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ABSTRACT

Alumina glazed with a bioactive glass reacted in Simulated Body Fluids(SBF) to investigate the behavior of hydroxyapatite
formation on the glass coat layer. Various crystalline phases were found depending on the firing temperatures when the bioactive glass
coat was heat-treated. The glass coat was crystallized into 3-wollastonite and apatite when fired at 1100°C, and a-wollastonite and
apatite when fired at 1200°C. Those samples reacted in SBF, and it is observed that hydroxyapatite developed on the surface of the
crystallized glaze. Its formation was much easier in the sample with a-wollastonite than with 8-wollastonite. This is because that the
o-wollastonite dissolves more easily than [-wollastonite does in SBF.
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Fig. 1. XRD patterns of bioactive glaze fired at various tem-
peratures for 30 min.
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Fig. 2. Comparison of XRD patterns between bioactive glaze

fired at 1100°C and 1200°C for 30 min. Each sample
reacted in tris-buffer solution for 100 h.

| 404 =) 3 3.(2003)



258 ol
30 =
0: s e
AV:p 1200C /
o 25 =
c ‘\.
o of
=
- 20}
]
5 L
g °r 1100 ®
S r o o
O 10k /-..../
(&}
IS s ®
o
s/
L 1200C, 1100
op -
AT A AR TG R
0 20 40 60 80 100
Reaction time (h)
(a) Si, P-ion
16
[ 0 :ca
14}
[ av. ¢ O/O
E 12f 12000/
& =
5 10 O
s I ///
g °f o o
s oL 7 M00T_ (3 e
O O o
Q -
c
bl
u 12007C, 1100°C
o =tk —% x
* P l‘. | I Y *
0 20 40 60 80 100
Reaction time (h)
(b) Ca, F-ion

Fig. 3. Ion concentrations of tris-buffer solution reacting with
bioactive glaze fired at 1100°C and 1200°C.

O

=AY A5 2 Aztg

1100°CS} 1200 aiiﬂlﬂ A EE ris-&F 2]
100/ 7+ WHA1Z] & kg gollo] wolslE Si%, Ca®,
P*, F ol ¥5& 2%slx 1 AFE Fig 3(a), (bl
et |3 wollastonite 43891 Ca’*e} §i*t o] &
9] 73X = 1100°CAIA STk AlHelM Rt 1200°C
oA Ex 23 AJHANA F o]e] o] F=IF A Y
Ehte o2 Hol g-wollastonite®] £Z 7} B-wolla-

o 7
.

ok
5
0°C

A
2]

of

stonite?] £ &L HU wWE AL U 2 Ao} E=I
fluorapatite®] A2 P9} F o] &o] F A|HL ukS

AR 9 B 7

tris-2-5 §-follA F-AH=) %

AEHA) g ASE Ko} fluorapatite
1= Aoz AzbE. o

1

o

= YRHE S E apatite”} ms-%—s %O—‘y‘ of i3t sek= U
FAgo] WS- Zaty] wjEelnt? agx, AR ol

HER LR

APy

HEY

2}

by

o el g
oleEo] AZER] o=
7]' @212] Al fluorapatite
2 Az
°] 1100°C$} 1200°CollA Gxie) st
P*o] TR B wris-gE &
Atgl ojmlElolER P T £

o] 917] W&ol 10047k ¥k ;‘ioﬂ
Zoll #4ks) olmlElo| EvY FAEA] &
He Ca®, P ol So] 29 xﬂ
Hg].:—‘__ FAF AA &9 (simulated
AlE W] AEE £4F

% gl

A

=l

e N
ﬁﬂﬁowrf

[e]
A

HOr & &

AT ThEbA OI‘:

ol ¥ o 51} H| =3 =g &
body fluid)=} ®t
3} o}TjEtolE

=
=

3.3. =4t8} OtHIELOIE #AM0f| O]X|+= wollastonite 2
o gk

ALY F2] 55SF3.4PE UF
2 1200°Coll AT EH s AlRS FAMIA o ukgA
A F AE T BAEE 413} olgelo|EE B
stk WA 1100°CoA 3087 dAjelste] F AFAte
2 B-wollastonite®} fluorapatite”} A€ ZEA|H
A ol HE3AIZ] F AJH ZHe X-A 3|F
= Fig. 40 JERAATE 24A17F WA Al

L8

Frluel] ZYsked 1100°C

EE=
=

o o
= T
A
23

o 4]

o

¥ : Hydroxyapatite
# : B-Wollastonite

2

g 48h
)
E

24 h

»J as-received

Fl l '] I L I 1
20 30 40 50 60
20 (deg.)

Fig. 4. XRD patterns of bioactive glaze fired at 1100°C for
30 min after reaction in simulated body fluid for
various times.



vl TYE YABIR sl M 5 obletols B4 259

B-wollastonite®} fluorapatite 573 o)=L Al7|o] & ¥
37 Qe A2 Hol FAF AA AT A tis-
HF8AY A9 /A E B-wollastonite”} & F-2]
9% e ZAog AztAY Fig 39 ol ¥% &4 2
o)M= tris-4F QA Wk 2719 2k7Fe] B-wolla-
stonite’} §-FF= A2 veptet HEte fAF AA
|3} kg3t AJHe] X-4 3A B4AM = B-wollasto-
nite®] T o]a A7|7F A wWEskA| ATt ol= FAF
A Mol wollastonite®] 43591 Ca®* ©]20] 100 ppm
AL ghFEo] 217] W&o wollastonite®] £& £H=7}
tris-$H% &) w3t 7 oA 7] HEQ] A= A
Z+E T},

48A 7k wkg- Al E 20=32°, 33° 34°%)A YEehY
= apatite 54 3|o)39 M7|7} A F7FsPAA FE o]
T2EHG Al e Folart shtel FHola= FHA
Ehtth dutg o2 QA FEE FAF AAEHo) vEA|
AM Q& Ak oltElo|EE A ot stElo| Bt
T2 Ao ol EAske Ao dEiA Ak &,
|H FolA AEE 438} olFtEo|EY fLRE BHY
Ca;o(PO,)(OH), 7% ol Ca** ¥lAte] 2 Ccos 59
Aol EXstE Cajg(POy)sx(HPO,, CO3)(OH),, T-X
g 7t ueia] g9 FoA AEE FAs olutet
OlEx FAE 23 ofuelol EXNY FojAr} W Es)
A FEER &3 20=30°~35%14 Yehs Al A9 F
Holzr}t shte] Heolmm vebdth HA 7247 vk

(s]

i O
AlHA N &= 20=30°~35 Alo] o] Ak} ol utElolE B4
solzae} 3 20=23°~30° Alo]2] B-wollastonite?] SA]

HolAx HolZ YEd, ol XA A F4t3} o}
HEpo|E Fo] nf$ gholr] X-Ao] =A4k8) ofvElo| EF
o] Fof EAsls 2A3 ZHFE AESIA7] wEelth

g2og AA &4 FEE ZYWT F 1200°CAA &
223t g-wollastonitedH o] MAHAE A|HE FAF AA
flo) Hke Al & AlH e iy XA FE E
AZE Fig. 5901 eI A

2477 28-S w, 20=27°, 37°, 46°A YeEh}E o-
wollastonite®] B4 o]zl M7|7} A Fihse AL
2 Ho} Bk8 Z7]0| g-wollastonite’} MIZ2H] &5+ 7
o7 AzZtgETh T 2447 wkg AJHEFE 20=32° 33°,
34°0 A el 243} ofdelol E B4 Ho)Art AR
FHAEA B shte] Folart A7l Aoz Hof 2
Zo XY $lo $443) olutelolEvt AlFA A EH
AL o4 F gtk o] 1100°ColA Exatgt A |}

M = ol
Bl
p'LA
=)
)
o]
<
o)

il
ne
_ZJ_:{
Ach
&
>,
)
2
>
4
2
3.J
[
o
9
o
°

A7 €25 o-wollastonite?’t A= 7-$- #4438} of
el E P Ao gl

Kokubo 5ol 2]8lA apatite®} B-wollastoniteE 33t

-

¥ : Hydroxyapatite
v 0 : a-Wollastonite

48 h

Intensity

24 h

as-received

20 30 40 50 60
26 (deg.)

Fig. 5. XRD patterns of bioactive glaze fired at 1200°C for
30 min after reaction in simulated body fluid for
various times.

AW BA AAst o 3k dFolA apatie AR
HW A3} olgtelol E A 7| E EshH, B-wolla-
stonite®} FHE G| o)A £2F Ca¥, Sit o] Lo] AA 3}
fr2] XA Ak olulelo|E Ao F03 9EE 3
o Bwatgeh? o] Ao A= wollastonite A& ©] B-
Fozwr EAsAT. ey oy ArolMe EAE &
o] Wt a-, B- F 7HN9 wollastonite”} FolH L, ©]
E AA%F a-wollastonite®] £F 457t v WZA el
ol webd o-wollastonite’} EEE AlHo] A} AA)
golZzo] Ca¥, P 0] 28 o wha] FF3Ele FAE o}
gtele] E7} B-wollastonite”} 3 Al HAA Hul o
2] 4" Aoz AztEr)

1100°CS} 1200°Ce A EA 2l &t Al Ee FAMEA &
oA WhgAIZ] £ WES- A7 Hstol] wE} B AHE
Al otmtele|ES] F4E FARKA drlFeE A&
st 2 A5 Fig. 69 YERNATH 1100°CoA €A
3 A|H o] HY(Fig. 6(a), 2447+ HHS-31S o, Falito]
FAE 7 Bl F #Hefo] CaP $RA BEEHALH,
48A17F WS FEE ofZ] 2hds] AR SSHR] Zek v
2ofe] $4ks) otgletolE AAAGS #EYE £ UA
HHA, 1200°CoA] B3 Al el Afolle 2407
S FHH olF 3] A3t sk X ks ot

LK

A 40 Al 3 Z(2003)



(b) fired at 1200C

Fig. 6. SEM images of bioactive glaze fired at 1100°C and
1200°C for 30 min after reaction in simulated body
fluid for various times.
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