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Dispersion mechanism of nanoparticles and its role on mechanical, thermal and
electrical properties of epoxy nanocomposites - A Review
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Nano-mechanical approach to study the behavior of

annealed nanodiamond reinforced epoxy nanocomposites
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Tamil Nat It ‘Nanodiamonds (NIDs) are potential illers that provide excellent mechanical and
« ‘multifunctional capabilites. The growing interest in using NDs in a variety of
e swolof sl | fekls has prompied researchers t use NDS to prepare various sructural com-
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posites.In this work, ND suface modification was performed by a physical pro-
cess a5 @ systematic approach to remove the sp carbon conient and
~noncarboneous partiles from pristine NDs. The nanohardness and viscoelastic
response of modified NDs incorporated with the epaxy matrix were further
investigated. The surface morphology and crystalline rature of NDs/epoxy nano-
composites were investigated by scanning electron micrascope, transmission
clectzon microscopy, and xray difracton. Nanoindentation and nano-dynamic
‘mechanical analyss (DMA) tests were conducted on different composites with
0-0.5 v fller variations. The nanohardness and nanoDMA of various com-
posies were performed at two different loads (5 and 10 mN) in 2 frequency
range of 10-250 Hz. The maximum improvement in the young's modulus was
79% and 525 with the 5 and 10 mN loads, respectively, coresponding 10 03 Wt
% fille loading The siorage modulus and loss modulus values increased with
the ND concentration in epoxy composites for 10 mN loads compared 1o 5 mN
Ioads. From the nanoDMA study, a higher phase lag of the tan & curve was
obtained for $ and 10 mN loads, with larger tan 5 values for NDs nancfiler-
Ioaded compasites compared (o neat epoxy. When compared to the 5 mN load,
the tan 5 value for the 10 mN load increased by 0.3 Wi, Thus, these composites
can be used for automebilks and aerospace applications.

eposy, nanodiamond, nane-ndentation and nano DMA

1 | INTRODUCTION small diameter of $ i, large and accessible surface area

(300-500 ), and rich and adaptable surface chemistry)

Inthe pas two decade, extesive research s been con-
ducted to discoer the divrse aspecs of nanocomposies
reinforced with carbon nanotubes (CNTs\'™ carbon
nanofiers (CNFs)®) and graphene.” Nanodiamonds
(NDs) are a candidate carbon nanomaterial, with
mechanical properies and structural ntegriy (average

that make them a strong competitive material thal
strengthens the fnal polymer matrix ")

‘Epoxy-based maerals are widely used due to their
exceptionl thermal stablity, mecharical properties, sol-
vent resisance, and case of processing. Epory resins
remain superior to all other themmosetting polymers in
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Analysis of thermal and mechanical properties of annealed surface
modified nanodiamond,/epoxy nanocomposites
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Abstract
o hispape, theeffects f the anoesled Nanodismonds (NDs)on the bulk mechanicl andthermal
ropertyof N eposy nano composites wer nvestigated. Thepropertic of the anncaled ND were
confrmed hrough x-ay difaction, Foure ransforms infeared spectroscopy, Raman pectrscopy,
‘0 Thermograimeticanalyss mehods. In this sty the (NDs) sy nanocompostcswere
prepared by uingan utrasonically dispersing method with ifleent wt% ofNDs sch as 01,03, and
0.5 inthecpoxy matrix.The ormaton ofsrong chemicalbondingon theannealed sufice modified
'NDs and eposy esin,due o presence ofthe unctional groupsleadsto the formation faneficient
interphase sres ranser. High- cope (HRTEM)

confrmed lustrfree uniform dispersion of NDsin epoxy matr,whichad totheenbancement of
hetensile srengthby 1339, ensile modulus by 20%,and storsge modulus by 1% corresponding
theloadingof0. 3wt% ofNDsineposy maix. Thus, henanocomposies developed nthis method
canbe sed inthe high-end structural applictionsaswell s mproved thermal sbiltyand.
Visodasicbehavir.

L.Introduction

‘Nanocomposies have excellentproperies duetotheirrge nefacil e bevween polymermatix and nano-
reinforcement[1]. Dueto such propertics, atthe presenttime, ranodiamond (ND) reinforced compositesare
dravingmuch ttention among many resesschesbecaus of tsexclknt propertes[ 2] The ND e the
exceptionalnanoparics which ave ot nly mscmbls thebencitsof manosize suchashighadtve swfice,
highspecific suacearea, small sz efct, quantum effcts ut s exprescsexceptional properts, ke
astoundingthermal sability sndprominent opticl performance ] NDs partice canalio form good sbrsive
pastes and suspensions forhigh-prcison plishing, NDs cpozy composies are sppled for manufactuing
aircaat,crsandships aswallsin hard nd wear-resistant sface coatings [ 1] In additon, NDs snon-daxc,
‘whichmakesND:s wel st for iomedical applicatons [5-12] s special morphologial mechanicaland
tilorsble srface chemical propertiesmake NDs anoutstndingfiller matcrial fo various mtrices.
NDsarethes copyof carbon,andth: arrangedina: ofthe e
cantered cubiccrysalstrocture 1] NDs rethe prominent mateial vithdasical physca qualte nd it
thehighsthardnessand thermsl conductivityforany bulk msteril, NDs werefis produced by explosion
the 1960y R (14], Ass carbonmateril, becoming ne o themost
precious mateiak andithas been inpolymer compasics, oils i
energy stoage,dectronis, nd e envronmental enginecring fidd. The supeior mecharica popertisand.
thermalstabiltyof dismand song it the ich surfcechemistry ofNDsprtils make it xcelent ller
‘materil o reiforcing plymer composics. High ssface cnergyand the presence of metal impuritic on the
surficeofNDsresulsin thesglomerstion nd incorparate poar dispersonwhich onseauentl it it
industral applications.To vercomethisdrawback some suface modificatonteshniqueswereadaptedand
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