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Effect of mechanical surface treatment on the fracture resistance and

interfacial bonding failure of Y-TZP zirconia

Yang-Jin Yi*

Department of Prosthodontics, Section of Dentistry, Seoul National University Bundang Hospital, Seongnam, Republic of Korea

Purpose: Surface damage and bonding strength difference after micromechanical treatment of zirconia surface are to be studied
yet. The aim of this study was to evaluate the difference of fracture resistance and bonding strength between more surface-
damaged group from higher air-blasting particle size and pressure, and less damaged group. Materials and Methods: Disk shape
zirconia (LAVA™) was sintered and air-blasted with 30 pm particle size (Cojet), under 2.8 bar for 15 seconds, 110 pm particle size
(Rocatec), under 2.8 bar for 15 seconds, and 110 um particle size (Rocatec), under 3.8 bar for 30 seconds respectively. Biaxial flexure
test and bonding failure load test were performed serially (n = 10 per group). For bonding test, specimens were bonded on the base
material having similar modulus of elasticity of dentin with 200 um-thick resin cement for tension of surface damage. Failure load of

bonding was detected with acoustic emission (AE) sensor. Results: There were no significant differences both in the biaxial flexure
test and bonding failure load test between groups (P > 0.05). Sub-surface cracks were all radial cracks except for two specimens.
Conclusion: Within the limitations of no aging under monotonic load test, surface damage from higher air-blasting particle size
and pressure was not significant. Evaluations of failure load with bonded zirconia disks was clinically relevant modality for surface
damage and bonding strength, simultaneously. (J Dent Rehabil Appl Sci 2014;30(2):102-11)
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Effect of mechanical surface treatment on the fracture resistance and interfacial bonding failure of Y-TZP zirconia
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1. 0|% melsts &4 (Fig. 1)

A FL 7+ 30 mm particle tribochemical coating
(Cojet™, 3M ESPE, St. Paul, MN, USA) 15% &
AF(315), 110 mm particle tribochemical coating
(Rocatect™ Plus, 3M ESPE) 15% #AFE(1115), 110
mm particle tribochemical coating (Rocatect™ Plus) 30
Z BARF1130) 0.2 W A stk 31577 11153
< 1 em AZ oM 2.8 bar®] o= ISt s}

%
S|
2 ¢ & 4oz NSt air-blasting & ES-1}
AH7IIA 120 RE ARG AR G F o]
% 395 ARE AT, 4B H AT
0.5 mm/min®] crosshead speed 2 IEA|7}A] &4Z 5}
52 759 282~ HAEY] KBS 1.6 mm,
support circle®] BHX] &2 5 mm%P o1 A|H 9| BHX| &
& =1 & ok 97 mm= AASFT} Poisson’s ratio=
5o 0.252 A7gstSict.

55 A8l A5l ZE ARN L et 2

A=
THASTM F394-78).

i
off
o
ta)

o ]

=-0.2387P (X-Y)/d
S = Maximum Flexure Strength, (MPa)
P = Total load before causing fracture, (N)

X=(1+)lnB/C*+[1-1)/2B/C)]
Y=(1+)[1+In(A/C*+1-1)(A/C)

d = Thickness of the specimen at fracture origin, (mm)

» = Poisson’s ratio
A = Radius of support circle, (mm)
B = Radius of loaded area, (mm)

C = Radius of the specimen, (mm)

2. B I A (Fig. 1)

110 pm i
3l 35 um & 2|7l B3] 10 - 30 mmo] 13 & 2161
t}. 2E 7= 052 + 0.01 mm (315), 0.52 +

(1115), 0.51 £ 0.01 mm (1130)3At}. Air-blasting & E-&
5} AR7IOIM 127 AR S AFE & Axs E
M-S Metal/zirconia primer (Ivoclar-Vivadent, Schaan,
Liechtenstein)2 &3] L35t 287F 7]tkd] & v
He 20 ARAAY. FoPdd fAR dAsE
7HRl H|o] A= woven glass fiber epoxy NEMA G10,
International Paper, Hampton, SC, USA)Z A|&}5}$ict.
R1E 20 mme] G10 715E $7 5 mm} H5% Balst
Al destal HEHEE #6008 AR7|7F HE=E Anpet
T oS RS Forldieh &dE Al=2FA Lo} Al H
2 200 mm&] A|HIE A7} HE 5 npo]A2uEE £
Hoto] wjojxof HEbetal 3023t 5 St Al
9] Hzrofl+= Rely-X Unicem (3M ESPE)& AM&-51%itt.
AR A F Rl B7F 72817 4 Lol Bk

[\

Fig. 1. (A) Biaxial flexure test, (B) Bonded failure test. An AE sensor was attached onto the bonded zirconia specimen.
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1 AZ4" AFE AZEY0]2 EA5}IGIT Threshold
= 40 dBZ 275} 21 peak amplitude®} energys-2]
AE parameterg ZASFATE.

S90) TELT U5 5L ok AL A 3
3} trans-illumination light= radial crack®] TS
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3. EA| & Weibull M

ZR AT Weibull'§ 02 FHAE] EQo ©h2 =}
o1& AH eI} doixl A3tg FhK| 2 Weibull B4&

Algstlet. ofle] FA& 0]8-5to] Weibull modulus
(m)&} characteristic strength (o), 10% A3} 5}%5<¢1 B10
strength® At

Pf=1-exp[-(o /oo)
In{ln[1/(1-Pf]} =mlnc-mlng,
Shapiro-Wilk test2 A ZAAF 3 95% §-2] $-Z0]
A ANOVA £ A3}t

21t

o|% F3¥lots A A} 30 um particle size, 2.8
bar 15& ¥AE(315)3} 110 um particle size, 2.8 bar 15
BEARFE(1115), 110 um particle size, 3.8 bar 30% #Af
(1130) 70 P8 o] S04 Q= Abolsh WAER]
FOYTHP = 0.211, Fig. 2). 34} particle sizeZ} XL
Fejo] R4S BRga Aty FEo B4 o 2
0] & 7}K]= characteristic strength 5% 2=+ HA}
= 73S Bt (Table 1). Weibullgh-S 11157-0]]
o9 stoLh gHRiTt AlZHE o Z7HAIZ) 113020

article size@ o5 7P Fe 7H2 "ot}

AR N (7 &P M P

rr
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rlo
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Fig. 2. Fracture strength of biaxial flexure test.

Table 1. Fracture strength, Weibull modulus (m), characteristic strength (c0), and B10 strength of biaxial flexure test

Group N Mean (SD)[MPa]  Grouping (x = .05)* m o0 [MPa] B10 [MPa]
315 10 1244.10 (141.65) A 8.35 1309.30 993.75
1115 10 1198.88 (53.58) A 21.47 1225.19 1100.59
1130 10 1130.48 (140.57) A 7.30 1199.90 875.30

SD, standard deviation.
* Groups with same letters are not significantly different.
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Fig. 3. Failure loads of bonded zirconia specimens.

1115
Group

1130

Table 2. Failure loads, Weibull modulus (m), characteristic strength (c0), and B10 strength of bonded zirconia specimens

Group N Mean (SD)[N] Grouping (o« = .05)* m o0 [MPa] B10 [MPa]
315 10 1075.73 (118.82) A 8.65 1141.39 874.64
1115 10 1133.37 (103.59) A 10.52 1187.97 954.44
1130 10 1099.46 (78.41) A 13.56 1141.39 963.14

SD, standard deviation.
* Groups with same letters are not significantly different.
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