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Behavior of Materials in the Presence of Particles 
Additive Technique: A Review 

Fares Mohammed Laid Rekbi 

Abstract− Recently, engineers and researchers have been concerned about how to improve the behavior of materials 
used in manufacturing. Ensuring the compatibility of particle, as main constituents with other reinforcement, in 
composites for specific behavior is essential. In this review, we attempt to list the salient features of experimental as well 
as numerical investigation on characteristics composite materials with adding either micro- or nano-particles, which is 
one of the ways to express it. The behavior of composites materials such as mechanical enhanced with different form, 
size, type and nature of particle additives. The bibliography review concludes that it would be important to investigate 
extensively the features of this technique in order to get more discoveries and developments of materials experimentally 
and numerically. Some contributions have identified the research gaps and deduced that the potential application of 
particles as additive agents in composites have not beenmore explored.  
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NOMENCLATURE 

 

I. INTRODUCTION 

The researchers are interested in improving the properties of 
materials where this provides potential opportunities to create 
better industrial and sustainable materials for use in several 
application fields. For example, Lee Byoung-Ho et al. [1] 
demonstrated that the breaking strain and tensile strength of 

natural fiber reinforced composites becomes lower than that of 
the pure PP matrix, this can be explained by both voids and 
the interfacial adhesion fiber/matrix in the composites. These 
reasons make engineers to find solutions to them, such as 
nano or macro particle additions. It has led to great and 
growing interest, both in academia and industry area. To 
achieve the desired technical effect in the final composite, 
what is known as an additive is used, which is incorporated 
into the materials to become an essential part of the final 
material. Composite material reinforced with nano particles, 
also named nanocomposites are being investigated worldwide 
in recent years. Generally These types of materials produce 
with mixture of most than two materials producing new 
material with the nano range dimension [2]. And by 
incorporation of the particle are on a weight basis for the 
advanced composite[3]. From Mohajerani Abbas et al. [4] and 
Venkatesh Nagasarny et al. [5] particles sized in dimensions 
(diameter, with, length and thickness) range of 1 up to 100 
nanometres and ultrafine are defined nanoparticle. The 
nanoparticles (NPs) also are defined as the combination of 
molecules or atoms up to millions and are frequently named 
simply clusters or nano clusters from theoretical point view 
[6]. Venkatesh Nagasarny et al. [5] noted that the metallic 
nanoparticle is important because of their ideal optical, 
magnetic, electrical and chemical properties. The NPs could 
be seen in the nanotube, particles and powder forms, etc. such 
as clay, carbon nano-powder and carbon nano-tubes which are 
the widely used nano-particles [7]. The table 1 is summarized  
the class of NPs which are to organic and inorganic in nature 
[8]. 

 

Table. I  
EXAMPLE OF NANOPARTICLES NATURE 

Organic Inorganic 
Coir nanofiller 
Carbon black 
Cellulosic nanofiller 
Natural particles, etc. 
 

Silica (SiO2) 
Titanium dioxide (TiO2) 
Calcium carbonate (CaCO3) 
Polyhedral oligomeric silsesquioxane 
(POSS), etc. 

The huge number of applications of nanocomposites is in 
great and continuous growing at faster rate these days, in 
engineering, medicine and Ultraviolet protection gels and 
anti-corrosion barrier protection … etc.[2], [9]. The use of 
nanoparticles reinforced polymer matrix composite 

PP Polypropylene. 
NPs Nanoparticles. 
MWCNT Multi-walled carbon nanotubes. 
TSP Tamarind seeds powder. 
NS Nanosilica. 
GNPs  
FWP 
CSR 
LVI 
HVI 
SEM 
IT 
FMLs 
CFRP 
GF-SMC 
NFRBC 
NFRP 
MAPP  
Phc 
NDT 

Graphene nanoplatelets. 
Filament winding pipes. 
Core-shell rubber. 
Low- velocity Impact. 
High- velocity Impact. 
Scanning electronic microscopy. 
Infrared thermography. 
Fibers metal laminates. 
Carbon fiber reinforced pipe. 
Glass fiber sheet molding. 
Natural fiber reinforced biocomposite. 
Natural fiber reinforced polymer. 
Malcated polypropylene. 
Per hundred compounds. 
Nondestructive testing. 
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materials (Fig. 1) in engineering application is increasing due 
to their high strength/stiffness to low weight ratio, corrosion 
resistance, ease of fabrication economically efficient 
properties and environmentally friendly [10]. 
 

 

 

 

 

Fig. 1:  Formation of fiber reinforced matrix filled with nanoparticle. 
 
One of the challenge fields that a more study has been carried 
out about them is adding the nanoparticle such as (SiO2) [11]-
[12], nanosilica  [13]- [14], nanoclay [15] -[16], grapheme 
[17]  and grapheme oxide and nanozirconia [18], titanium 
dioxide (TiO2) [19]-[20], matrix filled with cork powder [21], 
Tamarind seeds (TSP) powder [22] into the composite 
materials. The incorporation of the particle by dispersed it in 
the matrix (Fig. 1) [11], coated the fibers (Fig. 2) [23] or a 
direct addition of particle into composite [24]. Very often, 
homogeneous distribution of the nanosized particles is 
problematic and aggregation phenomena is a major subject in 
composite materials having spherical nanoparticles [3]. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2:  SEM observaion (a) and (b) uncoated silk fibers, (c) and (d) SnO 
coated silk fibers with uniform distribution of nanoparticles [32]. 

Recently several papers appear on reinforced composite with 
particles additive based nano or macro particle, with limited 
attention on different behaviors and which parameters 
influenced it that. For example, Shalwan A and Yousif B F 
[25] noted that the mechanical and tribological performance of 
date palm fiber/epoxy reinforced composites DPFERCs get 
improved by graphite particle additive but high weight of it 
deteriorates the mechanical behaviors. The essential aim of 
this study focus on the more understands on the parameters 
influenced on the behaviors of these materials.  

II. APPLICATIONS OF THE NANOCOMPOSITE MATERIALS 

For example, the optimizing and improvement of physical 
properties of functional nanocomposites allow new 
application e.g., in electronics, microocptics, energy 
conversion or  storage [26]. Metallic nanoparticles give wide 
range of application in therapeutic, vehicles for gene and 
biotechnology [5]. In what follows the most potential use in 
construction are presented. The expected benefits of carbon 
nanotubes are mechanical durability and crack prevention in 
concrete makes it competitive for use in construction 
application materials. Also, the titanium dioxide nanoparticles 
TiO2 are added to concrete to improve its properties, is used as 
an excellent reflective coating added to paints, cements and 

windows for its sterilizing properties [27]. In addition to all 
these construction applications may find the nao-SiO2 used for 
increase the compressive strength of concretes by filling the 
pores. In addition to applications, Wu Yingji et al. [28] proved 
the possibility of a new nanocomposite material for 
automotive applications based on ZnO particle addition. 
Presting H and Konig U [29] noted that the automotive 
industry is diverse or manifold with the application on 
nanotechnology by used of nanocomposite materials. Also, to 
fluid transportation application, Di Chengrui [12] 
demonstrated that the used of additives on the filament 
winding structures for this application to produce part such as 
pipe or tube. The use of nano material fiber composites in 
fields of intelligent communication, barrier packaging and 
higher value printing also addressed in study of Kamel S [30] 
he noted that the paper and pulp industry is a material which 
gives an excellent fields for developing nanomaterials. Abd-
Okail Mohamed et al. [31] investigated in the one of the 
recent vital area used in renewable energy field is wind 
energy. They confirmed the possibility to fabricate wind 
turbine blade is used to generate energy with addition the 
nanoparticle in the based composites materials. 

III. WHY PARTICLES ADDITION? 

a. Fiber surface modification: the chemical inert properties 
of carbon fibers surface lead to weak interfacial adhesion 
fibre/resin [33]-[34].  

b. Hydrophilic and hydrophobic nature: the hydrophilic 
property of natural fiber lead to weak interfacial adhesion 
fibre/matrix [8]. 

IV.  NANOCOMPOSITE BEHAVIOR  

Nowadays, a great deal of researches and papers are in 
deployment towards more particles to produce a huge variety 
of nanocomposites. Table 2 listed works on nanocomposites 
and technology of particles with different scale regarding 
several fiber/matrix systems, in addition to various including 
(pipe, laminate, Prosthetic composite and biaxial braider, etc.). 
Also, to various architectures of fiber (Unidirectional, Long, 
Short or Weave, etc.), (Synthetic or Natural) and to system of 
reinforcement (Hybrid or Nohybrid). This addition of particles 
may be nano as previously mentioned or micro size [38]. Fu 
Shao-Yun et al. [42] show that are strongly effect of particle 
size, particle/matrix and particle loading on composite 
materials toughness and strength, especially particle/matrix 
adhesion factor. From literatures, Ebrahimnezhad Khaljiri et 
al. [15] declared that the main objective for adding particles is 
enhancing and improving  the mechanical behaviors of 
composites, enhancing fiber matrix interfacial [18]-[11] and to 
make composites could withstand high impact load and 
improve strength of laminates [7]. Also, improvement the 
properties of composites such as physical and thermal 
properties [8].  To increase the surface roughness on case of 
natural fiber which to provide an additional region for 
interlocking along with matrix with the chemical bond 
formations [43]-[19]. So, there is a various contributions by 
researchers have been conducted to understand the properties 
of composite materials, these studies included tensile, flexural 
and impact etc. tests carried out for particles effect on their 
behavior (Table 3). They observed that are effective 
improvement on mechanical properties in the case of 
nanolayers clay addition and that when the polymer is in its 
rubbery state versus the glassy state, also the dimensional 
stability, solvent resistance and thermal stability of the glassy 
matrix can also be increased [10]. 

Matrix  
Coupling 

agent 
Nano fillers 

Fibres Fibres 
reinforced 

matrix  

Fibres 
reinforced 

matrix filled 
with 

nanoparticle 
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Table. II 
REPORTED RESEARCH ON EFFECT OF PARTICLE ON COMPOSITES PROPERTIES 

 
Material Stucture Addition Size/ weight Test Key funding Refs. 

E glass/Epoxy Sandwich Graphene 
nanoparticule 

An outer diameter and 
thickness of 10-20nm / 

0.1%, 0.3% and 0.5% of 
weight 

Tensile The effect the weight 
addition of 
nanoparticle on the 
tensile strength 

[17] 

Carbon/Epoxy Pipe Multi-walled 
carbon nanotubes 

(MWCNT) 

/ Impact Impact behavior of 
filament winding pipes 
at cryogenic 
temperatures 

[35] 

Carbon/Epoxy Tube Nanosilica 
particles 

15 and 25 weight percent 
in epoxy 

Ballistic impact Incorporation effect of 
variable amounts of 
nanosilica (NS)in the 
matrix 

[13] 

Glass/Epoxy Laminate  Micro (nanoclay) 
and nano (miro-
Glass Bubbles) 

Nanoclay (6μm ) Glass 
Bubbles 20μm/ 1wt.% 

weight content 

Drop-weight 
impact 

Effect of hybrid from 
micro and nano fillers 
additive on impact 
behavior composite 

[36] 

Carbon/Epoxy Pipe Core-shell rubber 
(CSR) 

nanoparticle and 
nano-SiO2 rigid 

particles 

/ Tensile, flexural 
and impact 

Effect of addition 
mechanical behavior of 
resin and composites 

[12] 

Carbon/Epoxy Laminate Nano-SiO2 1-8wt.% weight Low- velocity 
Impact 

SiO2 nanoparticle 
effect on impact 
damage size, flexural 
strength  and impact 
resistance 

[11] 

Aluminum-Jute/ Epoxy Fiber metal 
laminate 
(FML) 

Nanoclay 0, 1, 3 and 5wt.% High-velocity 
impact 

Nanoclay particles 
effect on the impact 
response of composite 

[15] 

Basalt/Epoxy Laminate Graphene oxide 
and nanozirconia 

 
 

0.1- 0.3wt.% graphing 
oxide and 1-3wt.% 

nanozirconia 

Three point 
bending test and 

Dry-sliding 
wear  

Flexural and 
tribological properties 
when add grapheme 
and nanozirconia 
particles 

[18] 

Carbon/Epoxy Laminate Silica 
nanoparticles 

/ fatigue  and 
Mode I 

interlaminar 
fracture  

Effect of fiber 
modification with 
nanoparticle on the 
toughness of 
composites 

[14] 

Flax/Epoxy Laminate Nano TiO2 0.2wt.% -2wt.% Tensile, flexural 
and Water 
absorption  

Effect of fiber coating 
by nanoparticle on 
mechanical properties 
of composite 

[23] 

Perlon /Kevlar/ Glass 
 

Prosthetic 
composite 
materials 

Nano AL2O3 and 
SiO2 

0-2% volume fraction Tensile and 
fatigue  

Effect of volume 
fraction (Vf )of 
nanoparticle on fatigue 
property of composites  

[37] 

Kenaf/polyester matrix Composite 
for 

automotive 
application  

ZnO 5.9, 12.4 and 18.9wt.% Tensile, 3-
points flexural 

and water 
absorption 

Effect of ZnO 
nanoparticle on 
developing a natural 
reinforced composites 
to replace GF-SMC  

[28] 

Carbon/Epoxy Flat biaxial 
braided 

composite 

TiO2 0 to 5wt.% Impact, flexural 
and tensile 

Evaluation the effect of 
nanoparticle addition 
on mechanical 
properties of braided 
composite materials 

[20] 

Plain weave Carbon/Epoxy Laminate Silica 
nanoparticle and 

silica 
microparticle 

1 and 3.5wt.% Tensile and 
impact 

The effect of nano and 
micro silica particle on 
impact resistance of 
composite  

[38] 

Kevlar and Carbon/Epoxy Laminate  Cork powder / Static bending 
test  

Effect of introduce 
cork powder in matrix 
on behavior of 
composite 

[21] 

Flax/Thermoplastic matrix Laminate  Tamarind seeds 
powder (TSP) 

5 to 15% of the weight of 
the matrix     

Tensile, 
bending and 

moisture 
absorption 

Influence of new 
developed natural 
additive material on 
composites behavior   

[22] 

Unidirectional E-
Glass/polypropylene (PP) 

Pultrude 
composite 

beam 

Nanoclay 0-5 wt.% and 10 wt.% Compression  Effect of nanoparticle 
content and pultusion 
manufacturing process 
variable on the 
mechanical properties 

[39] 
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Glass/Vinyl ester / Nanoclay 0, 1, 3 and 5wt.% Free vibration Effect of additive on 
vibration  
characteristics 

[40] 

Rice husk 
flour/polyethylene (HDPE) 

Injection 
molding 

composites 

Nanoclay 0, 2, 4 and 6wt.% Tensile and  
thermal  

Nanofiller addition 
effect on the thermal 
behavior and 
rheological response 

[41] 

Reed/polypropylene Injection 
molding 

composites 

Nanoclay  0, 2 and 4wt.% Water 
absorption and 

tensile 

Evaluation the effect of 
nanoclay particle on 
mechanical and 
physical characteristics 
of the nanocmposite 

[16] 

Carbon/Glass/Epoxy Wind 
turbines 

blade 

Alumina 
nanoparticle 
(Al2O3) and 

graphene 
nanoplatelets 

(GNPs)  

1.5wt.%  Al2O3+1.5wt.%  
GNPs 

And 3wt.%  Al2O3 

Tensile, flexural 
and hardness 

Effect of the dispersion 
of nanoparticle on 
microstructure, tensile 
strength, bending 
strength and hardness 

[31] 

Wood flour/HDPE / Nanoclay / Flexural, tensile 
and dynamic 

Effect of two approach 
of incorporation of 
nanoparticle on 
mechanical properties 

[24] 

 

The results of this study show also the damage type on 
composite (Fig. 3) and the effect of nano particle additive on 
strength of layered composite structures (Fig. 4), where 
observed the amount of 0.1% and 0.3% nanoparticle graphene 
additive led to 9% up to 22% increase in the composite 
strength. Also, an optimum graphene amount exists in the 
composites structure and excess amount weight of graphene 
nanoparticle additive caused a decrease in the strength of 
composite structures. Through all these observations was 
found optimum amount graphene additive to be 0.1wt.% and 
composites was significantly influenced by graphene 
nanoparticles.  

 

 

 

 
Fig. 3 : Fracture zone SEM observation (a) absence of graphene nanoparticle, 

(b) presence of nanoparticle additive [17]. 

 
Fig. 4 : Nano particale weight effect on the tensile strength [17]. 

Aniruddh Vashisth et al. [13] in their experimental 
investigation on impact of carbon/epoxy tubes loaded in 
torsion show that when the addition of nanosilica (NS) 
decreased of the impact damage area by 50%, increased the 
energy absorbed per unit damage area by 120 and increased 
the residual shear strength by 38% compared to the material 
with no NS. While in overall, the incorporation of NS 
significantly improved the impact tolerance of carbon/epoxy 
tubes loaded in torsion test, with little change in the glass 
transition temperature, mass density and elastic modulus.   
The additive hybridation effect on behavior of composites 
laminate was performed by Ermiias G Koricho et al. [36], two 
fillers (nano- and micro) chosen were utilized in their study. 
The result of visual inspection show that the evolution on the 
stiffness and peak force with varying energy levels and show 
that Glass Bubble modified composite laminates are 
characterized the lower absorbed energy and high peak force 
with penetration of the impactor through their thickness at 
high impact energy levels (262J) (Fig. 5). While nanoclay 
modified composite laminates are characterized by highest 
absorbed energy, the minimum peak reaction force and 
without penetration of impactor. But in the case of hybrid 
modified composites laminates exhibited intermediate 
absorbed energy and peak reaction force sustained for longer 
time (Fig. 6). 
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Fig. 5: Evaluation of post- impact by dye penetration method at 260J, 
Comparaisson images [36]. 

 

 
Fig. 6: a) Reaction force-time, b) Energy-time at 262J comparaisonof material 
behavior [36]. 

The experimental investigation of Di Chengrui et al. [12] 
demonstrated that modified epoxy matrix enhanced the 
mechanical behavior of carbon/epoxy reinforced wound 
composites pipes, the Young’s modulus, interlaminar shear 
strength and tensile strength were enhanced by 4.56%, 18.9% 
and 14.0%, respectively, compared with the composites pipe 
based on unmodified matrix. The authors also mentioned that 
the preparation process is simple because the resin system is 
low, so it is of practical implication to market application. 
Which is highlighted by the SEM observations when shown 
the fiber was tightly coated by resin, which suggested that the 
modified resin exhibited a better interface with the fiber (Fig. 
7).  

 
Fig. 7: SEM images of composite materials (a and b) of interlaminar 

shearfailure surface, (c and d) of tensile fracture surface [12]. 

Landowski Michal et al. [11] demonstrated the effect of SiO2 
nanoparticle on flexural behavior, impact resistance and 
impact damage size. As a result of the study, they are seen that 
the SiO2 nanoparticle addition make significant influence on 
mechanical behavior of carbon/epoxy composite laminates, 
especially in term of impact damage behavior. Where these 
results in 3 parameter terms: absorbed energy (Ea), a peak 
impact force (Fp) and permanent deformation (Dper) (Fig. 8). 
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Fig. 8: a) force-time, b)Force-deformation, c) Energy-time for 0, 5 and 8wt.% 
SiO2 at impact tests [11]. 

Also, by nondestructive evaluation via infrared thermography 
method (IT) (Fig. 9) the impact damage results for the 
different weight percent of SiO2 nanoparticle (0, 5, and 8%) 
were illustrated, the authors concluded that from this analysis 
diminution of the damage area with increasing nanoparticle 
content. Also, it was observed a transition in properties of 
SiO2 peak strength at 5% and initiation of decrease in impact 
damage size associated with energy absorbing mechanisms of 
crack branching and crack deflection due to nanoparticle 
agglomerates phenomenon. 

 
Fig. 9: Infrared thermography images of impact damage area, a) 0%, b) 5% 

and c) 8% of SiO2 nanoparticle [11]. 

In another one part study carried out by Ebrahimnezhad-
Khaljiri Hossein et al. [15] the nanoclay particle with various 
percentages (0, 1, 3 and 5wt.%) effect on the impact response 

of fibers metal laminates (FMLs) from aluminum-Jute fiber 
and epoxy matrix was investigated. The results of the study 
showed that the incorporation of nanoclay was effective in 
formation of the limited velocity energy, absorbed energy 
(Fig. 10), damage area (Fig. 11) and delamination length (Fig. 
12). 

 

 
Fig. 10: FMLs impact results (a) limit velocity impact and the residual 
velocity, (b) the specific absorbed energy and absorbed energy [15]. 

 
Fig. 11: Photographs of damage area in FMLs with nanoclay 0wt.%, 1wt.%, 

3wt.%  and 5wt.%  of a),  b), c), d), respectively. [15]. 

(a) 

(b) 
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Fig. 12: Images of delamination length in the fibers metal laminates with 
nanoclay 0wt.%, 1wt.%, 3wt.%  and 5wt.%  of a),  b), c), d), respectively. 
[15]. 

In this study the nanoparticle weight percent effect was been 
addressed and analyzed, where observed the higher impact 
properties on case of the FMLs with the 3 wt.% nanoclay 
when compared with the other laminates. The limited velocity 
reached to 87m/s, 103.2J absorbed energy, 7.6cm damaged 
area and 1093J/kg specific absorbed energy. The authors 
noted that the effect of nanoclay on the improvement of 
adhesion between aluminum layer and composite core led to 
minimum delamination length (Fig. 13). From Fig. 13(a), it 
observed that the adhesion fiber/resin is weak because the 
epoxy resin cannot be seen on the Jute fibers surface. The 
authors returned this reason to the hydrophilic nature of the 
natural Jute fibers led to effect on the mechanical properties of 
the materials. But the authors noted that adhesion between 
fibers and resin was improved when addition of nanoclay into 
the matrix from 1 up to 3wt.% which can be observed in 
figure  Fig. 13(b) and Fig. 13(c). In the case of 5wt.% 
nanoclay addition, they were seen the adhesion between 
matrix and fiber has been reduced Fig. 13(d). 

 
Fig. 13: Fracture surface of FMLs after high-velocity impact test with 
nanoclay, a) 0, b) 1, c) 3 and d)5wt.%, SEM images [15]. 

Also, concerned the conclusions of this investigation the 
authors mentioned a phenomenon      characterized the natural 
fiber, which is the fibrillation phenomenon (Fig. 14) helps to 
absorbed the energy in composite materials.  

 
Fig. 14: Fibrillation phenomenon of Jute fibers, a)0, b)1, c)3 and d)5wt.%, 
SEM images [15]. 

The Fig. 14(a) show the fibrillation of the jute fibers is very 
low by addition of 1wt.% nanoclay. Where observed this 
phenomenon increased up to maximum value belongs to the 
laminates containing 3wt.% nanoclay particle (seen Fig. 14(b) 
and (c)). Also, the Fig. 14(d) shown the reduced of the Jut 
fibers fibrillation compared with the 1 and 3wt.% nanoclay 
composites. These led to declare that 3wt.% is the optimum 
percentage of nanoclay addition. Davood Toorchi at al. [18] 
were used the additive alone and by hybridation in their work, 
by using the graphene oxide and nano-zirconia.  In this study, 
the laminate composites with various amount (0.1, 0.3 and 
0.5wt.%) and (1, 2 and 3wt.%) of graphene-oxide and, 
nanozirconia, respectively. or hybrid system from graphene-
oxide/nanozirconia in the resin were manufactured, their 
tribological property and flexural behavior were investigated 
under dry-sliding wear and three point bending, respectively. 
The results show that graphene-oxide loaded sample with the 
0.3wt.% filler content demonstrated the maximum 
improvement up to 33% in flexural strength property, while 
for nanozirconia particle enhanced laminates, the highest 
flexural strength shown in the specimen with 1wt.%  
nanozirconia by increasing up to 29% . Also, the positive 
effect of nanohybrid system of additive on flexural strength is 
observed specially when hybridization of 0.1wt.% graphene 
oxide with 1wt.% nanozirconia which increasing up to 50% 
(Fig. 15). All these results due to enhance of fiber-matrix 
interfacial. However, the authors declared that the the flexural 
strength of laminates is declined probably in the case of 
hybridization of higher loading content on nanofilles (3wt.% 
nanozirconia and 0.5wt.% graphene oxide), due to the 
formation of nanofiller agglomerates phenomenon within the 
interface or matrix (Fig. 16).  
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Fig. 15: The variation results of flexural strength values Vs. addition content 
[18]. 

 
Fig. 16:  SEM images of fracture surface images (a), (b) and (c) neat basalt 
fiber-epoxy laminate, multiscale 0.1w.t% graphene oxide plus 1wt.% 
nanozirconia-enhanced sample and multiscale 0.5wt.% graphene oxide plus 
3wt.% nanozirconia- enhanced sample, respectively.  [18]. 

The results of the tribological analysis show the stats of the 
surface and damage mechanisms. The matrix cracking, 
fiber/matrix debonding and fiber breakage observed on the 
worn surface of the neat basalt/epoxy laminate Fig. 17(a). But 
the addition of nanofilles enhancing of interfacial between 
matrix and basalt fibers and the laminate has a smooth surface 
Fig. 17(b). However, roughness surface for the laminate 
composites for the worn surface of multiscale 0.5wt.% 
graphene oxide + 3wt.% nanozirconia filled basalt/epoxy 
composite Fig. 17(c). 

 

 

 
Fig. 17: SEM images of the worn surface (a), (b) and (c) neat basalt fiber-
epoxy laminate, multiscale 0.1w.t% graphene oxide plus 1wt.% nanozirconia-
enhanced sample and multiscale 0.5wt.% graphene oxide plus 3wt.% 
nanozirconia- enhanced sample, respectively. [18]. 

Joshua J Jensin et al. [7] mentioned in their study the value 
equal 0.25wt.% is an optimum doping content of the MWCNT 
doping to reach maximum damage response of carbon fiber 
CFRP  laminate. Also, at this the optimum doping content 
value observed increasing in the energy absorption up to 
18.03% in addition to 23.65% reduction in the rectangular 
damage area as compared to neat CFRP composite laminates 
(Fig. 18). 

 
Fig. 18: Graph of force vs. deformation for different laminates [7]. 
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This time by modification of fibers, Prasad Vishnu et al. [23] 
performed experimental study to evaluate flexural, 
tensilewater absorption and interlaminar shear strength of 
unmodified and flax fiber composites coated by nano TiO2. 
They observed that in the results of this study an improvement 
in mechanical behavior on terms of tensile, interlaminar shear 
strength and flexural values by 22%, 16% and 24%, 
respectively. Also, reducing in water diffusion coefficient up 
to 42% on case of fiber coated specimens with 0.6wt.% nano 
TiO2, because this optimum percentage represents 
continuously and uniformly distribution of SiO2 nanoparticles 
Fig. 19(a) and (b). However, towards a higher percentage of 
nanoparticles coating as in the case for 0.8wt.% TiO2, 
agglomeration and nonuniform distribution of particles over 
the fibers is witness (Fig. 19.c-d),(Fig. 19. e-f), (Fig. 19. g- h), 
(Fig. 19. i- j). 

 

 
Fig. 19: SEM images of Flax fibers surface coated with TiO2 at different 
content percentages (a) and (b) 0wt.%, (c) and (d) 0.2wt.%, (e) and 
(f)0.4wt.%, (g) and (h) 0.6wt.%, (i) and (j) 0.8wt.%, [23]. 

A comparison between two nano particle ( Al2O3 and SiO2) 
with different volume fraction (0 to 2%), their effect on 
fatigue behavior of composites used for manufacture the 
prosthetic sockets carried out by Al Waily Muhannad et al. 
[37]. From the results of this study the authors noted that the 
mechanical behavior, fatigue response and strength property 
increase with composites reinforcement with nanoparticle. 
Also, the results showed that the modified with nano SiO2 is 
better for fatigue limits than modified with other 
reinforcement nanoparticle for fatigue limits and the modified 
for fatigue strength lead to 60% more than  fatigue limit 
without nanoparticle additive.  For enhancing natural fiber-
reinforced biocomposite behavior by addition zinc-oxide 
(ZnO) and compared with glass-fiber sheet molding 
compound (GF-SMC) in term of mechanical properties an 
experimental study was carried out by Wu Yingji et al. [28]. A 
newly developed biocomposite (ZnO12.4%-NFRBC) showed 
that increasing in flexural behavior, tensile strengths and water 
resistance by (121%), (38%) and (76%), respectively. when 
addition 12.4% ZnO nanoparticle, led to the this novel 
biocomposite for automotive application comparable on term 
of mechanical behavior as GF-SMC while the production 
consumed 9.2% less energy and reduced the environmental 
burden up to 33.2% from life cycle assessment. Also, led to 
high potential of the newly developed (NFRBC) to replace 
(GF-SMC) on automotive application. The use of the ZnO 
nanoparticle in the composites was also reported, it was 
emphasized that the ZnO particles were easily adsorbed from 
the fiber surface, which indicated good surface compatibility 
fiber/ZnO particles (Fig. 20). Same phenomena was observed 
by authors on the case of other inorganic particle such as 
aluminum hydroxide (Al(OH)3) and magnetite (Fe3O4) which 
adhered on the surface of natural fibers. 

 
Fig. 20: Surface of Alkali-treated Kenaf fibers (a) before  and (b) after 
loading by 17.8% ZnO nanoparticle, SEM images [28]. 
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Parimala R et al. [20] were performed experimental study 
contained to evaluate of the mechanical behavior  from tensile 
(Table 3) , flexural (Table 4)  and impact test of carbon 
braided biaxial fibre composite material. The composite were 
fabricated by adding 0 wt.% to 5wt.% nanoparticles of TiO2. 

 
Table. III  

TENSILE TEST VALUES OF BIAXIAL BRAIDED CARBON COMPOSITES WITH 

DIFFERENT PERCENTAGE OF TIO2 NANOPARTICLE [20] 
 

Specimen  Max 
load 
(KN) 

Ultimate 
tensile 

strength 
(MPa) 

Elongation 
break  
(%) 

Tensile 
strengt
h break 
(MPa) 

Modulus 
(MPa) 

0wt.% 
1wt.% 
3wt.% 
5wt.% 

12.03 
20.70 
23.66 
21.56 

130.16 
245.00 
267.51 
257.15 

24.04 
27.09 
29.05 
28.03 

103.67 
179.01 
192.55 
187.66 

1224.46 
1658.23 
1884.95 
1724.69 

 
Table. IV  

FLEXURAL TEST VALUES OF BIAXIAL BRAIDED CARBON COMPOSITES WITH 

DIFFERENT PERCENTAGE OF TIO2 NANOPARTICLE [20] 
 

Specimen Flexural load  
(N) 

Max flexural 
stress (MPa) 

Modulus  
(MPa) 

0wt.% TiO2 
1wt.% TiO2 
3wt.% TiO2 
5wt.% TiO2 

229.36 
310.14 
329.29 
327.71 

165.79 
217.83 
254.82 
245.38 

8265.88 
9515.62 
14277.20 
14181.26 

After effectively adjusted carried out by researchers of this 
study with adding nanoparticle of TiO2 in various percentage, 
the results show that the 3wt.% of the nanoparticle TiO2 is the 
better percentage compared to other three configuration on 
mechanical behavior in term of flexural and tensile strength. 
And found that the flexural and tensile properties to decrease 
in the 5wt.% ,of TiO2. In addition, the results show that no 
breakage up to 61dJ for all the samples in impact tests. 
Size effect comparison of silica particle (nano and micro) on 
impact response of Carbon/Epoxy composite carried out by 
Dos Santos Julio C et al. [38]. The authors performed an 
incorporation of 1 and 3.5wt.% of  both micro and nano-silica 
particles in plain weave carbon fiber/epoxy composite to 
evaluate the behavior of materials under impact tests. The 
authors were concluded that the micro size revealed better 
impact resistance compared to the nano particle size, when 
inclusion of 1wt.% of silica Vs. decreased in impact 
absorption when nano particle addition. This due to the 
interfacial fiber/matrix was increased by the silica nano sized 
and which might contribute to the fiber matrix bending 
weakening. The addition results also showed that the increase 
in mechanical behavior from tensile strength and modulus in 
adding nanosilica particle due to attributed to the interlocking 
of polymeric chains. A natural additive material was used in 
the study of Selvaraj DK et al. [22]. Powder from tamarind 
seeds TSP with 5% of the weight of the matrix incorporated in 
the composite to produce the laminate and compared between 
another laminate without additive on mechanical behavior 
(tensile, bending and moisture absorption tests). The mains 
object of this investigation to develop a new natural fiber 
reinforced polymer composites NFRP and the influence of a 
natural additive in the composite. An essential conclude of 
this study is that the specimens with natural additive has a 
Young’s modulus with increases up to 10% and ultimate 
tensile strength up to 6% compared to the composite without 
additive. And due to presence of natural additive material on 
the surface of the composite, it becomes more absorber than 
the specimens without additive. All these results indicate that 
the influence of TSP additive in enhancing the mechanical 
behavior of composite material is stronger with great scale. 

Roy Samit et al. [39] performed compression test of pultruded 
composites to evaluate and determinate the compressive 
strength of these generally weak in compression. The authors 
prepared pultruded composites with nanoclay incorporation 
for different content (0, 1, 2, 3, 4, 5wt.% and 10wt.%). The 
compression tests of this material show that increase on 
compressive properties with increasing clay loadings up to 
10wt.%, due to good interaction between the glass fibers 
silicon based and the silicate clays, indicate of enhanced 
adhered between matrix and fiber. Najafi Abdollah et al. [16] 
were investigated in the role of coupling agent (malcated 
polypropylene MAPP) presence. This study based in 
incorporation of nanoclay and MAPP with concentration 0, 2 
and 4 per hundred compounds (phc) and 0 and 2phc, 
respectively. The results indicated that the impact response 
and water uptake of PP/reed flour nanocomposites decreased 
by addition of nanoclay. However, with nanoclay loading the 
tensile modulus property and strength of the composites 
increased. Knowing that these both mechanical and physical 
analyses properties showed that the biggest enhancement 
value for the nanoclay loading at 4phc. With proof of that by 
using the X-ray diffraction analyze, when observed better 
dispersion of nanoclay on composites and the highlight the 
role of MAPP coupling agent. Same observation in the work 
of Njuguna James et al. [44] when proved the role of the 
coupling agent on enhancing of the behavior such as 
mechanical properties of the nanocomposites. Faruk Omar and 
Matuana Laurent M [24] investigated at identifying the best 
system of incorporation the nanoparticles into composites. 
The first system involved a direct incorporation of nanoclay 
particle into material during conventional dry compounding 
which named (direct dry blending process). The second 
system consisted of the reinforcement of matrix with 
nanoparticle, which was then used the melt blending process. 
It finally, the melt blending process appeared to be the best 
system of incorporation of nanoparticle in the composites. 
Table 5 highlights one of the results of mechanical analysis 
study show the influence of blending process of nanoparticle. 

Table. V  
FLEXURAL PROPERTIES OF NANOCOMPOSITE ON TWO DIFFERENT PROCESSES 

OF BLENDING [24] 
 

Blending process Flexural behavior 
Strength (MPa)a Modulus (MPa)a 

Control 
(no nanoclay) 

Direct dry blending 
(direct mix) 

Melt blending 

28.9±1.4A 

 
27.1±1.4B 

 
33.5±0.4C 

1919.7±112A 

 
2233.8±144B 

 
2726.9±196C 

V. CONCLUSION AND FUTURE DIRECTION 

In summary, particle materials have been used as precious 
parts to improve the properties of different existing materials. 
From this review we concluded that: 

 The additive can be added only in minimal 
percentage to enhance behavior of composites.  

 The size, type and hybridization of particles addition 
are some of the parameters to predict and analyze of 
behavior and damage modes of the material. 

 We found that the use of additive according to tests 
applications. 

 A few recherches studies in case of behavior of 
sandwich composites with particles addition. 

 The use of natural additive type will be potential 
filler material for composite materials and it is 
sustainable by nature. 
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Although significant previous works is done in this area, 
further work should be conducted for advancement of this 
research field such as:   

 The use of NDT carrying out to ensure zero defect in 
composites to give good estimation of materials 
strength. 

 Find more investigations to subject the use of coated 
fibers in the composite materials in the cryogenic 
conditions for special application such as aerospace 
applications, because the majority of research on the 
coated fibers was concentrated studies at the high and 
ambient temperature environment. 

 The search in the behavior of composite materials 
reinforced by the particle addition in matrix and 
coated fibers on the same time. 

 Conducting in-depth research on incorporation 
process of the particles.  

 Performed numerical investigations to predict the 
effect of the particles addition on mechanical, 
thermal and physical properties of materials for 
different applications. 
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