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(First of two parts)
During the mixing process for 

a rubber compound, the base 
elastomer is masticated while 
the other ingredients, such as 
carbon black, begin to incorpo-
rate. As this process continues, the 
carbon black agglomerates are 
deagglomerated and dispersed as 
primary aggregates, while the 
base raw elastomer(s) is simulta-
neously masticated and “broken 
down,” usually through some de-
gree of depolymerization.1,2

We constructed simple model 
recipes of selected fillers with SBR 
and studied the rheological effects 
on these experimental compounds 
from controlled amounts of applied 
work history during BR Banbury 
mixing in the laboratory.

ASTM RPA processability tests
The Rubber Process Analyzer 

(or RPA) evolved from the MDR 

(Moving Die Rheometer) in 1992.  
The RPA introduced in 1992 by 
Monsanto (now Alpha Technolo-
gies) has the same die design 
that the MDR has, except 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 rotorless curemeter, but 
also as an effective Dynamic 
Mechanical Analyzer (DMA) for 
raw rubber characterization and 
QA, as well as a processability 
tester for uncured mixed stocks 
in the factory and as after-cure 
dynamic properties of final 
mixed stocks (containing cura-
tives). Fig. 1 shows the Pre-
mier-brand RPA from Alpha 
Technologies.

Over the last 20 years, much 
work has been performed in the 
ASTM task groups of D11.12 
Subcommittee on Rubber Pro-
cessability Measurements with 
the RPA.

As a result, nine new stan-
dards have been developed and 
routinely used by the rubber in-
dustry to test different raw elas-
tomers and measure and control 
compound masterbatches and fi-
nals, with curatives, from vari-
ous mixing processes all over the 
world.3,4

These new standards include:

• ASTM D5289—The original 
MDR curemeter standard on 
which a significant amount of 
modern-day RPA technology is 
based.

• ASTM D6204 Part A—Sim-
ple 1 point per decade frequency 
sweep at ±7 percent strain (usu-
ally in the linear viscoelastic 
range) at 100°C for testing either 
raw rubbers or mixed stocks in 
the factory.

• ASTM D6204 Part B—Sim-
ple 2 point frequency sweep at 
0.1 and 1 Hz at ±100 and/or ±200 

percent strain at 100°C for test-
ing in the non-linear viscoelastic 
range for either raw rubber or 
mixed stocks in the factory.

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

• ASTM D6601—An isother-
mal cure test followed by one or 
two back-to-back strain sweeps to 
measure quickly cured dynamic 

Studying RPA ASTM methods for 
detecting compound quality differences
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Fig. 1: Premier-brand RPA, Alpha 
Technologies.

Fig. 2: Brabender torque curve.

Fig. 3: State of mix by ASTM D6204 Part A from frequency sweeps at 7% 
strain for dispersion of N234 carbon black.

Fig. 4: State of mix by ASTM D6204 Part A from frequency sweeps at 7% 
strain for dispersion of N234 carbon black.

Fig. 5: State of mix by ASTM D6204 Part B from frequency sweeps at 
100% strain, 100°C for dispersion of N234.

Executive summary
Over the last three decades, the rubber process analyzer has evolved as the processability test 

instrument of choice for measuring and solving many rubber factory problems. Also, a new ASTM 
reflective microscope method is commonly used.

Now there is a total of nine different RPA ASTM International methods that are routinely used 
by the rubber industry to measure quality of raw rubber, state-of-mix differences for rubber com-
pounds, predictions of downstream processability differences, etc. Of course, there are comparative 
advantages and disadvantages for each of these RPA ASTM methods, depending on the quality 
differences of the raw rubber and vast quality differences among factory recipes, even among com-
pounds that are used for the same purpose.

This paper uses a design of experiment to quantify some of the comparative advantages statisti-
cally for the RPA ASTM test methods. 
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Fig. 6: State of mix by ASTM D6204 Part B from frequency sweeps at 7% 
strain for dispersion of N234 carbon black.

Fig. 8: State of mix by ASTM D5289 from strain sweep at 1 Hz and 70°C.

Fig. 7: State of mix by ASTM D8059 from strain sweep at 1 Hz, 70°C for 
dispersion of N234.

Fig. 9: State of mix by ASTM D6048 stress relaxation with N234 carbon 
black from percent drop parameters at 100°C.
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properties of the rubber com-
pound at a lower temperature.

• ASTM D7050—Consisting of 
high-strain sweep tests to quick-
ly distinguish the differences be-
tween “tough” natural rubber 
and “soft” natural rubber.

• ASTM D6048—A stress re-
laxation test for quickly determin-
ing the state-of-mix of a mixed 
stock or viscoelastic characteriza-
tion of raw rubber in regard to 
AMW, MWD, LCB and Gel.

• ASTM D8059—Using the 
RPA with Extended Dynamic 
Range (EDR), after a condition-
ing 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 dis-
persion of a rubber compound 
filled with a colloidal parti-
cle-size filler such as carbon 
black or precipitated silica.

• ASTM D7605—Using the 
RPA with parallel plate dies to 
measure both the processing 
characteristics and congealed 
properties of thermoplastic vul-
canizates (TPVs) and thermo-
plastic elastomers (TPEs).

Measuring different
fillers incorporation and 
deagglomeration profiles

This part of the study involved 
measuring rheologically the ef-
fects of different filler incorpora-

tion and deagglomeration at dif-
ferent states of mix during the 
Banbury mixing process.

In this design of experiment, 
SBR 1502 was mixed with 35 
percent by volume of the follow-
ing fillers. Table 1 shows the 
weight amounts of each of the 
different fillers that were used in 
this study to approximate a 38 
percent by volume ratio of each of 
these fillers with the respective 
SBR 1502 base.

During the BR Banbury mixing 
process, 20-gram aliquot samples 
were taken from the mixer after 
3, 4, 5, 6, 7, 8, 9, 10 and 12 min-
utes, as sampling intervals. Each 
of these samples were tested on 
the RPA by the new ASTM D8059 
Standard for the Payne Effect, as 
well as ASTM D6204 Parts A and 
B frequency sweeps (at 7 percent 
and 100 percent strains, respec-
tively), and ASTM D6048 with 
stress relaxation. 

For the study using the new 
ASTM D8059, a time test was ap-
plied at ± 0.07 percent strain, 1 Hz 
and 70°C for 2 minutes before the 
Payne Effect strain sweep was ap-
plied. This strain sweep was ap-
plied at 1 Hz and 100°C, starting 
with ±0.07 percent strain, followed 
by ±0.1, 0.14, 0.2, 0.28, 0.35, 0.5, 
0.7, 1.0, 1.4, 2.0, 2.8, 3.5, 5.0, 7.0, 
10.0, 14, 20, 28, percent 35, 50, 70, 
and 100 percent.

For the experimental study 
using the ASTM D6204, Parts A 
and B, two back-to-back frequen-
cy sweeps were performed with 
the RPA. The first frequency 
sweep was performed at a strain 
of ±7 percent for 0.1, 2, and 20 Hz 
followed by a second frequency 
sweep at ±100 percent strain for 
0.1 and 1.0 Hz.

For the experimental study 
using ASTM D6048 stress relax-
ation with the RPA, a pulse de-
formation was applied at 100°C.

So carbon black is much more 
attracted to the SBR medium 
used in this study than silica, 
which is “rubber phobic.” Eco-
nomic diluent fillers such as 
whiting and hard clay are some-
what in between carbon blacks 
and precipitated hydrated silica 
for “rubber friendliness.” 

Silica is actually “rubber pho-
bic” in SBR compared to carbon 
black. Silica is not really that 
rubber friendly. When initially 
mixing silica with organic-based 
elastomers, the silica particles 
prefer to agglomerate and associ-
ate with each other rather than 
disperse throughout the rubber 
hydrocarbon medium. Carbon 
black, by contrast, is much more 
“rubber philic” and is known to 
disperse much more rapidly than 
precipitated hydrated silica.

So carbon black is known to have 
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Fig. 6: State of mix by ASTM D6204 Part B from frequency sweeps at 7% 
strain for dispersion of N234 carbon black.

Fig. 8: State of mix by ASTM D5289 from strain sweep at 1 Hz and 70°C.

Fig. 7: State of mix by ASTM D8059 from strain sweep at 1 Hz, 70°C for 
dispersion of N234.

Fig. 9: State of mix by ASTM D6048 stress relaxation with N234 carbon 
black from percent drop parameters at 100°C.

Fig. 10: State of mix by ASTM D6048 at 100°C, integral torque for dis-
persion of N234.

Fig. 12: State of mix by ASTM D6204 Part A from frequency sweeps at 
7% strain for dispersion of whiting.

Fig. 11: State of mix by ASTM D6204 from frequency sweeps at 7% strain 
for dispersion of whiting.
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shown in Fig. 8.
In this comparison, the predic-

tive power of ASTM D8059 for 
N234 was not quite as good as G’ 
comparisons for ASTM D6204. 
In previous comparisons, the 
correlations have been quite 
good, however. 10

Also, comparison with N234 dis-
persion was made via ASTM 
D6048, stress relaxation.  Fig. 9 
shows correlations of “percent drop” 
parameters from stress relaxation 
with the N234 state of mix.

As can be seen, there are only 
“fair” correlations  of “percent 
drop” parameters with N234 state 
of mix. On the other hand, we 
measured better correlations with 
D6048 Integral Torque parame-
ters from stress relaxation mea-
surements as shown in Fig. 10.

These integral torque values 
(from ASTM D6048 Stress Re-
laxation) are about equal to the 
percent drop values in that they 
only give a “fair” correlation for 
N234 dispersion. Certainly not 
as good as what was shown for 
ASTM D6204 (A and B) or even 
ASTM D8059 (Payne Effect).

Dispersion of whiting 
(ground limestone)

Whiting is almost the exact op-
posite of N234 carbon black.  
Whiting has particle sizes be-
tween 1,000 and 5,000 nanome-
ters, compared to N234, which is 
around 20 nanometers. Whiting 
has no particle-particle interac-
tion in a compound, while N234 
does through weak Van der waals 
forces. Whiting is ground from 
limestone, while N234 is a highly 
engineered product designed to 
impart great reinforcement prop-
erties to a rubber compound.

So all the RPA ASTM tests 
that we were using to study the 
dispersion of N234 in SBR, we 
will now use to compare the dis-
persion characteristics of whiting 
in SBR.

Fig. 11 shows the predictive 
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Fig. 14: State of mix by ASTM D6204 Part B from frequency sweeps at 
100% strain for dispersion of whiting.

Fig. 13: State of mix by ASTM D6204 Part B from frequency sweeps at 
100% strain, 100°C for dispersion of whiting.
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a much better wetting time and 
incorporation time than a typi-
cal precipitated hydrated silica. 
The data in Fig. 2 shows the 
typical black wetting time and 
black incorporation time. Car-
bon blacks, because they are 
relatively “rubber philic,” typi-
cally show significantly shorter 
BWT and BIT values than what 
silica displaces.6,7,8  

Certainly, TESPT addition to a 
silica mix will improve this situ-
ation somewhat, however still 
precipitated hydrated silica with 
TESPT will not perform the way 
that carbon black does during 
mixing. Also, one should not for-
get that the TESPT silanization 
is best achieved at batch tempera-
tures between 145°C and 155°C.9

Experimental
Formulations shown in Table 1 

were carefully mixed in a laborato-
ry BR Banbury. Aliquots for these 
mixes, as discussed earlier, were 
taken at stated time intervals rep-
resenting the applied “work histo-
ry” during the mixing process. All 
these samples were appropriately 
labeled and robotically tested by 
the Premier RPA, which was 
pre-programmed to perform the 
following ASTM Tests:

• ASTM D6204 Part A (Low 
strain Frequency Sweep).

• ASTM D6204 Part B (High 
strain Frequency Sweep)

• ASTM D8059 (a special 
strain softening sweep to mea-
sure the Payne Effect).

• ASTM D6048 (a special 
pulse strain to measure the un-
cured stress relaxation profile).

Dispersion of N234 carbon 
black

N234 is a fully reinforcing car-
bon black used to significantly 
improve cured compound proper-
ties such as wear resistance and 
many other physical properties. 
To achieve these compound prop-
erty improvements, it is particu-
larly important that good disper-
sion is achieved.

Fig. 3 shows how effective the 
RPA ASTM D6204 Part A with G’ 
(elastic modulus) measurement is 
at relating to total work history 
(total mixing time) for the SBR 
formulation at low strain.

As can be seen, the R square 
correlation coefficients are very 
good with very reliable predic-
tions of total work history for the 
dispersion of N234 carbon black 
in the SBR base for this low 
strain (7 percent) frequency 
sweep (Part A) for ASTM D6204. 
Also, the discriminating power of 
tan δ (the viscous modulus G” di-
vided by the elastic modulus G’) 
is shown in Fig. 4.

Whereas G’ in Fig. 3 was highly 
effective at measuring the state of 
mix with N234 in SBR, the tan δ 
here is not nearly as effective in 
this particular comparison. This 
is why at least two viscoelastic pa-
rameters should be used to moni-
tor rubber quality variations.

Also, Fig. 5 makes a similar 
comparison with ASTM Part B 
(high strain frequency sweep) 
with the same dispersion of N234 
in SBR.

ASTM D6204 Part B uses a 
much higher applied strain than 
Part A, as discussed. Fig. 5 gives 
a comparison of performance in 
measuring dispersion of N234 in 
the same situation.

With the higher strain of Part 
B, the G’ elastic modulus param-
eter performed equally well to 
what was achieved with Part A 
(lower strain) for measuring 
N234 dispersion.

Fig. 6 shows the performance 
of using tan δ instead of G’ in the 
high strain measurements of 
ASTM D6204 Part B.

Once again the tan δ is not as 
effective as G’ is at predicting the 
degree of dispersion of N234 in 
this experimental comparison.

Comparisons with N234 mixing 
were also measured by the new 
ASTM D8059 (Payne Effect) pro-
cedure as well. All the Payne Ef-
fect sweeps are shown in Fig. 7.

The correlation that was 
achieved with the Payne Effect is 
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shown in Fig. 8.
In this comparison, the predic-

tive power of ASTM D8059 for 
N234 was not quite as good as G’ 
comparisons for ASTM D6204. 
In previous comparisons, the 
correlations have been quite 
good, however. 10

Also, comparison with N234 dis-
persion was made via ASTM 
D6048, stress relaxation.  Fig. 9 
shows correlations of “percent drop” 
parameters from stress relaxation 
with the N234 state of mix.

As can be seen, there are only 
“fair” correlations  of “percent 
drop” parameters with N234 state 
of mix. On the other hand, we 
measured better correlations with 
D6048 Integral Torque parame-
ters from stress relaxation mea-
surements as shown in Fig. 10.

These integral torque values 
(from ASTM D6048 Stress Re-
laxation) are about equal to the 
percent drop values in that they 
only give a “fair” correlation for 
N234 dispersion. Certainly not 
as good as what was shown for 
ASTM D6204 (A and B) or even 
ASTM D8059 (Payne Effect).

Dispersion of whiting 
(ground limestone)

Whiting is almost the exact op-
posite of N234 carbon black.  
Whiting has particle sizes be-
tween 1,000 and 5,000 nanome-
ters, compared to N234, which is 
around 20 nanometers. Whiting 
has no particle-particle interac-
tion in a compound, while N234 
does through weak Van der waals 
forces. Whiting is ground from 
limestone, while N234 is a highly 
engineered product designed to 
impart great reinforcement prop-
erties to a rubber compound.

So all the RPA ASTM tests 
that we were using to study the 
dispersion of N234 in SBR, we 
will now use to compare the dis-
persion characteristics of whiting 
in SBR.

Fig. 11 shows the predictive 

power of G’ in a low strain frequen-
cy sweep by ASTM D6204 Part A.

With whiting there is very lit-
tle deagglomeration with in-
creasing work history, but there 
is some breakdown of the base 
rubber, resulting in a given drop 
in the G’ values.  The correlations 
are fairly good.  

Fig. 12 shows the response of 
tan δ under the same test condi-
tions.

Just as with N234 measure-
ments, tan δ is still much less ef-
fective here in measuring the 
state of mix with whiting.  

Fig. 13 shows the G’ response 
at higher strain (100 percent) for 
dispersion of whiting by ASTM 
D6204 Part B.

Here one can see that D6204 
Part B for G’ is somewhat more 
sensitive and more repeatable in 
measuring state of mix with 
whiting than Part A is in com-
parison.

Fig. 14 shows the results for 
tan δ with ASTM D6204 Part B.

Once again, tan δ is worthless 
for determining state of mix with 
whiting in this situation.

Next, we examine the results 

from ASTM D8059 (Payne Ef-
fect) for whiting. This is shown in 
Fig. 15.

So, since whiting particles do 
not really establish any kind of 
filler network in the rubber ma-
trix, the method (ASTM D8059) 
has little value in determining 
the state of mix for whiting. The 
actual correlation is shown in 
Fig. 16 and is quite poor.

Fig. 16, with a very poor cor-
relation, confirms that ASTM 
D8059 does not work in measur-
ing whiting dispersion.

Lastly, ASTM D6048 was used 
to evaluate the state of mix for 
whiting dispersion. Fig. 17 shows 
the results from the percent drop 
values from stress relaxation 

testing.
As can be seen, percent drop 

parameters for stress relaxation 
values under ASTM D6048 are 
not effective at measuring state 
of mix for whiting in this study.  
However, in Fig. 18 for stress 
relaxation integral torque val-
ues, the situation is different in 
that integral torque values are 
somewhat usable. 

So, in general, integral torque 
values are more useful than per-
cent drop parameters from 
ASTM D6048 RPA testing.

The second part of this techni-
cal notebook will appear in the 
March 8 issue of Rubber & Plas-
tics News.

Custom MixingRubber & Plastics News SPECIAL REPORTCustom Mixing

Fig. 14: State of mix by ASTM D6204 Part B from frequency sweeps at 
100% strain for dispersion of whiting.

Fig. 13: State of mix by ASTM D6204 Part B from frequency sweeps at 
100% strain, 100°C for dispersion of whiting.

Fig. 18: State of mix by ASTM D6048 from integral torque values for 
dispersion of whiting.

Fig. 15: State of mix by ASTM D8059 (Payne Effect) from strain sweep 
at 1 Hz and 70°C.

Fig. 16: State of mix by ASTM D8059 from G’ @ 0.07% strain vs. mixing 
time for whiting.
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Fig. 17: ASTM D6048 percent drop parameters state of mix for whiting.
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