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I N T R O D U C T I O N

Mostly due to lack of oil as well as the deteriorating
environment pollution connected mostly with waste
of polymer trash through petroleum products,
concern in ecofriendly and reliable systems is increasing.
Improvement in the increasement of recyclable
polymers become gaining ever more recognition
towards the requirement for biodegradable materials
increases [1–9].Carbon fibre or fiberglass-reinforced
epoxy polymers which are prone to mineral
composite materials and therefore not in line with
the traditional green production owing to the
complexity in retrieving and getting rid of such materials
at the point of disposal [12-16]. Biodegradable
composite materials are commonly used within
product processing and farming films, and also in
many areas such as synthetic materials, wound care,
drug distribution, and body orthopaedic instruments
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A B S T R A C T
Growing necessity of nature conservation had motivated a gradual growth for biodegradable composites, which
have presented significant patterns and trends in nano-biomaterial technology. Very minimal quantity becomes
applied to different of composites and many other items in this advanced procedure, that could significantly increase
efficiency as well as reliability for items, such as chemical, hydraulic, moisture content, & heat resistance. Nano
fillers has been added as solid-state compounds that might enhance their characteristics for existing parts while
raising their mass. Biopolymer items as well as nanofillers become necessary when they're used for environmentally
friendly sectors. Polymers which dissolve spontaneously contribute in addressing polymer-related societal issues
while preserving ecosystem. Because of its broad particle size as well as high area ratio, such degradable
biocomposites can be used for a number of products. Furthermore, biopolymers can take advantage of the inhibitory
effects between all the fillers and the bio-polymers material will have better characteristics even while maintaining
pollution standards. We provide exposure to a variety types of nanofillers, natural biodegradable matrixes, and its
composite materials.
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[17-21]. The marketing of biomaterials is divided into
three categories: efficiency, manufacturing, and
expense. “Effectiveness as well as manufacturing”
problems plague all polymer composites. Biomaterial
performance can be enhance by using nano-enhanced
bio degradable biomaterials. For strengthening or
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functionalizing bio based nano, polymeric matrix
including nanomaterials (dimensions less than a
nanometer scale) have been used [22-24].The
nanofiller cab be two types natural or synthetic
[26-30]. Various nanofillers will enhance material
characteristics, temperature resistance, wear
resistance, and biodegradable feature. [9,31-33]. 
Pickering et al. [3] presented a summary of the
factors that lead for naturally fibre reinforcing
polymer composites performance enhancement.
The tedious properties of such composites were
compiled by Saba et al. [4]. Vaisanen et al. [5]
objectively examine the impact of waste products.
Faruk et al.[10] analysed all advances that existed
between 2000 and 2010, identifying different
natural fibres, their supply, treatment techniques,
and the numerous polymer matrix that was used.
Sanjay et al. [11] have a detailed overview of the
classification methods and characteristics of these
composites. Sood and Dwivedi [92] based on the
NFRC’s flexural properties. Oqla et al. [93] addressed
natural fibre reinforced composites and conductors
polymer composites. Thakur and Thakur [94] showed
how to render and classify natural cellulose fibre in
a thermos matrix. Omran et al. [98] examined the
processing parameters of various polymer matrix
composite reinforcements with these advanced
materials, as well as their applications. Vaisanen et
al [99] investigated how waste and debris from
forest farms and factories were used in such
NFRCs.To improve properties between the polymer
matrix and the fibers, most surface treatment
techniques have been tried [75,76,81,82]. Chemically
processed natural fibres are important for enhance
the efficiency of composites, according to Kabir et
al. [75]. [76] Li et al. used distinct chemical treatment
methods for property enhancement in composites
were examined, as well as their mechanisms.
Mohanty et al. [81] investigated the effects of natural
fiber surface modifications and biocomposites. Cruz
and Fangueiro [82] dealt with surface modifications
of these natural fibers. Hosseini [57] provided an
excellent description of the use of nanoparticles in
natural fiber reinforced polymer composites and
identified the most common nanofillers, including
their impact on composite performance. Saba [58]
has put together an excellent series for assessing
the capabilities of nanofillers and natural fibers in
composites.

B I O D E G R A D A B L E  P O LY M E R S

There seem to be different kinds of biobased
polymers [34-37]: (1) polylactic acid (PLA) (2)
polymerization (3) biodegradable polymers [41].
The much more famous bio - inspired polymers used
in biodegradable processes to solve social problems
are PLA, PHA, and butanedioic acid polymers.To
make biodegradable polymers more relevant in
view of evolving cultural contexts, their quality
must be improved [42,43].

POLYLACTIC ACID (PLA)

The relationship between PLA’s existence and the L
unit’s content was investigated. Polylactic acid is
gaining popularity due to its biodegradability and
possible use as a substitute for conventional
polymers. PLA is a stereotactic polymer that relates
to a strongly crystalline polymerization. Different
activators may be used to regulate these stereoisomers.
PLA has strong material characteristics, owing to its
position as the very first massive manufactured bio-
based plastic [44-47]. PLA’s commodities are extracted
from farm produce, so sustaining a continuous
source of PLA resins is vital to an agricultural production
economy’s growth. The increased molecular mass of
polylactic acid seems to be the key driver behind
PLA’s expanded use. These polymerizates can be
made using a number of methods (Shown in Fig.1)
[48]. While PLA manufacturing technology has
advanced significantly, there are many other areas
in which PLA implementations can be enhanced.
PLA has often been used as a thermoplastic
replacement. Since the physical properties of PLA
vary from those of PET, it may not be possible to
substitute PET packaging for essential foods that
need high separate safeguarding. PLA and traditional
polymers have a significant difference. Nevertheless,
if the consistency of polylactic acid could be increased,
it could be widely used. Scientists often use
phyllosilicates, carbon nanotubes, hydroxyapatite,
layered titanates, and other nanofillers to increase
the efficiency of PLA in recent years [49]. PLA can
be commonly used in medical due to its high
functionality, material parameters, yet relatively
cheap. PLA’s shear-thinning properties can also be
used in both conventional and contemporary
polymer manufacturing systems, which has a
beneficial influence on a spread of such polymers
[50].

Nanofillers Effect on Characteristics of Biodegradable PLA Reinforced Polymer Composites: Summary
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Figure 1: Synthesis of PLA [48]

P O LY H Y D R OX Y  A L K A N O AT E  ( P H A )

PHA (polyhydroxy chain alkanoate) has grow to be
a kind of organic polyester that microorganisms
generate.Plants that are transgenic contain PHA
[51]. The compositions as well as characteristics of
these polymeric materials are complex. PHA is a
homopolymer that is generated by a variety of
bacteria and growing conditions. The most well-
known polymerizates in polyhydroxy alkanes
systems are polyhydroxy butyrate (PHB) and poly
(hydroxybutyrate Hydroxy valerate) (PHBV) [45].
PHA is indeed a polyester made up of hydroxy
alkanate monomers that belongs to the polyester
family. PHA is a kind of basic particulate polymer
that bacteria use to store energy. PHA is industrially
available from refined fatty acid feedstocks
obtained from energy-dense feedstocks. After
numerous manufacturing cycles in the PHA process
facility, the cells are separated and dissolved. A
polymer is stripped of its distilled cell residue and
converted into particles or powders[52]. Researchers
have discovered that a significant number of bacteria
can generate various polyhydroxy alkanoate
biopolyesters in recent years. In general,
manipulating the composition of PHA and It appears
that determining the monomer percentage in the
copolymer is challenging. However, Pseudomonas
putida and Pseudomonas thermophila weaken the
beta-oxidation cycle, use functionalized PHA to
control different PHA structures, and insert fatty
acid-containing functional groups in a constant
proportion within the polyhydroxyl polymer chain.
Masu [53]. PHA resulting in unstable
thermomechanical properties [25, 54, 55].Besides
that, high prices are linked to Bacteriostatic action,
lower - carbon substrates transformation into PHA ,
delayed microbial development, plus subsequent
segregation are all examples of complicated

biochemical functions [56]. Like a consequence,
investigators were ignorant of something like the
limitations of PHA generation. A goal of manufacturing
large-scale microbial polyhydroxy alkanoates (PHAs)
on a sustainable basis, encouraging PHA
commercialization, and extending their variety of
applications [61,62]. Koller’s study investigated the
studies indicated that in order to increase molten
state stability, PHA polymers must be altered prior
to melting [64].

N A N O F I L L E R S  F O R  B I O D E G R A D A B L E

N A N O C O M P O S I T E S

Nanofillers are substances that could be benefit in
solid form and have qualities that varies in chemical
compound matrix and lignocellulosic fibres in terms
of structure and content. They are mostly made up
of inorganic materials with a few organic elements
thrown in for good measure. Additionally, nanoclays,
principally montmorillonite,[59,60, 38,39,40,19]
nano SIO2 [20,105], nano TIO2[106], carbon nanotubes
[107,108], nanographene, and other nanofillers are
used in natural fibre reinforced chemical compound
composites [68,69]. Other nano fillers, such as
feather palm nano filler, have been tried in addition
to these ancient fillers [70]. The use of a few of
such filler will significantly enhance the mechanical,
thermal, and water absorption characteristics.

N A N O C E L L U L O S E

The naturally occurring molecule cellulose is
attracting a lot of people’s attention throughout the
globe as science progresses. As a smart material, a
new innovative component “cellulose” has also been
utilised [65]. Natural cellulose materials or extracts
that contain nanostructured elements are called
cellulose. Microbial nanocellulose is nanocellulose
released by microorganisms and has been shown
to be useful in the tissue engineering of blood
vessels. As a nanofiller, microbial nanocellulose has
moderate mechanical properties and biocompatibility,

Figure 2: PHA synthesis via fermentation crude glycerol[63]
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as well as an ultra-fine fiber network and a tall body
[66]. The essential characteristics of cellulose which
are required are Young’s modulus and good
lastingness. Most of the other side ratios that will
be adjusted are dependent on particle sort and
possible material compliance. Moreover, the
combination of chemistry and materials affinity
results in a cleavage that is extremely adaptable
[71]. In such a research of nanofiber coatings, Jafar
et al. [72] found that lower DE of the polymer
complex reduced water absorption along with the
reduction in solubility of maltodextrin. In addition,
crystalline nanocellulose fibers enhance the
curvature of the material and the trajectory of the
curvature, reducing the likelihood of molecular
penetration by water. Reinforced organic epoxy
compounds was used to improve resin penetration
and fiber dispersion at the bio-nanocomposite fiber
/ resin interface. [73].Nanocellulose will control the
dispersion’s physical scientific stability and give the
composite better mechanical characteristics. An
artificial alteration of fibrous cellulose to make the
systems chemically compatible. This, therefore,
reduces the environmental consequences of
mistreating cellulose components [74]. Many
nanocomposites’ tensile strengths are proportional
to the tensile strengths of cellulose nanofibers. The
effectiveness of composites can be enhanced by
increasing the dispersion of individual cellulose
nanofibers [77]. The recyclability, anisotropic nature,
mechanical characteristics, acceptable
biocompatibility, and changing external chemistry of
nanocellulose make it increasingly used, especially
in coverings and medicinal devices [71,78].

Figure 3: Hierarchy of cellulose  [67].

The usually used layered silicate nanocomposites
in composite composites are layered silicates, also
recognized as clays, which consume a wide variety
of applications in composite-backed clay production.
Overall volume of such a silicate layer is determined
by clay accessibi lity, si licate grain size, and
manufacturing process.Layered silicates are
responsible for all fluctuations in electricity [79].
Perishable plastic clay nanocomposites has received
a excessive deal of attention owing to better
mechanical and occlusion properties and reduced
flash points for each parent component. Majeed
studied natural fiber-filled hybrid composites for
food applications and developed envelopes with
improved barrier and occlusion properties [80].
Nanoclay is used in more and more new and more
perishable composites due to its robust practicality
and economic purposes, as well as its workability
and thermosetting properties [83-87].

G R A P H E N  A N D  C A R B O N  N A N O T U B E S

Carbon Nanotubes

Arc discharge, optical device ablation, chemical vapor
deposition, and other methods have been used to
make nanotubes [88]. Carbon nanotubes, on the
other hand, form a stable beam due to van der Waals
interactions. Van der Waals interactions are difficult
to disperse and align within compounds. The ability
to disperse and analyze dispersibility, as well as the
ability to compose and control carbon nanotubes in
a matrix, is the most important challenge in
producing carbon nanotube-reinforced composites.
The combination of resolution paving the way for
their wide range of industrial applications. Carbon
nanotubes are used in a variety of applications such
as composite composites, energy storage, chemical
science and conversion in hydrogen storage.
Composite are used as useful fillers that not only
improve thermal and mechanical quality, but also
provide other benefits such as improved flame
retardancy and barrier properties. Ma et al. [89]
developed a fast-crystallized bio-based conductive
nanocomposite at Nursingd that regulated the
dispersion of multi-walled carbon nanotubes in a stereo
interface composite. According to Hapuarachchi  and
collaborators, multi-walled carbon nanotubes are
often used as flame retardants in PLA and its fiber-
reinforced composites [90].
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G R A P H E N E  N A N O C O M P O S I T E S

Graphene offers excellent thermal and mechanical
properties due to its unique construction. In addition,
due to the van der Waals effect, large graphene areas
cause significant intramolecular aggregation. As a
result, graphene exhibits important optical activity.
This can be measured on a particular substrate using
a simple optical method. In fact, light transmission
studies can be used to identify different numbers
of atomic layers of graphene very easily [91]. All of
these nanocomposites are expected to have excellent
mechanical properties, along with graphene, which
acts as a reinforcement for high-performance
nanocomposites. However, it is as intelligent as taking
graphene and completely separating it in one or
more layers of small lateral dimensions or creating
a compound of graphene without causing significant
damage. Getting the variance is a problem [95]. The
use of graphene-based adsorbent materials as
efficient adsorbents for removing critical elements
from its surroundings is gaining popularity [96]. Sima
Kashi and colleagues investigated the non-conductor
and EMI shielding performance of biodegradable
graphene-based nanocomposites. According to a
study [97], the inclusion of graphene nanosheets
significantly improved the non-conductor constants
of each polymer. Purnima Baruah and his colleagues
have studied biodegradable, bio-based, robust,
hyperbranched epoxy / graphene (HBE)
nanocomposites. According to performance
evaluations, the addition of graphene compound
(GO) to HBE increased bond strength by 1890 percent,
toughness by 263 percent, strength by 161 percent,
and break point elongation by 159 percent [100].

A D D I T I O N A L  U S E F U L  N A N O F I L L E R

Due to their various medical and bioengineering
applications, bio-nanoparticles and various useful
fillers have received much attention. Nanosized fills
are crucial as in production of biological composites
since it give a range of useful functionalities to a
hybrids. Sil icon dioxide nanoparticles,
hydroxyapatite, layered double hydroxides (LDH),
solid oligomers silsesquioxane (POSS), polyose
nanofibers and other valuable nanofillers are
available [101,102]. Some nanofillers have recently
received a lot of attention due to their experience
in manufacturing for clinical applications.
Hydroxyapatite is known to be a bioactive and
biocompatible ceramic found in bones and teeth.
Due to their compatibility and non-cytotoxic and

non-irritating biological systems, bio-based LDH
polymers have a wide range of applications in tissue
engineering, drug delivery, and cistron medicine
[103]. M. Ramadas et al. Have developed Hap / GO
nanocomposites in orthopaedic, medication
administration, and tooth uses it has great bioavailability
[104].

O U T C O M E  O F  N A N O F I L L E R  O N

C H A R A C T E R I S T I C S

Ashori and Nouabksh [59] use an injection molding
process to produce wood flour reinforced plastic
composites, with a 6% montmorillonite clay (MMT)
load increasing strength by 20% and resistance to
reduction by 13%. And found that the water was
reduced. Absorption under 3% clay load. Mohan and
Kanny [60] found that using 2-5% -5 MMT loads on
epoxy composites containing sisal fibers increased
durability by 27% and tensile modulus by 47%. did.
They also found that using a composite material
packed with 5% nanoclay reduced water absorption
by a third. Haq et al. [38] Compression molding was
used to create hemp fiber reinforced polyester
composites with a clay load of 0-1.5%, with Naoclay-
fil led composites having a 8% reduction in
hygroscopicity and a 20% reduction in tensile
strength. I found out that Han et al. [39] employs a
melt composition approach to produce bamboo-
based high-density synthetic resin composites, and
it is undeniable that the inclusion of MMT clay
crystal straighteners adversely affects mechanical
properties. Patriarca et al. [40] that MMT clay has a
positive effect on polypropylene composites, with
composites containing 5% coupling agent, 5%
nanoclay, and 40% treated fibers having the highest
strength. discovered. Venkatraman et al. [19] founds
a significant increase in mechanical properties and a
decrease in water absorption. The optimum fiber
and clay loads for improving composite performance
were 25% fiber load and 3% clay load. Hosseini et al
[20] used 2% and 5% filled nanoSiO2 fillers to create
bagasse fiber reinforced high density polyethylene
composites with 71% increase in tensile strength
of nanoSiO2-filled composites at 46%. I found that
there is. Jiang et al. [105] observed similar improvements
in wood-urea-formaldehyde composites containing
1% nanoSiO2. Vilakati et al. [106] Using 2% TiO2 as a
filler in the bagasse vinyl acetate composite, we
found a 10% increase in tensile strength. Kushwaha
et al [107] investigated different types of nanofillers,
carbon nanotubes (CNTs). They used a simple

Nanofillers Effect on Characteristics of Biodegradable PLA Reinforced Polymer Composites: Summary
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manual method to process bamboo fiber reinforced
epoxy composites, which resulted in a 6.67% increase
in tensile and bending strength and a decrease in
water absorption from 26.28% to 23.18%. Shown.
Shen et al. [108] The same CNT nanofiller was used
to make the ramie fiber reinforced epoxy composite,
changing the CNT load from 0 to 0.6%, increasing
bending strength and modulus by 34% and 37%,
respectively. Chaharmahali et al. [68] and Sridharanetal.
[69] investigated the effects of nanoglupahen on
the tensile, bending, and impact properties of
polypropylene bagasse and jute epoxy composites,
respectively. Oil palm nanofillers were used to
improve the properties of mackerel and kenaf epoxy
composites. [70].

C O N C L U S I O N

According to the results of this study, the use of
nanofillers significantly improves overall characteristics
of naturally reinforced fiber composite. Some studies
have also reduced the water absorption of these
composites. This article mainly introduces the current
state of nanofillers as a means of improving perishable
composites. The filler addition process involves many
different treatment techniques, the most common of
which are solvent casting and softening processes that
can be used on nanocellulose. The compound spacing
technique is particularly well suited for the insertion of
nanoclay fillers. This transaction mainly uses a gentle
extrusion process of carbon nanotubes. The filler
addition process involves many different treatment
techniques, the most common of which are solvent
casting and softening processes that can be used on
nanocellulose. The compound spacing technique is
particularly well suited for the insertion of nanoclay
fillers. This transaction mainly uses a gentle extrusion
process of carbon nanotubes. All of these materials will
be replaced in the long term by biodegradable
composite. This really is critical to our long-term survival.
As a result, evaluating nanofillers in order to enhance
biodegradable composite is a must.

G R A P H E N E  N A N O C O M P O S I T E S

Graphene offers excellent thermal and mechanical
properties due to its unique construction. In addition,
due to the van der Waals effect, large graphene areas
cause significant intramolecular aggregation. As a
result, graphene exhibits important optical activity.
This can be measured on a particular substrate using

a simple optical method. In fact, light transmission
studies can be used to identify different numbers
of atomic layers of graphene very easily [91]. All of
these nanocomposites are expected to have
excellent mechanical properties, along with
graphene, which acts as a reinforcement for high-
performance nanocomposites. However, it is as
intelligent as taking graphene and completely
separating it in one or more layers of small lateral
dimensions or creating a compound of graphene
without causing significant damage. Getting the
variance is a problem [95]. The use of graphene-
based adsorbent materials as efficient adsorbents
for removing critical elements from its surroundings
is gaining popularity [96]. Sima Kashi and colleagues
investigated the non-conductor and EMI shielding
performance of biodegradable graphene-based
nanocomposites. According to a study [97], the
inclusion of graphene nanosheets significantly
improved the non-conductor constants of each
polymer. Purnima Baruah and his colleagues have
studied biodegradable, bio-based, robust,
hyperbranched epoxy / graphene (HBE)
nanocomposites. According to performance
evaluations, the addition of graphene compound
(GO) to HBE increased bond strength by 1890
percent, toughness by 263 percent, strength by 161
percent, and break point elongation by 159 percent
[100].

A D D I T I O N A L  U S E F U L  N A N O F I L L E R

Due to their various medical and bioengineering
applications, bio-nanoparticles and various useful
fillers have received much attention. Nanosized fills
are crucial as in production of biological composites
since it give a range of useful functionalities to a
hybrids. Silicon dioxide nanoparticles, hydroxyapatite,
layered double hydroxides (LDH), solid oligomers
silsesquioxane (POSS), polyose nanofibers and
other valuable nanofillers are available [101,102].
Some nanofillers have recently received a lot of
attention due to their experience in manufacturing
for clinical applications. Hydroxyapatite is known
to be a bioactive and biocompatible ceramic found
in bones and teeth. Due to their compatibility and
non-cytotoxic and non-irritating biological systems,
bio-based LDH polymers have a wide range of
applications in tissue engineering, drug delivery,
and cistron medicine [103]. M. Ramadas et al. Have
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developed Hap / GO nanocomposites in orthopaedic,
medication administration, and tooth uses it has
great bioavailability [104].

OUTCOME OF NANOFILLER ON CHARACTERISTICS

Ashori and Nouabksh [59] use an injection molding
process to produce wood flour reinforced plastic
composites, with a 6% montmorillonite clay (MMT)
load increasing strength by 20% and resistance to
reduction by 13%. And found that the water was
reduced. Absorption under 3% clay load. Mohan and
Kanny [60] found that using 2-5% -5 MMT loads on
epoxy composites containing sisal fibers increased
durability by 27% and tensile modulus by 47%. did.
They also found that using a composite material
packed with 5% nanoclay reduced water absorption
by a third. Haq et al. [38] Compression molding was
used to create hemp fiber reinforced polyester
composites with a clay load of 0-1.5%, with Naoclay-
fil led composites having a 8% reduction in
hygroscopicity and a 20% reduction in tensile
strength. I found out that Han et al. [39] employs a
melt composition approach to produce bamboo-
based high-density synthetic resin composites, and
it is undeniable that the inclusion of MMT clay
crystal straighteners adversely affects mechanical
properties. Patriarca et al. [40] that MMT clay has a
positive effect on polypropylene composites, with
composites containing 5% coupling agent, 5%
nanoclay, and 40% treated fibers having the highest
strength. discovered. Venkatraman et al. [19]
founds a significant increase in mechanical
properties and a decrease in water absorption. The
optimum fiber and clay loads for improving
composite performance were 25% fiber load and
3% clay load. Hosseini et al [20] used 2% and 5%
filled nanoSiO2 fi l lers to create bagasse fiber
reinforced high density polyethylene composites
with 71% increase in tensile strength of nanoSiO2-
filled composites at 46%. I found that there is. Jiang
et al. [105] observed similar improvements in wood-
urea-formaldehyde composites containing 1%
nanoSiO2. Vilakati et al. [106] Using 2% TiO2 as a
filler in the bagasse vinyl acetate composite, we
found a 10% increase in tensile strength. Kushwaha
et al [107] investigated different types of
nanofillers, carbon nanotubes (CNTs). They used a
simple manual method to process bamboo fiber
reinforced epoxy composites, which resulted in a
6.67% increase in tensile and bending strength and
a decrease in water absorption from 26.28% to

23.18%. Shown. Shen et al. [108] The same CNT
nanofiller was used to make the ramie fiber
reinforced epoxy composite, changing the CNT load
from 0 to 0.6%, increasing bending strength and
modulus by 34% and 37%, respectively. Chaharmahali
et al. [68] and Sridharanetal. [69] investigated the
effects of nanoglupahen on the tensile, bending,
and impact properties of polypropylene bagasse and
jute epoxy composites, respectively. Oil palm
nanofillers were used to improve the properties of
mackerel and kenaf epoxy composites. [70].

C O N C L U S I O N

According to the results of this study, the use of
nanofillers significantly improves overall characteristics
of naturally reinforced fiber composite. Some studies
have also reduced the water absorption of these
composites. This article mainly introduces the
current state of nanofillers as a means of improving
perishable composites. The filler addition process
involves many different treatment techniques, the
most common of which are solvent casting and
softening processes that can be used on nanocellulose.
The compound spacing technique is particularly well
suited for the insertion of nanoclay fillers. This
transaction mainly uses a gentle extrusion process
of carbon nanotubes. The filler addition process
involves many different treatment techniques, the
most common of which are solvent casting and
softening processes that can be used on nanocellulose.
The compound spacing technique is particularly well
suited for the insertion of nanoclay fillers. This
transaction mainly uses a gentle extrusion process
of carbon nanotubes. All of these materials will be
replaced in the long term by biodegradable
composite. This really is critical to our long-term
survival. As a result, evaluating nanofillers in order
to enhance biodegradable composite is a must.
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