Volume 4, Issue 12, December 2021

International Journal of Research in Engineering, Science and Management 69

IJRESM  https://www.ijresm.com | ISSN (Online): 2581-5792

An Overall Review on Types and Preparation of
Nano Biocomposites

E. Narsimulu Goud?, A. V. S. Rajeswari?*, J. V. C. Sharma®, A. V. S. S. S. Gupta*
1Student, Department of Pharmacy, Joginpally B. R. Pharmacy College, Hyderabad, India
2Assistant Professor, Department of Pharmaceutics, Joginpally B. R. Pharmacy College, Hyderabad, India
3Principal, Department of Pharmacognosy, Joginpally B. R. Pharmacy College, Hyderabad, India
“Vice-Principal, Department of Pharmacology, Joginpally B. R. Pharmacy College, Hyderabad, India

Abstract: A nanocomposite is a campsite material, in which one
of the components have at least dimension that is around 10 M
Nano Composites is a multiphase solid material where one of the
phrases has one. two or three dimensions of less than 100nm
structure having nano-scale repeat distance between the different
phases that make up the material Nano -biocomposites can fulfill
the requirements of a targeted drug delivery device. The
nanohybrids have been elaborated big meet blending starch with
different plasticizers, namely, glycerol sorbitol, and polysorb This
review describes the use of polymeric nano-biocomposites in
controlled drug delivery devices. Hybrid nano biocomposites films
are prepared using slutin causing by incorporating Tempo
cellulose nano fiboils (To CNs) and carbon nanotubes (CNTS) into
an aqueous solution of pollutant. Nano biocomposites based on
hallosyite—nano clay & potato starch were elaborated by meet
blending with different ply plasticizers such as glycerol. This
review explains about types and methods of nano biocomposites.

Keywords: Polysorb, hallosity, nano clay, plasticizers fibolis,
glycerol, nanotubes.

1. Introduction

Studies dependent on nano-biocomposites utilizing various
fortifications for poly (lactic corrosive), PLA, have been
represented by numerous investigation bundles in later quite a
while. PLA is a biodegradable thermoplastic polyester made by
using I-n-lactic risk operation. which is gotten from the
development of corn starch. PLA is as of now marketed and
utilized in food pack-maturing application for the new or
moderately short timeframe of realistic usability items as
compartments, drinking cups, salad cups, and overlay films,
and bother bundles [1]. Nano-biocomposites are one more class
of mutt materials com-introduced of nano-sized filler
(nanofiller) established into the abed-based structure. Such
relationship between eco obliging biopolymers and nano-
objects. with the mean to get synergic impacts, is one of the
most advancing courses to upgrade the properties of these bio-
lattices [2]. At the present, it is notable that starch, which is an
inherently biodegradable and inexhaustible material, is a
promising reply to foster new harmless to the ecosystem
materials particularly for bundling and expendable applications

[3].
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The defilement speeds of PLA-LDH nano biocomposites
seriously rely insistently upon the linked normal atom. To be of
interest for PLA, this atom ought to be harmless to the
ecosystem, perhaps bio-viable, and it ought not to actuate
debasement in the liquid state [4]. The blend of natural normal
strands also inorganic or normal polymers and nanoparticles
has a high potential for chipping away at mechanical
presentations, and hence developing the spaces of usage [5].
.nano particles have transformed into significantly more
striking for redesigning the mechanical and significant
presentations in BCs Lately, outstanding inorganic
nanoparticles were inspected ready for obliging them with bio
strands in the cross-region to shape NBC’s especially for their
biodegradability. This results in the improvement of an
interfacial relationship between the fibers and polymers in a
composite system, while the run-of-the-mill stage helps with
trimming an inorganic plan [6]. Nano particles have
transformed into significantly more striking for redesigning the
mechanical and significant presentations in BCs. Nanofillers
are overriding customary micro-scale filler materials. The
homogeneous and uniform flow of nanoparticles in the BCs
speeds up mechanical, warm, and nuclear portability [7]. The
nano dimensional stage astoundingly impacts NBC properties,
particularly the warm, electrical, optical, mechanical, reactants.
The extraordinary show ascribes of BCs and NBCs have
improved them over customary composites [8]. The presence of
nanomaterials generally impacts the degree of thermoset re-
establishing, course of action science, adaptability of the
polymer chain, and the solicitation for the polymer chain and
crystalline in the composite organization [9]. A polymeric
graphene nanocomposite was made by the game plan mixing
system to grow the adaptable modulus by 24%, which would be
basic in the vehicle region [10], [11]. A potential arrangement
system of NBC biopolymers, for example, polysaccharides, and
all the more by and large bio-based polymers from
inexhaustible assets have drawn in a lot of consideration from
specialists and industry in light of the expanding familiarity
with climate assurance and the absence of specific explicit
portions separated from fossil. Among the biopolymers, starch
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is ordinarily considered as a promising decision to customary
non-vast, non-biodegradable, and fossil-put together polymers
concerning a record of its receptiveness, sustainability,
biodegradability, and biocompatibility [12], [13]. Bio
macromolecules are coordinated into an exceptionally
perplexing semi-translucent construction that outcomes from
the biosynthesis of the starch granules by the plant [14].

2. Methods and Materials

A. Material

PLA sap (7032D) with a specific gravity of 1.24 and an MFI
of 13.81 g/10 min was obtained from Nature Works LLC. The
impeccable sodium montmorillonite (MMT) utilized in this
survey is Cloisite®Na, bought from Southern Clay Items. As
indicated by the provider the cation trade limit (CEC) in respect
of MMT is 92.6 meq/100 g of mud. Explicitly arranged mixes,
such as melamine, phosphoric hurting, triphenylbenzyl
phosphonium chloride, tributyl Hexa decyl phosphonium
bromide, hydrochloric  ruinous, silver nitrate, and
pentaerythritol (PER) were purchased from Sigma Aldrich
(Johannesburg, South Africa) and were used short any
additional cleansing.

B. Method

The MMT was naturally adjusted utilizing two distinct sorts
of phosphonium subsidiaries, following recently revealed
strategies [15], [16]. Momentarily, the system is as per the
following: the MMT (5 g) was dissipated in water and mixed at
90 °C for 12 h to additionally foster the silicate layer dispersing.
Then, at that point, the essential sum (6 mmol) of triphenyl
benzyl phosphonium chloride surfactant was crumbled in the
water freely and subsequently comfortable added to the MMT
mix, followed by steady blending for 24 h to achieve full-scale
intercalation of triphenyl benzyl phosphonium cations into the
earth.

C. Material

PULL (Powder structure, excellence above 90%, sub-nuclear
weight (Mw) of 20,000) was pur-sought after from Hayashibara
Biochemical Laboratories Inc. (Okayama, Japan). Multiwalled
CNT (20 nm in width, 10 um long) was acquired from Antech,
Hanoi, Vietnam, and fluid 0.5% w/v suspension of TOCNs was
provided by Sigma-Aldrich, St. Louis, MO, USA. Doubly
refined water was utilized as a dissolvable.

D. Method

PULL/TOCNS/CNT nanocomposite film was organized
using the course of action projecting procedure. For this reason,
TOCNSs, CNT, and PULL were blended in 100 mL of refined
water utilizing attractive mixing (400 rpm and 30 °C) and a
sonicator. The grouping of PULL furthermore, TOCNs was 10
and 5 wt. %, separately, while the various groupings of CNT (0,
0.5, 1, 3, and 5 wt.%) were taken independently [17]. PULL
was taken by the arrangement weight; alternately, TOCNSs and
CNT were estimated relying upon the PULL weight. After 10 g
of the pre-arranged arrangement was poured on the polystyrene
Petri dish (8 x 8 cm2) the arrangement combination was dried

International Journal of Research in Engineering, Science and Management, VOL. 4, NO. 12, DECEMBER 2021 70

in a drying broiler at 35 °C until complete dryness.

E. Material

In this work, a PLA grade made by Nature works was used:
4032D (with around 2% of D-lactide). The fillers used were:
standard acids all things considered got from Sigma-Aldrich,
fumaric and ascorbic acids and LDHs of cation strategy
intercalated with the three ordinary acids truly intimated, used
as host particles. The picked standard acids were from standard
sources and were biocompatible. They have the average
attributes to stay in a strong state at the overseeing temperatures
of PLA. LDHs intercalated with standard harming were
coordinated through a cycle in a gave portion under.

F. Methods

Gel Permeation Chromatography (GPC Analysis) GPC
examinations were acted to assess the varieties of a sub-atomic
load of the tests as hydrolysis continued. The gear used to do
the GPC estimations was an elite execution fluid
chromatography (HPLC) Waters framework (Milford, MA,
USA), outfitted with an auto-sampler. Dissected examples at
various hydrolysis times were broken down in tetrahydrofuran
(THF), with a proportion (test mass/dissolvable) equivalent to
around 1/1 (g/mol) at 50 °C.

3. Types of Nano Biocomposite

Nano-biocomposites have been composed into two social
occasions, for example, intercalated and delaminated [18]. The
intercalated or layered nano-biocomposites are those
composites where the to some degree long polymer has been
intercalated between the host polymers is particularly
coordinated multi-facets; in delaminated nano-biocomposites,
the host polymer might be of nano-scale which ought to be
dispersed in predictable polymer structure [19]. Inside the
approach, some consider the delaminated pack as being
segregated into two further amicable occasions, expressly,
flocculated and shed. The arrangement depends on the
interfacial collaborations among broadened and have polymers
as to these three gatherings, we note the accompanying [20],
[21]

a) Intercalated nano-composites: Will be composited in
which the union of inorganic materials or polymer into
another polymer occurs in a standard manner paying little
mind to the polymer-polymer or polymer-inorganic
material degree. The composites are reliably layered with
properties like creative materials.

b) Flocculated nano-composites: are practically like the
intercalated nano-composites; the main distinction is the
game plan of the drawn-out polymer inside have polymer.

c) Exfoliated nano-composites; In  stripped nano-
composites, stretched out polymer layer should be bound
in an unfaltering polymer system with a mean space that
relies on the filler's stacking. Considering everything, the
filler hard and fast has been seen lower than that of various
kinds of nano-biocomposites.
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4. Colloidal Nano-Composites

Colloidal nano-composites are the scattering of masses in
non-responsive dissolvable by and large water. Lately, though
has been whirled around polymer/silica nano-composite with
explicit morphology, trademark, and construction. Detriments
of the colloidal nano-composites are—there-activity
combination ought to be continued in moderate acidic medium.
The response combination is exceptionally exothermic; the
Chemical structure of chitosan and alginate may b be confined
to a rather low union of monom layered with properties like
creative materials [22]-[24].

Inorgamic Materials

=

Intercalated Exfoliated

Flocculated

Fig. 1. Kind of nano biocomposites dependent on interfacial
communications between monomers of the drawn out and have polymer

5. Methods for Biocomposite Preparation

A. Blending

Mixing is one of the customary, straightforward, and simple
strategies to plan biocomposites. Polymers can be
straightforwardly blended in with each other basically by two
strategies, for example, liquefy mixing and arrangement
mixing. As the liquefy mixing strategy is both efficient and
harmless to the ecosystem, analysts have preferentially centered
around the liquefy mixing as contrasted and the solution mixing
technique. As the molecule load gathers, the polymer doesn't
smooth or the consolidated polymer is extremely thick
deducing that both the unwind and strategy mix systems
become infeasible. To beat the present circumstance, a strong
mix strategy has been created which evades warm and
dissolvable issues [25].

B. General Polymerization Method

The overall polymerization strategy for the arrangement of
nano-biocomposites includes three primary advances—the
arrangement of added substances and surface alteration, the
dissipating of added substances into monomer, and thereafter
course of action or mass polymerization. This strategy enjoys
upper hands over different methods [26].

C. Photopolymerization

Photopolymerization is the cycle where fluid monomer has
been moved unbelievably expedient into strong film affected by
UV light. The cycle fuses the creation of and catches of
moderate species by the relationship of UV light utilizing a suit-
talented initiator. Additionally, electron shaft prompted
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polymerization has drawn in much consideration because the
interaction is dissolvable free which is fundamentally green and
climate amicable [26], [27].

D. Arrangement Polymerization

Game plan polymerization is a procedure for present-day
polymerization by which the monomers can deteriorate in a
non-responsive dissolvable. Generally, a boost is interlaced to
begin polymerization. The colossal obstruction of this kind of
polymerization is the presence of dissolvable when high
centralization of the polymer is required. Irregularly, ejection
of bounty dissolvable is also inconvenient on the current scale.
The potential gain of this technique is that the hotness made by
the response can be gobbled up by the dissolvable, hence
altering the speed of response [28], [29].

E. Surface-Induced Polymerization

Interfacial joint efforts expect a basic part in the advancement
of nano-composites. Two courses have been delivered for the
joining of polymer chains at the atom surface that is known as
joining too and joining from strategies.

a) Grafting-to  strategy: This strategy  remembers
manufactured re-movement between the open get-
togethers for the substrate surface and the (end-)
functionalized polymer. Such polymer joining strategies
have been by and large used for solid surface change [30],
[31].

b) Grafting-from strategy: The joining from polymerization
procedure is altogether incredible for planning nano-
composites [32], [33].

F. Determination of Preparative Strategy

Research has been centered around the improvement of
medication vehicle riders in which the medications ought to be
dynamic just in the designated region (Kim et al. 2005; Cao et
al. 2010) [34], [35]. Along these lines, strategies for readiness
ought to be particular and explicit to get ready the
nanocomposites. Every technique enjoys a few benefits what's
more, drawbacks; most distributed writing review uncovers that
most analysts will more often than not utilize the arrangement
polymerization technique. Arrangement polymerization is (as
referenced) better than different techniques because the hotness
created during the interaction can be consumed by the
dissolvable, furthermore in this manner overheating can be
controlled, thusly helping with getting the bioactivity of
dynamic trimmings. Besides the outcomes conveyed during the
reaction can be washed away adequately [36]-[38].

G. Drug Stacking and Discharge

The best nano-composite framework is one that has a high
limit with regards to tranquilize stacking to limit the measure of
the transporter. Drug stacking can be refined by two
methodologies either the wire or the impregnation procedure.
The circuit method incorporates the medicine being caught by
nano-composites at the hour of course of activity, The
impregnation structure wires drug trap by the hatching of the
nano-composites in an answer. Higher catch efficiencies of
nano-composites can be made by the breaker technique rather
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than the impregnation system [39,40]. Anyway, the greater part
of the distributed medication stacking studies has been
completed utilizing the impregnation technique. The
impregnation technique is fairly better than the joining
technique because the action of dynamic materials might be lost
during the fuse interaction [41].

6. Preparation of BCs and NBC’s

The impregnation structure wires drug trap by incubating the
nano-composites in a reply. Higher catch efficiencies of nano-
composites can be created by the breaker strategy rather than
the impregnation procedure. Furthermore, the length, synthetic
arrangement, and perspective proportion of normal filaments
additionally effects affect the assembling and execution of
composites. In any case Regular filaments can be handled up to
200 °C for creating NBC’s without fiber debasement [42].
Pressure forming, infusion shaping, expulsion forming, pitch
move embellishment, and sheet forming are utilized for BC
creation, while pressure shaping is the generally famous and
broadly utilized innovation [43]. On account of pressure
shaping, preheated fiber materials are packed with a high strain
until cementing happens. The strain, temperature, warming
time, and cooling time are probably the main boundaries that
should be thought off or pressure shaping [8], [44]. These are
made of natural or inorganic mixtures that are normal or
engineered. The materials utilized are organized through
emulating living constituents during the handling that are
solidified and reinforced by the framework, however need to
guarantee biocompatibility [45], [46]. Both inexhaustible and
nonrenewable polymeric fixings can be used for the
arrangement of the C lattice.

This organization holds the fibers together, which redesigns
the strength; along these lines, it accomplishes great assurance
capacities against mechanical distortion and ecological
corruption, just as through moving the heap consistently to the
entire surface region.

7. Natural Filler Reinforced Polymeric NBC

Fillers are gigantic pieces of composites that contribute to the
molecule, portion, fiber, sheet, and. hair structures, either as
normal or fake materials. Some lignocellulosic strands have
been utilized as filling materials by and large through the past
3000 years as a help fixing, close by other polymeric
constituents [47], [48] lately, nanofillers have been seen as
particularly probable parts for managing the polymeric
properties and mechanical shows of NBCs. When nanoparticles
are spread in the BC system for unequivocal functionalization
purposes, NBCs are passed on. The size of the used in NBCs is
all over under 100 nm. NBC’s show better presentations
appeared differently about traditional BCs. Lately, broad
investigations have been directed for applying distinctive
nanoparticles as advantageous nanofillers in NBCs [49], [50]
through giving ecological sustainability.
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8. Polymer and Matrix

Polymers are made from many repeating subunits, similar to
monomers, that are artificially fortified. They are for the most
part described into two. classes: cured polymers e.g. ply
ethylene is average polymers (like gelatine, protein, lignin, and
hemicellulose) and the other is manual). There are in like
manner various types of adjusted standard polymers, for
example, thick. BCs are at this point getting a titanic thought
taking into account their biocompatibility and biodegradability,
making them expected trades for petroleum-based plastic
materials [51]. A cross-section holds the supporting strands in
general and specialists together in a composite to move/ share
any outside pressure inside the constituents for giving insurance
against any degradative cycles. The lattice is additionally
named as a base material, assumes a basic part in composites
conveying tractable burdens in the design [52], [53]. There are
four significant grid types:(1) metallic, (2) polymeric, (3)
carbon, and (4) artistic. The most utilized frameworks in
assembling organizations are polymeric resins, which are
primarily thermosetting polymers and thermoplastic. The sub-
atomic loads of the plastics are extremely high, and the
polymeric chains are interconnected through intermolecular
powers. The great benefit of this polymer is that it tends to be
warmed once more, with next to no significant changes in the
first properties for any sort of reconstruction.
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9. Graphene Based NBC

Graphene-based NBCs are additionally drawing the
consideration of analysts, particularly in the field of
development (for creating appropriate structure squares) and
clinical areas, for creating climate agreeable biomimetic
approaches through utilizing in situ uniting, have visitor
connections, noncovalent holding, and polymerization
responses of free revolutionaries [54].

10. Carbon Nanotube-Based NBC

Carbon nanotube (CNT) is considered a brilliant
nanomaterial for changing the standard fiber surface through
augmenting the resemblance between the bio fiber and polymer
in the construction. Moreover, the polymeric materials utilized
in BC materials ought to have a wonderful impediment against
the harm from any mechanical disfigurement, warm instability,
and manufactured the change to be sensible for space
organizations; in such way, CNT could be an ideal decision,
requiring no stacking as conspicuous nanofiller. CNT is an
everything thought about a stunning competitor for managing
the interfacial mechanical strength in the NBC, thinking about
its staggering warm and mechanical properties. ZnO-BASED
NBC Zinc oxide nanoparticles have been thoroughly examined
up for their various applications in enhanced fields. This NM
has a high potential for biomaterials, clinical applications,
squander water treatment, and the equipment region [55].

11. Applications of BCs and NBC’s

NBC’s outlined by polymeric cross-section support with
typical fibers have unlimited applications in different fields due
to their remarkable warm, mechanical, and biodegradable
properties. Aviation, car, bundling, military, development,
maritime, sports, clinical, and building block areas address huge
utilization of NBCs for acquiring unrivaled exhibitions. Bio-
based composites give lighter weight body parts to vehicles and
planes, alongside security against heat and any outer effects.
The enormous interest and examination studies on this area are
likewise bit by bit decreasing the handling costs. The Toyota
engine affiliation proposed an eco-obliging bio-based vehicle
thoroughly considered orchestrating polyester maintained with
hemp for lighter weight seats, body sheets, floor covers, and
unmistakable inside parts. NBC’s additionally have a very great
probability for feasible assembling through utilizing green
materials rather than conventional petrol-based composites.
Hardware and versatile handsets have likewise drawn
consideration for carrying out the green idea through lessening
the unsafe fixings by supplanting them with regular fiber-based
items. The reusing of NBC is clear as the genuine attributes of
nanofillers are not affected during the overseeing due to having
a brilliant warm strength. Also, the low stacking of nanofillers
doesn't in a general sense extend the thickness of NBCs for the
high point of view extent, which gives an amazingly high
likelihood of using NBCs. Nano cellulose is acquiring fame in
the biomedical business for its utilization in frameworks in
tissue designing, bone recreation, frameworks for drug
discharge, the substitution of skin because of copying, and
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wound dressing.

12. Conclusion

The point of this work was to acquire nano biocomposites
with a corruption rate that can be tweaked in a restricted
measure of time. Plasticized starch\ halloysite nano
biocomposites were effectively ready.

Biopolymers are materials that are either biodegradable and
acquired from both inexhaustible and non-sustainable assets or
nonbiodegradable and got from inexhaustible resoures.
Polymeric nanoparticles are impacting particles with sizes
going from 10to 1000 nanometers. Medications can be
disintegrated, entangled, encapsulated, or associated with nano
molecule lattices in an assortment of ways. Medications may
consume on the outer layer of this framework because of
enormous surface regions. This survey on nanoparticles
features the few bio pools that have recently modified the
domain of biocompatible and degradable regular organic
materials. the survey centers around the few types of
biopolymers are materials that are either biodegradable and
must be made structure sustainable assets. Nano biocomposites
upcoming materials which show great changes in all the
industrials fields and it is additionally going to be an affordable
hindrance for non-industrial nations as an apparatus of nano
innovation.

References

[1] Auras, R., Kale, G., & Singh, S. P. (2006). Degradation of commercial
biodegradable packages under real composting and ambient exposure
conditions. Journal of Environmental Polymer Degradation, 14, 317-334.

[2] Alexandre, M., & Dubois, P. (2000). Polymer-layered silicate
nanocomposites: Preparation, properties, and uses of a new class of
materials. Materials Science and Engineering R-reports.

[3] Swanson, C. L., Shogren, R. L., Fanta, G. F., & Imam, S. H. (1993).
Starch—plastic materials — Preparation, physical properties, and
biodegradability (a review of recent USDA research). Journal of
Environmental Polymer Degradation.

[4] Oyarzabal, A.; Mugica, A.; Muller, AJ.; Zubitur, M. Hydrolytic
degradation of nanocomposites based on poly (L-lactic acid) and layered
double hydroxides modified with a model drug. J. Appl. Polym.
Sci.2016,133, 43648.

[5] Sun, G, Liang, R.; Lu, Z; Shi, T.; Geng, P.; Li, Z. Remarkable
mechanical enhancement achieved by the interfacial strengthening of
organic/inorganic/fiber composites. Constr. Build. Mater. 2017, 142, 7—
10.

[6] Narayan, R. Biodegradability. Bioplastics Magazine 2009, 4, 28-31.
Auvailable online: (accessed on 20 December 2019).

[7] Kord, B.; Ghalehno, M.D.; Movahedi, F. E_ect of Surface
Functionalization of SiO2 Nanoparticles on the Dynamic Mechanical,
Thermal and Fire Properties of Wheat Straw/LDPE Composites. J. Polym.
Environ. 2019, 28, 304-316.

[8] Gholampour, A.; Ozbakkaloglu, T. A review of natural fiber composites:
Properties, modification and processing techniques, characterization,
applications. J. Mater. Sci. 2019, 55, 829-892.

[9] Spinella, A.; Bondioli, F.; Nasillo, G.; Renda, V.; Caponetti, E.; Messori,
M.; Morselli, D. Organic-inorganic nanocomposites prepared by reactive
suspension method: Investigation on filler/matrix interactions and their
effect on the nanoparticles dispersion. Colloid Polym. Sci. 2017, 295,
695-701.

[10] Bansal, S.A.; Singh, A.P.; Kumar, A.; Kumar, S.; Kumar, N.; Goswamy,
J.K. Improved mechanical performance of bisphenol-A graphene-oxide
nano-composites. J. Compos. Mater. 2017, 52, 2179-2188.

[11] Genix, A.-C.; Oberdisse, J. Nanoparticle self-assembly: From interactions
in suspension to polymer nanocomposites. Soft Matter 2018, 14, 5161—
5179.



E. N. Goud et al.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Liu, H.; Xie, F.; Yu, L.; Chen, L.; Li, L. Thermal processing of starch-
based polymers. Prog. Polym. Sci. 2009, 34, 1348-1368.

Xie, F.; Halley, P.J.; Avérous, L. Rheology to understand and optimize
processibility, structures and properties of starch polymeric materials.
Prog. Polym. Sci. 2012, 37, 595-623.

Ren, J.; Zhang, W.; Yu, Y.; Zhang, G.; Guo, W. Preparation and structure
characterization of linear long-chain dextrin obtained from pullulanase
debranching of cassava starch. Starch-Stérke 2015, 67, 884-891.

Zhu, J.; Morgan, A.B.; Lamelas, F.J.; Wilkie, C.A. Fire properties of
polystyrene—clay nanocomposites. Chem. Mater. 2001, 13, 3774-3780.
Malkappa, K.; Rao, B.N.; Jana, T. Functionalized polybutadiene diol
based hydrophobic, water-dispersible polyurethane nanocomposites: Role
of organo-clay structure. Polymer 2016, 99, 404-416.

Zeng, Y.; Zhao, L.; Wu, W,; Lu, G.; Xu, F.; Tong, Y.; Liu, W,; Du, J.
Enhanced  adsorption of malachite green onto carbon
nanotube/polyaniline composites. J. Appl. Polym. Sci. 2013, 127, 2475
2482.

Gilman JW (1999) Flammability and thermal stability studies of polymer
layered-silicate (clay) nanocompositesl This work was carried out by the
National Institute of Standards and Technology (NIST), an agency of the
U. S. government, and by statute is not subject to copyright in the United
States.1. Appl Clay Sci 15(1):31-49.

Burnside SD, Giannelis EP (1995) Synthesis and properties of new
poly(dimethylsiloxane) nanocomposites. Chem Mater 7(9):1597-1600.
Chen B, Evans JR, Greenwell HC, Boulet P, Coveney PV, Bowden AA,
Whiting A (2008) A critical appraisal of polymer—clay nanocomposites.
Chem Soc Rev 37(3):568-594.

Sinha RS, Okamoto M (2003) Polymer/layered silicate nanocomposites:
A review from preparation to processing. Prog Polym Sci 28(11):1539-
1641.

Balmer JA, Schmid A, Armes SP (2008) Colloidal nanocomposite
particles: quo Vadis? J Mater Chem 18(47):5722-5730.

Pyun J (2012) Self-assembly and colloidal polymerization of polymer—
nanoparticle hybrids into mesoscopic chains. Angew Chem Int Ed
51(50):12408-124009.

Hill L, Pyun J (2014) Colloidal polymers via dipolar assembly of
magnetic nanoparticle monomers. ACS Appl Mater Interfaces 6(9):6022—
6032.

Johnston RL (1992) Process and apparatus for blending viscous polymers
in a solvent, Google Patents.

Zou H, Wu 'S, Shen J (2008) Polymer/silica nanocomposites: Preparation:
characterization, properties, and applications. Chem Rev 108(9):3893—
3957

Yokoyama S, Nakahama T, Miki H, Mashiko S (2003) Fabrication of
three-dimensional microstructure in optical-gain medium using two-
photon-induced photo polymerization technique. Thin Solid Films, 438—
439:452-456.

Desai NP, Hubbell JA (1991) Solution technique to incorporate
polyethylene oxide and other water-soluble polymers into surfaces of
polymeric biomaterials. Biomaterials 12(2):144-153.

Edmondson S, Osborne VL, Huck WT (2004) Polymer brushes via
surface-initiated polymerizations. Chem Soc Rev 33(1):14-22.

Minko S, Patil S, Datsyuk V, Simon F, Eichhorn K-J, Motornov M, Usov
D, Tokarev |, Stamm M (2002) Synthesis of adaptive polymer brushes via
“grafting to” approach from melt. Langmuir 18(1): 289-296.

Zdyrko B, Luzinov I (2011) Polymer brushes by the “grafting to” method.
Macromol Rapid Commun 32(12):859-869.

ChoiWSs, Park JH, Koo HY, Kim JY, Cho B, Kim DY (2005) “Grafting
from” polymerization inside a polyelectrolyte hollow-capsule
microreactor. Angew Chem Int Ed 44(7):1096-1101.

Goda T, Konno T, Takai M, Moro T, Ishihara K (2006) Biomimetic
phosphorylcholine polymer grafting from polydimethylsiloxane surface
using photo-induced polymerization. Biomaterials 27(30): 5151-5160.
Kim HW, Knowles JC, Kim HE (2005) Porous scaffolds of gelatin—
hydroxyapatite nanocomposites obtained by biomimetic approach:
characterization and antibiotic drug release. J Biomed Mater Res B Appl
Biomater 74(2):686-698.

Cao SW, Zhu Y-J, Wu J, Wang K-W, Tang Q-L (2010) Preparation and
sustained-release property of triblock copolymer/calcium phosphate

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]
[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

International Journal of Research in Engineering, Science and Management, VOL. 4, NO. 12, DECEMBER 2021 74

nanocomposite as nano carrier for hydrophobic drug. Nanoscale Res., Lett
5(4):781-785.

Wang X, Du Y, Luo J, Lin B, Kennedy JF (2007) Chitosan/organic
rectorite nanocomposite films: structure, characteristic and drug delivery
behavior. Carbohydr Polym 69(1):41-49.

Sun C, Lee JS, Zhang M (2008) Magnetic nanoparticles in MR imaging
and drug delivery. Adv Drug Deliv Rev 60(11):1252-1265.

Armentano |, Dottori M, Fortunati E, Mattioli S, Kenny JM (2010)
Biodegradable polymer matrix nanocomposites for tissue engineering: a
review. Polym Degrad Stab 95(11):2126-2146.

Soppimath KS, Aminabhavi TM, Kulkarni AR, Rudzinski WE (2001)
Biodegradable polymeric nanoparticles as drug delivery devices. J
Control Release 70(1):1-20.

Braga ME, Pato MTV, Silva HS, Ferreira El, Gil MH, Duarte CM, de
Sousa HC (2008) Supercritical solvent impregnation of ophthalmic drugs
on chitosan derivatives. J Supercrit Fluids 44(2):245-257.

Charnay C, Bégu S, Tourné-Péteilh C, Nicole L, Lerner DA, Devoisselle
J-M (2004) Inclusion of ibuprofen in mesoporous templated silica: drug
loading and release property. Eur J Pharm Biopharm 57(3): 533-540.
Verma, A.; Parashar, A.; Jain, N.; Singh, V.K.; Rangappa, S.M,;
Siengchin, S. Surface Modification Techniques for the Preparation of
Di_erent Novel Biofibers for Composites. In Biofibers and Biopolymers
for Biocomposites; Springer Science and Business Media LLC: Cham,
Switzerland, 2020; pp. 1-34.

Di Tommaso, G.; Ga_, M.; Ka“cik, F.; Sikora, A.; Sethy, A.; Corleto, R.;
Razaei, F.; Kaplan, L.; Kubs, J.; Das, S.; et al. Interaction of technical and
technological factors on qualitative and energy/ecological/economic
indicators in the production and processing of thermally modified Merbau
wood. J. Clean. Prod. 2020, 252, 119793.

Jaafar, J.; Siregar, J.P.; Tezara, C.; Hamdan, M.H.M.; Rihayat, T. A
review of important considerations in the compression molding process
of short natural fiber composites. Int. J. Adv. Manuf. Technol. 2019, 105,
3437-3450.

Avella, M.; Buzarovska, A.; Errico, M.; Gentile, G.; Grozdanov, A. Eco-
Challenges of Bio-Based Polymer Composites. Materials 2009, 2, 911—
925.

Chieng, B.W.; Ibrahim, N.A.; Then, Y.Y.; Loo, Y.Y. Epoxidized
Vegetable Oils Plasticized Poly (lactic acid), Biocomposites: Mechanical,
Thermal and Morphology Properties. Molecules 2014, 19, 16024-16038.
Getme, A.S.; Patel, B. A Review: Bio-fiber’s as reinforcement in
composites of polylactic acid (PLA). Mater. Today Proc. 2020.

Miao, C.; Hamad, W.Y. Cellulose reinforced polymer composites and
nanocomposites: A critical review. Cellulose 2013, 20, 2221-2262.
Lazzara, G.; Cavallaro, G.; Panchal, A.; Fakhrullin, R.; Stavitskaya, A.;
Vinokurov, V.A.; Lvov, Y.M. An assembly of organic-inorganic
composites using halloysite clay nanotubes. Curr. Opin. Colloid Interface
Sci.2018, 35, 42-50.

Mohajerani, A.; Burnett, L.; Smith, J.V.; Kurmus, H.; Milas, J.; Arulrajah,
A.; Horpibulsuk, S.; Kadir, A.; Kadir, A.A. Nanoparticles in Construction
Materials and Other Applications, and Implications of Nanoparticle Use.
Materials 2019, 12, 3052.

Chandar, J.V.; Shanmugan, S.; Murugan, P.; Mutharasu, D.; Sudesh, K.
Structural Analysis of ZnO Nanoparticles Reinforced P(3HB-co-15 mol%
3HHXx) Bioplastic Composite. J. Polym. Environ. 2016, 25, 1251-1261.
Dixit, S.; Goel, R.; Dubey, A.; Shivhare, P.R.; Bhalavi, T. Natural Fibre
Reinforced Polymer Composite Materials - A Review. Polym. Renew.
Resour. 2017, 8, 71-78.

Nassar, A.; Nassar, E. E_ect of fiber orientation on the mechanical
properties of multilayers laminate nanocomposites. Heliyon, 2020, 6,
e03167.

Ma, L.; Zhou, M.; He, C.; Li, S.; Fan, X.; Nie, C.; Luo, H.; Qiu, L.; Cheng,
C. Graphene-based advanced nanoplatforms and biocomposites from
environmentally friendly and biomimetic approaches. Green Chem. 2019,
21, 4887-4918.

Montazeri, A.; Javadpour, J.; Khavandi, A.; Tcharkhtchi, A.; Mohajeri,
A. Mechanical properties of Multi-walled carbon nanotube/epoxy
composites. Mater., Des. 2010, 31, 4202-4208.



