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The study is aimed to improve the mechanical and thermal properties of a low-
density polypropylene—polyethylene blend mixed at 80-20 wt.% . Titanium
dioxide is added at different percent ratios: 0, 2, 4, 6, 8 wt.% . Particle sizes
and melt processing of the low-density polyethylene—polypropylene blending
play a significant role in thermoplastic arrangements. The composite material
is prepared using the composite by the melt mixing technique in a screw ex-
truder. The results show that the mechanical properties are improved, when
TiO, particles are added at an average particle size of 0.201. The tensile
strength and hardness increase with the increase in filler content. The tensile
modulus increases due to the higher surface area of the filler. The bending
strength decreases due to the decrease in elasticity and the increase in tensile
strength. The impact strength decreases by 2% and then increases. FT-IR re-
sults show the physical bonds between the filler particles and the blend. DSC-
test results indicate two glass transition temperatures, making the blend im-
miscible. SEM results show that ethylene—propylene—diene monomer (EPDM)
rubber (as a type of synthetic thermoset elastomeric copolymers produced from
a terpolymer of ethylene, propylene and a diene monomer) coupling agents en-
hance the adhesion between the titanium dioxide and the blended composite.

MerTo10 gocaimxeHHs OYJIO HMOJIIMIIIEeHHA MEeXaHiYHUX i TepMiUHUX BJIACTHUBOC-
Tell CyMiIIi ImoJrieTmjeHy HM3bKOI I'yCTMHHU Ta MHOJimpomijieHy, 3amimianoi 3
Bmicrom 80—-20 mac.% . Miokcuy Turamy gomaBasm B PisHMX BiICOTKOBHX
cuiBBigmomrenuax: 0, 2, 4, 6, 8 mac.% . Posmipu yacTuHOK Ta 06pOGJIeHHSA PO-
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3TONMY CYMIillli moJrieTn/ieHy HU3bKOI I'YCTHHHU Ta MHOJIIIIPOMHiJIeHYy BimirpaioThb
3HAYHY POJIb Y TEPMOILJIACTUUHUX KOMIIO3UIiAX. KoMIosuTHUH MaTepisaa OyB
BUTOTOBJIEHUI 3 BUKOPUCTAHHAM KOMIIO3UTY METOAOM 3MiIlTyBaHHS PO3TONY B
IIHEKOBOMY €KCTpPylepi. PesysbraTty mMoKasyoTh, 10 MeXaHIUHi BJIACTUBOCTI
moJimmuancA i3 fogaBaHHAM yacTUHOK TiO, i3 cepeqHiM po3MipoM 4aCTMHOK
0,201. MimnugicTs Ha PO3PUB i TBEPAICTb 3POCTAIOTH 3i 361/ILIIIEHHAM BMicTy Ha-
moBHIOBaYa. MoAyab MPYsKHOCTU 301JMBITYETHCS 3aBAAKU OiJMBIIii IIJIOMIi mO-
BepxHi HamoBHIOBaua. MiIlHiCTh HA BUTMH 3MEHIIYETHCA Yepes 3MEHINeHHSA
€eJIaCTUYHOCTU Ta 30iJbIIeHHA MiITHOCTH Ha PO3PUB. ¥YJapHa B’A3KiCTH 3MeH-
myetbea Ha 2%, a morim 3pocrae. Pesyabratu IY-cmekTpockormii 3 dyp’e-
IepeTBOpPOM IPOABMIM (PismuHi 3B’A3KHM MiK YaCTMHKAMM HAIIOBHIOBAaYa Ta
cymimmrio. PesyasraTtu JJCK-TecTiB mokasanm ABi TeMmmepaTypu CKJyBaHHS,
10 poOUTH cyMmint HeaminryBaunoio. Pesyiasraru CEM moxkasaiu, 110 CIoJyJYHa
PEUYOBUHA « CMHTETUUYHUH KayuYyK Ha OCHOBi COIOJIiMepy eTHJIeHy, IIPOIIiJIeHY 3
IobaBkoio miemoBoro moHoMmepa» (CKEIIT) mimcuimioe aaresiro mMisk giokcumom
Turany Ta 3MinmraauM KOMIIOSUTOM.
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1. INTRODUCTION

In recent years, a significant focus has been on the study and de-
velopment of composites, which incorporate nanoparticles [1-3].
These nanocomposites have garnered significant interest due to
their impressive enhancements in various characteristics, such as
mechanical strength, optical clarity, and thermal conductivity [4,
5]. In addition, they have shown great potential for a wide range of
applications. Nevertheless, a significant hurdle in polymer nano-
composite technology is inhibiting particle aggregation [6—8]. Sur-
face modification can help overcome this issue by improving the in-
terfacial interaction between the polymer matrix and inorganic par-
ticles, which, in turn, can enhance the general properties of nano-
composites [9—-13].

Polyethylene (PE) and polypropylene (PP) were developed recently
due to low cost, good mechanical properties, lightweight, and desirable
applications. PE in two kinds, of low and high density, may be added to
PP to develop mechanical PP properties [14]. The blend of PP and PE is
used because PP and PE have similar characteristics, such as reasona-
ble wear and mechanical, thermal, electrical, and chemical resistance,
used in pipes. PE has more moisture and depredation resistance than
PP; therefore, it was blended with it [15, 16]. The characteristics of
the PP—PE blend are refined by several additives, which are mixed
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with them, like adding nanofillers, which improve the properties such
as TiO,, CaO, Al,0;, Zr0O,, and SiO, have [17].

Inorganic particles like clay, silica, CaCO,, layered silicate nano-
particles, and titanium dioxide (TiO,) have garnered significant at-
tention as inorganic materials for inorganic—organic nanocompo-
sites. One material that stands out is TiO,, which has significant
potential in various applications, such as photocatalytic activity and
photoelectric conversion in solar cells. In addition, TiO, nanoparti-
cles also exhibit antibacterial properties, help prevent odours, and
have a self-cleaning mechanism [18, 19]. The numerous benefits of
TiO, make it a highly desirable inorganic component for creating
nanocomposite materials. These materials offer exceptional mechan-
ical properties, low density, and protection against the UV and
thermal degradation, critical in regions with intense sunlight, high
temperatures, and humidity, including Vietnam’s tropical climate.
Various polymers can be effectively combined with TiO, nanoparti-
cles through different processing techniques, including sol-gel or
polymerization in solution. These polymers include poly(methyl
methacrylate), epoxy, polyethersulphonate, poly(ethylene tereph-
thalate), and polystyrene [20].

By adding small amounts of nanoparticles, polymer nanocompo-
sites improve the mechanical properties, heat resistance, thermal
resistance, degradation, and elastic modulus. Besides, other charac-
teristics like melt processing, polymer crystallization, and electrical
and thermal conductivities can be modified [21]. Nanofillers like
Si0,, TiO,, Al,O;, and ZrO, reinforce the polymers by embedding
them in the polymer matrix. TiO, is very important due to particu-
lar characteristics like low density, thermal degradation, hydro-
philic and photocatalytic degradation, and a large surface ratio,
which makes them aggregate easily; therefore, styrene ethylene bu-
tylene styrene (SEBS) can be used as a coupling agent [22].

SEBS showed good attributes, as found by Sajad and Farmarz’s
desperation of titania nanoparticles in the matrix, and increased the
samples’ thermal stability. Another coupling agent used with eth-
ylene and propylene is PDEM (propylene diethylene monomer) to
prevent filler agglomeration [23].

The current work aims to enhance the mechanical, thermal, and
morphology properties of polypropylene—low-density polyethylene
blend by preventing filler agglomeration in nanocomposite material
by using EPDM coupling agents.

2. EXPERIMENTAL WORK

The polypropylene purchased from Sabic Company is produced in
Saudi Arabia, and the low-density polyethylene purchased from
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Amber Kabir Petrochemical Company is made in Iran. The polypro-
pylene and polyethylene pellets were mixed with TiO nanofiller with
PDEM as coupling agent, then, put in the twin-screw extruder with
a speed of 35 cycles/min at 170°C to mix, then, roll through the
roller to get the sheet of 5-mm thickness. The samples are then cut
into the required shapes.

3. RESULTS AND DISCUSSION
3.1. Mechanical Properties Tests Results and Discussion
The tensile strength test results (stress—strain curve for the compo-

site) are represented in Fig. 2. The results show that the tensile
strength increases, when titanium oxide increases due to high sur-
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Fig. 1. LBZA average particle size of titanium dioxide.
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face activity between the filler and the coupling agent PDEM and
polypropylene and polyethylene that is due to reduction in interfa-
cial tension, stabilization of morphology, enhancements adhesion
between faces in the solid state facilitating the stress transfer,
hence improving the mechanical properties of the product.

The tensile strength modulus increases, when the titanium diox-
ide percentage increases, as shown in Fig. 3, due to the maximum
surface area, aspect ratio, and loading, which all will increase the
modulus. Through active sites or coupling agents, fillers with
strong chain attachments resist the chain extension most.

The hardness increases to 6% of titanium dioxide. Then, it de-
creases, as shown in Fig. 4, because titanium dioxide has higher
hardness than the polypropylene—polyethylene blend and has a high
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Fig. 3. Tensile modulus versus titanium oxide content.
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surface area due to the small particle size of the filler. The reason
behind the hardness increases is that the density increases. The dif-
ferent shapes of particles, which are irregular, including pentagonal
and rectangular shapes, and have high surface area, aspect ratio,
and high loading; therefore, the surface area increases.

The flexural strength test was used with the machine at the 2-
mm/min speed applied at 3 points. A load was applied at the central
axis until fracture occurred. The bending strength decreases, when
filler content increases (Fig. 5) due to the high modulus-strength in-
crease of blend material and the elasticity decrease, and it has a brittle
fracture. When the filler content is increased, the distance between
polymer chains is increased, hindering the movements of chains.
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Fig. 5. Bending strength versus titanium oxide content.
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The impact strength decreases to 2%, as shown in Fig. 6, because
the elasticity decrease is related to PP having a methyl group,
which is rigid and attached to a carbon atom of the polymer main
chain, limiting the spin of the chain, producing a stronger but less
flexible material; then, the impact strength increases; due to the
high surface area of filler and high hardness, also titanium dioxide
has high surface activity with higher content.

3.2. DSC-Test Results and Discussion

The thermal properties were indicated by the DSC test for the sam-
ples. As shown in Figure 7, there are two T, 125.59°C and
155.82°C; so, it is an immiscible blend. The glass transition temper-
ature T, is decreased for the sample 2 and, then, increased in other
samples due to the filler-particles’ (TiO,) substantial spaces in the
structure performance as strengthening filler between chains due to
small average particle size (D50:0.507) and making van der Waals
bonds, as shown in Figs. 7-11.

3.3. FT-IR Results and Discussion

As shown in Figure 12, there is a physical attraction between tita-
nium-dioxide particles and the PE-PP blend.
In sample 1, there is no titanium dioxide. Titanium dioxide was
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Fig. 7. The DSC test for sample 1.
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Fig. 8. The DSC test for sample 2.
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Fig. 9. The DSC test for sample 3.

added in other samples at different ratios 2, 4, 6, 8% . The trans-
parency intensity increases, when the titanium-dioxide filler con-
tent increases, because titanium-dioxide particles far apart the dis-
tance between chains, and the light can pass through the chains.
Then, the transparency intensity decreases because the content of
filler particles increases, and the distance between chains increases.
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DSC, mW
0.00F
Peak 130.75°C Peak 164.07°C
Omnset 126.29°C Onset 159.18°C
-5.00F Endset 185.69°C  Endset 169.25°C
Heat -115.28 mJ Heat -92.45 mJ
-11.53 J/g -9.24 J/g

-10.00F

N 7N
-15.00f \\/ \Tj[\

40.00 80.00 120.00 160.00 200.00

Temp, °C

Fig. 10. The DSC test for sample 4.
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Fig. 11. The DSC test for sample 5.

The light cannot pass through the chains. There is vibration in the
range of 466—700 cm ™ due to the single bond between the titanium
and oxygen atoms, Ti—O, and often present in the stretching of the
titanium-dioxide molecule.

The bond at 1410 cm™ and 1375 cm™ occurred due to the sym-
metric bending of the —CH; group and the scissoring of an extended
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Fig. 12. Transparency versus the wavelength for the samples.

chain alkyl group. In addition, the peak at 1462 cm™ is attributed
to the vibrational changes occurring in the C—H bond.

3.4. SEM Results and Discussion

The morphology of the specimens shown in Fig. 13 in sample 1 is a pure
blend containing 70-20% of PP-PE blend without titanium dioxide,
as shown in Fig. 13. There are little delaminations of the PP—PE blend
and immiscible blend. In sample 2, there is more delamination and
white colour in most of the reigns than in sample 1 due to TiO, addi-
tion. The homogenous structure appears in the sample 3. As shown in
the sample 3, there is no delamination due to good adhesion between
TiO, particles and the blend, because the EPDM coupling agent en-
hances the adhesion. As shown in samples 3, 4, the filler particles were
distributed evenly due to good adhesion, when the titanium-dioxide
filler increased. There is no evidence of agglomeration of filler parti-
cles in the samples. In the sample 5, there are separation between tita-
nium-dioxide particles, as shown in white dots, and delamination due
to the high fraction of filler content.

4. CONCLUSIONS

1. The tensile stress is improved at 5 wt.% titanium-dioxide con-
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Fig. 13. SEM for the samples (a—sample 1 (0% TiO,); b—sample 2 (2% TiO,);
c—sample 3 (4% Ti0,); d—sample 4 (6% Ti0,); f—sample 5 (8% TiO,).

tent, when compared with neat blend samples.

. The tensile strength modulus is improved at 5 wt.% titanium-

dioxide content.

. The bending strength has a minimum value of 4%, in which the

elasticity is decreased to the minimum wvalue, and the tensile
modulus is increased to the maximum value.

.SEM tests reveal the enhanced morphology in samples 3 and 4

due to the EPDM coupling agent, which enhances the adhesion.

. The titanium-dioxide particles increase the temperature of the

nanocomposites’ glass transition. DSC results indicate that the
blend is immiscible.
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