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ABSTRACT

There has been a rapid growth in the field of research and innovation of polymers composite with time.
The use of different filler, fiber and matrix to form composite material gives the different properties. Our
concern is to compare the advantages
tages of these material with each other and the choose the better one.
We also discuss that how the composition of fiber and filler (Graphene, Asphalt, Al2o3, Nano Silica,
Carbon Nanotube and Lime Sludge Waste) affect the mechanical performance of the composite
com
to extend
the capabilities and applications of this group of materials and also discuss the which fabrication method
(Solution blinding, melt-mixing,
mixing, layer by layer assembly and Vacuum
Vacuum-assisted
assisted resin transfer molding
process) gives the outstanding mechanical
echanical properties. This review aims to provide a brief outlook of
change in the mechanical performance of polymer composites due to filler material.
Keywords:Epoxy,
Epoxy, Graphene, Asphalt, Al2O3, Nano Silica, Carbon Nanotube, Lime Sludge Waste
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INTRODUCTION
Polymer composites are materials that
are combinations of two or more organic
and inorganic materials, to create a new
material with enhanced physical
cumulative properties of the parent
materials. The polymer acts as the
matrix, while the inorganic filler is
mixed homogeneously in order to
improve the physical properties of the
composite. A unique set of properties is
developed in the composites, such as
enhanced
mechanical
properties,
electrical
conductivity,
thermal
conductivity, gas barrier properties and
so on. Fibers that are produced by plants,
animals, and geological processes are
called natural fibers. They can be used as
a component of composite materials,
where the orientation of fibers impacts
the properties. Natural fibers can also be
matted into sheets to make products such
as paper, felt or fabric. Compared to
composites reinforced with glass fibers,
composites with natural fibers have
advantages such as lower density, better
thermal insulation, and reduced skin
irritation. Natural fibers are good sweet
absorbents and can be found in a variety
of texture. Cotton fibers made from the
cotton plant, for example, produce a
fabric that is light in weight, soft in
texture, and can be made in various sizes
and colors. Clothes made of natural fiber
such as cotton are often preferred over
clothing made of synthetic fibers [1].

These properties are lacking in naturallyoccurring materials, is accomplished in the
category of composites.
Polymer composites may be further
classified on the basis of the dimensions of
the materials incorporated.
1) Micro
composites
involve
the
measurement of dimensions in the
micrometer-scale
2) Nanocomposites
possess
inorganic
fillers with at least one of the three
dimensions in the nanoscale range.
Many types of inorganic nanofillers, such as
clay, graphene (G), graphene oxide (GO),
alumina flakes (Al2O3), boron nitride (BN),
layered double hydroxides (LDH), carbon,
nanocellulose and others have been used to
enhance
polymer
properties.
These
inorganic nanofillers impartnew and unique
properties due to the nanoscale interfacial
interactions between the polymer and the
inorganic filler. Over the years, the
inorganic nanofiller weight concentration
has typically been maintained below 10
vol%. This was due to the affinity of
inorganic fillers to form clusters which act
as stress concentrators in the material
causing it to be brittle and fragile [2]
Properties of the polymer, e.g., mobility,
crystallinity, orientation, etc., can be
significantly altered through contact with an
inorganic filler. The fraction of the
interphase to the total volume for a
microcomposite is negligibly low and the
contribution of the properties of the
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interphase overall composite properties is
not obvious other than its role in adhesion.
However, nanofillers, having very large
surface areas, can increase the fraction of the
interphase dramatically if each nanofiller is
properly dispersed in the matrix. Larger
surface areas of nanofillers correlate to the
larger interfacial interaction regions between
the inorganic filler and polymer. The
difference
between
composites
incorporating nanofillers and larger sized
fillers has been well documented in various
studies.
In this study we generally take the recent
advancement in mechanical properties of
polymer composite on the mixing of filler
material.
We have taken some filler such as graphene,
asphalt, aluminum oxide(Al2O3), carbon
black and some other filler.
METHODOLOGY
Different fabrication techniques in order to
synthesize the high performance of the
composite. Such as high filler-content
establish good control over the content of
the inorganic phase, homogeneity of hard
and soft component, development of
microstructure, optimization of the interface,
and growth of fabrication techniques.
Various techniques have been developed
over time to increase the control of the
structure’s nanoscale formation. This started
with the layer-by-layer (LbL) technique to
have finer control over the microstructure.
Soon afterward, electrophoretic deposition
(EPD) and freeze-drying became viable
techniques to fabricate nanocomposites.

Mechanical self-assembly methods like
vacuum-assisted filtration (VAF) (or
papermaking), doctor blading (DB), etc. also
found wide applications due to its low cost
and large scalability. Other novel techniques
like gel-film transformation (GFT), sol-gel
technique, and several others. The high
filler-content composites fabricated by the
above-mentioned techniques will also be
highlighted.
Here we take only two types of process in
brief:1.
VARTM (Vaccum Assisted Resin
Transfer Moulding)[3]
The Vacuum assisted resin transfer molding
(VARTM) process, which has been
developed during the past two decades and
has many process variants (e.g., SCRIMP
process 1 ), is now a widely used process for
manufacturing fiber reinforced polymer
(FRP) composite laminates. The VARTM
process, which is a closed-mold process
with reduced volatile organic compounds
(VOC) emission, combines the benefits of
high quality, repeatability and clean
handling of the resin transfer molding
(RTM) process with the advantages of
flexibility and scalability of open-mold hand
layup processing. The VARTM process
plays many important roles in promoting the
quality, affordability and part complexity of
large closed-mold FRP composite. The
whole process is done as shown in the
diagram.
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2.
Layer-By-Layer(LBL)
Technique[4]
Alignment by alternately immersing a clean
substrate into two solutions, which interacts
and assembles layer-by-layer upon each
other. This was first developed by Decher et
al. who alternately assembled oppositely
charged polyelectrolytes on top of each
other. This method was taken and employed
for the fabrication of nanocomposites with
an alternating layer of inorganic nanofillers
and polymer. The interaction and assembly
are driven forward by a driving force which
can change depending on the different
nanofillers and polymers. The driving forces
typically include electrostatic interactions,
hydrogen bonding, π − π interactions,
covalent bonding, and hydrophobichydrophobic interactions. This technique
allows for precise control over the different
layers stacked, consequently enabling
homogenous dispersion of high nanofillers
(generally
nanoplatelets)
within
the
nanocomposite system. The whole process is
done as shown in the diagram below.
SOME IMPORTANT FILLER AND
THEIR PROPERTIES.
GRAPHENE FILLER [5]
The graphene has the best mechanical
properties of all potential reinforcing
component. Graphene derivative show the
best mechanical properties and versatile
functionalities to bind with various
polymeric materials. There is various
graphenederivative such as hydrogenated

graphene (graphene), fluorinated graphene
(fluorographene),
oxidized
graphene
(graphene oxide) and graphene.
Graphene oxide(GO) is a widelyused
derivative of graphene. Graphene oxide has
lots of advantage over grapheneitself.
Young's modulus is found to vary from 380
to 470 GPa as the coverage of oxygen
groups
changes,
respectively.
The
perspective of nanocomposite design, easy
processing, low cost, the ability of further
functionalization and large-scale production.

Graphene oxide sheets can be assembled
into a highly layered “paper” as fabricated
by a Vacuum-assisted resin transfer molding
(VARTM) process. These graphene oxide
“paper” materials show very good
mechanical properties achieved elastic
modulus of 30–40 GPa, ultimate strength of
120 MPa, and toughness of 0.26 MJ m3. The
reduced graphene oxide paper fabricated by
the same process achieved ultimate strength
around 300 MPa, elastic modulus of 40 GPa,
and higher toughness of 1.22 MJ m3
The properties of graphene-based polymer
nanocompositeare basically depended upon
the fabrication process technique. The
mainly used process is solution blinding,
melt mixing process and layer by layer
assembly process. Solution blinding, meltmixing, layer by layer assembly and
Vacuum-assisted resin transfer molding
process to have unique characteristics and
their own advantages for the fabrication of
graphene-based
nanocomposites
with
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ultimate
mechanical
properties
and
functional
properties.
Choosing
the
appropriate Fabrication technique or the
combination of processing techniques is
gives the best mechanical performance as
illustrated with major characteristics some
graphene nanocomposite materials shows in
the table.
Among all the graphene-polymer the
graphene oxide-Silk Fibroin show the
outstanding mechanical properties greatly
improving the ultimate strength to the value
of 150 MPa, strain-to-failure of 2.8%, the
elastic modulus of 14 GPa, and toughness of
2.7 MJ by intercalating only 5 wt% of silk
fibroins. Silk fibroin act as a natural
“universal” binder.
ASPHALT FILLER [7]
Asphalt is a composite mix of Aggregate,
sand, stone dust, Bitumen. In asphalt 95%
stone, sand and 5% Binders (bitumen) Less
flexible pavement (10 – 14mm)
more
flexible pavement ( 5 – 10mm ). Bitumen is
the liquid binder that holds asphalt together.
Asphalt binder is used for the construction
of road pavements. Extending the service
life and reduce road maintenance. It is
highly viscose and sticks black.
The different types of fibers (mineral,
polyester, polyacrylonitrile (PAN), Carbon,
steel, Glass, Aramid, Coconut ) have been
used in asphalt binder and hot mix asphalt
(HMA). To obtain the different type of
mechanical performance. Mainly fiber is
provided in the material of higher modulus,

resistance, durability, more ductility and
deformation capacity. Then the use of a
large number of fiber-modified asphalt
binders and fiber-modified asphalt mixture.
To find flexible pavement problem such as
defect rutting, fatigue, cracking, thermal
cracking and reveling etc.
Use the different fiber with asphalt filler
and study the characteristic of mechanical
performance.
Characterization of fiber in bitumen: - In
this process fiber provide the bitumen with
viscoelastic behavior. Viscose component
prevents cracking at low temperature and
elasticity
prevent
rutting
at
high
temperature. At intermediate and high
temperature (Increasing shear stress,
viscosity, higher tensile strength), At low
temperature (improve the toughness,
fracture, cracking strength and deformation)
Mechanical impact of fibers in asphalt
mixture: - The mechanical impact is the
requirement of material behavior. Then
check the mechanical testing of mixes by
different fiber.
Mineral Fiber: - Improve the binder
absorption, strength, crack, resistance
Polyester fiber: - Reducing reflecting
cracking, improve tensile strength, Increase
the resistance to fatigue.
Polyacrylonitrile (PAN) fiber: - permanent
deformation increases, rutting resistance is
low, improve viscosity.
Carbon fiber: - improve the viscoelastic,
fatigue property, higher resistance, increase
the tensile strength.
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Glass fiber; - improve the rutting, toughness,
permanent strain, less viscose performance,
increase tensile strength.
Steel fiber; - improve toughness, better
strength, higher porosity.
Aramid fiber: - improve fatigue, cracking,
resistance.
Coconut fiber:- increase stability, fatigue,
resistance .
In this process then check the mechanical
property and use the hot mix asphalt, asphalt
binder use with a different property of fiber.
Al2O3 FILLER [9]
Al2O3–PVDF (polyvinylidene fluoride)
composite membranes were synthesized by
the phase-inversion process. In which Al2O3
(0-4% wt.) particle are mix with PVDF
(19%weight) and made two types of
composite sheets.
1. Sheet without nano size Al2O3 particles
(PVDF-0)
2. Sheet with nano-sized Al2O3 particle
(PVDF-1), (PVDF-2), (PVDF-3), (PVDF-4)
The addition of the nanosized Al2O3
particles did not affect membrane pore sizes
and numbers, only by improving its surface
hydrophilicity to improve many other
properties of the membrane. The permeation
flux increase of the membrane is attributed
to surface hydrophilicity increase due to the
hydrophilic inorganic nano-sized Al2O3
particles addition
Mechanical property
The tensile intensity of the composite
increase gradually as the amount of filler
increases but break elongate ratio values of

the membrane are increases for (0-2)%wt
and then decreases for (3-4)%wt. of Al2O3.
The improvement of composite membranes
hydrophilicity makes its antifouling
performance increase. The flux-declining
ratio of the modified membrane is less than
that of the unmodified membrane.
NANO SILICA FILLER [11]
Nanocomposite nano-SiO2/PDMS prepared
by using inhibition grafting method with
different composition of DNS-2 filler. The
strong covalent bond presented between
nano-silica and PDMS chains are detected
by the microstructure and chemical structure
of nano-SiO2/PDMS nanocomposite. Thus
due to the presence of strong covalent bond
nano-SiO2/PDMS elastomers show much
higher tensile and tear strength with reduced
viscosity in comparison to pure PDMS
elastomers.
These nano-SiO2/PDMS elastomers having
16 phr DNS-2 filler act as the nonNewtonian fluid which forms the nanosilicanetwork at 16 phr. To increase the
mechanical strength and to decrease the
viscosity of PDMS based nanocomposite,
the nano-silica are combined through the
condensation reactions with short chains.
The DNS-2 filler could be adjusted well to
change the tensile strength, viscosity and
tear strength, which act as an emerging
application in silicon material industry.
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CARBON NONO-FILLER[13]
Carbon nanofiller can be used to improve
the
electrical,
optical,
chemical,
fineresistance properties of polymer
material.
The use of various type of carbon nanofiller
of different shape such as:  Carbon black (aspect ratio α ~1)
 Carbon nanotube (aspect ratio α >>100)
 Layne grapheme (Aspect ratio α ~ 100)
Mechanical properties: The mechanical properties of neat PETDLA co-polymers 40 and 60 wt% of hard
segments.
PET-DLA
40
wt%
nanocomposite increased the value of young
modulus. For PET-DLA 40 wt% the
addition Carbon nanotube nanofiller resulted
in the largest increase in Young's modulus at
24°C and 37°C up to 30%. At 24°C the
tensile strength value of all PET-DLA 40
wt% were comparable approx. 15MPA. The
change in tensile strength is very marginal,
indicating the poor interaction of the nanofiller with the PET-DLA polymer matrix.
For PET-DLA 60 wt% matrix, the addition
of carbon nanotube as nanofiller also yielded
the largest increase in Young's modulus, up
to approx. 50% for material graphene
nanofiller young’s modulus value was
comparable to the neatcopolymer matrix at
24°C
Importantly our result at 37°C indicate that
the mechanical properties are stable, so we
assume that the material will maintain their
mechanical properties if used in bio-material
within the human body.

LIME SLUDGE WASTE AS A FILLER
[14]
Industrial lime sludge waste is one such
environmental
hazardous
material
accounting for about 4.5 million tons per
annum in India, out of which a substantial
amount comes from the paper industry. In
the paper industry, the Kraft process is the
principal method of producing chemical
pulps wherein the mixtures of sodium
sulfide and sodium hydroxide are used as
pulping chemicals. Here caustic soda is
regenerated by reacting calcined lime with
soda ash (green liquor) which leaves behind
lime sludge (calcium carbonate) as a waste
as expressed in Equation.
Na2CO3 (green liquor)+ CaO+
H2O→NaOH+CaCO3(lime sludge)
This will increase the functionality and
commercial viability of both polymers and
lime sludge in addition to reusing an
industrial pollutant. Lime sludge consists of
CaCO3 in its calcite phase and is thermally
very stable to be used in a polymeric matrix.
Lime sludge filled composites of HDPE-PP
blends were fabricated to study the effects of
lime sludge addition on the mechanical
properties of HDPE-PP blends.
Composite Designation: 5L-85H-10P has 5 wt.% of lime Sludge, 85
wt.% of HDPE and 10 wt.% of PP
10L-80H-10P has 10 wt% of lime Sludge,
80 wt% of HDPE and 10 wt% of PP
15L-15H-70P has 15 wt% of lime Sludge,
15 wt% of HDPE and 70 wt% of PP
20L-10H-70P has 20 wt% of lime Sludge,
10 wt% of HDPE and 70 wt% of PP
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The tensile test is carried out for lime sludge
filled HDPE-PP blends samples in order to
study the effect of lime sludge addition on
the mechanical properties of the newly
formed composites. Mechanical properties
such as tensile strength, elongation and
Shore D hardness of the composites were
measured.
Results revealed that addition of increasing
weight fraction of lime sludge (up to 20
weight %) increases the tensile strength of
composites but the tensile strength of the
composites was less than the tensile
strengths of pure HDPE and PP polymers
are approximately 19 and 29 MPa
respectively. The hardness increased with
increasing lime sludge weight fraction in the
composite but composites had superior
shore D hardness than pure HDPE and PP
are 60 and 70 respectively.
SOME OTHER FILLER
Mainly there are four types of fillers. These
areas followings:
1. Metallic filler (Al, Carbon Steel)
2. Ceramic filler (Silver, Glass beads, Clay
and oxides)
3. Carbon-based filers (carbon black, carbon
nanotubes, graphite and graphene)
4. Organic additives (calcium phosphate)
These define the properties such as surface
chemistry, mechanical strength, absorption
of heat, heat dispersion & electrical and
thermal conductivity. Powder-based AM
techniques have several advantages. These
are as follows in the given table-

Some other nanofillers commonly used in
the literature are boron nitride (BN), carbon
nanotubes
(CNT)
and
silica
(SI)
nanoparticles. Other more recent nanofillers,
such as MoS2 and black phosphorus
(phosphorene), might offer unique potential
due to their interesting properties; however,
no attempts to manufacture high nanofillercontent nanocomposites have yet been
reported. Black phosphorus is a graphite
analog and thus there are a vast number of
potential applications that can be considered
if environmental issues can be overcome. A
black phosphorus-based nanocomposite
partially overcoming this problem has
recently been reported.
RESULT AND DISCUSSION
In the above discussion composite made by
using a different filler with different
polymer. We see that when we mix different
filler material with different types of
polymer we obtain different mechanical
properties shown by the composite. Various
types of filler used such as clay, graphene,
graphene oxide, alumina flakes etc. which
impart unique properties because of
interfacial interaction between polymer and
filler. Filler has the ability to change the
properties of composites eg. Mobility,
crystallinity etc. fillers which have large
surface area increases the fraction of
interphase if each filler is dispersed in a
matrix. Composite materials shows various
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properties with the variation of filler
composition such as tensile strength,
roughness, hardness, impact and other
mechanical properties on the application.
Sometimes these properties vary linearly in
increasing or decreasing order. But
sometimesthese properties increase linearly
followed by decreasing in linear order after
some point and it also gives various values
at each level of composition. So the different
experiment is done carefully and obtains an
outstanding result of the composite.
Such as in the contrast Graphene Oxide-Silk
Fibronshows the outstanding mechanical
properties greatly improving the ultimate
strength to the value of 150 MPa, strain-tofailure of 2.8%, the elastic modulus of 14
GPa, and toughness of 2.7 MJ by
intercalating only 5 wt% of silk fibroins.
Asphalt filler is used with different fiber to
improve the mechanical properties such as
tensile strength, increase the resistance to
fatigue and reducing reflecting cracking and
improving cutting permanent. Al2O3 as filler
improve its surface hydrophobicity to
improve many other properties of the
membrane. The tensile strength of the filler
increases the number of filler increases but
break elongate ratio value of membrane is
an increase for(0-2)% wt and then decrease
for (3-4)% wt of Al2O3. In the presence of
strong covalent bond in nano SiO2/PDMS
elastomers show high tensile & tear strength
with reduced viscosity in compare of pure
PDMS elastomers. PET-DLA 40 wt%
nanocomposite addition with carbon
nanotube nanofiller resulted in largest

increase in young modulus at 24°C and
37°C up to 30%. Lime sludge filled HDPEPP composite material says that the addition
of wt% of line sludge up to 20% increase the
tensile strength and it is less than to pure
HDPE & PP polymer approx. Hardness
increase with increasing lime sludge.
CONCLUSION
The study shows that the mechanical
property of polymer composite is affected
by using filler material. The property of
polymer composite is increasing by use
suitable composition of filler with polymer
and matrix. sometimes we see that the
particulate size of the filleralso improves the
mechanical property of composite. So when
we use a suitable filler with the best
composition and particulate size we get the
outstanding mechanical property. We can
also see that the various mechanical property
of the material is also improving by using
different fabrication methods such as
Solution blinding, melt-mixing, layer by
layer assembly and Vacuum-assisted resin
transfer molding process. Vacuum-assisted
resin transfer molding process it gives
outstanding
mechanical
property
comparison to others. The main reason
behind the increase in the property of the
material is due to the bonding behaviors
such as covenant bond, π-π interaction and
hydrogen bonding is strong between metal,
filler and matrix is give suitable properties.
So to cast better composite material it is
important that has good knowledge about
the resin, fibre, filler and other material used
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during fabrication and also about the
different suitable casting method.
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Table 1: -The mechanical property of various natural and synthetic fiber [1]
Fibre

Density
(g/cm3)

Length Failure
(mm) Strain
(%)

Tensile

Young’s

Strength

Modulus

Specific
tensile
strength

(MPa)

(GPa)

(MPa/gcm3 )

Specific
Young’s
maduls
(GPa/g cm3)

Ramie

1.5

9001200

2.0-3.8

400-938

44-128

270-620

29-85

Flax

1.5

5-900

1.2-2.2

345-1830

27-80

230-1220

18-53

Hemp

1.5

5-55

1.6

550-1110

58-70

370-740

39-47

Jute

1.3-1.5

1.5120

1.5-1.8

393-800

10-55

300-610

7.1-39

Harakeke

1.3

4-5

4.2-5.8

440-990

14-33

338-761

11-25

Sisal

1.3-1.5

900

2.0-2.5

507-855

9.4-28

362-610

6.7-20

Alfa

1.4

350

1.5-2.4

188-308

18-25

134-220

13-18

Cotton

1.5-1.6

10-60

3.0-10

287-800

5.5-13

190-530

3.7-8.4

Coir

1.2

20-150

15-30

131-200

4-6

110-180

3.3-5

Silk

1.3

Contin
uous

15-60

100-1500

5-25

100-1500

4-20
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Fig 1:- Vacuum Assisted Resin Transfer Moulding Process[3]

Fig 2:- Layer-By-Layer technique (Graphene oxide paper formation)[4)

Fig: -3 graphene oxide nanocomposites stress vs strain graph[6]

Table 3:- physical properties of fibers that are commonly used as reinforcements in HMA[8]
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Fiber

Tensile strength (Gpa)

Modulus of elasticity
(Gpa)

Mohs Hardness

Specific Gravity (g/cm3)

Asbestos

2.1

11.7

2.50 – 4.00

2.4 – 2.6

Aramid

2.75

62.00

N/A

1.44

Acrylic

0.88

17.70

N/A

1.18

Carbon

1.33

30.00

6.00

260

Glass

3.40

72.00

6.50

2.50

Steel

.95

11.00

5.00

7.50

Mineral

1.5

70.00

6.00

2.70

Ceramic

1.10

152.00

6.00

1.70

Fig 4:- Al2O3 Mechanical properties at various weight fraction[10]
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Fig. 5: -Tensile
Tensile strength, tear strength and viscosity of pure PDMS elastomer and
nano-SiO2/PDMS
SiO2/PDMS elastomer with 12 per DNS
DNS-2[12]

Table 4: -Mechanical properties of Lime sludge waste as a filler[15]
Composite Tensile
Elongation Shore D
Designation Strength(MPa) (%)
Hardness
5L-85H10P

7.58

16

63

10L80H010P

9.57

14

65.5

15L-15H70

9.84

10

66

20L-10H70P

12.75

10

71

Fig 6: - Mechanical properties of nanocomposites based on PET
PET-DLA
DLA 60 wt% polymer matrix a) Young’s
modulus at 24 °C; b) Young’s modulus at 37 °C; c) tensile strength at 24 °C; d) elongation at break in 24
°C.
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Table 5: - Different type filler and their properties [16]
Filler
Metallic

Ceramic

Matrix

Powder preparation

Purpose

Al

PA12

Physical powder
mixing

Improved thermal and electrical conductivities
and
mechanical
strength
by
metallic
microparticles

Carbon steel

PA12

Dissolutionprecipitation

Metallic green part fabricated by and indirect
laser sintering process

Stainless steel

PA12,
PS

Ball Milling

A polymer as a removable binder

Al2O3

PA12

Dissolutionprecipitation

Enhanced mechanical strength by micro/nanoAl2O3 particles
Improved thermal stability

TiO2

PEEK

Melt compounding

PEEK

Physical powder
mixing

TiO2/PEEK nanocomposites for tissue
engineering

PA12

Dissolutionprecipitation

TiO2/PA12 nanocomposites with high resistance
to UV to prevent polymer aging
Increased thermal stability and elastic modulus

Carbonbased

Organic
additives

TiO2 polymeric nanocomposite with porous
structure fabricated for solar cell and engineering
harvesting

PET,
PEN

Cryogenic ball
milling

PMMA

Solution
intercalation and
ball milling

PC

Ball Milling

PEEK

Physical powder
mixing

Carbon black

PA12

Ball Milling

Enhanced laser energy absorption by carbon
black and graphite

PC

PEEK

Cryogenic ball
milling

Improved wear resistance and toughness with PC
or PTEF as a strong phase in PEEK matrix

Graphite

Lightweight composite with excellent electrical
conductivity but sacrificing of mechanical
toughness and tensile strength
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PTEF

PEEK

Melting
compounding and
ball milling

Brominated
hydrocarbon

PA12,
PA11

Melting
compounding and
ball milling

Controllable flammability by fire retardant
additives
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