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Abstract

Internal friction was measured by a forced torsional vibration method at 0.1-10 Hz in the temperature ratg8 td 400C on both
hydroxyapatite (HAp) sintered at 1300 for 3 h under fluent KO vapor and fluorapatite (FAp) sintered at 1200or 3 h in the ;; atmosphere.
Three peaks of internal friction appeared at approximatel®, 80 and 130C for HAp. However, for the FAp, no internal friction peak was
obtained in the measured temperature range. It is considered that the differencarad BH positions in each FAp and HAp structure
greatly influences internal friction.
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction fluent N> gas at 1100C for 2 h. FAp test pieces were also
pressed as HAp pieces, and then sintered at 120for
Hydroxyapatite (HAp:Cgy(POs)s(OH)) and fluorapatite 3 h in the K, atmosphere. The composition ratios of FAp
(FAp:Cao(POy)sF2) are investigated as multiple function test pieces were adjusted as Ca#PL.68 and P/F= 2.99
materials such as artificial bones, teeth and ion exchangeand confirmed by ion chromatography. The internal friction
substrates. HAp is similar to the stiff tissue of bones and (tans) was measured by a forced torsional vibration method
teeth of vertebrate anima[d—5]. HAp exhibits also other ~ (MR-500, Rheology Co. Ltd., Japan) atL00 to 400°C at
important properties of cation exchange betweefitGans 0.1-10Hz.
and heavy metal or harmful ioffi§-9], such as Pb", Cd™,
Mn2t and CG, as well as adsorption of proteiftls0—13]
FAp is chemically more stable than HAp, and is investigated
in order to clarify its fundamental properties like absorb-
ing phosphorus and fluorine ions selectively in waste water
[14,15] In the present work, internal friction was measured
on polycrystalline HAps and FAps.

3. Results and discussion

The internal friction (tar) is shown inFig. 1for HAp and
Fig. 2for FAp. For the HAp, three peaks of internal friction
appeared at approximately40, 80 and 130C (Fig. 1). On
the other hand, no peak appeared at the investigated tem-
perature range for FApH{g. 2). In the case of HAp, both
peaks, at approximateh+40 and 130C, agree well to the
results obtained at-40°C for Ca-deficient (Ca/P= 1.5)
HAp and at 110C for stoichiometric (Ca/P= 1.7) HAp
[16]. It was assumed that the peak-a20°C occurred from
a phase transitiof1 9] of B-TCP since the Ca-deficient HAp
converted toB-TCP after sintering, and the peak at 21
was explained by the behavior of structural Qbins in
the stoichiometric HAp (Ca/R= 1.7) sintered at 1200C
[16]. The peaks obtained at130°C in the present work
depend on the frequency although the peaks at around
* Corresponding author. —40°C are not related to the frequency. So, the present

2. Experimental procedure

The particles synthesized to stoichiometric HAp] were
mixed with wax (LUVAX-1266, Nippon Seiro Co. Ltd.,
Japan) in toluene by a ball mill. After drying at 70—8D,
50mm x 5mm x 0.5mm test pieces were formed to at
100 MPa, and then sintered at 13@ for 3h under flu-
ent HO vapor. FAp particles were synthesized by reaction
sintering with Cak and Ca(POy)2 (B-TCP)[17,18] under
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Fig. 1. Internal friction measured as a function of temperature and fre- ~
guency by the forced torsional vibration method on the HAp sintered at s
1300°C for 3h under fluent HO vapor. = " ©
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HAp were also identified by X-ray diffraction (XRD). The 20/deg

XRD pattern was shown ifrig. 3¢ and the existence of

B-TCP phase was confirmed although most of peaks fit- Fig. 3. XRD patterns on the Hap: (a) HAp sintered at 1200for 3h
ted well to the HAp phase. Furthermore, the existence [16]. (b) HAp (OAp) sintered at 1200C for 3h in N, gas and (c) HAp
of the structural OH ions was investigated by infrared ~Sntered at 1300C for 3h under a current of 40 vapor.
spectroscopy (IR). An absorption peak of structural OH
groups of HAp existed in the 3570 crh region [20-22]

as shown inFig. 4h As investigated above, it can be as-
sumed similarly as in the conclusion of the previous paper
[16], that the two kinds of peaks at approximatei0 and
130°C in the present HAp were due to the phase transi-
tion of p—TCP and 'Fhe behavior 'of structural OH groups, HAp test pieces were sintered inyNjas at 1200C for
respect'lvely. Nei(t’ ,'t was mve;ngated, on what the peak 3 h to confirm the appearance of OAp containing vacancies
appearing at-80 C is based, since there was no such peak [23], and were investigated by XRD and IR. The XRD pat-
in previous experimentg6]. Th_e peaks showed frequency tern (Fig. 3b) fitted excellent to the HAp phase without any
dependenceHig. 1). We questioned whether the internal B-TCP phasé17,26] But it was found, that the absorption

friction peak was influenced by oxyapatite containing va-
cancies on the hydroxy sites since the present HAps sintered
at 1300°C would convert partially to oxyhydroxyapatite
(OAp), Cag(PO)e(OH)2—2,O,0, (O: vacancy,x < 1),

with vacancies located on hydroxy sitgs23-25] So, the
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Fig. 2. Internal friction measured as a function of temperature and fre-

guency by the forced torsional vibration method on the FAp sintered at Fig. 4. Infrared spectrum: (a) HAp (OAp) sintered at 12a0for 3h in
1200°C for 3h in the i atmosphere. N2 gas and (b) HAp sintered at 1300 for 3 h under fluent KO vapor.
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Fig. 5. Internal friction measured as a function of temperature and fre-
guency by the forced torsional vibration method on the HAp sintered at
1200°C for 3h in \; gas.

(3570 cntl) of structural OH groups was neglectable ac-
cording to the result of IRKig. 49. Therefore we assumed
that the oxyapatite with vacancies located on hydroxy sites
to be dehydroxylated at 120C was produced after sinter-
ing in N2 gas. For the treated test specimens, internal fric-
tion was measured, and the results are shovwrign5. Only

one internal friction peak appeared only at about &pbut

627
4, Conclusion

Internal friction was measured by a forced torsional vi-
bration method at 0.1-10 Hz in the range-¢f00 to 400C
on both, HAp sintered at 130C for 3h under a flow of
H>0 vapor and FAp sintered at 1200 for 3h in the i, at-
mosphere. The results are summarized as follows: (1) Three
peaks of internal friction appeared at approximatel§0,
80 and 130C on the HAp. (2) No internal friction peak
appeared at the measured temperature range on the FAp.

References

[1] M. Jarcho, C.H. Bolen, M.B. Thomas, J. Bobick, J.F. Kay, R.H.
Doremus, J. Mater. Sci. 11 (1976) 2027.

[2] M. Akao, H. Aoki, K. Kato, J. Mater. Sci. 16 (1981) 809.

[3] M. Toriyama, S. Kawamura, S. Shiba, Yogyo-kyokaishi 95 (1987)
456.

[4] T. Yamamuro, L.L. Hench, J. Wilson (Eds.), Handbook of Bioactive
Ceramics, vol. Il, CRC Press, Boca Raton, FL, 1990, pp. 325-329,
363-372, 373-376.

[5] P.W. Brown, M. Fulmer, J. Am. Ceram. Soc. 74 (1991) 934.

[6] T. Suzuki, K. Ishigaki, M. Miyake, J. Chem. Soc. Faraday Trans. 80
(1984) 3157.

[7] J. Reicher, J.P. Binner, J. Mater. Sci. 31 (1996) 1231.

[8] S. Suzuki, T. Fujita, T. Maruyama, M. Takahashi, J. Am. Ceram.
Soc. 76 (1993) 1638.

[9] S. Suzuki, K. Itoh, M. Ohgaki, M. Ohtani, M. Ozawa, Ceram. Int.
25 (1999) 287.

showed also the frequency dependence. From the result$10] A. Tiselius, S. Hjerten, O. Levin, Arch. Biochem. Biophys. 65 (1956)

of internal friction and IR, it was guessed that the internal
friction peaks shown at-80°C in Fig. 1 were influenced
by vacancies located on OH sites in the oxyhydroxyapatite
[23,26] As the peak temperatures atL30°C (high tem-
perature peak) and at80°C (intermediate temperature)
shifted as a function of frequency, the activation ener-
gies (AH) of the relaxation behavior were obtained from
the peak temperaturel) and frequency ). The results
were ~150 kd mot? at ~130°C (high temperature peaks)
and ~120kJmot?! at ~80°C (intermediate temperature
peaks).

For the internal friction of FAp, no peak appeared as
shown inFig. 2, and rather low values of about 0.005 were

132.
[11] T. Kawasaki, M. Nikura, Y. Kobayashi, J. Chromatogr. 515 (1990)

[12] T. Kawasaki, M. Nikura, Y. Kobayashi, J. Chromatogr. 515 (1990)
125.

[13] O. Takagi, N. Kuramoto, M. Ozawa, S. Suzuki, Ceram. Int. 30 (2004)
139.

[14] H. Monma, New Ceram. 9 (1996) 9.

[15] F. Freund, Inorg. Nucl. Chem. Lett. 13 (1977) 57.

[16] S. Suzuki, K. Takahiro, M. Ozawa, Mater. Sci. Eng. B55 (1998) 68.

[17] Y. Hikichi, K. Yasuda, K. Miyazawa, K. Handa, T. Ota, J. Mater.
Sci. Jpn. 44 (1995) 899.

[18] M. Jacho, R.L. Salsbury, M.B. Thomas, R.H. Doremus, J. Mater.
Sci. 14 (1979) 142.

[19] H. Koelmans, J.J. Engelsman, P.S. Admiral, J. Phys. Chem. Solids
11 (1959) 172.

obtained in the present temperature range. A real differencejo; j.A. Bett, L.G. Christer, W. Keith Hall, J. Am. Chem. Soc. 89 (1967)

in the tendency of the internal frictions obtained with FAp
and HAp may result in a different behavior of the kon
compared to the OHion, since arrangement of the Fon
and the OH ion around the vertical axis{axis) at the cor-
ners of the apatite unit cell differ in each structure of FAp
and HAp although the difference of structure could not be
confirmed by XRD[26]. The F ion is at the center of the
triangle of Ca(2) ions, but the OHion is above this position
[26-28] Therefore, it was considered that the difference in
the positions of F and OH" ions in each structure, FAp
and HAp, had an great influence on the internal friction.

5535.

[21] D. Walsh, J.L. Kingston, B.R. Heywood, S. Mann, J. Cryst. Growth
133 (1993) 1.

[22] L. Yubao, C.P.A.T. Klein, J. Dewijin, S. Van de Meer, K.D. Groot,
J. Mater. Sci.: Mater. Med. 5 (263) (1994) 326.

[23] T. Kijima, M. Tsutsumi, J. Am. Ceram. Soc. 62 (1979) 455.

[24] M.A. Bredig, H.H. Frank, H. Fueldner, Z. Elektrochem. 39 (1933)
959.

[25] C. Trombe, G. Montel, J. Inorg. Nucl. Chem. 40 (1978) 15.

[26] J.C. Elliott, Structure and Chemistry of the Apatites and Other
Calcium Orthophosphates, Elsevier, 1994, pp.125-133, 64—70.

[27] M.I. Key, R.A. Young, A.S. Posner, Nature 204 (1964) 1050.

[28] R.A. Young, Trans. NY Acad. Sci. 31 (1969) 949.



	Internal friction of hydroxyapatite and fluorapatite
	Introduction
	Experimental procedure
	Results and discussion
	Conclusion
	References


