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Evaluating properties of filled compounds
Second of two parts

By Edward Norton, John Dick
and Tianxiang Xue
Alpha Technologies Inc.

Effects of N330 loading levels on
the Cox-Merz rule
Five different loading levels at 15, 30,
45, 60 and 75 phr of N330 fully reinforcing carbon black (shown in Table 1B)
were tested and compared for viscosity
using shear thinning plots from the
ARC 2020 capillary rheometer vs. the
RPA 2000.

15 phr loading of N330
Just as with N234, the 15 phr concentration of N330 is also well below the critical
concentration for establishing an aggre-
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gate-aggregate network. Viscosity comparisons were made for the capillary rheometer vs. the RPA at strains of 0.07, 1, 7, 14,
50 and 300 percent applied strain to determine the effects on goodness of fit via the
Cox Merz rule.
Because there is no filler network,
changes in applied strain for the RPA
have very little effect on this viscosity
comparison until a strain of 50 and 300
percent where the RPA viscosity underestimates the capillary rheometer viscosity.
This is very similar to the experiments
with N234. The viscosity plots at different
strains appear to be somewhat similar.
Again, the RPA consistently gave a
good estimate of the capillary rheometer
viscosity as the strain is increased toward 50 percent. The overall best fit by
the Cox Merz rule was achieved at 7 and
14 percent strain amplitudes.

aggregates to establish the start of an
aggregate network. This is very similar
to what was observed with N234 at 30
phr. Again, the viscosity comparisons
were made for the capillary rheometer
vs. the RPA at strains of 0.07, 1, 7, 14,
50 and 300 percent applied strain to determine the effects on goodness of fit via
the Cox Merz rule.
Because at 30 phr, N330 starts to
form a filler network, the frequency
sweeps performed with the RPA at the
very low strains of 0.07 and 1.0 percent
give a fair fit with the Cox Merz rule.
However, the higher strains of 7 and 14
percent give a near perfect fit with Cox
Merz. Again, the RPA underestimates
the capillary rheometer viscosity at 50
and 300 percent (because of being in the
nonlinear viscoelastic region).

45 phr loading of N330
At 45 phr of N330, a filler network is
well established. Because of the greater
filler network density, the RPA at only
0.07 percent strain greatly overestimates the viscosity compared to the capillary rheometer measurements.
However, with RPA frequency sweeps
performed at higher and higher strains,
this difference between the viscosity
measurements of the RPA and capillary
rheometer start to close. At an applied
strain of 14 percent, there is no significant difference resulting in a near perfect fit for the Cox Merz rule.
However at a higher applied strain of
50 percent, the RPA measured viscosity
is forced to a significantly lower level
than the capillary rheometer measured
viscosity and at 300 percent strain there
is an even greater difference. Again this
is very similar to what was observed for
the N234 experiment.

30 phr loading of N330
N330 at 30 phr concentration is again
approaching the critical concentration of

60 phr loading of N330
At 60 phr of N330 carbon black, again

the filler network becomes even denser.
Because the filler density of N330 network
is still higher, a similar pattern to what we
saw earlier at 45 phr occurs. Again testing
at very low strain with the RPA greatly
overestimated the viscosity compared to
the capillary rheometer measurements.
On the other hand, because of the still
higher density of the filler network,
which is being partially destroyed by the
application of a higher strain, testing at
50 percent strain results in a near perfect fit with the Cox Merz rule. Also the
higher strain of 300 percent causes the
RPA measured viscosity to drop below
the measured viscosity from the capillary rheometer.

75 phr loading of N330
The 75 phr loading level gives one of
the higher density colloidal particle size
filler networks found in these experiments. Because this compound has one
of the higher filler densities compared to
other compounds in these testing series,
it shows a large deviation in viscosity
measurements when the RPA measurements are made at very low strains of
0.07 percent strain.
At these low strains with this compound at 75 phr of N330, the RPA greatly overestimates viscosity compared to
what is measured by the capillary
rheometer. However, again, as the applied strain is increased, this difference
becomes less and less.
At 50 percent strain the RPA and capillary rheometer viscosities approach
each other and at 300 percent strain the
RPA actually underestimates the viscosity when compared to the capillary
rheometer measurements.

Effects of N660 loading levels on
the Cox-Merz rule
N660 is a semi-reinforcing carbon black
that possesses larger particle sizes than

either N234 or N330, discussed earlier.
Five different loading levels at 15, 30,
45, 60 and 75 phr of N660 semi-reinforcing
carbon black (shown in Table 1C) were
tested and compared for viscosity using
shear thinning plots from the ARC 2020
capillary rheometer vs. the RPA 2000.

15 phr loading of N660
The concentration of N660 at 15 phr is
also well below the critical concentration for establishing an aggregate-aggregate network. Viscosity comparisons
were made for the capillary rheometer
vs. the RPA at strains of 0.07, 1, 7, 14,
50 and 300 percent applied strain to determine the effects on “goodness of fit”
via the Cox Merz rule.
Because there is no filler network,
changes in applied strain for the RPA
have very little effect on this viscosity
comparison. This is very similar to the
experiments with N234 and N330. The
viscosity plots at different strains appear to be somewhat similar.
Again, the RPA consistently underestimated the viscosity by a small amount
compared to the capillary rheometer.
However, this small difference became
greater at 50 percent strain and still
greater at 300 percent strain amplitude
because at this higher strain, one encounters greater nonlinear viscoelasticity.

30 phr loading of N660
N660 at 30 phr concentration is further away from the critical concentration of aggregates to establish the start
of an aggregate network than we saw
with either N234 or N330 fully reinforcing carbon blacks (which have much finer particle sizes than N660).
Again, the viscosity comparisons were
made for the capillary rheometer vs. the
RPA at strains of 0.07, 1, 7, 14, 50 and
300 percent to determine the effects on
“goodness of fit” via the Cox Merz rule.

Fig. 2. Effect of filler loading on measured Payne effect at 100°C and 60 CPM after
10-minute conditioning time for N234.

Fig. 3. Effect of filler loading on measured Payne effect at 100°C and 60 CPM after
10-minute conditioning time for N330.

Fig. 4. Effect of filler loading on measured Payne effect at 100°C and 60 CPM after
10-minute conditioning time for N660.

Fig. 5. Effect of filler loading on measured Payne effect at 100°C and 60 CPM after
10-minute conditioning time for silica.
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N660 at 30 phr is still probably too low
a concentration compared to the critical
concentration necessary to form a filler
network. While the Cox Merz fit works
well at 0.07 and 1 percent strain, it is not
perfect. However, the fit is practically
perfect at 7 and 14 percent strain.

45 phr loading of N660
At 45 phr of N660 carbon black, some
sort of low density filler network is probably forming. However, since N660 particle size is more than double the average
particle sizes for N234 and N330, this
N660 network that forms is not as dense.
Because the filler density of N660 network is probably low compared to the
N234 and N330 studied, the Cox Merz
rule gives a slight overestimation of the
capillary rheometer viscosity until a
strain of 14 percent is reached where
there is overlap.
At 50 percent strain, the RPA viscosity is slightly less than the capillary
rheometer viscosity. At 300 percent
strain the RPA greatly underestimates
the CR viscosity.

60 phr loading of N660
At 60 phr of N660 carbon black, again
the filler network becomes even denser,
but not as dense as the filler network for
N234 and N330 at this same concentration.
Because the filler density of N660 network is still higher, the optimal strains
for a near perfect Cox Merz relation was
found at 50 percent strain. Below 50
percent strain, the RPA somewhat overestimates the viscosity compared to the
capillary rheometer. Also at 300 percent
strain, the RPA significantly underestimates viscosity.

75 phr loading of N660
The 75 phr loading level increases the
colloidal particle size filler network for
N660 found in these experiments.
The optimal strain for the best fit via
the Cox Merz rule was found at 50 percent with a near perfect Cox Merz fit.

There was not a good fit at any of the
other strains. For all strain amplitudes
less than 50 percent, the RPA measured
viscosity was higher than the viscosity
measured by the capillary rheometer.
For the viscosity measurement above 50
percent, the opposite was true (the RPA
viscosity was lower than the capillary
rheometer viscosity).

Effects of Hi-Sil 210 precipitated
hydrated silica loading levels on
the Cox-Merz rule
Hi-Sil 210 precipitated hydrated silica
is a fully reinforcing inorganic filler that
possesses particle sizes in the same range
as N234 and N330 carbon blacks, discussed earlier.
However, unlike the fully reinforcing
carbon blacks, these colloidal particle sized
silicas possess -SiOH groups, which can establish stronger hydrogen bonding among
different silica particles than the weaker
van der Waals forces among carbon black
colloidal particles.
Five different loading levels at 15, 30,
45, 60 and 75 phr of precipitated hydrated
silica (shown in Table 1D) were tested
and compared for viscosity using shear
thinning plots from the ARC 2020 capillary rheometer vs. the RPA 2000. In this
series of experiments, no organosilane
coupling agents such as TESPT were
used to affect the hydrogen bonding particle-particle interaction.

15 phr loading of precipitated hydrated silica
The concentration of precipitated hydrated silica at 15 phr is also well below
the critical concentration for establishing a particle-particle network. Viscosity
comparisons were made with the capillary rheometer vs. the RPA at strains of
0.07, 1, 7, 14, 50 and 300 percent to determine the effects on goodness of fit via
the Cox Merz rule.
Because there is no filler network,
changes in applied strain for the RPA
have very little effect on the viscosity
comparison until very high strains are

Fig. 6. Effect of filler loading on measured Payne effect at 100°C and 60 CPM after
10-minute conditioning time for silica with silane.

Fig. 7. Effect of filler loading on measured Payne effect at 100°C and 60 CPM after
10-minute conditioning time for hard clay.

applied. This is very similar to the experiments with N234, N330, and N660
carbon blacks.
The viscosity plots at different strains
appear to be similar and give good fits
with the Cox Merz rule until 50 percent
strain is reached where the RPA underestimates the capillary rheometer viscosity.
This difference is even greater at 300
percent strain because at these higher
strain amplitudes, one encounters greater
nonlinear viscoelasticity.

30 phr loading of precipitated
hydrated silica
Silica at 30 phr concentration is again
approaching the critical concentration of
aggregates to establish the start of an
aggregate network. Again, the viscosity
comparisons were made from the capillary rheometer vs. the RPA at strains of
0.07, 1, 7, 14, 50 and 300 percent applied strain amplitude to determine the
effects on goodness of fit via the Cox
Merz rule.
At 30 phr, the silica might start to
form the beginnings of a filler network.
Practically perfect Cox Merz fits were
found at strains of 0.07 to 14 percent. At
higher strains of 50 and 300 percent
(nonlinear viscoelasticity), the RPA underestimated the CR viscosity.

75 phr loading of precipitated
hydrated silica
The 75 phr loading level gives one of
the highest colloidal particle size filler
networks found in these experiments.
Because this compound has one of the
highest filler densities compared to other compounds in these testing series, it
shows one of the greatest deviations in
viscosity measurements when the RPA
measurements are made at very low
strains of 0.07 percent strain.
With this compound at 75 phr of silica, the RPA greatly overestimates viscosity compared to what is measured by
the capillary rheometer.
However, again, as the applied strain
is increased, this difference becomes less
and less. At 50 percent strain the RPA
and capillary rheometer viscosities approach each other and at 300 percent
strain the RPA underestimates the viscosity when compared to the capillary
rheometer measurements.

Effects of Hi Sil 210 precipitated
hydrated silica loading levels with
TESPT on the Cox-Merz rule

At 45 phr of silica, a filler network is
well established. Because of the greater
silica network density, the RPA gave an
excellent fit with the Cox Merz rule at
14 percent strain amplitude.
On the other hand, at the lower
strains, the RPA * complex viscosity
measurements were higher than the
capillary rheometer apparent viscosity
and all the strains above 14 percent
gave RPA viscosity values less than the
CR viscosity.

Hi-Sil 210 precipitated hydrated silica
is a fully reinforcing inorganic filler that
possesses particle sizes in the same range
as N234 and N330 carbon blacks, discussed earlier. In this experiment, TESPT
organosilane coupling agent also was
added to the formulation.
Five different loading levels at 15, 30,
45, 60 and 75 phr of precipitated hydrated silica with TESPT (shown in Table
1E) were tested and compared for viscosity using shear thinning plots from
the ARC 2020 capillary rheometer vs.
the RPA 2000.
In this series of experiments, an
organosilane coupling agent, TESPT,
was used which affects hydrogen bonding particle-particle interaction if the
silanization reaction occurred from high
enough mixing temperatures.

60 phr loading of precipitated
hydrated silica

15 phr loading of precipitated
hydrated silica with TESPT

At 60 phr of hydrated precipitated silica, again the filler network becomes
even denser.
Because the filler density of the silica
network is still higher, a similar pattern
to what we saw earlier at 45 phr occurs.
Again testing at very low strain with the
RPA greatly overestimated the viscosity
compared to the capillary rheometer
measurements.
On the other hand, because of the still
higher density of the filler network
which is being partially destroyed by the
application of a higher strain, testing at
50 percent strain results in a very good
fit with the Cox Merz rule.
Also the higher strain of 300 percent
causes the RPA measured viscosity to
drop below the measured viscosity from
the capillary rheometer.

The concentration of precipitated hydrated silica with TESPT at 15 phr is
also well below the critical concentration for establishing a particle-particle
network. Viscosity comparisons were
made for the capillary rheometer vs. the
RPA at strains of 0.07, 1, 7, 14, 50 and
300 percent to determine the effects on
“goodness of fit” via the Cox Merz rule.
Because there is no filler network,
changes in applied strain for the RPA
have very little effect on the viscosity
comparison until very high strains are
applied (nonlinear viscoelasticity).
This is very similar to the experiments
with N234, N330 and N660 carbon blacks.
Also these profiles at 15 phr are almost
identical to the profiles of shear thinning
for 15 phr silica without TESPT.
See Compound, page 18

45 phr loading of precipitated
hydrated silica

Fig. 8. Effect of filler loading on measured Payne effect at 100°C and 60 CPM after
10-minute conditioning time for CaCO3.
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Compound
Continued from page 17
The viscosity plots at different strains
appear to be somewhat similar and give
good fits with the Cox Merz Rule until
50 percent strain is reached, where the
RPA underestimates the CR viscosity
because of being in the nonlinear viscoelastic region. This underestimation is
much greater at 300 percent strain.

30 phr loading of precipitated
hydrated silica with TESPT
Silica at 30 phr concentration with
TESPT is again approaching the critical
concentration of aggregates to establish
the start of an aggregate network. Again,
the viscosity comparisons were made for
the capillary rheometer vs. the RPA at
strains of 0.07, 1, 7, 14, 50 and 300 percent
applied strain to determine the effects on
goodness of fit via the Cox Merz rule.
At 30 phr, the silica might start to
form the beginnings of a filler network.
The best fit with the Cox Merz was
found to be at 14 percent strain with a
near perfect match. Below 14 percent
strain, the RPA overestimates while
above 14 percent strain, the RPA underestimates the CR viscosity.

45 phr loading of precipitated
hydrated silica with TESPT
At 45 phr of silica, a filler network is
well established. Because of the greater silica network density even with the TESPT,
the RPA gave a good fit with the Cox Merz
rule but only at 14 percent strain.
Figs. 9-14. Results of various tests of N234.

60 phr loading of precipitated
hydrated silica with TESPT
At 60 phr of hydrated precipitated silica, again the filler network becomes
even denser. Because the filler density
of the silica network is still higher even
with the TESPT, a similar pattern to
what we saw earlier at 45 phr occurred.
In this case with the TESPT, a good fit
using the Cox Merz rule was only
achieved at 14 percent strain just as we
saw without TESPT (as shown earlier).
Also at the lower strains, the RPA
complex viscosity is significantly higher
than the capillary rheometer viscosity
when the TESPT is present. Of course,
the RPA viscosity was significantly lower than the CR viscosity at the higher
strains of 50 and 300 percent. This is the
same pattern we observed with 45 phr
silica without TESPT.

75 phr loading of precipitated
hydrated silica with TESPT
The 75 phr loading level gives one of
the higher colloidal particle size filler
network even with the TESPT. Because
this compound has one of the higher
filler densities compared to other compounds in these testing series, it shows
one of the greatest deviations in viscosity measurements when the RPA measurements are made at very low strains
of 0.07 percent strain.
With this compound at 75 phr of silica
with TESPT, the RPA greatly overestimates viscosity compared to what is
measured by the capillary rheometer.
However, again, as the applied strain is
increased, this difference becomes less
and less. At 50 percent strain the RPA

and capillary rheometer viscosities overlap well and give fair compliance to the
Cox Merz rule.

Effects of hard clay loading levels
on the Cox-Merz rule
Five different loading levels at 15, 30,
45, 60 and 75 phr of hard clay (shown in
Table 1F) were tested and compared for
viscosity using shear thinning plots
from the ARC 2020 capillary rheometer
vs. the RPA 2000.

15 phr loading of hard clay
The concentration of hard clay at 15
phr certainly has no aggregate-aggregate
network. Viscosity comparisons were
made for the capillary rheometer vs. the
RPA at strains of 0.07, 1, 7, 14, 50 and
300 percent applied strain to determine
the effects on “goodness of fit” via the Cox
Merz rule.
Because there is no filler network,
changes in applied strain for the RPA
have very little effect on this viscosity
comparison. This is very similar to the
experiments with all the other fillers we
studied at 15 phr, whether these fillers
are fully reinforcing carbon blacks or silicas or semi-reinforcing carbon blacks or
clays. The viscosity plots at different
strains appear to be somewhat similar.
The overall best fit is achieved at 7
and 14 percent strain. Again, the RPA
consistently slightly underestimated the
viscosity compared to the capillary
rheometer at 15 phr.
This difference is even greater at 50
and 300 percent strain because at this
higher strain, one encounters greater
nonlinear viscoelasticity.

30 and 45 phr loading of hard clay
Because hard clay has particle sizes
that are much larger than carbon blacks
or precipitated silica, there is little chance
of having particle-particle networking
even at 30 or 45 phr. Again, the viscosity
comparisons were made for the capillary
rheometer vs. the RPA at strains of 0.07,
1, 7, 14, 50 and 300 percent applied strain
to determine the effects on “goodness of
fit” via the Cox Merz rule.
At 30 phr and 45 phr concentrations,
clay particles have very little particleparticle interaction. Here, increasing the
concentration of the clay only has hydrodynamic effects causing the viscosity levels for compounds with clay loading of 30
and 45 phr to be predictably a little higher than when clay loading was at 15.
Just as with the shear thinning profiles shown for 15 phr clay, the shear
thinning profiles measured for the 30
phr and 45 phr clay compound show
that strain amplitude variations have
little effect as well except at high strains
of 50 and 300 percent (where the nonlinear viscoelastic regions exist).
At strains of 0.07 to 14 percent, there are
good fits with the Cox Merz rule. However,
at high strains of 50 and 300 percent (nonlinear viscoelasticity), there are greater
underestimations of the CR viscosity by
the RPA using the Cox Merz rule.

60 phr loading of hard clay
At 60 phr of hard clay, there appears
to be good agreement between the capillary rheometer and RPA. At the higher
concentrations of 60 phr hard clay,
strain amplitude slightly affects RPA
viscosity in the lower strain range. The
best Cox Merz fit is at 14 percent.

75 phr loading of hard clay
At 75 phr of hard clay, there appears
to be better agreement between the capillary rheometer and RPA. At 75 phr
hard clay, strain amplitude affects RPA
viscosity in the low strain range to a
greater extent than at the 60 phr concentration.
At 75 phr hard clay, a perfect fit was
achieved using the Cox Merz rule only
at the low strain of 14 percent. At higher
applied strains, the RPA viscosity is consistently lower than the viscosity measured with the capillary rheometer.

Effects of whiting (ground limestone) loading levels on the
Cox-Merz rule
Five different loading levels at 15, 30,
45, 60 and 75 phr of whiting (ground
limestone) (Table 1G) were tested and
compared for viscosity using shear thinning plots from the ARC 2020 capillary
rheometer vs. the RPA 2000.

15, 30, 45, 60 and 75 phr loading
of whiting
Whiting (ground limestone) typically
has very large particle sizes as high as 5
microns. The particle size of whiting is
much larger than any of the other fillers
included in this study. Also the surface
chemistry of whiting particles does not
provide any particle-particle interaction
that might affect the rheology of the
subject compounds.
Again, the viscosity comparisons were
made with the capillary rheometer vs.
the RPA at strains of 0.07, 1, 7, 14, 50
and 300 percent applied strain to determine the effects on “goodness of fit” via
the Cox Merz rule.
In general, whiting particles have little to no particle-particle interaction.
Here, increasing the concentration of
the whiting only has hydrodynamic effects causing the viscosity levels for
compounds with a whiting loading of 15,
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Green days for NCFI
White House recognizes firm for efforts
By Mike McNulty
Rubber & Plastics News Staff

MOUNT AIRY, N.C.—NCFI Polyurethanes is increasing its aggressive efforts to reduce greenhouse
gases in its offerings after being honored for its
commitment to manufacturing low Global Warming Potential products.
A producer of flexible polyurethane foams and
urethane spray foams, the company earned a trip
to the White House in mid-October and a seat at
exclusive 20-company roundtable sessions dealing
with lowering hydro fluorocarbons (HFCs), thanks
to its extensive program aimed at cutting greenhouse gases.
NCFI, a member of the Barnhardt Manufacturing Co. group, impressed government agencies
with its commitment and progress in converting its
entire engineered building products line from high
HFCs to low GWP goods, the firm said.
HFCs are factory produced chemicals that primarily are used in air conditioning, refrigeration
and foam insulation. They can be up to 10,000
times more potent than carbon dioxide in contributing to climate change, according to NCFI,
which operates plants in Mount Airy; Hickory,
N.C.; Dalton, Ga.; and Salt Lake City.
“Our reputation as the industry leader in sustainable products and processes caught the eye of
the White House,” according to NCFI President
Chip Holton. “We were one of 20 companies like
Dow, Johnson Controls, Honeywell and Target
leading the charge in reducing HFCs.”
The first meeting was held Oct. 15 at the Eisenhower Executive Office Building while the second
was at the Department of Labor, a spokeswoman
said.
Following the sessions, Holton noted it recently
completed the formulation of roofing foams to use
low GWP blowing agents. And it will complete the
formulation of open- and closed-cell polyurethane
foam wall spray with climate friendly blowing
agents in the fourth quarter, he said.
Looking further ahead, he said NCFI plans to

complete the transition to low-GWP custom formulated product foams—including taxidermy, automobile, marine and medical— by the end of 2016.
In addition, it plans to complete the formulation for
rigid molding and integral skin foams in the same
time period, he said.
NCFI will continue to make regular updates
with the EPA and the White House on those efforts, the spokeswoman said.
The Mount Airy-based firm’s commitment to sustainability and good corporate stewardship is
deeply rooted in the firm’s culture, Holton said.
It was awarded the U.S. EPA Montreal Protocol
Award in 2004 for its contributions to the protection of the Earth’s ozone layer, he noted. And being
selected by the White House for its work in lowering HFCs in its products “is an honor and a validation of our efforts,” he added.
According to Holton, the roundtable discussions
were led by Ernest Moniz, secretary of energy;
Gina McCarthy, EPA administrator; John Conger,
assistant secretary of defense; and Dan Utech, assistant to the president for energy and climate
change. They focused on President Obama’s Climate Action Plan and the EPA’s Significant New
Alternatives Policy program.
“We’ve been working on becoming low GWP for
awhile now—long before these programs—and we
will be converted to low GWP far ahead of the deadlines found in the new rules,” Holton said. “We had a
chance to share why and how we’re aggressively going about these changes with the Obama administration and some of the largest companies in the U.S.
“It’s good to see our efforts elevated to the example of what others in our industry can be doing to
meet these important goals.”
Efforts to lower greenhouse gases has been going
on for the past five administrations and likely will remain a continuing trend for future administrations,
the spokeswoman said. Rules being enacted are issued by the EPA and codified so as not to be susceptible to drastic change by future politically motivated administrations, she said.
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William “Bill” Levensalor
CUMMING, Ga.—William “Bill” Levensalor, an innovator in the conveyor belting industry and founder of Belt
Corp. of America, died Nov. 16 at his home in Cumming.
Born Aug. 26, 1944, in Springfield, Mass., he grew up in
Cromwell, Conn., and entered the U.S. Army in 1968. After serving in Vietnam, where he was awarded the Bronze
Star, and receiving his honorable discharge, he returned
to Alfred University where he graduated with a bachelor’s
of science degree and met his future wife, Maureen, whom
he married in 1971.
After college, Levensalor worked for industrial belting
companies before launching Cumming-based Belt Corp. of
America in 1985. For the next 29 years, he built the business into one of the best specialty belt manufacturing and
custom belt fabricating operations in the industry.
Its product range includes standard timing and flat belts
along with those designed for unique applications.
“I met Bill prior to his founding of Belt Corp. of America,” recalled Jeff Leach, chairman and chief operating officer of Passaic Rubber Co. in Wayne, N.J.
“He had an aspiration to be his own boss and ventured
south with his wife, Maureen, and their two sons to follow
his dream. On my first visit to his plant, I saw Maureen
handling the office duties with a playpen set up in the corner.
“Bill drove that business hard. He was honest, dedicated, a great salesman and very dependable. His business
grew, and he was a good customer of Passaic.
“My wife Cheryl and I looked forward to the NIBA meetings every year where we would get together with Bill and
Maureen to discuss business as well as spend social time
together. He was a good friend, and we will miss him.”
Levensalor sold the company to Megadyne S.p.A. in late
August 2014.
He was active in the community. He coached his three
sons in soccer during a 25-year period and was co-founder
of the first soccer association in Forsyth County, Ga.
A long-time member of NIBA—the Belting Association,
Levensalor was active in the county Chamber of Commerce, where he served on the board of directors, and the
Athletic Committee of Lakeview Academy in Gainesville,
Ga. In addition, he was on the Lanier Tech Business Advisory Board and a member of the Rotary International.
He is survived by his wife Maureen; sons, Randy of
Boulder, Colo., Adam (Stefanie) of Norfolk, Va., and Alex
of Atlanta; three granddaughters; and sister Martha Ann
Field of Auburn, Maine.
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30, 45, 60 and 75 phr to be predictably a
little higher with increasing filler concentration.
Just as with the shear thinning profiles shown for 15 and 30 phr clay loaded
compounds, the shear thinning profiles
measured for all the whiting loaded
compound show that strain amplitude
variations have little effect as well. Cox
Merz rule worked somewhat better with
higher loadings of whiting.
A perfect fit was achieved for 60 and
75 phr whiting at 7 and 14 percent
strain amplitudes.

Conclusions
1. The RPA was able to achieve a good
correlation with the capillary rheometer
for all the compound series in this study.
2. Changes of the selected strain amplitudes for an RPA frequency sweep
have little effect on the complex dynamic viscosity * when testing rubber compounds containing very low loadings of
reinforcing fillers (carbon blacks, silica)
or higher loadings of diluents fillers
(clays, whitings).
For these compounds the Cox Merz
rule worked reasonably well without any
adjustment of applied strain to the RPA
testing, provided that all apparent viscosity measurements from the capillary
rheometer were calculated from shear
stress obtained from the pressure transducer measurement located at the entrance to the capillary die, not the load
cell located at the top of the plunger.
3. For testing rubber compounds, the ap-

parent viscosity values obtained from the
capillary rheometer pressure transducer
measurement located at the entrance to
the capillary die gave better accuracy than
the apparent viscosity calculated from the
load cell located at the top of the plunger
for the capillary rheometer.
4. Changes in strain amplitude for
RPA frequency sweeps have a great effect on the complex dynamic viscosity *
when testing rubber compounds containing higher loading levels of reinforcing fillers (carbon black or silica). Increasing the applied strain for the RPA
frequency sweep will lower the complex
dynamic viscosity. Adjustments in the
applied strain for these compounds can
be used to establish a better Cox Merz
fit for compounds with moderate to high
loadings of carbon black or silica.
5. Variations in RPA applied strain
have increased influence on the complex
dynamic viscosity * values if the reinforcing filler (carbon black or silica) has
a higher surface area (smaller particle
size) and/or a higher concentration in
the compound.
6. Increasing the RPA applied strain
amplitude decreases the dynamic viscosity * for rubber compounds containing
higher loadings of reinforcing fillers
such as carbon black or silica, because
the higher strains destroy some of the
filler network that has formed in the
compound. This was verified by the
Payne Effect profiles from the series of
RPA strain sweeps.
7. If the compound does not possess an

effective filler network from aggregateaggregate or particle-particle interaction,
then variation in the RPA applied strain
amplitude has little effect on improving
the Cox Merz rule goodness of fit.
8. For compounds with higher loadings of fully reinforcing fillers or semi
reinforcing fillers, the best fit with the
Cox Merz rule usually was achieved at
either 7 percent, 14 percent or 50 percent applied strain amplitude.
9. Very low strains, such as 0.07 or 1.0
percent strain were sometimes found to
achieve the best Cox Merz rule fit for low
loadings of precipitated hydrated silica.
Also low strains sometimes improve the
Cox Merz fit for high loadings of clay.
10. For compounds loaded with fully
reinforcing or semi reinforcing fillers,
typically the RPA viscosity via the Cox
Merz rule will be higher than the corresponding capillary rheometer viscosity
at very low applied RPA strain amplitude, but just the opposite at very high
strain amplitudes applied by the RPA.
11. On average, the RPA 2000 testing
was four times faster than the ARC
2020.
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