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Experimental techniques
Tensile properties: Tensile 

properties were measured at 
room temperature. Tensile prop-
erties were measured according 
to ASTM D412 using ASTM type 
die C dumbbell specimens.

Dynamic mechanical anal-
ysis (strain sweeps): Metravib 
DMA150 Dynamic Mechanical 
Analyzer was used in tension 
deformation to perform a double 
strain sweep experiment. The 
experimental conditions were 
0.0005 to 0.5 dynamic strain and 
static strain to dynamic strain 
ratio of 1.3 at 13 points in evenly 
spaced log steps at 30°C and 1 
Hz. Second sweep results are 
presented.

Dynamic mechanical anal-
ysis (frequency sweeps): A key 
performance indicator for a vi-
bration isolator is low transmis-

sibility at frequencies above the 
natural frequency. Dynamic me-
chanical properties were mea-
sured using a Metravib DMA+150 
as a function of frequency (in a 
frequency sweep experiment) in 
tension (Fig. 1). The experimen-
tal conditions were 0.25 percent 
dynamic strain (0.5 percent peak 
to peak dynamic strain), 0.325 
percent static strain (so mini-
mum strain was 0.075 percent 
and maximum strain was 0.575 
percent), 1 to 300 Hz at 14 points 
in evenly-spaced linear steps and 
30°C. Subsequently, transmissi-
bility was determined as a func-
tion of frequency using the equa-
tions in Equations 1 and 2.

Quasi-static modulus: A key 
performance indicator for a vi-

bration isolator is dynamic to 
static modulus ratio. The qua-
si-static modulus was measured 
using a Metravib DMA+150. The 
experimental conditions were 
five cycles at 0.1 N/s force speed 
to 0.4 MPa stress (~30 percent 
strain) at room temperature 
(20°C).  Subsequently, the secant 
modulus was measured on the 
unload curve of the fifth cycle 
between 0 and 3.5 percent strain.

Motivation
The motivation for this work 

comes, in part, from the automo-
tive industry transition to elec-
tric vehicles (EV). Vibration iso-
lation (in the body chassis and 
drivetrain) has become more im-
portant with the development of 
the electric vehicle. Fig. 2 is a 
comparison of the A-weighted, 
time domain, sound pressure 
level in DB as a function of vehi-
cle speed at the passenger right 
and left ear locations.1 The isola-
tion frequency range needed for 
electric vehicles is higher than 
internal combustion engine vehi-
cles. The goal was to determine 
whether Prophene may help to 
improve isolation performance. 

Purpose and scope (Part 1)
The purpose was to better un-

derstand the role of polymer type 
on vibration isolators. The per-
formance evaluation included 
transmissibility and dynamic to 
static modulus.

Materials:
Slabs of six rubber types were 

obtained. The formulation de-
tails for most of the slabs were 
not known, but it is believed that 
all are representative (or typical) 
of industrial compounds. The six 
polymer types were silicone rub-
ber (VMQ), butyl rubber (IIR), 
hydrogenated nitrile rubber 
(HNBR), fluoropolymer (FKM), 
solution styrene butadiene rub-
ber/polybutadiene rubber (S-SBR/
PBD), and natural rubber (NR).

Transmissibility:
The transmissibility results as 

a function of reduced frequency 
are shown in Fig. 3. The damp-
ing region is the left side of the 
figure, where the frequency ratio 
is less than one. The isolator re-
gion is the right side of the figure, 
where the frequency ratio is 
greater than one. Reduced fre-
quency is the ratio of the test 

frequency to the natural fre-
quency. The natural frequency 
was experimentally determined 
as the frequency corresponding 
to the peak in transmissibility.

For the testing in this study, 
the natural frequencies were be-
tween 125 and 210 Hz. Trans-
missibility was calculated using 
the tangent delta-based equa-
tion. For vibration isolator per-
formance ranking, low transmis-
sibility at frequencies above the 
natural frequency is better. The 
performance rating was the fol-
lowing (best to worst): silicone 
rubber > natural rubber > S-SBR/
BR > butyl > HNBR > FKM.

Dynamic to static ratio:
The dynamic to static modulus 

ratio is a performance indicator 
for vibration isolators. The rea-
son that the dynamic modulus is 
always higher than the static 
modulus was described by Lewis 
Tunnicliffe.2 The dynamic to 
static ratio results are shown in 
Fig. 4.

The work included four varia-
tions of natural rubber compounds, 
primary filler type and loading, 
along with which had a significant 
effect. For vibration isolator per-
formance ranking, lower dynamic 
to static ratio is better. The perfor-
mance rating was the following 
(best to worst): silicone rubber > 
natural rubber > S-SBR/BR > bu-
tyl > HNBR > FKM.

Purpose and scope (Part 2)
The second part of the paper 

examined the effect of Prophene 
on vibration isolators. The tech-
nical approach was to use 
Prophene in place of carbon black 
to: (1) maintain the high strain 
modulus; and (2) at the same 
time, reduce low strain modulus 
(and tangent delta). The role of 
Prophene-brand graphene was 
examined in four vibration isola-
tor formulations—polyisoprene 
(IR), chloroprene (CR), natural 
rubber/polybutadiene (NR/BR), 
and butyl rubber (IIR). Prophene 
was added in place of carbon 
black on a part-for-part basis be-
tween 0.1 to 20 phr to the PI for-
mulation.

Prophene was added in place of 
carbon black, where 0.5 phr 
Prophene was added in place of 
1, 3.5, and 6 phr carbon black in 
the CR, NR/BR and IIR isolator 
formulations as routes to im-
prove isolators (reduce their 
transmissibility).

To understand the effect of 
formulation on transmissibility, 
tangent delta was measured as a 
function of strain. To confirm 
that these formulation changes 
did not affect other key proper-
ties, the study examined tensile 
modulus between 10-percent and 
100-percent strain and dynamic 
to static ratio.  

Material:
Prophene PS100 consists of 

micron-sized flakes of single to 
few-layer graphene. The particle 
size range (diameter) is 100 nm 

Effects of polymer type and Prophene 
on vibration isolator performance
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Executive summary
The purpose of this paper was to better understand the role of compound variables (including polymer 

type and a novel filler called Prophene-brand graphene) on vibration isolators. The first part of the 
paper examined the effect of polymer type on vibration isolators. The role of polymer type was deter-
mined and found that it had a significant effect on transmissibility and dynamic to static modulus.

The second part of the paper examined the effect of Prophene on vibration isolators. The role of 
Prophene was examined in four vibration isolator formulations. Adding Prophene in place of carbon 
black to the formulations provided a route to improve isolators (reduce their transmissibility) without 
loss of modulus between 10 percent and 100 percent strain. The dynamic to static ratio using 0.5 phr 
Prophene ipo 6 phr carbon black was approximately equal to the control. Other key physical proper-
ties were equal or improved (including heat build-up, tear, crack growth resistance), but will not be 
discussed in this paper.

Fig. 2: Pressure and temperature as a function of time. 

Fig. 1: DMA tension configuration. 

Fig. 3: Effect of polymer type on transmissibility (tangent delta-based equation).

Fig. 4: Effect of polymer type on dynamic to static ratio.
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Equation 1: Transmissibility based on damping.

Equation 2: Transmissibility based on tangent delta.
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to 5,000 nm (5 µm), the average 
diameter is 500 nm, the particle 
thickness range is 0.25 nm to 6 
nm, the average thickness is 3 
nm, the range of number of lay-
ers is 1 to 7, the average number 
of layers is 3, the mono-, bi- and 
tri-layer content is greater than 
70 percent (particle count), and 
the specific surface area is less 
than 180 m2/g.

Results:
Part 2a: Effect of Prophene 

in PI isolator formulation: 

Compound formulations:
Six compounds were prepared 

as shown in Table 1. The Prophene 
loadings in compounds 2 to 6 were 
0.1 phr Prophene in place of 0.1 
phr N326, 0.5 phr Prophene in 
place of 0.5 phr N326, 1 phr 
Prophene in place of 1 phr N326, 5 
phr Prophene in place of 5 phr 
N326 and 20 phr Prophene in 
place of 20 phr N326.

The tensile stress strain curves 
for the PI isolator compound are 
shown in Fig. 5. The tensile 
stress/strain curves for the exper-
imental compounds were higher 
than the control between 10-per-
cent and 100-percent strain. Ad-
dition of Propene in place of car-
bon black also provided a linear 
stress-strain curve, which may 
help with isolator performance.

DMA strain sweeps:
The DMA strain sweep results 

for the PI isolator compounds 
evaluated modulus and tangent 
delta as a function of strain. The 
Prophene formulation changes, 
in general, reduced both the low 
strain modulus (Fig. 6) and the 
tangent delta (Fig. 7). At loading 
levels above 0.5 phr the dynamic 
modulus decreased and at loading 
levels below 0.5 phr the dynamic 
modulus increased slightly.

Tangent delta is the major factor 
in transmissibility, and lower tan-
gent delta is better for isolator per-
formance. Based on the dynamic 
modulus (low strain modulus) and 
tensile modulus (high strain mod-
ulus) results, the reinforcement 
behavior of Prophene is unique. It 
increased the high strain modulus 
without increasing the low strain 
modulus. For example, replacing 1 
to 6 phr of carbon black with 0.5 
phr Prophene could maintain high 
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frequency to the natural fre-
quency. The natural frequency 
was experimentally determined 
as the frequency corresponding 
to the peak in transmissibility.

For the testing in this study, 
the natural frequencies were be-
tween 125 and 210 Hz. Trans-
missibility was calculated using 
the tangent delta-based equa-
tion. For vibration isolator per-
formance ranking, low transmis-
sibility at frequencies above the 
natural frequency is better. The 
performance rating was the fol-
lowing (best to worst): silicone 
rubber > natural rubber > S-SBR/
BR > butyl > HNBR > FKM.

Dynamic to static ratio:
The dynamic to static modulus 

ratio is a performance indicator 
for vibration isolators. The rea-
son that the dynamic modulus is 
always higher than the static 
modulus was described by Lewis 
Tunnicliffe.2 The dynamic to 
static ratio results are shown in 
Fig. 4.

The work included four varia-
tions of natural rubber compounds, 
primary filler type and loading, 
along with which had a significant 
effect. For vibration isolator per-
formance ranking, lower dynamic 
to static ratio is better. The perfor-
mance rating was the following 
(best to worst): silicone rubber > 
natural rubber > S-SBR/BR > bu-
tyl > HNBR > FKM.

Purpose and scope (Part 2)
The second part of the paper 

examined the effect of Prophene 
on vibration isolators. The tech-
nical approach was to use 
Prophene in place of carbon black 
to: (1) maintain the high strain 
modulus; and (2) at the same 
time, reduce low strain modulus 
(and tangent delta). The role of 
Prophene-brand graphene was 
examined in four vibration isola-
tor formulations—polyisoprene 
(IR), chloroprene (CR), natural 
rubber/polybutadiene (NR/BR), 
and butyl rubber (IIR). Prophene 
was added in place of carbon 
black on a part-for-part basis be-
tween 0.1 to 20 phr to the PI for-
mulation.

Prophene was added in place of 
carbon black, where 0.5 phr 
Prophene was added in place of 
1, 3.5, and 6 phr carbon black in 
the CR, NR/BR and IIR isolator 
formulations as routes to im-
prove isolators (reduce their 
transmissibility).

To understand the effect of 
formulation on transmissibility, 
tangent delta was measured as a 
function of strain. To confirm 
that these formulation changes 
did not affect other key proper-
ties, the study examined tensile 
modulus between 10-percent and 
100-percent strain and dynamic 
to static ratio.  

Material:
Prophene PS100 consists of 

micron-sized flakes of single to 
few-layer graphene. The particle 
size range (diameter) is 100 nm 

Effects of polymer type and Prophene 
on vibration isolator performance

Fig. 8: Degree of transmission as a function of frequency ratio. 

Table 2: CR Isolator formulations. 

Fig. 10: Effect of Prophene ipo N326 part for part on dynamic to static ratio .

Table 1: PI isolator formulations. 

Fig. 5: Tensile stress strain curves as a function of Prophene loading.  

Fig. 6: Storage modulus as a function of Prophene loading. 

Fig. 7: Tangent delta as a function of Prophene loading. 

Fig. 9: Effect of Prophene ipo N326 part for part on transmissibility. 
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to 5,000 nm (5 µm), the average 
diameter is 500 nm, the particle 
thickness range is 0.25 nm to 6 
nm, the average thickness is 3 
nm, the range of number of lay-
ers is 1 to 7, the average number 
of layers is 3, the mono-, bi- and 
tri-layer content is greater than 
70 percent (particle count), and 
the specific surface area is less 
than 180 m2/g.

Results:
Part 2a: Effect of Prophene 

in PI isolator formulation: 

Compound formulations:
Six compounds were prepared 

as shown in Table 1. The Prophene 
loadings in compounds 2 to 6 were 
0.1 phr Prophene in place of 0.1 
phr N326, 0.5 phr Prophene in 
place of 0.5 phr N326, 1 phr 
Prophene in place of 1 phr N326, 5 
phr Prophene in place of 5 phr 
N326 and 20 phr Prophene in 
place of 20 phr N326.

The tensile stress strain curves 
for the PI isolator compound are 
shown in Fig. 5. The tensile 
stress/strain curves for the exper-
imental compounds were higher 
than the control between 10-per-
cent and 100-percent strain. Ad-
dition of Propene in place of car-
bon black also provided a linear 
stress-strain curve, which may 
help with isolator performance.

DMA strain sweeps:
The DMA strain sweep results 

for the PI isolator compounds 
evaluated modulus and tangent 
delta as a function of strain. The 
Prophene formulation changes, 
in general, reduced both the low 
strain modulus (Fig. 6) and the 
tangent delta (Fig. 7). At loading 
levels above 0.5 phr the dynamic 
modulus decreased and at loading 
levels below 0.5 phr the dynamic 
modulus increased slightly.

Tangent delta is the major factor 
in transmissibility, and lower tan-
gent delta is better for isolator per-
formance. Based on the dynamic 
modulus (low strain modulus) and 
tensile modulus (high strain mod-
ulus) results, the reinforcement 
behavior of Prophene is unique. It 
increased the high strain modulus 
without increasing the low strain 
modulus. For example, replacing 1 
to 6 phr of carbon black with 0.5 
phr Prophene could maintain high 
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in transmissibility and lower tan-
gent delta is better for isolator 
performance. Using 0.5 phr 
Prophene in place of 6 phr N650, 
there was a 34-percent decrease in 
tangent delta. 

Transmissibility:
The DMA frequency sweep results 

for the NR/BR isolator compounds 
are shown in Fig. 20 to observe the 
effect of Prophene ipo N650 on 
transmissibility. A bar graph with 
degree of transmission of the com-
pounds at a frequency ratio f/f0 of 1.7 
is shown (Fig. 21). The degree of 
transmission was determined by in-
terpolation of the fitted curves of the 
isolation region. Degree of transmis-
sion was calculated by both equations 
(damping-based and tangent 
δ-based).

The blue bars are the results 
from the damping-based trans-
missibility equation and the red 
bars are the results from the tan-
gent δ-based transmissibility 
equation. A 10- to 16-percent im-
provement in transmissibility was 
achieved by replacing 6 phr of 
N650 with 0.5 phr Prophene.

Dynamic to static ratio: 
The effect of Prophene ipo N650 

on the dynamic to static modulus 
ratio is shown in Fig. 22, where 
lower dynamic to static ratio is 
better. Dynamic to static ratio in-
creased and then decreased with 
level of carbon black replacement. 
Using 0.5 phr Prophene ipo 6 phr 
N650 was approximately equal to 
the control.

Part 2d: Effect of Prophenein 
IIR isolator formulation
Compound formulations: 

Four compounds were prepared 
as shown in Table 4. The 
Prophene loadings in compounds 2 
to 4 were 0.5 phr Prophene in 
place of 1 phr N330, 0.5 phr 
Prophene in place of 3.5 phr N330, 
and 0.5 phr Prophene in place of 6 
phr N330.

Tensile properties:
The tensile stress strain curves 

for the IIR isolator compound are 
shown in Fig. 23. Tensile stress/
strain curves for the experimental 
compounds showed no loss in mod-
ulus compared to the control be-
tween 10-percent and 100-percent 
strain.

DMA strain sweeps:
The DMA strain sweep results 

for the IIR isolator compounds 
evaluated modulus and tangent 
delta as a function of strain. The 
Prophene formulation changes re-
duced, in general, both the low 
strain modulus (Fig. 24) and tan-
gent delta (Fig. 25). Tangent delta 
is the major factor in transmissibil-
ity and lower tangent delta is better 
for isolator performance. Using 0.5 
phr Prophene in place of 6 phr 
N330, there was a 6-percent de-
crease in tangent delta. 

Transmissibility:
The DMA frequency sweep re-

sults for the IIR isolator com-
pounds are shown in Fig. 26 to 
understand the effect of Prophene 
ipo N330 on transmissibility. A 
bar graph with degree of trans-
mission of the compounds at a fre-
quency ratio f/f0 of 1.5 is shown 
(Fig. 27). The degree of transmis-
sion was determined by interpola-

strain modulus (between 10-per-
cent and 100-percent strain) and 
decrease the low strain modulus 
(0.03 percent to 10 percent); there-
by, reducing tangent delta.

Transmissibility:
The DMA frequency sweep re-

sults for the PI isolator compounds 
is shown in Fig. 8 with the effect of 

Prophene ipo N326 (part for part) 
on transmissibility. A bar graph 
with degree of transmission of the 
compounds at a frequency ratio f/f0 
of 1.7 is shown (Fig. 9). The degree 
of transmission was determined by 
interpolation of the fitted curves of 
the isolation region. Degree of 
transmission was calculated by 
both equations (damping based 
and tangent δ based).

The blue bars are the results 
from the damping-based transmis-
sibility equation and the red bars 
are the results from the tangent δ 

based transmissibility equation. A 
4- to 10-percent improvement in 
transmissibility was achieved by 
replacing N326 with Prophene.

Dynamic to static ratio: 
The effect of Prophene ipo 

N326 (part for part) on the dy-
namic to static modulus ratio is 
shown in Fig. 10, where lower 
dynamic to static ratio is better.  
The bar graph of the dynamic to 
static ratio increased then de-
creased with Prophene loading. 
Dynamic to static ratio increased 
and then decreased with level of 
carbon black replacement. Using 
Prophene in place of carbon black 
at levels 0.5 or greater, the dy-

namic to static ratio was equal or 
better than the control.

Part 2b: Effect of Prophene in 
CR isolator formulation: 
Compound formulations: 

Four compounds were prepared 
as shown in Table 2. The 
Prophene loadings in compounds 2 
to 4 were 0.5 phr Prophene in 
place of 1 phr N774, 0.5 phr 
Prophene in place of 3.5 phr N774, 
and 0.5 phr Prophene in place of 6 
phr N774.

Tensile properties:
The tensile stress strain curves 

for the CR isolator compound are 
shown in Fig. 11. Tensile stress/

strain curves for the experimental 
compounds showed no loss in mod-
ulus compared to the control be-
tween 10-percent and 100-percent 
strain. 

DMA strain sweeps:
The DMA strain sweep results 

for the CR isolator compounds 
evaluated modulus and tangent 
delta as a function of strain. The 
Prophene formulation changes re-
duced, in general, both the low 
strain modulus (Fig. 12) and tan-
gent delta (Fig. 13). Tangent delta 
is the major factor in transmissibil-
ity and lower tangent delta is better 
for isolator performance. Using 0.5 
phr Prophene in place of 6 phr 
N774, there was a 3-percent de-
crease in tangent delta.

Transmissibility:
The DMA frequency sweep re-

sults for the CR isolator com-
pounds are shown in Fig. 14 to il-
lustrate the effect of Prophene ipo 
N774 on transmissibility. A bar 
graph with degree of transmission 
of the compounds at a frequency 
ratio f/f0 of 1.7 is shown (Fig. 15). 
The degree of transmission was 
determined by interpolation of the 
fitted curves of the isolation re-
gion. Degree of transmission was 
calculated by both equations 
(damping based and tangent δ 
based).

The blue bars are the results 
from the damping-based trans-
missibility equation and the red 
bars are the results from the tan-
gent δ based transmissibility 
equation. A 10- to 36-percent im-
provement in transmissibility was 
achieved by replacing 6 phr of 
N774 with 0.5 phr Prophene.

Dynamic to static ratio: 
The effect of Prophene ipo N774 

on the dynamic to static modulus 
ratio is shown in Fig. 16, where 
lower dynamic to static ratio is 
better. The bar graph of the dy-
namic to static ratio increased 
then decreased with Prophene 
loading. Dynamic to static ratio 
increased and then decreased 
with level of carbon black replace-
ment.  

Part 2c: Effect of Prophene in 
NR/BR isolator formulation
Compound formulations:

Four compounds were prepared 
as shown in Table 3. The 
Prophene loadings in compounds 2 
to 4 were 0.5 phr Prophene in 
place of 1 phr N650, 0.5 phr 
Prophene in place of 3.5 phr N650, 
and 0.5 phr Prophene in place of 6 
phr N650.

Tensile properties:
The tensile stress strain curves 

for the NR/BR isolator compound 
are shown in Fig. 17. Tensile 
stress/strain curves for the experi-
mental compounds showed no loss 
in modulus compared to the control 
between 10-percent and 100-per-
cent strain. 

DMA strain sweeps:
The DMA strain sweep results 

for the NR/BR isolator compounds 
evaluated modulus and tangent 
delta as a function of strain. The 
Prophene formulation changes re-
duced both the low strain modulus 
(Fig. 18) and tangent delta (Fig. 
19). 

Tangent delta is the major factor 

Fig. 12: Storage modulus as a function of Prophene loading. 

Fig. 13: Tangent delta as a function of Prophene loading. 

Fig. 14: Degree of transmission as a function of frequency ratio. 

Fig. 15: Effect of Prophene ipo N774 on transmissibility.

Fig. 16: Effect of Prophene ipo N774 part for part on dynamic to static ratio.

Fig. 17: Tensile stress strain curves as a function of Prophene loading. 

Fig. 18: Storage modulus as a function of Prophene loading. 

Fig. 19: Tangent delta as a function of Prophene loading. 

Table 3: NR/BR isolator formulations. 
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Fig. 11: Tensile stress strain curves as a function of Prophene loading. 
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in transmissibility and lower tan-
gent delta is better for isolator 
performance. Using 0.5 phr 
Prophene in place of 6 phr N650, 
there was a 34-percent decrease in 
tangent delta. 

Transmissibility:
The DMA frequency sweep results 

for the NR/BR isolator compounds 
are shown in Fig. 20 to observe the 
effect of Prophene ipo N650 on 
transmissibility. A bar graph with 
degree of transmission of the com-
pounds at a frequency ratio f/f0 of 1.7 
is shown (Fig. 21). The degree of 
transmission was determined by in-
terpolation of the fitted curves of the 
isolation region. Degree of transmis-
sion was calculated by both equations 
(damping-based and tangent 
δ-based).

The blue bars are the results 
from the damping-based trans-
missibility equation and the red 
bars are the results from the tan-
gent δ-based transmissibility 
equation. A 10- to 16-percent im-
provement in transmissibility was 
achieved by replacing 6 phr of 
N650 with 0.5 phr Prophene.

Dynamic to static ratio: 
The effect of Prophene ipo N650 

on the dynamic to static modulus 
ratio is shown in Fig. 22, where 
lower dynamic to static ratio is 
better. Dynamic to static ratio in-
creased and then decreased with 
level of carbon black replacement. 
Using 0.5 phr Prophene ipo 6 phr 
N650 was approximately equal to 
the control.

Part 2d: Effect of Prophenein 
IIR isolator formulation
Compound formulations: 

Four compounds were prepared 
as shown in Table 4. The 
Prophene loadings in compounds 2 
to 4 were 0.5 phr Prophene in 
place of 1 phr N330, 0.5 phr 
Prophene in place of 3.5 phr N330, 
and 0.5 phr Prophene in place of 6 
phr N330.

Tensile properties:
The tensile stress strain curves 

for the IIR isolator compound are 
shown in Fig. 23. Tensile stress/
strain curves for the experimental 
compounds showed no loss in mod-
ulus compared to the control be-
tween 10-percent and 100-percent 
strain.

DMA strain sweeps:
The DMA strain sweep results 

for the IIR isolator compounds 
evaluated modulus and tangent 
delta as a function of strain. The 
Prophene formulation changes re-
duced, in general, both the low 
strain modulus (Fig. 24) and tan-
gent delta (Fig. 25). Tangent delta 
is the major factor in transmissibil-
ity and lower tangent delta is better 
for isolator performance. Using 0.5 
phr Prophene in place of 6 phr 
N330, there was a 6-percent de-
crease in tangent delta. 

Transmissibility:
The DMA frequency sweep re-

sults for the IIR isolator com-
pounds are shown in Fig. 26 to 
understand the effect of Prophene 
ipo N330 on transmissibility. A 
bar graph with degree of trans-
mission of the compounds at a fre-
quency ratio f/f0 of 1.5 is shown 
(Fig. 27). The degree of transmis-
sion was determined by interpola-

tion of the fitted curves of the iso-
lation region. Degree of 
transmission was calculated by 
both equations (damping-based 
and tangent δ-based).

The blue bars are the results 
from the damping-based trans-
missibility equation and the red 
bars are the results from the tan-
gent δ-based transmissibility 
equation. A 10- to 18-percent im-
provement in transmissibility was 
achieved by replacing 6 phr of 
N330 with 0.5 phr Prophene.

Dynamic to static ratio: 
The effect of Prophene ipo N330 

on the dynamic to static modulus 
ratio is shown in Fig. 28, where 
lower dynamic to static ratio is 
better. Dynamic to static ratio in-

creased and then decreased with 
level of carbon black replacement. 
Using 0.5 phr Prophene ipo 6 phr 
N330 was approximately equal to 
the control.

Summary
The effects of compound variables 

on vibration isolation were de-
scribed. The first part covered poly-
mer type and the second part exam-
ined a novel filler (Prophene).

Conclusion
In part one the polymer type 

had a strong effect on isolation 
(transmissibility). The ranking by 
polymer type was reported.  The 
dynamic to static ratio was ap-
proximately the reverse of the 
transmissibility ranking.

In part two, the work focused on 
the use of Prophene and its potential 
benefits for vibration isolators. The 
filler reinforcement behavior of 
Prophene was unique. It increased 
the high strain modulus without in-
creasing the low strain modulus. 
For example, replacing 1 to 6 phr of 
carbon black with 0.5 phr Prophene 
we could maintain high strain 
modulus (between 10-percent and 
100-percent strain) and decrease 
the low strain modulus (0.03 percent 
to 10 percent), thereby, reducing 
tangent delta.

With lower tangent delta, 
Prophene in place of carbon black 
provided a route to improve isola-
tors (transmissibility) without loss 
of modulus between 10-percent and 
100-percent strain. Dynamic to 

static ratio increased and then de-
creased with level of carbon black 
replacement. Using 0.5 phr 
Prophene ipo 6 phr carbon black, 
dynamic to static ratio was approx-
imately equal to the control.

Lastly, addition of Prophene in 
place of carbon black also provided 
a more linear stress strain curve, 
which may help with isolator per-
formance.
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strain curves for the experimental 
compounds showed no loss in mod-
ulus compared to the control be-
tween 10-percent and 100-percent 
strain. 

DMA strain sweeps:
The DMA strain sweep results 

for the CR isolator compounds 
evaluated modulus and tangent 
delta as a function of strain. The 
Prophene formulation changes re-
duced, in general, both the low 
strain modulus (Fig. 12) and tan-
gent delta (Fig. 13). Tangent delta 
is the major factor in transmissibil-
ity and lower tangent delta is better 
for isolator performance. Using 0.5 
phr Prophene in place of 6 phr 
N774, there was a 3-percent de-
crease in tangent delta.

Transmissibility:
The DMA frequency sweep re-

sults for the CR isolator com-
pounds are shown in Fig. 14 to il-
lustrate the effect of Prophene ipo 
N774 on transmissibility. A bar 
graph with degree of transmission 
of the compounds at a frequency 
ratio f/f0 of 1.7 is shown (Fig. 15). 
The degree of transmission was 
determined by interpolation of the 
fitted curves of the isolation re-
gion. Degree of transmission was 
calculated by both equations 
(damping based and tangent δ 
based).

The blue bars are the results 
from the damping-based trans-
missibility equation and the red 
bars are the results from the tan-
gent δ based transmissibility 
equation. A 10- to 36-percent im-
provement in transmissibility was 
achieved by replacing 6 phr of 
N774 with 0.5 phr Prophene.

Dynamic to static ratio: 
The effect of Prophene ipo N774 

on the dynamic to static modulus 
ratio is shown in Fig. 16, where 
lower dynamic to static ratio is 
better. The bar graph of the dy-
namic to static ratio increased 
then decreased with Prophene 
loading. Dynamic to static ratio 
increased and then decreased 
with level of carbon black replace-
ment.  

Part 2c: Effect of Prophene in 
NR/BR isolator formulation
Compound formulations:

Four compounds were prepared 
as shown in Table 3. The 
Prophene loadings in compounds 2 
to 4 were 0.5 phr Prophene in 
place of 1 phr N650, 0.5 phr 
Prophene in place of 3.5 phr N650, 
and 0.5 phr Prophene in place of 6 
phr N650.

Tensile properties:
The tensile stress strain curves 

for the NR/BR isolator compound 
are shown in Fig. 17. Tensile 
stress/strain curves for the experi-
mental compounds showed no loss 
in modulus compared to the control 
between 10-percent and 100-per-
cent strain. 

DMA strain sweeps:
The DMA strain sweep results 

for the NR/BR isolator compounds 
evaluated modulus and tangent 
delta as a function of strain. The 
Prophene formulation changes re-
duced both the low strain modulus 
(Fig. 18) and tangent delta (Fig. 
19). 

Tangent delta is the major factor 

Fig. 20: Degree of transmission as a function of frequency ratio. 

Fig. 21: Effect of Prophene ipo N650 on transmissibility. 

Fig. 22: Effect of Prophene ipo N650 part for part on dynamic to static ratio.

Table 4: IIR isolator formulations.

Fig. 23: Tensile stress strain curves as a function of Prophene loading.

Fig. 24: Storage modulus as a function of Prophene loading.

Fig. 25: Tangent delta as a function of Prophene loading.

Fig. 26: Degree of transmission as a function of frequency ratio.

Fig. 27: Effect of Prophene ipo N330 on transmissibility.

Fig. 28: Effect of Prophene ipo N330 part for part on dynamic to static ratio.
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