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Abstract

In the present work, bio-based phenolic matrix composites (PMCs) were fabricated by
reinforcing them with bi-directional glass fiber mats, bi-directional Kevlar fiber mats, and their
hybrid combinations. Both fiber mats were treated with (3-glycidyloxypropyl)
trimethoxysilane (GPTMS) to enhance fiber-to-matrix adhesion. Subsequently, the fibers were
coated with a phenolic binder made from a mixture of phenol-hexamine-based novolac (N)
resin and cardanol-hexamine-based benzoxazine (Bz) resin. Then the layers of binder-coated
fibers were compressed using a hot press moulding machine at 200°C to cure the resins. The
developed composites were subjected to thermogravimetric analysis (TGA) and UL-94V
flammability test. The glass fiber (GF-NBz) and Kevlar fiber (KF-NBz) reinforced PMCs show
an overall mass loss of ~18.5% and 66% at 850°C. Whereas the hybrid GF/KF fiber-reinforced
PMCs exhibit balanced properties of improved thermal stability and higher char yield. The
flammability test results show both pure and hybrid samples exhibited a V-0 rating. Based on
these observations, the combination of glass fiber and Kevlar fiber-reinforced PMCs may be
suitable for automotive applications, such as dashboards, and door panels, with improved

performance and fire safety.
Highlights:

e Glass and Kevlar/phenolic and their hybrids were developed using hot press.
e Fibers coated by (3-glycidyloxypropyl) trimethoxysilane to enhance bonding.
e GF/KF composites exhibited balanced properties in thermal property.

e The pure and hybrid samples achieved a V-0 rating under UL-94V test.

Keywords: Phenolic matrix composites, thermogravimetric analysis, UL-94 test, flammability

performance, and hybrid composites.
1. Introduction

Presently, the usage of fiber reinforced composites (FRCs) is increasingly used in many
industrial applications due to their excellent mechanical properties, manufacturability, and
durability [1]. Amongst the FRCs, Kevlar-fiber-reinforced, and glass-fiber-reinforced
composites are preferred in most applications due to their advantages such as strength-to-
weight ratio and superior impact resistance [2, 3]. Additionally, incorporating a phenolic matrix

within these fibers can enhance flame-retardant properties, making these composites suitable



for high temperature applications in aerospace, marine, automotive, and construction industries

[4].

Phenolic resin-based composites reinforced with synthetic fibers show improved properties,
such as mechanical strength, thermal stability, and low thermal conductivity and making them
suitable for structural and insulation purposes in industries with demanding applications [5].
Glass fiber/novolac-type phenolic resin/polyamide composites show enhanced flame-retardant
properties. The researchers reported that the fabricated composites exhibited a V-0 rating in
the UL-94 test, demonstrating their ability to self-extinguish quickly after exposure to fire. This
combination improved both the mechanical strength and flame-retardant performance of the
material [6].

The carbon fiber-reinforced composites were found to possess improved fire resistance
properties due to the use of a modified epoxy binder containing triglycidyl phosphate. This
modification not only enhanced the fire resistance but also resulted in improved mechanical
properties. These characteristics make the modified epoxy and carbon fiber combination
particularly suitable for applications requiring both stronger fire resistance and superior

mechanical properties [7].

Ferdous et al. reported that adding glass fibers into phenolic matrix composites enhanced the
mechanical strength and structural integrity. Moreover, adding 50% ceram powder to the
composite raised the glass transition temperature (Tg) by 32°C, significantly enhancing the
composite temperature resistance. These combined properties made glass fiber, phenolic resin,
and ceram powder composites particularly well-suited for applications that demand superior

mechanical and thermal performance in high-temperature environments [8].

Flax/carbon/Kevlar/epoxy matrix composites were found to exhibit enhanced mechanical and
thermal properties, with carbon and Kevlar fibers contributing to increased thermal stability
compared to pure flax fiber composites. The stacking sequence of carbon fiber/flax fiber
showed a higher Tg4 than pure flax fiber composites. The hybrid composites, particularly those
incorporating carbon fibers, were deemed suitable for lightweight engineering applications [9].
Similarly, basalt fiber/aramid fiber/carbon fiber/epoxy matrix composites demonstrated

enhanced thermal stability compared to single-fiber-reinforced composites [10].

Although numerous experimental studies have been conducted on glass fiber and Kevlar fiber-
reinforced composites, the potential of hybridizing these two fibers within a phenolic matrix

remains underexplored. Combining glass and Kevlar fibers could lead to a unique composite
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