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Polymer Nanocomposites
Nano-fillers Vs Micro-fillerProperties:

� Increase in Stiffness, Strength and toughness
� High interfacial area filler/matrix
� Low filler content
� Good processability with conventional 

polymer processing techniques
� Barrier properties and fire retardancy
� Electrical conductivity

MMT SepioliteCarbon Nanotubes

ECNT=1TPa
� CNT=100 GPa
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Nanofibres Mechanics

Lc = � f df / 2 �

The same effect can be obtained decreasing the fibr e diameter. Carbon 
nanotubes present extremely high aspect ratio (1000 -10000), making them the 
ideal reinforcing fibre.

Critical fibre length
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i. Size effect
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Micromechanics

RIEG Meeting, 25/09/09

Def.: Aspect Ratio=
Biggest dimension/
smallest dimension

l/d (fibre) or d/t (disc)

ii. Aspect ratio

Micromechanics
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Micromechanics

iii. Extended interface
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Nanofiller Properties
Nano-Mechanical Tests
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Nanofiller Properties
Nano-Mechanical Tests
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Force-deflection plot
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E=200±50GPa

Nanofiller Properties
Nano-Mechanical Tests
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Nanocomposites Properties

RIEG Meeting, 25/09/09

Barrier Properties
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Barrier Properties
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Fire Retardancy

PP/Sep
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TGA in air

Need for new environmentally friendly flame retarda nt!



Fire Retardancy

Loosely cracked surface,
High porosity

Denser surface,
Lower porosity,

Nanofiller network bridging

UPE

0.5%MWNT

10%Sep

10%Sep /
0.5%MWNT

UPE/Sep/CNT

Electrical Conductivity

CNTs - Low Percolation Threshold

Typically well below 1 wt% CNTs !
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Conductive Polymer Composite

Formation of nanofiller-based network       
via particle/particle interactions

Perfect disersion not required!
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Conductive Polymer Composite

0.00 0.01 0.02 0.03 0.04 0.05
10-10

10-9

10-8

10-7

10-6

10-5

10-4

10-3

10-2

10-1

100

101

 

 

s 
(S

 m
-1
)

CNT weight Fraction

 Hot-pressed composite film
 Composite Strand @ 210 oC
 Composite Strand @ 190 oC

RIEG Meeting, 25/09/09



Re-aggregation / Dynamic Percolation !

Conductive Polymer Composite
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Conductive Polymer Composite
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Conductivity increases with the die temperature
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Conductive Polymer Composite
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Conductive Polymer Composite
Strain Sensing

Zhang et al. Phys. Rev. B2007, 76, 195433
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Conductive Polymer Composite
Strain Sensing
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Bio-Nanofillers
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Cellulose
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Cellulose Microfibrils

Native CelluloseNative Cellulose

Chemical treatment
Mechanical treatment
Chemical treatment
Mechanical treatment

Rod-like crystallitesRod-like crystallites

Cellulose nanocrystals suspensionCellulose nanocrystals suspension

IsotropicIsotropic Liquid crystal phaseLiquid crystal phase

concentration

MicrofibrilsMicrofibrils

WHISKERSWHISKERS

Regular shape

High aspect ratio

Monocrystalline nature

Modulus as cellulose crystal

Regular shape

High aspect ratio

Monocrystalline nature

Modulus as cellulose crystal

E = 130 GPaE = 130 GPa

ssss = 10 GPassss = 10 GPa

Acid hydrolysisAcid hydrolysis
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Cellulose Whiskers

Tunicin whiskersTunicin whiskers

Sugar beet cellulose microfibrilsSugar beet cellulose microfibrils

Sugar beet

Potato pulp

Wheat straw

Tunicate

Valonia

Opuntia ficus

Sugar beet

Potato pulp

Wheat straw

Tunicate

Valonia

Opuntia ficus
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Cellulose Microfibrils

Glycerol plasticised potato starch filled with 
potato cellulose microfibrils

Glycerol plasticised potato starch filled with 
potato cellulose microfibrils
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Cellulose Microfibrils

2-hydroxy

acetamide
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Chitin Whiskers

Riftia tubesRiftia tubes

Purified Riftia tubesPurified Riftia tubes

Chitin WhiskersChitin Whiskers

Chitin WhiskersChitin Whiskers

Chitin Whiskers 
Suspension

Chitin Whiskers 
Suspension

PurificationPurification

BleachingBleaching

ChitinChitin

Acid hydrolysisAcid hydrolysis

DialysisDialysis

HomogenizationHomogenization
A. Morin, et al., Macromolecules (2002), 35, 2191-2199)A. Morin, et al., Macromolecules (2002), 35, 2191-2199)

b-chitin whiskers from Riftia tubesb-chitin whiskers from Riftia tubes

L=0.5-10 mm, d=18 nmL=0.5-10 mm, d=18 nm
Aspect ratio = 120Aspect ratio = 120
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Chitin Whiskers Nanocomposites

L=0.5-10 mm, d=18 nmL=0.5-10 mm, d=18 nm
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Cellulose Microfibrils

Cellulose I aaaaCellulose I aaaa

Random fibrils  with less than 10 nm diameterRandom fibrils  with less than 10 nm diameter

SEM – surface of 
bacterial cellulose gel 

SEM – surface of 
bacterial cellulose gel 

Bacterial Cellulose Bacterial Cellulose 

Vegetable Cellulose Vegetable Cellulose 

( microfibril )( microfibril )

High strengthHigh strength

( fringed micelle )( fringed micelle )
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Bacterial Cellulose

Biogenesis and fibril formationBiogenesis and fibril formation

Thickening of bacterial cellulose with 
time (up to 4 weeks)

Thickening of bacterial cellulose with 
time (up to 4 weeks)

(Cellulose synthase enzym)(Cellulose synthase enzym)

Formation of cellulose up site of the air / 
pellicle interface controlled by diffusion of 

oxygen from the surface

Formation of cellulose up site of the air / 
pellicle interface controlled by diffusion of 

oxygen from the surface

Young modulus microfibrils 
= 130 GPa

Young modulus microfibrils 
= 130 GPa
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Bacterial Cellulose
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FermentationFermentation Gel sheetsGel sheets
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Bacterial Cellulose
Acoustic materials

Specific Young’s modulus 
vs. damping

Specific Young’s modulus 
vs. damping
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Conclusions

� Nanofillers (synthetic, natural and bio-sources) can 
provide outstanding and synergistic physical properties to 
polymeric matrices

� Only few weight percent of nanofillers required 
(improved sustainability/recyclability)
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