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Abstract—Viscoelastic properties of magnetoactive elastomers with spherical and plate-shaped filler have
been studied. Four series of samples based on silicone elastomer and carbonyl iron microparticles have been
prepared. A series of samples with a concentration of magnetic filler from 30 to 60 wt % which differed in the
shape of filler particles (spherical and platelike) and in their distribution in the polymer matrix (isotropic and
anisotropic). The magnetorheological properties of the obtained magnetoactive elastomers have been exam-
ined by dynamic mechanical analysis. Storage modulus values for samples of different compositions are in the
range of 10–100 kPa. It has been shown that anisotropic materials are stiffer than the isotropic counterparts
and demonstrate a higher magnetorheological effect: the increase in the elastic modulus of an anisotropic
sample with the maximum filler content exceeds an order of magnitude in a magnetic field of 1 T. At the same
filler concentrations, materials based on platelike iron are stiffer than those based on spherical iron. At low
magnetic filler concentrations, the use of platelike iron makes it possible to achieve a higher magnetic
response of the material; at high filler concentrations, the increase in the elastic modulus is greater for sam-
ples based on spherical particles. The anisotropic materials exhibit a more pronounced Payne effect.

DOI: 10.1134/S0965545X23600655

INTRODUCTION
Magnetoactive elastomers (MAEs) [1–7] represent

a class of smart materials whose properties can be con-
trolled using an external magnetic field. They consist
of magnetic microparticles embedded in an elastic
polymer matrix. When an external magnetic field is
applied, the magnetic particles become magnetized.
Due to dipole–dipole interactions and interaction
with an external magnetic field, the particles tend to
line up in chains along the lines of the external mag-
netic field [8–10]. Changes in the positions of mag-
netic particles and their interaction lead to changes in
a wide range of physical properties of the material. For
example, due to the fact that carbonyl iron, a typical
magnetic filler, is a better conductor of electric current
than the polymer matrix, the formation of chain-like
structures leads to an increase in the conductivity and
effective dielectric constant of the material in the
direction of the chains. These phenomena are respec-
tively called magnetoresistive and magnetodielectric

effects [11–14]. In a magnetic field, particles tending
to line up in chains can deform the surface of the
material, changing its relief [15–17]; microstructuring
of the filler also causes significant macroscopic strains
of the samples: in a uniform magnetic field, uniaxial
elongation of MAE is observed [18–20]. In this work,
special attention is paid to the study of the viscoelastic
properties of magnetic–polymer composites in a mag-
netic field, or the magnetorheological effect [4, 17,
21–23], which consists of an increase in the compo-
nents of the dynamic modulus of MAE in an external
magnetic field.

Magnetoactive elastomers are a relatively new
materials whose the properties and magnetic response
are determined by a wide range of parameters. In this
work, the influence of the concentration of magnetic
filler, the shape of magnetic particles, and their spacial
distribution in the polydimethylsiloxane matrix were
studied. The distribution anisotropy of the magnetic
filler inside the polymer matrix can be set by perform-
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ing MAE synthesis in an external magnetic field [24–
38]. Oriented aggregates of magnetic particles, formed
when a magnetic field is applied are fixed during the
polymerization process, leading to changes in the
properties of the material compared to isotropic coun-
terparts [31, 39–41] and to the appearance of anisot-
ropy in the properties of composites with oriented
magnetic filler structures: for example, an anisotropic
material can serve as a conductor, whereas an isotropic
material is an insulator [24], the Young’s modulus of
an anisotropic material will depend on the sample
stretching direction [30, 37]. In addition, magnetic
particles arranged in chains will respond differently to
an external magnetic field than particles uniformly
distributed throughout the matrix due to their closer
proximity to each other. Creating an anisotropic
(chain-like) profile of the distribution of magnetic
particles is one of the main ways to program the move-
ment of soft magnetic polymer robots [26–29].

The properties of MAEs based on anisometric
magnetic particles have barely been studied. In a the-
oretical work [42], it was shown that the rotation of
magnetic particles under the action of an external
magnetic field significantly affects the MAE surface
relief. Also recently, the influence of distribution
anisotropy and shape of magnetic filler particles on
the mechanical properties of magnetic polymer com-
posites in the absence of a magnetic field has been
studied experimentally [43]. It was found that the
anisotropy of mechanical properties is most pro-
nounced in MAE based on anisometric particles,
namely, needle-like magnetite and platelike iron.

In this work, we synthesized MAEs based on
PDMS and carbonyl iron with platelike and spherical
POLYMER SCIENCE, SERIES A  Vol. 65  No. 6  2023

Fig. 1. Micrographs of (a) spherical and (b) platelike magnetic pa
tronic version.

10 �m(а)
shapes. Two series of samples with an isotropic and
anisotropic distribution of magnetic particles with
concentration from 30 to 60 wt % were created on the
basis of both types of magnetic filler. Reducing the
elastic modulus of the polymer matrix is an important
task to achive a high magnetic response of the mate-
rial, since a rigid medium prevents the displacement of
magnetic particles inside the material. A feature of the
polymer matrix used in this work is the presence of side
chains at the network nodes. Side chains are not elasti-
cally active, but they increase the total volume of the
system, thereby reducing the elastic modulus of the
material by decreasing the crosslink density [44]. This
approach eliminates the use of low-molecular-weight
oil and enhances system stability because the side
chains do not bleed out of the sample as oil does, since
they are chemically bonded to the polymer matrix.

MATERIALS

The following reagents and auxiliary agents were
used in the study: 1,1,3,3,5,5-hexamethylcyclotrisi-
loxane (D3) (97%), 1,1,3,3,5,5,7,7-octamethylcyclo-
tetrasiloxane (D4) (98%) (both from ABCR), 1,1,3,3-
tetramethyldisiloxane (Sigma Aldrich), CT 175 sul-
fonic cation-exchange resin (Purolite), 7% hexachlo-
roplatinic acid solution in isopropyl alcohol (Speier’s
catalyst) (Sigma Aldrich), vinyldimethylchlorosilane
(ABCR), 2.7 M n-butyllithium solution in toluene
(Acros), hexane of the reagent grade (Rushim.ru), analyt-
ical grade tetrahydrofuran (Ruskhim.ru), analytical grade
toluene (Khimpromtorg), α,ω-divinylpolydimethylsilox-
ane of the DVK-5 brand (Penta-91), polymethylhydrosi-
loxane P-804 (Penta-91), spherical carbonyl iron R-20
rticles of carbonyl iron. Color drawings can be viewed in an elec-

100 �m(b)
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(Spektr-Khim) of 3–5 μm in diameter, and plate-
shaped iron with an average size of 20 μm obtained by
grinding carbonyl iron in a planetary mill [43]. Scanning
electron microscope images of magnetic particles are pre-
sented in Fig. 1. Toluene and THF were dried over metal-
lic sodium and distilled, and the other aforementioned
substances were used without further purification.

SYNTHESIS
Bifunctional PDMS

Cationic polymerization. Preparation of telechelic
hydride-containing PDMS. 1,1,3,3,5,5,7,7-Octameth-
ylcyclotetrasiloxane (D4) in an amount of 50 g
(0.1689 mol) and 11.32 g (0.0845 mol) of 1,1,3,3-
tetramethyldisiloxane were placed into a one-necked
flask equipped with a reflux condenser and a drying
tube, and then 1.84 g of Purolite CT-175 sulfonic acid
cation-exchange resin was added. The mixture was
stirred in the block for about 15–18 h at a temperature
of 70°C. Then the resulting mixture was dissolved in hex-
ane and filtered through filter paper to remove the resid-
ual cation-exchange resin. The filtrate was evaporated on
a rotary evaporator. To remove cyclic compounds, the
product was reprecipitated from toluene into ethanol and
the remaining low-molecular-weight substances were
distilled off at 1 mmHg at a temperature of 130°C to con-
stant weight. We obtained 52.12 g of desired product. The
reaction yield is 85%. 1H NMR (CDCl3): δН = 0.08 ppm
(s, Si(CH3)2), 4.71 ppm (t, SiH). GPC: Mn = 1.7 ×
103, Mw = 2.3 × 103, Mw/Mn = 1.38.

Monofunctional PDMS

Anionic polymerization. Preparation of monofunc-
tional PDMS. In a one-necked flask equipped with a
magnetic stirrer and a reflux condenser and placed in
an inert environment, 100 g (0.4495 mol) of hexam-
ethylcyclotrisiloxane (D3), 250 mL of toluene, 27 mL
of a 2.7 M of n-butyllithium solution in toluene were
loaded; the mixture was stirred for 10 h; and 150 mL of
THF was added. The mixture was stirred for 6 h, and
then 19 mL (0.138 mol) of vinyldimethylchlorosilane
was added followed by stirring for 10 h. The resulting
mixture was filtered through filter paper, the filtrate
was evaporated on a rotary evaporator, and low-
molecular-weight reaction products were distilled off
at 1 mmHg at a temperature of 130°C. The yield was
90 g or 85%. 1H NMR (CDCl3): δН = 6.19‒5.67 ppm
(m, 3H, Si‒CH=CH2), 1.34‒1.26 ppm (m, 5H,
CH3‒CH2‒CH2‒CH2‒(Si(CH3)2O)n‒Si(CH3)2‒H),
0.89 ppm (t, 2H, CH3‒CH2‒CH2‒CH2‒ (Si(CH3)2O)n
‒Si(CH3)2‒H), 0.54 ppm (m, 2 H CH3‒CH2‒CH2‒
CH2‒(Si(CH3)2O)n‒Si(CH3)2‒H), 0.08 ppm (s,
CH3‒CH2‒CH2‒CH2‒(Si(CH3)2O)n‒Si(CH3)2‒H).
GPC: Mn = 4.7 × 103, Mw = 5.2 × 103, Mw/Mn = 1.10.

Below is a reaction scheme for the preparation of
telechelic hydride-containing PDMS (a), the final
reaction product (b), as well as a scheme for the prepa-
ration of monofunctional vinyl-containing PDMS (c)
and the final reaction product (d).
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Polymer Matrix

The following four components were used in the
compositions to obtain the matrices: 5 g of α,ω-divi-
nyl-polydimethylsiloxane Vinyl Silicone Oil 5000 cSt
as a base rubber, 0.0486 g of polymethylhydride silox-
ane P-804 as a crosslinking agent; 1.6981 g of ω-vinyl-
oligodimethylsiloxane as side chains grafted to the
crosslinker; and 0.1621 g of α,ω-dihydride-oligodi-
methylsiloxane as an extender of the base rubber. The
synthesis of the polymer matrix was described in detail
in our previous paper [17]. The role of the side chains
is to reduce the functionality of the crosslinker and
dilute the system without increasing the number of
elastically active segments. After mixing all the poly-
mer components, carbonyl iron was added to the mix-
ture. Speier’s catalyst was used as a catalyst, which was
introduced into the system at this step in a ratio of
10 μL of a solution in isopropanol per 1 g of mixture.
After thorough mechanical mixing, the mixture was
degassed at a pressure of ~1 mm Hg to remove air bub-
bles trapped the mixture during stirring. The curing
mixture was then poured into a closed mold of the
required thickness, which was placed into an owen at a
temperature of 90°C for vulcanization. To set the
anisotropic distribution of magnetic particles, a pair of
permanent magnets of 50 mm in a diameter with a
magnetic field of ~0.34 T near the surface was applied
to the mold on both sides during vulcanization. After
curing, the films were removed from the mold and
disks with a diameter of 20 mm and a thickness of
~1 mm were cut out for the subsequent measurement
of magnetorheological properties. As a result, four
series of MAE were obtained with a magnetic filler
concentration from 30 to 60 wt % based on platelike
and spherical carbonyl iron with isotropic and aniso-
tropic distributions. It is noteworthy that achieving a
higher concentration of platelike iron is a difficult task.
Platelike particles have a high specific surface area,
due to which they adsorb the polymer and thicken the
composition, bringing it to the consistency of a paste,
from which it is difficult to mold the elastomer of the
required size.

INVESTIGATION TECHNIQUES

GPC analysis was carried out using a chromato-
graphic system consisting of a Shimadzu LC-20AT
high-pressure pump, a Knauer Smartline RI 2300
refractometer, and a Knauer Jetstream 2 Plus thermo-
stat at a temperature 40°C (±0.1°C) with toluene–2%
THF as the eluent pumped at a f low rate of
1.0 mL/min. Columns of a 300 × 7.8 mm size were
packed with Phenogel (Phenomenex, USA) having a
particle size of 5 μm and pores from 103 to 105 Å. The
columns were calibrated using Agilent polystyrene
standards. Processing of chromatograms and calcula-
tion of molecular weight parameters were performed

using the MultiChrome program for Windows, ver-
sion 1.6 (GPC) (Ampersend, Russia).

1H NMR spectra were recorded with a Bruker WP-
250 SY spectrometer using CDCl3 as the solvent and
the ACD/Labs software for spectra viewing and pro-
cessing.

The viscoelastic properties of MAEs were mea-
sured using an Anton Paar Physica MCR 302 rheom-
eter with a plate–plate measuring system and an MRD
170/1 T magnetic cell equipped with an electromag-
net. The MAE sample was placed between the mea-
suring head and the substrate plane. Shear oscillations
were applied to the sample being measured, during
which the strain of the sample changed according to
the harmonic law γ = γ0sin(ωt), where γ is the shear
strain, γ0 is the strain amplitude, and ω is the oscilla-
tion frequency. The response of the sample to strain
was measured: shear storage modulus G ′ and loss
modulus G″, which are responsible for the elastic and
viscous response of the sample, respectively. The
damping factor tanδ = G″/G ′ was also calculated,
which characterizes the proportion of energy loss
during one load cycle of the material. Experiments
were carried out at room temperature. The normal
force in all experiments was approximately FN ~ 1 N.
Frequency dependences were measured at a fixed
oscillation amplitude γ0 = 0.1% in the frequency range
of ω = 1–100 rad/s, and amplitude dependences were
measured at a fixed oscillation frequency of ω =
10 rad/s in the amplitude range of γ0 = 0.02–20%. The
dependences of the components of the dynamic mod-
ulus of the samples on the magnetic field strength were
obtained in the linear viscoelasticity mode at a fixed
oscillation amplitude γ0 = 0.1% and an oscillation fre-
quency of ω = 10 rad/s. The magnetic field was
applied perpendicular to the sample plane; i.e., in
experiments with anisotropic samples, the direction of
the external magnetic field coincided with the orienta-
tion direction of magnetic filler chains.

RESULTS
Frequency Dependences

Figure 2 shows the dependences of the storage
modulus of MAE samples with carbonyl iron concen-
trations of 60 and 40 wt % based on platelike and
spherical magnetic particles, as well as with isotropic
and anisotropic distribution of magnetic filler in the
absence of a magnetic field and in a magnetic field of
B = 1 T. Here and below, the curves with red circles
and blue squares refer to samples based on the spheri-
cal and platelike filler, respectively. The dashed lines
refer to the anisotropic materials, and the open sym-
bols refer to measurements made in a magnetic field of
POLYMER SCIENCE, SERIES A  Vol. 65  No. 6  2023
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Table 1. Magnetorheological characteristics of MAE sam-
ples based on spherical carbonyl iron at an angular fre-
quency of oscillations ω = 10 rad/s and a small strain ampli-
tude of γ = 0.1%

ϕFe, 
wt %

, kPa tanδ , kPa

iso aniso iso aniso iso aniso iso aniso

30 8.6 12.9 0.11 0.16 13.2 32.8 1.5 2.5

40 10.5 21.6 0.17 0.17 22.9 85.6 2.2 4.0

45 11.8 45.4 0.11 0.126 21.5 148 1.8 3.3

50 16.6 35.2 0.15 0.11 57.8 94.3 3.5 2.7

60 15.9 54.3 0.2 0.2 87.3 668 5.5 12.3

0'G max'G max 0' '/G G
B = 1 T. Figure 3a shows that the storage modulus of
the materials increases several times when a magnetic
field is applied. For an anisotropic sample containing
60 wt % spherical magnetic particles, the relative
increase in the elastic modulus exceeds an order of mag-
nitude (Fig. 3a), which is significant for MAE with a
rather low degree of filling. Higher MAE response val-
ues with initial storage moduli of ~10–30 kPa are
achieved by increasing the filler content to 80–83 wt %
[10, 17, 31, 45]; however, as noted above, it is difficult
to achieve a concentration of magnetic particles above
60 wt % because of the strong thickening of the vulca-
nization mixture in the case of using platelike particles
with a large specific surface area. Since the goal of the
study was a comparative analysis of the properties of
MAEs based on particles of different shapes, the con-
centration of spherical particles in the samples was
limited to the highest attainable one for the MAE
based on platelike particles. Figure 3 shows that the
thickening of the system by changing the particle
shape also plays a role after vulcanization: samples
based on platelike magnetic particles have higher stor-
age moduli than those based on spherical particles,
both for the isotropic and anisotropic materials (see
also Tables 1 and 2), which is more pronounced for
highly filled samples. This conclusion is consistent
with the result reported in [43]. Anisotropic magnetic
compositions have a two to three times higher storage
modulus than the isotropic ones in agreement with pub-
lished data [25, 32–34, 36, 38]. At lower concentrations
of magnetic filler (Fig. 3b), the storage modulus in a
magnetic field for MAE samples based on platelike
particles turns out to be higher than that of both iso-
tropic and anisotropic samples of MAE based on
spherical particles.

To analyze the influence of the particle shape on
the properties of MAEs at different fillings, the depen-
dences of the initial storage modulus, the storage
modulus in a magnetic field of B = 1 T, and the relative
growth in the storage modulus in a magnetic field of
B = 1 T for all obtained MAEs on the concentration of
magnetic particles were plotted (Fig. 3). From the pre-
sented dependences it is clear that an increase in the
filler concentration leads to an increase in the storage
modulus of all samples both in the absence of mag-
netic field and in a field of 1 T. Anisotropic samples
are two to three times stiffer than the isotropic ones,
and samples based on platelike iron are stiffer than
those based on spherical iron over the entire concen-
tration range. As for the influence of particle shape on
the magnetic response, it manifests itself differently at
low and higher filler contents. At low concentrations
of magnetic filler, the MAE storage modulus  and
its relative increase in a magnetic field are greater for
samples based on platelike iron than those based on

max'G
PO
spherical iron. At magnetic filler concentrations of
ϕFe > 45 wt %, the samples based on spherical iron
begin to demonstrate a higher magnetorheological
effect. This is presumably due to the fact that at low
filler concentrations, a significant contribution to the
change in the internal structure of the material based
on platelike particles is made by their rotations in a
magnetic field–being directed parallel to the plane of
the particles, the magnetic moment of the particles
tends to turn along the magnetic field lines. As the
concentration increases, the rotation and movement
of platelike particles in an applied magnetic field
becomes difficult due to steric restrictions. This
occurs at lower concentrations than for spherical par-
ticles, since the percolation threshold decreases and
particle interactions increase in the case of high
anisometry. As a result, the magnetic response of
MAEs based on anisometric platelike particles
becomes smaller than that of MAEs based on the
spherical filler. The values of the measured magnetor-
heological characteristics of all obtained MAEs are
presented in Tables 1 and 2.

Amplitude Dependences

Filled elastomers are characterized by the so-called
Payne effect [46–48], which consists in a decrease in
the storage modulus of the material with increasing
strain amplitude. Strain softening of the composite
material is explained by the destruction of aggregates
of filler particles and a decrease in the force of their
interaction with increasing distance between them
under mechanical action. In the limit of high strains,
the storage modulus of the composite tends to the
storage modulus of the polymer matrix [47]. This
effect is even more pronounced for magnetic elasto-
mers, since magnetic particles interact with each other
through long-range magnetic forces. Figure 4 shows
LYMER SCIENCE, SERIES A  Vol. 65  No. 6  2023
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Fig. 2. Dependences of the storage modulus on the angular frequency of shear strain of MAE samples with a magnetic filler con-
centration of (a) 60 and (b) 40 wt % and based on (1, 1′, 2, 2 ′) spherical and (3, 3 ′, 4, 4 ′) platelike carbonyl iron with (1, 1 ′, 3, 3 ′)
isotropic and (2, 2 ′, 4, 4 ′) anisotropic distribution of magnetic particles ((1–4) in the absence of a magnetic field and (1 ′–4 ′) in
a magnetic field of magnitude B = 1 T). Carbonyl iron concentration, 60 wt %. Frequency dependences for samples with other
concentrations of magnetic filler are given in the Supplementary Materials (Fig. S1).
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the dependence of the storage modulus of the samples
on the amplitude of shear oscillations for MAEs, based
on platelike and spherical magnetic particles, with a
carbonyl iron concentration of 60 wt % and in the
cases of isotropic and anisotropic distribution of the
magnetic filler in the absence of magnetic field and in
a magnetic field of B = 1 T. It can be seen that the
decrease in the storage modulus is more pronounced
for anisotropic samples; this is due to the fact that their
initial storage modulus is higher at low strains and the
storage modulus of the composite at high strains tends
to the storage modulus of the polymer. This result is
consistent with the published data [31, 49]. This fea-
ture is characteristic of all obtained MAE samples
(Supplementary Materials, Fig. 2S).
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Table 2. Magnetorheological characteristics of MAE sam-
ples based on platelike carbonyl iron at an angular frequency
of oscillations ω = 10 rad/s and a small strain amplitude of
γ = 0.1%

ϕFe, 
wt %

, kPa tanδ , kPa

iso aniso iso aniso iso aniso iso aniso

30 6.4 17.1 0.28 0.28 15 76.1 2.3 4.5

40 10.3 27.2 0.15 0.27 25.2 131 2.4 4.8

45 15.7 46.9 0.20 0.17 51.1 111 3.3 2.4

50 27.6 58.5 0.13 0.16 75 161 2.7 2.8

60 42.4 74.8 0.17 0.16 97 227 2.3 3.0

0'G max'G max 0' '/G G
Magnetic Field Dependences
of Viscoelastic Properties of MAEs

Figure 5 shows the magnetic field dependences of
the real and imaginary parts of the dynamic modulus
of elasticity obtained for MAE with a carbonyl iron
concentration of 60 and 40 wt % based on platelike
and spherical magnetic particles, as well as with an iso-
tropic and anisotropic distribution of the magnetic
filler. Hysteresis of MAE properties in a magnetic field
is a characteristic property of magnetic–polymer
composites. This effect is due to the combination of
elastic and magnetic properties in the composite
material. Moreover, carbonyl iron itself is a soft mag-
netic material. The position of magnetic particles
inside the material is determined by the balance of
elastic forces of the polymer matrix, which tend to
keep the particles in their initial position, and mag-
netic forces, which are stronger the closer the particles
are to each other. Consequently, particles that have
come closer together as the magnetic field increases
are more difficult to separate when the curve
“reverses.” It is worth noting that depending on the
magnetic filler content, the effectiveness of magnetic
particles of various shapes in forming the magnetic
response of the material changes. At low fillings,
platelike particles strengthen the material more
strongly than spherical ones over the entire range of
magnetic field variations, since they are magnetized
along the plane of the particles, rotate with edges along
the external field, and form a percolation cluster at
lower concentrations.
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Fig. 3. Dependences on the mass concentration of iron
particles for (a) the storage modulus in the absence of mag-
netic field, (b) the storage modulus in a magnetic field of
B = 1 T, and (c) the relative increase of the storage modu-
lus in a magnetic field of B = 1 T for MAEs based on (1, 2)
spherical and (3, 4) platelike carbonyl iron with (1, 3) iso-
tropic and (2, 4) anisotropic distribution of magnetic filler.
The characteristics are given at an angular oscillation fre-
quency of ω = 10 rad/s and a small strain amplitude of γ =
0.1%.
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Fig. 4. Dependence of the storage modulus on the shear
strain amplitude for MAEs based on (1, 1 ′, 2, 2 ′) spherical
and (3, 3 ′, 4, 4 ′) platelike carbonyl iron with (1, 1 ′, 3, 3 ′)
isotropic and (2, 2 ′, 4, 4 ′) anisotropic distribution of mag-
netic particles (1–4) in the absence of a magnetic field and
(1 ′–4 ′) in a magnetic field of B = 1 T. The concentration
of carbonyl iron is 60 wt %. Amplitude dependences for
samples with other concentrations of magnetic filler are
given in the Supplementary Materials (Fig. S2).
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CONCLUSIONS

Magnetic–polymer compositions based on cross-
linked PDMS with comb-shaped segments and mag-
netic particles of platelike and spherical carbonyl iron
have been obtained. A comparative analysis of the vis-
coelastic properties and magnetic response of isotro-
pic and anisotropic (synthesized in an external mag-
netic field) samples with a magnetic filler concentra-
tion of 30 to 60 wt % in magnetic fields of up to 1 T was
carried out.

It has been shown that the values of the storage
modulus of the obtained materials lie in the range of
10–100 kPa. The storage modulus increases with
increasing concentration of the magnetic filler,
whereas composites based on platelike particles turn
out to be stiffer than those based on spherical ones, a
difference that is explained by the large specific sur-
face area of anisometric particles. The distribution
anisotropy of the magnetic filler also leads to strength-
ening of the material in the direction of orientation of
chainlike aggregates of magnetic particles, which is
consistent with published data.

At low concentrations of magnetic filler, the rela-
tive growth of the storage modulus in a magnetic field
of 1 T is higher for materials based on platelike iron,
which are aligned with the plate edges along the field,
forming a percolation cluster. At filler concentrations
greater than 45 wt %, the use of spherical iron particles
is more effective in obtaining a material with a high
magnetic response. The maximum relative growth of
the storage modulus in a magnetic field is achieved for
LYMER SCIENCE, SERIES A  Vol. 65  No. 6  2023
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Fig. 5. Magnetic-field dependences of the (a, c) real and (b, d) imaginary components of the dynamic elastic modulus of MAEs
based on (1, 2) spherical and (3, 4) platelike carbonyl iron with (1, 3) isotropic and (2, 4) anisotropic distribution of magnetic
filler. The concentration of carbonyl iron is (a, b) 60 and (c, d) 40 wt %. Field dependences for samples with other concentrations
of magnetic filler are given in the Supplementary Materials (Fig. S3).
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an anisotropic sample based on spherical particles
(60 wt %) and exceeds one order of magnitude.

The Payne effect, which consists in a decrease in
the elastic modulus of the composite with increasing
strain amplitude, is less pronounced for samples with
an isotropic distribution of the magnetic filler.
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