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Zirconia surface properties and de—bonding/crack—initiation strength between
zirconia core and veneer ceramics according to the various surface treatments of zirconia

Wonbae Son’, Jae-Sung Kwon'?’

'Department and Research Institute of Dental Biomaterials and Bioengineering,
Yonsei University College of Dentistry, Seoul, Republic of Korea
°BK21 FOUR Project, Yonsei University College of Dentistry, Seoul, Republic of Korea

Recent research has focused on enhancing the bond strength between zirconia and veneer ceramics through various surface
treatment methods aimed at optimizing their coupling mechanism. This study aimed to assess the effects of different zirconia
surface treatments on bond strength with veneer ceramics and to identify an effective treatment approach. Zirconia blocks were
processed using a 5-axis milling machine and sintered to create 45 specimens for testing surface roughness, contact angle,
and morphology, and 30 additional specimens for a de-bonding/crack-initiation strength test in accordance with International
Standard ISO 9693-2. Specimens underwent grinding with an abrasive stone point to simulate clinical procedures, which were
then divided into three groups: control (ground surface), sandblasted, and hydrofluoric acid etched. Measurements of surface
roughness and contact angle were conducted, and surface morphology was observed using scanning electron microscopy (SEM).
De-bonding/crack-initiation strength was evaluated after layering and firing veneer ceramics onto the specimens. Results showed
no significant difference in de-bonding/crack-initiation strength across all groups (p)0.05). However, significant differences were
found in surface roughness and contact angle, with the hydrofluoric acid etched group showing the greatest changes in surface
characteristics. Despite these modifications, the overall impact on mechanical bonding strength was minimal, suggesting that
the liner application alone on the ground zirconia surface might suffice for achieving adequate bonding with veneer ceramics.
This indicates that while surface treatments can alter physical properties, they do not necessarily translate to improved mechanical
bond strength.
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1. G4

B Aol ARL 1] 918 Sy Iz Aol B2
(RAZOR Zirconia, UNC International Co., Ltd., Ansan,
Korea)S AFE3s}RaL, #lyo] Al (PS e.max Ceram,
Ivoclar Vivadent, Liechtenstein)g& AR2-8F$3.. W (Table 1),
Az3Yol E52] 71 AvlAElE 93] Stone point #13
(Abrasive stones, R&D Dental, Seoul, Korea)S AF&-3}9]
AL, Meseay APE 918 110 um =719 LFru
(AL,O3) Y AHCobra blast, Renfert, Hilzingen, Germany)Z

AHsEAeH, 9% &
Medifive Co., Ltd., Seoul, Korea)¥}

AFAl(Zirconia Etchant Cloud System,
o)A (IPS. e.max

ceram Zitliner, Ivoclar Vivadent, Liechtenstein)E ARE-SFITE

2. x|23AL[o} AlH Hzt

Pl A s waRe FHE S AR
A 4o AEe] Aol BEE EA 55 43R
(IDC Mill 5X, Amann Girrbach, Maeder, Austria)& ©]-8-5}
o 71t $ A 2FYol EE AP} AlEe 24 24
(Figure 1)°] wjg} A2Z=2(IDC T1 ZI, Amann Girrbach,
Maeder, Austria)o|%] $38] dste] A7), HE524 4
2 FHTAES st 20.0 mmx15.0 mmx5.0 mme]
AEE 4570 AZFeoATt. BEgk IS0 9693-2¢1] o Aste] T
S22 AR AEE 913 AEE 25.0 mmx3.0 mmX
0.5 mm Z7|Z 307} A|ZFsFHT)

E AJHE ol 2] v} ZEo] abrasive stone point
& AH&3Y] 35000 rpm FER2 29 GE 5035]9 A A

g AWk, FHE ARS RS 283 A2

Table 1, Composition of the ceramic materials used in this study

Material

Composition

Manufacturer Lot No.

ZrO (89.675%);
Y203 (6.3%);

Alb,Os (0.047%);

Core Ceramic RAZOR Zirconia

SiOy (max.0.002%);

UNC International Co.,

170413112
Ltd,, Ansan, Korea 1170413

Fe.0O3 (max.0.002%);

ig-Loss (3.98%)

S0, (60%-65%);
ALO3 (8%-12%);

Na.O (6%-9%);
K:O (6%-8%);
ZnO (2%-3%);
Ca0, P.0s,

IPS e.max Ceram

Veneer Ceramic

other oxides (2%-

Ivoclar Vivadent, 535886

Liechtenstein

F (2%-6%);
8.5%)

S0, (60%-60%);
Al,Os (16%-22%);
NazO (6%-11%);

IPS e.max Ceram Zirliner KO (4%-8%);

Ca0, P.Os,

Ivoclar Vivadent,

N274:
Liechtenstein 8

F (2.5%-7.5%);

other oxides (1.5%-8%)
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Figure 1. Sintering schedule of zirconia block used in this study.
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178 o} A% kA && F(Control), 27+ Alumina
sandblasting #]2]7(AS), 372 Hydrofluoric acid etching
A FHHE) o2 Wl

AST& 22 d A2y o} AHS {2 110 ume]
ALO;E 2 bar®] ¢ 2 10 mmA A F2E 794
102 & AR Y. HES &2 E A 2340} A|H
2Pl 9% BAPS o]8-5te] A|xAke] ATl wet
sttt wHlE Al o] AHS 242k A & 259
AR712 Sl 1027 A1F & 2lEeUR oA ghd

1%

AFste] A2l Addz AlFiTh

4, #H 7{&

A 2o} TS Z7g3)7| flste] vl 33k 37571
£ ARSI AR fal FHlE AES BT
32+ =A7](Form Talysurf PGI 840, Taylor Hobson,
Leicester, UK) H|o]E $Jol] ZAHAZ|IL stylus (112-3412-01,
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Taylor Hobson, Leicester, UK)& ©]8-3}4] 0.1 mm/sec
52 2 mme HYE SHIA.
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5, #H H
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A & 7 39 AHgHs $E3x7](ES-2030,
HITACHI, Tokyo, Japan)dl|A] 71Z38F Th&- ion coater (E-1010,
HITACHI, Tokyo, Japan)& ©]-&3le] 100 um F7| &2 W
FE 3+ 3 scanning electron microscope (SEM)(S-3000N,
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HAAZA7](ABS Digimatic, Mitutoyo, Kanagawa, Japan) &
AA FAE st QxS ke 2 Azto] H A=A
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THEE ZF A|23Y o) AR FAE 343 F 1SO
9693-20) 2JA3FS] o] 9919l Al Kk Tkt
olm] X257 o}e] Young's Modulus: 200 GPa® 7143}
ATt

AlH ] spanAg] 20 mme] 3% o B WY
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Figure 2, Test specimen configuration,
Table 2, Firing schedule
Dry (min)) Start Temp, ¢/min High Temp, Hold Cool (min)  Vac, On Vac, Off
Zir Liner 4 min, 403 ¢ 55 ¢/min 960 © 1 min, 1 min, 450 ¢ 960 ©
1st firing 6 min, 403 ¢ 55 ¢/min 750 © 1 min, 1 min, 450 ¢ 750 ©
2nd firing 4 min, 403 ¢ 55 ¢/min 740 ¢ 1 min, 1 min, 450 ¢ 740 ¢




Table 3. The result of surface roughness and contact angle (Mean®=SD)

Surface Roughness

Contact Angle

Experimental group

Ra (um) Degree (°)

Contral (Con) 0.60+0.08° 7593+2 98°
Alumina sandblasting (AS) 0.56+0.06° 415441 27°
Hydrofluoric acid etching (HE) 0.47-+0.07° 2.68+1.22°

Different lowercase superscript letters mean statistically significant differences at p<0.05, within row,

H X0
ﬁ"r‘é} =

ojlen, dnf F A2 HE 72 (0.47£0.07)
um 2 YERJTE One-way ANONAR £28k A3} t) 2T
3} S Afole] olg Ael7 YL (>0.05), HEE-E
YEE @ As 3 22 ele 2ol AeTHp<0.05)

(Table 3),

2. ¥H H=Z

A2zl mwAE F HH4e m T(75.93+
298°% 71 2 & ERIAL AST (41.54%1.27)°, HET
(2.6811.22)° SoM 2 Yo ZHS M ATKTable 3) BE 1%
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Figure 3, Scanning electron micrographic images of the zirconia surface after each treatment; (a) Control, (b) AS, (¢) HE.
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Figure 4, The result of de-bonding/crack-initiation strength. Different lowercase superscript letters mean statistically significant
differences at p<0.05.
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Table 4, Mean, standard deviation (SD), and Coefficient

of Variation (CV) of de-bonding/crack-initiation strength

Group Mean=SD (MPa) cv
Control 20.63+6,25% 0.30
AS 21.50+3 412 0.15
HE 22.00+3,15% 0.14

Different lowercase superscript letters mean statistically significant
differences at p<0.05, within row,
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