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[Abstract]

The aim of this study was to evaluate the bond strength of using a Au bonding agent applied on cp-Ti and non-
precious metal-gold-ceramic system. Metallic frameworks(diameter: 5mm, height: 20 mm)(N=56, n=7per group) cast
in Ni-Cr alloy, Co-Cr alloy and cp-Ti were obtained using acrylic templates and airborne particle abraded with 110 um
aluminum oxide. Au bonding agent was applied on wash opaque firing as intermediate layer. SEM and SEM/EDS
line profile were performed on the cutting the cross-section of the metal substrate-porcelain with intermediate Au
coating. Groups were tested using shear bond strength(SBS) testing at 0.5mm/min. The mean SBS values for the
ceramic-Au layer-metal combination were significantly higher than those ceramic-metal combination. While
ceramic-Au layer-cp-Ti combinations failed to increase bond strength instead of using a titanium bonding
porcelain. The appication of using Au intermediate layer significantly improve the bond strength combination with
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AETENN 235t ARGE o] gHaL,
e dEHE HHTxE, 1593 4 9 i]:’.%
= Gl def AREEAL Qi 53], U
At A Aol wi- FHolu, a&-=X H HAEE
sH R ER AR Afolle Lok w2 WY
AT Ao ALY 4 e fet 71AA 5‘3% 7F
3L Itk (Moffa et al, 1973; Dent et al, 1982; Robert
et al, 1983; Bagby et al, 1990). o|=|gt AHol= =+
SHal 8-8-70] 1668C R =1, T2 A Ak A4 A
oFe] whggo] Am, 883C oo 2o A FAL Akst
= Bk AR 7HAL ok A =AY
42w 950T AER, o] 2=olA F4E EHesY
S50 ST Y3l <3 4A AXAL HolH
U7t wajete] Agte] £244 sirh(Déand Herg 1992).
ol2|gt wAIKE s dsty| fIeliAl Eleks B Al
7F BlSzkaL, Ao A /o] 7hst H-8-o] Aot 2
=3k 4kelkso] g4 Al flste] -8-9] porcelain
bond”} 7HEE At McLean, 1974; Vasquez et al,
2009). &A1 vAEEY] FaoR fEA LR AL
453 Q= Ni-Cr A ¥4 Co—Cr &9 4-5ol=
A 247 S WS THedt A0 = QlsfiA
w53 =40 A7 dojubr] 4lthOhno et al,
1983; Yamamoto, 1985).
:Li—EXH HAE9 ¢t é*éﬂ A S e g A+t
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&t F79 :Lio]L} et coatingdl= AT-E0]
HuEw 9ot Isildt Hakan(2005)2 EHo| Silicon
coating< ot w53t =AY AdtE FX3} ASkS:
o] PAHZ e 4 Ukl Hiskli(Russell et al,
1999), Wang} Fung(1999)52 ElEls W Cr
coatings 5to] Elehgd] AR =S W& 4 Qlokal 1
NLkg S

=49 FHO| Au coating= Alde AFEE Hil &
3l %t} Dérand®t Herg (1992)+= Au bonding agent

16 oot kit 7|2 ope A|

3t Au coatingZ©¢| EJeHs—-=A] A%
oty B SR A9 Masayuki &
(1998)2 Au coating2 3} S Bk,

289 5
Lee5(2004)8 AFNAZ EElE] Au sputter

coating= st =AE A5, 231— 33_} A3l & EDX
3 Al EROIA AR Sio) Hakgo] Wokth B

H
3190 Au coatingZ©| ElE]*EFJ )} ofoba] At
= sto] Ak SAlof] anpAlo|qlrkarl Harskgiet,

2 Aol Al et ARSkS SRS AR oA 4
B wRjete] AGHLS MM BHOZ Au bonding
agente AR5 Ni—Cr 74] J—} Co—Cr Al &= 17

F ’ﬂ‘ﬂ—ﬁoﬂ Sk, M8 =
a/dsto] 5453 EXH7 P—J At 29 =5
éxéé}ﬂ v WA tHMackert et al, 1983; Papazoglou
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1) N=CrAl & Co—CrAl &=

Ni—CrAl 9@ Co—-CrA AlH< A&Fs7] 918l 217 5mn
9} 20mn Z0]9] plastic sprueZ o]&3to] HE-S A2t
5, oA ulEA (Univest® Plus, Metalor, Swiss)2
njEstar, Ao A HE 850T7HA| B ES Adtksto]
Ni—CrAl &2 (Verabond 2V, Aalba Dent. Inc, U S A)
@} Co—CrAl = (Wirobond“C, Bego, Germany)S
21} 3227|(Decatron, Ugin—dentaire, France)2 %
gtk Zzte] AEe oA Al
AL $J5t] 110um Al20s YAH(Korox™ Bego, Bremen,
Germany)& sand-blastingdtil, SF-2 250t A%
T AZAFT, AlH EH2 #2005E #800 AvkA] 747
AL R vt & SR} ofekE® 27 e =

ot AHS T F 27142E AASATHn=29).

bench cooling A]7]3L

?) =X E|Ebs
=4 A1ES AFe7] 8l 274 5met 20mm o<

plastic sprueg ©|-&sto] &S A2et F Elehs W=
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A (Rematitan® plus, Dentaurum, Germany)= &3
o] cp—Ti Grade 2(Kobe steel Co, Japan)2 FZ3}%
o}, 222 furnace®] =5 204 AlAkSto] S &
= 6C/minZ 850T7HA] EESI=S stlon| F2
200CE FAS &, ¥4 Heg of2527](Ticast
Super R, Selec, Japan)ollA] =23}t Al3H2 bench
cooling Al7]2 110um Al203 YAH((Korox® Bego,
Bremen, Germany)= sand blastingsto] tj&A& A|
Astal, SFTE 250 AA F ARAIZH, AlE £H
< #2008 #800 AHA|7HA] A4 o2 et & 5
Tt ole-E®E 217 587 250 Al AS T F F71A

& AYeFtHn=28).
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2. Au coatng & T A&
1) Ni-CrAl g2
Ni-Cr7l e &= 2Ate] AAE 2712 982T

AFol| A degassingdtal Au coating 52 &4l whh
= M Ao s Uedloh AAF =A(Noritake
Super Porcelain EX-3, Noritake, Japan)S AR5}
Az AL FH WA r FA4skar, 2453t Au
coating = ¥4 NC2 A¥+2 wash opaque
firing 3¢l Au coatinge &7t W7/i502 Ao, 2

A 27 EAE 2T theell, Aot =AIE sS4

’

2

ofh

At Au coating agent(Aurofilm NP, Metalor,
Swiss)= 950CollA 2/ Exsto] 24 sHlTh

2) Co—CrA &=+
FEEIALY] AAE 2AE 980T E 1 2E2 25
A 58 &t A8kl degassing SFloH, A S/t
Au coating Ni—CrA| 3 ot 593 2702 AJH

< A& EA 242 Table 19} 2},

Table 1 Firing schedule applied on Ni—Cr, Co—Cr alloy and cp—Ti used in this study

Specimens Firing schedule

NG NC1 Degassing Wash opaque 2nd opague Dentin & self glaze
NC2 Degassing Wash opaque Au—coating  2nd opaque Dentin & self glaze

cC CCt Degassing Wash opague 2nd opague Dentin & self glaze
CC2 Degassing Wash opague Au—coating  2nd opaque Dentin & self glaze
T Porcelain bonder Wash opaque 2nd opague Dentin & self glaze

T T2 Porcelain bonder Wash opaque Au—coating  2nd opaque Dentin & self glaze
T3 Au—coating Wash opaque 2nd opague Dentin & self glaze
T4 Au—coating Porcelain bonder Wash opaque 2nd opagque Dentin & self glaze

NC: Ni—Cr alloy, CC: Co—Cr alloy, T: cp—Ti

3) &% ElEks
Elehe Al Blehs A8 =A% Triceram(Dentaurum,
Ispringen, Germany)= ARt ZAJ8tqlct. Elekw
Z-8-2] porcelain bonder2} Au coating 5¢| S&—=A4)
7ke] Aol ujX|= ZolE Hlwshr| 18 porcelain

bondera< 4%t ++1} Au coating = FAISH o+ 1

21 Au coating= 54 ISR PAT o2 U
I, 12 B89 ZA9} porcelain bonder 123 Au
coating 59 A3 A& st tH(Table 1). Au
coating agenti= 8004 2®¥ E3Esto] 24 dFYlaL
TR A z3)AF A Aol QJEA] 2AEFATHTable 2).
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Table 2 Firing procedures of the tested dental ceramic

Ceramics ST(C) DT(min) FT('C) TRI(C/min) HT(min)

Triceram

Bonder 500 4 795 65 1

Opaque 500 4 795 65 1

Dentin layer 500 6 755 40 1

Self glaze 500 2 755 55 1
Noritake Super porcelain EX-3

Opaque 500 8 980 65 1

Dentin layer 600 10 920 55

Self glaze 650 5 890 50

ST, starting temperature; DT, drying time; FT, final temperature; TRI, temperature rate increase; HT, holding time.

At Agt 7= & =4317] Y8) screw driven universal
testing machine(Model 1125, instron, Canton, MA)
= ARgsto] Aldiskslt) A fldl jigE AlAkske] A
23193, 0.5mn/min®] cross—head speed® 452 7}
sto] Alztulo] o] Bl gl T4 o]-8-sto] Mt
a5t g Bkl

f— —J
iR | e .n“d

i |
| i

| rrasm i

Fig. 1(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

18  cigr &b rjg oty xj

oA Akl=9] 2
5171 $l8l SEM(Scanning electron microscope, S—
4700, Hitachi, Japan)2.£ line profiles}Sitt.

A F-wAZe) A P B

3) SAX
Zy 0] A= 7kl A¥t= One way ANOVAE Ab
goto] FAAY o1, AFHFLS Tukey test®E 72

Fig. 2= Au coating 53 AF8}5 18]a1 =x9] A3
P} 4teks kS WEkstr] ffsl Al3Et line profile
ot} Au coatingS Z7F vi7fZE o2 AT A|Ho A
A n] 7 ApRlof| A AFelkE-0] SRS Au coating 52 &
Ao anpA o7 Ao] H= Ao g WEEGI S5

Au coating® T12]1 A4S 7k9] Aol 2 H Aow
ek,
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Fig. 2 SEM microphotograph of the cross—section of the
metal substrate—porcelain with intermediate Au
coating
(A)NC2, (B CC2, (C) T2, (D) T3
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FH=E el Zatoltt Ni-Cr alloy o4+ A
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ol o 18%4 %= © &AL, FAHCE ROt Ao|7}

A Hp<0.05). Co—Cr alloy wollA%= Au coating
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Fig. 3 Shear bond strength results with and without Au
coating for the ceramic—alloy combination tested

Eeh 2] F4- A AREYE BHATE Au

ﬂ

© & A&3t Au bonding agent®] F&-=A) Aol gt H7}

coatingzS E7F 7|z o0& FAT T2wo] 7HE =7
et o (Fig 3), $AMR fod A7k Yt
(p<0.05).

Table 3 Results of the shear bond strength of the metal

substrate—porcelain with and without
intermediate Au coating Groups

Bend strength (i)

Greups
Mean Standard deviatien
NC1 15.37 (2.03)
NC2 18.21 (1.31)
CC1 22.97 (1.12)
CC2 26.88 (2.65)
T 16.38 (2.51)
T2 21.32 (2.15)
T3 14.26 (1.89)
T4 13.17 (1.4)

NC: Ni—Cr alloy, CC: Co—Cr alloy, T: cp—Ti

El% %—J porcelain bonderE &3t T1, T2
AT T3, T4 9] At A=
+ porcelain bonderg A5t T1, T2 :rloﬂfﬂ °F 37% A
=8 =4
3%t T1, TZ—_'LOﬂHL‘ TQ:rL-J ;ﬂ‘?_}’é?}%} 7 P oF 30%
T =7 Yepdth Au coating 5 EJERES] AlskE:
ARE 2 Alojste AoR WEEI(Fig 3), Lee
(2004)2] Aol A2t o] Au HiE
A 24 % Au coatingZ7}+ E]%ﬂ«] NZ2S F£71
SHE Au2TiE /dsto] =Aie} Elehs Atelsate] 2
T FASA Trhe &= HASFAA N
Yamamoto 5(1985)0] ®E 113t 3tz EH| Au
bonding agents= AMESH= Zlo] An|A o2 =3l
a/d Bl B sh= ] S AR =R o T4
o] Aol nA|= 9
Okazaki 5(1998)¢] A+ Ao} UA|5HA]= ehqiet.
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Table 4 Failure types and distribution for each
experimental groups

Greups Adhesive  Cehesive Mixed

NC1 4 - 3

NC
NC2 3 - 4
CC1 - - 7

CcC
CC2 - - 7
T 5 - 2
T2 3 - 4

-

T3 5 - 2
T4 5 - 2

NC: Ni—Cr alloy, CC: Co—Cr alloy, T: cp—Ti

Table 4= AT E A & AAdAn|d o= W2
3t obd opARS UERA A 22 Ni-Cr alloy$} EJeRs o

o xl= adhesive failure®] T+d A3t adhesive
failure®} cohesive failureZF SA|H T4 QAo T2ty
AL, Co-Cr alloy wolX+= adhesive failuret
cohesive failureZt EAJE 2Hd Fdnto] =ik
(Fig 4).

L B IR L

Fig. 4 Representative SEM micrograph of the ceramic—
metal alloy surface after shear bond test
(A) CC2 specimen with a mixture of interfacial
adhesive failure and cohesive failure, (B) SEM and
EDS line profile of CC2 specimen metal-ceramic
interface, (C) T1 specimen with Adhesive failure

452X FEEAA S5 A9 w2 A=
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(Herg et al, 1987; Kon et al, 1997; Russell et al,
1999; Ciftci et al, 2007). =R F<4<]
AZ A, sieh] A, mAlet 959 SAA S Aol
off efet A 22|aL EARte] Qo] l=dl, 1 5 ofst
A A Blgol 7P wrhal deEA qlct skekA At
< w5 o I AvkEol 550 AR o
AU o] 223 she Ao dPA al(Park
et al, 2003), }5H4] A o|FA| k= w5 A A
-2 M=o FAEUNS 785 aFe Atelsof Blsl A
2} Asio] o] ) 2 Aoz WuEw
al, 1983).
w5 =AY w2 AT REES RS
s AR R Fagh whE, % ﬁ—?"ﬂ/\i% Elehst
Bl S5 =AA g ag of 4 5
O*Xﬂﬁ‘}@] 14‘—1—} EXIH 73?2

e 7]

QItHRobert et

o} EZH—4 %EWJEE H]Jl—a‘ﬂ‘:k
w5 A E S5 517 flgte] o, 34
= 44 235 A 5ol AlgE AL QAT Hammand et
al, 1996), A4 = 54 A sks= 7hhe 53
FE5-EA AHoA Qg -3 Ao §
I(Papazoglou et al, 1998), &3 ZA9 23t &9
A4 2 A (bonding agent)?] ARE-GYLo what
o] gEbA7] wmell /A Bt 283 vt A
FAl A=A 8tar Qlek, 2 Addo A ARgRE Mt
I 54 URE a5-2A47Y 23 5S4
o7 AHEAZ} APaHgo] golsto]
H7koll AAsirhal AetE o] o] 5 Aeisto] A
.(Hammad et., 1987; Kimura et al, 1990; Esquivel

et al, 1996; Taira et al, 1998).
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