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Carbon nanotubes (CNT) · specialty
rubbers · reinforcement · composites
Conventional fillers such as carbon
black and silica are widely used for reinforcement of elastomers. Carbon nanotubes (CNT) are promising a high potential in applications because of their
high aspect ratio, high specific surface
area and electrical conductivity. In the
work specialty rubber–Multiwall Carbon Nano Tube (MWCNTs)- composites
using FKM, EPDM and NBR-materials
were prepared. Beside the optimization
of mixing parameters to achieve a high
dispersion, the filler-polymer interaction and physical as well electric properties in comparison to carbon black
filled compounds were characterized.

Einsatz von Kohlenstoff Nanoröhrchen in Spezialkautschuken
– Potentiale und Eigenschaften
Kohlenstoff-Nanoröhrchen · Spezialkautschuke · Verstärkung · Komposite
Konventionelle Füllstoffe wie Ruße und
Kieselsäuren werden verbreitet für die
Verstärkung von Elastomeren eingesetzt. Kohlenstoff-Nanoröhrchen (CNT)
lassen auf Grund eines hohen „AspectVerhältnisses“, einer großen spezifischen Oberfläche und elektrischer Leitfähigkeit ein hohes Anwendungspotential erwarten. Im Rahmen dieser Arbeit
wurden „Multiwall Carbon Nano Tube“
(MWCNTs)-Nanokomposite auf Basis
von FKM, EPDM und NBR hergestellt.
Neben der Optimierung der Mischparameter zum Erreichen einer optimalen
Dispersion, wurden die Füllstoff-Polymerwechselwirkungen und die physikalischen und die elektrischen Eigenschaften im Vergleich zu rußgefüllten Materialien umfassend charakterisiert.
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Application of Carbon Nano
Tubes in specialty Rubbers –
Potential and Properties
Introduction

The requirements on elastomers used in
technical applications like sealings or
medical applications are increasing, especially concerning heat stability, media
stability, permeation behavior, electrical
conductivity, strength and abrasion properties or friction resistance. The fillers
play an important role besides the selection of an appropriate polymer and an
improved crosslinking system beside
other compound ingredients. The conventional fillers such as carbon black and
silica are widely used to reinforce mechanical and ultimate properties of elastomers [1-7]. The extent of property improvement depends on the size of the particles, their fractal structure, and surface
activity [2]. Nano-scaled materials on the
base of carbon like nanotubes (CNT),
graphene platelets and carbon-nanohorns (CNH) or anorganic types like layered silicates are the fillers with high potentials, caused by high specific surfaces
and spherical porous or high aspect ratio
morphologies [8 -11]. For the used Multi
Wall Carbon Nano Tubes (MWCNTs) of
the type NC 7000 (supplier: Nanocyl, Belgium) the aspect ratio (length/diameter)
is in the range of 1.5 µm / 9.5 nm according to suppliers information.
The key for the effect of such fillers is
to reach a sufficient high dispersion
using specific mixing techniques like optimized melt mixing or latex mixing
technologies in combination with surface treatment or the pre-preparation of
the fillers in suspensions [2, 12].
For CNTs it is shown by means of static gas absorption methodology, that on
the one hand the specific surface area is
extremely high (approx. 250 m2/g) because of the high aspect ratio and that
on the other hand the dispersive part of
surface energy is relatively low in comparison to carbon blacks and the distribution of the frequency of high energetic
places is monomodular [13, 14]. The content of sp2 – carbon atoms in the graphitic structure in combination with the
shape of a graphite tube are responsible
for a high electrical conductivity of CNTs
[15, 16].

Low amounts of such fillers lead to
high effects, so the density and the
weight of the elastomeric materials can
be reduced in comparison to carbon
black (CB)-filled materials.
Consequently nanoparticle-reinforced
composites have gained substantial attention during the last decade. The promising potential of CNT is a consequence
of their outstanding properties: surface
specific area, aspect ratio, mechanical
strength and electrical conductivity [1720]. The reinforcing effects are generally
attributed to strong rubber-filler interactions [1, 2]. The polymer-CNT-interaction
can be improved by several functionalization-methods as it is shown by N. C.
Nahoo et al. [21, 22]. The recent studies
have shown promising reinforcement of
mechanical and ultimate properties,
high electrical conductivity caused by
only a small amount of MWCNT [23-26].
The effects of CNTs on compound properties were investigated by specialty
rubbers like EPDM, FKM and NBR in comparison to carbon black.
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1 Used NBR-recipes
Component

NBR/CNT mixtures (phr)

NBR/CB mixtures (phr)

NBR (28 % nitrile)

100

100

CNTs (NC 7000)

0 – 10

n.a.

CB (N 550)
Stearic acid
ZnO

n. a.
3
3

0 – 60 (steps 10 phr)
3
3

CBS

2

2

S

2

2

2 Used FKM-recipes
Components

FKM/CNT mixtures (phr)

FKM/CB mixtures (phr)

FKM

100

100

CNTs (NC 7000)

0-10

n. a.

CB (N 990)
Carnauba wax
ZnO

n. a.
1.0
3.0

0-50 (steps 10 phr)
1.0
3.0

TAIC

3.5

3.5

DHBP

3.5

3.5

TAIC: Triallylisocyanurate (70 % active content)
DHBP: 2,5-Di-methylhexane-2,5-di-tert. butyl peroxide (45 % active content)

EPDM/CB mixtures (phr)

EPDM

1001)

1001)

CNTs NC 7000

0-10

0-60

CB N550
Paraffinic oil
ZnO

n. a.
10
5.0

0-50
10
5.0

Sulfur

1.2

1.2

ZBEC

0.5

0.5

TBzTD

0.5

0.5

MBT

0.7

0.7

CBS

1.0

1.0

1) high molecular type “Keltan 9565 Q” (Lanxess), incl. 50 phr extender oil

Materials

The recipes of the used compounds on the
base of NBR (28 % of acrylonitrile (ACN)
content, 30 MU Mooney viscosity at
100 °C, type “Europrene 2830”), FKM (fluorine content 67.3 wt. %, 36 MU Mooney
viscosity at 100 °C, functionalized for peroxidic crosslinking, type Dyneon E 20586)
and a new high molecular EPDM (with 50
phr oil extended, ethylene content 62.5
wt. %, viscosity 69 Mooney units at 100 °C
type, type Keltan 9565 Q) were used. The
investigations were carried out using
Multiwall Carbon Nano Tubes (MWCNTs)
of the type “NANOCYL NC7000™” (Nanocyl S.A, Belgium). The carbon blacks (CB) N
550, N 990 are commercial standard gra-
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Rheological characterization

The rheological properties of the uncured mixtures were measured by means
of the rubber process analyzer (RPA, Alpha Technologies RPA 2000) at a frequency of 1 Hz with increasing shear amplitude of 0.3 to 400 % at 80 °C.

Vulcanization:

3 Used EPDM-recipes
Components
EPDM/CNT mixtures (phr)

Experimental

pared using a mixing chamber of 60 cm3
volume. In the case of NBR compounds
subsequently at 2nd minute filler and on
5-6 minute zinc oxide and stearic acid
were added. At 15th minute mixing was
stopped according to the plateau of the
mixing curve (torque or T as function of
time). The loading of the mixing chamber
were used at an optimized value of 70 %.
The crosslinking agent and accelerators
were then homogeneously incorporated
using open two roll mill for 4-5 minutes
depending on nature of rubber with 0.5 to
1 mm clearance between two roll mills
and friction ratio 1:1.3.

des (Columbian Chemicals Company). The
recipes used for the investigation are
summarized in the following tables:

Methods
Mixing and mixing optimization

In order to start CNTs dispersion, it is important to know optimized mixing parameter. Variable mixing parameter such as
mixing time (7, 10 and 15 minutes) and
rotor speed (50, 75 and 100 rpm) were
selected. CNTs with 6 phr or variable were
used to prepare master batches of the
compounds according to the recipes listed
in table 1 to 3 using a lab mixer (Haake
Rheomix). NBR compounds were mixed in
a mixing chamber of 300 cm3 volume and
the FKM and EPDM compounds were pre-

The vulcanization of NBR-test plates
(2 mm) were performed using optimum
cure time (t90+1 min/mm) determined
from torque data by means of a Rheometer (Alpha Technologies MDR 200 E) at
160 °C and 200 bar in a press. The EPDMcompounds were cured in the same at
180 °C and 200 bar in a press. The FKMcompounds were cured in the same way
but at 177 °C with an additional post curing at 230 °C for 4 hours.

Morphological characterization

The nanocomposite morphology was investigated by Transmission Electron Microscopy (TEM), of type Zeiss Libra 120 at
an acceleration voltage of 120 kV, on ultra-thin cryo-sections (100 nm). The cryo
sections were prepared using an ultramicrotome cooled with liquid nitrogene
(type: Reichert FC-4E Ultramicrotome)
and diamant knifes. Raw material MWCNT were prepared by dispersion in solution, after drying the image is registrated
directly by TEM.

Electrical conductivity

Electrical properties were recorded on circular samples (Ø 20 mm, thickness =
2 mm) using a Dielectric Broadband Analyzer (BDA 40, Novocontrol GmbH) in the
frequency range of 0.1Hz to 10 MHz. To
ensure good contact with electrode, the
samples were sputtered with gold. The
measurments were performed on cured
compounds with variation of filler loadings.
www.kgk-rubberpoint.de
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1

Fig. 1a: Mixing diagrams for FKM/CNT with variation of CNT-loading
at 50 rpm rotor speed.

Fig. 1b: Mixing curves for optimization of rotor speed (NBR with
6 phr CNT.

2

Fig. 2a: Mixing diagrams for EPDM/CNT at 50 rpm rotor speed.

Stress-strain analysis

The stress-strain behaviour of the cured composites were investigated on a
universal tensile testing machine
(Zwick/ Roll 2010) at a strain rate of
200 mm/min. S2 tensile specimens were prepared in accordance with DIN 53
504 from vulcanized flat sheets. The
samples were fixed in pneumatic grips
and stretched at constant feed until
tensioned to failure. Ultimate tensile
strength, modulus at 100% elongation
and elongation at break has been determined.

Swelling (polymer/filler interaction)

Swelling experiments were done with
methyl ethyl ketone (MEK) as a solvent.
For each nanocomposite 3 specimens
(plates with a thickness of 2 mm, mass 1
g) were immersed in 50 ml of MEK at
room temperature. At every 15 minutes
swelled weight was measured up to 2
hours and then keep in solvent for 24
hours till equilibrium is reached. According to Kraus the polymer/filler interacwww.kgk-rubberpoint.de

Fig. 2b: Mixing diagrams for NBR/CNT at 50 rpm rotor speed.

tion parameter ‘m’ and the Kraus parameter ‘C’ can be calculated. The parameter ‘m’ can be used for the comparison of systems consisting of the same
polymer/solvent system during swelling. The Kraus factor ‘C’ is independently of the used solvent and is more universal. High values of ‘m’ or ‘C’ correlate
with high polymer/filler interactions.
The mathematical relationships are given by the following equations [24:]
Vro
ø
=1‒m
Vrf
1‒ø

C=

m ‒ Vro + 1
3(1 ‒ Vro1/3)

Where Vr0 = Swelling degree of unfilled
system
Vrf = Swelling degree of filled system
ø = filler volume fraction
C = Krauss parameter (polymer/
filler interaction parameter, independently on solvent)
m = polymer/filler interaction
parameter

Results and discussion
Mixing

The nanocomposites were achieved by
incorporating CNTs into the polymer
melt by dry mixing by means of the internal mixer. The evolution of the
torque and temperature in the mixer is
higher with increase of filler loadings as
shown Fig. 1a) for the FKM compound
as example. After addition of the CNTs
to the plasticized rubber the torque increases sharply and decreases then
with time. Finally steady state of torque
is obtained with forming homogeneous
mixtures.
Figure 1b) shows as representative
example the influence of rotor speed at
constant CNT-concentration of 6 phr CNT
for the NBR compound on the mixing
behavior. At 10 minutes mixing time a
homogenized mixture was achieved indicated by a constant torque. Furthermore the torque and mixing temperature
increases at higher rotor speed (Fig. 1 b).
The increase of the rotor speed from
KGK · 06 2016
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3

Fig. 3a: Rheometric curves for different filler concentrations in FKM/
CNTs nanocomposites.

Fig. 3b: Rheometric curves for different concentrations of filler in
FKM/CB N990 nanocomposites.

of the lower temperature, which reduces
polymer degradation. Similar type of
conclusion from all performed mixing
investigations on EPDM-, NBR- and FKMsystems were observed and as result of
this and of physical characterization (see
following results) it is to conclude, that
the best mixing parameters for all systems are a rotor speed of 50 rpm and 15
minutes mixing time using the described
lab mixer.

6

respectively. The curing time (t90) increased
exponentially in CNT filled nanocomposites above 2 vol. % filler loading. Reasons for
this behavior may be a higher thermal
conductivity of CNT-compounds.

Morphological characterization
of vulcanizates by means of TEM

The TEM image of MWCNT-Nanocyl 7000
as raw material is shown in figure 6 at a
magnification of 50,000. The pure CNTs
have a typical morphology, with jammed
agglomerates.
The TEM-images obtained by means
of a cryo-preparation technic from the
cured FKM- nanocomposites (1.5 phr
CNT-Nanocyl 7000) mixed with variation
of mixing speed are shown in figure 7
with two magnifications as example for
all other systems. The dark particles consist partially of contaminants from sample preparation and mainly of CNT-clusters, which can be seen more clearly in
the higher magnification of 31,500 x .
From the micrographs it is to conclude
that there were few rather small agglomerates that however were not tightly
bundled or entangled. A mixing speed of
50 rpm by means of the laboratory mixer
is sufficient for a good dispersion. So the

Vulcanization
Fig. 6: TEM micrograph of commercial CNTs
(magnification: 50,000x), compare [25].

50 rpm to 100 rpm result in a jump in
temperature of about 45 °C at 10 min
mixing time. At a temperature of 130 °C
and 152 Nm torque was recorded for
15 minutes (plateau of the torque) and
50 rpm mixing conditions (Fig. 1 b).
The torque for mixing CNT-systems is
much higher than it is observed for carbon black filled compounds while comparing at same filler loadings. The reason for
the high increase in viscosity is because of
the high polymer-filler interaction in combination with the high specific surface
area of CNT and their anisotropic shape. It
is measured that for 5 vol. % CNT the mixing torque is 37 Nm and it is 15 Nm for
same loading of CB. More shear rate is required to mix CNT than CB.
With increasing CNT content, similar
type of mixing temperature and torque
required for incorporation of filler into
the polymer matrices have been observed for EPDM/CNT and NBR/CNT master
batches as shown is Fig. 2a and 2b.
Based on temp and torque profile 15
minutes mixing time with 50 rpm was
selected for further in-depth investigation of the NBR-nanocomposites because

48

KGK · 06 2016

An increasing CNT concentration resulted
into a characteristic change of the curing
isotherms. For different types of rubber
with CNT and CB filler loading, as representatives the rheometric curves for FKM/
CNT- and FKM/CB-systems are shown in
Fig. 3a and 3b. A significant increase in
torque is observed as well as changes in
the cross-linking kinetics. The maximum
torque difference increased linearly with
the amount of CNT. It was observed that
CNT showed the higher slope in comparison to carbon black filled systems.
All measured values of Δ-torque are
summarized in table 4. At CNT loading of 5
vol. %, the values of Δ-torque are 27.0, 20.9
and 10.2 for FKM, NBR and EPDM systems

4 Measured values of Δ-torque from rheometric curves
Filler
FKM/CNT
FKM/CB EPDM/CNT EPDM/CB
Δ-torque (dNm)

(Vol. %)

0

NBR/CNT

Δ-torque (dNm)

8.98

NBR/CB

Δ-torque (dNm)

6.7

13.03

0.5
1.5
2.5

10.9
15.0
19.7

10.2

7.1
8.0
8.6

7.2
7.5

13.6
14.4
18.6

13.0
14.3

5

27.0

13.3

10.2

8.3

20.9

16.7

15

-

16.1

-

11.06

-

23.3

25

-

24.8

-

-

-

-

30

-

-

-

16.3

-

36.8

www.kgk-rubberpoint.de
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results of the interpretation of the mixing curves, as mentioned above, can be
confirmed.

7

Rheological properties
of uncured compounds

The Payne effect was investigated by
means of RPA-measurements. The effect
is increasing with increasing filler loadings as expected. The storage modulus
G’ decreases slightly up to 20 % amplitudes, demonstrating plateau values, afterward it starts decreasing exponentially
with increasing amplitudes. (Fig. 8a and
8b for FKM compounds as representative
example). The Payne-effect is higher for
CNT than CB at same fillers loading in all
types of investigated nanocomposites
base on EPDM, FKM and NBR.
To compare the efficiency of CNT
and CB in different types of rubbers, the
normalized values of G’filled/G’unfilled at
1 % strain amplitude are shown in figure
9a and 9b.
In the FKM-nanocomposites CNT as
well CB show a higher reinforcement effect at low strains (filler network) as
compared with NBR and EPDM. But for
EPDM it is to remark, that the extender
oil content is not considered in the calculation of the normalized shear modul G’.
In fact the slope of the EPDM-curves are
to be doubled. So the shear modulus G`is
slightly higher for the EPDM-systems
than for NBR for both CNT and CB at the
same effective loading.
The detailed evaluation of the Payneeffect by the difference of the normalized storage modulus between 1 and
440 % strain as function of the filler content (CNT or CB) is summarized in the figure 10a and 10b. In the same way as it
is noted for the modulus itself at low
strains the Payne effect for the EPDM
calculated with the effective loading be-

Fig. 7a :TEM-micrographs of FKM/1.5 Vol-% CNTs –nanocomposites, mixed at 40 rpm
(magnifications 16,300 left, 31,500 right).

Fig. 7b: TEM-micrographs of FKM/1.5 Vol-% CNTs –nanocomposites, mixed at b) 50 rpm
(magnifications 16,300 left, 31,500 right).

Fig. 7c: TEM-micrographs of FKM/1.5 Vol-% CNTs –nanocomposites, mixed at 60 rpm
(magnifications 16,300 left, 31,500 right).

8

Fig. 8a: RPA-measurements of the FKM/CNT-systems

www.kgk-rubberpoint.de

Fig. 8b: RPA-measurements of the FKM/CB-systems.
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9

Fig. 9a: Related storage modulus G’filled/
G’unfilled at 1 % strain amplitude for
different FKM-, NBR- and EPDM-/CNTnanocomposites (note:EPDM contains
50 phr extender oil).

Fig. 9b: Related storage modulus G’filled/
G’unfilled at 1 % strain amplitude for
different FKM-, NBR- and EPDM-/CBnanocomposites (note:EPDM contains
50 phr extender oil).

10

Fig. 10 a: Comparison of the Payne- effect
(difference G’1%- G’440% ) for different
CNT-nano-Composites (note: EPDM
contains 50 phr extender oil).

Fig. 10 b: Comparison of the Payne- effect
(difference G’1%- G’440% ) for different
CB-nano- composites (note: EPDM
contains 50 phr extender oil).

11

If the CNT loading is increased further
the electrical conductivity increases over
several decades. Furthermore, the saturation conductivity reached above the
electrical percolation threshold (EPT) is
quite high of approx. 0.1 S/cm at 5 vol. %
CNT loading. By plotting the conductivity values at 1 Hz as a function of the filler concentration, a characteristic sigmoidal curve is obtained (see Fig. 12). The
inflection point of the curve is defined as
the electrical percolation threshold
(EPT). It can be assumed that beside filler-filler contacts, the special electronic
state of carbon in the structure of CNT
(sp2-hybridisation) as well contributes to
these properties.
NBR -composites show an EPT in the
range of 0.5-1.0 vol. %, FKM in the range
of 1.0-1.5 vol.-% CNT loading and EPDM
(oil extended) in the range of approx. 3
vol-% (Fig. 12). For the CB-filled systems
the EPT values for FKM/N990 is in the
range of approx. 15 vol.-% (28 phr), for
NBR/N550 it is near of 5 vol-% (10 phr)
and in the case of EPDM (oil extended) a
value of 7 vol.-% (approx. 14 phr) could
be measured. So using CNTs the EPT can
be lowered by a factor of approx. 10 concerning the filler loading in comparison
to CB-systems. The consequence of this
is, that for a high reinforcement the filler
loading can be reduced by CNTs extremely, which leads to lower densities of the
material and to a reduction of weight of
products. In addition the CNT content,
the viscosity of the polymer provokes a
shift of the EPT. However, it was proven
that severe conditions (mixing time, rotor speed) lead to a breakdown of the
CNTs and affect therefore the aspect ratio. Thus, the mixing conditions have to
be optimized for the best dispersion.

Stress-strain analysis

Fig. 11a: Dielectric curves for FKM/CNT
nanocomposites.

cause of the 50 phr extender oil, is slightly higher than it is for the FKM-systems.

Electrical properties

The electrical conductivity was measured with respect to the frequency as a
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Fig. 11b: Dielectric curves for FKM/CB
nanocomposite.

function of the filler loading (Fig. 11a
and 11b). Starting from a very low conductivity level of the unfilled FKM, a
sharp increase of the conductivity level
was observed for an increase of the CNT
content from 0.5 to 1.5 vol. %. .

Tensile tests were performed on crosslinked specimens, obtained from the
FKM compounds (table 2) with CNTs and
CB (N990) are shown in Fig 12a and 12b
respectively. The incorporation of CNTs
into FKM leads to a significant improvement of Young’s modulus and higher
stress strength which can be seen to be
more pronounced above the percolation
threshold. The elongation at break decreased above percolation. This effect is
more in CNTs nanocomposites as compared with CB nanocomposites.
The reinforcing factor (RF) is defined
by the ratio of stress values at 100 %
strain of filled system to unfilled system.
To achieve RF 4 for FKM nanocomposites,
www.kgk-rubberpoint.de
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1.5 vol. % CNT and 17 vol. % CB are required (compare fig. 14).
The NBR nanocomposites required
1 vol. % of CNTs as compared with 10
vol. % of CB N550 to achieve 2 reinforcing factor. To achieve 4 reinforcing factor by 3.2 vol. % of CNTs were required
and 19 vol. % of CB N550 is required. To
achieve such level of reinforcement
using carbon black, one must increase
the loading by 5 to 6 times as compared
with CNTs. It could be hypothesized that
the enhancement of the modulus and
the tensile strength reflects the transfer
of the stress from the polymer to the
interface of the embedded CNTs. It
therefore makes CNTs as a promising
reinforcing candidate for elastomeric
nanocomposites as it is shown for the
investigated systems.

Fig. 12: Electrical
perculation threshold
(EPT) for different
nanocomposites (note:
EPDM contains 50 phr
extender oil).

12
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Swelling and polymer/filler interaction

Equilibrium swelling experiments were
performed with vulcanized systems to
study polymer/filler interaction. Degree
of equilibrium swelling demonstrates a
reduction of the swelling capacity of the
polymer in presence of CNTs or CB. At
low content of the filler, the main contribution to the swelling is given by polymer network. With increasing CNTs
content, it can be assumed that mechanical interaction between CNTs and polymer chains leads to a CNTs/polymer
interface network. This layer is compactly packed and resists more to swelling in
comparison to polymer/polymer network. Higher segment density is the result at the CNTs/polymer interface. Because of the nanotubes do not exhibit
an optimum chemical compatibility
with the organic polymer, giving rise to
physical adsorptions. This observation
indicates that in both systems a fraction
of the polymer is engaged into an interface strongly adsorbed on the CNT surface.
The results of the swelling experiments concerning the characterization
of filler/polymer interaction for NBR/
CNT and NBR/N550 are shown in figure
15. In all CNT-systems the slope (polymer/filler interaction parameter ‘m’) is
much higher than for the CB systems,
which indicates a high interaction of CNT
with the polymers than CB. For this behavior of the CNT their high aspect ratio
and the high filler-polymer contact area
is responsible.
Three types of nanocomposites are
compared with each other regarding these as shown in Fig 16. It is clear to be sewww.kgk-rubberpoint.de

Fig. 13a: Stress strain curves of FKM/
CNT-composites with different CNTloadings.

Fig. 13b: Stress strain curves of FKM/
CB-composites with different CB (N 990)
-loadings.
Fig. 14: Reinforcing
factor for CNTs and CB
as comparison for different types of rubber.

14

en that the polymer/filler interaction is
higher in FKM than NBR and EPDM.
The evaluations according to Krauss
concerning the polymer/filler interaction
parameters for all investigated systems
are summarized in table 5. Especially for
the EPDM system it is to remark, that the
interaction parameter is more than double after the correction by the 50 phr extender oil. These results confirm the reinforcing factors as a mechanical strength
as shown in Fig. 13 or 14.

Conclusion

Good dispersion and effective interaction of the CNTs with the polymer led to
significant mechanical reinforcing effects. The level and type of interfacial
interaction might be influenced by
functional groups present on filler surface. The presence of CNT reduces swelling as compared with CB, which proves
better CNT/polymer interaction than
CB. The CNT demonstrated high reinforcement as compared with CB in all
KGK · 06 2016
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15

16

Fig. 15: Swelling data and Kraus-plot for NBR/CNT- and NBR/CB
N550-systems.

Fig. 16: Swelling data and Krauss-Plot for FKM/- EPDM/- and
NBR/CNT- systems (values for EPDM are corrected by the 50 phr
extender oil).

types of the investigated elastomers on
the base of FKM, NBR and EPDM. At constant moduli the loading using CNTs is
factor 5 to 10 lower than using CB in the
same polymer. Furthermore the main
advantage of the CNT-filled system is
the much higher electrical conductivity
and the low percolation threshold value,
which is increasing in the direction NBR
<FKM <EPDM (incl. 50 phr extender oil)
<CB-systems.
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5 Measured values of interaction parameters
Interaction parameter
FKM/CNT

NBR/CNT

NBR/CB

EPDM/CNT

M

2.3

1.6

0.3

0.71)

C

12.2

3.8

1.5

2.51)

1)values for EPDM are corrected by the 50 phr extender oil
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