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ABSTRACT

Bioglass. which is one of the surface active biomalerials. has a good biocompatibiidy bul a poor mechanical strength
In the present work, thereforc, two types of fluoride-containing bioglasses were coaled on an alurmna 1o Improve
mechanical sirength. Crystallization of the coaling layer and the hydroxyapatile formation on the bioactive glass coalings
in tris-buffer solunon were studied. When bioacuve glass coated alurmna was heal-treared. Na,CaSis0g crystal was
formed on the layer at lower temperature, wlule wollastonite(CaS105) was cbhilaned al higher lemperatare. Hydroxyapatie
formung ratc on the coating layer with NayCaSiyOg crystal was delayed with Si0, contents in glass composition. However,
the hydroxyapalite was developed in 20 munutes regardless Si10. contenls when Lhe coating layer crystallized into
wollastonite. Motz amount of P™* jons were leached out of the coating layer with wollastonile than that with Na,CaSiyOg
crystal. while Na' and Ca™ ions were leached oul more easily [rom the Na.CaSi;04 crystal containing coating layet
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Table 1. Batch Composition of Bioactive Glasses

OJ:’_AJ.

(mole %)
sample| SiQ; | PaO5 | Na,QO | CaQ [ CaF; ;EEIC)
438F | 42.1 2.6 264 | 173 | 116 | 173x107
495F | 49.1 26 220 | 152 | 102 | 150107

EeRepti

Tﬁ

34

22 X-M FEHEM

sAzehe 3k 28 WE]ZC'H)“] doub= AFEEHE
AE Golrz] ek, 2 Rgl2rdM 60 pm FA
AT H2F ‘_ﬂ'%fﬂ wEA 7] ZH fE
el g X4 EF-HEAS Assich ARE 7l
X-ray diffractometer(Philips.. PW-1719)°]2Z, Eb

=
AEE CuKoM filteryE AHE8FaT),

=3
7]
A

23 2o HE= AF

AAfel ZRF mele] g3 FrA i)
ohulele|2 A 4 Aol visle] dolumA A4
FeElot 2R eRuY 18RS fAE AAEag]

Trshydroxymethyl aminomethane -8 (Tris-%5 8-
el 49 uhg Age ASITE Tns-258d A=
HhE 2 thEste] A sisinh” o) Tris-2hEE<d2l pH
722 A ow )].L]o] THEEY 2R v
01 con'e] H=E wEgAs EeldLd 8719 B
37°Co] & oA WEEAIZES WEA T Ee v
dEE FHs5Ich

ce kI om rﬂr

24, H3% g ©H 2E U 0j2 E5Y 53
&of Ahg del FoAEe] vhg R g vlA F
A5 Yol 7] S5k SeAL A Fujy BEE P9l
ot o]uf ARE-SL AL b FREE Hiachi X-650 ©f
A3 25 kve] FHy Ao A

—4“—‘

) =
)-x
FRLEET-A

T)x £ qhS Ay & Fy el v £
o= a=go] b2 Na© 2 ¢ 0|59 ol £EF
& f17)} 55 B317)(Shimaden, AA-670/G V-3)E 23
it BT Pl £23 =400 A9 Tt
BREA7| (Shimadzu. UV-260)S AFE3)Th

3.1. BEEL FHEM

498F A=A £-27} _’%JEJ AEE dAHg 225
1000°CH4 1300°C Ale Azl FI 308 93
2|8 F ;e dit x4 FHHEHERE Fg 190
[l el o

A 1050°C #hA g A 2meAe AHEE
&0 NayCaS0y ZA o] A%, 1100°C 9]
Aol e NaCaSi;0, 23c] A= A28 H44%]
wollastonite{CaSiO;)7F BAZ%ich 425F 4|82
Aol Hlszgk Bade] delth

ol e} e AXGEE ZYSAEY ¢
] 2= OPEM]/H wollastonited 4 o] A/dx=w]. 425K
FElE 1050°C o) 4<ll4, 49SF frelell e 1100°C o4

E
I



o3

el o] mRE w2 AR5

il

T
. Na,CaSi10,0,
* CaSid,
- ALO,

=

.

..
B 1250°C)
. A A @ A AA
' (1200°C)
s
[ ]
"

A Ak

Intensity ——

(1100 °C)
A AR

=
b

A {1050 °C)
A A'l A A A AR

] ] ! !
20 30 40 50 60 70

20 (degree)
Fig. 1. X-ray dillraction patterns of 495F bioactive glass coa-
ungs, heat-treated at various lemperatures tor 30 mun

N4 wollastomie 2] FA4Ah =, AAH2] =
Fo] 510,92 o) BokE o wo]hstomt e =
LA Lmela] A= A fEE 2 F
Mooyl Adese] GFert 2hfeses 3
A B EFvvbe] ghRke pEvt AR
7HHe}h wollastonite Z27g0] FAE7] AZss L2
o] SRAhu; Fikeke] [-2x107 glem® FEEA £
o2 Habrlel Zeo)7l G207} wollastonile 24
B =S F AoE AdEd, A4 948 Lx
Tl ALO, AAAe] oA EE B4 ol
oRL FElEos daty WRupg oie] opyT, =
A7 60 pmE 2] izl hRvLp FlEe) igt

X433 Fe)=zrt VeRd Aol

o il rle ok

b=

r,HU
I

DE\A

30 SoHH[S = Hl=2ToiRpEr
e O TILLOT Lol U=

428F = 49SF felg d2vuel] =Rlsiz (000°C
2 1200°CeA 30 BRI S 1000°CalN e AEE
HEHY ZHF NapCaSis0g A3 o), 1200°Ce14E wollas-
tomle AAo] AHHAT) o] AHES Tris-2hE8olq
AE HEAFIE BgAg] F G SRS BT 4
4 i olulElo|E g Yolar] b Ak
2 @w7 #EE sk ey o AAE Fig 2 @
Fig. 3¢ 4%t

1000°CoTH @2l8t AlEE NaCaS,0y AAHC] Al

Jle] siiat ofielolE A4 10859

AE AP AG 428F s 305-5E, 49SF T"r‘l
S 3 E F98 FaselReelE 40 s
A, 1200°Cellx]) G2 & AJHE (wollastonite ZT?]O]
AAAE ASpIME 8i0.9] 9l At o] mER IR
28 QA meke SAs dlsjelelzs) 4595
1200°C DA Al A2] )8 clsielol s WY &
S A R b W2 4585 ARl R
= wEs] ey

Kim "5l SI3f%1 47} 8 2718 YA5G21E 0
Bl W Al7)8t el ) ofsiElel= 2],

3 B} e AAFADIE “°1°I |
olulglelE2 AFo] gty Baelyc). o) AalE
43 29 g9 f~]:‘*‘4 EE1000°C A ARt A%
| A8 REVFORRE B o]20] Tris-3% B9%
il %-—510] vpst olmge| e S A ) Hels)
Fde) 438 ofgele|=2 HAStY, W 1200°C
ARt Ao AS 2E fEgoRRE B4 o
o] E&o] JaAer] wiel dATRFe] ke o}
FER|Ex} S4E Zlom AdEnh 4z o]l
Y + Heith,

282 wollastonile B 0]
shatelo| =l we) BAEh ol Thew ol AEY
a 2k &, R3] wollastonite 2 S HA S
™ fERE 27 A4S 915k Ca0. SioEHe &
& =i viEg2AeE F2 Na,0-P0; 5527 &

& Aol wA "ot mebA o) VHE"““* 2 9}?"/‘4 L1

10rﬁr}1_'u

o}

b'ﬁﬂ-&}ﬂi

T

oy

rﬂlo

fal

i

o

TFAdo] Yol A polde] o] x| wfiol AR
2 2AFY S0, 9| AdRgle] ksl clolelele ¥
‘gol MEA o]l A7)Fc

Greenspan’ S PFaUo] Ax425 283 Fo 3
zshs B2 fElEoR EEe] Belzt Alelle] HH
Bde AFAA 2R vlete] 41w ofEle|E A
2—'(94 ﬁ:])ﬂ-o_;q ] L]_‘L] Jﬁ_,—,loltﬁ"lcq E.Jéﬁég] @5!_].
dlAe 1200°C2 A 3 A|AAA e8] ks of

el EdAo] = Ao 2 wFe] Yol BRAE AE|e] Sl
b Alo]2-& wollastonite 78795730 35S vjg=]gh
gl olFlEle|E 2 HEdE 9L n)A2 9F
oh X By B4 SellA gqE A e e
A ALoe]E2 wollasiomte A Qo] ZHE A
ALG, des EAE hsAe) glrlsr Az}

=

o g

.

Al

3.5 BojHi2E o2 22 £

1000°C 3 1200°CllA] FAE|e A HES w258
o] HEEAITRE SElA 40r 77k HElAFIH kAl
73, ARl ZEEelA dead Fo= S3ue]
L2 PV, Na' Cat ol 2] $5%2 S5 2 2

A 36 A A 10 Z(1999)



1090

425F
Fig. 2
30 min.

FE Fig. 4, 5, 6l VBRI oln) vh5d uis-25%
ol o|F o]io] 097 Btk

Fig 491449 P ol&2 WA} Fole] Bt

2] PRI Fhieg R HAG, ol We
EN6lE P olge] fulFo Ry F25e e
Akl AVpEA freld Eelel 448 el ERA

o] FAslA = olm pT el ish opiEe|E A
Hel| Zojala G Pl wiee sl dok

o
LA
OIN\

0 2RE ] PTole SE4E M} 4
ol Aoy} oy gl

T T 2

P
Zas] 2ok F

# PUolR vEE 39 2l B

ol olsk Zhe: AL Wl sioe) Pl B f”xﬂ
FElE FEsiee o 2 pToERs Ushie AT
2 AA vERdo) 120008 EHE] 2Rl ZEAT

PERER

- 7%

(f) 5 hr
495F

. SEM of reacted surlace in tis-buffer solution for the 428F and 495F bioactive gluss coaungs, heat-irealed at LO0G°C for

=l

AHeAd = 510.2] ko] 2B %Y A8 24]7el)A
] WS- A

o} UEltont 498 5e] A gl 4007
TrellAz g2 Vet ghghi

el ZHEZEe] Na,CaSndy dA28 =eojdle o
(1000°C EA]E]) Bt wollastonite Aoz Holle
W (1200°C GA2]y P oo £=o] o @9t 013
2 1200°CY] DA2] T4 CaSi042] wollastonite
Ao A7 o] B F9d AE rEH o= 5
ﬁz% LH;./HO cka—}. Na, Pz —HI ’ﬂtﬂﬂ’%’l °.:!:°W Eﬂ’ﬂ}
51t NayCaS1;04 ﬂ/‘“ﬂ A= NaO-P-058] a2 2o
Ao}, ulghA wollastorute A3 o] A2 1200°C G4

A Ha| A P ol 82 A LA ok
z}ﬁg AAgAgTE gRu AE @] L
F wish7)n 30871 AAlglele] TR B olg Al



Yraupel) TR B8 AAREle] a8 clEels 44 1091

425F
Fig. 3. SEM of reacted surlace in tris-bulfer solurion o1 the 425F and 49SF bioactive glass coalings, heat-trealed at [200°C lor
30 min.
HE vis-2Fgde] 1417 F2F 9-5A1F 38 o o 3haslE Fielzk AzZlE
2 g2slo) UL PUoles] $29E 300 Fig 59 THSS 4257 B 495F RS @Re) Alee %
L}E}L}] = F 1000°C 2 1200°C=. 3027F B ety vis-25Ed

!
2 ALl B ke B olesl §8 o] MeAzink 223 gkt el ahE g gele
Fol Blst RasT F, Si0.0) ol E% £ = &Yl e Na'gl Ci' ol $E9L Tig 691

Aol 1150°CH) A+, 4089 =4ddla= 1200°Ce] A vlERyiTh

P oolze] gERke] R ®eiTh o] Fake FHEg) o A3 ool2s] BEF BF WA 7] g
AR w5 dBAA ST S s 428 Ay o) ﬁ?l-ol—c’iff 1000“coﬂ Al EAE AT fﬂfmﬂ B|&#]A
1150°Co+ E]ar 498F EREE [200°0%04] wollas-  1200°ColA] @3)2]A)7] A4 Nasl Ca™ @]9 2
tonite E3 o] Ho] AzIv) 2 A 1250°C o4k B8 Eak) c»lz\-lo] GTE o= 1000°CelA Bohs 1200°C
D7) Rze]ME o] wallastonite 27 o] A =7] o oflA] BAAEL W 257 o} Y2 g 2R
ol AHLAHE AES EA8= wollastonite 27 B AAEARn] ZEEez g5 So]7) AdFall)
Aol 4 =], AdEe] Na,0-P,052 %] SAHEE 9] 9] ¢& 27| wioith §aj5os ghilue] &
2 ghEga Fog gEEe] U preols] BEFRE offt hRo|uby] Al o]Re) FEgeEe] P8R 2

A 36 A 10 2(1999)



1092 ClEEa
16
| &8 O—0O - 438F
A—A A—A . 495F
14 - ‘___‘__‘.-Amou“c
b L
— 12 4 S N
E .
= - [ ®—& 1200°C
R 10}
“‘6 =
50t 4
m 3 ;
T el &
2 o
& o T
Q 04 o ) e-.A
PN}
L LAy ol
A e
a2 fay 1000 °
L 1000°C
00 ] 1
10 100 1000 10000

Corrosion time (min)
Fig. 4. Phosphotus ion concentration in reacted salution with
corrosion time for the 42SF and bioactive glass coa-
tings. heat-treated 4l 1000°C and 1200°C for 30 min.

1.2

08 - * 1

06 b . D

04 -

Concentration of P*(ppm)

o2

0.0 1 s i L 1 L | L 1 P T
1000 1050 1100 1150 {200 1250 1300
Heat - treatment temperature ("C)

Fig. 5. Phosphorus ion concentration in ome hour reacted
solution with heat-treated for the 425F and 495F bio-
active glass coatings, heat-trealed ai various temper-
ature for 3¢ min.

25le] AAEARE TRFAA ¥R E)EY
A e JFale) e AR TR FHo] pAAlR
9 Na. Ca™ 029 458 ¥4 ez itk
TE 1000°CH) A D E|A|F] AlHMAME Na' ol24]
Zfo| Calf o)22 =R} o7k g2 b,
[200°C2] A$olls No© o] 2K Ca™ o]2] 2&5c]

120 1000°C
| 0—0a—A . Ma °
o ®i—4 OCa K
100 |- O .1000“0
£ | . /
g )
=~ [}
Y 80 | :
o .
‘o B N
-] :
w. B0 |- .
[+] d .
s 1 o
E wl .
1= Q o
7] 1200°C
[+] L 4
[ ] A
S .’.“ A/"/
Q 20 S A—h
g"‘ A .pz0C
[ A AR
0 | 1
1a 100 1000 10000

Corrosion time (min)

Fig. 6. Sodium and calcium ions concentration in reacted
solution with corrosion time for 428F bioactive glass
coalings, heat-treated at 1000°C and 1200°C lor 30
.

o5 Bt ole 1000°CHA dr|eA7]E 2ES
A7 NapCaS;0p A3 22 FHojglom ojuf2] Na,0
¢} Ca09] EE[7} 112 Fo|3l7] v)gel, o] 2%
2o djEEl i Holgls Na,08h Ca0e] ko] u<=s]
o BZxE7] He A5 Na' o)l2e] g3aha] okt
27 vheRdtr W 1200°CE G 2R S
= CaD2l 50,2 Ed|7} 1:1%2 B wollastonite 44
o] BAR S, Bnkgelaie] whgA] o] Ao F45
| W&o Na' o]2ErhE Ca* ol £&%0| ©F
g Aol A

ol4ellAl Hei wlel 2lal ila) ofelEle|E T
Ao Ead AT sl Cal'g) P olRe] fE:E 3
it ol &8 2] alEEolE AAE WA= 3
2T o] FEHIDL P 5’13"1 SEFFE Ca” o)
& HelA i HHrk mEkA]
EEEo] v P ool2] e E'%?‘w—'—% A A2

~

E‘, G{}J qu ol

HLe gl 2o w

1-O O

aFoze] PATE BoAHo] a4 ohdeteE 3
AREE FolEA) T+ 92 AYL YT & e,
a8 =

SIOE 42B g, 192%E EiEls FriAe 249
23 E AAf2E dFe) ZEsid o ATE
tris-BEEalel] WhEAl7) F FEFolMe] s} ofule)
o|E AHAFA Ulsl ATvsiE tUid e 2ES

23r,



QR o] FHE B

. 2EZ fole

a

g

B2 F AHE Ao W@ &
EelliE NaCaSi;0p AHe) =2
tonite(CaSiO; @ o] HojZioh,

2. Tris-2H3- 8ol WF3A1F S o Na,CaSiz0g 239
A AReA=Z(1000°C A 510,98 9] F7E
TE A3 o2 A g0l AFER e wol-
lastonite F4 o] A% AFePd=(1200C DAY S0,
o] ko]l AAR] BE ERE g8l elujele|E A
Aol PR

3 9Sgd FoE AEEe) u}E P oojfo] AEd
NayCaS1,0y 2734 20} wollastonite A75¢] A-¢o o 2
U, Nat3 Catool2e] HE82 O vtlE NaCa
51,0, A4e] A5 W) ¥ 2k 22T 50,8 o] &
£ A vhge] A o)F o8] Sz9] v A}

AR 2

o] ATE 1995UE TEE ATHTEialaA okl
& A7 A 28 FEem oloﬂ AR (v

she Aol

o]

. L. L. Hench, “Biomalerials,”

ikt olEElelE A4 1093

REFERENCES

Science, 208(23), 826-831
(1980).

. D. C. Greenspan and L L. Hench, “Chemical and Me-

chanical Behavior of Bioglass-Coated Alumina,” J.
Biomed. Mater Res. Symp., 7, 503-500 (1978).

. L. L. Hench, 0. B. Spilman, and D. R. Nolletti, Bio-

logical and Biomechanical Performence of Biomaterials,
“Fluoride Bioglasses.” Elsevier, Amsterdam. 1986,

C Y. Xum, A E. Clark and L. L. Hench, “Early Stages
of Calcium Phosphate Layer Formation in Bioglasses,”
J. Now-Crysi. Solids, 113, 195-202 (1989)

. . Y. Kim. A. E. Clark and L. L. Hench. “*Compositional

Dependence of Calcium Phosphate Layer in Flouride

Bioglasses.”” J Biomed. Mater, Res.. 26, 1147-1161
{1992).
ole, “gEue] mys AATAGL] Bame]

e e oldelo|Ee] g HAE e
g (1995)

, ek

A 36 A Al 10 Z(1999)



