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COMPLEX MODIFICATION OF POLYPROPYLENE YARN
WITH ELASTOMERS AND CALCIUM CARBONATE

This article presents the results of a study aimed at enhancing the
overall performance characteristics of polypropylene (PP) yarns through
a method of complex modification, with the goal of significantly improving
their key functional properties. Thermoplastic elastomers (TPEs) and a
mineral filler — calcium carbonate (CaCOs) — were used as modifying
agents. The main objective of the work is to improve critically important
mechanical properties such as impact strength and elongation at break,
as well as to increase the thermal stability of the material, while a key
requirement is maintaining control over and optimizing the cost of the
final composite.

In the experimental part of the study, various PP composite
Jormulations with varying contents of TPE and CaCOs were developed
and prepared by extrusion. The resulting samples were subjected to
comprehensive testing of their physical and mechanical properties in
accordance with international standards.

The test results clearly demonstrate that the introduction of
thermoplastic elastomers into polypropylene compositions leads to a
significant increase in their plasticity and impact strength. The simultaneous
addition of calcium carbonate effectively contributes to an increase in the
stiffness (modulus of elasticity) of the composite and a noticeable reduction
in shrinkage. Particular attention in the study is given to analyzing the
synergistic effect that arises from the combined use of elastomers and
mineral filler.
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Introduction

Polypropylene (PP) is widely used in the production of technical yarns and
textile materials due to its properties such as low density, thermal resistance,
chemical inertness, and ease of processing [ 1]. However, its brittleness and limited
impact strength restrict its application under high loads and low temperatures [2].

Modern methods of PP modification include the use of thermoplastic
elastomers (TPEs), such as ethylene-propylene copolymers (EPR, EPDM), as
well as styrene block copolymers like SEBS. These materials improve flexibility
and impact strength but increase the product cost [3]; [4]; [5].

Another approach involves the addition of mineral fillers, such as calcium
carbonate (CaCOs), which reduces cost and increases stiffness, but may decrease
impact strength and elongation at break [3]; [6]; [7].

The aim of this study is to assess the synergistic effect of the combined use
of elastomers and calcium carbonate to improve the mechanical properties and
reduce the production cost of polypropylene yarns [8].

Materials and Methods

The base polymer used was a homopolymer polypropylene grade RPN 030
produced by «Kompaniya Neftekhim LTD» LLP, Republic of Kazakhstan, with
a melt flow index (MFI) of 12 g/10 min at 230 °C and a 2.16 kg load, melting
point around 165 °C, and density of 0.905 g/cm?.

As a modifier, the thermoplastic elastomer Engage™ 8180 by Dow was
used. It is an ethylene-propylene rubber containing 10 % ethylene and has an
MFTI of 5 g/10 min [9]. The mineral filler used was precipitated calcium carbonate
Kapol CaCOs-25, modified with stearic acid and with a median particle size
of 2-3 um [10].

Compositions with various component contents were obtained via two-
stage extrusion: in the first stage, compounding was carried out on a twin-screw
extruder with L/D = 40 and a temperature profile of 190-230 °C. In the second
stage, a single-screw extruder was used to form a tape yarn 3 mm wide, with a
linear density of 850 denier.

Sample testing was conducted as follows: tensile strength and elongation at
break were measured on a Zwick/Roell BasicLine Z005 universal tensile machine
at a stretching speed of 250 mm/min in accordance with ISO 2062-2014. Shrinkage
was measured in a Testrite LTD MK 3 heat shrinkage oven with automatic
deformation measurement at 130 °C for 2 minutes.
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Results and Discussion

Table 1 presents the main mechanical properties and shrinkage of the
polypropylene tape yarns with various contents of Engage™ 8180 elastomer and
Kapol CaCOs-25 calcium carbonate.

Table 1 — Effect of composition on properties of PP compositions

Ne | Composition | Breaking Strength, | Elongation, | Impact Shrinkage,
(wt. %) load, MPa g/den % strength, %
kJ/m?

PP 100 360 4,66 15 4,8 2,1

2 |PP90+EPR 320 4,14 45 9,0 1,7
10

3 |PP80+EPR 300 3,88 40 9,5 1,5
10 + CaCOs
10

4 |PP70+ EPR 280 3,62 35 10,0 1.3
10 + CaCOs
20

5 |PP70+ 260 3,36 12 52 1,8
CaCO0s 30

Pure homopolymer polypropylene (PP 100 %) shows the highest tensile
strength — 360 MPa, but has relatively low elongation (15 %) and impact strength
(4.8 kJ/m?), which is typical for PP with its rigid and brittle structure.

The addition of 10 % EPR thermoplastic elastomer decreases tensile strength
by approximately 11 % (to 320 MPa), but significantly increases elongation nearly
threefold (to 45 %) and nearly doubles the impact strength (to 9.0 kJ/m?). This
indicates a substantial improvement in plasticity and impact resistance due to the
elastomer acting as a shock-absorbing phase.

With the addition of 10% CaCOs to the composition containing 10 %
elastomer (PP 80 + EPR 10 + CaCOs 10 %), there is a slight decrease in strength
(to 300 MPa) and elongation (to 40 %), but the impact strength increases
to 9.5 kJ/m?. This is attributed to improved load distribution via the rigid filler
and the effect of the surface-modified CaCOs particles.

Further increasing CaCOs content to 20 % with a constant 10 % elastomer
(PP 70 + EPR 10 + CaCOs 20 %) reduces strength to 280 MPa and elongation to
35 %. However, the impact strength reaches a maximum of 10.0 kJ/m?, indicating
a synergistic effect of combining the elastomer and filler in enhancing impact
resistance. This may result from restricted polymer chain mobility due to the filler
and improved heterogeneous structure of the composition.
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The formulation with 30 % CaCO:s and no elastomer (PP 70 + CaCOs 30 %)
shows the greatest reduction in strength (260 MPa) and low elongation (12 %),
similar to pure PP. The impact strength increases only to 5.2 kJ/m?, indicating a
more brittle structure at high filler content without a flexible phase.

The effect of calcium carbonate and elastomer content on tensile strength,
impact strength, and shrinkage of polypropylene yarns is shown in Figure 1.

sldda

PP 100% PP 90%+EPR 10% PP 80%+EPR PP 70%=EPR PP 70%+CaC03 30%

-

S

10%+CaC03 10% 10%+CaC03 20%

i Strength, g/den | 'mpact strength, klfm* | Shrinkage, %
Figure 1 — Effect of composition on the properties of PP yarns

Shrinkage decreased with increasing elastomer and CaCOs content. Pure PP
had a shrinkage of 2.1 %, while compositions with 10 % elastomer and 10-20 %
CaCOs showed shrinkage in the range of 1.3—1.7 %. The reduction in shrinkage
is associated with restricted compression and relaxation of polymer molecules
due to the presence of the elastomer and rigid filler, as well as more efficient load
distribution within the material. This effect contributes to improved dimensional
stability of the tape yarn during heat treatment and use.

The study demonstrated that the combined use of thermoplastic elastomer
Engage™ 8180 and Kapol calcium carbonate in the production of polypropylene
yarns significantly affects the key performance characteristics of the material.

The addition of 10 % EPR elastomer substantially improved yarn plasticity
and impact resistance — elongation at break increased more than threefold, and
impact strength nearly doubled, indicating improved resistance to dynamic and
impact loads. Despite some reduction in tensile strength, the values remained high
enough for most technical applications. The addition of 10-20 % CaCOs further
enhanced impact performance.
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A reduction in shrinkage to values below 1.5-1.7 % when combining
elastomer and filler indicates increased thermal stability and reduced internal
stresses in the material, improving the quality and reliability of the final yarns.
These indicators are critical for applications requiring high dimensional accuracy
and resistance to deformation during heating.

Conclusions

The results indicate that combining elastomers and mineral fillers is an
effective approach to improving the performance properties of polypropylene. This
opens up possibilities for the development of new compositions with enhanced
characteristics tailored to the needs of modern markets and industries such as
packaging, textile production, and technical fibers.

Further research is advisable to study the effects of other types of elastomers
and filler modifications, as well as the long-term stability and wear resistance of
the resulting compositions under real operating conditions.
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MOJUINPONUJIEH KIBIH 3JIACTOMEP MEH KAJIbIIUI
KAPBOHATBIMEH KEIHEH/I TYPJIEHAIPY

Byn maxanaoa nonunponunen (I1I1) scinmepiniy neeizei natioarany
CUNAMMAMANApbIH AUMapivlKmail JHcaKcapmyea Oa2blmmangan KeueHoi
Mooupurayusnay a0ici apKblLibl 0AAPObIH HCYMbIC CUNAMMAMALADbL
KewleHin apmmulpy2a apHalaH 3epmmey Homuoiceaepi KeamipiieeH.
Moougurxayuanaywel acenmmep peminoe mepmoOniacmuKkailblk
anacmomepiep (TI13) scone murepanovl monmvipebiil — Kaibyut KapOOHamol
(CaCO:s) kondanvinovi. JKymvicmuly He2izel MaKcamol — COKKbl2ad MO3IMOLIK
new y3iny Kezinoeei y3apy CUsKmvl MAKbI30bl MEXAHUKATLIK Kacuemmepoi
JAcaKcapmy JHcoHe Mamepuaiobly MEPMUsLIbIK MYPAKMbLIbIZLIH APMMbIPY,
COMbIMEH KAmMap COHebl KOMNOZUYUSAHBIY O3IHOIK KYHbIH 0AKbIIAy MeH
oymaiinanobipy nezizei uapm peminoe Kapacmulpblidobi.

3epmmey0in sxcnepumenmmix 6eniminde apmypai monuepoei TI1D
men CaCOs kocwinzan ITT-komnosuyusiiap a3ipienin, SKCmpy3ust 20iCIMeH
0aubiHOANObl. AnbiHeaH YAcinepoiy (U3UKA-MexaHuKaivlk Kacuemmepi
XanelKapanielk CMaHOapmmapad CauKkec HCaAH-JHCAKMbl CLIHAKMAPOaH
OMKI3LNOL.

Coinax namuoicenepi mepmMoniacmuKkaivly saacmomepiepoi
noaunponunern KYpamvlHa eH2Ii3y OHblH UII2IWmicl MeH COKKbl2d
me3imMOLniciH e0ayip apmmulpamvitbiH Hakmul kepcemmi. COHbIMEH Kamap
Kanbyuil KapOOHAMbIH KOCY KOMAOSUYUSAHBIH KATNMbLIbIZbIH (CepRiMOLNiK
MOOYIIIH) apmmulpyea JicoHe we2yoi aumapivblKmai azaumyea muimoi
acep ememini anvlkmanovl. Kymvicma snacmomepiep MeH MUHepaiobl
monmuipuiumyl 0ip Meseinoe KONOaHy HamudiceciHoe nauoa OonamviH
CUHEP2EMUKANIbIK dcepee epeKule Ha3ap ayoapbliobi.

Kinmmi ce30ep: nonunponuneH, mepmoniacmukaibik saacmomepiep,
Kanbyull KapooHamsl, MeXaHUKaiIblK Kacuemmep, MOOUPUKAYUI,
KOMNo3uyusiap.
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KOMILJIEKCHASI MOJU®UKALIUS TOJUITPOIIUJIIEHOBOM
HUTHU 3JTACTOMEPAMHU U KAPBOHATOM KAJIbIIUA

Hannas cmamuvs npedcmasnsiem pe3yibmamsl UCCAe008AHUS,
HANPABIECHHO20 HA NOBbIULEHUE KOMNIEKCAd SKCNAYAMAYUOHHBLX
xapaxmepucmux nonunponuierosgwlx (I111) numet memooom KOMNIEKCHOU
MOOUDuUKAYUU € YeNblo CYUWEeCMBEHHO20 VIVYULCHUS UX KII0YeGblX
IKCHIYAMAYUOHHBIX Xapakmepucmuk. B kxauecmee mooudpuyupyowux
A2eHmo8 UCNONb308AHbL mepmoniacmuinvle 3nacmomepst (TI13) u
MuHepanvrbill HanoaHumens — kapoonam xanvyus (CaCOs). OcrosHast
yenv pabomol — yryuuleHue KpUMmu4ecKU aiCHbIX MEXAHUYECKUX C8OLCMS,
MAaKux Kax yOapHas 6s3KOCMb U YOJIUHeHUe npu paspvlee, a maxdice
noBblULEeHUEe MEPMOCMADULLHOCIU MAMEPUANd, NPU SMOM KIOUeEbiM
VCI0BUEM SABAAEMC KOHMPOIb U ONMUMUZAYUSL ceDeCmoumMocmu
KOHEYHO20 KOMNO3UMA.

B skcnepumenmanvroti vacmu ucciedosanus ovliu pazpabomansi
U npuUcOMoBIeHbl MEMoOOM IKCMPY3UU paziuunvie cocmagvl I111-
KOMNOo3umog ¢ sapvupyemovim cooepoicanuem TID u CaCOs. [lonyuennvie
00pasyvl N00GePeIUCL GCECMOPOHHUM UCHBIMAHUAM UX QUUKO-
MeXAHUYeCKUX C80UCME 8 COOMBEMCMBUU C MeANCOYHAPOOHBIMU
cmaunoapmamu.

Pesynvmamer nposedeHHbIX ucnblmanuil 4emKo 0eMOHCIMpPUpYIom,
umo 6sedeHue MepMONIACMUYHBIX JTIACTOMEPOE 8 COCMAE NOAUNPONULEHA
NPUBOOUM K 3HAYUMEILHOMY NOBLIULEHUIO €20 NAACMUYHOCMU U
yoapHoi npounocmu. OOHo8pemerHoe 0obasieHue KapboHama Kaibyust
spdexmusno cnocobcmayem yGeaUUeHUIO HCECMKOCMU (MOOYs
YAPY20CmU) KOMRO3UMA U 3AMEMHOMY CHUNCEHUIO BEIUYUHbL YCAOKU.
Ocoboe enumanue 6 pabome yoeieHo AHAIU3Y CUHEPLEMUYECKO20
apghexma, 6oznuKarouje2o npu cOBMECMHOM UCTIONb308AHUU INACHIOMEPOS
U MUHEPATIbLHO20 HANOTHUMEIIL.

Kniouegvie cnosa: nonunponuien, mepmoniacmuiHvle d1acmomepul,
KapOoHam Kaibyus, MexaHuieckue ceotcmed, MOOUDUKAYUs, KOMROIUNb.
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