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Dynamic mechanical characterization

Preparation

Table 1 - filler amount in phr of composites 
based on IR, with CNT(B) and CB as the 

carbon allotropes; other ingredients: IR 100 
phr, dicumyl peroxide 1.40 phr 

CNT(B)
CNT(B)/CB

CB N326

0
-

0

1.25
-

1.25

2.50
1.25/
1.25
2.50

5.00
2.50/
2.50
5.00

10.00
5.00/
5.00

10.00

15.00
7.50/
7.50

15.00

30.00
15.00/
15.00
30.00

Table 2 - filler amount in phr of composites 
based on SBR, with CNT(N) and CB as the 
carbon allotropes; other ingredients: SBR 

100 phr, dicumyl peroxide 1.40 phr

CNT(N)
CB N326
CB N326 

CB N326 

CB N326 

0; 1; 2; 3; 4; 5; 6; 6.5; 7.5; 10; 11; 14; 18; 20
0; 10; 15; 20; 22; 30; 35; 45; 50; 60
~10 
(vol. fraction: 0.05)
~22
(vol. fraction: 0.10)
~35
(vol. fraction: 0.15)

+ CNT(N): from 0 to 14

+ CNT(N): from 0 to 14

+ CNT(N): from 0 to 14

Table 3 - filler amount in phr (and volume 
fraction in brackets) of composites based
on NR, with CNT(B) and CB as the carbon 
allotropes; other ingredients: NR 100 phr,

dicumyl peroxide 1.40 phr

CNT(B)

CB N326

0

0

4
(0.02)

4
(0.02)

15
(0.07)

15
(0.07)

35 
(0.15)

35 
(0.15)
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Structural chemical characterization of fillers

Role of filler interfacial area for the mechanical reinforcement

Figure 1 - schematic representation of test 
configurations, a) parallelepiped samples 

were taken from a crosslinked 
nanocomposite sheet and tested in the 

shear sandwich configuration by a 
dynamic mechanical analyzer,

b) representation of direction of shear
strains applied to specimens in b) “through-
thickness” and c) “in-plane” configurations; 

the coordinates of the reference system 
(long arrows) and the applied strain 

directions (short arrows) are also displayed
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Figure 2 - G' min versus total filler volume 
% of composites based on SBR filled with 

only CB, only CNT(N) or hybrid filler systems 
(CB+CNT[N])
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Figure 3 - (G'/G'm) min versus specific 
interfacial area for composites based on 

SBR or IR; black line indicates the 
master curve
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The role of filler orientation on the mechanical properties
Figure 4 - G' min versus filler volume % of 
composites based on NR filled with CB or 

CNT(B), tested in two different 
configurations: in-plane (triangles) or 
through-thickness (squares) (figure 1)

G
' m

in
  (

M
P

a)

25

20

15

10

5

0
0%             5%             10%             15%         20%

Filler volume %

CNT(B)-IP

CNT(B)-TT

CB-IP

CB-TT

Figure 5 - schematic representation of the 
hypothesized organization of CB (left side) 
and CNT (right side) with a lateral view in 
“through-thickness” tests and with a top 

view in “in-plane” tests
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Master curves and anisotropic properties

Figure 6 - a) G’ min and b) (G’/G’m) min versus 
specific interfacial area of composites 
based on NR filled with CB or CNT(B), 
tested in two different configurations: 

in-plane (triangles) or through-thickness 
(squares) (revisit figure 1); in b) black circles 
are data of composites based on SBR or IR
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