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Fig. 1. Specimen fabrication procedure.
A. Machine-milled metal specimen
B. Pre-sintered specimen °

C. Finally fabricated specimen
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Table 1. Surface treatment methods used in this study

Group Treatment method

SD(Control) sandblasting

SL sandblasting + silane treatment

SC sandblasting + Siloc treatment

IAR] sandblasting + ion assisted reaction with argon ion and oxygen gas
IART sandblasting + ion assisted reaction with oxygen ion and oxygen gas
IART sandblasting + ion assisted reaction with oxygen ion

A. Sessile drop method

Y's:the solid/vapor surface tension
Ta:the solid/liquid surface tension
Tw:the liquid/vapor surface tension

Ylv .
h 0
0
nﬁ-A - e B__ A/?%;Tfi\\\B.

B. Measurement method in this study
AC = 1/2AB, 6 =£0OAC

Fig. 3. Contact angle measurement, method.
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Fig. 4. A Specially-designed
apparatus for cemen-
tation with uniform
film thickness.

men.

Fig. 5. Jig for applying axial
tensile force to speci-

Resin cement

Fig. 6. Schematic diagram of
specimen for testing
tensile bond strength.

Table 2. Contact angle before and after 1AR treatment

JIAR 1 IART IART

Before-treatment 448 52.4° 48 4

After-treatment 40.4° 10.8° 20.4°
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Fig. 7. The change of contact angle after IAR
. treatment.
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Fig. 9. SEM image of SD group(x15,000).

AEJote AL BolF 1 cH(Table 2, Fig. 7).
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Fig. 8. SEM image of In-Ceram alumina core af-
ter glass infiltration(x 15,000).
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Fig. 10. SEM image of SL group(x1,000).
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3) AFM(Atomic Force Microscope) ¥4

WE&T © FE7 BES AR w79 o372 B
%S Holx YAThHFig. 15).
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Fig. 13. SEM image of IAR [ group(x15,000).

4) XPS(X-ray Photoelectron Spectroscopy) &
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Fig. 14. SEM image of IAR Il group(x 15,000).
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& AAHFig. 22).
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Fig. 15. AFM image of SD group. Fig. 16. AFM image of SL group.

Fig. 17. AFM image of SC group. Fig. 18. AFM image of IAR | group.
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Fig. 19. XPS wide scan spectra of In-Ceram Fig. 20. XPS narrow scan spectra of Al 2p.

alumina core.
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Fig. 21. XPS narrow scan spectra of O 1s.
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Fig. 22. XPS narrow scan spectra of Si 2p, La 4d.

Table 3. Tensile bond strength(MPa) of differently treated In-Ceram alumina core (MPa)

Group N Mean S.D. Duncan’ s grouping®

SD 10 22.97 9.09 A

SL 10 38.86 5.86 B

SC 10 44.95 7.45 B

IAR] 10(2#) 40.96 8.87 - B

IART 10Q14) 41.20 7.53 B

IART 10(24) 44.25 10.24 B

* ! same letters are not siguificantly different at p=0.05.
# : During testing of tensile bond strength, the specimens were broken.

MPa 45 P W
40 _——FT ] —
35 I O -
01 % N e C 1 1
25} - | -
2or 1 1 ]
15 1" e -
104 S T R 1

1% T =
o B = © =
sSD SL SC  IARI AR  IARIN

Fig. 23. Tensile bond strength(MPa) of differently

treated In-Ceram alumina core.
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JAR M e] 44.25+£10.24MPa% &3 =) cHTable
3, Fig. 23).

99.5%¢< AN LR one-way ANOVA £A43
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Table 4. Failure mode after tensile bond strength test (MPa)
Group N Adhesive failure Cohesive failure Complex failure
sSDh 10 - 3 7
SL 10 - 6
SC 10 - 5 5
IAR ] 10(24) - 4 4
IART 10(1#) - 6 3
IART 10(24) - 3 5
# : During testing of tensile bond strength, the specimen were broken.

Fig. 24. Cohesive failure mode in SD group
(x150).

/3 (complex) T F/do] UEP ™ (Table 4), FA}
AAEUE BRSP4 P FH HR
ARES] YzHEe] GA e P Ron B
A TR 9M9 A FAE R EFolv
To) HANMES] FAEe) Fol Y FIE R
F 5 4 Ao (Fig. 24, 25).
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Fig. 25. Complex failure mode in IARI group
(x150).
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o, 2 3 &L silanol’| 2 =A S AR A
< 7R = silanol?] (SIOH)E A3 3t =49l
silica®t S-2tste] B& AAJS AL siloxane (Si-O-Si)
< YAt HAE & F7MRID (Fig. 26). 4@
& ZAle] FHA ) Uy®, A A PP, A
& AP F B, A 24 5o o2} A
7=} vheFsttkn Badtet.

13|

=1
ke
-

HO ~— Si— OH

I

L=

o HO — Si— OH
d u - S
NP4 +H,O
— —
A B

Fig. 26. Schematic representation of reaction
of a silane. coupling agent at a surface
containing hydroxyl groups. '

A) formation of a hydrogen bond
B) formation of a covalent bond with re-
lease of water
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methacryloyloxydecyl dihydrogen phosphate)& &
f3t1 93 o) MDP7L gjdwe] ¥ Akslet
o] $AZF, FAHe gol2F HEAA Y Fol 2
Atoldl A7) BA714 dzaes 53 2% ¢
van der Waal s forceoll &3 Aol 7153t 3}g}
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Towt% ©1d &R A TFFF) A1 FE
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TZER H%8 AR} 7Mestd VAdCER ¥
< AL roltta 39 In-Cerame] =}
oAM= Panavia 21°] 427 A4 Aol
T o B vlel o U FAHS Bl R
% o] MDPA ¥ &<l Aoz Holm, In-Ceram &
A< silicoating 3 & A& Xldtal Panavia
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19 wehA] o] AFJAME In-Ceram &R Ho}
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ok BERAIRE, A AFEE vhel o] TOE VT B
FAE TRl e AR AZAUESe] 2%

CH, Q
CH2:C-COO(CH,),,- O-P-OH
OH

Fig. 27. 10-methacryloyloxydecyl dihydrogen
phosphate.
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[ e e <« Bulk Polar Groups
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Reaction Gas
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......

Fig. 28. Schematic representation

of 2-step model of lon-assisted reaction.
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gas), IAR 1T (AR [: sandblasting + IAR
with oxygen ion and oxygen gas), IAR [I(IAR
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ABSTRACT

TENSILE BOND STRENGTH OF ALUNMINA CORE
TREATED BY ION ASSISTED REACTION

Hyeong-Seob Kim, Yi-Hyung Woo, Kung-Rock Kwon, Boo-Byung Choi, Won-Kook Choi*

Department of Prosthodontics, School of Dentistry, Kyung Hee University
Thin Film Technology Research Center, Korea Institute of Science and Technology*

This study was undertaken to evaluate the tensile bond strength of In-Ceram alumina core treat-
ed by ion assisted reaction(IAR). lon assisted reaction is a prospective surface modification tech-
nique without damage by a keV low energy ion beam irradiation in reactive gas environments or
reactive ion itself. 120 In-Ceram specimens were fabricated according to manufacturer s direc-
tions and divided into six groups by surface treatment methods of In-Ceram alumina core.

SD group(control group): sandblasting

SL group: sandblasting + silane treatment

SC group: sandblasting + Siloc treatment

TAR [ group: sandblasting + lon assisted reaction with argon ion and oxygen gas

IAR T group: sandblasting + Ion assisted reaction with oxygen ion and oxygen gas

IAR I group: sandblasting + Ion assisted reaction with oxygen ion only

For measuring of tensile bond strength, pairs of specimens within a group were bonded with
Panavia 21 resin cement using special device secured that the film thickness was 80un. The re-
sults of tensile strength were statistically analyzed with the SPSS release version 8.0 programs.

Physical change like surface roughness of In-Ceram alumina core treated by ion assisted reaction
was evaluated by Contact Angle Measurement, Scanning Electron Microscopy, Atomic Force Microscopy:
chemical surface change was evaluated by X-ray Photoelectron Spectroscopy.

The results as follows:

1. In tensile bond strength, there were no statistically significant differences with SC group, IAR
groups and SL group except control group(P<0.05).

2. Contact angle measurement showed that wettability of In-Ceram alumina core was enhanced
after JAR treatment.

3. SEM and AFM showed that surface roughness of In-Ceram alumina core was not changed af-
ter IAR treatment . '

4. XPS showed that IAR treatment of In-Ceram alumina core was enabled to create a new func-
tional layer.

A keV IAR treatment of In-Ceram alumina core could enhanced tensile bond strength with resin
cement. In the future, this jon assisted reaction may be used effectively in various dental materials
as well as in In-Ceram to promote the bond strength to natural tooth structure.

Key words : In-Ceram, Tensile bond strength, Ion-assisted reaction, Surface modification
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