INTERNATIONAL JOURNAL OF PHYSICAL SCIENCES

academic publishers ¢ AMERICAN

Jde - AcADEMIC

Tl g *
§ 5} rusuisin

>

INTERNATIONAL JOURNAL OF PHYSICAL SCIENCES (ISSN: 2693-3888)

Volume 04, Issue 01, 2024, pages 01-06
Published Date: - 01-01-2024

INFLUENCE OF PEROXIDE LOADING ON THE PROPERTIES OF
NATURAL RUBBER AND LOW-DENSITY POLYETHYLENE
COMPOSITES

Shantha Manjula Edirisinghe
Department of Chemical and Process Engineering, University of Moratuwa, Moratuwa, Sri Lanka

Abstract

This study investigates the impact of peroxide loading on the properties of composites comprising natural rubber (NR) and
low-density polyethylene (LDPE). Various loadings of peroxide were systematically incorporated into the composite matrix,
and the resulting materials were subjected to comprehensive characterization. Mechanical, thermal, and morphological
properties were assessed to elucidate the effects of peroxide concentration on the overall performance of NR-LDPE
composites. The findings contribute valuable insights into the optimization of peroxide content for enhancing the properties
of these polymer blends.
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INTRODUCTION

Polymer composites have garnered considerable attention in various industrial applications owing to their
tailored properties and versatile functionalities. The combination of natural rubber (NR) and low-density
polyethylene (LDPE) presents a promising avenue for the development of composite materials with
enhanced characteristics. The properties of such composites can be further optimized through the
incorporation of peroxide additives, which play a crucial role in the crosslinking and modification of the

polymer matrix.

This study focuses on investigating the influence of peroxide loading on the properties of NR-LDPE
composites. Peroxides are known for their crosslinking capabilities, impacting the structural, mechanical,
and thermal properties of polymers. By systematically varying the concentration of peroxide in the composite
formulation, we aim to elucidate the effects on key properties such as tensile strength, elongation at break,
thermal stability, and morphological characteristics.
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Understanding the relationship between peroxide loading and composite properties is pivotal for tailoring
these materials to specific applications. The incorporation of peroxides induces crosslinking within the
polymer matrix, altering its structure and consequently influencing its mechanical and thermal behavior.
This research addresses a critical gap in the knowledge surrounding the optimization of peroxide content
in NR-LDPE composites, providing insights that can inform the design and development of polymer blends
with superior performance.

As the demand for advanced polymer composites continues to grow across industries such as automotive,
construction, and packaging, the findings of this study hold practical implications for enhancing the
mechanical and thermal properties of NR-LDPE composites. By elucidating the impact of peroxide loading,
this research contributes to the broader understanding of polymer modification strategies, paving the way
for the development of high-performance materials with tailored properties.

METHOD

The investigation into the influence of peroxide loading on the properties of Natural Rubber (NR) and Low-
Density Polyethylene (LDPE) composites was conducted through a well-structured and systematic process.
The first step involved the careful selection and preparation of NR and LDPE, chosen for their compatibility
and potential synergies in composite formulations. The composites were then prepared using a twin-screw
extruder, ensuring a homogeneous blend of NR and LDPE.

To systematically explore the impact of peroxide loading, a series of composite formulations with varying
concentrations of dicumyl peroxide, a chosen crosslinking agent, were designed. The loading levels ranged
from 0.1 to 1.0 wi% relative to the total weight of the polymer blend. Thorough mixing of each formulation
was ensured to achieve uniform dispersion of the peroxide within the composite matrix.

Melt compounding further processed the compounded blends using a two-roll mill, aiming for intimate
mixing and dispersion of the peroxide throughout the polymer matrix. Care was taken to control the
compounding process to avoid excessive heat generation and polymer degradation. The resulting sheets
were molded into test specimens using a hot press.

The mechanical properties of the NR-LDPE composites were evaluated through tensile testing using a
universal testing machine. Tensile strength, elongation at break, and modulus of elasticity were
systematically measured, providing insights into the structural integrity and flexibility of the composites at
different peroxide loading levels.

Thermal stability and behavior were analyzed using thermogravimetric analysis (TGA). The composites
underwent a controlled temperature ramp to assess their decomposition profiles and thermal stability,
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providing crucial information on the influence of varying peroxide concentrations on the thermal properties
of the composites.

Morphological characteristics were examined through scanning electron microscopy (SEM). Cross-sectional
images captured the dispersion of peroxide and illustrated the resulting morphology of the composite,
offering visual insights into the effectiveness of the crosslinking process.

Statistical analyses, including analysis of variance (ANOVA), were applied to assess the significance of
observed differences in the mechanical and thermal properties across various peroxide loading levels. This
comprehensive process allowed for a detailed exploration of the influence of peroxide loading on the
properties of NR-LDPE composites, offering valuable information for tailoring these materials for specific
applications in a controlled and systematic manner.

Materials Preparation:

The first step involved the procurement and preparation of natural rubber (NR) and low-density polyethylene
(LDPE). These polymers were selected due to their compatibility and potential synergies in composite
formulations. The NR-LDPE composites were prepared by melt-blending in a twin-screw extruder at
predetermined ratios, ensuring a homogenous blend.

Peroxide Loading Variation:

A series of NR-LDPE composite formulations with varying peroxide loadings was designed to systematically
investigate the influence of peroxide concentration. Peroxide, specifically dicumyl peroxide, was chosen as
the crosslinking agent. Loading levels ranged from 0.1 to 1.0 wt% relative to the total weight of the
polymer blend. Each formulation was thoroughly mixed to ensure uniform dispersion of peroxide within the
composite matrix.

Melt Compounding:

The compounded blends were further processed using a two-roll mill to achieve intimate mixing and
dispersion of the peroxide throughout the polymer matrix. The compounding process was carefully controlled
to avoid excessive heat generation and degradation of the polymers. The resulting sheets were
subsequently molded into test specimens using a hot press.

Characterization of Mechanical Properties:

The mechanical properties of the NR-LDPE composites were evaluated through tensile testing using a
universal testing machine. Tensile strength, elongation at break, and modulus of elasticity were measured
to assess the impact of peroxide loading on the composite's structural integrity and flexibility.

Thermal Analysis:

Thermal stability and behavior were investigated using thermogravimetric analysis (TGA). The composites
were subjected to a controlled temperature ramp to assess their decomposition profiles and thermal stability
|
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as influenced by varying peroxide concentrations.

Morphological Analysis:

The morphological characteristics of the composites were examined using scanning electron microscopy
(SEM). Cross-sectional images were captured to visualize the dispersion of peroxide and the resulting
morphology of the composite, providing insights into the effectiveness of the crosslinking process.

Statistical Analysis:

Statistical analyses, such as analysis of variance (ANOVA), were employed to assess the significance of
differences observed in the mechanical and thermal properties across the various peroxide loading levels.
This step ensured robust and reliable conclusions regarding the influence of peroxide on the properties of
NR-LDPE composites.

This comprehensive methodology allowed for a systematic exploration of the impact of peroxide loading
on the properties of NR-LDPE composites, providing valuable insights into the potential for tailoring the
performance of these materials for specific applications.

RESULTS

The investigation into the influence of peroxide loading on the properties of Natural Rubber (NR) and Low-
Density Polyethylene (LDPE) composites yielded insightful results. As peroxide loading levels varied from
0.1 to 1.0 wt%, systematic changes in the mechanical, thermal, and morphological properties of the
composites were observed. Tensile strength, elongation at break, and modulus of elasticity were among
the mechanical properties examined, while thermal stability and morphological characteristics were also
analyzed to comprehensively understand the impact of peroxide loading.

DISCUSSION

The mechanical properties of the NR-LDPE composites exhibited distinct trends with increasing peroxide
loading. Tensile strength showed an initial improvement, reaching an optimum at a specific peroxide
concentration before exhibiting a decline at higher loadings. Elongation at break demonstrated a similar
trend, emphasizing the delicate balance required for achieving enhanced strength without compromising
flexibility. The modulus of elasticity exhibited notable changes, reflecting the influence of peroxide-induced
crosslinking on the composite's structural integrity.

Thermal analysis through thermogravimetric analysis (TGA) revealed shifts in decomposition profiles,
indicating alterations in thermal stability with varying peroxide concentrations. Morphological examination
using scanning electron microscopy (SEM) provided visual evidence of the crosslinking process,
demonstrating the dispersion of peroxide within the polymer matrix and the resulting changes in the
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composite's morphology.

The observed trends in the mechanical, thermal, and morphological properties were further supported by
statistical analyses, including analysis of variance (ANOVA), which confirmed the significance of differences
across peroxide loading levels. These findings highlight the nuanced influence of peroxide on the properties
of NR-LDPE composites and emphasize the importance of optimizing peroxide loading for desired material
performance.

CONCLUSION

In conclusion, this study systematically explored the influence of peroxide loading on the properties of NR-
LDPE composites, providing valuable insights for tailoring these materials. The results indicate that peroxide
loading significantly affects mechanical, thermal, and morphological properties, offering a nuanced
understanding of the interplay between peroxide concentration and composite characteristics.

Optimizing peroxide loading is crucial for achieving desired properties in NR-LDPE composites. The delicate
balance between improved strength and flexibility necessitates careful consideration of peroxide
concentrations during composite formulation. These findings contribute to the broader knowledge of polymer
modification strategies, aiding in the development of high-performance materials tailored for specific
applications.

Future research may further explore the application-specific optimization of peroxide loading in NR-LDPE
composites and extend this understanding to other polymer blends. This study serves as a foundation for
continued efforts to refine composite materials for diverse industrial applications, taking into account the
intricate relationships between peroxide loading and material properties.
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