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Abstract

Extremely low frequency electromagnetic ®elds
(EM-ELF) of 3mT and 1300Hz in frequency were
applied during spontaneous precipitation processes
of calcium phosphates mixtures from their super-
saturated aqueous solutions of calcium chloride and
sodium phosphates. At the temperature of 37� C and
at an aqueous solution with pH 7.4, for any total
precipitation time ranging between 15min and 5 h,
the precipitated solid phase is formed by octacalcium
phosphate (OCP) and by non-stoichiometric hydro-
xyapatite (ns-OHAp). The EM-ELF forces do not
produce any e�ect in changing the chemical compo-
sition of the precipitated mixture. For any pre-
cipitation time the powders obtained under the action
of the EM-ELF ®elds are characterised by a speci®c
surface area values which are lower then the ones
corresponding to samples obtained without EM-ELF
applied by a percentage ranging between 18 and
36%. The crystallites sizes of both samples range
between 10 and 20 nm, but the EM-ELF samples are
characterised by an average crystallites size which is
about the 40% bigger than that of one concerning
the specimen precipitated without any EM-ELF
applied. Experimental evidences are given to support
the hypothesis that the action of the EM-ELF ®elds
is active at the beginning of the precipitation process
when the calcium phosphate particles are still in a
colloidal-like status. Critical discussions, based on a
theory that the authors previously described, estab-
lish that the dimension of the particles on which the
applied exogenous ®eld can have an e�ect is of the
order of 0.1 nm. # 1999 Elsevier Science Limited.
All rights reserved
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1 Introduction

In our previous publication,1 dealing with the e�ect
of the low frequency electromagnetic ®eld (EM-
ELF) on crystal growth from solutions, we made a
survey of experimental and theoretical data that
allow to explain the action of weak electromagnetic
forces on the microstructure of precipitates pow-
ders like barium oxalate2 and calcium carbonate.3

In those precipitation processes the nucleation step
was followed by a crystal growth stage that ulti-
mately yields to a precipitated phase with a unique
crystalline habit and/or to a mixture of powders
with di�erent crystalline phases, but with equal
chemical nature. It is interesting to explore whether
or not there is any e�ect of the applied exogenous
EM-ELF ®eld on the microstructure of the pre-
cipitating mixture formed by powders with di�er-
ent crystalline phases and with di�erent chemical
nature. This is a rather attractive class of reactions,
which include the production of powders used as
raw materials for humidity ceramic sensors,4 as
well as for bioceramics.5

In this paper we will investigate primarily if
extremely low frequency electromagnetic ®eld of
3mT and 1300Hz will have any e�ect on the
microstructure features of precipitated powders
formed by a mixture of octacalcium phosphates
(OCP) and nonstoichiometric hydroxyapatite (ns-
OHAp) obtained from a spontaneous precipitation
process.6±8

Preliminary results on this precipitation process
have been already obtained.1,9 In this paper we
complete the previous studies in order to achieve
a better knowledge of this complex process. In
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particular, the spontaneous precipitation process
used as the reference6±8 will be explored to clarify
the chemical composition of the precipitated powders
and their microstructure at the nanometric level.
Furthermore, on the grounds of the model pro-

posed to explain the e�ects of the EM-ELF ®elds1

on the crystal growth, the relationship between the
size of the dispersed particles and the probability
that on such particles the electromagnetic forces
being active will be investigated.
The precipitated system is one of biological

interest9,10 and thus the results of the e�ect of the
EM-ELF ®elds on such a system can yield infor-
mation potentially useful for the biomineralization
processes.11±18

2 Materials and Experimentals Procedure

2.1 EM-ELF apparatus
The experimental apparatus used for the precipita-
tion processes reported in this work is a modi®ed
version of that already described in our previous
publications.2 Basically this instrument (see Fig. 1)
is designed to carry on simultaneously precipita-
tion processes in two symmetrical beakers respec-
tively exposed (active, B6�0) and not exposed
(passive, B=0) to the EM-ELF ®eld. Since the
solution is static (i.e. its barycentric rate is equal to
zero) as a source for the electromagnetic ®eld an
alternating current ¯owing in Helmoltz coils was
chosen. A ®rst source of experimental errors, which
can be introduced by these instruments, is the
extra-thermal e�ect in the systems, due to the elec-
tric current ¯owing into coils. To avoid this incon-
venience the same liquid solutions have been poured
into two vessels placed midway into two coils. On
the active coils side (Helmoltz), the alternating
current generated by a power ampli®er (driven by a

sinusoidal signal generator with a frequency of
1300Hz) ¯ows, to produce a preselected constant a.c.
magnetic ®eld B superimposed to the earth's ®eld (in
our case 3mT). On the passive coils side (Dummy)
wires of the same diameter and loop as utilised for
the active side have been used, but the loop wind-
ing has been such as to generate an internal B ®eld
equal to zero. Accordingly, if any extrathermal
e�ect due to the ¯ow of the electric current is pro-
duced, this is equal for both experiments carrying
on with and without ELF applied ®eld.

2.2 Precipitation method
Reagent grade materials were used throughout the
experiments. The precipitation tests were per-
formed with and without EM-ELF ®elds applied
accordingly to the following procedure. Super-
saturated solution obtained mixing 225ml of cal-
cium chloride (0.04M), 225ml of Na2HPO4

(0.036M) and 300ml of distilled water at 37�C and
at a pH equal to 7.46±8 were placed in a water-
thermostat double walled vessel. At the beginning
of the precipitation process the solution pH
showed a tendency to decrease, thus to keep it at a
constant value the required amount of tris-idrox-
ymethyl-aminomethane, which exerts a bu�ering
e�ect, was introduced.19 Calomel-glass electrode
was used to measure the solution pH, before and
after each experiment the electrode systems were
standardised. In the course of the precipitation
process the observed experimental ¯uctuations of
the pH value do not exceed the sensitivity of the
instrument equal to �0.01. The solutions were
stirred with a glass stirrer at about 300 rpm, and
CO2 free nitrogen gas was bubbled through the
vessels to exclude carbon dioxide. The total pre-
cipitation time was set di�erent for each precipita-
tion process. The values selected were 15, 60, 120
and 300min. Control of the liquid phase with the
precipitating agent showed that the precipitation
reactions were complete within 5min. The
obtained precipitates were ®rst ®ltered through
Millipore cellulose ®lters of 0.45�m pore size and
washed with cold water until free from chloride
within an operation time of about 30 min. Then
they were dried in vacuum at room temperature for
a total time of about 3 days and kept in a dessi-
cator for further analysis. To estimate experimen-
tally all possible source of errors that can occur in
these precipitation processes and in the subsequent
washing and drying procedures, each experiment
was repeated twice and the surface area values of
the products obtained under the same experimental
conditions were evaluated (see below). The max-
imum di�erence in these measurements was
assumed as the error intrinsically related to the
incertitude of the adopted experimental methods.

Fig. 1. Experimental apparatus with Helmoltz/Dummy-coils
source.
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2.3 Precipitate phases analysis
To investigate the microstructure of the precipitate
phases from the level of the nanometric scale to that
of the micrometric one, SEM observations and N2-
adsorption±desorption isotherms at ÿ195�C20 were
made for all the prepared samples. For SEM
observations, in the range of magni®cation
between 103 and 200�103, 20 nm of gold21 was
evaporated on the powder samples and then placed
into the high vacuum SEM chamber using an
accelerating voltage of 20KV.
N2-adsorption±desorption isotherms were car-

ried-out in a symmetrical thermogravimetric appara-
tus with sensitivity equal to 10ÿ6 g and in controlled
gaseous environment conditions. Experimental
details of this apparatus have been described else-
where.20 From these measurements, applications of
BET theory22 allow to obtain sample speci®c area
value, while analysis on the entire adsorption and
desorption cycle23 yields values of the sample por-
osity and of the pore size distribution within the
pores range equal to about 1±50 nm. Agglomera-
tion of powders, eventually due to their manipula-
tion from the ®ltration step to the N2-adsorption
one, do not in¯uence the measurements of speci®c
surface as well as the sample porosity and the pore
size distribution for the following reasons. First the
N2 molecules have an average radius of about
0.4 nm,23 while the possible agglomeration phe-
nomena are e�ective at the micrometric scale, thus
the nitrogen molecules are insensitive to what hap-
pens on the sample macroscale.24 Secondly the
investigated samples are characterised by surface
area value of the order of 100 m2 gÿ1; any variation
in particle agglomerate size, ranging in the microns
level, is included in the usual experimental error
assumed to be equal to �5% of the surface area
measured.22 To investigate the chemical nature of
the produced solid products, thermal analysis (TG)
and di�erential scanning calorimetric (DSC)25 were
coupled with XRD measurements and energy dis-
perse spectroscopy technique (EDS). For the EDS
experiments the powders were pressed into small
cylindrical pellets in a stainless-steel die at an
applied pressure of about 350MPa for 3min. Each
pellet was about 6mm in diameter and 2mm in
length. The pellets were coated in vacuum with
about 5 nm of carbon. Accelerating voltage was set
at 15 keV and spot size at 4�m. The collected
spectra were compared with those obtained from
certi®ed natural apatite. Composition was based
on an average calculated from at least ®ve analyses
carried out on a surface of about 30mm2. For the
TG and the DSC measurements about 20mg of
sample were placed in a platinum crucible inside a
thermobalance that allows to obtain simulta-
neously the TG and the DSC traces. The samples

were heated at a rate of 10�C minÿ1 in dry air
atmosphere up to the temperature of 950�C. Kao-
lin powders (100 mesh) were used as a reference
system.25 When phase transformations were recor-
ded by the DSC traces, for a number of experi-
ments, cycling between the observed peak of
temperature (450±700�C) were made to test the
reversibility and/or irreversibility of the transfor-
mation. Before and after each observed thermal
e�ects, powders X-ray di�raction (XRD) analysis
were carried out to evaluate the crystalline phases
composition. For all XRD measurements, both
on the heated and the precipitated samples, the
extra-ray source was provided by CoK� radiation
using a Fe ®lter, with an applied voltage of 40 kV,
an intensity current of 20mA, a CPS range of
4�102, a scan speed of 1� 2� minÿ1 and a scan
range between 10 and 60�.

3 Results and Discussion

3.1 Spontaneous precipitation processes
Figure 2 illustrates XRD di�raction patterns con-
cerning the precipitated powders obtained for a
total precipitation time respectively equal to 15min
(line a), 60min (line b) and 120min (line c). The
JCPDS stick patterns26 concerning the OHAp and
OCP crystalline phases have been reported for sake
of comparison with our products. It is possible to
observe that increasing the total precipitation per-
iod of time does not change the position of the
di�raction peaks, but it increases the area of the
peaks de®ned by 2� value ranging between 36 and
40�. The obtained XRD di�raction patterns are
di�erent from the ones corresponding to high pur-
ity OHAp and OCP phases (see bottom and top of
Fig. 2), as well as they are too di�erent from the
XRD traces of other single calcium phosphates
phases reported in JCPDS tables.26 This spectra
might be ascribed to poor crystalline OHAp, but,
as the EDS analysis is showing, the average Ca/P
ratio for the obtained precipitate powders is equal

Fig. 2. XRD di�raction patterns of precipitated powders
obtained for di�erent total precipitation time (line a=15min,

line b=60min, line c=120min).
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to 1.49�0.01, very far indeed from the value
expected for any kind of hydroxyapatite.16 Very
reasonably these powders are formed by a mixture
of calcium phosphates.
To establish the chemical composition of the

precipitated mixtures a number of techniques can
be used,27 in the following, we illustrate the results
obtained by a combination of thermal analysis,
XRD and EDS techniques.
Figure 3 gives the thermogravimetric analysis

(TG) and the simultaneous di�erential scanning
calorimetric (DSC) for a typical precipitated sam-
ple in the temperature range between 100 and
950�C with a heating rate equal to 10�C minÿ1 and
in dry air atmosphere. The samples were dried
before the heating treatment, so that no weight loss
was recorded before 100�C. Even if the detailed
interpretation of the thermal decomposition phe-
nomena illustrated in Fig. 3 is a rather complex
matter,16 for our purpose the following considera-
tions are easily to be derived. At 650�C, after the
irreversible exothermic transformation (point A
in Fig. 3), the XRD analysis on the heated solid-
products (see Fig. 4, line a) showed the presence of
the phases ns-OHAp and �-TCP At the end of the
thermal decomposition, 850�C, the observed XRD
solid composition is only made by �-TCP (Fig. 4,
line b).
The total weight loss, taking into account all

source of experimental errors, is equal to
6.7�0.1%. Partitioning of this weight loss between
the two reactions:

2Ca8H2�PO4�65H2O�Ca3�PO4�2�Ca2P2O7�6H2O

�W � ÿ10�99%

�1�

and:

Ca5�PO4�3OH � Ca3�PO4�2 � CaO�H2O

�W � ÿ1�79%
�2�

yields to the result that the composition of the
initial mixture is made by 44% of ns-OHAp and by
56% of OCP. If so the predicted Ca/P ratio would
be equal to 1.48. The EDS experimental data show
that the Ca/P ratio is equal to 1.49�0.01 in quite
good agreement with the one predicted by eqns (1)
and (2).
Thus on the basis of the above reported results

we can conclude that the precipitated mixtures
obtained from the spontaneous precipitation process
here illustrated, are formed by OCP and ns±
OHAp. These results are in agreement with pre-
vious studies already published and concerning the

case where the solution is unstable with respect to
all the phases in the near neutral or alkaline part of
the Ca(OH)2±H3PO4±H2O phase diagram.16

3.2 E�ect of the EM±ELF ®elds
A ®rst question to be addressed is that concerning
the e�ect of the applied EM-ELF ®eld on the che-
mical nature of the precipitated powders. For the
sake of simplicity let us name with EM-OCP/
OHAp, the samples that have been exposed to the
electromagnetic ®eld and with OCP/OHAp the
mixtures not exposed but obtained under the same
experimental precipitation conditions. EDS mea-
surements show that the average Ca/P ratio value
is equal to 1.48�0.01 for the EM-OCP/OHAp
mixtures and to 1.49�0.01 for the OCP/OHAp
ones. The di�erence between the two average
values is not signi®cant because the maximum
experimental scattering established within each set
of measurements has been turned-out equal to
0.02. In the temperature range 100±950�C, ther-
mogravimetric experiments on this set of pre-
cipitate powders yield a total weight loss equal to
the 6.5�0.1 and to 6.7�0.1% in weight, respec-
tively, for the EM mixtures and for the other ones.
From the above reported EDS-Ca/P data, the

Fig. 3. DSC and TGA curves of precipitated powders. Heat-
ing rate=10K minÿ1 in dry air atmosphere. Point A (973K)

represents the adopted temperature for heat treatment.

Fig. 4. XRD di�raction patterns of precipitated powders after
annealing at 973K (line a) and at 1123K (line b) in dry air

atmosphere.
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amount of OCP product appears to be equal to
51% in the EM-OCP/OHAp powders, and 55% in
the OCP/OHAp one. The di�erence between these
percentage values has no experimental meaning.
Indeed if one assumes that the usual thermo-
balance error is of the order of 2%, the error in the
Ca/P ratio appears to be greater than 4%. Sum-
ming up all these observations it seems reasonable
to conclude that the applied weak electromagnetic
®elds do not have any e�ect on the bulk-chemical
composition of the precipitated mixtures.
Let us concentrate now on the possible in¯uence

that the applied ®eld might have on the micro-
structure of the precipitate powders. Considering
®rst the microstructure scale included in the range
10ÿ1±10�m. Such observations are easily done by
low magni®cation SEM (�l0000) measurements on
the precipitated dried powders. The results con-
cerning both the OCP/OHAp and the EM-OCP/
OHAp samples show that the precipitate powders
are formed by porous grains-aggregates of irre-
gular shape and average dimension of about 3�m.
Thus at least at the micron structure level the e�ect
of the weak electromagnetic force does not pro-
duce any signi®cant change.
Figures 5 and 6 are typical results obtained

through higher magni®cation SEM (�200 000)
observations on both sets of samples treated with
di�erent ultrasonic dispersion polar techniques in
not polar liquid,21 before the microscopic analysis.
As it is possible to observe, the grains are still
aggregate, and the average dimension of the single
grains can clearly be set in the range between 10
and 20 nm. TEM observations still at �200 000
magni®cation yield to the same results.
To derive a di�erence between the micro-

structure of the OCP/OHAp samples and the
microstructure of the EM-OCP/OHAp ones from
these higher magni®cation observations is a tough
task. Thus to decide if the EM-ELF ®elds have any
e�ect on the microstructure features of the treated
precipitated samples, other techniques9,28 need to
be explored.
Figure 7 shows the N2-adsorption±desorption

isotherm loop at ÿ195�C for two typical EM-OCP/
OHAp (loop A) and OCP/OHAp (loop B) samples
obtained after a total precipitation period of 2 h.
Accordingly to Brunuaer's classi®cation23 the
adsorption isotherms above reported are IV-type
isotherms. This implies that the samples are porous
and that the capillary cavities have an average size
dimension included in the range between 2 nm and
30 nm (mesoporosity range).23

Figure 8 (curves a and b) illustrates the evolution
of the speci®c surface area derived from adsorp-
tion isotherms like the ones reported in Fig. 7 and
corresponding to di�erent EM-OCP/OHAp and

OCP/OHAP samples obtained at di�erent pre-
cipitation time. As it is possible to observe for both
sets of samples the correspondent speci®c surface
area values are decreasing as the total precipitation
time is increasing, but the values concerning the
EM-OCP/OHAp samples (curve a) are always
lower than the correspondent OCP/OHAp ones

Fig. 5. SEM micrograph of EM-OCP/OHAp powder.

Fig. 6. SEM micrograph of OCP/OHAp powder.

Fig. 7. N2-adsorption±desorption isotherms loop at 78K for
two typical EM±OCP/OHAp (loop A) and OCP/OHAp (loop
B) samples obtained after a total precipitation time equal to

2 h.
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(curve b). The decreasing behaviour of both curves
is very reasonable due to the precipitated grain size
growth process that is occurring as the precipita-
tion time is increasing.29 However it is interesting
to observe that, for any pre-selected precipitation
time, the values of the EM-OCP/OHAp samples
surface are always lower then those of the OCP/
OHAp mixtures by an amount that is ranging
between 18 and 36%. The maximum global
experimental error that has been found in these
measurements, comparing the surface area values
of samples precipitated, washed and dried under
the same experimental conditions, do not exceed
10%. Thus an observed di�erence of 18±36% in
the SBET values is a reliable evidence that the EM-
ELF forces do produce some e�ect on the micro-
structure of the samples precipitated when the EM-
ELF ®elds are applied.
These experimental evidences are further sup-

ported by the results of the pore size distributions
derived from the N2 desorption isotherms30

accordingly to the Orr and Dalla Valle method.31

Figure 9 shows the pore size distribution for the
EM-OCP/OHAp samples (curve A) and for the
OCP/OHAp ones (curve B) corresponding to the
data illustrated in Fig. 7. As it is possible to
observe, the samples that have been precipitated
under the action of EM-ELF forces are char-
acterised by pores with an average dimension
(6 nm) which is slightly greater than that concern-
ing obtained without any EM-ELF ®eld applied
(5 nm). This tendency has been con®rmed by the
comparison of the pore size distribution of all
other samples precipitated at the same time with or
without the EM-ELF ®eld applied.
For agglomerate powders like those illustrated

here between the average dimension of the pores
and the crystallites average dimensions, the
Tomeikeie� relationship can be applied.32 Thus it
is possible to write:

rp � �rcP=�1ÿ P� �3�

rp; rc being, respectively, the average radius of the
pores and of the crystallites, P the experimental
agglomerates porosity, and � a constant value
which is dependent upon the crystallites geometry
here assumed equal to 1. Application of eqn (3) to
the data of Figs 7 and 9 allows to evaluate an
average crystallites dimension equal to 14 nm for
the EM-OCP/OHAp samples and to 10 nm for the
OCP/OHApmixtures. SEM and TEMobservations
at �200 000 magni®cation con®rmed that these
results are in the range of the crystallites dimension
directly observed (10±20 nm), but the pore size
analysis allows to observe that the average dimension
of the crystallites concerning the EM-ELF samples

is slightly greater then that concerning the OCP/
OHAp mixtures. As matter of comparison it can be
easily shown that a di�erence of 4 nm in the aver-
age crystallites size dimension is su�cient to
explain the experimental observation that the spe-
ci®c surface values of the EM-ELF samples are
lower than the ones concerning the mixtures
obtained without any EM-ELF ®eld applied, by an
amount ranging between 18 and 36%.
An interesting question to be asked is that con-

cerning the time scale and the microstructure scale
on which the EM-ELF forces are interacting with
the calcium phosphates particles. In seeking data
for studying this point let us consider the di�erence
�S, between the SBET values plotted in Fig. 8 for
any precipitation time. Figure 10 illustrates the
result. Within the experimental error, �S is con-
stant for a total precipitation time included
between 15 and 300min. This evidence strongly
suggests that the EM-ELF forces are active during
a period of total precipitation time shorter than
15min (shadow zone in Fig. 10). The analysis of
the liquid phase in which the precipitation process
is occurring tells us that the solid phase formation

Fig. 8. Evolution of the speci®c surface area SBET Versus the
total precipitation time for EM-OCP/OHAp mixtures (curve

A) and for OCP/OHAp ones (curve B).

Fig. 9. Pore size distribution for two typical EM-OCP/OHAp
(line A) and OCP/OHAp (line B) samples obtained after a

total precipitation time equal to 15min.
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is completed within 5min (see Experimental sec-
tion), thus the e�ect of the EM-ELF electro-
magnetic forces should be exerted on particles with
a dimension that is much smaller than the one
corresponding to the precipitate powders after
15min. During this period of time most of the
formed product can be in a colloidal like status.
Thus the e�ect of the EM-ELF electromagnetic
forces should be due to the interactions between
electromagnetic forces and colloidal-like particles
in the early beginning of their formation processes.
This means going back to the regions where the
nucleation processes of the precipitate crystallites
are important. To obtain experimental evidence in
these regions is a tough item basically for two rea-
sons. The ®rst one is that the rate of nucleation
period is quite often a very fast reaction,33 the sec-
ond one is that it is experimentally di�cult to make
observations on the dimension of objects in solu-
tions that might be of the order of 10ÿ1 nm.
As a matter of discussion let us recall brie¯y a

physical model that we have already proposed1 as
a possible one to explain the e�ect of the EM-ELF

®elds on the kinetics and on the microstructure
evolution of nuclei and/or the colloidal particles
dispersed in the aqueous solution. Figures 11(a)
and (b) illustrates the model before [section (a) in
Fig. 11] and after [section (b) in Fig. 11] the expo-
sure of the aqueous solution/dispersion to the EM-
ELF ®elds. Around each particle it is assumed that
a uniform charged density exists. Due to the action
of the external electric ®eld � the charged density
is modi®ed by a polarisation e�ect [Fig. 11(b)], that
it will strain the total interfacial solid/liquid layer
around each particle. If the applied ®eld has a low
frequency it is assumed that the new con®guration
be stable over a certain period of time, during
which agglomeration and/or other reactive processes
can occur. Let us de®ne �u the total interfacial
energy ``per'' particle for the unstrained con®gura-
tion [Fig. 11(a)]. The probability of polarisation,
�p, will be:

�p � �s=��s � �u� �4�

where �s, is the total interfacial energy-increasing
due to the e�ect of the EM-ELF ®elds.
For an applied electromagnetic ®eld of 3mT at

frequency � of 1300Hz, the value of �s, has been
evaluated equal to about 100meV.34 This value has
been recently con®rmed by calculations on a simple
theoretical model1 and it depends only on the
transfer of the electrical charge at the solid/liquid
interface. The unstrained interfacial energy value
can be written as:

�u � �s14�r2 �5�

being �s1 the experimental solid/liquid interfacial
energy per m2 in meV and r the nuclei radius in m.
Substitution of eqn (5) into eqn (4) shows that the
probability �p is decreasing as the radius of particle
is increasing, thus the e�ect of EM-ELF ®elds
tends to be negligible as the particles dimension
increases.

Fig. 10. Decrement in SBET value, due to the e�ect of the EM-
ELF ®eld, versus total precipitation time.

Fig. 11. Model to illustrate how EM-ELF ®eld can strain the solid/liquid interface of a nucleus of critical size.
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For calcium phosphates compounds, the value of
the water/solid interfacial energy can be set around
100mJ mÿ2.35 As a matter of discussion let us plot
(Fig. 12) the probability �p as a function of parti-
cles radius using the above reported data. As it is
possible to observe, this probability reaches the
value of 50% when the particles radius is 0.11 nm.
This dimension, accordingly to Prigogine,33

might be associated with the dimension of the cri-
tical nuclei that are forming in a supersaturated
solution prior the crystal growth steps. Without
stressing too much the number derived in this dis-
cussion, it seems nevertheless reasonable that the
EM-ELF applied ®elds are e�ective only at the
very beginning of the nucleation process. The
enhanced grains dimension observed experimen-
tally should re¯ect the increasing in the interfacial
solid/liquid energy of those initial nuclei of critical
dimension for which, due to an increasing in
their surface activity, their rate of crystal growth
should be faster.33 The e�ects of EM-ELF may
be low, but nevertheless signi®cant and possibly
relevant.

4 Conclusions

1. In high supersaturating regime, the sponta-
neous precipitation processes from aqueous
solutions of calcium chloride and sodium
phosphates lead to a solid phase mixture
formed by OCP and OHAp.

2. The precipitate powders obtained with and
without the application of a EM-ELF ®eld of
intensity B equal to 3mT and frequency � equal
to 1300Hz have an equal chemical composi-
tion and are formed by porous agglomerates.

3. The porous agglomerates formed under the
EM-ELF ®eld have speci®c surface values and
an average grains dimensions respectively
lower (18±36%) and higher (40%) than the
ones concerning the samples obtained when
no EM-ELF ®elds have been applied.

4. The EM-ELF forces are interacting with col-
loidal-like particles during the ®rst stage of
the precipitation process.
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