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During the last decade, new demands 
on the heat stability of rubber parts 
have been made by the automotive in-
dustry. Because of stricter emission 
control specifications, smaller engine 
compartment sizes and reduced air flow, 
the temperature under the hood has in-
creased substantially and will continue 
to do so. 

Automotive rubber products for dy-
namic applications such as tie bars, 
flexible couplings, bushings and (engine, 

gear box and muffler) mounts are di-
rectly affected by this development. In 
many cases, the temperatures are al-
ready above those recommended (<80°C) 
for natural rubber, which is currently 

the first material of choice for these 
types of dynamic applications. Recent 
specifications from the automotive in-
dustry sometimes require extended 
hot-air aging tests up to 130°C.

There is an urgent demand for alter-
native rubber materials with both good 
heat stability and excellent dynamic 

properties. High heat resistance re-
quires a rubber with a saturated poly-
mer backbone, and the best candidate 
as an alternative rubber for high-tem-
perature dynamic applications is EPDM. 
To reach dynamic properties similar to 
NR, the ultra-high molecular weight 
Keltan 9565Q grade has been developed. 
The excellent elastic properties of this 
EPDM product have been demonstrated 
in previous studies.1,2

Whereas EPDM has strong heat sta-
bility, its fatigue properties are only 
moderate. In contrast, NR has outstand-
ing fatigue properties, but poor heat re-
sistance. To leverage the inherent heat, 
ozone and weather resistance of EPDM 
and to improve upon its known short-
coming of fatigue life, this study looked 
at EPDM blends with small amounts of 
NR. A standard, efficient sulfur-based 
crosslinking system was used.

The results show that a relatively low 
NR content of 5-15 phr reduces the crack 
growth rate by about a decade (Fig. 1). 
This observation is discussed in detail 
in a previous study published in the 
German journal GAK—Gummi Fasern 
Kunststoffe.3 To rationalize this tre-
mendous improvement in tear resis-
tance, this study investigated the blend 
morphology in detail using both trans-
mission electron microscopy (TEM) and 
atomic force microscopy (AFM).

Results
Blend morphology with transmission 

electron microscopy
In Fig. 2 high resolution TEM images 

of vulcanized rubber compounds are 
displayed. In Fig. 2 (a) the morphology 
of carbon black filled EPDM can be ob-
served, while in Fig. 2 (b) that of a 
blend of the same CB filled EPDM with 
5 phr of NR is shown. 

To increase the electron density con-
trast between the EPDM and NR phases, 
the rubber cryo-coupe was stained with 
osmium tetroxide. In both TEM images 
the CB aggregates, consisting of primary 
particles of ~50 nm, can easily be identi-
fied. Close inspection of Fig. 2 (b) shows 
that NR phase is present as tiny dis-
persed droplets of 20-50 nm in diameter. 
These droplets are smaller than the pri-
mary CB particles. 

In Fig. 3 the average NR domain size 
is correlated to the NR content. Up to an 
NR content of 9 phr, dispersed NR drop-
lets are observed and no CB aggregates 
are located within the NR phase. For 
NR contents above 9 phr, NR droplets 
coexist with larger NR domains which 
do contain CB filler particles.

Blend morphology using atomic force 
microscopy

Next, we used AFM measurements as 
outlined in a 2016 study published in 
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Fig. 1: Crack growth rate of EPDM/NR compounds. Tear analyzer data shown for 
0.5 MPa stress.

Fig. 2: TEM images of (a) crosslinked EPDM rubber reinforced with carbon black, 
and (b) blend with additional 5 phr natural rubber.

Fig. 3: NR domain size obtained from image analysis of TEM micrographs of sul-
fur-vulcanized, carbon black containing rubber compounds. Nanometer-sized NR 
droplets are observed in Region I, which do not contain CB. In Region II NR drop-
lets co-exist with larger NR domains which do contain CB particles.
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Executive summary
The latest development of ultra-high molar mass EPDM rubbers enables the 

formulation of compounds with up to date unseen, superior mechanical and 
dynamic properties, especially at elevated temperatures.

Using sulfur-vulcanized blends containing Keltan 9565Q with a small 
amount of natural rubber, a significant increase of crack growth resistance and 
fatigue lifetime was obtained without deteriorating the excellent heat stability 
of EPDM-based compounds. 

The study shows the findings on the morphology and microscopic dynam-
ic-mechanical properties of these nano-dispersed rubber blends. As a result, a 
crack inhibition mechanism, which may explain both the high tear resistance 
and fatigue lifetime, is recommended. Applications such as cardan shafts, gear 
boxes and engine mounts may benefit from the advantage of the saturated 
polymer backbone of EPDM, the strength and resilience of ultra-high molar 
mass EPDM and the compounding techniques presented.
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Colloid and Polymer Science4 to study 
the dynamic-mechanical properties of 
the rubber phases. The bimodal AFM 
technique5 reveals both the loss factor, 
tan(δ), and the elastic modulus E’ with a 
single AFM scan. AFM images for a CB 
reinforced EPDM blend with 10 phr NR 
are displayed in Fig. 4.

As expected, CB particles have a low 
tan(δ) and a high E’ value, whereas the 
rubber matrix exhibits both a relatively 
high tan(δ) and a low E’ value (Figs. 4
(c) and (d)). In addition, a line scan 
across an NR domain is presented in 
Figs. 4 (e) and (f). This line scan re-
veals that the NR domain is softer than 
the surrounding EPDM matrix. 

A detailed investigation of the dynam-
ic-mechanical properties of the NR do-
mains is presented in,6 where the effect 
of the NR content and both solubility 
and distribution of curatives and plasti-
cizer in the EPDM and NR phases are 
discussed.

Proposal for crack inhibition mechanism
The morphology of CB reinforced EPDM 

blends with small amounts of NR is 
sketched in Fig. 5 (a). Most remarkable 
about this sketch is that today we can find 
both the size and dynamic-mechanical 
properties of both the bound rubber layer 
and nanometer-sized NR droplets using 

AFM. 
A detailed look at the bound rubber 

layer in CB reinforced tire tread com-
pounds was presented in the Colloid 
study.4 It is interesting to relate these 
findings on the blend morphology with 
the enhanced crack growth resistance of 
EPDM/NR compounds seen in Fig. 1.
Since our AFM data show that the NR 
droplets are softer than the EPDM ma-
trix (Fig. 4 (f)), this study supposes that 
the NR domains induce a crack inhibition 
mechanism similar to rubber toughening 
in thermoplastics. Once a propagating 
crack hits a soft NR droplet, the energy is 
dissipated and the crack stops. 

Fatigue lifetime tests
Three-dimensional dumbbells are 

used to study the fatigue lifetime of CB 
reinforced EPDM/NR compounds. Fig. 
6 shows the dimensions and the sample 
holder. The test specimens were subject-
ed to uniaxial and sinusoidal deforma-
tion with 80 N pre-load and 150 N 
peak-to-peak force amplitude at 1 Hz 
and a temperature of 70°C.

Table 1 gives the results for the NR 
reference material, CB reinforced 
EPDM and an EPDM/NR blend with an 
optimized vulcanization system. Re-
markably, the EPDM/NR blend was 
found to have an equal tensile strength, 
loss factor and fatigue lifetime as the 
NR reference.

Compensation of crosslink density
Since sulfur and accelerators have a 

higher solubility in high-unsaturated NR 
than in low-unsaturated EPDM, a more 
than average amount of cross linking 
chemicals will be preferentially located 
in the NR phase. As a consequence, the 
crosslink density of the EPDM matrix is 
reduced. 

To compensate for this effect, we in-
creased the amount of sulfur curatives 
by a factor of about two in the optimized 
compound (Table 1). The effect of this 
so-called compensation is revealed in 
more detail in Fig. 7. By doubling the 
sulfur and accelerator content, the fa-
tigue lifetime is much improved; the 
number of cycles until failure occurs 
shifts to a significantly larger value. 

As expected, this effect is more pro-
nounced at higher NR contents, cf. data 
sets for EPDM blends with 2.5 and 5 
phr NR.

Woehler curves
Using test bobbins typically designed 

for the automotive industry, we conduct-
ed fatigue lifetime tests at various load 
values to construct Woehler curves. In 
Fig. 8, Woehler curves for the NR refer-
ence system and for an optimized EPDM/
NR blend are shown as examples.  

The Woehler curves intersect at medi-
um load range. At low loads, the opti-
mized EPDM/NR blend has a higher fa-
tigue lifetime than the NR reference 
compound. We suppose that organic im-
purities give rise to the early failure of 
NR. At high loads, NR has better fatigue 

properties because of the strain-induced 
crystallization effect.

Conclusions
Adding small amounts of NR improves 

significantly the crack growth resis-
tance and fatigue lifetime of EPDM 
compounds based on ultra-high molecu-
lar weight Keltan 9565Q. The results 
from the dumbbell tests, which is simi-
lar to basic vibration mounts, are an in-
dication that the EPDM/NR blends can 
reach fatigue lifetimes equal to or better 
than the NR reference.

TEM and AFM experiments have 
shown that NR is present as nanome-
ter-sized droplets without CB in the 
EPDM matrix at 5-10 phr NR. More re-
search is needed to reveal the crack in-
hibition mechanism induced by soft, 
nanometer-sized droplets. In particular, 
it is intriguing to determine whether 
this mechanism is generic for immisci-
ble rubber blends at low concentrations 
of the softer rubber. 
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Fig. 4: AFM microscope images for a carbon black reinforced EPDM blend with 10 
phr NR: (a) Loss factor tan(δ) and (b) storage modulus E’ distribution. The yellow 
bars show the positions of the line scans across an NR domain and a CB particle. 
(c) Tan(δ) and (d) E’ across a single carbon black particle. The bound rubber layer 
(BdR) has a higher tan(δ) than the EPDM matrix. (e) Tan(δ) and (f) E’ across an NR 
domain. The tan(δ) scan (e) indicates an extended interphase (IP). Note that the NR 
domain has a lower E’ than the surrounding EPDM matrix.

Fig. 5: (a) Sketch of morphology of carbon black reinforced EPDM/NR blend. (b) 
Schematic crack inhibition mechanism.

Fig. 6: (a) Drawing of three-dimensional dumbbell used for fatigue lifetime tests. 
(b) Test specimen before insertion in sample holder. (c) Mounted test specimen.

Table 1: Tensile test results, loss factor, and fatigue lifetime obtained for carbon 
black reinforced NR, EPDM and EPDM/NR compounds.
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