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Abstract

Objectives. The effects of positive and negative temperature coefficients (PTC and NTC, respectively) in carbon black-filled conductive
polymer composites based on high-density polyethylene grade 277-73 and polypropylene grade 01050 were investigated. Carbon black
electrically conducting grade OMCARB C-140 (UM-76) was used as the filler.

Methods. To study the electrical characteristics of the compositions, plates were pressed with brass contact electrodes at the plate ends
to simulate polymer heaters. The electrical resistance of the samples was evaluated using an ohmmeter DT9208A (RESANTA, Latvia).
Tests at elevated temperatures were carried out in an SNOL 3.5 heat chamber (NPF TherMIX, Russia) with a heating rate of ~3°C/min.
The crystallinity of the samples during heating was assessed by differential scanning calorimetry on a DSC 204F1 Phoenix device
(NETZSCH, Germany) with a heating rate of 3°C/min.

Results. The complex PTC and NTC mechanisms in mixed polymer compositions are not solely related to thermal expansion and
melting of the polymer. While changes in the electrical resistance of carbon-filled polymer composites are associated with the presence
of crystalline regions with defects, the destruction of the conductive channels occurs at the earliest stages of polymer melting due to the
formation of expanding amorphous “microdroplets” of the hot melt. For a carbon-filled, electrically conductive mixture of polyethylene
and polypropylene, the magnitude and nature of the change in the peak temperature of the PTC depends on the melting onset temperature
of the lowest-melting phase of polyethylene. At the same time, the heterogeneity of the mixtures of crystallizing polymers with technical
carbon increases the thermal stability of the material by expanding the PTC zone into the melting region of the higher-melting phase of
polypropylene. When comparing electrically conductive compositions of polymers with different melting points and carbon black, the
low-melting polymer determines the temperature of self-regulation and the nature of PTC, while the high-melting polymer shifts the
jump in electrical conductivity to the region of elevated temperatures.

Conclusions. The activation energies of carbon-filled mixtures of polyethylene and polypropylene, which are weakly dependent on the
mixing method, are approximately 44 + 3 kJ/mol. The obtained values are consistent with the activation energy values for the viscous
melt flow process. The method of mixing the components in mixtures of carbon-filled compositions based on crystallizing polymers was
found to have little effect on PTC. The use of carbon-filled polymer compositions with a mixed matrix of polyethylene and polypropylene
allows for the regulation of the intensity of PTC and NTC.
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AHHOTaUus

Hesn. Nccnenosats 3h(heKTH MOIOKUTEITEHOTO U OTpHLIATEIbHOTO TeMneparypHbix kodpduuuertoB (IITK u OTK cootBeTcTBEeHHO)
CaKCHATIOJHEHHBIX AJICKTPOIPOBOIHBIX MOIMMEPHBIX KOMITO3UIIMOHHBIX MaTepHallOB Ha OCHOBE MOJIMATHJICHA BBICOKOH IJIOTHOCTH
Mapku 277-73 u nomunpornmieHa Mapku 01050, rae B kauecTBe HATOTHATEIS HCIIOIB30BAIIN TEXHHYESCKUI YIIIEPO]] CIIEIUAIBEHON dJIeK-
TpornpoBonHOi Mapku Omcarb C-140 (YM-76).

Mertoabl. Jlist ucclieIOBaHUS NEKTPUYECKUX XapaKTEPUCTHK KOMITO3ULMH ObLIM OTHPECCOBAHbI IUIACTUHBI C 3allPeCCOBAHHBIMH Ha
KOHI[AX KOHTAKTHBIMH JICKTPOIAMH U3 00E3KHPEHHOM JIATYHHOH CETKH, MOACIHUPYIOIINE MOIMMEPHbIC HarpeBaTein. DIeKTPUUecKoe
COTMPOTHBIIEHUE 00Pa3LOB OIleHUBaH ¢ moMoibio omMmeTpa DT9208A (PECAHTA, JlatBus). VicnbITanus IpH MOBBILICHHBIX TEMIIEPATy-
pax mposoaunu B repmortkady CHOJI 3.5 (HII® TepmHKC, Poccust) co ckopocThio HarpeBaHus ~3°C/muH. CTeneHb KPUCTAUTHIHOCTH
00pa3LoB Mpu HarpeBaHUK OLIEHUBAIHA METOOM IU(epeHINaTbHON cKaHupylomei kanopuMeTpun Ha npudope DSC 204F1 Phoenix
(NETZSCH, I'epmanusi) co CKOpocTbio HarpeBanus 3°C/MHH.

Pesynbratel. [Tokasano, yro mexanusmsl IITK 1 OTK B cMeceBBIX MOAMMEPHBIX KOMIO3UIMSAX HOCAT KOMIUIEKCHBII XapakTep U He
CBSA3aHbI TOJIBKO C TEIUIOBBIM PACIIMPEHUEM U TIABJIEHUEM NToaumepa. Mi3MeHeHNe 3JeKTPUYeCKOTr0 COTPOTUBIIEHHUS CaXKEHAIOTHEHHBIX
HOJTUMEPHBIX KOMITO3UIMI TIPOMCXOIUT M3-3a HATNUHS Je(PEeKTHBIX KPHCTAJUTMYECKNUX ydacTKoB. Ha paHHHMX cTaausx Hayama riaBlie-
HHSI IOJIUMEPA TOKOITPOBOISIINE KaHAIIBI PAa3pyILIAIOTCs 32 CYET MOSIBICHHS PACIIHPSIIOIINXCS aMOP(HBIX «MUKPOKAIIETb» ero pacriiaBa.
Jln1s caskeHanOIHEHHOM AIIEKTPOIIPOBOIHON CMECeBO KOMITO3ULIMY MTOIMITUIICHA U MOJIUIIPONMICHA BEJIMYMHA U XapaKTep U3MEHEHUs
nuka [ITK 3aBucsT oT Temneparypbl Hadaja IIaBjieHus Haubosee HU3KOIIIaBKoi (a3bl moiaudTiieHa. [Ipu 9TOM reTeporeHHOCTh CMe-
cell KpUCTAJIIIM3YIOLUXCS OJMMEPOB C TEXHUUECKUM YITIEPOAOM MOBBIIIAET TEPMUYECKYIO YCTONYMBOCTh MaTepHaa 3a C4eT paciuupe-
Hust 30061 [ITK B 00nacTh rurasineHust 6ojiee BHICOKOIUIABKOW (ha3bl OMHITpOnuIeHa. J{JIs 371eKTpOpPOBOAHBIX KOMIO3HUIINH ABYX MOJH-
MEpOB C Pa3IMYHON TeMIepaTypoil IUIaBIeHHs U TEXHUYECKOTO yIlIepo/ia ITOKa3aHo, YTO HU3KOIUIABKUH MOIUMED 3a1aeT TeMIIEpaTypy
«camoperynupoBanus» 1 xapakrep [ITK, B To Bpems kak BBICOKOIJIABKHIA IMOJUMEP CMELIAET CKaYOK 3JIEKTPUUECKON MPOBOAUMOCTH
Marepuaia B 00J1acTh ITOBBIIIEHHBIX TEMIEPATYD.

BbIBoABI. YCTaHOBJICHO, UTO SHEPrUM aKTHUBALIMHA CMECEBBIX CAXKEHAIOJHEHHBIX KOMITIO3ULIMI MOJMITHUIICHA C MOJIMIPOIMICHOM Majo
3aBUCST OT CIIOCOOOB CMEIICHHUS U COCTABISIOT 44 + 3 kJI>x/Moub. [TonyueHHbIC BETHMYHHBI COBIAIAIOT CO 3HAYCHUSIMH SHEPTHU aKTHBA-
LMY TIPOIIECCa BA3KOTO TCUCHHUS paciljiaBa. YCTaHOBJICHO, YTO CIIOCO0 COBMEIICHHUSI KOMITOHCHTOB CMECEil CaKEeHAIOTHCHHBIX KOMITO3H-
LU HA OCHOBE KPUCTAIUTU3YIOLIUXCS MTOJTUMEPOB Majio BiuseT Ha dddekt [ITK. YeraHoBIeHO, YTO UCOJIB30BAHUE CAKCHATIOTHEHHBIX
MOJIMMEPHBIX KOMITO3HIIUI CO CMECEBON MATPHUIICH MOJMATHIICHA U TIOJIMIIPOITHIICHA MTO3BOJISICT PETyIUPOBaTh HHTCHCUBHOCTH d(dek-
ToB IITK u OTK.

Kniouesbie cnoBa MocTtynuna: 07.11.2024
9IIEKTPONPOBOHBIE MOJTMMEPHBIC KOMIIO3HIIMOHHBIC MaTECPHAIIBI, HOopa6oTaHa: 27.11.2025
HOJIOKUTEIIBHBIN U OTPHIATENBHBIN TeMIeparypHble KO3((HUIUEHTBI, TTOIU3TUIIEH, MpuHsTa B neyats: 12.02.2026

MOJUTPONUIIEH, TEXHUYECKUH yIepos, CTeneHb KPUCTaUIMYHOCTH,
YZENBHOE SIEKTPUUECKOE CONPOTHBIIEHHE
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INTRODUCTION

Although the effects of abnormally high positive and
negative temperature coefficients (PTC and NTC,
respectively) in polymer composites (PCs) have been
known since the mid-20th century [1-3], researchers
have yet to reach a consensus on the causes of these
phenomena. At the same time, there are many patents
for the application of carbon black-filled conductive
polymer composites (CPCs) exhibiting PTC and/or
NTC effects as various heating and thermostatic devices,
heating elements with thermoregulation, self-regulating
cables, etc. [4-16]. Such an abundance of patents and
scientific publications, which indicates the promising
industrial application of such materials, stimulates new
research in the field of CPCs in order to understand the
mechanism of PTC and NTC effects.

The selections of special grades of carbon black (CB)
typically used as an electrically conductive filler in
the production of CPCs is due to the peculiarity of the
CB structure, in which the conductivity reaches 2.4 S/cm [17].
The electrical conductivity of CB polymer composites is
achieved through the formation of conductive channels
within the matrix structure, through which electrical charges
flow [18-21]. The flow of electrons through interconnected
carbon particles and their aggregates can occur through the
mechanism of electronic conductivity [18, 22]. In polymer
composites filled with CB, electron tunneling through thin
dielectric layers (polymer matrix) at distances of ~5-10 nm
also becomes possible [18, 22, 23].

In the case of crystallizing polymers, whose
spherulites consist of dense crystallites and amorphous
regions between them, local agglomeration of carbon
particles is observed [24]. The observed concentration of
carbon particles between crystallites during the growth
of spherulites in polyethylene (PE) [24-27] permits the
achievement of higher electrical conductivity values as
compared to PCs based on amorphous polymers [28].

A significant increase in the electrical conductivity
of polymer composites is achieved at a certain CB
content, which is referred to as the percolation threshold,
while the corresponding content at which the transition
of CPCs from a dielectric to a semiconductor and

1

further to a conductor occurs is called the percolation
transition  [29]. However, additional electrical
conductivity with further increases in the CB content
of the CPCs is impeded due to the formation of a stable
electrically conductive cluster whose predominantly
contact conductivity occurs in the volume of the polymer
composite. The instability exhibited by the system of
current-conducting channels at lower CB contents prior
to the appearance of such clusters, which are stable and
resistant to external influences, responds to thermal and
deformation effects with a sharp increase in electrical
resistance, giving rise to the PTC phenomenon in the
studied polymer composites with CB.

The electrical characteristics of blended polymer
compositions depend on the distribution of electrically
conductive filler between polymer phases. In a study
of high-density polyethylene (HDPE) compositions
with polypropylene (PP) filled with CB with a primary
particle diameter of 27 nm, CB was found to concentrate
in the matrix of lower-melting PE [30]. The electrical
conductivity of the CPCs can be increased by concentrating
electrically conductive filler at the interface between the two
polymers [30, 31]. The example of PE/PP mixtures shows that,
despite the fact that carbon is concentrated in the PE phase,
the percolation threshold of the composition remains virtually
unchanged compared to filled PE [30, 32]. The distribution of
CB along the phase boundary forms electrically conductive
channels with a lower filler content [30, 31].

Analysis of scientific and technical information
indicates accelerated annual growth in the number of
publications and new developments in this field over the
last two decades. However, the proportion of publications
revealing the mechanism of the PTC phenomenon
in polymer mixtures is relatively small. This work is
devoted to the study of the peculiarities of the mechanism
of the PTC phenomenon in mixtures of crystallizing
polymers (PE and PP) prepared by various methods.

EXPERIMENTAL

The objects of the study were HDPE 277-73 Stavrolen
(GOST 16338-85") and PP 01050 Balen (CB 2211-074-
05766563-20152). CB grade OMCARB C-140 (UM-76)

GOST 16338-85. Interstate Standard. Low-pressure polyethylene. Specifications. Moscow: Standartinform; 2005 (in Russ.).

2 nhttps://polimermsk.ru/image/catalog/product/passport/ TU%202211-074-05766563-2015.pdf. Accessed January 21, 2026 (in Russ.).
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(Carbon, Russia, CB 38-10001-94) was used as an
electrically conductive filler. The preparation of the
composite mixtures was carried out under the same
conditions as in [33] using several methods to combine
CB with PE and PP. The total content of CB in all
composites was 20 wt % (11.7 vol %). The components
were combined in two stages: following the preparation
of two-component mixtures of PE/CB, PP/CB, or PE/PP,
either a third component (PE, PP, or CB) was introduced
or two mixtures were combined. Thus, various mixed
composites (PE/CB)/PP, (PP/CB)/PE, (PE/PP)/CB, and
(PP/CB)/(PE/CB) were obtained with PE and PP ratios
equalto 1 to 1.

Test specimens having a length of L = 120 = 2 mm,
width 5 =10 £+ 0.5 mm, and thickness 6 = 1.0 + 0.05 mm
were pressed with contact electrodes made of
L-80 brass mesh (GOST 6613-863) onto the ends at
180°C for 3 min and cooled in the press to 50°C. This
helped to stabilize the crystal structure of the samples
to prevent the appearance of the “calender” effect.

The electrical resistance of the samples was
measured using a DT9208A ohmmeter (RESANTA,
Latvia). Tests at elevated temperatures were carried out
ina SNOL 3.5 oven (ThermIKS, Russia) at a heating rate
of ~3°C/min. The temperature coefficient of electrical
resistance o (1/°C) was calculated using Eq. (1):

Ap

o= , 1
AT (1)

where p is the measured specific volume electrical
resistance (Ohm-cm); Ap is the change in specific
volume electrical resistance (Ohm-cm) with a change
in temperature AT (°C); p, is the specific volume
electrical resistance of samples (Ohm-cm) under
normal conditions: PE/CB = 32.5 Ohm-cm and
PP/CB =11.5 Ohm-cm.

The change in the degree of crystallinity of
polymers upon heating was studied using differential
scanning calorimetry on a DSC 204F1 Phoenix device
(NETZSCH, Germany) at a heating rate of 3°C/min.
The degree of crystallinity D (%) was calculated using

Eq. (2):

AH
D =100 AHm , )
cr
where AH_ is enthalpy of melting of the crystalline
phase of the sample, calculated taking into account the
CB mass fraction (kJ/mol); AH_ is the melting enthalpy
of the crystalline phase of the polymer (kJ/mol).
Values of D under normal conditions: PE/CB = 70.5%,
PP/CB = 48.5%.

3

RESULTS AND DISCUSSION

Figure 1 shows the dependencies of the specific
volume electrical resistances of the initial PE and
PP compositions with CB during heating. The nature
of the change in these dependencies corresponds to that
described in the introduction. The presence of peaks on
the curves ensures self-regulation of the heaters’ power
when the external temperature rises. The mechanism of
this phenomenon was described in detail by in an earlier
study [33]. The difference in the course of crystallization
processes leads to a shift of the peak of the PTC of PP
relative to the peak of PE to a higher temperature range,
as well as to an expansion of the temperature range of
the NTC of PP.

L
< s \ﬁz
a I

. i
Ou——mﬂﬂﬂﬁﬁ%}@

20 60 100 140 180 220
T,°C

Fig. 1. Change in the specific volume electrical resistances (p/p,)
for PE/CB (1) and PP/CB (2) compositions when heated [33]

The phenomenon of NTC (decrease in electrical
resistance) can result in a sharp increase in the power
of the heater and its subsequent failure or even a fire.
Currently, such phenomena are eliminated by radiation
or chemical cross-linking of the polymer [28].

For greater clarity of these features and understanding
of the mechanism of the PTC phenomenon, Fig. 2
shows graphs of the dependencies of the reduced
degree of crystallinity D/D,, (1) and reduced electrical
conductivity o/c, (2) of PE (a) and PP (b) compositions
with CB during heating. It should be noted that the
CPCs samples were heated at a constant heating rate of
~3°C/min. For this reason, the data are considered to be
kinetic, since the changes in time and temperature are
proportional. The change in these dependencies for PE
and PP compositions is similar, but here the electrical
conductivity indicators decrease with increasing
temperature. In PP CPCs, due to the higher melting point,
this dependence is shifted to the higher temperature
range. This indicates a connection between PTC and the

GOST 6613-86. Interstate Standard. Square meshed woven wire cloths. Specifications. Moscow: Standartinform; 2005 (in Russ.).
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Fig. 2. Comparison of the dependence of the reduced degree of crystallinity D/D,, (1) and reduced electrical conductivity /6 (2)

for (a) PE/CB and (b) PP/CB compositions when heated

process of decreasing crystallinity, which runs parallel
to the decrease in their electrical conductivity until the
onset of the NTC effect.

At the studied temperatures, the degree of
crystallinity is characterized by a period of slow decline,
followed by an accelerating decline until the polymer
becomes completely amorphous. Unlike the degree of
crystallinity, the electrical conductivity of CPCs begins
to decrease significantly at much lower temperatures.
This slow decrease in the electrical conductivity of
CPCs can be partially attributed to thermal expansion
during the heating of polymers, which is associated with
the intensification of molecular thermal motion. But
further in the experiment, as the temperature approaches
the melting point of the crystalline formations that
appeared in the final stages of polymer crystallization
at low temperatures, this decline significantly outpaces
the process of decreasing crystallinity. In contrast to the
degree of crystallinity, which decreases to zero (Fig. 2),
the PTC stage of the accelerated decrease in electrical
conductivity of CPCs transitions to the NTC stage,
in which electrical conductivity begins to gradually
increase.

The above results of the study of the effect of heating
on the properties of CPCs confirm the conclusions [28]
that the mechanisms of PTC and NTC are not only related
to thermal expansion and melting of CPCs. To clarify
the described features of changes in electrical resistance
in mixed CPCs, the activation energies of the described
processes in the PTC temperature zone were determined.
Figure 3 shows the dependence of the temperature
coefficients of electrical resistance o on temperature in
coordinates corresponding to the Arrhenius equation
(the PTC temperature range of mixed compositions is
highlighted with a dotted line).

The calculated activation energies of the studied
mixed compositions, which are only weakly dependent

on the methods of mixing the components, amount to
44 + 3 klJ/mol. These values differ from the activation
energies of their melting, but coincide with the values of
the activation energy of the viscous flow of melts (£, )
and the energy of destruction of conductive channels in
the PTC zone (E£,)) of the studied HDPE and PP [28]. For
this reason, we may speak of their common mechanism.

Thus, the rate of increase in electrical resistance in
polymer mixtures in the PTC temperature range depends
on the presence of defective crystalline regions in the
polymers. Due to the concentration of CB particles
in the least heat-resistant interspherulite regions of
crystallizing polymers and their mixtures, the destruction
of conductive channels occurs at the earliest stages of
polymer melting with the appearance of expanding
amorphous microdroplets of its melt.

The effects of heating on changes in the electrical
resistance of the CPCs under study are not limited to this
phenomenon. Figure 4 shows the generalized results of
electrical tests conducted on all of the above-described
mixture samples. From Fig. 4 onwards, the dotted lines

Ino

sk
. A

0.0020 0.0025 0.0030 0.0035 0.0040
T, K

Fig. 3. Dependence of In a on the reverse temperature
(1/T, K1) for CPCs: (PE/CB)/PP (m), (PP/CB)/PE (A ),
and (PE/PP/CB) (e)
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highlight the detail previously studied [33] dependencies
of two-component composites (PE/CB, PP/CB) used for
comparison. Solid lines are used for three-component
composites: (PE/CB)/PP, (PP/CB)/PE, (PE/PP)/CB,
(PP/CB)/(PE/CB).

30
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1. o
20 f o2

. -
10 t\ X
5 |

o

p/po

— 1

20 60 100 140
T,°C

0

180 220

Fig. 4. Change in the specific volume electrical resistances (p/p;)
when CPCs are heated: PE/CB (1), PP/CB (2), (PE/CB)/PP (3),
PP/CB/(PE/CB) (4), (PE/PP)/CB (5), and (PP/CB)/PE (6)

The first thing that catches the eye is the coincidence
of all lines of mixed compositions in the PTC temperature
range with the dotted line PE/CB, as well as the
appearance of additional peaks of varying heights in the
NTC temperature range of mixed PP/CB compositions.
It should be noted that, unlike the PTC phenomenon
in polymer heating devices, the NTC phenomenon is
undesirable, since, at high operating temperatures of
CPC heating elements, a drop in resistance can cause
a sharp jump in power and destruction of the heater. As
mentioned above, polymer heaters made of CPCs are
currently subjected to radiation or chemical cross-linking
to eliminate the NTC effect [28]. This is a technologically
complex process that requires special equipment and
reagents. This feature of electrical resistance change in
mixed CPCs indicates the possibility of reducing the
NTC effect. However, in Fig. 4 in the NTC temperature
ranges, all lines diverge and intertwine, which makes
it difficult to analyze the effect of the composition of
mixed composites on the change in their specific volume
electrical resistances (p/p,,). Therefore, the dependencies
shown in the generalized Fig. 4 will be divided into three
groups to take into account the intensity of the influence
of the PP phase (the numbering of the lines is preserved
in all figures).

The least influence on the nature of the change in
specific volume electrical resistance is expected to be

4
Fine Chemical Technology; 2006 (in Russ.).

observed in the (PE/CB)/PP composite, in which CB is
initially mixed with PE before mixing the concentrated
PE/CB composition with PP. Due to the increased content
of CB in the PE phase, the height of the PTC peak
decreases.

Figure 5 shows the results of a study of the change in
electrical resistance during heating of CPCs (PE/CB)/PP.

30
Q
25 I3
s w2
20 -
S :A B
= s Nls e
i
10 '
J:g, 3
: ,
5 -JEDO AR,
mo
0., . o
0 T
20 60 100 140 180 220

T,°C

Fig. 5. Change in the specific volume electrical resistances (p/p;)
when CPCs are heated: PE/CB (7), PP/CB (2), and (PE/CB)/PP (3)

It should be noted that when melts with similar PE
and PP contents are mixed, heterophase systems in which
two continuous microfibrous phases are formed* [34].
The concentration of CB particles in the low-melting
phase (PE) of the mixture leads to an increase in the
stability of the system of conductive channels in its
fibers and a consequent decrease in the peak height of
the material’s PTC. The NTC temperature zone of this
mixture expands into the higher temperature region to
partially capture the NTC zone of the PP/CB mixture.
The appearance of PP traces in mixtures is commonly
explained by the migration of CB particles from the
PE phase into its phase [31, 32]. Although this factor
cannot be ruled out, a more likely explanation may
be the above-described beginning of the appearance
of expanding microregions of amorphous PP melt.
However, this increase (p increased approximately
2 times) is not sufficient for completely eliminating the
undesirable NTC phenomenon in this composition.

Figure 6 shows the results of a study of changes in the
electrical resistance of two CPCs with similar behavior
when heated: (PE/CB)/(PP/CB) and (PE/PP)/CB.

The increased CB content in PP in these compositions
results in the trace of PP in the temperature zone of its
PTC becoming more noticeable and distinct to increase
the resistance of the CPC data to overheating.

Markov A.V. Technology of oriented multicomponent polymer films. Dr. Sci. Thesis (Eng.). Moscow: Lomonosov Moscow State Academy of
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Fig. 6. Change in the specific volume electrical resistances (p/p,,)
when CPCs are heated: PE/CB (7), PP/CB (2), (PE/CB)/(PP/CB) (4),
and (PE/PP)/CB (5)

From the point of view of stable operation of CPCs
at elevated temperatures, the best composition is
(PP/CB)/PE (Fig. 7). The graph of the change in specific
volume electrical resistance (p/p,) during heating of the
CPCs actually consists of two adjacent PTC peaks: the
PE peak and the PP peak, which cover a wide temperature
range from 120 to 160°C. This makes the latter CPCs the
most resistant to overheating.
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Fig. 7. Change in the specific volume electrical resistances (p/p;)
when CPCs are heated: PE/CB (7), PP/CB (2), and (PP/CB)/PE (6)

Thus, the method of combining components of
crystallizing polymer mixtures with CB has little effect
on the position of the PTC peak. The magnitude and

nature of the change in the PTC peak of crystallizing
polymer mixtures with CB is determined by the melting
start temperature of the lowest melting phase (PE).
Meanwhile, the heterogeneity of mixtures of crystallizing
polymers with CB increases their thermal stability by
expanding the PTC zone into the melting region of the
higher-melting phase (PP).

CONCLUSIONS

The application of CPCs with a mixed polymer matrix
consisting of two polymers having different melting
points (e.g., PE and PP) permits adjustments to the
intensity of the PTC and NTC effects. In this case, it is
the low-melting polymer (PE) component of CPCs that
determines the nature of PTC and the self-regulating
temperature of the heater, while the higher-melting
polymer with higher PTC and NTC (PP) shifts the jump
in electrical conductivity of the mixed CPCs to the region
of elevated temperatures, thus disrupting the operation of
the heater. The results of the work made it possible to
establish a number of phenomena occurring in CB-filled
CPCs with PTC and NTC effects. For further research, it
is necessary to consider PCs with PTC and NTC effects
from the point of view of the filler, in particular, the
geometric parameters of the technical specifications of
special grades.
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