Journal of the Korean Ceramic Society
Vol 35, No. b, pp.429—436, 1998,

b

Y,0.8 M7I8t Murd X|=2TL0KHIMS] HEEAl U 2=X s}
ol - SR
R FEFEFA
*atakef el 2 87wt
(19984 2% 54 A4

I

Contact Damage and Strength Degradation of Yttria doped
Tetragonal Zirconia Polycrystal

Yeon-Gil Jung and Sung-Churl Choi*
National Institute of Standards and Technology, U.S.A.
*Dept. of Inorg. Mater. Eng., Hanyang Universily
(Received February 5, 1998)

2 o

A2Rlel LA HBE o] 83l QAL AANIE SEo] 7l V0,5 AT A9 Aamdel ohEA
MY-TZP)ell Pt <t 28-98 F4, 79 9 gue] Azt dARE. 2xR3 A2A% 55 24181
Y-TZP7} 2l 71413 54 2 &=dn e da adsdc) v-TZPe 248 A% #ke s8-38 948 v
Bhiglor], #8384 S Ad A S $EE o7 A YASE 2ot ol % wskew ¥-TZPA Tl ol
2 sak APAAE e E 2 & gtk TRE HE5uyd E dedd Jehledn, 43re) 318
mmelAle e € gd@4ge] #2d=A] gholor, B2 FE g 22 &4 AL Jepieloh mEk
B3l o3 HEAGME $504 500N, 10°F] = 1000 N, 1078 7R = ol 8 dHialso] A7) 7w
HebE vajA] gbgken, 1000 N, 10°]2] whEalsdiE e Aglr) velgth o)t gl Vickers g2l
AL il Bl el 4R AREAS AR ged, oo s SRS P& PE AR Hdd s

2 % g9k,

ABSTRACT

The mechamcal properties and damage mode of Y;0s-doped tetragonal zrconia polyerystal (Y-TZP) can-
didated as biomaterials were performed under mdentation stress-slrain curve, critical load for vield and
cracking, strength degradation and fatigue behavior with Hertzan mdentation tests. This material shows the
brittle behavior which 13 confirmed by indentation slress-strain response. The cnitical load for cracking (Fy)
is muich higher than that for yields {Py), mdicating crack resistance. Strength were slrongly dependant on
contacl area and there were no degradation, when the indenter size was r=3.18 mm, suggesting thal Y-TZP
should be highly damage tolerant to the blunt contacts. Multi-cycle contacts were found to be innocuous up
to 10° cycles at 500 N and 16° cycles at 1000 N 1n water. On the other hand. contacts at 10° cycles at 1000
N in waler did show some signs of incipient degradation. By contrast, contacts with Vickers indenter pro-
duced substantal strength losses at much lower loads, suggesting that the mechanical mtegrity of this ma-
terial would he compromised by madvertent sharp contacts.
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Fig. 1. SEM micrograph of polished and etched sur-
face. The micrastructure of this material con-
sists of relatively eguiaxed grains with a nar-
row grain size distribution. The grain size is
approximately 0.6 um or below 0.6 Wm.
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Table 1. Properties of Y-TZP at Room Temperalure
{meanststandard deviations)

Young's modulus Hardness Toughness
E (GPa) H (GPa) 7, (MPa m"*)
205+4.4 14.78+05 5.69+0.2%

4.01-£0.2%
3.58+0.1%**

*Toughness measured with Vickers load 30 N.
*Toughness measured with Vickers load 50 N,
**Toughness measured with Vickers load range
100~-300 N.
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Bonded interface

Fig. 2. Schematic of Hertzian contact test, with
sphere of radius r at load P over contact ra-
dius . Specimen 15 pre-sectioned (vertical
dashed hne) to form "bonded-interface speci-
men.
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Fig. 3. Indentation stress-strain curve usmg WC
spheres, radii »=1.54~5.54 mm. Data points
represent individual indentations on 8~12 pal-
1shed specimens of each material, in air, at a
crosshead speed 0.2 mm/min. Inclined dashed
line is calculaled Hertzian linear elastic
response for WC sphere on Y-TZP,
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Fig. 4. Half-surface and side views of Hertzian con-
tact damage in Y-TZP, from WC sphere ra-
dius #=3.18 mm: {a) 1000 N, (b) 2000 N, {(c)
2500 N, (d)} 3000 N and (e} 4000 N. Traces
of quasi-plasticity are observed at bonded-in-
terface specimens with Nomarski optical mi-
crographs.
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Fig. 5. Hal{-surface and sule views of Hertzian con-
tact damage in Y-TZP, from WC sphere ra-
dius #=1.98 mm: (a) 1000 N, {(b) 2000 N, (c)
2500 N, (d) 3000 N and (e) 4000 N. Traces
of both cone cracking and quasi-plasticity are
observed wilh Nomarsk: optical micrographs.
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Fig. 6. Critical loads for onset of subsurface vield (P
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