Journal of Optoelectronics and Advanced Materials Vol. 6, No. 2, June 2004, p. 523 - 532

INVITED PAPER

STATE OF THE ART AND DEVELOPMENT TRENDS OF NOVEL
NANOSTRUCTURED ELASTOMAGNETIC COMPOSITES

L. Lanotte™,G. Ausanio®™ C. Hison®”, V. lannotti? C. Luponic® C. Luponio Jr.”

4 stituto Nazionale per la FisicaddlaMateria (CNR) — UdR Na, Dip. di Scienze Fisiche,
Universita“Federico |1”, P.leV. Tecchio 80, 80125 Ngpali, Italy

®Dip. di Ingegneria dei Materiai e della Produzione, Universita “Federico I1”,
P.le V. Tecchio 80, 80125 Napali, Italy
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magnetic particles uniformly dispersed into an dastic matrix was revised. The influence of
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elastomagnetic effect was furnished explaining the experimental results in different
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1. Introduction

In the last years an increasing interest for composite materials made of magnetic particles
inside a polymer or eastomer matrix can be noticed. Severa different materias were tested:
magnetod astic composite with the filling particles made of magneostrictive, hard or soft
ferromagnetic material [1,2]; magnetorheologica eastomers for gpplication in arplane and car
industries as actuators or anti-friction components [3]; heat-shrinkable dastic ferromagnets with
variable magneti c and conductive properties [4].

This paper deals with asimilar kind of materid focusing on the theoretical and experimental
corrdaion of the materia dasticity with its magnetic behaviour and dectric conduction. In
particular we ana yse the € astomagneti c and d astoresistive materials.

A composite of particles uniformly dispersed inside the matrix materia is an dastomagnet if
al the following requests are fulfilled: a) the particles have an asymmetric shape, preferably with a
main anisotropy axis; b) the particles are soft ferromagnetic or small permanent magnets; c) the
composite has an elastic behaviour, dueto the matrix properties, up to ardative deformation of 10
! In these conditions a strong coupling acts between magnetisation axis and the main shape
anisotropy axis of the particles. Therefore a change of the magnetising fidd along an axis different
from the easy magnetisation one (which is the permanent magnetisation axis when the filling
particles are permanently magnetised) gives arotation of the partides due to the mechanical torque
in order to align the magnetic moments with the applied fidd [5] (Fig. 1). The rotation may depend
more or |ess on the dastic torque reaction of the matrix. When the torsional dastic coefficient, K, is
less than 1 Nm, a loca rotation of each particle of about 102 rad can be produced [5]. The
macroscopic effect of these local rotations can be a deformation of the whole material. This effect
occurs by a mechanism independent on the intrinsic magnetostriction and it is named “direct
dastomagnetic effect”. The inverse effect [6] consists in the change of magnetisation axis due to a
deformation of the dastic material. As an example, an dongation of the dastomagnetic materia
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produces a rotation of each particle and a consequent rotation of its magnetic moment because it is
strongly coupled with the particles geometry (Fig. 2). This aso gives a variaion of the
magnetisation component dong the dongation axis (00m, = m'; — m, - Fig. 2). In conclusion the
inverse elastomagnetic effect can be used to have a strain sensor detecting deformation by means of
the induced magnetisation changes at constant temperature and magnetising fie d.

In the following we will examine the magnetic properties of an eastomagnetic composite, a
possible simple modd of the eastomagnetic effect and its potential applications as sensor or
actuator.

Elastoresistive materials are composites with the following characteristics: @) conductive
particles uniformly dispersed into an eastic matrix; b) the partide content is near the percolation
threshold so that a small decrease of sample volume can give an abrupt increase of the conductivity.
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Fig. 1. Magnetising field effect on a magnetic  Fig. 2. Elongation strain effect on a magnetised
partice insde an elastomagnetic bar matrix (8) paticle (inside a composite materid) with the
compared to a rigid bar matrix (b). m = particle  magnetic moment strongly coupled to the shape
magnetic moment before H application; m' = particle anisotropy axis, u.

magnetic moment after H application.

In these composites any deformation related to a change of the total volume gives a variation
of the average distance among the particles. This distance change can produce the passage, in averse
or the other, between a status of isolated particles, for which only the tunndling of the éectrons can
occur as conduction mechanism, to a status of partides in reciproca contact, so that a greet change
of dectric conductivity is governed by deformation. In ideal condition the effect should bereversible
due to the material dasticity: in the following we approach deeply this argument and we will report
some first experimental results.

2. Material preparation and experimental

The magnetic particles used may be commercial or produced in laboratory by any of the
techniques generally adopted to have well-defined shape and size (physical deposition, chemical
reaction, etc). After the particles sdection on the basis of the desired properties (magnetic,
conductive, geometric), the composite production occurs in three main steps. 1. mechanical
dispersion of the particles inside the chosen dastic matrix when the latter is in liquid state; 2.
solidification of the matrix without particles migration to form clusters but, if useful, with their
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preorientation by application of a uniform magnetising field (about 0.5 T) in the desired direction; 3.
permanent magnetisation of the particles by means of an intense magnetic fidd (=2T) after the
complete solidification of the matrix. The 3 step is necessary only when the correlation between
particle geometry and its magnetic moment axis is obtained not by the shape anisotropy but by
permanent magnetisation (this is also the method to have the strongest coupling).

Table 1. Scheme of the possible geometry of the filling particles and resulting material.

Particles composition Ni, Co, Fe, Fe;03, SmCo
Particles Size O 1-5um © 10-20 nm
. S —
Particles Shape ©
Ellipsoidal Lenticular
09~ 9 Y0 00 o
Whole sample @) Q '®) o0 O
Random Preferential Preorientation
Initial Magnetic State Demagnetised Permanently Magnetised

The particles volume fraction may be chosen low (< 10%) in order to have no-interacting
particles from both geometric and magnetic point of view, or high (up to 30%) if it is necessary to
increase the elastomagnetic effect contribution. The volume fraction of 30% must not be overcome
since the particles should rotate without being obstructed one by the other. The same procedure can
be used for both d astomagnetic and € astoresistive materials.

The structural characterisation of the composite was peformed by Atomic Force Microscopy,
magnetic behaviour was tested by Vibrating Sample Magnetometry (VSM), deformation control was
obtai ned by mechanical micro-devices and visudised by High Resol ution Optical Microscopy.

In Table | the scheme of the possible geometry of the magnetic particles and the final composite
configuration are reported.
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Fig. 3. Magnetisation cycles obtained by VSM at 250 K for elastomagnetic samples made of
silicone matrix and magnetic particles: a) soft Ni particles of elipsoidal shape, 5 [Imin
average size on the mgjor axis, randomly distributed; b) the same particles of case a) but
after induced preferred orientation of the major axisalong H field axis; b') the same particles
of case @) but with a preferentia orientation of the major axis orthogonal to H field axis; ¢)
the same particles of case & but with an average size on the mgjor axis of about 40 nm;
d) hard Sm,Co; magnetic particles of ellipsoidal shape, 5 um in average size on the major
axis, randomly distributed.

3. Magnetic behaviour of an elastomagnet
The magnetic response of a composite of magnetic particles insgde a hon-magnetic dastic

matrix depends strongly on the particles orientation because if it is random, any axis is equivalent
for magnetisation, whileif particles are pre-oriented with their easy magnetisation axes all parald,
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the magnetisation aong this axis is eas er than aong the other ones. This fact can be seen in Fig. 3
by comparing case a, b and b’. On the other hand, magnetisation cycle depends on particles size.
Going from micro to nano-particles, coercivity, saturation field, hysteretic area and remanent
magnetisation increase - cyclesaand cinFig. 3.

All these may be explained by considering that more the particles dimension is decreasing,
at fixed content of the magnetic component inside the dastomagne composite, more each particle
can be considered a single domain: it is more difficult to magnetiseit, but saturation magnetisation
tends to be maintained. On the other hand, the magnetisation cycle are very different when the
particle material changes from a soft to a hard ferromagnet with tendency to permanent
magnetisation (compare the cycles a and d in Fig. 3). For the optimum dastomagnetic performance
it is useful to have nano-particles and permanent magnetisation, since the first request permits to
increase particles content without inducing magnetic and mechanical interactions among them, and
the second characteristic gives the strongest coupling between partide physica rotation and
magnetic moment rotation.

4. Elastomagnetic effect modelling

Consider a single asymmetric particle with a high coupling between the geometric and
magnetic moment axes due to a strong shape anisotropy or an induced permanent magnetisation.
When a magnetising fidd H is applied dong z-axis a magnetic torque is produced - Fig. 1
(@ - Mm=m X U H, where |, is the vacuum permesability. The following modd holds in the
hypothesis that the magnetic torque is the prominent H effect. This takes place for H values that do
not overcome the coerdive field of the particles (that is about 10° A/m when permanent magnetic
materia is used). Since the matrix containing the particle is an dagtic one (K= torque dastic
constant), an eastic moment also acts: M. = - K 8, where 8 is the effective particle rotation.

The equilibrium condition requires that:

mu,H,sin(6, +6) = -K 6 )
where 6; is theinitial angle between m and H - seeFig. 1 (a); the convention is 6< 0).
Taking into account that generally 06k 102 rad, Eq. (1) is practically equiva ent to

mu,H,sing C-K& @)
In order to have the behaviour of the whole dastomagnetic sample it is consistent to consider the
average magnetic moment of the sample m* = M, T V% (where M, is the remanent magnetisation
intensity of the partide, 1 is thetotal sample volume and V% is the volume fraction of the magnetic

particles inside the composite) instead of single paticle moment. In order to evauate the
macroscopic practical effect Eq. (1) becomes:

-M,V%iu,H,sing,

60 ©)
Since the rotation of m towards H means an easier magnetisation along z-axis, from Eq. (3) it is
clearly deduced that more the material is eastic (small K), more the magnetisation is easy along the
applied field axis. Moreover the effect is maximum if the particle magnetisation is maxi mum and it
depends on theinitia orientation of the particles magnetic moment.

Consider now also the presence of an external strain component €, along the same axis of H.
Following Ref. [7] it is easy to see that therotation determined only by strainiis:

6. =¢,sing, cosé, 4
In the presence of both €, and H, the Eq. (1) becomes:
mu,H, sin(6, +6)=K(6. - ) 5)

where the standard convention for 6 signis applied.
From Eq. (5), considering m* instead of m, and 0B < 107 rad, one finds:
-Ke,sing cosf —m' y,H,sing, ©6)

0= -
K+m u,H, cosé
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This is the constitutive equation of €astomagnetism, reating average particle rotation 0 to
externally applied uniaxial strain €, and field H ,. It takes into account the initial preorientation of
the magnetic moments 6; and the dastic (K) and magnetic (M;) properties of the composite material.

Eq. (6) can describe the effective rotation determined only by strain application, a constant
field, as the difference between 0 value obtained at €, #0 and that at €,=0. From this difference one
obtains

9, = Ke, sing cosé, @)
K+M,V%u,H, cosé,

Note the coherence of the minus sign with the physicd effect (Fig. 2): a constant positive
denominator, when the reative deformation component € is positive (eongation) the particles
rotation 6; is negative (in the cockwise direction) and vice versa.

The inverse dastomagnetic effect is described by Eqg. (7). In effect, considering
magnetisation vector pardld to m, by projection on z-axis, one calculates the change of
magnetisation component along H axis, AM,, dueto €, at constant H. It iseasy to find [7]:

0, H)
AM . = -M V%0, Sinf, = Ke,M, V%sin© 8. cosé. ©)
K+M,1V%u,H, cosé,

On the other hand, Eq. (6) is able to describe also the direct dastomagnetic effect if the
rotation B is evaluated as produced only by the applied magnetic fidd, namely at zero external
deformation. The

obtained relationis

M, V%u,H,sSnég 9)
K+M,V%u,H, cosé,
where 8, is thelocal macroscopic average rotation determined only by H, action. Also in this case
it is verified the coherence of the signs with the physical actud effect (Fig. 1): if H,>0 there is

01<0 (cl ockwise rotation).
In the practical cases investigated in the next paragraph we will use Egs. (8) and (9),
verifying their validity in prototypes of devices using e astomagnetic materid core.

H

5. Experimental results from first prototypes of elastomagnetic
sensors and actuators

The dastomagnetic compaosite sampleis constituted by four bars of silicone uniformly filled
with 9% of Sm,Co; particles. In each bar was induced a permanent magnetisation so that all the
particle magnetic moments are aligned at 45° with respect thelongitudinal z-axis (Fig. 4).

In the opposite bars the magnetic moments orientation is symmetric with respect to z-axis,
so that the macroscopic magnetisation has zero transverse component, while a total longitudinal
magnetisation M,=(2m/1) v2/2, due to the projection of each partide moment dong z-axis, is
permanently present. A similar composite sampl e can be the core of a sensor or an actuator.

A sensor device can be obtained as shown in Fig. 5 by fixing the extremities of the dastic
magnet sample of Fig. 4 between two rigid plates attached on the deforming body to be monitored,
so that the relative y axis deformation €,, on z-axis, is transduced by the e astomagnetic sample. A
rigid coil, with z symmetry axis, is wound around this sample and it detects the induce d ectromotive
force due to M, change determined by the magnetic moments rotati on as consequence of €,. Taking
into account the used condition in the described prototype, we have: M, = 0.6x10° A/m; V% = 9% ;
H=0A/m; K = 1Nm; T =5 x10° m®. Therefore Eq. (8) gives:

AM, =M £ V%sin® 6, cosf, =Cs¢, (10)

where C = 1.9 x 10* A/m is the proportionality constant between the strain and the induced
magnetisation change. On the other hand it isimmediate to cal culate the induced € ectromotive force
as
v = - O(HAMNS) _ —cuNs % (11)
ot ot
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where N isthe number of coil turnsand Sisthe sample cross section.
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Fig. 4. View of the elastic magnet obtained by four

elastomagnetic bars with permanent magnetic

moment, m, of the Sm,Co; particles oriented at 174

with respect to the sample longitudinal axis, so that

the macroscopic magnetization M has no transverse

component but high longitudinal one. L=50 mm,
| =10 mm.

Fig. 5. Scheme of the elastomagnetic sensor able to

measure relative longitudina deformation aong z-

axis. P = dastomagnetic sample composed asin Fig

4 with orientation of particles moment m at 174 with

respect to z-axis. AA’ and BB’ =rigid plates fixed

on the deformable body in A’ and B’, respectively;
C =rigid coil fixed on the plate AA’.

Eg. (11) evidences the usefulness of the proposed sensor in the case of harmonic
osdllations. In effect, when we are in this case, €, can be represented by the expression &,(t) =
(AL/L) sn(2rvt+@ where v is the vibration frequency and L is the initial length of the monitored
region. From Eq. (11) is deduced V(t) amplitude which is proportiona to the oscillation amplitude:
Vo, =C AL wheae C = 21wu,NSC/L and, in the used condition, its value is aout 7 V/m (N=500
and v= 50 Hz). In order to verify the model predictions, the vibration of the monitored body was
simulated by means of a shaker working at 50 Hz and producing relative displacements from 0.01
mm up to 2 mm.
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Fig. 6. Cdibration curve of the & astomagnetic sensor for longitudinal vibration at v = 50 Hz.
Vo amplitude of theinduced electromotive forceasa function of the relative displacement,
AL, between the two monitored points A’ and B'.

From the experimenta results presented in Fig. 6 it is possible to confirm the linear
behaviour of V,, versus AL and to evauate a proportionality constant very close to that deduced from
the simpl e theoretical modd.

Sensors similar to that here described can be used also for torsion or flectiona deformation
detection and generaly good linear experimentd curves (V, versus deformation of the monitored
component) were obtained from 20 up to 150 Hz, which is the useful range for mechanical
vibrations study.

We will consider now the application of an eastomagnetic core for actuation purposes. A
possible actuator configuration is shown in Fig. 7 where the dastomagnetic sample has the same
structure shown in Fig. 4. When a magnetising field is applied by means of a coil on the astic
magnet, Eq. (9) isvalid.
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Moreover, since the device arrangement does not enable flectional deformation of the
elastomagnetic core, the rotation 84 becomes a longitudina rdative deformation [8], following the
equation

(/<] X 0,
. D_Q ) _V2 M, 7H V%sing QLM H V% (12)
2 2 K+M,u,H,V%cosf, 2 K
where in the last term was taken into account that sin 6, = v2/2 and that the second term at
denominator is much lower in comparison with the first one in the case of the used vaue for the
experimenta parameters (in effect poH, < 0.1 T where H, is the modulus of the gpplied fidd). A
similar actuator can apply on an external body, which impedes its free deformation, a maximum
force
0,

F=ES,, =% Mrruol-:(ZV YES
where E is the Young Modulus of the dastomagnetic core. Therefore from EQ. (13) it is easy to
conclude that in order to produce and transmit the highest force, at constant exditing fidd H,, it is
necessary to use the highest possible permanent magnetisation, volume fraction of magnetised
paticles, Young Modulus of the matrix material and section area of the sample orthogond to the
force (displacement) axis; at the same time the lowest possibletorsion e astic constant of the silicone
should be used. Obvioudly, fixed the other parameters, F vaueis proportional to H,.

(13)
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RIGID LOOOOO0OOO0OJ —-

REED P/'ﬂ'é@'/@’__b >z
NN

XX XXX XX XXX

\ Al

Fig. 7. Scheme of an elastomagnetic actuator. (P = composite sample asin Fig. 4).
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Fig. 8. Force produced by the elastomagnetic actuator versus the exciting field for two

values of particles volume fraction: B V9% = 4% and 0 V% = 9%. The experimental points

behave in agreement with the theoretical lines obtained from Eqg. 13. One can see that the

experimental points for V% = 9% are alittle higher than the theoretical line; thisis probably

due the fact that when V% increases the ratio E/K is higher than the one of Eq. 13 used to
obtain thetheoretica curve (referring to the pure silicone matrix).

In order to have an experimental test of theselast predictions, aload cdl was put on the free
side of the extending sample and F as function of H, was directly detected for different va ues of the
paticles content. In Fig. 8 are shown the obtained experimental curves. The vaue of the
experimenta parameters M,, S, K and T are the same with those indicated for the sensor device
previously examined, while it was determined that the used silicone has E = 3.1x10" Pa It is
possible to verify the linear behaviour and to measure an experimental proportionality constant
baween F and ,H, which is very close to that evauated from Eq. (13) (theoretical values 0.19 and
0.43 for V% egual to 4% and 9%, respectivdy).
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As a more generd picture of the state of the art for the eastomagnetic materid application,

in Table Il the potentia performances obtainable in the best conditions by an dastomagnetic
composite are compared with those of other competitive materials actually used for sensors or
actuators of static or dynamic deformation. From Table Il it is evident that the energy density for
dastomagnetic bulk materials is not so good but the possible actuating strain is very high.
In conclusion one can affirm that the application of € astomagnetic composite may be compditivein
the field of micro control or strain sensor devices, while in the actuators field it may be useful only
in particular cases, as for example when a special shape of actuator is necessary or in tele-operated
and biomedical components or dso if high force production is required on avery great surface.

Table 2. Comparison between the actuation performances of the investigated el astomagnetic
composite and two standard materials (Piezod ectric and Magnetaostrictive) for actuators.

Max Max Max Energy Max Relative
Actuator type Strain Pressure Density Efficiency Speed
(%) (MPa) (Jem®) (%) (full cydle)
Elastomagnetic Bulk 5 ' .
Slicone (Snmgg Hiler vE 3o 14 1x10 7x10° >80% Medium
Piezodectric
Ceramic (PZT) 0.2 110 0.10 >90 Fast
Polymer (PVDF) 0.1 4.8 0.0024 90 Fast
Magnetostrictive
(Terfenadl-D, Etrema 0.2 70 0.025 60 Fast
Products)

6. Modulate electron conductivity in elasto-resistive materials

Consider now an dastic material (silicone) in which conductive particles (nickd) are
uniformly dispersed. If d is the average particles size and the sample has cubic shape of side I,
consider the sample devised into cubic cells of side d<<I and that each cdl may be occupied or not
by a particle with the probability increasing with the particles content in the sample. The value of
V% which enables the possibility to have continuous partide chains going from one side of the
sample to the other (namdy giving direct conduction paths between opposite sample sdes) is
expected to be between 1/8 and 1/4. This is easily deduced considering that if V% < 1/8 it is
impossible to have one continuous line of partides in contact aong the whole sample, connecting
one side to the other; on the other hand, when V% reaches the value 1/4, at least oneline of this kind
is necessarily present. Therefore to investigate the conduction properties of this kind of material
around the passage from non-conductive to conductive behaviour (through the percolation
threshold), several samples, containing nicke particles (d = 5um) uniformly dispersed into the
silicone matrix, were prepared with the particles volume fraction going from 12% to 25%. Their
specific resistance p was evauated using the apparatus shown in Fig. 9. This apparatus was
predisposed to give dso a volume contraction of the sample, which being effective only on the
silicone matrix, induces an increment of the conductive particle volume fraction.

In Fig. 10 is presented the resistivity behaviour versus volume fraction of nicke particlesin
dastodectric materid. The obtained results verify that the chosen range of V% is the right one to
observe the transition from non-conductive to conductive status; moreover the percolation threshold
can be experimentally individuated around V% =18%.

When a uniaxial strain e=Al/l is produced by means of a displacement Al of the cursor in
Fig. 9, since the cross section is constant, the volume sample contraction is just equa to €. The
silicone density increases while the nickd particle density remains practically unchanged, due to the
very high dasticity modulus of the last component with respect to the first one. As a consequence,
the volume fraction of the nicke particles inside the sample changes from the initia value V% to
V%*= V%/(1-Oel). If, as an example, the initia value of the nickel fraction is 18%, after a
contraction of € = -16.7 x10 the nicke fraction is about 21%. Therefore, if conductivity is governed
by nickd particle abundance, one expects that its change gives a new resistivity predicable from the
data of Fig. 10. In the case of the last example, there is expected a variation in resistivity
correspondent to the change from V%-=18% to 21%, with a total enormous decrease from 10 Qcm
to 10 Qcm.
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Fig. 9. Cross section view of the apparatus for resistivity measurement. (S = micrometric
screw; C = cursor; EEM = elasto-electric material; | = sample length as produced).

Following the preceding consideration, a negligible effect of contraction is expected in the
sample with low or high initid V% vaue (15% or 24%), while the most considerable effect is
expected around initid V% value of 18%. In Fig. 11 the resistivity p behaviour, obtained by
repeated measurements in € asto-resistive samples with different initial val ues of V%, as a function
of the applied € is reported. The equivalent expected volume fraction of nickd particles, after
contraction, is aso indicated on the horizonta axis.

It can be verified that qualitatively, the expectations are valid, but p decreasein 18% sample
isnot so high as that of theideal behaviour deducibl e from data of Fig. 10 a\r)q(&)?ported inFig. 11.
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Fig. 11. Log of resistivity, p, in composite materia

of nicke particles uniformly dispersed in slicone

Fig. 10. Resistivity behaviour, log p, versus volume  matrix as function of an uniaxial strain € for different
fraction V% of nicked paticles in elastoelectric  initid  volume fraction of nickel, V %. Bold line
meaterial. P.T. = Percolation Threshold. reports the expected Log p valuesin 18 % sample if

the effect of compressive uniaxiad strain is

considered equivalent to an increase of nickd

volume fraction (data deduced from Fig. 10).

The experimenta Ap/Ae value, lower than the theoretically evaluated one, can be explained
by taking into consideration that the silicone density increases a the same way of V%?*; therefore
the sample conductive properties change not only because particles percentage changes but also
because the aggregating materia is more dense and it has a lower conductivity. In other words a
higher potential barrier should be preset among the particles, which increases with CelJ and it
inhibits the € ectron passage from a particle to the other [9].

To reach giant Ap/Ae vaues it is necessary further work and aso to improve the material
structure and engineering. However the modulation of the resistivity by means of strain in easto-
resistive composite is clearly demonstrated by the first reported experimentd results. Naturaly, the
effect can be used also to measure strain, stress or pressure by means of the induced conductivity
change, with application in novel and ductileload cells or strain gauges.

It is interesting to observe that the samples used in this last section are dasto-resistive (¢
induces p change) but at the same time they are also dastomagnetic if the nickd particles have a
high shape anisotropy. In perspective one can use acicular nickd partides so that by means of the
direct dastomagnetic effect can be produced their rotation by an externd magnetising fidd and, at
the same time, a decrease of their reciprocal distance. In proper conditions this rotation can produce
the contact among neighbour particles and a consequent change of resistivity. In other words it is
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potentially possible to produce an dastomagnetic and el asto-resistive materia in which a noteworthy
variation of conductivity can be reversibly induced by the application of a magnetic field a room
temperature, in away compl etdy independent from the standard magnetoresistence.

7. Conclusions

The behaviour of composite materials made of magnetic particles uniformly dispersed in an
dastic matrix, under the action of an externd magnetisng field H and/or a strain €, was revised
furnishing a unified simple mode of the influence of H and/or €, in the hypothesis of a high
coupling between particles body and their magnetic moment and that particles volume fraction are
enough small to consider that they are not interacting from the magnetic and dastic point of view.
Experimental vaidation of the simple theoretical description is reported in the case of Smy,Co;
particles, permanently magnetised in a common preferentia orientation. Moreover it is shown how
some gpplications in sensors and actuators are already devel oped and a comparison with the devices
operating with standard magnetostrictive or piezod ectric materias is given. In particular, due to the
large strain potentially obtai nable, the dastomagnetic compaosites appear very useful in deformeation
sensors, whilethar potentiaity as actuator core results strictly related to specific cases in which not
usual shapeis necessary or large surface are to be controlled.

The study of conductive propertiesin compasite of conductive particles uniformly dispersed
in a non-conductive, dastic matrix was also approached in this paper. In the case of nickd particles
inside silicone, it was shown how the volume fraction V% of the conductive partid es in as-prepared
samples can betailored in order to have alarge resistivity range, from 10™ to 10 Qcm for V% going
from 15% to 24%; the percolation threshold was evidenced near 18%. In samples near this threshold
condition, the possibility to obtain the dastoresistive effect, namey a noteworthy change of
resistivity produced by the strain, was demonstrated. To reach the effectiveness in practical
application of this e astoresistive effect alot of work is hecessary; in particular is necessary to obtain
the proper artificiadl composite in which the direct effect of strain is only a change of particles
density. However the perspective that are deducible by considering the actual possibility to build a
materia which is eastomagnetic and dastoresistive at the same time (therefore magneresistive) are
interesting for both fundamental knowledge and application development, justifying the intense
increment of the studiesin this field.
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