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The Rubber Process Analyzer, or RPA, 
evolved from the Moving Die Rheometer 
(MDR) in 1992.1,2.

The RPA introduced in 1992 by Mon-
santo (now Alpha Technologies) has the 
same die design that the MDR has, ex-
cept the RPA has a high tech direct 
drive robotic motor and computer con-
trolled forced air cooling. This allowed 
the RPA to function not only as a rotor-
less curemeter, but also as an effective 
Dynamic Mechanical Analyzer (DMA) 

for raw rubber characterization and QA, 
as well as a processability tester for un-
cured mixed stocks in the factory, and 
as after-cure dynamic properties of final 
mixed stocks (containing curatives).  
Fig. 1 shows the Premier-brand RPA, 
marketed by Alpha Technologies.

Over the last 20 years, much work has 
been performed in the ASTM task 
groups of D11.12 Subcommittee on Rub-
ber Processability Measurements with 
the RPA. As a result, nine new stan-
dards have been developed and routinely 
used by the rubber industry to test dif-
ferent raw elastomers and measure and 
control compound masterbatches and 
finals, with curatives, from various 
mixing processes all over the world.3,4,5 

Those standards are: 
1. ASTM D5289: The original MDR 

curemeter standard on which a signifi-
cant amount of modern day RPA tech-

nology is based.
2. ASTM D6204 Part A: Simple 1 point 

per decade frequency sweep at ±7 percent 
strain (usually in the linear viscoelastic 
range) at 100°C for testing either raw 
rubbers or mixed stocks in the factory.

3. ASTM D6204 Part B: Simple 2 
point frequency sweep at 0.1 and 1 Hz at 
±100 and/or ±200 percent strain at 100°C 
for testing in the non-linear viscoelastic 
range for either raw rubber or mixed 
stocks in the factory.

4. ASTM D6204 Part C: A variable 
temperature analysis (VTA) thermal 
ramp typically from 100 to 180°C, for 
better test sensitivity to changes in 
scorch safety for “finals” (uncured com-
pounds containing curatives).

5. ASTM D6601: An isothermal cure 
test followed by one or two back-to-back 
strain sweeps to measure quickly cured 
dynamic properties of the rubber com-
pound at a lower temperature.

6. ASTM D7050: Consisting of high 
strain sweep tests to quickly distinguish 
the differences between “tough” natural 
rubber and “soft” natural rubber.

7. ASTM D6048: A stress relaxation 
test for quickly determining the state-
of-mix of a mixed stock or viscoelastic 
characterization of raw rubber in re-
gards to AMW, MWD, LCB, and gel.

8. ASTM D8059: Using the RPA with 
Extended Dynamic Range (EDRTM), af-
ter a conditioning time, starting with a 
very low applied strain at ±0.07 percent 
and increasing quickly to ±300 percent, 
measuring the Payne Effect for quickly 
determining the state-of-mix and percent 
dispersion of a rubber compound filled 
with a colloidal particle size filler such as 
carbon black or precipitated silica.

9. ASTM D7605: Using the RPA with 
parallel plate dies to measure both the 
processing characteristics and con-
gealed properties of thermoplastic vul-
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canizates (TPVs) and thermoplastic 
elastomers (TPEs).

Discussion
ASTM D5289 was developed in the 

late 1980’s to describe the testing condi-
tions of the new MDR curemeters, which 
were replacing the older oscillating disc 
rheometers (ODR described in ASTM 
D2084), which were being phased out 
because of the technical advantages of 
the MDR over the ODR.6 According to 
this standard, the frequency is specified 
as 1.67 Hz (100 cpm) as a preference.  
The strain preference is ±0.5 degree arc 
(±7 percent) and the recommended cure 
temperature is compound dependent.

Experience has shown that the higher 
the cure temperature means the shorter 
the cure test, but the poorer the statisti-
cal test sensitivity, according to ASTM 
D6600.7

The Alpha Technologies RPA has 
identical die design with the MDR. 
Therefore, the RPA, when run as an 
MDR, has been found to have better re-
peatability and reproducibility than the 
original MDR itself gave. We know this 
because of previously performed ASTM 
Interlaboratory crosschecks as mea-
sured by ASTM D4483. So running an 
RPA as an MDR via ASTM D5289 
makes the RPA perform as an MDR, but 
better than the MDRs.

ASTM D6204 Part A was the first 
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Over the last 25 years, many new ASTM Standards using the Rubber Process 
Analyzer have been developed in ASTM International, accepted as new test stan-
dards, published, and used extensively all over the world as routine RPA rubber 
tests. Many times, the test configurations for each of these new ASTM RPA stan-
dards already are present in the software of the individual RPA units, ready to be 
brought up by the specific ASTM number. Sometimes only minor adjustments in 
test times and temperatures are needed before new testing is started.

Some of these established RPA ASTM Tests are ASTM D6204, Part A, for low 
strain processability testing; ASTM D6204, Part B, for high strain processabil-
ity testing; ASTM D6204, Part C, a variable temperature analysis for better 
characterization of curing properties; ASTM D6601, for in-situ curing and 
measurements of after-cure dynamic properties; ASTM D6048, for measuring 
stress relaxation of raw rubber or rubber compounds; ASTM D7050, for classi-
fying natural rubber regarding processability; ASTM D7605, for characterizing 
TPEs and TPVs; and ASTM D8059, for using the Payne Effect to measure the 
quality of mix involving carbon black and/or silica.

Each of these methods are reviewed and compared.

Executive summary

 Fig. 2: Cure transitions. 

Fig. 1: Premier RPA, Alpha Technologies.
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standard developed by ASTM especially 
for the RPA. It was designed to quickly 
measure important characteristics of 
raw rubbers as well as processing char-
acteristics of mixed rubber compounds. 
This test initially was designed to be 
relatively fast in order to be used effec-
tively in quality assurance work. Of 
course, it also can be used in research 
and development as well.

The standard calls for one viscoelastic 
measurement per logarithmic decade, 
which is good and practical for QA. 
However, commonly these measure-
ments have been expanded to three per 
decade or 10 measurements in total. 
Preconfigurations of 10 measurements 
at ±7 percent strain and 100°C are com-
monly used by Alpha Technologies as 
POLYMER1 Configuration.

ASTM D6204 Part A performs rheo-
logical tests at ±7 percent strain to stay 
well within the linear viscoelastic re-
gion. Testing within this linear region 
provides more accurate measures of vis-
coelastic properties, which conform bet-
ter to the principles of time-temperature 
superpositioning as well as the Cox 
Merz rule and better applications for fi-
nite element analysis (FEA).

ASTM D6204 Part B is somewhat like 
Part A except it is strictly performed at a 
much higher applied strain of ±100 per-
cent (or even ±200 percent). Test results 
and industrial experience have shown 
that while high strain testing is not in the 
linear viscoelastic region, it can be much 
more sensitive to subtle quality differenc-
es than linear viscoelasticity can be.8,9

Many times using high strain testing 
provides the statistical test sensitivity 
(measured by ASTM D6600 or signal to 
noise ratio) that is necessary to solve 
many Six Sigma problems in the factory.  
Commonly 100 percent strain is used; 
however, 200 percent strain gives even 
better discernibility. Because neither 
Part A nor Part B require very much 
testing time, usually both Part A and B 
are run together in the same test.

ASTM D6204 Part C is performing a 
cure test with the Variable Temperature 
Analysis, or VTA feature of the RPA.  
Usually it consists of starting at a typi-
cal processing temperature of 100°C and 
linearly ramping the temperature up to 
190°C within 2 to 8 minutes, depending 
on how it has been programmed. In ap-
plying a thermal ramp instead of a tra-
ditional isothermal cure, one can better 
measure processability properties and 
subtle scorch time differences.

Also in our discussions of parts A, B, 
and C of ASTM D6204, it should be not-
ed that these different parts can be pro-
grammed to run in the following combi-
nations:

A
B
A, B
A, B, C
A, C
B, C
C
It is very common for both A and B to 

be run together in the same test because 
neither A nor B require very much time 
to complete. The normal order of testing 
with the RPA is to run the least severe 
(lowest applied strain) first, followed by 
the more severe test afterwards.

ASTM D6601 was developed to estab-
lish a standardized method with the 
RPA to measure after-cure dynamic 
properties. This method calls for an in 
situ cure at 140, 160 or 180°C for the 
appropriate cure time (depending on the 
rubber compound being tested), followed 
by one or more after-cure strain sweeps 
to either 100 or 60°C.

Measuring cured dynamic properties 
at temperatures well below the cure 

temperatures is important in order to 
have better predictions of rubber prod-
uct performance while in service. So in a 
production environment, this ASTM 
test can provide quality assurance in 
real time in the factory, where there is 
the possibility of taking corrective ac-
tion quickly, if need be.

One benefit of the RPA is forced air 
cooling, which allows data to be avail-
able more quickly. For many non-tire 
applications, just dropping the tempera-
ture down to only 100°C is sufficient.  
However, for passenger tire production, 
dropping the temperature down to 60°C 
might be more appropriate.

With a drop in temperature after cure, 
the rubber samples contract. Too much 
contraction can result in mechanical 
“slippage,” which would negatively affect 
test results. One of the most extensive 
ASTM statistical precision statements 
(eight pages) was generated for af-
ter-cure dynamic properties and pub-
lished in this D6601 standard using 
three different rubber compounds.

Commonly, when running this ASTM 
test on the RPA, there are “back-to-
back” strain sweeps programmed to 
measure both the Payne Effect (strain 
softening effect} and a modified “Mul-
lin’s Effect” as well.10,11

ASTM D7050 gives a procedure of us-
ing ASTM D6204 Part B with the RPA 
for segregating “soft” natural rubber 
from “hard” (or “tough”) natural rubber 
in the rubber factory. That is done so that 
the hard NR (typically with higher gel 
and greater “nervy” quality) can more 
effectively be used to achieve higher 
shear rates in the mixing of hard to 
disperse carbon blacks with very high 
surface area, but relatively low structure.

On the other hand, the “soft” natural 
rubber may blend better with “soft” 
synthetic rubbers in factory mixing op-
erations. So utilizing ASTM D7050 with 
the RPA is a very fast and effective way 
to segregate natural rubber bales.

ASTM D6048 is simply a stress relax-
ation test using the RPA to characterize 
raw rubber samples and predict process-

 Fig. 3: Polymer characteristics that affect quality and processing.

 Fig. 4: Comparison of test sensitivity to two different mixing campaigns.

 Fig. 5: Ramped transition in an RPA test configuration.

See RPA, page 20
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ing performance of a mixed, uncured 
rubber compound. With this method, a 
pulse deformation under shear is applied 
to the rubber sample while the stress 
relaxation is measured.

The stress relaxation test at least theo-
retically can be a faster method to mea-
suring viscoelastic properties than the 
typical sinusoidal measurements used in 
ASTM D6204. A steep rate of drop in 
stress relaxation is analogous to a rela-
tively high uncured tan δ from ASTM 

D6204 measurements. The Dynamic 
Stress Relaxometer (DSR) measures pro-
cessability through stress relaxation. So 
the RPA can measure this property also 
through either stress relaxation or sinu-
soidal measurements.12

ASTM D8059 is the newest process-
ability test developed. It was developed 
as a very effective way of measuring 
both carbon black and precipitated silica 
mixing in rubber. Only RPAs capable of 
measuring accurately at very low 
strains of ±0.07 percent strain should be 
used to perform this test. If the RPA is 
not capable of measuring at this low 
strain, there will be a very large data 
shift and a large increase in variation of 

measurements.
This method is designed to measure 

the Payne Effect (strain softening effect) 
of rubber compounds containing very 
fine particle size precipitated silica or 
carbon black. If these rubber stocks 
have these fillers poorly dispersed, then 
the particle-particle interaction will be 
stronger and the resulting Payne Effect 
also will be greater.

In the factory, by applying more work 
history to the mix, the resulting filler 
dispersion is improved and the Payne 
Effect is reduced. Therefore, ASTM 
D8059 allows for a fast and easy method 
to measure this Payne Effect and the 
state-of-mix of the batch. With this 

method, after the short precondition 
time test of ±0.07 percent, at 0.1 Hz and 
70°C, a relatively fast strain sweep from 
only ±0.07 to ±300 percent at 1 Hz and 
70°C is performed.13,14,15

With all the concerns regarding prop-
er dispersion of carbon black and espe-
cially precipitated silica, this new ASTM 
test is becoming more popular.

ASTM D7605 is the standard devel-
oped using RPA technology to quickly 
and precisely measure both the process-
ability and congealed dynamic proper-
ties of TPVs and TPEs. Both process-
ability of the polymer melts and the 
dynamic properties of the congealed 
state can be measured with special par-
allel plate dies. As is well known, these 
thermoplastic elastomers process more 
like plastics rather than conventional 
rubber compounds. Nevertheless, this 
ASTM method with parallel plate dies 
can provide a lot of information quickly 
about TPEs.16,17

Advantages of ASTM tests for  
different property measurements

The following is a discussion regarding 
which of these ASTM RPA standards are 
best suited to measure the wide variety 
of different property measurements per-
formed everyday in the rubber industry.

Raw rubber properties
To relate to raw polymer properties 

such as average molecular weight (AMW), 

 Fig 6: ASTM D6601.

 Fig. 8: ASTM D6048.

 Fig. 7: ASTM D7050.

RPA
Continued from page 19

 Fig. 9: Effects of increasing mixing time on measured Payne Effect curves for 
 Banbury mixing of SBR 1500 and N330 carbon black.

 Fig. 10: Master curve of the G’ response from the polymer melt at 215°C to congealed 
solid at 60°C.

 Fig. 11: Comparative advantages of different ASTM RPA tests for raw rubber measurements.
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molecular weight distribution (MWD), 
long chain branching (LCB), and gel, 
usually the preferred standard to use is 
ASTM D6204 Part A, which is well within 
the linear viscoelastic range.

Also, ASTM D6048 (stress relaxation) 
is a good alternative as well. For mea-
suring and distinguishing the differenc-
es in toughness for bales of natural rub-
ber, ASTM D7050 was specifically 
created, which uses ASTM D6204 Part 
B at high strain (where statistical test 
sensitivity is better).

Testing mixed stocks in production
In measuring the quality of mix from a 

mixing operation in relation to the effects 
of total work history (kWh/Kg), mastica-
tion, wetting and incorporation of fillers, 
percent dispersion of colloidal particle size 
fillers (such as carbon black and/or silica), 
and dispersion of larger particle size dilu-
ent fillers such as clay and whiting, it is 
generally recommended that high strain 
testing with ASTM D6204 Part B is gener-
ally effective. In addition, good measure-
ments of stress relaxation (ASTM D6048) 
also can work.  Some specifically measured 
state of mix for fully reinforcing carbon 
blacks or precipitated silica, commonly are 
measured by the Payne Effect through 
ASTM D8059, which can be most effective.

Testing cure properties of finals
For routine measure of cure properties 

for a final mix (such as minimal torque, 
scorch time, cure rate, state of cure, re-
version, marching modulus, etc.), just 
running ASTM D5289 should be fine.  
Usually a selection of a lower cure tem-
perature will provide better statistical 
test sensitivity while a higher cure tem-
perature requires less testing time.

This same information can be mea-
sured with ASTM D6601, but the af-
ter-cure dynamic properties also can be 
measured in the same test. However, if 
greater statistical test sensitivity is re-
quired for scorch measurements (such 
as with peroxide cures for example), 
ASTM D6204 Part C (with the thermal 
ramp) should be considered.

Vulcanizate dynamic properties
Generally, ASTM D6601 is the only 

RPA test that can measure both the 
cured hardness and the cured damping 
quality (tan δ) at a temperature well be-

low the curing temperature. While 
ASTM D5289 can measure these dy-
namic properties as well, they are only 
measured at the cure temperature, 
which many times is too high a tempera-
ture to be relevant to product perfor-
mance.

Extrudability of rubber compounds
In general, controlling extrusion 

rates, dimensional stability (die swell), 
green strength, smoothness of extru-
dates, etc. is best attempted with ASTM 
D6204 Part B at higher strains such as 
±100 or ±200 percent. It is possible that 
stress relaxation (ASTM D6048) could 
also be used; however ASTM D6204 
Part B might be better.

 Fig. 12: Comparative advantages of different ASTM RPA tests for mixed stock measurements.

 Fig 13: Comparative advantages of different ASTM RPA tests for cure properties of final batches.

 Fig 14: Comparative advantages of different ASTM RPA tests for cured dynamic properties.

 Fig. 15: Comparative advantages of different ASTM RPA tests for factory performance parameters.

 Fig. 16: Comparative advantages of different ASTM RPA tests for testing of TPVs and TPEs.

See RPA, page 22

Custom MixingRubber & Plastics News SPECIAL REPORT



22  Rubber & Plastics News  •  February 24, 2020  www.rubbernews.com

Injection molding
Many times, if the compound viscosity 

is too low, then porosity problems in the 
rubber part might result. Likewise, if 
the compound viscosity is too high, then 
“non-fills” can result. One of the better 
ways of measuring compound viscosity 
is to perform ASTM D6204 Part B at 
high strain. For mold shrinkage prob-

lems, one also could consider running 
ASTM D6601 to measure dynamic 
properties at a lower temperature.

Calendering
For good consistent results in a calen-

dering operation where you are trying to 
avoid “blisters” and perhaps improve 
release, you want to be able to measure 
and control both the viscosity and nervi-
ness of the compound. Once again, 
ASTM D6204 Part B at high strain can 
effectively measure viscosity and un-
cured elasticity as well. 

TPE/TPV properties
For good characterization and process 

performance predictions for various 
TPE and TPV resins used in production, 
ASTM D7605 with parallel plate dies is 
recommended.

Conclusions
1. We now have a wide diversity of 

ASTM RPA methods to work with in the 
testing of raw rubbers, masterbatches 
and final batches for effective quality 
assurance in the rubber industry.

2. Because of the diversity of ASTM 

RPA methods now available, we have 
better, more effective tools to investigate 
and solve many production problems.

3. This diversity of ASTM RPA Stan-
dards also is very helpful in the develop-
ment of new rubber compounds for better 
processing and performance in manufac-
turing.
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and president until Fryklund and Hex-
pol parted ways Feb. 14—asking “Can 
you talk?” 

It turns out Garrison had plans to 
leave Hexpol at the end of 2019 to become 
CEO of Geon Performance Solutions.

After some negotiating and a whirl-
wind trip to Sweden to meet board 
members, Bloom’s six-month exile from 
the rubber industry ended when he took 
Garrison’s post as president of Hexpol 
Compounding Americas on Jan. 1.

Life leading to rubber   
Bloom is an engineer by training, 

working in multiple businesses through-
out the years. He started with an entry 
level job in aerospace, working for jet 
engine manufacturer Pratt & Whitney. 
Then he went into building products in 
the polyvinyl chloride construction sec-
tor, focusing on vinyl windows, doors 
and siding, among other goods.

That was followed by a stint in the 
packaging world before going back into 
building products with Cleveland-based 
Associated Materials, a large, vertical-
ly-integrated maker and distributor. He 
worked there about six years, before the 
business was sold and he left in 2006.

Bloom came into the rubber business 
in 2006 when he joined Preferred, owned 
at the time by private equity firm Wa-
termill Ventures. At the time, Preferred 

was doing $30 million in sales with one 
location in Barberton, Ohio. That was 
the start of a tenure of more than 13 
years, where Preferred went through 
three different owners in the PE world, 
made four acquisitions, expanded into 
Mexico and ended with six factories and 
sales in 2018 of about $240 million.

Bloom likened the custom mixing busi-
ness to that of window manufacturers 
that make everything in a just-in-time 
system, specified to a home owner’s needs.

“Everything we do, every compound we 
make is very specific to a customer’s 
needs,” Bloom said. “Part of our technical 
capability is to really dial in our products 
to support a particular customer’s needs, 
and not every customer is the same. 

“It’s a very intimate customer-client re-
lationship, which I like very much. And I 
think that’s a pretty neat business to be in. 
I like the idea that our finished goods 
warehouse pretty much turns out every-
day. I literally get an order five to seven 
days out and I make the order and it ships.”

During his time at Preferred, he said 
he was proud of the mixer’s growth tra-
jectory, ending with 540 employees at 
the time of the Hexpol acquisition. He 
said Preferred had a good reputation as 
a partner and was a supplier of choice 
for most of its customers. 

But mostly, Bloom said he’s proud of 
the team they built, “and how they grew 
with the business and became better 
leaders over time. They learned how to 
manage a much bigger business from 
what they started with.”

Bloom
Continued from page 1

CEO Mikael Fryklund, 
Hexpol part ways

MALMO, Sweden—Mikael Fryklund, 
Hexpol A.B.’s CEO and president, has 
left his position with company.

“The board of Hexpol AB and Mi-
kael Fryklund have decided to part 
ways,” Hexpol said in a Feb. 14 state-
ment, adding that “several circum-
stances” led to the decision.

Georg Brunstam, chair-
man of the board for Hex-
pol, said that the group had 
not met the board’s expec-
tations in terms of growth 
for both sales and earnings. 
The decision to part ways 
came despite what Bruns-
tam called a number of 
“well-managed and well-po-
sitioned” acquisitions.

In its year-end financial 
report, Hexpol said it regis-
tered growth for annual sales and op-
erating profit in 2019, despite lower 
organic volume growth.

Sales, it reported at that time, in-
creased 13 percent year-on-year to 
about $1.6 billion, while operating 
profit, excluding non-recurring items, 
grew 4 percent to $228 million. 

Acquisitions and currency factors 

helped increase sales by 16 percent 
and 6 percent, respectively, during 
2019.

Organically, however, Hexpol said 
it witnessed a 9 percent slide in sales 
for the year, mainly caused by “a 
continued softening in demand.”

Market demand, the Swedish rub-
ber company added, further 
was impacted by increased 
“in-sourcing” of basic com-
pounds at some rubber com-
pounding customers. 

The company, at the end of 
2019, also indicated that it 
was focused on growth, follow-
ing what Fryklund character-
ized as a strong financial year. 
Hexpol said North America is 
where it saw the greatest po-

tential, especially following the 
July 2019 acquisition of Pre-

ferred Compounding.
Fryklund joined Hexpol in July 

2017, having previously headed Trel-
leborg Industrial Solutions.

As Hexpol seeks Fryklund’s succes-
sor, Chief Financial Officer Peter 
Rosen will serve as Hexpol’s interim 
CEO, and will work closely with 
Brunstam during that time.
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