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Table 1. Experimental groups of specimens
used in study

Groups

 Descriptions

Casttitanium, gold coating
Cast-titanium, TiN coating
Al203 blasted cast~titanium
Wrought titanium, gold coating
Wrought titanium, TiN coating
Al203 blasted wrought titanium
Au-Pd-In alloy
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73t (Table ).

Au ZE L sputter coater(PS-12007, ParaOne,
Korea) 2 40mA, 1000s2 FH &1, TiN ZH ¥
£ AIP (Arc Ion Plating)® (Hybrid coating sys-
tem®, ©}8] A]2#  Incheon, Korea) 2.2 300TCSIA
Nz 4% 300scemE -+ 8h] FA L 7.5mTorrdl]
A sholo] 2 -30V, o}AAF 65AE o 2417 Bt
ZA3e) ZHIAT

3. =1 &4

7t AH A A7 248 BHUE dental air
abrasion unit(Denture Sand Blaster®, Hanjin
Dental, Seoul, Korea)oll4] 50um Al2O3 parti-
cle(Korox®, Bego, Germany) 2 air abrasion® $1t}.
Air abrasiong 93+ 7]191-& 0.6u(Gbar)ol A A=
A3, ¥} nozzlerlold Azle o SmE FA&
F oF 302 %<} sandblastingdtich.

tlolety Al AS 2ALEFEA. (Vita
Titankeramik®, Vident, Germany)& ¥#¢] 34
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3 @29 opaue porcealin@ 539 dentin porce-
laing Elolels A¢ ZAZ (Tikrom®, Orotig,
Italy)oll A A23|A1e] 4 Aol 22 248t
(Table II). % WA dentin porcelain 4% ¥ =4
=o}Z 1.1m7} HA SiC abrasive paper® @w}a}
Aok 2&9 AH7 2 5EL AH F ARATn
2% glaze firing® Attt (Fig. 1).

13 mm
13 mm
—— E 1.1 mrm Poreslain
= 1 1.0 mm Metal

Fig. 1. Dimensions of metal-ceramic specimeri.
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Specimen

Fig. 2. Schematic diagram of a special die and plunger.

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

Paste bonder

Opague porcelain

First-layer dentin
porcelain
Second-layer dentin
porcelain

Glaze

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 C at 110C/min in vacuum,
hold at 790 C in vaccum for 1 min

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

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

Heat from 400 to 790 € at 60 C/min in vacuum,
hold at 790 C in vaccum for 1 min
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Table III. EDS Analyses results (wt.%) on titanium surfaces before & after the porcelain debonding

Group Method Ti Au N Al Si

1 Gold coated on C-Ti 4(0) 96(0) 0 0 0
Debonded 43(5) 17(4) 0 3(0) 16(4)

2 TiN coated on C-Ti 96(0) 0 5(0) 0(0) 0
Debonded 57(4) 0 0 2(0) 16(2)

3 Al203 blasted on C-Ti 89(1) 0 0 2(0) 0
Debonded 83(3) 0 0 2(0) 6(1)

4 Gold coated on W-Ti 3(1) 97(1) 0 0 0
Debonded 40(4) 20(3) 0 30 16(4)

5 TiN coated on W-Ti 95(0) 0 5(0) 0 0
Debonded 56(4) 0 0 3(0) 17(2)

6 Al20s blasted on W-Ti 89(0) 0 0 2(0) 0
Debonded 64(5) 0 Q 4(0) 14(2)
7 Au-Pd-In alloy 0 99(0) 0 0 0(0)
Debonded 1(0) 79(5) 0 2 (0) 7(1)

Entries are mean values. Standard deviations are in parentheses.

Data were based on analysis of eight specimens.
C-Ti : Cast titanium, W-Ti : Wrought titanium.
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Fig. 3. 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 tita-
nium (g) Au-Pd-In alloy



Fig. 4. SEM photomicrographs specimens after porcelain debonding(x 30).
(a) Group 1, (b} Group 2, (¢) Group 3, (d) Group 4, (e) Group 5, (f) Group 6, (g) Group 7.
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Table IV. Silicon atomic percentage at each step during determination of AFAP

After firing of first layer of After debonding of
Group porcelain porcealin
1 29.58(3.20) 19.98(3.50)
2 27.54(1.57) 18.43(1.30)
3 28.15(2.09) 8.33(1.31)
4 32.75(1.49) 20.74(3.30)
5 29.34(2.34) 18.82(1.36)
6 29.20(2.72) 16.62(2.15)
7 24.76(0.52) 19.17(1.43)

Entries are mean values. Standard deviations are in parentheses.

Data were based on analysis of eight specimens.

Table V. Area Fraction of Adherent Porce~
lain(AFAP%) of all groups
Group AFAP

1 66.00(10.84)
67.38(5.68)
29.88(6.16)
63.47(10.61)
64.67( 8.67)
50.51(7.47)
76.53( 7.01)

-1 O Ot WD

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

EFFECTS OF TITANIUM SURFACE COATING ON
CERAMIC ADHESION

Yeon-Mi Kim, D.D.S., Hyun-Seung Kim, Ph.D., Kwang-Min Lee, Ph.D.*,
Doh-Jae Lee, Ph.D.*, Gye-Jeong Oh, B.S., Hyun-Pil Lim, D.D.S., Yoon-Jung Seo, B.S.
Sang-Won Park, D.D.S., Ph.D.

Department of Prosthodontics, College of Dentistry, Chonnam University
*Division of Materials Science and Engineering, Research Institute for Functional Surface,
Chonnam National University

Statement of problem: The adhesion between titanium and ceramic is less optimal than
conventional metal-ceramic bonding, due to reaction layer form on cast titanium surface dur-
ing porcelain firing.

Purpose: This study characterized the effect of titanium-ceramic adhesion after gold and
TiN coating on cast and wrought titanium substrates.

Material and method: Six groups of ASTM grade [ commercially pure titanium and
cast titanium specimens(13mm X 13mm X Imm) were prepared(n=8). The conventional Au-~
Pd-In alloy served as the control. All specimens were sandblasted with 110um Al2Os particles
and ultrasonically cleaned for Smin in deionized water, and dried in air before porcelain fir-
ing. An ultra-low-fusing dental porcelain(Vita Titankeramik) was fused on titanium
surfaces. Porcelain was debonded by a biaxial flexure test at a cross head speed of
0.25mm/min. The excellent titanium-ceramic adherence was exhibited by the presence of
a dentin porcelain layer on the specimen surface after the biaxial flexure test. Area frac-
tion of adherent porcelain(AFAP) was determined by SEM/EDS. Numerical results were
statistically analyzed by one-way ANOVA and Student- Newman-Keuls test at «=0.05.

Results: The AFAP value of cast titanium was greatest in the group 2 with TiN coating,
followed by group 1 with Au coating and the group 3 with Al20s sandblasting. Significant
statistical difference was found between the group 1, 2 and the group 3 (p{.05). The AFAP
value of wrought titanium was greatest in the group 5 with TiN coating, followed by the group
4 with Au coating and the group 6 with Al203 sandblasting.

Conclusion: No significant difference was observed among the three groups (p).05). The
AFAP values of the cast titanium and the wrought titanium were similar. However the group
treated with Al2O3 sandblasting showed significantly lower value (p<.05).

Key words : Titanium, Au and TiN Coating, Titanium-Ceramic Adhesion
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