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Relaxation phenomena of automotive TPEs

By Abraham Pannikottu,
Jerry J. Leyden
and Michael 5. Fulmer
Akron Rubber Developmenl Laboralory Inc

Histerically, the use of thermoplastic
elastomers in severe service environ-
ments has been limited by TPEs' inher-
ent intrinsic properties.

The “sofler” grades of most TI’Es pos-
sess neither high temperature- nor
oil/solvent-resistance to displace the
thermoset elastomers that have domi-
nated severe service applications for
many years.
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With the development of newer ther-
moplastic materials and changing per-
ceptions, however, it is evident that
some TPEs, thermoplastic vulcanizales
and co-polyesters are finding expanding
markels in these environments as the
press toward TPEs with improved
heat- and solvent-resistance continues
to result in more resins in the market
place which are performance competi-
tive with TSEs.

One of the TSE mainstays has been
automolive engine compartment appli-
cations, particularly oil and transmis-
sion seals—applications “ofT limits™ for
conventional TPEs.

Increasing under-the-hood tempera-
tures have driven the upper end of the
required performance temperature win-
dow to 175° C for certain elastomeric
components.

TPEs continue to make inroads into
several underhood applications, usually
where specification requirements are
typically a maximum of only 125° C. At
the same time, seals in contact with
various fluids at these service tempera-
tures further eliminate a number of
TPEs from consideration for use as gas-
kets, O-rings and fluid-component seal-
ing applications.

Since both temperature and fluid ex-
posure in combination represent

Fig. 1. Compression stress relaxation
test Jig.
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In the sutomotive industry, the most w\de]y used techmque to predlct the
sealing capacity of gaskeling material is based on eompresa:un set dnu whn:h

is obtained after short-term aging in air or reference fluids.” -

This is an indirect measure of sealing capacity and can eas;ly be muleadmg

asa predu:tor of the 5ealmg performance of gaskets.

Recent increases in service temperature requirements along with the use of °

5G-grade motor oils have created the

need for a better means Jof meuun.ng

»

the long-term performance of gasket materials.* * " =l

This paper reports compression stress relaxation measurements on thermo-
plast.u: elastomer materials and how I.hene men_suremem.s comparo with com-

pression set data,

The report also outlines the trends oI‘ Lesnng gnsket. materla.la wnl'un the

parllcularly difficult challenges for TPE
materials in sealing applications, it be-
comes increasingly important to be able
to predict the performance of new res-
ins in both of these environments.

As the industry pursues the manufac-
ture of these improved resins,
appropriate performance evaluation
tools continue Lo evolve as well. Histori-
cal single-point material property char-
acterization lesting, e.g., stress-strain,
hardness and flexural properties, is
useful when altempting Lo predict the
life expectancy of a part, particularly in
severe service. The advent of computer
modeling and finite element analysis as
applied to thermoplastic parts is partic-
ularly useful in identifying localized
stress concentration areas, but is less
uselul when complicating and transient
environmental variables are intro-
duced.

For several years now, manufacturers
of high performance TSEs, including
Dow Corning STI and General Electric
Co., as well as automotive manufactur-
ers, most notably Ford Motor Co. and

automotive mdustn' and other sectors, . -

General Motors Corp., have been inves-
tigating the use of compression stress-
relaxation testing as a means of pre-
dicting the service life of TSE seals in
simulated service environments®®.
While most of this test work has em-
phasized higher service temperatures
(150° C and 175° C), other TSE and
TPE polymer manufactures, notably
Shell Chemical Co., AES and Zeon
Chemicals Inc., have developed an in-
terest in testing for compression
stress-relaxation at reduced tempera-
tures (70° C to 125° C).

Al the same time, the Society of
Automotive Engineers under the aus-
pices of its CARS subcommittee on
Long Term Aging, recently issued SAE
J2236 which deflines the continuous up-
per temperature limit for elastomeric
materials based on long-term aging per-
formance (1,008 hours)®.

Also forthcoming from Ford and GM
are specification performance standards
for automotive seals based on compres-
sion siress-relaxation testing, which

most likely will replace or be added to
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Fig. 4. Percent of retained sealing force.
Time 70°C 70°C 85*C 8s5C 100°C 100°C
Hours TPE #1 TPE #2 TPE #1 TPE #2 TPE ¢1 TPE #2
0.5 100.0 100.0 100.0 100.0 100.0 100.0
22 42.0 49.9 26.0 35.3 14.0 27.6
72 3ra 43.7 20.4 30.9 13.2 271
166 31.4 376 19.5 286 0.0 26.1
336 25.4 33.6 18.0 259 0.0 24.5
666 27.3 31.5 17.8 25.2 0.0 236
1000 25.2 ate 13.9 245 0.0 218
2000 25.4 ane 0.0 238 0.0 16.8
3000 25.6 .2 0.0 229 0.0 1.7

existing compression set testing re-
quirements (ASTM D 395). 1SO/BS
cumpression  stress-relaxation  stan-
dards have been in existence for some
tirne now??®,

Defining ‘severity’

The term “severe service” as applied
to elastomeric materials is commonly
associated with hostile temperatures
and chemical environments, either sin-
gly or more often in combination.

For the manufacturers of TPE compo-
nents for automotive underhood apph-
cations, the term “severity” varies
considerably, depending not only on the
environmental variables but on the
TPE polymer itself. In the family of all
TPEs, severity varies considerably.

Consequently, service life prediction
for an individual TPE should be made
only within near-rcasonable tempera-
tures and environments.

Accelerated aging

In 1990, Rapra Technology Ltd.'s R.P.
Brown'? conducted a survey on the sta-
tus of methods for accelerated durabili-
ty testing of polymers.

Input from 350 companies worldwide
was solicited. Rapra concluded in part
that, “.. normally single-point (tests)
are really only eﬁ'eclive as (qua]ity as-
surance) procedures ..." and that, “... for
thermal efTects, the only recugmzed pro-
cedure is Arrhenius.”

The classic Arrhenius equation,

{d In k¥dt=-(EA?), can be modified to:
log k = (E/2.303R} (I/T) + C

Where:

k = Specific activation rate

E = Activation energy for the reaction
R = Gas constant per gram molecular
weight

T = Absolute temperature in Kelvin

C = Mathematical constant

A straight line is produced when the
log of a specific reaction rate is plotted
against the reciprocal of absolute tem-
peralure since the above equation form
isy=mx+b

It has been empirically demonstrated
that many reactions double or triple
their rates for every 10° C. As a result
of both empirical observation and the

Continued on page 16
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above linearity, if une carefully chuoses
a meaningful property that relates to
service life, it's possible to predict per-
formance at extrapuvlaled temperatlures
based on observed results at several ac-
tual temperatures. This Lechnique has
been used successfully for many years
when dealing with thermoset elasto-
mers in severe environments'''¥,

Gasketing life expectancy

The automotive industry has focused
on the percent of retained sealing force
as a function of time as the multipoint
parameter for useful service life predic-
tion: When sealing force has decayed to
2.5 percent of the original sealing force,
the seal is considered to have failed.

The stress decay of polymer compo-
nents under constant compressive
strain is known as compression stress-
relaxation. The test measures the seal-
ing force exerted by a seal or O-ring un-
der compression between two plates
(See Fig. 1). It provides definite infor-
mation for the prediction of service life
by measuring the sealing force decay of
a sample as a function of time, temper-
ature and environment.

The ARDL test apparatus used for
the compression relaxation measure-
ments is the 1SO 3384 Wykeham Far-
rance device. This device measures the
counter force exerted by a specimen
maintained at a constant strain be-
tween two stainless steel plates inside
the compression jig.

The instrument has a variety of jigs
for accommodating test pieces or O-
rings up to 100 mm outer diameter.
Various service environments such as
liquid, gas, or a mixture of liquid and
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gas can be introduced into the stainless
steel compression jig and maintained
during agimg and Lesting. A typical
cross-section view of the compression
jig is shown in Fig. 2

A typical sealing force decay graph of
a TPE gasket is shown in Fig. 3. These
curves were nbtained at 25-percent con-
stant compressive strain at throe accel-
erated aging temperatures (70° C, 85° C
and 100° C). In this exumple, the speci-
mens were aged until an arbitrary
“failure point” for retained sealing force
is reached, i.e., when the sealing force
decays to 25 percent of the original un-
aged sealing force. Sealing force read-
ings may be found in Fig. 4.

Fig. 5 is the Arrhenius service life
plot from data obtained from the three
decay plots from Fig. 3. The abscissa is
the reciprocal of the absolule tempera-
ture, but for convenience, the equiva-
lent Celsius temperature is shown.

Compare the single-point compres-
sion set data on the two TPEs (Fig. 6)
with the multipoint compression
stress-relaxation curves (See Figs. 7,8
and 9). Note that TPE #2 does not total-
ly degrade at 100° C, but that TPE #1
does. This data partially explains origi-
nal equipment manufacturers’ prefer-
ence for the stress-relaxation data.

Besides elevated temperature testing,
the environment during compression
stress-relaxation also can be varied to
obtain data at low temperatures and/or
in corrosive, oxidative or fluid environ-
ments, An example of multi-media pre-
dicted service life curves from a recent
TSE study is shown in Fig. 10.

Compression stress-relaxation testing
is now underway at ARDL on a variety
of elastomeric seals in several “severe”
environments for 1,008-hour agings.
The results of a previous study were
given in Denver at the ACS Rubber Di-
vision meeting in May 1993.

Predictive testing
Data to date has shown two particu-
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Flg. 5. Arrhenlus service life prediction.
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Fig. 6. Compression set (ASTM D-385).
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Fig. 7. Compression stress relaxalion at 70° C.
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Fig. 8. Compression stress relaxation at 85° C,
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Fig. 9. Compression siress relaxation at 100° C.

100
904

804

701

601

501

40

304

% Sealing Force Helained

104

\

[--- TPE#1 —»— TPEij

3 Bunting, Dr. William M |
Duin, Jamer E, Tate, Alan L

Russell, William 1) |

| OIS0 Standard 3384, "Rubber, Vulcanized—De-
Shwum, Grogory N

ternination of Strens-Helsaation in Compression st

GE Siliconen, "Compression Stress Rela Amluent and i Flevated Temperatures,” ( 19461
C Teat for Exalonimsn of Sealunt Mate SIS0 Standard G056, " Hubber, Valenmred or
“ehirunry 14020 Thermoplastic= Determination of Compressiun
Al Specifiention WSE Stress Helnantimn  Raings )" i 19471

M2Dahu A one EVMQ Oayvgennted Il] Nruwn, H r.
Onidized, Fuel Hesmintant, High Strength, Low
Temperature Resistant. O Ring

5 Hader. Dr Charles P, et al, Munsanty Chenical
Ca (AES), "Compressinn Stress Relavation Beet ‘
Measure of Sealing Capncity,”
News, (Dec. 12, 1988

6. SAE J2236, “Standard Method fur Determining

Hapra Technology Lid | United
fStntus of Teat Methods for
Avevleraied Dur » Testing” Polymer Testing,
Nl 10019491, pp 3.30

11 Parker, Bruee G and Raines, Charles C., *New
 Life Prediction Technique Tests Seals in Severe
Bervice Enviconments,” Elaswmernics, tMay 1989,
pp 20-21

Rulitwr and Plastics

Continuous Upper Temprernture Resimbance of Elas 12 Huriey t . et al. Institute of Polymer
tomers,” 11992) SAE Warrendale, I'a Technalagy, U Apprasal of the Current Stan.
7. British Standard 1. durde for Streas 1ation messurementa in Com

oda of Teating Vulennized Rubiber Part A 42-Dever-
[RELN

n fur Rublbers,™
VIGHGY, pp KO duh

pre

i
I
|

part A4, 19K, “Meth. |
‘ Polymer Testing, Vol. 6

mination of Stress-Relaxation,”

T T T YT T

0
0.1 1

T T

T T 1Y

100 © 1000

Time, Hours

Fig. 10. Service life in severe environments.

1000000

2 yuan)

.
OICKE

[ Preoiciea Sernce Uik, v @ AT

OXIDATIVE

o S

1 0000

Service Lile, his.
g 8 B
T =TTl R TTT- A FTTT S T arWTT

o

HYDRAULIC

o
o

40 60 80

o
3

10 120 140 160 180

1/Temperature C

lar benefits from a TPE perspective:

* behavioral characleristics of ther-
moplastics under constant compressive
strain; and

* the concept of maximum service
temperature for TPE seals.

The thermoplastic behavior short
term is consistent with compression set
results obtained after short duration;
thereafter the retained sealing force
plateaus in contrast to TSE materials
which show progressive deterioration.

As expected, TPEs are more tempera-
ture-sensitive than TSE materials, with
a tendency to degrade beyond certain
temperature limits. While this is a
characteristic of thermoplastic mate-
rial, it can be used to establish the con-
tinuous upper temperature for a given
material application, particularly when
tested in the proper media.

Summary

Compression stress-relaxation is the
testing methodology currently being
used Lo assess performance and predict
the service life of thermoset elastomeric
seals in severe environments, and will
most likely replace the single-point
compression sel test on automoltive
material specifications.

As thermoplastic elastomer materials
are developed for more severe-service
applications, this testing methodology
can be used Lo predict service life for
TPE seals. It also can be used for com-
parative lesting against TPE controls
or other TSEs already being used in
particular application.

The life prediction methodology is
soundly based on continuous multi-
point stress-relaxation coupled with
classical Arrhenius aging. Screening
TPE materials utilizing this approach
yields insight into long-term perform-
ance iﬂ Bevere Envimnrncnls.
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