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Abstract

Bullet-resistant vests, commonly confused as “bulletproof,” provide limited protection owing to
material limitations. Conventional vests employ steel or ceramic plates with fibers such as Kevlar,
Spectra, or Dyneema. Although Kevlar has excellent tensile strength, its low compression resistance
makes it imperative to seek alternative materials. Modern materials such as graphene, carbon
nanotube composites, TWIP steel, and STF-infused panels hold promise owing to their enhanced
strength and flexibility. Natural fibers such as Kenaf, blended with Kevlar polymers, and rugged
fabrics such as Cordura and ballistic nylon are also under investigation. All these notwithstanding,
most alternatives are still in research phases and are not yet commercially available for large-scale
military applications.
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1. Advanced Materials and Composites Revolutionizing Bullet-Resistant Vests

New bullet-proof vests are moving ahead of traditional materials like Kevlar to encompass
advanced composites and new materials for improved protection, sustainability, and cost-
effectiveness. Composites made of polymers like Rame-Kevlar, carbon nanotube-polymer, and
natural fiber-reinforced polymers are being explored. Natural fibers like kenaf, flax, and hemp are
being found promising owing to their renewability and sustainability. Researchers are also looking
at complete replacements for Kevlar like TWIP steel, Cordura, ballistic nylon, and graphene. These
innovations aim to create lighter, more durable vests with improved ballistic performance against a
wider range of threats, focusing on hybrid composites that take advantage of the best properties of
natural and synthetic materials, avoiding the limitations of current vest technology (Lee et al., 2003;
Magadum, Garg, et al., 2025a; Parimala & Vijayan, 1993; Rout et al., 2025).
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Figure 1. Ballistic developments timeline since 2015.

2. Ballistic Protection Using Kevlar and Graphene Composites

Based on its excellent tensile strength and low mass, Kevlar is widely utilized in bullet-proof
jackets to dissipate and efficiently deflect ballistic energy. Test study shows that layers of Kevlar
considerably influence its performance; with fewer layers giving deeper penetration of projectiles
into ballistic gel, yet at least 21 layers of 200 GSM Kevlar are needed for halting a 9 mm projectile.
However, Kevlar’s vulnerability to compressive stress and UV light-induced photo-oxidative
degradation has made it imperative to come up with technologies such as graphene reinforcement.
Graphene, possessing improved mechanical properties, increases the strength and stability of Kevlar
and minimizes distortion to a significant degree. Despite the drawbacks such as increased impact
holes, graphene composites have the potential to lead to a next-generation design for armor
(Fernando et al., 2015; Garg et al., 2025a; Stopforth & Adali, 2019).
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Figure 2. Distance covered by the projectiles after piercing through various layers of 160 GSM Kevlar.

3. Production of Ballistic Armor from Natural Fibers and Carbon
Nanotube Composites

Natural fiber-reinforced polymer composites (NFRPCs) are proposed to serve as
environmentally friendly substitutes for synthetic fibers such as Kevlar, offsetting the environmental
issues caused by wasted man-made fibers. They include fibers like basalt, pineapple leaf (PALF), and
Cocos nucifera sheath, which possess benefits like low cost, biodegradability, lightness, and
acceptable specific strength (Garg et al., 2025b; Magadum, Garg, et al., 2025b; Magadum, Murgod, et
al., 2025a; Murgod et al., 2025a; R et al., 2015; Soorya Prabha et al., 2021; Stopforth & Adali, 2020).
Their use in armor systems for energy absorption and dissipation properties positions them at a high
rank as a potential choice for ballistic applications. Also, carbon nanotube (CNT) polymer composites
possess better mechanical, thermal, and electrical properties with 10-100 times the strength of steel.
CNTs cut weight while optimizing ballistic protection and heat transfer, the future belongs to
inexpensive next-generation body armor solutions (Gao et al.,, 2017; Gomez-Gualdrén et al., 2011;
Pumera, 2009).

4. Kenaf/X-Ray Film Hybrid Composites and Rubber-Enhanced Kevlar for
Ballistic Armor

Kenaf/X-ray film hybrid composites provide a sustainable solution for ballistic protection using
chemically treated kenaf fibers and recyclable X-ray films. The composites have acceptable tensile
strength (396.9 MPa) and flexural modulus (6.24 GPa), which are rigid and strong enough to stop
bullets with velocities up to 230 m/s.Weak points, however, are low interfacial bonding and stiffness.
Additionally, Kevlar-reinforced polymer composites reinforced with rubber particles have been
shown to possess increased impact resistance and energy absorption that mitigates blunt trauma and
back signature. Hybrid composites made from natural fibers such as kenaf or ramie and Kevlar
exhibit promising innovation in lightweight high-performance bullet-resistant vest technology
(Jeong et al., 2008; Luz et al., 2015; Mittal, Kushwaha, et al., 2024; Murgod et al., 2025b).
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5. Polymer Laminates and Outer Shell Material Development for Body
Armor Vests

Polymer laminates, including polyethylene (Spectra, Dyneema) and aramid fibers (Kevlar,
Twaron), are the most widely used in light bulletproof vests since they can stop small-caliber bullets
with kinetic energy below 700]. These laminates work extremely well in low-threat regions and are
often blended with ceramic plates for added protection. Outer shell materials such as Cordura and
ballistic nylon also have significant contributions to resistance and durability. Cordura has improved
puncture resistance, while ballistic nylon is better in abrasion resistance. Both of these materials
complement each other to balance strength, flexibility, and weight to meet various ballistic protection
requirements effectively (Magadum, Murgod, et al., 2025b; Matveev et al., 1997; Mittal, Yadav, et al.,
2024; Praveenkumar et al., 2024; Sliwinski et al., 2018).

300

250

200

150

100

50
0 Modulus of elasticity (GPa)
W T700 (carbon) B T1000G (carbon) M E (glass)
R (glass) M S2 (glass) B Hollex (glass)

M Kevlar 49 (aramid) M Kevlar 29 (aramid) W Twaron CT Microfilament (aramid)
M Spectra 900 (PE) M Spectra 1000 (PE) M Spectra 2000 (PE)
W Dyneema (PE) Twaron (aramid)

Figure 3. High strength fibers modulus of elasticity analysis.

6. TWIP Steel, Water, and Polymer Sandwich Composites for Enhanced
Ballistic Protection

A new sandwich composite made of twinning-induced plastic (TWIP) steel, polypropylene-
polyethylene polymer, and water has performed well in ballistic applications. Computations show
that a configuration of 2 mm steel, 20 mm water, and 2 mm steel can successfully defeat a 9 mm bullet
of velocity 360 m/s with negligible inner surface displacement. The use of both polymers and water
and both of them separately is better than using either one alone. This composite presents a low, cost-
effective option for bulletproof vests using the unique characteristics of TWIP steel and water to
dampen and share impact energy. In addition to this, structures like textile fabric reinforced by
polyurethane, ceramic, or steel are currently being investigated as a source to impart greater
resistance and hardness to bulletproof vests (Bhat et al., 2021; Mittal & Kushwaha, 2024a; Nyanor et
al., 2018).
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7. Development of Ballistic Inserts and Composite Material for
Bulletproof Vesting

Twaron CT 750 aramid fiber reinforced ply layer and printed titanium components show good
ballistic protection and effectively stopped 9x19 mm FM]J Parabellum bullets in testing. They, along
with Kevlar/polyurea composite reinforced with shear-thickening fluids (STF), are good and light
Class IIIA-standard protective materials Natural fibers such as jute, kenaf, and flax have been used
more frequently due to their high specific strength and low price tag. Multi-layered ballistic systems
(MBAS) composed of natural and man-made fibers also provide further energy absorption with
minimal environmental effects (Anggoro & Kristiana, 2015a, 2015b; Mittal & Kushwaha, 2024c, 2024b;
Nurazzi et al., 2021; Nyanor et al., 2018).
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Figure 4. Standard MBAS setup model to test.

8. Conclusions

Recent studies on next-generation body armor materials point to drastic advancements in
boosting ballistic protection, sustainability, and affordability. Yet, the majority of innovations like
graphene-enhanced Kevlar, shear-thickening fluids (STF), and composite natural fibers are still in the
R&D phase with minimal practical experimentation. Computational modeling outshines
experimentation, and its success in actual application is unproven. Major findings are increased
strength with graphene-Kevlar composites, better performance of natural fibers using nano-cellulose
and rubber additives, and cost-effectiveness of natural fibers. Laminate systems can be used for low-
risk purposes, while Cordura and ballistic nylon are the best in terms of durability and abrasion
resistance. More funding and practical testing are needed to successfully commercialize light,
inexpensive, and efficient vests for both military and civilian use.
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