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ABSTRACTABSTRACTABSTRACTABSTRACT

� MultiMultiMultiMulti----wallwallwallwall carboncarboncarboncarbon NanotubesNanotubesNanotubesNanotubes (MWNTs)(MWNTs)(MWNTs)(MWNTs) filledfilledfilledfilled
polypropylenepolypropylenepolypropylenepolypropylene (PP)(PP)(PP)(PP) NanocompositesNanocompositesNanocompositesNanocomposites werewerewerewere preparedpreparedpreparedprepared
throughthroughthroughthrough dilutingdilutingdilutingdiluting aaaa PP/MWNTPP/MWNTPP/MWNTPP/MWNT mastermastermastermaster batchbatchbatchbatch inininin aaaa PPPPPPPP
matrixmatrixmatrixmatrix bybybyby meltmeltmeltmelt compoundingcompoundingcompoundingcompounding withwithwithwith aaaa twintwintwintwin screwscrewscrewscrew
extruderextruderextruderextruder.... PolypropylenePolypropylenePolypropylenePolypropylene graftedgraftedgraftedgrafted MaleicMaleicMaleicMaleic anhydrideanhydrideanhydrideanhydrideextruderextruderextruderextruder.... PolypropylenePolypropylenePolypropylenePolypropylene graftedgraftedgraftedgrafted MaleicMaleicMaleicMaleic anhydrideanhydrideanhydrideanhydride
(PP(PP(PP(PP----gggg----MA)MA)MA)MA) waswaswaswas usedusedusedused totototo promotepromotepromotepromote thethethethe carboncarboncarboncarbon
NanotubesNanotubesNanotubesNanotubes dispersiondispersiondispersiondispersion.... WhenWhenWhenWhen PPPPPPPP----gggg---- MAMAMAMA isisisis added,added,added,added,
dynamicdynamicdynamicdynamic modulimodulimodulimoduli andandandand viscosityviscosityviscosityviscosity furtherfurtherfurtherfurther increasesincreasesincreasesincreases
comparedcomparedcomparedcompared totototo PP/MWNTPP/MWNTPP/MWNTPP/MWNT NanocompositesNanocompositesNanocompositesNanocomposites.... TensileTensileTensileTensile
andandandand CharpyCharpyCharpyCharpy impactimpactimpactimpact resistanceresistanceresistanceresistance ofofofof thethethethe NanocompositesNanocompositesNanocompositesNanocomposites
alsoalsoalsoalso increasedincreasedincreasedincreased bybybyby thethethethe additionadditionadditionaddition ofofofof PPPPPPPP----gggg----MAMAMAMA....



ABSTRACTABSTRACTABSTRACTABSTRACT

� TheTheTheThe presentpresentpresentpresent studystudystudystudy confirmsconfirmsconfirmsconfirms thatthatthatthat PPPPPPPP----gggg----MAMAMAMA isisisis
efficientefficientefficientefficient totototo promotepromotepromotepromote thethethethe dispersiondispersiondispersiondispersion ofofofof MWNTsMWNTsMWNTsMWNTs inininin PPPPPPPP
matrixmatrixmatrixmatrix andandandand servesservesservesserves asasasas anananan adhesiveadhesiveadhesiveadhesive totototo increaseincreaseincreaseincrease theirtheirtheirtheir
interfacialinterfacialinterfacialinterfacial strengthstrengthstrengthstrength andandandand mechanicalmechanicalmechanicalmechanical propertiespropertiespropertiesproperties ofofofof
PP/MWNTPP/MWNTPP/MWNTPP/MWNT NanocompositesNanocompositesNanocompositesNanocomposites....PP/MWNTPP/MWNTPP/MWNTPP/MWNT NanocompositesNanocompositesNanocompositesNanocomposites....

� ItItItIt waswaswaswas alsoalsoalsoalso foundfoundfoundfound thatthatthatthat MWNTsMWNTsMWNTsMWNTs cancancancan actactactact asasasas nucleatingnucleatingnucleatingnucleating
agentsagentsagentsagents andandandand increaseincreaseincreaseincrease thethethethe crystallizationcrystallizationcrystallizationcrystallization temperaturetemperaturetemperaturetemperature
ofofofof thethethethe PPPPPPPP matrixmatrixmatrixmatrix inininin NanocompositesNanocompositesNanocompositesNanocomposites....



MATERIALSMATERIALSMATERIALSMATERIALS

� PolypropylenePolypropylenePolypropylenePolypropylene (PP)(PP)(PP)(PP)----multimultimultimulti wallwallwallwall carboncarboncarboncarbon nanotubesnanotubesnanotubesnanotubes
(MWNTs)(MWNTs)(MWNTs)(MWNTs) nanonanonanonano----compositescompositescompositescomposites werewerewerewere producedproducedproducedproduced bybybyby
mixingmixingmixingmixing homohomohomohomo PPPPPPPP granulesgranulesgranulesgranules [Polychim[Polychim[Polychim[Polychim polypropylenepolypropylenepolypropylenepolypropylene
withwithwithwith aaaa meltmeltmeltmelt flowflowflowflow indexindexindexindex ofofofof 12121212 g/g/g/g/10101010 minminminmin.... atatatat 190190190190°C]C]C]C] andandandand
2222 wtwtwtwt%%%% PPPPPPPP----gggg----MAMAMAMA [Dupont[Dupont[Dupont[Dupont Fusabond]Fusabond]Fusabond]Fusabond] withwithwithwith thethethethe
commercialcommercialcommercialcommercial masterbatchmasterbatchmasterbatchmasterbatch containingcontainingcontainingcontaining 20202020 wtwtwtwt%%%% ofofofofcommercialcommercialcommercialcommercial masterbatchmasterbatchmasterbatchmasterbatch containingcontainingcontainingcontaining 20202020 wtwtwtwt%%%% ofofofof
MWNTMWNTMWNTMWNT [‘Plasticyl[‘Plasticyl[‘Plasticyl[‘Plasticyl 2001200120012001’’’’ suppliedsuppliedsuppliedsupplied bybybyby Nanocyl,Nanocyl,Nanocyl,Nanocyl,
Belgium]Belgium]Belgium]Belgium]....

�

� TheTheTheThe MWCNTsMWCNTsMWCNTsMWCNTs ‘Plasticyl‘Plasticyl‘Plasticyl‘Plasticyl 2001200120012001’’’’ suppliedsuppliedsuppliedsupplied bybybyby Nanocyl,Nanocyl,Nanocyl,Nanocyl,
BelgiumBelgiumBelgiumBelgium waswaswaswas usedusedusedused asasasas fillerfillerfillerfiller reinforcementreinforcementreinforcementreinforcement withwithwithwith puritypuritypuritypurity
higherhigherhigherhigher thanthanthanthan 90909090%%%% withwithwithwith RangeRangeRangeRange ofofofof DiameterDiameterDiameterDiameter ofofofof 9999––––11111111 nmnmnmnm
andandandand MeanMeanMeanMean LengthLengthLengthLength ofofofof thethethethe NanotubesNanotubesNanotubesNanotubes ofofofof 1111....2222 μmμmμmμm....



PREPARATION OF PP/MWCNTS COMPOSITESPREPARATION OF PP/MWCNTS COMPOSITESPREPARATION OF PP/MWCNTS COMPOSITESPREPARATION OF PP/MWCNTS COMPOSITES

� PolypropylenePolypropylenePolypropylenePolypropylene (PP)(PP)(PP)(PP)----multimultimultimulti wallwallwallwall carboncarboncarboncarbon nanotubesnanotubesnanotubesnanotubes
(MWNTs)(MWNTs)(MWNTs)(MWNTs) nanocompositesnanocompositesnanocompositesnanocomposites werewerewerewere producedproducedproducedproduced bybybyby mixingmixingmixingmixing
homohomohomohomo PPPPPPPP granulesgranulesgranulesgranules andandandand 2222 wtwtwtwt%%%% PPPPPPPP----gggg----MAMAMAMA withwithwithwith thethethethe
commercialcommercialcommercialcommercial masterbatchmasterbatchmasterbatchmasterbatch containingcontainingcontainingcontaining 20202020 wtwtwtwt%%%% ofofofofcommercialcommercialcommercialcommercial masterbatchmasterbatchmasterbatchmasterbatch containingcontainingcontainingcontaining 20202020 wtwtwtwt%%%% ofofofof
MWNTMWNTMWNTMWNT inininin aaaa cocococo----rotatingrotatingrotatingrotating twintwintwintwin screwscrewscrewscrew extruderextruderextruderextruder atatatat
barrelbarrelbarrelbarrel temperaturetemperaturetemperaturetemperature ofofofof 195195195195––––210210210210°C,C,C,C, andandandand aaaa screwscrewscrewscrew speedspeedspeedspeed

ofofofof 50505050 rpmrpmrpmrpm....



PREPARATION OF PP/MWCNTS COMPOSITESPREPARATION OF PP/MWCNTS COMPOSITESPREPARATION OF PP/MWCNTS COMPOSITESPREPARATION OF PP/MWCNTS COMPOSITES

� TheTheTheThe specificationsspecificationsspecificationsspecifications ofofofof MWNTsMWNTsMWNTsMWNTs inininin thethethethe masterbatchmasterbatchmasterbatchmasterbatch areareareare
asasasas followsfollowsfollowsfollows:::: rangerangerangerange ofofofof diameterdiameterdiameterdiameter 9999––––11111111 nm,nm,nm,nm, meanmeanmeanmean lengthlengthlengthlength
ofofofof thethethethe nanotubesnanotubesnanotubesnanotubes 1111....2222 μm,μm,μm,μm, andandandand puritypuritypuritypurity higherhigherhigherhigher thanthanthanthan 90909090%%%%....

� DuringDuringDuringDuring meltmeltmeltmelt extrusionextrusionextrusionextrusion ventilationventilationventilationventilation waswaswaswas keptkeptkeptkept onononon totototo� DuringDuringDuringDuring meltmeltmeltmelt extrusionextrusionextrusionextrusion ventilationventilationventilationventilation waswaswaswas keptkeptkeptkept onononon totototo
removeremoveremoveremove trappedtrappedtrappedtrapped airairairair inininin blendsblendsblendsblends....

� AfterAfterAfterAfter pelletizing,pelletizing,pelletizing,pelletizing, thethethethe nanocompositenanocompositenanocompositenanocomposite granulesgranulesgranulesgranules werewerewerewere
compressioncompressioncompressioncompression mouldedmouldedmouldedmoulded intointointointo 4444 mmmmmmmm thickthickthickthick platesplatesplatesplates usingusingusingusing aaaa
hydraulichydraulichydraulichydraulic presspresspresspress atatatat 180180180180°CCCC duringduringduringduring 2222 minminminmin forforforfor rheologicalrheologicalrheologicalrheological
experimentsexperimentsexperimentsexperiments....



PREPARATION OF PP/MWCNTS COMPOSITESPREPARATION OF PP/MWCNTS COMPOSITESPREPARATION OF PP/MWCNTS COMPOSITESPREPARATION OF PP/MWCNTS COMPOSITES

� NanocompositeNanocompositeNanocompositeNanocomposite granulesgranulesgranulesgranules werewerewerewere InjectionInjectionInjectionInjection moldedmoldedmoldedmolded intointointointo
standardstandardstandardstandard testtesttesttest specimenspecimenspecimenspecimen forforforfor findingfindingfindingfinding propertiespropertiespropertiesproperties likelikelikelike
tensile,tensile,tensile,tensile, impactimpactimpactimpact andandandand flexuralflexuralflexuralflexural testtesttesttest....

� TheTheTheThe barrelbarrelbarrelbarrel temperaturetemperaturetemperaturetemperature rangedrangedrangedranged 205205205205––––220220220220°CCCC andandandand thethethethe
mouldmouldmouldmould temperaturetemperaturetemperaturetemperature waswaswaswas keptkeptkeptkept atatatat 25252525°CCCC....

� TheTheTheThe holdingholdingholdingholding pressurepressurepressurepressure andandandand screwscrewscrewscrew rotationalrotationalrotationalrotational speedspeedspeedspeed
werewerewerewere 300300300300 barbarbarbar andandandand 100100100100 rpm,rpm,rpm,rpm, respectivelyrespectivelyrespectivelyrespectively....



MECHANICAL PROPERTIESMECHANICAL PROPERTIESMECHANICAL PROPERTIESMECHANICAL PROPERTIES

Tensile properties of Tensile properties of Tensile properties of Tensile properties of 
MWNT/PP compositesMWNT/PP compositesMWNT/PP compositesMWNT/PP composites

Wt% of MWNT Wt% of MWNT Wt% of MWNT Wt% of MWNT Tensile modulus Tensile modulus Tensile modulus Tensile modulus 
(Mpa) (Mpa) (Mpa) (Mpa) 

Strain at break (%) Strain at break (%) Strain at break (%) Strain at break (%) Tensile strength Tensile strength Tensile strength Tensile strength 
(N/mm(N/mm(N/mm(N/mm2222) ) ) ) 

0000 171171171171 62626262 15151515

1111 380380380380 46464646 22222222

2222 328328328328 45454545 30303030

3333 289289289289 39393939 36363636



Effect of PPEffect of PPEffect of PPEffect of PP----gggg----MA content on tensile properties of MA content on tensile properties of MA content on tensile properties of MA content on tensile properties of 
PP/MWNT NanocompositesPP/MWNT NanocompositesPP/MWNT NanocompositesPP/MWNT Nanocomposites
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Wt% of Wt% of Wt% of Wt% of 
WNTWNTWNTWNT

Tensile Tensile Tensile Tensile 
modulus modulus modulus modulus 
(Mpa)(Mpa)(Mpa)(Mpa)

Strain at Strain at Strain at Strain at 
break break break break 
(%)(%)(%)(%)

Tensile Tensile Tensile Tensile 
strengtstrengtstrengtstrengt

h h h h 
(N/mm(N/mm(N/mm(N/mm1000

1200
Series1 Series2

Tensile Strength for Tensile Strength for Tensile Strength for Tensile Strength for 
MWNT/MAMWNT/MAMWNT/MAMWNT/MA----gggg----PP composite PP composite PP composite PP composite 

Percentage increase in tensile Percentage increase in tensile Percentage increase in tensile Percentage increase in tensile 
modulus with respect to PP and modulus with respect to PP and modulus with respect to PP and modulus with respect to PP and 

PPPPPPPP----gggg----MA as a function of MA as a function of MA as a function of MA as a function of 
MWNT content for the MWNT content for the MWNT content for the MWNT content for the 

PP/MWNT and PP/MWNT/2 PP/MWNT and PP/MWNT/2 PP/MWNT and PP/MWNT/2 PP/MWNT and PP/MWNT/2 
wt% PPwt% PPwt% PPwt% PP----gggg----MA composites. MA composites. MA composites. MA composites. 

2)2)2)2)

0000 1752175217521752 136136136136 35353535

1111 1799179917991799 153153153153 37373737

2222 1782178217821782 154154154154 40404040

3333 1777177717771777 122122122122 343434340

200

400

600

800

0 1 2 3

T
en

si
le

m
o
d

u
lu

s 

(M
P

a
)

Nonotube loading in wt%



30

35

40

45

PP+MWNT

P
er

ce
n

ta
g
e 

in
cr

ea
se

 i
n

 t
en

si
le

 

Percentage increase in tensile strength with respect PPand PPPercentage increase in tensile strength with respect PPand PPPercentage increase in tensile strength with respect PPand PPPercentage increase in tensile strength with respect PPand PP----gggg----
MA as a function of MWNT content for the PP/MWNT and MA as a function of MWNT content for the PP/MWNT and MA as a function of MWNT content for the PP/MWNT and MA as a function of MWNT content for the PP/MWNT and 

PP/MWNT/2 wt% PPPP/MWNT/2 wt% PPPP/MWNT/2 wt% PPPP/MWNT/2 wt% PP----gggg----MA composites. MA composites. MA composites. MA composites. 

0

5

10

15

20

25

0 1 2 3

Nanotube loading (wt %)

P
er

ce
n

ta
g
e 

in
cr

ea
se

 i
n

 t
en

si
le

 

st
re

n
g
th



Variation of percentage strain at break with MWNT content Variation of percentage strain at break with MWNT content Variation of percentage strain at break with MWNT content Variation of percentage strain at break with MWNT content 
for the the PP/MWNT and PP/MWNT/2 wt% PPfor the the PP/MWNT and PP/MWNT/2 wt% PPfor the the PP/MWNT and PP/MWNT/2 wt% PPfor the the PP/MWNT and PP/MWNT/2 wt% PP----gggg----MA MA MA MA 

composites composites composites composites 
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Notched Charpy Impact Notched Charpy Impact Notched Charpy Impact Notched Charpy Impact 
Strength for PP/MWNT Strength for PP/MWNT Strength for PP/MWNT Strength for PP/MWNT 

CompositeCompositeCompositeComposite

Wt% of 

MW

NT

Impact 

energy 

(KJ)

Notched 

charpy

impact 

strength 

(KJ/m2)

Notched Charpy Impact Notched Charpy Impact Notched Charpy Impact Notched Charpy Impact 
Strength for PPStrength for PPStrength for PPStrength for PP----gggg----

MA/MWNT Composite.MA/MWNT Composite.MA/MWNT Composite.MA/MWNT Composite.

Wt% of 

MW

NT

Impact energy 

(KJ)

Notched charpy

impact 

strength 

(KJ/m2)

0 8.45312×10-5 2.3
0 7.44479×10-5 2.25

1 9.5260×10-5 2.9

2 10.5664×10-5 3.15

3 9.72108×10-5 2.95

0 8.45312×10-5 2.3

1 10.6964×10-5 3.25

2 12.256×10-5 3.75

3 13.914×10-5 4.25



Unnotched Charpy Impact Unnotched Charpy Impact Unnotched Charpy Impact Unnotched Charpy Impact 
Strength for PP/MWNT Strength for PP/MWNT Strength for PP/MWNT Strength for PP/MWNT 

Composite.Composite.Composite.Composite.

Wt% of 

M

WN

T

Impact energy 

(KJ)

Unnotched charpy 

impact 

strength 

(KJ/m2)

Unnotched Charpy Impact Unnotched Charpy Impact Unnotched Charpy Impact Unnotched Charpy Impact 
Strength for MWNT/MAStrength for MWNT/MAStrength for MWNT/MAStrength for MWNT/MA----gggg----

PP composite.PP composite.PP composite.PP composite.

Wt% of 

M

WN

T

Impact energy 

(KJ)

Unnotched 

charpy 

impact 

strength 

(KJ/m2)

0 4.9032×10-3 118.75

1 3.483×10-3 77.5

2 3.4633×10-3 82.5

3 2.6375×10-3 62.5

0 4.9580×10-3 120

1 3.495×10-3 83

2 3.779×10-3 90

3 3.1699×10-3 76



Impact properties of PP/MWNTImpact properties of PP/MWNTImpact properties of PP/MWNTImpact properties of PP/MWNT



PP/MWNT/2wt% PPPP/MWNT/2wt% PPPP/MWNT/2wt% PPPP/MWNT/2wt% PP----gggg----MA  MA  MA  MA  NanocompositesNanocompositesNanocompositesNanocomposites



DSC Results DSC Results DSC Results DSC Results 

Sample
MWNTs 

[wt.%]

PP-g-MA 

[wt.%]
Tc [°C] Xc [%]

∆Hm 

(J/g)

PP 0 0 110.8 31.5 65.8

1 0 115.6 31.0 65.4

PP/MWNTs 2 0 119.6 31.2 66.9

3 0 123.8 29.1 64.0

PP/PP-g-

MA/MWNTs

1 1 117.0 30.5 64.4

2 2 120.5 29.4 63.0

3 3 122.5 28.8 63.4



DSC cooling curves of pure PP and PPDSC cooling curves of pure PP and PPDSC cooling curves of pure PP and PPDSC cooling curves of pure PP and PP----gggg----MA/MWNT MA/MWNT MA/MWNT MA/MWNT 
nanocomposites. nanocomposites. nanocomposites. nanocomposites. 



RESULTS & DISUSSIONSRESULTS & DISUSSIONSRESULTS & DISUSSIONSRESULTS & DISUSSIONS

� MultiMultiMultiMulti----wallwallwallwall carboncarboncarboncarbon nanotubesnanotubesnanotubesnanotubes (MWNTs)(MWNTs)(MWNTs)(MWNTs) filledfilledfilledfilled
polypropylenepolypropylenepolypropylenepolypropylene (PP)(PP)(PP)(PP) nanocompositesnanocompositesnanocompositesnanocomposites werewerewerewere preparedpreparedpreparedprepared
bybybyby meltmeltmeltmelt compoundingcompoundingcompoundingcompounding viaviaviavia masterbatchmasterbatchmasterbatchmasterbatch dilutiondilutiondilutiondilution
techniquetechniquetechniquetechnique.... PolypropylenePolypropylenePolypropylenePolypropylene graftedgraftedgraftedgrafted maleicmaleicmaleicmaleic anhydrideanhydrideanhydrideanhydride
(PP(PP(PP(PP----gggg----MA)MA)MA)MA) waswaswaswas addedaddedaddedadded totototo promotepromotepromotepromote thethethethe carboncarboncarboncarbon(PP(PP(PP(PP----gggg----MA)MA)MA)MA) waswaswaswas addedaddedaddedadded totototo promotepromotepromotepromote thethethethe carboncarboncarboncarbon
nanotubesnanotubesnanotubesnanotubes dispersiondispersiondispersiondispersion....

� TheTheTheThe mechanicalmechanicalmechanicalmechanical characterizationcharacterizationcharacterizationcharacterization hashashashas shownshownshownshown thatthatthatthat bothbothbothboth
thethethethe tensiletensiletensiletensile andandandand bendingbendingbendingbending modulimodulimodulimoduli andandandand strengthsstrengthsstrengthsstrengths ofofofof thethethethe
nanocompositesnanocompositesnanocompositesnanocomposites increasedincreasedincreasedincreased bybybyby thethethethe additionadditionadditionaddition ofofofof
nanotubes,nanotubes,nanotubes,nanotubes, andandandand thethethethe additionadditionadditionaddition ofofofof PPPPPPPP----gggg----MAMAMAMA furtherfurtherfurtherfurther
improvedimprovedimprovedimproved thesethesethesethese propertiespropertiespropertiesproperties....



RESULTS & DISUSSIONSRESULTS & DISUSSIONSRESULTS & DISUSSIONSRESULTS & DISUSSIONS

� HoweverHoweverHoweverHowever thatthatthatthat tensiletensiletensiletensile elongationelongationelongationelongation atatatat breakbreakbreakbreak decreasesdecreasesdecreasesdecreases
withwithwithwith thethethethe additionadditionadditionaddition ofofofof PPPPPPPP----gMAgMAgMAgMA....

� TheTheTheThe CharpyCharpyCharpyCharpy impactimpactimpactimpact strengthstrengthstrengthstrength increases,increases,increases,increases, passespassespassespasses
throughthroughthroughthrough aaaa maximummaximummaximummaximum andandandand thenthenthenthen decreasesdecreasesdecreasesdecreases forforforfor notchednotchednotchednotched
samples,samples,samples,samples, whereaswhereaswhereaswhereas forforforfor unununun----notchednotchednotchednotched samples,samples,samples,samples, aaaasamples,samples,samples,samples, whereaswhereaswhereaswhereas forforforfor unununun----notchednotchednotchednotched samples,samples,samples,samples, aaaa
decreasedecreasedecreasedecrease isisisis observedobservedobservedobserved withwithwithwith thethethethe additionadditionadditionaddition ofofofof MWNTsMWNTsMWNTsMWNTs
duedueduedue totototo thethethethe presencepresencepresencepresence ofofofof nanotubesnanotubesnanotubesnanotubes aggregatesaggregatesaggregatesaggregates....

� Nevertheless,Nevertheless,Nevertheless,Nevertheless, thethethethe additionadditionadditionaddition ofofofof 2222 wtwtwtwt%%%% PPPPPPPP----gggg----MAMAMAMA totototo thethethethe
compositescompositescompositescomposites tendstendstendstends totototo improveimproveimproveimprove thesethesethesethese impactimpactimpactimpact
propertiespropertiespropertiesproperties....



Conclusions Conclusions Conclusions Conclusions 

� ItItItIt hashashashas beenbeenbeenbeen demonstrateddemonstrateddemonstrateddemonstrated thatthatthatthat thethethethe useuseuseuse ofofofof PPPPPPPP----gggg----MAMAMAMA
hashashashas leadleadleadlead totototo thethethethe betterbetterbetterbetter dispersiondispersiondispersiondispersion ofofofof carboncarboncarboncarbon nanotubesnanotubesnanotubesnanotubes
inininin aaaa PPPPPPPP matrix,matrix,matrix,matrix, andandandand thusthusthusthus betterbetterbetterbetter mechanicalmechanicalmechanicalmechanical propertiespropertiespropertiesproperties
andandandand [lower[lower[lower[lower rheologicalrheologicalrheologicalrheological percolationpercolationpercolationpercolation thresholdthresholdthresholdthreshold....]]]]
MoreoverMoreoverMoreoverMoreover thethethethe possibilitypossibilitypossibilitypossibility totototo coatcoatcoatcoat thethethethe nanotubesnanotubesnanotubesnanotubes withwithwithwithMoreoverMoreoverMoreoverMoreover thethethethe possibilitypossibilitypossibilitypossibility totototo coatcoatcoatcoat thethethethe nanotubesnanotubesnanotubesnanotubes withwithwithwith
PPPPPPPP----gggg----MAMAMAMA directlydirectlydirectlydirectly inininin thethethethe extruderextruderextruderextruder cancancancan
promote,promote,promote,promote, insituinsituinsituinsitu duringduringduringduring thethethethe extrusion,extrusion,extrusion,extrusion, thethethethe
disentanglementdisentanglementdisentanglementdisentanglement ofofofof thethethethe carboncarboncarboncarbon nanotubesnanotubesnanotubesnanotubes.... ThisThisThisThis
techniquetechniquetechniquetechnique maymaymaymay alsoalsoalsoalso bebebebe extendedextendedextendedextended totototo otherotherotherother matricesmatricesmatricesmatrices bybybyby
changingchangingchangingchanging thethethethe typetypetypetype ofofofof compatibilizercompatibilizercompatibilizercompatibilizer....



� ItItItIt cancancancan alsoalsoalsoalso bebebebe conculdedconculdedconculdedconculded thatthatthatthat bybybyby DilutingDilutingDilutingDiluting
thermoplastics/thermoplastics/thermoplastics/thermoplastics/ MWNTsMWNTsMWNTsMWNTs masterbatchesmasterbatchesmasterbatchesmasterbatches totototo
manufacturemanufacturemanufacturemanufacture plasticplasticplasticplastic partspartspartsparts isisisis aaaa veryveryveryvery promisingpromisingpromisingpromising
routerouterouteroute....AllowsAllowsAllowsAllows totototo retainretainretainretain thethethethe functionalfunctionalfunctionalfunctional benefitsbenefitsbenefitsbenefits ofofofof wellwellwellwell----
disperseddisperseddisperseddispersed MWNTs,MWNTs,MWNTs,MWNTs, andandandand limitinglimitinglimitinglimiting thethethethe handlinghandlinghandlinghandling
difficultiesdifficultiesdifficultiesdifficulties inininin plasticsplasticsplasticsplastics processingprocessingprocessingprocessing industrialindustrialindustrialindustrialdifficultiesdifficultiesdifficultiesdifficulties inininin plasticsplasticsplasticsplastics processingprocessingprocessingprocessing industrialindustrialindustrialindustrial
workshopsworkshopsworkshopsworkshops....

� FinallyFinallyFinallyFinally itititit cancancancan bebebebe concludedconcludedconcludedconcluded thatthatthatthat MWNTsMWNTsMWNTsMWNTs cancancancan actactactact asasasas
nucleatingnucleatingnucleatingnucleating agentsagentsagentsagents andandandand increaseincreaseincreaseincrease thethethethe crystallizationcrystallizationcrystallizationcrystallization
temperaturetemperaturetemperaturetemperature ofofofof thethethethe PPPPPPPP matrixmatrixmatrixmatrix inininin nanocompositesnanocompositesnanocompositesnanocomposites....



THANK YOU THANK YOU THANK YOU THANK YOU 



Let Us Meet Again

We welcome you all to our future conferences We welcome you all to our future conferences 
of OMICS Group International  of OMICS Group International  

Please Visit:Please Visit:

httphttp://materialsscience.conferenceseries.com://materialsscience.conferenceseries.com//

Contact Contact us atus at

materialsscience.conference@omicsgroup.usmaterialsscience.conference@omicsgroup.us

materialsscience@omicsgroup.commaterialsscience@omicsgroup.com


