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The study on Comparison Evaluation of Shear Bond Strength of
Co-Cr Based Alloy using for Porcelain Fused Metal

Hee-Jin Kim, Bu-Sob Kim*

Department of Dental Laboratory Science, Graduate School of Life Sciences, Catholic University of Pusan
Department of Dental Laboratory Science, College of Health Sciences, Catholic University of Pusan*®

[Abstract]

Purpose: The purpose of this study was to observe the microstructural changes of surface in the specimens,
performing the shear bond strength testing. The currently most used non-precious alloys are nickel-chromium
based alloys with or without beryllium. However, their biocompatibility has been questioned concerning possible
damages to the health of the patient and professionals involved in the fabrication of prosthesis caused by long
exposure to Ni and Be. An option to nickel-chromium alloys is the cobalt-chromium alloy, an alternative that does
not sacrifice the physical properties of the metal porcelain systems. Studies in the animals substantially show that
the cobalt-chromium alloys are relatively well tolerated, being therefore more biocompatible than the nickel-
chromium alloys.

Methods: Non-addition Be to nickel-chromium based alloy(Bellabond plus) and cobalt-chromium alloy which
has been widely used(Wirobond C) fused with ZEO light porcelain classified control group and cobalt-chromium
alloy which is developing alloy of Alphadent company in Korea(Alphadent alloy) fused with ZEO light porcelain
classified experimental group. The specimens of 4 mm X4 mm X0.5mm were prepared as-cast and as-opaque to cast
body to analyze the mechanical characteristic change, the microstructure of alloy surface. The phase change was
used to observe through XRD analysis and OM/SEM was used to observe the surface of specimens as-cast and as-
opaque to cast body. Chemical formation of their elements was measured with EDS. Then hardness was measured
with Micro Vicker’s hardness tester. Shear bond strength test thirty specimens of 10mm X10mm X2mm was prepared,
veneered, 3mm high and 3mm in diameter, over the alloy specimens. The shear bond strength test was performed in a
universal testing machine(UTM) with a cross head speed of 0.5 mm/min. Ultimate shear bond strength data were
analyzed with one-way ANOVA and the Scheffe’s test (P<0.05). Within the limits of this study, the following
conclusions were drawn: The X-ray diffraction analysis results for the as-cast and as-opaque specimens showed that
the major relative intensity of Bellabond plus alloy were changed smaller than Wirobond C and Alphadent Co-Cr

based alloys.
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Results: Microstructural analysis results for the opaque specimens showed all the alloys increased carbides and
precipitation(PPT). Alphadent Co-Cr based alloy showed the carbides of lamellar type. The Vickers hardness results
for the opaque specimens showed Wirobond C and Alphadent Co-Cr based alloys were increaser than before as-
cast, but Bellabond plus alloy relatively decreased. The mean shear bond strengths (MPa) were: 33.11 for Wirobond
C/ZEO light; 25.00 for Alphadent Co-Cr alloy/ZEO light; 18.02 for Bellabond plus/ZEO light.

Conclusion: The mean shear bond strengths for Co-Cr and Ni-Cr based alloy were significantly different. But the

all groups showed metal-metal oxide modes in shear bond strengths test at the interface.

oKey words : Cobalt-chromium alloy, X-ray diffraction analysis, SEM, EDS, Micorstructure, Vicker's
hardness, Shear bond strength

I.LM 2 A7¥skltt. Craig(1997)+= Ni—CrAl &=l Sitt Mn&
Aoty o] 3543 e P skl

A4 3h29) Au-Pt—PdA| EAE2E2 e ghEo Bezzon(2001) Ni-CrAl =l Nby B& H7loh,

1960¥ ] 0|32 FA7tA] 1325 AMgE T ook, Ty Nitk Nb7k 3448 olf #2485 It 519
ko] IRTA TR et AAA Betoz wx  oh EJL Ni—Crzll Fgol Mo d7kshH, Bezzon

S22 H|P2L F2o] o] A Yae = (2001)2 F24& PTG 921, Okuno

[=Ie i = =] _60 -
2 AR 9T} George S(1985)F) Moffa 5(1973)2] (1989} 31 3 FERE AaAInaL Fselny o
SRS Ags I AES g By o EASARRRS viAgs BP0 AL 9

Brlo] 3t Ato A u|F2L T2 AE&TZ v = Ni—CrA| 3o digh @Al o] Yeht A A2-e- o

3 AAA, 1A H- =, SAAS Sag A, A=, XﬂoL—%ﬂ et ek ol Ao 7 =427
ST Creep A3HA] So] 943ttt Bkt & FREOERE ARGE AL 9= Co—CrAl Ta< EXH
ko] Aul/go] Wi, ?—5573_011 T2 AH AA W SAFRBEOR US| AFsldnt QB v &

s} A0, $580] 2~3 %2 F2A) vl A WOl F ANTOR By WS AT YL AT Aol
o] Agstel vlg) tgomn}t 450 wol oot AFEo] Aakstal 2l SlelAl= Ni-Cr-BeA =4
I HI ST o] #d BEAYS Ay 9ty EAFERUE TS dEE st ARgske A

Cohen 51988} Javis 5(1984)2 Ni-CrAl =9 F o]t shATF A 20019 w]FAAFHEAA
9& 7MA5H7] 915to] Bed H718Ht). Bed Nidh 3 (OSHA)> Beo] A4 Ada & 4 Stk AR A
HURSS AoA 1 % Bed7l Al 8252 1000 & SHAH, n=ABOfAE S (ADA)E Bedl A@EE 4

31§85 BENS ZUA RS FAAF] ABRL Be FF Al FoARYS B SRk B9, £
L oJge o ST, e} Haberman(1993)  UEIIAE 2009 6% ABeloREAR(Alek)0) Be
of G2 Beoll wZHW WP sF/|H0] F4 EE 7F ETE ARG viAGE o]+ I FEe
WAL ey w5 Beo] =W ZA9E, H 2 sl F=oll et s SRR Aol e Es
oA o=y 7|TAFI} FHbE TA SE 2% o) 1} Be free?] ol wol AHE Ao, 1o whe} Ni-
epdcta ahgict Est Kuschner(1981)9] & Lof| A = Cr-BeAl &= WAl &=9 /Hdzldisol ek A
Bed ¥olE2= de{A Qlal, Schepers(1963)= Beoll Qo A= =AEAHE Co—CrA Faol ARSEAL Q1A
w2 A go] AY 5o] 4u)] o|Afolata kATt o] gk, el A= ARge] mlulsict, lellM = ASSEs

3 Be] 9314 W&ol Ni-Cr-Be freed] 322 7/ W2 AAEL Qlod HAgE g A= 45
45| = 9ick Bed thAlstod, Si g ol olEska gl Aol

196_chotx| 2t 7| 28} 2| x|



=GRS

whehA] 2 Ao A B S AF2 TS BAES A
© 2 o] AREE 11 QL= Ni-Cr-MoA| ¥ Bellabond
plus®} Co—CrA| <2l Wirobond C& W20z =+
W A2hg g FARI (YTHEAA T S0 =AY
SAF2IE Co—CrA Ta& Ao s AAsto A
I ol A 7heslEs EASATRIE HAES
a9 7|24l HloleE yetara} gk, viytat A
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HelE Wer] Yte] X-4 S-AIE, Fekein| g 9
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AL Bl Bl Brletc,

1. 7=

EA GRS HAa3E o2 Ni-Cr—Be free
Al 221 Bellabond plus(Bego, Germany)2} Co—Cr7|
gH<9l Wirobond C(Bego, Germany) THa2 22
= A2 ves e i F4l Co-
Cr| @& (Alphadent, Korea)s A& A4st¢lct
(Table 1). =4 #42 A-&F=Ae ZEO Ce Light

(Yamamoto, Japan)= AH&3HTH

Table 1. Alloy compositions in wt % according to the manufactures of materials selected for this study

composition (Wt%)

Alloy name
Co Cr Mo Si Nb W Ni Mn Al Fe In Ce
Bellabond plus 225 95 <1 <1 652 <1 <1
Control alloy :
Wirobond C 61 26 <1 5 <1 <1
Experimental alloys Alphadent 64 25 <1 2 <1
2. 378 3) OIMIEA 2 5 HEEA
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FE-SEM: S-4700, Hitachi, Japan)& ©|-835}o] ulA|
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gk Aol A mlA| 24 HSHE XRD 415 Attt
2l Ni-Cr-Mo#| Bellabond plus $<] X-41 3|4
A+ Figure 3@ 9 )9 X-4 34 9=
intensity?] 2to|up A2 o] A== 7l3= FHo|
Hol|= Ut o] thxatel =AE2H Co—CrA
Wirobond C &2 2 2] 7} §13iet,

o] WIh tlz2at el HlshA A UEEeS
Figure 3(e) % (9] X-4 31& =304 & 4= 3Tt
T3 % opaque ARk v @A 2] FaFe Wirobond

C daHths 27 ol Corich’d™ &3k, et A=

(@) (b)
() (d)
(€) (f)

e 2714 SEM % EDSellA A 243 22 Figure
4 9 Figure 5 o] YAt Ni—Cr—MoA| Bellabond
plus 2] 7% Ni, Cr, Mo, Si- 2 dulellA =3
O] T %t HISSHA UEhAAIRE, 1% olst= H7HE
Nb, Mn, Fe & A9 UehA] gigrew, A4 4A ol

Fig. 1. Optical micrographs of control and experimental alloys (X 500); (a) as—casting and (b) as—opaque of Bellabond
plus, (c) as—casting and (d) as—opaque of Wirobond C, (e) as—casting and (f) as—opaque of Alphadent.
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Fig. 2. SEM photomicrograph of control and experimental alloys; (a) as—casting and (b) as—opaque of Bellabond plus, (c)
as—casting and (d) as—opaque of Wirobond C, (¢) as—casting and (f) as—opaque of Alphadent.
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g. 3. XRD patterns of control and experimental alloys; (a) as—casting and (b) as—opaque of Bellabond plus, (¢) as—

casting and (d) as—opaque of Wirobond C, (e) as—casting and (f) as—opaque of Alphadent.
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Fig. 4. EDS analysis of control and experimental alloys as—casting; (@) Bellabond plus, (b) Wirobond C and (¢) Alphadent.
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Fig. 5. SEM photomicrograph and EDS point analysis of control and experimental alloys as—casting; (a) Bellabond plus,
(b) Wirobond C and (c) Alphadent.

Table 2. Wt % of each elements by EDS point analysis of control and experimental alloys as—casting; (a) Bellabond
plus, (b) Wirobond C and (c) Alphadent

(@)

Elmt Spect. Type  Inten. Corrn. Std Corrn. Element(%) Sigma(%) Atomic(%)
CrK ED 1.041 1.18 25.00 112 27.34
Ni K ED 0.985 0.93 75.00 1.12 72.66
Total 100.00 100.00
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{22232 Co-CrA ¥ HEE 29

Elmt Spect. Type Inten. Corrn. Std corrn. Element(%) Sigma(%) Atomic(%)
CrK ED 1.080 1.18 27.88 0.95 3274
Co K ED 0.986 1.00 61.51 1.16 63.74
WM ED 0.580 1.70 10.61 0.85 3.52
Total 100.00 100.00
(c)
Elmt Spect. Type Inten. Corrn. Std corrn. Element(%) Sigma(%) Atomic(%)
Al K ED 0.716 1.53 2.38 0.22 5.06
CrK ED 1.070 1.18 24.67 0.70 27.18
Co K ED 0.971 1.00 64.55 0.89 62.74
Mo L ED 0.764 1.58 8.40 0.69 5.02
Total 100.00 100.00
3. BEET plus, Wirobond C ¥ Alphadent -2 22} 511.4Hyv,
2ot AP e 22 A U opaque 25 259Hv 4 308Hve] 42, opaque & A3 AJE] O
FEe] AEE mlo]a g HIAL ALT|E o83t 5k A& 2442 437Hv, 270.2Hv 9 405.5Hve] Batdk= U
100gf, 315 A7k 15sec® A3l A YA RS v ettt Co-CrAl a3 2% Fx3 AR
5 LH & SHOE ko] 53] SA A= opaque A2t AH o] BTt ATt SUtelleH, &

o
fd
i
ox
>1‘ﬂ sl

Figure 6°]t}.
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Oll
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Table 3. Vicker's hardness of control and experimental alloys as—casting and as—opaque(Hv)

Alloy name as—casting as—opague
4635 422.0
5495 402.0
Bellabond plus 5 536.0 511.4 5 4141.0 437.2
525.0 484.0
483.0 437.0
247.0 252.0
262.5 2675
Wirobond C 5 2585 259.0 5 2915 270.2
240.5 274.0
286.5 266.0
338.0 387.0
244.5 422.0
Alphadent 5 274.0 308.0 5 361.0 405.5
3315 4185
352.0 439.0
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Fig, 6. Means of vicker's hardness for 2 groups

Table 4. Shear bond strength between porcelain and control, experimental alloys, as analyzed by one way ANOVA

95%Confidence
interval for Mean
N Mean Std. Deviation Std. Error Lower Bound Upper Bound Minimum Maximum
BP 10 18.0225 712830 2.25417 12.9233 231218 10.35 29.98
WC 10 33.1164 11.28634 3.56905 25,0426 41,1902 16.33 56.93
AD 10 25.0086 8.05619 2.54759 19.2456 30.7717 14.74 4218
Total 30 25.3825 10.71429 1.95615 21.3817 29.3833 10.35 56.93
Sum of Squares DF Mean Square F Sig.
Between Group 1141.218 2 570.609 7.042 .003
Within Group 2187.866 27 81.032
Total 3329.084 29

BP; Bellabond plus Alloy + ZEO Ce Light powder
WC; Wirobond C Alloy + ZEO Ce Light powder
AD; Alphadent Alloy + ZEO Ce Light powder

35

®Bond Strensth Mean

HStd. Deviation
30

Bellabond Plus Wi robond C Al phadent

Fig. 7. Means and standard deviations of shear bond strength between control and experimental alloys
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