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1. &5

I

BETNIA DM (Ca10(P04)60) U 3F A MF 4} (CaSils) 2EEMBE L TESE
T HMg0—Ca0—Si0, ~P.0s REERIEAN T X (A-WHREF I 2) 3. BWEEERL
(1], BrEEc/btERATE2]. £ COBRLEFI ARBLUART TREICT N
4 MBEERTEIEBHEINTNS[3], LHEL, AL0:RTi02HBRBICERT
BEEGEAFT T A (=& ZiE. 3.7Mg0-40.0Ca0-31.95i0,-15. TP;05-4.0A1,05-4.7Ti0,)
HEKELZHICEEE T, BEUERPTTINSA FNBEERT B2 bRV I[3].
ZOT NI A MNEDEBRISKERET T ZDERBLOEARNILEELRBRBHZLE
bbb, . L, BEILN T ARBAONONBT NS 4 b OERICRIZTHEBIC
DPNTRZINITHREEN TV,

EFTIE. Cad-P,05-Si0,-Mg0, F 7=1ZAL,0: ROEEEILH 5 2 DR HF DEE T D
TNEA MEERICRETHEIIOVWTRIEL., 57N PEOERBRBICIOW
TEEL -,

2. =EBRRIGEE

2.1 AHoAN

49.5Ca0- (16.3 —x)P»05- (34.2+x) 50, D iE. (49.5—x) Ca0d-16.3P,05-34.25i0;
—xMg0 (X 7213A1.05) (wt%, x=0~9.8) DMRDONy FEAM %, 1550C. 14, BHE
2OIZTHERBUE. ZOMBEKPIHRALTABLE. 856N H I A%30umlT
DREOMRICETHRL e ZOF T AMREZWID/NS T 1 ¥ &PNEA T 100 MPaT
HESHMEREL 2. 2 ORFAK%E3CT/minTI1050°CE THRE L. 2HERFL T, 5
BLUERbLzE R,

2.2 ROBKBAORE (BFEER)

Boni#EEH 5 2% FR (15m X 10mm X 2m) ST L. #120007 L3I +ET
MEBLZ. COREIICOBUBKICERELZ. COMLFERIZ. R2.10LBOTH
D, PYREROFIRAFATIIAIVLEBPOLIEEHERK (b0 7.4) TH 5.
FERME. coBRBPSRNEIHL. XEER (XRD) KLV REOE/ILLH

R7zo



2.3 BEUkEhOA S Y OBE |

PNIA FBOERIBELERT 2D, ROEREIT-> . R2.2ATRTERILA
5 2%21TRREFETHEELE. COBRILN T 25140~230 v ¥ 2 ITHRL T
STCIC L FBOAKICEEL. BRI, BB COBRmZEXRy b T
AEL., BEPOA TV BELZRETFRAEERILD ST L.

Table 2.1 Composition of PECF.

Cation Amount (x 107>*M)  Anion  Amount (x 107> M)

Na* 142.0 Ci- 148.8
K* 50 HCO; 42
Mg 1.5 HPO2" 1.0
Ca?* 2.5

*Including 0.05M tris-hydroxymethylaminomethane and 0.045M
hydrochloric acid.

Table 2.2 Compositions of glass-ceramics

Component Composition (wt %)

CPS CPS-Mg  CPS-Al CS
CaO 49.5 39.9 41.5 483
P,0; 16.3 16.3 16.3 -
Sio, 34.2 34.2 34.2 51.7
MgO - 9.6 - -
Alz 03 - - 8.0 -

Crystalline phases* Ap, Wo  Ap, Di Ap, Wo, An  Wo

*Ap = apatite, Ca,((PO,)O; Wo = wollastonite, CaO - SiO,;
Di = diopside, . CaO - MgO - 2Si0,; An = anorthite, CaO -
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HIDOT7 NS FOY—2 (300) ) . BRILA I 2P OMO0BSEMT BICH>NTH
Sz,

MgO%8% L, FERFTHR-RMA IATR. ZOREICHZCRLUKBEFTZ NS4+
BER LD 5Tz, FTHA K (Cad-Mg0-25i0.) DX RDY — 2 WEIZEI/LL 2
ofe TRZA NEROREIMOBSHINT 51 SN THAL 20 M0R BHL VS
RALH SR IBNETNI A PEBRENZF>TNH I LePBbh b,

2.4, 2.51d. FNFh. BRILA T ACPS, RUHERILY 5 ACPS-Mg (K2.288)
PRESNERUFRPOA TV ORBEOE/LERT . Si"BEOHMN. BRI
APSDBHIILDBDOTH D, P BEOBNL. BEETIAXRENOEEI &
2HDLEXOND, HREILFT T ACPSTIE, Ca’ " BESBEEME L bICHAL .
—7. EERILA S ACPS-Mg T, Ca*BMEEIIZILE S, Mg BMESHAL 2.

Wiz, BEUREP OMg? " BE %, 4X1073, 15X10 %mol /1 (L= b D& ERL,
NS IHERIEAT I ACPSZBE L 7z, K2.613. Mg BEL T/« FEEREHOH
BTHD. 7TNI4A FMEERE AN BEDSEL LB ONTET L, Bosky5 [4]
B, KBBEPTOKEBT /NI POERICENT. EBOFHLN (BESEILHTEH
BXNDZETORM) . EREY VEALY Y LAhON " BESEL ZBIONTE
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Z4 PERZHTD LEREND.
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Figure 2.1 Effect of YSiOZ content in glass-ceramics on
apatite layer formation.
Ia=XRD peak height after immersion test
Ib=XRD peak height before immersion test
(O )apatite, (@ )wollastonite
"10days"=after immersion for 10 days
"20days"=after immersion for 20 days

{a)

i

(b)

IS UIT W U 0T W B B A SATUT ATUNS SSS S |
30 35 40
Cuko (28)

‘Figure 2.2 XRD patterns (a)before and (b)after immersion
tests for 10 days of "CS" glass-ceramics
(see Table 2.2).
The shaded peaks are from apatite.

12



XRD peak height ratioUa//b)

L6 8 10
MgO content (wt%)

0 2

Figure 2.3 Effect of MgO content in glass-ceramics on
apatite layer formation.
(O )apatite, (@ )wollastonite, (A )diopside
(---)after immersion for 10 days
(---)after immersion for 20 days
( — )after immersion for 30 days
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Figure 2.4 Ion concentrations in PECF in which "CPS" glass-
ceramics were immersed.
(O)Ca=", (@ )Mg=*, (O)Si*", (A)PO.=~
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Figure 2.5 Ion concentrations in PECF in which "CPS-Mg"
glass-ceramics were immersed.
(O )ca=", (@)Mg=*, (O)8i**, (A )PO.®"~
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Figure 2.6 Effect of Mg?* concentration in PECF on apatite
layer formation.
(O )apatite, (@ )wollastonite
( — )after immersion for 10 days
(---)after immersion for 20 days
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Figure 2.7 Effect of Al.O0; concentration in PECF on apatite

layer formation after immersion for 30 days.
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Figure 2.8 Ion concentrations in PECF in which "CPS-Al"
glass-ceramics were immersed.

(O)Ca=", (@)Mg=*, ([0)Si**, (A)IPO.®~
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AEBEACEBRLTWS, 22T, COFEZBVWTHEAKRILLT I A0BLILFEREET
BPHEHETFHEL=. W0ERUIERM. STCORUKRKICEAKRILI I A 2REL., %
DREIZTNNIA P BEHEENEZHESIPIIONT., XEREHF. SEMICKDFEML =

3. BMREEFTFBES

3.1 Py
BoNEERIEFIA/TZPEAMEOHEMLERZL TN LETH > 2. KRt
HIATIY v 2 ARIIMET vETNFIA b (Caio(P04)6(0,F2)) EB—-D 2T
hN+4 + (B-CaSi0s) BHHLTED., WMBBEENZFH, 1570wk LRELON
Tro BEALA AL TZP LORIDIR. XBEIFICK > TR TER P - 2. §3.2
BRYNAZT OHRESE (V) B0%DBRARELLF I ADS EMEE (REETHR)
Thd. THEFEEORWCLD, BRIV I AFIBEL. INAZTHSPHS
CRA%. TZPHFRESELIELALRIBERIAFN T AT MY v 2 ARIFHENT
WBZ EBbP D,

Table 3.1 Compositions of TZP.

Zr02*’/Al.052’ Sample

ratio ZY ZY20A ZY40A ZYS80A
(wt%) 100/0 80/20 60/40 20/80
(vol%) 100/0 72/28 49/51 14/86

*>Zr0.; tetragonal zirconia polycrystal
containing 3mol% Y.0s
2>Al1.04; a—alumina

Table 3.2 1Ion concentrations in human plasma
and simulated body fluid (SBF).

Ion concentration (mm)

Na* K* Mg*™ GCa* QI HCO; HPOY

Human plasma 1420 5-0 1-5 25 1030 13-5 1-0
SBF 1420 50 1-5 2-5 1488 42 1-0
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Melting of glass
for matrix

Quenching

Milling

Figure 3.1

TZP
raw powder.

Sintering of TZP

Pulverizing

Mixing

Hot-pressing

Preparation process of composites.

Figure 3.2 SEM photograph of polished surface of the

composite containing 30% vol TZP.
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Figure 3.3 Relation between the content of TZP and the
bending strength of the composite.
(@)2Y, (O)ZY20R, (@ )ZY40A,((» )ZYS8OA.
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Figure 3.4 Relation between TZP content (Vf) and fracture
toughness (K:c) of the composite measured by
chevron-notched beam method.
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ERPEIINLF-2HBTZ2L0LEDLNS. ZL T, 5L, BROICEIIv 2
DEVIEHHBED ., MRUICFDOTEBMBIENE. PLVIFTEETZPEARESLLY
SATHLZ I v 7DRABRI > TR e BsBEIN:EZ, ZOLIRIIvIT+17
Loya v LT EBEoREICFEL TV —RHEEZISGNhE. TII
+%2E&ELAVWT ZPHEAKRIT I A0S HE. BENttbmELTNS
i, COBEALIIvIAOMMRLESS Ty JRIRICEL DT O LAY —VYATO
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Table 3.3 Bending strength (o ¢), fracture toughness (K zc),
and critical flaw size (C) of the glass-ceramic and
the composites.

Sample o + (MPa)=’ K 1c (MPa-m°-2)=> C(um)
Glass-Ceramic 250 1.66 28
Y vi20®=> 470 2.80 22
ZY VI30 637 3.16 16
ZY V50 703 4.05 21
ZY Vi60 818 4.60 20
ZY20A V£20 437 2.68 24
ZY20A VE30 474 2.81 22
ZY40R V£20 375 2.37 25
ZY40A V{40 443 2.62 22
ZY40A VIS0 488 2.70 19

a)Average

b)For example, ZY V£20 is the glass-ceramic composite
containing 20vol% ZY.
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3.3 HEMOF 4

B3. IR UA ISR ARERILAN 5 AR E L 7D 7 /X% A b D XEEEHT (300) &
BMETHD. VLT TR, LW NS A FOERBERICTRbNE, V50501 E
K22 LERIEAT T ADEES DL 2B, XBRIFE—2BIBEAENY 255
DYRIZELNTEY, COHRICL> TEREREZAMT Z 2 L 138 L W,
3.7, 30EM. BLUGRICEREL tEAREREL I 2 (V30%) OXEDOS EME
ETHd. BARRETI ADLXREBHFLWT NS A NETEDON. ERILT I 2
DREEI TR, PHENTVWBTZPREICOLEEL T\,

Figure 3.5 Vickers indentation
cracks in (a) glass-ceramic,
(b) glass-ceramic composite
containing 30vol% ZY, and
(c) glass-ceramic composite
containing 20vol% ZY20A.

(a) Secondary electron imaging mode.

(b),(c) Backscattered electron

imaging mode.
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XRD peak height of apatite (arb. unit)

0 20 40 60 80 100
TZP content (vol%)

Figure 3.6 Relation between TZP content (Vf) and XRD peak
height of apatite at the surface of the composite
after soaking in SBF at 37C.
The XRD peak height is the X-ray (CuKa, 40kV 20mA)
diffraction intensity of the (300) reflection of

apatite.

(O )Before soaking in SBF
(@ )After soaking in SBF for 10 days
(® )After soaking for 30 days

Figure 3.7 SEM photograph of apatite formed on the
composite (Vf30%) after soaking in SBF at 37C for
30 days.
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EI3IET Poroa—=—Tr7rsEfbesSERIbEy S 2o
FEZERESSH)

£3MWM—1. Yna-—_7oHEEES

1. =

. ERBHEEAMEANOIGREL T, BLERILERAT2EAER I v
ABEBRIN TN, £ 258, EEEMELS I v 7 AR—BICHBEIERE (£ <ICH
) PERICZLL ChPEREREREL TWARELRBHETHS. 22T, FE
S TRIA b 4T AT A 28R T 2ERERBERIYT I AR CEFEY L
D=7 5KE (TZP) 22BE ¥ LICI VERERBEELELZEE. 7LIF
CIIvIALEBEEOMTEE AR EREMEBBONI L 2#HBEL 2 [1,2],
HEERLOBRAPSETZPALDPROBNT ZP 23S ¥ HBEFTH 3 (600
WPall LOMITEEARTLOBBLONB[3]). chid,. EFRIN AT OILSIERL
EEZFAL TWS,

LZAHT EARINAZTEERE (TZP) RKOHZBETIE. HOBTZP
RECAFRELTEFRZINIZTHERENHERETE 2 e BMSN TS [4.5],
FTOBRDOEBERICELD. MBRN - ERNI S v IBRET S, 2L T, BESAEL
ETTLBEBBETT2HALHB[6]. TZP Tkl =4&ILAY > 2 (Bicactive
glass-ceramic/Tetragonal zirconia polycrystal Composite; BT C) % H{&FHEA
BLLTAWSZLZEBNELER,. BTCRKOHIBEETERBEREEZh LEX
DRETHY., 2ORKTHRELMBISEINESH D, 20, HERBICLZHEER
THBRI->TRESZN,

DED&ES2BRnrs, $5BTCOMERERLITEET IO FHERET o2 L
ZhH. BIROTZPICHENRTI4, 5] 2 DHBREESERICRKENI L SHBE L, *
CTHETIR,. ZOREEZRHAL ., HEEBIFILALEBIORZWBTCE2ERTEZL
BTERZEEZRET D,

2. EBRITER

2.1 BTCoOHH
BT COERAEIIHIRILII L ZERETHD, BTCOT MYy 7 2ARABHS &
UT. EREHEIS] - ¥IADEEREBLIUBREEDOSAL» S, 47.7 Cad—6.5 P,0s—
43.8 Si0,—1.5 Mg0—0.5 CaF. (wt%) A% BA ., 1500°CTHBML BSOSz gl
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BMOH T A% F2~3umilB: L. TZPOHERRLE LTI, HHEICLVES
NE2.75H 5 WiE3mol¥ DY 0: 2 ELIr0. 2Bz, CO¥MEREH 5D UH1150° ~1400
CTEHEERL TBE. CNEHBRLTTZPOREHN2~3umDRNFEER L, &
DOEFLFEREEEFET 2221080 REBECHENBRORLZTZP2HARTY
BILMBTED, 22T, RMIRTEOLTZPAERL. #5XLEE (BE
th2:8) Lize TZPRFOLELRAN ABRE (BEREFREA -/ X—2
132080) & VHIEL., TZPOEMELESR6. 108 LU THMLEAFHEL 2. BERR
—LINERWTERTITbONE. 2OIDCLULTESNENIR/TZPHERELLD
~1200°C, 25~30MPaTH v b 7L AL T40~50m ¢ DF 1 AZ7KDB T C &AWL 7z,
2.2 HIZBON ‘
COBTCH510X10X2mDEREZYIE L. A% 1 umDFHY 1 YT NER
THELE. 2hE. WCOKCHEREBFEL TBTCHROI L IZT OHEREE)
ERENTz, XEEIFEZIBI TR, NI TOE—2 L BERITIAFDOY T A M
AMDE—IDBERZED, VVAZTORERBERANDORIEL VW, 22T, L—V
— ST UNHREFT (BRI ERINR-10008, 7L TV L —H—488m%E{ERH) #H

Table 3.4 Y.O5 contents, relative densities, and grain
sizes of TZP.

Y203 content|Relative Grain size
(mol®) | density (%) (pm)
A 2.75 94 0.4
B 3.0 96 0.4
3.0 99 0.4
3.0 97 0.2
C 3.0 97 0.3
3.0 87 0.4
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WTERBEAFHEL /2. Katagiri 5D [10]

I '8+ 1,092
~4.4X T 1484 T 1804 T 102

(22T I8 W 'OESFZINIA=T

Iu'®': 18lem™ ' OEYMEINI=T

Iw'®?: 192 'OEYHYKEI NI =T

DE—IBETH 5. )

&Y, EFEPSERMEANDINIZTOERNI A—F Ct—n (%) 2RKDz. &
NEDTINAZTDIT YN RRERIES T AROESE (TXFA4 M. 92T
FA4R) DITUNY REELS U,
HOKMER ORHOREAEEETENE (SEM. BATTHIH-T200) THEL
Tz
HEEEHORRICOWTHEREODEET— S L LTKETI AL TZ PR
BIRGRE (EEH,ST00C) 2REBRBO (TMA, EHEBHTMAS40) I2L0K
blze T, BRAAATIALTZPOREHAIIOVWTX®RYA 20T F I ¥ — (X
MA. BERBMEFTE PM-810) THRAWMEfTo. &S50, BRANIFIALTZP %4
X1X40m* MLl ChICRE 1lmDOTAHY—JERRDMNI. ZSlT% (2o
Ay FEE0.5m-min™', 2/V30m) LDV THBZHEL T, Fh60P U Ix
ERTYVVHERD 2,

Ct—m x 100 (1)

2.3 BT COXRAENE

BT Cid. BEGBBEDOLILRTNIA MR TI2RBAANEOBTNBRPICEE TS L
FOREICT /NS4 FMELERT 5 [2]. 2hid, EEFEEHRICRSNIEHETH S
11-13]. bbb, T hYy 27 2AOERIENT I A 502", 81, RUEBEFOP0. 558
HU. MRERBEICTNS A FBSBRETZILEAO6NB, Liz¥->T, pHTEBEDY ¥
BAESUKBBRCBETNEIREBRICT NS A MNELERS DI LN TES, 22T,
5%Y VBT VY AKBHEPTICHNETZZ LIk >TBTCRELEKAR TN
£4 MEL. 2hEINCOKFPIIFEL 72 2 DHERER 2. 20 F R > THN
Tz
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3. MR TS

3.1 HEZEREE

KIADADTZP A WAL =HRILELF I (LIF. A-BTCEBE. B, Ci
ST HEBICEEE) #1100CEB LTI1200CTHY M 7L AERL THBE. ThH5DA
— BT ChI0CHMAKMEL 7z & Z DHEROERE(L 2RI 8ITRL 2. 1200°C THER
LZA—=BTCIR1100CTHERL ZA- BT CItHRTH 2EOEET t ~mBEHSHE
Lo Bbh s, 2hid. BEOHEKDOT Z PHEEEOTREFEEICHARTIERIZKE N,
COBEREELTETFRENZ LR, TZPHOV0:. 8BS IERPICH T R

(RERAFT2) MICEELTNS, &SI ZLTHB. UL, TZPRI—HEICH
BENTHWT, LY0:0EBBBI L L THTZPOBLRAENZLTHY. K
E{HERSECRBOEHEPRIZLRIEFZIC( V. XMABR»S . Y0838 L
T3 LW HRELRERIBON R - 2.

1

1

0 100 200 300 400
Soaking Time (hr)

Figure 3.8 Transformation behavior from tetragonal to
monoclinic TZP in A-BTC by annealing in water at
90T .
1200:A-BTC fabricated at 1200C.
1100:A-BTC fabricated at 1100°C.
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FEEL TV, HNTFOBREMN TN,

_ AaAT
P“1+ym+1—2yp (2)
2E. E.

Aa : BERFEROZE (am— ap)

AT : BESER T 2BETORHEEE

v: R7V U

E: ¥V U%
RBILIPUNFICHE, 22T m, pRENFOIIY v o2 (BRIEFS ),
BT (TZP) 28HKT 2. PRI TVWEITZPRFBEKTH B LRELT (2)
RAEXMEHCBAL. E.=1.18X10% E . =2.16 X105 (MPa) , v .=0.27, v ,50.31&
LTP %KD B, Yy Z2ADH T AIZ1000CLLE THER T 5 & $85%5 81t
T3], 22T, BEAN S AHOBUBERTERZWES (¥ 7 2ABBEE Te=T50
T) &, 100%BREL TV B e L TEEZER L ZHACOVWTBEL 2HRER3.5
IRT. BETHRBR IO HAKSBHIZN, BESEHTERL->TL3%L, an
La . BRZ3HFAHICI. RFLI MYy 2 20RE TR 100 &> ZIE1BHL 2 &
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Figure 3.9 Linear expansion coefficient of crystallized
glass.
The glass for matrix of BTC was reheated at
1000° to 1200C for 0.5H. The linear expansion
coefficients from 25 to 700°C are shown.
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Figure 3.10 Stress distribution around dispersed particles.

(Dt

T: Tensile stress
M: Compressive stress
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Table 3.5 Stresses applied in TZP particles due to
difference in thermal expansion.
i) The negative P-value means that the tensile
stress is applied in the dispersed particles.

ii) P estimated from equation (2) on the assumption.
that the plasticity of glassy phase is not negli-
gible to the glass transition temperature on
cooling.

iii) P estimated from equation (2) on the assumption
that the plasticity of glassy phase is negligible
from the sintering temperature to ambient.

................ Sample P Yo (Kpa)
Sintering | da | Te ~ RT7 'Sintering tesperature
tesperature( C)! (X107 deg™!) ~ RT!"9
1000 | . 1.0 105 140
1100 | 0.3 31 46
1150 | -0.5 - 51 P - 79
1200 | -1.9 -199 f -319

3.2 HEESEIEE

1200CTHER L 72 A— B T Clid 306D BMKME TEIE/NT X —F Ct—mp380%LL b
DETHD (K8.8) « COFBOREHSI0umIEL 2HS TCREHNEY V=T
BREELLZP-ok. 22T, CORBAEREICEEL HAICEBIML TR3.110&>
WKYIMEOEMS Y VAR MVEREL 2. Z2LT. OT ZPRIFHBH—IIHHLT
Wa, QL—H¥—2 Ky PIER0umOMTH 5. OERLBREH,»S—KIC (FEH
1) ED. LWIREOH LT, 2Ky FOEMENS. LOMTHES SBEEL 2L 2
5 RESE->TWIHEBIR 2y mBETH- .

BTCIRTZPRFBHRELIIAT MYy 2 ATy — L ENL LI RHEEICE>T
W, HERRIBEOTRANTZP TOAR->TWELEXISNS, 2L T. RE
FEDTZP BEEL THRBRA I AMABBLELLZVEY . AROT ZPNFRE
BLEZWEEXS,.

CHOREDSEMEE#ZMSI.12 (a) IFRT. BEETCEET L5427yl
Ronzun.

37



treated sun‘aceﬁ>

200 180 160 140
Raman shift (cm1)

Figure 3.11 Raman spectra of treated+ and cut surfaces of
A-BTC fabricated at 1200°¢C.
*Soaking in water at 90C for 306H.
T: The peak of tetragonal zirconia.
M: The peak of monoclinic zirconia.
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Figure 3.12 SEM photographs of A-BTC fabricated at 1200°C
after soaking in water.
(a) Soaking for 306H.
(b) Soaking for 725H.
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Figure 3.13 SEM photograph of surface treated in (NH,).HPO.,

agueous solution at 90°C for 48H.

100
L A-BTC _ -0
80 A o
£ 6o} & treated A-BTC
/
/6 /
! !//'”‘* A
@) &7
20+ // treatment
O ! 1 1 1 1

0 100 200 300 400
Soaking Time (hr)

Figure 3.14 Transformation behavior of TZP in A-BTC covered
with apatite crystal.
A-BTC : A-BTC fabricated at 1200C .
treatment: Soaking A-BTC in 5%-(NH,.)HPO, aqueous
solution at 90¢C .
treated A-BTC: Soaking treated -A-BTC in water at
90°C .
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Figure 3.15 Transformation behavior of TZP in B-BTC by
annealing in water at 90C.
96% and 99% mean that the relative densities of
TZP dispersed in B-BTC are 96% and 99%, respectively.

100
80}
£ 60}

0 00 200 300 40
Soaking Time (hr)

Figure 3.16 Transformation behavior of TZP in C-BTC by
annealing in water at 90C.
0.4, 0.3, and 0.2 mean that the grain size of
TZP dispersed in C-BTC are 0.4, 0.3, and 0.2 pm,
respectively.
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B3W—-1. MREAICL SBESL S CHERED OIS

1. &=

e, FEFEUEERETAIACERFRINVITERER (TZP) 298852
LIV BVEEART LI I v 7 25BRLEZLERELREZ], COEII v
A (Bioactive glass-ceramic/Tetragonal zirconia Composite; LI FBTC &#7)
OHTEER NI TESETICONTHAL 72 (400~800MPa) - ChizyLa=
TORAFEERLZFAL T3 [2]. YL =7 %305 L7z B T ClrEKESER
TIEHBYERICLDERIN TS [3]. '
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Figure 3.17 Relation between sintering temperature and

mechanical properties.

(a) Bending strength.

(b) Fracture toughness.

Figure 3.18 TEM photographs of crack profiles in BTC.
(a) BTC sintered at 1150°%C.
(b) BTC sintered at 1200C.
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Figure 3.19 Linear expansion coefficient of crystallized
glass. o

The glass for matrix of BTC was sintered at
1000° to 1200°C for 2H.
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Figure 3.20 Transformation parameter (Ct-m) from tetragonal
to monoclinic of zirconia in BTC by annealing in
water at 90C.

1100, 1150, and 1200 mean the sintering
temperatures (C) of BTC.
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Table 3.6

Nominal compositions of zirconia powders.

Zirconia (A) Zirconia (B) Zirconia (C) (wt%)

Y203
MnO
Zn0
Si0.
Ti0-
Al:0s
Fe20s
Zr0,

<0. 005
<0.002
bal.

3.16 4.65
0.19 -=-
--= 0.19
<0.1 <0.1
<0.1 <0.1
<0.1 <0.01
<0.2 <0.01
bal. bal.

'Glass powder’

Hot-pressing
1150°C, 2h, 30MPa

Process (A)

Figure 3.21

Zirconia
powder (A)

Sintering

Pulverizing

(Glass Powder’ Zirconia powder
{4), (B),or(C)

Hot-pressing
1200°C, 2h, 30MPa

Process (B)

Preparation process of BTC.
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Table 3.7 Constituent phases of matrix glass-ceramic.

Apatite 15 wt%
Wollastonite 70

Glassy phase bal.
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Figure 3.22 Relationship between zirconia-(A) content and
bending strength of BTC(A).
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Figure 3.23 SEM photographs of BTC(A) (TZP:Bright part).
Scale bar indicates 10um.
(a) v£20% (b) VE60% (c) V£70%
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Figure 3.24 Relationship between TZP(zirconia-(A)) content
and density of BTC(A).
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Figure 3.25 Relationship between TZP(zircohia—(B)) content
and bending strength of BTC(B-B) and BTC(B-A).
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Figure 3.26 SEM photographs of BTC(B-B) (TZP:Bright part).
Scale bar indicates 10um.
(a) V£20% (b) V£40% (c) Vvi80%
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Figure 3.27 Relationship between TZP content and fracture
toughness of BTC(B-B).
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Figure 3.28 Proportional relationships between sphere radius
of the crack generated by Vickers indenter and
indenter load for BTC(B-B).

Slopes are closely equal to 1.5 for V£ up to 80%.
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Figure 3.29 Proportional relationships between size of the
crack generated by Vickers indenter and indenter
load for BTC(B-B).

Slopes are closely equal to 1.0 for Vi=100%.
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Figure 3.30 Relationship between zirconia-{C) content and
bending strength of BTC(B-C).
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Figure 3.31 Relationship between zirconia-(C) content and

fracture toughness of BTC(B-C).

Figure 3.32 TEM photograph of BTC(B-C) of V£30%.
C; crystallized glass Z; zirconia
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Figure 3.33 Transformation behavior from tetragonal to
monoclinic of zirconia in BTC by annealing in
water at 90°C .
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YUSY UK. BRI Iy 2 ACHREERTIOLCHRBLFETH D
RBRICTE RS RARY, o BRERE =T Xy b oA TICEBEESND D
THDo

FZTARETIR, HIPEBAL 2N 3= 7BILRRIENT 5 ADERAERIIONT
BELEZOTHRET 2,
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KFETREEEICHOVWTEER T2 2O Va7 LEAT 2EEEEM Y RER
LLT. BELEDORLZ 2BEOBETI A 2ABL 2. £AREHERILTIAD
BH S 2R E LT, BB L DI 47.7 €a0—6.5 P.0s—43.8 Si0,—1.5 Mg0—
0.5 CaF. (wt%) R [3-T1 2BAE. ZOHERONY FREME 1550°CTHML 2%,
KPR TRRB/LTHIAME Lz TOF T A %820C L 1I50°CICEHMBAL TREAL
SH. 2HEEOBELTIAA. BEERLE, cNb5%E. INVIZTR—ALINTE
B1~2 umiZBiL 7 (RHRISABELZIC L VAIE. Leeds & Northrupft®!, Micro-
trak® 7995-30SPA) . %L C. Rif& EHIC[3.4]. MERXKEI (XRD) IC& D . &&
BOEE L HBREEAT R, RIBITRT LI, BUEBARICL - T, HESR.
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LTEY, BEAFI 2HOBRLRZIARLZ-TND, —FH, INVIA=ZTHR (BX
WHETRZ (1)2.6. 17n/g) K. F3.8ITRT &1, BEPFL L ThE k=7 Lizb0
BBALE. MMRCuB R —T7E NI N AZ7HREERE LD BEVWEETREETS L
BEEENTNS9]. £/ BIRALIOVWTLRBOHRBH D Z B> TN
2[10]. BAEHERIZI00CTHEETED IDIERINLLOTH S (8], ZOREFE
110.2~0.5umTH - 2,

BRILA I AWK YN AZTHREREIN AT RV INEFNTBHIY ) —
hTRALEE. BRLT. BAWMKAERLEZ 2ha2C 1P (196MPa, Smin) IT&
D, 4x5x40mOARRICEFEL . ZORFEAE800° ~1200°CT 2 HEERERL
T, FREEEEAERLE, 22T BRI A, BEINIAZT LOREHMK
2FNFNh. BEA/Z, WEB/Z LB, KA/Z. B/ZE2BWTE> =Tk
kEZhFh., PEEEA/Z. FHEEREB/ZLBRAZLICTS. 8. I NLa=7TE
ERIUBRI TR —RUBHBELTEEBLTI2HA8HD. BBALEILVOZT
€IIv I AEBA—RYOEHT ) VI THLEEBRT T2 HBHD(11].
227, AHETR. cOEBEKEHSL— Y 2BAVWEERFHNT. TLITVEBROD
BAAA (BERES%) #HVT1200°C, 196MPa, INTH I PALEEL 7z, H I PR,
FEHIEERNTHEIL 2.

Table 3.8 Composition of raw materials

: >
Glass-ceramics®

2> o> Zirconia®>
Glass~ceramic A Glass-ceramic B
Apatite crystal®’ : 15 wt$ 15 wtg Y203 : 4.65 wt%
Wollastonite crystal”’: 0*> 70 Zn0 : 0.19
Glassy phase H bal. bal. ’ 8102 : <0.1
TiO2 : <0.1

Al203: <0.01
Fez03: <0.01
Z2r0z : Dbal.

1) The content of the crystals precipitated in the glass-ceramics were
estimated by X-ray analysis.

2) "Glass-ceramic A" was prepared by crystallizing the base glass at 820.C.

3) "Glass-ceramic B" was prepared by crystallizing the base glass at 1150'C.

4) wWollastonite crystal was not detected by X-ray diffraction.

5) Prepared by Nippon Soda Company., Tokyo, Japan

6) Apatite; Caio(P0O4)e(0,F2)

7) Wollastonite; CaSiOsz
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Figure 3.34 Relative density of presintered body
as a function of heating temperature.
O : Powder A/Z containing 30 vol% zirconia
@® : Powder B/Z containing 30 vol% zirconia
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Figure 3.35 Relative density of presintered body -
as a function of zirconia content.
O : Powder A/Z heated at 1200 ° C

@® : Powder B/Z heated at 1200 ' C
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Figure 3.36 TEM observation of porosity in presintered B/Z
containing 30 vol% zirconia.
Some porosity were stuffed with alumina

particles for polishing.
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Figure 3.37 Relative density after HIP of presintered body.
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Figure 3.39 Fracture toughness of glass—-ceramic/zirconia
composite (B/Z) prepared by HIPing as a function
of zirconia content.

72



C BEEREA/ZICOVWTORELN. 3BLR3.8SSHHAIND, F3.I3BTRT LD
KON 7B0%L T OMEE TN LEMS LostZdngonsd. Bald. B
BERA/Z 54 TOELERIA S AR EVANABVBETH S L RELE[T]. F#E
BRSA/ZIZH I PICk > THELL 20T, Zh50OH I PRESIRES. 40IRE h
BEICBOBREATLE. LbL, Yo 7B EOTRERZEIES 0 EE
T, 2hid. HI PEEEFICELL ZADREBERLIOT, BEELII vy I AR
BoNLPolkHEELSND,

o Apatite (Ca 10(PO4)6(0,F2)) | 45kV 30mA
@ Wollastonite (CaSiO3)
OZrO, (Tetragonal) '
WZrO, (Monoclinic)

Powder- BfZ
°

Presintered  B/Z *

HiPed B[z

20 30 ‘ 40
Angle (CuKoa; 26)

Figure 3.40 X-ray diffraction patterns of mixed powder,
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Figure 3.41 SEM photograph of polished surface of
presintered body and HIPed body (B/Z).
(a) Presintered body and HIPed body containing

20 vol% zirconia
(b) Presintered body and HIPed body containing
30 vol% zirconia
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L. EREESELEL TV AR ZRL 2.

EENOL >R AKDHIBETTRINIZTOREEEESMES NS AEESDH 2.
TrY w2 APHHENLETZPOEARPSEMENORBINLI DT Z PHER
LD LRFBIHETTIZeBbD o, COWERIZ. BRILFTIAL TZPORE
BROBWIE>TTZPHRRELEZSBRIGHC L > TMEEND L #R/E L. L—
P—FZ VAR MASHICELD, BRLUEZEHIBOTRENH (REHumEE)
ThdLBbhlk. BRIEFIAFRCHHEINET Z POREREZIME T 5 DI,
(1) TZPLEETI AORERE—HIEZZ L. HdWE (2) FRITHEIV
BEENBEELL, POBFBCEZEINETZP2AVWS L. BEETHD L EZRL
Fo 2T, BUBEAELEHBATZCLICLVBEETORRL23EF&YLIZT
OHEEEPLZVNZ. o, BHELRLII v I 2R ERTIROORBRREEZ
REL 20
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BEOBWEALIIv I 2RINIZTEOZVWEARTESN D, RICENRES
IIvIATHR, BRI AOERBESHEI20CTH SO, FHI LT
FUNCTHERESE TRV ILESH >z ZOBA. YN AT B0l T TRY
NIAZTEOEME L HITHEENSH L L BEESMPa%RL /245, T0%LI ETIIBED
HEBEIRIPNLDo . FEUETEMSBRECIY. T00UEDVI=T2EETD
BREATIATRELDREBEETHIEBDHY . CNPEELETIHTND L
ZEzontz. INATHNRIHEREL TCWIERROL AT EEESHEA 5L
MEBHB. ZOVALATHNFREALII vy 7 22ART BEODBRREE (120070)
TRTEHEELZVDOT. R DI ZBRTERES L Bbhiz. 22T,
BANCEML =, St sm v EERENHEFE&O NI =T 2AHE Y THA L
IIvIARFML . COBEEIIv IR, VNI TESHINT HICONER
CEEMNRLELE, £ INAZTOHERRISEI LT OFBER L LERNE
BAOER., X5IClT2EB8TE R,

ZOEIEEERNSA T LI I v 7 ARERCHT I DI, BEME. S8
MLEEI2HBBHE, 22T, RAMIUIY U TEBZNCENLFETHEL
WEBL. CORBICLVERTZ2ODORGEKRITLEZ. £3. HI PITLOHRY
CHE LN FRESER2ERTIEOOREHRIDW TR LEL 25, #&1L
Ko APDEREN S ABBRAMKOBELLIIRELBET LI L BbY oz, Hifx
NEZRENS2ARKBLITINIZTHEREFERE LTHWS Z & T, HiXLEM
DEoPEmEEGESESN, HIPKL-> T, BRTE2XBH/LEI N, ZONITE
FIv AR TN TEI~80vol %I L. BBHITHE (400~1000MPa) & EWE
# (3~5MPa-m°-°) ZRL Tz ZHICED. EEFEROEEENA T LI v I A0DE
BMHEEEL 42 - T2,

Pl ZETR, R4 VTSP LTEDATWETAVIFTEII v IR (K
NEH) S0 EVWHEE2F > EKEE LI I v 7 22RBUHTARTELZZLIZDON
THRELE. BELEINIAZTRINBEBNILSPOBETH DD, KPTOT7=—
VY Y TEAZBIEILALHERLAN. T, KAV I YU TEICL - THEDOKE
REFOBALIIv I ARBBIBBE LN TES /0L AL HERL . FHEOD
BREREE. ChITEEOALPSRUEBTEARERE LI I v I AEBAVWTELTNT
i, EEREEME CEXRAZ LB TEZHBREART LOTH S,
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AT YUNa7EbEREETTIAD
HEkE DORIG

=5 1 &1 %= il D5 X Tet

—RBC, EAMESERLLEIN B, UTOLSCHELREBHLETH S £
PHHBEICOWTE. BBRA2 YV XX LIDEO—ME2YRL M2 IcEAL. A
BOMBCRELRICSBEINZVWP LD P EFHARNIMLENH D, EERFEIEORN
Mz 5, BUREBEC K THIET 2 THAOL. BLiLEREE2ELHELH D,
ChS ¥, BLoBEANOMES. RBFRALOEBOERBEEICLS. 51T
HEOHECO VTR, ECESRTOREDETICONWTRI L TELEBD D
HEESEMELZSIE. MREESEL T2 BFHRINDIOT. ZHAPBEEIIEDX
SICEETLZOPTFRHL TEBLLBBH D, ZhooRFICKkY, EHOBY M
25, EBCERTAHRRICMIL. HACL>TRINZEDOREREYZERL
TESIEeE. ERAMLERL %, £ MCERNICGERZ N, BEELEEBBREORK.
ERftahdz itk s,

EIETIR., ChETOESKFRELII v I ADBRKDREATH D™ BEOARE” %
RRTACLCRUHDTHRIILEZLEREL . COBEALT I vy 7 XAZBKRICAIC
ETHEL DI FELORBEOVWTHAEEL TESESH D, 22T &K
BT, LTOLI CEBREED ERRICOVWTHERSD,

N AT ELERLT I ADEREREZTMERWTEML . ME L EAEE 2
VEREEIIv I ARAMT2EOIBRBELRINI_TEEZRELE. ELT. I
TRk > TEGERSERTEREACOVWTHEEL L (B2H) . 5K &
BEHWLEEALS I vy 722 ROEFICEAL., ZhE2B0 HE U THEREORE.
BIUREOELERANX. RUMEBERCHAZHETHIAESPREILE (B 3H) .
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2= 2 HD o a2 =7 sEIERSESEIET S X o
2= s T

1. &5

]

Mg0-Ca0-P;05-Si0, DT /NF A b & U3 T AT A b E2EETIHERILT I AL,
FHEBLEEAL . HBNEWEE (HF250MPa) £R7[1.2]. Z R T 2
BECATEECATRCEREAEN TS, B3 &0 ELBRCGRT 320,
INAZT7THRILL REARRIET T A EARLZ[3-T]. ZOBER. YVa=TE
BEMT I oNEET S (P 23=730~80vol%iC R L. BT #EE400~1000MPa) .
LU, INAZTHRINC &> TERBFRHOBETBFRENE., 22T, £HTI. B
PP TOREEAL (in-vitro test) L E&B L DA (in-vivo test) & ZFHL
2o ZL T, BELEEKFEHOBIUL HEL2ERT 20, BEILIZTEIIOW
TEETL =,

2 . =EBE S E
2.1 EEHoRAH

HEERERIEY S 2085 2o N3 T7HEROERERL UIRLE. 208
FI A%, Re1DONy FEAYEHSHEPIH0CTIRHEBMLARTZ ZEICL

Table 4.1 Compositions of raw materials

Mother glass Zirconia powder*

Ca0 : 47.7 (wt%) Y:0: : 4.65 (wt%)

Si0, : 43.8 Zn0 : 0.19
P.0s : 6.5 Si0. :<0.1
Mg0 1.5 Ti0. :<0.1
CaF. : 0.5 Al.0; :<0.01
Fe.0; :<0.01
Zr0. : bal.

* Particle size: 0.2~0.5um
Average specific surface area; 15~17 m?/g
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DBl COXFTA%EIBICT2HMBMBL TERLEE L. ZOBRIELTI ARIH
IS%DT7 NI A M EHTED T 2T AT A F42EETD. ThAEFEH1I~2 umDORE
WETINAZTR-AINTHRLE. COBKERIETFIALRPRELI VIS
FHF (8] [TRZ(W)2.6Y-15, HAEERI ALY /) —LVHFTR—LIN (I NIAZTHR-
NIVER) BALE. BELEEAMELZ196MPaTHEIBKIME (CIP) BFL. 2
NA12000, 2HBERE L . FREERA L L. COTFHBEREAE S SICBRSEATT LT
VA A EERICENT, 12000, 1H, 196MPaTRA MY V2 Y V7L THALI IV I R
cLiz(T]le choDTITHRRIEIBESHTHLIBRSNTNS, avta—EL
T INAZTEEERVERIEN S ZBK, BT, I0A=TLIIv 7 RBEKRBIE
B, #EEATS AR ETRISRUEBES S 2% 196MPaTCIPL ., 12001, 2HMEL T
Bt RS TERELE. $h. DNV T7EIIv 7 2ARERBOINIZTHRE
% FEHRIC196MPa TCIPR L L. 12000, 2HCHERE S & THERI L /=,

2.2 FHESE

2.2.1 A vE

HEEREER AT A, BRETS A, £33 v 723, BUGEF TZOMBIREIICT
NEAL M ERRTZ ZeBBEINTNS[8-11]. ZDTNY A MEREDIEEES
LB MESH B, £ T, STCORLUARTIC28EBEL 2k, 7894 b OREITER
B % XBEHF (XRD) &0 TR, BLUUBRKRICRET 2HOT7 /85 4+ (002)
DEIFTEE (1.) LROUGESERORIEE (1.) 2REL. 1./1.%2. 715
A FDEREESEFML . BOUARKIZ. Na* 142.0, K* 5.0, Mg?* 1.5, Ca’* 2.5,
Cl~ 148.8, HCOs~ 4.2, HPO,?~ 1.0 (mM)iZ., FYRAERFIAFINT I/ XF 50mh
IERASeME /ML ToHT. 3ICHBL 2 KBETHD . BB DY 315X 15X lmde L,
KEBRIZ10mle Uz, I AFOIeBBEKERICRZTHELRANLED. 3.2TH
RBNWLDPDH T AZHOWTHABLRFEMETR - 2.

2.2.2 4 Y ERFEHM

HE 2. REE$005 1 YEY FRA —)LTEREL. lm, & & 12m (F 721315m) ORER
WIIL., T4 — VBRI FL VT F Y RECIVBEL 2. HERAOKREX
RRERICHEEZEAL. £EELOBEANERANE. FHRUTOLBYTHS. 7
BHOREERICHE > 2. Ha.1()iRT LD, WBAHRYLVEE > TEEBICRE
Uete. ABREBZHABEALE. SERBRL THREZEALZEREIIEL,
10%) YEALTY YBRICBELTEEL . 28%. 2oHEH,SEOEL. X4.10)
WRTEDICHEOBBIENY FY—2ANWTEZH 1lmO Yy bEANE, E5IT
4.1 iXRT &LHI. BOYIFICT7 v 2%23T2hiA v Abaryy4 THERR
BlcotnwE, 202Ay FAY —R0.5mm-nin™* THIBRBBEHEAREL 2. FER
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BieXxTH3. AHOEE #10miIcE#EL T, BWBWELTMEL 2.

2.3 #HgRx

EREEL I I v 7 2AHBOBREFARS 2. HE&LII v 7 A0HEBERET
Bolze BEDAF VIV 7ELI->THROSNEER2EBBBETHEME (TEM)
BELU =, TEMOWIZW00kVTITR >z, TXAF—SHBXEo%E (EDS)
L OB BT R - 2o MEAHDAK Y b4 TREBKO.5umTHB. £z,

BABMEKOBER. Xy Yadr V¥ —LIZy PUTHHL .

3. MR EES

3.1 Ina=7EERMEY 7 A0EHES

H4.2i3. HAELIIv I ADIN AT ERBLBUKBHERTOT /NS4 MERES
DOBBRTHD. VLA TEBETIION, PNAYA FEMREENIETL 2.
B4.3ik. BELATA, INAZTEEELIIvIA, INAZTEIIvrAL
HERBLOBANERT. INVIZTEEILRWERLEAI I ALY L= TI0%0D LT
v AOWBERFEIFITHANTH > 72, ZHIIHRL. INa=750%xSEEA®
FIvIALINAZTEIIv I AR, BRI AR THrED{EDP 12,

implant material Implant material Detaching test

(@) ® ©

Figure 4.1 Schematic drawing'of the preparation of dog
bone for the detaching test.
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X4.412. EERMERBROBLAETH D, VNI TEIODBEEGLIIvIAD
EHEICIESHEL 2B BRONE. ZHRIBELETIADEELBEERTH >
SNAZTIFEA LT I v I ALERILLT S AT BEB L BOESETRL 2. BIEE
ESFITZLDP -0, HRLLUTEOBREAZMELLEDEZTASND. SHITHK
EHGENLRITLETTTHE. —FH. INVIZTOBEIR. FONABRNHET
Hbh., BErS5HABNERARNEL 2EBL ok, NI TIREREELT
Iy 22T, BRSPS RBRBBICEIEHBINE. B 1 HBHIOVWTRFH
CHEBSHE LTV . ZORERYLIZTEED DL D RPOEH - 2

4.3k RIT. 4. 2088 BOHEESH 2L Ebhd. Kokubo et.al. [8]1F, &
BEN ST S 2t v E P OFETEREICT NS A PEERTILRELZ. &
BEDI./I JERLE T BFEMAEICE > T, HHOEKEEOESVWEHENIICHT
BT DA REMESH D,

CHSDOERENPS. BRETHEEENLZEALIIv I AORELI NV IZTERIXN
VOlXE RE L 2o YN O TEIGOER LI Iv 7 AR, ROTNIA FDELOIR
YUBANLTY Y ALTI v A (HIF100~200MPa) DR [12-141ICHANT, 3~41%
DEETH D

Ia/lb
o

gL -

| ] ] |

0 20 40 60 80
Zirconia content (vol%)

Figure 4.2 X-ray diffraction intensity ratio of apatite
crystal (I./l.) before and after soaking in SBF
as a function of zirconia content.
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Figure 4.3 Failure loads of glass-ceramic, composites, and

zirconia ceramic at 8 weeks after implantation.

Figure 4.4 Macroscopic photographs of bone and implanted
materials after detaching test.
(a) Zirconia-toughened glass-ceramic (zirconia
content; 30 vol%)

(b) Zirconia ceramic
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3.2 AR

$4.5(a) (b) (c) i L2 =730% 50% T0%DEALIIvIADTEMEETH 5.
EDSO#ERIZED ., BRILF I ANTFIRESZCRAX, YNVIZTHRTFEIBEIRZXSZ
Lbhotz. Mi.6l3. BEALII v I AFORKEAT I AMA%EED SIZL M
DU ERERTH D, DI TESETIIONTEBRDBE/LLL TNEZ EBbP -
LI, CaBMSHBIRICHA L 2. ZORBR. SIESHELEML 2. Y)La=7 E50,
W% Tit. DFDIRIeSERT I ATESrSBHEI Nz, ILAZTHRFH» 5 Cad
Hahrz, .23, EDSIC&LORkdiz. BEAWMK. FRESREKPOERILEL S AN
FOHEBTH 2. RAMEABRTIL. CaBERRI TR LB D, BREILTS
ANFRBEBERICONVIZTHFERDL TCaREBEDL VD LEBDOND,
Kokubo [15] i & i, #ERILHT 7 ZDEKFHIIHE RIS S AFOH T 2B, 15
A hF A4 M SCa?t, HSi0s 4 F Y HBEEPICHETHE L. EERBEFOA £ ¥ ERIDT
B2LICL->TEREND. LH L. Ohtsuki et.al. [16]id. CaBD DA {SIEDH W
HIATRT YA PHBEBLICKLRBZLE2HBEL TS, P02 & 72 1Ca0-
Si0: 4 I ARKERILA S AR T /NS A b BEFOREICERT 52 & [10.16-18],  Cal-

Crystallized
glass

g 0.5 pm
Figure 4.5 TEM photographs of composites.

(a) Zirconia content; 30 vol%
(b) Zirconia content; 50 vol%
(c) Zirconia content; 70 vol%
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P205-Si0.-MgOREERIL A 5 A DT /N 4 FMERBEI N, MgORMBEHHET IO TET
TBHZ L0 BBEINT VWD, K47, Zr02FML 247 AONEHHK TOX R
DET®HB. Zr 0.1 0 %BFEME N TOERLERPTT NS A PBERL 2. LI E
DRERDPS. THNIA FPOERBENOEBETRECOVIZTOEAILICE > THIEIES
IAGEEBELL ORI TR, FHIBTEL EGRDBDICL BBV AE
WeEZILGND, DD, EEESEETEERELEAONS.

(22]
o

Concentration (atomic%)
8

O
201
- Zr
Qo fo— S
0 o R Mg 1— ........ ...... ......;......0..

0 20 40 60 80
Zirconia content (vol%)

Figure 4.6 Compositions of glass-ceramic particles in the
composites analyzed by EDS.
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Table 4.2 Compositions of glass-ceramic particles
analyzed by EDS (atomic$%)

element Glass-ceramic in mixed in presintered in post-HIPed

powder"’ powder?’ body 3’ body*’
Ca 51.9 50.2 43.0 41.5
Si 44. 4 44.7 53.4 54.9
P 1.4 3.4 2.2 3.2
Mg 2.3 1.6 1.5 0.4

") Raw glass-ceramic powder.

) Glass-ceramic particle in the mixed powder containing 30 vol% zirconia.
3)Glass-ceramic particle in the presintered body containing 30 vol% zirconia.
4 Glass-ceramic particle in the post-HIPed body containing 30 vol% zirconia.

Apatite 45 kV 30 mA

/ / Apatite

CPS

(d) Zro,; 10% rfﬂ 2
after soaking M

Naa
(c) ZrOz; 5% r

after soaking / \/\
(b) Base glass w
after soaking
(a) Base glass mm’
before soaking »
36

34

Angle (CuKa; 260)

24 26 28 3

Figure 4.7 X-ray diffraction patterns of glasses
containing Zr0O. before and after soaking in SBF.
Where, the glass compositions are,
(a)(b) base glass; CaO 48.0, PO, 6.5, SiO:. 44.0, MgO 1.5 (wt%),
(c) CaO 48.0, P.0¢6.5, SiO. 44.0, MgO 1.5, ZrO. 5.0 (wt%),
and (d) CaO 48.0, P.0¢6.5, SiO-. 44.0, MgO 1.5, ZrO, 10.0 (wt%).
These glasses were obtained by quenching the melts.
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4. E =D

BALSIv 7 ADEKELERZ, 1 vEbO, A YEREICK > TERAEL 2.

(1) EBEEOFRMELLTOS YEPOTAMEA YERT 2 POBERICIIBRVW
EBRohiz.

(2) INVAZ72FMT2EEFEEBETLE. BBECEFEEZELIIv IR
ZOLBHOBBEIN I _TEIISTH B,

(3) INVAZTEBOZNEALIIv 7 ADEKRFEEBET T 201, BRIEFS 2
NFHOCaBERTBPCINIZTERIGLTHADT 220, LEX6N3.
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A Ca0 42.4wt%
P-Os 8.3
3 5 SiO, 485
ﬁ ) MgO 0.9
e
b IR
2 4 Energy (keV)
B CaO 49.0wt%
P-Os 50.5
f Si0, 0.2
. ) MgO 0.3
| }
Ll LAl
2 4 Energy (keV)
C Ca0 17.0wt%
s P05 17.4
- 2] 1
reaction layer | SiOs 65.4
-<—— surface MgO 0.1
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Figure 4.8 SEM photograph and EDS spectra of the cross section
of the glass-ceramic after subcutaneous implantation for
84 days.
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Figure 4.9 SEM photograph and EDS spectra of the cross section
of the zirconia-toughened glass-ceramic after
subcutaneous implantation for 84 days.

The gquantity of Mg was so small that it was neglected

in this analysis.
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Figure 4.10 Thickness of reaction layer as a function of

implantation time.
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1 : Zirconia-toughened glass-ceramic composite
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Figure 4.11 -Bending strength of the glass-ceramic and the
zirconia-toughened glass-ceramic composite after
implantation.
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