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Abstract: Linear low-density polyethylene (LLDPE) is a
commodity material that has been increasingly used in
various open environments owing to its versatile proper-
ties. The mechanical and thermal degradation and pro-
cessability properties can be enhanced by blending with
other polymers or using different types of fillers to adjust
such properties to fit the required applications. The objec-
tive of this work is to investigate the polymer—polymer
interface and compare it with the polymer—additive (micro-
particles) interface in terms of structural changes and the
impact on the polymer environmental properties. The
novelty of this work is how to control the adhesion at
the interface to enhance selected properties of the polymer
without compromising other properties. LLDPE dried
resins were compounded with UV additive and different
wt% content of LDPE resin separately in a twin-screw
extruder at 180-200°C and 150 rpm rotating speed with
a die head to produce 1 mm thickness sheets. Then the
prepared specimens were cooled to ambient tempera-
ture for testing. The nuclear magnetic resonance results
showed that LLDPE with microparticles has good phase
adhesion compared to the blended samples with LDPE.
Moreover, thermal gravimetric analysis showed that the
blends decompose in two steps at high LDPE content. The
morphological images revealed cavities in the microstruc-
ture of low weight percent blends inductive of the rela-
tively weak interaction between the components. The pre-
sent study conclusively demonstrates that the polymer
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matrix is more stable with microparticle fillers (UV stabi-
lizer) additive than with LDPE, which impacts the envir-
onment durability for outdoor application.
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1 Introduction

Polyethylene (PE) or polythene is the most common
plastic and has the highest share of global production
[1]. It has wide usages in packaging, plastic bags, plastic
films, geomembranes, bottles, etc. The most important poly-
ethylene grades are low-density polyethylene (LDPE), linear
low-density polyethylene (LLDPE), and high-density poly-
ethylene (HDPE). LLDPE is currently a fast-growing polymer
used in packaging. Globally, around 80% of LLDPE goes
into film applications for food and non-food packaging,
shrink/stretch film, and non-packaging uses [2-4]. LDPE
has lower tensile strength and higher resilience than
LLDPE. Moreover, it is less crystalline since its molecules
are less tightly packed [5]. The trend in food packaging
films is toward high-performance film structures that are
less permeable to increase the shelf life and enhance the
flavour. However, such desirable performance cannot be
achieved with a single polymer. Therefore, many research
activities were directed to select a blend of polymers or use
additives for specific applications, including those for
packaging and food packaging. A polymer blend is a mix-
ture of two or more polymers that have been blended to
create a new material with different physical properties
[6,7]. There are three categories of polymer blends: immis-
cible polymer blends, compatible polymer blends, and
miscible polymer blends [8]. These categories indirectly
describe the behaviour of the polymers at the interface,
which impacts the properties of the blends and is adjusted
according to the usage by the correct selection of the com-
ponent polymers [9]. In comparison, the use of special
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additives is also considered an attractive technique to
produce enhanced polymeric materials with specific prop-
erties. Additives can impact polymer processing by four
primary mechanisms — adsorption, abrasion, site competi-
tion, and chemical reaction. Light stabilizers, in particular,
are growing faster than fillers and other additives at over
7% per year [10,11].

Consequently, it becomes mandatory to assess the
efficiency of additives or blending with respect to the
polymer matrix and the interface changes [12,13]. For
example, polyethylene linear low-density blend with to
alter certain properties such as improved mechanical
and thermal properties. When blending, although the
densities of LDPE and LLDPE (0.921-0.926 g/cc) are similar,
LLDPE displays better tear and impact film properties than
LDPE [14]. Therefore, adding LLDPE to LDPE is expected to
improve thermal as well as good barrier properties. In pro-
ducing polymers with desirable final properties, it is essen-
tial to study the interface adhesion; this demands charac-
terizing and understanding the interfacial reaction under
processing conditions. Such deviations critically deter-
mine the final physical properties of materials prepared
from multicomponent macromolecules. In the literature,
numerous articles can be found about the role of interfa-
cial adhesion in altering the polymer properties [15-17]. To
evade interfacial failure in the presence of filler and mis-
cible blend, it is essential to ensure good adhesion proper-
ties at the interfaces. In the industry, the manufacturer
needs to ensure that the composite parts are properly
bonded together and that this bond will endure. Nuclear
magnetic resonance (NMR) is an outstanding experimental
tool to understand whether certain polymeric chains are
miscible or phase separate and to define the final state of
mixing in solid materials. The end-use physical properties
depend on the state of mixing [18,19].

Understanding this structural change is crucial in
material science to correlate structural parameters with
the final properties of a material. This article focused on
investigating the influence of the structural changes at the
interface of different enhancement techniques for LLDPE
outdoor application. Samples of LLDPE were blended with
different contents of LDPE and UV stabilizer (as micropar-
ticles). The prepared samples were evaluated for structural

Table 1: Polymers material properties
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changes, thermal stability, mechanical properties, and
morphology.

2 Materials and methods

2.1 Samples collection

The LLDPE and LDPE were received from a local manu-
facturing company and Qapco. The material properties of
each sample are given in Table 1. The stabilizer additive
was UV additives (Tinuvin 494FB, Tinuvin NOR 371, and
Chimasorb 81) acquired from “Aldrige” chemical company.

2.2 Sample preparation and testing

The polymer pellets were dried at 80°C in a hot air oven
for blending. Then the materials were sealed in plastic
bags and kept in desiccators prior to blending. The sam-
ples were compounded by simultaneously adding both
components to the twin-screw extruder at the selected
wt% content. During the compounding of all blends,
the barrel temperature profiles varied from 180 to 200°C
over the six zones at the rotating speed of 40 rpm (to
allow more residence time for the blend). For UV addi-
tive, the masterbatch that contained LLDPE and UV addi-
tive was prepared in a mixer, and then compounded in a
twin extruder at 180-200°C at a rotating speed of 150 rpm.
All test samples were rested under ambient conditions for
a period of 24 h.

Mechanical and thermal properties were tested
according to ASTM D 638 and ASTM D 3850-200,
respectively [20,21].

2.3 NMR

NMR 400 MHz was used under the solution technique in
which the polymer is partially dissolved in acetone to

Name Grade Melt flow index (g/10 min) Density (g/cm?) Melting point (°C) Haze (%) Gloss (GU)
LDPE FB3003 0.30 0.920 109 13 40
LLDPE EFDC-7050 2.00 0.918 124 14 50
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ensure the solution state so that NMR can detect it. The
samples were ground and then mixed with acetone-dé.
Proton one-degree NMR pulse sequence was applied for each
sample separately (90-degree pulse sequence; proton is the
name of the pulse in topspin; one-degree pulse sequence;
duration time, 26s; relaxation time, 2s; power, 18.911 W;
several scans, 100 scans). The NMR spectra were obtained
for the samples and analysed using BRUKER software.

Morphological: Morphology of the samples was exam-
ined using a scanning electron microscope (SEM), a
TESCAN TS5135MM model. The specimens were sputter-
coated with a thin layer of gold by using vapour deposition
techniques to avoid electrostatic charging during sample
examination.

2.4 Thermogravimetric analysis (TGA)

TGA (TGA-50H from Japan, Shimadzu) was used under
air at 40 mL/min flow rate. This test determines the
changes in the sample weight with an increase in tem-
perature, as the onset temperature is directly calculated
from the TGA traces corresponding to the temperature at
which the weight loss begins. The experimental tempera-
tures varied from ambient temperature to 700°C with a
heating rate of 10°C/min.

2.5 Statistical analysis

The experiments were conducted with five replicates per
condition. The results were analysed statistically using
the average of three techniques with less than 1% error
in the final results for each condition.

3 Discussion of results

3.1 NMR

The research on the characterization of LLDPE and the
prepared samples based on the H-NMR technique is
scarce. However, the protons of the methylene (CH,)
and methyl (CHs3) chemical groups appear in separate
chemical shifts in the H-NMR spectra, and thus H-NMR
was used to characterize these chemical groups. Different
categories of interfaces are examined systematically by
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NMR to isolate the role of the interface in the enhancement
of different properties for a specific application [22]. This
section discusses the separation and dynamic behaviour of
the prepared samples.

Figure 1a and b shows that the blends were immis-
cible in the melt. Moreover, the peaks at 1.4-1.55 ppm
were not observed in the case of 50/50% LLDPE/LDPE,
which indicates the weak interfacial stability of the blend
matrix. In the case of Figure 1b, at higher LLDPE content,
the blend showed less chemical shifts indicating a better
adhesion at the interface, this could be attributed to the
high side branching nature of LDPE. The chemical shift is
most often used for structure determination through the
shield patterns. In Figure 1c, the chemical shield shift is
almost negligible, indicating a strong bonding of the UV
stabilizer microparticles at the interface without causing
a restructuring of the lamella. Moreover, NMR analysis
shows as in Table 2 a breakdown of the functional group
at the interface of the LLDPE, which affects the phase
stability of the blend.

Therefore, samples with microparticle additives showed
more interfacial stability in the polymer matrix, keeping
the lamella structure intact without changes; this will be
reflected in the polymer properties. On the other hand, the
behaviour at the LLDPE/LDPE blend interface was affected
by the nature of the individual polymer, such as the weak
intermolecular forces of LDPE and the considerable short
branch LLDPE indicated by the chemical shield shift.

3.2 SEM

SEM was used to study the differences in morphological
and interfacial properties between the two enhancement
methods of LLDPE and to confirm the findings from NMR.
The visual examination of the matrix through SEM was
not practically very clear because the blend materials
have almost the same density, which directly affects the
contrast in SEM. The light colour (light grey and white)
represents the contrast between the different phases. In
Figure 2a, the blend of low content of LLDPE (20%) with
LDPE demonstrates the worst adhesion of the whole
sample. A clear white interface can be noticed, indicating
detachment between the phases; thus, the light patches
are predominantly due to compositional contrast. Further-
more, in Figure 2b, the low adhesion at the interface is also
noticed with less amount due to the higher content of
LLDPE (50%). This indicates that LDPE spherulites disap-
peared, and LDPE became the continuous phase. More-
over, the obtained morphology indicated the absence of
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Figure 1: H-NMR spectra of LLDPE in blue: (a) 80/20 LDPE/LLDPE in red, (b) 50/50% LLDPE; LDPE in red, and (c) LLDPE with UV 0.3% in red.

miscibility between the two polymers. The surface mor-
phology of the LLDPE sample with UV stabilizer microparti-
cles is shown in Figure 2c. The micrograph shows the con-
tinuous phase of LLDPE with uniform distribution of the
microparticles with no dark patches that represent structural
changes due to particle agglomeration.

Table 2: NMR functional group peaks along with the interface for
LLDPE

Peak v(F1) (ppm) Chemical molecule
1 2.131 CH5COR
2 1.6101 CH

3 1.5358 CH

4 1.4672 CH

5 1.3555 CH,

6 1.289 CH,

7 1.2162 CH,

8 1.1749 CH,

9 0.9157 CHs

10 0.8891 CHs

1 0.8827 CH;

12 0.8696 CH;

13 0.8531 CH;

In general, the micrograph image synergies with
NMR results show the stability of the polymer matrix for
LLDPE samples with microparticles and interfacial unstea-
diness for the blend samples even for LLDPE 50% content.

3.3 Thermal stability

TGA was carried out for the prepared samples to investi-
gate the thermal degradation of the prepared films. It is
essential to realize that when a proper interface interac-
tion exists, the particles can restrain/ease the movement
of a polymer chain, making it less difficult to break the
polymer chains occurring at a lower temperature. Therefore,
the prepared blend showed an earlier degradation tempera-
ture than pure LLDPE.

TGA analysis of the prepared samples is provided in
Figure 3. The thermogram suggests that the onset of
degradation started around 240-250°C for most of the
blend compositions. On the other hand, the temperature
at maximum degradation commenced after 400°C. Once
the temperature rises above 250°C, the epoxy resin starts
to decompose rapidly. The single degradation step for the
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Figure 2: Surface morphology of (a) LDPE/LLDPE blend (80/20), (b) LDPE/LLDPE blend (50/50), and (c) LLDPE with UV stabilized

microparticles.

polymer blend confirms the stability of the blend and that
the polymers are composed of carbon—carbon bonds in
the main chain, thereby allowing a temperature increase to
promote random scission. Associated thermal degradation
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Figure 3: (a) TGA of LDPE pure, (b) TGA of 20/80 contents of LLDPE/LDPE blend, (c) TGA of 50/50 contents of LLDPE/LDPE blend, and (d) TGA

of LLDPE with microparticles (UV stabilizer).
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Figure 4: Expected distribution of microparticles in the lamella
phase of LLDPE.

samples with high LDPE content of 80% experience an
unstable double stage at 500°C before complete decomposi-
tion which can be attributed to the breaking of the chain
due to the high concentration of the LDPE in the blend.
However, in Figure 3c, at high LLDPE content (50%), the
blends decompose in two steps, first slowly, then rapidly, as
it reaches 400°C; this could be attributed to the incompat-
ibility behaviour of the blend at high LLDPE content, which
synergies with the results produced from the NMR and SEM.

Table 3: Mechanical properties of the prepared samples
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In addition, there was a visible influence of the individual
polymer components on the thermal stability of each blend,
indicating that LLDPE dominated the structural changes at
the interface.

For the samples with microparticles UV stabilizer
Figure 3d, the delay in starting decomposition tempera-
ture for the high LLDPE content could be attributed to the
decrease in the additional strength of the LLDPE interface
and the UV stabilizer particles [25,26]. This forms distinct
lamellae morphologies and thicknesses, the layers of the
lamella are expected in the shape as shown in Figure 4.
The smooth one-stage decomposition that started at 490°C
indicates a thermally stable polymer matrix due to the
uniform adhesion of the microparticles at the interface of
the LLDPE.

3.4 Mechanical impact

The impact of the structural changes and the level of
adhesion at the interface can always be detected by
altering the mechanical properties of the composites. In

Sample Elong. @ peak (mm)

Stress @ break (N/mm?)

Strain @ break (%) Stress @ peak (N/mm?)

LDPE/LLDPE 100/0 138.3 16.7
LDPE/LLDPE 0/100 721 19

UV/LLDPE 0.3% 498.3 21.7
LDPE/LLDPE 80/20 400.128 17.703
LDPE/LLDPE 50/50 447.928 20.903

282.8 19.1
1481.2 19.4
951.4 29.1
805.585 20.51
918.651 21.524
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Figure 5: Comparison of the (a) elongation @ break and (b) Young’s modulus for the tested samples of LLDPE.



DE GRUYTER

this section, the mechanical properties of the prepared
samples are investigated and compared to the changes
reported in the NMR and SEM. The matrix interfaces of
LLDPE and LDPE have the same monomer repeating unit,
but with the side branching of LDPE that resulted in
forming an immiscible mixture, which was noticed from
the NMR graphs (Figures 1 and 2). A comprehensive
description of the tensile and modulus values for the
blend and enhanced samples with microparticle addi-
tives is provided in Table 3.

The elongation results of the breakpoint measure-
ments and Young’s modulus are presented in Figure 5.
It is clear that the incorporation of microparticles has
a noticeable negative effect on the elongation at the
breaking point, with a decrease reaching up to 32% com-
pared to pure LLDPE (Figure 5a). This is due to the minor
restructuring of the lamella due to the adhesion of the UV
stabilizer particles on the polymer matrix [27]. For the
blend at low LLPDE concentrations of 20%, the elonga-
tion at the break decreases with an increasing amount
of LDPE, which is expected as the LDPE dominates
the structure at the interface and the short branches
form more stiffness of the matrix. Furthermore, the blend
interface behaves like physical crosslinking point, which
restricts the movement of polymer chains and has this
property in the final material [28]. As a result, they inhibit
the mechanical properties of the blend, making it less
flexible. It is important to mention that the interfacial
forces on solid interfaces are not located on the interface
itself but are distributed in their vicinity and appear as
body forces.

Similarly, in Figure 5b, when the LLDPE mechanical
properties are subjected to enhancement by using micro-
fillers (UV stabilizers), Young’s modulus increases over
the values for LLDPE/LDPE blend samples, as shown in
Figure 5b. This is because the changes in the lamella
formed in the matrix due to LDPE resulted in a pro-
foundly deleterious effect on the properties of the blend
samples; such phenomena do not exist at the interface of
the LLDPE with UV stabilizer microparticles. LDPE has
excessive branching leading to a less tight molecular
structure which causes the low density of the material.
On the other hand, LLDPE has a significant number of
short branches leading to less entanglement during elon-
gation, consequently giving LLDPE higher tensile strength.

In general, weak adhesion would result in poor mechan-
ical properties in the blends. The inferior properties of the
LDPE/LLDPE blend can be confirmed from the SEM images
of the blend (Figure 4a), which shows incompatibility. How-
ever, a mixed amorphous interphase is expected to present,
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meaning that the chains of both polymers in the blend are
mixed in the amorphous phase, resulting in a stronger
interphase.

4 Conclusion

Different polymer outdoor properties enhancing techni-
ques were examined in this work in terms of structural
changes and behaviour at the interface, and also the
impact of these changes on the thermal and mechanical
properties were examined for desert environment dur-
ability. The comparison was made between blending
LLDPE with LDPE at different ratios and using micropar-
ticles (UV stabilizers) as a property-enhancing method.
The NMR analysis showed a noticeable change in the
blended structure compared to the microparticle addi-
tive. Using SEM, a morphology study of the selected sam-
ples revealed a reasonably weak interaction between the
blend components. Moreover, the compatibility issues of
the blend with higher LLDPE content were realized.
Correspondingly, at low LLDPE content in the blend,
the mechanical characteristics of the LDPE were domi-
nant, whereas the TGA test for thermal property evalua-
tion showed that the blend composition LLDPE/LDPE is
thermally more stable at low LDPE content. Moreover,
analysis of the mechanical properties of elongation at
break and Young’s modulus gave a clear picture that
the microparticle additives technique can produce good
properties of the matrix due to the adhesion and stability
of both lamella and amorphous structures of the polymer.
Wherein the blend, the immiscible characteristic of the
blend, can dictate the structural changes and conse-
quently show instability in the thermal properties and
undermine some mechanical properties. The improved
properties are commonly attributed to the improved adhe-
sion at the interface of the dispersed phase and the matrix.
In terms of cost and processability, the use of UV micro-
particles is more effective and less complex when com-
pared with polymer blending.
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