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and embrittle when exposed to 
the atmosphere, as well as hav-
ing insufficient damping perfor-
mance. Natural rubber has no oil 
or ozone resistance and very low 
loss factor. Fig. 1 illustrates this 
material landscape.

Zeon’s new polymer, Hydrin 
DP5245, has high damping per-
formance across a key functional 
temperature range and does not 
rely on fillers or oils to achieve 
these damping properties. The 
inherent damping properties of 
Hydrin DP5245 will exceed other 
materials such as butyl rubber 
within a temperature range, 
which is very useful for manufac-
turing and construction equip-
ment or automotive interiors, for 
example. When made into baffles 
or body panel insulation, the 
rubber material will reduce or 
eliminate vibration or noise 
transfer to the operator or the 
surroundings, providing an ad-
vance in materials used for vi-
bration and acoustic damping. 

Polyepichlorohydrin (Hydrin 
ECO) is a synthetic elastomer 
with a fully saturated polyether 
backbone. The polymer structure 
with oxygen in the backbone and 
pendant chlorine protecting 
group, shown in Fig. 2, provide 
enhanced heat, oil and ozone re-
sistance plus unique inherent 
properties. The extremely polar 
composition resists oil and hy-
drocarbons extremely well, and 
the allyl glycidyl ether provides 
double bonds for curing with 
peroxide or sulfur.

Polychloroprene (CR) is a com-
mon damping material for bear-
ing pads, isolation mounts and 
grommets for environments with 
exposure to heat, oil/grease and 
ozone. Recently, there have been 
issues with increasing prices and 
limited supply of CR rubber, so 
it’s advantageous to seek an al-
ternative. A compound from Du-

Rubber materials typically are 
used to absorb vibration and 
noise due to their durability, re-
silience and ability to absorb im-
pact while compressed.

Depending on the specific rub-
ber material, rubber will absorb 
an impact and transform some of 
the impact energy to heat through 
hysteresis. The energy trans-
formed to heat versus the energy 
returned describes a material’s 

resilience or conversely damping 
ability. These rubber materials 
must also be low cost and able to 
survive harsh environments such 
as in manufacturing plants or 
within heavy equipment where 
vibration and noise is to be con-
trolled. These aggressive environ-
ments involving prolonged expo-
sure to heat, oil, ozone and high 
loads will deteriorate and destroy 
many elastomeric materials.

Zeon Chemicals L.P. has devel-
oped polyepichlorohydrin (ECO) 
elastomers for use to dampen and 
absorb vibration or sound while 
also being resistant to oils, hydro-
carbons, ozone and elevated tem-
peratures. This paper will explain 
advantages and weaknesses of 
current materials, test methods 
for measuring damping perfor-
mance, and showcase test data 
comparing a new Hydrin-brand 
(ECO) elastomer alongside mate-
rials such as nitrile (NBR), NBR/
PVC, polychloroprene (CR), natu-
ral rubber (NR) and EPDM.

As industry pushes to increase 
production rates, the machinery 
speeds are increased, which in 
turn creates more vibration and 
noise. These vibrations must be 
controlled so as to not damage 
the equipment or be transferred 
through the foundation to nearby 
operations. 

Uncontrolled vibration within 
heavy machinery can lead to in-
creased wear and cause more fre-
quent maintenance, so much op-
portunity exists to prevent this 
unneeded downtime. Further-
more, the desire for safe and com-
fortable working environments in 
manufacturing is very important, 
so more control must be put in 
place on noise and noise pollution 
to reduce risk of hearing damage.

The automotive market also 
now must focus more on noise, 
vibration, and harshness (NVH) 
as electric motors replace inter-
nal combustion engines. Road 
noise can no longer be masked by 
the hum of the engine and must 
be reduced or eliminated.

When evaluating the current 
landscape of rubber materials 
used for vibration control, we can 
use the rebound resilience as an 
indicator of damping capability. 
The rebound percentage mea-
sures how much a weighted 
plunger bounces back after im-
pacting a cured button sample of 
the elastomer. A higher percent-

age means that the plunger 
bounced higher, meaning less 
energy is absorbed by the materi-
al and thus less advantageous for 
absorbing vibrations. A lower re-
bound means that the material 
is better suited for vibration iso-
lation because the impact energy 
is not reflected and transmitted.

Rebound resilience is not the 
only factor in vibration control, 
however, and will be further 
compared by analysis in chang-
ing temperature and frequency. 
Table 1 shows pros and cons of 
elastomeric materials in order of 
increasing damping ability.

Current low-performance damp-
ing materials such as natural rub-
ber or EPDM do not absorb vibra-
tions very well and are typically 

used when low cost is the main pri-
ority. When medium damping is ac-
ceptable but some higher tempera-
tures (100°C-110°C) and moderate 
oil/fuel exposure is expected, then 
polychloroprene is commonly used.

Heat resistance can be improved 
significantly (up to 125°C) with 
very good fluid resistance to oil/
grease/fuel fluids as well as excep-
tional ozone resistance by upgrad-
ing to polyepichlorohydrin.

Hydrin (ECO) terpolymer is ide-
al for use in demanding damping 
applications and is a great re-
placement for polychloroprene. 
Where damping response must be 
constant across broad tempera-
ture ranges, Hydrin T3108 par-
ticularly will bring excellent val-
ue, such as in bridge bearing 

pads, isolation mounts or automo-
tive bushings due to its broad 
temperature range from -50°C up 
to 125°C. The material is not sus-
ceptible to ozone or UV, so outdoor 
weathering is excellent. Hydrin 
homopolymer also is useful for 
damping applications, although 
the low-temperature capabilities 
are more limited.

Higher damping is required for 
acoustic and sound deadening in 
automotive interiors or speaker 
cabinets. Butyl rubber (IIR) can 
be compounded for low rebound 
but severely lacks any resistance 
to hydrocarbons or oil/grease due 
to its non-polar nature.

Considering these existing ma-
terials’ heat/oil resistance and 
loss factor (measure of damping), 
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Table 1: Material comparison of vibration damping elastomers by percent 
rebound.

Fig. 1: Material landscape – oil resistance vs. damping (loss factor).

Fig. 2: Hydrin monomer composition and explanation.

Fig. 3: Damping compound formulation – Hydrin T3108 and polychloroprene.

Fig. 4: DHR tan delta temperature sweep – Hydrin T3108 and polychloroprene.

Fig. 5: DHR tan delta frequency sweep – Hydrin T3108 and polychloroprene.
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there currently is not a material 
which occupies the space for that 
of very high oil and heat resis-
tance, and very high damping 
performance. Butyl can absorb 
impact sufficiently but lacks any 
resistance to oils or fuels. Nitrile 
has oil resistance but lacks ozone 
resistance, and will quickly crack 
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and embrittle when exposed to 
the atmosphere, as well as hav-
ing insufficient damping perfor-
mance. Natural rubber has no oil 
or ozone resistance and very low 
loss factor. Fig. 1 illustrates this 
material landscape.

Zeon’s new polymer, Hydrin 
DP5245, has high damping per-
formance across a key functional 
temperature range and does not 
rely on fillers or oils to achieve 
these damping properties. The 
inherent damping properties of 
Hydrin DP5245 will exceed other 
materials such as butyl rubber 
within a temperature range, 
which is very useful for manufac-
turing and construction equip-
ment or automotive interiors, for 
example. When made into baffles 
or body panel insulation, the 
rubber material will reduce or 
eliminate vibration or noise 
transfer to the operator or the 
surroundings, providing an ad-
vance in materials used for vi-
bration and acoustic damping. 

Polyepichlorohydrin (Hydrin 
ECO) is a synthetic elastomer 
with a fully saturated polyether 
backbone. The polymer structure 
with oxygen in the backbone and 
pendant chlorine protecting 
group, shown in Fig. 2, provide 
enhanced heat, oil and ozone re-
sistance plus unique inherent 
properties. The extremely polar 
composition resists oil and hy-
drocarbons extremely well, and 
the allyl glycidyl ether provides 
double bonds for curing with 
peroxide or sulfur.

Polychloroprene (CR) is a com-
mon damping material for bear-
ing pads, isolation mounts and 
grommets for environments with 
exposure to heat, oil/grease and 
ozone. Recently, there have been 
issues with increasing prices and 
limited supply of CR rubber, so 
it’s advantageous to seek an al-
ternative. A compound from Du-

Pont literature for bearing pads, 
shown in Fig. 3, was used for 
comparison and compounded sim-
ilarly in Hydrin T3108, which is a 
common sulfur curable grade. The 
resulting compounds possessed 
nearly identical hardness and re-
bound resilience, so a fair compar-
ison can be made.

Aside from typical improve-
ments over CR regarding heat 
and oil resistance, comparison 
shows that Hydrin T3108 has 
equal tangent delta values 
throughout a temperature sweep 
when run on a Discovery Hybrid 
Rheometer (DHR). Advantages 
can be seen in the Hydrin T3108 
compound, shown in Fig. 4, as it 
has a flatter response below 0°C, 
meaning the damping behavior 
will be more consistent between 
environments, whereas CR rub-
ber will begin to stiffen at 0°C.

DHR tan delta temperature 
sweep is more appropriate than 
rebound resilience when evaluat-
ing damping performance be-
cause it takes temperature dif-
ferences into account, which is 
important for applications that 
experience variations in climate.

Additionally, testing was per-
formed to calculate the tangent 
delta response of these materials 
based on frequency. A Time Tem-
perature Superposition (TTS) 
master curve was generated in 
Fig. 5, which estimates the damp-
ing response from very low fre-
quencies to very high frequencies, 
even up to 10MHz.

This approach to testing is 
more practical because very low 
frequencies have a very long pe-
riod and thus take several hours 
for each frequency. A frequency 
of 0.0001 Hz would require about 
2.8 hours to measure. Repeat for 
0.0005 Hz, 0.0010 Hz, 0.0015 Hz, 
etc. for example, and the test be-
comes days in length to run the 
frequency sweep.

In contrast, the instrument is 
unable to accurately measure the 
response of very high frequen-
cies, so a TTS approach is pre-
ferred here as well. While the 
damping performance of the Hy-
drin T3108 and CR are similar at 
lower frequencies, the Hydrin is 
shown to be better at more com-
monly observed frequencies be-
tween 100-1,000 Hz.

Hydrin T3108 is a great choice 
for medium damping across a wide 
temperature range with excep-
tional heat, oil and ozone resis-
tance, but for extremely high 
damping the new Hydrin DP5245 
polymer is most ideal. By focusing 
the highest damping in a tempera-
ture range between 0° and 50°C, 
ultra-high damping can be 
achieved that is most useful for 
manufacturing environments and 
automotive interiors where isola-
tion and acoustic damping quali-
ties are most advantageous.

The damping performance of 
Hydrin DP5245 was analyzed in 
a similar method to Hydrin 
T3108, although using a double 
sheer deformation mode with a 
10mm diameter bar, shown here 
in Fig. 6. The Hydrin compound 
was vulcanized in a mold with 
the metal inserts. Adhesive was 
applied to the metal faces to pro-
vide rubber-to-metal adhesion. 
The forces applied to this sample 
arrangement in testing are much 
greater than the hybrid rheome-
ter and thus more representative 
of the material in use.

Temperature sweep at 0.01 per-
cent strain was first performed at 
highlighted frequencies, all of 
which show in Fig. 7 that the Hy-
drin DP5245 material has high 
damping properties within a spe-
cific temperature range from 
about 0° to 50°C. Automotive road 
noise is typically around 100 Hz, 
so employing this polymer for au-
tomotive interiors and manufac-

turing environments is ideal.
A time temperature super po-

sition (TTS) master curve was 
used again to calculate tan delta 
at extremely high and low fre-
quencies. The model in Fig. 8 
shows that the Hydrin material 
will perform best with frequen-
cies between 10 and 1,000 Hz.

If we consider that sound fre-
quencies that are most bother-
some are typically low frequency 
such as in the bass range of 20-
100 Hz, this is very beneficial for 
sound isolation.

Hydrin DP5245 can be ideal 
for automotive acoustic damping 
or absorbing road noise. The 
broad frequency range focused 
around 1 to 1,000 Hz makes it 
ideal for anything from manufac-
turing equipment vibration isola-
tion pads to acoustic damping 
barriers in automobile cabins.

Nipol-brand 2835 (NBR), Siv-
ic-brand  Z730 (NBR/PVC), Hy-
drin T3000LL (ECO), SMR-CV60 
(NR), Vistalon-brand 2502 
(EPDM), and Neoprene W (CR) 
were evaluated together and 
compared to Hydrin DP5245 
(ECO) to consider polymer differ-
ences in damping ability. These 
polymers are commonly used to 
dampen vibrations as mentioned 
earlier. A temperature sweep of 
the polymer was run only by 
DHR. When comparing tan delta 
temperature sweeps, shown in 
Fig. 9, the Hydrin DP5245 is 
clearly the only polymer with 
high tan delta at temperatures 
between 0°C and 50°C where 
damping is most desired.

Rubber foams are very advan-
tageous when material strength 
is not required, such as to isolate 
noise or insulate from tempera-
ture, since weight and material 
cost can be reduced. Foams are 
commonly used in automotive 
NVH as structural reinforce-
ment, such as to reduce flutter 
from wind on exterior panels, or 
to fill cavities in the frame struc-
ture to reduce resonance. Foam 
seats, dash panels and arm rests 
also are prevalent to improve the 
comfort and safety of the driver.

Typically, a foam compound is 
more highly extended and includes 
the important addition of a blow-
ing agent. A blowing agent decom-
poses at vulcanization tempera-
tures to produce gas, usually 
nitrogen or carbon dioxide, which 
causes the rubber to expand and 
form cells (small voids) throughout 
the material.

The competing reaction of the 
polymer crosslinking and the for-
mation of these cells is a delicate 
balance. If the gas expands too 
quickly without enough cross-
linking, then the gas will group 
together and form large air pock-
ets and bubbles, which are not 
uniform throughout the molded 
part. On the other hand, if the 
crosslinking occurs too quickly 
before the gases can evolve, then 
the material will not expand, and 
density will be too high to be con-
sidered useful foam.

The particle size of the blowing 
agent and the overall level of 
blowing agent in the formulation 
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Fig. 2: Hydrin monomer composition and explanation.

Fig. 3: Damping compound formulation – Hydrin T3108 and polychloroprene.

Fig. 4: DHR tan delta temperature sweep – Hydrin T3108 and polychloroprene.

Fig. 5: DHR tan delta frequency sweep – Hydrin T3108 and polychloroprene.

Fig. 6: Dynamic testing in double shear mode.

Fig. 7: Tan delta temperature sweep – Hydrin DP5245 in double shear mode.

Fig. 8: Tan delta frequency sweep by TTS – Hydrin DP5245 in double 
shear mode.
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there currently is not a material 
which occupies the space for that 
of very high oil and heat resis-
tance, and very high damping 
performance. Butyl can absorb 
impact sufficiently but lacks any 
resistance to oils or fuels. Nitrile 
has oil resistance but lacks ozone 
resistance, and will quickly crack 

See Elastomer, page 16
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also will dictate the cell size and 
structure. Careful tuning must 
be done to achieve the desired cell 
structure and density, while still 
fully crosslinking the rubber.

An additional factor that must 
be considered is the size of the 
preform when molding by com-
pression, which is more typical for 
rubber foam articles than injec-
tion molding. The dimensions and 
weight of the preform must match 
the volume inside the cavity so 
that the rubber can expand suffi-
ciently and have uniform heat 
transfer from the heated mold. 
Continuous vulcanization in an 
open air oven is considerably less 
complicated and is usually fa-
vored over cavity molding. Mold-
ing large foam buns is also com-
mon, where the desired dimensions 
are then cut from the large foam 
piece once cooled. 

A common blowing agent used 
in rubber foams is OBSH (4,4’-oxy-
dibenzenesulfonyl hydrazide). The 
decomposition temperature is a 
good fit for rubber vulcanization 
temperatures between 150°C and 
170°C. The decomposition reaction 
scheme is illustrated in Fig. 10. A 
typical amount of OBSH may be 
10 phr, as we will use this in our 
comparison study.

Comparing different polymers 
within the same compound leads 
to variation in foam density, but 
must be considered as side-by-
side data. It would be very tedious 
to tune each polymer for cure 
rate, cell structure, density, etc.

A general comparison can still 
be achieved that illustrates advan-
tages and disadvantages for each 
polymer type. Nipol 2835 (NBR), 
Sivic Z730 (NBR/PVC), Hydrin 
T3000LL (ECO), Hydrin DP5245 
(ECO), SMR-CV60 (NR), Vistalon 
2502 (EPDM) and Neoprene W 
(CR) were again used to compare 
foam sample strength, heat and oil 
resistance, foam density, tan delta 
and heat capacity due to differenc-
es in polymer type.

Some variation in compound-
ing was needed depending on the 
polymer type such as compatible 
plasticizer oil and cure system. 
Sulfur cure systems were used 
for the sulfur curable polymer 
types (NBR, NBR/PVC, stan-
dard ECO, EPDM, NR). Zisnet 
and ETU were used for DP5245 
ECO and CR, respectively.

These compounds without 
blowing agent were first mixed 
to give non-foamed properties, 
shown in Table 3. Slabs and 
buttons were molded using stan-
dard ASTM 2mm thickness slab 
molds. 10phr of OBST (Celu-
tion-brand OBST by ChemSpec 
Ltd.) was then added to the mas-
terbatch for the foam compounds, 
as shown in Table 4.

Slab samples of the blowing 
agent containing compounds also 
were molded using the same 2mm 
slab mold, although a floating top 
plate was used so that the sam-
ples would expand once the pres-
sure was removed. Molding of the 
large foam samples was per-
formed using a DIN block mold 
(150 x 150 x 10mm) with a floating 
top plate. Preform size was 60g, 
with the mold preheated to 160°C. 
Vulcanization of all samples was 

done for 20 minutes at 160°C. 
Differences in solid rubber hard-

ness and modulus are obvious de-
pending on the polymer type, 
shown in Table 5, but a significant 
decrease in hardness of the foam 
samples is observed, meaning all 
samples achieved a cell structure 
and foam characteristics.

When comparing the density 
(specific gravity) of the non-
foamed and foamed samples, 
shown in Table 6, it was found 
that the reduction in density was 
similar for all materials aside 
from ECO-DP5245. This is to be 
expected as the ECO-DP5245 
compound was not as highly 
loaded with reinforcing fillers as 
the other compounds, so it was 
able to expand further. This was 
intentional as the material has 
its best damping performance 
when no fillers are added. The 
low density and uniform cell 
structure of Hydrin DP5245 
foam can be seen in Fig. 11.

Foam materials may experi-
ence exposure to high tempera-
tures and oil when used in auto-
motive applications, so testing 
was performed to compare origi-
nal and aged properties of the 
samples, shown in Table 7. Air 
oven aging was performed for 
one week (168 hours) at 100°C.

All samples, even non-heat re-
sistant natural rubber, per-
formed sufficiently. However, 

once samples were immersed in 
IRM 903 test oil for 70 hours at 
100°C, the EPDM sample was 
completely destroyed, and the 
NR and CR samples swelled to a 
large degree since these materi-
als are not oil-resistant. The 
NBR, NBR/PVC and ECO sam-
ples all performed very well.

To evaluate damping perfor-
mance across a wide temperature 
range on the foam samples, Dy-

namic Mechanical Analysis 
(DMA) was performed in com-
pression on the DIN block foam 
samples at 1Hz. The foam sam-
ples tested were approximately 
12mm in diameter and 9mm in 
thickness. The ECO-DP5245 has 
a high tan delta throughout am-
bient temperatures between 0°C 
and 50°C, while the other mate-
rials had much lower tan delta 
until they began to stiffen at 
their Tg’s, well below tempera-
tures that may be observed in an 
automotive interior. Comparison 
is shown in Fig. 12.

Additionally, the foam com-
pounds may be compared at ambi-
ent temperature, for example 25°C, 
along with their stiffness. Ideally a 
foam material would be soft, low 
density and high damping. The 
Hydrin ECO-DP5245 foam was not 
only very low stiffness but has the 
highest damping properties at 
25°C, as shown in Fig. 13.

Foams also are commonly used 
to insulate and prevent heat 
transfer. The compounded poly-
mers were additionally evaluated 
for specific heat capacity, which 
indicates a material’s ability to 
conduct thermal energy. A higher 
specific heat indicates that it re-
quires more energy (joules) to in-
crease the same mass of material 
by one degree Celsius, meaning 
the material is a better insulator.

Table 8 reports these values 
for the foamed materials as mea-
sured by DSC. Density of the 
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once samples were immersed in 
IRM 903 test oil for 70 hours at 
100°C, the EPDM sample was 
completely destroyed, and the 
NR and CR samples swelled to a 
large degree since these materi-
als are not oil-resistant. The 
NBR, NBR/PVC and ECO sam-
ples all performed very well.

To evaluate damping perfor-
mance across a wide temperature 
range on the foam samples, Dy-

namic Mechanical Analysis 
(DMA) was performed in com-
pression on the DIN block foam 
samples at 1Hz. The foam sam-
ples tested were approximately 
12mm in diameter and 9mm in 
thickness. The ECO-DP5245 has 
a high tan delta throughout am-
bient temperatures between 0°C 
and 50°C, while the other mate-
rials had much lower tan delta 
until they began to stiffen at 
their Tg’s, well below tempera-
tures that may be observed in an 
automotive interior. Comparison 
is shown in Fig. 12.

Additionally, the foam com-
pounds may be compared at ambi-
ent temperature, for example 25°C, 
along with their stiffness. Ideally a 
foam material would be soft, low 
density and high damping. The 
Hydrin ECO-DP5245 foam was not 
only very low stiffness but has the 
highest damping properties at 
25°C, as shown in Fig. 13.

Foams also are commonly used 
to insulate and prevent heat 
transfer. The compounded poly-
mers were additionally evaluated 
for specific heat capacity, which 
indicates a material’s ability to 
conduct thermal energy. A higher 
specific heat indicates that it re-
quires more energy (joules) to in-
crease the same mass of material 
by one degree Celsius, meaning 
the material is a better insulator.

Table 8 reports these values 
for the foamed materials as mea-
sured by DSC. Density of the 

foam may be the biggest contrib-
utor to the ability of the foam to 
thermally insulate, but Hydrin 
DP5245 shows sufficient heat 
capacity.

Standard Hydrin ECO and 
Hydrin DP5245 are commercial-
ly available worldwide and can 
be processed using traditional 
rubber manufacturing equip-
ment. Vulcanization can be done 
in all typical processes, such as 
injection or compression molding, 
extrusion or curing in autoclave.

A blowing agent can be added 
to the material so that it expands 
and makes foam or sponge. It can 
easily be calendered into thin 
sheets for use as an acoustic 
barrier. Over-molding onto metal 
pieces can be done easily, and use 
of a primer adhesive will give 

very strong bonding to metal. 
Properties of the final product, 
such as hardness or tensile, can 
be easily adjusted using typical 
rubber compounding techniques.

Summary
In conclusion, Hydrin polymers 

are well-suited for damping ap-
plications of all kinds. Hydrin 
T3108 is an upgrade over poly-
chloroprene, giving a broad tem-
perature range and damping at 
useful frequencies.

DP5245 is a unique elastomer 
with very high damping perfor-
mance in a specific temperature 
range designed for manufactur-
ing and production environ-
ments, laboratories and automo-
bile cabins, where it is desirable 
to reduce or isolate vibration and 

sound. The high stiffness of solid 
DP5245 is ideal for weight bear-
ing applications, and the con-
stant damping across all strains 
means that it will not be affected 
by loading.

Indoor applications between 
0°C to 50°C are most ideal, such 
as for equipment bearing pads, 
flooring, foam seating or acoustic 
barriers. Hydrin  DP5245 is also 
ideal for foam insulation or baf-
fles due to its high damping capa-
bility at low stiffness and low 

density.
All Hydrin types are easily 

processed using standard equip-
ment and compounding tech-
niques based on the requirements 
of the finished product.
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