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ABSTRACT

In this research two groups of polymer blends have been prepared First group
included (High density polyethylene (HDPE): Polypropylene (PP))While the Second
group(included Low density polyethylene (LDPE): Polypropylene (PP)) both groups
prepared withpolypropylene of (20% and 80%). From the results of tensile test for the
prepared blends it has been showed that the optimum blending ratio was
(20%LDPE:80%PP and 20%HDPE:80%PP) which thenreinforced with (2, 5 and 8wt
%) oftitanium dioxide (TiO), particle size (0.421um). Titaniaparticles were
mechanically mixed with the polymers prior tomelt mixing for better dispersion.
Polymerblend composites were obtained by using single screw extruder. Results
showed that mechanical properties increased as titania content increased except
elongation.Furthermore the result recorded highest values ofimpact strength and
fracture toughness at2%wt TiO,which is 312 Mpa and 572.8Mparespectively,for the
polymer blend (20%HDPE: 80%PP) composite and for the polymer blend
(20%LDPE: 80%PP) composites the impact strength and fracture toughness are
262.5Mpa and 468 Mpa respectively. The mechanical properties values of 20%HDPE:
80%PP is higher than 20%LDPE: 80%PP polymer blendcomposites. Scanning
electron microscopy (SEM) imagesshowed that there isbonding developed between
TiO; and polymer blends in some regions.

Keywords: Polymer blend, TiO., HDPE, PP,composite, Mechanical properties.
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Introduction

uring the past several decades, polymer material has had a marked very direct

practical impact on the way of life people in nearly every region of the earth.

A new approach to the science and technology [1].Blending of two polymers
in a possible way to tailor their individual properties in a single material.The
properties of polymer blends strongly depend on their morphology which is
determined by the size distribution and shape of distributed particles [2, 3].
Some studies showed that uncompatiblized immiscible polymer blends provide
synergy of mechanical properties when the processing and compositional parameters
are near optimum values [4-6].
The incorporation of fillers into thermoplastics is another method widely used to
enhance certain properties. The degree of property enhancement depends on the filler
type, filler particle size and shape, the content of filler (Albano et al. [7] analyzed the
effect of CaCOs3 on blend of PP/HDPE found that the addition of this blend at 30wt%
did not improve the mechanical properties of the blend) and most importantly the
filler origin[8-10]. Studies dealing with polymer blend reinforced with rigid filler to
give three-phase polymer composites have been increased considerably during the
last few years [11-13]. Michel A. H.,and Hongbo Li investigated the structure
development in the starch gelatinization and thermoplastic starch mixing with PE, PP,
PS and showed the tensile strength, tensile modulus and elongation at break of the
blend were decreased by addition of the thermoplastic starch[13].
The objective of this study was to investigate the effect of titania particles content on
the mechanical and morphological properties of the two types of polymer blends-
based composites.

Materialsand Experimental Methods

In this research three types of polymer materials used which were provided from the
National Company for Plastic and Chemical Industries / Zaffrania - Baghdad.The
polymer materials are High density polyethylene (HDPE), Low density
polyethylene(LDPE)and Polypropylene (PP). Physical properties data for each
polymer is given in Table (1).All polymers were supplied from the supplier (Sabic
Company /Saudi Arabia) in a pellet form. (20%HDPE: 80%PP) and (20%LDPE:
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80%PP) blends were mixed with (2,5 and 8%)TiO, particles were supplied from
(Nabond Company/ China).
Table (1) Polymer materials information

Material supplier Melt flow index (gm/10 | Density(g/cm?®)
min)
HDPE sabic 8 0.964
LDPE sabic 7 0.922
PP sabic 8 0.905
TiO; Nabond - 4.23

Particle Size Distribution of TiO, Powder

Particle size distribution of TiO,was carried out using laser diffraction particle size
analyzer type (SHIMADZCE SAID-2101) inScience and Technology
ministry/Baghdad. The result of particle size distribution is shown in Fig. (1).the
mean diameter was (0.421 um) and the median value was (0.417 um). SEM (Model
VEGATS SI136XM) was used atBicocca University, Milano/ltaly,Fig. (2) shows
SEM micrographs of titania particles used in this study.
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Figure. (1) Particle size analysis of TiO..
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Figure. (2) SEM images of TiO, powder.

Blending

Polymer blends of (HDPE:PP) and (LDPE:PP) both groups prepared with
polypropylene of (20% and 80%) were melted in a single screw extruder machine
with a screw L/D of 30:1 (lraqi Al-Forat Company 2004 Extruder) to make strips of
polymer blends with 1.5mm thickness. Tables 2 and3 show the compositions and the
extrusion parameter respectively for both polymer blends and composite prepared.

Table (2) compositions of polymer Blend and composite.

No. %HDPE %LDPE %PP %TiO,
1 @5 80 Zero 20 0
2 |3 | =2° 20 zero 80 0
3 |3 oo z0 zero 80 2
4 | o £ % 20 zZero 80 5
5 © 20 zero 80 8
6 @5 zero 80 20 0
7 | Y | B8F zero 20 80 0
8 |3 | aaw zero 20 80 2
9 | O €3 zero 20 80 5
10 °©° zero 20 80 8
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Table (3) Extrusion parameters.

No. | Blend System Temperature(°C) Screw speed
Zonel Zone2 Zone3 (rp.m)
1 HDPE:PP 150 160 160 20
2 LDPE:PP 140 150 150 20
3 | HDPE:PP:TiO, | 160 170 170 20
4 LDPE:PP:TiO, | 150 160 160 20

Samples prepared by compression moulding technique including locating previous
extrudate blendstrips in a mold made of steel to have the suitable thickness for
inspections which is previously heated at 160°Cfor one hour, compression technique
carried out at pressure (300 kgf/cm?) for (5 -10) minutes depending on the type of the
blend.

Mechanical test

Samples were prepared for the tensile test in accordance with ASTM D638-
87[14].A computerized universal testing machine model (WDW-200D Jinan Shijin
Group company-china) was used to conduct a test at a constant cross head speed of
the order 10 mm/min at room temperature. Tensile load was applied till the failure of
thesample and stress -strain curve was obtained. Each sample was tested for 3 times
and average results have been reported.Impact test is performed at room temperature
according to ASTM ISO 179[15].1zodcharpy tension impact (measurement test
machines Inc,Amityville-New York).Bending modulus measured from three point
test, this test is performed according to ASTM D-790-78 [14] at room temperature.
Hardness test carried out on a Durometer shore D scale according to ASTM D-
570[15].A creep test is performed under a constant applied load (40N) at room
temperature according to BS 1178 [15].

Results and discussion:-
Tensile test of HDPE: PP and LDPE: PP blend and its composite.

Polymer blends with differentweight percentages of polypropylene (20% and
80%) in bothblends (HDPE: PP) and (LDPE: PP) have been studied.The results of
ultimate tensile strength and young modulus are shown in Fig.(3 a,b) respectively
these figuresshowed that 80%wt of PP is the best ratio in the two types of blends
(HDPE: PP) and (LDPE: PP).According to these results, polymer blends which are
(20%HDPE: 80%PP) and (20%LDPE: 80%PP) are selected as the optimum polymer
blend ratio and reinforced with chosen ratios (2, 5 and 8%) of titania particles.The
stress -strain behavior of the net blends (20%HDPE: 80%PP) and(20%LDPE:
80%PP)and its composites are shown in Fig. (4a, b) respectively.It can be noticed that
as TiO; content increased in the blend there will be change in the behavior from
hardand tough for neat blends to hard and strong for polymer blends
(20%HDPE:80%PP) which reinforced with 8%wt of titania particles.
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Figure. (3)(a) Ultimate tensile strength and (b)Young modulus of (HDPE: PP
and LDPE: PP) blends.
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Figure. (4) Stress-Strain curves of (a) 20%HDPE: 80%PPand (b) 20%LDPE:
80%PP blend composites.
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It can be seenfrom Fig.(5 a,b,c and d) an increase in ultimate strength values with
the addition of TiO, particles for the two groupsof blends and similar result is
observed in each of fracture strength and young modulus, but differs in elongation
and this related to the nature of TiO, particles which are stiffer and stronger than the
continuous polymer blend matrix [10]. And it is noted from these figures that the

ultimate strength, fracture strength and young

modulus values for the (20%HDPE:

80%PP) blend composite is higher than the (20%LDPE: 80%PP) blend composite

that may be related to the difference between

both types of PE in molecular chain

structure, HDPE has very little branching on the main chains, and so the chains can
pack more closely together to increase crystallinity and strength [14].
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Figure. (5)(a) tensile strength (b) fracture strength (c) Young modulus and (d)
elongation of (20%HDPE:80%PP and 20%LDPE:80%PP) blend composites.
asafunction of TiOzcontentin the blends.
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Bending test of polymer blend composites

The results of three —point bending test show that the elasticity modulus of
bending (E wnend) values for the composites increased as TiO; particles content
increased for both types of blends (20%HDPE: 80%PP) and (20%LDPE: 80%PP) as
shown in the Fig. (6) The incorporation of TiO, with the polymer blend leads to
higher bending modulus due to the interfacial reaction between polymer blend and
TiOgparticles,andthese values for the (HDPE: PP)blend composites is more than
(LDPE: PP) blend composites.
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Figure. (6)Bending modulus of (20%HDPE: 80%PP)and (20%LHDPE: 80%PP)
blend composites as afaunciton of TiO; content in the blends.

Impact test of polymer blend composites

It has been realized from Fig. (7 a) that there is a high increment of impact
strength at 2% TiO, particles when it is compared with thenet blends in both
polymerblends, but this increment has decreased gradually as TiO; ratio increased to
higher than 2% ratio, this is due to the fact that TiO, particles are ceramic particles
have a high hardness compared with the polymer materials, so that the impact
strength decrease when it is added in a high ratio [10].
So the best ratio that increased the impact was at 2% TiO- and the rate of increment
were 125% and 150% for both 20%LDPE: 80%PP and 20%HDPE: 80%PP blend
composite respectively as shown in the Fig. (7a), while Fig. (7 b) showsfracture
toughness values of blends were increased as TiO; particles added to the blends and
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reach to high values at 2%TiO, ratio, then the rate of increment were decreased, but
fracture toughness values for two group of polymer blend composites are larger than
their matrix (net polymer blends). Incorporation of TiO; particles into polymer blends
leads to higher fracture toughness values due to the interfacial reaction especially
when it is added in slight ratio, and provides an effective barrier for the advancing
cracks [17].Also it has been noted from both Fig. (7 a and b) that impact strength and
fracture toughness values of composite materials for (20%HDPE: 80%PP)blend are
higher than the other blend (20%LDPE: 80%PP).
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Figure. (7) The effect of TiO content on (a) Impactstrength (b) fracture
toughness of(20%HDPE:80%PP) and ( 20%LDPE:80%PP) blend composites.

Shore D Hardness of polymer blend composites

The hardness values of Shore D increases with the increasing of TiO, particles
content in the blends as shown in the Fig. (8) .This is related to the titania particles
which are ceramic particles have a high hardness compared to polymer blends.
Furthermore hardness values of (20%HDPE: 80%PP: TiOy)slightly higher than
hardness values of (20%LDPE: 80PP:TiO;) composites due to the difference in the
chain structure for two type of PE [16].
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Figure. (8) Shore D hardness for (20%HDPE: 80%PP and 20%LDPE: 80%PP)
blend composites as a function of TiO, content in the blends.

Creep behavior of blend composites

Strain-time curve of(20%HDPE:80%PP) and (20%LDPE:80%PP) blend
composites are shown in Fig. (9 a,b) respectively. This figure shows that the creep
rate at room temperature and at constant applied load (40 N) decreased with increased
TiO, particles amount in the polymer blend composites due to restricted molecular
chain mobility by reinforcing particles
creep rate at room temperature and at constant applied load (40 N) decreased with
increased TiO; particles amount in the polymer blend composites due to restricted
molecular chain mobility by reinforcing particles.
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Figure. (9) Creep behavior of (a) (20%HDPE:80%PP) and (b) (20%LDPE:
80%PP) blend composites as afaunciton of TiO, content in the blends.
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Also as shown in Fig. (10) creep modulus (the ratio of the initial applied stress to
the creep strain gpafter a particular time and at a constant temperature of testing [16] )
of blend composites increases as reinforcement titaniaparticles increased.
Furthermore, it has been also realized from Fig. (10) That creep modulus of
(20%HDPE:80%PP) blend compositesis higher than (20%LDPE:80%PP) blend
composite this related to the difference in the molecular chain of both types of PE.
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Figure. (10) Creep modulus of (20%HDPE:80%PP) and (20%LDPE:80%PP)
blend composites after 1500 min as afaunciton of TiO; content in the blend.

Morphological Test

In order to evaluate the changes in surface morphology of the prepared samples
(polymer blends and polymer blend composites).Scanning electron microscope
(Model VEGATS SI136XM) in Bicocca University, Milano/ltaly where used to
examine the samples.
To achieve good electrical conductivity, all samples were first coated with graphite
and line of silver. SEMmicrographs clearly show the difference in the morphology of
the polymer blends (20%HDPE: 80%PP) and (20%LDPE: 80%PP) Fig. (11a and
b)resepectivily. Also Fig. (12 a, b and c)and Fig.(12 d, e and f) show the difference in
the morphology of the prepared composites for the two groups of blends when
compared with the morphology of the polymer matrix separately. There are more of
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TiOzparticles are dispersed in the matrix.The interaction between TiO, and polymer
blends matrix is limited because TiO, has polar surface and polymer blends is non-
polar [11]. So theSEM photographs of the polymer blend composites shown in Fig.
(12 a, b, c,d, e and f) indicates that there aredifferent regions having different
morphology, some of these regions show there arestrong bonding developed between
TiO2 and polymer blends(as shown in Fig. (12f) for (20%LDPE: 80%PP):8%TiO-
composite)and they behave like one phase which shown good compatibility between
composite content. Whereas in another regions SEM micrographs show that there
aresome of individual TiO, particles arepresented in the matrix due to the poor
adhesion between the incompatible particles and polymer blend matrix.Fig. (13 a, b,c
and d) shows SEM micrographs of fractured surfaces of polymer blend composite
specimens. The SEM micrographs indicate that there are many regions having
sufficient interfacial adhesion between TiO; particles and polymer blend matrix,it can
be readily seen that many particles were not pulled out from thermoplastics blend
matrix and their surfaces were covered by polymer blend. Although there is some of
particles pulled out from blend matrix (the light very small areas reflect Titania
particles and the dark large areas show polymer blends based composites).

SEMMAG 300 kx  DET: S Datector Vi 1 b SEMMAG: D 00kx  DET SE Detecker
W 00w DATE 120011 50 um Vet CTestan MV 200wV DATE 120611 40 m Voh OTedean
VAG Hivee Device: TES M DIgha Miroscopy Imaging  VAC: Hivac Device. THS10XM Digtal Microscopy imaging

Figure. (11) SEM micrographs of (a) 20%HDPE: 80%PP polymer blends (b)
20%LDPE: 80%PP polymer blends.
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Figure. (12)SEM micrographs of (20%HDPE:80%PP) composites (a, b
and c) and (20%LDPE:80%PP) composites (d, e and f) as function of Titania
content.
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Figure. (13) SEM micrographs of fracture surfaces for (20%HDPE:80%PP) and
(20%LDPE:80%PP ) blend composites as function of TiO, content.

Conclusions
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Tensile strength and Young modulus of two polymer blends (HDPE: PP) and
(LDPE: PP)were studied under tensile loading. It was concluded that polymer blends
ratios (20%HDPE: 80%PP) and (20%LDPE: 80%PP)exhibited optimum properties as
compared to other ratios. The mechanical properties for these polymer blend
composites were investigated as a function of TiOparticles content in the blends. The
following conclusions were drawn from this study:
1.The mechanical properties of polymer blend composites were found to be higher
than the polymer blend matrix (without TiO>).
2.Increasing the weight percentage of TiO; particles into polymer blend composites,
leads to improved mechanical properties of prepared composites.

3. 20HDPE:80PP polymer blend composites were found to be higher
than20LDPE:80PP polymer blend composites.
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