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Abstract

Performance and service life of flax fiber polymer composites depend on their interfacial adhesive as well as degradation.

The interfacial UV ageing of reinforced Polystyrene (PS) composites was examined in this research employing silane

modification of flax fibre. Simultaneously, the 3-(Trimethoxysilyl) propyl acrylate, N-[3-(Trimethoxysilyl) propyl] aniline

(PAPS), and 3-Amino-triethoxysilane were employed to establish three various levels of intracellular adhesiveness. Tensile

tests and surface observations were used to characterize the degradation of the composite. A significant impact on

polymer composite UV ageing has been found by using functional groups of silane agents. Aside from their superior

interfacial adhesion, APS composites feature less surface whitening, cracks and deterioration in contrast to other

materials. There was a 5.3% and 8.0% decrease in fracturing stress and strain when it was aged for eight weeks.

Composites with a weak interface adhesion due to aniline and PS matrix incompatibility quickly whiten, shatter, and

degrade their constituent parts; as a result. After 8 weeks, aniline's fracture stress had not diminished, despite the fact

that aniline absorbs UV rays substantially and may slow down interfacial degradation. As UV light penetrates MPS ester

group, it is possible that the interfacial chain slippage will deteriorate. Thus, the fracture stresses of the composites are

reduced by a maximum of 35.2%. According to current theories, UV ageing is the outcome of interfacial adhesion and

degradation. Plant fibre polymer composites benefit from improved weathering resistance and initial mechanical

qualities when modified with an “appropriate” modifier.

Introduction

Low-cost, renewable, recyclable and biodegradable are just some of the advantages of using plant fibre as a reinforcing

fibre in some applications [1]. Several industries, including transportation, furniture, packaging, and building

construction, might greatly benefit from the reinforced composites' use and development [2], [3]. Plant fibre and

reinforced composites have attracted increasing interest in the automobile sector due to the need for lighter parts that

reduce fuel consumption and legislation that mandates the reuse and recycling of resources [4], [5], [6]. Door panels,

headliner trays, package trays, dashboards, trunk liners, and so on are all examples of composite applications [7]. In

contrast, plant fiber-reinforced composites tend to absorb moisture from the environment and exhibit limited

dimensional stability due of their high concentration of hydroxyl groups [8], [9]. One “polymer composites” of the three

plant fibre polymers is sensitive to ultraviolet (UV) light. This is because UV radiation can damage the fibres [10], [11].

Reinforced composites age and degrade significantly more rapidly and have worse durability than synthetic fibre
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composites [12]. Because of their weak weather resilience, they can only be used in limited industrial settings. Outdoor

applications of plant fibre and reinforced composites require UV ageing resistance [13], [14]. Antioxidants, photo

stabilizers, HALS, UVA (ultraviolet light absorber), surface coating, photo blocker of pigments, dyeing, adding ZnO, SiO ,

TiO , and other oxides are just a few of the methods being utilized to enhance polymer composites anti-UV ageing

properties today [15], [16], [17]. Other approaches include the addition of these materials as well as antioxidants, there

are numerous ways to enhance the UV ageing treatments of synthetic fiber-reinforced compounds using various anti-

aging techniques [18], [19]. Glass and carbon fibres, for example, have intrinsic antiaging properties, while UV destruction

primarily occurs in polymer matrixes [20]. Because plant fibre polymer composites are also susceptible to degradation

and degradation by polymer matrix, these approaches aimed at neat polymer might clearly increase UV ageing resistance

of artificial fibre polymer composites [21]. Both the polymer matrix and the plant fibre in UV-aged plant fibre reinforced

polymer composites are subjected to degradation from water absorption and photo oxidation and heat oxidation, among

other factors [22], [23], [24]. Because of this, their ageing process is significantly more complex than that of synthetic

fibre composites [25]. When exposed to UV rays, the mechanical strength of plant fibre is quickly reduced [26]. When

exposed to ultraviolet light for one week, the Young's modulus and fracture pressure of flax fibres were reduced to half

their initial values [27], [28]. When aged for four weeks, flax fibre loses 87% of its modulus and 72% of its strength [29].

There are several complex photo-oxygen reactions that occur when plant fibres are exposed to UV light. As lignin is

thought to be responsible for plant fiber's UV absorption, its chromophore groups absorb 85–90% of the light that strikes

it [30]. Oxygen in the surrounding air can be transferred by UV light, which results in the creation of active O2 and ozone.

Hydrogen dioxide is produced as a byproduct of the reaction between the active O2 and the water absorbed by the

hemicellulose [31]. Ozone and hydrogen dioxide have oxidizing properties that aid in the degradation of cellulose.

Polymerization decreases and macromolecular chains break, resulting in cellulose degradation and fibre strength loss,

respectively [32], [33], [34]. The UV ageing rate of a plant fiber depends on its configuration and arrangement, the amount

of UV light, and the environment in which it is used [35], [36]. Crystallization and chain cession are three more processes

that occur during photo oxidative breakdown of the polymer matrix [37], [38]. Additionally, the reinforcing plant fibre

may speed up its decomposition by absorbing UV rays. Because of the chromophores released during plant fibre

degradation, this process may be expedited [39]. Plant fibres may be protected against photo-degradation by a polymer

matrix that prevents air and water from entering the composite interior [40], [41]. Plant fibre, polymer matrix, and the

possibility of interfacial ageing all contribute to the complexity of the UV ageing mechanism, making it difficult to create

efficient anti-UV ageing technique and wide industrial use for compounds [42]. Plant fibres need to be bonded together in

a composite in order for it to last and perform well. Improvements in interfacial adhesion make it feasible to prevent

interfacial water absorption and to interruption the loss of mechanical characteristics in composites. It is also possible to

see the fiber's ability to nucleate in UV ageing, which causes interfacial crystallization [43]. Adhesion between surfaces

and their probable degradation are critical to understanding UV ageing mechanisms. In order to increase the surface

adhesion among plant fibre and polymer matrix, a variety of chemical and physical approaches have been devised.

Adhesion can be “engineered” for chemical processes by selecting the right functional groups and ageing [44]. Polymer

composites can also be inhibited in water absorption by chemical treatment of plant fibres. An alkaline pretreatment

could prevent the degradation of plant fibres and water absorption from affecting the interface [45]. Silane agent is

widely utilized in fibre treatment as a significant and effective modifier. The silane structure and the functional groups in

the bearings have an impact on the efficiency of the modification [46]. Enhanced interfacial strength and good

mechanical qualities are the outcome of functional groups' compatibility with the polymer matrix. It is possible that the

bearing functional groups will absorb UV rays and slow down the degradation of the interface [47]. The authors generate

plant fibre polymeric composites with varying interfacial adhesive as well as anti-aging characteristics by using silanes

with diverse functional groups [48]. This work employed three distinct silane agents to modify flax fibre in terms to

explore the part of interfacial adhesive and their possible dilapidation by UV: 3-(Trimethoxysilyl) propyl methacrylate

(MPS), N-[3-(Trimethoxysilyl) propyl) aniline (PAPS), and 3-Aminopropyl)-triethoxysilane (APS). An aniline group, a main

amino group and an ester group of MPS all have differing UV light absorption and interface degradation capabilities [49],

[50], [51], [52], [53], [54]. The UV accelerated ageing studies were then carried out on the composites made from the

modified fibres and PS. In order to investigate the impacts of fibre modification on UV ageing, changes in the color,

deterioration, and mechanical characteristics of the specimen's surface were measured during the early stages of UV

ageing.
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