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NpdAoyog

H napovoa didaktopikn dtatplPn, €yve katd tn Xpovikn nepiodo AegkepPpiov 2018 — louAiou
2022, otov Topéa Mnxavikng tou EBvikou MetadBlou MoAuteyveiou (EMM), pe okomo tnv 1bikeu -
on otov Topéa TNG Mnxavikng, tTng Quotkng Twv NMoAupepwv Kat TNE YOAOYLOTIKAG MNXAVIKAC, UE
£0TLOON OTA VAVOOUVOETA UALKA Kal OTLC EVOLADEPOUOEC LOLOTNTEC IOV Ttapouatalouv Otav Ta va-
voeykAelopata €xouv Baon to ypadévio. Evidcoetal oto MAaiolo TnG eupUTEPNG UEAETNG yLa Ta
vavoouvBOeta UAKA pe Baon to ypadévio, Ta omoia mapouctalouv onoudaia TeEXVOAOyLK onua-
ola wg UALKA cuyxpovng Texvoloyiag kat uPnAwv amodocewv.

ATO auTr TNV €peUVNTIKA SpaoTNPLOTNTA TTOU TMpaypoTonolOnke unod tnv Kabodryynon tng K.
EvayyeAiag KovtoU-ApouUyka, KaBnyntpiag tng IxoAng Epapuoopévwv Mnxavikwyv kot Quotkwy
Erotnuwv E.M.MM., mpoékuPav aflodoya amoTeAECUATA, T OTola £XOUV TAPOUCLOOTEL O ETILOTN -
LOVLKA CUVESPLA KOl £X0UV Kataypadel o€ TOAUAPLOUA ETILOTNUOVLKA TIEPLOSLKA.

To evlladépov pou og OAN pou TV Topeia yia Tov Topéa tng Quokng/Mnxavikng MoAupepwy
Kal TNG YOAOYLOTIKAG MNXOVIKNG NTav Kot lvat oAU peyalo. ITtnv cUyxpovn Kowwvia, Tou n Te-
xvoloyia eEeliooetal pe AyyLwdelg pubuoug, n avaykn yio BeAtiotonoinon kabe dpdaong yupw
HOG, amattel yvwaon, TEXVOYVWOoLa KAl EMLOTNHOCUVN, Lo va KAAUEL TTOAUAPLOUEG AVAYKEG OTa
mAaiola TNG Kowwviag, TG EMOTANG, TS TTANPODOPLKNAG, TNG UYELDG K.0.K .

EuXapLoTieg

Oa nbeha va svxaplotiow Bepud toug avBpwrmoug ou cuvePBalav BeTIKA otnv emituyn oAo-
kKAnpwon tng StatpBigc:

e Tnv kaBnyntpla k. E. KovtoU-ApoUyka, yio TNV KaBoplotiky cUUPBOAR otnv emloyn TG
€PELVOG KaL TNV TTOAUTLULN, KOTOTOTILOTIKY kKatBodrynon tng HEocw eVOoTOXWV UTIOSEEEWV KL
TNV GUVOALKN UTIOOTNPLEN TTIOU POV TaPEiXE yla TV ApTia oAoKARpwaon autng tng dtdakto-
PLKNG StatpBAc.

e Ta umolouta péEAN TNG CUMPBOUAEUTLKAG ETUTPOTNG HoU, Toug K. E. @gotokoyAou, kabnyntn
™¢ I.E.M.O.E. kat k. A. Kupiton, avamAnpwtn kabnyntn ¢ Z.E.M.O.E. , yia tnv gykapdia
evBappuvon, TG XpNOLUEC CUUBOUAEG Kol uTtodeifelg Toug mou Tpooédepav o OAa Ta
otadia autng tng StatpBnig.

e Tov kaBnyntA K. I. Pamtn kat avamAnpwtr kadnyntn k. A. Kovto yia t BorBela toug Kot Tig
BonBntikég umobeifelc toucg otn Ste€aywyn MEPAUATWY pacpotookomniag Raman.

e Tov S16aktopa tou Topéa Mnxavikng Mwpyo Fewpyolon, yla TV ouclaotiky Bonbeta tou
0oTNV TIPAYUATOTIONON TWV TIEPANATWY, OTOV XELPLOUO TOU €pyacTnplakol €EOTMALOUOU,
oTLG KaBodnynTkEG oulnTNOoELS Kal TIOAUTIUEG UTtOSELEELG TOU, KOBWG KaL yla TNV KAAoouvn
TIOU TOV SLOKATEXEL VA LOU TTOPEXEL apépLloth BonbeLa.

e Tov 816aktopa tou Topéa Quaikng Mavaywwtn KAwvo, yia tn BorBela Tou otnv npaypoto-
ToiNoN TWV MELPAUATWY METPNONG NAEKTPLKNAG AYWYLLOTNTOG TwV VAWV (DRS/BDS).
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2toyoc AvatplBic

IKOTIOG TNG mopouoag SI8akToplkng dLatplBrc eival n avamtuén MOAUUEPIKWY VOVOOUVOETWV
UALKWV UE VOVOEYKAELOHATA TIOU £X0UV WG BAcN TO YpAdEVLIO Kal N UEAETN TNG oxEong Soung-Ldlo-
TATWV ToUG. H PEAETN emektaBOnke otnv avamtuén uBpLSIkwY vavoouvOeTwv UAKwY pe Suo Slado-
PETIKEG TIOAUMEPLKEG UNTPEG. 2TO TMAAiolo tnG SlatpiPrg €ylve ekTETAUEVN PEAETN TNG BEPULKNAG,
Bepuounxavikng, LEwSoEAAOTIKAG CUUTIEPLPOPAG TWV VAVOOUVOETWY UAKWY, VW £HAPUOCTNKAV
TIELPOLLOLTLKEG TEXVIKEG, OTIwG N pacpatookornia Raman kot melpdpato AinAektpkng Oacpatooko-
niiag Evalhaooopevou Mediou (DRS/BDS), mpokeluévou va €axBouv otolxeia yla patvopeva cu-
VEPYELOG UETOED TWV VAVOEYKAELOUATWY, TTOU CUVTEIVOUV 0TNV BeATIOTOMOLNGON TWV WOLOTATWY TWV
TIAPAYOUEVWY TIOAUUEPIKWY VOVOOUVOETWY UALKwV. ETiong, €ylve oUYKPLTIKA UEAETN TG emidpa-
0NG TOU TUTIOU TNG TIOAUUEPLKNG UATPOG OTLG LOLOTNTEG TwV UPBPLOIKWY VOVOOUVOETWY, LE OTOXO TNV
aVAmTUén VavooUVOETWY UALKWYV YLOL OTOXEUMEVEG EDAPHOYEG. EMUTAEOV, HEAETAONKE TELPAUATIKA
KOl TTPOCOUOLWONKE e TNV Xpron KATAAANAOU popLakoU LEwSoeAAOTIKOU HOVTEAOU, N cUUTEPLDO-
PA TWV VAVOOUVOETWY O€ epuouo/emavatoén. TEAOG, TAPOUCLACTNKAV TIPOCOLOLWOELC KL TTPO-
OEYYLOELC TOU HETPOU EAACTLKOTNTOC TWV UALKWV LIE XPION KALVOTOUWY QVOAUTIKWY LOVTEAWVY, Ka-
Bw¢ KAl TIPOCOUOLWOEWV TIETMIEPACHEVWV OTOLXELWV, UE OTOXO TNV avASELEN ONUAVTIKWY EPYOAELWV

yla tnv mpoPAEP N TWV UNXOVLKWVY LOLOTATWY TWV UALKWV.

Purpose Statement

The purpose of this PhD thesis is the development of polymer nanocomposites with nanofillers
based on graphene and the study of their structure-properties relation. The study extended to the
development of hybrid nanocomposites with two different polymeric matrices. An extensive study
of the thermal, thermomechanical, and viscoelastic behavior of nanocomposites was performed,
while experimental techniques such as Raman spectroscopy and Dielectric Relaxation Spec-
troscopy (DRS/BDS) experiments were utilized in order to investigate possible synergistic effects
between the different nanofillers, that contribute to the optimization of the properties of the pro-
duced nanocomposites. Also, a comparative study of the effect of the polymeric matrix type on the
properties of hybrid nanocomposites has been made, in order to develop nanocomposites for tar-
geted applications. The behavior of the nanocomposites in creep/recovery was studied experimen-
tally and simulated, using an appropriate molecular viscoelastic model. Finally, simulations and ap-
proximations of the materials’ Young modulus were presented, using innovative analytical models,
as well as finite element methods, in order to highlight important tools for predicting the mechani-

cal properties of materials.
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NepiAnyn

Itnv napovoa Sidaktoplkn Slatplpr oxedldotnkayv, dSnuioupyndnkav Kol HeAeTOnkav €EL o€L-
PEC VAVOOUVOETWY TTOAU LEPLIKWYV UALKWV HE SLOPOPETIKEC TTOAUUEPLKEG UNTPEG. H mpwtn Ko Sevte-
pn o€lpad anoteAeital and vavooUuVvOeTa UALKA LE TIOAUUEPLKA UATPA TO YPOUMLKO TTOAUaLBUAEVIO
XoUNANRG ukvotntog (LLDPE), SUo tumwv (zLLDPE pe Ziegler Natta kot mLLDPE pe HeTOAANOKEVLO WG
KATAAUTEC), EVIOXUUEVEG PE VAVOOWANVECG avBpaka TOAAAMAWY Tolywpatwyv (MWCNT;) w¢ vavoe-
ykAseiopata. Ot vavoowAnveg avBpaka mpooTéBnKav otnv TOAUMEPLKN UNTpa oto zLLDPE os meple-
KTIKOTNTEG 2, 4, 6, 8, 10, 15, 20 % kaL oto mLLDPE os meplektikotnteg 2, 4, 6, 8, 10 % katd Bapog
avtiotolya. H tpitn oepd MOAUUEPLKWY VAVOCUVOETWY UKWV AmOTEAELTOL ATTO TIOAUEPLKE) UNTPO
MLLDPE, kaBwg kot moAuyalaktikd ofU (PLA) pe vavoeykAeiopata ofelbiou tou ypadeviou (GO)
0€ TMEPLEKTIKOTNTA 1% Katd BApoc. H TETopTn Oelpd amoTeAE(Tol amo UALKA TTOAUMEPLKAG HATPOG
MLLDPE pe vavoowAnveg avBpaka (MWCNT,), vavoiveg avBpaka (CNF) kat o€eidlo tou ypadeviou
(GO) o€ meplektkoTnTa 1.31% KATA BAPOg avtiotolya. TEAOG, N TEUTN KAl €KTN CELPA UALKWV
amoteAsital amo uBPLSLIKA UALKA TTIOAUEPLKAG HATPAC MLLDPE Kot PLA pe pei€én vavoeyKAELIOUATWY
o&eldlou Tou ypadeviou kat vavoowAnvwyv avBpaka katl oeldiou Tou ypadeviou kat vavoivwy av-
Bpaka pe avaloyia 1:1 oe meplektikotnteg 1.31, 3.84, 6.25% kai 3.84, 6.25, 8% koatd BAapog avti-
oTolya.

ApxiKa, pe xpnon tou HAektpovikol Mikpookortiou Zapwong (SEM) mapatnpnbnke n popdoAo-
yia, n pikpodoun kat n SLaomopd Twv VavooUVOETWY UALKWVY. ITn CUVEXELQ, TpayuaTonolionkayv
nelpapota paoparookomniag Raman pe otdxo tnv Slepelivnon TNE MOLOTNTAG TWV UALKWY, KABwG
KaL tov Tpoodloplopd OAANAETUOPACEWY HETAED MATPOG-VAVOEYKAELOUATWY KL VOVOEYKAEL-
opdatwyv petafL toug. Emetta, ulomowBnkav nelpapata AinAektpikic @aocpatookoniag Evaliao-
oopevou Mediou (DRS/BDS) pe otdX0 TNV HETPNON TNG NAEKTPLKAC AYWYLHLOTNTOC KAL TNV EKTIUNON
Tou opiou Sladuyng. Katomw, péow twv nelpapdtwy Atadoptkis Oeputdopetpiag Zapwong (DSC)
MEAETAONKAV ONUOVTIKEG BEPULKEG LOLOTNTEG KAl XAPOKTNPLOTIKA TWV VAVOCUVOETWY UALKWVY, OTIWG
0 BaBuog kpuotalAkdtnTag, N Beppokpacia tENG, KPUOTAAAWONG KAl VoAwSoUG PeTAaBaong. ZTn
OUVEXELD, UAomolnOnkav melpapoata Auvapkng Mnxavikng Avaiuoncg (DMA) ywa tn Siepelvnon
NG UNXOVLKNAG QTOKPLONG TWV VAVOoUVOETWY UALKWVY 0€ gupeia KALLOKA BEPUOKPACLWV KAl CUXVO-
™MTWV Kot €€nxBnoav oL UNTPLKEC KAUTIUAEG, cUpdwva e Tnv Apxn looduvapiag Xpovou-Oeppo-
kpaotiag (TTS), He O0TOXO TNV MEAETN TNG KNXOVIKNG KoL PEOAOYLKAG QTMOKPLONG TWV VOVOOUVOETWV
UALKWV. ETtiong HeAeTAONKE Kal n UNXAVIKH AmOKPLON TWV UALKWVY OE OTATIKA TIELPAUATO EPEAKU-
OHOU, PoodLopilovTog CNUAVTLKA UNXAVIKA XOPOAKTNPELOTLKA KoL LBLOTNTEC TWV VAVOOUVOETWY UAL-
KwV. AKOAoUONOoE N AEMTOUEPTC LOVIEAOTIONGCN KOL TIPOCEYYLON TOU TIELPOUATIKOU LETPOU EAAOTL-
KOTNTaC (Young) HE Xprion TOU TPOTIOTIOLNUEVOU OVOAUTIKOU LOVTEAOU EYKAELOUATWY, TO OMOLOo €i-
val évag cuvluaopog Tou LOVTEAOU TIou tapoudiacav ol Mori-Tanaka, Benveniste kot Twv HKpo-
UNXOVIKWV HOVTEAWV Twv Tsai-Pagano kal Cox-Krenchel. Emiong, ta MEWPAUATIKA QmOTEAECUATA
TOU HETPOU EAOCTIKOTNTOG MPOOEYYLOTNKAV E XPNON TIPOCOUOLWOEWY TIEMEPACUEVWY OTOLXELWV
(FEA), xpnotpomolwvtoag t pHéEBodo tng opoyevomoinong. Anpoupyndnkav KatdAAnAoL aviutpo-
OWTEUTIKOL Oykol (RVE,) mou AapBavouv umoPv Kot TI§ TOpAUETPOUG CUCCWHUATWONG KOl KUp-
1otNTaG TwV CNT,/CNF,. EmumAéov, SnuioupynBnkav TOTKOL aVIUTPOCWITEVUTIKOL OYKOL yLa va Yivel
pLo avamapdoTtoon TnG KATavoung taong von Mises ota vavoeykAeiopata. TEAog, HeAeTOnKav
OUYKPLTIKA OL LEWSO0EAAOTIKEG LOLOTNTEG TWV VOVOOUVOETWY UALKWY, OTIWE O EPTIUCHOC KOL N EMaL-
VAKTNON o€ SLadOPETIKEG TIUEC TAONG KoL TEpLYpAdnKav BEwPNTIKA e KATAAANAQ TPOTIOTIOLNEVO
€wWd0eNAOTIKO HOVTENO.
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MeAetwvtag tn popdoloyia Twv UAKKWY, mopatnpnbnke OTL TA VOVOEYKAELOHATA TOPOU-
olalouv ev yével kaAn Slaomopd Kal MPooduon OTLG TIOAUHEPIKEG UNATPEG, EVW OXNUOTI{OUV
OUCOWMOTWHOTA OE MEYAAEG TEPLEKTIKOTNTEG. Emiong, evromiotnkav  ¢pacpatookormkd
OAANAETUOPACELG PETAEU TNG TTOAUUEPLKNG UNTPOG-VOVOEYKAELOUATWY KOL TWV VOVOEYKAELOUATWY
petall toug. Mapatnpnbnke ot ot MWCNT, ¢épouv To peyaAltepo Babuod atedewwv otnv
KPUOTAAALKA Toug dopr), Tavw amnod Tig TIHES Twv CNF, kat GOs, evw n pooBnKn tng TMOAUUEPLKNG
untpag mLLDPE obnyet og peiwon tou Babuol ateAewwv Twv VavoeyKAELOpATWY. EmumAéov, ota
UBpLBIKA clotnuata GO/CNT umdpyouv evdeifelg wWOxUPpWV AAANAETUSPACEWY HETALL TwV
OUYKEKPLUEVWY VOVOEYKAEIOUATWY Kol OUTO Hmopel va amoteAel £€vel€n ouvépyelag Twv
VOVOEYKAELOMATWY auTwyv. Kotomiv, mopatnpndnke ywa OAeg TG oelpég OtL ol CNT, mailouv
KaBopLoTIKO pOAO OTNV AUENon TNG NAEKTPLKAG AYWYLLOTNTOC TWV VOVOOUVOETWY UALKWVY KOl oo
ULOL TIEPLEKTLIKOTNTA Kal avw (6plo Staduyng) oxnuatilovv aywylpuo SIKTUO oTnVv TTOAUUEPLKN WA -
TPA. IXETIKA UE Ta Bepuikd amoteAéopata, eniBeBoalwbBnKe 0 pONOC TWV VAVOEYKAELOUATWY WG do-
PELG-TIUPNVEG KPUOTAAAWGNG Tou TOAUPEPOUG. H Beppokpacia valwdoug petantwong (T,) Kot To
onueilo t™éng (Tm) ota meploodtepa UALKA Sev PHeTABAANETOL HE TNV AUENON TNC TIEPLEKTIKOTNTAG,
evw n Beppokpaocia kpuotaAwong (T.) avéavetal. Emiong, o Babuocg kpuotaAAikotntag (X.) au-
¢avetal yla ta vavoouvBeta UALKA Kal dlaitepa ylo Tot UBPLOIKA UALKA. TG OELPEC UALKWV E TO-
Aupeptkn) pntpa PLA sudaviotnke 1o dpawvopevo tng Puxpnc KpuotaAAwong Kal mapatnpnonke
avénon tng Bepuokpaciag Puxpng kpuotaAwong (T.) oTa vavooUuVOeTa UALKA. IXETIKA HE Ta Su-
VOULLKA TIELPAUOTO, TIAPATNPNONKE UNXAVLKH EVIOXUON OAWV TWV VAVOCUVOETWYV Kot UBPLOKWY UAL-
KWV UE MEYAAUTEPN VA €lval QUTH TWV CUCTNUATWY Ue eykAelopata GO/CNF og oxéon He Ta ou-
otnuata pe eykAeiopata GO/CNT. Emiong, otig xapunAég ouxvotnteg mpogkuav evoelelg mou
LOXUPOTIOLOUV TOV LOXUPLOUO YL OXNUATIONO TIUKVOU SLKTUOU atd TA VAVOEYKAEloMATA KAl TNV
QmOKPLON TWV UALKWV WG €AQOTIKA OTEPed. EmumAéov, mapatnpndnke onuavtikn avénon Ttou
METPOU EAQOTIKOTNTAC, TNG TAONG SLapponG, TNG EPEAKUOTIKNAG OVTOXNG KaL TNG avtiotaong os ep-
TIUOHO UE TNV AUENON TNG TIEPLEKTLKOTNTAG, YLOL OAEC TLG OELPEC TWV UALKWV. To METPO EAQCTIKOTNTAG
T(POOEYYLOTNKE ATMOTEAECUATIKA LE XPHON TPOTOTOLNKEVOU OVAAUTIKOU HOVTEAOU Kal HE TN Uébo-
60 opoyevornoinong (LEBodog menepacpEVwY otolxeiwv). TEAOG, N amoOKpLon TWV UALKWY OE €PTTU -
Opd - emavatafn HovteAomolnOnke He XPHon TPOTOMOLNUEVOU LEWOOEAAOTIKOU HOVTEAOU ME
ONUAVTIKA HIKPOTEPO aplOUd TMapapETpwY O oxéon HUe eykaBidpupéva povtéda otn Sebvn
BiBAloypadia. Ano ta anoteAéopata mou PoEkuayv and OAEC TIG MELPAUATIKEG Sladlkaoleg, Ka-
Blotatal kKaBopLoTIKOG, 0 TUMOC Kal N TIOAUTIAOKOTNTA TNG TMOAUUEPLKAG UATPAC, N SlacTopd Twv
EYKAELOUATWY OTNV TIOAULEPLKA UNTPA, AAAQ KOl N YEWHETPLA TOUC OTLG LOLOTNTEC TWV VAVOoUVOE-
TWV UALKWV.
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Abstract

In this PhD thesis, six series of polymeric nanocomposites with different polymeric matrices
were designed and studied. The first and second series consist of two types of polymeric matrix
LLDPE (zLLDPE with Ziegler Natta and mLLDPE with metallocene catalysts), with multi-walled car-
bon nanotubes (MWCNT;) as nanofillers. Carbon nanotubes were added to the polymeric matrix in
ZLLDPE at contents of 2, 4, 6, 8, 10, 15, 20% and in mLLDPE at contents of 2, 4, 6, 8, 10% per weight
respectively. The third series of polymeric nanocomposites consists of a mLLDPE and polylactid
acid (PLA) matrix and graphene oxide (GO) nanoclays at content 1% per weight. The fourth series
consists of mLLDPE polymeric matrix with carbon nanotubes (MWCNT), carbon nanofibers (CNF;)
and graphene oxide (GO) at 1.31% per weight respectively. Finally, the fifth and sixth series are hy-
brid materials that consist of mLLDPE and PLA as polymer matrices, with a mixture of graphene ox-
ide-carbon nanotubes and graphene oxide-carbon nanofibers with a ratio of 1:1 in contents of
1.31, 3.84, 6.25 and 3.84, 6.25, 8% by weight respectively.

Initially, the morphology, microstructure and dispersion of the nanocomposites were observed
using Scanning Electron Microscopy (SEM). Raman spectroscopy experiments were then per-
formed to investigate the quality of the materials, as well as to determine the interactions between
matrix-nanofillers and nanofiller-nanofiller. Dielectric Relaxation Spectroscopy and Broadband Di-
electric Spectroscopy (DRS/BDS) experiments were then performed to measure the electrical con-
ductivity and estimate the percolation threshold. Then, through the Differential Scanning Calorime-
try (DSC) experiments, important thermal properties and characteristics of the nanocomposites
were studied, such as the degree of crystallinity, melting temperature, crystallization and glass
transition. Dynamic Mechanical Analysis (DMA) experiments were then performed to investigate
the dynamical mechanical response of nanocomposites, in a wide area of temperatures and fre-
guencies and the master curves were extracted, according to the Time-Temperature Superposition
principle (TTS), in order to investigate the rheological response of nanocomposites. In addition, the
mechanical response of the materials to static tensile experiments was also studied, identifying im-
portant mechanical properties of the nanocomposites. This was followed by the detailed modeling
and approximation of the experimental Young modulus, by using the modified analytical inclusion
model, which is a combination of the model, presented by Mori-Tanaka, Benveniste and the mi-
cromechanical models of Tsai-Pagano and Cox-Krenchel. Also, the experimental results of the
Young modulus were approximated, by using Finite Element Methods and homogenization tech-
niques. Suitable representative volumes (RVE;) were generated that also include the agglomeration
and curvature parameters of the CNT,/CNF,. In addition, local representative volumes were created
to make a representation of the von Mises stress distribution at the surface of the nanofillers. Fi-
nally, the viscoelastic properties of the nanocomposites, such as creep and recovery under differ-
ent stress values, were comparatively studied, by using an appropriately modified viscoelastic
model, which was used to approximate the experimental results.

Studying the morphology of the materials, it was observed that the nanofillers generally have
good dispersion and adhesion to the polymeric matrices, while forming agglomerates at high con-
tents. Interactions of polymeric matrix-nanofillers and nanofiller-nanofiller were also detected, by
using spectroscopic techniques. It has been observed that MWCNT, have the highest degree of de-
fects in their crystal structure, higher than the CNF; and GO,, while the addition of the mLLDPE
polymeric matrix leads to a reduction of the defect density. In addition, GO/CNT hybrid systems ex-
hibit strong interactions between GO-CNT nanofillers and this may be an indication of synergy be-
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tween them. Also, it was observed for all the materials, that CNT; play a crucial role in increasing
the electrical conductivity of nanocomposites and above a specific fillers’ content (percolation
threshold), they form a conductive percolated network in the polymeric matrix. Regarding the
thermal results, the role of nanofillers as nucleating agents was confirmed. The glass transition
temperature (T,;) and melting point (T.,) in most materials do not change, by increasing fillers’ con-
tent, while the crystallization temperature (T.) increases. Also, the degree of crystallinity (X.) in-
creases for nanocomposites and especially for hybrid materials. In the PLA series, the phenomenon
of cold crystallization was observed and an increase of the cold crystallization temperature (T.)
was detected for the nanocomposites. Regarding the dynamic experiments, mechanical reinforce-
ment of all nanocomposites and hybrid materials was observed, with the GO/CNF hybrids having
the higher values compared to GO/CNT. At low frequencies, there was strong evidence of dense
network formation from the nanofillers and the rheological response of materials as solid-like ma-
terials. In addition, there was a significant increase in the Young Modulus, yield stress, tensile
strength and creep resistance with increasing content, for all the materials. The Young’s modulus
was effectively approximated using a modified analytical model and the homogenization method
(Finite Element Analysis). Finally, the response of materials to creep-recovery was modeled, using a
modified viscoelastic model with a significantly smaller number of parameters than established
models in the international literature. From the results obtained from all experimental methods,
we come to the conclusion that the type and complexity of the polymeric matrix, the dispersion of
the inclusions in the polymeric matrix and also their geometry are crucial parameters for the prop-
erties of the nanocomposites.

Keywords
Polymer nanocomposites, LLDPE, PLA, carbon nanotubes, carbon fibers, graphene oxide,
mechanical reinforcement, SEM, DRS, Raman, DSC, DMA, tensile, creep,recovery, finite element
methods, analytical model, hybrid, electrical conductivity, crystallization, thermal properties,
creep, recovery, homogenization.
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