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ABSTRACT: The mechanical and damping properties of
blends of ethylene–vinyl acetate rubber (VA content >
40% wt) (EVM)/acrylonitrile butadiene rubber (NBR),
with 1.4 phr BIPB [bis (tert-butyl peroxy isopropyl) ben-
zene] as curing agent, were investigated by DMA and
DSC. The effect of chlorinated polyvinyl chloride (CPVC),
silica, carbon black, and phenolic resin (PF) as a substitute
curing agent, on the damping and mechanical properties
of EVM/NBR blends were studied. The results showed
that 10 phr CPVC did not contribute to the damping of
EVM700/NBR blends; Silica could dramatically improve
the damping of EVM700/NBR blends because of the for-
mation of bound rubber between EVM700/NBR and
silica, which appeared as a shoulder tan d peak between
20 and 70�C proved by DMA and DSC. This shoulder tan
d peak increased as the increase of the content of EVM in

EVM/NBR blends. The tensile strength, modulus at 100%
and tear strength of the blend with SiO2 increased while
the elongation at break and hardness decreased compar-
ing with the blend with CB. PF, partly replacing BIPB as
the curing agent, could significantly improve the damping
of EVM700/NBR to have an effective damping tempera-
ture range of over 100�C and reasonable mechanical prop-
erties. Among EVM600, EVM700, and EVM800/NBR/
silica blend system, EVM800/NBR/silica blend had the
best damping properties. The EVM700/NBR ¼ 80/10
blend had a better damping property than EVM700/NBR
¼ 70/20. VC 2011 Wiley Periodicals, Inc. J Appl Polym Sci 124:
2234–2239, 2012
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INTRODUCTION

Polymers have been widely applied in space naviga-
tion, transportation, mechanical equipment, con-
struction, and daily life for achieving acoustic and
vibration damping due to a unique combination of
low modulus and inherent damping. The height and
width of the tan d peak at glass transition zone are
the two main factors to estimate the damping of a
material1–3. However, homopolymers usually exhibit
effective damping (tan d > 0.3) in a narrow tempera-
ture range of 20–30�C around their glass transition
temperatures (Tg), during which the polymers have
pronounced dissipation of the mechanical energy as
heat based on the onset of coordinated chain molec-
ular motion4,5. Thus blending two or more rubbers
has been used as an effective way to obtain damping
materials with an enlarged temperature range6,7.

Ethylene–vinyl acetate (EVM) is the accepted
abbreviation for EVM copolymers with between 40
and 90% vinyl acetate (VA) and having elastomeric
properties. The peak value of the damping factor tan
d of EVM (Levapren 600, Levapren 700, and Levap-

ren 800; VA ¼ 60, 70, and 80 wt %, respectively; man-
ufactured by Lanxess Deutschland GmbH, Germany)
was higher than 0.90 because of abundant ester side
groups and its glass transition temperature zone was
between �20 and 40�C, which happens to be the use
temperature of many damping materials. So EVM
could be a good choice as a damping material8,9.
Acrylonitrile butadiene rubber (NBR) have been

used as damping materials due to their high tan d
values10–14, so blending with EVM could enlarge the
damping peak zone and produce a multifunctional
damping material with good oil and ozone resist-
ance, thermostability, and flame-retardance.
In this research, a Haake torque rheometer was

employed to blend EVM with NBR. The effects of
PVC, CPVC, silica, carbon black, and PR on the me-
chanical and damping properties were examined to
provide some reference data for preparation of high
damping materials with wider effective damping
temperature range.

EXPERIMENTAL

Materials

Nitrile-butadiene rubber (NBR-Perbunan3470; AN ¼
34 wt %; Table I) and ethylene vinyl acetate copoly-
mer rubber (Levapren 600, Levapren 700, and
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Levapren 800; designated EVM600, EVM700, and
EVM800 with VA contents of 60, 70, and 80 wt %,
respectively) were obtained from Lanxess Deutsch-
land GmbH (Germany). PVC (S-1000) was obtained
from Qilu Branch of SINOPEC (China), CPVC (67.3
wt % Cl) from Qingdao Sanyou Chemical Company
(China), phenolic resin (PF) (SP1045) from Schenec-
tady International (Shanghai, China), precipitated
silica from Shandong Haihua Silica Factory (China),
BIPB [bis (tert-butyl peroxy isopropyl) benzene]
from Rhein Chemie (Qingdao) and carbon black
(N330) from Evonik Qingdao Industries AG (China).
SnCl2 was bought from the local market.

Sample preparation

EVM and NBR were first mixed in a Haake Rheomix
30000S mixer for about 2–3 min at 80�C (if blended
with CPVC, at 140�C) at a rotor speed of 50 rpm.

Then silica was added and mixed for about 7–8 min.
Lastly, BIPB was put in and mixed until the torque
became constant. All blends below were cured with
BIPB unless stated. The blends were taken out of the
mixer and processed on an SK-160B two-roll mill (if
compounding with PVC or CPVC, at 80�C) manufac-
tured by Shanghai Plastics and Rubber Machinery
Factory, China, and then molded into sheets in a
VC-150T-FTMO-3RT vacuum press manufactured by
Jiaxin Electric Company, China, at 180�C for 8 min.

Measurements

Tensile testing was carried out using an AI-7000S
Universal Material Tester, manufactured by Taiwan

TABLE I
Recipes

Materials 1# 2# 3# 4# 5# 6# 7# 8# 9# 10# 11#

EVM700 70 70 80 45 45 45
NBR3470 20 20 20 10 20 10 20 10
EVM800 70 45 70 80
EVM600 45 70 80
CPVC 10 10 10 10 10 10 10 10 10 10 10
SiO2 30 30 30 30 30 30 30 30 30 30
DCP 1.4 1.4 0.8 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
N330 30
Phenolic Resin 3
Sncl2 1 Figure 1 DMA curves of EVM700/NBR blends. (a)

EVM700/NBR/SiO2 ¼ 70/20/30; (b) EVM700/NBR/CB ¼
70/20/30]. Note: The ‘‘value’’ in the figure refers to the
temperature corresponding to tan d ¼ 0.3; the right value-
the left value ¼ EDTR. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]

Figure 2 DSC curve of EVM700/NBR/SiO2 ¼ 70/20/30. [Color figure can be viewed in the online issue, which is avail-
able at wileyonlinelibrary.com.]
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Gaotie Company, at a tensile speed of 500 mm/min
according to ISO 37 : 1994.

The dynamic mechanical analysis was carried out
on a Netzsch DMA 242 Dynamic Mechanical Ana-
lyzer, manufactured by Netzsch Company, Ger-
many, from �60 to 120�C at a heating rate of 3 K/
min and a fixed frequency of 10 Hz in a mode of
double cantilever deformation. Curves of tan d and
E0 as a function of temperature were examined.

The DSC curves were produced using a Netzsch
DSC 204 F1, manufactured by Netzsch Company,
Germany, from �40 to 120�C at a heating rate of 10
K/min.

RESULTS AND DISCUSSION

Effect of fillers on the mechanical and damping
properties of EVM700/NBR

Silica and CB were chosen as the filler in the blends.
The effect of fillers on the damping of EVM700/
NBR blends is shown in Figure 1.

CPVC has polar side atoms and a Tg of 89�C15.
Introduing CPVC to the blends might be expected to
expand the effective damping temperature range
(abbreviated as EDTR) in the higher temperature
area. So all the EVM/NBR blends below were mixed
with 10 phr CPVC unless stated.

It can be seen in Figure 1 the peak value of tan d
of EVM700/NBR/SiO2 was 0.532 with correspond-
ing Tg of 5.9�C and an effective damping tempera-
ture range (EDTR) (tan d > 0.3) of 63.5�C. The peak
value of tan d of EVM700/NBR/CB was 0.920 with
corresponding Tg of 1.0�C and an EDTR of 34.0�C. It

indicated that in EVM700/NBR blends added 30 phr
silica significantly reduced the damping peak to
0.532 from 0.920 of CB filled blend, but increased
the tan d value between 20 and 70�C. This was
attributed to the glass transition of the restricted
EVM/NBR layer surrounding the silica particles16–
18. It was also deduced that the new damping peak
was not derived from CPVC since 10 phr CPVC was
mixed in the both blends.
To further prove the second Tg at 20–70�C, a DSC

test for EVM700/NBR/SiO2 ¼ 70/20/30 (Curve1 in
Fig. 1) is shown in Figure 2. It can be seen that there
are two glass transition temperatures Tg1 ¼ �17.4�C
and Tg2 ¼ 20.2�C corresponding to the obvious
damping peak at 5.9�C and the weak peak at 20–
70�C in DMA curve. To prove the weak peak is not
from CPVC, a DMA test for EVM700/NBR/SiO2 ¼
80/20/30 without CPVC at a lower frequency of 1
Hz was carried out and shown in Figure 3. The
weak peak became more obvious with Tg of 43.6�C
and tan d peak value of 0.297, which was neither
from EVM nor from NBR. This indicated that a new
chain relaxation occurred in EVM700/NBR blend at
the presence of silica instead of CB. This was attrib-
uted to the stronger interaction between EVM/NBR
and silica because of the generation of hydrogen
bonds attributed to the abundant AOH groups on
the surfaces of silica particles and the C¼¼O group in
EVM19 and the ACN group in NBR20.
The effect of silica and CB on the mechanical

properties of EVM700/NBR blends is shown in Ta-
ble II. The tensile strength, modulus at 100% and
tear strength of the blend with SiO2 increased while
the elongation at break and hardness decreased com-
paring with the blend with CB. This indicated that
silica had better reinforcement for EVM700/NBR
blends than carbon black because of the creation of
hydrogen bonds between silica and EVM and NBR.

Effect of curing agent on the mechanical and
damping properties of EVM800/NBR

PF, a possible crosslinking agent for rubber contain-
ing double bonds, was used as a substitute of BIPB
to cure NBR in the blends. The effect of PF on the
damping of EVM800/NBR is shown in Figure 4. The
peak value of tan d of EVM800/NBR/BIPB ¼ 70/
20/1.4 was 0.869 with corresponding Tg of 18�C and

Figure 3 DMA curve of EVM700/NBR/SiO2 ¼ 80/20/30.

TABLE II
Effect of Fillers on the Mechanical Properties of EVM/NBR Blends

Recipe
Tensile

strength (MPa)
Modulus

at 100% (MPa)
Elongation
at break (%)

Hardness/
shoreA

Tear strength
(N/mm)

EVM700/NBR/SiO2 ¼ 70/20/30 12.8 8.6 144 77 32.0
EVM700/NBR/CB ¼ 70/20/30 10.5 6.5 164 87 27.7
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an EDTR of 57.4�C. There was not an obvious weak
peak like EVM700/NBR blend at about 40�C in Fig-
ure 3. This might be because the weak peak was too
close to the original Tg to be seen. The peak value of

tan d of EVM800/NBR/BIPB/PR/SnCl2 ¼ 70/20/
0.8/3/1 increased to 1.091 and the EDTR was
expanded to 111.2�C, which appeared the blend had
a good damping property from 7.4 to 118.6�C. It is
presumed that PR and BIPB cured different compo-
nents in different phases and respectively, generated
shorter crosslinking network, which consequently
caused more chains movements and more inner fric-
tion. It also can be deduced that PR disturbed BIPB
effectively curing EVM phase, which caused lower
crosslink density in the matrix EVM phase. By com-
paring the mechanical properties of the two blends
shown in Table III, it can be seen that the blend
cured by PR had lower strength and modulus at
100% and higher elongation at break, which indi-
cated a lower crosslinking density. However, higher
hardness and tear strength indicated the interact-
locked different crosslinking networks.
The DSC curves for the above two blends are

shown in Figures 5 and 6. Figures 5 and 6 both only
showed one Tg. This is in according with DMA
curves in Figure 4.

Figure 4 DMA curves of EVM800/NBR blends (30 phr
SiO2 mixed in the blends). (a) EVM800/NBR/BIPB/PR/
SnCl2 ¼ 70/20/0.8/3/1. (b) EVM800/NBR/BIPB ¼ 70/
20/1.4. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]

TABLE III
Effect of Different Curing Agents on Mechanical Properties of EVM/NBR Blends

Recipe

Tensile
strength
(MPa)

Modulus
at 100%
(MPa)

Elongation
at break

(%)
Hardness/
shoreA

Tear
strength
(N/mm)

EVM800/NBR/BIPB/PR/SnCl2
¼ 70/20/0.8/3/1

9.6 4.5 297 80 39.9

EVM800/NBR/BIPB ¼ 70/20/1.4 11.2 7.2 160 78 35.0

Figure 5 DSC curve of EVM800/NBR/BIPB/PR/SnCl2 ¼ 70/20/0.8/3/1 (30 phr SiO2 mixed in the blend). [Color figure
can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

DMA ANALYSIS OF THE DAMPING OF EVM/NBR BLENDS 2237

Journal of Applied Polymer Science DOI 10.1002/app



Effect of EVM with different VA content on the
mechanical and damping properties of EVM/NBR

The DMA curves of blends of EVM700/NBR ¼ 80/
10 and EVM600/NBR ¼ 80/10(both cured by BIPB
and mixed with 30 phr silica) are shown in Figure 7.
The peak value of tan d of EVM700/NBR ¼ 80/10
was 0.752 with corresponding Tg of 1.6�C and an
EDTR of 71.8�C, which was 8.3�C wider than that of
EVM700/NBR ¼ 70/20 in Figure 1 and mostly
attributed to the weak peak between 40 and 60�C.
The peak value of tan d of EVM600/NBR ¼ 80/10
was 0.641 with corresponding Tg of �6.7�C and a
much lower EDTR of 24.3�C. A weak peak could
also be seen in EVM600/NBR ¼ 80/10 between 30
and 60�C in Figure 7. However, the value of the
weak peak was lower than 0.3 and did not contrib-
ute to the EDTR. This indicated that EVM600 like

EVM700 could create bound rubber with silica and
emerge as a weak peak in DMA curve. Furthermore,
the weak peak increased as the increase of the con-
tent of EVM in EVM/NBR/silica system.
The DMA curves of blends of EVM700/NBR ¼

80/10 and EVM800/NBR ¼ 80/10 (both cured by
BIPB and mixed with 30 phr silica) are shown in
Figure 8. Comparing with EVM700/NBR ¼ 80/10,
the peak value of tan d of EVM800/NBR ¼ 80/10
increased to 0.834 from 0.752 and the corresponding
Tg moved to 18.4�C from 1.6�C and the EDTR was
expanded to 79.7 from 71.8�C. The weak peak could
also be seen in EVM800/NBR ¼ 80/10 between 40
and 60�C in Figure 8, which was much obvious than
that in EVM800/NBR ¼ 70/20 in Figure 4. This fur-
ther proved that the weak peak increased as the
increase of the content of EVM in EVM/NBR/silica

Figure 6 DSC curve of EVM800/NBR/BIPB ¼ 70/20/1.4 (30 phr SiO2 mixed in the blend). [Color figure can be viewed
in the online issue, which is available at wileyonlinelibrary.com.]

Figure 7 DMA curves of EVM700/NBR ¼ 80/10 and
EVM600/NBR ¼ 80/10. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]

Figure 8 DMA curves of EVM700/NBR ¼ 80/10 and
EVM800/NBR ¼ 80/10. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]
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system. That is the bound rubber generated in
EVM/NBR/silica blend increased as the increase of
the content of EVM.

CONCLUSIONS

CPVC (10 phr) did not show as an obvious tan d
peak in the DMA curve of EVM700/NBR blend and
consequently did not contribute to the damping of
EVM700/NBR blends.

Silica could dramatically improve the damping of
EVM700/NBR blends because of the formation of
bound rubber between EVM700/NBR and silica,
which appeared as a weak tan d peak between 20
and 70�C proved by DMA and DSC. The weak peak
increased as the increase of the content of EVM in
EVM/NBR blends. The tensile strength, modulus at
100%, and tear strength of the blend with SiO2

increased while the elongation at break and hard-
ness decreased comparing with the blend with CB.

PF, partly replacing BIPB as the curing agent,
could significantly improve the damping of
EVM700/NBR to have an effective damping temper-
ature range of over 100�C and reasonable mechanical
properties.

Among EVM600, EVM700, and EVM800/NBR/
silica blend systems, EVM800/NBR/silica blend had
the best damping properties. The EVM700/NBR ¼
80/10 blend had a better damping properties than
EVM700/NBR ¼ 70/20.
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