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Zirconia is a ceramic material with adequate mechanical properties for manufacturing of medical devices. In this study,
mechanical properties of calcia stabilized zirconia (CSZ, 10 mol% CaO), prepared by pechini process, was compared
with 3 mol% yttria stabilized zirconia (YSZ). The purpose of this study is to investigate the mechanical properties and
biocompatibility of cold isostatic pressed (CIP) yttria stabilized zirconia composites. After sintering, we investigated by
X-ray diffraction (XRD, Rigaku, D/max Ill, Japan) patterns, 3-point bending strength (H-10K, Hounsfield, U.K), Vickers
hardness (MXD-CX3E, Matsuzawa, Japan) and low temperature degradation (LTD). The decreasing particle size and
homogeneous distribution were achieved by containing Al,O; and milling process. The maximum Vickers hardness and
bending strength of yttria stabilized zirconia were about 2120.7 H,, 563 MPa. And surface image were analyzed by
field emission scanning electron microscopy (FE-SEM, JEOL, JSM-6700F). In the Agar diffusion test, it is confirmed that
all the materials which is used for the test are noncytotoxic.
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Figure 1. Schematic diagram of experimental procedures.
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Table 1. Zone-index, Lysis-index and Response-index Criteria

Zone-index
0 HAE B20| QlS

Ald 22 SHoIMer

Description

1
2

3 ANE EZE2FE 10 mmO|LHS| zone
4 =

5

TR HiO| =4

Lysis index Description
0 Mz AIEO| MEE|R| gbE

1 M= AFZO| 20% Olst
2 MZE AEO| 20% - 40%
3 M2 AIHO| 40% - 60%
4 MZ AHO| 60% - 80%
5 HMZ AfZEO| 80% Of&t

Scale Response index Interpretation
0 0/0 Nonecytotoxic
1 11 Midly cytotoxic
2 2/2-3/3 Moderately cytotoxic
3 4/4 - 5/5 Severely cytotoxic
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Figure 2. XRD patterns of (@) CSZ, (b) CSZ + 0.003 mol% Al,O; block.

Figure 3. FE-SEM image of CSZ (CaO 10 mol% : a, ¢) and CSZ (CaO 10 mol% + Al,O; 0.003 mol% : b, d) block. (a), (b) Before milling, (c), (d)

After milling.
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Figure 4. The size distribution caused by milling of partially stabilized zirconia. (@ CSZ (CaO 10 mol%), (b) CSZ (CaO 10 mol% + Al,O,

0.003 mol%).

Figure 5. FE-SEM image of YSZ (Y,O; 3 mol%). (a) Before 2™ sintering, (b) After 2™ sintering.
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Table 2. Thermal expansion and thermal expansion coefficient of CSZ,
YSZ block

Thermal expansion (%) Thermal expansion coefficient

Sample (1/K)
Ave. Std. Error Ave. Std. Error
CSz 0.81 0.04 9.04x10°  0.32x10°
YSZ 1.09 0.06 1.21x10°  0.04x107°

50~950°C 9 2=F7IA TMAZ SH35ICE CSZ 229
SWAED FHWEA = ZZE 0.81%, 9.04 x 10°9K22 LIE}
SOM, YSZ 252 1.09%, 1.21 x 10°/KkS LIEHCE

MELSAH

Table 32 XM2gst =4S HE3P| ™-F2| CSZ, YSZ Al
Hol Zalst = EAFEA 2Edl F- (%Pt CSZ AH
o AR, TAFEA ZFH0| 4.91%00M 10.24%=2 S7FIR L,
YSZ AIHS| A 3.78%01M 65.40%Z I Z7KIACH 53
YSZ AEZ2 XM2est Ay * BAEA Z2F peak Of 2HEL|

Y,0; 3 mol% &IIE XIZITLI0FZ oFget TAFEYSE HMZ
T ASS 2AUCH M2zl het Fes 2elsy] @
M ZEZdE2 XRDE SYSIZCE. Table 40(A2t 20| X2
3t ZHE 80K 22 AH group A (CS2) 2 C (YS2)

4 2

me St
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Table 3. Monoclinic phase(%) of CSZ, YSZ block by low temperature degradation. (a) CSZ block without LTD, (b) CSZ block with LTD, (c) YSZ
block without LTD, (d) YSZ block with LTD

_ monoclinic phase(%) _ monoclinic phase(%)
(@ Group A M(T)) M T (b) Group B M(Tl)) M T
Ave. Std. Error Ave. Std. Error
1 6 19 584 4.11 0.12 1 60 21 1486 5.17 0.20
2 55 34 1603 5.26 0.18 2 81 87 972 14.74 0.58
3 53 30 1046 7.35 0.27 3 154 25 1062 14.42 0.67
4 4 11 367 2.91 0.08 4 71 12 1003 6.61 0.13
Ave. 30 24 900 4.91 0.13 Ave. 92 36 1131 10.23 0.54
- monoclinic phase(%) - monoclinic phase(%)
(c) Group C  M(T1) M T (d) Group D M(Tl)) M T
Ave. Std. Error Ave. Std. Error
1 62 60 2138 5.40 0.16 1 605 304 523 63.48 2.45
2 16 7 1671 1.36 0.03 2 621 300 402 69.61 3.08
3 13 26 1941 1.97 0.10 3 656 311 440 68.73 6.16
4 17 13 456 6.17 0.14 4 349 186 360 59.78 2.38
Ave. 27 27 1552 3.73 0.09 Ave. 558 275 431 65.40 3.52
Table 4. Bending strength of CSZ, YSZ block AL, Ol= 38 =adk O 2O 9 65%, 25% RO 40|
Zirconia block without LTD Zirconia block with LTD Ch Mzget =S HEsH A group B (CSZ) 2 D (YSZ)

x

't
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Group A [CSZ] 218.8+14.2 MPa GI’OUp B [CSZ] 22.8+5.8 MPa J{oL ?DI'E X_Ig|_7|_ Ll‘El‘L|‘X| 9%"8'3" HI_}_EHA_I CSZEE I'“ZF_?_I'

Group C[YSZ] 726.8+103.8 MPa Group D [CSZ] 702.6 = 119.1 MPa ;;_; A Ztexsl7t AsH LIERITE ojAte ZuE
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olMel olF =Zaldk: Ald Z1, goup A 2 == Bd 49190 M2E3E & 10.24%=2 S7I6I% L, YSZ IiPH=Z
218.8 MPa, group C 2| ZE= @ 726.8 MPa 22 ST D= A[HE 3.78%0IM 65.40%Z A S7I5IGX[EH ZE=
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Figure 6. XRD pattern of before LTD : (a), (0, after LTD : (b), (d). CSZ block (CaO 10 mol% : a, b), YSZ block (Y,O3; 3 mol% : ¢, d).
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wt.%POll E YSZ HMO| SEM image O|Ct YSZO| ALO,E
Horete B, 1,530°C oA AZdslH bk ysze 22 §
EHE ZUCE Table 52F 20| SHUHEL} FUFAT+= ALOJL
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Table 5. Thermal expansion, thermal expansion coefficient of YSZ +
AlL,O5 block with various Al,O; wt.%

YSZ + AlLO,YSZ + Al,O; YSZ + Al,O, YSZ + Al,O,

sample 10wt%  20Wi%  30wi% 40 wid%
Thermal 0.35 0.38 0.39 0.31
expansion (%)
Thermal
expansion  1.167 x107° 1.272x 107 1.310x 107 1.047 x 10
coefficient (1/K)

Table 61} 2T ZZZf2 ALO; 20wt.% 563 MPa7tX| STt
SICHL 30 W% REf ZASHICE 0= AlLO2l IO
30wt.% Ol& EH FHIIE0| s0iHol| M2t &2 = 2Xe|
agglomeration O] Zi5tLl AR} sizeZt 715104 Z=ot A4
Bt ZHoZ pCEICE 8|1 1,530°C A4 O|F HIHAA AEE

ALO,2| &=0| SIS agglomeration2Z® HMO| UET}

S5l 40 wr.9e7HK| B0l HI2sto Z|CH 2,120.7 H, 7HA
EXl

Figure 7. FE-SEM image of YSZ block (After sinterring). (@) YSZ + Al,O3; 10 wt.%, (b) YSZ + Al,O; 20 wt.%, (0) YSZ + Al,O3 30 wt.%, (d) YSZ +

ALO, 40 wt.%.

Table 6. 3-point Bending strength, Vickers hardness of YSZ + Al,O5 block with various Al,O; wt.%

sample YSZ + ALO; 10 wWt.%  YSZ + AlbO;20 wt.%  YSZ + Al,O330 wt.%  YSZ + Al,05 40 wt.%
3-point bending Before sintering 28.0+3.3 37.5+3.2 344+29 35.0+5.3
strength [MPal After sintering 546.1+154.1 562.6 £ 38.3 501.8+67.8 143.1+£7.6
Before sintering 79.9+8.4 82.3+3.9 104.4+13.8 105.5+21.2
Vickers hardness [H,]
After sintering 1356.8 +41.7 1531.3+£13.2 1820.1+£127.6 2120.7 £100.6
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Table 7. Chemical solubility of CSZ, YSZ (under 100 ug/cmz)

Table 9. Agar diffusion test of CSZ, YSZ block

Solubility (ug/ cm?)

Sample
P Ave. Std. Error
CSZ (CaO 10 mol%) 91.40 717
YSZ (Y,0; 3 mol%) 39.16 2.52

Table 8. Acute systemic toxicity test of CSZ, YSZ block

A ol 3% / MSH2Kg

Sample —

ME MY ST 4N 94AZH 482N
T o 975 975 989 984 999
9 o 983 983 9298 302 312
*'%'SEZL“) 3 o 98 969 983 991 999
4 o 975 975 988 996 9298
5 o %9 970 973 976 995
T o 980 981 9297 9297 309
9 o 975 975 9299 997 309
*'%SEZ@ 3 S
4 o 979 973 987 993 304
5 o %8 969 978 985 997
T o 958 950 964 9268 270
9 o 976 976 986 301 307
Eﬁ? 3 o 977 977 988 999 303
' 4 o %8 968 975 977 989
5 o 978 979 999 9290 313

staty Bz Al
SlsIN 3= AE2 I1SO 6872:1997(F) 8.4°22 EH3IH
1, 27 AL A0l 100 pgem® Of5t2 CSZ = B

91.40 pglem® 0|11, YSZ= B 39.16 pglem® 2F LIEKHTE
et 2 A70IM HZER X230 £59| e sl
ANE #RlE 27 Z20f 2SI,

MANHES AlE

=898 Ad

Table 81} 20| YSZAIE=C| 3H
2i=lo] BEAAZ QI SMEQICT
QsllE BE AETE iETe A

7k QitT, MBEN Ol FETF

n
0x Mo

fn o orlo

Ale & 280l 2
L AIRE 101 A
| MESol= ol

4 ik

lok 0

0
10

k=a|
=

£2
0|0
Mo 0
ot
ro
]

MZ=S Al

ME=Y Al Zik= Table 92F &Ch 2+ HETO|
severely cytotoxic®BHIZE=4), 24 CHZEFO0] noncytotoxicl
=Y eU8) 9 W, AEE 2ZE MEE noncytotoxickl 25

4 g5 =t
2 B

CISAIOFS YSZ E5& HALE2ZE Ml 7|2 29 &

(@) Agar diffusion test of positive

sample 4 1 %M 2 FUZ  wESKe MESY
SRS 4 = 4 . ,
APEX| 4 5 5 5

(b) Agar diffusion test of negative

sample 34 1 =d 2 YU UESKE HESY
PN 0 0 0 0 0
JU=PpES 0 0 0
(c) Agar diffusion test of CSZ, YSZ block
sample Csz Ysz ZUZE O HEEXE MEEN
SR PN 0 0 0 0 0
JU=PES 0 0 0

A BIE EAlg 23k= Oflefiet £t

1. ALO, E7t & miling E2IE =oIst Z3} ALO, AIER
X230t BXe= B Y= 37|17t milling B 18.30 umOi|Af
milling = 0.891pm 2 208§ = HASIQUCE EFH ALO,
gRE XN2ILot Ed= miling Al % 9.55 umOfl A
0.526 um= HASIACE. T2 AlLO,E &Rt X220} 2
He= miling £ 2= 37|17t ALO,E BRI 42 X2TL
Of ZAH|e| UEECt 0.365 pm ZATH]
OF MZ=Al ALO; E7t & milling0| =4 & #&st (=%
g0 2EHAS =Ll

2. X283klow temperature degradation, LTD) AlZ 2t
CSz9| monodlinic phase= BT 4.91% OlM XM2g3 =
10.24%= S7I511, YSZ NEZ2 3.78% OIM 65.40%= 3
Al S7IeIBR T 2= HASHK] REUCE Ol et Bi= CSZ
o YXtA7I7F vsz 2ot o 33, QFHSIN|Z HO| EHklo]
monoclinic phase@Z W37t MM CZ HA U5 L
7t dast A= EEEC

3. 35 8al= AE2 1SO 6872:1997(F) 8422 AA|5H
Q. AEZD CSze|l SlT= 91.40 pglem’, YSZE 39.16
pg/em® OF 2 AFOIA HEFH X|2HLI0F £59| 35N &
i AE fXlE 27 ZZ1(100 pg/em” OlShE PHESIXICE

4. AlLO; 7F I YSzo| A== AlL,O; 20wt.% OllA] Z|
CH 563 MPaZ7tX| SIISICEE 30 wi.9% Ol FEl ZASIACE
Ol= ALO,Sl HIIEO| 30wt% Old=H 24 = X
agglomeration O| ZH5ta1, Xt sizeZt BIt610 ZE=TtH A
gt Aoz EHEC 5 1,530°C &4 O|F HIHA HEs
ALO,S| 0| S7tete= BHO LRI SIS 40 wt.%
TR 2ol HIESIH SIS

5. A HEld AEZED SdSEEEN MESYAEA
HEet ZE 252 5d2 HERNA RO QISA[0FE X2

ILOF 52 MRS + USS 2QSINIC
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