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Technical

Tests characterize, control carbon black in tires
Executive summary

This paper will discuss some of the latest rheological test methods which
presently are being used in the tire industry to characterize and control the qual-
ity of reinforcing carbon blacks and precipitated silicas, including controlling the
degree of silanization which occurs during mixing. Through the use of new stan-
dard methods based on RPA 2000 technology, it is now possible to test and control
more effectively the state of mix, viscous heating, filler-polymer interaction and
the final after-cure dynamic property performance of cured tire compounds.Fig. 13. Comparison by RPA strain sweep of three carbon black samples with the

same structure and surface area but different surface activity levels.

Fig. 14. Silanization reaction of TESPT with silanol groups on the surface of silica
particles followed by reaction with the rubber backbone.

(Part two of two)
By John S. Dick and John A. Sezna

Alpha Technologies

More recent test innovations
RPA surface activity measurements

for carbon blacks
Recent work reported by Degussa-

Huels Corp. shows how the RPA can be
used to directly relate to carbon black sur-

face activity. As shown in Fig. 13, Degus-
sa directly compared three carbon blacks

with the same particle size and structure,
but differed in surface activity. One car-
bon black was graphitized to reduce sur-
face activity while another carbon black
was a “nano-structure black” with report-
edly enhanced surface activity due to
higher particle “surface roughness.” 

Increased surface activity improves
filler to polymer interaction and corre-
spondingly reduces filler-filler interac-
tion. This means that the low strain
complex dynamic modulus G* for the

special “nanoblack” is less than the
N234 control. 

On the other hand, when the N234
black is graphitized, the surface activity
is greatly reduced. Therefore, the filler-
filler interaction is increased and the G*
for the graphitized carbon black is high-
er than the N234 control. Also with the
graphitized N234, the filler-polymer in-
teraction is greatly reduced. However,
with the much higher strains, the filler-
filler network is destroyed. This results
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Fig. 15. Uncured G’ response from RPA from strain sweep for silica-loaded rubber
compound which was mixed under different mixing conditions of time and temper-
ature. RPA test conditions: 0.1 Hz and 100°°C.

Fig. 16. Comparison of RF calculated from RPA ηη* and RF calculated from MPT ηηapp.
for all fillers. RPA uncured ηη* measured from ASTM D6204 standard conditions
(Table VI) at ±±7 percent strain, 125.4 rad/s (20 Hz) and 100°°C. The MPT ηηapp was mea-
sured at 100°°C and 100 sec-1 shear rate. The die L/D was 20:1 and an orifice diame-
ter of 1.50 mm. SBR compounds tested were from formulation shown in Table I for
all carbon black and mineral fillers.

in the dynamic complex moduli for all
three carbon blacks converging and then
crossing over each other.18 This is illus-
trated in Fig. 13.

QA of silanization reaction with silica
during mixing

As just discussed, increasing the surface
activity for carbon black causes a reduc-
tion in the Payne Effect measured at low
strain. In a similar manner, it was discov-
ered that the same is true when the
silanization reaction is completed between
an organosilane and the silanol groups on
the surface of a precipitated silica (Fig.
14). In a similar manner, when this
silanization reaction is completed, it re-

duces the filler-filler interaction among
silica particles, thus reducing the Payne
Effect as demonstrated in Fig. 15 with the
RPA strain sweep.19 On the other hand,
with high strain test conditions with the
RPA, one also can tell if thermal degrada-
tion of the organosilane has occurred. This

occurrence could affect scorch safety. 
So in one simple test of the uncured

properties of the silica-loaded compound,
one can determine quickly the degree of
silanization which occurred during a mix
and whether or not the mix received too

much heat history which could pose a
scorch problem. This fast quality assur-
ance test is particularly valuable consider-
ing the increasing use of silica in tire tread
compounds to achieve a better trade off be-
tween rolling resistance and wet traction.20

Rapid measurements of filler rein-
forcement factors

Recently, work was performed with
the RPA to measure the so-called “filler
reinforcement factors” in an attempt to
quantify the effectiveness of fillers to
improve compound physical properties.

The concept of the “Filler Reinforcement
Factor” was first proposed by A. Patel,
W. Brown and J. Weaver using the cap-
illary rheometer.21,22 These reinforce-
ment factors now have been calculated
with the RPA as follows.23

RF =  ηf* / ηu*

Where: ηf* = the filled dynamic com-
plex viscosity and

ηu* = the unfilled dynamic complex
viscosity.

Technical

See Tests, page 19
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Fig. 18. Comparison of RPA ∆∆T vs. RPA isothermal ηη*. ∆∆T (°°C) is from the lower die
after five minutes of RPA testing at a strain of ±±90 deg arc and a frequency of 20
cpm from an initial stabilized temperature of 50°°C. Complex dynamic viscosity ηη*
was measured in separate testing of the same compounds in accordance with
ASTM D6204 at a frequency of 2 Hz, a strain of ±±7 percent and a constant tempera-
ture of 100°°C. SBR compounds tested were from formulation shown in Table I for
all carbon black and mineral fillers.

Fig. 17. Complex dynamic viscosity vs. concentration of four select fillers. RPA un-
cured ηη* measured from test conditions shown in Table VII at ±±14 percent strain, 200
cpm and 100°°C. SBR compounds tested were from formulation shown in Table V for
N110, N347 and N650 carbon blacks and A1 ground calcium carbonate whiting.

Fig. 16 shows some of the recent work
to measure this filler reinforcement fac-
tor (RF) using dynamic viscosity mea-
surements from the RPA. The more re-
inforcement a given filler imparts to a
rubber compound usually means the fin-
er the particle size, the greater the filler
particle-particle interaction and the
more it deviates from the Einstein, Guth
and Gold Equation (or EGG Equation)
which accounts only for the hydrody-
namic effects. This deviation as mea-
sured by the RPA is shown in Fig. 17.

EGG Equation
nf = nu (1+ 2.5c + 14.1 c2)

Where: nf = Viscosity of filled com-
pound,

nu = Viscosity of unfilled compound and
c = Volume fraction of filler.

Fig. 17 shows that the higher the de-
gree of reinforcement means the greater
the degree of deviation from this model.
On the other hand, the A1 whiting

(ground calcium carbonate) has an aver-
age particle size of around 1,000 nm.
This is much larger than the N650 (at 60
nm) and especially N347 (at 30 nm) and
N110 (at 15 nm). Therefore, the A1 whit-
ing particles have practically no interac-
tion and conform to the EGG model.

New direct measures of viscous heat-
ing and heat buildup

Recently, new work has been completed
using the RPA to directly measure vis-
cous heating of uncured stocks and heat
buildup of cured compounds. These stocks
can be flexed in the RPA and very repeat-
able measurements of viscous heating
and heat buildup can be performed. 

Fig. 18 gives a comparison of the level
of viscous heating imparted by different
fillers. The finer the particle size usually
means the greater the degree of viscous
heating. For example, the large particle
size mineral fillers impart only a low lev-
el of viscous heating compared to the
larger viscous heating effects imparted
by the fully reinforcing fillers. Not only
can the RPA technology directly measure
viscous heating effects as described in a
special test,24 but traditional complex dy-
namic viscosity η* measurements under
isothermal measurements (first condition

of ASTM D6204, Part A, second test con-
dition) has been found to correlate to
compound viscous heating as well.25 Also,
the RPA can cure a rubber compound in
situ and measure the heat buildup char-
acteristics after cure at a lower starting
temperature and lower applied strain. 

One advantage of using the RPA to di-

rectly measure heat buildup for a vul-
canizate is that this method is less sen-
sitive to differences in the thermal con-
ductivity of a rubber compound. The
older Goodrich flexometer method is

very sensitive to changes in compound
thermal conductivity. However, when
thermal conductivity of a compound re-
mains unchanged, the RPA heat buildup

Tests
Continued from page 17

See Tests, page 21
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Fig. 19. Plot of Goodrich Flexometer heat buildup vs. RPA heat buildup for selected
carbon blacks. The cured RPA heat buildup ∆∆T (°°C) is measured after in situ curing
in the RPA at 180°°C for 10 minutes followed by a stabilization of die temperature at
40°°C followed by sinusoidal heat buildup testing at a frequency of 12 Hz and a
strain of ±±39 percent. The Goodrich Flexometer ∆∆T was measured with a 206°°F
base temperature, 55-pound load and 17.5 percent stroke. SBR compounds tested
were from formulation with 75 phr carbon black.

correlates very well to Goodrich flex-
ometer heat buildup as shown in Fig.
19. 

Lastly, Fig. 20 shows the effects of in-
creasing concentrations of a fully rein-
forcing carbon black on the viscous heat-
ing characteristics imparted to a rubber
formulation. As can be seen, at concen-
trations below 30 phr, there is not
enough concentration of carbon black
particles to promote strong particle-par-
ticle interactions and contribute greatly
to heat buildup. However, once the con-
centration exceeds a critical level, the
level of viscous heating rises at an accel-
erating rate as shown in Fig. 20.

New standard tests to mea-
sure effects of reinforcing
fillers using RPA technology

ASTM D6204, Parts A and B for
processability measurements

A very important ASTM processability
test—ASTM D6204—was first published
in 1997. This standard was based mainly
on the use of the Alpha Technologies
RPA 2000 Rubber Process Analyzer.
When this standard was first published,
it specified the conditions for a three-
point frequency sweep (0.1, 2 and 20 Hz,
at 100°C and ±7 percent strain). This
three-point frequency sweep is signifi-
cantly faster than the traditional
Mooney viscosity test (ASTM D1646);
but more importantly, the three-point
measurement is far more sensitive to
processability differences. As reported
earlier, the second test condition of Part
A can be used to predict the viscous heat-
ing effects for tread stocks caused by
changes in carbon black characteristics.

Because higher strain test conditions
with the RPA were found to be more ef-
fective at measuring differences in batch

to batch state-of-mix, die swell behavior,
etc., a new Part B to ASTM D6204 was
written and published in 2001. This new
Part B calls for a two-point frequency
sweep to be performed at 0.1 and 1 Hz at
the higher applied strain of ±100 per-
cent and 100°C. This Part B has about
the same time requirement of Part A
(about three minutes); however, if Part
A and Part B are run back to back in the
same test, together they only require
about four minutes to complete. The
higher strain which is applied in Part B
actually breaks up some of the carbon
black or silica agglomeration in a rubber
compound and allows for more effective
processability predictions downstream.

ASTM D6601 for after-cure dynamic
properties

The ASTM Task Group on Cured Dy-
namic Properties, under Subcommittee
D11.14, Time and Temperature Depen-
dent Properties, published a new ASTM
Standard Test Method in 2000—ASTM
D6601—for rapidly measuring the after-
cure dynamic properties for a rubber
batch, which has just been mixed. This
is done by curing a sample of the factory
batch in-situ in the RPA after which the
sample temperature is rapidly dropped
through forced-air cooling to either
100°C or 60°C for after-cure dynamic
property measurements.26, 27 Thus this
ASTM method can provide real-time
feedback regarding whether or not a
mixing campaign for a given formula-
tion is meeting its cured dynamic prop-
erty targets. Fig. 3 shows a typical time-
temperature profile for this test.

Normally to determine if a mixing
campaign is meeting these targets
would require very time consuming tra-
ditional dynamic testing of the specific
cured rubber part or article. This tradi-
tional testing normally requires 24 to 48
hours to get results. Such a delay from a
quality assurance perspective can mean
that possibly hundreds of batches could
have been mixed off target before the
problem is detected. By using the new

ASTM D6601 method with rapid real-
time feedback, these type of production
problems can be avoided. This ASTM
D6601 method is the only test procedure
available in the world today which can
provide very rapid real-time feedback on
cured dynamic properties.28

Proposed ASTM test for carbon black
Last year, it was proposed that ASTM

D3191 for testing carbon black in an
SBR standard test recipe be changed to
allow after-cure dynamic properties
measurements with the RPA under the
following conditions:

1. Test by D6601 curing at 1.67 Hz

amplitude of oscillation, 0.2 degree arc
(2.8 percent) strain at 150°C die temper-
ature for 30 minutes.

2. Test by D6601 with an after-cure
strain sweep at 100°C, at 1 Hz at strains
of 1, 10 and 50 percent.

3. Recommended standard test para-
meters for D6601 after-cure strain
sweep were G’ at 1 percent, G’ at 50 per-
cent, and tan δ at 10 percent.

This proposal still is being discussed
in ASTM Committee D24 on Carbon
Black.

Conclusions
1. Dynamic property information from

MDR technology is significantly more
sensitive to quality differences among
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carbon blacks than the older ODR tech-
nology.

2. RPA technology can be used to pro-
vide a very fast single test for uncured
rubber compounds, which relates to
both the particle size and structure of
carbon blacks.

3. RPA is very effective at relating to
quality of mix and filler dispersion.

4. RPA technology can be used to di-
rectly relate to carbon black surface ac-
tivity.

5. RPA can provide a rapid test to
measure the extent of in situ silaniza-
tion, the effectiveness of the interaction
of silica with organosilanes in a rubber
compound.

6. RPA can provide a simple and rapid
alternative method for measuring the
Filler Reinforcement Factor.

7. The RPA technology has been used
to directly measure uncured viscous
heating and heat buildup effects impart-
ed by different fillers. This technology
has an advantage over traditional
Goodrich flexometers because the RPA
test is less affected by changes in rubber
compound thermal conductivity.
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Fig, 20. Plot of RPA ∆∆T viscous heating vs. phr of N347 in SBR formulation. The un-
cured viscous heating ∆∆T (°°C) is from the lower die after five minutes of RPA test-
ing at a strain of ±±90 deg arc and a frequency of 20 cpm from an initial stabilized
temperature of 50°°C.
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