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Abstract The crystal phases precipitated in various compositions glass of CaO-SiO,P,0;
system, were identified by XRD. E composition (CaO 49.4, Si0, 36.8, P,O; 8.8 wt%) glass
in which both apatite((Ca,(P0O,){0) and Bwollastonite(CaSiO;) crystals would precipitate
by heating, was selected as an experimental composition to prepare the glass ceramics

with high bending Strength and good bioactivity to the living bone. Glass powders of E

composition were unidirectionally crystallized at 1050°C in the temperature-gradient furnace

and the resultant glass ceramics were characterized. Bending strength of the glass ceram-

ics was also measured. To investigate the bond forming ability between the glass ceramics

and living bone tissue, soaking test of glass ceramics in simulated body fluid was carried

out. Densed glass ceramics composed of apatite and Bwollastonite crystal were prepared by

unidirectional crystallization under the optimum conditions. (é 0 2) plane of Awollastonite

crystals tended to grow perpendicularly to the crystallization direction. Average bending

strength of this glass ceramics was 186.9 MPa, higher than that of the glass ceramics pre-

pared by isothermal (not directional) crystallization In soaking test, a thin layer of apatite

crystallite was formed on surface of the glass ceramics in 3 days. Apatite crystals formed

on the glass ceramics could be act a role to make the chemical bond between the glass ce-

ramics and living bone tissue.
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Table 1
Compositions of glasses (wt %)

Components Compositions
A B C D E

Si0, 65.20 42.60 36.04 44.46 36.81

Ca0 33.80 52.10 42.83 44.07 49.41

PO, 1.00 1.24 16.73 7.07 8.78
Si02

AVAVAY
WAVAVAY, Yol
WAVAVAVAY "ot

VAVAVAV.

Mole%

Fig. 1. Composition diagram of Si0O,-CaO-
PQO;',.
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2.3.3. §37} % (bending strength) =3}
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€ Az, Fedutsle Zx 244 Xz E
gHE ¢}, Instron-type  machine(Model
4204, Instron co.)2 A}-4-8lo loade] 347}
£2 & 0.5 mm/mine® 33, X899 X
7 AolE 20 mmE mAI 3H FIH
% (3-point bending strength)[12]& &A3}
ek olell i A Aie Fig 4
o et ict.
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A : Refractory

B : Heating elements
C : Sample

D : Cooling plate

(o}
D

Fig. 2. Scheme of unidirectional sintering

furnace.
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Batch Si0z, Ca0, P;0s, MgO, CaF; }
1, !
I . _r C=—=" l
[‘_— L ——1 b
Calcination e}t 1000°C for 10 h. P2 P2
. Sy B L
Melting at 1450T for 2 h M—(z)(z) 1= v
I S=a:.p-r=M0R=NII—C=%$'—2-:Bmdingsu'ength
Quenchi onto stainless steel plate ) . )
ne ; Fig. 4. Bending strength test (3 Point).
Pulverizing under 325 mesh(45 gmol &) Table 2
l Ion concentrations of simulated body fluid
Uniaxial (SBF) and human blood plasma
o 98 MPa .
pressing Ions Ion concentration (mM)
| ~ Simulated fluid Blood plasma
CIP Nat 142.0 142.0
I K* 5.0 5.0
2+
ot 1050C Mg 1.5 1.5
Unidirectional pulling rate : 6 mm/h Ca** 2.5 2.5
izati temperature gradient : 60'C/cm
crystalizztion | otation speed -0 rpm cr- 147.8 103.0
HCO?* 4.2 27.0
Fig. 3. Scheme of process (unidirectional HPO,*~ 1.0 1.0
crystallization). S0z 0.5 0.5
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36.5CZ oA sttt
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5, 7d AFAL ARES oHESE AH3L
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FTIRE ol#sto] A=EAlzte] we As
2724 ZH Aed dH3E zAskd. X
rays AHAEE 1°2 A3 e, tar

1
Cgete Cug Abgstdch FTIRS whabz
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matrixZoll A AA 57 AlzHE7] Aol f-e
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c Ap
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i AN
: A
0w e 7000

Tunpcmture("C)
Fig. 5. DTA curves of various composition

glass powders.
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* * 1
l, :A A
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®
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* L] ‘. * [ ] * *
—* AL | A — kl‘
20 40 60
Two theta

Fig. 6. XRD patterns of various composition

glass ceramics (Isothermal crystallization).
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3.2. Characterization ¥ F37t= &3

3.2.1. XRDEA ¢ ojA+x

odureF AAs LZAAA g ¢ XRD
4 AFE Fig. 79 detldd. Fig. 82
oJursr A A3} AAAY QA "lskol 423}
o] gk #Ak(plate) Xray®-A €4°]
t}. Fig. 8ol #3112 apatite ¢} B-wollas-
toniteol] W§ FF XRD pattern® el
oct. Fig. 7¢] %4 Xray patterno 25§
dursr AAE 4~ 7AA 2] 7oL apatiteg}
wollastonite, ¥ F/F2 ZAAo] HEHUS
< & F 2d. Fig. 89 el #ARA8
Xray $HAE S AHH £AA A
< ol =2, wollastonite 2] (2 0 2)w

* wollastonite
e apatite

b4 L ]
o * * o
l i
1 ‘2 ] "
20 40 60
Two theta

e ®
Y
e 3

Fig. 7. XRD pattern of glass ceramics pow-
ders (unidirgctionally crystallized).
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A3 A dAZF9 wollastoniteAAH S FE 4
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Fig. 9& ZAAs} 2ZAE A B 5
At AYstAe W 47lE EW SEM
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A apatitedA Alolo] HEH UJLE
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3.2.2. #37}x (Bending strength)

duteF A FIAEs FT 1869
MPag2 A S2ZAsye=r Q2 H(174.
7 MPa)®Rc} & & detdiict. o] 23
L glass ceramics®] 7} B7} & 3=
wollastoniteZd A o] 1A} ulsko] FastA
oz RS, 53, ;@z}zoﬂ B u
7} £37 ARy gEos A

2ev FYREe BMH’-Z‘-Q}&I A =
& wollastoniteZ A 2] A2 morphology & <l
el e 2o} A A7 ZR 3ok

3.3. $AHA A AY(in vitrod Q)
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Wollastonite
g g
I £
ad I
+ Wollastonite
o Apatite
A l l l l l A A A
] 1 A 1 1
10 20 30 40 50 60
Two theta

Fig. 8. XRD patterns of (a) apatite, (b) wol-
lastonite and (c) surface perpendicular to
pulling direction(glass ceramics crystallized

unidirectionally)

3.3.1. Thinfilm X-ray®4

AAE AZA A it {FARAY HAAHA
#e 57, A29 EWE thin film Xray2
243 ZAFAE Fig. 104 el Fig.
10014 RAA"A 222 Xray patterndl] 4=
apatite®} wollastoniteo] 3sj=3l= peak~}
Egso] vetwte. 28y 34, 54, 7dF
A& X 7bo] F7}E4-=E wollastonite 2 A 2]
peak: Z43%tE ulw, apatited 9] peak
= AdAe=2 FsiA et 7d F<t
AR A8 WA wollastonite 2]
peak7} A2 Ho|x] ¢kA =, apatiteZd A
9] peakito] Mol AL & 4 Sloh oA
& A 22AE SAAAS] A 5
o, AALe] Al wet AY% 47
Mo Fwo) apatitedA o] HAH7] odFo)
o, apatiteZA 9] k& A|Zbo] Ao ot
2t F7ht ASE detdz Qo
7d E<F AAF A|8e4 wollastonite 9
peak7} Ao A=A ¢ 7L, apatite]

16.5K¥X 68B6n B021

Fig. 9. Microstructure of glass ceramics sur-
face perpendicular to pulling derection.

A wollastonite

§0
M
M

I
20 40 60

Two theta(deg)
Fig. 10. Thin film X—ray diffraction pat-

Intensity

terns of glass ceramics with soaking time.

Fo] A& ZF7tstod A8 =W AA|7} apa-
tited@ o2 Hol7] o Fo|c}.

3.3.2. FTIR®A

AR AR 3 AAE LAAY
Ede] dislo] FTIRE B3 # g
11o] vjelwigdel. Fig. 11288 I
A8 dfs] M= glass, wollastonite, 2 ap-
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atited 2ol W& Zzhe] peak7t EAj3S
Uehtes A & F den, JHAzte] 3
o 54, 7482 Z/}E4E glasset wollas-
tonited £l 3k peakd] Al7l& ZAd,
794 5 AAHAA ABAME A9 apatite
Aol g peakule] EAMFE AR F
ot} o] A&, A2 FE e apatite ZA o]
A F 34%e YA apatite 2H9
24733 wely F7MEgE 2ju]Ey,
3o 7]4% thin film Xray 2472
QA ste ol =3 3= FAH F
Az el SEM(Scanninig Electron Micro-
scope) & Zol 9slod A|EE W] HAH ap-
atite 2L gqlslec). o]zg apatite
Ao AL FAHAY Fol FESE A
L Ca(O), P(V)AES A 23t o]
2ojx)m, old AR Si(IV)4¥el apatite
AR Ao F2F dTL sle o=
2453 gv[13].

Azl w22 PAEAR o]&EHT A= A
E 5 AAwel Ay ZAYgse N5 AL

o:
4

o
>

2
oA o
N

_t._L

a wollastonite
@ apatite

Reflectance

ancnm'nba(Cn;‘ )

" Fig 11. Infraréd reflection spectra of glass

ceramics with soaking time.

of AAw AN AREY uAFE

FANEG, Ad dANEE ¥ 4=
apatite$o] &3t Zeo] ¢8A Uk A
ol apatite®7tFo] EA5H WA= A
& welsteE AR4 RS dAEA w3,
A we dANE ¥ A& apa
tite23 "} 7 FLATE olF F A

o zeht, ditmez ATARE W A

cxol dale @ A7E AeA A
Yustel ATAE 798 TARD 749
QAW $E A ot ol AT

£ ATARS} At AFE oE & do

o AAw-qlTAge] Addle A4 A%
Zo] faE o] AFdME ExAe AA
3 4AZAZ BA w A AP ol
2ry =@4xql apatite ZAE2L FAF
4 9]¢ in vitroAYPE Fsled FHHA
ct. watx o] EAL AAYAMZE (in
vivo) wzAz A AFE °]F 7MeAel
A, o] Ago BAL VAAH Axt ol
vk 59 FAAe] ittd TR wz A
HANSEZA o] 5 A& A2 B
At

4. 48 B

Ca0-Si0,P.0: A A 2] #elst <dd(glass
forming region)Zdl4  SiO,richZ 4 (A),
CaO-rich =4 (B), P,Osrichz4(C) 2 o]
59 7+ =2X4(D, E)& Ads3ld AA3}
245 Azt oS3 ZES 244

oz A C, D, EXA] 4 apatite
9} wollastonite ZAe] M&E=gon, o] =
A% Si0, 36.8, Ca0 494, PO, 88 wt% =
QoA ¢4 Gt AAe dehdgded,
o] AL dwF AAIAIE AT, ¥F
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7}%7} 1869 MPaZ £& 4 7ZAA e
ZET Fe 934 4Ae Jehidoh =
g, AABHYE A Yt fARAY
ARAYE 3 A, AR e] FHETE
AR 2ZAY Fdol| apatite FAAro]
YA HAe FA¥ 5 Qdser, 7de]
ARE ABoAE A|2EXHAA7} apatite
ZAAe 2 Yo 9L FU¥ 5 U 2
43 47AH X YA apatite EA
o} YA AR AW} Y AP
$ des YA e HeRA,
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