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ABSTRACT

Si -substituted hydroxyapatite has been prepared to obtain biomaterials having an improved biocompatibility. From FT-IR, XRD,
and ICP analyses, it was confirmed that the single-phase of hydroxyapatite substituted by Si has formed. Si- substituted hydroxyapatite
of up to 2 wt% for Si keeps its original structures intact for the sintering temperatures of up to 1200°C. However, it is observed that
the ion substitutions by the amount higher than the above ratios for the hydroxyapatite leads to destabilize original structures of the
hydroxyapatite and to produce tricalcium phosphate and calcium phosphate silicate phases when the samples were sintered at 1100°C
or higher.
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t}. Silicon acetate® AHE-3l] Si-HAE H3& Al=d of
2 Gibson™9} Marques'¥e] 7218, Gibsone XRD
9} FI-IRS &3l silicond] X8 AF-E FHRoH,
Marquest= silicon®] X 330.1~0.2 wt%)o] & XRD ¥
o]2& #HAst4th Ruys'?= TEOSE o] &3l Si-HAS
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Aol A3 Si-HAE 52 IAgEeR A
Ca ¥ E 2+ CaCO;(Aldrich Chemical Co., 99.95%)%
1000°Co|A] Btasted A E CaO ETE AHE3IA0H,
Pe] 98 FE H;PO,(Aldrich Chemical Co., 99.999%,
85 wt% solution)E 0.3 M &qo g yrEo] A3} Si
Y E 2+ Tetraethyl Orthosilicate (TEOS, Aldrich Chemical
Co., 9%)E AMS-819e™ a3t 7o] P48t €O~
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Table 1. Composition of Starting Materials
Based on distilled water, 1700 mi

Sample # Es.timated Ca0 03M 99% Measu@d in
Si wt% H;PO, TEOS ICP, Si wt%
HA 0 54g 18341 - -
SiHA-1 2 54¢g 161.85 1.46 1.97
SiHA-2 4 54g 140.88 2.87 3.76

olg7A Aol Si-HA powder(0.7 )= 2mm ¥¥ E=
2 2183l 924 P kg o8t ;R 13 ¥ S
3 &, A9 AYCIP, 1200ban o2 23+ AE S st

24X A
AZAZAL 5°C/mind HFEE £ 1000, 1200,
1300, 1400, 1500°CollM ZHh 4A17F fAlskal 23]t

22. 54 &4

ICP(Perkin-Elmer Optima 3300DV, 1<) 40 & HA
ol sigl dhf-3e 2131921, FI-IR spectra(Bio-Rad
FTS-175C, Pl=h)& %3l Siel 7ol o& ¥stE gl
32, XRD(MAC Science Co., Ltd, MO3XMF?, 1)
ol AA ARZEEH SiY FHF 2 A =4 0
A} W3ts A=t TEMUEOL, JEM-4010EX, ¥
y BAo2E A4E Si-HAS vAlRRE A}

HA9} Si-HAS] A2 AAVdTE= GSAS T2 F
LeBail <& AME-ste ARSI AEE 1200°CA
AN 7F Fot 243 F slow scan(scan speed, 0.500°/min)
22 XRD dataZE Ao Aol A}8-319.2.1 space group
P6,/mS AHE3le] Kay S0 F2 danZ 7|22 &
background parameter, zero point, —LZ]3 peak shape
parametersS refinedt] MZ-& AAAFF e ATk
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ICP £48 =3 Si-HAUo| XgHd Sio] g% 3
3ttt SiHA-1(H-S 27] =9 Si9 /-3, 2 wiw)<]
A9 197 wi%, SiHA-2(4 wi%)e 3.76 wi%] Sivl A%
At} °]E mole = el dAEE EAAE
BRI,

Pure HA Ca,o(PO,)s(OH),

SiHA-1 Cao(PO4)s 2046(5104)0.7054(OH)1 20463 Si-1.97 wt%

SiHA-2 Cao(PO4)4.6087(S104)1 3013(0H)g 60875 Si-3.76 wi%

3 2 SiE S0 ionSE PO, ione] Xl X3
HH, HA 724 WY ion A5t #FL 237 93
OH ion Si0," ion®] A &= E moles THE A&7t &
t} o] W ol&Ho= 7t Sie X¥FS OH ionol
B W U7E, Cag(POy«(Si0,),7F Bt

Sie] x|gaFo] Frigel wet OH iono] #Ade &
AL w2 2% Ex2]8H1000°C) A8 XRD peak
pattern®] 53+ HAS] peak patterns} F-AFSHAl Uehde=
(Fig. 2) ¥H4, FI-IRYIA & -OHS peak”’t Zax(Fig. 1)3h
= dio = skt

3.2. FT-R &4
49 HAS Si-HAS IR data25E, €079 C-0
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Fig. 1. FT-IR spectrum of HA and Si-HA (a) HA, (b) Si
(1.97 wt%)-HA, and (c) Si(3.76 wt%)-HA.
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Fig. 2. XRD data of 1000°C heat treatment (a) syn HA, (b) Si
(1.97 wt%)-HA, and (c) Si(3.76 wt%)-HA.
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3.3. XRD £4

XRD E415 23 Sio] &0, 1.97, 3.76 wi%)3} DA
g £5(1000~1500°C) W&, HAS Si-HA® 27 AE
< A B}

WA, 1000°CAA X85
ko] 1.97 wt%, 3.76 wi%S! Si-HA
o] AJCPDS card# 09-432)9} U A3 h(Fig. 2). &=
& HAQ ZA$oE 1000°CoA A de] & o]F oA
XRD ¥o|=7} w9 sharp st out, Sie] FHel F7HE
F2 XRD HolaE AR O Z broad 3ttt E3] 20,
31.8~32.21(d, 2.8117~2.7768) ¥1X12] peak”’} broad 3}7|
el ole Si9 HrbEe] EolRASE we 2
(1000°C)ll M= ARl & o]FR]A &e A= F
gtk 3 1000°CAAM A2ld A|HES] U ol=
FH 2 o2 FA3te B H7tE Sie] ¥ol $U1E
FE Audez Idxrt Holx= g T
(Fig. 3).

dHky o2 HAE 1300°C ©]4d9] &%o)A HA 24
¢} tricalcium phosphate(Ca;(PO,),)%t Ca0 To2 4 &
27} dojup=u]'? HglstrE 29l HAS A$olE olx
g o W& 2xox A B/t vebdtt Si, 1.97 wied
Si-HAS] 73-%- 1000~1500°C 2= W3} u}2 XRD pattern
< 3] RHFig 4), 1200°CA4 EHE T AL
1000°C oA @8] & 73 vls] dAdel o Fop
Ao 2 YepdA 1300°Cel A& TCP o] |A yeht
7] Al&EtE, 2 olde] &M Si-HA7F o-TCPS:
calcium phosphate silicate (Cas(PO,),(SiO)Z 4 H& 7}
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Fig. 3. Densities of HA and Si-HA sintered at 1000°C.
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Fig. 4. XRD data of SiHA (Si-1.97 wt%) (a) 1000°C, (b)
1200°C, (c) 1300°C, (d) 1400°C, and (e) 1500°C.
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Fig. 5. XRD data of Si-HA (Si-3.76 wt%) (a) 1000°C, (b)

1100°C, (c) 1200°C, and (d) 1300°C.

Alzbst, 2 o]4de] =W o-TCP, calcium phosphate
silicate, CaOZ A #&]7F dojvts RS I &+ U
thFig. 5).

2 F9E =3 AN 753 calcium silicates= CaSiO;
(wallastonite), Ca,Si0;,, 3Ca0 * Si05(Ca;sSi0y), CaSiy &°l
o} ey B AE AaelMe Si-HAS XRD data®-F-E
oj9} 7L calcium silicate’do] YERA] eFgkom, B
£5(1000°C)2] XRD Ho]AE HA Folast dAsAT
7 438 £57} FotAe] wal TCP, calcium phosphate

Table 2. Lattice Parameters of Hydroxyapatites

Sample Space group Lattice constants
JCPDS Card # \
09-0432(base) P6y/m a=b=9.418 A, ¢=6.884 A
HA P6y/m a=b=9.413 A, =6.875 A
SiHA-1 P6y/m a=b=9.416 A, c=6.902 A
Hydroxyopatate Hist 1
Lambda 1.5405 A, L-S cycle 1010 Obsd. and Diff. Profiles
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Fig. 6. Observed (dot) and calculated (solid line) X-ray powder
pattern of (a) HA (b) Si-HA and difference profiles from
rietveld refinement.

silicate 522 Fg7t H3U o] 2L AL Si9f H
72 Q18 -OH groupe] o1&, o] UAsjA HA 4H
o] B¢kl =ol 4 w7} dohvie ZAoE wddr)

A9} 2 AFRZ mFo] Hol Sivh & 2winH =
g HA®] Afddle 1200°CollM Fx/dol A7 &4
AL A& F AT, 2 o)A 2= Si 2wi% %
o Al vz ‘5&—8— 2zoA A FErt 5o &4
AE A7) oBlg AL Hidrh

Slow scanningdt] €2 XRD dataZFE GSAS TZ1
@ ZF LeBail WH& o]83te] 1200°ColAl 44 s HA
Si(1.97 wt%)-HA ﬂrZH Az} A44E 735 cHTable 2,
Fig. 6). & A3)A /33 HAS JCPDS card# 09-0432
ok ARG kol I zpelE Rojrle AN, ¥
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Fig. 7. TEM image of Si(1.97 wt%)-HA.
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3.4. TEM 4

1200°ColA &A% Si, 1.97 wi% *ZE Si-HAE low
resolution TEMS. 2 #aslH 2 &7 Ae7b vjs 2L
83 grain®] HeEhrb vi9- MRS & 4 UThFig. 7).
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