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ABSTRACT KEYWORDS
Various EV OH based nanocomposite particleswere prepared by incorporat- Nanocomposite;
ing nano-sized clay, pozzolan or TiO, in a poly(ethylene-co-vinyl acetate) Copolymer;
(EVA)/toluene sol ution and precipitating in ethanol/K OH solution. After 6 h Morphology;
saponification time, the nanocomposite particles shape recovered was al- Antimicrobial;
most the same as the parent particles. The antibacterial activity of prepared Poly(ethylene-co-vinyl
nanocomposite powders was determined by shake flask test against S. aureus acetate).

and E. coli. Among the nanocomposites used in this study, 6 h saponified
EVA/MMT-50% nanocomposite exhibited strong antibacterial activity
against the two kinds of bacteria. The biocidal nanocomposites were also
tested for resistance to fungal growth in accelerated tests according to
ASTM D5590. Asthe saponification time increased, the antifungal activity
against A. niger and P. funiculosum of all nanocomposites was increased.
After 7 days of incubation, saponified EVA/Loess nanocomposite film ex-
hibited highest inhibitory ability against both fungal strains.
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INTRODUCTION which may beredized®.

Antimicrobid additivesareacrucia component of

Microbia contamination of paint and coating layer
leadsto avariety of detrimental outcomeslikemould
formation, odor devel opment, staining, discolorationand
spread of surface borne diseases to humans. Even
though they cannot be directly assmilated by microor-
ganisms, microbes can grow and propagate using
bi oass mil able contaminantson the surface of the coat-
ing layer. One possible way to avoid microbia con-
taminationisto develop materid sthat possessantimi-
crobia activitied®. Moreover, increased efficiency,
selectivity, and handling saf ety are additiona benefits

paints and coating agents. Because of increased envi-
ronmental legidation, coatingstechnol ogy ismovingto-
ward low volatile organic compounds systemssuch as
water-bornelatexes. Antimicrobia agentsareespecialy
critical inthese cases becausethe coatingsare water-
based and contai n carbon-based polymersand surfac-
tantsthat arean excellent food sourcefor bacteria, al-
gae, and fungi. They are needed to prevent thegrowth
of bacteriaand fungi in paint cansbeforethe cansare
opened and used, and to protect paint from attack by
adgaeandfungi after itisapplied and dried.
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Antimicrobia agentsusedin antimi crobid-processed
productsareclassfiedinto organic, inorganicand naturd
organic compounds. Organicantimicrobid agentsraise
heal th concerns and many of them do not have suffi-
cient antimicrobid activity. Polymericbiocidescansg-
nificantly reducelossof antimicrobia activity associ-
ated with vol atilization, photol ytic decomposition, dis-
solution, and permeation®®. On the other hand, inor-
ganicantimicrobia agentsemployAg, Cu, and Zncom-
pounds and are excellent in safety and antimicrobial
activity. Theseagentsare used in many typesof house-
hold and medical productsdueto their good balance
between antimicrobia activity and endurance. How-
ever, patientswith metd alergy dueto Cuor Zn have
been reported”. Moreover, theregulatory processfor
antimicrobid agent approvd islengthy and expensive.
Many activeantimicrobia agentsarecommercidly avall-
ablebut they aretypicaly used in combinationwith one
another becauseeach antimicrobid agentisactiveagainst
only asmall number of fungal or agal strains. Rather
than trying to develop anew, universal antimicrobial
agentsthat would protect against awidevariety of mi-
crobial threatsover along period of time.

Theinterest in polymer nanocompositeswith anti-
microbial propertiesiscontinuoudly increasing dueto
thegrowing demand for hedthy living. Moreand more
such materia sare produced using different technolo-
giesinorder to achievedesired properties. Potential
fieldsof gpplicationinclude, for instance, textile, indus-
trial and food packaging or medical devicesto prevent
nosocomial infections. Recently, several natural and
modified cay minerdshavesignificant potentia for an-
timicrobia material §'*** because of itslarge surface
areaand charged particles, which canresult in strong
interactionswith negatively charged microbid. Inthis
studly, various poly(ethylene-co-vinyl dcohaol) (EVOH)
based nanocomposite particleswere prepared by al-
kaline saponification using asuspens on of nano-sized
clay, titaniumdioxide(TiO,), pozzolan or anion release
powder in poly(ethylene-co-vinyl acetate) (EVA)/tolu-
ene solution, and their antibacterial and antifungal ac-
tivity wereinvestigated. The prepared nanocomposite
powdersweremixed with agueoussodiumslicate (Na
slicate). TheagueousNa-slicateasabinderisusedin
various paints and coatingd*¥. The morphology of
nanocompositesfiller dispersonintheNa-slicatema:
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trix wasalso eval uated.

EXPERIMENTAL

Materials

Montmorillonit (MMT, Cloiste®Na, Southern Clay
Products, Inc. TX, USA), anatase TiO, (A-TiO,, NT-
22, Nano Co., Ltd., Kyungnam, K orea), Pozzolan (Ge-
Lite, DSG Co., Ltd., Kangwondo, Korea) and EVA
(1159, Hanhwa Chemical Co., Ltd., Seoul, Koreq)
were used as received. Loess powder (HT-P100A),
anion powder (RT-P20000) and rutile TiO, (R-TiO,,
Y H-P100) were purchased by Shangha Huzheng Nano
Technology Co., Ltd. (Shanghai, China). EVA28[1159
(density: 0.949 g/cm?, vinyl acetate content: 28 wt%o,
metflowindex: 18 g/10minat 190°C/2.16kg), Hanhwa
Chemical Co., Ltd., Seoul, Korea] was used as re-
ceived. EVA resinand nanofillerswerepre-driedina
vacuum drying oven for at least 12 hat 40 °C tore-
moveany moisturefromthe pelletsbefore processing

Instrumentation

Scanning e ectron microscopy (SEM) observations
of the samples were performed on aHitachi S-4300
model (Tokyo, Japan). The surfaces of the specimens
wereprepared by using cryogenic fracturingin liquid
nitrogen followed by acoating with platinumin an SPI
Sputter coater. Themorphol ogy was determined using
an accelerating voltage of 15 kV. The surface sample
compodtionwasevauated usng SEM (Hitachi S-4300
model, Tokyo, Japan) equipped with an energy disper-
sive X-ray spectroscopy (EDX).

Film specimenswere prepared by pressing thecom-
positeson ahot pressat aplate pressat 150 - 250 °C
for 10 min under about 5 atm and quickly immersed
into water. The sheet thusformed wasfreefrom any
distortion problems. Thefilmsobtained werealowed
todry at 60 °Cfor 24 h. Thefind thicknessof thedried
filmswasintherangeof - 0.5 mm.

Preparing of EVOH based nanocomposite pow-
ders

Various EV OH based nanocompositeswere pre-
pared with nanofiller |oadings of 50 wt%. The EVA
pellets (100 g) werefirst swelled in toluene (900 g) at
room temperaturefor 12 h and followed by heating at
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60 °Cfor 4 h. Therequired amount of nanofillerswas
each dispersed inthe 10 wt% toluene solution of EVA
at roomtemperature by mechanica premixingand bath
sonication for 2 h. 20 ml of diluted suspensions (5.0
wt%in tol uene) were saponification by dropwise addi-
tionto 200 ml of 0.5M KOH in ethanol solution (1000
ml of ethanol/28.05 g of KOH solution). The heteroge-
neous solution was stirred at room temperature for
ambient time, and then the solution wasfiltrated, and
filtrate washed with methanol. Thefiltratewasdried
under vacuum at 60 °C to a constant weight.

Shake flask test

The antibacterial activity of the nanocomposite
powderswas tested against Saphylococcus aureus
(S. aureus, ATCC 25923) and Escherichia coli (E.
coli, ATCC 25922) with the shakeflask method. The
bacteriawere subcultured on nutrient broth and incu-
bated for 20 hat 37 °C. The cells were suspended in
50 ml of phosphate-buffered saline (PBS) toyield a
bacteria suspensionof 1.70 x 107- 1.16 x 10° colony
forming unitml (cfu/ml). The sample powder (0.5 g)
wasweighed and shaken in 20 ml of abacterial sus-
pension for 24 h. The suspension (25 wt/vol %) was
seridly dilutedin PBS and cultured on nutrient broth
at 37 °C for 24 h. The number of viable organisms in
the suspension was determined by multiplication of
the number of colonieswith thedilution factor, and
the percentage reduction was calculated on thebasis
of theinitial count

funiculosumwere prepared by incubation at 28 °C in
potato dextroseagar (PDA) for 72 h. By diluting with
5ml of seriledigtilled water, aculture contai ning about
1.2 x 108 cells/ml was prepared for each strain and
used for theantifungal tests. The sterilePetri dish con-
taining PDA wasinoculated by thisculture. 30mmx 30
mm x 0.5 mm of hot-pressed EV OH nanocomposites
filmwasgterilized by UV for 1hand wasplacedinthe
center of theinoculated Petri dish. Thin coat of funga
suspension was applied to specimen using asterile at-
omizer until thesurfaceiscovered. Theagar dishwas
then incubated at 28 °C for 7 days. The growth rating
was determined accordingto TABLE 1.

RESULTSAND DISCUSSION

Figure 1 showsthe SEM micrograph of nancfillers.
MMT and Loess nanoclays showed adominant grain-
gzerangingfrom 1to 5 um, although agglomerated par-
ticlesmay beseverd timelarger. Theresultsof the EDX
andys sof two nanoclays showed that thecommon ele-
ments are C, O, Al, Si, Mg, and Fe. Loess showed
considerably low Mgand K contents(TABLE 2).

A-TiO,and R-TiO, haveaprimary particle-size
ranging from 15to 35 nm. R-TiO, contained someim-
puritieswhicharecorrespondingtoAl and Si. A-TiO,
also showed very low Al content. The pozzolan and
anion nanopowdershaveadominant grain-sizeranging

TABLE 1: Fungal growth rating

Antifungal test Observed growth on specimens Rating
Theantifungd activity of specimenswasevduated  None 0
by the standard ASTM D 5590test. Thefungi usedin  Traces of growth (<10%) 1
this study were Aspergillus niger (A. niger, ATCC  Light growth (10-30%) 2
6275) and Penicilliumfuniculosum (P. funiculosum,  Moderate growth (30-60%) 3
ATCC 11797). Cultures of A. niger and P.  Heavy growth (60% to complete coverage) 4
TABLE 2: EDX analysisresultsof the nanofiller g9,
Filler Element (wt%)
@] Al Si Ti Na Mg Fe K Ca P La Ce Nd Th
MMT 28 678 7.2 175 23 10 14 - - -
Loess 23 690 122 139 0.6 03 15 0.2 - -
A-TiO, 42 50.9 0.2 44.7 - - - - -
R-TiO, 09 416 11 0.8 55.6 - - - - -
Pozzolan 89 625 4.8 14.2 10 10 30 18 28 - - - -
Anion 43 401 13 - 18 - 12 81 91 229 72 40
-
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from 1to 8 um. The pozzolan is somewhat similar to
Loessbut it contains 1.0 wt% of Naand 2.8 wt% of
Ca. The anion nanofiller can rel ease the 2000-3000
negativeions/cm? at room temperature. Itsmain ele-
mentsareC, O, P, La, Ce, Ndand Th.

The SEM image in Figure 2 provides an EVA/
nanofiller coagulant surface prepared using ethanol/
K OH solution after 6 h saponification time. The sur-
faceof theunsgponified EVA/nandfiller coagulant shows
adense skinlayer, which appearsto benonporous. As
the saponification timeincreased, the surface of the
nanocomposite particlesiseroded and thelarger par-
ticlesare delaminated and fractured into smaller par-
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ticlesdueto changing matrix polymer polarity. After 6h
saponification time, the particle shaperecovered was
amost thesame asthe parent particles (Figure 1).

Antibacterial activity of nanocompositepowders

The antibacterial activity of the nanofillers and
nanocomposite powderswastested against S aureus,
and E. coli with the shakeflask method. S aureusand
E. coli aretwo of themast common nosocomia patho-
geng's'7 and they represent Gram-positiveand Gram-
negative bacteria, respectively. The percentagereduc-
tion of nanofillersand nanocomposite powdersare com-
pared in Figure3 and Figure4.

(¢) A-TiO:

(e) Pozzolan
Figurel: SEM micrographsof thepristine nanofiller 9.

(d) R-TiO:

() Anion
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At 25wt/vol%inthebacteria suspension, A-TiO,
reduces viable cell number of both S aureusand E.
coli significantly than other nandfillersindicatingthat A-
TiO, has a potent antimicrobia agent than other
nanofillers. A-TiO, extirpated 20.7 and 63.4 % of the
viablecdlsof S aureusand E. cail, respectively (Fig-
ure 3).

The photo-catalytic agent TiO, has been used ex-
tensvely for killing different groups of microorganisms
including bacteria, fungi and viruses, becauseit hashigh
photo-reactivity, broad-spectrum antibiosisand chemi-
ca gtahility!*®2U, The photocata ytic activity of anneded
TiO2 sturdily depends uponitsexigting phase, i.e., ana-
tase, rutile, brokite. The anatase phase shows an indi-
rect optical band gap of 3.2 eV, whiletherutile phase

Figure2: SEM micrographsof theEVOH based nanocomposites(nandfiller content = 50wt% ).

(d) EVOH/R-TiO:-6h

hasadirect band gap of 3.06 eV and anand anindirect
oneof 3.10eVZ, Thekillingmechanisminvolvesdeg-
radation of thecdl wall and cytoplasmic membranedue
to the production of reactive oxygen species such as
hydroxyl radicasand hydrogen peroxide. Thisinitidly
leadsto leakage of cellular contentsthencdll lysisand
may befollowed by complete mineralisation of theor-
ganism. Killingismogt efficient whenthereisclose con-
tact between the organismsand the TiO, catalyst. The
killing activity isenhanced by the presenceof other an-
timicrobial agentssuch as Cuand Agi#3.

Ontheother hand, theR-TiO, andAnionhad smi-
lar inhibitory behavior with S. aureusand E. coli. R-
TiO, andAnion sdlectively inhibit towardsE. coli com-
parewith S aureus. After 24 h of shaking, theR-TiO,
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showed the 4.7 and 58.9 % inhibition of the growth of
S aureusand E. coil whereasfor Anion extirpated -
12.0and 30.7 % of theviablecdlsof S aureusand E.
coil, respectively. It can be also found that except for
the Loessthe other nanofillersinhibited the growth of
E. coli morethan S aureus (Figure 3).

Theresultsof antibacterid activity of nanocomposites
powders are presented in Figure 4. The EVA/MMT-
50% nanocomposite powders showed stronger anti-
bacterid activity against two strainsthan others. Asthe
saponification timeincreased, theantibacterid activity
towards S aureus (Figure5) and E. coli (Figure6) of
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EVA/MMT-50% nanocomposite was gradually in-
creased. Itisnoteworthy that 6h-saponified EVAIMMT-
50% exhibitshighest antibacterid activity agang thetwo
kinds of bacteria. After 24 h of shaking, the
nanocomposite powder showed the 94.9 and 99.2 %
inhibition of thegrowth of S aureusand E. coil. The
antibacteria behavior of saponified EVA/Loess-50%
wasthed most sameasthat of EVA/MMT-50%. How-
ever, EVA/Loess-50% showed moreactiveon S aureus
than E. coli onupto 6 h saponificationtime. EVA/Loess-
50%-6h exhibited 65.4 and 39.2 % inhibition of the
growth of S aureusand E. coil, respectively.

E. coil
I S. aureus
H
Pozzolan -
R-TiO: _
=112
3 |
E -+
o "
S A-TiO,
= I
L. ]
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t
o I
; P
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Figure3: Shakeflask test resultsfor the nanofiller.
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Figure4: Shakeflask test resultsfor the nanocompositesasa function of saponification time.
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Figure5: Effect of EVA/IMM T-50% [saponlflcanon time(a) Oh, (b) 1h, (c) 3h, and (d) 6h] on number sof cfu of S. aureus.

Figure6: Effect of EVA/IMM T-50% [saponlflcanon time(a) Oh, (b) 1h, (c) 3h, and (d) 6h] on number sof cfu of E. cail.
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In case of EVA/R-TiO,-50% and EVA/A-TiO,-
50%, the antibacterial activity against S. aureuswas
gradualy increased with the sgponification time. Asex-
pected, EVA/A-TiO,-50%-6h and EVA/R-TIO,-50%-
6h exhibited 79.5 and 73.9 % inhibition of thegrowth
of S aureus, respectively. It can bea so seenthat EVA/
A-TiO,-50% and EVA/R-TiO,-50% nanocomposites
weremoreactiveon S aureusthan E. coli onupto 6
hsgponificationtime.

Theantibacterid effect of the sgponified EVA/Poz-
zolan-50% washigher against E. coil regardlessof the
saponificationtime. In sharp contrast the EVA/Anion-
50% had only antimicrobiad activity on E. coil, but had
noinhibitory effect on S aureus.

It isnoted that the antibacterial activity against E.
coil of EVA/A-TiO,-50%, EVA/R-TiO,-50%, EVA/
Pozzol an-50% and EVA/Anion-50% nanocomposites
wereincreased up to 3 h saponification timeand de-
creased thereafter. Thisindicated that there was an
optimum VA c content for antibacteria activity against
E. cail. EVA isarandom copolymer consisting of eth-
yleneand VA c asrepesating units. VA c content hastwo
fundamentd effectsthat influencethe propertiesof EVA
copolymers. Thefirst effect isto disrupt the crystalline
regionsformed by the polyethylene segments of the
copolymer. The second overriding effect of VAc con-
tent resultsfrom the polar nature of the acetoxy side
chain4,

When the VAc group in polymer molecul es con-
verted to hydroxyl group through saponification, thetotd
polarity of moleculesisincreased dueto el ectronega
tivity of -OH group (2.68) ishigher than that of VAc
(2.56) one®!, After saponification numerous hydroxyl
groupsin EV OH form strong hydrogen bond, bothin-
ter- and intra-mol ecul ar, which reduce thefree volume
of the polymer chains. In case of EVA copolymers, the
degreeof hydrogen bonding canbecontrolled by varying
ethyleneand VVOH ratiosin the copolymer. Thisisthe
polarization of the-OH bonds, becausethe oxygen at-
oms are more el ectronegative than hydrogen atoms.
However acetoxy group cannot forminter- andintra-
molecular hydrogen bonds.

In order to inactivate or kill microbes, the
nanocomposite particlesmust come closeto or touch
the microbes. Such interactionsareeither attraction or
repulson. Asmost bacteriacarry anet negative surface
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charge®!, adhesion of bacteriaisdiscouraged on nega
tively charged surfaces, whileit ispromoted on posi-
tively charged surfaces?”. Theincreasein polarity of
nanocomposites after saponificationisreflectedinthe
relative polar surface area, hydrogen bond donor, and
hydrogen bond acceptor numbers, dl of whichincrease
substantialy for antibacterid activity.

Antifungal activity of nanocompositepowder s

Thebiocidal nanocompositesweretested for re-
sistanceto funga growthin accel erated testsaccording
toASTM D5590, whichisan accelerated test to de-
terminetherd ative res stanceof coatingfilmstofunga
growth. Thisisan agar-based method eva uating coated
surfacesfor their res sanceto commonly occurring in-
door and exterior fungi such asA. niger, P. funiculosum
and A. pullulans. Theantifungal activity of hot-pressed
film of saponified nanocompositeissummarizedin
TABLE3.

TheA. niger and P. funiculosumgrew on al sur-
faces of the unsaponified nanocompositefilm. Among
them, EVA/MMT-50% and EVA/A-TiO,-
50%showed very poor inhibition activity against A.
niger. Asthe saponification timeincreased, the anti-
fungal activity against A. niger and P. funi cul osum of
all nanocomposites was increased. After 7 days of
incubetion, saponified EVA/Loessnanocompositefilm
exhibited highest inhibitory ability against both strains.
Except that the saponified nanocompositefilmsinhib-
ited thegrowth of P. funiculosummorethan A. niger.
AsshowninFigure7, A. niger sporesand their sub-
sequent growth onthe surfaceof EVA/IMMT film com-
pletey inhibited after 6h saponification timewhereas
for P. funiculosuminhibited after 1h saponification
time(Figure8).

TABLE 3: Antifungal activity for nanocompositefilm

Antifungal activity
A. niger P. funiculosum
Oh 1h 3h 6h Oh 1h 3h 6h

Sample

EVA/MMT-50% 3 2 2 0 1 0 0 O
EVA/Loess-50% 1 0 0 01 0 0 O
EVA/A-TiO,-50% 31 0 0 1 0 0 O
EVA/R-TiO»-50% 11 1 0 1 0 0 o
EVA/Pozzolan-50% 1 1 0 0 1 0 O O
EVA/Anionpowder 2 1 1 0 2 0 0 O
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(b) E\ OH/Loess-50w l"/o

() EVOH/A-TiO:-50wt%

(d) EVOH/R-TiO:-50wt%

( \"()H/Anion-S()wt“ -
Figure7: Imageof thesaponified EVA/MM T nanocompositesafter antifungal test for 7 days.
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(e) EVOH/Pozzolan-50wt%

() EVOH/Anion-50wt%
Figure8: Image of thesaponified EVA/MM T nanocompositesafter antifungal test for 7 days.
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The nanoparticlesprepared in thisstudy also were
designed for compatibility with astandard water-borne
exterior coating formulation. For agueous coating sys-
tems, auniform and stabledisperson of fillersplaysan
important role. Thisrequirement isespecially critical
when nano-sized inorganicfillersareinvolved. Their
naturally hydrophilic surfacenot easily wetted by poly-
meric binder compositionswhich aregeneraly hydro-
phobic. A further disadvantageof inorganicfillersisthat
they generally have associated with them asmall, but
significant, quantity of water®, EVOH copolymers
have been widely used asfood packages, biomedical
and pharmaceuticd industriesdueto their excellent gas
barrier properties, highresstanceto oils, good mechani-

cal strength and harmlessnessto healthi?*. They aso
havesgnificant potentia for inorganicfiller surfacemodi-
fier dueto their combined effect of hydrophilicity, asa
consequence of the-OH side groups®Y.

Figure 9representsafractured surface of the pre-
pared Na-slicate/EVA/nanafiller-6h hybrid composites.
2 wt% of 6h-saponified nanocomposite powderswere
added into agueous Na-silicate (98 wt%) and mixed to
prepare asuspension of Na-slicateand nanocomposite
powders. Theantimicrobial coating agents madewith
nanocompoditesparticleswerestableinthecanfor more
than 6 months. These propertiesarerequired for ulti-
mate commercidization; antimicrobia nanocomposites
particlesthat can beadded easily to an existing coating

(a) Silicate/EVA/MMT-6h
. o —

(e) Silicate/EVA/Pozzolan-6h

(f) Silicate/EVA/Anion powder-6h
Figure9: SEM micrographsof thehybrid nanocomposites®l.
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formulationwithout requiring Significant changesinthe
formulation or interrupting theintegrity of theformula-
tion aremuch morelikely to be considered. The sus-
pensonswere casted onto aPTFE film-supporting sur-
facefor 3days. Thefilmsobtained weredlowedto dry
at 60°Cfor 24 h. Thefina thicknessof thedried films
wasintherangeof 0.4- 0.5mm.

SEM andysi s showshanocompositespowder con-
taining hybrid compositeswhich arewe | distributedin
thematrix withitsmorphol ogy depending on the parent
filler type. Inthe micrographstaken onthefracture sur-
face of theNa-slicatedEVA/MMT-6h and Na-silicate/
EVA/Loess-6h hybrid composites, thin plate-likestruc-
tureswithdimensonsof 1 uminNa-slicatematrix were
observed.

In case of the EVA/A-TiO,-6h and EVA/R-TIO,-
6h contai ning hybrid compositeshad hexagond - or tet-
ragonal-shaped crystal structure. In sharp contrast, the
EVA/Pozzolan-6h and EVA/Anion powder-6h particles
inthehybrid composite did not show any morphol ogi-
ca change comparedto their corresponding 6h-saponi-
fied particles.

CONCLUSIONS

Various EVOH based nanocomposite powders
were successfully prepared by simple saponification
using suspension of nano-sized clay, TiO,, pozzolan or
anionrel easepowder in EVA/toluenesol ution. Withthe
saponification time, the surface of the nanocomposite
particlesiseroded and thelarger particlesaredelami-
nated and fractured into smaller particlesdueto chang-
ingmatrix polymer polarity. After 6h sgponificationtime,
the particle shaperecovered was amost the same as
theparent particles.

The antibacterial activity of prepared
nanocompositeswas compared againgt S. aureusand
E. coli with the shakeflask method. The EVA/MMT-
50% nanocomposi te powders showed stronger anti-
bacterial activity against two strainsthan others. The
antibacterid activity against E. coil of EVA/A-TIO,-
50%, EVA/R-TiO,-50%, EVA/Pozzolan-50% and
EVA/Anion-50% nanocompositeswereincreased up
to 3 h sgponificationtimeand decreased theregfter. This
indicated that there was an optimum VA c content for
antibacterid activity agangt E. coil. Theincreasein po-
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larity of nanocompositesafter sgponificationisreflected
intherelative polar surface area, hydrogen bond do-
nor, and hydrogen bond acceptor numbers, dl of which
increasesubstantially for antibacterid activity.

Thebiocidal nanocompositesweretested for re-
sstancetofunga growthinaccelerated testsaccording
toASTM D5590. Theantifungal test results showed
that the antifungal activity against A. niger and P.
funiculosumof al nanocompositeswasincreased with
the saponificationtime. After 7 daysof incubation, sa-
ponified EVA/Loessfilm showed the highest inhibitory
ability among sSix nanocompositefilmstested. Sincethe
nanocomposite powdersprepared by thismethod have
good antibacterid and antifungd activity, good dispersity
inagueous sol ution and easy processability they canbe
used forindustrid gpplicationssuch likefunctiond filler
for paint and coating materia sin agueous system, anti-
microbid filler for polymer compoundsand plasticfilm
to makeantimicrobia packaging.
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