This article was downloaded by:

On: 29 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

=
| 4
K

s ey ) s g

VT e Y S

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

S-:!-‘!f“rs and http://www.informaworld.com/smpp/title~content=t713618290
Silicon
and the Helated Elements
| Calcium Phosphates of Hydroxylapatite Structure
E:EE:EE‘:’. i A. S. Dykman O. E. Batelin®; N. V. Abramov? N. V. Evgrashin®

J ! 2 NPO Lenneftekhim, St. Petersburg, Russia

To cite this Article Dykman, A. S., Batelin, O. E., Abramov, N. V. and Evgrashin, N. V.(1993) 'Calcium Phosphates of
Hydroxylapatite Structure', Phosphorus, Sulfur, and Silicon and the Related Elements, 76: 1, 195 — 198

To link to this Article: DOI: 10.1080/10426509308032392
URL: http://dx.doi.org/10.1080/10426509308032392

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformaworld.coniterns-and-conditions-of-access. pdf

This article nmay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or nmake any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clains, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509308032392
http://www.informaworld.com/terms-and-conditions-of-access.pdf

13: 42 29 January 2011

Downl oaded At:

Phosphorus, Sulfur, and Silicon, 1993, Vol. 76, pp. 195-198 © 1993 Gordon and Breach Science Publishers S.A.
Reprints available directly from the publisher Printed in the United States of America
Photocopying permitted by license only

CALCIUM PHOSPHATES OF HYDROXYLAPATLITE STRUCTURE

A.5. Dykman, O.E. Batalin, N.V. Abramov , and N.V.

Evgrashin
NP0 Lenneftekhim, Zheleznodorozhny Pr. 40,
5t .Peterabury, Ruasaia

In the Ca0-Piz0x-Hi0 ayatem it may be aeparated cryatalline
precipitate which givea X-ray photographs correaponding to
atoichiometric calcium hydroxylapatite {(SCHA) but differa
from it by compoaition. CalO/Pg0. mole ratio of thoae
compounds variea in the range from 2.66 to 3.34 whereaa that
of SCHA ia 3.34.

Apatite-like calcium phosphates (ALCP) are asubjecta of
many inveatigationa. Their structures and compositiona were
for a long time pointa of diacuasiona. For thia reaason, we
have carried out & comparative analyais of exiating ideaa
concerning ALCP.

Many worksa were dedicated to the invesatigation of ALCP
with Ca0/Pgz0s of 3.0 which is moat frequently met with and,
according to classic chemiatry laws, ahould have the
compoaition Cax(PO4)a. The preaence of water in compoesition
of this compound as well as the resemblance of X-ray
photographa of it and of SCHA allowed to aasume that the
above compound waa tricalciumphoaphate hydrate (TCPH),
iaomorphous to SCHA. Some investigators auggested to uase asa
a criterion of TCPH distinction from SCHA different thermal
atability of theae compoundsa: it waa shown that at
temperaturea above 700°C, TCPH turned into (-Cax(PO4)a
whereaa SCHA did not change under thia conditions and begins
to destruct only at temperaturea above 3S00°C. It wasa,
however, imposaible to explain with help of thia theory the
presence of a great amount of pyrophoaphates, which were
tfound in the sample of TCPH calcined at 400-600°C. For thisa
reaason, it waa assumed the presence of HPO.~® groups in the
above aubatance casating doubt on the TCPH exiatence as an
individual compound.

A nunmber of inveatigators attempted to deacribe ALCP
with the aid of adaorption theory according to which SCHA
aorba on its surface HPOL%~ ilona which resulta in & decrease
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in Cal/Pi0s=. From this point of view, ALCP’a with Cal/PaOws
above 3.34 are treated az SCHA’4 with asurface-aorbed calcium
iona. It waa, however, sahown that apecific aurface area
which had ALCP wae insufficient to "quarter" that amount of
HPOL% jona which waa necesmaary to decrease Cal/Pgi0. from
3.34 to correaponding valuea for each aample.

Resulta of the inveatigation carried out by us witnesas
that ALCP’= have extreme ability to absorb calcium ions. So,
ALCP aynthesis has been carried out by meansa of pouring
together asoclutionas of calcium chloride and triammonium
phoaphate under conditiona atirring of the forming
sugapenaion. Cal0/Pi0~ in reagents was 5.0, auspension pl was
9.0-9.2. The precipitate obtained waa separated from
suspenaion, waahed up to chlorine iona disappearance and
dried. Cal/Pu0O= in the ALCP wasa 3.03. The aanple obtained
had Ca0/Pz0= only 3.04 if using the proposed ayntheaia
procedure to add calcium chloride suapenaion in auch amount
to reach Cal/Pi0x ratio 40. (Table 1) Thusa, alteration of
Cal/Pz0= can be asaocciated with adasorption of calcium or
phoaphate ione on the ALCP surfacea only in very narrow
range of these ratios.

TABLE 1 Conditiona of apastite-like calcium phoaphate
3
{ALCP) preparation procesa and it’a physaical-
chemical characteriatica.

ALCP preparation conditiona ALCP samplea characteriastica

Cal0/Pu0w Cal/Pi0.s Susp. Cal/Pz0s Specific Phaae
in reagente in auap. pH in ALCP area,m¥/g compos.
5.0 5.0 9.0-9.2 3.03 &1 SCHA
5.0 40,0 5.0-95.2 3.04 &4 SCHA

ALCP preparation proceas temperature ia 20°C

To explain the exiatence of ALCP’s with different
Cal0/Pi0x, it was proposed that ALCP’a are mixturea of SCHA
with acidic phoaphatea, e.g. Ca({HaPO,)a*Hz0, CaHPOL*2H:0 or
occtacalcium phoaphatea. However, difference in the main
conditiona of SCHA and acidic phoaphatea preparation as well
aa the fact that this phoaphatea were not found by known
analytical methoda aa individual compounds, which called
their presence in ALCP in queation.

From other point of view, the model auggested by
A.S5.Poaner is now the moat reliable one. He poatulated the
existence of compounde having SCHA lattice in certain places
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of which the atatiatical abgence of calcium iona takea
place; other iona, e.g. hydrogen onea can be subatituted for
abaent iona to preaserve electrical neutrality. The calcium
exceas of ALCP with Cal/Pi0Ow- > 3.34 may be randomly
diatributed throughout the structure aa Cal for example.
Such phosphatea it wae proposed to be named calcium
deficient hydroxylapatitea (CDHA).

According to data obtained, CDHA composition can be
deacribed by formula Ca,e-nMa,. (POLIg{0H); (I), where M is
univalent cation (H+* or Na*).

Based on Poaner’s theory, one caen explain alterations
of CDHA during calcination. Below 600°C the formation of
Pz0-“" takea place in the CDHA structure (Reaction 1). At
temperaturea above 600~C f$-Caxz{(P04)s appearsa which ia
acconpanied by a decresae in pyrophoaphate content and the
hydroxylapatite structure deatruction; thiga ia connected
with interaction of structure hydroxyl groups with PaU*-
iona (reaction 2).

T<600°C
ZHPO, & —mme e m - — > PaQs=— +HgU 1l

PiO»4~ + HgQ ---=-=-=-=- » 2P04% +HzO (ED

The queation concerning the formula deacribing CDHA
compoaition waa widely discusased. The starting point for the
formula determination having been HPOL¥ content in the
aample. So, L.Winand .. found that only & halif of the
number of HPO,%~ which could predict on the basis of formula
(1) waa in CDHA aamplea. Baaed on thoae results, Winand
assuned that is in the caase of the asbsence of calcium ion in
the hydroxylapatite lattice one, hydroxyl ion "went away™ and
one hydrogen ion "came" to retain the charge balance. So,
L.Winand auggested that CDHA deacribed with the formulae:
CaioemnHu (POL) g (OH) &we (II), where Osxs2.

In Posner’a opinion, compoasitiona of undried CDHA
precipitates are described by formulae (I) and a halt of
hydrogen iona reacta during the proceas of drying with
atructure hydroxyla yielding "x" molea of water (Reaction
33

100-120°C
Ca;.:,._,‘H.,—.m(PO‘,);(OH)Q """""""" b4
—————— > CasomnHu(POL)@(OH) g + xHzO (33
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To determine true compositions of undried ChHA a, we
propoaed to prepare the sample of calcium deficient
chloroapatite (CDCLA) (Sample Il). There can be no doubt
that reaction (3) cannot proceed during COCLA sample drying.
Therefore, in the case of the trustworthiness of formula (1
for “wet precipitates', one mnuast found in CDCLA twice aa
many HPO.%~ groups as compared with CDHA. The analysias of
calecinated samples I and 11 shown the same content of
pyrophoaphates in them which proved the truatworthinegs of
formula II rather than of formula [. <(Table 2

TABLE 2 Physical-chemical properties of calciunm
phoaphatea.
Sanple Sample Caliirghs Content of  Calculateo Fhase Furcticnal groups (1R cata)
caleirabion molar phosphorus  covent of comnsit oy
conditions ratic in congerced phosphorus tn  (A-ray data) Foiy- and  Structure
form, % of condences forw s Folls  meta-  nydroxyi
total F % of tatal B phosphates
1 Noncalcirea 258 - - i + - - +
ii Nevicaicined .98 - - HR + - - +
i 33 258 16,3 LT ikt - + + +
i B ors &3 if.e 1.7 S - + + +
H a006°L 300 4,5 - fi~Caglklala - - - -
il & hrs 2. 9% 15.4 - i - + + -

HA - calcium hydroxylapatite
= - amall amount of -Cax(Pl4)a

The data obtained can be uvsed for purposeful search for
highly efficient catalyestas for petrochemical procesaea.



