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Abstract The purposed of this study was to investigate the effect of Gold bonding agent as intermediate layer between
metal substrate and ceramic coating. Gold bonding agent used to seal off any surface porosity. to mask the greyish color
of the metal, and to provide an underlying bright golden hue to the ceramic coverage. The adhesion between metal
substrate and ceramic is related to diffusion of oxygen during ceramic firing. The oxide layer produced on non-precious
alloy and titanium was considered to have a potentially adverse effect on metal-ceramic bonding. The oxidation
characteristics of titanium and non-precious alloys are the main problem. Every group were divided into test and control
groups. Control groups are carried out process of degassing for product oxide layer. Au coating was applied on each Ni-
Cr, Co-Cr alloys and cp-Ti specimens with difference surface condition of degassing. Specimens surfaces and cutting
plane was characterized by SEM/EDS, Results suggested that Au coating is effective barriers to protect metal oxidation

during ceramic firing.
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& a9 A8 Cr,07t 84 =A 7He) AFL o3t
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EEE Y F U2, AT 4539 AL 4 £
A& Au coating "7 A7 {8, g Fa
o] Ni-Crdl 3. Co-CrAl $H= 228]3 EJeliol] gold
bonding agents =3I, A FHAE 4k}
%3} Au coating & @ BEw mAF Aloje] k-8 A
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1. 25 AME M

Elels A2 cp-Ti Grade 2(Kobe still Co, Japan)2
o] 4-3}915., Rematitan” plus (Dentaurum, Germany)S &
mjEste] 33 Aol o]d A3 furnaced| &%E
deoA AAEle] £ £5 6°C/ming 850°C7H] =8
5= 319]on, o}=15=327](Ticast Super R. Selec, Osaka,
Japan)ol|l 4] 238190t}

Ni-Cr ¥ Co-Cr A& z}z} A|¥5<2] Verabond 2V
(Aalba Dent. Inc, U.S,A)¢} Wirobond™ C(Bego, Germany)
£ 214kl A o E4(Univest® Plus, Metalor, Swiss)2 v
E3}aL, 5159} F327](Decatron, Ugin-dentaire, France)
of| A Fxgk Zlolt}. zbzhe] AJHE bench cooling 417
o] AAZ 915k 110 um ALO, U2K(Korox®

= 532 A
27

Bego, Bremen, Germany)= sand-blastingd}il, &

Zo 0 AFHEem, ol F 1200 grit SiC vl 2 #9
Auls 313, FFFE 229 A £ Az,

2. Degassing %{2| % gold bonding agent 24

1) Ni-CrA] 3

VI B V2 Al RFE t2Fo R 2832 gAsx] @
3L Au coating 2} E-54% %2 (Noritake Super Porce-
lain EX-3, Noritake. Japany& Z:43l%Ith. v3el v4 Al¥
72 e 3AFe AAE AR 982°C HFollA degas-
singdl] 2H3}5-& AISIEL, Au coating T BFY =
A& F4J8199tt. gold bonding agent(Auroflim NP, Met-
alor, Swiss)= 950°CellA 2 T¥Este] &4 shch. 2}
AR Al Azt Fetol dAE s 2kslEe 34t
< #Fsty] fls) dAE R A Zskelch(Table 1).

2) Co-CrA| =

FE3lAte] AAE 2AR 980°CE HI &EF 2T
of|A] 5% F9F fx]dk] degassing 31911, gold bond-
ing agent =¥ 4L Ni-Critd} FY§ =70 34
T}(Table 2).

Table 1. Layering method of Au coating applied on Ni-Cr alloy
used in this study.

Specimens Layering method
Vi Non-Degassing Gold-coating
V2 Non-Degassing Ist opaque Gold-coating
V3 Degassing Gold-coating
V4 Degassing Ist opaque Gold-coating

Table 2. Layering method of Au coating applied on Co-Cr alloy
used in this study.

Specimens layering method
Cl Non-Degassing Gold-coating
C2 Non-Degassing 1st opaque Gold-coating

C3 Degassing Gold-coating

4 Degassing Ist opaque Gold-coating

Table 3. Layering method of Au coating applied on cp-Ti used
in this study.

Specimens Layering method

T Non- Porcelain

Degassing bonder
i Non- :
12 Degassing Gold-coating

Non- Porcelain 5 G
T3 Degassing Bondés Gold-coating
; Non- T I Porcelain
4 Degassing Gold-coating b g
: Non- Porcelain = .
5 . . ’

IS Degassing bonder 1 st opaque  Gold-coating
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3) cp-Tit

Elely A9 Elelir 48 porcelain bonder®] 7143
¢l Vita Titankeramik®(Vident, Brea, CA)S AH-8}91c}.
porcelain bonder2} Au coating Z¢] W|E flsl 7zt &
xlete] gA &AL, 25 A2l porcelain bonder ~12]
3. Au coating &9 #F +AE elstsdti(Table 3).
gold bonding agenti= 800°CellA] 21 maEsle] 44 313l
3, EAlE Az AL A Ao 2sjA A4 skt

3 oy
A|He] S EDS (Energy-Dispersive X-ray Spec-
trometer, Horiba, Japan)?7t 4Z% SEM(Scanning elec-

tron microscope, S-4700, Hitachi, Japan)2.2 $H2H}3]ch

AR g 23 Jom AsiA 30080 Sefsle] Al
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(420<300 pm)fell 4] AEEl= Si(silicon)?t  O(oxygen),
Au(gold)S EDSE #4819, ZA Hol A= line pro-
filedle] Si, Au, 0F¢] B4k AFE.

a5 3 @

1. SEM Photomicrographs

Fig. 1> Ni-Cr @ Co-CrAl 3¢l degassing #4 # -
o] SEM ARFlC R degassing #4 Fol(Fig. 1. C, D)
AbshEo] Y AL I + A Hely A9
(Fig. 1. E) A% degassing 3353t A}t 4tsl50]
PR o] HAE FYsA AU

EDS #4922 degassing A - §¢] 7} o+ A|¥ie] W
A E-(at%)S 8|t B (Table 4) degassing 24 ol

— togem
Fig. 1. SEM photomicrographs of specimens.

Etectron image 1

(A) Group V without degassing, (B) Group C without degassing, (C) Group V with degassing, (D) Group C with degassing, (E)

Group T without degassing.
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Table 4. EDS analysis results(at%) on specimens before & after degassing

. Elements(at%)

Group Method Ni Co Cr Ti 0 Si
v Before degassing 76.11 15.07 73 1.91
b4 After degassing 36.81 13.21 48.78 1.41
C Before degassing 66.78 29.44 1.47 3.08
¢ After degassing 20.13 22.63 54.43 318
T Before degassing 95.63 364 0.74

V : Ni-Cr based alloy, C: Co-Cr based alloy, T : cp-Ti

B Oxygen

.
Bupm Eiectron image |

Fig. 2. SEM photomicrograph on cross section of C3 specimen without Au coating layer (A), and EDS analysis of oxygen diffusion (B).

Ga2-A 1506V 11.5mm x500 SE(M) 1K 1
Fig. 3. SEM photomicrographs of specimens layer surface. (A) specimen V4, (B) specimen C4, (C) specimen T1, (D) specimen T2, (E)
specimen T3.

@e o] skslEo] Y AL AFE 5 AU Fig. Fig. 3 V., Ci+ A9l Au coating 5% A8k, T
2. A¥= C3 A|#ol| Au coating & 84 Hell, A He] oA o Al#elli= Au coating 3-°|u} porcelain bondersS &
< line profiledt SEMAIZI O &2 Algie] WA oxide® A Fof] #2k5k SEM Alzlelt), Fig. 3 Al¥e] 4% Au
Z7}9} gake e 4 2t coating Z-23EWHol| vlAg O3S Bl fAIRE e

-2 T
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Table 5, EDS analysis results(at%) on specimens with Au
coating layer and porcelain bond layer

: Elements(at%)
Gofp S = & T © & A
Vi 023 0.16 119 068 872
p v2 ol 0.22 1566 022 8394
Vi o 035 02 1544 02 837
va 0 0.46 2151 087 7741
cl 102 038 219 01 7668
. 2 0.1 016 213 01 7866
C3 02 0. 1592 0.1  84.46
C4 0.1 036 214 01 7848
T 013 79.63 2025
gy 0.1 1853 0.1 8117
T 3 01 1333 01 8647
T4 0.1 7695 2.9
TS 0.1 1963 02 8028

7 #2593 (Fig. 3. A, B, D, E), porcelain bonders2
FEE TIAEAA B T34 7o TaAszA &t
tHFig. 3. C).

2. EDS analysis

Table 5 V. C 22|32 T+ 7} A|¥E EDS £43 2
F}oit}. Table 3904 #AIGH V3, V49l C3, C49] degas-
sing #FgellA A€ oxygen(at%)S Au coating Z°] &
A=A A3 24d 2S & 7 Add. viF v2,
CI C2& 413 §1°] Au coating Folu} BF =)
& 4319 AU, o] 24 HAoA ARzl
g4 HAx, 25 =AE 24% V2ot 2z, BFY
E=AE 248 e VI Cliel EDS ¥4 27 oA
oxygen(at%) ¥ 24 Sl weEl F718e 4 5 3
=

Tl M= #| 28] A7} $24 K= porcelain bonderst Au
coating 58 ¥4¢ Fol] Ueld EDS 2HAE vas) B
A porcelain bonderFolA] Au coating FEC ¢ B
oxygen(at%)°] 3 =t Ti13} T52] EDS ¥AollA
B2 49 Sivt 7EE=d porcelain bonder?] A+-o]
S0 8 XEgsia 7] Welzte AZEd. vz
223 T4 Au coating 52 24 oA A
 skee] 3718 HJAlske Ag #8385 AU

Fig. 4= V4, C4, T59] A|#e] Au coating Fo|4] #+3
g vAdgsdel SEMAROIL: A WH-E EDS
8] B¥(Table 6), &= = Oxygen(at%)2] 4| Au
coating FollA ¥r} o] B Zoz vy, A oF
e #L AZHE =A% 744 e 3 AF
HOg oA,

Fig. 5% Vot C, 28] T#+2] Al#HellA] Au coat-
ing 33 A81% a2 A F7e] At Hejot AE-
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G1-4A 15.0kV 11.8mm x10.0k SE(M)

G3-3-C 15.0kV 12 4mm x10,0k SE(M)

Fig. 4. SEM photomicrographs of micro porosity on Au coating
layer. (A) specimen V4, (B) specimen C4, (C) specimen T5.

Table 6, EDS analysis results(at%) on the inside of micro
porosity on Au coating layer

Goediinens Elements(at%a)
Ni Co Cr Ti 0] Si Au
V4 79.70 1799 231
C4 78.07 17.54 4.39
T5 029 7882 11.75 9.14

AaEo] SHHE F3517] 28] AlAE line profilee]th.
Vi Au coating 3 &4 Alolojx AL AslE
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Fig. 5. EDS line profiles on cross section of specimens.
(A) V1, (B) V2,(C) V3, (D) V4, (E) C1, (F) C2,(G) C3, (H) C4, (1) T1, (J) T2, (K) T3, (L) T4, (M) T5
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o] §r - Yol AHglo]l E43 Au coating & 1|5l B
W w7kl HlarE 2k Yoju} BTh(Fig. 5. A, B, C,
D). 4k8}E-& FAsHA] e C1 A%l M= Au coating
} F47kel Agtel F dojy B, 435E BA
5l C3 A|#He] Au coating T F&72] AlHo|A] Hi-
¢l adhesive failure”} ¥+ th(Fig. 5. G). 2HalEo]
%2 & Cla} vlaws] WW(Fig. 5. E), degassing
AL A= F2F FAE slEo] Au coating T3 &
Z=710] ALS Al 848 AR, BEY wAS
HA A= C2 o c40] A|HollA =, 28] & -
of gagle] 24 F7ke] Afte] & dojuhe Ao #AF

QltH(Fig. 5. F, H).

Elels A-82] porcelain bonderS =33 T13 T3 A
e AchH AzFu| 424 AACEE porcelain bonder
o} EJelre] A2 & dojut B, T3 Al#€] porce-
lain bonder2} Au coating F7He] AgHe 4 Yojuh= 4
o7 MAEQIry, SEM/EDS 419 % porcelain bonder
7} 2 Fol O3 3 E dA4shs e SioE #
A5 = (Fig. 5. K), 34 73 a4-42 2499
& Aslldle 848 AZIC Au coating T2 FA3H
T2 2} T4 AH0A] B T29F Au coating & Ale]ell A
HEEel wil7 AEEJATHFig. S. J), FYg 24 L
7}7] T4S} Au coating & Alololl= A o] 4 Uoh=
AoR #FFUTHFig. 5. L). T4 A|Ho|A= Au coat-
ing & TAHOE 448159 Fito] AojELL e AE
o 4 ALk TS AlHolM = Au coating &, porcelain
bonder 22|37 &5 wA7ke] Age 2 dojih= Ao
2 e okFig. 5. M). G, Vit 283l T#e| g
# line profiledl|l ] Q& 4] 817} Foigtel ule} 7%
¥5= Oxygen(at%) 7ol F7lshe Z1oz A=)
Cit, Vit 2#]3L Ti+9] Al#e] EDS #41&, Au coat-
ing Z0] W 24 S= FE5-nA SRR Azt
M BAEE A8Ee] ke Algsicis Azt

HE-EA FEEAM ATH FEE dexde
5% 2Ale] & ARl d4E FEES 4vF
1 A goth, FE&-Al HAE] JFH AT F A
T7ke]l Age| Adle)] W AL vt Ay
=7 Aol 38k A, 5o F 7k a9l 5
oldte] AGEH, G430 wAlo] 31814 Aol degas-
sing I 3 Foll FAEE S50 52344 4k}
oto] uf$- FQ gk &S F,

¥ Aol M= degassingt A AT A WA E
of &k W ARAEet A AdE fddle
Hopgt B2 Abslge] #akg Agtsla, F4 e
A2 7§ 5= 203 Gold bonding agentS ©]-8-3lo] Au
coating 3% Ni-CrAl®} Co-CrAl §++3, 123 Elelys
o #Wo] PAspArp>en BEd wao} § ARR
5]3= bonding agentts -4l 7+e] AgY Zon

*J

off . o ol
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a7t e Aew LA Ao, 59 degassing
A3 oA AN FE53 mA)7e] ARe] nEel
2Eo] Ao} whEEAH A3 NEE-Ele] HAIE = 4]
59 kS EDS ¥4 2 §slo #AsHy, dud
A& Line profiledte] Atslge] kg #@siqlid,
Ni-CrAl9F Co-CrAl #33% EleHsollAl Au coating 3
Abe}Ee] §4ke gdHo R AofElal Qe AR #F
S|, AHH AlHONA 2} F7ke] A degassing o
AL A2 Co-CrAl a2 Al9lsiales & oy 2o
7 FHAE| T} degassing®] 5% 3 WA, 24 F

Qdzslo] B4 24 3 /1Es 29 A9lo] s F7]
2452 vid AAse, B4 3% F2 F 9 P

oA FzA| oA WAlske WE-&HS A A s
o, AR =47t adE 4] R vl A8t ¥
Aste] wAote] Afel fel§ 8L sk Aolu=
e} Wight™'52 degassingt AliA17ke] F7h, &
A ol A3tE7] 48 AEER st 4ksiate] 3
=35k Ao F&-mAlle] AdEe] FAEUGA
B3k Adachi? 52 F43 =4 A9 4k3lE: F
M= FaL oA A A 7kt 4kl 7] (oxidizing atmo-
sphere)ell °ls #9-¥3L, &4 Elelye] §-34 Asie)
B4 8L 48 B A3 1000°CoANAME 9F 1 ume] F
AL Adsherg #4dska, 750°celM = oF 32 nme] 5%
23 Akslete] A EQL . ¥ El). by ®Hel A
315-& 4H7) aLgoA] Bufjo] A BaisEE AU
2 2Rcha 4l AL, o Awe] kA U4t ¥
Elgell BaF ATl sEhe Elelye] w88 fuE
= otk @99e# o7 Ellinghams/Richardson diagramel]
7123t TilOxygen2] H&E-2 400-800°C Ale]ollA] 10710
atmospheres®] AHAhEQES g pFCHS. 2y} AAR o]
21§k W2 oA R E 24ske AL A9 Erbsst
B&, SiiN,, TiN, Aus& Elglgold, n7F% =9
FAo) sg)sle] ek 3ol Y42 9y 97 ge
A7-Eo] WaEo|A gk, SR Y ol2gh e WYEL
FE3hE A Zal) Aol AHE-E7) o] ¢ AAoltt. YA
HOo g AFAHRN F4-5A FEEE AF}shed lojA,
gold bonding agent®] AME-o] &3} Al 28|3 Au
coating 30| F4-4] Aol vz gkl a4
4 B 477 4asiA et e EE A4 3 Fo
e Aohet AelEe] bl disiMe adFoen

A3 5 i el W oA,

2 ¢

& Qe S5 FEE AR AHEE NiCr
alloy} Co-Cr alloy, 22|32 ElElsel gold bonding
agentE S¥3l] Au coating T8 FASIIT). 2t A9
AHg A4V ORE Au coating %3} porcelain
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bonder, 22]3!

By

EAZEe] A9E wEEIL, 7

Awie] Ae)E SEM/EDS e xatshgich, 4olA
ARgE Az el W9l M gt e ARg
Aglek.

I. Gold bonding agents ARZ-5}a] #43F Au coating
T2 MAOEAE 7R 2R #EETh

2. Au coating &3} porcelain bonder 28] #-%1 &
A7re] AgS 2 oyt B

3. Au coating &8 EA| 24 wAlEh= Ak3)
52| A4S A jlel=s Aow A=
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