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Bending Strength of Ground Y-TZP

Kenji SUZUKI, Keisuke TANAKA,
Yoshihisa SAKAIDA and Manabu KOJIMA

Specimens of tetragonal zirconia containing 3 mol% Y:0: (Y-TZP) were ground with a diamond
wheel of grain number 200/230. The residual stress and the monoclinic content were measured by the
X-ray diffraction method. The bending stress was applied in the directions parallel and perpendicu-
lar to the grinding direction of the specimen. The residual stress on the ground surface was compres-
sive, and the compression zone extended to about 30 pm in depth. The monoclinic content on the
ground surface was raised to 7 to 8 percent. The bending strength increased in both directions
because of the residual compressive stress near the surface introduced by grinding. For ground
specimens, defects at the nucleation site of bending fracture were pores or coarse grains, but not
grinding defects. Since the lower content of Y:0; near the nucleation site raised the toughness of the
material, the fracture toughness for fracture from small defects was larger than that of the single
edge precracked specimen. The increase in the Weibull modulus due to grinding was discussed on the

basis of fracture mechanics.
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Method Up-cut
Grinding wheel SDC 200/230 N 75B
Circumferential speed 2000 m/min
Work speed 10 m/min
Cutting depth 20 pm/pass
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Young’s Poisson’s Bulk

modulus ratio density
E (GPa) v p (g/cm®)
216 0.302 6.06

# 3 XBICHRERME

Method Parallel beam method
Characteristic X-ray Cr-Ka
Diffraction 133 d=0.117789nm
Diffraction angle 153.065 deg
Tube voltage 40 kV

Tube current 30 mA

Filter \%

Scanning speed 1 deg/min
Preset time 2 sec
Divergent angle 0.64 deg
Irradiated area 4 x 4 mm?
Stress constant S ~294 MPa/deg

* 4 EREOHEFRM

Focusing beam method

Method

Characteristic X-ray
Diffraction plane

Filter

Cu-Ke
t(111),m(111),
m(l111),¢(111)
Ni

Tube voltage
Tube current
Step width
Preset time
Divergent slit
Scattering slit
Receiving slit

40 kV
30 mA
0.01 deg/step
2 sec
1.0 deg
1.0 deg
0.1 mm
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Fs=0.701 019 8a*—0.511 303 40°+0.153 819 1*
—8.331 080 0x10732+1.000 197
a=alxr (0<a<0.8)
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BEERALE L. ZhR, BN & 2 BEEREEE
HZE230TH5, BlOLERREDET Iy 7R
OFEIOBITIZ, FIEIEE S THEIRBOEETH

LU Tz 0, HaRERY VI =T OBEITH
HIEEAMAIBWTOEIEEAN2F#E D > T3,
Lo L, BEEARRBRAE OB ES X, FITHARER
Fr&o biEy, BEAMRBRRE OWHIBREIC I, F
THRAREBRE LD bREW, Ty M3 ERREG
Tindrsend, HTHARBR LHEL T, BE
FEFRBRE ZEHBRIECIBREVZ L b5 T,
TR A3 LBV,

BRI, BFEIC X DA B8, RS D 13T
Ml & EE SRR CAENL L, X6 D EDEHEN
Thb, FEREIZOVWTHHITHA L EEHHAREBRE
TIE, BHEZEIITD SNV,

BRSO T, BEARIZ S AORBHF Y
RCHHNEEIETH o725, FITHE TR 5 KF 4 A
FCHREEBRETH 72, 7 v M3, $XRTCEREH
BETH-7.

3.2 RBREHELUEFRENSH  HFEIES
> OBREIEIDES HANDOIMEEFARDL 2012, £
EHEN7HEBCEIDREL, XBIGHHEIEZEEL
7z, B2 ()X FTHRA(/) BLUEEAR (L) R
B OWFRIZREIS S D436, £7:K 2 (b) i mHTHRIE
DR RT. MEOREGIER, ~T7HEBCLD
ETOBREISNINEBEL TV EEZ, ZOILH
(—=35.7MPa) 2R EBEICI»oZ L ik, £
HFREIC L 2 BAICTOFESHOMEY 21T o572, #F
o & 2 EBREICHBOE XL, FTHAB L UE
BEAMAE IR0 pm ODFEE 2 H > T2, FARE

5 HUES, HIREGH, BRIES L UERE

Condition Secimen | Bending Residual | 4/5 value | Monoclinic
strength stress breadth content
number op(MPa) or (MPa) | By (deg) (wt%)
L-1-1 7.83 x 102 28 0.86 0.9
L-2-1 8.63 x 10? -23 0.86 0.7
Lapped L-3-2 1.08 x 103 -9 0.86 1.0
L-4-2 1.03 x 103 -16 0.89 0.7
L-5-3 1.09 x 103 -25 0.87 0.7
Mean |9.69x10°+128| -214+7 [0.87+0.01| 0.8+0.1
G//-1-1|  1.26x10° -133 1.08 7.8
Ground G//-21| 1.25x10° 198 1.00 8.0
(Parallel | G//-3-2| 1.30 x 103 -109 1.05 8.6
direction) G//-4-2 1.23 x 10° -99 0.97 7.3
G//-5-3 1.14 x 103 -173 0.876 7.8
Mean 123 x 10+ 60 | -143 + 38 [ 0.99 £ 0.07| 7.9 +£ 0.4
Gl-1-1 1.05 x 10° -200 1.04 6.6
G1-2-2 1.21 x 103 ~246 1.11 7.2
Ground G1-3-2 1.19 x 103 -297 1.07 6.6
(Perpendicular | G.L-4-3 1.24 x 103 -296 1.05 77
direction) G1-5-4 1.15 x 103 -233 1.16 7.1
Mean 1.17x 103+ 74 | -255+ 37 [ 1.09 £ 0.04 | 7.0 £ 0.4
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335,
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EZUL, RO BRI 2 2 23, KILD
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2, EREALOM/NMEROREDOEE Y KX 23
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Bid3mol% ThH 3, Flzid, BEMKSDELTE
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Bending strength, 08 (MPa)
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TREEMFIDEBDVZLSERLRTVIHIC, B
WM EE RLIbDEEZ oNB, B, RBEF
W & BTEE U C 5 RFE M % kR i EPMA & T
Ules, RED SHBRAMADYRDZ SEITR S
N2 holDT, RETHIZ Y.0: 80K nEnd
Z R,

PDEDZ s, RS5IRTIIICTy FHOIT
DESIHINRE» SRS 2 & 213, 20ORSIZE
LR NERRETHD, BATIEZr0: B & U Y05
DEBZBYBAEONE Z L, BUNEERATIR Y.0;
DL L T 2 BLEMAIFERSD 5. 2Dk
HOEbh CiEBbENERENTE Y, KESNES
MExgLbDLEBEINS, ZhxL T, SEPB
MOISCATHCXREEA LSRR, 20k
imlbE  3BMR e K X R/ ES R, L bRV EH
AT Z D B & 5 CBLBAERET 2 2 L3RV 0
T, PR BEEREESESh S,
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Weibull Scale
Condition | modulus parameter
m a (MPa)
Lapped 5.71 1040
Ground //| 171 1265
Ground L 13.3 1207
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