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Abstract— Aramid is a great composite and very tough man-

made fiber. The structure-property correlation and the 

application areas of these fibres arc reviewed. Adding of 

aramid fibers are characterized by their superior thermal 

properties, resistance to chemicals and outstanding 

mechanical properties, high tensile strength, high heat 

resistance less wear tear, less abrasive etc. properties.  It is 

most useful material for making their products are so useful 

i.e. heat resistance clothes, flak jackets and helmets for armed 

forces etc. This paper presents the influence of the matrix on 

tribological properties of composites having 10% aramid 

fibers. Polyamide (Relamid) and PBT (Crastin) were used as 

matrix. The short aramid fibers (Teijin) were approximately 

200...250 µm in length and 10 µm in diameter, with expended 

extremities due to manufacturing process. Tests were done on 

block-on-ring tribotester on a BRUKER-CETR®.UTM 2 

system. SEM images help identify wear mechanisms and 

pointed out the different behavior of the two matrixes. 

Adding aramid fibers into a matrix of either PA or PBT makes 

the resulting blends have better tribological characteristics: 

the wear is much lower, the friction coefficient slightly 

increases, but remaining in an acceptable range for actual 

applications as compared with the neat polymers. PBT + 10% 

wt aramid fibers had the lowest wear versus a slightly higher 

coefficient of friction as compared to that of PBT, for the 

tested regimes.  

Keywords: Aramid Fiber, Kevlar, Nomex, Technora, 

Properties, Comparison with Other Glass, Carbon Fiber, PBT 

and PA 

I. INTRODUCTION 

Aramid Fibers, trade names Kevlar®, Twaron®, Nomex®, 

Technora® Aramid fibers are another group of super-heros of 

the fiber world. Kevlar and other polyamides, all conjure up 

images of ultra strong materials that are elbowing out more 

conventional construction materials such as steel. 

Dupont made aramid paper in 1960s, which is called 

Nomex paper. ... The Federal Trade Commission definition 

for aramid fiber is: A manufactured fiber in which the fiber-

forming substance is a long-chain synthetic polyamide in 

which at least 85% of the amide linkages, (−CO−NH−) are 

attached directly to two aromatic rings fig. 3. 

These two aramids are similar in basic structure and 

are sometimes produced in the same production plants. The 

difference is in their structure, Kevlar® is a para-aramid 

while Nomex® is a meta-aramid. An aramid is a polyamide 

where at least 85% of the amide bonds are attached to 

aromatic rings. 

 
Fig. 1: Aramid fibers 

The first organic fiber with high enough tensile 

modulus and strength to be used as reinforcement in advanced 

composites was an aromatic polyamide fiber or aramid fiber. 

As aramids have 5-10% higher mechanical properties than 

other synthetic fibers, these are displacing metal wires and 

inorganic fibres from the market of high performance uses 

like various structural composites for application in aircraft, 

marine and automobile, ropes for offshore oil rigs, and bullet 

proof vests. The fibers not only have much better mechanical 

properties than steel and glass fibers on an equal weight basis, 

but also maintain these properties at high temperatures as 

aramid polymers are excellent heat and flame resistant. So, 

they also have wide applications in areas like protective 

clothing in hostile environment where heat, chemical and 

radiation are present, furnishing in public places as flame 

resistant, industrial filters and hollow fibers for desalination 

by reverse osmosis. The word 'Aramid' is a generic term for 

a manu- factured fiber in which the fiber forming substance 

is a long - chain synthetic polyamide, in which at least 85% 

of amide linkages are attached directly to two aromatic rings, 

as defined by the U.S. Federal Trade Commission. Therefore, 

by definition, the aramid family will cover Kevlar, Nomex, 

Technora, Teijinconex, Twaron, etc. fibers. In this review, an 

attempt has been made to present a brief overview of aramid 

fibers, giving emphasis on their structure property 

correlations and their different outstanding applications. It 

took a long time to figure out how to make anything useful 

out of aramid fibers because it would not dissolve in anything. 

Therefore, processing it as a solution was not possible. It 

wouldn't melt below - 500°C, so melting it down was out too. 

The development of aromatic polyamides changed 

dramatically in direction with the discovery of lyotropic 

liquid crystalline aramids. Kwolek5, a DuPont Research 

Scientist, prepared the first high molecular weight lyotropic 

aramid. He synthesized the rigid chain poly (p-benzamide) in 

high molecular weight and with limited crystallinity to 

promote the dissolution of this seemingly intractable polymer 

in amide salt solvents. This discovery allowed the 

development of a novel fiber spinning process for anisotropic 

solution by Blades6, resulting In commercialization of 

Kevlar. The synthesis of numerous aromatic polyamide 

compositions and the development of a number of 

commercial aramid fibers foll- owed this. In addition to 
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aromatic polyamides, aromatic heterocyclic polymers like 

poly (p-phenylene benzobisthi azole) (PBZT) and poly (p-

phenylene benzobisoxazole) (PBZO) also have highly 

ordered structures in solid 7. 8. DuPont is world's leading 

producer of aramid fibers, controlling about two-thirds of the 

market. Teijin Ltd, Japan, is the second largest producer.  

Others include Rhone-Poulene, France; Toray 

Industries Inc., Japan; Acordis ; Akzo Nobel NV, Netherlands 

[1].  

 
Fig. 2: The pleat structure model of aramid fiber 

Global energy and resources crisis has been made 

plastics find their field of application in virtually all 

industries, from the food, automotive, aviation, medicine and 

hi-tech technologies, where the polymeric materials become 

non-replaceable. Researchers have been focused on tribology 

of polymer composites and blends because friction couples 

with at least one element made of polymeric materials could 

have better behavior as compared to “classical” pair of 

materials, here including metal-metal contacts [4-6]. 

Tribological characteristics of polymers are improved by 

adding reinforcements (short fibers [7], nano and micro 

particles [5], made of metallic or ceramic materials [8-10]), 

solid lubricants, flame retardants etc. The most used fibers in 

polymeric matrixes are: glass fibers, carbon fibers and, 

recently introduced, aramid fibers. Companies [4, 12] offer 

on the market many composites with short fibers (carbon, 

glass, aramid) as reinforcement, giving mechanical 

characteristics of materials, but tribological characteristics 

are still reported by research institutes and academic stuff. 

For PBT, the mechanical characteristics are higher (Young 

modulus, tensile limit) adding 10 % short fibers carbon than 

other fibers (aramid, glass) [4,12] but comparison of 

tribological features are still rare. Reports on polymeric 

blends with aramid fibers of various lengths were done: 6 mm 

[11, 12], 3 mm [13], 0.25 mm [14], 0.15...0.2 mm [15]. The 

aim of this study is to offer a comparison between composites 

with the same quantity of short aramid fibers, PA6 and PBT, 

as concerning the tribological behavior [2]. 

II. ARAMID FIBER (5-20%)  

 
Fig. 3: Processing of Aramid 

Aramid fiber is a chemical fiber in which the fiber-forming 

substance is a long-chain synthetic polyamide where at least 

85% of the amide linkages are attached directly to two 

aromatic rings. Aramid fibers as a class offer excellent 

physical and chemical properties at high temperatures. They 

are considered high-performance fibers and command 

relatively high prices. Table 1 lists the aramid fibers now in 

commercial production around the world.  
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8 SVM 
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Copoly[p-

phenylene/5-amino-
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a 
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n 
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AG 
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n 

Table 1: Worldwide production of aramid fibers. 
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III. TYPES OF ARAMID FIBERS 

A para type aramid fiber has high tensile modulus, high heat 

resistance, highly oriented rigid molecular structure and 

elasticity. Para aramid fiber  have similar operating 

temperature to meta aramid fiber, but have 3 to 7 times higher 

strength and modulus, making them ideal for reinforcement 

and protective type applications by Kevlar® (DuPont), 

Twaron®(Acordis), Technora®(Teijin). A para-type aramid 

fiber is used for a variety of reinforcements reflecting its 

high-tenacity. Above all, reinforcements for plastic or 

concrete materials are important uses because of light and 

durable materials. It is used for fishing rod, body, floor and 

wall composite materials of air planes etc. 

A meta type aramid fibers are superior in heat 

resistance and flame retardancy. Meta aramid fibers do not 

ignite, melt and drip. It is great consideration in fibers 

reinforced apparel market. Meta aramid offer better long term 

retension of mechanical properties at elevated temperatures 

rather than commodity fiber. The meta- aramid fibers are 

available in a variety of forms, anti stat, conductive, in blends 

with other high performance fiber etc. A meta-type aramid 

fibers are used for clothing of fire-fighters, car racing suit, 

and uniform for high-temperature working, reflecting its 

excellent fire retardancy [3]. 

IV. PROPERTIES OF ARAMID FIBER 

There are many properties of aramid yarns as follows:  

1) High tensile strength: It has high tensile property rather 

than steel. This makes them very suitable for weight-

sensitive application, such as in the aerospace industry.  

2) High stiffness: It has high stiffness. When load is applied 

on its product, then it has less elongation. Therefore it 

has high load bearing.  

3) Low density: It has low density, therefore it takes less 

distance and save the space.  

4) Low creep: The creep of aramid fiber is generally 

considered to be a logarithmic function of time; creep 

rate are low when compared wiyh other synthetic fibers 

such as nylon or polyster and they approach that of steel.  

5) Stress rupture: When some materials are subjected to 

permanently applied loads they eventually creep to 

failure. This phenomenon is generally referred to as 

stress rupture. Considerable attention has been paid to the 

stress-rupture behavior of Kevlar yarns. [15]. In all cases 

it was found that Kevlar yarns would support a large 

proportion of their nominal short term ultimate loading 

for long period of time, but there was considerable 

variability in the stress rupture life times for any given 

load level.  

6) Impact and shock loading resistance: The breaking 

strength for Kevlar at high loading rate are comparable 

to or slightly higher than Those at rates the energy 

absorption at failure in Kevlar about half that in nylon 

while the repeated shock loading of a Kevlar rope (up to 

40% of its nominal breaking strength) resulted in only a 

13% reduction in strength after100000 cycle [16].  

7) Chemical and environmental resistance: The chemical 

resistance of aramid is outstanding except for prolonged 

exposure to some strong mineral acids and alkalis Teijjin 

claim that the resistance of their co-polymer fiber 

technora is significantly better than that of single 

polymer fibers. Due to the different manufacturing 

process, this leaves much smaller areas of amorphous 

material through which chemicals can penetrate.  

8) Resistance to high temperature: It has high heat 

resistance property therefore it resist the high 

temperature and used for made in cloth, gloves etc. 

9) Electrical non-conductivity: The aramid fiber has non- 

conductive electrical property thereby we can use in 

insulator products [3].  

V. MECHANICAL PROPERTIES  

Typical stress-strain curve of Kevlar yarn as compared to 

other industrial filament yarns is shown in Fig. 4. These 

curves show that Kevlar yarn has a break tenacity of 22 gpd, 

which is more than 5 times that of steel wire and twice that of 

nylon, polyester or glass fiber. Kevlar shows an unusually 

high initial modulus of 475 gpd, which is twice that of steel 

wire and fiber glass. As a spun fiber, Kevlar 29 has a modulus 

of 62 GPa. Heat treatment under tension increases crystalline 

orientation. The resulting Kevlar 29 fiber has a modulus of 

131 GPa. The outstanding high strength of Kevlar can be 

summarized as follows:  

 Due to its aromatic and amide group. - When the Kevlar 

is spun into fibers, the polymers have a crystalline 

arrangement, with the polymer chains oriented parallel to 

the fiber axis. This high crystallinity contributes 

significantly to its unique strength and rigidity.  

 Individual polymer strands of Kevlar are held together 

by H-bonds that form between the polar amide groups on 

adjacent chain.  

 The aromatic components of Kevlar polymers have a 

radial (spoke-like) orientation, which gives a high degree 

of symmetry and regularity to the internal structure of the 

fibers. This is confirmed by the bright synchrotron 

radiation (XANES image). This crystalline-like 

regularity is the largest contributing factor in the strength 

of Kevlar. Allen and RocheJX have introduced the 

concept of asymptotic modulus as a measure of 

orientation and related it to the pleated morphology of 

the fiber.  

Kevlar fibers retain useful strength and modulus at 

elevated temperatures as high as 300°C. These fibers 

extrapolate to zero strength at about 6400C compared to 

250°C for nylon. It does not undergo any 

embrittlement/degradation at temperature as low as 196°C. 

Kevlar behaves elastically in tension. When subjected to axial 

compression or severe bending. fig. 4 shows that the fiber 

exhibits a yield point at a compressive strain of 0.3-0.5 %. 

This corresponds to formation of structural defects known as 

Kink bands (at -45 to 60o to the fibre axis). These bands are 

related to compressive buckling of the aramid molecules by 

molecular rotation of the amide carbon - nitrogen bond, 

which, in turn, reflects weak lateral properties of these highly 

anisotroic materials. This occurs by a transition from the 

normal extended trans-configuration to a kinked cis-

configuration. This results in a bend in the chain, which 

propagates across the unit cell and the micro fibrils and 

finally results a kink band across the fiber. Therefore, the 

systems for structural application should be carefully 
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designed to avoid compressive failure. On the other hand, 

ductile response rather than brittle response can be an 

advantage in end uses where non-brittle ductile response for 

damage tolerance is important, as in advanced composites. In 

spite of the significant morphological changes, the fiber loses 

only 10% of its tensile strength even after experiencing a 

compression strain of 3%.  

Fatigue behavior of aramid is also dependent on the 

mode of fiber deformation (tension VS. compression). With 

tension/tension fatigue, no failure is observed even at loads 

as high as 60% of breaking strength and 107 cycles. Tensile 

failure initiates at the fibril ends and propagates via shear 

failure between the fibrils. Skin-core gradient in the fiber 

causes non uniform load sharing and hence reduces strength. 

However, the compressive fatigue of organic high 

performance fibers is significantly worse. The retention of 

tensile strength decreases with increased compressive strain. 

At 0.5 % strain, no strength loss is observed even after 106 

cycles, while at 1 % strain, loss is observed within 10" cycles. 

Poly (p-phenylene terephthalamide) fiber exhibits very low 

creep even at elevated temperature. At 50% of breaking load 

after 107 s, the creep strain for Kevlar is only 0.3%. The 

longer lifetime characteristics of high melting polymer are 

mainly attributed to high activation energy of primary bond 

breaking. Kevlar creeps under high stresses. Creep rate is 

almost uniform and the amount of creep strain increases 

linearly with log (time) to break.  

Tenacity of p-aramid fibers depends on the moisture 

content and is influenced by the following two factors:  

 Inter-molecular interactions which increase by hydrogen 

bonds created by water molecules, and 

 plastification effect.  

These increase tenacity to some extent when the 

moisture content is increased, but with further Increase In 

moisture content the tenacity will decrease. 

 
Fig. 4: Mechanical properties or Kevlar compared to other 

industrial fibers 

VI. FIBER PROPERTIES 

Aramid fibers are characterized by medium to ultrahigh 

strength, medium to low elongation and moderately high to 

ultra -high modulus with the densities for crystalline fibers 

ranging from 1. 35 g/cm3 to 1.45 g/cm3. Fibers of low 

orientation MPD-I (e.g. Nomex) have a density of 1.35 g/cm3. 

Fibers form PPD-T (e.g. Kevlar) have a density of – 1.45 

gm/cm3. Heat-resistant and flame-resistant aramid fibers 

contain a high proportion or meta-oriented phenylene rings, 

whereas ultra-high strength high- modulus fibers contain 

mainly para-oriented phenylene rings. The meta-oriented 

polymers are considered to be chain-folding polymers. But 

small angle x-ray diffraction studies of the rod-like para-

oriented polymers show no evidence of chain folding. 

VII. WEAR MECHANISMS 

PBX does not exceed 60 °C for any of the arrangements of 

test parameters. Friction couples involving at least one 

element made of polymeric materials initiate and develop 

particular wear mechanisms: transfer, particle 

agglomerations and compacting zones, abrasion, all these 

influencing the tribological behavior. SEM images help 

identify wear mechanisms and pointed out the different 

behavior of the two matrixes. In [3] shows a good bonding of 

the matrix around the fibers. Fibers are elastic and bend a little 

in the sliding direction, „opening” a small cavity between 

matrix and fiber, in front of the contact, as also described by 

Stachowiack [18]. 

Abrasion has ploughing as dominant process.  In this 

process is less intense for higher speed due to the softening of 

the tribolayer and the recovery of the polymeric matrix. There 

is a de bonding process between fibers and matrix, but the 

elasticity of aramid fibers diminishes the process intensity 

and the cavity so formed is easily fill with the smallest wear 

debris. It seems that fibers are not broken when they are still 

embedded in the matrix, but after a running time, the polymer 

matrix is more prone to be detached and lets the fibers to be 

tear off, especially when they are approximately positioned 

parallel to the sliding direction [2]. It presents a fiber detached 

from PAX, dragged and rolled in the contact than till break. 

Relatively low melt temperature combined with the low 

thermal conductivity of polymers ensures that frictional heat 

generated in contact can easily reach the melting point of the 

polymer and cause its surface to melt, at least to soften. When 

the polymer melts, its friction and wear parameter are 

markedly altered. The melt process is taking place in a very 

thin layer but now, it could be easier detached or spread on 

the surface. When this mechanism is prevailing, the type of 

material loss is named 'melting wear' [3]. Also, the transfer of 

polymer could be intensified. It presents details of polymeric 

transfer on the steel surface of the ring and how the fibers are 

fragmented. 

The separated fibers from the matrix do not break 

easily, but, in time, they are fragmented in small parts of 

several microns [2, 6].  

VIII. BENEFITS OF ARAMID FIBER 

1) Aramid fiber resist elevated temperature therefore for 

making of protective cloting and fibric used near fire.  

2) Aramid fiber has non-conductive properties therefore it 

used like insulator for safety purpose.  

3) Kevlar has more resistance to fatigue.  

4) aramid fiber is a light weight material.  

5) it has high strength.  

6) it has less wear tear  

7) Improves wear and friction. 
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IX. DEMERITS OF ARAMID FIBER 

1) Aramid fiber is very sensitive in property. It degrades in 

contact of UV light.  

2) Compressive strength of aramid fiber is very poor.  

3) Aramid fibers are difficult to cut without of any 

equipments. 

4) Difficult to process 

5) Minimal physical property enhancement  

6) High cost  

X. APPLICATIONS 

Aramid is a very tough man-made fiber which is used for flak 

jackets and helmets for armed forces. Aramid fibers are a 

class of heat-resistant and strong synthetic fibers. They are 

used in aerospace and military applications, for ballistic-rated 

body armor fabric and ballistic composites, in bicycle tires, 

marine cordage, marine hull reinforcement, and as an 

asbestos substitute. [1] The name is a portmanteau of 

"aromatic polyamide". The chain molecules in the fibers are 

highly oriented along the fiber axis. As a result, a higher 

proportion of the chemical bond contributes more to fiber 

strength than in many other synthetic fibers. Aramides have a 

very high melting point (>500 °C) 

1) Flame resistance clothing, helmets. 

2) It is used in composite materials.  

3) It is used in tyres for resisting wear and tear because of 

their high strength properties.  

4) It is used for making sporting goods.  

5) It is used in many civil structures, mechanical structure. 

The initial motivation for development of high performance 

fibers came from the aerospace industry seeking fibers for use 

in high- molecular weight, strong composite structural parts. 

But at present, the broad spectrum of aramid fiber 

applications can be divided into following two categories:  

1) The use of aramid fabrics in apparel- related application, 

such as fire protective clothing and bullet proof vests.  

2) Reinforcement application such as tyre cord or 

automotive components such as gaskets and clutch 

linings and advanced plastic composites used in aircraft 

and aerospace equipments, mi litary vehicles, sports 

goods and many others.  

Aramid fibers have renewed interest in recent years 

partly because of their use in the construction of advanced 

composite materials. The meta-aramid (Nomex™) has 

excellent thermal resistance, good textile properties but rather 

poor mechanical properties for high- performance fiber. Its 

applications include protective clothing, hot gas filters, 

industrial coated fabrics, felt sc rims and reinforcement of 

rubberized belts and hoses. Its inherent dielectric strength, 

mechanical toughness and thermal stability provide high 

usability and reliability. The para-aramid (Kevlar HI) 

provides unique combinations of toughness, extra high 

tenacity and modulus and exceptional thermal stability. 

Therefore the end uses of para-aramid cover a broad range of 

industrial, aerospace, military and civilian applications, 

which include cut-, heat- and bullet/fragment- resistant 

(ballistic) apparel, hard armors, brake and transmission 

friction parts. Reinforced tyres and rubber goods, ropes and 

cables. various forms of composites, filament wound pressure 

vessels, industrial gloves, circuit board reinforcements, etc. 

Kevlar 49 HS (High Strength ), prepared by DuPont's New 

Fiber Technology in 1997, is specifically intended for 

filament winding applications and has a tensile strength 25 % 

higher than that of the standard Kevlar 49, giving it a 

combination of high strength, low weight and good impact 

resistance. This will allow filament wound composite 

cylinders to be used for higher pressure duties, such as 

oxygen and industrial gas bottles, fuel tank, rocket motor 

casings, electrical switch gear devices and off-shore flexible 

pipes. other copolymers contain in the combination of meta- 

and para- substituted monomers have been developed for 

optimum properties. While each application has its specific 

requirements, almost all of them characteristically utilize 

high strength, high modulus, high toughness, thermal and 

dimensional stability, low creep, and light weight of these 

fibers [1]. 

In electrical Application aramids have high volume 

resistivity and high dielectric strengths, which are retained at 

elevated temperature. Therefore, they have potential to be 

used as high temperature dielectrics, particularly in motors 

and transformers. Nomex paper, which is made of Nomex 

fibers interlocked with Nomex fibered i.e. shear-precipitated 

polymer, has twice the dielectric strength of high quality rag 

paper. Nomex papers are used as wire wrap, slot and phase 

insulation on motor generators and transformers. They are 

stable over wide moisture range, self-extinguishing, and 

compatible with varnishes and resins. Nomex is used in 

insulation in instrument panel transforms due to its good heat 

resistance and excellent dielectric property. DuPont has a 

product, named ARACONTM, a metal clad aramid fiber, 

which is a conductive fiber for EMI shielding and signal wire; 

here, Kevlar's microwave resistance, light weight and high 

strength properties are utilized. 

XI. CONCLUSIONS 

Aramid fiber is great composite material for heat resistance. 

It is mostly used in protective product for the safety purpose 

it has great properties but it has some disadvantage in 

industry, composite material aramid fiber producing product 

mainly. it is useful for beneficial.  

The preparation and utilization of aramid fibers are 

the important steps in the field of fibers for high performance 

tech- nical textiles and composites for aircraft, aerospace, 

marine, automobile and other industries. Kevlar fibers lack in 

fatigue strength and have poor compression strength, but its 

high tensile strength, high tensile modulus, low breakage 

elongation and resistance to chemicals make it suitable for 

strong composite structural parts for many high-performance 

applications. Meta-aramid fibers have excellent thermal 

resistance properties. Aramid fibers can also be tailor-made 

to use for asbestos- replacement in gaskets (Kevlar pulp), 

perm selective: application (hollow fiber), reinforcement of 

glass fibers for fibre optics and telecommunication, etc.  

From this tribological study, it results that adding 10 

wt.% aramid fibers in PA and PBT decreases wear and the 

temperature in contact. The friction coefficient slightly 

increases for the materials containing aramid fibers, but 

remaining in an acceptable range for actual applications. 

Maps of wear recommend certain areas for load and speed in 

actual applications. Thus, it appears that PA and PAX wear is 



Aramid Improves Tribological Characteristic of Polymers 

 (IJSRD/Vol. 7/Issue 06/2019/138) 

 

 All rights reserved by www.ijsrd.com 634 

large for combination (high speed - high load), the polymer 

having a maximum of 4 times greater wear than PAX. PBT 

has an area of high wear for (high force - low speed) and the 

PBX had the lowest wear values, with a weak dependence on 

the sliding speed, especially for high load (F = 30 N). The 

addition of 10 % aramid fibers in PA leads to flattening of the 

surface of wear map. The maximum value recorded for PAX 

is obtained for small forces and low speeds. So, this material 

has a much better wear behavior. PAX performs better at high 

speeds and for F = 30 N, curve shape of wear departs only 

slightly from a straight line. For PBT, the resulting map 

shows a better behavior between 12 ... 24 N and velocity v = 

0.25 ... 0.6 m/s. The greatest wear was obtained for the 

combination (the lowest force - the highest speed). It has been 

found that PBT without reinforcement has a very good 

tribological behavior, the average coefficient of friction being 

low and also a relatively low wear, but the addition of 10 

wt.% aramid fibers, causes a substantial improvement in the 

wear behavior. PBT + 10 wt.% aramid fibers had the lowest 

wear versus a slightly higher coefficient of friction as 

compared to that of PBT, for the tested regimes. 
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