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Fine (approximately 18nm) particles of nickel ferrite were
synthesized by the sol-gel technique, and their structural properties
were evaluated by X-ray diffraction. Neoprene-based rubber ferrite
composites were prepared by incorporating these nickel ferrite pow-
ders in the rubber matrix according to a specific recipe. The cure
characteristics were analyzed, and the samples were molded into
particular shapes whose properties were determined according to
ASTM standards. Magnetization studies were carried out using a
Vibrating Sample Magnetometer. This study indicates that neo-
prene rubber-based flexible magnets with desired magnetic proper-
ties and appropriate mechanical properties can be prepared by
incorporating an adequate amount of nanoscale nickel ferrite parti-
cles within the rubber matrix.

Keywords Ferrite; Flexible magnets; Neoprene rubber; Rubber
ferrite composites; Sol-gel method

INTRODUCTION

Composite materials have many advantages over mono-
lithic materials, because their mechanical properties can be
tailored for particular applications. Rubber ferrite compo-
sites are one such class of composite materials, and their
matrix properties can be modified to tailor their magnetic
and dielectric properties. Incorporation of ferrites in an
elastomer matrix produces rubber ferrite composites
(RFCs)!'%). The difficulty of processing and molding cer-
amic magnetic materials into any shapes desired is their
major disadvantage. Flexible magnets having superior pro-
cessability and moldability can be prepared by incorporat-
ing ceramic magnetic materials within a flexible matrix,
such as rubber!’l.

Address correspondence to Philip Kurian. Tel.: 91 484 2575723;
Fax: 91 484 2577747; E-mail: pkurian@cusat.ac.in

Particulate-filled rubber composites are commercially
significant materials, and the mechanism of reinforcing
the polymer matrix with fillers is important in the manufac-
ture of polymer products. Very fine particle fillers, such as
silicon carbide, calcium carbonate, silicates, and carbon
black, are the most commonly used reinforcers®™ 1%
Factors influencing the reinforcement of particulate fillers
in an elastomer matrix include particle size and surface
area and filler surface activity!''. Surface area controls
polymer—filler interaction in the composites, and surface
activity controls filler—filler and filler—polymer interactions.

Fine particles of ferrite fillers impart characteristic mag-
netic and dielectric properties to an elastomer matrix,
enhancing a composite’s mechanical properties. Investiga-
tions into the effect of magnetic fillers on the physicome-
chanical properties of elastomers seldom occur. The
present study investigates both the reinforcing characteris-
tics of nickel ferrite nanoparticles in neoprene rubber and
their effect on cure, mechanical, and magnetic properties
of the RFCs.

RFCs are used in a wide variety of devices, including
EMI shields and microwave absorberst!*'?. RFCs with
appropriate saturation magnetization values can be
prepared by selecting an appropriate ferrite as the filler.
Soloman, et al have reported that when ferrite fillers were
incorporated into an elastomer, magnetic properties are
imparted to the elastomer, its mechanical properties are
improved, and the dielectric behavior of the matrix is
modified .

Ferrites are one of the most important classes of mag-
netic filler and can be classified into soft and hard ferrites.
Nickel ferrite (NiO-Fe,O3) is a particularly important
member of the ferrite family. It is a soft magnetic material
having high saturation magnetization and low eddy
currents!'®. Nickel ferrite crystallizes in an inverse spinel
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structure. The structure and saturation magnetization of
ferrites depend on the grain size of a sample as well as upon
its method of preparation. Several methods have been
reported for the preparation of ferrites, such as the ceramic
method!"®, coprecipitation'”, and the sol-gel technique!'®!.
One of the easiest ways to synthesize nanosized particles is
the sol-gel technique. This method has several advantages
over conventional ceramic methods and is a cost-effective,
low-temperature method for synthesizing nanosized par-
ticulate materials. In the present study, fine particles of
NiFe,O,4 (Nif) were prepared using the sol-gel method,
characterized, and incorporated into neoprene rubber.

Neoprene is a polar synthetic rubber having several
resistant properties superior to natural rubber, including
better resistance to gasoline, to weathering, to ozone, to
oxidation, to flame, and to corrosive chemicals'.

RFCs were prepared by incorporating nickel ferrite in
neoprene rubber according to a specific recipe. The cure
characteristics and mechanical properties of these RFCs
were studied and reported here.

The magnetic properties of the composites, such as the
saturation magnetization, were measured and reported
along with those of the filler. A mixture equation was used
to calculate the theoretical saturation magnetization value
of the composites from that of the nickel ferrite and the

neoprene matrix®’.

EXPERIMENTAL

Preparation of Nickel Ferrite

Nickel ferrite (Nif) was prepared by means of the sol-gel
method®! using analytical-grade nickel nitrate and ferric
nitrate. Solutions of ferric nitrate and nickel nitrate in pure
ethylene glycol were mixed in a 2:1 molar ratio and heated
to 40°C. The gel thus obtained was then dried at 90°C,
upon which it self-ignited, creating a fluffy, voluminous
product. The samples were then homogenized by ball
milling using a Fritsch Pulverisette ultrasonic grinder for
twenty minutes and were then heated to 200°C for 2 hours
to eliminate any volatile impurities.

Characterization of Nickel Ferrite

The nickel ferrite powder prepared was characterized
using an X-ray powder diffraction technique (Rigaku
Dmax-C) with Cu Ko radiations. The average particle size
was then determined using the Debye—Scherrer formula

092
Y

(1)

where D is the average particle size, 1 is the wavelength, f is
the full width at half maximum in radians, and 0 is the
Bragg angle.

Preparation of Neoprene Based RFCs

Precharacterized nickel ferrite powder was incorporated
in the neoprene rubber (W grade) according to a specific
recipe (Table 1). RFCs were prepared with nickel ferrite
ranging from 40 phr to 120 phr in steps of 20. A control
compound was prepared without any filler. Mixing was
carried out in a Brabender Plasticorder, Model PL 3S,
per ASTM D3182-89 (2001). The mixing was carried out
at 60°C with a rotor speed of 50 rpm. The mixed stock
was homogenized using a two-roll mill with a 0.8 mm nip
gap and was then made into sheets 2.4 mm thick.

Evaluation of Cure Characteristics

Cure characteristics of the RFCs were determined
using a Rubber Processing Analyzer (RPA 2000 of o-
Technology) at a temperature of 160°C. From the RPA
results, the optimum cure time (tgg) and the scorch time
(t10) were evaluated along with the maximum and mini-
mum torque values.

Preparation of Test Specimen

Rubber compounds were compression-molded into
sheets about 2mm thick using an electrically heated
hydraulic press having 45 cm x 45cm platens at a pressure
of 140 kg/cm? in a standard mold. Rubber compounds were
cured up to their respective cure times at 160°C. Dumbbell

TABLE 1
Recipe used for the preparation of neoprene based RFCs
Material CRO CR40 CR60 CR80 CR100 CR120
Neoprene 100 100 100 100 100 100
MgO 4 4 4 4 4
Stearic acid 1 1 1 1 1 1
Nif (filler) 0 40 60 80 100 120
Naphthaneic oil 0 4 6 8 10 12
NA22 0.5 0.5 0.5 0.5 0.5 0.5
ZnO 5 5 5 5 5 5
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specimens for the stress strain measurements were cut from
the vulcanized sheet using an ASTM D-type die.

Evaluation of Mechanical Properties
Stress—Strain Measurement

The stress—strain properties, such as tensile strength,
modulus, and elongation at break, were determined using
Shimadzu universal testing machine model SPL 10 KN at
a cross head speed of 500 mm/min. Stress-strain measure-
ments were carried out, per ASTM D 412-98a(2002).

Tear Strength

Tear resistance of the samples was tested, per ASTM D
624-2000, using test specimens having a 90° angle on one
side and tab ends punched out from the molded sheets
along the mill grain direction.

Hardness

Sample hardness was measured, per ASTM D 2240-03,
using a Shore A Durometer and a sample 6 mm thick.
Readings were taken after 15 seconds of pressure after firm
contact was established with the specimens.

Resilience

Sample resilience was measured, per ASTM D 2632-
2001, with a vertical rebound resiliometer, using cylindrical
samples 16 mm in diameter and 6 mm thick.

Abrasion Resistance

Sample abrasion resistance was measured using a DIN
abrader (DIN 53516), per ASTM D 5963-2001. Cylindrical
samples 16 mm in diameter and 20 mm long were kept on a
rotating sample holder, and a load of 10 N was applied.
Weights of the samples before and after the run were taken,
and the volume loss was estimated.

Cross-Link Density

The cross-link density (CLD) of vulcanized samples was
determined by the equilibrium swelling method using the
Florey—Rehner equation. Samples of approximately 0.3 g
were accurately weighed and kept in toluene solvent in an
airtight container for 24 hours. The outer portion of the
swollen samples was then gently wiped with filter paper
and weighed. The samples were again stored in solvent
and weighed at intervals of 1 hour until an equilibrium
weight was obtained. The swollen samples were heated at
60°C for 24 hours in an oven to remove the solvent. The
de-swollen weight was then taken. The volume fraction of
rubber in the de-swollen network was then calculated using
the equation

(D - FT)p;!
(D= FT)p; " + Aopy!

Vr = (2>

where T is the weight of the test specimen, D is the speci-
men’s de-swollen weight, F is the weight fraction of the
insoluble component, A is the weight of the absorbed sol-
vent, corrected for the swelling increment, p, is the density
of the test specimen, and p; is the density of the solvent.

Magnetic Measurements

The magnetic parameters of the nickel ferrite and the
RFCs were measured at room temperature using a Vibrat-
ing Sample Magnetometer (model EG&G PAR 4500). A
hysteresis loop was plotted, and parameters such as satu-
ration magnetization (Mj), coercivity (H.), and magnetic
remanence were evaluated.

Morphology

The morphological characterization of the fractured sur-
faces of the tensile test specimens was carried out using a
Scanning Electron Microscope (Cambridge Instruments S
360 stereo scanner version VO2-01) and the scanning
electron micrographs were recorded. Gold was spattered
on the samples before they were scanned.

RESULTS AND DISCUSSION

Structural Characterization of NiFe,O,

The X-ray diffraction pattern of nickel ferrite powder is
depicted in Figure 1. All the characteristic peaks of nickel
ferrite are present in the diffraction diagram. The powder
diffraction pattern agrees well with the JCPDS values
(JCPDS No. 74-2081)*?. The average particle size, calcu-
lated by means of the Debye—Scherrer equation, is 19 nm.
The lattice parameter ‘a’ is calculated to be 8.328 A°. The
slightly broad pattern of XRD was caused by the smaller
grain size of the ferrite particles.
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FIG. 1. X-ray diffraction of NiFe,O,.
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FIG. 2. Representative cure curve for RFCs.

Cure Characterization of RFCs

The cure characteristics of the prepared RFCs were
determined using a rubber processing analyzer (RPA
2000 of a-Technology). A typical cure curve of the rubber
ferrite composite is shown in Figure 2.

The variation in maximum torque (D,,,x) and minimum
torque (Dp,;,) of the loaded nickel ferrite are shown in
Table 2. Maximum torque indicates the shear modulus of
the fully vulcanized rubber at vulcanization temperature.
Maximum torque increases markedly with Nif. Because
the shear force is higher at the time of mixing, the elasto-
mer breaks down and active sites are created that then
combine with nanosized filler particles to increase the shear
modulus of the RFCs, demonstrating the reinforcing
nature of the ferrite filler.

The variation in minimum torque of the loaded nickel
ferrite is also given in Table 2. Minimum torque increases
with ferrite filler loading. Minimum torque is a measure
of the compound’s viscosity. Even though the minimum
torque increases with loading of ferrite filler, it does not

detract from the processability of the compound. Increase
in viscosity with the addition of nickel ferrite is caused by
the occlusion of rubber within and between the filler aggre-
gates and as well as the immobilization of a layer of elasto-
mer at the surface of the filler.

Wolf and Westlinning proposed a mathematical
expression in terms of rheometric data, which give an idea
about the bound structure of fillers in the vulcanizate,
especially regarding carbon black—filled composites®>4.
The ratio in the torque variance between loaded and
unloaded compounds was found to be directly pro-
portional to the filler loading. By plotting the relative
torque against the fraction of filler loading, a straight line

is obtained whose slope is defined by Wolf as o>
Dinax — D -
:)ndx Bnm 1= OCFﬂ (3)
Dmax - Dmin ny

where my and my, are the masses of filler and polymer in the
compound and o is a specific constant for the filler that
gives an idea of the filler’s final structure in the vulcanizate.

Figure 3a shows the plot of g;;:%gg; — 1 against m¢/m,,.
The nonlinear relationship of the relative torque to the fil-
ler loading indicates that the incorporation of nickel ferrite
particles affects cross-linking between polymer chains.
Cross-link density of the RFCs is given in Table 3. As
the filler loading increases, the cross-link density
decreases—a clear indication of filler-matrix interaction.

Figure 3b shows the plot of A torque against filler load-
ing. A torque (Dpax — Dmin) increases with filler loading
initially, but, at higher loading levels, deviation from lin-
earity is evident. At lower filler concentrations, the distance
between filler particles is high and the rubber chains are
attached to single filler particles, which causes the forma-
tion of a gel-like structure that is uniformly dispersed
throughout the compound, resulting in a linear increase
in A torque. As the filler loading increases, the filler—filler
distance decreases. At this stage, interparticular attachment
of polymer chains occurs. The segmental mobility of the
chain decreases further, and a coherent gel-type structure
is formed. As a result, A torque deviates from linearity at
higher loading levels.

TABLE 2
Cure characteristics of RFCs

Loading Maximum Minimum Cure time Scorch time
(phr) torque (dNm) torque (dNm) top (Min) tio (min) ts, (min) CRI (min ")
0 2.98 0.29 12.75 1.01 7.02 17.49
40 4.24 0.29 16.97 1.86 4.87 8.26
60 4.48 0.28 16.99 2.28 5.39 8.62
80 5.08 0.34 17.51 2.34 3.82 7.304
100 5.12 0.39 20.03 2.49 6.22 7.24
120 5.27 0.47 23.29 2.76 8.49 6.76
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FIG. 3. (a) Plot of W—l against mg/my; (b) Relative torque
against filler loading.
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or for each composite is calculated using Equation 3;
the variation in o with filler loading is depicted in
Figure 4. Higher values of o indicate stronger filler—filler
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FIG. 4. Plot of o against m¢/m,,.

interactions, which may result in the formation of a filler
network at higher filler loadings. In Figure 4 it is evident
that the value of of decreases with nickel ferrite loading
in neoprene rubber, indicating that even at higher loadings,
ferrite does not form network structures in the neoprene
matrix.

Table 2 demonstrates that cure time increases with filler
loading as curatives are adsorbed over the active surfaces
of the ferrite particles, lessening their concentration and
increasing the time required for an optimum cure. These
observations are further supported from the cure rate index
values given in Table 2. The cure rate index (CRI) is a mea-
sure of the rate of the curing reaction and is given by the
equation

100
tog — 152

CRI =

4)

where toy and ts,, respectively, are the optimum cure time
and the time required for two units’ rise from the minimum
torque value. With the incorporation of 20 phr Nif, the
CRI value decreases by half to that of the gum vulcanizate.

TABLE 3
Mechanical properties of RFCs

Loading Tensile strength Elongation at 300% modulus Tear strength Cross-link density
(phr) (MPa) break (%) (MPa) (N/mm) (CLD) 10>

0 13.99 1165 1.79 35.16 5.43

40 19.19 1290 2.07 35.55 4.36

60 18.59 1218 2.34 39.26 4.08

80 17.76 1194 2.53 36.69 3.78

100 15.59 1143 2.63 40.28 3.44

120 13.52 1092 2.72 41.5 3.98
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The decrease in CRI value is caused by the wetting of the
surface of the filler particles by the elastomer, which tends
to intervene in the cross-linking reaction. But further addi-
tions of nickel ferrite cause only marginal decreases in CRI
values.

Variations in the scorch time with the loading levels of
ferrite filler are given in Table 2. The scorch time of the
compound increases slightly with filler loading, indicating
that the processability of the composite is not affected by
the incorporation of nickel ferrite. This increase is caused
by the adsorption of curatives over the surface of the ferrite
particles.

Mechanical Properties of RFCs
Stress—Strain properties

Stress—strain properties, such as tensile strength, elonga-
tion at break, and modulus at 300% elongation, were mea-
sured and the values recorded in Table 3. The tensile
strength of the RFCs was higher than that of the gum
vulcanizate. A maximum tensile strength value of
19.19 MPa was obtained for 40 phr loading of ferrite filler.
The tensile strength decreases at higher loadings of Nif.
Tensile strength of the RFC with 120 phr of Nif is almost
equal to that of gum vulcanizate. All this reveals the
reinforcing nature of the ferrite particles in the neoprene
rubber matrix. Both surface area and specific activity of
the filler contribute to reinforcement—particle size physi-
cally, and surface activity chemically. The particle size of
the synthesized nickel ferrite used for the preparation of
the RFCs is about 18 nm. As their size decreases, the inter-
face area between the filler and the elastomer increases,
causing stronger reinforcement. As the loading increases
above 40phr, a regular decrease in tensile strength is
evident. As the filler loading increases, the volume fraction
of the rubber decreases, and sufficient wetting of the filler
by the elastomer may not take place.

Elongation at break of the RFCs is given in Table 3,
which shows the same trend exhibited by tensile strength.
Because of the finer particle size of nickel ferrite, an improve-
ment in the stress-bearing capacity of the polymer—filler
interphase is observed at lower filler loadings. At higher
loadings of ferrite fillers, elongation at break decreases
because of poor interactions between the surface of the
filler and rubber.

An increase in modulus at higher filler loadings is
mainly caused by the inclusion of rigid filler particles in
the soft matrix. Bridging of rubber chains between the filler
particles enhances the modulus at 300% elongation.

Tear Strength
Tear strength values of the RFCs are given in Table 3.
As the filler loading increases, the tear strength of the

vulcanizate increases considerably, clearly exhibiting the
reinforcing nature of Nif in a neoprene rubber matrix.
In the filled neoprene rubber matrix, the filler interacts
with the elastomer chains, creating a barrier to the tear
path. Filler particles present at the propagation tip arrest
the propagating cracks, increasing tear resistance!”. Thus
the tear strength of the RFCs increases with filler loading
and is higher than the gum vulcanizate, even at 100 phr of
nickel ferrite.

Hardness

Figure 5 shows variations in hardness with ferrite load-
ing. Hardness is a measure of the modulus at low levels of
strain. Hardness of the RFCs increases with nickel ferrite
loading because of the elastomer chains’ decreased
mobility.

Resilience

Variations in the resilience of the neoprene rubber vulca-
nizate with the loading of nickel ferrite are given in Figure 5
and exhibit regular decreases with increases in filler con-
tent. Resilience is directly related to the rubber content of
the vulcanizate. As the rubber content decreases, the damp-
ing characteristic of the compound decreases, decreasing
resilience.

The decrease in rebound height with the increase of filler
loading is linear, according to the equation

Ry—R=4" (5)
ny
where Ro is the rebound height of the gum and R is that of
the filled vulcanizate, and A is the filler-specific constant
characteristic of the surface area of the filler available for
interaction with rubber molecules. The plot of R — R
against mg/m,, is given in Figure 6.
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FIG. 5. Variation of hardness and resilience with filler loading.
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Abrasion Resistance

Volume loss caused by abrasion of the RFCs with load-
ing of nickel ferrite is shown in Figure 7. As the neoprene
rubber is loaded with Nif, the volume loss on abrasion
decreases initially and then gradually increases. The abra-
sion resistance increases up to 60 phr loading of Nif and
is caused by the smaller particle size of the ferrite filler.
The interaction between the neoprene matrix and the filler
restricts wear on the rubber during abrasion. At higher
loadings of ferrite filler, the filler—filler interactions over-
come the rubber-filler interactions, reducing abrasion
resistance.
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FIG. 7. Variation in volume loss on abrasion with filler loading.

Cross-Link Density

The cross-link densities (CLD) of the gum vulcanizate
and of the RFCs are given in Table 3, where the greatest
cross-link density is evident in the case of gum vulcanizate.
As the nickel ferrite loading increases, the apparent CLD
decreases as a result of the detachment of polymer from
the polymer—filler interface and of the sorption of curatives
on the filler surface®®. This is supported by the
morphology of the composites, recorded in the SEM
photographs, which clearly show that as the nickel ferrite
loading increases, filler agglomeration increases, reducing
cross-link density.

Morphology

Scanning electron microscopic pictures of fractured sur-
faces in the gum vulcanizate and in the nickel ferrite con-
taining RFCs are provided in Figure 8a—f. Figure 8a
shows a smooth topography on the fractured surface of
the gum vulcanizate, and Figure 8b—f shows the fractured
surfaces of RFCs with 40, 60, 80, 100, and 120 phr of nickel
ferrite, respectively. Figure 8b-f shows the even
distribution of Nif in the neoprene matrix. Compared to
the SEM image of the fractured surface of the gum vulca-
nizate, all other SEM show a rough topography that indi-
cates a delay in the fracturing process. In the RFCs, at the
initial stage of failure the stress distribution may be
uniform; but, as failure intensifies, the stress distribution
in the vulcanizate is nonuniform, resulting in a rough
topography.

Voids present in the micrographs are the result of the
detachment of filler aggregates from the rubber matrix.
In Figure 8b,c, the average void size is approximately
3um. A slight increase in void size can be seen at higher
loading levels, caused by an increase in filler concentration
that may lead to the formation of larger aggregates. Void
size in Figure 8d is approximately 5pm; the presence of a
number of small additional voids can be observed, a result
of the increased filler content on filler agglomeration. SEM
pictures confirm the high tensile strength values of RFCs
with 40, 60, and 80 phr of Nif, in which agglomeration
of ferrite filler was found to be less than that of higher
loadings.

Magnetic Measurements

The magnetic studies were carried out on the nickel fer-
rite and the rubber ferrite composites using a Vibrating
Sample Magnetometer (VSM) determining the magnetic
parameters—saturation magnetization (M), coercivity
(H,), and magnetic remanence. Figure 9 shows the hystersis
loop for the nickel ferrite filler and the hystersis loops for
the RFC with 120 phr nickel ferrite. The saturation magne-
tization and coercivity of the filler and composites were
obtained from the corresponding hystersis loops. M values
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FIG. 8. (a) Scanning electron micrograph of tensile fractured surface of gum vulcanizate; (b) Scanning electron micrograph of tensile fractured surface
of CR40; (c) Scanning electron micrograph of tensile fractured surface of CR60; (d) Scanning electron micrographs of tensile fractured surface of CR80;
(e) Scanning electron micrographs of tensile fractured surface of CR100; (f) Scanning electron micrographs of tensile fractured surface of CR120.
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FIG. 9. Hystersis loop for nickel ferrite filler and CR120.

FIG. 10. Loading dependence of saturation magnetization.
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TABLE 4
Magnetic properties of RFCs and nickel ferrite

Nickel ferrite Saturation magnetization

Magnetic remanence

loading (phr) (Ms)(emu/g) Coercivity (Hc)(Oe) (Mr)(emu/g) Mr/Ms
40 10.47 115.25 2.21 0.21
60 14.01 115.25 2.79 0.20
80 16.73 115.25 3.53 0.21
100 18.82 115.42 3.65 0.19
120 20.72 115.42 3.83 0.18
Nickel ferrite 39.18 101.00 5.28 0.13

of the composites were found to depend on the loading
of the filler, a discovery confirmed by the theoretical
calculation of M values of the composites using the simple
mixture equation

M. = WiM| + W, M, (6)

where W is the weight fraction of filler, M; is the satu-
ration magnetization of the filler, W, is the weight fraction
of the matrix, and M, is the saturation magnetization of
the matrix. Because the neoprene matrix is nonmagnetic,
the Equation (6) can be reduced to

Mrfc == WlMl (7)

The M, values were calculated using Equation 7 and are
shown in Figure 10.

The saturation magnetization value of Nif was 39.18, as
obtained from the hystersis loop. RFCs had different Mg
values that depended on the amount of Nif. A maximum
value of 20.72 was obtained in the case of 120 phr loading.
The coercivity value of the nickel ferrite filler is 101 Oe.
From Table 4 it can be observed that the coercivity value
of all the RFCs is almost same—approximately 115 Oe—
indicating that there is no chemical interaction between
the filler and the rubber matrix. The small increase in H,
of RFCs from that of the Nif is attributable to the slight
change in particle size of the filler during processing.
Change in particle size of the filler within the matrix can
be expected because the vulcanization took place at 160°C.
RFCs with desired magnetic properties can be synthesized
by incorporating appropriate amounts of nickel ferrite.

CONCLUSION

Nickel ferrite was synthesized using the sol-gel method
and characterized using an X-ray diffraction technique.
Particles, which were cube-shaped, averaged 18 nm in size.
Neoprene-based rubber ferrite composites were prepared
with various loadings of nickel ferrite. The cure character-
istics of the RFCs were evaluated using RPA. The cure
time and scorch time of the RFCs increased with increases
in the loading of nickel ferrite. Maximum and minimum
torque values also increased with the increase of ferrite

loading in RFCs, and of values for the vulcanizates
decreased with increases in ferrite filler loading, indicating
that neoprene rubber can accept high amounts of nickel
ferrite filler with little agglomeration. Stress—strain proper-
ties of the RFCs, along with other mechanical properties,
were also evaluated. RFCs with 40 phr of nickel ferrite
showed the greatest tensile strength. RFCs with higher
loadings of nickel ferrite showed tensile strength values
higher than that of the gum vulcanizate. RFCs’ elongations
at break decreased with increases in ferrite loading. The
tear strengths of all RFCs were higher than those of the
gum vulcanizate. The resilience of the RFCs gradually
decreased as hardness increased with the loading of nickel
ferrite. The abrasion resistance of RFCs increased with
increases in nickel ferrite loading up to 60 phr and then
slightly decreased with higher loadings. The cross-link den-
sity of the RFCs was less than that of the gum vulcanizate.
The saturation magnetization values of the RFCs
depended on the loading of the ferrite filler.
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