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Ti and Ce ions doped calcium hydroxyapatite (TiHap and CeHap) particles were produced by aging Ca(OH),, TiCl,
(or CeCl;) and sodium triphosphate (sodium tripolyphosphate, Natpp: NasP;0,,) mixed solution at 100°C for 18 h. The
ellipsoidal secondary particles with ca. 100~150 nm in length composing by aggregation of small ellipsoidal primary
particles with ca. 20 nm in length were produced at atomic ratio of Ti/(Ca+Ti) [Xy] =< 0.2. The in-situ IR spectra of these
TiHap particles exhibited very small bulk OH™ band at 3570 cm™. This result indicated that the TiHap particles were
produced by aggregation mechanism and OH™ ions along with c-axis in the poorly crystallized primary particles were
disordered. The diffuse reflectance UV spectra of TiHap particles revealed that these particles have a UV absorption property,
especially produced at X;=0.1. The morphology of the particles produced with CeCl; was changed to rod-like with ca.
50~100 nm in width and 100~300 nm in length at 0.1 < X, =< 0.2. Furthermore, particle shape varied to needle-like at 0.4 <
Xc. = 0.8 and finally fine spherical particles with 5~10 nm in diameter were precipitated at X=1.0. The XRD patterns of
the particles indicated that highly crystallized pure CeHap particles are produced at X, =< 0.2. On the contrary, the needle-
like and very fine spherical particles precipitated at X.=0.4~1.0 were identified as CePO,. The time resolved TEM and
XRD measurements suggested that the rod-like large CeHap particles are produced by the Ostwald ripening mechanism. The
diffuse reflectance UV measurement indicated that CeHap particles have a UV absorption property, especially produced at

X.=0.15.
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Fig. 1 TEM micrographs of the particles produced at various X+ values. The upper and lower values in the picture represent pH
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Fig. 2 Particle and crystallite sizes of the particles produced
at various Xy; values. The particle lengths ([1. O ) and
widths (I, @), respectively. The symbols ((], l) and (O,
@) are the results from secondary and primary particles,
respectively. The crystallite sizes from (002) (&) and (300)
(A) faces are also plotted by dotted lines.
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Fig. 3 (a) XRD patterns of the particles produced at various Xi; values together with those after

treated at 1000°C for 2h on the particles produced at X;; = 0.4 and 1.0.

(b) XRD patterns of the

particles produced at Xy = 0.15 before and after treated at 1000°C for 2h.
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Fig. 4 TG-DTA curves of the particles produced at various X;; values.
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Results of elemental analysis for the TiHap particles

XTi Ca P

n solution (mmol/g) (mmol/g) (mmol/g) n particle

0 9.646 5.384
0.05 8.850 4.675
0.10 8.356 4.305
0.15 7.656 3.9601
0.20 7.449 3.964

Ti Xn  (Cat+Ti)/P
in particle
0 0 1.79
0.716 0.08 2.05
1.376 0.14 226

1.898 0.20 2.41
2.354 0.24 2.65

9.954

59720

1.67 1

1) The values represent the theoretical value.
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Fig. 5 Specific surface area of the particles produced at various X;; values measured by N, (S,) and H,0 (S,,) adsorption

experiments and their ratios.
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(a) In-situ IR spectra of the TiHap particles produced at X;=0 ~ 0.2 and (b) in-situ IR spectra of

the TiHap particle precipitated at X;; = 0.15 before and after treated at 600°C for 2h.
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Fig. 7 Diffuse reflectance UV spectra of the TiHap particles
produced at X;;=0 ~ 0.2.
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Fig. 8 TEM micrographs of the particles produced at various X, values. The upper and lower values 100 him

in the picture represent pH values before and after the reaction, respectively.

Table 2 Results of elemental analysis and crystal form of the particles
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. ﬁ Ca,o(PO)(OTD |x 0 P produced at various X, values.
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b *
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E M 0.10  6.439" 3.651" 1.194 0.16  2.09  CaCeHap
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Fig. 9 XRD patterns of the particles produced at .
*Theoretical value of Hap

various Xg, values.
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