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Analyzing modification of carbon black
First of two parts

By Michael Jacobsson,
Peter Cameron, Joel Neilsen,
Leszek Nikiel and Wesley Wampler
Sid Richardson Carbon & Energy Co.

Manufacturers of rubber goods that
undergo dynamic deformations have
been working on improving compound
hysteresis for many decades. The best
known industry working on this is the

TECHNICAL NOTEBOOK
Edited by Harold Herzlich
tire producers as they encounter stricter
government regulations imposed on the
gas mileage of the vehicles for which
they provide tires. Rolling resistance is
a tire property that is directly related to
the fuel efficiency of a vehicle.
Due to U.S. Corporate Average Fuel
Economy (CAFE) requirements on vehicle fuel economy, there is a growing need
to improve gas mileage via tires. Other
industries such as conveyor belts and
anti-vibration parts manufacturers,
whose products are subjected to dynamic
deformations, also are seeking improvements to become more energy efficient.
Many publications indicate that hysteresis is due to the breaking and reforming of the Van der Waals attractions
of the filler material to itself at low
strain deformations.2-3 The stronger the
filler-filler interactions are, the higher
the hysteresis, and thus the need to decrease these interactions without detrimental impact on other properties. It
also is widely accepted that improvements in abrasion resistance can be
achieved by increasing the filler-polymer
interaction through either increasing the
filler surface area or its specific activity.
Based on this, there are several ways
one can approach the problem of improving the hysteresis of a rubber compound, but first and foremost, one has to
choose the correct elastomer and the appropriate filler. In many cases, the im-
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Chemical modification allows improvement in certain filler properties without a
simultaneous negative impact on other competing properties. Energy Saver
Blacks are chemically modified fillers (carbon blacks) that are designed to provide
reduced rolling resistance in tire compounds without detrimentally affecting tire
treadwear.1
These advances have been demonstrated in a variety of synthetic and natural
rubber compounds by significantly improving filler-polymer interactions through
a proposed mechanism that will be described in this paper. The use of the Energy
Saver Blacks to develop advanced high performing compounds requires no coupling agents and no additional high temperature mixing steps, as are needed with
the silica-silane mixing.
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provements achieved in lowering hysteresis results in decreased treadwear
and thereby requiring the need to improve surface activity of the filler with
the elastomer used.
For example, a widening of the carbon
black aggregate size distribution leads
to a reduction in hysteresis4, but treadwear suffers as the filler is no longer as
reinforcing as a more narrow aggregate
size distribution carbon black would be.
Lowering the amount of filler is another
method to lower hysteresis, but not surprisingly, a reduced amount of filler also
decreases the durability and abrasion
resistance of the tire.
Obviously what is required is a means
to decrease the filler-filler interaction
while increasing the filler-polymer interaction even though these two goals
may seem contradictory.5-6 The chemical
treatment of carbon black put forward
in this paper is intended to produce this
effect.
The furnace process is the most widely used method for producing carbon
black today. In this process, a carbon
rich feedstock is injected into an oxygen
deprived, very high temperature environment. The feedstock undergoes incomplete combustion due to the shortage of oxygen and forms a thick smoke.7
The smoke consists of very finely divided particles of carbon aggregates car-

Release & Anti-Stick

888 Team McLube
info@mclube.com

ried by the exhaust gases. Depending on
the design and settings of the reactor,
the structure and surface area of the aggregates can be controlled and varied
greatly to produce different grades of
carbon black.
The residence time in the reactor is
very short before the smoke goes
through bag filters to separate out the
very fine carbon black powder from the
exhaust gases. This powder is then conveyed to pelletizers and dryers to be
densified and dried into pellets. Once
the pellets are dried, the material is
transported to holding or packaging
See Carbon, page 16
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Continued from page 15
tanks.
The two main characteristics that determine the carbon black grade are
structure and specific surface area.
These two properties are, in most cases,
set during the few milliseconds the material spends inside the reactor and reactor train. In some cases, however, the
material undergoes a post-production
treatment to modify the surface and to
alter the product so as to improve further and enhance certain properties in
end products (tires, manufactured rubber goods, colorants, etc.).1
Silica belongs to another group of reinforcing fillers. It gained momentum in
the 1990s when the use of silica in combination with a silane coupling agent
(compatibilizing agent between the hydrophilic silica and the hydrophobic
elastomer) was shown to improve hysteresis without the loss in treadwear.
The effect of the silica-silane combination was demonstrated in synthetic rubber formulations, but has yet to provide
the same effect in natural rubber based
tires, especially truck tires. In a previous study, Energy Saver Blacks were introduced and showed that they provide
a better balance of properties in natural
rubber as well as synthetic rubber.5-6
In this study, various Energy Saver
Blacks are described further and evaluated along with a proposed mechanism
to explain the benefits observed through
decreasing filler-filler interactions and
simultaneously increasing filler-polymer interactions.

Experimental
Energy Saver Blacks belong to a new
class of chemically modified fillers developed to lower hysteresis in rubber
compounds without impacting other
properties. The various grades were initially produced on a pilot scale and later,
one grade was produced on a full scale
commercial production unit.
Standard ASTM methods were uti-

lized to measure the analytical properties of the chemically treated carbon
blacks, and this data is shown in Table
1. A comparison of structure versus surface area to various ASTM grades is illustrated in Fig. 1.
Rubber mixing was performed on a
Haake Polylab QC with a Haake
Rheomix 3000 mixing chamber, 6-inch
roll mill, or a laboratory internal mixer
using ASTM formulations D3192 (100
phr NR and 50 phr carbon black), D3191
(100 phr SBR and 50 phr carbon black),
an NR/BR blend (50 phr NR, 50 phr BR,
and 50 phr carbon black), a model passenger tread compound (75 phr SBR, 25
phr BR, and 75 phr carbon black), as
well as additional natural and synthetic
rubber-based formulations.
The evaluation and testing of the rubber properties were carried out using
standard ASTM test methods in addition to low strain dynamic properties
performed on a Rheometrics ARES system. Angle abrasion index was evaluated and performed on SRCE’s rotating
stone wheel, where the mass loss of a
rubber wheel was measured after a set
number of revolutions.

Adsorption experiments
One easily accessible route to modifying the surface of carbon blacks is to allow adsorption of a substance. More
specifically physisorption where Van der
Waals forces hold the species together
and no covalent bonds are formed. Carbon black does not have a large amount
of porosity, and one therefore can assume that the majority of the adsorbed
species is on the surface.
Sodium polysulfide treatment of carTable 1. Analytical data for chemically
treated carbon blacks.

bon black was done in an aqueous environment before the water was evaporated to result in a polysulfide treated dry
carbon black. The strength of the physisorption can be evaluated crudely by
investigating how strongly the polysulfide is adsorbed onto the surface. Two
sets of samples were prepared, N234
control and ES200 for each set.
The first set was washed with DI water and the second set with a pH 3 solution according to the following procedure. Approximately 100 g of the carbon
black was slowly added to 300 ml of the
aqueous solvent used (DI or pH 3). As
the mixture thickened, more of the liquid was added slowly to maintain a low
viscosity mixture at the same time as
the rpm of the saw-tooth blade was increased to maintain good mixing.
The mixture was stirred at high speed
(approximately 1500-1800 rpm) for

about one hour. The carbon black was
separated from the solvent by centrifugation and then decanted. Centrifugation was repeated until approximately
30 g of wet carbon black was collected.
The carbon black collected from the
acidic solvent was rinsed once with excess DI water and centrifuged again to
remove any residual acid and isolate the
carbon black.
The wet black was spread out to approximately a 5-10 mm thick layer in a
glass dish and dried at 125°C until constant weight was obtained in a vented
oven. Once the black was dried, the sulfur content was tested by X-ray fluorescence to determine how much remained
on the carbon black.

Bound rubber tests
There are a few methods available to
measure the interaction between a filler

Fig. 1. Structure: Surface area of chemically treated grades compared to various
ASTM and specialty control grades.
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and an elastomer. Bound rubber is one
such method in which one measures the
amount of elastomer that remains after
a filled uncured compound has been submerged in a suitable solvent (one that
dissolves the polymer) for an extended
period of time.
Since carbon black does not dissolve
in the solvent, the greater the interaction is between the filler and the elastomer, the higher the amount of elastomer remains undissolved—bound to
the filler. Several elastomers were chosen and mixed one at a time with only
carbon black as well as a few complete
compound formulations. Mixing was
performed on a Haake for five minutes
at a starting temperature of 50°C then
milled into sheets before 2.0 g samples
were cut into small pieces and submerged in toluene.
The toluene was carefully replaced
every 24 hours to avoid saturation of
dissolved polymer in the solvent. After
72 hours, the samples were removed
from the containers and air dried in a
fume hood for a few hours before dried
in an oven at 125°C to constant weight.
Once the samples were dried completely, they were weighed and the residual
rubber was calculated.

Crosslink density

Addition of sulfur experiments

Crosslink density has an important
impact on rubber properties. Since the
Energy Saver Blacks are surface treated, it is of importance to investigate how
the polysulfide interacts with the cure
systems in various rubber compound
formulations.
Four rubber samples were prepared
by mixing N234 control and ES200 in
two different rubber formulations, one
based on an all NR (Natsyn) compound
and the second based on a blend between SSBR and BR. The samples were
cured in-house according to t’90s before
being sent out to an external testing facility for crosslink density evaluation.
Crosslink densities were tested by using a swelling test. The swelling test
consists of first weighing out a specific
mass of a cured rubber sample, then
submerging it in a specified solvent
based on the elastomer for a period of 24
hours to reach swelling equilibrium.
After 24 hours, the sample is removed
from the solvent and carefully blotted
dry before being weighed. The difference
in mass before and after swelling is used
with polymer-solvent interaction constant in calculating the crosslink density from the Flory-Rehner equation.8

In addition to the above set of experiments, we investigated if the same improvements resulting from ES200 could
be achieved by the simple addition of extra sulfur to the mix when regular N234
is used. Since sodium polysulfide is an
aqueous mixture and therefore cannot
be added to a mix easily, Rubbermakers
sulfur 793 was used as a replacement.
Two formulations were used, D3191
and D3192. Each formulation was mixed

with N234 control, ES200 and N234 with
additional sulfur in the same amount as
ES200 provides.

Results and discussion
The Energy Saver Blacks belong to a
group of carbon blacks that are chemically treated with sodium polysulfide in
the manufacturing process. This new
group of carbon black fillers was designed to lower hysteresis in rubber
See Carbon, page 18

Fig. 6. Reduction in loss modulus (G”) for ES200 in NR (a), NR:BR blend (b) and
SBR:BR (c) blend compounds compared to ASTM control grades.5-6

Fig. 4. Sodium polysulfide adsorbed to the surface of a carbon black.1
Fig. 5. Reduction in tangent delta for ES200 in NR (a), NR:BR blend (b) and SBR:BR
(c) blend compounds compared to ASTM control grades.5-6

Fig. 3. Nominal drawing of various surface regions on carbon black, 1) graphitic
planes, 2) amorphous carbon, 3) crystallite edge atoms and 4) slit shaped cavities.1,9

Fig. 2. Typical functional groups present in very small amounts on the surface of
carbon blacks.
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Executive Action
Goodyear appoints senior
leaders to new positions
AKRON—Goodyear has promoted
Darren Wells, Arthur de Bok, Laura
Thompson and Damon Audia to senior
executive positions.
Chief Financial Officer Darren Wells
has been named president of Goodyear’s
Europe, Middle East and Africa business unit. He succeeds de Bok, who will
be senior vice president responsible for
driving standardized and integrated
sales and marketing processes across
Goodyear.
Thompson will replace Wells as execu-

tive vice president and chief financial officer. She currently is vice president of
finance for Goodyear’s North America
business, the job Audia, who now is senior vice president of business development, will take.
Wells has been Goodyear’s CFO since
2008. He previously served as senior
vice president of finance and strategy,
and joined the firm as vice president
and treasurer in 2002.
De Bok has been president of
Goodyear’s EMEA business unit since
2008 and was president of the company’s European Union business before
that.
He joined Goodyear in 2002 as vice

president, sales and marketing, for consumer tires in Europe.
Thompson has held her most recent title since 2011 and been with the company for 30 years.
Audia has worked in his current position for the past year and joined the
company in 2004.

Toyo hires Gaetz to serve
as vice president of sales
CYPRESS, Calif.—Toyo Tire U.S.A.
Corp. has hired Randy Gaetz as vice
president of sales.
Gaetz is a 35-year industry veteran.
He previously was vice president of

sales and marketing at DelNat Tire, and
also has worked for GPX International,
Tire Centers L.L.C. and Michelin.
He succeeds John Hagan, who recently became senior director of sales for
Toyo’s North American Original Equipment group.

Philpott Energy adds
DeLaney for new office
BRUNSWICK, Ohio—Philpott Energy & Transportation Co. Ltd., hired
Eric DeLaney to
manage the company’s sales and operations from its new
office in Williamsport, Pa.
DeLaney brings
more than 10 years
of experience in organizing and manDeLaney
aging marketing,
sales and field operations.
The Williamsport office will operate
as Philpott’s shale gas service center.

In brief
Centrotrade Minerals & Metals Inc.—
W. Pete Getzinger, business development director.
Trelleborg Wheel Systems Americas
Inc.—Bob Tate, Midwest Sales manager, agricultural and forestry tires.
Teknor Apex Co.—Christopher G.
Morehouse, market manager, thermoplastic elastomers, North America.

Carbon
Continued from page 17
compounds undergoing a dynamic deformation while other properties were left
unchanged.
There are few functional groups on
the surface of the carbon black aggregates (Fig. 2 illustrates examples of
groups present) and in very low
amounts (typical oxygen is 0.1-0.2 percent) which limits the possibilities of
surface treatments through covalent
bonding.
The surface of carbon black basically
consists of four different types of carbonaceous regions in various ratios.
These four different areas are illustrated in Fig. 3 and are 1) graphitic planes,
2) amorphous carbon, 3) crystallite edge
atoms, and 4) slit shaped cavities.9
Since there are limited amounts of
heteroatoms and functional groups on
the surface of the carbon black, it is
these four regions that are primarily
utilized when attempting to modify the
surface of a carbon black by adsorption
of specific molecules.
We would expect greater adsorption in
the areas of higher surface energy such
as the crystallite edges, but not limited
to these areas. The chemical, sodium
polysulfide, was chosen as it is adsorbed
onto the surface of the carbon black as illustrated in Fig. 4 where it then stays
dormant until rubber mixing begins.
ES200 was the first low hysteresis carbon black developed that belongs to the
group of Energy Saver Blacks. The treated
carbon black has demonstrated a significant reduction in filler-filler interactions
by reducing the compound hysteresis as illustrated in the decrease in tangent delta
and G” seen in Figs. 5 and 6.5-6
Part two of this Technical Notebook
will appear in the Nov. 18th edition of
Rubber & Plastics News.

