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•
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a
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chem
ical

doping
process

presented
a

low
er

elongation
break.T

his
reduction

in
tensile

strength
could

be
attributed

to
an

increase
in

the
frequency

distribution
of

defects
asso-

ciated
w
ith

the
PH

3T
that

initiated
the

failure.
T
he

random
,

but
w
ell-dispersed

distribution
of

fillers
in

PCL
w
as

appa-
rent

in
tensile

fracture
surfaces.

T
he

prim
ary

cause
for

the
reduced

tensile
strength

could
be

attributed
to

the
poor

interfacial
bonding

betw
een

the
fillers

and
the

m
atrix.

T
he

m
echanical

behaviour
of

com
posites

w
as

explained
using

com
posite

m
athem

atical
m
odels:

the
m
ost

accurate
description

w
as

given
by

H
alpin-Tsai

m
odel.

H
alpin-Tsai

equation
w
as

based
on

the
assum

ption
that

stress
transfer

betw
een

polym
er

m
atrix

and
nanotube

w
as

perfect.
T
he

difference
in

elastic
m
odulus

of
com

posites
w
as

interpreted
as

difference
due

to
interfacial

interaction.
A
s

nanotubes
content

in
polym

er
m
atrix

increases,
m
ore

inter-
section

betw
een

CN
Ts

w
ere

form
ed.

T
herefore

it
w
as

assum
ed

that
the

interfacial
stress

w
as

transferred
to

the

nanotubes
at

all,
hence

reinforcing
the

polym
er

m
atrix.

T
he

m
ism

atch
betw

een
m
odelled

and
m
easured

values
could

be
due

to
several

reasons.T
he

m
odels

discussed
here

have
been

m
ainly

developed
for

m
etal

or
ceram

ic
m
atrix

com
posites

and
assum

e
linear

elasticity
of

the
m
atrix,

w
hereas

PLC,
being

a
polym

er,has
a
viscoelastic

nature.A
lso,the

reinforce-
m
ent

for
both

m
odels

w
as

assum
ed

having
a

ellipsoidal
shape,

w
hereas

CN
Ts

had
hollow

fiber
shape.

Furtherm
ore,

Voigt
and

H
alpin-Tsai

m
odels

gave
plausible

estim
ation

for
P3H

T
/PCL

com
posites.

T
he

ellipsoidal
shape

of
P3H

T
glob-

ules
apparently

fulfilled
the

basic
assum

ption
of

m
odels.

H
ence,m

uch
low

er
errors

w
ere

achieved
in

this
case.

T
he

evaluation
of

conductivity
of

these
sam

ples
show

ed
an

increase
factor

of
10,000

at
3

w
t
%

CN
T
concentration;

w
hereas

an
increase

factor
of

1000
w
as

achieved
by

8
w
t
%

P3H
T
/PCL

com
posites

(after
chem

ically
doping

process).T
he

am
ount

of
additive

to
turn

a
m
aterial

from
isolating

to
con-

ducting
is

often
called

percolation
threshold.

T
he

percolation
theory

predicts
w
hen

a
critical

concentration
is

reached
to

form
physical

pathw
ays

through
a
volum

e
that

is
filled

w
ith

conductive
filler.

T
he

relationship
betw

een
the

com
posite

conductivity
r

and
the

concentration
(p)

above
the

percola-
tion

threshold
(p

c )
can

be
described

by
a
scaling

law
6
5
–6

7:

r
a

r
0 ðp2

p
c Þ tforp

>
p
c

(17)

w
here

r
0
is

a
constant

param
eter

and
t
the

critical
exponent

that
is

dependent
on

dim
ension

of
lattice.
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(A) M
SC and

(B) CPC adhesion
(top) and proliferation (bottom

) 
ability on PLGA, PLLA, PCL and BLEN

D 2D film
s
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•
Progenitor

cell
response

to
3D

scaffold
geom

etry
and

stiffness.
(A)

M
SC

(top)
and

CPC
(bottom

)
adhesion

fraction
on

3D
scaffolds,

as
evaluated

24h
after

cellseeding.

•
Im

m
unofluorescence

(B)
and

confocal
(C)

im
age

of
CPC

exhibiting
the

expression
of

F-actin
(red),

vinculin
(green),

and
related

m
erge

(yellow
)

w
ithin

square
pore

PLLA
scaffolds.
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(D)
Adipocytic

differentiation
of

M
SC

and
(E)

CPC
cultured

on
3D

square
PLLA

scaffolds.
Equivalent

results
w

ere
obtained

on
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other
3D

scaffolds
tested.

M
SC

and
CPC

display
distinct

adhesive
ability,

w
hile

retaining
m

ultipotential
attitude

on
all

3D
scaffolds

evaluated.
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