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Abstract 

Over the past few decades, filler techniques for elastomers have been the subject of in depth research. Numerous 
tests have been conducted over this time to determine how an elastomer is reinforced when fillers are added. 
Enhanced strength, modulus, abrasion resistance, and dynamic mechanical properties are among the 
characteristics of these reinforced materials. Separating the contributing impacts and describing how they operate 
have both been done using a variety of approaches. Most of these procedures examine the interactions between 
the fillers and rubbers in terms of their properties and structures. These processes have developed into three main 
areas: interactions between elastomers and fillers, filler structure, and hydrodynamic reinforcement. Fillers with 
an average particle size between 1 and 100 nanometers are referred to as nanofillers. Nanofillers are performance 
enhancers, as opposed to conventional non-active fillers, which are primarily employed to cut costs. To enhance 
the physical and other features, they can be employed in small quantities (5–10%). In the polymer matrix, 
nanoparticles (40 nm in diameter) can create an extremely fine, uniformly distributed network. Carbon 
nanotubes, carbon nanofibers, graphite platelets, and other fillers under investigation, including synthetic clays 
and natural fibers, are good valuable nanofillers. Although carbon nanotubes are more expensive than frequently 
available nanoclay fillers, they have high electrical and thermal conductivity qualities. 
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1. Introduction 

Fillers are particles that are added to polymeric 
materials (such as rubber, plastics, composites, and 
concrete) to improve certain qualities or reduce the 
need for more expensive binder materials. Almost all 
elements that have been added in sufficient quantities 
to lower the amount of rubber needed are commonly 
given rubber fillers.  

 
They are referred to as reinforcing fillers while 

simultaneously strengthening the rubber [1]. Fillers 
are therefore utilized to enhance the performance-
related characteristics of rubber and other polymeric 
materials. Rubber is created by crosslinking a weak 
and flexible amorphous elastomer. Rubbers' 

resistance to fracture and stiffness can be increased 
by reinforcing them with fillers or hard domains [2]. 
Enhancing mechanical qualities including elongation, 
tensile strength, and resistance to rip, abrasion, and 
friction, among others, reinforced fillers extend the 
product's useful life. The most significant reinforcing 
filler type include carbon black, precipitated silica, 
fumed silica, calcium silicate, aluminum silicate, 
activated calcium carbonate, hard clays, and zinc 
oxide, among others. 

 
The other kinds of fillers, known as inert fillers, 

don't impart these qualities; instead, they aid in 
processing, cut costs, and alter attributes like 
elongation, stiffness, and hardness, but not tensile 
strength, rip strength, or abrasion resistance [1]. Non-
reinforcing fillers include soft clay, white barite, talc, 
brown asphalt, pulverized coal dust, powdered 
vulcanized rubber (crumb), etc. 
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2-Importance of fillers 
Fillers rank among the ingredients used most 

frequently in the production of rubber goods among 
all other compounding ingredients. 
The main justifications for including the fillers are: 
1. To decrease the price value of the final rubber 
material 
2. To improve the processing of the base polymer 
(rubber)  
3. To modify and improve the properties of the 
(rubber) base polymer  
The impact of fillers on the end product's 
characteristics, including density, hardness, tensile 
strength, impact strength, chemical resistance, heat 
distortion temperature, processability, and even the 
final product look [3]. A wide range of cost and 
benefit alternatives are available for the rubber 
compound due to the hundreds of commercial fillers 
that are available. These fillers give performance 
options from low reinforcement to high 
reinforcement. 
 
3- Classifications of fillers 

Fillers commonly categorized as being utilized in 
rubber composites that include [1, 3-5] 
 

I. Black fillers 

 Rubber's black filler is carbon black. Carbon 
black is basically carbon atoms in their elemental 
state. Principal types of reinforced black carbon are 
made by the furnace process. Carbon black is mostly 
used with rubber to strengthen it. Rubber 
compounded with carbon black has better abrasion, 
fatigue, and modulus resistance. etc. 
There are different types of carbon black as: 

1- Pure black 
2- Acetylene black 
3- Black lamp 
4- Thermo black  
5- Black furnace  
The furnace process produces the main forms of 
reinforcing carbon blacks. For primary function of 
furnace-type carbon black in plastics is to transfer 
reinforcements during vulcanization. There are about 
30 grades of carbon blacks in use. Table (1) shows 
the properties of some grades of carbon blacks as 
examples. 
 

I. Nonblack fillers 

Nonblack fillers have an assortment of biological and 
inorganic materials with different particle sizes and 
shapes. It comes in a wide range of diameters, 
ranging from approximately 0.015 to 10 microns. 
 
● The inorganic materials 

The majority of the non-black fillers employed 
were either naturally occurring or manufactured by 
products such as iron oxide, magnesium carbonate, 
clay, whiting, barytes, mica, asbestos, blanc-fixe, 
kieselguhr, and zinc oxide. They were employed in 
rubber to improve durability, increase hardness, and 
boost cost efficiency. The elastomer industry also 
uses titanium oxide, aluminum oxide, and aluminum 
hydrate as significant non-black fillers. The 
development of calcium carbonate, calcium silicate, 
hydrated silica, and fumed silica was prompted by the 
demand for more reinforcing non-black filler in 
numerous rubber applications. They were 
distinguished by extremely small particle sizes, 
which were comparable to reinforcing carbon black 
and smaller than the natural products. 
 
● The organic materials 

There are some organic nonblack fillers such as 
wood flour and cork, glue, crumb rubber, high 
styrene resins, and phenolic resins. So we can say 
that fillers should be very fine, uniform and should 
not be contaminated with manganese, copper, and 
moisture. Metallic contaminates cause early 
deterioration of rubber, and the presence of moisture, 
apart from other effects, makes the product porous 
during vulcanization. Usually, fillers are ground, 
screened, and dried before use [5]. 

 
4-Property-affecting factors for fillers 

Particle shape, particle size, surface activity, and 
surface area are the qualities used to gauge filler’s 

ability to perform a certain function in a rubber 
compound [1-3]. The activity of the surface depended 
on the compatibility of the specific elastomer with 
filler and the capability for adhering rubber to the 
filler. Functional fillers applied stress is transferred 
from the elastomer matrix to the dense, rigid mineral. 
These particles will effectively prevent the spread of 
stress through the matrix if they have a platy or 
fibrous form. 

Additionally, as the matrix mostly adheres to the 
mineral particles, air gaps show spots with zero 
strength. If the matrix adheres to the mineral's surface 
due to chemical bonding, compound strength can be 
increased [6–8]. 

 
Local tension is introduced when the size of the 

filler particles greatly exceeds the spacing between 
the polymer chains. This may contribute to the chain 
elastomer rupturing during stretching or flexing. In 
general, fillings bigger than 10,000 nanometers are 
avoided since they might shorten rather than lengthen 
or increase performance. However, fillers with 
particles between 1,000 and 10,000 nanometers  in 
diameter are mostly utilized as diluents and typically
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Table (1): The properties of some grades of carbon black 

 

Grades of  carbon blacks 

 

Properties and Application 

1. SAF (super Abrasion Furnace) 
 

Very small particle size (20-25nm) black gives maximum 
strength and resist the abrasion. Used in premium grade 
tread rubber, tank treads and severe service belting and 
mechanical goods. 

2. ISAF  (Intermediate  Super Abrasion Furnace) Small particle size (24-33 nm) black imparting high tensile 
strength and abrasion resistance. Used in treads, heavy duty 
belts and mechanical goods, in abrasion resistant 
application. 

3. HAF (High Abrasion Furnace) Small particle size (28-36 nm) black gives good abrasion 
resistance and tensile strength. Most widely used 
particularly in tire treads, tread rubber, industrial belting and 
mechanical goods.  

4. FEF (Fast Extruding Furnace) Medium particle size (39-55 nm) black gives moderate 
abrasion resistance and improved processing, giving smooth 
calendaring and extrusion properties. Used in tire body 
stocks, sidewalls, inner tubes and calendared and extruded 
products. Gives good heat conductivity. 

5. SRF (Semi Reinforcing Furnace) Substantial particle size (70-96 nm) black giving moderate 
reinforcement and very economical to use, because the 
possibility of high loadings. Gives very good resilience. 
Used in cycle tire, tyre beads, breaker plies mechanical 
molded and extruded goods. 

1. FT (Fine Thermal) Large particle size (180-200 nm) black giving reinforcement 
to rubber, used in very high loadings. Used in mechanical 
goods, matting, footwear, special chloroprene and nitrile 
rubber compounds.  

2. 5. MT (Medium Thermal) Largest sized (250-350 nm) black, giving the least 
reinforcement to rubber. Used in very high loading. Used in 
mechanical goods, footwear, special chloroprene, and nitrile 
rubber compounds. 

 

 

a- Size of particles  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1): Classification of particle size 
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Fig.(2): Schematic representation of particle size 

of nonblack fillers 
 

have little to no impact on the characteristics of 
rubber. Semi-reinforcing fillers have a size range of 
100–1000 nanometers. As shown in Figure (1), true 
reinforcing fillers with a size of 10 nm to 100 nm can 
greatly improve the characteristics of rubber. 
Unreinforced and semi-reinforced fillings typically 
have average-sized particles, with half being larger 
and half being smaller. As previously mentioned, this 
may not accurately depict the particle size 
distribution. 
 

Most of the time, measured as the actual 
dimensions or size as indicated in Figure (2), the size 
particle of the mineral filler is given as the mean or 
average size. There is little variation in calcium 
carbonate, whether it is round or block-shaped. Most 
automated particle meters simulate the behavior of 
round particles with a given diameter for sheet 
minerals like talc, mica, and clay as well as needle-
like minerals like wollastonite. A clay plate with a 
reported equivalent spherical diameter of 200 nm, for 
instance, might actually be 1 nm thick and 600 nm 
wide. 

 
b-Shape of particles 

Fig.(3): Schematic representation of particle shape 

of fillers 
The particle shape of most metal fillings can be 

compared to a cube, ball, plate, block, fiber, or 
needle. Some fillers are made up of a variety of 

shapes. The shape of the particle for plurality mineral 
filler can be as a cube, sphere, plate, block, fiber or 
needle. Some filling materials contain an admixture 
of shapes; these types are shown in Figure (3). Aspect 
ratios are further characterized for plates, needles, 
and fiber like mineral particles. For shaped fillers 
made of fiber and needle, the length to diameter ratio 
is known as the aspect ratio. Clay and kaolin are platy 
minerals that have a ratio between their faces and the 
diameter of a circle with an area equal to their 
thickness. Fillings are roughly isometric cubic, full, 
or round, which is considered a low aspect ratio. In 
this text, low means the aspect ratio is less than about 
5:1. Circular, fibrous, and platy fillers with a needle-
like form have a high aspect ratio. For silica and 
carbon that have precipitated, the aspect ratio is not 
used. The functional precipitated silica and carbon 
black filler "particles" are bundles or chains with 
varying degrees of branching, even though the 
elementary particles of these fillers are essentially 
spherical. These fills' anisotropy is defined in terms 
of their "structure," which encompasses their general 
form, size, and density. The potential for 
reinforcement increases with the height of the 
building. 

 

c- Particle surface area  
 

If the filler is to contribute to the strengthening of 
the rubber filler compound, it must be in close 
contact with the elastomer chains. High surface area 
fillers have a greater area of contact, which increases 
their capacity to strengthen rubber links. The shapes 
of the particles are also crucial. In comparison to 
spherical particles with an equivalent average 
diameter, flat-shaped particles have more surfaces 
obtained for rubber interaction. Particles with a 
planar shape, like clay, that align with the rubber 
chains during mixing or processing. As a result, it 
helps to improve the form of particles other than 
those that are spherical and have the same average 
particle size as calcium carbonate. Less than clay 
particles are carbon black chains, precipitated silica, 
and bundles. As a result, when in contact with the 
polymer, you gain a higher surface area per unit 
weight. With rubber grade, carbon black fluctuates 
from 6 to 250 m2/g. Precipitated silica has a strength 
of roughly 125 to 200 m2/g, compared to 20 to 25 
m2/g for ordinary hard clay. 

 

d- The behavior of particles' surfaces 
 

Even though filler has a high aspect ratio, a large 
surface area, and a small particle size, if its surface 
activity is low, it will still perform poorly at 
accelerating progression. The physical and chemical 
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properties of the filler surface with respect to those of 
the elastomer are used to compute the specific 
activity of the filler surface per cm2 of the filler 
elastomer interface. The function of polar fillers is 
greatest in polar elastomers; fillers that are nonpolar 
are best suited to work with them. This general 
chemical compatibility is the possibility of contact 
between the active sites on the surfaces of fillers and 
elastomers. For instance, the carbon black particles 
contain carboxylate, lactone, quinone, and other 
organic functional groups that enhance the high 
affinity of the rubber to the filler. The surface activity 
is related to numerous chemical groups on the surface 
of the filler materials. These active spots could 
interact chemically with the chains of elastomers due 
to the close proximity of carbon black and 
elastomers. In essence, the carbon black particle 
forms a crosslink. Nonblack fillers typically have 
reduced surface activity and elastomer affinity. 
Some surface treatments can compensate for this to a 
greater or lesser extent [9, 10]. 

 

Regarding the mechanical properties of the elastomer 
with fillers, the surface activity of filler particles is 
significantly more important.  
 

5-The differences between properties of rubbers 

loaded with carbon black and mineral fillers 

Some fillers have specific effects on certain 
properties of rubber and these                [3, 11] effects 
tabulated in Table (2). 
 

Table (2): The main difference properties for 

rubbers loaded with carbon black and mineral 

fillers 

 

The following succinct statement can be used to 
summarize the general filler influence of features on 
the rubber properties of rubber [3, 12]: 

1) Reduction in particle size (increasing surface 
area) has: higher Mooney viscosity, abrasion 
resistance, strength testing, hysteresis and resist of 
tear; less flexibility. 

2)  Higher abrasion resistance, modulus (at 
elongation >300%), chemical adsorption or 
reactivity, and hysteresis are all results of the surface 
activity increase (including surface treatment) (except 
treated clay by silane). 
3) Higher Mooney viscosity, hysteresis, and modulus 
(at elongation 300%), longer incorporation time, 
reduced robustness, and extrusion shrinkage are all 
effects of increasing aspect ratio. 
 
7- Rubber filler interactions 

 

Filler dispersion in rubber is obtained[1, 8, and 13], 
three types of interactions which affect  
 
(1) Relative motion, elastic recovery, and rubber 
molecule interaction are  viscoelastic qualities. 
 (2)The interaction of filler and rubber particles. 
(3) Interaction of the individual filler particles. 
 
(1) Interactions between rubber molecules  

 
The mobility of a macromolecule, its chemical 

make-up, the regularity of its segments, and the 
existence of transient or stable crosslinks, 
entanglements, and loose ends in the vulcanizate all 
play major roles in how they interact with one 
another. The relative segmental mobility of the 
rubber barely changes when fillers are included. The 
interaction of rubber molecules with the majority of 
active fillers causes a small increase in temperature. 
 

(2) Interaction of fillers with elastomers 

The most important interaction is that between the 
base polymer and filler; during the processing mill, 
part of the rubber is attached to reinforcing fillers so 
that it cannot be extracted with regular solvents of 
rubber. This insoluble rubber is named rubber black 
gel or bound rubber. Rubber that is bound can be 
used to gauge the surface activity of the white or 
black filler. On the other hand, bound rubber as such 
does not contribute appreciably to the crosslink 
density of the final vulcanizate. However, it is 
believed that the interaction between rubber and filler 
leads to bound rubber, which is used to gauge the 
filler's surface activity(S0 = 3/ρ.R, where S0 is the 
specific surface area defined as a function of the 
carbon black's specific gravity ρ and R is the particle 

radius) i.e. Additionally, it was believed that a 
chemical process led to the creation of bound rubber. 

Carbon black Mineral fillers 

Improve abrasion resistance. Improve heat 
resistance 
(whiting) 

Improve tear resistance. Improve tear 
resistance (silica) 

Increase modulus and tensile 
strength. 

Increase modulus 

Increase hardness. Increase hardness 
Improve ozone resistance. Reduce gas 

permeability 
(mica) 

Improve weathering resistance. Improve flame 
resistance 

Reduce swell in oils. Improve 
properties at high 
temperatures. 

Improve processability. Improve electrical 
properties 
(resistivity) 
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Previously, it was believed that only adsorption 
effects specifically, Van der Waals forces process 
brought on by interactions between the rubber and 
functional groups or aromatic hydrogen found on the 
surface of carbon black and chemisorption’s could 

produce bound rubber. 
 
(3) Filler-filler interactions  

In the instance of carbon black, this disregard is 
brought on by the outdated idea that the black's 
fundamental unit is an approximately spherical 
particle, and that the surface area and behavior of the 
particle in rubber depend on its size (based on photos 
of channel and thermal blacks). 

Larger aggregates are created when the original 
particles, which are typically spherical, are fused 
together, according to universal consensus. These 
aggregates, especially at modest deformations, may 
include a few to several hundred, or possibly a 
thousand, of the black vulcanizates deformational 
characteristics [14]. 

 
Silica and carbon black (CB) were the two main 

reinforcing fillers used by Rattanasom et al. [15] to 
strengthen rubbers. Because each filler has 
advantages of its own, the application of CB/silica 
mixes should improve the dynamic and mechanical 
properties of natural rubber (NR) vulcanizates. In 
terms of tensile strength, rip strength, fracture growth 
resistance, abrasion resistance, heat accumulation 
resistance, and rolling resistance, they found that 
vulcanizates with 20 and 30 percent silica in the 
hybrid filler have improved overall mechanical 
properties. Moustafa and his coworkers [16] 
investigated the effects of ageing on the mechanical 
properties of styrene butadiene rubber (SBR) and 
nitrile butadiene rubber (NBR) compounds. The 
results demonstrate that when the ageing temperature 
increases, the compressive strength of both forms of 
vulcanizates diminishes because chain scission 
produces a high oxidation process and ageing results 
in an increase in hardness as temperature rises. 
 

  To reduce the environmental damage caused by 
ash buildup from burning agricultural wastes and to 
reduce costs without sacrificing the mechanical 
properties of rubber vulcanizates, cellulose fibers 
derived from bagasse waste were used as reinforcing 
fillers in rubber composites. The impacts of natural 
ground bagasse powder (GBP) and carbon black 
(CB) reinforcing fillers were studied in relation to the 
mechanical and physical properties of styrene 
butadiene rubber (SBR) composites.  

The grinding machine generated GBP with an 
mm to 180 mm wide grain size distribution. 2.5phr of 
maleic anhydride was used to improve the interfacial 

adhesion between SBR and agricultural waste fillers 
(i.e. bagasse (. Investigations were conducted into the 
rubber vulcanizates physico-mechanical properties, 
including their degree of swelling, elongation at 
break, and modulus at 100% elongation, resilience, 
and hardness (Shore A). [17].  

 
The potential for using limestone dust waste 

(LDW) as filler in natural rubber was examined by 
Sae-oui et al. [18]. (NR). The effects of various 
commercial fillers, including LDW reinforcement, 
light-precipitated calcium carbonate (PCC), and 
nanoprecipitated calcium carbonate (NPCC), were 
compared. According to the findings, while the 
addition of LDW had no effect on the compound's 
ability to be processed, it had a negative effect on the 
bulk of the vulcanizates mechanical properties, 
including its tear strength, tensile strength, and 
abrasion resistance. The three fillers could be used to 
organize the degree of reinforcement as the following 
order: LDW > NPCC > PCC. 

 
Due to their low specific surface area and 

insufficient reinforcement capacity, PCC and LDW 
can both be classified as nonreinforcing fillers, 
whereas NPCC, whose specific surface area is 
relatively high, can be classified as semi reinforcing 
filler for rubber due to its relatively high specific 
surface area. On the mechanical and rheological 
properties of ternary rubber nanocomposites 
consisting of natural rubber (NR), styrene-butadiene 
rubber (SBR), and nitrile butadiene rubber (NBR), 
the effect of carbon black (CB) filler loading was 
investigated. A melt mixing procedure was used to 
create four separate samples with different filler 
loadings: S2 (15 phr), S3 (30 phr), S4 (45 phr), and 
S5 (60 phr). Researchers studied the properties of 
ternary rubber nanocomposites, including their tensile 
strength, stress at 100%, 200%, and 300% 
elongations, elongation at break percentage, rip 
strength, compression set, compression stress, and 
crosslink density. The findings demonstrated that the 
scorch time, cure time, cure rate index, swelling 
coefficient, elongation at break%, and filler rubber 
interaction decreased with increasing CB loading. A 
rise in the minimum torque, maximum torque, tensile 
strength, stress at 100%, 200%, and 300% 
elongations, elongation at break%, tear strength, 
compression set, compression stress, and crosslink 
density is also shown by the data. S4 represented the 
greater tensile strength values for these samples 
(loaded with 45-phr CB). Consequently, it had a 
higher stiffness than the othercontent ratio. 
Additionally, S4's tensile strength increased by 
233.58%. These results showed that filler loading at 
the appropriate level can improve compatibility 
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between CB and NBR/SBR/NR. These results were 
confirmed by a micrograph created using a scanning 
electron microscope [19]. 

 
The mechanical and electrical properties of 

SBR/NBR blends in various amounts were studied by 
Reffaee et al. [20]. It is found that mechanical 
properties have improved, such as tensile and 
elongation at yield and rupture. We tested the 
electrical and mechanical characteristics of SBR, 
NBR, and a 50/50 blend of SBR/NBR loaded with 
various concentrations of high abrasion furnace black 
(HAF). 

The electrical conductivity of carbon black filled 
composites increased from pure polymer to pure 
carbon through the alteration of the different 
composites. Up to a particular concentration of HAF 
(30 phr for both SBR and NBR, and 20 phr for 
SBR/NBR blends), the conductivities of the 
composites are almost equal to those of pure 
materials. The formation of conductivity chains 
increases as a result of the network aggregation of the 
carbon black particles. Tensile and elongation tests at 
yield and rupture were used to assess the mechanical 
properties, and they show an increase at the same 
concentration of HAF as observed in the case of the 
electrical testing. These findings offer good 
applicability to both mechanical and electrical 
research through the creation of networks. 

 
The filling effect of silica on the mechanical and 

dielectric properties of various compositions of 
EPDM/NBR mix (ethylene propylene 
diene/acrylonitrile butadiene rubber) was studied by 
Eid and El-Nashar [21]. In order to prevent phase 
separation, 10 phr of polyvinyl chloride (PVC) was 
added to the mixture.The research found that the 
25/75 NBR/EPDM blend has the most promising  
properties.This mixture was chosen to investigate the 
different qualities while containing silica in 
increasing concentrations up to 90 phr.This 
experiment revealed that when loaded with 50–60 phr 
of silica, the NBR/EPDM blend exhibited the best 
mechanical and electrical properties. 
 

Some researchers investigated the effects of 
mixing two secondary fillers into silica-based natural 
rubber compositions at a ratio of 45/10 phr, such as 
N134 carbon black and organic nanofiller. Based on 
the procedure generally used for silica-filled NR 
systems, the rubber vulcanizates were produced using 
a variety of mixing temperatures. According to the 
results of Mooney viscosity, cure behavior, the Payne 
effect, and mechanical properties, silica is 
hydrophobic. Additionally, the organoclay's modifier, 
an organic ammonium derivative, has a significant 
impact on the coupling reaction of the silane coupling 

agent with elastomers and silica. This has an effect on 
the scorch safety and rate of cure. When carbon black 
was employed as an additional filler, these tendencies 
were not present in the compounds. They offer 
inferior filler dispersion than the pure silica filled 
material because of the improperly high mixing 
temperature and the significant specific surface area 
of the carbon black used.The dynamic characteristics 
demonstrated that using organoclay as a secondary 
filler has the ability to boost wet traction and rolling 
resistance of a tire tread, in contrast to the 
combination of carbon black and silica filled NR. 
 

It is not possible to combine blends of styrene 
butadiene rubber (SBR) and nitrile butadiene rubber 
(NBR). Fillers may be used as compatibilizers, claim 
Perez et al. [23]. To describe the NBR/SBR blends 
reinforced with mesoporous silica and precipitated 
silica, researchers looked at mechanical performance, 
changes in heat capacity at each glass transition 
temperature, and miscibility by rubber binding. In 
order to increase the dispersion of silica surfaces, 
NBR is used more frequently. For blends reinforced 
with mesoporous silica, whose high surface area and 
ordered porous structure allow a better polymer + 
filler interaction, larger rubber + filler as well as NBR 
/ SBR interphases are formed. When broken, the 
reinforced blends are stronger than the individual 
reinforced polymers. Mesoporous silica-reinforced 
blends are researched for their greatest performance. 

 
Polymer blends like acrylonitrile-butadiene rubber 

(NBR) and styrene-butadiene rubber have had 
montmorillonite clay added in a variety of ratios by 
Essawy, El-Nashar [24]. SEM, differential scanning 
calorimetry, and physico mechanical properties were 
utilized to investigate the filler's reinforcing and 
compatibilizing properties. With the addition of filler to 
all blend compositions, the strain at yield and rupture is 
also increased, while toluene swelling resistance is 
boosted. In comparison to filled blends, the stress at 
yield was greater. According to SEM pictures, the filler 
is located near the interface of the mixtures. The DSC 
of the filled blends reveals variations in the glass 
transition temperatures Tg because of the enhanced 
strength at the interface. 

 
Carbon black (CB) and silica co-filled rubber 

composite were widely used for tire tread and other 
rubber products because of the benefits of binary 
fillers, which include superior abrasion resistance, 
low hysteresis, and reinforcement. A considerable lot 
of study has been done on the interaction between 
filler rubber in order to achieve the greatest 
performances. To investigate the impact of 
modification on the properties of rubber composite, a 
modified CB and silica co-filled rubber composite 
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was created utilizing the multifunctional silane 
coupling agent 2-aminoethyl-2-(3-
triethoxysilylpropyl) aminoethyl disulfide (ATD). 
This modification enhanced the interaction ofthe 
filler rubber and filler dispersion. For the modified 
composites, especially with low ATD dosage, the 
state of cure, hardness, tensile strength before and 
after ageing, stress at 300% elongation, tear strength, 
abrasion resistance, rebound resilience, compression 
set, temperature rise, and the value of the dynamic 
loss coefficient ranging from 20°C to 80°C were all 
significantly improved. With this alteration, silica and 
CB co-filled rubber composites can be created with 
superior mechanical and dynamic mechanical 
properties [25]. 
 

Gallate ester of castor oil (GECO), a castor oil-
based multipurpose additive for rubber composites, 
was created by esterifying castor oil (CO) and gallic 
acid. Thermogravimetric analysis and Fourier 
transform infrared spectroscopy (FTIR) were used to 
characterise GECO (TGA). The high abrasion 
furnace (HAF), carbon black filled natural rubber 
(NR) composites at varied ratios (1, 2, and 4 phr), 
GECO were utilised to assess their effect on the 
curing, mechanical, swelling, and ageing properties 
of the resulting composites. The use of GECO 
significantly improved the antiaging properties of the 
resulting composites and successfully sped up the 
curing process. The mechanical and swelling 
properties of the finished composite were found to be 
improved by adding 1 phr of GECO; however, after 
this concentration was reached, a slight drop in the 
properties was seen. Scanning electron microscopy 
(SEM) results show that the application of 1 phr of 
GECO increased the dispersion of HAF in the NR 
matrix, which enhanced the HAF reinforcement [26]. 

 
In Sattayanurak et al. [27] examination of silica-

reinforced natural rubber (NR) tire tread 
compositions, organoclay (OC) was utilized as 
supplementary filler. By adjusting the mixer 
temperature setting at a silica/OC ratio of 45/10 phr, 
temperatures of approximately 120, 140,150, and 160 
°C can be reached. Mooney viscosity, a smaller 
mixing torque, and the Payne effect are produced as a 
result of a better salinization reaction brought on by 
the higher temperature. It was found that mixing was 
best at a temperature of about 150 °C. Indicators for 
ice traction and wet skid resistance of tire treads 
constructed from silica filled NR compounds, which 
ranged in OC loadings from 0 to 36 wt% relative to 
total filler quantity, were elevated at 20 and 0 °C by 
increasing OC loadings while decreasing compound 
viscosities and Payne effect.  The findings indicated 
that, in comparison to a system filled entirely with 

pure silica, using this hybrid filler might give tires of 
lower rolling resistance, better wet grip, and greater 
wear resistance. 9 wt% of the total filler content is the 
ideal loading of OC. Better Payne effect, cure rate 
index, and tan delta values at 20 and 60 °C are 
produced as a result, which are indicators of DIN 
(German Institute of Standardization) rolling 
resistance and abrasion resistance. 

 
El-Nashar et al. [28] examined the effects of Na, Ca, 
and kaolin fillers on the macrostructure and 
microstructure of acrylonitrile butadiene rubber, 
ethylene propylene diene rubber, and their blend 
(50/50), using electrical, mechanical, and positron 
annihilation lifetime spectroscopy techniques. It was 
found that filler content increased the real component 
of permittivity, dielectric loss, and crosslinking 
density. 

The blend with greater filler has a lower 
equilibrium swelling of up to 21.50 weight percent in 
comparison to blends without fillers, that is observed 
in the blend's higher crosslinking density. The 
mechanical examination demonstrated a noticeably 
higher tensile strength and elongation at break with 
the addition of up to 21.50 wt% of filler. 

As a result, it was discovered through comparing 
different fillers that whereas Na bentonite has a better 
overall reinforcing effect than kaolin, Ca bentonite 
has a lower physical mechanical strength than kaolin. 
The type and quantity of the filler had a considerable 
impact on the free volume properties, according to 
the positron canceled life time measurements. In the 
example, as filler content rose, the free volume 
fraction decreased dramatically. There was a 
correlation between the free-volume characteristics 
and the mechanical and electrical qualities.  
 

 As reinforcing elements for the vulcanizates of 
natural rubber (NR), styrene-butadiene rubber (SBR), 
and their combinations, El-Nashar et al. [29] 
investigated the synthesis of distinctively modified 
micronized phosphate pigments. Carbon black and 
white generated phosphate pigments were used to the 
rubber compositions in place of the commonly used 
and accessible commercial reinforcing material for 
rubber vulcanizates. The results showed that phenyl 
phosphate pigments performed at a high level with 
different mechanical qualities, and also had a 
substantial impact on rheological features. For 
instance, for rubber mix vulcanizates loaded with 30 
phr of modified phosphate pigments, carbon black, 
and Hisil, respectively, the tensile strength results 
were (20.0-23.4), 18.01 MPa, and 15.05. Modified 
phosphate-laden rubber has better stress and strain 
properties at yield and rupture than rubber loaded 
with carbon black and Hisil. These results suggest a 
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novel approach for numerous non-black rubber 
vulcanizate applications. 
 

The impact of the carbon black content on curing 
and mechanical properties such tensile strength, 
elongation at break, abrasion resistance, and hardness 
was investigated using a blend of natural rubber (NR) 
and acrylonitrile butadiene rubber (NBR). It was 
accomplished by using a blend of 65% NR and 35% 
NBR loaded with varying quantities of carbon black 
N330.The curing findingsdemonstrated that the 
scorch and curing times decreased as the filler 
content increased, while the viscosity and crosslink 
density of rubber composites rose. The CB's inherent 
capacity for reinforcing was demonstrated by the 
improved tensile modulus and hardness of the CB 
filled NR/NBR blend. The tensile strength and 
abrasion resistance rise to 50 phr with the addition of 
carbon black. The subsequent inclusion of filler led to 
a slight reduction in these properties [30]. 

 
The traditionally sulfur-cured ethylene-propylene 

diene monomer rubber (EPDM) is mixed with 
various concentrations of high abrasion furnace black 
filler (HAF) and white filler (silica). The prepared 
samples' swelling measurements, physicomechanical 
properties, and thermogravimetric analyses have all 
been studied (TGA). It included EDAX analysis. 
When white and black fillers were examined, it was 
found that the filler's absorption into the rubber 
matrix was one of the major elements enhancing 
tensile strength and swelling resistance. As the filler 
ratios were increased to 40/60 phr, the tested samples 
become tougher. This can be due to the filler being 
distributed more evenly and thoroughly throughout 
the rubber matrix. Carbon and silica are frequently 
used as fillers in the industry because they are 
affordable and have effective reinforcing 
characteristics. Therefore, the inclusion of 
precipitated silica at the extent of toxic carbon black 
(CB) is the first step in lowering the health risk 
associated with the presence of CB filled EPDM 
composites [31]. 

 
We contrast and compare the properties of 

acrylonitrile butadiene styrene (ABS) and styrene 
butadiene rubber (SBR). Comparisons are made 
between a blend of incompatible and compatible 
nitrile rubber (NBR), physical rheological properties, 
and abrasion resistance. The mixtures' resistance to 
abrasion is improved with the compatibilizer ABS. 
The results show thatfilled mixes containing carbon 
and silica outperform empty blends in terms of 
processing benefits. Ultrasonic and scanning electron 
microscope (SEM) techniques are used to analyses 
the collected data [32]. 
 

8 -Modified surface of the filler 
The filler's surface activity has influence on 

the reinforcement of rubber [3, 33]. Several methods 
are being used to modify the filler surface. 
 

8.1- Surface modification of carbon black 
 

a) Heat treatment 
Heat treatmentin an inert atmospherealtersthe 
physicochemical characteristics of carbon black. The 
chemical nature of surface is modified at a 
temperature below 1000oC whereas the physical 
nature of the surface gets modified around 1000-
1500oC. A drastic change in surface energy and a 
change in the crystalline property are the major 
physical changes of heat treatment.  
 

b) Surface grafting [29, 30] 
The grafting of polymers on to carbon black are 

done by chain termination or chain transfer of a 
growing polymer radical, they were done by two 
methods as follows: 

1- Grafting through copolymerization of the 
small molecules and this is the favorable 
process. 

2- Grafting by direct reaction of carbon black 
surface and functionalized polymer. 

 
c) Plasma treatment  

Plasma treatment is an efficient mean to modify 
carbon black surface and the change is largely 
homogeneous throughout the entire surface. The 
significant changes in surface chemistry occurred on 
air and ammonia plasma treatment of graphitized 
black. When air plasma is treated, oxygen produced 
containing groups and ammonia plasma treatment 
results in nitrogen containing groups. 

 

Surface oxidation  

 

The process of surface oxidation of carbon blacks 
can be classified into two methods gas phase and 
liquid phase. Oxygen, ozone, air or oxides nitrogen 
are basically the gas phase oxidation whereas nitric 
acid, aqueous potassium permanganate and bromine 
water are the liquid phase oxidation.  

 
8.2- Surface modification of non black fillers 

This property of kaolin clay applies to all non-
black, non-carbonate reinforcing or semi reinforcing 
fillers. The clays, silica’s, and silicates' surface silica 

(SiO2) groups have all hydrolyzed to silanols. Since 
they exhibit an acidic behavior (SiO- H+), these 
silanol groups are chemically active [3, 31–39]. The 
fillers with higher surface areas, which are shown in 
Figure (4), are more reactive because there are more 
silanols available. 
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Fig.(4): The surface-area active groups of the 

nonblack fillers  
 

The effective technique to alter the surface 
chemistry of non-black fillers is the inclusion of 
silane coupling agents, as shown in Figure (5). They 
have a functional group that will bind to the rubber 
during vulcanization and interact with the silanols on 
the surface of the filler to form a solid bond. Thus, 
filler-polymer bonding (crosslinking) takes place, 
improving the compound's modulus and tensile 
strength as well as other properties. 
 

The filler's surface is modified to improve 
dispersion.Three silane coupling agents are often 
used in compounds that are sulfur-cured and filled 
with kaolin clay and other non-black fillers. They 
have mercapto, tetrasulfide, and thiocyanate 
functions, respectively. Each substance's sulfur-
containing group reacts and binds to the polymer 
during vulcanization. For non-sulfur cures, epoxy 
silane and amino silane are widely utilized. Clay and 
other nonblack fillers are commonly treated on-site, 
not with standing the ease with which silane-
pretreated clay may be obtained. In this case, the 
silane is added during processing to interact with the 
filler. The order of addition is very important when 
adding silane coupling agents, especially when using 
sulphur cures. The polymer, filler, and silane 
coupling agent should be well mixed for 1 to 2 
minutes prior to introducing any additional elements 
that will hinder the interaction between the filler and 
the silane 

Surface modification of fillers to improve 
polymer filler interaction has become popular during 
the past 10 years, and various papers have been 
written about it. 

Yin and his colleagues [40] used methylacrylic 
acid (MAA) and methyl methacrylate (MMA) as 
additives for peroxide-cured styrene-butadiene rubber 
(SBR) filled with three inorganic fillers, such as 
MgO, Mg(OH), and BaSO4 that had variable particle 
sizes and surface activities. 

 
 

Fig.(5): Schematic representation for surface 

chemistry of fillers that are not black  

 

The results showed that the mechanical 
properties of SBR vulcanizates produced with 
BaSO4, Mg(OH)2, or MgO can be enhanced by 
adding MAA. A small amount of MAA causes 
increases in the tensile strength, modulus, and 
rip strength. The mechanical properties of SBR 
vulcanizates are not considerably affected by 
MMA. The SEM micrographs show that MAA 
can improve the interfacial bonding between 
SBR and the three different filler types. Strong 
contact between the SBR and filler produces 
strong mechanical properties. 
The physical, mechanical, and dielectric properties of 
acrylonitrile butadiene rubber (NBR) filled with 
various concentrations of mica and silica were 
researched by El-Nashsr et al. in their article 
published in 2011 [41]. The compound containing 
25phr silica was found to have the most promising 
properties. Furthermore, the inclusion of mica in the 
NBR/silica vulcanizates marginally modifies the 
required characteristics. Triethoxyvinyl silane as a 
coupling agent improves the contact between NBR, 
silica, and mica because of the filler's efficient 
dispersion. Compared to other compositions, the 
NBR/silica/mica mixture (100: 25:11) exhibits better 
mechanical and dielectric properties. Additionally, 
the mix's reduced value of dielectric loss supports its 
employment as an insulator. SEM was used to 
demonstrate the preceding findings.  

 
The effects of aluminum powder on the properties 

of nitrile rubber (NBR) composites and the role of the 
bonding agent hexamethylene tetramine-resorcinol 
have been examined by Vinod et al. [42]. Although 
the hardness Shore A of the NBR composites filled 
with acetylene black (ACB) and high abrasion 
furnace (HAF) is higher than that of the aluminum 
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powder filled composites, it can be increased by 
adding a bonding agent. Utilizing hexamethylene 
tetramine-resorcinol decreased equilibrium swelling, 
demonstrating enhanced nitrile rubber aluminium 
powder adhesion. Increased heat conductivity is the 
result of adding aluminium powder.  The material 
was consistently cured to the increase in heat 
conductivity, which also reduced the extra time 
needed to vulcanize bulky rubber products. The 
mechanical and thermal conductivity of composites 
were increased by mixing aluminium powder with 
HAF in NBR.  

 

The effects of introducing chemical blowing 
agents to a cellular rubber mix of natural rubber (NR) 
and styrene butadiene rubber (SBR) at a fixed blend 
ratio of 1: 1 were investigated by Wimolmala et al. 
[43]. They examined morphological parameters, 
mechanical attributes, and curing characteristics. In 
this experiment, the chemical blowing agents Azo 
dicarbonamide and Oxybis (benzene sulfonyl) 
hydrazide (OBSH) were used. Three different 
fillers—fly ash (FA) particles, precipitated silica and 
carbon black (CB)—were used at their optimal 
concentrations of 40 phr. The chemical treatment of 
bis (3-triethoxysilylpropyl) tetrasulphide was applied 
to the FA and silica particles. The results showed that 
the overall cure time was shortened by OBSH and 
ADC components. When it came to quickening the 
cure of NR/SBR blends, the OBSH outperformed the 
ADC. NR/SBR vulcanized foams with closed cell 
topologies were produced by ADC and OBSH agents. 
The blend's mechanical properties and specific 
density tended to decline as the amount of blowing 
agent increased. The CB created NR/SBR foams with 
smaller cells, higher mechanical properties, and 
increased cell dispersion in comparison to the 
precipitated silica and FA particles. The hardness and 
tensile modulus rose as a result of the heat ageing and 
weathering, but the tensile strength, elongation at 
break, and rip strength fell. Better elastic recovery 
was seen in cellular NR/SBR vulcanizates with FA 
than in those with CB and silica, and the blends' 
elastic recovery decreased as the blowing agent 
proportion rose. The resilience property was 
enhanced by the presence of gas phases. 

The dual cross-linking networks were produced in 
a pre-made NBR matrix using covalent and sacrificial 
metal-ligand interactions. In comparison to pure 
rubber, Zn2+-CN coordination bonds dissipated 
energy to boost NBR composites tensile strength, 
modulus, and elongation at break.  Dual cross-linking 
network topologies allow for simple modification of 
the elasticity and glass transition temperatures of 
NBR composites.  Additionally, after being 
submerged in oil at 70 °C for 72 hours, 
NBRcomposites display good oil resistance qualities, 

demonstrating very little swelling.  What's more 
astonishing is that the NBR composites that were           
created demonstrated thermally induced shape 
memory behaviours with exceptional form fixing and 
shape-recovery ratios in both oil and air.  As a result, 
we believe that dual cross linked NBR composites 
may help mechanical and shape memory applications 
[44]. 

Styrene butadiene rubber (SBR) loaded with 
various carbon black/silica blend loading ratios was 
examined by Ward and Khalf [45]. The dielectric 
properties were examined in the frequency range of 
102 to 105 Hz as a function of the filler concentration 
in the mixture. Evaluating the conductivity in relation 
to the frequency, temperature, and filler loading of 
the blend, the percolation limit is determined. Thus, 
the change in conductivity brought on by heating 
andcooling cycles illustrates electrical hysteresis. The 
silane treatment has been put through a comparative 
evaluation of its effect on the preceding attributes and 
the interaction of the filler rubber. SEM confirmed 
that the silane treatment had an impact on the filler 
dispersion. ReaxFF molecular dynamics simulations 
show that nanoparticles (NP) have a range of 
parameters-dependent effects on the strength and 
dispersion of silica styrene butadiene rubber (SBR) 
nanocomposites. 

One of the aspects considered is the type of silane 
coupling agent (SCA), as well as the size of the silica 
NP, the surface occupancy of SCA at the silica 
surface, and the spatial distribution of Sulphur cross 
links at the molecular level. Numerous metrics from 
various systems, including strength modulus, peak 
normal traction, interface energy, radius of gyration, 
and distance between NP, were studied to discover 
which factors affect NP's dispersion and strength. It 
was shown that the strength increased as the NP's size 
and volume percentage increased. The size of the NP 
or the type of SCA had no impact what so ever on the 
dispersion. A specific SCA's surface occupancy has a 
significant effect on the NP dispersion. Furthermore, 
it was shown that compared to introducing Sulphur 
cross links closer to the nanoparticles (NP), doing so 
farther away from the NP increased the tensile 
strength of the nanocomposite. This result implies 
that changing the distribution of sulphur cross links 
may have a significant impact on the strength of the 
nanocomposite [46]  

Maziad et al. [47] produced various compositions 
of blends from natural rubber and low density 
polyethylene in the presence of maleic acid anhydride 
and dicumyl peroxide. The effects of the rice husk 
(RH) and the silane coupling agent, 3 aminopropyl 
triethoxy silane (3-APE, 1 wt% of filler content) 
contents on the physicomechanical properties and 
massswell of the tested blend were examined. To 
enhance hardness and young's modulus while 
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reducing elongation at break, tensile strength, impact 
strength, and mass swell, untreated RH was added to 
the mixture. The 3-APE-treated composite out 
performed the untreated one in terms of mass 
swelling, tensile strength, Young's modulus, 
hardness, and impact strength with noticeably 
reduced elongation. The results showed that silane 
treatment improved the resistance to -irradiation in 
comparison to untreated samples. Silanized RH (30 
phr) showed greater thermal stability and crosslink 
density than untreated RH. Scanner electron 
microscopy (SEM) additionally confirmed the 
preceding findings. Thongsang et al. created natural 
rubber (NR) that was filled with an equal mixture of 
fly ash silica (FASi) and precipitated silica (PSi) 
fillers. 

The rubber fillers were either used untreated or 
with bis [3- triethoxysilyl propyl] tetrasulfide 
treatment (TESPT). Silica is chemically bound to 
rubber by the bifunctional organosilane TESPT, 
which also prevents it from interfering with the 
reaction mechanism of the Sulphur cure. According 
to the SEM results, the fly ash silica (FASi) fillers 
had a better particle size distribution and were bigger 
than the precipitated silica (PSi) particles. During 
mixing, the viscosities of the compounds gradually 
decreased, and those filled with FASi had lower 
viscosities than those filled with PSi. The application 
of the silane coupling agent treatment did not 
improve the dispersion of the fillers in the rubber 
matrix. At low temperatures, the loading and type of 
filler had no impact on the storage and loss moduli of 
the compounds, while at high temperatures; the effect 
was more evident [48].  

Mansour et al. [49] composites were made from 
chemically treated wood flour and a mixture of 
polystyrene (PS) and styrene butadiene rubber (SBR). 
This procedure employs sodium hydroxide (NaOH) 
maleic anhydride (MAN), maleic anhydride glycidyl 
methacrylate, and silane coupling agent to enhance 
the dispersion of wood flour in the SBR/PS blend. 
The rheological and mechanical qualities were 
improved when the modified wood flour containing 
MAN glycidyl methacrylate was used, as opposed to 
the other treatments, which only slightly changed 
these parameters. According to the findings of the 
dielectric testing, the samples of wood flour treated 
with MAN glycidyl methacrylate and MAN had 
better permittivity values and lower dielectric loss 
values, making them suitable for use as insulating 
materials. The increased relaxation time and 
crosslinking density for such composites demonstrate 
that there is an increase in filler-polymer interaction 
rather than filler-filler interaction. 

The addition of bis (3-triethoxysilylpropyl) 
tetrasulfide (TEPST) improves the physical, 

mechanical, dielectric, and curing properties of 
styrene butadiene rubber (SBR) samples containing 
precipitated silica, according to Ward and Khalf [50]. 
As silane content grew, permittivity and dielectric 
loss values decreased; this could be because TEPST 
lowered the amount of very polar silanol groups. This 
experiment also showed that 8phr TEPST improved 
bonded rubber, tensile strength, and cycle fatigue life.  
 

9- Nanomaterials 
A novel type of material called nanocomposites 

has dispersion of the dispersed phase at nanoscales, 
typically 1–100 nm, within a particular matrix. 
Despite the fact that these materials have been in use 
since the turn of the century, the words 
"nanocomposites," "nanomaterials," and "nanofillers" 
are relatively new [51] 
Manufacturers who incorporate nanoparticles into 
polymers reap three key benefits: 
 
1- Less weight since the filler loading is reduced. 
2-Low cost due to the absence of fillers. 
3-Better properties than normal composites with very 
low filler loading, such as thermal, mechanical, 
electrical, optical, barrier, etc. 

For instance, silica nanoparticles [54], carbon 
nanotubes [55], alumina nanoparticles [53], and 
organoclays [51–54] have all been used to improve 
polymers properties. Polymer nanocomposites are 
given specific properties that cannot be acquired from 
conventional or micro scale fillers by the introduction 
of low concentration nanofillers (5 wt%) [55]. 
Polymer nanocomposites have been produced using 
natural rubber (NR), epoxidized natural rubber 
(ENR), ethylene propylene diene monomer rubber 
(EPDM), and chloroprene rubber (CR), among other 
thermoplastics (polypropylene (PP), polyethylene 
terephthalate (PET), nylon 6, polymetylmetacrylate 
(PMMA), polycarbonate, etc.) and polymer blends 
[59].  

By melting together acrylonitrile butadiene rubber 
(NBR) and organoclay (OC) in polystyrene, 
acrylonitrile butadiene rubber/clay nanocomposites 
are produced. The cationic surfactants bromododecyl 
hydroxyuronium and 1, 12-dibromododecyl 
hydroxyuronium have been used to create clay 
formations. Separate colloidal suspensions of each 
organoclay in toluene are combined with polystyrene 
to create two distinct types of polystyrene-organoclay 
composites. The created polystyrene organoclay PS-
OC composites were studied and assessed using 
TEM, X-ray diffraction (XRD), and Fourier 
transform infrared (FTIR) spectroscopy. The results 
demonstrated the formation of intercalated and 
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partially exfoliated polystyrene organoclay 
composites. For the PS-OC (6 phr) included in NBR 
compound as comparedto unfilled NBR, the 
rheometric characteristics investigation shows an 
increase in minimum and maximum torque with an 
increase in cure rate index (i.e. faster cure times). 
When comparing NBR/PS-OC1 composites to 
NBR/PS-OC2 composites at the same loading ratio, 
this effect is more significant, demonstrating the 
reinforcing effect of clay on these composites' 
mechanical properties. Compared to compounds 
filled with PS-OC2, those filled with PS-OC1 have 
higher tensile strength, less elongation at break, and a 
higher Young's modulus. The rheometric 
characteristics analysis for the PS-OC (6 phr) added 
to the NBR compound in comparison to unfilled 
NBR reveals an increase in minimum and maximum 
torque with an increase in cure rate index (i.e. faster 
cure times and scorch). This effect is stronger when 
comparing NBR/PS-OC1 composites to NBR/PS-
OC2 composites at the same loading ratio, 
illuminating the reinforcing impact of clay on the 
mechanical properties of these composites. 
Compounds filled with PS-OC1 have a greater 
Young's modulus, lower elongation at break, and 
better tensile strength than those filled with PS-OC2. 

9.1- Nanoparticle preparation [61–63] 

Because a layered silicate and polymer may not 
physically combine to create a nanocomposite, 
nanoparticles obtained from natural resources 
typically require treatment. In this work, a separation 
into different phases occurred. Weak thermal and 
mechanical qualities result from the inorganic and 
organic components, poor physical interaction. In 
contrast, the organic and inorganic phases are 
scattered at the nanoscale scale as a result of 
significant interactions between the layered silicate 
and the polymer nanocomposites. Nanocomposites 
hence have distinctive higher characteristics than 
traditional composites. Simply because there isn't an 
atomic size combination of the reactants, standard 
procedures cannot be used to manufacture or treat 
solids of nanoparticle size. In order to solve this 
issue, atomic scale reactant mixing is accomplished 
by all alternative techniques, including hydrothermal, 
sol-gel, chemical vapor deposition, and microwave, 
in gaseous, liquid, or even solid phases. Almost all of 
these are low temperature methods; high temperature 
final firing, particularly for ceramic-type items, may 
be necessary. 

1-Thermochemical synthesis 
Typically, closed vessels are used for 

hydrothermal reactions. The reactants are suspended 
or dissolved in a small volume of water before being 

put to acid digestion reactors or autoclaves. Reactants 
those are often difficult to dissolve and precipitate 
under hydrothermal conditions. 
 
2- Synthesis of Sol Gel 

Sol gel synthesis is a very effective alternative 
method for making alloys. nanocrystalline elemental 
and composite powders. At considerably lower 
pressures and temperatures, nanocrystalline particles 
may be combined. 
 

3- A complicated polymerized technique 

Numerous ceramic oxides have been prepared 
utilising the wet chemical procedure based on the 
polymeric precursor of the Pechini process. The 
method has various benefits for processing ceramic 
powders, including precise control and direct 
stoichiometry, homogeneous molecular mixing of 
many components, and accuracy. 
 
 4-Deposition of chemical vapor 

Chemical vapor deposition, or CVD, is the 
process by which a solid results from a chemical 
reaction that occurs in the vapor phase on a heated 
surface. Coatings, fibers, monolithic components, and 
powders can all be created with this multiethnic 
process. 

 

5-Infrared synthesis 
Recently, microwave sintering and ceramic, many 

people are interested in heating. Microwave 
processing has many different applications, including 
food processing, pharmaceuticals, and chemical 
processes. Dielectric characterization, microwave 
material interaction, novel material development, 
microwave equipment design, sintering, joining, and 
modelling are major research areas in microwave 
processing for ceramics. Coils and carbon nanotubes 
are created in a microwave chemical deposition 
device. It includes a microwave magnetron as well as 
a circulator, cavity, waveguide, and four stub tuners.  
 

6-Processes for high-energy ball milling 

For a very long time, size reduction has been 
performed prior to ball milling in many different 
sectors. High energy ball milling methods have 
recently been used to successfully manufacture 
materials with unique characteristics and 
microstructures. Three terms mechanical milling 
(MM), mechanical alloying (MA), and 
mechanochemical synthesis are typically employed to 
designate the behavior of powder particles during 
milling, despite the fact that other expressions 
describe high energy ball milling operations that have 
been used. High energy ball milling procedures have 
some intrinsic advantages over other processing 
methods, including scalability, exceptional 
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adaptability, and cost efficiency. As a result, high 
intensity ball milling processes are ideal for 
producing a huge amount of nanomaterial. 

 

9.2- Types of nanomaterials 

According to the number of diameters of the scattered 
particles in the nanometer range, three types of 
materials can be separated [64] as follows: 
(1) Isodimensional nanofillers are created when the 
three dimensions are on the nanoscale scale. 
Examples of nanoparticle fillers include silica, 
aluminum oxide, titanium dioxide, zinc oxide, silicon 
carbide, and carbon black. Spherical silica 
nanoparticles can be produced via in-situ solgel 
techniques or by polymerization that is stimulated 
directly from their surface.  

 
(2) An extended structure results when the third 
dimension is greater and two dimensions are less than 
a nanometer. Examples include carbon nanotubes 
(CNT), carbon nanofibers, cellulose whiskers, gold or 
silver nanotubes, boron nitride tubes, and boron 
carbon nanotubes. They have undergone significant 
research as reinforcing nanofillers to produce 
materials with outstanding characteristics. 

 
(3) In the nanoscale range, the third category of 
nanocomposites can be distinguished by just one 
dimension. Here, the filler is found in sheets with 
thicknesses between one and a few nanometers and 
lengths between hundreds and thousands of 
nanometers. The term "nanoplatelet based 
nanocomposites" can be used to group together this 
class of composites. 
 Examples of layered nanofillers include layered 
double hydroxides, layered graphite flakes, and 
layered silicates. These composites are referred to as 
polymer layered silicate nanocomposites (PLSNs) or 
polymer clay nanocomposites (PCNs) and are made 
of layered silicates and clays. The principal 
reinforcing action of the fillers is greatly influenced 
by their surface functional groups, aggregate 
structure, and average particle size. Filler is often 
encapsulated in a polymerized media in polymer/clay 
nanocomposites [65].  
 

9.3- Nanoclay's structural makeup 

 
This new class of material has better properties than 
conventional composites because it disperses at the 
nanoscale in a polymer matrix. Similar to the 
dispersion of particles in liquid, the total dispersion 
or exfoliation of the clay layers in themonomer or 
polymer may include up to three processes. The clay 
tactic's surface is first wetted with monomer or 
polymer particles. The next process is intercalation or 

infiltration of the monomer or polymer, and the 
exfoliation of the clay layers occurs after that. The 
first and second phases are governed by 
thermodynamics, and the third step's size is 
determined by mechanical and reaction driving 
forces. As shown in Figure (6), three different types 
of polymer composites may emerge depending on the 
strength of the interfacial contacts between the 
polymer matrix and the silicate layers. Poor 
mechanical qualities are the result of the clay 
tactoids' original aggregated state in typical 
composites, which have nanolayers piled face to face 
without any polymer intercalation. A few molecular 
layers of the polymer penetrate the clay in the case of 
intercalated polymer clay nanocomposites. Finally, 
individual nanolayers are separated in a continuous 
polymer matrix by an average distance that depends 
on the clay loading in exfoliated polymer clay 
nanocomposites. Exfoliated nanocomposite clay 
content is often lower than intercalated 
nanocomposite clay content, as shown in in Figure 
(6). Due to the high degree of dispersion and large 
interface area between clay and polymer, exfoliation 
is more appealing for improving certain material 
properties [54,  
66]. 

Fig. (6): Layred silicate in (a) conventional 

composites,(b) Intercalated nanofiller and (c) 

exfoliated nanofillers 
 

The nanoparticle dispersion and adhesion at the 
particle-matrix interface have a significant impact on 
the mechanical properties of nanocomposites.Without 
appropriate dispersion, the mechanical properties of a 
nanomaterial cannot be enhanced over those of 
conventional composites and the mechanical qualities 
of a nanomaterial with poor dispersion may even 
deteriorate [67]. Additionally, by strengthening the 
connection between the matrix and the particle at the 
interface, one can modify the overall composite's 
characteristics in a manner similar to that which 
occurs in macrocomposites. For instance, good 
interface adhesion will improve the resistance to 
fatigue, delamination, interlaminar shear strength, 
and corrosion. 
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9.4- preparing nanocomposites  

For the production of layered silicate 
nanocomposites, a significant breakdown of the clay's 
layered structure and thorough dispersion of the 
resulting platelets throughout the polymer matrix are 
required. Strong interfacial interaction between the 
clay and polymer matrix to generate the required 
shear forces for processing. Three common methods 
are used to incorporate nanofillers into polymers to 
produce nanomaterials [68].  

1) In-situ polymerization: During this process 
polymerization phase, Nanofillers are immediately 
introduced to the liquid monomer. It is a very 
practical processing method that makes it possible to 
create composites offering great miscibility with 
practically any type of polymer and high nanoparticle 
loading. The production of thermally unstable and 
soluble polymers that cannot be processed through 
melt or solution requires the use of this approach in 
particular. Radiation, heat, or an appropriate initiator 
can all be used to drive the polymerization reaction. 
 

2) The solution technique, which involves 
incorporating nanofillers into a polymer solution 
using solvents including toluene, chloroform, and 
acetonitrile, integrates the polymer and filler 
molecules. Because using solvents is not 
environmentally friendly, the two methods for 
making nanomaterials that are most frequently used 
are melting processing and in-situ polymerization.  
 

3) When a polymer is processed using an 
extruder, an injection molded, or another processing 
tool, the process is known as melt compounding, 
nanofillers are processed into the polymer at the same 
time. Shear forces are used to press the filler (clay) 
and polymer pellets together in order to aid 
exfoliation and dispersion. 

 

10- Nanotubes of carbon 

In 1991, Iijima made the discovery of carbon 
nanotubes (CNTs). They have distinctive physical 
properties, a number of techniques, such as chemical 
vapor deposition, arc discharge, and laser ablation; 
can be used to create CNTs. Despite conflicting 
claims in the literature about the precise 
characteristics of CNTs, certain findings have 
revealed extremely high elastic moduli and strengths 
[69]. In addition to their exceptional mechanical 
qualities, they also have great electrical and thermal 
qualities. They are thermally stable in a vacuum up to 
2800 °C. They have dielectric current carrying 
capacities that are roughly 1000 times greater than 
copper wires and thermal conductivities that are 
roughly twice as high as diamond. 
Consider a carbon nanotube as a sheet of graphene 
that has been rolled up into a tube. Concentric single-

walled carbonnanotubes (SWCNTs), which make up 
multi walled carbon nanotubes (MWCNTs), can have 
one or more walls (SWCNTs). The schematic for 
CNTs is shown in Figure (7). 
 

 
Fig. (7): Schematic of carbon nanotubes 

 

It has been demonstrated that the helicity and 
diameter of carbon nanotubes significantly affect 
their electrical conductivity [68].  
CNT dispersion in rubber materials is still difficult 
because of the potential for CNTs' high aspect ratio 
and the high viscosity of rubbers to become 
entangled. Although CNT-reinforced rubbers have 
been the subject of significant research, the overall 
performance of these rubber nanocomposites 
currently falls short of expectations [70–75]. After 
the creation of the CNT-reinforced rubber composites 
using rubber suspension and the spray drying process, 
the performance of these powder rubber 
nanocomposites was enhanced [76, 77]. In order to 
conduct further research on the production and 
properties of solid rubber nanocomposites in bulk, a 
two-roll mill was used to assist the solvent mixing. 
The developed rubber composites possessed several 
great characteristics, and practical results were 
obtained. 

 
11- Nanoparticle surface modification  

To enhance the mechanical, physical, and other 
properties of polymer nanocomposites, all 
nanoparticles in the matrix must be distributed 
equally and chemically or physically linked to the 
matrix [78-80]. To achieve this, a wide range of 
tactics, including both physical and chemical ones, 
have been used, such as surface-modifying 
nanopatristicles, using coupling and compatibilizing 
agents, using grafting agents, and more. Surface 
treatment of fillers, which increases the interfacial 
contacts between the fillers and polymer matrix, is 
frequently the source of the development of surface 
functional activity on the filler surface. 

 
12- Nanomaterial characterization and 

characteristics 

There is a noticeable improvement when 
comparing the mechanical and material properties of 
nanocomposites to those of pure polymers. 
Improvements include a higher modulus, improved 
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strength and heat resistance, decreased gas 
permeability, and decreased flammability [70, 75]. 
These improved features are mostly due to the 
increased interfacial interaction between the matrix 
and nanofillers in nanocomposites. These qualities 
lead to the development of fire resistance, gas barrier, 
thermal stability, and degradation. Because of their 
superior mechanical behaviors and greater aspect 
ratios, nanomaterials are regarded as the top 
reinforcement for increasing features. Different 
methods can be used to characterize composites, 
nanofillers, and nanocomposites, including 
transmission electron microscopy (TEM), X-ray and 
neutron diffraction, dynamic infrared spectroscopy, 
atomic force microscopy (AFM), differential 
scanning calorimetry, small angle neutron scattering, 
tensile tests, etc. [71, 74, 76, 78]. 

Numerous experiments have already been 
conducted to reinforce rubber with various kinds of 
nanofillers. This section's goal is to review the 
research that has been published in the literature and 
to provide a quick summary of the experimental work 
that has been done on the topic so far. Kaushik et al. 
[81] produced blends of high styrene rubber (HSR) 
and natural rubber (NR) with nano silica in the 
presence of several types of carbon black. The impact 
of filler on morphological and wear parameters was 
studied. The type of carbon black utilised in ISAF 
(Intermediate Super Abrasion Furnace) has shown a 
substantial impact on the optimal cure time, cure rate 
index, and mechanical properties by reacting at the 
interface between the HSR and NR matrix. The fact 
that just one melting peak could be identified on the 
DSC curve for all of the samples may be due to the 
carbon black and matrix supporting each other's 
structural integrity. In samples with 30 wt% HSR and 
ISAF type carbon black, less swelling, a lower 
compression set value, and a greater maximum heat 
build up were noted. Blends containing 30 weight 
percent HSR and ISAF-type carbon black showed 
exceptional abrasion resistance. Polyvinyl chloride 
(PVC) and acrylonitrile butadiene rubber (NBR) were 
mixed in various ratios. The properties of PVC/NBR 
blends were examined using the solution casting 
process in relation to different concentrations of 
nanosized filler (copper and graphite). The results of 
the mechanical properties show that the elongation at 
break in the (PVC/NBR) blends increases with 
increasing NBR content, however the tensile strength 
values in all composites decrease as filler 
concentration increases. The dielectric properties of 
these materials were investigated using broadband ac 
relaxation spectroscopy at a temperature of 25 °C and 
a frequency range of 0.01 Hz to 10 MHz. It was 
discovered that, increasing the content of both fillers 
had an impact on the conductivity and dielectric 

characteristics. The nano composite of PVC/NBR 
(50/50) packed with 5% copper is classified as a 
semiconductor-type material based on conductivity 
values [82]. 

In an effort to significantly enhance the 
performance of rubber materials, Sui et al. [83] 
attempted to create carbon nanotube (CNT) 
reinforced rubber composites. The natural rubber 
(NR)/CNT nanocomposites were made by solvent 
mixing on the basis of CNT pretreatment. The 
addition of the characteristics, mechanical properties, 
rolling resistance, and bound rubber content were all 
examined in relation to the produced compounds. The 
best graphene concentration for vulcanization process 
is 2.5 phr, demonstrated superior qualities. The Payne 
effect was seen in the vulcanizates sample at low 
strain measurements, demonstrating the impact of 
graphene's replacement for carbon black.  The 
relationship between the modified graphene and the 
elastomer was demonstrated by the rise in bound 
rubber content and elongation at break for 
formulations with graphene replacement. 
Additionally, analysis of the samples using 
measurements from micro computed and scanning 
electron microscopy, it was discovered that fillers 
were distributed more evenly throughout the 
formulations. Additionally, it is discovered that the 
graphine compounds decreased rolling resistance 
indicates a reduction in hysteresis.   

Heat conductivity and mechanical characteristics 
of a hybrid multi-walled carbon nanotube/silicon 
carbide (MWCNTs/SiC) reinforced thermoplastic 
natural rubber (TPNR) nanocomposite were studied. 
TPNR was produced utilising a volume ratio of 
70:20:10 of polypropylene, liquid natural rubber 
(NR), and natural rubber (NR). The Young's 
modulus, tensile strength, storage, and loss moduli of 
the nanocomposites with a single filler of MWCNTs 
or SiC were higher than those of virgin TPNR. The 
composite's composition of 1.5 weight percent SiC 
and 1.5 weight percent MWCNTs led to the greatest 
improvements in these properties. Additionally, the 3 
wt% SiC-reinforced nanocomposite sample 
outperformed the pure sample and the other 
reinforced nanocomposite samples in terms of 
thermal conductivity and specific heat capacity, as 
determined by the laser flash method. According to 
these findings, SiC and MWCNTs make excellent 
percolated networks of hybrid reinforcement fillers to 
achieve the best thermal and mechanical properties in 
the TPNR matrix [89].  

Lianshi et al [90] used latex CR231 as the raw 
rubber material, polymeric resin as the coating resin, 
and high abrasion furnace black (HAF, grade N330) 
[P (CR231/HAF] as the reinforcing filler to 
manufacture nonsulfur modified powdered 
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polychloroprene rubber. The effects of coating resin 
and dispersing agent content on carbon black's 
contact staining and dispersion characteristics in [P 
(CR231/HAF)] were examined. The results showed 
that the level of carbon black contact can be 
successfully decreased by coating resins and 
dispersing agents. By combining the dispersing agent 
and HAF at a ratio of 0.12 or 0.1, one can create 10 
phr coating resin and [P (CR231/HAF)] without 
contact staining. [P(CR231/ HAF)] particles include 
free carbon black bits both on the outside and 
interior. According to investigations of the surface 
energy spectrum and scanning electron microscopy. 
Contact staining can be successfully removed.  
  

Zhang and his colleagues [91] selected a novel 
nanomagnesium hydroxide powder and three 
different types of micro-Mg (OH)2 with varying 
particle sizes as fillers and combined them with 
ethylene propylene diene monomer rubber (EPDM) 
to create a group of composites using a conventional 
rubber processing method. The results showed that 
the mechanical properties of the composites were 
enhanced by reduced particle size. The 
nanocomposites were substantially stronger than the 
microcomposites, supporting the need for 
nanoreinforcement in rubber reinforcement. 
In comparison to microcomposites, nanocomposites 
showed improved fire resistance. 

Surface modification of the particles occasionally 
significantly improved the mechanical properties of 
nanocomposites; however, neither the mechanical 
properties of microcomposites nor the fire resistance 
or flame retardance of nanocomposites were 
impacted. The nitroglycerin and triacetin barrier 
properties of layered silicate reinforced (EPDM/CR) 
nano rubbers were investigated as rocket propellant 
inhibitors. 

Melt compounding was used in the formulation 
and manufacture of EPDM/CR nanorubbers with 
intercalated structures. Triacetin permeability and 
nitroglycerin absorption were observed to decrease 
with increasing layered silicate concentration. 
The stacked silicates further increased the flame 
retardancies of the nano rubbers by resulting in 
carbonaceous chars reinforced with silicates. The 
consumption of rocket propellant may be avoided by 
using layered silicate reinforced EPDM/CR nano 
rubbers [92]. 
 

Epoxidized natural rubber-alumina nanoparticle 
composites were made by Noraiham et al. [93]. For 
consistent 10 phr filler loading, the compounding 
melt features an internal mixer. The computed 
optimal values of the tested variables with the highest 
impact strength, with predicted impact strength of 
208.88 J/m, were determined to be rotor speed of 60 

rpm and mixing period of 6 min. The actual impact 
strength was found to be just 3.33% off from the 
predicted value of 215.84 J/m. 

 
Rugmini and Menon [94] modified china clay 

(kaolin) by using sodium salt of rubber seed oil 
(SRSO). According to XRD examination, the spacing 
between kaolin platelets in the unmodified and 
SRSO-modified samples rose from 7.15 to 14. FTIR 
spectroscopy suggests that the organic component of 
(RSO) may have been grafted onto the clay surface. 
According to DTA of the SRSO, the modified kaolin 
SRSO was more firmly bonded in a constraint 
environment within the kaolin lamellae. In 
comparison to mixture comprising unmodified 
kaolin, it was found that a natural rubber (NR) 
mixture containing 10 phr of modified kaolin. Using  
SRSO cured faster. The potential of the substance as 
organ modified nanofiller was shown by the greatly 
improved tensile strength, tensile modulus, and 
elongation at break of NR vulcanizates containing 
modified kaolin. 
 

Yehia et al. [95] created nanocomposite materials 
from rubber and natural montmorillonite clay (MMT) 
via a cation exchange method involving MMT's Na+ 
ions and the rubber's ammonium cations from amine-
terminated butadiene acrylonitrile. The clay layers 
are structured as nanosized layers, and the d-spacing 
clusters are significantly larger, according to the 
TEM and SEM data. As uniformly as feasible, the 
produced rubber MMT material was added to the 
matrices of NBR, SBR, and NR as a reinforcing 
agent in concentrations up to 12 phr (10%(. CBS/S 
vulcanized the rubber that had been synthesized. The 
rubber vulcanizates' physical and mechanical 
characteristics were estimated. It was found that in 
natural and synthetic rubber vulcanizates, the 4 phr 
rubber MMT nanocomposites are comparable to 40 
phr of carbon black (HAF).  

 
Four different rubber types, including styrene 

butadiene rubber (SBR), natural rubber (NR), 
butadiene rubber (BR), and ethylene-propylene diene 
methylene, were combined with one type of 
nanokaolin (NK) powder. This powder has 
measurements of 300-500 nm in average diameter, 
20-50 nm in average thickness, and 32 m2/g specific 
surface area (EPDM). To evaluate the effects, 
comparisons between the effects of reinforcing and 
precipitated silica were made (PS). The results 
showed that NK might considerably enhance the 
vulcanizing procedure by reducing the cross-linked 
rubbers optimal cure time (t90) and increasing their 
setting up time (t10). This promotes manufacturing 
output and operational safety. The rubber composites 
that contain nanokaolin exhibit good mechanical, 
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elastomeric, and thermal stability properties. The 
modulus and rip strength of the rubber/NK 
composites are inferior to those of materials 
containing precipitated silica, but their tensile 
strengths are equivalent to those of rubber/PS 
composites. The NK sheets are equally dispersed 
throughout the rubber matrix and are placed in 
parallel, according to microstructural analysis. The 
excellent processability, thermal stability, and 
mechanical characteristics of these rubber composites 
are a result of the strong interfacial contacts between 
the rubber chains and NK [96]. 

Organophilic kaolinitic black shale was produced 
by combining natural kaolinitic black shale with cetyl 
trimethyl ammonium bromide (CTAB C16) as a 
surfactant. It was described using transmission 
electron microscopy, X-ray diffraction, and Fourier 
transform infrared spectroscopy. utilising the acrylic 
acid modifying agent, the organophilic kaolinitic 
black shale can be more evenly distributed 
throughout the rubber matrix. The ethylene propylene 
diene monomer received additions of modified 
organophilic kaolinitic black shale in various ratios. 
Exfoliated nanocomposites were found in the 
modified orga nophilic kaolinitic black shale's 
dispersion, which was confirmed by SEM and X-ray 
diffraction studies. After being filled with kaolinitic 
black shale, the elastomeric material was investigated 
utilising thermal gravimetric analysis and its 
physicomechanical properties. The nanocomposites 
showed appreciable improvement in terms of 
Young's modulus, tensile strength, elongation at 
break, and hardness. The use of modified 
organophilic kaolinitic black shale was also found to 
boost thermal stability [97].  

The creation of nanocomposites using the 
materials ethylene-propylene terpolymer rubber 
(EPDM), chlorobutyl rubber (IIR-Cl), and 
organically modified montmorillonite (OMMT) was 
looked into. A mixture of 0, 3, and 6 phr (part per 
100 parts of rubber) OMMT were done. They were 
combined properly for 11 minutes at a high 
temperature in a Plastic Corder Brabender internal 
mixer after being received by melt intercalation. On a 
laboratory mill, the curing components were 
embedded for five minutes at a friction ratio of 1:1.1 
and a temperature range of 70 to 100 oC. Rubber 
specimens were created by compressing rubber 
samples using a hydraulic press at 300 KN of 
pressure and 165 oC. The Monsanto rheometer was 
used to determine the cure time, which decreases 
with increasing amounts of OMMT in the mixtures. It 
was demonstrated that mixes containing OMMT also 
have superior physico-mechanical properties. Rubber 

space application seals could be made with these 
types of nanocomposites [98]. 

Zhou et al. explored silicon nitride (Si3N4) 
reinforced vinyl end-blocked polymethylsiloxane 
either alone or in conjunction with silicone carbide 
whisker (SiCw). When compared to fillers that only 
used one particle size, silicone rubber that contained 
50 vol% hybrid Si3N4 particles of various sizes at an 
ideal weight ratio displayed the highest thermal 
conductivity, according to the findings [99]. In 
addition, when combined with SiCw at a weight ratio 
of 9:1, hybrid Si3N4 and SiCw presented composites 
with higher thermal conductivity due to filler 
structure in hybrid fillers, as well.  The surface 
modification of the hybrid fillers with 3-
methacryloyloxy-propyltrimethoxysilane lowered 
coefficient of thermal expansion (CTE) and improved 
heat conductivity of the composites. Since the sizes 
and dispersion of filler particles have a significant 
impact on the packing fraction, hybride fillers with 
various sizes at a preferred weight ratio may improve 
the packing volume fraction of filler in the matrix. 
This is due to the fact that smaller particles can easily 
occupy spaces than the larger particles cannot in the 
continuous matrices as shown in Figure ( 8 ). 

 

 
 

Fig. (8): Model for packing particles of varying 

sizes 
 
Rubber mixtures have been searching for qualities 

that fall between two rubber matrices. On the other 
hand, polymer clay nanocomposites' low gas 
permeability and remarkable mechanical properties 
have attracted the attention of several researchers, 
and experimental results are provided in a substantial 
amount of patents and papers. Only 10% of clay 
particles with a diameter less than one nanometer are 
present in polymer-clay nanocomposites, a novel type 
of mineral-field polymer. In this study, organically 
modified vermiculite clay (VMT) by quaternary 
alkylammonium in varied amounts (3, 6, 9 and 12 
phr) as the filler and polybutadiene rubber (BR) and 
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ethylene propylene diene monomer rubber (EPDM) 
as the matrix were combined to create new 
nanocomposite materials. The rubber nanocomposite 
sheets were further characterised using a variety of 
analytical techniques, including the X-ray 
diffractometer (XRD), transmission electron 
microscopy (TEM), Fourier transform infrared 
spectroscopy (FTIR), and study of the mechanical 
properties [100]. 

 
Four quaternary monomers of ammonium salt 

were synthesised from N, N-dimethylaminoethyl 
methacrylate and polymerized to produce cationic 
polymers. The generated monomers and polymers 
were characterised using proton nuclear magnetic 
resonance (1H NMR) spectroscopy and Fourier 
transform infrared (FTIR). The generated polymers' 
molecular weights were determined using gel 
permeation chromatography. The solution 
intercalation method was used to make the 
polymer/clay nanocomposites. Then, high-resolution 
transmission electron microscopy, X-ray diffraction, 
FTIR, energy dispersive X-ray, and 
thermogravimetric analyses were used to analyse 
them. These investigations proved that the 
nanocomposites of polymer and clay have an 
intercalated structure. Researchers investigated the 
effects of temperature and frequency on the dielectric 
properties of the polymer/clay nanocomposites. 
[101].  

 

Poly(N, N-dimethylaminoethyl 
methacrylate)/clay nanocomposites were made 
utilising an in-situ bulk polymerization process. N,N-
dimethylaminoethyl methacrylate (DMAEMA) was 
alkylated with hexyl bromide to produce quaternary 
ammonium salt using the organomodification of the 
clay technique. Bulk polymerization procedures were 
used to form the nanocomposites after the organoclay 
was dispersed in the DMAEMA monomer at 
concentrations of 1, 3, and 5 wt%. The created 
nanocomposites were characterised by Fourier 
transforms infrared, X-ray diffraction (XRD), high-
resolution transmission electron microscopy, and 
thermogravimetric studies. According to the XRD 
measurements, the polymer/clay nanocomposites 
have an exfoliated structure. Additionally, research 
was conducted on the mechanical, optical, and 
dielectric properties. The percentage of transparent 
produced polymer (PDMAEMA) film fell to 80% for 
PDMAEMA/clay (5 wt%). The optical bandgap of 
the films was measured, and they showed a 
permissible indirect transition. The dielectric 
properties of polymers and polymer nanocomposites 
have been discussed [102]. 

 

Using the solution intercalation method with low 
and high molecular weight 
poly(diallyldimethylammonium chloride, or 
PDADMAC), at ratios of 0.5, 1, and 2 times the 
clay's CEC, the cation exchange capacity (CEC) of 
sodium bentonite clay was altered. The created 
hybrids were characterised using X-ray diffraction, 
Fourier transform infrared spectroscopy, high-
resolution transmission electron microscopy, 
differential scanning calorimetry, and 
thermogravimetric studies. PDADMAC/clay 
nanocomposites' intercalated structure was made 
clear by the investigation's findings. Additionally, the 
outcomes showed that the nanocomposite containing 
high molecular weight PDADMAC at a concentration 
one time the CEC of the clay had the greatest thermal 
stability among the produced nanocomposites and the 
most intercalated structure. Calculating and disputing 
the values of the real (1) and imaginary (2) sections 
of relative permittivity were necessary for the study 
of the room temperature dielectric properties as a 
function of frequency. Higher values of e1 and e2 are 
obtained by using PDADMAC with a high molecular 
weight. As polymer concentration is increased, the 
values of e1 and e2 are influenced toward lower 
values [103]. 

 
Optically, dielectrically, and mechanically, cast 

films made of poly methyl methacrylate (PMMA) 
filled with Mg1xCuxO, 0.05xCuxO, and 0.2mm thick 
were studied. The structures of the produced powder 
and films were investigated using X-ray diffraction 
(XRD). The observed pattern reveals a cubic phase 
structure in the Mg1xCuxO powder and films. 
Fourier transform infrared (FTIR) spectra were used 
to confirm the inclusion of Mg0.9Cu0.1O 
nanoparticles into the PMMA. The morphology of 
the nanocomposite films was examined using field 
emission scanning electron microscopy (FESEM).  In 
the PMMA matrix, it was possible to produce 
specific clusters and an excellent dispersion of 
Mg1xCuxO nanoparticles. The optical properties of 
the produced nanocomposite films were evaluated 
using UV-Vis technology. The absorption coefficient, 
optical energy band gap, extinction coefficient, and 
refractive index of the cast films were calculated. The 
results revealed an increase in the absorption 
coefficient, extinction coefficient, and refractive 
index as well as a decrease in the optical energy band 
gap as the amount of Cu in the PMMA matrix 
increased. The mechanical properties have gotten 
better. The micro hardness increases as the Cu 
content increases before dropping up to x = 0.15 
wt%. The tensile strength was measured and raised 
from 23.87 to 43.30 MPa when the Cu content was 
increased till x = 0.10. After that, it got smaller. 
Finally, whereas dielectric loss (ε ′′) and permittivity 
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(ε ′) decreased with frequency but remained almost 

constant at higher frequency ranges. When the Cu 
content rose. In order to appreciate the conduction 
process in the nanocomposite films that were 
presented, the AC conductivity was also measured. 
As the Cu concentration in the PMMA matrix rose, 
the anticipated dc conductivity rose as well [104]. 

 
 In samples of nitrile butadiene rubber, cobalt-

zinc (Co-Zn) ferrite nanoparticles (Co1xZnxFe2O4, 
where x 14 = 0, 0.2, 0.4, 0.6, 0.8, 0.9, 0.95, and 1) 
were added (NBR). The structure and morphology of 
Co-Zn ferrite nanoparticles were examined using 
Fourier transform infrared (FTIR) spectroscopy, X-
ray diffraction, and transmission electron 
microscopy, while the structure of Co-Zn nanoferrite 
filled NBR composites was examined using FTIR 
spectroscopy and scanning electron microscopy. The 
influence of ferrite content on cure parameters, 
mechanical properties, and hardness showed 
improvements of up to x14 0.8.The dielectric 
characteristics of ferrite were enhanced [105]. 

 
High temperature vulcanised silicone rubber 

samples containing Co0.5Zn0.5Fe2O4 ferrite 
nanoparticles were made using a normal conventional 
rubber mixer. The compounds were dry blended 
using two roll mixing mills (outside diameter 470 
mm, working distance 300 mm, speed of slow roll 24 
rpm and fraction ratio of 1:1.4). The structure and 
morphology of Co-Zn ferrite were studied using X-
ray diffraction and transmission electron microscopy 
(TEM). The homogeneity of silicone rubber loaded 
with Co-Zn nanoferrite was evaluated using SEM 
(SEM). On rheological and physical-mechanical 
characteristics, such as tensile strength, elongation at 
break, and Young's modulus, measurements of the 
impacts of ferrite concentration were made. These 
parameters were improved by increasing the ferrite 
load to 8 phr. Every composite sample's hardness 
increased. The samples' electric resistivity declined 
until they were loaded with 8 phr of ferrite before 
increasing with greater ferrite loads, but their 
magnetization increased quickly at high ferrite 
concentrations. Discussion and interpretation of these 
results took into account the morphology and 
numerous interactions between the phase of ferrite 
and rubber matrix. Comparisons between the 
acquired results and those in the literature [106] 
revealed that the values of the measured qualities in 
this inquiry were superior.  

 

Applications 
 

⮚ The way to stop radiation leakage, gaskets 
built of electrically conductive rubber 

composites have garnered a lot of interest. 
By adding conductive filler to a rubber 
matrix, conductivity can be increased. The 
insertion of conductive fillers into polymer 
matrix to produce conductive materials is 
the most cost-effective method of producing 
conductive materials. The system's 
conductivity is increased by the inclusion of 
metal in the form of powder, flake, and fibre 
in a rubber matrix. Conductive fillers such 
as conductive carbon black, polyaniline, 
boron carbide, nickel fibre, and ferrite 
particles were mentioned. Concurrent fillers, 
on the other hand, are utilised to give sticky 
electrical conductivity [107]. 
 

⮚ The best thermal interface materials need to 
have high thermal conductivity and a low 
coefficient of thermal expansion. The 
material must also be flexible enough to 
bend when lightly contacted by all uneven 
mat surface areas. In order to solve the 
thermal management issue, it is believed 
that rubbers filled with thermal conductivity 
filler are a beneficial solution. To produce 
high performance thermal conductive, it has 
been primarily desired to include strong 
thermal conductivity ceramic fillers into 
rubbers due to the elastomeric thermal pad's 
poor thermal conductivity [108]. 

⮚ Recently, conductivity and tensile strength 
have improved due to the application of 
coupling agents.This is because coupling 
agents encouraged particle wetting and 
dispersion within rubber, which reduced 
interfacial thermal barriers [109,110]. 

⮚ The best fillers for tire tread compounds 
have high interactions between rubber and 
fillers and low interactions between fillers 
and fillers. Higher abrasion resistance is 
guaranteed by the former and reduced 
hysteresis or rolling resistance is required by 
the latter. A new class of filler material 
called "carbon-silica dual phase (CSD)" has 
been commercialized under the name 
"ECOBLACK" and promises to provide the 
best balance of these qualities based on this 
goal. The novel filler is made of finely 
distributed silica phase in the carbon phase 
rather than the customary 90–99% elemental 
carbon found in traditional carbon black. 
The main properties of the novel material 
are a high polymer-filler interaction and a 
low filler-filler interaction, according to 
Sattayanurak et al. [111]. 
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⮚ Silica is often used as reinforcement in 
today's fuel-efficient tires because it 
produces superior wet traction and lower 
rolling resistance than carbon black-filled 
alternatives. The addition of hybrid fillers, 
also known as secondary fillers, to silica 
reinforced tread compounds has the 
potential to greatly improve tire 
performance. Two secondary fillers were 
added to silica-based natural rubber 
compounds in the current study at a 
silica/secondary filler ratio of 45/10 phr. 
These fillers included carbon black N134 
and organoclay nanofiller. In accordance 
with the standard mixing procedure for 
silica-filled on NR systems, the compounds 
were created utilizing a variety of mixing 
temperatures. The silane coupling agent's 
silica hydrophobation and coupling reaction 
with silica and rubber were shown to be 
significantly influenced by the organoclay's 
modifier, an organic ammonium derivative, 
the Payne effect, Mooney viscosity, cure 
behavior, and mechanical properties results. 
When carbon black was employed as 
additional filler, these tendencies were not 
present in the compounds. The poorer 
performance of the filler dispersion as 
compared to the pure silica-filled material is 
due to the large specific surface area of the 
carbon black and the excessively high 
mixing temperature. Dynamic properties 
revealed that the addition of carbon black to 
silica-filled NR had no impact on the 
properties, however the application of 
organoclay as secondary filler was able to 
increase rolling resistance and wet traction 
of a tire tread [112,113].  

⮚ Nowadays, a variety of uses for 
nanomaterials are common, including the 
production of household items, electrical 
equipment, building materials, automobile 
parts, and aerospace products. A mixture of 
more than one material is required to 
produce a material that is superior to 
monolithic materials in challenging 
applications, which was partially the result 
of the availability of contemporary 
technology and the necessity for higher 
performance [114–119]. 

⮚ Even rubber/clay nanocomposites have been 
created and show improved characteristics 
[52, 86, 89]. These novel materials have 
much better thermal, mechanical, electrical, 
and optical properties. The stiffness and 
strength, dimensional stability, flame 

retardancy, solvent and UV resistance, and 
reduced gas permeability [120]. 

⮚ Recent research in the field of 
nanocomposites reveals that the current 
emphasis is on thermoset and thermoplastic 
rubbers as well as thermoplastic/rubber 
mixes. For commercial production, direct 
polymerization processes would be required, 
and melt compounding is the most 
promising in this regard. Making organoclay 
and spreading it in the rubber phase at the 
same time is already being attempted. 
Additionally, it is planned to create novel 
organophilic silicates that are "suited" for 
elastomers. The employment of coupling 
agents and organoclays simultaneously, such 
as titanates, silanes, etc. Linking the silicate 
surface through a reaction with the latter's 
hydroxyl groups is a promising way to 
transform clays. To further enhance the 
dispersion of the organoclay during melt 
processing, concentrated master batches 
from commercial clay products would be 
necessary. Overall, the use of nanoclay as a 
reinforcing component in rubber matrices 
presents a great opportunity for the 
development of novel rubber products. In 
order to develop materials with superior 
mechanical, thermal, and electrical 
properties, organoclays can also be mixed 
with other nanofillers, such as carbon 
nanotubes and quantum dots [121,122]. 

⮚ Recently years, carbon nanotubes (CNTs), 
which are produced by rolling graphite 
sheets, have grown in popularity. CNTs 
have mechanical, electrical, and thermal 
properties. CNTs are expected to provide a 
stronger reinforcement effect than other 
nano-fillers when utilised as ideal 
reinforcing fillers in polymer composites 
because of their inherent superior features. 
As a result, CNTs have seen significant 
improvements in mechanical and electrical 
conductivity when used with various types 
of polymers [123–126]. 

 
CONCLUSIONS 

It is obvious that the only locations at which black 
and white fillers exist in nanoobject form are either 
short-lived intermediates during synthesis or 
polymer-bound tiny aggregates. This is based on the 
production and utilisation of these materials. It is not 
physically nor chemically possible to obtain 
individual nano-object shapes during the lifespan of a 
rubber product due to the strength of the bonding 
forces between the individual particles in an 
aggregate and between the polymer and filler in 
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rubber compounds. As a result, nanoobject forms of 
carbon black or amorphous precipitated silica used as 
fillers to reinforce rubber pose no risk to humans or 
the environment. 

It is not anticipated that exposure to carbon black 
and precipitated amorphous silica, in the forms 
employed in the tyre business will have a negative 
impact on health based on the current estimates of 
their toxicity. The effects of various materials, 
especially amorphous silica, can be different from the 
material's nanoscale forms (e.g. mesoporous silica). 
The forms utilised in the tyre industry have only ever 
been available as nanostructured materials since they 
have always been supplied as aggregates and 
agglomerates. 

As a result, the potential consequences of these 
materials' nanoforms have already been covered in all 
prior risk assessments on their use in the rubber and 
tyre industries. Additional control of amorphous 
silica and carbon black based on their designation as 
nanostructure materials is unnecessary given their 
physical properties and what is known about their 
toxicity. Any future development and introduction of 
novel nanomaterials by the tyre industry, as well as 
any potential effects on human health, safety, and the 
environment, will be evaluated in line with all 
applicable chemical substance rules. To ensure safe 
use, the requirement for risk management measures 
will be assessed with the relevant authorities and, if 
necessary, applied throughout the sector. 
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