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Abstract: In the present work, carbonate minerals are added in non-polar and polar polymer matrices
to develop halogen-free flame-retardant composites. The examined fillers of calcium carbonate
and magnesium carbonate delivered improved rheological performance in both non-polar (PE)
and polar (EVA/PE) polymer compounds compared to the natural magnesium hydroxide and
huntite/hydromagnesite mineral fillers. The presence of EVA in the matrix enhanced the mechanical
behavior of all compounds in tensile testing. The thermal stability of the composites was particu-
larly improved for the polar systems with the incorporation of the carbonate minerals, as this was
evidenced under thermogravimetric analysis. The dielectric behavior of the fabricated systems was
examined via broadband dielectric spectroscopy. The HFFR compounds attained higher values of
the real part of dielectric permittivity from the unreinforced systems in the whole frequency and
temperature range of the conducted tests. This behavior is ascribed to the higher permittivity values
of the fillers with respect to the polymer matrices and the occurrence of interfacial polarization. All
minerals improved the flame retardancy of the compounds in terms of LOI values, while the addition
of EVA yielded further improvements, especially for the magnesium carbonate and the magnesium
hydroxide minerals.

Keywords: polymer composites; flame retardancy; thermal stability; dielectric properties; HFFR

1. Introduction

Polymer matrix composites are utilized as engineering materials in many sectors,
including automotive, marine, aviation, and aerospace industries, as well as in civil con-
struction, packaging, and leisure products. Polymer composites exhibit many advantages,
such as easy fabrication and shaping, low weight, thermomechanical stability, environmen-
tal and corrosion resistance, and thermal and electrical insulation, at a relatively low cost.
Because polymers mainly consist of hydrocarbon macromolecules that are burnt easily,
safety issues in various applications are raised. The flame retardancy (FR) of polymer
matrix composites is enhanced by employing suitable inclusions and/or by developing FR
coatings [1–3].

Mineral fillers are currently regarded as cost-effective additives for various halogen-
free flame retardant (HFFR) applications. These inorganic flame retardants relate, among
others, to metal oxides and hydroxides, phosphorus, silicon, or boron compounds. Their
behavior is characterized by enhanced thermal stability, non-volatility, and long-lasting
performance. When decomposed metal hydroxides release water, this has a beneficial
effect by reducing both the temperature of the polymer matrix and the concentration of
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oxygen in the ambient air [3,4]. The most common category of metal hydrates is well-
accepted to present no risk to human health or the environment; thus, they are considered
environmentally friendly flame-retardant fillers [5]. Nevertheless, their incorporation
into the polymeric matrix requires a significant amount of filler fraction for imparting
adequate flammability resistance. Therefore, the respective composite usually suffers from
mechanical property deterioration, as well as difficulties in compounding [6]. This latter is
especially apparent in cases where the extrusion of thin filaments is required, such as in 3D
printing applications [7,8].

Polyethylene is a thermoplastic polymer with numerous applications, wherein its
flame retardancy becomes a prerequisite in some cases, such as wire and cable [9], electric
enclosures, building panels, etc. It is often blended with compatibilizers in complex recipes
to get the most out of the compound [10,11].

Several mineral fillers of different origins have been investigated for their applicability
in polyethylene compounds [12]. Nowadays, widely accepted mineral fillers for polyethy-
lene (PE) and poly(ethylene co-vinyl acetate) (EVA) relate to hydroxide minerals, such as
aluminum tri-hydroxide [13] and magnesium di-hydroxide [14]. Their flame-retardant
action stems mainly from a combination of parameters, such as the reduction of the overall
combustible content in the respective polymer composites, the energy absorption required
for their thermal decomposition, the release of water during mineral decomposition, which
dilutes the combustible gases, as well as the remaining surface mineral oxide thermal
insulating layer [15]. A fire scenario begins with the ignition event, wherein a source of
heat meets the polymeric material, the fuel. Combustion progresses depending upon the
rate of fire growth, where the flammable degradation species react with the oxygen in
the air to produce more flames and heat. In the fully developed fire, a continuous heat
flux is transferred back to the fuel, maintaining the flow of volatile products [16]. The
flame retardants function in the flame or in the condensed phase in a physical or chemical
mode or in combinations therein. The physical mode involves heat sinks, fuel diluents, or
barrier formers, whereas the chemical mode affects the way the polymeric chains break
down [17]. Laoutid et al. [18] underlined the role of char cohesiveness and mineral–polymer
interactions in EVA/calcium-based minerals, which may affect the fire properties, accord-
ingly. Wang et al. manufactured a multifunctional hybrid flame-retardant structure via the
layer-by-layer assembly technique with brucite, silane coupling agents, nickel chloride, and
sodium alginate, wherein the protective char layer played a decisive role in the enhanced
fire performance, especially in combination with EVA [19]. Liu et al. exploited nanosized
carbon black as a synergist in promoting char formation for improving the flame resistance
of brucite in an EVA matrix, as this was manifested in LOI, UL94, and cone calorimetry
testing [20]. In another example of advancing the flame retardancy of the EVA/PE matrix,
Haurie et al. compounded organophilic montmorillonite, hydromagnesite, and aluminium
hydroxide to benefit from their combined action [21].

Furthermore, carbonate minerals, which were long ago investigated for their flame
retardancy [22], are recently attracting further attention again [7,23]. It has been reported
that when calcium carbonate (CaCO3) is employed as a filler in polymer matrices, the
thermal and thermo-oxidative stability of the composite is improved [24]. Goodariz et al.
reported an increase in the limiting oxygen index (LOI) of polypropylene (PP) from 17.4%
to 23.6% for a 5 wt% CaCO3 reinforced PP composite system [25]. The subject of the current
analysis is to investigate the effect of carbonate mineral fillers on flame retardancy and
dielectric properties in polar and non-polar polyolefin matrices.

2. Materials and Methods

Ethylene-1-octene copolymer (Lucene LC180) was supplied by LG Chemicals (Yeoui-
daero 128, Yeongdeungpo-gu Seoul, Korea). Ethylene–hexene copolymer (Exceed 3518)
and olefinic elastomer (Vistamaxx 6202) were provided by Exxon Mobil Chemicals (Her-
meslaan 2, 1831 Machelen, Belgium). Maleic anhydride modified polyethylene (Fusabond
E226) was provided by Dow DuPont (2 Chemin du Pavillon Box 50, CH-1218 Le Grand
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Saconnex Geneva, Switzerland). Ethylene vinyl acetate copolymer with 28 wt.% VA content
(Greenflex FL65) was donated by Versalis (Piazza Boldrini 1, 20097 San Donato Milanese,
Italy). Silicon lubricant (SilmaProcess AL1142A) was supplied by SILMA (Via A.Moro, 45
59016-Poggio a Caiano, Italy), and the antioxidant (Irganox 1010) was provided by BASF
SE (38 Carl-Bosch Str., Ludwigshafen, Germany).

The selected minerals, which were mixed in the recipes, involve magnesium carbonate
(magnesite—MgCO3) (FlammaCarb 10A) with average particle size d50 = 3.5 µm, calcium
carbonate (CaCO3≥99%) with d50 = 5.5 µm, magnesium hydroxide (brucite—Mg(OH)2)
with d50 = 3.5 µm, and hydrated magnesium–calcium carbonate (huntite/hydromagnesite
mineral—HHM) with d50 = 4.0 µm. All minerals used were commercial products.

The ingredients for a polyethylene (PE recipe) and an ethylene vinyl acetate/polyethylene
(EVA/PE recipe) compound are presented in Table 1.

Table 1. Ingredients of the polyethylene (PE) and ethylene vinyl acetate/polyethylene (EVA/PE)
recipes in parts per hundred resin per weight (phr).

PE Recipe
Ingredients Dosage (phr) EVA/PE Recipe

Ingredients Dosage (phr)

Lucene LC180 40 Greenflex FL65 60
Vistamaxx 6202 30 Lucene LC180 20

Exceed 3518 20 Exceed 3518 10
Fusabond E226 10 Fusabond E226 10
SilmaProcess

AL1142A 3 SilmaProcess
AL1142A 3

Irganox 1010 0.5 Irganox 1010 0.5
Filler (various) 165 Filler (various) 165

The formulations, which are exploited in the current analysis, relate to halogen-free,
flame-retardant cable compounds. The basic ingredient selection for such HFFR recipes
includes minerals, compatibilizers, plasticizers, and antioxidants.

Mixing was performed in an internal mixer (Brabender Plastograph, Brabender GmbH
& Co. KG, Kulturstr.49-51, 47055 Duisburg, Germany) at 180 ◦C, while the compounds
were pressed in plates in a hot-press (Model 4122CE, Carver Inc.,1569 Morris Str., PO Box
544, Wabash, Indiana 46992-0544, USA) at 180 ◦C. Samples were cut with a pneumatic
cutter (Pneumatic Die Cutter, Noselab ATS s.r.l.,Via Garibaldi 144, 2080 Nova Milanese MB,
Italy) at various dimensions according to the required standards and tests.

Scanning electron microscopy images were taken with an EVO MA 10 Zeis (ZEISS AG,
Carl-Zeiss-Straße 22, 73447 Oberkochen, Germany). The melt flow index was measured in
a melt flow tester (Noselab, ATS s.r.l. Via Garibaldi 144, 20834 Nova Milanese MB, Italy)
at 190 ◦C and 21.6 kg according to ASTM D1238 [26]. Tensile tests were performed at
25 mm/min crosshead speed on a double-column machine (Model 10ST, Tinius Olsen
Ltd, 6 Perrywood Business Park, Honeycrock Lane Salfords, Redhill, RH1 5DZ, UK) on
dumb-bell specimens (ISO-37) [27] of 1 mm thickness. Thermogravimetric analysis (TGA)
was conducted by employing a TA Q500 device (TA Instruments, New Castle, DE, USA)
targeted to investigate the thermal degradation of the tested systems. Measurements were
carried out from ambient temperature up to 900 ◦C with 10 ◦C/min heating rate in N2
atmosphere. The dielectric response of the fabricated systems was examined by means of
Broadband Dielectric Spectroscopy (BDS) by varying the frequency of the applied and the
exerted temperature. The experimental set-up included an Alpha-N Frequency Response
Analyzer, a Novotherm temperature controller, a BDS 1200 dielectric cell, and windeta
software. Software and devices were all supplied by Novocontrol Technologies (Montabaur,
Germany). Measurements were conducted in the frequency range of 10−1 to 107 Hz by
applying a sinusoidal voltage across the specimen with Vrms = 1 V. Frequency scans were
carried out under isothermal conditions, with the temperature varying from 30 to 100 ◦C
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with step increments of 5 ◦C. The whole experimental procedure is in accordance with the
ASTM D150 specifications [28].

Flammability was investigated by exploiting equipment for the limited oxygen in-
dex (Noselab) following ASTM D2863 and a fire testing cabinet (Noselab) for evalua-
tion in UL 94 and ASTM D635 standards under vertical and horizontal configurations,
respectively [29,30]. All specimens for fire testing were molded at the thickness of 3 mm.

3. Results
3.1. Fillers’ Morphology

Figure 1 presents representative SEM images of the magnesium carbonate, calcium
carbonate, brucite, and huntite/hydromagnesite minerals. The images reveal the shape of
these inclusions, wherein a rather prismatic structure appears for the magnesium and the
calcium carbonate, while a higher aspect ratio is observed for brucite and HHM fillers.
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Figure 1. Scanning electron microscopy images of the minerals: (a) magnesium carbonate, (b) calcium
carbonate, (c) magnesium hydroxide, and (d) huntite/hydromagnesite.

3.2. Rheological Properties

The high filler loading used in current recipes is expected to increase the melt viscos-
ity [31]. Consequently, this would affect the torque values during polymer compounding
and the measured melt flow index. As shown in Table 2, calcium carbonate presented
the lowest torque and the highest melt flow index values, followed in performance by
the magnesium carbonate. On the contrary, HHM and brucite presented increased melt
viscosity, as this was revealed by their high torque and low melt flow index (MFI) values.
The same pattern was followed in both polar and non-polar HFFR matrices used in current
analysis.
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Table 2. Torque at plateau and melt flow index of the compounds for the PE and EVA/PE recipes.

Filler Type PE Recipe EVA/PE Recipe

Torque at
Plateau
(N.m)

MFI 21.6 kg @
190 ◦C

(gr/10 min)

Torque at
Plateau
(N.m)

MFI 21.6 kg @
190 ◦C

(gr/10 min)

MgCO3 25.5 18.5 26.5 14.6
CaCO3 23.5 22.5 24.0 17.5

Mg(OH)2 30.0 13.2 35.5 9.2
HHM 27.5 14.0 29.0 8.3

The addition of EVA was found to increase the melt viscosity in the respective recipes.
Such behavior would be expected for the high VA content used [32]. Nevertheless, for the
calcium and the magnesium carbonate grades, the effect was limited, while HHM and
brucite yielded the highest torque and MFI difference, respectively. As presented in Table 2,
by shifting from the non-polar to the polar matrix, the brucite yielded an 18% increase in
torque, while HHM calculated a 41% reduction in the MFI value.

Highly filled compounds are expected to present close particle packing, suggesting that
the particle–particle interactions are predominant over the particle–matrix interactions [33].
The particle sizes of the mineral fillers used in the current analysis are of a similar average
size (d50); thus, the differences in their respective rheological performances, presented
in Table 2, are related mainly to their surface hydroxyl or carbonate groups as well as
their shape. The morphology of the minerals notably affects their rheological behavior,
as the more spherical particles induce less disturbance to the flow compared to any other
shape [34]. In practice, the difficulties of working with either magnesium hydroxide or
HHM in such highly filled systems are overcome by using coatings like stearic acid, which
renders said minerals hydrophobic [35].

3.3. Mechanical Properties

In cable compounds, the stress at break is expected to lay above 10 MPa combined
with a high elongation at break [9]. In this view, all polymer HFFR composites showed
an acceptable stress level, while the carbonate versions yielded the best strain at break
percentages (Table 3). More specifically, the magnesium carbonate presented the highest
elongation at break values in both polar and non-polar matrices. In general, the tensile
performance of these compounds should be further improved during cable manufacturing.
Cable extrusion induces an anisotropy in the extrudate, which enhances the mechanical
performance at the longitudinal cable direction.

Table 3. Tensile performance of the PE and EVA/PE recipe composites.

Filler Type PE Recipe EVA/PE Recipe

Stress at Break
(MPa)

Elongation at
Break

(%)

Stress at Break
(MPa)

Elongation at
Break

(%)

MgCO3 10.9 137 12.3 161
CaCO3 10.0 116 10.1 112

Mg(OH)2 10.1 55 11.7 53
HHM 11.0 93 12.7 147

As shown in Table 3, the blending of EVA with PE rather improved the mechanical
properties of the HFFR compounds. Property improvement through blending is often met
in polymer blends [36]. The EVA’s presence can affect the crystallization of PE [32] and
enhance the dispersion of the filler in the polymeric matrix [37].
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4. Discussion

The thermal stability of the polymer matrix in relation to the action of the different
mineral fillers is outlined by the weight loss of each compound versus the temperature
increase. As shown in Figure 2a, the weight loss of the PE matrix presents an abrupt
single step degradation. This profile is changed by the incorporation of the mineral
fillers within the non-polar polyethylene recipe, which results in multi-stage degradation
schemes attributed to the decomposition temperatures of the various minerals [38]. This is
especially apparent for the carbonate minerals, wherein their decomposition temperatures
lay well above the degradation temperature of the polymer matrix. Likewise, as depicted
in Figure 2b, the DTG peak of the matrix, which appears at 475.72 ◦C, remained rather
unaffected by the addition of the mineral fillers. On the contrary, the HHM induced a slight
peak shift at lower temperatures due to the early decomposition of hydromagnesite [39].
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Figure 2. (a) Thermogravimetric analysis of the PE recipe matrix in comparison to the filled com-
pounds. (b) Derivative of the thermogravimetric curve of the PE recipe matrix in comparison to the
filled compounds.

The degradation profile of the compounds is changed drastically by the addition of
EVA in the matrix. As shown in Figure 3a, the polar EVA/PE compound presents anearly
decomposition due to the deacetylation of the pendant acetate groups of EVA [40]. This
specific degradation stage becomes smoother, and it is delayed by the incorporation of
either the magnesium carbonate or the calcium carbonate. As shown in Figure 3b, the
intensity of the first DTG peak for calcium and magnesium carbonate is significantly
reduced, implying thermal stability improvement for these compounds. Magnesium
hydroxide and huntite/hydromagnesite fillers also improved the thermal stability of the
polar matrix, as this is identified by the shift at higher temperatures of the 5% weight loss
onset by approximately 6.6 ◦C and 11.9 ◦C, respectively, although to a much smaller extent
than the former carbonates.
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Figure 3. (a) Thermogravimetric analysis of the EVA/PE recipe matrix in comparison to the filled com-
pounds. (b) Derivative of the thermogravimetric curve of the EVA/PE recipe matrix in comparison
to the filled compounds.

Dielectric data can be analyzed by means of different formalisms, e.g., dielectric
permittivity, electric modulus, and ac conductivity [41]. The dielectric quantity, which
appears to be the most useful in engineering applications, is the real part of dielectric
permittivity (ε′), sometimes still referred to as the dielectric constant, although it varies with
the frequency of the applied field and the temperature. Figure 4a,b present the variation
of the real part of dielectric permittivity with frequency, at 30 ◦C, for the PE and EVA/PE
recipe-based composites. Filled polymers exhibit higher values of ε′ in the whole frequency
range. All four employed minerals at the reinforcing phase are semiconductive ceramics
with higher permittivity than the polymer matrices, and their presence in the polymers leads
to enhanced values of dielectric permittivity [42–45]. Moreover, the electrical characteristics
(permittivity and conductivity) of the fillers vary from those of the matrices. Hence, the
incorporation of fillers in the matrices introduces the effect of interfacial polarization (IP).
IP is observed in heterogeneous systems via the accumulation of unbounded charges at
the constituents’ interface, where they form induced dipoles [41,44–47]. The influence of
IP is more pronounced in the low frequency and high temperature range. Among the
used fillers, HHM has the strongest effect upon the permittivity values for both types of
matrices. Maximum values for ε′ are recorded at the lowest measured frequency, which
diminish with frequency. At the high frequency region, values of ε′, for all composites,
acquire rather constant values, indicating only the effect of filler content, which remains
rather constant in all cases. On the contrary, at the low frequency edge, the effect of the
filler type becomes evident. According to the level of the introduced heterogeneity by each
filler, composites exhibit higher values of dielectric permittivity. Heterogeneity and the
resulting IP are strengthened as the difference between the products (ε′f ·σf ) and (ε′m·σm)
becomes higher, where ε′f , ε′m, and σf , σm refer to the filler and the matrix permittivity and
conductivity, respectively [41,48]. Induced dipoles at the interface are characterized by high
inertia and fail to follow the alternation of the applied field as frequency increases, leading
to lower values of ε′ and the occurrence of relaxation processes. In addition, it should be
noted that values of the real part of dielectric permittivity in the EVA/PE recipe systems
are higher than the corresponding ones of the PE recipe matrix because of the polar nature
of the EVA/PE recipe matrix.
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Figure 4. Variation of the real part of dielectric permittivity with frequency, at 30 ◦C, for the (a) PE
recipe and (b) EVA/PE recipe-based systems.

Figure 5a,b depict the dependence of ε′ on the temperature at 100 Hz. The influence of
the filler type is evident in the whole temperature range. All reinforced systems exhibit
enhanced values of the real part of dielectric permittivity relative to the corresponding
matrices. Temperature seems not to significantly influence the permittivity values. A slight
increase in ε′ with temperature can be attributed to the increased mobility of dipoles, which
is acquired by the thermal agitation, causing an enhancement in polarization. Systems with
HHM display the highest values in the whole temperature range, for both types of matrices.
The dielectric response of these composites appears to be more temperature dependent,
as shown in the spectra of Figure 5a,b. This behavior could be related to the increased
mobility of induced dipoles at the constituents’ interface and/or to the difference in the
thermal expansion coefficients between the filler and the matrices [41–43]. In addition,
it is confirmed that the EVA/PE recipe systems exhibit higher values of the real part of
dielectric permittivity when compared to the relative PE recipe systems.
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The effect of calcium and magnesium carbonate fillers on the flame resistance of the
polyethylene matrix was alike, as shown in Table 4.
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Table 4. Fire properties of the PE and EVA/PE recipe composites.

Filler Type PE Recipe EVA/PE Recipe

LOI (%) UL 94 and
ASTM D 635 LOI (%) UL 94 and

ASTM D 635

MgCO3 23.2 HB 31.0 HB
CaCO3 23.0 HB 26.2 HB

Mg(OH)2 31.0 HB 38.0 V-0
HHM 26.6 HB 30.0 HB

The critical decomposition temperatures of the minerals used differ from one another
and relate to the points where abrupt weight loss in the respective TGA curves becomes
apparent. As either water vapor or carbon dioxide is released during said mineral de-
composition, the metal oxides left behind form a protective ceramic layer on the polymer
surface, which blocks further heat transfer [49]. However, this char layer, when plain min-
erals are compounded without synergists, is usually fragile and allows for the migration
of combustible volatiles. According to the literature, PE presents limited oxygen index
(LOI) values around 17.5% [50,51]; thus, the non-polar matrix presented an improvement
in LOI testing after the addition of all examined mineral fillers. Because magnesium car-
bonate decomposes around 500–550 ◦C [22], and calcium carbonate decomposes around
800–850 ◦C [52], it is considered that the improvement due to these carbonate minerals
originates mostly from the significant reduction of the combustible polymeric components
and less from their carbon dioxide emissions. In addition, mixing HHM induced a fur-
ther LOI improvement, whereas brucite yielded an even better result. It seems that this
performance for HHM and brucite in the PE compound additionally emanates from the
H2O release when said mineral fillers are decomposed after 220 ◦C and 300 ◦C, respec-
tively [12,53,54]. Nevertheless, this was not manifested in UL 94 evaluation, where, in all
cases, the polyethylene HFFR compounds failed to pass the vertical burning test. Similarly,
during horizontal burning, all received the same HB characterization.

The differences in the measurement configuration among LOI and UL94 testing should
be considered for evaluating the results. In the former case, the effect of dripping is negligi-
ble as the combustion progresses downwards, and flame dilatation acts synergistically with
any endothermic decomposition phenomena. In the latter case, on the one hand, dripping
acts decisively in the disqualification of the compound; on the other hand, the vertically up-
ward flame propagation is diminished to a greater extent by the energy absorption through
endothermic decomposition of the mineral rather than any flame dilution conditions [55].
Furthermore, the relatively high melt flow index of the PE compounds affected the burning
performance of the relevant composites by supporting dripping during the UL94 testing.

The fire properties are significantly improved for all investigated minerals when EVA
is added in the matrix. It must be mentioned that the LOI values of EVA in the literature
appear to be close to 19% [56,57]. As depicted in Table 4, calcium carbonate presented the
lowest improvement. On the contrary, magnesium carbonate had a notable performance
in the presence of EVA, clearly surpassing that of calcium carbonate and resembling that
of HHM. The polar nature of EVA composites, shown in Figures 4 and 5, introduces
additional interactions between the matrix and the fillers’ surface because of the presence of
unbounded charges at the interface of the matrix/ceramic filler. In addition, the improved
dispersion of the filler in the EVA/PE matrix led to an enhancement of FR properties.
The magnesium hydroxide had the best performance in view of both LOI and UL 94
testing, achieving a V-0 characterization, wherein the self-sustaining combustion cycle of
heat/fuel/oxygen was efficiently broken [58]. It seems that the increased flame retardancy
of the EVA combined with the lower melt flow index of the respective compounds resulted
in a better performance during the demanding UL94 testing. However, it was demonstrated
that the ultimate performance (i.e., V-0) for the examined minerals in said test was achieved
only in the case of magnesium hydroxide, wherein a further endothermic decomposition
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with water vapor release shortly below the decomposition temperature of the matrix was
in action.

It is known that EVA decomposes at two stages, namely around 350 ◦C, releasing
acetic acid through decomposition of the vinyl acetate groups, and above 400 ◦C due to the
thermal decomposition of the backbone [23,59]. It has been presented that hydroxides can
interact with the acetic acid, which is released during the first stage of EVA degradation
through acid–base chemistry [23]. Furthermore, magnesium oxide has a prominent role in
enhancing char residue and in hindering dripping [60,61]. Therefore, brucite managed to
deliver V-0 characterization under UL-94 testing in the EVA/PE formulation, surpassing
the performance of the rest of the fillers. The amount of the carbon dioxide emitted during
the decomposition of the carbonates also played its role in increasing the LOI values by
diluting the flame. In general, such inert diluent gases may lower the concentration of
the free radical, thus diminishing the fire [55]. In the case of magnesium carbonate, the
amount of carbon dioxide release is greater than that emitted during the decomposition of
the calcium carbonate. Nevertheless, the noticeable behavior of magnesium carbonate may
relate to both the delay of deacetylation and the action of the formed magnesium oxide
particles. This is an effective mechanism for improving flame retardancy [62]; however,
alone, it was insufficient for passing the HFFR compound for the more demanding fire
tests [63].

5. Conclusions

The current analysis compared the effect of calcium carbonate, magnesium carbonate,
natural magnesium hydroxide, and huntite/hydromagnesite mineral fillers in non-polar
(PE) and polar (EVA/PE) flame-retardant polymer compounds. It was found that the
mineral additives significantly altered the mechanical, rheological, thermal, dielectric, and
fire retardancy properties of the respective composites.

• Calcium and magnesium carbonates delivered the best rheological properties in terms
of low torque during compounding and high MFI values.

• Magnesium carbonate resulted in the highest elongation at break in both polar and
non-polar HFFR matrices.

• A remarkable thermal stability improvement was detected when EVA was combined
with the carbonate minerals in the HFFR compounds.

• The real part of the dielectric permittivity has been increased through the addition
of EVA, while the maximum values for ε’ are recorded at the lowest measured fre-
quency, especially for the HHM mineral, due to its morphology and induced electrical
heterogeneity.

• The addition of EVA in the polymer recipe improved the flame resistance in all exam-
ined fillers, wherein mineral magnesium hydroxide presented the best fire resistance
and magnesium carbonate showed a notable synergistic action with the EVA matrix.
The developed composites could meet the requirements of applications like, for ex-
ample, the construction or the electrical/electronic sectors, wherein there are various
classifications in the European regulations according to the respective fire growth rate
of the composites [64].
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