcelain - metal
couples. J. Prosthet. Dent. 48 : 551, 1982.
Dehoff, P.H.,, Anusavice, K.J, and Boyce, R.J.
: Analysis of thermally - induced stresses in por-
celain - metal systems. J. Dent. Res. 62 . 593, 1983.

Hull. AW. and Berger E.E.: Glass to metal

seals. Physics 5 : 384, 1934.

Zackay, V.F, et al : Fundamental of glass-to-
metal bonding. J. Cera. Soc. 36 - 84, 1953.
Al-Jassim G. A, et al . Oxidation effects on the
metal - porcelain bond of palladium - silver and
base metal alloy. J. Dent. Res. 61 : 284, 1952.
Mitoff, S.P. . Fundamentals of glass to metal bo-
nding 1I. Reactions of tantalum and sodium sili-
cate glass. J. Am. Ceram. Soc. 40 . 118, 1957.
Von Radnoth, M. S, and Lautenschlager, E.F. :
Metal surface changes during porcelain firing. J.
Dent. Res. 48 : 321, 1969.

_81_

20.

2L

22.

26.

27.

28.

29.

30.

3L

Nally, J. N,, and Meyer, J. M. . Chemical bonding
in the porcelain baked to metal technique. J. Dent.
Res. 50 - 760, 1971

Moffa, J. P., Lugassy, A. A, and Gettleman, L. * An
evaluation of nonprecious alloys for use with por-
celain veneers, Part I. Physical properties. J.
Prosthet. Dent. 30 : 424, 1973.

Daftary, F., Pameijer, C,, and Karfman, E. . Pret-
reatment effect of metal - porcelain bonding of no-
nprecious dental alloy, J. Dent. Res. 59 : 1011,
1980.

. Anusavice, K. J. : Noble metal alloys for metal ce-

ramic restorations. Dent. Clin. North Am. 20 °
798, 1985.

. Avery, J. K, Visser, R. L, and Knapp, D.E. : The

pattern of mineralization of enamel, J. Dent. Res.
40 : 1004, 1961

. Carpenter, M.A. and Goodkind R.].: Effect of

varying surface texture on bond strength of one
semiprecious and one nonprecious ceramo - alloy.
J. Prosthet. Dent. 42 . 86, 1970.

Lubow, R. M., and Looley, R. L. : Effect of air po-
wder abrasive instruments on Restorative mate-
rials, J. Prosthet. Dent., 55 : 462, 1986.

Tanaka, T., et al  Surface treatment of nonpre-
cious alloys for adhesion fixed partial dentures.
J. Prosthet. Dent. 55 : 456, 1986.

Shell, T.S,, and Niesel, J. P. : Study of bond bet-
ween gold alloy and porcelain, J. Dent. Res. 41 :
1424, 1982.

Phillips, R. W. . Skinner’s Science of Dental Ma-
terials. 8th ed., 334, W.B. Saunders Co. 1982.
Fairhurst, C.W,, Hashinger, D.T,, and Twiggs,
S.W. : Glass transition temperatures of dental
porcelain. J. Dent. Res. 60 : 995, 1981

Tesk, J. A, Hinman, R. W, Whitlock, R.P.,, Hol-
mes, A, and Parry, E.E. | Temperature depende-
nce of shear viscosity for several dental porce-
lains. IADR. Progr. & Abst. 60 : No. 839, 1981.

. Ringle, R.D. : Hashinger, D.T. ! Anusavice, K.J.

. and Fairhurst, C. W. . Thermal contraction be-
havior of alloy - opaque porcelain - body porcelain



37.

39.

41

42.

systems. IADR Progr & Abst 58 . No. 606, 1979.

. Kuwata, M. : Theory and practice for ceramic-

metal restorations, Quintessence Pub. Co, Chi-
cago, 1980.

. Yamamoto, M. : Metal Ceramics, Principles and

method of Makoto Yamamoto, Quintessence Pub.
Co., Chicago, 1985.

. Tuccillo, J.J. and Nielsen, J.P.: Shear stress

measurements at the dental porcelain - gold inte-
rface. J. Dent. Res. 51 - 626, 1972.

. Bertolotti, R. L. : Calculation of interfacial stress

in porcelain - fused -to metal systems. J. Dent.
Res. 59 : 1972, 1980.

Tore Derand : Residual stresses in metal - cera-
mic crowns. J. of Oral Rehabilitation. Vol. 8 © 69,
1981

. Baghy, M. : Marshall, S.J.: Marshall Jr, G.W.

. Residual stress in two alloys during porcelain
application X -Ray Stress-strain determ ination,
fracto graphy - 255, 1988.

Lund, P.S, Goodkind, R.], and Swanson, S.:
Residual stress in several ceramo - metal systems.

J. Prosthet. Dent., 62 . 278, 1989.

. Dehoff, P. H., Anusavice, K. J,, and Hathcock, P. W.

. An evaluation of the four-point flexural test
for metal - ceramic bond stength. J. dent. Res: 61
: 1066, 1982.

Anusavice, K. ], Dehoff, P. H., Gray, A. ° and Lee,
R.B. ! Delayed crack development in porcelain
due to incompatibility stress. J. Dent. Res. 67 :
1086, 1988.

Bridger, D.V,, and Nicholls, J.L * Distortion of
ceramometal fixed partial dentures during the
firing cycle. J. Prosthet. Dent. 45 : 507, 1981.

. Bridger, D.V., and Nicholls, J.L ® Distortion of

ceramometal fixed partial dentures during the
firing cycle. J. Prosthet. Dent. 45 507, 1981.

. Hobo, S. © Distortion of occlusal porcelain during

glazing. ]. Prosthet. Dent. 47 : 154, 1982.

. Gavelis, J.R, et al : A comparison of the bond

strength of two ceramometal systems. J. Prosthet.
Dent. 48 © 424, 1982.

_82_

46.

47.

49.

51

52.

55.

59.

=] O
. e

Coffey, J.P., Anusavice, K.J., Dehoff, P.H,, Lee,
R.B. and Hojjatie, B.: Influence of contraction
mismatch and cooling rate on flexural failure of
PFM systems. ]J. Dent. Res. 67 : 61, 1988.
Dehoff, P. H,, Anusavice, K.J. : Analysis of alloy -
porcelain compatibility using multi - component
material strip equation. J. Dent. Res. 64 : 1337,
1985.

. Timoshenko, S. © Analysis of bimetal thermostats,

J. Opt. Soc. Am. 11 : 233, 1925,
Tesk, J.A. et al : Effect of porcelain / alloy inter-

facial diffusion zones on thermo - mechanical st-
rain. J. Dent. Res. 62 . 585, 1983.

. Twiggs, S.W., Anusavice, K. ], and Fairhurst, C.

W. ! Effects of cooling rates on porcelain - alloy
compatibility AADR. Progr. & Abst. 59 © 350, 1980.
Ringle, R.D., Webber, R. L., Anusavice, K. J., and
Fairhurst, C.W.: Thermal expansion/contrac-
tion behavior of dental porcelain-alloy, LADR
Progr & Abst 57 . 294, 1978.

Ao, A5, Hds =A YZAH o)
7} FE-=AL €93 47 AT o)
Ae 9. dPNARE )R] 28 165, 1990.

. Twigg, S. W, Searle, J.R, Ringle, R.D,, and Fai-

rhurst, C.W. ! A rapid heating and cooling rate
dilatometer for measuring thermal expansion in
dental porcelain. J. Dent. Res. 68 . 1316, 1989.

. Dederich, D. N., Svare, C. W,, Peterson, L.C,, and

Turner, K A. : The Effect of repeated firings on
the margins of nonprecious ceramometals. J. Pro-
sthet. Dent. 51 ! 628, 1984.

Buchanan, W.T,, Svare, C.W,, and Turner, K. A.
: The effect of repeated firing and strength on
marginal distortion in two ceramometal systems.
J. Prosthet. Dent. 45 : 502, 1981.

. Cullity, B.D. © Elements of X - ray Diffraction. 2nd

ed., 1977.

L 8EE XA AdE. HEERAl, 199.

PZ2EQ AlolA —olg&d $8-—.
1988.
Doyle, J.F., Phillips, J. W. : Manual on Experime-

ntal Stress Analysis. SEM, 1989.



61.

62.

®a

69.

70.

7L

72.

73.

74.

75.

. Asaoka, K., and Tesk, J. A. : Transient and resi-

dual stress in a porcelain - metal strip. J. Dent.
Res. 69 © 463, 1990.

Nielsen, J. P. and Tuccillo, J.J. - Calculation of in-
terfacial stress in dental porcelain bonded to gold
alloy substrate. J. Dent. Res. 51 : 1043, 1972.
Crandall, S.H, Dahl, N.C.  An introduction to
mechanics of solid. 2nd ed., McGraw Hill, 1972.

S, AEV ZFEAE. 1986.
LB, LA L AAAL X84, 1987,
. William J. O'Brien . Dental Meterals - Properties

and SElection. Quintessence Co., 1989.

. Craig, R.G. . Restorative Dental Materials. 7th

ed., Mosby Company, 1985.

. Hamaguchi, H., Cacciatore, A., and Tueller, V.M.

: Marginal distortion of the porcelain bonded to
metal complete crown. SEM Study, J. Prosthet.
Dent. 47 © 146, 1982.

. Bryant, R. A, Nicholls, J. K. : Measurement of di-

storations in fixed partial dentures resulting from
degassing. J. Prosthet. Dent. 42 : 515, 1979.
Anusavice, K.J, et al © A thermal shock test for
porcelain - metal structures. J. Dent. Res. 59(A) :
431, 1980.

Anusavice, K. ], et al . Interactive effect of stress
and temperature on creep of PFM alloys. J. Dent.
Res. 64 © 1094, 1985.

ABE o Algtg = F8. MEE&aAL, 1983
Kingery, W.D.,, Bowen, H.K,, Uhlmann, D.R. :
Introduction to ceramics. Cambridge, masschuse-
tts, 1975.

AER, FE I NE g2 ARG £4],
A7 A TEH A 16119, 1989.

24, A I AFHE GPg ARG B4,
A2 A] 16 : 33, 1989.

Robert J.D,, Preston, J.D., Moffa, J.P., and Ca-

—83.—

76.

71.

78.

7.

8L

82.

85.

puto, A. : Effect of oxidiation on ceramo - metal
bond strength. J. Prosthet. Dent. 47 - 59, 1982.
Anusavice, K. ], Dehoff, P. H., and Fairhurst, C. W.
: Comparative evaluation of ceramic - metal bond
tests using finite elements stress analysis. J. Dent.
Res. 59 : 608, 1980.

Tesk, J. A, Whitlock, R. P, Widera, G.E. O,, Hol-
mes, A, and Parry, E.E. | Consideration of some
factors influencing compatibility of dental porce-
lain and alloys. Part I : Stress. in Precious me-
tals. Proceeding of the 4th international precious
metals institute conference, McGachie, R. D. and
Bradley, A. G, Eds, Toronto, Ont., Canada - Per-
gamon Press, 1980.

Eckard macherauch : X -ray stress analysis. ex-
perimental mechanics. 1966.

Dorsch, P. : Measurement and calculation of st-
ress in metal - ceramic systems. J. Thermal An-
nual 21 : 89, 1981.

. Bertolotti, R. L., Fukui, H. : Measurement of sof-

tening temperatures in dental bake-on porce-
lains. J. Dent. Res. 61 : 480, 1982.

Oram, D. A, Davies, E.H, Cruickshanks - Boyd
- Fracture of ceramic and metalloceramic cylin-
ders. J. Prosthet. Dent. 52 : 221, 1984.
Mumford, G. : The porcelain - fused - to metal re-
storation. Dent. Clin. North Am. 9 : 241, 1965.

. Strausberg, G, Katz, G, Kuwata, M, . Design of

gold suporting structures for fused - to porcelains.
J. Prosthet. Dent. 16 : 928, 1966.

. Hobo, S, Shillingburg, H.T. : Porcelain fused to

metal - Tooth prepartion and coping design. J.
Prosthet. Dent. 30 : 28, 1973.

Weiss, P.A. | New design parameters : Utilizing
the properties of nickel - chromium superalloys.
Dent. Clin. North. Am, 21 : 769, 1977.



—Abstract—

AN EXPERIMENTAL STUDY ON THE RESIDUAL STRESS AND
BOND STRENGTH OF CERAMO-METAL SYSTEM

Gi-Jin Kim, D.D.S., M.S.D., Tae-Seong Bae. M.E,
Kwang-Yeob Song, D.D.S., M.S.D., Cham-Woon Park, D.D.S. Ph.D.

Department of Prosthodontics, College of Dentistry, Chonbuk National University

This study was carried out to investiagate the residual stress caused by the mismatch of thermal expansion
and the bond failure resistance of alloy-porcelain specimens.

The thermal expansions of alloys and porcelains were measured by using a straight push-rod dilatometer.
Porcelain glass transition temperatures, thermal expansion coefficients, and thermal compatibility indices were
derived from length-versus-temperature curves.

Strain gauges were used to experimentally determine the Young's moduli of porcelains, the residual stresses
of porcelain surface, and tensile bond strengths of the specimens of simulated porcelain metal crown.

The obtained results were as follows -

1 The ovefficients of thermal expansion for alloys were the minimum of 1353u/C and the maximum of
2011p/C in the range of 100~600C and those for porcelains were the minimum of 7.72u/C and the
maximum of 312414/C in the range of 100~500C.

2. The glass transition temperature of porcelains exhibited the same value without any relation to the heating
rate, and the thermal disharmony of porcelain and alloy was more affected by porcelains than by the alloys.

3. The Young's moduli of body porcelains were larger than those of opaque porcelains(P<<0.01)

4. It seemed that the residual stresses of porcelain surfaces in the porcelainalloy systems were more affected
by porcelains than by alloys.

5. The bond strengths of the procelain - base metal alloy systems were larger than those of the porcelain - precious

metal alloy systems. The fracture strengths of porcelain surfaces showed significant difference between porcelains

(P<005).



