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Abstract

Nanosize particles of calcium phosphate were prepared by a new technique based on matrix mediated control of growth and m
using polymer blends. The particle size could be reduced down to the order of 10 nm at a certain composition of the blen
particles were stabilized and could be handled easily due to the polymer matrix surrounding them. Their crystal structure and
confirmed by X-ray diffraction and electron microsco®.2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction oxide in desired proportions was prepared in methan
This complex was then blended by mixing it with amo
The matrix-mediated control of growth and morphology phous polymer such as polyvinyl acetate (PVAc) soluti
has drawn considerable attention among various groups of(dissolved in methanol) after which it was allowed to sta
researchers since it offers a new route to material lize over a period of 10 h. The composition of the blend w.
synthesis [1-4]. Amongst the various methods which have varied from 20 to 80% PVAc in PEO/PVAc blends. A
been established for the synthesis of nanosize particles, theappropriate stoichiometric amount of trisodium phosph
sol—gel technique has been studied extensively [5—7].in distilled water was added to the blended complex slo
However, this method is cumbersome to use and difficult without stirring. The whole mixture was allowed to digest
to apply to all types of materials which can range from room temperature for 20 h when both the chloride a
oxides, ceramics, etc to organic compounds which are phosphate ions diffused through the PEO and forme
desired in nanoparticulate form. Different types of materials white gel like precipitate, which was filtered, washed a
such as CaC§ CuCh, K,CO;, CdS, CaSQ etc. have been  dried. The crystal structure and particle size were inve
prepared in situ within a polymer matrix such as polyethy- gated by X-ray diffraction (XRD) and transmission electr
lene oxide (PEO) which modified or controlled the morphol- microscopy (TEM) techniques in the same manner
ogy, crystalline phase, orientation and growth habit of these reported elsewhere [17,18].
compounds [8-11]. In the present work, we have exploited
this method by using blending technique to prepare nanosize
particles of calcium phosphate that gave better control on 3. Results and discussion
the particle size. Such nanosize fillers are important in
making nanocomposites with thermoplastics and offer  gjg 1 shows the XRD scans for calcium phosph
exceptionally high gas barrier properties, —optical gynthesized in PEO alone (curves B—F representing incr
transparency, thermal stability and stiffness [12—-16]. ing level of polymer) and that prepared without any polym
(curve A). The XRD scans were recorded on a Philips (P
1730) model using CuK radiation with 3-Ni filter (A =
2. Experimental 1.542A) at a scan rate oPAnin. Amongst the large numbe
of crystalline forms that have been reported for calciu
The nanosized calcium phosphate filler particles were phosphate (in both anhydrous and hydrated states) the
synthesized using in situ deposition technique as follows. rial prepared without PEO (curve A) appears to
First, a complex of calcium chloride with polyethylene composed of a mixed phase of calcium orthophosph
dihydrate (major phase) anf-calcium orthophosphate
* Corresponding author. (minor phase). In the presence of PEO, (curves B-F
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Fig. 1. XRD scans for calcium phosphate synthesized in PEO alone (curves B—F). Representing increasing level of polymer and that prepared without any
polymer (curve A).
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Fig. 2. XRD scans for calcium phosphate synthesized in PEO/PVAc blends. Curve A corresponds to that prepared in PEO only, while curves B—E corresponc
to PEO/PVAc blend with PVAc concentration of 80, 60, 40 and 20%, respectively.
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Table 1 by arrow in Figs. 1 and 2 até= 315° using Scherrer’'s
Particle size of calcium phosphate obtained by blend technique formula [19 20] and the results are given in Table 1. It cé
Composition Crystallite sizeL{ in nm? be surmised that the calcium phosphate prepared with

any polymer has an average particle size of 83 nm wh
PEO (0%) 83 the presence of PEO causes lowering of the particle s
gngEﬁg gggg; 15 (12 nm). This gets further reduced to few nanomete
PEO-PVAC (60:40) 8 level in the case o_f plends. This reduction in size can
PEO:PVAC (40:60) 8 as low as 7 nm. This is because the PEO/G#&Jimmisci-
PEO:PVAcC (20:80) 7 ble with PVAc and as composition becomes PVACc rich, th
domain size of the dispersed phase (PEO complex) is v
small. The calcium phosphate formation during subsequi
reaction is then restricted within such domains leading
drastic change in the diffraction patterns is observed with a drastic reduction in their particle size.
number of peaks suppressed compared to curve A. The Fig. 3a shows the TEM micrograph of calcium phospha
detailed analysis of the various peaks shows the exclusivecrystals in PEO/PVAc (60/40) blend and Fig.3b represet
formation off-calcium orthophosphate. Itis also interesting the selected area electron diffraction pattern recorded at
to note that with the increase of PEO concentration (curves accelerated voltage of 100 kV. The sample shows an av
B-F), the XRD peaks broaden suggesting a decrease in theage particle size of less than 10 nm. Higher magnificatio
particle size. The strong influence of the polymer matrix on were attempted but the images were unstable and diffus
the structure and growth behavior of calcium phosphate due to the damage of the polymer matrix caused by hi
crystals is clearly seen in these data. Since calcium chlorideaccelerated electron beam voltage impinging on the sat
is first complexed with PEO, the calcium atoms are strongly The detailed analysis of selected area diffraction resu
held within the polymer chains. The growth of subsequent revealsp-calcium orthophosphate having monoclinic crys
formation of calcium phosphate crystals is therefore restricted talline structure, which is in good agreement with th
to only certain crystalline phase as compared to large numberstructure obtained from the XRD data. There is son
of phases developed in normal solution precipitation. aggregation of the particles seen which can be during 1
The most outstanding feature of the present work can be precipitation process when the polymer itself forms agglor
observed in Fig. 2, which shows the XRD scans for calcium erates otherwise the particles are well dispersed. Thi
phosphate synthesized in PEO/PVACc blends. Curve A corre-results are consistent with the result described above
sponds to that prepared in PEO only while curves B—E XRD data.
represent PEO/PVAc blend with PVAc concentration of
80, 60, 40 and 20%, respectively. The formation of exclu-
sively single phase of-calcium orthophosphate is seen 4. Conclusions
even in this case. The change in composition of the blend
reflected on the peak broadening and hence particle size of The present work demonstrates that nanoparticles
the inorganic product formed in the matrix. calcium phosphate can be synthesized by a novel ro
The particle/crystallite size was estimated from the using the blend technique. This method is quite differe
full-width at half-maxima of the XRD peak (marked from that currently used by few groups working on polyme

2 Determined from Scherrer’s formula.
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Fig. 3. (a) TEM micrograph of calcium phosphate crystals in PEO/PVAc (60/40) blend (the arrows indicate the particles). (b) The selected area
diffraction pattern recorded at an accelerated voltage of 100 kV.
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nanocomposites wherein exfoliation of clay particles during [3] Godovski D, Yu . Adv Polym Sci 1999;119:79.

polymerization is used for reduction of the particle size. In E_)‘} gﬁgin\i("’l;;ﬁ%”g‘g: nigl\j’zgz(f:gﬁ-l_lﬂs

the presen_t Case_ the_ partm!g size, shape, crystalline p,hase[ﬁ] Sanche,z C, Babé)nneau F, Banse F,vDo-euff-B-arboux S, In M, Ribot F.
and the dispersion is stabilized and controlled by using Mater Sci Forum 1994:152(5):313.

polymer blends as growth media. It is also much simpler [7] carrado KA, Xu L. Chem Mater 1998;10(5):1440.

than the conventional sol—gel technique used for inorganic [8] Radhakrishnan S. J Cryst Growth 1994;141:437.

materials in which first the metal ions are entrapped/reacted [1[5(’)]] Ezﬂgzﬁzgﬂ;‘] 2 Js g}fzﬁtz?;ﬁ“ﬁ%19§3élri3\;tlh9iégz_116_378
with gel formln_g siloxane and then furth.er treated so ?S to [11] Saujanya C, Radﬁakrishnan S J Mr)e/lter Sci 1998;33’:106'3. .
form nanoparticles. The present technique can provide ay13] smoug D. Mod Plast 1998:2:28.

simple method for generation of particles of other inorganic [13] Kurokawa Y, Yasudo H, Kashiwagi M, Oyo A. J Mater Sci Lett
fillers as well, which may be useful in nanocomposites. The 1997;16(20):1670.

application of these particles in forming thermoplastic nano- [14] Yano K, Usuki A, Yurauchi T, Kamigaito O. J Polym Sci Part A:
composites is an important area of research. Further studies, Polym Chem 1993,31:2493.

. . . . . . . . Messersmith PB, Giannelis EP. J Polym Sci Part A: Polym Chem
in this direction are being carried out which will be 1995:33:1047. y Y

published soon in the near future. [16] Kawasumi M, Hasegawa N, Kato M, Usuki A, Okada A. Macro-
molecules 1997;30:6333.
[17] Radhakrishnan S, Khedkar SP. Synth Met 1996;79:219.
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