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Abstract

A series of HDPE nanocomposites based on metal-clay complex with antimicrobial and
cytocompatible properties were developed with an aim to reduce nosocomial infections acquired
in hospitals and out-patient clinics. The properties of the nanocomposite are highly dependent on
the type of synthesized metal-clay complex and its uniform dispersion in the matrix. The work of
the present thesis is divided into 7 (seven) research chapters. The synthesis and properties of the
metal-clay complex are covered in the first two chapters and properties and applications of the
metal-clay in HDPE matrix in the next three chapters. The first chapter describes synthesis,
characterization and antimicrobial properties of ion (Ag*, Cu** and Zn*')-exchanged
montmorillonite (M-MMT) synthesized from sodium montmorillonite (Na-MMT). The effect of
synthesis parameters (acid activation and metal precursor concentration) on the loading of cations
onto MMT is discussed. EDAX and ICP-OES confirmed successful loading of elemental Ag, Cu
and Zn in all three types of cation exchanged MMT whereas WAXD analysis showed undisturbed
crystal structure of MMT with increased interlayer space compared to Na-MMT. TEM
micrographs revealed formation of spherical Ag nanocrystals in Ag-MMT on the supporting
silicate layers although no external reducing agent was employed. However, nanoparticles (NPs)
were not observed in case of Cu and Zn exchanged MMT. The bactericidal efficacy of the metal-
clay complex was evaluated against Gram (-) E. coli, Gram (+) S. aureus and black mold fungi A.
niger which showed large inhibition zones for all the three types of exchanged MMTs. The

minimum inhibitory concentration (MIC) of the clay minerals were evaluated.

Nanoparticles (NPs) deposited over supports such as MMT have advantages over
unsupported NPs in terms of stability, reactivity and release characteristics. The second chapter

deals with study on synthesis and properties of Ag, Cu and ZnO NPs deposited over MMT (NP-



MMT). The NP decorated MMTs were synthesized from cation exchanged MMT (M-MMT) and
the NP formation was facilitated using various chemical and physical reduction routes. The
strength of the reducing medium was found to play a crucial role in deciding the seed/nuclei density
and thereby determining the final NP size. Significantly higher loading of metallic elements was
observed in NP-MMT clays by EDAX and ICP-OES analysis than M-MMT. The metal NP-MMT
complex exhibited pronounced degree of antimicrobial activity against E. coli, S. aureus and A.
niger. The ranking of antimicrobial activity in three types of cations in NP decorated MMT is
similar to that of cation exchanged MMT.

The degree of dispersion of MMT platelets decides the nanocomposite morphology and is
a key factor in governing its resultant properties. The third chapter deals with optimization of
process parameters of twin screw compounding using a Design of Experiment (DoE) approach to
achieve the best mechanical and antimicrobial behavior. In the fourth chapter, HDPE
nanocomposites based on M-MMT and NP-MMT were developed by melt compounding route.
The nanocomposites were prepared by varying synthesized MMT concentrations (1-5 wt%) and
further processed to prepare filaments, films and molded specimens. The nanocomposites showed
exfoliated clay morphology at lower concentrations and a mixture of intercalated and exfoliated
structures at higher concentrations of clay as confirmed by TEM and WAXD analysis. Rheological
characterization and crystallization studies on synthesized nanocomposites were also performed.
The mechanical testing data revealed tensile strength and modulus improvement after
incorporation of MMT with a marginal decrease in strain-at-break value.

In the fifth chapter, the antimicrobial and cytocompatible behavior of HDPE/M-MMT and
HDPE/NP-MMT nanocomposites have been presented. A comparative analysis between

antimicrobial activities of molded specimen, film and filament has been presented to study the
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correlation of different specimen forms to their antimicrobial behavior. Filaments and films of
HDPE/metal-clay nanocomposites showed higher activity than corresponding molded specimens
due to higher diffusion rates owing to larger surface area exposure. Differences were also observed
between M-MMT nanocomposites and NP-MMT nanocomposites. The quantity of freely
available ions rather than its loading was observed to influence the extent of antimicrobial activity.
Obviously, there were also significant differences in antimicrobial behaviour for three different
types of metal ions/NPs. The mechanism of antimicrobial activity was studied from bacteria/NP
interaction obtained from TEM micrographs. The release behaviour of free metal ions from M-
MMT and NP-MMT was studied by ICP-MS. As expected, burst release is more prominent in
corresponding M-MMT than NP-MMT. The durability of the antimicrobial activity of the
nanocomposites was evaluated using time-kill assay under accelerated conditions.

To address the growing concerns for nano-toxicology and its impact on human health, the
HDPE nanocomposites were evaluated against human cell lines in vitro to quantify the extent of
toxicity on intimate contact with human skin and blood. RBC hemolysis protection assay was
performed with human RBC cells and cytocompatibility was evaluated with human dermal
fibroblast cells in MTT assay. The metal-clay complexes, both M-MMT and NP-MMT showed
incompatibility to some extent, especially Ag based clays. However, complete compatibility was
achieved in the highest loaded nanocomposite even after 48 h of continuous agitation. In vivo
cytocompatibility testing was done on Sprague-Dawley rats surgically implanted with HDPE
nanocomposite films. Histopathological microscopic analysis of the skin tissue sections retrieved
from the exposed part was conducted post 21 days. No abnormalities were observed in epidermis
indicating complete safety of the skin tissues exposed to HDPE/metal-clay complex

nanocomposites.
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9R

AMURTE 3R AreSIprifeaa ol & H1Y UTg-fAET (Metal-clay) & TRIR W 3THTRA
HDPE “AIGHIfSIe 6 Td ST BF 3RTaral 3R 3113e-UQie FaiiHeal ¥ ifaufed ARieivad
HeBHUT I BH A P 3827 I faeplad foam T 27| AIpraIaTge o 0T Hoafud uTg-fAgt & ufeR
IR AT 7 396 ThIAE Belta W sfad iR 81 adam ST &1 em 7 @ra) srgaue
T W favTford 21 UTg-fAET BircianT o7 TeaTsuT 31K T[0T Uget aF 3neamral o et # 31 3T
A 37emal § HDPE ® UTg-fAgt & 107 3R 319 oMfAd €1 Ugel 3eamd H UTg-doT (Agt, Cu
3R Zn2*) & HEATUT, &[0T Ui 31R AMMURTER 1[urt &1 o fobar mam & - Wifead Ai<ARaiATge
(Na-MMT) I Teafod HieAIiRaMse (M-MMT) | MMT TR 3g30T & @1 TR H2aT90T ATUSs! (Vs
GfehgoT 33K UG 31Ud TebTIdT) b THTd W T I 7§ 21 EDX 3R ICP-OES A Al UebR & 3gI0T
H MMT &1 31TeH-9&H &3 &b fdT dwd Ag, Cu 3R Zn & A% AlfST bl gfKe &Y, Siafs WAXD
fIe@yoT T MMT & 37aTfad foseed TRTAT BT Na-MMT BT gl H Jig g5 SeXarak T & A1
fCamaT| TEM ATSshiTRT 3 Iuife fafeide oiokf W Ag-MMT B MATHR Ag 716U & T3 Bl
QAT fd2T, ETeifs PIE qTedt 37U HRE Yole BRI Tel AT BTeifds, Cu 31K Zn MMT &
TEH-YEH & HIAA | A91B0N (NPs) D1 Tel &@1 7aT| Henfad fAgt & @fsii & sitaruArers
YITeRTRAT ST Hediehd STaTY] Gram (-) E. coli, Gram (+) S. aureus 3IR sieb AIes Padhb (fungi) A.
niger & T&ATo AT AT AT S fIHT GebR &b UeRTeiot foh T THUHE & feiT o8 37ariees & feamd
| el &b AT DY FAdH FRIUTHSD THIIAT (MIC) &1 Hediied fasam |
MMT S grefF IR ST A71601 (NPs) B ferdr, ufdafareiedr 31k Reftst faorsdni &
T ® 3Rmfefd AR R BRI §1 GIRT 3™ MMT (NP-MMT) W ST Ag, Cu 3R ZnO
AIBUT b HLATUT 3R U W 37099 I Heifeid &1 AA1bT 3Teiod MMT BT MMT(M-MMT) &
3TEH-Y&T F Heefuid fbar mar & fafi=1 Iamafaes iR vifde sroames ATl 1 3ugiT esves UAdt
e by Gfdr & € eft| &St / A T P 9 B 3R 58 e ifdH THUT 3R T fAyior
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B | [Tfaes AT Pl d1ehd BT Agcayqut YfHaT fieit| EDX 31R ICP-OES faeeisor gRT u1g dcdl
& ggTed AfST BT raeter fasam T, ST M-MMT | 3Td HHAT31 &Y gai T # 9gd 31fde g1 urg
NP-MMT BIRd 7 E. coli, S. aureus 3R A. niger & T&etres IMURTH nfdfdfe 6t wee it &1
U&2f farI NP-MMT # @ YR o fUoRT # ARy fafafe bt fdsm MMT & 31eE-9eH &
SLICES

MMT eaied & ot hI fSilt AemfSie 3napfad BT B didt 2 31R g9b gRomt
T[T @Y R B § Ueb Hecaqul BReb 1 dRT 37edTd Fd9s Aifep 3R AMURNET g B
T &1 & ey 5187 (DoE) &1 3UaNT a5 S[gat U ButsfeT of ufthar ATucs! & 3dpad 3
Hafaa g1 A 3meama § M-MMT 3R NP-MMT W 3THTRA HDPE AA1duifoicd &l Hee BUisfe
SRT fasfaa fosar mar am| A9idulfoied & Jeafdd MMT TigdT (1-5 wt%) BT 31T @b daR
fesarm T &t 3R 317 fibeTTHEH, el 3R Hies b 1T AT T (R B3 b feiq HATfeid fesam mam
AT| ANBFNSTT ¥ HH FigdT ¥ TaIwlenges it anefd fasm fGamar 31k TEM 31k WAXD
fereeTyoT gRY gfee &1 7€ fHEh T I==I Ficdl H §ebeies 3R TRABIAITes FTHTT BT fHeT|
GRS BT TR ddhaTTd @afor quiq 31K feheeetieryor 3reaa ¥t foby 7T & | gifies wRiaror
ST H A1 3R sieb-d o) H HTHeA! BHI b 12l MMT BT 2THA B3 &b d1e a7 QrfeRd 3R AT FoR
T gdT Tl

gierd 37 W, HDPE/M-MMT 3R HDPE/NP-MMT “HIHIfSied & JAMURTE 7R
AISHRIETd FagR Y 1Y T €1 STell THAT, ftbed 37R fOhetrie &Y AMuRTET fdfaferar &
1T T JATTcHD faReTT0T 3935 IMURTET agR & fAQ fafi=t AT Bul & Tedeay &1 3nead el
& oTg Tgd fdsarm TIT & | HDPE/MMT AATsriIfoied & foeamied 3iR ftherl 7 9 Tde &5 & Jud
& BRUT I YR X & BRUT Fefdd el B o § 3= fdfdfy f&@rgi M-MMT
ANBHETGET 3R NP-MMT AABIIITse & dte 3iak WY & T | s9h! alfST & aog qud
JUCTES 3TIAT T HIAT IMURTET Tifcifafer Bt T 1 srfaa e b fofg <t 718 2ff | STifeR 8, i
3TTT-37ETT YebRR & ET 3111 / NP & fefq AMURIed e # Wi Hgcarquf 3ick &1 TEtArsshifeae
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Tfdfefer &b o &1 3 SISTA HTEPIUTE J YTt JeretRAT /NP Se¥ereA  fsam T &1l M-MMT
3R NP-MMT ¥ g HTg 3171 & Reflol @dgR @l ICP-MS GRT 376z s mam &l S fds
37uferd &, NP-MMT &I g1 § M-MMT ¥ B¢ Reflot 31t TqE 21 A1pmifSies df IR
Tfdfafe bt ¥l &1 qeaied @Rd f&fdal § Aierifoied $I 3adfoid e THI-AR TRE Bl
3G HIep TebaT TR 2|

AN-eIfaPIcTst & faT dedt farsil iR AT WRed W $9$ THTd BI JaiTad B &
AT, AHa @@ 3R ek & 12l 3T YU W fAuTeRddr 1 /e 1 (uiRd e & fiv HDPE
ANGBFNSITH BT AT BIABT w18 &b Gl Heaiesd far 7T &I RBC aRIfeifid YR&m RE
HIg RBC ifelest3il & Href fobar 3T o7 31 MTT W& H A & BIgsledd e PIfABI3N &b
AT AT UTfafaet BT Yoics fosar T o7 | Teifed fig! 7 $© &< e 3mimfa fiars, faee vu
T Ag-MMT, ETcifep, fARaR T & 48 ©e & 91& Wi ISTqH @lss Al IaTSe H Yot 3Tdetdl ITed
g8 | -faa) Fredeufefafcdl # Bih-grae gl 'k HDPE AATduiide fisel & Trer ofed fafdsedm
GRT TIRIUA fbar Tam| 3SR fasy ¢ HIT & gAY el 3deh anf ol feRideidifsied gga
faearyor 21 @AY & @1g fosar mam ami Ufusfiy § @I s™HRIae T8 <@l €, S HDPE
TSI o HUd | 3T aTcl! @ P Hadb! Pl gt YI&IT BT Hebd ad! &
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