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2 ok ulole AgdAst 2L gagARe FLL A A= e kS didlste] FX WREE FE3 AA hxdro‘(\apatitci o}-&3to] Aziol
Baa el glass-ceramics 5 Azsgch E&A 9 49 pscudowollastonite( @ ~CaSiOs)¢l B -tricalcium phosphate( 8 -TCP)7t &+ ZAA4o 2 nzl1
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4z 2xe re AR A 2717 Folehe dubEQ vAlzz 29 RS Jehld, 900 T2 441F F<F di7] dellA Alze glass-
ceramics® =3 90 MPaZ Uebyich
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Abstract: As the prosthetic application of natural mincral substituted for chemical reagent, composites and a glass-ceramics containing hydro-
xvapatitc isolated from tuna bone were prepared by solid state reaction. On X-ray cxaminations, the major phases of composites were identified as
pseudowollastonite( @ -CaSiOs) and A -tricalcium phosphate( 8 ~TCP) and the phase of a glass—ceramics was observed as 8-TCP and fluoroapatite
caused by CaFy, respectively. SEM images depict that the microstructures of grain at the composites were a function of temperature. The measured
strength of a glass-ceramics prepared at 900 C for 4 hr in air was 90 MPa as a 4-point bending method and this value was similar to the cortical
bone, as 50~150 MPa but it was lower than its maximum strength.
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Table 1. Batch Compositions of Bioglass Made of Tuna Bone

Composition o Chemical Sample
(Formula) mol 6 (Formula-Loss+Gain) Amount Name
MgO 7.144 MgO 460
Ca0* 49.8698 | 10Ca0 - 3P:0s - H:O-H:0* | 3816
SiO; 354141 SIO» 34.00
PO | 714 CaF; 460 | BGI
CaF 0.40013 CaC0s-CO» 41.74
Total 100 Total 119

* From Tuna Bone

Table 2. Heat Treatment Conditions of Bioglasses, Composites

and Glass-ceramics

. Sampl
Treatment Conditions Composition(Formula) ampie
Name
Melting, 1450 C in air MgO-Ca0-Si0:-P:05-CaF» BGI
Melting, 1600 C in air Ca0 - 2Si0, BG2
1Pa at 900, 1200, . . .
600 I\QI, ad " 77| Hvdroxvapatite : Wollastonite : BG1
1300 C for 3hr in air (3535 30) Cl
heating rate 217 C/hr e
300 MP; T
,% X . a'at ]309 ¢ for Hydroxyapatite : Wollastonite : BG2 .
3 hr in air heating rate (3535 30) C2
217 C/hr e
4 ¢ T f
jogrif :;th:g)mg o | 499CA0-T14P.05-0ACF:- -
35.425i0,-7.141 %
60 C/hr 35.42510,-7.14MgO(mol %, BGI)
* From Wollastonite
gto]  CaO-P:05-CaF-Si0-MgOA 9] ulole FHAE 83
wallastoniteE ©]848t9] CaO-Si0:AIQ] ulo]Q ZFHAE 7H7+ A
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%% M4 HApeld, & A9 CaF9t MO &
(Junsei Chem.,, Co)& &WEAZ ojgagict w3 C O-SiOuA
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=
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3.2. FEAH(C13 C2)9 A=
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3.4. X-ray SEEN
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Figure 1. X-ray diffraction pattern of composites sintered at
1300 T for 3 hr in air; (a) Cl(35HAp: 35wollastonite : 30BG1
wt. ratio), (b) C2(35HAp : 35wollastonite : 30BG2).

+ a -CaSiOs(pseudowollastonite)
® Cas(POs)F(Fluoroapatite)
v B-CasPQak(tricalcium phosphate)

Intensity {arbitray unit)
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Figure 2. X-ray diffraction pattern of glass-ceramics, G-C
(Ca0-P205-CaF2-Si0:-MgO system) sintered at 900 C for 3 hr
in air.
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Figure 3. Comparison of bending strength between human
bones and composites, C1 and C2.
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Figure 4. Bending strength as a function of sintering tempera-
ture of composite, Cl.
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Figure 5. Comparison of bending strength between glass-
ceramics, G-C and cortical bone.
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Figure 6. SEM image of the fractured surface of composites
(hydroxyapatite : wollastonite : MgO-Ca0-Si0»-P0s-CaF:  glass
system, 35:35:30), Cl samples: (a) 900 C, (b) 1200 C and (c)
1300 TC.
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Figure 7. SEM image of the fractured surface of composites
(hydroxyvapatite : wollastonite : CaO-Si0» glass system, 35:35:
30y, C2 sample at 1300 C for 3 hr in air.

Figure 8. SEM image of the hydroxyapatite-containing
wollastonite(HW1) sintered by solid-state reaction at 1350 C for
3 hr in air.
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Figure 9. SEM image of the surface of glass—ceramics, G-C
sample prepared at 900 C for 4 hr in air.

Si0-MgOAl ¥ CaO-SiOAA whele ZY2, 28T wolla-
stonite® FAB|Z #Hrlete Az BFAHEF glass-ceramics?
X-ray SAPA Z=243 w7z 32L 53 dg3 2o
AL Uk

X-ray &4 Z3 58A9 F75 #4820l pseudowollastonite
7t F AAdo 2 Yebdth e glass-ceramics® A% pseudo-
wollastonite{ @ -CaSiO3)9} S -TCP9ld] &wEdo] TIHE CaF,
o9& fluoroapatite’do] 25 ich

Hydroxyapatiteoll CaO-P:0s-CaF»-SiOx-MgOA %8 ¢ wolla-
stomte7} Azbd B mATz wa EAe 900 TollA oS-

2atd, A 22 BA (matrix)e] 4&" ARl st

E FEl2 Uebsich whde] 1200 Colld e vl Heje 2AAE0
e YHE Btk 2oy AZ2E7 1300 TR FUheid B
Aol 4xar)t & } stn wAz 722 dolsE Hee 23
< By

ga CaO SiOAl 27k A7he BEAY uATRE feldn
2e BA (matrix)el]l &8 Aol EAst: € Yeuigl
o ole wAE ZF At A& 5 e 23 23S 233
oA 2T Bqel s o = Yo

2849 2% FH WelME CaO-P0s-CaF-Si0-MgOA 2]
e 7P CaO-SioA fr8l 77k 1ok 84 Z3Ade & 4
AAch 2t FAW A 3% hydroxyapatites ZFUEFZ
Agstd Az CaO*P>O‘-CaFa~SiOg-MgO7ﬂ94 glass-ceramics
BEE Q0 05 MPaZ yetht 2ZAdE AAARRA 7PF 7hs5A
€ HYE & F sl

249 2
£ d7ule 19%9EE FERAR JleAAY F @elE )
z*}%’ﬂl—‘ﬂ Aol st} g AFAoln ol g =¥
Lok
412

1. L. L. Hench and J. Wilson, “An Introduction to Bioceramics”,
in Advanced Series in Ceramics, ed L. L. Hench and J.
Wilson, p. 15 World Scientific(1993).

2. F. Pemnot, ]. Zarzycki, F. Bonnel,
Baldet, /. Mater. Sci. 14. 1694(1979).

P. Rabischong and P.



10.

] wol| A &8 MM HydroxyapatiteE o] 83 Hlgha] B34 ¢ Glass-Ceramics® §4

. H Br mer, K. Deutscher, B. Blencke, E. Pfeil and V.
Strung, Science of Ceramics, 9. 219(1977).

. M. Sivakumar, T. S. Sampath Kumar, K. L. Shantha and K.
Panduranga Rao, Biomaterials, 17. 1709(1996).

BRI, R B8, HORBER, Inor Mater. 3. 475(199).

. BE BA, KB T5%4 MHAB-B) ¢ BED LA T T
37 AW oA FFESA A FEM - FE, B
% Bk £ v-x47- p 214(1989)

C o1 AT - Az - AR - T - QA SEeaEEA, 30,
652(1997).

AR ol RF - WG - W - 0ol 93 - WY, BEEAY
&8t 2], 8, 994(1997).
PR RO = N EE R R E
8+3t8] 2], 8, 1000(1997).
AR AU o T - AR AR - 012 E - Ul B

399

T3gsereg ], 8, 322(1998).
. T. Kokubo, S. Ito, M. Shigenmatsu, M. and T. Yamamura,
J. Mat. Sci. 20. 2001(1985).

12. S. Ito and S., Sakka, J. Mater, Sci. 21. 536(1986).
13. T. Kokubo, J. Ceram. Soc. Japan. 95. 786(1987).
14. R. V. Audekercke, and M. Martens, “Mechanical Properties

of Cancellous Bone, in Natural and Living Biomaterals”,
Eds., G. W. Hastings and P. Ducheyne, CRC Press, Boca
Raton, FL., 89(1984).

15. E. Kempson, Annals of the Rheumatic Diseases, 41, 508

(1982).

16. W. D. Kingery, H. K Bowen and D. R. Uhlman, “Intoduction

to Ceramics”, John Wiley & Sons, Inc., 481(1960).

17. A. Clifford and R. Hill, J. Non-Cryst. Sol. 196. 346(1996).

J. Korean Ind. Eng. Chem., Vol. 10, No. 3, 199



