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Preparation of Nano-Sized Hydroxyapitite Single-Crystal Particles
by Calcined with an Anti-Sintering Agent Interposed among the Particles

M. Okada, T. Furuzono
Department of Biomedical Engincering, Advanced Medical Lngmuumg Cu.nn,r National Cardiovascular Center
Research Institute; 5-7-1 Fujishirodai, Suita, Osuka 565-8565, Japan.’ L-ma_:l okada04@rincve.gojp

Introduction
Hydroxyapatite (& 1Ap)isa ma]m Lompom,nl 01 bonc,
and teeth, and artificially synthesized HAD has been’
exte1mvely used in many fields such as biomaterials,
ion exchangers, adsorbents, and catalysts utilizing its
biocompatibility or adsorbability of many compounds.
Recently, we developed a novel inorganic/organic
nanocomposite for a perciitansous device [1]: Hexible
polymer substrates, the surface of which was modified
with caleined HAp crystals through covalent bonding.
This novel composite maintained the flexibility of
polymeric substrate and showed good tisste -
adhesiveness, because the HAp crystals existing on the
surface of the composile improved adhesion between
living cells and the composite. Throughout these
studies, FIAp was used after caleination to reduce
resolvability in living body, which caused the formation
of large agglomerates consisting of the sintered HAp-
polyerystals. Such the formation of large agglomerates
made it difficult 1o control the modification of the
polymeric substrate with FLAp crystals because the
agglomerales had poor dispersibility in the medium.
Tere we report the preparation of the HAp nano-
crystals free from the apglomerates by the calcination
with an anti-sintering agent interposed among the HAp
particles. As an nmx-cougulatxon agent, calcium
hydrox:du [Ca(OH),] was used in this study, because it
is expected that Ca(OH), does not dissolve HAp phase
- and does not melt at the calcination temperature
(8007 C), and can be washed out with water after the
caleination.
Methods
Tor the preparation of original HAp parhdc: wxlh low :
crystallinity, the modified emulsion system [2] was
used. The resulting product was centutug'ﬂ]v waehed '
_ with water, and re-dispersed in  water medium, In order
to interpose Ca(QlL), among the HAp particles, the
HAp particles was added into Ca(OH), saturated
aqueous solution (0.17 wi%) under N2 atmosphere, and
{he mixture was dried onder réduced pressure at 40°C.
The IIAp/(.d(Oﬂ)z (1/1, w/w) mixture was caleined at
800°C for 1 h in air with a heating rate of 10°C/min.
After the calcination, the mixture was centrifugally
washed with water to remove Ca(OH),.
Results and Discussion
First of all, X-ray diffraction (XRD) measurement was
carried out for the HAp ealeined at 800°C for 1'h with
Ca(OH), interposed among the crystals. After the
calcination, Ca(QH), was removed by centr ifugal
washing with water. The XRD profiles shoived highly .
crystallized HAp, and no other calcium phosphate
phases could be detected, This result indicates (hat the
heat treatment with Ca(OH); at 800°C for 1 1 did not
influenced on the erystal phase of FHAp.
From electron microscope observations, the size of
the HAp crystals was ranged from 50 nm to 100 nm,
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which was irrespective of the calcination with or
without Ca(OH),. However, the sizes of the erystals
dispersed in ethanol were quite different between the
twa kinds of the FIAp caleined with and without
Ca(OH), (Fig. 1). In the case of the calcination without
Ca(OH),, the mean size of the HAp cryslals dispersed in
ethano] was about 800 nm, which, indicates that the
HAp crystals were dispersed a8 dgglomc.ratcs consisting
of sintered polyerystals. On (he other hand, in the case
of the calcination with Ca(O),, the size of the HAp
crystals dispersed in the ethanol was almost the same as
that determined from electron micrographs shown in
Fig. 1. This result indicates that the sintering among
HAp nano-crystals could be avoided by the calcination
with Ca(OH), interposed among the crystals, followed
by removing of Ca(QOH), after the calcipation.
Conclusions. .

The calcined HAp crystals ona mnoscale were
successiully obtained by means of the caleination with
an anti-sintering agent, Ca(OH),, interposed among the
particles, followed by the removal of the agent after the
caleination, The HAp nano-crystals prepared here had
good dispersibility in media, high specific surface area,
and high crystallinity. The nano-crystals expected to be
coated on a polymer substrate without aggregation. The
preparation of nano-composite between [he nano-
erystals and a polvmt,r substrate will be also prbSLniLd

60 -

Diameter (nm)

Fig. 1 Size distributions of HAp particles calcinated
at 800°C for 1 h with () and without Ca(OH),
(HAP/Ca(OH), = 1/1 wiw) interposed among the -
HAp particles. Ca(OH),; was u,nllil‘ugal]v washed
with waler after the caleination. The size distribution
was measure in ethano!l as a medium.
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4. HAp =& % PET EEOWBITIEL AL Fig. . A. TEM photograph of HAp
nanocrystals covalently. coated on a

HEINEWI &b, polyMPTS oL :
jHﬁﬂﬁﬁTﬁ%ﬁb%ﬁé:&%ﬁ%é poly(MPTS)-grafted PET fabric
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Coating on polyester fabrics with nano-sized crystals of calcined hydroxyapatite
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Fabrication of the high-strength porous B-tricaleium phosphate ceramics and their evaluations /OM. Ito, T. Umezawa, N, Kurizoe, and K. Imura (Toshiba
Ceramics Co., Lid.) / We have successfully fabricated the high-strength porous HAp cersmics which have & 3D-interconnected porous structure by the unique
“foan-gel” forming technique. Tricalcium phosphate (Cay(PO.), ; TCP) have been applied as bioinaterials for bone grafi substitutes. However, it’s necessary to
improve the mechanical properties. In order to enhance the mechanical properties of the porous TCP ceramics, we tried to apply the unique “foam-gel” forming
technique. We concluded that this technique is effective to the enhancement of the mechanical properties of the porous TCP ceramics.

4% : E-mail madoka_ito@tocera.co.jp
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A study of the interaction between apatite nanocrystals and various functionalized substrates / OK. Furukawa, Y. Kawahara (Kyoto Institute of
Technology); T. Serizawa (RCAST, The University of Tokyo); M. Okada,T. Furuzono (National Cardiovascular Center Research Institute) / The
adsorption behavior of hydroxyapatite nanocrystals onto a model substrate was investigated using a quartz crystal microbalance (QCM) technique.
Self-assembled monolayers (SAMs) of alkanethiol having NHz, CH;, COO" and terminal groups were formed on a QCM substrate via sulfur attachment.
The frequency shift of QCM increased in the following order: NH, > CH; > COO". It can be said that HAp nanocrystals had Ca® ions on their surface,
therefore the negatively charged groups (COO") induced the adsorption of HAp nanocrystals as compared with the positively charged groups (NH,).
This study on adsorption behavior will be applied to the control of the surface morphology of hydroxyapatite/polymer composite.

945 : E-mail furuzono@ri.neve.go,jp ‘

EE] /~ FaXd 7884 b (HAp) REGRMEIENRS Z Lp SERME L UUERIKERTH D25, B BV Vi SR EIcy
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AT Lo HAp 7/ BB 2EEL LFREAMHEOMELT o TEL, WEREZHHNTIZ LT, ENOBNERERIFLL

¥, RECHFETS HAp KX A EERAMER ST LATheL 25, AWRTIL HAp BAKEREIC B 2 REREERERATD
SEREME L, HEIRKRE~D HAp T/ BROBRE « HEBEHOMIFEIT oI - e y

() R AL LTV EAEERER 3 EOEHFEHE (NH, CH, C00™) nBEE A

WALESFIE (Self-Assembled Monolayer, SAM) 2k & €7, RERREICwy FIKHAp T/ Ccoo
EREPRE XY, TOBORFLDEKRBIREDTF <A 7 2/35 R (Quartz Crystal Microbalance, & N
QCM) ZAVTHRF L7z, %k, HAp LILEHETHLEELDNDTA I YAVEESTT L o CH,
A SW T EIRKRE~ HAp 7/ BB %A &8 RFHHERMSE (Atomic Force Microscopy, AFM) Jg, 10007

&RV T HAp— ZARR O &332 570 L 7, g

(BRI LUESR) Fig 1| WKRLELD IS, Hap T/ BSBOMMBEEERS LURERE NH, & R
CHy, COO™ DRI LTz, =hiE, HAp RED IS Y AL A4 k2T HAp 7/ SRASE //:;
BRICHELTWAED, AEHEEOCRVERRMICRE LT hofzlcdbExbhd, — or 1
F B A2V CH R EBH T 5 N RE~ORFREMIE s b BX bhd, ¥k, 0 1000 2000

AFM # T HAp"E#ﬁFmﬂwﬁTﬁ'S%me%?ﬂﬂﬁ LieéZ A, Bl HAp 2R &7 bdICk~, Adsorpliontime {s)
Fig. | Relationships between odsorption fimes in

(LA ATk DA ST b ML ER R L, BUEOREN b, HAYES FH AT H L s e e o hyirosyamaiit

WD HAp 7+ / f5dDig & IRkEE BEHNET 22 00EELfEBELNE, nanocrystals adsorbed on QCM substrate having
. different functional groups: NHy; CHy; COO”
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