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Evolution of RPA test methods for industry
By John S. Dick
Alpha Technologies Inc.

The rubber process analyzer was introduced into the global rubber industry in
1992 by Monsanto (now Alpha Technologies Inc.) as an evolution from the closed,
sealed pressurized cavity, biconical die, rotorless curemeter referred to as the moving die rheometer MDR 2000 (now registered trade name of Alpha Technologies).
Fig. 1 illustrates this die design.
However, because of the innovative
new design of the RPA 2000 (Fig. 2), with
a direct drive system from a high tech robotic motor, this new instrument could

TECHNICAL NOTEBOOK
Edited by Harold Herzlich
vary the applied strain and frequency of
oscillation to the rubber test specimen in
order to function not only as a curemeter,
but also as a sophisticated polymer analyzer, processability tester and dynamic
mechanical rheological tester for aftercure dynamic properties.1
The development of various RPA test
methods and techniques occurred in
three separate stages as shown in Fig. 3.

Executive summary

The author

Since its introduction to the rubber industry in 1992, the rubber process analyzer has transitioned from mostly research and development applications, to factory
problem solving, and ultimately into nine standard ASTM and ISO methods for
day-to-day routine quality assurance applications.
This paper discusses the development of RPA methodologies and procedures to
more effectively characterize raw elastomers, measure and predict processability
of mixed stocks, analyze scorch and cure profiles, and predict the performance of
rubber products from measuring after-cure dynamic properties.
New techniques with the RPA also have been developed for special testing of
thermoplastic elastomers, natural rubber and cellular rubber. Also new procedures were developed to enable the RPA to be an effective cure simulator, a stress
relaxation tester and an apparatus to record uncured viscous heating and cured
heat buildup differences among rubber compounds.
With recent improvements in the range and precision of strain and frequency
sweeps, better predictions of high shear rate viscosities can be made through the
Cox-Merz rule, better prediction of state-of-mix is achieved through ASTM D6204
Part B (high strain), better predictions of the degree of silanization can be made
through improved, wider-range strain sweeps for the Payne effect and better classifications of incoming natural rubber shipments with the RPA through ASTM D7050.
Not only can the RPA be used to test anaerobic aging effects for rubber compounds,
but new techniques also have been developed for measuring aerobic aging effects.
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Fig. 4. Polymer characteristics that affect quality and processing.

Early R&D applications
Starting in 1992, rubber research and
development laboratories all over the
world began to use the RPA mainly for
low strain measurements (in the linear
viscoelasticity region) for characterization of raw elastomers in relation to their
average molecular weight, molecular
weight distribution (MWD), long chain
branching (LCB) and applying time-temperature superpositioning (TTS).
This testing was applied to both natural
and synthetic rubber. Fig. 4 shows various ways that raw rubbers can be characterized from low strain frequency sweeps.
For example, Fig. 5 shows how two
raw elastomers can be distinguished by
differences in molecular weight distribution even though they have the same average molecular weight.2
Fig. 6 shows how two polymers of the
same average molecular weight can be
distinguished in an RPA frequency
sweep because of differences in long
chain branching.3
Even different sources of natural rubber can differ in molecular weight distribution, which can be quantified in a low
strain frequency sweep that is within
the linear range for viscoelasticity as
shown in Figs. 7 and 8.4
These types of RPA test measurements
helped motivate the development of
ASTM D6204 Part A in the late 1990s for
measuring these rheological differences
within the linear viscoelastic region. In
fact, these same linear viscoelastic differences were also applied, using the Cox

Fig. 1. RPA die design.

Fig. 5. Comparison of two NBR polymers with different MWD by RPA frequency
sweep.

Fig. 2. RPA 2000 rubber process analyzer.

Fig. 3. Three stages of RPA applications development.

P013_RPN_20150810.qxp

8/5/2015

4:39 PM

Page 1

www.rubbernews.com

Rubber & Plastics News

●

August 10, 2015

13

Technical
Merz rule to measure shear thinning profiles for various mixed rubber compounds
as shown in Fig. 9.5
Also linear viscoelasticity measurements were made by the RPA with the
German Standard DIN 53 529 Part 2 as
shown in Figs. 10 to 12, using the Arrhenius equation to calculate different energy
of activation values (EA) for rubber compounds with differing curative packages.6
This was applied to calculate cure
equivalents in determining state of cure
profiles in tire curing studies as shown
in Fig. 13.7
Also with the programmable variable
temperature analysis features of the RPA,
this instrument can also be used as a cure
simulator for thick article cures such as
tires shown in Figs. 14, 15 and 16.
Also this thermal ramp capability was
standardized in ASTM D6204 Part C as
shown in Fig. 17.8
This standardized thermal ramp from
ASTM D6204 Part C has been used routinely to achieve better statistical test
sensitivity to subtle differences in scorch

times with such compounds that are
cured with different peroxide cure systems as shown in Fig. 18.9

Factory problem solving testing
with non-linear viscoelasticity
to solve Six Sigma problems
In the late 1990s, the RPA was found to
be invaluable in quality programs such as
Six Sigma in solving factory problems.
Very early in the Six Sigma process, it was
discovered that only the RPA tests, especially when applying higher strain amplitudes, could provide sufficient statistical
test sensitivity (by ASTM D6600) to detect
and provide the data for correction of
downstream quality problems involving
mixed stocks in the factory.
Even though high strain testing is by
definition in the non-linear viscoelastic
region, it still provided better statistical
test sensitivity in the factory to downstream quality problems that conventional low-strain RPA tests (in the linear
region of viscoelasticity) could not detect.
This high strain testing brought about

the development and routine use of
ASTM D6204 Part B (with an RPA applied strain of 100 and 200 percent). Fig.
19 from a Six Sigma project shows how
the 100 percent strain test condition for
the RPA can enable one to detect and predict a higher frequency of injection molding non-fills in downstream production.10
In addition, high strain testing in the
non-linear viscoelastic region proved very
useful with raw rubber sources as well.
From a joint study with the Rubber Manufacturers Association (RMA), it was found
that higher strain test conditions with the
RPA were necessary in order to distinguish important quality differences among
See RPA page 14
Fig. 6. Comparison of BRs with different LCB but similar MWD.

Fig. 7. MWD of natural rubber.

Fig. 8. RPA G” response from frequency sweep of NR samples with different
MWD.

Fig. 10. Conversion variable.

Fig. 9. RPA shear thinning, compare viscosity at low and high shear rates.

Fig. 11. Conversion curve.

Fig. 12. Arrhenius plot.
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RPA
Continued from page 13
quite different sources of natural rubber.
Just running low strain tests with the
RPA did not make these distinctions.
These very high strain measurements

(elastic torque S’ and tan ␦) definitely predicted very well which natural rubber
source would give better carbon black dispersion during internal mixing. This ultimately resulted in a new ASTM method
for sorting NR shipments (ASTM D7050),
as shown in Figs. 20 and 21. Also RPA
high strain testing was found to be better
than conventional low strain RPA testing

Fig. 15. Time-temperature profiles from thermocouple studies of two different passenger designs.

as was discovered in an ASTM study.11
Earlier studies comparing capillary
rheometer measurements of 14 quite different tire compounds (carcass, tread, wire
coat, black sidewall, apex, innerliner, etc.)
vs. RPA measurements at steadily increasing strain amplitude found that the correlation coefficient constantly improved with
higher applied strains (Figs. 22 and 23).12, 13
In addition, RPA high strain testing
measures the effects that different
structured carbon blacks have on a rubber compound compared to using lower
strains. On the other hand, the lower
strain RPA measurements are much
more sensitive to subtle differences in
the carbon black’s surface area (particle
size) as can be seen in Fig. 24.14, 15
So even though high strain testing is

commonly conducted in the non-linear
viscoelastic region, it has been found to
give superior statistical test sensitivity to
real differences in mixed factory stocks
as well as raw rubbers.
However, the accuracy of the linear viscoelasticity from low strain measurements
is necessary for successful applications of
time-temperature superposition (TTS),
Cox Merz rule or finite element analysis.16, 17, 18

Faster after-cure dynamic properties
Fast and effective after-cure dynamic
properties, such as elastic modulus (G’),
loss modulus (G’’) or tan ␦ can be very
important in predicting the satisfactory
performance of many rubber products.
With the introduction of the RPA in the
1990s, these properties could be obtained

Fig. 13. Distribution of cure equivalents (351°F Base).

Fig. 14. Tire cross section.

Fig. 16. RPA VTA from No. 1 time-temperature passenger tire profile.

Fig. 17. Ramped transition in an RPA
test configuration.

Fig. 19. Comparison of test sensitivity to two different mixing campaigns.

Fig. 18a. Effects of various coagents
on the VTA cure curve for CPE compound with DCP.

Fig. 18b. Effects of various coagents
on the isothermal 150°C cure curve
for CPE compound with DCP.
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at standard temperatures of 60 or 100ºC
after being cured at low strain in the RPA
at a standard cure temperature such as
180ºC. By the year 2000 these after-cure
tests were standardized in ASTM D6601
shown in Fig. 25 below.19
This test has proven to be very useful
over the years in both tire applications
(Fig. 26) as well as non-tire applications
(Fig. 27).20, 21 These tests are used routinely throughout the rubber industry to ensure that new mixed rubber stocks can

provide the dynamic properties needed for
rubber product performance whether it is
needed for tires, V-belts, golf balls, isolators, dampers, bushings or conveyor belts.

RPA dynamic properties of
aerobic aged vulcanizates
This RPA methodology was developed
with parallel plate dies because after these
specimens are cured, they actually can be
removed from the instrument and aged in
an air oven for given time increments after

Fig. 23. Correlation coefficient changes for MPT vs. RPA strain.

which these specimens are reinserted into
the RPA to determine the change in dynamic properties from the established
baseline as shown in Figs. 28 and 29.22
This RPA test methodology is applied
to measuring the dynamic property
changes brought about from oven post curing of compounds based on specialty elastomers such as FKM, silicone and ACM or
the air oven aging of compounds based on
conventional general purpose elastomers
such as natural rubber or SBR.
Also, RPA techniques have been developed to test some rubber compounds
for dynamic aging as shown in Fig. 30.23

RPA testing of TPEs

Fig. 22. CR @ 100 sec-1 vs. RPA for different tire compounds.

Fig. 20. Natural rubber.

In 2010, new methodologies were developed for testing different thermoplastic
elastomers (TPEs) and especially thermoplastic vulcanizates (TPVs). A new ASTM
procedure (now ASTM D7605), based on
parallel plate technology was published in
2011. TPE and TPV viscosity and shear
thinning profile comparisons from RPA
testing are shown in Fig. 31.24
Also, Fig. 32 presents a master curve
of TPEs and TPVs showing differences
in polymer melt flow properties vs. dynamic properties of the same polymers
in the congealed solid state.
See RPA, page 16

Fig. 24. One RPA test, two conditions give both carbon black particle size and structure.
Fig. 21. RPA high strain comparison of two NR sources with same Mooney viscosity.

Fig. 25. Typical after cure dynamic property configuration.

Fig. 26. RPA comparison of SBR 1006 vs. 1013 in tire tread temperature sweep.

Swimming upstream
is something we
actually enjoy.
It’s been said that solving processing
problems is a lot like swimming upstream.
It’s hard work, and not all companies are
comfortable doing it or are even capable of
doing it. But we are. We offer an outstanding
level of technical service and support to
solve your problems, and we enjoy doing it.
So test the waters and give us a call.

AKRON DISPERSIONS
Co-Organizer of the
IN T E R N AT IO N AL L AT E X CONF E RE NCE
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Direct measure of stress relaxation
with RPA.

Also in 1995, three separate techniques
were developed to measure the cure/blow
balance shown in Figs. 35 and 36. These
RPA testing methods are very important
to the sponge rubber industry.26

In 1994, software was developed that
would allow the RPA to directly measure
stress relaxation of either a raw elastomer or a mixed stock. Stress relaxation
tests can sometimes characterize very
high molecular weight elastomers better
than a conventional frequency sweep.
This particular test is sensitive enough to
be used for testing raw elastomers as well
as mixed stocks (giving a better characterization of the ultimate state of mix than
Mooney Stress Relaxation can give). This
new method conforms well to ASTM D6048.
Fig. 38 demonstrates the application of
stress relaxation in measuring branching in
raw elastomers.29

Directly measuring viscous
heating and heat buildup with RPA

Payne Effect to measure silanization
reaction for silica tire treads

Special methods were developed using
the RPA to directly measure the viscous
heating of a rubber compound that would
result from processing a given uncured
rubber compound in the factory as well
as measuring the resulting heat buildup
(hysteresis) of corresponding cured specimens which relate to dynamic product
performance. Fig. 37 shows the different
levels of uncured viscous heating and
cured heat buildup that can be directly
measured with an RPA for different model rubber compounds containing different
fillers as shown in Fig. 37.27,28

With the development of the new
“green tire treads” for lower rolling resistance without significant loss in wet traction and tread wear, typically 80 parts of
a precipitated, hydrated silica must be
silanized with an organosilane in the final
stages of mixing in an in-situ silanization
reaction as shown in Fig. 39.30
If the silanization reaction is effective,
then the elastic modulus (G’) of the
Payne Effect will be reduced. So this is
another method for quantifying the extent of completion for the silanization

Continued from page 16

Testing liquid elastomers
Using RPA, techniques were developed
in 1996 to test liquid rubbers such as polyurethanes, silicones, polysulfides and certain liquid rubber adhesive compounds.
Figs. 33 and 34 illustrate this type of test.25

Testing cellular rubber

Fig. 27. Comparison of cured tan ␦ at different strains for treated vs. untreated
fumed silica.

Fig. 28. Changes in dynamic properties after cured and aerobic aged vulcanizates.

Fig. 33. Testing liquid rubber.
Fig. 29. Air oven aging.

Fig. 30. Rise in RPA tan ␦ for two different silicone rubber compounds after intervals of RPA dynamic aging.
Fig. 32. Master curve of TPEs and TPVs showing differences in polymer melt flow
properties vs. dynamic properties of the same polymers in the congealed solid state.

Fig. 31. EPDM/PP TPV test series, APA frequency sweep of melt at 215°C, 7 percent
strain.

Fig. 34. Comparison of addition curves for liquid silicone at different temperatures.
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reaction. Fig. 40 gives the master Payne
Effect curves for both the initial very
low strain sweep of the uncured compound and the followup aftercure strain
sweeps that measure this effect in the
cured state in two consecutive after cure
strain sweeps, which also measure the
modified Mullins effect as well.

9 ISO/ASTM standardized RPA tests
Over the course of the last two decades,
nine standard ISO or ASTM test methods
have been developed, all of which can be
directly performed by the RPA 2000 by Alpha Technologies (Table 1).31

Conclusion
Over the last 20 years, the RPA has
evolved into an extremely useful and versatile instrument essential in modern day
research and development, problem solving and meaningful quality assurance in
the global rubber industry today. As a result, there are now nine standard ISO and
ASTM methods that have been established
to date and more new methods being developed for the immediate future.

247, No. 6, p. 30
7. J. Dick, “Variable Temperature Analysis puts Quality
to Test,” Rubber and Plastics News, Nov. 3, 2008, p. 14.
8. J. Dick, T. Liotta, “New Useful ASTM Test Methods and Standards Now Available Internationally,”
Rubber World, Vol. 229, No. 4, Jan. 2004, p. 30.
9. J. Dick, E. Norton, “Cure Kinetics and Variable Temperature Analysis Methodologies for Solving Factory
Problems,” Rubber World, March 2013, Vol. 247, No. 6,
p. 30
10. J. Dick, M. Ferraco, K. Immel, T. Mlinar, M.
Senskey, J. Sezna, “Utilization of the Rubber
Process Analyzer in Six Sigma Programs,” Rubber
World, Jan. 2003, p. 32
11. J. Dick, C. Harmon, A. Vare, “Quality Assurance
of Natural Rubber Using the Rubber Process Analyzer” Polymer Testing, 18 (1999) 327-362
12. J. Dick, H. Pawlowski, “Applications for the
Rubber Process Analyzer,” Parts 1 and 2, Rubber
and Plastics News, April 26 and May 10, 1993
13. J. Dick, H. Pawlowski, “Rubber Characterization by Applied Strain Variations Using the Rubber
Process Analyzer,” Rubber World, Jan. 1995
14. J. Dick, J. Sezna, “Tests Characterize, Control Carbon Black in Tires,” (Part 1 and 2), Rubber and Plastics
News, Nov.1, 2004, p. 14 and Nov. 15, p. 16.
15. J. Dick, H. Pawlowski, “Applications of a New
Dynamic Mechanical Rheological Tester in Measuring Carbon Black and Oil Effects on Rubber Compound Properties,” J. of Elastomers and Plastics,
Vol. 27, Jan. 1995)
16. J. Dick “Comparison of Shear Thinning Behavior using Capillary and Rotorless Shear Rheometry,” Rubber World, Jan. 2002, p. 23.

Fig. 35. Special shim plate placed
around lower die of MDR-P.

Fig. 40. Master curve of both the uncured and cured G’ response for Series 1 silica
tread variations.

Table 1. Test methods developed by Alpha Technologies.

Fig. 38. Effects of branching on stress
relaxation.

Fig. 37. Comparison of RPA at from viscous heating and cured buildup.

See RPA, page 22
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ContiTech
Continued from page 1
when ContiTech purchased Veyance
from private equity firm Carlyle Group
in January, there was some apprehension, as there usually is with any acquisition. That quickly was replaced by the
realization that this was an opportunity
for the firm to grow.
“We’ve gone through a lot of ups and
downs, good times and tough times,” according to Hill, a 27-year veteran of
Veyance and Goodyear Engineered Products. Becoming part of Continental and
ContiTech creates some stability for employees, he said.
“The fact that it’s a large international rubber company that does a lot of other things gives people the feeling the
company has a good future long term,
it’s going to have a good strategic direction, and they can be part of that. I
think it’s a positive thing, and they look
very favorably upon it.”

ico, along with several facilities overseas.
“Of all the regions in the world with
the largest potential, North America
was one where ContiTech was probably
underrepresented from an engineered
products standpoint,” Hill said. “Then,
with one stroke of the pen, they became
one of the leaders, if not the leader, in
North America.”
For ContiTech North America, the acquisition opens the door for greater
growth at its plants in North America.
“ContiTech has a saying that they want to
be in the market for the market,” he said.
“That means, from a sales standpoint,
they want to have their sales people here
but they also want to manufacture and
distribute the products in the market.
“They will export from one country to
another when required, but if they’re in
the market, they want to be in the market for the market and take care of it.”
He said he already has been in on
some discussions dealing with the possibility of additional capital investments
at two plants in the NAFTA region, including Mexico and Canada, although
he did not specify which factories were
under consideration.

“In our previous
life, we had gone
year to year, but
this is more
about, ‘What do
we want to be
when we grow
up tomorrow?’ ”
Jim Hill

Short-, long-term views
Goodyear sold Veyance to Carlyle in
2007. During the next seven years,
Veyance experienced a lot of belt tightening and some growth. But Carlyle had a
short-term view. Hill noted, however, that
Carlyle did help the company improve.
“The private equity model is to buy a
company, then add to it as quickly as
possible, which they did with us, because we had a series of acquisitions
within the first couple of years,” he said.
“Then they worked to turn over their
portfolio. Ours took a little bit longer to
find the right buyer, but I think we did.”
When ContiTech closed on its purchase of Veyance in January, it was a

Brand name change
RPN photo by Mike McNulty

welcome and a positive change, Hill
said. Employees “embrace it, and they
want to be part of a process like that.
It’s great to be part of a strategic company and begin to look long term again
and plan long term. In our previous life,
we had gone year to year, but this is
more about, ‘What do we want to be
when we grow up tomorrow?’
“To become integrated in that process
is refreshing for all of us and kind of
gets our creative thought processes go-

ing again.”
One principle ContiTech brought
fourth, he said, is that the acquisition was
aimed at growth and not consolidation.
Every capable person at Veyance was
offered a job within ContiTech—“maybe
a slightly different position with slightly
expanded responsibilities”—and virtually everyone has taken the firm up on the
opportunities, he said.
Hill acknowledged the transition to
ContiTech is not complete—but there’s a
lot involved, and things are coming together relatively quickly. He noted there
is a lot of contact with ContiTech’s headquarters in Hanover, Germany.

‘One stroke of the pen’
For ContiTech, the acquisition of
Veyance should pay off in a number of
different ways. The most apparent is
what it will do for the firm in the NAFTA region where before the purchase,
the firm did not have a high profile.
It did not have a full-blown headquarters in the region previously. It had a
handful of small offices scattered around
the U.S.
But with the business it acquired, Hill
said, ContiTech now has a large central
hub with a research and development
center in Fairlawn. Many of the functions
ContiTech would need in order to grow in
a region are already at the Fairlawn complex, he added, so it made sense to keep it
and stay in Northeast Ohio.
It also picked up numerous plants
spread across the U.S., Canada and Mex-
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ContiTech North America has launched
a massive “more is here” campaign over
the last month, Hill said, and it’s following that up with another advertising campaign to advertise the change to the Continental ContiTech brand.
Getting the word out to distributors
and some larger end users has been easier because its field sales organization
calls on them directly. Reaching the
next level of the supply chain—its customers’ customers—has been more difficult, and another ad campaign is in the
works. “We’ll continue to advertise the
brand change on behalf of our distribution network,” he said.
Like any business, ContiTech North
America has a larger share in some
markets than others. Hill estimated
that, generally speaking, Veyance was
in one of the two top spots in virtually
every segment it serves before becoming
part of ContiTech. Since then, he figures, it has been strengthened further.
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