therx|utr |Zste|X| M33E i3S 2011 185

EA1824 Ni-Cr $23 Co-Cr §2¢) 20| B
AGARAE B

ohxi M, 1 2 &% = 7 X

YRt A7, YAt Ae

Comparison of Shear Bond Strength of Ceramic Fused to Ni-Cr and
Co-Cr Alloy by Heat Treatment

Jae-seok Ahn, Eun-Kyung Ko*, Kyu-Ji Joo

Gwangju Health College
Gwangyang Health College*

[Abstract]

Purpose: This study was to evaluate the shear bond strength of the ceramic fused to Ni-Cr alloy(Bellabond plus)
and Co-Cir alloy(Wirobond C) by heat treatment.

Methods: Metal specimens were divided into 5 groups for each alloy according to heat treatment conditions prior
to porcelain application. Fifteen specimens from each group were subjected to a shear load a universal testing
machine using a 0.1mm/min cross-head speed and one specimen from each group was observed with EDX line
profile.

Results: The diffusion of metal oxide observed far in the specimen heat treated than no heat treated in the opaque
layer. The shear bond strength measured highest to BP3(50.50mr), WC2(50.49r) groups and measured lowest
from BP1(35.19mma), WC1(39.66Mm) groups which were not treated with heat, and there was a significant
difference (p<0.05).

Conclusion: The shear bond strength of Ni-Cr alloy(Bellabond plus) and Co-Cr alloy(Wirobond C) measured

similar 5 groups all.
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I. M

[

AL 223H Porcelain Fused to Metal Crown:
PFM)Z w49 43 7|43 4431} =4 (Dental
Porcelain)®] Anl/do] 2314 ojF&=4 7t o4 A%
& Ho|F= EEY sho|t,

CAGRFE2IE TS o 2e Ni-CrA
Co—CrAl &=, Ti, Ti-6A1-4V T=S AME3HL
F2443 22do] 9428 Ni-Cr o] 2 AR-E o]
SO Niz AR/, dejA|, 2wk 9 Al Z=/d
< el Ni-Cr-Be 29 Bed
stel At oA WA= wAl B39 & Al '
FEA HEgkE A 4 Qlo feliAde] =AI7E Ear
A th(Kuschner, 1981; Tsalve®} Zaprianov, 1983).
Co—Cr T2 Crol gego] oug 3% 2=7F =11
T2 3 uj=A AAZF oA FARE Nid} Beo] £ wh&
A 1A acloz Qs Ak o] 42t Co—Cr
e o83t Au|EEEo] WAool S Ut De
Melo 5(2005) g1 =] A AT e
O] A} ABAA S, Abshar FAo ofsff 25|
gulof] w2t Co—Cr &&= Ni—Cr =

off
e

’

30,
o

a

-

FEIANA F7I

5].0 O
BURIEEES

B3I tHKnap? Ryge, 1966; Vickery 9} Badinell,
A% a9 G ot mafag
|

27 SAEET} e Pasol

Ta=

SFA

Ago] 271 7Hg w2 %= VA

A =828 Ni-Cr g2 % Be-free?
Bellabond plus®t Co—Cr =% Wirobond C& ©]-8-35}
of Fxje] 7ol g a4 Ak EFY =4 S A
0|9} ¥-2-5 EDX line profile o2 Baslglon F

2Ag dAg] 21& YolR A} LA FA7 T}

=

=9 At g, vlal B4 Hofrt
I o
1. &8 THF
2|78 TS Ni-Cr-Be free ¢ Bellabond

o] u|A7|AA Ast AR £A] AR Al plus(BEGO, Germany)®?t Co—CrA| 33<! Wirobond
I3t slekd Agt BARE Q18 (van der waals force)©ll C(BEGO, Germany)E AHE3}%1L(Table 1), =A==
o5k A%t 23 wA7ke] Al A|Lo] 2lo)7 Qs Noritake Kizai Co.(Japan)®] Super Porcelain EX-3
&Y AT 5ol o olF FstETt EATe) B & ARSI,
Table 1. Physical properties of alloys used in this study
Alloy Bellabond plus Wirobond C
S Ni(65.2), Cr(22.5), Mo(9.5) Co(61.0), Cr(26.0), Mo(6.0)
Composition(%) Fe, Si, Mn, Nb(2.0) Si, Fe, Ce, C(2.0)
Modulus of elasticity(GPa) 200 210
Tensile strength(MPa) 560 720
Elongation limit(MPa) 320 480
Vickers Hardness 200 310
CTEX@500C) 13.9x107° 14.0X107°

*CTE : coefficient of thermal expansion
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2. 88 Y
1) SEAEY] MA

FEAES AR Y3l ofaE S 4x4x10me] 3

7|2 ARrekal, $=U4A-E 10gauge round wax® F2Fet
2 QXA wlEAH(CB-30, Ticonium, U.S.A)Z o
=13t A2oA 6027 B3R F A2 3AF A AT
2% & ua A4 F27](Decatron, Ugin—

dentaire, France)2 23} tt.

FZAHL 110um Aluminum oxide(Korox Bego,
Bremen, Germany)& 2AFsto] 2ho] mlEAHE A A sk
259 A & Az AFTh Al EHS #400, #600,
#800, #1000 SiC paper® ulst & F3429} o g0
1027 259 Al A5 3 & F71M1 45 Aldskelt),

YT 20 R Fx5EL Aulgt AJH EHO| FA
= =2 AAZ(Vacumatd0, Vita, Germany)o| A A]3Y
shoich A 192 W HAEE 1A AL, 2v-2
4500 LEARSER 980T A
%‘ﬂal, 32 A3t A 600TAIA 980C7HA] A5 &

2 AR, 45 ZEstell A 600TollA 980T7HA A

l:

% 51087 A, 552 di7]stellA 6007 CellA 980T
THA] s 3 1082 ARskeich AlE 4= Ni-Crid,
# 160705 AlArekAaL, 1
A= 70 o] &3l RS =
A -FLAH ] EAS v wl=t] AR5 THTable 2).

Table 2. Codes of specimens

Bellabond plus Wirobond C Oxidizing Treatment
BP1 WCH No treatment
BP2 WC2 600°C-980C Air
BP3 WC3 600°C-980C 5min hold Vacuum
BP4 WC4 600°C-980C 10min hold Vacuum
BP5 WC5 600°C-980C 10min hold Air

BP: Bellabond plus alloy, WC: Wirobond C alloy

3) =Xl =4

TR+ Super Porcelain EX—3 ARE-3lo] A|Z3|AL
AAurH o] w2k A3O opaque powderE 23], A3 Body
powders 23] 2453 S/ WS W7 o] 4 X4 X 3m
7} H =% putty® A5k 71 Qtofl Body powderE 43
o & 255 o] S=5to] 2435kt 24 3 555 919

)= powder+= #1000 SiC paper® Aot tHFig.1).

Fig.1. Photograph of specimens used in this study

2t o] syl AAeiR LA EAE FH 5
=4:40H7](i~POL, Excelab, Korea)& A]~9—5]-°4 314
= 150RPM 2.2 #400, #600, #3800, #1000 SiC paper
2 Antshal Al203w S H7istel ZHdnts o ¥ =
AT AR MY A A BT sho]
EDX line profile(Scanning electron microscope, S—
4700, Hitachi, Japan)Z A3+t

2 Apgstet 24w A4 upper jigs 81214
7

% cross—head speed 0.1lmm/min®] £ 2 4=8S
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Fig. 2. (a) Final shape and the dimensions of the
ceramic—alloy specimen
(b) Schematic diagram of the shear bond strength
test set up the universal testing machine

6) SAXz2

2t 9] A= 31 A duiAE4 (One way
ANOVA analysis)& AME-3F] SA A a1, AMEH
A2 Duncan's testE ©0]83dto] Fo¢F =0.05004

Az

metal

Oxide layer

opaque

Fum Electron kmage 1

ErD Elaction image 1

—_——
3um Electron image 1

1. EDX analysis
EA-ggelA 2 GAE GE5AE flo] =S
AT 5 FE-=A AdolA Y A Fejet Aelks o
1 BEs] 93t A 02 Fig 3.2 BPIo|A BP571A]
9] EDX line profile AFA0|3L, Fig 4.= WC1o14 WC5
7HA| o] ARdolet,

e @A shd Akiete] Zlgto] Aa Sk

o B

(]

ST}, F 5 BF QAR ARbo] A Cr Ak
ARtoll A =7 WAL mAW RS Shito] ks 9f
om EAPERL Si o] 23} Al o] o] Atat|uhfi 2 gkt
Tz o] BEE .

e
T Electron image 1

m Electron image 1

Fig. 3. EDX line profiles on cross section of specimens (a: BP1. b: BP2, c: BP3, d: BP4, e: BP5)
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metal

Oxide layer

opaque

Em Elettron image 1

Electron image 1

3um Elactron image 1

Fig. 4. EDX line profiles on cross section of specimens (a: WC1. b: WC2, c: WC3, d: WC4, e: WC5)

2. HEH BUYT 241

Fa =AY A
Bellabond plus Al#H 9] 4% 2183} 980T olA 587t 7|
ot BP3wel 7MY 2 A9 (50.50MPa)yg H AL

tj 7|5kl A 1087t A F3F BP5(49.30MPa), -3-3}ofl Al
105 A 53 BP44(48.04MPa), ti7]|5to1A 714 3 4
FHA] ¢k BP2-(47.71MPa), A 2l5HA] &2 BPI
(35.19MPa) <=0 & Wt A =E Yehfolon, 54
A Fogt 2to]E yEllth(p<0.05)(Table 3).
Wirobond C Al#H2] ¢ WC2-(50.49MPa), WC5H-

(49.00MPa), WC4++(48.99MPa), WC3w-(48.14MPa),
WC1£(39.66MPa) =02 Bt A9 =S Uehfsle
o, EAEH ol AolE HERRITHp<0.05)(Table 4).
Bellabond plus &5 BP3w, Wirobond C =2
WC2to] 7V & AR =E Uehilal G eskA] o
< BPIE, WCIHollA 7H e A =5 vehilch
T o 25 GAE oHA] ¢ FEY A E o A
o AREES UElen], A2 Al AlFAL

ol whebA ZAEA G4 ehd

> Ho A

Jo T

3T
al
o

—~

Fig.

(o)¢}
-3
e

Table 3. Shear bond strength of pressed ceramics to Bellabond plus, as analyzed by one way ANOVA

ltem Classification N Mean(MPa)xSD F-value p

BP1 15 35.19+8.87
BP2 15 47719171

BP3 15 50.50+7.89%

Bellabond plus 7.319 0.000*

BP4 15 48.04+9.06°
BP5 15 49.30+£8.30°
Total 75 46.23+10.08

Note) post—hoc test of Duncan. The group of same alphabet means the same group of average level. The alphabet order means a

difference between groups.
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Table 4. Shear bond strength of pressed ceramics to Wirobond C, as analyzed by one way ANOVA

ltem Classification N Mean(MPa)xSD F-value p

WCH 15 39.66+£6.82

WC2 15 50.49+754°

, w3 15 4814+9 89

Wirobond C 3.285 0.017*

WC4 15 48991851

WC5 15 49.00+8.23

Total 75 47.39£8.90
60 Aote] Agtell E=5-g F= AP A5k fIgk Aol

tHDent %, 1982; O'Brien %, 1976).
< EAeh B4 7 $HEE A0l AT, B4R
£ EAze) BaHE A, BA7 AE(van der Waals
g force)oll oI5t 2%, &t EAHY] H3AAIG=9] Zpo
£ 2 3k 45 o glov] shehy Ak F4e) I
: e mAe 31 S0l B Fro] Bau AshEol
BPLVICL  BP2WC2  BP3WCH  BPAWCY  BPS WCS TA Y= ghitElo] A of AlskEd} FRAg oY o2
Specimens At oA o] Fojrk(Shell I} Nielson, 1962;
Fig. 5. Means of the bond strength for 5 groups Baran, 1984).
2 A= =828 Ni—Cr 21 Bellabond plus
2} Co—Cr 3¢l Wirobond CE 57H4] €42 Wi
v. o # 2-gs5t0] 160702 AlHS AZtstich a9 g4 =
Ao e F5 A= 25 A S Akl B
=]

EAEAF2EE eSS 52 Ni-CrA
Co—CrAl g, Ti, Ti-6Al-4V & ARSI Qlct
F2AT} 22Ho] 78 Ni—Cr ohgo] F& A=
ok Nix 224254, d2jA], ks 2 Al254
S YERY AL Ni-Cr-Be &2 Be2 &
I 9lek Co—Cr a2 Cro] gHgo| Hong £ 2%
7b 3 s et Hhgo e 2 F wiEA A|A7E of
HATE Ni-Cr ga2oh AP/ o] $3F Co—Cr &
T o83 AR AE Tlo] FHiE AL Qleh
a5 P ks o]F A=Y
A==, =AE 45171 Aol
A= 54 1M 29 f71=4
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B2 A 559 ARtET AR Ak Hal =4
oF 959 A% o|FA €k BP1d WCI A4S
512 Al EAE AASHIAITE =AY 7L 7] Aol 453
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AHATH =S BA% 23} Ni-Cr
= ¢l Bellabond plus Al 789 %155} 980TCllA 5
7+ AT BP3wtol 7HY & A=(50.50MPa)= K
a1, tf7Istoll A 1087t A3 BP5(49.30MPa), &
lojlAl 108 A3+ BP4w:(48.04MPa), th713lollA 7}
T ARSA oS BP27H(47.71IMPa), EXE|5HA] &
BP

[

i

171(35.19MPa) €02 H A =E Ueblg
o, SASH frofet XPOI—E— HERHTHp0.05). Co—Cr
+=2l Wirobond C AlHY] ¢ WC27(50.49MPa),
WC5+(49.00MPa), WC4+(48.99MPa), WC3+
(48,14MPa), WC1-(39.66MPa) =08 B ATH=

[0 rlo 12

EOll

2 Uehiglon, BASH §o3t AolS vehyrt
(p<0.05).

F O mE QXS s oS 2ut 9Xeg @
A9 e AWHEES Uehho] AAele] o) ARE 4
shzo] mAote] Agtelo] At ofehS ks AL

FE3} Co-Cr e @A 2] e ARARAE vl
Q1 B3, AFAIZIT} T fol ket F F w43
w7k ulsEA et RS B 34

A wpdo] dojuk= 2k (adhesive) 2 A2 F
_]
o

2 d 7

= Afslsol A ¥4d Anet Almdnh B de
EAere] Addddes el 243 AT, A
Spap Ao oJsf -5 24| wke} Co-Cr dat

Ni-Cr gaioh A d3dd=rt o8 4= &5 2l

(De Melo %, 2005)%t 4

oI5t AL, Ni—Cr g9 Nidl Bed
Qolo g Qs AAeFAA] o] &

3]
=4
B AN RAE A2fo] F74e A

v u
o= et
V.2 E

2 ALE =828 Ni-Cr T3 5 Be—free?]
Bellabond plus®} Co—Cr &2l Wirobond C& ©]-8-3}
of gxjz] 270l g a4 ABkErt R =4 S A
o8] Whg5 WSl o, &) 1 A ERH =S

=%, ulm B Theat 2 ARE 98 4 itk

2 o4 g e =
ey B,

W
2
v
i
oft
i
ox
1
FI r
os}
s}
wW
HJ
il
\)
M
=2
o)
N
o3
i
)
<
D

BP1, WCl:rLoﬂf\i 7 S
gAH 0w o5t

4, AFAT == Ni—Cr 3H<! Bellabond plus®t
Co—Cr &=21 Wirobond C7} 570t 5 F-AFSHA Liek
s

H33H #M3% 2011191



| oiHAY - 22 - FA

o

fn ¢

MO

Anusavice KJ, DeHoff PH, Fairhurst CW.
Comparative evaluation of ceramic—metal
bond tests using finite element stress
analysis. J Prosthet Dent 594), 603, 1988.

Baran GR. The metallurgy of Ni—Cr alloys for fixed
prosthodontics. J Prosthet Dent 50(5): 639,
1983.

Baran GR. Auger chemical analysis of oxides on
Ni—Cr alloys. J Dent Res 63(1), 76, 1984.
Bruggers K, Corcoran C, Jeansonne EE, and
Sarkar NK. Role of manganese in alloy—
porcelain bonding. J Prosthet Dent 55(4), 453,

1986.

Cascone PJ, Massimo m, Tuccillo JJ. Theoretical
interfacial reactions responsible for bonding
in porcelain—to—metal systems. Part I -
Oxidation of alloys. J Dent Res, 57, 872, 1978.

Deger S, Caniklioglu MB. Effects of tin plating on
base metal alloy—ceramic bond strength, Int
J Prosthodont, 11, 165—72, 1998,

DeHoff PH, Anusavice KJ, Hathcock PW. An
evaluation of the four point flexural test for
metal—ceramic bond strength. J Dent Res 61
(9), 1066—-1069, 1982,

De Melo RM, Travassos AC, Neiaaer MP. Shear
bond strengths of a ceramic system to
alternative metal alloys. J Prosthet Dent. 93
(1), 64-69, 2005.

Dent RJ, Preston JD, Moffa JP, Caputo A . Effect
of oxidation on ceramometal bond strength. J
Prosthet Dent, 47(1), 59-62, 1982.

Hinman RW, Widera GEO, Holmes AD Cassel JM.
Effects of porcelain/alloy interfacial diffusion
zones on thermo—mechanical strain. J Dent
Res, 62(5), 585, 1983,

Knap FJ, Ryge G. Study of bond strength of dental

192 _chotx|at7| 2ote| x|

porcelain fused to metal. J Dent Res, 45(4),
1047, 1966.

Kuschner M. The carcinogenicity of beryllium.
Environ Health Perspect, 40, 101, 1981.
O'brien WJ, Seluk W, Fan OL, Saunders DN,
Classification of porcelain enamel interfacial
fractures. J Dent Res, 55(Special issue B)

B188, TIADR Abst, 506, 1976.

O'brien WJ, Ryge G. Contact angles of drops of
enamels on metals. J Prosthet Dent, 15, 1094,
1965.

Shell JS, Nielson JP. Study of the bond strength of
dental porcelain fused to metal. J Dent Res,
41(6), 1424-37, 1962.

Tsalve DL, Zaprianov ZK. Atomic Absorption
Spectrometry in Occupational and
Environmental Health practice. Environ
Health Perspect, 96—101, 1983.

Vickery RC, Badinell LA, Nature of attachment
forces in porcelain—gold systems. J Dent Res,
47(5), 683, 1968.

WuY, Moser JB, Jameson LM. The effect of
oxidation heat treatment of porcelain bond
strength in selected base metal alloys. J
Prosthet Dent, 66(4), 439, 1991.



