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ABSTRACT

Nanoparticles are in the size ranges from 10-100 nm. The appearance and useful ness of nanoparticles brings many
advantages and opportunities to paint and coating industry. Addition of nanoparticlesto coatings can improve many
properties of coating system. These nanoparticles can be synthesized by physical, chemical and biological methods.
Biological synthesis of nanoparticles provides advancement over chemical and physical methods as it is a cost
effective environment friendly and no need to use high pressure, energy, temperature and toxic chemicals. Recent
studies on the use of biological material in the synthesis of nanoparticles are a relatively new and exciting area of
research with considerable potential for development. This paper attempts to explain ongoing research worldwide
using microorganisms and plants in the biosynthesis of nanoparticles and their applicationsin coatings .
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INTRODUCTION

Nanopatrticles are at the leading edge of the rppieVeloping field of nanotechnology. The developtd reliable
experimental protocols for the synthesis of nantigdes over a range of chemical compositions, siaesl high
monodispersity is one of the challenging issuesuiment nanotechnology [1].

Various physical and chemical processes have begloieed in the synthesis of several nanopartickéswever,
these methodologies remain expensive and involeeafigoxic, hazardous chemicals which may posenpiaie
environmental and biological risks. Therefore, ¢hés a growing concern for the development of ah#ve
environment friendly and sustainable methods. kmirgg awareness towards green chemistry and baoalogi
processes has led to a necessity to develop sicgdegeffective and eco-friendly procedures [2]tHis regard the
use of biological agents such as microorganisms pladts in the biosynthesis of nanoparticles aneirth
applications holds immense potential.

All major paint and coating companies are investiuge amounts on their research and developmettrsiec
formulate paints and coatings which are compatbig suitable for today’s aggressive environmenougi several
companies have commercialized many new formulatdfaints and coating products including: antibeet, self
cleaning, anti UV, anti scratch and anti corrogigatings etc. but much potential still remainshiis field as none is
able to fulfill all these requirements in a sinfemulation. Nanotechnology in paint and coatingsnpises to fulfill
various desire. The appearance and appliance afnmaterials brings new opportunities to the coatimdustry.
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Addition of nanoparticles to coatings can upgradsmynproperties of the conventional coatings andipces new
multi-functional coatings.

Properties of Nanoparticles:

Nano-sized particles possess astonishing physical achemical properties and have a number of
fascinating potential applications in a wide ranfiendustrial sectors such as electronics, magnetand
optoelectronics, biomedical, pharmaceutical, corrmetnergy, environ-mental, catalytic, space tetdgy and
many others [3,4]. The unusual properties of nartmbes such as hardness, rigidity, high yield regth, flexibility,
ductility, are attributable to one of the mosticat characteristics of nanoparticles which is highface-to-volume
ratio i.e. large fractions of surface atoms andtburface properties dominate bulk properties. Aaoproperties
like the quantum size effect and macro-quantumeling effect that are related to their nano-siZe lj3deed, the
properties of nanoparticles may differ significgrfilom those observed for fine particles or bulktenials having
the same chemical composition (e.g., lower meltpmints, higher specific surface areas, specificicapt
properties,mechanical strengths and specific maguieins), properties that might prove attractive various
industrial applications. [6]. Moreover, some phgsicemical properties of nanoparticles can be altevith their
varying size. For instance, by decreasing the izeticles changethe color, semiconducting materédhibit
metallic pro- perties, and nonmagnetic particlesob®e magnetic [7]. Therefore,the understandinghef gize-
sensitive properties of nanoparticles is essefmiah the scientific and technological view point.id even more
important to be able to efficiently model/predietck properties. However, how nanoparticle is vieveed is
defined depends very much on the specific appboati

Synthesis of nanoparticles:
Synthesis of nanopatrticles involves the tailorifignaterials at the atomic level to attain uniqueparties, which
can be suitably manipulatedfor the desired apptinat[8].

Metal nanoparticles can be synthesized by physatamical and biological method. Although the pbgkiand

chemical methods produces a pure, well definedgbest these methods are not cost effective, nofriendly. One

of the most important criteria of nanotechnologthiat of the development of clean, nontoxic andféendly green

chemistry procedures [9]. Hence, currently, theseai growing need to develop environmentally berentol
nanoparticles synthesis processes that do not axde themicals in the synthesis protocol. Greenngbiy

procedures for synthesis of nanoparticles not prityides advancement over chemical and physicahodstas it is
environment friendly but also it is a cost effeetiand in this method there is no need to use hégispre,
energy,temperature and toxic chemicals[10]. The afsenvironmentally benign materials like plantflextract,

bacteria and fungi for the synthesis of nanopaiadffers numerous benefits. During recent timegrsé groups
have achieved success in the synthesis of silvdd, gnd palladium nanoparticles using extrattgioed from

unicellular organisms like bacteria [11-14] anddiib5—-17] as well as extracts from plant parts,,eggranium
leaves[18],neem leaves [19], lemon grass [20],\ede [21] and several others[22—24].The specta@uacess in
this field has opened up the prospect of developinginspired methods of synthesis of metal nanogas with

tailor-made structural properties.

A. Various methodsfor gold nanoparticle synthesis-

a) Plant mediated synthesis of gold nanoparticles:

Rapid and convenient method to reductively prepggokel nanoparticles using various plant extracts basn
reported in the literature. Plant extract acts asdaicing agent for the gold nanopatrticles. Thalpection of gold
nanoparticles has been done by the controlled tiestuof the Au3+ ion to AuO.

Green synthesis of gold nanoparticles was repdjedsing variety of plant material&chillea wilhemsii flowers
[25], ethanolic flower extract of the plamyctanthes arbortristig26], Mirabilis jalapa flowers [27], Coleus
amboinicus L. leaf extract [28], aqueous extract of cypress/es [29]Barbated Skullcupherb extract[30], aqueous
extract of rose petals [31], Leaf extracts of tvianps Magnolia kobus and Diopyros kaki [32], Oat @vena sativa)
biomass [33], flower extracts ofxora coccinea (Chetty flower) [34], Azadirachta indica plant leaf extract [35],
ethanol extract of black tea and its tannin freetion [36], Alfalfa plants [37], Coriander leafgR foliar broths
[39], Soybeans [40]Dioscorea bulbifera tuber extract [41],Cinnamomum zeylanicum leaf. broth[42], mucuna
pruriens plant extract [43]. Gold nanoparticles were alyatisesized using banana peel extract (BPE) and its
antimicrobial activity towards most of the testesdal and bacterial cultures was described[44hrather study,
synthesis of gold nanoparticles usi@gssia auriculata aqueous leaf extract has been carried out andgeoipthat,
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the stabilizing and reducing molecules of nanoplasi may promote anti-hyperglycemic activity [4Bjologically
synthesized gold nanotriangles using tamarind éadfact and potential application in vapor senssgeported
[46]. Pear fruit extract-assisted room-temperahiosynthesis of gold nanoplates is explained [47].

b) Bacteria mediated synthesis of gold nanoparticles:

Bacteria are among the most extensively exploigadmal resources for synthesis of metallic nanagag. The key
reason for bacteria preference for nanoparticleshegis is their relative ease of manipulation féd&nt bacterial
species were successfully used to reduce goldtmm@szerovalent metal. Gold particles of nanosdateensions
may be readily precipitated within bacterial célisincubation of the cells with Au3+ ions.The im{@mt parameter,
which controls the size and shape of gold nanogesti was pH value. The results demonstrated tvaérl pH

values and initial concentrations of Au (I1l) wenglividually responsible for reductions in nano-@plarticle size.

Synthesis of gold nanoparticlesNdggnetospirillum gryphiswal dense MSR-1 [48],Bacillus megatherium DO1 [49],
mesophilic bacteriumShewanella, [50], Rhodopseudomonas capsulata [51], Pseudomonas aeruginosa [52],
Senotrophomonas maltophilia [53],Escherichia coli and Desulfovibrio desulfuricang54], marine algaSargassum
wightii Greville [55], marine microalgdetraselmis suecica [56], marine bacterial strain ®larinobacter
pelagius[57], Aqueous Extract of the Brown Algakaminaria Japonica[58], alkalotolerant actinomycete
(Rhodococcus sp.) [59]BacteriumActinobacter spp[60] was reportegproteobacteriunghewanella oneidensis can
reduce tetrachloroaurate (IIl) ions to produce mic extracellular spherical gold nanocrystallifEise antibacterial
activity of these gold nanoparticles was assessiuyuGram-negativeEscherichia coli and S. oneidensis) and
Gram-positive Bacillus subtilis) bacterial species [61].Biosynthesis of gold natiples assisted blscherichia
coli DH5a and its application on direct electrochemistrjremoglobin are reported[62].Bioaccumulation of gmyd
filamentous cyanobacteriaPlectonema boryanum UTEX 485) between 25 and Z90was investigated[63].In
another study a variety of microorganisms have Iseegened for their ability to accumulate and redgald ions to
form nanopatrticles. In addition, the possibilityhanipulate the size and shape of gold nanopestio} altering
key growth parameters was described [64].In onehef interesting studiegylectonema terebrans, a species
of filamentous, marine cyanobacteria, was founddmumulate gold from a solution of AuC,O in its sheath
(glycocalyx)[65].

¢) Fungus mediated synthesis of gold nanoparticles:

The metabolic activity of microorganisms can leadptecipitation of nanoparticles in external enmirent of a
cell, the fungi being extremely good candidatessioch processes. The extracellular synthesis af g@hoparticles
by the different species of fungus has been repoAawo-step mechanism was generally suggested fif$t step
involves trapping of Au+ ions at the surface of fhagal cells. In the second step, enzymes préasetiie cell

reduce gold ions.

Synthesis of gold nanoparticles using the cell-ffdgate of fungus, Sclerotium rolfsii [66] extremophilic
Thermomonospora sp. Biomass [67], fungugerticillium sp.,[68], tropical marine yeasarrowia lipolytica NCIM
3589 [69], fungusTrichoderma harzianum [70] was reported in literature. Extracellular $jathesis of gold
nanoparticles usinghspergillus niger[71], extremophilic actinomyceteThermomonospora [72] was described
Intracellular synthesis of gold nanoparticles byavel alkalotolerantctinomycetes, Rhodococcus species [73],
Aureobasidium pullulans (A. pullulans), Fusarium sp. and~usarium oxysporum (F. oxysporum) [74] was also
described. Absar and coworkers (2005) reportedaexand intracellular biosynthesis of GNPs by fungus
Trichothecium sp. [75].Important advancement in the use of fungadteins of Coriolus versicolor for the
extracellular synthesis of functional gold nanoicket was reported by [7€&andida albicansmediated biological
synthesis of gold nanaoparticles and its potetidetection of liver cancer was investigated b¥][7

Gold nanopatrticles synthesized from the supernabemsth (SB) and live cell filtrate (LCF) of the iastrially
important fungusPenicillium rugulosumand their conjugation with genomic DNA isolated nfr&scherichia
coli and Staphylococcus aureus is described [78Microbial synthesis of gold nanoparticles using tiaegus
Penicillium brevicompactum and cytotoxic nature of prepared nanoparticlesb®esn analyzed using mouse mayo
blast cancer C(2)C(12) cells [79]. One of the stadiepresents an important advancement in the fuengal
enzymes for the biosynthesis of highly stable gudehoparticles by using fungu®hanerochaete Chrysosporium
[80].
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B. Various methodsfor silver nanoparticle synthesis-

a) Plant mediated synthesis of silver nanoparticle:

Synthesis of nanoparticles through biochemical @sutising plant extracts as reducing and cappiegtaghas
received special attention. synthesis of plant-mtedi silver nanoparticlesib§olanum torvum [81], papaya fruit
extract [82], Withania somnifera [83], leaves ofEuphorbia hirta [84], Nicotiana tobaccum leaf extract [85],
Elettaria cardamomom[86], Opuntia ficus-indica[87], onion @Allium cepa) [88]and their promising antimicrobial
activity is reported. In another study, synthedisitver nanoparticles usingcalypha indica leaf extracts and its
antibacterial activity against water borne pathegevas examined by [89]. Green synthesis of smélersi
nanoparticles using Geraniol and its cytotoxiciggiast Fibrosarcoma-Wehi 164 were evaluated by.83@fhesis
of silver nanoparticles usin@ioscorea bulbifera tuber extract and evaluation of its synergistideptial in
combination with antimicrobial agents was studigd®l]. Green synthesis,antimicrobial and cytotoaftects of
silver nanoparticles usinBucalyptus Chapmaniana leaves extract was described by [92]. Biosynthe§iSilver
nanoparticles usin@oriandrum Sativum leaf extract and their application in nonlineaticpis reported [93].

Green synthesis of silver nanoparticles using agsideaves extracts d@atharanthus roseus (C. roseus) [94],
Euphorbia hirta (E. hirta) plant leaf extract [95]Eclipta prostrata]96] Nelumbo nucifera leaf extract[97]Mimosa
pudica Gaertn (Mimosaceae)[98] which has been provewaetjainst malaria parasite.Acaricidal and larétiof
synthesized silver nanoparticles (AgNPs) utilizemgueous leaf extract froMlusa paradisiaca L. (Musaceae) is
reported [99].

Many plants such as Geranium leaf [100], Alfalfaosps [101], Capsicum annuum L. extract [102],Boswellia
ovalifoliolata stem bark [103]Gliricidia sepium (Jacq.) [104], latex ofatropha curcas [105], Cycas leaf [106],
Switchgrass FPanicum virgatum) Extract [107], calli cells ofCitrullus colocynthis (L.) Schrad [108]Desmodium
latifolium[109], Clerodendrum inerme[110], dried leaves oPongamia pinnata (L) Pierre [111], leaf extracts of
Euphorbia hirta andNerium indicum[112], and many weeds [113],[114], [115]have shdlk potential of reducing
silver nitrate to give formation ofsilver nanopelgis.

b) Bacteria mediated synthesis of silver nanoparticles:

In 1999, Klaus et al. [116] initiated the biosyrdlseof silver nanoparticles by bacteridgs€udomonas stutzeri
AG259). Later on many other groups reported baatesynthesis of silver nanopartilces. The extradal
production of Ag nanoparticles has been describgd uking psychrophilic bacteria [117], cell filtrate
of Sreptomyces sp. ERI-3[118], culture supernatantRecillus licheniformis[119], Morganella sp. [120].

Report on the synthesis of metallic nanoparticliesileer using culture supernatants Kiiebsiella pneumonia and
evaluation for their part in increasing the antirlial activities of various antibiotics againStaphylococcus
aureus and Escherichia coliwas evaluated[121]. Synthesis by using differenecigs of bacteria such as,
Enterobacteriaceae [122],actobacillus spp. [123], Rhodococcussp. [124] was described earlier.Extracellular
synthesis of silver nanoparticles (Ag NPs), by gdtseudomonas aeruginosa (MTCC 424), and their significant
antimycotic activity against the common plant pgeic fungiFusarium moniliforme (MTCC 1848) andPhoma
glomerata (MTCC 2710) was reported [125].Possible involvetm&rproteins in synthesizing Ag NPs was observed
in filamentous cyanobacterium, Plectonema boryanum UTEX 485 [126],synthesis of silver using culture
supernatants oBtaphylococcus aureus and evaluation of its antimicrobial activity agstirMRSA and MRSE has
been reported [127]. Onestudy reports the optimaditions for maximum synthesis ofsilver nanop&s8¢AgNPs)
through reduction of Agions by the culture supernatant&stherichia coli[128].Extracellular biosynthesis of silver
nanoparticles usin@acillus subtillus IA751 and antimicrobial properties of silver nandjzdes usingEscherichia
coli, Saphylococcus epidermidis, Saphylococcus coagualase positive, Serratia spp. andSalmonella typhiwere
investigated by [129].

¢) Fungus mediated synthesis of silver nanoparticles:

Shift from bacteria to fungus was leaded by Saatrgco-workers. They have opened the field to théhegis of
silver nanoparticle by eukaryotic organism like tdalium sp. [130]. Among fungiAspergillus sp. are the cost
effective source of biomaterial for biosynthesis sifver nanoparticle. Extra cellular production sfiiver
nanoparticles byAspergillus niger and evaluation of its wound healing activity inpeikmental rat model is
described [131].Use of filamentous fund®i®ma sp.3.2883 [132], white rot funguBhanerochaete chrysosporium
[133] in the synthesis of silver nanoparticle waparted.Penicillium fellutanum isolated from coastal mangrove
sediment [134], aqueous extract from the compaptimducing fungal straiPenicillium brevicompactum WA

58
Scholars Research Library



Snehal Mohan Yedurkar et al Arch. Appl. Sci. Res., 2016, 8 (5):55-69

2315[135] andAspergillus flavus [136] for silver nanoparticles production was repd earlier. Possibility of using
marine yeasts to achieve a faster rate of silveroparticle synthesis supported[137].Use of commamgfis,
Alternaria alternate for extracellular biosynthesis of silver nanopaées and evaluation of these nanoparticles for
their part in increasing the antifungal activityfbfconazole againg?homa glomerata, Phoma herbarum, Fusarium
semitectum, Trichoderma sp., andCandida albicans reported [138]. A simple and effective approachatmeous
based biosynthesis ofsilver nanoparticlewas dematest and theeffect of temperature on controllizg sf silver
nanoparticlewas studied [139].Controlled and upadita biosynthetic route to nanocrystalline silparticles with
well-defined morphology using cell-free aqueougrdie of a non-pathogenic and commercially viakitecdntrol
agentTrichoderma asperellumis being reported for the first time[140]. Mycoslyesis of silver nanopatrticles using
the fungusFusarium acuminatum and its activity against some human pathogenicebiac examined[141].
Extracellular biosynthesis of silver nanoparticlesnploying the fungusPenicillium [142],Cladosporium
cladosporioides [143], Fusarium oxysporum [144], Aspergillus fumigates [145], Trichoderma reesei [146],
Fusarium semitectum [147], silver-tolerant yeast strain MKY3 [148],has beepared. In another study the use of
the fungusTrichoderma viride for the extracellular biosynthesis ofsilver namigkes, their synergistic effect with
antibiotics and study against gram-positive andnmgnegative bacteria was investigated [149]. In heot
investigationextracellular biosynthesis of silveranoparticles using fungdenicillium diversumand their
antimicrobial activity againdEscherichia coli, Salmonella typhi, Vibrio cholerae and the clinical isolate
of Paratyphia was investigated [150].

C. Various methodsfor titanium dioxide nanoparticle synthesis-

a) Plant mediated synthesis of titanium dioxide nanoparticle:

Biosynthesis of titanium dioxide nanoparticles bychinthes leaves extract [151], Eclipta prostrat lextract
[152], Annona squamosa peel extract [153], aqueous extractlo€urcas latex [154] was reported. Assessments of
the antiparasitic activities of synthesized titanmiudioxide nanoparticles utilizing aqueous leaf actr of
Catharanthus roseus against theadults of hematophagous Hlippobosca maculataLeach (Diptera:
Hippoboscidae), and sheep-biting louBevicola ovis Schrank (Phthiraptera: Trichodectidae) was repofi&5].
Use of rice husk as non-metallic precursor to sysitte titanium dioxide and enhanced photocatapytperties for
dye degradation was evaluated [156].

b) Bacteria mediated synthesis of titanium dioxide nanoparticles:

Titanium dioxide nanoparticle synthesis by uslagtobacillus sp. and Sachharomyces cerevisae [157], Bacillus
subtilis [158] was reported. The nanotitanium dioxidewas tlsgsized biologically employinBacillus
subtilis (FJ460362). The results reveal that biogenic ititandioxide nanomaterial acts as good photocatflys9].
Actinobacter spp. mediated bacterial synthesis of photocatallyi active and biocompatible titanium dioxide and
zinc oxidenanoparticles was investigated [160].

¢) Fungus mediated synthesis of titanium dioxide nanoparticles:

Titanium nanoparticles produced by using fungusarium oxysporum [161]. In another study, biosynthesis of
titanium nanoparticles was achieved by usispergillus flavus as a reducing and capping agent and assessed the
antimicrobial activity of fungus-mediated syntheslmanoparticles, which was proved to be a good Inove
antibacterial material [162].

D. Various methodsfor zinc oxide nanoparticle synthesis-

a) Plant mediated synthesis of zinc oxide nanoparticle:

Nanoparticle biosynthesis is an eco-friendly apphodor recovering metals. Zinc oxide nanoparticlesve
beensynthesized using orange juice [163], aloe exract [164]Citrus aurantifolia extracts [165], and milky latex
of Calotropis procera [166]. One of the studies reported the synthesigitnd oxidenanoparticles from the plant
rhizome ofAlpinia purpurata and their antimicrobial activity was assessed [167]

The mixed copper and zinc oxide(Cu/ZnO) nanopaditiave been synthesized usBrgssica juncea L. plants
[168]. The synthetic method of synthesizing zinidderanoparticles from Zn hyper accumulator plarféhysalis
alkekengi L.) constitutes a new insight into theyding of metals in plant sources, was descrild&®].
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b) Bacteria mediated synthesis zinc oxide nanoparticles:

Extracellular production of metal oxide nanopaéschbyStreptomyces sp. isolated from a site Pichavaram mangrove
in Indiawas carried out. These nanoparticle shopretnise when applied as a coating to the surfaqeatkctive
cloth by reducing the risk of transmission of irtfeas agents [170].

The manganese and zinc nanoparticles successfumthesized by usin@reptomyces sp. HBUM171191 [171],
Lactobacillus sporogens [172]. Aeromonas hydrophila mediated zinc oxidenanoparticleswere synthesizedl a
proved to be a good novel antimicrobial materidJJl In one of the studies, use of bacteriBawillus cereus as a
biotemplating agent for the formation of zinc oxmnoparticles with raspberry- and plate-like dtrtes was
studied [174]Actinobacter spp. mediated bacterial synthesis of photocatalli active and biocompatibletitanium
dioxide and zinc oxidenanoparticles were inveséida{175]. Synthesis of metal oxide nanoparticles ay
Streptomyces sp. and investigation on its antibacterial aggivas a key factor in making it suitable for lon€gli
application in food packaging was reported [176].

¢) Fungus mediated synthesis of zinc oxide nanoparticles:

19 fungal cultures were isolated from the rhizosjghsoils of plants naturally growing at a zinc miarea in India.
Aspergillus aeneus isolate NJP12 has been shown to have a high zital tolerance ability and a potential for
extracellular synthesis ofzinc oxide nanoparticleder ambient conditions [177].

E. Various methodsfor copper oxide nanoparticle synthesis-

a) Plant mediated synthesis of copper oxidenanoparticle:

Copper nanoparticles were biologically synthesimsthg plant leaf extract of Magnoliaas a reduciggra and
assessed its antibacterial activity [178]. Manyeotiplants have also been used in synthesis of copxide

nanoparticles.Aloe barbadensis Miller [179], latex of Calotropis procera L. [180],soybeans [181]Manihot

esculenta leaf extract [182], common wetlands plaRtsagmites australis andlris pseudoacorus [183]. One of the
studies investigated the antibacterial activitycojpper oxide nanoparticles on E.coli synthesizesnfiiridax

procumbens leaf extract [184].

b) Bacteria mediated synthesis of copper oxide nanoparticles:

Biological method for extracellular synthesis ofpper oxide nanoparticles uskgtherichia coli (E. coli)
[185],gram-negative bacterium belonging to the @&mratia[186], and non-pathogenic bacterial strain
Pseudomonas stutzeri isolated from soil[187] was reported. Aqueous phbsesynthesis of phase-pure metallic
copper nanopatrticles using a silver resistant iacteMorganella morganii was investigated [188].Green synthesis
of copper oxide byareptomyces Sp. for development of antimicrobial textiles whicain be useful in hospitals to
prevent or to minimize infection with pathogeniccteia was studied [189]. Facile biosynthesis gfpmy oxide
nano particles by hydrolysis of copper precursamgibacteriaPhor midium cyanobacterium was reported [190].

¢) Fungus mediated synthesis of copper oxidenanoparticles:
Extracellular production of copper oxide nanop&esc by usindenicillium aurantiogriseum, Penicillium citrinum
andPenicillium waksmanii isolated from soil was reported [191].

Application of nanoparticlesin coating:

Nanotechnology applications in coatings have shmmmarkable growth in recent years. This is a resfuitvo main

factors: 1) increased availability of nanoscaleeriats such as various types of nanoparticles,23ralvancement
in processes that can control coating structurthe@tnano-scale. Another important reason for thiswvth is the

potential of nanotechnology to address many peroice challenges presented by the vast range ofigiodnd
structure that coatings are an integral part ofaAhuch smaller scale, coatings are used in nureegtactronics
products (both consumer and industrial electrories) biomedical products. Coating layer thicknessary from

hundreds of micrometres (e.g., anti-skid coatingtlom deck of an aircraft carrier) to less than B0 (e.g.,

insulating coatings in microchips). Coating playecsr more of three key roles in these applicatiddsmprove

products aesthetic appeal. 2) Protect the subdt@te a wide range of abuses (e.g., damages dseradches or
impact, corrosion, long term weathering, and biokfay), and 3) provide specialized functionality ttee product
(e.g., conductivity, insulation, water repellenggnd heat reflection). It is in the latter two roleghere

nanotechnology has opened up exciting possibiliteesimprove performance attributes of costings dhe

associated products.
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Nanoparticulate materials candidates for coatirgperty improvement

Main Advantage of Nano-coating

Some of the main advantages of nano-coating are:

 Better surface appearance.

» Good chemical resistance.

» Decrease in permeability to corrosive environmet laence better corrosion properties.
* Optical clarity.

* Increase in modulus and thermal stability.

» Easy to clean surface.

 Anti-skid, anti-fogging, anti-fouling and anti-gfaf properties.

 Better thermal and electrical conductivity.

 Better retention of gloss and other mechanical gntigs like scratch resistance.
* Anti-reflective in nature

* Chromate and lead free

» Good adherence on different type of materials

Antimicrobial coatings:

Due to fact that nano particles effectively inhigibwth of many microorganisms, many researchezsrderested
to develop many applications such as nanopartieled resist-germ paint, nanoparticle-coated facek netc.
However, silver nanoparticles are most widely uaeabng other nanopatrticles in antimicrobial coatiagd paints.
Silver and silver-based compounds are highly actiofial by virtue of their antiseptic propertiesseveral kinds
of bacterium, includindgzscherichia coli and Staphylococcus aureus [192-194]. Silver based antimicrobial agents
receive much attention, because of the low toxicftthe active Ag ion to human cells [195, 196]wadl as it being
a long-lasting biocide with high thermal stabiliz;d low volatility. Silver nanoparticles are knowm exhibit
antibacterial properties and various research groi@ve investigated the mechanism of silver natiofes
mediated antibacterial activity [197, 198]. As #iee of the silver particles decreases down totmscale regime,
their antibacterial efficacy increases becauséaeif targer total surface area per unit volume [1Z43D].

Along with silver, nano-sized particles Bfic oxide have more pronounced antimicrobial atiésithan large size
particles, since the small size (less than 100 amma) high surface-to-volume ratio of nanoparticlbeswafor better
interaction with bacteria. Recent studies have shthat these nanoparticles have selective toxtoitacteria but
exhibit minimal effects on human cells [20Hinc oxide nanoparticles were shown to have a wide aaniy
antibacterial activities on both Gram-positive &rdm-negative bacteria, including major foodborathpgens like
E. coli 0157:H7,Salmonella, Listeria monocytogenes, andStaphyl ococcusaureus [202, 203].

Sdlf-Cleaning coatings:

The technology of self cleaning coatings has deadarapidly in recent years. The use of self clegmioatings is
attractive as these are labour saving and effdgtiveprove the appearance. In 1997, Barthelott eodiorkers
showed that the self-cleaning property of lotusvésawas due to their specialized surface morpholagy

hydrophobicity [204]. This specialized morphologeyents dirt from forming an intimate contact witte surface,
while the high hydrophobicity makes the leaf watgpellent. Consequently, water droplets pick uplspeticles

of dirt as they roll, making a surface clean. Sitloe initial discovery by Barthelott, many groupsvé made an
efforts to mimic this activity to develop self-chéag or lotus-effect coatings [205].

During the past few years, self-cleaning coatingiagi photo catalytic titanium dioxide (Ticespecially the antase
crystalline form) have attracted considerable &itterMWWhen photo catalytic TiO2 particles are illuraied with an
ultraviolet light source (e.g., sunlight), electsoare seen to be promoted from the valence bang (¥Bhe
conduction band (CB) of the particle [206, 207]isTtreates a region of positive charge (h+), hotethe VB and a
free electron in the CB. These charge carriersetéer recombine or migrate to the surface, whike holes can
react with the hydroxyl or adsorbed water molecwoleshe surface and produce different radicals sschydroxyl
radicals (OH-)and hydroperoxy radicals (HO2-). Bwpteast, the electrons combine with the oxygen amdiuce
super oxide radicals. These photo-produced radaralpowerful oxidizing species and can cause ¢teridration
of organic contaminants or microbials pieces ongaeicle surface. The other beneficial effect @7 is its super
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hydrophilic behavior, commonly known as the “watheathing effect” [208]. This allows contaminari$e easily
washed away with water or rainfall if the coatirsge applied to external surfaces.

Both photo-catalysis and hydrophilicity occur sitankeously, despite their underlying mechanisms goeifhan
entirely different nature. The addition of silicomide to TiO2 has also been shown to enhance \‘heabh self
cleaning properties [209]. Photo-catalytic TiO2tjwées cannot be incorporated or deposited on tharoc coating,
as they oxidize the polymer. Recent development® havealed the use ofTiO2 particles in combinatiath

organic resins [210]. One very recent report ndteat lotus leaves may be either hydrophilic or loytiobic,
depending on the contact of water molecules alethiesurface [211].

UV Resistant coatings:

Exterior coatings are designed to provide protectrom the harsh environment of outdoor weatheregpecially
the deterioration caused by UV radiation. Photatbeal degradation caused by UV rays is common mafde
failures of most of the coating systems. One ofritan influences on the coatings performance isatheunt and
type of UV absorbers used in the coatings. UV bdoslare of organic and inorganic types. Howevemyeational
organic UV absorbers are prone to degradation anchal provide the long-term protection an inorgabid
absorber, such as zinc oxide and titanium dioxigeoparticles provides. The inorganic types are rsai@able for
their non toxicity and chemical stability to higbniperature as well as UV radiation [212]. Inorgdoi¢ blockers
include titanium dioxide, zinc oxide, silicon dioe and aluminium oxide, which are semiconductorapAg these
titanium dioxide and zinc oxide are commonly us2t3]. Nano size titanium dioxide and zinc oxidetigtgs have
been found to be more efficient at absorbing amdteing UV radiation effectively and thus haveibable to more
effectively block the UV radiation [214]. This calube attributed to nano particles having largefasgr area per
unit mass and volume in comparison with the coriveat ones, which makes them more effective in kilag UV
radiation.

Anti-fouling coatings:

Fouling is the accumulation of unwanted material smhid surfaces to the detriment of function. Thailihg
material can consist of either living organism®of{buling) or a non-living substance (inorganic oganic). Fouling
is usually distinguished from other surface-groptienomena in that it occurs on a surface of a coento system
or plant performing a defined and useful functiand that the fouling process impedes or interfevidh this
function.

Anti-fouling is the ability of specifically desigdecoatings to remove or prevent biofouling by amymber of
organisms on wetted surfaces. A variety of antiffgumethods have historically been implementecbider to
combat biofouling [215]. Nanomaterials are findiagplications in marine antifouling.Due to inhergrgmall size
of nanoparticles they remain in the lattice of éiméifoul coating. Although they do not readily leaaut, they slowly
release ions to provide long term antifouling perfance. The long used tributyltin (TBT) antifoulicgmpounds
are now widely banned by the International Mariti®wganization due to its serious toxic effects aarine life and
replacements are required. The longevity of orgadcides and copper oxide is not up to the requiesel but
nanoparticles are offering a new alternative. le @f the recent study scientists have discoverad\anadium
pentoxide nanowires have the potential to be anmredtive approach to conventional anti-biofouliggmts [216].

Scratch resistant coatings:

Coatings are susceptible to damage caused by s@attior abrasion. An added problem is that scestohay also
cause damage to the underlying substrate. Scrasgttance of coating can be improved by addingelagy of cross
links in the coating’s binder but unfortunately lhlig cross linked (hard) films have poor impact semnce due to
less flexibility. However, less-cross linked (softéim will show better performance with regarddther properties
such as antifingerprint and impact resistance hLlithave less scratch and abrasion resistance.,Tihusrder to
obtain optimal scratch resistance, the correct d¢oation of hardness and flexibility is required.d@at advances in
nanotechnology plays an important role in the dgwelent of scratch-resistant coatings [217]. For yngears,
large micron size aluminum oxide has been addetb&tings to improve scratch and abrasion resistanéard
surfaces like vinyl and hardwood flooring, decoratiaminates, and furniture. In this way the sdratsistance is
enhanced due to an enrichment of the nanopartidasthe coating surface [218]. Coatings with gabdasion and
scratch resistant properties have also been repbytethers [219]. Use of nanoparticles such arium dioxide,
aluminium oxide hydroxide and silicon dioxide haveen shown to improve scratch resistance. Homogesneo
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distribution of nano particles in polymers is aretimportant factor which leads to significant impement of the
scratch resistance of coatings [220].

Anticorrosive coatings:

Corrosion is a tremendous problem and cost to soddticorrosive properties of coating with optimuevel of
nanoparticles show far better results than coneeati coating. Corrosion resistance of a coatingeddp upon
several parameters. Pigment-binder ratio is oneitapt factor by which anticorrosive performanceh# coating
get influenced, which also plays important roledétermining properties of coating and is relatettaosportation
of harmful corrosive species in electrolyte throtigh coating system.

Nano particles possess greater surface activitgehéimey can absorb more resins than conventiogahgits and
thus reduces the free space present between theepigand the resin. Consequently, addition of nartimpes
increase the density of coating and decreasesrémsport path of corrosive species which furthepriome
the protective performance. [220].

In one of the studies it was observed that, cukiegavior of the epoxy coating was influenced inspree of
nanoparticles. This study also revealed that, sorroresistance of the epoxy coating was increasuly zinc
oxide nanoparticles and coating resistance agdiydtolytic degradation was improved using nano zZixide
[221].

CONCLUSION

In this review we overviewed different types of tional coatings and uses of biosynthetic methaods (se of
plant, bacteria and fungus) to synthesize nanabesti Application of nanotechnology in the field obating
recently gained momentum as nanopatrticles haveuamysical, chemical and physicochemical propgrtigich
may improve the properties of conventional paintsl @oatings. Green chemistry approach for synthekis
nanoparticles have been suggested as a valuablaadive to physical and chemical methods with edfgctive
and environment friendly technique.

The field of nano biotechnology is still in its &rfcy and more research needs to be focused ondbleamism of
formation of nanoparticle and understanding of bii@chemical and molecular mechanisms of the reacho
obtaining better chemical composition, shape, s@®& monodispersity which will ultimately leading the
synthesis of nanoparticles with a strict contradrothe size and shape parameters.
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