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ol¢} #dste] TA| &4 T Hrhet elolehE Ab
3tE AAlsta, eeleta-=A19] 23 & 7HAA17]
7] f1gk o g Blo|ehg EHl| thkd gdolu
Algt s R et A7 s o gt
Wang®} Weltch™+= EfelElE ol SN« ZH &
A et o Wang? Fung 522 ElolElE &
o Cr ZEZ A8t Eolehge] @& Askes
B8l 3, o AT E silver ZES A3
ato] Bloleba-2A Ade] MAAEASS BT
t}#2 Oshida 5% ElolElF 9ldl TIN ZH S A]
gsto zH Etolety x| FsH(Nitridation)”}
204 ElolelE AtalE Algtele] mA|ote] A
o ZHAINE LA, A2 Vo0
ZrOze B G Elolelg® EA|oke] 23S A
Atka EJ—E] AT}
ElolElgE 9o Au ZH

rlo

& o rd alo

S AT AFEE AP
2T} 257 Derand$t Hewp & %9} 712 Elo|EbF
ek ZAeke] Ao Bak AoA Au AFA}
Elolelg-=Ale] Al vEHo|Atkn Hus}
ATk 28 Lee 579 dollA & Au sputter 2
ElS Algdt A4S elo|ely X MY Be =4
7]— AL RS Bust e, o] Aol Au 2
glo] glolely W a13kd A< dlo] Elole}
F-EA ke Aol ErA UL w3l

olo] ¥ AFE FX EloletE 71 Blolehe S
7Yz} Au, TiN 2B Al2Os sandblasting® 2 ¥
Ael T =AE FA 2ste] =A9} EloleEhEe]
AGYe g BHsla, 2% 22 AY F SEM/EDS,
XRD Hhe B3] wE EolehE-=A) ¢

% g g

[e:

= A
3 AGPIE Fokund Gt

)

H b
od

I o7 22 o
2.1 o7 E

2.1.1 &% AJ9A12
(1) T E‘rO]E]rH
Z Elolebs2 CP-Ti(Grade 2) (Kobe still
C ., Japan)E& /‘}% slod, 13x 13X 1mme] o}=3
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AL 71 3, MgOA " EA] (Selevest CB®, Selec)
2 &Y. 850CoA &asta 2 A 350
TE A1 F dAlEtelels F27] (Ticast Super
R®, Selec, Osaka, Japan)&@ FZ3Ith AlHE
bench coolingA17]aL 250um Al2Os particle (Korox®,
Bego, Bremen, Germany) & sandblastingdte] ol
EAE A A% 3 deionized water®} acetoneol A zt
7} 5t 253 A3 & AZ2EJATHN=8).

(2) 718 Eeolgw

718 ElolElEE CP-Ti(Grade 2) (Kobe still Co.,
Japan) &Z 13x 13X lmm 27] 2 234 lo]o}7}g
71(AP450L, Sodick, Japan)Z 7} tHN=8).

(3) Au-Pd-In Alloy

Au-Pd-In alloye BT &2 13x 13X 1mne] F&
= A FH AAAA wWEZA (Powercast®:
Whipmix, Louisville, Ky) 2 w&3}3 Au-Pd-In &
= (Alphadent® Korea)E gas-oxygen torch#®
LN F dAFRV|2 FxIAT. AlAHS
bench coohng/‘] 713 250um Al203 YA+ (Korox®,
Bego, Bremen, Germany) 2 sandblastingate] o
EAE A AZ F deionized waters} acetoneoll A Z
7} 5 253 AlA F 1AZ3tHIN=8).

2.1.2 THAE

34 ARl Fi9 W AL ol e 2%
539 tHTable I). Au ZH T2 sputter coater
(ParaOne®, Gold Ion Sputter, Model PS-1200)%
40mA, 1000s% F”st5itHFig. 1). TIN LT

Table 1. Experimental groups of specimens
used in study

Groups Descriptions

1 Cast-Titanium, Gold Coating

Cast-Titanium, TiN Coating

Cast-Titanium, Al203 Blasted
Wrought Titanium, Gold Coating
Wrought Titanium, TiN Coating
Wrought Titanium, Al203 Blasted

Au-Pd-In Alloy

-3 O O i~ W N




13mm

T| 13mm
Plate

t=1.0mm
Porcelain

1.1mm
1.0mm Ti

Fig. 2. Specimens after porcelain firing.

Fig. 1. Dimensions of metal-ceramic specimen.

Table II. Settings of the porcelain furnace used for fusing of the Ultra-Low-Fusing dental porcelain in

the present study
Porcelain Layer

Porcelain Furnace Setting

Heat from 400 to 800 C at 60 C/min in vacuum,
hold at 800 C in vaccum for 1 min

Heat from 400 to 790 ¢ at 110°C/min in vacuum,
hold at 790 € in vaccum for 1 min

Heat from 400 to 770C at 50 C/min in vacuum,
hold at 770C in vaccum for 1 min

Heat from 400 to 770 C at 50 C/min in vacuum,
hold at 770 C in vaccum for 1 min

Heat from 400 to 790 C at 60 C/min in vacuum,
hold at 790 C in vaccum for 1 min

Paste bonder
Opaque porcelain
First-layer dentin porcelain
Second-layer dentin porcelain

Glaze

Elolelg Al 75 2AE85=A (Vita Tita-
nkeramik®, Vident, Brea, CA)E Al# 2] 419 6
mn2] 7 2] Y& o] =A porcelain bonderE vh= a1 3t
%] opaue porcealin® F%<] dentin porcelains
EtolElw 28 A Z(TiIKROM, OROTIG) <A Al
Z3|Ake] 3 AlolF 2 A48 tH(Table 1). $14

A dentin porcelain 473 ¥ Z=A19] FolE 1.1m7}

ATP(Arc Ton Plating, o} A] 2"l Korea) W2
300CelA N2 % 300scem= 8, 23
7.5mtorrell A Hlo]o] 2 -30V, o} 2 A F 65AR oF
AZE B sl

]

2.1.3 =4 24
Zy Aol A7 AdE EHL dental air

abrasion unit (Blastmate II*, Ney, Bloomfield, CT)
of| A1 110um Al20s particle(Korox®, Bego)Z air abra-
sion®| AT}, Air abrasions 3 7192 0.55 v
(80psD oA FA S, FHI nozzle Atel9] Al
£ 9 1mE A3 A 20% E<F sandblastingd}
o
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A SiC abrasive paper® A v}t th 223 A%
712 5EZE A T Az 1 2% glaze firingS
Al stAth(Fig. 1).

Au-Pd-In §=A1HNAM = IuF =4 (Creation®,
KLEMA)E ©]-&3to] Elo|elw AlHA ¢}t FLst
A F2] FA el 6mA 7o) PO 2 1. 1m =07}



A B4 A9 =AZ (HIGH BAKE II°, JAE
MYONG) A A2+t ek (Fig. 2).

2.2 A7

2.2.1 2% &= 4138 (Biaxial Flexure Test)

2% =3 AdE Hdl WeAlE 71 (UH-100A%A},
Shimazu, Japan)ell A4 #12}gt die<} plunger(Fig.
3)= AHgste BAjolA =A7F g wiziA] 0.25
mm/min®| cross head speed 2 3l5< 71313t

Plunger

i
LY

e Specimen

Die

Fig. 3. Schematic diagram of a special die and
plunger.

(e) (f)

2.2.2 SEM/EDS ¥4

A 2T Al 9T 2% 2 AIE $ g9
& = 29 F4e FARAAR A (SEM,
Scanning Electron Microscope, JSM 5400, JEOL,
JAPAN)C 2 #2319 1, EDS(Energy Dispersive
X-ray Spectroscopy, Noran®, USA) & A|H EH ]
EAshe Si TS BA FFe AEE o] 8383
a1, Si‘gEe] #xE BT SEM operating 2
712 20kV accelerating voltage, 38mm working dis-
tance, 64uA beam current, 41.3° take-off angle,
100s live timeS. 2, Si <] DA Al 4]
Ae] 3. 7mm X 2. 7mm AFZEE Wol| A Al =] A Th(x

50). A1 EHo] ZA)5t= 4 AELAe B
&
SFATH(x300).
I o7 A
3.1 SEM photomicrographs
Fig. 4% Eholebre =8 A% F 2e)3 Au
Pd-In &9 SEMARIC.Z ElolelF AlHol|A 7}

a9e 72 eolehrh 73 BolerEald ke
=8 e uan

(d)

(g)
Fig. 4. SEM photomicrographs of surface treated specimens(x 500).

(a) cast titanium, (b) gold coated cast titanium, (c¢) TiN coated cast titanium, (d) wrought titanium, (e) gold
coated wrought titanium, (f) TiN coated wrought titanium, (g) Au-Pd-In alloy.
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P Framelsas

e i |
Tikd

Aia

(e) €] (g)
Fig. 5. The cross sectional SEM photomicrographs of titanium specimens after porcelain firing( X 5000).
(a) cast titanium, (b) gold coated cast titanium, (c) TiN coated cast titanium, (d) wrought titanium, (e) gold
coated wrought titanium, (f) TiN coated wrought titanium, (g) Au-Pd-In alloy.

(d)

(e)

Fig. 6. SEM photomicrographs specimens after porcelain debonding(x30).
(a) cast titanium, (b) gold coated cast titanium, (c) TiN coated cast titanium, (d) wrought titanium, (e) gold
coated wrought titanium, (f) TiN coated wrought titanium, (g) Au-Pd-In alloy.

Fig. b= &9 A2] & Fx eoletw, 7+ Elolgt Fig. 62 25 23 A8 $ A9 39 FdE &
¥ 2 AuPd-In alloydl] A2EALA & 7} S © 2k ARxlo|th(x30). Al&e] FHd ZA 44
HE #EAe Alloltt, FEo| WE F2 ElojElE AHE-5]E dentin porcelain, bonding porcelain &
3 7k Eelebwe] Atele YEhA @3 frARRE opaque porcelain® = ®ol= Edo] EAlste Ae

FEe Hela it & Sl

173



Table III. EDS Analyses results (at.%) on titanium surfaces before & after the porcelain debonding

Surface Treatment, Ti Au Al K Si
Gold Coated 15.47 2.27 4.10 3.07 30.39(2.71)
Debonded 32.90 3.22 4.58 3.36 19.98(3.50)
Casting TiN Coated 21.85 0 3.30 2.52 27.42(1.60)
Ti Debonded 37.68 0 2.63 2.77 18.43(1.30)
Al203 Blasted 19.12 0 4.83 2.60 28.56(2.37)
Debonded 69.17 0 3.60 1.15 8.33(1.31)
Gold Coated 11.98 1.83 4.15 3.30 32.30(1.95)
Debonded 31.74 3.94 4.64 3.19 20.59(3.12)
Wrought TiN Coated 19.43 0 3.51 2.72 29.34(2.34)
Ti Debonded 37.28 0 2.90 2.82 18.82(1.36)
Al203 Coated 18.89 0 4.92 2.66 28.89(2.39)
Debonded 45.65 0 4.56 2.26 16.62(2.15)
Au-Pd-In Alloy 2.04 4.08 7.53 9.85 24.54(0.35)
Debonded 2.02 33.81 6.96 10.05 19.14(1.54)

Entries are mean values. Standard deviations are in parentheses.
Data were based on analysis of eight specimens.

(0) o (o)

Fig. 7. EDS mapping photomicrographs specimens after porcelain debonding (< 300).
(a) cast titanium, (b) gold coated cast titanium, (c) TiN coated cast titanium, (d) wrought titanium, (e) gold
coated wrought titanium, (f) TiN coated wrought titanium, (g) Au-Pd-In alloy.

3.2 EDS &4 Si g&e] dAFE Blagk olvt. Augt TiN
¢ AT Au-Pd-In alloy Hlwlwell A= Si 92
Table 111 2% =3 Al & =Ai7F 2ehd A9 o HIS@ = Hola glonh, F3 Eho|ehw

< 508 Eiste] AW (3. 7om X 2. 7om)of] E2) 3} Al203 sandblasting®He A&t Ao 713

ot o fIr
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Intensity

2theta
C-Ti-Au : Cast-Titanium, Gold Coating
C-Ti-TiN : Cast-Titanium, TiN Coating
C-Ti © Cast-Titanium, Al20s Blasted
W-Ti-Au : Wrought Titanium, Gold Coating
W-Ti-TiN : Wrought Titanium, TiN Coating
W-Ti : Wrought Titanium, Al20s Blasted

Fig. 8.

W A F B gl

Fig. 7& =A] 2% AlH #9l| EAjsk= Si A
& EDS mappingdt AR FX EloletEat
71 ElolEbgell Audt TIN B X2l ek A e 7ol A
e g Si el vik oY 32328 ek
AN e AleOs sandblastingdt A & ol A
Fe] Si Aol Btz FXE U

kil
=
oy
30
o

3.3 XRD &4

Fig. 8& 2% 23 Al & A7} gebd
olebET} 71 Elelelwe] XHE X-ray 3|4
3 Aytolt}, Augt TIN ZEE AAFo|A 2tz
AwTi 3357 TIN IR Z0] EA8t9en, BE
Aol A ElolebEe] thEZA QA AHeFE9l TiO27}
AN S & F AUt

Vano#

EA e we AY % 94 2ES 349 o
@ AP was] N8 =ARITEU] AHE
3 e wAG 3 2% TS AL =Y
oz shetd AF WHo} /AH AF PY 5
o143 ofel 74| AFEel AFsl] ALk A1
3 Aol B2Eel2 A ezt A,
PO BUEE A4A 2R FH-EAU 27
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ABSTRACT

THE BOND CHARACTERISTICS OF PORCELAIN FUSED
BY TITANIUM SURFACE MODIFICATION

Taek-Huw Choi, D.D.S,. Ph.D., Sang-Won Park, D.D.S, Ph.D., Mong-Sook Vang, D.D.S., Ph.D.,
Hong-So Yang, D.D.S., Ph.D., Ha-Ok Park, D.D.S., Ph.D., Hyun-Pil Lim, D.D.S., M.S.D.,
Gye-Jeong Oh, B.S., Hyun-Seung Kim, M.S., Kwang-Min Lee, Ph.D*, Kyung-Ku Lee, Ph.D.**

Department of Prosthodontics, College of Dentistry, Chonnam National University
* Division of Materials Science and Engineering, Research Institute for Functional Surface,
Chonnam National University
** R&D Center for Titanium and Special Alloys

Statement of problem: Titanium is well known as a proper metal for the dental restora-
tions, because it has an excellent biocompatibility, resistance to corrosion, and mechani-
cal property. However, adhesion between titanium and dental porcelains is related to the
diffusion of oxygen to the reaction layers formed on cast-titanium surfaces during porcelain
firing and those oxidized layers make the adhesion difficult to be formed. Many studies using
mechanical, chemical and physical methods to enhance the titanium-ceramic adhesion have
been actively performed.

Purpose: This study meant to comparatively analyse the adhesion characteristics
depending on different titanium surface coatings after coating the casts and wrought tita-
nium surfaces with Au and TiN.

Material and method: In this study, the titanium specimens (CP-Ti, Grade 2, Kobe
still Co. Japan) were categorized into cast and wrought titanium. The wrought titanium was
cast by using the MgO-based investment(Selevest CB, Selec). The cast and wrought tita-
nium were treated with Au coating(ParaOne®, Gold Ion Sputter, Model PS-1200) and TiN
coating(ATEC system, Korea) and the ultra low fusing dental porcelain was fused and fired
onto the samples. Biaxial flection test was done on the fired samples and the porcelain was
separated. The adhesion characteristics of porcelain and titanium after firing and the spec-
imen surfaces before and after the porcelain fracture test were observed with SEM. The atom-
ic percent of Si on all sample surfaces was comparatively analysed by EDS. In addition, the
constituents of specimen surface layers after the porcelain fracture and the formed compound
were evaluated by X-ray diffraction diagnosis.
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Result: The results of this study were obtained as follows :

1. The surface characteristics of cast and wrought titanium after surface treatment(Au,
TiN, Al20s sandblasting) were similar and each cast and wrought titanium showed sim-
ilar bonding characteristics.

2. Before and after the biaxial flection test, the highest atomic weight change of Si com-
ponent was found in Al203 sandblasted wrought titanium(28.6at.% — 8.3at.%). On the
other hand, the least change was seen in Au-Pd-In alloy(24.5at.%— 19.1at.%).

3. Much amount of Si components was uniformly distributed in Au and TiN coated tita-
nium, but less amount of Si s was unevenly dispersed on Al203 sandblasting surfaces.

4. In X-ray diffraction diagnosis after porcelain debonding, we could see Au2Ti compound
and TiN coating layers on Au and TiN coated surfaces and TiOz2, typical oxide of tita-
nium, on all titanium surfaces.

5. Debonding of porcelain on cast and wrought titanium surface after the biaxial flection
is considered as a result of adhesion deterioration between coating layers and titani-
um surfaces. We found that there are both adhesive failure and cohesive failure at the
same time.

Conclusion: These results showed that the titanium-ceramic adhesion could be
improved by coating cast and wrought titanium surfaces with Au and TiN when making porce-
lain fused to metal crowns. In order to use porcelain fused to titanium clinically, it is con-
sidered that coating technique to enhance the bonding strength between coating kKlayers
and titanium surfaces should be developed first.

Key words : Titanium, Surface treatment(Au, TiN, Al203 sandblasting), Adhesion
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